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BI]l ABTOPIB

Barato yrpaiucekux yueHMx we pmo 1991 p. mpamposanm Hapg
CTBOPEeHHAM YKpaiHcbkoi ximiysol TeépwmiHONOril TA HOMEHKJATYDH,
30KpeMa ¥ upomy npoueci Opanmu yuyacte ydeni Hauionansroro yui-
pepcureTy im. Tapaca [IlesueHka mnig KepiBHMUTBOM mnpodecopa
A M. lonyba (1918-1977).

XimiuHa HOMEHRKAATYpa — M€ CYKYIHICTD NpaBnn NpPHMCBOCHHA
Ha3B XIMIYHMM CHOAYKAM IEBHOI CTPYKTYPH, ONaHyBaBIUM AKUMM,
MOKHA OJHO3HAYHO HammcaTu GQopMyILy pedosuHM 3a 1i Haaeomo i,
HABIIAKM, 3HAI0UM (DOPMYNTY PEeuOBMHM, AATH if HA3BY.

Do 1991 p. yxkpaiHCEKa XimiuHa TepMiHONOriA Ta HOMEHKJIATYypa
Oynu MakcumanbHO Habmokeni go pociitcexoi. 3okpeMa, Hassu Beix
enemeHTiB, kpim enementa Nef (Byrnemio C), abiranwca 3 maszsaMwu
NPOCTUX PEYOBKMH, a B HA3BAX CMNONYK BMKOPUCTOBYBAJM KOpeH AK
pociitcekmnx  (ykpaidceknx), Tak [ JNaTMHCBEMX Ha3B eleMeHTIB.
OcCTaHHI Malike 3aBAM BHKOPMCTOBYBaM, KOINM eNeMeHT BXOAuR
00 ckJady adioHa abo HEraTHMBHO 3apAMKEHOI HacTHHKM CIOJYEM.
Hanmpurnan: NO —o kceua asory(Il), anre Mg;N, —HiTpu i marsiwo,
Mg(NQOj); — nirpat markiw; FeCly — xnopwun sanisa(lll), amne
KyFeOy —depar kamito.

¥ 1994 p. 6yno onyGnikoBaHO Aep:eaBHMI CTaHAApT YKpaigw
JCTY 243994 «EnemedTH ximiudi Ta pedoBMHM MpPOCTi», ¥ poO3-
pobui sxoro Opanau ydacTe yueHl HauioHaJapHOro YHiBepcHTETY
im. Tapaca IleB4yeHka.

3rigHo 3 umM craHzaprom ana 19 enemenrtie, TpaauuiiiHi HasBU
AKUX BiAplasAnMCcA Bl NaTMHCBKWUX, 3ATBEpMMEHO HOBI HA3BM, INO
BianosigamTs JaTHHCBEMM.

Jna npocTux pedosud arigpo 3 JCTY 243994 non yckamoTees
AK NaTHHIZ0BaHI, TAK | TpaaMuifiHl HaszBM, HAUPMKIAA Q-Sn, a-cTa-
HYM, @-0O0BO, CIpMH CTaHYM.

Cuerema ximivwmux Hasp, sanponoHopana y JOCTY 243904,
DeacymuiBHo, mae 0araTo NO3MTHMBEMX pHC | nepeésar. OaHak LA
poBoTa ilje He 3aseplleHa i Janexa Bid gockowasocti Tomy nokwm
mo 3ANPONOHOBAHA HOBA HOMEHKJATYpa HE CTaja 3arajbHO-
BUBHAHO.

BIJ ABTOPIB 7

I'PYHTYIOHMCh HA BMINECKa3aHOMY, aBTODM MPOIMOHOBAHOIO M-
PYHYHMKZ BBAXAIOTH 3a AOUIMBHIILE B nepiof CTaHOBAEHHHA, BAOCKO-
HaMeHHA | AOONPaUBAHHEA HOBOI ykpaiHcbkol ximidHol HOMeHkna-
TYPM 3 METOK YHMKHEHHA IIYTAHMHEW KOPUCTYBAaTMCA TpaaMLin-
HUMM HasBaMM XiMIYHMX eJlemeHTis. 3miHeHo samiue Taki He 30BCim
BOafll I He xapaKTepHi AnA YKPaiHCbKOI JIEKCUKH TepMiEM, AK
«MMII'AK», «cypmar, «ermmﬁn «BICMYT», «MapragHelb», Ha Mi¥KHa-
poaui JaTtuHizoBaHI BignoBizHMkM «apceH», «cTHOIM», «CHIIII»,
«OieMyT», «MaHraH».

Aaa posigkn Ha dopaati nigpyuHMKa BMIEHO nepiogndHy cuc-
Temy enementie II. I. Mengencesa, B AKil HaBeAeHO AK HA3BM Ximiy-
HMX €JIEMEHTIB, TaK i Ha3BM MPOCTMX PEYOBMH.

Asmopu



Poszpuin 1
PO3BUTOR
XIMIYHOI HAYEHN

§ L. IIpeamer i sanaqi ximii

iMiZa — opHa 3 OPHMPONHMYMX HAYK, AKI BMBYAOTE ABMIA
ta ob’extn npupoan. Ile — Hayka npo cknaa, Oyaosy,
BJIACTHBOCTL peyoBMH Ta IXHI nepeTBOpeHHA.

Cydyacna ximiA HaJe)RKWUTE A0 TOYHMX HayK, ANA AKMX
XapakTepHi abcTpakTHI MIDKYBaHHA, Bi/TBOPIOBaHicTbH (akTiB, 3a-
CTOCYBE&HHA B MPaKTHYHIA AiansHOCTI

Pone aberpaxTHMX MipkyBaHB ¥y XiMmil Bigirpators Teopii, rinore-
a1, 3aK0HM, BiAKPHTI i pospobnedi BianoeinHo no akTiB, yeTaHOBE-
JIEHMX T Hac JabopaTOpHMX eKCNepUMEeHTANBHMX JOCHifI?KEeHb.
Axmo ni dakTy Ta 1X iHTepnperanis NpaBMIBHO BioGpajkalTh
00'€KTHBHY PpEasbHICTB, TO DeayJbTaTi MOMKHE 3I4CTOCYBATH [JIA
BUPIIUEHHA NPakKTMYHMX NpobieM 4M oJepsKAHHA IHIIMX exchnepH-
MEHTAJbHNK JaHUX.

CyuacHa Ximia TICHO TMOB'A38HA 3 IHUIMMM NPUPONHMYIMMM HaY-
KaMi Ta 3 yriMa raJysaMy [poMHCJIOBOCTI.

IcTopuuno cKManwuca ABa OCHOBHI HanpaMu xiMil: HeopraHiuHa Ta
opraiuda. Heopraniuna ximia BuB4Uae XiMiuHI edeMmeHTH Ta ixHi
npocri i cknamsi cnoayky (kpim cnoave Byraenio). [IpeameroM Bi-
BUeHHA opraHiguHol ximii € cnosnyku eByriemio (HafinpocTinn cnoay-
KM [bOTO EJIeMEHTa PO3rJAZAKThCA B Kypci HeopraHivHol ximii)
INoxin ximii Ha HeopraHiyHy Ta opraHiuny mocute ymoBHuii. Heop-
ra’iyHy Ta opraHiuHy XiMmio noeAHye rafyss — XiMig elreMedToop-
raHiYHME CHOJYE.

Ha mexi ximii 3 imummm cdepaMy 3HaHE BMHMEJM CYyMIMKHI HaY-
Ki: ¢ismuHa Ximia, fKa, B CBOI 4Hepry, BKJKYAE HHM3KY OEAKO
Mipolo caMocTiffHMX poapigie (xiMiu#a TepMoauHamika, XimiuHa
KiHeTHKa, eNleKTpoxiMifa, KoloigHa ximia, kBaHTOBa Ximia, doTo- Ta
panmianifina ximia tomo), Gloximia, mosnexynapra Gionoris, reoximis,
Dioreoximia. TeoperwyHa ximia TicHO noe’sA3aHa 3 MATEMATHKOW i
rosoBHi i1 BMcHOBKM (OpMyNIOIOTECA MaTEMATHYHOK MoBoio. XimiA
3HAYHONIO Mipok BryIMBac Ha dhimocodino i BogHOYAC 3a3Hae CHIBHOTO

)

KOPOTEMH OTJIA] ICTOPI! POSBUTKY XIMIf @

Bnauey qinocodil. Bracnlgok NpakTH4YHOTO 3aCTOCYBAHHA pe3yilb-
TaTiB XiMIYHHUX pocaifikeHb BHHMKJIKM Takl SMCUMILIIHKM, AK XiMidHa
TeXHOJOTiA 3 OaraTeMa i1 TAIY3IAMM, & TAK0X MEeTAJYPpria, arpo-
Ximin, MeguaHa Ximia Ta iH

§ 2. Koporkmii ornag icropii po3BuTky ximii

CraHoBJIEHHA XiMil AK HaykM DyJIO QOCHTE CHJIAJHKMM 1 cyneped-
ausum. Hacamnepes me noe's3ano 3 THM, M0 XiMivel nocnimsxeHHA
MAI0TE MOJNIEKYJIADHHI DiBEHB, a HOro BaskKKo gocArTH 6es cTBopeHHA
HaJsesxHuX (PisHyYHMX MeToAiB.

flk ranyas npasTidHol aianedocT] Ximis nodana poaBmBaTHCE 3
ropboroi mapHuHy. [[le saposro mo Hawel epn MIOAMHA BHKOPHCTO-
ByBana PisHi xiMivHi nepeTBOpeHHA OA 3aH0BONEHHH CBOiX noTped.
OpHiew 3 HalpaBHIMMX raayisen ximii € meranypria 3a 3—4 THc
POKiB [0 H. €. JIOAMHA HaB4YMJIaci BUIJIABAATH Migk i3 pya, y II Th-
cadoaiTTi Ao H. e. — 3anizo. B paeHi wacu 3 npupogHUx martepiasie
nobysany capby, niki Ta iHM NpoayETIL

Jo suTokis ximii Ak Hayky BigHOCATBL aTOMICTHYHI YABJEHHA nMpo
OynoBy pe4oBHHNM, po3pobieHi nasHborpeubknMy dijocodammn.

OcHOBHMM HaYKOBMM METOAOM [AaBHBOrpenbEMX (isocodis Hyna
auckyein, enip. 3 MeTOK MOWYKY «NepLIONPHYMH» ¥ TAKMX [uc-
Kyciax obmipxoeyeasuck pisHoMaHiTHI JoriuHi zaBmaHHA. OmHuM i3
Hux OyJI0 3aBjaHHA NpPo KaMidb: 1o mae BigbyBaTHCH, AKIO MOYATH
Horo noapioHoBaTH. BlasiicTs dinocodis BBakan, o ned npouec
MoMe TpuBATH HeckiHwerHo mosro. I tinmbkwm Jlesrinn (500—-440 pp.
1o H. e) Ta fioro y4Hi CTBEPIIKYBAJM, 0 Lell Npolec He € HeCKiH-
YEHHMM, OCKINBKIM BPENITI-pEINT YTBOPMTBCA Taka YacTHMHKA, ARKY
nani noapioHmT Oyne HemoskaMBO. JIeBKinn BBakas, mo Martepi-
aJbHMI CBIT — MMCKPETHNI, BiH CKNAfacThCA 3 HaWMEHUIMX 4acTH-
HOK 1 MYCTOTH.

Yuens JleBkinna [emorpir (460-370 pp. mo0 H. e) HasBap Taki
HafiMeHUIl YaCTHHKM ATOMAMM, [1[0 PENBKON 03HAYAE «HENojinbHI»,
JeMOoKpiT, PO3BMBAIOYM CBOK «aTOMICTHMKY», NMPUIIKMCAE aToMaM Taki
BJACTMBOCTI, AK po3mip i dopMma, 37aTHICTE pyXaTHcH.

IMocminosamnk emorpita Enigyp (342-270 pp. o H. e) JoriyHo
SaBEPUIME [AaBHBOIDENLKY ATOMICTMKY, NPHMIYCTHBILIM, IO ATOMM
MalTh BHYTPIIHE M3KEpesio pyxy 1 3aaTHI BlaemonisTy Mix coboro.

dnorany JaBHeBOrpenbrnx inocodis gocuts GMM3bKI g0 cyyac-
HMX ¥ABJEHb [P0 aToMHy OyA0BY DEYOBMHM, ajle B NABHMHY IX He-
MOMIMBO BYNI0 €KCNepPHMEeHTANBHED NIOTBEPIHTH.

Hasisorpensri disocody HABITE HE CTABMIM 3aBIaHHA BM3IHA4IM-
TH Macy Ta poaMipi AToMiE

Ha nmouarky Hauloi epw, it ocobameo 3a 4acis cepeaHbOBivus, na-
Hyeana HaTypdinocodia semkoro rpeupkoro dinocoga Apicrorena
(384-322 pp. mo B e). 3rifHo 3 Jioro BYEHHAM B OCHOBi CBiTY Je-
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UTEH BiYHA, HE3MIHHA [EpPLIOMATEDIiA, AKY HE MOMKHA Hi CTBOPHTH,
Hi BHMILMTH | AKA Ma€ YOTHPHM [ONApPHO [POTMIENH] AKOCTI: Terso-
Ty i xomoa, cyxicre i Bonoriers. Taka nepuiomarepis, oasouacHo
BUABNAKYM OBl AKOCTI, — TEMNOTY i cyXicTe, TENJOTY i BOMOTICTH,
X0Jof i cyxicTh, X0N0O4 i BOJOriCTE — YTBOPHOE HOTUPM cTHXIl BO-
roHb, nOBiTpA, semnw 1 sogy. OOwiHwIOYMCE AKOCTAMM, CTHXIT
3#aTHI MEPETBOPIOBATHUCH OAHA HA ONHY, a CHONYHAKYMCH ¥ PIBHUX
COIBBIAHOWEHHAX, — YTBOPIOBATH BCK PLBHOMAHITHICTH pevOBMH,
L0 € ¥ CBiTL

CTocoBHO XiMIYHMX MepeTBOpeHb Y4e€HHA ApicTOTens crnpuiima-
JIOCk AK MOXJMBICThL MEepeTBOPEHb OJHMX DEe4YOBMH Ha IHIUL BHaCIHi-
Aok 3Mminy IxHix Axicumx ocobmusocreit. Ile migTeepamcysanm aeAxi
cnocrepeskenHa. Hanpuxknag, yreopeHHA Migl Ha NoBepxHi sanisa
nig 4ac ii BUTICHEHHA 3aJ1i30M 3 PO3YMHY, YTBOPEHHA KOBTMX CIJa-
BiB 3 HeGnaropogHux MeraJsiB, noMibHMX A0 3070Ta, OOACHIOBAJH
MePeTBOPEHHAM OAHMX MeTaJNiB Ha iHIIi,

Ilepersopenss HebMATOPOAHMX METAJNIE HA 30JI0TO 34aBaJOCH
HalinpueabauesiwuM. Ynpogosx GaraTeoX BIiKiB AOCATHeHHA wicl me-
TH DYJI0 OCHOBHMM 3aBJaHHAM AOHAYKOBOI Ximil, Axy HMHI HasuBa-
0Th aaximier. Bona pospusanaca 3 I1I-IV go XVII cr.

Hespaxaoum Ha HENpPABUNBHICTH TEOPETUYHMX VABJIEHL | He-
3AIfiCHEHHICTE 3aBAaHb anXiMikiB, y IXHiX npauax Oyno HakomuueHo
BEJIMYE3HU, AY:e KOPMCHMIH eKCIepUMEeHTAJBHMIT MaTepiat. 30K-
pema, Byno pospobneHo | BAOCKOHANEHO KOHCTPYKuil nedeit ta na-
GopaTopHoro obnafHaHHA, METOAM OYMILEHHA peuoBuMH (Kpucrasisa-
Ui, NepPeroHKy), CMHTE30BaHO HOBI XimiuHi crionmykm.

Hosi re4il B ximii a'asnnmcsa B enoxy Bigpomkenns. ¥ XV-XVI cr.
posno4asca Oypxaueuili po3suToK BupoDMITBA, AKMI CHPUAB po3-
BUTKY Hayku. Byno BuUHANOEHO KHMIOAPYKYBaHHA, WO 3abesnevynno
MOACIMBICTE ODMiHY nocBiZoM Ta iH(OPMAIl[€0, CTBOPEHO VHiBep-
CMTETH fAK LIEHTPM HAYKOBMX AOCTiMKeHb. Ximia mocTynoso movana
3BLIBHATHCA Bl aNXIMIMHMX ige.

Ilounuaoun 3 enoxu Bigpomwenns, sce Ginelioro 3HaueHHA B
anximii #HabyBawoTh MpaKTU4HI UTAaHHA: METaJypria, BMpOOHMITBO
cKJia, KepaMmikM, (hapb, BHMHMKAE HOBMIT MegwuHuii Hanpam — am-
POTimiR, 3acCHOBHUKOM siKoro OyB sHamenuTnii nikap T. [laparensc
(1493—1541). Bin sBascas, U0 cOpaBXHA MeTa XiMmil nonArae He B
ﬂOﬁ_}'BaHH:l 30J10Ta, @ B NPUIOTYBaHHI JIKiB, OCKINBKM 370POBMIt Op-
rafiam MicTMTh YiTKO BUBHAYEH] KiNbKOCTI XiMIYHMX peuoBMEH, a
xBopoOM BMHMKAIOTL ¥y pasi ix amianm. OTwke, ANA NiKYBaHHA M0-
TpibHi Jikm ¥y BurmAnl ximiusnx npenapartie. PoaBuToxk memmimHM
AOBiB NPUMITUBHICTE TAKMX YABJEHB, | ATPOXiMia Oyna cnpocToBaHa.

Yuce B el nepion XiMikM rnodanu posyMiTH, IO AKiCHI criocTe-
pexeHHA Tpebfa AOMOBHIOBATH EKCIEPUMEHTANBHUMM AOCHIOMCOHHA-
MU AK EOMHUM Hapifipum mxepesom 3Hane. ¥ XVII eT. excnepumen-
TanbHMII MeTOA CTaB 3arankHOoBMaHaHuMm. llkomy crnpmana nmigea
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OIANBHICTE BMOATHMX NpaKkTUKIB, cepen Axux — cydacHux T. Ila-
paneneca miHepanor i meranypr [eopr Arpikona (1494-15535) ¥
ioro sHamepmriit npanl «IIpo ripuuuy cnopasy» 4iTKO | HAOYHO
ONMCAHO MpakKTHuHI crnocobm gobysadHHA Mertatdie 3 pya. Teopu
I Arpikonu BMKOPMCTOBYBAJIM B NMPaKTMYHIN Ximil ynpojos: ABOX
CTONITE.

BugarHum disuxom i ximikom XVII c¢r. 6yes anrmiens Pobeprt
Boitne (1627-1691), AxMil HAZAaBAB BEIMKOTD 3HAYMEHHA eKCHOepu-
MEHTANLHUM A0CTIAMEeHHAM | BBAXKAB 3a HeobXiaHe LiNMKOM BiggaBa-
THCA MPOBEJEHHK) [AO0CJIAIB, HAKOMNMMEHHI) CHOCTepexieHs 1 ne-
peBipii TEOPeTHMHMHMX YABIEHR TINBKKM EKCAePUMEHTAJNBHNUM [IJA-
xom. P. Boiine ynpoBaguB y HayKy YABJEHHA Mpo XiMiyxi enemeHTH,
mif AKMMM BiH PO3YMIB [IpOCTi peY0OBMHM, HE 30ATHI A0 [I04AJNLIIOrQ
pPO3KNafy MOOHMMM AOCTYNHMMM 3acobamm. 3rigHo 3 #Horo Toyma-
YeHHAM EJIEMEHTM € CKJIAZOBMMM YCiX BigoMuX pedosuH Tum camum
P. Boitne ynepule nifgidHAB xiMi0 00 piBHA HAYKM.

¥ XVII cT. GaraTo gocaigseHb MPUMCBAYYBANOCA BMBUYEHHIO MpPO-
uecis TOpiHHA, OKMCHEHHA | BinHOBNeHHA, o GyIo 3yMOBNEHO IxX
BENMKOK NpaxTHyHow sHaummicTio. Ha nowarwy XVII cr. 3'sena-
eTkcAa Teopia dmorictouy I'. lrana (16569-1734). BianosigxHo go niei
Teopil Oig 4ac rOpiHHA PEYOBMH 3 HUX BUAIMAETHCA HEBArOMMil ene-
MeHT ¢haozicmon, a NMDPOAYKTOM FOPIHHA € BMXiHAa DEY0BMHA, [10-
sbapnena duoricrony. Barati Ha hoOTiCTOH pedOBMHM, HanpHKIag
BYTiJINA, MepenawTs HOT0 iHIIMM pPEYOBMHAM, ¥ LBOMY [IOJIATAE CYTh
npouecy BigHoeneuus. IIa Teopis crana saranlkHOBM3HAHOK, X04a HE
crpomoscHa Oyiia MOACHUTH IUMPOKOBIAOMOTO eKClepUMEeHTAILHOMo
dakTy — abinelueHHs mMacyu GaraThoX pedoBuH niA wac 1x sunasmo-
parHa. OcKineky 3a TMX 4YaciB e BBaMANIOCH, WO AKICHI criocTepe-
MEHHA BUYEDIYIOTE MISHAHHA, KUIBKICHUM BUMIPIOBaHHAM He Mpuzii-
JIANM HANEeHHO] YBArM.

Ponk KinbKiCHKUX MeTOAIB ¥y AOCHIMEHHAX yrneplue OuiHMB BM-
JaTHui pociificekuit yuenuit M. B. Jlomonocos (1711-1765).

Y 1748 p. M. B. JlomorocoB, a 3rogoMm i BugaTHMit (DPaHLY3bKMI
yuermmit A. JI. JlaByasee (1745-1794) sigxpunu zaxon sbepemceHus
Macu. A. JL Jlapyaske BHaHauMB CKJAAL [OBITPH AK Ccymill asory i
KHMCHIO, CTBOPMB KHMCHEBY TEODIiH ropiHHA, BHACJIZOK YOro HAMpy-
riggi XVIII er. ximia vabyna puc copaBxHBO] HAYKM.

Ha nowarky XIX er. y 8n'Asky 3 OypXJAMBUM PpO3BUTKOM
RINBbKICHMX AOCTimKeHb Yy Ximil BAasoca BCTAHOBWTM HUBKY Bariu-
BMX 3aKOHOMIPHOCTell | HADMMBUTHCH [0 eKCNepPUMEHTANLHOTO of-
IPYHTYBAHHA ATOMICTMYMHMX YABJNEHL Npo OyAOBY peUOBMHMW. 30Kpe-
Ma, BMBYEHHA XIMIYHMX croonyk 3 KizekicHoro Boky pano smory
BIAKPUTH Ay’e BaXCIMBUIA 3aKOH CTANOCTI CKJIANY DEYOBMHM, AKMit
1801 p. echopmy.nosaB dpannyssruit ximix M. JL. Ipyer (1754-1826).

Ilest nepion MOMKHA BBaMKATHM 33KIOYHUM E€TANOM POIBUTKY,
AKWI TIepeAyBaB CTAHOBJEHHIO cydacHol ximii. ¥ 1803 p. aurmiiice-
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kit yuerni I Janetor (1766—1844), suxogA4u 3 ifei aToMICTHEH,
copMyniOBaB 3aKOH KpaTHMX BigHowens, a 8 1804 p. miarsepaus
fioro excnepumentansio. Ha uifft ocHoBl BBIB MOHATTA Npo aToMHI Ma-
CH1 i BAJIEHTHICTh, CKJAB Meply TadIMU0 BiIHOCHMX aTOMHKX Mac,

YABIeHHA NMPO MOJMEKYNM Ta ix siaminsicTs Big aTomie y 1811 p.
BHCYHYB lTajliicbkmi yuernuii A. Asoragpo (1776-1836), ane rtozi
BOHO He GyJo crpuiiaate ximikammu. Illseacermit ximix M. . Bep-
ueniye (1779—-1848) nigreepaMs 3aKOH KPATHUX BigHOUWeHb | rmomy-
puEB iioro Ha opradivysi coomyru. ¥ 1814 p., cnupawmuucs Ha peayJib-
TATH BJACHMX AOCIHIA¥EHb, BiH HABIB TADAMIIO YTOYHEHMX (MOPIBHA-
HO 3 Za/JbTOHIBCBKMMIM) 3HAYeHb aTOMHMX Mac 45 eJeMeHTiB, ynep-
e 3anpoloRyBag ximiuni cumsomm enemenris. M. A. Bepueniye pa-
30M 3i cBOIMM YYHAMM BLIKDMB HOBi eNleMeHTH — nepii, Topii, ce-
JieH, ynepte no0yB ¥y He3B'A3aHOMY CTaHI CHMIILIA, TMTAH, TaHTan i
UMPKOHIA Bin BU3Ha4MB QOpMynH OeAKHX OPTraHiYHMX KHMCJIOT,
yhnepiue BHABME OPraHiyHi croOnykM 3 OJHAKOBMM CHJAJOM, ane pis-
HUMM BJACTHBOCTAMM, i B 1830 p. Bassas 1e ABHILE 130MePi€0.

Y 1852 p. anraificeruit ximik E. Ppasxnens (1825-1899), su-
BUAIOYHM MeTanooprafiuni cronykM, cdopMyImOBAB OCHOBM BYEHHA
Npo BaJieHTHICTh. 3rogom Himenbruid ydenuii . A. Kexyne (1829-
1896) sanposagMe 1e MOBATTA ANA roMosoria Mmerany. ¥ 1858 p.
wornasacekui yaennit A. C. Kynep (1831-1891) snmepme cknas
rpadiuni dopMy i 1eAKHX OPrarivHMX CHONYEK.

Yaaranepnenns wogo OyA0BM MOJERYJ OPraHidHMX CIIOJNYE 3pO-
6uB pocisiceruit yuenust O. M. Bytnepos (1828-1886), axmit y 1861 p.
copMyI0BaB OCHOBHI MojoMeHHs Teopil ximiunoi Gymoew. 3anpo-
nonosary O. M. BytnepoBum Teopio ximiunoi Gyzosm crnodatky 3a-
CTOCYBAJM A0 OpraHigAMx peuosrH. Bona creeppmysana, o mose-
KYJa HaBiTh HalCcHIAAHIMO CHONYKM € He BMMNAAKOBMM AOBLILHMM
CHONYYeHHAM aTOMIB, a 4acTHMHKOI 3 IITKOM BHM3HAYEHOW OyJI0BOID.
Ha ximivyni BnacTMBOCTI Takol 4acTHMHKM BIJMBAKOTE fAK AKiCHMIE i
KifbKiCHMA ckaag, Tak 1 i1 npocropoea Gygosa. Bygosy mMonerymm
Pe4Y0BMEM MOXHA BCTAHOBMTH HA OCHOBI BMBUYeHHA XiMiuHHX nepe-
TBOpeHbL. BeTAHOBNEHHA 3a/esHOCTI MMt XIMIYHOKO OyA0BOK MOJe-
KyJiM | peaxuifinol 37aTHICTI0O pedoBMHM fa€ Biamoeial Ha RHadiro-
NOBHIWI NMTAHHA, AKI BMBYae Ximid, | BiAKpMBae npakTuuno Hes-
Me¥KHI MOMKIMBOCTI CBioMOro cuHresy HoBux cnonyk. Hugi Teopia
O. M. Byrnepoea oxommoe Bei XimiYHI cmonykmM | BM3HAYAE TOJOB-
HMM HANPAM A0CHIMEHb cydHacHoi ximil — BuB4YeHHA OyjoBu |
BCTAHOBJICHHA 3aNerBocT] Mim DygoBow i disuysumMy Ta xiMigamMmy
BJACTHBOCTAMM PEYOBHHI, '

I Misknapognuii KoHrpec XimikiB, Akuil Bigbyecsa y 1860 p. y
Kapnepye, 4iTkO posMesyBaB NOHATTA aToMa, MOJEKYJH, eKBiBa-
JIEHTA, 110 CIPHANO 6YPXIMBOMY PO3BMTHY ximil.

Ilig yac suBYeHHA xiMiuHMX BracTMBOCTel eNeMeHTIB Ta ix cmo-
nyk OyB BakomMiueHMi BeNTMKMH eKCIepHMeHTANbBHMA Marepiag.
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BaraTo BYEHMX HAMArla/iMCA BUABMTH 3aKOHOMIDHOCTI B 3MiHM Bia-
eTuBocreit enemenTie Ta ix TMnoBux cnonyk. [Ipore HanOlnbLIoro
yenixy mocAr sesmxmit pocifickruit yuenmit I, I Mengenees (1834—
1907), axwit y 1869 p. cchopmymosas mepioguusmit 3akod. Came 3
LBOTO BIAKPUTTA MOYMHAETLCA Cy4acHumii nepioa y po3sMTRy Ximil.

BiakpurTA 3akoHY NepiogM4HOCTI HAA3BMMAHO CHIILHO BILUIMAY-
JI0 H& PO3BMTOK NpHMpoRO3HaBcrTsa. Ileil 3akoH A0BIB, IO BCl esle-
MEHTH NPUMPOAM € HIJICHOK CYRYNMHICTIO | KOMHWUIA ejeMeHT y Hift
nocigae cyBopo BMaHaueHe Micie. I pyHTyKHYMCh Ha nepioanuHoOMy
3aKOKi, XIMiKM MalTh MOMIMBOCTI Haykosoro nepeafaveHHA i Ha-
KpecJeHHs MeperneKTHs BIIKPHTTA HOBMX WnAXis v gochigmenH]
BJACTHMBOCTEH €JIeMeHTIB.

Ia cepegunn XIX cr. Besmka ysara NpPHALIAETBCA BHBHEHHIO 3a-
KOHOMipHOCTe/i mepediry ximiunnx peaxuiit. Ha ocrosi dyngamen-
TanbHUX mMpanb pociiiceknx ydenux I I ecca {1352—135&_] Ta
M. M. Bexerora (1826-1911), amepurancexoro Buenoro [l I'ibbea
(1839-1903), ronnmamacekoro suesoro A X Banr-Todda (1852-
1911), dpasuysceknx ydenux II. Beprao (1827-1907) ta A. JIe_I_LIa-
renwse (1830—1936) saknageno migBaanHy XiMiYHOT TePMOAMHAMIKM.

¥ apyrift nonosuni XIX er. wengkoro po3BUTKY HalyJso BUeHRA
npo WeuAKicTs XiMIMHMX pearnifl. Barommii BHECOK Y PO3BUTOK
uporo suenna apodmam npaui 1 X. Banr-T'oddpa, wsencbrnx yue-
aux K. M. TPyneadepra (1836-1902), IIL Baare (1833-1900) Ta
C. A. Apperiyca (1859-1927).

BogHogac Oyno 3arjageHo OCHOBY BUEHHA [P0 PO3YMHM, HEe
rPYHTYBAJOCA HAa MpalAX TaKMX BUAaTHMX BueHux, Ax M. Papageii
(1791-1867), P. Knaysiyc (1822-1888), I B. [irropd (1824-1914),
. I. Merageneer, C. A. Appeniyc.

Bemuksmit BIJIMB Ha MOAANBIINI PO3BMTOR Heopraviysol ximii i
ximil KOMILIEKCHUX CMOJVK CIIpaBMJa KOOPAMHAILfiBA TeopidA, pod-
pobnena wsefinapeskum ximikom A, Beprepom (1866-1919). 11 mo-
NnoxeHHA Brnepuwe Oynu chopmynsosari y 1894 p., oanak smue ge-
pea 20 poxkis micna onyOJikyBaHHA peaynbTaTiE hyHAAMEHTANbHHUX
npamp A. Beprepa Ta iioro yuHis BoHa OGyna Buanana ximikamu. Ila
TeopiA 334080 40 BMPOBA/UKEHHA DEHTTeHOCTPYKTYPHOrO aHAJ3y
NPaBMIbLHO NOACHIOBAaNA OyaoBy | BIACTHBOCTI KOMILTEKCHMX Ta Oa-
raTboX HeOpraHiYHMX CHOJYK, AKi Mo3kHAa Oyno po3rnAgaTH AK KO-
OpaMHaLiiHEL

Ha nouatky XX cr. 6ymm apobneni Buasauni BIIKPMTTA B ranysi
Teopii DyaoBKM aToOMA.

Ilicna BcrasoBAeHHA anrnijicekuM yuenum E. Peaepdopaom
(1871-1937) icHyBaHHA B aTOMi AJpa Ta eNeKTPOHHOI 0DOJIOHKHM BH-
HMKJIM HOBI YABJEHHA PO NPHPOAY CHI XiMIYHOrO 3B'A3KY.

Bugatuuit gateskuii dizur H. Bop (1885-1962) nosis icnysanns
B aToMi Tak 3BaHMX [J03BOJIEHMX KBaHTOBMX opbiraneil. Ha ocrosl
reopii OynosM aToma BiH TarOM MOACHHMBE (Di3nuEMil amicT mepiogand-
HOTO 3akoHY i ocolaueocti OyacBM mepiogMuHOL cHMCTeMM.
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¥ 1916 p. mimenskuit yuernit B. Koccens (1888—1956) Ta amepu-
kanceknit yyenuii I'. H. JIetoic (1875-1946) sanponoryeamm nepuui
ENeKTPOHH] Teopil I0HHOTO Ta KOBaJIEHTHOTO 3B'A3KY.

Honaneummit poasuTox Teopil ximMiunoro ar’asky rpysTyernca Ha
AOCATHEHHAX KBaHTOBOI Mexamikn. IIpamamu miMeupkmx yuenux
B. I. Taittnepa (1904-1989), &. Jornona (1900-1954), X. A. Bere
(1906-1978), amepurakcerux yuemnx JI. K. Iloxinra (1901—1994),
Hox. K. Cnerepa (1900-1979) sanouaTkoBaHo cydacHi Teopil ximiu-
HOro 3B’#i3Ky — MeToJ, BAJIEHTHHX 3B'ABKISB, Teopito mosnsa Jira”pis,
MeToJ MoJIeKyIApHuX opbiTaneii

Poasurok aneproi dismkm i sinkpurra isorTonis JAoBeNM, 10 He
4TOMHa Maca, a 3apfj AApa aToMa BM3HAYAE MicLe eJeMeHTa B ne-
plomuuHif cucremi. Metonyu aneproi disukn Gymno BUKOPHUCTAHO OJIA
CHMHTE3Y eNeMeHTIB, Anpa aToMiB AKMX € HecTabinbmumu, i TOMy Ui
€JIEMEHTH NMPaKTHHO BIACYTHI B 3emuifi kopl Ocobauso minEMMY €
nmpaml itanificeknx yvenux E. Cerpe (1905-1989) Ta K Ilepp'e
(1336—1?481, fIKi Brepile sa LONOMONOI0 AfEPHUX peakiiit poby.sm
TEXHEIM, 8 TaKO¥K aMepMKAHCBKMX YYEeHMX [ifi KepiBHMITBOM
T'. Cubopra (Hap. 1912), Axi BiAKPUIM Ta BMBYMAM BJIACTMBOCTI HM3-
KM eJIeMeHTIS, PO3MileHMX ¥y nepioandHif cucTeMi micms ypany
(TpancypaHOBMX eqeMeHTIB).

Hpepsi NePeTBOPEHHA i dpismro-xiMiuni ABMma, mo cynposox-
JKYIOTE TaKl [epeTBOPEHHA, pafiocakTHBHI i30Tonm cramm ob’exrtamMu
BHUBYEHHA AMEPHO1 Ta papiamifinol ximii, mo sumukdn B nepuin mno-
JoBuHi XX cr. Ii poboTi MawoTh Bamause 3HavMeHRA nus nobyBaHHA
1 nepepodKky CHPOBMHM IIA ANEPHOI MpoMuKCIoBOCTI, BHKOPHMCTaHHA
panloakTHMBEMX MaTepianis Hacamniepen B €JIeKTPOeHe Pre THITL

Poapobra Teopiit 6ymoss atomis i ximiunoro 8B’A3KY 1aNa 3MOory
POSBMHYTH yABJIEHHA PO €JEKTPOHHY NPHPOAY NPOLECIB OKMCHEH-
HA | BIHOBJIEHHA. ByJno Hakonm4eHo Besnndesnuit MaTepian crocos-
HO MexaHi3MiB qmcun-ainnonnnx peaxiit, a Takom mporecis, Aki
B!,.E[Ei?’BEI}DTLCH M 4ac enexrpoaiay. Yemixu Teopetuusoi emektpo-
XIMIILJJ.:?IJIH SMOTY CTBOPHUTH OCHOBY 4YMCJIeHHMX NpOMHCIOBHX eJIeK-
TPOXIMIMHMX I[TPOIIECiB.

KsanroBo-mMexanmiunmit miaxig no CriBBiNHOLIEHE, BMABJIEHMX
A X. Baar-Todbdom i C. A Appeniycom, CIPMAB  BHHMKHEHHIO
BYUEHHA ITPO abCcoMTHI WBHAKOCTI peakuiit, AKe € OCHOBOX CY4YacHOI
XIMIYHOL KIHETHEKM.

Benure snauenns MaloTe mpaui BUAATHMX yuemux — pociiickko-
ro M. M. Cemenopa (1896-1986) Ta amrmiiticexoro C. H. Xinmensy-
na (1897-1967), axi poapobunu Teopiio JarmoroBnx peakmif Ixmi
KIHeTHHI A0CHAPKEHHA ICTOTHO BIJIMHYNM Ha PO3BUTOK Teopii re-
pepobku HabTH, rOpiHEA MaJMBa, YTBOPEHHA BHCOKOMOJEKYIAPHUX
Crionyk, 3B'A3yBanHA asory. Ha 0Gasi BuBYeHHA KiHeTHMEM Ta Me-
XaHI3MIB peakliit poapobieHo Teopernuni ocHOBM MeTonin CHHTE3Y
HEOpraHIMHMX Ta opraHivemx coonyx. Ocobaueux ycnixie  Gyno
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JOCATHYTO ranysi opraHigsoi ximii: cuHTe30BaHO HACKMAIHIII
NpHpOAHL CHOMyKHM, 30Kpema aAeski Oiaksu, xiuin, BiTamin By, xmo-
pocbis, Busnayeso cTpykrypy Garatnox 6inkis, (hepMeHTIB, TOKCHHIB.

JocarneHHA TeOPeTHIHOI OpraHivHOI XiMil crpasn BeJIMKII BILTMB
Ha possutok bioximil Ta monexynapsoi Gionorii, ix 6yno noxnazeso B
OCHOBY CTBOPEHHA CYHAaCHOI IMPOMMCJIOBOCT] OpraHivHOIO CHHTE3Y.

3 30-x poxie XX er. mBHAKOTO po3BMTKy Habyna ximif mogi-
MepiB. Jlna cy4acHoro erany XapakTepHMM € noriubiexns BuBUeH-
HA MEXaHIZMIBE KaTaliTHuHoi moximepmsauil, Oynosu nogiMmepis, 3a-
JIeMHOCTI BAACTHBOCTENH NoNiMepHuX Mareplafis Bin ixHeol OymoBm.
Yemixm ximii nmoniMepie Aanu 3Mory cTBOpMTM Taki BaXKimMBI ranysi
xiMiuHoi npoMucnosocTi, AKX BMPOOHMITBO NIACTMAC, CHMHTETHHYHOIO
KaydyKy, XIMIYHMX BOJIOKOH, KJIeiB Ta JAKIB.

¥ XX cr. pigbynuce icTormi 3MiEm B MeTonax XiMiMEMX gocmin-
sceHb. Tak, OJIA BMBYeHHA reoMeTpii mosexys, Oynoeu kpucTamid-
HMX pedoBMH ToYany 3aCTOCOBYBATH PEHTTEHOCTPYKTYPHMIA aHami3,
ANA BM3HA4YeHHs eHepril opbiranei, echexTMBHMX 3apAfis — MeToq
penTreHiscbkoi crniektpockonii. Jana pocaimsensa Oynoeu pevoBHH,
KiHeTHMKM Ta MexaHisMiB pearuiif poapofsieHO Takl CIIEKTPOCKOMTIYHI
MeTonM, AK HAAepHMIt MAarHiTHMi pesoHaHC, eJIeKTPOHHMP Iapa-
MAarsiTHMI pesoHaHC, AAEpHMA KBaApYTOMBHMA pe30HaHC, ramma-
pe3oHAaHCHa cmekTpockomnif [na 3'AcyBaHHf DynoBM MOJIEKyJ Ta
ioHiB, @ TakoK y XiMiYHOMY aHAJI3l [IMPOKO 3aCTOCOBYIOTE ONTHYHI
METONM, 30KDEMA EJIEKTPOHHY Ta iH(pavepBoHY CNEKTPOCKOII,
CIIeKTPONONAPMMETPI0, Mac-CHIeKTPOCKOIIIIO.

Y nmpyrit nonosuni XX cr. sakamBoro 3HaveHHA Habyna emex-
TPOHHO-00YMCIIOBAIEHE TeXxHika. EnekTpoHHO-004MemoBanbHi mpu-
fanu  BMKOPMCTOBYWOTH JAJA HEpyBaHHA XiMIiKO-TeXHOJOTIYHMMMK
npolecaMy, MPOEKTYBaHHA Ximiusoro o0NagHaHHA, MOJAETIOBAHHA
XIMiKO-TeXHOJIOriYHMX IIpouecis, KBaHTOBO-MeXaHIYHMX Ppo3paxyH-
kiB, BuaHA4eHHA OYJ0BM | BJACTHBOCTEN CRIANHUX MOJEKYIL

QOcobnupBe 3Ha4YeHHA eJEeKTPOHHO-o0YMCIIOBAJbHA TeXHika Mae
AJIA [OWIYKY 1 Hakornu4eHHA indopmanii 3 ycix muraHs XxiMil 1
ximiuHoi TexHOMOrI

§ 3. OcuoBui npobaemu cydacnoi ximil

Ouaniew 3 HalirocTpimnx npobneM cydacHol ximii, Axa ocobmuBo
4iTKO BMMAaJIOBajlaCh OCTAHHIM 4acoMm, € npobaema OXOPOHU Ha8-
KOAUWHBOZO cepedosuwja. KpiM cyBOporo exoJorivHoro BHXOBAaHHA,
MMTAHHA AKOro noTpifHo BHpillyBaTh TepMiHoBO, Tpeba 3HAXOAMTH
i ecyro ximiuni maaxu. TonoBuumu 3abpynEuMKaMu [OBELLIA
WKIZTHBMMK pedOBHMHAMM (Hacammepel XIMIYHMMHK CHOJYRaMu) €
npoMucaoBicTe | Tparenopt. HaayrausinmmMu fo snusy 3abpyn-
HeHs € Boja i atmocdepa. Ilpocresmyerses Heoboporre 3binnenus
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thnopu i cdpayru piuok, osep i mopis. Ha Mimknaponniit xonde-
peruil 3 npobaem KMMaTUYHUX 3MiH Ha 3emai, wo sigbysaca B
1897 p., Oyam npucyTHI OpeacTaBEMKM MoHan 160 pepikas eBiTY,
O CBIAYMTE NpPO BeNMYE3HY CTypHOBaHiCThL JIOACTBA uiew npod-
JIEMOH).

Cepen 12 kpain csity, axi Haibinswe 3abpyaa00Ts aTMocdepy,
Yxpaina mnocizae ges'ste Miche (topiuno BurRMpgaeTeesa 430 muH
tosH COj). Armoccdepa HansBuuaiiHO GOMCHOD pearye Ha zabpyn-
HEHHA, WO 3YMOBIIIOE MOCTYIOBY aMminy wiiMaty. Bracainox zabpyn-
Hemus 3a ocranni 100 pokis Temnepatypa wa 3emai nigBummnace
Ha 1 rpapye. lo 2100 p. Bona apocre me Ha 3,5 rpanyca. Ile npu-
asene (0coGaMBO B NMONAPHMX IUMPOTAX) [0 TAHEHHA BeJMYE3HUX
MaCHBIB JILOJOBMKIB, MOYacTilliac BUNAAAHKA AOINY Ta CcHiry. 36ine-
WATECH 06'eMM BOAM, 0 BUNAPOBYETHCA, MOYACTINIAIOTE yparau,
TPOMYHI INTOPMM, OMKIOHM Ta Taidyuu, Beauxi o CYXOoNoay
NorAMHe MOpe. SHAYHO 3MIHATBCA KJIMAT I YMOBM NMpPOMUBAHHA JO-
Aeit Ha MaTepuKkax. I Bce ue MOMKe CTATHMCA YNDPOLOBK JMILE OIHOTO
HACTYTIHOTO CTOMITTA, AKIO JIOAUHA He SYNMEMTH PO3BUTOK TAKMX
anosicEux Tengenuiii. Huni semma uusinizanis nepebysae B crani
CTPaxiTAMBOi BifiHM 3 MPUPONOK, /A NepeMoru B AKii Tpeda CTBO-
proBaTH He pisHi Buam 036poeHs, a IIYKATH | BIPOBaJMYBATH Bi-
pobHMITBA i TpaHCTIOPTHI 3acobu, AKi 6 AkoMora MeHme sabpynHo-
Banu nosKinna. He wmosksa nonyerurd, mob mama YHIKAJIBHA Y
BeecsiTi nnarera crana nopibHOW0 N0 iHIIMX HEKMBMX HEGECHMUX Tim

[Mnaxu supitmenna uiei npobnemu oueBumHi — pisxe cropoueH-
HA 0BCAriB HeNmOTPIGHMX ANA DOSBUTKY JOAMHM BUPOOHMIOTE, Ha-
camnepen 030pPOEHB, 3MEHIIEHHA BUPODHUIITBA PIBHUX CHETETHYHUX
MmaTepianis, 3binbIlIeHHA YacTKM eKOJOTIYHO YMCTHX IKepes exep-
ronocTavaHeEA (COHAYHOI, BiTPOBOI, reoTepmansHOI eHeprii, eHeprii
MOPCBKMX TIPUILIMBIB), CTBOPEHHA HEIIKIAIMBMX XiMigHNX daepen
EJIEKTPUYHOL eHeprii Towo.

Omke, My CTUKAEMOCA 3 IHILOW TOCTPOI MPOBJIEMOW — cmao-
PEHRA HOSUT EK0ADZINHO YUCTUT, HadIUHUT 1 docmamibo nomyxc-
Hux Oixcepea supofinuymea enepeaii ma i mpaxrcnopmysaria. Jwg-
CTBO Ma€ OHAHIIBUAIIE BIIMOBHTHCA Bifl TpaaMUIfHNX Ham3BMwai-
HO ZOpOruX 1 exomoriuko Hebeaneumux cnocobis pobyBanes enex-
TPUYHOI eHeprii enaOBAHHAM TPHPONHMX 3amaciB rasy, sHadTi Ta
IHIUMX Topwuux matepianis. I'padikHuLbKE BUKOPMCTAHHA [UX
NPUPOSHUX pecypcis BiabysaeTbea 3 HU3BKUM KoedilierTOM KOpHC-
HOI [l MepeTBOpeHHA TEemJIOoBo] eHeprii ma €JeKTPHYHY | CIIpHYMHIOE
KaTacTpodiune 3abpyaHeHHA NOBKIAAA, TOMY BUKODHUCTAHHIO Alep-
HOl, TeOTepMaJbHOI, COHAYHOI eHeprii, eHeprii BITPY, NpUINMBIB y
MaibyTHEOMY HeMae ansTepHaTHBM. Bojgsouac cain PO3YMITH, 1110
KOKHE 3 HOBMX JZKepeJ eHepril, y cBow uepry, norpedye cTBOpeHHA

HOBMX MaTepianis i cnocobis BUpobHMLTBA 1 mepenadi eHeprii Bix -

JFHepesa [0 CTIOMMBAYA.
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ITe 3yMOBJINE BUHHMKHEHHR TPeTEOl BaMAMBOI NpobaeMu, 10 11o-
CTa€ Hacamnepen nepex XimMikamu, — cmeopenns mamepiaais i3 3a-
30anezids 300aNUMU BLACTNUBOCTRAMU — HATIBOPOBIAHMKIB, Haj-
OPOBIAHUKIB, e(eKTHBHUX KaTANi3aTopiB, TEPMOCTIHKMX [IECTMAc,
KOMIOSULIAHMX moJiMepis s ManmuobyZyBaHHES | OyniBenbHol
npomucaosoeri. Ha ysomy mnaxy norpifeo spobutu me namasu-
qaifHo DaraTo.

Hactynua npofnema, y supimenni sxoi MaioTs OpaTH y4acTh XiMmi-
KM, NMoB'Asasa 3 dobyeanmnam npodyimis rapuyearuA. TyT Ximikam
AOBELETHCA NOCTIHHO CTBOPIOBATH HOBI 3acobu BopoThby 3 XBOpoDaMH
I IKIAHMKaM#1 POCTUH, pospobnaTy HaftederTUBHINI nobpuBa.

€ it inil BasMBi pobiemu, BupimyBaTH HKi MaIOTH xiMiKM, Ha-
UpUKJE] OCBOEHHA GE3MEIKHOT0 MPOCTOPY OKeaHy, CTBOPEHHA BHCO-
KoetheKTHBEMX JikiB.



Poanin 2
ATOMHO-MOJIERYJAPHE
BYEHHA

§ 1. OcroBu XimMigHOT aTOMiCTHEM

iZpoazeHHa AABHLOT aTﬂlllil'.‘"l‘l-‘Ilﬂ'l Ta qrﬂinTnna JansTo-

na. [[po BYeHHA CTapojaBHIX AaTOMICTIE He 3rajysanu

maitske 20 cronite. Jiume Ha nodatky XVII cr. ixmi inel

Oyn0 BiAPOMWKEHO 3ABAAKM MpauAM (PaHIy3CLKOro dhino-

cocpa [I'epa Taccenai (1592-1655). ITonan 20 pokiB KMTTH BiH NpU-
CBATHE BiATBOPEHHI0 Ta 30MPaHHIO BOEIAMHO 3abyTx KOHUEnii
nasHBOrpelbknx inocodis | BUKIAB X y KHIDKKAX «[Ipo muTTA,
aBi4ai | B4eHns Enikypar» Ta «3BIT cbmncoc']nu Enikypa». ¥ numx
JIBOX KHMKKaX IOTAAAM CTapoJaBHIX Qilnocodis Oyno cucTeMaTH3O-
BAHO, 1 BOHM CTaNM NAPYYHMEAMH OIS espo“neﬁc:himx V4YeHMX |1
dinocodis. Ilikaso, mo came B e Hac P. Boiiis ycTaHOBUB dyH-
naMeHTANLHKUIA B3AE€MO3B'A30K Mix of’'emom i Tuckom rasy. fxiche
noscueHHs dakrTie, Aki cnocrepirag P. Boias, Morja naTH TLIBKM
aTOMICTMKA® SAKINO ras Mae auckpetrHy OynoBy, TOODTO CKIANAETECH 3
aToMmiB i IYCTOTH, TO JErKICTL HOr0 CTUCKAHHA 3YMOBIIETHCA abmm-
FEHHAM aTOMIB YHACITIIOK 3MEHIUEHHH BIJILHOIO MPOCTOPY Mi HUMM.

Hosi amicToBHi (opMynOBaHHA B paMKax aTOMICTHYHOI Teopil
ma novatsy XIX c©rT. BMCJIOBMB ILUKIIBHMA yuMTeab 3 Amnrnii
. Manbron. CBOI aToMiCTMYHY Teopilo BiH onybuixysae y 1803—
1807 pp., ofrpynrysaB il eKcrepMMeHTANLHUMM CIIOCTePerReHHAMM 1
sanponoxyBae il 1A MNOACHEHHA 3aKOHIB CTANOCTI Macu 1 CKJIany.
[Ia Teopis BMABMIIACH HACTINBKM BfAJNOW0, 0 Bigpasy M Iocina
yinpHe Micile B Hayll | Maiiae He 3a3Hapajla NOJAJBILIMX YTOUHEHb.

lonosri noctynati Teopii JaasTona 8BOJMJINCE 10 TaKOro:

« XiMIYHI eJeMeHTHM CHJIAJAThHCHA 3 aToMie, AKI € Haf:MEHnmme_l
YaCTHMHKAMM peYOBMHM, IX HEMOMUIMBO POSOUIATH HA (e MEeHII
CKJIA/IOBL YaCTHHKM 1 MepeTBOPHTH ONHY HA OAHY,

. ATOMM HEMOMKJIMBO BHHMIIMTH, N

+ yci aTomMyu ofHOTD ejgemenTa abCoMIOTHO OAHAKOBL 1 MAKTh Of-
HAKOBY MACY, o

+ ATOMM PIBHMX EJIEMEHTIB MAaTh PI3HI MacH,
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+ Mif Yac xiMiYHMX peakiiit Mix gBOMa abo GIMBIIMM YHCIOM
€JIEMEHTIB 1XHI aTOMM CHONYHAlOTHCA Mix cof0I0 B MPOCTMX, Lino-
YUCJHOBHUX BITHOIIEHHAX;

+ BiJHOCHI MACOBiI YaCTKM eJeMeHTIE, 0 CHIOAYHAITLCA OOMH 3
OonHUM, DeanocepenHb0 NMOB'A3aHI 3 MACO CaMMX aTOMIB. Otxe, Ko-
y 1 1 cipku 3B’ aA3yeTbeA 3 2 r MiZl v cniseigHomenni 1:1, To ue oz-
HAYAE, [0 KOMEeH aTOM Mifi BABIYI Bam4Mil 33 aTOM CipKM.

lxmon Jlanwron (1766—1844) — aurniiicexnii disux i
ximix. CTBOPMB Teopilo BMNAPOBYBAHHA Ta 3Milmy-
BanHA razis, Onucae nedexT 30py, HASBAHWA 3TONOM
JansroHiaMoMm. Bikpue Tpu sakonm, noxnanewni B oc-
HOBY chiawuHol aTOMICTMEM razoBMX  Ccymimeii
mapuianbHuX THCKIB rasis (1801), aanemuocTi pos-
IUMPEHHA Ta3iB 3a CTAJOrD THCKY Bifl TeMmnepatypu
(1802, mesanemncno sip . JL lefi-Jlioccaka) | sanes-
HOCTI  po3umMHHOCTI rasie Bin  ixHiX nDapuiansamnx
THckiB (1803). Bucyuys i ofrpyutysas (1803-1804)
ximMiuHy atomicTuky. Teopernuno nepeabaums i sim-
xpue (1803) sakon xpatuux eifnomwens, Ckaas { 1803)
mepiuy TabJHUI0 BIHOCHMX ATOMEMX Mac, 3anpono-
Haon JanwTon HyBas (1804) xiMiuni cuMBoan.

i nocrynati I JanbToHa DOKIANEHO B OCHOBY Cy9aCHOI aTOMHOI
Teopii. Boru npoeti it 3poayMini, a ToMy 320X04yBanM [OCTiTHMKIR Ao
MOLIYKY IHIUMX KLIbKICHMX 3akoHOMipHOCTER y XiMiummx peakiiax.
Haitpaxnmmiunnt sucHoeok 3 Teopii JanbTOHa Takmit: SKILO ATOMM
CrpaBfi iCHYHOTB, TO BOHM MAIOTh XaparTepuayBaTUCH UIIKOM TEBHOK
aTomHoio Macor. Tomy Binpasy XiMiku noganm wykaTy Hajiisi MeTomm
BM3HAYEHHA aTOMHOI MacH Ta BCTAHOBJIEHHA OPMYT XimMiuHmx CIOJIYK.

Teopin k. JanbTona aMmorsia MosCHUTH BIAKPMTI Ha TOM wac
KiNIbKICHI 3aKOHM, AKi omucyBanm xiMiuny esaemopio.

Y 1803 p. IO Janbton, aHaM3yw49M BMNAAKM, KOMM IBA ele-
MEHTH yTBOPIOIOTh M €0D0I0 He ojHy, a Kinbka Crosyk, BiIKpUB
3AKOH KPAMRUT 8i0HOULEN D!

AKUI0 ABa €JeMEHTH YTBOPIKTL OMH 3 OJHMM KiIbKAa XiMiuvHIX
CHOMYE, TO BaroBi KiIbKOCTi OJHOIO 3 eleMeHTIB, 10 NPUNANAIOTH
¥ UMX COOMYKAax HA OgHy il Ty Camy BaroBy KiIbKICTH iHIIOrO
€JEMEHTA, BIIHOCATLCA Midk c0D0K0, AK HeBe MK nini uncia,

Tak, B okenpax asory N,0, NO, N,O;, NO,, NoO; na 14 maco-
BMX HaCTOK a30Ty npunajae BianoeinHo 8, 16, 24, 32, 40 macosmx
HacTor KucHio. OcTanni BigHOCATLCA Mimk coboto, ik 1 : 2 : 3 : 4 : 5.

Otxe, 3aKOH KpaTHMX BifjHOMIeHD CTBEPJKYE, M0 CcKaajx OiHap-
HMX XIMIYHMX CHOJNYK 3MiHIOETLCS ceTpubronozibHo, a ue, B CBOKW
Hepry, NIATBEPAMKYE aTOMICTHYHI YABNeHus k. Ja bToHa i Te, 1Mo
B MOMIOHMX CIONYKaX IPOCTEMKYETHCH SMIHA CILIBRIMHOIIEHL Mis
HHCJIAMM CIIONYVHEHMX Mine coboi aToMmis,
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ArtomicTuuna Teopis JlambToHa TocTaBusia HA NOPANOK JI@HHMH
ximiugol artomicTHrRm Ipobnemy BHSHAHCHHA ATOMHMX Mac, afe
poaB’A3aTH 1i HE 3yMima.

Imero Jlx. JlanbTOHa ILIOAO BCTAHOBIEHHA AaTOMHMX Mac eje-
MEHTIE MATpMMAB BuJATHMI IuBeachkmii ximik M. 5. Bepueniyc,
AKWI1 CTBEpPAXCYBaB, MO De3 BHM3HAYEHHA aTOMHMX Mac CYTIHKM HO-
B0i Teopii He MOXYTb SMIHMTHCA Ha JeHb. Bin poknanas sigdai-
AVIIHMX 3yCHJb, IPO3HAJI3YBaB MOHAM ABL THCAY] MPOCTHUX i cknag-
HUX PEYOBMH, 10 JAJO0 3MOry HOMY JOCHTbH TOYHO ODUMCIUTH aTOMHI
MacH BaraTooX €JeMeHTIB. ATOMHI Macu BiH BM3HA4aB BiIHOCHO Ma-
€M aTOMa KMCHIO, IKY MPUIHAB Takow, mwo gopisaioe 100. Axuo ne-
pepaxysaTH aTOMHI MacH, 0D4mMCHeH! W. f1. BepueniycoMm, B3aBIIM
Macy atoma KucHI 3a 16, To mictramemo Ttaki smadenns: C (12,25);
N (14,18); P (31,4); S (32,2); Hg (202), Tobro nysxe 6amabKl A0 Cy-
HACHMX ATOMHMX MacC IMX €JIEMEHTIB.

1. 1. Bepueniyc 3anpoBafiMe ¥ XIMID CMMBOJNH XIMIMHMX eje-
MEHTIB, AKMMM KOPUCTYIOTHCA | HUHI, 8 TakoxK (POPMYIN CTIONYK.

Baapanoca 6, V. fl. Bepueniyc WinKoM CIpHAB PO3BMTKY aTOMICTHIHMX
yABNEHb ¥ XiMil, ofmax foro moraAmsM Byam MeBHOW Mipow cyne-
peunueimy. Tax, BiE RIACTOMBAE ENEKTPOCTATHYHY TiNOTEdy CHopiAHEeH0CT
eneMeHTiB, AKa NPUIyCcKaida cnolyyueHHA Mid coboio aToMis Juile pISHMX
eAeMEeHTIB. 3TiHD 3 Hico rinoTescl KOMHWE ATOM Mae pisHoHMEeHHO 3a-
PAKEHL MONKICH, alle B OJHOMY Mepesarxac MO3UTUBEHMI 3apAmg, a4 B iH-
momy — neraTusHuit. TilbKM Taki aToMit, B AKMX NEPEBANAIOTH pisHO-
fIMERHI 3apAaM, MOMYTH CTIOAYHaTHCA Mixk cobow. Omxe, W. fl. Bepueniyc
3aMepedyBas MOMUIMBICTE CIIONIYYEHHA Mix coBolo 0fHAKOBUX aToMmis, a ue
BMABMNOCA BEIMKMM ralbMOM ¥V PO3BHTKY XIMIMHMX yABJEHb i TpakTy-
BAHHI OKPEMUX EKCNepUMeHTalbHMX (HaKTiB (HanpuEIag, NpocTHX ob’em-
HMX BifHOIIEeHs y pasl B3aeMoil rasis).

Ho cepegmun XIX cT. Mix XiMIKAMM TO4UMJMCA CYNEPEYKM CTOCOB-
HO BMKOPMCTAHHA ATOMHMX Mac, HAMMCAHHA XIMIYHMX (POPMYJT TONIO.

Meue Arob Bepueniye (1779-1848) — wmpeacerni
xismix. Hayrosi Jochijprenna oXomnwoTe YCi ronos-
Hi npofinems zaraigbHOT XiMil nepmoel MNOJO0BMHA
XIX cr. Buanaume (1807—-1818) atomnui macu 45 xi-
MIMHHX eneMeHTiB. 3anpoloHYBAB CHMBOJM Ximig-
Hnx eneMenTis (1814), AKMMM KOpMCTYIOTRCA | HHHI,
Ta nepu dopMyIH xiivaux cnonyx (1817-1830).
CTBOpME HOBY CHMCTEMY ATOMHMX Mac, BHIpaBsHe
chopmynu Garatbox crnoayx Bigkpmue ximiuxi ene-
menTi: uepii (1803), cenen (1817), ropiit (1828).
Ynepme omeps:as y BiibHoMy cTani (1824-1825)
cumiiit, TMTaH, TaHTan | yupkoHiA. Poapobne enex-
TpOCTATHYHY FNOTE3Y  CHOpLIHeHOCT eneMenTIB
(1812-1819), cucTemy VyHABJIEHL TIpo isomepiw Ta
nonimepiio (1830—-1835), cTBOpMB TeopiK CKIAJHMX
IH(.‘HC fAxob Eepu.e.niyc paﬂpfxa_nig_
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Aromuo-mosexynnpne B4eHRA. OCTaTOHHO aTOMHO-MONEKYJIsp-
Hy Teopiro B xiMll Dyno smaHado y 1860 p. na I MbxnapogHomy
koHrpeci ximikis y Kapacpye. [i ochoBri momoxenns 3sogsaTees o
TAKOrQ:

« yei iHAMBIAYAJbHI PEYOBHEM € CYRYMHICTIO MOJeKkyn afo Kpu-
CTaJaMM, AKi, B CBOW yepry, nofyaoBaHi 3 aToMis;

_+ ATOMM OIHOTO BULY (esemenTa) omHaxoBl Mix coBolo, ane Big-

PIBHATHCA Bif aTOMIB IHIIOrO BMOY (eJeMEHTa); aTOMM MAalOTh Ma-
CY, AKY HA3HBAKTL ATOMHOIO,
_ v aroM € HOCIEM XIMIYHMX BJIACTHMBOCTEN EJIEMEHTa, HaMMEHINO
HOT0 “aCTHMHKOIO; HOTO HE MOXHE PO3HJIACTH XiMiyHMM criocobowm, mig
Hac XIMIMHMX MepeTBOPEHb aTOMM He 3'ABJAKTBCA 3 Hiuoro i Hikymm
HE 3HMK&IOTh, 3MIHIOOTBCA JUIIe crnocobu 3B'A3yBaHHA aTOMIB;

+ BHACHIJOK B34€MOMI] aTOMIB YTBOPIOIOTBCA MOJEKYJM: TOMO-
AZEPHI y TIPOCTUX PEYOBHH, reTEPOALEPHI — Y CRIAAHMX; MOJEKYJHM
PO3MIANAKTE AK HANMEHII YACTHHKM DepesaskHoi BinbiocTi pewo-
BUMH, BOHM € HOCIAMM XIMIYHMX BJACTMBOCTEH DPEYOBMH; ATOMM eJe-
MEHTIB ¥ MOJEKYJax Ximiuno sB'asani min coboro,

= mig 4ac hianyENx ABMIN MoJexkynan 3bepiraloThea, nig vac me-
pebiry ximiqHuX npouecis — pyiHyOTHCH;

* XIMIYHI peaxuil MOJAralTh B yTBOPEHHI HOBMX PEYOBMH i3 THX
CaMUX aTOMIB, 3 AKMX CKJIAZAJMCA BMXIAHI PeqoBMHM,

Y:FIB.]'[EHHH npo auckpeTHy, Tobro atomuy, 6ymosy pedoBunM Oy-
JIM DIATBEPAMEH] YCiM X0A0M pPO3BUTRY (Iaukn i ximii.

ATOM € NPemecTABHMKOM XiMiyHOrO ejlemeHTa, TOBTO

amom — ue HaiiMeHma XiMiuHO HenoALILHA YacTHMHKA, AKa €
HOCIEM BAACTHRBOCTE €JACMEHTA.

X_l.«:vmuu efemenn — (e OeRHUIl BMI aTOMIB 3 0HAKOBUMU
XIMIYHMMY BAACTHROCTAMM.

Jo XX cr. aToMm BBaj)Kamu eJeMEHTapPHMMM, TOBTO aBCOJIOTHO
HeMmoALILHUMY YacTHHKaMU. Oguak sigkpuTTa, 3pobieHi Ha Oo4aTRY
XX er, sacBigumiM, U0 aToMM M&IOTh Henpocry Oymoey, ckiana-
IOTBCA 3 NO3UTUBHO 3aPAIMEHOr0 AApa Ta eJeKTPoHHol 0BOJOHKM
TOMY CYHaCHE O03HaAYEHHA HOro Tawe: :

amosm — e EJ'IEKTPQHEﬁTprHa CHCTEMA, AKA CRIANAETHLCA 3

NOIUTHBEHO JapAlAeHoro Hapa Ta EJ'IEKTPOHiB, 10 PYXaWwThCH
HABKOJ0 HBOTD.

Heaenlm;e 3a PoO3MipoM AAPO 30CepenHcye OCHOBHY YACTHHY MaCcH
aToMa, XiMiu#l BI&CTHMBOCTI ATOMA MEBHOrO EJNEMEHTA 34JCHATE BIJ
ﬁym)au_ foro enexTpoHHOI ODOJIOHKM, 4 3arajbHe 4Meio EeJIEKTPOHIR
B 4TOMI BU3HA4ACTLCH BHAYECHHAM 3apALY aTOMHOro Aapa. Omixe,
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TimiuHull eaeMednm — e NeBHHIT BHA ATOMIB 3 OQHAKOBMM
2APpAAOM ATOMHMX ANED.

AToMM MOMYTB crnoaydaTucs mix coboro BiamoeimHo po ixHIX
BAJIEHTHOCTE 1 yTBOPIOBATH XIMiUHI CIIONYKH.

Baaenwmuicms — ue 34aTHICTH ATOMIE NpUEAHYBATH NeRHe
SHCH0 iHIDMX aTOMIB.

Bracaipox XiMiYHOTO CHOMYYEHHA ATOMIB YTBODHIOIOTBCH MOJIEKYJIH,
ToMY, 3 oxHoro Boxry,

MOACKYAU — L€ YIPYNOBAHHA aTOMIB, CNOJY9eHMX MK 00010
XiMignMMM 38 A3KAMM i 3MATHUX A0 caMOCTiliHOTO icHYBaHHA.

3 iHmoro Gory,

MOAEKYAU — L€ HaliMeHui 9acTMHKM, o 30epiraoTh ximigni
BJAGCTHROCTI pedoBHHN.

Mostekyu € HOCIAMM XIMIYHMX BJIACTMBOCTEH pedYoBMH. ¥ Ximiy-
HMX peakuisx BinfysacTbCA pYIiHYBaHHA OJHMX 3B'A3KiB | yTROpeH-
HA HIUMX, NepeTBOPeHHA OJHMX MOJEKYJ Ha iHOr

Ha migmiHy Big uporo cpismusl BIACTMBOCTI PEHOBMH HacTo He
noe'A3aHI 3 OKPEeMMMHM MOJEKYJNaMM, a TLIBKM 3 1X BEJMKOI CYKyT-
HicTio. Jlo TakuX BIACTHBOCTEH MOMKHA BimHeCTH, HaNpHMKIAZ, TeMIe-
PATYPM KMIIHHA | MNABJIEHHA, I'YCTHMHY, 3MiHY arperaTHOrO CTaHy pe-
yopMH Ta 1H. OpHak OKpeMi MOJIEKYJM € HociaMmy i aeaxux iaumdHMx
BJACTHMBOCTE PEeHOBMH, HANPUENAJ, CTIEKTPaJIbHUX, MarHiTHUX.

Hdaneko He Bel pedoBMHM MaloTk MojexkynapHy bynosy, Tobro
CKAAfaloTECA 3 okpeMux Moslekys. Tak, 10HHI CIOMYKM CKIaAaloTbCA
3 pi3HOMMEHHO 3apAMKEHMX IOHIB, ¥ ByajaX KPMCTANIYHMX I'DaTOK
meranis poamimieHi atomy. He manTs MoneKynapHol OymoBH Tako:k
oKeuay, KapDigw, HiTpuan MeTanis Ta DaraTo IHIDMX CIOJNYK.

3 BMAHaHHAM TOJIOMEHb ATOMHO-MOJEKYJAPHOTO BYEHHA CTaJo
MOIKJIMBMM TIDABMJIBHE BMAHA4YeHHA aTOMHMX | MOJEKYJIAPHMX Mac.
Came 3 60-x porip XIX cT. po3nod4aBcsa CYYacHWH Nepiofl pPO3BUTRY
ximii.

ATomMHi Macu eneMeHTiB. AToMM Mi3epHO MaJi, TOMY IX He MOK-
Ha oKpeMo crnoctepiraTu abo 1o ogHOMY 3BasKyBaTH, TIPOTE BMBYEH-
HA MaCOBMX BIJIHOIIEHb DEArylOMMX PEHOBMH Jallo 3MOry BCTAHOBM-
TH CUCTEMY 8I0HOCHUT ATMOMHUL MAC.

¥asimo cobi, o asa enementn A i B yTROpOIOTE crionyky AB, B akifi
Macy aTomie esemeHTis A i B sigiocaTsea, Ak 2 : 1, Caywieo OpuayeTHT,
mwo maca atoma A sapiui Oinewa sa macy atoma B. Ilpore mob aa uumn
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panumyu o0OM ATOMaM NpHIIMCATH 3HAYEHHA BiAHOCHMX ATOMHMX Mac,
ofon'askoso Tpeba swaTH topmyny peuosnun. Tax, AKWO OPOOVKT pe-
axuil signosigae dopmyni 4.8, 1o Ha komen atom B npunagae gsa aTomu
A, i Tonl macoee cnisBigHowensa 2 ;1 ceigunTs, mo aToMy enemenTis A i
B mamTe ogHakosl Macn,

Y nepiox 1805—1860 pp. mix moraszaMmu y4eHMX IIOJIO0 MPaBUIh-
HOCTI XiMmiunux chopmyn GaraTbox peuoBuH icHyBamm iCTOTHI po3-
GixHocTi. e He gaBano 3MOrM NPHMBECTHM ¥ BIANMOBIHICTE BeJaWMHe3-
HMiT eKCIIEpMMEHTANbHMIA MaTepian | CTBOPMTHM Hamiliny Tabmmio
aTOMHMX Mac, fKa I'pyHTyBalaca O Ha BiAHOCHKMXY MacaX aTOMIB.

[lepmi Taxi BuanavenHs aToMHMX Mac DyJ0 IPOBEAEHO BiHOCHO
HAMJermoro enemMenTa — BOJAHIO, Macy aToMa AKOTO NpuilHAmm Ta-
KO, WI0 NOPiBHIOE omuHMll. BinHocHo Macu aToMa BOJHIO JOCHTD
JIETKO MOMHa 3HAalTM aTOMHI MacH eNIeMEeHTIB, fSKi YTBOPIOWOTH
3Ha4YHe YMCIO razonofibHMX Cronyk, HalpuKaaj aTOMHY Macy Byr-
aeuio. ¥ upomy paai mipkyBaJm Tak: B OgHiA MOJIEKYJIi CIIONYKM Ma€
MICTMTHCA HE MEHIIEe OOHOTC ATOMAa JaHOro ejemenTta. Ilim uac mo-
CHIIPKeHHA KiNbKICHOTO CKJaJy BEJNMKOI0 YMCJAA TaKMX CIIOJYK
MOcHa 3poOMTH IMOBIpHe MPMITYIIEHHA, 10 B MOJeKydi Xoua G ox-
Hiel 3 HMX MICTMTMMETHCA ONMH aToM. FKIO 3HAWAEHO KiNbRiCHMI
CKJIaZ TaKMX PEYOBMH ¥ MACOBMX YAaCTKaX Ta iXHi Monmekyaapri Ma-
CH, TO MOMMHA BM3HAYMTHM, CKITBKM OAMHMLL Macyu NpHNajac Ha Oa-
HMA enemedT. HaiimeHuie i3 3HalifeHMX 3Ha4eHb 1 Mae Bignosimarn
aTOMHI Maci uboro enemeHra. [IoACHMTM Lle MOMHa, HaNpPMKNA,
TAKMMM JTaHMMI.

R — Metan Erunosus .I[ie'rm!nm:ﬂ Hioxcug
CIMPT edip BY L0
Buzuayena migHocua momne-
KyJApPHa Maca PeYOBMHM 16 46 74 44
Macosa sacTka Byraemo, % 75 52,2 64,9 273
KinekicTs aTomHMX  o1m-
HUIE MacCl BYIJISHE B MO-
JIEKVIADPHIA Maci peyOBMHM 12 24 48 12

Orie, 3a Uumu ganumu Tpeba subpaTu aTOMHY Macy BYIJIELO
TaKOoH, W0 nopieHe 12,

Baxauey posib B opep:xaHHI 3Ha9eHs BIJHOCHHMX ATOMHMX Mac
eJlieMeHTIB BlAirpaJjo ectaHoeiaese y 1819 p. IL JI. Iwosnonrom (1785~
1838) i A.IL IIti (1791-1820) npasuno, arigHo 3 AKMM  Gan
Guvwoemi docaidxenur memanie Jobymox NUMOMOT MENAOEMHOC -
mi i aMOMKOL MACU € NPUBAUIHO CMANOI0 BEAUNUNOW0, LIO AOPiB-
Hioe 6,3 wana/(momb - °C)(26,5 I /(moxs - K). 3rogom 1o BRJIMYMHY
HA3B4JIM ATOMHOI0 TendoemHicTio, OTiRe

Atomua maca x [Turoma TennoemuieTs = 6,3 Kan/(vons - °C).
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ITuroma TenaoemsicTs — e KiabKICTE TennoTH, NOTRIOEO] IMA NiOBM-
WeHHA TemMnepatypu 1 r peyosMHM Ha ogus rpaiyc. Hanpuemaz, nuroma
TeMIoeMHicTh kabuio gopisaioe 0,156 xan/{r-"C). Toai pinxocHa aTomHa
Maca Kajeuilo MAE NOpiBHIOBATH

6,3
0,156

A.(Ca) = = 40,4,

wo £ IM3ILKKM 2HAYeHHANM A0 oburcaedol AToMHEOT MACKH KATBLiO.

Jnsa cTeopeHHA €IMHOI LIKAJIM aTOMHMX Mac Tpeba Oyio emnbpatn
ETAJOH, 3 AKUM MOMHA Oyso O NOpPIBHIOBATH MacH aATOMIE yeoix iH-
UMY eJeMEeHTiB.

Ak zaamayanocs BMLe, CIONATKY 3a TaKy OAMHMUKO Byno BagTo Macy
Hafirerioro atoma — sogHw. 3rogom M A Bepueniye, SKMH BMKOHAB 4MC-
JeHH] pofioTH 3 BM3HAYEHHA ATOMHMX MAaC, 84 OQMHMUK paas 1,100 macwk
aroma KucHw. Ha I MixkuaponHomy korrpeci ximigis y 1860 p. 3a aTomuy
OAMHMII0 MACH 3HOBY DyJ0 NPMAHATO BoAHesy opuuxuwo. ¥ 1906 p. ximixn
subpany KHCHEBY OIMHMIN, AKa JAopieHicBana /16 cepegweol mack
aATOMIB MPMPOAROro KMCHIO. BinmiHHICTL M BOOHEROW | KMCHEBOK LIKA-
JanMy MoB A3aHAa 3 THM, WO CNiBBIIHOWEHHA Mi% ATOMHMMM MACAMM BOJIHID
I KMCHIO He TouHo JopisHe 1:16, a craxouTe 1,008 © 16, oTwe, anayedHs
ATOMHMX MAC 38 BOJHEBOH) TE 334 KMCHEBOW LIK&JAMM BIAPIZHANHCA ng?rn-
fauano #a 0.8 % Ilicas eigkpuTTH izoTonHoro ckAafy kucHio (150, 170,
180) aromMui MacH Movyamy 3asHauvaTH 3a [IBOMA LUKAJAMM TEMINHOI0, B
ocHOBY Akol Oyno noknageso 1/16 bacTHHY cepelHs0l Macn NPHPOIHOTO
KMCHID, | giisuynow, 33 AKOW aa oaMHMm Basaum 1/16 wacTtHHy MacH
uyrriga 190 3 1961 p. saransHOBMIHAHOK CTAMA €IMHA BYTIeleBs MIKAJA.

Y Byraeuesifi 1kani, Aka HUHI BuKOpuCTOBYEThCA B ximii Ta
thizmui, 3aTBepiIKeHO €AMHMIT €TAJ0H: ATOMM HYKJIiJa Byraem-12
(*2C), axum npumicano atomuy macy 12,0000. 3a ogumuiio BuMi-
PIOBAHHA BIMHOCHMX aTOMHUX (I MOJexyJaAapHUx) mac 0epyTh Tak
3BAHY ATOMHY OJMHMIBCe Mac (a. 0. M), Tobro 1/12 vacTuHy macu
atoma '2C (1a. o.M = 166102 r = 1 r/Ny), Tomy

aMOMHON0 MACON HASHBATL BLIHOLIEHHA cepeaHbLOI Macu
aromie mpupoanoi cymimi izoronie neBHoro eneMenra ao 1/12
YaCcTHHM MacH aToMa Byraeryo-12,

BuaHaveHi aTOMHI Macn eJieMeHTIB € De3po3MipHMMM BeJu4MHa-
MM, BOHM BimofpaskaioTs Juille BigHOcHi mack atomie. OcTaHH No-
3Ha4yalwTbk cumeoaom A, (r — Big aurn relative — sigHocHui). Ha-
npuraan, A(Ca) = 40,08, roui ax m4(Ca) = 40,08 a. 0. m.

BinsulicTe BuABIEHNX Y Npupoji  eleMeHTIB NpeacTaBieHa
CyMilINI0 cTadlapHNX i30TONIB, AKI MOWKpeH] HepiBHOMIpHO.
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Isomonamu HAZMBAIOTL PIZHOBHUIM ATOMIB OOHOFO i TOro ca-
MOTO eJIEeMeHTAa, AKi PI3HATLCA MixK coDol MACOBHMM “HCJIOM,.

3rigHo i3 Ccy4acHMMM YABIEHHAMM AOPa aTOMIB CKJIaAalOTBCA 3 Hpo-
ToHIB | neitTponiB, wmio ss's3aHi cuMmamM BHYTPIUHBOAAEpHOl B3aeMomii
ITpoTon | HeHTPOH BBAMKAKITE IBOMA 3APAAOBMMM CTAHAMM OAHIE] HacTHH-
kM — HywnoHa. Maca nporona popisuwe 1,00758 a o s, a aapan
+1 a. 0. 2. (ATOMHMX OAMHUUB 3apAny, Al gopisuioe 1,601 - 1019 Kn), maca
Hefrpona — 1,00838 a. 0. M, a 3apAx — Hyaw. CyMapHe HNCI0 HYKJICHIB ¥
AApI HASMBAKOTL MACO8UM, a00 HYKAOHHUM, YucAOM. 3aPAn RApa AopiB-
HIOE 9MCAY TNPOTOHIB, TOMY HOr0 TAKOM HAZMBANTEH NPOMOHHUM YUCAOM,.
Macose wicno | 3apAn AAPA i30TONY NO3HAYAIOTH 3JIBA BIL CHMBOJY ele-

MEHTa BiANOBIAHO BEPXHIM | HMMHIM IHIeKCAMM, HATIDMKIAL, ?‘?Cl.

ATOMHI Macn eleMeHTIB, IO IpeiCcTaBNeHl B 3eMHIH Kopl ogHMM
izoTornom (Hanpuxnana, F, Al), abiraloTeCH 3 ATOMHOK MACOH OBOTO
isororry. AtoMui Macn izoronis Ha Bigminy Binm ixmix macosBux (abo
HYKJOHHUX) 4nces He € uinumiu, Ile MOACHETHCH, MO-TIEpLUE, THM,
o BiZHOCHI Macyu TpoToHa i HeliTpoHa mewo Gimewi za 1 (Bignmo-
sigro 1,00758 i 1,00898), no-gpyre, gedexToM Macu Am, No-TpeTe,
HEBENMKNM BHECKOM ¥ 3aranbHy Macy aToMa MacH E.?'{'EKTP‘DH'IB.

Hedexm macu — ne pisHUNA Mi# CYMOK MacC NPOTOHIEB i Heii-
TPOHIB, L0 BXOAATHL 0 CKJaAY AApa, i Maco aapa:

Am = Em, + Im, - m,

Hanpuxnapg, maca agpa isoTony gHe nopisutoe 4,001506 a. 0. m, TO-
Al AK cyMma Mac ABOX MpoOTOHIB i aBox HedTpoHis: 2-1,007276 +
+ 2-1,008665 = 4,031882 a. 0. m. OTke, gedert Macu Am y usomy
pazi cranosute 0,030276 a. 0. M. 3MeHIIEHHA MacKH AOpa BHACKIAOK
floro yTBOpeHHA 3 NPOTOHIB | HEATPOHIE MOB'AZdHE 3 BENMYEIHMMN
CHJIAMI BHYTDIIUHBOAAEepHOI B3aeMmogii, AKI sHAYHO NepeBa)KaloTb
CHJIM KYJIOHIBCBKOrO BiAINTOEXYBAHHA MK MPOTOHaMM, TOMY Mig 4ac
YTBOPEHHA HAep BUILNAETBECA Besyuka xigericTs eneprii, a maca
SMEHINYVETBCA BiINOBIAHO A0 CHIBBiAHOWEeHHA ERHIITeliHA:

E = Amc?,

Ie ¢ — IIBMAKICTE ceiToa.

[lix 9ac yTROpEHHA AApa %H& 3aaHadeHii Bemuunel Am Bignosi-
pace BUALTEHHA eHepril kinskicTro 4,5°10° Ik ma 1 sgpo abo
2,73- 10" gl wa | moms sgep. A saranom — uuM Giibmmit ge-
thexT macu, THM cTilixime Agpo.
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Enepria BryTpimHs0oAnepHol B3aemoTii 3HauHO Dinblua 3a eHep-
rixo xiMigHOro 3B'ASKY, TOMY B XIMIUHMX peaxUiAx AJpa aToMiB 3a-
JUILIAKTLCA He3MIHHMMI,

Baacniok sMeHLIEHHA MacH M 4aC YTBOPEeHHA AJep aToOMHa Ma-
ca, HanpuKJaJa aJioMiHlo, AKKI CKIafaeThCA Jyie 3 OJHOro HyKIina
27Al, cranosute 26,982, Tobro menta 27. Jedext macu y uboMy pasi
NMEPEBaXae BHECOK CYMapHOI MacH eJIeKTDOHIB, i edhexT, noB' asaHmil
3 THUM, II0 Macy NpoToHie i HelTpoxie Giaeini 3a 1 a. 0. M.

Axmoe enement nepebysae B 3eMuiil kopi y Buraaai cymimi izo-
TOMIB, TD HOr0 ATOMHY Macy BU3HAYAKTh AK CepeHe 3HaueHHA
ATOMHMX Mac ycix #oro isoromnie 3 ypaXyBaHHAM BiAHOCHOrO BMICTY
KOHOTO 3 HUX ¥ 3eMHii Kopi. Tak, NpupogHuil XJ0p CKJIaJa€TECA 3
Hykmia °Cl (vacTka sarafsHoro uucaa atomie 75,53 0p), mo mae
macy 34,969 a. 0. m., i 37Cl (24,47 %) macow 36,966 a. 0. M. 3a yumum
JaHMMHM MOXHa 00UMCIMTH CepejiHI0 ATOMHY Macy XJIOpy:

75,53 24,47 .
AL(Cl) = —— - 34,960 + —— - 36,966 = 26,412 + 9,045 = 35457.
100 100

3a cueremor onmHMus CI, 3amicTs a. 0. M. NMIOYTE NpocTo 0. (O8M-
HuUE), HAnpuknag 35,457 o, ane My Dani KOPUCTYBATHMEMOCL BiOHOCHOIO
aToMHOK Macow Ax BeapoamipHow BemaMHOW.

Koaueanna npupogHoro i3oTonHOro ckaaay OLIsLIOCTi esemenTis
HEBEJIMKl, TOMY KOXKHOMY eJIEMeHTY BiANOBiJIa0Th NpakTH4HO cTajl
3Ha4YE€HHA aTOMHMX Mac.

Monexynapua (chopmysibHa) maca pewosmnn. Cruay 6yns-saxoi
4MCTOI pedYOBMHM MOMHA NepeiaTH xiMiuHOw (hOpMYI0W0, AK4, 0f-
HaK, He BifoOpaxac OyJOBM PEevOBMHM, a TAKOM TOID, CKIALAETHCA
BOHA 3 MOJEKYyJ 4u ionie. BogHouac 1A BM3HAYEHHA MOJEKYJIAPHOI
Macu Cnoaykm ua iHdopmania ssarani He norpibHa, OCKIIEKKM
BayKJAMBO 3HATH JMIe 11 AKICHMA | KIABKICHMA cKaam,

flkio pedoBMHa Mae MoJeKkyaspHy Oynosy, TofTo HalfiMeHIMMM
11 vacTHHKaMK, JIOKM BOHa iCHYE, € MOJICKYJIM, TO MOJEKYJAPHA Ma-
ca Bimoeinae Tak seanill ghopmyasvniil maci. fIk i aToMua maca, mo-
JeKyJApHa | opMyJsbHa MacH € DespoamipHumu BeaMumHamm abo
BUPaXKa0TECA B AaTOMHMX OOMHMIAX Macu (&, 0. M.).

Moaexyasaprow (fopmyasioro) Macow HAZUBAKWTE BiAHOLIeH-
HA MacH ModeRyTH (dopmyasnoi macu) go 1/12 gacTunn macn
aroma Byrjemo-12,

TTosnavaroTs iI M, i npaxTH4YHO BM3HAYalOTE AK CyMY A0ByTKiB
ATOMHMX Mac ycix ejemeHxTiB, IO BXOJAATH AD CKJIANY MOJEKY.IH
(hopmynu peuoemnm), Ha umeno uux aromie. Hanpurnan, dopmyns-
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Ha maca kpuctaJgorizpaty Al:(SQO4)z;- 18H.O gopiemwoe: 2A,(Al) +
+ 3A4,(5) + 30440) + 36A(H) = 2-26,98 + 3-32,06 + 30-16 +
+ 361,008 = 53,96 + 96,18 + 480 + 36,29 = 666,43.

KinekicTe penouan. Moab., V pealbHMX XIMIUYHMX pO3paxyHKax
Jly#e Heapy4yHo KOPHMCTYBATHCH MiZepHMMM MacaMy ATOMIB, MOJe-
KyJa Ta ionie. Tomy Oyo0 BBeAeHO NOHATTA KLABKOCTMI PEYOSUHL, AKE
NOBE'A3YIOTE 3 MEBHMM HYMCJOM YACTHMHOK Yy B3ATIH mopuii pedyoBMHM.
3a cuereMow omMHMub CI, OIMHMIEI0 KiNBKOCTI PEYOBMHM € MOJb.
IIs KimeKicTE peYOBMEM MICTHTE O/IHAKOBE UMCJO CTPYKTYPHMX OaM-
HHIb PEUOBMEM | NOB'AB33aHA 3 ATOMHMMM | MOJIEKYIAPHMMY MacaMil,

Moars — ue OAMHULUA KiJBKOCTI PpevYoBHMHM, [0 MICTUTH
cTiibkM ¥I CTPYKTYpHMX oEuMHMUE (moJekyJ, aTomie, iomim,
eJIEKTPOHIE TOIN0), CKiJIbkM aTomiB micTurhesa B 12 r aroma
ByTIemn-12,

Hueno CTPYKTYPHMX OOMHMUB, AKE MICTMTbCA B 1 MOJB pedoBy-
HM, popieawe 6,022 - 1023, Ile uMes0 HAZMBAIOTE AHETOM Aporaapo 1
nozHavamnTs Ny,

Beranosneno, mo B 12 r Byroemo-12 mictursea 6,022 - 1022 aro-
miB. Orxe, 12 r Byraemo-12 — ue 1 moas 12C. Onuu atom BYTJIELIID
ma€e macy 12 a. 0. m, a ogMH Moae Byraeuw-12 — 12 r. Coisigno-
IIEeHHA Mac MOJIA i aTomMa Byraewmwo=-12 1 € ynesnom ABorajpo:

12 1
T =—L =N, =6022-10%
12a.00m. la.om

abolr=1a. oM * N

Orme, Ny — ue MHOMHMK, 3a JONOMOTOK AKOro aTOMHI oaMHMUi
Macy MOy<Ha MNEepPeTBOPMTH Ha rpamy, ToOTO MOJApHA Maca pe4o-
BMHM ¥ rpamMax 4YMCceJIbHO nopiBHioe aTomuiil maci (ana ogHoro mons
aToMiB) abo MONeKyIApHINA Maci (414 0ZHOTO MOJA MOJEKYH),

Macy 1 moab Oyab-AKOT pedoBuHN, BpakKeHy B rpamax, Hasm-
BAKTE MOARDPHON MOACON.

UmcensHo BOHA Bifmosigae dopmynbHiii mMaci peuosuan. Monasp-
Hy Macy M(x) (peyoruHKM x) MOXHA BM3HAYMTH 38 CHIBBigHOIIEHHAM

M(z) = (2

nfx)

7ie n(x) — KiTBKICTL peYoBMHM.
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3 HaBeIEeHOro CNiBBIAHOLIEHHA BUIIMBAEC, LI0 4YMCIO MOJIB pevyo-
BMHM [OpiBHIOE BIMHOLWIEHHIO Macu pedoBuHu (HaBamku) no i
MOJAPHOT MacH:

Monapsy macy pedoBMHM MOXHA IOJaTH AK Jo0yTOR Macu on-
HOTO aToMa (MOJeKy. M. 10HA) Y Ha 4Heao Aporazgpo.

M{x) = p(x)V 4.

Macy aroma (monekynM, ioma) m(x), BMUpameHy B rpamax,
HAZMBAWTL abCOMOMHOI0 Maco aToma (MOJeKyaw, iona).

MaTemaTH4HO 1Le MOM¥Ha 3IaMHCATH TaK:

M
W) = *-—rﬂ-

Na

lo6 aHaliTy KIIBKICTL PEYOBMHM Ta3y, BUMIpIOIOTH iore o6'em V
i npuBogATE no HopmaasHux ymoB (0 °C, 101 325 Ila) Vy, ockinbku
Biziomo, o 1 Mons Byab-Axoro rasy mictuts 6,022 - 10% monexyan i
3aliMac 3a HOPMAJbHKX YMOB OflHakoBui 06’em, a came 22,4 o

0
nfr) = —,
M

ne Vy — smonspHuit 06'em rasy (1. y.).
Ao BinoMa KiNBKiCTE PEYOBMHM, JMETKO 3HAMTH YMCI0 HacTH-
HOK ¥ Hili:

N = ﬂNﬁ,

Panimre nna nosHadenss KiNbBKOCTI PeHOBMHM, IO Bianoeigae wumcny
ABOragpo HacTHHOK (aToMiB, MONeKy[, iOHIB), KODHMCTYBATHMCA TepwmiHaMM
rpamM-aToM, rpam-mosiexysa, rpam-ion. I1i tepwminm e i poci tpanas-
OTBCA B JiTepaTypl

Huni ana nodHadeHHa RITBROCTI PevOBMHM BHEOPHMCTOBYIOTH TepMiH
«MOJbe, 110 NOXOAUTE Bi JATUHCLKOTO CJI0BA, AKE O3HAYMAE ¢KYTH KaMinHA,
CKHMHYTOIO B MOpe, ANA PyAHYBaHHA XBMJIL» — Mol Orwe, sModber Gyk-
BaJIbHO O3HAYAE YMCJEHHY KINBKICTH (De3nid) aToMiB, MOJEKYT, I0HIB TOWIO,

MonAapHy Macy aTOMIB eleMeHTIB HacaMIlepe], BUKOPMCTOBYIOTH
AJA BCTAHOBAEHHA eMIipuyHux dhopmyn iHIMBIOAYAThHUMX PEYOBMH.
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OeTaHHl 3HAXOOATE Ha OCHOBI AKICHMX 1 KiMBKICHMX JaHKWX XIMIMHOTO
aHanizy. fARicHMM aHam30M YCTAHOBIWITE, AKI CAME E©JeMEHTH
BEXONATE [0 CKJIajy PevY0OBMHM, a KUIBKICHMM — MacoBy YacTry (y
BiZICOTKAX) KOMKHOTO 3 €NeMEHTIE ¥ Wil pedoBmHi. 3HalileHa MacoBa
4acTKa MoKasdye, cKinbky rpamis 3i 100 r Macu pedoBMHM npunajae
Ha fanuii eneMeHT. BinnoeimHO mo 3akoHy cTamocTi cKnany XimidHa
CHONYKa MICTMTL €MeMeHTH y CTajJoMy chniBBiHONIEHHI IXHiX Mac,
TOMY Jafi chiBBIIHOUIEHHA MAC eNeMEHTIB NePEeTBOPIOOTE Ha CIiBBij-
HOINEHHA YMcJa iX MOJiB AiMeHHAM MacoBol HYacTHM Ha MONAPHY Ma-
cy. flKwo, HaNpUKIaa, PEYOBMHA CKIanacTeea 3 enemenrie A i B, To

Macoga 4acTea eJgemeHTa A

Yueoo Modie exementa A= - i
Mongpra Maca aTOMIB esneMeHTa A

. Macopa «wacTka emnementa B
HYucno wogie eaementa Bs

MosnspHa Maca aToMiB enementa B

Ha nigcraBl OTpMMAaHOrO CHIBBITHOUIEHHA MOJADHMX KIJIBKOCTEH
€JIEMEHTIB MOCHA 3anMcaTH eMmpuiHy dopMyay XiMidHO] cHoMyKu.

Npuknan. Jdeaka cnosiyka Mardin 3 kucumeMm mictute 60,3 r Mg i
100 - 60,3 = 39,7 r kucuro. Togi

60,3
Yucxno wmomis Mg=— :

=248,

Yucao MoJiB O=%=2.43.

Ot:ke, cniesigHowenna Mg : O = 248 : 248 = 1 : 1, 3siaku eMnipud-
Ha chopMyna cnoaykn — MgO.,

3a MONADHMMM MACAMM ATOMIB eNeMeHTIB I CNoJIYK po3paXoBy-
10Th Macu Ta ob’emu peqoEuH, AKI GEPYTH y4YacThk ¥V XIMIYHUX peak-
uiax. Taki po3paXyHKM HAZUBAKTH CMETiOMEMPULHUMU.

Min yac cknanaHHA piBHAHL Tlepen dopMyadaMmy pedoeud Tpeba
CTaBuTH KoedilieHTH Tak, mod YMeI0 ATOMIB KOMCHOrO ENeMEeHTa Y
BUXIIHMX PedYOBMHAX | MpoaykTax peakiii 6yno ogHaKoBUM.

ITosue pisnaunA peaxruii micturs Garato kopucHoi iHdopmaii.

‘BoHo nokasye, BHACHIIOK B3aeMofil AKMX BMXIJHMX DPEYOBMH YTBO-

PHIOTLECA 3a3Havdedi npoaykTu peaxuii. Koedinientn nepen dopmy-
JlaMM Ha3MBAKTLCA eTexioMeTpuuHMMM (moasspaumm). Bouu noka-
3Y10Th, 3 AKHX KirbrocTeidl BMXinHMX pPeqYOBMH VTBOPHWTLCA NEBHI
KiNbKOCTI MPOAYKTIE peaxii.
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Hanpuxnan, nig 4ac eunamosaHuaA niputy FeSs BupinAeTwhea
cipuucrnit ras. PiBHAnuA peakuil mae Burasayg

4FeSs + 1105 = 2Fes03 + 850,

[le piBHAHHA MOKasye, mo Ha 4 mMose nipury (y pasi 100 % cryneus
foro yucToTH) Tpeba BuTpaTHTH 11 MOJBL KMCHIO, MPH LBOMY YTBO-
puTkeA 8 mone cipumeroro razy. Ha migerasi nsoro moskHa npoeecTu
KINBKICH] PO3pPaxyHKM, HATIPUKIAA 3HAWTH 1MoTpidHl KinbrocTi mipuTy
Ta KWCHIO OJA NoGYBaHHA nesBHoro o6'emy SO, ado nesHol MacH KOH-
HEHTPOBAHOL CipyHaHol KMCIOTH Nojanbkiion nepepodkoin SOy Touo.
fkmo BuXigHi pevyoBMHM MICTATbL AOMIIUKHM, Le TaKod noTpibHo
BPaxXOBYBATH MPH PO3PaxXyHKY cTexiomeTpil ximiuHol pearnil.
[Mpurnan. Macosa dacTea cuairkaTaux gomiwok {(Si0,) y nipuri cta-
HoBuTE 20 %. Crinbky 95 %-ro posuuHy cipuaHol KMCIOTH MoMHa aobyTH
a 1 1 raxol cuposman?
B 1 7 (1000 xr) cCHpPOBMHM MICTHTBCA
1000 = 1000 -0,2 = B00 xr nmiputy.

BuaxauMMo KibKICTE PEYOBMHM MPHTY B MOJAX:

a
n= E - M =ﬁ.'}'. l[IJMDJlb_

3rigso 13 cymapHuM pIBHAHHAM peaklii ogep:aHua cipualol KHMCaoTH
2502 + 0-2 + 2H20 - ZHES();

1 monb cipsanoi kucnotd yTBOpeTsCA 3 1 mons S04 3 pisHARHA BH-
MafoBaHHA MpUTY BMAHO, Wo 3 4 mons FeS, yreopwerses 8 mone SO, abo a
1 monme FeSy — 2 moas SO, a omke, i 2 mons HySO, Toni a 6,7x103 mons
FeS, momna ogepsar 2 -6,7- 104 = 13,4 - 10% mons 100 91 HaSO,.

Monsapua maca HaSO, nopisuioe 98 r/mose, TOMy TEOPETHYHO MOMHA
orpumari H,S0y:

m=nM = 13,4 - 103 monb * 98 r/monb = 1313 kr

Ockinbky MacoBa 4acTra Cip9aHol KMCAOTH cTaHoBMTH 95 0p, To il Ma-
CY BMOHAYMMO 33 COIBBIOHOLIEHHAM:

m (MHCTOl KMCIOTH) - 12313 kr

@ (H,S0,) 095

= 1382 xr.

m (po3unHy ) =

Orxe, Teoperuuno 3 1 T Takoro nipury momua qodyru 1382 wr 95 G-ro
PO3HMHY CipYaH0i KMCJIOTH.
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§ 2. CrexiomeTpuyHi 3aK0HM Ximil

CrexiomeTpuusi 3akosn xiMii (Big rp. cniB «cTeXiOH» — eJeMeHT,
nepwogzKepeno i «MerTpiA» — BuMipwsauia) Gyam BigkpuTi nicas
BUBYEHHA MacoBMX Ta 0O0'€MHMX CHNIBBiIHOWEHB, B AKUX DEaryworsb
Ta YTBOPIOIOTBECA XIMi4wHI peyoBMHM. 3aBOAKM BIAKPHMTTIO LOUX 3aKO-
HIB XiMiA MiIHANACA 10 piBHA HAYKM, HA HUX I'DYHTYIOTBCA CHKJA-
NaHHA XiMivHMX chopmysl, piBHAHDL peakuiil, PO3paxyHKM B XiMmiuwmiii
TeXHoJoril ¥ XiMiuHoMy aHamisi.

3akon 30epesmmenns macu. M B JlomosocoB, a nemo 3rofom
A. JL JlaByaske gosenu, mio

CyMa mMac pev0BMH, AKi BCTynuAM B peaknilo, aopismoc cymi
Mac NPOAYKTIE peaknmil.

" Ieit saxod picTa® Hassy sakomy abepesxenmnn macu. Voro mom-
Ha [NOACHMTH, BUXOOAYHM 2 [MOJ0MKeHE aTGMHU-MOJIERj.TLHpHﬂI'O BYEH-
HA. CnipaBai, nij yac nepebiry XiMiuHuX peaxmiit pyiHYIOTECA XiMiu-
Hi 3B'A3KM MDK aTOMaMM BUXiJHUX DEHOBMH, ATOMM NEPErpynoBy-
I0TLCA | Mi3K HMMM YTBODIOWOTECA HOBI a3B'Asxu. Ogui PEYOBHMHM [1e-
PeTBOPIOIOTBCA HA iHILI, ane aTOMM NPH 1BOMY He 3HMKAIOTL i He
BHHMKAIOTEL 3 qiquro. Bonn Bxogarh so cknany npoayxTtie peakmii y
TAKMX CAMUX KIWIbKOCTAX, Y AKMX MICTHIMCA ¥ BHXi/IHMX pedoBMHAX.

3BiacKH BUNIIMBAE Takuil NPaKTU4HMI HACTINOK: ML 9aC CKJanaH-
HA PIBHAHL peaKnifi crexiomeTpuuHi koecbiuienTn Tpeba nobupartn
Tak, wob uieno aromies BiANOBIOHMX enemexTiE y miBift i npasii
4YacTUHaX PiBHAHHA GyJ0 ofHAKOBUM.

Sakon 3bepexenHa macu me € abcomotruM. Lle — OKpEeMHit B~
NajoK 3akoHy sbepeseHHA mac Ta eHeprii. Macu pevoBuH 3a1u-
WAKTBCA CTAMMMM y TPOLUECcaXx 3 MOPIBHAHO HEBEJMKMMM eHepre-
THUHUMA edeKTamMu. Y AZePHHMX NepeTBOpPeHHAX ui edeKTH ayKe
BesKi, a ue BiAnoBigHo g0 cnissignowerta Einwreiina (E = Amc?)
CIIPUYMHIOE MOMITHI 3MiHKM Mac.

Hanpuknan, ana peaxuii ropiuua syraeio (rpadcity), wo cynposon-
YETECA YTBOPEHHAM BYTJEKMCMOTO TAZy, Ha KoxkeH mois CO, Bugian-
eTeea 393,5 k[ Tennoru. Bignomigno po chieeignomenna EfHmuTeiina
Am = 393,5-10% Jlic/(3- 1082 m%/c? = 4.4- 10712 kr = 4,4 10-% r, ToBTO
He MepeBMuIye 10-% 9% macnu €Oy, mo yreopusca Taxy smixy macm He
MOFKCHA BUMIPATH €KCIIEPHMENHTANbHO, | HEID MOMHA JHEXTYBATH.

Ha sinminy sig uporo B agepunx peaxnisx, HAMpPMEAanD ¥ pasi yTeo-
pexrus 1 moab aTtomis renilo 3 2 mMofb npoToHis | 2 Moab HeATpoHiB BMOi-
nAersea 2,73 1012 gl Tennori. Ue Bianmopigac noMiTHIA omim sacH —
0,03 r, abo 0,75 % mack renii, wo YTBOPHETLCAH.
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3akon cTanocTi cknaay. 3aKoH cranocri cknamy GyB BigKpHTHIA
micns  GaraTopiusoi  jmckycil MK DPaHIy3BEMMM  BYEHMMM
¥ JIL Hpycrom i K JL Beproane (1748-1822). #C JL Ilpycer BBa-
JAB, L0 XiMiuHI pEeNOBMHM MAKOThL cTag craan, Tou ax K JI. Bep-
TONMNE, HABMAKM, — L0 CKJAAJ PEYOBMH 3aNeXuTh Bij cnocoby ix
nobysauus. K JL. Ilpyer Ta fioro yuyni BukoHanu Besmky pobory
IOAC OYMINEHHA XIMIYHMX PEYOBHMH Ta IX KLIBRICHOrO aHamsy (T0ob-
TO BM3IHAUEHHA BMICTY €J/IEMEHTIB Yy CrnoNiykax). ¥ peaynbrari ﬁynu_
MEPEKCHANBO AOBEJICHO, 0 B NPHPOAL € OfHA BOJA, B AKIA BOJAEHD i
KMCEHB CIIONYYEH] ¥ CTANOMY MACOBOMY CriBBiAHOLUEHH] 1 : 8, onna
kyxonna cins Towo. e nano amory K. JL Ilpyery y 1807 p. cdop-
MYJIIOBATH 3AKOH CTAJOCTI CRIAANY:

KOZEHA 9MCTA PeHOBWHA HE3aNexkuo Bij cnocoby iV nobyeansn
Mae cTanMil AaxicHui | RigsKicHW cKaan,

CranicTb SIKICHOTO CKAagy PEedY0BMH 03HAYAE, M0 HMCTI PEeUUBMHK
CKTAAAIOTECA 3 NEBHMX enemenTis. Tag, A0 CKIaay BOIM BXOAATE
TiILKM BOJEHBL | KMCEHb, XJOpPMAY HaTpilo — xjop i Ha'rplif:. iHn
enemenTyt BiacyTHi. CranicTs KinbKICHOIO CKMaAy — He TOYHI NeBHI
aTOMHL i1 MACOBL CNiBBIIHOLIEHHA eNeMEeHTIB, [0 BXOAATE [0 CKIaay
CMONTYKM.

3aKoH CTANOCTI CRIAJY Mas BelWUEsHE JHAYEHHs JAMA Nofaib-
uroro poasuTry ximil. Cramicrs cknagy — ie HafBaycMBILIHA Kpy-
Tepiit Toro, WO B3ATa peuosuna € WHeToR. OAHAKOBI pevoBHHM,
ofleprKaHi PisHMMM JOCHIIHMKAMM YU Y MPOMMCIOBOCTI, HacaMmrepes
MAaOTE MaTH OJHAKOBMI CKIaM, ToMy Bci no0yTi pedoBMHN MAJAKTH
KinpkicHOMY asayidy 3 MeTO BM3HAYEHHA BMICTY B HMX TOJIOBHMX
CKIaJ0BMX | AOMIIIOK

3aK0H CTANOCTI CKIajy NEePeKOHNIMBO CBLAYHMB HAa KOPMCTE aTOM-
HO-MonerynspHEore suenns. Crnpasii, #oro mMoxHa MNOACHUTH JIe 3
MO3MLH 1EOMO BYEHHA: PEYOBMHM CRJAJAITHCA 3 aTOMIB, Criojyye-
HIX Mizg coB0K0 B AEBHMX CrIBBIJHOIIEHHAX BIANOBIOHO A0 IXHIX Ba-
nenTHocTel. Baaewmuicms — 1@ 3AATHICTH ATOMIB NPHELHYBATH
OeBHe MMCJ0 HIMX ATOMIB, TOMY ATOMHI CHIBBIAHOLIEHHA PI3HMX
eNeMEeHTIB Y YMCTL CnoayLi € CTANNMMI. _

Tag, y MONEKy/li BOAM CHiBBIAHOLIEHHS ATOMIB BOAHIO i KMCHIO
JOpiBHIOE 2 : 1, OCKINBKM BasJE€HTHOCTI aToMiB HUX eNeMeHTiB BAO-
BiOHO cTaHORAATH 1 i 2. ATOMHI MACH €JIeMEHTIB TAKOIK € CTaJNMMM,
TOMY HACHIZIKOM CTANMX ATOMHMX CHIBBIHOWIEHL € CTadi MAacosi
CHiBBIAHOLIIOHHA. )

3aKOH 3a/MILAETECA CHPAaBeMMBHM i B pasi 3MiHHO] BAJIEHTHOCTI
enemenTie. Tak, y cnoaykax CO i COp panewThHOCTI Byrneuw
JIOPIBHIOIOTE Blanosiaso 2 i 4, KMCHIO > 2, ane AKI0 B3IATH '-:1:1{:1‘111‘.&
COs, TO BANEHTHICTH BYTJEL0 B YCIX HOr0 MONEKYNax [AOPIBHIOE
TINBEM 4, TOMY CKIAJ UEOr0 OKCHAY 3aNlHIHAETECA CTAJHMM.

OTixke, e OAHUM BAMKIMBMM HACJAUIKOM 3a8KOHY CTANCCTI CKIaay
HyJI0 BIPOBA/PKEHHA B XIMIO MOHATTHA BANEHTHOCTL

Bogrouac cnif 3as3HauMTH, L0 3aKOH CTANOCTI CKRIAZY ChpaBen-
AMBUIA HE [JIA BCiX PEqOBMH.

IlnAd neAxux BHMCOKOMOIEKYJIAPHMX CRNONYE, Kaplims, siTpuais,
OKCHMIIB, Cynbhiie ATOMHI CIIBBIAHOIIEHHA HE € TOYHO hiKCOBaHMMM,
a MOXKYTL aMinHioBaTHCb y neBHMX meskax, Hanpurnag Tis0ye0.312
(empomieno Tiy03), FeSpg.q,; (FeS). Taki crnosysu HazueawTh Gep-
moaidamu (va vects K JL Bepronne). BaraTto 3 uMx peqoBuH ma-
OTh BEJUKE MPpakTHyee 3HadeHHsa Cnosyew, Ans AKUX CIpaBeiu-
BMIT 38KOH CTANOCT] CKAAJY, HA3HBAKTL daasmonidamu (Ha 4YecThb
e, NansToHa).

3axon expieanentin. Hanpuringi XVII er. mimenbrmnii ximik
I B. Pixvep (1762—-1807) seBepHyB yBary Ha Te, 0 KOMM OOHA it Ta
caMa KiMBRICTL BANHA NUBHICTIO B3AEMOAIE 3 MNEBHMMM KLUIBKOCTAMM
a30THOT Ta cip¥aHol KMCNOT, TO BOHM HEHTPaNi3ayHIThCH OOHAKOBMMH
Kinekoctamu notaury KoCOg Ile HATOBXHYNO fOro Ha AYMKY, 10
PEYOBHMHM B3aeMOJIiIOTE MK coboK) B TEBHMX CHIBBIIHOIIEHHAX.
drogoM te came nomiTHs i JIne JanwTon, AWl YBiB NOHATTA npo
HACTKHM CrONY4eHHA (exBiBaleHTH).

Hanpurnan, y meradi, XNOPoOBOAHI, BOAl, CIPpKOBOAHI Ta ripual
HATPII0 MacOBi CTBBITHOIIEHHA EJMEeMEHTIR BIANOBIAHO CTAHOBIATE!

[Moraanuk CH; HCl H.0O H.5 NaH
Macopa wacTia soumio, 5% | 25,0 2,74 11,11 5,58 4,17
Maca eneMedTa, 0 NpH-
iasiac Ha | Macopy 4YacT- 3 35,5 B 16 23
Y BOAHIO

ITi cnieBigHomeHHA Gyn0 Ha3BaHO exeigasenmuumu, ato piBHO-
LIHHMM,

Exgigoaenmuow macow (E) BasusaioTs macy eaemedTa, AKa B
XiMIMHMX pearuifax npueanye abDo zamiuye ONMHMIIED MAach
BOJHIO.

ExpiBanewTni macu GaraThOX esiemeHTiB 30epiratThCH TakMMH
CaMMMK ¥ COOJYKEX, 10 He MICTATE BOAHIO!

Biuapni
eneMeHTiB
CrissiasotueHsn
MAC eNeMeHTIB

CIOJYKH

CCl; €O, €S, CLO Nay0 NaCl Na,S

3:35,5 38 3:16 3558 238 23:355 23:16
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Tomy Gyno 3pobneHo Takuii BUCHOBOK:

MacH eJeMeHTIB, L0 PearyiTh, BiJHOCATLCA Mixk cobo Tak
camo, AK i IX exBiBajneHTHi Mmacu:

3|3

(=

£
EZ

Lleii BuCcHOBOK JicTas Ha3By 3aKOHY CKBiBANeHTIB.

Jl#. JansToH cNOYATKY BBAMaB, U0 eKBIBAJEHTHI i aTOMHI Mackn —
ogHe i Te came. OIHAK eKBIBAJEHTHL MACH JefAKMX EJeMeHTIB
cTpubkonogibHo 3MiHIOBasMCE Y pasi nepexogy Bifl OAHIET CIOMyKH
ao iAol Hanmpukaan, eKBIBAJeHTH] MAacH BYLIENK B ABOX HOTOD OK-
cugax craHoenATe 6 i 3. Tomy Oyno apobneno BMCHOBOK, IO €KBiBa-
JEHTHI MACH 3aJIe3KaTh HE TiNbLKM Bl ATOMHMX MAC €JeMeHTIB, a i
Bijg ix BaseHTHOCTL

Y cydHacHoOMY poaymiHgi

exaiaalentm — e HACTKAa aToma, 10 NpUNajac Ha OJAUHHIL0
BAJMEHTHOCTI.

Tax, exkeiBanent azory B oxkengax N.O, NO, N:Oz, NO; i N2Os era-
HOBHTE BIAMOBIgHO!

Oxecnam asory N0 NO Ny NO;  NoOs

BanenTHicTs azory 1 2 3 4 2
Expisasest aromis asory, 1 1 1 1
HACTHA ATOME A30TY 9 3 4 ;
Bignosiguo
€KRIBAMEHTHA Maca — H€é HacTHHA AToMHOI Macy, U0 NpunaE-
DA€ HA OAMHMIKD BAJEHTHOCTI:

AL (X)

E{X)s —————.
Baaeurtnicts

Monapaa maca ekKBiBafleHTa HHCENBHO JUPIBHIOE EKBIBAJEHTHIH
Maci 1 BMpasKacTbCA ¥ TrpaMax Ha MoJb. Tak, MOJAPHI Mack
exBiBaNeHTiB azory B Horo okcugax N.O, NO, N0y, NOs i NaOsg
: : ; | . 14
BigMOBIAHO OOPIBHIOKITE! M(II'-.'] = = r/mons = 14 r/MoJs;

M[%N] = 1—: r/Monk = 7 r/MOJE; M(%N} = 5 r/mone =

CTEXIOMETPHYHI 3AKOHM XIMII 35

= 4,67 r/mone, M{-N) = 'lf r/mome = 3,5 r/monn, M(éN} -

1

14
14

= = r/mone = 2,8 r/moak.

ExsiBasieHTH peaNbHO He ICHYHOThb, Ue — YMOBHE MOHATTH, aje
HUM JOCUTE 3PY4HO KOopucTyBaTHcA. Crpasai, B pasi yTBOpeHH: Xi-
MIMHHMX CMOJYK HA OZMHMLIO BAJEHTHOCTI OJHOrO aToMa NpMMafac
OAMHMLA BAJEHTHOCTL IHILIOrO aTOMa, a KOMHIN oauENLi BasenTHOCTI
aToMa BIATIOBIJaE OAMHMUA EKBIBANIEHTA eNeMEeHTa, TOMY

H2 OAMH EKBIBAJIEHT OAHOr0 ejemMeHTa B XiMiMHUX peakniax
OpUNaNa€ OAMH €KBEIRANIEHT IHIIOTO eleMeHTA,

:_anaa:a-:umo, 0 Ha BigMiHY Bl UBOrO aToMHI CHIBRIAHOUWIEHHA B
pasl yTBOPEHHA CIOMYK MOXKYTb 3MIHIOBATHChH ¥ JAOCHTb LUIMPOKHMX
mexkax. Hanmpuknazg, y pasi YTBOPEHHA MOJEKYIM BOOM ABE ATOMMU
BOJHIO CIIONMYHAOTLCH 3 OAHUM aToMOM kucHIO. KoseH aTom BogHio —
Ue 1 € ©eKBIBaJeHT (BaJICHTHICTE BOAHIO fAopieHioe 1), Exeisanent

; 1
KHMCHIQ JODIBHIOE 5 aTrToMa KHCHHD, TODTO KOMEH ATOM KHCHIO — ue

oBa easipaﬂeﬂm KHMCHIO. OTiHe, M Hac YTBOPEHHA MOJEKYJ M BOOM
ABa CHBIBAJICHTM BOJOHIO CMOMYHAIOTLCA 3 JBOMA EKBIBAJIEHTAMM
KICHIO, CIIBBIHOIIEHHA exBiBasneHTis 1 : 1. AHasoriuso MoxHa go-
BECTH, 10 M Hac yTBOPEHHA okcuay amomixio AlyOj uicTw exsi-
BAJICHTIB AJOMIHIIO0 CHOOAYYalOThCH 3 LICTLOMA €KBIBAJIEHTAMHM KHMC-
HHO, CIIBBITHONIEHHA EKBIBAJEHTIB CTAHOBMTE 1 : 1,

Y 3B'H3KY 3 UMM Macu pearylouMx eJeMeHTis nponopoiiiai
exBiBamenTHUM, TOOTO 3'€AHYBAHUM (a4 He aTOMHMM) MacaM.

ExpiBanenTHl Macu 37ebinbILIOr0 MOMHA JIE€rKO BH3HAYMTH eKe-
nepumenTansHo. Hanmpuknag, Axkuo neeny kinekicrs MeTany nepe-
TBOPHTH HAa OKCMI MeTany 1 3a PISHMIEI Mac OKCMAY i camoro me-
TaTy BUIHAYMTH MACy KMCHIO, L0 MPHUEAHABCH M0 METAJIy, TO 3a 3a-
KOHOM €KBIBAJIEHTIB Jerko obuMCcaNTH eKBiBaIEHTHY Macy MEeTa.Ty.

ExcriepumenTanbHo 3naligeni 3HaYeHHs eKBiBaJEHTHUX Mac Gy o
BHKOPHCTAHO AJIA BM2HAYEHHA aTOMHMX Mac ejeMmeHTtie, [na uworo
SHAYEHHA EKBIBAJEHTHHMX MaC MHOMKATL HA BaJEeHTHICTb, AKa € Ifi-
JIUM YHHCTIOM.

IlonAaTTA ekBiBa/eHTa 3aCTOCOBYIOTE HE TilBKM A8 eJIEMEHTIB, a
i AnA ckmagHux peuosnH. ExsiBaneHT cknagnoi cnonykm — e ya-
CTKa 11 mMonekysn abo iHmol eTpykTypHOI oguHuni, #Ka B XiMiuHMX
PEAKUIAX BIATIOBIAAE OJHOMY €KBIBAJEHTY (TOGTO aToMy) BOZHIO.
_ ExBiBanenTHy Macy cknagHoi cHONykM MOKHA BU3HAYNTH HK
BIOHOWEHHA 11 MOJEKYJIAPHOI MacH A0 YHMC/a eKBiBAJEHTHOCTI Z.

Hna KMCNOT Z HaftyacTille JOPIBHIOE OCHOBHOCTI KMCJOTH, TOBTO
dHucay aTtomie BOXHIO, WO 3aMILIYIOTLCA Ha aTOMM MeTasty abo iHuii
TPynM, aas ocHoB — uncay rpyn OH™, ocKigbKY KOMHA 3 HMX MOMe
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CHIONMYYMTHUCE 3 OOHMM 10HOM BOJHIO 3 YTBOPEHHAM MOJEKYJM BOAM.
OTske, 4YMCNO eKBiBaNeHTHOCTI Z [AOPIBHIOE HMCJAY BaJEHTHMX
3B'A3KIB, AKI CNOJIYYa0Th TOJOBHL CKJIAA0BI JaCTHMHM MOJEKYIM: A8
KICJAOT YMCAY BaJEeHTHMX 3B'ASKIE MM BOJAHEM Ta KHCIAOTHUM
[aNMIIKOM, AJIA OCHOB — YMCJY BAJEHTHMX 3B HIKIB MiM MeTanoMm
Ta rpynamu OH™, naa conell — uMeny BaJIeHTHUX 3B'AsKiB Mimk Mme-
TAJIOM Ta KMCJIOTHMM 3aJIMLUIKOM.

Ilpu nboMy Hacamnepes Tpeba BpaxoByBaTH THIl peakuii, B AKY
BCTYMAE JaEa pexoBuHa. Hanpuwnan, y peakniax

H,SO, + 2NaOH = NasS0, + 2H,0;

H*_::SO.-; + NaQOH

NaHSO, + H,0

y monexyni HoSO, samimgymorecs Bignosigso 2 ta 1 aTtom BOAHO,
tomy i sxavenusa Z ana HoSOy y nepumish peaxnii gopiBHioBaTuMe 2,
a B apyrifi — L

B OKMCHO-BIDHOBHMX PEaKIiAX HaCTMHEOK), eKBIBAJeHTHOW 0j-
HOMY aTOMYy BOJHIO, € EJeKTDOH, TOMY B LLOMYy pasi Z nopisHioe
yncAy efNexKTpOoHIB, NMpueaHaHuX abo BIOJaHWX YaCTHMHKOK (MOJEKY-
JIO0) B IIEBHIM pearmil,

§ 3. 3akounmn igeansHux razie

Bupuennsa enacTuBocTell rasonomibHOro, pimKOro Ta TBepHOro
CTaHIB PEYOBMHM HE TLIbKM ICTOPUYHO BMIEPenuio, a i 3aknano Ha-
AifiEl migBanuEM AR po3poDKM cy4YacHHX Teopiit OymoBM aToma Ta
XiMiYyHOTO 3B'A3KY.

Hasinpocetimmm 1 HadfinpuaaTHimMM 08 J0CAIOMXKeHb BHUABMBCA
Tas3omomgibHMi cTaH, AKMI XapakKTepM3YETLCA caabKOK BIAEMOMIE
MK MOJIEKYJIAMM, | TOMY BHacTMBI [JIA HbOrQ 3aKOHOMIDHOCTI 3a-
JIEKATH HACAMIIEDE] HE BiJ NpMpOAM MOJEKYJ rasy, a sig ix umcna
B oanEMLl 06’eMy npocTopy Ta Temnepatypw. [azonomibHwui cTaH
BUABMBCA SPY4YHMM IJA cTBOpeHHA MexXaHiunol mozeni — mogedi
ijeantbHOro ragdy, Ajas sxoro Gyno pospobseno uinicHy teopino —
kiHeTH4HY Teopiw rasis.

3a pianuanMl BIACTHUBOCTAMM rasu Jye BiJpISHAIOTBCA Bij
piauH Ta TRepamx pevosud. Takr, rasy 3anoBHHITE yBeck 0b'em, a
piaMHKM Ta TBepAl Tima — Juuie Ty YACTMHY NPOCTOpY, B AKil nepe-
byBatoTe. Ilin gi€w 30BHINIHLOrO THCKY radM 3JaTHI CHMABHO 3MIHIO-
BaTH cBiit 06'eM, cTHCKRATHCA, a M Yac POSUIMPEHHA — SAIM0BHIOBA-
T Bech npocTip. Bou HeobmeskeHO 3amimymoTheAa Mim cobow 3
YTBOPEeHHAM OJHODPIAHOI raszoBol cyMillli, U0 3HAYHO Pifllle CIOCTe-
piraeTbes AJA PIAVH | TBEPOMX pPevY0BMH.
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s OKpeMMX MOJIEKYJL ¥ ragoBOMY CTaHi XapaKTepHMit BUCOKWH
CTYMIHBE «CaMOI30MAILLI», 110 | € FOJOBHOK NPUHMMHEOK mogibHOCTI di-
BHHHMX BJIACTMBOCTEH DISHMX TasiB Hesalle;KHO Bij pO3MipiB IXHIX
moneryn, Dynosu i ximiuHKMX BJIacTHBROCTe]!,

TagoBuit cTa ONMCYIOTh 3a NOMOMOrOK TAKUX XapaKTEPUCTHK,
ax o6’em V, Tuck P, remnepatypa T Ta KinbKicTh pegosumu rasy n.
MoJexkyau rasy, HaTMKalO4MCh Ha CTIHKYM [HOCYJMHU, B AKill MiCTATh-
€A, YUHATb HAa HUX THcK Bin Tum 6lnbumiit, yum OGlabme monexyn
rady 3all0BHIOHTH HAJaHUM 1M nzpoc'rip. Y eucremi CI Thck Bumipio-
0Tk ¥ nackaaax: 1 IMa = 1 H/m=

ATmocdepa 3cMIl NPUTATYETBCA [0 Hel CUJIOK TpaBiTalfiftHOro
nosisi. BHacaiior uboro BOHa CIPUYMHIOE TUCK Ha 3EMHY NOBEPXHIO,
AKWIA HasWBAETbCA ammocepnum. Busnayennit Ha pisui nosepxHi
MOp# (B yMOBax IOLUIMPEHOTO aHTULMKJIOHY) aTMocdepHNMii TUCK Ha-
3UBAIOTE cmandapmuoiw ammocgeporw (cropoueno atm): 1 atm =
= 101 325 ITa = 101,3 kI1a. 3anekHo Big NOrOZHMX YMOB BEJMYMHA
aTMOCGEPHOr0 THUCKY BLIYYTHO KOMMBAETHLCH, NMPUUOMY pisKa 3oro
aMida crnocTepiraerhcs 3a goby-nBi g0 smisu norogm.

Y XimiuHif JiTepaTypi Ta JOCHIMKEHHAX 4acTO BUKOPMCTOBYIOTH
IHIY OAMHMLI THCKY — MLITMeTp pTyTHOro croerna, abo Topp:
1 arm = 101,3 xITa = 760 mm pt. ct. = 760 Torr.

Esanmmenicra Toppineani (1608-1647) — iraumiii-
chKMit diznk | MareMaTHK, Y4eHs BUAATHOMO iTanifich-
koro svenoro I lamines (1564-1642). Bingkpup icmy-
BAHHA JrMmocthepPHOTO THCKY Ta BaKyyMmy (Toppiuen-
Jiesa mycroTa). Bunafioe pryTHuit GapomeTp i aa
HOoro [omoMorclo BIAKPMEB aTMocepHMii THOK, wHM
2aBIAB HMINIBHOTO yOoapy yCTaleHii OyMUI PO T, 110
«npupofa DGoiTsen mycToTi». Bamunmsum Oye i cam
harr wonepanua» OyctoTy, a0 BAKYYMY, OCKIJILRN
miena  pocmimtens E Toppidensi  sakyym  crap
of'exToM BuBueHHA. [lepuniM NOACHHE BUHMKHEHHA
BITPY aMiHow aTtMocdiepHoro Tieky, Busis dopmyay
AR WBMAKOCT] DUTOKY PifMHMY 3 0TBOpPY B CTiHLI nO-
cymutn (thopmyns Toppivenmi). Ha itoro wecrs Hazsa-
HO OfMEMII0 aTMocgepHoro THeky — Topp (1 Torr =
= ] MM pr. eT.).

Esanmxemicra
Toppigenm
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TemnepaTypy Iijl Yac JOCTIZKeHH: rasis BUParaloTh 3a abco-
moTHOK mKranow Kenseina: 0 K (nyas Kemssina) = —273,156 °C.

Yinsam Tomcon (1824-1907) — anrnificernii dizmk.
¥ 1892 p. s3a HayKOBI 3acayTH OfEDXKAB THTV.A GapoHa
Kenppina. 3anponoHVEAB OfHe 3 opMyamBaHb ApY-
ror0 S2aKOHY TepMOAMHAMIKM, BIANOBIAMO OO0 AKOrO
Gya0 NOBEIEHO HEeMOMJMBICTE ICHYBAaHHA BiWHOro
ABMrYHA APYroro poay. SAacTOCYBAB BLUAXPHTHMA HMM
sakoH TepmoaMHamixu a0 BeecsiTy Ak Ao uizoro Gv-
KBafbHO 1 AifioE xMGHOrO BMCHOBKY 100 HEeMMHY-
yocri sTemnosoi cmepti BeeeBiTys (XxubHicTe uwoOro
pucHoBKY nopie JI. Boasuman (1844-1906)). ¥ 1848 p.
3anpoBajMB NOHATTA a0COMIOTHOI TEMICpaTypu Ta
abcomoTHY InKagy Temnepatvp {mkana Keaosina)
ExCOepMMEeHTAJBHO BCTAHOBMB HM3KY e(eKTIiB, HazBa-
HIOC Ha fOT0 YecTh (3oxpema,edext [Imoyvna—Tomcona),
puHaiimoB 6araTo eNeKTPOBMMIDIBABHMX MPHIas.

¥Yinbam Tomcon

Baxon Boiina—Mapiorra. ¥ 1662 p. anranificexnit XiMx 1 diank
P. Boiiae, a 8 1676 p. HesaseHO Bifl HBOro cpaHiy3bKHi Qi3HK
E. MapiorT (1620-1684) BeTaHOBMIN 3aJeHHICTh Mz THCKOM 1 00'¢-
MOM MeBHOI KLTBKOCTL rady 3a cTaJIol TEMIEpaTypH:

3a cranol Temneparypu po0yTok THCKY Ha ob’em raazy € cra-
O BeAWdHHOW:

PV = const.

Pobepr Bojink (1627-1691) — anrniifcniit xiMix i
thiauk, yaen JOHAOHCEKONO KOPOJAIBCBKOTO TOBapHCT=
pa. Chopmymosas (1661) nepiue HayKOBE O03HAYEHHA
xiMiyHoro eneMeHTA4, BBIB y XiMiK) YABJIEHHA [P0
nepBHHHI {eneMenTH) | BTODHHHI (CKAAaAHI pe4oBMHN)
KODOYCKY/M, eKCOepHMMeHTANEHMH MeToa ananiay
CHANAAY PeYOBHH, S3aNo4YaTKyBaR XiMiunMi aHamnia.
Crnpuas cTaHoRJeHHK ximil ax Hayen Binkpus
{1662) ommu 3 razoBux sakonie (3axox Bolina—Mapi-
orra). Posnowap Aochiny<eHHA NPYM¥HOCTI TBEPAKX
TiA, MepUMM BMCIOBMB AYMKY Npo ckaafsicTs Gilaoro
CcBITAA, MOMUIMBICTH efexTpusailil 4Yepes BOIMB.
Poarnafas TEMJOTY AK PYX MoJexya, DYE npHxuib-
HUKOM ATOMICTHYHOI TimoTesid, BBa)<aB, 110 Beli Tija
MmicTATE gyme apibHi abconOTHO OQHAKOBL YACTHHKM

Pobepr Boine

Enm Mapiort {1620—1684) — dpanmyseruii tisux. Binxkpue (1676) ommu i3
rasoBux 3aKOHIB (3akon Bojina—Mapiorra). Busuas pyx pigun, audpakiino
cpiToa, Jopip sOinblUeHHEA 0G'eMy BOAKM NI Yac BAMEP3AHHA, a TaKom Bia-
MIHHICTh Mi¥ TEIIOBMMM Ta CBITJ0BMMM npomeHamiy. [lepimm ondeas caimy
NIfAMYy HAa CITKIBIl OKA.
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I_I.fe_ OsHa4a€, MO TUCK i 06’eM nepeGysaiors B ofeprero npo-
nopymmﬁ_aanemaoc*ri: B pasi maBMILeHHSA THCKY B TIEBHE YMCIOo
pasis y CTLIbKM CAMO pasiB 3MeHIIyeThest 06’em, a POSILIMpeHHA ra-
3y SaBM CYNPOBOAMYETHCA SMEHIUEHHAM Tucky. Akmo ans og-
HI€l M TIE€l CaMOl KUILKOCTI rasy 3MiHIOBATH TMCK i BMMipIOBaTH

; : %
ob'em, TO 3a cTajol TeMmmepaTypyu Oyde cnpaBeiMBMM Take CriB-
BiIHOLLIEHHH!

P]Vl o P2V2.

HopweTywunes nasenenmnm BHPA30M, MOMKHAE JIETKOo oO4YMCIMTH
THCK P, AKILIO MeBHY KIMLKICTL rasy BMICTHTH B 06'eM Vo, a60. Ha-
BIIAKM, 3HAHTH _oﬁ’em rasy, AKMH 3aKa4aHO, HATIPMKJA] }'2,6330'1-1 7]
ra3ocxoBMINe mij TckoM P! ’

F= vih abo vV, = L% 3
Vv, P
3axon Ilapaa ¥V 1787 p. &
= P ®pasuysbrmit yuennit M. Hla
BCTAHOBMB B3AEMOSB 30K MK THCKOM Tasy, U0 MiABUIIYETHCHA ]?:Jllnb

Yac HarpiBaHHA, Ta HOro TeMIepaTypow sa g 1 Ki
I ’ cTannx ob'em -
KOCTi ra30BOro spasKa: % R

THCK Ta3y 34 HeaMIHHMX MAacH Ta ob'c S
MOTHIN TemnepaTypi: MY nponopuiiiuuii aGeo-

P = kT.
ne k — xoediuieHT nponopuifHoCTL.

Hak Onexcauap Ilesap Mlapar (1746-1823) —
thpanyssrmit dismk, wien ITapuabkol akagemii wayk
{a .1795"" BuByas poaumpenns rasis, BigKpMB 3aKOH
SMIHI THCKY NEBHOl MacH ifleannHOro razy ai smizow
TEMIIEPATYDH 34 cTAnoro ob'eMy (sakon Ilapas). Bia-
pady x mican bpartie M i E Monroasdy'e nobynysar
NOBITPAHY KYJIH0 3 NPOryMOBaHO! TKAHMHM i nepﬁmm
BHKOPMCTAB [An# 11 33aNOBHEHHA BOJeHb. SAificHUBE

(1783) monit Ha wifi xymi, Cron i
G o KY. CTPYHBaB 1 BUTOTOBMB

Hax Onexcangp
Hesap Mapas
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3axon leii-Jlioccaka. Ha npakrTmil 4acTille BUKOPHCTOBYHOTE
Biakputuii y 1802 p. saxon Teii-Jlioccaka, m_mﬁ XapaKTepHaye sa-
nexHicTs 00'€MY ragsy, W0 POSLIMPIOETHCA MIA HAC HArPIBAHHA, BIL
TEMIEPATYPH 3a CTAJMX THCKY Ta KIIBKOCTI rasy:

06’cM razy 3a HeaMiHHMX MacH i THCKY HpAMO nponopuiiani
iioro abcomoTHil TeMnepaTypi:

Vv = kT.
ne k — xoeditieHT nponopuiiHocTi.

Mozed Jyi Ieii-Toccax (1778-1850) — dpanuyss-
wuil ximik i pisux. Hesanexuso sip T JlaasToHa
piakpue (1802) sakoH POSIIMPEHHA radiB 3a CTAJ0ro
THCKY, @ TaK0M BZaKOH 0D'EMHMX pinHowens (1808,
nobig, mo KoedilieHT PO3MIMPeHHA € OJHAKOBUM 1A
geix ragdis, i obumeame foro. Boeplie Q0BIB, WO HARB-
HiCTL ¥y CKNajll peqOBMHM KMCHIO He € 0D0B A3KOBOW
YMOBOK 11 BU3HaYEHHA AK KHCAOTH. BeTanosme aHa-
JOTiI0 Mit XJ0poM | HOAOM, OEPAB HUIKY CIOMYE
jiomy. Cniasio 2 JI 3K Tenapom suminms (1808) simn-
Huit Gop 3 GopHOro aHrigpuay, pua_'poﬁm {1808}_1:119"
cobu nofyBaHHA HATPIH TA Kajil BLIHOBJIEHHAM IXHIX
rinpogeugis. Onepsxas ta gocnigus (1815) auuiak. 3a-
noyaTkyBap of'emuuit awanis. Bupafimos Dawty AR
BJAOBJIOBAHHA OKCHIIB a30Ty ¥ NPOMUCIOBOMY Bnpoi_f.—
HUUTBI cipyaHol KMCJAOTH, 4 TAKOX HM3KY NpUIaiis
(rizpomeTp, cnupTomMeTp, GapomeTp, TEPMOMETPH TOLIO)

Hozed JIyi
Tlefi-Jloccar

3nebinpmoro sakon Ieii-Jlroccaka BUKOPUCTOBYIOTH JUTA BICTAB-
AsHEA 00'emy i TeMMOepaTypu OfHIEl KIJIBKOCTI ragy Yy ABOX pISHHX
eragax. AKU0 TMCK JAJH OFHOrO M TOTO CaMOro 3paska ragy saqau-
MAEeThCA CTAJMM, TO 3a PIZHHMX TEMMOEpaTyp CTaauM TaKOM oyne

i v
CHIBBIHOIIEHER T OTHE!

V.

T

M

aBifkH (3a ctamux THeRy P i KIILKOCT] rasy n)
Vi h
V2 T‘z

Raxonn Mlapns i Teii-Jlioccaka gaam aMory €KCHePHMMEHTANLHO BH~
gHAYMTH TeMOEepaTypy abcoMOTHOTD HYJA (HYIb mKaTH Keassina). 3rigHo
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iz szakonom Ieii-Jlioccara vy pasi awwkenda abcomoTHOl TeMmnepatypwu
ob'eM 3paskKa ras3y IMEHIUYETBCHA | B MOMEHT JOCATHeHHA abCcoMIOTHOTO HY-
A Ma€ NepeTBOPMTHCA Ha HyJb A peajbHux razis UBOTO 3a3BMYAN He
TPanIACTECA, OCKINBKK KOMEH i3 HMX 33 HMILKMX TEMOEPATYP 3pLasy-
€TECA, & Jati kpueranmiayeTscA. [1poTe, BCTAHOBMBILN 3aTalbHY S3aKOHO-
MIpHICTE 3MiH, HanpUKEIaa ob'eMy BiJl TeMOepaTypH, MOMHa ieanioyBaTH
CHCTEMY, JHEXTVBABLUM (DA30OBHMMM NEPETBOPEHHAMM 34 HaIHH3IBEMX TEM-
nepaTyp. AKILO, HANPHMKIAA, OXOTOMKYBATH 1 1 BOOHIO 1 BUMIPIOBATH TIPH
gboMy #or0 00'eM, TO OTPHMAEMD Taki peayIbTaTh;

Temneparypa, °C Of'em, a1 Temnepatypa, *C O6’em,

100 1,000 ] 0,733
80 0,945 1] 0,598
60 0,893 =100 0,463
40 0,839 —150 0,328
20 0,785 =200 0,196

MMobyaosaHa 3a UMMM JaHMMK FpadivHa 3anermHicTs 00'eMy rasy
Bl TEMIepaTypM 3a CTAN0ro THCKY Mae MiHiliHui xapaxTtep. Binxu-
JeHHH Big MHIHHOCT] MoskHa Oyviao © ouikyBaTH 3a TeMIIEpaTypH,
Huexyoi aa —250 °C, xonw BopeHb 3pigsyetbed. [Ipore mruio npo-
irHopyBaTH 110 ODCTABMHY 1 IIPOJOBMMTH OPAMY 10 INepeTHHy 3
eiccw abcume (3a umx ymob ob'em BOAHKO MaB B aMeHIMMTHCE [0

HYJIA), TO OICTaHeMO TeMmnepaTypy a0CONTHOrO HYJIA, AKA I03HA-
yaeTeea 0 K — Hyaes Kenssina (puc. 2.1).

V., a

~1.0

= 0.5

£7 100 0 100 200, T.°C
- 1 r 1 T 1 - I_'_
1] oo 200 300 400 T R

P, 2.1. 3anemnicTs 06'EMy l1ea nHOTO raay Bifl TEMnepaTypH
33 CTAMOrO THEKY

O’ eananmii zaxon cTany ijeansnoro razy. Ob'eauannit saxon

CTaHy ileasLHOro ra3dy 3acTOCOBYWOTH ¥y pasi, KOau noTpibHO 3HaiiTh

i
€M 33 ¥MOB OIHOYACHOI 3MIHM TeEMIepaTypLl i THCRY!
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BigHomleHHA Ao0YTKY Tucky Ha ob'em rasy no iioro abcomaror-
HOI TeMnepaTypu AJA JaHoi MacH ra3y € CTANOI0 BeJIH4YnHO:

PV _ const
T .

SHAYEHHA i€l cTaqM0] BEeIMYMHM PO3PaxoBYHOTh /A 1 MOJL Fasy,
AKMIT nepebyeae 3a HopMaJbkHUX YMOB (H. y. ). Py = 101 325 [1a. Ty =
= 273,15 K, V, = 224 1/Mons.

KoxerauTy, aKa Bianosijae BUpaszy

T,

HA3UBAIOTL YHIBEpCasibHOK razopoly cratow. "ncnose snadenus
yHiBepcansHol rasoeol cranoi R 3aneskurtn BLL ofMBHUb THEKY T
ob'emy. Taxk, y CI

101325 Ma-224-107° HanCL‘Ih
R =-= = 8,3144 Jime/(moas - ),
27315 K A ]

Oaunuus vHisepeasssol razopol cTagol R, Bupasicen: v IHOVIEX — G711
HUUAX MexadidHol pobloTH, BKA3YE HA BIAEMOIB ALOK MM FA30B0OW CTAOW
1 poborow. Tak, ferko Josecti, wo gaobvrox PV nos’aznandt a podotow
poswmpesHA raay. Cnpasal, THCK — e clua, NoIlieda Ha naomy: P= -,

S

08'eM — MA0Wa, noMHOMEeHa Ha sigerads it V = Sh, romy
F
FV = E Sh =Fh =4

YHiBepcanbHIA rasosiin crami R eianoeinae pofora, Aky Bixonye
mija 4Yac posnmpeHHA OfMH MOJB rasdy B pasi fforo HarpiBaHHA HA
OAMH rpaayc

Y nosacucreMHMX OJIHHIAX K Mac Take ule0Be ZHAYCHHAS

R = 0,082 n-arm/(moas - K) = 1.9872 kaa/(mons - rpan).
PV =
OTsce, ana 1 mMonb raay BHpas e = const Ha0yBae BUIIAV

PUVU = RTU
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Toni AnA Oyab-AKMX YMOB Ta KiNLKOCTI rady, 1m0 BIAPISHAETLCH Big
1 MOJb, OTPUMAEMO!

PV = nRT.

Opepxaluii BUPas HA3MBAKWTE pienaHuam Kiraneipona—Menpe-
JEEBa | MIMPOKO BMKOPMCTOBYKOTH Miji 4ac AOCHIKeHHA rasis, Ha-
npuKJajx ANA BU3HaYeHHA MOJIAPHOL macu rasy. Copasgi, Akup m —
maca 3pasxa razy, M — jioro monspHa maca, To 3a pisHAHHAM Kia-
neiipoHa—Meneneesa

MOMHA 3HAWTH

mRT
PV

flkmo BaATH NeBHy KiabKicTh rasy, TO BOAMB OnHOYacHO! 3MiHM
THCKY 1 TeMnepatrypu Ha o0'eM ra3dy MOMHa BHPA3UTH TAKHM
CHiBBiAHOIIEHHAM:

3a1‘:on npoctux ob’emuuX Bigmowensb. HocrmimeHnna XimiuHMx
peakuiil Mix razamu nano amory . JL Teii-Jlioccaky copmyniosa-
™M ¥ 1808 p. 3akoH npocTux ob’eMHUX BigHOUIEHE:

0b’emMu razie, Wo B3aEMOAIIOTL, BigHOCATLCA Mixk cobolo Ta o
00’emiB yrBopenux razonoaibHmuX NPoOAYKTIE, Ak HeBeNMKi miji
“qie 1A,

Hﬂl‘lpﬂh’_‘laﬂ, nim gac B3aEME]J11I BOJOHH) 3 )E.HUP[)M YTEOPHIOTBCA Ba

o0’ emu XJ0poBOHIO, @ 0b'emu rasiB mo i micoa peaxnii eniesizHO-
CAThCA, Ak 1 ;1 : 2:

Ha + Cly = 2HCL
Boneus Xnop Xaoposoaess
1 ob'em 1 ofi'eM 2 of'emu



44  ATOMHO-MOJERKYJAPHE BYEHHA

fAximo % BOJNEHE pearye 3 KMCHeM, TO i CINBBIOHOIIEHHA 1HLI,
ajie TaKkoM LIJI0YMCTI0BI:

EHZ + Dg = EHQO.
Bogenb Eucenn Bonaxa napa
2 ob'emu 1 ob'em 2 ob’emMn

Taxi npocti sBimwowenna I»x. Janston i N A Bepueniyc npa-
BUJILHO MOACHMIM THM, [0 OfHAKOBL 06'eMHM rasis MICTATL OJHAKOBY
KiMBKICTE 9acTHHOK, Al pearywoTk Mix cobow. Ilpore BoHN BBaMa-
JM, 100 TAKMMM YacTHMHKAaMK € aTOMH, i 3anepedyBafy iCHYBaHHA
GimpIoux yacTHHOK (MOJexyJ) npocrux peuosuH. Opuar ToAl B Ha-
BEJEHOMY [IPHMKJAJ B3aEMOJil BOAHK 3 XJOPOM 3 OJHOr0 aToMa
BOAHIO Ta OJHOMO aTOMa XJOPY Mas DM YTBOPUTUCA OJMH «CKIAHMI
atom» HCl ji, oTae, He gsa, a qumoe ojguH ob6’em HCL Ile oporu-
piu4YA NMOACHME iTasidcerMi y4eHuit A. Aporagpo.

3aron Aporagpo. ¥ 1811 p. manopinomuii wmpoxiii HayxoBii
rpoMajcbKocT iTamificexnit disuk | Ximik A. Aporazipo Ha ocHoBi
EKCTIEpHMEHTANEHUX JOCHKeHE BUCYHYB rimoresy, Axa, Haalb,
miule majbie yepes H0 poxis aaBgAKK NpauAM HOro cHiBBITYMIHUKA
C. Kanninuapo, oTpuMalia CTATYC 3aKOHY:

B ofHaKoBux ob6'eMax pisuux rasie 3a ONHAKOBMX TeMIIepaTy-
PHM i THCKY MICTHTBCA ORHAKOBC THCJI0 MOJIEKYJL

Ilefi 2akoH He suiue Bifobpaskap HaN3BMYAIHO BayKJIMBE CHIBBif-
HOLIEHHA MiXK plaHUMM pPEYOBMHAMU B Fa30BOMY CTaHl, a H BBOJMB
NOHATTA NP0 MOJNEKyJApHy OynoBy dacTuHOoK rasy. B Toit gac y xi-
Mil maHyBaJa eJeKTPOCTaTHHHA Teopida Baaemonil mim pisHumu pe-
yosuuamu M. A Bepueniyea, Bipnosipno ji0 Axol Baaemogino mix
IBOMa OOHAKOBMMM aTOMaMM 3 YTBOPEHHAM MOJEKYJM HpocTol pe-
YOBMHM BBaKaJM HEMOHINBOK.

Ameaeo Asoragpo (1776-1856) — itTamitceriii dismx
1 XiMiK 3anoYaTKYBAE MOJEKYJIAPHY Teopiwn. Bigxpus
gaxoH (1811), mazsaumii Ha floro 4ecThk (3aKoH ABo-
razpo). Moro iMeseM HasBAKO cTAAY — YMCIO MOJe-
Kya B | Mone peyomHM (cTana Aesoragpo). Poapobue
(1811) mMeTon BM3HAYEHHA MOJMEKYJIAPHMX MAac, 3a ao-
MOMOTOH) AKONO NepliMM NpaBMARHO 00YMCAMB ATOMHL
MacH KMCHIO, BYLJIEHID, a30Ty, XJ0pYy Ta iHIIMX eje-
MEHTIE. YCTAHOBME KiNbKICHMI ATOMHMII CKIAL MOJIe-
KYJ GaraTeOX pedoBMH, J0KPeMa BOOM, BOOHIO, KMCHIO,
az0Ty, amiary, OKcMIiB aszoTy, xJaopy, tocdopy, ap-
ceHy, cTbii, a Tawox (16814) cknan HMSKM cHOAYK
JVHHHMX T4 JYMHOZIEMeNIRHMX MeTanis, MeTaHy, eTH-
J0BOTO CIIMPTY, eTHIEHY.

Ameneo Aporaapo
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Cranicnao Kamminnapo (1826-1910) — iranificsrmii
ximik. Onme i3 GVHIATOPIE ATOMHO-MOJTEKYIAPHOI Te-
opii. Bigkpus GeHamnosui cOoMpT, ONHOYACHO BIIKPHE
OKMCHO-BLIHOBHE [MCOPONOPIUIMBAHHA APOMATHYHMX
ansgerigie (peakuia Haumuyyapo). IIpote ronosHMM go0-
pobrom C. HauHinmapo € 3anponoHOBaHA HMM CHCTEMA
OCHOBHMX XIMIYHMX NOHATL, HKA Bal0YaTKYBajgd pe-
hopMy ATOMHO-MOJIEKYVIAPHMX VABIeHb 3acTOCYBAB-
LIM ICTOPMYHMI MeTojn, Npoadaniaypas (1858) poassrox
ATOMHO-MOJIeKYAApHOro BueHHs sig . JanwToda i
A Arporagpo po I & Hepapa (1816-1856) i O. Jo-
paHa (1807-1853) i sanponoHyeap pamioHAIBHY CMC-
TeMmy aTOMHMX Mac. [ pyHTYIONMCH HA BakoHi ABoragpo,
YiTKO PO3MEXVBAB NDOHATTA «aTOM#, «MOJEKYJIAL, ¢OK-
) Biganents. Ha I Mimmapoguomy xoHrpeci Ximixie v
CT‘E‘“‘_‘W’L&O Hapacpye (1860) aymip nepexomati GaraTbox yHeHMX
Kanmimapo ¥ COpaseqiMBoCT aTOMHO-MOJIEKYJIAPHOr0 BYSHHHA, No-
ACHME DISHMUIO ¥ SHANEHHAX ATOMHMX, MONEKYJAPHIX
TA eKBIBANEHTHHUX MAc.

I'pyHTYy04MCh Ha 3aKOHI ABOTajipo, CTAN0 MOMJIMBMUM JIETKO MO-
ACHUTH NPOCTl 00'€MH] CHIBBIIHOINEHHA Mi¥ pearyio4YMMH razamu
Tax, BUXOAAYM 3 JBOXATOMHOCTI MOJEKYJ BOJHIO i XJIOpY, MOMYTb
YTBOPHUTHMCA JIBI MOJEKYJN XJOPOBOJHIO, & 3 JIEOXATOMHOCTI MoOJe-
KYJM KMCHIO — JBi MOJexysau Boau 3i ckmamom H,0O, a ne HO, ax 11
yapasmu Do Janeron i V. 1. Bepueniyc.

Orxe, Beesene A. ABorafipo NMOHATTA «MOJIEKYJia» CTOCYETLCA
AIK MPOCTUX, TAK 1 CKJIaJHUX PeYOBMH.

Iz zakony ApBorajipo BHUIVIMBAIOTL BasIMBl HACHigKM, Akl yacTo
BMKOPHUCTOBYIOTE ¥ XIMIMHMX JNOCHLMHEHHAX

OpnakoBoMy YMCAy MOJCKYJ Pi3HMX TasiB 3a OHAKOBUX TeM-
nepaTyp i THCKY BiInoBifawTs ogHakogi 06 emu.

OckifbKi B MOJIAX PiSHMX PE4OBMH MICTHTLCA OJHAKOBa KijbKiCTH
MOJIEKYJI, MOXMHa MIiiTH BMCHOBKY, LII0 MOJI pi3Hux rasie 3a ogpa-
KOBMX YMOEB 3aiiMalOThL oJHakoBI o6'emu. 3a HOpManbHMX YMOB

MOJIAPHMIT 0D'eM € CTaNOK CTaHAAPTHOK BENMUMHOK [VI&) i mo-
. m VvV

piBHioe 22,412 n/mMonab. Ockineky n=— = —5» A48 M — maca raasy,
M

r, a V! — npusenenuit 1o HOpMaJbHMX yMOB 00'eM 3pasKa raay, 3a-

KOH ABOTaJip0 MOMHA BUKODPHCTATH MJIA BUAHAYEHHSA MoJApHOI (a
OTKe, 1 MONIeKyIAPHOT) MacK Gyak-AKoro rasy:

Vo .22
_mVy _ mir)-22,4 (n/monw) _ 224m (r / moam).

M
vo AN v
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Macu ognakoBMX 00'emiB pizHMX raiis 3a OJHAKOBIIX TeMIepaTy-
pu i THCKY cniBBiTHOCATHCA Mid coDolo, Ak IxHI MonspHi MacH:

m _M
m,y le

lleit Hacmifok i3 3akoRY ABOraJpo BMNJIMBAE 3 TOr0, 110 3aralibHa
Maca NeBHOro 00'eMmy razy gopiBHOE JODYTRY 4dmena mMomnexyn N Ha
Macy MoJeKyau p, orie, m = Np Macu asox pisnmx rasie, axi za
OJHAKOBMX YMOB 3afiMaloTe O/JHAKOBI 0D'eMM, CTAHOBIATE BiANOBII-
HO m; = Np; i mg = Nps. ¥ uMx BMpasax ariaHo i3 sakoHom ABo-
ragpo «€ucno moaexyn N OJHAKOBe, TOMY CIIBBRIAHOLUEHHH) MAC LIMX
ras3is BiANOBiNa€ cOiBBiAHOLEHHA IXHIX MONEKYJIAPHHUX Mac.

Kowen ras, ax | Oyne-Aka iHWa pevoBNHA, XapaKTepU3YETHCH

—_— m .
TYCTHMHOK) — MaCOH OOMHHIN DD'E‘M}’I p= F Blﬂ,HDLLEEHHH rycTHHH

OIHOTO rasy A0 CYCTHHHM iHIIOrO 3a OJHAKOBMX YMOB Ha3MBAlOTE @10-
HOCHOM0 2YCMUNONW 1 N0o3HaYaTs D)

my
oy Pl Vi M
D, m,/ m,
Ay
OT:xe, 33 YMOBHU, 1110 00'€MM TasiB 0HaKOBI (Vy{ = Vs), Bigunocsifi

rYCTMHI BiANOBigae cniBBiAHOLLEHHA Mac OAHAKOBMX 00'¢MiB pi3HMX
radis, To0TO NpakTHYHO 3Ha4YewHs [ Mo)cHA BH3HAYWMTH, BCTaHO-
BUBLIM MacH OfHakoBHMX 00'eMiB fABOX ra3sis 3a OJIHAKOBUX VMOB
(robro B opmidi i Til camiit nmocyauHi 3a oagHakoBMX ymoB). Mack
ras3is MOXHA BHPasuTH AK JODYTOK KiNBKOCTI pevYOBMHM HA MOJAPHY
macy: m; = nyM;; ma = nyMs,

B onnakoBux o0’emax pisHMX rasiB 3a OJHAKOBHX YMOB MIiCTHTh-
CA OQHAKOBAa KiNBKICTL MOJEKYJ, a OTHKe, i 0JHAKOBa KiNLKICTE MO-
JiB (n; = ng), Toxai

Do M M
m, w,M, M,

BH3HayMBIIM eKCNEePUMEHTANbLHO BiJHOCHY [CYCTHHY rasiB fAkK
Bi/IHOLIEHHA Mac O/iHaKoBMX 00’eMiB ZBOX rasiB 3a 0JHAKOBMX YMOB,
OJIH Of(HOrO 3 AKHMX MOJIADHA MAca BifloMa, MoMeHa 0D9MCIMTH MOo-
JIAPHY MACy AOCHiKYBAHOTO rasy:

M, = —L M, = DM,.
m,
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Hasfuacriute BiHocHy ryctuuy rasy D suasauaoTh 3a mnoBitpam
abo soguem (M, = 29 r/Moms, M(H;) = 2 r/mons).

Mesiki nonomenna kimerwunol Teopil raszis. ¥ 1857 p. HiMewns-
ki isux P. Knaysiyc sanpononysas teopernuni ysarajbeeHHA y
BULNAM MOJMEKYNAPHO-KIHETHYHOI Teopil rasis, 3rifHo 3 AKOK BJA-
CTMBOCTI rasie MOKHa MOACHUTH, BUXOOAYH 3 YABJEHHA, 10 MoJge-
KyJsm rasy nepebysaioTh y OeanepepBHOMY XaoTM4HOMY pyci i npu
UBOMY He B3AEMOJi0Th Misk cobolo.

lla Teopia rPYHTYETLCA HA TAKMX YABJEHHAX L1040 BHYTPILIHBO]L
OynoBu rasie:

+ Ta3M CKNAJIAITLCH 3 BEIMKOrO YMCIa MOgexyn, sxi nepebysa-
10Tk ¥ MOCTIHHOMY pyci, CcepenHsA eHepriA BCIX MOJEKYN 3 4acoM He
3MIHIOETHCH, AKILO HE 3MIHIOETLCA TEMIIEpaTypa raay;

+ 0G’'€M ycCiXx MoJeKy.N rasy € HaA3BM4a{HO MaIMM MOPIBHAHO 3
noBaum 06’eMom rasy, Tobro Binbia yacTMHa rasoBoro mpocTopy €
NMyCTO, JaMeTp MOJIEKYJ 33 3BMYaliHMX YMOB CTaHOBMTH Npubims-
Ho 0,1 eincrani mix Humu, a of'em Momexyn — 0,001 opocTopy,
3aMHATOTO rasoM;

~+ MOJEKYJIM rasy WBMIKO pYXaWThCHA, HACTO 3IITOBXYKTBCA AK
miz cobowo, Tak i 31 CTIHKAMM MOCYAMHN, Ii BITKHEHHN BBAXKAIOTH
FPAHMYHO TIPYIXHUMM, MK 3ITKHEeHHAMM 2KOJHI IHWI cuom HA MoJe-
KYJIHM He Ji10Th;

+ YHMCJIO MOJIEKYJ rasy B OfaMHMUI 00'eMy 3a HeaMiEHMX TeMme-
PaTypHu ta THCKY 3aJIMILAaCTLCH CTaJIVMM,

+ HAABHICTB TEMOEPATYPM Ta THCKY rady CBiiMaTh Npo f0ro Mo-
JIeKyNApHY npupony i GesanepepeHuii pyx Momexy.; TeMIeparypa
GeanocepenHp0 NOB'A3aHA i3 CEPeAHBOI KIHETHYHOI eHeprien Mo-
JIEKYJ, & TUCK € Pe3yJIbTATOM YCepelHeHHA CHIIM 3ITKHEeHHA MoJe-
KYJ 31 CTIHKaMH NOCYAMHM.

Pynonwd Oaiye Emanyens Knaysiye (1822-1888) —
HiMeusKkuil (hisMK, 0IMH i3 3aCHOBHMEKIB TePMOIMHE -
MIKHM Ta MOJIEKYIAPHO-KiHETHYHO| Teopil TemnoTH. 3a-
nponoHyBas (oaHoqacko 3 Y, TomcoHoM) nepe dop-
MYNIOBAHHA APYIOro 3aKoHy TepmogumHamizm (1850),
3alpoBague MOHATTA: eHrponii (1865), ineanbHoro ra-
3Y, NOBMHHM BislbHOrO npobiry monexyn, O6rpyuTysas
(1850) pisuannaa Kaanefiposa—Knayaiyea. Joeis Teo-
pemy eipiana (1870), axa nos'saye cepeauio kiHeTuu-
HY €Heprin CHCTEMM 4aCTHHOK i3 culamu, IO B Hif
AT, PoapebME Teopil NoAApMsalil gienexTpukis.
CdopmymoBas TinoTeay «TEILIOBOi cMepTis Beecsity.
Ilepumm TeopeTHuHo 0BUMCAMB TMCK Tasy Ha CTIHKM
OOCYAMHM, Y3ArajlbHMB DIBMAHHA TA30BOTG CTAHY Mo-
pieHAHo 3 pieHAHHAM Bax-gep-Baaanca. TeopeTiaHo
Pyaonsdy Kaiye obrpyHTyeae sakod Jlewua-Joyns, azanposanue
Emanyean Knayaiye (1857) yasnensn npo eNeRTPONITHYHY Amcouiaio.
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Buxoasauy 3 MexaHiuHOI Mofeni [iA TTeBHO] KiNbKOCTI rasy, AKUA
creopioe THcK P, ckaanaersea 3 N MoNekyn, KOMHa 3 AKMX Ma€ Ma-
cy U i pyxaeTecA B 3aMkHeHomy o0G'emi V iz cepenHron msuakic-

TI0 v, OyJ0 3HajiIeHo CIiBBiHOLIeHHA

Nup®
3

KineTrnuna enepria ofnriel Taxol MOJEKYJIM CTARHOBHUTE

PV = (2.1)

—2
v
E:‘ = E'._._
2
Toxi AMA N MOJIEKYJl CyMapHa KiHEeTUTHa eHepria AopiBHIOBaTHME:

g w NUE
A
3BIIKK
-2
Nuv =2E,_ .

: ; —2 ;
IligcrTaBuBiM oTpMMaHi 3HaveHHA AnA NUv  y piBHAHHA (2.1),
OicTaHeMo:

pv=2g.
3

OckinbKM 32 HesMiHHOI TeMmepaTypu KiHeTHMYHa eHeprid rasy €
CTAN0K BEJMYMHOK, TO, BUXOAAYM 3 TEOPETHHYHMX YABIEHE MOJEKY-
JAPHO-KIHeTHYHOI Teopil, MOMHa ONEPMATH MaTeMaTMUHMII BUpas
sakoHy Boitna—Mapiorra: PV = const. 3a ymOoBM MABMIIEHHA TeM-
NepaTypy 3pocTac KiHETMYHA EHepriA MOJIPKYJ 1 CHCTEeMK BaraJoM.
ITe cnpuuMHIOE MABMIIEHHA THMCKY 3a crajoro ob’emy, abo 3bime-
uieHHA 00’eMy 3a CTaJIOr0 THMCKY, L0 ONMCYETLCA BUANOBIIHO 3aK0-
Hamu [TTapaa i leji-JIroccara.

3akoH ABOrajpo TaKOM MOMHA TOACHHMTH 3a JOTIOMOTOH KiHe-

R 2 .
Ty4Hroi Teopii rasie. Pisuauua PV = ENE; MOMHa OJIATH Y BUIJIALL
P

<|=

E

!
K

| ke
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SBIIKM BMIHO, 110 33 CTAJIMX TUCKY | TeMIepaTypH (YMOBa cTallocTi
BEJIMMMHM KiHeTM4HOI eHeprii E,) cniesigHotrenHs N/V zanmua-

eThCA CTaJOK BENMHUMHOI), a OTiMe, 1A pisHMX rasie mae OyTH
ClIpaBeJIMBHM CHIBBIIHOMIEHHA

N, _ N,
v v
i sa ymoeu, mo V — crazma semmumuna, N; = Nj;. OnHaxoBomy

YMeJy MOJIB M BIANOBifa€e #i oqHakoBe uucsao moderys: Ny = No.
Heari BucHoBkm 3 KineTwanoi Teopil. Kopuerywounes mexaniu-
HOK} MOJeJLII0 ieaJIbHOTO ra3y, MOMKHA 3HafiTH cepemHio MIBMAKICTE
PYXY MOJIEKYJI 33 TaHHX YMOB.
Sa zarajbHUM BMPAZOM

1 -2

2
PV == N, =—E_ =RT.
3 ny g

Baminmeum N Ha N,, (Na-u = M), sraligemo:;
5. [3RT
VM

3['1,,5;1'10 3 UMM ]JIBHHHHHM LT.[BH,HKICTI: PYXY MOJEKYJ ras3y a3pocTac 3
MABMUIEHHAM TeMIepaTypH, a 3a cTajol TeMIepaTypH 3a/eikUThb

BIl MPUPOAM rasy i TMM meHua, 4um GinblIo € MoneKkyaspHa Maca
rasy.

Inmole Basknueoio XapaKkTepUCTHKOI0 rasy BBAKAlOTh CEPelHK0
BiCTAHL MK [ABOMA MOCTIJOBHUMM BiTKHEHHAMM HOTO MOJeKyJ 3
IHIMMKM MONeKynamu. Ila BigcTaHb HAGUBAETHCHA CEpPEIHBON NOB-
HUHOW BiabHOro npobiry A moaeryn raay. BoHa saneskuTs Bin

TYCTMHM rasy Ta po3mipie mosexkyn i moxe Oy sHalizeHa sa Bupa-
30M

LA
V2 Nyd'

Ae Ny — 4MCA0 MOJEKYN ¥y OMHOMY Kybiusomy camTumerpi ragy; d —
AiaMeTp MOJIERYJIN.

Otske, uMm Ginbla rycTuHa rasy i Ginbmii poamipu itoro Mone-
KyJI, TUM MEHIUOI0 € CepefHA AOBMMHA BLILHOrO npobiry i mosexyn
ragy (raba. 2.1). 3 nigBMIIEHHAM TEMIEPATYPM HHCIO MOJEKyJa Ny
SMEHIIYETbCA |, BiANosiaHo, A 3binaswyernes.



50 ATOMHO-MOJERYJAPHE BUYEHHA

TaBauya 2.1. Xaparrepucturn moackya geaxux rasis npn 0°C i muery 1 atm

Monexy- Ce c £ HiameTp

peaHa _umm;mc-m EpeSIHA NOBKUHA BiabHOrO| (T

Lo n:apc? v-107% m/jc npodiry X -108, m d-1010 4
H, = 16,4 28,3 2,47
He 4 13,1 28,5 2,18
N, 8 403 9 44 ~3,50
O, 1 1,61 9,05 3,39
Ar 10 413 10.0 3,36
COy 44 3,92 6.29 +,13
H,0 18 7,08 7,22 4,09

3a HOPMAJIbHHX YMOB Mix JABOMa 3ITKHeHHAMM MOJIEK%JIH THITY
05 i Ny v cepeaHsoMy NpoJiTalTh BiacTans Ganssko 107 m i 3a-
3HATh MajKe 5 MApA 3iTKHEHb 3a CeKYHAY. 3 NIABMILEHUAM TeM-

Jh

NepaTypH 4YMCJIO 3ITKHEHb 3POCTAc B pasis.
VT,

3rinHo 3 paHumu Tadm 2.1 cepeAHA WBMAKICTE MOJNEKYJN ¥y pia-
HKMX rasie € pianow. Monexkysu razis 3 MaJuMu MOJEKYJAPHOK Ma-
col0 Ta po3MipaMu (BOAPHL, resifl) XapakTepuayThCA HaHBHMLIOO
CepeNHbOID IBUAKICTIO.

[[Mod noaonaTh 3emee TA:KIHHA, WBMAKICTL OyAb-axkero Tioa (B TiM
ypeni Mosexkynu rasy) mae Dytu nowag 1,1 -10% m/e —Tak 3saxa gpyra
kocmivga, CepefHA WBHAKICTE MOJEKY BOAHIO Ta Tedid Ha TIOPALOK
MEeHIIA Bif (i€l BeAMUMHM, TOMY MOMHAa Oyao O ovikyBaTH, IO Wi rasu He
MAOTh 3afIMIUIATH 3eMHY aTMocthepy i 3HMKATH Yy KocMidHOMY mpocTopi
Oaxag He BCl Momekyam rasy maioTs ojHakosy weuiaxicts. HleuaxicTs
HAaCTHMHM MOJNEeKYJ BOAHKY i reniw Ginesira pin apyroi xocMiuxol i aoHu Mo-
WyTh saauiiati armocthepy 3emai. Came ToMy B 3emElR aTtmocdepl unx
ABoX rasis HaDarato MeHue, Hixt Moxua Oyao O odikysat. B atmocdepi
# Conua Ayme GaraTo BOAHK i re.lmn, OCKINLKM HAa HBOMY APYra KOCMiuHA
weKAKICTE Ha GaraTo nopajkie dirbina, wixk Ha 3emai. Ha Micnaui, Hasna-
KM, Apyra KOCMiMHAa LIBMAKICTS CTAHOBMTH JIMile 2.4-10% m/c, Tomy Ha
HBOMY aTMocthepa BiACYTHA

Cepefina JOBXHHA BiJILHOrO Npodiry MOJEKYN ra3y 3HAYHOK Mi-
POl 3aJEUTH BiJi POSNOALTY MOJEKyJ 3a LIBMAKICTIO. 3iWTOB-
XYIOuMCh, MOJEKYIN NEpPejaioTs iMNylbe PyXy, TOMY IWUBHAKICTb
ONHHX MOJIEKYJT Mode 30iILIIYBATHCE, &4 IHIIMX —3aMEHIUIY BAaTHCh.
ITlomuTi MoMHA O4iKYBaTH, w0 B rasi OyoyTh AK AYIKE MOBUIBHI MO-
NeKyau, WBMAKICTE AKKMX HabaraTo HMMK4A Bif cepepHsboi, Tak i Ay-
sice WBKAKL, AKI pyxawTeea 3i WBKAKICTIO, 10 HabaraTo nepesuiuye
cepenHIo.

Y 1860 p. anrniiicermii isux Ixnc. K. Maxceenn (1831-1879) aa-
NPOIOHYEAB CHIBBIAHOMIEHHSA, AKE TOYHO OMMCYE PO3MNOAINT MOJEKYI
rasy 3a LWBMIROCTAMM:

a

L5

Ndu = ﬂ?_.g_ﬂ dv,

Jr d*
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ae Ng, — umeno monekyn si p
mwBMARiCTIO BlA v a0 v + dy;

N — gzaranbHe uucno moJe-
KyJ ¥ MEBHl KinekocTi raay;

o — HafiMoBipHilla WBKI-
kicTe (BoHa He 3biraeTbes Hi

i3 cepeAHbON apuMEeTHYHO,

Hi I3 CEPENHBOI KBAJPATHY-
HOIO LIBMJIKICTIO).

Hacto posnogin Mosaexy.n
raszy 3a LWBMIAKOCTAMM NOga-
WTe ¥ BHUIIAnl rpadhira poa-
noainy (puc. 2.2).

Ana nepesipku npaBMnb-
uocTi reopii Makesenna Oyno
NocTaBiIeHo HaliplaHomaHiTHI-
uri eKCrepuMeHTi, AKl zacBig-
YHJIM TOBHHI a30ir excrnepu-
MEHTAJLHUX | TEOPETHYHO ne- 0 1000 2000
peabaveHNx 3HAYEHL LIBMJIKD-

CTEen MONexys. ¥ Mipy nig-

BUILIEHHA TeMepaTtypu abine-

UTyE€ThCsA IBMIKICTE PyXy MoO- Pic. 2.2. Poanoanin Mosnexkyn asory 3a
J'IEK}'..‘I_ 1 3pPOCTae KIHETHYHa  LIBHIAKOCTAMN 38 PIZHMX TeMnepatyp
€HepriA rasoBOrG CTaHy 3ara-

noM. Ile ocobamneo BauBO

BPAXOBYBATH NiJ 4a¢ pPO3rJA-

AY XiMiYHMX peaxuifi y rasax.

1

2273 K

1
3000
r, m/c

Hapmanbﬂuﬁ Tuck rasis. Pisui rasm neobmesxeno amitiyioThes
Mix coboio (aHdyYHAVIOTH OIMH B OJHOMY). 3a BMHATKOM CiB3iT-
KHEeHb MM MOJIEKYIaMM, ARl € MUTTEBUMH i NPY*HEUMH, KOMHA MO-
Teryna B cyMimi DYXaEThCA HezanemHo sia immmx. 06'em, y AKOMY
MICTMTBCA Ta30Ba CYMIIL, 3aJMINAETBCA OJHAKOBMM JLIA BCIX i1 KOM-
MOHEeHTIB | AopigHwe o6'emy HajaHoro i NpoCTOpY  (MOCYmMHM).
Kinskocti rasie vy eywmiwi e PI3HMMH | TOMY pisHMMM MaiOTh ByTH
HaCTKOBI THCKM, AKI YMHATH Ui raszwu, Bnmpucwnqun piBHAHHSA
CTaHy nns KOXKHOTO 3 iHAMBIyaIbHHX razis cyMitni, MOMHA sanucaTi:

piV = mRT; p,V = naRT; p3V = naRT .,

A€ py, P2, P3 .. — napuianbhi (4ACTKOBL) THCKHI KOMIOHEHTIB Cymilui.
K110 ,r:o.ua'rn ¥ei hi BHpasy, TO 0NepPKHMO

(pr+ pat p3+ )V = (n; + ny + ngt+ ..)RT.
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Ockiaeku cyma 1y + ng + ng +.. = n € KUIBKICTIO PEYOBMHK razy, To
pit prt p3t . = P
M0 € MaTeMaTH4HMM Bipazom sakony JdaaeTona:

cymapumii THCK razoBol cymimn JOPiBHIOC CYMI NapUiadbLHIX
THCKIB KOMIOHEHTIB uiel eymini.

BigxuiaeHHA BJAcTHBOCTEl peaibHUX raziB Bij 3akoHomipnoc-
Teii anA igealisHoro crany. BhacTuBocTi peanbHMX rasis J0CHTh
jnofpe yaromKy:iOThCA 3 nepeadaueHnMy ANA iI€anbHUX, Xoda 408
peaJbHMX rasiB crocTepiraloThea JIEAKI BIAMIHHOCTI, NMOB'A3adnl 3
THM, 1110 IXHI MONEKYJI11 HE € TOYKOBMMM MacaMi, a o0'€Mi MOTeKyn
TAKO# BiOpiaHsoTeCA Bix wynsa. [Dosineui (Tak seani xonoasi) mo-
Jexyau, AKI 3aBKAM € B CyMill, 3a3HaKOTH BILIMBY CYCIHIX moJe-
KyJ 3a paxyHok MixMonexynapuol maaemonil ¥V pa3si CUALHOrO
CTHCHEHHA CTA€ BiAUYTHMM BaacHmil ob'eM MOJERYJ, TOMY BJISCTH-
BOCTI peajiibHMX TrasiB Kpalle BiinosigaloTe 3aKoHOMIpHOCTAM 10
iTeanbHUX 38 BUCOKMX TeMNepaTyp Ta HM3bKUX THCKIB.

3a BHCOKMX THCKIE 00'eM V,, Tasy MOHA DOArJMAJATH K CYMY
06’emiB MoposcHLOro npocTopy (06'em igeankHOrO rasy) Ta BJIACHOTO
ob'emy monexys, Tomy a8 mosxspsHoro ob’emy rasy Vi, norpiduo
BRECTM MUIpaBKy Ha cymapHmii 00'eM MOJeKy. KUHKpeTHoro rasy b

Via=Vup— b
ne Vi, — npaskTudHnii 06'em raay.

Hanpuknan, aas kuemio b = 399100 w¥/moas (39,9 cm?/mons).
OT:e, AKIIO 3@ AKOrOChH THCKY OAMH MOJIb KHCHIO 3alimae ob'em
10 000 cm?, To fforo «imeaqasHuit» 06°€M 3a ULOr0 THCKY CTaAHOBUTH-
me 10 000 — 39,9 = 9960,1 cm®.

3a BMCOKMX THCKIE MOJEKYIM HaOMMCKAKTRCH OIHA 10 OJHOIL,
Mix HMMIK [OYMHAIOTE JIATH 3HAYHI CHJIM MIKMOJEKYJIAPHOI B3a-
emozil. Boui He 3 Takok, AK paHille, ClUIoW BAAPHIOTE ¥ CTIHKY 110-
CVJIMHI, i TOMY THCK, LU0 CTBOPHETRCH IIPM 0bOMY, €10 3HM-
scyereen. Ha 1 Moss rasy Ams iforo TMCKY NOTPIGHO BBECTH MOnpaB-

a

Ky F" A

SAKOHH [JEAJBHHMX TA3IB 33

,I[:ug kucHio @ = 1,49 n?-arm/mons. Ockinpky 3HAYEHHS ob'emy
CTOITh Yy 3HAMEHHIKY BMPAsy ANA Uiel NompaBkM, TO UMM MEHILMM
crae 00'em, TuM Oinpmoro 3Havenns Habysae nonpaska.

O6mzsi posrnanyTi nonpaBsku Bpaxosye piBHAHHa Ban-gep-
Baannca:

(p + 52" W -b)=RT,

AIKe TOYHIIIE ONMMCYe BIAEMO3B'A30K Mix 0b'emMoM i Tmckom peank-
HOTO raay.

Binxunenusa noeejiHkM peanbHrX rasie Bia noBemiaku ineannno-
ro ra3y nokaszado ua pic. 2.3,

P C.H,
RT
2,0 |- «*CHq
_-H,
- -~ NI’lg
-
= -
10 = o/ _ - lgeansnui
iy e -~ ras
o -~
-
-~
-~
I e
s =
{: i I i 1 i 1 i
400 ano 1200 P, atm

Puc. 2.3, Binxunenna peansuux rasis sig 3AKOHY CTaHY iZeaJbHOIO rasy
3a Temmeparypn 273 K

e sinxuireHHA XapaKTepuayioTh koedhitieHTOM ZzaTHoeTi A0
CTUCHEHHA Z = E-T-; Suumsenus £ < 1,0 3a HEBUMCOKMX THCKIB mo-

B A3AHE 13 B3aCMHUM NPUTATAHHAM MOJEKYH, a nigsuimenna Z > 10
34 BHCOKMX THCKIB — 3 IX B33EMHMM BLIIUTOBXYBAaHHAM HA OJM3h-
KHX BIACTAHAX, KOJAM MOJEKYJIM CKYNIUYYIOTHCA B 00 eMi, OIAM3LKOMY
A0 CYMapHOro BAACHOTO 00'eMY MOJIEKYN.



Po3pnin 3
BYITOBA ATOMA

§ 1. 3 icropil cTBOPEHHA CY4aCHOro BYEHHA
npo GynoBy aroma

TBOPEHHIO CY4acHOro BYeHHA Tpo OynoBy aroma nepe_;uxynan;
Huaka cismunmux piakpurris. Tak, y 1879 p. EHPJEIHE]:KI%-

ximix i piaux Y. Kpyke (1832-1919) za ,unnnmnm:«u}{-rpy
KM, SrOJIOM HA3BaHOI Ha WOTO 4ecTsb _TpYOKOIO p_vnc?

(pue. 3.1), BiAKPHUB KEMOOHI NPOMEHT, AKI B_m:pmummaa_:mc; :.;, BKBaﬁT-D
na i mianime OymM igenTudgikoBaHl AK TIOTIK €JIEKTPOHIB. DE_
nimenprun ¢iauk E. Nonbmureiin {‘18::}1}~193I]} BIOKpPHE xana.uﬂm
npomeni, AKI BUABUIMCHL TIOTOKOM IOHIB 3 TIO3MTHBHUM dapAaoM,

KpaTHUM 3apAfly eneKkTpoHa.

Jo BagYyMHOIO

Karton HaCcoca

a OTBOPAMH

KanaJoei
npomMeHi
Katoam
MpOMEH|

Puc. 3.1. Tpybra Kpykea

i i M
x eJexTpojiis, BafAHMX y CKIAHY TPpyOky 3 pO3plmweH
mauﬁ:ﬂﬂ;;ﬁn;;?a Bucoky Hanpyry (Opubanatio 10 000 B), To Bona cnpu4m-

HUTE DYHHYBaHHA MOJEKYA Fasy, MO CYTPOBOIPKYETLCA YTBOPEHHAM enex-rpa{i-
Hin TA MOZUTHBHO 3APAMKEHUX I0HIB, & TAKOH BMHMKHEHHAM CBITHOTO PO
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Binbrenem Konpag
PenTtren bemiscekol npemii (1901),

paRy (ue Mu NOCTifiHO criocTepiracMo y csiThii HeowoBii pexmami). Py-
XAKl4uCh N0 aHOZNA, eNeKTPOHW KATOAHMX MPOMEHIiB CTMKAIOTLCA 3 aToMa-
Mit rasy 1, BIANAIOYM IM CBOI0 eHEprio, «aMymIyOTB» IX BHIPOMiHIOBATH
ceitno. e i € NpuuuHO BUHMKHEHHE CBiTHOMO poapaay. 3anesHo sin
npupoan rasy B TPyOUi cBiTAO pospaxy Moxe GyTu pisHum.

EnexTpoHu npaMyloTe N0 aHoAa # YTBOPKOWTE xamodwi npoment, a
MO3UTUBHO 3APAKEH I0HN NPAMYIOTH 0 KATOAa ¥ YTBOPIOIOTE XaNAI0S
nipomeni. CriocrepiraT notix enekTponie (afo kaToaHMX NpoMeHiB) mMox-
Ha, AR [OCTABMTY HA IXHLOMY LLLIAXY €KpaH, MOKPUTHMH cyabgigoM LmMH-
ky ZnS. Ilin mielo enexTponis Takuit expan mownsae ceiTMTMCH, AKmo Ha
LWNAXY KATOAHMX IIPOMEHIB YCTAHOBMTH JETEHBKY BEPTYLUKY, BOHM 3MY-
CATL i1 ofepraTucA. 30BHIUIHIM eNEKTPMYHMM 4YM MATHITHUM MHONEeM Ka-
TOAHI fpOMEHi BIAXMIATECA Bifl mpAmonimifHoro pyxy. XapaxkTep UkOTO
BIIXMIEHHA CBiTYMTB, 110 YACTMHKM, 3 AKMX CKNaJialoThCH [IPOMERi, He-
CyTh HeTaTHBHMI 2apAf, Komu enexTponu, wio yTBOPWIIOTE KaTomaui npo-
MEHI, PyXaloThCA IO aHOJA, BOHM CTHKAKITHCA 3 MONEKYJIaMu rasy i cnpm-
HMHIOIOTE BUHMKHEHHA CBITHOrO poapany. Axumio 8 KaToai apobaeno OTBOPH
(kaHaIM), TO NOIUTMBHO SapAAKeHi IOHM MPOXOAATH Kpiab HMX i cnpuym-
HIOIOTE CBITIHHA TOrO Kpaiw CkAfHOl TpyDBKM, N0 AKOTO BOHM 0T PaNIAIOTh.

Jocainmenun MOTOKY MO3WMTHEHO 3apAMEenHMX ioHIB — KaHaloBMX
NpOMEeHiB, VKA3AT0, 10 BOHW CKIANAITECH 3 BAMKKHX JAPAJMKEHHX Yac-
THHOK, MoAifHUX 3a Macol0 §o BMXigHMX aToMis, a ix NpUpoaa 3aJeXUTh
Bi Toro, AKMI ras MicTuThCA y Tpybui. KaToani npoMeHi ofgHakosi gas
BCIX radls.

¥ 1895 p. nimeuprmit disux B. K. Penrtren Bigkpue X-npomeni

(sromom BoHM Oynu HaszsaHi PENMZENIsCHRUMU), AKI BHUABMIMCA
E€JIEKTPOMATHITHUM BUITPOMIHIOBAHHAM 3 AyHEe KOPOTKOK OOBMXMHOK
xeuai (10710 - 10-1! w).

Biawrensm Koupag Pentren (1845-1923) — uimens-
kWit diaux. Binxpue sMnpoMiniosanis 3 KopoTuom
AOBHMHOK XBHJb, HIX MOBMHHA XBUJIB yAbTpadione-
TOBMX OPOMeHiB | BMBYMB IXHI BIACTHMBOCTL 3AaTHICTE
Bin0MBATHCA, NOrIUMHATHCA, joHizyBaTH MOBITPA Tolo;
nmepiuM 3pobus 3HIMEM 3a Ix gomosmorow. Ha iioro
HYECTh HAIBAHO ONMHHLIKO AO3M PEHTTEHIBCHKOro i y-Bu-
nposinosanns P. Bigkpue Marditie nose nienex-
TPMKE, AKMI DYXAETLCA B eNIeKTPHYHOMY Modl (Tak
3paHMI PEHTreHiB CTpyM), 4mM HOBiB, M10 MarHiTHe
noJe CTBOPHETLCA pyXoMumiu dapAgami. e sigkpmr-
T CTAN0 NOMToBxoM AnA cteopeHHa X. A. Jlopenmom
(1853—1928) enexrponnoi Teopili Bueuas BracTHmacTi
piau, rasis, kpueTadis, enekTpoMarsiThi ABMILE, Baa-
EMO3B'AI0K eMeKTPHYHHMX TA ONTHYHMX ABMIIL ¥ KpPH-
cranax. llepimmuM cepen diaukis 6ys yaoctoennti Ho-

ITi sigkpurTa nigrBepmMyBany, wo B raMGMHAX aTOMIB MICTAThL-

A cybaToMHI NO3UTHBHO | HETATUBHO 3apAmKeHi YACTHMHKM, 3B'As3aHl
M CO00I0 OCODNMBUMM BHY TPIIIHBOATOMHMMM CHIAMMA,
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V 1897 p. aurmiicormit disux Jhx. T Tomcon Bigkpus enex-
TPOH i 32 BIAXWMJIEHHAM Ny4Ka KATO/IMUX NMPOMEHIB y JeKTPUHHOMY
Ta MArHITHOMY TIOJAX 3HAMIOB BIIHOLIEHHs 3apAAy EJEeKTpOHa

no fioro mMac. BOHO BWABMJIOCH TakMM, IO JOPIBHIOE e/m =
= 5,273+ 1077 en.-ct. ont./T.

Isxoaed Jimon Tomcon (1856—1940) — minomuii aHTmi-
Bkt thisyuk. YOTAHOBME, [0 KATOHI MPOMEH] € TOTOKOM
HETATMBHO SapALHeHn¥ uacTmHok. ¥ 1897 p. mimkpus
eNeKTPOH T4 BMEHAYME ELIHOLUIEHHA HOT0 3ADANY OO0 MAC
Pozpobus Teopik pYXY eNekTpoHa B MardiTHoMmy i enex-
TpMuHOMY Tonax, a3'Acysap farato ocolnmMBOCTER enex-
TPHUYHOTO POIPALY B TA3AX, MOACHME BMHMKHEHHA CVILIL-
{OTO CHEKTDA DEHTTEHIBCHKMX NpOMeHiB. 3alponoHyeas
oy 3 Moaenei GyIOBM ATOMA, STIHO 3 AKCKD ATOM € no-
AUTHMBHO 2apA/pkeHo0 cdepold 3 BTUCHEHMMM Y Hgi
enexTposaMi. CyMapHmit HeraTHBHMIT 3ApAA eNEeKTPOHIE
nOplBHIOE MOSMTHEHOMY 3apafy cdep {(MOomens aToMa
Tomeona, 260 «nyumr 3 ponsuakami»). ¥ 1904 p. sanpo-
BAME VABNEHHA RO TE, M0 eMeKTPOHM B aToMi po3-
NOMAAOTECA Ha TPYIM i VTBODIHTE PiaHi xordirypalii,
11O SYMOWIGE TepiofiyHIcTE XIMIYHMX eleMeHTis.

1007 p. poapobus npMHIDE il Mac-cOeKTPOMeTpa, 3d-
OPOTOHYBAB MEeTO/L BM3HAYEHHA BiMROCHMX MAC “acTHHOK
B jomux nyuxax Jlaypear Hobenineswoi npemii (1906).

Nxozedy xon

TomcoH

Tlicsnia BusHadenHsa y 1909 p. amepuKaHCbKUM cpiamgom P. Manmi-
xexom (1868—1953) sapany enexrpona (e = 4,803 - 1071 ex-cr. o =
= 1,601 - 101 Kn), 6yso 06umcneso Macy CHOKOI0 eJIEKTPOHA: M, =
= 9.108- 103! xr, mwo cranosuts 1/1836 macu aToma Hajinermoro
elleMeHTa — BOJHIO. .

Y 1896 p. dpanuyapkuit disux A. A. Bexxepenrb BIAKXpUB ABULILE
IPMPORHOTO Paji0aKTHBHOTO PO3maiy i POSAinMB BUIPOMIHIOBAHHA,
AiKe CYIpPOBO/MYBAJO Neii npouec, Ha TPY CKJA0BL G-, p- i y-mpo-
meni (puc. 3.2).

AnTtyan Anpi Bekkepens (1852-1908) — dpanuyan-
weuit chizux. Ocuorri mpani npuceAyed] MarHITOONTHIL,
dhocopecuennii Ta pamicaxTieHoeTi. B IE.QE‘ p. Bl-
KPME | BHEYMB ABMILE MMMOBIILHOIO BHIDOMIHIOBAH-
HA cONAMH ypaHy | MeTanmuyHuM VDAHOM NDOMEHLB
ocobnueol  npMponM, sAxke Oyno wHaseano (1898)
M. Crnomoscsrow-Kiopi (1867-1934) papioaxrusHic-
7i0. Tponyermemu PB-npomeri kpiss enexTpusAe |
MATHITHE TONA, {10 NMepeTHHAnMcd, NMEDIIMM BMMIDSAE
BigHOLIeHHA 3apAay Ao Macy [-uactmmok 1 a'Acysas,
oo BOHO M€ Takuid caMuii NOpAROK, AK i ans HacTH-
HOK kKaTogHmux mpomenis (1900). Hesanemuo BiA
II Kiopi (1859-1906) pigxpue (1901) disionoriuay
[l PafiOAKTHBHOMD BMOPOMIHIOBAHHA T4 Aoro
anarhiers lomiaysaty raa Jlaypear HoGeniseskol
npemii (1903).

Anryan Anpi
Bexkepedb
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o-IIpoMeni BiAXMIANMCA [0 HETaTMBHO 3apPAJMEHOrD TI0JIOCa
BOBHILIHBOID eJeKTPHYHOre MOoJd, MAJM NOpiBHAHO HEBENMKY I[Ipo-
HMKHY 3JATHICTB | CKJIAMANWCH 3 NOSUTHBHO 3apAJMEeHMX YacTHHOK,

AKI BUABMIMCA AJPaMM aTOMIB resin He*.

a-YacruHku pyxatoreea ai meuaxicrio mMaiike 20 000 xm/c. Borm ny-
e CHIBHO loHiayloTs MoBiTpA CTHRAIMMCD 3 MOJEKYJNaMM KUCHIO Ta a30-
Ty, G-YACTMHKM BMOMBAIOTE 3 HMX eJeKTPOHM, TOMY B3JOBK 1XHBOMD Lins-
XY SANMIIACTLCA «XBiCT» 3apaAIeHMX MOIEKYN, TAaK 3BaHMX TrasoBuX
ionis, OpgHa o-YacTHHKA MoKe yTBopuTH Maftme 200 Tve. nap rasoBHX
iomis, TOMY BoHa AOCMTL [IBMAKO BUTPAaYAE CBOK eHepriio | neperso-
pioerses Ha atoM He. o-HacTrkn nponitaiTe ¥ noBiTpi mopiBHAHO KO-
porsuit mnax — vig 7 go 20 cv. Hasire Torkuil aprym nanepy noBHicTio

aarpumye ix. IIpore caMe O-4aCTMHKM BHMHOCAT: HauBinelly 9acTHHY
edepril panioaKTHMEHOTC poO3nany.

[lpomeni, AKI BiAXMAARMCA A0 NOZUTHUBHO 3&PAMIKEHOTD TOJHOCA
BOBHILIHBOrO eJMeKTPpUYHOro o, 6yno Has3BaHO P-npomeHAmMu. 3ro-
7I0M BOHM BMABMIMCA TNOTOKOM eJIEKTPOHIE 3 BMCOKOHK) eHepriei.

Mleupkocri pyxy enexTpoHiE ¥ uboMy noroui Gmmsexi go mBMzakocT
cBiTIA i AOCHTE PiBHOMIPHO PoanomilleHi B AeAKOMY CHeKTpl LIBHMAKOCTEeH
BuBueHHA cleKTpa P-4aCTMHOK 3aKJAN0 MiABANMHM AJA JOCHiAMeHb, Lo
3ABEDIMIMCA BIAKPUTTAM HelTpHHO.

y-TIpomeni Byam imeHTudixopani AK KOPOTKOXBMJIBOBE eJIEKTPO-
MaTHITHE BMIPOMIHIOBaHHA (puc. 3.2).
Icepeno a-, -, Naacrunskn Tomxwit Jner ToscTHit

i Y= BMIPOMIHIOBAHHA — BAPAIMEHORD mamip ANKMIHID  CEUHLEBMT
KOHOERCATOPRA \\ |. Baok

=4

b

%

T
-y

Puc. 3.2. [Tpouukna anatictTs -, fi- 1 y-BMNPoMiHIOBAHHA

He papro nymaTd, ujo nig 4Hac poanany DHyab-AKOTO PajicaKTHBHOTO
isoromy YyTBOPHHOTBLCR -, B- 1 y-npomeni. Iz 39 pagioakTveEMx izotonis
BAKKMX eJeMEeHTIB TinbKM 4 BMNPOMIHIOTE yei TPy BMAM npomenis, llna
21 izoTonmy XapakTepHe TiNBKM G-BHOpOMiHIOBaHHA, nna 14 — p-BUnpo-

MIHIOBAHHA (A8 AeAKMX 130TONIB BOHO CYNPOBOYETECA Y-BMIPOMIEK-
BaHHAM).
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Haiifinem OSioXOriMHO aKTHBHUMU € G-TPOMEH], faji fgyTe MOBLIBHI
HEATPOHI Ta P-TpoMeHL

¥ pa3si KOPOTROYACHOIO OMPOMIHEHHA TiNa MOMIHM Y-TNIPOMEHSM ABILIA,
WO CIOCTePIralTECA KIHIYHO, HACTYNAKTE 33 gosu 23 P, gosa = 200 P
CIPHYHMHIOE TAMK] ypareHHa (netansiicts npudmusuo 5 %), a nosa s GO0 P
aetaista. Miciesl fokaasHi BIMBH NH0AMHA NEPEHOCHTE HADAraToO JMerme,
JKYBAABHI J03M HOAL MOMKYTE NOCATATH KITEKOX THCAY PEHTIEHIE

Beranosnennsa XapakTepy NPMpPOAHOTO PafioaKTHBHOTO PO3Naiy
TAKO MATBEPMYBAN0 CKAaAHICTL BHYTPiEBLOL Gy noBM aToMIB.

¥ 1903 p. ik I Tomcon sanponoHyBas KaByHOMonibHy mo-
nenb Oy[OBM aToMa, 3rifjHo 3 AKOK BiH YABJISAB ATOM AK 3rYCTOK M0-
3UTHBHO 3apAjKeHOl MaTepil, B AKY BEpalJeHO HEraTHMBHO 3apsji-
MEHI EJNIEKTPOHM, 110 KOMIEHCYIOTh NO3HMTHBHMIT 3apsil

Y 1911 p. aurniiicesnii disur E. Peaepdopn pasom 3i ceoimu
crypedtamu I Tejirepom (1882—-1945) ta E. Mapegedom (1889-1970)
NoCTaBMAM CBOI 3HaMeHuT! Jociaigy 3 «BomBapayBaHHA» TOHKOI Me-
TaleBol ¢osbru notokom a-wactuHok. Ha nymky E. Pesepdopaa,
O-HACTHHEM MaJH NPOHHMKATH Kpi3k MeTaleBy (DONBrYy 3a8BTOBLIKM
marike 1000 aTomunx wapie 6€3 3MiHNM HANPAMEY PyXy.

PerenwHo npoeeseni mocainn iz cnocTepesxeHHAM | hikcauieo
MOJBOTY BEJHYE3HOro 4HC/a (-YacTHHOK MOBEJH, U0 NepeBaHa
DlnbWwicTs ix GesnepemikonHo NpoxoauTh Kpisk ¢oOmbry, HE 3MiHIO-
4K Hanpamry pyxy. Onsax npuGanssHo opHa 3 8000 a-uacTMHOR
3MIHIOE HAMPAMOK PYyXY, BIIXNIAETbCA BLJ NPAMOJIHIAHOTO pyxy Ha
JAesAKMil KYT abo HaBiThH BIIKMIAETLCA HA3a/

Ha ocHoBi npoBezedmx MocnifiB WIOK0 PoO3ciiOBaHHA O-YaCTHHOK
E. Pesepdopn sanpononysae mnaanemapny modeav Gynoem aToma,
3riIHO 3 SIKOK0 ATOM CRIAJAETHCA 3 MOZUTHBHO 3apPAIMKEHOr0 sjpa,
fKe po3MiuleHe B LEHTPl aTOMa Ta eJEeKTPOHIB, U10 pYXalThCA HaB-
KOO AfApa nmo kogoeux opbirax. Ii opbith e cramumm 3a ymoem
3PIBHOBAMKYBAHHA BIALUEHTPOBMX CHJI CHJIOK €JEKTPOCTATHYHOIO
NPUTATAHHA €MeKTPOHA [0 fAfpa aToma. EnekTpoHn poaMiulyioTbes
HEBEJIMKOMY HaBROJMOAZepHOMY o00'emi rynactol dopmu. Yucno
eNEeKTPOHIE BUINOBIJAE 3apAny AjApa, TOMY 34rajioM aToM efleKTpo-
HeliTpambiuii. IIpakTuuHo BCA Maca aToMa 30CepejkeHa B JIyIKe
Manomy ob’emi nosuTuBHO 3apsjukeHoro axapa. Jiamerp snpa, 06-
gncnennii E. Pesepdgupnum 34 po3cilOBaHHAM (-YACTHHOK, MA€ poa-
mip npubmausno 10713 M (10°° um), Toai ax aiamerpn aTomia kommBa-
0Tbes B Mexax (1..4)- 10710 m. Ile oswavae, uto rycTusa smaepHoi
PeYOBMHM KOJOCAJNBHA | M€ 3HavYeHHs nopanky 109 r/em®.

Hocnigyn 3 posciloBaHHA O-4acTHMHOK Jaji 3MOry He JIMIIE Bi-
ABMTH HafABHicTE MOBMTHMBHOrO AApa aTtoMa, a il nepenbaunTH 3Ha-
4YeHHA Jioro 3apAny, OCKiIbKM B mipy s0ianieHHA sapagy saapa
O-YACTHHKM BIIXMAANTHCA BI MNOYATKOBOrO HANPAMKY pPyXy Ha
Giteumit KyT, oTie, BinblIOMY wHeny BIGXMIeHs BiAnoeigae Ginb-
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mMii sapan aapa atoma. Jlemo nismimme H. Bop ma ocHOBI gocnig-
steb I, Moam (1887-1915) niiftimos BucHOBKY npo BijnosijHicTb
3apAlly Apa Ta NOPAAKOBOTO HOMEPA eJIEMEeHTA.

Epuecr Pesepdopn (1871-1937) — supaTaMit aurmiii-
cekMit dhiaug, sacHoBHMK sgepHol disuxi Jocnigwen-
HA NPMCEAYEH] pagiocaKTHBHOCTI, aTOMHIE Ta Agepwii
dizmui. ¥ 1899 p. eigkpue a- i P-npomeni Ta panio-
akTMeHMi enement — panod. Cninero 3 9. Copnai
(1877-1956) & 1902 p. pospobHB Teoplio pagioakTHE-
Horo poanany. ¥ 1903 p. gosie, wo ga-npomeni cwia-
OANTBCA 3 MO3MTHBHO 3apAmmeHnx vacTtHeok. [lepes-
faune ICHYBAHHA TPaHCYpaHOBMX exemeHTIE. ¥ 1911 p.
BiIKDPHE ATOMHE fpPO, HA TACTABI YOrD 3anponoHYBAE
IaHeTapiy Teopiio Oyaoeu atoma. Y 1914 p. sigkpus
npotod, vy 1920 p. nepepbakuMe icCHyBaHHA HelTpoHAa.
Saifienms (1919) nepiuy wWTyHHy AgepHy peakuil, ne-
PETRODMBINM A30T HA KHUCEeHb, YMM 3aKJaB [MigBalMHK

Epsecr Peaepdopa {cip;;;{m'i thizukn sapa. Jaypeat HoGeaigcskol npemii

3anponoxopana E. Pezepdopaom naaguemapwua, abo amepua, mo-
deab 6ydosu amoma cTana BUPIILANEHHMM KPOKOM Y nisHaHui OyoBH
aroma. li TOnOBHI O3HAKM — HAABHICTH B ATOMi MO3HTMBHO 3apsaj-
JHEHOr0 BaJKKOIO #AApa Ta eNeKTPOHHMX O00JOHOK — BHTPHMAMH
BUNpobyBaHHA dacoM 1 Dynu migTBepjskeni DaraTbMa eKcrepHuMeH-
tamu. YaeneHHA E. Pesepdioppa eigirpanu poss ronoeHux mnipea-
JMH, HA AKMX IPYHTYETRLCHA cyvacHa Teopia Dyposu aToma.

InanerapHa MoOJeNbL JABANA JHLle NMOYATKOBI yABNEHHS 0po Oy-
OBy aToMa 1 ToMy He Dyna nosfGaenesa Hepomikie. Tak, 3 noraagy
KyracuuHoi hisurM, UA Mojens He morna OyTH CTiHKOK, OCKIILEM
PYX eNeKTpOHA HABKOJIO fAllpa € PYXOM i3 NPMCROPEHHAM, CIPAMO-
BaHMM [0 1jeHTpa obepraHHA. [IpHcKOpeHuil pyX eNeKTpHYHOro 3a-
PALY CYNPOBOJMKYETLCA BHOPOMIHIOBAHHAM CBITJOBMX XBHJB 1 [0-
CTYNOBOIO BTPaTol0 €Hepril. EnekTpoH, BUTpaTHBEIIM €Heprio Ha BH-
npomiHioBanHA, Mas 61 3a 1078 ¢ «enacTH» Ha AQPO, PyXaKUHCh MO
coipanbHifi TpaexkTopii. Ilpore aTommu eneMeHTIE NOBOOATLCA HE
cTifiki 4acTHMHEM, 3/aTHI iCHYBaTH Ayske NoBro. Ipyruii Hepomix niel
MOfeNi NOJAraB y HecnpoMOMHOCTI MNOACHMTHM HaABHiCTL mixifiyac-
TUX CNEKTPIB aTOMIB, CTOCOBHO AKMX Ha TOH wac Oyno HakonuyeHo
3HAYHMII eKCcnepuMeHTaNLHMA Martepian. Tomy HezaGapoM Ha aMiHy
nuaHeTapHiil Mojleni NPUILIIIIH HOB} YABJEeHHA npo OyA0BY aToMa.

§ 2. Ocnosui noaoxennn reopii Bopa

Cnpamsxsa Mojenn aTOMa Masa O NOACHIBATH PIBHOMaHITHI eKe-
NepHMEeHTaNlbHI CTIOCTEPEeX<eHHA 3a aToOMaMM, Taki, AK (oToenex-
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TpU4YEMI edeKT — BUIIPOMIHIOBAHHA eJeKTPOHIB MOBEPXHEH MeTa-
JIB MO 4ac 1x OCBIT/IIOBAHHA, eNeKTpONpOBIAHICTE ras3is, egeKTpo-
HeNTpalnLHiCTL aTOMIB, NPUYMHY YTBOPEHHA PEHTreHiBCBKMX IpO-
Mmenis, peaymstatu mocainis E. Pesepdoppa momo poaciioBauua
C-TIpOMEHIB,

Iixase noscuenus OynoBu aToma Bopuio ¥ 1913 p. sanpononyeas
natcerMii disuk H. Bop, arumit BUKOpMCTaB ANA LULOTO HEAKl 3 Bif0-
MMX, aJe pO3pi3HEeHMX HaykoBux paxTie 1 Teopiit: nimifiuacty
CTPYKTYPY aTOMHMX CIEeKTPIB, KJACHYHY MEXaHiKy, eleKTpocTaTH-
Ky Ta HOBy igen M. Ilnanka npo xBaHTyBaHHA eHeprii.

Hiasc Xenpik [lanin Bop (1885-1962) — BuaaTHMI
AATCEEMI (DisMKE-TEOpeTHE, OJMH i3 TBOPLIB Cy4acHOl
thizurn, CrBopMB Teopin BOoAHenoZIDHOrO aToMa
(1913), ara mMoOACHMNA HM3KY CKJIAJHWX NMATaHe OyLO-
BM aToMa | cakTtie, Axi HecrmpoMoskna ODyna posTny-
MauMTH KracwuHa disuka. 3'AcyBaB ocofuMBOCTI Me-
pioguunol cHeTeMM XiMIMHMX eNeMeHTIB, 3anponoHy-
BaB BiacHuii papianT ii sofpamenus. Chopmymosas
npuEuMn BinnosigHoeri (1918), mo nokasas, KOMKM ca-
Me CTOTHMMKM € KBAHTOB] ODMeMeHHA, & KOJIH JOCHTE
i yasnens rnacuunoi disurun. ChopmynoBas BamIIH-
BMIi 17A KBAHTOBOI MeXaHIKM NPMHLUKMIT KOMIJIeMel-
TapHoeTi  (1927). CreopuB  Teopin  npomimHoro
(cenaguoro) aapa (1936), Oye oaHMM 3 aBTOPIB Kpar-
auHARol mogeni aapa (1936) i Teopil nmoginy aTtomsEoro

i KeHpi ; = )
HH:;.IR E‘ng anpa (1939). Maypeat Hofeniscekol npemii (1922).

[Mousirra npo conexktTp. Byan-Are pmepesno eNeXTPOMATHITHOTO
BunpominioBanug, Hanpurnan CoHue, Haacunae Bpisnobiy Geaniy
XBUJbL PI3HOT MOBMMHM, AKI HAZMBAKOTL cnexmpos. Ile Bunpominio-
BaHHA TIOIUMPHETRCA ¥ NOpocTopl 31 IIBMAKIcTH), AKA CTAHOBHMTE
300 000 km/c, mae BracTHMEOCTI xBMJeb, KinbkicHo ioro xapaxTepi-
3VIOTh JOBMKMHOK XBWIL A, YACTOTOW V Ta aMILITYIOK KOJIMBAaHHA
YacToTy XBMJBOBOTO TIPOIECY BM3HAHMAIOTh YMCJIOM XBUJb, AKI Ipo-
XOOATL udepe3d dixcoBaHy TOYKY BIPOAoBM ojaniel cekynau. Bona
3aJeMHTh Bil goBMMHMHM XBUJII A T4 WIBMAKOCTL 11 DOIUMPEHHA C:

(3.1)

=0

Enepriio eleKTpoMarHiTHOrO BMIIPOMIHIOBaHHA BM3HA4AKThL 4ac-
TOTOMK) XBWI, SAKY BUPAaMAaKTh 4YMcJIOM KOIMBAHL 33 OOHY CceKYHIY.
Ii Bumipiotots y repuax.

CnexTp cBiTza, BUIpoMiHiOBAHOrO HarpiTMmu tinamu, y 1900 p.
BuEuaR Himeubknit disux M. Ilnawk. BiE npunyctus, mo edepris
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BATIDOMIHIOETLCA JMCKPETHO THMM aromamy, sxi nepebysaioTs y
CTaHI KOMMBAHHA, NPHYOMY KOKEH 3 HMX BMIDOMIHIOE eHepriio nee-
HOi wactoTu. M. Tlnauk BuABMB icHyBaHHA HaliMeHIOl NoOpmii emep-
Til, AKY MOMHA BMOIIMTH B OQHOMY aKTi BUIPOMIHIOBAHHA, i HAZBAB
i xeanmom eneprii, abo gpomonom. Enepria xeauta mponopuiina
YACTOT] 3B A34HOr0 3 HEK BUIMPOMIHIOBAHHA:

E=hv, (3.2)
ne h — ctana Ilnamka, aka nopismioe 6,63 - 10734 e - c.

Maxe [Ilmapx (1858-1947) — HiMeubkmit dhismnk-
Teopetur. ¥ 1900 p. BEiB KBauT Ail, UMM zanouaTRY-
BAB KBAHTOBY Teopil, | TeopeTwuHO BMBIB 3aKol pos-
noAiny eHeprii B cnexrpi afcomoTHO wopHOrO Tina.
Crana Tlnanka, abo kBanT aii, € ofmicio 3 yHiBep-
cansHMX cTaamx vy dismui Jews 14 rpyama 1900 p.,
KoM BiH 3pofue gomoBige Ha sacimanni Himenwkoro
chiauuHOro TOBapMCTBa TIPO 3HAEHMIT HUM 3a4KO0H Bu-
NMpOMIHIOBAHHA, CTaB [HeM HAPOAMEHHA KBAHTOBO]
Teopii. Benuke snaweHHA Manw foro mpani 3 Teopii
sigHocHooTi. Busis pieuanua pensTHBicTChKOT mMMHaMi-
ki (1806), sBupaam nna obuMcnernts edeprii Ta iMIVIB-
Cy eneKTpOHa, JanpoNoHYBAB TepMiH «Teopis Bignoc-
HOCTi», Jlaypeat HofeniBeskoi mpemii (1918),

Marc I[Inang

Bigomo GaraTto BMaiB sunpominiosaun, Kosken Bug YTBOPIOE TIEB-
HY HacTMHY MOBHOIO €JIEKTPOMATHITHOTO crekTpa (Tabm. 3.1). Hpu-
qoMy OyIb-fiKe BUITPOMIHIOBAHHA THOWMPIOCTLCA B HABKOJIMIIHLOMY
NpocTORl 3 OAHAKOBOIO [IBMAKICTIO.

Tatauys 3.1. OcHOBHI KOMIOHEHTH €JEKTPOMArHITHONO cOEKTpA

OpAIOK MOBAKHHH, M Bun sunpominiosanna

10714 Kocmiyni npomeni~ )

10-12 l'aMma-npomeni 1077 cbi =
P 3,8 - 1077 plankose

10-10 PentreHiBcbki npomeni 3,9+ 107 cune

2-10°7 ¥apTpadiioneTosi mpoMei 4,6 - 1077 Brakurne

13,8-10°7 - 7,6+ 1077 | Buanme caitao 5,3 1077 aenene

51076 Bauaske ingpauepeone

; 6,0 1077 moete
BHMIIPOMiHIOBA HIA

7,4 - 1077 mosTorapaue

14 Nanexe indpavepsone 7.6 10" yepmone
BMTOPOMIHIOBAHHA

0,01 MikpoxBHILOBE BHIIPOMIHIOBAHHS

850 Pagioxemii

00 Enextpuuni xpuai ]
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JlnAa BUABTEeHHA BHIPOMIHIOBAHHA CTBODPEHO PIidHI NMpunaau, AkKi
HasBaHi 3ajemHo Big crnocoby peectpallii BUNPOMIHIOBAHHA Cnex-
MPOCKONAMU, CNEKMPOMEMPAMU UM cexmpozpagamu.

Ilig 4ac MPOXOAKeHHA Kpisk NPHaMY COHAYHI MpOMEHi 3anoMmo-
IOThCA, PO3KAAAalOThCA (Jucnepeia caimad), | HA eKpaHl, NocTasjae-
HOMY 3a NpPU3EMOI0, YTBOPIOETECA CYYLAbHUL Cnexmp, BUAUMA Hac-
THHA AKOMO € KOJBOPOBOKI CMYTrol koabopis Becenku. [Morpanusmim
Ha ororpadiuHy MIacTHHKY, €BiTAO0 1i «3acBiuye» i CHPUYMHIOE 3a-
TeMHEHHA,

BunpomiHioBaHHA pO3XapeHux TBEpAMX T Ta posirpiTux piaus
FABMION A€ CYULILHMIE CIEKTp, OCKINIBKM CKJAJaeThCd 3 eNIeKTpo-
MAaTHITHMX XBMJIb Halpi3HOMAHITHIIIMX YACTOT.

BunpoMiHIOBAHHA PpO3MAPEHMX ras3iB Ta napy CKJIAQJAETbheA 3
XBUJbL TiJBKYM TeBHOI MOBMMHM, TOMY 3aMiCThb CYLLIbHOI CMYTM Ha
expaHi 3'ABIACTLCA HUSKA OKPEMMX KOJBOPOBUX JiHill, posminenux
TeMHUMM TpoMiskkamu. YMcao Ta posMIIUEHHA LUMX JIHIf 3anexarhb
Bill MPUPOOU PO33KAPEHOro rasy uu napu. Taxi cneKTpM Ha3UBAlOTb
Ainitivaemumu.

CunexTp aromapHoro Bogmo. JKuo y kBapuosy TpyOky 3 BHas-
HMMM Ha 11 KIEOAX €NeKTpoaaMM BMICTHTH TPOXM BOJAHIO, Tak 1100
jiloro TMck ycepemnHi TpyOKM OyB 3HAYHO HMIKHMUM Bin aTmocdep-
HOTO, i MPUKMACTH BUCOKY EJEKTPUHHY HAIPYTY, TO TPyOKa MO4YHe
BunipoMinioBaTy Oaigo-bmakuTHE CBiTMO. Y pasi NponycKaHHA LBOrO
cBitsa kpiss npuamy (abo mudppakuiiiny rpatky) Ha eKpadi omgep-
HMMO CIEeKTp, AUl cKjaagaeTbCa 3 okpemux jqiniii. Ieii crexTp

BUIIPOMIHIOIOTE ATOMM BOAHIO, 30yAskeHl eJeKTPUYHMM po3psA-
aom (puc. 3.3).
| FRR T
ororpaditia
ﬁﬁiﬁPEﬂ:“\:—:\:‘ l | ”\. NAACTHHES
Ginoro ceiTaa
Tasonoai At Ouppaxuisina
APAIDK rpaTka
TTpoRBIERa
doTorpapivea
naacTHHKA
HacToTa —

Pue. 3.3. IlpuHuMioBa cxema YTBODEHHA CHOBKTPAa

Y cmektpl aTOMapHOro BOAHIO BMABJEHO JIHII HE TiNBKM Yy BH-
mumiit, a i1 B yasTpadionerosiii (Y) Ta indppauepsoniit (I9) ginss-
wkax. Ii ginaukm Oy70 Ha3BaHO HA 4eCThb IXHIX NOCALIHMKIB: cepiA

T e ———
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Jlajimana (YP-pinauka), cepis Banbmepa (sumnmma ginsnka); cepii
HNMawena, Bpexkera, [Idynna, Xamndpi (19-ainauka) (puc. 3.4).
Eneprin Anno

=3 T

il Cepin Mawena

Cepin Baatsm
Ly epa Mexka afimuocti cepil

nwul

90/1?0 12||} 130
1

L Jossmsa
I ] E xoini 2107 om
(1mm=1-1r"*m)

L Cepin Jatimana

n=1

Pue. 34. Cxema yTBOpeHHA cHeKTPa aToMapHOTO BOLHIO

Ionoxenna nimilt y cnexrpi ommcyerbea mpoctum DIBHANHAM
Pid6epza, mwo nos'Asye xeuawvose wucao V i PiSHMIO BEJMUMH,

obepHennx KBAJpAaTaM NBOX HEBENUKUX NLIMX yucen (\-.r — 4MCJIQ,
obepHeHe MOBMKMHI XBUJI CHeKTpanbLHOl JiHil B CIIEKTPL, Mae OfUHK-

0 BHMiprOBaHHA oM ! i NOKas3ye, CKLIBKM JOBHHH XBUIL BMIIIYETE-
cA Ha 1 cm):

- 1 1 1
V=_=RH_"_-__
2 2

A ny n;

(3.3)

me Ry — crana Pigbepra, sxa mna sonsio crawosuts 109 677,6 cml:
Mj, 1; — HEBEJMKI wini unesna, NpUYOMY 3aBaan n; < ng

ﬁqxnnne-: PoGepr Pinbepr (1854-1919) — wseachkuit thiaux, Ocxosri go-
CHIHEeHEA NPMCBAYeH] CHCTEMAaTHMIN aTOMHMX coexTpis. Bigkpuep sakomo-
MIDHOCTI B coekTpax aromis. 3anponmonyBaB copmyny (1899), 3a monomoromo
AKOl MOXMtHA omicaT Gymb-AKY cneKkTpanbHy niniio enementa. Ilepmmm ctap
OEPYBaTH XBHALOBMM 9MCAOM, YBiB YHiBepcanabny koHcranTy (crana Ping-
Bepra). Bucyuys iferw, ujo HesanexHo0 aMiHHOI € He ATOMHA Maca eNeMeHTa
& HOTO MOpPAAKOBMIT HOMep. :

Ho novYaTKy XX cr. O0yn0 HAKONMYEHO BENMYesHui MaTepial o-
AC BUMIpIOBaHb MOBMNH XBW/Ib CHEKTPaJbHMX JIHIA pisHux esne-
MEHTIB Ta& CMCTeMaTusauil ix y cepii. Ii gocnimskerns moBesy, o
XIMIYHI 8HANOMM € aHaJOTaMM i [[0H0 cnextpis. CTano ouyesmgHmM,

mo JHIAYaCT CHeKTpH € KIIOYeM fI0 posrajky TMOBEAIHKN eNex-
TPOHIB ¥ aTOMax
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Mocrynatn Bopa. 3riano 3 HalnpoCTiow MOAEJLI0, 3anporo-
nopaHow H. Bopom, eseKTpoH B aTOMi BOAHIO MONMHAE abo BMIOPO-
Minioe enepriio TILKKM LIJIOYMCIO0BUMI KBAHTAMM.

PiaHoMipHIE
KonoBMil pyx

- ~ "
miss
’ ST

';\“‘ Enextpon,
L0 PYXacTeCA
no opditi

Pue. 3.5. Cun, Mo Gil0Th HA GJEKTPoH nig Hac
ftorp obepTaHHA no Ko0BiH ophiTi

Enexrpon, AKMit po3-
raAfalTh AK  MaTepia-
JLHY 4aCTMHKY, pyxa-
€TBLCA HABKOJO sApa 110
saMKHeHiil 1 koIoBiA Op-
Biti (pue. 3.5). et pyx
eTaJuil, AKII0 BiAUeHT-
poBa cuJia, 10 BUHHKAE,
apiBHOBakeHa  CMJIOIO
eJIEKTPOCTaTHYHOrO IMpi-
THFAaHHA MiX AfpoM Ta
EJIeKTPOHOM:

2 2

muv e
™5, B4

T T
e m — Maca CIOHOW0
eJIeKTPpOHa; U — ILUBMA-

KicTe pPYXy €JIeKTpOHZ,

r — pagaiyc opbitn; e — 3apaAa eNeKTPOHa, AKUI JOPIBHIOE 3apAAY

A& ATOMA BOJHIO.

[lefi Bipas HA3UBAKThL PIEHANHAM cmaaocmi opbim.
fAxknio JHHiHA [IBMAKICTH eJeKTPOoHA Mif 4ac #oro obepranHs
HABKOJIO A7pa AOPIBHIOE U, TO KOJIOBHII MOMEHT PyXy eJIeKTPOHA

CTAHODBMTE MUT.

B ocuoBy csoei Teopii H. Bop noknas asa nocTyJsaTi. Mepmmnii

nocryaat bopa:

eNeKTPOH B aTOMI MOe oDepTaTuca jJulle no TUx opbiTax, Ha
AKKUX KOJOBUII MOMEHT PYXY € LinuM “IMCJI0M, KPAaTHUM craniit

IMnanka, noxiderniii va 2m

myr = n—,
2n

men=1,23,.,e%

(3.5)

Taki opbitm Oysio HA3BAHO CMAYIONAPHUMU. Ilin 4ac pyxy
eNeKTpoHa M0 CTaLiOHApPHIA opbiTi BiH He BUOPOMIHIOE EJNEKTPO-
smargitTHol eneprii. Pozs’'AzaBuin cucreMmy piBHAHL cTajgocTi 0pbiTH
ta mepmoro nocrysiarta Bopa BigHOCHO T, picTaHeMO BHpPas AJA BU-

aHayYeHsA pajiyca opliTu:
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h2

s 2 2
4n me

n? = agn®. (3.6)

flkmgo y ued eupas NiACTABMTH 3HAYEHHA VeIX CTAJMX Beauund: h

gbpm. e, TO MOMHa 3HaiTM NOBBOJIHI [JIA eJeKTPOHa TaK 3BaHi

tacbii pajiycu cragioHapeEmx opbit B aToMi BO i
IHIO, BHpaiKe

aurcrpemax A (1A = 10-10 n): S

r= 0,529 n?. (3.7)

SHayeHHA UuX panlycie HaBemero Ha puc. 3.6.

Puc. 3.6. Cxema BUHMKHEHHA CnIEKTPaJBHMX cepilt
¥ CIEKTPl aTOMapPHOID BOJHID

nonr:ltcenpﬁﬂgj DopiscerMiA paniy% HaCTO BMEKOPHMCTOBYIOTH AK OJMHMIO

ATOMHMX MAaciuTaDax | HA3HMBAIOTH AMOMM

yew dosxmcunu (a. o m.). Ve R
:I. Bup‘_‘;xoma, mwo jioro TIOCTYJIAT BM3HAYAC TAKON OOMEKeHHA

%ETiﬂiepm EJIEKTPOHa B aTOMI BOJHIO | 1A eHepriAa BigmoBigae guc-

MM, NO30BAHMM, KBAHTOBAHMM i

ity 5 MM 3HAYEHHAM Ha CTALIOHAPHMX

IloBra enepria esexrposa Engpya, AKMI pyxaeTeca no OmHill i3

CTanioHapHMx OpbiT i i i
: y , AOPIBHIOE CYM1 HOro KiHETHYHOI ; -
TeHiaipHol E . eHeprii: ? o E S

Encena = Exin + Enoms (3.8)
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mo’ (3.9)

e(-e) e (3.10)

TMoresnjanbHa €HEPriA € EHEPri€l0 EeNeKTPOCTATHYHOIL Baaemonil
MPOTOHA Afpa Ta ENEKTPOHA, 110 MATh O/IHAKOBl 3@ 3HAYEHHAMM,
POTILNENCHI SHAKOM 3apaam.
MESI::aJc umiayc:saay H:hﬂlld}' [:I:aai pabysae ocobmusoro cisiaroro
amicTy i BKasye Ha Te, WO NEPexiZ enexTpoHa B CTAH 3 HYJBOBOMI
[OTeHI[|aNbHOI €HePriel0, KOMM N = o, CyNPOBOAMYETECA SATPATOK
eHeprii. _ ) ) )
3rigmo 3 pisEAHHAM crazocti opbir (34) aAna KiHETH4YHOI eHEpril
MOKHA 3aNMCATH!

2
By = myt _ e (3.11)
2 2r
Toai
2 2 2
Bs o & (312)
MORHA 9y 2y

fliano B pisuanHsa (3.12) mipcraBuTH BHPas (3.6), To moBHA eHepris
enexTpora Ha opbiTi MaTHMe TAKE ZHAYEHHA:

2, 4
Ermahn = ._Mf__l_ - _E‘ (3_13]
R? a* n?
e
2 4
o= z“h":‘e = 13,505 eB"/atom = 1312 Kl /MOTE,

Ileit BMpas nNA MOBHOI eHeprii cni.qun;, {0 KOMHOMY cTauio-
HAPHOMY CTAHY eNeKTPOHA B 4ToMI BOAHIO BIANOBINAE MMEBHA eHepria
Ey, Es, Es, .. , E= Iline wncno n Gyno nassaHo xeéanmosusm. Bin

* Eaexmpon-goasm (eB) — ue emeprin, ARy OTPMMYE E€NEKTPOH, 10 Tepe-
MIOYETECA MiM [BOMA TOMKAMM B EJEKTPHYHOMY TOJL 3 PISHMUER TIOTEH-
wiania 1 B y Gix Ginstoro notvenmiany (1 eB = 1,6022-10-1% e, 1 eBymons =
= 06,49 wJhx/mons).
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fior0 JHAYCHHH 3aNe’KaTk poamipu crauioHapeux opbit i enepris
eneKTPOHIB, #Ki Ha Hux nepebypawte. Ak n = 1, T enexTpoH
nepefyBae va nepuomy ksaHTOBOMy piBmi. Moro crad masmsaors
ocHoeHuM, abo nopmanvhusm. Bei immi cramm nna enextpoma s
aToMi BOOHI0 € 30ydxmcenumu.

Y HOPMaJBHOMY CTaHI eNEeKTPOH Ma€ HANHMMKIMI piBeHE eHeprii,
a B paai 30y/yKeHHA 10ro eHepris 3pocTae, TOMy nepexin EeNeKTpoHa
3 HOPMANBHOIO cTany B 30yIKeHMI CYNpPOBOIIKYETHCHA NOTJIMHAH-
HAM EHepril, a asopoTHuit nepexim — i1 Buainernam. 36y mKeHMi
CTaH € HeCTIfKMM, eNeKTPOH y TaKoMy CTaHi fiosro nepeGypaty me
moxce. Tlepexin ia abynsxeroro crany B crauiomapst BinbyBaerses
MHMOBLIEHO.

Eneprivo nosuicTiO Bigokpemnesoro Binm artoma (iomizoBanoro)
ENEKTPOHA NPMPIBHIOITE 10 Hyns. OCKUILKM s BIPMBAHHA enek-
TPOHA Bl aTOMa noTPibHO 3aTPATHTH €Hepriv, TOMy B piBHAHHI
(3.13) a'aBnAETHCA 3HAK «MiHyC».

Y paai norsvHaHEA eHeprii 8TOMOM MaJeHBEMMM MOPLisMY (KBaH-
ramu) Binbysaerecs erpubkononifHe nepeMileH s eNeKTPOHa 10 cTa-
uionaprix opbitax y 6ik sig sppa atoma. 3sopoTHut nepexin Bigby-
BAETERCA NOAIGHO | CYNPOBOUKYETECH BUIIIEHHAM KBAHTIE eHeprii

YMOBM nepemillieHHs eNeKTPOHA 3 OAIHOTO KBAHTOBONO piBHS Ha
IHUINE BU3HAYAE Qpyruii nocryaar Bopa:

mij 4ac crpubkononibHOro nepexony enexTpoHa 3 BiNbIn Bin-

7afieHoro KBaHTOBOTO piBEA wa Gimaay no anppa opbiTy arom

BMIPOMIHIOC KBAaHT €Hepril 3 MeBHO YACTOTOK KONMBAHD V°
AE = E; — E; = hy,

ae AE — eneprin kBaura; E), E; — ewepril enekTpoHa simmosigno
Ha Bmoxyomy no snpa i Ginem BiIIANEHOMY Bifj HHOTO PIBHAX.

Arump B MaTemaTaHMT BMpas apyrorno noctynaty Bopa mincra-

BHTH ar_:aﬁ;:eni paHillle SHAYeHH: MOBHOI eHeprii enexTpoHa Ha opbi-
Tl, TO JiCTaHEeMO BMpA3

k(1 1 11
v=—| = - —1=329.10" = - = |. :
(e -s) o0 -3)

3 ypaxypauHsm pisHAHE (3.1) i (3.3) Moxua sanucaTy:

v k(1 1 1 1
= - = —]| — —— =1 S -1
5 hc(nf ﬂg} 09 73?;{13[2 2], et (3.15)

< |
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i I iqHe pIBHAHHIO
Jlerko noMiTHTH, U0 OfiepAAHE PIBHAHHA aHaJIorivH
Pinbepra (3.3), Tomy cTamii Pinbepra mae BINOBINATH BYPA3

k
= —, {3.16)
Ry he

i : ii Bopa, nopis-

Crana PinBepra, ofuncnena 3 BHKOPMCTAHHAM TEOPH ) :
e 109 ?3?5 en™! i BifpiaHsAETHCA Bifl @KCHEPUMEHTAIBHO BH3HA
genoi (109 677,6 cm™1) e na 0,054 %. Ie sacsixuye, WO sanpo-
nonosaxa H. BopoM Teopina pocuTs BIano Binobpamae Oynosy aToma
BOJHIO. B _

n;i‘.epquﬂcb nonokennaMy Teopili Bopa, MomHa [IATH TMEBHHX
BHCHOBKIB 111010 MOMIMBUX MEPEXOAIB ENEKTPOHA B ATOMI BOJIHIO.

FoarnaHeMO OEAED NPHRNSIN, ; i i -
HOpuxkaaa 1. O6uMeInTH, ROMNM KBAHT BIIIEHOL OpOMEHNCTOl eHepril

£ Dinploms: ¥ pasl MepemilleHHA ENEXTPOHA 3 APYTOrO Ha nepinui 9 3

eTHOTO HA APYIHIl eHepreTHIHITE PiBeHb. }
™ IMig yac :iPpeniJ.uennﬂ ENeKTPOHA 3 APYTOr0 Ha e pLusi eHepreTHHHMi

piselib BUILAACTHER KBAHT, WO MAE CHERIIH

136 136 1 3
=Ey—F = — + —=136|1-—|=136-—=10,2 eB.
AE Ez E] 22 + 12 [ 4) 4

Ilin uac mepemMilleHHA BJEKTPOHA 3 TPETHOD Ha ApYrHil eHepreTHYHNA
pipeHb BHOINMAETECA KBAHT, M0 MAE CHEPILO

136 1386 1 1 . 5
= = ~ - -|=136-— =189 eB.
.ﬁE = E31 E‘z -+ 2 13,6[4 9) 36

¥ 2

. o
i EMAND, (L0 NepeMimENHA BNeKTPOHA 3 APYTOrD EHEETETICHOTD P18
?m?mn? nep:m‘:lﬁ KAPAKTEPHIYETHCA BHALIEHHAM JHAWHO BinLlnol eHeprit,
Hixc ¥ pasi DEpEXOAy HOro 3 TPETLOTO pIBHA HA ApyTHAL y "
Hpurnaa 2. O6uncmmo, AKOMY €NeRTPOHHOMY [EPEXORY BiznOBLAA-
THME DLTRLIE JHANUCHHA XEMJLOBOTO "DICNE B CNEKTPL ATOMa BOLMHIG ¥ paTai;

nepemilLieHHA eNeKTPOHA 3 YETBEPTOrO EHEPreTHHHOTO PIRHA Ha ‘neplm
(;4_.1] YK 3 TRETLOro — Ha ApYTHi (Vi ). Komy OOBACMHA XBMIL BHODO-

mineroro keapTa Oyhe Ginkron?

' 14 11, 15 _ "
Vg = 109737, 5= Vet W o 109 73'?,3[1 - —;] = 1087373 - F 102 B7B,7 ety
no N 4
1241 =§,7+10% m = 97 10
Vil

= 11 1 1} 5 o vm N e
= — ——|=1097373 5 - — =1087373 . —= 15 213 car
Vasz = 109 ?3?,3[ - ] - i =
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A= =-1—- = ,96°10-7 m = 656 nm.
Vi

Omxce, Binbiue IHAYEHHA XBMNLOBOTO YICNA MAE NiHiA B cnexTpl, Axa
HANEHNTE TEPEX0dy ENeKTPOHE 3 YeTBePTOr0 EHEPreTHMHOTO RIEHA Ha
nepungi, 1t sianosinae aopmesa xewm 97 wm (Vb-pinauka cnextpa) Ile-
PEXT BNEKTPOHA 3 TPETHOTO EHEPreTHYHOIO PIBHA Ha ApYTHil CYTIPOBO-
YWYETECA MOABCH) ¥ BUOMMIA LLNAHI CHERTPE YEPBOHOI CMYTH 3 OOBM-
HOW XBum G656 .

Koan esextpon nepectpubye 3 Gyap-akux Bigmanesnx pisxis Ha
Bkl 10 AApa, Bin MOXME NOCHIACBHO BHIPOMIHIOBATH KBaHTH ae-
KUIBKOX CEpH, TOMY B CHNEKTPI PO3MKAPEHOr0 BOAHIO NPHCYTHI BCi
cepii ainiit. Ockinexu BCI aTOMM BOMHIO OZHAKOBI, TO KBaHTH eHeprii,
AKL BUMPOMIHIOIOTBCA Mifl Hac 1X OXONOAMEeHHSH, NOTPAMIAITE TiJib-
KN B NeBHi JUIAHKK CMEKTPa, YyTBOPIOYN cepil JHiii

Teopia Bopa mana semrdesHe 3uaseHHs A POSBUTKY CydHacHOi
Teopii Gynceu atoma. 1 mpaxTuune sacrocyBamHA [MA NOACHEHHH
T4 POBPAXyHKY CTIEKTPE aTOMAPHONO BOMHIO AOBENO, M0 3aTPOIOHO-
BaHA MOfEsb BY#OBM aTOMa € NepCnexTHEHO NPABWIBHOI. 3rifHo 2
LI€I0 TEOPIEI0 ATOMM MEKTL KyndcTy (hOpMY, €NeKTpOHM poaminy-
IOTECA HABKONO fAApa aToMa uapami Ha crauiosapeEux opbitax, na
AIKNX IXHA eHepria ne sMinweTnes. 36ymxenHs aToMis BinbysacThen
3a paxyHOK NOIIMHAHHA HUMM JMCKPETHMX MOPIii eHepril, npuko-
MY ENeKTPOH mepemiunlyeTked cTpubrononibuo no mos3sonenux cra-
uionapaux opbitax.

BogHouyac Teopis Bopa 3Moria MOACHMTH BJAACTMBOCTI Jmie

ATOMA BOAHKD Ta AEAKHX BOAHeNoAiDHHX YaCcTHMHOE, 1O C AKUX
BXOMTE TILKM OfMH enexTpoH, nanpuxnan: He', Li*, Be®t. Boua
Takox wmazna DaraTo ICTOTHMX HefoNikiB, cepes AKMX — HECHMpo-

M_DH'C[-Ii(‘."Th NOACHMTH JIeAK] BJA4CTHMBOCTI HABITH BORHIO, HANPMKJIA
PIZHY IHNTEHCHBHICTbL CHEKTPAJIBHMX MiHil, ToMy 11 SacTOCYBaHHS
Byno ayme obmenene.

¥ nponeci nofanblIore BAOCKOHAICHHA Teopil BuHKENA norpeba
BEEIEHHA HOBMX KBAHTOBMX 4MCes, AKI HemMomumBo Gyno onepscaTti
Beanocepennbo is sanpononosaroi H. Bopom mofesni atoma.

lNopanemoro poseuTry Teopis Gynosu aToma nabyna nicna Toro,
AK y 1i ocHoBY Gys0 NOKNAMEHO NPHMHIMITY XBHILOBOT MEXAHIKML

§ 3. Xennsosnii xapakTep enexrposa

3rinuo = Teopie Bopa enexrpon posrasfamm sk KJaCi4Hy 4ac-
THHRY, 1 TOMY 11 P¥% ONHCYBa/lH 3aKOHAMM KJIACHYHO] MEXaHIKKM Ta
ENCKT POOMHAMIKH,

«Kopnycrynsapuni xeuni» JL ne Bpoiina. ¥V 1924 p. dipanyaexudi
yuaenuit JI. ne Bpoitnb 3anponoHyRaB NOHATTA «KOPITYCKYIAPHI XBU-
Jil» Ta BUCIIOBHE if€10 NP0 XBIWILOBY NPHPORY EJIEKTPOHA.



70 BYJIOBA ATOMA

JIyi ne Bpoiins (1892-1889) — dipanmyabxmii dhiank,
ONMH i3 THOPLIH KBaHTOBOT MEXaHikM, BucyHys iueio,
10 [OTiK MATeRianbHMX HaCTHHOK NYCWTE MATH
XEMIILOBI BUACTHBOCTI, NKi OQHOSHAYEO 7TIOR Asami 8
Macor T exeprieio, Tobro pyx wactumry JL ne Bpoitis
sicTABME 3 TOLDpeHHAM xswni [new po xsunbosi
pracTHEOCTI MaTepil (xsuwi ne Bpofina) BiE pOBBUHYEB
y Hnani cravei (1924) i ocobmiso B HOKTOpCHEIH -
cepramii Jing irrepnperanii KsaRTOBOI MeXaHIKYN Bit-
CcyHYB KoHtlenuio xsuri-ninora (1827) Safimascy Ta-
KO PeNATHBICTCLKON KBAHTOBOK MEeXaHIKOK, MHTaH-
aAMy GyZ0BK BAPa, Teopico NOMMPeHHs eNeKTPpoMar-
HITHUX XBIIB ¥ XBEMIEBOAAX. 38 BUIKPMTTH XBMILOBOT
npupony  enextposa Oys ynoctoemuii Hobesisenxol
npemii (1928).

Nvyi ne Bpoitne
RasHagMBID, IO [WiA eHepril (hOoTOHIB KBaHTIS CIIpaBELIMBI BUPAIN:

E = hv (3.17)

E = mc? (3.18)

(3a Teopi€i BiAHOCHOCTI Efuurrefina), BiH BMKOPMCTSB Ll ZiBa piB-
HAHHHA, 2 TAKOM CHIBBIIHOLIEHAN V = ¢/A 1 3HaMOB, 10

. (3.19)

Jins MarTepiansHyux HacTHMHOK, NMOAIOHMX [0 enexTpoHa, AKI pyxa-
H0TECA Bl WBMAKICTIO v, 116l Bupas Habysae BUIARY

L (3.20)
mu

TinoTeaa momo xBMALOBOI mpupomy enextpoma y 1927 p. Gyna
EKCTIEPHMMENTANIBHO  TIATBEPAXKEHa AMEPHEAHCHRMMI chizmrammn
K. I Nenicorom (1881-1958) i JL X. JixxepmepoMm (1896—1971), axi
BCTAHOBMIIM, IO TOTIK EJEKTPOHIB MOMe AasaTn muppakuifinnii Ta
inTepeperuiiTIi edexTy i, 0THe, NOBOAMTECA NOMIGHO [0 TTpOMe-
HIB CBITJA.

linoresa JI. ae Bpoitas ma€ sarajibeii Xapakrep, i TOMy AROMY
SARMOMHO TLTY MACOK M, L0 PYXAETHCA Si IIBMJKICTIO v, Mae BYIIORI-
paTn maTepiansHa xeuaA BomHouac 3 piBHAHHA (3.20) BMImMBaE, LIO
JIOBXMHA XBWJL A MaKpOTLL, CKasKiMo, TEHICHOMO M'AYa, € HACTINBKM
MAJIOI, 10 11 HEMOMSIMBO BUMIPATH 38 AONOMOIOIO npuamgie, fAxi € B
HamoMy posnopspxeHHi Jlna enexTpoHis e maca m € HabaraTo
NOPSAZIKIS MEHIIIOW, TOMY BEJIrDEN A a#abyBaorTs BUMIPHUX 3HAYEHD.
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INpuxnan. O6umcnnmn xapakre \

PYXaeThen si wmuakicTo 5,97 'qlﬂ“m!:ﬂ_ AOBNCHITY XBWII ENEKTPOHA, 10
KM m, = <10 =

=1“T"“zfﬂz}.'r:: 9,11-10% xr, h = 6,63-10% Iw-c (1 Ok =

h 6,63 - 107 Jlake - ¢
=R - =122 10 "n.

a=
mu 911107 kr - 597 - 10°m/c

Topimasmim OTPHMaHe SHaYCHHA 8 HaBefewnvor ¥ 1abn 31 pomscumEans
mxmm; efleKTPOMATHITHOM BUTTPOMIHIIBAHIA DISHMX AlalasoHis, MOKHA IIHTH
HOBKY, L0 aHafiflena poexima XBIWI eNleKTpora npubmssHo 36iracTeen o
AOBATHHOW XEMT DEHTIeHl BCLKON BHITPOMIHIOBAHHA | POAMIPAMY CAOMIMX ATOMIB.

3rogom semne amdpakuii i
111 ENEKTPOHIE AHAMLILIO NMPaKTHYH -
CTOCYBAHHA B ENEeKTPOHHOMY MIKDOCKOMI, [ XBIILOBi BJIaCTP;DE?I'i
gn;mnmgncmamb ANA [OCTIJKEHHA TNOBEPXHEBUX SBMIY
HHA Ka 1 i ii Bi i
3 me e patcas PTHHNM ENeKTPORHOI mamppaxuii Bin mixpo-
Humi € Hezanepeuni fokazyu Ha i
_ FABHOCT] XBIJIbh( 7
Y HEUTPOHA Ta IKIMMX ENEMEHTAPHMX YACTMHOK. N
2 HOJMBEETECH MMl Ya€ PYXY eNeMeHTAPHOT YacTUHK?
z,.:m doToHa 1R T€, 10 HAAMBAIOTL emetnpmm?-;lnnnm XBINEIO Tﬁ'mu ;Lnﬁu
H.:empmm abo HefTpoHa NMPMpoNa KOMMBAaHE € 3araaxosow, IloscHes-
OPMpOIDL €1 X8I, FAIKE CTANO0 3aransHOBMaHammM, Gyno 3anpono-
HOBaHE M, Boprom. 3a Boprom, Be y 1110 B83HAE KOJIMBAJIEHOTO
pyxl?]', € MMOBIpHIcTE 1i nepebyBasEA B 3anaHoMy Micwi NPOCTOpPY.
wma i‘ﬂp}"ﬂ!{‘l YABNEHL NP0 XBUIBLOBY NPUPORY €nexTpoHa Gymo
e EP;:_;: LEUNLOGY Meraniky. ¥ XBUABOBIH MEXaHilj MiKpodacTHH-
JICKTPOHH, aTOMM, MOJIEKYJK) POSIAAAA0TE AK PeanbHi CTPyK-
gpm YTBOPEHHR, 10 AKICHO BifPISHAIOTECA BiA Makporin. Mikpo-
CTUHKI MAIOTh ABOICTY KOPMYCKYNAPHO-XBUIBOBY TIPUPOAY (xop-
NYCKYNAPHY i XBUABLORY).

Maxe Eupn {1{382—18?0} — Himeiskmi isHK-Teoperiy
CaMH 3 moxepin Hopol @ismoe OcHosi Haykosi rrpaﬂ:’;
Wm AMHEMILI €Hepril KpueTaniusol rpatTku Ta i1
IMIMHMX 33CTOCYBalh, TepMomHamilg KpMCTAIiR, KeanTo-
Biit TEOPL, KiHeTHHHDI Teopii KoHlencopamnx rasie i pi-
JUIH, Teopii sigHocHOCTi, aromuif dimai Sanporowysas
ﬁm IHTEPOPETALII0 XBMILoBOI diyHKIN, Dosc-
LM, 1O INTERCHBHICTS LIPeAIRreposix XBWb Ci po-
BYMITIC AR MIpY imosipHocTi nepefypadsa yacTvmry B
TIEBHOMY Micii npocTopy, CHUTEHO 3 (HIIMMK  BYeHIMW
pcx!q-tﬁun Wlam MaTpiHOL Mexaniny. 3anponoHysas
Crocin POSPAXYHKIB EReKTROHENX 0D0N0HOK ATOME, CITLTL-
HD 3 'H_lefrpou (1894-1064) sanpoeanus v RB.aH‘I‘I:Iﬁiﬁ
MeXawil noHATTH onepatopa. Buxosas unmano disnxis,
CEpPen AKX TAKL BCECBITHEO Binomi eveni, ax B, Teisen-
gepr. B. l'la:..:.m. O. Ilrepn (1888-1969) Ta in. Jlaypear
obeniscuiol npesii (1954),
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Mpusnun HeBN3HAYEHOCT leizenbepra. ]Sinnr_im{ic-rh y nose-
AiHI{ YACTMHOK MIKPOCBITY 1 MAKPOTUT ROBIB HIMELBKII thiauk
B. K. Teiicenbepr y 1926 p. Bona nonsrae B ToMy, 10 BCl MaxpoTina
MAIOTE TIEBHE Miclle Joxasisaiil (nonozkerHs), TOAI AK CTOCOBHO
MIKPOMACTMHOK 3 1X ABOICTOK MPUPOAOKD BazKO TOBOPUTH NP0 TOM-
Hy JOKAMISaIo. Kpuis AK €QMHE l(ile posnojilieHa B npocTopl, 1
ToMy i1 NOJIOKEHHA HEMOHIUBO TOYHO BUIHAYMMTIL

Bepnep Kapa Telisenbepr (1501-1576) -—ﬁHiMEI.I,HFIdi
hiank-TeopeTHK, OIMH i3 THOPIIR KBANTOBOI MEXAHIKW
Hayxosl npail DpMcBAYEHi KBAHTOBIN MEXaHIL i_ KBAH-
rorift enesrpoauEamitg, pemmmlmmﬁ tmammi’- Teo-
pii noad, Teopil sUpa, MArHETHAMY, (I3W) KOCMIMHFRX
npoMents, Teopil eneMeHTapHUX HACTUHOK.
maTpiry mexamixy (1925) — nepuns BapiauT KBAHTO-
BoT mexamirs. ChopMymoBis NPHHIMIT HEBMIHAYEHOCT]
(1927), sxumit oBMEKYE 34CTOCYBAHHA KIACHTHIX yHB-
news» o mixpool'exris. Crineio 3 TL A M. Jlipaxon
(1002-1984) sucynys (1928) imeto ofminnol Bs3acMomil,
gpisam oOmimn cume Heaanewso sig f L ?paum.m
(1894—1952) poapolus NEpiry KBaHTOBY TEOPIO pepo-
MArHETHM3AMY, AKa TPYHTYBaJGacH Ha ofimimii BEREMOLL
eneicrponin. Crinseo 3 B Tlayni (1900-1858) sneptue
cnpobyBae cthopMyaBaTH TEOpli0 KBAHTOBOL ENEKTRO-
MHAMIKY, BIPOBRIUAILIN 3arafibHy CXEMY KBaHTYBAHHA
nonis. OfuH 3 asTopis APOTOHHD-HEHTPOHHOT MOmeni Afl-
pa. Jlaypear Hobenigcuoi npemit (1932).

B. K. TeiizenGepr nifimoB BHCHOBKY, L0 icHyE OPUHLMIIOBE oﬁ:\_ﬁe-
sOHHA TOYHOCTI, 3 AKOI MOJKHA BMBHAYMTH NOJOMEHHA Ar Ta iM-
mysmwe Ap GyAb-fARol mikpouacTuikM. ChopmyibOBaHe obMeneHHA

fyn0 HAGBAHE NPUHYUNOM nesusnavenocmi. Lleil npuHININ MOMHA
nofaTH Tak:

Bepuep Kapn
Teiiaeniepr

AzAp > % (3.21)

Ze Ap — awmiHa iMITyJNLCY EJIEKTPOHE B atomi; Axr — 3MiHa Nono-
JKeHHSA eNeKTpoHa B3JIOBIK OCi 1) h — crama Ilnanka.

BrigHo 3 MM MNPHHLMIOM AJA eJeKTPoRa, Mo _m?peﬁynae BCEpe-
AWHI 4TOMA, OIHOHaCHO TOMHO BHAHAMITI iMITysIeC i J0ro NOJIOMeHHA
B OPOCTOPI NPMHLMIOB0 HEMOAUIMBO, TOMY HE MOMCHA TOBOPHMTH TIPO
PYX eNeKTPOHIB HABKONO Anpa aToMa ro OKpeMItK KOJOBMX opbiTax.

MMonuskesHA ENEKTPOHA B aToMi HeohXiMHO BHAHAENTH B MEIKAX
pajiyca aToMa, TobTo SHaYEHHA NOpAUKY 108 o 3a TAKHX YMOB HE-
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TOSMHICTE BHAHAMEHHA iMnyMecy mpopisrmesatime L0719 r-om/c Buauenus
IMOYNLCY EIEKTPOHA Mac NOpAucK anaksenna nobyTry fioro macn 9107 ¢
Ha WIEIIKICTE, AKa npnimisae cranoents 10% em/c, Tobro immymee npu-
Garano gopismoe 10719 Beinen sixogurs, wo noxsbra y sumiposBauni
imnyrsey (i signosigno exeprii) gopipHoe SHAMEHHIO camoro imnynscey. Le
O3HAYAE, 110 SHAHEHHA IMIYALCY BMEHAMNIH HEMOMWINBO, OoOHO1 apbiTh,

no AR enexTpod B artomi obepractees nopifeo Ao BamKOl KyJNLKH HA
HHTLL, B ATOMI HEMAE

Tinoresa JI. ne Bpoiing 1 npuHipm HesusHaverocti Defizenbepra
ZANOMATKY B4 POIBUTOK HOBO1 Teopil Oyn0BM aToMa, AKa BUILIMBAE
@ XBWILOBMX BJacTiBocTell enexkrpona. Mexawika wmikpoof'exris
pgicTana wasBy weammoeoi sexaniku. Bora onepye fimMosipricTio ne-
pebyBaHHA HACTHHOK Y [NEBHOMY npOCTOP], afie HiMO0ro He roBopuThb
Npo KOOPZMHATH Ta WBMAKOCTI iXHLOTO pyxy. B Hijt sGepiraiors cBoi
AHAYEHHA NMOHATTA Macl, €Hepril Td MOMEHTY IMOYJBECY “aCTHHRHN.
BamMicTh TepmiHa «PYX ENeKTPOHA: S3ACTOCOBYIOTE TEPMiH «CTaR
enexTpona», OTKe, €NeKTPOH Y ATOMI MNOBOJAUTBCH TAK, L0 CBOI
npoicTi BHACTMBOCTI BiH BHABNAE, HawebTO SaNOBHIOKYHM NeBHNI
ob’eM HABKONOAAEPHOTO NPOCTOPY.

BaKkoHM PYXy MIKPOUACTMHOK Yy KBAHTOBill MeXaHIlll BMpajXalTb-
cA pisusaAM [lpeninrepa.

Piguauna Wlpeninrepa. ¥ 1926 p. ascrpificeruit disix E, Iipe-
MIHrEp, BUXOOA4YM 2 XBWILOBUX BIACTHBOCTE! eNIeKTDOHA, npunyc-
TUEB, IO CTAH ENEKTPOHA B 8TOMI MA€ BiANIOBIAATH YMOBAM yTBOPEH-
HH CTOAY0] eNeRTpoMarriTHOI xBum (puce. 3.7).

JomsuBa wona - 2ar

Pre 3.7. Cxema Ta yMOBH ¥TBOPEHHS CTOAY0] XBiJi:

2nr = nd (n — uine wicno)

Bigomo, 1o cToA4Ya eNeKTPOMATHITHA XBMJIH BUHMKAE Tofl, KOJIW B
manazoni il NOLWMPeHHEs BKNANACTHCA L€ 9MCI0 AOBMUH XBiuib. B
irwomy pasi inTepdepeniiin spyfinye cranuii Xxeunbosuii pyx. Kpim
LBLOro, eNeXTPOHHEA XBIJIA B aTOMI HE MMOBMHHA 3MIHKIBATHCSA B Yaci.
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Epgin Ipeginrep (1867-1961) — ascrpificern di-
ANK-TEOPETHK, ONMH i3 TEODLIE KBAHTOBO] MEXAHIKH.
¥ 1925-1826 pp. poapobue Teopilo pyxy MikpoHac-
THHOK — XBMABOBY MEXaniKY, B OCHOBY AKD] MOKIAB
PIBHAHHA, 3rOJOM HA3BaHE HA MOr0 4eCTs PLEHAHHAM
[Hpeninrepa, 10 BIMIrpaE B ATOMHIUX NMPOLECcax TaKy
camy (hyHABMERTAIENY POk, AX i 3aKkoRH Helorora —
¥ KJacHuHLT Mexaniyi, 3a mo Oye yaocrocmn Hobe-
Aisckkol npemii (1933). JloBip eKBIBANEHTHICTE CBOE]
XBMIBLOBOT MEXaHIKHM | KBAHTOBD1 MEXaHIKM B MaTpuy-
Hifi dopmi, posesmyTol B. leiizenbeprom. [Ipore em-
XOBaAHMI Ha TPaNMIiAX Kaacuarol isukn, AKE IpyH-
TYBANACA HA NMOBHOMY JeTepMiniami, Bin we mir mmc-
JATH THUMMK KATErOPIAMK | HE CIIpMITHAR KBAHTOBY

: : MEXAHIKY AK 3ABEepllEHY Te0pilo, OCKiMbLKM B HIM He
Epein Tipeaiarep Gyno moenoro nerepmiviamy. Bin namarapca nobyny-
BaTH TEOpll0 BMKIIOYHO Y TEPMIEAX XEMIb, LI0 ITpH-
MYCHID HOrD BCTYNHTH B JMCKYCI0 3 THIIMMKM Mposij-
Hymy chisukamu, aoxkpema 3 H Bopom

Buropuctapum pieasuug (3.20) JL ge Bpoiina ta sMpas ana Bu-
SHAYEHHEA IMIYNbey ENEKTPOHA

p = muv, (3.22)

MOKHA JIETKO OflepIkaTil BUpas
&=—, (3.23)

ik yame z3azHauamnocH, 3rifiHo 3 Teopicwo bopa piBHAHHA IR NOB-
HOl €Hepril eNeKTpoHa, M0 PYXAEThCH, MOXKHA IAMMCATH AK CyMYy
norertianeHoi U ta kinetyunol Ey;, esepriii
E=U+Eg;, (3.24)
abo 3 ypaxysauuam pissauea (3.9):

3
E=U+ '"‘;’ . (3.25)

IMincrasueiny aHaveHus v 3 pieuAHHA (3.22) y pieeaAHHA (3.25),
picTanemo BMpas:

P _p-u. (3.26)
2m

3 ob'exmanoro pisaaEHs (3.23) i (3.26) moxsa mictatyn
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2 h?

= (3.27)
2m(E - U)
I3 diamnkn BiOMO, 10 XBHJILOBMIA PYX MOMHA OMMCATH CTAHJAADPT-
HUM pieHAHHAM [OArerca, saranbHinM Malike [INA BCIX TUME XBIIh]

My Py Py e’
PP A R

Jie T, Y, 2 — KOOPHMHATIL
IizcraBusum B e piBuAHHA BMpas ans A? 3 pisHauHA (3.27),
OIE PHVMO

Py At 2
At ﬁlhzfiw Uy =0. (3.29)

Ile mucpepennianere pIBHAHHA y YaCTHHHUX TOXHMX Onucye
XBUIIBOBMI pyX enexkTpoHa B8 atomi. Binome BonO min Haasow pie-
nannn Ilpedinzepa.

SMiHHa BEMMMMEA Y € (DYHKLUIEIO KOOPAMHAT, 3&8 AKOK MOYKHA
aHanTu dimosipuicrs. Lo dyskuio wasusaoTes reuanoeow Pymx-
yiew. Bona nos’szava 3 amMnniTy/l0K0 KOMMBANBHOTO PYXY €NEKTpO-
Ha i MOe HabysaTy Ak IO/laTHMX, TaK | Big'eMHMX 3HaueHs, ToAl AK
AMOBIpHICTL 3aBMMIM BUpAXKAETheA NOAATHMM HMCHIOM, 3 wiel npu-
YMHM MA7F PO3pPaXyHKiB JMOBIPHOCTI 3HAXOJZKEHHS ENeKTPOHa B
NMEBHOMY MICI[i BUKOPHCTOBYIOTE ii KBampar — WP, sxuil SaBsaM €
AONATHOK BETMUMHOWL | Ma€ nesHuii Qiamummit amicT: nobyrox yidV
Binosinae iivosipHocTi nepefysamns uacTuHIM B TesHOMY O6'emi

1 MA€ HaRBY (N5 €NEKTPOHA) EACKTPOHNOL ZYCMUNL.

IMERM CTaH enexTpoHa B atomi Moyke GyTH Tinbku disuuno Bu-
SHa4eHMM, XBuibosa diyHkyia mMae By cxinyennoo (e nepemeopio-
6QMUCH HO HECKIHNENHICTND), Geanepepenolo Tma 00HOZHAYKOI0, & Ta-
KO MEepPeTBOPIOBATHCH HA HYJb TaM, JIe HacTMHEKA He mMoxke nepeGysa-
TH, HANPUKIAA Y pasi HECKIHWeHHOro BiIaneHHn eNexTposa Bin Apa.

Pose'nsapnmt  piewsuns Illpepinrepa, mosksa GHaiTH NMOBHY
eHepriio cuctenmu E Ta sanemuicTh dyHKEUl ¥ Bi KoopaMHaT, TOBTO
poanopin enexrtponsol ryctumit Ile praetwes spobutu ans waii-
PIaHOMAHITHIIIMX KOHKDeTHMX CTaHIB cMeTeMM, 5Kl piZHATHCH BUpa-
3om thymkuil norenniantroi eweprii U = f (x, y, z). Bin supasy U
SaMeUTE METOJ] POSB A3YBaHKA TA HOr0 PE3yNbTAT.

Hnsn poss'saysauus pIBHAHHA BMEOPHMCTOBYIOTH TIONAPHY cHMCTE-
MY KOOPAMHAT, UEHTP sAKOil 30iraeTkes 3 sppom atoma (puc 3.8). ¥V
HIif MONOXEHHs ENeKTPOHA BiNHOCHO #AApa Mae safdemaTd Bif
Papiyca r, KyTta umporn O (asumyma) Ta KyTa OBrOTH (.
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z PeaynpratoM po3B'A3aHHA
€ XEnns0Ba (DYHKUIR ), Open-
: craBneHa y surnsaal aobyrey
pagiameuol R(r) Ta KyToBUX
©(8) | O(p) 1 cknanoBux:

y(r, 6, @) = R(rne(0)d(g) (3.30)

R (VG Houy 3 BHAIEHMX [AJA
S i poas'AzaslA cknagosux R, © i
S @, a omre, | Y, MOSKHA 3HANTH
34 fOCOMOroK TPLEOX LAJIouHc-
Y JOBUX BEJUYMH, HKI Hasusa-
OTE KEAHMOBUMY YUCALMU.
EsauTopl YHMCHIE [O3HAYAKTL
nitepamy n, | 1 m. Toai momxea

Puc. 3.8. Ccpepuuni Ta Aexkaproni

KOOPIMHS TH SAMUCATIL
R(r) = fi(n. I);
©(0) = fu(l, m); (3.31)
D) = fa(m).

§ 4. KeanToBi uncia ra opbirani

TlopHe KBAHTOBO-MEXAHIHE PO3B'AZAHHA 3afati [po eNeKTPOHHY
BynoBy ATOMa BOJHIO AZE PAM XBUALOBMX (PYHKUIM 1 BiANOBLAEMX IM
eneprift. Kokna 3 HUX € OpWiHATHUM PO3B A3KOM 3a/ad4i.

Husi samicTs tTepmina rewrwnsa (yHKYIA eiekmpona JUIR No-
JHAYEHHA CTAHY ENEeKTPOHA B ATOMI BIKMBAITEL TEPMIH opbiTans.
Bin ogHodacHo xapakrepMsye i eHepriwo, i enetmcpiuny thopMy 1po-
CTOPOBOTO po3nofiny enextpora. [lpu 1poMy BHYTPHUHEOOPBITANL-
Ha AiNAHKA MAE BHCOKY €NEKTPOHHY TYCTUHY. 3a il memamu Bipo-
rigsicTs nepefypanua enexkTpona € Huasrow. lle — 3 oasoro Doky.
¥ ypoMmy nonarae sigMiHHICTL KBAHTORO-MEXaHIMHOT MOJAEND B MO-
neni H Bopa. 3 iHmoro 6oky, KBaHTOBO-MEXaHiSHI pospaxyHKH o-
KASYIOTE, [0 MAKCHMAMEHA ENEKTPOHHA I'YOTHHA 30CEPE/KEHa Ha
Takili pigerasi Big Anpa atomMa BOIHIO, HEA BUIMOBIGHE pamiycy
opbiTn enexTpoHa arigne 3 Teopiewe H Bopa.

CrayfiorapHoMy CTAHY ENeKTpOoH:d BiANOBIAAE TLMbKK OJHA JO3BO-
neHa komDiHAlif TPpeOX HBaHTOBMX umcen n, I, m. Komkuili rarif
wkomOinauii Bignoeigae onuH i3 posp’AsSkiB XBUJILOBOMO PIBHAHHA
Hlpeninrepa, Axuil i HASHBAKOTE XBUILOBOK (hyHKUICW, OpGIMArI0
abo eNeRTPOHHOW XMa PO, _

Omsxe, opbiTant ULIKOM BHU3HAYEHA, AKUIO oA HEl BIAOMI 3Ha-
YeHHA KBaHTOBMX 4ucen n, [ i m; yei nabip € sanpecow» enekTpoHa
B dTOMI.
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JloaBonena KOMOIHALIA TPLOX KBAHTOBUX YMCEN BM3HAMAE YMOBU
yTBOPEHHH ENEKTPOHOM ¥ CTRUIOHAPHOMY CTaHi CTOAYOI EJEKTPOHHOI
xeuni. [Ipy npomy BiH He BHOpoMiHIOE edepriw. KO K eNexkTpoH
QepexoanTh 3 O/IHON0 CTAWIOHAPHOTO CTaHy B IHILMI, NOBMMHA XBUJI
ZMIHIDETECH | NIEPeCTaE BIANOBIAATH YMOBAM YTBOPEHHA CTOAY0] XBU-
ni TTonokeHHA €NEKTPOHA CTAE HECTUIKMM | 3MIHIOETBCA NOTH, JOKN
JIOBMMHA XBHJI HE MOYHE BIAMOBIMATH HOBMM CTAalIOHAPHHUM yMOBaAM
ariHo 3 HOBMM Habopom kBaHTOBHX umcen n, I, m. Taka amisa crany
eMEKTPOHA MOB'A33HA 3 NOMMMHAHHAM ab0 BUNPOMIHIOBAHHAM eHeprii.

lonocene weanmoee wuwucao n. OCHOBHOK XapPAKTEPUCTHUKOK)
eNeKTPOHA, AKMIT PYX4ETbCA ¥ roni Agpa atoma, € eHepria, Enepria
eNIEKTPOHA B aTomi MOke HaByBaTH He HKMX 3aBroJIHO, a JIMIIEe [MeB-
HItX, JI0ABONERUX JIMA HOro CTAuiORAPHUX CTaHIB OUCKPeTHUX 3HA-
yeps. Konmy eNexTpOH TOTNHHAE KBAHT eHepril, BiH nepeMilnyeTneH
Ha opDiTalli 3 BHIIOKD EHEPri€w, KoMy BHUIIPOMIHIOE — CIIYCKAETLCA
ua opbitani, 6oyl no anpa. Exeprersmumil pisedb Ta 3arambpHuil
3anac eHeprii eMeKTPOHA B ATOMI BHSHAYAE 20A08HE KEAHMOBE HUCRO
n. Bowo HabyBae UinoMMeaoBx 3HAYEHE HATYPATLHOIO PRAY i MOMe
AMIHKOBATHCE Bift 1 10 o0, YacoMm oo NosHaqa0Th TaKoMK BESIMKIMMH
nirepamMn JaTuHCLKOD abeTrn:

Yucnoni aHE“EHHA N 1 2 3 4 5 & 7
MNoanavuerna K L M N O P Q

Yucno n mae npubnmsHo Taksgi camuil amict, sx i B mogeni Bo-
pa, Kom! MAeTLCH [P0 eHepriin. SHAMEHHAMM T XapaKTepu3yloTh
TaKOIK sidnocKi paniycH eNEKTPOHEMX XMAp.

Tak, axme n = 1, To enekTpoR nepedyBae B OCHOBHOMY, Haii-
HIDKYOMY 33 €HEepri€x no3BoneHoMy cTaHL BigsocHl poamipn enek-
TPouHOI XMapu ¥ ubomy pasi mHafivernui. [Ins aToMa BOJHIO eHepre-
THyHl piBREi 3 = 2, n = 3 i T. a € sbymreHuMl. 30y KYIOHUCE,
ENEKTPOH NOTNMMHAEe eHeprivo. B oCHOBHOMY CTaHi enexTpoH Halimil-
Hillle 1noB'Asanuit 3 spoM, y 30ymxenoMy — crabrime.

Opb6imaavne xsanmose uucao l. OpGimaavne (a3umymaonvhe)
waanmosée yucac | Eussadae hopmy enextpornoil opbiran (puc. 3.9).
Opbitansie kBanToBe yMeao | nop'ssade 3 TONOBHMM KBaHTOBMM
qucnom 1, Habysae n 3HaYeHL BIATIORLOHO [0 HOMEPS eHepreTHYHero
piBHA | aMiHIOETECA B Mecax pisuA Bin 0 go n — 1 (Tabn 3.2).

TaGauys 3.2. Mexi aminn opdiTanbHoro KBAHTOBOTO 4HCEa

o n ] i Huecno suayvens | |
1 0 1
2 0,1 2
3 0,1,2 3
4 0,123 4
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" Liicbposomy noanadensio opbitanerHoro kBaHTOBOrO Wiema [ sig-
MOBIAAKTE NO3HAYEHHA JTepaMu:
OpbiTansHe KBaHTOBE 9Meno | 0 1 2 3
} [oaHa™eHHA EHEPIETHYHOTO NiAPIBHA s p d f

Obuaea  cnocobn  nosnavyernds  opDITANBEHOMO  KBAHTORONO  “MONA
(enepreTuyHOro nigpiena) | € TOTOMRHMMIL

3dz=

ExepreTvuni mopiBEl NO3HAYAKTH 33 THOAMK BIANOBigHMX I JiHil B
ATOMHMX EJ.'IEI{'TPBJ!, a4 camMe:

s-mifpiseHsL — 3a «piskolo» (sharp) s-aiuieo;

p-nigpisess — 3a «ronosHoox (principal) p-niniemn;

d-nigpisens — 3a «uupyanoios (diffuse) d-niniew;

f-ninpieers — 32 «dhyanamentamssoor (fundamental) f-ninieso.

3a sajanmM sHavenHAM umena | sa pisuaanaM Ilpenivrepa mosc-
HA ODMMCINTH KYTOBMI MOMERT enexkTpona. HaliMeHiunM € sHaveHHA
KyTOBOro MoMeHTy zina | = 0, B mipy sfinbiuenns | kyTosMit MOMEHT
EJIEKTPOHA 3POCTAE.

Taw, arigno a3 pue. 3.9, vomu opbiTaneHe keantoee wicno [ = 0, To
s-opbitTans Mae xymcry cdopMy ponofiny eneKTPOHHOT TYCTHMHM,
komu | = 1, To p-opbitaye mae rantenenonibuy copmy; ko [ = 2,
To d-opbiTane ckrapaeTbeA HEMOBEM 3 ABOX NMepexpelieHux “rante-
nen”, popma f-opbitani we exnagHina.

Ha puc 3.10 napepeno rpadiune so0paykeHns posnofginy esek-
TPOHHOI rycTurn (xBunbosoi ¢yuknii v Ta 11 ksagpata %) ana
ls-enexTpona 3aNeHO Big #Or0 BiICTAHI © Bij AApa aToMa.

Haseneni rpadirn ana dynruii y ta i ksagpara y? cumerpinisi
BITHOCHO OPAMHATH, 110 CBiIMMTBL IIPO Te, L0 ENeKTPOHHA XMAapa
ls-enextpona mae cdepuiny cuMerpio, 10670 it Bignosimae kyna-

cta thopma.
v /
a ' [+

Puc. 3.10. Mpachixme sobpamentn xsunsopol hyrxuii v (a)
Ta 1i kEanpata w? (6) mna 1s-enextpona

w!

Puc. 3.9. Popmu i npoeToposa opienTaia s-, p- i d-opbitaned
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anrdy? VmosipHicTs BUABMTH esek-
'y TpoH y manomy ob'emi AV Bu-
paxkaioTs nobyrkom WAV, Jlnna
gkynscrol  s-opbiram AV =
= 4nr’Ar, ne Ar — pesxa mana
BEJNMMHHE, TOMY HMOBIpHICTB
BHMABIEHHA EJEKTPOHAa Mac ﬁy-
TH nponopuifinole  4rrayd Y
usomy nobyTtky B Mipy 3po-
CTaHHA pajiyca T  MHOM-
kg 4m?  sbimbmyerses, a

053 A MHOXKHMK 2, HaBOaKM, 3MeH-
- - » wyecrses. Konm apaueHHs v ma-
To T @, nobyrox 4m® apocrae

HIBUZILIE, Hi¥ 3MEHIIYETLCH 2,
a B pa3al BEJMKHX 3Ha4eHb
paniyca T — HaBrnaku., Tomy
rpadiiusa aanesxdicrs gobyTky
4nr’y? sig papiyca r npoxomuTe wepes maxcumyMm. [i HasusaioTh
rpadiikoM paniaibHOrO po3nofiny #WiMosipHocTi nepebyBaHHs enek-
rTpora. Ha pic 3.11 sobpasxeno papianbsmii poanonin fiMosiprocTi
nepefyBanna 1s-erexTpoHa aTOMa BOAHIO. STIHO 3 MM PHCYHKOM,
Ha mipcrani 0,053 um (0,53 A) sin sapa 1A AMOBIpHICTE € Hail-
Ginb1om.

Taxwuii posnogin iimopiprocTi Bigobparkae ocHOBHY BiMIHHICTE ¥
nornAgax, Wwo rpyaryorsea Ha Monesi Bopa i kBaHTOBO-MeXaHiuHIN
monieni aroma. Tak, axno, 3a H. Bopom, fiMosipHiCTE BUABKHTH €NEK-
TPOH y aToMi BOOHIO Ha Bigcrani 0,53 A Bl Agpa crasoswrs 100 %,
T0GTO eNerTPOR obepracTCA No KONOoBiH OpOiTi, TO 3a KBAHTOBO-ME-
xamiunol Mopemno Biacrans 0,53 A — ue nmme wasiiMosipHimii
pajiyc, Ae BJACTMBOCTI ENEKTPOHa B aTOMI BOJHIO BMABJAITLCH
valivacriine. Kpantono-mexaniuny opbitans, abo enexkTpoHHY Xma-
py, cnin yasnaru s ob'emumit TpuBuMipHit: ob'ekr,

s-EnexTponHi opbitani mpyroro, TpeTboro, HeTEEPTOro i T. O
EHEPreTHYHNX PIBHIB TAKOM MAOTh KYNACTY (hOpMY, ANE€ B IEOMY
pasi xBUILOB& (DYHKLIA 3MIHIOETBCH cknagsime. Tak, 3anexHicTb
xeunbos0l (pyHKUil W Big pamiyca r anA 2s- i 3s-€NeKTPOHIE He €
MOHOTOHHOI), Ha pisHMX BifcTaHAX Bif Anpa Y Mac pisni 3HakH, a
HA BIOMOBIAHMX KPWBMX 3'ABNAIOTLCH TAK 38aHI 6yalosi MOuKU, B
aeux Y = 0. [lna 2s-eneKTpoHa BHABJEHO OOHY TAKY TOYKY, IJH 38-
ENEKTPpOHA — JIBl 1 T. Ji, NPMNOMY CTPYKTYpa BiNOBIHOI enex-
TPOHHOI XMapH, a omxke, i rpadiky pamiaJEHON0 poanoginy fMo-
sipHocTi nepefyBaHHA €NeKTPOHa yckIaiHIoTECA (puc 3.12). Tak,
Ha rpadiky Ans 2s-€neKTpoHa 3'ARNAIOTECA [iBA MAKCHMYMM, JIIA

Pue 3.11. I'padiix pagiansaoro pos-
nopiny #moeipHocti nepeGyBannn
ls-emexTpona

KEBAHTOEI YMCJA TA OPBITAJI 8]

JS-€NIEKTPOHE — TPH MAKCHMYMH i T. 7, NPHUOMY POSMILLEHHHA 1O-

JIOBHOIO MAaKCHUMYMY BIANOBINA€ 3HAYEHHID MUJIOBHOMO KBAaHTOBOTO
SHCJA M.

Ha migminy sin s-emexTponis xsunnosa hymuis P-eNeKTPOHIB
3HAYHO chnagniua. Bona we mae ciepuynoi cumerpii i na HOYATRY
KOOP/MHAT NEPeTBOPHETLCA HA HYMb. Poanoginy fimosiprocti asa-
XOJKEHHA 2p-eneKTpoOHA BiANOBIAE raHTenenomnibua tdhopma ener-
TPOHHOI xmapy. Pamianwewii poznonin iimosiprocri nepefysanusn
3p-, 4p- | T. I €NEeKTpoHis YCRIaHWEThCA, NOUI0HO o YCKIajHeRs
ang 2s5-0 ds- i 1. g Bignosinuo sa rpuaux rpadiutol zanesuocti
3'HBNHIOTBCH JIBA MAKCHMYMHK (3p-enexTponn), TPy MarcHMy M (4p-
€NEKTPOHN) | T. 2, ane vahbinelunm MakcuMymM BiAJanenuit sin Anpa
Hi BEJIMMHY, AKa 3AJTEIKUTE Bl TONOBHONO KBAHTOBOTO SHC/Aa 1.

y y

. /—\
L 4 r

N

Puc. 3.12. Xaparrep avinn xmnmosol dyuewii w ans 2s- i J5-eneRTPOHIB

v CTaHI $-XMapy eNeKTPoH 00epTacThes HABKONO Anpa Haibinbin
“IPAMOJIKHIIHO», HafblIblLe Yacy «IpoBOANTL» Bian Anpa i sajimin-
HILUE 3 HUM ?B‘naam-{ﬁ. p-Enextpor mae Ginbiu sBMKpuBIeHy» Tpa-
€KTOPI0 NOPIBHAHO 3 $-€IEKTPOHOM, TOMY BiE [€II0 CJADKIIe 38 f-
3anuli 3 #xpom. Te came mosua crasaTH, nopisuaeim d- i P-enek-
TPOHM | T. 1L, Tomy piauuM aHaveHnAM | y menax E€HE PreTUYHOro
pl.l?Hf! BUITOBIIAE  piSHA eHepréTHYHa aJaTHICTh ENIEKTPOHIR
3B A3YBATUCH 3 AAPOM. Otixe, opbiTalbLHUM KBAHTOBMM YHCAOM [0-
SHAYAIOTE eHepreTHHHEMH nipisens. Enepria ninpiesie sa pissi no-
CTYIOBO :?5LﬂbLLroET'bCHZ Eny < Egp < Egg < Eyy, @ miumiern SB'HA3RKY
CIEKTPOHIB 3 AAPOM — ZMEHIIYETLCA.

3rigno a ganuMy Tabn, 3.2 NEpLIMi eRepreTiiiBuil pisess (n = 1)
CHJIBNA€TLCA 3 OOHOrO Hinpisus: ls; apyruit (n = 2) — 3 gsox: 25 |
2p; Tpetiit (n = 3) — a TpLox: 3s, 3p, 3d; wersepTuhi (n = 4) — 3
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qoruphox: 4s, 4p, 4d, 4f i v. n. Omxe, B Mipy aOLIBLIIEHHA N 3POCTAE
eHeprisA Ta YCKNA[HIOETLCA XapaKTep pyxXy enekTpoHa. .
Jlna nosHAYEeHHA TMAPIBHIB MOEAHYOTH UMppy ['n]-_!l mm?y_(g.
Hanpuinaj, NO3HAYeHHA MifpiBesA ls osHayae, mo n = l,al =0
Jlna s-migpiBHiB BUINMX €HEPTeTHYHMX pPiBHIB sHavenHs | aamiia-
€TLCA HEaMIHHMM, 2 3MiHIoEThCR mue n 28 (n = 2, [ - 0}. 3s
(n =3, 1=0)ir n Bignosigao pna p-, d- Ta f—l'f],ﬂplBHlE._ 2p
n=21=1)3pn=31=1) 3d(*.:1=3,1=2].4dfn-4.
i=2};4f{n==4,I=3};5f[ﬂ=5,l_=3]1'r,p, _
Iligpissi 1p-, 2d-, 3f- ToUW He iCHYIOTH Ha 33a3HAYEHHX DIBHAX,
DO AJA HMX 3HaYeHHA OpOITanLHOTO KBAaHTOBOLO “icna I nwe Bigno-
Rijac J03BONEHIM KBaHTOBOK TEOPIED MEam ﬁqm AMIHIL
IosHawenHa TIAPIBHIB BMKOPMCTOBYIOTE MiJ HaC CRAA[AHHA
enexTponHO-KoHpITypauiiiEmix opmyn aTomis, 3'ACYBAHHA XapaK-
Tepy 8B'AakKiB, MOMIMBOL XIMIMHOL TNOBeAIHKN eJIEMEHTIB Tomo. Jna
CrIAaHHA eNeKTPOHHO-KORGIrypauiiHux (opMysl AOCTATHBO HO-
inpieuie: 8, p, d Ta f.
mﬁtﬂ;ie IGBIIH‘!’I'?;-OBE u{c.m m. Maznimue Keanmose wucao m
nos'AsaHe 3 MPOCTOPOBOI0 OPIEHTALIED ENEeKTPOHHMX opbiTaned
atoma (e, puc. 3.9). Bono moxe uabysaTn yci u.l..rioquc.num JOOATHI
i pig'emui smauenns sig - go +l, y Tomy uneni i 0. Bcu_am_ Ha
mizpiesi markiTHe keauToBe yMeno m mae 21 + | 3Haverb, d Ha piskl —
n? aHAYEHD. _ ‘
KoxHOMY 3HAYEHHK) MArHITHON0 KBAHTOROrO YMCHA M BiANOBLAAE
OflMH eHePreTHHHIA craH abo OfiHA eNeKTPOHHA opbitans 3 BuakHa-
qeHOK MPOCTOPOROIO Opientatjero. Bei opbitagi ofmoro mixpisss B
i30MLOBAHOMY ATOMI MaloTh OJHAKOBY EHEepruo. CxemaTHuHo OfHY
opbiTane NO3HAYAIOTE KOMIPKOIO (KiiTHRKOWD, Tabmn. 3.3).

Tafauys 3.3, Mexi aminn MArHiTHOrD KBAHTOBOrO MMCIA

Tweno CXeMaTHYHE
1 m C'Pg"::;'-‘ﬁ noaH&4eHHA
. D T
1 -1, 0.1 3 EEE
2 -2,-1,0,1,2 2 EEEEE
5 3.22.21,0,1,2,3 7 EEEEEEE

Ockinsku Ha OGyge-AKOMY pIBHI 71 3arafbHe “HCNO opﬁi'_ra.neﬁ
nopiemoe m?, 1o nepumii pisexs _mic'r:-rrh TINLKY  OfHY opﬁn'a.m:
mpyrit (n = 2) — worupn opbitani: opuy 2s i TPH 2p, 1_-pe'r1ﬁ n=
= 3) — pes'sThb opbitaneii: onHy 3s, Tpi 3p Ta AT 3d iT. &
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INozravennio migpisus, HANPHUKENRAD 2P, BIAMOBINAIOTE SHAYCHHA
n =21l = 1. MaruiTHe KBaHTOBE WHMCNO M y LBOMY Pasi MOKe Ma-
it Tpu sHaveHHA: -1, 0, +1. Omxe, ueli nmigpisens cknamaeThea =
TPEOX ranTenenonibuiux p-opbiraneii, npoeToposo posmimeHnx ya-
AOBM OEKADTOBMX OCEH KOOPAMHAT: P, Py Po- Innexc Bing nivepu p
NO3HAYAE BiCh, y3/10821 AKO] poamilliena us opbitans.

3a yMOB, KOJM aTOM B3aemoOji€ 3 IHUINMK aTomamy abo nepeby-
Ba€ B EJEKTPHYHOMY [0JH, TPOCTOPOBE PO3MILLEHHA Ta EHepris op-
Bitanell MOMYTE SMIHIOBATHCS.

Po3p'A3ok XBMAKOBOrO pinkMHHA 38 ymoey, mon =1, [=0im =0
MAE BTN

de W — XuuMIBoBa (PyHKUiA, £ — sapss #Apa aTOME: T — BUOCTAHD eJek-
TPOHA Bifi ANPA; Ay — CTASA BEMMYMHA, TOB'SEGHA 31 CT810m Ilnaxxka, aa-
JEMHTEL TAKOH BIL JAPAJLY T4 MACH €NEKTPOHA | Bin Macu sAgpa.

Ana KOHKPETHOrO aToMa, JIe BHAYEHHE BeMIOMH Z | iy hixcosai,
XEMITLOBA (IYHKILIA 380U Th AMIIE B OIHIET SMIHHOT BeMMID] — T

Cnin enexmpona s. Kpaurosi unena n, l, m we yinkom xapam-
TEPHSYIOTE PyX €NeKTPOHIB y aTtomax. Busuenus CIIEKTPIB Ta fes-
KHX IHIOMX BNACTHBOCTEN AOBENO, L0 Heobxi/tna me opHa xapaxre-
PHCTHEA esIeKTpoHa. ByJio BCTAHOBJIEHO, 110 €NEKTPOH B atoMi Mac
BAACHY (DYHIAMEHTANbHY BAACTHBICTL, SIKY HaszBamy cninomsm. Crim
BHABNAETLCA B ICHYBAHHI B EJEKTPOHA 61ACHOZ0 MOMEHTTIY LMNYNB-
€Y i CTIOPIZIHEHOTO 3 HItM MarEiTHOTO momenty. Jyxe crnpomeno cniu
nepenawTs Ak  obepraHHA f3UIY  HABKOJO BRACHOI oci (Big
AHTNICLKONO CNoBa Spin — eepeteno). Jlocninmxesnamn serasosne-
HO, L0 NPOEKIiA BIACHONO MOMEHTY iMIysbCy EJIEKTPOHA MOX<e Ma-

: h | :
TH TIIBKI [IBA 3HAYEHHA: + — . — | —— . 3anexsdo sij Toro, abi-
2 2n 2 2n

TAETLCA HAaNPAMOK BNACHOrO obepraHEA ENEKTPOHA 3 HAINPAMEOM
ROTO PyXy HABROJO #Aapa um nporunesxHuit. Came Tomy B TeOpiio
YAOBM ATOMA BBEIIEHE LU1E CNIHOGE KAAHMO8E YUCAO M, BoHO mome

MaTH Ti.J]EhKIrI fiBa sHaueHHs: +!/, i =1 /o, aKi, AK 1 PELITE KBAHTOBMX
YHcen, PIBHATBLCA Ha OIHHIITH,

CxeMaTIYHO eNeKTPOH 3 JONATHMM 3HAMEHHAM CTIHY [O3HAYAIOTH
CTpimkoio, cnpamosanoio Bropy, T, a 3 sig'emunm sHavernaM — crpia-

K0i0, CripsivoBaroio i3, V. Hanpuwman, m,= + %: T m=- é: {. Ha
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MiIpiBHl MOMKYTE POSMILLYBaTHCh ENEKTPOHM 3 OJIHAKOBIM HATIPAM-

KOM CHIHY, HANPHEJIAI jp"‘i

¥ mpoMy pasi enexTpoHH MalTh napanienbHi CHiEK

Orsxe, 4oTHpH KBaHTORI umcna n, [, m Ta My TIOBHICTIO OMKCYHOTE
i XapaKTepMaylOTh CTaH eNEKTPOHA B ATOMI EnerTpons Ha NEeBHOMY
eHEepreTHHOMY PIBHI MOMKYThH MaT# KUIbKA CTAHIB 3 ﬂnuat_mm_:-sc_)
eneprieo. Hanpuksaz, TpM OOHAKOB]L CTaHH ENEKTPOHIB HA p—r‘i_lﬂpl:a
ki Gyas-AKOro pisBus; N'ATH _ OJ{HAKOBIX CTaHIB Eﬂemmuﬂﬂt_
d-nippisni GyAp-AKOro pisuf 1 T. 71 Taki cTam € Pmpoﬂmcm :
BMpOIKeHHA BHMKAE Mifi Ai€I0 HA eNeKTPOHH IOBHILHLOIO EJIEK
TPUSIHOTO M MAFRITHOTO MOJS, AKE YACTO HARBHE B XIMIMHIX CTIOMY=
kax. Enexrponu aTomi, Aiki XapakTepuaylThCA OJHAKOBUM rOJOB-
HJM KBAHTOBUM YMCJIOM 7, AJN€ PiSHMMM MArHITHMM KBAHTOBMM 'C-
N0M M i CMIHOBMM KBAHTOBMM YHCJIOM Ty, TO-PI3HOMY B3a€MOJUOTH
i3 soBHitMiM ToseM, i iX eHepris cTa€ HEeO[HAKOBOK. Ilum moscHIo-
woth edpexrn Illrapka Ta Seemada, AKl NOJATAIOTL Y POBILENIEHH]
CrIeKTpaNbHMX JiKill, AKINO JKEPEeNo BUMIIPOMIHIOBAHHA NOMICTHTH B
eNeKTPUHHE Ui MarHiTHe noje.

Mirapk (1874-1957) — simveupssii diam. ¥ 1913 p. BIAKPMB ABH-
u“.[:x;:aﬁznnem CreKTpanBEMX JiHIl B enexTpuHoMy noni (edexT Mrap-

ka). Jlaypear Hobeniscrxoi npesii (1919).

Mirep 3eeman (1865-1943) — Hinep.'nau.u,cuc_uﬁ ¢i:3m;
Hayxosi npaii NpuCBANEH] ONTHUL, MarHiToonTHil,
aTomniil cnexTpockonii. ¥ 1896 p. sinkpus ABMEe
POMENENNS CIEKTPaibHIX JiHiH Y MATHITHOMY 1o
(epext DBecmana), a TaKoH ABMILE POSLLELIEHHA
ATOMHMX CrERTPadBLHUX JiHiil y MArdiTHOMY 7107
Ginniue Hisk Ha TP KOMIOHEHTH (BHOMANBHWI ederT
Beemana) (1B98). BumipAs 1wWBMAKICTE CBITJA ¥
CTpumHI, N0 WBMAKD pyxaerbcﬂ_{lﬂli-_lﬁlﬁj, exche-
PUMEHTANEHO AOBIB TOTOMHICTE iHepTHOL Ta rpasita-
wiiinoi mac. Poapobme MeTOn BuMipioBaHHs koedili-
©HTA NOCMVHAHEA enexTPOMarHiTHHX Xeuak. Jlaypeat
Hobeniecerai npewii (1902).

Ilitep 3eeman

Poanoain enexTpoHis HA 1—4-My €HepreTMYHUX PIBHAX Ta rpa-
HyrHI YMCna opbiTaleli | eneKTpoHiB HaBeaeHo B Tabn. 34.
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Tafauya 3.4. Poanomin enckTponis ua eqepreTiaumx pisHax

Enepremiciui [Exepremimmi cran Ha =
& nij:piseﬂh! pr?-:inpmunx E.oE %E?'—f E,,;*
a |E = SEEd [FIe5(57¢
Em T 5 P % = "_5‘5..5 o3 ot |ug Ew
] ] = @ S a EECE EEE- |E& 5L
BElBal £ | = o5 |BEfgq |EREE|EREE
£z|68 2 | & 5 |g&y|88Ec |EEie|Zg:
d€|E8| & | 28 ce  |FER|OEcew |ATEElETEE
K 1 0 ls 0 1 1 2 2
1} 25 0 1 4 2 8
L 2 1 2p -1,0, 1 3 6
0 38 0 1 2
M| 3| 1| 3 1,0, 1 3 9 6 18
i 2 | 3d |-2,-1,0,1,2 5 10
0 dg 0 1 2
1 ip -1, 0,1 3 16 B 32
N 4 2 d |-2,-1,0,1,2 5 10
3 4f |-3,-2, -1, 0,
| 1,2, 3 7 14

§ 5. Baratoenexkrponni aromu. Ipusnun Mayai

Y BaraToeNeKTPOHHMX ATOMAX ENEKTPOH RIACMOfic He mmue 3
AAPOM, a § 3 IHUDIMI eNeKTPOHAMM LLOTO ATOMA, BiIIUTOBXYHYMCE
Big Hix. I Bece-Taky posnogin enexTporie ma opbitansax Garatoenex-
TPOHHOIO &TOMAa MOXHA JAOKJAAHO OMMCATY, TMPUITYCTHMBIIM, WO Lji
opGitani nonibri go opbitaseli atoma sogur. [Ipuuomy EHEeprin apo-
CTa€ #fk y pasi sDILIIEHHA rOMOBHOMO KBAHTOBOIO “MCJA M, TAK | B
pasi adlbenHHa OpbITANBHOrO KBAHTOBOrO umena [, i 7MM BLIbILow
MIpOK0 3aNemuTs Bif [, yum Bliblle exexTpoHiB y aTOMI.

BaratoenexTpoHHl aTOMM MOMHA YHBUTHM AK CHCTEMM, B AKHX ¥
N0 MOSMTHMBHO 3APHIMKEHOTO #fIpa IUAPaMM POSMILLYIOTLCH esek-
TPOHYM, CTBOPKOWHM CKIafHl edepreTwdHi  pisvi, noGynposani 3
ninpipnie. CTan enekTpoMiB y BaraToeNexTpOHHMX ATOMAX BiATIO-
Bila€ OyMe BaMJMBOMY KBAHTOBO-MEXAHIYHOMY 3aKOHY, CdOp-
MyneosaHoMy B 1924 p. nimeusksm chisuxom B IMayai i wazsanomy
npunyunom saGoponu layai:

B aTomi He Moxe DYTH [BOX eNEeKTPOHIB, ¥ HKHX ¥Ci HOTHPH
KBAHTORI 9Mena 6yan 6 oasaKoBi.

Piananmuii 3MICT LLOTO NPMHUMITY [IONATAE B TOMY, WO B OJlHOMY
U TOMY CAMOMY MiCI{i TIPOCTOPY [BA EJeKTPOHM OJHOHACHO poami-
LyBaTHUCA He MOXKYTh. Came Tomy nmea EJEKTPOHM MOMYTE 3aHMATH
OaHy OpOITANE JMILIE 33 YMOBH, 10 BOHM MaloTh NPOTUJIENHO CrIPs-
mosasl crivy. Koskua opbirans Hesanesuo Biff TOro, ne sosa poa-
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MileHa, B aTOMi 9M MOJIEKYJi, MOYKE MaTH MakCMMYM J(Ba eNeKTPO-

1. Ix nospauaioTs Tax: T4 . fAxmo s aToMi € e eNexTpoEM, TO BO-
HM MaiOTh ZA1OBHIOBATYH iHwi opbitani. Jlpa enexrTponn, skl nepedby-
BalOTh Ha opHift opbiTazni, HAIWBAKTEL CHAPEHNMM.

Bonsdwanr IMayni (1900-1958) — mwmefiuanceiom disug-
reopeTvr. ¥ 1§24 p. 3anponDHYBAB TINOTESY ANERHOTO
CHIHY, MOHIYCTHBIM ICHYBAHHA CHiHOBOrO 1 MArHITHOTO
momentis anep. CopMymOBAE OMMH 3 HAVBANUMBIIITX
[IDMELMME CYHACED] TEOpeTHHHOI thiauKi. 3rofoM Hassa-
i Ba horo sects (npumma Mayai). TToscrme napamar-
HeTHAM eNCKTDOHHOTO ragy B metanax (1927), cTpyrrypy
eneETROHHMX obanaxok atTomie. Bnpoeams (1927) v kean-
TOBY MEXAHIKY CMiH. 8 JUIA OIMCY CIHY EeNeKTDOHa —
Marpuii [enisosl maTpsai [Mayni), ereopus Teopilo criny
enextpoita. Cnimso a B. DefisesfeproM  sanponoHVvBan
(1929) maradhHyY CREMY KBAHTYEAHHA TIoJiB, 3aKnasiiM
THM CAMMM MOBATMHM CHCTEMATHHYHOI Teopil KBaHTYBaH-
uA noas Sropom, v 1931 p, EMenoBUB rinoTe3v Npo icHy-
paHHA BefirpiHo 1 cchopMymOBaE OCHOBHI BJIACTHBOCTI
E'Epi:lj?m B ocrarousomy evrnam (1955) ohopvyniman

raHt ~TeopeMy OO0 CHMMETH eNEMEHTAPHWX YACTHHOK.
Bonppraur Tlaym 7 o ear Hobeniacukol npewil (1945).

3a mpupinom Ilaym MoMHa BHIHAYHTH MO0 eNeK-
TpoHiB Ha miapieusx i piBeax. Ha s-migpissi (ogpa opfitains) makcn-
MAJIBHO MOKe NMepefyBaTi 2 elleKTpoly, Ha p-rigpiesi (Tpy opbiTasi)
— 6, Ha d- — 10, Ba f- — 14 enex ig. OckinpKy Ha piBHI MarCH-
MaJiHe Iucno opbiTanest glﬂpi‘BHi(}E‘ 1, TO rPaEMMHE WICTO ENEKTPOHIR
Ha HpoMy Moxe Gytn 2nf. Omxe, Ha NEpIIOMY €HEepreTUYHOMY PiBHi
MaKCMManbLHO Mose nepefysaTy 2 enexTponM, Ha apyromy — 8, Ha
TpeThoMy — 18, Ha weTBeproMy — 32 enekTpoHy (ams. Taban. 3.4).

Binnoeifro po npueuuny [ayai cxaparrepuayemo HEabopoM SOTHPROX
KBAaHTOBMX HWHMCEN YCI ENeKTPoHM 4p-rigpiens

[oasavenss 4p oasatac, o n =4, a =L fAxo [ =1, To MarLiTee
KEAHTOBE YMCNO TN MOME MATH Tpu snauesns, a came: -1, 0, +1. Otxe, Ha
4p-nippisdi € TpM ranl, KOHHA 3 AKMX MAKCMMAIBHO MOME MICTHTH

ABa EeNEKTPOHH, T BCLOTD Ha mippisui mmxyTh nepebysaTtu LWicTs

enexTposis (Tabn. 3.5).

Tatauys 3.5. XapaRTepHeTHRA CTANY €ICKTPOHIE ¥ ATOMI KBAHTORHMK
ypcaamMy Ba npuknani 4p-nigpisns

BHATEHNA KBAHTOBOIY HHCIA
Homep enexrtpoHa
7 I m My
1 4 1 +1 +1/2
2 4 1 0 +1/2
2 4 1 -1 +1/2
4 4 1 +1 —~1/2
5 4 1 U -1/2
6 4 1 =1 =12
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Y BaraToeNEKTPOHHMX aTOMaX SOBHIIIH] EHEpreTHHHI nigpiski
MOKY'Tb OyTH SanOBHEHI eJeKTPOHAMM He NOBHICTIO, TOOTO BUABM-
T™HCE HenoOynosanumy. EnekrTponn ta opBitani taxmx migpisusin Ge-
pPYTE y4acTb B YTBOpPeHH] XiMiYHMX 3B'Aakis.

§ 6. lMocninoBHicTE 3anOBHeHHN eNeKTPOHAMM
EHEPreTHTHNX NIAPIBHIB y DaraToeNexTpOHHEMX aTOMAaX

¥ BaraTOENEKTPORHMX ATOMAX ENEKTPOHM POSMINLYIOTLCSA B HaB-
KOJIOAZEPHOMY HPOCTOpPI B MOCMI0BHOCTI NOCTYNOBOTO [M/IBHINIEEHRA
exeprii. Enepria nigpisxis spocrae B Mipy sOLnbIeHHS rOJOBHOO
KBaHTOBOIO MMCIa 1 Ta OpbiTanbHOr0 KBAHTOBONO umMcha [

Bmomui_’{ pocificermil yuermit B. M. KneukoBenkiii 3arpoNnosEyBan
ABa NpOCTI MpaBuna, sriiHo 3 sKuMM BigbyBaeTbeA sanoBHEHHA
EHEPreTHMHUX IM/IPIBHIB €JerTPOHaMIL

¥ mipy sbinsienns sapamy AIpa aToMa NUCIiiOBHE 3anoB-
HEHHI CJCKTPOHHMX opbitaneii nouunaerhes Bijg opbiTaneii 3
MEHIIMM 3JHAYCHHAM CYMH TONOBHOIO Ta OpbiTanLHOrO KBaH-
ToBUX gncen (n + I) no opbiranedi 3 Ginpmmm 3navennam uiel
cymu (nepwe npasuao Kaeuxoscwicozo).

¥ ;ima! OHHAKOBMX 3Ha9eHL cymu (n + l) sanosaennn opbira-
neit BigbysaeThcA noOcHiNOBHO B Mipy S6inLINeHEn sHAvCHEHE
POJIOBHOIO KBAHTOBOIO uMena n (dpyze npasuro Haewxoacsxozo).

) Ilpm_man MOCHIAOBHOCT] 3aIIOBHEHHS! eHEepreTHYHUX MApIBHIB y
Mipy 3biabiuenHs eHepril HaBegeHwit v Ta
il y g 3.6,

mlg?Z} on  Maspukilionss  Knessoschrmii  (1900—
— PpapAEHCLKMI arpoximik, akagemix (1956
BﬁCI‘HI_JL Poapobnne Teopin nepiomrmoi cnf:-rema
EJIEMEHTIE, 30KpeMa 3polus aHawamil PHecok y disn-
KO-MATEMATHYIHE ODIPYHTYBAaHHA SBMIA Tepiomr-
HocTl. danposagms (1951) yaenenns npo (n + I)-mi-
JIAHKKM ENEKTPOHHUX CTaHIB ¥ aTomax, cdopmysroBas
(n + 1}-npa_mma GopmyBsanHs enerrtporsnx Kondiry-
pauii atomis Y Mipy 3pocTaMEA aapagy aAgpa. Ocsoesi
HAYHOBI ﬂﬂ?mMEHHH — I30TONHMI AHAN3 TA 3acTo-
CYyBAHHA wmitennx arTomie y arpoximii Excnepumen-
TAJILHO JOCARKYREN IKUBAEHHA POCIME i3 aacTocy-
BaEHAM PAliDaKTHBHMX 130TOMB, ANS yoro CTBOpPHE
MHBCEB'WIEII B:.]nmr_l:ﬂﬂl,n'ﬁi upunams. Busuap novenikky npomykris
BpMKitiosyry noplny paxeux Azep (erpouuin, iTpin, uuprouii
Kneyrosehrmi TpyHTi. e '
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Tabauys 1.6. Eneprernyna NoCTiA0BHICTL 3AN0BHEHHE CHEPreTHIHMX
niApiBHiB y GaraTOCJICKTPOHHAX ATOMAX

3payeHHA CyMH | Bimnosigre cymi (n + 1) spauensn Ilo:‘mapeun.n —‘
n+0h ! 1 niIpiesa
1 1 0 1s
2 2 ] 2s
2 1 2p
¥ 3 0 3s
3 1 3p
! 9 0 45
5 3 2 ad
q 1 ip
a U 5s
& 1 2 4d
b 1 hp
6 0 ts
7 4 3 af
b 2 Hed
6 1 tip
T 0 s
B 3 5f
¢ [ .3 |

Cnijl 2a3HayuTH, L0 HaBeleHd eHepreTHHHa HOI::J‘.EiIlGBHlC’i"b 3a-
[IOBHEHHS TiIPIBHIE ENMEKTPOHaMM HE BdBIKIM NOBHICTIO Y3rOOmy-
€ThCA 3 PeaNbHOI ANA BaraTOeNeKTPCHHMX ATOMIB. pmﬁmnnn aHaq-
1l BigXMNAEHHA CHOCTEPRIrAlOTECA JINA BAMKKHX &TOMIB. (Z_'zmam 3 Ha-
BUAJNIEHOI0O METO0 [ HAMMCAHHA eJNeKTPOHHO-KOHGIry pariiHi
thopmyn aToMiB, & TAKOMK M 4ac BHEYEHHA ne'_pin,uutnmm BaKOHY
Ta XIMIMHWX BJIACTHBOCTE!H eJIeMEHTIB 34JesKHO Biji enexTpoHHoi By-
0BM ATOMIB LA NOCJIOBHICTD HIAKOM NPUAATHE OJA BUKOPHCTAHHA,

§ 7. Cxiapanns enekTponno-Koudgirypanifinmx dopmyn
Ta eJerTponno-rpachiuni s06parkeHHn aTomMie

Poanofil enexTpomis ma niapieHAx y faratoenekTpoHHuX ato-
MaX BUKOPMCTOBYETBCA [1iff Hac CRIAIEHHA EeNEKTPOHHO-KOH(pIrypa-
niiiaux dropmMy..

Crnagarosy Taki hopmyay, Tpeda BpaXoByBaTH. Sarafibie HHcIo
eNeKTPOHIE y aToMi, AKe NOPIBHIOE HOPAJKOBOMY HOMEPY EJeMeHTa
B mepiommHili  cucTeMi; EHEPreTHHHy NOCTIROBHICTL 3arnoeHEeHHA
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miapieHis enexkTpoHamy; FPaHiYHY eNIeKTpPOHHY EMHICTh HiApIBHIE,
miapieHl OHOrO pIBHA QOPMYIOTh CYMICHO, AJIe BPAXOBYHITE EHEPre-
THYHY nocnigoenicTs ix  sabypoen. Hanpuwnap, nigpisens 4s
(n +1=4+ 0= 4) sanoBHIVETECA EJNEKTPoHaMu lepejl nipisHeM
ad(n +1=3+ 2=28), ap enexTpoHHO-KoHQirypatiitgiit dopmymi
fiore 3anMCyXOTL HienA Heoro, mippieens 6s (n + I = 6 + 0 =
= ) 3al0BHIOETBECA enekTponamn nepey mijapienem 4f (n +1 = 4 +
+ 3 = T), ane #1oro 3anucyioTs A&JIEK0 38 HHM.

Ar npukna)] HaBeleMmo enekTpoHHo-koHdirypatiiin dopmyn
enemenTie No B (kpcens), No 20 (kansiiit), No 26 (aanizo), Ne 33
(apcen), Ne 60 (recmm):

g0 1522522p*

20Ca 1522572 p"3523pb4 57

sgFe 15225%2pf3523pf3do4s2

33 A8 15%2522p%3s*3p%3d 45?4 p?

soNd 15%2522pb3s23pt3d ' V4524 pi4d! V4 45525 pi6s?
(n +l) 12 33 4 5 45 6 75 66

SYNHMUUMOCE Ha OpUEN&aN eNeKTPOHHOT KoH(Irypaml  atoma
KanbI[ii). JaVBarMuMO, W0 MCHA 3anoBHeHHs enekTpoHammn 3p-nipn-
piBHA aToMa KaJbliio gani 3a0ynoByeTees 4s-, a He Jd-mizipisens,
ockinexn cyma n + | gna ds-nigpiens pgopiemoe 4, a gns
3d-nigpisns — 5.

B aromi zamaa dopmyerses Jd-miapisens, wonn 4s-nmijpisess
yore sanoerennil enexrponamu. e nor’szano a M, mo cyma n + 1
nna 4s-nigpisHs MeHma, #Hisne ana 3d-nigpiess, ane eei nigpiesi og-
HOMO PiBHA B LMX KOHQIrypauisx noTpifeo 3amicyBa i NocliioBHO.

B aTomi apceHy zanoBHeHHA MJIPiBHIB BinOyBaeTLCA a@HaNOTiHHO
aTomy saniza, a nigpivens 3d zamcannii mepes nigpierem 4s 3 Tiel
camMol [IpHuYMHI,

Y pocute cknafuHiid thopmyni HeommMmy Nd 38NOBHIOETBCH enex-
Tporamy 4f-mppisens. Moro aanueyiorTs no nopaary, pasom 3 iHmm-
M1 MiOpiBHAMKM YeTBEPTOro eHepreTH4YHoro piBHA, xXo4a Bci nigpiei,
Lo 3anmueadi mens Heoro (5s, 5p, 6s), MalTE MEHIII FHAYEHHA CYMM
(n + [) i1, o1Hee, 3aNOBHICIOTLCA EJNEeKTPOHaMI paHime.

HNoericTio cdiopmoBani (3aM0BHEH] EMEKTPOHAMM) EHEpreTIdHi
pieHi B enekTpoHHO-koHGIrypauiiinnx dopmynax HOgl 3 MeToo
CKOPO4EHHA MO3HAYATE BEJIMKUMI JiTepaMu, HANpURIa:

agAs KLM 4s%4p3,

Harapgaemo, uio enepretuunomy piemo K eignosipae eNeKTPOHHA
rondpirypauis 1s?, pismo L — 2s22pf pismo M — 3523p53d10.
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CHIAJAHHA ENERTPOHHO-ROHPITYPALIRHUK $OPMYJ .. @]

3acTOCOBYHTH TAKOM IHUIMH €cnocié CKOPOYEHOro 3anucy enex-
TPOHRO-KOH(pIrypauifinux opmyn, y AKMX NOZHAYAKTL €NEKTPOHHI
MiOpiBHi, 10 3AN0BHIOIOTECH, MICNA XiMI9HOTO CHMBOJMY MONEPEaHLO-
ro iHepPTHOTO rasy, B3ATOr0 B KBAJIPaTHI IyHKN:

agAs  [Ar]3d'04s%4p3;
goNd  [XeJafigs®.

JJA IBOTO BUZHAYAKIOTL PIBHMII0 MiXK YMCAaMM EJEKTPOHIB ¥ aTomi,
L0 pO3rafafaeTLCA, i aToMi nonepenHLoro ikepTeoro razy. Orpima-
HE 9YMCJIO ENeKTPOHIB posMIlyHTh Ha MiApPIBHAX, AKl mawTb 3aby-
INOBYBaTUCE HAJI.

B enexTpomEMx KOHQIrypauiax ModHa [Oo3Ha¥aTM OijpiBHEI
€HEePreTUYHOro piBHA, 110 (QOPMYETECA, Ha AKMX 1€ BIACYTHI enex-
TPOHu | BOHM 3aMMIIAKTLCH BakaHTHuMu. Taki rmiapismi yacro Be-
PYTh y49acTh B YTBOPEHHI XiMINHMX 3B A3KiB:

asAs  KLM4s4pi4dl.

fAkio aToM nepeTBOPIOETLCA HA 10H, TO eHepreTHdHa MOCJiIOBHICTH
BANOBHEHHA 30BHIINHIX eHepreTMyHMX NigpiBHIB enexTpoHaMy SMIHIO-
ersen. Tomy enextpomy B nponeci ionisauiil samuuanTs Ti nigpisxi, nas
AKMX MOJIOBHE KBANTOBE YHCJO N MAE MAKCHMRIILHE 3HAYCHHA!

Fe?t  1522522p%35%3p%3d6(450)
Fe®t  15%2522p53523p03d5(4s)

Ilin wac BMBYEHHA XIMIMHMX BJACTHMBOCTE! ENeMEHTIB Ta ix
3AaTHOCTI YTBOPHOBATH XiMiYHI 3B'A3KM KOPUCTYIOTLCH CHPOLIEHMM
cxeMaTHiHMM 3obpascennsiM aToMiB abo IXHIX 30BHIIHIX eHepre-
TUMHMX mipisHiB, mo zabynoByiotbes. ¥ pasi, xonm Ha nigpieki
YMCJIO ENEKTPOHIB MEHIIC 33 rpaHu4He | MOXKHA No-piaHoMy Ix
pOaMiCTITH, BUKOPHCTOBYIOTE npasuao Xynda:

HA NiPiBHAX EXEKTPOHM POSMIILYIOTHCH TAE, 00 cyMa YxXHiX
CAiHOBMX KBAHTOBMX 4Hcen Oyna MaRCHMAJILHO.

Ile noe’szcaHo i3 B3aEMHUM BIJIITOBXYBaHHAM €JeKTpOHis,
posMmiiieHMX Ha nigpiesi. Enextponn sa smpomxennx opbitanax
OipiBHA MaoThk posMitnysaTuch Tak, o6 BaaemomiaTH Mid coboo
3 HalMEHIIOW EHepricid, 4 ne OOCATAETBCHA 3a ¥MOBH, 10 BOHH He
CTHAPKTLHCA. YTBOPEHHA CNCKTPOHHUX Nap eHepreTHYHO HeBHrijHe
i norpebye saTpaTi eHeprii, TOMy #a cxemi B yCiX KOMipKax z3anoe-
HIOBAHOMO MiAPIBEA CNOYaTKY pOaMINYIOTE N0 OAHOMY eNeKTPoHY, a
BIKE MAJI BOHM MNOYMHAKOTE CNAPHBATHCA.

Dpinpix Xyan (1896—19684) — miMerprmit disur-Teo-
petus. Hayrkori poboTu npucesueRl HKBaHTOBUT mMe-
XaHili, KeaHToBlN Teopil aTomiB, MOmeryn | TRepnoro
TiNg, SAr4aNBEHMM NMTAHHAM KBAHTOBOT Teopii, KBaH-
TOBIA Ximii, ictopil diamo. Bpap yyacts y poapobui
TEOPETHYHNX OCHOB MeTONY MoNeEvAapmEmx opbitanei
Ta ¥ CTROPeHHl cninsio 3 P. Mannikenom (1896—1985)
i IO. I Birsepom (1902-1990) ocrioe Teopii mMomexy-
JAPHUX crexTpis. 3anpononyeas (1927) emnipiass
cnocib BM3HAYEHHAA NOPAAKY pPoaMilUeHHs pisgis y
MyspTunierax (npaemno Xynaa) 3anposamve (1931)
YABACHHA OPO - T8 O-eNeKTPOHM, 8 TAKOK Npo 7- Ta
C-38'A3KM B MONEKYJax.

Ppigpix Xyng

Ak npuxnan HasememMo NoBHe eNeKTPOHHO-rpadivne sofpascennn
aTOMa KMCHIO!

IRNR
n=2 [E D

Hacrime HaBOAATL EJIEKTPOHHO-rpadhiuse 306parkeHuA TiabKM
SOBHIIHIX MiApiBHiB, AKki GepyTs y4YaCTE B YTBOPEHHI XiMiYHUX
ss'nakis. Hanpurnan, nna atoMa apeeny:

n=s E”LI:D%‘:D

£




Pozain 4
NMEPIOJUYHA CUCTEMA EJIEMEHTIB
1 NEPIOAVNYHNM 3AKOH

§ 1. Cnpobm knacudpikanii ximiuaux enemenTtis

ARy @ nepumx crnpob nonlmMTH eneMerTH Ha rpynu 3pobus

BupaTHHI (pasnysskuit ximik A. JL Japyasee. ¥ 1789 p.

Bii onyDrikyBap KHUMIKY, B AKill HABIB MEPeNiK «ITPOCTHX

PeqoBMH, AKI HEMOMUIMBO POSKIACTH MOMHMMM BIIOMIMN

nporecamn asasnisy». Ilefi nepemnik BrmiodaB OaraTo BinOMMX ede-

MEHTIE, a Takosk Ternory i cBitno. A. JI. JlaByaswe nopimms yci uwi
«peqOBMHM: Ha 90THPH rpyTin.

Hepwia epyne BEIDYAIA TENNOTY, ¢uiTI0 | Tkl raaM, AK KMCEHb T4 a30T.
Jpyen epyna akmodana Taxi enesmedTn, #K cipka i docdop. Bei enemermn
Uil TPYOH YTRODIOBAJE KMCTIOTHL ORCHIIL

Tpema 2pyna BRIOMATE METANM, S0KPEMA MLLbL, ONOBO, CBUHELE, [BTHK
Yemaepma 2pyna BEJOMATA TPOCTI «3eMIir, 3OATHI YTBOPIOBATH cOmi:
panso, GapuT, Marseailno, rmmEo3eM | KpeMueseM, TolTo OKCHIN BiOOBLIHG
KaJEL{I0, Gapio, MarHio, amoMinio i curigho,

Bakon Tpiag V 1817 p. siveupkuit ximik Vorann Bonsdranr ebe-
peitnep (1780—1849) nomiTie, o BigHocha aTomHa maca (abo aTomza
Bara, AK Toni Bymo npidivaTe 11 HasuBaTH) cTpoHilo npubmisHo 3bira-
€TLCH 3 MBCYMOIO CEpejiHiX 3HaYeHb BIfIHOCHUX aTOMHMX MAC KaJbiliio i
Bapito. ¥ 1829 p. pin NOBIZIOMUE, 0 KUTBKA TPYT! €I€MEHTIB (10 KOMHOI
Taxol rpynM BXOMMID 1O TPM eJeMenTH) maiTh noupibH dimrm it
ximiuni smacrueocti. L rpynn 6yno saasaro Tpiagamu (tabo 4.1).

Tabauys 4.1. Tpiapu [ebepelinepa

~ Tpiana BigHocHa aToMHE Maca |
Li Na K 7 R
5 Se Te 32 ‘ 7% 128
Cl Er I 35,5 . 80 127
Ca I Sr Ba 40 | B8 137

V 1850 p. Gyno anifickero Kiimka crmpob srpynysati yci Bigomi
HAa TOf yac eneMenTH B Tpiajv, 8 TAKO¥K 3HAUTH ZCNOBI CHiBBif-
HOIeHHA M3 1XHIMH aTOMHIMM MACAMIL.
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Cpipaneni poamiienna. Yrponosx sacryrmux 50 pokis 10 ximgs
XIX _CT. TNPONOHYBAMMCH PIGHOMAHITHL cripansHi POSMILIEHHA ene-
menTie (puc. 4.1). Opgne 3 Takmux posmimens poapobue A. E. B. ne
Mlauxyprya (1819-1886) y 1862 p. Bin postaiuysas enemenTy B 11o-
PAAKY 3POCTAHHA IXHIX BIIHOCHMX ATOMHMX MAC 1o cripaji Ha no-
BEPXHI LMIIHADPA, NOALIEHOro HA BepPTHKANLHI ey EneMenty 3 no-
miOEMv xiMivHmMy 1 QisMYENMI BIACTHBOCTAMM POSMICTMIMCR TTPYU
UpOMy Ha omuiil pepruxani. Axbu A E. B. e llauxkyprya amir BURO-
puetaTi ana nobynoem ceoel tabiomii Bei enementy, Bigomi EMEI, TO
Bi# oTpumas OM 1i ¥ Burnani, vasesnesomy Ha puc. 4.1. Ilpore ximikn B
TOM Yac Maiize He SBepHynw yBaru Ha npauio se Ilankyprya.

Pue. 4.1. Cnipams e Hlankyprya ana susi sigoMmix enevertis

3akon oxtaB. Y 1864 p. aurmifceknit  XiMik-aHamiTHi
I A. P. Heronerzne (1837-1898) momiTus, wio Konu posmMieTHTi
ENEMEHTH B NOPHAIKY 3POCTAHHA IXHIX ATOMHMX MAC, TO KOMENI
BOCHMHI EeMeHT, MoYMHAKYM 3 A0BLIbHO BuOpaHOro, MEBHOIO Mi-
po10 moxibHuit 10 Nepuoro, TaK caMmo, AK BOChMA HOTa B MY3WYHiil
m_rrani: ¥ 1865 p. Bin nobymysae Tabnuiyo, ne enementn Gynm pos-
MILLIeH] B MOPAAKY 3POCTAHHA IXHIX «aTOMHMX HOMepis», sxi Gymn
HE YMM IHIDMM HK NOPAJAKOBUMM HOMEpaMM elleMeHTIB, NpoHyMepo-
BAHMX ¥ PHAAY 3pocTaHHA IXHIX atomAuX mMac. Y Tabn 4.2 HaBepeno
nepri Tpy paaky 3 Tabauui Helonerpca,
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Tafisruys 4.2, HacTHHS po3nofiny eNeMenTiB 33 «OKTaBaMM» Huroaenaca

H Li Be B C N (8]
1 2 3 4 5 G T
F Na Mg Al Si P S
8 g 10 11 12 13 14
cl K Ca Cr Ti Mn Fe
15 16 17 18 19 20 21

Iepui 17 enementis y tabmmi Hewonenaca posmiinesi npasinb-
HO, a pan nmoumpaeTses naytammuea. [ A, P. Heonenpe Oys amy-
ety Aeski croRmuMkey tabmii nomicTHTH ogpasy 1o jpa ese-
MEHTH, i, KpiM Toro, Gyaa abcomoTHO DYEBHIHOK MOBHA HECXOXKICTD
Miz DEAEMMH CIeMEHTAME, pO3MilesMit B OJHMX | THX caMiux ¢To-
prumeax Tabmog. Hanpuicaan, docchop Mae mano cOifbHMX BRacTH-
BOCTE]] 3 MAHTAHOM, 4 3aJi30 — i3 CIpKoI,

Icropin Jx A. P. Holonenaca — (€ CyMHa 1MOCTpalid TOro
thaxTy, 110 B HAYL] HEAOCTATHLO Jume Uikapol inel Jlna Toro mob
HOBa ifies OTpMMAJa BM@HAHHH, BOHA Mae OyTH MATBEpIIKeHa JoC-
TaTHIMKM JOKa3aMH.

«Rakon ortaB: Hewonennca re nabye BUSHaHESA, | mpo #eoro 3alymu Ha
Tpueanuit wac. Kom I A P. Hmonere mogas ¢BOW0O CTaTT) Ha PO3raAg
JlosHpoHeLEKOrO XIMIMHONO TOBApPUCTBA, H0T0 CAapPHACTHYHO 3ATMMTYBASM, M
He HaMaraBCA BiH TAKOH POSMICTMTU eneMenTd 3a aberrow — 3a neplum-
My miTepamir ixmix Haze. 3 1868 mo 1886 p. Jlw A P. Howonesnuc Gye ro-
JOBAMM XIMIKOM LYEPOOUMCHONO 3aBoiy.

Kpupa atomunx o6’emis Meiiepa. ¥V 1870 p. nimeubxmii ximix
KO. JI. Meiiep nobyaysae rpachivHy 3anexsHicTs aToMHMX 00'emie
eJNeMEHTIE Bijl IXHIX BUHOCHMX aTOMHIX Mac. ATomHiil ob'em emne-
MEHTA BHAHAYAIOTE 34 TAKMM CHIBEIMHOMIEHHAM:

” MonapHa maca aToMis
Aromunit ob'em = .
T'yermia

Ileft rpadpix (pne. 4.2) ponomir O, JL Mejicpy nobypyeaty Tabmio,
fAKa TIOKa3yBasa nepiomtHe po3MileHHA eNeMEeHTIR.
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Puc. 42 Kpusa atomanx ob'emie Meiicpa
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Hniye J‘lm_p Meiicp (1830—1895) — HiMenbxuii xi-
mik. Hayxomi npami crocyworses weoprawiumoi, op-
ranianol i dpisvmnol ximil. Hezanexxno sin Il Menpe-
NECBA BMABMB NPHHLMITH, HA FAKMX FPYHTYETHCA Ie-
piommHa Tabmma enementin Anrop skl «Cy-
uacHi Teopii ximil ¢a ix smavenns nnm XiMmitmoi cra-
THEM» (1864), y saxift Gyno sanporososano nepumii
sapianT Taliiui, wo mictve 28 enementie. ¥ 1870 p.
BiH ONyOgiKyBaR CTATTIO 3 POSIIMPEHWM BapiaHTOM
*mfﬁmm, Al BEmoqas 57 enemenrin, y opmi rpa-
dmmpi :c!»m!ﬁ JANEIKBOCTI atomumx of'emin V,, ene-
MEHTIB Bil IXHIX aromEux Mac (kpwea Mejicpa). Lla
NepIOMMHHICTL Kpallle NPOCTesyeThen Ha Tpadiumiit
BANEMHOCTI aTOMEMX of'€émiB enemMeHTiB Bifg Ixmix
¥Oniyc Jlotap Mefiep  arominnx nomepis 2, (puc. 4.2).

§ 2. Nepiopuunuii saxon

Y 1869 p. supaTamit pociitcsiiit yuenmii [l I Mennences, rpyn-
TYIOHUMCh Ha rmBOKOMY BuBYeHHi Ta cucTeMaTH3auil BIACTHBOCTElN
BIIOMMX Ha TOIi wWac 64 XiMiuumx eseMeHTiB, YCTAHOBMB, 1110 BCi
ENEMEHTH [PUPOSH HE € HE3ANEIKHOI OfMK BiZl OMHOTO CYKYTHICTED,
a MIXK HMMH icHYI0TE ramMbori B3aeMO3E' A3k

I L gvie!me.neea POSMICTHMB XiMiuHi eNeMEeHTH B TOPAAKY 3po-
CTAHHA IXHIX aTOMHMX Mac (puc. 4.3) | BUABME nepioaMYHEICTL NOBTO-

ONbITy CUCTEMH 3NEMEHTORS,
QCHOBAKHCH HA MAD ATOMHOMD BBCH M XHMHUBCYOMY. TIONCTEY

T=50 7Tr=80 7«10
Va5l Nb=8584 Ta-s2
Cr=32 Mo=9 ‘Wallg
Mn=33 FRh=)04a Pt= 1574
Fe=56 Fu=1044 Ire198
Ni=Co=53 PFi=1068 Os= 189
H=1 Cu=Bly Ag=108 Hg=200
Be=04 Mp=24 In=651 Cd=112
B=1i Al=274 ?=80 Ur=[16 Aus=I1877
C=12 Si=28 ?=70 Sp=118
N=t4 P=3 As=75 Sp=122 Bi-Z207
O=16 S=37 SewTdjy Te=1247
F=19 Ci=355r=80 =127
LisT Na=21 K=X0 Hh=§%54 C3=133 Ti=204
Ca=40 Sr=47¢ Ba=137 Fo=207
7=45 Cc=82
Er=56 La=%
Ti=60 Dy=85
Bln=758Th= 1182

Pue 4.3, [epumi BAPIaHT NEPIOMTEHOT CHCTEMM XIMISHMX CNIEMEHTIB,
onybonixoranmii JI I Mengenecnum y 1869 P
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penHa ixmix mnactusocreit. Ha ocuomi 1poro pin cdopmymosas 3a-
KOH NeplogMYHoCTi:

BAACTMEOCTI OPOCTHX Tin, a Takox copmm i BRacTHBOCTI cno-
ayk enemenris nepebynaoTh y nepiogmumiil 3anexsocTi Big
BeNMYMHM ATOMHMX Bar eJIeMeHTiB.

Buxonauy 3 MEplomMYHONO 3aKoHy, BiH 3alpoNoHyBaB neplojurd-
uy knacucpikaniio enemenTis y BursiAn nepiommnol cueremy. Mos-
HA TINEKH SaXOMNMOBATHUCE THM, WO (PYHIAMEHTANLHA SAKOHOMIP-
HieTh JUIA BCiX enemeHTIE Npupofu OyJNa BCTAHOBJEHA JIMILE HA OC-
HOEi 3icTaBNAHHA BiIHOCHWX A&TOMHMX MAC TA XiMIHHMX BJaCTMBO-
cTell MPaKTHIHO TOJOBUHM BiIOMMX HMHI eneMeHTiB Ta 3aj0BFO JIO
CTBOpeHHA cyHacHol Teopil Byz0BM aTOMIB.

Ivurpe Isanosws Menpenees (1834-1007) — em-
paTHWA pocificeksit xivie Binxpus (1868) dyuzamen-
TANBHIT 2aK0H NpHpogH — OEpiomrHME  33aK0H
ximiusnx enementie. Poasusye (1869—1871) igei ne-
piOANMHOCT], 3ANPOBAAMB NOHATTH NDO Micue enemeH-
Ta B MEpIOUMHIT cHCTeMl AK CYRYNHICTHL foro mna-
CIHBOCTER Y SicTaBNeHHI 3 BAECTHBOCTAMM IHLINMX
eneMEeHTIB T2 BUTPABMBE 3HAMEHHA ATOMHMX Mmac Da-
rateox enementis (Bepuniw, lugiv, ypasy Ta iw). Ile-
penfauus ickysasna (1870), ofancnue aToMHl Mack 1a
OMHCAR  BNACTMBOCTI CROMAaTKY TPhLOX I8 HE Bil-
KPHTHX eNeMeHTIB — Tanilo, Ckanaio, repMaxino
(1870), a sromom me Bockmi. Pazom 3 V. Pamazaewm
(1900) aifuoe BUCHOBRY PO HenOXiHICTE BRAKYEHHA
[0 MepioAMMECT CHCTEMN eneMesTis 0coBnMBOl, HY L0~
Bol rpyme Bnaropoasix rasing Busuas postudis Ta
igomopdpei eymimi. CTBopME rigpaTHy Teopilo pos-
ynis (1865-1887). Bueie (1874) szarancie pPiBHAHHA
crany igeansEoro rasy (pisxsens Knaneidpona—Men-
nenceea). Bucyuyr (1877) rinoreay noxomseHHs Had-
T 3 wapOimie BaXkKMX METAanis, igew migsemHol ra-
audpikauil syrinng (1880), Creopun dismyny Teopin
Tepeais, pospolns HaMTOUHILI METO/M 3BAMYBARHA.

JvmTpo [BasoBHY

Mengences

. I Menstences 3yMiB poamisHaTH Yy BiIIKPUTOMY HMM 3aKOHI
dynpaMeHTaNbEMIT 3aK0H TPUPOAM 1 BiApasy # 3acTOCYBaB Foro
nns nepenbaueHHA BAACTMBOCTER i€ HE BIKPUTHUX ENeMEHTIE Ta
JUTIAl BUTIPABNEHHA HENMPABUILHMY ATOMHUX MAC JIEAKMX EJIeMEHTIB.

I'nubuny ximiueux sxades JI I Menpeneesa Ta TOuHiCTh fioro ne-
penbadens LUmocTpye aicTapnaHEA BRACTHBOCTE eKacwninio (Tobro

JOCHIIHEHHA T. MO3JI TA CYYACHE GOPMYJIFOBAHHE . 07

EJeMEHTA, pq:auiu;euom B rpyni nicsis cuminio), ta enementa, Axuii
srogom Bys BigkpuTwit | HaaRaHUi repmatiem:

[ TMaraanm ' E::acftrm:ifi Cepuanii
Binrocua aTomea mMaca 72 72,32
AromEni 06'en, cM®/MOnB 13 13,22
I'yeTsma, T/om? 5.5 5,47
[Txroma Tenanemuicts, s/ vMois 0,305 0,318
Eonip Tenmo-cipnit|CipyeaTo-Gimait
Tycruna giokcnny EOs, r/ea® 4,7 4,703
TemnepaTypa kunites Terpaxnopuay ECly, °C 100 86
Cyernra Terpaxnopuay ECl, r/omd 19 1,887
Temnepatypa wMIiHiHA TeTpaeTitmoXinsors, °C 160 | 160

I.}an_ponmmaana A L. Mengeneesum nepioguusa cuctema B po-
Uecl BIIKPUTTH HOBMX eNeMeHTiE sMimiopanace, y Hilt 3'seunace
rpyTa IHepTHMX rasie, ane cyre 1i nobypoen sanuumnacs HeaMmin-
HOIO,

H. I. Mexpenees, Ak i i BYesi Toro wacy, He aMir NOACHUTH
CTIPA@BXHbO1l MPUYMHHY  YCTAHOBJEHO! NEPIOIMYHOCTI TNOBTOPEHHHA
BRacTHBOCTell enementie Ta ¢hopm i BnactuBocTeit ixuix cnonyk
Kpim Toro, y npoueci nobypoen Tabmuii BueHwi caM mopyve
OPHMHIMNO PDO3MILLIEHHA €NeMeHTIE 33 ZPOCTaHHAM IXHIX aToMHMX
mac. Hanpuknan, nin vac posmimenns kobanery i Hikemo, Tenypy i
ﬂﬂﬂﬂg BiH BiIAaB Nepesary XapakTepy sMiMM XiMIYHUX BIACTHBO-

eH.

[Mocrynoso cragano spozyminum, o OpUHMHHY NepioIydsocTi
Tpeba mykaTn B raubunax Gyposu aToMie.

§ 3. Hocaigkennn I'. Moani ra cyqacue
dopmynweanrs nepiomuanoro 3aKoHy

Y 1913 p. anrnificexmit yuenuti T. Mosni mig wac pocnimxenss
PEHTTEHIBCLRONO BUNPOMIHIOBAHHA INPOCTHX PEYOBMH BUABUB, [0
HACTOTa LMX npcme‘r:ia Ginbmiow Mipow noe’ssana 3 TIOPAIKOBHMI
HOMEPaMit eJIeMeHTIB, HIJK 3 IXHIMM BiIHOCHMUMK ATOMHMMI Maca-
M.

Pentresiscbke BUNPOMIHIOBAHHA BMHMKAE TOMi, WOMM XiMiMHMI
eJleMeHT ¥ Hu{-nn,ui npocToi TBepAol peuosuny GombBapryerses nysu-
KOM €JICKTPOHIB 3 BHCOKOK enepriewo (puc. 4.4).
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Ierir

Penrresischxi mpomeni
Puc, 44. Pentrenipcnka Tpybra

I'espi Moam (1887-1915) — auraificsridn  ¢iamK,
OAWH 3 OCHOBOTIOJDMGHMKIE pDEHTTeHOCNeKTPalbHOro
amaniay. Bigkpus aaxoun (1913), oo noa's3ye 4acToTY
CHeRTPaNbHIK JHIT XApaKTePUCTHIHOI0 DEeHTTEHIB-
CLKOIY) BUNPOMIHIOBAHESR XIMIYHOTO eNeMEHTa 3 ioro
nopAAKOEMM HOMepoM (3akon Mozai). Busgmup criek-

M eneMenTie Bii amomidilo g0 3050Ta, BCTAHOBME
(1914), 1m0 NOPAXKOEL HOMEDPM yr:i;:t ENEMEHTIE M-
CesIbHO AOPIBHICIOTH BapAfaM Rzep ixuix atomin. Jlo-
BiB, 110 MK BOJHEM Ta YPAHOM HAJEMMTL ME BHJ-
KpuTH enements Ne 43, 61, 72, 75, 85, 87 i 91. 11i pe-
BYABTATH CTANH EKCTIEPMMeHTAIBHIM oBrpyHTYBaH-
HAM 3anesRHOCTI MEpIOAMHMHOT 3MiHM BRACTHBOCTER
eNeMeHTIB Bifl IXHIX TOPAAKOBMX HOMepis. S3arMeys
nig wac nepiiol ceiToRol BUHK.

Tenpi Moauxi

Leit enexrporkmit notik subusae i Hece 3a cofor_enexTporn 3
gHyTpilHiX 06onoHOK 6araTOENEKTPOHHMX &TOMIB. Ha seineHesi
micis (Bakarcil) Bigpasy NEpeMil(ylOTeCH ENEKTpOHM 3 BHIIMX
eHEPreTHYHMX PIBHIB, BUNPOMIHIOIONK €HEeprilo y BMIJIAI pPeHT-
reniseskux npomenie, [le BUMITPOMIHIOBAHHA 3aN€XMTh BIL PHUPOLI
eNeMeHTa, J0r0 Ha3uBalTh TAPOKMePUCTIUYHUM (pmc. 4.5).

fik i Gymp-sKe BUNPOMIHIOBAHHSA, PEHTTEHIBCEKE YTBOPIOC CHIEKTD,
rozibuMii [0 CNEKTpa aTOMaPHOr0 BOIHIO. PenTrenisCbkmii CneKTp
rakoxe € mHifrgacTuM. BiH CKJIAfaETHCA i3 CHEKTPalbHUX Cepil, a
KOJKHA Cepii — @ HEBeJMKOro Hucia CHEKTPAJbHMX JHHIM. Cepii
JiHij PEHTTEHIBCLKOIO CHEKTpa MOSHAYAKOTH MTEpPaMu K, L, M
i T m, TobTo Tak caMo, fK 1 eNeKTPOHH] Ilapi aTOMIB. Oxpemi JiHil
y cepisX MosHawaloTh JiTepamu o, B, yiT oy nopagxy 3MeHIIeHHH
ix iHTEeHCMBHOCTL

JAOCTIAAEHHA I MOJJI TA CYYACHE $OFMYJIOBAHHA ... 99
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FPuc. 4.5. CxeMa yTBOpeHHs PEHTIEHIBCHKOrD BHIPOMIHIOBAHHA 3 €HEPIICK)
KBBH’]'i.B E|. Eg, E:! e

Konmm enexTpoHn nepexopATs 3 BMUMX €HepreTHYHMX pieHis Ha
BakaHCiio atomuoro pisus K, 1o BuamMkae K-cepin peHTreHiscbKOro
crniekTpa. Bona cknaniaerses 3 okpemux minii K, K, K, 1a in

¥ pasi nepexony enexTpoHis Ha L-obonoHky atoma summkae L-ce-
pif (Lo, Lg 1 7. n). JlikifiacTi crnexkTpy HasMBAKOTEL XapaKTepHCTHY-
HMMM PEHTTEHIBCHKMMM crOexTpami. ¥V mipy 30inblUeHHA MopAOKO-
BOr0 HOMEpa eNeMEeHTa PEHTIeHIBCHKMI CIIEKTP YCKIAOHIOETHCH, | B
HeOMY 3'sBaseTbes Ginpioe nimii. Tak, AKILO peHTIeHIBCBKI CIEKTPH
JIETKMX eJieMeHTiB micTaTs Jmmue K- abo K- i L-cepii, T0 y Bamunx
nocnifosHo 3'asnAoreca M-, N-, O- i P-cepii, a B nepmmx cepiax
criocTepiraeTees Olmbine JHin.

_ Y cnekTpax KOMHOrO 3 nochnifpkenux enementis K-cepis pos-
MILYETECA B COSKTPasbHIl [NAHUL 3 KOPOTIIMMM OOBMHMHAMM
xeuns (y Binsin BucokouacTOTHIN HinAHUl cnexTpa), Hisk L-cepis; y
CBOIO 4epry, L- cepis Ginem kopoTkoxsminoea, His M-cepis, i T. 1

Y 1913 p. I. Moani onyGrikysas peaysibTaTH BJACHMX JOCJiJI-
#ewb 39 enementis: sin Al no Au Bim ycTaHOBMB, IO IOBXKMHA
XBUJi PEHTTEHIBCHKOrO BMITPOMIHIOBAHHA BaJIEXUTH BiJl NOPAIKOBOTO
HOMEpa eJIeMEHTa i JOBMKHHM XBIIbL XapakTepuceTnynnx K-npomeris
(Hanpuknan, Ka) piBHOMIPHO SMEHIIYIOTECA B Mipy 3BiJBILEHHA [M0-
PAxKoBoro Homepa enemenTa. Ll senwumum noe'azani mixk cobowo
CHIBBIZHOINEHHAM

,E=ﬁ=u(2—b).

Ze ), v — BiNOBIAHO [OBIKMHA XBWJ T2 XBMIBOBE YMCIO XApaKTe-
PUCTHYHOrO PEHTIeHIBCBKOT0 BMITPOMIHIOBAHHS, 7 — NopAJKOBHI
Homep enemenTa; a 1 b — crani eeVNMHEM AR ONHOTHMOHMX NiHIH
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PEHTIeHIBCBKMX CMEKTPIB aTOMIB PISHMX eNeMEenTIB (HAanpuKIan,
ans K-cepii koediniert b fopismoe 1)
1lift dhopmyni Binnosinae sakon Moani:

Kopeni kBajpaTHi i3 ofepHeRMX 3HAUCHL JAOBHHH XBHAL Xa-
PAKTEPUCTHHHOIO PEHTICHIBCHKOTO BUITPOMIHIOBAHEA r!epeﬁy-
BpaTh ¥y Jiuiiinili 3asemxsocTi Bl NOPAJKOBHX HOMEPIB €Jie-
MEenTIB.

i aanexHicTs 300 eHo Ha puc. 4.6. )
z EF :uqn_mfi“f_#._,__ - Eam PeaynsTaTi HOCHiMMHEeHD
| l | 4 I'. Moani inTepnpetyeas H. bop,

Cu, M1 . TPYHTYIONMCE Ea ENeKTPOHHii
[ i i | Dy#oBi aToma. .

M= ! A OueBuiHO, 1O EHEPrif KBaH-

| | 7ip peHTreHiBCHLKOTO BMIPOMI-

CElTITT T /1T T mosaMHA Mat eneKTPOCTATHY-

Fe 26 {—-——f—— | Ho saneskaTw Bin BincTasl mix

| AApoM i BiANOBIAHWM eHepre-
Mo B = So—t—1—— TUYHMM piBHEM Ta BiJl 3apaAy
| sAppa. Kom enekTpoHy nosep-
" TawTbCA 3 Dinblu BIAAANEHMX
Ha onMH 1 Toft camuii eHepre-
! i TU4HMA piBeHL, TO JMOBHIMHA
bbbt xBUTi BiANOBIAHOI CHEKTPAMNb-
' | Hol nimii mae 3anemaTm Tinb-
KM Biji 8apAly Anpa, OCKLIBKM
. BipcTaHe Bil HApa A0 BIUANO-
BifHOrO EHepreTHHHOro PiBHA
V10" ¢ aMIHIOETBCA JIy?Ke MATO.
Brinko 3 uum  Ginswomy
Puc, 46, Banesuicrs V'V ama K-viwifi 3a8pAAY fApa Mae BLANOBIIaTH
XapAKTEPUCTIYHOMO perTreHiBesroro  Ginbina eHepris BHIIPOMIHIOBA-
CHEeKTPa Bii NOPASKUBOTO HOMEDA eNle-  Horo KBaHTA aﬁg_me:-mm AOB-
menTa y nepiojranii cucren sMHA XBWII, 110 | criocTepiras
T. Moani.
3eigcy BUILIMBAE BA¥KIUBHIT BUCHOBOK!

NOpPAAKOBOMY HOMEpY eJieMeHTa B nepioamuniii cMeTeMi Bij-
foRifla€e NO3NTHBRMIL 3apa) AXpa aTOMa UBLOTO €NeMEHTa.

Cawme Tomy . Moani cnioctepiras, o HIKENb, MAKYH MEHLIY aTOMHY
macy, Hix kofaneT, fnaBaB GLIBII  KOPOTROXBMILOBE BHIIPO-
minropansa. Lle nigTeepmxysano Te, 10 JNOBKUHA PEHTTEHIBCHKWX
XBWIL BUSHAHMAETLCH HE ATOMHOK Macow, & 3apafioM HApa, AKuM ¥
Hikemo € Binsumm. Kpim Toro, byno BUABNEHO, 110 XaPARTEPUCTHTHI
ninii NpuM Nepexofi Bi enemeHta A0 ENeMEHTa 3MIIYITBCSH

3B'AS0K TEPIOINYHOl CMCTEMI 3 EVIOBOIO ATOMIE 101

aMilYIOTECH 3aBMAM Ha OfHe §i Te came 3HaueHHs Tomy B pasi
MOCHIIOBHOTO ME€pexoly Biji eneMeHTa [0 eneMeHTa 3a (HM
aMill[EHHAM JIHII MOXKHA BCTAHOBMTM, 4M Moe OyTH Mi JBOMA
ByOob-AKMMH  BIAOMHMM  €JNEMEHTaMN NepioiudHol  CUCTeMM  L1Ie
HeBifoMuil TpeTiii.

Bukopucranus peaynbraTis pocnippxers I Mosni pano awmory
TOYHO BM3HAYHTH NOPAAKOBI HOMEPHW €NeMEHTIB, a Taro:k nepenba-
YHUTH NOJOMEHHS L€ HE BIAKPMTUX eNeMeHTIB y nepiomywuili cuc-
remi. Tak y 1925 p. Gyno sinkpuro pewifi.

IMicns pocnippiens I Moani nepioamusuii 3akon OTPUMaB HOBE
hopMy MOBaHHA:

BAACTHBOCTI enementin, a Takox GopmMm Ta BAACTHMBOCTI CNo-
Jiyk nepedysaioTs y nepioamtnili 3aiemxnocTi Bij sapajis snep
Ixmix aTomis.

OTae, NOpsARKOBUIT HOMEP ENEMEHTa OTPUMAB ILTKOM 3poaymi-
amit (piauaamil 3mict. Bil € oamiclo 3 HalrONOBHILIMX XapakTepu-
CTHK ENeMEHTa B NeplojmuHill cuctemi.

§ 4. 3v’n30k nepiogmanol cucremn 3 Byaosow atomis

ATOMN eneMeHTIB 3arasioM € eNeKTPOHeHTPaNbHUMH HaCTHHKA-
MM, TOMY MO3MTHBHOMY 3apafy sapa aTOMa BiANOBIiOa€ aaranuHe
HHCNO eNERTPOHIB, AKI WAPAMU POSMINIYIOTECA B HABRKONOAAEPHOMY
npocTopi.

BusBunoce, W0 XapakTep aaNOBHEHHS ENERTPOHAMM CHEPreTHY-
HMX PIBHIB | DifgpiBHIB y atoMaX eneMeHTIB B3aeMo3B'A3aHMIl 3 No-
TNOMEHHAM ENEMEHTIB y nepioamyanili cucremi

Iepionnuna cuctema sk rpadiuse Binobpaxcenns nepioIMIHOID
SAROHY CxnanacTecs 3 nepioais i rpyn. Icaye siBa ocHoBHI BapiaHTi
NoAaHHA nepioaMYHol cHeTeMu — KOPOTKO- Ta NoBronepiosasmii.
CrpykTypa octaHEboro kpauie pinbupae BsacmMo3B'H30K 3 Bynosoo
ATOMIB | HMHI PEKOMEHAYIOTE POSINAAaTH came nell Bapiast niy 4ac

BUBYEHHA S3aKOHOMIPHOCTE! ¥ BIACTHMBOCTAX MoAibHMX Mid cobowo
enemenTie (puc. 4.7).

Brepue uefi papiaur nepiommEoi cueTems sanpononysae y 1893 p
P. Penr (1844-1902). ¥aockonama #oro y 1905 p. TBOPELE KOOPANHALI-
roi reopil A. Bepuep, nicna yoro soua nallyna cy"acHOro Burmamy.

b{ uifi rabmil nigrpynk enemeHTis cueTeMn A. 1 Mesgencesa Gyno
POSMINEHO, BHACMINOK HOr0 yTBOpMsocs 18 BEPTUKATLHMX CTOBIHMKIE —
TEYN, AKI HAIMBAIOTL cimelicTamu. Bomn BipGuewors noetynese sanos-
HEHHA B 4TOMAX eNEMEeHTIs s-, p- Ta d-enexTpoHimx migpiexis siznosigao
ABoME, WICTEOMA Ta JecHTbMa enenTpoHamy., EnemeNTIt KOMHOTO CTOBI-
HHKA € CTIpasKHiMM amancramu. pymm, cknanedi s- Ta p-enemenTamy,
NOaua4aTs ditepow A, d-enemerramy — nitepowo B.
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Tabnuusa CKABAACTECA I3 CEMM TOPMBONTATBHEIDG PRIIE eNeMeNTID, AKi
HasMBAKTE MEPIOEMM. ¥ nepmoMy nepioni poaMimeno 2 ENEeMEHTH, ¥
APYTOMY 1 TpeThOMY — no 8, y Yersepromy | n'Atomy — no 18, y wocto-
My 1 ChOMOMY — Ti0 32, OQHAK CBOMMIA Nepion 1Me HenobynoBa . oGy~
AOBAHA TakuM uMHOM Tabikus € pouinsbHiwoo oOpMOW AnA poaraagy
enexTporHol Oypnoeu atomie Jlawranoim Ta axTwHOIAM, AK i B ROPOTRO-
NePIOAHOMY BADIAHTI CHCTEMM, BHHECEHD OKPEMO.

Mepeparor AoBronepionHOro BapianTa CHCTEMM € Te, 110 POHA HAQWIN-
e pinobparkae saamo_an*aaun Mz NOJIGHEHHAM ENEMEHTE T4 eNeKTpPoH-
HOIO CYTTIO FOTO pOSMileHHs i Bognouac witkime sinbusac nomibuicTs,
BUMIHHICTE 1 HANDAMOK SMIHKM XiMIYHMX BIACTHBOCTER efeMenTin,
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Bonrouac na Tepemi mamoi pepskaBm Tpamuiiiso Ta leTopuyHo
HacTIIE BHMKOPHUCTOBYIOTE KOpOTKONEPIOAHW BapiaeT nepiomranoi
cucrenmu, sarmi Ginbin maragye nobymosanwit 1. 1. Menneneesmm.

 Onme CTPYKTYPM CHCTEMM iCTOTHO 3aneRuTb Bim ii chopy, ane
BT HEl HE 3aNeaTh BIACTMBOCTI €NemeHTin, Akl € Ix 06’exTHRHOW
O3HAKOK.

Koporkonepionumit sapiast (mus. neprmii hopzay mippyunmka)
NEPIOUTHHOI CHCTEMM CKNIANIAETLCA i3 CeMu Mepiolis i BockMu rpyIL

Hepiodamu nazmsaors TOPM3OHTANbLHI PAMM ENEeMPHTIE, poami-
MEHNX y NOPAJKY IOCTYNOBOrO GesnepepsHOrO 3pOCTAHHA 3apsfis
ATOMHEMX AzIep. ¥ memax nepiomie BnacTusocTi enementis AKICHO
SMIHIOIOTECH: BlJ| TUNOBMX METAJiB /10 TMIOBUX HEMEeTAJIE; 3aKiHYy-
€THCH MEPIOJ IHEPTHUM TA30M.

¥ei nepionm, 3a BUHATHROM 1@
ENeMeHTIB (BOAHIO Ta rexin), na
HAKOBE 4MCNO eneMeHTiB. Y
B enementis, y

NEPEXIAH! METAIH

PLTHEAL LM R (GO TILEOCTILAA Y
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PLIOro, AKMIT CKAANAETLCH 3 OBOX
PHEi, To610 nonapeo eMmingyoTs on-
APYTOMY 1 TPETBOMY Mepiofax — mo
uerseproMy i m'atomy — no 18, y mocromy —
32 ENEMEHTIH. Tarkum camuMm, sk 1 mwocTwit, mae 6yTi i choMuil me-
Plog, ane Bie ue wenobyposamm, i BIOKPMTI OCTAHHIM wacom ene-
MEHTH BMIIIYIOTE ¥ LEH nepiof.
l_'Iepmma PO3MILIEH] OfIMHE i OfHUM TAER, o XiMidH eneMesTH 3
nofiGuymM BIACTUBOCTAMK BUABNAIOTBECA 3TPYNOBAHMMM. Saypasky-
:;m L€ pas: ycl aTOMM OJIHOTO ¥ TOFo CAMOTO ENeMeHTd Ta iX BINA-
TUBOCTI, fIKI 3aJle)KaTh Bifi 3apAfy AAPA | BIANOBIIHOTO uMCnA
ENEKTPOHIB € o0naxoeumu. I HaBiTL TYT € 0COBAUBOCTI, 1OB'sAaaMi 3
Haaumc-r:q izoronie. Onnak nepioguunuii aaxon sacnimr'ye Jyike Be-
MEY nodibuicmes MK AEAKVMM PIBHMMM CJICMEHTAM fKa nepi-
OnvyBo NOBTOPKETHES ,
Taxi nonifui mise cobowo enementy POBMILLYIOTE CTOBIMMKAMM,
" o SOHN yTBOPIIOTE Y mepiogwuHill cucremi zpyny. ¥ xoporronepion-
a ]—-_n: T HOMY papianTi cnictemu rpymu gosenocs PoaainvTH HA Digrpymm 20-
I/L«f" igﬂuy i nnﬁmﬂg,{, a_ﬁo A1 B, ocxinbkM enemenTy, sk ix YTEOPKIKTD,
) i HTb pyxe pissi BracTueocti. IonibuicTs BIACTHROCTER NEeAKMX

Cronyk enemenTis pisHux Hrpyn Mano CHopifHIoe ui marpymnu.

ATPYIM B KOPOTKONEpio/iHOMY BapiasTi cucTemu
TH, PO3MILLEH! M) eNEMERTAMH APYTOTO i Tperboro
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nepiogis. Enementy, amilleni BiHOCHO eNeMEHTIB TONOBHOT MiArpy-
nu, eTadoBaATh DobiuHy niarpyny. Hobiysa marpyna BOCHMOL FPYIH
BIIPIBHACTLCA BT IHIINX TUM, [0 CKNANAETLCA 3 TPHOX EJIEMEHTIB
Y ROMHOMY nepiofi — Tak 3BaHUX mplad eremenmie. )

VeKIa/He oo € | nobiyHa niarpyna Tpetsol rpymu. 3 Hel OKpemo
BUHECEHO M COMUITePIOTHY CUCTEMY OBa P 10 14 enemenTiB 3 1y-
sxe GUMBBKMMYM BIACTHBOCTAMM. [X BiTHECEHO JI0 JIBOX OKPEMMX MICLE Y
CHCTEMI | 38 Ha3BAMH POMOHAYAJLHMX ENEeMEHTIB — J‘iEHTﬂ}??-—Er'J’ (57La)
Ta axtuHio-89 (gAc), HAZEAHO AaNMAaR0I0oMU T2 nnmr:r.m?té‘m ‘

Micie kox<HOrO enemMeHrTa B Mepiofurisiit cucTeml TICHO NOB A~
aane 3 GyA0OBOIO HOTO 8TOMA. _

V tabn 4.3 HaBemeHoO XapPakTEPHCTHEY [OOCTYIOBOL aaﬁygmau
ENeKTPOHKNX TIPIBHIB ATOMIB €JEMEHTIB, AKl YTEOPKWTh OEPIOAU
B nepiogmuHiil cucTemi.

Totuus 4.3 Xapaxrepucrnka 3aby081 eneRTPOHHNX mifgpinHie
ATOMIB ENEeMEeHTIB ¥ Neploaax

- Tctisnten:| 3 mux
Homep I Minpinei, I F.eﬁ; !_d_emh _;'_,.-Te_.
nepiomy, n | L0 JAA0BHIOKTECA — : iciin | et J' T s
T I @t | 1 & | = { = -
) 252 2pb 8 i - =
3 352 Spt ; ] ~ -
4 45% 310 gpF 18 i 10 =
5 552 4d10 Hpf 18 6 10 | -
6 652 414 5d10 6pb 32 | 6 10 14
7 | 7s? 514 60 7pb | 2 |6 10 14

Ha nincraei asaniay xapakTepy 3abymoBM enexTpoHAMY €Hepre-
THYREMX MAPIEHIB aTOMIB Yy Nepiofax MOMHA apﬂﬁu'm BHCHOBKM 1110~
10 BRA€MOSB ASKIB Mid OONOMKEHHAM eNeMeHTIB ¥ pepiomuuHii cne-
Temi Ta eNeKTPOHHOK Dy/I0BOIO IXHIX aTOMIB, )

V Mmesmax eneMeHTiB, AKi CKIajawTs nepiof, El.ﬂﬁny.ETbEﬂ no-
crynosa zabyaoBa €NeKTPOHaMM S0BEILUHBOrO, a HACTO §1 Nepenoc-
TaHHLOPO eHepreTyuHIx mapieHis. TTiapiedi, MO 3aNOBHIOKOTLCA, Ha-
SMBAKOTL saaenwmuumu. EneKTpory Ta opbitam umx MAPIBHIB be-
PyTh YHMaCTh B YTBOPEHHI XIMIMHMX as'fiakin 9Heno TaKMX eslex-
TpOoHiB 30INBIIYETECH Ha OJMHMLIO B pasl nepexony Bii HNOnepeiHb-
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Oro ENeMeHTa JI0 HACTYIHOrD, @ OTH(E, AMIHIOETLCH 3MATHICTE YTBO-
PIOBATH [EBHE HMCNO XiMiYHMX 38'A3KIB, & TOMY amiHETBCH
¥IMIYHA NOBEIHKA ATOMIB ENEeMEHTIB.

Homep nepiogy sbiraerses @ HaibinbiumM 3HAYEHHAM IOJOBHOTO
KBEHTOBOTO MO 1l Ha BAJEHTHUX NiIPIBHAX.

Roern nepiog noumpacThes 3abyaosow s-niapisus, a saringy-
€TLCH, 38 BMHATKOM OEPIUOTO | CLOMOro, (POPMYBAHHAM D-IIiAPIBHSL
TlouMHAIONM 3 HEeTBEPTOTO Nepiony, 3'ABNAETLCH | 3aNDBHICETHCA
enerTpoHamyu d-miapieeHs, 8 B IDOCTOMY | CROMOMY nepiogax —
[-ninpisest.

EneMenty, B AKX 3'#BIACTECA 1 3a0y/I0BYETBCH ESEKTPOHAMMN
S-ITIPIBEHL, HABVBRIOTE S-eaemenmany. Takux enemMeHTIiB ¥ KOMKHO-
My nepiofi € o asa. Boay yTBOPIOWOTE (ONOBHI DLArPYNM nepruoi i
APYroi rpyn nepiogmyuol exeremy, Omke, XiMivEa TOMOHICTL 1% Ta
iHIIMX €NeMEHTIB, Akl CTAHOBIATE OOHY W TY CaMy MATpyny, syMobB-
JeHa aBaNorivHo GyI0BOK TXHIX BANEHTHUX NEKTPOHHIN IPIBHIB

B ananoriumiii 3a0yioBl BANCHTHNX NIApPiBHIE Noa#rac ximiuna
noaiGHicTE eNMeMeRTIB, AKI BXOIATH A0 OKPEMUX NiIrpyn mepi-
ORMYHOY CHCTEMIL

3a BMHATHOM BOAHIO Ta Teniio, yoi $-eNeMCHTH € THOOBUMI Me-
Taaamm 3 YCiMEl NPUTAMAHHIMM MeETAJaM BJacTHBOCTHMIL

Ximiuni enemeHTs1, B AKX S-nifpisess yxe chopmopasnii, i Bijg-
ByBaeThCA TMOCTYNOBE 3allOBHEHHA ENERTPOHaMM P-nifpiBHA, Hazu-
BAKTE P-edeMeHmami.

MaxcumannHe 4YMen0 TAKUX eNeMeHTiE JOPIBHIOE [ecTH, 110 Bif-
NoBilaE MakCMManbHIll emeocTi p-miapisua. Otike, sBincn s3poasy-
MisIo, HOMY B JPYTOMY Ta TPeTOMY nepiofax poamilieno no 8 ene-
MEHTIB — ll€ BINOBIASE IPaHMUHIN CyMi enexTpoHiB Ha s- Ta p-
mapisaax. p-Egeventy cknagaloTs ronoBHl MgrpynM ein rpersol no
BOCBMOI TPYIL MNepesasiHa KiNLKICT: P-eNeMEHTIB € HeMeTanamu,
Xoua cepenl HMX € i1 metam. Hemeraniuul BAacTuBOCT p-eNeMeHTiB
NOCHMIOIOTBECA B HANPAMKY Bif TpeTsoi A0 chomMol rpymu. ososry
HNArpyny BOCLMOI TPYnM YTBOPHIOTE iHeprTHi raau. Bomn, kpim
PENio, TAKOMXK € p-eJeMEeHTEMH 1 XAPaKkTepH3ylThesn HARBHICTIO
noBHICTH 3a0y10BaHNX €NeKTPOHAMH S- Ta P-HiApPiBHIB.

Enexrposna koudirypauis sosmimmboro s?pP-piees € ocobamso
CTiiikolo, 3RaTHICTH ENeMeHTIB JI0 NeBHUX XiMIYHMX B3aeMopiil
anebinpiioro nos'A3YITE 3 IXHIM HAMAraHHAM OTPUMATH CTiiKy
BOCLMMEIEKTPOHHY KOH(Irypauin iHepraux raais. Ilpore i 1yr €
BUHATKIL, KOMW yTBOPHKIOTLCH cnodykn 3 pediipmrom (Hanpukiag,
BCly) uit napmnnkon (sx PCls) enexTpouis 38'nsKy.

[MoBiuni nigrpymt eneMerTiB ycix rpyn CKIa/eHi 3 eNeMeHTIB, y
AToMax SKMX 3anoBHIOETEcA (n-1)d-enexTpousmii migpisess. [x Ha-
3uBawTL d-eaesmenmanmu. Bei oy € meTanami. 3a MakCHMANLHUM
Menom enexTpoie Ha d-nigpiesl TaxkuX enemenTiB y nepioai mae
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6yTH HAECATH, 4J1€ B ChOMOMY nepiofl me s#€e Bei d-enementn Bigomi
¥ npoueci dopmysasua d-nigpissa mMoxausi ocobimsoeTi, Noe'AsaHi
3 ¢NpOBAJIOBAHHAM» EJIEKTPOHA 3 ns- Ha (n-1)d-migpisens. 3azsn-
4all Le TPalIAETBCHA, KOMM saMicTs kKomdirypauiit (n-1)dns® i
(n-1)d%ns® susmraoTe (n-1)dns! i (n-1)d'%ns!, mwo nos'sayoTe 3
GLTBIIOK CTIMKICTIO HATIONOBMHY | ToBHICTHO cdpopmoBanoro d-mgpisns
nopissano 3 ns?. Tomy poanoain enexkTpodis Misk (n—1)d- Ta ns-niapis-
HAMY, HAPMKJAAM, AJIA eJeMEeHTIB YeTBepTOro nepioxy Takmii:

Enemenr Sc Tn V Cr Mn Fe Co Ni Cu Zn
d-Enextporn 1 2 3 5 b 6 7 8 10 10
s-EnexTponn 2 2 2 1 2 2 2 2 1 2

B atoMmMax xXpoMy i wMigi BinDyBacTbCA «IPOBAMIOBAHHA® OOHOTO
ENIEKTpON&, B ATOMA NANAZil0 — ABOX eNeKTPoHIB: 4Pd [Krjdd!05s".

¥ moctomy 1 cboMomMy mepiofiax 3'ABJAOTLECA €JIEMEHTH, B aTO-
max maxux 3abypoByetsca (n - 2)f-enextponmmit migpisens. Tawux
eneMenTieE — mo 14, pio BiONOBinae MaxCHMManbHO MOMJIIMBOMY YMC-
ay f-enextposie. Ii enementn HasuBawTs f-eaemenmamu. Bei Bo-
Hi € XiMIYHO AaKTHBHMMM METaJlaMM, HAA3BMYaiiHO IoibHMMK Mix
cobOK 3a BIACTMBOCTAMM, OCKIMLEM Minpieens, mo (hOpPMYeThCH,
Malize HE BIMBAE HA XiMiuHy TIOBEmIHKY 1MX enemenTis. Banentwi
MAPIBHI 3raflaHMy MeTadie npaxT4Ho onpakosi. Inoni cniocTepira-
ETBCA Tepexif omHoro enexTpona 3 (n — 2)f- na (n — 1)d-nigpisens.
fik yxe zasHavanocH, f-eneMeHTH YMOBHO PO3MiLyIOTh B OOHIN
KJIiTHHII 3 s7La (nanTanoim) Ta 3 ggAc (akTMHOLIM).

FonopHi migrpynu y rpynax CKIAJAIOTL §- TA P-€NeMEHTH, OpU-
YOMY CYMA EJNEKTPOHIB HA S- | P-IIAPIBHAX ATOMIE UMX eNeMEeHTIB
gianoeinae Homepy rpyms. Hanpuwnan, eneMmenT, aToM AKODO Mae
enexTpouny OynoRy BanenTHux migpissis 55?5p%, poamiienwmit y ro-
JNoBHIE Digrpyr n'ATOI TpYIM.

BuzHa4ueHHA esemeHTiE nobiuamx miarpyn 3a enexkTpoHHOK Oy-
poeoo ixHix aTomie Jemo cknapHime, Tawk, HOMEpy TPy LA eje-
menTie nobivsux migrpyn a3 Tpersol fo chomol rpynM sBianosimae cy-
Ma eNeKTpOHIB Ha BaJleHTHMX (n—1)d- i ns-nigpiswsax. [ia enemen-
TiB nofiyEMx MMArpyn nepmoi i gpyrol rpyrn  HOMepy Trpynn
BiANoOBifaE YMCAO ENeKTPOHIB Ha NS-OiOPiBHI aToMa, OCKUIBEN
(n—1)d-nigpieest noswicTio cthopmoBarmit. fIKINO # eNeMeHT HaJe-
MMTH 0 Tpiajl BOCEMOI TPYIM, TO CyMa EJIEKTPOHIE HA BANEHTHIX
(n—1)d- | ns-migpisuaAx §0ro aToma amiHweTses Bl 8 o 10,

PoarnanyTa inopmania npo 3e'ssox mix OynoBoo aToMiB i no-
AOEHHAM eNeMeHTiE Yy nepiogmyxiil tabimumi Oae 3MOry Jerko
auafiTi MiCLe eJeMEHTa 38 eNeKTPoHHO-KoHpIrypauiiinow dopmy-
now fioro aromMa abo HaBNaKy, 53a NOJOMEHHAM EJeMeHTa Yy
nepioguuHii Tabimil HanmueaTH eNleKTpoHHY Konbirypauiio foro atoma.
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INpurnan 1. BuaHauuTH NoN0MERHA B NEPioMuHIf CHCTEMI enemen-
Ta N 34 Ta mpoaHanisypaTH, [0 AKMX eNEMEHTIE 3a xapakTepom Dy poen
aTOMa BIH HaJEHHTE,

SaimiemMo enexTPoRHY KoHdirypauin atoma enemerTta Ne 34
saX: [Ar]3d!0astapt. oM

Leit enement y raaMii poaMilenuii y yersepromMy NEPiomi, 0CKiLKN
Mynax = 4 ¥ WOCTiF TPYTI, OCKINBKK CYMa ng- T4 Np-EJeKTPOHIR NOPIBHIOE
LWECTH; y TrosoBHil marpym, ockinbky enexTtpoHamm  3abynoByeThes
p-riapieens atoma. Bin € p-enemenToM, npuuoMy UEH enemest — Heme-
Tan, OCKUIBEN Poamitienmli y SseTsepToMy nepiofm moctol rpym.

lMpuxknag 2. Posrnsmemo ifuntt npuxaajs CeAacTy ENEKTPOHEY
thopMyny atoma ejemenTa, poamilieroro B n'AToMy Tepiofi it noGiuuii
MJrpym WocTol rpyTos.

SPOSYMLIO, 110 ENEMENT, AKW PosMilneHu y nobiumiil MArpyni, ¢ me-
ranom. OCKinbry Ueil eneMenT poamimenwti y n'sroMy nepiofi, To ronceHe
KBAHTOBE 9WMCIO ANA S-TJIPIBHA Horo atoma gopisaioe 5. ke mirpyna
noGivHa, To BaneHTHi enexTpoM mepefysaioTs Ha (n-1)d- ta ns-ninpieBnmx
Ha,.."."E.?HHi['I‘b ao VI rpymy ceipuers npo Te, mo cyma (n-1)d- i ns-enex-
TPOHIE fOpiBHIOE 6, OTME, MA BaNEHTHMX NiApIEHAX wmac GyrTm: 4d45s?
xoH(irypauin. Tlpore e uboMy paai BiAEYBACTECA «NPOBAMIOBAHEA» €NEK-
TPOHE, | ToMy Ui niipiBEl HEA0YBAKTL BUraAny: 4d°5s'. [loeHa enexTponHo-
roncpirypauiiina dopMysa nykasoro enementa taxa: [Krljdd®5st. Yoro no-
pankoEit Homep: 36(Kr) + 6(d + 5) = 42 Ileli enemenT — Monibaes.

Homibri misx coboro ximiuni enemenTy, AKi yTEOPIOIOTL Nesxi min-
TPYIM B NepiofMyHii cMCTeMI, MOMYTE XapakTepMBYBATHMCA y3a-
TaXbHEHVMN EJIEKTPOHHMMM KOH(IrypauiaMm BalesTHMX mnigpisuis
CceBOIX aTomis (Tabn, 4.4).

Tefauya 4.4. ¥aaraneueni enexrponni rouirypanit aromie erementis
¥ TPYnaxX Ta miarpynax

. Homep rpynu
it 1 I m v
Tonoena ns! ns? nsfnpl nsinp®
[oGivna (n-1)d"%s! | (n=1)d"ns? | (n-1)d'ns? (n-1)d*ns?
i Homep rpymm
Tiarpyna v VI VI VI
T'onoeHa nsfnp® nsZnpt ngPnp’ ns*npt
[ToGiura (n-1)d*ns? | (n-1)dns' |(n-1)dns?|  (n—1)d6 Bns?

Hacto nopibmi miz cofow enementd MawTh nesmi yaarasbHeni
Haasu. Tak, s-metann I rpynu sasusaioTs ayacnumuy; Ca, Sr, Ba —
AYdcHozemervHumy, d-METAIN — nepeTidnuMY, EIEMCHTH Ipy-
TOro Ta TpeTsoro nepiofie — Mmunosumu; p-enementy VII rpyrm —
20a0zenamu, a ixni Ginapni cnionyxu — sanceeniOasu; p-enemMenTy

TPym1 (KpiM kmcHIO) — Taavkozenamu (BiOnoBigHo, Traavkoze-
Midu); p-enementn V rpymn — nuixmozenamu (Ginapwi cnonyky —
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nuixmozeniou); nacueri Ta pinkicei d-merams n'artero i mocroro
nepioais VIII rpym — naamunosumu.

§ 5. Hepioauuni Ta HenepioAWYHI BIACTHBOCTI eleMenHTIB

BuactHBocTi XIMIYHMX ENEMEHTIB MOMYTh SMIHIOBATHCE HK [e-
PIOIHMYHO, TAK | HEMepioAuHHO.

[Tepiomuanit xapakTep a3MiEy MaloTh Ti BIACTHBOCTI, AKI aane-
waTH B Gy/0BY BANEHTHHX ENEKTPOHHUX niapieHie artomis [le —
xiMidHi BracTHBOCTI, poamipy artoMmis, atomHi of'emm i rycrTiHM,
EHEepreTHYHl XapakTepucTHkM (eHepria iowisauii, criopiiHeHicTs 710
ENERTPOHS TOLLO).

HenepiogmaHo 3MiHIOOTECA BIACTHREOCTI, AKI 3aJeKaTh Bij ana-
YEeHHA Eapﬂny Aapa, — 4TOMH]I mMachH, JIOBAMHM XBWIE UK[}EMEﬂ{
JIiHIf peHTTEHIBCBLKOrO CIEKTpa, iZ0TonHMil cKiap eleMenTa, Horo
3JATHICTE J10 YTEHOPEHHA ANOTPOMHMX BMOO3MIH Ta iH,

§ 6. Posmipu aTomis

3rifiHo iz cy4YacHMMH YABIEHHAMM aTOM — L «[NYXHACTA KyJlb-
Kas, poaMipy AKOI TOYHO BUaHAYMTH Hemox<ymeo. IIpore 8 pasi no-
PIBHAHHA HAlPIZHOMAHITHIIMX BJIACTHBOCTEN XiMiYHUX eJeMeHTIB
Ta IXHIX COOJYK CTae 3posyminmm, 1o poburti ue Ges ypaxyBaHHA
PO3MIpIB SACTHHOK MPAKTHYHO HeMOXIMBO. Tomy nomMoBMICE, 11O
CAME POYMITH M pOsMipaMy SaCTHHOK TA AK IX BUMIpIOBATIL

BignocHi poaMips atoMiB ¥ KOHKpeTHOMY XIMiYHOMY OTCYEHH]
BIMIPIHOTE AK BigcTaHi Mizk Aupamy cycigHix aTomie, BBazKaiouM, 110
ATOMIM CKIANAIOTECA i3 CcyMn pafiiyciB IXHIX eJeKTpOHHMX XMap.
Ockineky BificTaH M aTOMaMN 3Ha4HOK MIpOK0 3aiesxaTh BijJI Xapak-
TEpy XiMiYHMX 3B'A3KIE, TO PO3PIZHAIOTE KifbKa THUIIB PaJIyciB: aToM-
Hi, kopanewTHi, oM. Komen 3 mnx ofuncmowore s ciereM pisHoro
Iy, JIIA poro pospoblieHo HU3KY eKCNEPUMEHTAILHIX METOIIE.

Komanentni pagiycy BHAHAYAKTE JlneHHAM MK AfepHol Bij-
cTapl B MOJIERYJIAX NpocTHX PEY0BMH 3 0NMHapHIMK BB:HSKEMH, Ha-
npurnan Hs, Fy afo y npocrux pewopuHax THmy alMady HaBriig.
Beranopneno, 1o AOBRMKHA OJMHAPHOro 3B'Aaky, ToBTO YTBOpEHOTO
OOHIEK MAPOK EJNeKTPOHIB MM CHOIyHEeHMM PiSHMME atoMaMy, 1o-
pienioe ¢cyMi ixHiX kopanenTHHX pajiycie. Tomy JocTaThHeO 3HalTH
Ui pazfiycu ofA KiMBKOX eneMenTie, i, BiAHABINM Bin 10BHOIHK
8B'A3KY M PISHMMMK aTOMaMy [OBMKMHY BinoMoro pajiyea, SHaiTH
Iy KaHMIL

Atomnai pagiycs METANIE BMSHAYAKTE NINEHHAM [OONOJIAM
Mi'szIepHOl BIICTAHI B MPOCTHX pedeBuHax. KoBaneHTHI Ta aTOMHI
paaiycn meramis ve abiraoTeces. [lnp Hemetanis, AR, HANPUKIAN, BYT-
Jneus, tocdop, Gpom, aToMHl pamgiycH BiANOBI@KTE KOBATEHTHHM,
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Ans DaraTeox eneMeHTiB Ui 3HAYEHHS yixe BimOML

Aromui pagiycs JERKuX eneMenTis, nM

Li Be B e N 0 F Ne
155 113 88 (77) (71) (GE6) (64) 160
Na Mg Al Si P s Cl Ar
189 160 143 134 (130) (104) (99) 192
K Ca Ga Ge As Se Br Kr
236 187 1349 139 148 114 (114) 108
Rb Sr In Sn Sh Te 1 Xe
248 215 162 158 161 132 (133) 218
Cs Ba Te Pb Bi Po Al Rn
267 221 171 175 182 = = -

3HAYEHHA ATOMHMX pajiiycis SajleaTh Bil eQeKTHBHOIO 3apsauy
Anpa (e, ¢ 111) Ta yicna enexTpoHHMX piBHiB.

:'.?taJIEJKHiCTh ATOMHMX pajliycis Bil sapany Afpa mae nepiogmu-
HIMI XapakTep. ¥ Memax oAHOTO nepiofy siiBa HanNpaBo BHACHNOK
a0iBLIeHHA eheKTHBHOTO 3apANY AAPa 3POCTAE CMJIA NPHTATAHHA
EJIEKTPOHIB 110 AJIPa, & L€ NPHSBOJNTE [0 GMEeHIIEHH: aTOMHIIX pa-
miycis. Omxe, posnovunaroms nepiod waibicvwi, a 30KMNyw0OML —
HeUumenwi 3a poamipom amosmu (prc. 4.8).

Y rpynax enementie pafiycy atomis 3pocTaiorh, 60 afismbiiy-
€TECH 4MCNI0 eHepreTHdHMx pisHie. Hioxni copmosani eneprerirasi
PIBHI HEMOBOH «TIOMIMHAIOTE» 3POCTAIONMIT 3apsall Apa | BiUTOBXY-
W0Te Bij cefe sajeHTHI enexTpomn. Tak BOHM CTBOPIOKITE CBOEP/I-
HITH eKpain, AKMI «3aTYNAE» AAPO BiAl SOBHILUHIX ENEKTPOHIB i THM
camitm nocnabimoe IXHI0 B3aemonio 3 aapom. Taki pieHi HasMBAIOTE
EXDANYIOLUML,

Y papax d- Ta f-eNemeHTIB TaKOM CIOCTEPIraeTECH 3MEHLIEHHA
aTomuux papiycis. Ocofmieo sigsyTHe BoHO TOAl, Koo d- aGo f-mij-
PIBHI 3'ABIMIOTECA Brepiue, Tobro 3d- ta 4f-niapiswi [Migpisui 1s-,
2p-, 3d-, 4f- HasHBaIOTE XAGHOCUMEMPUWHUMY (BRI TpELBK. Kail-
HOC — HOBMI, TODTO HOBMIT THn cumerpii opBitaneis). dna umx xa-
PakTepHa HBHBH.iETE- OIHOTO MAKCHMYMY Ha KPUBi paJilaisHOTO pO3-
noxaLTy €neKTPOHHOI rycTiHN, Ha siaminy B sraganux petura op6i-
TaJleil TIEl caMoi CHMETPIl Mae JIONAaTHOBI MAKCHMYMM HA [I1X 3aJerH-
HocTaX. Orke, A kafiHocHMeTpuunnx opbitaneli xapaktepsa Bifi-
CYTHICTE BHYTPIIUHIX 3anoBHeHux opbitaneit mici camoi cumempii.
Ue npussopire s10 nocinernn a8'naky KailHOCHMETpHSHIX EIEKTPO-
HIB 3 A/IpOM BHACHIZAOK icTOTHOrO nocyabnennn edexTy ewpaHyBaH-

_ HA, aMeHlIeHHA OpbiTafibHIX aTOMHMX pagiycis, 3GiiLIIEHHA NOTeH-

Warnis ioizauii i, BiANOBIAHO, Nocnabnentn MeTANYHIX RIACTHBOCTEN
KalHOCHMETPISHMX ©JIEMEHTIE NOPIBHAHD 3 HEKAITHOCHMETRIMHIMIL
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AToMHM HOMER
Puc. 4.8 MepiomprmicTs aminn aToMemx pagiycis enemenTis

Crinsna mia edextis d- Ta f-CTUCHEHHA NPUBOANTL A0 TOrC, WO
paziycu d-eNeMeHTIB IIOCTONO Nepiofly NpaKTHYHO He BiAPISHA-
f0ThCA Bin papiycis d-emementie n'aroro nepiogy. Ile symosnioe Be-
JMKy TOMGHICTE BAACTMBOCTENH TAKMX €NEMeHTIs y niarpynax, ax Zr
i Hf, NbiTa, Moi W ra in

§ 7. Enepria iomizanil

Ximiuri Bsaemonil wacto noe'ssani 3 npouecamu Bignasarra abo
PHMEAHAHKA eJNeKTPOHIB.

3paTHICTH ATOMIB €J€MEHTIB 10 TAaKHMX [IEPEeTBOPeHb 3YyMOBNEHA
Gynoeom ixHIX aToMiB,

Konu aTom NneperBOpPIOETLCH HA [OSUTHMBHO 3apAmMenusi ioH, TO
Binbysacrscs #oro iomizauis. 1la nepebynosa saexam nop'sasana i3
BaTpaTol eHeprii.

Enepriwo, axy norpiémo saTpaTuTy, mob Bin isonsosanoro (ra-
Koro, uo wepebysac y rasomoxibmomy crami) aToma UM ioma
BiIMENnUTH eNeKTPOH, HAZHBAIOTL enepicw ionisayii.

1i oBumcnonTs 32 COEKTPAaNBHMMM JAHMMHM MR [OCHIAOBHOTO Bix-
MENNeHHs EeMeKTPOHIB 1 BMPAXKAKTh Yy KINOMKOYNAX HA MOMb
(xJlzc/mons) abo B enexkTpoH-BonbTax (eB).

31aTHUM IO BiAILENNEeHHA € eNeKTpOH, Axmil Haiicnabkilue 38’8~
samuii 3 agpom. Vioro enepriro sussavaioTs 3a hopMynoio:

Jle @ — BapAf eNeKTPOHA; T — pafiyc aToMa; Zeg — e(exTUBHMI
sapan Axpa (0if Yac HOro PoSpaxyHKY BPAaXOBYIOTH EKPAHYOHY 0
iHILMX eNeKTPOHIB aToMa Ha TO, 110 BiOLIETLTIOETECA).
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. Eq:ven-rnnn_uﬁ 3apax ANpa aToMa Zgg, o6uMCHOIOTE AK DISHMINO
MK CHpaB)REiM 3apAAoM Afpa | CTanoK eKpaHyBaHHA S:

ZE¢=Z~S.

€ emmipugHi npapmna BusHaueHnA niel Benumen. Huskuae mgsenero
BHAYEHHA e(EKTMBHMX 3apAiiB INA AeAkux enemesris. Bowm no-
cTynoeo sbimemylorsca Ha +0,65 sapany B nepiogi snisa wanpaso i
Ha +0,9 — y rpymi:

Buavenun Zeg BACD ATOMIB APYFOro Ta TPETHLOTO Nepiojis

Li Be B C N 8] F Ne
+1,3 +195 +26 +335 +38 +455 +52 4585

Na Mg Al Si P S Cl  Ar
+2,2  +2,85 +3,5 +4,15 +48 +545 +61 +6,75

AToMu eneMeHTiB, AKi B ronoBEMX NiArpynax poamimeri Huskde,
MAKTe TaKmil camuii edexTUBHMIA sapAn sfep, AK 1| ANpa aTomis
TPeTLOro nepiomy.

. EdpertuBri sapagu spep atomis d-meranis nepesakHo Memiw,
HUK eneMeHTIB roJIOBHMX Niarpyn. ¥ nepuiit i apyrift rpyni Borm
aﬁlramacn_ 8 ehexTHBHUMM 3apAnAMK ANep aToMmiB HaTpi i mar-
HIIO, & panl B nepiogi 3ajiMILAIOTBLCA HE3MIHHMMM, — #K Yy MAarsin
(BMHATEY — eneMeHTH 3 <NPOBAMIOBAHHAM» enexrposa). Bimsiuomy
eq:nen_-_::nmuom sapAny Anpa atoMa eifnoBizae Ginslua exepria eza-
€MO[Ill eNeKTPOHA 3 AJpPOM, 3POCTAHHIO Pajiyca atoMa — 3MeHIleH-
HA MI€l eHeprii.

l'[epma_ eneprin iomizanil I, mianosimae npouecy, Axwii MoxcHA
OMMCATH PIBHAHHAM

Mgy —> M'yy +e -1,

Ae M — mefrrpansHuii aToM, mo nepefysae B rasoBOMYy CepenoBuMi
(isonsoBammit atom); M' — cnpsoxernit 3 Hum o i i
P JIHO3a ioH
TAKOMY CaMoMy crai. P Y
_ Apyra emepria iouisauii [, — ue ewepris, sKy BuTpauaoTs Ha
BIAWEILNEHHA 38 THX CAMMX YMOB APYTOTO €NeKTPOHa:

M{, - M7 +e - I,

Enepris ionizauii einobpasxae snactuBocTti iHaMBiTyansHol Hac-
THHEM {amma,_mpnexym, 10Ha), xonu BoHA nepefypac 3a MemaMu
KOHEPETHOrO XIMIYHOIO OTOYEHHA, T00TO enepria ioHisauil xinmexicHo
¥apaKkTepusye BB'A30K ENEKTPOHIB 3 HAPOM B OKDEMO B3HTOMY
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atomi. Menmomy srauvenHIO Ui€]l eHeprii BiinoBijae menia erepria
paaemonii, Ginsinomy — Ginbua,

Y Tabn. 45 ta 4.6 paseneHo emepril iomizanil anA enemedTiB
JPYToro Ta TPETHOrO NEpiojiE.

TaGauys 4.5. Ereprii ionizagil enemenTis Apyrora nepioay

Banent- fl 12 Iq,
Enement| i '
rinpiness| AL/ MOTIE | eB | lla/moms eB | gllx/mons eH
Li 25! 520.2 5,39 7298 75,64 11812 122.4
Be 284 899.5 9,32 1757 18,21 14844 1539

B 25%2p! BOOG | B,208 2427 25,16 3659 37.9
C 2s22p® | 10864 | 11,26 2353 24,38 4619 47.9
N 25%2p% | 1402,3 | 14,53 2856 29,60 4547 47,4
0 2s%2p% | 13139 | 1362 3388 35,12 5296 54,9
F 2s%2p% | 16811 17,42 3376 34,99 6045 62,7
41,08 6130 63,5

Ne | 2¢%2pS | 20807 | 21,54 | 3964

Tafiauys 4.6. Epeprii iopiaam¥ caemenTtis Tpersoro nepioy, k/lux/moas

1 Banenr- |
Enement | i I I Iy Iy I 1y I
MiapiBeHs —
Na 2s' | 4958 | 4564

Mg 22 7377 | 1451 I F730 |

Al 2sf2p! | 5T7.6 | 1817 | 2744 |11 600
Si 2s?2p? | 7865 | 1577 | 3228 | 4350 |16 100
P 2522p% | 1011,8 | 1904 | 2910 | 4950 | 6270 |21 200
5 2s22pt | 999.6 | 2253 | 3380 | 4565 | 6930 | B490 |27 000

Cl 2:29p% | 1251,2 | 2296 | 3850 | 5160 | 6560 | 9300 |11 000

Ar | 2s?2pf | 15206 | 2666 | 3946 | 5770 | 7230 | 8780 |12 000

Jlamasumu JiHIAMK BUAINMERO BeJMEWI CcTpubOK eneprii, Akmii
BinbyBacTheA B padi pyfHYBaHHA BHYTPILIHIX ODOJOHOK, poamille-
HUX HIMYE BifI BAEHTHUX Mi/IPiBHIB.

flx i cnipg 6yno owikyeaTH, BIJILENJEHHA KOMKHOIO HACTYIHOTO
enexTpona norpebye sce Ginbliux erepreTuurux satpar. e nos's-
3aHO SK 3 YTPY/IHEHICTIO BifjL(€NYEeHHA HETaTHBHO 3apANAEHOTO
eNeKTPOHa BiJI NOSHMTHBHO 3apAJKeHOro ioHa, TaK i 8l 3MEeHIIeHHAM
YMCaa eNeKTPOHIB y ioHi, #Ki BIAWITOBXYIOTH BiJi ce0e eIeKTpoH, 1o
BIIPHBAETLCA.

3rapaBufi puIle CTpiMkMil cTpubOR eHepril Ha OO¥aATRY PpYyiiHy-
BaHHA BHYTPIIMHBOIO MAPIBHA CBJIHHTE, 1110 EJIEKTPOHN TAKMX M-
PIBHIB 8HAYHO CUJBLHIILE CHOJYHEH! 3 AAPOM | He MOMyTh DpaTn
YHACTi B YTBOPEeHHI XiMiYHNX 3B ASKIE.
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E1_1epriﬂ ioHizanii _BANeNUTH Bl HM3KN SHMHHMKIB. a) papiycis
aTOMIB — 3pOCTAE 3 IX BMeHLleHHAM; §) ederTUBHONO BapaAny Anpa
aToMa — 3OLILIIYETLCH 3 MOro abinbwernaM; B) XapakTepy nizpin-
HA — HIM MILHILIE eNeKTPoH Ha migpieni cnonyyernii a AOpPOM, THM
BaKYE HOTO BUMUEnuTH Bl atoma. Omke s-enexTpoH eimuiervrst
Baji{ye, HUK pP-€JEKTPOH, Y CBOK Hepry p-eNekTpoH Bimuemrri
paxkye, Hixk d-emextpon i 7.1 Ocofmmeo ue BigwyTHO B pasi pin-
IETIIEHHA APYTOTO, TPETHOTO | T. [, eNeKTPOHIB; T) eexTy expany-
BAHHA — 3MEHIUYCTHCA B Mipy sOiNblUeHHA 9iena expaHyunx
enexkTpoHie. Haitbineie expanywore aapo rmubun emepreTnusi pisHi
Yum ix Ginewe, tTum cnabrille sasieHTHl enexTpoHM CrIONy4eHi 3
AApoM (Brsis edhekTy eKpaHyBaHHA BPaXOBYE 3Miva eexTHBHOTO
3apsANy ANpa aTtoma Zr,¢}; /) Big xapakrepy salynoBu enexTposamu
mapienis: ns’-, np®- ta npC-nigpieni sippisHsOTECA MHABMILEHOW
CTIHKICTIO Bijy 1HIIIX.

drigso 3 pasmumm Tabn 4.5, 46 ta puc. 4.9 enepris ionizauii y
MeXax TMEepPIoNlY MA€ TeHAPHI[IW a0 I0INBLISHHA, ane 3MIHOETLCH
HEMOHOTOHHO. «CTpubkns cnoctepiraloTeea ans s°-, pi~ ta pP-rig-
PIBHIE BHaCJIAOK iX NiABMUIEHO] cTilikocTL

Il wJLsief WMons

1500

1000

P #p' sipt sipt sp"

®

5! &7 sip £
Pue. 4.9. 3mina exeprifi ionizanii aTomis eneMenTis TPeTHONO nepiony

l?-sa_ram eHeprif ioHizalil aMiHETLCH nepiomiuno, ¥ rommHOMY
NEPIo/il BOKa 3pOCTAE 3MBA HAIPABO, 4 B TOVIOBHUX HiATPYTIax SMew-
WYETLCA ABEPXY BHUI.

3’_ r!ﬂﬁl‘iﬂrﬂi 1ni;}rp3_max LIS €NeMenTIB, PO3MILIeHNX MCAR JEH-
TAHOIZIB, eHepria ioHizanil cTpubkonoaiGro apocTae, ockimbKM pos-
MIDi 4TOMIB 3MEHIIYIOThCS, a ederTuBHl sapsamu sjep Zeg samy-
u{_amrrbt:fl HESMIHHMMY, 1O i 3yMoemne 30ibilerHA eneprii BzaemMo-~
Al 30BHILIHIX ENeKTPOKIB 3 Apom.
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§ 8. CuopinsenicTs 10 enexTpona

flx | eneprin ioHizalil, COPIAHEHICTE JI0 ENEKTPOHA € BIACTHUBIC-
TH IHAMBIAYANbHUX aTOMIB,

Cnopidnenicmio do erexmpona HA3UBAIOTH EHEPriio, AKa By-
NIAAETHCA 9N MOTINHAETHCH BHACTINOK MPHENHAHAA eleKTPOHa
A0 izonsoBamoro aroma (Takoro, axuii nepebysae y rasonoait-
HOMY CTAaHi).

Ernepriso cnopijirenocti no enextpora E., XapasTepuaye npouec
X+1le =X %£Ey,

AKKI MOMCHA POSIISNATH AK NPOTUNEKHEMA Nponecy loHIsamil aTo-
ma. Emepriio coOpifHEHOCTI 10 ENMEKTPOHa TAaKO¥K BHPAMKAKNTbL ¥
Klnmo/proynax Ha monb (kI[K/MONL) aE]-n B EJEKTPOH-BONLTAX jeB].
BoHa 8aNeuThk Bifi TUX CAMMX YMHHMEKILB, L0 1 €HEPrIA 10HI3AIL

V mipy 3MEHIIEHHA DPOSMipiB aTOMIB eHepriA CNopiIHeHOCTI JI0
enexTpora E.; 36inbWIYETBCA, 3POCTaAHHA eerTUBHOTO 3apAay
Anpa Zeg TaK0XK CYNPOBOIIKYETHCA abiNbIIEHHAM L€l eneprii,
ToMy B nepionax Ey, 30inbUyeThCA, 4 B FONOBHUX DIATpymax
3BEPXY BHM3 — 3MEHIUYETbCA. 3aranoM, AK i ewepria ioHisaugll,
€HEepriA CropifiHEHOCTI A0 eJEKTPOHA 3MIHWETLCA NEPIOAMYHO,
HATIPHMEIA L

Enement H F Cl Br | 0 s N P
ﬁm:npﬁ::»enmmpmm: 72,8 3227 3514 338,9 325,09 141,5 2004 -20,0 77,0
kJlac/ Mok

EnemenTtit Apyroro nepiony — (TOpP | KMCEHb MAKTh HE3BHYHO
HM3BKE 3IHAYEHHA €Hepril CNOpPIAHEHOCTI JI0 eJNERTPOHA, a as30T —
HapiTh Big'emre. Ile DOACHIOOTL ManMMMM poaMipaMid arajasix aTo-
MiB, BHACJTIJOK YOro BEJIMKOK) € EJIEKTPOHHA IYCTHHA. _

Ilpuepsarss [0 aroma 3aiiBOrO ENEKTPOHA HacTibky abimburye
MUKENEKTPOHHE BiILUTOBXYBAHHA, [0 CHEPIiA CHOPIIHEHOCTE A0 eNek-
Tposa Ey, mwMx aroMis CcTa€ MEHINOW, HiXC Y HACTYUHMX 33 HUMM.
Bin'emue sHauenns E., atoMa a30Ty NOACHIOITH DIABMILEHOIO CTIAKIC-
THO HOro HAMNB3AMOBHEHOTO pP-TiapisndA. JiA aToMiB eNeMEHTIE, o Ma-
HOTH NOBHICTIO copMoBaHi ns- Ta nP-MiAPIBHI, 3HAYEHHA EHepril cno-
pinsesocti o enexktTpona Eq, Takos sin'emre, ToOTO aTOMM TakMX ene-
MeHTIB MozifHO 10 aTOMa A30TY «3MYLIEHIs NMPUEIHYBATH EJIEKTPOHM.

IlpyvenraHHs €NeKTPOHIB JI0 OJHOSAPAJIHUX AHIOHIB 33BN MO~
Tpefye satpaTti exepril. Hanpuknan;

O+ lee=0" +1428 gllx/mons (eHeprin suUNAECTLCH),

Monexyna I, eB I, x]lae/mons [ E., eB E.n kIl /mone
Bry 10,56 1016 2,5 242
Cy 11,4 1148 = 318
CN 14.20 1370 3,82 370
Cly 11,48 1108 23 230
Fyq 15,69 1515 3,08 287
H, 15,43 1489 —3,58 —345

Iy §.40 907 2,58 249
K, 4.0 386 - =
Ligy 5,0 482 - =
Ny 15,58 1503 -2,8 =270
Nag 4,90 473 - =
J Oy 12,08 1165 0,44 42
F, 4,6 926 - =
S, 0,36 903 2 193
Seq B.88 857 - =
Tey 8,26 800 = =
ClO; 4,45 429 0,028 - 2,74
H,O 12,61 1217 =0,050 —4,85
HaN 10,15 a7a = -
NO 9,27 894 = 2
NO. 9,79 G4 - 209
OH 13,18 1272 - 177
Oy - = 2 28
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0™ +1e = 0% =704,38 xJlx/Monb (eHepria normMHEACTHCR),
ToMy GaraTosapammi aHiORM BITBHO icHyBaTH He MoskyTs. Hasire y
KPUCTAJIYHUX IPATKAX 3 TakuMy ioHamu BinbysaeTbes nepeposno-
Ain €NEKTPOHHOL ryCTMHM MiX KaTioHOM i aHiOHOM, BEACTIZOR 4OTrO
BEJIMNMHA HETATHBHOIO 3aPAJlY aHIOHA 3MEHLIYETLCH.

Besnocepesine sumipiosanus ereprii cnopigsexocti 10 enexkTpona
MOMIHBE TLMbKKM A7 nebaraTeox esnemewntis. [Ina pemrtu 1o Besy-
YMHY ZHAXOJATE JOCTIAMKEHHAM CKJIAJHIIMX MPOLEcis,

Bignasatu abo npuegsyBaTH eneKTpoHN 3a MEBHMX YMOB MOMWYThH HE
Jidille aTomy, a # Monexynu. BHacniiok poro BOHM NEDETBORENOTBCA Ha
MONERynApHi ionn, abepiram0wn cailt sxickuit Ta Kinekicwnd cknag Bins-
LIOMY 3HaYEHHID eHepril ioHiZalil TyT mignosigae swavma cTifikicrs nefi-
TPaJbHOL HACTHMHEW Ta Mana 11 spaTHicTs siazasaTh enexTponn (tabm 4.7)
i masnaxn. CnopimeesicTs go ENEKTPOHA ¥ MONEKYJN 3BMYAHHO HMILKA, a
AnA peArnx HadeTiikimgx momexyn (Hs, Ny, HeO) soma mae nin'emue
SHA4EHHH, TODTO MPMEAHAKHA ENEKTPOHA [0 HMX € BMMYILEHHM,

Tatisuys 4.7. Eneprii ionizanif I va coopinsenocri no enexTpona E,,
ACAKHX MOJIERYN

-
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Eueprii ionisanii Ta cnopifHenocti 10 enexTpoHa :I:IE!PHOIO m;;qoom
XapakTepusyTh SAATHICTL €NeMEHTIB BaaemoziaT mizk coboro. Ko-
JIM OfME €NEMEHT Ma€ HM3bKY eHepriio iorisaull, a IHUBHT — BEJMKY
CHOPIIHEHICTE JI0 €NeKTPOHA, TO BOHM JIETKO B3a€MOALOTL 3 yTBO-
pexssaM ctifirix cnonyk. Tpore ockinbky ODMZIBL BeIMMEHI Xapak-
TepHayIoTh BJACTHBOCTI TiNBKM iHAMBIAyansHuX (OKpeMO B3ATHX,
rasononiGHIX) aTOMIB, IX MPaKTHYHE BMKOPHMCTAHHS OOMEKeHe.

Jdna nepenbavenHAs peakUiifiHOI 30ATHOCTI EJIEMEHTIB BBEJIEHO
crietiankEy YMOBEY BEJIMYMHY, HASBaHY €JIEKTPOHEraTHBHICTIO.

§ 9. EnexTpoHeraTMBHICTE

Jlns XapakTepMCTMKM 3[@THOCTL aTOMa YTPMMYBATH ENeKTPOHK
JL K Tlonier 3anponOHyBaB BeNM4MHY, SIKY HasBaB eAexXmpoHeza-
muexicmoo. ENeKTPOHEraTMBHICTL € y3arafibHeHOK eMIIPUYHOK
XaPaKTepPMCTHROID XIMIYHMX BJACTHBOCTEN eNeMeHTIs,

EJleKTpOReraTHEHICTE PO3yMiOTE AK 8i0HOCHY 3AATHICTHL ATO-
MiE elleMeHTA MPUTHATATH o cebe enexkTpoHH ¥ Oyab-AKOMY
OTOYEHHL

BoHa He € TOYHO BMSHaYEHOK (isHtIHOI BENMHYUHOW, il BM3HA-
YAIOTh, SICTABNMIONY 3 €NeKTPOHEraTHBHOCTAMM IHIIMX EJIEMEHTIB.

Jadinyve Kapn IMoniwr (1901-1994) — _amepmcaﬂcaxm‘r
hizux i ximix. Haykosi mpatl OpMCBAMER! BUBYEHHIO Gy-
AOBM MOTEKYN Td [TDHPOIHM XiMIMHODO 3§‘natw. 3anpoBa-
mm (1924) nousTra THOYV  «netherTHOD CTDVKTYDHS B
KpucTamsmii rpatul Poapobus (1831-1934) keanToBO-
MEXAHIMHIO! METO] BHBEYEHHA Ta OMHCY CTPYRETYPH MOJe-
Kya — mMeTon panerTaux 38'aakis (B3) Creopms (1931—
1933) Teopiio pesonancy. Cnimssio 3 IIne I Bepranom
(1801-1971) 1a JL Bperrom (1890-1871) BANOMATIYBAE
CTPYKTYRHIOL axama Glrkis. Pnapcﬁm_ﬂml roprodi cymi-
wi Ta exbyxXoBl pPENOBIHM, ILTasMo- 1 KPOBO3EMIHIIKH,
HOBl JUKEDEJA KMCHI) JUIA OUIBOMHMX YOBHIB 1 JITaxis.
Bunip pisuamma (1947) ana ofycnensa MeTANPMEMX pa-
miycis aTOMIE B pasi 3wl KOODIMHALIIHOMO 4Mcna, ane
aa cranol satewtHooTL Jlaypear Hobenisenkoi npemil
Jajisye Kapn [Moxisr  (1054) ra Hobeniscskol npesii supy (1962).

inbka IURAJ  ENeKTPOHeraTHBHOUTEeH, GHOBaHIX
Ji. I%. H::c.:lnil—:mm, P. C. Mannikerom (rabn 4.8), A. JL Oanpenom
(1911-1989) i E.TI. Poxosum (map. 1933) 7ta P. T. Cangepcorom
(1916-1983). CTropeHHA IMX WIKAN [PYHTYBAJIOCH HAa PI3HMX yAB-
JIPHHAX, aJie 4YMCJOBl SHANEeHHA e.newrpomwa'r_usnocreﬁ OIA KOH-
KDETHHX eJeMeHTiE Mano BipisHAKOTECA OfIHE Bijfi OHOIO.

o pospeXyHKY BIIHOCHOI ENeKTPOHEraTHBHOCTI ENeMEHTIB plaHl aBTo-
PH IMAXOHMIE NO-PIgHoMy.
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[Mepunsit nigxig a0 winexicEoel onisky ESIEKTPOHELATHRHOCTI  Bleplie
y 1932 p. sanponosysae JI K [oaisr. e Gys cymo EMIPIHEIGT moxig,
AKIE rpyHTYBaBCA Ha  amrrusHoceti (sin nat additio - OOAABE HHF,
OTPHMAHI PE3yLTaT € AnrefpuyHOK CYMOK0 CKJIAA0BIX] HOPMANBHIN
KOBANEHTHOX 3n'Askie. Tobro, armo Mk atoMami A i B soznkae
HENOJNAPHINT KOBANEHTHIN 38'AI0K, TO EHEPriA uLoro 38'AaKy rpufisnano
TAKA cama, AK | Nmiscyma eHepriit as’'askis A-4 ta B-B:

A=Eyp = "ulEqq+ Egp) = 0. (4.1)

Oguak agebiibiuioro atoMit pisHATLCA 3NATHICTEO NpUTAryBaTy Jio cebe
enekTponi. nm Ginewa sigMispicts y wift agatHOCTI, THM GinBLIO0 €
AMOBIPHICTE YTHOPEHEA MM HUMU [0HHOrO 38 HaKy,

Teoperiino 6yno aosefiesn, mo EHEPTiA aMIIAHONO JOHHO-KOBEJIEHT-
HOrO ap'Aaky Dinbiua BiE eHepril cyTo KOBANEHTHOMO 41 oy ioEHoro. o
JosaTroBy cTablniayiouy eseprito as'saky Oy.0 HAIBAHD IOHHO-KOBAIEHT-
HOW peaonaHcHOK eseprico, 1i nosHavaiors Jivepot A (measta) Orse,
sl A # 0, 38'A30k ma€ uwacTkoso iowsnil xapaxrep., YacTka iossocTi
3B'ASKY SANEANTE BN PisHull eNesTpOHeraTHBHOCTERN COOMIVHEHIX ene-
MEHTIB 1 B Mipy 30inbLIEHEA OCTAHEBO] 3POCTAE, TOMY BeMIMNEA A 108'H-
3aHE 3 PISHULEK ENEKTPOHErA THEROCTET.

Tax, eweprin as'ssky somio i dmopy v wmonexyni HF popismoe
565 kllmc/mooe, a emepril as'makis y monerynax Hy @ Fp Binnosiono zo-
pisEmioTs 432 1 139 kDk/Moms. Cepessie reoMerTpitue 3 OCTAHHIX ABOX
JHAYEHD CTAHOBNTE /432139 = 245 klly/mons, 0o #wabarato mesoe BiE
eneprii 38'A3Ky B moseryni HF A = 585 - 245 = 320 &Mlxc/monn, Came 130
HALMUIIKOBY» eHeprild A NMOB'ASYIOTE 3 YTBODEHHAM HYACTKOBO (OHHOMD
ae'ssxy. Ilna ae'gagy BESNHIHN A 3 PIEHILE enexTpoHeraTHBHOCTE Gy~
S0 3ANPOROHOBAKO EMTIpITEHe CNiBBLINOLIEH A

2y — &g = 0,102 AV2 (4.2}
SuaueHnA semmMHn A obwienoTs 38 GopMyIok:

A =Esg = [EqaEp.g)'/?, (4.3)

ne E — eHepria mueowiauii simnosimmix an'sakin,

Ockineky 32 piesansan (4.2) MOMEa BUAHANIITY TLIBEN PIBHMILO eNek-
TPOHErd THBHOCTE, OAHOMY 3 eneMentis Tpeba Gyvio 6 upHMImICATH yMOBHE
SHAMEHHA LIET BequHuEK | mKe norM asaitty sel mol B OO & Haiing-
WHPEHILTNX WKAA ENeKTPOHEraATHBHOCTEN TAKUM ENEMEETOM € "Hafiblisw
SJICKTPOHETATHBHIT eneMeHT npupojwt — drop. Enexrpoxera mieHicrs
thropy 6ya0 upuiiEATO TaKoW, mo BopisHKE 4.

sy inTepupetanin semmmE CNERTPOHErATHEROCT] ¥ 1934 p. sanpo-
nonysas P. C. Manniken (1896-1983). 3a fioro KOHLEMUE, XapakTep
POSMILLEHHA €eneKTPOHIE aB'A3Ky Mk atomamm A | B y cnoayui AB
1oB'ASAENN & NOPIBHKHHAM pisHyLl Mix eHeprisgmy ogizanii atoma A ta
CHOPIAHEROCT] A0 enexTpona atoMa B | Hasnaky, HRIo ENEKTROHY JIeriie
nepelim wig atoma 4 no atoma B, 10 Mae CHPABDHYBATHCE HEPIBHICTL

Lay = Ecuimy < Iigy — Eeniay
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Tabauys 4.8. EaexrponeraTmsrocti nenxunx e.ueuenﬁn.
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abo
Iy + Ecyay < Iy + Ecetr il s [ PRt H&ﬁtun?" B, | P GBS
. Sy WG g . A MEp £f1€- | MENT 22 aa MEp ene- | mMent ag nn
Tobro Hinpiua CcyMa €Heprift iomisaifl 1 COOPLOHEHOCTI OO0 ENEKTPOHA MeTa . . : :
cBimuMTE PO Te, mz};mm enemenTa i cusHime yTpumye (1), i cunbuite 5 Maanixenon) loxinros | mewra Mannixesom | Mominrom
npursarye (E) enexTpomi. H 2,1 19 K 0,80 0,8
P.C. Manniken Beaxas cymy (I + E) Mipom enexTpOReraTHBHOCTI, 3 Li 0,94 1,0 20 Ca 1.0
floro pOspaxyHku y pasi BBeferHs BiANOsigmoro Koediuiewra mponop- 4 Be 1,46 1.5 21 Sc ;
wifinoeri nobpe yeropsysasmcs si wkaaoo JL K Tanivra. HespyusicTs 5 B 201 2 P L3
BIUKODMCTEHES TAKOrO MIXOLY, AKWA MAB MilMe TEOpeTHuHE MAIPYHTHA, 6 c 2163 ) Ti 1,5
HACAMNEPEZ [0B'A3AHA 3 HEMOMNUIMBICTI) BHIHANEHHA CNOpiaMeHocT o ' 25 32 Ge 1,8
enerTpona ana Binsuoor enemenTis, 7 N 2,33 3,0 33 As 1,75 20
A. Onppen ta E. Poxos BanmponoHYBANM METO PO3pPaxyHKy esiex- 8 0 3,17 3.5 34 Se 9 99 24
TPOHEraTHBHOCTER, AKI IPYHTYETECA HAa BENMSNHMHAX KOBANEHTHMX pamni- 9 F 3,01 40 25 g 2"?6 )
ycibp. 3rinno 3 MM ENEKTPOHErATHEHICTE 8TOMA — L CJIEKTPOCTATHNHA 11 Na 0.93 I]' 9 38 = ' 2,8
cuNa NMPUTATAHHA MM ATOMOM | ENEKTPOHOM, BLLIANEHMM BlL AApa HA 12 M 4 1 b 0,8
BiCTAHE KOBANEHTHOrO Pajiiyca: ‘ 8 1,32 1,2 38 Sr 1,0
13 Al 1,81 1,5 50 Sn 1.8
Z & 14 Si 2,44 1.8 51 Sh 1,65 1'9
®y= 15 P 1,81 2,1 52 Te 2.10 51
1 * »
ne Zo4, — epexTusuuil 3apAa Apa aTOMA. c 3,00 3,0 55 Cs 0,7
s i ; 11 K. Tom 36 | Ea 0,9
NEPEBECHHA OTPHMMAHNK peayikTaTie B ommuil tkany JI K. Tonin- )
ra, ﬁy.rsg 3AMPONOHOBAKC CIHBBIAHCIIEHHS Enexrponerarussicrs
oL F
Z .6
2, = 0,359—5— + 0,744,
Ta
3a v pienaxaaM E Jirtn ma M. [DHOHC pOSPaAXYBAIM [OBHY LIKaNy ar £
enerTpoHeraTHEHOCTEl enemenTia Br
Criip 3A3HAYMTH, L0 BEIMMMIM ENEKTPOHEraTHEHOCTEN ENEMEHTIB, OT- I
pHMaHI 3 BUKOPMCTAHHAM pPISHMX MiAX0gis, Mano pianATeCcs Mk cobow. 1
€ piadi emuipidnl dopMyaM, WO BHPEMKAITE ANEHHICTE MM DiZHu- 2
LE0 ENEKTPOHETATHBHOCTER ATOMIE eNeMeHTiE 74 AEAKHMMM BIACTHBOCTH-
MM 38'A3KiB. 3a pisHMLEK eNEKTPOHETATMRHOCTER eneMewTin, AKki yTBO-
PHOIOTE 98’ S30K, HACAMIIEPE] AKICHO BMAHAMAXTE XAPAKTED 3B'AIKY - KO-
saneHTHMi 41 IOHHEWE, Opo mo ATHMeTseA nani. ARMmo Je'A30K KOBAJEHT-
HUii NONAPHMI, TO AOEM¥MHY NONAPHOTO as’saky dap mix atomamm A | B -l
MOMCHE BMPAIHTH CIIBBIHOIIEHKFANM Na 2 -
dﬂB =ra+rvg - 0,09 (g - 2p),
ne ry i rg — KosanenTri paaiycn atomie A 1 B: &4 | 25 — eaextponera- He Ne Ar - Kr ; ;
puexorti atomis A i B 3a [Nonikrom. o 10 20 an 40 80 PP
3a piero QOPMYNO0 OOBNOMA TOJAPHOND 3B'A3KY THM CHAbHILE Bin- _ Arommnit Homep
PISHAETLCA Bil CYMY KOBANEHTHMX papiycis aTomis, W Ginbuma piswis Puc. 4.10. Bmina enextporeraTusHocT 3ane3H0O Bin
MOPAAKOBOIO HOMEpPA XiMIYHOID enemenTa

iX enexTpOHeraTHBHOCTE,
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¥ nepiopax eNeRTPOHErAaTHBHICTE 3pOCTAE B MIpY SMEHIIEHHA
pagiyca aToma Ta 30ibLIEHARA Zegy TOOTO TAJIOFEHM Y CBOEMY nepi-
oni MalTe HaiGinbuUl aHAYEHHA eNeKRTPOHEraTHBHOCTEH, @ JIY¥KHI
metamn — Raivernn (puc. 4.10). ¥ roposHux niarpynax HaibimeL
ENeKTPOHETATHBHOCT] MAIOTE @NeMEeHTH, ARl NOYMHAITL TPYTy, To0-
TO eNEMEHTH APYTOro nepiony.

TMousTTs ENeKTPOHErATHBHOCTI BHKOPHCTOBYIOThH A nepenba-
YEHHS AeAKHX BIACTHBOCTEN PevOBIH. Tag, sicTapnsAwd nogidyl sa
CRIAJIOM PEHOBMHI, MOHHE poDUTY BUCHOBKM (PO aMiHYy XapaxkTepy

ximiyHuX 3B A3KIE
TMopisnABID, HATPUKNAM, CHOIYKH NaCl 1a PCls, momna obume-

AuTH PISHMLIED eJIeKTPOHEeraTHBHOCTEH enemMenTin; A@ (NaCl) = 3,0 -
- 0,9 =21iA2(PCly) =3 - 21 = 0,89 le us pisunua Gineia, Tam
i yacTra I0HHOCTI 3B'ABKY DinbLIA.

Mopsn 3 NOHATTAM ENERTPOHErATHEHOCTL ¥ ximiusifi nivepaTypl AR
KAPAKTEPHCTHRIT MEeTamuHOCTI eNENMPHTIE 3ACTOCOBYIOTE MOHATTA e1ek-
mponosumuenicmes. 3 KiMIHHOTO NOLIAAY, ENERTPONCANTHRHICTE XUPAKTE-
pH3YE BRATHICTD ATOMA ENEMEHTA BULARBATH ENEKTPOHI (M » M* + &)
JInF ORpEMO BAATOID, IHAMEBIAYATEHOTO STOMA ENEKTPONO3HTHEHICTE KiMTh-
KICHO MOZKHA BHPASUTI 38 NONOMOION eHeprii ioHisauil, nprioMy Gianmiil
ENeRTPONC3NTIEHOCT BIANOBIMAC MEHIIY BeJIUYiHA exeprii ionizaiii. Ha-
npuriaf, Jy7RHI MeTan MakTh HaifiBMIy MeTanisHicrh, 84 ToMy i HalBn-
Ly ENeKTPONO3NTHEHICTE, & XAPAKTEPHEYITHCH NOPIEEAHO 3 IHIIMK ene-
MEHTEMM HATHH MY exepriavy ioniaaril

Y peanbHEIK XIMIHIX YMOESX, f€ BIAGYBSETHLOA Re TiLKH NEpeTBOpeH-
Hf ATOMIB METANB HA MNOINTHBHO 3aPAJDKEHI IOHM, @ TaKOs i COTHBATALIH
(y Bopmitx POSSHEHAX — IiIpaTallis) yTBOPEHHX ioniB, KiMbeICHY OIHEY
E.I'I(.'H'j.’pﬂl‘lﬂalt'l’lLBHDC'ﬁ MOPKHA FATH 33 A0NOMOTOR) BEJLHFHI CTAHARPTHOIT
eNeRTPOIHOTD NOTERLIay (AMB. posaln «ORNCHO-BUHOBH] HpoLECis),

Tepmin «@ACKTPONOITHEHICTE JIH XA pPRKTEPHCTHRI MeTanMHoCT
Girbi MaouEMil | OpimaTHMil, 30aTHICTD ATUMIE BULIEBATH ENEKTPOHN €
HATBIINOK ANH BEJHKHX ATOMIB, HKl MepeTeOpiioTLCH Ha QHOBANEHTHI
eariom: Li, Na, K, Rb, Cs. EJeRTpOnosHTHEHICTE 3MEHLIYETHCS 3i
SMeHIIEHHAM posMipie aTona, & Taros 3i afimmMueHHAM BupHIY KaTioHi,
fKil YTROPHOETECH BHECHIAOK Nepefiry uporo npouecy.

HARGIILID e/eKTPONOINTHERI €NEMEHTH YTBOPIOIOTL CTIflK HEJET
CHOMYEN 3 HARBMINOIN YACTKOW IOHHOCT] 3B'ASKY. Saapaait, SHUM BHLIE
CACKTPONOANTIEHICTE EJEMEHTA, THM IMOBIpHILIN € OCHOBHME RAPURTED
oxcnny, rizpokenny, crifikionmm € coai KicHeRMicHuR guesor Tomoe. Hail-
BLIb: eneKTPONOSNTHEHI EeMeHT!! posmimeni y rnepiomsHii cuetesi Ba
NOYATKY KOMHOTO Nepiony.

§ 10. 3acTocyBanHs NEPiOAMYHOIO 3AKOHY
Ta uepioirdHol cucTemn eNeMenTiB

[TepioguyHmit 3aKoH, Geanepesto, € SarajLHiM i hvHnEMEeRTANE-
Hum sakoHOM npipou. Leit 3akoH 38iB yBEChH HATPOMAIZKEHN XiMi-
KaMi [IOCHTE BENUKMI, ane posplsnenuit marepian y 3naro/pKeny
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cucTemy, 3 acy BIIKPUTTA BiM mocTifiHo i gye nnigHo npamoe Ha
PUSBHTOK HAYKH (PO NPUPORY.

Hepme_ I AY3E BAXKNMBE 3aCTOCYBaHHA MEPIOAMYHA CHCTEMA 3M0-
byna Todl, KOMM Ha il ocHosi Oyno BUOpPaBNEHO BANEHTHOCTI TA
aTOMHI MACH ORpeMiX Ximiuaux enementis. Hanpuknan, atomuy macy
Gepuniio BBAXKANM TAKOKW, WO aopiexioe 13,5, i ueit enement Bif-
HOCHIM [10 BHAJOTIB amowminito. Iepiomrna cucrema nosena, o AaA
Gepunito B Tabmuui € TIIBKM oHEe Micue — Haj Marsiem, i hopmyna
ioro oxeuny mae GyTi BeO. Peresmsno nposesiene ouminenns Sepuiio
1 BUSHAYEHHA J010 aTOMHOI MaCK 1ano sHaveHns il — nes'aTs.

Hepmm_mm{ﬂ sakoH jgas amory JLL Menpeneesy apobutu gmso-
BHMAHO CMisBi repeadadenHs moAo iCHYBaHHA (1€ HE BIAKPHTHX
ENEMEHTIE | J3afMIIHTH AN HUX Micue B cuctemi. Bineme toro, go-
PUCTYIOHHMCE CHCTEMOIO, BiH 3yMIB 3 BENUKOK TOYHICTIO ctrpﬂmtﬂay-
BATH BNACTHUBOCT] HE NMIIE HEBIJOMHX eJIeMeHTiB, a fi IXHIX cnonyk
Hacamnepen, e CTOCYETLCA TPBOX ENEMEHTIB, AKi mami 6 cToaTy
Mz KasbuleMm i TuranoM (exabop) ta mim umekoM i apcenom (exa-
ANMOMIEIT, eracuimi).

Hepenﬁanfennﬂ I. I Menpeneesa Gnmckyqe MiATBEpAHUIMCEL yrie
B Haiibmmidi 15 pokis. Cnouartky dpannysceruit xivik [1. E Jekox
Ae byaGogpan (1B38-1912) siakpus zaaiti (swwmit JI L Menpences
HAZBAR er:amrymfmcm}, 3rogoM mweeackkiil yuenuit JI . Hinscon
{18*}1}—1899}. BIKpKB ckandil (ewxafop) i, sapewri, HiMeubruit yye-
uuii K. O. Binknep (1838-1604) sinkpus enement, axuil BiH HASBaB
sepaanien, 1 AKMI BHABHBCH TOTOMHMM emcmfuf;o.

Heplomamidt 38K0H Biirpas HAZSBIHAIHO BANUIIMBY PONb Y poa-
BUTKY Teopil bynosn atoma i Ximiunoro se’asky. Tak, H. Bop crteo-
PIOKONI aTOMHI MOfeNi, CrMPABCA B OCHOBHOMY Ha NEPIOAMYHYy CcHC-
Temy. Ouinrorowmr il araqennsn, H. Bop HATOMOLIYVEAE, W0 18 CHeTeMa
€ MOPOrOBKA30M JLMA NOCHAHMKIB y ramysi ximii, disuen, minepano-
rii, TexHikn. Ilpore ysmaenna npo GyzoBy artomiB, Ake 6 Benmke
SHAHEHHA BOHHM HE Manm JUIA HAYKM, HE 3aMIHIIOTL MepiomyHuii
3axoH. IlepesSavennsmy, Aki Moxkna 3pobuTy Ha FOTO OCHOBI B HAil-
PISHOMAHITHIIUNX ranysnx, e Aoero GYAYTE KOpPHCTYBaTHChL J0-
CIHMKN, I'lep‘:-_m,uw:mgﬁ S8KOH BMABUBCA OYE IUOJHMM A pO3-
BUTRY Teonorii, reocpisuku, spgeprol disukn, actpodiaukn. Woro
SarajisHOHAYKOBE SHAYEHHHA MOJIATAE B TOMY, 110 BiH NOCTIHO 36a-
raqye HayRy. I HIH] HAa 1010 OCHOBI TPUBAE MPOLEC YNOPAIKYBaHHA
HAyKOBUX 3HaHB. Bin nae smory nepesbaumty nosemiHky GaraThox
PEY0BKMH ¥ PIaHMX npouecax Ta ocobmmsocTi nepebiry XiMisHNX pe-
‘d.mur. Hocninnukosl Ta imxenepy ein pae smory Gauurth sarajeHy
KapTuHy 3MIHN BJACTUBOCTEN pewosuH, IX nopiGHicTs 4n Biamin-
Hicte. Moro suxopucroByioTe nig wac poss’AsyBaHHA DaraThox
NPaKTHYHUX 32BJaHb.

Poayminusn nepiogmuynoro ZEKOHY Ta MNEpioanyHOl CHCTEMHM Mae
(hyrnaMenTanbHy sHadymicTs ana GOPMYBaHHS XiMIMHHX SHAHE
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yuHiB i cTynenTtie. Bea Heoro HemMo¥WMBO oXonuTH i 3barHyTH BCKO
BEJIMYesHy DISHOMAHITHICTE ORpeMMX (hakTiB, AKI HANOBHIOIOTE Xi-
Mid9HY HaYKY.

[Ile paz varapaeMo HalipaxknMeiine:

« MOTOXCEHHK eNeMeHTiB y nepioauuasin rabmali Binnoeinae ta-
ka iBdopmania: XiMiYHMIT CHMBON AK CKOpO4€Ha (POpMa TIOBHOI Ha-
3BM eneMeHTa (XIMI9HMIE CMMBOJI O3Ha4dac Takoxk 1 atom, 1 moms
aToMiB eneMeHTa), HOMYy BifIIOBIA€ cepenHs BIJIHOCHA ATOMHA Maca
(a. 0.) i mMonspHE maca (B rpaMax) MpocTol pedoBMHM, L0 CKJa-
JA€TBCH 3 aTOMIE;

« Bifl MONOYCEHHH CJEMEHTZ Yy NepioAMYHIl cHUCTeMi 3aNerxuTh
fynoea aToma — TIOPAAKOBOMY HOMEpY BLANOBif&a€ NOSMTHBHMI 3a-
pAA AApa (YMCNO MPOTOHIB y AZAPI) Ta YMCJO ENEKTPOHIB y HABKO-
JORJEPHOMY MPoCTOpi;

« HOMEpD nepiofy, B AKOMY PO3MILIEHMI eJeMeHT, BIANOBiAae
YMCNy EHEPreTHYHMX PIBHIE N, Ha AKMX po3MilleH] enexTPoHM B
ATOMEX, HOMED I'DYNN — 4MCIY EJeKTPOHIB HE N§- 1 Np-NiApIBHAX
OIA eneMEeHTIE ronoBHMX marpymn i (n—1)d- Ta ns- rﬁnpianﬂx — Ann
esemMenTiB MobiYHMX MiArpyrn; BMHATKM € NJIA enemedTis nobivHIX
migarpyn I 7a 1I rpyn BignosigsHO: (n_lldwml (n—1)d%ns?
VIIT rpym — (n—1)d% “ns?;

+ YBAOEJK KOMHOTO TEPIOAy Bia NOYaTKy 10 KiHLA NOCTYNOBO
nocnabioeTECH METAJMIYHICTE ENEMEHTIER | HapocTae HEME’TEJH‘!HIC'I‘!:
B EJEKTPOHHO-KOH(Irypauiiinmx copMysax LeOMY Rignosigae no-
crynope 36iMBLIEHHA YMCna ENEKTPOHIB Ha BaJIEHTHMX MiAPIBHAX
(ns, np abo (n—1)d, ns);

- ONA eJEeMEHTIB, AKI CKJIafalTh OHAKOBY rpyny (OKpemo ro-
noBHy Ta nobidry MArpYmM) crocTepiracThes nepioaMyHe MnoBTO-
peuis 3abyN0oBK ENeKTPOHAMM BANEHTHUX NJIPIBHIB, L1I€ € IONOBHOK
OpPMYKMHOK NepioAMYHOCTI TMOBTOPEHHA BNACTHBOCTEN E€NeMeHTiB,
3BEPXY BHM3 ¥ IOJIOBHMX THArpynax nocJIHEThCH MeTaNidHICTD,

» Bignoeigno po abinblueHHs 9MCIa BANEHTHUX CNEKTPOHIB Yy
Merkax Mepiony TMOCTYNOBO 3POCTAE BAJEHTHICTE &TOMIE EJEMEHTIB
y BimapHyMx cnonykax (8a BMEATEOM CNOJYK 3 BOAHEM), XiMidumi
XapaKkTep Takux OiHapHMX CNOJNYK 3 KMCHEM, CIPKON), FaJoreHamu

TAKOX 3MIHIETBCHA Bifi TMMOBOTO ocuc'nsuoro yepes amcOTEPHUIA 10
m

TUIIOBOro EMCJOTHOND, HaNpPHENam, NazO — ocrOeHMIT oxeua, AlyO;
viI

— amdorepruit, CryO; — KMCNOTHMI, Y rpynax 3BepXy BHUI I0-
CHJITHIETLCH OCHOBHICTE (nocnalimoeTheH KHCIOTHICTE),

» nopibicTs v XiMiynifl nopeniHyl eneMeHTIB Ta IXHIX CHOJNYK
mix enemenTaMM ronosHol Ta nobiumol nizrpyn noctynoso 30inb-
mwyerecs sin 1 ao IV rpynn, nasm ameHmyeTecA Big IV po VII

rpy™;
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+ 9MC/IO PI3HMX BAJENTHUX CTAHIB eJEMEHTIB nocTynoso 36imm-
IIYETBCA B MIpY 3POCTAHHA HOMEP& IPYIM TEK, L0 OAHOYACHO YCK-
NAfHIOETLCA 11 1X XiMiyKHa NOBEAiHKA. Hanpuma.ﬂ, JIYHHI TA JTYHHO-
seMesbil Metany, Axi poamituesi 8 [ i IT rpynax, X3 PaKTEPHU3YI0Th~
CH CTRJICTIO BANEHTHOCTI ¥ CrIOmyKax (eignosiano I abo II), a xnop i
MaHraH, Aki poamimeni B VII rpym ymcpmm CHONYKH, B HKMX

I

I v
BUABJAIOTE DPi3HI BaJMEHTHOCTI: HCI CEED HCID HCIO,, ClOz,
v VI ViE v o 1
HCID;, ClzDﬁ, Clzoy, HC].O.;, MnO, [ﬂngo'g, MI‘IOQ. KzMﬂD;,
KMHOQ.

3 uacy BUIKpUTTA NepioaMYHMit 3aKOH Ta NepioMHEa CHUCTeMa
Geanepepsno possusawteed. Ileft possurox BinbyeaeTbea y ma-
NPAMKY BIAKPMTTA HOBMX XIMiYHMX eneMeHTiB, BMABJeHHs nepi-
OOMYHUX 38JIeKHOCTEN eJeMeHTIB Ta IXHIX Cronyk, YAOCKOHAJEHHSA
nepioaM4YHOl CHCTEeMM Ta 11 NPMBENEHHHA Y BIANOBIAHICTL 3 OCTEHHIMM
MOCATHEHHAMM B TaJiy3] BMBUeHHA GYOBYM pedyoBMHN

Crmpatouncs Ha nepiojimyeuii 3aKcH, po3BMBaNack i HAaYKa, Lo
Jano awmory rambine aposysitu Bymosy pedoBuHM, Hid ue Bynio
moxecBuM 38 3uTTA JI I Menneneesa. Yol vaykom Bigkpurrs, ski
Byao apobneso micna BiRKpHTTA NepioMyHoro  3akody, wabarato
SMIIHMIM #0T0 No3uilii, PO3KPHIM HOBI rpasi, posmmpuiIn Ta mno-
riubuan sioro amicr. 36ynucs npopodi cnoea I I Menpeneesa, 1o
MepPioBIYHOMY sakoHY MaibyTHE He sarpoxye pylHyBaeHAM, a M-
we Hanbynosy i po3suTor obiyge.

Tlepiopuunmit 3akoH Mae Haa3IBHYalHO Be.mme dhinocodpebke
sHaueHHs. Bin € HallACKpaBilMM BHUpajKeHHAM PI3HOMAHITHMX Aia-
JEKTUYHMX B3a€MO3B'H3KIB y Tpupogl AK JANA CYKYNHOCTI ene-
MEHTIB, TaK | J/IF YMCJEeHHUX CIIONYK MO3HA HasectM Deaniu mpu-
KJaiB [1€PeTBOPEHHA KiNbKicHMX 3aMin Ha sAricwi, enwocri Ta Go-
poTeby NpoTHMNENHOCTEN, 3B’ ASKIE Mi¥ NMPUYMHOK | HaCHAKOM TO-
wo. PoayMinuA Taxkux B3aE€MO3B'A3KIE 3HAYHO MONETUYE COPUITHAT-
TA NPUPONIEMX Npouecis i cnpuse GOPMyBaHHIO HaYKOBOTO hyHIa-
MeHTY Ximil.



Poapin 5
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epen IHOMBiLyanbEuX XiMIMHHX pEuOBME, fKI NOMJALTE HA
npocti § CKIAaAHI, TPOCTHX NOPIBHAHO HefaraTo, HpnyoMy |
cepes HPOCTHX PEYOBHMHE TIMLEM IHEPTHI rasy CKIafaloThCA
3 XiMiyHO HeSB'ASaHMX ONMH 3 OOHMM ATOMIB. Y Beix
iHILKMX BUNAOKEX aTOMM EJeMEHTIB 800 MiljHO CHIOJy“eH! Mk cobomo
i yTBOPIOIOTE MOJEKYIHM, abo BUHIKaKTh _Hpmm:rxiqm_c"rvpyn-rypn a
aTOMIB MM (0HIB, Y4CTHHEM B AKMX TAROM MILHO 3B A38HI MIK cobor.
¥V Brix XiMiYHNX CHOJMYKaxX Mi¥ aToMaMi eJeMEHTIB, fiKi BXOAATD
1o iXEBOrO CKNafy, BMHMEaWTh Ximiudi sp'asim. FIKICHO YTBOPEHHA
XiMiNHMX 3B’ASKIB MATBEPIMKYE HAABHICTE TEMNJIOBOTO €(EKTY yTBO-
PEHEA XIMi4HOI PEYOBMHM, & TAKOIK [0ABA HUBMX BIIACTHEOCTES
opepsxanol crosyku. Ili BracTHBOCT! 3aNEATE BIA AKICHONO CRIGAY
pesoBuny (TofTo Big TOro, 3 ATOMIB AKMX ENEMEHTIE BOH& CHIa-
NAETHCA), & TAKOMK BiJ TOCIJIOBHOCTI iX COONYYEHHA | XapakTepy
XiMigHUX 3B'A3KIB MidK HUMH,
PoaymirEs npupoas XiMidHOro 3B'A3KY A€ 3MOry BCTAHOBMTH
MPHYHN BHMABJAHHA PEYOBHEUN TMEBHHX BIACTHBOCTEN, HAEYMTHCH
ix nepenbaYaTh.

§ 1. MiumicTs i J0B3HHA XiMIYHOrO 38’ A3KY

BanexHo Bifi XapakTepy XiMi4YHOro 38'A3Ky PO3MIGHAIOTE KO6a-
Aewmuuil, ionHuil Ta memaaiunuil 3p'A3rn. Jani Oyne posriAHy-
TO, KOJH CaMeé BMHMEAE NEBHMI THIT 38'ASKY, ajlé 1lopasy aTomy M
ioHi, AKl YTBOPIOKOTE 3B'A30K, nepefypBaloTs HA MNEBHMX BUICTAHAX
OOMH Bijl OOHOTO. Xo4a BaJeHHO Bil THMB PEYOBMH BIICTAHI Ml
XIMIYHO 38'S23aHMMY YACTMHKAMH HAZMBAIOTHL I10-PISHOMY (6U§muu
3¢'A3KY — ¥ KOBANEHTHHX CNOJYKax, mixcadepni eidemani — B
iOBHMX Ta MeTadivHHX KPMCTANIYHUX PEYOBMHAX), #NeThCA Mpo
Mizn’AgepHl BicTani Mid CHONyY€HHMI aTOMaMH. _

Bigcrans mirk XiMivHO 3B'A3aHMMI HSaCTHHEAMH € OJIHICIO 3 BaM-
MMENX XapaKTePMCTHR XiMIYHOrO 28B'HaKY.

MIOHICTD | IOBMIIHA XIMIMHOIO 3B'A3KY 195

Josiuna 38'A3KY — Ue BijcTas Mix sJpaMu aromis, sk
YTBOPI0IOTE XiMiuunii se’Azok.

Ha semvunHa 3anexuTh Bill PO3MIPIE CHIONYSEHHX YaCTHHOK
(abinbuyersea B Mipy ix abinsiuenns), a rakoss pig cnocofy cnogry-
HEHHA (SMEHIUYETHCA 2i afiILIIEHRAM KPaTHOCTI 3B'A3KY).

JosiuRy E'B'ﬂalicy B KOBAJIEHTHUX CIONYRaX EKCOEPHMeHTaNbHO
BH3HAYAOTE KWILKOME MeTonami. HacTo NOBXKWHI 3B’ABKY Bianosi-
D&E€ CyMa KOBAaJIEHTHHMX DajiyciBE CHOMYYEHHX aTOMiB, AKI BHaHA4E-
KTh AR [OJIOBNHY AOBKUHKM OZMHAPHOTO KOBAJIEHTHOTO 3B'ASKY B
ABOXATOMHIN MOJIERYJ NPocToi peqosnan A—A.

HopiGro i misk'snepri Binetari B loREMx | Meranivmix kpycra-
JIaX CKIafaloThes i3 cyM ioHEMX abo aToMHMX pamiycis.

¥ci Ui BeNMuMHEN BMpakaloTs ¥ nikomerpax (1 nm = 10712 u) afo
B aircrpemax (1 A = 10710 ),

Im_um._:) BANUTIBOIO XaPaKTEPHCTHROK 3B'A3ky € fioro eHepris,
abo minHiceTs.

_ ¥rBopenna 3B'ASKY 38BN NOB'AB4HE 31 IMEHIUEHHAM IIOTEH-
WasieHol enepril cuctevi. o6 ag'sisox posipeaty, Tpeba saTpaTy-
TH eHepriio. ExepriA se'saky HacTinbky BesMKa, IO PO3ZITMTH Xi-

MINHY COOJTYKY Ha CEJIA0BE ATOMM Npoctumy isuaEnMm MeTonaMu
He BIAETHLCSA.

Enepria 38’ssxy — e minimansna emepris, AKY HeoOXigmo 3a-
TPATHTH JAA PO3IPUBAHHA XiMiMHHX 38’#3KiB ¥y 1 moas pewo-
BUHN, 100 oTPUMATH i30AL0BAHI ATOMIL

IjIJm CRIA[HNX KOBaNMEHTHMX cnouyk tuny AB, 3a erepriw
3B 3Ky Haliuacrie SepyTs ycepejHeHe AHAYEHHA, OTPMMaHE ni-
JIEHHAM [OBHO1 €HEpril amcouiaiii Ha atomy | MOSE pedoBMEN Ha
KUIBKICTL 3B'A3KIB ¥y monerysi. Hanpumenan, oin gac PO3LIerieH A
1 mome metary CHy Ha 1 moms atomis Byrsemo i 4 mosib aTomis
Boauio normmmacTeea 1662 kl/mons  emeprii, seipkn cepepws
EHEprifi 8B’A3KY B MONEKYJI MeTaHy NOPIBHIOE

1662

AHa..rru_rm]m B3E€MOLIIOTE ioHN abo aToMy, 1O YTBOPKKOTH iOHHI i
MeTamunl KpucTadivHi pedosmmn. Ilpo Buanauenma wuiei eHeprii
Hrnmersen Aaidi mif Yac posrnAgy i0HHOrO 3B’A3KY.

) ,1Im§ pAmE nogiGEnx pesossH Ginkiunm Mim'anepHIM BiDCTAHAM
BUINOBIAGE meHiua eneprif, | nasnakn Enepria zp'asky a6imbury-
€TRCH B MIPY 3POCTAHHA KPaTHOCTI 3B"HAKY.

Kinbkichi xapakrepnerney s3e’sakis nogano B Taba. 5.1.
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Tabauys 5.1. [Jlenki xapagTepuerism Ximiunux 38’'sakis

oy

| TIPMPOZIOK YTBOPEHHSA XiMINHOrO 3B’f3Ky.

N Dopsama  |Enepria ss'asyy, Kpa:rum aﬁfm:i::{,
Monexyna | 3e'asoK | ooy mv | wflx/moms | 3B'R3KY sy
H, H-H 74 432 1 -
Fa F-F 142 159 1 -
Cly C1-Ci 200 243 1 -
Brs Br—Br 229 199 1 =
Is I-1 267 151 1
0, 0=0 121 494 2 -
Nay N=N 110 946 3 =
HF H-F 92 5635 1 -
HCl H-Cl 128 431 1 -
HBr H-Br 141 366 : -
-1 160 297 =
H[i:] I*Ig*—O 96 428 1 1045
H.S H-S 133 376 1 92
HySe H-Se 147 276 1 g1
HsTe H-Te - 238 1 90
NH; H-N 1014 380 1 1075
PH, H-P 144 393 1 93,3
AsHg H-As 152 281 1 92
ShH; H-Sb 171 256 1 91
NF3 N-F 137 f;i : lﬂf,!
_c'l e
Dé(I:'Ilf E‘“H 109 415 1 109,5
SiH, Si-H 148 320 1 109,5
GeH, Ge-H 153 291 1 108,5
SnH, Sn—H 170 258 1 109,5
PbH, Pb-H - 205 1 109,5
CF, C-F 136 485 1 109,5
CCly c-Cl 176 327 1 109,5
CBry C—Br 194 265 1 109,5
Cly c-1 214 187 1 109.5
CsHg c-C 154 348 1 109,5 (LHCH)
C.H, = 134 635 2 121,3 (£LCCH)
CgHy c=C 120 830 3
CgHg g=C 139 487 1,57 | 120 (£CCC)
H;COH C-0 143 377 1
cOo C=0 113 1069 3
Cc=0 121 720 2
%320 c=0 116 190 2 180 (£0CO)
HyOs -0-0- 148 139 1 95 {£HOO)
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Mpodosrennsn maba, 5.1
: : . Byt mimx
’ Hopmuna |Eweprin avn'fapy, [KpatHicrs 3
Moaexyna 38'AzoK 3BRAKY, TIM P fuonnw ‘f:’ﬂm 3B A3KaMH,
N,H, N-N 145,5 252 1 110 (£ZHNH)
HNjy =N 125 400 2
EF, B-F 129 644 1 120 (£LFBF)
BCly B-Cl1 174 456 1
EBr, B-Br 187 376 1

§ 2. BarenrnicTs enemenTin

XiMivEI CIONYKM YTBOPIOIOTHCA 3 ATOMIB €IEMEHTIE BIATIOBIHO
[0 ixHIX BaNeHTHOCTEIL

Banentnicts — ue apatmHicTs aTOMiB OIHOTY eJleMeHTa CIoNy-
HATHCA 3 NEBHMM SMCIOM aTOMiB iHIIMX eneMeHTiB mijg wac
YTBOPEHHA XIMiTHUX CNOMYK.

Orace, BAJNEHTHICTE — e Mipa SAaTHOCTI ATOMIB eneMeHTiE 1o
¥TBOPEHHA XIMIYHNX 3B'Aakis.

Y cydqachomy posyMiuHi BasemTHiCTH NMOB'S3ana 3 ENEKTPOHHOID

YTBOPERHI 3B'A3kie GepyTh yuacTs enexTpoHyN BaeHTHIX nig-

PIBHIB BRA€MOSB’S3aBMX aTOMIB. 1lpu UBOMY 38 PaxXyHOK HEpexofis

EJIEKTPOHIB 260 Mepepoanoainy enerTPOHHOT rycTHHM aToMy Hama-
raiorbes HabyTn enerrtposHO] rongirypanii inepramx rasie, ¥y 30B-
HIHLOMY LIAPI 4TOMIB AKMX, 33 BUHFATKOM Feni, MICTHTBCH BiciM
ENICKTPOHIBE — eNeRTpOHHMIT OxTeT. BiacyTHicrs XiMigHOI arRTHB-

HOCTI IHEPTHMX rasis saceimgye ocobnmBy crifikicts Ixmix enex-
TpOHHKX 0GONMOHOK,

Baranom Byap-axi yacTuEKN, Wo MaoTs HECTIAPEHL ENERTROHN, HAZHBa-
H0Te stabhumu paduxatcsu. [pukiaganst TAKHMX wacTHHOK MoMCYTh ByTi
*CHg, ‘“NH; rowo (Togxown nossagesn HECTIADEHNI emexTpoH). 3a 3RMuaimNm
YMOB VUIPORORC TPMBANOIO uwacy GimumicTs i mnx ICHYBATH HE MOMYTH,
BOH)M MIBMIIKD BIAEMOLIOTE MUK coboro afo 3 imuvmu nolimumy gacrinika-
ME | NePETEOPIOHTBCA Ha HefiTpasssi monexysms Tomy wumano ximivam
PEAKLIT BAaETLEA apogyMiTH, BHEOPHCTABLIM YABNEHHA 11P0 BLTEHI pa s -
Jau. Bimewopamreanssigt etan CEABMHUX YACTHHOK MOIHE IHOTPMMYB&THMCHE
38 BMCOKMX TEMOEPaTYP, KOMM OfM a'AakH Bie yTeopexi (y uacrumi), a
imui oe we sMHRKGIOTE (Midk sacTHHKamu). Hanpuknan, s atsocdepi Comtg
binisneno pamuany “NC, “OH, *CH. ¥V semmnx ymopax simbi PO AT
YTEOPHHOTBLA M| uac nepebiry pisnomamiTmmm fpoLEcis TOPIHMA, B TOMY
ape i uin gac poBoTH REMTYHIE BHYTPIIHONO BATOPAHHAL

Binomi 1akam crnamui pamurany a3 AOBMMM Hepioaom »uTra e pa-
camuepen Tpugeninverna (CgHg)sC ra fioro MNOXigHI, AOCHTE HMCAEHH]

imisoKRCH M, HanpUKaaD (CI'an:aC—IIQ_—C(CH‘.,}“

- - D
BLILHOMY CTEHI IPOTAIOM TPMBAJOND Yacy.

s ARI MOXCYTE ICHyB&TH y
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lepii yABJEHHA NMPO ENEKTPOHHY MPHUPOJY XiMiuHOFO 3B'A3KY
omsouacuo B 1916 p. sanpononysanu I'. H. Jlswoic i B. Kocceuts.

Tintepr Heoron Jinwole (1875-1046) — amepukan-
chmit dhisukoxiMik. OcHOBHI HayKOBI npalli NpHCBA-
yeni ximiuniil Tepmopumamill Ta Teopii Gynosm pewo-
puny. Buspauue sinsHy enepriio GaraThOx CrHOOyK
3anpoBaSME NOHATTA TEPMOJMHAMIYHOT arTHBHOCTI |
aetrocti (1907). Vrouums GopMyTOBAHHA 3aKOHY Al
mac. PosRMHYB TeOpil0 KOBanesTHOro 3p’maky. Voro
KOHIEM{A CHiasH0l eAEKTPOHNOL Napy BMABKIACE Hajl-
apMyafino TWIAHOW AR opranivdol xiMil. Hasis nepme
Sa/l0BiIBHE TOACHEHHA ENEKTPOHHOI NPUMPoIM Heno-
nApHoro xiMiusoro ss'aAaxy (1916), ernepine NMOACHME
MPHPOAY TOMEONONSPHOro Ta iDHHOro aB'H3RY. 3anpo-
MOHYBAB HOBY TEOpil0 KMCNOT HK akuenTopis napu
ENEKTPOHIB TA OCHOB HK JOHOPIE mapH enexkTpoHiB
(1926). 3anposaaxs (1929) Tepmin «dorons. ¥Ynepue
(1933) opeprkas BaMKKY BOJLY CHIiNLHO 3 P. Maxgonans-
nom (1903—1977) i euginus 3 Hel aelrepiil.

I. H. Jsroic sanposagms npoctwmit | apyusmit cnoci6 sobparkents
BANEHTHMX EJEKTPOHIB y ATOMax i BpaXyBaHHA IX MNOBEIIMKM [MA
yac yteopenus ap’sakis. Ileil cnocib rpyHTyeThCA HA gobpazkeHHi
eNeKTPOHIB TONHAMM 1 XpecTuxamy, abo JLIOICOBMMM CHMBOJIAMIAL.
Taki nexicoBl CUMBONM CKJIAJAKTECA 13 CHMBOMEB XIMIYHUX €JIEMEH-
TiB, OTOYEHMX TouKamy a0 XpecTMKamMM BIANOBLAHO A0 YMCIA Ba-
nenTHnx enekrTponie. Hanpuknaj, AnA eneMeHTiB Apyroro nepiony

JIBIOICOBI CHMBOJIM TAKL:
Enement Li Be
Enesrponna KoHgi-
rypaLin S0BHILIHLOr
eNeKTPOHHOr 1Iapy

=

=

B C N L8] F

2g! 25  2s%2pl 2s%2p? 25%2pd 2s%2pt 25%2p°
Cyveonu Jiswica Li- -Be- .B- g ﬂ}'f- -Q ?‘

Hivxue maBefieHo cxemy yrsopexns monexyn HCI, O3 1a CoH; i
3aCTOCYBAHHAM JLIOICOBHX CMMBOJIE.

Konoposomenn Ko ALETaaEn
SopwyTn HC1 Oy C,H,
Crpyrtyps H—=0 o=0 H—C=C—H
wiiiz 105208 H:ciicm
sy Jlkslcn N .
o ' H—ai G=0r H—C=Cc—H
Tlpasing oETeTy = .
(avome sbpaweno | HECIZ @ t;{@}e
o sncarrali)
ilpocTafl Tonpiiai NoTpithoi
B’ DO on' Aok a8 Fn

Omaxe, signopigno no yaeners I. H JIeioica ap'Azoxk BHHMKae
BHACJIIOK YTBOPEHHA CHUIBHMX ANA 3B'ASYBAHMX ATOMIB €JIEKTPOH-
HUX [ap, NPUYOMY BHECOK KOMKHOIO aToMa YMOBHO a306pakyoTh
TOUKAMM abo xpectuxamn. Ili yssnenus asromom Oyno BTineno B
TeOpi0 KOBAJNIEHTHOrD 3B A3KY.

KinpKicTs NBOXeNeRTPOHHUX 3B'A3KIB, AKI MOME YTBOPUTH aTOM
eleMeHTa 3 IHLIMMM ATOMAMM, BU3HAYACTLCA YMCIOM HECIiapeHuX
ENeKTPOHIB Yy §i0r0 HopmanbHOoMy abo abyixenomy craui. Hanpuk-
naji, Ha BAJIEHTHMX MiApiBHAX aToma docdopy [Nel3s23p® y wuop-
MaJIbHOMY CTaHl € eNIeKTPOHHA Napa Ha 3s-ninpisxi i Tpu Hecnapesi
3p-enexkTpoHN:

AL L]

[14] 7 d ;
8 Cumeour Jewoica *Er

Moxna ovikysaTy, 110 33 PaxyHOK TPEOX HECTIAPEHMX Ip-enex-
TpOHIB q:pcq:op YTBOPUTE TPM [IBOXEJIEKTPOHHI an'gﬂm a mm
aToMaMy | BUHUKHYTE crionyku tuny PFs, PCls, PH; Ta in. Ilpore sa

MY €HEepreTHYHOMY PpiBHi atoM (ocdopy Mae HesarmoBHeHM
(BaxanTHUi1) 3d-nigpiserb. Bracnifok noraMHaHHA AeAKO] KUILKOCTI

€eHeprii aTom d:ocdwp)_r 30Y/DKYETBCA, OfME 5-ENEKTPOH MepeMilry-
€ThCA Ha BlMbLHMA 3d-niApiBeHn, BUHMKAKTL 0'ATH HECTIAPEHUX EJIeK-

~ [ 1]
. + [t ¢
TPOHIB i Tenep mMoke yTBOPUTHCH I'ATH ABOX-

ENeKTPOHHMX 3B'A3KIB, AKMM BiAnoBiawTs pedosuuu PFs, PCls Ta
in. 3aTpatu enepril AN# NepeBefleHHA aTOMIB y 30y vikeHwii cram
KOMIIEHCYIOTLCA €HEpri€io, sAKa BUAUIAETBCA I[if 4Yac yTBOpeHHA
XimiuHoro 3B'A3Ky.

Hapepernwit npuknan LIIOCTPpYe BIIXWIEHHA Bijl NPaBusia OKTETY.
Mixx aromamu docedopy i rasoremy BUMMEARMTB N'ATH CHLTLHMX
eNIeKTPOHHMX 1ap.

Bunnknenns pisHux slt'iymem{x craHiB aTomiB, mo GepyTs
YHaCTh B yTBOPEHHI 31;_'331{13, MOZRJIMBE TiNIBKM B pasi nepemimeHHs
ENMEKTPOHIB Mixk NIAPIBHAMKM OAHOrO i TOrO CAMOr0 BAJNEHTHOIO
E€HEPIeTHYHOIO PiBHA.

Orsxe, y Hopmanbuomy crasi atom cocopy TpuBanenTHyMii, a ¥
80ywreHoMy — I’ ATHBAJIEHTHUIA

flx Hopmanbmuii, tax i abymprennii craH aTOMIB MOMcHA nepena-
BaTH 3a JIONOMOroi0 eleKTPOHHO-KoHGpirypauifinmx dopmyn i cxem.

fAx eupHo 3 naHmnx Tat'm__ 5.2, uMcno HeCnapeHux ENeKTPOHIB, 11O
bepyTe YHacTh B YTBOPEHHI 3B'ASKIB, /LA &TOMIB OHOrO ejeMeHTa
moyce GyTH pisHUM y HOpManbHOMY i 30y/uKeHOMy cTaHax, a sBigcm —
BUHMKHEHHA PIsHMX (DOPM CTONYK eNeMEeHTa BIANOBUIHO N0 PIBHMX
BANIEHTHUX MOMJIIMBOCTEH,
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Tafauys 5.2. Enexrponni chopMyam Ta cxemw [eAKWX ATOMIE ¥ HOpMAILHOMY i B 36yKeHOMy cTaHax
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Jrigpo 3 yasneHnAMy B. Koccensa ximivmuii 38'A30K Mae enek-
TpocTaTHuaHMit xapaxTtep. Ilin sac B3aemoail aToMK enleMeHTIB repe-
[AaloTh eJIEKTPOHM OfIMH OJTHOMY | MepeTBOPIOIOTECH HA PI3HOMMEHHO
sapsapKeH] i0HM, AKI 7 B3a€MOJIIOTH ENeKTPOCTATHYHO. ¥ Halnpoc-
TilmoMy BMIJIAALI €HEPril eNeKTPOCTATHYHOl B3aeMofll MiXK ABOMA
3apAZAMI MOHA OMUCATH BUPA3OM

= i

ne E — notemuiansHa eHeprif; qp, gz — 3apAaM vacTuHOK (ioHis),
K, r — BiicTaHe MiX LEHTPAMM 3APAMMEHMX YaCTHHOK, M; k —
koeditienT, o nopismoe 8,99 - 109 Iix - m/Kn?,

Bamstep Koccean (IBBB 1956) — umem.ﬂmi chismr.
OcroBii BHaYKOBI JOCHIIMKEHHA [PHCENMEHI PDO3BHTKY
EJIEKTPOHHMX NOHATE ¥ Ximil, Sanponmrynan CTATHYHY
ENeHTPORHY Teapin ﬁmonu aTomip i monexyn (1916),
SriffHO 3 AKOK aTOMM IHEepPTHHMX radie mamoThk ocobmiso
CTIRMIA BOCEMMENEKTPORHMI 30BHILLHIN eNexTPOHHMIA
wap. AToOMH IHUIMX eNeMeHTIB Yy S0BHIIHBOMY 1Hapi
METE HENOBHMH eneKTpoHHMR oxTeT. Ximiuni cnomy-
¥H YTBOPIOKTHCH BHACIAOK NEPEXOOY €NeKTPOHIE Bif
aToMa OHOTO eJIEeMEeHTa J0 aToMa IHIIoro 1 BHHHMKHEH-
HA MiHC HIMM enemg:crmwm&m NPUTATAHHA (mmmﬁ
WimivHI 3B A30K) TinoTesy npo m’repnnnnspm
ap'A3kn OyNo nokaameHo B OCHOBY Teopil iOHHOrO

3B'ASKY Ta reTepoBaleHTHOCTL

Bamwrtep Koccens

BanenrHicTe aromis, 1o OepyTs yHacTh B YTBOPEHHI iOHHOTO
38'A3KY, BUSHAYAETLCA YMCJIOM Bijianux abo npueJHAHMX eJiexTpo-
HiB, OCKINIEKM MOMKYTH ymofmnm AK OfHO-, Tak i GaraTosapsanHi
iomy, manpuxmaay: Na*, Mg?*, AI3*, CI, S% 7a in 3aseuuaii, Taxmii
XapakTep B3a€MOJii BMHUKAE MiM aTOMAMM eNeMeHTIBE 3 BinMiHHMMY
EJIEKTPOHETaTHBHOCTAMY, TOOTO MiM¢ TUMOBUMKM MEeTAJIaMM | THIOBH-
MM Hemerajiamy. Srogom yaeBnenHa B. Koccens Gymo Brinewo y
Teopin IOHHOrO 3B'A3KY.

Obupra TAXOMM AC MOACHEHHA OPUPOAM XiMIYHOrO 3B'A3Ky — i
I. H Jisioica, i B. Koccena — BUABUAMCA TIMHMMM, OCKINBRM iX
4BTOPM POS3TNANAJH 3B'A3KKM B PEYOBMHAX PiSHOrO XapaxTepy.

KpiM KOBANeHTHOTO Ta IOHHOrO € TAKOM METAJIYHMIT aB"A30K,
HEMI1 BCTAHOBMIOETHCA MIXK aTOMaMM B MeTaJiuHKMx Kpucranax. Ieii

THII 3B"A3KY POSIIAHYTO OKPEMO.
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§ 3. Teopin KOBAKEHTHOrO 38’A3KY

V pasi yTBOpeHHA KOBAJMEHTHOTO 3B’A3KY MiX aToMamMM 3°sBJfA-
IOTHCA CHiNbHI ENEKTPOHHI Mapy 3 €JeKTPOHIB, AKI paHillle Hanexa-
sm oxpemum aromam. Il eninbui enexTpoHHI NMapy CNIONYyYeHMX aTo-
MiB MEBHOK MIpOK HAJeMaThk KodHoMmy 3 Hux. IlorenujansHa exep-
rifl CHCTEMM aTOMIB, 110 BEAE€MOAIIOTE, ¥ LLOMY pa3i 3MeHIIYETHCH.

[o6 omicaT cTaH 3B'A3YIOMMX ENeKTpOoHIBE ¥ MoJexyxi, noTpib-
Ho crnacty pisuauus [lpenivrepa anA BiAnNoBigHOT CHMCTEMM EJEK-
TPOHIB Ta ATOMHMX ANEp i 3HANTH HOro posB'Az0K, WO BiZINOBIJIAE
MIHIMYMY €HEpril 3a3HauYeHOl CHCTEMM.

flx i nns DaraToeseKTPOHHMX aTOMIB, KBAHTOBO-MeXaHigHuil onme
Oy0BK MONEKYNIM ONEPMKYKITE TINBEKM Ha OCHOBl HabmMMkeHMX pPO3-
B'Aakip pipusaausa pexpinrepa.

Ilepme vHabmuikeHe pPOIB'A3AHHA UBOT0 PIBHAHHA BMKOHANN B
1927 p. mimenski Bueni BI. Taittnep ta . JoHaoH 08 MONERyJM
pogu. PosrmAryTa HMMM CHCTEMAa CHOYATKY CHAAfayacsa 3 ABOX
BijaneHMx aToMmie BogHio. [IpM mBOMY €JEKTPOH KOMHOIO aToMa
B3aEMOJ[IAB TINLKM 3 ANPOM BAACHOIO aTOMA, 4 PEIITOR B3aeMomii —
NPUTATYBAHHAM EJEKTPOHIB [0 «uyMMX» ffep, MiK'AnepHum Ta
MisKENEeKTPOHHMM BIMIUITOBXYBAHHAM — MoxHa Oyno asexTysaTh.

Y mpoMmy pasi BMABMIOCHE MOMUIMEMM BHDA3HTHM 3aNEHHICTH
xBWikoBo1 (YHKUIl posrnaHyTol CMCTemMM Biji KOOPAMHAT i THMM ca-
MMM BM3HAYMTH TYCTHMHY CILNBHOI eNeKTPOHHOI XMapHM B HKOMHI
Touli 0b'eMy MONeRyIH.

IMix wac pospaxyHkis npu-
OYCTIIH, 1[0 IHAHNEHA 3aJeM-
HICTB XBUJILOBOI (yHKIIL pos-
[NAHYTOI CHMCTEMM Bl KOOPHM-
BaT 30epiraetecAa | B pasi
abmpkenna aToMiB BogHIO. Y
BurnAnl nonpasok («3byperb»)
ypaxysBanM pisHi B3aemonii
Mid{ AjpaMmy, EeNeKTpoHaMM |
CyciiHIMM SpAaMKM Ta EJNex-
TpoHamu (pue. 5.1), AxMMM He-
XTYBaji B pasi aHadsHOTO Big-

Pue. 5.1. Cuom npursrannn («—=) i :
BiIrTOBXyBaHESA (--—), AKi Ail0TL y Mo~ HAAJNEHHA ATOMIB.

¥ pesyawrati B. T. ladirnep
i @. JlougoH BuBest DIBHAHHA,
AKe JIABAN0 3MOry B3HalTH 3anedXxHicTh MNoTéeHuiamsHol eHeprii E
cCHCTEMI 3 ABOX 4TOMIB BOAHIO Bij| BiactaHi v Mmim AppamMm 1Mx
aToMis.

MEKy BONHIO
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Banerep Iempix Fajivnep (1904-1979) — mimeyskmit
thiguk i xismix-reopeTvx. Haywosl npani npucessuesi
KEBAHTOBiH wmexawiygi, enextTpomuuamini, disuni woc-
MIYMHHMX IIPOMEHIBE, Teopll AJEpHMX CIJ, MesoHHil
dhizmgi. Pasom a &, Jownosom poapobus KBAHTOBO-
MEXAaHIYENI MeToH HADTMMKeEHOr0 poSpaxyHEY OOBH(H-~
HM Ta eneprii ap’A3ky B MONEKYINApPHOMY HoHI Ta Mo-
sexym sogaio (1927, meron Tafrrnepa—Jlonpoea). Bu-
SHAYMMB CTATHCTMKY Hupa aTtoma aszory (1929), nosis,
L0 BOHO Mae Tianara™ craTHeting Bose—Efnmreling,
o Gymo BaroMuM NOKAZOM HE HA KOPHCTbH MPOTOHHO-
enexkTponnol rinotesn bynoem mpep. Cmneno 3 X Be-
Te poapolne Teopin pamianifHKX BTPAT ENEKTPOHA
nig wac pyxy B peuonmui (1934) Sanponoryeae kac-
KajlHy Teopld eNeKTpOHHEMX PIBHIE ¥ KOCMIuHMX [IPO-
menax (1937), serrophy ME30HHY TEOPi0 AASPHHX CHI
Tafirmep (1938).

Ppiny Jowpon (1900-1554) — mimerguronit dhiss i Ximix-
TeopetMr. Haywoml npari npucesmeni  cnexTpockorii,
KBaHTORIE Mexanid, dismli HMaeKK TEMDEpaTYD, TeOpil
WMWLWBpWym: acpenu
KEAHTOBRIN Tl'-_'(]p{l ATOMHEMX 1 MOJEKYIAPHIK e, ximiguiii
ganenTHoeTL Crinsno 3 B Tafrmepom poapofiue keaHTO-
BO-MEXAHIMIGI METO HADIIDKEHOr0 PO3PaxyHKY JOBHM-
HY Ta enepril gR'AGKY B MOJIEKYNAPHOMY 10HI TR B MOJe-
xyai Bogo (1927, meron Dafrrnepa—JNonnoia). Poamniye
Teoplio BAHIEPBaaIbCOBIX CUI NDMTACAHHA MM MUKy -
gast (19209, 3&npnnmya¢a theHoMeHONONTNHY  TeOplio

saanpoeigroceti  (1935). Eanpnﬁa;ma {1935) ysmnenss,
AriJIHO 3 AKMM eHePreTHYHA NINMHA BM3HAYAC HANNIDO-
BigHi BaacTusocr meramie [epenGawe (1950) wparry-
BAHHA MATHITHONO AOTOKY. 3anNpoBajvus NOHATTA Tl
MPOHMKHEHHS NONA B HANPOBIMK | Busie Binmosigne
pisnAHHA

bpin Jlongon

PeayneraT pospaxyskis 3asessaTs Bij OpleHTAal{il CHiHIB enek-
TpoHiB. ¥ pazi, KOIM HAanpAMKEM opienTallii cminie sbirarrsesn, TobTO
crivy napanensHi (pue. 5.2, kpupa a), s6moKkensa aToMiB cynpoBoa-
HyeTeCA OPANIEPEPRHMM 3POCTAHEAM eHepril — xiMiuwingi 3B'A30K BE
BMHUKaE. VY pasi NpoTMIesKHO cnpaMoBaHMX cmixiB (ams. pue. 5.2,
Kpuea b) afunokenna aToMiB 1o BifneTaHi vy CYNPOBODKYETHCA 3MeH-
IIeHHAM €Hepril, 3a r = 7p CHCTEMa Ma€ HallMeHIIY NOTeHLIANbLHY
exepriro i nepebysae B HalicTiikiiwomy craui. IMoganeine abmoxenns
aTOMIB CnpHYMHIOE pi3ke 3poCTaHHA eHepril crucTeML

IlizcymoByroun peayieTaTH poapaxysxis, B, T. lairtnep i
. Jlovpon pifnnuam BUCHOBKY, WO XIMIMHWYA 3B'A30K Yy MoOJeKydi
BOJHI BWHHKAE BHACTIZIOK y3aransHEHHA JUA ABOX ATOMIB eflex-
TPOHHOI Tapy 3 EeNeKTPOHIB, AKi MawTh TIPOTHIIEHHY opienTariro
CriKiB, i NpoljeC YTBOpeHHN 3B’ASKY € €HEPreéTHYHO BHUTiIHMM.
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Bincrans v y MoNekysl BOOHIO BMABKMIACH TAKOH, 10 JOPIBHIOE
74 nm, a e 3HAYHO MEHIe Bim cymu apox paziycie atoMis BomHIO!
93 mm + 53 om = 106 nm Ile osmasano, wo npu YTBOpPeHH]
xiMivHOro sB’Asky sinfysaeTheA BaaeMONpOHMKEEHHA («nepexpu-
BaHHA») ENEKTPOHEMX XMap. BHacniok uporo ryctiHEa HeraTHBHONQ
EJIEKTPUYHOIO 3apaAjy B Mixk'spepHomy Opocropi apoctae. fapa
aTOMIB NPUTATYIOTBECA 10 00AacTi nepexpusasua opbitaneit.

B A
b
Enp{ Eni,nmr
0 L 2
T
Ep” Egimur
np— E,
E
RN YN N
P A OO

L06 om

L -+

Puc. 5.2. Xapaxrep suiny exepril cicTeMy 3 JBOX aTOMIB BOIO: Ty —
Mix'sgepHa BicTaHE y Monexkyni BogH; E,, — exeprin s8'nsKky B mMonexydi
BopE; E,p 1 Egyy — BinnoBinHo exepril npuraramas i simurosxysauns

Takwuii 38'Asox Oyno HaspaHo xosanewmuum. Bin € apoxenex-
TpoHHMM | npouerTposum. Pospobnera Ha nifi ocsosi Teopia ximiu-
HOrO 3B’H3KY MiCTaNa HasBy Memody saAexkmHux 36'Raxie.

§ 4. MeTon BaneHTEMX 3B H3KIB

Koxxna xiMiyra pevosusa mae iHpusinyansmi, npuramausi Tinsky
it BnacTusocTi. Boru nos’ssani si cknmagom i Bynoeolo monekyn, ski
€ HociamMM uMx BracTusocTed. TeopeTuyHi YABJEHHA MPO YTBOPEHHA
xiMiyHMX 3B'ASKIB MalOTh MOACHIOBATH caMe Iji KOHKpeTHi BnacTu-
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pocti pedosur. OTike, 3aBKAH, SACTOCOBYIONM TOM UM THIIMA TXix
[0 POSINADY MEXaHIZMY YTBODEHHA Ximiumoro ap'#A3KYy B Cnomywi,
noTpifHO KOpPHCTYBaTHCA TaKoK mochigoBHicTIO apamay: 1) 3’Acysa-
Ty, AKI BIaCTHMBOCTI peYOBMHM Bifgomi, a Taxok BimoMocTi npo Gyno-
By Monerysm abo kpucrana; 2) 3'Acysari, AK i BIACTHMBOCTI MOAC-
HIOE TEOPIA xiMmiuHOrO 3B'A3KY.

Pospobaeri B. I'. Tafirnepom i . JlornoHoM yABNEHHA PO Me-
XaHiSM YTBODEHHA KOB&JIEHTHOIO 3B'A3KY HA NPMEJALI MOJEeKyIm
sogEI0 Oyt mommpewi i pa cknauinng MoneKy.

MeTon BaneHTHMX 3B'A3KIB 4€ 3MOIY HE JMlle TeopeTudso ob-
rPYHTYBATH HalBakAMBIILI BJACTHBOCTI KOBaNEeHTHOrO 3B'A3KY, a i
Hao4HO 300pasuTy npocroposy Oy0BY BENMYESHOIO YuCla MONeKYJ
KOBAJIEHTHHMX CHOJNYK.

Ocnoeni norowennsn memody sarenmuur 36 saxie. B ocuosy
METOLY BaneHTHMX 3B'Aakis, a0 NOKanNi30BAHMX eNeKTPOHHMX map,
NOKJNATEH0 TaKi YABNeHHA:

« KOBaneHTHuMI XiMiyuuil 3B'A30K YTBODIOETLCA JBOMa eNeKTpo-
HAMM 3 OPOTHIEHHO COPAMOBAHMMM CHIHAMY, OPW [BOMY CHIJIBHA
eNMeKTpOHHa Mapa, M0 BMEKMKAE, HaJNeWMUTE oboM aTomMaM, TobTo
38'A30K € OBOUEHTpoBUM, KomDimanii Tamkmx ABOXENeKTPOHHNX IBO-
UEHTPOBMX 3B'ASKIB BifobpaskaloTh eNneKTPOHHY CTPYKTYPY MO-
JIeKy i, 1X HASMBAKTH BAJEHTHIMM CXEMaMM,

« KoBanewTHuH 3B'AS0K THM Mirpiumit, M Ginbmon Mipoo ne-
PEKPUBAKOTLCHA ENEeKTPOHHI XMApPM B3aEMOZIIOYHMX aToMiB, TOMY KO-
BANEHTHUV 3B'A30K YTBOPKETHCA B TOMY HanpaMKy, Ie e nepe-
KpHMBAHHS MaKCHMALHE,

HAns waounoro sobpaykenHs BaneHTHUMX cXeMm ysaranbueni ans
ABOX ATOMIB eNeRTPOHM TO3HAYAKTH TOMKAMM, DPOSMIMEHMMM Mix
Ixminvyr ximiurumy cumsonami. Ioxsifieuit i norpifinuii 3p’saku mo-
SHAYAKTL BINOBIHO BoMA abo TphOMa mapamMy TOYOK:

H
HeH, IN3INS, HIC:H Tomo.

H

Koxerik napi ag’asyiounx ENeKTPOHIB BimmoBizae omma pucka y

rpadivrnx opmynax:
i
H-H, N=N, H—{IZ—-H

H

[lopare sobpaskerns xOBANEHTHMX 3B'A3KIB NoB’Hsane 3 nepe-

KPUBAHHAM eNeKTPOHEWX opblTaneii ¥ OpocTopl M3 COONYYeHNMM
ATOMaMu,
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Tak, fns YTBOPEHHA MOJNEKY-
I BOJAHK) KOMHKIA ATOM BOOHIO
BUKOPUCTOBYE CBOK OfHOENEK-

8N

TpoRHy Kynscrty ls-opBitans, [+
TOMY CXeMa YTBODEHHA 3B'A3KY
MAE TAKKMI BUINAL

Iins toro wob yrsopunacs monexyna ¢ropy Fy, xossomy #oro
atomy norpibHO BMKOPHMCTaTH OfHOENEKTPOHHEY raHTenenomibny
2p-opbiTans, OCKLTBKK aTOM (PTOPY Mae€ TiNbKM OAMH HECTIApPEeHHMiA
eJeKTPOH Ha 2p-ITiApiBHI:

@ A

F,; :FiF: ; F-F

=8 &%

F 15%2522p°

Omxe, o6 acbpasnTy cxeMy yTBOPeHHH 3B'A3KY, CJifl npoaHa-
nmizysaty xoudirypauiiiai GopMynM YHACHMKIB SB'ABKY, BMALIMTH
opHoenexkTporH opbiTasi BaNeHTHMX miapissie i nojgaTy ix npocTo-
pOBE TepeKpUBAHHA,

Hanpurnaf, y molekyni (hTopoBofHIO HF yuacumMkamu 3B'H3KY €
atomu pomeio i ¢propy. Bomm yrBOprowoTe Mix cobow ommHapHui
SB'A30K 3a paxyHOK NepeKpMBAHHA OfHOeNexTponHux opbitanes
CBOIX ATOMIB:

H 15! m

F 1s22s%2p° T TN

OpuoenexTpouni  opbiram
aromiB — Kynacra 1s-opbi-
TANE ATOMA BONHIO Ta TAHTE-
nenopibea 2p-opbitans aroma
dTopy — NEePeRpPUBAIOTECA Y
nopocTopi  Mizx  AnpamM, a
criJibHA ~ BJIEKTPOHHA Tlapa
poamiwiena (noxanisopaHa) B
AinaHLi epexpyuBaHEA
xmap (pue. 5.3).

Pue. 5.3. Cxema nepexpisasia opbi-
Tanei y Monerymi TOpOBOLHID
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Curma- (o-), mi- (n-) Ta pemwsTa- (6-) 3B’ASKM. Y HaBEIeHMX
NpUMENafax OepeKpuBanHA aToMEMX opbiraneir  einbysaeTscs
BSJOBIK JIiHIN, 10 cnogy4awTh Afpa artomis, KosaneuTHi 3p’Asku
nopibHOro THNy € B ycix 6e3 BMHATKY MoJekyJnax, 1X HasHBaOTh
g-38"A3Kamu (CUrMa-28’A30K).

ATOM BzanemHO EiJi 4WMCNA OJHOENERTPOHHMUX opbitTaneii Momxe

YTBOPIOBATH KillbKa O-3B'A3KiB, ajie 1OPasy CNifbHA eJeKTPOHHA
napa pO3MILyeThLCA (NokasiayeTsed) M sgpaMy  aTomiB  Ha
npAMIN, o cnonyyae ix (puc. 5.4).

o

b
L]
P-P
[}
d-d
2
Pue. 5.4 Cxema nepexpusanns enexTporuux opbitaneil y pasi yrsopesss
O-3B'HIKIe

Iﬁanplﬂ{.ﬂaﬂ, y moneryni ciproBozaio HiS arom cipku yTsopioe
BB H3KY 3 KOXKHMM 13 JIBOX ATOMIB BOIHIO:

H 15! m

S 3s23p* “_"H 1t

SrifHo 3 enexTpoHHO-rpadiutuM 300PAXKEHHAM ATOM CIpKK Mae
ABl p-OMHOENEKTPOHHI OpbiTani, KOXHA 3 AKMX Yy paai yTBOpeHHH
/IBOXeNIeKTPOHHMX 3B’A3KIB Mae nepexkpuTucs i3 s-opbitammo atoma
BopEm0 (puc. 5.5).

¥ 1upoMy pasi atom CipKM YTBODIOE 3 ATOMOM BORHIO IBA
O-38'Aaku. Ockinbkn p-enexTpossi opbitani atoma cipkyu y npocropi
Poamilyiorees nmig kyrom 90°, To MoxHa ouikyBaTH , 10 @ ¥ MONe-
Kynl CipKOBOAHIO 3B'A3KM POSTALLOBAEL Ml KyTOoM OMH H0 OIHOID.
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ExcrnepuMeHTaNbHI AOCHIKEHHA NOBEJH, 0 MOJeKyJa CipKOBOAH0
Ma€ TPOCTOPoBO 3irkyTy BynoBy a kyrom 92° Mix 3B’Aakamu S—H.

(1)
C=s—(0) — -C=s<_{ur

H
S+ + 20—+ I§—H

Prec. 5.5. CxeMa NEpeKpHBAHAA eNEeRTPOHHKX opbitanedi y
pasi yreopesna monexya HyS

HasmpHicTs NeBHMX KYTIBE Mix: 3B'AskamMM y GaraThoX MOJNEKYJaX
TAKO € OOHICK 3 BaHUTMBMX XapaKTepueTUR IXHbLOI XiMidrol Dynosu.

Y HaBeneHoMY NpPMEJIANI AeAKe BLIXMJIEHHA Bl O4YiKyBaHOrO Ky-
Ta 90° NOACHIOKTE eNEeKTPOCTATMYHMM BIMIOTOBXYBAHHAM Mi
BJ3LKO PO3MILIEHNMHM ENIEKTPOHHMMI NapaMy 3B'A3KIB.

TNopi6re modcHa 300pazuTH npoctopoBy Oynosy monekyn HiSe,
H,Te abo, sanpuwnag, PH;, AsHa, SbHj, B AKNMX yTBOPOWTLCH IO
TpU ©-3B’A3KH Mixk aTomamu docdopy, apceHy, cTHOII 3 aTOMaMu
BOJHIO, OCKLNEKM KOMEH 3 HMX MAaE [0 TPpM OAHOENEKTPOHHL
p-opBitani. Yei ui MonekysM MawTh mipaMijanney GyIoBy 3 KyTami
Mix 3B'Azramy, BaM3EKUMY 10 npsmoro (Aus. Tabu. 5.1).

YV pasi yTBOpeHHA KpPaTHUX (NOABIMHMX 49U HOTPLIHMX) 3B’H#3KIB
Mix aTOMaM¥ KpiM O-OB'AsKy BUMHMKAE LUe ji TAK 3BaHMi N-3B"A30K
(ni-sB'Az0K).

Tax, nig €ac CHONYHEHHA JBOX ATOMIB a30TY B MOJEKYJY KOMK-
HUfl 3 HUX MA€ BUKOPMCTATH [0 TPM OJHOEJIEKTPOHHI 2p-opbiTadi:

Tl

N 1s%25%2p? 1l

e MoMIMBO, KOMKM ABI Pr-0AHOENEeKTPOHH] opbiTani komHOro aroma
YTBOPATL 0-3B'A30K, a Bl immi p,~ i p.—opbitani 3 Taxkumyu caMumu
opHoeneKTpoHHMMK  opbiTanAmMEM  maprHeEpa  cHoONyHaTbeA 34
TE=THITOM:
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<z 2

AW

Mp,-p, n PyPy

Cxemy yTBOpEHHS MOJIEKYJH 30Ty HABEAEHO Ha puc. 5.6.

Puc. 5.6. Cxema nepeKpHBANHA ENEKTPOREMX OpbiTasest
¥ pasi yTROPEHHA MONEKYJIM asoTy

Taxa Gynosa pobpe YArofKy€eThCA 3 HAASBIHAIHO BEJMKOI MiljHic-
TIO MQUIEKYJIM 230Ty, €Heprid 3B'AaKy AKol fopiemoe 945 w]lx/ Mo,

n-3B'A30K MOMEe BMHMKATH JIMILE [CNA YTBOPEHHHA C-3B'A3KYy,
TOOTO 0-3B'A30K YTBOPIOETLCH NEPIIOYEpProso.

n-3B'AB0K XAPAKTEPHUI JNA MOJEKYJ HEHACHYEHMX BYTJIEBOJHIB
Ta IXHIX NOXIAHMX, BaraTbOx HeopramidHux cnosyk. Bin moske yTBO-
PHOBATHCL ¥ pasi MepeKpMBaHHA He TLILKY P- i p-, a % p- i d-, d- i
d- opbitaneii (puc. 5.7).

p-pP d-p d-d

Fue. 5.7. Cxema nepexpunaris opbitanes ¥ pasi yTBOpEHHA T-3B’A3KIR
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§-3B'A30K TPANNACTHCA OYHKE PIOKO — ¥y COMIYKax [AeAkux
d-meranis y pasi nepexkpusanis d-opbitaneii sigpasy 4ornpMa
«nemocTram» (puc. 5.8).

Pue. 5.8. Cxema nepexpupatun d-opbitanedl y paal yTeopesus 6-as’Aakis

Ba»unMBo 3posyMiTH, 110 MiJ] Y2C YTBOPEHHA KOHKHOrO THITY 38'A3-
Ky TifBKK OJHA ENERTPOHHA NMAPA HANEHUTE IBOM opbitansm, Axi ne-
PEEPHBAIOTECA Mix coboro, sanexHo Big enocobis 1X nepexpUBaHHA.

§ 5. BracTusocTi KOBaJleHTHOTO 3B A3KY:
HANPAMIEHICTL, HACKHTEHIC T, NOJAPHIOBAHICTL

MeTon eaneETHMX as'saskie TeoperuyHO obrpyRTOBYE TaRy
BJIACTHBICTE KOBAJIEHTHONO 3B'A3KY, AK Oro [MPOCTOPOBA HOMPRAM-
Aenicms. SB'AS0K YTBOPWETLCH ¥ HANPAMKY OAHOENEXTDOHHO]
opbiTain, OCKINMBEEM camMe TaM MOME BHHUKHYTH Haiblmeme nepe-
kpupansa opbitanedi fAxmo K aroM yTBOPIOE 3 IHIIMMM ATOMAMMK
OEKinbKa o-38'ABKIB, TO OCTAHHI pPOSMILYIOTBCA ¥y (OpocTopl nmimg
MEBHHMIY KYTaMy,

[H111050 BJACTHBICTIO KOBAJIEHTHOIO 3B'fIKY € JOTO HECUNEHICTD,
"Uncno 38’A3KIB, 10 IX MOKE YTBOPHEBATH NEBHUWN aToM, 3a Mexa-
HIZMOM CRApHOBAHHA ENEKTPOHIB BiANOBIZA€ HAABHOMY 4YMCIY JI0r0
ojpHoenexTPoHAEMX opbiTanel y HOpMANLHOMY 49M 30yXKeHOMYy CTaHL

flxmoro, HanpuKAAf, ATOM CipKH B HOPMAJNBHOMY CTaHi Mae nasi
OAHOENEKTPOHHI opbiTani, To BiH yTBOpIOE nEa 3B'ssm ¥ 36y/pue-
HOMY CTaHi Leil aToM MOME MaTH 20THpHM abo micTe 0IHOENEKRTROR-
Hux opbitanes i yTeopoBaT™H 9oTHPM abe uiicTh 3B'ABKIB, HANPHK-
najg y monexynax SO, SFg.

Baxxmieo BUBHAYMTH, AK DOZTAINOBAHA CMIJILHA ENEKTPUHHA na-
Pd ¥ MpoCcTOpl M CHOONYYEHMMN ATOMAMM. Y [ABOXATUMHMX MOJe-
KyflaX MOPOCTHMX CMOJYK CMiJbHI €JeKTPOHHI mapu 3s'aAsky noka-
JiBYIOTLCA CHMETPWMYHO BiJHOCHO AJEp i OMHAKOBOK Mipol HAJEe-
MATE KoHoMY #fApy. Taxkigi 3B'A30K HASMBAKTL HENOARDPHUM.
Ko 3 cnony4arTLCA ATOMY 3 piBHMMM ENEKTPOHETA TUBHOCTAMM,
CALMBHI eNeKTpoHHI napw 3s'Asgrie amimyroTees y Gik axpa binem
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eJIEKTPOHETATHBHOIO aToMa. 3B'A30K crae moaspHusm. Artom, y 6ik
SIKOI'0 3MICTHJIACH €NEKTDOHHA NAapa, OIepPKy€ HaOIMIIOK HETATHB-
HOTO 3aPALY, & HA aToMi IHIDOro yJacHMEA 38'A3KY BHMHMKAE NeAxkui
NOZUTHBHEKI] 3apsam

Crymniae nonApsocTi 3B'ASKY MOMHAa BMpasuTH KinekicHo, sRio
NPUAHATH NOAAPHICTE HLNKOM HENOJAAPHOIO SB'SASKY 3a HyJ b, & ioH-
HOIO, ¥TBOPEHONO OHO3APANHMMM ioHAaMM, — 3a onmEMIo. Tom no-
NAPHICTE MOXKHA BUPAsSHUTH Yy BenuumHax egiexmuenux 3apadis,
OPONOPIifHKUY 3apany enerTpoHA.

Mg ederTuBuMmM 3apanoM po3yMilOTE Takuil 3apan HA OKpe-
MOMY aTOMi WiCAH YTBOPEeHHA XiMi9HOro 3B'#3Ky, AKUHi BHHMH-
Ka€ BHACHIIOK 3millleMHsA €JeKTPOHHOY TYyCTHHM 0 Oixsin
eeETPOHETATHBHONO aTOMA.

Hanpuxnap, y mogexym HCl posnopin edextuBrux sapanis
Bignosinae snayvennaM +0,17 va aromi oo Ta —0,17 — Ha aTomi
xnopy. Monexysy HCl mosxna Gyno 6 sobpasuti tax: HYO7Cl%47
TobT0 38’830k y ®if Ha 17 % € fonmsoa. Tlpo peaxi cniocofy Bymssa-

HeHHA eeRTHBHUX 3apauie fTmverscs pani ¥ tabn. 5.3 masenero
eherTUBHI 3apAIM ATOMIB ¥ JefKuX CIIOMyKaX.

Tabauya 5.3. EpenTuBHi sapagu aTomis y AefKHX cnoayxax

Ederxtunnnii Edextiaumii

Cnonyka ATom b S Croayxa AToMm 3apxa &
HCI cl | -0,17 GeBr; Ge +1,1
S0,Cl, cl 0,1 Br -0,3
CﬁH.‘Clz Cl 0 ZHBI‘:; Zn ‘I'U‘,ﬁ
Kl cl +0,7 Br -0,25
LiClO, Cl +0.,8 IBr Br -0,1
H,S s -0,2 GeH, Ge +0,2
S0, S -0,1 GeO, Ge +1,0
SCi.g S +0,2 K2Cl"307 Cr +0,1
CaSO, S +0,4 K,Cro, Cr +0,2
KMnOy, Mn +0,3 CrCly Cr +1,3
CaTiOq Ca | +15 CrCly Cr +1.9

Hig niex 30BHINIHBONO EAEKTPOMATHITHOTO MONA CHOLTLHA EJeK-
TPOHHA napa smimyeTeesa y Oik opHOro 8 atomie, BHACKIOK HOro
3pocTae NoAApHicTs 38'A3ky. 0 amiHy nonspHOCTI HASMBAOTL MO-
Agpusosanicmio. IlonapusopakicTs 38’ A3KY SANEKUTE Bijl HANPYTH
EJIEKTPOMATHITHOrO FOMA i BiJi 3paTHOCTI aToMiB, $Ki YTBOPIOWTH
3B'A30K, 210 nonspusanii, 106t pedopMyBaHEA IxHIX EJICRTPOHHUX
oﬁp.r:ouum 3paTHicTh atomiB 10 monApusauii 3poctae B Mipy
3bibierns IXHIX poamipis i 3MeHIIeHHER ENERTPOHCIAaTUBHOCTI.
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Ilin pi€l0 30BHIUHBONO MOAA CHINBEHA ENeKTPOHHA Napa MoMe
NOBHICTIO NepeiiTi 10 Giikil enekTpOHEraTHMBHOID aToMa, 10 3yMo-
BUTH BUHMKHEHHA NO3MTHBHO | HEraTHBHO 3apAJUKEHHX l0HIB:

H:(;‘,:l:—-H‘ +:(§::l:

Takuit npouec BipOyBaeTbcd, HAaNpPUKNanA, Mg wac gucoLianii
JEAKUX NMONAPHUX MOJNEKYN ¥ BOJHUX pO3HMHAX.

TiGpuauzania. Hpocmpony Gymosy DaraTeOX MONEKYD 3 YTBO-
PEeHHAM NEBHMX KYTIB MiX 3B'A3KaMM BaXKO0 NOACHMTM 3 mornany
BUKOPUCTAHHA 4TOMaMM TiMBKM aTOMHWX opbiranei. 3pasanoca 6,
uio ol KyTH MOKYTh OyTH TLMBKKM BNM3BKMMM 10 MNPAMUX, OJHAK
Binomo HaraTo eKCnepUMEHTANBHMX JAHMX, AKL CBiAYATH MpO Te, 10
icHy1oTB NiHIHI MONexymH 3 poaropHeruM kyTom 180° (BeCly,, COy,
N30, CsHy), uacTuHEnN 3 KyTOM Mix 3B'sakamy, Omuaskum go 120°
(O3, SOy, CsHy, BF3, COE' ta iH) abo Gmmsexkum mo 109° (CHy,

4, HoO, NH3 Ta in). 3posymitTi NpHMYMHY BUHMKHEHHS TaKMX
KYTIB, I'PYHTYIOUNCh HAa He3MiHHOCTI aToMHMX opbitarnei g wac
YTBOPEHHS 3B'A3KIB, HEMOMJIMBO.

Teoperuuno ueit taxr obrpysrysamt L. K Cnerep i JI K. [lo-
ainr. Bomm sanponorysam mofens ocofomeum criocobom 3By mweHoro
LIeHTPaNBHOrO aToMa B Manerysni Binnosinso 10 Hel enexkTpouHi Op-
BiTani Taroro aroma, sKi CNOYATKY Blopisuames mix coboro 3a enep-
ri€m, a oTHe, hopMOR i mpocTopoBIM posMilleHHAM 7o 30yI:ceHHS,
MOYKYTB TIEPETBOPHTUCA HA TaKe CAMe WICJI0 €HepreT4HO piBHO-
uissnx opGiraneir micna s6ypxenaa. Tawxi opbitani gicranm Hassy

2i6pudusoeanux, a cam edert — zibpudusayii opbimaneii. Omxe,

ribpuausania nonsrac y BMHMKHEHHI eHepreTWYHO piBHOIH-
Hux opbiraneit y pasi yreopenss XiMiuHOro as’H3Ky 3 nodaT-
KOBO HEEKBIiBANCHTHUX aATOMHMX opbiTameil

Crip sagHayuTy, o ribpimsalis He Biinosigae peansHoMy diizim-
HOMY FABMILLY, & € JMIIe MaTeMaTIHHNM NPUiioMOM, AKMI JaE s3MOry
KINBKICHO OIMMCATHM peassHl CTPYKTYDPM MOJIEKYN TA 1X eHepPreTHKY.

Xeunsoea thysKLiA oxkpemo] ribpimaosanci opbitani cKIaEETE-
cA 3 XBunbOBMxX (hyHKUIN aToMuux opbiTaneil, MOMHOMEHMX HA Jie-
aKl KoethigieeTn. CraxkiMo, B pasi yTBOPEHHS HOTMPLOX PIBHOLIHENX
38'ABKIB aTOMOM BYIJIELI0 B MOJEKYJI mMeTaHy ribpuiMaoBaH] XBUIb-
oBi hyHKUII Takri:

Yrigp = a¥'s + b'¥pe + c¥py + d'¥p.

Koediuien™n a, b, ¢, d Moxyres GyTH sAK HOJATHMMM, TaK i
Bi'eMHMMM, a onepaulii iIX 3HaXOJUKEeHHS SYMOBIIOKTHCS MATEMa-
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I

THIHUMW  BUMOTAMK 10 ¢ A
xeuneoBuX dyurdi One-
pauis 3HaxoJKeHHs rib-
PUAMBOBAHMX dymrii
HAaTa#ye 3aMiHY BeKTOpa
Ha CYMY HOTO NpOeKUin Ha
KOOPIHMHATHI OCL

Ha puc. 59 nopaso cxe- 255 wllx
My 30ymxenHAa atoma ByT-
JeLIo A0 YOTUPHMBATEHTHOrO
CTAHY, Ha 10 SATPAYaCTLCH
enepria 400 w[lx/mons, i p
fioro mepexin y riGpuon- c*
30BaHMi CTAH 3 AO0HATHKO-
BOKD  34aTPaTOK  eHepril
255 E,H,xc,."mom Ha ga-
3HH‘IEH1 HOCJILU.DBH.I CTYy -
nedi abyjsxeHHs sarpa-
yaeTkesa 655  wllnc/mons
eHeprii. Ile MoMnuBO JH- 400 wne
e 3a YMOBM, 1110 Ha-
CTYIIHMII  €K30TepMitHMi
edeKT YTBOPEHHA Ximiu-

21 2p?

LO— O—

HUX 3B ASKIE 2 HAJJHII- ,L ,L_

KOM Nepekpue i eHepro- P O—0

3aTpaTi. C 2x?2p?
Hacnpaspi  msaemopin s :&_(g_

ribpuamaoeamx  opbita-
Neil aToMiB BYTNELIO 3
HOTUMpMA ATOMaMM BOJHIO Pyc 59. Cxema ribpumizanii opSitanefl atoma
CYNPOBODIYETRCA  €K30- Byraewo (C — aTom BYIJELo B HOPMANLHOMY
TepMiuHNM edherToM: crani, C° — atom syrnewo y sbymsesomy
CTaHI; Cnﬂp— abyomcennit ribpumsoBasmii
aTomM BYTNEeL)

Cigp + 4H = CHy, A Hopy = —2317 kil

Hapmumowx eweprii cramoeure —2317 + 655 = —1662 wllxk, mpo B
POSpaXxyHKy Ha OauH 3B'A30K Binosinae eweprii ss’saxy C-H y
MOJIEKY i MeTary.

Omixe, atomui s-, p-, a yacom i d-opbitasi nepersopiOOTLCH HA
MopensHi ribpmwuisoeani opbiTani 33 yMOBM BHUHMKHEHHS XiMiuHOro
38'asky. lle cynposoprxyerben amino0 hopMu aToMHEUMX opbiraneii,
AKi, 3MIUIYI04MCh, NePeTBOPIVIOTECA Ha opbiTani oxHakoBol dhopmu.
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TiGpupmaosani enexTporHi opbiTani HECMMETPMYHI, BOHM MAJO
BMTATHYTI 3 onroro Doky sij sippa i asauHo Ginsime — a inmoro. e
sabeaneuye OGinnine nepexpupanus ripumsosanux opbitanei 3
opOiTanAMM NapTHeEPIB N YaC YTBOPEHHSE 3B A3KY, BHACHIOOE YOIo
8B'A30K MM CcrosydeHmmy atoMamu cra€ miguinnm. Iloeepxsa
ribpuamsoBanol opbiTani Mae Burnay, Hapenewi Ha pue 5.10.

Pue, 5.10. dopma sp-ribpuansoeanoi opbiram

Baaemue poaMilerss y npoctopi Kinmbkox ribpummacearmux op6i-
Tanei BIIHOCHO ATOMHOIO HIpa BANEXMTE Bl 1X WMcna 1 BignoBimae
MIHIMyMY €Hepril CMCTEMM SarajioM.

Tak, AKIIO 3MINIYHOTLCA ofHa 5-opbiTanb 3 opHiew p-opbiTanmo,
TO BMHMKAIOTBL jBi ribpuauaoeani opbitani, KanpamyieHi y npoTH-
JnexcHi GorM BiA Aapa mia kyrom 180° Taxwit Tmo ribpuansartii =a-
3UBalOTH Sp-2i6puduzayiew (puc. 5.11).

e
%\)@L/

(s + p)-OpbiTan NEi riGpuausosan sp-opbiras

Pite. 5.11. Cxema yTeROpeHHEA Apox sp-ribpummacsapux opbiTanet
8 pasi sp-ribpamaanil

Came sp-ribpyousanieo BaneHTHHX opbiTaneli IOACHIOKTE NiHIHHY
npoctoposy Gynoey TphoxaTomHux monexyn (BeCly, COp, NyO) abo
Monerys etTuHy. Jlei p-opGitam, AKi mre riSpuaisyoTECA, 3amMila-
OTECA He3MIHHMMM aTOMHMMMN opbiTanamm.

Ins npuknagy posrasHeMo OyZioBy MOJEKYJM BYTJIEKMCIOTO Ta-
gy CO, Ila monexysna minifina, Henogspea, obunea se'sakm C-O
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MAIOTEL OIHAKOBY MILIHICTh, L0 BIANOBIlaE NOABIHHOMY 3B'S3Ky Mim
aTOMaMM BYTJIELI0 TA KHUCHIO.
YyacHMKM 3B A3KY:

ce 2izpt (111

{30y maensi) T d
o 2522p4 0 it 1{1[

Ocxinbxn monekyna CO, niHifiia, To Le NOACHIOWTL sp-rif-
pumsauieto s- i oauicl p-opbitani aToMa BYTJIL0, TOMY yTBOPEHHS
3B AsKiB y Mosexyni COy moskEa nogatv cxemoio (puc. 5.12).

Puc. 5.12. Cxema yTropenns o-an'aakin y monexyni CO,

Omie, B monexyni CO; atom Byrfewpo yTeopioe G-3p'fizkn s
oﬁoma ATOMAMIT KUCHK) 3a PaXyHOK [EPEKPHBAHEA OMHOENEKTPOHKO]
ribpupzosarcl sp-opbitani atoma syrmemo a OfHOENEKTPOHHO)
p,,.-opﬁrr&qmo atoma kucHw. Kpim nroro, arom syrnewo y sbymxe-
HOMY CTaHI Ma€ 1€ IIBl OIH0eNeKTPORHI p-opbiTali, AKi yTeopKO0OTH
T-3B'ASKN 3 aHANOriYHMMMU OpGITANAMM KOIKHOTO 2TOMa KMCHIO.

Xowa obunsa se'saskn C—O nonspHi, ockinbku eJleKTPOHEeraTHE-
HOCTI aTOMIB BYTNELIO | KMCHIO Pi3Hi, JiHiliHa mMonexyna CO, sara-
JIOM HEeNoJfApHA.

3asHauMMo, o ANA NoscHenns Oynosu mMonekymy CO, v ByKo-
PUCTAIM BIIOMI BJIACTHBOCTI Ui€l CHONYKM fIK NOYaTKOBY iHhop-
manito. OToxe, 1wopasy, KOTM MOJEKYNa YTBOPIOE POaropHeHuit KYT,
BBaXKATHMMEMO, L0 UEHTPalkEMi aToM A (hOpMyBaHHA 3B'A3KiB
BUKODHMCTOBYE JiBl sp-ribpumsoeani opbitani

. Komu amimyioreess ogna s- i api p-opbiTani, BUHMKAKTL TPpM
ribpummsosani opbitam, posmimiesi y mioupsi min kyroM 120° ozna
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no ommoi. Takmit Tun ribpuauzanili HasubawTs Spi-zibpudusa-
yiew (pue. 5.13).

&k

(s + p + p)-Opbirani  Tpn ribpspusosani sp-opitasni

Puc. 5.13. Cxema yTBOpeHHA TPLOx sp-ribpuanzosanyx opbitanei
y pasi sp*-ribpuonzanii

3a paxyHor Ginpmol nopisHAHO 3 SP-TIOPHMAMBAIIEH HACTROK
yuacTi p-opbitaneii atomis y sp*-ribpimmsanii ribpummsosati opbi-
Tani Binsll BUTATHYTI y NpocTOpi B HANPAMEKY NMapTHEpPa 1o 3B HIKY.

Omxe, ARNIE B MOJERYJ RyTu mixx a3s'ssgamm bmiaexi qo 120°,
TO BBAMAIOTh, WO HeHTpanbHui atom mepebysae 8 sp2-ribpummso-
BAHOMY CTAHI.

Ilna imoctpanii poasrnademo Oynosy MonerkysM ranoresiny Gopy,
wanpuknag BFs ¥V uilt monexyni atom Bopy yrBopioe Tpu pisHo-
tiHHI 3B'A3KN 3 aTomammu (hTOPY, POBMILIEHNMMHM ¥ TPOCTOPI Mg Ky-
Tom 120°:

ti

B 2s%2p!

B* 2s12p® t

OcKinbKM MOJEKYJNa Mae OA0CKY CTRYKTYPY 3 kyTom 120° mis
ap'askamn B-F, 1o atom Bopy nepebysae y sp’-ribpumizonanomy
CTaHi:

Tttt

F 252 2p" ti
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3s'asku B monexyni BFy yTBOpIOIOTECA 32 CXEMOI0, HABEAEHOIO
Ha puc. 5.14.

Puc. 5.14. Cxema yTsOpenss 6-38'A3KIB ¥ Monexyi BF;

3 Hel BUIHO, 0 G-3B'ASKH BHHMKAIOTL 33 PAXYHOK e peKprMBaHHA
OfHOeneKTpoHHuX p-opbitaneii atomis dropy i TPLOX Sp-ribpumI-
SOBAHMX OHOENEKTPOHHMX opbitaneit aToma Fi:py, p.-opbitanms aroma
Gopy SAMILAETHCA Heribpuausopasow. Ha wilt enexTpomn sincyTsi,
BOHA € BAHAHTHOK 1 3J4THA J0 YTBOPEHH:A HOJaTKOBMX 3B’ A3KiB,

Kyrn 120° abo 6nuspki fio wux sussneno s iori CO3™, a takom y
;qmil;ﬁxuax sz‘DHi, S0s, O3, TOMY BBaKAIOTh, IO B UX YACTHHKAX
0 M BYTJNELIO, CIDKU 1| KHCHIO TAKOMK VBAIOT
sp*-ribpnanaosasomy cTasi 3 rieped o
Hapewri, nig HaC YTBOPEHHA 3B'AAKIE MOMKYTB 3MILIYBATICH Ofi-
HA §- 1 TpU p-opDiTan 3 BMENKHEHHSM 4YOTHPBOX ribPUANSOBAHMX
opbitaneit y pasi spl-zi6pudusayii. Ocximexw TyT wacTea
p-opbitaneir me Gumina,
H y NONEepeiHLoMy Bii-
Oagky BigHocHo s-opbi-
TAJI, KOHA Taka ribpu-
IuacBana opbitams no-
AOBIKYETHCA B HANPAMKY
aB’faky me BinbLico
Mipo10.
Ipoctoposo  woTupw
Hi  opbGitan

B Ha-
OpAMKY BIA HEHTpa Ter- Avonui Horups HEprmmonRis
Paexpa no fioro seprmm, i T P+ Pt ploplizani sp-apbitari

yreOopioiore kyTi 109°28' Pue 5.15. Cxema yrsopesus somupsox ribpumi-
(pse. 5.15). sosawux sp-opbitaneii y pasi spi-ribpugusayii
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Terpaeapnusdy Oynosy wmawTs OGaraTo MONEKYNn Ta MOJEKY-
napuux fiosie (CHy, NHy, H;O, NH; tompo). Beamators, mo atomsu,
AKi yTBOPIOTH 3B'A3KM MiJ KyTam, BimMsbrIMH 10 109°28', nepe-
GysaioTs y sp-ribpumaoBaHoMy CTaHi. )

fik npuxnan poarnanemo ynosy monexymm merasy CHg ¥V aii
aToM BYTJIEI[0 YTBOPIOE HOTHPH PIBHOLIHHI 334 JOBMMHOIO Ta eHep-
rier0 SB'ABKM 3 aTOMaMM BOAHK, [POCTOPOBO poOsMilleHl ma Ky-
rom 109°28'. Orsee, aToM BYIJEL0 B pas3i BUHMKHEHHA 3B'ASKIB Ma€
nepefyxyBaTH NOYATKOBO HepiBHOLiHHI $- i p-opbitani B 4ormpu
exBiBasenTH sp-ribpumzopani opbitani, aAxi i MEPEKPUBAIOTLCA 3
ONHOENEKTPOHENMY 0pOiTanAMy aTOMIB BOJIHEO.

H 15! T
c 252 2p® HTAr
— Trrt(

Ha puc. 5.16 napeneso cxemy yrsopessn ae'aakis y monexysm CHy,

Pue. 5.16. Cxema yreopesHA o-as'Askis y monexyn CHy
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Cnip sasmaunti, mo oxkpemmii Thn ribpuansauii ne € AROIOCH
BJIACTUBICTIO NEBHOMO eNeMeHTa; ribpuamMsalis — L€ KBAHTOBO-Me-
XAHIYHMI METOZ, AKMI DOACHIOE ocoBMIMBOCTI npocToposoi GynoeEn
KOHKpeTHOI Momexymn nepefynosow atomemx opbitaneit ma ribpn-
IOWU30BAHI.

ATOM OAHOrO it TOrO CaMOr0 eJIeMEHTa MOME YTBOPIOBATH pi3Hi
CIONYKM 3 BANEHTHMMM KyTamy Mim 3p'AakaMm, Akl BIIMOBINaIOTE
pizHum #oro ribpwmsosasum crasam. Tak, monexyna etemy CgoHs
JiHIfHA, I ATOMY BYTJIIO B Hifl NPHIMCYIOTH S$P-TiIDPUAM3OBAHNT
crad. Moro p,- i popbitani sanumatorsca atomeumu i Gepyrs
yuacts y nobynosi neox m-3s'saxis: H-C = C—H. ¥ monexyni etuny
CoHy xowHNA aTOM BYTWIELIO MaE Mo TPM G-3B'A3KM: 3 JBOMa aTO-
MaMH BOJIHIO Ta 3 aTomom Byrnemr. Bonn npoctoposo poawmiiesi ¥y
naoupHl mif kytom 120°, ToMy BBamaioTh, 0 B Wil cnomymi aTom
Byrnewo nepebysae B sp’-ribpumiaosasomy crasi. Tardft camst
KYyT Mi® 38'A3KaMH aTOMM BYTIEII0 MaioTh y MoJexys Gedsomy

CgHg, Momexynapsomy ioxi CD%‘. Y Monexyni eTeHy atom BYTJeiro
Mae OJIHY HeriDpuaMa0BaHy aToMHy opbiTans, 3a Y4acTio Axol yTBO-
PIOE T-3B'AS0K i3 cyCiiHiM aToMOM BYTJIELtO:
H H
s
>C=C\
H H

Hapemrti, 8 monexym CyHg, ax | B mMomexyni mMeTany, kyti mi
aB'aarami nopisHooTs 109°28'. Ile ozmagae, w0 atTomu BYIJELIO
nepebysawTs y spP-ribpuansoBasoMy CTaHi. €, B NepesiveHnx
CHOJYKAX aTOMK ByrJeio nepebyBaroTb y pissmux riGpnamMsoBasmx
cTasax.

JAns yTeOpesrHs crifikoro ri6pumizosaroro cramy noTpitHl exep-
TeTi4HA ONMBBKICTH Ta JIOCTATHA ENEKTPOHHA TrycTHHA opbirtasefi,
AKl aMimyoTheA. HeobxisHoio yMOBOIO Takos € NOCTATHIN CTYTIHB
neperprBaHEA opbitaneil cycignix aTomiB-napraepis no 38'asky. L
HUHHMKN  3a0€3NevyloTh CTBOPEHHA cTilknx Tumis  ribpuamaaii
ATOMIB EJIEMEHTIB 3AJIEIKHO Biji X NONOMEHHA B NEBHMX Mepiomax i
rpyNax nepiofu4ysol cCMCTeMN,

Poarnanemo snume mmx amHHEMkis Ha criiikicrs spi-ribpumao-
BAaHOIO CTAHy aTOMIB.

V¥ nepioni sia enemenrie [ po VIII rpymu asbinstuyerscs
PiaHMIA MMt eHepriAMyu s- i p-mippiswis iXHix atomin (Tan 54),
BHACJIJIOK “Or0 SAATHICTE JO BMHMKHEHHS SP°-TibpuAM30BaHORO
CTaHy M€ aMeHyBaTuCh. [le MoxHa BBasKaTu OAHIEH 3 NMpUYHEH
SMEHLIeHHA CTIKOCTI, HATPHKJNan, TETPaeJpNHYHUX iOHIB ¥ pany

SiOﬁ‘—w PO — SOE"— ClOy, ne uenTpansHmit atom mac spi-
rifpsmsoBasiii CTaH.
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Tabauys 5.4. Epepremsuna pizama AE sopmimmix s- i p-opbiranedi
aromis enemenris 2-, 3- Ta 4-ro nepionin

EnemesT Li Be B C N 8] F Ne
AE, eB 1.9 28 89,7 8,1 114 18,9 22,6 26,8
EnemesT Na Mg Al Si P 5 Cl Ar
AE, eB 2,1 2.7 5,3 7 8,6 10 12,3 13,5
EnemenTt K Ca Ga Ge As Se Br Kr
AE, eB - = = 82 g4 10,1 11,8 13,2

3rigro 3 gamumm Tabn 54 pisHuua Mix eHepriamMM BiANOBIHIK
s- 1 p-migpisHie aromiB enemenTis y rpyni B mipy abinblnenns wHo-
Mepa nepiony, a oTie, i poamipis aTomie, aMEHIIYETLCA. 3AaBANOCH
6, e Mae MONErIYBA&TH YTEOPeHHA sp -rifpummsceaHora cramy.
IIpore & wmipy a3binemenns posMipiB STOMIBE 3MEHINYETLCH €N1€K-
TpoHHA rycTMHa opbiteni, amimyeanss sinbGyeaeThes Bamue i
IFATHICTE aToMa peaniayeaTy sp’-ribpuaMaoeaHnil cTaH 3MEeHImy-
eThea. CrasaHe MOKHA TPOUTIOCTPYBATH, HANPUKNAJ, 3MIHOO Bia-
CTHBOCTEl BOAHEBUX cnonyk p-enemenTis V rpynu:

Monexyna NHy PHj AsH, ShHg
Hosxama ag’Aaky, om 10 142 152 170
Banentinit kyT, rpag 107,5 684 92 91

Emepria ag’mary, xJlx/mMons 380 323 281 256

flzmo B monerysi NHy BaneHTHWIT KyT Mix 3B Aakamy BIHabKMIi
A0 TETPAeAPHHHOIO 1 MOJKHa BBAXKATH, II0 aTOM asoTy nepefysae B
sp’-rifpimsoBaroMy cTakl, TO B IHIIMX MOJEKyJNax 3B'ASKM aToMis
eNemMEHTIE 3 ATOMAMM BOMHIO NPOCTiE NOACHUTH MEPEKPUBAHHAM
p-opbitaneii aToMiB eneMeHTiB i3 s-0pbiTanAMI ATOMIE BOJHIO.

Ha crabinizauiso ribpimu3oBaHOr0 cTaHy 3HAYHOK MIPOK BILIM-
Ba€ CTYNiHL nepexpuBanua ribpumisosanol opbivani B pasi yrso-
peHHs 3B'ASKY, a Tako)K HasBHicTh d- (imomi # f-) opGitameir Oc-
TaHHI MOXKYTh aMmillyBaTics i3 8- Ta p-opbiTanAMu AaTOMIB 3 yTBO-
penHAm iHmmx THmB ribprgauaanii, abo GpaTH yHacTs ¥y NOOATHOBO-
my m-3p’asysaini. Ile ocobmmo cTocyeThes enementis TPETLOrO Ta
HACTYTIHNX HEPIOIIB.

Y nmigrpynax p-enemenTiE BignoBiAHO [0 TOCHIAEHHA TEHAEHL]
JI0 YTBOPEHHA G-3B'ASKIB HalixapakTepdimi Tari THIIM rOpuaKMaoBa-
HUX CTAHIB ATOMIB:

2-it nepion sp sp* sp?
3-f1 nepion sp? spid spid?
4-i nepioa sp? spid spid?
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Hns atomis enementis 5-ro Ta 6-ro mepiomis xapaxTepmimmim
cTae yTBoperns mecty (sp*d®) abo masith BoceMy o-aB'Aakis,

Y rpymi criocTepiraeThCs YCKNAMHEHHA YACTHHOK ¥ mipy a3bine-
IEHHA ICNA NPHENHAHMX ATOMIB 0 HEHTPAJNLHOIO aToma (y mipy
abinsmenna xoopdunayiiinozo yucaa):

CF; — SiFf” — GeF{~ — SnF{~ — PbF}
CO3” — Si0§” — GeO}” — SnOf~ — PO

dpatriets d-opbitaneit atomis OpatM yuacTs B yTBOpeHHi ribpn-
mmsoBanux opbitaneii iz s- Ta p-opbitanamu samewuTs Bif TOrO,
HACKINBKM MOMUJIMBMM € IX eHepreTidne s0DKeEHA Mbs coboo.
Leomy cnpuse mimBiuesss crTymena ioHHOCTI 3B’S3Ky, a oTIHe, it
EEKTHBHIX 3apAniB aTomiB. Bilbmm sHavennsm eerTHBHMX 3a-
pAnis Bimosigae Ginblue crarysanss d-opBitaneii atomie no sapa,
binbme enepreTudne sbmoxenus 3 ns- Ta np-opbitamamy i Gibma
MOMIHMEICTE riDpuamaalil 3 wvmi. Came ToMy nna aTomis HaTpPiw,
MArHiO T4 amominio Tvmosium € sp’d®-ribpunuscsanst craw, cu-
Lo, occhopy Ta ciprn — spU-rifpuTKSOBARIL CTAK, @ XNOp BIKO-
PUCTOBYE LA yTBOPEHHA 3B'A3KIB aTOMHY DP-€N€KTPOHHY OpbiTaJb.

Piani ribpuamasosasi crany ctabimsyoTses IORaTKOBIM 71-3B's-

3yBaHHAM, 110 BinoOpaskaloTh, HaNpuKIa, ioHu CO%‘_ MONEeKYJIH
Gensony, ety Towo.

HacTo BaneHTHI KyTH B peanbhiux MOJEKYNAX BiOpIZHAKOTLCH BiA
aaanaqenux puiue. Hanpuwnan, monexyna amiaxy NHj; mae mipa-
MizaseHy GynoBy 3 aTtomom asoTy y BepmiuHi Ta TPBOMA ATOMEMM
BOAHI0O — B ocHOBL Bei ap'asku N—H y uili monexyni PiBHOLIIHHI]
Kyt Misk 3B’Aakamu ofHaKosi i cra-

HOBaATE 107,55 ™ X
_ Ockinbky Monekysia aMiaky mipa- o)

MiIanbHe 3 TPHOMA& OJHAKOBIMM /é]"

aB'askamn N—H, nns nosceenns /

Taxoi Oynoem ciip posrnseyTy Ei Ve

MOMUIMBI CTPYKTYDU:

1) se'sskn B wmonekym amiaky
YTBOPEHI 338 paxyHOK N€pPeKpUBaHEA
TPLOX ONHOENEKTPOHHMX p-opbita-
neil aToma asorty a OQHOENEeRTPOH-
HUMU  8-opDiTanaMM TpLOX aToMiB
BONFIO, y ULOMY pasi JICTAHEMO Pyc. 517, Tinorersrane poaTaury-
mpmiﬁmﬁb" MONEKYTY 3 KYTAMM  papma se'sawie | woHiryparin
MK 3B'A3KamMy N—H Gmapkumu 10 monexymn NHj3 3a migcysocri
90° (pue. 5.17); rifpuamnaanii

)
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2) AnA yTBOpeHHA MONEKYTH amiaky aTOM a30Ty BMKOPHCTOBYE
ribpunysosari opbirtani, Aki BUHMKIDI BRACIAOK SP -Tibpumizanii: y
ULOMY pasi ogHa i3 4oTMPBOX TiBpUIMIoBAHUX opbitaneli mae sace-
JUITHCA HENOALIEHOI eJEKTPOHHOIO mapolo, a Tpu iHmi — bpaTu
YHaCTE B yTBOPEHHI 3B'ASKIB 3 aTOMaMM BOMHIO, KYT Mi 3B SA3KaMU
Habnmssaersca no 109°28' (puc, 5.18),

Puc 5.18. Cxema nepexpuMBaEHA BENCHTHUX opbitaneti atomis y Mosexyani NH;y

JApyre noAcHeHHA € BIpOTiHIMINM, OCKLNbLEN PI3HMIA TEOPeTHYHO
W eKCNEePUMEHTANLHO BU3HAYEHOTO KyT4 B monekynax NHy agavno
MEHIA. 3MEHIUEHHA % KyTa Ha 2° nopisssno 3 TEOPETHYHMY 3HA-
seHHAM 109°28' noscHIOWOThL HEOAHAKOBOIO eHepriclo Baaemosii mMin
ENERTPOHHMMM Napamy 38'A3KiB Ta HenomineHuMu ENEKTPOHHMMY
napamu. Ilepmi gewo sigpaneninn gig fApd TIOPIBHAHO 3 Eenogine-
HUMM TIapaMit €eKTPOHIB, TOMY OCTAHHI CHABHiLIE BIIIITOBXYIOTECA
OfiHa Bl OAHOI, M’ ENEKTPOHHI mapu 3B’A3KiE Misk coboro. Cuna
BIJIITOBXYBAHHA HENOXINEHOI Napu eNeKTPOHIB Biji eNeKTpPOHHOI
Napy 3B'AZKY MA€ NPOMMHE IHAYCHHR fxwo wenopineny napy
EJIEKTPOHIB noaHasutu HII, a ENEKTPOHHY napy 3e’saky — I13, To
L0 3AJIEHICTL MOHCHA NOOATH Tak:

HII-HII > HII-1I3 > 1I3-113,

A€ PUCKOIO MOSHAYEHO GUBIBLKAI KOHTAKT €JIEKTPOHHIX nap atoma.

Omxe, B Monmekyni amiaky amermenns KyTa Mint ar’aswamu
NOPIBHAHO 3 TEOPETUYHO BUIHAYEHWM NOACHIOTE CUJIBHILIMM Big-
WTOBXYBAHHAM MiJK HEIIO/LNEHOI0 NapoK eNeKTPOHIB i ENEKTPOHHM-~
MU TIAPaMK 3B HAKY.

Enextporri napu ribpuansopasux opbiTanedi pisuarnea BesmKOIO
MPOCTOPOBOIO AKTMBHICTIO NMOPIBHAHO 3 €NeKTPOHHMMY TMapamMi, fKi
nepebyBaioTe HA aTOMEMX Op6iTANAX. IX HamBHiCTL B OKpeMmux
ATOMIB MONEKYJM BILIMBAE He JMIIE Ha Oynoey (reomerpiin) mone-
Kymi, a it Ha XiMiYHY aKTHBHICTE CTIONYRYM 3ATAfOM.
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HopieuaBum genki noxinui amiaky, MOMHa JliTH BUCHOBKY, L0
ATOM 430Ty HINA YTBOPEHHA 3B'A3KIB BUKOPMCTOBYE s;:s-nﬁpunuam
BaHi opbiTani:

Hq b R/ ])H CHQ‘;\S:CHa F( “r H"{-—’\H
107,5° | H 106° 106° CH, 102,5° 104"

Y DaraThOx crnojiykax, AKi micTaTs Benuki 3a poamMipamu op-
FaHIYHI PaJMKaIy, S3MIHM ¥ BeJDIYMHAX BaJeHTHUX KYTIE NOACHIOWOTL
TAKOH BIUMBOM NPOCTOPOBOTO (CTEPMYHOTO) edheKTy, TAK 3BAHONO
CTEPHYHOTO YTPY/AHEHES,

Iogitro po Gynoswm MOJIEKYJIM AMIAKY MOMHAZ NOACHWUTH bynosey
MOJIEKYJIH BOZM.

¥ monexyni Bomm gBa pieHouisHi 38'Askun H—O poaMiteni mig
kyrom 104,5°. MoHa NpUIyceTHTH, IO aTOM KHCHIO BUKODUCTOBYE
spi-ribpuanaosari opbitani. To # asi OAHOENeKTPOHKI  opbiTasi
YTBOPIOIOTE 3B'A3KY 13 5-0pBiTanAMu JBOX aTOMIE BOMAHIO, a mBi iHii
ribpuansosani opbitani zaiimaoTh Henoginewi ENEKTPOHHI Mapm.
Cunbuine BiMUITOBXYIOUHCE MK cOBOIO i BimuToBXy104n Bin cebe
Napyu 3B'A3KIE, HENOAINEH] EJEKTPOHHI Napy 3MEeHILYIOTH Terpaen-
PHYHMI KYT y Mosexyni Bogu ao 104,5° ( pue. 5.19).

Hadlewnmerie BimumosXyeaHHs

Puc. 5.19. Cxema 1epespuBanns BanenTRIIN opbitaned
aTeMIB ¥ Momerysi HaO

Toni6ro mo noxigrux amiaxy mosea COOCTEPIraTy SMiHY BaneHT-
HUX KYTIB ¥y MOJNEKYJAX NOXiHUX BOAW i MOACHIOBATH IX Oyposy a
noauuii sp*- rifpUII30BAHOr0 CTaHY ATOMA KUCHIO B IMX CrIoMyKax:

U N e oo

1045 105" 108-109" 111+5 110+3
Moacrennn npocroposoi Gynonmn MOJEKYJ Ha OCHOBI mpuuipary [layoi

T MOAEJi BLAUTTOBXYBAHHA ENEKTPOHEMX Nap aanposagus v xiMilo B
1957 p. xanancsxun diasmwoxivik P. JI Tinneeni (1924-19889),
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¥ ratn. 5.5 Haseneno gaui oopo GymoBM JeAKHMX MOJEKYJ T MO-
NEKYNAPHUX OHIB 8 NOIMALY BUKIANEHMX BHILE YABJIEHb NTPO [IpH-
pony XiMIiSHOro 3B'H3KY.

Tabauys 5.5, Tany MORCKYAAPHUX CTPYKTYD

Hucno mpo- Tt Tycao
Poami rHee HETIO-
:::pr:?;x Eﬂﬂm 3;::; Al s Crpyxrype ITpsocna Kyt misst
NEQ Ha lllp_:' npo- Py i L=hi g OSSRyl a%ﬂoﬂ;};;; B RAHAML
ribprmn- l‘_léﬂpl TR 'rm: oI Tlfmmx_
Mﬂ.ﬂluﬂi’lﬂ rbpxaHsaL Hap s
apbicanie
2 Tiuisme 2 0 Jlinridin C(Z]l’;l,cl‘:}{), 180°
p- =xr=
=xr—
MEYT 3 ] IMaocka TpH- 50;, BFy, 120°
: :étr;ﬂmg-e Ky THA CH,O,
PaHHE CO3i", NOj
p*- ,
9 1 BirmyTa 50, NOZ 120
A
4 Tetpa- 4 ] Terpnelnpwmn CH,, NH], 109°28°
Eﬂf;;fm AN S0}, BF;
3 1 TpuroHaTEHL NHj, CIO;, | ~109°28
nipamMiganbin #
PR | sot, P
Hy0"
SirayTa e
z 2 -4 Hq0, Clo; | <109%28
5 Tt 5 o Tpuromanena | PCly, SbCIs | 120°§ 80°
TORAEHE Ginipaminanena
Ginipami- e,
nassse ,,',S-F .
dap?- 2 8 s XeFs, 13 180
::ICEZ
6 Oera- [5 0 Oxraenpusna SFs, Sl'l"ﬁ_. oo
e :r FF;
4 2 Mnocka kean- | BrFj, XeF, 80
paTHa
=

§ 6. lonopuo-asuenTopaMii MEXaHi3M YTBOPEHHSA
KOBAJIEHTHOI'O 3B'A3KY

KpiM poarmAHYTOr0 MeXaHISMY CNaproBaHHA EJeKTPOHIB icHye i
iHILMIT MeXaHI3M YTBOPEHHA KOBaJeHTHoro as’Asky. Meron sanenT-
HUX 3B'ASKIB CTBEPHKYE, 1110 KOBAJNEHTHMI 3B'AZ0K Mae OyTH aBOX-
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€JIEKTPOHHMM, ABOLEHTPOBMM i MOKanisOBaHuUM y npocTopi Hesa-
JEHO Bl TOTO, HK BUHMKAE CINJILHA EeNeKTPOKKA Napa.

IIpore crineua enexkTpoHa napa Moxe YTBOPHMTHCE HE TLILKM 33
PAXyHOR ClApPIOBAHHA EJNEKTPOHIB, 110 Halemann opbitanam oRpe-
MHX aTOMiB, & W BHACHIAOK B3acMopii Henomizenoi EJIEKTPOHHOT Ta-
pP¥ O@HOTO aToma Ta BlnbHol opbitami imworo: A: + OB — A:B. Ta-
KMl MeXaHiaM HA3WBAIOTL donopro-axyenmopnum.

Pons nowopa B pasi yrBopeHns usoro 8B'ABKY MOMe BimirpaBaTy
byne-AKa yacTHHKA, WO Mae HEMOminen eneKTpoHH napm, nopisia-
HO BEMMKI DOSMIpM T8 HALMMIUKOBMI HEeraTUsHM BapAN HA [0-
BEPXHI. 3a3HaYeHUM BUMOTAM BiNMOBIAKOTE HACAMIIEDPEN HETaTHBHO
sapsamxeni ionn (awionu) Ta wefiTpanbsi MOJIEKYJIM, YTBOpEHi ene-
MEHTaMI 3 BEJHKOW EeJeKTPOHEraTHBHICTIO, fepeayciM Kuchem i
asoroMm — NHj, H.0, a Takom umcnenni ixui noxigHi — crupTy,
Kucnomy, edipy, aminy Tomo. Mo HMX HANEIATH TAROMK CHOJIYKH,
AKL MICTATE aTOMM HeMeTamis 3 Mamnow ENEKTPOHETaTUBHICTIO (Cip-
k4, docdop, cenen TONO), OCKIMEKM BOEM  caabKO YTPUMYKTh
HETIOMINeH eNeKTPpoHyi napiL

Hasnaxu, poms axuernropis sassuwaii BIIIIPalOTL Masi 3a posmi-
POM HacTHHKM, AKI MAIOTE BUTbHI €1€KTPONHI OpbiTani HA BAJEHTHIX
MiAPIBHAX, €AKKI NOZUTHBHMIT 3apsaj Ha nopepxsi. Haltgactime ne —
KaTiosn Merarnis abo weiTpasbai aTOMM.

HaitnpocTritumum npusnagom YTBOPeHHA KOBAJEHTHOTO 3B'A3KY 3a
ACHOPHO-GKUENTOPHNM MEXAHIZMOM € B3a€MOMIA MOJEKYyJIH amiary
abo MomeKy 1 BOogM 3 KATIOHOM BOIHIO:

H3N: + OHY — NH,*;

H,O: + OH* - HyO".

HYorupu s'askn N—H s yreopeHomy ioni amorilo NHyt tak ca-
MO, K i Tpu 38'nsku H—O s ioni rigpokconio HaO*, ctam LiIKOM
PiBHOUIHENMI Mixk coBow HesanemHo Bil MOYATKOBOTO MEXaHIZMY iX
BUHUKHEHHA, TOGTO KoBaneHTHMI 3B’A30K, 10 YTBOPHETHCH 33 Me-
XaHIIMOM CI2PIOBaHHA ENeKTPOHIB, HiYMM He BinpiauseTecr Bin
3B'R3KY, YTBOPEHOro 3a AOHOPHO-ZKUENTOPHUM MEXaHIZBMOM,

SEYBaMMMO, 110 BHACIIIOK NPHEAHAHHA 10HA BOMHIO 0 MONEKy-
SN aMiaky aTOM adoTy HACHYYE CEOI BANEHTHICTE i cTae HOTHPHKO-
BanenTHUM. Ilpn usomy sinm BHKOPUCTOBYE Bei CBOI  Banewrsi
opbitam gpyroro esepreTuuHoro piBuA. Binumoro yMena xoBanent-
HUX BB'ASKIB aTOM 330TY YTBOPUTH He MOJKE.

OcobiMEO CHIfl MiAKpecmsTH, mo MaKCHMANLHA KOBaJI€HTHICTE
aTOMIB eJeMeHTA BUSHAYAETHCH TPAHMYHUM YHCIOM ENeKTPOHHKX
opbitaneii, aki Bin Mosxce BUKOPMCTATH JIJIA YTBOPEHHA 3B’A3KIB 4m
38 MEXaHi3MOM CHADIOBAHEA ENeKTpOHiE, wuif aa JOHOPHO-aK~
LIENTOPHMM MEXaHISMOM.



156 XIMIMHHIA 3B'A30K

]
Haeepemo mpHRNIAON BHMHUKHEHA NOHOPHO-AKUETOPHOIO 3B A3KY
Mi3X piZHMMM 3a XapakTEpPOM HaCTHUHKAMM!

Ni + 4CO = Ni (CO)y;

{maiz aToMOM Ta MOJEKYAOK)

HzN + BF3; = NH3BFj3;
(iz MOMEKYNanD)

4NHy + Cu®* = [Cu(NHz)g)*";

BF; + F =BF,
(nise MOnEeRyIOW Ta ioHOM)

Cu?* + 4C1™ = [CuCL)*".

{neizie foHAMM)

Ino neit MEXaHISM CTIPalbOBYE B OKPEMMX MONERYJEX, HalpiK-
nap y moneryni CO:

c 1t m
|

e w )
-

o 1[N
BunnkHeHHs TIOTPIHHOTNO 3B'ASKY B MONEKYJ CO pobure g nozi6-
HOK 3a Bynoeow Ta eHEePreTHIHOK mthm_:rm oo Mp.rr_exy.rm .

JloHopHO-aKNenTOPHI MeXaHisM 3B'ASKY BIAIrpae nam.r:ﬁ;;n;{;,_r
poNb y pasi YTBOPEHHA KOMIVIEKCHHX CTIONYEK, AKI DynyTe poa
HYTI HUnge. _

Nenokanizosannii n-3s’nzok. KoBanenTHIS! ©-3B'A30K BBBH:I{].E:-{
JABOLIEHTPOBMHA, JIOKAM30BAHKUA Yy TPOCTOP], CILNbHA EJNEKTPOHHA
pa nepebypae Miz CTIOMy4EeHMMH aTOMAMIL 7

JIBOLEHTPOBMI N-38’H30K TAKOIK 3aBHM JOKaJi30BaHi I&’ ngoo-
CTOpi Mz CTONyYeHNMy ATOMaMy, HAPHENAN y MOJIeKyax mgém'.
CyHy, CO;. Bopmouac € barato npuxiazis, KO 3po3ymiTH
BOCTI MONerRy i abo MONeKyJAPHOro i0Ha 3arayoM, IPYHTYHYMCh Ha
VABJNEGHHAX MNP0 BMHMKHEHHA M3 aroMaMu  [IBOLEHTPOBOro

-an' HeMOHLTHBO,

" 3%&?;:&};, M0 AOJATKOBY CTIMKICTE MOJNEKYNaM Hapjae cucTeMa
Crpsi>KeAMX 3B'ASKIB, AKi BUHMKAIOTL Yy MOJIKYJaX JeAKnX He-
OMRAYHUX T3 aPOMaTHHHUX BYTIEBOJIHIE. Cnpaxcenumiu HASHBAIOTD
KpaTHl 3B'A3KM, PO3IiNeHi npocTUM 3B'A3KOM. Ho cn?m}xemx :éﬁ
HANeMXATH 3B'ASKYM, POSHINeH] KiMBKOMa MOPOCTHMM 3B ASKaMM &

JloHOpHO-aKUEmTOPHN MeXaHIi3M
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criopigreni, TofTo kpaTHi 3B’s3KM, YTBOPeHI omHum atomom. IIpm-
KJa710M MONEKyNM 3i COPHMEHMMU 3B'A3KaMu Moske GyTi GyTanien-

1 2 3 4

1,3 CHy=CH-CH=CH,. Kparsi i npoeri 38'siskn, mo HEPryTheH,
YTBOPKIOTE B MONEKYNax JmaHuor cnpserenan. Ocobmusuii BUIAJIOR
CHOCTEPITAETECA Yy MONEKYNAX APOMATHYHIX crionyx. ¥ cueremi
COPAMEHNUX 3B A3KIB YEOO0BM Naxmora BinbyBaeTbea BUpiBHIOBAHHSA
AOBMUH T4 eHepriit ss'saxie. Hanpuwxnap, npoemuii 38’Asor wim
aromaMu syrnemio 2 1 3 8 moneryn Gyrapieny mae Hosxuny 147
M, L0 MeHLIe Biji AOBHMHN TIPOcToro 38'aaky C—C, #Ka CTAHOBUTL
154 mm. Heit harT MomsEa noscHUTH YTBOPEHHAM AeNoKanisosanoro
T-3B’A3KY BIN0BK JNAHUKME CHPAMEHNX 3B'ABKIB, ane B 1bOMY pasi
T-ENEKTPOHN POSTIOAINAKTECH TaK, 110 M aTOMaMM Byrmemo 2.1 3
B Monekyni Oyrapieny 3p'ssox nabysae nuine 4acTROBO NOABIHHOID
xapakTepy, i atomu Byrnemo 1 i 4 Henacuweni Gumnie, Hine aTomy
Byrmenio 2 i 3. Buacninor uporo GyTtamies Ginmbmn  SnaTHIGE no
TIPMENHAHKHA HIIMX ATOMIB ¥ Tonosessas 1 i 4:

CH,;=CH-CH=CH, + Bry - BrCH,~CH=CH-CH,Br.

Busineno rtaxos immi ocoBnuBocTi cnpsienmx cucrem, Ak
POSIIANAOTECA B KypPCel oprariyrol ximii,

[aunm npuknagom € noscHeHrER BRacTUBOCTE: Benasony CgHg. 3a
HEHACHYEHICTIO 3B'ASKIB Monexyna Benzony Torokma wMonexyni
etuny Colly, ase na nporusary ocranmiin nns mel malixe ne Xapax-
TePHI peakuii npuepnarns Omixe, YTBOpIOKYMCE 3 eTHHy, Oesson
3HAYHOK MIPOK BTPaya€ 3AaTHICTE 10 peakni OPUEAHAHHH,

BeranoBnero, wmo B Monexy.i Bensony Bei aTomu Byrmenio i Bon-
HIO pOSMiIeHri B ofmiit nnomyms, it kyTH Mk a8’sskamn ZHCC abo
£ZCCC popisaoots 120° oexna sp'asgy C-C (139 nm) mae
NpoMijHEe 3HAYEHEA Mide onmHapHuM (154 M) i mogsiitanM 38'A3-
kamu (134 nm). Esepria se'saxy C—C y Moaneryni Gexsony
(487 ]l /mone) asagso Ginpma BiZI eHeprii ommHApHOrO 88’ AGKY
(348 w]llxx/moms), ane wmewma Bifg ereprii nopsiitEoro 3B'A3KRYy
(635 xx/mons),

Brascaiorh, 10 KOXHWH atoM Byreno B mMonexkym Gensony ne-
pefysae B sp’-rifpuyusosanomy crami i OPIE TpH poaMilesi 8
Opuiit Tnouws ribpuauscosani opbitanm. I1x Big BHKOPUCTOBYE 1A
YTBOPEHHA O-3B'A3KIB i3 cycifiniMm atomamm BYINELUO Ta 3 BOLHEM
(puc. 520). ¥V kommuoro i3 wect atomis BYIIEHH 3aUIIacTheA
aromHa (Heribpuanacsana) CAHOENEKTPOHHA p-opbitane, Aka posmi-
WEeRa NepnesaMKyNAPHC 10 MMOUMEY GeH30MBHOMO aapa (puc. 5.21),
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Puc. 5.20. Cxema yTBopeinn 0-38'AsKis y Moneryni bexsomy

z

Puc. 5.21. Posminiennn p-opbitanei y monexyni GeHsory

MeTon BafEHTHUX 3B'A3KIB NPUITYCKaE, WO p-opGiTam Knmnncaﬂi
aTOMa BYIJIELI0 MOXKYTh PIBHOMIDHO TEpERpHBATIICH 3 TaI{]-IMH_O
vmumr opbGitanavy cycigHix atomis. [licTs unﬂoen?m]::omm p-op-
Biraneii MOMYTE YTBOPMTH TPH M-ABOXEJEKTPOHHI 3B A3KH, u.znan
BOHM HE MaloTh HANEIKATH TPLOM OKPEMMM MapaM aTOMIB BYTJIELIO,
a eTBOpIIoTL DaraTonenTposuii (y pasi Genaony — mem-:metrrpo-
Buii) AenoKanisopaEmii M-3B'A30K. YaaraJibHeHa T-XMapa anm;:g:
NpM LBOMY OMMBAE BCi LICTHL ATOMIB BYTJIELlO, HE Mae m;:lzcg?pn
pO3pUBIR | BiIpisHAETECA HAASBMHANHEOI CcTIiKICTIO (pic. 5.22).
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Orsxe, posramopami y nno-
upHi GeH30NMBHOTO AyIpa G-38'A3-
KM € JIOKANM3OBaHUMM, & N-3B's-
30K — DBaraTouesTposuM i neno-
Kai30BaHMM.

Y CTPYKTYPEMX  chopmynax
AeNOKAMA0BAHI 3B'A3KM N03HA-
HaTh IITPMXOBMMM  JiHIAMM,
TOMy B CTPYKTYPHili opmyani
Oensony n-3B'ASKM MNOSHAHAIOTEH
HE TOABUAHMMM DPUCKAMM, 5K,
cxamimo, y dopmyni ereny HyC=CH,, a IUTPMXOBUM KinbLiem:

Puc. 522 Cxema yreopenna
n-a8’aAakie y monexyni Gensony

Aenokanisosammii n-38's30K Mae Micue i B eaKmx HEeopraHigyHux
YACTMHKAX, Hanpukmaap COZ-, Oy, SO, Tak, Gynosy iona COs~

moxHa 6yno 6 sofpasumv y surnami CTPYKTYPH, B fAKiil YoTHpUBa-
i MEHTHWH aTOM BYTALNO CHONYYeHWH 3 OJHMM aTOMOM KMCHIO
| TIOABIAHMM 3B’A3KOM, a 3 JBOMA IHHIAMM — OJTMHA PHUM:

e - S L

¥ uromy pazi moxma ovikysat, wo ion CO?” Mae necumerpur-
Hy npocTopoBy OynoBy i XapakrTepuayeTscs PIBHMMM HOBMMHAMN Ta
eHepriamit se'askise C—~O. Hacnipasni s B ioni CO% yei aw’saxu
C-0 onmmaxosi sasnopsxkl, MaoTs OIHAKOBY €Heprilo i poaMimeni y
INOWMHI T KyTom 120°,

Taxy Oynosy 1poro ioma moscea NOACHHUTH, OPUITYCTUERIM, 0
aTOM BYTJIELI0 nepeGysae B spz—riﬁpn.nzuanaanomy CTaHi, YTBOPIOE
TPM PIBHOLIHHI O-3B’AaKN BHACTINOK NepekpuBatEa ribpuaMaopaHmx
opbitaneii atomMa syrmewo a p-opbiTanaMu aTOMIB KMCHIO, 3 merif-
PHan3oBana p-opbitans aToMa Byrsewo ¥YTBOpioe nenokanizopauuii
UOTUPMUEHTPOBMIL T-3B'5130K 8 p-OpbiTanaMu TPLOX aTOMIB KuCHIO.
Nenokamzauin sapany misk aTomamm saranom abineiye crifikicTs
CHUCTEMI, OCKINTBKM ENEKTPOHHA TYCTHHA POSNOfinAeTLECA MisK Dinn-
| UMM 9MCNOM aToMie (pue. 5.23; wrrpuxosMMM  TiHisMH NO3HAYEHO
AENOKANIS0BAHMIT T-38'A30K).
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2- Havenera cxema € ymoemum sarmmcom peaomasicy. Boma osmauae, 1o
ENEKTPOHKMI POGNOZNIN MK aTOMaMM B peanbHIfl wACTHHLI € CHMETpPHY-
HMM BIIHOCHO BCIX TpEOX 38'AakiB, aJe CxapaxTepM3yBaTH 1UO HACTHHEY
AKOIOCH OXHIEIO (GOPMYJIOI0 HEMOMIMBO. 3 ornsmy Ha ¥TBOpHOBaHI ¥ Crin-
nyui a8's3kM, PE30HAHC MOME BMHMKATH B TOMY pasi, Xom n-38"A30K
OXOMAKE Binblo Hidk gE0E :nep i € nenoxanisosannm. Ile i cnoerepiraetnen
;O[:o:;n:fﬁnmy iori CO3™, a Taxoxk y ioni NO;, monexynax CgHg, O,

~ ¥YsBnenns npo peacHanc € aBeomoTHO VMOBHMM, ame foro BasIMBiCTE
MIATBEP/BKYETLCA PO3TNAmoM eHeprili Moneryn Komu ona onucy Gymoem
MOJEKYH 3aCTOCOBYIOTE PEBOHAHCHI CTPYKTYPHM, PeafibHa MONEKYNa Bu-
ABARETLOA EHEPIETHYHO CTIRKIILIOW NOPIBHARD 3 OKPEMMMI PeaoHaHC HMMK
CTPyKTypami. Jlns XapakTepHCTHKM NiABMIUEHOT eHEPreTHHOI CTABLMb-
HOCT] PeasLHOl MONEKYJNH NOPIBHAHO 3 pescHaHCHMMM dopMamy BHEODK-
CTOBYIOTE MOHATTA exepzii pesonancy. Tak, Ak BymnoBy Mozexynu
MOWMHA TOZATH NBOMA PE3OHAHCHMMM eneKTposHuMy copmamu A i B, To

. -an'manin v fomi COF CNIPABIKHIO enEKTpoHHy OynoBy Wiel mos MOKHA -
Puc. 5.23. Cxema yTBOpeHHS HENOKani30oBaHMX M-3B'ASKIB ¥ i 4 RANHAM 1ex dbopm: Y bynoBy 1y Ry BHMPa3MTH Haka

¥V raxkomy pasi Oynosy iosa Cﬂg_ Tpeba 300paxaTy CTPYRTYPOK Ao B
3 JeNoKANIS0BAHMMM TT-3B'A3KaMIL: _— :
Bil ngiametr;greﬂmtﬁ marpami ofuMCAEeHi eHepril OKpeMo BasTHX peao-
- PM BHABIAIOTECA 38BMIM BMIIIIMK peansHoi

o™ 0 neryss (puc. 5.24). o eheprixg » o

" #

mbmc“‘ abo 0-=C_

oOH* o)

Bussneso aHayuy Kimskiets nopiumx no OO% monexys Ta iokis, Gy- Exwpeiz
AOBY AKX MOKHA TEPEAaTH 38 JONOMOTOI0 JEKINBKOX €JEKTPOHHMX CXEM,
¥ AKHX NPaBMJILHO BPaX0BaHO BANEHTHI CTAHM BCIX aToMis. Y uboMy pasi
ACBOOMTECA CTHKATHCH 3 TAK 3BAHMM Pe3ONINCOAL S

Peaonase € yABHMM HAGMOKeHHAM, 10 JA€ 3MOTY BIOGpasMTH XiMivHI
ap'Aaky B peanbHill YACTHMHUI 32 AONOMOTOID KiJBKOX ENeKTPOHHMX CXeM,
HAKMAAE8HHAM AKMX MOMHA YCEPeIHeHO CXapaKTepuayBaTH BJIACTHBOCTI
Beiel gacTHHkm. [IpM UbOMY OKpeMi 3anponoHOBaHI eNexTpouHL GOpMYaH
HR3WBAIOTE PESOHANCHUMY CMPYXMYPLMU, 3 CHDABKHI ENEKTPOHHY
Gynony monexymu (ioma) — pesowawmcnus zibpudosm. YaABneHHA Npo pe-
30HAHCHI CTPYKTYPH BMROPHMCTOBYIOTE JIMILIE B TOMY pasi, KoM 3a aono-
MOICH) OHIE] MOIEKYJNApHOI CXEMM HE BARETHCH 3POIYMITH BIECTHBOCTI

NeBHO] YacTHHKMH. Crpapman
Tax, Aas iona COY™ MOKHA 3anPONOHYBATH TPH PE3OHAHCHI CTPYKTY- Crpyxrypa A crpyerypa CTPyxrypa B
pu, AKi eKsiBaneHTHi Mix coboio, ane BpaxoBYIOTh MOMIMBICTS KOMHOO 3 Puc. 5.24. Exte 5
BOX ATOMIB KHCHIO OKPEMO yTBOPIOBATH KDaTHMI 38'A30K 3 ATOMOM BYT- e re MBS ATPaMa, IO LocTpye
Irzmu: peMo yrBOpIQ B crabinmizauifiny exepriio peaonancy
. 1 5 Tpuuenrtposudi aw’ssok. Inoni POSIIAN TPHMPO inmi
) . A a1 xiMiyHOro
:0::C: 0t D :c:0: :0:c:0 38 AISKY 3 NosuLlift METOAY BaJeHTHUX 3B'ASKIE yCKJAMHIOETECS TUM,
- 2 01 yiw, BynoBy ARMX BasKO 3pOSYMiTH, Kopu-
O T4 CTYIOMUCH HaBeEHUMM BHILE YABJEHHAMIL.
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Hacamnepen ne crocyeTbes OyfoBM MONIEKYJl 3 HELNOCTATHIM Io-
pPIBHAHO 3 OKTETOM 4YMCJNOM enexTpoHis. JIO Takux peqdoBMH Hane-
JaTh, HANpUKaaf, cnonyku Gopy a BogHem — Gopanu. ) )

Hadinpocriumit Gopan Mae nogpoeHmit cKjaz mioA0 OYikyBaHoi
topmn BHg, a came ByHg. _ _

Pezynsratit ACCHiEHb MiATBEPAMNKYIOTE, IO B Lift criomyui ko-
swen atom Gopy nepefyBae B TeTpaefpMYHOMY OTOYEHHI HOTUPBLOX
aTomiB BOAHIO, alle IJfA YTBOpeHHA 3B'Askie nofibuo no Gyaosm mo-
nexynu etany CyHg atomam Oopy He BUCTAYEE ABOX €NEKTPOHIB.

3rigHo 3 MeTOAOM BaNeHTHMX 3B'sakie y Oopanax atomu Ebupy
nepebysatots y sp-ribpuamacsatomy craui. Ilo aBi ogHoenexTpoHHI
ribpuamsosani opGitani atom Gopy BMropucioBye ans nobynosu
C-3B'ASKIE 3 [BOMA ATOMAMM BOAHIO, @ OJIHY OJHOENEKTPOHHY Ta
onry Binbry ribpupusosany opbitans — [Js YTBOPEHHA [BOX Tak
SBAHMX TRPUYEHMPOSUT 34'A3Ki8 3 [BOMA IHIIHMM ATOMaMM BOIHK
(pme. 5.25).

Puc. 5.25. Cxema yTeopenuA as'sakis y monexyn ByHg

¥ pnomy pasi C(nifbHa eNeKTPOHHA Napa HaNeMuTh TPboMm All-
pam. ¥ crpykTypHMX dopMynax TaKMii 3B'A30K NO3HAYAIOTh CYLILIbL-
HOI i IITPUXOBOI JiHIAMIC

H /-1\ H
X NS
2o
H H X}
Bunatku 3 npanuna oxrery. KpiM naBefeHOro Npyuiiany yreo-
peHHs TpuueHTpoBoro 3s'ssky B fopaHax Ta meAKMX iHumX Noaib-
HUX Crnonykax iceEye GaraTto monekyq | mMonekynspHMx ioHIB, I0JA

AKMX mpaBuio okTery JIbioica He BHRKOHyeThes. Tpannsoibea Bi-
HATKM TPHOX THITIB!
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1) cnonykm, aTOMM HKMX MICTATH HemapHe 4YMCJA0 BAJIEHTHMX
enexkTpoHis, Hanpukaan NO, NOg, ClOj, axi HeMOMIMBO BMKOPH-
CTATH JJIAi YTBOPEHHA eNeKTPOHHOrO okTeTy Bins KoHOrO 3 aToMiB,

2) cnonyxku 3 nediumTOM ENEKTPOHIE y aTOMAX, HATPHMKJIAN ra-
noreHimu Ta rinpuan Gopy;

3) cnonyxu, mo MICTATL ¥ BaJleHTHIN enexTponHif obonoKLi aTo-
wis Ginbiie, Hisk Bicim enextposie; well Tvn cnonmyk € Halmoumpe-
HinmM, Hanpuknan monexyma PCls; mwb sobpasuti crpyxtypy,
atoM chocopy Tpeba OTOMMTH JECHTHMA ENEKTPOHAMM, AKI YTBO-
PIOIOTh IT'ATL 3B AGKiB:

Tl
1

Cl—
| ~ai
cl

Imumtvu npuxnapamy € monexymu PFg, SF,, SF, CIF,, iomm

AsFg, S'LF%'. PFg. lna noACHeHHA yTBOPEHHA TaKMX CTPYKTYp 3a-
AYYAK0Th YABNEHHA NP0 y4acTs nopatkoBux opbitaneii

3 oapHoro GOKy, BMHATKM 3 NPAaBUJA OKTeTY MifTBEPAYKYIOTH, 110
AMOBIDHICTE «PO3IIMPEHEs» BAJEHTHOI eNeKTPOHHOI obonoHKM 3po-
cra€ 3i abinbmennsam poamipie eHTPaNLHONO aToMa Ta YMCNA HOro
BanenTHMX opbiraneit. Bigomo, mo enemenTu ppyroro mepiofy, sk
MAIOTh 9OTUPM BasneHTHI opbitanm (oguy s- Ta Tpu p-opbitam) He
YTBOPIIOTE CHONYX, LU0 BIAXMIAIOTBCH Bij npaswna oxrety. Jas
EJEMEHTIB 3 TPETHOrO i AANBIIMX Tepionis, wo MaoTs Oinsmi poa-
Mipy atomis i Bineime wucno panenTHMx opGitanei (oaHa s-, P p-
Ta I'ATh d-) BigXUNeHHs Bia npasuna OKTETY AOCHTH YMCIeHHI.

3 inutoro GoKy, YACTUHKM 3 POSUIMPEHOI0 BAJEHTHOIO 0GONOHKOIO
HalacTinle YTBOPIOIOTHCA 3a YYACTI0 MaJMX, Haibiisin eNerTpo-
HeratueHuX atomis: F, O, Cl. BeaxaroTs, w0 posumpesa BaJleHTHA
00O/IOHKA BMHMKAE 3a yMOB, KO CHIBBIJIHOMIEHHA Mis poamipammu
ATOMIB JOMYCKAIOTE MOMIMBICTL OTOMEHHHA LEeHTPansHOro aToMa
Gimbummm yKenom iHMmMx atomis, Hix Le noTpibHO 3a MpaBUJIOM OK-
TeTy. Copaloumch HA POSITIHHYTI YABNEHHS, MOMKHA NOKCHUTH 3Mi-
HM BNACTBOCTEN y pHuax NEeAKMX cronyk. Tak, cepe; meHrarafo-
renigis chocopy minomi PFs, PCl; 1a PBr;, a Pl; — Hesigomumii
Monexyna nenradropuny PF5 € ayse CTiliROI0, MOMEKyNa neHTa-
xnopuny PClg mae nomipry crifikicTs, ane auconioe B naposii daai
3a remnepatypu 300 °C na tpuxsnopun PCl; ta Cls, Montexyna nes-
Tabpominy PBrs; y naposiit ¢dasi posknagaerses wme nerme. Mone-
Kyna rexcagpropuny cipkn SFg € omii€io 3 maiicTiikinmx, Tomi sk
HUL  rexcarajioreHimM CiprM He icryots. lom SiFE_ € JOCHTH
CTIfiKMM, YTBOPIOE YMCneHHEL coni 3 GaraThMa KaTioHamy 2 iHumoMu
ramoreninamy nopibHoro aHioOHa cuiiit He YTBOPIOE.
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§ 7. Meron monexyasapaux opbiraneii

3a MeToZOM BaNeHTHMX 3B'A3KIE MOMHA MNOACHMTH YTBOPEHHA
XimMiyEMx 3B'A3KiB y crnonyxax, Ha ARl NOIUMPIOETHCA YABIEHHA
KAacuyHOl BAaJIEHTHOCTL. ¥ TakMX crnoayxax Mix aTomamu oboB’As-
KOBO Ma€ BHMHMKATH CIiJpHA €NEKTPOHHA mapa moxibxo 1o se’asky,
Hanpuxnag, y monexyni Hy IeroTHl obMeskeHHA MeTOny BasleHTHMX
3p’A3KIE MOJNATAIOTE ¥ TOMY, LI0 4YMCNO BaJIEHTHMX €NEeKTpOHIB
3B'A3KiB Ma€ TOYHO ACOPIBHIOBATHM NOJBOEHOMY YMCHY 3B'A3KIB, i BCi
ui enexTpoHK MawThk OyTH cnapenumu. Hacoigkom 1soro € tak 3sa-
Ha rapaxmepucmuuxicms 38’aA3kiB, ToOTo 3bepexenna y 3B'Askax
MisK [eBHMMM ATOMAaMM MaliiKe HesMiHHMX BAacTuBOCcTeH (emeprii,
MOBMKMHEM TOLO) ¥ pasi nepexony Big oAHiel cnoayxm mo immoi. Jo
CHOJIYK 3 BaJeHTHMMM 3B AJKaMM HaJlemaTh CNOMyKM Byrneuio Ges
CrIpsseHuX 3B'A3KIB Ta OinbiicTe CrOJyx eneMeHTiB nmepmux nepi-
onie, AKi YTBOPIOIOTHCA 33 PaXyHOK IEPEeKpPHMBAHHA s- Ta p-opbiTaneii

IIpoTe icHye DaraTo XIMiYHMX CIONYK, YTBOPEHHA AKMX HE MOM-
Ha IMOACHMTH 34 JONOMOroi0 JIOKaJi30BaHMX MiM aTOMaMM CIiNMbHMX
enexTporEnx nap. Cepen uux € gocurte npocti Monexymu (Op, NO) i
BEJMYE3HE YMCAO MPOCTUX PEHOBMH Ta XIMIYHMX CMONyK, ¥ AKMX
eJIEKTPOHM 3B'A3KIB pozocepemxeH] (HenoxaniaoBaHi) yamosm yciel
cucTeMH (HanmpuKaaj, y MeTanax) abo OXOonmlTh Jexinnka aTomis
(Hanpuxnan, y Genzoxni). Ha BigMminy Bixm BaneHTHMX CHOJNYK ¥ Cno-
AYKAaX 23 TaK 3BaHMMM opbiimaibHuMu 3B'HIKAMH, HEMOMINBO
BMOIMMTH OKpeMi 3B'AOKM, AKI MomapHo crnody4anu 6 oxpemi aTomu
Mix coboo. OTiKe, X0ya ATOMM PA30M CTAHOBIATL CTIHKY cucTemy,
MIXX HMMM He ICHYE XiMIYHMX 3B'A3KIB ¥ KNACHYHOMY po3yMiHHL ¥
TAKMX CMCTEMaX 3B'A30K Ma€ HeBaJeHTHMI, opbiTaneHuil xapakrep.

38 MeTOOOM BaJeHTHMX OB'ASKIE He MOMKHA TIOACHMTH IIPHMYMHEM
icHyBaHHA | BnacTHMBOCTI HM3KM CTIMKMX, OOCHTE NPOCTMX 33 CHJA-
ooM wyacTuHOK. Hacamrepen ue CTOCYEThCA MOJIEKYJIAPHOro ioHa

soguio H . Enepria as’asky B uift wacTuHui fopisHioe 256 kI /MOMNE.
AToMM BOZIHIO B Hifl cHONydYeHi 3a OOMOMOrO TiJIbKM OOHOTO eJleK-
Tpora. lle cynepeyuTs YABNEHHAM MeTONY BaJeHTHUX 3B'A3KIB,
arigHo 3 AKMM 3B'A30K Mae OyTH ABOXENeKTPOHHMM.

IumuM npurnagoM, AKMIA BAXKKO MNOACHMTH, KOPHCTYKOYUCH II0-
HATTAMM METOAY BAJEHTHMX 3B'A3KiB, € ITapaMarHeTHM3M KHUCEIO
(pizkuii KMCEHb NMPUTATYETHCA MATHITOM), L0 CBiZYMTE NP0 HAAB-
HicTs HecnmapeHMX enekTpoHiB y Monerkyn Og, i BogHOuWac emepria
ap'AsKy B il mMonexynl signosigae jioro nopsifiHocTl. BuxopAaum a3
Gymoen atoma kucHo 1s25’2p', B AKoro € mBi_ofHOENEKTPOHHI
opbitani, ioro Monexyny moxkHa sobpasurTyu Tak: :0::0:, ane Tofi B
Hiff BigcyTHI HecnapeHi eNnexXTpPOHM, | MONERYJNA KUCHIO HE MOJKEe Ma-
TH NapaMarHiTHUX BIACTMBOCTEM.
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Hepamaznemusm 3yMOBNEHMI HAABHICTIO B YACTHMHKAX PEMOBHHY
(aToMax, ioHAX, MONEKYJaX) HecnapeHux enexTposis. [loogmmoruii enex-
TPOH, AKMA PYXEETHCA B MOJI AAPa ATOMA, eKBIBAJEHTHMIt MarniTy i xa-
PAKTEPMIYETLCA MEBHMM MATHITHMM MoMeHToM. fkmo opbitams atoma
33fHATA ABOMA EJEKTPOHAMM, TO CYMapHMA MarHiTHMIT MOMeHT ROpiBHIOE
HYJI0, OCKIIbKM [ODYTHA EeNeKTPOH MA€ OJHAKOBMA 334 3IHAYEHHAM, aJje
NPOTHJIEMHO CIPAMOBAHMA MarHITHMA MmomedT. OTie, NapaMardiTHHMMM €
Juwmte Ti aToM, ionu abo MoneKysm, AKI MalOTh YACTKOBO 3alOBHEHI
opGiTai. [lapamartiTi pevoBMin NOBOAATECA NOJIGHO A0 MONEKYNAPHMX
MarHITIR! ¥ SI0BHIIIHBOMY MArHITHOMY NOJI BOHM OPIEHTYIOTHCA B3[DBK
MOro CHNOBMX JiHil | BTATYIOTHCA B e none. JllaMarHiTai peqosuHM, AKI He
MAKTE HeclAPeH] eJeKTPOHM, HABNAKH, BMILITOBXYIOTLCH 3 MarHiTHOTO [OJA

Basxro Takos 3poayMiTi aMminy eHepril 3B'A3ky B pasi BiipuBaHHA
eNexTpoHa i nepersopenns monexymi Fy (159 x[lx/Mons) ka ion Fj
(318 wJlx/mons), monmexymun O, (4984 wlx/mMons) — Ha iom 03

(642,8 xJlx/momb), a B pasi nepersopenna mosnexyan Ny na ion N
eHepria 3p’A3Ky aMeHwyeTsCa Big 945,3 mo 8427 vl /Mone.

Ili Ta peaxi iHmi dakTH MOMHAa MOACHUTH Ha OCHOBI HOBOrO miz-
X0oy [0 PO3YMIHEA NpMpPOnM Ximiynoro 3B'asxky. Taxkmm nmipgaum
KBAHTOBO-MEXaHIYHMM  MigXONOM  BMABMBCA  3alpONOHOBaHWI
P. C. Mannirenom memod mosexyaapuur opbimaneii.

Pobepr Cannepcon Manxiken (1896—1986) — amepu-
KaHceKMi hiauroxiMix. Havkosi 0pam B OCHOBHOMY
NDUCBAYMEHI KBAHTOBIR Ximil, MosexyasapHilt cnexTpo-
ckomil, Teopil BaseHTHOCTI, PO3AiNeHHI0 iaoTomis. Cnins-
Ho 3 <, Xyugom ta IO I1. Birnepom (1902-1990) cTBO-
PHE TEOPiI0 MOJMEKVIADHUX cnekTpis. OoMH i3 TROPIIBE
OCHOBHOTO METOfY KBaHTOBOL Ximil — MeTony Monexy-
napuux opbitaneit (1928-1932). 3anpoeamus (1932)
TEPMIH «MONeRVIApHA opbiTaae=. ITommpus neil Meton
Ha B?_ram&mm-li mosiekyy. BukopueTras Teopii coi-
MeTpil AaA Kaacudixanil soJexvaAapHMx opbiTane
Bacrocysae EOM nnA pospaxvHKIE T-eleKTDOHHMX
cucTeM. 3a 0o YYACTI) CTBOPEHO KidbKa INOKOJIHE
MAUIMHHMX Nporpam, 3a fonoMorow sxux Bvao amii-
CHEHO HeeMIiPUYHI DO3paXVHKH piaaux crnoayk. Jlay-
peat HobGeniscekol npemii (1966).

Masnniken

B ocroBy uporo merony noxknajieHo yABIEHHA mpo Te, o 6ya0BY
MOneKynM AK UINICHOIO NPOCTOPOBOrO YTPYMOBaHHEA XiMmiuHo 3B'A-
3aHMX aToOMiB c.nj.u poaraanati nopgibuo no O6ymoeu aToma. B aroMax
EJIEKTPOHM POIMIINYIOTECA LWIapaMM Ha aTOMEMX eJeKTPOHHMX opfi-
TanAX HaBKONO Apnep. Monekyny yaenmioTh ax OaraToueHTpoBe
YIpYTIOBaHHA XIMIYHO 3B'A3aHMX aTOMIB, Afpa AKMX YTBOPHITE
Kaprac momexyyf. ¥ [oji TaKOro ANEPHOTO KapKacy TaKOM Iapa-
MM, AKX 1 B aTOMi, Ha YTBOPEHMX MONERYMAPHUX opbitansax poawmi-
Wyoreea enexTponn 3s'sskis. Ha sigMiny sig meropy samenTHMx
3B'A3KiB, 0a AKMM 3B'H30K POSINAMAIOTL AK IBOXENEKTPOHEMI, OBO-
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HEeHTPORMIL, JIOKaNI30BaHMi y NPOCTOPI MiX aTOMamMM, a caml aToMM
anayHoKw mipow sbepiraiome cBoo Gynoey, 3a METOINOM MOJNEKYJAp-
HUX opbitTaneii 3B'A30K BBEAMAKTE TPAHWYHO [ENOKAJISOBAHUM i
BaraTouerrpoBim — OpGimatbhus 3B"ASKOM.

Meton monexyqspuux opbitaneii posraafia€ MOJIEKydy AR cy-
KYTIHICTh AAEP 1 €NeKTPOHIB, ¥ AKIR KOMHKI eJEKTPOH PYXaeThCs B
1oJi BCIX IHIIMX €NeKTPOoHIB i apep.

V moneryni, Ak CKJIAJAETLCA 3 KiJIbKOX aToMiB, cHCTEMI aTOM-
HUX AAep BioBigae Habip MOJEKYJNAPHMX EHEPreTHYHux piBHIB,
Kosxuomy piBHIO Binnopifae onsa abo kinnka monexkynapeux opbi-
Tanei, TaKk CaMO, FIK KOXKHOMY €HEpPreTH4YHOMY PIBHK) aTOMa MOMKe
BianopigaTy oxda abo Kinbka aromenx opbiTaneit

KBanToBa Teopia Haxnanae neeri ofmerenHa Ha Kimbkictn opbi-
Taned, 0o BMTOBIAa0TE KOXKHOMY MONEKYJIAPHOMY eHEPreTHYHOMY
piBHIO, NPIFHOMY Ha KOMHIN Takiit opbitani Taxok moxe nepebysa-
Ty He Dinpmre nBox enextTpodie. Majoum BimomocTi Npo cucTeMy MO-
JeryaspHMx opbitaneli Ta S3anoBHIOKYM enekTpoHamu opbitani B
MNOCHIOBHOCTI NLIBMUIEHHA IXHIX EHEPreTMHHKX PIBHIB, & Takom
ypaxopyiour npunuun IMayni ta npasuno XyHzua, MOMHE CRIACTH
ENEKTPOHHY KOHMIryparin MONeKyJIm.

IIpocTopoBUii POANOALN ENeKTPOHIB Ha MOsekyApEnx opbiTansax
3a3BM4ali OIMCYIOTH 3a ACHOMOrol Bianoeiguux opbitaneii. Mose-
kynsipui opbitani, ski Oynyiors Ha OCHOBI aTOMHKMX | ONMCYIOTH
XBUNBOBMMY (PYHKLIAMH, MOXHA oDumesmTi TUILKN npubimaso i3
3aCTOCYBaHHAM MaTeMaTHHHOI npouenypu, fKa NONArae B TOMy, L0
MoJleKynApHa opbiTanms PIOETLCA K AfHilNG KomOINaYix
amomnuur opbimanei (JJKAO). llsn npouenypa nobpe Bigoma 3
anrebpn i nonsrae B aogasanHl abo BigHIMaHHI ABOX PIBHAHL, ¥ pe-
SYNLTATI HOr0 O€PIKYHOTh TPETE,

Akmo cumeonom Wy NozHaYwMTH XBUIALOBY (BYHKL{IO MOJEKYy-
naproi opbitani, a cumponamm ¥y i Wp — XBuboBi (hyHKUll aBOX
jaonpoBaHNx aTomEMX opbiTaneii, To BHacHifox anrebpuuHoro nona-
BaHHA OCTAHHIX OEPMUMO XBUJILOBI (PYHKIIl MOJEKYJAPHMX
opbirasedl, 0Ha 3 AKMX YTBOPHETHCA B pa3ai B3acMHOrO IJCHJIEHHA
xBUILOBMX hyHrUii aromEnx opbitaneii (pue. 5.26):

Wuo = Wa 4 Yy
a 6
Y Ya
wﬂn
S
T T

Pue. 5.26. Xpinsoei diysxuil aToMHEX (@) Ta MomexynAprol (6) opbitaneii sa
YMOBM BIGEMHOTO IIJICHACHHA XBHILOBMX (PysKLU aTomunx opbiTanei
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a apyra — y pasi Baa€eMHoro ix ocnabnenusn (puc. 5.27):
Wiio = Wa = Wy
a 6

B Ma
\\ Wae
™~

\/

| S

Pue. 5.27. Xeunvoni hynrnil atomiix (a) Ta monexynspuoi (6) opbitanei sa
YMOBM B3aEMHOTO ocrabienus XeimboBHX hyHKUIA aTommx opbitaneii

Haﬁnpoqri:.maﬁ BapianT, komt A i| B — atomu Bommio, Wa i W —
*BUILOBI pyHKUIT 1s-opbiTaneii

BayknuBum € nuraHHs NPO Poanofin imMoBipHoeTI nepebybanis
ENIEKTPOHA HE MOJEKYAApHiIN opbitam. 3razafimo, o JiMOBIpHiCTS
nepefyBaHHA eJNEKTPOHA B NEBHIA TOYUI NPOCTOPY NOB'A3aHa 3
KBajpaTom xBuwiboBol ¢yHruii V2, Tomy Haitimopipuinze nepefy-
BaHHA EJEKTPOHAa HAa MOJeKYyJApHDt opbitani Mac BuaHaudaTHCeL 3HA-
sensnvM Wi V pasi ZofaBaEEs aTOMMMX HEMILOBMX hyHRIIN 3
YTBOPEHHAM MOJIEKYJIAPHOI il KBaspaTy BUINOBiNae BUpas

lF%ID = [LPA + ‘PBJE = "PEA + \_]_.-23 + 2"}";!'{"5.

Komm # Wyo YTBOPIOETbCS BHACHIZOK BiIHIMAHEA BiJl XBUILOBOI
dynaruil onmiel aromuo]l opbitani XBHUALOBOI Gyrxruil immnol, y Bu-

pazi '-Fﬁm nepen popaHkoM 2Y¥, Vg 3'ABNACTLCA SHAK «—»:
Yho = (Wa — ¥p)2 =Y¥2 + VY2 - 29, %5

Mepuii apa momauws ¥ i W% B 0DOX DIBHAHHAX MOMCHA posrasgaT
AK IMOBIpHICTb nepebyBanEs enextpona Oina apep atomis A i B.
I[onamm. 2Y4¥p simobpaskae paaemonito ao nepexpupanHs aTom-
HuX opbiraneil. 3Hak «+» nepes HUM CBIMYMTL TPO =6iNBmEHHA
EJIEKTPOHHOI TYCTMHM B MUXK'SjepHOMy npoctopi Ta npo yTBOPEEHA
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xiMiysoro 3B'AsKy Mix atoMmamm, ToMy yHEU0 Wpo HasuBawOTb
36’ A3YEAABHON MOALKYARPHOI ophimarnio.

flkmo x nepexn nopaukom 2W,Vy cToiTE 3HAK «—», TO ENEKTPOH-
HA TYCTMHA M AApPaMy 3MEHIUYETHCH, 3B'A30K HE YTBOPIOETHCHA, i
TaKy (PYHKUIK) HASMBAKITH POSNYUWYSAABHOW MOAEKYARPHOW
opbimannio.

CxeMaTUyHO JUIH ATOMIB BONHIO, 1[0 B3aEMOJIIOTE, I€ MOMHA
aobpaautn Tak (puc. 5.28):

Atomua MonexynApHa
opbitam opfiTam

Poanywysanssa
Ty DPEITRIE
Yao = WIH ) - wi(Hg)

- \ 3e'aayeamuHa O, opbiTans
lg, lay Yo = WH,) + y(Hg)

Oyls

Pic. 5.28. Cxema yTBOPEHHA 3B ASYBANLHOI Ta POSMYLIYBANLHOI
MOJIEKYJIAPHUX Ox-opbiTanedt

EnextpoHti rapy abo HecnmapeHi eNeKTPOHM MOMCYTb PO3MILLy-
BaTHChE i Ha 3B'ASYBaNLHIN, | Ha pOaANyUIYyBalbHIE MONEKYNAPHHUX
opbiTanax y Mipy 3pocTaHHA eHepril. 3B'A3yBasbHi opbitan MawTh
MEHUIY eHepriio, Hi’K aToMHI OpbiTali, 3 AKMX BOHNM yTBOPIOIOTHCA, &
posnywysanbri — Olimsnry.

Tax, enepria 38'A3ysanLHoi opfiTam B Monexysi BogHIO Ha 4,5 eB
HM#KYA Bif noYaTkoBoOro pieHA ls-opbitTaneit izonpoBaHMX aTOMIE, a
POBITYLIYBANIBHOI — puOIM3HO Ha CTINBKM CaMO BMILE.

I'padiuso e BiobpaaoTe eHEpPreTHYHUMI JliarpaMamu, 3a 1o-
NOMOro AKUX MOACHKIOTE MPMPONY XiMIYHOrO 3B'A3KY B MOJIEKY-
JaxX 3 DOrnafy MeTony MoJexynApHux opbiTanei.

Ha oci opamHaT HA TaKMX JiarpamMax BiIKnajialoTe 3HaYEeHHA
eHeprii (eHepreTHYHa Bick) i BuginmoTs Tpu nonAa Ha nepmomy i Ha
TPETEOMY I[IONAX BiAKNANAIOTE S3HAYEHHA EHePreTHYHMX pisHIB
aTomHMX OpGiTaneil, Ha ApyYroMy (CcepeZlHROMY) — SHaYeHHA eHepre-
TUYHUX piBHIB MOJeRynApuuX opbiTamneii

ExepreTuuny AiarpaMy MOJEKy i BOHIO HABEJIEHO Ha puc. 5.29.
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ArvomHa Monexynnpua Aromua
opfiTans ; opfitan ; apbiTamm
E H i H, ; H
§I GP‘“"TIS : Lt
sef “Fa
[ o
1s s -45eB -7 1s'
:n““'-., ”,E
"""‘-—-—-j,._____ﬂe'nayum
o, ls opfiirass

FPue. 5.20. Enepremimua aiarpaMa yTBOPEHHA
Monexkynapenx opbitaneit y Monexysi sopsEm

Qexisbicn 38°A30K y monexyni Hy HanexuTb fo o-TuIy, TO 38 A3y~
BaJbHY OpOITANL MO3HAYAOTE Oupls (CHMrMa-3e'saysanbHa MOJeRy-
nApHa opliTans, wo BUHMKaE 3 1s-aTomuux opbitaneit Bonuo). Pos-
myurysasisHy OpbiTaik I03HAYAKTE OpgenlS (curma-posnyurysanbua
MOJeKyJifipEa opbitans, o BuHMKAE 3 ls-aTomHux opbitanedt soj-
H10). IIponec yTeopeHEA MONEKYJIM BOOHK MOMKHA OMMCATH BUDa30M:

2H [1s] = H, [(0as15)).

3Bincn BUTIMBAE, IO ABA ENIEKTPOHM, AKi B i30JILOBAHMX ATOMAX
BOAHIO epebyBaym Ha 1s-opGiTanax, B yTeOpeHiit monexkyni Hy poa-
MILYIOTECA Ha 3B'A3yBanbHil opbitam o 3rifHo 3 eHepreTHyHO©
Hlarpamor) yTeopenssi mojexyiu Hy, 3 atomis cymposomxyeThes
BUJILTEHHAM eHepril

Kom monexyna eopHio nepebysae B HOPMANBHOMY CTaHi, eJeK-
TPOHHA Mapa 3p'ASKY POSMIIYEThCA Ha 3B’A3YBAJbHIA MOJEKYJIAp-
HIi opbirani, a posnyurysanbea opbiTanh SanMINAETBHCHA BiNBHOK. ¥
Pas] MoraMHaHeA MOJIBKYNO0O AefKol KinbKocTi eHeprii einbysaeTsen
11 3byziicenEn, eNeKTpoHu Maiy 6 nepeMicTHTHCE HAa pPOSNYLIYBAIbL-
Hy opbitame, ane ockimeku ii eseprifi Buina 3a erepriro aToMHMX
Opbitaneil, T0 3B'A30K POAPMBAETHCH, ENEKTPOHM HepeMilly0TheA
Ha aToMHl opbiTan, i MoJexyna poSIernIioeTbcA Ha aTOMM.

B.glramnm 3a YMOBM OIHAKOBOIO YMCJA EJIEKTPOHIB Ha 3B'A3yBaNb-
HIX | pOSNynIyBajbHUX MOJEKYJNApHUX opGiTanax MOJeKyna yTBo-
PUTHCH HE MOMe — pO3NylulyBalibHi enexTpouu i1 Ginbme pyliHy-
0T, HDX 2B'A3yBanbHi CTAbiNMaylOTh, TOMY, 30KpeMa, He MOXKe
lenysatu mosekyna Hep, 1o mMae ofHaKOBE 4YMCNIO 3B'A3yBaIbHMX i
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POSOYIIYBANLHMX €JIEKTPOHIB, ane icHye MoNekynspHuii ion Hej, B
AKOr0 YMCNO 38'A3YBANLHMX ENEKTPOHIE Ha ofmHuiyo Oimemre, Him

POy LUIYBATEHMX: Heﬁ[(cunls}afcrmnls]'] tEHE; = 230 x]ln/mons).
3 ornAy Ha 1€ 3po3yMIION CTAE UPHMYMHA iCHYBaHHA MONEKY-
nApHoro iora Hj, B AkoMy efuEmii €EKTPOH 3aitMae 3B'S3yBabLHY

MOJTeRyJIApHY opbitans: Hj [(0.,18)]
JaranoM mMoaeKkynsapHi opbitani B baraToaToMHIE ereTeMl MawOTh
TaKi BnacTHMBocTi: 1) KOXEH eNeKTPOH 3B'H3KY B MONEKYJ XapaKTe-

PU3YETBCA XBUNLOBOH (hyHKIEH Vo, KBAagpaT AROl '-me Mepesac
AMOBIpHICTL nepebyBaHHEA HOr0 B NEeBHIA TOSL] NPOCTORY, XBUILOBI
hyHELI] HASMBAKOTL Mmoaexyaaprusmu opbimaassmu e 6Gazamo-
YEHMPOBIlL CUCTREMI MOAEKYAU, ENEKTPOH NepeMillyeTses B nofui
Beix 11 siep; 2) KoxcHA MONEKYsipHA 0pbITANL MA€ BRACHY €HEpriw;
3) monexynapHi opbiTan BMHMKSIOTh BHACTIAOK IOAABAHHA XBUABO-
Bux (PyHKLL aTOMHMX opbiTaneii:

¥Mmo = 2 W,

ae ¢; — koediuient; V; — xeuuwosi dyrRull aTomENx opBiTanei;
L} Onepaiiin HasUBalTe ATHIUNOW Kombinayiew amomnur opbi-
maaneil; “MCno yTBOpeHHx Monekynapaux opbitaneit Bignoeigae cy-
Mi NOYaTKOBO BMKOpHMCTaHWMX aToMHux opbitaneii; 4) edepria Mone-
KynapHoi opbitani HafmeHua (a 3B'A3ok Halmiuminmil) sa ymoBu
MaKCUManbHOTO NEPeKpMBAHHEA aToMHMX opbitaneii, Aki i1 yrBopo-
KITE; §) €Repris MonekynapHoi opbitam salfiMeniua, Konu B 11 yTBO-
pensi bepyTs y4acTe opHakoBi abo Gnuabkl 33 eHepricld aTOMHI
opbiTani; 6) Ak aToMHi, Tak i MmonexkynapHi opbiTani yTBOpKIOTE ro-
CHiIOBHI MONIEKYNAPHI PiBHI, poamileHHs HA HUX eNeKTPoHIiB Bigby-
BAETLCHA B nocninosHocTi abimeiuennsa eneprii; 7) poaMilieHEs enex-
TPUHIB HK Ha aTUMHMX, Tak i Ha MonekynspHux opbitanax sig-
nosigae npuHaty [layni Ta npasuny Xysna

ATOMHI FOMORJIEPHI MOJEKYAH eXeMeHTIB Apyroro nepioay. B
pasi yTBOPEHHA JIBOXATOMHMX MOJIEKYJ €NEMEHTIB ApYroro repiogy B
nobysoei monexynspaux opfitaneft BepyTs yuacTs atomni 2s- i 2p-
opbitani, Tomy, sasBuuali, €HEPreTMHHA JlarpaMa YCKJIaJHIETLCH
NOPIBHAHO 3 HANNPOCTILLON CHOTEMOI) — MOTEKYJOK BOJIHIO.

Tyr 3 2s-opbitaneii BHHMKAIOTE [ABI MOJEKYJApH: 38'sayBassHa
Gapl$ | POINYUIYBAJILHA Opospls. 3 2p-opbiTaneil yTBOPIOIOTBECA Mose-
KynapHi opbitam pgBox THiB IBOX AaToMHMX 2p.-opbitanes,
POSMILIEHNX Y3OO0BMK OCI &, BUHMKAIOTE 3B ASYBANLHA 0.,2p, | poamy-
WIYBANEHA Opgan2Pr MOTERYNAPH opbiTai, a60 NpocTo O.,T i Gpgand, &
3 2p,- i 2p,~aTomMamx opbiTaned, AK i 38 METONOM BaJeHTHUX 3B A3KiB,
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BUHUKAIOTH ABi 3B'ASYBANLHI M3p2pPy | Map2p, Ta BimnoBigni iM posmy-
IyBaNLH] MOneKynapHl opbitani TpaanePy 1 MpeangPs, AKI inaKime moz-
Ha NO3BATUTH Mael), Man? T4 Mpoanlly Mpean? (PHC. 5.30, 5.31).

ATOMHE Mosek ¥ Rapsa

oo oo
i OO

Owndps

Pue. 5.30. Cxema yTBOpeHHA 3B'A3YBANLHOI Ta POANYINYBansHOD
02p,~MoaeKynApHENx opbitaneft

96
i

Toan ipu‘

Puc. 5.31. Cxema yTBopenHs 38'S8yBaiBHOT T8 POSHYIIYBALHO]
n2p,, .~MoncKynApENX opbiTaneit

Monexynspti opbitani posmimyworscs B Takiit erepreTiusiii no-
CZIOBHOCTI: Ogpls < Opognls < Gapl8 < Opgunls < Tup2ps < Tapdpy =
= Map2p, < “Eg[zpy = Epmnzpt < Gpnanzpr

Tpeba sasHaunTH, 110 AN ENEMERTIB NOYATKY APYIOro nepiony —
B, C, N, ana sxmx atomui 2s- i 2p-opbitani enepreruuso mysme
Gimabki, Monexkynapsi opbitani TplPy | Mp2p, POBMINTYIOTBEA HuK-
e BiJ| 042 Pyr-MONERyNApHOI opbitani, a B Monekynax Kuchio i dro-
PY, aTOMM AKMX AOCATIN MEXI CTHCHEHHA, P-MIXKENEKTDOHHE Bif-
LITOBXYBaHHA 3POCTAE, | 0-3B'A30K CTAE MILHIIIMM, Hi3 T-3B"A30K,
TOMY eNEKTPOHM 3B'ASKIB CrioyaTkKy saimaioTh opbiTanb o.,2p,, a
B MOTIM — My, | Tyu2pa-

Enepretussa piarpama pisHis Monexynapux opBitaneit msox-
ATOMHMX MOJIEKYJ ENEeMEHTIB apyroro nepiony Hafysae Burnsamy,

HaBegeHoro Ha puc. 532 (TyT i nani samicTs kKomipku opbitans mo-
SHAYEHO PUCKOK),
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AD MO AO AQ MO AOD
FpmanPx Tpoanlix
E 2p :p.,o MpoarPr M -.,}:‘ EE E EP ‘g,-: nPr .:':a 2
R T ?:"e‘h CialPs _a:ﬁ:g
W Umabr ‘\Lg \"' Y’ k'lr
-t x WP TanPy :“- 1|L
Tpomt it T
P o ,':ii»"l ;;: ‘é"‘;‘.
g . I g SN s
- - , L
\.‘\ 3 = "I " ‘-'/
. a7 ] - A L= § e
a 6

Puc. 5.32. EnepreTiysa giarpama piBHIB JBOXATOMHMX MOJEKYN
EJIEMEHTIE ADPYTOro nepiogy sa asaksol (a) Ta meanaurol (6)
piaemii exeprift 2s- i 2p-opbiraned

1s-Pisenp (K-piBeHs), BHeCKOM AKOr0 B YTBOPEHHA 3B'A3KY B
OBOXATOMHUX MONEKYJNax eNeMeHTIB OPYTroro rnepiogy mMomHa 3Hex-

TYBATH, B MOJEKYIAPHUX eNeKTpoHHUX (OpMyNax M03HAYAI0Th
cumBoniom K:

N3 [KK (62528)X(0poan28)4(T62Py) (Taa2P2) (0022 °];
0, [KK (Ganzsﬁﬁpmnzs;'z{UaEZPxiz(“aazpylz{“anzpﬂz(“pumZPy]l[npm'rz?t}li;
Fy [KK {Unazsi2{0pnmzﬁ'}z(ﬂaﬂzil::'a{“aszl;'g]z{“aazpa)z{“mmﬁﬂy]g[ﬁpmzpﬂz]-

Omke, eHepreTuuHi giarpamu moneryn Nio, Os, Fo ta (Neg) mom-
Ha MOJATH TakK.

Monexyna N, 0, F. (Ney)
EsepretyiHa — S — +-
e T —_ — =+ + 4% F ¥
T T
= - - +-
T
H + H -
KpaTHicTs 3B'A3Ky 3 2 1 0
i[;c“xp“rfu 110 121 142 =
BN pain w30y, 946 494 159 —

wJlne/ mMons
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Kparricts as'maxky (Kp. 2B.) BM3HA4YalOTB 3a TaKuMM CHIBBiIHO-
ILIEHHAM:

Hucno 3B ASYBAMBHUX ENeKTpoHis — YMeno posanyluysansiix enexkTpoHia
> .

Ep. ap=

3sigcu kpaTHicTs 3B'ASKY AnA monexyn Ng, Op, Fo i (Nes) craso-
BMTHME:

Kp. 3. N3 = ? =3; Kp. 3. Oy = B;—4 = 2
§-<6 = 1; Kp. 8. (Ney) = 8-8 .0

Kp. on Fy = 59
RSP 2

3i sbinpiueHHaAM 4KMCNa 3B'ASYBAJLHMX eNleKTPOHIE Ha OIMHMLID
kpaTtHicTs 38'A3ry apocrae va 0.5, a 3i 30LBmeHHEAM YHena posny-
WYBANEHNX eNeKTPOHIB HA OAMHHIND, AK | 31 3MEHIUEHHAM 4HCIA
3B'ASYBANEHMX ENEKTPOHIB Ha OOMHMINO, KPaTHICTL 3B'ABKY 3MeH-
wyerbea va 0,5. 3i abinbiuennam KpaTHOCTI 3B'A3KY SMEHIUYETHCH
floro noBxuHA | 3poCTaE eHeprid, 31 3MEeHINeHHAM KpPaTHOCTL eHeprif
8B'A3KY SMEHIIYEThCA.

Taxk, axumo monexyna Ni nepeTBOplOETHECA HA MOJEKYJIAPHMIT

ioE N3, TO BiAPMBAETHLCA 3B'R3yBANBEMI ENEKTPOH i KPaTHICTHL
3B'A3Ky smeHWyeTees Ha 0,5:

=3

-2

Kp. 38. N3 = = 25.

th=|

flruo monexyna Ny nepeTBOpOETECA Ha MoNeKyaApHwii ion N,

TO EMEKTPOH NEePEXONUTL HA Mpoen2P-POSMYIIYBANLEY MOJCKYJAPHY
opGiTans, | KPATHICTL 3B'ABKY TAKOM SMEHIIYETHCA Ha (,5:

Kp. sB. N; = B—; = 2,5,

Y]

TOOTC y ubOMY pasi monekyna cCrifikima (Ma€ MeHY OOBMUHY
3B'aA3Ky i Gineiry eweprio) nopiBHAHO 3 MOJeKyAAPHUMY joBamy N3
iNy:



174 XIMIYHWI 3B'A30K

Monexynapsl iou N: Nz 0; 0; o7
EnepreTizqua e — T s —
aiarpama

3
S T TR
S S S

Euepria as'a3xy,

w21/ MOL 8427 T44.8 642.8 394 139
Mix'nnepaa
ai.rm'ran:?nm 111 125 112 134 148

¥ monexyni Oy Ha nBa enexTponM Binslme, HiX y momexyni No.

I1i nBa eMerTPOHM PO3MIIYIOTLCA MO ONHOMY Ha& IBOX OIHAKOBMX 34
EHEPri€l0 PO3NYLIYBaNbHMX MOJNEKYAAPHUX OPOITANAX TpoandPy |
Tpaan2Pz SFAHO 3 [PABHIIOM Kyu.na Came HaABHICTIO JBOX Hecrape-
HIX eJIeKTPOHIB y monexyyi Oy i noACHOWTL napamMartiTai BuacTH-
BOCT] KMCHIO,

32 monexkysmu Op moxHa opepssati MomexkynapHi iomm O, Og,
O%‘. NpyYCMYy BOHM BXOOATH N0 CRIANY PeansHMX CHOJdyK
O3 [PtFg)™, K*[Oz]™, Naj(0g]*":

O, + PtFg = O4[PtFgl;
K + 0z = KOq;
2Na + Oy = Nay0,.
QOuepyaHo, N0 NN 4Yac YTBOPEHHA i10HA Di €NEKTPOH BigpH-

BacThCA 3 POSNyLUIyBansHoi (HaliBMiNOl 33 eHepri€w) MONeKYIAPHOI
opBiTam Tpasn2Py 400 MpeanlP,, KpaTHICTE 3B'A3KY 36inpLIyETHCA:

Hpasﬂz—T—25

Hasnaxu, nig wac yTeopemws iomie O; i O enexTpony mepexo-
OATE Ha POSNyLIyBaneHi opbiTani, KpaTHICTE 3B'A3KY 3IMEHLIYETHCH!
Kp. as. 03 = -'%? = 1,5 Kp. se. 0% = E;—ﬁ =1,
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TOMY POSFIAHYTI HacTHMHKM PO3MICTATHCA B TOCNiIOBHOCTI 3MeH-
ILIEHHA eHepril 3B ASKY Tak:

E (03) > E (Og) > E (03) > E (0%"),

a nopyxyHa 3B’ A3y Oyne manbinswow B ioH 0’5".

Mogibro sk | pnA KucHio, MoXHA nepepbauyMTH aMiny eHeprii
aB'A3Ky B pasi neperpopenns monexym Fy na ion F3 abo Fj.

Tax, 3a MeTOROM MONeRyNHApHMX opbitaneii Oyno noacHeHo 3MIHK
eHEPriii 3B'ASKIE OEAKMX YACTHMHOK, TXHIX MArHiTHMX BRacTHMBOCTEI,
o Gysio HeMO¥MBO 3pobKUTH 3a METOAOM BANEHTHMX 3B A3KIB.

Jpoxatomui rervepoapepHi Monexkynu. Exepremwuni plarpamm
MONERYIAPHUX opbiTaneil reTepoAlepHMX MOJNEKYN (CKIafgeHMxX 3
pisumx atomis) nopibui no miarpam romoAnepHMx Monexkysn Bimmiu-
HICTE MOJIArAE B TOMY, 10 Buxinui aromui opbitani Gimeiu enexrpo-
HEFATHBHOro ejyeMeHTa pobnaTe Ginplimilt BHECOK y 3B'AsyBanbi
opbiTan, a MEHI EeNEeKTPOHEraTHBHOrO — Yy PO3NYIUYBAJNBHI, TOMY
eNMeKTPOHM 3B'A3KIB ¥y Monexkyni Gineiuow Mipow BocepemsHyTheHA
Gina Appa eNeKTPOHEraTMBHILIOND eNeMEHTa, L 3B'A30K CTae nonAp-
HHM.

[Mpuknagamu moxyts Oytv monekynu NO, CO, iou CN-. B
EHEPreTHMYHMX JiarpaMax TAKMX YacTMHOK BuXigHi atomui opbitani
POSMILYIOTE Ha pisHMX pisHAX (puc. 5.33):

ATomua ! Monexynapua ! ATomMEa
opbiTans i opbiTams i opbiTans
N NO @]

:: o posnzp T :.

| |

L J B i
o b

- -l"_ i 'npqa“2py npﬂ!ﬂzpz I;.'\? -y
- ‘:‘ s P :i"\ ‘\.H ~
AL e E T T
oo o
_owie | [iTifap
- ; =~

3 . 2py Tan 2;’:z |
Pure. 5.33. Enepremyuss plarpama yreopesnsn Momexym: NO
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NO [KK{(04528)%( Opoan2$ )2 (262 Py e [1[:!,2‘;}2]2( Usasz}zfﬂpmngpgllli

Kp. 8B. = % = 2,5;

CO [KK(0328)(0poan28) {7620y ) A Maa2P2) Can2p2)];

8-2
Kp.aB.= —— = 3.
P28 9

Moneryna CO mae Taky camy enextporry BynoBy, Ak i Monexkyna
Ng — me izoerexmponni monexkymt. KpaTtricts aB’'aAskis y obox mo-
Jexyaax JNOPIBHIOE TPLOM, TOMY I EHEepris ®oyHOI 3 HMX Ma€ OJHA-
woBmit mopsaaok: E(CO) = 1069 wllwx/mMons, E(Ns) = 946 wllx/moms.
Opnax monexyna N; HenonApHa, a Moviexysa CO mManononapHa.

Y monexyni NO na posnyliyealbHIR Monerynspeift opbitam
poamilleHui! OauH HecTapeHult eNeKTPoH, TOMY BOHA, AK | Monexyna
0Oy — mapamargiTEa. Monexynam NO ta Oy e pnacTtusa jgumepn-
ganin 3 yTeopenHAM mumepis NyOp i Oy, ocrineEm HecmapeHi enex-
TpoHM nepefyBarTe Ha POSNyLLyBANLHMX MOTeKynApHUX opbitTanax.

Kpim ap'ssyBansHux | posnyliyBaibHUMX MONEKYJapHuX opbita-
neil y MONeKyJax MoMKyTh YTBOPIOBATMCA TaKoM TAK SBaHL He-
3g’sayeaawni opbitani. Taxi opbirani €, RracHe, abo aTromeEumH, abo
ribpymzoBanmMy. EnexTpoHu, Axi Ha HuX poamitteri, we pobnsats
MOMITHOTO BHECKY B yTBoperHA 3B'makis [Ipuknapamu HasBHOCTI
raxux opbitanefl momyrs ByTu mMonekynd ranoreHoBopHie. Tak, y
moneryni HF ap'asysasbHa i posnymyeansea ModexkynapHi opbita-
i BuEUKAKWT: 3 ls-opbitani atoma BommHio i 2p,-opbitani atoma
¢ropy, a opbirani 2p,- ta 2p,-opbitani aroma dropy HanekaTts /10
HeaB'ASYBANBHUX, IX MosRavaTs 7y, i 7, Enextpomn ma neas'szy-
BaNeHEMX opbiTanAx He BPAXOBYIOTE MMia 4ac ofiuMclieHHA KpaTHOCTI
3B HAKY:

ATomHa Monekynapsa ATomua
EeB opbitans opbitans opbitans
H HF F
1¢! 2s%2p°
Ccan

-13,6 + ls+
Ty M=z 2.p

=154 . !

_I..
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}’_ Tabn. 5.6 HaBEJIeHO maui NA IICTABNAHHA EHeprift aucorianii
Ta MiY'ANEPHNX BiACTAHE y JIeAKUX MOJNEKyNaX Ta yTBOPeHUX Hu-
MU MOJEKYJIAPHUX ioHAX.

Tabauysa 5.6, Enepria aucouiauii E(x) aa remmeparypn 0°C i mix'agepui
sigerani d neoxaTombux mosexkys Ta iouis
Monexvna, E(x), & iwe Mosexyna, E{x),

ioH ]l / Mok oM ®Jl /Mone d, nm
Ags, 161 268 HCI (131,8) 127
As, (385)° 241 HF (565,7) 92
Aug 226 247 HI1 (298,3) 161
B, 276 159 HO (427,8) a7
Bry 190,1 228 He, 230 108
Br, 316 = I 148,8 266
Br, 82 - L 250 =
Cy 602 124 I, 102 =
ch 527 - Ky 54 392
C; 696,80 = Liy 99 267
CN (761) 117 ]_,i,_’; 121 -
CN* 439 ~ Ny (946) 110
CH- 1 003 114 N; 42,7 111
CcoO 1 068 128 N; T44.8 125
co* 8054 - NO {631,6) 115
Cly 242,6) 194 ot 1 046 106
Cl; 388 189 Nagy (71) 308
Cl; 120 = G; (494) 120,7
Csq (38) 430 O, 642,8 112
Cup 197 220 0, 394 134
Fy (159) 141 Py (488,1) 189
F, 320 133 B 427 159
F 117 = S, {425,5) 189
H, 432,1 74 s; 518 183
H, 2557 108 s, 544 -
H; 15 = Seq 305 216
HBr (366,1) 141 Tes 258 256

* ¥ nymxax uaBenewo suavennn E(x) 3a remnepatypsn 25°C.

Meron Monekynaprux opbiranedt fa€ smory posrnspaTH He Ju-
e Bei opbitTani monexynM zaranom, a it BMIIATY TMEBH MONCKY -
ApHi dparmentn. Ocobmuse nuigmum BUABMBCH BapiasT METOIY
MO JIKAO, sanpononosanuit E. A. A. V. Xiokkenem (1896-1980),
Ans obumcneHns ewepriii i xBunboBMX yHIH EeNeKTPOHIB, AKI
¥TBOPHTE JeN0KaniaoBaHl N-38"A3KIL
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Hanpuknag, y monexyni DeHzomy, pe wicTh aTOMIB BYTIEID
YTBOPIOIOTH 3B'A3KN MK CoDOIO T2 ATOMOM BOOHIO B OAHINH n.nqm;ﬂﬂi,
¥ KOMGHOIO aTOMa BYIJIELO [I€ SaJMINAETHCA N0 OAHIM aTOMHIR oa-
HOENeKTPoHHI 2p,-opbitani. Basaemopiooun mixk cobow, octaHui
YTBOPIOIOThH TPM 3B'A3yealbHi 1 TpM pO3NyLIyBalbHI MOJNEKYJIAPHI
opbitami. [licTe eneKTpoHIE pO3MIMIYHOTBCA Ha 3B'A3YBAJbHMX
opbiTanax, 10 copuumHEOE crabimizauilo monexkyns saranom. Big-
HECTH 3 Ui EJNEKTPOHM [0 AKMXOCE NeBHMX 3B'ASKIE M NBOMA
ATOMaMl HEMOMJIMBO, OCKLNBKM YyTBOPEH] m-38'A3KH NEeN0Kali30BaHi:

Poanyuysansii

ot
._T_l_

Ip, AD ®; MO
BYTNEIT

35" AuyBaiLul

Tak camMo MOHHA TIOACHUTH CTIMKICTE TPMIEHTPOBOrO 3B'A3KY B
crionykax tuny ByHg 3 pedinurom enexrponis, ne 3 aeox opGitanest
KOMcHOro atoma 0DOpy, Ha AKUX PoaMinlyeThed TUWIBKH OMH eJlex-
TPOH, Ta 3 OAHi€l oAHOeNeKTPeHHO opbiTani aToma BOAHIO yTBOPIO-
IOTBCA TPH MoNeKynapHi opbiTani, a eNeRTpoOHEA Napa 3B'A3Ky pos-
MILIYETBCA HA 3B'A3yBaNbHIN opbiTamnm:

AoneEa Monexynspra ATomea
opbitam opbitans opbitams
B B, H, H
T poan
_"_ o= i .
a:p 1_ 5!}2 _ HEIE
4
v
Oas

MMigcymosyious BUKNANEHE, 345HAMMMO, (M0 METOOM BaJeHTHWX
3B'A3KiB TR MOJNEeKyJApHUX opbiTaneil He CYyNnepeYaTh OfMH OJHOMY,
i B KOMCHOMY KOHKPETHOMY BUNagky Tpeba BUKOPHCTOBYBATH TaKuii
nipxipg, Ak NopHiMe Bigofpamae | NOACHIOE BIACTHBOCTI PEYOBH-
HU. Merop BaneHTHUX 3B'ASKIE DNkl HAOYHMIE ONA NOACHEHHA OpO-
cropoeoi OymoBKM MOJIEKYyJ, a METOA MoOJeryJaapHux opbiranedt kpa-
uie sigobpakae enepreTiyni, MaraiTHl BAACTHMBOCTL YACTHMHOK Ta iX-
HI0 peaxiifiiy 3RaTHICTh, TOMY A [NOACHEHHR BJACTHBOCTEN pe-
ANbHMX MOJEKYJ CHif, BUKOPUCTOBYBaTKH 0DKiiBa i MmeTom.
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§ 8. Ionnuii 38’sn30K

¥reopeunsn i BnacTuBOCTI ioHHOro 38’s3Ky. Crionysn 3 ioHHHM
TUIIOM 3B'ASKY YTBODIOIOTLCA Be PEIyJBTATI B3aeMOAii eNeMeHTis,
aTOMM AKMX 3HAYHO PISHATECA ENEeKTPUHEraTUBHICTIO. Ik yike 3a-
3HAYANOCH, IOHHUA 3B'A30K BUHMKAE 33 YMOBM, IO Pi3EMLA MixK
SHAYeHHAMM eJNeKTPOHEraTHBHOCTE! eJneMeHTiE nepesnmye 1,9,
fliago ¢ na pisEMnA MeHwa 3a 1,9, T0 3B'AS0K Mae KopaNeHTHMI
xapakrep. Hanpukmaz, watpifi Oypxnueo pearye 3 XJopom, BHa-
CHIOK HOTO YTBOPKETHCA XNOPUA HATPIIO, M0 MAE iOHHY KPHCTa-
maHy Bynosy (2o — @#n, = 3,0 - 0,8 =21 > 1,9):

2Na(re) + Clgr) = 2 NaCl(a).

HNouatkosi Teoperuili yABneHHR TPO iOHEM 3B’A30K 3anpoea-
aue B. Koccens. CyTh floro OOrNMAME NONATAE B TaKUX OCHOBHUX
TBePAMEHHAX:! 1) mig wac BRaeMomii ABOX aTOMIB OOMH 3 HMX Bimae
EJIeKTPOH 1| NepeTBOPHIETECH Ha MO3MTHBHO 3apamwenwdi ion (M —
= le = M%) — karioH, inumMii aTOM NPUENHYE ENEKTPOH | NepeTso-
PIETBECA Ha HEraTWBHO 3apajeHuii ion (A + le” = A°) — anion;
2) 10BM 3 MPOTHNEIRHNMI 3aPANEAMY €NEKTPOCTATHYHO TIPHTATYIOTH-
CA OAuWH N0 OQHOrO i1 YTBOPIOIOTE CTIRKY CHOOMYKY 3 floHHWUM
3B AIKOM.

Xnopun natpiio NaCl € tumoum npurnagom ioHHOI criomysm.
Taki TpoUecH NEPeTBOPEHHA ATOMIB HA 10HM BUABJISIOTHCA EHepre-
THYHO BMTIOHVMMK TOMI, KOMM aTOM, IO BiIa€ eJIEKTPOH, MA€ HU3b-
KY EHEprilo 10HI3aull, a aroM, WO Horo NpHEAHYE, — BENUKY
CNOpPiIKEeRICTD A0 eNeKTPoHa.

Y peakuisy, BHACHINOK AKMX VTBOPIOKITBCA CHONYKM 3 1OHHHM
TUIIOM 3B'A3KY, ATOMM Hamaraiombea HaOyTu Halierifikimol enex-

TpoHHOI KORGIrypauii Tak, ogoaromsi anionn F~, C1°, Br™ Ta ae-
axi wariomn (Nat, K%, Ca?', Ba?') maiors Gynosy soesiummboro
ENEKTPOHHOIO LWIapy aToMiB Haiibmikyoro inepTHOro rasy (ﬂszﬂpﬁl

v CKIANHILIMX BHOAAKAX YTBOPEHHS KaTIOHIB T0B’A3YIOTH 3 Bij-
HOCHMM MIBMILEHHAM CTiAKOCTI IXHIX noBricTo cdopmopanx
EHEPreTIYHUX mapieHis;

Ag (4d'5s') 5 Ag* (4dY);
Zn (3d1%4s%) — Zn®" (3410
Ga (3dW4s%4pl) — Ga®* (3d19):

Bi (6s%6p®) - Bi®* (6s2).
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Omxe, NMPOCTi KaTioHy Haerine yTBOPIOIOTH JIYJKHI Ta JIyIKHO3e-
Mmesnkal MeTaim. Bonu manoTh BesmMii aTOMHI pagiycy i HMSbKI 3HAYEH-
HA eHepriit ionizauil I, wo nexars y Mexkax 375-520 wllx/monn. Ha
nMpocTi OIHOATOMHI AHIOHM [EPETPOPIIOTECH ATOMM P-eJIEMEeHTIs
VII rpymy, sk MaoTh HalWOIBIDY CHOPIAHEHICTH [0 €JeKTPOHA
E. = 320..350 wJix/mons. Bopnowac pawmiile 3asHauwasioch, wio
YTBODEHHA NBOX- Ta DBATATOZAPAMHMX OJHOATOMHMX AHIOHIB THITY
0%, S%, N% g3 pignopigHux OfHOBAPANHMX iOHIB BUABNAETHCH
EHEPreTHMHEO HEBUTLIHMM TIPOLECOM BHACIIIOK BUHMKHEHHA 3HAMHMX
CIJ eNEeKTPOCTATHHHOTO BiJIITOBXYBAHHA

3rigHe 8 KBAHTOBO-MEXAHIYHMMM pPO3PaXyHKAMM TIpMENHAHHA
APYTOro TA MNOJANBILMX ENEeKTPOHIB JI0 ATOMIB HEMETAJIB BMAB-
NAETHCA HEMOMJIMBMM, TOMY OfHoaToMHI DaraTosapsjgHi aHIOHM He
MOKYTh YOCOOJNEHO BUOKPEMJIOBATHCH HABITH Y KPMCTAJIMHMX OK-
cupax Tvny NapO ux CaOQ. Hasnaku, icHysauHs OaraToaTOMHIX
aHIOHIB THITY SO%" CD%’. PO‘E' Ta IHIIMX EHEPreTHHHO MOMKIMBE,
OCKiNMBKM B UBOMY pasl BinfysaeTecd POSNOALT HAANMIIKY €eNeK-
TPOHIB Mi’R KiNBKOMa aToMami, 10 NPHM3BOOMThL A0 3MEHIIEHHA Ha
OKpEMIX ATOMAX 3HA4YEHHA HETATMBHOIO 3apany.

B ocHoey ioHHONO 3B'S3Ky (OKJANEHO MEPEBAXHO eleKxmpocma-
MuyKY B3aEMOAI0 Mix iOHAMM, TOMY, Ha BiAMiHY Bifl KOBaJIEHTHOIO,
ioHHMIT 3B'AS0K XapaKTEPUBYETHCH HEHANPAMACHICTNIO Ta HEHACU-
YEHICTI.

Henanpamaenicms IOHHOTO 3B'S3KY 3YMOBJIEHA THMM, IO EJieK-
TPUMYHE [I0J€ KOMKHOrO i0Ha, AKMIT YEBHO MOKHA DOSIIANATHM AK 3a-
paAmKeHy cdepy, NOUNPIOETLCA ¥ NPOCTOP] B YCIX HATNPAMKAX.

Henacuuenicms 0HHOMC 3B'A3KY [OB'A3aHA 3 TUM, IO B pe-
3yNLTATI BaaeMosil IBOX [POTHIEKHO 3apAUKeHNX ioHIB IXHi enek-
TPUHHI [I0J8 KOMIEHCYIOTHCA HE TOBHICTIO, TOMY MOMJIMBE HPUTH-
raHHA LUX I0HIB ¥ IHIIMX HanpaMrax (puc. 5.34).

Puc. 5.34. Poanonisl efeKTPHYHKX CUIOBUX NOJIE
JIBOX MPOTHIEHHO SAPAMIKEHMX 0HIE
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Y pesynbraTi KOXKHMIT ioH oTouye cefe iOHAMM NpOTHJIEHKHOrO
3apAnyY.

Crionyics 3 iOHHMM TUNOM 3B'HSKY y BUIMIAM MOJEKYN He icHy-
I0Th Hl B TBEPAOMY CTaHl, B AKOMY BOHM MAKTh 0HHY KpHMCTAJI4HY
rpaTky, Hi B po34uHi, M€ BOHM QMCOLIIOIOTE HA IOHM Ml BIIMBOM
NONAPHMX MOJIEKYN poauvummka,/Hecrifiki Monexysi ionaux crnomyk
(NaCl, LiCl 7a in), a Takoo ixHi aconiaTH MOMHA BUABHUTH TLTRKU B
rasoBoMYy CTaHi 38 BUCOKMX TEMMEPATYD.

Ha sigMiny Bifl KOBAJIEHTHUX CHONYK YMCNO KOOPAMHOBAHMX (fKi
thopMyIoTh HARGIOKYE OTOYEHHA) HABKOJO KOMKHOTO i0HA YACTHHOK
MPOTHIEIKHOTO 3apsAfy B IOHHMX KpucTanax (KoopAMHAIifHe yMeso —
K. 4.) BUSHAYAETHCA Hacammepes He criemmdikolo enexTpornoi Gymo-
BM aTOMa ENeMeHTa, a CHIEBIHOILIEHHAM poaMipis ioHie, 1o sama-
TAIOTBCA OTOYMTHM cebe MAaKCHMAJLHO MOMKAMBMM YMCIOM MpOTH-
JIEHHO 3APAIKEHMX HACTMHOK! 3a CHiBRINHOIIEHHN pajiycis ionis
0,41-0,73 mae wmicue oxTaenpYHA BSAEMHA KOOPIMHALLR iOHIB (K. u. =
= 6); sa cniesignomennn 0,73-1,37 — kybiuna (k. w. = 8). Hanpux-
Jag, y wpucraniusii rpatui NaCl koskeH ioH HaTpin otowenmsit
INCTEOMA  IOHAMM  XNOPY, W0 MaKTh MNPOTHIEIKHWIT sapaf
(r{Na®)/r{Cl") = 98 mM/181 nm = 0,53) (puc. 5.35).

® N

Puc. 5.35. Kpuctaniuma rpatia xA0puay HaTpin

Poasmipwu ionis. Pagiycu xarioniB 7, Ta amionis r,, sx i aromsi
pajlyci, € YMOBHMUMM BesmyMHaAMK. Ix ofumcmionTs, BUMipABIIM
BIICTaHl MK ANPaMM aTOMIB y KpuCTanax XiMiMHHX CIIOJNYE 3 i0H-
HOWO CcTPYKTYpolo. OcKinbku BifcTaHs Mk supaMu r = 7, + 7., To,
BUSHANMBILM He3anemHMM criocobom pagiyeu ioHiB offHOrO abo aBox
HaiixapaKTepPHIILMX 1JIf IOHHUX CHOOJIYK ENEMEeHTIB, MOMHA BHANTH it

Bl Tak Gyso asaiigeno pasiyew amioHiB drropy r (F7) = 133 mm

Ta KUCHIQ r{DE“) = 136 oM, a 3a EMMM Ta MiXK'AAEPHIMI BiICTAHS-
MM pOs3paxysany posMipy pelnTH ioHis.
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Tamuii cnocil pospaxysxy pae amory o0wMmcoTii 3HAYEHHA HABITEH T
dopmansumx ioHHMX pamiycis enemenTis Ta ixmix cramis, Axi He Biano- /.f"_'“'\
BiMAKTE I0HHMM COOAYHAM, HANPMEJIAL TINOTETHUHMX iOHIE o™ i, = " r = ~ ,\] =
= ¢ nm), C1"* (1, = 26 nm). Popmansyi iowni pamiyes i sianosinui im aa- @l y - U ) =
Pl HE MAKTE BU3HAYEHON0 QisuyHoro amicTy, ame KOpMCHI AK KOpenfA- \_M s =3
THBHI NAPAMETPH. e
Pasiyen xationis sasxqgu MerI, Hix Binnosinxi aTromui pagiyeu. J/ ' N p
Bumomy sapsjy kaTioHa Bi/moBifae meHumit paniyc (rabon. 5.7). % ) = s ( = E
& " 4 \ 4 “'-~-.—--'"h B a
Tofuys 5.7, Pagiycn neskmx KaTionis, nm g N g
KatioH Pagiye r, nm TMT:;“D:“"‘& Papiye v, rma .g o ,__._ﬁ‘\‘ E
&
L s Bs' 4 & ( } w o E'
as -9 = = =t
Na' 95 Al 57 [ / = E
K* 133 c 20 \H / o &
+ <44 e s
Rb 148 Si 49 g
Cs' 165 | 15 L ®
=
Be?* 34 pe* 35 7 Q 3 2
Mg?* 74 o 9 - g
Ca 2t 104 st 30 3
St 120 cr 52 =
Ba® 138 Mn** 46 s P g
o T ; = O & = > S 4
Haenaku, pamiyen asioHie sasagm Ginsimi, Hix BiANOBIAHI arToMHE] - z
pajiycn, a BMILOMY 3apaay asiona sifnosinae Ginbumit foro paniye g
(rabn 5.8). m E
E &u ¢ =~ " < ol ) E
Tatauyxs 5.8, Pagiyen aenwux anionis, nom g = v/ r= = &‘ = B
AmnioH Fagiye r, nm Anion Pagive r, mm - E
H 136 Se?” 198 ) §
F 133 Te* 292 o < = & i
q- rd L ) 3 z ) - g
Cl- 181 N 148 R \\_{/ i
Br- 196 pi- 186 - E
I 220 Ast 191 . E
6 136 Sk 208 = -
g 182 ct- 260 g =3 § g
- =
= a
(=1
Biguocui posMipy (M) aToMiB eneMeHTIB TPeThOro nepiony Ta ¥ gw £ %g ?_-,E
BIANOBIIHKX 1M KATIOHIE 1 aHIOHIB HaBegeno Ha puc. 5.36. & £ 8 = é g E g
= =

B
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Mepeipka exexrpocTaTuHol mojgeni ionHoro ap’saxy. [lepe-
BipKOIO eslexTpocTaTHuHOI MOjieni ioHHoro 3B'A3Ky Mowe OyTu Teo-
peTH4HM po3paxyHOK eHeprii KpucTamiyHOl rpaTku.

Enepria xpueraniunoi rpaTkn — e eHepria, AKy noTpibuo 3a-
TPATHTH JJIA NOBHOro po3kaaay 1 moas Teepaoi ioHHOI peqo-
BMHM Ha razomoxidmi iomm, BigganmeHi O0AMH BiJ oAHOIO Ha
HECKiHYEeHHO BEJIMKY BiCTaHb.

Bona unucensHO JOPIBHIOE | MPOTHEXKHa 3a 3HaAKOM eHeprii, Aka Ma-
na 6 BuaiauTHeA 0ij ¥ac YTBOPeHHA 1 MOJb KpMCTanidyHOI peuoBMHH
3 rasonombHux ioHie (Tabm, 5.9).

Tabauys 5.9. Enepria kpucraniunux rpatox®

Auion

Karion R = or | Br- e OH-
Lit 10443 862,32 | BI96 764,6 923.0
Na't 9259 788,28 | 153,1 705,8 810,0
KF B23.0 T17.5 679,5 6489,3 6925
Rb* 7890 6921 666,09 629,7 680,3
Cs¥ 755,2 669,0 646,8 613,4 655,2
NH; 8184 642,86 617.5 579,9 -

T AgT B72,8 7849 7590 7389 |

MgZ™ 20146 2500,3 24125 | 23037

Cac" 2613,3 22400 2157,3 2065,2

ST 24627 21238 20485 1048,1 B

Ba®* 2316,2 20234 1952,5 1847,6

* HamegeHno 3Ha4eHHA eHepril TeJOTH PYWHYBAHHA TPATOK JEAKMX PEUYOBMH,
kl#,/ Mok

PieuaAnHA ana obumcnenHa eHeprii xpucraniuxoi rpatem Gyuno
OTPMMaHO HA MiJCTABI TAKMX MipKyBaHb. Y#ABiMo cobi, mo jgBa npo-
THJIEXHO 3apampkeHl i0HM nepefyBaloTh Ha HeckiH4YeHHIH BigcTaHi
oguH Big oaHoro i abmmskyioreea. Bignoeigno no saxkony Kynosna so-
HM EJeKTPOCTATMYHO NMPUTATYBATHMYTECH OIMH [10 OfIHOTO, H eHep-
rig ngiei cucTemMu aMmeHInyBaTMMeTecA. Pazom 3 Tum ofwmnsa npotu-
JeXKHO 3apAIKeH] 10HKM He MOXKYTk 30mmauTHca Tak, mwob BOHM 37M-
AMCA, OCKINBKM Ha JIy»Ke Maniil BiicTaHl MidK HMMM BMHHMKAKTH CHIIM
BIZIUTOBXYBAHHA  EJeKTPOHHMX  XMap, fAKi [epelKkoJKalTbh
B3aEMOIPOHUKHEHHI) YaCcTMHOK, TOMY mnoxanabine 36mkeHHs loHiB
NPU3BOAMTE OO0 3pOCTaHHA eHeprii cucTemn. MiHIMyM moTeHUianbLHOI
exeprii BijnoBigaTuMe cTaHy piBHOBaru iOHIB OJ[MH BiJHOCHO OJHOTO
3a Mix'AHepHOl BIZCTaHI MK HUMM Ty 3a/JeHICTE MOTeHlialbHol
eneprii cueremu Bin Bimetani mim lomamu r Bigobpakena rpadiuno
Ha pue. 5.37.
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Enepria BilloToRxyBaHua

BLw:."rn HE
‘,/:'\\ M mcn:i M
S

T

® Jm,_

Peaynurywia
eHeprin

PisHopasksa pigcTans
Mim ioHaMM

Enepria NpMTAraHKA

Puc. 5.37. Kpusi norenuianshol eneprii ssaemonii asox nporuneskuo
3apANMEHUX joHiB

Orsxe, noTeHtia LY eHepriio BoxX i0HIB, 1D B3aEMOAIIOTE, MOM-
Ha 3aMucaTH y BUIMAAL anrebpuuHOl cymu eHepriit npuTaranns Eyy i
BUIUTOBXYBaHHA E

2
zz, e B
13 =

E »

Eqor = Epp + Eg = - :
:

(5.1)

Jle mepluMi NONAaHOK — KYJNOHIBCbKA EHEPrid NPUTATAHHA NPOTH-
JIEFKHO 3apA/KEHMX [0HIB; Apyruit nonaHoK — pisHAHHA BopHa pgna
BUIHAYEHHA eHepril BiNIUTOBXYBaHHA NPOTMIEIKHO BapPAAKEHHMX
IOHIB;, T — BIOCTAHE MK JIBOMa iOHaMM; N — MNOKA3HMK, 3a3BMuai
Bmabkui no 9; B — xoedpiuienr; z;, zp — aapangu ioHis.

Akmro piBHAHHA (5.1) BigHecTn [0 1 MOJBL pedoBMHM, a TaKOMK
YpaxyBaTu eHepril NpuTAraHHs i BimuToBxyBanHA Ginbw Bigmane-
HuUX 10HIB Yy KPHMCTamdi, TO OTpMMAaeMo DIBHAHHA A8 oB4MCIEHHA
€HEPT11 KPUCTANYHO] IPaTKM, 3aNponoHoBaHe B 1948 p. HiMebKIMK
(isnkamm M. Bopsom i A. Jlagne (1888—-1975):

2
_zz,e°N A 1
Ep = B r"‘—ﬂ' (1 - ;{} (5.2)
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jge A — crana Mapenysra, 10 BpaxoBY€ eHepril NpHTATAHHA Ta
BijuuToBXyBaHHA Binesw pinganenyx iomie y kpuerani; Ny — wieno
Aporampo.

Ienyiors iHun pocwrs npoeti cfocobu obuuenents exepril ionHol Kpu-
CTAJHMHOI TPaTHM, HAPHEIAL eI i BMpa3, 3anpoloHOBaHuA V
1943 p. A B. Kanycrincsrim (1906—1960):

Ep = 1071,35—7L 3" ., Kl /moms,

n + Ty

ne wy i wy — BaneHTHOCTI ioNie; Ty i Ty — pagiycw jomis, A; 3 n — uncno
ioHIE y XiMIYHIA OPMYI PEYOBRIHN.
Hanpurnan, ana cnonysy NaCl maTimemo:

1-1

E,, (NaCl) = 1071,38 —
rp (NaCh) ! 0,95+ 1,81

<2 = 776,3 klla/mons,

EeKCHepHMERTANbHE 3nayerHs — 7883 xllw/mone.

Jna NaBr:

1-1

NaBr) = 107,33 ———-
Eep ] 0,95 + 1,96

2 = 736,31 g/ Momb,

EKCIIEPHMERTANBHE 3HaAYeHHA — 703, 1 Kl /Mmoo,
Jna KBr:

1-1

E., (KBr) = 1071,33 —
p (KBr) 1,33+ 1,96

-2 = 651,26 wJl/mom,

eKCnepHMERTANbHE JHaverHs — 609,5 wlw /rons,

Eneprito wpHcTanivHOl rpaTky BH3HAYANOTE 38 ZHIDKEHHAM [M0-
TeHLIANBHOI eHepril cucTemyu NMpH Habmpkensdi Bsaemoziioumx ionis
[0 CTAHY PiBHOBArH.

Biporigictes enextpocTaTH4YHOT MOJENI MOMKHA [epeBipHTH,
aicTaBHBIIM EHEPrilo KPHCTANIMHOI rpaThi, 064HCAeHY TEOPEeTHYHO
3a piBEARHAM (5.2), 3 pO3pPaxXOBaHOI EKCMEPUMEHTANBHO 38 TMKJIOM,
sanponosoBasum y 1919 p. M. Bopuom 1a €. TaGepom (1868—-1934).
Iyxn nonsrae B 3icTABJIAHHI eHepriit npoueciB oTpUMaHHs I0HHONO
KpMCTaNa ABOMA pizHuMI criocobamit 3 BiAMosigHUX [IDOCTHX pedo-
BlH, Y3ATHX 3a CTAHAAPTHUX ymoB. Bir Britowae crajain yrsopeHHs
IOHHOI kpMcTaniyHOl pewoBMHM 3 rasonofibHuX iOHIB, TETMOBMH
edexT AKOI MMCENIbHO AOPIBHIOE EHEeprii pyiHYBaHHA KpUCTANIMHOL
rpaTey, T0OTO eweprii rpaTku E.;, 1 abiraerscs 3 HEW 34 3HAKOM.
Hanpmnan:

NaCl@n) = Na*(;y + Cl 7.
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yen Bopra-Tabepa nns KpHUCTAMNHONO XJNOPMAY HATPIO HABE-

neHo wa puc. 538,
-
Enepria
fporio By

I cniociB, AHym I E
T lonisauin &fﬂp;: no
I ENERTPOHA
CyBainatiis
Al eyhn
5 8=
{ras)

II cooci6

Hweomiamia, s A

Piee. 5.38. Lsen Bopea—Tabepa anz NaCl

fAkmo ewepria BUAINAETLCA (EK30TEPMINHMIT NIPOLEC), TO TEMAO-
BIf e(DEeKT BBa)KalTh HETATHBHIM, AKILO MONWHACTLCH (eHaoTep-
MIMHHIt TIPOLEC) — MOBHTHBHIIM.

Srig#o i3 sakonom abepesteHHA eHeprii anreGpudni cymu enepre-
TIMHUX eheKTIE MepIIoro Ta ApyTroro crocofis OTPHMMAaHHA KPHCTA-
niveol peqoBuEM NaCl(re) 3 omix 1 THX camux BMXIJHMX KOMITO-

; 1 : .
Heutis (Na(m) + :._*Clﬂ (r)) MaWTh JOPIBHIOBATH OLMH OZHOMY. 3BiICH
BUMNKBAE, 110

1
Atlym = eyt + 3 Epge + Een + 1= Eg

1
Erp — E:yﬁn_‘_ EEIHE + E{ln +1I- ﬁHj"'tB'

MincraBypum KOHKPETHI SHAYEHHA IOHAHKIE, OTPUMAEMO aHa-
YeHHA eHepril kpucraniusol rpaten NaCl:

E.,= 1083 + 121,3 — 351,4 + 495,8 + 411 = 775,1 xllsx/MONb.
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Jlns rancreHifgis My:RHEMX METATiB, Yy AKHMX aTOMM eneMeHTis Hafi-
Binbll PISHATECR EMeXTPOHEraTMBHICTIO, PEe3yNBTATH TEOpeTHYHMX
MigpaxyHEIE Ta eKCIepMMEeHTANbH] JaHl BMABMIMCE NOCHTE DiMakn-
gy (tabo. 5.10).

Tabauya 5.10. Bicrapnnans 06MMCTEHNX TA eXCHEPUMEHTANBHNX IHAYEHE
CHEPriil KpMCTANIYHNX FPATOK JAeAKHX TANOreHiflis s-eneMenTin

Cnﬂ’l}'lﬂl El'p!puup]r = ulmfor:‘:exmh rIDK  MOSTH
: s/ Mok Bopua-TaGepa [Mpame euMipoBanRA

NaF 925,9 906,86 =
NaBr 753,1 734,78 736,88

Nal T05,8 689,988 695,01

ECl 77,5 704,64 =

KBr 6785 672,82 660,89

KI 6493 634,30 640,58

Boguowac maBiTe y ranorexigax s-enementis me icuye 100 %-ro
lonHoro aB'saky. 3 BMKOPMCTAHHAM TeOPETHYHMX po3paxyekie Ta
muiny Bopra-Tabepa crocosHo pianMx coneli BuABNEHO 3HAYHI He-
BIANOBIAHOCT] 3 EKCHepPHMEHTANLENMY BHMIipaMM.

Bigxinesusa Biff ¢yTO i0HHOrO 3B'A3KY 3YMOBIEHE YACTKOBMM Tie-
pexpHBaHHAM 30BHIHIX enexTpoHrmMX opbitaneit ioHie mix coGoo,
0 TPMEBOAMTE A0 3MEeHLIEHHA CrpaBycHIX sapagie obox iomis, 0
eB3aemofiloTe. Posrnaremo zparHicTs ioHIB Ao nmosApuaanii Ta ix no-
NAPMBAIHHMA BIIIHE.

IMonapusania ionie. IoHn, 10 cKIANAKTE KPUCTANIYHY CTPYKTY-
Py, npocTopoBo posMimesni 6a13eKo | YMHATE B3aEMHMI BILTMB OfMH
na opuoro. Ile npuasopTe no nedopmanii ixmix enexTponEnx obo-
JIOHOK, 00 SMIllleHHs eNeKTPOHHOI rYCTHUHN NEPEBAMHO Bif anioHa y
6ix noanTHBHOrO NoaA Katioka i go sbimewenns ii y mix'ageproMy
npocTopi mixk iomamm. Take FABUINE HASMBAKTL MOAAPUIAYIEW
ionie. Hacmpgxom nonspuzauii € 3MEHWEHHA YACTKM IOHHOCTI
XimMiynOro aB'A3KY i abimbuIenHs KOBANEHTHOCTL

Monapuaaiia € nBobiunoio aiew, Tobro mico kariowis ma aniomm,
8 AHIOHIB — HA KATIOHM, aJ1e OCKIEKM pPOSMIpH KATIOHIB MeHUN Bij
poaMipie BifnoBigHUX aToMiB, 3 AKMX BOHM BMHMKIM, & pO3MipH
aHicHiB sHa4yHO Gimbiui, TO monApMaauiliHa AiA MO3MTMBHONO [MOJA
KAaTIiOHIB Ha eNeKTPOHHI OBONCHKM aHioHIB 3HAYHO CHILHIINE, HIMN
BBOPOTHA.

Snarthicre ioHiB go nonapusatiil sanexaiTh Bl poamipis i zapsa-
JiiB, a TaKo>k Bin OyQoBYM 30BHIMHIX eneKTPOHHEMX 0DOJIOHOK.

SpaTHiCTE KATIORIB BHABIATH NOMAPM3aUifiEMI BOAMB Ha aHioRM
a3bimuuyeTscs B Mipy SpOCTAHHA 1X NOZUTMBHMX 3aPHAMIIB, 3MEHIICH-
HA iOHHMX papiyciB Ta B pasi HeeianoeimaocTi GynoBM 30BHIIIHIX

e
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esneRTpoHHNX 060noHOK KaTiowa Gynosi sosmiumix ofomonok imepr-
HOro rasy, To610 ns? abo nsinp®.

) BBi.nc?a BUITMBAE, 10 OBOX- ab0 BOCBMMENeKTPOHHE KOH(Irypa-
LiA 30BHILIKEO] €NEKTPOHHO1 obooHK iHEPTHOTO rady HaliedeKTms-
HILIE expaHye sapffi Anpa kariowa sin jtoro nosepxwi. Katiomn a
iHUIOW KOH(Irypaui€o 30BHILIHLOI enekTPoHHOI OBOMOHKM MaloTh
CH/ILHE NOSUTUBHE NONEe Ha nosepxxi 1 Tomy BigaHauawrTLes BuCO-
KO nonApusaniiisolo apgatmicerio. Hanpumnapg I} crn
LiCl — NaCl — KCl — RbCl — CsCl ROMApeat it aiss oo
HOBAPANHOTO H.a'r_iong JIYFRHOIO METAY HA 8HIOH XNOPY 3MEHLIYETLCA
BIJL UTLO A0 nesito, 1 romy CsCl Tyt mae maiibinwwy wactky iommOCT
ap’'aaky. Ile nos'asano 3i 3binswennam poaMipis kaTiona.

¥ pany NaCl — NayS — NazP B mipy sbimienns sapany awi-
oHa 30UMBINYETECA Takox fioro pagiyc, Tomy y coonyni NagP
Halblmeinow Byne uacTka KoBaNeHTHOCTI 3B'A3KY | HAIMEHLIOK —
HacTka oro ioHHoOCTL

) Oraxe, poarnanyTi sakosoMiprOCTI 3MiNy nonApusanifinnx edek-
TIB [Oai0Th 3MOTY 3po3ymiTy, Homy He OyBae COOMYK 3 «4MCTHM»
IOHHMM 3B'A3KOM | AK SMIHIOETLCA FIOT0 YACTKA 3aNeHO Bin THUITY
CTIOMYKH.

Haf:.ninmm ediexTy nonApusalii € TAKOIK IMEHIIEHHS CrIpaBHIX
SapAmiB, 0 J0CEPEMYIOTHCA Ha ioHaxX, BifHOCHO UiNOYHMCNOBHMX
3HaqeHb, fKki Momua Oyno 6 owikysaru Tak, mokwa 6Gysno 6
O4IKYBATH, WO ¥ XN0pMAl HATpi0 ion HaTpilo maec sapap +1, a ion
xnopy —1. Hacnipasai #a wartiomi marpiio aocepemxennii edextus-
Huit 3apsn +0,8, a wa anioni xnopy —0,8 y 3HaueHHAX aapaLy enex-
TPOHA. 3a AONOMOTOK eeKTUBHMX 3APHMIE MOMHA OLIHIOBATH Ty
XimiaHOrO 8B'H3KY y cronykaX. Obumemolors IX 33 CHiBBimHOMeR-
HAM MUK 3HAHJEHUMM SHAYEHHEAMM JMIIOILHONO MOMEHTY 3B'Asky i
podpaxosamim 3a npunymenns 100 G-ro ionsoro as’aAsky. Ockinbor
FUNONMBHKIT  MOMEHT [OpiBHIOE fofyTKY 3apAfy enexTpona Ha
BIACTanb Mix sapsafamu: p = el, T0 BEaN@IOTE, mo | JIOpiBHIOE Bif-
CTAHI M AApamy iOHIB, ARy DepyTh TaKOIO, L0 AOPIBHIOE AOBMHMHI
3B'ABKY, Bupaenii B anrcrpemax. Hanpuxman, aas HCL:

Hexen = 0,347 - 102° Kn - m,
Mreop = 1,602+ 10" Ka-m - 1,27-10°1% = 2,032 10-2% Kn - m.

3eificu edbexTMBHUIT 3apaAp ioHa

5 — 0347-107% Kn-m

=0,17.
2032107 Ka.m
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Omxe, Ha ioni Bogmo y cnonyui HCl socepemxennit 3apAR +0,17, a Ha
ioui xn0py — 3apan —0,17, To6To 38’asok Ha 17 BigcoTkie ioHHMI.

3a3euyall 4acTKa iOHHOCTI 4YM KOBAJEHTHOCTI 3B’ASKY Y CIOJYy-
KaX 3&JEMTh Bif PIsHMI MK eJeKTPOHEraTMBHOCTAMM EJIEMEHTIB.
Binbinift pissmul Bignoeigae Glnema HacTka ionsoeTi. ITpnbmamane
CrIiBBIIHOMIEHHA Mi Di3HMIE0 eNeKTPOHEeraTMBHOCTEH aTOMIB ene-
MeHTIB Ta BifcOTKOM IOHHOIO 3B'A3KY B OiHAPHMX CNOJYKAX 3 OOM-
HAPHHM XiMIYHMM 3B'A3KOM MOXM(Ha NOAATH TaK.

PiaHMUIA eJeKTPOHEra-

THRHOCTEH aTOMIB JacTKa KOBaJEHTHOTO

Yaerra ioHHOTO

enementie AEH as'asky, % ap’AskKy, %
g 0 100
0.5 6 94
2,0 63 37
£y 79 21
3.0 89 11

Y pany NaCl — MgCly — AIlCly abinbiryerbesn 3apaa kaTioHa i
3MeHIIyeThCA Horo pagiyc, ToMy KaTioH amoMiHIO YMHUTH Haitolns-
umi nosApu3auiHMit Bnme Ha adion xaopy. Cepen HapexeHuX
CTIOJIYK HAalMEHIYy YacTKy IOHHOCTI 3B'ABKY Ta Haidinbury Kosa-
aenTHieTs mae AlCl;,

Ina cnoayx NaCl, CuCl posmipu opHosapaaHux kKatioHie Na™
(98 nm) i Cu* (98 nm) omHakoBi, ane Koudirypauia soBHIIHBOI
enextpontoi obonouxn iona Cu™ (3s23p53d!") me signosimae Gymosi
R0BHIHEO] eJeKTpoHHOI 000JIOHKM IHepTHOTO ra3y, TOMYy NOJIAPH-
sanisiemit Bname Cu® Ginsumit, wix Nat, a 3s’asoxk y CuCl mae
MEHIIY HacTKY 0HHOCTI i 6iablly — KOBANEHTHOCTI, HiX ¥ P{aC}.

Hapewri, cepen peuoens FeCly ta FeCly ofeH 3 KaTioHIB He
Mac eNeKTPoHHOl KoHbirypauil 30BHIILIHLOIO EJIEKTPOHHOrO Aapy
imepTHoro rasy, aje pagiyc ioma Fe¥™ wmemumi, a sapan Slabunad,
romy uacrka ioHHocri y FeCls 3HauHO MeHINA, & HaCTKA KOBAJEHT-
HoeTi — Ginbina, His y FeCls.

Cnig 3a3Ha9MTH, [0 AYIKe CHILHMIH NONAPH3aNiiHui BINWE -
HITL KaTion sommio HT, axuit ¢ «romim» agpom. HedopMyoun enex-
TpoHHi 060sI0HKN aHioHiB, BiH Mome 3aruibJIBaTUCh Y HUX. Karion
BOJHID HIKONM HE YTBOPOE IOHHUX CHOJYK, i jioro moeeginka OaraTo
B 4OMY BiZipiaHmeThCA Bif PeIITH KATIOHIB.

AHIOHM TaKo¥ MATh 30aTHICTE A0 noaapuaanil. Boma THMm
euAbHimE, YuM Biabmi poamipu i 3apafn axioHa. 3aseuyaii HinblLOMy
HeraTMBHOMY 3apAZAY aHiosa BianopinawTs i Gineii fioro poamip.

T T
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Posrnanemo aminy iommocTi 3e'saky B paay cnonyk NaF — NaCl —
— l}]’aBr — Nal, 8 Axux opxosapazgni rajoreniasi aHioHM NOJAPUIVIOTHCA
KaTIOHOM HATPII. Ixni poamipu s6inemyoTecs Big dropy a0 fogy. OTxe,
Hommunuuii ioH monApuayersca HaiiBinbine, TOMY 4acTka lomHocTi ¥y Nal
HalfiMeHLla, a 4acTKa KoBaleHTEOCTI — Halibineia,

¥ memax siCTABMOBARMX IOHHMX PEYOBMH 3aJeKHO Bifl UACTRM ioH-
HOCTI 3B'A3KY 34AKOHOMIDHO 3MIHIOETECA Tenaora ix vreopenHA. Binemif
4acTUl IOHHOCTL BIANOBIAE BMILA TENNOTA YTBOPEHHA COONYKHM. Y HaBege-
HOMY PAIY CNOAYVE HafBUIo BoHa € y NaF,

Baaemna nonsapusanis ioHIE BOIMBac He Jmime Ha 3MEHIIeHHA
HACTKM IOHHOCTI 3B'A3ky. 3 nO3uuili NONAPU3ALIAHMX YABJEHb
MOMCHA 3P03yMiTH Barato BIaCTHBOCTElH PEYOBHH,

Hanpuxnan, cepes rasoreniais myxuux meranis cnig 6yno 6 oui-
KYBaTH HaliBMILOl TEeMNEPaTypH IUIABJEHHA AJA CTNOAYK JiTiio.
Ockinbrn ioH Li* mae HajiMeHIIl poamipu, TO fioro enexTpocTaTHYHAa
B3a€MOMIA 3 ranoredin-ioHammu mana © Oyru Haibinsmoo, a Bemu-
Koro iona Cs™ — Hajimenmono. Hacnpasni KAPTHHA 3MIHM TEMIIe-
paTypu naasneHsa propuilis, Xxnopuais, Gpominis Ta jioamaie y ps-
AY JOYHCHUX MEeTajiB ICTOTHO BiIPI3HAETbCA BiN NpAMOMiHIAHOI 3a-
JIe3HOCT], AKY moxHa Oyso © owikyBaTu Ha OCHOBI cyTO ioHHOI Mo-
neni ap'asky. lanorenign nitiro (a gna foguaie — i HaTpio) MawTh
4HOMAJLHO HM3bKI TeMnepaTypu muasneHHsa. [loAcHoOTE nme TuM,
10 MANeHbKMH «XOPCTHKMM» 10H JiTII0 BUABNAEC CUALHMIT NONApH-
3alIMHMA BIJKMB HAa raJOreHii-aHioHH, ocoBaMBO Ha BEJNMKMI «nyX-
Kuii» lor I TIpu npoMmy ioHHa CTPYKTYpa CRNOTBOPIOETHCA i cTac
Aeo nofAibHo 40 MONeKYJAAPHOI. PeayasTaToMm 1BOro € 3HMMKeHHA
TEMNEPATYPHM NJAaBJEeHHA NOAIDHO A0 pPeYoBMH 3 MOJEKYJIAPHON
CTPYKTY POIO.

Inmmm npuknagom ¢ NaCl i AgCl, aki mawoTs oaHaxoBy Kpu-
cTanivHy Gynoey, 6Gamsski mMisaTomul Bimeradi B Kpuctanax (Bigno-
Biguo 279 i 294 nwM), a TeMNepaTypH NMaBAeHHA IMX PEYOBMH iCTOT-
HO pisHATeCcA: 801 °C ana NaCl i 457 °C gna AgCl lle nos’asaHo iz
CUNMBHNM TosiApuaaniiinum edextom y AgCl, ockineknu kation Ag®
Mae 18-eJIEKTPOHHY 3OBHIMIHI0 060JIOHKY, WO 3HAYHO 36imbmIVE
«MOJIEKYJAPHUI» BHECOK ¥ CTPYKTYDRY.

Tunta BJIACTUBICTD, AKY JEIKO MOACHUTH 3 NO3MUIA B3a€MHOI mo-
JApHU3anll, — 3MiHa CTYNeHA aucomianil JeAKMX pevoBMH Y BOfL
Hanpuxnan, noBefieHO piske 3MEHIUEHHA CTYNeHA aucoriauii ¥y pa-
ay cnoayk CdCl; — CdBry; — Cdl,. Ille meHme, scworo Ha 0.5 %, y
poabasnennx podunHax mucouiroe HgCly, tomi sk cnoayku pryTi(II)

3 aHioHAMM, WO BaKKO AedOPMyIOThCA (HAMpPUKIAL, ClOy, NOj,

F‘}, JMCOLIIOITL 338 TAKMX YMOB NPaKTHYHO MOBHICTIO | TOMY €
1O0HHMMM.

I3 BaaemHO0 nosApusaLico iOHIE noB'sAzaHe 3abapelieHHA cro-
JyK. Ile aymoBieHo nopyleHHAM HimicHOCTI 3anoBHeHmx eJIeKTPOH-
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Hux 060I0HOK, BHACJINOK €Oro BHRMKAE Geasiy eneKTPOHHMX CTaHiB
y pedoBuHi, [ Hac MepexoliB eNeKTPOHIB MK AKMMM MNOrJIMHA-
€ThCA eHepria y Burasanl ¢ororiB BHAMMOro csitia. 3 uiel npudamHy,
30KpeMa, AJA TajoreHifis Baj)kuMx Metanis imTencusricTs s3abaps-
neHEs normubmoersca B manpAMky po fiommais: HgCly — Oimmit,
Hgl, — opamxkesuit; PbCly — 6umii, Pbl; — somoructwii. Ilin wac
posuMHEHHA y rapsadiii pogi konip Pblp sHukae€, OCKiNBKKM 3a OMX
YMOB CHOOJYKa TIOBHICTIO JIMCONIKE | BTPavacThCA Bﬂﬂﬂﬂilfrﬂ nons-
pu3aifisMii BIAMB, KOJM K 3'ABJAKTLCA KPUCTANM — BIJHOBJIO-
€rcA | Komip.

Iarercueninie 3abapeiesHA MOPIBHAHO 3 cmcrkaamn MAKOTE CYJb-
Giny, ockineky anaTHicTs Ao Aedopmauii iora S* binbwa, mixk 0%,
manpuknan PbO — Gimaii, a PbS — yopsuit.

Ilna cnonyk enemertie II rpynm nepioguynol cucremm 3 18-
eNeKTPOEHOK 0D0JIOHKOK B pany cynasdinip iwrTencussicTs 3abaps-
nexss nocumoersen: ZnS — Ginmit, CdS — »xoprmit, HgS — 4op-
Hiil. Isopi sabapeBrenHs pedoBMH SMIHIOETBCH [Nl 4aC HarpiBaHHA
(ue sacrocoBywTh y BMpoBHMUTBI TensouyrauBux ¢apb). [Ipuuvma
LLOr0 ABMILA TIONATAE B [IOCHJIEHHI NONApM3alil Nl Yac HarpiBaHHA
pHACHIAOK Olasiuol pyxnmeocti enekTporEux obonoHok aTomiB 3a
Takux ymoB. Hanpuxnan, 6ini ZnO, TiO; kosriors nmig Hac Harpi-
BaHHA i SHOBY CTaThL BLMMMK Mij] Y4ac OXONOMIKEHHA.

[Monapusauiiini yABJIEHHA MOMHA 38CTOCOBYBATH 1 INIA NOACHEH-
HA pISHOMAHITHMX XIMIiMHMX BJACTMBOCTE) PEYOBME, HAIPMKIATN
wectiiikiers Culy, CrIonyx 3 BMINMMM CTYHNEHAMM OKMCHEHHSA TAJIIO,
ceuHuo, GicMyTy, Hecriiikicrs DaraTeox rigpokcupie meranis 3 18-
EJEKTPOHHOI0 0DONOHKOI, BiIHOCHO HM3BKI TeMIEpPATYPM POSKMALY
KMCJIOT TIOPIBHAHO 3 IXHIMM CONAMM, HEOOHAKOBMWH XapakrTep po3k-
Jany HiTpartiB mertamie Ta DaraTo iHmemx.

BeasxawTh, 10 3a pisHMui enexktTpoHeraTupHocTelt monan 1,9 xi-
MigiMit 3B'A30K € MepPeBaskHo iOHHMM, ane HaBiTe JnA Qropuuis
ayHEUX Metanie He pocaraeTees 100 % ionHudt as'Azok

Kopuerysatien edexTUBHMMM 3apAflaMM HE 3aBXKIM 3PYHHO.
SokpeMa, L BaKo pobuTH Ml 9ac BMBYEHHA OKMCHO-BilHOBHMX
peakii.

Haifbiisln npoayKTHBHMM JUIA CHCTEMABTH3AUll THMINB XiMiMHNMX
CHOJYE T& OKMCHO-BIAHOBHMX peaxuili BUABWJIOCH [OHATTH CMyne-
HA OKUCHEHHA GIMOMO eAeMEHTA.

CryniEs oKHCHEHHA aToMa enemMeHTa. [le NoOHATTA HANEXNTH 0
HaliBax I MBinmx rnodaTs XiMil. BoHO BBejieHe [M1A XapaKTepPHCTHMEN
CTaHy aToMa ¥ cnoJyui

¥ craapHMX CHOONMYKAX Nif Yac YTBOPEHHA XIMITHMX 3B'A3KIB MDXK
ATOMaMH eJIEMEeHTIB MA€ MICIe HepiBHOMIpHMIT POSHONLn eNeKTPOoHIB,
T06TO 3B'A3yBANbHA ENEKTPOHHA XMApa TIE0 49M 1HIIOK MIPOI0 3Mi-
Hiyerbea Bifi MEHIN enexkTpoHeraTuHoro (Tofro Binsw enextpono-
3UTHBHOrO) A0 Blibill eNeKkTPOHEeraTHBHONO ATOMA.
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Y pasi BUBHAYEHHA CTYMCHS OKMCHEHHSA aTOMA €JeMEeHTa YMOBHO
[PVIIyCKaioTh, M0 B COONYLI 3B'A3YBANBHI €NEKTPOHM NOBHICTIO re-
pexoaaTs A0 Binbil eNeKTPOHEraTHBHOrO aToMa.

Crynine OKMCHEHHA — e yMOBHMII 3apAj aToMa B CHOAYWi,

o_ﬁqncnenmm 38 NpMOYIIEHHSA, [0 PeY0BHMHA CKAAMACTLCA
TINLEH 3 i0HIB.

Iannmm cnosamu,

CTYIiHh OKHCHEHHS — [ie TOM YMOBHWIT OijowucnoBmii enex-
TPH4HMIE 3apaAj, Axuili BMEAE 01 Ha atomi, nkbu enexTponni na-
PM, AKMMH BiH CHOJy9YeHMii 3 IHIIMMN ATOMAMM B PeYOBMHI,
noBHICTIO Nepeimam Ao GiiLin eNeKTPoOHEraTHBHMX ATOMIB.

Crynine okucHerss moxe GyTM HeraTHBHMM, NOSMTMBHMM abo
HYJNBOBMM, #HOTC 3a3BM4all M03HAYAIOTH SHAKOM «+» afo «—» 3
apabcekymy mmdpamy Micns 3HAKa 3apAAY | CTABJATE HAJ CHMBO-

#1 0
oM enementa, Hanpukaaa: H, N, abo pumesxnmm mmdpamy micas
HASEH eJNeMeHTa, Haupuknas cnonyxy samisa(ll), cononyxw cipras(II).

3 HABEJIeHMX BUIIE O3HAYEHb BMIIMBAE, IO Y NPOCTMX CHOJY-
Kax, fe eneKTPOHHL MapM HanexaTh OJHAKOBMM ATOMaM i poano-
minedi Mis HUMM DIBHOMIPHO, CTYTIHE OKMCHEHHS ENEMEHTa 3aBHUIN
Aopiexioe Hymo. CTyniHe OKMCHEHHA aTOMIB Bijl 3B'ASKY Mi OffHa-
KOBMMM ATOMAMMK B OJHAKOBOMY CTaHI TAKOM HOPIBHIOE HYJO:

=
H—0O - 0—H; H\ /H
0 -2 -2

—N
X
H 0 \H

Cryneni oxkmenenms atoMiB eneMeHTIB, Bii AKMX BiATATHYTO
ENEKTPOHHI XMapy, MaiTh NO3HMTHBHI 3HakweHHA. ][0 TakuX enemeH-

- +l

TE nane:ua*rh 4TOMM MeTaNiB y cmomykax, Hanpuknan: NaCl,
+, +2

Al, O3, FeS, Mg, N,.

C'ryngm‘ OKKCHEHHA aToMiB eneMenTis, y Dik AKMX smimeHi 38'A-
ayBabHi e;xemgmmu XMapy, MalTh HeraTMBHI 3HAYEHHA, HAIIPUK-

-1
nan: KCl; FeyO,.

Crynins oOKMCHEHHS aTOMIB ¥ CKNAJHMX CHOJYKax MOYHA 004MC-
JIMTH, COHPaYUCh HA AaHi, HABEJAEHI BMINE, a TAKOK YPaxoByHOUK,
wo: 1) anrebpuyna cyma CTyneHiB OKMCHEHHS BCIX aTOMIB ¥ CHOJYI
SABMIOM NOpPIBHIOE HyJl0, & /1A CKJAJHOTO 10HA — Joro sapany;
2) aTroMmu BOAHIO B GiNBIIOCTI COONYK MAOTh CTYTIHL OKMCHEHHS +1,
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3a suHATEOM riapwiie meranie (NaH, CaHy), ne cTymss OKMCHEHHS
atomiB BOAHIO AopiBHioe —1; 3) aTromut kucH0 Yy GLubIIOCTi CrosyK
MaTh CTYIMiHL OKMCHEeHHsi —2, 334 BHHATKOM NEPOKCHMAHMX, Hajre-
POKCIIHMX CTIONYK, O30HIAIB T8 (PTOpPMAY KMCHIO, JIE CTYTEH] OKMC-
1 1
i- -EI +2 (Na'z()z! KOE!
KOs, OF3); 10 MONEKyTApEMX IOHIB MOHA T&KOMC BIIHECTH UIMO-
-2 -1

ynenosuit eryniss okucrenns: 0,, O,, O,; 4) ayxmwi metan B yeix
CHOMYKax MAKTL CTYNIEL OKMCHeHHs +1, nysHosemensHi — +2.

Sk mpuMKJaj POSTNAHEMO OGYMCIEHHA CTYNEeHA OKMCHeHHs Qoc-

topy y doedopriit kucnori H;PO, Ta xpomy B ioni Crzog'. Tloana-
YUMO CTYTIIHE OKMCHeHHs vepesd x. Topi

HEeHHA KMCHIO BiAMOBIHO AOpiBHIOIOTE —1, —

P: (+1) -3 +x+(-2):-4 =0, ssiaku x = +5;

Cr: 22+ (—-2) *7=-2, =x+2=12, ssigknx = +6.

Crynesl 0KMCHEHHA aTOMIB eJeMeHTiB ¥ CIIONYKax MOMHA nepej-
faynTy 3a MiCLleM eJeMeHTa B NeDioAudHill cucTemi T4 enerTpoH-
HOI0 ByA0BOIO #1010 aToMa B HOPMANBHOMY i 30yKeHOMY cTaHax.

Tak, JUIA S-eNeMEHTIB CTYNIHE OKHCHEHHA B CTIONYKaX BUMOBINAE
KiMBKOCTI BANEHTHUX S-eNeKTpOHIB, TOBTO HOMepy rpyrnu.

Nlna p-enemenTis Hajcriikinnmvy € raxi cromyxn 3 OLIBIL enex-
TPOHETATHBHMMM €JeMEHTAMM, B SKMX CTYTNeHi OKMCHeHHS BIANCsi-
AaoTh KinekoeTi mecnapenux p-enerktporis (F, O, N) abo pans
afyeHux aToMiB — cyMmi HecriapeHux s- i p-enextposis (Cl, P, S).
Tak, ana p-enemerris IV rpymm (ns?np?): +2, +4; qus p-enemenTis
V rpynu (ns?np®): +3, +5; nna p-ezementis VI rpynn (ns®np®): +4,
+6; pusi p-enemenris VII rpyrm (nsnp®): +5, +7.

IcHYIOTE TAKOM CTIONYKM 3 iHmmMM nepeabaveHMME CTYNEHAMN
OKMCHEHHA €eJIeMEHTIB BiHOCHO 3[A@THOCTI rnoctyrnosoro 30ypxeHHs
efleKTPOHIB Mz mipgpiensmy. Hanpuxnan, ana p-enementis VII rpy-
ny Kpim CHoJykK 381 CTYyNEHAMM OKucHeHHsi +5, +7 BMABIEHO Maso-
CTIfIK]L Cromyxy 3 iMmmMmMy NO3HTHBHUME CTYNEHSMM OKMCHeHHA: +1,
+3. Bignosimio A0 Npasuna NapHOCT LA p-eneMeHTis NapHUX rpyn
BIACTHBEI NIEPHL CTYNEH] OKWUCHEHHA aTOMIB ¥ CNONyHax, N8 Henap-
HUX rpyn — 3aebinbIloro HemapHi CTYNEeH OKMCHEHHS aToMiB,

Ipore ichylors i BunaTku. Hanpukman, p-ememert VII rpymu
KNOp YFBOPIOE TAKOIK PEUOBMHM 3 NapHUMK CTYTIEHAMM OKUCHEHHA —
ClO, Clo0p Xoua cTyneHi OKMCHEHHS MOXMHA NepenfaunT, OCHO-
BOW [JIA pPO3YMIHHSA BJAACTHMBOCTEN eNeMeHTd € NPakTukd, Peaylib-
TAT AKOl — OTPMMAHHEA DPEaNibHO ICHYIYMX cronyk enemexra. Jlns
IMX CHONYK 1 BM3HAYAIOTE CTYTIHEL OKMCHEHHA.

3 enexTpPONOSUTHBHMMM elleMeHTamu (31ebinbinoro BogHeMm, me-
TanamM) p-enNeMERTH YTBOPIIOThH DIHAPHI CHONMYKM 3 HEeraTHMBHMMM
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CTYTIEHAMI OKMCHEHH:. Ix nepeabasaloTs AR pissmgo: § minye cyma
§- | P-eNEeKTpOHIE HA BafleHTHMX mijpieHax. Tawk, ans p-enemesTtis
IV rpymt: —4;, nns p-enementie V rpymu: —3; pns p-enemerTtie
VI rpymit: —2; pns p-enementis VII rpyms: —1. Tlpore sHoBy x Takn
€ BHHATEH, 110 BUILTNBAIOTE i3 BIACTHBOCTE! OEPEMUX eNeMeHTiB.

d~§neyeum 3asBMYail yTBOPIOIOTE pisHI XimigHl peyosuHM, B
AKMX IXHI CTYNiHL OKMCHEHHA HabyBae SHAYeHb BiJl HYJIH 10 HOMe-
pa rpymm, 0670 A0 cymu s- i d-enexrponis. TyT cTifikicTs crnonmyx a
NEBHNMI CTYTIEHAMM OKMCHEHHS 3a5ieUTh Bijl DaraTeox YmMHHVKIE, i
TOMY BJACTHBOCTI OKPEMMX EJEMEHTIB NOCHTE iHOMBinyasizobaHi.
3aroHOMipHICTIO € 30iNBLIEHHA CTIIKOCTI CHOMYK 3 MaKCHMATLHHMM
CTYMEHAMY OKUCHEHHA eneMeHTIB BignoBiiHO Ao 30LMBIEeRHA HOMe-
pa nepiony, y SIKOMY BOHM pO3Mifiesi

Ha ocHOBI cTyNEHIE OKMCHEHEA CHCTEMATHIYIOTh (POPMM Ta Bna-
CTUBOCT] CTIONYK eNeMeHTiB. 3aMiCTh TepMiHA CTMYNIMb OKUCHEHMS
HPM LBOMY H4CTO BHKOPHCTOBYIOTH eKBIBANEHTHE NOHATTH OKUCHO0
4UCAQ aToMa enemeHTa B crnonynl. OcTaRHe NOSHAYAKTE PHMCHEMMN
umcppamu Ges smaka sapsay. Hanpuknaz, croonyky cipem, B sKux
BOHA nabysae cTynens okucHeHHA +6, NosHauawTs 5K CHONYKH
cipen(VI), cnonyku xnopy 3i cryneHeMm oxucHeMEs +7 NosHauaoms
AK cnonyxu xaopy(VII),
~ Crynieb OKMCHEHHS BUKODMCTOBYIOTH JUIS OLIHIOBAHHA OKMCHO-
BIIHOBEMX BJACTHBOCTEN DEYOBMH, @ TaKOM¥ IiJ| 4ac pPOSpaxyEKy
CTeXIOMeTPU4HIX KoeilienTiB y OKMCHO-BIAHOBEMX peariisx.
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ﬁﬁﬁ%TﬂBﬂCTlNﬂHﬂﬂﬂﬂlTA
MIGKMOJIEKYJIAIPHA B3AEMOIIA

§ 1. lonapricTs MONEKYN

ONEKYJIM AK EMHE LiNe MOKYTb OyTH MOAAPHIMH i Heno-
naprumy. [TonApHicTs MOJEKyJ 3yMOBJIEHR XapakTepoM

PO3NOALTY B HMX EJEKTPOHHOI ryCTHMHM. ¥ pasi pieHo-

MIpHOrO POSNOALTY eNeKTPOHHOI IYCTMHM YTBOPIOWTHCH

HENOJNAPHI MOJIEKYJM, AKI CXEMATHYHO 300parKyioTh Y BUTIAM KyJi:

KO K eNeKTPOHHA rYCTHHA B MEHAX MONEKYNM pOSnofliAeTh-
cs HepiBHOMipHO, TO HA OiMbLIU €NEKTPOHEraTMBHMX ATOMAax 30Ce-
PeRKYETBCA HAANMIUKOBHMI HETATMBHIGH 34pAj, HA IHIIMX — II03MH-
TuBH. EneKTpuYHl HEHTPM NOSHTHBHONO | HEraATHMBHOIO 3apAAIE He
abiraloThLCA B oAl Touwi, a nepebyraioTh Ha AEAKIH BIICTaHI OAMH
Bizi 0ZHOTO i YTBOPIOIOTE NPOTIIIEXKH] nomocu gunona. CxeMaTHHHo
qunosi (nosnsipHi  MoJnexkym) 3o0paXcyioTb OBANOM 3 [POCTOPOBO
PO3ALIEHMMY 38 DANAMIM:

Mipolo MOJAPHOCT] MOJEKYIH € eACKMPUNHUL MOMenMm duno-
A5 (Bunoavnuill momenm).

JumonsHi MOMERT JOPIBHIOE NOGYTKY 30CepPeMizKeHON0 Ha MO0Jo-
cax monApHol monexymu 3apAmy q (Kx), mponopuiiiHoro sapsany
enexrpona 1,601:10'9 Kux, va pincrass | (M) mix By

u=ql (6.1)
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SHAYEeHH: | BHM3HAYAKTL €KCTIePMMEHTAJBHO 33 3aJeXHICTIO Ai-
eJIEKTPUYHOI NPOHMKHOCTI € peyoBuHM Bin Temnepatypu. Hienex-
TPMYHE DPOHMKHICTE XapakTepuaye 30iNBINeHHA eKCNepHMeHTAILHO
BUMIpAHOI eMHoCcTi KomaeHcaTtopa C mOpiBHAHO 3 WOrO E€MHICTIO ¥
paryymi Cp, KOMM B HOro eNeKTpyHYHE MNoJe NOMICTHTH PEeYOBMHY:

E= Cf Cn» [5*2]

Ockinmbxy penmunna C sassicam Ginsia Big Cp, TO eHepris KoHgeH-
caTopa, AKa TpAMo nponopuifiva C, y cepeposuii pedoBuHy Dinbia,
i y Bakyymi. IIpuumzoo usoro e Te, wio nif Ji€w 30BHIMHLOrC
EJICKTPMYHOrO TIONA AMIONI MONERyJ OpIEHTYIOTHCA BIMOBIK CHUIOBMX
minilt nona, i cami monexym fecopmyioTees. EdexT opienranii za-
JNIeNHUTE Bl TeMnepaTypu, a edext gedopmauii — He 3aNeKUTE.

Komt nnsa B3ATOl peHOBMHYM BM3HAYEHO £ 3a pI3HMX TeMmnepaTyp,
TO 3a piBeAHKAM JlamkeBena—[lefan 3HAXOOATL

e-1 M 4 Tl |

—_ —=—aN. |l +— — 6.3

£+2 p 31: "‘[ 3k T] (63)
ne M — monexysApHA MAca PEY0BMHM; P — IYCTMHA PpEeYOBMHN;

Na — umucno Aporanpo; k — crana Bonbumana (1,38 Isx/K); a —
pecdopMarniiina 31aTHICTLE MONEKYJ A0 NOAAPH3aLil.

-1
SaNexHicTh -:11—2 Bin % € JiHIIHOMI, TOMY 3a 3Ha4YeHHAM KyTO-

BOr0 KoediljicHTa MOMHAE 3HAUTH L

Muoxeurn q i 1 y Bupasi § = gl excriepMMeHTANLHO He BM3HA-
HAKTBLCA, TOMY AJA IX OLiHKKM BMKOPMCTOBYIOTL UB& IMIXOmM.

3a neprMM 3 HMX HA NPUKN&J JBOXaToMHMX Moyexyn Tumy HCI
3apAAM NOMIOCIE ¢ OpMIMAIOTh CTANMMM | TAKMMM, IO 38 SHAYEHHA-
MM ACPIBHIOIOTH 3apANy enekTpora. Jlani BBasKaloTh, M0 3aJIeKHO
BiJl BHAYEHB | BMIHIOIOTECHA BiAcTai Mi rmomocamu | i aumoymbEL
MOMEHT BIJNOBIJIAE€ BUPA3Y

u=el

Arxmpo pna HCl p = 0,347-10%° Kn-m, a e = 1,601:10°'° Ku, 1o
BifcTans mixk nomocamy | fopiexioe 0,21-10°17 m (21 nm), wo cravo-
Bute 0,17 simerani mizx snpamu aTomie (QoBkuHM 3B'H3KY) ¥ Mome-
kyni HCL
Innmit nigxin sacTocOBYIOTH JUIR BUSHAYEHHA eheKTHBHIX 3a-
PAIOIE HA aTOM&X Yy TONAPHIA MOJeKyJ i, 110 BMHMKAIOTE 3a PaXyHOK
SMILIEHHA eJIeKTPOHHOI IYCTHMHM 3B'A3KY A0 6ibm eNexTpoHeraTHB-
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Horo enementa, Jlng npuxnany 3 HCl epaxcaTumemo, 110 3apsAmu 30-
cepeeni na atomax H i Cl, Togi | gopipHioBaTHMe NOBMMHI 3B'A3-
Ky, AKA BiZIOMa 3 DAHMX PEHITEHOCTPYKRTYPHMUX pocninenb. OcKinn-

xkn W(HCH) = 0,347-1029 Ko, a = 1,27-10710 m, 70

_p_0347-10%

= 273-10% Ku.
1127-107"
Orpumane sHauenns cranosuth (L,17 sapany enexTpona i sianosigae
BesrMBam edpexTHBEMX 3apsgis Ha aTomax H i Cl, skl A0piBHIOIOTH
+0,17i —0,17.

Spoaymino, Mo B HAraTOATOMHMX MOJEKYJaX MOMEe MICTHMTHCH
KiflbKa aToMiB i3 S0CepeeHuMM HAa HUX MO3MTHBHMMI | HeraTHB-
HUMM Bapagamu. ¥ Takomy pasi sHauenss | wmavesenmm cnocobom
BUPasuTH He MOHCHA.

OckiyBKY 3HaYEHHA ¢ 1 | Lns NONAPHMX MONEKYJ TOYHO BUSHA-
YMTH HE MOMHA, NJA XapaKTepMCTHEH BIACTHBOCTEN MOMeKYN 4Yac-
rille BUKOPHCTORYIOTh SHAYEHHA AUIONLHKMX MoMenTis (Taba. 6.1).

Tatauyn 6.1. 3uaveHHa JHIOMLHNX MOMEHTIE JCAKHX MOJICKY.N

[ Monexyna | 0109, K | Monexysa | w109, Kn-m | Monexyna | p109Y, Ko
H,0 5,52 N,O 0,51 CsF 24
HaOy 6,77 NO 0,48 CsCl 31,2

HF 5,73 NO, 0,87 Csl 36,8
HCI 3,94 HNO, 6,47 CH,0H 5,13
HEr 2,97 F.O 0,90 C.H-.OH 5,01

HI 1,14 BrF 3,87 CHCly 3,03
NH, 4,44 0, 1,50 HCOOH 4,05
PH, 1,74 HaS 3.30 CH:COOH 5,18
AsH, 1,39 NaCl 30 CsH:CH, 111

Y HayroBiii JiTeparypl TPamRIOTBCA BHMAKH, KO IMOOMLHI
MOMEHTH BUDAHEHO B TAKMX OOMHMIAX BMMIpIOBaHHSA, K jgebal:
1 JI (neBait) = 10-¥ en. ot op. - 1 A Bpaxosyioun, mo 1 en. er. og. =
=0,33-10° Km; 1 A= 100 s, Tomi 1 I = 0,33-10%7 Kn-m.

Ins opHOTHOHMX PEeHOBME JOBHIMHA IOHMIONIE TuM Dlmbiua, wim
Binbina pizHMOs Mix eNneKTPOHEraTHMBHOCTAMM eneMenTiB. Harmpme-
Jam, Ans pRAIE PeYOBHH

HF — HCI — HBr — HI
H.zo = H-_)S — HESE e HgTE
NH; — PHy — AsH; — ShH,

JIOBJKMHA AWIIOJIB 3MEHUIYETHCA 3JiBa BIOPABO.
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ko MOJIeKYJa yTBOpeHa gsoma atomamu AB, 1o 1i nonspuicts
BaNeHUTh BIL NONAPHOCTI Ximiynoro ap’saky. Kopanentuuii op’asox
MK IBOMA OQHAROBMMM ATOMaMM € HEMOJNAPHMM, TOMY HenonapHi i
MOJIEKY JI1 Oz, Hy, Ny, Cly, F3 Tomo (I = 0; p = 0). 3’130k Mixk aTo-
MaMu  pisHuX ENEMEHTIB € MNONSPHMM, TOMY YTBODEHI aToMaMm
pissMX eseMeHTIB mosexysu, nanpuxnag HF, HCL, HBr, HI (1 = 0
p > (), TaKox € TONFEPHUMIL
ERTPMUHMA MOMEHT AMIIONA — BeKTOPHa bBemunua. Hanpam
HOr0 ¥MOBHO [I08HA4AI0Th Bil NOBUTHBHOIO 3apsy [0 HEraTHRHOTO,
Ario monekyna yTeopera Oumblu Hid ABOMa aToMamm, ii no-
JHAPHICTE SYMOBJIIETBCH HE TiNbIHM [OJAPHICTIO OKPeMMX XiMiuHMX
3B HGKIB, a i npocroposow Oy/0BOK MONMEKYN | BMSHAYAETHCH AK
BEKTOPHA CyM&d OKPEeMMX AUTONBHMX MOMEHTIB KOMHOIO JMIOMBHONO
3B HAKY.
IHKOIM 38 BENWHMHOK EJIEKTPHYHOIO MOMEHTY | AMIONA MOHA
CYANTH NP0 0coBImMBoCTi NPOCTOPOBOT BYHOBY MONEKYL
_ Mo.ﬂeny,;m, YTBOpeHi Tproma atomamu, 10610 ABy, MoxyTs MaTH
qiniiay (BeCly, COg) abo xyrosy (H,0, SOy, Oy) Gynosy. Enextpyy-
HI MOMeRT aunions mosiexys BeCly, CO, ziopissoe Hymo, ockinbgy
AWNON NOJAPHUX 3B'H3KIB KOMIEHCYIOTRCA!

& 425 -8 —
0O=C¢C=0 Koot Heg=0
Heo=0 Heg>0

Hasnaxm, ninifini monekym S=C=0 ta H-C=N nosiApHi, 6o
SB'ABKM Y HMX MAKOTh PisH] A0BMMEM # NONAPHOCT.

[Tonsprow € TaxoM mMonexyna BOaM, 1O 3YMOBNEHO ii KYTOBOK
Bynosoio (LHOH = 104,5°).

Y pARgax KyTosux MOJNerymn,
Hanpurnan HyO, H,S, HjSe,
H,Te, mumonsui momenty smen-
WYKTECA B MIPY 3MEHILEHHS pis-
HUIl M eJeKTPOHera TMBHOCTH-
MI eJleMenTin,

Monexynu, yTeOpeni sotnpma
atomammu — ABj, Tawkom MOMYTH
Gy Ty NONAPHUMKM | HEMONAPHUMM.
Henonapni sonw B pasi nnomms- Mg =0
HOi OymoBm 3 wytom 120° mi
ap'siskaMy, wanpukaan mosexyma  Pwe 6.1 Jomasamm mmonbiis
TpudbTopuny Gopy BF; (puc. 6.1),  MOMewtis ar'sskie y monexyni BF,
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flkuo monmexym AB3 MaOTB nipaMmifassHy bynosy, TO pesyJib-
TYIOUMii AMNOJBHMI MOMERT GlibLii Bifl HYAA, Taxi MOJERY-
mu monspui. e peanisyerbes, HAOPMENAL, Y MOJIEKYnax amiary
NH;, Tpucpropuny asory NFz (puc. 6.2).

Monekymy NHy i NF3 mawors nozibuy nipaminansay Gyznosy, ane
ixHi AMIONBHI MOMEHTH PISHATHCA (pyy, = 0,45 102 Ka* v, pyg, =
= 0,07 - 10"2" Kn+ m). Ioscuowors ueii dakt 36irom Hanpamkis Mo-
MeHTIB 3B'A3yBaNbHKX | Hesp'S3yBAJNBHMX EJNEKTPOHHMX rap y Mo-
nexyni NHj, wo npussomurs 10 SOUTBIIEHHA PesynbTyOHOro am-
NONBHOrO MOMEHTY monerymy zaranom. Ilns momexym NF3 cro-
CTepiracTbCA MPOTHJEHA KapTvHA, 1 AK HACTIOK eNeKTPMYHMIA
MOMEHT JMITONA MOJEKYNH BMEHIIYETLCH.

Puc. 6.2. Buecky 8 AUMNONEHME MOMEHT MONEKYN
NHs [ﬂ:l Ta NF; [ﬁ'l

Nas cumerpuarnx terpaenpuinux (CHy, CFy) i okraeppiriznx
(SFg, WFg) Monekyn THIONBHKT MOMEHT JIOPIBHIOE HYJIO!
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34 HAMBHOCTI HEOOHAKOBMX B3aMICHMKIB Y TAKMX MONEKyJax no-
PYIIYEThCS IX CHMETPiA i MOMEKYJHM 3arajioM CTAKTh MOJNAPHMMM
(CHACl, CHClj Ta in.).

Bp'asani Mixe coBo0 ATOMM B MOJIEKYJI BIIMBAIOTH OJMH HA Of-
noro. OcobnuBo MOMITHWIA L€ BIIMB, KONM ATOMM DISHATHCH eJeK-
TpoReraTHeHicTIO. Binobpasaiors Takuii B3AEMHMA BIUIMB atomis
indyxyilinum efiexmom. Bin BupaskaeTbCH 3NATHICTIO OKPEMMX
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atomie (abo rpynm aTomiB) y momexyn mpuTaAryeaT po cebe abo
pimrroexyeaTu Bin cebe enexTpousi napyu sp'aAskis. Take aMingeHHs
eNIERTPOHHOI TYCTHHM O-3B'ASKy BinGysaeTsca y 6ik Oinbiu enek-
TponeraTueHoro atoma. Ilelt edext y eTpyxTypHMX (bopMynax ro-
3HAYAIOTE CTPLNKOIO, COPAMOBAHOK) B HANPAMKY 3MILLEHHH eNeK-
Tpornoi nmapu 38’'aawy, Hanpurnag H — Cl Hacnipxom Takoro ami-
LIEHHA, AK Y7Ke 3a3HAY¥aN0CH, € SMiHa ePeKTHBHMX 3apAnis HA aTo-
Max, Npu4YoMy SHAYEHHA O MEHII BiJl eJIeMEHTAPHOTO 3apAAY efex-
TPOHE 9M [POTOHA,

[HayRuifnmi edexT MoMe BMABNATHCA AK y pasi Geamocepen-
HBOFO KOHTAKTY Mi’ aToMamM, CHONyuYeHMMM O-3B'A3KaMy, Tak i
flepeflaBaTHCH Hepes Jesky JMIHHKY MONeKyms, poaMilmeHy Mim
vy atoMmany. OTsxe, MO¥KHA 3'AcyBaTH aMiau B XiMiuuil nosepninoi
ananorivumx 3a Gymosowo monexysL Tak, AKIO NOPIBHATH KMCJOTHI
BIACTHBOCTI OUTOBOI Ta XJNOPOLTOBOI KMCNOT, TO 3a [JONOMOTOIO
impykgitinoro ederty MoxHa nepeabaumTy, L0 XJAOPOLTOBA KMCJIO-
Ta sHayHO CHJAbHIIIA, 60 eneKTpOHETaTMBHMI ATOM XJOPY NMPUTATYE
ao cebe enexTpoMHy TYCTMHY 3B’A3KIB Y3I0BR JIaHLIOTa, BIOTATY-
04U Bil aTOMAa KMCHIO eleKTpoHHy rycruuy rpyms OHT, Tomy mo-
nApHICTH 1BOTO 3B'A3KY sbinpwyersbes. Ha nasepnenidt moxye cxemi
CTPINKAMY MOKABAHO SMIlLEHHA eJIEKTPOHHOI TYCTHHM B3JOBMW JaH-
1IOTa B MOJEKYJl XJopouTosol kuenoTy BHachiiox mil imayruifisoro
edexTyY aToOMa XJOpY:

i
Cli—(fﬂ—Ci—Ui——H
H

THonifue crnocrepiraeTecA i B pazi aMiHM KMCIOTHMX BJIACTHBO-
creit, nanpukaag, wucnor HCIO, HCIO;, HCIO,, HClO4, ne 36inb-
LIEHHA YUCHa HE 3B'A33HMX 3 BOAHEM ATOMIB KMCHIO CIPHHMHIOE
apocTannsa nosaspHocti 38'saky H—O, foro nocnaGnennn, a, 0T#e,
SDINBLIEHHA CHUIE KUCTIOT.

§ 2. 3paTHicTE MONeKYN 10 nonApusanii

3 POSIIAHYTOIO BUILTMBAE, [0 NOJSPHI MOJIEKYJIM MalOTh ENeK-
TPHYHY ACHMETPiK | CTanui enexTpU4HMA MOMEHT AMIIONA, aJie mo-
NAPHICTE MOJIEKYJIM MOKHA 3MIHMTH OI€I0 HAa Hel 30BHILIHbOIO eNeK-
TPMHMHOIO TOJH, HANPHKIAZ, PO3MICTHMBIIM MOJNEKYJY MI IIACTH-
HaMM goHAeHcaTopa. Ilig BrumBoM esiekTpu4HOro nons BinOysaeTbes
SMilEHHA ENeKTPOHHMX XMap, NEPepOosIoMiyl 3apaAnis, | AMICIbHMWIA
MOMEHT MoNeryiy HaGyeae Hoporo anaweHHs (puc. 6.3).
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+ Bracninok usoro B monexyni sumi-
Ka€ Hapepenuit (inayxosanmit) QHmons
Hiyg, FIOT0 3HAYEHHH NpoOOOpLiiHe Ha-
npysenocti E 30BHILIHLONO eNexRTpiy-
HOI'O MOJIA:

Pue. 6.3. Ilepeposnopin sapa-
[IB MOSeKYM i BOSMBOM

ENERTPHYHOMD HOMs My = GE,

Ae a — roedilieHT NPONOPLIAHOCTI, AKKIT HA3UBAIOTL Koediyicn-
mom sdamuocmi do noaspuzayii.

SHATHICTE MONEKYN OO0 NONAPH3ALII 3YMOBJEHA 3HATHICTIO ix
S0BHIHBLOIO  eJNEKTPOHHOTO wWapy necOpMyBATHCH, TOMY .S
noptibuux monexyn, nanpuknan HCl, HBr, HI, xoedittient agaraocti
no  monspusanii o apocrae  3i sbumwennam  IXwix  poamipis;
UHC) < GHBr < OHT

SHaTHICTE J0 NONAPH3alii BIaCcTHBA AK MONAPHMM, TAK 1 Hero-
napHUM mosekynam. [pudomy B nonspEux MoNexyn mig BrOmHBOM
BOBHIIUHBOIO EJIEKTPUYHOIO TMONA [0 BJACHONO CTAJION0 AUAOJLHONO
MOMEHTY HONAE€TBCA IHAYROBaHMA (HaBenewnil) NHIONBHMI MOMEHT
(n + um], I‘Iic.n_n DPMITMHERHA J11 30BHIUHLOIO BNEKTPHYHOIO (1055
HaBedeH1 guIloN aHMEATb.

F* PeanbHUX yMOBAX pPOJib 30BHILIHLOIC MONA BHKOHYIOTh [10-
NAPHL MONEKYJ, 10 OTOYYIOTE NeBHY MONeRyy (puc. 6.4).

o\ Do
6 DO
OOOQQ

Pre. 6.4. Postamysasia Monexysn y pevonssi,
mo nepedysac B KOHASHCOBAHOMY CTakH]

Ile mae Mic_ue, HAMpurJ@d, v KRoHOeHcoBaHomy (pinkomy abo TBep-
;mm_y} CTa8H1 PeYOBHHM, MOJNERYJM AKOL € noaspuumu, abo B 1 poa-
4YHHI B NOJNAPHOMY POSYMHHHKY.

_ JIna_ PEeHOBIH, 1110 nepebyesatoTs y rasonompibkomy cradi, ne
BIACTEHI MI¥ HACTHHRAMY BENMK], iHJ\YKOBaHI OHITONBEWI MOMEHT
iy BIHBBERMIT 10 Hy 78

HanpyskenicTs CTBOPIOBAHOrO NOBKoJa AaHOl MOJNEKyIM 1oas
im BGinbura, wnM Ginbla MoNAPHICTE MOJNEKyds, fKI OTOMYIOTE
AOCHKYBEHY MOJEKYJILY.

Tak, cramni BJIEKTPHYHI MOMEHTH ANTIONIB MOJEKYn eTaHONY
ipCzl‘IﬁOH 0,57 ¥ l[}-gg K- Ml Td dUETOHY {!’I‘CH:;CCI:HH =
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= 0,98-10 % Kn-m) 3Ha9HO NEpeBMINYIOTH MMIGIILEMI MOMEHT
HopoBonEo (pgy = 0,12 - 10°29 Kn - m). 3pigey moskua gifity BUCHOB-

Ky, IO ingyKosauuii (Hasegenuin) gunoas v monekysi HI Byne 6inn-
LIMH, KOMM L5 peqoBMHA pO3quMHeHa B eTaHoni, ¥ ocobnueBo — B
aueToHi, Hix Tojl, Konm foposopens nepebysac B pigkomy (Kopnes-
COBEHOMY) CTaHI:

Pinna1{CH3COCHg) > My mr{CoHsOH) > gy (y piakomy erani).

§ 3. Baaemopnin mizk monekynamm

Mixe mosexynamy 3asmM JIIOTE CHIM ENEKTPOCTATHYHOTO M0~
xomuxensa. Tak, nepexiyi peydoBMHM 3 rasonogibHoro B KOHOEHCORA-
HMI1 cTaH BiEOYBAaETLCA 2@ PAxXyHOK il CUA MIBKMOJNEKYISpHOro
NPUTATAHKHA, 110 NPUIBOOMTE A0 TROCTOPOBOTO 30MMIKEeHHA MOJNEKY.J
1 MepelKoKAE IXHBOMY BibHOMY pyxy. llus BMnapoByBaHHA
pinkmx abo TEEpIMX pPEMOBMH NMOTPIOHA €Hepris, AKa BHTPAYAETHCSH
HE NOOONAHHA CHJI NPUTATAHHA MiX MONEKYJIaMIL

Enepria B3aeMozil MONEKYJN MOMKE IMIHIOBATHCE ¥ JEAKMX Me-
FAX, MpOTEe BOHA SHAYMHO MEHITA, HiZK EHeprif XiMiqHOTO 3B'A3xy.
Hanpuknazn, ewsepris se'asky B Monekym xnopy Eqe =
= 242 wJlx/monb, a wrennora eunapoByeanHsa (cyGnimanii) xpu-
CTAJIYHONO XNOPY, IL0 BUTPAYAETLCH HA NOOMNAHHA CHI MiMMOne-
KYJNAPHOI B3aemonii, cranoeuTh 25 kllx/mons. Immwmdd opurnazn:
Eyp.1 = 297 x]la/mons, a vennora BMnaposysanus piakoro HI no-
pisHoe 20 wJl#/MOmne.

IcayBanma cnabrux CUN NPUTATAHHA MIX MOJEKYJAMU BHepLIe
Hosis Hinepnauacersit ¢qiank M. JI. Ban-pep-Baansce, T0My BOHM OT-
pumasm Hassy cua Bau-dep-Baoawvca abo eandepeaanscosur cud.

Hoxanwee linepux Ban-nep-Baanse (1837-1023) —
Hifepnanmesrmil dpiame. Haykopl npani npocea=ed
MONeRYNAPHI dignil, BMBMeHE HWaBKOTEMIEPaATYP-
HUX ABMIL, encETpotiTHaHill gucottianil Ta rinpocrta-
Tuiil Bumin (1873) pisHaRHA ciaHy peansHOTD rady, ge
Byno epaxobado ob'em mogeRyYn 1 cunm Baaemonil mine
My (pinaasns Ban-gep-Baaneea) Brnepue poarna-
HYR NUTaHHA [P0 MBKMONEKYTARHL CHMIM B 38'8aky 3
GynoBo PeMOBRMH Y rasonofifHOMY T4 piaKoMy CTa-
Hax JaOpoloHyBAE Teopiio, wo AKICHD [oRCHWA
opupoay  KpurTuuiHex  Aedie Poapobase  cepmoms-
Hamiuiy Teopiio kaninaproet Jaypeat Hobenipcsrol
mpenil (1910).

Hoxaunec Hinepmr
Bau-nep-Baamne
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Kinuesuit peaynbsrat mikMonekynaprol saaemogil nossrae Tinn-
KM ¥ NPUTATYBaHHI MOJIEKYJL

PosrnaseMo BIUMB CHNl MiZKMONEKYNAPHOI B3aeMomil y surasami
marpamu (puc. 6.5).

Biptsronxysanun BimumonxysaHHg
~400 rmm
i) 'd.D d
1
i Binerann Min
_____ ! MOSICKY.JIa M
MpuTAranms

Pesyneryious
B3ACMONIR

[MpuTaArasua

Puc. 6.5. BanexsricTs ereprii sanjepsaanscoBol BaaeMogil ann Mosexys,
o sbmeraoTees, BiA BiacTaH] Mine HioM

E:_iepria B3a€MOMIl MONEKYyJ, HeCKIHYeHHO BiJJaJieHMX ofHa Bif
OfiEOL, MOpIBHIE Hymo. Y Mipy 30/moxeHHs MONEKYN esepris Tpu-
TATAHHA MK HMMM 3pOCTAE, 8 HA MANMX BifICTAHAX TNOYMHAIOTH
JATH CHSIM B3AEMHONO BiMIUTOBXYBAHHA SOBHINIHIX €NEKTPOHHMX
obosoHok CycimHiX Monexys. Bracifiok CHijbHOrO BOAMBY LMX CHJl
Ha BEJMKMX BifcTaHAX mix Monexynamy (400-1000 nm) nepesasga-
0Tk CHNIM BI3AaEMHOMO NPUTATAHHA, Ha Mammux (< 400 nM) — o
BlamToBXyBanHA. Crifika piBHOBAra MiX CMIaM¥ NPUTHTAHHA | Bij-
IITOBXYBAHHA MOJEKYN BCTAHOBNKETHCH Ha BiCTaHl MK HHMM
maipke 400 N, AKa € XapaKTEPHOK /A KOHZEHcoBaoro (pixoro
abo KpucTamivHOro) CTAHY pevoBMHN

Chim mizemonexynapuol saaemofii Ban-gep-Baansca nominsors
Ha Opienmayiuni, indyxyiini i ducnepciting.

Kpim nepeniuennx cun MiZKMOJEKynApHa B3acMOMiR MOJKE Bin-
GyBaTHCR 3a PaXyHOK BOAHEBOIO 3B'A3KY.

Opicaraniiina Baaemonia. 1left Bup paaemofii BHMHMKAE Mix mMO-
NeKynaMu, 10 MalTbk CTanl enexTpuuni MoMeHTM junonis. Junou,
LI0 B3AEMOJUIOTE, OPIEHTYIOTECA OMH BiIHOCHO OHOTO NPOTHIIEHCHO
saps/preHnMi nomocamy (puc. 6.6, opieHTauiiinmit edexT):
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Puc. 6.6. Cxema BMHMKHEHHA OpIEHTALLRHO] BaaemMoall MK MONeKyJaMM

Enepria opiertauifinoi Ba3aeMoJil 3JajeHTh Bifl BENMYMH JIH-
AOMBHMX MOMEHTIE MOJEKYJ, BificTaHl MiX HMMM T TEeMIEpPaTypu
Jina oaHAKOBMX MNOJADHMX MOJIEKYJ 10 ZaleKHICTh MOMHA Bia-
obpaauTi PiIBHAHHAM

ne k —crana Bomeymara; T — abcomorHa Temneparypa; p —
eneKTPHUUHMIi MOMEHT Ounons; d — BiACTEHE Mi< LEHTpamMM pi-
IMoJiB.

¥V pasi pzaemonii piasux nonspHux monexyn A i B ua sanem-
wicTs HAGyBae BUrIALY

B o= _ 2 WaMp
< 3kT d°

3nHar «—» 03HAYAE, 10 PE3YJBTATOM MIXKMOJEKYNAPHOI B3aEMOAil €
OPUTATAHHA MOJEKYJ, 10 CIPUYMHIOE 3HNAKEHHA eHeprii cucTeMm.

Omme, emeprisn opicHTanifinoi BzaeMofiii NOCMIIETBCA B MipY
BPOCTAHHA JMIMONBHMX MOMEHTIB Monerkyn i nocnalmoeTbcs B pasi
HarpieaHHA i abinbiuenHs BigeTaHi MizK MONeRyNaMu.

Y Tabn 6.2 wHaBejieHO IMIONLHI MOMEHTH MONEKYN JAEAKMX
GiMabKMX 33 MOJNAPHMMM MacaMy pPeqOBMH Ta TeMOEpaTypH IX wu-
migea (y pasi BMNApOBYBAaHHA PEYOBMH TeILOTa BHITAPOBYBaHHSA
JOPIBHIOE eHepril MIXKMOJIEKYIAPHO] B3a€MOil).

Tabauys 6.2, 3uaueHns TUNONLEWX MOMENTIE Ta TeMNepaTyp KMNinEa
[AeAKMX peSOBMH

Feuossna MosspHa Hm;ﬂn‘:rﬁ Temmepa-
“af“"a Gopuysa Maca 1029 Kn-m | weminms, K
Mponan CH; - CH, - CHy 44 0,0 231
ﬂnyemmnﬁ
eip CH; -0 - CH;4 46 13 249
—_ o]
Anetanpaerin [CH; - C = 44 2.7 293
— H
Aneronitpun ([CH; - C= N 41 3,9 355
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Temriepatypa KuniMeA SaKOHOMIPHO NIZBMILYETLCH 31 3pocTaH-
HAM JIMIIONBROI0 MOMEHTY MOJIEKYIL

Inpykniiina s3aemopia. Jeaxuit BRECOK y MDKMONEKYNAPHY B3a-
emofiio pobasre iHnyroBari aunoni. JLna pevoBHMH 3 NONAPHMMIM Mo-
JEKyNaMn iHAYKUIiHa B3aeMOAiA NOAAETLCA JI0 OpieHTAauifHOT i ne-
L0 MACHNIOE MINMONEKYNAPHE MIPHUTATaHHA.

Axie BsaeMOAOTE MONApPHI ¥ HENONAPHI MONEKYJM, TO IHx
BILIMBOM ENIEKTPUYHOIO TOVA, 10 CTBOPIOETHCA NOJAPHMMI MOJIEKyTa-
M1, HETIOJIAPHI MOJIEKYJM MOsyTh HosApuaysatHes | sabysati ingywo-

- . BAHMX OMIONBHHX MomeHTiE (puc. 6.7).
- ] 3 -
¢ @ ) [rm,yﬁonam Mo, [PUTATYIOTECA 10
e -7 NOCTIMHMX AMIOMIB MNONAPHMX MOJIERYJT,

Mis sumy BHHMKaE Baaemozif, nofibHa
no Bzaemopii nocrifimmx nunonie, ane
cnabkima =a Hel

Eneprisn innyxuiiirol Bsaemomii no-
CITIOETECH 3 MIIBMIIEHHAM 3IATHOCTI MONEKYN A0 Nonspusaii i
nocnabmoeTses 3i 3pocranEAM BimeTai mix Mosexynamy. Bowa me
BaNeIKUTE BiJi TEMIIEPaTYpPiL

Enepriro ignyxuiitnol ssaemomi MozHa obuucInT 3a GopmMynon

Fire. 6.7, Cxema BHHUKEEHHA
IEAYKUIHO] BIaeMomil Mixe
MONEKYIami

ne o — crami Koediwient, mo Bigobpamae spaTHICT MOJIeKYT faHo]
PEYOBMHEN A0 TIONApMsalil, 4 — MOMEHT HABENEHOTD aMnons; d —
BIJICTaHE Mi¢ MOJIEKYNAMH 3 HABEIEHMMM [JMTIONAMH, 110 BIAEMOIIOTE.

Hucnepcifina B3aemopmin. PeqoBuHM, 10 CKNAAAKTLCA 3 HEMO-
naperx monexyn (Hg, Cly, Oy, He, Ne, Ar Ta in), y pasi asausoro
OXONOMPKEHRA EPeXONATE ¥ pigkuii, a nani — i B TBepamii cran. lle
BHAJYE HA HAABHICTE MIKMOJEKYNAPHOI B3aemoail, xoua opienrta-
LifHMI T2 IHAYKUENE edextn y HuX BIICYTHL

MixxMonexkyifipra B3aeMOJA B HLOMY pasi 3YMOBJIEHA BUHHMK-
HEHHAM ¥ MOJEEYN MWTTCEMX JAMIIONIB BHACTKACK 3IMIIERHA efek-
TPOHHKX ODONOHOK, 1o nepefyeaioTe y mocTiliHoMy pyei, BiHOCHO
Anep. Hapith 3a remneparypr, 6nnaskoi o abeomoTHoro HYJIA, Af-
Pé@ KONMBAKTBCHA, @ eNEKTPOHN — pyxawrsbes. [ToeTiiauii pyx enex-
TPOHIB CHPHYMHIOE T€, L0 NePeposno;in 3apAMliB y MoJeKylaX CTac
HECHMETPHYHMM | B HAaCTMHKAX BMHUKAOTE MMTTER] jumon. CHore-
MYy «AAPO — ENEeKTPOHM» MOXKHa PO3TIAATH AK JUMIONE, OpicHTamin
AKOrO LIBMJIKO 3MIHIOETECA SAJIEYHO Bil HANPAMKY aMIlLEHHS eNek-
TPoHEMX XMmap. OTike, HENONAPHI MOTIEKYNH MOMYTh Ha AKYCl MUTE
cTaBaTH NOnApHEMMIL Mix MMITEBMMH AMIIONAMM BHEMKAKTL CHIIH
OPMTAFaHHA, AKI HAAUBAOTL QuCnepCitinumy.
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Enepria gucnepcifinol Baaemo/il sanemuTh Bifl 3AaTHOCTI Mone-
ky21 1o nechopmauii Ta BiACTaH] Mi HMMM, TOMY i Ginbond mone-
Kyam 3a poamipamy, TobTo wmm Gimbwn 3naTHi Ao nonspuwsanii, TiM
aHaMHILMM € pucnepciiiami ediexT.

Enepriio aucnepciitaol Bsaemoniil moxxna npubIM3HO BMESHAYMTH
aa BHpPasoM

[ ]

I

2
44"

Eiyy

ne o — cranuit koediient, wo pigobpanac 3AATHICTH MONEKYIH A0
nonapusauii, I — ereprin ionizauii monexym.

HOucnepcifina Baaemonisn € yrniBepcanbHoio. Boma BuHMKaE Mix
Dy b-AKMMI MONEKYNAMM He3anenHo Biy ix Oy noeu.

Came nocuneHEAM IMCIEPCiHOI Baaemomili MoKHa [OSCHMTH
MIBNILEHHA TEMIEPaTyp IJABJIEHHS | KMIIHHA B PANY FaJOreHis y
mipy sbinBlIeRHEA po3MipiB MONeKyn:

Moneryna F; Cl, Br, I
TemmepaTtypa rasnersn, K 53,2 172,2 266,0 386,8
Temnepatyps wninnn, K 85,0 2391 333.0 457,5

T
g

3bineluessEn  poaMipis MOREKYJ, 3POCTAHHA
I[ATHOCTI MONEKYN 00 TNOJAAPMIaLii, nocm-
JNenHA pauenepcifol Baaesmonii 1, Ak sacni-
gok. — riasminesss T, 1a T

Huenepeifina BaaeMONiA B3aKOHOMIPHO NOCMIIOETBCA | B PAIY
IHEPTHHX razie y mMipy 3pocTases IXHIX aToMHMX papiycis, 1obro si
3pOCTaHHAM 3faTHOCTL A0 nonspusaiii (puc. 6.8, 6.9).

Monekyma He Ne Ar Kr Xe
AToMENA PRIYC ry, oM 122 160 192 198 218
Temneparypa rnnapnensn, K 1.2 242 84,2 116,2 161,2
Temneparypa wunisms, K 4,2 27,2 87,2 120,2 165,2

P
-

36inblerHs posMipie MOneKyn, IPOCTAHHS
3AATHOCTI MOMEKYS 10 TonApHaatii, nock-
JeHnA mucnepcifinol BaaeMonil i, AK Hacal-
Aok, — mpgswnenss Ty, ra Ty
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Bigurrom- - E, wlls/mons Tiown g
0.8 Xe
! 125
AN =
e, d 75 Ar
Ne
=08 Ar a5 Ne
(5]
Ipurn- K ) ) .
s ' 20 80 M, (%)

Pusc. 6.9. 3anemuicTs TEMTIEpaTY-
Pyt KMITHHA T, iHepTHMX rasis
Big IXHIX MONERYNAPHUX Mac

Puce. 6.8, 3anemuicTs eneprii

MixkMonerynapHol BaaeMofii

iHEpTHMX razie eig sigcTani
Mix MOJEKYTaMH

3aransanit Bupa3 eneprii mixcmonexkynsapuol Bzaemopnil. ['pyn-
TYHOUMCE HA BUKJIANEHOMY, MOXKHA iiTH BHCHOBKY, 10 Mix nossp-
HEMM MOJEKYNAMH ICHYWT:E TPM PpiSHOBHMAM BaHIEpBAAJLCOBOI
B3a€MOMil, a Mi HelONAPHMMH — TWEEM Oucnepciiva. Mimx no-
JIAPHMMM Ta HeNONAPHMMM MoJeryJamy BinOyeaeTses IHOyKUifiHa
Ta aucnepciiina saaemonia (Tabn 6.3).

Tafauys 6.3. BRecox pizHNX THHEMKIE ¥ MIMMOReKYISpHY B3acMogin

Jsmonerpi momesT Mbesionetyspés Sasemais, % N
Ll B, Kn-m opieHTaniima | ispgyruina | mucnepeifiva | K

H, 0 0 0 | 100 20,6
Ny 0 0 1] 100 774
Ne 0 0 0 100 27,2
HCl 0,347 - 1020 14 4 82 188,1
NH; 0,444 * 10-29 45 5 50 240,2
H;0 0,552 * 10-29 77 4 19 373,2

Eneprio MiKMOJIEKYJIAPHOTO NPUTHTAHHA 38 PAXYHOK CHJ OpieH-
Tapiftnol, igyxuifinol ta guenepceifinol BaaeMonin Mix JBOMa OaHa-
KOBMMY MOJEKYJAMY MOMHA BUPA3HTH QopMYyJIO0

out _ 2ap? . 3la® _n

E.p, = — ’
P 3kTd® d°  a4d® dt
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ne
2’ 3la*
n= 20y oay? ¢ 2%
3kT 4
Ha majmx BifcTamsX Mix mMosiekyjamy, Komy ixmi elexTpoEHi
oBOJICHEM Maiizke JOTOPKYIOTBLCH OOHA m0 OHO1, BHMHUKAE CHIILHE
EJIEKTPOCTATHYHE BIIIUTOBXYBaHHA:

m
Egigur = F ’

Ae M — CTana, AKY HAa3UBaKOTh KoedilieHToM BIIIUTOBXYBAaHHS.

Iosuy enepriio MixkMoNeKyISpHOI BaaeMoail BH3HAYAKOTE anTed-
PMHHOIO CYyMOIO €HEpriii npuraranHs i BigIWTOBXyBaHHA BianosigHo
no pieuanns Jlennapna—JI»onca:

n
d*

m

E = Epp + Egigur = = o¢ + ~=.

=5

Le pisnanna Bigbusae sanesmuicTs cymapHoi emeprii mismone-
KYJAPHOI Baaemonil Bin Bincrani Misk Monexymamm.

§ 4. Bopuenwii 3p’a3o0xk

Kpim Banpepsaa/ibcoBux i MIFKMOJIEKYJIAPHOI B3aeMOii Mix
AEAKMMM MONeKynamMu abo MeBHuMM TPYNaAMM Y CKISAHMX MOJEKY-
JIaX MOKe BUHMKATH BOJIHeBuii 3B'szok. llns 3'scysanns ocobmiso-
CTeil #Or0 yTBOPEHHs DOSIJIAHEMO XapaKTep 3MiHM TeMmnepaTyp
naasnenHs abo kuninHA BonHeBMX cnosyk enementis IV—VII rpyn
nepiojuyaol euctemu. Ilna nomgibewx sa cknapom pPeucEMH 1 TeM-
NepaTypy Saspuuai 3poctaloTs B mipy sbinemenws monexynspuux
Mac pesoBMH BHACHIJIOK MABMILEHHSA 3JaTHOCTI MOJEKYJ A0 MOJs-
pusadii. TumoBow € 3Misa TeMNepaTyp NNaBNeHHS | KUMHHA ANA
BonHeBuX cronyk esemedtis IV rpymu: CHy, SiHs;, GeH,,
SnHy (puc. 6.10).

flkwo nopiBHATH 1 TeMnEpaTYpM ANA  BOOHEBUX CTIONYK
V=VII rpyn, susBuTECH, IO CHIOCTEPIrEETLCH AHOMAJIBHO BHCOKE
aHaqenHsa 1x ans HgN, HpO i HF. ¥V uux cnosykax sopess
3B'A3aEN 3 HaWbIBEL ENEKTPOHETATHBHMMYK ATOMAMM: KHMCHEM,
asorom i propom. Ii Ta immi semua Gyno nosceeno ia BAJIYHEHHAM
YABNEHL NP0 YTBOPEHHA BOAHEBOIO 3B'A3KY.
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Puc. 6.10. 3a1empicTy TENNEPATYP IJaBACHHA (@)1 minim-m (@)
pomeepnx cnodyk egemenTtis IV-VII rpyn nepiojinanol cnetemi
Bifl TREIK MOSEKYIAPHUE Mac

Boareeuii ag'A30K BMHHEAE AK 0cobauBmil Tno BaacMmopll Mik
mosekysamn abo QYHKOIOHANEHUMID FPYTAME Y CEIAIHIK MONEeKy-
nax, 0 CENAfy AKMX BXOAATE ATOMM BOLHIO, ROBAJIEHTHO CrIONYyHe
3 Halifinely cnerTPOHEraTHEHNMM aToMaMy — z-{al‘wa-_:-rlme KMCHEM,
asorom 1 ¢ropom. Bin mae cxkrmaZEy OpHpoly BHACJIACK 3HAYHOTO
BHECKY ENEeKTPOCTATNYHO] | NEBHOW MIPOK NOHOPHO-8KUENTOPHOL
peaemozii. TTogibHO 00 KOBANEHTHOIO 8B'S3KY BOIHEBMI 3B'AN0K Xa-
PaKTEPHIYETECA HACHHEHICTIO | MPOCTOPOBOID HAIPAMIEHICTIO.
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3 ypaxyBaHHAM UbOrO BOOHEBHIT 3B'A30K YTBOPIOETLCA HeMmoBOl
8@ PAXYHOR DODIYHOT BANEHTHOCT] aTOMA BOIHIO.

Mexaniam floro BUHHKHEHHS MOKHA TOACHMWTIH Tak. Y CIONYKax
tuny X-H ysaransnesa enexrTponsa napa sMilesa 1o maiibinew
ENEKTPOHETATHEHOTO atoma. IlosnTneno nonmpusoBaEmit arom BOI-
HH) MOH{HA YABMTIH AK YaCTHOBO OrOJeHE AP0, [0 MAE Haj3Bimaii-
HO Masuiit pOMip | BHACTIIOK UBOI0 — BMCOKY HAIPYMEHICTE moaN-
THBHOI0 ENERTPUMHOIO 10onA. lle 3yMOBMOE HOrO eHepriiiHnil BIUIHE
Ha enexTpoHny obonoHky atoMa Y cycineboi Monexymm (rpymm), aka
Ma€ HeraTHBHMI 3apsj. CXeMaTn4HO YTBOPEHHSA BOAHEBOTO 3B'HIKY
MOMCHE NOOaETH Tak:

-b +8 -8 +8
X-H + Y-H » X-H+~Y-H

Bonuernit 28'A30K NOIHAYAIOTE TPHOMA KPaNKAMA.

AroM BOIHIO 3a3Buyall MigHILOE 3B’ szaENil 3 THM i3 [BOX ATOMIB,
3 AKHNM YTBORIOE KOBANMEHTHNI 3B m301

Enepria Boanesoro as'saky cramosurs 8-40 wflm/mone 3a
MILHICTIO BIH MEPEBHINYE BaHIEPBAANLCOBY BIAEMOJIH, ane age-
Ginbtuore enabriwsit Big KoBaneHTHOrO 38 ASKY,

Bonresnii ap'szor gyske nommpesnii i Bifjirpae BaXcNUBY ponb ¥
CTRYKTYpl BaraThOX HeOpraHiYHMX 7Ta OpPraHivHBX cnoaye. Taw,
HaBITEL y rasonogibEoMy crTasi MOneky m TOPUBOLEI acOLIioBAH] B
JIAHIIOIOBI NONIMEPH 38 PAXYHOK HBOTO 3B'A3Ky:

& &
F F
8 i Gt e, Fe, 7
LIS o F F
& &

Bin xapakTepHMit Zna Boan | ByMOBMIOE BATATO Ii BNACTHBOCTE
¥ monexyni Bogu 3 EMCKTPUHETATIBHNM ATOMOM KMCHI) CHONy4Yepi
zBa atomn Bozmio. Ha imwumx geox sp'-ribpumsosanux opbitanmx
4TOMa KHMCHIO PO3MILIEH] NMPOCTOPOBO aKTHBHI Henominewi ENERTpUH-
Hi napn. Bracnifiok us0ro KoskHa Monmekyna Bomi Moike YTBOPHTH
00 #ea BOIHeBI 3B'A3ky i3 dycimminm monerynami. Ile Bnanpagae
TETPaEPIYHE POIMIIEHHA ¥ NPOCTOPI ABOX KOBANEHTHMX | JIBOX
BOAHEBNX 3B'A3KIB BIJIHOCHO ATOMA KMCHIO, HEMil poamimennit y
LEHTPI TAKOIo TeTpaeipa:
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3a paxyHOK LBOTO BOJA MAE ocobnBy KapKacHy MpPOCTOPOBY Gyno-
By AK y TBEPHOMY, TaK i pizxomy crasi (puc. 6.11).

-
.
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'-«‘L -?

O. : ﬁ. “‘W n-
‘f./ P
- & - BOlIEHbL

(0 - wHOEHD

i *parie mi oNERynaMi BOJH
. 6.11. Cxema poaMillleHHA BOOHERMX 38 AaKie Mix M
Frc. 6 B KpHCTANMHIA IPaTill TEony

V 3B'ssky 3 HAABHICTIO MIUHMX BOJHEBMX 3B'ABKIB 1 mmq::;x
BAHZEPBAANBLCOBMX CUMJ MiXK MOJIEKyJNaMu BOJA Mae f{;muamn
COKi TeMnepaTypV NJABIEHHA 1| KUIIHHA (e, puc. 6.10). .

BriopankoBasa KapKacHa IpOCTOpOBa CWTYLIT c:?:‘y Way-
HUKHY TYCTHMHY JBOOY NOPIBHAHO 3 PiIKOK BOXOIO. M imnmn n
MOBJIEHA SHAYHO BMIOAa TEMIEpaTypa mammm BOJIM TTOP -
drroposopHeM (BiUMOBIAHO 100 i 19 °C), HaBiTH KONM B OCTAHH
MInHILIH BOJHEBHIT 3B’ ABOK.
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3a paxyHOK BOmHeBMx 3B'snskis KapBoHOBI KmCIOTH YTBOPIOKTH
numepH, AKi abepiraoTees HasiTe y razononiGHoMy crawi:

0+H—0
7 N

H,C—C C—CH;
\O—H---o/

Bopmeswit 38'A50K MOYKe YTBOPIOBATHCH Misk MOJERYNaMy pigHmX
pPevoBHH, HANPHUKIAZ aMiaky i Bomsm;
& 8
H;N + H,O=— H;N:-- H,O

H H H

Hasepieni nprxnazm sinobpaskaiots YTBOPEHHA MUMMONEKYJIRp-
HOro BojHeBOro 3e'saky. OnHawr icHye i BHYTPILIHBOMOJIEK Y 15 PHi
BONHeBuii 3B'AB0K, AKMI BUHMKAE Mix YyHRLIOHATBHMMM rpyamm
y crnagmux monexynax. Hpuxnanamy mosxyTs GyTi canipuiosa kuc-
JMO0Ta, CANUMIOBMI aJbaeriy Ta baraTo iNamo: COOJIYK, ¥ HKMX
BHATHI 10 YTBODEHHA BOAHEBMX 38’aakrin dyaxuionanssi rpym ne-
pebyBaloTh B OPTONONOMEHH BITHOCHO BEHIONBHOTO Aapa:

(8] (8]

@ i
C”D #0
|

i
OH H
CANIMIOBA KMCAOTE caniymnonti anegeria
tyn = 158 °C bes = 2790

Binnoeigsi twm peyoBHHAM MeTa- i mapaizomepu He YTBOPIOKTE
BHYTPIIIHBOMONIEKYIAPHUX BONHEBUX 3B'A3KIE BHACJIOK OpocTopo-
Bux yrpypHens. Mix monexynamu wpx izoMepiB BMEMKaKOTL MijMO-
JIeKynapHl BopHeBi 3B'ASKM, 10 3YMOBMOIOTH BULYi TeMIepaTypu
NIaBNeHHA it KUIHHEA, TOMY 34 TéMrepaTypaMM NAaBneHdA | KMOiH-
HA MO)KHA BifipisEMTH OpTOi3OMepM Bim MeTa- ato napaisome-
pis (Tabn. 6.4).
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Tabauys 6.4, Piswani saacrneocti i:wa_m_]:-mx
ORCHMEAPHOHOBIX KMCJIOT Ti aNsIErns

= ,
TemmnepaTypa | PoaunsHICTh ¥ 80T, Pn_.s-‘mrnm:'m B
Crnionysi iR, O /100 s eduipi, r/ 100 ma
opmo-Oxcubensolini 159 0,18 (20 °C) 50,5 (15 °C)
WHCIOTH [EHJI'II;.I-IJJ{)BH
KHNCJIOTA
mema-Orenberaoiita 201 0.92 (18 °C) 0.7 (17 °C)
KNCNoTa . .
napa-OrenBensoiita 213 0,79 (15 °C) 0.4 (17 °C)
KHCIOTa f
opmo-OrcnbedsoiHn =7 1,72 (B6 °C) o
aAnbneria .h
stema-OrenbeHsof s L06 2.78 (43 °C) Poaunsmint
ansnerin
ii wpn ssxe jlohpe pos-
[napﬂ-ﬁm'lﬂl:easuﬁmm 116 1.38 (30.5 °C) Ly qm—nrﬁﬁ po
ANBLET

Pospin 7
PA30BUN CTAH PEYOBUHU

§ 1. ArperaTumnii ctan

& IBUMAlHUX YMOB aTOMH, MONEKYH Ta 10HM 3gebiibmoro
ICHYIOTL Y BUMIMIARI BUIMO] oprasigauii pewosssss, AKY Ha-
SUBAIOTL AZpezamuum cmanosm. SanesHo sig eincrani misg
HACTHHRAMU Ta eHepriii ix ssaemopil pewoenan MOMCYTD

iCHYBaTH B razononibuomy, piakomy ato TBEpAOMy ctani. Trepauit i
pinkuit ctan ob'enByOTE M 2AraNLHOK HA3ROIO xondencosaruil
cman.

Pazonopitanii cran pewoBurm X2PAKTEPURYETLOA THM, IO Bim-
CTani Mi% "HacTUHKAMU HabaraTo NEPEeBULIYIOTL IXHL poamipy, a ce-
PEIHA KIHETHYHA EHEPriA YacTHUHOK SHAYHO OLIbiua BiI cepennbol
MOTEHLIANLHOT eHepril B3aeMonpuTsATanms (Eyiy >> E;oq). Ctiu aa-
EMOZIil HaCTUHOK Tasy € HemocTaTHiMK A YTPUMAaHHA Ix ojHa bing
OAHOT, TOMY BCi rasmy, ocofuMBO 23 HUIBKOTO THCKY H DiIBMILEHUY
TEMIEPATYP, NOBOAATLCA OAHAKOBO | MAAATAKTL 3aKOHAM iflealb-
HUX ragsis, ANA AKMX HEXTYIOTH CHIAMM MidMoneEynsapHol Baaemo-
Al OcTauHi NOYMHAIOTL BUABIATHCH 3a MBHILIEHUK THCKIB | 3HU-
HACEHUX TEMOEPaTYpP, TOOTO B pasi SMEHIIeHHA BiNCTaHI MI YacTim-
KaMii rasy.

Y pigguii cran pPEYUBHHE OepexoiuTbh BHACIACK KoHREeHcallii
rasie abo naaenensn TBepaux pewosym. Moro mozcHa XapaKTepudy-
BaTH npnbinsHOO BIINOBiNHICTIO cepeamix 3Havens KiHeTHYHOT |
NOTEHLANLHOT eHepriit wactunok (B, = Eu). Cim Baaemonii Hac-
THEOK € noctaThiMu, 1006 nepewkosnT ix Geanagsomy pyxy, anue
HEIOCTATHI [IIA YCYHEHHA NEpPEeMIllleHHA YaCTHHOR BITHOCHO O7Ha
oxH0i. [onifino 0o Teepmux peuosun pigumi MaoOTL NEBHY CTPYKTY-
PY, OXHEK BOHA MOUMPIOETLCA NUINE HA HAMBMLMKYE OTOYCHHS AaHo1
HACTHHEM, OTIE, CTPYKTYypa pinuau mae Gnusuifi nopsgok. Ha-
Opurnaj, CTPYRTYpa pinkol sogM Nogidoea no CTPYKTYPH JLOJY, ane
Ha BIAMIHY BiZl HBOIO TETpPAEADUYHE OTOMEHHS MOJIEKYJI DYXOME i
MO7e TTPOCTOPOBO 2MIHIOBATICE.

HacTo piaunn 3aCTOCOBYIOTH AK POZUNHANKN. BaNesHD BlJl Baa-
CTUBOCTE! MONEKYN Pifimy MOMYTE ByTy nosnApHUMM | HemONEpHI-
Myt posumHanKaMn. 3nebinbwiore nobpums ioRizyIogtM PO3YNMHHN-
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KaMM € PIIMHM, AKI CKJAJATECH 3 MNOJAPHMX MONEKYJL TIpukna ma-
MM TAKMX PENOBMH € BOJA, PiAKMIA amiak, JIeAKl CripTi. Hasnawu, y
piIMHAX, YTBOPEHMX HETONAPHMMH MOJEKYNans (CCl;, Genson,
edhip), Kpallue PO3YMHAIOTHCA HETIONAPH] PEHOBHHML

Teepmali cTaH pEHOBMHM HacaMmepell XapaKTepu3yETECH THM,
mo mix'spepHi BifcraHi GnMabki 10 pOSMIpIB CAMMX HACTHHOK, &
CepeNHA MOTEHIANEHA EHEPTifl NMPHMTATAHHA MK HUMM 3HAYHO ne-
PEBMILYE IXHIO CEPElHIO KIHETHYHY EHEPIIO (Ever == Eyin)- Crenm,
IO MiIOTH MiX YACTHHKAaMM, YTPMMYKOTh IX Y CTaHl pPIBHOBArM, 3a
paxyHOK HOro TBEpJi PeHOBMHU MAIOTh NEBHI IPOCTODOBI opMm.

Teepni pevosuEn MOxKyTh Oy kpuctaniunym abo amMopHMMIL.

§ 2. Kpmcraniaawii cTan

Kpucraniuni Teepi PeqHOBMHM MalOTh YTNOPAOKOBAHY pery’sapHy
NPOCTOPOBY CTPYKTYPY, B AKil CKAaNO0BI YaCTHHKY (aTomu, MOTEKY-
1M, i0HM) YITKO 9EPTYIOTHCH Y TPMBMMIDHOMY NpPOCTOpI. Kpucranitmi
PEHOBMHM XapaKTepHayTBCH NANBHIM TNOPAAKOM 1 MEBHMMH Te0-
MeTpuaHMMH thopMamm. _

Y kpucranax PpoaMmileHHA 4YacTHHOK aobpasyioTs Yy BHLJAM
xpucmaniynoi rpamxu. BoHa € npOCTOPOBMM KapkacoM, yTBOPE-
HUM YABHMMM TMPAMMMHM, 10 NEPETHHAKTECH. TOYKM NEPeTHHY JIHHIN
HAsMBAITH BYSAAMU I'PAMKU Y HMX poOsMimIeHi AApa 4acTUHOK,
FKI CKJIAMATE KPMCTAJL o

Meskero Nofiny KOBANEHTHHMX CROJyK € MOnekyna. Bin il exnany
i Gynoen sanemars yei XiMiuHi BRACTMBOCTI PEYOBMHM. Opuak 1wob
aposymiti GynoBy KpucTanis, HEAOCTATHRO SHATH TIIBKHM TNPHPOLY
YACTMHOK, PO3MILEHMX Yy Bysnax rpatku. Jlnsa nporo 3 xpucrana
YABHO BUILNAITE TaKy HaiMeHLIY NPOCTOPOBY nobynoey, AKka mae
Bei ocoBmuBoeti crTpyKTypM namol rparku. i HasuBawoTh etemen-
mapro xomipxo. [lepemieHHAM
miel KOMipKM Yy TPbOX HanpAMEax
OpOCTOPY MOMHA OTPHMATH BECh KpM-
cran EnemMeHTapHa KOMIpKa MOXKe
mati copmy kyba, okraenpa, TeTpa-
enpa abo inumx o6'eMHMX reomeTpHd-
X diryp.

EnemeHTtapHa Komipka LLNIKOM 3a-
ZOBINLHO BifGuBae ocobnMBOCTI CTPYK-
TYpHM KPMCTa&na, TOMY OJA PO3YMIiHHH
BHYTPILIHEOT CTPYKTYPM pPEeY0BMHM
norpibHo aHaTH hOPMY ENeMEeHTEpPHO]
/ Komipry, i1 posmipu Ta XapakTep pos-
MILEeHHA YACTHMHOK, AKI 11 CKAAIANTE.

Jinfa npuEnagy pPO3riAHeMO Komip-
Ky, HageneHy Ha puc. 7.1. s rxomipka

C

o

Puc. 7.1. Mpyrnan xyGivHo
ENEMEHTAPHO] KOMIpKH
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mae ¢opmy kyba. Ha koopmiHaTaux ocax a. b, ¢ BoHa BigTuHae on-
HAKOBI  BifpiskM, 1w OopisHwroTe pebpam  kybBa, TobTO
a=b =c, iKyrH, Akl yTBOPIOIOTE Mizk cobOK0 IpaHi, TAKOXK OOHAKO-
pi: a(Za0c) = P(£bOc) = y(LaOb) = 90°. Hapepnexi criBBiiHOIIEHHSA
i BMsHauaTs opmy kybiunoi enemenraproi komipku. 1i posmipm
mozcHa Gyno § nokasaTH AOBMMHOK TiNbKM onHiel cToponu (pebpa),
AKY 3a3BU4Yail NMO3HAYEI0T Oy

Poszmilesss SacTMHOK Y KOMIpI 3alaloTs TPhOMA KOOpAMHATA-
My ixHiX nesrtpis (a, b, ¢). 3a noyaTok koopamHAT BUbMpawTL Micue
KOMIpKM, ¥ AKOMY pO3milljeHa OfHa 3 YacTHMHOK. TMCNOBI 3HAYEHHH
KOOPIMHAT BMPAXKAKTE YACTKAMM BiJl IiN01 BENMYMHM BiiNoBigHOrO
pebpa enementapHoi komipkw. Jlna nosHavesmx Ha puc. 7.1 HacTu-
rok O i K 1ji koopauuaTH MaloTe sHasenHsa signosinHo (000) ta (1/,,
175, 1/5). Halikoporioy Bigcrae i sactuHramd O 1 K moxba BM-
IHAYMTH 3a& rpaBMnamM reomeTpii. Bona nopisHioe nonoBwHI miaro-
Hani kyba, robro d = 0,5a,, J3 = 0,866a,.

Ha poamilyeHHA HaCTHMHOK y KpHCTAanax nepeayciMm BIOIMBAC Xi-
MignMit cknan pedosmEn. JInA JOHEMX CNONMyK HaltBaXkJaMBille 3Ha-
genHs Mae ix Tun (AB, ABs, AsBs Tompo).

Tak, paa mvnis AB ta AB, HajmacTille TPanasioTECH CTPYKRTY-
pM, HABeNeHi Ha puc. 7.2,

Y nivepatypi sassmuail HABOIWATL 3IATIOBHEHI YacTHHKaMM ene-
MEHRTAPHI KOMIDKM | 333HAYAKTEL 1XHI OCHOBHI XapaKTePHUCTHKM.

Cepen kpucTANYHMX rpaToxk iomHMx crnoayk AB pye uacTo
rparnacTeest Ml NaCl, enementapsa KOMIpKa AKOro MICTHTE BiciM
I0HIB — HOTHUPM 3apAIFKEH] NOSUTHBHO i YoTHPHM — HeraTuBHO. Ko-
HEH 2 TAKMX IOHIB OTOYeHMIT 1DicThOMAa HAMGMMIKEMMM 0 HBLOCO
(d = 0,5a,,) icHamyu TPOTHNENHOrO 3apALY.

Epuceran iy CsCl (tun ueHTposaHoro kyda) cKIATACTBCH HE-
MoEOM 3 ABOX MPOCTMX BCTABJEHMX OfHa B OnHy KyOiumnx TOK
(nus. puc. 7.2), syanu B onmiii 3 AKUxX 3anosHeHl ionamm Cs', a B
imidt — iomamu Clo. Kosen ion Cs* va opmakosiii Bigetasi oroue-

Huit eicemoma ioHamm Cl°, 1 HaBkomo wkomnoro iona Cl
posmiLyloTECA BiciM pisHopiznanerux ionis Cs*.

I'paTka yunkosoi obmanrt ZnS — cTpykTypHMii Tun cficrepu-
my — € MPUKIAJoM TPeTBHOro TUITY CTPYKTYPM, Xapaktepsol ajas
ionnux crnonyk AB. Ixmio enemenrapny komipky Tak camo, sk i
NaCl, cknamaiorTs gicim ioHie, ane poamiieHi soEM iHakme, VY Hali-
Gmoxdomy orodenni iona Zn®' posmimeno HOTHPYM PiBHOBIIANEH]
iomn S% i maBnaxm.
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Llssreonn. ofivmesa
[y Timndt #nS)

Baopuer
(rexcarosammini ZnS)

Puc. 7.2. Hallmoumpesini cTpysTypy iosimx kpuetanis tvris AB ta AB,

Hueno HacTUHOK ¥ HaiDIuaYaoMy oToderH] TiEl [acTHHRM, 1o
POSNIANAKTE, HABMBAKTE xoopdunayiinum. Halmacrime xooppu-
Hamifini Yucna gpucrtanis aopisHwoTh 4, 6, 8, 12. Y posraaHyTux
kpucranax NaCl, CsCl ra ZnS xoopoumaniiini uuena siprosigmno
cragoenaTe 6, 8 Ta 4. OCKinBEKH KOMMBAHHA YaCTHMHOK BifIHOCHO 1X
VPIBHOBa2KEHOTD POSMILECHHEA ¥ BY3Jax PaTHKM 3a 3BHMAIHMX YMOB
OyHe mage, To | BigeTani mix HuMK MOMHE BBAMATH CTANMMM Be-
JIHYHHAMM, TOMY KOOPAMHALINHHE YMeno | cmaaa rpamiu € Barai-
BHMM XAPAKTEPHCTHRAMH KPUCTATA.

ITopibao A0 CTPYRTYPHUX (hOPMYNT MOJIEKYJ KOBAJIEHTHMX PEU0-
BUH AJA KEPUCTANE KOPUCTYROTLCA MNOHATIAM Kpucmarorimivuiur
cmpymyprux @opamyn, ¥ AKUX YPAXOBYIOTE KOOPAMHALNHI uMc-
Ja 4acturok ¥y rpatul. Kpucranoximivna erpyrtypes dopmyna
wam'snoi coai NaCl Taka: [NaCIwﬁ]h’. YV uift copMysi HMAHIA
inpexc (6/6) Blunopigae KOOPAMHALIHHMM SHUCTaM HATPIK 1 XJ0py, a
BepxHi iHmexc (3w) — TpHUBHMIPHIN MOBTOPIBAROCTI TAKOro Mpo-
CTOPOBOTO  PHMCYHKA. AHAMOTYHO HPUCTANOXiMIYHA CTPYKTYPHa

thopmyna CsCl Taka: [CsClgre]™”, a ZnS — [ZnS,4]"".

Y
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3 nosepxui TINO KpHCTana OOMEMKYETHCA TNJIOCKMMY FPaHAMM,
AKL, MEPETHMHAIOYMCH, YTHOPIOIOTL NpAmi pelpa, 110 CXOUATBCA Yy
BEPIUMHAX.

Hayky npo rpueranu HasMBaioTe wpucmaiozpagiero. Opumm 3
HalBawUIMBIIDIX 11 3aKOHIB € 3aKoH cmanaocmi Js02paHHUT KYy'mia:

B YeCiX KpueTaaax oamiel i Tiel camol pe4oBHHM KYTH Mi: Bif-
OOBIIHUME FPAHAMI OJHAKOBIL.

Hanpuknay, y kpuctanax CsCl xyry mis rpapaMi npami.
§ 3. Knacudixanin kpucraniunux chopm

Ilpupona «BRAlITYBANA» TAK, L0 HE 3HAANOBMNOCH CTINBEH OKpe-
MUX KpucTaasiuHux (popm, CcKinbKky € Kpuertamiviux peuqosud. Ha-
Briaxy, DaraTo piaHNX PEHYOBUH MOMCYTh YTBOPIOBATH KPUCTANM Ol-
HakoBoOl hopMu.

Kpucrann rrnacudikyioTs 3a 0COGMMBOCTAMM iXHEOI cumeTpil.
CHMETPE-{‘IHi cirypu maore ofue abo kineka enementis cumerpii —
LEHTP, OCl, NA0LMHN,

IenTp cumeTpil — O TOMKA BCEPENUHI KPUCTANA, AKA NORLNAE
HaBILT YCAKY NMPAMY, #Ka OPOXOAUTL 4epes Hel | nepeTuHac rpaxi
thirypu.

ILnomuua eumeTpil noginae girypy KPUCTANE Ha 1Bl NOJOBIHY,
KOMIHA 3 AKMX BiII3EPRANIOE O0HA OIHY.

Bicy cumerpil — 1€ yasua nipsaMa, B pazi ofepraHHA HABKOJIO
Arol Tina kpucrana va 3607 chirypa abiraeTses cama ia cobow n pa-
3ie. Yueno 1 HAZWBAIOTE NOPROKOM OCL

ToHaTTA NOPANKY OCI MOMKHA OPOLMIOCTPYBATH MPUKIAA0M TPM-
JonaTesnro nponenepa (puc. 7.3).

Bick cunmerpii
-0 nopaaxy

Pic. 7.3, Ilpimenan oci cumerpil 3-ro nopagxy

Ouesupno, mwo npu nosopoti naskono oci va 360° nponenep 3Gira-
ereeA cam iz coboo Tpudi, Tobro fioMy BifnoBiAAE Bick TpETLOTO MO~
pRAKY.
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Opuidt 1 Tift camift hirypi MoyTs Bignoeigatm oci pissoro no-
panxy. Tak, depes Kyl mMomHa nposecTy TPH oci YETBEPTOrO NOPHL-
Ky, 4OTHPH — TPEeTbLOro i micTs ocedt gpyroro nopRaky.

Yym Oimbiue eNeMeHTiB CHMeTpii Mae dirypa, THMM BMILOIO CH-
METPIE€I0 BOHA XapaKTepHU3yEThCH.

Sl
HKy6 Oxtaenp Iprama Einipamina
L Kyhiyna IL TeTparonantya
a=h= c, a=b#u
sel syTi OpAMi, BCl KyTH TIpAMl, ne =4
e ™ & (Sn0z, CaWO,)
(NaCl, CaFy)
f ic
g S ¢
|‘- L
Tpreana Binipamina TIpnama Eimpamia
IIL Pomtiuna IV. Tercarotabia
a¥b#r, a=h=c#d ng= 6,
BCi KyTH mpAMi KyTH Mix ocAMu a, b i c gopleamioTs no 60
({MgSQ, TH,O, Ky TH Mix Biecw d i penrroio
cipxa) ocefll nopisxioTs no 807

(510y, AgD

V. Mosoxninus
a#h#e, Kyr b
ocamit g i b gopiemos 60,
Bicb c 3ochmme ai b

Henpami
(CaS0y 2H0)
Puc. 74 Kpucranorpadivsi cueres (cnHrosii)

a#h#g,
a#®f#ye 00
(K3 CryOy, CuSOy5H,0)
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Has kpucramivmmux c¢opMm moxmmel 32 xombimauii neBmnx Ha-
Gopis enemenTis cumeTpii, AKnM Bignopinatote 32 KiacH kpucrasie.
Ocranni noginAoTe Ha IicTs Kpucranorpadiuamux cucTem, abo
cunroniit. HanesuicTs kpmcranie mo mnesHol Kpmctanorpadisol
CHCTEMM MOB'AZYIOTE 3 KIMBKICTIO | XapakTepoM Tak 3BaHUX XpPu-
cmasoezpagivnux oced | KyTiB MizK HUMMK,

Kpucranorpadgiuni oci ysABHO nposomsATe BCepenuHi Kpucrtana
napaneneHo #oro rpasaM. Ii oci mosxyTe s6iratics (Hanpuknan,
mns xyba 3 ocAaMM HeTBepTOro MopaAnKy) abo we sbiraTvcs 3 ocamm
cumerpil. Oci cumerpil y kpucramiunint ¢irypi mowmyTs Gyt Bip-
cyTHi, 8 Kpucranorpadiumi oci MoxkHa nposBecTy 3aBmaou (puc. 7.4).

Jna KpucTanis XapakTepHe sBMne asisoTpomil Awizsomponin
Kpucmanié TOJNATaE Y BHUABJIEHHI HWMHM HeoOHaKoBux hismgrmx
BIACTHBOCTEN KPMCTANA — EeNEeKTpo- i TennonpoBigHoeTi, MexaHiy-
HOl MILHOCTI TOMIO 3asesHo B o6paHOro HANPAMKY BHMipHOBaHHA
Hanpuxnan, miumicTe Ha pospms Gpycka a, BMpisaHOro 3 Kpuerana
NaCl, y 2,5 pasa Memma 3a Miusicts Gpycka 6 (puc. 7.5).
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Puc. 7.5. Bpycxw, supisasi 3 xpucranis kam'sHol coni NaCl;
4 — y HAOPAMKY, NEpNesIMKYIAPHOMY [0 Ipaneli Kyba,
6 — y HAnNpAMKY Alaromani opsiei 3 rpaseR xyba

Lle sBuie HAUBAIOTDL L€ 6EXMOPIGABHICTIIO eAACTRUSOCTEIL.
Boso 3YMOBJIEHE THM, 10 aHI3OTPOIIA KpUCTaJiB, AK i IxHA (hopma,
€ Hacnigrom ocobnmBocTedi BRYTpPinmb01 Gynosmn.

Y npupozi 4acTO TPANJAITBCH KPUCTANIYHI PeYOBMHM, HATIDHK-
nan OlmbinicTe METaniB, sKi yTBOPIOIOTL Tak 3BaHi Moaixpucma-
atmui empyxmypu. OcTaHdi CENanalThes 3 MaJleHbKMX KpPUCTa-
JMKIB — KPUCTANiTiB, AKi amypHO NEpPeniTaloTLCH, N0-Pi3HOMY
OPIEHTYIOYMCE ¥ TpocTopl. Taki Kpucraniuxi pedoBUHM XapaKkTep-
3YHOTLCA NCEBNOISOTPONIE, TOBTO ONHAKOBMMM BIACTHMBOCTAMM He-
3asieskHo Biz o0panoro HaNPAMKY BUMIpIOBAHHA.

peanbHuX MOHOKpWCTANIB xapaxtepi pismi pedextw, sxi
TAKOM BIMBAIOTh Ha IXHI BIACTHBOCTL
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§ 4. Tunn ximiusoro 38'A3Ky B KpucTanax

3aneruEo BiA NPUPOAM HACTHMHOK, [0 CKIAJIAI0T: KpucTad, i Xa-
parTepy B2acMO/il M HUMM PO3PISHAIOTL AMOMMNL, MOAEKYAADUL,
fonni Ta memanivui rparem (puc. 7.6).

OO ®OO®O

OO0 QU DEC

OO *@O%

QOO0 GO0 DEOGE
a i o 2

Puc. 7.6, Tumn EpHCTANIMHIY [PATOR:
a — aToMHa, B — I0HHA; 8 — METANINHA; 2 — MOJIeKyNEpHa

YV Byanax aTOMHUX KPMCTAJIMHMX
TpaToX posMileRi aToMM, CNoJy4eHi
ropanenTHum 3e’aakoM. Taxl kpucranm
YTEOPIOIOTL Hemopbi OfHY BEJIEeTeH-
CBKY MNOMMEPHY MOJEKY.Jy 3 MilHUMM
aB'sakamy. Cepen Tarux pevoBHH MOM(-
Ha HaapaTn anMaz, cuiiuiil, repmanii,
cipe onoeo Ta gesxi iwmi (pue 7.7).

Monerynapni rpaTky JeAKHUX peyo-
BMH CRJIAfAl0TECHA 3 MOJIEKYJ, AKl Crio-
nyueni cnabrimmn MiBMONEKYIAPHIMK
cimami, o Tarux pedvoBMH HANENKATH
KPUCTANIYH] BOMENDL, KHCEHB, FAJOreHn,
iveprHi rasm, BYrierMcnmii rad, soga,
6inpluicTs KpPHCTAMMEMX OPTaHIuHMX
criony (pue. 7.8). Tari kprerTany mMaoTh Many MILHICTh, HMEbLK
TEMAEPaTypy MAaBAEHEA | BUNAPOBYBAHHA.

Puc. 7.7. CTpyrTypa anMazy
(. . = 4) (NOTOBLLEHIME
JIHIAMM NOKAIAHO 3B RIKH MK
ATOMAMM P TETPaePax)

Puc. 7.8. Kpneraniysi rpathun #fiony Is (o) Ta aprony Ar (6)
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lonni kpucramiuel rpaTEM CKnapaOTLCH 3 NPOTINENSHO 3apAMI-
MREHMX iOHIB, AKI BIAEMOMIIOTH EnekTpocTATHYHO, IoHN MOMKYTE OyTH
AK npocrumu (oMM metanis | vemertanis), Tak i GaraToaToMmHMK
(NH}, NOj, SOj, [Cu(NHz);)*" Ta in).

SB'A3KkKM MK iOHAMK JOCHTE MILHI, TOMY BNACTHBOCTI 10HHMX
KpPHCTANiB 3MIHIOKTHLCA Y IUMPOKOMY aianasoni. Jlnm iommux kpm-
crasip faraTeOX PeHOBMH XapakTepHl Bucoki MinmicTs i remmepaTy-
PH TNABMEHHA, HalpUKDaj Temnepatypa nmasnensa NaCl crawo-
puTh 801°C.

Sa xapakTepoM BlcTaHell MiX YaCTHHKAMM, SKI YIBOPIIOTE
Kpucraniugy rparky, posplauaiTs OCTPIBHI, JMAHIOroBi, wapysarti
(ciTuacri) Ta KCOpAMHALIIHI CTPYKTYPM.

B ocrpisHux, naHIpOroBMX Ta LWApYBaTHX IpaTkax MOMHa poa-
MiZ3HATH IPyNH ATOMIB, SKi YTBOPIIOTH BiMOBiAHO i30NLOBAHI OC-
TRiBui, HeckiHvenni nmamory abo wapn (citkn). Pons octanix en-
KOHYI0TE Monekynm abo womnnexcui iomn, of'enHani B KpHerani sa
pPaxyHOK MDXMOMeKYJApHUX &80 ioHHINK ap'Aakis,

OcTpieni MOnekyNApPHI IPaTEM MAIOTL KPUCTANYHI BOXEHb, K-
CeHb, a30T, ranoreny, apros, oxenn syrneu(IV), oprasiusi pesosn-
Hi. CTpykTypa TakuMx MONEKYNSPHMX KPHCTAJIB YTBOPEHZ HEro-
JAPHUMM  MONEKYNam#, MbBK SAKMMM AlloTe  guenepcifisi  cuum
OCKITBEENR 11 CHIIM HEHACHYEH] | He-
HAMpAMIeH], TO KPHCTANIH, YTBO-
perl  chepuunnmn  abo  rawTene-
NOMOHMMH  HENOMAPHUMY  MOJEKY-
NaMy, XaPaKTePUIYHTBCH BHCOKH-
MM  KOOPAMHALHMME  yuicianMm.
Hanpuknan, kpueraniysi sogeHs Ta
renifi MaTh INBHY TeKCATOHAML-
HY ¥YHAKOBKY 2 KOOPOHHAIIITHUM
gucnom 12, a Kpucranivei apros Ta
oA — rpaHeleHTpoBany Kybiumy
IpaTRyY 3 ROOpAMHALIIHMM wYHCaoM
12. Ocrpisni monexkynspHi rpateyn
MUKTE | CHONYKH, HAKI MICTATE
se'sakn  F—H, O—H, N—H
Crpykrypy Takux kpucTanmBs sge-
Ginelnoro BH3HA4ae BOIHEBMI
as'sisok. Tak, y Kpuctami gawomy,
AKMIT  XapaKkTepHM3YEThCA CTPYK-
TYpHMM THIIOM chanepumy ZnS,
KOM{Ha MOeKyJa BOOM TETpaen-
PUYMHO  CLIOMYUEHA BOAHEBVIMH
3B'ASKAMM 3 WOTHpMa HaGJMKYI-
MM cycinamm (prc. 7.9).

0 — HHCEHD
= — BOJEHL

Pue. 7.9, Cxema gprcraniuyoi
IPATHEN JLOAY (HOPOTKI PHCEK —
KOBAJNEHTHI ap'aaxn H-0, nopri
pHeKH — poymHeni an'makw H-O )
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THITM XIMIMHOI'O 3B'A3KY B KPUCTAJNIAX 225

IIpoTe Ha BiAMIHY Bifl IOHHOTO KpUCTana ZnS JOBMMHM BOIHEBMX
i KOBANEHTHMX 3B'A3KIB Y CTPYKTYPi Jib0AYy HeofHaKoBi. 3a PaxyHOK
UBOr0 Yy KpMCTaJi JBOAY BUHMEAE Darato NOpo#HMH, 1 JiA MaE HeBH-
COKY ULNBHICTE.

OcTpiBHa iOHH& CTPYKTYypa XapakTepHa sl KOMILIEKCHUX CIo-
JyE, AKI CRIAJAITHCA 3 TPHOX 1OHIB! OAHOrO KOMILIEKCHOrO i ABOX
nporuionis, Hanpukaag NazSiFg, K2SnClg, [NI(INH3)g]Clz Tomo. )

JaHimoropa MOJIeKYJSpHa rpaTka XapaKTepHa A IINAcTHYHOI
cipku, cenedy, Tenypy. lllapysaTy cTpykTypy mae rpadir. Jlanmo-
roBi Ta WAPYBATI CTPYKTYPH HacTille TPaniflTsCA cepel reTepo-
ATOMHMX CHOJIYE. IX YTBOPIOIOTH PEYOBMHM PI3HMX CTPYKTYPHMX TH-
nis Bin ABy no ABg, HanpMEnan:

JlaHUIToE] TpaTHM: BeCly, PdCly, SiS; (tun ABj)

SO, NaPO; (tun ABj)
CoCly2H0 (tun AB))

SbCly (mun ABg)

Cdl,, MnCly, CA(OH), (1un ABj)
FeCly, AlCl,, AI(OH); (Tun ABjy)
SnF;, Na[AlF,] (1un AB,)

IMapysaTi rpaTH:

CTPYKTYPY TaRMX KpMCTaliB MOMCYTH CKIAAJATH OKTae[pu4dHi
CTPYKTYPHI OaMHMui, Akl 00'caHyloThea Mk cofolo MicTkamy, pos-
MileHMMH Ha JBOX BepmMHax Ta Ha pebpax (mamipory), @oTHpMma
BEPHIMHAMY — CiTEM, YK wicTema pebpami — map.

Tipu of'egHaHH] TeTpaeipHYMHMX CTPYKTYPHMX OIMHMIE OBOMA
pepumuamu abo gpoma pebpaMu yTBOPIOIOTHCA JaHLOTIL

Ximiyua chopma cnosyky He BipoOpaxae xapakTepy KpHcTasnd-
HOl I'PaTKM | KOOPAMHALGMHMX HMCEN HacTMHOK, AKI 11 CRIagaoTs.
Lo indopmanio MoMKHA AICTATH TIIBKM BHACTIIOK BMBYEHHA KpPM-
CTANYHOI CTPYKTYPM.

Koopuuanilinmmn Ha3WBaloTh Taki rPaThM, B AKMX KOXKEH aToMm
(uu i0H) oTo4UeHMI NMEBHMM YMCNOM CYCIOiB, AKI poaMmilleHi Ha OonHa-
KOBMX BiZICTAHAX i cnosy4eni mi< cobow OZHAKOBMM THIIOM 3B'A3KY
(ionHMM, koBaneHTHHM abo mMeTanibsHmM).

OckinbKky ioHHMIA 3B'A30K HEeHacHM4eHMIt i HeHanpammeHwit, To
iOHHI KOOpPAMHALIMHI KpUCTaJM XapaKTepHaylTeCA BUCOKMMM KOOpP-
aMHaifiamu umenamm. Le 3 came crocyeThea | METamiyHMX Koop-
IUHALIHHENX KPMCTAJIB.

B ioHHMX KpMcTalax crexiomeTpudHoro ckiany AB xoopam-
Halifigl suena atomie A i B opgHaxopi Haifgacrime TpaniAKTBCH:
OKTaepO-0OKTaepMYHa KOOPOMHALIA aTOMiB — CTPYKTYPHMH THII
NaCl; kybo-kybiuna koopausania — crpykrypamit Tun CsCl; Terpa-
efpo-TeTpaeApHyYHa KOOPAMHALIA — CTPYKTYpPHMIT THII ZnS.

¥ wooppMHALifHMY KpHcTalax ckiagy AB,; KoOpawHaLiliHl yMcna
atomis A 1 B Bignocatees, Ax 2 : 1. JIna Takux KPHUCTAJB Xapak-

TepHa kyDo-TeTpaegpyuHa KOOPAMHALiA ATOMIB — CTPYKTYpHMI
it CaFy, OKTaefpo-TPMKYTHMKOBa KOOpD/MHALIA — CTPYKTYPHMI
g:_;g TiO; Ta TeTpaenpo-niHifiHa KOOpAMEALA — CTPYKTYPHMI TUI
10)5.
Jlna woopauuanilisux rpaTor cnonyx cknapy ABj xapakTtepnowo
€ OKkTaenpo-niHifiHa KOOPIMHALIA aToMIB — cTpyKTypHMii THi ReOs.
Kpueraniyui rpaTeu, yTEOpEHI MeTANaAMY, HA3UBAIOTL MemMaaiy-
Humu, Bonu malore neeni ocofymMBocTi i pOSrIADATUMY TBCA AAJ.
~ Kpucranu meepdur poswumnie, yTBOpeHi WacTMHKaAMM OBOX 49M
Olisile pPeqOBMH, € OfHOPIAHMMM (FOMOFeHHMMM) KpHCTaIigHMMM
cucremamyu. PoapisHmoTe meepdi posuunu zamiwjenns i emuc-
nenna (puc 7.10).

a
Puc. 7.10. Cxemy rpaTok TBEPANX POSYMEIE 3amillieHss (@) Ta BTHCHeHHES (6)

Teeppi posuuHM 3aMIDIEHHA YTBOPIOWOTE G/M3bKI 3a posmipamu
HaCTHHKHM, KOJW B KpMCTaniugiil rpaTili ofgHiel peqoBMHM YacTMHKM
HOBLIBHO 3aMilylOTECA HA YacTMHKM iHmIOI, ayne no Beeomy of’emy
KpMCTAaJl 3aJIMIUAETHCA OMHOPiHKM, 1 kKpucTaniyea Oynosa maitke
He amiHweTscA. Taxi posuMEM 3aMillleHHA YTBOPIOTE CHCTEMM:
cpibyio—30m0T0, Ccenen—renyp, KpemHili—repmanifi, Gpom—iiozn,
KCI—EBr ra in.

¥ TeBepmux posumMHAX BTUCHEHHSA Yy By3JlaX KPMCTAJi9HWX IPaTok
MICTATHLCHA BENMKI 3a PO3MIPOM HacTHHKM, a B NPOCTOPi MiXK Bysna-
M PIBHOMIPHO POBNORIJIAIOTHCA 3HAYHO MEHIH YacTMHEM iHmol pe-
yoBvHN. Taki TBEpAl POIYUHEM MOMYTE YTBOPIOBaTHMCH JMIIE TOHI,
KOJM PO3Mip YaCTMHOK OHOrO 3 KOMIOHEHTIB He MNepeBMiye 2/3
poamipy 9acTMHOK iHmoro. TUNOBMMM TBEPAMMM PO3ZUMHAMM BTHC-
HEHHA € PO3YMHM BOAMIO B nanagii abo Byrsenio — g 3aniai (crans).

Ana pesaxux peyoBMH XapaxTepHe aBMile nodimopdismy. IMToai-
Mmopdism — L€ 3naTHICTE OFHIET PESOBMHM ICHYBaTH B KLILKOX
kpucramyanx dopmax. Ilonimopdiam cnocrepiraetsea sk cepen
OPOCTUX, TaK i Cepejl CRIAIHMX PEYOBUH. AJIOTPOMIA NPOCTUX peyo-
BUH HafiyacTiule ToB's3aHa 3 ABMuieM nosiMopdismy. Tax, Bymieus
TpannAeTeca y BurnAn anmasy (kybiuHa cucrema) i rpadity (rek-
caroHaJsHa cucrema), cipra Dysae pombBiuxol i MOHOKTIHEOI cHcTem.
Kapborat kaneuito CaCOj; TpamniseTses y BUrisgi MiHepaliB Kajib-
ouTy (rexcaroHansHa cucTema) #oaparosity (pomGiuyra cHcTema).
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Bosasouac piaHi peyOBMHEM MOMKYTH YTROPIOBATH KPUCTAIM OIHAKOBMX
cpopm. [le ABMie HASHBAKTL 1 i (izomoptpiam — oana-
roea chopma). HaftAckpaBilnuMM NpMKAafaMu isomMoppismy € amomMo-
wamiermit KAISO,), - 12H,0 Ta XpOMOKAMEBuit KCr(SOy)y - 12H;0
ramyHM, AKi MaloTH nopibHMit CKiaA TA OAHAKOBY OKTAENPUNIHY
copmy EKpucTanie. [3oMopgHMMHU € TaKOMK TaKi peYOBMHM, fAK
NaNO; i CaCO;. Jlna isomopghriX PEYOBMH XapakTepHe yTBOpeHHA
aMiNAHMX KPUMCTAJIE (TBEpIMX PO3YMHIB samimiersa). Tomy xXpu-
crasM OAHIE] PEYOBMHM MOKYTH BiAirpaBaTH poOfb LIEHTPIB XpH-
cranisanii nasa igmol Tak, y pasi BHECEHHs y HepecHueHni po3uuH
NaNQO; kpucTaaukis Kpeiim LBMAKO POSMOHMHAETHCR KpHMCTaT-
3alin HITpaTy HaTPiKw.

§ 5. Meraniumuii cTan

BinswicTs enemenTis y BimkHoMy cTaHi € metanamun. Kpim pryTi,
3a 3BMYAMHMX YMOB BOHM € TBEPOMMM PEHOBMHAMM IyCTHHOKO Bin
0,53 r/cw® (miti) Ao 22,48 r/em® (ocwiff). 3anexHo Bin ryCTMHM ix
MOMINAIOTE Ha Jerki (p < 5 r/cmd) i Bamxi (p > 5 r/em¥). ¥ umipoxnx
ME¥aX 3MIHIOIOTHLOS | TeMNEPATypH TUIABJIEHHS METANIB: Bin =35 °C
(pTyTs) RO 3420 °C (BONBGpaM). JIErkonIaskuMu BBANKAIOTH METAIM,
WO MaloTh Temmepatypy naaBnensa no 1000°C, TyronnaBrumm —
nonan 1500°C.

Kpucramiy#a CTPYKTyPa METANE XapaKTepM3yeTbCs BHUCOKUMM
KOOpIMHALHMMM YMCTaMK (8; 12). HaittnnopinmmMm ANA MeTaniB €
CTPYKTYPM TphOX ThiiB: Xybiyna (d-metam [ i VIII rpym nepiomny-
HOi cucremu), Kybiuna ob'€MHOLIEHTPOBAHA (mymui MeTamm, d-meTa-
qm V rpymm) i rexcaronanssa (Be, Mg, Te, Re Ta in).

Jlo MeTaniB HaNEATb yCi S-ENEeMEHTH (338 BMHATKOM BOJHIO ire-
i), yei d- Ta f-, a TakoK feAKi p-eneMeHTH (amominifi, raniii,
CBHMHENBL Ta iH.).

Jlns MeTasiB XapaxTepHi nepHi BIACTMBOCTI, 110 BIAPISHAIOTL ix
Bify HemeTanis, aoKpema fAckpaBa, DimecKywa TIOBEPXHA, IO 3yMOB-
JIEHO 3HAYHOI0 3JATHICTIO A0 BiAOMBAHHA COHAMHMX IpOMEHIB, BM-
COKi eNeXTpo- | TenJonpoBiAHICTD, MNACTHHHICT, NOPIBHAHO HM3bKI
eneprii ionisatlil aTOMIB, TofTO 3MATHICTL JIErKo BiflaBATH BaJIEHTHI
ENEKTPOEM 1 NEPeTBOPIOBATICE HA NNOZMTUBHO 3apAIIKeH] ioHM.

3HAYEHHS eNEKTPONPOBIHOCT] JEAKMX PEedOBUH PiSHOI NpHpoOy
HABENEHO HM¥KYE.

PevosnHa Tyn kpuctane  |Enexrpyusa nposiguicrs, 1/(Om - cm)
Cpifno MeTam urmi 6-109
Xnopua warpiro  |[oskmit 107
Anmas KosanenTHuit 10-14
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Bucoxa enextponposiasicrs meranis CBIAMMTL NPO HamBHICTL y
ixHiiT cTpyRTYPI ENEXTPOHIB, 3MATHMX BLIBHO NEpeMillyBaTHCh [0
BCHOMY KPMCTANy. 3B'A30K Y MeTanax He MOJKHA BiHECTH A0 iOH-
HOFO, OCKINbKM Masu 6 yTBODIOBATMCA TiNEKM OfIHAKOBO 3apA7zKeHi
ionn. 1ledl 3B'A30K He MOMKHA TAKOMK BBAYKATH KOBAJIGHTHMM, GO OC

[ = 1 =
TaHHIli yTBOPIOETBCA 32 PAXYHOK JIOKATIZ0BAHMX €JEKTPOHHMX Map.
Y MeTamivHMX KpuCTanax HagBHuit ocoGimMBMIT TMN 3B'A3KY — me-
MATUHUIL

§ 6. lIpupopa meraniynoro 3B’ A3KY

_ pupopy meTaniunoro sB’saky noACHIOE 30KNG MeOpis Kpucma-
na. B 11 OCHOBY MOKJAJIEHO METOH MONeKynApHuX opbitaneii, poa-
BUHYTHIT ANA CUCTEMM 3 JIyIKe BENMKMM HMCIOM naaemn,uimqu;c aTo-
miB (Gmi3sxmmMm mo cranoi Aporanpo).

Has posyminna Teopil cnif yasuty, mo i3omsoBani atoMm OAHOro
ENeMEHTa KOHAEHCYIOTBCA 3 rasoNofibHOro craHy B TBepay Kpu-
crasiuny casy. Jloxs somm Gynm Bignanenumm, ixmi enexTpomi
ragm:plrypauu Mam ofpaxoBy Dynosy, ane B Mipy ix 30maxenHs
MUK HMMHU 3POCTAE B3AEMOAIA, 1O CYNPOBOMIKYETLCA MepeKpUBaH-
HAM noRibrux mix cobolo aTomuux opbiraneii 3a metozom MOJERY -
NApHMX opbiTaneii e npMBOAMTE 0 CTBOPEHHA 3 KOXHOI Mapy Mo-
H9aTKOBO EHEpPreTHYHD PIBHOLIHEMX aToMEMX opbiTaneii apox Mone-
KYNAPHUX: 3B’A3YBANLHOL 3 HIHKUOKO EHEPri€l0 Ta POSMYLIYBANLHOI —
3 BUILOK. Y pasi Baaemofiil n opbiTaneit oaHoro aToma 3 m opbi-
TaJlAmit IHINONO YTBOPIOETHCA N 3B'ASYBANBHMX i m poSnyIIyBaih-
ﬁ:‘t:: opbitaneit. ITopamerni NPMEAHAHHA aTOMIE 3YMOENIOIOTE BHMHMK-

EHHA HOBMX MONEKYNAPHUX opbiTaned, i BinnoBigni iM eHepreTirsi
PIBHI PO3MILLYIOTBCA Mo6ImM3y Monepessso cTBopernx. Yum Ginbme
?;omm y cuctemi, TuM Gineine monexkynspro—opbiTambHux cranie.
i 1]?3%13:11, KOJM 4YMCNO B3A€MOJIIOUMX ATOMIB CTAE [yixe BEMMKMM
., ml.my :gpncmm CTBOPIOCTECS CYKYTIHICTE Haf@Byuuaino Gnman-
s n,gmziﬂnrc_u EHEPIeTHYIHMX DIBHIB MONEKyJapHux opbita-
S B g
30Ha, AKa OXOILNOE YBech upuuc-ri-m i - ae
(2% l.II.rr.HKnpmumny PO3IAHEMO METaM4HMI 3B'A30K Y KpucTam mTiio

). Kpucran mae of’emmonentpoBany kyGiumy CTPYETYPY (xo-
:Pmamﬁue uncno 8), B AKiM opHOenexTpoHHA 2s-opbiTams KoxcHOro
TOMa CHOYATKY NEPEKPUMBAETECA 3 TAKMMM CAMMMM OpOITALAMM
BOCEMM Hafzﬁmmm atoMis (puc. 7.11). Mani pinbysaeTsca nepexpu-
BauHA npﬁn:aneﬁ 38 yHacTio DB BianeHnX aToOMIB 0 yTBOPEHHA
TPoCTOpoBOi eHepreTiysol 3oum. [locnifnoprmit posenTox MONEeKYNAp-
Hix opbitaneit 3 ABOX, WOTMPLOX 1 T. n 2s-opGiTaneit aTomie
Poamityenux Ha 0Ouildl npamil y KpyeTani, HapeneHo ka puc. 711, .
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Taxk, sxwo B Liz 3 nsox opsoenexTporHnx opbiTanell BMHMKAIOTH
O[HA BB'ASYBANLHA 1 O[lHA pOANywryeasisHa opbiTam, To B miHiimO-
My yrpynosassi Lig Bae yTBOpIOOTECH s8]l 8B'm3yBasbHi i gl poa-
nymysankHi opbitam. Hacrynsi npuejmanig aToMiB ClIpUMYMHIOIOTH

NOABY HOBMX Monexynapuux opbitanefr Bimnosigai iM xeumeosi

enop-dy -
#
z
g i

dyrruii (Vo) BuasausaoTecH XapakTepoM mHiltHol KomGinauii
XBMIIBOBMX yHkUil aTomuux opbitaneit, mo B3aeMomiloTs, a 1X
eHepril HabJMIKYIOTHLCA 1O eHeprili pawille yTBOpeHMX MOneKkynsp-
uux opbiraneit. Bpemri-penrr, ai abinbiennam uymena atomis y
NHIHOMY JAHUIMKY 3a paxyHOR 36iMiKeHHA MONeKyNspHMX opbi-
Tanei CTBOPIOETECH Besnepepea eHePreTUYHa 30HE.

3anosHeHHs MoJekynspHMx opbitaneii enexrposamu sinOysa-
€TBCH NOCJILOBHO B MIpY 3POCTAHHH IXHIX €Hepriff, NnouuHayYM 3
HaliHMaRyol, 3 ypaxXysavHam npusipmmy [laymi. OckiiekM KodkeH
aToM JUTII0 Ma€ TINBKM OfMH BANEHTHMI ENEKTPOH, TO 3anoBHIO-
€ThCA JMILEe TNONOBMHA MOJIEKYJIAPHMX opbiraneil B eHepreTysHii
3oHi, ToOTO TiMkKYM 3B'A3YBANEHI MONEKynspHi opbiTai.

3oHy, AKY 3aiMalOTE eNleKTPoHM 3B'HRaKy, HASMBAIOTL EQALHM-
Ho1w0. Binbay 30HY, 0 poaMillyeThCs EHEPreéTMYHO BMINE Bix Ba-
NEHTHOI, HA3KMBAIOTE 30HOMW NPOSIOHOCMI.

EnepreTuyna 3oHa Mae asi ocobimBoeTi, Bin AKMX 3aneskaTh Bia-
CTHBOCTI METANIYHOro cTaHy: 1) BOHA OXOIUHOE B NMPoCTOpi BCi aToMyu
1 eoKanisoBaKa No BCLOMY KpMCTany; 2) B eHepreTHuHili 3cHi me-
TamiB HEMae NMPOMDKKY MiX BanoBHEHMMM §i HESATIOBHEHMMM MOJe-
KyJiapHuMyl opbitansmy, Tomy Hepesmke 30ypeHHS eHepreTHUHMM
nosieM (CTBOPEHHA pisEMI[i NOTeHuiasgis, HarpiBaHHS, OCBITIIEHHA,
OTIPOMIHEHHA) CNPUYMHIOE NEPEMIlUEHHS ENeKTPOHIB 3 BAJIEHTHO!
B0HH B 30HY NPOBIHOCTI | BUHUMKHEHHS €JEKTPHYHOTO CTPYyMY.

Orsxe, w06 onepsati Metaniuny nposigHicTs, yes Geanepepssa
(cyuinsHa) enepreTitHa 30Ha 3 MoneKynApHMX opbiTaneii mae ByTH
SANOBHEHA EJEKTPOHAMM JiMiie 4acTKoeo. IlA yMoBa BMKOHYETECH
Ann s-enemenTis I rpynu (ns'). lns s-enementis I rpymu (ns?np?)
Y€ s-30HA 3aNOBHeHA enexTpoHamu. OpHak ui eneMeHTM ¥ Biab-
HOMY cTaHl € mMetanamy. Ile NMOsCHIOIOTH THMM, Mo B ¥TBOPEHH] 3a-
TANBHOT EHEPreTH4HOl 30HN MOJIEKYNAPHMX opbiTanell MeTaJiYHOrO
KpucTana GepyTs yvacThb Takok BakaETHI BasewtHi opbitam (npY)
atomis. Bonu CTBOPIOIOTL BIMBHY P-30HY, AKa NEPEKPUBACTHCA i3
S-30HOI0 H YTBOPIOE 30HY NPOBIHOCTL

Orxe, posrnanaoyy BUHMKHEHHS EHEPreTIHHMX 30H y MeTanxiy-
HUX KpMCTAaNaX, CIifi ypaxoBysaTi i HeaanoBHeHi BanenTtsi opBiradi.
PoOPMYBAHHS TAKMX 30H ANA KPMCTAJIE JITIHO i Gepurniio HaBenmeHo
Ha pye 7.11. 3a monoMoroi 30HHOT TEOpii MOMHA MOSCHUTH TAKOMK
NOXOEKeHHs MeTanivHore Gimcky. Beamaiore, wo enextpomn me-
TATIYHOTO KPMCTaNd 3/aTHI NOTIMEATH eHepriio cBiTia i NnepexouTH
Ha By piBHI B eHepreTwunidi soHl Biapasy s nicis umoro Bomm
BUIPOMIHIOIOTE €HEpriio | NOBEpTAIOTECS Ha CTauioHapui pisui. Ha-
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SBHICTD BEJIMKOTO 9iesia Han3BeHualiHo GMM3bKNX eHEepreTHYHMX piB-
HIE NpMBOMTE A0 TOrO, MO CBITNO, AKE NOTPAnmy0 Ha KpHCTam,
NPAKTHYHO NOBHICTIO BiIGHBAETHCA.

EjexTpyIHa TpPOBiAHICT: METANIB BIIHOCHO MAJIO 3AJ€HHTH Bify
TEMNEPATYPH, OCKINbRKK B0LILILCHHS 38CENeHOCTI IXHLOI 30HIL MPO-
BiypocTi B Mipy NABHILEHHA TEMNEpPATYPK KOMIEHCYETHCA noOcu-
JNEHHAM KOJMBAHL KPUCTANIYHOI TPATEM, AKI 3apayKalTh PYXOB
ENeKTPOHIB.

BaJeHTHA 30HA | 30HA MPOBIHOCTI MOMXKYThH NepexpisaTich abo
He nepexpuBatnes, Craximo, y TBEPAMX PEMOBHMHAX 3 IOHHMM WM
KOBAJIEHTHUM THIOM 3B'S3Ky BAfIGHTHA 30HA I[JKOM 3anoBHEHA
eNeKTPOHaMM, & 30HA TpoBifHocTi Mae Habarato Ginbury eHepriwm,
Hiz{ BATEHTHA.

Mis 1M 30HAMM BMHMKAE BEJMKA €HEPreTHYHa LinnHa — 3a-
Goporena sona (AE). Jlnn i1 nojonansa norTpibHO saTpaTnTu SHA-
HY KiJbKICTh €Hepril (HarpiBaHHA, HATIPYTa TOIIO), TOMY 3a 3BM4ai-
HUX YMOB 30HA NPOBUIHOCTI 3aMMIIAETHCHA BAKAHTHOI (HE3amoBHe-
HOW), | Taki TBepAi PedYOBMHN HE NPOBOANTL ENEKTPHYHMI CTPYM.
Bouu € pienextpuranm (AE > 3 eB).

Ipomiskse CTAHOBMILE Mz NPOBIHMKAMM i JleNeKTpHKaMi noci-
[ENOTH HANIBIPOBLHMKN, B AKMX TaKO¥K 3anoBHeHi yci mippieHi Ba-
nenTHOl S0HuM, ane 3afopoHeHa 30HA NOPIBHAHO Hepesmka (AE =
= 0,1...3,0 eB), Tomy B pasi wessadHoro HarpiBanns abo onpomi-
HEHHA eNeKTPOHM 3JaTHI NOJONATH 3abopoHeHy S0HY i nepemicTi-
THCE Y 30HY NpoBiHOCTI (puc. 7.12).

. Saboponesa SOHI
Scwa nposigHOCT| {exepreTirmEa miguHa)
Y g Y fa BanenTa 5012
E = i &
——{El—{Ch——{eh—]
AE=01..30eB AE >3 eB
V// ! g 1 we
4 B2 vz
Meranu HariBnpoBlgHHER Hie nesTRIEN
AESH = 1,128 AE(NaCl) = 6 eB

Puc. 7.12. CxeMit posMilleHHs BANEHTHO! 30HM i 300K NPOBIAHACTI B MeTaNax,
HAMBOPOBITHMKAX | AleNeRTPHEAX

IMpr nLoMy SB'AS0K, YTBOPEHHT ENEKTPOHHOIO Napoio, po3pH-
BAECTLCH, il O[MH 3 ENEKTPOHIE NEPEeXoMTL Y 30HY NMpOoBiHOCT], & Ha
fioro micui y BaneHTHIl 30HI BMHMKae BaKaHCifi — MOSHTHBHO 3a-
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panKena a:pxq. _Bnac.ni_uox NpUEIAJAHHA [0 HaniBnpoBifHMKA
PISHMII TNoTeHuianis einOyBaeTLCA nepeMileHHSA eNeKTpoHIB, Ak
nepecTpubuymM B 30HYy mpoBifHocti o awosa. Haenakm, y pa-
JICHTHI 30HI CYCIZHI ENEKTPOHN WEBH/KO SANIOBHICIOTE AIPKH, Tepe-
MIEYIOEK 1X 70 karoga. Omke, eNeRTpU4HME CTpyM y HaniBnpo-
BIIHMKAX TMEPEHOCHTLCA HOCIAMM 3apAiE  ZBOX NPOTHIEMHNXK
SHAKIB. ENEKTPOHAMM — NpOBIAHICTL n~Tuny (Bif jaT. negative) i
AIPKAMI — NPOBIAHICTL p-THOY (Bif naT. positive). ¥ manienposin-
HHUKEX ENEKTPOHM 1 MIPKM HASHBAITL HOCIAMU cmpymy. Hucno
HOCIB 3DLIBUIYETLCS BHACNINOK HATPIBAHHA, ONPOMIHEHHS, 4 TAKOMK
¥ Pasl BHECEHHS JIEARO] KinbKoCTi fomituok n- abo p-tuny.

t.'_}xema | MEXAHISMY BHHMKHEHHA BJNAcHOi eneKTponpoRiHocTi
HATNIBNPOBINHNKIB HABEAEHA Ha puc. 7.12.

§ 7. Pinxi kpucranm

YNOpAAKOBAHNIT CTAH YACTHHOK MOME CHOCTEPIraTHCE HE TUTERY
TBEPIMX KpueTanax, a i gesaxux pigmuax. Taxuii TepmomHamiuno
CTIHKMA CTaH, 33 BIACTHBOCTAMU NPOMIKHIG MK pimemm i xpu-
CTAJINHIM, HASHBAIOTL pidunHo-Kpucmaaiunum. Huni pinomo noman
3000 opramivHux peyosuH, fiki 3aTHI YTBOPIOBATH PIKI KPUCTAIM.
¥Yei Boun MAHTE MOJIEKYNM BHAOBKEHO] POPMU 3 NOJAPHUMMU TPyTia-
mu 3 0box Gokis Gea Giunmx posranyskeHs yeepenusi naxmora. Pigxi
Kpuctant Bakpuan y 1889 p. ascrpilickruin 6oranix <. Pelininep
(1824—1898) Ta wimenbrii tiznk O. Jeman (1830-1906).

Pinki kprcramm kanamyTHi (He 1po3opl) HA BUTTIAJA, 1€ 3yMOBJIE-
HO THM, 1110 BOHHM CKIANANTLCA 3 BEIMKONO YHCIA ONTHYHO aHizo-
TPOITHIX 5&:1]’1‘&1130 opieHToBaEMx minaAHoK. fAx | sEyualini pigpn
BOHI TEKY4l 3 yTBOPIOITE KPanjuHu HacTo BHAOBMKEHO] c}mpmm:
ORHAK ANA PUIKNX KPUCTAIE (AK | ANA TBEpPANX) XapaKTepHa aHizo-
TPOIA ONTHYHHX, MATHITHHX T& eJMACTHYHMX BIACTHBOCTEN. AHIZ0-
TPOTIIO PIKNX KPHCTAJIB NOACHIOIOTL NMEBHOI0 B3AEMHOW OpieHTa-
Jl.{{l;:; nu;éqamemtx MOJIEKYJI, @ HE BHYTPILHIMM BJIACTMBOCTAMN MO~

. Bimomo pea ocuoBHi et i pi i
s gy PYKTYPHI DISHOBMAM PIOKMX Kpu-
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Puc. 7.13. Xapaxtep posMILIERHA MONeKYn ¥ pinmix Kpucranax:
4 — nemaTuAa Gopma; § — cvexTitHa Gopua



232 PAZ0OBHI CTAH PEYOBHHH

a) memaThdHa opMa (HanpuRnaj, na;_]aaaos\'.cuia.}ﬁam}. y AKi
MOJIEKYJIM BMTATHYTI MNApajientHo OfHA OJIHUT Y HIN MOJIEKYIH yia-
kopaHi B GiuHOMY HAnpaMKy ai sbepescenmnnaM TinbKK OIMIKHBOTO
NopAAKY, & NOSAOEsHI 3MILLEHHA HEBIOPALKOBAHL,

) cmerriuna GopMa (Hanpukaal, OneaT aMOHIK), & MONEeKYJH
YTBOPIOIOTE (APK i PO3MILYIOTECA NEPIEHNMKYNAPHO 10 LMX Hia-
pie; GiuHa yrnaKoBKa B OMX Ilapax Mae DapycHil MOPAZIOK. )

Jlesxi pewoBMHM 3paTHI yTeopioBaTi 00uBa pI3HOBHIM PLOIRMX
KpMCTatiB, 3AaTHUX MEPexojuTi OfHH B OHMIL ‘

iz pi€i0 30BHINHBONO MATHITHONO MONA MONEKYNH, Akl nepeby-
BAKTE ¥ PiAMHHO-KPUCTANYHOMY CTaHI, OPIEHTYIOTHCH BIJ0BMHT CH-
JOBMX NiHIA LBOrO MNOMA. -

Humi pijki KpMCTAIH MKPOKO BUKOPMCTOBYIOTE Yy TEXHIIL

§ 8. Amopdamii cTan

BaraTo pPEHOBMH Mifi HAC OXONO[PKEHHHA IXHIX posnagis Kpu-
CTan3yoThCH, ajle JacTo Aenxi 3 HUX (crno, oprasiuHi Ta wacTMHA
HEOPraHiMHUX PEvOBKH), MEPEXOAAYM Y TBEpRY daay, ocobnuso B
pasi MBMAKOr0 OXONOMYKEHHA, HE [OCATAIOTH BHCOKOTO CTyneHs
BIOPA/KOBAHOCT], XAPAaKTEPHOrO 4717 KPUCTANIMHMX IPATOK- ¥ Ta-
FMX CTPYKTYDax Tinbrw Hanbmexdl cycijm saliMaloTs npasuiibHl
OONOMKEeHAA OaMH BiAHOCHO OHOTO, ane Hel NOPAJOR NOpYynyeThes
Byce 33 Mer<aMy OnHIel enemerTapHoi koMipky (6rHaKHINi NOPAJIOK).
Takut Teepamii CTaH PEYOBMHM HA3MBAKOTH amopgrum. Bin xa-
paKTepPM3YETHCA BIACYTHICTIO MEBHOl KPHUCTANIHHOL Oy OB peto-
BITHM.

Amopdni pewoeuiy € isomopdmnmy. Ixui BracTHBOCTI, HATPHE-
Maf TEnNCHpoBAHICTb, KOeMIEHT NIHIHHOIC PO3UIMPEHHHA, MpYH-
HIiCTB TOIO, Ha BiAMIHY Biji KPMCTAJIMHMX TiJ, HE 3aneXarh Bl Ha-
NpAMKY BCEpEiMHI PEHOBKHM, B SAKOMY MpPOBOJATE BHMIDIOBAHHA
(BiscyTHicTE BekTOpianbHOcTi Bractusocren). Ilia snnusoM yrapy
BOHM PO3JaMytoThCA GesmajiHo, a He B30BIK MNeBHHX TUICLMH, AK e
BJACTHBO KpHCTanaM. }

Ha pigminy Bin KpMcTamiuHMX Tin nepexin amMpOpHUX pEHOBHH Y
pizguii cran (nuapnenns) BiAOyBaEeThCH HE crpubronombHo. 1{}'_!}1‘.-.
cTasiuHi PeHOBMHM MAKTh CTay TEMIEPaTYpPY MJaBneHns, amopdpHi
TaKol TEMMEPATYPH HE MAaloTh, a MOCTYNOBO PO3M'AKUIYIOTHCA
(pue. 7.14), poaTiraiorhea i, Hapeuri, NEpeTBOPIOIITECA HA TYCTY
pinuHy. TemMnepaTypHuii iHTepBal PO3M'AKINEHHS aMopdriol peyo-
BUHM 3AME3HTH Bif 11 MPHPOAK i MOXe JOCATaTH JIEeCATKIB i cOTeHb
rpagycis. ) .

Tak, aBuualiHe CHIIKaTHE CKNO PO3M'AKIIYETBCA 32 TEMIEDATY-
pu Big 500 o 1000 °C. Ile 3yMOBJNEHO aMIHOO edeprii Mi HacTHH-
kamu, 10 nepebyBaoTh B aMOp(HOMY CTaHi, ¥ IIMPOKHX MEax.

AMOPOHMII CTAH 233

o ———

a

Prc. 7.14. 3misa of'emy wpucTaniunix (a) T8
amopdrix (6) pedoBENH Nij] Yac HATPIBAHHA

[Moxibno po pigua JeprkuM TBepsyM amopdHMM peyoBHHAM Bra-
eruBa TexkydicTk. Bracnigor Tpueanoi Ail nopiBHAHO HEBEMMKMX CHJ
BOHM MOCTYMNOBO aMiHIOWOTHL (hopMy (cmbrn), Tomy amopdHl peuo-
BHHH PO3rIAAAKTE AK piAHMHNY 3 JIy3Ke BeJIMKOoK B'ARKICTIO.

Amopdnnii cTaH TEPMOAMHAMINHO MeHI cTifkuil, Hidk KpHCTamg-
it JlnA OOHAKOBMX PEYOBEMH TEINOTA YTEOPEHHR aMOpdHoro craHy
ZaB¥OM Jem0 MEHIa 3a TenJoTy YTBOpeHHs KpHeranignore. Ha-
ApMKJIAJ, TerUoTa, AKE BHILTAETHCA MiJl Yac YTBOPEHHA aMOPMHOro i
kpucrasniutoro BoOg, nopissioe eignosiano 1254 1 1273 r]Jlxk/Mons,
TOMY Tepexin 3 amopdHoro craHy y EKpMcTaniuHuil CynpoBOLKY-
€Thest BHlneHHsM TemnoTH. BoaHOYac TAKKMI nepexin 3a apHYaiHmnx
YMOB MOKe BinbyBaTHCA JMIIE [Iy»e NMOBIMBHO ¥ 3B'A3KY 3 Benu-
He3aHoK B'A3KicTH0 pevyoBuHn B amopdromy crasl. Tarmii npouec
MOKe TPHMBATH POKAMM, 1110 Ja€ aMory BeakatH OGineuricTs amopd-
HMX peuoBnH olnrom eriiikkmi. Hanpurnag, cxno nosinsHO KpHCTa-
JigyeTheAd B pasi BHCOKOTEMIEPATYPHOIO TPHBANOrO HarpiBaHHs.
et npouec y TexHili HAGMBAKOTE POICKAYEAHHAM.

Amopdra 1 kpuetaniana gopMi MokyTh GyTH pisHMMM cTaHaM#
onxiei #i Tiel camoi pewosunn. Hanpurman, oxkeun cumitgio(IV) 5104
YTEODIOE KpueTamiynuii keaprn 1 asmopdaumii Mminepan kpewins B
aMopdHMit CTal MOMYTh NEpeiiTi PEYOBHMHM, MOJEKY MM AKMX 3JaTHi
no nomimepmsalii. Taki BracTHBOCTI MAIOTE JIeAKi TPOCTI peqy0OBHMHM
(cipka, cenen), okenan Gopy i cuminiio, gesxi cynwdipn, a Tarox
CAONYRK, AHIOHK AKUX MAOTh NAHIOToBY abo wapyBaTy CTRPYKTYRY
(cuuyiratn, bopatu, doedari ta in). IepebypaTi B KpHCTASIYHOMY
7 amopthHOMy cTaHax sfiarTai He Bei pewosunw, Barato 3 Bux, cra-
»iMo opragiuul noriMepl, ¥ KpHUeTanidHOMY €Tasl He ICHYIOTE.

Tunoeumn aMopdHIMKM PpeHOBMHAMM € CKIO i TBepai cmoum.
PeHrreHOCTPYKTY DHUMH JAOCHLUDKEHHAMH HOBELEHO, 110 OKPEMI ATO-
MM B CKJI yTBOPIOWOTH TAKI caMi rpynm, siKk 1 B KpMcTanax, ane Ha
BigMiny Biji ocTaHHIX BOHM pPOaMiiieHi Hepnopsakopauo. Hanpuwnan,
y Kaagunaumry CKM, AK | B KPHMCTaN] KBapIly, € TeTpaelpu4Hl rpymm
[Si04]*, ane poamimeni Boun bGesnanHo.
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we y nepmifi nonopuni XIX cr. Bueri momiThaM, mwo gesxi
CHONYKM, B AKMX aTOMK HauebGTO BMMepnamm CBOl BaNeHTHI
MOMKIMBOCT, 3ATHI 10 NOHANBIIOND CIOJyYeHHs Mixc co-
bow. Tax, y pasi nopasanna amiaxy o cynsdaty migi(Il)
yreopweTsca crnayHima cnonyka CuSQOy - 4NHj;. Peawruin cynposop-
MYETRCH SMIHOK 3alapereHHs peakuiffHOl Cyminn Bijl CHMHEBOIO JI0
3HAYHD IHTEHCMBHILIOND cuHbLO-hiomeroBoro, IIpuEaanis cnnnyqemw
«rpocTHX», ab0 «3BMYAHKX», PEYOBMH 3 YTBOPEHHAM i
cnonys  Oyno  susBueno myme Oarato, soxpema KCI- CuCl
4KCN - Fe(CN]_;_, 2KI- Hgls, 3NaF - AlFy, 2KF - SiFy, ZnSO, 4NH;,,
3KOH - Al(OH)3. Ockinbin Taxki CHONYEM € CEIAMHMMM, iX HAZBAMM
xommaexcuumu. OpHar Ak caMe CrosyveHi CKIajoBi iMx crnony (y
HaBeJleHMX Buiie popMyJax npoLec CrONYyHeHHA NO3HAYEHO Kpari-
KOI0) L€ TPMBAMMIA Yac sanmMiuanoca ues scosalmm. Pobunack cripoba
noAcCHUTY ByloBy LMX CNONYK, 34 aHAJOTIEW 3 OpraHiYHMMK CroMTy-
KaMM, YTBOPDEHHAM JAHUKTB aToMiB (HAODMKNIAJ, JNAHIOr ATOMIE
azory B cnoayui CuSO,-4NHj), ane namuworosa rteopin Gyna me-
CITPOMOXMIHA MOACHMTH BIACTHBOCT] KOMIINEKCHHX CHOMYEK.

Jomme y 1893 p. BupaTemit meeimapenkmit yuennit A, Bepuep
3anpOnoHyBaBs KoopduHayiliny meopito, SrijHO 3 AKOK) ¥ TAKMX CHO-
NYKaX iCHYE aTOM-KOMIJIEKCOYTBOPIOBAY, AKMI KOOPIMHYE HABKOJO
cebe Oinnine wMenn ioHIB NPOTHNEIRHOTO JHAKA M MONEKyJ, HiE
[O3BONAE forc SBMYAIHA BaNeHTHICTE (c’rynirm okucuenun). Ha-
npuEjgaj, sriguo 3 teopicio Bepuepa B cnomyui CuSO, - 4NHy yci
HOTHPH MonexynH amiaky NHz npueanani go aroMa miai;

Teopis Beprepa we Bifpasy Oyna BMSHara XiMiKaMM, OCKiJbKM
Cynepewna naviBHMM riornajam sa panentHicTs. Opuak A, Bepuep
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pa3zom i3 criBpobiTHMKaMM OpoBiE HMAKY DIMCKYYMX €KCNepuMeHTIB,
AKMMM MOBHICTIO JloBiB cripaseummBicts cBoel Teopil. Octapua rpys-
TYBanach Ha (PIBMKO-XIMIMHMX BJACTUBOCTAX KOMIIEKCHMX CHOJYK i
BMBYEHHI IXHIX i3oMepHMX OpM. ¥Bech HOAANBIIMN PO3IBUTOK Ximil
MATEEPAMB CNPaBeJTMBICTE KOOpPAMHALNNHOI Teopil, a npam
A. Beprepa cranmm BIANPaBHOK TOMKOK JIA PO3BUTKY baraTeox
po3ziaiR XiMil

Anmndpen Bepuep (1B66—1919) — iuseiiyapcermii xi-
Mik. Bucynye i poReMHYB Teopil crepecizomepii mo-
JEKYN, {0 MICTATL DONBIAHMI 3B'AS0K A30T-BYIAElb
(1890), wooppuuaniimy Teopinc GYAOBM KOMILIEKCHUX
coonyk (1893). Cunreayeas GaramTo HOBMN KOMITIEHC-
HMX CIIOJYK, BIOKDHME | BHEYME THOM ISOMepll KOM-
IUTECHUX CTIONYK. PospobMB CHCTEMABTHEY BCIX BinomMmx
Ha TOH WaC KOMINEKECHIK CTOOJNYE T8 eKcrepMmeH-
TANLHI METOAM BHAHAYEHHA 1X ckaany i Gynoem. Creo-
pue {(1907) HoBY Teopik) KMCNOT 1 OCHOB, 3TIIHO 3 SKOK
KHCNOTH € Cnonyramu, ski as'saviors o OH™ Bo i
THM CAMHM MABMILYKTE KOHUeRTpauiw jonis HY, a
OCHOBEMM — CHONYKM, 3A8THL npueauysaty iomn HY.
Jlaypear Hobeniecsxol npemii (1913).

Anucppen Beprep

T'onoBHOK OSHAKOK KOMILIEKCHMX CNONYK € KOOpAMHALiA, TobTO
NPMERHAHHA [0 HEeHTPaJLHOMO aToMa GinbLIoro wMoia iHIIKX YacTH-
HOK, Hid 1€ BMIINIMBAE 3 HOro 3BMYAHOl BAnNEHTHOCTI, TOMY KOM-
INEKCHI CIIONYKM HABHBAKTE TAROM KOOpIunHayItinumy.

§ 1. Ocuosni noaomxkennsn Koopaunaniimol Teopii

Komnaexcoymsoposauem BBAXKAKTD LEHTPANbHMIA aTOM UM
i0H, IO AKOTO NPMEOHYOTLCA HENTpanbHi Mojeky iy abo arniomn. Oc-
KiNBKM KOMILNEKCHI CIOIYKM YTEOPHIKTBCH 33 HAOHOPHO-2KIeNnTOp-
HMM MeXaHiZMOM, TO KOMIIJIEKCOyTBOpIoBaqi 3/efinsuore mawTts Oy-
TM aKLENTOpaMy ENEKTPOHIB | MaTH BiNbHI enexTpoHHI opbiTani. 3a-
3BMYAal pPONb KOMILNEKCOYTBOPKOBAYIE BHKOHYIOTh MANI 33 poamipom
aToMM METAniB (aHavyHO pifmie — HemeTanis) abo KATIOHM MeTANIB,
HA MOBEPXHI AKMX 30CEPEIKYETLCA HAJUMMINKOBMI [NOSUTHMBHII 3a-
pan. Haiuacriiue KOMILIEKCOYTROPIOBAAMM € KaTionu d-meTanis:
Cu?*, Co?t, Co®t, Cr¥* i BaraTo inumx.

Jlizandamu (UPMEAHAHMMM YACTUHKAMM) HABHMBAKTL MOJEKYJIM
abo ionu, AKI KOOPAMHYIOTLHCA HABKONO KOMILIEKCOYTBOpIOBaYaA. Pa-
30M 3 OCTAHHIM BOHKM YTBOPKIIOTH KOOpAMHAUiHY cdepy 1 € mono-
pamMu enexTpoHHMX nap. 3xebinbmoro pone JiraHOiE BUROHYIOTH
HelTpaNbHi MONeKyJM, N0 CRIAly AKMX BXOOAThL HAMOIOBII enex-
TPOHETATHBHI ATOMM KMCHIO (BOJA, CNMPTH, KMCJIOTH, edipy Touo),

asory (amiak, amiem) abo amiomm (F~, CI7, Br~, NCS, COE'.
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CEDE_ Towa). JlocHTs 4MCIEeHHHMM € TAKOM JIrasgH, [0 MICTATE ¥
CBOEMY CKJafi aToMm IHILKX HEMeTaliB.

Hoopdunayiine YucA0 BH3HAHACTECA YHMCNIOM MICLb y ITPOCTOPI,
AKI MOYE HAJABATH KOMILTEKCOYTBOPIOBaY INA TPMEAHZHHA Jiras-
mis. Imtuymm cropaMy, KOOpPAMHALIMHE 4MCJA0 BIOTIOBIZIAE 4MCny Xi-
MiYHMX 3B'A3KIB Mim KOMONEKCOYTBOpoBaYeM i miraspamu. Bono
3aneKNTE AK BiJ NPUPOAM KOMINEKCOYTBOPIOBaYa, Tak i Bij xapak-
Tepy mirasgis. Tax, APt 3 Mentum aa poamipom iorom F~ yreopioe
KOMIINEKC [AIF5]3', KoOpAMHALIIfEE wMCn0 AKoro popieEie 6, a 3
Binemmm iosom Cl- — gomnnere [AlCly] , woopauuanifize umcno
sroro popipmioe 4. Jlns GLIeIoCTi KOMILIEKCHMX crnonyk (masixe
95 %) woopmmmauiiime 4ucno jopismoe 4 abo 6. Yacro xoopam-

HauiiiEe 9Mcno Ans ioHIE BiANOBINa€ NONBOEHOMY CTYNEHIO OKMCHEH-
HA KOMILIEKCOYTBOPIOBata:

Crynine okncsensn | llpsxaag komrmsercrel | Koopmisauniiine
KOMILIEKCOY TROPKBASA CTIONY KM YHCI0

1+ K[CuCl,] 2
[Ag(NH3),ICl

2+ Kq[Hgly) 4
[CulNHg)ICly

3+ K;[CoFg) 6
[Cr(NHg)plCly

Bogmosac momkna HasecrH i Garato euHaTRiB. [Co(NHgz)slCls,
Hy[P1Clg], Ky[Fe(CN)g] Ta iv. Kooponmauifise 4mcao He 3asom Bin-
MIOBLAE YMCIY TPHMENEAHMUX JiraHiB,

Buympiwwo woopdunayiiiny cdepy KOMILIEKCHOI CIOJYKH
CHIAMAKTE KOMILTEKCOYTBOPIOBAY pPa3oM 3 JiraHfamy, Akl [pMefiHa-
JMCH BIAMOBITHO 0 KOOPAMHALNIHONO 4HHCNA KOMIJEKCOYTBOPIOBaYA.
Buyrpimnn koopiyHanifiny cepy no3Ha4aloTh Y KBAAPDATHUX JIyH-
kax. Bosa momxe Byt HeliTpaneHoo abo MaTi meBHII [O3MTHBHMI 41
HETATMBHMII 3apsin. 3apAn BHYTPILHEOD KoopauEaniiiHol cdepy BUaHA-
HAETHCA CYMOIO 3aPANB KOMILIEKCOYTBOPIOBaYA §1 yeix miraHzis:

K[CuCl}(1+) + 2(1-) = 1= — [CuCly]";
Ka[Hgly] (2+) + 4(1-) = 2— - [Hgly]*";
Ky{Fe(CN)g] (3+) + 6(1-) = 3- — [Fe(CN)g|*";

[Ag(NHg)ICl (14) + 2(0) = 1+ — [Ag(NHz)]™:
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[Cr(H,0)g]Cl3 (3+) + 6(0) = 3+ — [Cr(Hz0)5]*";
[PH(NHz),Cls] (2+) + 2(0) + 2(1-) = 0 — [P{NH;z),Cl].

Bapsaz BHYTPiHBO] Koopaueaniisol ccepy DOPIBHIOE CyMapHOMY
sapaay Beix ioHiB 30BHIHBOI cdepy, B3ATOMY 3 MPOTWIEXKHUM 3HA-
koM. Ko mirasnp € HeTpalbHUMM MOJIEKYJNami, 3apAn BHYTPII-
HLO1 KoopauHauifinol cdepn 3biraeTben ia 3apsA/ioM KOMILTEKCOY TBO-
pioBada. fAKUE BHYTPIUHA KOOPAMHAUMHA Cepa Ma€ HeraTHUBHMI
BapsAf, KOMILIEKC BMABIAE aHIOHHUA Xapakrep, AKIIO No3yTHBHIHA —
KATIOHHMI, AKII0 HEHTPANBHII — KOMILIEKC € HeeJeKTPOJITOM.

Mpomuionu — ue ioHM 30BHIELOT chepr (xationw abo anionm),
fAKi KOMIEHCYIOTE 3apsf BEYTPINHBOI Koopameaunirinol cdepwu, uobd
pedoBuHa 3aranoM Oyna eNexTPOReHTPANbEOK. Y HABEJEHMX BMILE
npuknagax nporuionamy € katiorn K* ta amionn Cl°. [poruionn re
BXOOSTE [0 CKNAZy BHYTPIUHEOI KoOpAMHauiikol cepu, X MoxHa
nerko aaMiEmTH Ha ipwi nomibai ioEw. fkmoe saMiEnTH 30BHILLHI
iOHM, BRACTHMBOCTI PeHOBMEM 3MIHIOIOTBCA MAJ0, SKILO 3 3MIHNTH
OIMH 3 KOMIOHEHTIB ¥ BHYTPIILHI KoopauHEauiiinii chepl KoMnnex-
Cy, TO YTEOPMTBLCA HOBA CIIONYKa i3 30BCIM IHIIMMM BAACTHMBOCT AMIL

Jewmamuicmy nizandy BUSHAHAECTECH HMCJIOM &TOMIB, fKI 0fHO-
YACHO MOMKYTh YTEOPIOBATHM 3B'A3KM 3 KOMMIekcoyTsopiosavem. Ha-
npuknaj, Monexyma NHy aaiimae qumue onee KoopAuHaiiine micue, i
ToMy ueit miragg € monodewmamuum. Emunenpiamie NH;CoHyNHp
KOOPIMHYETHCH JBOMA aToMamy asory | Tomy € 6i-, abo decdenmam-
wwm. Jiernnenrpuamin NHCoH,NHCHNH» mozce 3aiiMaTy Tpu KO-
OpauHEELINEL MicusA | € mpudenmamuum. lor Co®* a pmn miraspaMm
yTBOPIOE KoMOnexcHi cnosmyku taxoro crmany:  [Co(NHgzlg]Clg;
[Co(NHCsHyNH;)s]Cls; [Co(NHyCoHy;NHC;HyNH,);[Clg, Tobro umcso
OpUENHARKMX JiraHdiE JOPIBHIOE KOOPOMHALHOMY 4mMCy, NOfi-
JEHOMY Ha aesTarHicrs miragny. Ocs YoMy KoopAmHALIMHE YMCN0 He
sap/an 30iraeTheA 3 HUCIOM NPUMENHAKNX JirarmiB.

Jlirauay Tuny eTMIeHmlaMiHy yTBOPIOIOTE Tak 3BaHi Teaammui,
abo wmimuenonibmi, KOMIJEKCH, B AKMX JIraHgyM PasoM 3 KOMIJEK-
coyTBOpioBaYeM Oyayiors crifiki n'Arminensi purmm (nomibeo o
IIECTHYNIERHMX B Opradiyumx cnomykax) Taxi miraHay HA3MBAIOTH
TeAamoymeopProoyuUMu:

H,C——NH, NH,—CH, |*"

C)
4

H,C—H,N----C¢----NH,~CH,

LY

rl ]
'

rlw'tH2 NH,
CH,—CH,
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Tigeuneny cTifikicTs TaKMX KOMIekciB NOB'ASYIOTH 3 BUABJIEH-
HAM TAaK 3BAHONO XenaTHOro ediexry, npo Axui ATHMeThCs T Hac
POSrNAny mucouianii KOMINIEKCHHMX CIIONYK,

¥V BGaraTopeRTaTHMX JiraHAax BOJHOYAC MOMYTh MICTHTHCA AK
HEHTPaNbH], Tak | aHIOHHI KOOpAMHAUIAHI rpynM, HANPHMEIAZ y -
MHAT-10H1:

H\\ /0

H o

¥ pasi ix xenaTHOl KOOpAMHALil YTBOPIOIOTHCA KOMILIEKCHI He-
ENeKTPOJITH THITY

——C=0/;

AKl HABMBAIOTD EHYM PIUHBOKOMIAEKCHUMU.

BuyTpilusio koopamHaliiEy cepy MOyTh YTBOPIOBATH SK Of-
HAKOBI, Tak i pisHi miranmu AKmo Ao cknafy BEYTPILHBO] KOOpPIM-
HaUliiHol cdepH EXOOATL PisHl miraBan, KOMNJEKeM Ha3MBAKTh
pi3noaizanonumu, sanprraan [Pt(NHz)sCls], [Co(NH2)sBrjSOs.

Heari piravzy moxyThs ROOPAMHYBATHMCA pisHMMM crocoBami,
Takl JniranaM EasMBaTh ambidenmamuumu. Hanpuxnay, ion NCS™
MOZKE KOOPAMHYBATHCH OOHMM 3 OBOX KiHLUEBMX aTOMIB — ATOMOM
azoty abo cipru.

3aneKHo BiJl LWBMOKOCTI 3aMIIEHEA ONEMX NiraHmie Ha iEmi
KOMILIEKCH] CTONYKH NOAUIMIOTE Ha iHepmui (NOBibHe 3amiliens)
Ta aabiavni (BMOKE zamimenHs). BaraTo iHEPTHUX KOMIMEKCHMX
cnonyk yTeopiowTs ionu Co®*, Pt**, Pt**, Cr®* ra neski immi xom-
TLIEKCOYTEORIOBA 4,

KomnnerceuM crionykaM, sK i OprasivHMM peuoBHHaM BIACTHBE
ABMIIE isoMepii.

Jesaxi Komnnexrcsi CHONYKM ICHYIOTh TUILKM ¥ TBEPAOMY CTawi, a
¥y BOJHMX pusqggx nuauw-;:o POSUWIEIIOINTECH H?{ilﬁ:iéommy {; E?i,g—
HOCATL [0 NOJBLHKX conell, HAMPMKIAA TaTyHM . J
K[Cr(SOg)s] - 12H,0. s el 128

§ 2. HomeHrnaTypa KOMILIEKCHUX CIIONYK

Haapy koMmnnexchiii cnomyui fAaloTh s5a NepesiveHMMy Hipiue
IIpaBFJIa MIL.
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1. ¥ xoMmumeKCHIX CIOMYKAX MepiuyM HasHBalTh aHioH, a noTim —
gation, manpuenan: [Cu(NH3)lCl, — xnopua (anion) Terpaamin-
gynpymy(II) (xamion), Kg[Fe(CN);] — rexcauianodepat(IIl) (anion)
gaJio (kamiom).

2 YV KOMINEeKCHUX CHOJIYKAX JMIraHIM HASMBAKOTL NEpel KOMILIeKco-
yreoptosatem (tabn 81) Ilepenix nirannie senyts B aberkoBoMmy no-
pAOKY HE3ATEHO Bia ix sapsay. HaliverysaHra uucna jirasgis He
piAHOCATE A0 HaseM JiraHgy B pasi ix oepeniky. Hanpimwaan,
[Pt(NH).ClBr] — miamintpomoxnoporaryima(ll), [Co(NHy)(H,0)CICl; —
xinopun arkeaTerpaamisoxiopokobaneTy(III).

Tabauys §.1. Hazeu pessux salinomupenionx girangis

Jliraun Haapa nirauny Jlirava Hassa airavmy
N; Aznao- (o o1 Kap6ouato-
B Br Bpomo- Cy 0y Oxcanato-
Cl™ | Xaopo- NHy Anisi-
CN- Lliano- NH,CoH,NH, EminengiaMin-
OH" lapoxco- H,0 Axea-

3. Jlo Ha3p aHiOHHMX JiraHfiB JOAA0TH SAKIHYEHHA -0, & Hell-
TpasbHi NiraHOKM HasMBalTh Tak camo, Ak i Monekymit Ilpn opomy
BOAY fAK NIrAH]] HAZMBAITE QKAECQ, 4 AMiaKk — amin.

4. Yuecno nirasmis KoskHOro Buy (AKm0 IX wMeno oepeBMIIye
OIMEMIO) BKasylTh rpeuskumi npedpikcamu. du- (2), mpu- (3),
mempa- (4), nenma- (5), zexca- (6).

Axmoe ¢ raxmit camii npedike € y Haaei airasay (Hanpueaam,
dieTueHTpUaMil), TO Ha3By Jyiraraie OepyTh Y OYXKEM | nepen Hi-
My cTaBnATL npedirey iHworo Tumy: 6ic- (2), mpic- (3), mempaxic-
(4), newmaxic- (5), zexcaxic- (6). Hanpurnan, [Cr{En)y]Cly — xmno-
pua mpic(ermnenpiamin)x pomy(I1I).

5. ¥ HasBy KOMMNIEKCHOrO aHIOHa ma€ BxXoauTH cydike -am, Ha-
npurnan: KyfFe(CN)g] — rexcauianocgepar(ll) kamio,

6. Crynisk OEMCHEHHs (OKCHAHE 4MCNO0) KOMILIEKCOYTBOPHOBAHA
BEA3YIOTh y AYXKKaX PHMCBKOIO 1pippoio Bifpasy 3a HasBOK KOM-
nnexcoyTeopiosayua, Hanpukaan: K[CuCly] — muxnopokynpat(l) xa-
qiro, KqHgly] — rerpatiogomeprypar(ll) wamio, [Ag(NH3),]Cl —
xnopun aiaminapresTymy(l), [Cr(HoO)g]Cls — xnopsmn rexcaakea-
xpomy(I1I).
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§ 3. CucremaTHaanin KOMILIEKCHMX CNOJYE

€ xineka cnocobis cucreMaTH3anil KOMIUIEKCHNX CIIOJYK, OfIMH 3
HUX — CHCTEMATII3ALIA 33 XapaKTepoM JIrasmy.

VYci cnosyky, JiraHgaMB AKHX € RMCIOTHI 3a/DMNKH, HAJEMHaThb
no ayudoxomnaexcie, manpurnan K[CuCly], Ko[Hgly], Ki|Fe(CN)gl

flxmo nirangoM € BOAA, TO CIN HAJIEIKATE 0 OKEaAKOoM-
naexcis, vanpurnan [Cr{H.O)JCls, [AH0)]CL,. AxBaromrinexca-
My BBaxaioTh BinbiicTe KpHeTanorizpaTie conelt MeTasis.

KowvmnexrcHl cnomyks, niraEfamy AKX € [OPOKCIIBHL 108, HA3M-
BaIOTL zidporcoxomnaexcamu, nanpukna KylZn(OH)y), Ky(Cr(OH)g)

frmo pirapaoMm € aMiak, TO CHOMYEM BiMHOCATE A0 aMIiKOKOMTL-
aexcia, nanpuknan [Cu(NHg)g|Cly, [Co(NH;)g|Cls.

§ 4. llpocroposa GyA0Ba KOMIIEKCHMX CDOJYE

3anexHo Bil KOOPOMHALIMHOIO YMCJIAa KOMIUIEKCHI CIONYKK Ma-
T piaHy npoctoposy Gynosy. fxkmo xoopaoumauiiise wmMcno gopie-
HIOE 2, TO SACTMHKM BHYTPILIHBO] KOOPAMEAUIKOT chepyn poamileni
JHITTHO!

K[Cl — Cu— CIL

flknio KoopauHaLiiHe 9MCa0 AOPIBHIOE 4, TO BHYTPINIHA KOOpOM-
Halifina cthepa moxe maTn Terpaeapuyny (apebineinore) afo ksan-
paTHO-mouMEKY Gy0By 3 KOMINIEKCOYTBOPIOBaYeM, PO3MIleHHM Y
LeHTpi:

- -+
[Hgll] [PHNHahj NH;;. NHg
\\ J’
“ F
~ #
\\ 1/:
h e
# ~
’1 \‘.
- LY
Pl \s
NH, NH,

HAxno koopaueauilive wicno aopiBHE 6, TO BHYTPIUHA KOOpOM-
HauifiHa cdepa mae oxrTaenpuuny abo binipamimannHy npocropoBy
OynoBy 3 UeHTpa BHMM NONOKEHHAM KOMILIEKCOYTBOPIOBaYa!
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[ColNH; )" NH,

HNé

NH,

V HaBeneHMX CXeMaX IUTPHXOBMMM JHHIAMM YMOEHO [O3HANEHO
KOOPIMEAL{MH] 3B'A3KY MiX KOMILTEKCOYTBOPIOBa4eM 1 JiraHmamMm.

§ 5. Izomepin KOMINERCHNX CHIOMYK

Kc:-?mnencrmm Cnonykam BrnacTuba izomepis. Halmoumpening
BHIM I30MEPi] KOPOTKO CXapaKTepU30BaHO HUIKYE,

lidpammua isomepis nossArac B pisHOMY pOSMileHH MOJIEKY.J
BOZM Y BHYTPIlLHINA i aosriumik koopamuauiitm chepax. Hanpui-
nan, dopmyni CrClg - 6H.0 pinnosigaioTs TPH KOMILNEKCHI CIIONYKN:
[Cr(Hz0)]Cl; — dhionetosoro xomopy, [Cr{H20);CCl, - H,O — egir-
ao-aeneroro i [Cr(Hy0)4Cls]Cl- 2H,0 — remuo-zenenoro KOTBOPY.

Tonizayiiina isomepis nonArae B pisHOMy pO3MilleHHi iOHIB ¥
BHYTPIIIHIA i 30BHiHMIA  chepax. Hanpumwnan, dopmymi
Co(NHg);Br-S0Q;  Bignosinators 1pi  KOMIJIEKCHi CTIONYEM:
[Co(NH;)sBr]SO;, 3 posumay saxoi nerxo ocamyersen BaSOy i
Ba)KKo — AEBr, i [Co(NH;3);S04]Br, 3 posumny skoi, Hasnaku, ner-
KO ocampryersca AgBr i sasxko — BaSO,.

Koopdunayiiina isomepis, 3a axoi xommiexcoyTsopmosadi He-
moebu obGMiHIOIOTECA SiranmaMI

[Co(NH3)s]** [Cr(CN)g)*"
[Co(CN)g]* [Cr(NHz)g]**

Isomepin ae’sawxy. Hesxi nirammm, Banpuknan iorn CN™, NCS™,
NO3, mawoTe no nsa nosopri atoMy | MoKy TH KOOPIMHYBATHCA PIBHIMY
cnocoiamy, To6T0 € ambinertatmimn miranpam Tazx, ion NO; moxe

KOOPIMHYBATUCE AK ATOMOM asoTy, Tak | aTOMOM KHcHIo. Y nepiiomy
BINANKY YTBOPIOKOTHCA HITPOKOMILIEKCH, Y APYroMy — HITPMTOKOMII~
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: i ONO]Bry (siTpu-
nexen: [Co(NH)sNO,JBr, (nitpoxomnexc), [Co(NHs)s i
TOKOMIJNEKE), CTIMKIIMM ¥ ULOMY pasi € HITPOKOMILTEKC, HITPUTO-
KOMILTEKC MHMOBLIBHO NEPeTBOPHETECA HA HITPOKOMILIEKC.

Tou NCS™ moie KOOpAMHYBATHCH AK ATOMOM a30TY, TaK 1 aTOMOM
cipxu. 3 iorom Fe** ueit niranyi 38'ASy€ETBCS aTOMOM 830TY, & 3 jOHOM
Hg?* — aromom cipem. Jlna ioma Co®" sigomi obuuma BapiaHTH:
[Co(NH3)sNCSF* (isorioujanaTamii komniexc), [Co(NHg)sSCNJ™™ (rio-

IaHATHII KOMILIEKC). )
mﬂl"emmpuuua i3oMepin NONATEE B Pi3HOMY MPOCTOPOBOMY NO-
NOMCeHHI JiraHaie BiIHOCHO KOMILTEKcOyTBopiopaya. BoHa BlacTHBa
PIAHOMIraHHIM EOMIJIEKCHMM CrOJSYKAM 3 KBa/IPaTHO-ILTOLHHHOK
abo oxTaenpuunHow (4u GimipaMinanbHOIO) CTPYETYPOK, HaNpUEIan
[PY{NH3),Cly]:

N e Hyty
S |
K .",| o o )
H, I l ol Wi,
yuc-laomep mp_aﬂf:-lnuuep _
(oamaRoEl MiraHay poasi- (OaiH=KGET mirduay poasi-
EH opan) meHi piaroHansHo)
WHy
| Col WH 3) 4 C12]C1
N = KH,
><//
HyN = HlN
VHy a
yue-Taomep mpane-laomep

Onmuuna i3omepis XapakTepHa U pisHonirangenx abo xe-
NATHUX KOMILIEKCHMX CTHONYK, ¥ LbOMY pa3di OjjuH I30Mep € naep-
KANMBEMM BinOnTKoM inioro. OnTiysi isomepu yTBOPIOIOTBCA OJHO-
YACHO B OJIHAKOBMX RKiMBKOCTAX 1 CRNALAIOTE payeMivny cymiut.
Mpuknamom MoxyTs 6yTH i3omepu KOMILIEKCHIX CHOJYK BAraJLHOL
thopmynm yue-[M{AA)aab]"™ ta [M(AA)3]"™:

i A

A 1~ A _p
A b - b Sj=mh 1 & f‘
£l7 YPA A/%{J VAN
Ol OF D

i
Ha witt exemi kpueoio JsiHiew nosHavero paguran —CoHy—
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§ 6. Ximiuni BracTHBOCTI KOMIIERCHMX CTOMYK

XimiyHi BIACTHBOCTI KOMILTEKCHUMX CHOJIYK 3aJIeiKaTh BT IpHpo-
AH KOMTIIEKCOYTBOPIOBaYA, JUraHIIB i meio MEeHIIOK Mipow — Big
OpHposy i0HIB, POSMIEHIX Y 30BHILUKIN KOOpAMEALIHI cdepi.

Ax i pis HIOKX peYoBMH, ANA KOMILIEKCHHX CHOJYK xXapakTepsi
HAMPIBHOMAHITHILI TNePeTBOPEHHSA, OfHAK HANTHIOBILIMMII € Taxi
rpym peaxuifi: 1) peaxuii ofminy lonis sossiumeol cdepm; 2) pe-
akuil obminy, npuennanna abo BimUenneHHs nirasgis; 3) peaxnii
BiHoBNenHs abo OKMCHEHHA KOMILTERCOYTBOPIOBaYa; 4) peakuii ne-
PETBOPEHHA KOOpOWHOBAHMX Monekyn abo iowis; 5) isoMepusauis
HOMILMTEKCHUX CTIONYE.

Posrnaremo npusiagm nepesnivernx peakuiit ta ix 34CTOCYBAHHA
B ximii,

Peakuii obminy ionie soBHinmLoi chepn 3acrocoyioTe fK mipn
qac 0DyBaHHA KOMMJICKCHHMX CNOJYK, T4K | B xiMigHOMY aHanizl, ¥
pasi HArpiBaHHA BOJHOIO PO3YMHY [Co{NH3)sClICly yTeopoeTsesn cy-
Mit enostyx, y tTomy smen it [Co(NH3);HpO)Cli. Bupimity ocransio
COONYKY i3 cymiuli B YMCTOMY BUIIAZL BaX<KO, TOMY CyMitl mia-
JaoTe Ail con wasnesol kuenot (NHy)pCoOy, BHacmpok woro ioHu

Cl™ zoBHiumB0i chepn oBMIHIOITECH Ha i0HM CgDﬁ"r

2[Co(NHz)sHy0]Cly + 3(NH4);C04 = [Co(NHz)sHsO]o(CyO4)ad +
+ 6NH,4CL
ManopoaumiHa KOMIUJIEKCHA CTIONYKA, 100 YTBOPWIACSH, JErko
BIZIOKPEMIOETECA BN goMimoxk. Peaxiamy obminy iz cunsaMMy Ki-

cnoramy pobyearTe IHUII aKBaneHTAMIHOBI KOMOIEKCH CIONYKN
[Co(NH3)sHy0)X3 (e X — opwozapagui awiow), HanpuKkmam;

[Co(NH3)sH,0(Cy04); + 6HCI = 2[Co(NH3)sH;0IC1; + 3H,C,0,
Jlna BuABReHHA B poasunnax ionis Kt BHKOPMCTOBYIOTE PO3YMH

KomrnekcHol cnonyku  Nag[Co(NOj)g), arxa BeTynmae B peakuiio
obmiEy i3 conami Kamio 3 YTBOpEHHAM OCay *HOBTOMO KOMBOPY!

2KCl + Nag|Co(NO3)s] = K;Na[Co{NOs)gd + 2NaCl
Komrunexcui enonysn Kg|Fe(CN)g] i Kg[Fe(CN)g] nerxo obminzo-
0Tk ionn K'Y 30BriEEOT cfhepy Ha ionn d-erementis, BHACHIOK
HOro yTBOPIOWTBCA Manopos«uHHi cnonykw. Taxki peamaii BHUKOPH-
CTOBYIOTE, 30KPEMA, /INA BUFABIEHHA B PosYuHax ioHis Fet i Fed':
FeCl; + Kj|Fe(CN)g] = KFe[Fe(CN)gL + 2KCI;

FeCl; + K4[Fe(CN)g] = KFe[Fe(CN);4 + 3KCL
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Crnonyka KFe[Fe(CN)g] mae intencusne cuue 3sabapsienns,
3YMOBJIEHE HaABHICTIO aTOMIB 3a5i3a B PI3HMX CTYNEHAX OKNCHEHHS,
criosryderux Misk cobow0 LiaHiHMM MICTROM

o 8

+! 3
Fe — C =N — Fe.

Peaxuif obminy nirangis. Pearuii nofypanna KOMIIEKCHUX CIIO-
JYE y PpO3UMHAX i3 SBMMafiHUX conelf HafiyacTille € peaxuiamn
obMiHy KOOPMHOBAHMX MOJIEKYJ POUMHHMKA HA iHuil JiraHmm.

PoariiaHeMo peakiiio nobyBaHHA aMiakaTy Hikemo mij jiei ami-
aKy Ha BOogHMit poauuH cynbhaTy Hikemo NiSOs ¥V pasi posumHeHHS
NiSO, y soni ion Ni*' koopammye monexymm BOw ¥ YTBOPIOE akBa-
rommrexc [Ni(HaO)g)2t. Ilig picio amiaky momnekysm BOAM Yy BHYT-
pitumifi KoopmHANiiiHIA cepi 0OMIHIOIOTECS HA MOJICKYJ/IM AMIaKY:

[Ni[HgO]a]SD.; + 5NH3 = [Ni{NHa)ﬁ]SD.‘ + ﬁHzO.

Lls peakuis BinbysaeTsCa B KUIbKa CTaAl, NOCNIJIOBHO YTBOPIOIOTE-
e wommercri cnomyrn [Ni(NHz)(HaO)s]SOy, (Ni(NH3)2(H20)4)50, i
T. 1t no [Ni(NH3)glSO4. -

Ananorivno BigbyBaeTHECA peakiiA YTBOPEHHA TIOLIAHATHOrO
kommuekcy samsa(Ill) seacyijsox sBaaemoxii comedi samiaa(Ill), Tobro
axpakomnyekcy [Fe(Hs0)gl*t ia consvum, mo mictate ioms NCS™. Is
peakiifn Takoxt ile B KiNbKE CTall, B AKMX MOCJAIOBHO yTBOPIO-
W0TsecA KomImexcH crnonysn [Fe(HyO)sNCS]*, [Fe(HzO)g(NCS)o]",
[Fe(H,0)3(NCS);],  [Fe(HyO)(NCS)],  [Fe(H;ONNCS)]* 7a
[Fe(NCS)s]*.

KomnaexcHi crnosnysn N00yBaioTh TAKOX 3 IHLWIMX KOMILIEKCHMX
conyk (He Jmie i3 CONBBATOKOMINEKCIB) 3aMilU@HHAM OQHMX Ji-
rapnie ma iHun Tak, kommnexcHi cnonyky [Co(NHz)sXF' (ne X —
aupmonirauzan F-, Bro, 17, NO,, NCS-, PO; , SO}  Tompo) nobysa-
10Th i gieo ionin X9 Ha [Co(NH3)sH.OPt, sanpurnan:

[Co(NH3)sH,01* + NOj = [Co(NHg)sNOgJ** + H,0.

Luc- i mpanc-|CoEn,LXF" pobysaiTh peakliamy saMilieHHA
niranma Cl- ma mirawzm L B yuc- abo mpanc-{CoEnyCly]” (me En —
ETHIeHTIAMIH), HarpuEIa:

mpanc-[CoEnCl|Cl + NHy = yue-|{CoEny(NH)CI|Cl,.

[lig yac BMBYeHHS peakiiili 3aMileHHA JiraHme y KOMIUIEKCHUX
crionykax nmatuen pociiicekuii ywemmii I I Yepuaes (1893-1966)
Bifupus eghexm mpanc-enauey (1926 p.). Mpneumn mpaxc-BnmIBYy
Ma€ BENMEES ZHAYCHHA ANA XiMmil DaraTe0X KOMIIEKCHMX CHOONYE
d-enemertis VIIT rpymn nepiogiriHOl CHCTEMIL
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CyTb sBMINZ NONATAEC ¥ TOMY, IO B PISHOMIGHAHRMX KBaIpATHMX
abo OKTAEZPMHHUX KOMILIEKCAX HaflCWIbHILE BINMBAIOTL OOMH HA
OJHOTO T1 MranjM, AKi PO3MileH] y BIaEMHOMY MpPaHC-TIONOEHHL
Tlpy ypomy maibineul mpanc-aKTHBHL Jirawm nocTabimonTs 3B'5-
30K KOMILIEKCOYTBOPIOBAYA 3 JIrasfoM, poaMilieHnM BiIHOCHO HLOTO
HABNPOTH, TODTO ¥ MPeEHC-TIONOHEHHL

Sar aua*ljnicm NPUCKOPIOBATH MPOLEC 3aMIEHHA MpaHc-poaMiie-
HUMX JITAH/IB JirasiM, AKi BIVIMBAIOTE Ha L€ MpOLEC, CKIAAAIOTh PAL

CN~ ~C;H;=CO>NO; >I">SCN™ >Br >Cl” >0H" >
= NH:] > Hgo.
3a NpaBMIOM MPAHC-BILIMBY MOMHA MOACHMTY, HANPUENAJ, HO-

My B peaxuil samimentisi NHy wa ion CI7 y kommuexcsiit cnosyui
mnaTunn(ll) yreopioeTbea mpanc-isomep:

[Pt{NH3)]Cly + 2HCI = [PH{NHjz):Cls] + 2NH,CI,

a B peaxuil samiuienns iona CI° na NH; — yuc-izomep piaminonu-
xnopornarTusn(I1):

K[ PtCly] + 2NHy = [Pt(NH3),Cl,] + 2KCl.

Crpaeai, min giero iora Cl™ ma iom [PY(NHj)s)** cnowatey ytso-
poeThen komimexcruit ion [PY(NH3),Cl]*, 8 aAxomy nocmabnesmii
8B’AZ0K atoMma PYII) a 7iew monexynoro NHj, mo posmimena y
MPanc-nof0MenHE BLIHOCHO Bkl mpouc-akTHUBHONG iona Cl™:

e

H,MN NH, Cl NH
—N _ \F e
/Pt\\ te— o t\ + NH,

HN Cl H.N Cl
(miaxpecneno nirang, nabinizosawi nia e Mperc-axTHAKoOr ioma Cl )

Mix miewo NH; wa [PLCl)% CHOMATKY BHACHIAOK 3amilleHHs og-
Horo 3 nirangis ClI° yTeoproetsen ion [Pt(NH;3)Cls] ™, OpHYOMY 3ami-
nyeTees Toit ion Cl7, 38'm30k Akoro nocnabnenssi BrimmBoM iHINOFO
Jirangy Cl°, poaMillieHOro y mpaxc-TION0MeHHi:

~ C]\\ /NH,
/,Pl\c + NH, —» /F'l\ + CI”
cl Tl cl NH,

Peakuii opuepnanun niraugis. [Ipuxnanom taxoi ii
p . peartil mMonce
byTu Baaemopin [Pt{NH3).Cly] 3 XNOPOM, BHACILOOK AKOI OJHOYACHO
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3 IPOHEcoM NpHEAHAHHS MONATKOBMX JHrasjis Cl” sMiHIOETECH
CTyIiHbL OKMCHEHHA nnaTuay Big +2 no +4:

[PY{NH3),Cl3] + Cly = [PUNH;z)2Cly)

3popoTHA peaKiis — BiJIHOBNEHHA KOMINEKCHUX CIONYK TaT-
ui(IV) — CYNpPOBOJPKYETLECH BIIIENJEeHHAM Jirau/is:

Ko[PtCl] + K2Ce0q = Ko[PtCly] + 2KCI + 2C0O,.

Pearuil BigwoBJIeHHA Ta OKMCHEHHA KOMIJIEKCOYTBOPIOBaYua
moxkyTh BigBysarucsa i 6ea amium orouenrs nirannie. Taxoio peak-
yicwo € pobysants rexcanianodgepaty(lll) kamniwo:

2K,[Fe(CN)s] + Cly = 2K;[Fe(CN)g] + 2KC1
abo HaraThox KoMmmnekcHux cnoayk kobameTy(I1I):

4[Co(NHy)g]®* + O, + 2H,0 = 4[Co(NHz)g)** + 40H .

[[}0 peakuiio NPoBOAHTH y poauvmi, Awwii micTute iomn NH§ mns
aB'Asysanus ionie OH™.

Cnift 3ayBaskuTH, [0 [POLEC KOMIIEKCOYTBOPEHHA iCTOTHO
BIJIMBAE HA OKMCHO-BiHOBHI BnactuBocrti peqoBws Tak, «3pndaiiHis
coni (Tofro axBakommexces) kobanwty(Ill) myswe mectiiki, PiBro-

BaKHOMY CTEHY Co® + le  Co** y BopHomy posummi Bigriosigae
NOCHTH BENWKE SHAYEHHA CTAHAAPTHOIO eNeKTPOAHOTO NOTEeHIlaTy
(+1,82 B), romy kobansT(I1) nerko simroBMoeTHER A0 KoGameTy(I1).
Boasouac icuye Barato criffkmx koMmnekcaux crnonyk kobamery(II),

nanpuicnan [Co(NOg)s]* ™, [Co(CN)gl*, [Co(NHg)el™ .

Orse, peakuil KOMILIEKCOYTBOPEHHS YACTO JAI0Th 3Mory crabini-
ayeaTy NeBHi CTYNEH OKMCHEHHA KOMIWIEKCOYTBOPHBatA.

V peakuifix nepeTBOpenHs KOOPAMHOBAHMX JiraHfiB BAXIMBUM
€ momMenT sbepesmeHHR 3B'A3KIB KOOPAHHOBAHOIO 2TOMA 3 KOMILICK-
coyTeopiopadem. Tag, y peaxuil kopnencauii

?H :I:HEi ?H CH,
|
Cl N_m C Cl N=C
Spa” =" Npa”” + 2H,0
~ ~ ¢
a” NE TR a \‘1;1= ¢
| |
OH CH, OH CH,

SB'ASKM NANazino 3 aroMaMmy asory sbepiralTses. i
BaauBMMHI PeakuiAMM JIraHnis € MpouecH 1xX MPoTOMTHHHOL
muconiamii, To6To BIMINETINENHA MPOTOHA, HATTPHENAM:
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[Cr(Ha0)F* 2 [Cr(H,0)s0H)?* + HY.

 Crip sassaunTy, 0 AMCOLIALIA KOOPAMHOBAHKX MOJNEKYN BOJK
pinbyBaeTneA 3HAYHO GINBIIOI0 MipoIo, HIK HESE'ASAHMX MOJEKy.L
Ile MOACHIOWTH 3MILIEHHAM ENEKTPOHHOI TYCTHHN 3 ATOMa KHCHIO
BOL¥M HA KOMIMEKCOYTBOPIOBaY, BHacninok uoro 3e'askm O-H cra-
10Tk Ginbir nonspHIMM.

AHATIOTIYHO MOJNEKYNaMm KOOPAMHOBAHOI BOIM MOMYTH JM-
compoBaTH Takod rpymi OH kooOpAnHOBaHOTO MOHOeTAHONAMIHY

NHpCH,CH,0H. Tax, komnnexcri enonyku [Co{HOCH,CHoNH,))%,
[Cu(HOCH;CH,NHy),|** min miero aryris nepexopsts y pijmosiani nesa-
pagxeni amisoaskoronaTi: [Co(OCHyCH;NHg)g), [Cu(OCH,CHyNHo)o)

Inopi nporomy moke BifmenmMIOBaTH HABITE KOOPIMHOBAHMIT
amMakr:

[PY{NHz)gl** + OH- 2 [PYNH3)sNHoP* + H,0.

Y neAkMx peakiiax 3p'AsaHOro Jirany pyHHYETHCH SB'AZ0K 10—
HOPHOTO ATOMA 3 KOMILTEKCOYTBOPIOBAYEM, HATPUKNA L

CH,—f C +—Mn(Co),

[
0

— CH,— Mn(CO), + CO.

Pearunif i:gnmepuamzi? KOMILMEKCHUX CTIONTYE MOMYTH CYTIPOBOJI-
HYBATHUCH 3MIHOK) IXHLOI [IPOCTOPOROT 6yNOBH, AOHOPHOTO aToMma Ji-
raray, obMiHOM Nirariis MiX 30BHILIHBOK Ta BEYTPILIHBOIO KOOpIi-
Haulimumyu cpepamy Toio. Haitbinswe ssaveHnn mae nepuusi is
LMX BHAIB I30MepMsanii.

Tak, Binomo, wo senenwii mpane-isomep [CoEnyCly|Cl Brachinok
BUNAPOBYBAHHA JOT0 BOJHOTO POZYMHY MEPEeTBOPIETHLCA HA hiose-
ToBMIT yuc-isomep [CoEnyCLICL Il peakuin Brmouae mpomimui
crajll samienns iosa ClI° ma monexyny sopy i sBopoTEMIl npoiec
mm}gtueunﬂ MOJIEKYN Bonu Ha iomm Cl,

NYHOMY posumBl amisoankoronar 1,2 3-[Co . :
nepexoamute y 1,2,6-isomep: et Sl i

Nw___O
H ‘ 1,2,6-[Co(OCH,CH,NH;)s]
Kpusoio nisielo na cxemi nosnaverno papukan —CyHy—.

N_ __O
1.2,3-[Co{OCH,CH,NHs)4]
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Y HeiiTpassHOMY CEpEloBMI L peakuis eia0yBaeTbCR y 3BO-
POTHOMY HanpAMKY.
Hitpuroxommneken kobamsTy(II), #AKi yTBOPHOHTLCHA min g

ionis NO, Ha aKBaKOMILNEKCH ¥ TBEPAOMY CTAHI 4M B pPO3YMHAX,
NpaKTHYHO HeoBOPOTHO NMEPEeXONAT: y HITPOCHONYKM, NPH LBOMY
ap'azox Co—O samimoeTses Ha 38’ A30Kk Co—N:

[Co(NHy)sONOJ** = [Co(NH);NOz]*.

HapeneHi NPUKIAAM € HEBEJMKOID MaCTHHOK PISHOMEHITHUX pe-
axiiii, B AKMX MOXKYTb GpaTH yHacTh KOMIWIEKCHI CIIONMYKH.

§ 6. MoscHen A BAACTUBOCTEN KOMILICECHMX CHIOIYK
3 MOTJALY XIMIYHOro 3B 83Ky

KOMIIeKCH] CHONYKM XapaKkTepHaYITECS NeBHMMH (DisMuHMMM |
XiMiUHMMY BIACTHMBOCTHMM, HKI 3anexars sAK Bl IXHBOTO CKnuapy i
CTPYKTYPH, TaK | Bifi MpUpoOIM XiMiYHMX 3B'ASKIE MK KOMILTEKCO-
yTBOpIOBadeM | nirasmany. JINA KOMIUIEKCHUX CIOJYK [[YIKe BaXcim-
BO BEMITH NOACHIOBATH W nepenbayaTH iXHI TepMOAMHAMITHI, CheK-
TpansHi, CTEXIOMETPMUH i MargiTel sractueoceTi. fKmo BagTH S0
YBArY BelMueaHy PIBHOMaHITHICTE KOMILUIEKCOY TBOPKOBaYIB, JIraH/iis
| TR KOMILIEKCHMX CHOJYE, TO MOKHa 3PO3YyMITH TPAaHIO3HICTD
Takoro sapnanHa. BeeocanHol Teopll, AKA MOACHMIA 6 yci vioaHeoM,
HeMae, [cHYE KinbKa Teopifl, KOXHa 3 AKHUX NOACHIOE BJIACTUEOCTL
OKPEMHX TPYTT KOMILIEKCHUX CITOJIYK.

Enextponsa Teopis BANeHTHOCTI [A€ 3MOry BUDPE3WTY BEpHE-
piBCBKE MUHATTA BAaJNEHTHOCT] 3a NOMOMOrOK) ENEKTPOHHUX YABIEHD,

JInA TeopeTHuHOro oBIpYHTYBAHHA TPUPOAM 3B'HA3KY B KOOpIM-
HALIHMX CTIOMYKAaX 3arallbHOBUSHAHMMM € Takl MIXOOM: eJeKTpo-
cTaTHYHUIl (Teopis KPMCTAJIYHOre MonA) i KopaneHTHuil (METon Ba-
JIEHTHMX SB'AGKIE Ta METOJ MONEeKyJnapHux opbitanedi).

[{opasy, 3acTOCOBYIONM TOH UM MM NiAXiA Jn8 NOACHEHHA
NpUpoIyM 38'A3KY, CIMPAIOTHCA HA BIACTUBOCTI KOHKPETHUX PEYOBMEH.

MeTo;, BamenTHMX 3w A3KiB. 3rilHO 3 UM METONOM XiMiHMIT
3B'ABOK ¥ KOMIUIEKCHMX CTIOJIyKaX € KoBajdeHTHUM. Bin BUHMKaE
BHACTIZIOK JOHOPHO-AKIENTOPHOTO MeXaHiaMy B3aEMOll M KOM-
[IeKCOYTROPIOBAYENM 1 JiraHaamMu.

JlnA ULOrO LEHTpaNbHui atoM (10H) MyCHTB MATHM [ieAKe HMCIo
pimbHIx opBiTaneit (KiBKiCHO He MeHIle Bijl KOOPIMHALIHHOIO “MC-
51a), & JiraHg — aTOMM 3 HeNoiJIeHMMy eleKTPoHHuMY napami. Ko-
BANEHTHMI 88’AS0K BMHMKAE BHACTIIOK NEPEKPUBAHHA BAKAHTHOL
opbitani KOMILIEKCOYTBOPIOBaYa 3 [BOXENEKTPOHHUMY OpOITaNAMM
mirapmie Leit 38’A30K HaauealoTh WE KOOpIMHaliifinuM. HumM OLmb-
00 MIPOI EJIEKTPOHHI XMapy [EPEeKpUBAINTL OfHE OIHY, THM
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MitHinmi 3a'saok. Binewe npoctopope NePEKPUBAHHA BMHMKAE B
pasi BMKOPMCTAHHA HaCTMHKAMM, [0 YTBOPKIOTH 38'#30K, ribpuan-
aopaHnx opbiTaneii

BizsocHy poapaxyHKOBY MIIHICTL 3B'ASKIB 38 y4acTio ribpuam-
B0BAHMX 1 leAKuX aTomumx opbitaneir HapepeHo B Tabn. 8.2,

TuGauys 8.2. Bignocna minHicTs 3B'A3KiB 33 y9acTio ribpuuuionanmx
i pessux avomuux opbiTaneit

Kooppumariifine Enextponna Mpocroposa  |Bignocsa mitmicrs
| mMeno woHQIry pain KOH(pIry pauin as'AsKy
- 8- ' - 1,000
- P = 1,732
I sp- | Jinisea 1,932 |
4 spi= TeTpaenp 2,000
4 dsp*- Kpanpat 2,604 |
6 d2spi- Owrtaenp 2,923

JIna nosicHeHHst npupony xiMivHOro 3B'A3Ky B NEPHWT KOM-
MMeKCHill COonyll BMKOPMCTOBYIOTL JiaHl PEeHTTeHOCTPYKTYPHOro
aHanizy npo il npocropoey GyOOBY, & TAaKOM KUIBKICHY OLIHKY jes-
KMX BIACTHMBOCTEl, HANPUKIE], MarHiTHMX.

Ha ocHOBI METOAY BaJICHTHMX 3B'S3KIB aHAJI3 pPO3nOYMHAITE 3
poaraAmy eneKkTpoHHOI GyoBM ioHa (aTOMa) KOMILIEKCOYTBOPIOBAYA,
BuasavaioTs, AKi {ioro enexTpoHHL opbiTam MokyTh OpaTtu yHacTs y
ribpusmaarti # yreoperrl 3p'Aaky. Jirasny posrnAfawTb HK JARe-
PeNo HenopifeHux EeJEKTPOHHMX Nap JNA YTBOPeHHA 3B HaKia.
3parteieTs nNirapAle YyTROPHOBATHM miuHimmil uu cnabkilmil 3B'A30K
3aeEUTE Bijl CuAU noan aizandie. Binviuy cuay nons MawTh Ji-
raH, Mo MICTATH HEBeMK] aTOMM 3 MOPIBHAHO HUZLKOK ENEeKTpo-
HEeraTMBHICTIO.

Papn nirasgis, poamimgednx sa abinemieHHAM iy 1XHBOPO MOJA
(mOHOpHI aTOMY BMALNEHO TeMHMM pu(TOM) HA3NBAIOTL CEXTPO-
Trismiunum padom:

I" <Br <Cl” ~SCN™ <F~ < OH = ONO~ < Cy0% = Hy0 <
<NCS™ < NC~ < NH;3 < SOF < NO; <CN™,

. 3 HapeneHoOro pAAY BMAHO, 110, HAnpukaag, ion CN~ mac cuiib-
HIlIle MoJe, KoM KOOPAMHYETECH MEHILT EHEKTPDHETETHBIBGM aToMOM
BYLJELI0, & HE aTOMOM &30TY.

Bijiomo, mo kommueskcHl cnonyku s#obanbTy(Ill) maiwoTe oxTaen-
pusHy npocropoey  Oynoey.  Binswiers 3 0 HuX, HaOpPHEIAN
[Co(NHjy)g]Cly, miamarsiTsi, T06TO HE MAKTEL HECTIAPEHUX EJIEKTPOHIR
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i BMLITOBXYIOTHCA i3 30BHIIIEBOTO MarsiTHOIO TOJIA, ane JesKi, Ha-
npuknan Kj[CoFg], napamarsiTai, To6TO BTATYHTBCA B S0BHILIHE
MarHiTHE MOJie, a OTIKE MAKNTE HECTIAPEH] eNEeKTPOHM,
Enejc-?mma popmysa BaJeHTHMX miapieHiB ioHa KobaneTy(IlI)
3d%(4s"4p%4d®), In sianominae enexTporma cxema yTBOpeHHS
C-3B'A3KIB M KOMILIEKCOYTBOPIOBa49eM i wicThOMa Jiraugamm 3a
AOHOPHO-BKUENTOPHMUM MEXaHIZMOM (TOMKAMM TIO3HAYEHO EJNEeKTPOH-
Hi napw mirasgie):

Bimseuit ion Co™  [NA[1]1] ¥ [Im

3d® _
4s4p*4d -ribpuamaanis 5 R Ilj——--l:'
opbiraneit & ioni [CoF,]* ﬂll t [-] L]

3d 4s4p’ad’

Has yTBOpEeHHA wecTH BinLEMX ribpummsoBaBnx opbitanei (s
OKTA€APMYHOTO OTOYEHHR) i0H KOGAJBTY MOMKE BHKOPUCTATH OOHY

4s-, Tpu 4p- i xaBi 4d-opbiTani, a came leghy, i4d_;, axi npocro-

poso cnpamosawi B 6ik sirapgis, — Bupvkae spidZ-ribpuamsanis,
Ilpore B upomy pazi Bei xomnnexcsi cnomyxu Co(Il) 6ynn 6 napa-
MATrHITHUMK 38 paXyHOK 4HOTMPEOX HECHAPEeHMX ENEeKTPOHIB Ha
3d-mippisxi.

EJ'[EK‘I“pOHHi napy JiraHpls, 3@ paXyHOK AKMX YTBOPHETBCS KO-
OpJMHALINHMIT 3B°A30K, PO3MIILYIOTBCA Haj EJEeKTPOHHOK oD0NoH-
KO KOMILIEKCOYTBOPIOBaYa i BIUIMBAIOTL HA CTaH HOTO BANEHTHMX
ENEKTPOHIB,

IoyaTkoBO HecnapeHi d-enekTPOHM KOMIMEKCOYTBOPIORAYA MO-
¥YTh YyTBOPUTH ENeKTPOHHI MapM, nepeMicTuBILMCE y HaiiBinmane-
Hiwt Bin niraxnis d-opbitam — opbitam dyy, de., dys.

Ipu upomy susineusoTees 181 3d-opbitan (3d TAia i13d,;), axi

pa3oM 3 OAHIEK 45- | TphoMa 4p-opbiTanaMm TAKOM MOXKYTH yTEOPH-
™ wieTk ribpunuaosarmx opbitaneii suacninok dispi-ribpumumarii:
3d24s4p3-riﬁp}w1aama

opGiraned B ioei [Co(NHyj ™ 114 [1]- ]~

3d4sip®

TiGpuausanio Tuny spd? masusaoTh 306NIWHBLOOPGIMANLHOI
(y miit BepyTh yuacre nadiBigganenini 4d-opSitan), a Tuny d2sp® —
SHYMPLIUWKB00POITMAALHOW (3a pPaxyHOK yuacTi ®aiibmmscumx mo
anpa 3d-opbitaneit).
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Omwe, Bei xomnnexcHi enonykn Co(III), B Axux ion kobanbTy me-
pebysae & d%p*-ribpuanaoBaBoMy cTaHi, MaKTE MEaMarHITHI Bha-
ermeoeTl. Ockinbky Lell i0H He Mac HeCTIApPeHUX eNeKTPOHIB, BiH 1e-
pebyBae y HUBLKOCHIHOBOMY CTaHI, TOMY 3 NOIJIALY METORY BaJEHT-
HMX 3B'A3KIB A8 KOMIMeKcHux crnonyek kobanbry(lll) Tari nonsrrsa
fIK HU3BKOCMIHOBIG, BHYTPIIHEBOOPGiTANLHMI, NiaMarHiTHM € TO-
TOMHUMM,

Taki KOMIJEHCH! CIOONYKEM YTBOPHOTHECA 33 YMOBM, 10 JHrasn
Mae 3Ipauny cuay nona Hanpumrnanl, AKIO KOMIVIEKCHE CIOJYKA
[Co(NH3))Cly € miamarBiTHOIO, MOMHA mifITH BHCHOBRY, 110 i1 crio-
nyrm Ka[Co(NO3)gl, K3[Co(CN)g] maxomx maiors 6yTh AiamMarsitHumm
(AMB. NOCHIAOBHICTE CUIN TIOJNIA JIraHmiBe),

ITapamarneTuan xomnnexchiol cnonyku KglCoFgl esipunte npo
HAABHICTL HECTIApPEHMX EJEKTPOHIBE ¥ KOMILIEKCOyTEOpIBaya. Hink-
KICHO MargiTHI BRIacTUBOCTI CNOMYK XapaKTepHayHTh MarHiTHEMM

MOMEHTOM
j"l = M’ﬂ' {n + 2:“'101
A€ M — YWUeI0 HecrnapeHux d-enekTpoHiB; Ly — marEeTon Bopa
(m. B.), aruii obumenmooTs 3a hopmynow
- S
L I r—

frkmo ion Co(lll) mae worTupy HecmapeHi d-eNeKTpoHW, TO p =
= J4.6 = V24 = 4,9 m. B. EKciepuMeHTasIbEO BUMIPAHI 3HAYEHHA
MAarfiTHOrO MoMeHTy Bimakki o TeopeTuHHoro,

Jna napamartdiTimux komrtekcHux cnonys Co(lll) aacrocosyioms
TaKOM IHII TOTOMKHI NOHATTA: 30BHILIHLOOPOiTANLHI, BUCOKOCTIHOBI
(woTupu vecnaperi enekTposm). Taki CHONykM yYTBOPIOHTHCA 38
cnabKoro noJas JOraHga.

Vasnenns, poaryseyTi gna kommiexkcEux cnonyk Co(1Il), mo-
MYTh HE MNOIMPIOBATHCE Ha OKTaeApudHl KOMILIEKCHI cOONyEM iH-
LIMX KOMILNEKCOoY TBOPIOBadiB,

Tar, yoi bea suusTRyY KomnnekcHl cnonyrn Cr(Ill) Takos: mawrs
oxTaenpuuHy OyOoBY, ane BCi BOHM N@pAMarHiTHI, OCKLIBKK €ne H-
Ha KoHirypauisa BaneHTHUX miapisHie iona Crit raka: 3d%s%plad’.

el ]

3d*s4p*-ribpunmsanin -
opbitaneli B ioui [CT{NHglﬁ]a*l 1 | 1t l.. se
3d*s4p®

_ S3riflHO 3 eJIEKTPOHHOIO CXEMOK ANA YTBOPEHHA LIecTH 3p'A3kis 3
mirasgamy ior Cr'* ribpuanaye asi «mnyTpiumi» 3d- |, ogny 4s- i
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Tpu 4p-opbitani, Orxe, Bel komrunexcui cnonyew Cr(III) e suyr-
piluaboopGiTansHMMM, BMCOKOCMIHOBMMM, [apaMarsiTHUMM, [ =
= J3-5=415 =387 u B.

Oxkraeapuyni xkommmekceni cnonyen Fedt (3d°), sk i Co*t, noni-
JNAKTL HA ARl rpyrd. Yol BOHM DApaMarHiTHI, ajle B OOHHX MATHIT-
it MomenT Manuit (Ky[Fe(CN)g)):

(d%p%) p=+1.3=+3 =173 m B,
a B iHmmMxX — senukuii (DinbmncTs komnnekcie Fe(IIl)):
(sp’d?) p=5-T=+35 =592 B

Peaxuifina agaTmdicTs 30BHIUHLOOPGITANBHMX KOMMNEKCHUX CTIO-
JIYE 3HAYHO BMING, HiX BHyTpiumboopbiTansHux. e crocyeTthea Ta-
KOA THX PEYOBMH, B AKMX KOMDJEKCOYTBOPIOBaY MAE HECTMAPEHi
enekTpoEu abo winexi sEyTpimmi  d-opbitam, sanpuknap iox
[V(NH3)g)** (3d2(4s%4p4d")):

,—-llno ooi
e
—

3d*s4p® -ripupssosan -
opbirani B ioni [V(NH,),J"* i_lLl_f'_.L_

ad*as4p”

3a Koopnmmuu‘-’maro quena 4 KOMIUIEKCOYTBODHIBAY ummpm-m—
Bye spi-ribpuausosani opbitani (rerpaemp), abo d 2s;;- (kBang-

pat). Bnacui enexrponn Ha d-opbitanax posmieni 'ra:c camMo, AK i B
isonkoBaHOMY i0HI KOMILNIEKCOYTBOPIOBAYA.

MeTon BanmeHTHHMX 2B'SaKiE 3af0BLIBHO NMOACHIOE APHKI BAACTH-
BOCTI KOMIWIEKCHHX CNONyK — GyIOBY, MATHETHU3M, peakuiliHy 3uaT-
HICTB, AJ1€ HECTIPOMOMKHUIN TOACHWUTH, HATIDMKNAN, NPUMPORY MEBHOIO
sabapenenns, noxomxennn cnextpie. i Ta imui BracTusocT] MOM-
Ha 3'ACYBATH KBaHTOBO-MEXAHIMHMMM METOOAMM, 30KPEMa TaKMMM,
AK METOA MoNekynapHux opbitanes i Teopis KpuCTaniMHoro nons.

MeTon wmonexkyaspaux opbiraneil. 3rinmo 3 oMM Metomom
XBunboBl yHKUIT Monekynapuux opbitanelt y womnnexci yyo €
niniiino koMbinaLi€0 XBUNLOBMX QYHKUI opbitaneii kommnexco-

YTBOPIOBAYA Yy | rpynosoi opbitam nirannis Yey;:
Mo = ayy + PBreyy ,

ne «, B, ¢ — wroediuienty, axi BiobpakawTL BHECOK aToMHUX 0pbi-
Taneil B YTEBOPEHHA BiNOBIAHMX MONEKYNAPHMXK, 3HAKM «ty | «»
BiINOBIAAKOTE 3B'A3YBaNbHIA 1 POANYLIYBANBLHIA MOJEKYNAPHUM
opbiranam.
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HadimpocTilty eHepretwysy gmiarpaMmy, [0 NOACHIOE  XiMiuHMit
38'A30K B OKTaEOPHMYHEUX KOMMMeKCHUX crionykax robansty(III), na-
npuknan [Co(NHz)glCls, 3a meTomom monexynspuux opbitaneii sa-
Bepeno Ha puc 8.1

AO MO AO
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Puc. 8.1. Cxema posMominy BANEHTHMX €NEKTPOHIB HA MOTEKYNAPHMX
OpBITANAK HHABKOCITIHOBOIO OKTAEnPHYHOro xomitexcy [Co(NIy )+

SrigHo a uiex piarpamoio ges’srs opbiTaneit KOMTLIEKCOYTBOPIO-
Bava (n'ame — d-, opna — s-, Tpu — p-) i mers opBiranet:
Jiranyiis yTEOPWIOTE CUCTEMY MONEKYIApHKX opbiTaneil KoMmaexcy,
AIKA CKJIANACTHCH i3 LIECTH 3B'ASYBANBHUX — O5e4S, Oapd Py, Cundby,

e3Py, O463d 2yt Ua,,Sdza 1 BignoBigumMx iM IIecTH POaNYyIIYBANL-
HMX opbitanei — Opoands, CpeandPr: SpoardPys OpoarntPz Tpoandd gt

Gpmn&iz,. ¥ nobymoei wmx monekynapuux opbitaneii Gepyrtb
yuacTk aTomsi opbitani koMnnercoyTBOproBaua, cnpsmMosani B Gik
mranny: 4s, 4p., 4py. 4p:, 3d1¢_y2. 3d,,. Tpu opbitani aammua-
OTheA He3B'A3YBANbHUMM — 3d.y, 3d.,, 3dy;, ockineku npocroposo
BOHM He cripamosati B Oik sirangie; ix nosnayawrs ndyy, ndxz, ndyz.
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OpGitani dI, - id 2 CHPAMOBaHI BSJIOBIK migiin, Al a'enHyoTH
KOMILNEKCOYTBOPIOBAY 3 Jiraigamy, ToMy wi opbirani moxyTs Opathn
YYECTh B YTROpEeHHI o-gp’aaky. Ha miaminy nin wsux opbitani d"-_,,.‘,’H
dy,, dy; po3MilmieHi B3AOBK DicekTpue, ToOTO Mi NMiraHgamm, i ToMy
He 3[aTHI 10 YTBOPEHHA o-3B'sary (puc. B.2).

Puc. 8.2, Cxema posmimesus opfitaneit d:g 8 {a) i d. (§)

B OKT2eLpHYHOMY [OXi JIraHme

Monexynapsi opbiTan B KOMIWIEKCHIN CITONYLl 3anoBHIOKTBCH
ENeKTPORAMH B TIOCNIAOBHOCTI 3pOCTAHHA IXHIX eHepridt 3a mpuHIM-
nom Ilayni i npassnom Xynna. He ogsaKOBHM BHABJIAETLCA XapaKTep
3alOBHEHHA KBAHTOBMX KOMIpOK 3a/I€KHO Bill CMIDM MOJNA Jirasmis,

Oraxe, Bnacri d-eNEKTPOHY KOMILIEKCOYTBOPKIBAYA MOXYTE PO3-
micTMTHCA Ha HeaB'sayBaneHux nd,,-, nd,.- i nd,,-opbitanax abo
HA HasBaHMX  HE3B'ASYBANBHMX 1 [BOX  POSMyIIyBaJLHMX
Opaant] z2y2~ 1 Opoand 2 -OpbiTanax asanesto BiA eHEPreTMHHOrO

pPOSpMBY MiK He3B'A3YBANBHMMM | HallGNMM#IMMM pO3NMYILYBATLHM-
MM OpbiTanAML.

fArxo niraEg CTROPIOE CHMJILHE [0N€, eHepreTH4HMil poapue A Be-
Jmemit i d-enexTpoEm iosa Co*' poamimylorscs TifekM Ha He-
apiAayBabHUX 7ddy,-, M3dy- | ndd-Monexynsprux opbiTansax.
KomrmnexkcHa crnonyka saranoMm HabyBa€ HiaMArHITHMX BIACTMROCTEIL
Konr s nmiranpg creopioe cnabke none, HAENDMKNAA ¥ KOMILIEKCE

[CoFg]®”, Tomi esepreTwummii pospusB A Hyske Mamuii, i BracHi
d-enexTpoHy KOBANLTY POIMILYIOTLCHA HA HE3R'A3YBANBHMX i Haii-
OMmesRyMx  po3nymypaNbHMX MoJIeRYJApHiX opbiransax nogibHo mo
poaminierEs y Binsromy iomi Co*t. Kommnexcra cnonyka zaranom y
osoMy pasi Habyeae napaMar"HiTHMX BNAacTHBOCTENN.

Meron monexynapHux opbiTaneil NOACHKE He TiNMbKM pPeakuiiay
agaTHicTs 1 MarditEl BlacTuBoCcT, a #i 3abapBlEHHA KOMILNEKCHMX
CHOMYK.

s =~

L L ) ﬂ-‘bﬂ-wﬂ.._h_. il
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Ouenmano, no ana 30YMKEHHA ENEKTPOHIB y CMCTEMI momexy-
napHux  opbitanefi xomnsexcHOl cnonmyxkm Miss sabBymopaHumy i
BiNMBHMMM opbitanamM pizuMX MONEKYNAPHMX piBHIB noTpiOHo 3a-
TPATMTH NOeBHY eHepriio. Exepris BuropMcTaHMX ana 3byrmenss
KBAHTIB 3aNEXUThL BiL EHEPreTUMHOro pospuey A Basskugain A we
OOHAKOBMI AJIA PISHMX KOMIJIEKCHMX CHONYH 1 3&N€MUTH Bia npu-

M KOMILMEKCOYTBOPIOBaYa, JITAHJIB, KOOPAMHALIITHONO w4Mena,

OrMMBAKONH [7A 30y/KeHHA eNEeKTPOHIE Mi MONCKYJIAPHUMU Op-
Bitanammn 13d,,, 13d,,, n3d,, i crpm,,drg_yh Gmnd2, nepHl QOToHNY,

crionyka 36igHioe «Bine» coHAuHE CBITNO il OTPUMYE AKWICH KOJIp.
flwmo pna 36ynseHEA enexkTpoHIE ByAyTh BUKOPHMCTEHI «9EpPBOHI»
coronn (A = 650 EM), 10 pewouHa Habyne Toro zabapsnenss, snke
VTEOPATE PEINTA CKIANOBMX BMAMMOrC ceitna (skoBTuit + senesnmit +
+ GnaxuTEMiT + cuBEUT + dionerosmit = ?, Hanpuknan senesmit). Y
pasi, KOMM KOMIUIEKCOYTBOPIOBAY HE Ma€ BacHux enexrposis (d)
abo ixne waeno popisswe pecaru (dY), yreoprtotses Gesbapmwi
KOMILIEKCHI CTIONTYRM.

3acToCyBAHHA METOAY MONEKYJNAPHIX OpBiTAnedl YCKNANHETHCA
HeoOxXigHICTIO MoBY/I0BM €HepreTHYHUX miarpaM, OCKUIbKM noTpibHo
BPAXOBYBAaTH [OJATKOBEI B3aeMofill Mid KOMINEKCOYTBODHBAYEM |
JNraHnoM, n-B3acMofiio, JATHEHMI 3B'AZ0K Ta iH.

Teopia kpmcTanivnore nonsn. B auuoKOMILIEKCAX JTaHIaMu €
KMCMOTHI 3ayuky. BEyTpilUHEA koopaMmBauifiidia cdepa B Takux
KOMITJIEKCAX CHJIAJAETBCLA 3 I[NIDEMTHMBHO SHPAJREHOro ioHa-KOMIT-
TNEeKCOYTBOPIOBAYA, 10 PO3MILIYETHCA B LEHTPI, | HETaTHBHO 3apAf-
MEHMX Jraufis, Ak Horo OTOYYHTE BIIMOBIOHO A0 KOOpIMEAUiAHOTO
uyncna. le pzaemue pogminiesHa Haraaye 6ynoBy iOHHMX KpUCTATIB.

KpaHTOBY Teopito, AKA pO3rNAgac XiMiYHMI 38'A30K ¥ KOMILIEKC-
HMX CHONYRAX 3 MOSMUE enexTpocTaTvyHol BaaeMoail Mixm Kom-
TIEKCOYTBOpIOBAYeM | JUraHgamM, HasuBalTh MeoPien Kpucma-
ATNHOZ20 TLOALA.

Bona IpyHTYETBCA Ha TAKMX YABNEHHAX: 1) XiMiueui 38'A30K
Mizn< KOMILTEKCOYTBOPIOBAYEM i JIFAHAAMM Ma€ eNeKTPOCTATIHHMI
(ioHHMI) xapaxTep; 2) miraHm poarnAgaoTs Ge3CTPYRTYPHO, AK HO-
€1l MEBHOr0 HEraTMBHOrO 3apafy, el 3apap y pizHux JiraHgis He-
OOHAKOBMIT, JrawpM, Mo OTONYKTh KOMILIEKCOYTBOPIOBAY, CTROPH-
HTb HABKOMO HLOrO eexTHBHE enexTpuyHe (Kpucranivyse) none,
AK€ BIUIMBAE HA CTAH EJEKTPOHIBE Ha HalpinnaneHinmx eHepreTud-
HUX pi.BHH?c ATOMIB KOMMIEKCOYTBOpIOBa4a,; J) meranbHO poarnana-
KTh CTAH 1 NOBEAIHKY HAWOMMMKYMX N0 firaHais d-enexTpoHIB KOM-
ILIEKCOYTBOPIOBAYA, eeKTUBHE KPMUCTANIYHE MONE CHanHime Big-
INTOBXYE Ti ENeKTPOHM I0HA-KOMILIEKCOYTBOPIOBAYE, HKI posMiIeHi
Ha d-opbitansax, npocTopoBo copsMoBaEMx y Gik niraEfy, a6o
DIMasKMX 00 HEOMO,

Oraxe, 1106 posymiTu Teopiio Kpueranivroro nons, noTpibuo n06-
p€ YHBMTH MpOCTOPOBY OpieHTauino d-opbitaneii, a Takox YiTKO
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sathikCyBaTM B3AEMHE PpO3MillleHHA JiraHAiB BiHOCHO AEKapTOBMX
ocell KOOPOMHAT 1 3aJeH0 Bl KOOpIMHALINHOrO 4WHela y KoM-
nnexcHiit cnoanywi (puc. 8.3). Enexrtpoms, posmiinesi Ha pisnux
d-opbiTanax i0Ha-KOMILIEKCOYTEOPIOBAaYa, 3a3HAKTE HEOIHAKOBO1
CMJTH BiNIITOBXYBaHEA 3 DOKY HEraTMBHO 3apa/UKeHMX JiraHms.

Puc, B.3. Posmitenns niraumis y cHeTeEM KOOPIIMHAT BiAHOCHO ATOMEMX
opbitanedi ioHa-KOMILIEKCOYTBOPIOB&YA B Jiuiiinnx (a), TeTpaenpuyanx (6),
MAOUMHEO-KBANPATHHX () T& oxTaegpuUHMX (2) KOMIJISKCHIX CIIONVEAX.
KomMnnercoy TBOPKIBAY POSMIIIYETHCH HA NOYATKY KOOpAMEAT

Taw, 3a xoopmHauifinoro uena 2 Hajibinbue BIMUITOBXYBATH-
MYTECA JIraHAAMH €JeKTPOHM ioHa-KOMIJIEeKCOyTBOpoBEaya Ha opli-
Tani d .2 L0 MPOCTOPOBO CNPAMOBaHA B bix mirangie, a HaliMeHine —

Ha opGiTanax, posMillleHnx y MnommH 1y, 706710 dby, d:z_y:.

Orsce, NOYATKOBO EHEPreTHYHO ekBiBaJeBTHI (BUpoizkeni) opbi-
Tam isossoBaHOro joHa (aToOMa) KOMILIEKCOYTBOPIOBAYA, MOTpar-
JIAKONM B OTOYEHHA Jiranpis, fip Ji€X CTBOPHBAHOIO HUMM eJeK-
TPHYHOrO MOAA CTaloTh HeerBiBaEHTHMMH, HEOOHAKOBO NpigaTHH-
MM IONA YTPMMYBaHHA BJACHMX €JEKTPOHiE aToMma (ioHa) KOMMIEK-
COYTBOPKIBaYA.

Tar, y HalMOMMPEHINIMK OKTAEAPHUYHHX KOMINEKCHUX CrOJyKax
ulieTE JiraHjis, poaMilleHMX NoNapHo Ha OcAX T, ¥ 1 2, Halicuwosyine
BILTMBAKTEL Ha enexkTpouHi d-oplitani, posmimeri B3goB®K UMX oceit.
Taxmx opbitanei mei: dlg__yz id. Imui tpy d-opbitani — dyy, dye

idy, cnpamoBani Mis ocamM | posMileni Ha HMX eNEKTPOHN 3a3Ha-
10Th 3HAYHO MeHIIoro Brumey 3 Gory miramzie (nme. puc. 8.2). Orxe,
B PEANLHOMY OKTAEIpMHHOMY OTOMEHHI JiraHgie siabyeBaeTbcA poa-
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wennenns d-opbitaneii aToMa KOMILTEKCOYTBOPIOBAYA HA TPH BHIij-
Hi opfitam ana nepebysanns na Hux fiOro BJIACHWX €NEKTPOHIR —
opbitani dyy, dy, i dy, (ix nossawaors d,) i A8 Memn BurigHi op6i-
Tami —d s 2 id, (i nossavaiors d,). Enepretvasi pissi Tphox

d,-opGiTaneil SHMMYKTBCA BIHOCHO NOYATKOBOTO EHEPreTHHHOTO
piBuA eupopkennx d-opbitaneli aroma (iona) KOMIIEKCOyTBOpPIOBa-
44, a pieni neox d,-opbiTameit — mgenuy0THCA.

Piammmpo wmixk piBusmy esepriii d- i d,-opbitaneli naaueaioTh
napasmempom, abo enepziewn, poswenienns, NosLEAYAKTE CHMBO-
JOM A 1 BMpaXKaloTh Y KIIORKOYJAAX Ha Moae. [lapametp poattern-
JIeHHS 0DY9MCIIIOTE TEOPETHHMHHMM MeTONaMi KBAHTOBOI MEXaHIKN
abo BMSHAYAOTE EKCINEPUMEHTANBHO 34 CHeKTPAMM [OLIMHAHHA
KOMILIEKCHMX crioqryk. CxemMaTH4HO e nokasano Ba puc. B4. -

# e
44 dez dy g2
Aprr %
Aoty
2
5 a

dyz

deg
Fuc. B4. Cxema poamenienns d-opbitaneii B okTaeapssoMy o mirauuis

SrigHo 3 KBAHTOBO-MEXaHINHOK Teopiew mia wac POSLIENIe HILA
mae sbepiratuca cepemma emepria opfitaneii Heposwerneroro
d-minpisna. fiKio 3a HyNB BaATH cepenmio emepriio d-opbiTaneit y
NNOTETUYHOMY CCIEPHIHOMY [OJI, TO €HEePreTHHHe NiABMILEeHH: pis-
un d-opbitanei pignosinatume Y/sA, a eHepreTHuHe 3HMIKEHHMA
piens de—opbitaneit — (-2/5)A, Tomi %/5A - 2 (d,-op6iTamni) = 2/;A- 3
(de-opbiTani), a cyma 3/5A+ 2 + (-2/:A) -3 = 0.
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[apaMeTp pO3LLENJIeHEs 3ANEKUTE Bif KOOPAMHALIIMHOIND 4Mca,
aapajly i0Ha-KOMILIEKCOYTBODIOBAYA, & TAKOM Bij CHIM ONA, AKe
CTROPIOIOTE JIrAHAM HABKOJIO LEeHTpaibHoro iona. Tak, B oxTaenpu-
Homy orodenHi A sOinbluyeTecA B Mipy 3pOCTaHHA 32pPARAY iona-
goMILekcoyTsopiopada. Hanpuknag, nns rigpaTie JBOBAJIEHTHMX
ioHIiB d-eJleMeHTIE YeTEepTOTo Nepiofy mapaMeTp POSLIerUieHHA A
Gmuapiiit no 120 kllac/Mons, a Ans TPUBAJIEHTHHX iOHIB eNneMeHTIB
rroro camoro nepiogy — z0 240 gl /Monk.

[lapameTp pOSIIENNEHHs A JIS OAHOIO I TOrQ CaMOoro KoMIiex-
coyTBOpIOBaYa 30LIbLIYETLCA 3i 30UIBIUSHAAM CHIIM NOJIA JTAHZIS.

Ilns ONHOTMIHNX KOMILTEKCHMX crnonyk (rigpartis, amiakaTis TO-
1110) napamerp poswmenyexnn A apocrae npubmsano wa 30 % y paszi
NEepPexXoAy Bijl KOMIUIEKCOYTBOPIOBAYA NEPLUONO NepexiiHoro nepioay
IO ApYIOro, TAK CaMO0 Bif APYTOro A0 TPETBOTO.

Yy Gimbiumit napamerp podmernieRns A, Tvum Guibiuuli emepre-
TMMHMIT BUTpAall Bii PO3MILIEHEsA €JIEKTPOHIB Timbky Ha d,-opbira-
NAX, L€ 3arajJbHe 3MEeHIUeHHA ereprii CHCTEMM HASMBAKTHL enep-
ziew cmabinisayii xpucmarivnum nosesm (ECKII).

PosrnareMo, sk poanofinsiorses d-enexTporm aroma (ioma)
KOMIJIEKCOYTBOPIOBAYA Ha POJLENIEHOMY B OKTA@APUHHOMY MOJ
d-nigpiesi. 3rifHC 3 NPUHLMIOM HAHMEHIUOI eHepril nepini enex-
TpOH poamicTiTheH Ha Oyab-skili 3 de-opbiraneit. lpyrwit i Tperidi
ENIEKTPOHM TAKOM NOCHLYTh Micus Ha d.-opbiTanax, npuuoMy Bij-
MOBiZHO [0 npasuia XyHAa HalimeHuiit enepril BiANoBigaTHME CTAH,
KONM CIHHM IMX eNEKTPOHIE € napanieflbHMMM, & TOMY eHeprisi ix
B32€MHOTO BiINTOBXYBaHHA Haiimeriua (puc. 8.5).

d;'} dI" Ul{d'l' ;'
! .

dyy dz dylde)

Pitc. 85, Cxema posiuennenss d-mapisHA Y 0o Jirasgis
okTaEAPMHHDT KomurekcHol cromysu Cr(IIl)

flxio ¢ aroM (ion) xommnexcoyTsopioBaua Ha d-miApiBHi Mic-
THTB Ginbly HiK TPM ENEKTPOHM, TO HETBEPTHIl €NEKTPOH MoMke po3-
MICTUTHCH 3a pBoma eBapiarTamuy (puc. 8.6).
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Puc. 8.6, Bapian POaMillieHlA YeTBepTOro d-eNleKTpona y nomi Jmiranis
OKTaEPHHHDI ROMILIEKCHOL ciosykum Cr(1l)

3a Bapi_aﬂ'rqt\:: @ 4YeTBEPTUH eJEeKTPOE PO3MILYEThCH HA €Hepre-
Bwn-m Buriamimif d.-opbitani, sva Axili BuMEMKae EJNIeKTPOHHE TTapa.
AHAK EJEKTPOHH AK OJHOMMEHHO 3apAIKeH] YaCTWEKM BifIITOB-
XYIOTbCHA ONVH Bl OJHOTO, NPMYOMY CHJIM BigIUTOBXyBaHHS Ginbun &
{T&M}{agrraag) m&r ENEKTPOHM 3AlMAIOTL OAHY, & He pisri opbirani
p ). UTie I Yac yTBOPEHHA eNeKTPOHHOI napu enepris
CHMCTEMH MABMINYETHCA HA BEMYMHY, AKY HA3MBAIOTb eHepzielw
mmmmpmp annus Eq, ¥ Bapianti 6 (mus. puc. 8.6) ereprin YETBEPTOro
OHa HA BenMHMHEY A Ginbiva, HiK y enexTponis, poami
: i am
Ha d-opbiranax. N
. . 5
Y zB'azky 3 HuM BAPIAHT a SAIMCHIOETHCA TOnl, KOMM TapaMerp
E;::men.'tenns A Bimbumit 3a penvuuRy eHeprii criapioBases (sapi-
eunpHOTO moas, A > E_)), sapiasT 6, uan
{Bapu-.t_n-r cnabroro n’ﬂ.‘m'-l) =k HR : R S
Cunip, 3a3HAYUTH, WO AJA ATOMIB (iOHIB) OAHOTMIHUX KOMILIEKCO-
mopmn%qm EHEpPIll CNAPIOBAHHA ENEKTPOHIB PISHATHCH He ayHKe
nEchh_ Ho. Tax, ANf ABOBANIEHTHMX KaTioHin 3d-enemenTis HeTBEPTOID
Piojy BoHY popisnioors 210-305 wllx/mome (Taba. 8.3).

Tabauys 8.3. XapaktepucTuxn genxux ionis B OKTARCAPHIHOMY TOT]

il

oty | i | i | 5 | B, | e
CrN 981 Hy,0 166 Bucormii
L Mn 335 H,O 251 «
2 Mndm 305 Hy0 93 *
Fe i 359 Hy0 163 «
J6 Fel* 210 Hz? a0 "
K : CN 365 Husskdt
Ex on1 F 155 Bucormii
& PR s = S
N Co 269 H;0 111 Bucoruit
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i ami ameTpa posuennenss A iCTOTHO umpi i, rosioBe,
LA m?a},mmmagaﬂmanmﬂ BUILE, 3A/IEHMUTD Bl CHIDI N0JA n;rlx_ga.nﬂgn’ﬁ
(criewTpoxiMiumidi pAn Jirasie), ToMy ANA OAROTO ¥ TOTO cm:[im
[IeKCOYTBOPIOBatda B KOMIJIEKCHMX CHONYRaX 3 PISHMMH JNTAHIEMN
MOYCYTh PeanisoByBaTich 0Diipa BAPIAHTH posrojTy mmxﬂs
V papiarti peanizai(ii CHIBLHOTO IOJA nepiul In e
3an0BEKKOTE de-opBitarni, a ChOMUHA—JECATIN EJIEKTPOMH poaMiny
orees Ha dy-opBiTanax. fAkmio 3 roJe Jrasms € enabrim, TO n;p-‘
i TPH eNEeKTPOHM POSMILYIOTECA Ha dgnpﬁrram,'taemequu i
n’sTuit — Ha d,-opbiTanax, muc;gﬁ-apc:-mrﬁ anoey Ha d.-opbiTani,
! i pecarmii — Ha d-opbiTan.
5 n;'?::f:::f::énﬁf npHENAu R([E}MIMEMHHX CRonyk I‘.'_Uﬁ&JTbT’F{III), 1#9
MiCTATE JraHm CMILHOIO i cnabKoro noJis, BUOBIIHO lCo(N‘H;;]_ﬁ
i [CoFgl. B amiaunoMy KoMmniexci MapaMeTp POSLIEIIeHHH n%a?ll::-
wmit 38 Een (Aue. Tabo. 83), ToMy WCTH NEKTPOHIB I0HA K y
nonapHo poaMingyoTsea Ha d.-opbitanax (pnc. B.7).
s — %4

4+
Co™*

Y - tcanm

Puc. 8.7. Cxema posmiments d-eneKTpOHIB B aMiasHOMY womruiexci Co(I11)
(BapiaET CHIALHOTD 1on#)
CymapHMii MErHiTHI MOMEHT LLOrO KOMILIEKCY 3& BLICYTHOCTI
ecnapernx d-eneKTpOHIE MOPIBHIOE HYJIO. )
R i p;{:ﬁ jon Co®", orouennii ionamu F-, AKi MawTh
Hagproaxy, 10l cam . i £ o wa
cnabre nosie, yTBOPKE MAPAMATHITINHI KOMILIEKC [Cal ._:-,; x 1
nexus A y upoMy pasi HeBenMKe, 3HAYHO MEHIUE BT Ecn, TOMY

eNeKTPOEN posmitnyoTsca Ha di- 1 d,-opbiTanax (puc. 8.8).

+ 4
[CoFy]*
45 ?u: i
#* + + + |
Co™"
-t

. : 1
B. minterns d-enexrpois y drropuasomy wommaexci Co(ll
Puc. 8.8 Cxema pod e
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Cywmapuii MarHITHII MOMEHT LILOTC KoMILiekey p = 4.6 = 4.9 m. B.

Teopia EpHMCTaNiYHOTG MOJNA JAa€ SMOTY TOSHIILE OLHUTH CTifi-
KICTH KOMILNMEKCHMX CHONYK NOPIBHAHO 3 METUAOM BaJeHTHHMX 38 fn-
kiB. flk sasnavanock BHLIE, KOXKEH €NeKTPOH, poaMienmil Ka d -op-
BiTani, sHIDKYE eHepriio KoOpANHALIHOI cyuetemMn Ba 2/qA, a enek-
TPOH, poamimenmii na d,-opbiras, migsmnye ii pa /A Ofumenmumo
eneprito crabimsami kpucraniyemsM nonmem (ECKII) posrnaayTHX
BHLLE ORTAEAPMYHMX KOMILNEKCHHMX CHONYK Kobanwty:

ECKII (JCo(NHa)el**) = 2/5A- 6 = 12/4A;
ECKII ([CoFg]*) = 2/5A-4 — 3/54-2 = 2/5A,

Crpaspi, nM3bROCHiHOBE AlamMarmiThi KOMIJIEKCHI CHOOJNYEM KO-
bameTy(Ill) nysxe criiiki Hampuknag, a katiomom [Co(NHa)gl*
OJIEPHAHO KOMILTEKCH 3 PIaHOMaHITHMMH aHiOHaMM, B TOMY YMCIi §i
TAKMMH, IO MAKTL BUCOKY BITHOBHY 3JIaTHICTh, 30KpeMa, 3 ionom I~
Bopnsousac sucokocninoemit napamaraithisi komnnexe Ky CoFy] nyxe
HeCTIfKMIl, ME€ BHCOKY OKNCHIOBANEHY BOATHICTL | JIerKo pydi-
HYETLCH Y BOJHOMY CEpPEenuBHIiL

ExcrnepumeHTansHO NapaMeTp POSLIETUIEHHA A BHSHAYAIOTE 34
CTIEKTPan MONIHMHAHHEA POZYNHIB KOMIJEKCHMX CIIONYK.

Teopia KpuCTamiuHoro nond (AK | MeToj MoneKynsapEux opGi-
Taned) TMOACHIE MNOXOMmKeHHA 3abapBleHHA KOMIWIEKCHMX CIIOJYK.
Komip pewosuEn sanesmTs B Toro, (hoTOHN AKoi eneprii BoHa Tio-
ravEae Juin sbyJUKeHHA eleKTPOHIB i nepexony ix 3 mnxyoro d.- Ha
Buumii d,-nixpisens. IIpisomy ewepris ksanrta ceitma hv (hoTona)
MA€ TOYHO BIANOBIAATH MapameTpy poaumernnesds A, Tobro A = hwv
3a crexTpaMy NOTNHHAHHA OJIPHKYIOTE IOBKUHEY XBUJ CBitna A =
= ¢/v, AKa BUINOBIJIEE MAKCUMYMY MOITIMEAHHA CRITIA KOMILIEKCHOI
cnonykn, i gani obunemorts A, xIDK/Mons:

p=EE Ny Na

= chv - .
A 1000 1000

ne v — xeunsoBe uuncno; N A — 4Hcno Asoran

Tak, y cnextpi cnonysn [Ti(H,0)l* (puc. 89), sxa mae
OyprnypeEnii KOMp, MakCHMyM [OTTMHAHEA BiTOBINEE XBHMILOBOMY
Tucay v = 20 000 em! (A = 500 mmM). Lle normimanss nop'ssake 3
nepexoniom €mikoro d-enextposa iona Ti*" 3 d,- na d,-op6iram.
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Toui

A= chu- My 3-10'0 (em/e) - 6,62+ 1073% (Ml - )

1000 ”
x 2+10% {ex!) - $Da: 20 (mons!) = 239 xJlmk/Monb.
1000
E
g g
& g ‘? I§| IELIruI
E: :?:g:glé:g'élg:
ssapwrenn | G 18121 SIEIE LR
normuymex (&S 518188 18,158 |
IUAHOK CHIEETPE T T M T T i T T
m
E
5
=
=
£
F
-
B
[
.n%[
1 1 i | 1 1 1 -
400 500 600 650  Hopsxmma xemi b, BM

Puc. 8.9. Coewrp normsanss iona [Ti(Hz0)g)5*

Orsxe, obvHcieHe 3HAYEHEA napame-rpa’ poamernnesya A mMae on-
HarOBMII MOPAAOK 3 EHEPri€lo XiMIiYHOrO 3B A3KY. o

Ha afymsennn d-esewTpoHis i ix mepexin mi d.- T8 d,-mippis-
HAMM BUTPAualOTECA NepHl (QOTOHM NOIXPOMATHYHOTO BMIMMOrO
ceiTaa, i foro cniextp abipHoeTeca. 3abapprieHns KOMILIEKCHOL ClO-
nyxm Bignoeigae takomy abiiHEHOMY CHEKTPY. Hipxte HaBeneHo
B3AEMO3B’A30K MK KONBOPAMM CBITJIOBMX XBHJIb, AKL HNOTJMHAKTBLCA
i AKi criocTepiratoThCA.
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@ma CEITNOBOT XBRT, ) ; Y . | HKonip ceitnosol xeumi,
L0 TIGRTMHAETEER Koip citnonoi xnuni, W0 crocTepiracTees (10—
2102, 1 L0 TIOrAMHAETECH RaTKOBMH Kosip)
B 400-435 Dionerosuii HKorro-senenmit
435—480 Cymidi o
480-490 JeneHo-cuuil Opamxennii
480-500 Cunp0O-zenenyi Hepsowmii
500-560 Senenu Iyprypnit
960580 HopTo-3eeHns Pionerupmni
580545 Hosmrih Cruriit
HO5-605 Opamxerdi SeneHo-ennii
605730 Yepoomuii Cunno-senemndi
T30-760 TIypuypHrsi Senewmit

Y pasi, ko na d-opbitansax ioRa KOMIIEKCOYTBOPIOBAYA enelk-
Tpoun BizcyTtHi (dU) afo koom ix € 10 (d1Y), sabasnenns CTIOJTY KM
BiICyTHE.

Y TeTpaenpuuYHNX KOMILIEKCHUX cnonyxax (mue. puc. 8.3) niras-
AW BiIHOCHO KOOPIMHATHUX OCEl poamituedi Tak, mo He Habiooxa-
IOTBCA Yy HAnpAMRKY, AWl sbiraetbes 3 mpocroposoo HATIPAM-
JIEHICTHO d—upﬁi-ra.r_xeﬁ. [Mpore dyy-, d~ i dy.~opbitani poamimeni
Gmmiae no nirangis, Tomy EJIEKTPOHM Ha 1mx opbiralax 3a3uaTh
CHNLHILIONO BiUUTOBXYBAHHA 3 OOKy Jirangis, Misk HAa Fe1no
Binaneninmx d g d_:-opbiranax. ¥ ap'ssky a umm Terpaen-

PY POSILENNEHHA BRACTMBE TAROMK, ane jBi d-opbitani surigsimi i
MEIOTE HIKUMA piBenk eHeprii, a Tpu d.-opbitami — sy pieexb
€HEPril 100 MOYATKOBOrO EHepPreTHYHOro pieua d-opbitaneii kom-
NNEXCOYTROPIOBAYE,

Caip sasmaunTH, 100 Mapamerp poswensenna A sa TeTpaenpuy-
HOro orovenns miranpis popisnioe 4/y mapamerpa posmennemms A
32 OKTAENPHMYHON0 OTOYEHHS, AKILO OpoOCTOROBE OTOYEHHA [EeBHOro
ROMIIEKCOYTBOPIOBAYE 3 OfHMM i TMM cAaMHM JiraggoM piane. Enep-
Al CapiOBaHHA €JIeKTPOHIE 3HAYHO NEpEBaxiae aHaveHHa poailen-
NIEHHA A y TeTpaefpHuHOMY MO, TOMY d-enexTpoHn i0Ha KOMILIEK-
COyTBOpioBaYa Ha d- i d,-opbiTamnsnx PO3MIIIYIOTECA TAK camo, AK i
B 10Hi, He OTOYEHOMY JiraHzaMuy.

Terpaenpuuni komnnekewi COONyKM Tarod aabapeneni, Akuo
oo d-enexTponis I0HA-KOMIWIEKCOYTBOPIOBAYE JOPIBHIOE Bif 1 J10
9, a sa migcyrrocti d-enextponis 260 ko ix JECAT, Ui CHOMYKH
MajoTe nepesasno Gt konip (puc. 8.10).
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Pyec. 8.10. Eneprerirani pissi d-opfitaneit iacns0BaHOTO
ioHa-KoMImeRcoyTEoptoBata (a) _'ra_df i d,-opGiTanel
¥ TETPACAPHHHOMY IO JIranis (6)

Teopisi KPUCTANIMHOrO MOJH AMOTIA MOACHUTH i BrIpOBAZIMTH
KimbKicHI pospaxyHku 6araTeOX BIACTHBOCTEH KOMILTERCHMX CIO-
NyK, OfHAK i1 HEeJONiKOM € BpPaxyBaHHA TLOBLRN ENEKTPOCTATHIHOI
BRAEMOZIL | TOMY HECHPOMOKHICTD MOSCHUTH MPUHMMHN SMIH BlOHOC
Hol ewny nons girapgis. HafizarafbHILOKW TEOPIEK € TEoplA Tona
JiraHAiB, TEOPeTHYHI MOJOMeHHA AKOT BUXOMATL 3& MeMmi Nsore

KYPCY-

Poznin 9 .
EJEMEHTH XIMIYHOI
TEPMOJIMHAMIEH

§ 1. Jlenxi nouATTA XiMigHOT TepMOIMHAMIKT

aranLHa TEPMOAMHAMIKA BMBYAE NepPeTBOPEHHA eHepril 3 of-
Hi€l hopMu Ha iHUIY, & TAKOK LIIAXKM TNepexojay eHeprii
Bizi opHux of'ekTiB fo iHmmx. Ximivea TepmopuHamika €
YACTHMHOK SarankHOl TEPMOJMHAMIKM, FONOBHMMM i1 3aB-
JAHHAMW € BUBYEHHA EHEPreTHHHMX edexTtis, [0 CYTPoBOmEKYIOTL
xiMiuHl peakitii, 4 TAKOM HANPAMKIB 1 MOMUJIMBOCTEH MMMOBLIBEHOTO
nepebiry nmpouecis. Ilpy npoMy QOLLILHO POSTARLATH JHLIE [TONETRO-
Buii i KiHleBuii cradn pedceuH, Dez ypaxyeaHHA wnsxy nepebiry
npoiecy. XiMidHa TepMOAMHaAMIKA HE BHBYAE LWBWAKOCTI, MeXaHi3MM
peaxyift, 6yHoBy PEHOBUH TOIIO, AN€ JA€ 3MOTY CYOUTH [P0 HApA-
MOK PEarliil, CTaH PiBHOBAIM MiX peareHTamy i NPoOyRTaMIy peaxmii
Poornanemo Aedki NOHATTS ximisHol tepmomveaminy. Hacamne-
pPea 3 HABKOJMUIHLOrO CEpPejoBMILa ANA 3pyuHoori Bujimmumo ob'ek-
TH HocHimxeHHA (cucmeny).

Cucmemoio HAZMEBAKTh YMOBHO BHOiJieHe 3 HABKOJMMIIHLOTO
cepenoBuina oxpeme Tino abo rpymy Tij, AKI BIAEMOAIIOTL MiH
coboro.

CucreMy HaZMBAIOTEH 1304B08AH00, FKILO MM HEW 1 HaBkONMII-
HiM cepefoBuilemM BicyTHi maco- 1 temnoobmin Hrrgo macocbmid
BiacyTHI, a TenmoobmiH MOMUTMBIIL, CHCTEMY HAa3MBAIOTh 3QKPU-
mow. AKo MK CHCTEMO) | 30BHILIHIM CEePEfOBHILEM MOZKJIIBIIT i
Maco-, i TernoobMid, TO CMCTeMY HASKMBAIOTL éidxpumoro.

Cman cucmemu XaparTEPU3YHTE TEPMOOMHAMIYHMMMH BIACTHBO-
CTAMM, 10 AKMX HAJNEIKaTh TEMIEpaTypa, THCK, 0b'eM, KOHLEHTpanin
Tomn. Bracrueoeti noginaioTe HA inmencueni (TeMnepaTypa, THCK,
KOHLISHTPALA Ta 1H.), AKKMMUY XaPAaKTEPHEYITE KOMHY HaCTHHY CHC-
TEMM, Ta eXCTencusni, AKXl sanemare Bl KinerocTi pedosmrm abo
Maci Jlo ocTaHHIX HANeKaTh, Hanpuknay, ob’eMm, eHeprisg, SHAYCHHA
SIKUX y 3allaHiil 4acTHHI CMCTEMU He MalOTE (hizuuHoro aMicTy.
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§ 2. Tennosi echexTn.
Buyrpituna enepria ta eHTannmis

Ximiuni pearuii sigbyparoTecs 3 euginesnsm abo normMHaHHAM
exepril. Exepreruuni edextu B peakuisx BHABJIAIOTHCA B PisHux
thopmax: Tennopifl, Mexauivuil, enexTputHii, cRiTIOBIK.

Tak, ¥ peakuisx 3ropfHHA PEYOBMH €HEPrid BMIIJACTLCH Y BM-
rafgl tensor i ceitna. Ipuknazom moxe GyTi peakiiis SropAHHES
MmarHilo (mMardiesmii cnanax). HaBnakn, peaxijia TepmiusOro poskia-
ny xapOOHATY KaJbLI0 Ha OKCWJM Kanwiio Ta pyraeuwy(IV) iue a
NONTMHAHHAM TerJIoTH, a peakuii posknany Opominy cpibna ma
NpocTi pedoBuHM y dororpatiunomy npoueci abo dorocuntesy B
POCTMHEAX — 3 NOIMMHAHHAM KBaHTIB cBiTia. Pobora ranseanivHoro
enemexTa abo aKyMyJNATOpa € NPUKIEAOM BUIIJEHHS ENEeKTPUYHOI
eHeprii BHacyifor nepebiry ximiuxoi pearifi, a npouecH enex-
TPOMi3y — HaBMakW, MOTNHMHAHHA eJIEKTPUHHOI eHeprii mig sac ne-
peiry peakuii. ¥ pa'al Enﬁyxy TpHHlTpD’IDJTyOJI} (mpomuay) abo
AMHAMITY eHeprif ximiusol peariii BMALNAETBCA y BUITIAZI MeXa-
HiyHOi poboTH i TennoTn

Peaxuii ropinus cocedopy, cipkn, poawian oacHy sinbysawTbes
3 BMALTEHHAM TENNOTH. YTBOPEHHA 3 O30HY 3 KWCHIO, PO3KJIaj
EMnO,, KNOg, HgO Ta inumx, sHasnaku, norpebyiors saTpar eseprii.

Jlns kinbkicHOTO SICTABNAHHA EHEPreTiMHMX edeKTiB sxoM
NMepepaxyHKy IX 3BOAATE /10 OIHOrO BMAY €Hepril Ha MicTaBi exsi-
BanesTHOCTI 11 pisHomariTHMX hopm BifnopimHo mo saxory abepe-
sienna edepril. Tennoea copma ewepril mop'sAzana 3 XaoTHMENM
PYXOM HaCcTHHOK PE4OBHH cucTemM, poboTa K — 81 ChpsaMOoBaHMM
pyxom Tin (IX NiHATTA B noni TAMIHEA), 31 COPAMOBAHMM PyXoM
ENEKTPOHIB (eneXTpuuHMii CTpyM), 3 PO3LUIMpPEeRHAM rasy Towo. s
CyMapHa BeJIMMMHA € meniosum ederwmon peaxyii.

Tenaosum ediexmom peaxyii HAZUBAWTHL KiNLKiCTL eHepriy,
HKa BUALINAETHCA ab0 MOrMMBaeThHeH M Yac mepebiry peakmii

¥ mibkHaponHiii cucreMi opuHEMUbL (CI) OCHOBHOIO OfMHMLEH
exeprii aaTeepnieno dxcoyan (Ine) Jlns suparmesns 6ineinol kim-
KOCTI eHepril BMROPMCTOBYIOTE KPaTHY Lil OfMHMLIO — KUIOMKOYJIb
{1 gl = 1000 Jsc).

Fauimne omnmiiers TEINoTH BEAMKAIHM MeRMOTLMivHY Kaaopir (Kad)
abo xinokanopio (kkan), AKa 38 ASAHE 3 JUKOYIEM COiBBITHOILEEHAM

1 gxan Tepmoximivea = 4,1840 slln
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Briepuie kinekicHi poenimxenHs Ternopnx ek TiB PEaKLEH BUKoHAIM
thpannyaeri BueHi A. JL Jlasyaaee 1o IL C Jlannac (1749—1827). ¥ 1780—
1784 pp. pox BuaHewom Tennosi ediexTi rOpAHHA PI3HNX pewcBMH 34
JONOMOroH) CKOHCTPYHOBEHOMO HIfMH KpisxaHoro xanopumerpa. Kineiers
TEILIOTH, LG BHAUMANGCA Mg Yac SrOPAHHA Byriana afo isomx PENOBIH,
BHEHAYAJIH 38 Macon: BOoal, AKa YTROPIOBEIACH BHECJ'IUIGK TEHEHHA NbOOY.
Tar A JL Jlasyasee Ta I1 C. Jlannac pospaxysen, W0 Oif Ya¢ SrOPAHHS
1 r pyrinny sugingeTses 7,624 kran tennomy (0@ 9Meno NopiBssHO Mang
BipISHACTLCH Bif COPaEMHEONO 3HaueHHA — 8,140 kkan).

Enepretimsdi edert, 1Mo CYNPOBOAYIOTE Nepedir XiMiuumux pe-
KL, MaloTh BEJMKE NPaKTIIHe SHAYEHHS. Iuvoni BoHKM BaskIMBiNI,
Hi}K YTBOPEHHA B Pe3yJILTATI pearuiii HOBUX pedopuH. fIx npuxnan
MOFCHA HABECTH peakuii 3ropsHHA naJmeBa. B ximiumiil TexHomnorii
BeJIMHESHE 3HAYEHHA MalTh MPOLecH TEHJIOUEMIH}'. minsenenns abo
BiBENEHHA TENNOTH BiJ pearulifHol cyMim.

Poarnanemo npuuuHNM BMHMKHEHHA TEIJIOBUX eeKTiB y Ximiu-
Hux peaxuiax. Bigomo, no ximiumi nepersopenns — 1€ pyliHyBaHHA
XIMIMHMX 3B'A3KIB MK aTOMaMM y BMXIAHMX PEYOBMHEX Ta YTBO-
peHHs HOBUX 3B'siskis ¥y npoxykrax peakuil. Ockiybkyu enepril xi-
MIYHMX SB'ASKIE ¥ BHXIIHMX PeqOBMHAX i NPOAYKTaX peakuifi Heos-
HAKOBI, Pi3HMUA eHeprilt BuAinAeTbea abo NoraMHaceTbes ¥ BHIIAM
TennoTH (Tennoeuit ecdext peakuii). Cnijg sassHaunTy, 1[0 HA TEero-
BT E'[']JE.'I{T peam_ul BIVIMBAKTE TAKOI aMiHa EHE‘pI‘ll M]}KMOJ'[ER}'-
JLFIPI-!OI Bﬂd&.Mﬂ,ﬂI] TAa JCl'E'HH-I THIL YMHHMIM,

Exepril ximiuHux 3p'askie i mMiskMonexynapHol B3acMonii € cxma-
NOBMMM HACTHHAMM BHYTPIIIHEOL eHepril cucTeMu.

Bnyrpimma enepria cueremu U — e Tepmopmnamivna dyms-
fin, Aka BRJOYAEC B cebe Bei Buau eneprii (emepriio pyxy Beix
MOJNEKYN, ENEKTPOHIB, ¥ TOMY 49Mcai il eneKTpoHIB XiMiMHOTO
aB'A3KY, KONMBaHL ATOMIB, BHYTPIlUHLOAAEPHY €HEPrilo TOIO),
KpiM KiHeTH4YHOV i MoTeHiaNLioi eHepril cHCTEMM AK €IMHOTO
OiJoTo.

ABcomoTHa BelMYMHA BHYTPIIIHLOI eHepril HeBifoma, MOHA
BU3HAYMTH TimbKK 11 aMiny, 10670 pismMigo Mid KiHueBum i nowaTt-
KOBMM CTAHAMM CHCTEMM, AKI NMO3HAYATMMEMO BLANOBIAHO iHnexcamm
c2» | al»:

AU = Uy = Uy, (9.1)

Binnoeigko no 3axony abepescenns eneprii, AkKii illle sasusanTs
NepwuMm 3aKoHOM MepModunaminu, BHYTPILIHA EHEpris cucTe-
v U sammnuaerseA CTason, AKIO He BigfyBacTLCH Teruopuii obMin
MI}{ CHCTEMOI0 | HaBRomuHIM cepenoButiiem (AU = 0). 3rigso 3 qum
3aKOHOM Y pasi MABEIEHHA JI0 CUCTEMM TENJOTH € BOHa BMTpada-
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TUMETHLCH Ha 3MiHY BHYTpilHBLOI exepril cucremu it pobory npotu
BOBHIIUHIX C1JI:

Q=AU+A (9.2)

_________ Pipuanua (9.2) € MaTeMaTHIHUM BHPAZOM NEpLIOry
""""""" 3akoHy TepmomHamiki. Jlis HAO0MHOr0 YABJIEHHA
‘Ih thiamynoro amicty piseaseEA (9.2) posrnasemo cic-
TEMY, 10 € ra3oM, AKWH MICTHMTLCA B UMNIHAP], 3a&-

lr: KpuToMy nopiunem (puc. 9.1).

Ao nopileHb 3aKpinNTH HEPYXoMo, To ob'em
CHCTEMY HE 3MIHIOBATUMETRCH, poboTa poamunpen-
HA A JNOpiBHIOBATHMME HYMO 1 BCA NigBemeHa Mo
cucTEMHM TEmJNoTa 3a crasnoro ob'emy @, BuTpaua-
THMeTLCA Ha abinbluenna 11 BHYTPIIUHBLO] eHeprii:

Puc. 8.1. IIo Bu-
anavenus poboTn
POSLLMPCHHEA

@, = AU. (9.3)
fAxmp go cuceremu nigBoguTH Temnoty (Qp) 3a cranoro THCKy i
HazaTy 3MOry NOpLIHI BLMLHO PYXATHCH, TO T/l 4HaC¢ PO3MMPEHHA
CHCTEMA BUKOHaE pobory:
A = Fh = PSh,
pe F — cuna, mo Hi€ Ha noplueHk;, h — BMCOTE NEepeMilleHHA
nopuss; P — THek; S — naoia noplusa.
Ockinersr Sh nopieuioe amini o6'emy AV, 10
A= PAV = P(Vy — V). (5.4)
¥ uwomy pasi piedanus (9.2) rabysae surnany
Q=AU+ P(Vy - V))=U ~Uy + P(Vy - V) =
= (Uy + PVy) - (U, + PVy). (9.5)
Beenemo HoBy TepMmojMHamiuny (pyHKUiD, SKY HAZHBAKTH en-
maavnicw, abo menacemicmom, cuctemyt H 1 AKka popisHioe cymi
BHYTPilELO] eHeprii cuctemu i gobyTky pV:
H=U + FV. (9.6)

Tonl 8 pieaaus (9.5) ra (9.6) maemo:

Qp = H; — H; = AH. {9.7)
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OrsKe, 3MiHa eHTansnil cucTeMu BUANOBLAE TEIJOBOMY €gERTy pe-
aKiil, BMMIpAHOMY 33 YMOB CTANMX TUCRY | TEMNEpaTyph.

B exsorepmidHMX ITPOLECAX TETJOTa BMALIAETLCH 34 PaXyHOK
aMEHIUEHHA BHYTPIUHLOl €HEPrll cCMCcTeMM, OTHKE,

U, < Uy, AU < 0. (9.8)
AHanoriuHo ANA npouecis, Ak BigbysaloThea 33 CTAJONO TUCRY, MaEMO
Hy < Hy, AH < 0. (9.9)

Hasnakyu, B eHIoTEpMiYHMX TpoLecaX CHMCTeMa MNOrIMHaE Tenno-
Ty, 3anac ii edeprii 3pocTae 1 TomMy

Uy > Uy, AU > 0;
(9.10)

Hs = H,, AH > 0.

3miny edeprii cucTeMit B €K30TEPMIMHOMY T4 EHAOTEPMIMHOMY mPO-
Lecax CXeMaTH4YHO HaBeneHo Ha puc. 9.2,

Exsomepstvnn prawgis Endomepscuna peawyis
% ‘ Pearenmi % A Dposyiem
E T, X Ha
: 5
=} . :
Eirra b A $MEHILYE TLOR, Evransnis oGimsy cTLCH,
AH <0 AH >0
¥
————— —_-_-.-_H
Opogyiem Hs Peareiry
> —p

Puc. 9.2 3Mism eHepril CHCTEMM B EK30TEPMIMHOMY
Ta eHAOTepPMIYHOMY TPOLECcEX

Ockipky Ternnosi edexT™ HaispyydHille BUMIPIOBaTH 38 CTasoro
THCKY, TO B JITEpaTypl HaigacTille HABOAATL 3HAYEHHHA AH, Bupa-
IHEHI B TEPMOXiMIYHHX Kanopiax abo mroynsx.

Crif sasHaunTH, WO padille B TepmoxiMil JofaTHOW BBaami Bufi-
IeHY TEMNOTY, TeDTO SACTOCOBYBANM CUCTEMY 3HAKIB, NDPOTMIEHHY Tep-
mMogmuamitglt. Tomy, nobaunediv B MIAPYYHMKY, HanpuKIaz, piBHAHESA

Hofry + /5000y = HyOrr) + 241,83 wllz, Tobro AH = — 241,83 sl

cnif maM'ATATH, M0 aBTOp KUPHMCTYETLEA CTEPMMY TePMOXIMIUYHMMK 3Ha-
kamu, CyTe npoLecy Bijl UBOIO, 3BU4aliHO, He 3MIHIOETECA
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§ 3. Tepmoximiuui pisuansn 3akoum repmoximil.
Cnocobu pospaxynky Tennosnx edextin

PisnAHHA XiMIYHUX peaxi(iff, B AKMX 3a3HAYEHO Tennopuii edexr,
HA3UBAKTh MEPMOTIMIUNUMU. SHAYEHHA TENNOBOTO eheKTy BimHO-
CATH A0 TOFC YMCNa MOJIB pearyiouuX peyoBME i NpoaykTiE peaxuii,
AKe Bianoipae crexXioMerTprHUM KoedilierTam.

Teropl eherTyt 2asnexars BiJ| ArPETATHOTD CTAHY PEHOBMH i YMOB,
32 Axux BigdyeaeTben peaxuin. Came ToMy B TepMOXiMiusux pis-
HFHHAX 3a3HAYEI0TE ArPeraTHMi CTaH PeHOBMH, AKIO e CHENiATEHO
HE 383HAYEHOD, TO TEemJIoBl ePerTH BKAZaHI V1A CTAHJAPTHUX YMOB.

CragjapTHMMK YMOBAMEM BBaKalOTE Temnepatypy 29815 K
(25°C) i mapuiansamit THCeK rasonogioamx pegosun 101 325 Ila
(1 aTm), ANA PO3YMHIB — KORLEHTPANII pedoBHH 1 MONs/A.

Hanpurnan, y piBeAHHI
2Hg(r) + Ogr) = 2H4O1p.), AH = —571,66 w]lx/Monn,

TennoBMit eherT crocyeTbea 2 monk ragomogifHOro BOnHI, 1 mons
razonofibHOro KMCHIO Ta 2 MOJBL piakol BOIM 3a CTAHAAPTHUX YMOB,
peaxnina exsorepmiina (AH < 0). Hxio crexiomerpuuri koedimienty
CEOPOTHTH Ha 2, T0 BIINOBIAHO 3aMeHIINTRECA | AH:

Hatr) + 1/500(r) = HsOrpy, AH = —285,83 w]lx/mons.

Ile piBusHHA TpeGa wuwraty Tak: 1 MoNL BOAHK B3demomie 3
/2 mosnb KMCHIO 3 yTBOpeHHAM 1 MoNb pimkoi BoaM Ta BUmiNEHHAM
285,83 gllx rennotn. AR BOAE YTBOPETHCA B rasonofibHomy
CTAHI, TO TENJOTH BALIIMTLCA MEHIe:

Hayr) + 1/90gr) = HoO(r),  AH = —241,83 w2/ mMons.

Y paai, konu arperaTei cTaHMy pewoBMH Hanepena Binomi, y piBHAH-
HAX peaxiilil 1X He 3a3HAYal0Th,

Iepumii 3axon Tepmoximil chopmymosams A. JL Jlasyazne Ta
IL. C. Jlannac.

Tennora poaxksany AaHOT COOJAYKEM SHCCALHO JOPIBHIOE Terl-
JoTi il YTBOPEHHAR, AN MAE NPOTHICKHMIT 3HAK.

Orse, AKLIO I HaC OJNIEPIKAHHA 3 KMCHI Ta BoAHK 18 T Bo;M
supinaeTsea 285,83 kllx eneprii y surnani TensoT, TO Taky camy
KinkxicTs TennoTy noTpibHo sarpaTuTi AaA posksany 1| mMosn eBomm
Ha OpocTi peYoBMHNL
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Hacaidnom nmepuiozo 3ax0HY MePMOTIMII € HEMOMIIHMBICTL CTBO-
peHHA BiyHoro asurysa I poxy, fxuit BUKOPHCTOBYE EHEPrik Ximid-
HMX peakiin

Jpyruii 3axkon Tepmoximii Binkpus pocidickrmii ximik I'. L T'ece B
1840 p.

Tennosuii edext ximiwnol peaknil 3anexnTe BiJ BUAY i cTany
pearyioumMx pewoBMH i DPOAYKTIB peaxuil, ane He 3ANEKMUTH
Bij mnxy (npomixHux cTafii), no akomy e Opoiec.

Fepman Isanosuy Fece (1802-1850) — pocificeruit ximix.
Omi iz sacHoBEHMKIE Tepmoximil Bueyuys (1840) nano-
IKOHHH, BMAH0 3 AKMM SHAYNEHHRE TenopMx edexTie pe-
arnil MOMYTE CIYTYBATH MIpoH XiMiMHOI CHOPiTHEHOCTL
Bigkpss ocHopHmgt 3akon Tepmoximil (1840, saxon Tecca)
Yeranomue (1842), mo B pazi amimmyesands HefTpaasHim
CONBOBMY PoauMHiB Termoemi ederT BiACYTHIR (3axoH
TepMoneiTpaasrocTi). Jdosie, 1o sHacninor HefrTpamazanil
rpamM-eknisaTenrTa GyAb-Ar0l CHMIBHOT KHCIOTH CHALHOI
OCHOBOK) SaBX¥IM BMILIAETHECH OOHAKOBa KiMbKICTL Terno-
. Bimrpus | BMasaumMs cKknal SOTHPEOX HOBKMX mMinepanis
(1830—1834), caxapxy wucnory. Buedas Temnosi edexti
py pooumHedd] conel | kaTaniTHaHl BIacTHBROCTI IUTATHEHH,
BILIMB FapAH0r0 AyTTH HA npolec ModyealHs YasyHy B JI0-

MEHEGEX [edax. Sanponoxysas cnocid aolyeanmia Tenypy a
I‘epmrrl;:: - TeaYEMIY cpifiia — MiHepaTy, 5ot A0 Heoro He Gye BuBue-
mrit. Ha storo wects Temypun cpifina Gyno HaaBann receuTons

Ieit 3aKoR € OKpeMUM BHNamKoM 3akony sbepexxesHs eHepril
CTOCOBHO XiMiueMX peawuifi (3axon Decca Oyno simkpiro pamime,
Hix¢ saxkoH sbeperxensa eHepril B floro cydacHOMYy BHIJAIL, AKMi
BUpaskae exBiBaneHTHICTL pianux dopm eweprii).

Cyte z3akoHy I'ecca npomeMOHCTRYEMO HA NpHMKJIaAl peaxiii Byr-
JIEIH) 3 KMCHEM, AKA Mome BiIDYBaTHCA PisHUMN MIJIAXaMIL

Nepnngi munax:

C(rpacpit) + 1/90s(r} = CO(r.), AHy = —110,5 ki1,  (9.11)
COIlr) + 1/20atr) = COgr), AHy = —283,0 gl (9.12)
Jdpyrit unax:

Clrpadit) + Oar) = COxr), AHg = =3935 gl (8.13)

Copaeni, arigao ia saxonom lecea rennopuil echert B 000X BUNagrax
ONMHAKOBMIT: AKIIO KONATH TEnnosl ederTy, WO BUNMOBSAKTL CTATIAM
nepuoro cnocoby, ONEPHUMO TAKME camuii Tennosmil edekT, Ar 3a
OpyruM cnocoboM mpOBeeHHst nporecy. Ilpu usomy OYeBHOHO, IO
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nopasaHEaM pieesHes {(9.11) 1 (912), mwo signosigarore cragiam pe-
aKmil, My OHEPHUMO cyMapHy peakiio yrsopenns COy (9.13).

¥ 8B'H3KY 3 nuM MomxHA cOpPMYTIOBATH AEAKl HACAIOKU 3aRKOHY
lecca.

Tennosmit ederT ximiunol peakuii HopiBHIOE CYMI TeLTIOBHUX
eferTiB Ti MpoMizkENX cTamiiL

Tepmoximiami piBHAHHA MOMKHA goaasaTu abo BigHIMaTH pa-
30M 3 IxHiMM TernoBumMu edeRTamMi HK anrebpuyHi piBHAHHA

Cran abo sup BUXIigHMX peq'unnn BILIMBAE Ha 3HAYEHHS TELo-
Boro edexry pearuii. Tar, sk B peariiilo 3 KMCHEM BCTYNAKTH
piaHi anorponsl Mogudikanii Byrnemo — rpadir i anmas, To Tenso-
Bl eheKTH PIBHNTHMYTHCH:

C(rpadit) + Og(r.) = COulr.),

Clammas) + Ogir) = COafr), AHy

AHz = —393,5 xllx;  (9.14)
—395,3 wlx. (8.15)

Hixaso, uio B paai sigHiManna pisefAEHa (9.15) sig pisHsauaa (9.14) 1
CHKOPOYMEHHA NomibHIX YNeHis MOXHa OHEPIRATH:

C(rpadpit) — C(anmaz) = 0, AHz = AHy = 1,8 g]Dx.

Oraxe,

C(rpadpit) — Clanmaz), AH = 1,8 wlln (9.16)
SBificH MOMcHa MAIATH BMCHOBKY, W0 PiaHMiy Tenniosux edertis
pearuiii (9.14) i (9.15) nopisHoe TennoroMy etherTy mepexony Bin
OHOTO cTaHy BuXinHOl pewosmHy (rpadity) mo ivmoero (anmaay).
YaaraneHnsiny nogibHi npurnammn, MokeEa cQopMyJIoBaTH e
OWH Hacnifok i3 saxory Tecca:

SAKUI0 B ABOX PeaKuiax 3 pisHUMX BHXIJHMX peYOBHMH YTBOPIO-
THCA OJIHAKOBI MPOAYKTH, TO PiSHWLA TenaoBux ederTis nux
peakiiii OOpiBHIOE TemiaoBomy ebeKTy Nepexony Bij oJHMX
BUXITHUX pedOBMH 10 iHLIHX.

AmnanorivHOro BMCHOBKY MOYcHa AifiTH fnsa pearuili, B AKMX 3
OIHAKOBMX BUXIIHMX PEHOBMH VTBOPKOIOTLCH piaHi npoayrti (Ha-
npuknak, pearuii (9.11) i (9.13)). Cnpasgi, 8 nux pearnisx s on-
HAKOBUX BHXIOHUX pedyoBnMH — rpadiry i KMCHIO — YTBOPKIOTHCSH
pisai npoanyrth — CO i COs Tennosi edextyn uux pearuii
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pisHaTeca (Bimnoeimmo -110.5 i -393,5 kllx), a pissnus renno-
Bux edertis (-283,0 xllzx) signosigae Termnori nepersopenns CO
npyu pil kuenio Ha COy, B woMy moOMHE MEPEROHATHChL, BIGHABIM
pienanEa (9.11) six (9.13).

Saxod T'ecca Ta #0ro HacKiIKM BUKOPHCTOBYIOTH JL715 OGYMCIICHEA
TEMIOBUX e(PerTiB pearuiit, 3oKkpema B ToMy pasi, komm AH excre-
PHMMEHTANBHO BUMIpATH He MoMHa. JInA LBOrO BUKOPUCTORYIOTE ne-
KinbKa pizEnx meronis, Hacamnepes, moskHa nogasati abo Bimmi-
MATH TEPMOXiMiuHi DIBHAHHA 3 BigoMMMM TennoBMMM edexTamy
7aK, woeb oneprkary piBHAHHA 3 IUYKaHNM TEMNOBMM eerTon
Ilpuknagom mozxce GyTH HaBeneHe BHMILE BUAHAYEHHS TEMIOTH nepe-
TBOPEHHA rpadiTy Ha aiamas, SHaueHHA MAKOI MM JicTamM AK
PISHMIIO TEILIOT pearuiil sropauns X Mogudikanift syraemnso.

Hajivacriime BMKOPHMCTOBYIOTE METOJ UMKIIB, SIKMII NONATaE B
TOMY, WO Peakiiiio, Tennosnit ederr skol Tpeba BuzHaunTH, poativ-
BAKTE HAa NERINbKA crafifi 3 sigomumy 3mauexusavy AH. lykane
3HaueHnn AH, six sasHauanocs muue, popiemoe cymi AH mpomi-
HMX crapifi. Mosxna suawauntu AH Gyne-sikol crapnil, sguo sinome
suauenns AH cymaprol pearnii Ta AH ycix innmx cragiit. Hanpug-
man, pukn Bopra—Tabepa, sxmit 3acTocoByors Onsa o6uMCIeHHS
TENMOTH YTBOPEHHA i0HHOT KpucTaniuvoi rpatem (ome. c. 186).

MeTon 1pKiB TaKOK NOKJIAAEHO B OCHOBY OGUNCHEHHA TEILIOBMX
eerTis peakiiii uepes TEIOTH YTBOPEHHS OKPEMIX peuosnn Hy
(f — cxopouenss anrniiicexoro cnosa formation — yreopenns). Op-
Hl ¥ Ti caMl PeHOBMHM MOMKYTh YTBOPIOBATHCH BHACHLLOR nepediry
PizHnx peaxiii. Hanpnknaz, moxHa Hagects Garato peaxilii, BHAC-
JIIOK AKHX YTBOPIOETLCH BOJA, OfHAK TENNOBi eerTH nnx peakii
BynyTh pisHNMM, OCKLTEKM BOHM 3aNeaTh Bif BMAY BUXIHMX pe-
HOBMH Ta YMOB. 3 ypaxyBaHHAM [BOTO, AN BUSHAYEHHS CTAHTAPT-
HMX TEINOT YTBOPEHHA Tpeba CTanfapTHIyBaTH 1l SMHHIEN, TOMY

TeNnoToW yTBOpeHHs BBamawTs AH peakuii oaepacannn
1 mMojs pedoBMHM 3 NMPOCTHUX PEYOBMH, CTINKHMX 3a CTAHAAPT-
HHMX YMOB.

Tak, Tennoroo yrsopennn CaCOy € AH pearuii
Ca(kp) + C(rpadpit) + 3/50s(r) = CaCOx(xp),

B sKil BuXimamMMyH € npocTi pet<oBnHN, CTHIRI 32 cranfjapTEmx yMOB
(rpadpit, a He anmas, kucens, a He 030H).

Tennorn yreOpeHHs NPOCTHMX PEHOBMH, CTIHKMX 338 CTAHNAPTHHUX
YMOB, HOPIBHIOKTE Hymo. FKIO AKACh NPOCTE PeYOBMHA € HECTifi-
KO0 3a CranfapTHUX yMOB, 00 Hel HABOOMTBCA IHAYCHHA AHy, wo
ZOpIBHIOE eHTanbnil YTBOPEHHA OfHOrO 11 MONA 3 iHILOI, cTiiiKoT 3a
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CTaHJAPTHNX YMOB aJ0TPOIHOL mopubivanil. 3nauenna AHy aa
CTaHAAPTHMX YMOB HaBOJATH Y AOBIAKOBUX Tabmmax (Tabn. 9.1).

Tafauya 9.1, Tepmoanuamiani XapakTepUCTHEN QEAKNX PESOBUH
34 CTAHAAPTHAX YMOB
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Peuonuna® ArperaTHidl cTAH | ,m’j., 15T /MO 80 M f(voas - K)
H, Taa 0 130,6
C (rpadit) Kpucran 1] 5,7
B C (anwmaa) “ 1.8 24
Ny ~ Taa 0 191,5
0'1 — " D 2"5
Oy « 1423 2376
M F, . 0 2023
Mg Epuctan 0 325
Al a 0 28,3
Si K 0 34,6
P, (Bimmsit) Can [0 280,3
S [pombiuna) Epueran 0 1,8
Cl, Taz i 223,0
Ca Kpneran 0 ! 414
Fe « 0 27,2
i Ni . L i 29,9
Cu « i 33,3
Zn & 0 41,6
i Hg « 0 77.4
HaQ _ Taa —241,8 | 1887
H;0 __ Piguna -2858 | 700
H,O Kpucram -20185 | 39,3
H,0, Pigyma -187,8 | 109,6
H,S T'aa -20,2 205 6
CCl, Pimsa -139,3 2144 |
Co Taa =110,5 1979
CO, £ —-393,5 213.6
CH, s -74,8 186,3
_ NH4 . -46,2 192,5
WH4C1 Kpueran | -314.4 04,6
NO ~ Tas 80,4 : 210,7
NO, . 33,8 | 2404
MgCl, Kpucran -641,6 89,6 *
ALO; « -1669,8 51,0
80y « -9110) 42
SiCl, Pigna -640,1 239,3

Pesopmma® Arperstumil eran .M-I}. e/ mone | SO Do/ (mons - K)
PyOyq ]
(rexcaroHansmgi) Epueran —=20840,1 238 9
PCl, Pirsiua ~310,6 a7
S0, Taa —296.9 248.5
SO « —-395,2 256,2
CaO Kpncran -635,5 398 |
CaCOy . -1207,1 929
Fe,0; o 8222 | 90
FesO, a -1117,1 146,4 |

* Ilpocr pesoBiud POSMILEn] BiANOBIIHO i i
: 50 : [0 NOPAAKOBNX HOMepiB
¥ DEPIOOMYHIT cHOTend. - i

He sci ‘ui ZHAYEHHA BUMIPAHI EKCNEPHMERTANLEO, DArATO 3 HUX Ob-
HMCJICH] 32 3HaveHHAMM AH imumx peaxuift flxmo ans peaxoi pe-
qoBuHK AHy Mae Besmke Biji'eMHE 3HAYEHHSA, TO LA PEYOBUHA € CTifi-
KO, OCKLILKY 3/ATHA DOSKAAJATHCA Ha NPOCTi PEYOBMHM e 3a
YMOBH NABEJEHHA BiANOBinnOl Kimbkoeri ternoty. Hasnaku, sxuio
AHy mae popaTHe 3HavweHHRA, 1A PEYOBMHA 3a3BMYAll € HeCTiHKOo i
POZKNATAETBECA HA MPOCTI PEYOBMHY 3 BuIinewHaM Ternory. Mo ra-
KMX CHONYK, 30KPEMa, HAJICHETE alleTHAEH, 030H Ta 1HL,

Ilna BuaHaveHHa crieBigHomesEa mine AH peawuiit i Temnoramt
YTBOPEHHA DEHOBMH Peaxiliin MOMHA noginuT Ha cragii Cnovatry
BUXIIH] DEHOBMHM YMOBHO NEPETBOPIIOTE HA NPOCTI  pPENMOBMHN
MICAR HOro 3 NUX NPOCTUX PEHOBHME OTPUMYIOTH MPOAYKTH PEaKLil: '

Brxinni pevomnsn — [lponykTv peaxuii; AH,
[Mpocm pesoman
Yasimo, Hanpuknazn, uo pearuin
4NOy + 2Hy0 + Oy = 4HNO;, AH,

BibypaeTeea sa cranismm

4NO, = 2N, + 40,, ~4AH; (NO,); (a)

—2AHy (H0); (6)
4AH{HNOj). (a)
Crapism (a) i (6) poaknamy Buximsux PEYOBMH Ha TIpocTi pewo-

BUIHY BIANOBIAIOT TEONOTH YTBOPEHHA LMX BUXITHUX PEYOBMH, ane
3 NPOTHJIEIKHNM IHAKOM, OCKIMbKEM i NPOLECH € 3BOPOTHUMY 110 pe-

2H,0 = 2H, + O,
2N, + 2H, + 60, = 4HNO,,



276 EJEMEHTH XIMIYHOI TEPMOJIMHAMIEN

akmili yreopesss; cranil (6), B AKif 3 NPOCTHX PEUOBHH yTBOPHO-
€ThCH KIHLeBuil MpofyKT, BIANOBLIAE TEINOTA YTBOPEHHA LbOIO 1po-
aykry. B ycix crapiax, Ak i sapity B TePMOXIMIMHMX pmﬁaﬁnm;;
BPaxXoBYKTh CTEXiOMETpPIHH] koedinienTs. Ockinsry TEILIOBY
ederT Peakiil AOPIBHIOE CyMl TEMIOBHX ecperTin 11 CTAMIR, TO MO¥-
Ha 3anucaTi

AH, = —4AH; (NOy) + (—2AH; (H,0)) + 4AHj (HNOgz),
abo B 3arallbHOMY BMIIALL
AH, = —EAHeux) + LAHgdnpon) = LAH gnpep) — LAH fmix.). (9.17)
[ledt npuKnaj iMOCTPYE BaRUIMBUIT HACAIOOK iz saxony lecca:

rennosuii eext ximiunoi peawuii ncpinm?e _pi:mnqi Mim Cy-
MO0 TEMIOT YTBOpEHHA MPOAYETiIB pearmil 1 CyMOK TEmnoT
YTBOPCHHA BMXiJIHMX PeY0BMH 3 YpaxyBaHHAM <TuCIA MOJEB
MX peydoBUH.

JLnsi 3HAXOMKEHHA TENJIOBHX e(herTiB pearuifi, 10 BIAOYBAIOTBCA
33 YNACTIO OPramiyHMX PpedoBMH, HacT0 BUROPHCTOBYIOTE TEILIOTH
(ewranbril) iX SrOPAHHA, AKI JOCHTH JIETKO MOXKHA BUOHAYMTH €K-
cIepUMEeHTAJILHO.

TennoToK 3rOPAHHA HAZUBAKOTH TENNOBUI ecperT pearuii aro-
PAHHSA OJHOr0 MOJA PEHOBUHM B HAAMMIIKY KMCHIO.

¥ pesynsTaTi 3rOPAHHA OPraHiMHMX pPEHOBMH YTBOPHIOTLCA
COy(r), HyO(p), a8 12K0MK, 3aNeHHO Big crnany umx pedoBHE, Nalr),
SOy(r) Ta imwi npogykTy. MoxHsa gosecT, 10

renoBuii edert peaxuil AOPIBHIOE pizHMUi MikK CyMOK Ten-
7OT ITOPAHHA BMXiJIHMX PEHOBMH i CYMOIO TENNOT 3rOPAHHA
NPOAYETIE peakuil 3 yPAXYBANHAM WuCHa IXHIX MOJIS:

AH, = mﬂam{ml"-] = EM:mpimﬂ-} (9.18)
Tax, 106 BuzsaanTi Tennobuit edexr AH, peariii

CoHy + Hgy = CyHg, (9.19)

CJTifi BUKOPUCTATH TEINIOTH STOPAHHA TAKHMX PEHOBHH:

Cally + 30y = 2C0O; + 2H50, AHgop (CoHy), (9.20)
Hy + '/,0; = Hs0, AHrop (Ha); (9.21)
CoHg + /502 = 2C0O, + 3H30,  AHgpqp (CyHsg): (9.22)
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OueBMAHO, AKIO NofaTH Tepmoximiunai pipuassa (9.20) i (9.21) i sig
iXHBOl CymMu BigHATH TepMoXiMiuue pisHAuEs (9.22), 10 mictanemo
piBHAHHA (9.19). Tomi

‘G'HJ' = lﬂ“r-“riﬂ’JIJ {CQPL"-) * ":‘Hamp (HEJ = 'ﬁHamp [CEHH)-

oo BiAnoBijae chopMynboOBAHOMY BHILE NMPpaBMTy.

Tennorn BSropAHHA JEAKUX OPraHiyHMX PpeyvyoBHH HaBeneHo B

Taby 9.2

Tubauya 9.2, Tennora 3ropAtHA IeAEMX OPradivupux PedoBUl, BOIHK
ra rpachiTy 38 CTANAAPTHMX YMOB

Pesoswia ﬂH!”p, wilne S Mon.
= CHy _ —880,3 i

C,H, -1307,1
CaH, -1411,1
C.H, -1589.8 = |
Cﬁﬂﬁ “3272,7 |

C.H.OH 13660 00 |
Hs —285,8 |

_C(rpadit) e —343,5

Cuain saysamury, 10 TEINOTA 3ropAsEs AHy.,, i Tennora yreo-
peuns AHy ve € HezanemuuMy penmuuHamy. Ao sBigoMe axaveHkn
AHqp Opradivsol pesosman, 70 MOHa obancmrTy 3ravenns AH fir 1
HABMAKHK, 38 3HaYeHHAMN ﬂ.Hf MOKHE BMIHaYWTH ﬂHsmp PeYnBMHIL
Mpuknanom mome ByTi peakiis ropiAHEA eTUIEHY!

CyHy + 30y = 2C0O, + 2H,0.
Hnsa wiel peaxuil
Mgrup {CEH‘i) = EﬁHgfﬂpoﬂ-l =5 }:ﬁH?[Bm.i;
AHZ, (C2Hj) = 2AHACO,) + 2AH/(Hy0) ~AHAC3H,).

Ockiciin  auavennn AHHCOp) 1a AH{H,0) e sigomumu (mvs.
Tabn. 9.1), To Merko BCTAHOBMTIA 3B Ha0K MiHG AH50p(CaHy) Ta AHAC,Hy):
AHS, (CoHy) = 2(—393,5 sllw) + 2(-285,8 xllz) ~AH(Colly) =
= ~1385,6 kllax ~ AH/{C;H,).

Toni

M—I?(C?Hq] = —13568,6 wflx — AHY _(C,H,).

armp
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§ 4. Hanpamaericrs npouecis. Enrponin,
Iz06apuo-izoTepmMivEmii DOTeHIEAN

3rinE0 3 nepLIMM 3aKOHOM Tepmommuawmixy, abo saxonom sbepe-
seHHs ewmeprii, B ycix npouecax, skl sBinbyBaioThCA B HABKOIMII-
HBEOMY CBiTi, EHEprifi HE CTBOPIOETHCA | HE SHMKAE, BOHA NEPEIacTh-
ca Big opHoro ob'ewra po iHworo abo DepeTBOpPIOETLCA 3 OfHIED
¢oprn Ha immry. ITpoTe, BuxonAuK 3 NBOrO 3aKOHY, HE MOMHA OiATH
JOMHMX BEMCHOBKIB CTOCOBHO MOzsmsocTi nepebiry maHoro mpoiecy,
TobTo He MOM(HAE BHZHAYNTH, B AKOMY CaMeé HaNpAMEY TPOLIEC MOMme
NPOXOOUTH MUMOBLIBHO. JIIA MMMOBLILHMX TIPOLECIB XapaKTepHUM €
TE, [0 33 JAHMX YMOB (TeMnepaTypa, THCKE, KOHIEHTDAllA) BOHM
mMoskyTE BigbyBaTHcs cami no cobi, nns ix nepebiry we norpibre mo-
naTecee jpaepeno erepril. Hanpmenazn, BMOyIenmii 3 pykxM HaMiHb
MHMOBINBHO naja€ Ha mianory, BOJA 3aMEp3ac 34 TEMIEPaTy-
pu —10°C, a GomcryuMii UBAX, IaaMwexHnii npocro Heba, ipmasie.
Jlns KOMHOTO 3 UMX SBHI] MOMKHA YHBUTH 3BOPOTHMIL Ipolec:
raMifeL migliiMernea 3 nignory 10 HALLMX PYK, Ji posTaHe 23 TeM-
nepatypu —10°C, ipsasmt ussx cam crare Bameryqum. Hacnopagpai
#t 1l 3B0poTHI nponeck He pigbypatoTeca, TobTO MHMOBINBEHL ODpoue-
i Iy Th ¥ HEBHOMY HaNpAMEY.

o x € pyuUIiiHOW CHIDK MHMOBINLHENX nOpouecis? ¥Ysaramnn-
HHMBIIM HapejeHi Buuje Ta GaraTo IHIIMX aAHAJOrIYMHMX OPUEIaJIB,
MOZHA HacaMIepejn JifiTH BHCHOBRY, 1M0 BCi BOHM (y ToMy w9ueni 1i
ipreaBinan uBaxa) sigbysaroreca 3 Bupinennsm eHeprii Kimnesmii
CTAH CHMCTEMM Mac€ MEHLIY eHepriio, Hix BuXigHMil, TOMy 1[I0 CTaH 3
MEHLIOK €HEpPricio € CTifKRIinmmL

Orace,

CHePreTHHHMI (eHTANLNIHNIY) YUHHUE COPHMOBYE UpoiecH y
Bik uaiimenmoi exeprii cucremy, sruil € naticritiginmm.

Cropasgal, a asH9aiiHUX yMOE BINBLICTLE MHMOBINEHMX MPOUECIE €
EK30TEPMIYHMMH, ane TeRAEHIIA 10 AOCArHEHHA miHiMansHol exeprii
HE € €MHENM YHAHNEOM NpPH BUBHAYEHH] HANPAMKY npouecy. Bigomo
GaraTo mpouecis, y ToMy umeni it ximiwemx, sxi pigfysaorses 3
NOLNMMHAEHAM TemnoTy. Exepris eucremu BHACHIOOK TAKMX Npolecis
apocrac. Ocobnueo GaraTo eHuoTepmidHEUX npouecis pinbymacTnca
MUMOBLIBHO 38 MiABHILEHO] TEMIepaTypu.

Jdna Toro mob BMamauwmTH iHIWME YMHEME, KPIM €HePreTHYHOro,
Big RKOTO 3aMeXUTE HATPAMOK MHMOBLIBHMX NpOLECiB, poaniaHeMo
AeAKl ABMING, HKi HE CYNPOBOIKYIOTHCH NOMITHUM TEIIOBMM eek-
ToM. HanpHrian, npolec aMiluyBaHea PigHNX rasie, AKi XiMidHO wMix
cobor) He pearyotk. Tak, asoT i kucess, 1o nepefysasy oexpemMo
OMH BIJ OOHOIO B OBOX puani:rleunx NePercpoarKoln NocyauHax, nie-
JNf  YCYHEHHA  HEPeropojael  MHMOBLNIBHO — SMUNYIOTRCR 1O
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YTBOPEHER ONHOPIHOT rasoBoi
cymitn. Mumosinbre ¢ posmi-
JEHHA razoBol cymiul Ha ox-
pemi 11 cknajgoBi He Bigbysa-
ernea (puc. 9.3). Moxkea Hagec-
TH IHUT aHANOMYHL MpUMKRI&ILM:
BUPIBHIOBAHHA THCKY ra3y =B
nBoX 3'enHaHmMx min coboo no-
cyguHax, pisHoMipEMIT posno-
Ol pO3UMHEHOI pPEeYOBMHK B
yebomy ob'emi posummy Ta in
SBOPOTHI MponecH HaBiTHL Bark-
KO YyHBMTH: rasz cam abupa-
€TECA B yacTuHl 0b'emy cmere-
MM, iHWaE wactuHa of’emy 3a-
JUITAETBCA BLILHOK; pozuMHe-
Ha pPeqoBMHA cama repexonnThL
Y HacTHHy of’emy poawuHy, iHwa Woro wacTMHA IBIABHACTLCA Bix
POSYMHEHRD] PEYOBHHIL

Hinm e TMHHMKOM BM3HAYAETLCH HATIPAMOK MPOLECY aminry-
BaHHA rasis abo posmopiny rasy uy posuKHEHO PEHOBMHM B yenomy
ob'emi cuceremn? Spoaymino, o HAaNpAMOK LMX Mpolecie He nos'a-
saHMIt 31 amikoK0 enepril cueremit B yeix sunaakax PYWiftHOI CH-
JI0I0 € HEBNOPANKOBAHMIA, Xa0TUIHMI pyX MONERYJ, NPHHOMY KiHie-
Bii CTEH CHCTEMM XapaKTepHM3YeThest OLIbLuoi XaoTHYHICTIO, HeE-
NOPAAKOBAHICTIO NOPIBHAKO 3 BUXigHMM cTasom. Mipor HEBNOPAJ-
KOBAHOCTI CHCTEMM € TepMmoguHaMidna (hyHKUin — ewmponisa, =Ky
NOSHAYAIOTE NATHHCBKOI JiTepoio S, Yum Gineina xaorTunicrs, we-
BHOPAAKOBAHICTE CHMCTEMM, THM DiNbIUMM € 3Ha4veHHA eHTpomil ¥
POSTIAHYTHX BHINE OPUKNANAX NpoleciB 3MilIYBAHHS Ta3is, pos-
nopiny rasy abo pozumMHeHOl pevOBMHM B YCLOMY 06'emi cMceTemMM
EHTPONIH 3pocTac.

Xaoruynicts, a60 HEBOOPAAKOBAHICTE, CHCTEMM MOMCHA oxapak-
TEPMBYBATH TePMOAHMHAMIYHOIO HMOBipHiCTIO.

Iienn amitnysansn

Pize. 9.3, Cxema MuMoBLTEHOTD
IMIIyBaHHA radis

Tepmodunaminna imosipnicms w — ye wMcno MiEpoOcTaniB
CHCTEMM, AKI BiINOBIAAIOTE NAHOMY MaKpoCTAHY.

Fagimn CHETEMY, N0 CHIAMAETLCA 2 HOTHPLOX MOJEKYN (roasa-
o ix 1,2,3,4), skl momyTH BiNLHO pyxaTHce y nesxomy ofemi
¥Ymopso posainumo uedi ob’em Ha g8l moNoBKEK | 3'RCyeMo aBAveHHA
TEPMOAMHAMIMHOT HMOBIPHOCT! A7IA TAKMX [BOX MAKPOCTAHIE: a —
BCl MONERYM nrepebyBaiTs B OOHIl TIonoBMH cHeTeMu, § — y Rok-
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Hift monoBuEI € no 2 Monexkym (piBHOMIpHMIT POSNOAL MOJEKYJ).
Bigrnopigsi MomumBl MIKPOCTaHM CUCTEMN HAaBENEHO HUMTE

I nonoBmHa { 11 nonoeusa
MaxrpocTas a
1,2,3,4 [ -
- | 1,2,34

MaxpocTan 6

1, 2 3.4

L, 3 2,4

i 1, 4 2,3

2,3 1, 4

2,4 1,3

3,4 1,2

3pigcn MOMcHa MLTTH BHCHOBKY, IO MaKpOCTaHY a BIANOBIaE JBa
mixpoerany (w = 2), makpocrany 6 — 1iCTh mikpoceTaHie (w = 6),
TOBTO MIMOBIPHICTE PIBHOMIPHOrO POSNOALULY MOJEKYN Yy BChOMY
oB'emi cuctemy € ictorHo Binsuiow. PipHOMIpEMIT PO3NOALL MONEKYH
crocTepiraTHMETECA HabaraTo wacTiie, B NOBHE IX 30CEPE/UREHHA
B AKiiCL OAHIA wacTuHI cucTemM B Mipy ablnblueHHs uYMena mone-
KyJL

I3 BPOCTAHHAM HMCTA MOJEKYS HMCJI0 MOMUTMBKX MIKPOCTaHiB
ny®e MIBUAKO 3pocTae. 3B'A30K M EHTPONIEo CHCTEMM i TEpMO-
NUHAMIYHOIO JIMOBIPHICTIO BIpaMKEIOTh DIBHAHHAM, fke OBrpyHTYBas
aperpiiicoruit hisux Jl Bonsumar 1 samncap Himenpkuil isux
M. [nanx:

S = kInW. (9.23)

Koeditient k, axuit Hasupaiors cranow Boasymana, [opisHioe

k= —_

A

ne R — yuipepeannua rasopa crana; Ny — wicno ABoraapo.

TOMY 8= i|r1 W . (0.24)
A
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Jiopeir Boasuman (1844—1906) — esmnatamit apcTpilice-
i chizsme, omH i3 dwhaaTopis cTaTMeTHYHOL hisukn Ta
thiayysoi KimeT ABTOD NPAlb 3 MATEMATHIM, MEXAHI-
Wi, IpOIMHAMIRKY, Teopil npyHHoeT], Teopil enexrpomar-
HITHOTO TIONH, ONTHEW, TEDMOOUMBAMDN | KIHeTIHOL Teo-
pii razip. Bueis (1868) sakor poanoflomy ra3oBI MOTDEKYJ
sa wemnkocTsEmit (crammervka Boasimasa) Tleft sakon
MOKJAZEHD B OCHOBY Kmackauol cramsermuno  (imku,
S3acTOCYBARIIM CTATHMCTHYHI METHM A0 KIHeTHUHO! Teopil
ineaminoe ragie, emois (1872) ocnosse KiseTidAe DIBHAHHA
razie, mo e marpyeram dissol KiveTrion 38'A3aB eHT-
porio thizvgEol cvctemyr 3 fivosipkieTo 1 crany (1872)
T2 ODrpvETVBEB CTATMCTHYHMI XapaKTep OpYToR SakoHy
repmonmeamire. Cihopvyvmopas (1872) einomy H-Teopemy
(H-reopema Bonwipana), Axa pasoM 3 HON0 CTATHCTHMHOO
IHTeDMDeTAIIeo IDYIOND 3aK0HY TEePMOAMHAMIEN € OCHO-
Joneir Bonbimag  BOO Teopil H npouecie. TeopeTM4HD BiAKDUE
SaKOH TEnNoBON  BMnoMimosanus  (aakon Credana—
Bonsumana), aosis iCHYBAHAA THCKY CBITIA.

¥ peannsift pificHoeT! ayne pinko QOBOOHTHCA MaTH Crpasy 3 i3omko-
BaHUMM CHCTEMAMM. 34 3BEMYANHMX YMOB 3nebinbloro mm CTHKaEMOCh 13
CHCTEMAMY, 100 00MIEIIDTECA 31 CBOIM OTOMEHHAM epepricio ¥ chopmi Tenmo-
i 860 pobor Ao B raxilt cicremi BinSyBAETECA MMMOBLTLHMI MpoLec,
TO Bl MOSKEe CYTIPOBOJUHYBATHCH 30inbertAM alio 3MeRINEHHAM enTpOnil
flk NpHKNAn POSrNAHEMO OKHMCHEHHA 3anisa no Teepaoro Fe Oy

4Fe(m) + 304ir) = 2 FeaOgirn)

et xiMinii TPOUEC CYNPOBOAHYETHCH SMEHLIEHHAM XaoTUIHOCTL, OCKLIb-
KM ra3d DEPeTEOQIETHCR Ha uACTHHY RpueTaniuHol rpated, a CTpyKTYpHi
OZIMEMLI KPMCTANIMHOI FPaTEM ORCHAY HabaraTo ynopsakosaniun i ofmese-
pimt MeEHMMM NONOMOHRAVHM, Hixe Mojderysmy rasy. Omxe, Smina enTponii AS
UhOMO HpoLecy € BiL'EMHOW BeMRMMHOK, OfHAaK BHacnigok nepefiry mmoro
[poHecY B HABKOMMIDHEOMY CepenoBMui Tex: BinfysaioThcA nesHl amiHi
3orpema, OCKiNBERK peakiis yTeOpeRHA okcuny sanisa(lll) exsorepwmivna, TO
TErNOTA, AKA BEMALNACTLCH, NOMMMBACTLCA HABKOIMLIHIM cepeppemien. Ha-
crpasai 3MiEM, 10 BiIOYBAIOTLCA B HABKONMUIELOMY CEPeoBML, CIpMi-
HIOIOTL MIABMINEHHA ROrD eRTpOoril, AKe MepeBHIIYE 3HUHENHA EeHTPOrii
camiii cueTeni, Jlns Byns-AK0ro MMMOEIILHOIO NpOLECY CyMa 3MiH eHTPOTIi
cucTeMH Ta 11 orovenia Mae GyTH JDRETHO:

AS = ASorcrev + ASoromeamn > O

KaoTHuHICTS, 110 BHOCWTECH B OTOMEHHA CHCTEMM, S3aBHUIH NepeBHLILYE
BHNOPAAKOBARICTS, 0 JOCATAETLCHR B camii cueremi. Ormwe, nopan is abe-
pesteHHam eHepril (nepuoni 3axon TepMonMEaMiki) B Npupozal SaBmpu
BiGyBAEThCA NINEHILEHEA eRTPoril (Apyrii 3aKoH TepMOaMHEaMiKE).

Jiopenkuit opratisM € ayre CRNEANHOK, BICOKOOPTaHIZ0BaHOK Ta BU-
COROBNOPANIKOBAHOI0 CHCTEeMO, BiH Mae 3HAYMHO MeHWY eRTporin, Him
TAKA CaMa KimekicTh okcupy eyrnemo(IV), Bogy Ta peAkux IHIIMX Opoc-
THX 3a CKJIAA0M PeH0BMH, Ha sKi ioro mowAa poskracti. Opnax GaraTo
THeAY XiMiviex peakiiii, noTpidHMx 4NA BUITBOPEREA OfHIET [opocnol mo-
OMEH, 3YMOBNIIOTE BENHYE3HE MOABMIEHHA eHTponil B iMlid uwacTul
HABKOMMUIELOTO cepepoBuina. CymapHa ssina edTponil, neobxiana pna

BAHHA JMOACBKOMD OPramiaMy i nigTpUMasHf Horo sKUTTEAIANLHOCT
abo murTeaiAnsEecT Byib-AKOT iHLI0] *HBOT ICTOTH, € AODATHOK,
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M. Ilnanx o6rpyHTYBaB NOCTYMAT, 3riffHO 3 AKMM

€HTPONIA KPMCTANIMHMX Tijl 3a Temnepatypu abcomOTHOrO HY-
JI5l JOPIBHIOE HYNI0.

DiauuHO LEe 03Ha4ae, o B ipmeamsHomy kpuctani 3a 0 K pyx
atomiB BifgcyTHiM, aTomu mepebyBaTh BiHOCHO OJIMH OAHOM B NeB-
HUX, TOYHO BU3HAYEHMX NO3MLIAX, KPUCTANy 3a TaKMX yMoB Bigno-
Bifge ofmH mopsmBui Mikpoerad (w = 1). Exrponis aa uux ymos
arifio 3 piBusaHHAM Bonenmana (9.23) nopieere Bymio (norapydm
oMHEKL AOpIBHIOE HYJIO).

Otsxe, nocrynar Ilnawka pap 3aMOTy BMSHAYMTH TY NOYATKOBY
TOYKY, 3 AKOI NOMHMHBACTLCA BigJik abcoioTHMX 3HAYEHB EHTpOniH
XiMIMHMX CHONYE.

Ienyiors pisui ofimescerna noctynaty Ilnanxka, SyMOBREH: BIIXMNSHET-
MM EPMCTaMiMHOL CTRYRTYPH B IZeansH0l BHACTIZOK MAABHOCTI B HiT ge-
derris, pomitwor Tomp. Came Tomy nparTiaso Bel xpueramm 3a (0 K mo-
AYTb MATH EHTPONIG, AKA AEIO BUIPISHAETECA BiD HYyJA.

¥ Mipy NiABMILEHHS TEMIEPATYPy POINOYMHAETLCH | AEMami 1o-
CUTIOETRCH KOJMMBAJILHMI PYX aTOMIE, BHACTIZIOK HOr0 sMiBIOETBCA iX
B3aEMEe posMimenss. KoskHe mMoMKIMBe B3aEMHE pPOSMIILIEHHA aTo-
MiB y KpuCTadi, fike BiipiaHACTLCA Bij iHmOro poaMinieHHsM xo4a 6
O[IHOTO ATOMA, BIATOBIZa€ HOBOMY MIKPOCTAHY, TOMY [ifi YAC HArpi-
BAHHA KPUCTAJIMHORO T HOr0 eHTPONiA [OCTYTIORO 3pocTae.

ITix wae NuasneHEd KPUCTANa [0 KOJTMBANBHOTO PYXY HYACTHHOR
JOpAETLCA | NOCTYMANLHUHA, «IaNbHIl NOPANOK» ¥ DOAMILECHHI dYac-
THHOK 3MiHIOETECS Ha «OUDuRHIT NMopaaoks, gikcyersea crpubrono-
pibHe spocTaHHA SHaveHb enTponil. Asanorivmuii ctpubok y sHa-
uenHi eHrponii BinbyBaeTbeA Nif Yac BUOAPOBYBAHHEA PiMMEMN, KOMM
sHMKAE «DmaHcHIll NOpAJoKs.

Jan 1 moms peucrsHy KiNbKICTE MIKPOCTEHIE W MOMRE MATH BEAMYEIH
SHAYEHHA, ane cnig naM'sTaTv, wo enTpormin S e norapudmivmow. dyHi-
Wi€r Bid w, & TAKOM Te, W0 B 3HAMewmTKY pisnamns (9.24) cToite Aywe
Berure wieno Asoragpo. Came Tomy monapsi asauenss enrtpomii § aa-
aepuait He nepebriyots 1 xflx/(mons - K) (oue. tabn. §.1).

Pieusinug Bonblvaka He 3aCTOCOBYIOTE ANA NPaKTHYMHOTO BUAHA-
HE€HHA EHTPOM] PevOBMHM, OCKLIBKM JysKe Basmko obumcsmTy i He-
MOJIMBO €KCHEPHMMEHTANBLHO BCTAHOBMTH 3HaueHEs w. OmHak e
piBEAHEA Binbueae pisyuuii amicT enwrponii 1 TeopeTnaHo 06rpyH-
TOBYE TOUKY Bifiliky — HyJ b IR iIeallbHOTO KPMCTAJA 33 TemIe-
patypu 0 K. Tlogansuie spocrases emtpormii mif yac HarpiBawss
NOB'A3aHe 3 NOCMJICHHAM iHTEHCUBHOCTI TENJIOBOIC PyXy YaCTUHOK,
T007T0 3 KinbkicTio mizBefeHcl 1o cuceTeMM TenmoT KiNbRicTs nin-
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BENEHO 10 CHUCTEMM TeIUIOTH MOKHA BUMIpATH eKCHepPMMEHTAJIEHO
3a JIOMOMOrOK) CHeliassHOre npunagy — kaiopusmempa abo obumc-
JMTH 38 TEMNOEMHICTIO, NiCHA HOr0 3MiHy EHTPOMil BMBHAHAIOTL 3a
CHIBBIAHOMIECHHAM

dS§ = d—H- (9.25)
T
abo nna idorepMivHMX NpoLecis (MNapNexHs, KMNIEEA TOm0)
=/ (9.26)
T

3anexHiCTE aMiHKM eHTPOMil pevYoBMEM B pasi MifBUIEHHA TeM-
nepaTypy Bin abcomoTHoro Hyns HaBeneHo Ha puc. 9.4.

3 NABUILEHHAM TEMIEPAaTYPU €HTPOMNIA TBEpAOl peyoBMHM MNJab-
HO 20UILIIYETECH 10 TOYKY TUIABNEHEA.

Ilin wac nMIaBNEHHS TBEPAO] PEHOBMHM CTRYKTYPHI oy ii
KpUCTaM4HOl rpaTky BiKe He O0DMereHi MNeBHUMMU [ONOFKeHHAMN
BIIHOCHO OiH& ONHOI | MOMYTE BLILHO MepeMinlyBaTHCH N0 BCLOMY
ob'emy, noctynHoMy AnA Takoi cTpyrTypHOi ommemui. s nomatrosa
ceofiofa pyxy HAMBIIYANBHUX MOJEKYJ CNPHUMEIOE 3HAYMHE 3po-
CTAHHA EHTPOII] PEeYOBMHM, TOMY 3a TeMmepatypy NIaBieHHA Bij-
Gysaetbes crpubrononibie spoctauss entponii pevoBmmu. Y pasi
HATPIBAHHA DPOZMNABY TBEPAOl PeHOBMHM HOro TeMmepaTtypa Mimsu-
IYETECA, 1| BOMHOYAC ONABHO 3pOCTAE eHTPOMiA.

Sa TeMNepaTypu KUIIHHA PiDMHM SHOBY pISKO 3pOCTaE EHTPOMiH,
o 3xeblIBIIOro syMoBIeHo 3bimbmenEAM o6'emy, B AKOMY MOMYThb
pPyXaTucA MoJexymH. ¥ paai piskoro sbinsiienns of’emy, no's-
ZAHOIMO 3 MNEepexonoM a pia-

Axmo micns sakivuyeHEs
BUNAPOBYBaHHA 3a Temnepa-
TYPH EWIIHHA TeMmnepaTypa
razy mIBMIIYBATUMETECH, TO
EHTPONis [JIABHO SpPOCTATH- Tinen e
ME, OCKINBKM TpH  LBEOMY
aDinBIIYETECA  XAOTMYHICTE
PYXy MONEKY.L _

Otixe, Ha BiAMiHY Bifl €H- pu. g4 3pocranna ewrponil y pasi nia-

TasLnii, E}ﬁCDJ:IEU?E{l SHAYNCHEA  gyrypeung renmepatypy pevosnms sig 0 K
AKol HeBipomi (Blgomi Jume

' .
KOTC cTaHy B rasonofibHu, Teepms | Ploma 1 T30
3BMEHIIYETBCH — HMOBIPHICTE Pempf:,m : M
TOro, L0 KOHKPETHA MOJIE- i
kyna Oyne BUABNEHA B 3aja- !
HOMY enemeHTi of'emy. :
i Euniemn
]
L]
i

AbcomoTHa enTponia § —»

Temmepatypa, K —»
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EHTaNLNil YyTEOPEHHA peyucByH), abComoTHI 3HaYeHHA eHTpoNil BuaHa-
YeHo Ans DaraThoX peqoByMH. 3HaueHHs S s 1 Mok pevioBIHI HA3M-

BAXOTE cmandapmuumi enmponiasmu S:“. iXx HABOOATE ¥ AOBif-

HUKAX. BHAYEHHA Sy I8 IEAKMX PEHOBKH HaBeneso B Tabn. 9.1,

IIpoananiayemMo 3aKOHOMIPHOCTI 3MiHM 3HAYEHE €HTPOM pedo-
euH. Hacamnepen 11l sHa4eHHA 3aNeaThH Bl arperaTHoro CTa€Hy pe-
yopuH. Tak, AnA rasornonibHOl, pinkol Ta KpucTamiysol BOAM 3Ha-
yenna S,,, CTAHOBNATHL BinmoBimmo 189, 70 i 39 Hm/(mons -+ K). En-
Tponis peyosuHK B amopdHomy craHi 3amm Dinblua, HizK Y Kpu-
cramiyHomy. ErTponia nomimopdaEx mommdikanili 3assiuail menina
ILIA PevMOBMH, 10 MawTk bineluy TBepaicTs, HANPMKNAn €HTPOris
anmasy MeHwa, Hix rpacdity (mue. Tabn. 9.1) SHaueHHA EHTpOoril
'I'B'Epnf}l PEHOBMHM 3aNexaThk HABITh BU'_I 11 HHCﬂEpCHﬂC'I‘L Hﬂl’lpl"llﬂ'..ﬂﬂﬂl
y pazi abinuiesHs poamipis kpueramis Ni(OH); sin 10% no 107 em
enTponis ameHwyeTees sig 81,6 no 79,9 Ik /(mons + K).

Y mMipy ycwnagHeHHS Mu.uEi-:y.nﬂpH{:-i thopMy M pedyOBHHH eHTpo-
mia 1i apocrae, Tak, ana4ueHHnA SEN aTomapHoro KucHo O, Monexy-
naproro kucEr Oy 11 ozory Og eimnoeinHo crasoenste 161, 205 i
239 Jx/(mone- K). Ile noscHwTHE THM, [0 B aTOMapHOTO KMCHIO
MOMITMBMI TINBEM NOCTYNAMBHWI PYX &TOMIB, 8 B MONEKYIAPHOrO —
nocTynaneruii, obepraneEuii | KonMBanbHMI pyxu yacTuHoK B oso-
Hi Habip MOMAMBMX KONMMBANLHMX | obepTa/LHMX pYXiB 3pocTac Ie
Ginmemoo mipots. lle cripuvmsioe abinbuienns suena mikpocTaHie pe-
4YOBMHM, a 3rifjHO 3 piBHAEHEAM bBojelMasa 3pocTae ¥ eHTpOoHiA.
AHANOTIYHA 3aKOHOMIPHICTE CrocTepiraeTees ans DaraTeox Byrae-
popHie. Tak, ans rasononibemx cnonyk CH,, CsHy, CoH,, CoHg ana-
YyerHSA S.ggﬁ CTaHOBIATE BignosigHo 186, 201, 219, 230 O /Mons.

Cnip naM’sTaTi, L0 B peakiisX poaknany peydosMH, L0 CYIpo-
BOIKYIOTECH YTBOPEHHAM KiMBKOX MPOCTILIMX, HEBNOPANKOBAHICTb
3pOCTAE, OCKIMBEN 30MILIIYETECH 4MC/I0 YACTMHOK, AKI MOXYTb py-
XaTHCh HE3aJIe}HHO OfHa Bif ofnol. B as'saky 3 uym cymMapHa es-
Tponis npoayerie peawxyil Ginetua, His suxigsol pewoBmHEn. Ha-
ApMEdaj], y peariii] poskiajly MOJIeKYNAPHOr0 KMCHIO HA aToMapHWi
xucens (O — 20) errponis apocrae sin 206 no 2- 161 = 322 Jlae

3miHa eETpomi B paal nepebiry ximiusol peakxuil (eHTpomia pe-
aruil) nopisHE pismuil M cymoK entTponiit npoayxris peakuil |
CYMOI €HTPOMiil BMXIOHMX PEYMOBMH 3 YpaxyBaHHAM YMCTa MOMB
pe+qoeuH, Akl GepyTe yuacTk y peakuil. Hanpuknan, y peaxnil

aA+bB+ . 2 pP +qQ + .
[OBHA 3MiHaA EHTpOMil JopiBHIOE

AS = [pS(P) + ¢8(Q) + ..] — [aS(A) + bS(B) + ..]
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abo
AS = E S(npon.) — X S(emx.). (9.27)

Hacto aHak AS momua ouinuTi axicro (Tobro, He Baamunes no 0b-
YUCNEHB) NOPIBHABEAM HMCNa YACTMHOK, 8 TAKOM arperaTHUX CTaHiB
pearyouMx PedoBMH 1 mpoAykTiB peaknil. 30inbleHHA uHMcena MOJiB
rasonombHNx pedoBMH BHachifck nepebiry peakuii saaewdail cnpu-
YyuHIE 3poctanus edTporii (AS > 0). Haenams, 31 aMeHIneHHAM
yncna Monis razie AS < (.

Taxkum uMHOM MOMHA OilTH BHCHOBKY, LU0 HANPAMOK NPOIECIE
BU3HauawTh OBa unHEEK. Hacammepen ue — enepreruvismii, abo es-
TAanbMiiiHWi, YMHHKK, AKWH CNIPAMOBYE MpOLUecH [0 cTaHy 3 Haji-
MEeHIIMM 3alacoM eseprii, ockinmbxm el crad € Hadicrifikimmm, 3
oprore GoKy, B MMMOBITEHMX TpouecaX, nepefir AKMX BM3HAYACTLCH
enraneniiiany smuankoM, AH < 0. 3 immoro Boxy, esrponiiruit
HMHHMK COPAMOBYE Npoueck JIo cTaHy 3 Hafibineuion enTporieo,
afio HEBNOPAAKOBAHICTIO, OCKINLEY HEBNOPHAKOBAHWI CTaH CHCTEMM
€ HalliMoBipHiImM, VY MMMOBLILHMX Tpouecax, nepebir axmx BM3Ha-
YAETLCH eHTPenifAMM umMBEANKoM, AS > (.

Erraneniiauit i eBTponiliHMil 4MHHUEM ALIOTE HE3ANEKHO OAMH
BiJl OAHOrO i MOMYTE COPAMOBYBATHM NPOLECH Yy NPOTHAEIKHMX Ha-
NpAMKaX, TOMY ONA BU3HAYEHHA CIPEBMHHBLOID HaNpAMKY [pOLecy
cHijl BEBECTH TPETH0 TepMOOMHaMIuHY (YHKIIW, Aka BEmoHana § s
cebe obuasa srapani ymuameM. o dysruio HasusawTe i306apHo-
isomepmiunum nomenyiarom, abo elavnow enepziew l66ca, 3a
imexem amepukaHcekoro Bueroro L V. Ti6bca, sxmit ynepuie zanpo-

NOHYBABR 11 BUKOPUCTOBYBATIL

Hxozaiia ¥innapn TiGhe (1839-1903) — amepmkan-
cekmit hiaug | QIsMKOXIMIE, OQUH I3 TBOPLIB TERMOLH-
HAMIKM Ta cTaTuCcTudHol mMexanikn. Poapobne teopin
TepMomMEaMivHMX noTedyianis (1875—-1978), pospobue
ZAranbHi YMOBU pPIEHOBATH FETEROTEHAMX CHCTEM, BUEIE
npaBuno has, Aexinexa pisHank (Fibbca—Tensmrossia,
TifiGca—Tiorema, apcopbuifine pinnasus Ti6hca). Bera-
HOBMB (DYHIAMEHTAIBHMI 3aKOH cTaTHCTHYHOT dhianky —
poanonin I'b6ea. Sanpononysas rpadiyse sobpamennn
CTaHY TRMROMIICHEHTHOI cucTemu (TpueyTHuy [bbGca)
Bupie TepmopmHamiune piBHAHHA, AKe NOB'AZYE BHYT-
pilnEK emeprin TepmognHaMigHOl crcTemn 1 Tepmoan-
Hamigni notergianm. Pospobue Teopiln karinspHooTi.
3aKNaR OCHOBN TEPMOIMHAMIKKM NOBEPXHERMX HEBMLL Ta
enexTpoxiMivimy npouecie. OpuH i3 TBOpUiB BEKTOpR-
.E,mu:ia:}ﬁﬁg;imapn HUTO YUCTEHHS B cyqacHii dopmi.
1
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Bintna eneprin noB's3aHa 3 e€HTANLNOICIO TA EHTPONIER) criBBig-

HOIIEHHAM
G=H-TS. (9.28)

Smina BimbrOl eHepril ¥ npoliecax, w0 BigfyBalOTbCA 33 CTANMX

THCKY | TEMOEPATYPH, BUBHAYAETECA BUDA3OM
AG = AH — TAS. (9.29)

Pynknin G 3a csolm Gisyrmum amictrom slaobpakae azaTHICTL cuc-
TEMM A0 BMKOHAHHA KOpMCHOI poGoTi. Y MUMOBLILHUX MPULIECAX L8
3aTHICTh 3ABMOM SMEHIIYETHCH, TOMY KPUMTEPiEM MOMUTIMBOCTI MIMO-
BiEHOTO mepeliry mpoliecy 3a CTANMX THMCKY i TEMITEPATYPU € AMEH-
IeHHA BinbHOT erepril, Tobro AG < (). fAxo AG > 0, 7o Ue osHadae,
L0 NpOlec ¥ NPAMOMY BANPAMKY MMMOBLIEHO BigGYBATHCH HE MOYKE:
o Npouec posnoYasesd, Hag cueTemoio Tpeba BuKoHATH poGoTy 330B-
Hi. [IpoTe asopoTHuil npoec ¥ wpoMy pasi moyke BinfypaTHes MumMo-
BinsHo. Akio AG = 0, To cuctema nepefysae y eTaHdi piBHOBarn.

AbBcomorH] 3HaveHsA BLILHOT eHepril, AK | 3HaYeHHS 11 CRIanoBol —
entanemii, Hesigomi 3a piedamEsM (9.29) mosxHa ofumMenaMTH TiMBEM
aHAueHHs BinbHOT eneprii yreopenna AGy sa smavenmsimy AHy ta Sy,
MNPMHOMY OCTAHHA BH3HAYAETLCA AK PISHMIA €HTPONT JaHOl pedNoBM-
HM Ta BIANOBIAHMX MPOCTHMX PEYOBMH, 3 AKNX BOHA YTBOPIOCTLCSA. 3a
pisusanAM (8.29) Takoi obumemonTs aminy BlibHOI eneprii AG ana
XiMivdHKX peakuii. Jna HbOro CnoYaTKy, KOPUCTYIOYUCE A0BIIKOBMMMU
fanumu, 3a pisuaamsmy (9.17) 1 (9.27) obuncmoioTs apavenus AH i
AS, ari notim nigerasnaiome y pisrARH: (9.29).

Posrnaremo amiHy eHTankmii, €HTPOMl Ta BiNbHOI eweprii ua
OpPMEJIaZiaX AEAKMX [ePeTBOPEHb, @ TAKOMK BILIMB SHAYEHBL IMX
TepMoauHamMitHMx QYHKIIN HA HANPAMOK PEaxiiit.

IIpouec nepersoperns Aid — goda BiOOYBAETLCA 3 NOTMHHAHHAM
Tennoty, TobTo € engorepmivany, AH > 0. Buxinanii cran (nim) mae
HIGKYY €Heprio, H» KiHuesuil (Boga), TOMY eHTANBMIHHMI IMHHUK
cnpAMOBYE npouec y Oix yreopenus nsony. Ilpote sopa mae Ginsin
HEBIOPAAKOUBAHY CTPYKTYPY, Oimeity eénrponio (AS > 0), i Tomy en-
TPONFHIGT YMHHHE enpAMOBYE npotec ¥ Bik yreopenns sogu. Orxe,
EHTANBMINHNII Ta EHTPONIAENH SMHHNKY JIKTL Yy OPOTHUIEIKHUX Ha-
(pPAMKax, TOMY I BUIHAYEHHF HANPAMKY npouecy Tpeba Bu3HA-
urty anak AG. Ockinekn nepen Bemuumuoi AS y pisesHni (9.29) €
mMHOxHMK T, 38 NOCTATHBO BMCOKMX TEMNEPaTypP €HTPOMiMHMIT U~
uux Oyne eusHaganermm, AG = TAS. ¥ ywomy pasi AS > 0, Tomy
—TAS < 0, AG < 0, npolec nNepeTBOPEHHA BOAM Ha Jp ine mMumo-
BiMLHO. 3a HM3BEMX TEMNEPATYP, HaBnaky, 4inen —TAS mae Hepe-

-+ Ly
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muki suavenns, AG = AH. Buxogsum 3 Toro, mo AH > 0, mosxua
AifiT BHCHOBKY, o # AG > 0, Tomy npolec NepeTBOpeHHA Mboy
Ha BOLY MMMOBLIBHO HE pinfyBacToes, ane mome sinfysatucs aso-
POTHHA nponec — NEepeTBOPEHHA BOAM HA Jij. 3a nesHoi Temnepa-
Typu AH = TAS, enramboiitnuit ta enTponiitanii YMHEMEN apinHoBa-
Hy0TheA, T0070 AG = 0, cuctema nepebysac y crawmi pisrosary.

Poarnamemo cucremy, B sikiit Binbypaerben peaxiis

Na + 3Hy; = 2NH;, AH < (.

Ila peaxiisn ex3oTepmidHa, amMiak Mac MEHILY €Hepriio, Hix BuximHi
PEUOBUHIY, TOMY CHTANLOIIHUNA YMHHUK CcOpAMOBYE npouec y Bik
yrBOpesHA amiarky, Ofnak y uifi pearmii SMEHIIYETLCA 9MCI0 MOJIE-
KyJl 13 90THPBOX MOJEKYJ BUXigHMX rasononifHux pedoBms yTBO-
PIOKOTECH Bl MOMEKY M rasononibHOro amiaky, ToMy eHTponia cue-
Temu amermyerses, AS < 0. Extponifiauii ausEMK cnpamosye npo-
nec y bik abinmbiueHds HeBnopaproBaHOCTi, 36inMbiueHHs eHTrponii,
T007T0 B GiK YTBOPEHHS BUXigHMX pedoBMH. 33 HHMIBKUX TEMOEPATYR
AG = AH < 0, nponec BiafyBaeTacn MUMOBLILHO, 38 BUCOKMX TeM-
NnepaTyp, KOIM MOMKHa BBaxkaTH, 110 AG = —~TAS, AG > 0, ockinbru
AS mae Bin'emsi sHavenns. 3a TAKMX YMOB IPOLEC YTBOPEHHA amia-
KY :ymn;osinmu HE BinOyBacTLCA, HABNAKM aMiak PO3KNAZAETLCA HA
BUXLIHI PEYOBUHM. 34 NEBHOI TEMOEPATYPM B CHCTEMi BCTEHOBIIO-
E€ThCH TEpMU;[I—iHaL-Ei"iHa pisrOBara, Tobro AH = TAS, AG = (. Que-
BUIHO, 10 33 AOBIAKOBMMM 3HAYEHHAMU LJA SAAAHUX TEMIIEPaTyp
MOKHA 00uMeImTH aHaweHns AH i AS, a orske, aBailiTi §i suadenHs
AG za pisiix_Temnepatyp, ToGTO opepraTi iHGopMANio 1po Ha-
NPAMOK PEAKHll 3a quX TeMnepaTyp.

Crin sasmawnTy, 10 Ha BigMiHy Bin nponecy neperTsoperss aid —»

 — e00a, Ans SKOrC PIBHOBara BCTAHOBMIOETHLCH 3a (IKCOBAHOT Tem-

nepaTtypM, AJA peaklil 8a y4acTio rasis, 10 Oymna pOariiALyTa Bu-

- e, iCHYE IMPOKMIT Rianasos TEeMOEPaTyp, B AKOMY {0 DPEaKLiio

MOKHA poarnagaTi sK oboporny. [le NoACHICOTL TuM, 110 EHTPOMis
TaaoBoi cymiln, fiK& MICTUTL | pearymoui pedoBMHM, i TPOAYKTH pe-
akuil (Ny, Hy, NHy), Ginpina 3a eHTponiio Timuks pearymoumx peyo-
But (Ny i Hy) abo rtimexy npopyxry peakuii (NHg). Tomy sragenss
EIITEG[IH B pasi NepeTBOPEHHS BUXIIHUX PEYOBMH HA NpoAYKETH pe-
AKUll NPOX0ANTE YEPEe3 MaKCHMyM, SEMi Bignosigae cymimi Buxig-
HMX PEY0BMH i nponykrtis peakuil. Binnosigmo no nsoro aHauenms
BLILHOT eHeprii NpoxonATe Yepes Mikinmym (Touka C), AKOMY Bifno-
Blpa€ craH pisuoBary (puc. 9.5). 3i aMIEOIO TeMnepaTypy aMiHOETH-
CA nonoKeHHA MiHimymy dyeruii AG, 6o amimoeTbes cniesip-
HOIIEHHA MK EHTaJLINHOK i CHTPOMIHOK CcKNANOBMMY 1€l
tynkuii (pisnsanss 9.29). Ilpore ana pismmx TEMNEepaTyp icHye
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MiHIMYM 3Ha4€Hb BUILHOI eHep-
rii, BCTAHOBJIOETLCHA piBHOBATA
aa IHIIMX CTiBBIAHOIIEHL pea-
I'EHTIB.
Qum Dlasuie eijg'emMHe 3Ha-
yenHa mae GyeEruia AG, THM
B Jadi Bif NONOMEHHA PIBHOBAIY
3a maHux yMoe nepebysae cite-
Tema, THM MOBHIilIe BHXIJHI pe-
HOBWMHM NEePeTBOPITHCA Ha
OPOJIYRTH peaxuil 0 BCTaHOB-
nesHA pipHoBarn. RO 3MiHy
BiyLEOI eHeprii Bi3HAYEHO 34
crasmaprenx ymos (AGY), o
Big 11 3HAYEHHA 3AJEMUTH, Ha-
CEIMEKM CH/ILHO  PiBHOBAaZKHI
HOHLEHTPAall BiJIPI3HAIOTECA
Big craspaprHux. e mwranus
OOOATKOBO  PO3TAIATHMETbCA
¥ HACTYNHMX PO3IiNax.
PoarsanemMo BUIANOK, KO EHTANLMEHW | eHTPONIHME YMHHI-
Kt AiIOTHE B OJHOMY HANPAMEY. ¥ LbOMY pasi 3ajeyKHICTh 3HAYEHb
AG Bin cknafy peariiffHOl cyMminn MoOMKe HE MaTH MIHIMyMY
G (pye. 9.6), Toni pearuia Binbysa-
ETECA B OOHOMY HAOPAMRY, Ha-
OpHUENaT

p.T = const

AG=0"""!

Pinpopamcaslt  [ponyemi
CRIAL pearil

Buigsi
PeqOELHN

Pue. 8.5. 3aremaicts pimsHol eHeprii
cHCTEMM BT 11 CKAARY AJIA EK2oTep-
mitEol peaxiii, » AKiA eHTponiaA
AMEHILYETLCH

2KClOz = 2KCI + 305, AH <0

Pearnin exsorepMiuHa, €H-
TANBNIHHIT YMHEME COPHAE 0Oe-
pebiry ii 8 Bik yTBOpEHHA NpoO-
JAYKTIB peariil, AKI MalTh MEHILLY
eHeprii. Enrponina CHCTEMN
sOLNbIIYETHCA, OCKIMBRKM 3pOCTac
YMCNIO QACTHHOK, YTBODIOETHCA
razorfopiGEmit  Kncers, ExTpomifi-
HUI HMHHHK Takoi ChpaMOBYye
peariiio ¥y DIk YTBOpPEHHA Npo-
nyrrie pearuil (mue. pue. 9.6). 3a
pizuux temnepatyp AG < 0, xyo0-
Puc 9.6. 3umina eneprii [i66ca s og- PAET KaJlO HeODOPOTHO PO3KAE-~
nobiudoMy (XIMINHO HESBOPOTHOMY) DaETLCA Ha XMOpHIO Kami 1 Kif-

nponeci CEHb.

Buxisnd
PeUCBIITN

NpopyeTs
pearii

Poszpian 10
OCHOBM RIHETHRF!'
XIMIMTHMX PEARIIIN

iMif BMBYAE nepersopenHa peuosnH, XiMikaM HacaMmmepen
Tpeba 3HATH, AKI HOBI PEYOBHMHM MOMYTHL YTBOPHMTHMCA 3
TuX abo immmx pearerTtis. KpiM Toro, BuzHaumBLUDl 3MIHY
pineHOI ereprii AG npoiecis, ModkHA HifTH BHCHOBKY 10~
1o npuEnunoBoi MoxumBocTi iX nepebiry. Ilpore ne we oanauae, 1O
3a ymoBu AG < 0 peaxuin BigbysatuMeTscs peanbho. Ilg ymoBa €
reobxiznom, ane He noctaTHEOK. Tak, LNA POANIAHYTO] y TNONEpPeg-
HBOMy poszini peakuii Ny + 3H; = 2NH; aa cranpapriux ymos AG < (]
OfHAK 3a LMX ymos, T00T0 3a remmepatypu 0°C i mapujanbaoro
THCKY KodHOro raay 1 atm (101 325 Ila), amiax is cymimi asoty i
BOJIHIO TIPAKTHYHO HE YTBOPIOETHCH, LA PEaKUiA iije HyKe NOBLILHO.
Ina npakmdHOro ofiepykaHEs amiarky Tpeba cTBOpMTH Taki ymoBM,
mob pearuia pinfyeanaca 3 pocraTebol mBnaricTio. IpogykTis-
HICTE anapaTypy, AKY BUMKOPHMCTOBYIOTE ¥ XiMidHil TexHomorii, me-
Tanyprii, nepeayciM 3aJesuTh Bifl LIBMAKOCT] IpoLecis.
€ Garato immumx ramyseit rexmosorii i mayxm, pge wBmaKocTi pe-
KL HANEMUTL NpoBigHa poak. Hanpmknal, 3 AKo0 LUBMIKICTIO
aropa€ nagMeo B aeToMoblmbHOMY mBuryHi? Sk mBugko Teepame Ge-
ToH ab0 Hanecennii na nignory sax? Bin €oro 3anesuTs MBUAKICTH
roposii metany? BuBUeHHA YMHEHMKIE, AKl BIUIMBAKTE HA LIBHIOKICTE
OpOLEeciB, BU3HAYEHHA ONTHMaJIBHMX YMOB, 3a AKMX MOMHa 3mific-
HHTH pearcuirp not':yganna 3aJldaHOl PEeYOBMHEM, € NPEeAMETOM Crei-
ANLHOTO Po3flny XiMil — xrimivnoi xinemuxw
IMepm nimx poarnaiaTH MUTAHHA, IO TAKe WBMAKICTE peaxuii,
3a3HAYMMO, 110 XiMiuHi peakuil MoxKyTh BinbyBaTHca B 2omozZennil
(opmopinwiit) | B 2emepozenniii (meonropignili) cucremax. FomorerEa
CHCTEMA CRIAMBETELCA 3 OJHIEL (Da3y, reTeporeHHa — 3 KiNLKOX (has.

Pa3010 HAZMBAXTE OJHOPIAHY YACTMHY CHCTEMH, OHAKOBY 3a
CEAAJIOM Ta BIACTHBOCTAMM i BigoKpemJeny pin iHmmx dhaz
NOBEPXHE MOJILIY.
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l'omorenni peakuii sipBysatoTecs B ycwomy o6’emi CHCTEMH, re-
TEPOTreHH] — Ha nopepxHi noainy daa. IpuriagaMy roMoreHHmx
peaxuiii € peakuii y raaopux cyMilnax, posumMHaX, FeTePOreHHUX —
B3AEMOZIA METAJIB 3 KMCHEM, POGHMHAMN KMCJIOT TOLILD,

§ 1. Kimeruka roMoresamx pearyiii

Ximiuni nepersopenns sinbyeaioTecs B pasi 3TKHeHHA MOJNeKyJ,
AKWO B pesynwraTi 3iTKHeHHs nepebynosyorees ximiumi aB'A3Ky,
TOOTO 3B'ASKM Y BUXIZHMX MOJEKyJnax PO3pPHBAIOTBCH, & HOBI 38'53-
Ki YyTBOPIOIOTHCH, |

Hlsudxicms ximiunol romoremnoi peakuil — ne 4Yucio ene-
MEHTAPHMX AKTiB XiMiTHOTO NCPETBOPEHHA B OXMHIAL ob’emy
3a OMHHIMO Yacy.

Busnayut uyneno EJIEMEHTAPHIX AKTIE NEepeTBOPEeHHA [yske
Ba7KKO, TOMY NPaKTH4HO WBHAKICTE XapaKTepuayioTh IIPONOpLiii-
HUMH 9HCJY eJIeMeHTAPHMX AKTIB BeJIMYMHAMI, HANPHUKIAJ SMIHOK
KOHUEHTPaUi/l PearymouuX peHoBMH 5a IeBHu NpOMIKOK 4acy.
Crpasni, xosxEuit axkt ximiysoro NepeTROPEHHA 3YMOBJIIOE 3MeH-
IIEHHA YHCHa MOJEKYJ BUXIIHMX peYoBHH i 3binsumieHus yuena Mo-
JIeKyn npoaykris peaxuii. BogHouac wmesio mosexysn PeYoByHN B
opuuMyl 06'eMy — ue i koHuewTpauis, Tomy mig wac nepebiry pe-
AKLi# KOHUEHTPaLif BUXIIHMX PEeYOBMH SMEHIIYETLCA, & NPOAYKTIB
peakuil, HABMAKY, 3pocTaE, oTike, ACy<0, a AC:pop>0. HIEnnkicTs
peakuil BUMIPIOIOTE 3a 3MIHOWO KOHLEHTPALI PeYOBMH 3a OfMHMIJIO
uacy. Ockinbky wmBuakicTs peakyii Ma€ gonaTse 3Ha4yeHHs, TO ce-
PeHI0 WBKAKICTL peaxulii 3a MPOMiKOK wacy T MOMKHa ObuMMCIHTH
34 BUpPaZaMy;

v = =ACy /At (10.1)
abo
v = ACppon/At. (10.2)
Koruenrtpaugii PEHOBMH y mponeci peam@‘i BECE YaC 3MiHIOIOTBLCH,
4 L€ BIMBAa€ Ha 11 WBMAKICTH, TOMY CJiJi PO3rnAfaT™ MHUTTERY

weUakicTs peakmii, ToBTO WIBMAKICTE peardii y nanuit MOMeHT wacy.
Hais romorennux peaxuiit — ue noximmi KOHIenTpalii 3a 4YacoMm:
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v = ~dCayux/dt (10.3)
abo

I

v = dCypop/dr. (10:4)

IIsyumrocTi peakuiil 3asexaTsb Bl NPUPOON PearyioumMx pPeuoRuH
T& YMOB. KOHLEHTpAUili pearyiouux DevOBHH, TeMNEepaTypH, HARB-
HOCTI KaTanisaTopis.

§ 2. 3anemuicTs MBUAKoCTI peakuil
BiJl KOHUEHTPaNii pearynuux pesoBuH

XiMiuni peauii pii0ypaoTses B pasi SiTKHEHHS YacTHHOK (ioHig,
4TOMIB, MOJIEKYJI) PEaryiouMx peqHoBMH. YMCA0 3iTKHEHbL 3aMeruTh
Bij{ 4MCNa HACTHMHOK B ommHuui ob'emy, TobTo mim ix KOHLEHTpAaIi,
TOMY

mBMaKicTs xiMiuRol! peaxuil nponopuiiina nobyTky wKomyen-
Tpaiiii pearyiounx pegosiH.

Ile nonoxkenus Oyso BeTaHOBIEHE EKCnepuMeHTaNibHo B 1867 p.
K. M. I'yammpbeprom i I1. Baare i gicrano HA3BY s3axony 0ii mac.

Karo Makcuminian Cynspbepr (1836-1002) — HOp-
sBeapkmii piankoximMik i maTemarmi. YoTanosue 3a-
JIEHHICTE TEMNEpaTyp NUABNEHHS ChnasiB, cymiued
KWNCIOT Ta COJIeH, & TaAKOM TYCTMHM CyMilsen Big ix
cinagy (1860). Crnineso a3 I1 Baare BiZIKpHB 3aKOH AOil
Mac i mocmigns ymoeu pistoeary (1864-1867). Boep-
e  chopMymOoBAE NpMHEOMN  pYXoMOT piBHOBATH
(1870), possunys (1870-1872) yaBnenss npo cyTh He-
BHARAYEHMX XiMmiummux cnomyk. Cninweo 3 T Baare
pospobue (1879) monerynspho-kKiHeTwuny iHTepnpe-
TALD 3aK0HY il Mac TA HOro BMKOPMCTAHHS ¥ npak-
THL NPOBEfeHHA XiMIMHUX peakiiii Sanposanme no-
HATTH ifeansHOl TBEpmOI pewoBMHM, BUMBIE PiBHARHA
Ana obumcnensn xoedinienTis poswmpenna TEEPAMX
Karo Makcumimian  1ix, Tennor nassnenus i rennoeMuocTed: (1875—1880).

Tynenbepr Poapolue merTosm nopisRANTLHONO pOSpaxyHKY Baa-
CTHEOCTEH peyoBME.
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Hetep Baare (1833-1900) — noppeabxuii diayroxi-
mit i mipepanor, wnes Hoppeabrol axasemil nayw (3
1860). Iz 1861 p. npamosae B yHipepewreri v Kpu-
criadii (a 1862 — npodecop). Crninsno 3 K. M. Tynea-
Geprom Binkpus saxon A1 Mac OcxoBHI HAYKOE]
JOCTiIAeHH BMKOBAB y rafyai xismiuHol KineTuxm i
TepmoaMuaMiki Astop BaraThOX Npans i3 3arajbHOI
Ta aHAMITHYHO] XiMil

PosraaHemMo BILTHE KOHIEHTpalilt pearylounx peYoBMH Ha 1IBMI-
ricTs peaxtil. Hanpuxnan, and peakuil

Hz + 12 = 2HI
arigHo 13 3aKOHOM Ail Mac

v = FCCHICII,

se k — xoediniesT NpONOPUIAHOCTI MK LIBMAKOCTAMK 1 KOHIEH-
TpaliaMi PEHOBME. AKIGT HASHBAIOTE KONCTANINOW weudxocmi
peaxuii. Saapiuali Uef KoedillleET HE 3aJNexUThL Bijl caMMX KOHLIEH-
Tpauiii, TOMY 3a JaHUX YMOB € CTAJIO)0 BEMIHMHOIO. Voro duismammi
amicT MOXEHAa 3'HCYBaTH, NPHMIAHABIIM KOHUEHTPAIll pearyioumx pe-
yopMH (abo noByTOR KOHI[EHTpallif) TaxuMM, WO AOPIBHIIOTL OI-
wui, T7o6ro 1 mons/n Topi mEMAKICTS peakiil 4MCENLHO AOPIBHID-
BaTHMé KOHCTAHT] IIBMIKOCTI

Koncmanma wsudxocmi — ne mBMAKICTE peakiil 3a ymoes,
110 KOHIERTPaNil Pearyiouix pedosMa AopisHI00TSs 1 MOJL/ 1.

Y npoueci peaxiii micsA sMiuryBaEHs BUXIJHMX PEHOBMH BOHM I10-
YMHAKTL TIEPETBOPIOBATHCL Ha MPOAYKTH peakil, 1X KOHLEHTpaliil
SMEHIUYIOTLCA, TOMY # LIBMAKICTH peakilil NOCTIAHO SMIHIOETLCH.
MeToo KIHeTHYHMX A0CHIPKEHb HafHacTilIe € BMSHAYEHH§ KOH-
CTaHT LOBMOKOCTI, 3HAYEHHA AKHUX HABOJATHLCH B nosigkoeux Tabimm-
LAX.

PiBHAHHA, 110 NOB'H3YE IIBUAKICTL peakuil 3 KOHIEHTpalli A
peareHTiB, HASUBAIOTE PISHARHAM weudxocmi, abo KinemuuHum
PIBHAHNAM Peaxyii.
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Ina peaxuii

2NO + Oy = 2NO»

abo
NO + NO + Oz = 2NO,,

BIATNIOBIHO 10 3aKOHY A1l Mac

v = kCyo Crio Co, »
Tobro

v=kCi, Co,-

Ilna_ pearyii Mizk ZiBoMa peareHTaMM, 3alMCaHOl Y SaralbHOMY
BUTTIAIL

pA +¢gB = (',

arigso i3 3aKoHOM i Mac
v = kCﬁ Ci. (10.5)

Kommmit nokasuuk ctenens 6ins KosueHTpanii pearenta Hasu-
BAIOTL MOpROKOM peaxyii 3a KOHUEHTPALi€ld AaHOI PeHOBMEM, &
CYyMy LMX NOKa3HMKIB — 3@2aabnum nopadxom peaxyii. Hanpuk-
Jaj, peaxils BOOHI 3 HOAOM Mae nepmMii NOPSAOK 3a BOAHEM
nepimii TIOPAAOK 3a MOJIOM, BArayibHUil NOPANOK peaxtii nnpiaﬂme'
aBoM. Baaemogin oxenay asory(Il) NO 3 kucaem O mae npyrwmit ro-
pAnok 3a NO, nepiumit nopasok sa O, 3aransumii nopaaox peaxuii
JOpIBHIOE TpbOM. Y HaBeNeHMX TNpPMKIaZax TOPAAKM peaklliii =a
KOKHOIO PEeYO0BMHOIO 30ITaloThCH i3 cTexiomMeTpuuHMMM KoeilieHTa-
MM, OflHaK Taka BUINOBiIHICTL CNOCTEPIraeThCs NANEKO HE 3apru.

Ilopanok peaknii saranoM syusHaya€ XapaKTep MaTeMAaTHYHOL
3anexHOCT] WBMIKOCTI pearilii BIJ KoKlleHTparil pearexTa.

Enementapumii akT peawuii pinfynaeTnCs BHACHIZOE SiTKHEHHS
MOMERY..

‘Iuc:rm MONEXyJH, AKiI DepyTL yYaCThL B €NEeMEHTAPHOMY aKTi pe-
AKUIL, HAINMBAKTL MOACKYARPHICTAIO peaKyii.

Peaxuis posio 3 {1070M € GiMOMEKYAPHOW, B ENeMEHTapHOMY
aKri peakuii bepyTs yuacts 18i monexymu — Hy i I, ¥ nnomy pasi
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MOJeKyAApHICTE peakuii sbiraeTses 3 11 NOPAAKOM 1 CTEXIOMETPMN-
HIMI KoedpillleHTaMIu.

ImoBipEicTE 3ITKHEHEA TPbOX WM GLTHIIOrO HHMCNA YACTHHOK 3 OJ1-
HOYACHOW nepefyZoBOK B HMX XiMIYHIX 3B'A3KIB € [AyXe MaJow,
TOMY MOJNERYAAPHICTL Peaxuiil 3a3puyali He NEPEBULIYE LBOX. Boga-
HONAC BiZOMO, 100 cyMa cTexiomerpuurnx woedinicrTis nepen cop-
MyJaMH pearyiounx pedqosur jna bGaraTeox peaxiliii moxe GytH
anayso Binsmow, Hanpuknanm, ons peaxii

2KMnO, + 16HCI = 2MnCl; + 5Cl; + 2KCI + 8H,0O;
2C4H;p + 130, = 8CO5 + 10H0

cymu koedinienTie nepes HOPMyTAMIT BUXIIHUX PENOBUMH JIOPIBHIO-
0Tk Bimnosimso 18 1 15, ane ne He O3Hadag, W0 B EJeMEHTAPHMX
aKTax WX peakuilt 6epyTs yuacte 18 abo 15 momexyn. Taxi peakuil
BiGYBAIOTECA 33 CTafifiMy, KOXKHA CTajgin € mowo- abo Gimonexy-
JAPHOK, 3arajibHa MBMJIKICTh TAKHX PEAKLiH BH3HAYAETHCA Hall-
NOBLIEHIIOK CTAMIEI0, AKY HASHBAKTH TAKOK AlMmimyrowow. 3a-
raneHuii NOPAAOK peakuil € (PyHKIIEN BUAKOCTEH, MONEKYIAPHO-
cTell i cTanie piBHOBAr OKpeMux cTapif. 3a3siuaii BiH TAKOK HE Me-
peBUITYE IBOX, MOXe OyTn HyJBLOBUM, NEPLIMM, IPYTHM abo HaBITE
npoBopum, Hasezenuit Byiane npuxnas ssaemonii NO 3 Oy € pocuts
PIIIKICHOK PEAKLI€) TPeTHOro NOPAJKY, L0 NOACHIOETHCH i Cruam-
HHM MEXaHI3MOM, AKWiT Gy/ie poarnaHyTo Aadi.

Omxe, NopaAnok peaxilil 38 KOMHOKW pedoBMROK 3biraeTscd i3
cTexiomeTpraEMMI Koedili€HTAMI HAMHACTINE TIBKY A MPOCTHX
abo ojHOCTAjiitHMX peakuili, TOMy MOPANUK PEaKUllt BHIHAHANTH
EKCTEPHMERTANEHO. BijloMO KiNbKa eKCNepHMeHTaNBHUX MeTOMB
BU3HAYEHHA NOPHAKY Peakiliif, ane BCi BOHM 3BOJATBCA N0 BCTAHOB-
nerEs QYHKUIOHAIBHOI 3aJEMHOCTI NIBUAKOCTI peaxuil Bij KOHIEH-
Tpaiii neeHOro pearenTa. AKINO, HANPUKIAJ, PEAKIIA Ma€ NEPII
NOPAZOK 33 KOHLEHTPALICD JIEAKCrO peareHTta, TO il IIBMAKICTE
MPAMO TPONOPLiiHA KOHLEHTpalll LLOro PearexTa, AKIIO JpYTi
NOPANOK — IBUAKICTE NPONOPLifiHa KBajpaTy HOr0 KOHLEHTPALi;
AKINO0 HYJBOBUA — [IBUJAKICTL HE 3aJI€XKUTh BiJl KOHUEHTpalll pea-
renTa. AKI0 KOHLEHTPaUiA HeAKoro pearenta abinbimnack yTpudi i
WBUAKICTE peakuil 3pocia TAKOMK Yy TPM pasu, TO MOMNHA JUHTH
BICHOBKY, 1[0 € PeaKlif Mepioro nopafKy BiIHOCHO KOHLEHTpaLil
LBOTO PEareHTa; KO [LIBMAKICTE 3POCTE Yy IEB'ATE pasis — uLe pe-
aKIif Opyroro ropaaKy; AKIe HE 3MIHMTBCA — HYJBOBONO NOPAOKY.
BiusnaunBim NOPAAKKM pearuil 3a BciMa peareHTam, CKIamaoTb
KiseTHuHE PIBHAHHA peakruil, nicsia YOro POArNAnANTH MOMIHEL Me-
xauizmy (TofTo meBHY MNOCHifoOBHICTE cTajili peakuli), aAki
BIMOBIAAIOTE NEBHOMY KiHETHYHOMY piBHAHHK. AKIO KiHeTHYHMX
JaHKX HeJoCTaTHRO AnA BHOOPY MexaHisMy, TO 34CTOCOBYIOTH PI3HI
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BOAATKOBI METOAW [UIs BUSHANMEHHS HARBHOCTI YACTHHOK, IO YTBO-
PIOIOTECHA HA MPOMDKHUX CTajlifxX npouecy.

P{J:_iEJ'IHHEMU NpUENanV JeAKHUX KiHeTHSHUX piBHAHB | MexaHisMie
peaxiim.

Pearuis conseonizy mpem-Gymunxnopuny
(CHy)zCCl + H,O = (CH3):COH + HCl

Ma€ MepuiMii NOPANOK 34 KOHUEHTPaUie:o UBOTO peareta i Hymbo-
BMI — 3a KOHUEHTpamiel Bogu, Tobro v = kCtCH,hCCI' ITe mosc-

HIOKTE m:cq_pja*r?mi_mm MexXaHisaMom peakuil, T06T0 mimMiTy04010 CTa-
Aiel0 peakuil € iomizauia 3s'asky C-Cl, menakicrs axol 3a iMnmx
CTAIUX YMOB 3aNeUTh TUMBKM Bl KOHUEHTpauil ubore ankin-
XIOpUAY:

(CH,);CCl —Hemtmmo o opya.ct + QI

Hactynua crazis, B akiit Gepe yuacts Monexkyna posu, Binbysaetscs
IHAYHO IIBMIILE;

(CHg)sC* + Hp,0 sk, (©H.).COH + H*,

TOMY KOHUEHTPALf BOIM NPAKTHMYHO HE BIUTMBAE Ha IUBMAKICTH
npoLecy.
Insa peakuil

2N,05 = 4NO, + O

E_lC'raHDBJIEHfJ HEpIIII‘Iﬁ. MOPAJIOK 3a KoHueHTpauierww NyOs (v =
= kG0, ) x04a koedillieHT nepes hopMymNow0 i€l peyoBUHI B piB-

:ﬂﬂliﬂi peakiil nopigﬂme' 2. Omxe, miMiTyoNa cTaflin peakiil € Mo-
monexynaprow. Copasxai, cnogaTry sBipbysaerbes poa
Monexyn NoOs: * T POSHRIER,

Ny0; — el N.Oy +0,.
JOpyra monexyna NyO; Gepe yuacts y HACTYIHIT mWBuUmKin cramii;
NyO3 + NpOy —HBEXe , 4NO,.
Ockinbky mBMAKICTs BI@EaYacTRCA NEPLIOK CTAMICI0, peakuia Mae

nepunii nopazor 3a NoOs,
Oxucrennsn oxeuuy asory(ll) Kucrem

2NO + 0, = 2NO,
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e npuxsazom peakuii Tpersoro mopamky: v = kCioCo . Tpore
YUACTh TPBOX MOJIEKYJ B €NEMEHTAPHOMY aKTi € Aye MEJ‘IﬂﬁMDBip-
Hoto. JloBeeHo, 10 1if peakiis BiADyBaeThCs y ABlI CTajll, KOMXHA 3
axyx € Gimomekynapuolo. Criouatky okenp asory(ll) NO mmepu-
FYETHCA:

2NO 2 NoOs.

Leit npouec BigbyBacTsCa AyKe WBUIKO, ane 38'A30K MIZK aTOMaMu
azory B mumepi ON-NO, mo yTBOPIOETHCA HECTIAPEHMMM eJeKTpo-
HAMM, POSMILLEHNMM HA POSMYLIYBANbLHUX OpOITANAX MOJNeKyIH NO,
€ [y)KE€ HECTIKMM, TOMY PiBHOBara L€l CTAAll CHJIBHO 3MUeHa Yy
Gik yTBOoperns Buxigmmux monexyn NO. Heasamaiouu Ha Te, 110 MO-
nexym mumepy N,Op yTBODIOITHCH B He3HauHIN KOHLEHTPALil, BO-
HU 3A4THI IIBUKO PEaryBaTH 3 KMCHEM:

Nzc}g + 02 = 2N02.

Ieuaxicts yreopenna NO, nponopuiina komuertpauiam NzOp i
Oy, TobTO ¥V = IchD? CO,_' HepaKo ROBECTH, 110 KOHLEHTPaLiA

N,O,, B cpoW wepry, nponopuilina keagpaTy komuentpauii NO. ¥
3B’ AEKY 3 MM CHIOCTEPIracThes cyMapruil TpeTiit nopaaoK peaxiil.

§ 3. Buams TeMIepaTypyu Ha IIBMKICTE peakuii.
Enepria akTusauii

IlsupkicTs xiMiunmx peakuili waliyacrille WBUAKO 3pocTae 3
nigsuennaM temnepatypy. Tak, sxuo 3a remiepatypu 20 °C pe-
aKijifi YTBOPEHHA BOAM 3 BOJIHIO Ta4 KMCHIO 3apepumnaca 6 depes
coTHi MisbApAiB pokie, 3a 500 °C — BCLOro 3a KiALKA JECATKIB XBH-
muH, To 3a 700 °C Bona Binbyeaernes smrreso. Jlna Garateox pe-
aRIlil LI0A0 3ANEXHOCTI LWIBMIKOCTI Bii TeMnepaTypH crpaBejni-
BUM € mpasuao Banm-Iodida.

3 migpmnennam Temneparypu Ha kowni 10 K msuaxicts pe-
aKiii apocrac B 2-4 pazu.

BinnosigHo A0 1LOr0 NPAaBUIA BILIMB TEMIEPATYPM Ha IMBUAKICTH
peaxmii MOMHA CXapaKTepU3yBaTH 3d AOMOMOrOI0 Memnepamyprozo
woegfiyienma y, sk NMOKA3YE, ¥ CKINBKK pasiB 3pocTe WBHAKICTD
peakiiii y pasi nigeuiueHHs temmepatypu xa 10 K:

y = 200 (106)
Yr

Haramaemo, 1o rpanycy sa mkanoiw Kenepina i mkanoio Ilenbcin
MAaIOTE OfHAKOBRI abCOMIOTHI 3HAYMEHHA, ANe PiZHY MOYATKOBY TOYKY!
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0 K mimmosigae —273,15°C. 3uadenna TeMnepaTypHoro koediiien-
ra 7 BignoeigHo no npasuna Bawr-T'odda naftvacrie nexars B
mesax 2 — 4, xoua Bigomo BGaraTo peaxuiil, ne ueft xoedilient
meHLi 3a 2 abo Ginbungdi aa 4.

Hkuio ana gesaxol pearuil TemrepaTypHii KoedillienT nopisHioe 3,
0 B pasi varpisanua Ha 10 K i1 weuakicTs spoctac B 3 pazin Hxmo
remnepatypy nipeuuprrys He wa 10, a wa 30 K, To uwmuakicTs ui€i
peaxuii BIANOBiAHO 3pocTe B 3° 3+ 3 paau, 106710 B 3* abo B 27 pasis.
Buacnipox warpieanHs wa 100 K spocranus msugkocti 6yne binbiu
ppaxcatounm: y 319 abo 59 049 pasie. CTeneneBy SaNEMHICTH LIBM/-
gocTi peakuii Big TemmepaTypu Bigmosigro po npasuna Bawt-Tod-
cha MOIKHA MOAATH PIBHAHHAM

S (10.7)

IMig yac BMBYEHHs BILUMBY TEMIIEPATypPM Ha IIBMAKICTE peaknil BH-
xigHi KOHUeRTpauil peareHTiB BBaXKaloTh CTANMMM, OTHeE, 3 ypaxy-
paHHAM KIHETHYHOIC PIBHAHHA 3riJiHO i3 3akoHOM Ail MAC yel amieM
IWBMAKOCTI peakuUil NOBHICTIO 3yMOBNEHI 3MiHAMM KOHCTAHTH LUBMA-
kocri. Topi pienarra (10.7) MoxHa TAKOMK 3aMMCATH TAK:

ks,

Crin zaswauuTy, mo npasuio Banr-Todda € vabmoxenum, remne-
paTypHMit koedIl[ieHT MOMHA BBAMATH DLIBLII-MEHII CTAJIMM TINbLKH
¥ BYSLKOMY iHTEpBaJi TeMNepaTyp, HABEACHI BUIIE PO3PaXyHKH
MaloTh JHOCTPATHBHIA XapakTep. TouHile 3aNemHICTh LWBMAKOCTL
Bifi TemMnepaTypu NMepenaiT: 3a AONOMOroK piBHsHEHS Appesiyca,
Ake Gyne posrasHyTO Hadil

(10.8)

Axo6 Xenppur Bawr-lodd (1852 — 1911) — ron-
nanfackrui ximir, onue i3 aacuopEMEIB diswanol ximil
Ta crepecximil Boepme edwpmymosas (1874) reopiw
MPOCTOPOROID  POIMILIEHHA ATOMIE ¥ MONEKyIax op-
rapiysnx cnoavE RanponoHyean knacudikanio ximiu-
HMX peariiin BocTaHOBME 3aMesHICTE LIBMOKOCTI peak-
uii ein Temnepatypy (npasmao Bawr-Todxba). Busie
OfHE 3 OCBOBHMX PiBHAHL XimiyeO] TepmomvHamiky —
PIBHAHEA 20X0PM, a4 Takme PiBEAHHA Xximiypol izc-
TEPMM, AKE ONMCYC JANEXRHICTE XiMiYuol cnopline-
HoCTi Bifi ROHCTAHTH piBHOBArY peaxull 3a cranol Tem-
nepatypy. Chopmynmweas OCHOBHL NOCTYNATH XiMiMHOL
kiveTnry (1884). Bnepe sanpOnoHyBas OUiHIOBATH
peakniiiny anaTHIcTs PEYOBHH 3a NONOMOTON KOBCTAN-
TH WEHAKoeT Peakiliil. BuBiE 3aK0H OCMOTHHHOTO THC-
Ky (sakon Bamt-Todda). Jaypear nepumol Hobenie-
eskol nmpemil a ximil (1901)

W

Hrob Xengpuk
Barrr-T'odpdy
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Ha nepumsii nornsy 3HAYHMI BIUVIMB TEMIEPATYPHM HA LUBHAKICTH
peaxiiiit MOztHA NOB'A3aTH 31 SDINLIIEHHAM YMCTA 3ITKHEHb PEATYIO-
YMX HACTHMHOK 33 OJMHMINO 4Yacy BHACHIZOK TONQ, II0 SPOCTAE iX ce-
peana mwerakicTs. OfHak BiANOBIAHO A0 MMEI{}'J’IHPHU-!HHE'I’H‘IHDI
Teopil WBHAKICTE PpYXY MOJEKYJ 1 YMCno 3ITKHEHbL MDY HMMHI 3pO-
CTAKTH TPOMOPIiitHO NT , To6To min wac narpiBanma ma 10 K (sig
273 po 283 K) timern B 1,02 paza, a ra 100 K (sig 273 mo 373 K) —
B 1,17 paza, mp gabaraTo MeHIle, HiX SMiHHM IIBUIKOCTEH peakiii.

Kpim Toro, Bigomo, w0 B rasceux abo pigxmx cucTeMax yixe a3a
CTAHJAPTHMX YMOB KOKHA MOJIEKYJia 3a3HAE COTEHb MiMBLHOHIB 3iT-
KHEHb 33 cexyHay. Tak, y rasosiii cymimi Hy i Iy 3a mopmanbamx
ymos BinGysaetsen npubmiano 10! sitksens a omuy cexymny. fk-
Bu BCi 1 3ITKHEHHA YACTHHOK [PMBOIMIM [0 XIMIMHOIO MEPETBOPEH-
uA, TO peakuis saxivumnacs 6 weumne, HiXK 3a ooHY cexyHay. Ha-
CIpaBfi K 3a KIMHATHOI TEMOEpaTypM BoHA BiADYBAETHCA HAIL3BM-
4aiHO NOoBiBHO. OTIKE, TINLKH HEBEIMHA YACTKA 3ITKHEHL YACTHMHOK
3aBEpPLIYETLCHA xmmnm: ‘nepeTsopenEam. Cripasai, Jmiie npubans-
HO ofHe 3 KoxxHux 10'? siTknens monexyn Ho i I; € eeRTHBRUM.

IIpyanuoio TOrO, 10 GINBLLCTE MOJIEKYJN T 9ac SITKHEHb HE 38-
3HAE XIMIYHMX IEPETBOPEHD, € Te, mo Oynb-Aka peakuin — ue npo-
yec nepebynosu Ximiumix 3s’askis. Ilepun mix no4usyTs yTBOprOBa-
THCE HOBL XiMmiuni ss'AskM, sawTs DyTv ocnabneni aGo posipeani
2B'AZKH Mt aToMaMM ¥ BMXiaHMX monekynax. Jnsa ysoro norpibHo
sdarpaTinti enepriw. Tak, y peaniil sognHi0 3 fionom

H2+Iz=2H.]

nmiji 4Ha¢ 3iTKHEeHHA MOJEKY.N HNOYMHAKTD NOACBYMYBATHCE 3B'A3KH
H—H 7a I—1 Boxu nocnabmotoTses i TLIEKK IHCAA ULOTO NOMMHAKTS
YTBOPKBATHCH HOBL 38'Azky H—L ¥ peayauTari BHHMKAE YIDYTIOBAHHR

AKE HASHBAKTL OXKMUSOSAHUM NomMnaexcos, abD0 mnepexridnum
CMAHOM.

Ilicns yTBOPEeHHA NEpexifHoro ctaHy BiAGYBEETLCS NpPOLEC Ho-
Janbuioi nobyRoeM HOBMX 3B'ASKIB | OCTATOMHOrD PO3PHBY BUXIJIHHX
as'sakis. Iponec ximiunoro nepersopesnsa moskHa sBinobpasuri Ta-
HOH) CXEMOK):

H—H BpocTaNEA cnepril H...H, BMCIICHRA cnepril /H H\

B i Tepeximmnm [Ipoaywrm
PRI CTan !Ed.lﬂ.l,Ll.
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3MiHy eHeprii pearyiouux HacTHHOR Mij Hac XiMmi4yHoro neperso-
pEeHHA MOKHa Bijobpasutit Ha eneprenmuﬁ marpam. abeupcoo
axol € xoopdunama peaxyii, nos'szaHa 8 Mi¥’AKEpHMMM BifcTa-
wavm (pue. 10.1)

ARTHBOBEHIA HOMIJIEKT
(mepeximand cTan)

ARTHEOBRHHF KOMILIEKE
(nepexinkmh cTaH)

| 1
SE 5 E
R £
g £%
£ E°|. T
= IponyrTH peaxyil =i Buxinmi pewosymi
HoopnveaTa pearmil  —» KEoopaurata pearkuii —»
a 0

Pruc. 10.1. Eseprerinunmit npodise peakifi — 3anesuicTs norestiaisnol
exeprii Bin koopmouiaTh exsorepmiyno] (@) Ta epoTepmiusol (6) peaxiif

ﬂ:!_,ﬂ enyioTepMitHEOl peakiii enepria npoAyxris peaxuii Gimsiua, Hisk
E€HEpIiA BUXLIHIX PEuOBHH, [ EK30TEPMISHOI, HABMNAKY, EHEPrifd Npo-
AYETIB MEHILIA 33 eneprito Buxigaux pewosux (aus. puc. 10.1). Onnak B
obox Bunaakax Mid BUXIHMMH DEHOBMHAMM | TIPOAYKTaMM peaxidi
YTBOPIOETBLCH AKTMBOBAHIE KOMIIIEKC, 110 MAE [IJBMILEHY eHeprio,

Piaampo enepriii nepexiiHoro cTamy i BUXiJJHMX PEYOBMH Ha-
auBalTL eHeprield axTupauil, abo noremuiansHuM BGap’epom,
peaxuil.

IsmmmMi CIoBaMM, €Hepris akTMBal[il — e HAMMEeHIlA EHepris,
norpibsa gns takoro nocnabnenHs 3B’ASKIE Yy BHUXIIHUX MOJEKYNax,
TICIA AKOro eHEepris yTBOPEHHA HOBMX 3B'A3KIB nepepaskac saTpaTH
enepr‘g_i A2 NOJANLILOre nocnabledns BuxinEnx 3g'askie. Jus aso-
POTHOI peaxilll exepris akTusaull — ue pisenmus eneprii nepexin-
HOro cra"y 1 npoaykris peaxuil (ous. puc. 10.1), Y'mopemm nepe-
XizHOrO CTaHy — TPOLEC eHEepreTHtHHo BHTIAHIILN, Hi¥ DOBHME
POSpHB SB'ASKIB Yy BHXIDHNX MOJIEKY A X. Jns Ginsioceri peaxuii
eHeprin a..azmsal.ul MEeHIla 3a euepmo noTpibHy ANA pOSpHBY HABITL
Hancnabriloro 2ae'aaky ¥ BHXIIHUX MOJIEKY JIaX.

Crraxce, y xlmltmomy € peTBOPEHHI MOy Th DpaTn y4acTs He BCi
MOJICKYJIM, # TLNLKM TaK 3BaHi akTuBHI, 106TO Ti, WO MAKTH €HEp-
0, NOCTATHIO JINf YTBOPEHHA MepPexiJHoTo crany. BubmrHenus
*@KTHBHMX» MOJIEKYJ MOMHA NOACHUTH, HA OCHOBI 3aKOHY PO3HO-
Ainy enepriit Makceenna—Bonbimana {pm:.u 10.2).
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A&
5
e
=
é E‘ Hiokun Temnepatypa
% E Buwa remnepatypa
5'-‘3 E Minimannya enepria,

norpifna pnr nepebiry peawnii

Em:r.
Erepria monewyn —_—

Pue. 10.2. Poanogin exeprift Moflekyn a3y 34 BoX PIAHUX TEMOepaTyp

Bignogizso po uporo sakory GinsuncTs Moneryn mae eneprio (i
IMBMIKICTE), boMabky 1o cepennnol. Ll cepenniit enepril BignoRipae
makcunmynm Ha puc, 102, Hum Dinnine edepria BifipiaHAeTsen Bip ce-
pesHLOl, THM MEHIA Ha8CTKA TAKMX MONEKYJ. 3asBu4ail, CepemHs
CHEPriA MOJEKYJ] € HEeJOCTATHBOK JIJIA YTEOPEHHA NepPexifHoro ora-
Hy. Opnak HeBenMKY ©acTKy MOJEKYJ, 1[0 MaKTs €HEeprifo He MeH-
my, HiXx notpibEa AnA yTBOpeHHA nepexinHoro cramy (E.), monmua
BBAYATH «aKTHBHMMM», OCKITLKN BouM apaTei Opatu yuacts y xi-
MIMHMX TEPETBOPEHHAX. 3 MABMIIEHHAM TEMIEPATYPN CEpEeaHA
EHEPriA MONEKYN 3pocTaE He Jyie BHAKO, ane sabaraTo emmue
3pOCTAE HACTKA *aKTHBHUX» MOMEKYJN, 3riieo 3 npasnaom Baut-Tod-
tha — y 24 pasu wa kol 10 rpapycis.

3r'H230K MiX WBNAROCTAMM peakijiii i anaueHuAMn eHepril ak-
Tueamiy. Tum Buna E‘HEpri.H akTuBanii, THM BMIa MiHIManbLHa
€HEepriA aKTMBHIX MONEKYJ i Tim Ginbme BoEa BinpisHfeThcs Bin
SHAYEHHS CEpenHbol eHepril. Yacrra Takux MONEKy.N i, BignoBigHO,
IHBHIIKIC'TL‘ pEEIHilII-'I SMEHIIYHTECH. KinekicHmid 2B'A30K MiM KOH-
CTAHTOH MIBMAKOCTI TAa eHeprieo awruBauii E, nepepnae piensinms
Appeniyca:

k= Ae B/RT (10.9)

abo y norapmdmivgiit dopmi:

Ink = InA - R-E*T_‘ (10.10)

ne A — wacmomunuil daxmop (crana BenutuHa, NOB'A3aHa 3 yac-
TOTOI0 KONMBaHE MOJIEKYJ 1o Jinil 3B'Asky, AKMI pyiiHveTses).

NCHATTH PO KATAJIZ 3n

z

3i sbinuinennaM eneprii axtmsanil E, woucrawta wsuakocti k
AMEHILYETBCA, TODTO IIBMAKICTE peakilil 3AMEHINYETECA 3 MiZBMILEHHAM
ii emepreTusmoro Dap'epy. Pisnanna Appeniyca sijobpaykae Bnamue
TEMNEepaTyPH Ha [IBMAKICTH peaknil TouHimre, Hix npasuio Banr-
Tocpa. 3riguo 3 pisuapaam (10.10) rpadiuna sanemuicTs Ink Big
1/T € npAMolo MiHIEW, 32 KYTOM HaXWJIy SKOL MOMHA BH3HATHUTH
eneprivo akTneanii. OckinbkKM eHepria aKTHBanil € MHOMHHMKOM I1e-
pen obepHeHMM SHAYMEHHAM TEMIepaTypH, TO IBMAKICT: peakifii c¢Tae
BinbI YyTIMBOKO A0 3MiHM TEMIEpPATYpH 3i 3POCTAHHAM eHeprii ax-
tusauil E; 3eigen mMokHA OiTH BHCHOBKY, IHO TEMIEPaTYPHMIA KO-
edimienT pearuii TuM Ginbiimii, SuM BMIA eHepria 11 akTuBaiii

Cuanrme Asryer Appeniyc (1859-1927) — weeachruii
hiauroximic. Buxonas (1884-1B86) mpma nocnigsens
LIOA0 BEMEYEHHA 3aMemHocT] Mixg XiMiyHUMK BAACTHEO-
CTAMM PO3UMHIB enexTpoiTie Ta ix npopigHicTio. 3a-
nponounysag (1887) ecefivno ofrpynTopany Teopin
ENerTPONITHYHOI AMCoMianii, AKa MANa BelMyesHe aHa-
YEeHHA JA POSBMTKY HE TiMLKM Ximii, a #i Gionorii, di-
auwn, reonorii Tow. Poapoline Teopin rigponiay coneit
Brnepwe noscame (1889) cyre TemnepatypHol 3anem-
HOCTI LUBMIKOCTI PeaKdift, BMCYHYBLUM YABJEHHA MNP0
AKTHBHI MONEKYnH, fiki MABIOTE HAZMMILKOBY eHeprino i
apaTHl OpaTH y4acTe y XiMIMHMX peakuiax, KiaekicTs
AKWX ERCNOHPHL{AJBHO 3ROCTAE 3 MIBMIEHHAM TEM-
NepaTypH. SanpoBafiue MOHATTA eHepril aKTHBalll, BU-
Bip oiHe 3 ocHopHMX piedARb XiMignol kineTvrn (pisnan-
us Appeuiyca). Huaky npage npuesaTue kocMosorii Ta

Caairre AsrycT
e actpodiasi. Jaypear Hobexiecskoi mipendi (1903).

§ 4. MMouarTs npo karania

Kamanizamop — e peaosyuHa, axa Depe y4acTh ¥ HNPOMIMEUX
CTAJMIAX, AMIHIOE IUBMAKICTE peakiil, ajie He BXOAWTh 0 CRJAAaLY
OpOAYKTIB peaxmii i 3anMuIaeTbed MCHA pearnii B me3MiHHIN
KiNbKOCTI.

RartanizsaTopu maiike 3&BxIM NIBMINYIOTH LEBMAKOCTI pearipil
Born maoTh BEMTHEesHe 3EaYeHHA B NpOMMenoBMX 1 nabopaTopeHMX
XIMIMHIX NPOLEecax, a8 TaKoIK ¥ XiMIYHUX peakiiax, o BinfyBawTh-
CA B ¥UBUX OpraHismax, aTMocdepl, OKeaHax.

Tak, ¥ 3eneHHX JTUCTKAX POCTWMH Nig miew ocoGnuenx KaTasiza-
TOpIiB — hepmenmis — 3 BYTIEKMCNOro rasy i BoaM 3 MOrMMHEHEAM
COHFMHOTO cBITNA CMHTE3YIOTHCA PISHOMAHITHI CKJafHi oprasiusi
cnonysyn. B opraniami nopnen 3a yuactio dpepmenTis pinfypBanTnes
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CKMAfHI MpouecH NepeTBOPeHHA XIMiuHMX cnoayk, o 3abesnevy-
I0Th SHUTTEAIANBHICTL opradismy. Bes kartanisaTopiB HeMOMIMBO
byno 6 mobyeBaTm amiax, cipYaHy Ta A30THY KuCnoTH, DinbiuieTs
NpOAYVKTIB OpraHiyHOro CHHTERY.

Came ToMmMy nporpec ¥ Ximiumifi mpoMuciioBOCTi 3HAYHOKO MipoID
NOB'A3aHMIT 3 po3poDKOI HOBMX KATAMI3ATOpIB, 3ACTOCYBAHHA AKMX
sabesnewnno 6 30inbileHHEA BMXONY NpPOAYETIB peaxiiii 3 oaHo4ac-
HMM 3MeHIIeHHAM eHepro3aTpaT 1 KLTBKOCTL BigXonis, 3axMcToM
HaBKOJIMIIHBOTO CEpENOBMING BiA 3a0pymHeHHA, BIAKPMTTAM HOBMX
MOMRIHBOCTEN ¥ ranysl cuHTe3y DATaThboX LIHHKMX PeYOBMH.

MsmaricTs peaknii icTorHo sanexuTb Bix eneprii akrTusanii,
npuYOMy SMeHLIeHHA eHepril axtmeauiil (morermiansHoro Gap'epy)
sabesneuye 3poCTAHHA WEBKHIKOCT. 3gebinbitoro milo KartanisaTopis
MOACHIOINTE TMM, 1110 BOHM SHIKYIOTH eHepriio akTmeanii. Kartamiza-
Top Gepe y4acTh y NPOMiMHMX cTagiax peaxnii, amimioe muax pe-
arnii. 3a HaABHOCTI KaTanizaTopa BMEMKAIOTL iHIWI aKTHBOBaHI KOM-
IJIeRCH, OIS YTBOPEHHA AKMX NOTpiOHa MeHINa eHepris, Him AI8
YTBOPEHHA aKTHBOBAHKX KoMmmaercis Ges Katanizatopa. Hanpuraan,
AR JeAKil peaxmii

A+B=AB

Binnosigae neena exepria axTueanii E, To 3a HasBHOcTI KaTajiza-
ropa K peyoBiuHa A croyuaTKy YTBOPHE 3 HMM HECTIAKY CIONYRY:

A+K=A4.K (E),

fiKka pani pearye 3 pedoBuHoi0 B 3 BuaineHuaM xatanisaropa K i
YTBOPEHHAM KiHIEBOr0 NpPOAYETY:

A.K+B=AB+K (E)

3uaveHHs emepril axtuBanii mpomixkEMX crajii (E, Ta E;) Menui
3a eHepriro akruBauii peaxnii, Axa BigbyBacThea Ges xaTanizaTopa,
TomMy Oinpllla 4YacTRa MONEKYN MaTHMe JOCTATHIO EHeprin aa#
YTBODCHHA aKTMBOBAHMX KOMILTEKCIB, 1110 BMHHMKAITH 334 HAABHOCTI
KaTamisaTopa.

Cxemn, mo simoGpaanTs pisHumi0 eHepriit akTusarii cranif
KaTaJiTWYHOTO TIpouecy i Toro caMoro mpollecy, SxMil BinfyBaeTscs
Ges3 kaTamizaTopa, HaBeneHo Ha puc. 10.3 1 104,
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Hexatanitudma

" PeaKUiR

Enepria —»

Baxigui
PEMOBHHI Karaniriema
peaxiin

Opogyrrs peakuil
Koopguuarta pearmii

Pue. 10.3. Exeprerwusl npocini katanitiynol Ta wexaTaniTHuHol pearuii

HeraranitTiyna

" pearuif

Eneprin —»

2H.0; + Bry

2B+ H.0,+
+2H'+ O,

KaragiTiyus

- 2H,0+ 0;+ Bry
peatein

Koopaurata pearuii

Pue. 10.4. Erepremirani npodini peariii HEKaTaMiTHHHOO Ta KATAJITHYHOTO
POSKNALY NepoKcHOY BogH (kaTamizatop Bra)

Ynm arTHBHIUNA KaTanisaTop, TMM BiH Oinslue sEuye eHepriio
axtuBanii. Tak, enepria akTusauii peaknii posknany aueTanbJeriny

CH,CHO = CH, + CO

craroBute 190 xll3/Mons. 3a HasBHOCT Hogy, AKMA € KaTaniaa-
TopomM, eHepria arktusalii aMmeswyersea go 136 xll#/Mons, a mBMI-
KicTe peaklil 3pocTa€ B CTO THCAY pasis.

Enepria akrusanil peaxuii

2HI =H, + I
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craHoBUTL 184 gl /mMons, PeaklliA 3HaAYHO NMPMUCKOPHETBCA 334 Ha-
ABHOCTI 3ojororo abo NNAaTHMHOBOrO KaTanizaTopa, AKMA 3MeHLIYE
eHepriio akrusauil signoeigao go 105 i 69 xkllx/mMoxe.

PozpignAoTe ABa BUAM KaTanisy — TOMOreHHMHA i reTeporeHHu.
Y 2omozennomy wKamaaildi katajgisaTop 1 pewosmnu, wo OepyTs
y4acTs y peaklii, yTBOpPWTs onHy cazy (raz abo posyun) ¥ 2e-
Mmepozennomy xamaatsi kartanizaTop nepefysae B cuctemi y Bu-
rasani camoctiitnol casu. IIpurNafgoM roMOTEHHOTO KaTadi3y € HaBe-
[eHa BMIIE PEaKlid PO3KJaLy aueTalnsieriny 3a HaaABHOCTI Hony
(BCl pedOBMHM 3a MiABMILEHOI TeMnepaTypm nepebysawTes y razo-
nogifHOMY CTaHl), reTepOreHHOr0 — pO3KJad MOJOBOJIHIO 34 HAAB-
HocTi 2omoTa abo mIATHHM '

Peaxuia

EHQ_O;}‘: = 2H;0 + Qg,

Axa BigbyBaeThCA ¥y BOJHOMY DOZYMHI, IPHMCKOPIOETHCA B pasi noja-

panng ionie OH™ (posumuy myry), Blmenoro Bry aGo teepgoro MnOs,
rofro gna ogeiel # Tiel camol peawuyil moMauBMi i romoreHHEM, i
reTepOreHHMi KaTamnia.

¥ xiMmivrif npomMMcioBOCTI HafIMpIE 3aCTOCOBYHITh FeTepore:-
Huii kartaniz. Hafwacrime — ne ragosi pearnuil, mo sigGyBawTecA
Ha MOBEpXHI TBepOuX kaTamizaTtopis. IlepeBara 1soro BMIOY KaTamisy
NOJIATAE B TOMY, L0 KAaTaJi3aTOp HECKJAJHO BiIOKDEeMMTH Bif npo-
AykTie peaxuil i suxigumx pewosmH, Akl He mMpopearyBasn. Y KaTa-
nmizaropa mae OyTH Benmra («pozBuuyTa») nmosepxHA. lle ozHauae,
Mo AKICHMH KaTanisaTop mMac MopUCTY CTPYKTypy abo nepebysae B
nysxe nopapibHeHomy (BucorogmcnepcHomy) crani. Ha mparTHui ka-
TaJi3aTOpH HAHOCATE HA crneuianshi Hocll (amomocuiikaTh, cika-
renb, OKCMI aJIOMiHIKO Ta 1K), AKI MalwTh [yHe POZBMHYTY NOBEpX-
Hi0. B mopax umx HociiB MaiTe dopMyBaTHMCA aKTHMBHI LeHTpH, ToO-
TO Taki yrpynoesanHa aTromiB, Ha AKMX | BigbyBaeThcA 3ajaHa peak-
uif. CTBOpeHHI0 aKTHBEMX LEHTPIB COPUAKTE CHeliaJbH] aKTHBYIOYI
nobaBrM, AKI HA3IMBAKTE Mposmomopaemu. Tak, HeBemura Aobasxa
cyneaTie OYHHEMX MeTasdiE 3HaAYHO MigBMilye arkTuBHICTE VoO; —
Karamizatopa oxmcHenHa SO; pgo SOs; mobaBxu AlOz ta K20 —
aKTMBHICTBL 3aniza, [I0 € KaTanisaTopoM CHHTEZY aMiaky.

AKTMBHICTE KATAJIZaTOpIE 3HAYHO BMEHIOYETHCA 3d HaAABHOCTI B
ragoBiit cymimi kamaaimuwHur ompym — JOMIMIOK, AKI MiIHO
2B'A3YIOTECA 3 AKTHMBHMMM [[EHTPaMK KaTaJizaTopa i mepeulIxoisxa-
0T pearnii. IIpurnagom moxyTe OyTH JoMillKM CipKOBOIHIO B 430-
ToBoAHeBiH cymiwi, AKMI € KaTaNTHYHOI OTPYTO B pasi nobysaH-
HA amiaky. 3 oTJIALYy Ha 1ie BMXiJHI Ta3oBi cymimii me 00 KOHTaKTy 3
KaTagisaTopoM cJifl AysKe peTesibHO OYMINATHM Bif UMX WIKigIMBMX
OOMILLOK,
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§ 5. Jlamiporogi peaknii

Hoci My posrasaganm peakunii, B AKMX KOMKEH eJIEMEHTapHMI aKT
B3aemofil BiAOyBaBCcAa Hesase}KHO BiJl peayssTaTiB nonepefgHix ege-
MEHTAPHUX aKTiB. Y TBOpEHHA MaKPOCKOMIYHMX KLIbKOCTeH NMpOAyK-
TY peaknil € peayNsTaTOM BEJMKO] KiJIBKOCTI HE3AMEKHMX OIMH Bif
oxxoro axtie Bzaemopil. Ilpore ayse mowmpeni peakuii, B Akux y
KOXMHOMY €JeMEHTAPHOMY aKTi 0epyTh y4acTh YaCTHMHEM, IO YTBO-
punucas BHACHALIOK TMOMEPeAHBOr0 akTy. ¥ CBOK Yepry NpOAYKTH
ILOTO eJIEMEHTAPHOIO aKTy 3YMOBJIHTE MORIMBICTE HACTYITHOTO
axTy. YTBODEHHA MaKpOCKONIYHMX KIMLKOCTeN mMpoaykTy peakuii €
Pe3yaETATOM HM3KH TOCHIOBHMX EJeMEHTADHMX aKTIB B3aeMomil
Targi peakuil HAZMBAIOTE ACHYI0208UMU. JIO0 HHMX HAJEMKATH pearnii
TOpIHHA, Buﬁ:yxy, JeAKl peakuil OKMCHEHHA OpraHiYHMX CHOJYK,
noJiiMepuaanil.

Jlanigorosi peakuil BigbysatwoTees 3a VUACTH) aKTMBHMX YaCTHHOK —
pagukanis. Paduxaau — ue aromu abo BAJIEHTHO HEHACHYEH] TPYIH
aTOMIB, IO MAKTh IMABMILECHY eHeprito. Beangesuiii BHecok ¥ poa-
pobry Ta excmepuMeHTaneHe OOrDYHTYBaHHA TeOpii JAHIOTOBMX
peakuiit 3pobus pocificexknit yuennit M. M. Cemesnon.

Mukona Mukonaiiosna Cemenos (1896—1986) — po-
cifickiuii gisuk | disuroximik. Haywkosi pocaimsenns
OyaM cnpAMOBaHi HAa BMBYEHHH KiHETMEM XiMiynux pe-
aknii. Bigkpus HoBuil THI ximiyuux npouecis (1927) —
poarafy:ken] Jaxmorosl peawilii, copmymosas ix Teo-
pito (1930-1934) i noie Besmryeany nounipenicts. Poa-
pobue ocHoBn Tenzosoi Teopii nmpofow AlenexTpukis,
Teopilo Tensosoro BHOYXY Ta FOPIHHA Ta30BMX cymiuled
(1940), Ha oCHOBI 9Oro PO3BMHYB YHYEHHA NP0 NOLIMpEH-
HA TONYM A, IeTOHALIW, ropidia BMOYXO0BMX peYOBUH Ta
nopoxy. Moro pocmimxenna a ionisanii mapu meranis i
COJNeN NOKIaAeH0 B OCHOBY CYYACHMX YABJEHR TIpO eJe-
mentapHy Gynoey i muHaMiky xiMiuHHX TepeTsOpeHs
moneky.. Poaspuuys (1955) Teopio Janmorosoro rete-
porenHoro Kataniay. SaificHus ks pocaigsens (1950-

L

M MHHD_-'la 1960) y ramysi roMOreHHOro i reTeporeHHOro KaTamiay,
WRONa OB BHAC//I0OK 4Or0 BiKpuB HOBMI THN katafizy — ioHHO-
Cemenos rereporensmit. Jlaypear Hofeniscsroi npemii (1956).

Tpuxnamom moxe Gyt peakiuis
H, + Cly = 2HCI,

AJA AKOl pajgMKaNBHO-JIAHIOTOBMI MexaHiaM € BurigHimmm, =i
YTBOpEeHHA MOJIEKYJIAPHOTO aKTHBOBAHOIO KOMILTEKCY.

s peakiifi pO3MOYMHAECTHCA BHACJIIOK ONDOMIHIOBAHHA CcyMmiti
BUXianuX pevoeuH yaerpadioneroBum csitnom. Monexyna xmaopy,
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MOTMHAIOYM KBAHT eHepril, nepexoants y 30ymxenuii cTaH, o sHa'-
HO MOCIUIOE KOMMBaHHA aroMie, flkio eHeprid KOJMBaHb IepeBHILYE
eHeprix 3B'A3KY, MOJIEKYJIa POSIIEIITIOETECH HA &TOMM, KOMEH 3 AKNX
MiCTHTb OJMH HecIapeHuii eNeKTPOH, 10 JaJjl [03HaYeHO TOYKO:

Cly + hu = 2CI".

Peakuis posnouMHaeTheA 3 PO3IMENJEHHA came MOJEeKyJa XJIopy, &

He BOJHIO, TOMY LU0 EHEprisi 3B'AsKy aTOMIB XJIOPy 3HAYHO MeHIUA i

eranoBuTh 243 k]l /Moas, Toni Ak soaHio — 436 kllx/moub.
AgTusHi gactuakyn Cl' MIBHAKO pearyioTb 3 MOJEKYJaMu BOJHIO

CI'+H,=HCl+H'

3 YTBOpDEHHAM HOBMX paaMKaliB H*, ski, B cBol 4epry, B3aEMOIIIOTh
3 MOJEKyJIaMK XJA0py:

H" + Cl; = HCI + CI".

OTyKe, B peayabTaTi B3a€Mmoiil paaMkana 3 MONERYJIOK PajHKaIn
HEe 3HMKAKTh, YTBOPIOIOTECA HOBA MOJeEKyJa i HoBMi pagukan. Iue-
N0 TAaKMX [OCJIAOBHMX IlepeTsopeHs (faHoK) Moxke gmocsraryu Da-
raTeoX THeAdw (y pO3TAAHYTIH peawuil UMCAO JI@HOK JIOCATaE
100 000), Tobro mnosBa B peakyifiHiil cucTeMi OOHOIO pajMKana
CHIPUYMHIOE YTBOPEHHA BaraThOX THMCAY MOJEKYJ NPOAYKTIB peakuil.
Vei neperBopeHHA 3a yHacTIO PaJMKaiB MalTh BMCOKY HMIBUAKICTE.
Jlampor moxe obipeaTuck y pasi 3iTKHEHHS JABOX pajHKaiB!

CI' + CI' = Cly;
H' + [‘I‘r = Hz'.
H® + CI' = HCL

Ilpore, mo-nepue, iMOBipHicTh 3iTKHEHHA ABOX paiMKalis € He-
aHAYHOI, JOKHM YMCIO0 MOJeKyJ] y peakuifiniit cueremi mabaraTo re-
PeBHIIYE 9MCA0 PajMKais; 10-Apyre, paaMkani MOMKYTb CHOJdY<M-
THCE TIIBKM TOAI, KOJM B 3iTKuenxi Hepe yHacTe Tpere TiMO (CTIHKA
rocyauun abo mMoJekyJa), AKOMY pPajMKaau BINAKOTh HAAJIMUIIKOBY
eHeprio,

PoarasuyTra peakuia € [pUKIagOM pEakiil 3 Hepo3zaayicenum
AQHYNW020M, OCKLIEKM BHACNIOK €JeMEeHTAPHOr0 aKTy NepeTBOPEHHA
3 OIHOr0 PajiMKaja YTBOPIOETbCH TAKOMC ONMH pagukan. Bizomi pe-
akiii 3 poszaayacenumu sauywozamu. Taki pearuil BKIIOHYAIOTH
eradii, B AKMX 4Meao paauxanis abinburyeTbes. IIpuxnagoM MOHE
fyTH peakiif yTBOPeHHA BOJY 3 BOAHIO I KMCHIO.
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.Hin. Jac Harpisa#HA ab0 NpPONYCKaHHA eJeKTPUYHOIO pO3pA.Y
Kpldb CyMILI BOAHIO 3 KMCHEM B1ABYBAETbCA B3aEMOMIA UMX MOJEKYJ
3 YTBOPEHHAM ABOX TiZIPOKCHMIBHHMX paguKaiiB (NMo9aTok JaHiora):

Hy + 0 —% 5 HO" + HO".
Pagukan HO' gani pearye a MonekyJIow BOIHIO:
HO' + H, = H,O + H,

IO 3yMOBJIIOE YTBOPEHHA MOJEKYAM BOAM Ta BIIBHOTO aToMa BOJHIO.
Ocrannit pearye 3 Moaekynoio Os 3 yTBOpeHHAM ABOX HOBMX aK-
THBHUX YaCTUHOK!

H' + 0, = HO" + 0",

Amn; KUCHIO pearye 3 MoJsekyusoio Hy i sHoBy yTBOpioe gBi HOBI ak-
TUBHI YaCTUHKN:

0"+ H, = HO" + H".

JlaHirorosi [IePETBOPEHHA 3YMOBJIKKTE WIBUAKE 30LABINEHHA 9McIa
ARTUBHMX YacTuHOK. OgHodacHo HayTe npouecn ofpuBaHHA JaHi0-
TiB. fxmo meuaricTs POSMHOMKEHHA PajWKalis NepeBHILYE IIBM/-
KicTb 00pMBaHHA JaHUIONB, WBMAKICT peakii piako spocrae, Big-
6y§athca Bubyx. 3mina THCKY, 0B6'eMy cucTemyu, TEMnepa:rypn.
CTIBBIAHOIECHHA peareHTiB BIIMBAE Ha 9MCJO PagMKaJis, oTHe, i Ha
WBHAKICTh JaHUIOIOB0T peakil.

T-Inp.no PagMKATIB y cucTeMl MOXKHA DeryJioBaTH BBEJIEHHAM vy
pearuifiny cueremy creniaJbHUX PEeYOBMH, AKI 3B'A3YIOTh pajguKa-
a4, aﬁt}lammnm YMOB (TMCKY, TeMIepaTypH) 4y IBMAKOCTI 1ogadi
pearemTis. OTike, BMBYEHHA 3aKOHOMIpHOCTENH nepebiry JaHIOrOBMX
Peakwiit na€ amory eheKTHBHO PeryaioBaTH ix WIBMAKICTE, [pOBO-
AUTH 1X ¥ HANPAMKY YTBOPEHHA 3aJaHMX [IPOJYKTIB.

§ 6. OcobauBocTti kKineTurn pearmiit
¥ rereporeHHMX cucremax

lereporenni peakuii MamTe BeJMKe 3HAYCHHA B TexHim. Jo uux
Hane:raTh, 30Kpema, peakuii ropimEa TBepsjoOre masMBa, BMNAIY
cynsigie Metanis, koposii meranis.

I'ETl_E!pDI‘EHHi peakuil Bigbysaloreca Ha nosepxui noainy das. Ilig
mn;_mmcm FeTeporeHHol peakifil posyMilOTe UHMCA0 enemMeHTapHMX
8KTIB B3aEMOJIL Ha OAMHMILI [OBEPXHI 3a OJMHMINLO Yacy.
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l'eteporenni peaxilii 060B'A3K0BO MOB'A3aHi 3 npouecamy nepe-
HeceHHA peuoBuH. Hampuxaam, mij 4ac ropikHs ByTinnA

Cire) + Og(r) = COgir}

oxeng Byraemo(IV), Sxuil yTBOPIOETHCA BHACJIA0K pearuii, morpid-
HO MOCTIiiHO BMEAJATKH 3 MoBepxHI Byrinna i sabeamedyBaTw Haz-
XOPKOHHA HOBMX MOPUI KMCHIO 0 Hel.

OT:xe, reTeporesdta peaxiii BKIOYa€ TPU cragii: 1) migeeneHHA
razoBoro ab0 PO3UMHEHOIO peareHTy A0 NOBEPXHI MoAlmy dag;
2) ximiuxa peaxuis Ha noBepxui, 3) BiABeJEHHA NPOAYKTY peakuii
Bif, MMOBEPXHI.

Koskna 3 umx CTajifl Moxe niMiTyBaTH MBMAKICTE YCBOIO [poue-
cy. Kpim Toro, weuakicTs apyroi craiil, AKu0 BOHA eigfyBaeThed
Ha MOBEPXHi TBEPAOi PevOBMHM, BANEHNTh Bill CTaHy noBepxHi (Ha-
ABHOCTI MOp, Po3Mipip KPMCTAJIB, HAABHOCTI JOMILIOK TOLIO). fAxo
MPOAYKTM Peakiii WBMAKO BiABOAMTH Bifl MOBEPXHi MOZAiNY, TO BOHA
BeCh YaC OHOBJIOBATUMETHCA (AK, HANPMKJIAL, ¥ peakuil ropinss By-
riansa), iHakIle Mis peareHtaMy YTBOPHOBATHMETBCA LIAPR 3 PO~
noyxrie peaxuii. Hanpuknag, yHacmaox B3acMOail amoMidio 3 Kuc-
HEM Ha MOBEpPXHI AMOMiHII0 YTBOPIOETHCA UIAP HEJETKOrO OKCHAY
amoMiniio. ¥ Mipy afinbuieHHA TOBUIMHM MIAPY OKCUAY AMOMIHIK
MiAxig HOBMX MOPUiM KMCHIO A0 METaNiYHOro AMIOMIHIO YTRYIHI-
€ThCA, BHACHIAOK HOTO NIBMAKICTE peaxuii 3HAYHO 3MEHIIYEThCA.

OTse, UIBMAKICTL reTEPOTEHHMX peakiiil sasexuTs Big Olnbioro
yMeNa UMHHMKIB, Hi TOMOTeHHMX peakuiii. OCKiNbkM Taki peaxiil
MoB'fizaHi 3 nponecamy MepPeHeCceHHA PeH0BMH, 1X WBMAKICTbL HacTo
3a/Ie:KUTh Bif MIBMAKOCTI nepemiuryBanua. B wafinpocrinmx punan-
Kax WBMOKICTD peaxuii mponopuifiHa KOHLeHTpauii rasonomibHOro
ab0 pO3YMHEHOr0 PeareHTy, T0OTO CHPaBIKYETHCA 3aKOH Al Mac.

BanesKHiCTh LMIBMAKOCTI TeTePOreHHoi peakuii Bij TeMneparypu
3araJioM TAKOM CKJaAHA, aJIe HajidacTille 3 MifBMIEHHAM TeMmiepa-
TYpM LIBMAKICTL peaxiii 3pocTac.

OTsxe, WBKMAKICTE FeTEPOreHHMX PeaKuiit sanesmuTs Big GaraTbox
YMHHMKIB, | B KOMHOMY KOHKPETHOMY BMIAAKY CHiZ ypaxoByBaTu
BHECOK KOXHHOTO 3 HMX.

Poamin 11
XIMIYHA PIBHOBATA

IMiuHi nponecr BiAOYBAIOTHCA MMMOBINBHO 3a yMOBM, W10

BulbHa enepria [i66ca B pasi nepebiry uboro mponecy

aMexutyetbed, Tobro AG < 0. Konu ewranwmoiitnuit i en-

- Irponu‘&Hni& YMHHUKY AIOTh Y3roAMKeHO, CIPAMOBYIOHYN pe-

aKwiio B Gik yTBOPEHHA MpPOAYKTIB, i B rpoueci XiMiuHOrO neperso-

pf_‘j-[HH m{aqeumf AG besnepepBHO 3MEHUIVETBCA, TOAI Ha Bimmomig-

Hilt eHepreTuuHii plarpami (ame. pue. 9.6) BigcyTHiit mimimym, Bu-

XIAHI PewOBMHM MOBHICTIO MEPeTBOPIITHCA HA MPOAYKTH peaxuil.
Taka peaxiina € HeoGOPOTHOW0, ab0 OAHOBIHHOW.

IIpuknamamu Taxux peakuiit, AK ye 3a3HavanocH, MOMXKYTE Oy-

TH OPOLECH POSKIALY XJIOpaTy Kaniio:

2KClO3 = 2KCl + 30,
ado pO3YMHEHHA Mifli B KOHUEHTPOBAHIN a30THIN KueaoTi
Cu + 4HN03 = CLII:NO;;}Q T 2N02 oz 2H20

¥ TAKMX DEAKINAX 3a JKOJHUX YMOB NPOAYKTM DEaKI[il HE MOMYThb
MMMOBINBHO MEPETBOPUTHCA HA BUXIAHI PEHOBMHIL

HR]:.BO K eHTAJBIIAHMIA Ta eHTPOmiiHMi YMHEHUKK CHIPAMOBYIOTEH
Pearuiio B MpoTIIEH! OOKM, TO MK BMXIZHMMM DEYOBMHAMM i Mpo-
AyKTaMu peakuii icHye wmidimaneHe sHayenHs eneprii [i66ca (aue.
puc. 9.5). Buxinwi pewopmmu pearyworh Mk co00K0 3 yTBOpEHHAM
OpOAyKTIB AOTH, NOKKM HE YTBOPUTBCA TaKa CYyMiml BMXiAHMX PeqOBMH
| NPOLYKTIE peakiil, Akiil pignoBigaTuMe ue miHiManbHe zHadeHHA G.
Axmio MPOAYKTH peakiil Tako: MOMYTH pearyBaTu mixk cobow a
YTBOPEHHAM BMXIIHUX PeHOBMH, TO 3HAYEHHA BiNbHOI eHeprii amen-
LIyIOTBCA 10 TOr0 camoro Midimymy. Orie, peaxiia € ABodivHOI0, BO-
H.a MOH.{E BLOOYBATHCA B JIBOX ITPOTMIEHHMX Ha NpAMKax. ¥ TOYM, W0
BIANOBIAAE MiHiMymy eHeprii (AG = 0), BeTaHOBJIOETBCA XiMiYHA
PIBHOBAra Mix< BMXiAHMMM PeuOBMHaMM i mpogyxramu peaxuii. Bimb-
WNCTs XIMIYHMX peakuid € oboporuumy, abo asobiunmmiL
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PoarnaneMo Npolec YCTAHOBICHHA XiMIYHOI pIBHOBarm 3 noraaay
ximiuzoi kiHeTHki Ha npuxnazl oboporHoi peakuil yTBOpeHHA 1010~
BOJHI:

Hy + 1, 2 2HI

[IpaMa Ta 3BOPOTHA peaKmil XapaKTepPU3YHOTLCA NEeBHUMM IUBHIKO-
cTaMi. 3rigHo i3 3aKoHOM Al Mac WBMAKOCTI NPAMOI v 1 3BOPOTHOL
v peaxuiit BMpaxanTh PIBHAHHAMMN

UJ. - FC] CH2C]_! :

2 2
vy — k2CHI'

Axmo s3atu cymim Hy Ta Iy, B axifi HI

BIZICYTHIN, TO B IOYATKOBMH MOMEHT 4a-

cy v => Vg, OCKIIEKM LIBMIKICTE NpA-

moi pearuil € BigHOCHO BHMCOKOK, &

miBMaKicTs 3popoTHOl peakuii zopiBHIOE

by uymo. B mipy nepebiry npamoi peakuii

v =v BOIEHE TA 1107 BHUTPA4AKOThCA, B CWC-

Temi 3pocTac KOHUIEHTpauisa HI. Buac-

Mi0K MBOTO IIBMAKICTE NpaAMol peakuil

3 4acoM aMEHIIYETHCA, PO3MOYMHAETHCH

3BOPOTHA pearuid, IWBUARICTE AKOL no-
cTynoso apocrac (puc. 11.1).

Koau meuaxkocTi npamol i 3B0pOTHO]
peaxiiiii CTaKOTh OJHAKOBMMI, B CHCTEMI
BCTAHOBJIETRCA XiMi4Ha piBHOBara. AHa-
noriuHMMM MipKRYBAHHAMM MOMKH& KIATH
BHCHOBRY, 10 WIBMAKOCTI npAmoi i 3BOpoTHO] peakuili 3 4acom Ta-
KO apieHannca 0, Axbu B wift cucTemi MOYaTKOBl CIHIBBIHOLIEHHA
BUXigHMX pevoBuH | NpOAYKTY peakuil Oyam 30BCiM IHINUMIL, Ha-
OpUKJIAL KoM peakuifina cymim cknaganaca O Tiaekn 3 HI, a Hy i
Iy Gynm BigcyTHIMM.

Ximiugy pisHoBary HasusawTh Junamiunoio. llum niaxpecnio-
HOTh, 110 X0uYa B CHCTeMi KOHLEHTpauUil pPedyoBUH HE 3MIHIOKTBCA, i
npAMa, | 3BOpoTHa peakuii BigDyBalOTECA 3 OAHAKOBMMM LUBMIKO-
CTAMI.

I

-~ W

Pree.11.1. 3mina mwsKaAKoCTEH
npAMOi i 3BOPOTHOL peaxiifn a
qacoMm

§ 1. Koncranra pisHOBarn

KoHCTaHTa DIBHOBAIM € KiNbKICHOW XapakTepucTHKOO 000POTHOI
peakuii. Bupaa nnA KOHCTAHTHM piBHOBArM MOMKHA BMBECTM, BUXOLA-
4y 3 TOro, 10 B CTaHi piBHOBary MIBMAKOCTI NMpAMOI i 3BOPOTHOI pe-
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aruiit opHawoei: vy = vo. OCKINBEKM 3TinHO i3 3aKOHOM aii mac, Ha-

NpUKNaz AN peakuii BOAHIO 3 jogom, vy = ky[HoJ[Io] i vy = ko[HI)?
TO 38 YMOBM piBHOBaru 1

ky[HallTa) = ko[ HI)?

(koHHenTpanii pewoBuH y cTaHi pisHOBaruM 3asBuuai JAMMCYIOTE ¥
KBagpaTHux nyxkax). Ilepewecemo crani semwummn (kKoHcTanTw
WBMAKOCT) ¥ JIiBY YACTMHY PIiBHAHHA, 3 3HAYEHHA DiBHOBAMKHMX
KOHLeHTpauiit — y npasy:

k, _ [HI*

ky  [Hylllo]

KoncranTu mwsmaxoeri peakuift sa cranoi Temnepatypu me sa-
JIe}KAThH Bl KOHUEHTpauid pearedTis, oTie i IX BigHomeHHus, aAxe
HASHMBAKTE KONCTMARMONW PIEHO8AZU, TAKOM € CTAJIOK BEJIMYMHON:

k 2
b oo = (M1

ke, [Ho)I,]

3BijcH MoskHa gifiTu BICHOBKY, IO 2a cTanol TemoepaTypu sigHo-
[LIEHHA ,qczﬁy'ruy KOHUEHTpauii npoaykrTis peakuil mo godyTky KoH-
UBHTPALIN BUXIOHWMX DEYOBMH Yy CTEMeHAX, W0 JOPIBHIOWTL CTexio-
MEeTPUYHUM KOeILiCHTaM, € CTaN0w BeNMYMHOI — KOHCTAHTOIO
piBHOBArM. KoncrauTu pisnoearu, eupaskeni yepes pisxoBaskHi KOH-
HeHTpauil, nosHavaioTe Ke.

Koncraury pisHoarn romorensoi obopoTHoi pearuii

eA tbB+. 2 pP +q@ + ..
00MMCTIIIOTE 38 PIBHAHHAM

Ko = [P_]p[,Ql_q'“ (11.1)
[A]B]".. '
dna peaxuiﬁ, Axl BigdysaoTeca B rasosiit dasi, y supasi kon-
CTaHTH PIBHOBATY 3aMICTh PIBHOBAXMHMX KOHUEHTDALIMA DEYOBMH 3a-
SHAYATe NPONOPUIMH] IM napuiansHi Tucku. KoneTanTu pisxosarn
¥ ueomy pasi nozHavawTs Kp. Tak, ana peakuii

Ng +3H2 = 2NH3
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[NH;)*

Kp = P;Ha
[Ny JH,

e Fu P2,

OcKizbEyM KOHUeHTpamii razonofibHux pedyosuH Ta IXHl naplianieHi
THCKM ponopuiiiEl onge oguomy (P; = C;RT), To ROHCTAHTH Kci Kp
TAKOM € NPOMOPUIHUMKM BeJIMIHHAMML.

Criz 3asHa™/TH, 10 NOKA3HMEN CTENEeHIR KOHLEeHTPalii peuoBMH
y BMpasaX KOHCTAHT PIBHOBATM BIANOBIZAIOThH CTEXIOMETPUUHMM KO-
edigienraM, a ix cyma moe TepeBMILyBaTH 2 abo 3. Harapaemo,
o Ha BimMiHy Bij ULOTO B KiHETMYHMX PIBHAHHAX HIBMAKOCTEN pe-
arifi cymapHMit TOPAAOK 3a3BMH4all piaHHTECA 31 3HAYEHHAMH KO-
edinienrie i He nepermmye 2. Tary RiZMIHHICTE ¥ 3aCTOCYBaHHI 3a-
KoMy Ail Mac y kiHerTmmi Ta XiMiuHif piBHOBa3i MoKHa MOACHUTH
Tum, 110 GiabuiicTe peakmid BigbyBacTheA 3a cragiammu. B HoMHIA
crafii peakuii Gepe yuacrbh He Gisbule, Hi aei vacrnaku. [IIBug-
KicTe pearull BM3HAYACTRCA HalinOBINBHINIOW CTAAIC0, MONeKyIap-
gicTh AKol He mepeBumye 2, ToMy, BiAmoBiAHO, ¥ Y Bupasi WBMI-
rocti peakuii cymapumit ii mopagok 3asBuvali He nepesMIlye 2. Ha
BiMiHy Bim 1BOTO, Bel crafii faraTocraniiigo]l peakuii YMHATE OOHA-
KoBmii BOJIMB Ha CTAH piBHOBarM CymapHOI peakiil, i 3arajbHa KO-
cTaHTa PiBHOBArM AOPIBHIOE HOOYTKY KOHCTAHT PIBHOBarx yeix crTa-
mift. Buacniok LBOT0 MOKA3HMKW CTENEHIB KOHLIeHTpalilt peyoBMH y
BMpasi sarajJbHOl KOHCTAHTH PIBHOBATHM € CYMOIO OOKasHMKIB crene-
HIB KOHUEHTpanifi pevyoBMH yCiX CTYMIHYACTMX KOHCTAHT i BOHM
3PIBHIOITECA 31 cTexiOMeTpuYHMMMN koedinienramit Tounime poee-
AeHHS X TTOJN0MeHb HABOOMTLCA B Kypel thisnanol ximil.

Y Bupas KoOHCTaHT piBHOBarM reTepOTeHHMX Ppeakuii BXOAATH
TinbKM KoHueHTpauii rasonogibuMx abo po3uYMHEHNX pPEYOBMH, «Kon-
peHTpagii» TEEPAMX PevoBMH, TOHTO UMCIO iX MOJIB B OZMHMI ob'e-
My KOMHOI TBepAoi PevOBMHM, € BeJMYMHAMM CTAIMMM, TOMY i
CTalli MHOMKHMKM BKJIOUAIOTh ¥ 3HAYEHHA KOHCTAHTM pIBHOBaru.

flx mpuKJa PO3TIAHEMO PIBHOBAMKHMII NTpoLec

FeO + CO 2 Fe + COy.

Y wiii cueremi € aei teepai dasn (FeO i Fe), skl nepebysaiors y
CcTaHi piBHOBArK 3 Ta30BOK hazsow, AKa CHIAJNAETECH iz cymimi geox
rasig (CO i COy).

3anuuiemMo BUPas KOHCTAHTHM PIBHOBArM y BUTJAZL, aHaJoriMHOMY
OJIA TOMOTEeHHMX Peakrmil:

. [Fe]lCO,]
€ [FeOJCO]
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ﬂuanaqumo cTadi KoHueHtTpanii Teepaux pedoeuH Fe | FeO pigno-
BiHO const; i consty. Toxi BMpas KoHcTaHTM piBHOBaru Habyjne Bu-
rIALY

. _ const,[CO,
const,[CO]

AKmo cTaMl BEAMYMHM [EPEeHecTH B JiBy YACTHMHY PiBHAHHA, AicTa-
HEMO Bupas3

Kcconst, _ [CO,]

const, [cO]
; Klconst, 3
BigHomenna —S——= ¢ cTajanM, foro nosHa4ainTsh Ke, Tomy
const,

CO

Ke = (€O, ]
[CO]

Ananoriuso sammiemo Kp:

KP = _FE!.E.

Peo

3rigHo 3 MMM BUpazaMM y pasl 3MiHM KOHUeHTpaull (mapuiaibHOro
THCKY) OZHOTO 3 rasiB piBHOBaXHa KOHUEHTpauia (MapuiaibHui
THCK) iHWIOrO aMIHKETBECA Tak, [0 IX BigHOWeEHHA 3aJMIIAECTHCH
cranum. Kosnesrpanii TBepamx pedyoBMH 3MIHMTH HE MOXKHa, @ aMi-
Ha iX KiNLKOCTI He BMAMBAE Ha CTaH piBHOBarM, TobTo Ha KOHIEH-
Tpauil IHILMX pedoBHH.

3a 3Ha4eHHAM KOHMCTaHTH PIBHOBATM MOMKHA BUBHAYMTH CTYNIHb
MOBHOTH [epebiry pearuii. Hanpuraap, AKIIO KOHCTAHTA MAE BEJH-
Ke 3HaueHHA, Ile 03Hayae, 0 PIBHOBaHI KOHIeHTpalil MponykTis
nabaraTo Ginbwi 3a KoHOEHTPauii BMXiZHMX peyoBmH, ToBTO CTYHIHDb
nepeTBOPEHHA BMXIZHMX PEYOBMH Ha MNPOZYKTH peakllil Takok €
geanknM. Binnosinnl kinbricH] pospaXyHKM JaiTh 3MOTY BUM3HAYMTH
pieHOBasiHI KoHreHTpauii Ta obuMeanTH BUXid NPOLYKTIB.

Ilig uac 3'acysanHs disuuHoro amicty isobapHo-izorepmiuHoro
noreuniany 6yno BUABMEHO, IO CTYHiHb [epeTBOPEHHA BUXIZHMX
pedoByH Ha MPOAYKTM peakuii Takom sanemurh Big 3Hadennsa AG
peaxnii: yum Binsite Big'emse suaveHHs ma€ AG, TUM MOBHILIMM €
HepeTBOpPeEHs. BCTaHOBNEHO BAajKIMBMIA 3B A30K MK 3Ha4eHHAM
izoBapHo-izoTepmiyboro moTeHUiany 3a CTAHLADTHMX YMORB AGY ta
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KOHcTaHTOK pisHoBaru (Ke Aana peaxuiif y posunsax i Kp nua pe-
aKuii y razosii dasi):

- AG" = RTInK. (11.2)

Omke, AKINO AJA saJaHo]l peakuil 3a TepMOAMHaMIYHMMM IaHMMH
N5 pedoBuH, skl GepyTh ywacThk y peakiil, MOXKHa BM3HAYMTH 3Ha-
yenna AHp i ASp, To moxkua BusHaumuTu Taxomx AGg sa dopMynon
I'i66ca, koHcTawTy piBHOBary 3a pieHAHHAM (11.2) 1 Buxin npoaykTis
peaxiil.

§ 2. 3mimennaa ximiveol piBEOBarm.
Npurun Jle IlaTenne

Y crani xiMiunol piBHOBaru LIBMAKOCTI [IPAMOI Ta 3BOPOTHOL pe-
aKyifl ogHaKoBl. 3MiHM KOHIEHTpall#l pevoBHH, THCKY, TEMIepaTypH
CIPMUMHIOKTE 3MiHy IUBMAKOCTEH peaxliii i, oTiKe, MOMYTbH BHBe-
cTH cucTeMY 3i crany pisHoBaru. Hanpsamox aminjenna piBHoparu B
pasl sMiHK HapaMeTpiB cTaHy CHCTEMM BH3Ha4YalOTh 3a NDPUHYUNOM
Jie Illameane:

AKINO 3MIHMTH OJHY 3 YMOB, 3a AKMX cucreMa nepebysae y
¢TaHi piBHOBArM, To BiDYBACThLCH Take 3MilleHHs piBHOBarmy,
fAxe 3MeHInye (mocaabaioe) Lo 3Miny.

Ampi Jyi Jle Marease (1850-1936) — dpannyasxi
tiayroxivix 1 meranosHasens. Poapobus opuriHals-
HMHA cnoclh BMaHAYeHHA TenNoeMHOcTell rasle 3a BHCO-
knx temneparyp. CopMyniopas sarallbHMHA TPMHLMI
aMilledHs ximiugol pienosary (1884, npuritun Jle Illa-
tense). Breuas ximiuni nponecy B meramypril. Jochig-
IMYBAR TEMNEPATYPHMH PeXtiM npolecy KpHeTanisanil
cycTeM 3 OBOX METAJIE Tad 3 JBOX cOJeH, MITBEpIMEB
SHANOTII0 MiX poswiHaMM 1 cnmasami CrOHCTDYMOBAR
repMoenekTpUuHyi mipomerp (1886-1888), meranoc-
rpadpigemi Mikpockon (1897), eupaliinos nuaTHHO-pe-
Ziesy TepMonapy Toulo. BuBie TepMopuHamiuze piB-
HAHHA 3aJIeMHOCT] POZYMHHOCTL PeMOBMHM Bij TeMe-
paTypy NMPponecy pPo3YMHEeHHS Ta TendoTH i nmasied-

Anpi Jyi kA (1894). Hesanexxno sin <. Tabepa (1868-1934)
JNe Iatense puspobuB yMOBM cHETesy amiaky (1801).

PoarnaneMo npukNafy BU3HaYeHHA HanpAMKY SMILEHHA piBHO-
pary 3a npusHiunoM Jle Hlarense,

Brnaue konuenrTpauii pewosmn. fIkmo B cucremi, wo nepefyepae
y cTaHl piBHOBarM 1 cKJIafacThCsd, HANIpUKIan, 3 rasonofibuux soj-
HIO, fioay Ta HoposomHw (He + I 2 2HI), sbinemumru KoHUEHTpAIIio

SMILEHHA XIMIYHO! PIBHOBATH. IPMHIIMI JE [IATEILE 315

BOJHIO, TO pisHoBsara, srigno 3 npunuunoM Jle Hlatense mae amicTm-
THcA Tak, oG nocnaluTH 3pocTaHHE KOHUEHTPpauii BoaMiwo. [Ins
L[LOT0 YACTMHA BOJHIO Mac 3B A3aTHCA 3 f0of0M i NepeTBOPUTHCA Ha
ftiomosozens. RoMuenrpania npoayxty peakuii aspocre, TofTo 3
MiJBMIEHHAM KOHLEHTpAaLil BMXIZHOI ped4oBMHM pPIBHOBAra aMity-
€TheA B OiK yTBOpeHHS npoOyHETY peakiiil

[Mpunuun Jle Ilarense gae 3mory IUBMAOKO | TTPOCTO BM3HAYMTH
HampAMOK 3MIiMIeHHA pisHoBarM, oJHak BiH € dopmanehmm. CyTh
ABMILE MOMHA 3'ACYBATH, POITMAHYBLUIM 3MiHM IIBUAKOCTEH npsaMoi
Ta 3BopoTHOI peaxniin. Tak, y posrisHyToMY BHIOE NpHMKIALl migBu-
HeHHA KOHIEHTPalii BOIHIO CTIPHMUHIOE 3pOCTAHHA [IBMIKOCTL nps-
moi peakuii, Aka nporopuifiHa KoHUeHTpaliaM BogHio Ta fogy. fAx-
110 IMBMAKICTE NPAMO] peakiiii nepeBHIlye [MBUIKICTE 3BOPOTHAI, e
3yMOBJIIOE 3MEHIIeHHA KOHUEeHTpauil BMXIZHWMX peqoBMH (3MeHLIy-
e€ThCA 3POCTAHHA KOHLEHTpanil BoOHI) Ta 30iMbIIeHHA KOHLEHTpAa-
uii npoayrry peakuii — Hogosoxuro. OTixe, 1 poaraay mBMaKOCTEH
peakiiit nigTeepaye, U pisnoBara aMiutyerbea y Oik yTrBopeHHA
nponykTy peakuil. Bracoigok 3MIHM koHueHTpauiil pedoBuH y Hape-
OEHOMY MOpHMKJIAL] IUBMAKICTE NPAMOI peakuii nmocTymoBo 3MeH-
IIYEThCA, a 3B0POTHO] — aDLIBIIYETLCA IOTH, JOKH BOHM GHOBY He
CTEHYTHL OJHAKOBMMIM.

Cnipg 3asHauMTH, 10 BUKOPMCTAHHA KIHETHYHOTO METOJy A
3'ACYBAHHA HANPAMKY IMILIEHHA pIBHOBArM YCKJIAIHIOETBCA THM,
0 NOpAZKM npAMol | 3BOPOTHOI peakujii BiZHOCHO KOHUEHTPAalii
pearentie He abiraloTeedA 31 cTexioMeTpruHMMM KoedinienTam, dac-
TO BIACYTHA OojaTKoBa iHcpopmaunis npo nopAgku peakui, Tomy
nnA DaraTeoX peakiiii BMCHOBOK Mpo HAMpAMOK SMIIeHHA piBHO-
paru npocrtitre spobuti 3a npuanunom Jle Hlarense.

I'mubnaa amimenHA piBHOBarM BHM3HAYAETHCA KOHCTAHTOW PiBHO-
Bary, SHAYEHHA AKO] He 3aJIeMMTL Bl KoHHeHTpanii. ¥ paal migem-
IMeHHA KOHOeHTpauil BOAHK BHACHIOOK SMIIMEHHA pPIBHOBATHM KOH-
LIeHTpalid HOZOBONHK) 3POCTAE, & MOy — B3MEHIIYEThCH TaK, 10
BigHOIIEHHA MofyTKY KOHUEHTpAaLii npogykris peaxuil no nobyTey
KOHUEHTPAaNUi BHXIgHUX peHoBMH 3aJMIIa€ThCH CTAJMM.

Ananoriuammu mipkysaHHAMK (i3 3acTocyBaHHAM npuHUuny Jle
Tarense abo BAKOHY Jil mac) MOMHA JOBecTH, LI0 3 MiABMILIEHHAM
koxnentpanii flogosogHio piBHOBara mpouecy

Hy + I, 2 2HI

SMIYETECA B OIK YTEOPEHHA BHXIOHMX pedosuH, TobTo BOIHIO Ta Hogy.
Orxe, 31 36inblueHHAM KOHUEHTpalil BuXigHuUX PedOBMH piBHO-
Bara aMimyeThcd B Oixk yTBOpenHs mpoaykTtie peawuil, a 3 nigeBu-
LeHHAM KOHueHTpanil npogyeTis peaknii — B OiK yTBOpeHHA Bu-
XigHux peucenH. fKno # 3MeHIIYBaTHM KOHIEHTpallll ogHiel 3 pe-
YOBMH, piBHOBara sMmimyetbed B GiK yTBopeHHA L€l peyoBuHM.
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Y rereporeHHuxX peaKuiAx sMilleHHs pIBHOBArM B pasi 3minu
KOHIIEHTpAILii rasonoAifnux abo po3uMHEeHHXK pevoBMH BiAOyBa€ThCA
anasoriyno. OckiZbKM KOHUEHTpauil TBepAMX PEYOBMH € CTAaNuMH,
amina iX KiZTbkOCTI He BrmBac Ha craH pieHosary. Tax, pus peakuil

FeO + CO 2 Fe + CO,

aMimenHa piBHoBary BigfyBacThcA B pasi aMinM KOHUEHTPaLli
(napuianenux trckis) CO i COy, a mojaBaHHA TBEPAMX FeO un Fe
HE BIUIMBAE HA CTAH piBHOBAri . .

BB 3araibLHOT0 THCKY B cucTeMi. 3MIHA THMCKY HafICTOTHIINIE
BIJMBAE HA CTaH PIBHOBArM B CHCTEMax, L0 MICTATL ra3obi thazu.
3riguo 3 npuaumnom Jle IllaTense 3 nijBuineHHAM THCKY DIBHOBara
aMitgyeTbea Tak, mwod nocnabuTu MMABMLUEHHA TUCKY. OckimbKu
THCK rasy NponoplLifiEmii 4uciy #0ro MoJeKyJs B ommplsui ob'emy, TO
B pasi migBuiieHHs THCKY piBHOBara amicTuTecs B bik yTBOpeHHA
MEHIIIOr0 YMCJla MOJIEKYJ FasonogifHMX pedoBuH. 3i 3MeHIeHHAM
THCKY, HABMAKH, PIBHOBara 3MICTUTLCA TakK, w06 YMCI0 MOJNEKYJ ra-
ay apocrano. Hanpuknan, y peakuii

N, + 3H, 2 2NHj;

3 HOTHMPBOX MOJEKYJ BMXIAHMX rasonofibHMX peyoBMH YTBOPIOWTH-
ca gpl mMomexyau rasornogibHoro amiary, ToMy B pasi MiaBMIIERHA
TUCKY piBHOBara aMicTUThCH B GlK YTBOPEHHA MEHIIONO 4Mcaa MO-
nekyn, Tobro B Gik yTBOpenHs amiaky B pasi ameHmeHHA THUCRY,
HaBmaky, piBHOBara uiel peakmil amicTurbcs B OIK  YyTBOpeHHA
BHUXIJHHMX pe4OBMH. o

Ao # KiTbKiCTh MONEKYZ rasy, w0 BCTYNAKTE ¥ PEakiln H
YTBOPIKTLCA B PE3YNLTATI peakill, olHaxoBa, TO THCK MPAKTU4YHO
He BIJMBATHME Ha pisHosary B cucremi [Ipuxnagom mome OyTu
B3KE PO3IJIAHYTA PEaKI[idA

Hs + 1, 2 2HI,

B AKifl 3 JBOX MOJIEKYJl BMXLJHMX PE4OBMH YyTBOPHTBCA Bl Mole-
Kynu flofoBoAH:. 3MiHa THCKY B Il cueTemi He NOCHAGnHETHCA
3MIIeHHAM piBHOBAaru. Takufi BUMCHOBOK Y3TOMKYETHCA 13 3aKOHOM
Ail mac, ockiNbKM 3MiHA THMCKY OJHAKOBO BIIMBAE HA WIBMIAKOCTI 1
npamoi, i 3BOPOTHOI peakLi.

Anasorivyemii miaxiz MoM<Ha 3acTOCYBaTHM AJNA 3'ACYBAHHH BIN-
BY THMCKY Ha CTaH piBHOBarM rereporeHHux peakuilt. Hanpuknapn, y
peaxuii

C + COy 2 2CO
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3 kpucramiysoro syraenio C i rasonoxibuoro CO; yTBOpHETBCA ra-
sonoaibumii CO, npudomy 4mMcno rasonogiéuMx momexys 36iabiry-
€TLCA, TOMY 3 MIABMILEHHAM THCKY arigHo 3 npusanmnom Jle Ila-
TeNbE PIBHOBAra 3MILYBATMMeTbCA B OiKk SMEHIIEHHA YmMcaa MoJe-
KYJ rasononibrux pedosus, To6To B Oik yTBOpeHHs BUXIZHMX pedo-
BHH.

Y peaxuii

FeO + CO 2 Fe + COy

YMCJI0 MOJIEKYJ rasonofibHux pedoBMH He 3MIHIOETLCH, TOMY 3MiHA
TUCKY NPAKTUYHO He BIUIMBAE Ha CTaH PiBHOBArM.

3i 3MiHOI THCKY 3MIHIOIOTBCA KOHIEHTpalii Beix rasomogibmmx
Pe40BMH, 110 MicTATBCA B cyucTemi. OckinbKK 3MiHA KOHUEHTpALA He
BINIMBAE HA 3HAYEHHA KOHCTAHTH PIBHOBArM, TO 3HAYEHHA KOHCTAH-
TH piBHOBarM NpakTHYHO He 3afeduTh Bia Tmcky. Cain sasHagmTH,
o [Ie NONOMEHHHA CNpABEIMBE, AKII0 TUCK 3MIHIOETLCA B HE AYiKe
IIMPOKOMY iHTepBani.

Broune rtemnepatypu. 3 MiIBMILEHHAM TEMNepPaTypu 3rilHO 3
npuammnom Jle Ilarense piBaoBara B cnucremi amimyeTscs Tak, 1uob
nocnabuTi 3poCTaHHs TeMmepaTypw, ToGTO NMOCUIIOETHCA npollec,
WO ¥ije 3 NONMHAHHAM TeroTH (eHgoTepmivnuii npouec). Hanpuxk-
Jafl, pisHOBara exzoTepmiynol peaxiii

N + 3H, 2 2NH,, AH <0

3 NiABUIIEHHAM TeMIepaTypM aMmimyeTecsa B Oik yTBOpeHHs BuXin-
HMX pe4oBuH, 60 3BOPOTHA peakuis jige 3 NOrMMHAHHAM TEIJIOTH,
nepebir miel peakyil nocrabmoe nigeuwerHs TemnepaTypu. AHa-
JIOrI4MHI MIPDKYBAaHHA JAl0Th 3MOTY JiHTM BMCHOBKY, {0 piBHOBara
eHioTepmivynoi peaxuii, nanpuknag

C + COy 2 2C0, AH <0,

3 MIBMUIEHHAM TEMIEPaTypu aMillyeThcd B Oik yTBOpeHHA npo-
OYKTY peaklii, a B pasi oxomop#enasa — B OiK yTBOpeHHA BMXigHux
PEeY0BHH.

Crin mam’aTaTi, mo 3 Norasgy XiMigHoi KiHETMKM 3rigHo 3 rpa-
Bitom Banr-Todda

NiJEMINEHHA TEMMEPATYPH NPUCKOPIOE HK NPAMY, Tak i 3BO-
pOTHY peakruil.

IIpore e nmpuckopeHHsA HeoJHaKOBe, OCKIZIBKM eHHOTepMivHA peax-
uia mac Oinbuy enepriio akTusauii, a orxke, | Binbmmit Temnepa-
TypHuit Koediuicur, mi 3BOpoTHa exsoTepmiuHa peakupia (oue.
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pre. 10.1). Binbiue IpHCKOPEHHA eHmoTepMiuHOl peakmii B pasi
OiIBMINEHHA TeMOepaTypy COPMYMHIOE Take 3MILIeHHA PiBHOBArw,
axe sigxnosigae npuauuny Jle IMarense. Ilpu 1bpOMY KOHCTAHTH
WIBMAKOCTI NpAMO] | 3BOPOTHOI peaxllil 3MIHIOOTBECA HEONHAKOBO,
IMIHIOETBCH TAKOM iX BIAHOWIEHHA, TOBTO KOHCTAHTA PIBHOBAariy.
Omoxe, 3HAUEHHA KOHCTAHTM DiBHOBary xiMiyeol peakriil 3aJeHMTbL
Blj TEMIEpaTypPH.

Brname TemnepaTypy Ha CTaH pIBHOBarM MOXHA TOACHUTH 34
pisuanuam [i66ca: AG = AH — TAS. ¥ crani pisHOBarm AG = 0,
robto AH = TAS. Hanpmkaan, nna esgorepMignoro mponecy AH >
0, Tomy i AS > 0, ToBro peaxiia BinBysaeTbCA 3i 3POCTAHHAM €H-
tponil, 3 OiABMINEHHAM TeMIEPaTypPH BHECOK Bia'emroro wiera —TAS
y sHavenua eseprii [i66ca AG spocrae, 3HaYeHHA AG craloTh
Bij' eMHMMM, pearuin ije B Hik YyTBOPEHHA MPOAYKTIB peaxuil.

3riggo 3 pisaArHAM (11.2) Ginbuwmm BIA'€MHMM 3HAYCHHAM AG
BinnosizaioTs Hinmbnr 3HaYeHHA KOHCTAHT PIBHOBArW, M0 TAKOA mig-
TBEpMXKYE 3Mim(eHHA piBrosaryu B ik yTBOpeHHA opoaykTie peakuil.
Ananoriuso 3a pisaasHaM [i66ca ANA ex3oTepMiuHOi peakiil MOX-
Ha miftTHM BMCHOBKY, 110 3 MiABMIIEHHAM TeMOEpaTypH 3HAYUEHHA AG
CTAIOTE DLIBWIMMM, & KOHCTAHTYM piBHOBarM HaOyBalOTh MEHUIMX 3Ha-
yeHs, TOOTO piBHOBara aMimyeTbcs B Oik YyTBOpEHHA BUXigHMX pe-
yopmH, PospaxyHku sa pisHsseamu [i6bea i (11.2) naroTs 3mory
KiTBbKICHO cXapaxTepuayBaTH NMOMHY 3MimieHHA piBHOBarm, TabTo
BM3HAYMTH, AK 3MIHIOIOTHCA PIBHOBaXKHI KOHLEHTpaIli PeuoBHH.

Brnoume kartanmizaTopis. KatanisaTopyu BeAMEOK Mipol0 MOMYTb
BILIMBATH Ha LIBMKOCT] peawruiit. Aje, 3MEHIIYIO4YM BHCOTY OO-
TenuiaMsHOrO Gap'epa, BOHM OJHAKOBO 3HMMYIOTH eHEpril arTmBalii
AK OpAMO], TaK i 3BOPOTHOI peaxi(iit 1 OJHaKOBO MPHMCKOPIIOTEH il
peaknii, TOMY BBEJIEHHA KaTallizaTOpiB HE BILJIMBAE Ha CTaH pieHO-
pary. 1leii BMCHOBOK LIIJIKOM Y3rOjRKYyeTmca i3 3axoHOM 3DepereHHA
emepril. Jificro, Temnosmit edexTt peakuii AH He B3alemuTs> B
unaxy ii nepebiry. AHAJOriMHOrO BHMCHOBKY MOKHA AIATH JNA Ta-
KMX TepMOIMHAMIYHMX (DyHKUiH, AK aMiHa enTpomil AS Ta amiHa
exeprii liGbca AG, ToMy 1 3HA4YEHHA KOHCTAHTH piBHOBarm, Axa
nop’s3ana 3i 3MiHOI BiNBHOI eHepril piBHanHAM (11.2), He 3aneXHUThb
BiZl TOro, un Depe y4acT» KaTalisaTop y MPOMIXHMX CTagifx pe-
aKill.

A

Poanin 12
$PA30BI PIBHOBAT'I B
OJHOKOMIIOHEHTHUX CUMCTEMAX

imiuma piBgoaara MO¥KE BCTAHOBJIOBATHCA AK ¥V TrOMOreH-
HMX, TaKk 1 B TeTePOreHHMX CHCTEMAX. l'onoBrOW YMOBOIO
BCTAHOBJIEHHA DIBHOBarm B 000X Bumajkax € piBHicTs
WBKMAKOCTEN OpAMol i 3BopoTtHOl peakuiil. Tereporenna
CHCTEMA CKIANAETBCA 3 KiJIBKOX Da3, KOMHA 3 AKMX € FOMOreHHOoI0
HYACTHHOK CHCTEMM, OAHAKOBOIO 3a CKJIAJ0M, (Di3MYHMMM Ta XiMiuHM-
MM BJIACTHBOCTAMA. B rereporensux cmeremax mosnce peamizysaTmces
TaKOX IHWMIA BuA AuHamivyHOl piBHOBarm, Koo XiMiyna peakuis He
Bmﬁynae'rbqﬂ B3araJi, ajie 3 OOHAKOBMMM WIBMIKOCTAMM HayTe nBa
[pOTHAEHH] Opolecn: Nepexi geaxol pedoBMHM 3 opmiei gasu B
HUTY 1 380POTHWA mepexin iiei pedosuHu 3 apyroi ¢asm B novar-
KOBY. Tary piBHOBary HasuBalTh haaosoro. llpuxnagom moxe Gyru
PpiBHOBara MiX pifxoi0 BOZOK Ta JBOAOM 3a TeMnepaTypu saMep-
SaHHA BOIM. C‘H(:Tema cKIagacTbea 3 opHiel peuosmun (H,0), ximiu-
HI peakuil B HIi1 He BigbyBaloTbes, ane monexyim H»O 3 opmaxosoio
UWIBMAKICTIO [ePexoiATh 3 pigkol tasu y Teepay 1 3 Teepmoi — B
piaky. PisnoBara MoOe BCTAHOBMTMCR TAaKOX Mi BOXAHOIO [apon
Ta PLAKOI0 BOAOI0, KOMM WIBMAKOCTI KOHAEHCAllll MmapM Ta BMOapOBY-
BaHHA BOAM CTaHYTh ofiHawoBumm. Cuoig sayeasurn, mo cgaszori me-
PETBOPEHHA He 3aBM/IM MOB'A3aHi 31 3MIHOIO arperaTHOro cravy pe-
YOBMHM. Tax_, KpMCTaiiuHa cipka Moxe iCHYBaTH ¥ ABOX momimMopth-
HNX Moamgikaniax: poMmbigmiii Ta moHowminii 3a TeMIIEPaTY-
pu 95,4°C M UMMM BOMa TBepAMMM (hasaMi BCTAHOBJIOETHCA
piBroBara. Ilin wac BuBdeHHA (hbazoBux pisHOBAr HacaMOepesn cJijg
BU3HAYHTH YMCI0 (has, 3 AKMX CKIAJAETLCA TETEPOreHHa CHCTeMA.

He menw Baumso sEaTH, AKi caMe | ckiibkn PEe4OBMH BXOAUTE
M0 CHJIAJY CHCTEMM.

!Eﬂﬂmy PeYOBMHY, AKAa BXOAUTE 00 CRIALY CHCTEMM i Momke
ICHYBATH N03a CUCTEMOI0, HAZUBAIOTE KOMIOHEHIOM.
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i 3 JBOX

AupH XJI0pUAY HATpi0 CRIAAAETHECA 3 [

i s e o Cl-, o icHYIOTh ¥ pO3'MHL, HE

gomnorentin: HaO i NaCl Ionn Na™ 1 CI°, m y e
MOMHA POBTAAZATH AK KOMIOHEHTH, OCKIALKIM BOHM He icHYHOTh 1103

L€ CUCTEMOIO.

HaiimeHuie =MEAO KOMNOHeHTIB, AKMMM  MOZKHA nupaau';n
CHJIAJ] CHCTEMHM, HA3HBAKTE KOMTOHNEHMHICMI0O CUCTEMU, a00

YUCAOM HEITACHHUT KOMTLOHEHTTLIS,

KOMMOHEHTHICTL CHCTEMM AOPiBHIOE piaauui MK THCIOM mmnn:
HEeHTiB, 110 MICTATBCA ¥ cucTeMl, 1 SHCI0M pearuiit MK EHMI{ glf.:;
My i 3BOPOTHY peakilii poariAfaioTk AK OLHY peakuiro). Hanpu o
YHCNO He3aNeMHIX KOMIOHEHTIB y CHCTeMl, O CKIANAETHCHA 3 =
TaHy, BOOHIO Ta aprosy, M AKHMH HE BinGYBaOTBCA peaxill, ﬂ "
piBHEDE’ ey pPedoBHH, TOOTO TPbOM. Y cucremi, o CKJIE..U.EET;;IM](
nopimbanx ximexocreii CaCOj, CaO Ta COy, uMcno HE3ane =
KOMMOHEHTIE J0piBHIOE NBOM, 6O TPeTUi KOMIOHEHT MOe yTBOP
THMCH 3 ABOX IHIIMX BHacMifok nepebiry 0b0pOTHOL peariiil

CaCO; 2 CaO + COa.

CraH CHCTEMM 3aNeKMTh BLI TEPMOAMHAMIMHMX NMapaMerpls, OO

Axux HajleXxaTh TEeMIepaTypa, THCK, & LA 0araTOKOMIOHEHTHUX
— TAaKOMK KOHLEeHTpPALlL

mci:r'igqmanemo dpazosi pipﬂﬂaaam, Akl peamniaylOThCA B HAMIpoC-
il OAHOKOMIOHEHTHiH cucTeml, WO MICTUTL OAHY PEYOBHHY —
pony. ¥ chasoBmx piBHOBarax y wLifi cucreMl MOMYTB BpaTi yq}ag;z
nonapuo no a8l ¢dasu (Boga — napa, Ja — napa, Jin — BO,ILBI{I be
Bei Tpy (pasy OAHOHACHO. YMOBOW DIBHOBArM MUK pilaxoio BOZO s
napom € DaHaKOBa T.UEH,ERI(ETE- JBOX HpDTHJIE}HHHX HPGI;EIC]IB s
napoByBaHHA Ta KOHAEHCANII, TOBTO Vgyn = Ukonn (PHC. 12.1).

Ilapa

99207470

ITapa

+ 777407

Mapa

+?+ ?4'?-& 4

Pignua Pigvua Piguua

BuOapoBYEaHHA Kougencauin PigHoBara

Pue. 12.1. Cxema piBHOBATH Miw PigROI BOLOKO T4 il mapowm

Mapy, o nepebysae y cTaHl piBHOBarM 3 piAMHO, HAZMBAKTH
HACUYEHOIO NAPOID.

Awmo piguHa MicTHTECA B 3aKpuTIii NoCcyIMHI, TO BHACHINOK me-
pebiry npouecis BunapoByBaHHA Ta KOHAeHcamil 3a cTanoi Temne-
parypu 3aBXAKM BCTAHOBMIETHCA came TaKa piBHOBara, 100To Hap
piAMHOW YTBODIOETBLCA HackueHa napa. HacuueHa mapa Mae meBH|
BigmisHOCTI Bix rasy. lle Hacamnepes noOB'A3aHO 3 THM, MO 3a CTa-
N0l TeMnepaTypu yMOBI Vg, = Ugonz BLANOBIZAE MeBHE YMCJIO MOJe-
KyJ napu B oauaumi ob'emy Ng, OCKIMLKM IIBMOKICTE KOHIeHCaril
nponopuifiga Ny Tuck razonoaifHol pewoemen nponopuiitamit Ny i
cepepHii KiHeTuuHiN emepril mosnerkyn, TOMy 3a cTaJol Temnepary-
p¥ THCK HAaCHYEeHOl mapu KOMHOI piinHM Mae nepHe sHadyeHHAa Ha
BiAMIHY Bid LUBLOrO YMCJIO MOJEKYN rasy B oguHMLi 00'eMy, a oTiKe, i
THCK Tady 3a CTajol TeMrnepaTypy MOMYTb 3MIHIOBATUCA B IIHpPO-
KOMYy nlanasoHl. ¥ pasi cTUCKaHHA rasy 4ucJo fioro MONEeKyn B Ofu-
Huni 06'emy apocrae i nponopriitHo 3pocTae H#oro THUCK. ¥ pasi eTH-
CKAHHA HAcHYEeHOI mapu 30LMBIIEHHEA uueNa MOMEKYN napu B Ofgu-
Huil 00'eMy CIPMYMHIOE 3pOCTAHHA LIBMAKOCTI KOHOeHcalil, BEacCHTi-
0K 40TO HacTHHA TapH KOHISHCYETBCA JOTH, JOKM HHCIO MOJEKYT
napM B oguHuni ob'emy 3HOBY He gocarHe Ny Came Tomy B pasi
CTUCKaHHA HacudveHol mapy ii THer He aMmiHweThes. Iig wac posmm-
PEHHA 38 paXyHOK BUNAPOBYBAHHA PIAMHM YHCAO MOJEKYJ HacHue-
HOl mapM B OAMHMII 00’€éMy TAaKOK NIATPUMYETBCA CTAJMM, OTHeE,
THCK HacudeHol mapH i B ULOMY pasi salullaeTheA He3MiHHMM.

¥ Mmipy mizpumieHssa tem-
nepaTyps WIBHMAKICTE BHMNa-
pOBYBAaHHA piauHN 3pocTac,
0 3yMOBJKE 3pocTaHHA Ny
Kpim Toro, abinewiyersea ki-
HeTH4HA eHepria moneryn Il
IBa YMHHUKN CHIpPHYMHIOITH
WMIBMIKE 3pOCTAHHA THCKY Ha-
cudeHol napu (pue. 12.2, gxpu-
ea OA). TligemueHHEs THCRY
raay 3 MNiABHIIeHHAM TeMIe- B
paTypn BigfyBaeThcAa aHaWHO 9
NOBiJIBHIIIE | ayMoBNEHe TiMk-
KM 3pOCTAHHAM KiHETHYHOI
eHeprii MoJeRyL

BunaposysaHHA plAMHEM MOKIMBE He TIABKK 3 11 nosepxHi. Hoau
MUCK Hacuvenoi napu JocAzae 308HiwHbOzZo (ammocgepuozo), Bu-
NAapoOBYBAHHA CTAE MOMJIMBMM ycepeluHi pigmean, ToGTO posnouu-
HZEMBCA Mpoyec xuniwna. THcK BOOAHOI Mapu AOCATAE HOPMAllb-
HOTO atmocdeproro tucky 101 325 Ila za remnepatypu 100°C ado
373,15 K. I1a TemnepaTypa i € HOPMANLHOK TEMTIEPATYPOI0 KUTIHHS
BOZIML.

Ouemmano, mo B pasl 3MiHM 30BHIIIHEOTO THCKY TeMIlepaTypa
KUMIHHEA TaKo3¥ 3MIHIOBATHMETRCH, | KMNIHHA BOIOM MOM(E BigGysa-

Tuex, aT™

200} -----F---

1,00
6,08 1077}

273,15 373 647
Temmepatypa, K

Pue. 12.2. Paszosa giarpamMa Bogm
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ek y Byap-akift Touni kpusoi OA. 3MiHIOWOHMM THCK, TEMMEpPATYPY
KUIIHHA BOOM MO:Ha aMiHioBaTK nmpubausHo Big 0 go 374°C. Orixe,
xpusy OA moncna poseasdamu © AKX 3GALHCHICD MUCKY HACUYEHOT
napu 6i0 memnepamypu, i AK 3aieHHICL MeMNEPAMYPU KUNTHHA
godu 8i0 soeniwnbozo mucky. Temnepatypy 374 °C (647 K) naan-
BAIOTH KPUTRUYNOI TEMREPAMYPOI, 32 BUILO] TEMIEpaTypi 3a
fyab-AKOro TMCKY BOJa He NepPeXoauTh y pigkmit cran. Jinsanmi, mo
poa3TallloBaHa Billé Bif KpHBOl 0A, sipgnopipatoTek Biabmi 3sa4eHHA
Tucry. B paai cricHeHHa piBHOBaxHOI cucTemu 6oda P napa THCK
CTIONATKY He 3MiHIOEThCSA, Tapa KOHAEHCYETBCA, MEPEeTBOPIOIOHMUCH
pa Bogy. Jlmmwe micnA ToBHOl Kompencauii mapu THCK nNOUMHAE
nigeuinyBsaTtick. lle oaHa4ae, 110 BUILe eim kpuBol OA poaraiuoBana
onHa (pasa — pigxa Boja. AuaJsoriyni MipKyBaHHA NAKOTb 3MOTY
nifiT BUCHOBRY, 0 Hukde Bin kpuBol OA poaTallloBaHa minAHKA
icuyBaHHa HeHacudeHol napu. Henacu4yena rnapa sa cBoiMK BJACTH-
BOCTAMM He BifpiaHAEThCA Bif raay.

Y mipy oxosomiceHHA cucTeMu soda P napa 3a nesHol TeMIepa-
TYpH BOZIA KpucTasiayeThea i mepexoputs y Jin. Iliens mosxol Kpu-
eranizanil BoAM BCTAHOBIHETHCH HOBa piBHOBara a1@ 2 mapa, Tobro 3
OZHAKOBMMHM LIBMIKOCTAMM WIYTh OBA MpOTHAEXH] NPOoHecit: BUIIAPO-
ByBaHHA JbOAY TA KOHAeHcauia mapu B jia Obuaea i HpoLiecH MO~
Ha criocTepiraTy B Npupodi YTBOpEHHA iHEw — le nepexig napu y
TBepay (hady, a BuCHMXaHHA BONOrol GiinaHu 3a TEMNEPaTyp, HUAKUMX
iz 0 °C, AKa croYaTKy 3aMep3ac, a 3rojIOM BMCHXae — 1 Iepexin
nwopy B napy. Hacmudera napa Haj JibOJIOM Mae Takl cami BJacTH-
BoCTi, [0 #i Mapa Haj Bopok: il THMCK 3a cTasnol TeMmepatypu Mae
[IeBHE 3HAYEHHA, [0 He 3aleuTh Bin ob’eMy cucTemn. 3aaercnicmd
mucky Hacuwenol napu Had avodom &i0 memnepamypu SuUpAHAIOMD
xpusorw OB (aus. puc. 12.2). Hax e xkpusowo, TobTo 3a BMILOTO THC-
Ky, poaMilieHa NingHKa ICHYBaHHA KoHgeHcopaHol dazn — nboAy, a
nip, kpusow — Henacuveroi napu. Oraxe, M JHIEO BOA poaramo-
BaHa 3araJbHA JiNAHKA ICHYBAHHA HeHacH4eHol TIAPH.

¥V mouyi nepemuny xpusuxr OB i OA (mouxa O) muck nacuve-
Hoi napu nad 606010 i Avodom odnaxosuil, momy éct MPU dasu —
A1, soda i napa — mepefysaomb Yy pienosasi Ak 31820010 doazo.
Ilio ToYKY Ha3uBaoTL nompiinorw. lit BignosinawoTe Taki napamer-
pu: tck 610 Ila (4,58 mm pr. eT., abo 6,03 - 10-% aT™) i TemnepaTypa
0,0075 °C.

Axmwo cucreMy, IO MICTHTB TPH tasn, mipnaTH CTHCHEHHIO, TO
napa CKOHJIEHCYEThCA | B piBHOBasi sanuiuaTbes ABi thaan: aid 2
2 aoda. OckinbKy piBHOBara Mix numu (pasaMu BCTAHOBJIKETLCA 33
BMIMX THCKIB, Hix y morpiiiHiit Touui i MIABMIEHHA THCKY MaJo
BIUIMBAE HA pIBHOBAary Mi KoHAeHcoBaHuMu pazamm, TO pisno-
Ba’KHA TEMIepaTypa 3 HifBMIIEHHAM THCKY Majie He 3MIHIOETBCA,
ToMy muia OC, mo pigobpaskae aHaveHHA THCKY | TemmepaTtypu, 3a

- L T e ——
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AKMX Jij | Bopa nepebyBaiwTs y cTanl pieHoBarm, HabmskaeTsca mo
BepTukasabpHOoi (pue. 12.2). Hepemukuit Haxua ii B 6ik JBOOY T0AC-
HIOOTh THM, 1[0 3MiHA THMCKY BCe-TaKM BILIMBAE Ha SHAYEHHA
pisHoBaxHOl Temnepatypu. Cnpaeni, arigHo 3 npunuunom Je Illa-
TEJILE, MIBMILIEHHA THCKY MOCHJIIOE TIpOLIeC, AKMI 3BMEeHuye 3po-
CTAHHA THCKY, To6TO enpuuMHIOE YTBOpeHHA (basu 3 MeHIIMM
of'emMom. Menunfﬁ ob’em (6imbury rycTiHy) B LUbOMY paai Mae pigxa
dasa — Boga, piBHoBara aMmiugyetnca B Gik yTBopenns Bomt. Tomy B
MIDY B3POCTAaHHA THUCKY, IMA TOTo 1106 BigHOBMTH PIiBHOBary aBox
thas, Tpeba aHmKyBaTH TeMiepaTypy — npubanzso na 0,01 K ua
KoHy arMocdepy (101 325 Ila). Orixe, ainis OC sz‘ﬁaﬁpc;,:ucae aa-
ACNCHICMS MEMNePaAmMypu Mmakewns Avody (afo samepzanns godu)
a1d sosniwnvozo mucxy. Oaa Gimemoeri pedoBHH, Ha BiaMminy eip
BogM, TBepsa dasa Mae Binbily ryeTiHy (Menunsi o'em), vixk pinka
TOMY Ha ¢hazoBux amiarpamax Jinia, nio eignoeinae YMOBAM pimmsar:;
ML IIMT chazamu, HaxXMNEHA B
Bix pinkoi dpaszn (pie. 12.3).

Ha naeenenux cazorux nia-
rpaMax ped0BMH € Tpu Ji-
JIAHKW, B AKuX lcnye mo oguii Thepnit
okpemiit ¢pasi. Teepma dasa CO;
posTamiosaHa aniea Bin Jnimil
OC i pume Big ninil OB; pigka
— cnpasa sig xainii OC i Bume
Big minii OA; rasonopibua (me- 5,13
HacuM4yeHa Ilapa) — HMMKYe Bij
miii OB ta OA PiBeoBary 1,00}-------
meox a3 BimofpaanTs Ha i
muiax: OA — goda 2 B
2 napa; OB — aid 2 napa, :
OC — i@ 2 eoda. Kowxua 0
TOYKa UMX KpPHBMX Bignosigae
yMoBaM (TeMmnepatypi i Tue-

Ky), 3a AKMX MOXJmBa piBHo-
Bara aeox cas. Tpu daszu ne-
pebyBatoTh y piBHOBaai Tinbku B moTpiinii Toyni O.

I'Iapalme'rpamu CTaHy pDGI‘JIHH}"THX OOHOKOMIIOHEHTHHX CHCTEM €
THCK P i Temneparypa T (nns GaraTOKOMIOHEHTHUX CHCTEM — IIe i
KOHUeHTpaiA pegoBuH). B pinanui icnysanns komHoi oxpemoi dasu
obuaea 1i mapaMeTpu MOMKHA 3MIHIOBATH He3aJIeMKHO oAMH EBig ox-
HOro (3a3Bu4ali, He BuXoAA4M 3a Mei icHyBauns uiei dasu). Uucao
ti:}aa npy UbOMY He 3MiHoBaTUMEeThes 1 (pagoBl mepeTBopeHHs He
BigGyBatumyThen. Hanpuknan, y ainamni iemysanua HeHacmueHoi
Napyu, T00T0 Hukye Bin aiwil BOC (mus. pue. 12.2, 12.3), moxkna
AOBINEHO | HezaneHo aMiHBaTH THMCK | Temnepartypy. Obuapa ui

C

Twuck, aTM

E Tasomomifrdt
i C’Og

196 2168 Temneparypa, K

Puc.12.3. Pazosa piarpama
oxcuny Byraewo(IV)
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napaMeTpy B ALIAHIL iCHYBaHHA KOMtHOT okpemol doasu MoOMHA
BBAJHATH HesaJleHMMM.

Cutyauis 3MIHIOETBCA 33 YMOBM PIBHOBArM ABOX daz. Hanpux-
nan, Ana pieosaru eoda 2 mapa (Aus. puc. 12.2, xpusa OA), ax
yIKe 3a3HAYANIOCH, THCK HACHYEHOI mapm (pysKUioHANEHO TOB'A3a-
Hiit 3 Temmepartypoio. ¥ 1bomy pasi TIIBKM OAMH NAPaMmerp (na-
npuEIajz, TeMnepaTypy) MoMHA 3MIHIOBATH noBiibHO, IHIIMIT napa-
METp — THCK SMIHIOBaTHMETBCH 3a7e3HO Big TemnepaTypH. fAxumo
 JIOBINBHO BMIHIOBATM THCK, TO 3aJIe’KHO BiJ HBOTO aMiHIOBATH-
METhCS TeMIepaTypa KUMiHHA. ¥ pasi AOBiNbHOI SMIHK obox nmapa-
MeTpiB CHMCTEMa BIIXWIMTBCA Bij CTaHy, AKMH OMMCYETHCA KpPH-
500 OA, TOBTO 3HHKHe ofma 3 (pas (Boja abo napa). Ore, Ha KpH-
Biit OA 3a ymoBM piBHOBary fABOX (pas € JMiUe OMMH He3a e HHIT
napameTp CTaHy.

AHANOTIYHO JIMIie OJMH MapaAMETP MO}HA BBaXKATH HEZATEHHIM
ana pisHosar 4i@ 2 napa (mus. puc. 12.2, xpusa OB) Ta 210 2 soda
(mue. puc. 12.2, kpusa OC). ¥V cucremi 410 & nmapa THCK HACHYIEHO1
napy (yHKUIOHANLHO 3aNeKNTh BiJl TeMmepaTypy, AKY MOXHA
BBaXKaTH HesasexuuM napamerpoM. Jns piBHoBaru aid 2 800 B
pa3i mOBWILHOI 3MiHM THCKY (THCK — nesaseunil napamerp) ami-
HIOBATHMETLCA TEMOEPaTypa TaHeHHHA JBOLY.

Morpiituijfi Touwi, ne y craui pisHoBaru nepedyBaloTe yci TpH
caau (mip, Bopa i napa), BIANOBIAAIOTH MeBHi 3HMAYEHHA THUCKY i
remnepaTypy. ¥ pasi amian xoua 6 ofHOTO 3 1MX napamerpis sHHMK-
He omHa abo mBi Qasm, TOMY B MOTPIiHii Todui HesanexHi napa-
MeTpH BiOCYTHL _

Uneno He3amexuuX NapaMeTpis BU3HAUAIOTE 33 npasusom @Has:

C=K-d+2

ne C — 9MCI0 Hesane:kHUX NapaMmeTpis; K — KOMMOOHEHTHICTE CHC-
remi; P — umciao das.

Ile npasuno Gyno BMBEneHE aMEPHMKAHCHKMM yHEHUM Hox. T'i6-
fcom i Ha floro YecTh HasBaHe npasuaom [166ca.

3rigHo 3 UMM OPaBMIOM JJA PO3IVIAHYTOI OHOKOMIIOHEHTHO]
cucremu (K = 1) 3a nassuocti oauiei (@ = 1), agox (P = 2) i Tpeox
(@ = 3) da3 uMCI0 HEIAJEMHHNX napameTpis BiANORIAHO CTAHOBHTE
2,110, mo yaro/pKy€eThea 3 HaBeCHMMM BUILE MIDKYyBaHHAMMU.

hazosa HiarpaMa Aa€ SMOry BMBHAUMTH, AKi (pasosi nepeTBO-
peuua BinbysaTMMyTHCA B Pa3i 3MiHM YMOB. ITepeTBOPEHRA, WO Bij-
GyBaloThca 3a crajoro Tucky (izofaphi npoyecu), Bij0dparkarTLECH
Ha JiarpaMax NpAMMMY, NapajiensHuMy oci abeuuc; nepeTBopeHHs,
0 BifIBYBAlOTBCA 32 CTAN0l TeMNepaTypH (i3omepamiuni npoyecu), —
npAMKMHK, NapanenasHumy oci opauuat. Hanpuknan, AKLIO HarpisaTn
nip, Axnit nepebysa€ 3a CTAJON0 1 BHUIONO THCKY, HDE y NOTPUHi
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TO4YLl, (hirypaTMBHA TOYKa CTaHy cucTemu a (ame. puc. 12.2) noune
PyXaTuch ynpaso B3ZOBM JiHIl, mapanensHol oci abeume. Konm ua
JiHiA nepeTHeTLCA 3 dinielo OC (Touka a'), 3'aBUTLCA piaka dasa. ¥
pasi NoAanBIIOro NiABENEHHA TeMJOTH BOHA BUTPAaYaTHMETHLCA Ha
TAHeHHA JNBOAY, 1 TEMNEPaTypa 3aJMIIATHUMETLCA CTAJ00 AOTH, A0-
K Beck nig He posrtane. Hoam teeppa dasa auukHe, Tennora, 1o
nepeaaersea cHCeTeMi, 3aTpavdaTHMeThCA Ha IiABMILEHHS TEMH’Epﬂ-
TYPH PiIMHM (hirypaTHBHAa TOYKA CTAHY CHCTEMM 3MIUIyBaTHMETLCH
BMPaso). Micna pocarnenna xpusoi OA (mue. pue. 122, Touxa a')
HaJ PIAMHOI0 3'ABUTHCA HACH4eHa napa. Posnounerscs npouec ku-
ninedA. Tennora, W0 nepegaeTbes cHCTEMi, BUTPAYATUMETLCS HA BH-
NaPOBYBAaHHA BOAM, a TeMNepaTypa 3alMIilaTHMMEeTbCA cranolo. Komu
BCA BOAA BMIAPYETLCA, B CMCTEMI 3HOBY 3aJMIUMTBLCA OfHA (ba3a —
Henacuyena napa. Hanama cueremi Tennora surpadatimeTses Ha ii
HarpisauHA, dirypaTHBEa TOuKa Jani 3MiUIyBAaTMMETHCA BIpa-
BO (a” — a'').

H{{Lu.o i nepedypa€ nif HMMKYMM THCKOM, HDE ¥y NoTpiitwii
Touui (guB. pue. 12.2, Touxa b), i jtoro Temneparypa min uac Harpi-
BAHHJ 33 CTAJON0 TUCKY 3POCTAaE, TO (PirypaTMBHA TOYKA CTaHY CHC-
TEMM 3MIUyBaTUMETLCA B3foBi Jiwil bb) napanensho oci abeupc.
Touxa Deperuny ii 3 KpuBOIO OB (b') BinmosinaTume TeMnepartypi
38 AKOl 3 ABNACTBECA HACHYEHA Napa. ¥ LIl Touli BeA TenaoTa 33:
TpavaTuMeTeCA Ha cyfaimayiio awony. Ilicna nosmoro Bunapomy-
BAHHA JBOJY B CUCTEMI 3a/MIUMTBCA 0fjHA (hasa — HeHACHYEeHA na-
gz;!:enqr;epa'rypa AKOi y pasi HanapaHHA CHCTeMi TENJOTHM 3pocTa-

, (pirypaTHMBHA TO4YKa CTAH i in b -
e g L y aMimyeaTuMeTscH Bim b’ mo b
~ Oraxe, AKWO Meeply PevwoeuHy Hazpisamu nid muckom, suUUM,
HIXC Y MOMPIUKIL TMOYYT, B0HE MAGSUTNLCA, NEPEMBOPIOEMBCA HA
Piduny. Axwo 2 308HIWHIU MUCK HUNHUU, WX Yy nompilnii
mouyi, meepda peuosura nid wac HazPiBaHHA cybaimyemuves, mob-
Mo Nepemsoproemeta Ha napy, obmunarouu pidxuil cman. Likaso
wo okcuy syrnewo(1V) ModcHa oflep:®aTH B PIKOMY CTaHi JMIIe 3a
THCKY IOHAZ 9,11 atm (gme. puc. 12.3).

B isorepmivnoMy mpoueci B pasi cTMCHENHA HeHacHueHOI napm
{z'mf. puc. 12.2, Touxa c) dirypaTMBHA TO4YKa IMILIYETHCH B3OEMX
JHIT cc’ napanesbro ocl opaueat. Y Touui ¢ 3'ABNAETLCA pigka da-
33, [lapa CTa€ HACHYEHOW | KOHAEHCYETLCA 8a crajoro Tucky. Ilicna
[I0OBROr0 NMepeTBOPEHHA [apyu Ha PiAMHY THMCK 3HOBY apoctag, iry-
PaTHBHA TOYKA CTaHY 3MIULYETLCH B HANDAMKY TOYKM . ‘



Posnia 13
PO3YMHUN

O3YMHM MalOTh Ba)KJMBe 3HaAYeHHA AIA XiMi4YHOL TEXHOMNOrL.
Barato XiMi4mnx BUPOOHMITB MOB'ASaHO 3 Mpouecamu, Axl
BinfyBaOThCA B pO34MHAX. ﬂﬂf_‘n}ﬂﬂ{%HHﬁ PO3HHHIB HE;HJ!H-
pe He Tinbku ANA xiMil Ta XiMI4HOI TexHoJjori, a ,tL.J;F-I

meTtaqyprii, Giomorii, MeanIHIL (_ananm, MeTaJu Haﬁlﬁ;:;:mﬁa f;m—-
BysaoTh 3 posumHiB abo puan.nams;a f;;nnasn — e Ta p

ii COKMX TeMIIe ; ‘
HH’Paorgql;E;‘mT;beai:;namnHaimi (ﬁaiomriwi pimuun (kpoB, aimda

iky, GaraTo MpoaYKTiB XapyyBaHHA.

muﬁ;’af;g::i, pOEEMiEIl:HHm;DCTiﬁHG BUKOPUCTOBYIOTE ¥ nu:c;mlgleg:
HOMY KMTTi, HanpukJIaj pPo3iuHeHHA COJI abo nykpy y‘{:Hﬁ}; 321{-
Hec pOs4MHEeHHA € JOCHUThH CKJIAXHHM. Barato BlJIDMHI; ¥ 3 x| SO,
pema J. L Mengenees, C. A. Appesiyc, HX Banr-Tod
apobimm Baromuit BHECOK ¥ POSBMTOK TEOPIl pO3HHHIB.

§ 1. 3araabHa XapaKTepMCTHKA PO3TMHIB

Pozuunamu HAZHBAKTL roMoreHHi cucTemi, AKi CKNAAJAKTHCA
3 aBox abo DinbmIOro TKMCiIa KOMIIOHEHTIB.

OnuH 3 KOMMOHEHTIB, L0 BXOAWMTL A0 CKJIany PO3qiHY, Hiahﬂ:i;
0Th POSHUHHUKOM, iHII — POIUUHEHUMU PeLOSUNAMU, :?»'smr:{?m?m-
nofin € yMOBHMM. 3a3Buyali pOSUMHHMKOM HasMBalOTb TO S
HeHT, AKMT iCHYe B TOMY CamMoMy arperaTHOMY CTaHl, WO 1::9 éaaon 5;{ i
poaund. Hanpuknan, y pasi po34MHEHHA LYKPY ¥ ch;‘:; s oy
Big KinMbKOCTEH nMX PEYOBMH, DO3YMHHMKOM € BOZIA. UJa‘I e nane
KOMIIOHEHTH [0 pO3HMHEHHA IIE_.‘pEﬁ}’BﬂJIH B OJHAKOBOMY &rp shodlnll
My cTaHl (Hanmpueaam, CgﬂpT ;ﬁ Boaa), TO PO3YMHHMKOM BBa

'eM AKoOro DiAbILIMIA. o
EDM}I{I;;:;I:EE&EU 03HAKOK0 PO3YMHIB € iX OAHOPIAHICTD. Ile H(:If:;
HIOIOTb THM, 110 PO3YMHEHi pedoBuMHM NOAPIOHIOTHCA 10 OR]}E. 0
momexyn abo ioWiB, AKi He MOMKYTb YTBOPHTHM CaMOCTIMHY daay.
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Poamipy uitx yacturok gopissiors 10-19-10-9 M. Taxi PO3YMHM Ha-
BUBAIOTEL ICTRUHHUMU,

IMin wac poanoaginy ommiei pewosuuu B cepenoByui iHmION Mo-
MYTh YTBODHTMCA Takoim wOA0IONL posyunu i zpyboducnepeni
cucmemu (cycnensii, emynbcii). Konoimmi Ppo3uuHN — e wmikpo-
reTeporesHi cuctemu (posmip yactiror 10°7-107° M), cycnensii Ta
eMyJsisCli — reteporenHi cicTemu (poamip wacturok 105107 m)

Cycnensii yTBopioi0Thea 3a yMOBH Po3noainy HacTHHOK TBepaoi
PevOBHHM B DinMHI, eMyabeii — HacTuHOK piakol pewoBnmn B pigm-
Hi. Cycnenaii Ta emyJsbeii € HecTiltKuMY cicTemamu. Ilig giewo cunn
rpaBiTayil posnogineni B pinvMHi Y4aCTHMHEHN 3 HacoM OCiIATh HA gHO
nocyuHM abo ennuBaiOTh Ha noBepxHI. Kosoigui pO34YMHN € CTifi-
RilllMY, posnogineni 8 pigwai wacTHHEH MOMYTh BUAIIMTHCE BHacC-
aifor nepebiry npouecy xoazyaayii. Metanbuile komnoixmi PO3YMHK
POSIIAAaTUMYTECA B Kypcl KosoinHol ximii,

IcturHi posdunnu, Akl My pani HazMBaTHMEMO NMPOCTO po3urHAMN,
NOCIAaK0Th NMPOMIMHE CTAHOBMILE MK XimiuHmMm cronykaMm i Me-
xaHiuHMMK cymimamu, Crpasai, DAHOPLAHICTE ynonibGHoe Ix ximiu-
Hum cnonykam. Buainenna abo normumanns tennotu nig uwac poaun-
HEHHA TAKOMK MIATBep/Ky€ XimiuHy BsaeMmonio mim KOMIIDHEHTAMIH,
O YTBOPIWOTE po3unH. BiaminmicTs posunny sig ximiumnx CIOJIYK
TMOJIATAE B TOMY, [0 CKJajl PO3UMHY HE € CTANMM, BiH MOMe 3MiHIO-
BaTHCh y INMPOKMX Mexax, AK i ckman cymiwmeit. Kpim Toro, ma
Biaminy Bix ximiunmx CHONYE HeCcTalMMM € Tako:x disuuni BracTi-
BocTi (thianuni KOHCTAHTHM) po3uMHIB: IYCTHHE, TEMNepaTypa KHIIiH-
HA, TeMIepaTypa kpuctanisauii Tomo.

§ 2. Konuenrpauin pozunnis

Crknan posunnis mose amiHioBaTHCB y mmpormx meskax. Haift-
HacTile Horo BMPaskaloTb Yyepea BMICT PO3YMHEHO] pedoBHHK, TOGTO
4yepes ii konuexTpanino. Axmo B PO3YMHI MICTHTBLCA KinbKa posyin-
HeHUX PeHOBMH, 3a3HaYAI0TL KOHIEHTPALIK KOMHOT 3 Hux.

Ienyiors piani criocodn Bupaxenns KOHIEeHTpauil (B aymkax Ha-
BeleHo 3acTapini HaaBy, AKi Tenep BKMBaTH He PEeKOMeHIYIOTE, aJe
Ha AKi e MOXKHa HATPanuTH B paHile onyOaikoBaHii aiTepaTtypi).

MacoBa uactka o(X) afo macoBwmii BiACOTOK (NpoleHTHa KOH-
UeHTpalif) BUBHAYAETLCA BLIHOMEHHAM MacH PO3Y4MHEHO] peYoBMHM
m(X) no saransHOi Macu posunay m(poaw.):

o(X) = X abo  wX) = —™%) 190 %, (13.1)
m(po3y.) m(poay.)

fliano 8 poswmi MictyThes OfiHa PO34MHEHa PEYOBMHA, TO MACa PO3ui-
HY nopiBHIOE cymi Mac poawHnmka m(S) i posuiHeHo pedosuHl m(X):
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S e T (13.2)

m(S)+ m(X)’

Monanpaa uactka N(X) (MoabHa yacTka) — Ie BiHOIIEHHA YMC-
Ja MOJiB PO34YMHEHO] pevuoBHHM n(X) Ao saranbHOro 4Mcia MOJIB

yeix peuosun y posuuni In;:

N(X) = 3‘&5‘1 (13.3)

Ty

I8 BOKOMIIOHEHTHOrD PO3UMHY In, = n(S) + nX), me n(8) —
yues10 MOJIB po3UMBHUEA, TOMY

nX)

. A (13.4)
n(S) + (X}

N(X) =

Macopa YacTKA 1 MOJAPHA 4HacTKA € GeapoaMipHMMK BEJAUUMHAMM.

MonsiibHa KOHIEHTpanis, abo moaanbHicTh, b(X) — ue B1ano-
MIeHHA YMCTa MOJIB PO3YMHEHO! PevOBMHU n(X) f0 MacH PO3YMHEK-
ka, TobTO

b(X) = LS (Monb/Kr). (13.5)
m(S)

MoJssipsa KOHIEHTpanis, abo MonApPHICTD, c(X) — ne BianoIIeH-
HA uMCla MOJIE PO34YnHeHol PedoBMHN Lo 00'eMy PosHMHY:

c(X) = % (mMoss/ am?) abo (moms /). (13.6)

MonspHa KOHLEHTpaljis ekEiBaneHTis (HOpMajbha KOHNEHTPa-

1 ; . :

i, HOPMAaJbLHICTE) c(ux — Qe BigHOIIEHHS 4YMCIA MOJIB EKBl-
4

BanenTis poa3unHeHoi pevosnnn 10 00'€EMy PO3UMHY:
.
{3x) =%
Z

2 (monb-exB/aMP).
v
OcKinbKM Mis YMCIOM MOJIB eKBiBANEHTIE i YnC/I0M MOJIE MOJIe-

(13.7)

: 1
KyJa ICHYE MpocTe ChiBBIIHOLIEHHSA n[a XJ = zn(X), TO Take camMe
z
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CHIBBIZHOMEHHA Mae Micle mix BIAMOBIAHMMMY MOJAPHMMM KOHIEH-
‘ TPariAMu:

c[lX] = ze(X). (13.8)

\ £
Cnin 3ayBamuTi, 110 00'€M PO3UMHY [EI0 3MIHIOETBCA 3aJIeHHO
; i . - 1
| BiZl TemmepaTypu, Tomy # moJApHi KounenTtpauil (c(X) Ta ¢ ~XD
| Z

Takoy 3ajeaTh Bifl TEMOEPaTypu Ha Bigminy Bl MacOBMX, MO-
naapaux Konuentpanii (o(X), N(X), b(X)) Ta MOnApHMX HaCTOK
fAxmo 3anano macy, o6'em abo uncno MoJiE po3uMHEHOI peyoBM-
HM | posuunEMKa, To Aaa obumcienb Desnocepe/iHb0 BHKOPUCTOBY-
JOTH HABENEHi BMpasu ATA Macosoi HacTKu o(X), MOMAPHOI HacTRM
N(X), wmonanenoi wonunenrpauii b(X), monApHOl KOHLeHTpauii

(

EKEBIBAJEHTIB Ci\— X |, a TAKO BiJJOMI CHIBBIAHOIIEHHA MUK MaCOlo
1

ta ob'emom peuosun (m = pV) Ta Mixk Macow i KiTbKicTHO PeHOBMHN

3
[?’l”{j = m(x) .
M(X)
Poarasmemo npuriagy obumcienb KOHIEHTPaiii pPOBYMHIB.

Mpuraag 1. ODuncanTn T4 BHPaIHTH pladmyi crocobamMy KoOHLEH-
Tpauin posumuy 20 r cipsadol smcnoru y 230 r soam (rycTHHA PO34MHY
1,052 r/emd),

BuaHauMMO MAcoBY HacTRY Clpyadol RMCIOTH B POIEMHIL

o500 = ™H:S0))
T posy.)

m(H,S0,) _ 20

— = 0,08
m(H,80,)+m(H,0)  20+230

[l1# BMaHAYEHHA MONAPHOI YaCTKM KMCAOTH CHOYaTKY 0D9MCanMo Yuc-
a0 wmoais HyaSO, ta HaO:

+S0 2
n(Hy50,) = TH“—L] - L = 0,204 Moas,;
M{H,80,)  9808r/moin
n(Hy0) = i) ... 12,767 monw,
M{H,0) 180154 r/moms
Tom
NS0 e TN 0208 __ _ g 0157,

n(H,S0,)+n(H,0) 0,204 +12,767
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OfuitenuyMo  MOMAMBHICTE poauuHy 3a  copumynoio  b(H,S0,) =

H
= %, 3navenns n(H,S04) mam pigome, Macy BOAM BMpa3uMO B
Kinorpamax, Toai
B(H,S0,) = 2204 MO _ 1 087 soun/r.
0,23 Kr

Aaa BuasHAMEHHS MORApPHOI KOHWUEHTpanii posYMHY noOTpifHO 3HaTH
fioro o6'em. Binomo, o Maca posunHy nopisHmoe cyMi Mac KMCaoTH Ta BO-
au, Tobro 250 r. O6'em poauusy

V=—= ————— = 2376 c® = 01,2376 .

Toai

H,S0
o(H;80, = 22504 _ 0204 mam o peg MO/ 1L
Vipoas) 0,2376 &

HOnn obuicneHHAa MONAPHO! KOHUEHTpauii exeiranenTtis BizbMemo o
yBaru Toii QaKT, mo cipuaHa KMCIOTE € ABOXOCHOBHOM0, ToBTO Wieno exsi-
BaAeHTHOCTI HopisHoe neom. Toxi

1 M{H.50 93,08
M(-HpS04) = : ; d o ol e P 49 (4 r/Monas:
1 m(H,S50 20
m'éﬂ'nschl = =y X = {1,408 voms;
M(, H,50,) W/ moxn
a H,50,)
1 9 72°%) 0,408 monn
o - HoS0y) = = = = 1,716 JL
5 Viposs) 0,2376 = WA

Ilpuknan 2. Buskawstu macy somu Ta comi MgSO, - TH,0, norpidui
Lna npuroryeasyA 120 r posyduHy 3 MacoBO0 YacTrol HegBonHol com L0 S
3a BHpasoM

m(MgS0,)
m{poay.)

w(MgsS0,) = 100 %

BM3HA4MMO Macy Oeasonnol coni MgSO,:

@miposw) _ 10-120 _

MgSO,) =
EECY) 100 100

12 r,

O6uienuMo Macy KpPMCTANOrLipaTy, B3ABWIM 10 yEBary, mo n(Mgs0,) =
= n{MgS0, - TH,0), Toni

m(Mg80,) _ m(MgSO, - 7H,0)
M(MgSO,) M(MgSO, ' TH,0)’

aTHe,

m(MgSO, )M(MgSO, - TH,0) _
M{MgSO,)
_ 12124648 r / monn
12038 r / mons

m(MgS0, « TH,0) =
= 24 57 r.

3Halinenmo Macy BOOM AK PiZHMIO Mac po3uMHy | RPUCTAAOrApaTy:
m(H,0) = 120 r - 2457 r = 85,43 1.

Mpurnan 3. BusHauutn Macy pozuuHy 3 Macosoio dacTrow NaCl
16 9%, axmit notpibuo nogat po 400 r pozumHy 3 Macosowo 4actkoilo NaCl
4 %, 1106 ofepiKaTH POIEMH 3 MACOEOK HacTROW wiei coni 12 G%.

Maca posuMHEy m, 110 YTBOPMTHCH, AOpiEHIDE cyMi Mac neplioro my i
ApYToro ms BHXigHMX posunuis, a cymapha maca NaCl (m(NaCl)} — cymi
mac NaCl y mepmomy (my(NaCl)) i apyromy (my(NaCl)) poadmuax. Craa-
IEMO CHCTEMY JBOX pIBHAHE 3 JBOMA HEeBiTOMIMMIL:

m=m, + my = m; + 400, (1}
m(NaCl) = m;(NaCl) + m,(NaCl). (2)

Ocrinbky  gas oB0oxX BuXigHuX pPO3YMHIE Ta O[EPIKAHOTO pPOIHMHY
m(NaCl} = il i {00 3amamo y BlfcoTkax), To piEHAHHA (2) MOMKHA
SBECTH 00 ‘Bﬁiroﬂﬂl,;:l}g

0,12m = 0,16m, + 0,04 - 400,
TOOTO
0,12m = 0,16m, + 16 (2

Pose'szapmm cietemy pisHans (1) i (2'), safinemo m; = 800 r, rofito
Tpeba nomnath 800 r poauuny 3 macopom uactroilo NaCl 16 %

Mpuxnang 4. Macoea wacTka H:;SO.}G y BOJHOMY poaumHi HOpiBHIOC
8 G, ryctHa uworo poaumuy 1,052 r/em®. BuaHaumTi MOJAPHY HacTKY
H,S0, v poaunsi, fi0ro MoJSpHY | MONANBHY KOHUEHTpauil, a Takow Mo-
NAPHY KOHIEHTpallilo eKBIBANEHTIR.

BCTRHOEMMO 3aJIeMHICTE MK MacoBowo dacTrRow o(X) Ta IHIIMMK BM-
pazaMy AuA KOHpeHTpauwil ¥ saranseEomy Buraani Hanpuwman, y eupaai
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A BM3HAYEHHA MOAApHOD KoHuesTpanii ofX) = denad) n{X} moMHa
Vipoau,)
. . m(X
3aMiEMTH Ha BigHOLIGHHA _[’_J_’ a Vipoaw) — HA BLUHOLICHHA b , ToAl
M i P{poau.]
(X) = m{X)piposs)  m(X) pipoas)
M{Xymiposa) Mmiposu) M(X) .
. m{X
OcKLTBEK —-(—}— = w(X), To
mposy.)
o(X) = o(x) B2
M(X)

¥ UBOMY CHIBBiRHOMIEHHI 3HAYEHHA TYCTHEM p Tpeba BHPa3uTit Y rpa-
Max Ha mitp (r/m) aE.'.O rpamax Ha kyDidmitl geusmetp (r/mm’), ocxinsmmn
poaMipHICTE MONAPHO woHueHTpanil ¢fX) — mone Ha miTP (MoNB/ ).

AuanoriuHi MipKYBaHHA OPHBOAATE A0 TAKHX CHIBBIIHOLIEHE MM MAa-
COBUK HACTKOW ofX) | MONAPHOK 4HacTEoK N{X), MM MacoBOK 4HaCTHOK
@{X) | MmonaneHiCTO poaunuy b(X): '

1 :“(1 _l]qu;_'
N{X) w{X) M(S)
_ 1000 o(X)

MX)(1 - (X))

b(X)

Muomums 1000 8 ocTaHHBOMY BUpasi 3 ABAAETECA TUMY, LU0 Maca pod-
HMHHMKA LA MDJ'HFJIbHOi xoupedrpauii b(X) nopgaua B Kinorpamax, a ¥ BM-
pasi ana MonApHol MacH ﬂif{X} — ¥ rpaMax Ha Modb {r/Mons)

Hewo MPOCTILIE 3amadl TAKOO THIY MOXHA pO3B'A3ATH B HdPoBOMY
Bapianri Cnpasni, Macy poawnty, posdmHEuKa a0o poswuHeHol pedoBuHN
{ix ofi'em abo YN0 MOMIB) MoyHa YMOBHO NPHAHATH 3a DyAb-AKY KOH-
KpeTHy {Hpall.ue uiny) pemmmny. KoHueHTpauia poastndy BiA usoro He ami-
HUTBCH, OCKINBKM BOHA BHJIHAWEHA 3aJaHO0 B yMoBl sagayl macosom Ha-
CTHOK KHCIIOTIL

Mpuitmemo, wanpuxnanm, Macy posuxHy 3a 100 r (MoxHEa nDpiinaTti ii
da 1000 r ao 1 r, Bianosigs BiR uboro He amimuTbed). OCKINBEM MacoBa
yactka HoSO, Aopisuwe 8 %, amaxonmmo, wo Maca H,ySO; cranoButs 8 T,
a maca BoasM, BigroBinso, — 92 r. Jlani ua 3afaya po3s’A3YETHCR Tak ca-
MO, AK 1 B npuxnagni 1.

f[zcﬁn B ymoBi 3afjawi Oyna 3aflava MONApPHA KoHuenTpamia ¢(X),
AouimeHo Oyno © of'eM posuMHY NPHMAHATH TakHM, L0 fopisHie 1 o
{1 av®). ¥ pasi, kom sigome smavenus b(X), To 3a oEMHMLIO {HATpHKIAL
3a 1 xr) Haiapyusille NPHAHATH Macy POIUMHHIKA, I
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§ 3. [lpomec po3YHMHEHHHA. CoabBaTanif.
TenjaoTa, eHTPONiA Ta BiibHA €HEPrifd po34MHEHHA

PoauyirHeHHA € CKIaAHuM bisvro-ximiuaum npouecom. Ile, 30k-
peMa, TATBEPMKYETBCA THM, LIO POIYMHEHH:A CYNPOBOMKYETLCA
TenNoBMMHK edeKTamy, iHOAl AOCHTL SHAUHUMM. Taxk, BigoMo, 1o Mg
yac pO3YMHEHHA cip4aHOi KMCJIOTH y BOJI BHALIAETHCA 3HAYHA
KiNbRICTb TEIIOTH, HABMAKM, B Pa3i POZUMHEHHA XJOPUAY Kamiio y
BOAl TENJOTAa MONIMHAETHCA | CHCTEMA OXON0IMYETBCH.

Y pasi yTBOpeHHA iCTHHHMX PO3YMHIB pe4YOBMHA, 1O DPO3HUMHA-
€TLCA, NOJAPIDHIOETLCA OO0 OKPEMMX MOJERY.] ato jomis. Hanpuknag,

nia 4ac poIYMHEHHA KPHCTANiqHOr0 Xnopuay kamio o K' T1a Cl7,
o poamineHi Ha NOBepXHI KPUCTANd y BY3JIax KpMcTaniyHol rpaTen,
rizpatyioTeea. JInA BiAOKpEMTEHHA [MX (OHIB OAMH Big ogHOMO NO-
TPifHO 3aTPATHTH €HEprilo, Axa JOpIBMIOE eHeprii ioHHOro ap'aaky. Ile
JOCHTL 3HAYHA BenMuMHa, 478 KCl Boda craHoBMTE 707 &M,/ MOJb.
fAkbu He siabyeaamca iHwWi nponec, TO BHACHIAOK PO3YMHEHHA
1 moas KCl B 1 11 Bogu TemmepaTypa cHcTemu anuaunaca O maiizke
Ha 150 K; charTH4YHO TeMIepaTypa 3HMACYETRCA 3HAYHO MEHIlE. He-
TafbHIIe [l MMTAHHA PO3IIAHYTO B HACTYIIHOMY DO3ALILL

YV pasi posuMHeHHA HOJAAPHOL PEHOBMHM ¥ BOAl, HAPMKIAJ Me-
TaHOMy, Tpeba 3aTPATUTH eHeprii Ha pPO3PUBAHHA 3B'A3KiB Mix Mo~
napaumyu modexyiamu. Lli 3B'A3KM BRIOYAKTH piznl BMOM MiEKMO-
AeKyJApHOl B3aEMOAll, cepea AKMX Haitbinblle 3HAYEHHA MAalOThb
BOAHER] 3B A3KN.

Y pasi po3uMHeHHA HEMOJAPHOI PEedYOBMHM, HANPHKIAL BinkHOrO
Bry, y BOAl PO3PMBAHHA 3B'AZKY MiZK HOro MoJ€xKyJIaMi 3BOAMTLCA
[0 nojoNaHHA aMcnepciiinol saaemoall, 10 3B'A3ye mojexyan Bry
70 PO3YMHEHHH,

VaaradbHMBINM (i TPMKJIALM, MOMHA JIHTH BMCHOBKY, IO BHAC-
MoK poO3YMHEHHA HacaMmIlepe/ po3pMBaTLCH 3p’ABKM MiXK JACTHH-
KM} pevoBMHM, AKA posunHacThea. el mpoiec CympoBOIKYETLCA
saTpaToio edeprii, 10610 AHpospas > 0.

[IpoTe npMKAajfM PO3UMHEHHA, IO CYNMPOBOMAMKYETHCA BMILTEH-
HAM TEeIJIOTM, CBIAYATH, L0 1eH NpPOoIec, fesnepeyno HE € EJHHMUM,
PyluifiHoK CUI0K pe3YMHeHHA € iHWM npouec, y pasi mepebdiry
AIKOro BiADYBAacTbCA B3AEMOJIA M YACTMHKAMM PEHOBMHM, ILO PO3-
YyMHACTLCA, TA MOJEKYJaMK PpO34MHHHEA. Ileit nponec Ha3HMBAKWTH
coaveamayieo (abo 210pamayiew, AKIO PO3UMHHUKOM € BOJA).

ConbBaTaria BRJIIOYAE PiaHi BMAM B3AEMOAll, [0 3aneaTh Bin
PUPOAM HACTHHOK DEYOBMHM, IO PO3YUHAETHCH, i BmacTuBOCTEN
MOJEeRy.T PO3UMHHUEA.

SIKIO POZYMHIOBAHA PEYOBMHA | POIUMHHMEK CKIAAAI0TLCA 3 M0~
NAPHMX MOJEKYJ, TO M MONeKyJamy IMX peqoBkH BiaDyBacTHCH
opicHTalliiHa AMIOIL-AHIIONBHE paacmonia. IIpuraagom moxke OyTH
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PO3YMHEHHs MeTaHosy ¥y Boal. Monekynu nux pedoeuH 38 ms3aHi
Miz cobol0 Tako® cusaMy IHZYKUifiHOI Ta mucnepeijinoi B3AEMOIII,
afle HalbimewIMi BHecok pobJATE BOJHEBL 3B'A3KHK (zobpasxeno
TPpLOMa TouKaMiu):

O++**H CH,
R

Y

Y pasi poawMHeHHA HeNOJFPHOI PEeYOBMHM B HENOJNAPHOMY poa-
YMHHMEY (Hanpukian, Opomy B GeH3omi) conmBaTauisn 3BOMMTRCA
TILKM [0 AucnepciitHol Baaemomii; y pasi posuyMHeHHA HETMOJAPHO1
PEYOBMHM B MOJNAPHOMY pO3uMHHMKY (GpoMy y Bomi) Jo mme-
nepciitHoi BaaeMopil NogaeTeea Takox iMpyKITifiHA.

ITix €ac posuMHeHHA IDHHOI CHOMYKM B NONAPHOMY PO3YMHHHEY
I0HM, 1m0 YTBOPIOIOTHLCA, B3AEMOLITE 3 IOMUNONAMM DPOIUMHHHUEA,
MPUTATYIOYM NPOTHJIEMKHO 3apAMMeH] noaocyn i BINIUTOBXYOMM ofi-
HOMMEHHO 3apANMEH|, NPMYOMY CHIM NPUTATAHHA MepPEeBarKAIOTh
HAafl cujlaMyM BIOIIToOBXyBaHHA. Takmi BMI opienTauiiinoi ssaemonii
HasHBalOTE t0H-Junoasnow esaemodicro. Ila Baaemomia gonosHiO-
€TLCA QMCNEPCiiiHoI0 Ta IHAYKLiiHHOW.

THomi B nponeci posunnesHs BigfysaoTbea rmburi XiMiuni nepe-
TeopensA. Hanpuksan, min wac posunmHeHHA XJI0POBOZHIO y BOAI
BigbyBaeThen Jjioro iomizauia, ion H' yrteopioe JAOHOPHO-aKIeNnTop-
HMIA 3B’A30K 3 MOJEKY.JI00 BOIH:

H@Hz — H,0"

NMani sigbysacThea nopasslua coMbBATALA i0HIB H;0% i CI~.
HoropHo-akuenTopHi 3B'A3KM YTBODIOIOTBCA TAaKOM Mim wac
conmbBaTaull ioHIB GaraToBasJEeHTHMX METaJTB, BHACTIZOK 4OTO B
PO3HUMHAX BMHMKAIOTh CoJibBaTOKOMNJexen Hanpurnap, y pasi poa-
unHeHHA y Bopi coseii BeCly, AICl; i NiCly y posumsi snmmmkaoTts

axpaxommexcn [Be(Hy0)g)*", [ANH,0)6]%7, [Ni(H,0)]%", axi nami
AOOATKOBO COMBBATYIOTHCA MOJICKYJIAMM BOXM.

Otixe, y npoueci conwBatauii yrRopwwoTsea HecTiiki CIIONYKH 3
HACTHHOK PO3YMHEHOI PeYOBMHM | MOMekys posuneHuka. Lli cnomymn
Ha3nMBalOTh coaséamamu (abo zidpamamu, SKIC PO3IYMHHMKOM €
Boga). Crnan cosmpaTis Ha BigMmiHy Bix crtamoro cKIaAy XiMiumMux
CroNyK He 3aBiOM € CTaNMuM, BiH 3anemuTk BiJ| KOHUEHTpanii poa-
4MHY | TeMnepaTtypu.

Y mnpoueci cosmBaranii BMEMKAOTE BB'ASKM MiX YaCTHMHREAMM
PO3SMHEIOBAHOI PEHOBMHM i MOJEKYJIAMM DPO3UMHHMKE, TOMY COJILBA-
Tauifi 3aBMIM  CYNPOBOKYETBCA BHALTCHHAM TEILA0TH, OTHe,
AHeomas < 0.
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3aransuuil TEmoBMI edekT npouecy PO3UMHEHHA M{qu_qua-
[a€ThCA 3 TEmJIOTH, AKA 3aTPavacThCA HA PO3PMBAHHA 3B'A3KIB MIMK
YaCTMHKAMM PO3YMHIOBAHOI pevOBMHM, Ta TEILIOTH COJLBATALLL:

AHposy = AHpoapan T AHeomus: (13.9)

Ockinbin AHpgapgss > 0, 8 AHegms < 0, TO 3HaK AHpg5q 3a7€MUTH
Big TOrD, AKA 3 LUMX CKJIANOBMX poOMTh OINbIIMA BHECOK Yy B3arajbHe
aHayenHa renyori poawnneHHA. ko AHpospas 1 AHeoms MaioTh
fomabki abeomoTi aHavenHd, To BenrdnHa AHpgyy HabmoxaeTnea go
uynsn. Hapeneni B nosigumkax sHavweHHA AHpgsy CTOCYIOTBCA 1 Mo
PEYOBNHM, POSYMHEHOI ¥ AOCHTE BEJIMKIA KLTLKOCTI PO3UMHHMKA.

3HaueHHA TEMJIOT POSYMHEHHA [eAKMX PeY0BMH ¥ BOAI HaBeJEHO

B Tabm 13.1.

Tabauya 13.1. Tennora posunHensaa 1 MOAL JeAKUX pedOBHH
B 1t MoJas Bogu 3a 298 K

Peyopnsa 1t Kﬁ”g‘g;:;:“ PeqoBuHA n m‘iﬂ :?::;:un
CH;OHip) o =15 HFir) oo =60,7
COair) 1600 =187 H;BOs(sp. o =21.8
CaCly(xp.) 100 =74,8 NHjir) 100 -34,1
CaCly * 6HyOqxpa | 400 +19,1 NH4Clixp.) o0 +14,8
FeClyixp) 1000 -1324 NaClixp) 200 +5,1
HBrir) o —-85,1 NaOHixp. 200 —42,3
HClir) w -74.8 NasS0, ¢ 10H,Opy | 400 +78,3

ITin wac po3uMHEHHA 3MIHIOETHCA HE JIMIIE eHEpTid, a M e:-:'rponi_f_rl
cucTemy. EHTpomniio posuyyHEHHA MOMH& HOZATH AK CYMY €HTpOmll
PO3PHMBAHHA 38'A3KIB MiX HACTMHKAMM PEHOBMHM, IO POIWMHAETLCA
(ASpoapan), eHTPOMil conbBaTauii (AS oms) T@ eBTpOMi gudpyasil yac-
THHOK PEeHOBHMHM, [0 PO3YMHAETBCH, B 00'eMi pO3UMEHMKA (ASpg):

&SPW" = ASPUHPBB =+ &Smha * ﬂ-sn.mtr {13-1[”
Tlepuri agi cknanoBi MawTeL HaiOiblle 3HAYEHHA, TOMY

ﬂspcaq = ﬁspnap.s-a + AScoma (13.11)

Ilig yac pospuBassA 3B'ASKIB MK YaCTHMHKaMM DEHOBMHM, WO
PO3UMHAECTRLCA, 30LTBUIYETRCA YMCI0 HACTHMHOK, AKL MOMYTh pyXa-
THCE HES34JIERHO OfHAa BiJ ogHOl, TOMY HEBNOpPAJKOBAHICTE CHMCTEMH
i, BignosiaHO, aHaweHHA eHTponii 3POCTAIOT, ASpospas > 0. Habna-
KM, y pasi conbpaTtaumii i HacTUHKM 3B A3YIOTECA 3 MOJEKyJaMH
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pPO3YMHHMKa, OPICHTYIOTLCA BIIHOCHO OjHA OJHOI, TOMY HEBNOpPAL-
KOBaHICTE CHCTEMM 3MEHWIYEThCHA, TOOTO AS s < 0.
3anexntHo Bijg NpUPOAM pPEYOBHH CIIBBIAHOIIEHHA ASpospse |
AScomp MOME 3MIHIOBATHMCH, BHACJIOOK HOr0 €HTPOMIA pPO3YMHEHHA
moke HabyBaTH AK HOJATHMX, Tak 1 Big eMHMX 3HAYEHb. _
Haliwacrime nig 9ac po3unHeHHs eHTaNbNiliHMit Ta eHTpoOniitHMi
YMHHMKHM AlI0TE OAMH NPOTH OJHOr0, POZ4YMHEHHA € 0DOPOTHUM Mpo-
uecom IIpore imoai ul YMHHMEM CrOIpAMOBYIOTH Ipouec y Gik yTBO-
pPeHHA po34MHY, | pozumHeHHA crae HeoGoporaum. [Ipukianom mosxe
Oyt npouec posuMHEHHA y Bomi metaHoay abo cipwaHol wmcnoTHI
3a semamHamy AHpqqy | ASpgqy 8a thopmynioro Ti66ca moskna Bu-
3HAUMTH BLMLHY eHepriio posunuenus. Axwo AGpg,, cTOCyeTHTCH
CTAHAAPTHMX YMOB, TO A Ggm_, MOKa3ye, B AKOMY HANPAMKY [pOLec
MIUMOBLTLHO BinOyBaTMMeThCA [JIA POBYMHY, KOHUEHTpAL(f AKOro
: &
nopieawe 1 moxe/n. Hanpurnap, saxiuo AGWH > 0, To yacTMHa

PO3YMHEHOI Ped0BMHHM BHALIMTRCA 3 pO34MHY, i i10r0 KoHUEHTpauis
3MEeHIIMThCA.

§ 4. PozunnHicTs. Bname Ha posuyunnicTn
NPUPOIM pedoBIH, TEMNEPATYPH i THCKY

Pozumnennsa najiuacrime e ofoporaum npoiecom. Cnpagsni, Axmo,
HANpUENIaJ, HEBEeJUKY TOpLil XIOpMAY HATPil BHeCTM Y Body, TO
U Nopuis JOCHTE WBMAKO PpO34YMHUTECA. Ile came CTaHEThCA i 3 Ha-
crynHow nopuicto. Ilpore B mipy spocramHs koHUeHTpauii poaumHy
MOYKHA TIOMITMTH, N0 WBMAKICTE pO3YMHEHHA HawelTo aMeHuIy-
€TBCA 1 HapewTi po3uuHeHHs npumuHAeTecA. Jomy s NaCl y soni
Hani He poszuMHAeThCAT AnrKe ICHYIOTHL i0HM couti i momexysm Bomw,
oTsKe, mae BimOyBaTHCA Ipouec conbBarauil ioHie, BHaCHiZOK 4oro
peuoBuHa posumnaersca. Hacnpaspi :x npouec posaumenns sigby-
BAE€TRCA BeCh 4ac, ase Tpeba BpaxyBaTn, WO iJe Takod i 3BOpOT-
Huil Mpouec — BMAINEHHA PpEeYOBMHM 3 pOSYMHY, KpMcrasisauis
NaCl. Hum 6inemown € koHueHTpaLia pO3YMHEeHOl ped0BMHM, THM
yacrime i1 4aCTHHKM, 110 MICTATECA B PO3YHHL, CTHRAKTLCA 3 [0-
BepXHeW pPO3YMHIOBAHOI DEHOBMHM | MOBEpTarOTHCA y TBepny chaay.
[le symoBimoe etekT, AxMin MM cnpuilMaeMo K VIIOBiNIbHENH# poz-
unHeHHsA. Komm wismpakocTi pos3umHeHHA i BMpineHHs pevoBMHM 3
PO39MHY CTaXOTh OAHAKOBMMM, POSUMH € HOCUYEHUM, POIYMHEHHA
nan we sigbysaernca, OTzke, HacH4eHUlt posumH nepefysae y craui
AuMHaMIYHOI PIBHOBarM 3 po3uMHIOBaHOI peuoBNHO0, fKIO KOHUeH-
Tpauis po3uMHy MeHIIa, Hi¥ ¥ HACHYEHOMY PO3YMHI, TO WIBHMAKICTB
POSYMHEHHA NEpeBMIIYE WIBMAKICTL BMAIJIEHHA DEYOBMHM 3 PO3UM-
Hy, 1 MOMJIMBE NOAAJbUIe PO3YNMHEHHA naHoi pewoBmHu. Tarmit poa-
YHMH HA3UBAIOTH HEHACUYEHUM.
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IHoal moOHa OoTpumaTH i mepecuweni pozumHM, KONUEHTpalis
AKMX Oinbuia, Hixe HacHueHMX (3a maHMX TeMIepaTypu Ta THCKY).
Hanpukman, sAxio npuroTyBaty Haciuexi pozumnmn NapSO, afio
NaCH3COO aa ninsumenoi TeMnepaTypu, a norim obepewHo i no-
BUILHO iX OXOJIOPKYBATH, YTBODATECA [EpecHueHi posuunam. Y paai
BHECEHHA B TAKWUA PO3YMH UeHTpiB Kpucraiisauii (xpucranie Tiei
camol abo izomopdhHOI pedoBMHM, MY TOMIO) NMOYMHAETLCH KpHCTa-
M3auis, BUAIACTLCA HAMIMIIOK PO3YMHENO] PeUOBMHM, pO3YMH cTae
HacH4eHHM. Y nepecHYeHOMy pPO34MHI MIBMAKICTL BUMILIEHHS peyo-
BHHM 3 PO3YUMHY NEepeBMIye WBMAKICTL pO3UMHEHHA.

Omse, posuMHENHA PEuOBMH 3u3BMYAll TpUBAE 0 YTBOpPEHH#A Ha-
CHHEHOro pO34uMHY, TOMY KOHLUEHTpauif HACHMYEHOr0 pPO3YMHY € Mi-
POI0 POIYMHHOCTI petioBuHM. POYMHHICTD MOMKHA BMpPAsaTH TaKMMH
camumiu crocobamu, AK | KOHUeHTpallilo (mMB. C. 323—323). Pos-
YMHHICTD TaKOX iHOAI BMPAXKAWTHL Y rpaMax posuMHeHoi pPevYOBMHN
Ha 100 r posunHEMKa (Tak 3BaHMIT KoediyieHm po3uuHHOCME).

PoaumuricTe sasnesurs Bifg NpHpOAM POZHMHIOBAHOT pPEYOBMHH,
TEMIIEpaTypH Ta THCKY.

Bnaus npupoau pevoBun ma ix posiuHHicTs, Joci me Hemae
KinekicHOT Teopii, Aka paBasa 6 amory nepenbataTu ta obumcioBa-
TH poaunaHicTs. Ile MOoACHIITE CKJIAAHMM XapakTepom Npouecis,
wo BigbyBarThCA mig wac posumuenna. Ipore Binomo Garato zako-
HOMIPHOCTE!, 3& NOMOMOTOH AKWUX MOMCHA OUIHKTH PO3UMHHICTE pe-
YOBMH ¥ MeBHUX PO3duMHHMKAX.

lle Hacammepes npaBuio, ke MiNTBepHIKYETbCA OAraTOBIKOBMM
noceinom ximikie: «[logibxe posunnaeTnca B noaibHomy». Hkio, Ha-
MpUKIan, B3ATH POIUMHHMKM, [0 CRJIANAKOTLCA 3 MOJAPHHX MoJe-
KyJt (Bofia, COMPT TOMIO), TO B HMX Takox ao6pe PO3YHMHATHMY ThCA
nosiApHi pevoeuHn. Tax, y Boai g06pe posumHAOTLCA CriMpTH | Kap-
BOHOBI KMCJIOTH 3 HEBeNMKMMM BYIJICBOJHEBHMMI panMKalaMM, MiHe-
paJsbHi kucnoTH, syru, Ginbwicrs comelt. [Homi posunHHICTH Oysae
HeoOme:xHOI0 (BOZa — MeTaHOJ, BOAA — A30THA KMCI0TA TOILLO).

Haenaxmu, taki HENOJIAPHI pedoBuHM, Ax GeHzodx, HadbTasiH, rek-
CaH, y BOAl MPaKTHYHO He PO3UMHHI, X04a MOKYTh n06pe poaumms-
THCb opHa B oaHii. Hanpuxnan, Gemaon HeofMeneHo posuMHAETHCH
B rexcanl Ilonibul onmu no opmoro meTasmm (Hanpurnan, cpibno i
Milb) POSBUMHAIOTBCA HEOOMEMEeHO AK y piAKOMy, Tak i TBEPOMY
CcTaHax,

[ikasum € pozumsenss y soxi Opra’ivHMX peqyoBMH, WI0 MICTATH
rinpodineai rpymm (rpymm, mo nobpe 3B'A3YIOTECA 3 MOJIEKYJIaMH
soau: ~OH, ~COOH, -SO3H Ta in), i rigpodobai rpynu (3asBuyali
Ue — BeJMK] BYrJIEBOAHEBi pafuKasM, 0 MOrano COJNIBBATYHITECHA
BoA010). Taki pevosuin HajitacTiure obMenteHo POIUHHANTECE ¥ BO-
Al Ixmi monexymu poamimyioreca Gina noeepxmi posumny, rispo-
thimeHMMM Tpynami BOHM 3aHyperi y Bogy, a rinpocbobHi mamara-
IOTBCA MNepeiT B iHuy thasy Taxi pegoBmHN CHIBHO BIAMBAKTL Ha
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rioBepxHeBMii HaTAr piakoi dasu, ToMy iX HAIUBAIOTE NOSEPTHESO-
AXMUSHUMU,

PozuuunicTs v BOJI iOHHMX PEYOBMH, HANPUKJIAL, coJsieit, MoMe
aMiHIOBATMCE Y AVIe LIMPOKMX Mexkax. Ile MOACHIONTH THM, IO Te-
IIOTa PO3YMHEHHA € pIZHMUE0 Jy’Ke BeJuKHX 33 afcoMOTHIMHI
apaueHHAMM eHepril kpucTanidHol rpaTku Ta conbBaTalli, Tomy Be-
muauan AHpgsq 1 BiBHA eHepria PO3YMHEHHA MOMKYTh CyTTEBO pis-
HUTMCA AJA piBHMX coJelt AK 3a 3HAYeHHAMM, TaK 1 3a SHAKaMM.
OpHak i TYT iCHYIOTH KODMCHI eMIipHYHI IpaBuJa. Tak, Bigomo, 1o
coni NyMHMX MeTaxis, amomiio, miTpaTH MeTasis nobpe po3uMHA-
worhea y Boal. Iorano posumesioTbes cojl, yTBOpeHi DaraToBaJeHT-
HMMM KATIOHAMM TA aHIOHAMM (BMHATKOM € CyJbarty MeTamis, AK
anebinbiioro pos4mHul y Boai).

Boans TemmepaTypu Ta TMCKY Ha PO3YMHHICTEL pevOBHH Y pi-
AMHAX. Brue UMX YMHHMKIB BHAYHOIO MIPO 3afleXuTh Bil arpe-
TATHOTO CTaHy pO3YHHIOBAHOI PEYOBMHM.

[lix wac po3uuHeHHA ragzy B piawsl # YTBOPEHHA HAaCHYEHOTO
PO3UMHY BCTAHOBJIOETHCA PiBHOBara

las + Piguna 2 HacuueHud po3unH rasy. (13.12)

BusHaummo, AKMX SHa4eHb MOMyTb HabysarTn BesuraubEM AHpegy 1
ASpogw ¥ LBOMy pasi. Bigowmo, w0 eHepria 3B’A3KY MiX MOJNEKyIaMu
rasy Osnmabpka OO0 HyJA, TOMY arijHo 3 piBaarHAM (13.9) AHpoaq =
= AH oms CosbBaTauif Binbysaerbea 3 BUAINEHHAM TEILIOTH, TOMY i
AHpoas < 0, T0GTO poaunHenHA razis y piguHax maibxe saBmau €
€K30TepMiYHMM OpoLecoM. AHANOTIYHO B paal BMAHAYEHHA AS posu
MOKHA SHEXTYBaTH BeJMuMHOK ASpospas, TOMY ASpoay = L
Ockimbku AScoms < 0, T0 ASpas: TAKOK € Bijf €MHOI0 BEJUUMHOL. 3
NigBMIIeHHAM TeMmmepaTypy BHecok Wiena TAS y Blaeay eHepriio
li66ca abinemyersea (AG = AH - TAS), ~TAS > 0, Tomy Beurinka
AG nabysae Binbrmx gogarHux aHavenb. [le osmadae, wio piBHOBara
(13.12) smimyetbes B Gik yTBOpEHHA BHXIJHMX pPevOBWH, PO3HMH-
HicTE rasis y piaMHaX NpW HarpiBaHHI 3MEHIIYETBCA.

Boms remnepaTypu Ha PO3YMHHICTB Tasis MOMKHA TAKOMK [0AC-
uutw 3a npusmuiom Jle [Marenase. Cnpasni, 3 MABMUIERRAM TeMIIe-
paTypH NMOCWIIOETLCA Npouec, Axuit nocaabmoe 1i spocTanid, ToOTO
epnorepmiunmii. Takum tpouecoM € BuAiNeHHA raszy 3 PO3UMHY,
BHACJIIOK TIOCHIEHHA LBOTO [IPOLECY PO3YMHHICThE 3MEHIIYETHECA.

3a npurnunom Jle [Mlatense MoxtHa TaKoM BUSHAHMTH BILIMB
THCKY Ha poOaumHHicTE razy. Bimomo, uio TMCK ¥y cucremi, mo mic-
TUTH Tasy, BaJEMHTD BiJl YMCIA MOJEKYI rasy B ofmHuui ob'emy. 3
MigBMILEHHAM THCKY CcHcTema rocnabiioe 7oro, 3MEeHLIYIOH HHCIO0
MoJeKy,s rasy B oguHuui 0b’emy. Take aMeHIIEHER BinDyBaeTbCA ¥
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pasl NEepPexoay “acTHHM MOJIEKYJ rasy B pO34uH, piBHoBara (13.12)
sMilyeTeesa B Oix YTBOPEHHA DO3YMHY, TOMY B Mipy 3pOCTaHHA
TUCKY DO3YMHHICTE rady B piamsl abiibluyeThea.

Sriguo ia saxoHoM, Bigkputum y 1803 . o
¥. lenpi (1774-1836), P y p. aHrmifceEHM Ximikom

m = kP, (13.13)

A€ M — Maca rasy, pO34MHEHOro B nesHiit xinexocTi pimmmm; k —
mm::qamleurr PO3HMHHOCTL, AKMI 3AJIEKNTH Bil NPUPOAM pPO3YMHIOBA-
HOl pevY0BHHM Ta TemnepaTypyu; P — Tuck.
o Hil};c(;urs 3H5111ﬂ piamHolo nepebysae cywmiml rasis, TO PO3YMHHICTE
: WX 3aJeMHUTE Big HOT0 MapliaJIbHOroO TUCKY | i
LIEHTA POZYMHHOCTL " T
- :].Za:.KDH lenpi cnpasepnusuit nume gna posbaBieHMX poOaultHiB
BHMCOKMX THCKIB | Bipeyruoeri ximiunol s3a i1 i ,
emonii -
HEHTaMM PO3HMHY. P IR TRONED
Tuc{u Mallo BIUIMBAE Ha pIBHOBary B CHMCTEMax, ul0 HE MICTATEH
rasosoi d:)a:au, 4 GMIHA TEMIEPATYPM ICTOTHO BIIMBAE HA POSUIH-
HICTB ¥ DIAMHAX TBEpPAMX Peu0BMH 1 pimmm.

Kpucran + Piguna 2 Hacuuennmii poaumn. (13.14)

Ananisywoun Bupas (13.9) ana rtemmorw PO3UMHEHHSA, CXiR ypaxo-
BYBATH, L0 HA PO3PHBAHHA 3B'ASKiB MiM gacTumkammu }TEEPJJ,OT pedo-
BUHM 3aTPavacThCA JOCHTD BHAYHA eHeprid, ToMy sHadeHHs AH
aa abcoMmOTHOO BeaHUMHOK 3eBLabILoro nepeemuiye AH pmp?
3B ASKY 3 LMM PpO3YMHEHHA TBEPAMX PEvOBMH Yy pinnﬂac::“;ﬁﬁv
HaCTIILIE (He 3aBXOM) € eHI0TepPMiuHNM npouecos, TobTo AH, >0

PylinyBarna gocraTHbO Bropagkosanoi Kpucramaidaol rpgo—j?l:n Ta
YTBOPEHHA OKDEMMX YaCTMHOK (Mosekyn, i0HIB) cripmumHioe sHauHe
SPDCTAHHA eHTponil, Tobro AS poapas == 0.

3pocrakHA enTporii y msoMy nporeci € HacTiAbEM SHAYHUM, 110
I::E;;T{Eegﬁzziiﬂ 3a PaxyHoK AS;yms, TOMY 3a3BMYaji POSUHHEHHS

B Y PLAMHAX CYIPOBOMKYETBCAH 3POCTAHHAM EHTPO-

n.n,’ TO6T0 ASpaapas = 0. B Mipy migsmuwenns TEMIIEPATYPH BHECOK
Blp'emuoro 4nena —TAS y sesmuduny sinebnoi eneprii I'66ca 36iie-
myeTbed, AG rabysae Ginbumx Bin'eMHMX 3HaueHb TOMY PO3HMH-
HICTB TBEPAMX PedoBMH 3pocrae (pue. 13.1). '
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[lefi BHMCHOBOK ¥3TOMHYETHCA
:E-f 3  NpMHLMMOM Je [MMaTense.
sole] € CnpaBai, B pasi MigBHIIEHHA
TeMnepaTypy B PiBHOBaKHIN CHC-
TeMl TIOCMMOETHCA EHJA0TepMid-
131:; - HMI MpoLec, L0 MoCadIoe 3po-
o & cTanHA Temmeparypu. OCKITBKH
PO3YMHEHHA TBEPIMX PEedYOBMH
HaYaCTIIe  CYNPOBOIMYETBCA
i MOLIMHAHHAM TEIVIoTH, IX po3-
oL quHAICTL ¥ pasl HarpisaHHA 3P0-
crae (aue. pue. 13.1).
BogHowac Bigoma HM3Ka MpPo-

/ LeciB pO3YMHEHHA TBEpAMX pe-
4OBMH Y PimuH]l, AKI cynpoBoa-
FYHOTBCA HEe3HAYHMM TEerIoBHMM
echexrom abo HaBiTh BHALTEHHAM
TEMJI0TIH.

Axuw rtennoTa pPO3YMHEHHA
HEBEJMKE, 3MiHa TeMneparypy
Masj0 BIUIMBAE HAa PO3YMHHICT.
[Ipuraagom moxe Oyri KpHuBa
PO3UMHHOCTI XJOpUAY HATPIIO
(ame. puc. 13.1), fkuio po34MHEHHA TBEpPAO] peqﬂamiﬁ BII{ﬁ}«'Ba::;CiH-
3 BMALIEHHAM TEeMIoTH, TO 3riJHO 3 NPUHLMIIOM Je _a'renfe HI;I 3
BAHHA 3YMOBJKE 3MillleHHA pPIBHOBAMM (13.14) B Dik yLBUpeEH_
BUXiHMX pe4oBuH, TOOTO pO3UMHHICTE TBEpAO] peqﬂfff-llj!: Sh:lﬂ‘,!l,i
myerses. [lixaBo 3MiHIOETBCA POIYMHHICTE cyabcpary Harpi : y a
sanemHo Big remneparTypu (puc. 13.2). ¥ pasi HarpiBaHHA A0 TeMil
parypu 32 °C, pO3uMHHICTb giei coni abinbBLIyETBCH, & B nznpyT;I}?—
aABIIOTO NiABMLIPHHA TEMIMEPATypH MOYMHAE 3MEHLIyBaTH ffn ! Bty
aMiHy pPO3YUHHOCT] MOACHIOWTE "gm, o 3a Te?mv_?ia;:;: ;:;mﬁpﬂﬂan

s acus i nmepebysae y cradi piBH -
32 °C, nacudeHmil Po3dMH Mepebd) ;:gn';[pa-rim e S,

._.
-1
=

=
AN,
&,

Poasusmets, rf 100 r H:0
<

0 20 40 60 a0 100
Temnepatypa, "C

Puc.13.1. 3ajiessicTs POSHMHHOCT]
OesKMX coneit ¥ Bogl Big TeMnepaTypH

g1 60 AKMI pPO3YMHAETBCA 3 [ONIM-
iu HaHHAM TenJoTH, a 3a BMIIMX
Epgl remmepatyp — 8 De3BOIHOI

2= cimmo NapSO,, sika pO3uMHA-
A €ThCA 3 BUAIIEHHAM TEI0TH.

AHanizywouyn BIJIMB  TeM-

mepaTypy Ha PU34MHHICTE pi-

0 20 40 60 BOD 100

— t)
immuax, caig maMm ATa-
Temneparypa, °C AMHE ¥ p1d )

i, MO B paadi 3MilIyBaHHA
Puc. 13.2. 3anesuicTs pOHHHHOCT] ABOX pIAMH 3aJ€MHO Bl li:E

cyanthaTy HATDIIO ¥ BOAI BiX TeMnepa- MPUPOJM MOIKJIMBL piadl Bap
TYPH aHTH: pigMHK HEeOOMEIREHO po3-
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YMHAIOTBECA OAHA B OAHIN, PIAMHM PO3YMHAKTHCA 0OMeIKeHo: pimsHm
NPaKTHYHO He PO3YMHAIOTECA OJHA B OnHliL

Posrnademo pisnoBamumit cran Mix piakumu dasamu PO3YMHY,
AKMIA BCTAHOBJIOETHCA B paai, koam piamHn POSUMHHANTLECA OJHA B
OXHIt OOMEeMREHO, HANPMKIAA CTaH PIBHOBATM, AKA BCTAHOBIIOETLCA
B cucremi heHon—Boaa. Buachainok gomasanmsa cheHOY [0 Boam 3a
3BMUATIHUX YMOB (hEHON 4YaCTHOBO PO3YMHACTBLCA ¥ BOAL, YTBO-
PIOETBCA pO34KH (heHONY ¥y BOJl, B AKOMY KiNBKiCTE BOAW Habarato
Ginepia 3a kinekicTs deHony. Boasouace i soga obmermeno PO3YIHA-
€TBCA ¥ (DEHOMI 3 YyTBOPEHHAM pO3UMHY Boau y heHo i, me nepesa-
ae chenon. I3 yacom BCTAHOBJIETBCA piBHOBAra:

Hacuuenwit poauun desony v soni 2 Hacuuenni Po3uMH BOOM ¥ dheHOI,
(1) (2)

Bsaemue posumHenHa peuosuH BiafyBaeThea 3 nOTAMHAHHAM Te-
JI0TH, TOMY B MIpY MABMLIEHHA TeMriepatypu PO34pHHICTE 3pO-
crae. e osnavae, 1o po3unH (1), B AkoMy mepesaskae Boaa, oCTY -
noso abarauyerbea ceHonoM, a posumH (2), B AKOMY TIEDPeBaKac
ceron, abarauyersen Bogow. Ckaaam mux das noerynoso smmmy-
IOTBCA 1 HapemTi sa reMneparypu 66 °C CTAIOTL O4HAKOBMML. Daszu,
AKI He PISHATBCA CKAANOM, BMIIUIYIOTLCA 3 YTBOPEHHAM OHIE] chaau.
Oriee, B cucTemi 3a Takux yMoB peyoBMHM HeobMesKeHOo posumHsA-
I0TbCA OHa B oaHiit. Temneparypy, nounHaoum 3 AKoi aBi piavHK
HeoDMEeIKEeHO pO3UMHAITECA OfHA B ONHIN, HA3MBAIOTE memnepa-
mypoio posuunenns, abo KPUMULHOIO MEeMNEPATRYPOIO.

Y pasi oxonomskenHs cumcremu (eHOT—BOAR 10 TeMieparTypu
Huzcdol Big 66 °C aHoBy yTBOpIOIOTHCA ABi hasm, | cucrema noBep-
TAETBCA A0 cTaHy obMerxeHol po3uYMHHOCTI

§ 5. Tucr Hacw9enoi napu po3unHiB.
Kuninua i 3aMepsanuna posunuis

fik ywe sasnavanoca, Oinbuiiers Ximiggmx peakuiil y npoMmcio-
BOCT] T4 HAYKOBUX AOCTIIMEHHAX NPOBOAATL CAaMe B po3unHax. [lic-
J1A UBOTO CHHTE30BaHI PEYOBMHN BMILIAKTE 3 PO3YMHIB NEpPEeroHKOK
abo mpucranisauicio, ToMy BuBueHHA npoHecis KMniHHAA | KpHcTami-
3allii pO34lHIB MA€ BAKIMBE NPAKTHYHE 3HAYCHHAL

Posrnanemo, Ax aMiHIOITBCA TeMneparypy KMmiHHA | 3amepaaH-
HA ABOKOMITOHEHTHMX DIIKMX PO3YMHIB HENETKMX PEYOBUH Y JETKHX
PosumHHMKax. Temnepatypu KuiliHHA | 3amepsaHHA pixvHy noe's-
3aHi 3 TMCKOM Hacu4eHoi napw uiei pigmau (ams. e 221-323),

Tuck nacuueHol napyu Haj KOMKHOI PIAMHOIO 34 MEBHOI TeMIepa-
TYpHM € CTAJNOK BEMMYMHOW, aje AKINO B Uil piauHi po3uMHMTH
AKYCE Pe40BMHY, TMCK 11 Hacu4yeHol mapu amiamTteca B paai, komn
poauMHEeHA pEYOBMHA € HENeTKOKX, THCK HACMYEHOI napM piauau
aMeHyeTbes. e MoxHa nmoAcHMTH THM, W0 NiCAA PO3YMHEHHA B
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pionHi HeJeTKOL pedyoBHMHM KOHLEHTpALA PO3UMHHUKA B pigkii dasi
ameHmyetbea. 3riggo 3 npunummom Jle Hlatease pisnopara mim
Napoo 1 posuMHOM 3MILIyeTbCA Tak, WO nocnatuTy 11 3MEeHIIeHHS,
AUIA BOTO 4ACTHHA MOJIEKYJ PO3YMHHMKA IePexXoiuTh 3 mapH B pl-
AuHy. 3MEHIIEHHA THCKY HaCM4eHOl mapy pioyHy MOJMHA TAKOM 10-
ACHWTH, POBTJAHYBIIM 3MiHY LUIBMAKOCT] BUNAPOBYBAHHA i KOHOEH-
cauii. CnipaBzi, BHACJHINOK POBYMHEHHA HEJETKOl PEdOBMHM B pimrni
yacTHHY TIOBEpXHI pimmuy saliMyTh MoJiekysy uiel pedoBuHHy, Akl 33
paxyHOK nepebiry npouecy combBaTauii 38'AMYTE YACTHHY MOJNEKYJI
posuMHruka. Lle 3yMOBMUTE 3MEHIIEHHA IIBMAKOCTI BiNAPOBYBARHA
poaunurmka. 1IBuakicTs KoHAeHcauil crane Olnbiiolo 3a LUBMAKICTE
BUIIAPOBYBAKHA, YaCTHHA MOJEKYJ POZYMHHMKA neperne 3 MapoRoi
chasm B pigry. ucao MoNeRyYX B omuunni ob’emy mapu i sianoeigHO
THCK HACMYEHOI MapM 3MEHLIATbLCS, BCTAHOBUTHCHA HOBA pIBHOBEra 3
MEHIIMMM LIBUAKOCTAMM TTpOLlecis BUNApOBYBaHHA | KoHaeHcauil.
[IpupofHO, L0 THMCK HACHYEHOI Napy pPO3YMHHMKE HaL postdn-
som P mponopuiiiamit fioro xoruentpauii B posumni. Hafnizpyuniue
KOHIEHTpAaLil po3YMHHEMKA BMPasKaTH 0ro MOJAPHOK YaCTKOW N(S):

Y uvomy pasi merko 3'scysaty (pismurii smict koediuieHTa mpo-
nopuiiirocri k. B mipy poabaeifAHHA POZUMHY 3HAYEHHA N(S) wa-
BamskaeTbes A0 ONMHMI, & THMCK HACHMHMEHOl nmapu po3dYMHy — H0
THMCKY HECHMYEHO! MapH posuyMHHMKA Py. Tobro sAkmpo N(S) — 1, To
P — Py, romy xoedinienr k = Py 3 ypaxyBaHHAM UbOr0 BMpas3
(13.15) Mo¥HA NOJATH ¥ BUTIAD]

P = PyN(S). (13.16)

Orxe,

THCK HacHYeHOli mNapu Haj PpO3UYMHOM HEJNEeTKOI pPeuOBMHH
JopiBHIOE 11 THCKY HaJ YMCTHM pPO3IUHHHMKOM, TMOMHOMKEHOMY
Ha MOJIAPHY 94cTKY pPO3UMHHUKA B poO39TuHI.

YacTo BajKJIMBO 3HATH He CaM THMCK HACHMYEHOI napu, a pisHMUIO
MiZt TMCKAMM Hacu4eHoi mapy Hal POSYMHHMKOM I Hajlj PO3HMHOM.
Plamgmpo Py =~ P HasMBAKThL IHUNMEHHAM TUCKY nacuyenoi napu
nad posuunom. Besmuuna Py — P sanenmts Bij KOHLUEHTpauil pos-
ynnerol pedoeun. Cnpasal,

Po— P = Py - PyN(S) = Pyll — N(S)) =

nS) Yo

_ L nfX)
n(S) + n(X)/

= Pu[l" nﬂ.{S.} + H(XJ'

IR . s S g T
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nX)
m - N{X}I ae N(XJ — Munﬂpﬂa YyacTKa poaus-

HEHOl PevY0BHMHHU, TO

Ocxrinbru

Py = P = PyN(X),

afo

B-P
_"P— = N(X). (13.17)
o

Orxe,

BiHOCHE 3HMIKEHHA THCKY Hacwdgenoi mapwu PO3YUMHHMES HaJI

PO3YMHOM HeJeTKOI peYOBMHM JOPiBHIOE < u .
MOJIAPHI
PO39MHEHOT PeHOBHHIM P PHIM TACTI(

Banemﬂ_lgm TMCKY Hacu4eHol napu Haj po3uMHOM sin iioro
KOHUEHTPAUll yCTaHOBHE thpaHuysbruit yuernii . M. Payas TOMY
Noe A3aHl Misk cobow pieHAHHA (13.16) i (13.17) Ta Bimosinﬂi dop-
MyMIOBAHHA HasMBAOTE nepwus jaxonom Payasn. d

d?pguf:ya_ Mapi Payan (1830-1901) — dpasuyaskuit
ximik i chizmmx, Bue4ae mractusocri posummia. P;i.m-:pnn
(1882) sanemuicTs TMCKY Hacuvewol mapu DPO3YMHHM-
Ka HafZ poaunHOM Big THCKY Napu 4MCTOT0 PO3THHHMN-
Kd | KOHUEHTPAL PodauHeHo] pedoBmiy (3axoH Pay-
Nf), 3ACTOCYBAR IO 3AJEKHICTE AJA BHIHAYEHHA MO-
JIAPHHUX MAC DOSYMHEHUX DEYOBMH, TEMIEPATYD KH-
l‘IlHHH‘E‘a ?:pucmmaauii posuunie. Busdas Tenaoru
peakuiii. Bigkpus saxow anmsenns crucausocti poa-
UWHIB ¥ MIpY sbimemenns ix xoHuexrpanil. CroHer-
PYIOBAB TrasomRumii NajeHME JAJA Ta30BOrO anaxiay.
Binxpus (1882) riocen y rexniunomy Gewsoni. Sanpo-
Baaue (1805) repmin «xpiockomis».

bpancya Mapi
Payus

Caip, Ja3HAYWTH, IO SHMKEHHA THCKY HacuueHol mapu Hagm poa-
HUHOM 3a8JIeKUTL TLIBKM Bl YMCA 9aCTHHOK (MoJis) posyuHeHO1
PEUOBNHM | HE 38JIeHKUTh BlA 11 BJacTHMBROCTE (MACH YACTHHOK, IxHiX
posmipie, xiMiveol npupoam Ta in.). ’

IIpAMMM HAaCHiAKOM BHMMKEHHA THUCKY Hacu4eHol napM Hajg poa-

MHAMK € 3POCTAHHA TEMNEPaTYP 1X KMINIHHA | 3HUMKEHHA Temnepa-
TYP EpmcTanizauil
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flk yxxe sasHavatoCcH, PiAMHA NOYMHAE KUMITH, KOO THCK i1 Ha-
cHUCHOT Tapy JOCATAE SOBHIMIHBOrO (aTMOCEPHOI0) THCKY. 3aJte-
HICTH THCKY HACMHeHO! mapy Haj PO3UMHHMKOM BMDAKaE KpuBa OA
(pue. 13.3). AHajoriyHa KpuBa 4JA PO3YMHY HEJIETHOl pEHOBHEM B
piauui (anB. pHC. 13.3, xpupa DE) arigHo 3 nepumM 3aKOHOM Payna
nexuTh Huskde i kpusoi OA. Temneparypa KMMHEA pifiKOro po3-
yyHHEMKA (BMXiZHOI piaMHM) 2a aTMOCQepHOro THCKY Binmoeinae
T! .. 3a miei TemnepaTypn POSuHH He gunitume, 6o THCK Horo Ha-
cymerol mapy siauit By atmoccpepHoro (aus. puc. 13.3). Ilod Ticx
HAaCU4eHOl MapM Haj PO3UMHOM JOCATHYB aTMocdiepHOTO, PO3YMH
rpeba nigirpitTn go remnepaTypy Tyn (AMB. pyc. 13.3).

=
= A
=
E
f i
' i
! 1
: |
i
i AToam ! Ty I
et =
v : Eli I -
T:!E.‘!d TEEM TKH.H TI!H]'I
Temnepatypa

Pse. 13.3. 3aKoHOMIPHOCTL aMiHM TeMIepaTyp KMITHER i KpHCTATIsaull poaumHia: |
0A, OB, DE — 3afesHOCTI THCEY HACHMEHOI NAPH BiA TEMNEPATYPH
BIAMOBIOHO HAZ PIOKMM DOSYMHHHKOM, TBERAMM PO3YMHHN KON TA& PO3YMHOM

Pionmiiio (T = Thug) = ATxun HASUBAKITH MIDGUWEHHAM TEM-
nepamypu Kunidua poauduHy. fKmo B3ATH PO3HUMH 3 BMINOIO ROH-
UeHTpalielw posunHeHol pedoBmHM, TO THCK #Oro HacMMEeHol Tapn
fyae e HMAKUMM, & TeMIepaTypa KHMiHHA BianosiiHO 3pocTe Ha
e BiMblIy BeMuMHY. SHMIKEHHA THMCKY HACHHEHOI napyu po3uuHy
BM3HAYAETLCH MOJAPHOK HYACTKOK POZYMHEH0] PEeuOBWHM, TOMY i
maBHeHEs TeMnepatypu kumiaegs ATy, posuHHy nponopuiline
YMCIy MOIB PO3UHHEHO! PeHOBMHM B IEBHIH KiMbKOCTI POZYMHHMKA:

ATyyn = Eb(X), (13.18)

ne b(X) — MOMAJBHA KOHUEHTPAllif pPO3MMHEHOI petoBMHM, TobTO
guesao 11 MOJIB B 1 KI po3uMHHMEA,
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Biayunnit amicr roediuienta nponopuifiHoeri E MoskHa 3'AcyBaTH,
npuitHABLIY aMikHy BeyuuHy b(X) sa omummwo, To6T0 1 MoMk/Kr. 38
uiei ymosu ATy = E, T0bT0 E — ue miaBUILEeHHA TeMIepaTypu Ki-
NiHHA OJHOMOJAJNBHOrO po3unHy. @, M. Payas josis, 10 po3umHu
pI3HMX PEUOBMH 3 OJHAKOBOK MOJIANLHON KOHLIEHT Palick) B OJHDMY
if TOMY CAMOMY PO3YMHHUKY MalOTh ofHakosl sHaueHHA ATy, Orke,
AT, (i, Bianosiguo, sHayeHHEA E) He 3aneruTh BiA MPUPOIM PO3UH-
Heroi pewosuuu. [Ipore posummam omHiel i Tiel caMol pevOBHHH B
pidHHX PO3YMHHMKAX 3 OJHAKOBOK MOJANBHOIO KOHLEHTpatliew poa-
uuHeHol peuosnan WX) signosinaore pisHi sHavennd ATy,

Orske, MO¥KHA AilTY BUCHOBKY, mo koHcTanta E saneuTs Bia
MpUpPOAM PUSUMHHMKA | Tomy 11 HA3MBAKTE efyaiocxoniunon (siy
nat. ebullire — eukunati) emaaow poswunnuxae. Hanpuwiag, s
somy, GEH30JY i1 OLTOBUI KMCIAOTH BHAMEHHA efynioCcKOMiYHOI crasnol
sianosinno mopieswiors 0,516, 2,57 i 3,10 K+ kr/mons.

[lin uac oxonomenHs posbapreHoro po3UMHY KpHcTamisalif
POIMOYMHAETHCA 3 TIOABH KPHUCTANY POIYMHHMKA, ARUIA Nepebysac B
piBHOBa3i 3 pimkum posuusom. Hanpuknam, y pasi OX0J0AKeHHA
poabaBiIeHHX BOMHMX PpO34MHIB PeqOBMH yTBOPIIOTBCA KPUCTATH
neony. PisHosara mik pigkoio i TBepaoio daszamu BCTaHOBIIOETHCH,
KOJIM TMCK HacMYeHo! mapu Haj HuMM OfHaroBuil [JnA pos3uuHHMKA
Taka pIBHOBAara BCTAHOBJIETHCA B MOTpifHif Touwi. Ha puc. 13.3 no-
rpifiEiit Touni Bimmosigac Temneparypa T, ToBTO TemmepaTypa
3aMepaaHHA PIKOTD PO3YMHHHMKA.

[Ipore pigkuil po3umH 3a wiel TemmepaTypy He nepedyBaTHME B
pieHOBazi 3 TBepAow (Ha30l0, OCKIABKM THUCK HacHYeHol napu Hapm
vy hasamm Heognaxkoeuid, 1A ymoBa BMKOHYyeTBCH B TOHIIL nepe-
ury Kpusux BO i DE (0"), o sigofpamaloTe 3aJeixHOCTI TUCKY
HacKyeHol mapy Big TemMnepaTypu BIANOBIAHO HAJ TBEPAMM PO3HMH-
HUKOM (Hanpukaaz, asopom) i Hag poaumnom. Touxa O amiuieHa B
6ik HMKUMX TEeMMepaTyp BigHocHo Todku Q (mms. pue. 13.3), robTo
po3uMH 3amepaae 3a TemnepaTypy Tgy, HIDKHOI 32 TEMnepaTypy 3a-
Mep3aHH#A posduHEuKa. Pisnms {Tgm = Taan), AKY No3HaqAI0TE AT 35,
HA3MBAIOTE 3HUNEHNAM TNEeMNEePAMYyPU 3aMEPIAHHA POIUUNY.

3i abinbIIeHHAM KOHUEHTpauil posdiHy TMCK HacHHeHol napu
Hajl HUM fefasi SHHsKYEThCA, BiAnosigHO aMiigyeTsea B Oik HMHHMX
TemrnepaTyp 1 TOUKa 3aMepB3aHHA POUMHY, TOMY

AT 0 = Kb(X). (13.19)

Hoedinient nponopuifinoeri K BiANOBLIAE 3HUMEHHIO TeMIepa-
Typy BamMepaaHHA poaduHy 2a b(X) = 1 mons/kr. BusHaioun Temne-
paTypM 3aMEep3aHHA PO3UMHIB, [0 MICTHIM pizHi pos3uyMHeHi peto-
BMHN B OJHOMY ¥ TOMy CaMOMy DO3YMHHMKY Ta OJHY ¥ Ty camy
pO3YMHEHY PeYOBMHY B pisHMX posumuEMKax, D. M. Payne gifimtos
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BMCHOBKY, 110 Benm4iMHa K He 3anemWTh Bij Npupoay posumMHEHol
Pe4Y0BMHM, ajie € PisHOW N8 PIZHMX PO3YMHHMKIS, ToMy 1i 6yno Ha-
3BAHO KPIOCKONIUHOI0 (BiA rpenbr. KPuo — XO0JI0) CMAA0I0 PO3-
wunnuxae. Hanpuxnan, ana sogu, GeH30ny Ta OMTOBOI KMCJIOTH Kpio-
ckomsni cram K popisriolots sigriosigro 1,86, 5,12 1 3,90 K - kr /Mo

IIpoananisysasmm pisuanna (13.18) rta (13.19), moxkma ity
BUCHOBKY, 110 ATy i AT,,, nponopuifiai yueny monis posunHeHol
peyoBuny. OCKIMBKM KOMEH MOMEL MICTMTh OZHAKOBE 9HMCJIO MOJEKY.T
(6,022 - 10?3), To ui BaacTHBOCTI PO3YMHIB BaseaTh TIMBKM Bif gmc-
JIa YaCTMHOK poayuHeHol peyosuay. OTiKe,

MiABHMILEHHA TEMIEPATYDM KHIOIHHA i 3HMMKEeHHA TeMIIepaTypH
3aMep3aHHA PO3YMHIE NPOMOPHiAHI 9HCIY YaCTHHOK pPO3YHEHEe-
HOY peYoBMHHU i He 3a7eaTh Big Y1 npHpogn.

Taxoro sucrosky naiitinos . M. Payas, srogom fioro Gyno HasBaHO
dpyzum saxonom Payas.

Bakonu Payna cnpaBeamusi gns posGaBieHmx POSYMHIB HeleT-
KMX PEYOBMH, AKI B POSYMHEHOMY CTaHi HE MPOBOAATH eNEeKTPIUYHMI
CTPYM (HeelexTposiTis).

Ockinern saxon Payna cnipasesmei gna poaGaBnemssx poawsis, aHa-
Yennn efyniockoniunol Ta KplockonidHOl CTAMMX He MOMHA BMIHAWHTH €K-
CIIePHMERTANBHO AMA POFYHHIE 3 MOJANLHOK KOHIEHTpauien b = 1 Moms /o
i poswiHM BYte € JOCTATHBO KOHUEHTPOBAHUMM, TOMY EKCTIEPHMeHTAIbHO
eu3HA4AlTE AT, 1 AT,,, Ginem posGaenennx posunuie, micns 4oro 3a
crieeigrowennAamMu (13.18) i (13.19) ofumemowTs snavenna ebyniockomniu-
Hol E ta xplockonivso] K eramax,

3a EeKCHepUMEeHTANbHO BHAMIEHMMM SHAYCHHAMM ATun 1 AT oun
BM3HAYAIOTE MONEKYNAPHI MacH po3uvHeHHX peyoBuH. YacTime Bu-
KOPHCTOBYIOTE KPIiOCKOMIMHMA METOJ, OCKLIbKM BuaHagyeHHA AT, €
TOYHIIIIM i‘ npoctimum. Ina ofumncrenna monekynapsoi macu (abo
YMCENBbHO PiBHOI i moaaproi Macu) y dopmyny (13.19) nigerasnmo:

hX) = n(X) X = m(X)
(X) mrS},nt ) M(X)’
ToAl
ATgay = Kb(X) = K& — g ™X)
m(S) M(X)m(S)
aBiaKM
Mx) = KX
(X) KﬁTmm(S] (13.20)
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Caip saysamuTH, 1110 B pasi obumeners 3a pienannam (13.20)
snayensa m(X) supasxkeni y rpamax, a m(S), 3arigHO 3 BM3HAYEHHAM
MONIANLHOI KOHIEHTpanii, — B Kinorpamax.

§ 6. Ocmoe. OcmOTHYHIIT THCK

3 yMCIOM 4ACTHHOK PO3YMHEHOI PeyoBMHM M0B'A3aHI TAKOMXK Je-
AK] iHWI BAACTHBOCTI po34MHIB,

YacTHHKM PO3YMHEHOl PeYoBMHM | posumHHMKa nepebysaloTk y
feanepepBHOMY XaOoTHHHOMY Pyci 1 piBHOMIPHO PO3NOALTIONTLECA 110
BeooMy 06'eMy poauuny. Ko Ko posuMHy geakol pevosuHu aoba-
BUTM YMCTHI PO3YMHHMEK i He nmepeMmiliyBaTH HOro, To 3aBIAKM Xao0-
THYHOMY DYXY YaCTHMHOK PO3MOMHYThCH NpouecH audysii, i posun-
HeHa pe4yoBMHA PpO3NOAIATUMETBCA [0 BcbOMy O00'€EMy CHCTEMM.
IIpu npoMYy HACTHMHKM pO34YMHEHO! pewoBMHM ANMYHIYBATHMYTL 3
pPO3YMHY B POIYMHHME, a4 YACTHMHKM PO3YMHHMKA MOMKYTh BiJILHO ne-
peMmimyBaTHCL AK 3 PO3YMHY B PO3YMHHMEK, Tak i 3 DPO3YMHHMKA B
pPO3UMH.

IIpoTe KOHUEHTpALiA POZYMHHMEKA B 4MCTOMY PO3YMHHMKY BMILA,
HiXK y piouai, Tomy Ginbwowo € 1 meugkiers pudysil yacTHHOR poa-
yuHHMKE B po3umH, OTie, ROHUEHTpanil KOMIOHeHTIB 3piBHIOITHCA
BHaCAAOK Auy3il AK YaCTMHOK pO3YMHEHO! PeyoBMHM, TaK 1 4acTu-
HOK POZYMHHMKA, L0 NEPEeMIyOTECA B NPOTUIEKHMX HalpPAMKAX.

Curyania Aemo sMiHIOETBCA, AKIIO PO3YMH | POSYMHHMK pPO3Ii-
JIMTH [EePeTHMHKOID, Kpisk AKY 4YacTMHKM POSYMHHMKA NPOXOJMTH
MOMKYTB, & 4ACTMHKM pPo3yMHeHol peyosurn — Hi. Taki nepermHrmM
HA3MBABAIOTh Hanisnponuxnumu (membpanasmu) Bomu icayiots y
npMponi, Ix TAKOM MOMKHA BMIOTOBMTH wWTyyHo. Tak, Hanisnpo-
HMKHOI MePeTHHKOK (MeMOpaHow) OTOYEHA KOXKHA KIITHHA B 3KM-
Bux opraniamax. OBONOHKM KJAITHMHM JErKONPOHMKHI JJNA BojaM, ane
malike HenpoHukHI oA OaraTbox pPEeYOBMH, DO3YMHEHMX ¥ BHYT-
pituHLOKAITMHHEIN pigMel. [aa mTydHOro BUrOTOBJEHHA HamiBopo-
HMKHMX MeMOpaH BHKOPHCTOBYIOTH NMPMPOJH] # CHMHTETHYHI nosaime-
pu, ropucTi kepamiyni afio CRAAHL MepeTHHEX.

fAkino posaumH (Hanpuemaz, UYEPY ¥ Boai) i posumMHHME (BOLY)
PO3OIMMUTH MEepeTHMHKOW, AKA MPOIIYCKAE MOJEKYNW BOAKM i He npo-
IyCKAE MOJEKYJIM LYKPY, TO KOHIEHTPAalisd PO3YMHY BHDPIBHIOBATH-
MEeTLCH TINLKY BHACTIZOK nepemileHHs Monerys soiu. Monekynm
BOAM MOMKYTH PYXAaTHMCh i3 PO3YMHY B PO3YMHHMK | B 3BOPOTHOMY
HANPAMKY — 3 BOOM B PO3uMH. 3 GINbLIOH WIBMAKICTIO BiIDYBaETh-
ea audpysia B PO3YMH, & KOHIEHTPAalia BoAM € MeHmow, BHaciaok
nboro 0b'€M pPO3YMHY [MOCTYNOBO 3POCTAE, a KOHIEHTpaLisa IYKpPY B
HEOMY 3MEHILIYETLCA.

Mepepamawgy audysio MoNeKysn pO3YMHHMEA Kpidb HamiB-
NpOHHMKHY NepPpeTHHRY B PO3YMH HAIUMBAIOTH OCMOCOM.
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0] Armo posumu BMicTMTH ¥y DOCYOMHY, fKa Bropi
NepexouTh ¥ BY3bKY BEPTHKAJIbHY TPYDKY, a sHM-
3y BaKpMTA HAMIBNPOHMKHOK MNEPETHMHKOW (puC.
13.4), To BHacnifiok ocmocy 06'eM pozuMHY 1 B 1BO-
My pasi s6inellyBaTMMeTheA, ale 3 MOHATTAM
pieaa piguen B TpyOui BuHMKHE HaAIMUIKOBMI
THUCK (2idpocmamuynul muck). Hxmo BepTHMRaNLHA
TpybKa € oCTaTHLO BY3bKOW, s6inbmennam ob'emy
po3uMHY (a OT:e 3MEHIUeHHAM KOHLEHTpanil pos-
YMHEHOT pPeHuOBMHM) MOMKHA SHEXTYBaTH. 3poCTaHHA
7 TIZPOCTATHYHOTO THMCKY € icToTHMm. Hazmamko-
BMiIf THMCK PpO3YMHY NOpPMBOAMTE J0 abinbuwienns
WIBMAKOCTI NepeMillleHHA MOJEeKYJ BOAM 3 PO3YUMHY
B poaumHHMEK, TODTO npormiie ocmocy. Komm rispo-
CTATUYHMI TMCK JOCATHE [IEBHOrO 3HAYEHHS, DCMOC
OpPUOMHUTLCA, BCTAHOBMTBCA piBHOBara. Hapmumi-
KOBMII THMCK, AKuil Tpeba npueiIacTy J0 pO3UYMHY,

Puc. 134. [Ipn-
nan pus cno- U100 TIPMIMHMTH 0CMOC, Ha3MBARIOTE OCMOMUNHUM
CTEpEsKeHHA THCKOM,

BupaTtauit romnanncerast disuroxivix A X. Bawr-
loddh, axwmit BuMBYAB OCMOTHUHMIT THCK pPO34YMHIB
pi3HMX PedYOBMH 3a Pi3HMX KOHLEHTpalil i Ttemme-
paTyp, [AiillIOB BMCHOBKY, 10 OCMOTMYHMIA THCK
NpOTIOpLiiiHEMIT KOHUeHTpauii posumay c(X) Ta Tem-
neparypl 1 He 3alemuTs BLI NPUpOAM pOBYMHEHO] pedoBMHM Ta
posuraHMka. Hajiuikaeimmm e Te, wo koedinientom nponopuiitnoeTi
Mi¥ BENMYMHOI OCMOTMYHOIO THMCKY Ta JobyTkom ¢T € yHiBepcannHa
rasoBa cTana R:

ABMILIA DCMOCY

Poew = cRT, (13.21)
ne P, — OCMOTHMYHMII THCK PO3YMHY; C — MOJApHa KOHLIEHTpalif
posumny; T — abcomoTna temnepatypa (1108 micrati Poo ¥ nac-
KaNAX, MOJADHY KOHLUEHTPAUl chifl BMpaskaTH B Monax Ha Kybiu-
HHIT METD).

Hxkmo e pirassi (13.21) MONApHY KOHLEHTpPAll) BMpasMTH fAK
BIIHOIIEHHA 4MCJa MOJIBE PO34YMHEHO] PEYOBMHM /10 00'EMY PO3YMHY

(c = —3-}, TO BOHO HabyJne Buruany

PV = nRT. (13.22)

A X. Banr-T'odd nomitie, mwo 3a dopmorw Le piBHAHHEA 3bira-
EThCA 3 pIBHAHHAM CTaHy ifeansHoro raay Meuzencesa—Knaneii-
poHa. 3Bifeu BiH AiMUIOB BMCHOBKY, AKMI 3rofom AlcTae Hassy 3a-
xony Banm-Togda:

et R

P -
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OCMOTHYHHMI THCK PO34YMHY A0pIiBHIOE TOMY THCKY, AKHI cTBO-
puia 6 po3uMHEHa peuoBMHA, AkOM BOHA nepebyBana B razo-
nofioromy cradi i 3a Tiei camoi TemmepaTypu zaiimana ob’em,
0 MOopiBHIOE 00'eMy POIYMHY.

OT:e, X04a MEXaHI3MH TAa30BOr0 i OCMOTHYHOIO THCKY iCTOTHO
PIBHATBCA, BHAYEHHA UMX THUCKIB YMCENBHO AOPIBHIOIOTH OJHE O/IHO-
My, SKILO 4MCI0 HaCTHHOK PO3YMHEHO! Peq0BMHM 1 YHCJAO MOJEKYJ
rasy B oguHuI ob8'emy onHaxoee. TakMM YMHOM, OCMOTHYHMI THCK,
AK 1 razoBuil THCK, BU3HAYAETHCH YMCJIOM HYACTHHOK | HE 3aJIEMHUTh
B ix npupomn.

3axoH Baxr-Todda cnpasegnueuit Tinbku pas poabasnemix
PO34MHIB HEeNeKTPOJITIB.

flemma ocmocy mMawThL BeNMUesHe 3HauveHHA B Oiomoril, Bo muT-
TEAIANLHICTE KIITUH $HBUX OPTaHIZMIB 3alemuTh BiJ IudysifHmx
mpouecis Kpisk HamBOpoHHKHI 0DOMOHKYN KAITHH.

¥ TexHoJNOrl BMKOPHCTOBYIOTE 380pomHull ocmoc, AKWI pigbysa-
€ThCH, AKINO /0 PO3YMHY NPHKIACTH THUCK, BMIIMIA 33 OCMOTHYHMIAL
Y usoMy pasi Kpisk HanmiBIPOHMKHY NEPEeTHHKY «BHAABJHIETHCA»
HMCTHIT POSUMHHMUEK, BBDpOTHHf«i 0CMOC 3ACTOCOBYIOTh JIJIA O4MINEeHHSA
CTiMHMX BOJ Ta ONPICHEHHA MOPCBKOI BOMIL

Pospobneno Takoxn: NpoexkTH OTPMMaHHA eHeprii 3a paxyHok oc-
MOCY, AKMit BinGyBRAaETRCA B pasi KOHTaKTY NPMPOAHMX BOM 3 piaHu-
MM pO3YMHaMK, HaNpUKAa[ NpicHOl 1 MOPCHKOI BOJM.

fxkmo pisaanHAa (13.22) mogaTi y Buraaai

PV = "X pr (13.23)
M(X)

TO 3a EKCH@[JHMEHT&J]EHHMH SHAYEHHAMH OCMOTHYHOTO THCKY MOM-

Ha eBuaHagati moasapHi macu M(X) posumeenix peuwoeuH. Ha npax-

THIL OCMOTHYHEMI METO] Hal4acTilie BHKOPUCTOBYIOThH [IJA BH3HA-

HEHHA MOJIEKYJNAPHIX MaC BHCOKOMOJIEKYIAPHHE PeY0BHH.



Poanin 14
PO3YMHH EJERTPOJIITIB

§ 1. OcobanBocTi po3uuHiB enekTpoaitie

akonn Banr-Todpa i Payna minreepgikeHi Ha 4MCIEHHMX
NpUKENagax poadaBleHuX POZYMHIB TAKUX HEJIETKMX peyo-
EMH, fIK caXxapoaa, INI0Kosa, kapdaMmiz (ce4oBMHA), roinepuH
romwo. BoxHowac Oysno BMABMEHO PeqOBMHM, BIACTHBOCTI
PO3YMHIB AKMX 3HAYHO BiAXMIAIMCA Bin yeiX pOSrnsHyTHX 3aK0-
HOMIpHOCTEH, JO TAKMX PEeYHOBNH HaJeaTh KHMCJIOTH, OCHOBM i coui.
Tak, eKcnepUMeRTANLHO OTPHMAaH] 3HAYEHHA OCMOTHYHOIO THUCKY AJIA
POBYMHIE IMX PEYOBMH BMABMIMCH 3Ha4HO Oiabimmu Big ouiky-
BaHux, T06TO0 ObuMenennx aa sakowom Bamr-Todda nas posuusis
BinMoBimHMX KoHIEeHTpauiit. Hapnaku, MoaspHi Macy Kueaor, ocHoB i
coJIel, BUGHAYEH] HA OCHOBI Pe3yJibTaTiB eKCIEPUMEHTANBHNX BHMi-
PHBaHb, BUABMINCH MEHIUWMM, HiM CUpaB:xHl. Ananoriusa kapTHHA
crniocTepirasaca Takox 1 B pasi sacrocyBaHHA 3akoHiB Payns,
Tak, ana poaumny, wio micrure 1 r NaCl y 100 r (0,1 r) pomt,

GHIKEHHA TeMmIlepaTypy wpucramizaunii cranoeurs AT, = 0,617 K.
Le maike Bapiui nmepeBmiye BeMMuMHY BHMMKEHHS TEMIIEPATYDPM,
BM3HAYEHY 3& 3akoHom Payna:
_ Km(NaCl) _ 186-1
' M(NaClym, 58450,

=0318K.

Cnpasni,

AT,
—F = 0617 =194,
AT, 0318

Y crinekn camo pagziB peaJbHMA OCMOTMYHUWIA THCK LBOMO POBYMHY
BHABMBCA OINBIIMM 33 TEOPETHYHY BEIWYMHY, 0DUMCIEHY 3a 3aKo-
Hom Banr-Toddha nnsa posuuny coni nanol woHuertpauil. Binmosig-
HO MOJIAPH& Maca PO34YMHEHOI coJi, BMZHAYEHA EKCIEPUMEHTAJLHO,
BHABMIACH MEHILIOW 33 CIPABHHIO!

p—
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., Km(NaCl) 1861

M : = =30,15 r/mMoap,
&T“p'mu 0,617-1
3BIAKH
ET_, _ H8,4b - 194,
M 30,15

A X Bawr-Todd zanpononysas BsecTH eMIipMYHMI NONpaBo4d-
Hu MHOMHME — f3omoniynuil xoediyienm 1, gxuit Buanaqap O,
Y CKiIbKM pasis pealbHMIl OCMOTHYHMH THCK AAHOrO posumHy P
NnepesHInye itoro 3Havenns, obumcnene 3a saxkoHom Py, = CRT:

P, = iCRT,
P‘;L‘M = IPOEM';
PJ

ocM

i=—oom
P?)EM

Busasunocs, uto ssenenHa izoroniunoro koedinienra B piBHAHHA
saxoHis Payna Tawkoxt gae aMory 3acTOCOBYBaTH iX mqnA posbasie-
HMX DPO34MHIB yeiX pedoBMH, ¥ TOMY 4HMCHI i I8 PO3UMHIB KHMCAOT,
OCHOB 1 coneit:

AT,, = iEb(x};
AT, = iKb(x).
Izoroniunmii wkoediuiert, dismurnit smict Axoro f. X. Banr-

Toddh He z'AcyBaB, BH3HAYAAM AJA KOMHOTO OKPEMOTO PO3YMHY EK-
CrEePHMEHTANBEHO Ta 004MCIIOBAM 33 CNiBBIgHOIICHHAMN!

Pow _ AP' _ ATy, AT
P., AP AT, AT,

= :
P
AP, AT

Kum 1

e 3Ha4denHa P,

A AT,, orpumaHi eKCIEPUMEHTANBHO, a

sHauersHA Py, AP, ATwun, &TKP ofurecneni 3a 3akomaMmu BaHr-
Toddra | Payna nna sajaHMX KOHLEHTPAalLii PO3YNHEHNX Ped0BHH.



352 PO3YMHH EJNEETPOJIITIE

OCOBEJIMBOCTI PO3IYMHIB EJIEKTPOMNITIB 353

IIpu upOMYy ecrnepMMeHTAalbHO 3HalfijleHe IHaMEHHA BUABAAJIOCH
aapxau Dinbimm 3a obuncnene.

IzoToHiunuit xoediuledT ¢ MOMHA BMaHauaTH 3a Oyab-AKMM 3 Ha-
Benenux criseigHomens, TOGTO OAA JaHOTD KOHKPETHOrO PO3YMHY
izoToniunMii KoedilieHT BANMITAETECA NMPAKTUYHO OJHAKOBUM Hesa-
JIeXCHO Bifl eKCepMMEHTANbHOTO METOAY HOr0 BU3HAYSHHA.

¥V rabn 141 uapegeHo sHavenns isoroxiuxoro koedyiuieHTa f, 0T-
pumani . X Banr-Toddom ana posumsip AeAkMX coneil kpiockomiy-
HUM MeTOJO0M (3a SHMMKEHHAM TeMIepaTypu KpUcTamisalil po34uHiB).

Tabauya 14.1. 3uadenus izoronivHoro koetiuienra i
ANA PpOFYMHIE MeAkMx coaen (koHuenTpauia 0,2 moms,/ x)

SHMMEHHA TEMIIEPATYPH KpHeTanizanil Tsorouiuumit KoeditiesT

Cinb ErcrnepuMeHTANLHE d?:q:aﬂﬁnf';;?::e - ﬂ.T;p
anagenna AT, 8= AT

4 ATp g
KCl I 0,673 0,372 1,81
KNO, 0,664 0,372 1,78
MgCly 0,519 0,186 2,79
Ca(NOy)a 0,461 0,186 2,48

Mna posunHiB KMCHOT, OCHOB 1 coseii izoToHiYHMA KOeIUIEHT i
saBmaM Olasmmst 3a 1. Joro 3HayeHHs 3anemuTs Big npupogu
poaumHEeHol pedoBuHM, ii KOHUeHTpaull y posuuHi Ta TemnepaTypH.
Tak, onA po3YMHIB XTOPHAY KAJIK TA OITOBOI KMCIOTH 33 OHAKO-
BUX ymOB Bis pisumni. Hanpuxnan, zna posunay KCl kounertpa-
nierw 0,01 moms/n i3oToniunmit KoedinienT 1 = 1,94, a nna po3uMHy
CH;COOH rakoi camoi konueHtpauii i = 1,06. IsoroniuHmit xo-
editieHT 3pocrae al aMeHIIeHHAM KOHIeHTpauii posunHie | B pasi
HeamesxHoro posbarnenna HabmoxyeTbea Ao uiamx ymeen 2, 3, 4. .
Ina peuoBuH aHaNorivHOro cxkilaay rpaHnyHi sHaveHHA 130TOHIYHOrO
roedinienta ogHawropl. Tagr, gma yeix coneit Tuny AB (sanpurnazn,
NaCl, KCN, CH3;COONa), yTBOpeHHX OAHO3apAAHMM KaTiOHOM Ta
OJHO3APAAHMM aHloHOM, ¥ pasi cuneHOro posbaBraeHHs ixHix pos-
gnnis izorToxiunmit koedigienT noerynoso HabmueyeTheA Ao 2, AnA
coneli Tumy AB, (Ranpuxnag, MgCls, ZnCly, CaCly) — mo 3 i T &

PoauMHM KMCJIOT, OCHOB i cosieli MalOTE Wie OJHY Basauey ocob-
JIMBicTsL — BOHM 3aaTHi npoBoguTH ejnextpudnnii erpym. Came Tomy

PEMOBHHHA, POITHHNA AKHAX NMPOBOIATE BJIEKT]:II!'IHHH CTpYM, Ha-
3UBANOTEH EAEKMPOAIMAIMU.

Ocrinekn GesBogHl eNEKTPOJITH, a TAKOH HKMCTA BOJA 3a 3BM-
YaiHMX YMOB NPakTHYHO He NPOBOOATE €NEKTPUYHMH CTPYM, CTac
OYEBMIHHM, L0 I[]] Yac pPo3YMHEHHS eJeKTpOoNiTiB Binbysaworbea ix

ranboKi nepeTBOpPeHHA, BHacHinox 4oro yTBopeHi posumamn Habysa-
I0TBE 30ATHOCTI MPOBOLMTH enekTpuuHNiA crpym. Hasnaku, posumnsn
Takunx pEe4oBMH, SAK caxaposa, MIOK03a, Kapbamiy He NpoBORATE
eJIeKTPHYHMIT CTPyM, ToMy i pedoBMHM Oysio BigHeceHo oo me-
eaexmpoaimis, nna ixHix posyunHie 1 = 1.

3a ogHakoBOi MOAApHOI KOHUeHTpalii poaunHeHoi pewoBuHM oc-
MOTHYHHMI THCK, 3HIJKEHHA THCKY Hach4eHOl napy, miIBHMINEHHS TeM-
mepaTypyM KMITIHHA Ta 3HMKEeHHA TeMIepaTypd Kpucraiisauil pos-
4HHIB enexTpotiTiB 3aBman 6lnbini, Hixt PO3UNMHIB HeeeKTPOMTIE.

Po3pianaioTs OUMTOMY Td EKBIBAJEHTHY €MeKTPOTPOBIAHOCT] podquHIE,

ITumoma esexmponpodidnicms — Le eNeKTPONPOBIAHICTE POIYUHY
of'emom 1 cm?, smumit MicTHTRCH Mid ABOMA TAPAMENLHUMU MeTAJNEBHMY
MIACTHHAMM, KOJKHR 3 AKMX Mac miomy 1 cm? Ha npaxtvul crnowaTey ex-
CTIEPUMEHTANEHO BUMIPIIOTE MUTOMMHI eNeKTPUYHIG Omip posduHy p, mic-
A 4oro ofunemionTs ofepHery A0 HEOTO BENMYMHY — NHTOMY eNeKTpo-
npoBigHicTs ¥:

X ==, 1/{On - cm).

0 =

da paHol TeMmepaTypM NMTOMA EJeKTPOTPOBIMHICTE BaJeMHThL Big
NPHPOIM EJeKTPOMITY Ta Horo KoHueRTpauil ¥y poswmsi (pue. 14.1).

A

H,S0,
HCI
KOH
NaOH
,’-"'_""\\‘ECI
- CH,GOOH i
0 5 10 15 C-10°, moms/a

¥ -10% 1/(0Om - em)

Puc. 14.1. anemsicTs muroMol enexTponposigHocti 3y posumHie
enexTpouaitis sig ix xomuenrpanii C

JnA BuBYEeHHA pO3HMHIE eNeKTPOMTIR Aoninbime BUKOPHUCTOBYBRATH
sanpopafmeny pocificerum dpisuxom E. X Jlenuem (1804—1865) exsima-
JEHTHy eJeKTponposigHicTs A

Exsisaaenmua esexmponposionicms — 1€ eNeKTPONpORiAHICTE
PO34YHHY, AKMIA MicTHTE 1 MOJb exBiBaJeHTIB po3umHEeHOl pedoBMHM i 3aii-
mac of'em Mix gBOMa TapanensHMMM METAJEBMMH ILTACTHMHAMM, BUACTAH
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MiMe AKMMM CTAHOBMTE | cm. OTike,
of'eM PO3YMHY Mid eJeKTPOZaMu
ue Jgimityereca Ha siaviny sla mis-
TOMOT eJeRTpONpOBIAHOCTI eKBIBA-
JIEHTHAE EJEKTPUNPOBIIHICTE 3P0~
crae B Mipy poadaBaAHHA POIYHHY
{Haragaemo, IO POIYMH 3ABHIIM
MicTMTE OJHAKOBY KiABEICTE pedo-
BMHEM — | MOJb eKBiBaJeHTIB) | Mo-
CTYNOBO HabmyxyeTECA A0 TEBHOI
rpasnyHol BeaMdMMaK A= (puc. 14.2).
IlnToma Ta exBlBAJIEHTHA &JEK-
TponpoBigHocTi aB'Aaan] mix cobowo
CHiBBIHOIIEHHAM

380

285

R, eat® S{OM« MONE - 2KB)

190 =

(COOH),

Cuﬁot

CH,CO0H

0 1 4
250 500 V.10, a/(Moas-exe)

h=yV, a/(Om-em- NIOJIb-lE‘ICB],

QCriMbEM OJHMIA EHBIBATEHT-
HD1 BJEKTPONPUBIAHOCTI ¥ MaE poa-
mipHicTs Om cw™l, To ana yarog-
HeHHA NepeBejeso JiTpu B kybiusi
canrumerpu. Toal

Puc. 14.2. 3anemuicTe exBiBa eHTHO]
eJeKTpONPOBIAHOCTL A POAYUHIB eneK-
TpoaiTie Big Ix poabasasnna V
aa remmepaTypu 23 °C

PaTyP o= 1000%V, cM2/(Om * MONB-EKB),

ag V — of'em, AKMI saiiMae poauuE | Moab exBiBATEHTIB eMERTPOMITY, 1

§ 2. OcuoBM Teopii eneKTpoaiTHIHOT Ancomianii

Bue4aoyn BIACTMBOCTI PO3YMHIB €NeKTPOJITIE, mBemcskmi di-
auroximix C. A. AppeHiyc 3BepHyB yBary Ha TICHMI 3B'A30K MiM
3ATHICTIO POa4¥MHIB KMCNOT, OCHOB i COMel IPOBOAMTH EIeRTPHYHMI
CTPYM i IX cHMCTeMATHYHMM BiIXMIeHHAM Bin saxoHis Baut-Todda i
Payna.

3a zakonamu Baur-Todda i Payaa, ocMornuamil THCK Pocy, &
TAKOM SHMIKEHHA THCKY HacuyeHol nmapu AP, TeMmnepatypi KpH-
cranmizauii ATy, i DiOBMUIEHHA TeMIepaTypH xunisaA ATy, 2ame-
ATH TUTbKM BIJ HM1NCHE YACTHHOK PO34YMHEHOl PeY0BMHM B PO3YHMHL
Came Tomy mpupomnuM 0yJio NMpHIyMIeHHA, 10 OTPHMAaHI eKCrepH-
MEHTANLHO BULI 3HAYEHHA UMX BEJIMYMH ¥ PO3UMHAX eNeKTPOTITIE
MOPIBHAHO 3 eKBIMOJIEKYJAPHMMI POIYHHAMM HEeNeKTPOJITIB € Ha-
CALOKOM TINMbEK 30INBIIEHHEA YMCIa YaCTUHOK ¥ PO3YMHL

Jlna 1OACHEeHHA NPUYMH YTBOPEHHA B PO3YMHAX eJIeKTPOTiTia
OlIBILOT0 YMCTa JaCTHMHOK NMOPIBHAHO 3 4YMCIOM PO3YMHEHMX Mone-
KYJ, 4 Takosk BAaTHOCTI TARMX PO3YMHIB MPOBOOMTH EJIEKTRHYHMIA
crpym C. A. Appeniyc y 1887 p. sanpononysas meopiio erexmpo-
Almuunol ducoyiayil.

CyTte Teopii enextposituyHoi muconiauil noJgArae y ToMmy, WO
MOJTEKYJIH ETeKTPOJIITIE Mg 9ac po3YMHeHHA y BOJl PO3KJATAHTLECA
Ha TIO3MTHMBHO | HeTATHBHO 3apAmxeHi ionu. IIpu UbOMY CYMM HO3M-

e e —— sy
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TUBHUX | HEFATMBHUX 32pAxis I0HIB € ONHAKOBUMM, TOMY PO3YHMHM
QAraoM 3aJHIIAIOTECA eICKTPOHEHT paTbHIMI.

Haitascnusimum y reopii Appeniyca 6yno TBepmxesna npo e,
U0 eJEKTPOSITH PO3KIANa0TLCA HA 10HM He Mg Hi€w enxerTpu9Horo
cTpyMy (AR XimMikM BBaskasu Ha Toit yac), a B npoueci camoro ix
PO3YMHEHHA He3aJeyHO Bifi TOro, Ym NPONYCKAalTh Kpiab po3unH
eJdexTpuyHMit cTpym. Ile NonoeHHA TPYHTYETLCA Ha 3HAYCHHAX
130ToHIYHOro KoediuienTa, Axuil BUMIPIOITL MeTogaMu (Kpiockoniy-
HiM, eDyTioCKomyEMM, OCMOTHYHMM), 10 He NoTpebylOTh Hpomyc-
KaHHA JeKTPUYHOIO CTPpYMY.

IIpouec posmienyeHHA eJCKTPOJNITIB HA I0HM B CcepeOBMIL
TMOJAAPHUX POFHHHHUKIE HAIMBAKTE eAeXMpoaimuunoin duco-
yiayiew (abo iomizamico).

Bracninor uporo B po3umHi 36iAbUIYETBLCA YMCI0 YACTHHOK, 10 it
aymoBroe 30lnplienns isoroHiwHoro koediuiesra. EnerTpuummii
CTPYM ¥ POZYMHAX eNeKTPOJITIE BUHMKAE BHACHLIOK CHPAMOBAHOIO
nepeMilmesH A oHis 10 Bianoeinanx emextpofise. ITosnTueHo sapan-
#eHl 10HM, AKi MPAMYOThH IO HETATMBHO 3apANJKEHOT0 eIeKTPona —
xamoda, 6y10 HasBaHO KAMIONAMU, HETATUBHO 3aPAMMEH] loHM, AKi
OpAMYIOTE [0 HETATHUBHO 3APANMEHOT0 eNeKTpoga — awoda, —
ationamu. Ha enerTponax BOHM MOMYTB DOPAIMKATHCA, BHACHITOK
HOrD BTPAYAITE CBOI X&PAaKTepHL BAACTHBOCTI.

Orske, isoTorivEMI KoedillleHT { NOKA3YE, Yy CKINbKK paziB 36inb-
WIYETLCA HMCH0 HACTHHOK ¥ POIYMHAX JeKTPONITIE BHACTINOE ixX
aucouianil. ¥ upomy nosarae itoro disnyanii smicr.

EnerTposiTi MosHa BH3HAYHTH fK XiMiYHi PevoBMEM, AKi y pos-
4iHI gucouioTe Ha ioHn. KO eneKTpoJiTH noBHiCTIO posmemnmio-
BaJIMCA HA OKPeMl iOHM, TO YMCNO YACTHHOK ¥ IXHIX PO3YMHAX 3po-
crajo O y uime wueso pasie (BHacHizoK noBHoi amcouwiauii emex-
TPOJITY Ha ABa i0HM i30ToHIYHWI koediuienT { nopisHwoBas Gu 2, Ha
TP ioEM — 3 i T. 1) ¥V pealpHMX PO3YMHAX ISOTOHIYHWMIT Koedpi-
LIEHT, BM3HAYEeHMI eKCIIePHMEeHTANLHO, 3aBMAN MeHIIMI Bijf Tarkux
OiMx yHced | uule HaOAMMKAETBCA OO0 HMX y Pasdi HECKIHYEHHOID
pozbasnanna. Kpim uboro, expimonapri posumHm pisamux Nomibmux
Miz coDol0 enexTponiTiB MalOTh HeolHAKOBI 3HAYEHHA KoediuicHTa
i. e cBigunTe npo pisHy 3ZaTHICTL PEYOBMH N0 AMCOmALi] Ha iOHM.
Bpaxysasum ne, C. A. Appeniyc zifimos BucHOBKY, mo mucouiadia
eNeKTPONITIB ¥ po3yMHax BinbyBaeThCA YACTKOBO i 0DOPOTHO,

Jna KiNbKICHO] XapaRTepPHCTHRM Npotecy aucomianil enexrpositis
Oyno zampoBajpiceHe NOHATTA CTYMEHA enekTPosiTHYHOT auconianii.

Crynine enekrponiruunoi aucomianmii o — mne BigHOWeHHA
YHUENA MOJMEKYJ, Axi podumennanca Ha ioEm No, A0 uncaa
posuuHeHNX moaerya N:
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TobTo cTyniHe eJeKTPONiTHYHOI mucouianil o — L€ HacTKa MOJje-
KyJa eneKTpoJiTy, AKi posllenuics Ha ioHu. SHAUeHHA O ANA eJIeK-
tponitie amimioerbeA Big 0 o 1. IIpupoAno, W0 B pasl HeeJex-
TpoNiTiB, AKI He SasHa0TH AMcouiauil y posuMHaX (Noe = 0), o = 0.

Cryniae muconialil Ta 130TOHIMHMN koedillleHT B3ACMO3B A3aH],
1I0 3YMOBJIEHO CIIJBHICTIO MPMHMMH I1X BHHHKHEHHA — EMeRTPO.I-

THYHOK AMCcoLiallieio enez-:rrponi'riq, _
PosrassHemo poauwmH, AkMiA MmicTuTh N MOJEKYN eJNeKTPOMTY,
KOMHA 3 AKMX MOME pOSUJ,EHIJITIrIEH Ha m i0HIB. HHLI.ID CTYINHL AH-

coyiallii AOPIBHIOE O, TO YMCI0 MOJEKYJ, ARl pO3ILENMIMCH HA 10HH,
nopisroBaTHMe Np,e = alN. Toni umeso IOHIE y PO3UKMHI CTAHOBMTH-
me oNm, a 4ueJio HeAucOUifoBaHNY MOJIEKY.]

Nﬂem¢=N-ch=N—aN=N[l—{ﬂ.

Otsice, 3arabHe HMCNIO0 YaCTHHOK (MONEKYJN Ta ioHiB) ¥y poaumHl A0-
piBHIBATHME!

aNm + N(1 - a) = N[1 + a(m — 1)

BifHOIIEHKA 3araJbHOO YMCNA HACTHMHOK y POSUMHI 10 “MCrna pos-
UMHEHMX MOJIEKYJI eJeKTPOMNTY BUaHAUAE i30ToHIMHMI KoedimeHT:

i = M—————1+ ::mm D] =1+ a(m-1),

TOAi

o4=—"

m—1

Crasane imocrpye puc. 143 ana
iecTH PO3UMHEHMX MOJEKYJ eNex-
TposiTy, ABI 3 AKMX PO3Nenunucd
Ha loHK (M = 2). :

Pue. 14.3. ImweTpauia 40 BH3HA- 5
YeHHA amicTy 130TORIMHOTO KO- i e
edinienTa Ta CTYNeHs elleK- g

TpoaiTHyHOl nMcouianii
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Crynine Amucouiauil mMOHA BHIHAYMTH HE TIMLKM 34 SHAYCHHAM
iaoToHIYHOrD KoedilienTa i, AKMH JOCHMTL JIETKO BMMIPIOETLCA eKCIe-
PMMEHTaJbHO, & M 3a JONOMOrol BMMIDKBAHE €KBiBAJIeHTHOI ellek-
TPONPOBIAHOCTI pozunyis  enerkTposiTie. OCRINBEM  efeRTpUYHKI
CTPYM ¥ PO3YMHAX MEPEHOCHTHCA I0HAMM, TO BeJMulHa eKBiBAJEeHTHOI
eJIeKTPONPOBLAHOCT] 3afiesnTs Big 4mMcila ioHIB, AK] yTROpUIMCA
BHACHIAOK Aucouianil 1 monb exsipanenTie B3ATOrO eNeKTPOMdiTY, TO-
My eKBiBalleHTHa €JeKTPONpOBiAHICTE A Mac OyTH MpaAMo NMponopuiii-
HOK CTYIEHIO eNeKTponiTw=Ho] Amcowjauil o Y paal poabGaepnaxus
PO3YMHIB CTYTHb gucoliauii eMeKTpPOJiTY 3pocTae, ¥ 3B A3KY 3 49MM
ablnbuiyerbess i eKBiBAaNeHTHa eneKTPONpoBiAHiCTH (muB. pue 14.2).
3a HeCKIHYeHHOTO po30aBJiAHHA, KOJM KOHIEHTpPALif po3umMHY Ha-
dmxactsea g0 Hyaa (C — 0), eryniss auconianiil Habmoraerbea 10
opuaMLi (o — 1). ¥ ubomy pasi posiuenneHHs eNeKTPOMiTY Ha ioHM
HaO/moKaeTbeA N0 TNOBHOTO, & eKBIBaNeHTHA eJeKTpOnpoBigHicTh —
J0 CBOTO rPasEWEHOIO (MaKCHMMAILHOTO) 3HAYEHHS A». OCKINBEM

A = const o,

a B nyxe pozDaBneHux pos3umsax o = 1, To6To const = Ax, TO OT-
PHMMAaEMO CIMIEBIAHOUIEHHA

Ocranuifi Bupas osHauae, WO CTyNiHb Aucouiauil eaexTpomiTy
MOXXHE BM3Ha4aTu 33 BiAHOLUIeHHAM eKBiBaneHTHOI enexTponposBin-
HOCTI MpM ganomy pozbaBieHH] [0 eKBiBAJMEHTHOI eJIeKTpOnpoBim-
HOCTI 3a HecKiHYeHHOTO po30ABNAHHA PO3UMHY.

3HauYeHHA cryneHsa aucouiauii o, OTPMMAHL 33 AaHMMM BHMipIO-
BaHb €KBIBAJMIEHTHOT eJIEeKTpONpPOBINHOCTI po3duuHiB, gobpe abiraoTh-
cA 31 3HaYeHHAMM O ANA TUX CAMMX PO34MHIB, IO DyJ0 BM3HAYEHO
3a 180TOHIYHMMM Koediuienramm i, sHaltZenumy Kpiockomiusum Ta
iHumMu Metofamu. Lle niATBepAMNIO cnpaBed/MBICTE MOJOMKEHE Teo-
pii enexkrpomitTiyroi Aucouianii Appeniyea.

§ 3. Poab posunaEMka y nponeci aucomiamii

C. A, Appeniyc BBax:aB, mwo i0HYM, AKi yTBOpUJIMCA BHacHifoK mu-
coyiayii enexrponitie, icHyI0TE ¥y poauMHi OKpeMO Bifl MOJNEKYJI po3-
YMHHMEA. fIK npuxuabHuk «dizuHdH0i» Teopil poauuHie, Bin He Bpa-
XOBYBAB B3A€MOJil poauMHeHNX DPEYOBMH 3 PO3YMHHMKOM | poarid-
AaB pPO3YMHM eJleKTPOMNiTiE AK MexXariudi cymimi, mpo ckiagalTbes 3
MOJIEKYJl pO34YMHHMKA Ta ioHIE,
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Jlifo posuMHEMKA BiH IIOB'A3YBaB JOALIE 3 HOrD BITHOCHOI0 JTiesexT pid-
HOI TTPOHUKHICTIO €, SIKA XapaKTepHUaye aIATHICTh PO3MHHEMKA 3MEHIIy-
BATH CHJTY EJIEKTPOCTATIMHONO NPUTATAHHA MUK KaTIOHAMM T4 aHIOHAMML.

Harajgaemo, 10 BignocHa AledeKTPHYHA NPOHMEHICTE — e BEJHM-
Ha, AKA MOKASYE Y CKIJBKM DAsiB culla eeKTpocTaTHHHOL BaaeMonil ABox
SapAfliB y AaHOMY CEPeRUBMIN MEeHua, BLK y sakyymi. Hanmpuxnan, nas
poau € = Bl (aue. c. 187).

[Mpore, BHXOAAYM 3 TaKOro NPUIIYIIEHHA, HEMOMIINBO Gymo no-
ACHNTH, YOMY OfHI PevOBMHM AMCOLIKTL HA IOHM Y NeBHOMY poa-
YMHFHKY, a it — ui, YoMy ogHa fi Ta caMa pev0oBMHA JHCOLi0E B
ONHOMY POSUMHHUKY | He gucouiloe B inuromy. Teopin Appeniyca He
BpaxoByBasa yciX npoueciB y poauMHAX i TOMY OyJsia HeclpOMOXHA
BiANOBICTH HA BayKJAMBI MHTAHHA CAMOro 3MicTy ABMINA Ovecoliianil.

Tornagam C. A. AppeHiyca NpoTHCTORNA TIMIUNKG, abo zidpamua,
meopia posuunie JI. L MeunenceBa, B OCHOBY Arol Gyno NMoxnageHo
yABNEHHA NP0 XiMIUHYy BIaeMOKI0 pO34MHEHO] PEeYOBMHM 3 PO3YMH-
ankom. Tlpasmabme TiyMadenHa mpouecy ioHisauil MOnexyn ejex-
TPOJMITIE ¥ PO3YMHAX CTAJA0 MOMJIHMBUM JMIIE HA OCHOB] TIOEAHAHHA
yasyess C. A. Appesiyca i ximiunol Teopii posumnis JI. L Menpencesa.

Y 1891 p. pocificexuit disuxoximik 1. O. Kabnykos BucTymie i3
TBEPIKEHHAM, [0 L Teopil He cymepeuyaTs, a AOMDBHKIOTL OnHa
OMHY, OCKLIEKN pucoljania eigbysaeTbea pHacHigoK consparauil. Ha
fioro oyMKy. BOAd, POIKIALAIONM MOJEKYy/ M PO3UMHEHOro Tina,
VTBODIOE 3 IOHAMM HecTiiki CTIOMyKHM, IO nepefiyBaoTh y mHcO=-
niftosaHomy crami: C. A. Appeniye BEaMap U0 iOHM RUIBEO pvXa-
WIBCA MTOmiDHO OO0 THX OKPeMO B3ATHX aToMiB, AKI BUHMKAKOTE Mif
yac gucoufaliii MOJIEKYJ TAJOreHie 3a BMCOKOI TeMmepaTypit. 3 mo-
raapy L O. KabstykoBa, y BOZHMX PO3uMEHAX MICTATbCA He BUIbHI,

Iran Onerciiiosng Kabayxos (1857-1942) — migo-
Mt pocificeruit ismkoximix. Hayxosi aocaigmenna
saefimemore npucBateH] enexTpoximil HeBOLHMX poa-
uyrip. Joro npana «Cyuacki Teopii poswimie (Barr-
Todpa | Appesiyca) y as’asgy 3 BUEHHAM Tpo xiMiu-
Hy piBHOBary» CIIpaBMia BEJMKMI BILIMS HA PO3IBUTOK
thimwanol xiMii Ta cOpHAalla POSBUTHY Teopii egex-
TpodiTiaeol murconianii. Bueuas (1889-1881) enex-
TPONPUBIAHICTL eJeKTPONITIE y OpraHidHMX po3MH-
BMEAaX, YCTAHOBMB AHOMANLHY €JEKTPONPOBIAHICTE
HOBOAHMX PO3UMHIE eNeRTpodiTiB Ta 11 3pocTaHHA ¥
Fasi fopaBaHHEA BOOM 0 CIMPTOBHX posuMHiB. ABTOR
MONoseHEA Mpo XiMiMHy BI3aCMOAI0 Mid POIYMHHM-
KOM | PO3YMHEHOWI PeuOBMEOK. 3anodartkysas 30.u-
. swenun iosnoi i ximivwol Teopii poswnsis. Heaa-
Isan OuexciiioBut neweo sin B. O. Kieraxiscsxoro (1865—1852) sanpo-
Kabnykos BaAMB YADJICHHA PO coNbBaraliio ionis.

POJIE FOSUMHHHMEA ¥ NMPOLEC] AMCOMIALIL 359

a MNApaToBaHl 10HM, IPMYOMY CaMe TiApaTALif | € OCHOBHOK TPHYMHOI
mucouiaiyi mosexyn, Enepria, sxa norpifia ans nepefiry npouecy mu-
cowiatiil, GinLIIO YM MEHINOW MIPOK KOMIIEHCYETBCA eHEpricio, uIo
BUALTAETECA BHachifok rigparauii ionis. Ilogansumii possuTor H;i}rﬂli
MATBEPAHE chpaseaansicTe nortagis I O. KaGaykosa.

CyvacHe po3yMiEHA Opouecis gucowiatil enexTpositis ma iomn
YTBEPAMJIOCA TLILKW B Pe3yabTaTi POSBMTKY BUEHHS NPO Ximiuumii
3B H30K Ta 3 ACYEAaHHA €JeKTpoHHOI Oy 4oBn | BiIacTuBoCTel ioHiE.

. PUSLL{EH.TI(IE'HHH Ha iOHM MOMKYTH 383HABATH EJIeKTPONITH SK 3
IOHHMM, Tak 1 3 NOJAPHMM KOBAJIEHTHMM 3B’ H3KOM.

Koam Teepma peuoBuEa 3 ioMHMM 3B’A3KOM pOZUMHAETBCH ¥y [o-
JAPHOMY PO3YMHHMKY, BigDyBaeTsCs conbBaTauif fioro iosis, o
CYTPOBOIKYETBCA BuaiTeHHAM eneprii conbBarauii. Baacaigok ubo-
ro 3B A3KM MUK 10HAMKI DO3PMBAIOTLCH, | COlbBaToBawi (TofTo oTo-
9eH] NPMENHAHMMI MOJIEKY/1aMM PO3YMHHMKAE) ioHM NepexomaTth y
PO3uMH. TEPM]H}f coaveamayid (y eoai — zidpamayis) eianosigae
BCA CYRYNHICTE Mpollecis, Aki BinGyeawTeea Mg Yac eaaemogii pos-
UMHEHNX MACTHHOK 3 MOJERYJIaMM PO3UMHHMKA. ¥ padi pozynHeHsHA
HampuKJIal, 10HHOTO KPpMCTana XJ0pHAY Kanio y sofdi ioHn kaniw ra
XJopy, posMillleH] Ha [OBepXHi KpucCTana y Byajax Kpucratiysoi
TPaTky, CHOYATKY Iif[PATYIOTLCSA, & [0TIM MepeXolaTs ¥ PO3UME.

) PoaraanyTi yspJeHHA NigTRepAXYOTh IHTEHCHBHY B3acMOi0O
MUK MOJEKYJIaMu PO3UMHHMKA Ta loHAMM AK Y Ipouec po3unHeHHs
Tak 1 B camoMy poduMui. I xapakTepuaywoTh BelHHMHOIO mal;rra.m;.l]i'l1
(reriotn) coammaranil AH,.., a AKMO pos3uMHHMK Boja —
rigparani¥ AH ;.

Tcn:rm-ra rigpatanii — wue Ta KidekicTe TemnoTH, AKa
BHIIAETLCH BHACTIAOK nepexony 1 moas ionie 3 Bakyymy y
BOOHHWH PO3YMH.

Tennory rigparauii mosua ofumncmury, CHOpPMCTABUINCE AOBIGKOBU-
MM 3HAYEeHHAMM CTAaHIAPTHMX EHTAJbLIIA YTBODEHHA 08 iHINMX
npouecis. If.lﬁc_h}o, PO3YMHEHHA 10HHOTO KPUCTAaJa MOXHA po3riapa-
TH AR nBocTaniffnmii mpolec — pyiiHyBaHHA KPMCTAJIYHOl TpaTku 3
YTBODEeHHAM 130J1B0BAHMX ioHIB Ta ix rigpartauil. Toni, 3a sakoHom

I'ecca, TEMN0Ta PO3UMHEHHA AH, nopiesioeatume anreSpuuuiil cymi
€HTaabml pyAHYBaHHA KpucTaniyHol TpaTkm AHy, (rofro eneprii
KpucTadldnol rpaTeu) Ta eHranbmii rigparaiil ionis AH o

ﬂHP = &H'p + 'ﬁHri‘np.
3311,[[}(:14

ﬂHrinp = .‘-ﬁHP = ﬁH!‘P'
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BHaueHHs eHeprift KPUCTaJidHMX IPATOK BimoMi nis BaraTeox 1OH-
HHMX CIIOJNYE, & TEILI0TY pﬂS‘lHHEHHH BEM3HAYAKTE eKCIePUMEHTAIE-
Ho. 3a HaBeHeHMM Bulle DIBHAHHAM OTPMMYIOTh CyMapHE 3HAHEHHA
eHTaNbIiji rigpaTalii KaTioHa Ta aHioHa, BMXOAAYM 3 AKOIO EH-
TaNemi rigpaTaliii paHoro joHa MOKHa OGuUMCHNTH, AKIIO BigoMa
eHTAMBLIIA rigpaTallii NPOTHIEIKHO 3apAMKEHOrO 10HA.

IIpuponHo, 1[0 TemJoTa rigpararil ioHIE 3aKOHOMIpPHO 3pocTac B
Mipy 3MeHIUeHHA IXHiX pajiycie, HanpuKIan:

Ton Cs* Rb* K* Na* Li*
Paniyc iona r;, oM 165 148 133 98 G
Tennora rigparanii

A Hipgr, ®I/Moms  -280,3  -3138 3389 4226 5314

ocOBJIMBO, KOJIM OJHOMACHO 31 3MEHIIEHHAM paniyca iona 3pocTae
oro sapAn, HanpuKIag:

Ton Nat Mg?+ Al3+
Pamiye ioHa 1y, 1M 98 74 a7
-4226 -19539 -—46045

o < o
Tennora rigpatawdi A Hogy o, 2o/ Monb

PyiiHyBaHHA KPUCTaJi4HOI TPATKN 3 yTBOPEHHAM BiibHUX ioHiB €
enpoTepMiunum npouecom (AH, > 0), a rigpaTanis (comeBaTalis)
ionie — exszorepMidamM (AHyzp < 0), TOMY 3aJEHKHO Bl CIIBBigHO-
wenna Tenyor AHg, i AHpgy posunHeHHH iOHHOTO KPMUCTANla MOMKE
CYNpOBOZIKYBATHCA AK BUIIMIEHHAM (KOMM |¢".Hﬁﬂp! > 1&H,-p ly, Tak i
MOTTUMHAHEAM (KOan |&H,p| > L'_\.Hmp ) TEIIOTH. S

Pons rigpaTauii y npolecax eJeKTPOJiTH4HOL JMCOLIANLL 1I0HHHX
CHOJIYK MOYHA NMPOLTOCTPYBATH HA TIPUKJIANl PO3YMHEHHA KPHUCTald
KCl y eopi. Posmenienns ui€i coai na okpemi ioHM noTpebye Besan-
kol KinbKocTl eneprii, AKa CTAHOBHTH L‘.H:"F = 711,28 &Jlx/Monn. ¥
pasi posumnenns KCl y BOal OCHOBHMM J7K€peIoM KoMreHcanii nux
eHepreTHYHUX 3aTpaT € rigpaTawis ioHiB, fAKA CYNPOBOIMYETBCH
pualtenssam eneprii (AHg, (B') = —338,90 x/lx/momp, AHG (CI7) =
= —351,46 wJls/Momas). Peurra enepril, notpifuoi ans BiAIIENNeHHH
ionie six kpucrana (711,28 — (—338,90 —351,46) = 20,92 w]lx#/MONL),
KOMITEHCYETLCHA 33 PaXyHOK eHTPONIAHOrO IMHHUKA (AS > 0), BHac-
MoK YOT0 pO3YMHEHHA CYNPOBOMMKYETLCA NOTTMHAHHAM TEMJIOTH 3
napKomMuERoro cepepommima, AHL  (KCl) = +20,92 w]lx/mone.

Otoce, BEMMKA KiJbKICTh TEIJIOTH, AKA BHOINAETHCA BHACHIIOK Tif-
patauii ionie KCl, 3HayHOKW Mipold KOMMEHCYE E€HEPrIO eHaoTep-
MIYHOTrO TpOLecy PO3PUBY 3B'A3KIB Mis i0OHAMIL
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Hasnakn, posumHenna kpucraniusoro KOH cynpoeomskyeTbed
BUAITEHHAM TENIOTH, OCKINbKM pYHHYBaHHA HOro KpueTaniuxol

rpaTky norpeby€ MeHINMX 3aTPaT eHeprii .’.‘.HE‘, = 790,55 wllxc/Mous,
gik ii BuplimeTbcA BHachigok rigpaTauil iodis &HEM{HDH] =

= -849,4 xflx/Moms (AHY, (K*) = —338,9 kllxk /Mo, AHJ, (OH™)

P
= —510,5 xJl:/M0NB).

ConpBaTallifl iOHIB MOCHTIOETLCA B Mipy 301MbIIEHHA NOJIAPHOCTI
MOJIEKYJT PO3YMHHMKA Ta 1X agaTHoCTI mo monspuzauii nig BnaMEBEOM
eJIEKTPMYHOTO 110714 ioHiE,

fArmo gucomiamia eigbyBaeTsCa B POZIYMHHMKAX, MOJEKYIM SAKMX
sOaTHi N0 YTBOPEHHA BOAHeBMX a0 JOHOPHO-aKLENTOPHUX 3B'A3KIB,
TO Takuil xapakTep B2aemoil MOJeKyJ PO3UMHHMKA 3 4aCTHMHKaMM
eJIeKTPOJNITY MOKe icToTHO BruiMpaTH Ha Nepebir npouecy. Ie cno-
CTEpPIracThCs, HATpMKIazd, ¥ PO34HMHAaX dropoeoguio HF y Boxi.
CompBaTallia Takosk szabesneuye crabinizaniio iowis y pozumHi Ta
yTPYAHIOE 3BOPOTHMII Mpouec 1X cnonyqends. Tak, ioH H*, mo Mae
BinbHY 1s-0pDiTasib, JETKO CNONYYAETLCA 3 MOJIEKYJI0K BOIM, aTOM
KMCHIO AKOI Ma€ Henomiledi napyu enextpouie, Buacaigok noHopHO-
akuenTopHoi B3aemoxil yTBOPIOETLCA 10H riApOKCOHIID,

H"“*(}iﬂ}f — HO'
H

Hlasi ion rigpoxcoHilo NpHEAHYE AeAKY KiNbKiCTb MoJexysa Boau i
YTBODIOE B PO34MHax TifpaTH, 3 AKMX HaliMiUHILIMM € rigpaT 3
TphLOMa MOJIEKYJIaMu BOAM H;O% - 3H,0. Otske, ion eogaio HT y
po3uMHAX Y BLIBHOMY CTaHi He icHye, TOMY, KOJM HIeTBCA TIPO ioH
BOJIHIO y BOZHMX DO34YMHAX, POBYMIOTH caMe ioH TiIPOKCOHilO, X04Ya
Mif yac CKJIafaHHA piBHAHB pucotianil foro YMOBHO MOZHAYAIOTE H*.

AHaJIoriuHO MOJeKyJIM BOAM Mif 4Yac BaaeMojii 3 iomaMu MeTaxis
3fgaTH YTBOPIOBATH JOCHTH CTIIK] aKBaKOMILIEKCH, HAaIpPHKJIaL:
[Mg(H,0)g)>*, [Al(H20)6P*, [Cr(H,0)**, (Zn(Ho0)l**.

Mosexymn 3 NOJAPHUMHM 3B ASKAMM TaKO# AMCOLIXIOTH Ha ioHM
y posumHax. Ha nepwifi cragil nmonsApHi MOnexyNnH TiApaTyHTLCAH,
BHACITIZOK HOro ixHi 3B A3KH MOmOBMXKYIOTLCA I BpPeIUTI BOHM PO3ILE-
IMOIOTECA Ha ionn (pue. 14.4). fx i nig wac aucouianii iOHHMX crio-
JyK, yTBOpeHi oy nepedyBaloTh y po3uMHi B rizpaTOBaHOMY CTaHL

0 0 0 0
D & N & DG S A
& D @m m% &ﬂ% &ﬂ%

Puc. 14.4. Cxema aucoliianil MoNApHUX MONEKYN y Poa4uai
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¥ MaJNONoIAPHUX PO3UMHHMKAX €HEPriA B3AaeMoAi]l MOJAPHUX Mofe-
KYJ PO3uUMHEHO] PEUOBHHH 3 MOJIEKYJIAMM PO3UMHHMKA MOKe OyTH He-
AOCTATHBOIO, 1 Tom mucoljauid #a ionn He BinOyeaeThea. Tak, y Oen-
30T MOJIEKYJIH XJIOPOBOIHIO NPAKTHYHO HE POZEII0NTECH Ha [OHH,

3npathicTs cnonyk Thny ROH auconiosaTh Ha ioHM ¥y po3uMHAX
icToTHO 3asemuTh BiZ NONAPHOCTI 3B'A3KIB. HAKiNo nongpHicTsh
a3s'aaky O~H finwira, Hix noaApHicts 38'Aszky R-0, 1o cnoayka
muconiie 3 BigmenneHHAM npotoda HY, i Taki eanextpomitin Haan-
BalOTE Kucaomamu. Hanpuknan, y monexkyai HNO; (HONOg), Bu-
X0aA4K 3] 3HAYEHB eJEeKTPOHEraTHBHOCTEN eneMmenTis, as'asox O-H
€ Dl MONAPHUM, TOMY Mg JI€0 MOJexy.d BOJAM 430THA KMCJIOTA

miconioe Ha jonn H' 1 NOj. flkmo y cnonyui ROH noaapaimmm €
as'azox R—0, ro mucouiauin eigbyeaeTeCcA 3 BiMUenneHHAM ioHIB

OH , | Taxi exeKTpOJiTH Ha3MBalOTE OcwOoeamu. Hanpuwnam, y
rigpokciai HaTpio Binein noaapHum e 38'azok Na—0, tomy min gac

posunrenua NaOH yteopwotecs ioan Na® i OH™. Hrkmo y cnoaywi
ROH noaspricts 38'azky R—0 famapka go noaspuocti ae'asky O—H,
TO gucouiania moske BigGypaTucA 2 BImIIENIEHHAM AK 10HIB BOIHIO,
Tak | ioHiB rigpokcuny. Taki cnoOJykM HA3UBAKTL am@omepHumi.
Hanpurnag, nig wac auconiauii jfiomHysaTtueroi mucaoru HOI mo-

HCYTE YTBOpROBATHCA K jonm H' i O, tak i ioen 17 i OH ™.

§ 4. Caabxi Ta cniabHi eeKTpoxiTi.
KoedinienT akrusnocTi

E1exTpomiTi MoHEa PosminmTh Ha ABi rpymi: crabri Ta cHIbHi
EJIEKTPOJIITH,

Crnabrl eIeKTpPOdITH XapaKTepHayThHCA MATMMM 3HAYEHHAMM
CTYNEeHA Muconiallil Ta HU3BKOK eleKTPONpoBINHICTIO posunsis, o
HMX HalemMaTp! nepepaskHa OIIBIIICTL OpraHidHuX Ta DAraTo Heop-
radiyiux  kuceaot (manpmeaan, CH3;COOH, H,.S, HCN, H,CO,
H»S5i0;3), amiak, oprasiusi aminu ta geaxi inui crnomyku. [lig gac
PO3YMHEHHEA ¥ BOIl BOHM JMIIE HaCTKOBO AMCOUII0IOTE Ha iDHM, & 0C-
HOBHE 4MCI0 IxHix Mojdexyn nepefyBa€ B poasumHi B Hemucouiiio-
BAHOMY CTaHI.

Cinibni eneKTponiTH OPaKTHYHO NOBHICTI) MMCOLIITE Ha ioHM,
IXHI PO3YMHM XaPAKTEPUIYIOTECA MOPIBHAHO BUCOROK EJIeKTPONpPO-
BianicTIO. [0 TakMX eNeKTPOMITIE HAJEKaTh YACTHHA HEeOpraHiuHuX
wneaor (wanpuraan, HCL HBr, HI, HCIO,, HNO;, H.SO,), cumaer
OCHOBYM (TiZPOKCHAN Ny KHMX, JYHKHOBEMeNBHMX Ta JesKuX iHUIX
meratin) i mafime sei com. JocligseHHAMHM ONTHYHWMX Ta CHEK-
TPaJdbHUX BAACTUBOCTEH OCTAHHIX Oyna goBeneHa BiACYTHICTH y HMX
HepucowliiosaHux monexkys. Hanpuxnajg, MoJekyan TakMxX coseil, Ak
KCI, NaySOy, KMnOy, pigcyTsi He nuille B pozumMHaX, &8 A y Kpu-
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cramiuHoMy cTanl OTie, cuabH] eIeKTPOJITH B PO3HUMHAX JAMCOLIIO-
HOTh NPAKTHYHO HEODOpPOTHD:

KCl=K* +CI7;
KMnO; = K* + MnOjy;
Na,S0; = 2Na* + S0§;

Alx(SO4); = 241% + 3503,

3 uiel opuumHr moxkea Oyno © ouikysBaTH, Mo ANA PO3UMHIB
CHUJILHNUX €NeKTPOJITIE 130TOHINHMA KoedinieHT § MaTuMe CBOE Mak-
cuMalibHe 3HavdeHHA (Hanpukiaz, ouda posumHy KCl i = 2) xe Tinbkn
¥ HeckiHYeHHo po3faBlIeHMX po3uuHaX, a i 33 BHIIMX KOHIEHTPaIin
posunEy coal. KpiM Toro, BHACAIOOK NoBHOL gmcowjanil cHIbHMX
eJeKTpoaiTiE eKBIBAJIEHTHA EJIeKTPOTIPOBINHICTL IXHIX pO34uNHIB Ma-
ga § He sanexxaty Bin crynena pozdaBnAnHA. Hacopasgpl = ui, ana-
BajgocA 0, JoridyHi NpUNYIIEHHA He COPaBIHKYWTbeA. Tak, fgna pos-
yndie KCl isoroniunmii koediuieHT { BuABNAETECA MeHlIuM 3a 2 i
HaOMIKYeTLCH A0 2 Julie 38 YMOBM CHJBHOTO po3DaB/iAHHA po3un-
Hy. OpHomacHo abinbIUVETRECH EKBIBAJeHTHa eNeKTPONpPOBIAHICTE,
AKA MOCTYNOBO HaDIMMKYETLCA 0 CBOrO rPaHMYHOTO 3HAYEHHA As

Hpuunza 1150ro MOJMArae B €NeKTPOCTATUYHOMY NpUTATaHH] Mix
CONBBATOBAHMMIL [0HAMM TIPOTHJIEXHOrNO 3HAKA, AKE CrocTepiraeThes
B PO3YMHAX CHIARHIX eNekTpoaiTIs.

Y myme posbaBleHMX pO3UMHAX NO3UTHBHO Td HETATHBHO 3d-
PAMEH] I0HM HACTLIBKK BiAAaJEH] ofMH Bill OAHOrO, IO MiX HUMR
€IEKTPOCTATHYHE TPUTATAHHA TPAKTHUHO BigcyTHe ¥ Takux poa-
YMHaX isoToHiYHMIl KoedpinieHT § Ta eKBiBaJIeHTHa eNeKTPONpoBin-
HicTh HaOMGKYIOTECA 10 CBOIX TPaHIYHMX 3HaYeHb. SMeHIUeHHA
B3AEMHOIO NMPUTATAHHA (0HIB ¥ Mipy po3DaBiIAHHA PO3UUHY CTBOPIOE
Takni camuit epert, HauedTO B poayMHI 3pOCTAE CTYHiHL JicOLiaril
eJIeKTPOJITY.

31 30iIbIeHHAM KOHUEeHTpadil pos4mHiB BincTans mid loHaMu
3MeHLIYETLCH, BHACGIIOK YO0 3POCTAKTL B3ACMHE MNpPUTAraHH#
plaHOAMEHHO SapAJMeHIIX JOHIE Ta B3aEMHe BiQUITOBXYBAHHA 01-
HOMMeHHO 3apAgsKeHuX ioHiB. BpelnTi-peluT KomeH i0H BUABJIAETHCA
OTOUEHMM I0HAMN TIPOTHJIEMHOID 3HAKA, TAK 3BAHOK [OHHOMW aMMOo-
cgheporo, e mpuBoauTE DO piBHOMIpHOrO po3noginy ioHIB Mo BCLOMY
ob'emy posumpHy, nogiOHO J0 TOro, AKX BOHM pPO3MIiLLeH] B IOHHMX KpH-
CTaNax, TiINBKKM Ha OiNslIil BigeTani ofuE Bif oaHoro. Bracaijgok Ta-
KOl eJEKTPOCTATMYHOI B3aeMOlil pyX KOXKHOr0 ioHa raJbMyeEThCA
ioHaMu npoTnaexcHoro auaka. Lle cnpwuusioe Te, mo edeKTusHA
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KOHLEHTPALiA ioHiB ¥ pPo34YMHI BHABNAETBCA MEHLUOK Bim IX 3araign-
Hol KOHUEHTpauil, ToMy 1 eKCNepHMMEeHTaJBHO OTPMMaHi 3HaYeHHA
izoTonigHOrO KoedirieHTa Ta eNeKTpHIHOl MPOBITHOCTI TAKOXK MeHI.

Y po3uyMHAX 3 BEJMKOK KOHUEHTDALIEH CHMILHMX eJeKTPOiiTiB
BiafyBaeThbea aconiallia ioHie 33 paxyHOK IX B3a€MHOTO NPUTATAHHA
Ta conbBaTanil Bowa nocunoeThes B Mipy spocTaHua sapafie lonis
I CYNpOBOMKYETBCA YTBOPEHHAM IOHHMX acouiaTie kKaTioHis 3
auionamu pigsoro cknany (ioHHMX map, TPIAOK TolO), HATIPMKJA]
K'A",K"TATK', A"K'A".

Jnn supamenHAa edeKTHMBHOI KoHOeHTpauii ionis y posumnax
EJeKTPOJITIE aMepukaHcbrmi (izukoximix I H. Jlswic sanpoeanus
MNOHATTA akTMBEHOI KoHueHTpanil, Aky OyJo HasBaHO axmuanicmio
fonig. AKTHMEHICTE iOHIE @ 3B'A3aHA 3 IXHBOKW KOHLEHTPAUIEKH 3a-
JNEHSHICTIO

a= fC,

ge f — woedimieHT AKTUBHOCTI, AKMI BPaxXoBYE EJNEKTPOCTATHYHY
MidKiOHHY B3aEMOAI0 y pPO34YMHAX | XapakTepH3ye BLAXWIIEHHA BJa-
CTHMBOCTEH po3uMHiB KoHuenTpauicww C Big BJIacTHMBOCTEN HecKiH-
yeHHo pos3baBrexHux pozuuHis.

P . a
RoediinienT arTHBHOCTI [ f =E) BUKOPMCTOBYIOTE IJA ONMCY

BJACTMBOCTEN PO3YMHIE EJEKTPOJITIE SaMiCTh CTYIEHA eJeKk-
" m . i cﬂuc
TPOMTHYHOT micoriamnii uzuEn . e zymoBneHo Tum, mo 1A

CHIIBLHIX eJEeKTPOJITIB, AKi MOBHICTIO IMCOLIIOIOTE HA iOHM, NMOHATTA
CTYMNEHA eNeKTpodiTH4YHol AMcouianii Brpadac ceiff amict, TomMy Ko-
edillieHT aKTMBHOCTI [ Ha3MBaWTE Ie YREHUM Ccmynenes Ou-
coyiay?i. ExcrnepuMenTa bHO HOIMO BM3HAYAKTL @HAJOMIYHO CTYMEHI0
eJIeKTPOaiTH4YHOo1 guconianii o ana cnabrkMX eNeKTpPoJiTiB, 30KpEMa
KpioCKODIYHMM MeTOAOM, 4 TakoM¥ 3a JaHMMM  BHUMIipIOBaHB
E€KBIBAJIEHTHO] eJIeKTPONpPOBIIHOCTI PO3YMHIB Ta THCKY HACHYeHOo]
napM Hajg HUMM

f:i; gl

Y cuapHo posfaeAeHMX POSUYMHAX ENEKTPOJITIE 1X OPOTHIGMKHO
3apanKeHi I0HM HE 3a3HAKOTHL 3HAYHOIO EJeKTPOCTATHYHOTO [PHTA-
raHHA, ToMy B mipy mabmukenssa Jo Takoro cTaHy, ko f — 1,
3HAYEHHA AKTHUBHOCTI ioHIE 0 HADAMIKYETLCA [0 3HAYEHHA KOHLEH-
Tpauii eJekTposiTy.

§ 5. Aucomiania caabkux enexTpoliris

Cnabki eJexTpoJiTH JMCOUIKIOTE YacTKOBO i 060pOTHO — ¥y po3-
YMHI OZHOYMACHO MICTATECA HeIMcouiifopaHi Moneryiau Ta ionn. Mim
MOJIEKYJIaMM Ta iOHAMM BCTAHOBJIETHCA piBHOBAra, L0 XapakTepu-
3YE€TBCA KOHCTAHTOK PIEHOBarM, AKy HasMBAKTL KOHCTAHMOW
etexmpoaimuunoi ducoyiayii. Hanpukaan, obopoTHa muconiania
OUTOBO] KMCIOTH BiI0YBAETECHA 33 CHEMOK

CH,COOH ¢ H* + CH;C00".
KoxeTaHTa elekTpoITHYHOL aucormianil onTosol KMHCJI0TH Mae BUITAL:

_ [H'JCH,CO0"]

e [CH,COO0H)

me [H'], [CHsCOO~], [CH;COOH] — piBHOBakHi KOHuEHTparil
ioHIB Ta HeaMCOUIMOBAHUK MOJEKYJ OUTOBOL KMCJIOTH.

Baranom amconianiio caabroro Gimaproro enexkTpotaiTy KA momx-
Ha 3anMcaTH TaK:

KA KT + A",
Momy simnosinae koncranra gucordanii:

_[K)A])

TV T

KoneranTa esexTpoJiTiusol Quconiauii, A i KOHCTaHTa piBHO-
BarM, 3aJIe:KUTEL BiJ MpUPoAM eJeKTPOJITY Ta PO3YMHHHKEA, & TAKOM
Bil TemrepaTypy, ajle He 3aJEeHMThL Bill KOHUEHTpauil eJeKTpoiTy
Ta WOTo 10HIB ¥ pO3yMHL

Koncranra esexrposiTidsol Auconianil € XapaKTEepHOK BeJu-
YUHOK V1A JIJAHMX eJIeKTPOJITY Ta PO3YMHHMKA 1 3aJ€MMTh Juile
Big TemnepaTypu. Boxa kiNbKiCHO BM3HAYAE 3JATHICTE CJNEKTDOJITY
no mucomiauil ma ioHM | Xapakrepuaye foro cuny: uum Bigbia KoH-
CTAHTA eJeKTpoJdiTHYHol aAucouiamil, THUM MOBHIIIE IMCOLIE eleK-
TpoJiT i, BiAMOBinHO, THMM BiH cuabHIIUMA. HabGanieHo BBaXKAWOTH,
mo Ans gyxe caabkux enerTpodiTie Mg, < llG'_“’, nas cnabrux
enextponitis Ky, = 10719107, ana enexTponitis cepeinbol cn-
Ju H,u,m: = 104,102 . )

3 OiIBMIIEHHAM TeMIepaTypH KOHCTAHTA eNEeKTPOJITHYHOl Au-
comianil cAafKMX eJeKTPONITIB 3MIHIETLECA HESHAYHO, IPIYOMY LJIA
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K e =107 DaraTeoX peuoBMH 2aJeXHICTh ami-
HIM KOHCTaHTM Aucouiamil Big Tem-
MepaTypM NPoXOJMThL YEpe3 MaKcH-
mym  (pue. 14.3) Ile noscHOwOTh
THM, [0 3HEYEHHA TenJaoBMX eder-
TiE AMcouianii AoCHThE HEBEJMEK], i
BHACJIIOK HATPIBaHHA 3MIHIOIThLCA
He JIMIIe 3HAYEHHA TEILIOBMX eder-
TiB, a § IXHifi 3#aK, IO 3yMOBJIEHO
pigEMM BIIMBOM TeMHOEepaTypHM Ha
npouec riaparalll HellTpaabHMX MO-

"H.CH.¢ b :
13} CH,CH COop, JeKyJ Ta i0HIB eJeKTpodiTy B pPos-
YHI,

Ilna xXapakTepuerukn amucouiauil
c1abKoro eJeKTpoJiTY BMKOPMCTO-
307 °c BYIOTE TaKOX NOHATTA CTYNEHA Ou-

couianii a. 3pavenus Ha,, C 1a a
Puc. 14.5. BanemHicTs koncTasT  MOFKHA 3B A3aTH Ha MiACTaBl Takmx
eNeRTPONITUMHOT Juconianil Bog-  MipKyBaHb, 3a pPIBHAHHAM 018 Bu-

HUX POSHMHIB CAADKMX 18K~ gHaueHHA CTYNEHA €JeKTpoJiTHYHOI
TpoJiTiE BLI TeMDepaTypH

1,7

L1620 30

ape

aucomianii o = MOMHA 3HAWTH

KOHIEHTpalilo mojekys, aki npogucouimwsamn: Cy = aC. 3po-
gyMino, mo A71A DiHApHOro eNeKTPONTY came CTITbKW YTBOPUTHCH

kaTionis K™ Ta anionis A~ y pogunui, Tobro
[K ]_[Al_ .unc“uc

Tonl piBHOBajsHa KOHUEHTPALIA HeNpoaMcolifioBaHMX MOJEKY
€NEKTPONITY, AKI 3aMMNIMIMCA B PO3uMHI, AOpIBHIOBATHME pisHuui
Miz BUXIZIHOIO KOHLEHTPAUICK) PEYOBMHM 1 KOHIIEHTPAIIEH MOJEKYT,
AKI NpoIHCconlioBaIM:

[KA]=C - Cpe=C — aC =C(1 - a).

flkimo nigeraBUTH BM3HaYeHi KonueHTpauii iomis Ta Monekya y pis-
HAHHA [ONA BH3HAYEHHA KOHCTAHTH e€JeKTpoJiTHYHOI Awcouianii
eNeKTPOJITY. OTPUMAECMO BUPA3

ot
'H",:IS:C = n C,

AKe gicTajo Has3sy 3axony posbasaennna Ocmeaawnda. Cyrw fioro
NOJNAra€ B TOMY, 10 B pad] poabaBneHHA Po34YMHY ioro KOHIEH-

rpauif C 3MEHIIYETbCA, & CTYMiIHb AMCOLIALil eNeKTPoJiTy o a3po-
cTae TaK, L0 3aranom sHadeHHA Ko, saJIMimacThCA CTAIMM.

Binsrensm Ppigpix Ocreaaen (1853—-1932) — supaTHidi
miMenpini disnkoxiMik, oguH i3 sacHOBHMHIE dismaHo
ximii, Haywxoei npaul nDpHcBAYMEeHD NEPEBANGHO PO3BHMTEY
Teopii enexTponiTIHOl Apconianil, KiMeTHInl Ta KaTamiay.
Bimyas (1884—-1886) ymosn ximisHux pisHopar i scTaH0-
BME KiMbkicHI CHIBRITHOIIEHHS MM eJeKTPONpPOBIIHICTIO
DO3YMHIB KMCAOT | TX KaTamTuyaHow axTisHicTo. Brepie
3B'AZ88 NPHIMHK KMCIOTHOMD KATAMay 3 ocoliMBOK pot-
Jn0 BojHesoro aToma xuedoT. Poapofie ocHoen Teopil xn-
CAOTHO-OCHOBHOMO KATAMAY Ta KOWIBOPOBMX IHAMKATOpPIE.
ApTOp BAKOHY (1888), mxiu1 BigbMEaE 3aneHICTL eNeK-
Ipmpuamnocn posBaBieHix posnHis DiHapHMX enexTpo-
aitie TAa IxHBOl peakifiiHOl 3faTHOCTI BiE KOHueHTpali
(saxon poabarnerna OcTBanbfa) SapONOHYBAR ENEKTPO-
XiMiuunii cnoci® BMa3sauenHA ocHOBHOCTI KMeaoT. Bigkpus
ABMine asToxaTamiay. BeraHoemp 38'Asor Mix ximivmomo

Binsrensm Ppigpix

OcTsansa TepMOaMHAMIKD0, KiHeTHolo Ta KaTamisom. Jaypear Ho-
Geninchiol npenii (1909).

Ins posumuiB cnabxux enexkTponiTis, AKI gy:e Manow Mipoo
AMCOLIIOTE HA 10HM, CTYNiHL ENEKTPONMITHYHOI aucomiauii o << 1.
Tomy piBnanua posbanenna OcTBanba MOMHA cnpocTuTH (OCKLIb-
KM 3a Takux ymoB 1 — o = 1)

HEHC = (IECT
3BijIKH

= E.i‘.“_c

C
Ile cnieBiuomenEA Bigfnpae 3a/eXHiCTh CTYIIEHA ENEKTPOTITHYHOL
aucolianii crabroro enextponitTy Bifg oro KOHUEHTpamll Yy PO34MHL
YMM MEHIUa KoHuUeHnTpauia pedoBMuM (Binein poabasnenuit posums).
THM BMIIMIA CTymiHb 11 eneKrpoaiTidmol mMcouiaunii o, ockimeKn
KOHCTAHTA eNexTposiTudHol aucoriauil Ky, € cTancio BeIMYnHOI0.

fAkue y Bupas saxony poabapnennsa migerabBuTi O = ‘i—* TO fic-

o

TAHEMO CITiBBiJIHOIIIeHHA

e _ Ac
- A) Al -
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3a uuM piBHAHHAM MOMKHA ODYMCIIOBATH KOHCTAHTM AMCOLALIT
cnabrnx enexTpodiTis, eKcnepMMeHTaJlbHO BHM3HAYMBLUIM eKBiBa-
JIEHTHY €JIeKTPONpOBifHicTh IXHIX po3faBleHMX PO3YMHIB.

Cnabri enextponitu, Akl nig ugac auconiapii smaTHL yTBOpMTH
Dineir Hixe OBa ioHM, AMCOLIOIOTL CTYNIHYAcTO, nprdoMy nDepebir
KO{HOTO CTYTEHH ONMCYETbCH PIBHAHHAM eJeKTpOsiTHuHOI mMcoLi-
anil fiHapHOro eleRTPOJITY | XapaKTepM3YETHCA BJACHOK KOHCTaH-
TOK. ¥ pO3UMHAX TAKMX PEYOBMH YCTAHOBJIIOIOTBCA CHJAIHI piBHO-
Bari, B AkMX OepyTb yuacTb l0HM pisHMX cwkjaany ta sapany. Ha-
NpPHKJAA, POSYMHM TPBOXOCHOBHOI oprodoctOpHOI KMCIOTH IMCO-
LiI0IOTH 33 TPLOMAa CTYNEeHAMM, KOMHOMY 3 AKMX Bianopijac sracHa
KOHCTAHTa aMcouianii:

HPO, 2 H* + H,PO;, K, = B LPO] 4y 4,
[H,PO,]

_[B*)HPO]T)

H,PO; ¢ H* + HPO!", K= =62-10°%;
S POy

_[H'JPO; ]

= =50-107,
e T [HPOZ]

HPO% 2 H* + PO,

Y pasi crymisgactol amconianii enexTpodiTiB poamienneHHA sa
nonepenHiM CTYNEHEM 3aBxAM BinbysBaeTbcAa 3HauHO GinblIOK Mi-
pow, Hix 3a nacrynmumu, tobro Ko > Hopeer > Kpes... . e

3YMOBJEHO THM, IO Ha nepuioMy cryneHi aumcouiauii ion HY ponae
ClIy TIPUTATAHHA TLNbKM OAHOrO HeraTuBHOro sapany (H,POj), na
ApyTOMY — JBOX HEraTMBHMUX BSapAliB [HPOE'}, Ha TPETBOMY —
TPLOX {PUE' ).

Cymapse piBnaHHA nuconianii oprodocdoproi kucaoTH

HyPOy 2 3H' + POY"

ge pigoOpaska€e HasBHOCTI B po3umHi ioHIB HQPDE' ta HPO}, kon-

neHTpania Axkux wabarato Oinbua, His ioHIB POi_. Tomy cymapsi
piBEAEEA AMcouianii eNeKTPONITIE TAKOrO TUIY BaIMCYIOTHCA PiAKO.
Cymapromy piBHAHHI enexkTpogiTMuHOl Auconianii BifnoBijae cy-
MapHa KOHCTaHTa Jmconiaiii
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3 3-
k. = [ETPO}]
ane :
[HPO, ]
AKa  JopiBHIE nmobyTRy crymimvactux  koHeranT (K. =
= Hmrl”nncEH.a.nc:!}' o
Koncrantu guconjanii geaxmnx KueaoT HageaeHo B tabu, 14.2,

Tabauys 14.2. KoncranTy fionizanii Q[eAkMx KmceJor 408 pisHoBarn
HA 7 H* + A- (3a Temneparypu 298,15 K)

Kucnora Dhopayna - K, | pK= —lgﬁiﬂ"
|Azormera ___HNG, 4,06-10% 3.4
| Aaoraa - | __HNO; | 43610 ’ -1,64
Bopna _ H3BO; ' 581010 | 9,24
ByTinbHa H,COy | ==
Koy | 4.27-10°™ 6,a7° !
Kynes 4,68-10°11 10,33
{Ourosa | CHyCOOH | 1,74-10-% 476
| Hepokenz somuio K,y _ Hy04 i 2,24-10-12 11,7
Cipuncra H,S0; ] 5
K el ! 1,3-10°% 1,87
e = K,qqm_c! e | 5.2'1(}'3___._ 7,20 |
Cipyana H,S0, |
Koo | {1108 -3
o Kaueo 1,2.10-2 1,94
CiproBonnera i H.S 1 ]
Kopeer | | 11077 6,99
- Koz | 25101 L. -
Optodocdiopra | H;3FO,
- 7,52:10°% 2,15
Kpue 6,31-10°8 721
Kzues 1,26-10°12 12,0
XnopuysaTucTa HCLO 32100 | 75
Xaopucra ) HCIO, ? 1.1.10-2 187 |
| Xnopuysarta - HCIO- - 100 e !
| Xotopha o HCIO, - 1010 ==10

* e ysasni KOHCTAHTH awconianii; Bony Bigmeceni o 3aranbHOl KigbkocTi CO,
¥ posunni, icTuHae auavenna Ky = 1,32.107* (sa remmepatyprt 26 °C).

ABaJIOriYHe CMiBBIHOLIEHHA KOHCTAaHT XapaKTepHE | B pasl cTy-
migdacrol aucoujanil GaraTOKMCJIOTHMX OCHOB, ¥ Axkux iom OH™
B@n,menmc-emcs BiJl 0/IHO3apPAIHOIO0 KATIOHAR NOPIBHAHO JErie, Hixm
Bin DaraTosapagumux (rabu. 14.3).
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Tafauys 14.3. KoncranTu iomizanii peaxux ocnos
(aa Temnepatypu 298,15 K)

OcHoBa Dopmyna Koo pK = -1gK o

i i 38.10°9 8,86
Tiapoxcun aatomidito Kpoa ANOH); 1,
Poaund amiaky ! NH; + H,O 1,76-10-9 4,755
Tinpoxcun Bapiw Koo Ba{OH), 2,3-10:; gng‘;
"Pozuui rigpasusy N,H; + H,0 9,310 : alﬂﬁ
Poa4mH rigpoKcHIaMiny NH,OH + H,0 1“2-,!}-113'.l _ 3.59
Tigpoxcun aaniaa(ll) Ko Fe(OH)y 1,3-10- !

i iza(lIl
o Koz Fe(OH), 1,82:10-1 10,74

ancd 1,35'10'12 11,87

Tiapoxcng xkansiiin Koo Ca(OH), 4,0»10'i 12-,:
Tigpokcug marsie Ko, 0 Mg(OH), 2r5,1|:|~T . :ﬂ
Tinpoxenn mim(Il) K .0 Cu(OH), 3,&!-'1!}'lD glgg
Tigpoxcus xpoMy (L) Kpea Cr(OH), 1,02-105‘ 4,4
Tigpoxecnn umHky Koo Zn(OH), 4-10- ;

Came ctyninuactuii nepedir npomecy nucoLlaril cnnﬁxu_x RMCJIOT
i OCHOR Ta BeJMKA PISHMIA MiM KOHCTaHTamM iX mucoljamii symos-
MOKOTH ICHYBAHHA TNOPAJ 18 cepenHiMm (HOPMaJbHUMMU) cun.ﬂng[ ggn
npuxaan, NazPO,, NayCOs, MgClg} Kuceaux (Hanpueaan, I‘Il\; CE}HCT
Na,HPO,, NaHCOj) Ta ocuoBHMX cojeit (manpukmax, MgOL! ,
(CuOH),CO;). Ixniit cknag Bigbusae ocobamBOCTI MPoLECY AUCOLIa

ii O3dIMHAX, '

e iyiuli yac pO3UMHEHHA KMCIMX CcOJeit Cno4aTky BLIOYBAETHCH
POBLIEIINIEHHA X 3@ THIIOM CHMJILHMX @JEKTPOJITIB Ha KaTIOH MeTasy
i KHcamit KMCIOTHMIA saiuinok caabkoi KHCJ'IO‘I'H.LQCTEIHHIF'I 3a:snf1e
oBopotHoi aucouiamii 3a THIOM cnabKUX eJeKTPOJITIS, HanpuKIaz:

NaHCO; = Na* + HCOj3;
HCO; 2 H' + CO3".
AHANOTIYHO AMCOLIIOITL OCHOBHI COJL, HANPHMKAAI
MgOHCI] = MgOH" + CI7;
MgOH* 2 Mg?*' + OH"™
Bracaijok uporo Kueii Ta OCHOBHI COJMi MOEAHYIOTH ¥ cobi AK
BIACTHBOCTI cOMeii, Tak i, BIAMOBIHO, KMCJAOT 1 OCHOB.

3a cranoi TeMnepaTypu CTYMiHb AMCOUalil 3aNesKuThb BIA NPH-
POOM eJIeKTPOJITY, MOr0 KOHUEHTpadil y PpoauuHl Ta JONATKOBOTO
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BBENEHHA ORHOMMEHHNX IOHIB. SMiHa 3a3HAYEHMX YMOB CIPHUMHIOE
SMIENHA DIBHOBATH Ta BIAMOBIAHO] 3MiHW CTYNeHs mqMcolialii.

Auconianiio koMINEKCHUX CHoAyK, AKa BigbyBaeTwhes CTYIIHTAC-
TO, POSrAAHYTO gani.

3anexuicTe crany pisuoBarm Bijl maseHoCcTI  OAHOMMEHMIX
iomis., PisroBary gmcouianii  csafroro SIeKTPONITY  MOMHA
SMIlIYBATH 38 PaxyHOK aMmiHM kouuenrpanii ogmoro s fioro npo-
OVETIE pucoiianil.

flkulo, Hanpukaan, y  posumui  cnabrol  odToBol  KueTOTH
CH3COOH afimblunti KOHUeHTPanilo ogHoiMeHHOTO anetaT-iona
CH3;COO™ jonasanAM CHILHOMO eTeRTponity — aneraty HaTpiw
CH3COONa, axmit nosHicTI0 gyconioe Ha i0HM, TO 3TiaHO 3 NIPUHIN-
nom Jle Mlarense piBHoBara nponecy

CH;COOH 2 H* + CH;CO0-

BMICTHTBCA B GiK 3MeHINEeHHA KOHHEeHTpalii mux ionis, TofTo y Oir
YTBOPEHHA MOJEKYyN ouToBol KMcaory, Konuewrpanis iomis HY
Npy UBOMY SMEHINMTBCA, & KOHUEHTpauia HegucouifoBanMx Mo-
JIEKYT  oUTOBOL KMcaorH  36inemureesn. Pisnonara aguconiaii
3MICTMTBCA, BHACILOK YOre CTYIOIHL mmcollianii T KMCROTHICTDH
cepenosuia  smenuartsed.  Cucrema Habyne wHosoro CTAHY
PiBHOBary, 3 AKOMY KOHHEHTpALiA BCix 11 CKIamoBuUX 3MIHHTBCA,
ane TakK, o 3a CTan0] TeMNepaTypM KOHCTAHTA PIiBHOBArM 3ajM-
IIHTbCA HesMiHHoW, Orike,

CTYNiHb AMCOUIANIT XapaKTepH3YE MOJ0KEHHN CcTamy pigHO-
BarH Auconianii, a kKoHcTanTa AMconianii — cuy eleKTpoJiry.

Ana viTexicsol OWiHKK BICMBY OfHORAMEHEOrO lomé Ha CTYMiHL M-
cotjanii cnabkoro eleKTPONITY BUSHEYUMO 1 MOPIBHACMO 3HAMEHHA KOH-
uenTpaliil eoasesnx iownip CI-I' i C.'H T oTynenis gucouiaml a i oo
OUTOBO] KHMCJIOTH y ABOX PO3EMHAX, OMH 3 HKHX MICTHTH OLTORY KHCIOTY,
a4 npyrui — OuTOBY KMOIOTY Td aueTAT Harpiio. BeasaTuMemo, wmo
KoHUeHTpanil outoBol KMCaoTH B 060X posdunax ogHakoei (C, = 0,01
MOJh/ ), ane Ap¥THil poauuK MicTHTH Wie i auertaT marpilo, KOHUEHTPaLiA
AROTO Tako® qopisHie 0,01 Moo/ a

3riano 3 PIBHEHAEM THMCMEALIT GUTOBOT KHCOOTI

HCH,COO & H® + CH,COO-
¥ MepIoMy 3 WX po34nais
[H*] = [CHCOO| = C_,.:

[HCH,COOJ = C}c B IC':llsc: = IE---:1t e fH+|:
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i 0 MpogMCcoliloBaiM.
ze Cpye — KOHUEHTpAUid MOMEKYN KMCAOTH, 00 MPoa i

MiacraBusiii BiZMoBiAHI CriBBigHOWEHHA Y BMpas A8 BUIHAYEHHA
koHcTadTH mEcowianil, oTpUMaEMO

+47 +q2
_WcHco0) M) H] — = 1,810
e [HCH,CO0] C, -(H'] 001-[H"]

. + =
Posp'saaBuiM  KBajipaTHe DIBHAHHA, Bu3Haummo, wo [HY]

= 4,15-10* mons /0. _ "
PodpaxXyHOK MOMHA CIPOCTMTH, OCKiNBKM Afs  crabrux  Kucnor

[H*] << C,, Toai
| [_—_I,'_ ;
e HT 5= G = 18:107 001 = 4,24:10° Mosn/x

H

Hafnmsene | Toune smavenna [HY] mano pisnaTecs wmiz coboi.
Crymink Aucorialil oUTOBDI KMCJIOTH JOPIBHIOE

3
o= Coue W1 _ 200 L = 415102 = 4,15 %
TR 0o
Take caMe 3IHAMEHHs O MOMKHA 3HAWTM 348 BMpas’oM  3aKOHY
a* 2 r‘ H:uc}
poabapnenns K e C {aBo cnpomedo o = V¢’

= : +
Y poaumsi, L0 MICTHTE OUTOBY KHCJOTY Ta 11 Cillb, [H*] #
# [CH3CGO ], ockinbru iorn CHZCOO® yrBOpPBOIOTHCA HE TiIIEKH BHACJIHOK
Aucomiamii KMCHOTM, a4 ¥, B OCHOBHOMY, BHACHIZOK TpPaKTHMHO nosHoi

mucoLiauil coai
CH;COONa = Na* + CH;C0O".
Tomy [CHzCOO = Ceoy + [H*] = 0,01 + [H].

Konuenrpauif MoNeKyn KMCJIOTH, Mo He MOPOIMCOUIIOBANM, AK 1 B
[OnepeHboMY BUMASKY ROPIBHIOE

(HCH,COO] = C, - [H*] = 0,01 - [H*).

3rigge 3 wimH MipKyBAHHAMKM BMPA3 LA BHIHAYEHHHA KOHCTAHTH
aMcouiauii MaTHMe BHTJIAS]

[H'J (0,01 +[H])

= 1,8-10°5
001 -[HYY

Ko =
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Poss'AzaBim Binnosiise KBafparse piBHAHHA, SHAMKZEMO, g [H*] =
1,79:10-% moss /.

Habmwxene aznavenns [HY] momsa ofumcnurs, crnpocTueiin BHpa3
AJA KOHCTAHTM jncouiauii, ockinekn [HY] << C, i [H'] << C,, Toni
[CH;COO T = Cpypy [CH;COOH] = €, a

_[H)0m

B = = L810°% [H*] = 1,810
e 001 [H*) = MOTb,/ L.

Habmmmese i Touse ssauenns [HY) maise ogeakosi,
3xalineMo 3HaYMeHHA CTYNEHA AMCOMaLii KMCNOTH B LBOMY POIYMEI

C.. [H'T 179-10°
u'=E““‘—=[—E-J-=_B.ﬁ]_ = 1,79:10% = 0,179 %,
3 :

K

(OBumeamuT @' 23 sakoHom poaDaBlieHHs B HbOMY pa3z3l He MOHHAE,
OCKLNBEN He BUKOHYETLCR yMosa [H*] = [CHLCOO)).

Tlopiessemo crynesi aweouizmil ourosol ®wcioTu B nepuoMy i
ApYroMy podqHHAX: -

a 415-107

o 179.107°

= 23,18.

Ore, nig giew ofHofiMeHHOMO  i0HAa CH4,COO", aguit yTsOpuBCH
BHaCTiAoE Aucouiauil comi CHyCOONa, crymiss amcomdanil  ourosoi
KUCHOTH amedinueca npubaiano v 23 pasn.

§ 6. Iouna piBHOBara B reTeporeHHNX CHCTEMAX.
Hobyrox pozunuanocTi

Poarianemo piBHOBasHMI CTAH HACMYEHMX DOIUMHIB BAMKKOPO3-
YMHHMX CUJIBHMX ENEKTPOMTiE (cosel, ocHoB). ¥ TakMx cucTemax
YCTRHOBJIOETECA PIBHOBara Misk TBepiow (hason Ta enekTpoJiTom,
o MicTHTBCA B poaumsi, Hanpukiag AgClire) 2 AgClip). Ockinbku
EJNEKTPOJIT BaXKKOPOZUMHHMIA, FOT0 HACHYEHMA PO3YMH € AyMe po3-
Gapnerum, | eleKTPOJiT ¥ po3uMHI NPAKTHYHO MOBHICTIO AuCOUiHE
Ha ioHum;

AgClipy 2 Ag™ + CI™.

Monerynm AgCl y posunsi He ICHYIOTh, TOMY BCTAHOBJIOETHCA
PiBHOBara Miz TBEpOOK (Da30i0 Ta ioHamm B poa4MHi:
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AgClite) 2 Ag™ + CI~,

3a yMop piBHOBaTHM 34 OQMHMULIO Hacy B HACHYEHHH pO3YMH fe-
pexoAuTh CTiABKM Camo 1OHIB, CKIThEM ix BHOBY NOBEpPTAETBCA B
ocas Y posuMHEAX eNeKTPONITIE CTaH J0HIB BUSHAYAETLCH IXHIMM ak-
THBHOCTAMM, TOMY BiAMOBIIHO N0 3aKOHY AIOYMX Mac PIBHAHHA O0A
KOHCTEHTH PIBHOBATH MaTHUME BUTIAN
- a,,-a o

ppr

OckinbkH AKTHBHICTH TEEPAO] PeHOBMHM € BEJIMHMHOI CTalx0io, ii
MOYKHA MMEPEHECTH B JiBY YACTUHY PIBHAHHA

Kapger =2,,-aq

Y nyse posfaBliesux poa3uMHax, 10 AKMX HalemaTb | po3uMHM
BaXKOPOZYMHEMX enerTpouitie, komu C — 0, xoedilienT arTHB-
HOCTI iOHIB Mano BiapisHAETLCA Bin omuumui (f — 1), a ixxi akTHe-

HoeTi — Big kosuenTpauii (a — C), tobro B = [Ag liag =[C]
Toni gadirKeso MOMKHE 3a1HCATH

Kagee = [Ag JICL )

YV nisiil wacTmmi uboro piBHAHHA KoHcTaHTa pissoparm K ra ak-
THBHICTE TEEPIOTD XJOpPHAY CPI0Ia age) 38 HEBMIHHOI TeMNepary-
Py € BeIMUMHAMM CTAIMMM, TOMY CTalIMM € Tawom 1X HOOYTOK.
3eigcn nobyToK KoHUEHTpauii i0HIB BaKKOPO3HMHHOTO eJeKTPOTTY
B OT0 HACHMYEHOMY PO34YMHI 38 JaHol TEMIepaTypH € BelIHHHHON0
cTas0K0, AKY HasusawoTh dobymxom posuunnocmi (IP). Hanpuwsian,
ans sacuuenoro posunny AgCl nobyTok po3uHHOCT Ma€ BUIIAL!

HPAEcJ, = [AgTI[C:l_}.

3uadenns JIP He 3aieuTb Bl KOHIEHTPaLill loHIB ¥ HaCHYEHO-
My pOSHMHHI, aJe 3alesHTh Bil npuponm eJIeKTPOMTY Td TeMmoepa-
rypn. JIna xa0puiy cpidsa 1R 3aTeHICTb TAKA!
TemnepaTypa. °C b 1 25 al 100
AP g0 0.21-1010 0,37+ 10-% 1.56-1071¢ 132-101 21,5-10-10

Jlns crIagHillMx enexTpoliTie, Akl mia gac nueoliami yTeopK-
JOTb 7Ba a0 Hifblle OZHAKOBHMX iOHiB, €17 ypaxOBYB&TH CTeXio-
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METPUYHI KOeillieHTn reTeporeHHol piBHOBATH, a B piBHSHHI nodyT-
RY PO3UMHHOCTI ROHUEHTPaL] (AKTHBHOCTI) unX ionis Tpeba Gpaty y
BUINOBIIHMX CTENMeHAX, HalpuKIau:

Pblytwe) 2 Pb* + 21—
_ dep-q2
APpy, = [Pb™J[I]".
3uavenna JIP BuaHaueHo 1A BaraTboX BaMMKOPOSHYMHEMX eNek-

Tpolditie. Humaue sasejeso neaxi 3 nux.

——— e

| Pesommma | ap B i
| AgCl T 1,56:10°1% cuCl 1 12106 i
_AgBr | 53108 1T cul L
Agl | B30T TTTCuCN 1 3aap T
AgS T aapH Cu(OH), . 2oqp
| AgCrOy T e | T cuS 0 Gaie® ]
AP0, | 1310® L CuS 25104 |
L BalO;, 40400 Fe(OH), | gi0-6 |
__BaCrO, | 1200 ] Fe(OH), T R
| Baso, BTN oS f— S
| CaCly 4,8-10-¢ ~ Hgs T 16107 J
. CaCrO,  F1a00 NS i
L Cag(POy | 2010% T PbS T Tes10% |
| Caso, i 23100 T " Zn§ | Le1eH |

I Ay -0 TN, ' S B S ol A

Hf&vlf[‘-IaCTILI.Ie IX BM3HAYAIOTL 1A HACHYEHNX PO3YIHIE PEHOBHMH Y
qMCTIH BOAI 34 xiMuHaTHOL TeMOepaTypy (3a3en4ail ANA CTAHAAPTHHX
yMmoB, 25 °C). UYum meniue sxavenusa [P, Tnm meniuomn MIpOI0 Cro-
JIYKd NepPexXoauTh ¥ PO3UMH | TUM MEHIIOK € 11 posduuHHicTh. 3Ha0-
un JIP, moxua ofumeaoBaTH KoHNenTpanil 108iB eqekTpotiTY B Ha-
CHHEHOMY ]:::uatmn_i Ta HOro0 po3YMHHICTL, nepeadaydaTi YMOBH YTBO-
PEHHA OCANiB TA IX POIYMHEHHA, BU3HAYATHM MOAUIMBICTL Ta Hamps-
MOE nepediry peaxiiii y poaunHax eNekTpoditTis Tollo.

Poarnanemo winkra npixiagis.
Npug: PTOK po i Pl f
oA At g ol
E IB ¥ HacUYeHOMY pozumHl oyasdaTy
ceuio PhS0y ta foro posuiasiers. ’ .
SAMMWIEMO BHPAS 1A BIAHAUEHHH J06VTRY po3YHHHOCTI mici coni:

APpuso. =[Pb*' JSO] | =22 107",
Posrianemo pisHosaxamii cTay Hackyedoro poaunsy PhSO,:

PbSO,irs1 2 Ph?* + 507"
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Brigeo 5 upM pIBHAHHAM y pasl PO3uUMHEHHA I MOJb PbS0O, yTBO-
pioetsea T moas Pt Ta x mone SO%", rabro Cpvso,(p) = Cpo2t = Coot--

BuaHauumo I

x = 22108 x = 422-107°" = 1,510 /a, Tobro C =

" - ; W2 ¥ MOJE/ 7, TODTO PbSO, (p.)

= 1,510 mons/n.

Tlpuxnan 2. Poauwnnwiets fAoguay CBHHLIKD Pbl, @a TremmepaTy-
pu 298,15 K cTanosnts C pyp (uee) = 1,310 momb/n Obumemirh nobyTox

poauntHHoeTi niei coml
3rigHo 3 piBHAHHAM PIBHOBAIW B PO3UMHI L€ coni

Pblyim) o Ph* + 217

y paai posuxHesHs = Moab Pbly y poauns nepexolurs I Moidh ionis Pb?*
i 2 wmonb ionis 1™, OTxe, B HacieHoMy posumsi Pbly xoHIeHTpallia ioHiB
Pb®" mopissiosaTime 1,3° 10-} morts/, a jonis 17 — 2,6+ 107 moms /1 38ineu

IPyp,, = (PO II7T =13 107 (26107 =878 107",

Buxonsyu 3 nobyTky posumsHocti P, MomHa nependba<suTh
MOMIMBICTL YTBODEHHA OCa8JiB Yy pO3uMHAX enexTponitie. Ener-
TPOJIT BUALNAETECA 3 PO3YMHY B Ocal, KOJM no0yTOR KOHIIeHTPalii
fioro ioHiB y posuMHl nepesmulye mo0yTOK po3unHHoeTi. 1 HaBmaky,
ocajl Ba’KKOPOZUMHHOTO €eKTPOJITY POIUMHAETBCA 33 yMOBM, IO
noGyTOK KOHLeHTpauil #oro ioHiB Mermmii 3a JI00yTOK PO3UYMHHOCTI.

Mpuxaan 3. Busnauury, un BUNAZaTUME OCaj CyIb iny MaHraHy
MnS v pasi amMBaHHA OJHaKoBAX of'€MiB posuMHIB 2-10"% mone/a HIiT-
pary manrany Mn(NOs); 13- 10! mosb/ 1 cynsthiny sarpiro NasS

Buacnigok 3MiIIvBaHHA pPO3UMHIB BHXIIHMX peuOBuMH ob'em cymiond
cTa€ BUBiYi BIMBLIMM, ToMY KOHLEHTPauil x0MHOI 3 PO3HMHEHMHX DedoBiH
yagiui smenuryiotses: Cyuno,, = 10107% moms/a, Cy,s = 1,5+ 10%

MOsTh /71, KoHLeHTpauii ioHIB QOpIBHIOBATHMYTE. wai' = 1103 moas/n,
ng_ = 1,510 mans/ 7, a ix joByToK

- 103 . 104 = 10T
C,p2-Cqr = 10715104 = 1,5-107

Otpumannit 106YTOX KOHIEHTPALIHA ioHIE ICTOTHD TepeBHIIye naﬁ?'_rmc
po3umHHOCTI cyabtiny mardio MnS, axuit cranosuTs QPyeg = 210777 sa
temnepatypu 298,15 K. 3 uiel npuuney HaaTMIIKOB xinpxlers MnS Bu-
najaTHme B OCAj AOTH, I0KM AoByTok xoHpedTpaiil ionis i pobyTox pos-
wissocTi OP He SpPIBHAIOTHCH, L0 BIANOBIJATHME CTaHy PIBHOBADM

leteporexsa ioHHa piBHOBara MiANOPAAKOBYETBCA 3aTAJILHIIM
BNACTMBOCTAM piBHOBaKHMX cucTem. Y pasi foAaBaHHA JO HACHYe-
HOTO PO3YMHY Ba’sKKOPO3UMHHOTO eNeKTPOJITY oanoliMeHHOrO ioHA
piBHOBara 3a NPMHIIMIOM Jle lllaTense aMilyeTses y DIk yTBOPEHHA

IOHHA PIBHOBATA B TETEPOTEHHIMX CHMCTEMAX JOEBEYTOK POSYMHHOCTI 377

ocafy, | poO3uMHHICTE PEYOBMHN 3MEHIIYEThCA. Hanpuknan, AKWo a0
HaCMYeHOro posumMHy xuopuay cpibna AgCl mopmaTu omHOWMEHHMH
ion Cl°~ vy eurnazi cuassoro enextpoaity (NaCl, KCl rouio), 1o xon-
ueHTpalig ueoro ioa abineumTbea. lle mpueene no 3B AzyBaHHA
yacTHM ioHie Ag® 3 yTBOpeHHAM nomaTroBOl KinbKOCTI TBEPHOTO
AgCl, axuit BunajaTHMe B 0Cajl AOTH, AOKM 00YTOK KOHLEHTpaLii
ionis Ag' Ta Cl y po3unui 3HOBY He TMOYHe AOPIBHIOBATH Ao0yTKY
poaunsrnoeti (P = const). Ockineky gesxa kinvkicrs AgCl mepeiize
3 PO3YMHY B 0Cajl, TO PO3YMHHICTh COJI 3MEHIIMTHCA.

) [Ipuxnan 4. BUSHAMTH, AK SMIHMTHCA POSYMHHICTE cynbdary Da-
piro BaSQ, ¥ pasl jopaBaHHA [0 MO0 HaCH4EHOrD PO3HHMHY cyandaTy
Harpio NasSOy (Cy, sn, = 1-107% mone/n, T = 298 K).

OBUHCTUMO PO3UHHHICTE BaSO,; vy Bomi 53 BIZOMOI BeJWHYHHOW Horo
no0yTRY pOSUHHHOCTI

IPyg,s0, = [Ba" 1S05) = 1107

Chusoyip) = Cpar = Cgorr = ¥1-107% =110 moas/n.

¥ pasi jopaBaHHA [0 HacuueHoTo posuuHy BaSO, cuiBHOrO enextponlty

s . ' - i z
NapS0O, xonpenrpauia lowis SO 3pocTe, D 3yMOBUTE 3MILIEHHA DIB-
HoBark y Bix yTBOpeHHA TBeplol thasn BaS0O,; BHacnifox UBOIO KOHLIEH-
rpaiis ionis Ba®' nporopuiiiHo amMeHumMTECA Tax, wob A0GYTOK poatwiH-
HOCTL 3aMMIIMECH HesMiHHMM 3a YMOBM CTanocTl TeMIepaTypi.

Tloasaunmo HoBi pimHoBadKHI KoHUeHTpauil ioHiE ¥ po3wHHH] Cllaa*‘ Ta

C Toni

o
507
I " i
HPBQSD_‘ o CBa:;' CSDE' .

Hosa posumsnicts BaSO, sH3HauaTHMETHCA KOHUEHTpawic ioHis Gapilo B

poaydmHi Cmo‘[m = C;!a'*" a @aradieHa  KoHnesTpania ioxis SOﬁ_
noplBHIOBATHME

v oEL g -3

Coot e + 10
abo

! 4 ‘3
Coop = Craso(p) + 10

Ockinesxy 708y ToR POBYMHHOCTI 3AMMIIACTBCA CTAJNMM, MOMHE 2anmca-
™,

P pes0, = C pas0, p)(C Baso,py 109) = § 10-1%
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Pose'Azasumt KBajpaTHe DIBHAHHA, BHA3HaYMMO poaunHHicTs BaS0, aa
¥MOBM 2ajadl

LCFHR{'FHPJZ + lu_scﬂaf‘.‘r@;lpj = 110"

Y nepiomy HaGmuscesni ue piBHAHHA MOMHA CNPOCTHTH, BARABILNM 10
] ey
yBary, o (Cgueq 1)) — AYHE MaTa BelMHHHA, TOII

. L D | -
C BaSO,(p) = -1—--1—[}3 = 1-10"" mons/n

Orue, BuacTgor foaasansa 1- 1075 Monb/a cyapdary BaTpin NaySO,

KoHUeHTpais ionis Ba'® g' PO3YMHL Td POBYMHHICTE CcyasthaTy Gapin
BaSO, amenmarbea 3 1+ 10% o 1+ 1077 moas/a, Tobro 8 100 pasis

3milensa piBHoBar ZoJaBaHHAM OJHOMMEHHMX ioHIB 10 Hacuye-
HMX PO3YMHIB BaKKOPOZUMHHMX eJeKTPOJITIB uMpoko 3acTocoBy-
I0Tb AK B aHaJiTW9Hifl ximil, Tak | ¥y ODpoMHMCNOBMX [poulecax JfA
a0inbHIeHHA MOBHOTM 0CAUKeHHA THX 9M iHmMx ioHis,

§ 7. ducouiania KOMIIEKCHUX CHOOYE

Miz BHyTpluiHbOI KOOpIMHaLiiHOIO cdepow Ta NPOTHIOHAMM
3oBHIKEEO] chepn KOMILTEKCHOI CHONYEM iCHYE ionHMI 3B'snzoK. To-
MY B PO3TMHAX KOMIJIEKCHI CHONYKHM [OBHICTH TUCOLIIIOTE HA KOM-
niaexkcHui ior Ta ioEM 30BHINmMBOl chepu. o cragin aucorianil
KOMIIJIEKCHUMX CIIOJIYK HA3HBAIOThE Nepsunnoio ducoyiayiewn:

[Ni{NH;)gICls = [Ni(NH3)e)** + 2CI-;
K,[Cd{CN)g] = 2K* + [CA(CN)gJ*";
[Co(NHj);Br]SO4 = [Co(NH;);Br]** + S0j .

Came Jerkicrtwo nepebiry nepBHMHHOI aucouiaiii KOMIJIeKCHMX
CIIOJIYK 3YMOBJEHa 3AaTHICTE ioHiB 30BHIIHBO] cdepu obMmimoBaTH-
cA Ha iHUN 33 JOMOMOroW peakiii loHuoro obMiny, aAri BAACTUBI
CHJIBHUM EJEKTPOJITAM, HANPMKIAJ

[Co(NH3);Br)SO, + BaCly = [Co(NH;3);Br]Cly; + BaSO,.
Mix xoMmnexkcoyTBOpHBadeM 1 JiraHAoM 3B'A3KM  Miluiuti i

Ginbluow Mipow HabMMMYIOTECA OO KOBAJEHTHMX (HOHOPHO-aKLeNn-
TOpHI 3B'A3KM 3 MONIAAY METOLY BaJeHTHMX 3B 'askis). Tomy kommn-

NMCOMUTALIA KOMIIJIERKCHUX CIIQJIYE 379

JEKCHMI 10H AMCOLIE Ha i0H KOMIVIEKCOYTBOpIOBAYa 1 Jiranam e
noericTio f oBopotHo, ToBTO Tak camo, AK caabki eaexrTposiTi. Mo
cragio  gucoujanil HasuBawTe amopunnotw Jducoyiayien. [lna
aMiakaTy Hikemo 11 MOKHa 3amMCaTH PiBHAHHAM

[Ni(NH3)5]*T & Ni** + 6NHa

Opnak HaclpaBAl Lefi Opolec NoaArae B NOCALZOBHOMY 3amilueH-
ui girasaiB y BHYTPIIIHIA KoopauHauifigii cdepi koMmiekcHol croo-
JIYKM Ha MOJIEKYJIM PO3UMHHHKA, HAIPHKIAL Ha MOJIEKYJIM BOJAM!

[Ni(NH3)sl** + HyO 2 [Ni(NHg)sHpOP* + NHg;
[Ni(NH3);H,0)2" + HoO 2 [Ni(NHz)4(H20)9)%" + NH,.

Amnanoriudo Binbysatotbes 1 Hactynul craall, a cymapse pis-
HAHHA TaKe!

[Ni(NHg)s] + 6HyO 2 [Ni(Hz0))*" + 6NH3,

[Ipu wueomMy =xKoopAMHALLIAHE YMOI0 KOMILIEKCOYTBOpHBada He
aminoeTbeA. KoHentpania posunHamka (¥ upboMy pazi Boju) Haba-
rare Dilabwa, nim komIsexkcHol cmonyku, | B npoinecax samitienss
MrasiiB MpakTHYHO He BMIHIOETLCA, HEK HEXTYHTh Y BMpazax Bij-
nopiguux koHCTanT pisHosard. ToMy MOJEKysIM PO3UMHHMEA He
BKJIKYAKTL 1 V COpomeH] piBHAKHA aucouianii KOMMIEKCHMX ioHiB,
AK Y HABeAEHOMY BMIIE CYMapPHOMY piBHAHHI Aucouiauil amiakaty
Hikeaq,

Copoweno cragii aucorfiauil wiel xoMnnexcHol CHOJYKM MOMKHa
3ANUCATH PIBHAHHAMM

[Ni(NHg)s* 2 [Ni(NHz)s]*" + NHg;
[Ni(NHg)s?* 22 [Ni(NHz,P** + NHz i n

KinbkicHoio Mipow 37aTHOCTI KOMIIEKCHOD CHOJYKM A0 AMCOLia-
1l € KoHCTaHTa piBHOBAard, BUpas #KOI BiAnNOBiZac zaxkoHy Ail mac i
HOCHTh HA3BY KOHCTAHTH AMcOLiallil KOMILIEKCHO] CHOJIyKM abo KOH-
CTAHTH HeCcTIFKoCTL.

Cragiam amcouiauil KOMIJIEKCHMX CHOAYK BiAMOBIAaloTh CTYIiH-
YacTl KOHCTAHTH gucoliauii;

_ [Ni(NH,)3" JINH,] _ [Ni(NH,);"IINH,] .
K [ o E K H el e 1T, .ﬁ.,
il [Ni(NH,)Z | S [Ni(NH,)2"]
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a cyMapHOMY pIBHAHHIO — 3arajbHa KOHCTaHTa AMcoUiauii:
_ NI JINH,)" _
Km-ﬂ.' S g TR T

[Ni(NH,);"]

flk i B paai cryninyacrol amconianil cnabxmux eJIeKTPOMITIB, 3a-
ranbHa KOHCTaHTa qMcouialil mopisaie nobyTKy cTYMHYACTHX KOH-
CTaHT:

9,8.10°%,

K;:m: e K:mc]:ansf:‘zK,uncHKnuciKmmﬁK:Hcﬁ—

Uum cTifikiuwion B poSYMHI € KOMILIEKCHA CIOMYKA, THM MEHIIOH
e 1i koHeTanTa Auconiauil (koHCTAHTA HecTifikoeTi).

JnA XapaxTepMCTHKM CTIKOCTI KOMOJEKCHMX CHOAYK Y poaun-
HaX dYacTilé BMKOPMCTOBYIOTH KOHCTAHTH pPIBHOBAarM NpOLeciE IX
YTBOPEHHA, HATIPHKIAN

Ni2* + 6NH; 2 [Ni(NH3]5]2+
(tounime [Ni(H,O)g]** + 6NH;z 2 [Ni(NH;3)g]*" + 6H,0).

Ila peaxuis € 3BOPOTHOK BiJHOCHO CYMapPHOI peaxiil muconianii
KOMILIEKCHOrO [0Ha, 4 CaMa KOHCTaHTa DIBHOBarM, AKY HAa3MBAKOTh
3araJhbHOK KOHCTAHTOW CTilfKoeTi

. 2+
_ [w = 1,02-108,
[Ni*"][NH,]

T

Z " 1
€ 3BOPOTHOWD N0 3&TalbHO] KOHCTAHTH AMCOoLLIaLI. Kt'r = K_
nmc

IIpoitlec YTBOPEHHA KOMINEKCHMX CTIOIYE BigOyBacThCH CTYIIHYACTO,
OnA amMiaraTy HiKemW — 38 UICTh CTYTEeHIB.

fAxmoe nopiBHATH pPIBHAHHA CTYMEHIB yTBOpeHHE uiel xoMmaexcHol
CHIOAYHKM:

I erymine: Ni2* + NH; 2 [Ni(NHy)2*
(Touniwre [Ni(H,0)5]2* + NH; 2 [NiNH3)(H, 05" + H20),

VI erynine: [Ni(NH;)s[2* + NHy 2 [Ni(NH;)sl2*
(Touniwe [Ni(NH;);H,012* + NH;y 2 [Ni(NH;)s** + H.0),

TO MoMHa IifiTH BucHOBKY, mo I cTyniHe mucomiauil € obepHenum
pigocHo VI cTynmeHR YTBODEHHA KOMIUIeKCHOI crioxykw, [T cryminb
mmconiauli — obepHeHMM BifgHocHo V cTymeHs yTsopenHa i T. g Tomy
obepHeHNMH OJHa BiMHOCHO 0JHOI € i BiZMOBIAHI KOHCTAHTH YTBOPEHHA Ta

muconiauii (Kyras = — Ky = iT m)

auel oHcd
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Yum cTifikima komnnexcna chofdyka y pozunni, TuM Siabmow e
il koucTaHTa cTifikoeri (Tabm 14.4).

Tabauysa 14.4. 3araasni KOHCTAHTIH CTIHKOCTI JeAKHX KOMNAEKCHUX ioHis
ana peaknil M* + mL 2 [ML,]% (sa 298,15 K)

KoMnaexcuii iod | KE

AMiHOKOMILIEKCH

[Ag(NH;)]* 1,74-107

! [Co(NHy)g]** 2,45-10%

[Co(NH3)s)** 1,99.1p%

[Cu(NHg)[* 7,25.104 "

[Cu(NHz)** 1,07-1p12
TigpoxcoxomiLaeren |

| [AYOH)g] J 1,0-10% ,

{Crtﬂﬁ’;;l‘ 7,94:10% I

(Cu(OH) " 3,63-1014 "

[Zn(OH) > 5,02-1017 B
ianokomMmnexcu

[Ag(CN),]™ f 7,08:1017

[Co(CN)g)* | 1,23-1019 ;

[Co(CN)g]*~ | 1,0-1064

[Fe(CN)]* 7,94-10% ’

[Fe(CN)]*" B 7941090 ]

(Hg(CN)g|* | 9,33.10%

Ernnengiaminosi xomnuexcu

[Co(Eng))** 490 : —J

[Cu(Eng)]™* 1,35-10%0

[Ni(Eng)]** 1,29-1019 |

3'ACYEMO, AKL YMHHMEM BITMBAIOTH HA 3Ha4YE€HHA KOHCTAHT OMCO-
uianii, Ak cnieeignocAThea mix cobolw erynindacTi koHcTanTH. Tak,
ana npouecy auconiauil ioma [CA{CN)g)=, axmit BinbysacThca 3a
4 cryneni, BigoMi 3Ha4YeHHA BeiX YOTMPBOX CTYIMTIHYACTHX KOHCTAHT
Aaucolliawii:
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[CA(CN)4)*™ 2 [CA(CN)3]” +CN ™,
_ [CdCN);][CN"] _
ancl lCd{CN}i_}

28-10%

[CA(CN)]™ 2 [CA(CN)y] + CN ",
- [CACNLIICN ] o 4.

e ¥ 1 u-ﬁ '
et [CA(CN); ]

[CA(CN)s] 2 [CACN]* + CN ™,
_ [CACNT][CN]

aned == Bu? : ”}Lﬁ;
[CA(CN),]

[CACN]* 2 Cd** + CN™,
_[cd*][CNT] _

= 2,910,

ol H
A [CdCN*I

[IopiEHAHEA YMCJIOBMX 3Ha4YeHb CTYMNIHYACTMX KOHCTaHT gMco-

mianil mokaave, Wo a”aj origHO mucollianil cralKMX KMCIOT | OCHOB

KOMHMIA HactynHuil ion CN~ BiQWemimeTsCA BaKde, HLK none-
penHiii, Tomy 3aseuyain Kpyep > Kpueo > Kppes .. .

JictaBumo Mis cobow, HanpuKaam, KOHCTAHTHM HeCTIHKoCTI KOM-
INEKCHUX COOJAVE, YTBOPeHMX OZHMM | TMM caMMM KOMIJNEKCOYTEO-
prBaveM 3 amMiaroM i 3 eTuneHgiamigom (En), Axui eHacaigow Koop-
mHamil YTBROpHOE MATHYJIeHHMH XenaTHuil DMxJ. B obox Bumagkax
OOHOPHMMM 8TOMAMHM € 2TOMM A30TY!

[Cu(NHg)a2*, Kpe = 141072 [CUEns2*, Kaue = 7,4-10°2%;

[Ni(NHg)g]**, Ky = 1,810 [NiEns**, K = 7,8:10°20;

[Co(NH3)3)*", Kuye = 4,1:1077, [CUEH3]2+1 Ky = 1,5:10°14

[Co(NH3)s*t, Koy = 6,2.10°36, [CoEnyP*, Ky = 2:10749,

B ycix HaBepeHMX BunaaKaX KOHCTAHTH HECTIMKOCT] KOMIIEKcis
3 O'ATMYIEHHMM XeJaTHMM [MKJIOM Pi3ko sMeHwyoThed. BeraHoe-
JIEHO TAKOMK, 10 AMA OIHOTUMIIHMX KOMILIeKciB m'ATH4IeHHI UMKIM
YTBOPIOITE CTIMKIILY CMCTeMY, HIPK WECTHMHIeHH] 9v e ob'emHiui
Taky ocofaMBicTs BBaMKAMThs BHABOM XenaTHoro edexty. Jaa noAc-
HEHHA LbOT0 3Tafacemo, 110 MeHIWMM 3HaYeHHAM KOHCTAHT HecTii-
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KOCTI Bianoeimae suula cTiiikicTs CNONYK, a8 OCTAHHA B CRBOK 4Yepry
noe'asada 3 BGlablucio 3miHo0 BiasHOI eseprii I'f6ca AG?. Ockitnru
AGY = AH® - TASY, to amicr BrnuBy XenaTHOro ed)exTy Mome mo-
JATATH AK Yy 3MeHUIeHH! eHTasnenii yTBOpeHHAR KOMIMEKCHOI cro-
Tyxu, Tak i B migemiienni edrponil. Ilin yac yTBOpeHHA KoMILTexc-
HMX CNOJIYK TONOBHMIT BHECOR y 3MiHy eHepril [i66ca yrBopeHHa nae
amira AH'. OaHak umcneHHWMM BOCTIAKeHHAMY BCTAHOBJEHO, L0
PI3HMIIA B eHTaNbNIAX YTBODEHHA MK XeJaTHMMM Ta 3BMYaiigumu
KOMIIJIEKCaMy He Taka, IO TLIbKM XelaTHoMy edieKTY NpunucaTu
pisky aminy cTiitkocTi cnonyk Tomy BueHi Oifllmg BUCHOBKY, 11O Xe-
JlaTHif koopauHalll giraHga BlamosiZae icToTHe 3binbUIEHHA eHTponil.
fxicHo ne mokHa 3poaymiTH, POBTIAAHYBIUM ANA OPMKIAAY Peakiiio
3aMIEHHA MOHOOeHTATHOIO JiraHa Ha XesaToyTBOPIOBAILHUIL

[Cu(NH;3)4]** + 2En — [CuEny]** + 4NH;.

OueBuaHO, U0 BHACAIAOK Takol Baaemopgii 3arajbHe YMCI0 Mode-
KYJ ¥y cMcTeMi ablibIIYeTsCA, W0 i COPMYMHIOE 3pOCTAHHA eHTponil.

SrigHo 3 IHwuM nigxoaom MOMHa YABMTH Xe/1aTOYTBOPIOBaIbHMIL
JiraHn NoYaTKOBO KOOPAMHOBAHMM 00 METAJY JMLIE OfHWM KiHIeM.
Y ubomy pasi gpyruit KiHens TaKOTO JiraHna He MOte 3HAYHO Bin-
NanATHCA BiL KOMILIeKCOyTBOplOBaYa, i HMOBipHicTe fioro ae’say-
BaHHA 3HAYHO MABMIIYETHCA MOPIBHAHO 3 Ti€I0 CHTYALIE0, KOMM Cy-
cigHe KoopAMHalliliHe Miclle B KOMIJIEKCHIN CHOJVII mocigae iHIIWi
NpoCcTHil Mirafn, 3ITKEEHHA 3 AKMM 3aJeMHMTh Big KOHI[eHTpaLil.
Takuit nigxin noACHIOE TaKOX 3MeHLUIEHHEA XenaTHOro edexTy B paai
30lmbLIeHHA poamipie xenaTHoro lminy. fxkue mae 6u yreopuTHCH
CeMMYJIEHHMIT 4M CKAanHImMK 1MKI, TO AYKe JHMOBIPHOW cTae
B32EMOMIA TPYNM HAa MPOTHMIEMHOMY KiHL] Takoro miranma 3 immmm
8TOMOM MeTaJy Ha NpoTuBary 3aMMKaHHIO LMKIY.

3a pealbHMX yMOB XeJaTHul edieKT OYEBMAHO 3yMOBJIIOETHCA
ofoma po3riIAHYTUMYM IPMYMHAMM.

CrifikieTs KOMIJIEKCHMX IOHIB 3aJeXKUTh Big NpUMpONM KOMILIeK-
COYTBOPIOBaYa, Jirauaie Ta Xapaxrepy aB'AsKy mi wumm. Hanpux-
Jan, AKIIO0 3B 30K MIMX mragpnaMu 1 KOMIJIeKCOy TBOpIOBaYaMu He-
peBarKHO eJeKTPOCTATHYHMIA, TO Joro eHepris Ta cTifikieTs koM~
NIeKCHMX CHOJIYK 3pocTamTs ¥ paai abiablieHHR 3apAnie Ta ameH-
UIeHHA pagiycis yacTuHOK, Akl Baaemopilors. Tax, iod AI®* yreopioe
CTIiKILIMII KOMIJMIEKe 3 HEeBEJMKMMM 3a poamipom iosamu F~, Him 3
Ginpwmmi lomamu Cl7, fArkmo ae'szox mid kaTioHom KoMILIexkco-
YTBOpOBaYa 1 JiraHoaMy NEepeRasKHO KOBAJeHTHMIM, TO fHoro minmicTs
3pocTae 3 NIABMIEHHAM 3AaTHOCTI Jiravaie mo nonApusanii ta no
BifinaBaHHR eNeKTPOHHMX Nap Ha Biaeri d-opbirani meranie. Mirsi
KOMOJEKCHI CNONYEM 3 JiraHgamu-aHioHaMy ado DoJNApHMMM Moe-
Kynamn yTeOprioTe nepexigdi metanu VII, VIII ta 1 rpyn nepi-
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onmyeoi cueTemy, TOOTO d-eneMeHETM CepeluHN ae.rfmmx llifpmf{]:-‘
aki agaTHi go noGYZOBH AOEOPHO-aKIENTOPHOro 3B'A3KY. ;”5;, <
napn, cpibno yTBOPIOE crifixi raJoreslnH: KOMILIEKCH Tjﬂi [Bg] 2 2
cTifiKiCTE AKMX 3pOCTaE B pAny [AgFs]” << [ﬁ.gCl‘gl [AgBrsy -
< [Agly]". e nOACHKIOTE GﬁiﬂmeHI-!flMIpa‘ﬂlyc‘} iona 'ra.nc-rIe_H;j; i
3pOCTaHHAM anaTHOCTL A0 noﬂﬂpnaalin;;:; ;;H; g_rnn 10HAa 3
i DiMLIIeHHA KOBAIeHTHOCT I.

Ha&éﬁfﬁiﬂiﬁ KOMIIeKciB 3pocTac B paai nepexony Bl MDHO,U.EHT:;:[MX
710 TOmIDHMX MMOMIAeHTaTHHX girauzis, KOJKHA MONEKyJa AKMX 3auUMae

ONHOYACHO AEKUIbKA KOOPIMHALIAHMIX MiCI[b KOMIIJIEKCOYTBOPHEA™A.

BilbwicTs THOOBHX KOMILIEKCHMX CHOJYE Ixapampusya’rﬁca ﬂ}-:rﬂ?l;&?
geMMKMMH 3HAHEHHAMI KOHCTaHT criftkoeTi i, BiATOBIAHO, € m:-cun; Elc: i
g, [lopaz 3 HUM ICHYIOTE Takl CHOMTYRY, KOMILIEKCHI 10HM xxux;m B:.) K
TEpUIYITLCA MAMMMM SHAUEHHAMH KOHCTaHT critikoeTl (BEIMK o
koucranT Micouwianii). BoHM SAATH ICHYBATH TLILKH ¥ TBEPAOMY IC'T' i,
PO3UMHAX TPAKTHIHO NOBHICTIO AMCOLLICIOTE Ha JOHN, HAMPHKIAL:

KofCuCly] = 2K* + Cu®* +4CI.

Taxi MazOCTIfKI CHOJYKH 3 BEJMKHME 3HAUEHHAMI WOHCTAHT HeCTIHKOCTI
KOMIJIEKCHOTO l0HE 4YacTo HasWBAKOTH nodaifitusMy COARMU | 3ANHCYIOTH
¥ BHLJIAR 2Kl CuCl,, KC1- MgCly - 6H.0, KALSOy ) 12H,0 Tomio.

HNucorjianis KOMILTEKCHUX c:mnyn_ninnapﬁnm?ye'rhca agraa:gﬂn:
3aKOHOMIPHOCTAM BMillleHHA CTaHy PIBHOBATH, Akl m?acm%dcincaN;c;izz_
enexTpositam. Tak, AKIO B PO3YMHL xoMILIeKcHoro ioHa [ o
36IMBIIMTH KOHUEHTPALo 10HIB CN~, Hanpukaag AOJABAHHAM CHIIb
poro eaextpoaity NaCN, To HaBefleHa BMIEe PlBHOBara _HGEGNEH-
corfianii aMicTHTBCA BAiBO, 1 3a 3HAYHOr0 HALJMUIKY ioris CN™ y
poaumHi MICTHTUMYTBCH [epepaXXHO BUXLIHI KOMIIEKCHI ioHn
[Cd(CNh]?-r Ile MosHa MOACHMTHM TuUM, IO B paai G‘DIJ[hIIJEHI‘-IﬂH'E
poguyHi KoHUeHTpalii ionis CN~ BOHK 3B ASYIOTH YaCTUHY 10HIB
Cd?* 5 yTBOpeHHAM JONATKOBOI KIABKOCT] KOMILIEKCHIX fosts
[CA(CN)4J=". KouuesTpallif oCTAHHIX 3p0OCTaE, 1o CB1OYMTE NP0 ami_
meHEsA piBHoBary BJiBo. Y HOBOMY CTaHI piBHOBarM KOHUEHTpaLl i
ycix ioiB y posumHi aMiHATBCH, ale Tak, 10 3a CcTanaol }-fzmnepa'ry
py ix croiBBiIHOIIEHHA, AKE BUEHAYAE KOHCTAHTY HECTIMKOCTL, 3a-

MMIHUTHCH HE3MIHHHM. .

” BaleincyTHm:'ri HAZAMIIKY JiraHmiB abo 3a NOPIBHAHO HEBIE'J'IPIRGI‘F:;
HAAIMIUKY Jirasfis y PO3uMHL 34BN € TMpOAYKTM CTYMHYACTO
ianil KOMILIEKCHHMX 10HIB.

xuc;uggl cammit Yac MIITHMM 3B’ A3YBaHHAM ioua-KOMILTEKCOYTBOPIOBA-
ya aBo JiraHIiB MOJMCHA CIIPHYMHMTM SMilUeHHA pIBHOBarH nucorianii
xoMIIeKcHOl cnoaykm y Oik yTBOpeHHA NMPOAYKTIS il poameraeHs.
Hanpuxsaag, y pasi gosaBaHHA 10 POSHMHY aMiauHOro :{omnxer;ij‘;
cpifna CIPROBOAMIO BUAUIAETBHCA OCan AysKe BaXKKOPO3UMHH
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cymbdimy cpibma (IP .5 = 2-10°%0), sakuit sabesneuye 3HauHO moBHi-

we 38'A3yBaHlA ioHiB AgT, HiXK Le BinOyBaeTLCA 33 PAXYHOK KOMILNEK-
COYTBOpeHHA B amiaunomy xommexci [Ag(NHz)ol™ (Kgue = 9 10°8):

2[Ag(NH;))(,, + HoS = Ag,Si + 2NH; + 2NHj.

Hapnagy, AKILO KOMILIEKCOVTBOPEHHA CINPMYMHIOE MOBHile 3B'A3y-
BaHHA I0HIB MeTajy, Hi¥E y HOro BAXKOPOIYHHHOMY €JEeKTPOJiTi, TO
BigDyBaeTbCA PO3YMHEHHA OCTAHHBOTO BHACHIIOK YTBOPEHHA PpoO3-
YMHHUX KOMIIEKCHMX 10HIB, HANPUKIAL:

Agll + 2KCN = K[Ag(CN)s] + KI,

ockinekn IPaer = 8,3+ 107, a Ky, xomnnexcy [Ag(CN);]™ cramo-
BuThb 1-10-21

§ 8. Pearuil obminy B po3unHax eleKTpodiTie
Peax1il obminy
AX + BY 2 AY + BX

B pO3YMHAX eJeKTPOJITIE BLAOyBarOTBCA TOAI, KOMM loHM, IO yTBO-
pHUANCH BHACTIAOK Ancolliamil IMX €1€KTPOJITIE, CHONYYalOTbCA MLK
cob0l0 3 yTEOPeHHAM clabKoauconiiioBanix, BaXKKopoamaHMX abo
razononiommx npoaykris. Taki peaxuil igfyeawTbea Aye WIBUA-
KO, 3 HeBeJMKMMM eHepriaMmu akTuBalii. 3MicT Taxkmnx pearuii
BinOMBalOTL 10HHI, TouHille — ckopouesi iommi piBHAHHA, B AKMX
cuabHl PO3uMEHl EMEKTPONITH 3aMMUCYOTh ¥ BUrAAAl ionie, a cnadki
PO3YNHHL eJIeRTPOITH, BaXKKOPO34YnHHi Ta rasonofibui pevoBuHun —
y MOJexy.nApuiil dopmi.

[Tepebir peaxuist 06Miny B posumHaX eNEKTPOJITIB MOMKHA [I0AC-
HWUTHM 3 noaulift TepmonuHaMiky. Honm yTBOpPHETECA BasKKOPO3YMH-
ua abo caabxogmcoliftorana peyosmua, T0 AH < 0. Hacro npu ubo-
MY 3MEHUIYETBCH TAKOK 1 eHTponia cuctemu AS, ane MUMOBLIBHICTD
NpoLecy BH3HA4YaE Hacammepen amina entanenii AH. flkmo x yTBO-
PIOIOTLCA razonofifui CHOMYKKM, TO MMUMOBLILHICTH Iepeliry TamMx
peakwiii o0Miny BU3HAYAETBCA L€ 7 3binbmennaaM AS.

Poarnsauemo aeaxi Tumoei peaktil y posumHax enerTPOJITIB.

Peaxnil, aki igOysaoThca 3 yTBOPEeHHAM cabKNX e/leKTpoi-
tiB. Io nqyse MaJ0gMCOUIAOBAHMX eNeKTPONITIE, AKI MOMyTb YTBO-
pOBAaTHCH B IOHHMX peakuiax obminy, HanemuTs Bojga (Hpe =
= 1,8+ 10°16). Pearnii oGminy, mo cynpoBOMKYIOTHCA YTBOPEHHAM



386 PO3YHHH EJEETPOJITIB

BOZM, AysKe TOMMpEHi, OCKINBKM KpiM B3aeMOALl KMCJIOT 3 OCHOBAMM
(peaxnii meftrpanizauii) mo HMX MOMHA BIAHECTH peakull OCHOB 3
KMCJIOTHMMM OKCHOAMM Ta KMCIOT 3 OCHOBHMMM OKCMIAMM, HANPHKMIAI

HCl + NaOH = NaCl + Hy0.

. & - . am = +
¥V paai mepefiry peaknifi Helfrpanisamnil 10HK H™ cnony4aioTeca 3
ionamu OH- 3 yTROpeHHAM MOJIEKYJ BOAM, TOMY B3aeMopia Gyamb-
AKMX CHUJIbHUX KMCJIOT i OCHOB B iOHHOMY BMIVIAZ] Nepela€Thed 3a-
ranbHMM IOHHMM PIBHAHHAM
H* + OH- = H,0, A H® = —57,3 k]l

¥ paai mefirpaniaauii ciabkol KMCIOTH CHIIbHOKO OCHOBOIO, HAMPHK-
Jam:

CH;COOH + NaOH gz CH3COONa + H,0,

¥V peakuiftuiji cymimi € z8i Manozucouifiopanl pewoBMHM — OLTOBA
KJMCIJIOTa | Bofla, TOMY loHHe piBHAHHA peakilll MaE BUIIIAL

CH,;COOH + OH- 2 CH3COO + H,0.

PisnoBara uiei peakuil cuibHO 3MillleHa BHpaBo, OCKIIBKM 3 1BOX
manogucouifioBarux pedosnt — ourosol kucaoru CH3COOH (Kpgye =
= 1,8+10%) ta HyO (K = 1,8-107'%) — amauno 6imem manoamn-
COI[iMiOBaHMM eJIeKTPOJIITOM € BOJA.

Topifre cnocrepiraeTsea i B pazi Helfirpanisanil cnabkol oCHOBM
CHJIBHOK) KMCJIOTOR, HAlDUKJAM:

NH4OH + HCl 2 NH4Cl + H,0;
NH4OH + H* 2 NH; + H50.

Orie, AKLIO B peakuii GepyTs yuacts ABa ciabki enexTpodiTy,
TO BOHA BinfyBaeThcA B HanpAMKY YTBODEHHA MEHIN AMCOUifOBa-
HOrO @ HMX [0 BCTAHOBIEHHA CTAaHY piBHOBATH, AKMIt BM3HAYAEThCA
CHiBEBIgHOIIEHHAM CHMJIM eJeKTPOJiTIB.

AHanoTiVHOO MPUYMHOK 3YMOBJIEHA 3JATHICTh BayKKOPOSUMHHMX
rizpokeupis GaraThox mMeTaliB pOSYMHATHCA Hig xiew posbasreHitx
PO3WMHIB CHJIBHMX KMCJIOT, HAMPHEAAL!

Mg(OH)y(rs) + 2H* = Mg?* + 2H,0.

Tyr ionn OH- 3s'mayioreca y cnabkroamcouiiiosani monerynam H,0
nosHimte, Hixk y Mg(OH); CxopoueHe ioHHe piBHAHHA 1[BOTO OpOUE-

P
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¢y CBiguMTH, N0 KOMM Ha HEPO3IUMHHY OCHOBY, HANOPMKIAT Ha
Mg(OH)s, nogiaTy OyAL-AKOK CUJILHOW KUCIOTOH, TO BOHA pPO34M-
HATHMEThCH BHACHINOK YTBOPEHHA BOIM.

Jo cnabkux enexTpoaitiB HajexuTh BinbiricTe opranivHMx KMc-
aor. Tomy, Hampukian, ¥ Pasi HogaBadHHA A0 PO3YMHY ALETATY
HATPiD CHMIBHOI KMCJIOTH BiIDYBacThCcA peaklia ofMiny 3 yTBOpeH-
HaM cnabromcouifiosanoi oUToBOl KMCAOTH 32 PIBHAHHAM;

CH3;COONa + HCl 2 CH3COOH + NaCl

o peakifito MOXKHA 3amMcaTH Taxkox B loHHIN dopMi, ockinkkn Bei
pev0BMHM, KpiM OLTOBOI KMCJIOTH, € CMIILHMMM €IeKTPOJiTaMu:

CH3COO~ + Na* + H* + Cl- 2 CH3COOH + Na* + Cl-.

3eigey BugHO, mo cnoay4awTbes Tineku iomn CH3;COO- Ta HY,
BHACJIIOK HOro YTBOPHETLCA MalomycolifioBaHa CIIONYKA — OLTOBA
kncnora. Ockinmekiu KoHUeHTpauia ioHie Na* ta Cl- ¥ xogi peakrnii
He 3MiHIOETBCA, IX He BKJIYAIOTL ¥ CKOpOUeHe ioHHe DIBHAHHA:

CH;COO- + H* 2 CH3;COOH.

CropoueHe ioHHe piBHAHHA | nepepae amicr obminHol BRaemopil y
posuMHL. Y usoMmy pazi mMoMHA CTBep[AMyBaTH, L0 KoJaM Ha Oyab-
AKY POSYMHHY Ciilb OLTOBOI KMCIOTH [IOHIATH CHMJIBHOK KMCIIOTO,
TO B pO34MHI YTBOPMTLCA MaJlogMCcOoliiftoBaHa OLUTOBA KMCNOTA.

fAkuio samicrs auerary HaTpiio BaATH cine Ayske caabkol uiaHo-
BoaHeBol (cummasnoi) kuenory HCN (K. = 4,9°1019, ro pisxo-
Bara lomHoro obmiHy me cuieHIDE amicTMTheA ¥y Oik yTBOpeHHA
nworo cnabrxoro enexkrpoaity:

NaCN + HCl & HCN + NaCl,
CN- + H* 2 HCN.

Orsxe, peakuil obminy mix cinmo i kucnorow B poauuHi Bigby-
BalOThCA B OiK yTBOpeHHA cnabKimmx KMCIOT.

Peaknil, aki eiag0ysBawThECA 2 YTBOPEHHAM BaMKODO3IYMHHUX
OponyKTiB. Y TaKWX peakyifAx ioHM, YTEOpeH] 3 BMXIOHMX efleKTpo-
JiTiB, 2B'ASYHTHCA B3a PAXYHOK BHIAJaHHA IIPOAYKTY peakiii B
Ocaj, BHACJHIZOK 4olo ui lonM BuayuawmoThea 3i cdepm peaxuii. Ha-
[pMKJIa]], ¥ CHMCTEMAaX

AgNO; + KCl = AgCld + KNO;3;
AgNO; + HCl = AgCll + HNO;
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pisHOBara MPaKTHYHO TMOBHICTIO SMill€Ha BOPaBO BHACHZOK mManol
posunnuocTi xJopuay cpibma AgCl BamkoposuuHHl pevyoBHHK B
floHHMX pIBHAHHAX 3anucylTh y Heaucouiliosariit dopmi i y Buxia-
HMX pedoBMHaX, i B mpoaykrax peaxuil Tomy B ionniin dopmi obua-
Ba HaBeJell PIBHAHHA peakuiil MaTUMYTE BUTJIAL

Ag* + CI- = AgCl.

Armo Buxifsi pevOBMHM € CUIBHUMM EJNEeKTPOJiTaMu, TO Taki
peakuii fiayTh y HAOPAMKY YTBODEHHA BalKKOPO3YMHHOI peHOBMHM.
Boprouac TpannsiThCA BUOAAKM, KONM BasKKOPO3YMHHI CHOAYKM
HafiBHI AK cepe]l BUXiTHUX PE4YOBMH, T4K i cepej NPONYKTIE pearuii.
PisHoBara B Takux cucreMax amimeHa y Gik yTBOpPEHHA MeHII po3-
YMHHOIO eJIeKTPOJiTY, HAOPMKIA:

AgCly + Nal 2 Agll + NaCl;
BaCO3l + NaySO4 2 BaSO4l + NayCOg;
CaSO4d + NayCO; 2 CaCOjzl + NaySO,.

Y nepiuifi peakuii pieHOBara amillieHa B HanmpAMKY yTBopeHHs AgI
(A GL, = —54 k]l), ockimbryn [P (8,3 10717) < IPagc (1,56 - 10710),
V npyriii peaknii pisnosara muine gemo amimesa y Oik yTBOpeHHA
BaSOy (A Gy = 0), ockimekn [TPpaco, (4 107'%) nyse mano sinpis-
naetses Bia NPgso, (1,9°107%). B ocranmiii peakuil posunmmicts
CaCO; (IPcyco. = 4,8 10°%) znauno menwa, nism CaSOy (IPcys0, =
= 2,5-109), Tamy pisHoBara cuJBHO 3Mimesa Bupaso. llig ;ﬁcm
CONAHOT KMCNOTH Ha HOPaKTHMYHO HepoauuuHui FeS moncmemit
nepebir obminnol peakuil

FeS + 2HCI ¢ FeCl, + HyS.
B ioxHi# dopmi pieHAHHA piel peakuii mae Burasam:
FeSl + 2H' 2 Fe?* + H,S.
PieHoBara mponecy XapaKkTepu3yeThCA KOHCTAHTOW PiBHOBAru

_ [Fe™ IH,S]

Kf'l'ff' [H+ ]2

¥

AKY MOMHA BH3HAYMTH 3a BiIOMMMM 3HAYMEHHAMM KOHCTAHT OMCO-
miauii HeS i nobyTky pozuunnocti FeS. Cnpappi, Aikuio unceabHuk i
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SHAMEHHMK JIOMHOMMTYU HA OAHY W TY caMy BeNMYMHY — KOHUEH-
Tpauio ionis S

_ [Fe" ][H,S] [S*"]
[H'] [S*)

[H,S]

= [F 2+ SE— 4
[Fe™ ][S™] E P

pili

TO CTaHe 3po3vMijo, 110 KOHCTaHTa DPIBHOBarM popiexioe BigHO-
weHH0 [Pr.g 1o 3aransHoi kKoHCTaRT™M gucontianii HoS:

Ky = BPFes
Ky.s

Hmc’r_annsmu auaueHHA JIPpes = 510710 i Ky g = Ko1Kz =
= 2,5:107%0, amaiinemo, mo K. = 200 (ue sHaueHHA, AK i Buxigux
semtmH JIPpes | Ky 5, cTocyersen 298 K). I'pyuryrouncs Ha usomy
3HAYeHH, BU3HAYNMMO piBHOBakHi koHuewrpauii Fe?* i HyS aa
YMOBHM, AKUIO PIBHOBa:KHI KoHUeHTpauii ionie H* nopiemowors 1071 i
1074 moas/ 1.

3rifHo 3 pieHauEAM peaxuii [Fe?'] = [H,S].

IliacraBumo y BMpas ana koHcraT pisHosaru [Fe’'] = [HoS| = x,
a [H*] = 0,1 Moan/n:

I2

o7 = 200,

sigkn xr = 1,41 moas /.
3a uux ymoe FeS poguMHACTHCA NPAKTUYHO NOBHICTIO, OCKiNbKM

HaBiTh y HacM4YeHOMY po3uMHI KOHUeHTpania H;S He nepeBummye
0,1 mons/n.

Amnanoriuio moskHa obuucanty, wo B pasi [HY) = 107% moas/n
[Fe?*] = [HyS] = 1,4:1073, 10610 FeS npakTHUHO He POZYMHAECTHCA.
fArxwo na CuS, Axmii mae ayme many posumsnicts (OPous =

4-1073), nogiaTu CONAHOK a00 IHIIOK CHABHOK KMCNOTOI, TO
SHAYEeHHA KOHCTAHTM piBHOBArM peakuii

CuS + 2H* 2 Cu* + H,S

Oyze mafarato memmuM, HiPK V TONEpegHBOMY sunanky: K. =
= dPgs _ 63107
KH;S 2,5 X lu_zu
Pisnosaxui koHuenrpauil ionie Cu®* i HyS Gyayte HesHawHuMM

HapiTh 3a Bucokol KOHueHTpauii Kmcaoru, tomy CuS y Kucaorax
NpakTM4YHO He PO3UMHAETHCA.

= 2,52-10-16,
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Peaxnii, Axi BinOyBsawTecA 3 YTBOPEHHAM KOMILIEKCHUX ioHiE.
[oHM eNeKTPOJITIE MOMYThL 3B'A3yBaTMCH MIX coboio abo 3 IHmMMMH
MOJIEKYJIaMK PO3YMHY 384 PaXyHOK yTBOPEHHA KOMIJIEKCHUX (DHIE.
Ocranni sasekuail ciabko AMCOLi0ITH, | ToMy peakuil BindyBaoThb-

cA NPakTUYHO TOBHICTIO, HAlPUKJIAL:
Zn% + 4NH, = [Zn(NHy)g)*>".

KomniekcoyTBOPEHHAM MNOACHIOOTE POZYHHEHHA amoTepEuX
oKkcHAIB Ta rigpoxcuais mim mieto Jyris:

Zn(OH)g(rs) + 2NaOH = Nay[Zn(OH)4].

Y cBo wepry, POSYMHHI KOMIUIEKCHI i0HM PYWHYIOTbCHA, AKILO
BHaCJiZoK Nepebiry peaxuii YTBOPIOIOTBCA BaXKKOPOIYHHH] CIIOIYKHM,
cnabkimi enexTposity, rasu afo MillHinG KOMILIEKCHI 10HM, HanpHKaan:

[Zn(NHa)y?* + 4CN- = [Zn(CN)y}* + 4NHs.

§ 9. imconianis BOAIL Boanerunii NnoKa3AMK.
KucnoTHo-0CHOBHI iHgMKATOPH

Uyera BOJa Ma€ ayie Mady eiexrponpoeigmicTe. Tak, nuroma
eJIeKTPONPOBIHICTE TPAHHYIHO yueTol BOOYM, AKY OOEP:HKYWOThH Iepe-
TOHKOI0 y BakKyymi, craHoBuTh 6,33 ° 106 Om~L-m~ L. Ile osmauae, 110
BOHA Ay’Ke He3Ha4YHOK Mipok IMCOLOE Ha 0HM:

H,0 2 H* + OH", A HYe = 57,3 xlx.
JlMcoujalis BogM CYMPOBOMAKYETHCA MNOTMHAHHAM TENTIOTH. et
NpOoLeC € MPOTUIEKHUM JI0 eK30TePMIYHOro npouecy yTBOPEHHA BO-
oM 3 loHIB 84 pearuisMu HejiTpaJizauil CHABHMX KHUCJOT CHILHUMM
OCHOBAMM:

H* + OH™ 2 H;0,  AHy = -573 xllx

Koncranra pienoBars gucouianii Bogu Mae BUTIAL

_ [H'JOH ]

K

oMc
[H,Ol

3a Temmepatypu 298 K pona crarosuts 1,8 10715, mo cizumte npo

Te, IO Boja € ayie cnabkim enexTponiToM, i KOHLIEHTPAaLid MOJie-

KyJ, AKi 3a3HaNM POILLEINNIEHHA Ha iOHM, AyXKe He3HAa4Ha nopiBEAHO

JUCONIALIIA BOOM BOOHEBMI NOKASHME KMCIOTHO-.. 301

3 KOHLEHTpauicwo HeancowijiopaEnx mMonexys OcTaHHIO MOXHA BBa-
JATH NPAaKTHYHO CTAJOK | TAKOI0, WO JOPIBHIOE

m(H,0) 10001
M(H,0)V 181 /moms -1 n

[HzO] = = 55,56 mous/n.

ITepenecemo crani pen i
: MYHHM B PIBHAHHA KOHCTAHTH Aucouianii
BOOM B JIBY YacTHHY: ot

Kaue[H20] = [HY][OH].

Hobyrox cramux pemmaun K, [HoO] Takosk € cTanon BeaMsuHO0
Ot:xe, nobyTok KOHUEHTPALUIM 10HIB BOXHIO Ta TiAPOKCHMAY € se.nn—'
YMHOIO CTAJIOK 38 AaHol TeMnepatypn, il HasuealoTe tonnum do-
6ymxom eodu K, (inwi nosnavenns — K, Ky o)

K, = [H']JOH"].

3a cranmapTHMX ymoe (3a Temnepatypu 298 K) penmwumma ion-
HOro nobyTKy BOAM AOPIBHIOE

Ky =18-10"16-5556 = 1,008 10" = 1- 1014

Qcﬂlﬂbnn aucouiauis BoAM € eHZOTepMiYHMM npoLecoM, ToO Bif-
noeigHo go npusuuny Jle Ilatense 3 nigsuierHam Temn‘epa'fypn
plBHOBara npouecy aucouwiauii smimyerscsa y 6ik yTBopenHs ioHIB
;pu upOMYy CTYIiHE muconiauil Ta iokHMA aobyTox somu K, 3;:;0::'1"-':«\—1

Th!

Temneparypa, °C 0 10 20 25 a0 40 50 100

Ionnut  mofiyTox
Bogn, K, - 10! 0,1139 0,2920 0,6809 1,008 1,469 2,919 5474 59,0
Ie YBTOLMKYETLCA i3 3pocTaHHAM TIMTOMOI eneKTPONpoBiAHOCTI %
YMCTOl BOAM 3 NiABUILIEHHAM TeMIePaTypH:

Temnepatypa, °C 10 20 25 30 50
I.FMTUME eNeKTpOnpoBig-
HieTs 3 * 105, Om™!-m7! 2,85 4,85 6,33 8,15 18,9

3a paxol Temneparypu K, € Bemr4mHOKN cTaN0K0 AAA 49McTol Bo-
AM Ta poaﬁa&ngﬂnx POSYMHIE eNerTpoaiTieE — coned, kucxmor i oc-
Hos. Cranicts iorHoro HOOYTKY BOAM O3Ha4ae, wo abinbmenns y
BoaHoMy posuMHI KoHUEHTpanil iowiB BogHIO 3aBMAM cynpoBomKy-
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€TLCA BiANOBIZHMM 3MEHLLEHHAM KOHLeHTpauli rigpoxcup-ioxis, a
3pocTaHHA KOHLEHTpauil rigpoKcHA-ioHIB — 3MEHIIEHHAM KOHIEH-
rpauii ionie Bogmio. Hampuxnan, AKIIO 00 BOAM NOAATH HEBEJIUKY
RiTbKiCTD KMCIOTHM, TO KoHueHTpauia iowis H' y posumni 3bime-
mwuTees. e cOopudMHUTE 3B A3YBAHHA ioHaMM BOJHIO IMEBHO] KLITb-
KoCTi rigpoxcua-ioHiB 3 yTBOPEHHAM nonaTkoBol KIMBKOCTI MOMEKYJ
pomu. BHacmigok Lboro koHuentpauia ionis OH nponoptiiao
SMEHIIMThCA, @ KOHUEeHTPauia HegMCOoUulMOBAHMX MOJIEeKyH H,O 3po-
cre. Pignoara nponecy aucouianil Boau 3MicTUTBCR ¥ Oix yTBOpEH-
ua monexyn H,0, ane rak, uo K; 3anMIIMTBCA CTAN0K0 BEMMHIHHON.
Ocrinbrn K # 0, T0 He Moke DyTh BOLHOTO POSHMHY, B AKOMY KOH-
uenTpauia ionip H' abo OH™ popismiosana § Hymio, Tomy B Oyns-
AKOMY BOAHOMY PO34uHl loHM H* ta OH™ 3aBxau MicTATHCA pasoM.

CranicTb ioHHOTO A0DYTKY BOJM AAE 3MOry KLNTbKICHO OUIHMTH
peaklil cepenoBMila Ha ocHOBl crissigHOLIEHB

-14 -14
10 _ ra [OH] = 10 _
[OH7] [H]
Axwo, Hanpuraa, A0 4ucTol BOOM AOAaTH CTLIBKM KHMCJAO0TH, 1100
KOHUEHTPAIiA ioHIB BoAHIO 3GinbluMMAacs A0 10-* moJB/N, TO KOH-
HeHTpaulA TigpoKcHA-ioHIE 3MEHUIMTbCA, ale noGyrox [HYJOH™]
aamummrhes crammt: 1071 Omxe, B upoMy pO3uUMHI KOHUEHTPaLiA
ionie OH™ popiBHIOBaTHME

[HY] =

1~

= 10710 mons /a1
10~

[OH™] =

Koua uMcIOBe SHAYEHHA BHaHaueHol KOHLeHTpalil ioxis OH™ apaernes
nyace maanm (10°10 monw/n), Hacmpasai s wHCIO iOHIB ¥ MaKpOCKOit-
HOMY O0'eMi BMABJACTHCA Nyse BeuxuM. Hucio Aporagpo CTaHOBHTE
6,02 102, tomy xonuerTpauis 1070 mons/n camauae, wo B 1 J POSUMHY
mictursea 6,02 1013 ionis OH™, a B 1 mMx — 6,02 - 1019 uux iomis.

3rigao 3 HaBeAeHMMM CHIBBIIHOMIEHHAMM, AKUI0 Binoma HOHLEH-
TpauiA ioHiB BOAHIO Y BOZHOMY pO34MHI, TO THMM CaMMM BU3HAHEHA i
KOHUeHTpauia ionip OH™, ToMy KMCIOTHICTH Ta JyJHICTH postuHiB
MOKHA KLTBKICHO CXapaKTepuayBaTi KOHLEHTPAaLi€n 10HIB BOLHO.

Ockinbryn nobyrox [HY[OH™] = 10-4, to ana umeroi sonm koH-
uentpayii iomis H* ta OH™ ognaxoBi i cTaHOBAATS!

[H*] = (OH"] = ¥10™* =110 moms/n.

V amerisi Bogi (seiitpansue cepemopuue) (H'] = 1077 mons/a1, Tomy
B posumsax kuciaor [H'] > 107 mons/n, a B pogyuHax Jyrie [HY] <
< 1077 mons/a.

HOUCOLIALLA BOAM, BOTHEEMH [MOKAGHWK KUCJOTHO-, 383

Jns xapaKTepuCTHKM KMCJIOTHOCTI PO3YMHIB 3anpoBajyKeHe Mo-
HATTA @oduesozo noxa3nuxa pH. pH — ue eBig'eMHMA AecATKOBHA
JorapuM aKTHBHOCTI iOHIB BOJHIO!

pH = —lga..

HIlna poabaeniennx po3uuHis, Koam KoHuentpauia C — 0, xoedi-
Li€HT AKTHMBHOCTI f —» 1 i, Bigmosiguo, akTHeHicTE 0 — (, TOoMy
3AMICTE AKTMBHOCTI I0HIB BOJHIO MOYKHA BMKOPMCTOBYBATHM X KOH-
ueHTpauii:

pH = ~ig[H"}

Omxe, peakuin posuuHis 3ajekHo Bil KoHueHTpauil loHIB BOJHIO
XapaKTepM3yloTh TaKuMu 3HadeHHAMu pH 3a temnepatypu 288 K:

Kucae cepenosuiue pH<T
HejiTpaakHe cepenoBHINE pH =
JlyseHe cepenoBMILe pH=>17

Jina umeroi Bomm, B skt [HY] = 1077 moms/n1, Maemo pH = —lg107 = 7.
¥V xucnomy poawmmi 3 koHueHTpatjer loxis Bogio [H'] = 1 moas/n
maemo pH = -lgl = 0. ¥ aymksHOMy po3ulHl 3 KOHIEHTPALER
rinpokeng-ionis [OH™] = 1 mons/n koHyesTpauis ioxiB BopHio cTaHo-
suthb 1014, a pH = 14.

YiTkuX MerK HIOKHIX 1 BepxHix 3na4enst pH He icaye. OpHak AK-
110 TIPUITYCTHTH, 110 Mexkerd po3DaBleHOI0 PO3YMHY ENEeKTPONiTY €
KoHUeHTpauia 1 Moas/n i @y = [H'], To moxHa nifiTH TaKux
BMCHOBKIB!

y posumui cuabHol opHoocsosHoi kmenoru (HCL, HCIO4, HNO;j)
MOJADHOI KOHUeHTpawieio 1 moas/n BeawuuHa a . Oausbka a0

1 moas/n. Tomy anadenns pH y raxux pozumaax mabmokylorsea go 0.

y po3umHi CcMIBHOI OCHOBM KOHUEHTpAali€ 1 Moab-exs/n
woHUeHTpania ionie OH™ raxomx mabmwkyersca fo 1 moas/a Toal
[H*] nopisuioBaTMe

107
[OH] 1

= 10" monw/a,

a 3Hauernsa pH
pH = —lg[H*] = -lg 1071 = 14.

CnipsigHomeHHEA MK KOHUEHTDAliAMyM i0HIE BOAHIO, 3HAYEHHAMM
pH Ta peakuico posuuHy MOMHA N0JaTH TAKOK CXEMOKO:
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10° 10 10 1070 10t w0 10° 107 10® 10 100" 107 107 107 107
0= 3 It SN A S A A S e T &

+— 3pOCTAHHA KMCAOTHOCTI | 3pOCTAHHA JNYMKHOCTI —=

1 1 1T 17 1T 17T "T""T7T" 71T 1T 17T 1T T
pH0123455739mn|21314pH

Peaguio cepepoBMuia MOcHa BigoDpamaTd TAKOM KOHUEHTPAaIEH
rigpoxkena-ionis — nokasaurkom pOH. Tomi

pH + pOH = 14.

Hanpuknan, Axmo poauud mae pH = 10, 1o floro pOH = 14 - 10 = 4,
a koHyenTpayia ionis OH™ mopisnice 10-* mons/..

Ins mefirpanstoro cepenoeuma pH = 7 Tinekxn 3a sBHYaliHMX Temmne-
paTyp, OCKINBKK Mg Y9ac HArpiBaHHA CTYNiHL AMcouiauil BOOM CMNIBHO 3po-
crae, ToMy abineluverbeA | koHueHTpauia lomis H* ta OH™ y pozumni, a
orme, i pH (pue. 146). Ha ssavennn pH nefitpanenoro cepenoemua nee-
HOM Mip0I0 BIJIMBAE TAKOM CKAAN PO3YMHIB BHACTILOK sMinM koediuicaTis
AKTMBHOCTI ioHIB,

Cranicrs ioHHOro noByTky EBomn
K, cnpaseanmBa nMile AN poabas-
neaux poaunais. Jna Ginemw xoHpes-
TPOBAHMX POZYMHIE 3aMicTe KOHuEH-
Tpauil ioHiB cnig BukopucTOBYBATH IX
AKTUBHOCTL

PoarnAaneMmo KinbKa [IpHMEA&LIB
BM3IHAYeHHA pedkKull cepeIoBUINg.

Mpuxnan 1. Obumemrrn pH
pozunny HCl monapHO koOHueHTpa-
uieww 1+ 10-* mons/n,

Conama KMCJIOTE HE  CHIBHMA
eNeKTPOIT MPAKTMYHO MOBHICTIO M-
COLiOE HA IOHM, TOMY KOHueHTpauis
ionie  sopgmw Cy = Cyg =
= 1-10* Mone/n, 4 3HAYEHHA BOOHE-
poro noxkazmmka pH = —lgl0-* = 4,

Mpurnan 2. Obunmeomrn pH

10 30 50 70 904°C  pogummy NaOE{ MOJIAPHOIO KOHUEH-
rpagiew 1 107 mons /a1
Pue. 14.6. 3anemuicte pH neii- P I CHMALHOT ONHOKMCNOTHO! OCHO-
TPANBHOTO BOJHOIO CEPENOBMIE gy 0 = Cypuow = 1107 Mons/a.
Bif TEMIEPaTYPH CH T
Konuenrpauis lonis somuie B ppomy
pPO3YMHI A0PIBHIOE

K 1071
— = 10°1% mons/n.

P!
i
-]
It
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TIpuiHABILM AMA CMABHO po3DABIEHOT0 PO3YMHY KOEIUIEHT aKTHB-
HOCTI 10HIB 3a ogmHEMLEO, BranadMo pH:

pH = -1g10-10 = 10,

Mpuxnan 3. O6wicorrn pH poawmy HNO; monapHOW KoHueHTPA-
miew 1102 moae/a, axuo koedinient akTuerecti f = 0,9 (25°C). _

3 ypaxypaunaM xoediui€aTa akTMBHOCT] BONHEEMIT MOKAJHMK A0PIBE-
HiOE

pH = -lga,,, = -1gfC, . = -Ig(0,9- 10-%) = 2,05.

Mpuenan 4 OfumcauTH de poauuny caabxol ouToBOI KMCJIOTH MO-
JAPHOW KoHuentpameto 1+ 104 mone/n (Ky, = 1,8+ 10-).

_ H'}[CH,CO0™}

CH,COOH 2 CH,COO0™ + HY; K
¥ : ™ (CH,COOH]

[Mosnaunmo piBHOBAXKHI KOHuEHTpaull ioHiB i Monerym:

CaucCpge = CCH;CDO' '
Cenycoon = C-Cpe=C—Cy,
TOMIL
S
Ko = —E— = 1,810,
C- l'JH+

Ockinbrn cnabra KMCAOTA SUCOLIIDE AyFKe Manol Mipok, ne piEHAHHA
MOMHE COPOCTATH, BpaXyBaBIIM, 1o CH‘ << C:

i,
B - 1,8-10%
8

C.. = 4/C-18-107° =107 . 18-107° = 4,25- 10 sonn/a,

H.
roni pH = —1g(4,25- 10-%) = 3,37.

Jlna BumipioBanEa pH posunHiE BMKOPHCTOBYIOTh pi3Hi METOIH.

HaGmmakeHo peakuilo CepeJoBMilia BM3HA4awTh 3a JONOMOroL0
crneujagbHNX peaxTHBIB — induxamopis, Akl 3MIHIOIOTL CBIA KOJIp
3aNeKHO Bij KOHLEHTpauii Boasesnx ionie, Ilepexin ix sabapeien-
Hi B pasi amien pH posumHy BigfyeaeThcd B iHTepBaJi OfHICI-ABOX
onuems pH. Lle symosneHo smimeHHAMH XiMiYHOI PIBHOBAru MUK
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ABoMa hopMaMM MEeBHOro iHAMKATOpa. 3alMlIeMo0, HaNnpHKJaaj, dep-
BOHY thopmy aaxkmycy H-In, a curw — In". Toai piBHOBary mis
unMu hopmamu BigGMBaTHMe PIBHAHHA:

H-In s H™ + In”
Yepeouuit Tarmyc Cumniit naxmyc
(kxesoTEa chopma) (mysHa dopma)

Y ny:KHMX po3dMHAX, AKI XapaKTepHM3YWTbCcA MaJMMK 3Ha4eH-
HAMH KOHUeHTpauil ioHiB BOJHIO, 114 piBHOBara 3millleHa BIpaBo i
iHIMKATOp MalisHe NOBHICTI0O NEPeTBOPHETBECA Ha OCHOBHY dhopmy
(cunift nakmyc) HaBnmaku, B KMCIMX PO3UHMHAX 3 BHCOKOK KOHLEH-
rpauiero H' pisxosara amilnena BAiBO, TOMy IHAMKaTOp NMepexoauTh
¥ KMCJOTHY thopMy (4epBOHMIT JakMyc).

Koneranra pisHosaru uboro npouecy

(In"][H'"],

Ky, = .
= [HIn)

y paai amimu 3abapenensa [HIn] = [In"], Toxi Ky, = [H™], a pKy, =
= pH.

Orxe,

KUCAOMHO-0CHOSHT iHOUKamMOpU — ne caabri opraHiyui Kue-
JoTu abo OCHOBM, AKi 3MiHIOIOTE cBoE 3abapeiaenssa B pa3i ne-
peTBROpeHHs KucaoTHoi ¢oOpMM HA OCHOBHY 1 HaBHaKu;
inTepean mepexony 3abapBieHHA IHAMKATODIB 3alexHThH Bij
aHAYeHb KOHCTAHT IX mporoaiTu4Hol aucomiamii.

HarpomamsxedHa ofHiel 3 piBHoBakHuX hpopm IHAMKaTOpa, U
CYNPOBOIKYETECA 3MiHOW Joro 3abapBnenHa, BinbyBaeTbeA He TIpH
TO4YHO 3achikcoBaHoMy 3HadeHHi pH, a nocrynoso, B nesHoMy iHTEp-
Badi aminu pH, mo € Heponikom ingukartopis. Inauraropun — cKknan-
Hi opranidHi crmonykM, 1X HeZOMIKOM TakoX € 4HyTauBiete Jo ail
OKMCHHKIB Ta BIIHOBHHKIB, 8Kl pyHHYWTE [xHi XxpomodiopHi cucTeMu
(3nebapBawioTs) | TuM camuMm oOMesKyIOTE IX BHKOpMcTarHA Kpim
Toro, iHAMxatopu HenpumatHi aaA ouinkum pH sabapeaenux pod-
YHHIB.

Bup4euna snactusocTeil Ta OynosM iHZuxaTopuux OapBHMKIR NOKazye,
0 CTPYKTYPHI 3MiHM, AKI CYIpPOBOAMYIOTE abo 3¥MOBMOIOTE 3MIHY ix-
HeOro 3abapenenHsa, € AocuTh ckaaguumy. Hanpuwnapn, denondraneis y
TIOMIPHO EMCIOMX poauuzax Mac Ge3bapeHy naxToHHY OpMy, & B AYHHUX —
HEPBOHY XiHOH-(DEHOIATHY:
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Y
‘( >

Pepondrranein —
Beabapeuuil marToH
{kucnorna dopma)

Denondranein —
YePBOHMH XKIHOH-QEeHONAT-10H
{ocudena copMa)

AS0IHAMKATOPH 9ACTO MANOTH JKOBTe a0 opaHKese salapraeHHA y
HeATpanbHMX UM JYHHMX PO3UMHAX TAa 4epmoHe — y kuciux. Hanpurnaa,
IHAMKEATOP MeMuADEUll ODaHICesuL:

: OH
0,5 T—N—Q—'NECH;J, % s *=I'.'N{(‘.H,},
H

MeTunosmit opaHesmi MeTunorKil oparenyi
YEPBOHUHA HHOBTHIE
¥ EMCIMX POIYMHAX ¥ MyHHUX POIYHMHAX

¥ nafBopaTopHii Ta ODpomucaoBii npakTuni 3acTOCOBYIOTH 3HAU-
HUI aCOPTHMEHT CHMHTEeTHHHUX KHCAOTHO-OCHOBHUX IHAMKATOPIB, AKi
MalTh pisui inTepeanmu pH nepexony azabapenenna (taba 145,
puc. 14.7).

Tafauys 14.5. Halisaseamsiwi inankaropu

[uTepsan pH SabapBneHss IHIMKATOPA B CEPEIOBMILL
1B Top ::anﬁ?::ii?ea:a{m EMCIoMY HeHTPaILHOMY AYHHOMY
IMeTimo BN 3 1-4.4 Yepeoue Opauncere Hosre
OPAHIERMI ' ’ (pH<3.1) (3,l<pH<4.4) (pH>4,T)
IMeTiaonmi 49-63 Hepeone Opauncere Homre

[epBOHMi (pH<4,2) (4,2<pH<6,3) (pH>6,3)
Beabapere | Baigo-manuuose | MamiHoRe
{(pH<8,0) (8,0<pH<9,8} (pH=9,8)

Yeproune Dignetoee Cune

PeHongTanein 8,0-9.8

Mlaxmyc 5,0~-8,0

{pH<3) (5<pH<8) {pH>8)
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HonTsei o [
Hppegrni {
Hiosmm Comii
i Gnnid BpoMTHfononi cHEiR
b (ol 23 Chrmaiid [TuMonoenA crmii
Hesfidps E eaaﬂ; PrenondTanein
THIH Hepromptin Aniaapus
Cogrid —‘T{_ opTiA  Inguro (Na-cas
ey mechorIeTOTH)
01 2 3 4 5 6 7 B 9 10 11 12 13 14
pH

Puc. 14.7. 3uauenss pH nepexony 3abapBleHHA JeAKMX MOUIMPEHKX
KMCJIOTHO-OCHOBHMX IHIMKATODIB

flx yxe sasHauajoch, iHTepean pH nepexony sabapsieHHA iH-
OMRATOpPiB XapakTepMayeTbcA 3HaveHHAM Kp, | speblnsmoro He
pianosigae sHauenno pH = 7. Tomy, Hanpuksaj, MeTHI0BMHA OpaH-
sesnit mac yepsore 3abapenenns Tinexkyn 3a pH < 3,1. Opgnak pH =
45 — [e TAKOK KMCAMH po3dMH, 2 METHJIOPAHK ¥ HBOMY BiKE
MaTnMe OBTe 3abapBieHHA | pearyBaTHMe AK Ha OCHOBY. PeHoJ-
dranein, masnaxku, npu pH = 8,0, TobTo Bke B CaabxomymxHoMy
cepenoBmi samimaeTscA GesbapsruM, OTIKe, Dearye Ha eaeKTpoJiT
AK Ha KMCJIOTY. ¥ UbOMY IOJATAE iCTOTHMIT HeOMK IHAMKATOpIB
ansA sussadenHa pl.

JocHTs molMpeHuMM € yHiBEpCanbHi KMCAOTHO-OCHOBHI iHmMka-
TOpM, AKi BHTOTOBJAKTL ¥ BMIVIAAI Danipiis, NpoCoUYeHMX CyMILLIIIIO
pisumx imamraropis. lle nae amory sa jonomoroio wKamn 3abaps-
JIeHb, AKA AONAETLCH, BHMipiosaTi pH posunnis 3 TOUHICTIO A0 OOM-
Huui B inTepsani pH 1-13.

Ina xinmbkicoro sumipiosands pH 3 tousictio mo 0,01 Buxopu-
crosyiors pH-metpu. Ilpurnun ix aii nonsrae y BH3Ha4YeHHl esex-
Tpopyiifinol cuaM ranseaHiuHOoro eneMenta. OaMH 3 OBOX eJek-
tpogis pH-meTpa € yyTamBum A0 aminM aKTMBHOCTL iOHIB BOJHIO B
posumMHi (3a3BMYA TAKMM eJIEKTPOJOM € TaKk 3BaHMil CKASHUL
eaexmpod), a MoTeHUian iHimoro He sajemuTs Bifg pH (Takum enex-
Tpoaom moxe GyTi Xaopcpibumit abo ranoMeTbHMIE).
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§ 10. Bydepni pozunan

Jna toro mob 3HAYHO BMIHMTH KOHIIEHTPAIlilD i0OHIB BOAHIO ¥y BO-
Ji, JOCTATHBO Ay#e MAalMX KiJbKOCTel CHABHUX KucjaoTH abo ocHo-
Bu. Hanpuxnan, Axmo a0faTH oAHY KpanjKw KOHIEHTPOBAaHO! CHMIb-
Hol KMcioTH Ao 1 ;1 BOAM, TO KOHUEHTpAlUid i0HIB BOAHIO B HIi
abimbmmTheA B THCAUl pasis. BogHouac, Ha IpakTHI YacTo BHHMKAE
noTpeba MaTH posYMH 3 NEeBHMM Ta CTAAMM 3HA4eHHAM BOAHEBOrO
noxasuuia pH, Ha axuit 61 mano smamsaiy Oyab-Axi aMinM B cuc-
Temi. [soro nocaraoTs 3a aonomoron Gydeprus posyunis.

Byfeprumu HAZNBAKWTH PO3YHMHNI 3 [OCTATHBO CTiiKOW KOH-
UEeHTpaUicl) BONHEBHX iOHIR, & 0TiKe, 3 NeBHNM 3Hadennam pH,
W0 Maiize He 3aJeHTH Big posdaslAHHA 1 JaMme caabko
3MIHIOETLCA B padi JOoJaBaHHA J0 PO3YMHY HEBEINMKMUX 00'emiB
CHNBHMX KHMCAOT MM JYTiB.

Taki BaacTuBoCTi MawTL pO3YMHM, AKI MicTATE cnabry KMCAOTY Ta
il cinw abo cnabry ocuosy Ta 1i cinn.

Poarnanemo poaumH, o mictTs outosy kucaotry CH3COOH Ta
anetat Hatpilo CH3COONa. Ouconiauia ourosol kmcnoTn sigbyea-
€ThCH 28 pPIBHAHHAM

CH3COOH 2 CH,COO™ + HY, K, = [CH;CO0] (1}
[CH,COOH]

3BIAKK
4 [CH,COOH]
[ ) =B e
[CH,COO7]
Y pasi nopgaBaHHA CHMABHOTO eJIEKTpOJIITY — aneTaTy HaTpiw

KOHUEHTpauis B posumHi auerart-ionis CH3COO™ snayHo 3pocrae.
Ile cnpuumHioe cuABLHEe aMillleHHA piBHoBary Aucolianil ouTosoi K-
clotH B OiK yTBOpeHHA MoOJeKyJs, CTymiEs ii ameconianii 3navho
aMeHlyeTeeA (aue. ¢ 371). BHacnifgok UbOro KOHLUEHTpAalia HeaMco-
nitosanux monexkyn CH3COOH crae Takomo, mio nNpakTH4HO A0pPIB-
HIDE 3arajbhill (BMXinHI) KOHUeHTpaUil KICIOTH, a KOHIEHTDAIlR
ionis CH3;COO~™ — garanesii (BMxiauii) xoHuenTtpauii comi. Otmke,
OCTAHHE PIBHAHHA 3aMMILEMO TaK;

{Kuenora]

[H7] = Ky -
[Cins)
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Ockinbry KoHCTaHTa Anconiaii onrrosoi knenorn Ky € semiumn-
HOK) CTaJIOK, TO STIZHO 3 OCTAHHIM CIiBBIQHOLIEHHAM KOHLIEHTpAIidA
ioHiB BOAHIO B TAKOMY PO3YNMHI BU3HAYAETBCHA BiIHOIEHHAM KOHIEH-
Tpauil KMCNOTH OO0 KOHUeHTpauii coui, TOMY po30aBiIAHHA PO3YMHY
NpakTUYHO He 3Mi"we foro pH, D0 0AHAKOBO 3MEHINYE MOJAPHI
KOHUEHTpalil A8 KMcJoTH, Tak 1 coni (Hepenura amina pH moxxe Gy-
TH CchOpMyYMHeHa 3SMiHOW cTymexis aucouianii emerrtpomirtis). Jogma-
BaHHA HEBEJNMKOl KINBKOCTI CMIBHOI KucaoTu abo Jyry Takosx Mano
prumeac Ha pH. e noAcHOOTE THM, 0 B pa3i JofaBaEHA CHJBHO]
KMCIOTH yTBOpeH! Hewo ionm HT sp’ssywoTees 3 alleraT-ioHamm codi
3 YTBODEHHAM HeIMCOLifloBaHMX MoJeryJ caabkol olToBOI KMCIOTH.
¥ pasl 3 JdonaBaHHA HeBeNMkol Kinexkocti myry lomm OH™
3B'A3YIOTHCA OLITOBOK KMCJIOTOK 3 YTBODEHHAM alleTaT-ioHIB.

Snathicrs Oydeprux pogumuip NiATPMMyBATH CTANl SHAYEH-
Ha pH v pasi mopasanHs kuenorn abo nyry xapaxkrepnayviore 6y-
fheproto emHicTIO.

Bydepra emnicms BusnagaeTsea Kiabkicrio kucaor abo ay-
ry, aky caig pogatu ao 1 a1 bydepuoro posguny, mod 3HMIUTH
abo migenmpyTn jioro pH ua oananmio.

BydepHa emuicTe posumMHy THM Binbina, YMM BMUL KOHUEHTpaLii ii
KOMIIOHEHTIB.

Poarnanemo KiNBKE NPMKIEAIE BH3HAMEHHA XapakTepucTHK Gydepinx
poauKHiB.

Hpuxaag 1. Obumemsry pH 6ycdepHoro posumny, Axui micture
0,1 mons/a ourosoi kucaory i 0,01 Mons/a aueraty HaTpiO.

BuaHayuMo koHUEHRTpaLin 0HIB BogHIO CH. aa opMyIoH

me:.mara

[H'] = Ky, -
i CcL*'H:

3a BizoMuMM kKoHUeHTpauiaMy caabkol KueroTH Ta il coui, 4 TAKOM KOH-
crauTol gucoliauii ourtosoi kmcaorm (K. = 18:10%) xomuenrpauis
ionis sogEm [HY] cranosnTe

18-107 -0,

[H'] =
] 0,01

= 1,810 mons/ 5.

Toai pH = —lg[H*] = =1g(1,8 - 104 = 3,77.

Opuranang 2. Obumcantu pH GydepHoro posuuBy B pasi fioro pos-
Oasmensn B 10 paais. Cknag posunuy: 0,01 mons/nm NHOH (K, =
= [,76 - 10-%); 0,1 moas/n NH,CL

_ Mlaa Bydepuux poaunnis, yTeopemux cymiaMu c1abkux ocHOB Ta ix-
HIX cosedt, MIpKyBaHHA, AHANOTIUHI HABEOEHMM BMIE AJA cyMimesi ciaf-
KX KMCIOT Ta 1XHIX COJefl, JalTh CTiBRIAHOILEHHEA

[on“pxmio"“"“] abo [H']= K, 5 K, [Cins) .
(Cine] [OH] K, [Ocnosa]

Y poaunui cymiuti NH;OH ra NHyCl kouuenrpania ionis sogmio i pH
OOPIBHIOBATHMYTE

. 107 .01
[H7] = > = 5,6-10% moaw/m;
L76-10 7 - 0,01

pH = -lg(5,6-10-%) = 8,25,

¥ pasi posbaenensa Gydepsoro posumsy s 10 pasis koHIEHTpamis
KOMHOIO 3 KOMIOHeHTIE amemuuthea ® 10 pasie, Tofro Cyygoy =

= 0,001 moms/a, C gy ) = 0,01 moms/n. Tozi

107" . 0,0

C., =—————— =5,6"10" moas/x;
B 1181070 . 0,001

pH = —lg(5,6 - 10-?) = 3,25.

Ome, » pasi posbasiaensn Gydeproro posunny B 10 pasis aHayenus
jioro pH we amimiTeca.

Opurnang 3. Ofumcautu pH Gydepuoro pozumMuy, akuit micTuTs
0,1 mons/n cnabroi mypawmsol kmcnors HCOOH (K, = 1,77:10°9) i
01 moab/a ii coni — copmiaty warpitn HCOONa, nmicna gomasamma mo
weoro 0,01 moas/n HCL

CriouaTKy Bramaummo KOHeHTpanio onis soguo [HY] ta pH nouatko-
Boro Dytheproro pozunHy:

_117-107 -0

[H] P ~ = 1,77 10 Moan/m;

pH = -ig(1,77 - 10-%) = 3,75

Micna popasasus no Gydepuore poswmy 0,01 Moxe/n HCL

ae LT W07 0
[H']= SAUINC e 2,16+ 1079 sou/r;
0,09

pH = -1g(2,16 - 10-%) = 3 67.

Orxe, sracaigok KogasaHEA cuabHOl KucenoTn pH Ovdeproro posuusy
3MinuecA Tinskk HAa ApH = 3,75 - 3.67 = 0,08



402 PO3YMHHU EJEKTPOJITIB

§ 11. Figpouaia

Peakuii ofminnoi Bza€mogil y posuMHax ayse MOWMPEHi 1 Bif-
GyBalOTBCA HE TIMBKM Mi E.J'IEKTPO.TI]TEMH a i mism PO3UHHEHOIO
pEeHOBHMHOI0 Ta posunHHMKOM. Jlo OCTaHHIX HanesyxaTb peakuil rigpo-
mizy.

lidpoaiz — ne obminHa B3aEMONIA PeHOBMH 3 BOJOI0, mij 4Hac
AKDI CRJAAZOBI YACTMHM PedYOBMHM CHONY4YaHTHLCH a2i cknapo-
BUMM YACTHHAMM BOJIM.

Haiteasmsiluym OpUENIagoM Takoro Tumy obminxoi sBzaemopnii €
rizponia comeit

3aranphi yaBnenus. Bumipiosanna pH BopgumMx poauMHIB coneif
nokazainM, [0 YacTO 3HAYEHHS BOJHEBOrO MOKa3HMKa OyBalOThk Olib-
My (MyscHe cepefoBuie) abo MeHuIMMM (KMCHe cepefoBMule) HIK
7. [IpuKHOK ULOrO € B3aeMoaia comi 3 BOjoI0, abo nponec rigpo-
niay.

3micT npouecy rmpomay coJielf MONAraE y TOMY, ILO IOHHM COJL
3B'AByI0Th ckaajoBi yactunn Bogu (H*, OH™ abo oGuasa ui iomn) a
YTBOPEHHAM MaJoAMcoNijioBaHOro enexTpolity. Bracnigok wuboro
piBHOBara Npouecy eJeKTposiTHYHOI Aucorialii Boau

HoO 2 H* + OH"

MEeBHOK MipOI0 3MIILYETBCA BIIPaBO.

Hanpurnaga, nepebir obminoi Bzaemonii coni MeA 3 sopoio, Aka
CYNPOBOAKYETbCA 3B’ AsyBannaAM ionis OH™ poan kaTioHamy mMertany
Me™ y cnaGruit enexTponiT, MoicHA ITIOACHUTH TAKOK CXEMOIO:

+

MeA = Me + A
H,0 2 OH + Ht
™
MeOH

3uiuienHa piBMOBarK Mpouecy Aucomiauil Boam

3arancHe piBHAHHA TIOPOJIZ3Y TAKHUX COJIeH MaTHMe BUTJAL
Me" + A~ + H,O 2 MeOH + H" + A7,

Me* + H,0 2 MeOH + H'
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Jna inmwol rpynm coaefi nepefur npouecy rigposisy sabeaneuy-
€TbcA 3B'AsyBaHHAM ionis H' Bomm aniomamm cosi 3 yTeopennam
cnabroi KMenoTH:

MeAd = Me" + A
HO 2 OH + H'
1l
HA

[
Lt

Smiwenua pisnosary npouecy aucouiaiii soms
¥ neomy pasi rimpodia coni BignoBigae ioHEOMY piBHAHHIO

A” + H,O 2 HA + OH".

Ofminua BzaeMofia cori 3 Bonow BiOyBacTLCH sHauHO BiNLILION
Mipol B pasi omHouacHoro 3B'AsyBaHus iowie HY Ta OH™ Bosn
CKJIa 0BMMM YaCcTHHaMM COJIi.

Med = C Met o+ AT
H.O 2 OH~ + H'
t t

MeOH HA

SMilleHHA PIBHOBATH OpoUecy AWcoLiawii Boam
3aranpHe PiBHAHHA rigpodisy Mae BHrasam

Me* + A~ + H,O 2 MeOH + HA.

[pupogno, mo konu ionm HY Ta OH™ Bogm He 3B’A3YIOTHCA, rig-
poaiia ‘coneii He BingGyBaeTees, | piBHOBara mpouecy amcouiauil soan
He aMiyETBCA,

Omie, coni rigponiayioTe e TOAi, KOMM iOHM BOAM 3B'A3Y-
IOTBCA i0HamMu codi y cnmabri kmenot abo cnabri ocHOBM. 3BiACH BH-
IIUBAE, UI0 Tigpoaisy migpaloTeCA CoJi, YTBOPEHI ciabkuMM KMcio-
Tamy, cnabkMMM oCHOBaMu abo OgHouacHO CHAGKMMM KMcaoTamy i
ocHoBaMmy. Coni CHNBHUX KUCAOT | OCHOB rifponizy He MigfalThCH.

Tinponia coneit — uye npouec, 3BOPOTHMIt A0 peakuii HefTpai-
sauil cnabrux kuenor abo cnmabkMx OCHOB, AKI He BiAbDYBalTBCA 10
KiHIA sHacaifok nepeGiry ssoporroi peakuii — rigposisy yrTBope-
HOL1 COJI.
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HA + MeOH 2 MeA + H,0.

Kucnora  Ocuosa Cias

L J

Pearnia wefrpamiaanii

2 Pearnia rizponiay

¥V pasi poauuHeHHs y Bofi coai, AKI € CHMJIBHMMM EJCKTPOJITaAMH,
PO3KIAJaloThCA Ha rifipaToBadi ioHM, TOMY MeXaHi3M rigpofisy co-
neif po3riAgaloTh Ha OCHOBI YABJEHB IIpO NOJAPHM3alUiiiHy B3aEMo-
nito ixHix ionie 3 MOJEKYJaMM BOJM BJACHMX rigpaTHMX 0GOJOHOK.

KaTtionn coni y BogHOMY po3umHi nepebysaioTs y BMIMIANL aKBa-
KOMILJIeKCIB, B AKMX KOOpAmHauifiHmit 3B'A30K HaltyacTilue yTBOpE-
HMI 33 pAXyHOK HE[OJiJeHoi eIeKTPOHHOI Map aToMa KMCHIO BOAM
i BinsHMX opbiTaseli MO3UTHBHO 3aPAIMKEHOr0 i0OHa KOMILIEKCOYTBO-
pioBaya, AKBAKOMILIEKCHM, ¥ CBOIO 4epry, rijpaToBaHi 3a paxyHOK
BOMHEBMX 3B'A3KiE. Y TaKMX aKBAKOMILICKCaX KATiOHM colli 4MHATH
NONAPM3ALifHMIT BIJIMB Ha KOOPAMHOBAaHI MOJEKYJIM BOAM, TOGTO
3MIYIOTE EJeKTPOHHY I'YCTHHY Bif aTOMIB KIMCHIO BOAM IO iOHIB me-
. . . _ Pl
TaJay 1 Biji aTOMIE BOAHIO BOIM J0 aTOMIB KMCHKD, Me’”"ﬁ‘b\___‘

Ile cnpuumuioe apocraHHA nojaspHoeti 3s'saky O—H y monexymax

BOZM 1 IoJerimiye BiTUIeIVIeHHA iOHIB BOAHIO y BHIJIAZL H;0".
Buacaimok 1boro yTBOPIOETBCA TrinpoKcoakBakoMmIuleKe. Ile MoXHa
300pasuTH TaKOI Y3AraJibHEHDK CXEMOK:

n+ H (n=]t
H,0 H H.0
H;0 o H,0 o}
S~ I g \H- . 0H2 — A \“\J.ern+/ + HO'
-— el
HEO/ | oH, H20/ I OH,
H,0 H,0

ITpupomuo, wo 4uMm DiabMIMIA 3apAn KaTiOHA KOMILIEKCOY TBOPIOBAYA
i MenmMit jioro poamip, THM CMJBHIIIMIA BIUIMB HA MOJIEKYJIM BOJM,
3B’A3aHi y BHYTPIIUHIA kKoOp/MHALIAEIA cdepi, BHACAIZOK HOro pie-
HOBara rigpoJisy cubHime 3miwyeTsesl y BiK yTBOpEHHA IPOAYKTIB
peakuil. ¥ npoueci rigpomiay rigpaTtoBali KaTioHM coil BrpavaioTh
IPOTOHM, [OCIIA0BHO YTBODIOWOYM rigpoKcOaKBakOMILTekcH. Brms
npupogu KatioHa (fioro paziyca Ta sapAxy} wa npouec muconiandil
KOODAMHOBAHMX MOJIEKYJ BOAM IIATEEPIMKYIOTh 3HAYEHHA KOHCTAHT
KMCJIOTHOI gMcomianii:

[Me(H,0)]"" 2 [Me(H,0);0HJ™ = u+ + Bt

_ [Me(H,0); OH™ ™ J[H"]
[JTL'IE[ HQD}E+}

K,
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[Mg(H,0)]**  [Al(H,0)¢]3+
Pagiyc wationa Me™, r;, nm 74 57

HouncranTta puconianii 3a nepunm cryme-
Hem, I, 4-10-12 1,12-10-5

Tippouia cosedt cympOBOMMKYETECA CKIAJHMMM [TPOLECAMM YTBOPEH-
HA pgeo- Ta DaraToAfepuHux Kommiekcis. JacTo BOHM BHHMKAIOTH
BHacTizok Baaemopii OH-rpyn ommoro kommuexkcy 3 momexynoin HyO
IHIIOrD, U0 CYTIPOBO/PKYETHCR BiffUennieHHaM nmoslekym HyO ta yTBO-
perraM OH-mictka. Hanpniknanx, ana komrnexcrux kationis Med*:

4+ A+

yneao OH-micTriB y ammepax sanesuts Bixg mimuocTi 3B’A3KY
HO-H y koopmuHOBaHi MOJEKYJI BOJM, TOMY uMM BHIIMI 3apAx
KaTioHa, Tum Minsimmm € a2s'Azok Me—OH, i tTum Bixsine moenad-
moeThesa 38'asok O—H y monexyni sogn. 1le cnpuwmHioe 3biabiuer-
uA uncaa OH-micTkiB | nocunenus rigpomiay.

ObopoTHy Zucomianilo KOOPAMHAUIAHO 3B'A3AHUX MOJNEKY] BOmM
3 YTBODEHHAM FiJIDOKCOAKBAKOMILICKCIE MOX(HA [OACHHTH HA NpU-
KJani rigpofiay coJiell aJiMIHID, yTBOPEeHMX KaTioHaMM amgioMiHi0 i
aHioHaMKt cIabKMX KKCIOT,

[AH,0)P + HyO 2 [AI(H;0);0HPY + HzO*
(abo APP* + H,0 2 AIOH?* + H'Y;
[A(H0);0H** + HyO 2 [Al(H,0)4(OH)p]* + HyO*
(abo AIOH?* + H,0 2 AIOH); + H');

[AH,0)4(OH)s]* + HyO 2 [Al(H,0)3(0H)s) + H,0*
(abo AlOH); + H,0 2 Al(OH);+ H*);
- 14+
HO §H OH,
Hzo\ | /0\‘ | /DHz

- I I + 2H,0.
H O/AI ‘\3/‘1 Som, 2

2
HO H OH,

-

2[Al(H,0),0H

Anionn coseit A™ y BOAHOMY pPO34MHI FifIpaTYHOTLCA BHACTIIOK
YTBOPEHHA BOMHEBMX 3B'A3KIB a MonekyJammu poju. [Ipu mbomy
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MPOTOH MOK€ BILIPMBATHCA Bifl MOJEKyJNM BOJM, 8 BOIHEBMI 3B A30K
% 2- - " :
nepereopiopaTucs Ha kosanestHui (HPOy , HCO;, HS® romo):

(m=1}-

" O
Ok’?:x ’ ,{:{O . 0‘;}:‘ .

gt e == X + OH".
o> \\o .I-I--({ o/ N“D—H
H

Baaemopia adiodis A" 3 aToMaMM BOOHIO BOAM THM euasHima,
yyuM Gimbmnii iXEii HeraTusHuil sapag | menmi poamipu: ClOg <

< S0% < PO} < Si0}". _

Orxe, BeMMKY 3faTHiCTb A0 B3a€MOZil 3 BJACHOK TLIPaTHOK
0BOIOHKOI0 MaloTh KaTiOHM, 10 BianosigamTb cnabrum OoCHOBAM, Ta
amioHM, o BixnosigaoTb cnabrum mcnoram. ¥ 33’.‘_;[31-:}' 3 uuM ixui
coJli 3a3HalOTh FigpoJisy y BOAHMX pO3dYMHAX, BHACJAIAOK HOTO PIBHO-
para guconianii BoAM aMiYeTLCA BIPaBO.

Tiaponiz coneii, yTBopenux cnalknMM OCHOBAMH i CHJILHMMH
gucnoramu. JIo TaKMX peYOBMH HAJIElKaTh COJi aMOHIK0 (IH;-I4{11,
NH4NOj3, (NH;);SO4 Tomto), aso- abo DaraTosapafiHMX KaTIOHLB,
cnabrux ocHop (FeCly, FeCls, AlCl;, CuSOy, ZnCly Tomo). Taxi coai
rimponmiayioTs ma KaTioHom. Hanpuknam, riaponis Xnopuay aMmoHIXO
NH,Cl sigfyBaeTbcs 3a peaklicr

NH4C] + H,O 2 NH4OH + HCI
abo
NH; + H,0 2 NH40H + H'.

AHasnori4Ho rigposiayioTs coxi, yTeopeHi cnabrumu ocHosamu i
DaraToOCHOBEMMY CHMJIIBHMMY KHCJIOTAMM, HaIpUEIa.

(NH4)»S04 + H;O 2 NH4HSO, + NH,OH
abo
NH; + H,O 2 NH4OH + H(pH < 7).

Peakiis cynpoBomiyeTbes abiNbIIeHHAM KOHLEHTpPAaLlil iuHiB:
BOMHIO B pO3uMHl, ToMy 3bLIBIIYETBCA KMCJIOTHICTH cepeoBMiua !
aMeHuIyeTbeA ioro pH. ‘

Tigponia coneii BaraTokuenorThux csabkux ocHoB BiabysaeTheH
CTYMIHYACTO 3 YTBOPEHHAM Ha MpPOMIZKHMX CTaAifAX OCHOBHMX cOJed.
Hampuknaz, BHACTIAOK riaponidy XJa0pHIy Mmini{ll) aa nepwmuM cTy-
neseM YTBOPHETBCA MAPOKCOXIOPHA MIAL

CuCl, + H,0 2 CuOHCI + HCl
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abo
Cu?™ + HoO 2 CuOH™ + H*,

3a JAPYTUM cTyneHeM — rigpoxena migi(I1):

CuOHCI + H.0 2 Cu(OH), + HCI
abo
CuCOH" + Hy0 2 Cu(OH); + H*,

3a mepwMM CTymeHeM rifposiz BinbyeaeTbca 3HauHo OHinbimomn
Mipoto, Hixk 3a nogansiimmu. e aymosneno tum, mwo CuOH™Y, axuit
YTBOPETBCA 3a TMEepIIMM cTYNeHeM, € caabkilol ocHoBoH Nopie-
HsaHo 3 Cu(OH),, mo yrsopioersea aa apyrus. Kpim toro, ioHu sog-
HI0 HY, sKi 3'ABNAIOTHCA B PO3YMHI, 3YMOBIIOIOTL 3MILIEHHS PiBHO-
Bary rigponiay BJIBO | CHIBHO mepeuIkOIMaloOTE foro nepediry, To-
MYy Tigpoaia coneil caabkmx §araToKMCI0THHX OCHOB TPaKTHMYHO BHM-
2HAYAETbCA MEPUIMM CTYEHEM,

Ypm Gimbumiii 3apag kaTioHa MeTanay coosi i Menummit jioro pamiye,
THM MilHile pid aB’Aaye rigpokcnabH] ioHn Boay y caabkimy ocHo-
BY 1 TuMm Oimemorw Mmipow einbyeaersca rigponiz. Hanpuxnan, coxni
aamiza(Il) (FeCls, Fe(NO3)s Toumio) rinponiayioTs 3HaAYHO MEHUIOH
miposo, Hix coni aaniza(lll) (FeCls, Feqo(SOy)3, Fe(NOz); Tomo).

Tigponis coxeil, yreopeENX cIadKHMH KHCJOTAMH i CHIBHMME
ocHoBamu. IIpuKnafaMu coseii TAKOTO TMITY MOMKYTb OYTH poaumuni
cula.r:i MOMIMpeHHX ciaalrux KMeJIoT, Takux, #K ourosa, (ocdopsa,
cipuMera, BYTiJbHA, CipKOBOJHERA, I[IAHOBOJHERA, XJIOPHYBATHUCTA
(CH3;COONa, Na3POy, NasS0g, NayCOjy, NayS, NaCN, NaOCl).

Iinponia Takux coseil sinbysacTbea 3a aHioHOM, AKMIl 3QATHMIA
3B’A3yBaTH I0HM BOJHIO MOJEKYJ BOZM 3 YTBOPEHHAM clabroi Kuc-
JIOTH, HATIPUKIA!

CH3COONa + H,0 2 CH;COOH + NaCH
abo
CH3;COO~ + H,0 7 CH3COOH + OH (pH > 7).

Peakuina rigposiay € ofopoTHolo, Ulo 3yMoBJEHO HaABHICTIO
cnabrux enexTpositie cepen suxigumux pevosud (HO) 1a npo-
aykrie pearnii (cnmabra kucnora). Pienosara rigponiay rakom
CHMIBHO aMminlexHa piaiso, ockineky BOga € 3Hayeo cdabxiummm
EJICKTPOJIITOM, HiX YTBOpPEeHa BHacHiOK rigponisy cnabra ku-
cnota. ligponia einbyeaeTses ™M Ginbmiold Mipowl, 4uM caab-
Kilmowo € KMcaoTa, L0 YTBOPIETLCA BHACHIAOK mepebiry gworo
ApoLecy.

3a paxyHOK riaponiay coneif cnabkux KMCIOT 3pPOCTAE KOHLEH-
Tpauif sinsunx rigpokcua-ionis OH™, mo HagawTs posuMHyY JyiHo]
peaxil,
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Coni 6araToOCHOBHMX CnabKMX KMCIOT TiApOJisyloTh CTYTMIHYACTO
3 YTBOPEHHAM KMC/IMX COTEN, HanpuEIan:

NagPQy + H,O 2 NazHPqu_ + NaOH
abio
POy + H,O 2 HPO; + OH (pH > 7).

CuapHO poabaBiieHi pOZYMHM TiOponiaylTh OaJi (38 JpyTruM CTy-
meHeM):

NaHPO, + HyO 2 NaH,PO4 + NaOH
abo
HPO;~ + HO 2 H,PO,; + OH".

Tigponia 2a TpeTiM CTyNeHEM, AKMI OMUCYETBCA piBHAHHAM
NaH.PO,; + H:O 7 H4PO,; + NaOH
abo

H,PO; + Hy0 2 HsPO, + OH

npakTuuHo He BigbysaeTbed, ion HyPOy sB’asye ioHn H* Bogmu Ha-

BaraTo cnadkime, Hisg ioH P{Jg'.

Crpaegni, sk i B pasi comneit c1abkux OCHOB, FiApPONi3 3a TepLIMM
cTymmeHeM 3aBkay BinOyBaeTbeA 3HawHO BGiNBUIOH MIPOHO, Hi¥ Ha-
CTYIHI, OCKiNBKYM aHIOH KMCIOTH (HANPHENAN POy ) mae Ginbmi

; . ) 2-
HeraTuBHuii sapAm, Hix ii kwcnl aniorn (HanpukIan HPO; ,

H,PO,), i Tomy minuiule 38'A3y€c I0HM BOOHIO BOIM.

Kueai coai 6araTooCHOBHMX CIabKMX KMCJOT TakoM rMapoaisyioThb
3a amioHom. Hanpukiag, rigponis rigpoxapGoraTy sartpiio NaHCO;
(nuTHOT conu) MoMHa NMOAATH PIBHAHHAM

NaHCO; + H;0 2 H;CO;3 + NaOH
abo
HCOj; + H,0 ¢ H,CO3 + OH™.

OcoGaueicTs rigpoaizy coieit takoro THNy MOJIATEE Y TOMY, MO
NopAN i3 3asHayeH0l0 peakuicio rigpomisy BinOyBa€TbCA TAKOMH pe-
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akiia Aauconianii aHioHa KMCJI01 COJli, AKa NPUBOONUTE 00 VTBOPEHHA
B po3uusi ionie H™:

HCO; 2 H' + €O},

AKi HefitpanisyoTk neeHy KiabkicTb ionie OH . Tomy peakuia poa-
yuHY Kuciaol comi moske ByTu AR JyMHOWO, AKIO MepeBaiac riapo-
nmiz, Tak i caabroxmenow, koan Gineimow mipow sigbysacTbeA mu-
couiania KMCI0TO KMCIOTHOTO 3aNniIKy.

Tigponiz coneii, yreopennx caabkummu ocHopamm i caabrmmu
kucaoramu. Taki coai rigponisyioTe OIHOYACHO 3a KaTIOHOM 1 aHIO-
HOM, HalpuRJIaL TIOpoais aueTary aMoHi0:

CH;COONH, + H.0 2 CH;COOH + NH,OH
abo

CH3;COO~ + NHj + H,0 2 CH;COOH + NH,OH.

Tigponia Takux cosedt BinGysaeTbea 6iNBLICK MIPOK NOPIBHAHO 3
oBOMa nofepegHimMu Tunamu codeil, Ile noAcHOTE THM, L0 B pe-
ayawTarti peakui]l yTBOPWOWTECA AEa ciaalri enerTposiTi

Peaxuia posyuHis Taxux cojiefl BU3HAYAECTHCA CTiBBiJHOUIEHHAM
cunu cnaBKux enerTpoditie, 1o yTBOpHOOTHCA. BoHa moxe nadnn-
ATUCH OO0 HENTPAJbHOI, AKIO KOHCTAHTHM aucouiauil cradkol ku-
cloTH i crabroi ocHoBu Gamabki mi cobopo (HalpueIan, Ona age-
TET}’ aMDHi!D HNH‘DH = 1,76 2 10'5, HCH;COQH — }.¢74 ! 1[}-31 pH = ?},
xoua rigposia coai BigfyeaeTsCa 3HAYHOIO MIPOI).

Ilig wac rigponisy uilaHiny aMoHiKO

NH,CN + H,0 # NH,OH + HCN
abo
NH; + CN~ + H;O 2 NH,OH + HCN (pH>T)

peakuia cepeaosyia Gyne AyMHOK, OCKIILKKM KOHCTaHTA Aucomianii
rigpokcuny amouilo (Kyg og = 1,76 10-5) 3HAuYHO NepeBUIYE KOH-
crauty muconianii uianosonnerol kuenorn (Kyey = 7.2+ 10710). Hae-
naxu, rigpoais dopmiaty amoniz

HCOONH, + H,0 2 HCOOH + NHOH  (pH<T)

cnpuurHioe cnabke nigkueneRHA posyMHy, OCKIIBKM MypauynHa Kn-
cnota mucoriioe Giabwoo mipolo (Kgcoop = 1,8 * 107%) mopisnano 3
TIIPOKCHIOM aMOHiE.

Coai GaraTokMcIOTHMX cabkuX OCHOB 1 DAraToOCHOBHMX cllaGRMX
KHMCJIOT 3a8HAKTL NYXKE CHIBLHONO TiAponisy 3 yTBOPEHHAM Ha [Opo-
MIXKHKMX CTAamifAxX OCHOBHHX Ta KMCIHX CoJel, Hanpuxnan:
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(NHy).S + Hy0 2 NH,0H + NHHS;
NH4HS + H;0 2 NH,OH + H;S;
Al(CH3CO0); + Hy0 2 AIOH(CH;COO), + CH3;COOH;
AIOH(CH3C00), + HyO 2 AOH),CH3;CO0 + CH3;COOH;
AJ(OH);CH3COO + Hy0 2 Al(OH); + CH3COOH.

Tipponia mosce GyTu noBumM i neoGoporuum. 30KpeMa Tax n,upu-
.ma TE- cymti:mu ta xapbomatu Garatosapammux xationis (Al
ToIIO) cnabKkUX OCHOB!

AlS; + 6H,0 = 2A1(0OH)zd + 3H,ST.

Ieit Tun rigpomisy ycknagHwoe peaxuii obminy mix conamm. Coui,
Axl He HANEMATE N0 BamKoposuuMHHMX | yreOopenl 3anMikamu gyike
caabrux ocHOB i wkMenor, He moxHa O00yTHM 3 BOOHMX PO3YMHIB 3a
pearifiAny oOMiHY, OCKINEKKM B ULOMY pasl yTROPIOWOTECA TPOOVETH
ix moeHOro abo YacTKOBOrO riZpojisy, HAaNpHMKJIaD:

2AICI; + 3NagS + 6H,0 = 2A1(OH)3d + 3H,ST + 6NaCl
(2A13* + 382" + 6H,0 = 2AI(OH)3! + 3H,ST);

2CrCl; + 3NayCO3 + 3H,0 = 2Cr(OH)zd + 3CO,T + 6NaCl
(2Cr* + 3C03" + 3H,0 = 2Cr(OH)3 + 3CO,T).

I3 conefi gpOKMCIOTHMX cnalKMX OCHOB 3a TAKMX YMOB YTBOPIO-
IOTECA OCHOBHI COJI, HANPUKIAL!

2CuCly + 2Na,CO5 + Hy0 = (CuOH),COzd + CO,T + 4NaCl
(2Cu?* + 2C0%™ + H,0 = (CuOH),CO3¢ + CO,T).

Couxni, yTBOpeHi CHABHMMM OCHOBAMM | CHMALHMMH KMCJIOTaMM,
Mo rakux coneit HanexcaTh HacaMNepes coli 3 xKaTiomaMu AYHKHMX i
JIYIKHOZEMENBHMX MeTaJiB Ta aHioHamu cuabkukux kucnor (Cl17, Bro,

I", NO3, SO3", ClO; romo). 1li coni ne sassaiors rigpomisy. Txwi
ionm mMaTH HeBeNME] 3apAnM i BHa4UHI pagiycH, TOMY BOHM CIIPMHM-
HIOIOTE Ayse caabxkuil nosApusanifinmuii BOIME HA MONEKYIM Boau i
He yTBOPIOTE 3 ionamyu HY ta OH™ cnabxux eagexrpoairie. He ami-
HIOETECH TAKDMK pH ixnix poaumsis.

Koucraura rigpoxiay. Tigponis e oGopornum [POLIECOM. Toro
piegoBary kinbxicHO XapaxkTepM3YIOTh KOHCTAHTOW Figponisy.
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Tigponiz conefi, yTBOpeHHUX cHabKMMM OCHOBAMM | CHMJIBHUMM KM-
caotamy, BinfyBacTeCA 3a KATIOHOM, JI0TO MOX(HA ITOJATH 3araJbLHOI
CXeMOI0

Me' + HOH 2 MeOH + H'.
3rigHo i3 3aKOHOM JiIOYMX MAC KOHCTAHTA DIBHOBATM MAae BMIVIAM.

_ [MeOHJ[H"]
[Me*|[H,0]

Konuentpauyis pogu B po3baplenyx po3HnHax € BENMYMHOW CTATO,
i i1 moxxHa nepenHecTH y JiBY YaCTHMHY DIBHAHHHA!

K[H,0] = [MeOH|[H* 1
[Me*)

TOOI

_ [MeOHJH"]

Koneranra rigponizy Busnasae 3faTHicTe gaxoi coni o rigpoJisy y
BOJIHOMY pos*mm — ynm Oinpra K|, Tum Oinela 1A 3maTHiCTE i
TMM CHIEHILIE (32 ONHAKOBMX YMOB) BimOyBaeThLCH rizpoania.

Tounmit gobyTor Bomn Ky = [HY)JOH™] € pennuumnoi0 CTamoK AK
anA BoAM, TAk 1 OnA posbaBnennx posumnie emexrpoaitie. Tomy
3HAYEeHHA KOHLEHTpauii ionie HY gna K, moxna ofumeantu 3a
CHiBBIOHOLIEHHAM

[H']= —2,
[OH ]

[Ticna nipeTaHoBxky fioro B piBHABHA ANA 0DYMCIEHHA KOHCTAHTH
rizponisy gicTaHeMo

_ [MeOHK, K

e

B
[Me*[OH"] Koo

ne Ky — KOHCTanTa mucouianii cnabxoi ocmosn (MeOH 2 Me' +
+ OH™).

Lle pisHAnHA BigGupae 3B'A30K KOHcTawTH rigponizy K; 3 KoH-
cTanTol aucomnianii cnabxoi ocwoem K., — 4um caabrimma ocHoea,
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THM cHABHiWe rigponiayioTe ii comi i Tum fiabplna KOHCTAHTA rigpo-
Jiay.
darajkbHe PIBHAHHA rigposiay coses, yrBOpeHux cnabrumy wu-
CJIOTaMi | CHABHMMK OCHOBaMM, Ma€ BUIIAL
A~ + HOH 2 HA + OH™,

8 KOHCTAHTA riaponisy oImMCYETRCA CHIBBIIHOLICHHAM

_[HAJJOH ]
pm
[A7]
[Micna nmigcTanoBKM 3Ha4YeHHA KoHueHTpauil rimpokcua-ioHie a ion-
Horo pobyTky soau [OHT] = K,/[H'] orpumaemo pienanus, ake no-

B'A3YE KOHCTAHTY TiApoJiay com 3 KOHCTaHToo Aucouiaunii cnabroi
KHCIOTH!

_[HAIK, K,
"TIATE] Koen

Fgponia coneft caabkux OaraTooCHOBHMX KHMCJIOT BigbyBaeThca
CTyniH4acTo, | KoMHMI CTyNiHE XapakTepua3yeThCH BJACHHM 3Ha-
HEeHHAM KOHCTaHTM rigpomizy. [na npuemany posradHemo rigpoJis
KapboHATY HaTpiio:

_[HCO; JJOH']

I crynius: COj” + H,0 2 HCO; + OH™, K, = -
[CO57]

IMicna nizeTaHOBKY 3HAYEHHA KOHUEHTPALUil riApoKCHIBHMX ioHIB
3 ionnoro aobyTky somu ([OH™] = K, /[H*]) orpumaemo

_[HCOJIK, K,
OO IR K

, ) H,CO,J[0H]
IT ctynias: HCO; + H,0 2 H,CO3+ OH™, K [—L—L—
3 2 2 3 H2 = [HCOHI

IMicna arasorivHOro nepeTBopeHHA PiBHAHHA HabyBae BUrIANY

_ [H,CO4]K, K,
[HCOB HH ] Kﬂ]r:um

() —
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Y pasi NiACTaBIAHHA 3HaYeHb KOHCTAHT CTYMIHYACTOl Mucowuiamii
BYyTibaol kicnotu Ky >> Hyay

K 1g-M .
Kﬂl]z B = G 11 =2"1D ll;
Kmm.ﬂ 5-10
K 1p-te 3
Kigy = = =25-10"%,

Kt]}unm 4 “}_?

Finponia coneit, yTeopenux coaabxumm ocHoBaMi | CHabRUMM KU-
c/oTamMK, Big0yBaeThCA OQHOYACHO 33 KaTIOHOM 1 3a aHiOHOM:

Me* + A"+ H,0 2 MeOH + HA,
KOHCTAHTA riapofisy boro npouecy

_ [MeOH][HA]
[Me*]lA™]

T

Ilepersopumo 1e pPIBHAHHA, NMOMHOMHMBIIN MMCEJBHHK | 3HAMEHHUK
Ha ionnuit pobyrox sogn ([H*JJOH™)):

_[McOHJHAJH'JOH™] _ _[MeOHJHAK, _ K,
[Me"JJATJH'JOH"]  [Me’)JOH IH'I[A"] KeaKoen

Koncranta rinponisy sanesuTh Bin npupoam coni Ta Temmnepa-
TypH, ane He 3anemurs Bif KoHuentpauii com B posumml. HUnm
cnabrinn KMCAOTa uM OCHOBA, AKI YTBOPIOIOTLCA BHACAINOK rigponisy
coqi, TMM nopHilwe BiH BinGyBaeTheA | THM Ginbla KOHCTaHTA rigpo-
aiay.

C"rynma rigpoaizy. Ctan piBHOBarn 0GUpOTHOrO mponecy rigpo-
M3y KINBLKICHO BH3HAYAlOTH cmynenem zidpoaiay. Bin popisuioe
BiSHOLISHHIO HMCHA MOJIER YT coni, axi 3aznanyu rigpomiay Nyp,, ao
YMCJa MOJIeKYJ posduHenol coni N:

N. &
_ _'riap 5 — _rizp
b N B P S

Ae Crigp 1 C — Bianosipuo mo.rrstpm KOHNEenTpauii rigpoaisosanoi Ta
HerigponizoeaHoi coJi B poaqum (B siTepaTypi TAKO TPanIA0TLCH
IHIIi MOBHAYEHHA CTyNeHsa rinponisy — h, o).

Cran piBroBaru rigponiay sanesuTs Bifg npupomm coui, ii xom-
HenTpauil y posuuni Ta TemmepaTypi.
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[Ipuposa coJi 3Ha4HOK MipOI0 BIJIMBAE HA BEJMUMHY CTYNEHS
rigposisy. Ymm cnabkiwi kucaoTa Ta ocHOBa, AKi yTBOPIOIOTEH Clib,
M Binbummii erynine ii rigponiay. ¥ pasi coneit, yTBopeHux caab-
KOI0 OCHOBOIO i CHJIBHOK KUCA0TOKW abo cnabkrol KMCJIOTOW 1 cHMJb-
HOW OCHOBOIO, CTYNiHb rigpodisy 3azeudait Hesesmxuit Bin pisko
apocTae y codei, yreopeHux crnabxkiumu kuMcroramu i caabkumu oc-
noBamu. Tak, cTymiHe rigponizy feummonapuux pozumHis NHCI i
CH;COONa sa remnepatypu 25 °C cranosure npudmmaso 0,01 %,
poauiuy auerary amonilo CH;COONH, ananoriyHol KOHUeHTpawil —
0,5 %, a kapboxaTry amoHio (NHy);CO; — apocrae no 77 %.

Cryniue rigponidy a3bineinyersca 3 NiABMILEHHAM TEMIEPATYPH.
Ile MOACHIOTE 3pOoCTAHHAM ioHHOTO A00YTKY BOAM, TobTo 30inB-
imeHHaM KoHmexTpauil iomis H™ ra OH™ y poauusi, mo cnpuse
YTBOPEHHI0 MAJOMMCOLIAOBAHMX NMPOAYKTIB rigponisy — MOJeKyn
cnabroi kucmoru abo cnabroi ocHoBu (crynine ix gucouwianil 3
NiABMIEHHAM TEMIEpaTypd 3POCTAE MEHIIOH Mipol, Hi CTYMiHB
muconianiil Bonn). Hanpuknan, y mMipy HarpiBaHHA pO34YMHY aL€TaTy
amonito CHsCOONH, Big 25 go 100 °C cryniue rigposiay 3pocra€
Big 0,5 g0 9 %, Tobro maiike y 20 pasis. Ha puc. 14.8 HaBegeHo rpa-
(hiuny 3anexHicTs cTyneHs rigponisy coni xpomy(IIl) six remmepa-
TYpH PO34YMHY, PIBHAHHA AKOT0 COPOLUEHO MOMHA MOJATH TaK:

CrCl; + HOH 3 CrOHCI; + HCL

Cryniue rizponiay spocrae npu posbapisHHi poaunHy. Hampmk-

nam, AKIo 3a remnepatypy 25 °C koHueHTpaniio xapOoHaTy HaTpio
amenrmti Big 0,1 go 0,001 MoJis/n, To eTyniHe ftoro rigpoaisy spo-
cre Big 2,9 mo 34,0 % (puc. 149);

CO™ + H,0 2 HCO; + OH™.
p

0,3

0,2

0,1

1 L L 1

1
20 40 60 B0 t,°C

i i 1 1 i
0 200 400 600 800 V, amd/mom

Pue. 14.9. 3aaesuicTs NOBHOTH
riaponisy NayCOjy (2a nepninm
CTYNeHeM) Bix poabaBnsAHHA

aa Temnepatyps 25°C

Pue. 14.8. 3anestuicTs NOBHOTH
rigponizy CrCl; (sa nepunm
cTYNEHeM) Bifl TEMIEPATYPH

1le yaromkyersca 2 npuHgunom Jle Ilartense, ockinbryu B pasi
po3faBleHHA pPO3YMHY 4YMCJIO YaCTMHOK PO3YMHEHOl DEeYOBMAM B
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ommunli 06’emy amenmyeTbes, i piBroBara amimyerecs 8 6ik yrBO-
peHHA GINBIIOTO YMcaa UMX YACTHHOK.

Ans piemoBar peaxiiif, B AKMX 3 ofHiei YAcTMHEM pPO3uMHeHOI
PEHOBMHN yTBOPIOWOTECA OBl YAaCTMHKHM, BUBRIAECHO PiBHAHHA, mopibue
IO PIBHAHHA 3aK0Hy posbaeaenna OcTeanbaa:

2
K = B
1-p
fArmo B << 1, To BOHO CIIPOLLYETLCA:
KexBC,  abo =T,

fe C — MosApHa KOHLUEHTPAUIA PO3YMHEHOI coi.
Ile pieHaAHHA MOACHIOE 3POCTAHHA CTyNeHA rinponiay B pasi pos-
DaBJeHHA pO3YMHIB.

' chi.:‘ihl-tn nig vac oBOpPOTHOrO rigposiay BeTaHOBJIIETHCH TMHA-
Mi4HA PIBHOBAara, To il MOMHa 3MillyBaTH B TOA 41 iHwmit Bik moma-
BaHHAM A0 po3uuHy kMcaor abo ayry. Hanpuwnan, v pasi pona-
BAHHA 1O PO3YUHY coai xpomy(Ill) opHoltMeHHO sapamiKeHMX ioHiB
H ¥ BUIIAAL CUIBHOI KMCAOTH (HCI) pisHoBara npouecy rigponiay
€OoNl 3MICTUTBCA BaiBo, | cTyniHe rigposisy P aMeHLIMTLCA:

Cr®" + HOH 2 CrOH* + H*
H+

Smimenns pisxosark rigponiay (K, = const)

AmnanorisHoro amineHHA piBHOBary rigpoaisy conedt crabrux ku-

CJIOT BJIBO TAa 3MEHIUEHHA CTyneHs rixpomisy [ mocaralore moja-
BAHHAM JYTI1BE, HanmpMEIamq:

CHsCOO~ + HOH 2 CH;COOH + OH".
QH™

&

3mitenns pisHosary rifpoaiay (K, = const)

EIpp::ma A. OGuMcanmo KOHCTAHTY rigponisy, KOHUEHTpauilo iomis
OH", HY, pH Ta cryniue rigpomiay aneraty HaTpilo B Horo posumui mo-
nApHo KoOHUEHTpaiew 0,1 moas /.

Tinponis coni siabyeacTsea 3a axioHoM caabxol oUTOBOI KMCIOTH:

CH;COO~ + Hy0 2 'CH;COOH +OH", pH>T.

Koncraura rizponiay mopisxioe:
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[CH,COOHJIOH | | B, _ 556.107".
[CH,CO0 | K e

'

Brigno 5 PIBHAHHAM riapodisy
[CH;COOH] = [OH7].

Kosmenrpania ionis CHzCOO™ nopisrioe piastill M nqumoamg I.:I,‘E;ﬁ._
yenrsM C coJli T KOHLIEHTPAIHE0 TiApOTisoBasin 10HIB, KA nopiHzoe [ :

[CHCO01=C -~ Cpg
2
i COH'

- =556-107"7.
o

T

Cripoc™iMo 11e piBHAHHA, BPAXYBasILy, W0 Cog <<C:

C‘B
ZOH _3556-107"7

0,

Gl 5561070 107 = 75107 moms/ .

Ina sussadvenHs pH posduny OOYMCIMMO KOHLEHTDAI 10HIB BOARED
wepes loHAN D00y TOR BOLK

=14

P Ky 10 =133 107 mMome/A;
g’ -
Cog- 1510

pH = -1g(1,33 - 107%) = 8,88.

Crynins rigpodisy cofi MOMHE BUIHAMNITH 34 CIBBLIHOIIeHHAM

5
]3,=_9.H-C I T T

c 107!

flna BusHavenHs pH posumHy, AKOTO OCTAHHIA nabysae BHACTI-
A0k rigponiay codi cnabkol KMCOTH, MOMKHA BMEBECTH 3araJbHi 3a-

nexHocri pH BijJi KOHCTaHTH aueonialii KMCJIOTH T4 KOHUEHTPALll
coai. CripaBai, AA peaknll

A+ H,0 2 HA + OH~

OyJa0 mDoBefeHo, w0
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g = [HAJOH] _ K
(A7) K
a ockineky [HA] = [OH7], To

Huea

[OH'JOH"] _ K
[47]

B ; ﬂﬁﬂ [OH-]Z - Ku

Kkm KuCn

[A7]

PisHoBaKHy KOHIeHTpauio asioHiB [A~] gna GaraTeox peakiit
TiIPOJII3y MOMKHA BBAXKATH TAKOMW, L0 AOPIBHIOE BMXiAHIN KOHUEH-
Tpaull co B poayusi, Tobro C. Tozi

(K
[OHT] = \!'Kmmc-

[Micna norapudmMyBaHHA OTPMMAHOTO BMpa3y i aMminu 3Haxis Ha
MPOTUNEKHI MAEMO

pOH = 1/5pK, = 1/opKyes + 1/apC,
me pC = -1gC.

Ockinskn ! /9pK, = 7, a pOH = 14 - pH, 10
PH =14 = (7 =} /opKpyen + 1/2pC) = 7 + 1 /ppKonen = 1/2pC.

Lle pisHAHHA MoxKHa 3acTocyBaTy AnA ouinky pH y paai rigpodi-
sy coul cnabkoi kuenoru 3a Ky, > 10710,

AHayorivHo MoxHa 3HaliT pH posuuHy, AKMH YCTAHOBJIIOETbCA
nia Yac rigponiay coui cnabrol ocHOBY:

PH = 7 = !/3pKoen + 1/2pC.
§ 12. Teopil kucaOT Ta OCHOB

YABNeHHA Npo KMCIOTM TA OCHOBM AK OKpeMi KJacM pevoBMH
cchopmyBamica jaBHo | GeanepepBHO BAOCKOHAIIOBAICA.

Ppanuyaeknit ximix JI A. JlaByasse noscHus cneypmciuni sna-
cTuBoCTi Kucnor y 1780 p. massHicTiO B IXHIX MosneKynax KuCHIO.
Ilicnsa BimkpurTA KMCHOT, AKI He MicTHJIM KMCHI0, Hanpuknan HCI,
aHraiicexui ximix I'. Jesi (1778-1829) y 1810 p. miifimoB BucHOBKY,
WO HocieM KMCJIOTHMX BJACTMBOCTEN clonyk € sogeHs. Kucnorn 3a-
NeMHO Big w®imekoeTi ocHopM, HeobXigHol Ana nosHOl iX  Heli-
TpaJizauii, po3lmuau Ha ofiHO-, BOX- Ta TphoxocHOBHI. Bianosigao
Ro usoro B 1838 p. mimenprmit ximik IO, JliGix (1803—-1873) zanpono-
HYBaB pOSLJIASATH KMCJAOTH AK ped0BMHM, Akl MICTATL BOJEHS,
3aTHUI 3aMIITYBaTHCA HA METAaJ.
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Takox Ay:e NaBHO OyB BUABNEHMNA IHIIMI KJac CHONYE, ximiyHi
BNACTMBOCTI AKMX Bymu mpoTHieskEMmyu BiacTusoersm xucior. I
peuoByHM crowaTry ao0yBsanu i3 3omm pisHMX pOC/IMH | TOMY HasBa-
au ix ayeamu (Big alkali — apabenka Ha3sa pocnuuHOl 30am). Ax i
KMCJIOTH, JIYTM MO}cHa Oyno posmisHaTH 3a creuMdivHMMHI BIACTH-
BOCTAMM: 3AATHICTIO POZYMHATH cipKy Ta omii, 3MIHIOBATHM KOJIp
HesKMX pOCITMEEMX GapBHMKIB i, rosoBHe, HeATpPaNi3yBaTH KMCJIOTH.
OckinbkM BHacHigok Baaemopgii OCHOB 3 KHCIOTaMM YTBOPIONOTBCHA
coni, To dparnysskuii ximik I'. . Pyen (1703—1770) HasBap 1x pe-
uOBMHAMM, 3AATHMMM YTBOPIOBATH 3 KMCJIOTAMM cOjii. 3rofoM y#AB-
7leHHs Tipo ayru Gymu poswMpeHi o BimOMOro HuHI Kaacy OCHOB.

Tubie po3yMIHHA BIACTMBOCTEH KMCIOT i OCHOB MPHALLIO micns
creopess B 1887 p. msenchium ximikom C. A. Appemiycom Teopil
enekTponiTIHOI Auconianii. 3 wacom Oysm 3anpoloHOBaHi [PYHTOB-
i Teopii kMenoT Ta OCHOB. 3 HMX HAKOLILUDGE POSBUTOK i BU3HAHHA
OTpMMaJ TPy Teopil — Teopif CONbBOCKCTEM, 3aNOYATKOBAHA B 1896—
1905 pp. npauAMM aMepUMKAHCBKMX ximigiz JI Kemi (1863-1919) i
C. ®panxnina (1848—-1907), npoToHHa TeOpiA KMCJOT T4 OCHOB, 3armpo-
nomoBaHa y 1923 p. Hesanemmo marcekim Ximikom M. H. Bpescre-
nom (1879-1947) ra amrzificerym ximikom T. M. Jloypi (1874-1936),
e/IEKTPOHHA TEOpis KMCJOT TA OCHOB, BuCyHyTa B 1023 p. ameplKaHCh-
kum cpiamroximikom I. H. Jlsioicom. Yei ui Teopli A0MOBHIGIOTE OfHA OZ-
HY i TOSICHIOIOTH OCHOBHI 3aKOHOMiPHOCTI KMCJIOTHO-OCHOBHOI B33€MOJL.

Teopia Appeniyca. [Ilnax no NisHAHHA KMCJIOT Ta OCHOB 6yno
Bimkpuro Teopi€io elexTponiTuuHoi mucouiauii Appeniyca. Hosi
yABJEHHA TIPO mpouec mucoujaull enexTposiTiB gasy oMY 3Mory
CTBOPUTH MOJIEN KMCIIOTH, Aka Gynia mepuiM Habi#eHHAM 10 Cy-
4aCHMX MOIMAAIE Ha KMCA0TH Ta ocHoBM. Bigmosimso no Teopil Ap-
peHiyca KMCIIOTH — L€ eNIeKTPOJIITH, HKI B pO34MHAX OMCOoIiFTE 3
YTBOPEHHAM iOHIB BOJIHIO, OCHOBM — eNeXTPOJITH, AKI B po3uMHAxX
AMCOL{IOIOTE 3 YTBOPEHHAM TiApOKCHI-ioHIB.

Teopin AppeHiyca 3posyMino TIyMauuia HaiBasUMBILI Bla-
CTMBOCTI KMCAOT Ta OCHOB, CTBOPMJIA YMOBM Ans po3pobku xinbkic-
HMX crhiesigHowens. Tak, npouec HelTpanizauil KMCJIOTH OCHOBOK
nonsArae y Baaemogil ioHiB H™ 3 ionamMu OH™, mio cynpoBOXKYETECA
YTBOPEHHAM MOJEKYJ BOJIM!

H*+ OH = Hgo.

TepmoxiMi4HMMM BUMIpIOBAHHAMM J0BEJEHO, IO TenuoTa, Axa
BMIINACTLCH BHACAIOK Hejtrpaltisauil posbasienux posuMHIB yCiX
CHIBHMX KMCJOT T& OCHOB, TNPAKTMYHO ONHAKOBa | CTAHOBUTE
57,3 kllax/Monb. ¥ pasi melirpanizauil cnabxux kucaor abo coabkux
OCHOB TeMUIOBMI eeRT HMMKuMii, OCKLIBKK 1X HeAMCcouiiosaHi Mone-
KyJu y mpouect peakuil mMaoTE CHOYATKY PO3KIANATHCA HA ionm,
mio orpebye AeAxoi saTpaTy eHepril
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OTxe, yci BracTHBOCTI, fIKi € saralbHMMM IR BOTHMX POSYMHIB
KMCJIOT, BUSHA4aI0TLCA HAABHICTIO iOHIB BOAHIO, a JANA PO3YMHIB oc-
HOB — TIIPOKCHI-I0HIB. CuneHi KHMCIOTH Ta OCHOBM IHCOLINITH
MOBHICTIO, cnabki — 4YacTKOBO # 06OpOTHO. ['pyHTYIOuMCE Ha Teopii
ENEKTPOMTUYHOL auconiaull, MOsKHa KIIBKICHO cxapakTepH3yBaTu
CHJY KMCJIOT Ta OCHOB 3a JIONOMOIOI0 iXHIX KOHCTAHT eNeKTposiThy-
HOI gucomlanll — Oinbiua KoHCTaHTa AMcOouiauil Biarmosimae cHMIBHI-
UMM eneKTpoaiTam. BaraToocHOBHI cnabki kmenor ta BaraTokme-
N0THI ¢nabkl OCHOBM AMCOUIOIOTE CTYMHYACTO, | KoMHMIT CTYMiHB
XBpaKTepM3yETECA BAACHOK KOHCTaHTOW0. lna Heopragiummux Gara-
'TUDCHCIEHI.‘IX 'I'EHCHEBMi.CHHX KHCNOT Ileplla, ApYyra Ta TpeTdA KOHCTaH-
™ nnggmamjlgaasmai& cniBBigHOCATHCA MiX cobow mpubmuaHo, AK
1: ‘li} b 107'% rofro KoHCTAHTAE KOMHOIO HACTYMHOrO CTYMEHA gu-
coulauii Menma sa nomepenmio npubauzno B 10° pasis.

Y peakuisx wnelirpanisamii KMCIOT Ta OCHOB pazoM 3 BOAOK
YTBOPKKTLCA COMl — ENEKTPONITH, [0 JMCONIIITL ¥ pO3uUMHaX Ha
TO3UTUBHO a:apﬂ,nmeui ioun (KaTtionu MeTanis, ioHM aMoHIK0 afo ioro
nom_;xgl}, AKI BigpisHAKTLCA Bix iomie BogHIo, 1 HeraTuBHO 3apAa-
#eHl i0HM (ioHM KMCAOTHMX 3anumkiB). IoHu, ski 6yam 6 sarannun-
MM IJA BOJHMX poar-n_mis ycix conedi, Hesigomi, ToMy Ha Bigminy Big
KMCJIOT T4 OCHOB COJI He MawTh 3aralbHuX BaacTusocred. fx npa-
BMJIO, cOJi I;:oﬁpe aucouiolTk ¥ Bogi (TofTo € CcHMABHMMM enex-
TopqanaMH) 1 THM Kpallle, YUM MeHUI 3apAau i Bixsini poamipm Ixmix
10H1B.

rl,up«DKCM,F[H GaraTeox MeraniB 3paTHI pearyBaTm 3 yTBODEHHAM
B.cmu Ta coni HE TLIbBKM 3 KMCIOTaMM, & H 3 OCHOBaMI, Hénpmman,
TIAPOKCHA UMEKY B peakuil i3 confAHOI0 KMCAOTOK BUCTYNAEE AK OC-
HOBa, YTBOPIOIOUM BOJAY Ta Cifb — XJOPHA UMHKY (AKMIL ¥ BOAHOMY
PO34HE] ICHYE Y BUITIAZI aKBAKOMILIEKCY):

Zn(OH); + 2HCI = ZnCl; + 2H,0
abo )

Zn(OH]z + 2HCI + 2H20 = [ZH{HQO}.}}Clz,

4 M A€ PO3YMHY TIIPOKCUAY HATPI0 — KOMILIEKCHY ciib TeTpa-
FIAPOKCOUMEKAT HATPio;

Zn(OH); + 2NaOH = Nas[Zn(OH),].

B ionHiit dopmi 3arafibHy CXeMy peakiil sefirpasisauil rinpox-
CHAY LMHKY KMCIOTAMI | JYraMi MOMHA 3ANMCATU TAK!

+

H.O 0H-
(Zn(Hy0)** 5= Zn(OH) . [Zn(OH)y)*

¥ Kmenomy cepefoBMUIi piBHOBara mpolecy 3MilIVETHCA y OiK yTBO-

PEHHA aKBaKOMIJEKCY, B JysHOMY — ¥ OIK YTBOPEHHA riipoKco-
KOMILIEKCY.
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Tinpokcuan, AKI 3a7€MHO BiJ YMOB 37aTHI BMABJIATH KHCJI0THI
ta OCHOBHI BIIACTMBOCTI, HasMBaWTL amdiomepuumu, abo amgonri-
masu Jlo Hux, soxpema, Hanemars Al(OH);, Zn(OH);, Cr(OH)s,
Pb(OH),, Be(OH);, Sc(OH)3. AmcboTepsi BAACTHBOCTI MaiOTh TaAKOM
nerKi riIpPOKCHMAOBMICHI CHOJNYKM HeMeTanis, HaNpHMKNan oproapce-
uvera kucnora HyAsOs, fiogHyBaTucta kuenora HOL

Apmie amcoTepHocTi 3yMOBJIEHe THM, U0 B MOJeRyJax amco-
TEPHMX JEMEeHTIE NOJAPHOCTI 3B'ASKIB MiZK UMM EJEMEHTOM i KucC-
HEM Ta MiXX KMCHeM i BojHeMm Oauabki Mixx cofow. ¥ posumHax Ta-
KMX eAeKTPONITIB YCTAHOBMETHCS CKIANHa piBHOBara, B AKil Ge-
pyTh y48CTh NPOAYKTHM IX gucouianii 3a THIIOM KMCJIOTH Ta OCHOBM:

H* + O—E 2 E—O—H 2 E* + OH".

OcuoeHi i kKucnorHi BaacTusocTi aMpOTepHEMX TIAPOKCHUIIB BUpa-
sKeHl He3HAYHOI MIpOID.

Pazom 3 oyeBMaHMMM ycnixamu Tteopii AppeHiyca BUABMJIMCH
TaKkoK ICTOTHI Hemonikw, nos'sazaHl Hacammnepes 3 ii ofmesxenicTio.
Teopis MOBHOK MipoK NOWMPIOETLCA TINLKM HA BONHI PO3UMHY,
OCKIMBKM BJIACTMBOCTI KMCJOT Ta OCHOB MOMKYTH BMABJATHUCA JHIIEe B
paai muconiauii ix Ha ioHM, a peaxuis HelTpaJisanil nojarae y cno-
nyuenni iomis H* i OH™ 3 yTBOpeHHAM MOJEKya BOAN. IIpoTe
nonifei Bsaemonii mostyTh BigbyRaTMCHE TaKoM 1 3a BiacyTHOCTI
pos4MHHMKIB, Hanmpuxyag y rasopill dasi. Tak, kuenoTH i OCHOBM
MOYKYTb B3AEMOAIATH mixe cobowo, He Oymyuu AMCOLIMOBAHMMM Ha
jon. Hampuknan, OeasomHMil XJIOPOBONEHb, AKMHA CKAANAECTBCA
TITLKM 3@ MOJIEKYJI, JIE€TKO pearye 3 6e3BOaHMMM OCHOBaMM.

Heponik Teopii enexrposiTunoi aucomiatii MONATaE TaKoX B
oOMEEeHOCTI MOHATTA «OCHOBa» TIILKM eNeKTPOoJiTaMH, 110 MiCTATH
rpyny OH. Bogsouac sigomi pedopusm, Axi He MICTATB MApOKCHIb-
HMX TPYT, afté BUABNAKThL BAACTMBOCTI OCHOB, 30KpeMa aMiak, aMiHK
Ta meAax! iBMI cronykM, AKI B3aEMOJiIOTHL 3 KMCAOTaMM 3 yTBOpeH-
HAM coqell (cosi aMoHiK):

NH; + HCl = NH,CL

BupueHHs peakniii nomibHoro Tvmy, a Takos peaxuiit, axi sinbysa-
JOTBCH B HEBOJHMX CEpelOBMILAxX, CNPHMANO Y3arajlbHeHHI0 NOHATH
npo KMCJ0TH Ta OCHOBM.

Teopia coansocucrem. HenpasoMipHicTs oOMeMEHEA KMCIOTHO-
OCHOBHOI B3aeMO7il BOOHMMM PO3uUMHAMM 3'AcCyBajacs Mj 4Yac BM-
BUeHHA Peakuiil Mixdc eleKTpONiTaMK B iHIOMX DPO3YMHHMKAX, HACAM-
nepen y piaxomy amiaky. Bin amareuit posumuaTi GaraTo Heopra-
HiYHMX CMOJYK 3 YTBOPEHHAM eJeKTPONpPOBIAEMX PO3YMHIB, IO
cBizuuTh Npo nepebir npouecy enexTpoiTHuHOI auconiauil. Excne-
puMeHTanbHO Oyna nOBeaeHa OHauHA aHANOrNA MDK peaxuiaMy
eJIeKTPONITIE ¥ BOAHMX POSYNHAX Ta B CEPeJOBMILI PiAKOro aMIaKy.
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IIIDE 3PO3YMITH IO aHAJOriio, NOPIBHAEMO BlacHy Auconianio
(camoionizanio, abo asroioHizauin) Bogu Ta piaxoro amMiary:

H,O 2 H" + OH™;
NH3 2 H* + NH;.
Y BonHux Po3uMHaX i0HM H" 1a OH™ icuytors y rimpaTosaHomy
crai. Tax, nporon H™ inrencusHo rizpaTyerbes 3 yreopennam iona
r'ApOKCOHIIO!

H* + H,0 2 H;0%,

AHAJIOTYHO 0H BOAHIO COMLBATYETLCA B piaxomy amiaky, Tomy Bim
ICHY€ ¥ BMIJIAAL 10HA aMOHIK!

H" + NH; 2 NH;.

Orxe, npouecy BracHoi auconianii Boau ta piaxoro amiaky signosi-
Aal0Th DIBHAHHAM

H;O + H:,0 2 H;0" + OH™;
NH; + NH; 2 NH: + NHE.

Hop:m 3 loHEMM poByTROM BOAM ICHYIWOTb i0BHI mOBYTKM iHMX
PIAKMX PEevOBMH, HANPHKIA] aMiary:

K, = [NH] |[NH3), K, =102 (t = -33,4 °C).

Koncranty K, nasusaiors xoncmanmow aemoioniaayii.
vy HABENIEHMX DIBHAHHAX aBTOiOHIZaLil pisHMX pewuoBMH mpocTe-
HYETBCA aHanorifg, AKa BMABMAETLECH y DaraThox iXHIX BJacTHBO-

FTHK,‘ Ile ctac oyeBMgHMM, AKULO poaraAgaTH 10H aMOHIO NH} Ta
10H TiAPOKCOHI0 H;0*% ax conbeaToBani npoToHM. Cnpagxni, 8 pasi
AOfaBaHEA 10 pigKoro aMiaKy KMCJIO0TH, HanpHKJIan XJopHoi, Biaby-
Ba€TLCA Peakilld YTBOPEeHHA CoJl aMoHio:

NH; + HCIO4 = [NH,4]CIO,.
Amnanoriyda peakuia einbypacThes y BonHOMY PO3UMHI:

H,0 + HCIO, = [H;0|ClO,.
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Moxifuo po moximamx HaO' y Boni moxixgsi ioHa NH; y pinkomy
amiaky MOBOAATBCA AK KMCJIOTH (amomoxucaomu), a noxigsl ioHa
NH; (amanorigso iony OH™ y Boxi) — #AK OCHOBX (amoroocHoaU).
Hanpuknaj, CHMMBHMMM KUCJAOTAMM B PinKOMY amiagy € NH4CI,
NH,NOs, a ocaosamun — KNHj, Ba(NHy),. Tloxixai iona NH, ma-
SMBAIOTH TAKOM amidamu. BBNUAjiHA PeaKuia HeliTpanizamil CuABHOI
KMCJOTH CWUJBHOK OCHOBOK Tak camo BinOyBaeTbCcHA y BOJAHOMY
po3uudi i B pigromy amiaxy:

[H;0]CI + NaOH = NaCl + 2Hy0,

[NH4]C] + NaNH; = NaCl + 2NH4
Kucmora  OcHomRa Cine PosuMHHHE

i CYynpOBOIMYETECA YTBOPEHHAM HemMCOLifi0BaHUX MOMEKyJl pO3-
YUHHUKA!

NH; + NH; = 2NHy

Ile amamori4so mpoliecy HefTpamizauii CMIBHMX KHCIOT i ocHOB ¥
BOJI, 1110 nepefaeTsCA PiBHAHHAM

H;;D'i' + OH™ = 2H,0.

Crnoayru tumy Zn(NHg); ta Al(NHj)s, nogibuo po Zn{OH}); Ta
Al(OH);, mMaiOTs 10HHO-KOBaJEHTHMMH 3B AZ0K | MOBOOATBCHE AK aM-
doTepri pe4oBMHEM — 3 aMOHOKMCIOTaMM BOHM YTBOPIOIOTH amiadsi
KOMILTEKCH, AKI MOMHA pPO3STNAAATH K aHAIIOTH aKBaKOMILIeKCiB!

Zn(NH,)y + 2NHCl = {ZH{NH3]4]C]2;
Zn(OH), + 2H,0CI = [Zn(H;0)4]Cly,
a B pasi Bzaemoxii 3 IOHHMMHM aMOHOOCHOBAMH (amigamn aKTUBHMX

MeTaliB) YTBOPIOIOTH aMifHl KoMIIeKcy nonibao ao riAPOKCOKOMIT-
meKcis:

Il

Zn(NH,); + 2KENH, = Ko[Zn(NH3)4];

Zn(OH); + 2KOH = K4[Zn(OH)4).

Pigxuit amiak, AK i Boja, € CIMIBHMM OHI3YIOYMM pPO3HMHHMKOM.
Tak, ananori4#0 BOJAHUM PO3YMHAM JYTIB, PO3UMHM amigis meTamnis
(saranpaa Gopmyna MeNH,;) y pimkomy amiaky npoBOAATB eJeK-
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TPHYHMIA CTPYM, LU0 3YyMOBJEHO AMcoiianicio, Aka ;
mianii myrie y Bogi: : nouibra no puco-

NaNH; 2 Na® + NHj;
NaOH 2 Na® + OH".

Y pigKOMy aMiaxy pO3UMHHMMM € TLIBKM aMmifyM HailaKTMBHILINX
meranis (KNHy, RbNHj, CsNHy), Tomy Baskoposumusi aminn, Ak i
BaXKKOPO34YMHH] rigporcuau GibllocTi MeTanis, MoMHa noﬁyaa:m 3a
peaxiiamu 00MiHY, HaTIPUENaN;

Zn(NOg); + 2KNH; = Zn(NH,)yd + 2KNO; (y pinkomy amiaky);
Zn(NOg); + 2KOH = Zn(OH),d + 2KNO;3  (y Bogi).

Tinponiay y BOAHMX PO3UMHAX Bianosizae amonoais, axuit sinfy-
BAETLCA B CEPENOBMINI PIAKoro aMiaky:

ZnCl; + H;0 2 ZnOHCI + HCI:
HgCly + 2NH; ¢ HgNH,Cl + NH,CL

Ha_cu:nna] BHINEBMKIIA/ICHOr0 MOXKHA AIATM BMCHOBKY, 1IN0 aMmizm
;I::‘;J:; ¥ CEpemoBMILl PIAKOro aMiaky MOBONATLCH AK OCHOBM, He-
9M Ha TE, 110 BOHM He MICTATE ¥ CBOEMY CcEJani ri

- l a3

Hux rpyn OH™. 4 s

Horaanm, 2HAMOTIYHI POSTNAHYTHM, MOMHA 3aCTOCYBATHM TAKON i

ANA IHIMX Piakux OesBOAHMX PO3YMHHMKIB, Takux, sk dToposo-

fleHb, XJ0pun m:::ﬁm(V} Towlo. Hanpurnapg, eMacHa gucouiamis
pigroro HF signmoeinae peaknii

HF + HF 2 HoF* + F~.

BI,;IIIGB]:I_[HI? Ao Teopil conbBocucTeM, ocHoBaMu y GessogHomy (To-
PoBOAHI € i0HHI (PTOPUAN NYIKHMX Ta JYIKHOBEMEIBHMX MeTamnis, AKi
3 10HHO-KOBaNeHTHUMK (aMdoTepanMy) i KOBANTEHTHUMM [rcncm';"ﬂu—
M) @TopupamMm yTBOPIOWOTH (HTOpMAHI KOMreKcH (aHamoriuHO
TIpOKCOROMILIEKCAM Y BOAHUX PO3YMHAX), HANPUKIAL:

CrF3 + 3NaF = Naj;[CrFg];

Cr(OH); + 3NaOH = Nag[Cr(OH);).



424 PO3YMHH ENEETPOJIITIB

PoarnanyTti noauuii Teopii conbBOCHCTEM NAKTE 3MOry POSIIM-
PHTH TOHATTA KMCJOTH T OCHOBM' KUCAOMOMW € CHOJIYKa, AKA yTBO-
pwc B PO3YMHI T1 NOSMTHBHO 3apALHIeH] IDHK, AKl] BHHHEKAKTE
BHACNIOK BJAacHOI amcouiauil poaunHHMKa (Hampukaan, H;0F —

nna soau, NH; — ansa piakoro amiaky, H,F* — ana pigkoro diro-
POROZHIO); OCHOBOM0 € CNONYKA, AKA B po3HMHL YTBOPIOE Ti HEraTMBHO
aapaAceHi ioHu, AKI BMHUKAIOTDL BHACTIAOK BIACHOL ZMconiamil pos-

unaaMka (Hanpukaax, OH™ — ana somn, NH; — pna piaxoro
amiaxy, F~ — zaa pigkoro Geasonnoro dbTOpOBORHIO).

Teopis COJBLRBOCUCTEM TAKOM € HOCHTE obmesxenow. Cnpasai, oJa
finbmIocTi po3uMHHMKIE TpolLecH asToioHizauil He suByeH] abo Baa-
ran He BiabyBatoThca. Kpim Toro, TEOPiA CONbBOCHCTEM HE PO3IJIA-
Nla€ KMCJIOTHO-OCHOBHMX BJACTMBOCTEHl THX PEHOBMH, AKI He YTBO-
PIOIOTEH i Wac Aucoujauii ioHis, OOHOMMEHHMX 3 THMM, AKI BUMHMKA-
jOTH BHACHLOK aBTOiOHiBauii posuMHHMka (Hanpuxiag, rigpokcuiy
HaTpil0, poaunHeroro B clupTi abo pikomy amiaky). [lro Teopio e
MOKHA 34CTOCOBYBATH /A KMCIOTHO-OCHOBHMX peakuii, Akl Biody-
BAIOTECHA HE B PO3YMHAX.

Mpomouna meopia HANEHMUTE 10 HaliBaXIMBIIIMX CyHacHMX
Teopiil KMCJIOT Ta OCHOB.

3rigHo 3 1€} Teopilelw KMCAOTOK € pevoBHHa (MONeKyna abo
ioH), AKa 34aTHA BigmasaTH i0OH BOJHIO (mporosn). w0 a3maTHICTE KM-
cNOTA BMABJAEC AK y BLIbHOMY cTasi, Taxk i 3a HAABHOCTI PO3YMH-
HHMEA.

HafiGinema sigMigioTs npotoxrol Teopil i Teopil Appeniyca
NoMEraE B o3HaueHHi MoHATTA ocHoBi. OcHosa — e pedoBnHa (Mo-
nexyna abo ioH), AKa B 3ajaHid peaxuii npuenHye 10H BOAHIO (MpPO-
Tor). OcHOBaMu MOXKYTh OyTH AK CMONYKH, IO MICTATE rpymu OH,
rak i iHmi Monexkysm abo ioHu, Akl 3AaTHI NPUEAHYBATH TIPOTOH.

Konu Bifi MONEKYJM KHCIOTHM BIIIENMIOETBCA 10H BOLHIO, TO
yTBOpioeThes i1 amion. ¥ cmoio wepry, Takuit aHIOH BUCTYMA€ AK OC-
HOBa, BiH MOKe 3HOBY NPHEIHATY MPOTOH H YTBOPUTH KMCIOTY, TO-
My BrifIH0 3 MPOTOHHOW Teopiew OyAb-fKy peaxuio BigilenesHs
ApOTOHA Bif KMCAOTH 300paMyi0Th CXEMOI0!

Kucnora; 2 H* + OcHosa,.

Kucnoty # ocsosy, Aki 38'AsaHi Misk coboi0 TakuM "IMHOM, HA3M-
BalOTh cnpaxenumu. Hanpuknag, auetar-ioH CH3;COO~ — ocHosa,
cnpszxena 3 ourtosoio kuenoroww CH3;COOH, iow H;0® — guenoTa,
cnpsamxeda 3 ocHopow HpO. Hude HapeneHo npukiam amncoliamiil,
110 CYTPOBOAMKYETECA YTBOPEHHAM CHCTEM COPAMEHHX KMCIOTH Ta
OCHOBIL.
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Kucaoray MpoTon OcHopa,

CH,COOH 2 H' + CH,COO0™
HCl 2 HY + cl
H;0* 2 H' + H.O
H,0 2 H* + OH"
NH} 2 B +: NHg
HPO} 2 H + PO}
H,PO; 2 H - HPOS

Ion HPD?{ MOYK€ BMCTYNATH AK KMCJIOTa Ta AK OCHOBa, OTHE, 4ac-
THHKM TAKOr0 TMUNY BHABIAIOTE amdoTePHMI XapakTep.

Monekyaa KMCIOTH caMa Mo cobl He MOXE PO3MIENHTHCA HA Npo-
ToH i axioH. Ilefi npouec motpeGye saTparti eHepril, Ary MOMKHA
OTPMMATH BHACHIAOK XIMi4HOI peakmil MpMESHAHHA MPOTOHA JO OC-
HOEH, 'rc:ﬁm 3a paxyHOK colbsaTalil npoToHa ocHOBOKW. OTxe, AndA
TOro mied KMCI0Ta aMOrJa BigzaT npoToH, HeoDXigHa HAABHICTE OC-
HOBM, B POJi AKOl MOX€ BMCTYMAaTH TAaKOMK i POIUMHHMK. 3rifHo 3
NPOTOHHOIO TEOPIEK KMCAOTA BIAAAE MPOTOH TLIBKM I Ai€H0 OCHO-
BH, AKA Joro npuiMac:

H*' + OcnoBay 2 Kuenoras.
Hanpuknaz, grcomjauis XJ0POBOAHIO ¥ BOAI ONMCYETHCH PIBHAHHAM
HCl + H,0 2 H0* + ClI".

¥ uiit peakuil XNOPOBOAEHE AK KWUCJIOTA Bifila€ MPOTOH, 8 MOJIEKYNa
H50 Ak ocHoBa fioro TIpUETHYE.

_ ¥ troMy paai, KOJIM PO3YMHEHa PEYOBMHA € CUJIBHILION OCHOBOIO,
Hi¥ BOJA, BOJA CAMA BIAJAE€ BJAACHMH MPOTOH i BMCTYNAC HAK KMCIIO-
Ta. [IpurnanoM € Bzaemozin aMiaky 3 BOLOIO!

H,0 + NH3 2 NH] + OH".

Boga € amMdoTepHnM POZYMHHMKOM, y PEaKUifAX 3 KMCJIOTAMH BOHA
BMCTYIAE AK OCHOBA, 4 B Peaki(ifiX 3 OCHOBAMM — HK KHMCJOTA.

Ilepexin npoToHa BiA KMCJOTH [0 OCHOBM BinbypacTeCA 3a pe-
AKIIAMNM!

Kucaora; 2 H' + OcHosa,
(HCl &8 Y +C17),

H*' + OcHopas 2 Kunenotag
(H' + H:O 2 HzO")
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¥ zaranbHOMY BMIVIAJI KMCIOTHO-OCHOBHY B3aEMOJII0 MOMHA [MO-
HAaTH CXEMOID

Kuenora; + OcnoBas 7 Kucnoras + OcHoBa,.
Hanpurnan, y peaknii

OH" + CH;COOH 2 CH;COO" + H,0
| - |

ion OH™ e ocHoROIO|, AKA cripasena 3 kucnoto; HyO, a CHy;COOH —
KMCJIOTOg, AXa cnpaxeHa 3 ocHoBowy CHiCOO™ (ayxxramu nozwua-
YEHO CTIPAMEHI TapH).

3aranbHe PIBHAHHA KMCJIOTHO-OCHOBHOI B3aeMojil MifTBepmxye,
0 30aTHICTE KMCJIOTH BIANABATH HPOTOH (MMCOLiOBATH Ha 10HN)
3aJIeXKHTE Bifl cHMaM posumHHMKA AR ocHosu. Tobro Tyr Bimobparxa-
€TbCA TAKMIA BaXJIMBMI (DAKT, AK BIIMB POIYWHHMKA HA CHAY KM-
CAOTH: 9MM CHJABHILLNM € POSYMHHME AK OCHOBa, TuM Dinslia cuna
KMCJIOTH. 34 OJHAKOBMX KOHUEHTpauiit xucrmoTH il aucomiania mosxe
OyTH MOBHOK B ONHOMY DO3UMHHMKY, HANpPMEJIAJ ¥ PIAKOMY aMmiary
4YM BOJI, | HEGHAYHOW — B IHUIIMX, HATIPMEJIAJ] B OUTOBI# KucnoTi ¥
benzoni. Tak, y Bomi XnMOpoBojeHb AMCOUiIOE MPAKTMYHO [OBHICTIO,
TOMY € OY:e CHIBHOK KMCA0TOK. BogHodac y cepemoBMmi Heno-
nApHOro DeHaony XJ0pOoBOJieHb NPAKTUYHO HE POSIIEIIIETHCA HA
iomK, TOOTO MOBOOKNTBCA AK Aysie cnadka KMcaoTa.

[IpoTonna Teopis gae 3MOTy KijbKicHO BM3HA4aTH CUJIY KMCJOT
Ta OCHOB 3a JONOMOIoH KOHCTAHT mucouianii. Aroe kmenoTHo-oc-
HOBHY pearlil0 B 3arajBHOMY BUTJIAZI 34MMCATH DiBHAHHAM

HA + B 2 HB~ + A7,
Kuenora;  OcHopag Knenoras OcHopa;

TO KOHCTAHTa PiBHOBﬂm MaTHMMeE BUIAL
o _ HBI47]
(HA)B]

e pisranHA Bu3Hauae cuay kucnotv; (HA) sigHocHo ocHOBMp (B).
Hajiqacriwe pons ocrosu B sijirpae posumaank. Jas BogHMX pos-
YUHIBE PIBHAHHA PIBHOBATM MaTHMe TAKMI BMrJIAL

HA + Hy,0 2 HO + A~

Bpaxosytouu Te, wmio AnA poadaBiaeHnMX PO3YMHIB KOHLUEHTPAIA BOIM
€ BEJIMYMHOK CTAJI0, KOHCTAHTA Aucoifallil KMenoTH gopiBHIOBaTHME
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*

H.O"[47]
K. = K'[H,Q] = L_é_“._.h_u
a [ 2 ] EHA]

TOOTO BHMPA3 JJIA KOHCTAHTH aucodianii mae Takuil caMmuii BUTJIAL,
fiK 1 3a Teopiew enexTposiTiyHOI anconjauii AppeHiyca.

¥ niTepaTypi uactillie HaBOJATb HE 3HAYEHHA KOHCTAHT AMCOLNA-
mii kmenoT, a ixmi Big'emui jgecarkoBi snorapudmu pK, = -IgK,
(iHgeKc «a» MOXOMMTh Bijg yaT. caoea acidum — rmenora).

¥ BOAMOMY PO3HYMEI CHMJIa TAKMX OCHOB, AK aMiak Ta joro noxigui (NHj,
R-NH,, R;NH, R3N) suzHawaeThcA piBHOBArOW iX B3aeMogil 3 BOJOW,
AKY nnA aMieis R3N momua nogaTi piBHAHHAM

¥
RaN: + H,0 2 RgN:H + OH™;

_ IRy N HJIOH |
(R3N]

(ingere «bs» moxoguTs Bij aHra caosa base — oCHOBA). )
3aspuuail BMKOPUCTOBYITE Big'emuui norapuhm KOHCTAHT OCHOBHOCTI
Ky pKy, = —1gK,, OcroBa ™M cuibHilla, 44M MEHILe 3HaveHHA pKy
Cuay OCHOBM BM3HAYAKTH TAKOM 34 KOHCTAHTOK KHMCJIDTHOL ZUCOLUALIE

il nporosrol thopmu H,»
R;N:H + H,O 2 HyO + RgN;

_ [H0"IR;N)

a

(R, NH]

Axmo nepemuoxuTH Bupasn Ky i K, To oTpuMacmo supas ioHHOTO 10-
ByTry Bomu K, Tomy cyma pK, i pKy nopissioe sin'emuomy norapucmy
{onnoro pofyTry Bom, Aruii 3a Temnepatypy 23 °C craHoeuTh 14

pKB + pr = 14,

CrippigsoineRss, aHaloriusl HapeJeHMM, COPABELIMBl TAKOH IAA He-
BOJIHMX PO3HMHIE,

Yenix nporoHHol Teopil nmoaAra€ B TOMY, L0 BOHA po3lMpmia
NMOHATTA KMCJIOTH Ta OCHOBM | HA [PYHTI ysiBJIEHB MpO KHCIOTHO-
OCHOBHY B3a€MOAII0 NOACHMJA MexaHiam mepediry sHauHO OLNIBLLLIOTO
yycsa peakuin, Hix TEOpiA eNeRTPITHYHOI AucoLianil,

[Ipore w0 Teopilo He MoO}Ha 3aCTOCOBYBATH [AJA KMCIOTHO-0C-
HOBHOT B2aemoJil 3a Y4ACTH) Ped0BMH, AKI He MICTAThH PyXOMMX aTo-
MiB BOOHIO,
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Enexrponna rteopia. lls Teopia poarnsgac€ KUCIOTHO-OCHOBHY
B3REMOJIif0, BUXOJAYY 3 eNeKTPoHHOI Bya0BM pedoBUH Ta ix 3JaT-
HOCTI 10 YTBOPEHHA KOOPAMHALINHOrO (JOHOPHO-AKLENTOPHOIO) KO-
BaJIEHTHOIO 3B'A3KY.

SrifHO 3 eJIEKTPOHHOI TEeOpi€w OCHOBOK € CIONAYKA, 3[aTHA Ha-
naBaTH eNeKTPOHHY Mapy AnA YTBOPeHHA 3B'A3KY, a KMCJIOTOK —
CroJiyka, 37aTHa NpUAMAaTH elexTporHy napy. Cnonykm, Akl € go-
HOpaMM eNeKTPOHHMX Map, HA3MBAKTL ocHoéamu JIbvioica, a cnoay-
KM, AKI € aKUeNTopamMu eJexTPOHHMX ap, — xucaomamu Jivioica.

Posrnanemo peakdino vefiTpanizanil cHabHOI KHMCJIOTH CHIBHOK

OCHOBOMD:
B + Oy = HiH

3rigHo 3 yYABMEHHAMM TIP0 NOHOPHO-AKLUENTOPHMI MeXaHiaMm Ku-
CIOTHO-OCHOBHOT Baaemojil ion sogaio HY mMae xMcnoTHI BRACTHBOC-
Ti, OCKiIBKM B HBOro € BinkHa ls-opBiTans, sa paxyHox Akol BiH
anaTHMIT npuensyBaTuca no ioHa OH™. OcTanrifl Hagae enexTpoHHY
napy /J1A YTBOPEHHA KOBaJeHTHOTO 3B'A3KY | TOMY € OCHOBOID,

Hapepemwii npuenan nigTBepaskye, 1Mo AJA PEYOBMH, AKL MO-
MyTR BigmenmoBaTH abo NpPMEZHYBATM NPOTOH, NOHATTA KHCIOTH
Ta OCHOBM 3a Teopiamu Bpedcrena i JIsioica sbiratorsca. Bogrouac
eJIeKTPOHHa TeopiA 3maTHa MOACHUTH KMCJOTHO-OCHOBHI BlacTHBOCTI
TAKO¥ alpOTOHHMX CIOJYK, TOOTO CIIOJNYE, DO CKIAajy AKHX BOJEHb
He BxoauTe, Taxuil nmiaxig gaB 3MOry 3HAYHO PO3IIMPHTH KOAO pe-
akuii, Aaxi moMHA BigHECTM 40 KMCJIOTHO-OCHOBHOI Baaemopii. Ha-
Opuiaan, mija yac szaemopii amiaky sl dTopupom 6opy enexTpoHHA
napa :NHj (ocnoBa Jlsloica) Baaemogie a BinpHow 2p-opbitaimo Go-
py ¥ BF; 3 yTBOpeHHAM KOBAMEHTHOrO 3B'H3KY!

F H FH
F:ﬁmf:\:H:H = FB:NiH
F H FH

Hwxve HaBeneHo NpukIagu peakuif, Axi arigHo 3 eJEKTPOHHOIO
TEOPIEH HANeXaTb A0 KMCIOTHO-OCHOBHOI B3aEMOmil;

F F
FiBM+ 10:CH,CH, = FiB:0icH,CH,
F CH,CH, F CH,CH,

H . O g
H|11/_+\DuH H:N:H

H H
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Ag* + 2NH; = [Ag(NH;),]*
AI-C]g + Cl- - (ﬂICL”'
KEncnora OcHoBa
Jeoica Jlsmica

Hemonikami Teopii Jlpkoica MoKHA BBamKaTH Te, W0 BOHA He
CIIPOMOKHA OLHMTH CHJY KMCJIOT Ta OCHOB, & TaKOM BIUIMB PO3-
YMHHMKA HA KMCJIOTHO-OCHOBHI PiBHOBATMH.

Cuna kucueBMicHux kueiaor. JINA xapaKTepuMCTHEY CUJIM [IPOTO-
HOBMICHMX KMCJOT CKOPMCTAEMOCE 3HA4YEHHAMM KOHCTaHT gucouiauil
¥ BOJHMX POIUMHAX.

3aranom CKJaj KMCHEBMICHMX KMCJIOT MOXKHA NomaTH (hopmyJNolo
(H—0),,, X0, ¥ BogHOMY pO34YMHI CKHJa TAKMX KUCIOT BHM3HAYAECTBCH
NPUPOAOI0 KMCJAOTOYTBOPIOBa4a Ta 3HaueHHAMM m i n. Ix cuaa apo-
cTa€ ai 30IMBUIEHHAM YMCAA N Ay¥e eNeKTPOHeTaTMBHMX AaTOMIB
KHMCHIO MOPIBHAHO 3 4MCAOM TigpokcuIsHMX rpyn m. Lle symosneno
sbinblennaM amimeHHA enexkTpoHiB 3B'asky H—O no xucaio, nin-
BUILEHHAM [OAAPHOCT] BOTO 3B'ABKY Ta $0T0 3MATHOCTL A0 AMcoLia-
uii mix giew nonApHux moneky’s oaun. Jo cdakTopis, AKi BNAKBAIOTH
Ha CMJy KMCJOT, HaflemuTs crtabinizauiz B posuumi ix amiouis, Axi
yTBopioloTeeA npn pucomianii. CraGinisaniil auiosiB crnipuse neno-
kajisalia ix HeraTuBHOro 3apAny mixk Nepudepiifuumir aToMamu
KMCHIO, L0 3MEHLIye eHepri npuTAradusa nportodie. Hanpuknan, B

awioni (ClO}) xnoproi wucioru (HCIOy4), sika € HafCMABHINIOK 3

KUCHEBMICHMY KHMCJOT, HETATHBHMI 3apAn piBHOMIPHO pO3noninA€TheA

(menokanisyeTnca) mid €OTMpMa aTOMaMM KMCHIO (HAa KOMKHOMY 3

HUX JIOKaJiZyeThCA JHIIE l/4 omuunui sapagy) Le MOJKHA [pO-

IMIOCTPYBATH HA NPUMKJIaL] KMCHEBMICHIX KHUCJIOT pi3HMX THIIB.
Cnabki kuenorir, Tun kucaorn (H-0).X (n = 0):

OH OH OH
HO OH
}|3 H—OCI H—OI Sl \1[/
e b F e
7N o K\‘UH no” | on
HO OH OH OH
H3BO, HOCL HOI H,Si0, HgTeOg
K; 58-10°10 32-10% 2,3-10-11 2-10-10 2-10%

Kncaoru cepeguwol cumu, tun kucaoru (H-0),XO0 (n = 1):

O H ~. O-H
B0 g H

(i = ) _IED_"NQO -IL ::JI <
H-O %';DD—H E _ A &\DQH tay (LI,? AR

H.S0, HNO, H,PO, H510g

K; 1,3-102 4,010 7,52+ 109 3,1-10%



430 PO3YHMHH EJEKTPOJITIB

CueHi xuenoty, in gucaotn (H-0),,X0, (n = 2):

O H-O_ CO C,o co
BOO-NT, 8, B,  HOO-oER
0 B YO i &
HNO; H,50, HCIOy HCIO,
K, 436-10 1-10° -+ 103 -+ 1010

3b0inemennaM nouapHocTi 38'a3ky H-O v rapbokcuawuiit rpyni
OLTOBOI KMCJOTH 3a PaXyHOK BiATAryBaHHA MOr0 eJeKTPOHIB eJeK-
TPOHETaTHBHMMYM 3aMicHMKaMy (aToMaMy XJ0OpY) MOACHIOTE 3PO-
CTAHHA CHUJIHM OPTaHIMHMX KMCJIOT Y IOCJIOBHOCT]

Cl (]
0 0] | O I 0
cns—cfi ~ CH,,—C: " cn—ci - ci—-c—c”
O-H | o‘m | O u | SGrm
Cl cl
K 1,74-10° 1,36+ 103 3,32-10°2 2-10°1

[Ipupoaso, 110 B pAZax OOHOTHMIHMX KHCHEBMICHMX KMCIOT IX
Clila 3pOCTaE 3i 3MEHIIeHHAM pajfiyca aToMa KMCJIOTOYTBOPHOBaYa i
30inslIeHHAM HOTO eNeKTPOHEraTHBHOCTI (3pOcTaHHA MONAPHOCTI Ta
nocaabuenHa 3s'aaky H-0):

H H H
b T ~0—Br ~o—cl
K 2,3-10-11 2,06-10°% 3,2-108

Cuna GeskucHeBHX KMeaoT, [0 TAaKMX KMCJIOT HAJEATE HAcaM-
nepen BogHeBi cnosykm p-enementis VI ta VII rpyn nepiogmusol
CHCTeMM:

BaacTueicts H,0 H,S H.Se H,yTe
Tlepma xoEcTaHTa gMCO-

ufanii K, 1,8-10-16 1-107 1,7- 10 1-10-3
Joes#una a8’'azxy X—H, nm 96 133 146 169
Enepria ar’aaxy X—H,

KJI#%/ Monn 463 347 276 238
Koediiuient zpartsocri a0

nonapuzanii o, m° 1,444-10-%|3 642 - 10-30

BnacTHBicTh HF HCl HBr HI
Ilepmia woHcTanTa gwco

miauii K, 6,6 - 10 1-107 1109 1,6 101!
Joesoina 38'asky X—H, nm 92 128 141 160
Enepria zs’aaxy X-H,

® 3/ Monn 563 431 364 297
Koedimient zgatwocti  go

nonspuzanii a, M3 2,561 - 10-3|3 492 - 10-305,199 - 10-30
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3 HaBeJeHMX MOPIBHANLHMX JaHMX BMOHO, IO B PAAaX KNCJIOT 3
aHaJoriuHoKw OyJOBOK MOJEKYJ KMCJIOTHI BJACTHBOCTI 3aKOHOMipPHO
NocKMOKTECA B Mipy ablasiuenss poamipis aroma HeMmeraxy,
3B'A3aHOM0 3 aTOMOM BOZHIO. TaKy 3aJedHIiCTh MOACHIOWTE 3pO-
cTaHHAM JoBuHM 3B'A3ky X—H Ta sHayAMM 3MeHIIEHHAM oro
MilHOCTI, BHACHIAOK HOro Big MOJEKYNA PeYOBMH MOJErLIYETLCA
BifIeNIEHHA ATOMIB BOAHIO Nij Ji€H0 NONAPHHMX MOJIEKYN BOIM.

SpozymitTi BOAMB pisHMX YMHEMKIE Oynoem MONeKyJ KMCIOT Ha IXHID
CHAY OONOMArae POrNAf cTadid, AKl BM3Ha4aloTh enepriio [ibca ix am-
colanii ¥ BOAHOMY POIUMHI, ; o oL

IIns TepmognHaMiuanx poapaxyukis exeprii ['G6ca gucowanii rasore-
HoogseBux wucnor (HI) y poRums] BMKOPWCTOBYIOTE TepMOXiMiuHMIA
LMKN, AKMA BIOYAE YTBOPEHHA 3 TiApaTOBAHMX BUXigHux monexyn HIp)

+ =

rilpaTOBAHMX 10HIB Hip) Ta I'p. npoMa MOMAMBMMH IILIAXAMHA!

AGY, - -
[Hl"{p.” ’_‘*1 Hipy + ru!-hl

aG“l I maax 1 AGh

Hrlir) . Hir) + T

AG s AG?
AGY ;

Hiry + liry——— Hiny + T'in)

Heofxigei nani ons mmx pospaxyHKis HaBegeHo B Tabn. 14.6.

Tabauys 14.6. [ani nnn poapaxysxy ewepril Tibbca AGy,, mucomiamiy
raToreHOBOJIHEBMX KHCAOT ¥ BOIHOMY PO3qHHI

— . AGY, w I/ Mok
Crapgia npougcy ar HCl 'EH:HHBI. HI
Jerigpatauia monexkyn HI' 24 -4 i, i

Hrlpy = HIMin)
Poagnan mosexyn HI' wa aTtomu

537 | 405 | 340 | 269
HIr) = Hir) + Tir)

Ilepersopexssn aTomis H Ha ionm H” 1324 | 1324 | 1324 | 1324
Hir) — le” = HYr)

Ilepeteopenun atomis I Ha foum [ -349 | -368 | —344 | -316
ey + le” = MNr)

Tinparauia ionis H* ra I

3HaueHHA aG;",__ 718 npouecy
HIp) = H*p) + Iip) (cyma cragii 1-5): 18 —-41 | =52 | —61
AGL.=AGl+ AGy+ AGy+ AG+ AGs
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Omxe, aMiugeHHA

HBr, HI (AG3).

AG!

AWC

y Oik Big'emMEMX
nepepaxHo 3i ameHwenHAM eHepril 3B'Askis y pAoy mounekya HF, HCL

3HAYeHE TIOB' AsaHe

Ha ocuosi ofustcnenmux asxadvens edeprii INiB6ea gucouiauii ranoreHo-
BOQHEBMX KMCJI0T MOM(H& KLUIBKICHO OLIHMTH BEJIMYMHM IXHIX KOHCTAHT OM-

colialfil ¥ Boal 3a piBHAHHAM AG:m = —-RTInK;

pK = =gk

HF
3,1

HCI

-7.1

HBr
-4.1

HI
=107

Poznin 15
INPOLIECH
OKNMCHEHHA-BIJIHOBJEHHA

§ 1. OxucHeHHA Ta BiAHOBJEHHA

€pLIOK HAayKOBOK TEOPI€ OKMCHO-BIMHOBHMX npouecis By-
Jla KuCHeed, 3@ AKOI OKMCHEHHAM HAZMBAJM MPOLeC cro-
JYyHEHHA PEYOBMH 3 KMCHEM, a BiJHOBJIEHHAM — npouec
BIAIIENNEeHHA BiJ HMX KMCHIO, HATIPUKIAN,

2Cu + Oy = 2Cu0Q; CuQ + Hy = Cu + H,0.

OxMcuenHa migi BigHoBneHua mizi

Kucnesa Teopia He NoACHIOBaJa IHIIOTO MEeXaHI3My OKMCHO-Bif-
HOBHMX Tpouecie, Akl Bigfysanuca Ges y4acTl KMCHIO, HanmpuRIan
BUAINEHHA METaNiB 3 IXHIX cOMei, eNeKTpoOCaKeHHA MeTalie mig
4ac eNeKTpogiay, B3aEMOAII0 METaJiB 3 raJioreHaMM, CipKO TOMmO.
Bopsoyac peari pearuil, Hampukaasn eaaemofin Migi 3 HeMeramamu
(cipkoio, rasoreHaMu), aHasoriyHa ii OKMCHEHHIO KICHEM, 8 BiJHOBU-
TH MiZlb A0 BiIBHOrO CT2HY MOKHa He Jumiue 3 i okcuAis, a it 3 iH-
1LIHMX CIONYE.

Ha nosatey XX cr. y 38’A3Ky 3 DPOBBHUTKOM y4eHHA rnpo GymoBy
aTOMa KMCHEBA Teopia mocTynumacd Oinbiu 3arafbHIl eJeKTpoHHii
Teopil OKMCHEHHA—BIHOBJIEHHA.

SrifiHo 3 HaBeJleHMM BMLIE NPUKJIANOM Milb ¥ peaxiil 3 KUCHeM,
a TAKOMX 3 IHIIMMM HEMETANiYHMMM eJIeMEHTAMM, HANpHKIan i3 X10-
PCM Ta CipKOO;

[ U +2 -1
Cu + Clz: = Cu(Cl»,
1] o +2 -2
Cu +S=CuS,

Bignae enexTporM i 36iABIIVE CBiff cTYHiHb okMcHeHHA Bim 0 go +2.
Orxe,

OKUCHENHA — Le Npolec BiJIaBaHHA eJIeKTPOHIB YacTHHKAMM
pedoBUHM,
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¥V Toit camuit wac y peakuil BigHOBNEHHA MiZl BoAHEM 11 CTYIIHB
OKMCHeHHA amenmyeTsca Big +2 mo 0, TobTo mias(Il) npuenHye
eJeKTPOHEN i BigHoBMOETRCA. OTHHeE,

aidnoBAeNHA — e Npolec MPUEJHAHHA eJIEKTPOHIB YACTHH-
KAMH pegOBHHM.

Yei ximiuni peakuii MoxHa pospginuTH Ha ABL rpymi. ¥ peakuiax
nepiiol TPYNHM CTYNEH] OKMCHEHHA eJNeMEeHTIB 3anMIIanTLCA HeaMiH-
HuMy (pearuil odminy, rigponisy, ;.mcomal_;il rowo). Peakuii apyrol
rPYNM CYNpPOBOIKYIOTBCA 3MIHOK CTYMEHIB OKMCHEHHA EJEMEHTIB.
3sigcH mpoueck OKMCHEHHA—BIAHOBIEHHA — L€ peaKllll, BHACMAOK
nepebiry axux BiagbyBacTbeA 3MiHA CTYNEHIB OKHCHEHHA €JIEMEHTIB.

MpouecyH OKMCEEHHA TA BIAHOBJIEHHA CIOPIAHEH] MIX cnﬁo:;a. Ko-
nM OAHA peqoBMHA BiAmae eNeKTPOHM ¥ OKUCHIOETLCH, TO 0008’ A3KO-
BO Mae OyTM iHIIAa pedoBMHA, AKa NPUENHYE Ii eNeKTPOHHM 1 BIAHOB-
moeThea, O6uasa npouecy eiafysaoTbeAa cymicHo, TODTO He MOMe
BinOysaTHCA OKMCHEHHA (e3 OJHOYACHOrO BiIHOBJICHHA.

Y mnpouecax OKMCHEHHA—BIJHOBJIEHHA MOMyTb Oparty ydacTb
Mmonexynu, aTomu abo iomu pearyioumx pedosuH. JacTHHKM, AKI
NPHERHYIOTL €JIEKTPOHM, HA3NMBAKOTh OKUCHUKAMU, & TJACTHHKEH, AKI
BinaTL enekTpoHn — eidnoenuxamu. Tak, y peakmil Mial 3 KMC-
HeM, XJI0pOM 493 CIPKOK Mifb € BiZJHOBHMKOM, & 3a3HAa4EH] HeMeTaH —
OKMCHMKAMW. ¥ peakuil okcuay MiAi 3 BOAHEM Mifbk € OKMCHMKOM, &
BOJEHb — BIOHOBHHKOM.

flkugo A0 posumEy, AKWH MicTuTh iorM Sn®*, aomaT pozumH, WO
mictute iomu Fe®*, to sinbynersca peakuid, BHacJHiZoOK AKOi yTBO-
pareea ionn Sn*t i Fe?t:

Sn2+ + 2Fed* = Sn*t + 2Fe?’,
Biguoenur — OxXMCHMK

I[Ipomec okiucHeHHs ioHiB Sn®* cynpoBOMMYETHCH BifLIETJIEHHAM
eJIeKTPOHIB;

Sn?* 2 Snit + 2e7,
a mpouec BignoBaeHHA iokis Fe't — npueanannam exexTpoxis:
Fel* + 1o~ 2 Fel.
TIonu Fed*, axi npueanyioTe enexrpony sin jonis Sn®*, e oxucnuka-
MH 1 BIAHOBJIOKTLCA A0 IOHIB Fe?* Opnouacro ioum Sn?* eigmarors

ENeKTPOHM iloHAM Fel" i ¢ BignoBHMKami, a cami OKMCHIOIOTBCA B0
ionis Snit.
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¥ pasl saHypeHHA wMeTasiy-
HOrO Bafliza B po34MH coni migi
(pue. 15.1) mumopinbHo Binbyna-
€ThCA DPEaKNiA pOo34HHEHHA 3aJi-
3a i BuAineHAR meramydol miai:

0 +2 +2 0
Fe + CuSO; = FeSO, + Cu

abo

0 +2 +2 0
Fe + Cu = Fe + Cu.

¥ wiit pearnii BIAHOBHMKAMM €  Puc. 15.1. KoxTakTHe BUTiCHEHHA
aToMM  3aJ13a, HAKl BIAOAKOTh Mifl 3aTizom
ENEKTPOHN OKMCHHMEAM — ioHAM
mizi(I1).

fBuma oKMCHEHHA | BIAHOBJEHHA 3arajloM MOMKHA PO3MIAJATH AK
NepeHEeCceHHA EJEKTPOHIB BiJ BINHOBHMKa 00 OKMCHMKA. ¥ KOMHif
peakuil 4HCIO0 eNeKTPOHIB, BiAgaHuxX ModekyJgamy (aTomMami, ioHa-
M) BIIHOBHMKA, NOPIBHIOE YMCJY EJEKTPOHIB, MPUEAHAHMX MOJEKY-
JamM (aroMamiy, i0HaMM) OKMCHMEA.

Mumorinsisii nepedir oxMCHO-BIAHOBHMX peakniii y HaBemeHux
BHMILIE MPUKIaAax NiATBEPAMKYE Te, 10 PeHoBMHM, AKI BMKOPUCTOBY-
BAJIMCA, € AOCUTL AKTHBHMMM BIHOBHMKaMM, a IXHI NapTHepu y pe-
aKLll — OOCHTH CHJILHMMM OKMCHHEaMy. Boarodac Axmo y peakumil
3 iomamu Sn®* jomu sanisa Fe* samimury ma ionu neskux iHmMX
meranis, Hanpukaan Znt, Fe?*, Cr¥*, ro mpouec okmcuenns ionis
Sn®* me sizdyparumersnca. Ile ceimunts npo re, wo iomm Sn®t me
AOCTATHBO CHJIBHI BITHOBHMEKM BiIHOCHO 3a3HaueHHx ioHie, a ocTtaH-
HI, ¥ CBOK Yepry, — HeJOCTATHbBO CUJbHI OKMCHMKM NOPIBHAHO 3
ionamu Fe®t. Amanoriumo axmo B posumm comi mimi(Il) emicTury
3aMiCTe MeTasiyHoro 3ajisa abo uMHKY cpibso, 80J10TO 4 PTyTh, TO
peaknia Takox He Bin0ysaTMMeThCA. 3 LBOrO BHIMBAE, IO HANpA-
MOK DRHC{iu—BigHOBHHx peaknift i cama momaueicTe ix nepebiry za-
JIeXATE BlJ «CHJIM» OKMCHMKIB i BigHoBHUKIB. Ile, y cBOWw wepry, no-
Tpebye BM3HAYEHHA NPUPOAM TAKMX BJACTHBOCTEH peareHTis, a4 Ta-
KO MOLIYKY Ix KinbKICHOTO BHpaj)<eHH:.

I kinexicroi XapaKTepHCTHKM OKMCHOI Ta BiAHOBHOI 3aaTHOCTI
PEHOBHH BMKOPHCTOBYIOTE €JEKTPOIHI NOTEHIIa .

§ 2. Enexrpoani norenniain

Arxwo meran Me sanyputH y Bogy, TO MOJAPHI MOJEKYJH BOIM
BHACTIAOK rinpaTauil noBepxHI CHPHYMEATHMMYTE nepexin rigparo-
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BaHMX ioHie MeTany B po3uuH. MeramyHa noBepxHA Hgﬁyge Hera-
TMBHOTO 3apALY, AKMI CTBOPIOETHCA 3AJMINEHMMM Ha HIA enexTpo-
Hamu, BHACITIZIOK LBOTO BMHUKHE €JMeKTPOCTATHYHE NPUTATAHHA ML
lomamu, Akl nepefuu B PO34MH, | NOBEPXHEW MeTany, o Mae
nporusesxkHuil sapan e nepemeoayae noaanbuomy J‘IEpEﬁ]I‘}' npo-
ecy pO3uYMHEHHA MeTajy 1 BUKJIMKAE 3BOPOTHMI [pouec —
BigHOBJIEHHA iOHIB MeTaxy Ha mosepxHi o BiabHoro merasny. Komm
mBMaKocTi lonHoro ofmiHy B 000X HanpAMmKax CTalOTh OIHAKOBUMIH,
B CHMCTEMI BCTAHOBAKETLCA CTAH PIBHOBATH MK OKHCHEHOH Ta

BiHOEJIEHOW dhopMaMi METAY:
Me + mH,0 2 Me(H,0);, + ne™.

Cral piBHOBarn 3alesKUThL Hacammepen BiO cni_aninuqmenus M'mr_c
KinbkicTIO eHeprii, noTpifHO] AnA BIAIENEHHA 10Ha BII TOBEPXHI
meTaay (pobora Buxony loHa) Ta KUILKICTIO eHepril, AKa BHILIAETH-
ca sracaigok rigparauil ioHa. [lopi6ua saaemonia BinbysaeTsca Ta-
KO y pasi 3aHypeHHA MeTajy B pO34uH #0ro coul. .

YacTiHa ioHIB MeTany, 0 Iepeiliiy B pPO34YMH, He PO3noAl-
JANTLCA MO BChOMY 0D'eMy, a NPUTATYTBCA 10 MPOTHIENHO 3a-
pAIKeHOl nosepxHi metany i posmimyloreca biia Hel 34 paXyHOK
eMeXTPUUHMX 3apAAiB METaxy Ta ioHiB enexTpoaiTy 3 60Ky posumHy
Ha Meml nomiNy MEeTajl—pOo34YMH YTBOPIOETLCA TOABIMHMI EJEeK-
TpuuHMI LIAD, AKMIT XapaKTepU3YETLCA POZMUTOI GyROBOIO. Ieena
gacTHMHa ionie yTpMMyeTbca No0iM3y (0BEpPXHI MeTaly i yTBOPIOE
KoHzexcoBaHy (LinbHy) ofKmanky MOABIAAHOTO €JEKTPUIHOTO 1LApY,
TOBIIMHA AKOI BiANOBizae CcepegHbOMY pajlycy I0HIB EJeKTDOJITY.
Bei imwi ioHM, o BXOAATH A0 CKAaAy MopaBifiHOro mapy, 'KOPCTKO
HE YTPMMYIOTHCA TNOBEPXHEn Mominy i poanoginawThes andysHO 3
MOCTYIIOBMM 3MEHINeHHAM TrycTunn aapany (puc. 15.2).
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Pic. 15.2. Cxema ByzoBu NoABIHHOMD eMEKTPHYHOTO WAPY

Orie, y pasl saHypeHHA meTany y Boxy abo B PO34MH, AKMNA
MiCTUTE fforo ioHM, Ha MesKli nojiny MeTa/l—po3diH YTBODHETHCA
nonBiiinui enexTpuYHMi AP,
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Ionni oxMcHO-BIIHOBHI CHCTEMM, AKi peani3yOThLes Ha mMerta-
JMI9HOMY NPOBIIHMKY, HA3MBAIOTEL eaexmpodamu,

PizHiUA enexTpMyHMX MOTEHIiaNIB M METasIoM i PO34YMHOM BH-
3HAYAE MOMEHYIAAL edexmpoda (eneKTPoAHMi nmoTexiian). B enex-
TPOOHOMY MOTeHliall 3aKjaZieHa OKWUCHO-BIHOBHA 3JaTHICTL cuc-
TEMM.

3apAn noBepxHi MeTamy B MOABIHOMY €NeKTPUYHOMY mwapi mo-
xe OyTi AK HeraTMBHuM, Tak i noauTMBuum. Heratueuuii 3apag uo-
BEpPXHI XapakTepHMii ANA MeTatis, lOHM FAKNUX MAalOTh BHCOKY
3MaTHICTL A0 Mepexofy B po3unH. 3 MIABMILEHHAM y PO3YMHI KOH-
ueHTpanil ogHoliMenHux ioHiB merany Me"t, srigmo 3 TTPHMHLMITOM
Jle [llarenbe, piBHOBara ionHOro 0bMiHy

Me™ + ne™ 2 Me

amimyeTthes y 6ik Teepnol dazi merany. Akmo kounentpauia iouis
Me™" Benuka, a meTan — MaJIoaKTHBHMH, TO HOro i0HM IIOMMHAIOTH
NepeXONUTH 3 PO3UMHY B METall 3apaAj MOBEPXHI METany CTae mno-
SUTHBHMM, & IIap POSYMHY, L0 MEMYE 3 HMM | MICTUTL Hal MINOK
aHloHIB, — HeraTHBHuM (gue. puc. 15.2). Omke, 3a paxyHOK 3millieH-
HA TIOJIOMKEHHA eJIEKTPOAHOI PIBHOBArM MOME SMIHMTHCA HE TinbEK
2Ha4YEHHHA, & H 3HaK NOoTeHuiany.

Y RaHOMY pO3uMHHMKY €JEKTPORHMIt MOTeHmian 3anexurth Big
Opupoa MeTamy, aKTMBHOCTI (KonreHTpauii) foro iomie y posuusi
Ta temneparypu. [lepma kinekicHa Teopia enexrposmoro rmo-
Texuiany 6yna sanponoxosara & 1888 p. B. Hepuerowm.

Bansrep Ppigpix Fepmam Hepmer (1864-1941) —
HiMeuskui iznk i gisuroximix. OcHoeni npayi mpu-
ceaueni Teopil posumnie Ta xiMiumiii kKizerupl Poapu-
Hyn (1888) reopiio mudiyail, yerawosus ximbricny aa-
MeMHICTE Mine weunkietTo gudiyail posuunenux pewo-
BHH, EIEKTPHYHOK MPORIAHICTIO TA OCMOTHYHMM THC-
KoM, AKy Oy7n0 NOKIEjIeHO B OCHOBRY poapobmenol mum
Teopii ranmeeaniyHoro emementa. Cchopmyniopan (1890)
3aKOH POINOJITY POSYHMHIOBAHO] PEHOBMHM Mim AROMA
posunHHMKaMiL Berawosus (1884) samemmicts enemw-
TpomiTHYHOl fguconianil Big AgieNeKTPMMHOI MPOHMEK-
Hoeti poaunuukka. CroxeTpyiosas (1897) enexrpuuny
naMmy poszsmapioBaHesa (mamna Hepuera) Hajibinsme
BitananHA 3pobys aapaaxm Bigkpurtio (1906) xHomoro
TEMAOBOTO B3AKOHY («TpPeTLOTO HAYANa TepPMOLMHAMI-
KM=} Ta poboTaM 3 HHMALKKMMKM TemnepaTypamu. Jocmig-
yBaB peakiii YTBODEHHA OKCHMAY a30Ty 3 eleMeHTin
(1906). Poasumys mmucbysitimy Teopilo kineTukm rete-
poreHHMx xiMivHHMX npogeciB Ha Mexi noginty duas.
Jaypear Hobeniscskol mpemii (1820).

BanesTep Ppinpix
Ilepman Hepner
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BaneHicTh eJeKTPONHOTO NOTeHliasy MeTany Bil aKTHMBHOCTI
fioro KaTiOHIB y pO3uMHI 33 JaHMX TeMIepaTyp 1 THCKY ONMCYEThCA
pisaannam Hephera:

o, o) RT
Eper rute = Byer e ;F_]“ @ pen
abo
o . 2303 RT
E=E +Tlg aMs""’
RE Gppni — aKTHBHICTL iOHIB MeTany B po3uuHi, Mojb/a, R — yHi-
BepcaspHa rasopa crana, T — abcomorHa TeMneparypa, K, F —
uyneso dapanes, wo gopisxioe 96 485 Kn/mons; n — sapaj ioHa.
Ilns cramgaprroi Temneparypn 298,15 K mmomHuk Eﬂ%ﬂ
nopienioe 0,0592, Tomy pienanHa Heprera MoHa sanmcaTit Tak:
p=p"+ 2%, ...
n e

(M posbaBnenix PosuUMHIB a = C.)

3a T = 298,15 K, Ticky rasonofifuux peqoByH, AKi MOMYTSH 6patn
yyacTh B eneKTpofmiii piexosasi, 101 325 Ila (1 aTm), aKTHBEHOI
konieHTpallii ioHiB 1 Monb/7 MNOTeHUiall eJEKTPoJa HasHBalThL
cmandapmuum erexmpodnum nomenyiarom E°. Bin sanexuts
TiMLKKA Bij BAaCTHBOCTEH METasy 1 pOBHMHHMEA. CraHgapTHiuii 110-
TeHiaj € KOHCTAHTOW, BJACTMEOI0 KOMHOMY eJeKTPOAy, TOml AK
aKkTHBHICTL (KOHIleHTpalfia) pedosnH, AKi GepyTh y4acTh B €JeK-
TpomHiil peaxuii, MOcyTb GYyTH PISHMMI 3aJeIKHO Bifl KiTbKiCHOrO
cKJIaAy peakuifiHoro cepenoBMila. 3rigHo 3 HaBeOEHHM BMIE piB-
HAHHAM MoTeHi{ian Oymb-AKOro €JeKTPO#d BM3IHAHAETLCA 3a 3aja-
HMX TeMIEePATYPH | TMCKY BHa4eHHAM CTaHAApPTHOrO NOTeHLIATY
Ta aKTHBHOCTAMM PEHOBMH, AKI DepyThb y4HacTb B enekTpogHii pie-
HOBa3l

Ha poSrIAHyTOMY METAJMiHHOMY eNeKTPOml, AKUM HAJeXNTb A0
eNeKTpO/IiB MEepIUOro pojy, BCTAHOBMWETHCA PiBHOBara Mi¥ OKMCHE-
nowo (Me"™) rta pigsosnenow (Me) dopmamu merany. Ilpore He
0Boe'a2KoBo, 06 cam Meran GpaB ydacTh y Tpolleci OKMCHEHHA—
BiIHOBNeHHA, TOOTO BIH MOXe He BiAmapaTH ceol I0HM OJIA eNeKTpom-
HOl peakiii. PiBropara Mi’ OKMCHEHOI) Ta BiIHOBJIEHOW dopMamu
peuOBMHM B PO3WIHI MOMe BCTAHOBJIIOBATHICE i na inepTHOMY MeTali
(najtyacTiime na nuaTtuai). OTike, € eleKTpomM, B AKMX METAT HE
OBMIHIGETbCA BJACHMMM IOHAMM 3 pO3uMHOM, a Jniue 3abesnedye
migBeneHHsA Ta BiABEOEHHA eJeKTPOHIB AJA OKMCHO-BIIHOBHOI pe-
aklii, Axa BinBysaeTscs B posunni. llpukaanom e BOOHEBHH eJeK-
TPOJ, B AKOMY Ha NJATHHI BCTAHOBJIOETHCA PIBHOBAra

2H™ + 2e” 2 Ho(Pt),
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eK

€ Takom ENIEKTPOAM, B AKMX PIBHOBATA BCTAHOBIIOETHCA MK He-
METAJoM Ta foro ioHaMM, HANPHENAL!

Clz + 2e” 2 2':1-,

abo mis ioHaMu ogmoro #i Toro caMoro ejleMeHTa 3 pPizHMMK cTyIe-
HAMM OKMCHEHHA. ¥ LUbOMY pasi eJleKTPoAM Ha3MBAOTh OKUCHO-8i0-
Hoénumu, abo pedoxc-erexmpodamu. [IpuxaajzoM TakuX esex-
TPOAIB MOKe OYTH IUIaTHMHA, BMIIEHA B PO3YMH, AKMH MicTHTH coJi
samiza(ll) ra sanisa(Ill), i 8 AxOMy BeranOBMOETHCA piBHOBara:

Fei* + le~ 2 Fe?™,

Dnnnuue;q BMMIDIOBAHHA €JICKTPOAHMX NOTeHUIaNiB € BOALT.

ABCoMOTHI BeMMYMHEM eNEeKTPOAHMX MOTeHUiaNIB 06YMeIuTI Teo-
PETHYHO ab0 BH3HAMMTH eKCNePMMEHTANLHO HEMOMKJIMBO, TOMY
BUMIDIOIOTH iXHI ZHAYEHHA BIOHOCHO NOTEHIALY nupinn.énbﬂom

€JIeKTPOAa. Takum enextponom € sodnesuii etexmpod, CTaHJapTHuii
NOTEHLIAN AKOT0 YMOBHO NMPMIHATO 3a HYJIb.

3arajoM AAA eJeRTpoaHol pi i 1 BigHO
J Ol DIBHOBAarM ML OKMCHEHOW | BigHOBIe
opMamMmu peuoBMEN e

ad +bE+ .+ ne” 2dD +qgQ + ..
Ownchena GopMa pedosmei Bigsosnena dopMa peuosnim

piBuanHA HepHcTa Mae BuIoaAg

E=FE

2.3 R 14
)] i 03 RT]E EAE.B-..

nF udD a%.,.

Ja cTaHaapTHoi Temnepatypu 298,15 K Bono cnipomyertsea:
a b
. 00592 ay ap---

lg
ad ag-.

E=E"
mn

Enextpogn nepuwore popy. Halinoumpeninmmn € Meraniuni enextpo-
Ak, €JeKTPOJAHA PIBHOBATa AKMX ONMCYETLCH SATAAbHMM DiBHAHHAM

Me™™ + ne” 2 Me.

Ix HOTEI-{III'E.?I BANEHMTE Bl AKTUBHOCTI JIMIle 0gHOTO Buay iouis. Cran
GJMEKTPOAHOL DIBHOBaTM 3a CTAN0l TEMIEPATYPM BMIHAYAETHCH TLILKM
OpUPo0K METATy Td aKTHMBHICTIO (KOHUEHTpaui€w) Horo ioHiB y poswmHi.
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[ToTeHUiANBH3EAYATELH] 101K A eJeKTPONis nepliore pony MAmTh TaKy
caMy TPWpOAY, o ¥ OpocTa peuoBMHA. THROBMM DPHEIAA0M METaMIYHNX
eneKTpoLins € cpibio, saHypexe B posuuH HiTpaTy cpibaa. Ha mwomy BCTAa-
HOBMOETECA PiBHOBara Mim ORMcHeHoW (Ag') Ta BIAHOBIEHOW (Ag) dop-
mamy cpibma:

Agt+e” 2 AR
Horo enexTpomuuil MOTEHIIAA AOPIBHIOE

RT, ag
= a — ——AE
Eyge s ag = Eagesag * 2303 = Ig il

Ocrinbel n = 1, a AaKTHEHICTE TEEPOOr0 METany € BeJMHMMHOK CTaI0w,
TO AR cTaHAapTHol Temnepatypu 298,15 K pisuanua Habysae purnamy

g +0,05021ga

Epgrag = Pag'/as

Agt’

Orncio-ginuoBEi enexrpoam (peaoxc-enesrpoam). Ha Oyabn-mrrxomy
eJIeKTpoal BiEOYBawWTbeA NPOUECH OKHCHEHHA Ta BigHosneuna. Bogiouac
TepMiH «0KHCHO-BiTHOBHMH eJeKTpoas afo «pegORC-EeNeRTpOx* BHEODM-
CTOBYIOTH TOAI, KOMM Ha iHepTHOMY MeTasl (HafiqacTiute NAaTHHL 4 30J10-
1i} BigbyBawTLECA eneKTpoaHl peaxuii Mim ioHamu METAMIB 3 pisHMMM CTY-
HEeHAMY OKMCcHeHHA abo Mis OKMCHEeHMM Ta BIIHOBJIEHMM CTAHAMM IHITMX
peuoBME y po3umui, TOGTO B enexTpoaHili peakuil ne GepyTe yuaeTi Gea-
nocepenns0 Metanu abo rasu. MeTanm OKMCHO-BiZHOBHOTO eIEKTpOJa,
OBMIHIOIMMCE BICKTPOHAMYM 3 YUACHMKAMY OKMCHO-BIIHOBHOI peaxiii, Ha-
fypae moTeHiiany, AKMIA BianoeBigae pegoKc-piBHOBAE], [0 BCTAHOBMJIACH

[IpMEragoM TAKOMO ENEKTPOAA € NJIATHHOBA NJACTHHA, 3aHypeHa B
poauMH, W0 MicTHTs jonn Fed* i Fe?*, mise aximu BigGyBacTecR peaxuisn

Fel* + e~ ¢ Fet.

Horo notenuian sa cramgapteol Temnepatypy (298,15 K) omicyetsen
PIBHAHHAM

ﬂ.s 1s
E = +0,0592 1g —£<—

0
Fe'* s Fe*'
ah;_

Fe' jFe®*

3rigHo 3 piBHAHHAM LLOT0 eNeKTPOZHOrO mpotecy BOHO HE BRIIOMAE
pognesMx abo rizpoxcuibHuX joHis, TOMY eMeKTPOAEWI NOTEHLia’d He 3a-
aesnTh Big pH, a BH3HAYACTLCA BIMHOMEHHAM AKTHBHOCTEl (KOHIEH-
Tpauifi) ioHiB ¥ DBOX PiSHMX CTYMEHAX OKMCHEHHA METATy.

Boauesmii enexTpon. BoaneBuid enekTpos CKIALAETHCA 3 ILIA-
THHOBOI MIACTHHM, HA MOBEPXHIO AKOI HAHECEHO eNeKTPOJITHTHMM
ocaz ryb4acToi niaaTuHM (maamunosa wepwus). Lla niacTuxa sanype-
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Ha B poaumH cipuanoi wkucyorm. B
eNeKTPOLHY IIOCYAMHY MPOIMYCKAITE
yHeTHHA BojeHs (puc. 15.3).

Fazoeuil BOOHEBMI EIEKTPOA MOXM-
Ha mnopmaTH cxemowo HY[H,Pt, saxin
BifroBifae 3arasbHa eJeKTPOLHA pe-
aruia

2HY + 2e~ = Hg.

IMonoxenns pirHosarn niel pearuil
BM3HA4alOTh ABa (PaKkTOpu: axTHBHICTE
ioHie BOAHIO B po3uMHiI Ta napuianik-
HMiT THCK razonogibHoro sofHI0, AKMHA
Hacuuye poaumH. IloTenmian sogHe-
BOTO ENEKTPOJAA ONMCYETLCA PIBHAHHAM:

Puc. 15.3. Bogxeswii enexTpos

2

0 RT 2y-

Eygopu, = Bgojm, * 2’303'iﬁlg P, '
2

a sa remnepatypu T = 298,15 K

E =E®

w m, = B g, +005921gay,. —002061g By,

3assuyast napuianbHuit THCK BOAHIO Py, MIATPMMYETBCA TaKuM,

wo AopiBHIOE HOpMaJbHOMY aTmoctepromy THewry (1 arm). 3a mux
YMOB eNeKTPOJHHMI NoTerNian JopisHioe

E E” +0,05921ga,..

H /H,  “H'/H,

flk y'ke 3a3HAYANOCH, YMOBHO MPHAHATO, MO CTAHAAPTHMHA MMO-
TeHIliaT BOAHEBONO EJNeKTpoAd E:I, m, 38 OyAb-AKOl TEMIIEDATYPH

1
popisHioe HyJK0. TodTo xKoau Qe = 1 mons/n, a PH, = 1 at™, TO
_pt — F cop inii

EHL',Hz —EH, sz_U*m] B. 3a iHmMX KOHIUEHTpalli 10HIE BOJHIO B
pO3uMHI eJeKTPOAHMN MOTeHIian BOLHEBOTO EeJEeKTPOAA BigpiaHA-
ETRCA Bif HYJA:

Ege p, = 0050218 0.

abo, Bpaxosyioun, 1o Iga,. = —pH, maemo
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Ey. ,, = ~0.0592pH.

Omsxe, rpacik sane:KHOCTI NOTeHIiany BOAHEBOro eJeKTpoaa Bif
pH € npawmow miHiew. 3a 3HaYeHHAM UBLOTO NOTEHUIaNMy MOMKHa o6-
yncaut pH posuuny B gocuts mmpokomy gpianasoni. Hanpuxnan,

sa pH = 7 (uefiTpaneHe cepefosmue) E_, .= 0414 B, a 3a pH =

= 14 EH‘fo—U' 83 B. ¥V pasi aminu pH Big 0 go 14 norenuian

BOAHEBOrO enexkTpoja sminwerses Big 0 go —0,83 B.
§ 3. 'annBamiull eJeMenTH

Byas-aka oxMCHO-BifHOBHA peakiid NOB'A3aHa 3 IepexomoM
eeKTPOHIB Bifl BiIHOBHMKA n0 OKMCHMEA. B pasi seuuaiiHoro ne-
pebiry Takux peaxnjit nepexin enexTpoHIiB BinfyBacThcA B MOMEHT
feanocepeaHEOro 3iTKHEHHA PearywuMx HacTuHox Mix cobow. Taki
3ITKHEHHA MalOTh XaoTH4HMII XapakTep i BigbysawThca B Oyab-
AKMX Toykax peakxuiftHoro ob’emy. Tomy enexTpuuHMil cTpym mpnu
UbOMy He BUHMKAC, a €HepreTH4Hl edekTH BMABIAIOTLCA v dopmi
TEennAoTH. 3a TAKUM MexXaHiaMoMm BiaOyBaloThCA peaklil OKMCHEeHHA—
BigHOBNeHHA B po3uMHax peuoeuH. Hanpumenaz, y HapepeHii Buine
peakuil okucHeHHs ionie Sn®t ionamu Fe' v poaunmax Ixwix comert.

IIpore nmpouecy oxucHeHHA Ta BiOHOBJEHHA, AKi 3aBxau Bigby-
BAKTHCH OQHOYACHD, MOXKHa NMpoBecTH 1 3a Bigcyrvoceti Geanccepen-
HBEOTO KOHTAKTY M BIOHOBHMKOM i OKMCHMKoM, ToOTO B yMoBax
npocropoBoro ix posginenHa. Ilpu upoMy eJeKTpOHM NepexommTH-
MyTh Bill BiIHOBHMKA /10 OKMCHMKA He BesnocepesHno, a yepes me-
TaJi4yHKil NPOBINHIK, CTBOPIOKYM ENEKTPUYHMI CTPYM. ¥ UBOMY pa-
31 eHepriln OKMCHO-BIJHOBHOI peaknil MOJKHA NepeTBOPHMTH Ha eJeK-
TPUIHY.

ITpuctpol, npussaveni ans GesnocepefHbOTO MEpeTBOPEHHA
eHeprii ximiyHoi peakuil Ha eNEKTPUYHY EHEpriio, HA3MBAKTL 24Ab-
saniynumu eaesmenmamu. Ipuxnagom mome GyTu zaavsaHivHul
eaemenm Janiean-Axodi BiH cEIafacTeCA 3 LMHKOBOI IIJACTHMHH,
3aHypenol y po3umMH cyasgaTy UMHKY, Ta Miggol nmacTuHmu, BMi-
eHol y po3uuH cyastaty migl PosunHu enexTponitie posgiasors
ENeKTPOMTUYHUM KIIOHeM, AKMI Nepelikogrkae 1XHEOMY 3MilTysan-
HI0, ajle 3afeaneyye MOMIMBICTE NepeXody 10HIB 3 OOHOTO PO3UMHY
B IHMA V 3z06paskeHoMy Ha puc. 154 ranbBaHiuHOMY ejeMeHTI
EJEKTPOMITUYHUM KIIO4YEeM € MOPUCTE MEePeTHHKA.

flKmo 30BHINIHE KONO poziMKHEHe, UMHKOBMI 1 migHMii emexTpo-
ou nepebyBaloTs y CTaHi piBHOBaru:

Zn®** + 2¢~ 2 Zn, Cu?* + 2¢” 2 Cu

i T e e e
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BHacnigox UbOTO Ha HHX
BMHMEAKTE I[IOABIMHI ejex-
Tpu4Hi mapu i nesHi enxex-
rponui noreHuiams. Ii no-
TeHliaau  pi3Hi, OCKRINBEM
30aTHICTE BigmaeaTH enex-
TPOHM | MepexoOuTH B poa-
YMH [MHKY Ta Miil He onHa-
Koea. Biaein 3maTHMI 10 Big-
JABEHHA EJeKTPOHIB [MHK.
Xoua obugea ul OpomecH
BigfyBaloThCA 0gHOYACHO, iX
3pyy4Hilie pOSraAjaTM Hi-
piaro. PienanrnaA, Axi oxpeMo o
onHe Big omgHOro onmMcyiTs  Puc 15.4. Cxema pyxy eleKTPOHIB TA 10HIB
TiALKK MpOuUeC OKMCHEHHA mpy poBoTi MiAHO-IMHKOBOO
360 Ti.ﬂh[{'ﬂ ﬂpUIlEC BiﬂHGB- FaJLEBAHIYHOID eleMeHTa
JeHHs, HasHBAKTL HANispe-
axyiamMu. . '

ko enexTpoayu 3'€IHATH METAJIYHMM NPOBIAHUKOM, ETEKTPORY
NOYHYTh MepexoaunTy 3 Binpln HeraTHBHOTO LMHKOBOTO €JIeKTpOda Ha
wmiganii. 1le crnpuynHOE 3MILIEHHA piBHOBarW Ha LMHEOBOMY EJIeK-
tpoxi y Gix yreopenns iouie Zn?t, a Ha minsomy — y Gik BumineHHA
meTtaliyHo] Mimi:

Zn = Zn?* + 2¢7,

Cu?* + 2¢” = Cu.

Orske, NpM 3aMKHEHOMY 30BHIIIHBOMY KOJI B raJbBaHIMHOMY
eneMeHTi MMMOBIILHO OKMCHIOEThCA Mertajiunmii k. IIpn mboMy
aTOMM IMHKY [€peTBOPITLCA Ha ioHM, AKI B TiApaTOBAHOMY BH-
rafgl nepexoAATh y po3umH EnexTpoHM, Al BMBIIBHIOKOTLCH, PYy-
XalThCA M0 30BHIMIHLOMY KOJy A0 MinHoro enektpoga. Ha MigHOMY
enexTpoAl BiABYBAETHCA BiZHOBNEHHA IOHIB migi. Ionm miml npu-
€NHYIOTE eJIeKTPOHM, AKi HAAXOAATE 3 UMHKOBOTO eJexTpoxa,
0CajKyIOTECH ¥y BUIIANl METAMNY. Jopasmm pquﬂHHﬂ Hamapeam:uﬁ
eNeKTPOJHMX TMpPOLECiB, OTPUMAEMO CyMapHe DIBHAHHA OKMCHO-Bli-
HOBHOI peakiil, Aka € JxxepesioM eJeKTPUYHOro cTpyMy B MIIHO-
LHMHKOBOMY TaJbBaHIYHOMY eeMeHTi:

Zn + Cu?* = Zn?* + Cu

Mumosinericts i1 nepebiry came B 3a3HaveHOMy HalpPAMKY, TobTo
KOJM [MHK € BiJHOBHMKOM, & [0OHM MiOi — OKMCHMKOM, MIATBEPAKYE
pig'emHe sHayeHHsA 3MiHu eneprii ['66ca peaxuil:

( = AG® - AG® = - - 65,61= ~212,87
AG pearat AGf{znz"(p.n ﬂGj‘lCuz'Ep.J} 147,26 — 65,61 ,87x]Ix.
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Bracninox nepebiry npoleciB Ha eJdexTpofaX Ha LMHKOBOMY
eJeKTpofal KaTioHy Zn*" nepexofATb ¥ PO3YMH i CTBOPHIIOTH ¥ HbO-
MY HaAJMIUKOBMII MO3WTMBEMI 3apan, a OliA MIGHOrO enexkTpona
poaunx, HaBnaku, abipHwoeTbCcA Ha kKaTionm Minl Cu?* i ZapAaHa-
€TLCA HeraTHsHO. EllexTpuune noje, 10 BMHMKAE, CIPUYMHIOE PYX
kaTionie pozumuy (Cu?* i Zn?*) no mimHoro enextpona, a cymasdar-
1oHiB (SOE‘) — HAETAKM, Bii MIJHOTO eAeKTPOJa A0 LMHKOBOTGC,
BHacaifoK TAaKOrO NMepeMillieHHA SapAfie posumHM Gina oboX enex-
TPOAIB 3aNMMIIAKTLCA eleKTPOHeNTPaIbHIMM.

Mix vac pofoTH raJbLBaHIYHOTO eJeMeHTAa eJeKTPUYHMI CTPYM ¥
Z0BHIIIHBOMY KOJI CTBOPHETBLCA CIPAMOBAHUM PYXOM eJeKTpoHiB, a
y BHyTplHBOMY — ioHiB. ¥ci cranil mponecie, skl BigfysamwTben y
TaJbLBAHIYHOMY EJeMEHTI, cnopmmeHi mix cobow | AayTe 3 ogHaKo-
BUMM IUIBMAKOCTAMM, 1O MPOMOPLiHHI Ml CTBOPIOBAHOTO CTPYMY B
jioro xoni Yucso enenTpoHIB, AKI 33 OOMHMLK 4acy Biagae BigHOB-
HMK, 3aBXAM JOPIBHIOE 4YMCAY eJeKTPOHIB, NpMEAHaHMX 3a Toil ca-
MM 4ac OKMCHMKOM.

Y Bynn-akii erexkrTpoxiMiusif cucTeMi HazeM eeKTpPONiB BM3HAE-
YAIOTh 38 XAPAKTEPOM OKMCHO-BIAHOBHMX IMpoOLlecis, AKI Ha HMX Bia-
OyBaHTECA.

EaexkTpoa, Ha AKOMY BiIDYBAETBECA NPOUEC OKMCHEHHA 1 AKMIT
HaACWJIAE eJIEKTPOHM E 30BHIIIHE KOJ0 eneMeHTa, HAZMBAWTH
anodom.

¥ I‘ElJIbHB.Hi‘IHOM}' EJEMEHTI BiH Mae HETa TUBHMNI 3apAang.

Enexrpoa, Ha saxomy eigDyeacThca npomec BigHoBaeHHA, 1
AKMIT NPHEAHYE €NeKTPOHM, HAZMBAKTL KAMOO0M,

¥ ranbBaHiMHOMY €JEMEHTI BiH Ma€ MoauTHBEHUNA ZapAn

Cxemy poboTH rajbBaHiyHOID €/IEMEHTE | HAOPAMOK PYXY B HbO-
MYy eJeKTpoHiB Ta ioHiB HaBeneHo Ha puc. 15.4.

FannBaniudl eneMeHTH 306paKyOTH JBOMAa pO3AINEHMMM eNeK-
TPOOHMMM Harispearuiamu, Ix 3alMCYOTh Y Takiil NocJaiioBHOCTI:
3JIiBA -—— HETATHMBHO 3apAAMKeHMH eJexTpoj, crnpaBa — IMO3UTHBHO
sapamsennii exexrpon Iortim 3azaravaiors ckaaj ycix das enemen-
Ta Ta MO3HAYalOTh MOBepXHI moginy mix wumyu. Hanpuknan, ranas-
Baniunomy enementy [Mlariens—fAkobi eignosinae enerTpoximiunuii
TaHLor

e

/—"——"\\

(-) Zn 'Zn”‘ rCuH‘ Cu (+)

TAJILBAHIYHI EJIEMEHTH 445

BepTturanbna niHiA Mid OKMCHEHOH | BiAHOBJEHOH chopMaMM KOMK-
Hoi enexTpogHol HaniBpeaklil o3Havae, 10 DIBHOBATA MiX HUMM Te-
TepOTeHHa, a ABl JMiHII — LI0 pOSYMHM 3'€AHAHI eMeKTPOJITHYHMM
K EM.

«Pyulifiny cuay», 3aBAasxku AKilM BiafyBacTbcA mNepeMillleHHA
EJeKTPOHIB ¥ 30BHIIIHBOMY KOJI elleMeHTa, HAZMBAKTL EACKMpPO-
pywitinow cuaow (EPC). Bona BUMIpHWETECA B OAMHMLAX EJeK-
TpuyHol Hanpym — Boabtax. Ilna Touroro sumipiopanHA EPC
raJIbBaHIYHOTO eJeMeHTa noTpibHi cnewianbHi npunanm i Taxi ymoen,
mof y HEOMY MpPaKTHYHO HE CTEOPHBABCA eNeKTpHyHMi cTpym. Ko-
pucna poboTa, AKY MOKHA BMKOHATH 33 DAXYHOK eHepril ximiunoi
peaknil, 3aJesxuTh B 11 WIEBMAKOCTI; BOHA MAKCHMAJBHA B pazi ne-
ckiHueHHO mMoBlabHoro, ToOTo obopornoro nepeBiry peawxuil Otmixe,
rKopucHa pofoTa raJbBaHIYHOIO eJleMeHTa 3aJleXKMTE Big cuiam crpy-
My, Akuil Big Hboro sigbupawTts, lporo gocsramoTh abiabuienHAM
onopy BMMIipHOBaiabHOTO npuaany. Tonal culy cTpyMy MOMKHA 3MeH-
WHUTH 00 MIHIMYMY, [IBMAKICTE peaKlil cTaHe HeCcKIHYEHHO MAaJ0lo, a
kopucHa pobora — makcumaabHowo. Ha mpaxtmyl EPC sumipwooTts
KOMIEHCAELIHHMM METONOM, 3PIBHOBAMKYIOMM 11 3& JOMOMOrol 30B-
HIIIKBLOTO Kepesa nocTiifHOro eNeXTPUUHOIO CTPYMY.

PoGory enexTpuyHOro cTpymMy BHPaXKAKThH NODYTHOM KINLKOCTI
EISKTPMKM HA HAnpyry. B paal oxucHeHHA 1 MOJge eKBiBaJgeHTIs
umMHKY afo BigHoenenni 1 moas exriBanexnTie Mini B MimHO-1MHEKOBO-
My raJbBaHi4HOMY eJIeMeHTI Mo kKoay enemenrta npoiife 96 485 ky-
nomiB (~ 96 500 Kn) abo 1 dapaneit (1F) enextpuru. 1l xinsrocTi
EJAEKTPHMKM BignoBifac cyMapHMH 3apaAzn uucnaa ABOTaAp0 eNeKTpOHIB
(F; = eNy = 1,6022:10""% Kn . 6,022:10* mons™! = 96 485 Ka-moms),
OCKINBKEM [AJA OKMCHEHHf abo slaHoBJIeHHA | MoAbL ekBlBalleHTIB
Byab-AKMX uacTuHOKR nortpifHo Bigaatu abo npueanat™ 1 Moab
eJeKTpOHIB,

Came rpanyuHa Hanpyra, #AKY MOMe CTBOPMTM TaJbBaHiuHMiA
eJeMeHT 3a ymoBKu oBopoTHocTi mnepefiry B HbOMY EJEKTPOAHMX
OKMCHO-BiHOBHMX XiMmiyuMx npouecis, € itoro EPC.

Ockinsky 1 mons atomis sigi 1 pmuHxy Bignosigae no 2 Mons
eKBiBAJIEHTIB LIMX eJIeMeHTIB, TO MAaKCcMMaiabHa poloTa BU3HAYAETHCA
BUPa30M

Amax = 2FEEPC|-

ne F — uncno Papagnes; Egpe — EPC ranpBaniusoro enemeHra.

fAkwo B exemeHTapHOMy akTi okMcHenHA abo BigHoBJEHHA B
raJbBaHIYHOMY eJleMeHTI BMKOPMCTOBYETHCA N eNeKTponie, TO Led
Bupas Habysae suraany

Amax = nFEgpc.
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3a cTaaMx TeMmmepaTypM | THCKY MaKcHMMaJbHa KopHcHa pobora
Gyne-AKol peakuil A0piBHIOE B3ATOMY 3 NMPOTHJIEIKHMM 3HAKOM 3Ha-
yeHHID 3MiHn erepril T'iG6ca:

Amax = —AG.
Kombinauieo asox ocraHHIX PiBHAHL OJEPIKUMO
Amax = -AG = nFEEPC.

Orme, EPC ranpBaHidyHOTO €JEMEHTA XaPaKTEPHIYE MaKcHMalbHY
KopucHy poGoTy, AKY MoMKe BMKOHATH cHMcTeMa B pasi oboporHoro
nepebiry B uift gasol ximiuxol peakuil

3rigHo 3 ocTaxHIM piBHAHHAM 3a AoaarTHMX 3Hadens EPC ranbea-
Hiugoro enemenTa senmumea AG < 0, Tobro cnpaBmKyeTbCA 3aralb-
HMI TepMoaMuamMiubmit KpuTepilt MuMopinbaocTi Nepebiry peakiii.

o womuenrpauil (axTupsocTi) pedoBsH, AKi GepyTh y4actb y
peakii 3a craHJapTHMX YMOB HopiBeioTE 1 Mone/n, To EPC enemen-

Ta HABMBAIOTH HOTO CTAHZAPTHOIO JICKTPOpymiiiao0 cuiow E um.c:

— 0

Ockinpkn crangaprHa amina edeprii T'iGbca pearunil nod asana 3
KOHCTAHTOK PiBHOBArK CniBBiAHOIIEHHAM

AG® = —-RTInK,

MOMCHA 3anMcaTH piBHAHHA, AKe BimoOpaskae 2B AB0K CTaHIApTHOI
EIEKTPOPYUIHHOT CcHMIM TANEBAHIMHOTO eJeMEHTAa 2 HKOHCTAHTOI
piBHOBATH MOr0 OKMCHO-BIIHOBHO] peakii:

RTInK = nFEL..,

nF RT
InK = ﬁEch abo E%PC = F]HK

Omsxe, Bumipasiuy EPC ranbBaHiYHOrO ENEMEHTA, MOMCHA BUSHAYATH
craugapTtui exeprii 'ib6bca Ta komcTanTHM pPiBHOBAT OKHMCHO-BigHOB-
HUX peakrrjiii.

Hanpurnan, crampaptea EPC raneeanmiudoro enementa [Jamie-
na—fAkobi cranosnts E2pe = 1,103 B, Toni

AG® = nFES.; AGY =-2.96 485.1,103 = 212 846 [k,
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- AG® 212 846
afo IgK = = =
2303 RT 2303 RT 2.303-8,314-29815

37,18,

&y i
K=-20" =2.10%.
aCuz'

Binnowenna axTuseocTell ioHiB y crami pisHoBarn npnbnansHo
JOPIBHIOE BIAHOLIEHHIO IXHIX KOHUEHTpAalii, TOMY AYyXKE BelMKi 3Ha-
4YeHHA KOHCTAHTH CBiAYaTh nMpo Maiixe nopHe 3MilleHHA pisHOBaru
OKMCHO-BITHOBHOT peakuil

Zn + Cu?t 2 Zn** + Cu

BNPABRo i Mpo Te, o LMHK 3JATHUA NMPAKTMYHO NOBHICTIO BUTICHATH
Mink 2 posumay i1 couri.

Pofioua wanpyra rannBasiuHoro enementa U mig wac siafupanusa sig
HBLOTO EACKTPHYHOTO CTPYMY JaBman MeHiua 3a Eppp, AKa ADPIBHIOE pia-
HMII TIOTEHIIaNiE eNeKTpoais, 1o nepefysalTs ¥ CTAHI PiBHORAMM (KOAM
cuna cTpyMy dopisHe Hyaw). U < Egpe.

Bipgxmnensa piasnui norenuianis mix enexrpogamu U ming yac pofiorn
maepesa cTpyumy Bifl Egpe 3yMOBTeHe, MO-TIEPIIe, CTIAS0M HANpPYTH 32 pa-
XYHOE BHYTDINIHEOTO ONOPY ranseanivHoro emementa IR,,..., Tobro wac-
TyHa EPC BuTpauacThca HA TMOAOJaHHA OMOPY BCEPEAMH] CaMOr0 enemMeH-
Ta (oMiuyni srpaTH), i, No-gpyre, AsMileM MoxaApuaalii enexTpogie E,, aAxe
POSMNMAABTHMETBCH HHAHED

U= Egpc —Epn — Ey

U= EEPC = IRxHy‘rp l_l"S‘Eu:| -!ﬂEa.L

abo

ae AE, i AE, — eianoeigeo nonaApuaania katoma i anoma; I — cuaa ctpy-
MY ralbBaEI9HOMO eneMerTa; Ry, — Onip BHYTPULHEROTO KOJA.

I3 2a3HaveHWX NMPUYMH COPAaBKHA TOTYIKHICTE [IKEpena CTPYMY, AKa
nopisuwe aobytry U, BuABAACTLCA MEHLIOW 3a [HOr0 TEOPeTH4YHY MaKCH-
MANLHY NOTYKHiCTE [Ej~;, ToMmMy koedtinieHT ropucnoi aii enexTpoxi-
MIMHKX cHMoTeM zasxdcnn MeHinumi 3a 100 G

MMoanpuaanin exexrpogis. [Ipu posiMrHeHOMY 30BHILIHBOMY KOJI
ralbBaHiuHOTO eJEMEHTa Ha KOMKHOMY EJeKTPOAl BCTAHOBMOETHCA eJeK-
TpoxiMiyHa piBHOBara, AKy 3arajioM MOMKHA NOJaTH PIBHAHHAM

Oxucuena dopMa pevosdan + ne” 2 Binnosnena dopma pevyoBMHM

Cran pirMoBar# enexTpoma XapaKTepPUIVETLCHA TEBHMM 3HAYEHHAM piBHO-
BajxHOro noreHuiany. Hanmpuenan, ¥ OMEKO-MArHICBOMY EJEMEHT] 38 8KTHE-
HUX KoHuesTpanift conest ZnSCOy 1 MgSO, 0,1 mMoas /a1 pisnosamHi noTexniam
1MHKOROTD Ta MaTHIEROTO eleKTpoMdiB, ofuMcnesi 3a piskAHAAM Hepncra
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0,0592
" ].gﬂ.

0
E E 2 Meh— 3

= + +
Me®* Me Me* f Me
OOpIBHIOIOTE!

E = -0,76 + 0,0286 lglﬂ'l = -0,79 B,

Zn* /Zn

E
Mg™ /Mg

=-2,36 + 0,0296 1g 107! = -2,39 B.

ITig 4ac pofioTi raasBaHIYHMX ENeMeHTIB AK Jxepea cTpyMy, TofiTo B
pa3i 3aMMKAHHA IX 30BHIIIHEOTO KOJTa Ha OyAb-AKHI] CHIOMKUBAY eJEKTPHY-
HO1 €HEPTIl, eNeKTPOHM [MOYMHAKTL MepexoqnTH Bl HelATHBHO 3apAIHe-
HOTO A0 NO3WTHBHO 3apA0MeHoro efexTpoia, Lo COpPpHYMHIOE MopyLieHHA
CTaHy piBHoBarM enexTpogHux pearudift. Ha enexTpogax sinfysamoTnea
NpollecH: OKMCHEeHHA Ha HeraTMBHO 3apAQKeHOMY eJeKTponl (y HaseneHo-
My npuxaagl Mg = Mg2?* + 2¢7) 1a BigHOBIeHHA Ha MOZMTHMBHO 38pAgce-
HoMy enextponi (y npurnani — Zn?t 4 2¢~ = Zn). BHacxifox usoro mo-
TEHOIA MM EJ’IEK'I‘pGﬂlB BIQXMNAITLECA BLI CBO1X JHaYeHE 34 yMDB p]BHl}B&I‘I-!_

BigxuneHHa noTeHifiany Bif PpIBHOBAMKHOTO 3HAaYEeHHA, CTpPHYKHEeHe
MPOXOOMKEHHAM ENEKTPHYHOTO CTPYMY, HAGHBAITE SAEKMPOIHON MOAR-
pusayiew. [ BusHavawTs AK PISHMIO MiM NOTEHUIanoM enexTpofa ninm
crpymom E; | pisHOBaMHMM noTeHIlanom E;

AE=E, - E.

HeraTusuo sapagmennii enexTpon (Marsifl), HagcHaawyy ENeKTPOHM
Mo 30BHIMIHLOMY KOAY 00 [O3MTHBHO 3aPASMKEHOT0 (UMHK), SMiye #Aoro
noreHnian y Gik spocTaHHA HETaTMEHOrO 3apAgy (KaTOOHA MNONAPM3AIliA), a
[OTEeHIIaN MarHieBoro eNekTpofa 3MIIYETECA ¥ NpoTHaexHmli Oix (aHogHa
monapusania). OT:xe, B pasi 3aMHKAHHA 30BHIIHROrO Koda ofigsa enex-
TPOAH YMHATE NOJAPM3IANiAHMA BILIMB OOMH HA OJHOTO, M0 3YMOBJKE MO-
PYLIEHHA eNeKTpoximivHol pisvosaru Ta nepebir BigmosigHuMx npouecis.
IMonapusauia enexkTpoga € HeoOXiQHOK YMOBOW rMepefiry Ha HLOMY eJeH-
TPOXiMIMHMX [ponecis.

3HaueHHA noaApusanii, norpifHol gna sabesnedenna nepebiry
OKMCHO-BIOHOBEMX mpornecis Ha eJexkTpofaX, pisHe AAA PidHHX cHCTEM.
Immipmu cnoBaMM, OOHAKOBA IUBMJKICTE NPOXOLyKeHHA IMpOILECiB Ha
planux enexTpogax zalesnedyeTbCA PIsHMMM 3HAYEHHAMM eNEKTPOAHO]
nonApuaanii.

fAsmie enexTpoxiMmidHOl NONAPMaalii enexkTponis aymoBieHe obme-
MEeHHAMM mwBMAKocTed nepebiry nponecie Ha enexTpogax. € OBi DCHOBHI
NMPHYKHY TAAEMYBAHHA eleKTpOAHMX OpoleciB, 10 CHOPMYMHIOKTE EJeK-
TPOAHY MOAAPHM3Alli: mo-nepilie, COBLILHEHICTE MEPEMIINEHHA DPEATEHTIS
Ao nosepxHi enexrpona afo BiBeAeHHA NPOAYKTIE BLL HLOTO i, MO-ZpyTE,
ofiMexenicTs WBMAKOCT] caMMX eJEeKTPOXiMiyHMX axTiB (cTamiii mepena-
BaHHA efexTpoHis). CTagiA, MO BUIHAYAE MBHAKICTE YCBOTD EJEKTPOAHOTO
npouecy, € Jimityroyol. fAxme sigoma npupopa simityouol eramii, wmo
3YMOBJIOE MOAApH3allilo, To 3aMicTs TepMiHa «NONApM3AliA* Ta MOIHA-
HEHHA AE BXMBAIOTL TEPMIH «eleKTPOAHa nmepeHanpyra» abo npocro «ne-

peHanpyras i noaHayensa 1. Lle moxxe GyTH gudyzifina neperanpyra (n,) —

KOAM yei cragil emekTpofHOro npouecy, KpiM crafil TpPaHcnopTyBaHHS,
BiafysawTeca 060pOTHO; eneKTPOXiMidHa mepesanpyra (n) — xoaM mimi-
TYHUYOK € CTafiA NepefaBaHHA eNeKTPOHIB TOLIO.

EPC rajibBaHiqHOro eJeMeHTa BM3HAHAITE AK DPISHHLIO ener-
rpoaEux norenuianis. Jlna enemenris, Axki nMpaupioTeE MUMOBiNL-
HO, BoHa 3aBx®au moautrueHa. EPC obuymncnmoiorsk, BigHiMalouu Bix
noTeHUia y MOSMTHBHO 3apAmKeHoro enextpona (binewe snaven-
HA) NOTEHILIAT HeTATHBHO 3JI4PAMMEHOro (MeHme 3HadeHHA) abo
Bil MOTEeHUiaNny eneKTPoAa-OKMCHMKA MOTeHilian emexTposa-Bixa-
HOBHMKA'

Egpc = Enoa — Eyer = Eox — EaiJIH-
fixmo EPC ranesanivHOrO eJeMeHTA BHUMIPAHA 3a CTAHAAPTHMX
¥MOB, TO B UbOMYy pasi 1i nHasusBawTe cmandapmuo esexmpo-

PYwiuno0 cunot. Hanpurnap, crasgapTHa E%m raJbBaHigHOro
enemenra Jariena—Hro6i, Ak yxe 3aanauanoca, JopisHioe
S O =034 -(-076)=11 B
EPC cu®/Cu Zn* /Zn ¥ ? Ll
3a iHwmMX KoHueHTpauift lowis Cu?* Ta Zn?t y posuuni, axi sigpisua-
0ThLCA Big U-Me. = 1 moas/n, EPC BigpisHATHMeTLCA BiL cTaHZAPTHOI

] ; - ; :
Eppc. ENeRTpoAH] NOTEHIIANM KOMHOTO 3 eAexTpogis obuncaowTs 3a pis-
uanHam Hepuera:

e | RT 0 RT
EEPC = (ECuz‘fCu + 2,3035 Igﬁcug. ] -{Ean‘;’Zn + 2,3035 |g E’.zng. ]',
RT
Egpe = Eo - e Einz.;zﬂ +2303 - (gac . ~18a,0.).

Ockinexn n = 2, To gaa T = 298,15 K oTpumaemo:

14 +
Egpc = Edoe +0,0296 1g -S4
.. s
Zn

Cranow cxnagosor EPC € Ii cTaBgapTHe sHaueHHA, AKE LANA eNeMeH-

Ta Haxiena—fikobi cTaHOBUTE EEPC = 1,1 B. llpyra cxnagosa piBHAHHA
BigfuBae BIUIMB BiOAXMAEHHA akTHBHOCT. iomie sig 1 moab/n. Jna poabas-
JeHMX PO3YMHIB CMIBBIOHOIUEHHA AKTHMBHOCTEH IOHIB Y4ACTO 3aMIHIOHTE Ha
COiBBiAHOUWEHHA 1xXHiX KoHUeRTpanifl. Hanpuwxaag, AaA MigHO-IIMHKOBOTO
ranLBaHiYHOTO ENeMeHTa 3 KOHUEHTpaliaMK cynsdaTis migl | uMHRY Big-
nosigeo (0,01 i 0,1 mons/n cxeMy eneMeHTa SANMCYIOTE TaK!
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(=)Zn | Zn2*(0,1) [Cu?*(0,01) |Cu(+).
Ona piel cuoeTeMu
-2

10
Egpe = 1,1 + 0,0296 tgF = 1,1 - 0,0296 = 1,07 B.

Ao SaranbHY OKMCHO-BIIHOBHY Ppeakiilo ralbBaHiYHOrO eneMenTa
nNogaTH AK

gA+bB+.2dD+gQ + ...,

to fioro EPC popiBHOBaTHME

b
RT . ajag..
1] AVB
E = E +2303 —1g—5—,
EFPC EFC nF af')a%_,,
ne a — cnpaB#Hi (a He PIBHOBaHI) AXTUBHOCTI HacTMHOK, mo OepyThb

y4acTh B eNeKTpoXiMivHOMY npoueci
Hanpurnan, AnA eleMeHTa, AKMIT CKIapacThe# 3 NBOX pefoKc-ellelR-
Tpofdie (piBHOBATA HAa iHEPTHOMY MeTanl — nmaTHHi)

Sni*t + 2 2 Sn*t ra Fed*t + lg” 2 Fe',
3arafbHa OKMCHO-BIiQHOBHA PeAKLIA Ma€ BMIIAL
Snit + 2Fedt 2 Snit + 2Fel?,
ENeKTPOXIMIYHME TAHUKT 3aNMCYIOTL AK
(—=)(Pt) Sn2*, Snit || Fe3*, Fe?™ (Pt)+),

a EPC ofwicnionTe 32 PiIBHAEHEM

1 Bped+ uSn! 3y
— g e

0 RT

0 + 2,303

EEPC = EFE“'JFEZ‘ - ES!]".-"STJE_ .
Fel* gt

OCKinbKH 4MCI0 eneKTPOHIB, Akl GepyTs yHacTh y SarafpHif OKMCHO-
simHoBHilt peaxuil ranwpaHiuHOTO enemeHTa, ACPIBHIOE ABOM, & DI3HMUA
CTaHgapTHHX ENEKTPOOHMXE HDTEHlIi&JIIB BH3HaAYAE CTaHAApPTHE 3HaYeHHA

o ] 298,15 K
= - - 2., TO 3a TeMNEpaTypx ;
EPC EEPC EFE';',-*FEE' Esﬂ‘ /&n° paTyp
piexanHA Halyne BUrIALY:

2
Q. 3.4 2.
Egpe = Egpe +002961g 02—,
ﬂFe:l..'ash.;.
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§ 4. BumipoBagna e1eKTpoIHNX NOTeHlliaxis

flk yse zasHavanoch, abCOMOTHI 3HAYEHHA ENEKTPOJHMX TMo-
TEHUIAJIB BMZHAYWTH HEMOMJIMBO, TOMY IX BuMIpIOIOTE BigHOCHO
CTAHJAPTHOrO BOJHEBOTO €JNEKTPOAa, MOTEHWian HAKOro YMOBHO

npwiteATo 3a Hyns (E]. 1, =000 B).

AnAa ekcriepuMeHTAILHOTO BUBHAYCHHA €NeKTPONHMX IOTeHI[aMB
sumipiotors  EPC  ranmpBaHivHOrO eseMeHTa, OHMM eJeKTPOLOM
AKOro € JOCTIZYBaHUIA, a OpyruMm CTAaHJapPTHUI BOOHEBUI eJNeK-
tpod. EPC, Aka npu upomMy BHMHMKaE, JOPIBHIOE NOTEHUIANy Aociig-
JHYBAHOID ENEKTPOIA.

Tak, nns Bu3HAYEHHA CTAHZAPTHOTO NOTEHIaNy LMHKOBOLO
enektTpoda cnig euMipAtTH EPC ranesaniusoro enementa, ArMit
CHJIAAETHCA 3 LMHKOBOrO | BOAHEBOr0 enexkTpolis (pue. 15.5):

(<) Zn|Zn®*"[H*[Hy(PY) (+).

s Pt Zn
H,S0, ZnsS0,

Puec. 15.5. Cxema rannpaHiuHOTO eneMeHTA nis BUMIPIOBAHHA NMOTEHIIANY
UHHKEOBOTD ENeKTRONA

Y ubOMy enemeHTi LUMHK OKHCHIOETHCA, a BOAEHB BiJHOBIIOETBCA.
[vHkoBui enexTpos € aHOZOM, BiH 3aPANIKAETLCH HETATHBHO:

Zn = Zn®** + 2¢7,

HanCuiIalyy cBol eJEKTPOHM B 30BHIILHE KOJO.

IIo 30BHIIHBOMY KONy €NeKTPOHM MepeMiluyioThcA A0 MO3UTHE-

HO 3apAIMKEeHOro BORHEBOro eNexTpolla | BIIHOBIIIOTE i0HM BOIHIO,
K] € OKMCHUKAMHX,

2H* + 2e~ = Hg_

Jlsxepenom enexTpuyroi eneprii y npoMy ragbBaHigHOMY eneMenTi €
TaKa 3arajlbHa peakijif.
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Zn + 2H' = Zn2* + H,.

EPC rakoro enemMeHnTa, BUMipAHa 3a CTaHJaPTHMX yMOB, CTAHOBHTE!

6 _ @ =
Efpoo = EH- /1, Ez e 0,76 B.
Ockinprn E° =000 B, To cTaHAapTHMH NOTeHLiakd LIMHKOBOTO

H'/H,
eNnekTpoaa JOpPiBHIOE E” J1¢ 70 = 076 B.

Y ransBapiyHOMY eJleMeHTi 3 BOJAHeBMM 1 MimHMM eNexTpoaamMu
[KEepesioM eeKTPOHIB, AKi HAAXOLATH Y B0BHILLIHE KOJO € BOHEBWH
eneKkTpos, Ha Axomy BigbysaerbeA mMpouec OKMCHEHHA, TOMY BOJHE-
Buii €IEKTPOJ € aHOAOM, a MiAHMIA — KaToaoM:

(-) (Pt)HaH*|Cu*Cu (+).
Ha Bopnesomy 1 minHoMy enexTpozax BifyBaioThea poLecu

Hy = 2H' + 2¢7; Cu?* + 2¢~ = Cu.

Excnepumerransho Bumipana EPC pboro enemenTa 3a cTaHZapTHHE
yMOB cTaHOBMTE Eppe = 0,34 B. BigmoBHukoM € BOXHEBuii, a OKMC-
HUEKOM — MiJZHMI eleKTpon, TOMY

Egrc = Eoy — Egig = E

0 —
utscu EH‘,’H, =034 B.

OcriasEN EH vy = =000 B, To Emz.f,c =034 B

AHaJOTIYHO MOKHA BMMIDIOBATHM | NOTEHUIaM [HLINX eJeKTPOB.
Tak, 47A rafbLBaHIYHOIO €NeMeHTa, AKOMY BiANOBIJ4€ eJeRTpOXl-
MIYHMI J&HIOT

(-) (PtYHo|H||Fe3*, Fe?* (Pt) (+),

eNeKTPOoNHI peakuii nepenamThCA PIBHAHHEAMM

Hy = 2H* + 2¢7; Fe3* + le~ = Felt,
EPC 3a cTaHgapTHMX YMOB YMCEJBHO JODIBHIOE MOTEHLIANY LbLOTO
PEOOKC-EJIEKTPOOA!

Egpc = E,'l

e /Rt

~Ej. . =077 B, Ep g =017 B
2
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[IpaxTH4YHO AnA BMMIpHO-
BaHHA OOTEHLianip AK enex-
TPO4 [OPIBHAHHA uacTile
EBMKOPMCTOBYIOTE HE CTAHOADT-
HiMi BomHeBmii eneKTpom, a
OefKl THII eNeKkTpoa, AKI €
Binbw crabineHumy 1 apyu-
HHMM ¥ BHTCOTOBJEHH] Ta 3a-
crocyBanni. fx moTenmamm
BiAHOCHO cTaHOapTHOTD Bog-
HeBoro enexTpoja sigomi. o
TAKMX eNeKTPoLiB nopiBHAH-
HA HANEXaThb KaJoMeNbHIH,
xJopocpifnuit Ta meawri iHui
(pue. 15.6).

ToTesiany, AKi BHUZHA-
YalTh 3 BHMKOPHMCTAHHAM
LMX eNeKTPoME, NepeBOAATE  Puc. 15.6. Cxema ranspanivsoro eneMenTa
Y BopueBy 1ukany. Jna gns BMMIDIOBAHHA NOTEHUIATY eneKTpoga
uboro  obunemowts  EPC  (anisa) mignocHo KasomeasHoTo enekTpoa

¥TBOPEHOrD Fanbsaniqaoro nopiBraHuA (cnpaBa)
eJleMEHTA 3a PIBHAHHAM

Expe = |E'r|ctp = E;-L

Ae Egppe — enexkTpopyliiiiHa cuia radbBaHiMHOTO eJeMeHTa; Enop —
BinoMMA NOTeHian eneKTpota nopiBHAHHA BLIHOCHO CTAHJAPTHOTO BOJHE-
BOro enekTpona, E,. — rmoTeHylan enexTposa, AKMH BHM3HAYAKTH,
Poar’azabimm ye pisnsania BignocHo E, OTPHMAEMO;

AasA Engp = Eg
E; = Enp - Egpc;

ans Enup < E,
E, = + Egpe:

¥ rabu. 15.1 HaReneHo 3HAYEHHA CTAHZAPTHMX MOTEHINANIB Hes-
KWX ENexTpPOAIE ANA BOAHMX PO3YMHIE 3a BOJHEBOK IIKAJOK B
MOCJiOBHOCTI 3pOCTAHHA IXHIX 3HAYEHE.

Tabauya 15.1. CrangapTHi enexTpogsi noreHuiain
3a remnepatypmu 298,15 K

Enexrtponsa pienosara EV B Enextpogua piexoeara EV B
Li* + le” = Li -3,045 [ MnO; + 1e- = MnO3~  [0.564
K*+1le =K -2,925 |[Fed* + 1¢” = Fe?* 0,771
Rb* + le” = Rb ~2,925 | Hg; + 2 = 2Hg 0,788
[ Cs* + 1e” = Cs -2,923 JAgt +1e = Ag 0,799
Ra®** + 2¢” = Ra . 172,916 |Hg** + 2" =Hg 0,854
Ba?* + 2¢” = Ba -2,906 |2Hg?* + le~ = Hg3" 0,92
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Mpodosxenna mada. 15.1

EnextpogHa piBHoBara £EY B EnerrpojgHa pisHoBara E B
- NO; + 3H* + 2¢” = HNOy+
Ca?* + 2¢~ = (a -2.866 5 l-ng 0.04
- ¥ NO; + 4H* + 3¢~ = NO+
Nat + le” = Na 2,714 | ¥ 2%{20 68
La*™ + 3¢ = La —2.522 |Pd® + 2e = Pd 0,987
HNO, + Hf + 1le” = NO +
Mg2+ + 2e™ = Mg ‘2,353 + Hz& l,ﬂﬂ
H, + 2¢" = 2H_ —2,250 | Bry + 2e = 2Br_ 1,065
- L ClO; + 2H* + 2¢~ = ClO; +
Be2t + 2¢” = Be 1,847 = H;O 1.189
- = _ 210; + 12H* +10e" =1 +
ARt + 3¢ = Al 1,662 £ 613{;;0 119
Titt +2e" =Ti -1.628 | Ptit + 2e" =Pt - 1,20
Qg+ 4H + 4 = o
Zrit + de~ = Zr -1,529 {pEH = 0) . 1.93
+ 4HF +2¢” = Mn**+
il -1186 | Y555 1,23
Mn2* + 2¢~ = Mn -1,180 T3 + 2e- = TIT 1,25
HOBr + H' +2¢ = Br +
Se + 2¢” = Se~ 092 {10 1,33
2H2‘D + 2e~=Hy + 20H" Cr20$_ + 14H* + e~ =
(pH = 14) -0,828 | = 2Cr3* + TH,O 1,33
Zni® + 2e” = Zn —0,763 |Clp + 2e = 2C1° 1,358 |
- = ClO, +8H* + 8~ =Cl" +
Cr* + 8¢~ = Cr 0,744 | ¥ -1?120 130
- = §2- BrO; + 6HY + 6e” = Br™ +
S+2 =8 ~0,447 + 35,0 193
= SHOI + 2HT + 2¢ =I5 +
Fe2+ + 2{:‘_ = Fe ‘1),440 + 2H_2‘0 2 1,45
| 2H,0 + 2¢” = Hy + 20H" ClO; + 6H* + 6e” = ClI™ +
(pH = 7) -0,414 |+ 3H,0 . 1,45
PbO, + 40T + 2 = Pb*" +
Cr3* + 1e” = Cr2* 0,408 | 1%58 & 1,455
2+ -= 2Cl0; + 12H" + 10e™ =
Cdt + 2~ =Cd -0,403 | < QL+ 6Hy0 ‘i
TiF + 1e” = Ti*F 0,369 [Au'T +3e” = Au 1,408
-= 4 MnO; + 8H* + 5¢™ =
T+ le" =TI 0,336 | be 4 4H,0 152
» |2BrO; + 12H* + 10e” =
+ - = 27 3
Co?* + 2¢~ =Co 0,277 |2 Bro+ 6H;0 152
: HOBr + 2HT + 2¢” =
Ni?*t + 2¢” = Ni -0,250 | Z Brz:" 2H,0 1,59
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Mpodoswenns maba. 15,1

Enexrponsa pisxosara E' B EnexTponsa pismosara E' B

Most + 3¢ = Mo _0,20 H_!,IO.E + H.+ + 2" = IDE +

+ 3H,0 1,60
Sn*t + 2Ze” = 8n 0,136 {Cel* + 1e~ = Ced* 1,61

. o L. 2HOCI + 2HY + 2~ =

Pb2t + 2~ = Pb 0,126 | = Cly + 2H,0 1,63
2H* + 2" =H, 0,000 |PbOg+SO{ +4H* +

+ 2¢” = PbSO, + 2H,0  [1,682
Ge?t + 227 = Ge 0,001 |Aut+e = Au 1,691
S+ 9 + 2Ht = I.{_zs 0,14 MnO,: + 4H* + 3 =

= MnO, + 2H,0 1,695
Snit + 2¢~ = gp2t 0,15 FeO} + 8H' + 3¢~ =

= Fe’* + 4H,0 1,70

5- =

SOy +4H' + 2¢” = H,0, + 2H* + 2¢” = 2H,0 |1,776
= H,S0; + H,0 0172 | °° i =
Bi* + 3¢~ = Bi T G i

= BrOj; + H,0 1,88
Cut + 2¢ = Cu 0,337 [8,05 + 2 = 280% 2,05
O, + 2H,0 + 4¢- = 40H" O; +2H* + 2 =0, +
(pH = 14) D401 |+ HyO 2,07

2- + - =

I + 2¢ = 2I- 0,535 |S208 +_2H e

= 2HSO, 9,12
H;AsO, + 2H' + %¢ = s
=“HAsD, + 2H,0 0,56 F, + 2¢~ = 2F 2,87

§ 5. BuxopucTanHA CTaHJAPTHHMX €JeKTPOAHMX MOTEHIiaJiB.
Hanpamok nepebiry okMcHO-BigHOBHMX peakiiii

Kosxuuit 3 norenniamie BigNOBiTac neBwiit piBHOBa3i Mix oxuc-
HEHOK Ta BiXHOBJeHOH (hopMaMM PEYOBMHM, TOMY ByIb-fAKA 3 IMX
nap moxe HyTH AK OKMCHMKOM, TAK | BiAHOBHHMKOM.

Ha seraTusno sapafseHOMY €JNeKTpOJi ranbBaHIYHOTO eJeMeHTa
aTOMM BiINAIOTE €JMeKTPOHM i € BiIHOBHMKAMM, TOMY

BignoBHa azaTHicTe BiauoBaenoi dopmu enemenTa TMM BHIIA,
9UM MeHille 3HAYeHHA MAae€ eJeKTpOoaHMII NOTeHIiad BIAmo-
pBignol Haniepearuii,

i, HaBMakwH,
OKMCHIOBAJIBHA 3JaTHiCTH OKMcHeHOT (opMHM eJeMeHTa THM

BMING, 9MM OBinbiue 3HavweHna mae eNeRTpoxuMuUii nNoTeduiag
BianmoBignol Haniepearuiy.
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AKImo ramsBaHiYHM €JIEMEeHT CKIAcTHM 3 ABOX eNeKTPoAis, TO Ha
eJleKTpoAi, AKOMY BIiANOBiAaE MEHLe 3HAYEHHA CTAHAAPTHOIO IIO-
rTexuiany, BigbyBaTHMeTbcs PeaKlis OKMCHEHHHA, & Ha eJeKTponi 3
BMIIMM $10TO 3HAYEHHAM — peaxuis BigHOBJEHHA. '

Poamimensam Tiel un iHWOI enexTpoxiMiuHOI nanispeakuil y pa-
Oy CTaHAaPTHUX eJeKTPOAHMX TNOTeHUianiB XapaKTepusyloTe 11
OKMCHO-BIiZHOBHY 3aaTHicTe. Ile mae aMory BupimyBaTu NUTaHHS
Mpo MPUMHUMIOBY (TepPMOJMHAMINHY) MOMJIMBICTL Ta HANPAMOK MM-
MOBinEHOrO rnepebiry OKMCHO-BiHOBHMX npouecis. BusHavadbHUM
ynHHKMKOM nepebiry GyaL-AKOr0 XiMi4HOro repeTBOPEHHA € 3HAK Ta

sHayexHs aminy eHeprii I'i66ca. fAx yxe sasHawanocs, AG < 0, konu

Eipc > 0. Orsxe, B raneBaHiuHOMY eJIEMEHTi 3arajibHa OKMCHO-BiA-
HOBHA peaKuif Moke MMMOBLIbHO BinfyBaTicA B TOMY HaIpAMKY, B
AKOMY eJiekTpoximiuHa HariBpeakuis 3 BMIIMM 3HAYEHHAM eJeK-

TPORHOTO MOTeHLjany € OKHCHOIO, T06T0 B, > Efyy 1 Egpe > 0.

Iponec BigbyBacTECA B TOMY CAMOMY HAaNpAMKY i TOAl, KOXM pe-
goBMHM obox enexrponis nepebysaioTe y DesnocepelHbOMY KOH-
TaKTi OgHA 3 OJHOK, a pearuis 34iACHIOETHCA XIMIUHMM LIJIAXOM Y
posumni. Tomy npu OGesnocepenHiii B3aeMoAll PeMOBMH HANpPAMOK
peakuii Gyne TakuM camum, £K i mig 4ac 11 nepebiry B raabBaHIu-
HoMy enemeHTi. Uum DineummMm € cTaHnapTHMIE MoTeHLian HaniBpeak-
wii, THM CHUJBHIIIMM OKMCHMKOM € OKMCHEeHa hopmMa pedoBHHM, i, Ha-
BrAaKM, YMM MeHIIwiA ii cTaHpapTHMI MOTeHIiak], THM CHILHILLIMM
BiIHOBHMKOM € BigHOBIeHa OpMa PEYOBMHM. Tax, 3 ycix HaBegeHUX
y Tabn 151 peuosun HalicMIRHIIIMM OKMCHMEOM € (hTOp, AKMH €
OKMCHEeHO hopMmolo piBHOBaskHOTO npouecy Fy + 2™ 2 2F~ 3 uajt-
BMIIMM eJEKTPOAHMM IOTEHLiakoM EIE B =287 B, a Hadcuab-

2
HIMM BiZHOBHMKOM € JTil, »OJA AKOT0 eJeKTpojHa pieHOBara
Lit + e 2 Li mae HalHmK4Mil eJeKTPogHuMi MOTeHujas:
Eii. = -3,045 B. BignosigHo no sHaueHb cTaHAAPTHMX €JIEKTPOA-
HMX TOTeHiadiB, HANMPUKIAZL, LMHK {Egnh 120 =06 B) € cumb-

HilvmM BigHOBHMKOM, Hik samiso (E) .. Jre =044 B) i me cumbii-

mam, mig Mige (EL . o =034 B). Hasnaxn, iorn migi Cu?t smaumno

CHABHILN OKMCHMKM, Hisk HoHM 3aiiza Fel*, i me cunenin, His ioHM
uMHRY Zn?t.

OTe, 3a TaOMMUHKMMKM 3HAYEHHAMM BEJIMHMH OKMCHO-BITHOBHMX
NOTeHLia iB MOKHE NepeadauuTy HanpAMOK OKMCHO-BIJHOBHMX De-
akLiit y BOgHMX pozumHax, TobrTo a'scysaTw, uu BigbyBaTMmeThCA
peaKlif Mid KOHKPEeTHHMMM DedyOBMHAMM.

Hanpuknaz, NoTpifHO BH3HAYMTH, 4K MOXKHA iOHAMM Fe?* oxmc-
HUTH METaJIYHY Migb 32 peakKuliclo

Cu + Fey(S0y); = CuSO4 + 2FeS0,,
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abo B ionrin dopmi
Cu + 2Fe3* = Cu?* + 2Fe?*.

Ilna uwporo, BMKOPUCTOBYIOYM CXeMy mnpouecy, mo mnepeabaua-
eTwes, Tpeba:

. sanMeaTy 3arajibHY OKMCHO-BiJHOBHY peakUin y Buriagl
JBOX eJeKTPOHHO-iOHHMX HamiBpeakiift, aki signosinaioTe OKUCHEH-
HIO BiJHOBHMKA i BiIHOBJEHHIO OKMCHMKA, T& CXapaxkTepuayBaTH 1X
BiANOBigHMMK NIoTeHLianaMu:

Fel* + le™ = Fe?™ — oxruchuk, npouec BifAHOBJIEHHS:

0 . ;
Eha.frez, =077 B;
Cu = Cu®’ + 2~ — BigHOBHMEK, NpoOLIEC OKHCHEHHA
1] o ¥
ED 1-cu =034 B;

. nopieHATH Mix c00010 noTeHuiany HANIBpPeaKIi, naM sATa-
I04M, IO PeaKuif MOMIMBA, KOJM NOTeHUian oxuchuxa (Fe?™)
Binemmit 3a mnoTeHLiak BigHOBHMKA. Y HaBejeHomy npueaazni

0 [i] . 0 —_pl 0 _ -
EFE:“,"FEH > E\cﬂhr"cu’ Tom EEPC - EFE","FE“ == Ecu:,;cu— D,T? — 0,34 —

043 B > 0; ssigen AG = —nFERpe = —2-96 485043 =
= =82 977,1 JTm < 0. Ockinexu AG < 0, To HaBegeHa peaxlia
HPHHHHHOBD MOXMIIHBA.

Posraanemo me ofguH npukaag. [loTpibHo BM3HAYMTH MOMIM-
BicTs MUMOBLTEHOrO Mepebiry OKMCHO-BIAHOBHOI peakuil y HanpsMKy

9Fe?t + I, = 2Fed* + 21"

Ocxinpxy B HapegeHill cxemi peaxnil gBOBaJleHTHe 3ali30 OKMCHIO-
€TLCA, a J0J BiJHOBAIOETBCH, TO eNEeKTPOHHO-ioHHi HaniBpeaxuil
MalThk TakMit BUrAAL:

I, + 2¢” = 2I” — OKMCHMK, NpOLIEC BiIHOBJIEHHA
i} - i
E[:”_ =053 B,
Fel* = Fe3* + le¢” — signoBHMK, npolec OKMCHEHHS
E° =077 B.

Fe'* /Ee™
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[ToreHuias, AxkMi BIOMOBiZa€ BIJHOBJIEHHIO OKMCHHKA, TYT MeH-

LIMIT 32 [NOTeHL{aJ, W0 BIANOBIIAE OKMCHeHHID BiOHOBHMEA' Ef .
z

< Egge gt s @ Egpe = Eg = Egig, = 053 - 0,77 = -0,24 B, AG > 0, To-

MY MOMHa JITH BMCHOBKY, L0 3a CTAaHJAPTHHMX YMOB peaKlid B 3a-
SHAYEHOMY HATNpPAMKY He BifbyBATHMMeTbCA, | HOJ He OKMCHIOBATHMME
ioum zamiza(ll).

[IpoTe aAxio 3amicTe oy B3ATH GpoM, TO MHUMOBIIBEHMI nepebir
pearwii cTae MOMIMBMM, OCKLIBKNM TIOTEHLIAJ] HamiBpeakuil eigHoB-
nenua Opomy

Bry + 2¢ = 2Br-, Eg, g =106 B
2

Ginbimmit, Hix oxmcHenaa samiza(ll):

Fe** + le" = Fe*’,  Epu .. =077B

Fe®*
- D
Y ubomy pasi E,, > Ej,,, ToMy

Elpc =E _ ~E, . =106-077=029 B> 0.

Bra/Br- Fe'* /Fe**

PosrnanyTi npurIagn BUSHAYEHHA HANpAMKY nepebiry oxMcHO-BiTHOB-
HUX peayiii PYHTYBAAMCA HA BHMKOPHMCTAHHI CTAHAAPTHHMX ENeKTPOAHMX
noredpiaais. Ao okucHMK | BLIHOBHMK posmimigHi IocHTh gadexo ofuH
Bl OJHOrO, TO HANPAMOK peakuil IxHeOl BaaeMoail NPaKTHYHO NOBHICTH
BM3HAYAETECA BiINOBIAHMMM eJEKTPOIHMMM IOTeHpialaMM, AKE 3HAYHO
pisaaTeca Mim cofow. ¥ pasi OMnMsBKMX 3Ha¥edk CTAHNADTHMX [MO-
TeHnladiB pewoBMH HANpAMoK nepediry peaxuil sanemarime TaKoM 1 Big
KOHUEHTRANUI CHoayK, AKXl BIAMBAKTE HA 3HAYEHHA EMEKTPOIHMX NOTEH-
planis. 3Mino0YM KOHUeHTPaull peareHTis ¥ pos4unHi, MOMHA BIVIMBATH Ha
HanpAMOK nepefiry OKMCHO-BIOHOBHMX peaknifi Yepes sMiHY eleKTROSHMX
MOTeHNIaNIE OKUCHMKE | BIZHOBHMKA. IXHI BeJIMYHHM Bie BigpisHATH-
MYTBCA BiI craHaapTHMX i 1x norpibuo ofuucmosatn sa pisHaHaAM HepH-
cra. AKIE OKMCHO-BIHOBHA peaknia sigbybaerbea 3a yuactwo iodis HY i
OH"™, To caig spaxopysaT Takoex | pH cepenosmua.

Tax, oxMcHIOBaNBHE 3AATHICTE AMXPOMATY KaJiio Ta IHIIMX KMCHeBMic-
HMX OKucHMKIE, Hanpukaang KMnO,, PbO,, semuxom Mipow 3aienuTts Big
pH posunny. Ockinkxn ionn HY y nbomy pasi manemats go YHCA NOTEH-
Lia TBM3HAYAMBHIX, TO IXHA AKTHBHICTE BPAXOEYETECA B pisHARH] Hepuera
ona EJEKTROJHOTD I'[{JT\EH]_[i.a.'I'.[}'Z

CroQF + 14H" + 6e~ 2 2Cr3* + TH,0,

2- +.14
g o g0, 00592 [CrOT 'Y

6 [Cr3+ ]2
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3a CTaHOAPTHUX YMOB, KOMM KOHLEHTpalis noTeHiaABH3IHA9ANLEHEX
fonis cranosurs | MoaL/a, maemo E = E0 = 1,33 B. Ognar axwo Juxpo-
Mat nepebysac B MeHil KucA0OMy cepenoBuiui (Hanpuknan, 3 pH = 5, Tob-
1o [H*] = 10-® moas/a), T0

i 1'0_ 10—5 14
E =133+ 0,0592 g ( 4 J
6 1,0

3anesHICTs OKMCHIOBAJABHOI 3HATHOCTI AMXPOMATY KAl Big KucAOT-
Hocti cepezoBMma 3yMoBJeHa BiymBom iowin H* mna cran enexTpoanol
piBHOBArK,” AKA | BU3HAYAEC OKMCHO-BIAHOBHY 31aTHiCTE cucremu. Tak, al
SHMMEHHAM KoHneHTpanil lowis HY enextpomsa pisHosara (3a mpuHpmriom
Jle IlaTense) aMinryerkea BAiBO f EMeKTROIHMIA NOTEHIIAJ 3MEHIIYETLCA.
Le cpizuuts npo nocnabieHHA oxMCHIOBAaJABHOL smatHocti emcrem. Ha-
BIaKH, 3 MiIBMIEHHAM KUCJAOTHOCTI pOZUNHY OKMCHIOBAJBHA 3MATHICTH
JuxpoMaTy s6imeluyeThes, HA 10 BKASYE 3pOCTaHHA EJEeKTPOAHOTO Mo-
TEHpIATY.

= 1,33 + 0,00987 - 14(-5) = 0,64 B.

Paa enexrpoxiMignmx moTenmianie metadiB. fArmo meramm
pO3MIiCTHTH B MNOCHIJOBHOCTI 3POCTaHHA IXHIX CTAHIAPTHUX eJieK-
TPOAHUX [OTEHINAMIE, TO YTBOPIOETbCA PAJ eIeKTPOXIMIYHHX MHO-
rTengianxie (ane. rada 15.1).

TlonoxenHs TOro 4M IHIIOTO MeTany B LbOMY DALY XapaKTepH-
3Y€ BIJHOBHY 3HATHICTB JOr0 y BMIVIAZI NPOCTOl PeuOBMHM Ta OKMC-
HIOBAJBHY 3J4THICTb HOro i0HIB ¥ BOJHMX PO34YMHAX 34 CTAHIAPTHUX
VMOB,

Pan enexrpoxiMiuaMX noTeHuianie fa€ 3Mory AUITH BarmIMBUX
BUCHOBKIB,

Uum Hausede posMIIeHHMA MeTas A0 [NO4YaTKY pPALY, THM CHIb-
HILMM BIIHOBHMKOM BiH € 1 THM clabKIiDiMMM OKMCHMKAMM € HOro
ionn. B mipy eigganenns Big noyaTKy pAAY BIAHOBHA 2JaTHICTE Me-
TaJIB 3MeHLIYETBCH, 8 OKMCHIOBaJbHI BAacTMBocTi iXHIX ionie apo-
cratorb. Hanpurnag, Meranu, sAki posmimeni GaMmde X0 mouyaTKy
pARy, 3AaTHI BUTICHATK BCi HACTYNHI MeTAJNM 3 POBYMHIB IXHIX CO-
jeit. Tak, v pasi 3aHypeHHA MeTaJi4HOrO 3aji3a B PO34MH comdi Mi-
ni(I1) Ha fioro noBepxHi WBMAKO BUIINACTHCA JEPBOHMMA OCaf MLl

Fe + Cu?* = Fe?* + Cu.

Hanpamor nepebiry TakuMxX peakIiifi BM3HA4aiOTh NOPIBHAHHAM
CTaHJaPTHUX eJeKTPOJHMX [oTeHuiadiE BIANOBIAHMX HaniBpeakI{in:

Fe = Fe?* + 2¢~ — BigHOBHMEK, npolleC OKMCHEHHHA
0 — .
ED .5, = ~0,440 B;

Cu?* + 2¢~ = Cu — OKMCHME, NPoLEC BigHOBIEHHA
Eoy e =034 B.
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:
Toni ECuh,iCu

AG < 0.

Peaxuil BuTicHeHHs MeTaniBE 3 BONHMX PO3WMHIB IX coJsedt iHLmmm
meTanamu BiAOYBaiOTLCA, KOMM METAIM-BLOHOBHMKM PO3MilleHi B paAay
eJIeKTPOXIMIMHIX MOTEHIJAMIB MiC/A MATHII0, OCKIIbKK nonepensi myxe
AKTHMBHI METAJM PEATYIOTh TAKOM 3 BOAOIO 3 BUTICHEHHAM BOJHIO,

Buepiue pocimijpxenHs BUTICHEHHA OfHMX METaJiB iHUMME 3 Ix-
Hix cnonyk y 1865 p. nposie pociiickkmit ximik M. M. Bexeros. Biu
pPO3MIiCTHE MeTali 3a IX XiMIYHOK aKTMBHICTIO B «PAJ BUTICHEHH:»,
AKWI € TIPOTOTHUIIOM PALY EJIEKTPOXIMIYHMX MOTeHIIaliB MeTaliB.

Meranu, Aki B pALy eAeKTPOXiMIYHMX NOTeHNiaJiB poaMilieHi go
BOZHI), 30aTHI BUTICHATH BOZEHDL 3 PO3UMHIB THX KHCJIOT, AKl OKuc-
HIOIOTL MeTaly karioHamm BopHio (Hanpuwmaapn, HCl poabaenexmii
pozuus Ho,S0,, CH3;COOH).

Meranu, poamilueni B pALy enexTpoXiMiYHMX MOTEHI{aNiB micia
BOJHIO, HE PO3UMHANTbCA B PO3UMHAX KHCJIOT-HeokucHuKIE. Ha-
NpUKJaZ, MeTalliiHa Mifjb 32 BiACYTHOCTI IHIUMX OKMCHKKIB TepMO-
nuﬂamtmo criiika B posbasieHux POSUHHAX KUCIIOT, ockinprn i
ionn Cut — cuabHili oxucHuky, Hix jouy HY.

i} 0 _ g0
EE‘ez‘er* Egpc = E(:u",fc-.; EF M Fe =078 B > 0, a

Murona Mukonaiioews Bexerors (1826-1911) — po-
cificexmit. hisnxoximix. Halirigomituoro fioro npauerwo €
«[ocmimHeEHA Ban ABMINAME BMTiCHEHER ODHHMX eje-
MeHTiB innnme (1865). Bueymys (1865) mMaxy Teo-
PETHYHHX MONOMEHL NP0 3aNeMHICTL HATIpAMKY Tle-
pebiry peaxiiii Big eHepreTHHHOr) CTARY DeareHTIs i
JOBHIIIAIX yMOB. CTEOPME TepMoxiMiumi nabopaTopil,
B AKMX Da3Z0M 3 YUHAMM JocliIyBaB Ximiuny cno-
pinHeHicTE. - Bu3EAYAR TELIOTH YTEOPEHHA OKCHAIB i
XJIOpMAIR MYMHMX MeTaliB, ynepiue onepan (1870)
Oeaponui oKeHAM NymHHX MeTanis. Bue=was BnacTH-
BOCTI a.ﬂI‘GMIHi}O B peﬂ.lﬂ.ﬂﬂ!ﬁ BUTICHEHHA HETEJ]JB 3 Ix-
Hix UKEH,E]B 33 BHMCOKOL TEMI’IEPETFPK I.J'J,'D B HUREHL-
mromy GyJs10 NOKNAneHe B OCHOBY MeTaqoTepmil Bma-
#ap QisMYHY XiMiH caMOCTIMHOI HaVEOK, NPOYMTAB
nepumi Kype nexkuilt 3 miel AMcuumIiaK, opradiaysas
mpakTmicyM (1865).

3 BOAM IUIBMOKO BMTICHAIOTh BOJIEHL TLNBKM AKTHUBHI MeTaJH,
poamMilleHi Ha MOYaTKY PAAY eleKTpoxiMiuHux norenniamis, Bei so-
HKM MalTh 3HAYHO MEHIIMI OOTeHIia), HI¥ NOTeHI[a] BOAHEBOTO
ENEeKTPOJIa B HEMTPAJLHOMY CEpesIOBMII {EH* /iy (pH=T7) = -0,41 B).

Marnift BuTicHAE BOfIEHB TIMLKM 3 rapaA4o] BOZM, OCKINbKM HOTO I110-
BEPXHA IIOKPHBAETBCA 3aXMCHOI OkcuaHO nuiiekoio. Ille Gimbiuoio
© MIpO0 Iefi YMHHMK BMABJIACTBCA y METAaliB, POMIUEHMX Yy LbOMY
pAny mix marniem Ta xagmiem. Ha Ixmix TIOBEPXHAX YTBOPKIOTHCA
UMbHI OKCHMIHI MJIBKM, AKI MalOTh 3aXMCcHI BiacTHMBOCTI | nepem-
KOIYKal0Th NOAaNLUIOMY OKMCHEeHHIO MeTalliB BOMDIO.

Muxona Muxonaio-
Buy Bexertor

AL
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Poamitgenna MeTatis y pany ejexTpoximiunmux norexuiania He
3aBMKOM NEerK0 MOMKHA Y3rofuTH 3 IXHIM MOJOMEeHHAM Y nepioguyHin
cucremi. Hanpurnan, nitift vy usomy pany € HalakKTHBHIIINM MeTa-
JoM, & KaJift 3afiMac micie mix Jgitiem Ta HaTpiem. BomHodac, 3 or-
NALY Ha poaMiuleHHA JiTi0 B mepiopMuniit cucremi, itoro ximiuHa
AKTHBHICTE MaJa B ByTu MeHLIO0, Hid HaTpi.

IIj0 Heyaro:KeHICTh MOACHIOWTEL THM, L0 B elexTpofHill pieHO-
Baal MeTanl—ioOHM MeTaly BaMUIMBY poJdb Bifirpae exaorepmiuumii
npouec I'i;[pa'rauﬁ yTEOpeHnx ioHiB. loHM JyMHMX MeTajis Me™
MaloTh OfHAKOBI 3apAnM, ane pisui pafliycu, AKi 3HaYHO BPOCTAIOTH
y mocaigosHoeti Lit — Na®™ — K* — Rb™ — Cs*. Hailimenwi 3a
poamipom ioru Li* creopioiors HaBkono cefe HalicuibHilIEe 3a
HAMpYMKEeHICTIO eNeKTPUyHe NOJEe, TOMY BOHM YMHATH CHUJIBHILINA
NOIAPHIAIIAHKA BILIMB HA MOJEKYJIM BOAM i TifIpDaTYIOTBCA 3 BMJi-
nennaM Ginsliol kinbkocTi eHeprii, Hixk lonm HaTpilo Ta kamio., 3
uiei npHYMHK piBHOBAara JIJIA MaJIOro 3a po3MipoM ioHa JTilo

Me + mH.O 2 Mé‘ngo} + le”

BMIIIYETbCA BIPABO, IO CIPHYMHIOE BiANOBiIHE 3MEHIUEHHA eJleK-
TPONHOrO MoTeHIamy.

Bam By pofiik ABMILUA COVIBBATAatil B eNeKTpofHil pisHopazl MomHa
MpOCTEXUTH HA MPUKJAZAX PIZHMX COABBATYIOMMX DearesTis. ¥ poarna-
HYTHX BMIIE CHCTEMAX CONLEATYIOHMM peareHToM Gynma Boma. Enepriio
COTBBATALL] MOMCHA (CTOTHO AMIHMTH, BUKOPMCTABIIY IHINL DEYOBUHE.

3aranoM eleKTPOoAHY PIBHOBATY MOM(HA TOJATH PIBHAHHAM

Me + mL 2 Mean* + ne”,

ne L — consRaTyiounit pearest (airaHm).

Yyum Minuinmm € yTBoperuii comssar MeL! ', Tum Ginsme sugina-
€TLCA eHepril (emepria combeaTauii) i TMM cHMabHIlle BIPaBo aMIiYETHLCA
pieroeara. e nmosermye ionizauin (OKUCHeHHA) METANY Ta, ¥ CBOK HEpry,
CAPUHMMHEIOE FHUMKEHHA CTAHJAPTHOID eTeRTPOJHOrD MOTeHLiany.

Briaue OTOYEHHA UEHTPaJbLHOrO i0HA METANy Ha eNeKTPOJHY PiBHOBATY
MOMHE MPOIIIOCTPYEATY MOPIBHAHHAM [TOTEHIIANIE 30J0TOTO ENERTPOJA 33
HaABHOCTI piauux Jairaggis;

Au + mH,0 2 [Au(H,0)n* + 17, Eiu.f.m = 1,69 B;
Au + 2Br- 2 [AuBry]~ + le-, E’ =096 B;
Au + 2NCS™ [Au(Ncé}zs- +1e, E" =069 B;
Au + 2CN- 2 [Au(CN)y” + le~, E" = -060 B
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3migey BMAHO, WO BiAHOBHA 34aTHICTH 30JI0Ta 3HAYHO 3POCTAE B MDY
sbinnwenna crifikoceTl KomnaexkcHux iomie Au®. lle nigTBepamycTbeR
aMeHLUIeHHAM 3Ha49eHHA CTaHAaPTHOTD eJeKTpogHoro noreHuiany. Came Ha
spocTaddi  sBigHosHol agarHocTi (ToDTO 3jaTHOCTI OO0 OKMCHEHHA) Me-
TAJIYHOTO 30J710Ta IPYHTYETLCA METOI KITbKICHOMD BUWIYHEHHA LBLOTO MeTa-
IV 3 MpUPOAHMX 30J0TOHOCHMX MOpia posuyuHamy wiaHiais, 3a HaABHoCT
CN7-ioHis y BoOHOMY PO34MHI 30JI0TO JErKO OKMCHIOETBCA KHCHEM!:

4Au + 8CN- + Oy + 2H,0 = 4{Au(CN),]" + 40H",

§ 6. Kopozia Ta zaxucTt meTanis

Kopozis — 1e mnpouec MMMOBINEHOTO pyHHYBaHHA MeTaJiB Ta
ixHiX enmasiB NI BOIMBOM HABKOJIMINHEOTO cepejoBuiia. Buacnigox
kopoail BinGyBaeThes INepeXxig aToMiB MeTady 3 HOro KpMCTalidHO
IpaTKM y CIOOJMYKM 3 KUMITOHEHTaMy cepenosuma. Ile npuarogute g0
3MEeHILEeHHA MACH MeTaJy Ta noripuleHss BaraTeoX Horo BlIacTHBO-
cTeit, 3okpema Mingocti. Kopozia nalfixaparxrepnimna ana meTans,
AKl TPANJARITECA B NpPMPOAlL HE B CAMOPOIHOMY cTaHi, a ¥y BUTIAAI
XIMIYHMX CTIONYK, MO BXOAATE A0 CKJIany Minepanis ta pyn HoGy-
BaHHA MeTaJiB i3 cTIHKMX NMPUPOAHMX pPEeYoBMH 3a3BMual norpelye
3aTpaT BeaMKOl Kimekocti enepril. Hasmakn, sracninok koposiiivoro
pylHYBaHHA METANHM 3HOBY MEPEXOAThL B OKCHMZM, cyabdigM, Kap-
fGOHATHM Ta IHIN COOMIYKM, AKI TEPMONMHAMIYHO CTIMKII, HIM YMCTI
MeTanM, TOMY [POLECH KOpPo3il CYNPOBOMMKYIOTECA 3MEHIIeHHAM
eneprii Ti66ca, ix nepebir BinbyBacThCa MUMOBLIBEHO.

BrpaTty Bin koposii nagssudaino Bennki. Boun BuaHadalTeCA He
JNMIIe NpAMUMKM BTPATaMM MeTany, Akl aocaralors maixe 10 % ob-
cAris jioro gobysaHHA, a nie GiNBIION MipoOKH BMXOmO0M 3 Jagy BHac-
NiI0K Kopo3il gopororo merasnesoro ofagHaHuA, anapaTis Ta HIIMX
BupobiB. 3aranpHi BTpaTH Bin Koposii y ONpoMMCNOBO pO3BMHYTHX
kpainaXx cranoenaTe 10 Y% IXHBOTO HALIOHANBHOTO HOXOZ#Y, TOMY
poapobka meToxis i 3acobis GopoTein 3 KOpO3i€0 MeTanis € OgHMM 3
HaliBasKAMBIILIMX HAYKOBO-TEXHIYHMX 3aBJAaHb.

Kopogzia meranis sigfyBaerhca Ha Meski nominy ¢has metan—ce-
PeNoBNINE | HANEMTE A0 OKNMCHO-BIOHOBHMX TreTEpPOTEHHMX TpoOLe-
cis. Bona moske sigfyBaTmcs B rasax, s aTmocdepi, y sozi (piuko-
Biif, MOpCBKiH, TI'pPYHTOBI), OpraHiuHMX PpPO3ZYMHHMKAX, pPO2YMHAX
ENEeKTPOJITIE TOMO 3& XIMIMHMM T4 eIeKTPOXIMITHMM MeXaHizMaMHu,
ToDTO BHacnigok xiMiuHol afio enexrpoximiuuoi Baacmoail Metanis i3
30BHIMHIM cepenoBuilleM. XiMiuHa KOpoziA 3a3BMuall peaniayeThcA
B HEeJIEKTPOJITaX Ta CyXMX rasax. 3a 3MicTOM BOHa NOB'A3aHa 3
MIPAMOI0 B3AEMOIEK MeTaly 3 arpecnBHMM cepegosyminem. Enextpo-
ximiuna koposia BigbyBa€ThcA MO Hac KOHTAKTY METANB 3 po3uM-
Ham¥y eJeKTpoJiTis.

Ipuuupnmosa BiAMIHHICTE MUK ABOMAa MeXaHismamm nepeliry xo-
poail NoJATaE B ToMy, 110 B paai Ximiuuol koposil okucnenna mera-
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JIy Ta BLAHOBJEHHA OKMCHIOBAJBHONO KOMIIOHEHTA KOPOSiiHOrO cepe-
noeuiia BigOyBalOThCA B OJHOMY aKTi 3 YTBODEHHAM TPOJAYKTIB KO-
posii. ExexTpoxXiMiusa KOpo3id MeTaniB MOB'A3aHa 3 MMMOBLIBHMM
PYHHYBaHHAM MeTall4HMX MaTepiaJliB BHACJIZIOK X enerTpoximiu-
HOI B2EAEMOAIl 3 HABKOJMIIHIM €JIEKTPOTIPOBIIHMM CepenoBiiiem. ¥
UBOMY BMIALKY OKMCHEHHA ATOMIB METANY | BIJHOBJEHHA OKMCHIO-
BaJIEHOTC KOMITOHEHTA KOPO3IMHOTO cepenoBUINA BinfyBaEThCA He B
OJHOMY &KTi, a AK JBa NpoLecH, 110 CYNPOBOAMYETECH BHHHMKHEH-
HAM eJ/IEKTPHYHOTO CTPYMY B CHMCTEMIi, TOMY MIBHMJKICTE eJeE-
TPOXIMIuHOT KOPO3ii 3aneKNTh TaKOHK Bifl e1eKTPOLHOTO NOTEHI{ATY
METaMY.

Bignosigno go xapakrepy pyHHYBaHHA METAJIE DO3PIZHAIOTH CYULth-
MY XOPO3iN, AKa MOIIMPIOETHCA HA BCK TMOBEPXHIO METANY, Ta MICYEsy
KOpo3in, AKa JOKamiayeTrscA Ha oxpemnx miaaHkax. Micuesa kopoais
MOME MATH BHIIAL NAAM (MAAMUCTG KOPOIIA), TOYOK (Nimunzosa Kopo-
3ia), JOKaJisyBATHCA MM 3epHamMH (MIMKDPUCMAIIMHA KOPO3IA), Ypara-
TH 3€PHA TIIEKW OJHOMD 3 KOMMOHEHTIE METANEBOro CINIABY (CeAenTnuaHa
wopoaia) Touwo. OcHosri BUAKM KOpo3ii HaBegeHo ma pue. 15.7

AR .1-'//
A A

Pue. 15.7. Buau xoposii metamnis:
@ — CcyUlnnHa, § — aAMHCTa, 8 — TOUKOBE, 2 — OITHHIOBE,
d — MimKpuCTaniTHA, ¢ — POITPiCKYBANLHA, £ — CENEKTHBHA

Ximiuna wkoposzia. Ximiuna koposia sinbyBacThca 3a 2aKoHaMM
3BMYAMHMX TeTeporeHHMX Ximiuumx peaxuid. o ximiusoi xoposii
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HAJIe¥aThk MPOLECH OKMCHEHHA METAJIB arpecMBHMMM rasamMM 3a BU-
COKMX TEMIEPATyp, L0 YCYBA€ KOHIEHCAI(I BOJIOTM HA MeTaJidHil
noBepxHi, a TaKo¥ B YMOBAaX KOHTAKTY 3 OpPraHiYHMMM CepeloBu-
mami, Akl He MPOBOIATE eJeKTpPuHHOro crpymy. IIpu npomy enex-
Tpoari npomecu Ha Mexi nomginy ¢gpas HEe BMHMKANIOTE, 4 rnepenada
eJEKTPOHIB BiJ BiiHOBHMKA [0 OKMCHMEKA, AK i B pa3i 3BMyaiHuX Xi-
MigHMX OKMCHO-BifHOBHMX peakmii, sinDysaeTeca besnocepedHbo
mijg yac siTkHeHHA ydacHMKIB B3aemopii. Oraxe, nei BMa Kopoaii sBig-
OyBaeThCA BHACHIOOK B3aemojii meranis 3 arpecuBHMM HECTPYMO-
MpoBigHuM cepenosuieM | He CYNpOBOMKYETBCA BMHMKHEHHAM Y
CHCTEeMI eJIEKTDUYHOTO CTPYMY.

V¥ pasi ximiynoi Kopo3il MeTan pyitHYeTbCA OiJ AI€H0 KICHNO, cip-
KOBOJHIO, Ccipumcroro rasy, rajorexis abo imummx rasis sa sigcyr-
HocTl Ha mosepxHi Bonoru. Tomy xXiMmiuHy Kopo3ilo iHOAL HA3MBAKOTB
razosolo. [azoBol koposii saszHawTe MeTaaM mig Yac TepmidHoi o8-
pobxu, apmaTypa mnedeif, getasi ABMIYHIB BHYTPILIHEOIO 3rOPAHHA
Ta iHIIA anaparypa, AKa NPamoe B yMOBaX BMCOKUX TeMIepaTyp.
Ha nosepxui MeTasiB YTBOPHWTBECH MJIBKM NPOAYKTIB Koposili —
OKCHAIB, cyNhiais, ramoreHinis UM IHIIKMX CHONYK.

HajigacTime ximiuga woposia meranis BimbysaeTees B paszi ix
okucHeHHA HicHeM. Ha moBepxsi yTBOPWETLCHA AP OKCHMAIB, IO
rajeMy€E MOOJAaJBLUIMI QOCTYI KMCHIO A0 MeTaly | 3MeHIIYye IBHi-
glets npouecy. ToBupiHa OKCMAHOT MIIBKKM MOXM(E 3POCTATH He TiMlb-
K/ 33 paxyHOK nmd}yau KHCHIO JI0 METAy, a i BHaCIigOK 3ycTpiy-
HOTO pyxXy Horo atomis o 3oBHimHBOI mosepxsi miisku. Ulsuaxicre
KOpOBil 3aJemuTs Bij cyumhnoc'rl OKCHMJAHOI TWIBKM, 1i KpucTa-
noximivnol signosigHOCTi cTpyKTypl MeTany Ta mBMaxocTi mudiyaii
Kpisb Hel pearywuux KOMIIOHEHTIBE — MeTaly i oxkucnura. Cyuine-
HICTE OxkcugHOoro wapy HalOmkeno MoOMcHA OUIHMTH BiIHOIIeHHAM
of'eMy oxCuay VM‘,‘E,i Ao o6’eMy meTally, EMTpadeHoro Ha yTBOPeH-

HA UBLOro okeuay Vg

VMElUv
V\{z

Meranu, B Akux o < 1, He MawTh cyuinsuol nmisky. Ina cyuine-
HMX i CTiliKMX NAiBOK 3xaveHHA daktopa o nepebysarTe y mMemax
1,2 £ a £ 1,6, 3a Olibunx SHAYEHB (L BHACJLHOK HAIDYT OKCMJHL
MIIBKM [MOYMHAITL BiAOKPEMJOBATHCH Bij MoBepxHi Metamy (Ha-
MpMENaf, 3ali3Ha OKAJIMHA),

3a TOMIpHMX TemMepaTyp MeTafM 3a3Budaii OKMCHIOWTBCA [0
YTBOPEHHA okCcMAHOl NJIBKM MeBHOI TOBLUMHM, Micas doro gudysia
KMCHI) Kpi3h Hel CTa€ He3HauHow abo MPUIMHAETBCA 30BCIM (Ha-
npuenajn, Ha amominii, Tmrani). 3a BMCOKMX TeMIepaTyp crocTepi-

raeTbedA Oinpm ranboke OKUMCHEHHA MeTamiB. [Hoal 3a MX YMOB OK-
cupHl MJIIBKM PYHHYIOTBCA BHACHIZOK iX NMepexony B napoBy dasy.
Hpurnagom moxyTes Gyrn pewin, monibaes, Boiasdpam, Byl OKCH-
oM AKMX € JIETKUMIAL

JocnigxeHHaMi npoleciB yTBOPeHHA OKCMAHWX MAIBOK HA plaHux me-
TANAX A0BeeH0, e IX TOBUIMHA 3aNeXHo Bl yMoB cTaHoBuTh Big 1,0—1.5
o 20—40 um. Ilnieknr szaBToBmks nosan 20—40 HM aMiHIOHOTE 30BHIIIHIK
BUIJIAA MeTANy i B pasi MoJanNslIoro MOTOBUIEHHA HAJAAIOTE fomy csii
KOJip.

TIniBky HA MOBEPXHI MeTANY MOMCYTh OYTH He TinbkW oxcuuHumy Ha-
npuknag, mp piew Ha cpifno ranorexis (rasonoaibux abo posuuHeHuX B
OprasiyHUX pPO3YMHHMKAX) HOMO MOBEepXHA MOKPUBAE€TBCA IIAPOM Bigno-
BigHoro rajgorediny cpitna.

EnexrTpoximiana koposia. Ilen tun Kopoaii € HafmompeHilm
i HalineOeaneyHilMM BnjOM KOPO3IMHOTO PYHHYBaHHA MeTauis, AKi
nepebyBalOTk y KOHTAKTI 3 pPO3YMHAMM eNeKTpoNiTiB (Ha nosiTpi, ¥
[pyHTi, B PO34YMHAX TOMIO).

flk 3a3HAYaANOCh BHMILE, Mi¥ METAJIOM Ta JOro ioHammu B PO3UMHI
BCTAHOBJIIOETHCA piBHOBara:

Me + mH,0 2 Me(H,0)," + ne’,

AKA BMBHAYa€ eNEKTpOaHuii moreHuian Hamispeakuil Cran piBHﬂ-
Bary MOMe aﬁepuamcsx HECKIHYeHHO JOBrO 3a yMOBM, IO ¥ oporeci
ofiminy, AKMI BYMOBJIOE MOTEHIIAT MeTalliyHoro enexkrpogna, bepyrs
Y4acTs TINBKY I0HM NaHOTO MeTany, tobro ko MeTtan mepebyeae y
cTaHi pIBHOBarM 3 BJIACHMMM IOHAMM B posuusi. [Ipy npomy wsya-
KOCTi MpAMOl Ta 3B0POTHOI peaKriii OAHAKOBI, | BTPAaTH MeTany Bix-
cytni. [igpaTosani meTanidsi ioHM TYT € €MHMM OKMCHMKOM, 31aT-
HMM IIPUEHYBATH €JeKTPOHyM | BIAHOBIIOBATHCH O METaJy.

Kapruna aMIHKETBCA, KOJM B PO34HMHI KpiM BlacHMX iOHIB mera-
ny Me(H,0)" maaenl Takod iHui OKMCHMKM, 3JaTHI 3a JaHMX yMOB
Bi{HOBJIIOBATHCh HA IOBEpPXHI MeTajy 3 IOMNIMHAHHAM €JeKTPOHIB.
Tobro B posumui pa3om 3 MeTasdidHMmM lOHaMu, AKi B €JEKTPOAHIN
piEHOBa3] BUKOHYIOTH (pYHKLII0 OkMCHUKIB, nepefyBawTe inuni 4ac-
Turkn (ionn abo mojexysm), Akl Takox 3aaTHI OyTH ORMCHMKaMu.
[pupozuo, 110 NMPUENHAHHA EJEKTPOHIB y Nepury Wepry 3paificHio-
BATMMETBCA THMM YACTMHKAMM PO3HMHY, AKI € CHMIABHILIMMM OKMCHM-
KaMM. 3 HABEJIEHOro Billle PIBHAHHA EJIEKTPOAHOI PIBHOBArM BMJHO,
L0 AONATKOBMI OKMCHME, 3abupaloyy eNexkTpoHH, AKl BHBLIBHMIINCE
BHACJIJOK ioHisauil merany, SMIlyBATHMYTE eJeKTPOAHMI [pouec
y Gix yTBOpeHHA i0HIB MeTaly i CHpMYMHATUMYTS KOPO3iIo.

Omxe, nepebir mpouecy eNexkTPOXiMIHOI KOPO3il BinbyBaeThed,
AKIO Yy KOposifinomy cepemoBmigi € iHm OKMCHMKM, 3paTHi 2a
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JaHMX YMOB BiOHOBMOBATHCA Ha NMOBepXHiI MeTany, BigbMpalodu Bin
HBOT'D EJeKTPOHM, 1 TMM caMuM 3abesaneduyBaTH HOTO OKMCHEHHA.
Tak, ¥y pasi KOHTAKTY 3ajiza 3 pO34YMHAMM Do3DaBJIEHMX KMCJIOT
(HCl, HsSO4 Towmo) TakMMM 4acTMHKaMM € ioHM BoaHwo. Ina mne-
pebiry sasHa4yeHMX peakiiit norpibHo, wob piBHOBaXKHMIT noTeHUian
BOAHEBOro enexTpoda Oys BinbmmiM 3a MoTeHIian MeTadi4HOro, Ha-
NpUKJIAL;

>
EH‘;H1 Ere"m‘

TepMmommuamiuHMit kpuTepiit Moxausocti nepebiry enexTpoxi-
Mi4HOI Kopoaii MeTasis 3a HAABHOCTI iOHIB BOOHIO MOSHA TOJATH TaK!

=
EH';H2 EME"',.’M&’
abo anA cTaHAAPTHUX YMOE

] ]
>
EH',"Hz EMe“‘,.fMe'

ARIO OKMCHMKOM € POSYMHEHMA ¥y BOJAI KMCeHb, TO aHOQHMI
npouec nonArae B iorisanii Mertasny, HanpukIaz:

Fe = Fe?t + 2¢7, EJ a . =-044B,
a KaTOOHWI — Y BiOHOBJIEHHI MOJIEKYI KHMCHIO!
0, + 2H,0 + 4e” = 40H", EY = 0,408 B.

Y kmcnomy cepenosmugi (pH < 7) xucess BigHOBIIOETBCA 3a peax-
LI
0O, + 4H" + 4e™ = 2H,0, E? =123 B

Hasegeni peakuii — Hajinomupedimwi npoueck enexTpoxXimiunoi
kopozil. ORMCHMEAMM MOMYTE OVTHM TakoX IHIII YacTMHEM 3 MoTeH-
nianamy BinbIIMMK, HiX NMOTeHLia) MeTaly.

Omxe, HeoOxigHOK YMOBOIO enexTpoxiMmiunoi koposil € noen-
HaHHA Ha MOBEPXHI MeTany, L0 KOpPoAye, peaxuii loxisaull merany
Ta BiaHoBnennsa oxucHukis (HT, Oy Towmo).

¥ peansHMX yMOBaX BMKOPMCTOBYIOTECA 1 mipjaorhcsa xopoail
TeXHIYHI MeTanM, 10 MICTATE JoMimkM IHmMMX MeTanie Ta IxHIiX
cnonyk. IlopiBHAHO 3 YMCTMMM MeTAJIaMu BOHM KODOAYIOTE 3HAYHO
wBMame, o syMoeiaeHo poborow rampBaHivEMX nap. Koposidai
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raJeBaHI4Hl mapM
BHMHMKAKTL ¥ pasi
KOHTAKTY ABOX
pizHMX MeTanis 3

Metan Pogunn

Yy

PO3UYMHOM  eJek-
Tpodity abo KoH-
TAKTYy Merany 3
loro CNONYEOIO,
AKA Ma€ MeTaJiyHy
nposigHicTs. Enex-

TPUYHMIA CTPYM ¥
werarax. syuomne: NN

HMA pyXoM ellex-
TpOHIB, @ B po3- Puc. 15.8. Ipunnpmosa cxema poGory KopoaiiHoro
4MHl — PYXOM Ka- eneMenta (D — oKMCHMK)

TioHie Bim aHom;- 1
HUX QiNAHOK A0 KAaTOAHMX Ta asioHiB Big KaToAHMxX IOinAHOK mo
anogumx. IIpm upomy roposii nignaioTses anomrl ginsaky, a KaTomH!
He pyliHyloTecA. 'aneBaHi4HI emeMenTH, BHacnigox pofoTH AKUX
BigbyBaeTncA Kopoaia MeTany, HasuBAIOTh KOPOIIUMUMU enNemeH-
mamu (puc. 15.8).

Poarnanemo cxemy xoposii Ha mpuxmazi crani, B axift samiao
KOHTaKTye 3 ueMeHdrnrom — kapbigom zamiza FesC. Ilig gac xopoaii
8a71i30 MOBOAMTHCA AK AKTHMBHIIUWI DAapTHEp KOHTAKTHOI rajbBaHiy-
HOI napu 1 NepexoiuThk y pO3uMH ¥ BULNAAL KaTioHIB 3 ¥ TBOPEHHAM
aHOOHO)] OUIAHKK.

8

Fe = Fe?t + 2¢~.

EJ:ERTpmgH pyxaioTbcd B ik ueMeHTHTY (KaTogHA AIJAHKA), Ae Npu
pH < 7 BigHOBmMONOTECA 10HM BOAHIO:

2H* + 2¢~ = H,.
PisHoBara mix ionamu Fe®" rta meraniunum samizom amimyerscs B
6ix yrBopesns ionis Fe?', axi Harpomamsyiorscs B posumsi.

Enexrpoximiuny cxemy 1sOro KOposifiHOTo enemesta MoXHA II0-
OaTH Tak:

(-)Fe| Fe?* , H* [H; (FesC)(+)

3a pH > 7 Ha nemenTMTI BigHOBMIOIOTECA HE iOHM BOJHIO, 4 PO3UM-
HEHMIT ¥ BOJi KMCeHb:

0, + 2H,0 + 4¢~ = 40H".
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Ionn szaniza Fe®', saxi YTBOPITECA HA AHOIHUX AlNAHKAX BHACI-
A0K po3uuHeHHA 3aniza (Fe = Fe?* + 2¢7), criony4aipoTecs 3 rin-
POKCHA-10HAMI!

Fe?™ + 20H™ = Fe(OH),.

Tiapoxenn sanisa(ll), Mo yTBOPHBCA, OKMCHIOETBCA KMCHEM 10 rif-
poxcuay 3amiza(lll):

4.FE‘{0H]3 + Dz + EHQO = 4FE[DH}3

Pofory xoposiiiHoro enemenTa, AKHi CKJIaJa€ThCA 3Ipi:am-1x me-
TaniB, 3'ACYEMO Ha MPURJIAL] 3aniza 3 BKpanaeHHAMy Mial (puc. 15.9).

AHOZL

Puc. 16.9. Cxema xopoail 3aniza 3 BKpalliIeHHAMM Mifl

Y poaunni enexrpoaity (HCl) wo eucereMy MoKHa YABMTH HE
KOpOTKHOZaMKHEHN rajnbBasHIyHMIl eneMeHT, ¥ #KOMY 347130 € aHo-
JAOM, IO POZYMHACTLCA 3 YTBOPDEHHAM ioHIB Fe?* (Fe = Fe?* + 2e7).
KarogoMm € MigHl oMIIIIKK, Ha AKMX BiIHOBIIUCTLCH JEIIOIARH3ATOD —
ioun poauio (2HY + 2¢” = Hy) 3a PaxyHOK NMpPHEIHAHHA ENeKTPOHIB,
Bigaanux sanizom mig 4ac iomizauil. Enextpoximiummit mauor ta-
KOTO Kopo3iitHoro eneMeHTa!

(-)Fel Fe* | H* |Hy (Cu)(+).

MoskmigicTs MumOBinBHOro nepebiry KOposifiHOTO npouecy, BHAC-
JiJIOK AKOTO PYHHYETBCH (PO3YMHAECTECA) OCHOBHMII MeTan — 3aJfl30,
BH3HAYAETLCH HepPiBHICTIO

- ;
EH';HE El'-‘e“,rh
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¥ Teopil NOKANEHUX TANBBAHIYHMX eJeMEHTIR COOYATKY MOPHITYCHAaIH,
0 KATOAHI T4 aHoaHi peaxuil xKOPO3IFHOTO Nponecy MakThb Oy ofor’Aa-
KOBO poapinedi mpocTOPoRO i BiabyBaTHCA Ha OKpeMMUX JINAHKAX MOBEpXHi
METANY. 3 1bOr0 BUILAMBAJG, HI0 IMPaJLHO YHCTI MeTATH, Al XapaKTepu-
3YITLECA OAHOPIMHICTI0 NOBEPXHI, He MAKTE 3asHABaATH KOp03il Omnax Ta-
KMii BMCHOBOK HMHI BBAMMANKTE MOMMAKOBMM. 3 NOMIALY TEPMOLMHAMIKM
mepebir koposil moMmausuil, xoau o0OpOTHI mOTeHIlANM METaNy Ta OKMHe-

HMKA BiLPIaHAIOTbCR! E,. > E {(nanpueaan, E

>
Me™ /Me H*/H, EZn"fz:.

ﬁ > : P A . o .
abo EH.sz EFez',l'Fe} Amonui 1 xatogui peaxuil xoposii sanescno sin

OIHOPIMHOCTI MOREpPXHI METANY MOMYTh BigfyBaTHCA Ha OOMiH i Tift camiit
nosepxui afio ga piannx i1 ginAuxax.

Han kopoail uMeTHX MeTaniB XapakTepHe NOCAHAHHA KATONHMX Ta
SHOOHMX Peakllift, a ANA TexHiuHMX Mertamie — ix npoctoposuii nogin. Po-
f0TOW rajJpBaHIMHUX MIKPOENEMEHTIE MeTa] — BRJIHYEHHA IYMOBJEHe
3HaYHE NPUCKODEHHA KOPO3il TeXHIYHMX MeTals NopIiBHAHO 3 YHMCTUMMK.

IIeuaxicTe xopoaii 3amexuTh AK Bif CKIAAY KOPOAYHYOro Me-
TaJy, HAABHOCTI B HBOMY AOMIIIOK, MEXaHIYHMX HATIPYT, CTAHY ¥oro
noBepxHi Tompo, Tak i Big ckmamy enexrponity. IligsuienHs Kos-
uenrpauii oxucumka (sanmpuenaz, HY ao Oy), a Takom iomis ClI-,
Br™, CN™ ra iHumx, axi 3B'A3y0Th 0HM MeTany B KoOMILIeKcH i
NiABMIIYIOTE eJekTponpoBigHicTs esexTpouity, cnpuse nepebiry
eJlekTpoXiMivHol Kopo3il

Meroau saxmery meTaxie Bix Koposil. Ilepefir xoposifiHux
npouecie (ix mBMaKicTs, XapaKTep TOLIO) BM3HAYAETHCA KOHKpET-
HMMM YMOBamu i 3asemuTs Bij Darareox 4mHEMKIB. Ile cTaBuTs pos-
po0ky MeTofiB Ta 3aXOOiB AHTUKOPO3IMHOTO 3aXMCTY MeTanis ¥
NOBHY 3ajemuicrs pig crneumcivnux dopm oxpemux sapiauTtis ii
BUABJEHHA TA 3YMOBIIOE IX UMCJIEHHICTD.

Saxonis mogo sanobirauHdA Kopo3il BIKMBAKOTE WIe A0 I[IOYATKY
BUIOTOBJIEHHA MeTaliYHux BMpobiB — Ha crapil ix pauiosaabHOrO
AHTHKOPO31fHOr0 KOHCTPYIOBAHHSA, [0 JAE€ 3MOTY B MIpY MOMUIMBOC-
Ti BMKJIIOYATH HEeOAHOPIAHICTE KOHCTPYKUiK | BpaxoByBaTu ocobm-
BOCTI BILIMBY CepelOBMINA Ha MeTaJlf.

Mertom1 3axueTy Bin roposii mosxua noginuru Ha Tpu rpymu. Jo
neploi HAJMeXATsk MeTomu, NoB'a3ani 3 HeobxigHieTo aMinKM BIaCTM-
BOCTEH MeTatiB, no apyrol — 3miuy BiacTHBOCTelN KOpo3iiiHoro ce-
pedoBMILA, 10 TPETBOI — eNerTpuHHi MeTomu

Meroau 3axmcry Big koposil 3a FODOMOrow 3IMiHHM BIACTHMBO-
CTell MeTaJiB IPYHTYIOTHCA Ha CIPAMOBAHOMY MogMikysasui Xi-
MIYHOrO CKJaNy KOHCTPYKUIMHMX MeTasiB | HaHeCceHHI HA IXHIO [O-
BEPXHIO i30110BaNbHUX IINIBOK.

3a nepmMM BapiaHTOM [0 METAaJTY JOJal0Th JOMIIUKM, AK] MiaBu-
LIYIOTE HOr0 Koposifiny crifirieTs B arpecusHoMmy cepegoBumi. [Tpu-
KJ1afoM MoiKe GYTM JleryBaHHA cTajell, HA AKOMY 3aCHOBaHe BMpOL-
HUIITBO Hepmaeiiwuux crasyiefi. Bouu micTars xpoM, agaTHMil yTBO-
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pioBaTH macueyiodi oxcuaHi nuiBxku. Tak, Hep:kaBilo4a CTalk MapkM
1X13 micture 12—-14 % xpomy, X17 — 16-18 %, X17T — 16-18 %
xpomy Ta 6muavko 0,8 % tirany i T. a Ognax xpomucri crani agaT-
Hi mo nitmarosoi koposil. JnA a3anobiraHed InoMy HebeanedHoMmy
BMAY KOpO3iiiHOro pyMHYBaHHA N0 CKAaLy CTaleil [oNaioTh TaKomK
MoJibaen. _

IzomoBateHl HeMeTamiuHi MOKPUTTA MOYTh OyTH HEOpraHIYHI-
Mu Ta opradiunumy. [0 OpraHidHMX 3aXMCHMX MIIBOK HAJEXKaThb
macTuna (pisHi MiHepanbHi Macna, BaseniH, napadi, 6iTyMu TOIIO),
AKi BUKOPMCTOBYIOTH AJA THMMYaCOBOTO 3aXMCTy METAMIB Bifl KOPOail.
Jlna TPUBAMIILOrO 3aXMUCTY BACTOCOBYIOTH BMCOKOB'A3KI KoMMosmuii —
NIacTH4HI (KOHCMCTEHTHI) macTuia. JnA 3axueTy 30BHILHLOT TO-
BepXHi KOHCTpYKUj/i y mpouneci ix excrnnyaranii B aTmocdepi abo
IHIUMX ArpecMBHMX CEPeMIOBMINAX, HaNpHUKIal y PiuKOBIfA Ta MOpCh-
Kifi BOmi, LUMPOKO BMKOPMCTOBYKOTH Marodapbosl moxpurTA. PisHi
MicTROCT] Ta CXOBMINA, HATIPMKIAJ €JEeKTPOMITHYHI BAHHYM TA KUCHIO-
Toa30ipHMKH, 3aXMIIalOTL BiX KOpoaii MokpurTAM iXHbOI NOBEPXHI
rymowo abo efoHITOM, AKI MalTL BHMCOKY CTifikicTh y GaraThoX arpe-
cMBHMX cepefoBuillaX (Tipouecn ¢dyrepyeannn). Hapisni 3 opraniu-
HUMM TIOKPUTTAMM AAA OOGJMIIOBAHHA METAJIB 3aCTOCOBYHOTL Heop-
ramiyui — eMani, KMCIOTOTPUBKI TIIMTHEM, LIEMEHTH TOILLO.

SaxucHl MIiBKM Ha NMoBepXHi MeTalliB MO:KHa CTBOPIOBATH TNepe-
TBOPEHHAM IXHBOTO NOBEPXHEBOTO MWapy Ha Ximiuni crnonyrm, sl
eheKTUBHO TEpelKO AT KOHTAKTY METaly 3 arpecMBHHMMU ce-
penoBuIIaMy, AAXoM 0OpobkM MeTanmiB XiMIYHMMM peareHTamu 4
ENEKTPHYHUM CTPYMOM. 3aXucHi TMIBKM CKIAJAOTLCA 3 BamKOpO3-
YMHHMX CToNyR MeTanxy (oxcunHi, doccparhi, Goparhni, smimani Ta
in). IIpuxnanoM yTBOpPeHHA TMAcMBYIOUMX TWIBOK MiA BILIMBOM Xi-
MiuHMX peareHTtie moxke ByTu xiMiyHe OKCMAYBAHHA CTall, AKE LUM-
POKO BMKOPMCTOBYIOTH Ha TNPaKTUUl AJNA 3aXUCTy MeTanoeupobiB Bin
atmocdepHol kopoaii. [IpuknanoM enexTpoXiMiuHOTO yTBOpEHHA MO
BEPXHEBMX OKCHAHMX TNIBOK € aHOAHE OKCHAYBAHHA ANOMIHIKO Ta
Horo cnnageiB. Enexrpoximiunmii nponec NpoBOgATbE ¥ KHCAOTHOMY
posumHi, Ae Meraniuxi BMpobu € aHojamu. Tomy ueir Meron iHoAl
Ha3MBAIOTL AHOOYEAHHAM. 3pOCTaHHA KOpO3iiHOI cTIAKOCTI MeTamy
3YMOBJIEHE BMHMKHEHHAM Ha Horo nosepxHi mNMbHOI TWIIBKM OKCHAY
aJioMiHil0 3apToBmIKM 5—15 MKM, a B oxkpeMux Bunaaxax pgo 100-
200 MEM BHaCHLIOK Nepebiry aHogHOl peaknii

2Al + 3H,0 = Al,O5 + 6H" + 6e”.

EdrexTrEHOTO 3aXMcTy METaJdIB BiJi KOpO3ifiHOTo PYHHYBaHHA HO-
CATal0Th HAHECEHHAM Ha IXHI0 TIOBEpXHIO MeTadiguux naieok. [na
IILOTO BMKOPHCTOBYIOTH FafiLBaHIYHI IponecH, rapa4i Merony HaHe-
CEeHHA TIOKPWUTTIB, METOOM HANWIEHHA y Bakyymi, TepmonndysiiHi
MeToIu Toilo. BigrocHo ocHogHOrO MeTany Po3pisHIONTE KaTOIHI Ta
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aHOOH] TIOKPWTTH, TOOTO MOKPUTTH, AKI € BignosigHo MeHm i Bigpin
AaKTMBHMMM Hi3K MeTaJ, AKMIA 3aXMIaeThCA.

Jlo nmepwumx 3 HMX HaJNeXkaTs MeTajiuyHi TIOKPUTTA, MOTeHIiamm
AKMX ¥ OaHOMY cepefoBMill DLIbINi 3a NMOTeHIian MeTany, KM 3a-
XMIalTh Big koposil (manpuxnan, on0Bo, MiAb, Hikens, cpifno Ha
ByTmenesnx abo HusbKOJEroBaHMx cransx). Ix mia symoBneHa me-
XaHIYHOIO i30JIANI€I0 METANOBUPOGIB Bin Bnmuey cepenosmina. Tomy
NMOPYIUeHHA 1X cyuindbHOCTi CTBOpIOE Hefesnexy BINHOBIEHHA KO-
posiiiHoro mpouecy, AKMA NOCKMIIOETHCA 3a paXxyHOK PobOTH rajib-
BaHIYHMX TIap (aHOMOM € Didbll aKTHMBHMI OCHOBHMI MeTal) | mome
HaBiTLb NPM3BECTHU N0 BiIOKPEMJIEHHA 3AXMCHOI METANIYHOI NIiBKM
(puec. 15.10, a), mo 9acTo MOXKHa CHocTepiraTi Ha NpPHMKIAL Kopoaii
Iy AXMEeHUX (MOKPHUTHUX 0JI0BOM) KOHCEPBHMX DAHOK.

MpoayrTn
wopoaii

Pue. 15.10. Cxema koposil 3a7isa 3 MOPHMCTHM NOKPHTTAM

Ho apyrol rpynu Hanme:aTh METanivHi NOKPUTTA, MOTeHial
AKMX MEHUNl 3a NOTEHUiasl OCHOBHOTO MeTany (uMHK, Kammii). Ix
i 3yMOBJIEHA He TiMbKM MeXaHiYHMM eKpaHyBaHHAM, a H Momk-
JMMBICTIO NMPOTEKTOPHOIO 3aXMCTY OTOJNeHMX alnfHok nosepxsi Jina
OpUKJIANY POSMIAHEMO TIponecH, Akl BiAGysBawTbcA B pasi nmopy-
[IEHHA CYINbHOCT] IMHKOBOTO MoKPUTTA Ha 3amisi Ilin wac norpa-
NJIAHHA BOJIOTHM Ha Micne 3pyAHOBaHOTO IIMHKOBOTO INADY BMHMEKAC
ransBaHiyHa mapa UuHKE—3anizo. ek, Ax Ginbm akTuBHMI MerTad,
¥ rafbBaHidHOMY eJeMeHTi 13 3ajdizoMm Mae OidpmMii Big eMHEMA
eNeKTPOOHMUIT TOTeHLiaNn i TOMY BHMKOHYE poJb aHoja. BiH oxue-
HIOETBLCA | MEPEXOOUTL ¥ PO3YMH y BUIAAA] ionie: Zn = Zn?* + 2e”,
EnexTporu nepexoaaTe Ha 3aJiso, o nepebysae y Geanocepennbo-
My KOHTAKTI 3 uuHKom. Buacninok uporo piEmoBara sanizHoro esnex-
tpopa Fe?' + 2¢~ 2 Fe nomuictio amimyeTses y 6ix merany, i ko-
poain saniza ve BigbyeaeTwca (ams. puc. 15.10, 6).

MeToau 3axucTy 3a JONOMOTOI0 3MIHM BAACTHBOCTEH cepexo-
Buwa. JocAraeTecA BMIAYYEHHAM 4M BMEHIIEHHAM BMICTY B KOpO-
3ifAHOMY cepeloBMILIl arpecHMBHHX KOMMoHeHTIE abo 3a AOTOMOTOH
crienialbHMX pedoBMH — iHribiTopie Kopoail
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Jlo HafmoOmMpeHilMX ArpecHBHMX KOMIIOHEHTIE KOpO3IMHMX ce-
penoBUIl HAJNeMXaTh KUCEeHB Ta ioHM BopHio. KOHLeHTpanin po3uu-
HEHOrMD KMCHIO, AKMWI € OCHOBHOK) KOPO3iHOAaKTMBHOH) CKIAJ0BOK B
HeHTpansHMUX Ta GIM3BKUX 0 HMX CEpelOBUILNAX, 3HMMKYIOTE 3a 10~
[OMOro meaepanii pos4mHiB ix Harpisauuasm, 6apBoTyBaHHAM
iHEPTHOTO Ta3y, AONABAHHAM BiQHOBJIOBAJILHUX AreHTIB (cynediTy
uaTpilo, cipuMcrore raasy, OUTIOHITY HaTpilo, rigpasmHy TOLIO).
EdexTHBHO BOAMBAITL Ha KOPO3iMHI BIaCcTMBOCTI CepefoBMIA 3a-
xoaM mopo ftoro HefiTpasizauil, OCKiMBKM HacTo Hafilinbma mWBKA-
KicTb KoOpoail cmocTepiraeteca B KMcaux abo AyMHMX cepesioBU-
max (puc., 15.11),

K, w/ron 3axXMIDAnTL METANIM BUKOPHMCTAH-
020 Fe HAM iHribiTopie kopoaii — .cneuianh-
ks HUX XIMIiYHMX pEYOBMH, AKI J0HaKTh
Yy MalMx KIIBKOCTAX /IO arpecHBHOrO

0,15 CepenoBMila i B ZeCATKM Ta COTHI pa-
3iB 3HIKYIOTH LIBMAKICTE KOPO3IAHO-

0.10 ro npouecy. BoHM 3aaTHi raabMyBaTH
KOpOaild MeTaliB ¥y KUCAMX, Hed-

0,05 ; TPaNbHUX T4 JYKHMX pO3qMHAX, aT-
;| mocdepi, rereporenunx cucTeMax Bo-

0 £ | pa-ByraerogHi nin dac no0ysaHHs Ta

2 4 08 1012 14 nepepobxu Hacptu i rasy Ttompo. Ix
PH NoJiIAKTE HA HEeOopraHiuHi Ta opra-
Puc. 15.11. Bajexcuicrs wang- HI9HI, OCKINBKM MeXaHism ail Ta ra-
rocti Koposii K saniaa ayai sacrocysanus pisi. [anbmiska
Big pH poaunny nia HeopraHiyHMX iHribiTOpiE 3YMOB-
JIeHa OKUCHEHHAM MOBEDXHI METany 3
nepeBeNeHHAM ii y macuBHMIt craH (miTpuTH, xpomatu Ta iH) abo
VTBOPEHHAM IUIIBKU BaXKKOPO3YMHHUX CIIONIYK 3 METajioM (thocdhartn,
Gopatu, cunikatu Toluo). Opramiudi ixribiTopu — Le MOBEPXHEBO-
AKTHBHI PEYOBMHM, AK] aJCOPOYIOTLCA Ha ITOBEPXHi MeTais i 3HAYHO
rajibMyIOTE €JeKTpoxiMmigui kopoaifini npouecyu. Jlo HMX HaJlemaTh
opraHiymi CHonykM, o MicTATH a30T, CipKy, KMCEHb Yy BMIJIAX
aMiHo-, iMiHO-, kKapBoKCHIABHKX Ta IHINKMX (DYHKUIOHAJILHHX TPYTL
EnexTpuuni meroam saxucry mertanis, Jlo Hux HajemaTb Ka-
TONHMI, aHOOHMIL, & TAKOM MPOTEKTOPHMIA 3axMCT MeTaJiB Big KO-
po3iiHOTO PYHHYBaHHA.
3MiCT KATOZHOrO 33XMCTY NONATAE B TOMY, L0 METAJOKOHCTPYE-
pil NPUEAHYIOTH A0 HETAaTMBHOTO TOJKOCAa 30BHIIIHEOIO IMepejia
erpymy (TobTo ix mepeTBOpKITE Ha KaTon). [0 NOSUMTUBHOTO MOJH0-
ca NPUENHYIOTh €JIeKTPOA 3 MAJIOUIHHOIO MeTany, AKMA BUKOHYE
thyukuio avoga (puc. 15.12). Bracaizok nsoro ans MmeTtany, o 3a-
XMIAETHCA, pisnosara Me™ + ne™ 2 Me amimyersca y Gik merany
(kaToaHa MosApM3aUifn), i #oro Koposia NPUITMHACTLCA.
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Rowcrpywuin, -7
ARY FEXMLANTS

PHQ‘._ 15.12. Cxema KaTOOHOIO 3aXHCTY
TpYDOOPOBOAY BiO I'PpyHTOROL Kopoail:
I — mexepeno nocrifisoro ctpymy, 2 —

Pue. 15.13. Cxema nporer-
TOPHOI'D 3AXHCTY

inoMeoBaHKIT nposimok, 3 — ginAaka
mpesamy, 4 — Tpybonposin, Al aaxu-
WEAKTL, & — I30MOBANLHE 3aXMCHE [0-

KpuTTA, § — anon

[IpoTekTopHuil 3axucT BinpisHAETLCA Big POSTAAHYTOIO KaTOIO-
HOrO THUM, L0 ;{eraTuEHuﬁ MOTeHWiam Ha MeTalidHy KOHCTPYKLI
MONAETHCA HE Bifl Atepesnia MOCTIAHOrD CTPYMY, @ 338 PAXYHOK BUKO-
PUCTAHHA OLIbIN aKTMBHOrO MeTasly AK aHoja (UMHKY, MarHio,
amoMielo, cmnaeis). OcrasHI Nig 4Yac KoposilffHOro po3YUMHEHHA
CTBOPIOE B CHCTEMI eIeKTPUYHMIt cTPYM moTpibuoi cuau. Ormxe, TyT
IKEPENIOM ENeKTPOHIB AJIA MEeTANy, AKMIT 3aXMOIaloTh, € AKTHMBHI-
i metan (pue. 15.13).

Karoguuii Ta MPOTEKTOPHWMI B3aXUCT BUKOPUCTOBYHTHL niA Bo-
poTEOM 3 KOpo3lew MeTanidHux cnopya (Tpy0, razonposoais, ka-
Geis, KOPIYCiB CyneH TOmE) ¥ IPYHTI, MOpPELKiit Ta piukosiil Boxi.

BucokoedexTuBHI xapakTepucTMKM Mae aHomHMil saxuer. Bin
[IOJIATEE B HaxngnaHHi Ha MeTaJ aHoAHOol nonApusanil, Tobro mosm-
TUBHOrO MOTEHIIANY Bix AMmepena cTPyMy. 3a paxyHOK 11bOTO MeTadl,
AKUH 3aXMINAIOTE, OKHCHIOETBCA | Ha MOr0 MOBEpPXHI YTBOPETLCA
3aXMCHA TUIBKA. 3pO3YyMiJo, W0 uell MeTo] 3aXMUCTY MOMHA 3acTo-
COBYBaTH JMINE IJIA METasis i conasis, Axi anaTHi 3a JaHUX YMOB
[0 nacuBarii,

§ 7. EnexTporia

[lin €ac mponyckaHHs MOCTIAHONO EJEKTPUYHOTO CTPYMY Kpisb
poaumH abo poanias eJeKTPONTY Ha eNexTpodax BiaOyBaKThCH
UK.I:'!CHD—BI.,E,HOBHI l'IpOuECH IIEPETBDPEHHH CKIagoBMX E.TIEKTpU'KiM]‘I-—
HOl CHCTEMM Ha TIPOOYKTU 1X OKMCHEHHA Ta BigHoBnenua. Tomy
EJIEKTPOJII30M HA3MBAOTL CYKYNHICTL npouecis, Axi siabysawTbesa
Ha eJIEKTPOAax IMiJ Yac MNPOXOMMEHHA TOCTIHHOIO eJeKTPUYHOrD

cTpymy Kpisk mposigHuku II pony — poauunn abo posnnasu enex-
TPOJITLE.
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EfeKTpoia CKAaJaeThes 3 KATOJHOTO Ta aHOJHOTO MPOLECiB.

1. Katoguuit mpouec sinbyBaeTbcA Ha KaTOAl — HeEraTMBHO 3a-
pamxenomy enexTponi. Ha xaTomi socepeiKyloTbes eJIEKTPOHH, AKI
BiH JIErKO Bifa€ Ha BIJHOBJEHHA YACTUHOK (xaTioHiB abo momexyx)
PO3YMHY 4YM POSILIABY €JNeKTPOAITY.

9. AHogHMWit mpouec BiOyBa€TbcA Ha aHOAL — MO3UTMBHO 3a-
pAmxenomy enexTpoal. Ha aHoml OKMCHIOWOTHCA axioHM abo Momexy-
M PO3YMHY 9K PO3NNABY €MeKTPOMiTy, BIIAAIOHYM oMYy cBOI eJieK-
TPOHM.

O6uaea mpouecH Mop'AsaHi Mim coDO0 — CHIABKH eneKTPOoHIB
npuiiMaloTh YaCTHHKMN Ha KATOMI MiJl Yac BiJJHOBJEHHA, CTIMBKM CaMo
eJIeKTPOHIB BiAAIOTh iHII YaCTHMHRM M1 Hac OKMCHeHHA Ha aAHO[.

EnexTposia NpoBOJATL ¥ CrELiafbHMX anapaTax — eJeKTpo-
Jizepax.

PosrnsHeMo efeKTposia posnaasy xJopuay wmaTpiio (puc. 15.14,
15.15). ITig wac NPOXOMKEHHS eNeKTPUYHOr0 CTPYMY Kpisk posnuias
comi mip M€K eNeKTPUYHOTO MOJA KATIOHM HATPI MepeMillyloTheA
IO KaTtona, g€ BOHM NPUENHYIOTH eNeKTPOHM, AKI HAAXONATE BiA
S0BHIIIHLONO JKepenta, i BiTHOBIIOITLCA 0 METANIYHOrO CTaHy:

Nat + 1e” = Na.

EJ. . Plmeciaid
% WA TP
-5 P
El Cymiln posmaamin wmope ke 1 Cromemuh matul,
& HATRIN | Kaasul - T oToMyE BRCR
400 8o
Crayesn %
CiTH
E——— y L Tpachi-rimit
25 11 75 1600 amen
HMaCl Calll,
CaCl,, mon

Pue, 15.15. I[Ipusumnosa cxema enex-
Tpogiiepa AJA eneKTPONi3y PoO3NIEABY
NaCl

Pue. 15.14. Hdiarpava naas-
roeti encremu NaCl—CaCly

OpnHo4YacHO aHIOHM XJOPY nepeMilyTsCA 10 NO3UTHBHO 3apiaKe-
HOrO eNIEKTPOfja -— aHoga, Je BiAalTh €1eKTPOHM B 30BHIILIHE KOJO
I OKMCHITBCA:

2C1I~ = 2C] + 2¢".

Ilicas LpOro ATOMM XJOPY CHOAYHATHCA M c0DOX0 3 YTBOPEHHAM

MOJIEKYJIH.
2C1 = Cls.
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EnerTponia poanaapy
NaCl — ocHoeHuit MeToa no-
BysanHa maTpio. Ocklabky yme-
THI XJ0PHJ HaTpilo Mae BMCO- £
Ky TEMNEepPaTypy NJIaBIeHHA Pt Pt
(801°C), ama 6amsbka o Tem-
NMEPATYPH  EMMIHHA = HATpio
(883°C), onA SHIBKEHHA TeMrle- P i H-%
PaTypM eJgeKTpoUi3y JOA8I0Th
Aomimen immmx conen (CaCly, \
BaCl;, NaF, KCI), axi yreo-
pioiote 3 NaCl eiaHocHo
HM3BKOMIABRI  cymimi, 1 e
BILIMBAKITE HA  EJIeKTpoaH]
npouecn (aue. puc, 15.15).

0 0. 00 0

HCl = H'+ CI

Ilpuknanom  esexTponisy
BOAHOIO PO3YKHY €NeKTPOITY
MOe OyTn enexkTtponia cons- Pue 15.16. Cxema exextponisy poaumHy
Hoi kuenoru (puc. 15.16). HCI

+ . . -
Iorn H™ nepemimyiotbca #o xatoma | BiHOBMOWOTHCA f0 raso-
nomibHoro BOOHIO:

2H* + 2¢” = H,.

Ioun Cl™ mepemiugyioTsea 10 aHOOa, Ha AKOMY BinGyBaeTbes ix
OKMCHEHHA 3 YTBOPeHHAM razonogibuoro Cls:

2C1™ = Clp + 2e.

Ila EAEKTPOXIMIMHA CHCTEMA CKJALAETHCH 2 JNBOX HamiBpeaxriii:
BOOHEBOTO Ta XJIOPHOrO eNeKTPomHMX npouecip. PiBHOBara xosHoro

3 HUX XapaKTepU3YETHCA CTaHJAPTHUMM eJeKTPOJHUMM [OTeH-
miamamim:

0 o 0
EH':’Hz HRA0 A, ECJ;._.-’C]

=136 B.

Ana nepebiry enekTponisy HeofxifHO npMKIACTH A0 €IEKTPORIB eJeK-
TpoJaiaepa Bl 30BHILMIHLOTO [IHEpena cTPYMY NEBHY pisHiuo notenuianie,
Haiimenury pismmuo noreuuianis, neobxinny ana nowaTky mepebiry uporo
NPOLECY, HA3NBalOTe Hanpyzoiw posxtady, abo nomenwyimiom poaxwaady.
[Ipipoaso, o wanpyra poaknany He Moxce GyTH menmolo 3a EPC (Egpe)
TaTbBAHIMHOIO eNeMeHTa, AKA Bignosigae peakuiaM enextponisy. ¥ rroMy
npuknagi EPC «BHYTPILIHEOrO ranbBaHidHOMD EIEMEHTa ) CTAHOBUTE'

Egm’: S - E?

oyerr = Bpeym, = 136-000=136B.
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Ovesuano, wo mo EPC norpifHo nogonatm 3a A0MOMOroW CnpAMOBa-
HOl ¥ MPOTHIEMHOMY HanpAMKY PisHMUi noTenuiallip Bl 30BHIILHBOTD
JHCEDEIA.

IMocaizoBHicTs peakuiit ma exexrtponax. lua posuunis abo poa-
NAaBiB €JIeKTPOMITIE, N0 CKAALY AKUX BXOAATH NEKiTbKa KaTioHIB Ta
aHionie BuHMEKae norpefa suaHauverus NocaizoeHocTi Nepebiry npo-
necis Ha emexrpopax. Hacamnepen mae BiffyBaTuCA TOW TNpOLEC,
AKMIA CYTIPOBOMYKYETECA MiHIMaIBLHOIO 3aTPaTOK eHepril

Konu B posuuHi MicTMTBCA OEKibkKa SHATHMX MO BIAHOBJIEHHTA
YaCTUHOK, TO HA KATOAI NMepefyciM BigHOBJIIOBATUMYTBCA Ti 3 HMX,
Akl € CHIbHIIIMMM OKMCHMKaMM | Mawors Oinblui 3HA4YEHHA MOTEH-
piagie. Hanpuknan, 3 posuuHy, AKMi MieTHTH ionu Minl Ta HiKeJo,
CrOYATKY BiAHOBIIOBATHMETLCA Minb, OCKIJILKM CTaHOApPTHHUI 1o-

rennian Hamspeakuii Cu?t + 2e” = Cu {Egu,. e 0,34 B) Ginsuumi

sa norenuian Hamiepeakuii Ni** + 2e” = Ni (EGNi:g.. N -0,25B).

[lin Yac BMKODMCTAHHA BOJHMX pO3YUMHIB CJia BpaxoeyBaTH
MOMCIHMBICTD HaTOOHOrO BimHoBneHHA ioHie BomHI0. IloTenmjan uworo
npouecy 3aleuTh Bif koHueHTpauil ioxiB H*, fioro moxkHa poapa-
XyBaTu sa pienAxHAM Hepnera. flk sasHawasocA Buile, noTeHian
Hamippeakiil BiZHOBNEHHA BOAHIO Y HEHTpaJbHOMY cepemoBHIL
nopisrioe —0,41 B, y xuciomMy — HyJio, 8 B JYIKHOMY IMEHILYETLCHA
no —0,83 B. Tomy B HelfTpascHOMY CepefoBMUIl METaJNH, AKKUM
BignoBimators notenniany Ginemi, HiK DoTeHUia] BOJHEBOTO €JeK-

> 1% BOJOEHBb Bifl-
Tpoda 3a JaHMX YMOB Em,,, /Me EH",’HE’ Jerie Hix Boj B

HOBMIOIOThCH Ha KaTtogi. HaBmaky, AKUI0 KaTiOHOM €JeKTpoJiTy €
MEeTas 3 MEeHIUMM 3HAaYeHHAM MNOTeHifany, TO Ha KaTonl BUAIAATH-
MeTbCH BOJEHD.

3 KMCAMX PO3UMHIB BOAEHE BHOINAECTHCA BHACJIAOK pO3pAMKaH-
HA ¥oro ioHIB, @ HEHATpaJbHMX Ta JYMHHX — BHACHIIOK eJdexr-
TPOXIMIYHOTO BiHOBJIEHHA 3 MOJEKYJ BOAM, AKi OPUTATYIOTHCA JO
KaToja i po3pAMKalnThCA HA HbOMY!

9H,0 + 2~ = Hy + 20H".

Ha aHOAi OKMCHIOIOTHCA AHIOHM UM IHINI 9YACTUHKKM DOS4MHY B
nocsaifoBHOCTI, AKa BHM3HAYAETBCA HacaMmmepes IXHIMM BiHOBHUMM
BAACTHBOCTAMM. CNOYaTKy OKMCHIOETBCA pevdoBuHa (aHioH abo mone-
Kyza), AKa € HafCUALHIINMM BIJHOBHMKOM i gxifi eignorinae HaM-
MeHIlle 3HaYeHHHA €JEKTPOOHOro MOTeHuiamuy. TMig u4ac ejeKTpoH3y
BOOHMX pO3YMHIB MOMIAMBE AHOAHE OKMCHEHHA BOAH 3 BUIOIJIEHHAM
KucH0. 3anexno Big pH cepenoBuma ued npouec BiafysaeTscA No-
pisHomy. ¥ rucaomy abo HeMTpanbHOMY cepenoBHIli Ha aHOAI OKMC-
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HIOETLCA BOAE 3 BHMALIEHHAM KMCHK, a B &HOOHOMY NpocTopi
30IMBIYETHCA KOHLEHTPAUIA BOAHEBHX OHIB!

2H,0 = O, + 4H™ + 4¢, E?=1,23 B.
Y nyxHOMY CepenoBMilli OKMCHIOITECA TiipoKcHa-10HM!
40H = Oy + 2H,0 + 2¢7, E? = 0,408 B.

Ilin wac enexTpoJidy BOAHMX PO3YMHIB Cronyk 3 De3KMCHEBUMH
amionamu Br~, I, S?7, sakum pignoBinawmTs cTaRAapTHi NOTeHuia-
au 1,07, 0,54 Ta -0,45 B, anonue oxucHerus (2Br™ = Bry + 2e7 217 =
=1, + 27 82~ = S + 2¢") nmonermyeTsca. Y HefiTpaabHOMY cepe-

OOBMINI yC¢i BOHKM OKMCHIOIOTHCA HA aHOAl JErme, HiXK MOJeKYJH BO-
nu. HaBnaky, mig uac eseKTPOdI3y BOAHMX pO3UMHIB KMCHEBMICHMX

KMCJOT Ta IXHIX cofiei {SDE_, POi_, CO_%_ Tomo), & Takox dropo-
BOZHIO 1 dyTopuais, AKl XapakTepU3yKOThCA AYIKE BHCOKHMHM TOTEH-
uianamu, BiAOYBAETBCA eNEKTPOXiMiYHe OKMCHEHHA BOAM 3 YTBOpPEH-
HAM rasonogibHoro KMCHIO.

OKMCHEHHA HA aHOHlI MOMKYThL 323HaBaTH HE JIMIEe DEeYOBMHM
(amioHM uM Monerymnu), Axi nepebypawTs y pos4uHi, a A peYoeusa, 3
AKO1 ckmagaeThes agon. ToMy po3pisHAIOTL MPOUECH eJNEeKTPOJIay 3
inepTHMM 1| 3 akTuMBEUM (po3uMHHMM) aHomoM. Imepmuumu nasmuea-
I0Th @HOAM, MaTepias AKMX He 3adHae OKMCHEHHA [l 4ac eJIeKTpo-
aizy. Jo uux HajesmxaTs rpadit, Byra, miiaTHHa, a TAKOMH MeTalll,
apaTel mo nacueanil, mo zabeaneuye IxHIO cTifikieTe B yMmMOBaXx
enexTpoJiay. AxmueHumu € aHOAM, IOATHI OKHUCHIOBATHCH mig uyac
eseKkTpodidy. ¥ usoMy pasi 4MCcA0 MOMJIMBMX Tpouecie Ha aHOZ
abinemyerscs BHachinox nepebiry peakuil foro oxucHeHHA (Tak
3paHe aHogHe poauukenHa merany). Ilpu usomy sbepiraioTsca oc-
HOBHI 3axoHOMipHOCTI MocnimoeHOCTi mepebiry esexTpoaHHMX peak-
pift. Tax, #KwWE nNoTexuian MeTaleBOro aHoAa MEHIUMHA Big enex-
TPOAHMX MOTeHUiaNie IHIDMX HacTHHOK, BAATHMX OO0 OKMCHEHHSH, TO
BigbyBaTHMETHCA HOro aHogHe pPO3YMHEHHA.

Amuaniaywoun npoumecu, sxki moykyTe BinbysatHcs Ha KaTonl Ta
aHozi, crouaTky noTpibHO BM3HAYMTH, AKI HACTMHKN EJNEKTPOJITY
HATPOMAIKYIOTECA B KaTONHOMY Ta aHOOHOMY MpOCTOpi, MOTIM 3a-
micaT¥ Bel Hamiepeakuii, axki mMorau 6 sBingbyTmcs Ha LMX eJeKTpO-
oax, 1 SagHAYMTHM BenuuMHK BiANOBigHMX NoTeHmianis, I, HaperTi,
NopiBHIOIOYM MOTeHUiany, BMAHAYMTM, AKI TNpouecH € Haftimoeip-
HITIMMM.

Ha kaToni DepmMMy MaiTh pospAmmaricA (BiIHOBIOBATHCE)
YACTHMHKYM 3 HAMBMINOK OKMCHIOBAJEBHOX 3paTHicTio, ToBTO 3 HalBM-
MM 3HA4YEeHHAM [IOTeHuiamy.

Ha aHopl HacaMmepel OKMCHIOIOTECH Ti BiIHOBHMKH, BiAHOBHA
aJATHICTH MKMX BHPA’KeHa HajicuibHiINE, a MOTeHLian HafHMAKMIL.
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AnA npuKany posriAHEMO eNeKTpPOosi3 BOTHOIO PO3HMHY CyJb-
dary rayio 3 iHEPTHMM AHOAOM ¥ KMCJIOMY, HEHTpalbHOMY Ta
JYKHOMY CepefoBuilax. ¥ BOJAHMX PO3YMHAX CYJb(AT Kaniio nepe-
OyBae B gMCOLifiOBAHOMY CTaHi:

K,SO, = 2K* + SO5™.

Iliz wac enexrponizy iomm K* nepemimyioTecs 10 xaToda, a
anionn SO — no asona,

Cdopmyemo wraTonumnit Ta asHomgHmit npocTip, TobTo 3asHauMMo,
AKI YACTKM HarpoMaJKyHThCA DiNf karToga 1 3jaThi HA HBOMY po3-
PAIMKATHCA, a Akl — 30cepemmyioTbea Olna anoga. Criazemo mo-
CNJIOBHI €JeKTPOHHO-IOHH] PIBHAHHA HamNiBpeakuUii, AKI MOMYThb
BinbyBaTHcsa Ha enexTpojax, i 3asmaummo eignoeigHi im enexrpoani
noresuiann. [TopiBHAEMO OKpeMo NOTEHLIaJM B KOMKHOMY NpPOCTOPI
mizk coboto i eubepemo HaliMoeipHiMA nponec:

Ei.} KHucne cepefoBHILEe;

Karon (—) Anopn (+)
*, H,0, HY SO% , H,0
o ZH,0 = Oy +4HT +4e”
2H* + 2" -HQT E? - 0,008 | = : '
H'/H, | ED:;’H o =123B
+ 4 = 0 i . )
Kt +e =K, EK ‘K 2,92 B 250% = 5,00 + 2,
2H,0 + 2¢” = H, + 20H", 0 _
E; = -041 B Esopssop =205
HszHz r

OuesnaHo, L0 HA KATOJI B KMCJIOMY CEpPeNoBMLl BIIHOBIIOBA-
THMYTBLCA IOHM BOJHIO, OCKINBKM HamiBpeakmia Ix pospAasanHA
XaPaKTEPU3YETHCA HalBMIIUM Cepen MOMIMBUX KAaTOOHMX Opo-
HECIE 3HaYeHHAM eJeKTPonHoro noteduiany. Orme, karionn somg-
HI0 B [OLOMY pa3i € HalCMIbHIWMMM OKMCHMKaMM | BinsHOBIIO-
I0ThCA Halinerme.

B anommomy mpocTopi € Bl 4acTuHKM — cyasdar-ionn Ta mone-

kymu somi. Ilorenuian Haniepeakuil oxucnenusa Bomn (E ‘]Cl-r JHLO
= 1,23 B) asayno mMeHWIMIT BiY MOTEHUIANY OKMCHEHHA cynbaT-ioHa

[ESED g0t T 2,05 B). Tomy cuneHiwi igHOEHI BIACTHEOCT] Ma€ BO-
4
na, i 1l MOJNEeRYIM Ha aHOAl OKMCHIOBATMMYTBCA Jerlie, Hix iouu
SH5
i

AnanoriyHo npoaHanizyemo HAMOBIpHiCTE nepebiry eserTponHux
pouecie ¥y HEHTPANbHOMY Ta JYKHOMY CePeoBHUIAX!
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0) HelTpalbHe cepenoBKule,

Raron (—) Anop (+)
K*, H,O SO} ,H,0
2H,0 + 2~ = H, + 20H", i ARl BB B E
EPH..—_? =] _0,41 B EngﬂzUlPH’7?= 1..23-['5?!?2?_517;13:8&_3_]
2SO} = S,0f + 2¢7,
E;‘SZO2 /5o =205 B
B} JY¥HE CEpeNoBMILe.
Karon (—): Agon ()
K*, H,0 - sSO0%¥, OH-, H,0

[ 2H,O + 2¢”~ = Hy + 20H", l | 40H = 02 ¥ IH,0 + 4,
| Ey-y=-083B [ [ E0=0408
K*+1e =K, Eg. . = -292B 250%" = 5,00 + 2",

0 i

| S

Poarnsamemo e ogms MPMKIAL — EJEKTPOJis posdunHy Cynbha-
Ty wHikemo 3 Hikenesum awnofom. CTaHmapTHuii ToTeHLjal
HIKETEeBOT0 eJIeKTPOA CTAHOBMTE E?ﬂzL = ~0.25 B, i Bin Gianiumit
3a MOTeHuiasl BiHOBJEHHA BOAM B HEHTPaJbHOMY CepefoBMLl
(Epg=7 = —0.,41 B). Tomy min 4ac eJexTpomnsy po3uMHY Ha KaTOAl
Bl}lHOEJIIOBaTHMEThEH HARCUILHILIMHA OKMCHUK — joan Ni*t a supi-
NEHHAM METaJy. Ha anoni sigbysaTumeThcA NpOUEC OKHCHEHHA Mme-
TajivHoro Hikemo (marepiany esextpopa), OCKiZIBKNM flomy Bipmosi-
Oa€ HafMeHLIH enempo,uﬂnﬁ noTexiian MopiBHAHO 3 NoTexpiasa-

MK BOJM Ta IOHIB SO,, ., Cxemy mpouecy eJeKTPOJI3y MOMHA MOAATH
TakK:

NiSO, = Ni¥* + S0%;

Karton (—) z;mcu:[ (+)
Ni*, H,0 505", H;0, Ni
- e =——— T i — al .
Il\_l""“ + 2e~ = Ni, ENF";N& = D,2:}E| !N1 = E‘il + 2e7, }_".'l,‘]i-g_.!,:‘]1 0,25 B
2H,O + 2¢~ = H, + 20H", 250%" = 5,0; + 2¢7,
Eg,om, = 041 B ES“O2 sor = 203 B

9H,0 = Op +4H" +4e",
ES, mo = 1.23B
Orse, eNeKTpoi3 po3uHy NiSOy 3 HikeNeBiM aHOAOM MOJATAE B
pO3YMHEHH] MaTepiasy apoja Ta BiZHOBJEHHI i0HIB HIKeTIO Ha KaTOAL

PosraaHyTi NpHKNAAM BUIHAYEHHA MOCNIAOBHOCTI nepediry OKHUCHO-
BiTHOBHMX MpPOLECiB M Hac eJeKTPOIisy [PYHTYIOTHCA HA MOpPiEHAHHI
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EJNEKTPCIII3 48]

CTAHAAPTHMX a0 pPIBHOBAMKHMX NOTERLIANIE MOMIMBMX eNeKTPOJHHX pe-
akui. Ogpax npu IbOMY He BPAXOBYIOThCA 0CODJIMBOCTI KiHETHMKM @e-
pebiry Toro um iHIIOrD Opouecy B HepiBHOBa:KHMX YMoBax, ToOTo B pasi
NPOXOAXCEHHR eNeKTPMMHOrO CTPYMY Kpisk eleKTpoXiMidHy cHeTemy.
Boaxovac ocTadHil YMHHME Aa€ 3MOTY iCTOTHO BIIMBATH Ha NepeparHMi
nepebir Bamanoro enexTpoguoro npouecy. Huxeue nasepeno npuxnajg ta-
xol opraHizanil npouecy eleKTposisy.

Ilig wae enextponiay Bofgumx poszumbis HCl rta itoro conedt Ha isepr-
HOMY aHoli 3assrdail BMAINACTLCR xnop. Ha uboMmy, sokpema, TPYHTYETL-
cA TeXHONOTivHMEA npouec aobysalEA XJA0py edjexTponizoM pozumuay NaCl
OpHax MOMIMBICTE OTPHMMAHHA XNOPY He Y3TrOMMYETLCA 21 3HaYeHHAMM
noTeHlianis npouecip OKMCHeHHA BOIOM TA loHIB XN0py Ha iHepTHOMY aHomi
B HellTpafibHOMY CepeanBuiLi:

EHED = O-‘:' + 4H* + de”, EO;/HEOTPHﬂ} = 0,82 B;

1]

201" = ¢Y; + 2¢7, Eey. scr

= 1,36 B.

IlopisuAHEA NoTeHLiaNis HaBeAeHMX PeaKuill NMiATBepIHYE, 110 BOLA €
CHNLHIMM BigHoBHMKOM, Hizk iomm Cl7, i #a aHogi HacaMIepea Ma€ Buii-
JNATHCA KHCEHD.

Poarnavemo npuyuHN uiel wepianosigsocTi Ha DpMKNagl enexkTponiay
posynuy NaCl. Hrmwo kpisk enexrposisep He OPONYCEATH elexTpUuHMil
CTPYM, To B aHOOHOMY MNPOCTORI BCTAHOBAATLCA HaBeAeHI BMILE pPiBHOBArH,
AKl XApaKTepuaYOTBCA BLANOBIAHMMN NoTeHulanamu Y pasi nogaui mo
eleKTponizepy HANPYTH Bij 30BHIINLOTO AMepend Ha eleKTPOAax po3no-
YHHAKTLCA peakilil YTeOpeHHA NPOoAVKTIE, 1 NoTeHnialim BIAXMAATLCH Big
CBOIX pIBHOBAMHMX 3HaYewb (nonspusania enexrtponis). [IleuaxicTe enex-
TPOXIMIMHHX MNpoLeciB KpiM 3BMYAHHMX YMHHMKIB, AKI BONMBAIOTL Ha
WBMIKICTE XIMIMHMX peakniit, 3alemuTh TAKOMX Bij NOTeHIany enexTpo-
na. Hum Binpilla Hanpyra NofacrbeA B eleKTpodisep, THM BMIMM CTae Mo-
TEHLIAN aHofa (i sMrdMM KaTofa) i MM wewae pindyBawThLeA peariii
HA efeKTpoJax

Ilemaricte peaxuidl Ha eNeKTPOJAX XApPAKTEPM3YETHCA 3HaYEHHAM
TYCTHHH cTpymy (i), AKe € BiAHOLIGHHAM CHIM eJeXTpHYHoro cThyMy (I)
Ao nnowi (S), va Akl sinfysacTLes peaknin;

ik
L

306pasumo rpadiuno B3acMozB A30K MiNC WBNIKICTIO Nepebiry peakuiii
Ha amoal MiA 4ac enekTtponizy posdmuHy NaCl ta noremuianom enexTposa.
lns pworo wa oci abcuue BIAKIafeMo 3Ha4eHHA NOTERUiany eleKTpona, a
HA OCl OPAMHAT — TYCTHHY OocTifHoro cTPYMY, U0 NPOXoAHTh Kpisk cue-
temy, Orpumani kpuel masupaioTh nossapusayitinusu. N8 180X MOMIM-
BUX Npouecis Ha aHodi ui safemHocTi HagedeHo Ha pue. 15.17.

3 pMCYHKa BMAHO, 1[0 B iHTepeaji norenuianis eig 0,82 g0 1,36 B na
rpadiToBOMy edeKTpOAi BMAIIATMMETBCH KMCeHb, 3 NOJANLIOWM  36inb-
LWeHHAM NOTEHNIANY aHoJA (MiABMIEHHAM HATNPYTM BiJ S0BHILIHLOTO M3He-
pena) AocATacTLCA PIBHOBAMHMIT [OTEHIIAN oKMcHenns lomie Cl7, nican
4Oro NOYMHEAETLCA cyMicHe BMIiNeHHA xuCHIO Ta xjopy. Obuasi peaxuil Ha
aHOML NPUCKOPKITBCA 3 POCTOM NOTEHIIATY, afle HeofHaKoBO! WIBMAKICTH

Ajmz

peaxnii oxMcHeHHA BOAM  30IABIIY-

€TLCA HEeSHAYHOK) MipoH, & OxMe- o
HEHHA IOHIB XN0pY — JYHe CHILHO.

¥ npoMMcloBOCTI  eNexTponis
OpPOBOAATE 33 BiAROCHO BHCOKHMX 2m |

AHOJHUX MOTeHUianle Ta TCYCTHMHM
ctpymy Gauasxo 1000 A/m?, uio za-
feanedye  YTBOPEHHA NPAKTHYHO
Tinsku Cly, a emicT pomimox O, ue 100
nepepmiuye 1 %.

CyctHin cTpymy, A/M°

KinbkicHi 3aKOHHM eNeKTpoJisy.
ITpoxopKeHHA eNeKTPIYHOI0 CTPY-
MY Hepes eNeKTpoXimiuHl cucTeMu
3YMOBMOE mepedir y Hux Ximivsaux
pearniit. Tomy mae icHyBaTi 3aiem- Pue. 15.17. CxemaTuune
HICTE MK KINBKICTIO NpOMYINEHO] — POIMILEHHA AHOXHWX MONApu-
ENEKTPUKM | KiNbKICTIO peyoBMHM, SELIAHHX KPMBMX XJIOPY 1 KMCHIO
0 YTBOPUIACH I-[i 38T HOCT {enexTponia poauuay NaCl)
Oymmu sinkpuri B 1833—1836 pp.

M. dapaneem. Ix mosxua sBecTU A0 MBOX OCHOBHUX saHQHiB.

i
H,7 +H08 411 +13 +15 +L7

Amnozunii noreduian, B

Mepwuii aaxon Papades:

Maca pevYOBMHM, L0 YyTEOPHJIACH BHACHIJOK eleKTpoidy, npa—
MO NpoNOPLiiiHA KifBKOCTI HPONYIIeHOTO Kpish CHCTEMY ellek—
TPHIHOTI'O CTPYMY.

m = k.q,
me m — wMaca PeYOBMHM, IO BWJIMMNAcA Ha eNexTpon;, g —
KUIbKiCTh enexTpuku (gopiBHioe nobyTtky cuam ctpymy | Ha Haec
T:4q = I1); k. — xoediuienT nponopuifiHocTi, AKMIA Ha3UBAKTHS

eNeKTPOXiMIiYHMM eKBiBaIeHTOM.

Maiieen dapameti (1791-1867) — eugaTHOl anrmifick -
K301 dpicie | XiMik, OMH 13 SACHOBHMKIE KLILKICHOL eNlek I-
TpoxiMiil. Bnepiue ogepsxae (1824) v pioxomy cranl xiopo,
cipkoBomeHb, JiCKeMg BYTJIENH, aMiak | gloMeny asoTye.
JIob6yE ¥ pigoMy CTaHl Taxose apcuH, docdid, fogopoe-
meHk, GpoMoBogeEs Ta etmnen. Cimreayeas (1826) a- 15a
fcymsdhormcnoti madTaniny Ta 15 ixEix comefl Bigkpurs
Dexzon Ta izoDymnen (1825), sanoYaTKyBas BMBYEHHL A
HATYpaJbHOre kaydyky (1826}, ognmm ia nepumx nod4al-B
AOCHGHEYBEATH KaTATiTHuHI peaxnil. Bigxpims (1833-18363)
KinbkicHl 3aKkoEK enexkTporisy. Ilpamposas Hag nosimued -
HAM AKOCT] OITHYHOM CKNE, SalponoHyBAR BajKke CEMHH-
LEeEe CKJIO, 33 AONOMONOK) AKOTO BLOKPHB ABMILE MATHITT-
HOrO ofepTaHA ILTOILPHM noaApuaalil

Baromum € fioro BHecox ¥ poseuTok (isksm (cTeopeHH-
Maiiren @apafieit  HA BYeHHA [P0 eJeKTPOMATHITHe MNoUle, SAMpOBA/KEHHINA
NOHATTA NP0 HieNeKTPHYHY MPOHMKHICTE TOLLIO).
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flkmo g = 1 Kn abo 1 A-c, To m = k. Omxe, enertpoximiunmii
eKBiBaJeHT — 1l Maca pedYoBMHM, AKA BHALIAETLCH BHACIIZOK mpo-
xomenHna 1| Kn enextpury, woro posmipuicrs — r/RKa, abo r/(A-c).

Apyzui 3axon Papaden:

MacKH piZHMX pPev0BMH, AKI YTBODIOWTBCA BHACHI0OK OpPOIyC-

KaHHA opuie i1 Tiel camol KiJIBKOCTI €IEKTPUMYHOrO CTPYMY,

BiIHOCATECH Misk €000, AK eKBiBAJIEHTHI MacH IHX pPev0BHH:
m _E0

ITi 3aKOHM € BUPaMKEHHAM TOrO (MAKTY, 10 eJeKTPHYHMI cTpyM
¥ MeTajaxX € MOTOKOM ejektpoHie. ToMy KiabKicT: npomymeHOTO
eJIEKTPUYHOTO CTPYMY MOKHa NepenaTH 4McJOM NPOMYIeHHX eNek-
TPOHIB, a uYMCJIO eNeKTPOHIB BM3Hadae KiAbKiCTh PEuYOBMHM, w0
yTBOpUJACA BHACJiok peakull Ha elexTponi.

Obupea 3axk0oHM MoB'A3anl Mim cobow, IX MOMHE MOACHHUTHM 3 MO-
3uuii aTOMHO-MoNeKynApHoro BiendA. Cripapai, ARMIO AAA BUIOlLIeH-
HA Ha eJIeKTPOjii O/HOTO ATOMa ejleMeHTa 33 peaKiicn

Me™t + ne” = Me abo A" = A + ne”

noTpibHO 7 eNeKTpoHIB, TO 31 30iMbILIeHHAM 9HCla €JeKTPOHIB Mpo-
NOPILifHO 3pOCTE YMCAO YTBOPEHMX HA eNEKTPOAAX ATOMIB (mepiumi
aaxoH Papagesn).

Ilna eupinenna 1 mone atomis (6,022:10%° atomis) norpiGHO
6,022-10%*n emextponis. Toxmi 6,022-10%* enexTpoHiE MaOTh BUALAM-
™ 1/n Moae pedoBunm, T06T0 1 Moae 11 exsiBanentis. M. Papaneit
EKCIIepHMeHTAJEHO BM3HAYME, [0 AnA yTBOpeHHA | Moap ekBiBa-
nenrie Oyas-AK0l pedgoenHK NoTpibHo 96 485 Ka enerrpuxn. Orike,
96 485 Kn enexTpuuHOro cTpyMy BiANOBigae cyMapHOMY B3apany
6,022-10%3 enertposnis. Ile moxua noBecTH NpaAMUM O0YMCIEHHAM:

F = Npe™ = 6,022.10% mons1.1,6022-10-'% Ka = 96 485 Ku /Mo,

ne Na — yucno Asoragpo, e — abcomwTHUil 3apAn eNekTPoHa.

¥ usomy noasrae cpisuarnii amict uncsa Papanes F.

Ockinbry nna BMAalIeHHA 1 MOJbL eKBiBaJeHTIB Pe4OBMHM Kpisk
enekTpoXimivuy cucremy nortpibeo npomycturu 96 485 Ka enex-
TPHEM, TO eleKTpoXiMiyHMI exBiBaJeHT AOPIBHK)E BiMHOIIEHHK) MO-
aapHOT Mack exBiBanentis pevosuan M(1/nX) no umcna Papapesn:

MA/nX) o MX)

k= , =
F nF

BHEROPHCTAHHA EJERTPOXIMIMHMX MNPOLECIB 483

Hanpuknan, enexrpoximiunnii exeisanenrt cpibna (n = 1) nopis-
HIOE

107,868
K, = 07858 _ 0001128 r/Kn,
A = 96 485 i
a uMHKy (n = 2)
ey = —0988 __ 0000398 r/Kun
296 485

Bpaxosyloun 3asHaveHe, 3akonn Papaflen MoxkHa MogaTH y 3a-
raabHOMY BMTAALL

2 M(l/mX) It 6o < M(X}It-
F nF

Buxm pedoeMHM 3a crpymom. Hafiwactinre Ha enextpomax Kplh{ oc-
HOBHO] pearil BiIOyBaTLeA TakoX oaHa abo mexinska mobixanx, AKI no-
TpefiyioTe neBHol KiaskocTi ENERTPMYHOTO cTpyMy. Jlia Bpaxyeanua
BILTMBY TAKMX MapafefbHMX Deakiil 3anpoBajpkeHe NOHATTA eurody ia
empymosm B. Buxin sa oTpymom BHMIHANaE€, AKa YacTMHA OPONYIIEHOI
ENEKTPHEHM OPHOagac Ha JaHy enexTpogHy peakmin:

Be = -1 . 100 9,
g;
me @ — KiTbKICTH eNeKTPMKM, SaTpatueHa Ha JaHY peakmiio; 1g, — 3a-

ranbHa KiaskicTs eJeKTPHYHOTO CTRPYMY, nportymenom lcprab CHCTEMY.
Buxin aa cTpymom ModxHa OGDICHMTH TaKOM 33 COIBBlHOMIEHHAM

m
Be=———.100 %,
m‘[‘EUp

Ae M — MAacad YTEOPEHO! PEYOBIHM, BUSHAYEHA EHCHOEDMMEHTANILHD, Mreap
maca peuoBmiM, ofuuciena sa 3axouamm Papapea za NPUOYIIEHHA, Luo
BCA eNeKTPUKa BHKOpHCTAMA IR 11 YTROpeHHA.

§ 8. BukopucTaHusA eleKTPOXiMIiNHMX mpoueciB

Ximiuni mxepena crpymy (XJIC). o XIC nanesats npuerpoi,
3a JIOTIOMOTOI0 AKMX XiMiuna eHeépria NnpocTopoBO PO3ALIEHMX QHMC-
HO-BiIHOBHMX NMponeciB MepeTBOPIOeTLHCA HA eJeKTPUYHY.

3a xapakrepom poBoru XIC noginawTe Ha ABI rpymm: rands-
BaHiyHi enemeHTH, abo mepBMHHI mikepena CTPYMY, Ta ejNeKTPiuHi
axkymyasaTopu, abo BTOpPMEHI mKepesa cTpyMy.
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Io rpynu nepeunrux XJIC HamexaTs npyucTpol 3 OAHOPA30OBMM BH-
KOPHCTAHHAM CBOiX akTMBHMX Marepianie (s oxuH alo kijbka npu-
jtomie). [ToBHicTiO pO3pAAMKEHMIl rafbBaHiYHMA eJeMeHT A0 70AaNb-
mioro BHKOpMCcTaHHA Henpuaartmui [Ipuxnanom NEPBHHHOIO efeMeHTa
¢ wmanraH-imekosuii  eneMent Jlermamme (MIIE) AxTmBHMM Ma-
TepianoM #OT0 MOZMTUBHO SAPAIMKEHOT0 eJEKTPOJAa € OKCHI MaHra-
uy(IV) — nipomosMT, a HETAaTMBHO 3apAMKEHOr0 eNeKTpora — me-
raniyemii ek Cepenopmiuem € sopmt posuna NHCl 3 pnoMinikanmu
iHmMx conefi 1 Oopomma a0 KpOXMam0 [40A SrYIIeHH:A. Ener-
TpoxiMiyge Koo uporo emementa Ttake: (~)Zn|[NHCl(MnO3)|C(+), a
tioro EPC popisxoe 1,5 B. CymapHe piBHAHHA eNEKTPOJHIX 1POLECIB!

27Zn + 4MnO, + 4NH,Cl = ZnCls + [ZH(NH;;}Q}CIQ + 4MnOOH.

Enementy Ta Barapei MIl-cucremi Hasnexars a0 HaWmomm-
PEHIIIMX Ta/bBaHIYHHX eJeMeHTIB. Ix Bmppﬁnmqm y sapsReHoMy
cradl i BUKODMCTOBYHTh AJA MMBJEHHA MXTapls, NEpecyBHOL ana-
paTypy 8B f8KY, paaio30HAOBMX MPHCTPOIB TOLIO. .

Bropusaumu XJC, abo akyMyJATOpaMM, Has3uBaOTL TaKl AMe-
pesia MOCTIfHOTO cTpyMY, AKI MOMHA BIOHOBJIOBATH MICHA pO3pAi-
SHAHHA TPONYCKAHHAM MOCTIHHOTO CTPYMY B HAnpAMKY, OPOTHIEH-
HOMY 0 HanpAMKY CTPyMy mij Hac HOro pospaAKaHHA Orixe, po3-
PANMKAHHA  AKYMYJATOpPA  CYNPOBOMMKYETBCA  NEePeTBOpPEHHAM
xiMiynol eHeprii Ha eNeKTpHYHY, NPHYOMY AKTHBHI DEHOBHHM Nepe-
XOAATE ¥ NPOAYKTH PO3PAAMKAHHA, MiJ Yac 3apAJMKAHHA akyMyJnd-
TOpa, HABMAKM, EJIeKTPHYHA eHepriA nepeTBOPIETHCA HA XIMIYHY, &
MPOAYKTH PO3pAIDKAHHEA — Ha MOYATKOBL AKTHBHL pEYOBUHM. B_Har-m
enexTpoais Ta npuiHATI A0A HMX HA3BM «aHON» 1 «KaTOn» BlAWO-
BiZaloTh OKMCHO-BIIHOBHMM ripouecaM, Aki BIADYBaIOTBLCA HA EJeK-
Tpojax v rafbBaHIYHMX eJleMeHTaX. Haramaemo, 1m0 asHomnoM € TOH
eJIeKTpOJ, Ha AKOMY BinbyBacThLCA NMpOLEC OKMCHEeHHA, a KATOAOM —
eJIEKTPOJ, Ha AKOMY Bin0yBaeTbcA MpOUEC BIAHOBICHHA. Hanpux-
naj, mif Hac pospAKAHHA NyXe TOLWMPEHOro CBMHLUEBOTO AKyMy-
JIATOpPA HEraTHBHO 3apAIMeHMM €IEeKTPOIO0M (amozaoMm) € ryﬁqacrnfj
CBHMHENL, 4 TMO3UTHMEHO 3apHIHEHUM (KaTogoM) — eJEKTpOoI, AKMH
cRIAfacTheR 3 miokeuay cBusip PbOs; Takomy cBMHIEBO-KMCIOT-
HOMY AKYMYJATOpPY BIANOBINA€ CcyMapHe pIBHAHHA EJERTPOAHMX
npouecie (pO3pPAMMKAHHA & SapANMKaHHA)

K+D LA

PbO; + 2H,SO, + Pb 2 2PbSOy4 + 2H;0.

EPC sapamkeHOr0 CBMHIEBOTO aKyMy/aATopa NpUOAM3HO AOpiB-
Hioe 2 B.

Enextponias. Enexrponia sabeanesye BurOHaHHA peaxuifl oxue-
HeHHA 1 BINHOBMNEHHA 3 BMCOKMMH BHMXOJAaMM Ta BHCOKOHO ectek-

BUKOFPHMCTAHHA EJEKTPOXIMIYHME MIPOLECIE 485

TUBHICTIO, 1IN0 CTBOPIOE YMOBHM AJIA HIIMPOKOTO HOTO 3aCTOCYBEHHA
APaKTHYHO B yCiX ranysAx HapOJHOTO TOCODAapCTBa.

Y meranyprifiniii nmpoMMenoBocTi eJexTponizoM posnnaeiB Ta
posuuHie gobyBalwTh TAa OYMINYIOTH 3HAYHMHA ACOPTHMMEHT MeTalis.
Enextposizom poznaasis zazewdaii aobyveaiors waflakrussin mera-
JM 3 BelMKMMM HeraTMBHMMHM EJCKTPOIHMMM NOTeHUlaNaMmu — afi-
MiHI}A, Marnii, HEaTpii, aitid, Gepuaii, kansuid Tomo, a Takomw Jenki
TYrOnAaBgi MeTany i cnaasu.

lidpoeaexmposmemanypeiiini npoyecy NOALTAKTE HA Al wraTe-
ropil: enekTponiTiyne padiHyBaHHA Ta eNeKTPOLKCTPARLIW,

Eaexmpoaimuune painyeanni BHKOPHCTOBYIOTh IS OYMINEHHA
MEeTaJHB, OTPMMaHUX MPOMETANYPrUIHMMM METOJaMH, TAd BHIIVHEHHA
3 HMX IIKIAMMBUX Q0OMIMIOK | HOPMCHMX KOMMOHEHTIE. 3a UMM Mero-
A0M 3 TEXHIYHOrO Meraay BHIOTOBIAIOTE posduHHl awopm. Ilig gac
NPOXOJMREHHA MMOCTIHHOTO EJeKTPHMYHOTO CTPYMY aHOAM pPOIuMHA-
I0ThCA, KATIOHW METAJy NePEeXOAATE YV PO3YMH | BMALTAKTBECH ¥ BH-
TIAAL 09KIEHOTO MeTady Ha KaToal JoMimky sanummaioTbes Hepoad-
yMHHUMK (apoaumit maaM) afo nepexoanaTh y posYMH, 3 AKOTO
nMeploaH4HO 4 0eznepepBHD BUAYVHANOTLCA. 38 TAKOK TEXHOJOTIEH
BUKOHYMIOTH, HanpUkian, enektpopadhinyeanna Migl. 3 texdivHoi
(«90pHOBOI») MiOl BHAMBAIOTE POSYMHHI AHOAM 1 NMPOBOAATE EJNeK-
TpoJia ¥ pozdME] YMeToro cyastarty Migl, B AKMA 3 MeToHw ImiasM-
LLIEHHA ENEeKTPONpPOoBiAHOCTI Ta 3anofiraHHA YTBOPEHHK) OCHOBHMX
coJieli JoJAaTh cipyany KuelaoTy. HacTiiHa MeTanyprifiEMx aoMiliok
metanie (Fe, Zn, Ni, Co), saki MawTbh Hu#4l enexTpoaHl oTernianm,
Hi®¥ Mins, aHOOHO POSYMMHANTBCA pa3oM 3 MIARI0, alle He 0cammy-
IOTBCA HA KATOML, 4 HATPOMAJKYIOTheA B poszuuni Jomiwkn dnaro-
ponEnx MeTaniB (Au, Ag) He 32azHaKThL AHOAHOID PO3YMHEHHA 1 B
X0Al mponecy 0CagyKyIOTbCA 3 YTBOPEHHAM aHOAHOro wnamy. lamm
metann (Pb, Sn) pozuymeAmwThcA pazoM 3 MiZawo # YTBOPHKOTE ¥
pPO34uMH] Ba)KKOPOSYMHE] CHOONVEHM, AKl BHOAAAKTE B OCAL,

Fidpomemaaypeitini memodu BHKOPUCTOBYIOTH MAA OUMILEHHA
mini, HiKemw, UMHKY, 30J0Ta, cpifia, KaaMmiio, 0J0Ba, CBMHLIKD, MaH-
raHy Ta iHIMMX KoJbOpoBMxX i piakicHux mertaris.

ITpouecn eiexmpoexcmpaxyil BMKOPHCTOBYIOTh AMA BMAiNEHHA
MeTanle 3 poauMHiB. Pyay afo Kosuextpat obpobnsAmnTs peareHTaMM
i mepeBopaTe y posumuu. Ocranpiit nicns o4YMINEHHH Big AOMILIOK
miananTs eNeKTpoaisy 3 HepozuMHHMMM aHogamu. Ymetwuii Metan
BMALIACTECA HA KATOJl, a BLANPALLOBAHMI PO3YMH 3HOBY BHKODH-
CTOBYHTE.

Ho zanwganocmersii HajlemaTbh TEXHOJOMIYHI IpouecH eleKkTpo-
OCAAAEHHA (MIAXOM €JeKTpoliay) 0aHnx MeTaqis Ha NnoBepxHi iH-
myx MeTaniB Ta MerasoBupofiB 3 Merow Ix zaxucTy Big koposii,
s0ineIIenHA TeepaocTi, a4 TAKOM 2 JeKOpaTMBHMMK linamu. Haii-
BaKNUBIIMMKM 3 HMX € UIMHKYBAHHA, XPOMYBaHHA, HiKeIBAHHA,
MigHEHHA TOLID.
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Faaveanonaacmuka BRINOYAE MPOLECH BUTOTOBJIEHHA TOYHMX Me-
TaJIYHMX KOMmif 3 penbeHNK MTpeaMeTis MImAXoM &JIeKTPOMITHHHOrO
HAHEeCeHHA Ha iXHIO MosepxHio meranis. Hajuacriile BMKOPHCTOBY-
I0TH HeMeTaliuHl KaTogM (Hanpuriaan, 3 rincy) a MOBEPXHEBOIKO PO~
pigHICTIO, AKY CTBOPIOKTH HAHECEHHAM I[IBKM CTPYMOIPOBIAHOTO
Mmarepiany, Hanpukaag rpadiry.

Enexmpoximiuni memodu BUKOPMCTOBYIOTH ANA A0OYBaHHA Be-
NMKOTO 4YMCJA HeOPraHiYHMX PEeHOBHH — BOAHIO, MEPOKCOKMCIOT,
XJ0py Ta Jyrie, KMCHIO, TiMoXn0puTie, XJNOPATIB, NEPXJI0paTiB, Mep-
MaHraHaTis Ta DaraThOX iHmMX, B OpraHiyHoMy cuHTesi. Bomu 3Ha4-
HO TOmMpeRi B aHamiTMuHif Ta hisuko-xiMiuMiA mpakTMil gocain-
#eHb (nonaporpadis, noreHioMeTpia, KYI0HOMETpIA TOLLO).

Pozain 16
OKMCHO-BIJTHOBHI PEAEH,IT

§ 1. 3araneHi noOHATTA

eakull, nepelir AKMX CYNIPOBOAMYETBCA 3MiHOW cTymesis
OKMCHEHHA eNeMeHTIB, HAJNeHATEL 10 OKUCHO-810HOBHUT.
Y TakMX pearUiAx eNeKTpOHy MepexonATb Bl OAHUX
4acTHHOK (aToMis, Monewys, iouiB) go iBmmx y paai ix Oes-
nocepeaHboro JiTKHEHHA, OKMCHMKM NPHMEAHYIOTH €NeKTPOHH, i ix
CTYMiHb OKMCHEHHA 3MeHUIYETbCHA. BinnosHMkm Bigpaiors enexrtpo-
HM Ta 30inemyoTE CBUE cTymiHb OKMcHeHHA. 3MiHM CTyneHiB oxuc-
HEHHA aroMip BinnoeigaloTe umcny npwiHaT™MX alo Bigpanux enex-
TPOHIE.
PoarnAreMo npuKIany OKMCHO-BITHOBHMX peakuiii:

*1 =1

9Na + c1z = 2NaCl;

0 +1 =1

H2 + Cl, = 2HCL.

Y mepuwiiit peakuii sinfyBacThCA NpaKTHYHO MOBHMI Nepexin
eJIeKTPOHA Big mmmnmma — HATPI0 [0 OKMCHMKA — XJOpY 3
YTBOPEHHAM KaTiOHa Na® i aniona CI”, ¥ ppyritt — nepebir okucHo-
BigHOBHOI peaknii MeHm oqenu,u,uuﬁ' TYT Mi¥ aromMamy BOIHIO i
XJ0PY YTBOPIOETLCA KOBANEHTHMI 38'A30K | sinlysaeTsca mume ga-
CTKOBE 3MIlUEHHA enexTpoHHOI rycturM y Oix Binbm esekTpomera-
THBHOTO aroMa xaopy. Ilpore B 000X BMnmagxax MoKHA BU3HAYMTH
YMCNO BigJaHMX | NpMEAHAHMX eNeKTPOHIB, AKmo Bigomi cryneni
OKMCHEHHA eJIeMeHTIB:

+1 . -1 -1
NaE(‘?:i:‘ H Cl‘

3azHavene oOOrpyHTOBYE MOMJIMBICTDL BUKOPVCTAEHA TOHATTA
CTYNeHA OKUCHeHHA [JIA BM3HAYEHHA 4Mcia eJeKTPOHIB, BiAgaHux
BIAHOBHMKOM 1 MPMAHATHMX OKMCHMKOM, i AJA 3HAXOMMKEHHA CTEXio-
MeTpH4HMX Koediuienrie. Hasnakm, BUKODMCTOBYBATH MOHATTA Ba-
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qenTHOCTi He caia Haupukaan, ¥ peakuil BOAHIO 13 XJIOPOM Ba-
enTHiCTh ATOMIE HE B3MIHIOETHCA, BOHA nopiBHIOE OmMHMII HE Y
BUXIIHUX peyHOBMHAX, TAK i B npoaykTi peaxuil
YV kosHIN peakuil sarafbHe HucIo eNEKTPOHIB, AKI BiAAAE Big-
HOBHIK, SaBM/IM JOPIBHIOE HHCTY eNeKTPOHIB, AKI NPHEAHYE DKMC-
pui. Lle BHKOPUCTOBYIOTL ILI# BUaHAMEHHS TAK 2BAHUX OCHOBHLLL
CTEeXIOMeTPHYHHK KoeilienTis. Bony 2a0eaneuylTh eXerTPOHHMIN
HanaHC OKMCHO-BIAHOBHOI peakuii. 3 ui€l OpUHMHK ¥ nogainiomy i
koeillieHT™ 3MIHIOBATH BIKE ge moskna, Pemty KoedilieHTIB nobu-
pAIOTE 34 3aKOHOM 0epeIKeHHA MACH
3anpopaireno MOHATTH PKBIBAIEHTA DPEeYUBMHE B ORMCHO-BIIHOBHIX

peaKIiax. Jloro BHAHAMAIOTH AK HACTHHY MONEKyIM, i OpMOaJaE Ha
omuH Bizaatuii abo APMIHATIR eNEKTPOR. Hanpuknaza. y peakuil

2 -1
H,S + Brp = 2HBr + 8"

EKBIBAIICHTH CIPROBOIHKD Ta GponMy A0PIBHIOK T

1

EIH.S) : vaneryan HeS;

E(Bry) = - MOJERYJIN Bra.

b 1=

BMAHAYAIOTE BIIHOIIEHHAM MacH EREIBATCHTA A0
120 g60 BIIHOLUICHHAM MOJIEKYJIADHO! Macl pe-
u Bigmamux enexTpoHis. Mongpra Macd
ekBiBATEHTA MopiBHIOE Maci 1 mois exBiBatenTiB y rpaMax. Ha NpaKTHL
il JerKO AHANTH AlTEHHAM BEUpamenol ¥ rpaMax mMos HPHN] MACk OKMCHHEA
250 BiTMOBHMKA Ha HICH0 TPMEIHAHKX 41 pinzanux enexTpoiis, Tak,

ERaiBAZEHTHY MAcy
mack !/ s aTOMA BYTIELFO
YOBMHN A0 YMCIE OPHHBATHX H

Mi 1} H.S) = 17,04 r/moak.

M lﬁ Bray = 79,80 r/monb.

CrexiomeTpiai KoedimeHT! B OKMCHO-BUIHOBHHX pEARIIAX Bigohpa-
a10Th TOH (pakr, 1o 0/IH eKBIBATEHT BINMHOBHMKA PEATYE 3 OOHIM eKBl-
BAJACHTUM OKMCHIIRE

MocaigosHICTh CRAAJAHHA piBHAHB ORHCHO-BIAHOBHUX peak-
wifi. 3araToM OKICHO-BIHOBHI peaKiil MOYKHA N0JaTH CXEMOH)

o+ Binmommx + m Okycmitg + (Cepeaosnute) =
e _.___,_._._-h'

— =il
s e o
me” | R

li

n [pnaykT oRUCHEHHA *+ 1N [poAyKT BIAHUBIEHHA + (MponyxTs ofMiEy!
BIOHORHITKA OHMCHIIKA
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Y uijt cxemi TepMmiHM «CepefOBHMILEN TA «IPOAYKTH obminy» B3fA-
TO B AYMKH, OCKIJIbKM B PIBHAHHAX OKMCHO-BIJHOBHMX peakuii B
MOMYTh Oyt BigcyTHIMMK o

BinnoeigHo A0 CxemM, CKIajaHHA pPiBHAHL OKMCHO-BiIHOBHMX pe-
aKUifi po3NOYMHAKITHL i3 3amucy BUXIOHMX PEYOBMH Ta YTBO ;
MPOAYKTIE, HANPHMKIAL pesiE

Na;S0; + O; = NazSO0,.

. I:.Ell:.ﬂiﬂ UBLOrO BU3HAHAXTL EJIEMEHTH, axi nig yac nepebiry pe-
kuil BiNalOTE | NMPMEAHYIOTH ENEKTPOHM, 3AMMCYITH ixHi cTymesi
OKMCHEHHA 0 Ta mciaa peakuii:

4 ] Y.
NayS0; + Oy - Na; SO,

| sHaxomATE OCHOBHI crexiomerpuuri koediuienTn. Jlna uporo 3a-

rajlbHe “Mea0 eJIeKTPOHIB, BiAMauMX BiTHOBEMKOM, CTABJATEL fAK KO-

edilfieHT mepel OKMCHMKOM, a 4WCJO €JEeKTPOHIB, MPUENHAHMX

OKMCHMKOM — fK KoedinieHT mepen BiTHOBHMKOM. H,HI.U,{} BOHM Ma-

31:; pc}‘;u};l::nﬁ HINBHUK, TO ix ckopouyoTe OcHoBHI kKoedilieHTH
Hil i i i

cTE e.uemp};:- I{iaMH: peaknil GanaHc MM BigmawMMKM Ta npMegHa-

+4 0 % -2
2Na; SOz + Oy = 2Nay,S O,
L. 1
2e” 4e”

Ilicaa UBOro SPIBHICIOTE YMCAIO ATOMIB BiHOBHMKA Ta OKMCHMKA B
0';50}: YacTMHAX pIBHAHHA [, HapewTi, He 3MIHIOHYM OCHOBHMX CTe-
XioMeTpHHIHUX KoedillieHTIB, 3PIBHIOIOTL YMCIO ATOMIB IHILMX eje-
MEHTIB i CTPIIKY B piBHAHHI PeaKiii 3aMiHIOIOTE Ha 3HAK «JOPIBHIOE

{}éanw{aﬁ FTEKIDMETPH‘I}Ii KoedilieHTH NoYMHAKTE pDaETaBJIHTI:I
y Tiii wacTuHI piBHAHHA, A€ aTOMM, HKI BLIJAKTH | NPHEAHYIOTDH
€JEKTPOHK, BXOAATEL 0 CKIafly MOJEKy. pisenx peuoBuH. Hxup
BianoBENK 400 OKMCHMK — MOJEKYJM MPOCTMX PEHOBMH, TO roedi-
LIEHTH MOYMHAKTE PO3CTaBJIATH 3JiBa nepen BI-’IXi.jIHHMH* pe4oBHHA-
z?lii.HB?mi:ﬁcz:Hocn cepes peareHTiE MPOCTUX pedoBMH KoedinienTn
syl ; 1 DO3CTABJIATHM CNpaBa Mepefl TPOAYKTaMM peaxuii,

-1 +7 ] +2
16HC! + 2KMnO, = 5Cl, + 2MnCl, + 2KCl + 8H;0.
BignoBHuE | OrucHMK .L T
CepenoBMIIe
2e” Se”
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¥ mpoueci CKAaAaHHA OKMCHO-BiJHOBHMX peakuUifl IoUiAsHO KOpHCTY-
BATHUCH MIKANOW Me X 3IMiHM CTYNeHiB OKMCHEHHA:

[lpouec orMCHEHHA BIGHOBHUKIE,
BiIfaBaHHA eAeKTPOHIB

" 4 e . " i
t 4 ¥ + t i

4 -3 -2 -1 0 +1 +2 +3 +4 45 +6 +7 +8

-

TMpouec BiAHOBNEHHA OKUCHHKIB,
TIPHENHAHKA ENEKTPOHIB

CryneHi OKMCHEHHA eneMEHTIE MOKYTh amimweatuck Bin -4 mo +8
[Ixana Hao4HO LMOCTPYE, 110 TPOLECH OKMCHEHHS | BiIHOBJEHHA 3 NOTIA-
oy efexTpoHHOI Teopil € mpoTae:xHo cnpavopaHusmyu. Kopuetymoumcs
[IKaN010, Merxo aHaliTi YHeno Bignanux abo NpHELHAHMX efeKTPOHIE | Te-
pe.uﬁaqnm YTEOPEHHA MOJMJIMBIX NpOAYKTIB pear:mi

Tax, y pasi, xoan cyasdit HaTpio, Wo MicTHTs cipKy y cTynesi okuc-
HeHss t4, ¢ BITHOBHMKOM, TO BiH Ma¢ DKMCHIOBATHCH, BIINABATH ENEKTPO-
HH, 3ﬂimhmysam CTYIiHb okMcHeHHA ciprM o +6 i nepeTsoploBaTHCL Ha
cyascbat Hatpio. Konu s BiH y xucnoMy cepefoBuiyi BigirpapaTuMme posib
OKMCHUKA, TO CTYNIHb OKMCHEHHA cipkM Mae amioxysarties go 0 (eignosia-
HO [OU YTBOpeHHA Hafctiiximoi dopmu), woe BigloBinae nNPUESHAHHIO
eNeKTPOHIB,

§ 2. Knacudikania oKMcHO-BiTHOBHMX peaKiii

Aromu, Axi B peakuil BignarwTes abo NMpHUETHYIOTH eJEKTPOHM,
MOXKYTb MICTMTHCA B pi3HMX peyoBMHAX abo BXoAMTH [0 cKaaay on-
miel i Tiei camol peyoBunn. B ocTaHHBOMY BMNAAKY e MOKYTE Oy-
TM ATOMM PI3HMX 4M ONHAKOBMX eJeMeHTIB. ¥ 3B'A3Ky 3 UMM po3pia-
HAWOTE TMIIM OKMCHO-BIJHOBHMX peakuid, Arxl cXapaKTepHM30BaHO
pani

Pearmil MimXMOJIeKyJAPHOro OKMCHeHHA—BignoBNenna. Taki
peakrilii e HalinoinupeHiuMM THIIOM peaxuif. BigHoBHME Ta OKMCHUMK —
ue pisni npocri abo cknaani peyosyan. Hanpurknan:

+4 =2 -2
2]{25 + 302 =280, + 2H;0;
1 t
6e” de”
+4 -2
2ZnS + 30, = 2Zn0 + 250,.
J T
Ge™ 4e”
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¥ Ogux peakniax cipka, Aka y BMXIZHMX pedOBMHAX MAa€ CTYIIHb
OKUCHeHHA -2, Bignae 6 enexTpoHie | aMiHIOE CTYIIHE OKUCHEHHA A0
+4. OKMCHUKOM € KMCEHb, AKMI MPUMETHYE eNeKTPOHM | BHMMKYE CBiii
eTynids oxucHeHHA Big 0 go —2 OcHoeHi koediLieHTH NOYMHAITE
PO3CTABJATH B JMiBiii YacTHHi PIBHAHHA, oCKiNBKM OJHMM 3 peareHTIB
€ NBOXaTOMHA MOJEKYJa MpoCTol PeYOBMHM.

3HayHy KinbKiCTE peakuiil MUKMONEKYJIADHOTO OKMCHEHHA—BiJ-
HOBJIEHHA CKJafalTh TaKi, B AKMX YaCTHMHA MOJEKYyJ ORMCHMEa abo
BiIHOBHMKA OQHOYACHO € TaKoX cepenoeuiutem i Gepe ydaeTe ¥ pe-
akuiax ofminy, Aki CYNpOBOMMYIOTE OKMCHO-BIOHOBHY peakiin. ¥
PIBHAHHAX TaKMX peakulll MOYMHATH PO3CTABIAATH CTEXIOMETPHYHI
koediuienTy pouineHile y npapifl 4YacTMHI pPIBHAHHA, IO MAACTh
3MOTY BPaxyBaTH 3arafibHe YMCJI0 MOJEKYJ PeareHTiB, HalpUKIaa:

+2 +5 +3 +2
3FE[N03]2 + 4H N'Dg an 3F3[N03}3 + IT'?D + EHQD‘.
le™ de”

+5
3CU. + SHN(}glp} = SCIiI[NDﬂz + 21\;0 + 4H20

2e” de”

IMicna poscTaBAAHHA OCHOBHMX koedillienTie y npaeift “acTuHi
PIBHAHHA BM3HA4alOTh 3arajeHe wncao euxiganx monexkyn HNOs,
AKA BMKOPUCTOBYETLCH AK Ha OKMCHEHHA, Tak i Ha YTBOPEHHA cOJeid
3 ioHaMM MeTaniB.

Orxe, y peakuiax MiXKMOJEKYJIAPHOIO OKMCHEHHA—EIAHOBIEHHA
poacTaBNATH OCHOBHI crexiomerpuuni koediuicatn spebinstuoro
CNif CHOMATKY Y Npaeiil 4acTHHI PIBRHAHHA, 4 KOJM Cepejl peareHTiB
£ MOJNEeKyAApHI npocri pedoeuHn — ¥y Jjieiit. Ilpuponso, o B nisii
4YacTHHI MOYMHAWTH poscTaBiATH KoedimleHTH Takoxk TOAL, KOJM
aTOMM OKMCHMKA Ta BITHOBHMKA MICTATBCA B PI3HMX BUXIIHMX CIO-
JYyKax, alle YTBOPKIOTEL OOHY PEeYOBMHY, HApUKAal,

-2
2H2i + Hgioa = 3S + 3H0,

2e” 4e”
=1 +1 0
CaHz + 2HOH = Ca(OH), + 2H,.

3 T
2e” le”
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Peaknil BRYTDPIHLOMOJEKYISPHOr0 OKWMCHEHHI—BiJHOBICHHA
¥ pearuiax ubOro TMNY BiANalOTE i MPMEAHYIOTH €JNEKTPOHM ATOMM
pisuux enementie omHiel # Tiel camol ckaaaHoi pedoemnu. Hanpuk-
naj, xnopar Kanailo KClOj3 3a nasBHOCTi kKaranizatopa (MnOj) pos-
KJaJAETECA Ha XJOopKAa KaJilo Ta KUCeHb:

+5 -2 -1 0

2KCl 03 = 2KCl + 30,.
T d
fe” de”

Xnop amialoe cTynius OKMCHEHHA Big +5 Mo —1, a KuMceHe — BiX
-2 go 0. ¥V piBHAHHAX TAKMX peakIliii PO3CTaBJIATH OCHOBHI cTeXio-
MeTpuuHi koediuienTn Tpefa TMOYMHATHM TiNLKM Y TNpaBiif YacTHHI
piBHAHHA, e aTomu, Akl BiAzanu 1 NnpuegHanM eNeKTPOHM, BXOAATH
A0 CKJaay MoJeKyJs pisHMX pewoBuH. Kucenp y po3paxyHKy Ha Mo-
neryny O; Binnmae xnopy 4 eneKTpoHM, a XJN0p, ¥ pasi nepersopeH-
HA Ha XJOPUA Kaniio, NpUEAHYE Bif KucHIO 6 enekTponie, ToMy ne-
pen KCI notpifuo nocrasutn koediniest 4, a nepen kucaHem — 6.
IIi xoedinicenT MaOTh CHINBHMA QINBHUK 2, TOMY TICNA CKOPOYEHHA
nopisawooTs Bignosigro 2 1 3. Iaa Toro wmwob 4Mcao aToMiB xaopy i
KMCHIO Y NpaBii 1 xisiil yacTuHax piBuauua OGyno ogHakoBuM, nepen
KClOj; eaig nocraeuty koedidienT 2.

Hagegemo e ofmH npuknan peakuil BHYTPIIHEOMONEKYIAPHOTO
OKMCHEHHA—BITHOBJIEHHA!

-3 +6 i} +3
[NHQ}sz?O‘f = IIE + (.%rzﬂg + 4H,0.
6e-  Ge”

¥ ikt peaknii OKMCHMKOM € XpOM, AKMIA 3MIHIOE CTYIIiHB OKMC=
HeHHA Bix +6 mo +3. ¥V po3paxyHKY Ha JlBa aTOMM XpOMY B MOJe-
kyni CroO3 xpom npueauye 6 enexrponis Bif BinHOBHMKA — aaory.
Asor 3miHWE CTYNiHb OKMCHEHHA —3 Ha cTyliHb oKucrensd 0 i B
pospaxyHKy Ha Monexyny Ny Bimnae 6 enexktponis. Obugsa xoedi-
LiEHTH CKOPDOYYIOTECH | CTAOTH TAKMMM, L0 JOPIBHIOIOTE ONWHMIIL

Peaknil camooOKMCHEHHA—CAMOBITHOBAEHAS (IMcOponopLiio-
BaHHA). Y TakKMX peakuiaxX BigAawTsE Ta NPUEAHYIOTE EJEKTPOHH
aTOMM OJHOTO #i TOrO CaMOro €JIEMEHTA, 1|0 MAKTk OJHAKOBi cTyneHi
OKMCHEHHsA | BXOJATH A0 ckaaay opHiel i tiel camol pewosunn. Ile-
pebir peaxuifi aMCNPONOPUilOBAHHA CYNPOBOOMYETBCA ONHOYACHWM
MiABMIIEHHAM | 3HMIKEHHAM CTYTIEHA OKMCHEHHA OJIHOTO ¥ TOro ca-
MOTO €JIEMEHTA T YTBOPEHHAM PIBHMX npo,uym‘m peaknii. Bouu xa-
paKTepHi AnA aToMIB eNeMeHTIB 3 MPOMIKHMMH CTYTEHAMM OKMC-
HEHHA.
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OcHOBHI xoedilieHTH B DIBHAHHAX TaKMX peaxuiil MOYMHAIOTh
pO3CTaBAATH TiNbKKM y npasifi yacturi. Hanpuknan, amenponopuio-
BaHHA XJIOPY B JIYMHMX POIYMHAX I 4ac HarpieauHA BinGyeaeTbes
3a piBHAHHAM

0 t"C +5 -1
3Cl, + 6KOH = KClO; + 5KCl + 3H,0.
4 T
Se” le”

Y npoueci peakuii yacTMHa aTOMIB XJ0pYy AK BiJHOBHMKM Bifma-
OTE ENEKTPOHM, NiABMUIYIOTE CBil cTYNiHL okMcHenna Big 0 go +5 #
YTBOPIOIOTE XJIOPAT KAaJIK, a IHIIA HYAacTMHA aTOMIB XJIOpY AK ORMC-
HUKHW MPMEITHYIOTL €JeKTPOHM, 3HMIKYIOTE CBili CTYMiHB OKMCHEHHA
Bia 0 go —1 i nepeTBOpPKIOTLCA HA XJ0PHMI Kaliw, TOMY B DIBHAHHI
nepea KCl tpeba nocraenti roediuient 5, a nepeny KClO; — ko-
edinient 1. Ina toro mwob umcia aToMis Xjaopy, Kajnilo Ta BOJHIO B
000X yacTMHaX pIBHAHHA Oyau ofHaKOBMMM, Nepel XJOpoM NoTpi6-
HO nocTaeuty Koediuient 3, nepen KOH — xoedbiuient 6, nepen
monexynow H,O — xoedinient 3.

Ilpuxknagom peakuil caMOOKMCHEHHA-—CAMOBIIHOBJIEHHA € pO3-
KJlan NepoKcHay BOOHIO HAa BOOY Ta KUCEHb!

-1 -2 1]
2H;02 = 2H,0 + O,.
T
lem 2e”

Crynint OKMCHEHHA KMCHIO 3MiHWETRCA Big —1 y Buxigmiit pedo-
Buni fo —2 i 0 — y mpogykTax, TOMy OCHOBHI CTeXioMeTpu4Hi Ko-
einienT, AKI NOYMHAIOTL PO3CTABIATHM Y NpaBijl wacTuH piBHAH-
HA, nopisrwowTe 2 nepen H:O # 1 — nmepen Os. Ona Toro meb apie-
HATH YMCJa ATOMIE KMCHK) Ta BOJHI B obox wacTHHaX piBHAHHA,
nepen MONeKyJOHw BHXITHOMO NepoKcHMAY BOSHKO CJOif MOCTABUTH KO-
edinicar 2,

Cxnanmi oxkucHO-BigBOBHI peakuil. [lopaa 3 poSrIAHYTHMH BU-
uje BiZHOCHO MPOCTMMM NPMKJAJaMi OKMCHO-BiJHOBHMX peakuii € i
cknanniun. Hanpurnan, peaxiia OKMCHEHHA MIpUTY:

+2 -1 ] +3 -2 +4 -2
4FE52+1102 =2FE'2 03 +8$02
11 0
le” 10e” 4e”

11e”
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Mousexkysa OipuTy MICTHTB aTOMM JABOX €JIEMEHTIB, AKI BIAAANIOTH
eNeKTPOHIM: 3aJi3a (migsMiLye cTyniHb okucHeHHs Big +2 go +3) ra
cipru (Big ~1 go +4). OKMCHMKOM € KMCEHb, BIH NPMEAHYE EJEKTPO-
HM BIJ aToMiB 3aiaa i cipen,

TpuknanaoM craagHoi OKMCHO-BiAHOBHOI pearuii 3 gBoMa BiHOB-
HMKaMJ € pO3KJaj NeppeHaTy aMoHio B aTMocthepl BOgHIO!

-3 +7 1] 0 0
2NH;ReO4 + 4H, = 2Re + Nz + 8H.O.
U § v
Je~ Te~ Ze”
_1__
4e”

Crtynine okucHeHHA pPeHin 3MiHweTses Big +7 mo 0. HMoro Bij-
HOBJeHHA BiAfyBacTbLCA BHACHIOR NPMEJHAHHA [0 arToma CemMM
eJIeKTPOHIB, 3 AKMX J — Big aToma asoTy ioHa amoHiwn i 2 — Bia
MoJexyaApHoro BogHo., OcHobBal koedilieHTH HE CKOPOYYHTBCH,
oCKinpKM y npasift sactudi pisAHHA MoseryJda N micture 1Ba
aToMK a3o0Ty.

Baaemopia Mix asoTMCTOK Ta MAHTAHATHOK KucjoTamu Biabysa-
€ThCA 38 PIBHAHHAM

+3 +7 +5 +2 45
S5HN O, + 2HMnOy = HNO3 + 2Mn(N Og); + 3H:0.
i T

2e” be”

TpoayKT peakuil — as0THA KUCIOTA -— BHALIAETBCA AK Y Biib-
HOMY cTaHl, Tak 1 yrsopiwoe Hirpat manrany(Il), Tomy poscrasnaaTi
ocHOBHI KoedinienTy norpidHO MOYMHATH Mepe] BUXIJAHMMKM pPeyoBM-
HaMI.

Oxucro-pinsosHi pearilii B iouHiA gopmi. Axuo okncHo-BigHOBHI
peakuil BigbysaioTeCcA B PO3YMHAX MM ENEKTPOJNITAMM 33 YHACTH
ioHiB, TO ix 3aMicT Kpame nepegae ioHHa copma zanucy pisHAHb. [le-
pedir rakux peakiii BA00OpaKyOTh PIBHAHHAMIL 32 3araJILHMMM [1pa-
BUNMaMy, TODTO CHMIBHL €JEKTPONITH 3aIMICYIOTh Y BMIJIAAL ioHiB, a
cnabri enexTpoaiTy, HeeNMeRTPOITYH, BAMKODO3YMHHL pedoBuHy | ra-
38U — y BUIVIAAI MOJNEKYJL. 3 TAKMX PiBHAHBL BHUKJIOHAKOTH 10HH, AKI He
3a3HAIOTH 3MiH ¥ nporeci peaxruil, a /onne nepefyBalTs ¥y po3unHl B
rizpatoeanomy (coswBaToBanomy) crasi. OcoBnMBiCcTh CKIaJdHHA Ta-
KMX pIBHAHB NOJATaE B TOMY, [0 MICIA PO3CTABJIAHHA OCHOBHMX KO-
ediricnaTiB Gea ix aMiuu 3piBHIOWTH 3apAAM iOHIB y MBI 1 Mpasii
yacTHHAX piBuauHA. Hanpuxknan, nna peaknil

5K,S0; + 2KMnOy + 3H3S04 = 6K,S04 + 2MnSO4 + 3H.0
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ioHHe piBHAHHA Mae dhopmy

+4 +7 +6
55 0% + 2MnO; + 6H* =58 02 + 2Mn?* + 3H,0.
Orxe, bananc zapazis:
3—2) + 2(—1) + 6(+1) = 5(—2) + 2(+2).
T, - L. r

5 ; v

-6 -6

Ionna chopma piBHAHL mae aMory 3'ACYBATH NMUTAHAA npo y4acTb ¥
eakuil ionis H* ta OH abo i i
peaxig Ta a00 ixX yrBopedBA, Hanmpurman, sHacaigok
OKMCHEHHA CynbITy Kajilo NepMaHraHaTOM KaJilo B HE/TPaJbHOMY
BOJHOMY Cepe/10ByiL cynshiT-ioH OKMCHIETBCA mo cyabdaT-ioHa, a
NepMaHraHaT-10H BIAHOBIIETHCA A0 OKCHMAY MaHrany(IV):

SO;” + MnO; - S0% + MnO.,.

Magran amiHOE CTYIiHE OKMCHEeHHA Big +7 j1o0 +4, a cipka Big +4
Ao +6. OcxoBri Koedpinicnty GinA cipkM Ta MaHraHy CTAHOBIATH
BignosigHo 2 1 3;

3503 + 2MnO; — 3S0% + 2MnO,,
i 0
. 2e” de”
TOm
3(-2) + 2(-1) = 3(-2) + 0.

b *
-8 -6

Cyma sapAniB y sisii yactusi pisrasns —8, a y npasiit —6. Ona
TOr0 o0 SPIBHATH CyMM 3apsfiB iomiB y nieiff i npasiit wacTumax
PIBHAHHA, nNoTpibHo m0 mpaBoi wactuum gofgatm 2 iowm OH™ |
BIAMOBLIHE 4MCJI0 MOJEKYJ po3uMHHMKA (Bomu) Ao misol Horo dacTi-
Hi. OcraToyne piBEAHEA L€l peaknil MaTHMe BUrasg

35S0} + 2MnOj + H,0 = 3SOZ™ + 2MnO, + 20H".
3(—2) + 2(-1)+ 0 =3(-2) + 0 + 2(-1)
L™ ” | -

a1 A

Y monexynapwii dopmi ne pisuanns sammueMo Tak:

3KS0; + 2KMnO, + H,0 = 3K,S0, + 2MnO; + 2KOH.
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§ 3. EnexTponna Gyaosa aTomis Ta dyuxuii pewoBHH
B OKMCHO-BiJJTHOBHMX peakiifax

OxMCHMKaMM | BIIHOBHMKAMM MOMYTb OyTM HK I[POCTi, TaK i
ckaaaHi peqoBnun. BuaHaueHHA 1XHbO1 yHKLIL B OKUCHO-BITHOBHIAX
peakiiax Ta OPM YyTBOPEHUX HUMU MPOAYKTIE JOLiIBHO pO3MO4aTH
3 aHamiay esiekTpoHHol GyaoBM aToMiB esemenrie Ta ix pO3MIIEeHHA
B nepiomrymiii cucremi. Ilin wac nepebiry OKMCHO-BIIHOBHMX B3a-
emoziiff ATOMM HaMaralThCA YTBODUTHM MOJIEKYJM Ta 10HM, B AKMX
BOHM JOCATAIOTH HalCTiiKilMX enexTpoHHENMX KOHQIrypawia i cryne-
HiB OKMCHEHHH, TOMY BM3HAYEHHS CTYIIEHIE OKMCHEHHHA, XapaKTep-
HUX IJA ejemeHTa B HOro crosykax, Ta sigmosigsux im copm xi-
MIiMHMX PEeYOBMH € AY#Ee BarKIMBIM.

Tak, y miarpymax s-eJeMeHtis enexTponHa Oynosa 30BHIIIHBOTO
eHepreTHYHOro piBHA iXHiX aToMis Bianosigae dopmynam ns! ta ns?
Pagiycs aTomip Besuxi, SoBHillHi esekTponn ciabko 3p'asami 3
AagpoM, Tomy wod HaGyTH crifikol KoHcirypauil nornepegHboro
ineprroro raay (ls? abo (n—1)s*n—1)p®), BoHM B OKMCHO-BINHOBHMX
peaKuiAX HaMaralTheA BIANATH BaJEHTHI N§-eNeKTPOHU 1 YTRBODUTH
pigmosigni ionn Met i Me?". Tomy s-enemenrtam I i II rpyn Bractusi
TibKM (DYHKUiA BiIHOBHMKA | CTYNIEHI OKMCHEHHA sigmoeigao +1 i
+2 y npoaykrax peakiil, HaMpUKIam:

i} 1] +2 -2 0 +1 +1 0
2Ca + 0, =2Ca0; 9Na + 2H20 = 2NaOH + H:.
BinuoBHa aKTMBHICTb NPOCTHMX PEYOBHH S-eI€MEHTIB 3aKOHOMIpP-
HO 3pOCTaE B MiArpymax y mipy abinbuiensna pagiycis aToMiB.
d-EnementaM Binosifae enexTpoRHa OyZoBa BaJEHTHMX MigpiB-
gig atomie (n—1)d1"%ns!"2, ¥ ap’Asky 3 TeHmeHLICI0 A0 yTBOPEHHA
CTIEMX enexTpoHEMX KoHdirypauiin (n—1 szln—l}gﬁ[n-l)dﬂm (no-
nepensifi inepremit rag) 1a (n-1)s2(n—1)p%(n—1)d'%ns® mpocri pevo-
BMHM d-eJleMeHTiB BMABJIRIOTH TiibKM BigHOBHI Bractusocti. [Ind
HUX y CTIONYKaX XApaKTepHi cTymeHl okucHeHHA: +1 — ms d-ene-
menTis migrpynu wmiai (I rpymna nepiogu4Hoi cucremu), +2 — A
enemenris miarpym wuuxy (II rpyma), +3 — ais enemenTis mig-
rpymu ckanpito (III rpyma) i 1. o daa fiabiuocTl d-eleMeHTIE MO~
JMBUM € CTYTHHB OKHCHeHHA +2 (3a YMcIOM Ns’-eNeKTPOHIB), 4 Hali-
BMLM/A MOXME NOpDIBHIOBATH, XO4a i He 3aBMau, HOMEpY TpynH
(TINBKM eJIeMEHTH MiArpyIM Migi MalTbhb TAKOMK CTYMEH] OKMCHEHHH,
RKi IepeBMuLyIoTH HoMep rpymy, Hampukiaan CuSOg, AuCly Towo).
Osce, AMA METANIE HMIKYMM CTYTNEHeM OKMCHEHHA € HyJb, BOHM
¥ BiJILHOMY cTaHl 3jaTHl BHABIATH TiIbKM BIOAHOBHI BJACTHMEOCTI, i
MiABMLIYBATH CBijfi CTYMiHb OKMCHEHHSA B pasl Mepexomy no0 npo-
nyktie peaxuii. Ha npakrugi Ak BiZHOBHMKH [IMPOKO BUKOPUCTORY-
ore Mg, Ca, Na, Al, Zn Ta iHul MerTany, HaNpPUKIAL:
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+4 0 - D +2
TiCly + 2Mg —— Ti + 2MgCly;
1) {

d4e” 2e”

+5 1] e ] v2
V.05 + 5Ca ——— 2V +5Ca0;
1 l

10e” e

+4 1} o . 0 +1
ZrCly + 4Na ——— Zr + 4¢NaCJ;

+3 n e 0 +2
B,0; + 3Mg —— 2B + 3MgO;

0 o +3 0
3Fe;0; + 8Al ——— 4Al,04 + 9Fe.

2 +3
(FeO FeaOy) ¥
t 1 Je”
Je~ fie”
T
Be™

JIlnA cnolyk MeraliB 3 HMSBKMMM CTYNEHAMM X OKMCHEHHA Ta-
KOt XapaxkTepsi BiIHOBHI BIACTMBOCTI, & 3 BMCOKMMM —— OKMCHIO-
BaqbHI, HANpHKJIAL:

+2 0 +3 -2
4Cr(OH); + O, + 2H,0 = 4Cr(OH)g;

+4 +6 +6 +3
502 + KyCry Oy + EHESO.; = KzSDg + Cr 2[504)3 + SHEO

IIpMpoaHO, L0 CTIONYKM, B AKUX METasM MaioTh HaWBMUpMi cTy-
[iHE OKMCHEHHA, MOXKYTb GyTH JMiIe OKMCHMKAMM, HATPMKIAL,

+2 +7 +3 +2
1DFESO4 + 2KMHD; + 3H2304 = EFEQKSDG]S + EMHSO4 *
+ K4 S0, + 8H,0.

CkasaHe MOZKHA MPOITIOCTPYBaTH Ha MpMKJazl CTIOJYK MaHrany,
B AKMX METaJ] M4€ PI3HI CTYMeHI OKMCHEHHH, 110 BU3HA4Yae€ BiaMiH-
Hocri v hynkilil jioro noxigHUX B OKMCHO-BIAHOBHMX peaKiuiax:

0 +2 +4 +6 +7
L I i | - |
Mn MnSO, MnO, KMnO, KMnO,
Bigrosunx Cronyky, Axi MomxyTs GyTH Oxnennx
BiAHOBHMKAMM TA OKMCHMKAMM
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Manrar y elibHOMY cTaHi Moxke OyTu smmue BifHOBHMKOM, Ha-
NpUKJIag;:

0 0 +2 i +1 +2 0
Mn + Clg = MHC]Q; Mn + HgSOqiposﬁ\] . MnS(li i Hg,

Marrarosa kuenota Ta ii cosl (nepMakraHaTH) MOMKYTE BYTH JM-
e OKMCHMKaMM, OCKLIBKM MaHTaH y mMxX CHOJYKaxX Ma€ HaWBuumi
CTYIiHb OKMCHEeHHA +7, Hanpukmazg;:

-2 +7 0 +2
5Na; S + 2KMnOy + 8H,SO; = 5S + 2MnSO; + 5Na,S0, +
+ K380 + 8H,0.

PeuoButm, skl MICTATE ATOMM MaHraHy 3 NPOMIMKHMMM CTYNeH:-
MI OKMCHEHHH, 3aJIeXXHO Bij IHINMX pearenTiB Ta ymoe nepebiry pe-
akriil MoxkyTs OyTH AK OKMCHMKEMM, TaK | BLOHOBHMKAMM, HANPHKIAA'

-1 +4 0 +2
4HC] + MnOy; = Cl; + MnCl; + 2H,0;

+4 +5 = +6 +3
MnO, + KNO; + 2KOH —5— K,MnO4 + KNO, + H,0;

+2 +7 +4
3MnSO; + 2KMnO, + 2H,0 = 5Mn0O, + K;S0, + 2H,S0,.

¥ nepuwomy 3 masegeunx pisaass Mn(IV) € oxuchuxom, y apy-
roMy — BIZHOBHMHOM.

H'E'M‘ETEL.TII‘I :a.:_xa'mi BMABJIATH ¥ CBOIX CNIONYKEX AK Big'emnl, Tak i
AOAaTHL CTyNeHi OKMcHeHHa i, Bianosigwo, ByTH okucHukamm | Big-
HOBHMKA ML

¥ nepiogax si 36iBINeARAM MOPANKOBOTO HOMEpa eJeMeHTIB (3a-
pany Anpa) ixHi aTOMHI pajiiycu 3MEHIYIOTbCHA, €JeKTPOHEraTHB-
HICTE BHACJIAOK 1BOTO 3POCTAE, L0 3YMOBJIIE 3aKOHOMIpHe mocnal-
JIEHHS BIJHOBHMX | NMOCHMJIEHHA OKMCHIOBAJIBHMX BJACTHBOCTEH npo-
CTUX PEYOBHH. 3 ui€l npuumMHEKM rajoreHn B KOMHOMY Tepiogi € Haii-
CHIBHIMMUMI OKMCHMKAMM. BOHM HAMAraloTbCA NPUENHATH OAMH Ho-
AATKOBHM €NEKTPOH, MOTPIOHMIA NAA NOCATHEHHA EeJNeKTPOHHOI KoH-
dirypanil Bignosigsoro mactynsoro ineptHoro rasy (nsnp®). B exe-
MEHTIB rofioBHix miarpyn 3i abimbmennam ixuix Mopanxosux Home-
PIB 3BEpXY BHM3 OKMCHIDBAJIbHA aKTHMBHICTE nociabiweTsca, a sig-
HOBHA — NOCHMIKETECA. I3 npoctux pedoBuH Haliewmbrimmm oxne-
HMKOM € cpjrop. Bin mae waitbinemy enextTponeraTupricTs i Ha
BUIMIHY BIfl IHIIMX rasiorenis nabyBae y CKIaAHNX PeHOBMHAX TifMb-
KM Bif'€MHOIO CTYIEHA OKMCcHEHHA —1.

Poarnanemp oxmcHo-BinHOBHI BracTHBoeT PEYOBMHE HE NPUKIaI
p-eaementa VI rpynu — cipkm Ta ii cnonyk. Enexrponna xoudiry-
Panif ocTanHporo emepretuunoro pisHs cipkn 3s?3p! (3d"). Ha six-
MIHY Bl KMCHIO aTOM cipku Mae BlIbHMI JiniﬂpiBEHb. wo 30inbiuye

YMCJa0 BAJEHTHHMX CTaHIB €JNeMeHTa Ta CTyIMeHIB HOTo OKMCHEHHA ¥y
cnocykax eig —2 go +6.

ORMCHIOBANBHA 3JaTHICTE CIpEM HMMKYA, HIM KMCHIO, aNe OOCUThb
Bicoka, 1[uM 3yMoBieHa 3AATHICTH i1 ATOMIB BMCTYNATH B Pearuisax
OKMCHMKAMM i IPMEHYBATH N0 IBa eJeKTPOHM, NOTPibHI ANA mocAr-
wenusn crTifikoi koudirypauii 3s*3p® eHacaigox woro yTEOpIOWOTBCH
CNONYKM, B AKMX BOHA BMABJAE CTYNiHb OKMCHeHHA —2. OCHOBHMMM
opMaMu NPOJAYKTIB OKMCHEHHA CIPKOI0 NMPOCTHX PEYOBMH € cipro-
BojieHs HsS Ta cyaschima.

Iig uac Baaemoaii 3 BN eNEKTPOHETATHBHMMY eJIeMeHTaMH Ta
IHIUMMM CMOLHUMM OKHMCHMEAMM cipka moxke OyTH BiAHOBHMKOM.
Bracxninox ii oxueHEHHA YTBOPHOOTHCHA NPOAYKTH, B AKMX BOH& BM-
ABJAE CTyneri okmcHenns +4 3 ocropHmvu dopmamn cnoayk SOz,

SO?", SOCI; Towo, Ta +6: SOF, HSOy, SO;Cl; Towo.
3aaTHICTE CIPKM 0 YTBOpEHHA JIAHIOTIE BMABIAETBCA B IOJI-
-1 -1
cymbhimax oy NapSa, HpSy, B Axux crynine 1i okmcHeHHA n0-
pieutoe —1.

OT3e, CrIOAYKM CipKM 3i CTYNEHEM OKMCHEHHs —2 MOMYTh yTBO-
pIOBaTHCA BHACAINOK OKMCHO-BiJHOBHMX peaxuiii, ¥ AKMX €JeMeH-
tapua cipka abo i noxiaul 8 BUMMMK CTYNEHAMM OKMCHEHHA (-1, 0,
+4, +6) € OKMCHMKAMM | 3HMIKYIOTE CBift CTYNIHB OKMCHEHHA

¥V cBoio uepry, cipka 3 HMMKYMM CTYNeHeM OKMCHeHHA —2 Moke
TiNBKM BifAaBaTH ENEKTPOHM | 3aJIeX(HO BiJ| CMAIM OKMCHMKA YTBO-
PIOBATH PEYOBMHM 3 BMIUMMM CTYNEHAMM OKMCHEHHA eyemenTa (A0
+6),

Crionyku, B AKMX cipka mae mpoMixui cTyneni oxmcuennsa —1, 0,
+4, MOHYTH BYTH OKMCHMEAMHM, BiAHOBHMKAMM, & TAaKOM JMCIIpONOp-
il0BaTH.

Crionyku 3 BUIMM CTyNEHEM OKMCHEHHA cipryu +6 MOMYTH Oyt
TiMBKM OKMCHHEaMH,

Orsxe, Haltnommpenimi saaeMHI nepersopeHss cipku Ta ii cno-
JIVK B OKMCHO-BIIHOBHMX PEaKUiax MOXKHA NOJA&TH TaKOK 3alaJbHON
CXEMOIO;

-2 -1 1] +4 +6
1 ] 1 1 1
4 +e” ﬁ.\ -2 SN —de =2e” A

. +¢g° *_ +de”
+2e”
4 +6e” _
Tlogeifna deynruis
— ——
Binnoepankn ORMCHMEHN
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Cuxia mopatu, mo HaBeneHi MipKYBaHHA CTOCYIOThCHA OKMCHO-Bif-
HOBHHMX MEepEeTBOPeHL CHOAYK CIPKM, AKI CYNpPOBOIMYIOTHCA 3MIiHOIO
CTYNEeH:A OKMCHEHHA ULOro enemenTa. lle sayBameHHA nm'plﬁﬁo Bpa-
XOBYBATH TMiJi YaC 3arafibHOrO aHAJNI3Y OKMCHO-BIIHOBHOI (yHKuil
CKJAAJHMX PEYOBMH, OCKIJIbKM B PeaxiiaX MOMYTL NpHEAHYBaTH abo
BimnaeaTn €JIEKTPOHM Ta BMIHIOBATH CTYNEHI OKMCHEHHA aToMu iH-
WHX eneMeHTiB abo aToMM OOHOTO ¥ TOrO CaMoOro eJeMeHTta 3 pis-
HUMMH CTYNEHAMN OKMCHEeHHS. Hanpuma.u, MO®JIMBE aHOOHEe oxm':-
HeHHA cipYaHoi Rm:.nm*n no neporcoaucipuanoi kmcaorn HeS,0p5 ¥V

ueOMy npoueci HESC}; BMCTYNA€ AK BIAHOBHMK, &JIe eJeKTPOHM
BinaEe He cipka, Aka BiKe Ma€ HaMBMINMI CTYNIHD OKMCHEHHSA +6, a
KMCeHb, CTYMIHb OKMCHEHHR fAxoro —2. Poabapnenmit posums HESO.,
MOME OKMCHIOBATH {poa'-:mmm] MeTaqm, AKI B PANY enexkTpo-
XiMiYHMX moTeHuiagiB PO3MileHi 10 BOHIO, ajne eneKTPOHM Npuea-
HYIOTE He aTomu cipku, a ionm Boauio H', axi BigHoBmOW0OTHCR
no Ha.

[lin wac po3rAAAY OKMCHO-BIAHOBHMX BJACTHBOCTEI pevoBuH
Tpeba BMXOAMTH 3 TOrO, 110 BOHM 3YyMOBJEHi BJACTMBOCTAMM He igo-
JILOBAHMX ATOMIB 3 MEBHMMIT CTYNEHAMM OKMCHEHHSA, a Beiel yacTHH-

KM, 0O CrRJaAny AKol BOHN BXOOATL, HallpuUEgaald BJACTHMBOCTAME
+6 6 +6 ]
He S a monexysn Ho S Q4 abo iowa SO=E , me Cr, a ionis Cry0%"

i CrL’J,l , AKI MICTATL XpoM 3i cryneseM oxkucHenua +6. Ili yae-
JEHHR JAKTh 3MOTY MOACHUTH oKpeMi ocofimBocTi xapakTepy aMinu
OKMCHO-BIIHOBHOI AKTMBHOCTI B DAJAX CTIONYK, HATNPUKNAA y pAny
KMCHeBMICHMX KMCIOT xJopy. Mowxua ﬁyno 6 ragari, mo ix oxuc-
HIOBaAbHA 3MATHICTL 3POCTATHME 3 MiABMILEHHAM CTYNEeHA OKuC-
HEHHA XJIODY, ajle Ha MPaKTHii AKTHBHICTL PEYOBMH MOCHIIOETBCA B
pasi nepexozy Big x.10pHOI BMcsoTH abo NepxJopaTiE 10 XJIOpHYBa-
THCTOL KucnoT ado rinoxaopurie:

1 +3 +3 +7
HCIO HCIO, HCIO; HCIO,

-

Tlocunenns okMcHIOBANEHOI 3AaTHOCTI COOAYK

Taxwit xapakTep TnNOCTZOBHOCTI MOCMNEHHA OKMCHIOBAJbHOI
3JaTHOCTI PEYOBMH 3YMOBICHMIf SHUIKEHHAM y LbLOMY CAMOMY Ha-

npaMky crifikoeri Ixuix momexyn. Tax, nepxaopat-ion ClO; wmae
TeTPaeIpuuHy OymoBy 3 KpatHicTH 3B'Askis 1,5 i Xapakrepu-
BYETBCA MIABHIEHOW CTIMKICTIO, 1[0 3YMOBMIOE HOr0 BiIHOCHO HM3L-
Ky xiMiuHY aKTHMBHICTE ¥y posdmHax. Haenakm, xJopHysaTHcTa Ku-
CNOTa Ma€ BiJHOCHO MANOCTIHKY MONEKyay 3 KoopimHauiii#o HeHa-
CHMUYEHUM aTOMOM XJOpy | KpaTHicTio 3B'A3kiB 1, ToMy BOHA Xapax-
TEPUBYETLCH MiIBUIEHOK OKMCHIOBAJILHOW 3JaTHICTIO.
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§ 4. Bnaue cepenosmniia sa nepebir
OKMCHO-BIJHOBHHMX peariiii

CepenoBuile 3HAYHO BIJMBAE Ha OKMCHO-BIJHOBHY 3JaTHICTB pe-
yoBuH. Binblue TOro, Bifi HBOrO MOJKE 3a/I€KATH MPHMPOAA MPOAYKTIB
peakuii i HaBiTh HanpAMOK XIMIYHMX NMEepeTBOPeHb y CHUCTEMI

flx y»e 3a3HAYAJOCH, KIMTLKICHOI XapaKTepUCTHKOK OKHCHO-Bif-
HOBHOI aKTHMBHOCT] PEYOBMHM B PO3UMHAX € c‘rau,napmnfi eNeKTpoI-
HMIT noTeHuias, AKKMII BiANOBITaE cTaHy piBHOBArM Mi?!-:.’. il OKMCHEHOI
Ta BiaHoBMeHOW dopMamyu B eJeKTPoaHii HamiBpeaxuii:

Oxucuera chopma pedoBuHM + ne” ¢ BigHnoenena copMa pedoBMHIL

Tarc. ionn cpifia Ag" € CHNILHINIMMI OKMCHMKAMM, HIXC 10HM Migl
Cu?t , oCKimsKM IM BiAnorimae BiAsIIMi enerTPOOHMIT TTOTEHLIAM:

i 1} — A
Agt + 1le” 2 Ag, ES g = 0.80 B;
- 0 g
Cu?* + 2 2 Cu, EQ 20, = 034 B

Posriapaiyn Bnane cepefoBMILA HA OKMCHIOBAJBHY i BinHOBHY
3JaTHICTL PEYOBMH, CJiJ BPaxOBYBAaTH, WO ioHM B posuuHi nepedy-
BalOThb HE y BiJILHOMY CTAHI, & OTOYeH! MEeBHHM YHCJIOM KOOPAMHOBA-
HUX YacTHHOK po34mHy. Tomy smiHa OTOYEHHA 1OHIB BIIMBATMME Ha
cTaH piBHOBarm Baninpeaxuii OCKINTEKM EHepria cosbBaTalll 10HIB,
AK BIIOMO, 3a/1€KNTh Bil MpHpoau ioHa Ta CONBBATYIOHO0! peuOBHHM.
SMileHHA eNeKTpoaHo] piBHOBarM Npu3Bene a0 BiAnoBiaHOl 3MiHM
CTAHJaPTHOTO eNEeKTPOAHOrO MOTeHMialy, O 3yMOBUTL 3MiHy OKMC-
HO-BiIHOBHMX BJIACTMBOCTEN CHCTEeMNM, HANpPMKJIAL:

Fe(OH); + e~ ¢ Fe(OH), + OH", E° = 0,56 B;
[Fe(CN)IP™ + e~ 2 [Fe(CN)g)*, E? = 0,36 B;

[Fe(H:0)m[** + €™ 2 [Fe(HOM**, E°=0,77 B;

[Fe(Dip)s]** + e~ 2 [Fe(Dip)g)** E"=1,10B.

Hapegeni paui miATBEpAXYIOTh, 110 OKMCHIOBA/ILHA 3MATHICTH
Jamaa{lil} T4 BiJHOBHA — sa.nma[H} ieTOTHO 3aMeraTh Bl,u npu-
poau mraﬂny, Axmit sB'Asauuit 3 iomom Fe?* rta iomom Fe?'. 3a
HasfBHOCT uiaHig- i, ocobauBo, rl.r[pOKCHJI-IOHIB ioun sanisa(Ill) ma-
0Tk MEHLIY OKMCHIOBAJbHY 3JATHICTB, Him ¥ YMCTOMY BOAHOMY
poaymui, Je JiraHJoM BMCTYNaE BoAa, 4 3a HAABHOCT] OpraHIYHOrO
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adirapgy aumipuouay (CypHgNy — Dip) — Gimeury. 1 HaBnaky, siffHOB-
Ha 3JaTHICTh loHIE satiza(ll) 3a HaasnocTi CN -ioHiB M, ocobiameo,
OH"-ionis ®BMila, Hi3 Yy pasl yTBopeHHs AaKBAKOMILIEKCIB
[Fe(H30),,J2*, a 3a HameHOCTi opraniwsoro miravay (Dip) — Hmskua.
1Ii npukIagyM NiOTBEPAMCYIOTH BILIMB HA OKMCHO-BIJHOBHY 3JaTHICTb
PedOBMH YMHHMKA pisHol cTablmisanil mirangamu cepefoBMilla IXHIX
okMcHeHHMX Ta BigHoBieHux opm. Tak, CN - i OH -ioumn cTabi-
mizyrote iomM zaniza(Ill) crocosHO BigHOBIEHHA OinblIOK Mipolo,
Hisk Bopa. Oprasiyumi nirasf, HaBnaky, cUJIbHIIIe Bi7 iHUIMX cTabi-
nisye saqizo(Il) cTocoBHO OKMCHEHHS | CIPMAEC 3MILIEHHIO eNeKTpoa-
Hol pieHoBaru y Gik yreopenns [Fe(Dip)3)*" sk npomykty einHos-
nennn iona [Fe(Dip)y)**, i, sianosigmo, abiibluennio noTemiany
Hanispeakuii o 1,10 B,

Binomo BaraTo npuksafis crabimisanii meBHMX CTYNEHIB OKMC-
HeHHA 0araTOBAJIEHTHMX METaJIBE 3a PAXYHOK KOMILIEKCOYTBOPEHHA,
flx y»e za3HAuadOCh, MiABMUIEHHA cTabiMbHOCTI okMCcHeHoi thopmn
metany (iona Au') y poaumHi 3a paXyHOK YTBOpPEHHA MILHMX KOM-
miekcis (MiHIIIMX 3a aKBAKOMILIEKCH) 3i creuliafdbHo migibpasumu
mirangamy (sHanpuenagn, 3 CN -ioHamu [Au(CN)s]”) BHacTinexky no-
Jermlye OKMCHeHHA MeTaly, o HABITE BMHMKAE MOMKJIMBICTE BHKO-
PMCTAHHA KUCHI) V¥ BOTHOMY PO34MHI. IHIIMM NpUKIafoM € Jerke oKMc-
HEHHA KOMILTEKCHMX CrionyK KobaneTy(Il) (manpuraazn, [Co(NHslg)*t) ao
KoMILIekcHuX cronyk xobansty(III) ([Co(NHg)s]*t) HasiTe kucHem
nosiTpA, B pasi BUKOPMCTAHHA JiTaHdiB CUJILHOTO [10JIA.

fArwo ionn Boguio H* GepyTe Geanocepesnnio y4acTb ¥ OKMCHO-
BIJHOBHUMX MNepeTBOpPeHHAX, OKMCHIOBAJBHA Ta BiJHOBHA a3ajaTHICTB
pedoBsuH 3anexuTk sig pH posumuuy. Bigomo, Hanpuriaf, uio nep-
MaHTAHAT KaJiio € CMJIBLHMM OKMCHIDBaYeM, 1 {oro ORMCHIDBANLHA
3MATHICTE 3POCTAE 3 MABMIIEHHAM KMCJIOTHOCTI cepenosmua. e
NiATEepAy€ 3pOCTaHHA [IOTEHIIaly HalliBpeaKiil

MnO; + 8H* + 5¢” 2 Mn?" + 4H,0, E'=152B,
LI0 3YMOBJEHO 3MilleHHAM eJeKTPOJHOI piBHOBAard BIIPABO BHACIHI-
IOK BBEJEHHA ojHolimenHoro iona H™ (sa npuruunowm Jle IllaTense)
31 aMeHIIeHHAM KMCJOTHOCTI pPO3YMHY, HABMNAKM, BigDyBa€TbCA aMi-
LEeHHA piBHOBaTM y OiK yTBOpeHHA BHXigHOrO0 NepMaHraHaT-ioHA

MnO}. 3a paxyHOK LbOro 3MEHIIYETHCA BEJMYMHA MMOTEHL{any, 1o
BMAHO 3 pieHAHEA HepHcoTa A8 NoTeHIiany HbOTo eJeKTPoga:

L 00592 [MnOJIH"}’

E=E" ;
5 [Mn™]

Y cepejloBMiax, OIM3BKMX [0 HeHTpanbHuX, BigDyBaeTbea 3MiHa
OpodyKTy sigHoBmeHHA ioma MnOj zo MnO, Hapetri, ¥ cuabHo-
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NYHOMY cepemoeMilll MOPAJ 31 3MEHIIEHHAM OKMCHIOBAJIBHOI 3JaT-

. HoeTi MnOj -ionie eiafysaeTbea iX Bif[HOBJIEHHA TiNbKM 10 MaHra-

HAT-i0HIB MnOE_:
MnOj; + le” 2 MnO}",  E%=0,558 B,

Mpuxaanamu mMoxkyTb OyTit peakuil okuCHEHHA Cyab(iTy HaTpiio
[epMaHraHATOM KaJilo y pisuux cepefjoBMuUiaXx — KHCJIOMY, He#-
TPaJIBEHOMY i JyiKHOMY:

+4 +7 +6 +2
5Nay S Oz + 2KMnOy + 3H;SO, = 5Na; SO, + 2MnSO, +
+ K,50, + 3H,0;

4 +7 +6 +4
3Na, S O3 + 2KMnO, + HyO = 3Nay S04 + 2MnO, + 2KOH;

+4 +7 +6 +6
Nas SOz + ZKMnOy + 2K0OH = Nas SO, + 2K;MnOy4 + H,O.

¥ kucsomy cepenosuuti ionm somsio HY koopausylotsca no nera-
TUBHO MOJAPUBOBAHMX ATOMIB KMCHIO TeTpaegpuuHoro aniona MnO,
i unHATE Ha HbOro mecopmyroumit Brume. le nncnaﬁnme_ 35_;’531:&1
aTOMIE KMCHIO 3 MAHrM2HOM 1 MOJeriiye iX sigmenJeHHA Blg 10Ha 3
YTBODEHHAM MOJEKYJ Boau. 3HMsKeHHA 3araibHOl cTifikocT! nep-
maHraHaT-ioEa MnOj y KMCIMX PpO3YMHAX CHOPHUAE MiABMIIEHHIO
0r0 OKMCHIOBAJLHOI 3JATHOCTI B pasi B3aeMONIl 3 +BinHDBHHRaMH.
BHaciigok Iboro sa Bemikol koHmeHTpamil iomis H™ ass'asyoTbes
yci aTomu KucHio iova MnOj i nia gieno siaHOBHMKA BiH MepexoiWThb
y rigpatosaui ioEM Mn?*. ¥V cepegosuuiax, GIM3BKMX JI0 HEHTpaJb-

uux, nedopmania awionis MnOj sHauHO MeHIUa, OCKIMbKM MOIAPH-
3ylounit BILIME MONAPHMX MOJEKYJ BOAM CHabkillui mopiBHAHO 3
ionamun H*. B ymoBax HeaHayHol KoHUeHTpanil BOJHEBHMX I1OHIB

3B'A3yETHCA TLIBKM YacTMHA aTOMiB KucHIO adiona MnOg, i Tomy
mig mi€l0 BiMHOBHMKiB BiH nepexoauTs y MnOjp Y CHABHOTYMHMX
cepemoBumax kouuentpanis HY myse mana, i Bonn BIKE HE MOXYTh
etheKTMEHO 3B'A3yBATH ATOMM KMCHIO, & TiAPOKCHIA-I0HM, HaBlakH,
CHpHATL 3MinrenHI0 3B'AskieE Mn—0. 3 niei npuunHyu BIAHOBIEHHA

iora MnO, eigbysaeTbecsa TIABKHK OO MnOj .

['pyHTYIOUMCh HA IMX YABMERHAX IOA0 mexaHiamy srumsy pH
cepenoBMma Ha repebir OKMCHO-BIJHOBHUX peakmiil, MO¥KHa cthop-
MYJIOBATH JeAKi sarajbHi saxoxoMipHocTi. [lepiia 3 HMX MOJArac y
TOMY, L0 [OiJBMLIEHHA KMCJIOTHOCTI cepelioBHINa CHPHAE 3POCTaHHIO
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OKMCHIOBaJIbHOI 3/IaTHOCTI DEYOBMH, aHiOHM AKMX y npoueci pearmii
3MEHLIYIOTE YMCJIO ATOMIB KMCHIO, 3B'A33aHMX 3 ATOMOM-OKMCHMKOM.
Kucnesmicemii anion npu nsomy TpaHcdhopMyeTses y GeskucHeBud
kaTion abo B amion 3 MeRmIMM uyMcIOM aToMiB KMcHIO. [Ipurianamu
MOyTh OyTH HaBenesuii BMIlle OKMCHMK — NE€PMAaHTAHAT-i0H

MnOj, AKMil ¥ KMCNOMY pO3uYMHi nepeTBoploeThes Ha ior Mn2t, a
TaKoM iHHNN moumpeHi KucHeBmicHl aHioHM Crgog_ (mo Cr*), ClO;

ta ClOj (mo Cl7) Tomo.

llpyra 3aKOHOMipHIiCTL CTOCY€TLCA BINIMBY CepefoBMINA Ha Bif-
HOBHY 3JaTHICTL pewoBMH. fKIIO peaKuia CynpoBOmMYETHCA NpPM-
enHaHHAM abo 30ITIbIUEHHAM 4MCJIa ATOMIB KMCHIO, 3B A3aHMX 3 aTO-
MOM-BiTHOBHIMKOM | NMPM3BOAUMTL 10 YTBOPEHHA KMCHEBMICHMX aHIO-
HiB, TO BI/IHOBHA 3/1aTHICTL PEYOBUHE ¥y Jy>KHOMY CEpejoBMINi 3po-
CTaE, OCKIIBKM IyKEpesoM aTOMIB KHMCHIO € ioHM ripoxcumy OH™,

3mina pH cepenosumia Modke CopUUHMHMTH 3MiHY HanpAMKY me-
pebiry peaxuil. Hanpuknan, okucHerHs cnoayk Giemyrty(III) mno no-
Xigaux BiemyTy(V) moscauee muie HafCHMABHIMMMY OKMCHMKaMK B
CUNLHOJNY?CHOMY CePefiOBMILi, HaNPUKIa/:

BiCly + Cl + 6KOH = KBiO; + 5KCI + 3H,0.

Y rucnoMmy cepenosumi crionyku Giemyty(V) nosogareea Ak ay-
JKE CWJIbH] OKMCHMEM, 371aTHI OKMCHIOBATH i0HM XJIOpY HO MOJeKy-
JNAPHOTO XJOpy, TOOTO B KMCJOMY POSYMHI 3a3HAYEHA peaKUid Bij-
OyBa€THCA B 3BOPOTHOMY HATIPAMEY:

KBiO3 + 6HCI = Cl; + BiCl; + KCI + 3H,0.

§ 5. Peakuil eeMeHTOTEepMiYHOr0 OKMCHeHHA—Bij{HOBIEHHA

Hassani peakuil cTaHOBIATD 3HAYHY YACTMHY OKMCHO-BiOHOBHMX
peaxnjit. Ix cyTs nonarae y sigHoBNeHHI cnoNyK MeBHMX eJeMeHTIB
A0 NMPOCTHMX PEYOBMH IHIIMMM MPOCTHMM PEYOBMHAMMK 3a8 BMCOKO]
TeMnepaTypu. SHAYHO NOLIMpPEH] MeTajNoTepMiudi MeToma, B AKMX
BiIHOBHMKaMM € Taki aKTUBHI MeTalM AR aJioMimiii, marmiil, ranae-
niit, HaTpift Ta peaki immi. BignosigHo no HaseKM MeTany-BiHOBHMKA
npouec HasuBaloTh:

QANOMIHOMEDMIA Cry0; + 2Al = 2Cr + AlyOg;
MAZHIUMEePMIA: B;O3 + 3Mg = 2B + 3MgO,
Hampilimepmia: ZrCly + 4Na = Zr + 4NaClL
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flx BiTHOBHMKM B eNleMEHTOTEpPMIYHMX nNpolecax 3IHAYHO MOLIM-
PeHi Tako)K BOAeHb, BYTaeub (y BMRIALL KOKCy), cuniniit Buropu-
CTaHHA BOAHIO 3abeanevye HafiBMIUMIt CTYNiHL YucToTH mpocToi pe-
4oBUHY, AKy aobysawore. Takl npouecn zanpopamsxeni, manpuxian,
ana poGysaHHA YMCTOrO BaJjisa 3 J0ro OKCHAIB, BoMbbpaMy — 3 OK-
euny WO;, penito — 3 NHgReOy, oemito — a (NHy)»0sCl;.

Byznemepmia nonarae y BMKopucTaHHl Byrjewo, a cuaiyitimep-
Mif. — cuminilo. ByrnerepmiuHe BINHOBJIEHHA BMKOPHCTOBYIOTh ¥
npouecax aodyBaHHA CBMHIUO, 0J10Ba, UMHKY, KagMmio, kobambTy, Hi-
Kem0, apceHy, ctubilo, OicmyTy, marsiio ta GaraThox IHmmMX eme-
MeHTiB 3 ixHiX OoxCHMAIB, HANPHKIA!

PbO + C = Pb + CO;
MgO + C = Mg + CO;

Bubip BigHOBHMKA ANA eleMeHTOTepMIYHOro AOOYBaHHA NPOCTHUX
pevYoBMH 3 IXHIX OKCM/IB 371JICHIONOTD, NOPIBHIOYN 3HAY€HH:A eHepril
I'iobca yTBOpEHHA BIAMOBIAHMX CHOJNYK — BMXIIHOTO OKCHAY Ta OKCM-
ny, AKMI yTBOpPIOETLCA AK IPOAYKT peakuil. fIk mimoMo, pyuiiiisowm
cunow Dyab-AKol Ximiynoi s
peaknii €  3MEeHIIeHHA
eneprii Ti6Gca (AG < ¢
< 0). [Ia BenuuuHa 3ane-
¥UTL Bil TeMIepaTypH.
Ha puc. 16.1 mnasepeHo
Habmoxeri  zanesksoCT
AG yTBOpeHHA ORCHIIB
AeAKHX  eJIeMeHTiBE (Ha -400
1 Mosb 3aranbHOrO peareH-
ta Oy) Big Temneparypu.

Fopuaontanena  nisis
AG = 0 € mexen TepMo-
AuHamivHO1 CcTifiKoeTi oKCH- -B00
aie. Hioxue sig mei (AG<0)
OKCHMIM CTifiKi | MOKYTh
MUMOBLJILHO YTBOPHBATH-
CA 3 NpOCTHX PedYOoBHH,
pume Big Hel (AG>0) soHM,
HaBNAKM, pPO3KAAMAOTLECA
Ha IPOCTI peYcBMHM). Puec. 16.1, 3anexuicrs eneprii I'ibhca yTBO-

YTBOpEeHHA TBEPJMX PEHHA OKCHIIB OEAKMX @NeMEHTIB Bil Temme-
OKCUAIB ¥ peakmiax wmim paTypw

200

I/ mons O

-200

=600

-1000

-1200 L1 I L 1 1
ap0 500 1000 1500 2000 T, K
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NpoCcTUMY PEHOBHMHAMM CYIIPOBOLMKYETHCA 3MEeHIIEHHAM ob'emy cuc-
Temu Ta il enrponil (AS < 0), Hanpurnam.

A
%ﬂ]['r.} + Ogir) = EAI;}O;;{T.], AS <0,

TOMY 3 MigBMILEHHRAM TemmepaTypu peakuii seauuuHa AG 3aKOHO-
MipHO 3pocra€ i ninil copamosani propy. IlonibHe crpAMYyBaHHA MaE€
JiHif, fKa BiATNOBigac yYTBOPEHHIO 3 NPOCTUX Pe4YOBMH BOOM, OC-
KiTbKM B LUbOMY pasi peaklis TakoM CYMPOBOMMYETbCHA 3MEHIUeH-
HAM eHTpomii:

2Hotr) + Ogiry = 2HyO0r, AS < 0.

Hapnakn, B pasi yreopenns CO enrponia cueremy spocrtae i
BiamosizHa ninia Habysae NPOTHIEHONO CIIPAMYBAHHA (BHIB)!

Ctr) + Oafr) = 2C0qr), AS >0,

Yum puma eTifikicTs oxeuay, THM BiNBINOK0 MIPOK 3MEHILYETRCH
enepria Tif6ca cuetemu mig gac Oro YTROpEHHA 3 MPOCTHX peyo-
BuH OTiKe, enemeHT, AKMIl YTBODIOE CTIMKIMIMA OKCHE, € MOTeH-
nifiHMM BiZHOBHMEOM ANA MeHUI cTifikoro oxcnay. Llefl suxiguuii ok-
CcHI MOKHA BiJHOBIKBATH IpOCTOI) PEeYOBMHOK 3a YMOB, L0 YyTBO-
peHHA 11 OKCHMZY CYMPOBOMKYETBHCA CHJIBHILIMM 3MEHILIEHHAM
eneprii Ti6bca | nns peakuiii yreopenHa 060X OKCHMAIB 3a 3aranbHIM
pPIBHAHHAM

E—xME + 0y = -2—-Mea,Dy
y

Yy

COpABEITUBOK € HEPIBHICTE
AG (auxiguuit oxenn) > AG (kiHuerwuii oreun).

THIIMMM caoBami, OKCHI BIOHOBMOBATMMETBLCA [TPOCTOI0 PeHOBM-
Hoto, 0aa kol saneskricts AG — T gna nponecy yTBOpPEHHA ORCHAY
poaminiesa Ha puc. 16,1 mKde.

o HaftcunbHEIIIMX BiTHOBHMKIE HANMEMXNUTEH aJMIHIA, OKCHI HEOrO
XapaxkTepusyerbea Hafmenmms semramHamu AG. Bin moike Bin-
HOBMIOBATH yci 3asHauyeHi Ha puc. 16.1 oxcupy. BogeHe Mae 3HAYHO
MEeHLIY BiHOBHY 37aTHICTL | MOMKE BiTHOBNIOBATH TINBKM OKCHAN
Cu,0 Ta HgO, ana axux aiaii AG - T poamiieni Ha puc. 16.1 suue.

PEAKLII ENEMEHTOTEPMIYHOI'O OKHCHEHHA -EIIHOBJIEHHA 3507

BignoBHa aKTUBHICTE BYTJICWH 3 [MiIBMIEHHAM TEMIEpaTypu
CMJIBHO 3pocTa€ — JHiA samexHoctTi AG - T enpsamosana BHMSZ |
NEPETHHAETLCA 3 AHANOriYHMMM rpadikamm s GinemocTti meranis
(ouB. puc. 16.1). 3 1bOr0 BHUILTMBAE, LI0 BYTJENb 338 A0CHTbL BMCOKOI
TEMMEpPaTypH 34aTHWH BITHOBMIOBATH OKCMIM MaiizKe yciX meranis,
nanpursag TiO,, no merany sa remneparyp nowan 1300 °C, a sony —
nonax 450 °C, Mg — nonag 2100 °C. Fomosuumu npuumHamu, Ak
MEPELIKOLMKAIOTE e LIMPIIOMY BIKOPHCTAHHI) BYraetepmii, € Be-
JMHKI €HeprosaTpaTH Ha HarpiBaHHA, TepMiuHa Hecrtijikietrs QyTe-
poBrM neyeii, HeGeaneka yTBOpeHHA KapOimis Tomo.

Manoerifikum € HgO, axmit yme 3a sigHocHo crabxoro marpi-
BAHHA DO3KNAfA€ThCH HA MPOCTi pPedvoBHMHM. 3a TEMIepaTtyp MNOHAX
200 °C HgO rtepmogmuamivHo Hecrtifikmii (AG > 0 gus. puc. 16.1)
1IMM noAcHIOWTH TOM hakKT, 10 MM 9ac BUNAJNIOBAaHHA KiHoBapi HgS
YTBOPIOETHCH He OKCHI PTYTI, a Bigpasy npocra pe4oBHHA:

HgS + 0y —-S— Hg + 50,

Ha migcTapi aHaMOTiMHMX MipHYBaHb MOMHI BM3HAYATH NTPHHIM-
noey MosKAueicT: i ymoen nepebiry peaxuifi gobyeaHHs npocTHx
PEeY0BMH BIOHOBIEHHAM TanoreHimie Ta iHmux nogibumx cronyk. Ha-
MpMKIAN, MEeTaNiYHMii THTAH ONEePHYIOTh BIZHOBJIEHHAM XJI0pPHIY
Tutany(IV) mariiem npwm marpisaHHi B iHepTHIN aTMocdepi.
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bapapei M. (1791-1867) 13, 481, 482
Ppanxnis C. (1848-1907) 418
@paugnenn E (1823=-1809) 12
Cpenkens 7.1 (1894-1052) 72

Ximweasys C H (1897-1967) 14
Kyug . (1806-1084) 91, 165 .
Yiokrens E A A I (1896-1980) 177

Yepunes [ 1 (1883~ 1966) 244

Miapas . O, L. (1746-1823) 39
IMpeginrep E. (1887-1961) 74

Mraan T (1659-1734) 11

OItapk P, (1874-1957T) B84

MItepx O. (1888—1968) 71

NPEIMETHMM [IOKAKYNE

Awroionizauia 421
AwptokaTtania 367
AzumyT 75
AxBakomrisescs 361
ABETHERICTE 10818 364
AwTuMoiax 104
Apymynatopu 484
CcBMEpeR 484
Anmaa 222, 225, 273
Anorponia 225
Anxisia 10
Amomiyin 121
Amosigorepmin 504
Aniak 151,152 421
Anipw 422,423
AmiHokMenoTn 422
AMiBOKOMITIRECH 422
AwmioocHoen 422
Amononia 423
LS nitw 418
AMOTEpPH]
noporcHam 420
coonyen $62,422
Amizotpomrmis kpracTanis 221, 231
Anioniu) 355
Anopfu) 335, 444, 476, 484
akTuEEl 477,479
inepTHi 477,478
AHogHuA waam 183
Anoaysanys 470
Atmocthepa 16, 50
Atom 9, 21
AToMICTHEA
naoux 9,18
HanwToHa 18
ATomMEa OOKHEMOA
ZOBMMHE 65
MacH 24
Atomund ob'em 94, 97
Augeransgerin 303
Auperunen 149 275

Bapur 92

Eewxaon 157,158,140
Bepromigu 33
Birymu 470
EBopany 162

Bopieceki pagiven G35
mpem-Bymimoopuy 295
Bydpepna emuicrs 3099

Bazenin 470
Banentni nigpisri 104
Banenrtsicts 12, 22, 32, 34, 127
Barno 92
BextopiansmicTs BaacTupocren 221
Baacmogin
DMA0gL-gHUM0teHa 333
enexTpocraTiana 180
ioH-aunoneHa 334
opientauldna 205
Buxia pevopuay za erpymon 483
Bigsosaenius 434
Bigmosta agaTricTs 455
Bignosnmi(ir) 434, 487, 489
Bunposimosannn
eJeKTpoMartiTae 35, 57
inchpayepeone 6l
peEHTredincLKe 55, 97, 98, 99
yasTpadioneTose 61
XapakTepucTHyne 98
Bractusocti
eRCTEHCKENL 265
imrencuent 265
Buyrpiwna esepris cucreny 267
Boaueeuit nokaauur 393, 3953, 400, 416
Byraerepmin 505
Byanosl rousu BO
Bopuut 218

Iaaiu) 36
BiaxocHa ryeTHeEa 46
KiHeTHYHa Teopin 47
NapuianbHMd THeK 21
Fanii 121
lFasorenign 107
Fagoresu 107, 464
Tamym(u) 226, 228
TamspamonnacTuka 406
TanseapocTeria 485
Tepmaniin 97, 121, 222
Tibpuasaania opbivanen 142-143
d2spi- 250-232
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sp- 144
sp*- 146
spi- 147
spid®- 250252
E A T
BHYTpinmboopbiTansaa dus. d—ssi' -
B0BHINMBOUPGITaILHA dus. spid-
Pigpatauia 333, 358, 359, 360
Tinpan 334
TigpoenekTpoMeTany prifint npouecu 483
Tinponia coneft, yTBOpeRUX
CHALHMAM OCHOBaMM | CHAbHMME KHMOTO0-
Tamu 410
caabRHMMH KHEN0TAMM 1| CHABHHMH OCHO=
samm 407
cnafEMH OCHOBAMM | CHITBHMMI KUCHO-
ramy 406
cAabieuMM DCHOBAMHM | CA0KHMM KMCIO-
Tamy 409
TigpomeTanyprifiui meTom: 463

EkpisanenTt 33, 34
enexTpoXiMiMHMA 481, 483
pedqosnuy 488

Emercrpydii smosenT munona dus. Junoan-
HUA MOMEHT

Enewrpon(s) 437
sogmesnit 439, 440442, 453
oxMeHo-Bianosui 4349, 440
wanomenst 398, 453
e pLIOre apo_qy 438 )
penokc- dud. 0KHMCHO-BIIHOBHI
cruAndil 398
xnopocpioumit 388, 453

EnexTpoescTpaxitia 485

Eaexrponia 473~481,484

Enerrposir{n) 352
cuabRi 362
cnaficl 362, 365, 367, 3485

Enexrponitiyne padisysanun 485

MOFEAMETHMI MOKAMYHME 513

Ewneprin

akTHBauii 289-302

BanfepEaaTbcor0l paacmonii 204
Tifiéea simsna 283, 286, 309, 313, 339,
431, 443, 446, 505, 506

navecouiandi 177

aMcnepeifinei naacmonii 207

as'aary 125, 203, 430

ingyruifmoi Baacsmonii 206

iomizanii 110-113,115

kpueranivnol rpatin 184, 338, 359
siskMonexyanpuol ssacmonil 208
opienTauifirol Baaemogii 205
posuwenyiennn dua. llapamerp poswen-
MEeHHA

conbeaTauil 338, 461

cnapioeannA 259, 263

enopiguenncti fo enextpoua 114, 115
crabinizanil kpucraniuHim nones 258

OCMOTHYHOTO THeRY dus. 3axon BauTt-
Fogrha
napUiafeEMX THCKIE radis dus 3akoH
HanbToRa
neplomquocti 85-97, 101
npoctux off emrtux Bigmonens 43
Payna 350, 351, 354

= Apyruit 346

— nepltht 343
poabapnennd Octeansga 366, 415
posnoniay exepriit Marcsenna —Bodbi-
mana 289
cranocti ABoTpanHMX KyTie 219
cradoeri eknagy 11, 32
cTaHy igeansHoro raay of emamilt 41
repMogHHaMiKK nepunit dua. Bakon
sbepemenns eneprii
TepmoHeliTpanbHoCT] 271

linoresa crennosoi cmepris Beecsity 47 Enextpon{n) 54, 56 1 TepMoxinii

Taysoaer 92 BiackMil MoMerT iMnyascy B3 Enranenia ~ apyrHii dus. saxoH [ecca

Taiuepin 350 cnapeni 86 rigparauii 359, 360 ) ~ nepunit 270

Tmokoas 350, 353 crin 83 pyiiuynauna KpUCTai4H0] rpaThy 359 rplag 92

T'pam-aTom 28 xBuALOBM I XapakTep 69 cuctest 268 apanen 483

Tpam-ion 28 EnextponeraTienicts 116, 198 COMTbBaTALIT 359 = gpyrui 482

T'pam-monexyna 28 EnextponoanThericTs 120 Entponia 279, 506 = nepumit 481, 482

[padpit 225, 273 Enextponposigzicrs mupyaii 335 lllapaa 28, 48

Cpymu enementis 103 BomM 380 pospHBanuA 38'A3RIE 335, 338, 339 SaliaHa OKATHMHa viﬁ_d
romonna 103 exnisanenTHa 353, 357, 363 poawuenas 335, 338 Sapaniu) ederrusui 141
nofiuna 103 nuroma 353, 391 coneRaTallil 335, 338, 339 Agpa atoma 111, 113

Tyeriua 46, 97 Enementapunii akt peaxuii 283 crandaprra 284 SaxMeT Metanis

EignocHa 46 Enesment(u) Erunen 149 aunopuui 472
enexrtpousa TH, 106 d- 105 Erunengiamis 237 gaTogusil 472
f- 108 EdperT() nporexropuui 472
Nanwtorigu 33 p- 105 Iwoyan-Tosmeona 38 38 Aok
HenTatHicrs Airanmis 237 s- 103 3eemana 84 5- 140
Hedert mack 25 rasseauiyai 442, 468, 469 i gyeudiont 200, 201 - 138
Hecbopmauia anionis 503 - Nawienn—Arobi 442, 444, 446, 440 opicnTauifinmi 204 - penoxkadisosasui 156
Oumipumsen 502 kopoaiftat 467 ~crucnesna 108, 110 o- 137
Munoas et smoment 196, 108, 202, 205 mysal 107 ) f-cTicHensA 109, 110 pogHesuft 209231
Iscoiauia NYHHOBEME B H 107 mpanc-snmey 244 noHopHOo-aguenTopHiit 155
som 390 nepexizni 107 thoroeaexTpIHIA 59 jonmmst 124, 170-182
eNeKTpOMTHHHa 353 ’”'“"-"‘1'35; 108 Eﬁ:;‘aﬂaiaz- 383 rosanentuuii 124, 132-134
KOMIJIBRCHHY COOAYE THIIOB] L
— BTOpHHHA 3?5?&' Enynecit 327 Epextusunit sapan atoma 141, 189, 198 miﬂ;ﬁﬂ?ﬂ o
- nepeuuna 378 EnepreTiyna GlarpaMa Momery nosaApeiii 141
Iucnepcia ceitaa 62 azoty 172 Banon kpaTtricTs 173-174, 176
Iudpakuin enexrponis 70, 71 densony 178 Aporaipo 44, 48 opBiranbHust 164, 166

Tuias 40
Liesextpnyna npoutsnicrs 197
HietnnenTpuanin 237
JobyTok
BugM forunit 391
poaumHHOCTI 374
HosxunEa

sleHorn npobiry Moneryn cepegwa 49,
30

as'mary 124, 125, 430

Enexrponsoist 66
Eraamominiit dus. Tanik
Exafop dus. Craunif
Ewacuniuifi due. Fepmanid

Boguio 168-169

amGopary 178

®uenwo 172

neouy 172

oxcnxy ssory(Il) 173

diroposogsio 176

drropy 172
EHepreTHyHa aoxa

panenTHa 229

aafopunena 230

nposiguocti 229
Enepretsusuil npodiie peaxuil 299, 303
Eneprerndri pigHi

expanyot 109

wafHocmeTpiEHl 109

- machigkn 45, 46
Bota -Mapiorra 38, 48
Baur-Todwba 348, 340, 350, 351, 354
Cefi-Jloccaka 40, 48
Cecea 271

- macriges 272, 276
Damwtona B2
i1 mac 201, 297, 374
exsiBanenTin 33
sfiepedeHna

= eneprii 267

= macH 11, 31
KPaTHHX BUIHOWEHb 12

yaoHa 184
Moani 100
oxTas 93

meTadiynmit 124, 227
crpaxenni 156
Tpuuentpossit 161, 162

3gaTuicrs o nonapuaauii 190, 201
ZHMYKEHHA TEMOEPATYPH 3aMEP3aHHA poa-

uny 343, 345

Iaomepin 12

xomnaercis 241-242
- reomerpuita 2¢2
- rigpaTna 241
= ag'naxy 241
- iopiaanifina 241
- koopauuauiiita 241
= onTvdsa 242

Taomopdplasm 226
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OPEIMETHUA NORAMYUE 515

IaoTonn 25, 26, 57

louisauin due, Enextponitisuna gncouiauis

lodna arvocdrepa 36

Inamsatop(u) Sgg
anmisapuu 398
Gpomkpeaonoenil senersi 398
Gpomrusonosmit cuxilt 398
woBTHi iHgMro 398
KHCOOTHO-0CHOBH] 396
nagsyc 396
meTuoBudi opauxcepnit 397, 398
sMeTHaosMiE dioneTosuii 398
MEeTHACBME YepBoHni 307
THUMOIoBMA cuMifi 398
drenondtanein 396, 397, 398

Kaitwocumerpia 109
Kanopusmerp 283
Kanopia TepumoxiMiuna 266
Kapbamig 350, 353
Karanmia 301-304
reteporenHuit 304
roMoreHHui 304
Karanizatop 301
Karamrindii orpyma 304
Katiomn(i) 355
Kartog 335, 444, 476, 484
KsauT eseprii 61
Kmauroee yucno 66, T6
aaMMYTa dbie Jué. opiitadbhe
rorosHe 77
MartirHe 82
opbitagse 77
cnixose B3
KimericTe pegobunn 27
Kumiuug 321
Kuncens 273, 472
Kucnora(n) 362, 417, 424, 425
azorreTa 369, 494
aacrHa 362, 369, 494
Gopra 369
ByrizpHa 369, 413
oguysaTHeTa J62
Jleioica 428
MaHTadaTHa 494, 408
Mypawmsna 401
oprodiocdiopra 368, 369, 3T1
E!Liraosa 352, 369, 371, 372, 386, 305, 309,
nepoxcogicipyana 500
naasikosa Jus dToposoaHena
CHHMAIBHA Jus. UiAHOBOAHEBA
cipkoBoHeBsa 369
cipdana 369, 441, 460, 500
cipuxera 369
congra dua, HAOposogHeBa
enpRAceni 424
xnopuera 369
xnropua 369, 421, 500
xnopuysara 360
xnopuyeaTHcTa 369, 500
xnoposoaesa 394, 460
uiaposognesa 387, 409

Koarynauia 327
Hosanentuicts 155
Koedigient
agatHocTi Ao nonapwsauii 202, 430
3naTHOCT] 20 cTHcHenHA 53
iaorodiunui 351, 352, 355, 306, 357, 363
posunnaocTi 337
TeMIepaTypHiit 296
Komnnesc{m)
agsa- 240, 334, 422, 502
agTHBoBanmi dua Cran nepeximzmmi
aminni 422
aMino- 240, 379, 381
aunao- 240, 244
BHYTRIlIHbOKOMILTEKCH] 238
rigpokco- 240, 381, 422
eTrIlergiaminosi 381
iHepTHi 238
nabineni 238
pismonirangui 238
consBato- 334
xenaTa 237
uiamo- 381
HKoMnnexcoyTeopionat(i} 235, 249
KomnonesT 319
HoMmnmodenTHicTs crcTeMu 320
Koweranra
amToioHizauii 421
riaponiay 410
nucontauil KOMITEKCHWX CIOIYK
— aaraneHa 380
- erynigdacra 379, 381, 382
EIeHTPONITHYHO] Jucoutanit 365
jouiaaugil
= kucaor 369
= ocHos 370
Hecriiikocti 382, 384
erifikocrl 381, 384
pieHoeari 310-314, 374, 390
wexakoeri 282, 300
Konyentpayin poaduiis
Macoss 327
MOnAnbBHA 328, 348
MonApHa 328
MOnApHA exBisafenTta 328
MonapHa dacTka 328, 342
HOopMAaTbHa (us MonApHa exsisaneHTta
Koopauuarta peaxpii 299
Koopauuauifina cdepa
BHyTpimmma 236
aoskiwna 237
Kopoain 462
raioea dus. xXimidHa
enextpoximiuna 462, 465, 466
inriGiTopu 472
MeTogm saxuerty 469
Midkpueranitia 463
Micuesa 463
nituurosa 463
naamucta 463
cenekTHBHa 463
eyuineHa 463
xiMivia 462, 463

Kpesueaem 52
Kpusa atomunx ofi'emie Mefiepa 94
Kpueranu 337, 345

piaki 231
Kpueraniaania 336, 337
Kpineraaiyai rpaten 216

aromui 222

Byammu 216

enemMesTapHa Kouipra 216

ioHpi 222

woopguaanifui 224

meramiqui 222, 225

moneryaxnpri 222

crasa rpaten 218

TRepgMX podduHis 225

= sTicHeHHA 225
- aamimenuna 225

Kpuctanoriapar 331
Kpueranorpadgiumi oci 221
Kpucranorpadia 219
Kpucrangxisivsi eTpyeTypui choparynn 218
Kynomomerpin 486

Janradolze 104

JlasTanoinse crucHenta Jus Edekr f-cTue-
HEHHA

Jdaxuors
mepoarany#ed 306
poaraayseni 306

Jdirazmin) 235
asbigenrarui 238
Gigewrardai 237
moHcaeHTaTHi 237
cunbHoro noas 249, 502
cnafisore nons 249
TpugeHTaThi 237
xenaTtoyTBopinodi 237

JimiTyrowa cragin peawyii 264

Jyriz 418

Jewiconi cumBomn 128, 129

Marweair 92
MaruifiTepuia 504
Marxeron Bopa 231
Maca
aromHa 24
~ abcomorHa 28
- BigHocua 22, 94, 07
expisanenraa 33, 34, 35, 482
moneryasapHa 26
monapia 27
Gopmy abHa 26
MacoBa 9acTka dus. KoHUeHTpayin Macosa
Macopuii sizvoror due HoHyeHTtpaiin ma-

coBa
MemBpasn 347
Meras 148
Merog
sameHTHUX 3B mawis 116, 134=140, 248=
252
Taitnepa—Jlongoia 133
edymockoniaumii 355
goMoedcaifinm 445

KEpiocEoniuHei 352, 355
MoNeKkyIApEuX opbiraned 164-178, 227,
252-253
ocMoTHHHERER 355
Mexatika
kpalToBa T0, T2, 74
XBHaboBa 71
Misc'ngepua sizctans 124
Minepaabit Macaa 470
Mogenb
fiy mOBK ATOMA
- Bopa 64
— KaB¥HononiGua 58
= nmanetapHa 58
- AdepHua Jue. MNAHETAPHA
loHHOM 3B'#3KY ederTpocraThdHa 184
Aapa KpanmiHua 60
Monexyna(n) 22
iacenexTpoHHi 176
MonekynapHi cTpysTypu 154
MonexyaapHicTs peaxnii 2803
Moap 27
Monaneiiets dus. KoHueHTpanis MOJAIbHA
MonapaicTe dud. KORUEHTPAIIA MonApHa
Monapsiai 0b'cx 43
Monoetanonamin 247
Mynprunaern 91

Hanispeaknjl 443

HanpaMIeHicTh KoBaneHTHoro a8 Ay 140

HacuyericTs xoBaneHTHOr 38" aaky 140

Harpititepmin 504

Harypdinocodia 10

Heenextponit{n) 346, 349, 353

HemaTwuua Gopma pizwax kpueramis 232

HeuanpamnexicTs ioMnoro a8 aawy 180

Hewacuwenicts ioMHoro 38'maky 180

Heoprasivsa xiMa 8

Hopmanesicts dud HonuenTpayia ¢KBiBa-
neHTa MONAPHA

Hocil erpymy 231

Oazon 273, 275
OxmcHennn 433
Owmennr(n) 434, 487, 489
Oxueriopansia sgaTuicrs 455
Orcurapborosi knesoty 214
Onoso cipe 222
Opéiram 76, 79-82
aTomui 166—167
— mimifina gomBinauia 166, 170, 177
rifpianaosanl 142, 144
Mogexylapei 167169, 170
- an'sayBamsui 168
- poanyurysanssi 168
Opragiyua ximia 8, 15
Oemoc 347
asopoTHuit 349
Ocuosn 362, 424, 425
Jewica 428
enprmeni 424
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Mapa
Hacwyena 320, 322, 324
Hepacwyena 322, 323
MapamarxeTssam 165, 261
MapawmeTp poawennennsa 257, 261
Mapadin 470
Macusauia 473
Macusnimii cTan 472
Macusywowi nniskyx 470
Tepenanpyra 448
TMepiogm enemeptia 103
Mepniomatepia 10
HMigeumenna TemMnepaTypn KHITIHAA posyn-
Hy 343, 344
Hipur 30
[naTuHoBa vepab 440
TnikTorenign 108
[Tnixrorenn 107
MNosepxyeso-arTByi peuosunn 338
TMonsiimmit enekTpdEM wap 436
Monikpucranitai erpyerypn 221
Nonimopdiian 225
Monapusauifina kpusa 480
Monapusanifinmt snmas 188, 190, 503
IMonApsusania
enexTposnis 447, 448, 480
1ouie 188
IMonapusosanicts 141
[Monaporpadia 486

IMopAoox
Gomsnin 232, 282
panemuif 216, 282
oci cumeTpil 219
peakuii 293
= aarafbiai 203
IMoctynat
Bopa
= apyrui 67
= neptupf 64
Mnaska 282
[Morenuian
enexTpoanuit 435
= pisnomaxkHii 480
= crapgapTami 120, 438, 441, 453,
- 480
1aaba puo-isoTepmivnud dus. Eneprin
Tifbca BinLHa
iouinani
[Momentiamunii Gap'cp 209, 302
MotenuiomeTpin 486
MoTpifing Toyka 322
Mpasino
Banr-Todda 286, 297, 300, 301, 317
liodca dus. [Mpasuno dasz
Mwonowura i It 23
HEneuroscskore 87
oxTery 128, 162
draa 324
Xwynza 90, 166, 170, 174, 254, 258
Mpaaummn
Bignoeiguoceti 60
;;lznpoun Maym 85, 153, 166, 170, 229,

KOMILneMeHTapHocT 60
Jle IHaTense 314—317, 338, 340, 342,
376, 391, 414, 437, 439, 502
HesManavenocti Nefiaenbepra 72
Mposigamei) 11 pony 481
IMpomeni
a - 56
p- 66
¥- 56
enekTpoMarsitai 55, 57
kananonl 54
ratoaui b4
PEHTreHiBCLEL 55
Mpowmoropu 304
Mporsionn 237
Mporon 424
Mpouecu
exsoTepMiynl 269, 360
exgoTepMivni 268, 360
ispbapni 324
inoTepmivni 324

Pamsan(n) 305
Bimbui 127
Pagiyeiu)
aHionie 182-182
aTomis 108
kaTioniB 182-183
roBanenTHi 108
Pagon 59
Pauewmivna cymiur 242
Pearuia
BlOMeTAeHHA Mradms 246
BHY TPIUIHEOMOEK Y ILAPHOTO OKMCHEeHMA™
BinHOBNEeHHA 492
oucnponopuinsanng 492
laomMepnaanil KoMIAeKCHNX cnonyk 247
Kanninuapo 4
mmmmleny.lmpnﬂm OKHCHEHHA™
signoBnenna 490
HedrTpanisauil 386
ofminy 385
= 3 ¥TBOPEHHAM BAXKKOPOIUMHHMXE
npogykrie 387
= 33}'750?““"“ KOMMOAERCHMX fonis
90
— 3 ¥TBOPEHHAM chabKHX enex-
TPoniTie 485
= ionis soBnimIHEOL cthepn 243
— miraumis 244
okMcHo-BiguoBui 487
rztepmupeuﬂﬂ EOOpANHOBAHKY MraHmis
46
TpUEQHAHMA Jirangis 243
coNRBOAIRY Mpem-OyTauaxnopnay 295
CAMOOKMCHBHHA-caMoBigHoBIeHEA 492
Pesoxanc 160
emepria 161
FPesonaHcai
riBprme 160
cTpYRTYPH 160
Pimuomara
ouHamivha 310, 336

e

e
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dhasoBa 319
Pisnanua
Appeniyca 297, 100, 301
Bonsiimana 284
Ban-gep-Baanbea 62
Tif6ca 318
Twfirenca 75
Efnirrefina 25, 31
HKnanefipona—Mengencesa 43, 348
Napmenena—TNebag 197
Jlennapaa=Ixonca 209
Makcsenna 50
Hepnera 437, 438, 439, 447, 458, 476,
502
peariil KiHeTuuHe dud. WIBMAKOET]
Pigbepra 63, 68
cranocTi opbiT 64
Tepmoximiuni 270
umngkoeTi 292
Mipeginrepa 73, 75, 132
PoackmyBanuA 233
Poayuny
Bydhepui 399
leTrmni 327
kosolgi 327
nacdeni 336, 338, 341
Henackueni 336, 341
nepeciyedi 337
Poagunpnuk 215, 326
Poaunknicts 337, 338, 340
Pyrun 218
Pan
efeRTpogHUX NoTedljanis 459
enekTpOXIMiYHIG 249, 260

Camiypinosa kmenora 213
Camipmnosui ansgerig 213
Caxapoza 330, 353
Cenen 233
Cepeans wenaxicts Modekyn 50
Cepegosuiye 488, 489
Kicqie 383, 304, 502
ayxue 303, 304, 503
HefTpaneHe 393, 394, 503
Cepin
Banumepa 63, 65
Bpekxera 63
Jafivana 63, 65
MMamena 63, 65
Mpyuzma 63
Cranaler)
Bau-nep-Baansca 203
amcniepcifisg 204, 206
enexkTpopyliiina 445, 475
— cTangapTHa 446, 440
ingyeuifiai 204, 206
KHCAOT
— BeaxucHennx 430
= EMCHEBMicHux 429
opicHTauifn 204
nons girasgie 249
Ciraniuin 222
Cuniuifirepmia 505

CumeTpii
Bice 219
nmomba 219
uenTp 218
Cunromir{i) 221
Cuerema 265
siarpuTa 265
reTeporesta 280
roMorenna 289
3aKpPHTa 263
isonboBana 265
Cimeitersa esementis 101
Cipxa 225, 233
Ciprosogens 464
Cipumeruii raa 464
CwmerTigna dopMa pigkux KpucTams 232
Comni
kueni 370
ocHesni 370
HOPMANbLH| Jus. cepegHl
noaeifini 384
cepenni 370
ConemaTania 333, 358, 339, 361, 461
ConsBaTi 334
CriexTp 60
aTOMAPHOTO BOOHE B2
eJfexTpoMarHiTHI 61
ninifigacTuit 62, 99
norauMannA 261, 262
penTredisckumnt 08, 00
cyuinbHmit 62
Cnertporpadh 62
Cnextpometp 62
Criextpockon 62
Cripane ne Mankyprya 93
Crionyrn
koMonexcul 234
EoOpaMHaLiin 235
Cnopignenicts ao exexTpona 114-116
Crana
Boasumana 197, 280
ebyniockoniyia 345
iockomiyxa 346
anenyura 186
Piabepra 63, 68
I[Lnauxa 61, 72
yHiBepcaneua rasosa 42, 280, 348, 438
Cran
arperaTHmii 215
amopdprmi 216, 232-233
BHponetui 84
abypmenui 67 _
KoHgeHcosanmi 213
HOpManbHui 87
OCHOBHMIT Jus. HOpPMaILHIH
nepexigunii 298
Craugaptha aTmocdepa 37
CrannapThl YMOBK
Craujonapui opGits 64
houyl 413
rixponia
oﬁ:‘ur?cneuin 192, 193, 239
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enexTpaniTHyBol aucouiauii 355, 356,
357, 343, 366, 367, 371
- yaBHHA 364
Cybnimania 323
Cycnenaii 327
Cepanepur 217, 223

TexnepaTypa
adcomoTHoro Hyna 41
zamep3annna 341, 346
euminna 205, 207, 209, 341, 344, 346
sEpreTanizauil poausuin 344, 346
kpuTHyHa 322, 341
nnasaexna 207, 209
poadnHesHsa 341
Teopema Bipianta 47
Teopin
Appeniyca dug, eMeKTPONITHEHDT TH-
cotiauii
aromicTidda dus. JanwTona
Bopa 39-69, 74, 76
Bepiepa due. kKoopmuHanisina
poqHenogibHoro aToma dus. Bopa
ropiniA eucHesa 11
Tancmona 18
eneRTpoMITHYHOT Oucotdanii 354357,
418, 427
KHMCROT | OCHOB
— enexTponna 428
= opoTouHa 424
woopauHatiiing 13, 234
kpueTanie aomna 227-231
KpHeTanivHoro nona 235264
MAHINOTOBHX pearnin 14
Magcpeana 51
OXUCHeHHA KMCHeBa 433
NoJiny aToMmHore Afpa 60
pesorancy 116
po3umMKie
— rigpaTHa dud posunHis Ximidna
= dpiapama 357
= Kimiswa 337
consBocHeTeM 418, 420
xiMiymoi GyaoBK 12
Tenaopuil edext peaxnil 266, 267, 276
Tenaosuict cucTemn dus. Extanenia cuc-
TEMK
TenmocuuicTs TuToMa 23, 97
Tenmora
rigpaTanil 359, 360
aropArdA 276, 277
pOJpMBAHHA 38 maxiB 333
poauurenas 335, 338
conpeaTanii 333, 338
yTEoperEa 273
Tepmoapramiuea AMosiphicTs 279
Tuer
atmocdiepHmit 37

rigpocraTHHK S48
HacH9eH0l napu 342
pemoTrdHnE 348
nmapoianeHiit 51, 313
Tpilaau enementis 92, 104
Tpotin 266
Tpyixa
F?E?P}'RCR 34
penTretiBchka 98

Daza 289

Prepment(u) 301

hianuna ximia 8

PaoricTon 11

©ayoprer 218

Dopuyan Jeioica 128
doTon dus. KeauT eneprii
Ppeonn dus XonogoarenTn
Dyrepysaxun 470

Xanerorenn 107

XapaHTepHCTHHHICTE 3B 3kl 164

Xeunsopa dhyuwma 79, 76, 79-82, 142,
166-167, 229

Himiuna Texuonoria 9

Himiunl grepena cTpyMy 483
BTOPHEH] dus. AKyMynaTopu
nepeuHKI 484

~ MaHraH -UMHKOBMA efeMeHT
Jexnanue 484
Xintiunuf enement 21, 22

HemenTir 467
Iieen Bopua Tabepa 186188
Llunkoea obmanka 217

YacrorHuit paxrop 300
Hreno
Asoragpo 27, 186, 197, 227, 261, 280,
392, 445, 482
exsipaNenTHocTl 35
woopaMHaniine 151, 218, 236
macose 25
HedaAekHNE KOMOoHeRTIE dud, KoMnoo-
HEHTHICTE CHOTEMM
HYKNOHHEE Jué. Macope
orciane 195, 239
uporoxke 25
Dapagen 438, 445, 482
xepascee 63, 68, 99, 261

Weyakicts xiMiauol peakoil 290
Ulkana aToMEHX Mac
thianyna 24

xintiqua 24

Arpoximia 10

HapuyauabHe BHIOAHHA

Cmenanenxo Oaez Muxosadosus,
Pedmep JTion [puzoposuy,
Jedoscerur Boaodusmup Muradaoeuy,
Teanoe Cepziill Bimaaidosuy

3ATAJIBLHA
TA HEOPTAHIYMHA
XIMIA

¥ ngBox wacTHHAX

YacTi

Ha 1

Honyweno Minicmepemeon oceimu
i nayxu ¥xpoinu

PenaxTap

Xyno
Xyno

Texniuanit penaxtop
Koperxrtopu

Hemudenxo
HCHMK OITDABH

sHift penakTop
Anenina
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Miamucano ne apyxy 20.08.2002. Popmar 60x90 1/16.
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3awm. 2-509.
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3araansHa Ta meopramiuma ximia: Iligpys. ana cTya. Bum.
3.14 mapu, saxnagis: ¥ 2-x 4.~ 4.1/ 0. M. Crenanenko, JI. I'. Peil-
s, rep, B. M. Jenoscskux, C. B. Isanos.— K.: Tlen. npeca, 2002.—
. 520 c.: in
Te ISBN 966-7320-18-9.
Ils gHM#Ea € NeplIOK HacTHHOW MiAPYYHMKA {3 3aransHol T2 He-
opraditHol ximil
¥ Hiff BUKIAJEHO CyuacHl YABJIEHHA Npo GymoBy ammia, MOJIEKY.,
Te! TEepAMX TiM i pigmn, a TaKoM OpUPOAY XiMmidHoro 3B'A3Ky (MeTod MO-
T:i nexynaApHux opbiTaneil, METOX BAJNIEHTHMX 3B'A3KIB, 30HHA TEOpl.FI KpH-

cranin). PoarnAHyTo OCHOBM 'DE]JMDI.[HHEM.IKH 1 KiHeTHHEM XximidHux pe-
axuiit, a Takoxk Teopll poauMHiB eNeKRTPoNiTHYHOL AMcomiauii Ta OKiC-
HO-BIZHOBHMX MpolleciB.

Jna cTyneHTIB BMIIMX HABYAJNBHMXY 3akiafie.

BEK 24.Ia73



