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NEPEOAMOBA

L]eti niopyunux cmeopeno Ha 0CHOGI bazamopiuHo2o 00C8idy GUKIA-
Odanus agmopamu oucyuniin «Enexmponixa i mixpocxemomexuixa» ma
«IIpomucnosa enexmponixa» Ha xageopi erexkmpomexuixu Xapxieco-
KOl HayioHANbHOI akademii MicbK020 eocnodapcmed Oas CMmyOeHmis,
AKI Hagualomuvcea 3a Hanpamkamu «Enexmpomexanixay ma «Enexmpo-
MexHiKay.

Y npononosanomy eudanui sunpagneno 0eaxi HedoNiKU nonepeo-
Hb020 1 000AHO 8I0OMOCMI NPO HOGIMHI MEeHOeHYil pO36UMKY Npuidadie
I CXeMOMexXHIKU eNeKmPOHIKU.

Memoro uxnadanus € 3HAUOMCMEO MUX, XMO HABYAEMbCA, 3 Pi3uy-
HUMU OCHO8aMU, 6Y0080I0 Ma napamempamy eleKmpoHHUX HAnignpo-
BIOHUKOBUX NPpUNAOI6, HAOYMmMSA HUMU HABUHOK NOOYO08U | AHANi3y cXeM
eNleKMPOHHUX NPUCMPOIB, 3ACNOCYBAHHA MAKUX NPUCMPOI8 NPU GU-
piuwienni supoOHUYUX 3A60AHDb.

Ockinvku dane 8UOAHHS OpIEHMOBAHE HA Hecneyianicmie énacue 3
e1eKMPOHIKU, MO OCHOBHA Y6aza Yy HbOMY NPUOLIAEMbCA PO3 SICHEHHIO
npuHyunie 6y006u ma QynKyioHy8anHs eieKmpoHHUX NPUIAOi8 ma
CXEMOMEXHIYHUX NPUUOMIG, WO 3ACTHOCOBYIOMbCA NPU CMEOPEHHI Mmu-
NOBUX eleKMPOHHUX NPUCHPOIB.

Hacniokom naguanus noGuHHO Oymu 6MiHHA 2PAMOMHO PopMYNIo-
6amu MexXHIYHI 3a60AHHA HA PO3POOKY eNeKMPOHHUX NPUCMPOIE 0N
suUpiwenHs KOHKpemHux 3a60anb 3a gaxom ma 3abe3nevyeamu 3ds16Ku
HAa cy4acHe eleKmpOHHe YCMAamKY6aHHs, 6MIHHA eKChIAYyamyeamu eiex-
MPOHHE MEXHONI02IUHe YCMAMKY8AHHA MA NPOEKmy8amu Haunpocmiui
eleKMPOHHI NPUCmpoi.

Aemopu niopyunuxa:

KosionraeBcbkuii FOpiii [1aBnoBuY, KaHTUAAT TEXHITHAX HAYK, TOTICHT
XapkiBchbKa HalllOHaJIbHA aKaJaeMisl MiCHKOTO TOCIIO/IapCTBa,

JIOLEHT Kaeapu eNeKTPOTEXHIKN

CockoB AnaroJiii I'eoprifioBu4, JTOKTOp TEXHIYHUX HayK, Ipodecop
XapkiBchbKa HaI[lOHaJbHA aKaAeMisi MICBKOTO TOCIIOIapCTBRa,

3aBiJlyBau Kaepu eNeKTPOTEXHIKU
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BCTYN

Enextponika — 1e rany3p HayKH 1 TEXHIKH, II0 BUBYAE:

® (i3uuHi ABUIA, TOB’A3aHi 31 3MiHOO KOHIICHTpAIIi] 1 HepeMillleHHAM
3apsIIKCHUX YaCTOK y BaKyyMi, ra3i Ta TBEpAUX KPUCTAIIUHUX TiNlax;

®  CIICKTPUYHI XapaKTEPUCTHKHU Ta TapaMeTPH €JICKTPOHHOBAKYyMHHUX,
10HHUX Ta HAITiBIPOBITHUKOBUX IPHJIA]IIB;

®  BJIACTHBOCTI [IPUCTPOIB i CUCTEM, Y SIKHX 3aCTOCOBYIOTHCS €JIEKTPOHHO-
BaKyyMHi, I0HHI Ta HaIlliBIPOBiAHUKOBI IPHIAIH.

[epmmii i3 1MX HAIPSIMKIB CKIIA1a€ OCHOBY (Di3MUHOT €IEKTPOHIKH, APYTHi
1 TpeTii — TEXHIYHOT eIEKTPOHIKH.

Y cBOIO Uepry, TeXHiUHa eJIEKTPOHIKa Ma€ YOTHPH TOJIOBHUX HAPSIMKH:
panioeneKTpoHiKa, MPOMHCIIOBA EIEKTPOHIKa, siiepHa Ta O10JI0TiYHa eJeK-
TPOHIKa.

® PajioenekTpoHika OB’ s3aHa 3 PaJIiOTEXHIKOI0, 00 € 0CHOBOIO palio-
3B’SI3Ky, TeneOadeHHs1, pafiooKallii, paxioynpasiiHHS, paAioHaBiramii, pagio-
ACTPOHOMIi.

® [IpomucioBa ejieKTPOHiKa [TOB’5I3aHA 13 3aCTOCYBAHHSIM €JIEKTPOH-
HUX IMPUCTPOIB Y PI3HUX TATy35X IPOMHUCIIOBOCTI 1 00CITYTOBYE I1i TaITy31 IPH-
CTPOSIMU KOHTPOJIIO, KEPYBaHHS, BUMIPIOBaHHSI, IEPETBOPEHHS €JICKTPHY-
HOI €Heprii, a TAKOX TEXHOJIOTIIHUM 00JIaTHAHHSIM.

® f{nepHa eneKTpOHIKa OB’ A3aHA 3 IPOIIECAMU OTPUMAHHS, BHBYCHHS
Ta BUKOPUCTAHHS €IEMEHTApPHUX YaCTOK.

® biojoriuHa eneKkTpoHiKa OXOIIIIOE BHKOPUCTAHHS €JIEKTPOHHUX ITPH-
CTPOIB y OI0JIOTTYHUX JIOCITIDKEHHSIX, 0COOIMBO Y MEIUIIHHI (MEIMYHA EJICK-
TPOHIKa).

Crieruika OKpeMuX raimy3ei TeXHIYHOI eJIeKTPOHIKY MOJISIrae y 0co0-
JIMBOCTSIX BUKOPUCTAHHSI €JIeKTPOHHUX IIPUCTPOTB, IXHIX CXEM Ta TEXHITHUX
XapakTepucTuK. Tak, HaNpUKIIaJ, CXeMH i XapaKTEPUCTUKH BULIPSMIIAUIB
Y IOTYKHUX €HEPTeTUYHNX YCTaHOBKaX BiJIPI3HAIOTHCS BiJ CXEM Ta XapaK-
TEPUCTUK BUIIPAMIISUIB PallOTEXHIYHUX IPUCTPOIB.

Criz 3a3Ha4MTH, 110 B HAIl Yac MPOTPEC MaiKe B yCIX Tally3sX HAyKH i
TEXHIKH 0arato y YoMy 3yMOBJICHHI YCITiXaMH €JIEKTPOHIKU. ToMy 3HaHHS
OCHOB TEXHIYHO] €JIeKTPOHIKM HEOOX1TH1 IHKEHEPOBI OYIIb-KOI CIICITiaIbHOCTI.

Oco0IMBO BaYKJIMBO YSBIATH MOKJIMBOCTI CY4acHOI €IEKTPOHIKH IS
BHpIIIEHHS HAYKOBUX Ta TEXHIYHMX 3ajad y Tidl 4M 1HIIH ramy3i. bararo
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3aj1a4 KepyBaHHs, BUMipIOBaHHS, iIHTeHCHU(DiKaLii TEXHOIOT YHMX MIPOLECIB,
10 BUHUKAIOTh Y PI3HUX TATY35X TEXHIKH, MOXKYTh OyTH YCIILIHO PO3B’ -
3aHi creniaicTaMu, 3HaHlOMUMH 3 OCHOBaMH €JIEKTPOHIKH.

[IpomucnoBa eneKkTpoHika, KO0 MH B OCHOBHOMY OylIeMoO 3aiiMaThcs
HaJai, Ma€ TPU CKIA0Bi: iHpopMaliiiHa eJIeKTPOHIKa, EHEPreTHYHA EJIeK-
TPOHIKa, ENIEKTPOHHA TEXHOJIOT1s1.

® Indopmaniiina eJleKTPOHIKa CKJIaae OCHOBY €JIEKTPOHHO-00UHC-
JIOBAJIBHOI Ta IHPOPMALiHO-BUMIpPIOBAIBbHOI TEXHIKH, & TAKOXK MPUCTPOIB
aBTOMaTuKU. J{0 Hel HaJieskaTh e1eKTPOHHI IPUCTPOT OAepKaHHS, OIIPALIIO-
BaHHsI Ta 30epiranHs iHpopMalii, IpUCTpoi KepyBaHHS PI3SHUMH 00’ €KTaMU
Ta TEXHOJIOTIYHUMH YCTaHOBKAMH: IPUCTPOT, 110 00poOIIsI0Th iHpOpMALIifo,
NpeACTaBlIeHy y BUNISAL €JIEKTPUYHUX CUTHAIIIB (HenepepBHUX abo AUCK-
PETHHX).

® EnepreTuyna eJleKTpPOHiKa OB’ s13aHA 3 TUTAHHAMH IIEPETBOPEHHS
EJIEKTPUYHOI €HEePrii Ta MPUCTPOSMH 1 CUCTEMaMH IIEPETBOPEHHS EJICKTPHY-
HO1 eHeprii cepeTHbO1 i BeNUKoi MOTYXHOCTi. Cro[u Hajexarh IepeTBOPIO-
Bayi 3MIHHOTO CTPYMy B MOCTiIHHHMNA (BUIPSAMIIAYL), TOCTIHHOTO CTPYyMY B
3MiHHHH (IHBEPTOPH), IEPETBOPIOBAYl YACTOTH, PETYISATOPH 1 T. II.

® EjeKkTpoHHA TEXHOJOTs 3a0e31edye BUKOPUCTAHHS eJIEKTPOHHUX TIPH-
CTpOIB y TexHONMOTIYHMX LisX. Lle, Hanpukiag, 3acToCyBaHHA BUCOKOYAC-
TOTHOTO TeHeparopa JiIsl CYIIiHHS JIePEBHHU, HATPiBY, TUIABJICHHS Ta 3Ba-
pIOBaHHS MeTaiB, mpurotryBaHHs Dxi (HBY-mig) Tomo.

Po3BHUTOK CyyacHOT TPOMHCIIOBOI €JIEKTPOHIKH HEPO3PHUBHO OB’ I3aHUH
13 OCATHEHHAMH MIKpOeJIeKTPOHIKH, fKa, Y CBOIO Uepry, 6a3yeTbcs Ha
iHTerpanpHid TexHosorii. OCTaHHS TO3BOJIMIIA OTPUMYBATH BY3JIH €IICK-
TPOHHUX IIPUCTPOIB, MEPI 32 Bce iIH(POPMAIiITHOI ETeKTPOHIKH, B MIKPOBH-
KOHaHHI — Y BUIVISIZII IHTETPAIbHUX MIKPOCXEM.

[MuTanHsIMH TOOYJIOBY €NIEKTPOHHHX MPHUCTPOIB HA IHTErPAIEHUX MiKpPO-
cxeMmax 3aiiMa€eThcad MIKpoOcXeMoOTexHiKka.

Huctumnina “EnekTpoHika i MIKpOCXeMOTEXHIKa Opi€HTOBaHA Ha 3a-
CBOEHHS 3HAHb 31 3CTOCYBAHHS €JIEKTPOHHUX MPUCTPOIB Y PI3HUX TaTy3sX
MIPOMUCIIOBOCTI 32 iXHBOI MOOYOBH MepeBaXKHO Ha IHTErPaIbHUX MIKpO-
cXeMax.

Bona TicHO 1TOB’s13aHa 3 €IEKTPOTEXHITHUMH TUCITUILTIHAMY, 1110 BUBYA-
10Thcst Bamu y By3i, i 0a3yeThcs Ha Kypcax BUINOI MareMaTHKH, (i3HKH,
TEOPETUYHUX OCHOB €JICKTPOTEXHIKH, EIIEKTPUIHUX BUMIPIOBAHb.
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VY cBOIO Yepry, us JUCLUILTIHA € 0a3UCOM JUIsl BABYEHHSI OCHOB O0YHC-
JIIOBAJIbHOI TEXHIKH, aBTOMATHKH, IEPETBOPIOBAILHOI TEXHIKH, aBTOMAaTH-
30BaHOTO EJICKTPONPUBOAY Ta iHILIHX CIIEIialbHUX AUCIUIUTIH.

SIKI110 TOOUBUTHCH HA iCTOPiIO PO3BUTKY €JIEKTPOHIKH, TO, HACAMIIEPE.]
3a3HaYMMO, 110 YCHiXH, AOCATHYTI €JIEKTPOHIKOIO, ICTOPUYHO 3HAYHOIO
MipOIO MOB’s13aHi 3 PO3BUTKOM pazgioTexHiku. OOuABI i ramy3i TEXHIKU
PO3BUBAIIKCA y TICHOMY B3a€MO3B’513Ky. EJIeKTpOHHOBaKyyMHI Ta HaiBIIPO-
BiJIHUKOBI €JIGKTPOHHI PUJIaJIi € OCHOBHUMH €JIEeMEHTaMH PalioTexXHid-
HUX IIPUCTPOIB 1 BU3HAYAIOTh HAHBaXKJIMBIILI MOKa3HUKH pagioanaparypu.
3 iH1moro 00Ky, HeOOXiAHICTb BUPIIIEHHS O0ararbox NpooJieM pafioTeXHIKN
CTaBWJIA MEpe] CIEKTPOHIKOIO DS 3aBIaHb, BUPILICHHS SIKUX CIIPHIIO
BHUHAXOy HOBHX Ta YIOCKOHAJIICHHIO ICHYIOUMX EJIEKTPOHHMX PHUIIaIiB, CXe-
MOTEXHIYHHX PILLICHb.

EnexTpoHHi NpUCTPOI INPOKO BUKOPUCTOBYIOTECS Y Pafio3B’ 3Ky, Teje-
OaueHH, 3aIMCy Ta BIATBOPEHH1 3ByKY, Pai0iIOKallii Ta IHIINX raimy3sax patio-
SJIEKTPOHIKH. Y TOil ke yac 6e3 HUX HEMOXKIIMBO YSABUTH cydacHe obia-
HaHHs a00 BHpOOW B aBTOMATHUII 1 TeJeMeXaHilli, MPOBIIHOMY 3B’SI3KY,
aTOMHi1 Ta pakeTHil TeXHilli, acTPOHOMi1, METpOJIOTii, MaITMHOOY Iy BaHHI,
BHUMIpIOBAbHIHN TEXHIITl, MEUIIHHI 1 T. iH.

IIporpec eneKTpoHiKH CIPUSB BUHUKHEHHIO Ta PO3BUTKY KiOEpHETHKH —
HayKH, 10 3aiiMa€eThCsl MATAHHSAMH YIPABIIHHS Ta 3B 43Ky B MallldHAaX 1
JKUBHX OpraHizMax. BiH 3a0e3meunB CTBOpPEHHS MIBHIKOMIIOUUX OOYHC-
JIOBAILHUX MAIIUH, 0e3 IUPOKOTO 3aCTOCYBAHHS SKUX HEMOXKIIUBE BH-
KOPHCTaHHsI KOCMOCY 32 JIOMOMOTOI0 ITYYHUX CYITyTHUKIB 3€MIIi, PAKeT,
KOCMIYHUX KOpabJIiB Ta aBTOMaTHYHUX MIKIUTAHETHUX CTaHITIH.

Enektponika cTana MOTyTHIM 3acOo00M aBTOMAaru3ailii Ta KOHTPOJIO
BUPOOHUYMX MPOIIeCiB. BUKITIOUHO BEJMKY POJIb BiJlirpac BOHA IIPH CTBO-
peHHi poOOTH30BaHNX KOMILUIEKCIB, IO CIIPHUSIOTH 3MEHIIIEHHIO BUKOPHC-
TaHHS PYYHOI Mparli y BAPOOHUIITBI Ta MiABUIIIEHHIO SIKOCTI MPOAYKIIii, 110
BHITYCKAETHCSI.

Takum yuHOM, TEHIEHITISI PO3BUTKY TEXHIKH CHOTOJIHI TaKa, [0 YacTKa
€JIEKTPOHHUX BY3JIiB y iIHPOPMaLIIfHIX MIPUCTPOSIX aBTOMATHUKH Oe3mepeps-
HO 3pocTae. L{[poMy 3HAYHOO MipOIO CIIPHSIIO IMPOKE BIPOBAKEHHS 1HTET -
paibHOI TEXHOJIOTI], IO /1ajia 3MOTY Ha OTHOMY KPUCTAJTi HAITiBIPOBITHUKA
MaJIoi oMl (TUCAYHI YaCTKU — JEeKiTbKa KBaJpaTHUX MIIMETPIB) BUTO-
TOBJIATH CKJIaJIHI (DYHKITIOHAJIBHI BY3JIM Pi3HOTO MIPU3HAYCHHSL.
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B ocraHHi poKH OCBOEHO BUIYCK BeJIMKHX iHTerpajibHHX MiKpocxeMm
(BIMC). Kinbkicth eneMeHTiB KoxkHOi BIMC konMMBa€eThCs Bifl ASCATKIB OIU-
HHLIb IO COTEHb TUCAY 1 CATAE KUTBKOX MUIBHOHIB Y HAJIBEJIMKUX MiKpOCXEMaX.

Tunosi ¢pyHKLIOHATEHI MIKPOBY3IIH JalOTh 3MOTY 310patu moTpiOHMI enex-
TPOHHHH OJIOK 63 IeTalbHOrO PO3PaxyHKY OKpeMHX Kackaais. | jmiie y
TOMY BHUIIAJKY, KOJIM THIIOBI IHTETrpajibHI CXeMHU HE PO3B’SA3YIOTh SIKOTOCh
KOHKPETHOTO 3aBJaHHA, 10 HUX JOAAIOTh BY3JM Ha JUCKPETHUX E€JIEMEH-
Tax, 110 MOTpeOye MPOBEACHHS BiIIOBIAHUX PO3PAXyHKIB.

3HauHO MiABUIIMBCS iHTEpEC [0 ONTOEIEKTPOHIKH, JI€, KPiM eJIeKTpHhy-
HHUX CUTHAJIiB, BUKOPUCTOBYIOTECS 1 CBITIIOBI. Ternep 6araro npuctpois, CTBO-
PEHHSI IKUX 32 IOTIOMOT'OI0 CYTO 3aC00iB ENIEKTPOHIKM BUKJIMKAE 3HAYHI TPY/I-
HOII, BiTHOCHO MPOCTO MOXKYTh OyTH pealli3oBaHi 3a JOIIOMOTOI0 3aC00iB
OIITOETIEKTPOHIKH.

CTHCJI0 PO3ITIsIHEMO iCTOPiI0 eJeKTPOHIKH.

@DyHAaMEHT AJ1s1 BAHUKHEHHS 1 pO3BUTKY €JIEKTPOHIKU OYII0 3aKJIageHO
npausmu ¢izukiB y XVII - XIX ct.

[lepuri y cBiTi AOCHiAKEHHA €NEKTPUYHUX PO3PALIB y MOBITpi Oynu
3aivicHeHi benmxamenom @panxitinom y 1747—-1753 pokax (came Tum Ppan-
KIIIHOM, SIKH# y 1754 potii 3arpoItoHyBaB I1aH 00’ € THaHHSI aHIITACHKUX KO-
noniit y [TiBHIYHIN AMepHITi, IO Ha 10T0 OCHOBI ITi3HiIIE OYIJIO YTBOPEHO Jep-
xaBy CIIA, ay 1775 poui 6paB ydacTs y HarnucaHHi J{eknapariii He3anex-
HOCTI 1 Temep 300pakeHuit Ha ctogonapoBiit 6ankaoTi CHIA). Lle BiH naB
Ha3BU: “Oarapes”’, “KoHAEHCATOP”, “TIPOBITHUK’, “3aps”’, “po3psan’; JOBIB
SJIEKTPUYHY TPUPOAY ONMCKAaBKU; CTBOPUB TEOPII0 CTATHYHOI EIIEKTPUKH,
€IVHUM HEJIOJIIKOM SIKOi Ha HaIll 9ac € JIMIIE Te, [0 HOCIl 3apsny y Hii
MArOTh MO3UTUBHUI 3apsi/; BAHANHIIIOB OJIMCKaBKOBI BIJI, BIIEPIIEC BCTAHOB-
nenuit y 1760 pori y micti @inagensdis.

[ToniGHi HoCIiIKEHHS 3MIHCHIIA TaKOX POCiiichbki akaaeMiku M. B. Jlomo-
HocoB i I. B. PixmaH (oauH 3 mepmux, K0 He TP, XTO IepPEeTBOPUB
ENIEKTPUKY Ha TOUHY HayKy, CTBOPHBILIH MIEPILINIA Y CBITi €lIEKTPHIHNI BUMIPIO-
BaTLHUN MTPUIIAJ — €IEKTPOMETP JJIsl BAMIPIOBAHHSI CTATUYHOI €JIEKTPUKH).

BaxinBow0O moji€r0 OyJIo BIAKPUTTS €JICKTPUYHOI IyT'M aKaJeMiKOM
B. B. Ilerpoum y 1802 porri. JlocmimKeHHS MPOXOIKEHHS eIEKTPUIHOTO
CTPYMY B PO3PIIDKCHHX ra3ax MPOBOAMINA Y MUHYJIOMY CTOJITTI B AHIIIIT —
Kpyxe, . Tomcon, Toyncena, Acton, a Takox y Himequnni — ['eficiep,
I'irropd, [Tnrokkep Ta iHII BYEHI.
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OpHuM i3 HaliepIIMX eNeKTPOHHUX NpUJIaiiB MOKHA BBaXaTu (OTo-
pe3uctop i3 ceneny, Bunaiinenuii y CLIIA V. Cmitom B 1873 pori. Tomi x
A. H. Jlogurin BUHAMIIOB NEPIIUH y CBIiTi €EKTPOBAKYYMHHUN NpUIa —
JaMIy po3xaproBaHHs. Jlemo mi3Himie, TaKy >k JIaMITy CTBOPHUB 1 y10CKO-
HalluB BiJIOMHH aMepUKaHChKUI BUHaxigHUK Enicon. EnekTtpuuna
nyra Oyma Brepme Bukopuctana ans ocsimieHHs I1. H. f61ouxkoBum y
1876 porti.

Y 1874 poui Himenpkuii aeHuit K. @. BpayH Binkpus edeKT 0AHOCTOPOH-
HBOI IPOBIAHOCTI KOHTAKTy METaJ — HaIliBOPOBIIHUK (CEJIEH).

Buxonsuu 3 teopii enexrpomarnitHoro moins JIx. K. Makcsenna, 1o
Oyi1a TCOpEeTUYHUM OOTPYHTYBaHHSM i Tpiymdom ineit Ta qociinis Maiikina
dapapest, SKU Ha OCHOBI €J1eKTpoANHaMiKH AHApe-Mapi AMriepa BiIKpHB
SIBULLIE €IeKTpOMarHiTHoi inaykuii, [enpix ['epry 1886 pori Binkpus enex-
TPOMArHiTHi XBUJI.

Y 1887 poui Takox I'epu Bigkpus GoToenekTpuyHuii edext, a gociia-
KEHHS LbOTO SIBUILA, 110 iX mpoBoaus i3 1888 poky A. I. CroneToB (BiH
BiJIKPHMB OCHOBHI 3aKOHH (pOTOE(HEKTY), ITOKIAIHN ITIOYATOK PO3BUTKY (POTO-
€JIEKTPOHHUX MTPUIIaIiB.

TepMoenekTpoHHy eMicito (OTHY 3 OCHOB €JIEKTPOHHO-BAKyyMHHUX TIPH-
naaiB) Oyito Bigkputo y 1884 pori Exiconom, ane cam BiH, HIYOTO HE 3HAFO-
YU TIPO ENeKTPOH, sikuii OyB Bimkputuid Jlk. [x. Tomcornom mume 1897 poky,
HE 3MIT MMOSCHUTH I1¢ sIBUMIE. JleTabHi TOCTiKEHHS TePMOEIECKTPOHHO1
emicii mpoBiBy 1901 pomi Pigapscon.

1895 poky ynepiiie 3iiicHeHO AabHil Oe3npoBinauii 38’130k A. C. Io-
TIOBUM, a POKOM TIi3HiIe — itamiieM /. MapkoHi (mmonpasnaa, cyrnepedka
3a MEePUICTh Y I[bOMY MPOJIOBXKYETHCS JI0 IIHOTO Yacy).

BukopurcTaHHs eneKTpOHHNX PIJIaIIB Y paliOTEXHII PO3IIOYaIocs 3 TOTo,
1o y 1904 pori aamiticekuii BueHui [k, A. @aeMiHT 3aCTOCYBaB IBOCTIEK-
TPOJHY JIaMITy-ZIi0[ 13 PO3KAPEHUM KaToAOM, paHimie BuHaiineny Exico-
HOM (aJie BiH He 3HAWIIOB IS Hel MPAaKTHYHOT 0 3aCTOCYBAaHH), JJ1S1 BUIIPSIM-
JIeHHS (IeTEeKTyBaHHs1) BUCOKOYAaCTOTHUX KOJIMBAHb Y paJlioNpuitMadi.

Baxxmeum BuHaxomoM 6yio cteopenss y 1905 pori Xenom y CIIA ra-
30HANIOBHEHOTO J10/]a — Ta30TPOHa.

Y 1906 porti amepukaHchkuii iHxeHep JI. 1e PopecT BBIB y JaMITy-Ti0.1
KEepyIody CiTKY, TOOTO CTBOPHB IEepImIAi Tpioma. Maike OJHOYACHO T€ XK
came 3aificauB JIiben y HimeuuuHi.
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Y 1907 poui npodecop IleTepOyp3pKOro TEXHOJIOTIYHOTO IHCTUTYTY
b. JI. Po3iHr 3anponoHyBaB BUKOPUCTAHHS €J1€KTPOHHO-TIPOMEHEBOI TPYOKH
JUIs1 IpUHAMAaHHS TeNeBi3iHHUX 300paXeHb 1 y HACTYIIHI POKH 311HCHHUB €KC-
NepUMeHTaIbHE MiATBEpIKEHHS cBOiX ineil. Lle Hamae Ham npaBo BU3HA-
Batu b. JI. Po3inra onHuM 3 OCHOBOIIOJIOKHHUKIB CYy4acHOTO TeleOadeHHsI.

¥ 1913 poui HiMebKHi BueHU MeticHep 3aCTOCyBaB TPioA 1 TeHepy-
BaHHSA €JIEKTPUYHHUX KOJIMBAHb.

¥V Pocii nepiui Tpioau i npuiiMaHHs paliOCUTHANIIB BUTOTOBWIIN Y 1914—
1916 pokax He3anexHo oauH Bix ognoro H. /1. [lananekci i M. A. bonu-
Bpyesnu.

VY 1918 poui 6yna crBopeHa HmwxHboropoacska pamgionadoparopis, e
nig kepiBHUUTBOM M. A. bonu-BpyeBnua po3poOisianch NOTYXHI Te-
HEpPATOPHI 1 MaJIONIOTY>KH1 JaMITi. AKTUBHY y4acTbh y IUX poboTax Opain
Bb. A. OctpoymoB, A. M. Kyrymes, A. A. Hikitig, A. A. OcTpskoB Ta
0araro iHIINX BUCHHX.

V¥ 1918-1919 pokax Boru-bpyeBud omy0iikyBaB Teopito Tpioza, 110 Majia
BEJIMKE 3HAYCHHS JJIs1 PO3PAXyHKIB Ta MPOEKTYBAHHS €JIEKTPOHHHX JIaMIT
(moniOHi mpari B TOM e 4ac He3aJIe)KHO OMyOIiKyBaB HiMELbKUI BUCHUI
Bapkraysen).

[lopsan 3 BakyyMHUMH €TIEKTPOHHUMH JIaMIiaMu y HIKHBOTOpOACHKiH
paznionaboparopii mig kepiBaumnTeoM B. I1. Bonormina Oyiu cTBOpeHi 1mo-
TY’KHI PTYTHI BUTTPSAMIISYI.

VY 1922 pori ciBpo6iTHHK HuskHBOTOpOaCHKOT pagionadoparopii Jlocen
BiJIKPHB MOXKJIUBICTh TeHEPYBAHHS 1 TiICHIIEHHS eJIEKTPUYHIX KOJTMBAHb 32
JIOTIOMOTOIO0 HAITiBIIPOBITHUKOBOTO JIeTekTopa. Ha xamib, e BITKpUTTS He
OTPHUMAJIO TOJIi HAJIE)KHOTO PO3BHTKY.

Y 1921 pomui Xesn 3ampomnoHyBaB MarHiTpoH, a y 1930 — nenrog, mo
CTaB OJHIEIO 3 HAWOLIBII PO3MOBCIOMKEHUX EIEKTPOHHUX JIaMIl. Tofi k&
JI. A. KyGeupbkuii BUHAHIIOB (hOTOECIIEKTPOHHI TOMHOXKYBaui (aHAJIOT14HI
npunanu y CIIA BunaitmoB @apHCBOPT).

[lepmri ycmimHiI eKCIEPUMEHTH 13 TENEeBI3IMHIMH NepeaBalbHIMHU
eIEKTPOHHUMH TpyOKamMu (110 pedi, 3a NIHOOKOT HeCXBaJIk MPUOITHUKIB
eleKTpoMexaHiyHoTo TenedadenHs ) npooaus b. I1. ['paboBcrkuii — cun
BimomMoro ykpaincekoro nucbMenauka I1. A. I'paboBcrkoro: y 1928 p. B
TalmkeHTi BIieple nepeaHo i MpuiHHATO pyxoMe 300paskeHHS 3a JIOTI0-
MOTOF0 TTIOBHICTIO €JICKTPOHHUX 3aC001B.
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V¥ 30-x pokax nmoxiOHUMH EKCIIEPUMEHTAMU 3 IIepeJaBabHIMU TpyOKa-
mu Takox 3aimanucek A. I1. Koncrantunos, C. 1. Karaes, I1. B. [lImapos,
I1. B. Tumodees.

o peui, TeneBizop, BUKOHAHUH HA OCHOBI €JIEKTPOMEXaHIYHOT CUCTEMHU
nepeaadi 300paXKeHHs, IUPOKOMY 3arajy BIepllie IPOJEeMOHCTPYBaB IIOT-
na"achkui BuHaxigHuk [xon bepn 27 ciuns 1926 poky. B CPCP nepiua
eKCIIepUMeHTaJIbHA TeJenepeaaya BigOynacs y kBiTHI 1931 poky y Mockai.
A mepui peryisipHi Tenernepenadi posnoyaro y 1934 poui B Himeuuusi.

[lepmmmii cenenoBuii BUIPSIMILSY BUTOTOBUB HiMelbkuii BueHui [Ipeccep
y 1932 poui.

[leprry enekTpoHHY 0OUHCIIOBaJIbHY MAIIMHY (Ha JJaMIax-Tpiogax) Oysiao
crBopeHo y CIIIA y 1946 poui.

Aute Bci 1i eroxXalibHi BIAKPUTTA Ta YCIiXH MOXKHA BBaXKAaTH JIULIE TTOTIe-
penHIMU KPOKaMH y CTBOPEHH1 T€Opii eIeKTPOHIKH, €IEKTPOHHUX IPUIIA/IiB
Ta CXEMOTEXHIYHUX IPUHAOMIB, OCKIJIBKU CITPABKHSI PEBOJIOLIS B €JICKTPOHILIi
posnoyanacs y 1948 poui — miciis BUHalJeHHS aMEPUKaHCEKUMH BUCHUMH,
cniBpobitHrkamu Bell Laboratories JI. bapninumM, Y. Bparreitnom i Y. Hlexni
TPaH3UCTOPA.

Binbme Toro, 1eXTo BBaXKaE, M0 PO3BUTOK €IEKTPOHIKH, BIIACHE, TITHKU
3 bOTO U posrodancs! [ Take TBepKeHHS HE TT030aBIEHE CEHCY 3 OTIISALY
Ha Te, SKUMH TEeMITaMH TI09aJId PO3BUBATHUCS SJIEKTPOHHI TEXHOJIOTsI, TPH-
nanu, cXxeMoTexHika. JIocuTh 3BepHYTH yBary Ha Te, IO IicCIs HEJIOBTO-
YacHOT'0 NIepio/y MaHyBaHHS IPUCTPOIB HA IUCKPETHUX TPAH3HCTOPAX BIKE
y 1965 porii Bimnap (dipma Fairchild, CILIA) 3anpornonyBaB omnepariiHuit
MiJCHITIOBAY B IHTETPAIbHOMY BUKOHaHHI, a y 1971 pori 3’ sBuBCA neprmii
Mmikponporecop (dhipma Intel, CIIIA).

[NoeaHanHs iHTErpATEHUX aHAIOTOBHX Ta [AMPOBHX MPUCTPOIB Y CYKYITHOCTI
3 KOMIT FOTEPHUMHU TEXHOJIOT1sIMHE (Ha OCHOBI MIKPOTIPOIIECOPIB) BITKPHIIO 0~
JAJTBII HAMIITUPIIT TEPCHIEKTHBH Y PO3BUTKY 1 3aCTOCYBaHHI €JIEKTPOHIKH.

Yemixu eHepreTHYHOI eeKTPOHIKH OB’ 13aH1 3 PO3BUTKOM CHJIOBHX Ha-
MiBIIPOBITHIUKOBUX €JIEKTPOHHUX PUIafiB. Lle — CTBOpeHHS CHII0BOTO JTi0-
ny (10 A, 200 B) y 1954 pori, Bunaxin 'y 1956 pori Tupuctopa, a naxi CIT-
ta IGBT-Tpan3ucropiB y cepenuni 70-x pokiB.

[loenHaHHS CHIIOBUX HAIlIBIIPOBITHUKOBUX MPUJIAMIB 3 IHTETPAIbHUMU
CHUCTEMaMU KepyBaHHS 3a0e31euye Mporpec y i ramysi.

bascaemo Bam ycnixy y eusuenni xypcy!
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Po3ain 1

dI3NYHI OCHOBU POBOTHU
HAMIBNPOBIAHUKOBUX MNMPUJIAAIB

1.1. HanienpoBigHuku. 3aranbHi BiaOMOCTi

[lepex TuM, K OIPUCTYNHUTU A0 PO3DIAAY TEMH, 3a1aMOCS MUTAHHSIM:
YOMy MOBa JIaJi ITi/ie came PO HAIiBIPOBIAHUKU? A 1ie TOMY, 110, SIK BUIHO
3 OIUCY PO3BUTKY €JIEKTPOHIKH, B HAIll Yac HAHOUIBII YCIIXH y IiH ramys3i
OB’ s13aHi 13 3aCTOCYBaHHAM IPUCTPOiB, BAKOHAHMX HA HAIIIBIIPOBIJHUKOBHX
npuIaaax.

Hanisnposignuxu (HIT) Hanexats 10 Ki1acy peqyoBUH, 110 MAIOTh TBEP-
Iy KPUCTaiYHy CTPYKTYpY 1 3a mutoMoro mpoBiaaicTio (10*— 1071° Cum/cm)
3aiiMaroTh IPOMiXHE Mictie Mix rpoBigaukamu (10*— 10° Cum/cm) Ta mienek-
tpukamu (101° Cum/cM Ta MeHIIe).

[Ipu Burotosnenni HII enexTpoHHNX npuiaiB yacTimie BUKOPUCTOBYIOTh
KpemHil (Si— mae pobouy temnepatypy 1o 140°C), repmaniit (Ge — Haii-
Oinbia podoua Temreparypa 75°C), apcenin raiiro (GaAs — mpaifoe npu
temmeparypax g0 350-400°C).

Jo HIT takox BITHOCSTH CEJICH, TETyp, AEsIKi OKCHIH, KapOiu Ta CYIb(iIu.

HII maroTh Taki BIacTHBOCTI:

1) HeraTuBHUIA TEMITEpaTypHUH KOe(DIIIEHT OMOpPY — i3 30LTBIICHHSIM TeM-
MepaTypH iXHil Omip 3MEHITYEThCS (Y IPOBIIHUKIB — 3pOCTAE);

2) nopaBaHHS JOMIIIOK TPU3BOJNUTH JI0 3HIDKCHHS TUTOMOTO OTIopy (Y
MIPOBITHUKIB — 10 301IbIIEHHS);

3) Ha enexTpuuHy nposiaHicTs HII BmBaroTs pasiartis, enekTpoMarHiTHe
BUIIPOMIHIOBAaHHS.

IIpouecu enexrponposignocti HII i nienexTpukis moai6GHi, aje cyTTeBO
BiJIPI3HAIOTHCS BiJ] €IEKTPOIIPOBITHOCTI IPOBITHHUKIB.

3a3Ha4nMO, 110 €JIEKTPOHH, PO3TAIIOBaHI Ha 30BHIIIHIN OpOiTi aToMa pe-
YOBHMHH, MalOTh Ha3By BaJCHTHUX. BoHU HaiiciaOKiiie 3B’ s3aHi 3 SAPOM 1
BHU3HAYAIOTh (Pi3UUHI Ta XiMI4HI BIACTHBOCTI PEYOBHHHU.

'Y IpOBiTHUKIB €IEKTPOHH, PO3TAIIOBAaH] HA 30BHIIIHIN OpOiTi aTOMa, C11ab-
KO 3B’s3aH1 3 AIPOM 1 TOMY JTOCHTB JIETKO TIOKHAAI0Th CBOi aTOMH, TTiCTISl 90TO
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Xa0THYHO MEePEMILIYIOThCS Y MaTepiai — CTaloTh BUIbHUMU. SIKII0 10 mpo-
BiJJTHHKA [IPUKJIACTH 30BHIIIHE eIEKTPUYHE T10JIe, BAHUKHE BIOPAIKOBaHUN
PYX €JIEKTPOHIB — EJIEKTPUIHUAN CTPYM.

Y HII yci BaJXeHTHI €IEKTPOHU MIITHO
34eIIeH] 3 KpUCTAIIYHUMHU I'PATKAMHU 3aBIs-
KU TaK 3BaHOMY KOBaJICHTHOMY 3B’ SI3KY, IIPO
skl By 3HaeTe 3 Ximii. Jloku me# 3B’sI30K
iCHY€, €JIEKTPOHH HE MOXKYTh NEPEHOCHTH
SJIEKTPUYHMH 3apsz y MaTepiai.

Mexani3m enexrponposignocti HII pos-
IVISTHEMO Ha MIPUKJIIai KPUCTATIYHUX I'PATOK
repMadilo, 1o € eaemeHTom IV rpynu me-
piognuHoi cucremu Menneneesa. [patku y

Puc. 1.1~ KDWCTE}“i‘*Hi rPatKM  BUrIsl IUIOCKICHOT CTPYKTYPH 300paskeHo
repmaHIto Ha puc. 1.1.

ATOMHM repMaHilo po3MilleHi y By3JaxX KpUCTAIIUHUX IPATOK, iX 3B’f-
30K 3 iHIIMMHU aTOMaMH 31iHCHIOETHCS 3a JOTIOMOI0I0 YOTUPbOX BaJCHT-
HuX enekTpoHiB. [lonBiiiHi iHii Mi>K By371aMH BKa3yIOTh Ha KOBaJC€HTHUN
XapakTep 3B 3Ky, TOOTO KOKHA Tapa BAJICHTHUX CIEKTPOHIB HAJICKUTH
BOJIHOYAC JIBOM CycCinHIM atromaM. [Ipu Temmeparypi abCcoTIOTHOTO HYIS
13aBigcyTHOCTI onmpoMmineHHA y HII BizicyTHI pyxomi HOCIT i oT0 enexTpud-
HUH OITip BETUKUH (HECKIHICHHHUI).

3a 3BUYaHIX YMOB, BHACIIIOK A1l Ha peYOBUHY TEIUIOBOI €Heprii, /e-
SIKi 3 BaJICHTHUX €JIEKTPOHIB MOKUAAIOTh KOBAJIEHTHI 3B SI3KH 1 CTAIOTh
eJeKTPOHAMH MPOBIAHOCTI — BinOyBa€eThCA MpoIec reHepamii map
HociiB: eJqeKkTpoHiB i aipok. [lpu npomy mipka — BakaHTHE MicIle Y
KOBaJIGHTHOMY 3B’ 513Ky — Ma€ MO3UTUBHUH 3apA, U0 i IPUIUCYETHCS
YMOBHO.

Sxmo tenep nomictute HII B enexTpuyHe mose, BHHUKHE CIIPSIMOBAHUN
PYX 3apsiiB — eNeKTpHUUHui cTpyM. Ha BiAMiHY BiJ IPOBIAHUKIB CTPYM B
HIT 3a6e3medyeThcst HOCISIME JBOX 3apsiIiB — MO3UTHBHOTO @ (IipKH) Ta
HeraTuBHOro © (EJIEKTPOHH).

IIpoBimnicTs unctoro HII mae Ha3By BiacHoi, cam xe HII BigHOCSTH
10 i-TUIy. BracHa mpoBigHICTE 3BUYAHO HEBEIWKA. 3HAYHO O1IBITY
npoBigHicTs MaroTh HII i3 gomimkamu, 10 TOTO X ii XapakTep 3aIeKuTh
BiJ BHITY IOMIIIIOK.




1. @IBUYHI OCHOBU POBOTU HAIIBITPOBIAHUKOBUX [TPUJIALIB 19

Po3ristHeMo npukIa, Ko y po3- Hadnuwkosutl
IIaB YUCTOrO FEPMAHII0 J0JAETHCSA €/1eKMpPOoH
JIOMIIIIKA T’ ATUBAJIEHTHOI'O €JIEMEH- & Ge) OGe
ta (V rpyna tabnuni MenaeneeBa), =~ @ O— @

HanpHUKIag, apceny (As), K okaza-
HO Ha puc. 1.2. 4} ©

pu 3.aCTI/IFaHHi y AesIKUX By3J1ax O GG OasI=
KPACTAMIMHIX I'PaTOK FEpMaHII0 HOTro T|@|
aTOMM 3aMIIyIOTbCA aTOMaMH J10- L
Mimkd. [Ipy 1boMy YOTHpH BaJleHT- nosumueHUL IoH
HUX EJIEKTPOHH JIOMIIIIKHA CTBOPIOIOTh Puc. 1.2 - KpuctaniyHi rpatku
CHCTEMY KOBAJICHTHHUX 3B’sI3KiB 1340~  M€PMaHito 3 JOHOPHOIO OMILLIKOIO
TUPMa BaJICHTHUMHU €IEKTPOHAMY Fe€PMaHilo, a I’ ITUH €JIeKTPOH JOMIIIKH
BUSIBIISIETHCS HAUIMIIKOBUM — BiJIbHUM. BiJIbHI €JIEKTPOHU 3aJIMILIAIOTH Y
By3J1aX KPUCTAIIYHUX IPATOK HEPYXOMi IO3UTHUBHO 3apsi/IKeH1 10HH, 1110 CTBO-
PIOIOTH Y KPUCTAJ TO3UTUBHUN 00’ €MHHMIA 3apsi.

Jlomimka, 1o Biijae BUTHHI €IEKTPOHU, Ha3UBA€EThHCs JoHOpHO0. HII 3
MepeBakarouor0 KUIbKICTIO BUIBHUX e1eKTpoHiB Mae Ha3By HII 3 ejleKTpoH-
HOI0 npoBignicTio, a6o HII n-Tumny.

PosrnsiHeMO BBEIEHHS y TepMaHiii J10-
MIIIKH 3 TPhOMA BAJICHTHIMH €JIEKTPOHAMHU
(Il rpyma Tabmui Menzaeneesa), HarpuKiaz,
iairo (In), sk e mokaszaHo Ha puc. 1.3.

J1st yTBOpEHHSI KOBaJEHTHOTO 3B’SI3KY
Mk atomamu Ge Ta In ogHOTO enmeKTpoHa
He BucTa4ae. [Ipu aii TemmoTn HaBKOJIHII-
HBOTO CEPEIOBHUIIA EIEKTPOHU 3 BEPXHBOTO
PiBHS BaJCHTHOI 30HM MEPEMINIYIOThCSI Ha
piBEHB IOMIIIKA, CTBOPIOIOYH 3B’ A3KH, AKHX Puc. 1.3 - KpWCTa}“i”Hi
HE BUCTAYae, 3aBISKH YOMY Y BAJICHTHIiI FpaTK FepMaHio
30H1 YTBOPIOIOTBCS PyXOMi JIPKH, a aTOMHU 3 AKLICTITOPHOIO IOMILLIKOIO
JIOMIIITKY TTEPETBOPIOIOTHCS y HETaTUBHI 10HH. Taka TOMIlIKa Ha3HBAEThCS
akmenropHoto, a HII 3 mepeBaknoro kinmbkicTio nipok — HII 3 gipkoBoro
npoBigHicTIO, a00 p-THMY.

ITepeBaxatroui y HII pyxomi Hocii 3apsiy MarOTh Ha3By OCHOBHHX,
pemTa — HeOCHOBHUX.

/ .
HeezamusHuU IOH
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1.2. ®i3nyHi ocHOBU poOOTH €NEeKTPOHHO-AIPKOBOro
nepexopy (p-n nepexoay)

OCHO@HI HOCIT P-n Tepexoa0M Ha3WBAETHCS By3bKa
30Ha Ha Mexi Mk mapamu HII p- i n-
THILY, SIK 300pakeHo Ha puc. 1.4.
®di3uuHi nporecw, 1o Big0yBatOThCS Y
p-n TIepexofii, BA3HAYAIOTh IIapaMeTpH Ta
xapakTepuctiky Outsimocti HIT npunanis.
JonyctrMo, 1110 KOHLIEHTparlis OCHOB-
= HHUX HOCIiB y o0uaBox mapax HII onna-

Hocit

—— xoBa. [Ipu 00’ eqranHi 1Box HII BuHMKAE
Bllaje; B3aeMHa qudy3ist (IKy MOXKHA BBa)KaTu
[] © 3a uQy3idHUN CTpyM I, 47) €JIEKTPOHIB 13
HEO n-mapy y p-map (BOHH 3allOBHIOIOTH

L @ BiJIbHI KOBAJICHTHI 3B’5I3KN1), a JIPOK — Y
IPOTHIICKHOMY HampsiMKy. BHacmigox
1poro y npukoHTaktHi 30H1 HII p-tumy
X (3aBOSKH 10HAM aKIENTOPHOI JTOMINIKH
[ -]) 3’sBnseTnest HeraTuBHMIt 3aps, @'y
Pi MPUKOHTAKTHIN 30HI n-THMY (3aBASKH
. 10HaM JOHOPHOT JOMIIIIKH ) — [MO3UTHB-
Puc. 1.4 = YTBOPEHHA Ha Mexi HUH 3apsia. MK IIMMH 3apsiiaMid BUHH-
MiX LLapamu p-Ta n-tuny pAlL. P
p-nriepexoay 3 Ka€ BHYTPIIIHE CJICKTPUYIHE I10JIC 3 HAIIPY-
rnoTeHujaibHM Gap’epoM 7, KeHicTIO E_ , 110 rainbMye pyX OCHOBHUX
HOCIIB 3ap4a/iB. 3 iHIIOTO OOKY, IIe MOJIE BUSBIAETHCS MPUCKOPIOIOYNM IS
HEOCHOBHHMX PyXOMHX HOCIiB 3aps/1iB (TETUIOBHX ), BHACHIIOK YOTO YePEe3 MEXKY
mix HIT BHHHKae z[peH(I)QBa CKJIaJIOBa CTPyMY I o> IPOTHIIEIKHA JZ[I/Ifby?,II/IHII/I
CKIIANIOBIH f,, ., 3YMOBJICHIH PyXOM OCHOBHHX HOCIB 3apsiiB (BHaf:JIII[OK mpo-
TIKaHHA [, , B17I0YBa€THCS 'peK0M61Hau151 PYXOMHX OCHOBHHX HOCIIB 3aps/iB).
VY crajioMy cTaHOBHUIII

l’mq)‘f‘lnp:(). (1.1)
151 piBHOBara HacTaE 32 IEBHOI KOHTAKTHOI PI3HHMITI ITOTEHITIAIIB, ITT0 BU3HAYAETh-
Csl BEJIMYMHOIO 00’ EMHOTO 3apsily 1 HA3UBAETHCS MOTEHLIAIBLHAM 0ap’epoM J .
Benununna j_3anexuts Bin marepiamy HII 1 ioro temmeparypu. s

repmanio j . = (0,4 - 0,6) B, nis kpemniro j .= (0,6 —0,8) B.
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30Ha 00’€MHOrO0 3apAny — Le 1 € eJJeKTPOHHO-IIpKOBHUIl mepexia
(p-n nepexin). lllupuna ¥ioro, mo3HaueHa K L, BUMIPIOETHCS JIECATKAMU
MiKkpoHiB. OCKUIBKH Y p-# IEpeX0i BIICYTHI pyX0oMi HOCI1 3apsiiB (BiH 3a-
MOBHEHUI HEPYXOMHUMH 10HAMH ), TO HOT'O €IEKTPUYHHH OIIp TyKe BETUKHH.

Po3msiHeMo TOBEAIHKY p-# TIEPEXOLy E..
TIPY MiJIMKHEHHI JT0 HhOT'O 30BHIIITHBOI Ha- p n
npyru. Moxiuse npsiMe abo 3BOPOTHE ® | ©)
BMUKAaHHS. ] O [
IIpu 3BOpOTHOMY BMHKAaHHI, SIK I10- ] ©)
Ka3aHo Ha puc. 1.5, 1o p-n nepexoxy npu- | P —
KJIaJa€ThCsl 30BHIlIHS Hanpyra U, , BHac- | HeOCHoeHi  Ea
JIJTOK YO0 10 IOr0 BHYTPILITHBOTO SIICK- HOC’""_ . >
TPUYHOTO OISl JOAETHCS 30BHIILIHE €JIEK- S
TPHMYHE I0JIE 3 HANIpYXKeHicTio £ . Y pe- w
3yJbTaTi TOJIE B p-1 TIEPEXOAl 3pOCTaE i Usn
Horo HaHp}I)KeHiCTL ,Z[OpiBHIO€ Puc. 1.5 — 3BOpOTHE BMMKAHHS
Epe3 = Emt + E3H . (]2) ’O-n I'IepeXOJJ,y

OCKINIBKY €NEeKTPUIHUH OIIip p-71 IEPEXOTY My’KE BEIUKUHN, TO MalKe BCS
Hanpyra U, NpUKJIaaeTbes 10 HBOTO.
OTxe, pi3HAISI TOTEHITIATIB Ha ITePEeX0i CTAHOBHUTH

Qs =0, +U,,. (1.3)

3amipHi BIacTUBOCTI EPEXOAY MPH LIbOMY 3pOCTar0Th, Tu(y3iitHa cKita-
J10Ba CTPYMY i, . SMCHIIYEThCS, a npeiidosa i ,p HE 3MIHIOETECS (60 3ane-
JKUTB JINIIE BiJl CTyIIEHA HarpiBy pedoBuHH). Yepes mepexin mpoTikae 3B0-
POTHMIA CTpyM

i36 = i()p - i()u(}) . (14)

Ockineku i, 47® 0, TO 3BOPOTHHUI CTPYM BHU3HAYAETHCS KOHIIEHTPALIIEIO
HEOCHOBHHX HOCIiB 3apsAIiB i € HE3HAYHUM.

[Ipn mpssMoMy BMHKAaHHI, SIK 1MOKa3aHO Ha puc. 1.6, 3a 3a3HadeHOl
MOJIIPHOCTI 30BHIIIHBO] HATIPYTH 30BHIIIHE €IEKTPHYHE TI0JI€ CIIPSIMOBAHE
Ha3yCTpi4 BHYTPIITHbOMY, 1 pe3yJIbTyI04ua HalpyKXeHiCTh 3MEHIITY €ThCS

Epex :EBH -Ea’n- (15)

ITpu tbomy i, , 3POCTAE, a i, 3MEHIIYEThCH. Pi3anns motenmianis cra-

HOBUTh

(ppe3:(pK_U3H' (1~6)
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e 1 VY oMy BHIAJKyY Yepes mepexis reue
P — psAMUN CprM
® | © ldud) (1.7)
- ] B4G Bin 3yM0BJnoeTLcs[ ambymnﬁom CKJIa-
® Q/ @) J0BOIO CTPYMY, TOOTO 3aJI€KUTh BiJ] KOH-
T ; LEeHTpawii OCHOBHUX PyXOMHX HOCIiB 3a-
HEOCHOBHI E3” 'np PAIiB, 1 € BEUKUM.
Hocll m Z OCKiIBKH y p-n Iepexony SBHO BHpa-
Ll S T ’KEeH1 HEIIHIMHI BJACTUBOCTI, TO 3a/€K-
w HICTb CTPYyMYy, L0 Yepe3 HbOT'0 NPOTIKae,

u . . .
o BiJl IPUKIIAA€HOT HAPYTH LTIOCTPYIOTH 32

Puc. 1.6 — MpsiMe BMMKaHHS  110110MOr010 BOJILT-aMIIEPHOI XapaKTe-

p-nnepexony puctuku (BAX).
Inp Teopernuna BAX p-n
BAX nepexony IMokKa3zaHa Ha
puc. 1.7. Bona mae npsmy
N (1) Ta3BOpOTHY (2,3) TLIKN.
1 SKmo Hampyra npsimo-

IO BMHKAHHS Unp< J, ue-
pe3 mepexi, Orip SIKOTO Be-
JIMKHAN, Te4Y€ MaJIUH CTPYM.
3 P SIK TiTBKY 31 30UTBITICHHSIM
Unp OCTAHHE JIOCATHE 3Ha-
2 I aens U =7, 3alipHi
36 BJIACTHUBOCTI p-#1 TIEPEXOTY

Puc. 1.7 — TeopeTtnuHa BAX p-n nepexony 3HHKAIOTh, i CTPYM dYepes
Mepexi] BU3HAYAETHCS JIHIIE TPOBITHICTIO p- 1 1~ TIapiB.

Takum 9uHOM, p-1 TIEpeXig Mac BeHTHJIbHI BJaCTHBOCTI (Bi HIMEITEKO-
TO CIIOBA Ventil — KiiamaH), TOOTO MPH MPSIMOMY BMHKaHHI1 HOTO OITip MaJIvi,
a IIpy 3BOPOTHOMY — 3HAYHUI.

ITpu 3pocranHi Bijx Hysist 3BOPOTHOI Hanpyru U, , MBHAKICTE pyXy He-
OCH?.BHI/IX HOCl'l']i qepes H'e':.pexul 3pocrae. llpu U =U, H_IBI/I,Z];KIC.TI) .p}IXOMI/I)'('
HOCIIB TaKa, 110 iX eHeprii BUCTa4Ya€ IJ1sl BAHWKHEHHS B MaTepiamni yaapHoi
10Hi3aI1ii — BUOWBAHHS TOMATKOBUX HOCIIB 3apsTy. BHACITIOK IBOTO BiIOyBa-
€THCS JTABHHOMOAIOHUH 3picT 3BOPOTHOTO CTpyMy. Lle sBwuIle Ha3MBa€eTHCS
eJIEKTPHYHUM NPoboEM p-n niepexony, a U — Hanpyrorw 1npoboro. ko

Use Un % Unp
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IIPU UBOMY p-# Tiepexii e(peKTUBHO OXOJOMKYEThCS, pi3Ke 3pOCTaHHs HO-
TY>KHOCTI, III0 B HHOMY BULISETHCS (Ugg[ss), HE MPU3BOJIUTH 0 CYTTEBUX
3MiH TeMIIEpaTypy CTPYKTYPH 1 ENIeKTPUYHUI MPOoOiii MpOTiKae Mpy He3MiHHIA
Harnpysi. Ile sBume mMae 380poTHuii xapakrep. ToOTo, npu 3HmwkenHi U
3aIipHi BIACTUBOCTI p-# TIepexXoy BiTHOBIMOIOTECS (Tika 2 BAX).

SBuIIE ENEKTPUIHOTO MPOOOIO BUKOPUCTOBYETHCS, HAPUKIIAJ, IPH CTBO-
penni Takoro HII npunany sik crabimiTpoH.

[Ipu HeehekTHBHOMY TEIIOBiABEICHH], TEMIIEpATypa CTPYKTYPH 3poc-
Tae (KUIbKICTh PyXOMHX HOCI1B IIPH LIEOMY 30UIBIIY€ETHCS TAKOXK 33 PAXyHOK
TEIUIOBO1 reHeparii), JOKH eJIEKTPUIHNHN NPOo0ii HE MEPEXOANTh Y TeIJI0-
BH, KOJIM MaTepiajl pO3IUIABISETHCS 1 p-n Iepexia pyHHyeTbes. TernoBuii
po0iii, 3po3ymino, He3BopoTHuUH (Tinka 3 BAX).

OTxe, p-n epexia — 1e sABUILE, 10 BUHUKaE Ha Mexi ABox HII pizHoro
THITY [IPOBIHOCTI 1 XapaKTepU3Y€EThCS BIICYTHICTIO Y IPHIIETITIH J10 Li€T Mexi
30Hi BUIBHUX HOCI1B 3aps1y, yepes 1o ii omip HeckinueHHUH. Tomy p-n iepe-
XiJ1 1€ HA3UBAIOTh 3AIIPHUM IaAPOM.

Hacamkinens 3a3Ha4MMO BIaCTUBOCTI p-# TIEPEXOLY, IO (B OCHOBHOMY)
BUKOPUCTOBYIOTHCS U 11o0YA0Bi enexTpoHanx HIT npunanis:

1) omHOCTOPOHHS MPOBIAHICTH (BEHTHIIbHI BIACTUBOCTI);

2) pmyxe BETHKHUH OIip 30HU p-# MEPEXOAY SIK 30HH, 16 HEMAa€ BUTBHUX
HOCI{B 3aps/1y (3aIlipHi BIaCTHBOCTI);

3) 3MiHa UPUHHE p-#1 IEPEXOAY 31 SMIHOIO BEIMYWHU 3BOPOTHOT HAIIPYTH
(sIK pe3ynbTar — 3MiHa EMHOCTI p-# TIEPEXOAY);

4) CcTabUIBHICTD HAIIPYTH Ha p-#1 TIEPEXOIl y PEKUMI eJIEKTPIIHOTO IPOOOI0;

5) HasBHICTH HEOCHOBHUX HOCIIB (1110 BAHUKAIOTH BHACIIIOK TETUIOBOT
reHeparii) B mapax p- i n-Tumy.

KoHTponbHi 3anuTaHHg

~

Hosacnimb, wo maxe HanienpogioHuku (Yucmi i OOMIUIKOBI).

Ill]o maxe p-n nepexio?

3. Lo maxe npsme i 360pomne emuxanus p-n nepexody? Iloscnimo
NnOGEOIHKY p-N nepexody npu npsamomy i 360pOMHOMY GMUKAHHI.

4. IlJo make BAX i akuil uensio 6ona mae y p-n nepexooy?

5. Braocims enacmueocmi p-n nepexooy, sKi UKOPUCHOGYIOMb NPU

no6y008i HANiBNPOBIOHUKOBUX eeKMPOHHUX NPULAOIE.

N



24

PO34lIN 2

HANMIBNPOBIAHUKOBI NPUJAOU
TA IX CTUCJIA XAPAKTEPUCTUKA

2.1. Knacudikauia HaniBnpoBigHMKOBMX Nnpunaais

HIT npunanu noaiisiroTbesl Ha TaKi TPYIH:
1) HII pe3ucropu;

2) HIT mioaw;

3) 6inoNApHI TPAaH3UCTOPH;

4) yHinomnspHi (IOJIbOB1) TPAH3UCTOPH;

5) TupucTopH.

2.2. HaniBnpoBigHUKOBI pesucTopm

HII pe3ucTopu MaioTh ABa BUXIJHHUX €IEKTpoAH. BoHuW mominstorscs
Ha JIiHIITHI Ta HeMIHIHHI.

VY aiHiHMX pe3ucTOpiB MUTOMHNA €IEKTPUYHHH OIip He 3aJIeKUTh Bif
TIPHMK/IaIEHOT HAPYTH. [X yMOBHE MO3HAYeHHs HaBe/ieHe Ha puc. 2.1,a. Bonn
BUTOTOBIISIIOTHCS Ha 0cHOBI HII p- a60 n-Tuty 1 BUKOPHCTOBYIOTHCS B IHTET -
paNbHUX MIKpOCXEMaXx.

R
R R R B R
; u ; t°
a) 6) B) r)
Puc. 2.1 — YMOBHI no3HaueHHs NiHiiHOrO peauncTtopa (a), Bapuctopa (6),
TepmopesuncTopa (B), botopesuctopa (r)

Heuniniiini pesucropu (Bapucropu) — 1e taki HII pesuctopn, y sxux
IUTOMMH OIip 3aI€KUTh BiJl IPHKIaAEHOT HATIPYTH. IXHE yMOBHE ITO3HAYEH-
HS HaBeJeHe Ha puc. 2.1,6. Bapucrop mae HemiHiiHYy cumeTpuyuHy BAX,
SIKy TIOKa3aHo Ha puc. 2.2.

OpuH 3 0CHOBHHX ITapaMeTpiB BapuCTOpa — KOe(illi€HT HeNHIHHOCTI 1,
SKUH BU3HAYA€THCS BIJHOLIEHHSAM CTATMYHOIO OIOPY Bapuctopa R 1o
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HOro IMHaMi4HOro onopy R : [, mA
R, U dU 6
A= =—:——=const, (2.1) L4
R, I dI
, -60 -40 -20 [2 U, B
ne U, I —nanpyra Ha BapuCTOpi Ta CTpyM =< : ‘ T T
4yepe3 HbOrO. o] 20 40
3azBuuaii 1 =2 | 6. 4
Bapucropu BUKOPUCTOBYIOTH SIK 00- 6

MexXyBadi Harpyru s 3axucty HI1 mpu-
JIA/TiB Bl KOPOTKOYACHHX MIEPEHAIIPYT.

Takox icaytors HII pesuctopu, omip
SIKUX PI3KO 3aJICKUTH Bijl TEMIIEPaTypu HABKOJIMITHLOTO cepenopuia. Lle
— TepMOpe3HCTOpH. IXHe YMOBHE MO3HAYeHHs HaBe[eHe Ha puc. 2.1,B.

TepMope3ucTopu MOALISIOTHCS HAa TEPMICTOPH, Y SIKUX 13 3pOCTaHHIM
TEMIIEPATypPH OIip 3MEHIIYEThCS, Ta MO3UCTOPH, V SAKUX 13 3POCTAHHIM
TEMIIEPATYPH OITip 3pOCTa€e (BUKOHYIOTHCS HA OCHOBI CETHETOCIIEKTPHKIB).

3aJIeKHICTh OMOPY TEPMOPE3UCTOPA BiJl TEMIIEPATypPH BU3HAYAETHCS
EKCIIOHEHIIHHUM 3aKOHOM:

Puc. 2.2 - BAX BapucTopa

R, = ke, (2.2)

ne k, b —xoedimieHTH, 3a1€XKH1 BiJl KOHCTPYKTUBHUX PO3MIipiB Ta KOHIIEHT-
partii nomimox y HII BinmoBigHO;

T — abconoTHa TeMIeparypa.

Tepmopesuctopu (TepMicTopH, TO3UCTOPH) BUKOPHUCTOBYIOTHCSA SIK Jat-
YUKW TEMIEPaTypH y CHCTEMaxX PErylIiOBaHHA TEMIIEpaTypH, TETLIOBOTO
3aXKCTY, IPOTUIIOKEKHOT CUTHAJTI3ALIiT, 11 TepMOCTAOLTI3allil PeKUMIB pO-
00TH ENEKTPOHHHUX TPHCTPOIB.

[ToTy>kHi MO3UCTOPH JO3BOJISIOTH 3a0€3MeTyBaTH 3aXUCT €JIEKTPOOOIa -
HaHHS B CTPyMiB IIepeBaHTaKEHHS (3aMICTh TEIUIOBUX pEJie).

VY ¢oTopesuctopis (puc. 2.1,r) omip 3a1eKUTh BiJl CTYIICHIO OCBITIICHHS.
Ix, B 0ocHOBHOMY, 3aCTOCOBYIOT y IPUCTPOSIX ABTOMATHKH.

2.3. HanienpoBigHuKOBI gioan

HaniBnpoBinnuxosi aiomu — e HI1 mpusia i, BUTOTOBIICH] HA OCHOBI IBO-
mapoBux HII cTpykTyp 1 sIKi BHKOPHUCTOBYIOTH BIIACTHBOCTI p-# TIEPEXOY.
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[poko po3nOBCIOMKEHI BUIIPSIMHI Ti0XH, sl SIKUX 0a3y€ThCsl HA BHKOPHUC-
TaHHI BEHTUJIHHUX BIIACTUBOCTEH p-1 TIEPEXoy.

CrpykTypa Ta YMOBHE IMO3HAUYEHHS Ji0ja, WOTO TiJIpaBlliyHa MOJIEIb, a
Tako)k BAX mOTy»HOT0 BHIIPSMHOTO J1i0/1a HaBeIeH1 Ha puc. 2.3.

lnp, A °
—plnH L 60 70 .
20
Unp L 40
0)
VD L 20
+ - U B -200 -100 ¢ Unp, B
O | | O L ‘ 1 T T T
0 A& 02 04 06 08
70° -1
Use 20° - 24
l36, MA
a) B)

Puc. 2.3 - CTpykTypa Ta yMOBHE NO3HAYEHHS (a), rigpasnidHa Moaess (6)
i BAX (B) BUnpsiMHOro fiopa

I'iapaBmiaHmi Mpy>KUHHUH KJ1araH (BEHTHIIb) MOYKE CITYTYBaTH MApaBJIiy-
HOK Moae/uT aiona. Kimaman Mae BIacCTHBICTH OJJHOCTOPOHHBOTO TIPO-
ITyCKaHHsI CTPYMEHIO PIIMHH Y 3aJIEKHOCTI BiJl HAIIPSIMKY THCKY.

Bunpsimui mioau npusHavYeHi A1l BUTIPSAMIIEHHS 3MIHHOTO CTPYMY HU3BKO1
YacTOTH.

OCHOBHMMU TapaMeTpaMH BUIPSIMHUX JTIOJIIB €:

— TPaHAYHUNA IPSAMHNA CTPYM AioAa ]np — MaKCHUMAaJIBHO JOIyCTHME Ce-
pEIHE 3HAUYEHHS CTPYMY Yepe3 101 y MPsIMOMY HaIlPSIMKY 32 BUSHAYEHUX
YMOB OXOJIOMKEHHS, Y CYYaCHHX JI10/IiB ]np =(0,1 , 3200) A;

— MaKCHMAaJIbHO JIOIYCTHUMHN IPSIMUHN CTPyM niona (IMITyI6CHHUN) Inp
ctaoBuTh (10 | 50)Inp;

— IpSIMHAN criajl HANpyru Unp, TOOTO cepeHe 3HAYEHHS HalPyTH Ha 101
MIpH TPAaHUYHOMY TPSIMOMY CTpyMi Inp, IUTS A10JiB 3 KPEMHII0 CTAaHOBUTH
(0,6 , 1,0)B;

— MakCHMaJIbHO JIOIyCTUMa 3BOpOTHA Hanpyra U, ., 1m0 NOpIBHIOE
MaKCHUMAJIbHO JTOIYCTUMOMY aMILTITYTHOMY 3HaUY€HHIO 3BOPOTHOI Harpy-
T'H, K€ HE IPU3BOANTH 0 BUXOAY 3 JIaAy MPUIaTy 3a BUBHAYEHUX yMOB
oxonomwkenns, U, = (50 , 10000) B.

max’



2. HAIIBITPOBIAHUKOBI [TPUJIALU TA IX CTUCIIA XAPAKTEPUCTUKA 27

BuroroBnstoTbes BHUII- VD
PSMHI 11011 TIEPEBasKHO 13

. . TV
KpeMHiIo (Y IepCIeKTUBI —
. . . +(-
i3 apceHingy raiuimo, fK )
. .y S uz Ru

OLIBII TEPMOCTIHKOTO).

Hadinpocrima cxema -(+)

O

BUINPSIMJICHHS HalpyrH
3MIHHOTO CTpPyMYy i3 3a-
CTOCYBAHHSIM BHUIPAM-
HOTO Jiona HaBeneHa Ha puc. 2.4. TyT miog € aBTOMaTHYHUM KIIIOYEM,
3aMKHEHHH Y1 PO3IMKHEHUH CTaH SKOTO BU3HAYAETHCS MOJSIPHICTIO IPHU-
KJIaJIeHOI 10 HHOT'O HATIPYTH.

Hdiogamu HloTTKM HA3MBaIOTH JiOJH, Y SAKHUX BUKOPUCTOBYETHCS HE
p-n TIepexia, a nepexia MK HamiBIPOBIAHUKOM 1 METalIoM (MOJIiOeHOM
abo amrominiem). Ilepexin, aHanoriuHuil 10 p-n Nepexony, BAHUKAE TYT,
HaNpHUKIaL, U1 HAIBOPOBIAHMKA #-THITY 32 PaXyHOK [IEPEMIIIEHHS eJIeK-
TPOHIB i3 HaNliBIPOBIAHUKA Y MeTaj. [oHM TOHOPHOT JOMIIIKH CTBOPIOIOTH
y IPUTrPAaHUIHOMY IIAPi HO3UTUBHUHN MOTEHLia, Yepe3 110 BUHUKAE KOH-
TaKTHa pi3HUIA noTeHMianiB. [Ipy mogadi 30BHINIHBOT HATIPYTH TAKUH I1e-
pexin Bene cebe aHaJIoTidHO 0 p-n Tepexony. Ase mpsMme mafiHHg Ha-
MPYrd Ha HbOMY 3Ha4HO MEHIIIe, OCKUILKH OJHHM 3 MaTepiajliB Mepexomy
€ MeTaJ 3 MaJNM OIIOPOM.

3a paxyHOK BiICYTHOCTI HPOHUKHEHHSI IIPOK 3 METAITy Y HaITiBIIPOBITHUK
mBUAKOIs HioAiB LIIOTTKH TakoX 3HAYHO BHUINA, HIXK Y 3BUYaHUAX JTIO/IB,
00 BiJICyTHE pO3CMOKTYBaHHS HOCITB Y METaJIi PH 3MiHi MOJSIPHOCTI 30BHi-
mHBOT Hapyru. ToMy BOHH MOXKYTh MPAIlOBaTH Ha YacTOTaX JI0 JECSATKIB
rirarepit.

3aBngku MeHIIiH npsmiil Hanpysi (6mau3eko 0,3 B) k.x.4. nputagy nmpu
MPOIYCKaHHI BETUKUX CTPYMIB (Y CHJTOBHX BEHTWJIIB) 3HAYHO BUILUH, HIXK Y
3BUYAHIX KPEMHIE€BUX HAITIBIPOBITHUKOBUX JTIOITIB.

Hionn IIoTTkM 3HAXONMATH NIMPOKE POMOBCIOMKCHHS SIK Y TIPUCTPOSX
iH(OpMaliTHOT eNEKTPOHIKH, TaK 1y CUIIOBUX.

HII niox, Ha sskoMy HampyTa B 30HI €IEKTPUYHOTO MPoOOI0 Maiike He
3aJIeKUTH BiJ CTPyMY, Ha3UBa€TbCA cTadiaiTpoHOM. Sk moctae 3 BAX,
HaBeJleHOi Ha puc. 2.5, y 30HI MPo0O0I0 HANpyra Ha CTablTiTPOHI Mailke He
3aJIE)KUTh BiJl CTPYyMy 4€pe3 Hboro /.

Puc. 2.4 — HavinpocrTilwa cxema
BUMPSIMIIEHHS! HANPYrK
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VD lnp, A CrabingiTpoHu BUKOpHC-
; - 40 TOBYIOTh JUIA CcTa0imi3arii
Hanpyru. 1o 3amobirtu
L 20 TEII0BOMY Npo0or0, TXHs
KOHCTPYKIIisl 3a0e3mneuye
Uem, B -8 -4 0 Un, B €pEeKTUBHE BiABEICHHS
‘ ‘ TEIIa BiJf KpUCTATY.
0,4 0,8

OCHOBHHMHU TapaMeTpa-

- 10 MU CTa0UTITpOHA €:
— Hanpyra crabimizanii
220- U, , 110 CTaHOBUTS Bixl 1 10

lom, MA 1000 B;

Puc. 2.5 - YMoBHe no3HadeHHs Ta BAX — IUHAMIYHHHA OIip Ha
crabinirpoHa JOUIAHI cTadimizamii (xa-

paxkTepusye 3MiHy BEIMUMHH HAPYTH HA MIPUIai 31 3SMiHAMHU CTPYMY Kpi3b
HBOTO)
dUcm

Ry =—"", 2.3
= Al 2.3)

10 CKJIAJIA€ BiJl OMUHUITH 1O JECST-
kiB OwMm;

— MiHIMaJIBHAN CTPYM cTalimizarii

om min — MIHIMAJIBHUH CTPYM, TIpH

SIKOMY IIPHJIaJ] TapaHTOBaHO 3HAXO-

JTHCSI B PEXKMMI CTa0Li3al1ii — CKIIa-

- O L O -
Puc. 2.6 — Cxema enemeHtapHoro  Aa€ OIMHHUII MUTIAMIIED;
crabinizatopa Hanpyru — MaKCHMAaJbHHUN CTPyM CcTalii-
lnp, MA . samii [, — MaKkCHMaJbHO JIOITyC-

TUMHM CTPYM depe3 MpuiIa, 10Cs-
% rae (0,02 . 1,5) A.

Hatirmpocrima cxema crabimizarii

HaBelleHa Ha puc. 2.6.
Tynensnmii gion — e HIT mpuma,
Y SIKOTO CrieM(pIvHIHN TyHETBHHI e(heKT
0,5 10 Uy B mpu3BoiuTk JI0 mosBu Ha BAX mpu
Puc. 2.7 — YMOBHE Mo3Ha4YeHHs Ta TIpAMIFt Harpy3i AUTAHKH HEraTHBHOI 1po-
BAX TYHENbHOro niopa BIJTHOCTI — IITpUXOBa JIHIS HA puc. 2.7
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(TaM ke HaBeIEHO YMOBHE IMO3HA4YeHHS Npuiaay). Sk podbodya BUKOpHUCTO-
BY€TbCA IpsiMa Tiika BAX.

OCHOBHMMH NapaMeTpaMH TYHEJIBHOTO A10/1a €:

— crpyM mmiky / , mo cknanae (0,1, 100) MA;

— BIAHOLIEHHS CTPyMY HiKy / 0 CTpyMy 3anajuHu /;

1
L =(5+20
7 ( ).

3

TynenwHi giogu — mBuakoairoui HII mpumamu, mo 3acToOCOBYIOTHCS B
reHepaTopax BUCOKOYACTOTHUX KOJIHMBAaHb Ta IIBUAKOMIIOUMX IMITYJIECHUX
nepeMuKayax.

BucoxouyactoTHi gioan npusHaudeHi ans poOOTHM Ha YacTOTax A0 CO-
TEHb MeTarepll, /e 0COOIUBE 3HAUEHHSI BiAIrpae iHEpLiHHICTh 1i0/1a, TIOB 5
3aHa 3 IIpoLlecaMH HAKOIIMYECHHS 3apsi/iiB Y 30H1 p-n Iepexony IpH BiIKpH-
BaHHI J101a Ta pO3CMOKTYBaHHsI 3apsIiB IIPH HOT0 3aKpUBaHHI (IIpHU YTBO-
PEHHI p-n IepeXOYy, SIK 30HH, BUILHOI BiJl pyXOMHUX HOCIIB 3apsay). HeoOxi-
JTHO TaKOX BPaxoByBaTu BJIACHY €MHICTh J1i0Jia, SIK IJIOCKIHHOI CTPYKTYpH
(mapu HII, po3aineHi 30HO p-n MEPEXoAy 3 BEIHKHUM OIOPOM, YTBOPIO-
FOTh TTAPA3UTHUH KOHIEHCaTop). Bee 1me mpru3BOmUTh /10 TOTO, IO 31 301TBIICH-
HSIM YaCTOTH 3HAYEHHS IPSMOTO 1 3BOPOTHOTO CTPYMIB 4epe3 Ji0/1 CTaloTh
CYMIPHHMMH 1 BiH BTpaJa€ BIACTUBICTh OJHOCTOPOHHBOI IIPOBIAHOCTI.

IMnyabeHi 1ioqM BUKOPUCTOBYIOTH SIK KIIFOUOBI €IEMEHTH B IMITYIIbC-
HUX IPUCTPOsiX. DaKTHIHO, 1€ € PI3HOBU BUCOKOYACTOTHHUX J10/1iB, 00 BOHU
TaKOX MAIOTh MaJTy 1HEPIIIHHICTE, M0 3a0e3neuye Mary TPUBAIICTh TIepe-
X1THUX TIpo1IeCiB P 3aMUKaHHI Ta pO3MHKaHHI Kiitoda. Kineune 3Ha4eHHS
yacy HaKOMYEHHS HOCIiB y 30Hi p-1 IEPEX0y IMPH MEePeXo/i Tioaa y mpo-
BiJTHHI CTaH MiCJIA Mo/Iadi Ha HOTO MPSAMO{ HaIIpyTH — P 3aMHUKaHHI KITFO-
9a — IPU3BOUTE JI0 TOTO, IO OIIip KJTI0Ya Bijl BEJMKOTO 3HAYEHHS /IO MaJIo-
TO 3MIHIOETBCSA HE MUTTEBO. Hacmiakom € 3aTsaryBaHHS GPOHTY IMITYIBCY
HanpyTH Ha HaBaHTaxeHHI. [Ipy HacTymHIH pi3Kiii mogavi Ha JIOAHUN KITIOT
3BOPOTHOI HAIIPYTH, 32 paXyHOK PO3CMOKTYBAHHS 3aps/IiB 3 30HH p-1 TIEepe-
XOJTY, 3MIHIOETECS JIUIIE HAMIPSMOK MPOTIKAHHS CTpyMy depe3 mion. Ha Ha-
BaHTaXEHHI MAEMO BUKHUJI HAIIPYTH 3BOPOTHO] MOSIPHOCTI 3 aMILTITY/OIO, 110
JOPIBHIOE aMILTITY/Il IMITYITBCY. | TUTBKH Yepe3 JesiKuii yac — Jyac BiTHOBJICH-
HS 3aIlipHUX BIACTUBOCTEH — CTPYM CHaJIa€ 10 HyJIsI (BIpHiIIe — 0 3HAYSHHS
TEIUIOBOTO 3BOPOTHOTO CTPYMY p-# TIEPEXOAY) — KITFOY PO3MHUKAETHCH.
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®doToaioan — GOTOCNEKTPUYHI IPUIAAN 3 BHYTPILIHIM poToedeKrToM,
SIKUH TIOJISITAE y TOMY, 11O ITiJT €10 CBITIIOBOI eHeprii BiiOyBa€eThCs i0HI3amis
aTOMIB OCHOBHO1 PEYOBHHH Ta JOMIIIKH. SIK HACIIiI0K — CTPYM NP 3BOPOT-
HOMY BMHKAaHHI 3pOCTae.

CaiTJ101i0AM — IEPETBOPIOIOTH EHEPTIIO EIEKTPUYHOTO TI0JISl B HETETLIO-
B€ ONITUYHE BUNIPOMiHIOBaHHS. [Ipy npoTikaHHi CTpyMy uepes iof 3 apce-
Higy rajiro pekoMOiHamis HOCIiB 3apsiay CyPOBOKY€ETHCSI HE TUIBKU BUI-
JICHHSIM TETIA, SIK, HAITPHUKIIAJ, Y KPEMHIEBOTO /11013, a I1e 1 KBaHTIB CBITIA.

i npunagy cTpyMoBi — 1Jig iXHBOI poOOTH HEOOX1IHO 3a1aBaTH eB-
HEe 3HA4YCHHs CTpyMYy depe3 mpuiaa. BoHu OyBaioTe 4epBOHOTO, 3elie-
HOT0, )KOBTOT'O Ta CHHBOTO cBideHHA. KoMOiHalis y onHOMY Ipuiiaai Kpu-
CTaJliB 4YePBOHOTO, 3€JICHOTO 1 CHHHOTO CBiU€HHsI 3a0e31euy€e OTpUMaH-
HA CBiTJIOI0A O1TOTO CBiYeHHS. BiqoMuii CBITIONI0/ 3 3€JICHHUM 1 4ep-
BOHUM KPHCTaJIaMH, 1110 34 Pi3HOTO CIiBBiIHOIIEHHS CTPYMIB Y HHX 3a-
Oe3mnedye 3MiHy CBiU€HHS BiJ 3€JIEHOTO Yepe3 KOBTHH 1 JKOBTOTrapsUHid
710 YePBOHOTO, MOXe OyTH BUKOPUCTAHUI, HAIPUKIIA, SIK IHIUKATOp Ha-
JAIITyBaHHS pagionpuiiMaya.

Panire cBiTIIO1011 BAKOPUCTOBYBAJIM B OCHOBHOMY SIK KPAIKOBi iHAU-
KaTopHi eneMeHTH. OCTaHHIM YacoM 3’ SBUJIIMCH MOTYXKHI TpuiIagu. 3a
PO3MipiB 3 CIpPHUKOBY TOJIOBKY BOHH MAIOTh IMMOTYKHICTB 110 5 BT 3a cTpy-
My 10 1,5 A nipu npsimiit Hanpy3i Bix 2,8 1o 12 B Ta iHTEHCHBHOCTI BHIIPO-
MiHtoBaHHs 10 200 M. [Ipu nbomy 32 epeKTHBHICTIO BOHH IPUOIIH3HO Y
II’SATh pa3iB MEePEeBAKAIOTH JIAMIN PO3’KApPIOBAHHS Ta TAJIOTEHHI JIAMITH.
Jl71s1 MOTY>KHUX KOJIbOPOBUX CBITIIOIOAIB el TOKA3HUK OLTBIT HIXK Y Je-
CATh Pa3iB BUIIMIA, OCKLIBKH HEMAE OTPEOH Y CBITIIOMIIBTpax. 3 yI0CKO-
HAJICHHSIM TEXHOJIOTI1 MOJIIIIITY€E€ThCS KOJIbOpOIIepeiada, 0COOIMBO Y CBITIO-
miozaiB 0171010 CBIYEHHS.

IToTy>kHi CBITJIONIOM 3aCTOCOBYIOTh B JIIXTapsAX, CBITWJIBHHUKAX, aBTO-
MOOUTBHUX (apax, cBiTIO(dOpax, MPUCTPOSIX IMiICBITyBaHHS (acaiB cIo-
pYyI, TaM’ ITHUKIB, (JOHTAHIB Ta pEKJIaMHUX HIUTIB.

3BUYAITHO K, CTPOK CITY’KOW y CBITIIOMIOIB Y ACCATKU Pa3iB JOBIIHMA,
HIX y JJaMI PO3’KaprOBaHHS.

Y Bapukana mpu 3MiHaX BEJIMYHMHHU 3BOPOTHOI HANPYTH 3MIHIOETHCS
€MHICTb, 3aBJISIKH YOMY BiH MOKE€ 3aCTOCOBYBATHCS, HAITPUKIIA], ISl aBTO-
MaTUYHOTO HAJIAIITYBaHH: KOHTYPIB pajlionpuiiMada abo TeJeBi3opa Ha Mmo-
TpiOHY CTaHIIIFO UM KaHAJI.
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'YMOBHI o3Ha4eHHA GOTO-, CBITIIONIONa Ta BapHKara HaBeeHi Ha puc. 2.8.

N VD VD A .
a) 0) B)

Puc. 2.8 — YMoBHI nosHaueHHs doToioaa (a), ceitnogiona (6), Bapukana (B)

2.4. binonsipHi TpaH3ucTOpM

2.4.1. NoGypoBa Ta NpMHLUMN Aii TPaH3MCTOpPA

Tpansucropom (Bin TRANSfer resISTOR — Takuii, IO NMEPETBOPIOE
OIlip) Ha3UBa€eThCsA enekTponepersoproBaibuuit HI1 npunan, sikuit Mae onun
a0 JeKinbKa p-n nepexoais, TpH ado Oiyblie BUBOMIB 1 30aTHUN ITiICHITIO-
BaTH MOTYKHICTh €JIEKTPUYHOTO CUTHAITY.

Jemro 3abiratoun Hamepen, po3MISTHEMO €JIEMEHTAPHI MTOJI0KEHHSI IIPO-
LIeCy MiJCUIICHHS MTOTY>KHOCTI EJIEKTPUYHOTO CUTHAITY.

V Haif3araJIbHINIOMY BUTJISAL JUTS HiACHICHHS HEOOXiHA CXeMa, HaBe-
JeHa Ha puc. 2.9.

Bona ckianaerbcsi 3 HaBaHTaKEHHS
RH, JoKepea KUBJIEHH E 4, T JIESIKOTO
TIMOTETHYHOTO MiICUJII0I0Y0r0 eJleMeH- Ry E ox
Ta IIE. Bx.

MarnomnoTy>xHa BXigHa ais (Bx. 0is) % ME
3MiHIO€ TapameTpu //E Tax, 1o mporop-
IIHHO i1 3MIHIOETHCS MTOTYKHICTb, 0 BU-
JUISAETBCSA B R 32 paxyHOK E, .

V sxocrti //E nobpe 6yno 6 maru, Ha-
TIPHUKIIAJ, eNeKTpoHHuH npuian i3 BAX, mo naBeneni Ha puc. 2.10.

I3 sanexnocti I,_= f(U_) — puc. 2.10,a — BUJIHO, 1O BOHA SBJIAE COOOI0
TIPSIMY, & 3HAYMTh, 3MIHAM BX1HOI HAIIPyTH (BXiHOI /1i1) BIIITOBIAAIOTH ITPOTIOP-
1ifHI 3MiHK BX1IHOTO cTpyMy. Lle moBrHHO 3a0e3euyBaTy TOUHE pearyBaH-
us [7E na 3minm BXigHoi mii. I3 3anexwocri [, = f(U, ) — puc. 2.10,6 —
BUXOJIMTh, 110 (DIKCOBaHIM BEJIMUYMHI BXiTHOT J1ii, SIKa TPOSIBJISIETHCS Y BUIIIS I

Puc. 2.9 - EnemeHTapHa cxema
NigCUNeHHs
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Jox (hbikcoBaHOI BEIUYMHU I, BIJIIIOBIIA€
¢ikcoBaHa peakiist B cuioBomy koii [/E,
a caMe — (hikcoBaHe 3HaUCHHS CTPyMY e-
pe3lIE ] > IO HE 3QJIEXKUTH BiJI BEJINYU-
HU Hanpyru Ha Hbomy U, ..
Uex Temnep, Ax1110 MaeMo (ikcoBaHe 3HAYCH-
a) Hs HaBaHTaXeHHA R =R , To npw 3MiHi
E’”E oo > loe > e I BIf gyﬂ;{ JI0 HECKIHYEHHOCTI 3MiHH Ha-
Ri): - NPYTHU i CTPyMy B CHIIOBOMY KoJli OymyTh
lexs BignoBigatu npsmiit 1 Ha puc. 2.10, 6.
\ 1 l OTxe, 3MiHaM U, BI/IMOBIAFOTH MPO-
) o2 TOPIIHHI 3MIHH U g 11, BUNazky, Koinu
loxt RH = RHZ, BIJINIOBiJIA€ TIpsiMa 2.
\ Sxmo U, Ta [, NEPEBUILYIOTh 32 Be-
= Une J‘[I/I‘II/I.HOIO U tal, 1_v1a€1.\40 HIF[CHH‘}‘O]??I{’
6) IO BIATBOPIOE B R BCi 3MiHHM BXiIHOI JIii.
Puc. 2.10 — BAXrinotetnyHoro A Temep IOAMBHMOCH, YM MOXKE
MACUIIOKHOrO eNnemeHTa TPAH3MCTOP BUKOHYBaTH poJib ITE?

[npoko pO3MOBCIOMKEHI TPAH3UCTOPH 3 IBOMA p-A MEPEXOAaMu, II0
MAaroTh Ha3By OimoasspHuX. TepMiH “OiMoNspHUIA" MAKPECITIOE, IO MPOIIe-
CH B IINX TPAH3UCTOPAX OB’ sI3aHi 3 B3a€MOII€F0 HOCITB 3apsTy JBOX THIIIB:
€JIEKTPOHIB 1 AipoK. {7151 BATOTOBIEHHS TPAaH3UCTOPiB BUKOPHUCTOBYIOTH Tep-
MaHiH 1 gacTime KpeMHii. J[Ba p-n mepexonu CTBOPIOIOTH 3a JOIIOMOTOIO
TPHUIIAPOBOI CTPYKTYPH 3 YepeAyBaHHSM IIapiB, III0 MAIOTh EIEKTPOHHY Ta
TPKOBY €JIEKTPOIPOBITHOCTI.

'V BiAMOBIAHOCTI JI0 YepeayBaHHs [IapiB 3 PI3SHUMHU TUIIAMH €IEKTPOTIPOBiI-
HOCTI OIMOAPHI TPAH3UCTOPH MOAUISIOTHCS Ha IBA KITACH: H-p-1 1 p-n-p THITY,
SIK TTOKa3aHo Ha puc. 2.11.

IlenTpansauii map OGINOIIPHIX TPAH3UCTOPIB Mae Ha3By “0a3a”. 30BHIIIHIMI
JIBHH, IO € JHKEPEIIOM HOCI{B 3apsy (€IeKTPOHIB YH IIPOK) 1, TOJIOBHUM YH-
HOM, CTBOPIOE CTPYM TIPHJIa Ty, HA3UBAETHCA “emiTepom”. [IpaBmii 30BHIIITHII
map, 10 IpUAMaE 3apsiay Bif] eMiTepa, Ha3UBaeThCs “KoJiekTopom”. Ha me-
pexia eMitep-06aza HarpyTa MOIAETHCS Y MPSMOMY HaIPSIMKY, TOMY, HaBITh TIPH
He3Ha4Hii Harpy3i, yepe3 mepexij Tede Benukuil ctpyM. Ha mepexin xomek-
TOp-0a3a HarpyTra IMOAAETHCS Y 3BOPOTHOMY HAIPSMKY. 3a3BUyail il 3HAYCHHSI
Ha JISKUTbKA ITOPSIIKIB TIEPEBHIITY € 3HAYCHHS HAIIPYTH Ha IIePEXo/Ii eMiTep-0aza.

EO)K |
RH2
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n-p-n p-n-p
E K E K

— n n p— —gqp |n| p p—

VT
Ts T 5 E Q K
Puc.2.11 - CxemaTw-lHa noOyaoBa Ta YMOBHE MO3HAYEHHS] TpaH3|/|CTopiB
n-p-n(a) ta p-n-p(6) Tnis

Ha puc. 2.11 HaBeneHi TakoX €KBIBaJICHTHI CXeMH TPaH3HUCTOPIB Y BH-
IS ABOX Ji0AiB ( p-# mepexoaiB), yBIMKHEHHX 3yCTPIYHO. 3 HUX BHIHO,
10 TaKa KOHCTPYKLS HE Te 110 He MOKe 3a0e3MeuyBaTy MiACUICHHS eJIeK-
TPUYHOTO CUTHANY, a B3araji Hempales3iaTHa — CTPYM Bij KOJEKTopa 10
eMiTepa mpoTikaTu He Moxxe!

[Migcuirorodi BacTUBOCTI OIMOISAPHOTO TPAH3UCTOPa 3a0e3MeuyOThCS
TUM, LI0 p-# NEPEXOAN B HhOMY HE HE3aJIeXKHi, a B3a€EMOAIIOTh OAWH 3 OfI-
HUM, 1110, Y CBOIO YepTYy, 3a0€3MeUy€eThCs TEXHOIOTTYHUMHU 0COOTUBOCTIMU
BUKOHAHHS TPHUIIAPOBOI CTPYKTYPH. A came:

1) eMiTep BUKOHAHO 3 BEJIMKOIO KUIBKICTIO TOMIIIKH — BiH Ma€ BEIIUKY
KUTBKICTh BUTBHUX HOCI{B 3apsy;

2) 6a3a BUKOHaHa TOHKOIO 1 Ma€ Mally KUJIbKiCTh OCHOBHUX HOCIiB 3a-
panay;

3) KOJEeKTOp — MAaCUBHUI 1 Ma€e KUTbKICTh HOCIiB, MEHIITY, HIXK eMiTep.

Po3msiHeMo po0oTy TpaH3uCTOpa THITY H-p-H.

J14 moyaTKy nmpuIryCTUMO, 10 YBIMKHEHO JIMIIIE ITepeXi1 KoJaeKTop-0a3a:

J10 HBOTO MPHUKJIAIEHO HATIPYTY JDKEPENA KOJEKTOPHOTO JKUBJIEHHS F,, K
Mmoka3ano Ha puc. 2.12. Emitepanit

CTpyM I - I[Op.iBHIOC HYJEO, Y TpaH- E n |p| n K

3UCTOPI MPOTIKAE JIUIIE HE3HATHUN =0 +
3BOPOTHUI CTPYM 4€pe3 KOJIEKTOP- b E
Huii nepexin, 60 Yepe3 HbOTo pPy- ko T )
Xar0ThCAd HEOCHOBHI HOCIT 3apsny, o : -
110 3YMOBJIIOKTH IMOYAaTKOBUU Puc.2.12 - CnpomeHa cxema

CTpy™ 1. BMUKaHHS TpaH31cTopa
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E K SIKII0 MIIMKHY TH eMiTepHE JKe-
P— Pl N = PEJIo JKUBJIEHHS £, IK IOKa3aHO Ha
_ = 5 Wl puc. 2.13, emiTepHUi nepexiz 3Mi-
Ee Ex IIY€ETHCA y IPSIMOMY HallPsIMKY, Ye-
+ |ET pe3 HBOIO Teue CTPyM [, BU3HaYe-
= HOI BEJINYUHH.
Puc. 2.13 — Cxema BMMKaHHS

OCKIJIBKY 30BHIIIHIO Hapyry
MPUKJIAIEHO O eMITepHOro mepe-
X0y y IPSIMOMY HaNpSIMKY, €IEKTPOHH J10Ial0Th epeXif i MOTPaIuIsioTh Y
30HY 0a3u, € YaCTKOBO pPEeKOMOIHYIOTH 3 ii IipKaMu, yTBOPIOIOYH CTPYM
0asu I, BUIbIIICTh €NIEKTPOHIB, 110 € HEOCHOBHMMH HOCIIMH 117151 6a3u, 3aB-
TSIKH Apeiiy HOCATaloTh 30HU KOJIEKTOPa, JIe BOHU € OCHOBHUMH HOCISIMH,
1, TOTPAIUIAOYM I 1ir0 11011 £, yTBOPIOKOTH KOJIEKTOpHUH cTpyM /,. CTpym
I, IpaKTU4HO IOPIiBHIOE /.

PiBHSIHHS A5 CTPYMIB TPaH3UCTOPA B YCTAJICHOMY PEXHMMI Ma€ BUTIIS;

Ip=1I15+1f. (2.4)
3B’S130K MK CTPyMOM €MITepa i CTPyMOM KOJIEKTOpa XapaKTepu3y€eThb-
cs koedimieHTOM mepenadi cTpymy, Io BKa3ye, fKa 4acTKa IMOBHOTO
CTpPyMy 4Yepe3 eMITepHHI Tepexia JocsArae KoleKTopa (MepeqacTbes 10
HBOTO 3 eMiTepa): I,
o=—
Ig

Jis cydacHux Tpansucropis a =0,9 | 0,995.

TpaH3ucTop p-n-p TUIY Ji€ aHAJIOTIYHO, TUTBKH CTPYM dYepe3 MpHiiaj
3YMOBJICHUH, TOJIOBHUM YHHOM, JIpPKaMH, a TIOJISIPHICTH ITi IMUKAHHS JKe-
eI KUBIIEHHS POTHIICKHA.

TpaHaucTopa

(2.5)

2.4.2. OCHOBHi CXeMW BMUKAHHS | CTaTU4YHi XapaKTepPUCTUKK
GinongapHoro TpaH3ucTopa

Sk eJleMEeHT eJIeKTPIYHOTO KojIa TPAH3UCTOP 3a3BUYail BHKOPHUCTOBYETHCS
Tak, 110 OJUH 13 10T0 eTIEKTPOAIB € BXITHUM, IPYTUN BUXITHUM, a TPETIH —
CHUTBHUHN BITHOCHO BXOMY Ta BUXOAY. Y KOJIO BXIJTHOTO €JIEKTPOILy BMUKa-
€THCS DKEPEJIO BXIHOIO 3MIHHOTO CUTHAIY, 1110 HOro Tpeda MiJCHINTH 3a
MTOTYXKHICTIO, 8 ¥ KOJIO BUX1THOTO — HAaBAaHTAXCHHS, Y SIKOMY BUIIISETHCS
ITOCWJICHA TIOTYXHICTh. 3JIEKHO BiJI TOTO, SIKMH €JIEKTPOT € CIIUILHUM IS
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BXIJJHOTO 1 BUXIJTHOT'O KiJI, SIK II€ TTIOKa3aHO Ha puc. 2.14, po3pi3HAIOTH TpH
CXeMU BMHKAHHA TPAH3HCTOPiB: @ 3i cminbHOI0 6a3or0 — 3 Cb; @ 3i
cniibHUM emitepoMm — 3 CE; @ 3i cmiibHUM KoJiekTopoM — 3 CK.

VT
Is _
= Ik
e
Usx R,
B)

Puc. 2.14 - Cxemun BMyKaHHS TpaHaucTopa: a) 3 Cb; 6) 3 CE; B) 3 CK
Criz 3a3Ha4UTH, IO OCHOBHI CXeMH BMUKAHHS PO3IIISAAI0THCS TSI CHT -
HaJTy HalIPYTH 3MiHHOTO CTPYMY.
V cxemi 3 Cb: I, — BXifHuii CTpyM, /, — BUXiJHUH, IEPENATHICTD CTPYMY:

I
® crarnyHa — 0L = —
E
. _diy
auHaM1uyHa — Oy, = E U, = const’
V cxemi 3 CE: [, — BXinHuUii CTPyM, [, — BUXIHUH, IEPENATHICTL CTPYyMY:
1 Iy 1 o
® crarhvHa — B= i St E— ; (2.6)
IE (IE_I]()IE 1—(X
. B _ dIK
® UHAMIYHA — oun = E Ups = const’ (2.7)
. . . ) L Ig 1
V cxemi 3 CK: 1 . — BXIJIHUI CTPyM, I , — BUXIIHUH, — = —— = 1+ B .

B
JL1s1 enekTpuIHMX cXeM Ha OIMOJISIPHUX TPAaH3UCTOpax ICHYE YOTHUPH CiM T
CTATHYHHUX BOJbT-AaMNEPHUX XapPaKTepPUCTUK (“CTaTHYHUX y TOMY
PO3yMIiHHI, IO JJI TPAH3UCTOPA 3a1aI0ThCs (hiKCOBaHI 3HAUCHHS HAIIPYTH
MUK JISSIKHMH HOTO e1eKTpoZaMu abo cTpyMy B OJIHOMY 3 KiJI, i 3HAXOIATHCS
BIJIMOBI/THI IM 3HAUEHHS CTPYyMY Y JpyTOMY Kojli a60 HalpyTy MIX IHIITIMH
EJIEKTPOJIaMH — Y CTATUYHOMY PEXKHMI):

® civ’s Bxiznux xapakrepueruk i, = f(U) U =const’
6uUx
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(ciM’s1 — TOMY, IO ISl KOYKHOTO KOHKPETHOTO 3Ha4eHHs U, MaeMO CBOKO
3anexHicTh i = f(U, ));

® CiM’s BUXIIHHX XaPAKTEPUCTHK lgy = f(UW)

1. =const>

® ciM’g XapaKTepHCTHK KepyBaHHs (XapaKTEpUCTHK MPsIMOi mepenadi)

e = f (i)

U, =const’

® ciM’sl MepexiIHUX XapaKTePUCTHK (XapaKTePHUCTHK 3BOPOTHOTO 3B’SI3KY)
Uex - f(U@ux )‘ Iex - COl’lSt .

st Ko)KHOT cXeMH BMHMKaHHS 3 YOTHPBOX ciMell crtarmunux BAX ne-
3aJIeKHUMHU € suiie 1Bi. i ananizy poOOTH TpaH3UCTOpa Ta BUSHAYCHHS
Horo napaMeTpiB BUKOPUCTOBYIOTh YacTillle IepIi ABi.

Hns cxemu 3 Cb crarnuni BAX, naBeneni Ha puc. 2.15, onucyrotscs
3a7I€)KHOCTSIMH:

® BXI1JHI— IE = f(UEE) U]{E = const
(mpu U, .= 0 maemo BAX 11psiMo 3MIIIIEHOT0 6a30-€MITEPHOTO p-11 TIEPEXOLLY ),

® puximni— Ix = f (U KB )‘ Iz=const>
e A WA
UK5: 0

Ie>0
UKEZSB

Use =0  Ugs

a) 0)
Puc. 2.15 — BAX TpaH3mMcTopa, YBIMKHEHOMO 32 cxemoto 3 Chb:
a) BXigHi; 6) BUXiOHi

I3 prcyHKY BHIHO, 1110 BUXIAHI XapaKTEPUCTUKNA Maihke MmapajebHi oci
Hanpyru. HassBHICTL HEBEMKOTO HaXWTy (IesiKe 30utbLIeH s /, 3 poctom U, )
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MOSICHIOETHCS THUM, 10 KOJIEKTOPHA HAIpyra Mae BIUIMB, X04a 1 CIa0KHi, Ha

PYX HOCIIB J10 KOJIEKTOPHOTO TIEPEX0y (B OCHOBHOMY Yepe3 3BYKEHHsI 0a3H 3

poctom U, . 32 paxyHOK PO3IIMPEHHS KOJEKTOPHO-0a30BOI0 p-71 IIEPEXOLY).

BuxigHa xapakTepuCTHKa OIUCY€ETHCS JOCUTh TOYHUM CITiBBITHOILICHHSIM
Uks

IK:(X‘IE+IKO+ B (28)
Tk

ne I, — 3BOPOTHHI CTPYM KOJIEKTOPA (TEIIOBHH),
¥~ HEJIHIAHUH OITip KOJIEKTOPHOI'O IIEPEXOLLY.

Uks
Iy
mpo0oro Yepe3 3MEHIICHHS Fy . ToMy MoxHa BBaXatH [y =0 + [x,.
[Tpy HEBUCOKHX TEMIIEPATYPAX BEMIUHOK /, ) TAKOK MOYKHA 3HEXTYBATH 1
Tomi Iy = Odg.

BXingHi XapaKkTeprUCTHKN yTBOPIOIOTH MIUIEHUH MYYOK, 1110 TOSCHIOETHCS
CJIa0KVM BIUTMBOM KOJIEKTOPHOI HAIIPyTH HA CTPyM eMiTepa. ToMy mpu mpak-
TUYHHUX PO3paxyHKaX JOCTaTHHO MaTH HE CiM 10, a OJJHY BXiJHY Xapakre-
PHUCTHUKY, 3a3BHYa, Ul 3HaYEHHS KoJIeKTopHOi HanpyrH 5 B (puc. 2.15,a).

Hns cxemu 3 CE cTatndaHi XapakTeprUCTHUKH, IO HaBeIeH] Ha puc. 2.16,
€ 3aJIe)KHOCTSAMM:

CriranoBa HAJTO MaJjia i CTa€ BIAYYTHOIO JIUIIIE y 30Hi, IO MIEPEaye

[ ] BXIJIHI*IEZf( EE)UKE=COI’lSl‘
(mpu U, ,=0 maemo BAX 1psiMO 3MILIIEHOTO 6a30-€MITEPHOTO p-11 TIEPEXOLLY ),

° Lo
BuxigHi— [x = f (U KE ) I, = const
(mpu 1, =0 paxrtrano macMo BAX 3B0pOTHO 3MiIIEHOT0 6a30-KOJIEKTOPHO-

TO p-n TIEPEXOIY).
IE \ IK \

UKE:5 B
/

Ig>0
UKE:O

Use l5=0 Uke

a) 6)
Puc. 2.16 — BAX TpaHauncTopa, yBiMKHeHOro 3a cxemoto 3 CE: a) BxiaHi; 6) BuxiaHi
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Buxigai BAX cxemu 3 CE 70CHTh TOUHO MOXKHA OITUCATH BUPA30OM:

Iy = I+ + 2.9
"Tla T la (o) 29
. Usg
abo Ie =Bl +1go+—, (2.10)
Tk
* * 14
ae Ixo :IKO(B+1); e = (2.11)

B+1)

Buxinni xapaktepuctiku cxemu 3 CE MatoTh OibIInNiA HAXWII, HDK y CXeMHU
3 Cb (11e NOsICHIOETHCSI CHIIBHILLIMM BIUIMBOM KOJIEKTOPHOI HAalpyT Ha Iiepe-
JaTHICTb CTPyMy — Ha Koe(iLlieHT b), BXi/IHI XapaKTEePUCTUKH OUTBII JIiHIHHI.

BAX cxemu 3 CK cxoxi 3 xapakrepuctukamu cxemu 3 CE, Tomy 1110 B 060x
CXeMax BXiJHUM € CTpyM 0a3u, a BuxijiHi cTpymu (I, abo /,) Bilpi3HAIOTHCS
He3HauHo. ToMy pu mpakTHYHUX po3paxyHkax BuxinHi BAX cxemu 3 CE Mox-
Ha BUKOpHCTOBYBaTH sK BuximHi BAX cxemu 3 CK, SIKIIO 3aMiHUTH CTPyM
KOJIEKTOpa Ha CTPYM eMiTepa.

Bupasu i crarnusnx xapakTepucTuk cxemu 3 CK MaroTh Takuil BUDIIAL:

® BXigHa — IE:f( 55)

Ugr =const ;

Iy = f(Uk)

[TopiBHIOIOYH CTATUYHI XapaKTEPUCTUKH OIMOISIPHOTO TPAH3UCTOPA 3 Xa-
PaKTEpUCTHUKAMH TIOTETHIHOTO TICHITIOI0YOTO efieMenTa (nuB. puc. 2.10)
MU 0a4MMO, IO TPAH3UCTOP JAIEKO HE iJjeallbHAN SIIEMEHT.

Moro BXimHi XapaKTepPHCTHKN He € MPIMUMH, IO TIOYHHAIOTHCA 3 HYJIS
(xpiM TOTO, TX TTIOJIO’KEHHS 3aJIEKUTh B/l HAIIPYTH Y CHJIOBOMY KOJI TPaH3HC-
TOpa), a €, MBUIIIE, EKCIIOHEHTAMH (SIKi 3 TOMYIIEHHIMH MOXKHA BBAKATH
3a IpsiMi, 3MIIIECHI BITHOCHO HYJIS Ha JAesIKe 3HaUeHHs HarpyTH). Lle Bukiio-
4ae MOXKJIMBICTD MIJICHJIEHHS CUTHAIIIB, MEHIINX 33 J (1uB. puc. 1.7).

BuxigHi XapakTepUCTHKH HE TapaliebHi 0Cl HanpyT (MaroTh AEAKHA Ha-
xwr: y cxemu 3 CE Ounpmmit, HiXk y cxemu 3 CB), a Takox, peanbHO, He-
PIBHOMIPHO PO3MILIYOTBCS 3aJIEKHO BiJl pIBHOMIPHUX 3MiH [, abo [, (Ha-
MPUKIIAJ, KOSPIIIEHT b — BeJIMUMHA HENOCTIMHA JIJIs PI3HUX 3HAYEHb [ E).
Binpiie Toro, BuxinHi xapakrepuctuku cxemu 3 CE mo4YnHa0ThCA HE Bij

® BuXigHA — Iz =const .
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oci /,, yepes 1o, npu Manux Hanpyrax U, ctpym [, * bl i TpaH3UuCTOp
BTPada€e KEPOBAHICTb.

Takox citif 3a3HaUNTH, 110, K 1y Bcix HII npunaznis, napamerpu TpaH-
3ucTOpa (a OTKe, 1 MOJOKEHHS HOTO XapaKTEPUCTHUK) 3HAYHOIO MipOIo 3a-
JIeKATh BiJl TEMIIEPAaTYPH Ta PI3HATHCS Y PI3HUX €K3eMIUISIPiB TPAH3UCTO-
PiB HaBiTH OJJHOTO THILY.

Tum He MeHIIe, 111 eIeKTPOHHI IPHIAAN IKHARIINPILE BUKOPHUCTOBYIOTHCS
JUTS peauti3ariii KOHKPETHUX ITiICHITFOBAaYiB, a iXHs HelIeaTbHICTh KOMIICHCY€ETh-
cs1 10 HeoOX1AHUX 3HaUEHb B1IMOBITHUMH CXEMOTEXHIYHUMH IPUHAOMaMH.

2.4.3. binongapHuiA TPAH3UCTOP K aKTUBHUIA YOTUPUNONIOCHUK
(A-napameTpm)

Crarnuni BAX BUKOPHUCTOBYIOTBCS IIPU PO3paXyHKax EEKTPOHHUX CXEM
13 BEJTMKUMH PiBHSMH BX1THUX CUTHANIB. SIKII0 piBEeHb BX1THOTO CUTHAILY Ma-
JIMH 1 TPaH3UCTOP IpaLioe Ha NiHikHHIA aistH BAX (poboTa y peskuMi Manoro
CHUTHAITY), HOro MOKHA TIOJIaTH SIK aKTHBHUH JTiHIHHUA eIeMEHT (Y0THPHUTIO-

JIFOCHUK ), 300paskeHuii Ha puc. 2.17. L I
. o | 2
Benmuunn U, 1, € Bxinanmy, a U, 1, —‘J

. .. u U
— Buxiguumu. [lpu ananizi po6oTu 4o- ¢: ' 3
THPHIIOJIIOCHHUKA JIBA TIApaMETPU BH-
OMpParOTHCS K HE3aJICKHI 3MiHHI, a JBa Puc. 2.17 — AKTBHWI
THIII € TXHIMU JTiHIHHAME QYHKIISIME. Y JIHIMHAM HOTVPUMOJTIIOCHNK

3B’S3KY 3 IIUM POOOTY YOTUPHUIIOIFOCHUKA MOYKHA OXapaKTepU3yBaTH IIICTEMa

CHCTEMaMH JiHIHHUX PIBHSIHB, KOKHA 3 SIKUX CKJIAJIA€THCS 3 IBOX PIBHSIHD.
Haifgacrime BUKOPHCTOBYETHCS CHCTEMA PIBHSIHB, Y AKiil HE3aIeKHUMHI

3MIHHMMH BEJIMYMHAMHU € BXiIHUA CTpyM /, Ta BUXiaHa Hanpyra U, :

u :f(il,uz).
i = f (i, u2)

I3 cucremu piBHSHB (2.12) MOXKHA 3HAWTH ITOBHI JU(EpeHITiay GyHKITIH

(2.12)

u, Ta i
dul = %dll +%du2
I [Z%)
. %, . 9 . (2.13)
dl2 = _dll +_du2

A1 au2
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Sxuo 3amianTy Tudepeniany QyHKIiH He3HAYHUMH TPHUPOCTAMU aMILTi-
TyAHUX 3Ha4eHb CTpyMiB (di = D/) Ta Hampyr (du = DU) i BBecTH HOBI
MMO3HAYESHHSI JJIs1 YACTHHHUX TIOX1IHUX, TO CUCTeMa PiBHAHB (2.13) MmaTume
BUIISL

AUl = han +h12AU2
AIZ = hzlAll +h22AU2 '

3HaueHHs Koe]iLi€HTiB / 3HAXOIATH IPH CTBOPEHH1 PEXKHUMIB XOJI0OCTOTO
xony (X.X.) Ha BXO/1 YOTHUPHUTIONIOCHHUKA 1 KOpoTKoro 3amukanHs (K.3.) Ha
BUXO[ 32 3MIHHOIO CKJIaJI0BOIO CTPYMY.

I3 pexxumy X.X. Ha Bxomi, konmu [, =0, Al; =0, moxyTp OyTH Bu3Ha-
YeHi:

(2.14)

AU, .. ,
h, = I, =0 —koediLicHT 3BOPOTHOTO 3B’ 43Ky 3a HAIIPYIOIO;
AU p y py
2
Al . o
hy, = AU |I 1 = 0 — BUXiHA TPOBIAHICTH TPAH3UCTOPA.
2
I3 pexxnmy K.3. Ha Buxoni, komu U, = 0, MO)KHA BUBHAYUTH:
b= AU,
11 = U, =0 — BXigHUH Omip TPaH3UCTOPA;
Al Y2 pTp p
b = Al
21— = () — xoedilieHT TIepeaadi 3a CTPYMOM.
AII 2 p Py

Cucrema piBHsHB (2.14) Ha3UBAETLCSA CUCTEMOIO /i-mapaMeTpiB. 3Ha-
YeHHS /i-nlapaMeTpiB HaBOASATHCA Y TOBITHUKOBHUX MaTepiaiax Ha TPaH3HC-
TopHu. 3aNeXHO BiJl CXEeMHU BMHKAHHS TPAaH3UCTOpa A-apaMeTph MaroTh
pi3Hi 3Ha4eHHA. TOMY BOHHU ITO3HAYAIOTHCS BiIITOBIAHOIO JIITEPOIO B IHIAEKCI
(nanpuknan, st cxemu 3 CE- 4, ,3Cb -4, ,3CK~h,  1TI).

IlepeBaroro cuctemu A-mapaMeTpiB € MTOPiBHSIHA MPOCTOTA Oe3mocepe-
HBOT'O BUMIPIOBaHHSI 3HAYEHD KOSMIIIEHTIB /4 (JUI OTPUMAaHHS X eKCIIepH-
MEHTAJILHUX 3HAYEHB ).

Tak, pexum X.X. Ha BXOXi TpaH3UCTOpa (32 3MIHHUM CTPYMOM)
3MIHCHIOETHCSI BMUKAHHSIM Y BX1THE KOJIO TPAH3UCTOPA APOCENS 3 BEIH-
KOI0 iHAyKTHBHICTIO (WL® ¥), a pesxum K.3. — 1UI1X0M BMUKaHHSI ITapa-
JIeTbHO BUXITHOMY KOJIy TPaH3UCTOpPa KOHJIEHCATOPA BEIUKOI EMHOCTI
(I/wC® 0).
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Cxema 3aMilieHHs TpaH- I hu l2
3ucTOpa 3a /i-mapameTrpamu © * o
300pakeHa Ha puc. 2.18.

[Ipu po3paxyHKax TaKox iul iuz
BHUKOPHCTOBY€ETHCS (pisHuHA h22
T-noaioHa mMoaenb TpaH- AUzhg, 214l
3MCTOPA.

Ha puc. 2.19 306paxena © - - ~ °

pHC. 2. P g, PYe.2.18 - Crema savilens Tpana/cTopa
Talfl’il Moz 1yt cxem 3 CE. 3a frnapameTpami
YT IPUIAHAT] HacTymHi mo- s o "
%

3HAYCHHA —> I:l

1, — 00’eMuui omip 6a3u

TPaH3HUCTOPA; Alsfp
¥, — IPSAMMH OIIip emiTep- iul = @ iUZ
HOTO [IEPEXONY;
) — 3BOPOTHHI OIIIp KO- IE¢
JIEKTOPHOTO IIEPEXONY; o * o
b — xoedimieHT nepenayi Puc. 2.19 — 7-nopjbHa cxema 3amiLLeHHs
3a CTPYMOM. TPaH3nCTOpa

Icuye 3B 430K Mk ¢izngHIMHE Ta A-tapaMeTpamu. Tak, s cxemu 3 CE
Ma€eMo

hop =—2—(B+1); (2.15)
Tk (E)
1
hoop = B+1): (2.16)
TK(E)
hg =15 +1:(B+1), (2.17)
Mg = B (2.18)

[Ipu po3paxyHKax MpUCTPOIB Ha OIMOIAPHUX TPAH3UCTOPAX A-TTapaMeT-
¥ BUKOPHCTOBYIOTHCS SIK OCHOBHI.

2.4.4. OcHOBHi pexxumu po6oTu 6inonspHoro TpaHaucTopa

HezanexxHo Bij cxeMy BMHUKaHHS OIMTOJIAPHOTO TPAH3UCTOPA BiH MOXKeE
MPAIOBATH y TPHOX OCHOBHUX PEXHMMAaX, [0 BU3HAYAIOTHCS MOJISPHICTIO
Harpyru Ha emitepuomy U, Ta konekropHomy U, mepexonax:
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® pexuM BixTuHanus (U,<0, U, <0);

® axtuBHui pexum (U, >0, U, <0);

® pexuMm Hacudenns (U, >0, U, > 0).

VY pe:knmi HacM4eHHs, SKUI HACTa€E IPH BEJIMKOMY BiITIPHOMY BXiIHO-
My CHUTHaJi, KOJEKTOPHUH Ta eMITepHHUH Hepexoau 3MILIeH] y IPIMOMY
HAIPSIMKY, TPAH3UCTOP IOBHICTIO BiKpHTHii i iforo ctpym 1, =U; /R,
TOOTO 3aJI€KUTh TUILKHU BiJl OIOPY HABAHTAKEHHS R, Ta 30BHILIHBOI HAIIPYTH
U ; (BUXIiZHHI OTIIp TPAH3UCTOPA 3HUKYETHCS JI0 JTy7KE MaJIoi BETMYUHH).

VY pe:kuMi BiATHHAHHS, 1110 HACTAE 3 TOAAHHSM JI0 BX1AHOTO KOJIa TPaH-
3MUCTOpa CUTHAIY, SIKMI 3a0e311euye MOBHE 3aMpaHHs Npuiiary, oOuBa nepe-
XOJIM 3MiIlIEeH] Y 3BOpPOTHOMY HanpsMKYy (3aKpHTHH cTaH TpaH3ucTopa). [Ipu
LBOMY Y BUXiTHOMY KOJIi IPOTIKAE CTPYM, 11O € 3BOPOTHUM CTPYMOM €Mi-
TEPHOTO Ta KOJIEKTOPHOTO IIEPEXOIiB, a OIip TPAH3UCTOPA BUCOKHH.

AKTHBHUM Pe:KMM € IPOMIKHUM. Y HBOMY EMITEpHUH Nepexif 3Mile-
HUH y IpSIMOMY HaIPSMKY, @ KOJIEKTOPHUH — y 3BOpOTHOMY. TpaH3ucrop y
LBOMY PEXHMI IPALIOE AK MiJCHITIOBad CUTHATY: 3MiHaM BX1ITHOTO CUTHAITY
TYT BiIIOBIIaI0Th MPOTIOPIHHI 3MiHH BUXiTHOTO.

Pexxum poboTH, y IKOMY TpaH3UCTOP TPUBAINI Yac 3HAXOAUTHCS B PEXKH-
Max BiJTHHAHHS a00 HACHYECHHS, HA3UBAETHCS KIKYOBUM PEKHMOM.

Po3rstHeMo HaBeAeHI BUIIIE PEKUMH POOOTH TPAH3UCTOPA Ha MPHUKIA]
rioro BMuKkaHHA 3a cxemoro 3 CE, 300pakenoro Ha puc. 2.20. Tyt:

5 R, (2.19)
Iy :BIE" (2.20)

Upx =Ugr = Ex IgRi, (2.21)

ne R, R, — 6a30Be Ta KOJEKTOPHE Ha-
BaHTaXeHHs, U, — Halpyra Mik KOJIEK-
TOPOM Ta eMiTepoM, E, — e.J1.c. JuKepe-
JIa KUBJICHHSI.

PiBusanH: (2.21) XapakTepu3ye 3B’ 130K
BUX1/THOT HANPYyTH 3 BXITHAM CTPYMOM 1
HA3WBACTHCS AMHAMIYHOI0O BHXiTHOIO

Puc. 220 — CxeMa BMUKaHHS XapPpaKTEePUCTUKOIO TpaH3UCTOpa a60
TpaHaucTopa 3 CE JIiHi€I0 HABAHTAaKEHHS.
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Ha ciM’1 BUXiIHUX CTaTHYHUX XapaKTepUCTUK MOOYIyeMO JIiHiI0 HaBaH-
TaXKEHHS, SIK TOKa3aHo Ha puc. 2.21. JI1s1 1bOro po3misiHEMO peXUMH XOJI0C-
toro xoxay (X.X.) Ta kopotkoro 3amukanHs (K.3.).

Joust pexnmy X.X.: IkA 30Ha HacuyeHHs
skmo [, =0, 0 Uy, = E, . Ik maxg = = # = = - akmueHull pexxum
s pexumy K.3.: Ex a < b 53
K K
axkmo U, =0, 0 [, = —. RK I5o
RK P ¥ N <
Touxu nepeTnHy yiHii HaBaH- |, .,/. ______ < los
! T
TakeHHs 3 Oynp-s1xor0 BAX Ha- i |54
3UBAIOTHCS POOOYMMH TOYKA- | 6 : I-= 0
.. . ! b —
MM 1 BiIITOB1Ia0Th IIEBHUM 3Ha- i |
YEHHSIM BUXIJTHOTO CTPyMy Ta /).//// ) Ko
BUX1IHOT HampyrH. ko, Ha- Uok Ex Y KE
npuknan, [, = I,., To uboMy 30Ha 8i0MUHaHHs KE max
BIAIOBIZAa€ TOUKa P, I SKOi Puc. 2.21 — BuxioHa aMHamivHa
U =U_.1 =1 XapakTepucTuKa TpaH3ucTopa

6ux 0K > “eux 0K®
Komnu poboua Touka NeXUTh y MeKax BifpizKa 46, TPaH3UCTOP MPALIOE

Y aKTHBHOMY (MiICH/IIOBAJILHOMY) PeKUMI, JIe 3MiHaM BX1JTHOTO CUTHAITY
BiJIIIOBITAFOTH ITPOTIOPIIiiHI 3MIHU BUX1IHOTO.

Sxuio pobody TOUKY HaMaraTHcs 3a/1aTH HIDKYe TOYKU O, TPAH3UCTOP
MIePEXOUTH IO PEKUMY BIATHHAHHHS, SKOMY BiJIIOBiAAa€ BIaCHE TOYKA O
(TpaH3uCTOP TYT BIATHHAE MIPOTIKAHHS CTPYMY Y CHIIOBOMY KOJTi).

SIkmo x poOody TOUKY 3aJaBaTv BUIIE TOYKH 4 — TPAH3UCTOP 3HAXO-
TUTHCS Y PEXKUMI HACHYCHHS, TKOMY 1 BiJITIOBI/Ia€ TOUKA 4.

B3sarani pesxumMoM HacMYeHHS HA3UBAIOTh TAKUI PEXKUM, KOJIU MTOIATb-
oMy 301TBITICHHIO BX1THOT [TiT HE BiAMOBIAa€ 301IBIIICHHS BUX1THOI peaKilii,
10 JOCSTIIa AEIKOTO 3HAYECHHSI.

VY pexumi HacHYeHHS Yepe3 TPAH3UCTOP MPOTIKAE CTPYM

J—
K= (2.22)

Jist Toro mo0 TpaH3UCTOpP YBIHILIOB JI0 PEXKUMY HACUYEHHSI, HEOOX1JTHO

. Mg
3a6e3meunTy cTpyM 6a3u He MeHmit 3a {5 = ——.

Cryninp HaCHYEHHS XapaKTepu3yeThcs KoedillieHTOM HacHYeHHSA
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S= II—E >1, (tomy mo Tyt [,>1,,). (2.23)
bH

VY aktuBHOMY pexumi S < 1.

ligpaBaivyHOI0 MOJE/UII0 TPAH3HCTOPA MOXKE CIIyTyBaTH 3BUYAaHUIN
BOJIOTIPOBIIHUH KpaH. SIKIIO BiH 3aKPUTHUH, TO BIATHHAE CIIOKHABaya BiJ Me-
PEeXi 1 3HaAXOOUTHCS MiA €0 i1 THCKY. Y LBbOMY CTaHI Yepe3 HbOIO MOXKeE
MPOTIKaTH JIUILE He3HAYHUI CTPYMiHb PiIHH, IO € IIOKa3HUKOM SIKOCTI KpaHy.
Hesnaune 3ycuiuis (kepytounii CHTHaJ) Ha pydKy KpaHy (Ha eJIeMEHT Kepy-
BaHHsI) BIIKPUBAE HOTO 1 MOTY>KHICTb CTPYMEHIO PiIMHH, 110 TeYE Tenep A0
CIOXKMBaYa, CTAE MPOMOPLIIHOIO CTYIEHIO BIAKPUTTS — 3HAYEHHIO BXiTHOI
1. SIKI10 KpaH BiAKPUTH MOBHICTIO, TO, HE3aJIEKHO BiJI ITOTATBIIOT BiTKPH-
Barouoi [ii Ha HOTro eNeMEeHT KepyBaHHs, Yepe3 HbOro Oy/e MpOTiKaTH He-
3MIHHHUH CTPyMiHb PiAWHHU, 3yMOBJIEHHH TUCKOM Mepexi. Lleit ctpyminb nemio
MEHILHH 3a TOM, 110 MpoTikaB Ou 3 TpyOu 6e3 KpaHa, 3a PaxyHOK AESIKOrOo
NaJiHHs TUCKY Ha OCTaHHBOMY, 00 KpaH CTBOPIOE OIip MPOTiKaHHIO PiIUHH.

Jlo ocHOBHUX napaMeTpiB OIMOJIIPHUX TPAH3UCTOPIB HAJICIKATD:

— MAaKCHMAaJIbHO JOMyCTUMHM CTPyM Kosekropa [, , 110, B OCHOBHO-
MY, BU3HAYa€TbCS NEPETHHOM BHUBOJIB Bil kpuctany HII, ctaHOBUTH
(0,01,100) A;

— lonycTima poboda Hanpyra U, , 10 BU3HA9ACThCS HATIPYTOKO JIABHH-
HOTO TTPO00T0 KOJIEKTOPHOTO ITepexony, ctanoBuTh (20 , 1000) B;

— Koe(illieHT nepeaayi crpymy b, CTaHOBUTD BiJl OMUHUIIL IO COTCHbD;

— JIOMyCTUMA TIOTYXHICTh Ha Konekropi P, =1, U, . (sxumo P, < 0,3 B, T0
MaEMO TPAH3UCTOP MAJIOi MOTY)HOCTI, Ko P, = 0,3 1,5 Bt — cepenupoi
HOTYXKHOCTI, KO P, >1,5 BT — BEJNKOI NOTY>KHOCTI), 3a ii IEPEBUILIEHHS
KpHCTAJ PO3ILIABUTHCA.

2.4.5. CknapeHi TpaH3ucTOpM

JL1st 3HAYHOTO T ABHUINIEHHS KOS(iITIEHTA I ICHIICHHS 33 CTPYMOM 3aCTOCO-
BYIOTh KOMO1HAITi1 3 TBOX 1 OLTBIIIE TPAH3UCTOPIB, 3’ €THAHNX TaK, IO Y IILIOMY
KOHCTPYKIIiSL, SIK 1 OMHOYHHI TPAH3UCTOP, MA€E TPY 30BHIIIIHIX BUBOIH 1 HA3H-
BA€THCS CKJIAJEHHUM TPAH3UCTOPOM.

Cxema CKJIaJIeHOTO TPAaH3UCTOPa, BUKOHAHOTO Ha TPAH3UCTOPaX OJHOTO
TUITY IPOBiHOCTI, HaBeieHa Ha puc. 2.22,a. [i e nasuparots cxemoro Jap-
JIHTTOHA.
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K

VT2

a)

KT829

10 k<Om 60 kOm

0)
Puc. 2.22 — CknageHuin TpaH31CTOop 3a CxeMoto [apniHrmoHa

Tyt BXigHuUi cTpyM € ctpymMoM 0a3u nepiuoro Tpansucropa. [licis migcu-
JIEHHs OCTaHHIM y b, pa3iB BiH NOJa€Thes y 0asy Apyroro TpaH3MCTOPa,
AKMM TIJICHIIFOEThCSA 1€ B b, pa3iB. ¥ pe3ynbTari 3aralbHui KoeQilieHT

Hi,IlCI/IJ'ICHHH 3a CTPyMOM CTaHOBUTH

b=bb,.
Taky cxemy ILIIPOKO 3aCT000ByI0TLI;HZ< y AUCKPETHOMY BUKOHAHHI, TaK i
B iHTerpansHoMy. Ha puc. 2.22,0, HaripukI1aj], HABEACHO €KBIBaJICHTHY CXe-
My noTy>xHoro0 Tpansucropa KT829, mo mae b>750.
Tyt pesucropu R, i R, 3a0e31€4yI0Th BiJIBEICHHS BiJl 6231 3B0POTHOTO
CTpyMy KOJIEKTOPHHX TepexofiB, a Miof VD 3axuinae CTpyKTypy Bim il

3BOPOTHOI HAIIPYTH.

Cxema CKJIaIeHOTO TPaH3UCTOPA, BH-
KOHAHOTO Ha TPAH3UCTOPax Pi3HOTO THITY
nposigHOCcTI — cxeMa Illuknaai, HaBe-
nena Ha puc. 2.23. Ii ocobmusicTio € Te,
TI10 THTI IPOBIAHOCTI KOHCTPYKIIIi B IILJTO-
My BU3HAYa€THCSA THIIOM IPOBIAHOCTI
Mepmoro TpaHsucropa. Tak, y nanomy
pasi M MaeEMO €KBIBaJIEHT TPAaH3HUCTO-
pa n-p-n Ty (He3Ba)kKao4yu Ha Te, 10
Ha BUXOJi BCTAHOBJIEHO TpaH3ucTop V712
p-n-p TUITy — HOTO eMiTep € KOJEKTO-
pOM, a KOJIEKTOp — €MITepOM CKJaje-
HOT'O TPAH3UCTOPA).

K

VT2

b

E

Puc. 2.23 — Cknapenui
TpaH3ncTop 3a cxemoto LLnknai



46 EJIEKTPOHIKA | MIKPOCXEMOTEXHIKA

2.4.6. OgHonepexigHuii TpaH3uCcTOP

OpHonepexinauii Tpan3ucrop ado nBobazosuii gioxg — ue HII npu-
Jaz 3 OIHUM p-n nepexonoM. Moro cxemarnyHa koHCTpyKuUisa i BAX Hase-
JieHi Ha puc. 2.24.

|
5, £
+
30Ha
n Uss HeaamueHo20 —|
E — Onopy IEO 4
Ue
5, >
(¢} ® ,/
a) 6)

Puc. 2.24 — OgHonepexiaHWii TpaH3UCTOp: a) KOHCTPYKLIS; 6) BxioHa BAX

ap p-Tumy Mae Ha3By eMiTepa, a 30HH MOHOKpHUCTaa o oouasa OOKH
eMiTepa, 10 MaloTh EJIEKTPOHHY POBIHICTD, HA3UBAIOTHCS Oazamu. 3a3BU-
yai, TOBKMHA HUKHBOI 0azu b 2 HabaraTo MEHIIa, HK TOBXXHWHA BEPXHBOT
0azu 5. SIKII0 /10 KOHTAKTiB 0a30BUX 30H ITiIIMKHYTH 30BHILIIHIO HATIPYTY i3
3a3Ha4YeHOI0 Ha pUC. 2.24 MOSAPHICTIO, TO Yepe3 00MABi 6a3u MpoTiKaTuMe
HEBEJIHMKHUI CTPYM — TaK 3BaHUI CTPYM 3MiIIEHHS.

OCKUTBKH JiNISTHKA MK 0a30BUMH €JIEKTPOJAMHU Ma€ JIIHIHHHUH OI1ip, TO
Craj HarpyTy Ha 0a30BHUX 30HAX MPONOPIIHHUH TXHIM noBkuHI. Hanpyra Ha
eMITepHOMY TEepEXOi 3yMOBIIIOETHCS PI3HHUIICIO IMOTEHIIAMIB eMiTepa Ta
0a30B0i 30HM b ,. SIKIII0 TOTEHIIAN eMiTEPa HE TIEPEBUIILYE TTOTEHIIANY 6231
b, T0 emiTepHui NIEPEXi/] 3MILIEHUH Y 3BOPOTHOMY HAIIPSMKY 1 4€PE3 HbO-
'O TIPOTiKa€ HEBEIUKHIA 3BOPOTHHI CTpyM. Ipu 3mitienHi emiTepHOro 1e-
pexoay y mpsIMOMY HampsIMKy eMITepHHUI CTPyM 3pOCTae, i Mpu IEBHOMY
F0ro 3Ha4eHHi /, TOYMHAETHCSA JTABUHOTOIOHE 3MEHIIEHHS onopy Oasu b,
3a paxyHOK ITPOHUKHEHHS HOCIIB 3apsity depes p-n nepexia. HacmiakoM 1iporo
€ 3HIDKEHHSI HallpyTH eMiTepa 3a OHOYaCHOT O 3pOCTaHHS EMITEPHOTO CTPY-
My — AUITHKA HETAaTUBHOTO OIOpY Ha BXigHii BAX (TyT HeraTnBHUM 3MiHaM
HaIpYyTH BiANOBIAIOTH TO3UTUBHI 3MiHU CTpyMY). [Ipr 3MiHax 30BHIITHBOT
Mix06a30Boi Hanpyru U, BAX 3cyBaeTbes, HE 3MiHIOIOYH (DOPMH, SK TTOKa-
3aHO Ha puc. 2.24,0.
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HasBHICTB AiISIHKM 3 HETATUBHUM OIIOPOM JI03BOJISiE BUKOPUCTOBYBATH
OIHOTIEPEXiAHUI TPAH3UCTOP Y ENIEKTPOHHMX KITIOUax, TeHepaTopax, pesei-
HHUX CXeMax 1 T. iH. /loHenaBHa BOHM SIKHAWIIMPILE BUKOPUCTOBYBAIUCH Y
MPUCTPOAX FeHEPYBaHHS IMITYJIbCIB KEPyBaHHS TUPUCTOPAMHU, SIKi MU PO3-
IJISTHEMO HIKYE.

2.5. YHinonqpHi (nonboBi) TpaH3ucTopu

2.5.1. 3aranbHi BigomocTi

Jo xinacy yHinoJIsipHMX HAJISKaTh TPAH3UCTOPH, IPUHLIUI Ji1 IKUX IPYH-
TY€ThCSI HA BUKOPUCTAHHI HOCIIB 3apsAy JIMILE OHOTO 3HaKY (€JIEKTPOHIB
abo nipok). KepyBanus cTpyMOM y CHIIOBOMY KOJIi YHIOJIIDHHUX TPaH3HUC-
TOPIB 3AIHCHIOETHCS 3MIHOIO i1 BIUIMBOM €JIEKTPUYHOTO TI0JISI IPOBiTHOCTI
KaHally, 4epe3 SKH{ mpoTikae cTpyM. ToMy YHINOJSIPHI TPaH3UCTOPH I
HaszuBaroThCcs moasoBumu (I1T).

Po3spizustots 11T 3 kepyrounm p-n nepexonom (i3 3aTBOPOM y BHUIIISAIL
p-n TIepexony) Ta 3 130Jb0BaHUM 3aTBOpoM. OCTaHHi, B CBOIO Yepry, mo-
ninstotees Ha [IT i3 BOymoBaHUM KaHAJIOM Ta 3 iIHAYKOBAaHUM KaHAJIOM.
IIT 3 i307p0BaHUM 3aTBOPOM HAJIEKATH M0 pizHOBUIY MJ/IH-Tpan3uc-
TOPiB: KOHCTPYKIIiS «MeTai — aienekrpuk — HID». SAkmio sx mienekTpuk
BHUKOPUCTOBYIOTH OKCHJI KPEMHIFO: KOHCTPYKIIisl «MeTan — okeug — HIDy,
[IT mazuBatoTh BignoBimHo MOH-Tpan3ucTopoM.

XapakrtepHoto pucoro I1T e Benukuit BXiguuii omip (108 — 10 Om).

[Hupokoro po3noscromkeHHs [T HaOynu 3aBASKH BUCOKIM TEXHOIOT -
HOCTI y BUPOOHHIITBI, CTA01IHOCTI XapaKTEPHUCTHUK 1 HEBEJIMKIN BapPTOCTI 32
MacOBOT'O BUPOOHHIITBA.

2.5.2. MonboBi TpaH3ncTOpMU
3 Kepyl4um p-11 Nnepexoaom

Konctpyxkuis Ta mpuaiimn aii 11T 3
KEpPYIUYHM p-n MepexoaoM Iosic-
HIOETHCS HAa MOJIEJl, HaBeACHIl Ha

)
puc. 2.25. 0—2‘)- Uss o—l 3 ¢

V¥ rtakoro IIT kanam mpoTikaHHS ~o U
CB

cTpyMmy siBiisie coboro map HII, Ha- Pvic. 2.25 — T 3 Kepylounm
MIPUKJIAJ, 1-TUITY, BMIIICHUA MiX p-n nepexonomM




48 EJIEKTPOHIKA | MIKPOCXEMOTEXHIKA

IBOMa p-n nepexofaMu. KaHam Mae KOHTAaKTH i3 30BHILIHIMU €JIEKTpOAa-
mu. Enexrpon, Bij SKOTO MOYMHAIOTH PYX HOCIT 3apsay (y JaHOMY pasi —
CJIEKTPOHM), HA3UBAETHCS BUTOKOM B, a €l1eKTpoJ, 0 SIKOro BOHHU pyXa-
10TbCA — cTOKOM C.

HIT mwapu p-tumy, 1110 CTBOPIOIOTS i3 72-1I1aPOM ABA p-71 IEPEXON, BUKOHAH1
3 OLJIBII BUCOKOO KOHLIEHTPAIII €10 OCHOBHHX HOCI1B, HiX #-1ap. OOuaBa p-
LIapH €JIEKTPUYHO 3’ €JHAH] 1 MAIOTh 30BHILIHIH €1eKTPO, 110 HA3UBAETHCS
3aTBOpPOM 3.

BuxinHa Hanpyra miAMHKA€THCS MK CTOKOM 1 BUTOKOM (U, CB), a BXIJIHa
Harpyra (Kepyroo4a) — MK BUTOKOM Ta 3atBopoM (U,,), mpudomy Ha 3a-
TBOP IOAETHCS 3BOPOTHA LIOA0 BUTOKY HAIPyTa.

[puauun aii takoro I1T nomsirae y Tomy, 1110 31 3MiHaMH BXiIHOT HAIIpyTu
U,, 3MIHIOETBCS IIMPUHA p-11 IEPEXOIIB, 1O ABJIAKOTH co00r0 ainstaku HII,
3011HEH1 HOCIsIMU 3apsiB (3amipHuii map). OCKUIbKHU p-11ap Mae OUIbIY KOH-
LEHTPALi0 JOMIIIKHY, 3MiHa IUPUHH p-11 TIEPEXOLiB BiAOYyBa€ThCS, TOIOBHUM
YMHOM, 33 PaXxyHOK OibII BUCOKOOMHOTO 7-11apy. I1pu npomMy 3MiHIOETBCS
repepi3 CTPYMOIIPOBIAHOTO KaHATY, a OTKe i HOro IMPOBIIHICTH 1 BiAIOBITHO
BHX1JIHMH CTpyM [ . pUiIay.

Oco0HBICTh IHOTO TPAH3UCTOPA TOJATAE Y TOMY, IO HA MPOBIIHICTD
KaHaJly BIUIMBAE K Kepyroua Hanpyra U, Tax 1 Hanpyra U,.,. Bruus Ha-
MIPYT Ha MPOBIIHICTH KaHAITY LTIOCTPYE puc. 2.26, 1€ 3apay CIPOLICHHS He
TTOKa3aH1 JUISTHKY 71-1I1apy, PO3MIIIEHI 11032 p-#1 TIEPEXOIaMH.

Ha puc. 2.26,a 30BHIITHIO HANIPYTY MPUKJIAACHO JIUIIE Y BX1THOMY KOJIi
TpaH3ucTopa. 30UTbIIEHHS 3BOPOTHOI HAIPYTH HA p-# TIEPEXO0/I1 IPU3BOTUTH
710 3MEHIIeHHS MPOBiTHOCTI KaHAITy 33 PaxXyHOK 3MEHILIEHH H0T0 niepepi3y
(B310B3K ycboro kanany). Ta ockinbku U =0, Buxigauii ctpym [, =0.

ﬂ’llﬂm
R R s
oot o)

Tl:u

O
+ — ? Ucg=0

Pvic. 2.26 — Briwis Hanpyr Ha NPOBIAHICTL kaHasty 1T 3 KEpyoUnM p-11NePEXOAOM:
a) npu U,,=0; 6) npn U,,=0
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Puc. 2.26,6 imtocTpye 3MiHy epepisy KaHaly ITi/i BIUTMBOM JIMLIE HAIIPYTH
U, (U,,=0). Komu U_,>0, 4epe3 kanan nporikae ctpym. BHacminok nsoro
BHUHHKAE PO3MOAITICHUH IO KaHAITY CIIa] HAIPYTH, 10 3pOCTA€ y HAPSIMKY
croky. CymapHui cria i HapyTH AUISHKM CTiK-BUTIK JopisHioe U . Binmo-
BiJJHO TIOTEHIiaJIM TOUOK KaHaJTy B3IOBX HHOI'O HEOJHAKOBI: 3pOCTAIOTh Y
HaIPSAMKY CTOKY BiJ Hyis 10 U,,. IloTenuian T040K p-mapy BiHOCHO BH-
TOKY BU3HAYA€THCS TIOTCHLIATIOM 3aTBOPA BiIHOCHO BUTOKY 1y JaHOMY BH-
NaJIKy JOPiBHIOE HYMIO. Y 3B’A3KY 13 3a3HAY€HUM, 3BOPOTHA HANpyra, npu-
KJIaJieHa /10 p-1 IEPEXOIiB, 3pOCTa€E Y HAPSIMKY BHTIK-CTIK i p-n Iepexonn
PO3IIMPIOIOTECA Yy HANPSIMKY CTOKY. Lle siBHIIe NpH3BOAUTS O KIIMHOBUIHOTO
3MEHILEHHs nepepisy kanaiy. [Tixsumenns Hanpyru U, BUKIKKae 30UIbIIeH-
HSl CIay HaIpyTH y KaHadl 1 moJjaiblie 3MeHILIeHHS HOoTro Iepepizy, a OTxKe,
i mposigHocTi Kanany. [Ipu nesHomy 3Hauenni U, Mexi 000X p-n mepe-
XOZiB 3MHKaIOThCS (AUB. puc. 2.21,0) 1 omip KaHally CTa€ BEJIUKUM.

OueBuaHO, 10 3a cymapHoi mii U, o T U 45 SMUKQHHS p-n MEPEXO/IiB
BinOyBaeTbesa mwBuanie. [Ipu npoMy y npunazi i€ aBTOMaTH4YHa CUCTEMa
KepyBaHH, 110 3a0e3neuye NpoTiKaHHs (IKCOBaHOIrO 3HAaYEHHs /. 3a 110-
JAbIIOTO IC/Is 3MUKaHHs pocTy U, — CTpyM Yepe3 KaHall He 3aIe)KUTh
Bigx U .

AHAJIOTIYHO MPAITOIOTH TPAH3UCTOPH 3 KAHAJIOM P-THITY, JIULIIE MTOJISPHICTH
HaIpyT MOBUHHA OyTH 3BOPOTHOIO.

Ha puc. 2.27 naBeneni

yMoBHI no3Hauenss 1T 3 3 c 3 c
KEPYIOUHUM p-1 TIEPEXOIOM.

PobGoty Takux TpaH3uc- B B
TOPIB MOSCHIOITH CiM’i PuC. 2.27 — YMOBHI no3HauveHHs T 3 kepylounm
BAX 1BoX BHIIB: CTOKOBI 1 P-N NEPEXOLOM: a) 3 KaHANOM /-Tuny,
CTIK-3aTBOPHI. 6) 3 KaHanom p-Tuny

CrokoBi (BHXiIHI) XapaKTepHUCTHKH, HaBEJEeHI Ha puc. 2.28, MOKa3yIoTh
3aJIeKHICTh CTPYMY CTOKY BiJI HAIIPYTH CTIK-BHUTIK 3a PiKCOBAHOT HANIPYTH
3aTBOP-BUTIK:

Ic=fUes)

Ha ninsrni 1 (0a) MaeMo 3Ha4HY 3aJI€KHICTB /. BiJl BUXiJHOT HAIIPyTH
U, Lle HepoOoya AUIsHKA IS BUNIAIKY BUKOPHCTAHHSA MIPUJIALY SIK i ICH-
JIIOI0YOTO0 efleMeHTa. TyT HOro BUKOPUCTOBYIOTH SIK KEPOBAaHUI pPE3HUCTOP.

U ;z=const .



50 EJIEKTPOHIKA | MIKPOCXEMOTEXHIKA

3 Ha ginsang 2 (ae) 3a-
lc a 2 8 Uss=0 B . A H ( )
JIEKHICTB BUX1JHOTO CTPY-
/.'/_”_—"/ Usp=-0,3 B My Bij BuxigHOI Hanpyru
. : mana. Lle poboua minsH-
17 | Us=-05B Lle poboua 1
S i Ka y PEKUMI I ICHUIICHHS.
7 | Uss=-0,8 B Jlinanka 3 Bigmosigae
/ : ! _ po6OrO IIpUIIATy.
[/ : L Use=-158B Touni a BimmoBimae
/ i i 3MHMKaHHS p-n TIEPEXOJIIB
0 . ¢ Ucs
Ucsa Ucge (narmpyra U CBa). [Ipudomy
Puc. 2.28 — Ctokosi BAX T 3 kepytounm npu U; = 0 TpaH3ucTop
P-NNePexXoaom MOBHICTIO BiJKpHUTHH, a

4uM Bua Hanpyra U, (abCONOTHA BETMYMHA), TUM OLIbILIE 3MUKAKOThCS
p-h TIEpEXou.

Hampyra na 3atBopi, 3a K01 cTpyM BUXiqHOTO Kojia [ =0, Ha3uBaeThCs
HaIIPYIOXO 3aMpaHHs a00 Hanpyroro BixTuHaHHA U, . UncioBe 3HaueHHs
U,, , nopiuroe U, y Touni 2 BAX tpansucropa.

Crik-3arBopHi (nepenarti) BAX BinoOpaxaroTh 3aJ€XHICTh CTPYMY CTO-

Ky BiJ] HAIPYT'H 3aTBOP-BUTIK 3a (PiKCOBAHOI HAIIPYTH CTIK-BUTIK:
Ie=f(Us)

lc

Ucp =const’

\ [lepenarna BAX 300pakena Ha
puc. 2.29.

Ucs=5 B [Mapamerpu IIT 3 Kepyrouum
Pp-n TIepexoqoM:

— MaKcHUMalibHE 3HA4YEeHHS
cTpyMy CTOKy [, ('Bl)IHOBl,JI.ae
Alg| HOro3HaYEHHIO Y TOULI 6 HA BUXI/I-
nux BAX npu U,,=0), carae Bix
Uss /35 0 AUsz JECSITKIB MijiaMIep 0 OJHOTO

amiepa;

— MakCHMajbHEe 3HAYeHHs Ha-
npyru CTiK-BuTiK U, (331a10Th
y 1,2, 1,5 pa3u MeHIImM 3a HaIpy-
Ty npo0oro JUIAHKM CTiK-BUTiK npu U, =0), cranosuts 10 100 B;

— Hanpyra BiaTuHaHHs Uy ;

Puc. 2.29 - NepepatHa BAX T
3 KEPYKOUUM D-11NEPEXOOOM



2. HAIIBITPOBIAHUKOBI [TPUJIALU TA IX CTUCIIA XAPAKTEPUCTUKA 51

dU g )
dl. Uz = const’

— BHYTPIIIHIHN OIp 7; =

dl

— KpYTH3HA CTIK-3aTBOPHOI XapaKTEPUCTUKHU S = .
Py P P P dU Ucy =const’

du
RV 38
— BXIJHHH OITip 7, = , CTAHOBHUTH JIECATKHA METraoM.

3

2.5.3. CIT-Tpansucropm

VY cepenuni 70-xX pOKiB MHUHYJIOTO CTOJIITTS OaraTopiuHi JOCTIKEHHS —
V. lekni (CIIA) 3 1940 p., Himizasa (SInonis) 3 1950 p. — 3aBepuImincey
crBopenHsM I1T i3 crarnunoro inaykuiero: CIT-Tpan3ucropa. Llei Tpan-
3ucTop, Oynyuu 3a cyrtio [IT 3 kepyloduMm p-n mepexomoM, € TBepAO-
TiIJIbHUM aHAJOT'OM €JIEKTPOHHOBAKY yMHOI JIAMITU—TPi0A1a, y SIKOi BUXigHA
BAX npu Hy1b0BOMY 3HaU€HHI CUTHAITy KepyBaHHs 3a GOPMOIO Haraiaye
BAX p-n nepexony. 3 pocToM HEraTMBHOI HAaIIpyT'd KEPyBaHHA XapaKTe-
PUCTUKH 3CYBAIOTHCS BIIPABO.

Ha BinMiny BiJx IIomuHHOT ropu30HTanbHOT KoHCTpYyKIii [1T 3 kepyto-
guM p-n nepexogoM, CIT-TpaH3uCTOp Mae BEPTHKAIbHY KOHCTPYKIIIIO:
p-1IapHu 3aTBOPY BBOAATHCA B A-IIap BEPTUKAJIbHO. Take BUKOHAHHS 3a-
Oesneuye pobdoTy npuiany npu Hanpyrax 10 2000 B # gactoTtax 10 500 kI 1.
A po3MimeHHs Ha OJHOMY KPHCTaJIi BETUKOTO YHCIIa eJIEeMEHTAPHHUX TPaH-
3WCTOPIB i3 HACTYITHUM MTapajeIbHUM 3’ € THAHHSIM KIJTbKOX THCSY €JIeMEH-
TapHUX CTPYKTYp 3a0e3mneuye pobodi ctpymu 10 500 A — 11e BiKe € CHIIo-
BHH €JeKTPOHHUH npuian!

Kpim pobotu y pexxumi [T, 1ieit TpaH3ucTOp MOXKe MparoBaru i 'y pe-
XKUMI1 OIMTOJIIPHOTO TPAH3UCTOPA, KOJIM Ha 3aTBOP MOAAETHCS MO3UTHBHE
3MIIIeHHS 1 MPOTiKae cTpyM KepyBaHHS. [Ipu iboMy agiHHS HANIPYTH HA
MpWIIaJIi y BIAKPUTOMY CTaHI 3HAYHO 3MEHIITY€THCS.

CrtpykTypa, yMOBHe nmo3HaueHHs Ta BuxigHi BAX n-xanansaoro CIT-
TpaH3HUCTOpa HaBeJIeHi Ha puc. 2.30. 3BepHITh yBary: B 300pakeHH1 CTPYK-
TypHY TPAH3UCTOPA IHEKCH NTPHU MO3HAYEHH] TUITY IPOBITHOCTI HAMIBIIPO-
BigHWKa (HampuKiaz, n*, n°) BKa3ylOTh Ha CTYyIiHb HOTO JeryBaHHA —
Ha BBEICHHS O11b1107 200 MEHIIOT KITBKOCTI TOMIIIKH, Y TaHOMY pasi —
JIOHOPHOI.
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3~ mpaHaucmopa

Puc. 2.30 — Crpyktypa (a ), yMOBHe no3HayeHHs (6) Ta BuxiaHi BAX ()
n-kaHaneHoro CIT-TpaHsucTopa

2.5.4. NonboBi TpaH3UCTOPM 3 i30JIbOBAHUM 3aTBOPOM
(MAH-TpaH3ucTopm)

Ha Binminy Big I1T 3 kepyrounm p-n iepexolioM, y SIKHX 3aTBOp Ma€e Oe31mo-
CepeHil eNeKTPUIHINA KOHTAKT 13 CYMIXXHOIO 30HOIO CTPYMOIPOBITHOTO KaHa-
1y, y MJIH-TpaH3ucTopiB 3aTBO, 0 ABJISIE€ COO0I0, HATPHUKIIA/, ATIOMIHIEBY
TwiiBKy (Al), 130Jb0BaHUIA BiJ 3a3HAYEHOT 30HH IIAPOM JlieNieKTprKa. Tomy
M/IH-Tpan3ucropu Hanexatsh 10 kiacy T 3 i30ab0BaHMM 3aTBOpPOM.
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HasBHicTs mienexrpuka 3a0e3medye BUCOKHIA BX1THUH OITip LIUX TPAH3UCTOPIiB
(102 | 10™ Om).

Yacriure 5K Ji€JIE€KTPUK BAKOPHCTOBYIOTH OKCHJI KpeMHito (Si0,), 1 Toni
IIT nazuBators MOH-Tpan3ucropom (Metan — okcun — HIT). Taki tpan-
3uctopu OyBaroTh i3 BOyJOBaHMM Ta iHAyKOBaHMM KaHanamu. OcTaHHi OibIn
PO3IIOBCIOIKEH.

Konctpyxkuist MOH-Tpan3ucTopa 3 iHIyKOBaHUM KaHaJIOM 1-THITy 300pa-
’eHa Ha puc. 2.31.

B 3 Cc Ic
Al ,
SiO,
n n
p | Uss
USB nopoz
a) 6)

Puc. 2.31 — KoHCTpykLis () i cTik-3aTBOpHA XapakTepucTika (0)
MOH-TpaHavcTopa 3 iHOyKOBaHUM KaHaioM

ITpu U,,= 0 abo Bix’emuomy, I .= 0 (1Ba p-n nepexomy yBIMKHEH 3yCTpiy-
HO). [Ipn mo3uTHBHIN HaIpy3i Ha 3aTBOPI BITHOCHO BUTOKY TIOBEPXHEBHH IIIap
Ha Mexi HIT i3 mienekTprkoM 30araqyeTbesi eNeKTPOHAMH, IO MPUTATYOTh-
Cs1 3 IMOWHY p-T1apy (1€ BOHH € 3aBISIKH TEIUIOBIH reHepariii BUIbHUX HOCIiB
3apsIy) 10 3aTBOpY: BUHUKAE siBrtie iHBepcii HITy mprmMexoBiii 30H1, KOIu p-
ap cTae n-mapoM. TakuM YMHOM, MiJK 30HAMH A-IapiB HABOIUTHCSA (1HITY-
KY€ETBCS) KaHaJl, 110 SIKOMY MOJKE MPOTIKaTH CTPYM BiJl CTOKY /I0 BHTOKY.

Omxe, npu U,, = 0 MOH-Tpan3ucTop 3akpuThii. A uist HOro BiJIKpUBaH-
Hs, IK BUJIHO 3 CTiK-3aTBOpHOT BAX (puc. 2.31,6), U,, NOBMHHO NEPEBHILH-
TH JIGSKE NIOPOroBe 3HaueHHs Uy, 32 SKOTO BUHHKA€E KaHAI.

[Ipu HasIBHOCTI CTPYyMY CTOKY, SIK 1 y TPAaH3UCTOPA 3 KEPYIOUUM p-#i TIe-
PEX0IoM, 3a paxyHOK PO3TOAUICHHS 0 JOBKWHI KaHATy MaAiHHSI HAPYTH
B Hyss1 10 U, KaHai (p-n mepexiyi MK 3’€THAaHUMH KaHAJIOM 30HAMU 71
Ta 30HOIO p) 3BY)KYETHCS Y HAIIPSIMKY CTOKY. 3a JI€SKOTO 3HAYCHHS HAlIPYTH
U, KaHaJ IEPEKPUBAETHCS TAK, 110 MOAJIbIIE 30LIBLUIEHHS CTPYMY CTOKY
He BinOyBaeTbes. Tomy Buxiani BAX 1T 3 i30/150BaHUM 3aTBOPOM TO10H1
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10 BAX IIT 3 kepytouuM p-# IepexoioM, TIJIbKH XapaKTePHUCTUKHU MPOXO-
JISITh BHIIE 31 30UIBIICHASM HATIPYTH U,

Y IIT 3 BOynOBaHWM KaHAJIOM 30HU 1-TUITY 3’ €IHAHO MIEPETUHKOIO — TOH-
KHM IIIapOM A-THITY. B pe3yabTari KaHan mif aiero Hanpyru U,, Moxe gK
PO3IIUPIOBATHCH, TAK 1 3BY>KYBATHCH (J]0 TOBHOTO 3MHUKAHHS) 3aJICXKHO Bij

3Haky U,,.
YmoBHi no3HadeHHst M/IH-Tpan3ucTopiB HaBeneHi Ha puc. 2.32.
C C C C
(R (=) S =)
N— B N—" B —" B ~——" B
a) 6) B) r)

Puc. 2.32 — YMoBHI nogHaveHHs MOH-TpaH31CTOopiB 3 kaHanamm:
BOYZOBaHMM 7-TUMy (a); BOYAOBaHUM p-Tuny (6); iHAYKOBaHUM /-Tuny (B);
iHAYKOBaHUM p-Tuny (r)

[T mmpoko BUKOPUCTOBYIOTH K JUCKPETHI KOMIOHEHTH €IEKTPOHHHIX
MPHUCTPOIB, a TAKOXK Y CKJIAJI IHTETPAIBHAX MIKPOCXEM.

3a3HauMMO, 10 Y CHJIOBUX MPUCTPOSX OINONSAPHI TPAaH3UCTOPH OCTaHHIM
JacOM MPAKTHUYHO BUTICHEHI TOJEOBUMHU.

2.5.5. binonapHi TpaH3ucTopm 3 i3onboBaHUM 3aTBOPOM (BTI3)

binonspui Tpansuctopu 3 i3onsoBanuM 3arBopoM (BTI3, anrmilicekoro:
IGBT — insulated gate bipolar transistor) 3’ sBunucs y 80-x pokax MUHY-
JIOTO CTOJITTSA 1 BIATO/I IHTEHCHBHO BUKOPHCTOBYIOTHCS SIK CHIIOBI TIPHJIAIH,
BUTICHSIOUH y 0araTb0X 3aCTOCYBAaHHSIX THPHUCTOPH.

CrtpykTypa, yMOBHE TTO3HAUYCHHS, EKBiBaJICHTHA cxeMa Ta BuXimHi BAX
BTI3 naBeneni Ha puc. 2.33.

Sk BumHO, BiH sBIISIE COOO0I0 CKIaAHY OararoIapoBy CTPYKTypY, CTBO-
PEHHS SKOi CTaJI0 MOXKIIBHM 13 PO3BUTKOM IHTETPAJIbHOI TEXHOJIOTI: 1€ BXKE,
(hakTU9HO, IHTETrpabHA MIKpOCXeMa.

Taky cTpyKTypy IIle Ha3uBaIOTh CXEMOIO TIceBI0-/lapmiHrTona, Xo4a BipHi-
e Oyiro 6 Ha3BaTH 1i cxemoro niceno-11Inkmai (muB. puc. 2.22,a Ta puc. 2.23.)

Takum unrOM, BTI3 € mpunagoM KOMOIHOBAaHOTO THIY, IO MOETHYE Y
co0i mepeBaru OiNONSAPHUX TPAH3UCTOPIB (HEBEIHKI BTPATH MOTYKHOCTI) 1
MOJIFOBHX (HEBEJIMKA MOTY>KHICTh KEPyBaHHSA).
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K| VT

p‘wap-ocHosa

KOJIEKIMOR
I, A
a) 800
# U3E= 15 B
| —1 U3E=13 B
konekmop 690

0
I
W/ Use=11 B
——lUse=9 B
400 / / 5—‘ Use=7 B
/

3ameo,
d B
% Uze=5B

emimep 0 1 3 4 UeB
B) r
Puc. 2.33 — CtpykTypa (@), yMOBHe no3HauveHHs (6), ekBiBaneHTHa cxema (B)
Ta BuxigHi BAX (r) BTI3

i TpaH3uCTOpU MacoBO BUITYCKaIOThcs Ha Harpyru A0 1800 B 3a yac-
totu 100 k' Ta cuim ctpymy g0 2000 A, 1o 3a0e3neuyeTbes napaieib-
HUM 3’ €IHAHHSIM BEJIMKOT KIIBKOCTI (JI0 KUIBKOX COTCHb TUCSY) €JIEMEHTap-
HUX TPaH3HUCTOPIB Ha ofHOMY KpucTani (s i y CIT-tpaH3uctopa).

[Ipu po3paxyHKy CHIIOBUX €JIEKTPOHHUX MPUCTPOIB OTHUM i3 OCHOBHHX
napaMeTpiB eJIeKTPOHHUX KITFOYOBHUX MPHIIAIB (110 BU3HAYAE BTPATH EHEPTil
y TIpHJIai, a, 0TKe, CTYIIIHb HOT0 HAarpiBy) € aJIIHHS HANPYTH Ha IPUIa y
BIJIKPHTOMY CTaHi, JIJIsl TPAH3UCTOPIB — Y PEXKUMI HACHUCHHSI.

3 maBenenux Ha puc. 2.33,r puxiganx BAX BTI3 tumy SKM 500 GA-3
¢ipvu SEMIKRON (Himeuunna), MakcHMalibHE 3HA9EHHS CTPYMY KOJIEKTOpa
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SIKOTO CTaHOBUTH 550 A, BUIHO (TYT MOKa3aHO MOYATKOBI AissHKE BAX),
110 Na{iHHS HAPYTH HA TPAH3UCTOP1 Y PEKUMI HACHUEHHS JOCUTh 3HAYHE.
Binbm Toro, BoHO He OyBae MeHmuM aech 3a 0,8 B. e noscHIoeThCS Ha-
sBHICTIO B 0Oacti konektopa bTI3 6a30-emitepHoro p-n nepexomny Oirmo-
JISIPHOTO TPAH3UCTOPA p-n-p THUILY. 3HAYSHHS MAJIHHS HAIPYTH 3aJI€XKHUTh
BiJ] IUIOLLI p-#1 TIEpeXony i 00’ €My 7 mmapy.

AmnasoriuHi napaMeTpu OiNoISIPHUX TPAH3UCTOPIB Kpali (ITagiHHs HaIpy-
T'Hy peXuMi HacuueHHsI ckiazae Bin 0,2 B). Y TpaguiiHuX THPUCTOPIB BOHU
TaKoX Kpauli (magiHHs CTaHOBUTH BiX 1 B — y nmopiBHsAHHI 3 O6iNONApHUMH
TPaH3UCTOPaMH BOHO 301IbIIEHE HA NAAiHHS Ha 0a30-eMiTepHOMY Iepexozi
OIMOIAPHOTO TPAH3UCTOPA P-1-p TUILY, L0 3PO3YyMLIO 3 €KBIBAIEHTHOT CXEMH
THPUCTOpA, HABEIEHOI Ha puc. 2.34,0). Y THUpUCTOPIB, IPU3HAYECHHX 15 pOOOTH
Ha MiJBUILIEHUX YacTOTaX (COTHI repil), MaliHHs Jech Take Xk, sk 1y BTI3.

A B3araui Buxinni BAX BTI3, sikiio He BpaxoByBaTH HaBEIEHOTO BUIIIE,
nonioHi 0 BuxigHux BAX [T 3 i30150BaHUM 3aTBOPOM.

Oxpim nuckperHoro BukoHaHHs, BTI3 Takox MpomyKyIoTh 1 y BUIIISAIL
MOYIIiB, B SIKUX MICTUTBCS BiJ] OIXHOTO JI0 CEMH TPAH3HCTOPIB, a TAKOX
3BOPOTHI Jioau (auB. VD Ha puc. 2.22,0). Lle no3Bosnse 3MeHIInTH rabapu-
TH €IeKTPOHHUX MPUCTPOIB (MTPHUKIIAJ BUKOHAHHSA JUB. y Tl. 11.4).

Takox 3a3Ha4unMO, 1110 (hipmoro Toshiba semiconductor po3podiieHo Oiro-
JISIPHUH TPaH3UCTOP 3 130JIbOBAHMM 3aTBOPOM Ta 301TbIIeHOKO iFkekitiero [EGT
(Injection Enhanced Gate Transistor). Llett mpran Mmae npsiMy (3aIHIITIKOBY )
HaMpyTy i TyCTHHY CTPYMY, IIIO BiAMIOBITAIOTH MOTY>KHUM OIMTOJISIPHIM (3BH-
YallHIM) TUPUCTOpaM, a JMHAMIYHI TapaMeTpH TepeMHUKaHHS XapaKTepHi s
IGBT. 3apa3 BumyckaeTscs kinbka TumiB [IEGT-momyiB mpuTHCKHOI Ta MastHOi
KOHCTPYKIIii, y TOMY YHICITi 1 HAIIOTYXHUX Ha cTpyM 750 A iHanpyry 6,5 kB.

Y noeHaHHI 3 MIMPOKOIO HOMEHKJIATYPOIO TUTIOBHX KEPYIOYHX ITPUCTPOIB
y mikpoBukoHanHi BTI3 y mam gac skHaWmmpIine 3aCTOCOBYIOTh B IPH-
CTPOSIX €HEPTeTUIHOT EIIEKTPOHIKH.

2.6. Nepemukatoyi HaniBNpPoOBIAHUKOBI Npunaau
(Tupuctopm)
Tupucrop (Big rpensKoro thyra — aBepi + pe3nucTop) — Ie HaIliBIPOBi -

HUKOBHI PHJIA, M0 Ma€ GararomapoBy cTpykTypy i BAX sixoro mae minsH-
Ky 3 HETaTUBHUM OTIOPOM. 10TO BUKOPHUCTOBYIOTH SIK TIEPEMHUKAY CTPYMY.
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Tupuctopu OyBaroTh JBOENIEKTPOXHI (a00 IioAH1) — AMHICTOPU Ta TPH-
eslekTpoHi (abo TpioaHi) — TPUHICTOPH.

2.6.1. fQuHicTopm

JBoenexTpoanuii TupucTop (AuHicTOp) Brepie Oyno onucano k. Mon-
nom (CHIA) y 1956 porii.

JluHicTOp Mae 4YOTUPUIIAPOBY CTPYKTYPY, AK 300pakeHo Ha puc. 2.34.
Y HBOTO € TPU p-# IEPEXOH, TPUIOMY, 32 3a3HAYEHOT MOJSIPHOCTI AKepesia
nanpyru U, nBa xpaiini 3 Hux (I1, i 11,) 3MileHi y IpAMOMY HanpsMKY, a
cepennii (I1,) — y 38opotHOMY (pHC. 2.34,2).

AHOO| S 1=lgy _i_ VvT1 I=lg;
A
Bl D R, B P VT2 |:| Ry
s l51=lk2
bil n n |f
n/ b1,K2 M+
I 7/ U lkr=l52 Un
/4 " klop p |B
—_— O_
/ P |Kube AH0O
/71 ] n E2
A n =)
T I=I e
Kamod BREIIN
I
a) Kamod 6)

Puc. 2.34 — CtpykTypa avHictopa (a) Ta Aoro Moaenb Y BUrmisiaj ABOX TRaH3UCTOpIB (6)

Taky cTpyKTypy MOXKHA IPEICTaBUTH Yy BUITISI/I1I €KBIBAJIEHTHOI CXeMH
(Moperni), IO CKJIATAETHCS 3 IBOX TpaH3uctopiB VIl i V12 p-n-p Ta n-p-n
TUmy BignosigHo (puc. 2.34,6). L{ro Mogens MOKHA OTPUMATH, SIKIIO TO-
TYMKH PO3ITHYTH IpUJIaJ Y3IOBX IUIOIIHUHU A-A, a TOTiM 00MBI YaCTHHU
eleKTpudHOo 3’eaHaTu. [Ipu 1IbOMy BUXOIWTH, IO Tepexonu 17 k 1 173 €
EMITEpPHUMHU NIEPEXOIAMH TPAH3UCTOPIB, a iepexin I7, st 000X TpaH3uc-
TOPIB € KOJIEKTOpHUM. 30Ha 6asu b, Tpansuctopa V11 0HOYaCHO € KO-
JIEKTOPHOIO 30HOK0 TpauucTopa V12, a 3oHa 6asu b, Tpansucropa V72 —
KOJIEKTOPHOIO 30HOI0 TpaH3uctopa V7T1.
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BinnoBigHO KOJEKTOPHUH CTPYM NEPIIOro TPaH3UCTOPa € 0a30BUM IS
npyroro [, =I,,, a KONEKTOPHHI CTPYM JPyroro TpaH3ucTopa — 6a30BUM
nepmoro /, =1, . Take BMuKaHHs 3a0e311€4y€ BHY TPiLIHiA O3UTUBHUI 3BO-
POTHHIA 3B’SI30K: SIKIIO BIIKPHETHCS X04a O OJUH TPAaH3UCTOP, TO Halaui
BOHM OyIyTh HIATPUMYBATH OAWH OAHOTO Y BIAKPUTOMY CTaHi (y peXumi
HACHUYCHHS).

Crpym mHiCTOpa — I1€ EMITEPHHUI CTPYM HEPILOro Tpanzucropa /,, abo
apyroro /,,. Y TOH e 4ac BiH CKJIaIa€Thes 3 IBOX KOJEKTOPHHMX CTPYMiB
I,=al, 1al_,=al, ne a ia,— KoedillieHTH nmepenadi eMiTEPHOTo
cTpyMy Tpansuctopis VT, VT2. KpiM Toro, 10 CKIagy cTpyMy JUHICTOpa

1 BXOUTH IMOYATKOBUI HEKEPOBAHUH (TETIOBUH ) CTPYM KOJIEKTOPHOTO ITepe-

xony I,
TakuM 4YMHOM, MOKHA 3aIIHCATH:
I =001+ 00+ k. (2.24)
[E1= IE2= I’
a 3HAYUTD I'=0ul+ 0,0+ ko =I(051 +062)+[1<0, (2.25)
0, 01 A 3BIIKH

o 1

1,0+ [=— K0 (2.26)
2 1 - (OC1 + 062 )

05F [Ipoanamnizyemo Bupa3s (2.26), BUKoO-
PHUCTOBYI0YH TPaQiKH 3aJIEXKHOCTI &,
| A Ta a, BII CTPyMy JAMHICTOpA, HaBe-

L > neHi Ha puc. 2.35.

10 10° Juas Manux 3Ha4eHb CTPyMy

Puc. 2.35 - 3anexHicTb a, Ta , (a,*a,)<l. I3 3pocTaHHsAM HANpPYIH

BIAL CTPYMy AMHICTOPa Ha JIMHICTOPi Koe(ilieHTH a, Ta a,
3pOCTalOTh (32 PaxyHOK 3BYXKCHHsI 0a3 TPAaH3UCTOPIB uepe3 PO3MIUPEHHS
3BOPOTHO 3MIILEHOTO Tiepexoy /7, ), a 0TxKe, 3pOCTac 1 CTpyM 4epe3 AuHic-
Top 1.

[Ipn nesxoMy 3HaueHHI CTPyMY, IO HA3UBAETHCS CTPYMOM BMUKAHHS
nunicropa [, , orpumaemo (a,+ a,)= 1, i BuXijHui cTpymM MaB Ou 3pOCTH
JI0 HECKIHYEHHOCTI, AKOM He 00Mexyroa Jist onopy HaBaHTaxeHHs R . Ha-
JlauTi IpHJIajl yTPUMYETHCS B YBIMKHEHOMY CTaHI 32 paXyHOK BHYTPIIIHEOTO
MTO3UTHBHOTO 3BOPOTHOTO 3B’ SI3KY.
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BAX nunicTopa HaBee-
Ha Ha puc. 2.36, Ha SKOMY
MO3HAYEHO:

U, — Hampyra BMHKaH-
HS1 IMHICTOPA;

I — CTpyM BMHMKaHHS,

I, — CTPyM yTpHMaHHS;
I5 , — TPAHHUYHO JOIyCTH-
MUl CTpYM IpHiIanLy;

U,,—najiHus HApyruHa |,
JIMHICTOPI, 110 BifIIIOBi1a€ Iep.

Hinsaka 0a BAX Bin-
MOBiJIa€ 3aKPUTOMY CTaHy
I[I/IHiCTOpa. Hinsuka a6 — Puc. 2.36 — BAX guHicTopa Ta 1ioro
JaBUHOMOAIOHOMY TIEpe- YMOBHE NO3Ha4eHHs
MUKaHHIO IpWiIady (OUISIHKA 3 HeraTHBHUM omopoMm, 6o Tyt R=-DU/DI —
BennuuHa Bix emMHa). JlinsgHKa 66, moniOHa Bifpizky BAX mioxa, Bianosinae
YBIMKHEHOMY CTaHy IMHICTOPa, BOHA € POOOUOI0 AUISIHKOIO XapaKTEPUCTHKH.

Jis BUMuKaHHS puiiaxy (TIepeBeieHHs HOT0 y HEMPOBIAHMH CTaH) CTPYM
y HOTO0 KOJIi TOBUHEH CTaTH MEHIINM 3a CTPYM YTPUMaHHS.

OcCHOBHI TapaMeTpH AUHICTOPA:

— Harpyra BMUKaHHs gunictopa U, , mo cranosuts (20 ,1000) B;

— MaKCHMaJbHE CEepPeqHE 3HAYECHHS MPSMOTO CTPyMY 3a 33/JaHUX YMOB
OXOJIOZ)KEHHS Inp > 1O CTAHOBUTS (0,1 ,2) A;

_— CTpYM yTPHMAHHs Iym* MlHlMaJIPHI/II‘/'I HpS[MIfII‘/'I CTPyM YBIMKHEHOT'O JIH-
HicTOpa, PU NOAATBIIOMY 3HH)KEHHI SIKOTO IMHICTOP MEPEXOJIUTh Y HEMPO-
BimHMiA ctaH, ctaHoBUTh (0,01 ,0,1) A;

— MaKCHMaJIbHE JIOITyCTUME aMILTITyJHE 3Ha4€HHs 3BOPOTHOI HANPYTH
U, .. carae no 1000 B;
— 9ac BMHKaHHA, TOOTO Yac Mepexoy BiJ 3aKPUTOTO CTaHy 0 BIIKPH-

TOTO, 3HaXOAUTHCS y Mexkax (1 ,10) mkc.

2.6.2. TpunicTop (kepoBaHuii gioa)

JluHicTOpH HE 3HANUIIIIIH IIUPOKOTO PO3MOBCIOIKEHHS (BUKOPHCTOBYBAJIMCh
Tuts (piKCyBaHHS JOCATHEHHS HAIPYTOIO IIEBHOTO 3HAUEHHsT ). 3aTe TPioaHUN
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TUPUCTOP (TPUHICTOP), IKUH € KEPOBAHUM MEPEMHUKAIOUMM MPHIIAJIOM 1 yac-
TillIe HA3UBAETHCSI IPOCTO THPHCTOPOM, CTaB OCHOBOIO €HEPIeTUYHOT eJIeK-
TpoHiKkH 80-X POKiB MUHYJIOTO CTOJITTS.
TpunicTop — 11e YOTUPUILIAPOBHHA NEPEMHUKAIOUUN TPUIIAL, Y SIKOTO Bif
OZIHi€1 3 6a30BUX 30H 3pOOIEHO BUBIA — KEPYIOUHI €JIEKTPOA.
CrpyKkTypa Ta YMOBHE MO3Hau€HHsS TPHHICTOpa (Hagaai — THPHCTOP)

HaBeJIeHi Ha puc. 2.3

7.

AHOO |

VS
AHOO Kamoo

Kepyroyuli
enekmpod

[Tomaroum MiX KepyrodnM

p E
n +
Kepyrouuli Uy,
€J1eKmpo0 0 o
—
|Kep
+
o n
Uxep
_ o
Kamood ‘
Puc. 2.37 — CtykTypa Ta yMOBHE MO3HA4YEHHs TMpKUCTOpa
lnph

~

|
I
I
I
|

IKep4>|Kep3> IKep2> IKep1:O

Unp

ol U

Puc. 2.38 — BAX Tupnctopa

UeM3 UeM2 U5M1

€JIEKTPOIOM Ta KaTOZOM Ipsi-
My HaIpyry Ha p-n mepexin,
10 TPALOE y MPAMOMY Ha-
MPSIMKY (3MiHIOIOYH CTPYM Ke-
PYBaHHS ), MO)KHA PETYITIOBAaTH
3HA4YEHHS HAIIPYTH BMUKaHHS
U, . Lo BracTuBicTs THPHC-
TOpa IeMOHCTpyE oro BAX,
HaBeneHa Ha puc. 2.38. Ciin
3a3HAYMTH, 10 TPAKTUYIHO 3a-
CTOCOBYIOTh PEXHM BMHKaH-
HSA, IO BIiATIOBiTa€ CTPYMOBI
KepyBaHHs [ Ha PHC. 2.38.
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Cxema BMHUKaHHSI THPHCTOPa 300paskeHa
Ha puc. 2.39. \l/Vs1 R,

SIK110 mogaTé Ha Kepyrode KOJIO IMITYJIbC +o 2B
MPSIMOi HaIIPyTH, THAPUCTOP BMUKAETHCA 1 3a- +
JIMIIAETHCS YBIMKHEHHM Tricis 3HaTTa cur- | L Yrep Ua
HaJTy KepYBaHHA. B T

BHMKHYTH TUPUCTOD MOYHA JIMIIIE 3HU- O .
KEHHSIM CTPyMY Y H0ro aHoIHOMY KoJti Hiok- Puc. 2.39 — HavinpocrTilua cxema
4e CTpyMy yTpUMaHH: [ . BMVIKaHHA TVpCTOPA

Y xonax nmocTiiHOro CTpyMy BUMHKaHHS TUPUCTOPA 3A1HCHIOETHCS IS -
XOM BMHKaHHsI [TapajieJIbHO TUPUCTOPY HOMNEPEAHBO 3apsIHKEHOr0 KOHJEH Ca-
TOpa 3 HAIIPYTOI0, TIOJIIPHICTH SIKOi 3BOPOTHA II0JI0 THPUCTOPa (MPUMYCO-
Ba KOMYTAamis).

VY xonax 3MiHHOTO CTPYMY BUMHUKAHHS TUPHUCTOPA 3A1HMCHIOETHCS TIPH-
POAHO B MOMEHT HPOXOKEHHS CTPYMY Yepe3 HyJllb (HEeBUMYILLIEHA KOMY-
Talis) — TOMy HAWIIMPILIOTO BUKOPUCTAHHS THPUCTOPH HAOYJIH came Y KO-
Jax 3MIHHOTO CTPyMY SIK HalliBKEpOBaHi €JIEKTPOHHI IepeMHKadi (HariB-
KepoBaHi — 00, 1il04M Ha KOJIO KEPyBaHHS, iX MO)KHA JIMILIE BMUKATH).

Ha puc. 2.40 maBeneHo crpoiieHy cxemy 0AH0¢a3HOro peryJsitopa
Ta 4acoBi giarpamMu #oro poOoTH. 3MIHIOIOUN 3aTPUMKY T0Jadi CUTHAITY
KepYBaHHSA BiJHOCHO EPEXO/ly HAIPYTH MEPEIKI U 9EPE3 HYIIb — KYT Kepy-
BaHHA a — Bix 0 10 D, MOJKHA PETYJIIOBATH HANPYTy HA HABAHTAXKEHHI U,
BiJl HYJIS O MAKCHMYMY.

UM\
UKep1
o 2 ot
UKep1 i
CIIN ot
UKepZ o
%‘I ot
Uy
© ot
a) 6)

Puc. 2.40 — OgHodasHuii perynatop:
a) enekTpyyHa cxema; 6) HacoBi gjiarpamm PoboTK
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Tupuctopu MaroTh 6arato napamerpis (0ins cra). HaBenemo ocHOBHI
3 HUX.

1) CraruuHi napameTpu:

— CTpyM BMHKaHHSA [ ;

— CTpyM yTpuMaHHs (MiHIMaJIbHUH NPAMUI CTPYM YBIMKHEHOT'O THPHC-
TOpa 3a PO3IMKHEHOT'0 KOJIa KepyBaHHs, IPY NOAAIBIIOMY 3HIKEHHI SIKOTO
TUPUCTOP MEPEXOIUTD Y HEPOBigHMI cTaH), cTaHoBHUTH (0,01 | 0,7) A;

— noporosa Hanpyra U, , csarae jo 1 B.

2) I'pannuni napamerpu:

— MaKCUMaJILHO JIONyCTUME 3HaU€HHS CEPEIHBOTO CTPYMY Yepe3 THPHC-
TOP 32 IEBHUX YMOB OXOJIOJIPKEHHS Iep, cknanae (0,1 ,3200) A;

— MaKCHMAJIbHO JOIyCTUME aMIUIITyJHE 3HaYEeHHS 3BOPOTHOI HAPyTH
U,= (100 , 10000) B;

— CTpYM pObOYOro nepeBaHTaxeHHs, carae 3/ ;

— YIApHUH CTPYM Y BIAKPUTOMY CTaHi, 10 HE TOBTOPIOETHCS, CSrae 20[4);

— JIOTyCTHMA CepellHs MOTYKHICTh BTPAT y BIIKPUTOMY CTaHi.

3) [unamiuHi napamerpu:

— 4ac BMMKaHHA £, (4ac Mepexoiy TUPMCTOPA 3 HEMPOBIHOIO CTaHy y
MpoBigHUI), 1m0 cTaHoBUTH (1 | 10 ) MKc;

— 4ac BUMHMKaHHA t (MIHIMAIbHUHI 1PO-
inp Unp MDKOK 4acy MiX MPOXOJDKEHHIM depe3 HYIb
IPSIMOTO CTPYMY Ta IMMOBTOPHUM MPUKIIAJICH-
HSIM HaIIpyTH 10 TUpucTopa (auB. puc. 2.41),
110 HE BUKIIMKAE CAMOBLIHLHOTO BMUKAHHSI ITPH-
Toum Jay — 4ac BiJJHOBJICHHS 3allipHUX BIIACTH-
BocTteit), cranoButh (10 | 500) MKc;
/\ — JIOMyCTHMa IIBUAKICTh 3POCTAHHS BiJl-
Pvic. 2.41 - HacoBa fjarpamMa  HoBITFOBAHOT HAIPYTY HA THPUCTOPI, LIIO HE TPH-
BVMWKaHHSA TMPMCTOPA 3BOJUTH JI0 MO0 CAMOBIILHOTO BMUKAHHS 3a
PaxyHOK EMHICHOTO CTPYMY 3MIIIIEHHS CTPYKTYPH (110 SBJISIE COOO0I0 mapa-
3UTHUH KOHJIEHCATOP) Ta BHYTPIIIHBOTO MTO3UTUBHOTO 3BOPOTHOTO 3B 513-
Ky (du/ dt),,,, = (20—-500) B/mke (ast rapaHTOBaHOrO 3aGe3neyeHHs He-
MepEeBHIICHHS 11 JOIYCTUMOTO 3Ha4YEHHS TapajiebHO 3 THPHCTOPOM 3a3BH-
gail BMUKAIOTh 3aXUCHUA RC-JIaHIIO)KOK — CHabep);

— JIOIyCTUMA MIBUAKICTh 3pOCTaHHS MPSMOTO CTPYMY, L0 HE IIPH3BOJIUTH

JI0 BUXO/Ty THPHCTOPA 3 JIaJly 3a paXyHOK JIOKJILHOTO TIepPerpiBy CTPYKTYpH
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(di/dt),,,, =(10-70) A/MKc (w1s rapaHTOBAHOIO 3a0e3MEUCHHS Helepe-
BUIIIEHHS ii JOMYCTUMOTO 3HAYEHHS [TOCIiAOBHO 3 TUPUCTOPOM BMHKAIOTh
HEBEJIMKY IHIYKTUBHICTb — 3aXUCHHUI JPOCEb).

4) Ilapamerpu Koia KEpyBaHHS:

— 1€ 3HaUYCHHS OCTIHOTO Ta IMITYJIbCHOTO CTPYMIB KOJla KEpYBaHHS IPU
Hanpys3i gKepena y HboMy 12 B, Ta BianoBiaHi iM naaiHHs HANIpyry y Koui
KepyBaHHsI (U151 TOTY>KHUX THPUCTOPIB L= 0,3,0,7A).

Crin 3a3Ha4MTH, O TPHUBAJICTH IMIYJIbCY KEPyBaHHS MOBHHHA OyTH
OUIBILIOIO 32 Yac BMUKaHHS TUPUCTOpa — 3a3Buuail cknagae (15 | 20) Mxc
JUIs1 aKTUBHOT'O HABAaHTAKEHHSI.

2.6.3. CneuianbHi TMNK TMPUCTOPIB (CUMicTOp, poTOTUPUCTOP,
ABoonepauinHnii TMpMCTOpP, ONTPOHHUIA TUPUCTOP)

Cumictop abo
CUMETPUYHUN TH-
pucTop — npunafp,
SIKUM € KEpOBaHUM
SIK TIPY TIO3UTHBHIH,
TaK i IPY HETATUBHIHN
Hampy3i Ha HbOMY.
BAX cumicTopa Ta D
ioro ymoBHe mo3ua- <=—— — _____ " VS
YEeHHS HaBeJICHO Ha
puc. 2.42.

IIpunan crano-
BHUTH COOOIO T’ ATH- (
tapoBy CTPYKTYpY- Kepyrouuti
Horo nmapamMeTpu efiekmpoo
noiOHi 1o mapa-
METpIB TPHHICTOPA.

DOTOTHPUCTOP — TPUIIAJ, IO KEPYEThCsA CBITIOBUM HOTOKOM. [lapa-
METPH HOTO CHIIOBOTO KOJIa IPHOJIM3HO TaKI XK, SIK 1 Y TPUHICTOpa. YMOBHE
nmo3HaueHHs HOTOTHPUCTOPA HaBeIeHE Ha puc. 2.43,a.

JBoonepauiiiHuii TUPUCTOP — MPUIIAJ, IO HE TITBKH BMUKAETHCA,
aje ¥ BUMHMKAETHCS KEPYIOUMM CHUTHAJIOM: BMHUKAETHCS K 3BUYANHUN

AHOO

Puc. 2.42 — BAX cumicTopa Ta 10ro yMOBHE NO3HAYEHHS



64 EJIEKTPOHIKA | MIKPOCXEMOTEXHIKA

TUPUCTOP, & BUMHUKAETHCS [TOJa4€I0 B KOJIO KEPYBaHHS IMITYJIbCY HEraTHB-
HOI Hampyr#, 4uM 3a0e31eUy€eThCsl IEPEpPUBaHHs CTPYMY B CTPYKTYpi 3a
PaxyHOK BigBeeHHsS 00’ €eMHOTrO0 3apsay 3 0a3u. YMOBHE O3HAYECHHS J1BO-
oIepaniitHOro THpHCTOpa HaBeAeHe Ha puc. 2.43,0.

Ckopouena #ioro HazBa — GTO (Gate Turn-Off Thyristor). Taxi Tupuc-
TOPY MacoBO BUITyCKalOThCS Ha CTPYMH 10 2,5 KA Ta Hanpyru 10 4,5 B 3
4acoM BUMHKaHHSA 710 15 MKc. IXHe 3acTocyBaHHs 1ae 3MOTy CIIPOCTUTH
CXeMy IepETBOPEHHsI CTpyMY, 00 He MOTPiOHI MPUCTPOI IPUMYCOBOI KOMY-
Talii 47151 CTBOPEHHSI 3BOPOTHOI HAIIPYTH [TPY BUMUKAHHI THpUCTOPiB. Hemo-
JIKOM € HEBETMKUH KOe(Dilli€HT ITiICHIICHHS 10 BUMUKAHHIO — 110 5.

Kommanist Mitsubishi Electric Bxe pozpoOuna ta Bumyckae GTO Ha ctpym
6 KA Ta Hanpyry 6 KB 3 koedinienTom migcuiaeHHs (5—6) i ¥acoM BUMHKaH-
HS 10 5 MKC.

Hanpukiami 90-x pp. XX ct. mi€ro x ¢ipMoro po3pobieHi THpUCTOpHi
CTPYKTYPH, IO 3a[IUPAIOTHCS 3 KOMYTAIi€l0 CTPYMY B 3aTBOP KEpyBaHHS,
i marotb Ha3By GCT (Gate Communicated Turn-Off Thyristor). Ognax,
po6ora GCT MoxIIMBa TINBKH 32 CHIENialbHOI KOHCTPYKIIi KOpITyca enek-
TpOoJa KepyBaHHs, siKa 3a0e3euye 3HIKEHHS 1HIlyKTUBHOCTI BUBO/IB JI0
(2—4) mxI'n. Ile nerko Bupimyerbes noeqaanasm GCT i mpuctporo dhop-
MyBaHHS IMITYJIbCIB KEpYBaHHS (IpaiiBepa) B €AMHIN KOHCTPYKIIii, 10 Ha-
3uBaeThes iHTerpoBanuM GCT abo IGCT (Integrated GCT). Taxi Tupuc-
topu, Hanpukiay tuny SSHY 35L4510 (dipma ABB Switzerland Ltd
Semiconductors, IlIBefinapis), mpamroroTs 3a HanpyT 10 4500 B i ctpymy
BuMmuKaHHA 10 4000 A (momycTUMU CTpYM mepeBaHTaKeHHST — 32 KA).
Yac BMUKAaHHS 1 BUMHUKAaHHS Y HUX CTaHOBHTH 10 MKC 3a MiHIMaIbHOTO
nepiofy BMUKaHHSI-BUMHUKaHHS 60 MKC. THPHUCTOP KOMITJIEKTY€E€ThCA Ipaii-
BEPOM 3 OIITPOHHUM KEPyBaHHSIM.

OnTpoHuii THPHCTOP — 1€ TOEAHAHHS CBITIOI0Aa Ta (POTOTHPUCTO-
pa B OMHOMY KOPITyCi. SIKII0 Yepe3 CBITIOMI0 MPOITYCKATH CTPYM (TIiI €0
UKEP), BiH TeHEpyBaTUMe CBITJIOBHH MOTIK, SKUH, MaJal0uu Ha CTPYKTYPY
THPHUCTOPA B 30HI KEPYIOUOTO p-71 TIepexoy, pu3Bene a0 reHeparrii B HIT
BUIBHUX HOCIiB 3apsimy. L{i HOCIT iz Ai€ro mpuKIIageHoi 10 THpUCTOpa HaIlpy-
T'H CTBOPIOIOTH CTPYM KEepPYBaHHS 1 THPUCTOP BMUKA€EThCs. [00BHA mepe-
Bara ONTPOHHUX TUPHUCTOPIB (SIK i QOTOTHPHUCTOPIB) — 1€ BiJICYTHICTh TaJIb-
BaHIYHOTO 3B’ SI3Ky MIXK KOJIOM K€pPyBaHHS Ta CHJIOBHUM KOJIOM. YMOBHE I10-
3HAYEeHHS ONTPOHHOTO THPHUCTOpA HaBeIeHe Ha puc. 2.43,B.
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© AHOd

% VS
|>‘ Uskep <_ _:)) 7
o Kamod
a) 6)

B)
Puc. 2.43 — YMOBHI no3HaveHHs ¢hoToTMpmrcTOopa (a), ABoonepaujiiHoro (6)
Ta OMTPOHHOrO (B) TMPUCTOPIB

HasiBHicTb Y THPHUCTOPIB BHYTPILLIHHOTO TTO3UTHBHOTO 3BOPOTHOIO 3B’ 3Ky
(30oHa HeratuBHOTO onopy Ha BAX) Hafjae iM IeKiIbKa BasK/TMBHUX BIIACTHBOCTEH.

TonoBHe: A7 BMUKaHHS TUPUCTOPA AOCTaTHBO B HOT0 KOJIO KEPYBaHHS
MOAATH KOPOTKHUH IMITYJILC CTPYMY HEBEJIMKOI HOTY>KHOCTI. [laini Biagkputuit
CTaH MiATPUMYETHCA 32 PAXyHOK BHYTPILIHBOTO IIO3UTHBHOTO 3BOPOTHOTO
3B’s13Ky. TOMy THPHUCTOPHY MatOTh AYKE BETUKUM KOe(illieHT MiACUIICHHS 32
MOTYKHICTIO (IECATKU THUCSY).

[opiBHSIHO 3 TPaH3UCTOPaMH, TUPUCTOPH OLITBII CTIHKI 10 IepeBaHTaKEHb,
aJie MaloTh JOCUTDH BY3bKHI Jiana3oH poOOYMX 4acTOT (0 COTEHB Iepi).

2.6.4. EneKkTpocTaTU4Hi TUPUCTOPU

OKpiM pO3TISIHYTUX BUIIE, B OCTAHHIN Yac B CHEPTeTHYHINA SICKTPOHIIT
BHUKOPHUCTOBYIOTb 1 I€AKi HOBITHI BUIM TUPHUCTOPIB, 10 3’ ABHUIIUCS 3aBISKN
JOCSITHEHHSIM HaIliBIIPOBITHUKOBOI TexHoorii. Lle, Hampukiaz, eJeKkTpo-
cratu4yHi Tupucropu (a6o SITh -tupucropu — Static Induction
Thyristor). TexHOIIOTIsI IX BUTOTOBJICHHS HACTUTLKY CKJIaHA, 110 OTIAHOBA-
Ha y CBITI JinuIe JekinpkoMa pipmamu. BiamoBinHo iXHS BapTIiCTh TOCHTH
BHCOKa. AHOO

ExBiBasienTHa cxema
1 TTO3HaYEHHS TAKOTO TH- L
prcTOopa HaBeJIeHI Ha AHo0
puc. 2.44. Y HOpMaIh-

HOMY CTaHI BiH IIPOBO-

JIMTH CTpyM. Bumunkan- 3ameop 3ameop

HA 31HCHIOETHCS IT01a-

Yer0 Ha KepyIOqHﬁ"ene.:K- a) Kamoo 6)
TPOJ TO3UTHBHOI Bij-

VS

Kamood

Pvic. 2.44 - ExgiBaneHTHa cxema (a) i nosHadeHHs (0)
HOCHO KaTO/1a HalIpyTH. €/1eKTPOCTaTMYHOMO TUPKCTOPA
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2.6.5. 3anipamit Tupuctop 3 MOH-kepyBaHHSIM

Haii0iip11 nepcneKTHBHUM 13 TUPUCTOPIB AJISl IPUCTPOIB EHEPreTUIHOT
€0JIEKTPOHIKHU € THPUCTOP, KEPOBAHUH HANPYTOIO — 3aNipHUIl THPHCTOP 3
MOH-kepyBanusim (MCT — MOS — Controlled Thyristor). Yoro exsi-
BaJICHTHA CXeMa i M03HaYeHHsI HaBeJleH1 Ha puc. 2.45. Bin mictute MOH-
cTpyKTypH 3 n- (V'T4) Ta p-xananamu (V'71) i THpUCTOPHY YOTHPHIIAPOBY
CTpYKTYpY p-n-p-n (VI2, VT3).

AHOO

AHOO

VS

o 3ameop Bameop

o
Kamod a) 6) Kamod
Pwvc. 2.45 — EkgiBanieHTHa cxema (a) i no3Ha4YeHHs (0)
3anipHoro Tupuctopa 3 MOH-kepyBaHHAM

BwmukaroTs fioro nmosaguero iMImyssCy Halpyry HO3UTHBHOT BiTHOCHO KaTo-
Jla TIOJIIPHOCTI Ha 3aTBOp #-KaHambHOro MOH-tpansucropa V7T/. Bumu-
KaHHSI 3/[IIICHIOETHCS TIOIAY€T0 IMITYIIbCY HAlIPyTH HETaTHBHOI MOJISIPHOCT] Ha
3aTBOp p-KaHainpHOro MOH-Tpan3ucropa V74, o Ha KOPOTKHI Yac MIyHTY€
KaTOAHUI Iepexii THPUCTOPHOI CTPYKTYPH: eMITEPHHUH Iepexif] TpaH3uCTopa
VT2. LM 3a6e3medyeThes Majia MOTYKHICTh y KOJII KepyBaHHS TIPUIATY.

2.7. IHTerpanbHi Mikpocxemm
2.7.1. 3aranbHi BigoMoCTi

BypxiuBuii pO3BUTOK TEXHIKH, [0 y HAIl Yac 3HAYHOIO MIpOo 3aie-
KUTH B/l PO3BUTKY €JIEKTPOHIKH, TPU3BOIUTH /10 3HAYHOTO YCKIIaIHEHHA
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eJeKTpOHHUX IpUcTpoiB. Lle, y cBow uepry, Bexe a0 30inbIICHHS
KIIBKOCTI €JIEMEHTIB Y IPUCTPOSIX.

Tak, cepeAHLOCTaTUCTUYHA KIJIBKICTh AKTUBHUX (I10AH, TPAH3UCTO-
PH, TaMIIH) Ta TACUBHUX (PE3UCTOPH, KOHACHCATOPH, JPOCEITi) EIIEeMEHTIB
SJIEKTPOHHUX MPUCTPOIB CKiIaaajia;

y 1950 poui — 10* mrr.; y 1975 —10° | 107;y 1985 — 108 y 1995 — 10°.

Take 3pocTaHHsI CKJIaJHOCTI €IEKTPOHHUX IPUCTPOIB MPU3BOAUTH J10 BU-
HUKHEHHsI HU3KU IPO0JIeM, OCHOBHHMH 3 SIKUX €:

1) HaAifHICTh €EMEHTIB 1 eJeKTPUYHHX 3B’ SA3KIB MiXK HUMU (a, OTXKe, 1
HaJiHICTb IPUCTPOIO B LIIIOMY );

2) MiHiaTIOpHU3allisl eIeMEHTIB (3MEHIIEHHs 00’ €My Ta MacH IPUCTPOIB);

3) 3HMKEHHSI CIIOKHUBAHOT TOTY>KHOCTI.

HemoxmmBicTh BUpilIEHHS 3a3Ha4€HNX IPOOIIeM 32 BUKOPUCTaHHSI PO3IIIs-
HYTHX BHILIE AUCKPETHUX €IEKTPOHHUX PUIIAIiB IPU3BEIO 10 BAHUKHEHHS
HOBOTO HAIIPSIMKY B €JIEKTPOHILl — CTBOPEHHS IHTErpabHUX MIKPOCXEM.

Interpansna mikpocxema (IMC) — 1e eneKTpoHHUI NPHIIaj i3 BUCOKOKO
LIUTBHICTIO TAKYBAHHS €IEKTPUYHO 3B’ SI3aHHUX €JIEMEHTIB, 1110 BUKOHYE JIESIKY
¢byHKUit0 00poOKy a00 NEPETBOPEHHS EINEKTPUIHIX CUTHAMIB 1 IKU, 3 TOUKH
30py KOHCTPYKTHBHO-TEXHOJIOTIYHHX Ta EKCIDTyaTaITIHIX BUMOT, € OIJHIM ITUTHM.

[IpoekTyBaHHSIM, BUTOTOBJICHHSM Ta PO3POOKOIO METOJIIB 3aCTOCYBaHHS
IMC 3aiimaeThcsi MiKkpoeaeKTpoHiKa.

3anesxHo Big TexHonorii BupooHurrea IMC moaiisiroTs Ha:

—riOpuITHI (BUKOHYIOTECS Ha OCHOBI O€3KOPITYCHIX IUCKPETHHX EJIEKTPOHHIX
TIPUJIAIB, IO IPUKPITLTFOFOTHCS J0 130JSITIHHOT OCHOBH, Ha SIKy HAHSCEHO IUTIBKOBI
€JIEMEHTH — PE3UCTOPH, KOHICHCATOPH 1 T. I1., @ TAKOXK 3’ €THYIOU1 ITPOBITHUKH );

— HaMiBIPOBIAHUKOBI (BC1 €IEMEHTH BUKOHYIOTHCSI HA OCHOBI €ZJMHOTO KPHC-
tairy HII).

3a cxnaaaicTio IMC NoAinsSoTh Ha YOTUPH TPYIIH:

1 —manmii crynins inTerpanii (7o 30 exeMeHTiB y cxemi);

2 — cepenniii crymins inTerpamii (30 , 150 enemeHTiB);

3 — Benukuii cTymink inTerpamii (150 | 1000 enemenTiB);

4 — HagBenuKHH cTymiHb iHTerpanii (monazg 1000 eneMeHTIB).

2.7.2. TiopupHi IMC

Tiopuani IMC cxramaroTbes 3 TAKUX KOHCTPYKTHBHHX BY3JTIB:
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1) i3omsA1iiiHA OCHOBA 13 CKIIOIIACTHKY a00 KepamMiyHa, Ha HOBEPXHIO SIKOT
Y BUIVIAI IUTIBOK HAHECEH]I PE3UCTOPH, KOHAEHCATOPH HEBEIIMKOI EMHOCTI,
KOTYILIKW HEBEJIMKO1 iHIYKTHBHOCTI, €IEKTPUYHI 3’ €JHAHHS;

2) muckpetHi 6e3koprycHi HII npunany;

3) IUCKpeTHI KOHAEHCATOPH BEJIMKOI €MHOCTI, TpaHCc(opMaTopH, Ipocei;

4) i3onmAuiiiHUi KopIyc, 10 3a0e3Meuye repMeTU3alilo yCiX eJIeMEHTIB
IMC 1 mae BUBIIHI KOHTaKTH.

Ha puc. 2.46 noka3aHo KOHCTPYKLIIO IUTiIBKOBUX PE3UCTOPIB i3 MAJIUM 1
BEJIMKUM ONOPOM. TOHKY IUTIBKY 3 UHCTOTO XpOMY, HiXpoMy abo TaHTalLy
HAHOCSTH Oe3MocepeIHbO Ha 130JSILiiHy OCHOBY. Y Takuil croci0 oxep-
XKYIOTb pezuctopu 3 onopoM Bix 0,001 mo mecstkiB kxinoom. 1106 oxep-

JKaTH OUTBII BUCOKOOMHI Pe3UCTOPU
><>< (10 mecATKIB MeraoMm), BUKOPHCTO-
BYIOTb METaJIOAIeNEeKTPUYHI CyMii

|: (HampuKkIam, XpoM Ta MOHOOKCH]I
— ] KPEMHIIO).

| Ha puc. 2.47 300paxeHa KOHCT-
I PYKLisl IJTIBKOBOTO KOHJEHCATOpA.

— 1| Huxaa Ta BepXHS OOKJIAJKH KOH-
JleHcaTopa 2 € TOHKUMU IUTIBKAMH 13

W Mii, cpibia abo 3omora. [ienextpu-

PUC. 2.46 — KoHCTpyKLS KoM 1 € IJTiBKa 13 CHITIKaTy aJTlFOMiHIIO,
MAIBKOBMX PE3NCTOPIB 3 MM (@) i ABOOKCHIY THTaHy abo KpeMHiko.

BEMKIM (6) Oropom Po3MimeHi BOHU Ha MieIEKTPUIHIN
2 OCHOBI 3.
1 €MHICTh TaKWX KOHJIEHCATOPIB
ﬂ_ MOXKe OyTH BiJl JECATH JO NECITKIB
Ve i TUCAY TiKodapay.
XEX XN 3 IIpoBiAHNKN BUKOHYIOTb y BHIVISII
2 ToHKOI (1 MKM) MJIiBKH 13 30/10Ta 94X

/— MiJIi 3 TTAIITapKOM HIKEITI0 200 XpoMy.

JlcKpeTHi eleMeHTH 13 THyYKUMHU
BHBOJIaMU (30JIOTHH JIPIT laMeTPOM
30,50 MKM) TpUETHYIOTHCS IO
Puc. 2.47 — KOHCTPYKLs IUTIBKOBOI MIKPOCXEMH IIaHKOI0 200
NNiBKOBOro KoHAeHcaTopa 3BAPKOIO.
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Enexrponni npuctpoi Ha riopuaanx IMC MoxXyTb MaTH IIUIBHICTD MOH-
taxy 110 60 , 100 exxemenTiB Ha 1 cM>. 3a Takoi HIILHOCTI 06’ €M MPHUCTPOIO,
o mae 107 exemenrtis, Mmoxe ckiaamatu 0,1 0,5 M3, a cepenniii yac 6e3-
BizMoBHOT po6oTH — 10* | 10* roauH i Ginbiie.

2.7.3. HanienpogigHukosi IMC

Ha Bigminy Bix riopuanux IMC, HaniBnpoBinHukoBi (3’sBunucs y
1958 p.) BUKOHYIOTbCS Ha 0cHOBI kpucTtaixy HIL, ne okpemi fioro instHku
BHUKOHYIOTb POJIi TPAH3UCTOPIB, Ji0/iB, KOHAEHCATOPIB, PE3UCTOPIB 1 T. iH.,
1 3’€IHYIOTBCS 32 JIOTIOMOTOI0 aJIOMiHIEBUX IUTIBOK, 1[0 HAHOCSTHCS Ha
MOBEPXHIO KPUCTAITY.

EnextponHi npuctpoi Ha HamiBnpoBiZHUKOBUX IMC MOXyTh MaTu
HITBHICTh MOHTaXY 710 500 enemeHTiB y 1 cM? i 1eil mapameTp 3 poKy B pik
3pocrae. Cepeaniii yac 6€3BiIMOBHOT poOOTH MPHCTPOIO, 110 Mae 107 10
eneMeHTiB, carae 10° | 10* ronum.

2.7.4. NpusHayeHHs i napametpu IMC

Ha BigmiHy Bix qUCKpETHHX eTeMeHTIB (Iioau, Tpanuctopu), IMC sBms-
10Th CO0010 (PYHKITIOHAIBHI PUCTPOT, IPU3HAYEH] JUTS [IEPETBOPEOBAHHSI EIeK-
TPUYHUX CUTHATIB a00 eHeprii.

3anexxHo Big npusHadeHHs IMC, uig Hel MOXKyTh HOpMYBAaTHCS Pi3HI IMa-
paMeTpu, o XapaKTePU3YIOTh 11 sIK QYHKIIOHATBbHUHN PUCTPIH B [ILIIOMY.

3a mpusHaueHHsM yci IMC noginsaioTbcs Ha J1Ba KIacH:

1) miniftHO-1MITyNTBbCHI (260 aHAIOTOBI);

2) norivHi (a0o mudposi).

o ainiiiHo-iMIyIbCHUX (aHAJIOroBUX) Haekarb IMC, 1110 BUKOHYIOTb
(yHKIi TepeTBOpeHHs i 00pOOKH €JIeKTPUYHNX CUTHAIIB, SIKI 3MIHIOIOTHCS
3a 3aK0HOM Oe3nepepBHOi GyHKINI. Jlo HUX HaJIeXaTh Pi3HI MiACHIIOBAYI,
TeHEPaTOpH, CTAbUTI3aTOPH CTPYMY Ta HAIIPYTH.

OCHOBHI TapaMeTpH MiICHITIOBAYiB:

— Koe(iLleHT IMICUIIEHHS 3a HAnpyTow K ;

— BX1itHuU# omip R ;

— MakCHMallbHa BUXinHa Hanpyra U

— pob6oumii miama3oH 4acToT.
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OcHoBHI napameTpu cTadinizaTopis:

—koedimieHT cradimizarii K,

— Hanpyra crabimisauii U, ;

— MakCMMallbHa MOTYXHICTb P ;

— liana3oH 3MiHHU BX1HOT HAIIPYTH.

Jo aoriuanx (mudpoBux) Hanexars IMC, 1110 BUKOHYIOTE QYHKIIIT Tepe-
TBOPEHHSA 1 00pOOKHU €JIEKTPUYHUX CUTHAIIB, SIKi 3MiHIOIOTBCS 38 3aKOHOM
JCKPETHOT (PYHKIIIT (3a3BHUAi 11e ABIMKOBUI N(POBUIL KOI).

[lapameTpn Takux cxem:

— piBEHb JIOT1YHOTO HYJIS,;

— piBEHb JIOT1YHOI OJIHUIII;

— IMIBUIKOIISA,

— 3aBaJOCTIHKICTb.

OcHosHi nepeBaru IMC:

— BHCOKA HaIIMHICTE,

— Mauti rabapuTH i1 Maca;

— He3HAYHa CTIOKUBAHA [TOTYXHICTB;

— HEBHUCOKA BapTiCTh;

— BHCOKHHU PIBEHB MTBUIKOII.

Henonik — neBenuka Buxigna notyxHicts (50 , 100 MBT).

IIpote 3a IMC maiibyTHe, 60 3aBISKH CTBOPEHHIO MIKpPOIIPOIECOPIB Ta
BHACITIJIOK PO3BUTKY 1H(GOPMATHKH CTaJla MOMKIIMBOIO 1I00Y/I0Ba (PYHKIIOHATIBHO
PI3HUX EIeKTPOHHHUX PUCTPOIB HA OJTHOTUITHHUX eJIEMEHTaX (JIaTYHKH, TIe-
pPETBOPIOBaUi aHAJIOTOBUX CUTHAIB y A(POBI, MpoIiecop, By3iIH maM’sTi,
IepeTBOPIOBadi MU(POBHUX CUTHAJIIB Y aHAJIOTOBI B ITOETHAHHI 3 BAKOHABYHM-
MM [TOTY>KHAMH TIPUCTPOSIMU Ha JIUCKPETHUX eneMenTax). [Ipu npomy anro-
PUTM 0OPOOKH €IeKTPHYHHX CUT'HAJIIB BU3HAYAETHCS 33]JAHOIO0 TIPOTPaMOI0
PpOOOTH IPUCTPOIO 1 HAOIP BUKOHYBAHHUX (PYHKI[IH (PaKTHUHO 3aJI€KHUTh BiJl
MIpOrpamHu, a He BiJl CXeMH IPUCTPOIO.

[pu npoMy 3a3HAYMMO, IO TEOPETHYHO BCTAHOBIICHOIO MEXKEE0 MIiKpO-
MiHiaTIopu3anii HaniBupoBigHuKoBHX IMC € MakCMMalbHO JOCSKHA
KiJIbKICTb €JIEMEHTIB (TPaH3UCTOPIB), 110 MOXKYTh Oy TH po3MmilieHi Ha 1 Mm?
wromti kpucrany, — 10'°-10" mryk.

Sk Bigomo, 16 rpyaas 1947 poky [xon bapain, Yonrep bparreiin ta
Vinpam Llexsi cTBOpHIIM €IEKTPOHHUHN MPUIIA, Y SIKOMY 3yMIJIH ITiICHITUTH
CHWIy CTPyMy V ACKinbKka pasiB. Temep Mu HazuBaeMo HOTO OIMOISIPHUM
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TpanzuctopoM. Y 1958 poui Jxxon Kinbi po3micTuB nBa TpaH3UCTOPH Ha
OJTHIM KpEMHI€BIH i AKIAII — 3’ IBIJIACH ITEPIIIa HAITiBIIPOBiTHUKOBA IHTET-
panbHa Mikpocxema. Biaroni Bxe 50 pokiB crienianicTH HaMararoThCsl pO3-
MICTUTHU Ha HaIliBIIPOBITHUKOBHUX MiJKJIAIKaX SIKOMOTa O1JIbIIIe TPAaH3UCTOPiB
(tenep mo Mminbsapaa). Ilpu npomy 30epiraeTbes Iist 3aKOHY, BUBEICHOTO
eKcrepuMeHTalnbHo y 1965 poui 3acHoBHHKOM kommadii Intel ['opronom
MypoM: KiTBKICTh KOMIIOHEHTIB MiKPOCXEM IIOPiYHO IMOBOIOETHCS, & IIPO-
JTYKTHBHICTB (IIIBUKO/IisT) 3pOCTAE BABIYI KOXKHI BICIMHAALIATE MICSIIiB ITPH
30epekeHH] onepeIHbOi BapTOCTi.

Croromni 3akoH Mypa Ile € YUHHUM, aJie IPOLYKTUBHICTb CHCTEM BCE
OinplIe BU3HAYAETHCS HE LIUIBHICTIO KOMIOHYBAaHHSA TPAaH3UCTOPIB, a
LIJTBHICTIO KOMIIOHYBaHHS MiKpPOIIPOLIECOPiB. A J€KiJbKa POKiB TOMY Bizo-
Muit Pi3uk i kocmonor CTiBeH XOKIHT epepikK, 10 iHYCTpito OyayTh CTpH-
MYBaTH B2 OCHOBOIIOJIOXKHI YMHHUKH: LIBUAKICTH CBIT/Ia 1 aTOMapHa MPUpO-
napedoBunu. Y 2007 p. lopnon Myp 3a3HauuB, 1110 iHTErpaIbHIN HAIBIIPOB-
1IHUKOBIH iHIyCTpil 3asmmmiock e 10-15 pokiB, OCKiNbKH, HANPHUKIIA, Iap
130JIILIHOTO MaTepiajty, IO BUKOPUCTOBYETHCS B Cy4aCHHUX MPOLIECOpaXx, Mpak-
THUYHO JIOCAT CBOTO MIHIMYMY 1 CKJIQJIA€ JIMIIE IEKITbKA MOJICKYII.

OHuM 3 HAMBIPOTAHIMMX KAaHAUAATIB HA POJIh MaTepiary IJIs MiKpOC-
XeM MaiOyTHBOTO € BYIJICTICBI HAHOCTPYKTYPHU. 3a3HAYNMO, IO IO CTPYK-
Typ, OTPUMaHNX Ha OCHOBI HAHOTEXHOJIOTIH, HAJIEXKaTh yCi 00’ €KTH po3Mi-
poM 110 150 HaHOMETpiB, BIIACTUBOCTI SIKUX HE MOXKYTh OyTH IOSICHEHI Tpa-
TUITIHHAMY TEOPISIMH.

Taxk, rpyma Buenux 3 HamionamsHOi1 mabopatopii Jloyperca B bepkii
(CIIIA) 2007 poky orosocuiia mpo CTBOPEHHS paaionpuiiMada HAHOMETPO-
BoOro po3mipy. IIpucTpiii ckitagaeTses 3 EANHOT MOJIEKYJTH BYJIELIEBOT HAHO-
CTPYKTYPH AOBXHHOIO OIMH MIKPOH 1 ITUPUHOIO AECATH HAHOMETPIB, 110
MPAITIOE 32 TUM CaMHUM TPUHIIAIIOM, IO W eNIEKTPOHHOBAKYYMHI JIaMITh. A
BueHi 31 Crendopny (Bemukobpuranis) 2008 poky po3poduim criocid Buro-
TOBJICHHSI TPAH3UCTOPIB 3 BYIIICIICBHX HAHOCTPYKTYp: BIEpIIEe CTBOPEHO
Takui MOJIbOBUM TpaH3UCTOP. BBaxkaeThCs, 1110 11€ 111€ OAUH KPOK Ha HUIAXY
CTBOPEHHSI BUCOKONpOayKTHBHUX IMC 1151 KOMII'10TEepiB, sKi OyayTh Ipa-
IFOBaTH MIBU/IIIE 32 Cy9acHI KPEMHIEBI MIKPOCXEMH 1 BUIUISITH 3HAYHO MEH-
me tervia. [ToaiOHi mpuiaayn CTBOPIOBAJM 1 paHile, aje Il IXHbOI poboTH
Heo0XiTHO OyI10 M ATPUMYBATH TEMIIEPATY Py PiAKOTO Tellito — YOTHPH TPaIy-
cu 3a KenpiHoM. MOXXIIHMBiCTE pOOOTH 32 BUCOKHX TEMIIEPATYpP OTPUMAHO
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3a paXyHOK BUKOPHCTaHHS «HaHOCTPIUKW» MIUPHUHOIO MeHII HiX 10 HaHO-
MeTpiB (y 50 THCAY pa3iB TOHIIOT 3a TIOACHKY BOJIOCHHY).

OCKLUIBKH B OCHOBI BCIX Cy4acHHX iH(QOpMAIIHUX TEXHOJOT 11 JISKUTH KOM-
I’ I0TepHA TeXHiKa, iHOpMaLifHO-00UMCITIOBATIbHI MEPEXi, CYITy THUKOBI JIiHIT
3B’s13Ky, INTERNET-Texnosorii Tomo, a oocsru ingopmartii, mo mnorpedy-
I0Tb OTIPALFOBAaHHS Y peajbHOMY Yaci, HEBIIMHHO 3pOCTAI0Th, OB’ s13aHi 3 UM
TEXHIYHi 1 TEXHOJOT1YHI IPOOIEeMH MOTPeOYIOTh BUPIIIEHHS TUM YH 1HIINM
crocoOoM. 3aBIsIKM HEBITMHHIH poOOTI BUCHHX 1 IHKEHepiB MPOBiTHUX J1a00-
paropiii, Gpipm i Kopriopariii BCbOro CBiTy €BOJIOLIOHYIOTH BiANIOBIIHI puIa-
1M 1 IPUCTPOI. A 4ac Bi yacy BifOyBaroThCs II00aIbHI PEBOMIOLIIHI 3MiHH.

Mu nepebyBaemo 3apa3 Ha TAaKOMY eTarli pO3BUTKY: MexaHika ®  enek-
TpoMmexaHika ® eIeKTpOHHOBAKYyMHi iaMii ®  HariBIPOBiJHUKOBI IPH-
agaau ta IMC ®  ByrieneBi HAHOCTPYKTYpHU?

2.8. CyyacHui cTaH i TeHAeHUIi pO3BUTKY KEPOBaHUX
CWJI0BUX HaNiBNPOBIAHUKOBUX NPUNaais

Y npoMuciioBo po3BUHEHUX KpaiHax noHay 70% BUpoOIeHOT eneKTpo-
€Heprii MPOXOIUTH Yepe3 HaIliBIPOBIIHNKOBI mepeTBoproBadi. CymapHa BCTa-
HOBJIEHA TIOTYKHICTh TAKUX ITEPETBOPIOBAYIB IIJIKOM IOPIBHIHA 3 CyMap-
HOIO TIOTYXKHICTIO, 1[0 TeHepyeThesl. ToMy TeXHIYHHUH piBeHb MEPETBOPIO-
BaJIbHOT TEXHIKH BiTYyTHO BIUIMBAE HA CTaH BCi€l eHepreTuku. B YkpaiHi, sk
1B Pocii, uepe3 HamiBIpOBIAHUKOBI ITepeTBOPIOBadi MpoxoauTs Juire 30%
enexTpoeHeprii. Tum yacoM 301TbIIEHHS 1Ti€1 9aCTKH IO CBITOBOTO PiBHS
3a maHuMu Pociiichkoi akazemii HayK acTh 3MOTY 36KOHOMHTH 70 15%
BCi€i enekTpoeHeprii, mo BupoOIseTses. OTKe, IPUCKOPEHUN PO3BUTOK
CHJIOBOT ITEPETBOPIOBATLHOT TEXHIKH € OJTHUM 3 HAUTITBUIIITNX 1 HAWMEHTIT
BUTPATHUX IUISAXiB BIAYYyTHOTO 3HIKEHHS €HEPTOEMHOCTI BHYTPIIIHBOTO
BaJIOBOTO MPOAYKTY.

OcKUIBKY KepOBaHi CHIIOB1 HamiBpoBiqauKoBi pmiaau (CHIT) abo cu-
noBi HamiBIpoBiaHUKOBI Kito4i (HK) cTaHOBISTE OCHOBY CHITOBOT TepeTBo-
PIOBaJIBHOI TEXHIKH, TO BUBYEHHS TEHACHIIIH PO3BUTKY IMX MIPHUJIA/IIB, a Ta-
KOYX 3HaHHS Cy4acHOTO CTaHy 3a0e3Ieduye yCBiJOMIIEHe BUKOPUCTAHHS JI0-
CSITHEHb II1€1 TEXHIKH JIJIs pO3B’I3aHHS BUPOOHUYMX 3a]1ad.

[IpoBeneMo OTMIsIT OCHOBHUX ICTOPUYHHMX €TaIliB PO3POOKH CHIIOBHUX
KJTIOYiB 1 CTHCIIO OLIIHUMO OTpUMaHI1 Py IIbOMY pe3yibTaTh. B crienianbHil
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JiTepaTypi NpUIHATHIA NO1J Ha €TaIH, HaBeJCHi HIKYE B XPOHOJIOTTYHOMY
HOPAAKY.

Etan 1. Kinenp 40-x — mouatok 60-x pp. XX cT. Po3pobka ocHOBHHX
Tunis kepoBaHux HK (0imonsipHUX 1 yHINONIAPHUX TPaH3UCTOPIiB) HA OCHOBI
BiZIOMHUX T€OPii TBEpAOTIILHOI eneKTpoHikH. [lifBUIIeHHS HOTY>KHOCTI IPH-
JalliB AOCATAETHCS 32 PAXyHOK 301IbIIEHHS PI3MYHUX PO3MIPIB CTPYKTYPH.
JU1st THpUCTOPHUX KIIFOUiB MOAIOHMH Mmiaxiza 3a0e3nedye 301IbILeHHS KOMY-
tanifaux ctpymis 10 100 A 3a nanpyru 1o 1000 B. /{15 Tpan3ucTopis, K i
paHillle, 3JIMIIAETHCS aKTYaJIbHOIO 3ajjada po3poOKU MpHuiasy Ha BEJUKi
CTPYMH 3 XOPOIIMMH INHAMIYHUMH IIOKa3HUKaAMH.

Eran 2. Kineup 50-x — nouarok 70-x pp. XX ct. Po3poOka nepumx HK
Ha OCHOBI BEPTUKAIBHUX 1 OaraTokaHaibHUX CTPYKTYp. [losiBa mianapHoi i
eniTakcianbHOI TEXHOJIOT1H, a TAKOXK BIIOCKOHAJICHHS TEXHOJIOT1i 1udy3ii B
HaIiBIIPOBIAHUKOBI CTPYKTYpU. OCBOEHO cepiiiHe BAPOOHULITBO MOTY>KHUX
OIMOJNSIPHUX 1 MOJIBOBUX TPAH3UCTOPHUX KIIIOYiB, 3JaTHUX PO3CiIOBATH I10-
TY>KHICTB y JEKiJIbKa BaT 1 HOTY)KHUX THPUCTOPHUX KIIOYIB Ha CTPYM J0
630 A 3a Hanpyru 1o 1500 B. [IpakTnuHe BUKOpUCTaHHS TOTY>KHUX THPHC-
TOPIB 1aJI0 MOKJIMBICTb BUSIBUTHU CHJIBbHI 1 CJIA0Ki CTOPOHHM OIMOJISIPHUX 1 YH-
IMONSPHHUX MPHJIAJIB 1 c(HOPMYITIOBATH 3aBJIaHHS CTBOPEHHS OUTBII Cydac-
HOT KOMOIHOBaHO{ CTPYKTYPH.

Eran 3. 70-1 pp. XX ct1. Po3po6ka ckiafeHnx TpaH3UCTOPHUX 1 THPHC-
TOPHUX KITIOYiB Ha TUCKPETHUX €JIEMEHTAaX, 10 MOEAHYIOTh IIepeBaru 0imo-
JISIPHEX 1 TOJTLOBUX MpruIaAiB. Llei mepion MojkHa XapaKTepU3yBaTH SIK €Tall
CXEMOTEXHIKH Harepe101HI HOBOI'O TEXHOJIOTIYHOI0 CTPHOKA.

Eram 4. Kigens 70-x — mogatok 80-x pp. XX cT. 3aCTOCYBaHHS BIIOCKO-
HaJICHHUX MIIXOIB IHTErpajabHOI eeKTPOHIKK B TexHomorii cuioBux [1K.
Po3pobka moTyxHUX TiOpHIHIX MOAYJIIB 1 CTBOPEHHSI MEPIIMX HOKOJIIHB CKJIa-
JEeHUX OIMOJIIPHO-TIOIHFOBIUX MOHOJITHUAX CTPYKTYP. 3a IeH BiAPi30K Jacy
BIIA€THCS TABUIIUTH MTOTYXKHICTB, III0 IIEPEMUKAECTHCS TPHITAIaMHU, O1THIIT
HiX y 100 paziB. {71 TpaH3UCTOPHUX KITIOYIB PiBE€Hb KOMYTOBaHHUX CTPYMIB
1 HarIpyT CKJIaJa€ COTHI aMIiep 1 THCA4l BOJBT. THPCTOPHI KITFOYi CTaIOTh
TTOBHICTIO KEPOBAHWMH 1 OXOTUIIOIOTH METaBaTHUH Jiania30H MOTYKHOCTEH.

Etan 5. 90-1 pp. XX c1. Yaockonanenus texxosnorii HK B 3amanomy nia-
Ma30Hi MOTYKHOCTEH 1 rpaHnYHUX HanpyT. Llei mepiox xapakTepusyeTbes
TIOJTIMMIIICHHSM SKICHUX IMOKa3HUKIB KITFOUOBUX MPUJIAIIB 32 IIBUIAKOMICIO 1
3aJIMIIIKOBUMHU HATIPYTaMH.
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Etan 6. Kinenp 90-x pp. XX cr. — tenepimniii yac. PozpoOka HoBHX
MOKOJIIHb CHJIOBUX KITIOUiB 13 3aCTOCYBaHHSAM CYOMIKPDOHHHX TEXHOJOTIH.
BripoBamkeHHS KepylOunX CTPYKTYP 3 130JIbOBaHUM 3aTBOPOM B CTPYKTY-
PH IOTYXKHHUX TUPUCTOPHUX KIIto4iB. [lIMpoke BXUBaHHS «PO3yMHHX» 200
«IHTEJIEKTYaIbHUX) IPUIAJiB, 30aTHUX BUPILIYBaTH LI CHEKTP 3a1ad K
y Taiy3i KepyBaHHS 1 3aXUCTy, Tak i B giarHoctudi. Kinens XX cT. i moyaTok
XXI crt., fK 1 paHile, JeMOHCTPYIOTh TEHIEHIIO O CTBOPEHHsI YHiBep-
cansHOro HK, kepoBaHOro 130160BaHUM 3aTBOPOM 3 ITOTY>KHICTIO IEPEMHU-
KaHHSI, 1110 BiJIIOBIAa€ «THPUCTOPHOMY Jiana3oHy» i 3aJIMIIKOBOIO HAMpY-
ro1o, OJIM3BKOIO 10 MPSAMOi Hampyru 3Bu4aiiHoro niona. IlponoBxkyerscs
MoJaJbILe YAOCKOHATICHHS OAHOONepaliiHuX (O1MOIsPHUX ) THPUCTOPHUX
KJIIO4iB y OiK MiBUIIEHHS KOMYTOBaHUX CTPYMiB 1 Hanpyr monHazg 10 kA i
10 kB BignosiznHo.

Takum unHOM, MU 0a4UMO, IO MIBCTOMITHINM UIAX €BOIIOIIITHOTO PO3-
ButKy HK 0yB cripsiMmoBanuii 10 CTBOpEHHS KJII0Ua 3 «i1eaIbHUMH BIIACTH-
BOCTSIMU», SIKMA TOBUHEH MaTH 3aJIMIIKOBY HAlIPyTy 1 CTPyMH BUTOKY, PiBH1
HYJTIO, MUTTEBO NIEPEMHKATH HECKIHUCHHO BEJIHKI CTPYMH 1 OJIOKYBaTH He-
CKIHUYEHHO BEJIMKi HAallPyTH 3a HYTbOBOI OTY>KHOCTI KepyBaHHs. MaOyTh,
IIFOT'O MOXKJIMBO JIOCATTH TIILKU Y BipTYaJbHUX 3ajJa4ax, HAMPUKIAI, TIPU
MO/JIENTIOBaHHI eNeKTpoHHUX cxeM Ha EOM. IlpakTuuHi X K09l MOXYTh
JIUIIE B TOMY YH 1HIIOMY CTYTIEHI HAOIM>KATHUCS A0 11eaTbHHX.

Sk BUITHO 3 HABEACHOTO iICTOPUIHOTO OISy, came y 80-X poKax movas-
sl HAallIMHAMIYHIIINH eTar pO3BUTKY CHIIOBOI €NIEKTPOHIKH, OB’ I3aHUH 13
3aMmpoBaPKEHHSIM Y TeXHOJOT110 KepoBanux CHII B1ocKoHaIeHIX METOMIB
IHTErpajIbHOI eICKTPOHIKH. 3aBIsSKH IIbOMY OYJI0 CTBOPEHO IMMOBHICTIO KEPO-
Bani CHII 3 mapamerpamu, 1o HaOIMKAIOTHCS 10 KIIFOUA 3 «iJeaTbHUMHU
BIacTHBOCTAMI». Cepen HUX HaWOUIbIe IpakTHYHE BXXUBAHHS 3HAWIIUIN
MOTY>XHi OIMOJIAPHI TpaH3UCTOPH 3 130ap0BaHUM 3aTBOpoM (IGBT) Ta nBO-
oTiepariitHi THPUCTOPH a00 THPUCTOPH, 110 3anupatoTecs, TumiB GTO, GCT
1 IGCT ra ixHi iHTErpabHI 30ipKH.

IGBT € xoMImpoMiCHUM pITIIEHHSM, IO A€ 3MOTy 00’ €IHATH TTO3UTHUBHI
BIIACTHBOCTI ITOJILOBOTO KepyBaHHS Ta OIMOJIIPHOI POBIAHOCTI 1 €, TAKUM
YUHOM, TPAH3UCTOPOM 3 KOMOiHOBaHOIO CTpykTypoto. Croromni IGBT e
HaNAO0CKOHAIIINM KIFOYOBUM MPHUIIAJO0M KOMOIHOBAHOTO THILY 3 THX, IO
cepiitHo Bumyckarotbes. [lianmazonn ctpymis i Hapyr IGBT mBuako posmm-
PIOIOTHCA 13apa3 BOHU MPAKTHIHO ITOBHICTIO BUTICHIUTH Y TIEPETBOPIOBAIBHIH
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TEXHIlll PEIITY TUIIB KJIFOUiB B Jlialla30Hi ITOTY>KHOCTEH BiJl OJMHHUIIb JIO TH-
csau kKBA.

[Ipore, cin 3a3HaYMUTH s HEAOMIKIB IMX MPUIAIB, 3yMOBICHUX (Hi3n4-
HUMH 0COOIMBOCTSAMH POOOTH: 3HaYHE I OIMOJSIPHOTO KIIH0Ya MaJiHHS
HanpyTrd y BIAKPUTOMY CTaHi, CXHJIBHICTH 10 CAMOYMHHOI'O BMHUKAHHS Y
TUPUCTOPHOMY PEKUMI (€PEKTy «3aKiIalyBaHHs») 1, IK HACIII0K, SHIKEHA
CTIMKICTB JI0 CTPYMiB KOPOTKOI'O 3aMHUKaHHS, BITHOCHO HEBHCOKA Y IIO-
piBusHHI 3 M/IH-aHamoramu mBuIKomis.

[epue nmokoninast IGBT (mouarok 80-X pokiB) 3a TyCTHHOIO CTPYMY B
20 paszis nepesepirysaio M/IH i B 5 pa3iB OinossipHi TpaH3UCTOPH, X0Uua
MaJIO BiTHOCHO BHCOKi yac BuMukanus (10—20 Mkc) 1 Harpyry y BBIMKHe-
HoMYy cTadi (4—5) B. YnockoHaneHHs TeXHOIOTii KepyBaHHS 4acOM >KUTTS
HEOCHOBHHX HOCIiB miaBuIiIo mBuakoAiro IGBT mo 200-300 wc. o kiHs
80-x pokiB Oynu po3poOiieHI pHiIaIy APYroro NOKOIIHHS SIK JUCKPETHOTO,
TaK 1 MOIYJIbHOTO THITiB HAa CTPYMH BiJ] A€CATKIB 1O COTEHb aMIIep 3 HAIpy-
roto OnokysanHs 10 1200 B.

BBeneHHs1 B CTPYKTypy TPaH3UCTOpPa AONATKOBOTO BHCOKOJIETOBAaHOTO
n-+-1mapy , o Ha3uBa€ThCs OypepHNM, Jaio 3MOTY ITiABUILIUTH PiBEHb MIPO-
OWBHHMX HaNpyT 1 MBHAKICTb TepeMuKkanHsl. Jlianazon podounx ctpymis IGBT
PO3IINPHBCS IO COTEHb aMIIep 3aBISIKU BUKOPHCTAHHIO MOJYJIEHUX KOH-
CTPYKIIi#l MIBMOCTOBHX 1 MOCTOBUX KOHirypariiil. Takum 4mHOM, 10 KIHIISI
90-x pOKiB BiK€ 3aCTOCOBYETHCS TPETE MOKOJIHHS X TpaH3UcTOpiB. Haii-
edexTuBHINIMMU MoxxHa BBaxkatu moayni cepii ECONOPACK y ¢ipmu
Siemens i U-SERIES y ¢ipmu Mitsubishi Electric.

Ha puc. 2.48 HaBeaeHO 3a1€KHICTh HAIIPYTH HACHYEHHS BiJ] 4acy CIagy
cTpyMmy KosekTopa 1yt IGBT-kimro4iB nepuix TphoxX MOKOIMiHb, 10 HAOYHO
UTFOCTpPY€E TEHICHITIIO 10 3HIKECHHS 3JIAIITKOBO1 HATIPYTH 1 TOKA3y€ IMOIah-
Ty aKTyaJlbHICTB Ii€i 3a7adi.

Y 90-i poxu micns po3pobku Tak 3BaHux HV-ctpykryp IGBT (High
Voltage) na xirac varpyr 1700 B Oyi1o HapemTi T0CATHYTO BUCOKOBOJIETHO-
ro mianazony Bix 1300 B i 6inbiie, mo TpaauIliiiHO BBAXKABCS THPUCTOP-
HUM. B OCHOBY Takoro BHCOKOBOJIBTHOTO KITFOYa TOKJIAJIEHO TOMOTCHHY
ctpyktypy IGBT, BukoHaHy 3a miiaHapHO-€MITaKC1aJIbHOIO TEXHOJIOTIEIO —
NPT-crpykrypy. Jiist 3axucty Bij mpoOOI0 3aCTOCOBAHO MOJIIKPHCTATIYHE
KpeMHi€BE OXOPOHHE KiJIBIIE, 1110 3MEHIITYBaJI0 KPUBU3HY TOBEPXHEBHX ITOJIIB.
JJ1 3MEHIIIeHHS 3aJTUIIKOBUX HAPYT B CTPYKTYPl ONTHMi3yBaBCS TEPMIH
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JKUTTS HOCIiB, KJIt04i Oysin po3pobieni Ha ctpymu 1o 300 A 1 manu 3aimm-
KoBy Harpyry (2,5-4) B 3a yactoru nepemukanp a0 50 kl'n. AHanoriuHi
KJIE04i OyJ10 po3po0iIeHO 1 Ha OCHOBI BUKOPHCTaHHS ITiITAKCIAIbHOI CTPYKTY -
pu — PT-ctpykrypu IGBT, mo nano MOXIMBICTh 3MEHIINUTH 3aJIHIIKOBY
Harpyry 110 2,7 B ipu crpymi 400 A. Boke Hanpukidmi 90-X pokiB 3’ IBUIIHCS

po3po6ku HV-IGBT na nampyru 2500-3000 B.

Vee(sat), B
4,5

4,0
3,5
3,0
2,5

20 +—
15 +—
1,0 1
0,5 1

0

Vce(sat), B
4,5
4,0
3,5
3,0
2,5
2,0
15
1,0
0,5
0

6)

T
IGBT | —
|
IGBT Il
\\
lc =100 A I
Vce =300 B IGBT IlI
— Vege =%15B
L T,=25°C
|
0 100 200 300 400 500 600 tf, HC
a)
IGBTI |
IGBT Il
l1e=50A —
1 VCC =600 B
1 Vge=15B IGBT Il _|
1 Ty=25°C
|
0 100 300 500 600 700 tf, HC

Puc. 2.48 — 3anexHicTb Hanpyry HackyeHHst IGBT-KITouiB pi3HUX MOKOHG Bif, HYacy
Criajly KOJIeKTOPHOro CTpyMy: a) — knac Hanpyr 600 B; 6) — knac Hanpyrn 1200 B
Hanpukinii 90-x pokis kommanis Mitsubishi Electric po3po0uiia HOBy Tex-
HOJIOTit0 YeTBepToro nokomninHs st npuwianis PT-IGBT Ha ocHoOBI BepTH-
kanbHOTO 3aTBopy Trench Gate. ['onoBHUM pe3ynsraTtoM BukoprucTanHs Trench-
TEXHOJIOTIT CTajio icTOTHE 3MeHIIeHHs1 cratnyHux BTpar IGBT 1 Buxin Ha
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HOBUH piBeHb 3aIMIIKOBUX HAnpyT: 1,6 B g npunaxis vHa 600 B1 1,8 B anst
npwiaai Ha 1200 B (qus. puc. 2.49). Kpim Toro, y mi mpuia i (cepii F) Oyno
JOJIATKOBO BBEJCHO CXEMY 3aXUCTy TPAaH3MCTOPA BiJl KOPOTKOIO 3aMUKaHHS
RTC (Real Time Control Circuit), npu3HadeHy Ui MUTTEBOTO 3MEHILICHHS
Harpyry Ha 3aTBopi 31 cranzaptaux 15 go 11 B. Ilpore, cnig 3a3Ha4nTH, 110
30UIBIICHHSI I'yCTHHH TaKyBaHHS BEPTUKAIBHUX OCEPEIKiB MPU3BEIIO /10 iCTOT-
HOT0 3pOCTaHHS BXiZJHO1 EMHOCTI PUJIa Ly, 110, CBOEIO YEPIroOI0, i ABUIIHIIO
MOTY>KHICTh KEPYBaHHsI KJIIOUEM 1 3HU3HIIO HOTO IIBUIKO/IIO.

j, Alem®
400 | | | : : | | |
350 Hiod  Trench IGBT
Vee=+15B
300 + 1% 250¢ / /l /
250

IGBT Il
200 l /

150 1/ /)

4
100 / //'/
/
50 i —— — 1eBTI —
0 Il Il

0 025 05 075 1 1,25 1,6 1,75 2 225 25 275 3VCE’B

Puc. 2.49 — MopieHAHHS BAX IGBT-kntouiB Pi3H1X MOKOMIHb
3 XapakTepuCTUKOIO aiofa

Hapemrri, 8 2004 pori Bce Ta sk kommanist Mitsubishi Electric npencrasu-
na 1’ site mokonminasg IGBT 3 nHa3soro CSTBT (Carrier Stored Trench Gate
Bipolar Transistor), ToOTO OIMOJNSPHI TPAH3UCTOPH 3 130JILOBAHUM BEPTH-
kanpHUM Trench-3aTBOpoM 3 HakommueHUMH HOCiIMHU. TpaH3ucTOpH Ma-
FOTh JIOAATKOBUH N-1I1ap, 10 CTBOPIOE 0ap’ep, KA IEPEITKOIKAE TTPOXOT-
JKEHHIO JIPOK 3 6a30BOr0 eImiTakcialpbHOrO Imapy B p-emitep. Lle crpuse
HaKOMMYEHHIO HOCiiB B 6a3zoBomy mrapi IGBT Ha mexi 3 emiTepoM 1 3HMKEH-
HIO 3aMIIKoBoi Hanpyru 10 1,8-2,0 B. Tenep He 3acTocoByeThCs Ti0prUaHa
RTC-cxema it 0OMeXXeHHS CTPyMy KOPOTKOTO 3aMHUKaHHS, OCKUTBKU TIPO-
011eMy CTPYMOBOTO IEpEeBaHTKECHHS OyJIO BUPIIIEHO B CaMOMY KPHCTaJIi
IGBT 3aBnsku Hogiit TexHonorii Plugget Celf Merget (PCM), 3a sikoi 3a0e3-
MeYy€ETHCSI ONTUMIBAIIS «KPOKY» BEPTUKATBHUX OCEPE/IKIB 3aTBOPA 3aBISKU
T KTFOYSHHIO TUTHKH HEOOXiTHOI IXHBOI KUTHKOCTI, 110 3a0e311euye BiTHOCHO
HU3BbKHI CTPYM HaCHUYEHHSI [IPH ITepeBaHTAKEHHI 1 3HI)KEHHS BX1IHOT EMHOCTI.
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TakuM YMHOM, MPOTSATOM OCTaHHIX ACCATHIITH 3yCHIUIA PO3POOHHKIB
IGBT-kmro4iB 6y:10 MOCTiiiHO CHPSIMOBAHO HA 3HIKEHHSI 3aJIMIIKOBOT HAIPy-
'Y, T ABULICHHS INBUKO/I1 Ta CTIHKOCTI NEpEMUKAHHS IIPH BCE 3pOCTAIOUUX
3HAUEHHSX CTPYMiB i OJOKyrounx Harpyr npuiany. [lppuomy nocrasneHi
3aBJaHHS BUPIIIYIOTHCS 3 KOKHUM POKOM Bce Ounb sikicHo. Tak, dipma
Toshiba Semiconductor po3po6uia GimoIIpHUI TPAH3UCTOP 3 130JIbOBAHUM
3arBopoM 1 migBumeHow imxekuieo IEGT (Injection Enhanced Gate
Transistor). Bin Mae npsmy (3a1MIIKOBY) HApyry i TYCTHHY CTPyMY, IO
BiJINOBIAIOTh MOTYKHUM OIMOJSPHUM (3BHYAHHMM) THPHCTOpaM, a AH-
HaMmiuHi napameTpH nepemukanHs xapaktepHi aius IGBT. 3apa3 Bupo06-
nsietbest Kinbka TuniB IEGT-MonyiniB npuTHCKHOT Ta TassHOT KOHCTPYKLIH, Y
TOMY YMCII 1 HAINOTYKHHUX Ha cTpyM 750 A i Hanpyry 6,5 kB.

Texnonoriuna peBomtonis 80-x pp. XX CT. He MOIIa HE TOPKHYTHCS TH-
PHUCTOPHOT KITFOYOBOI €IEKTPOHIKH, IO CTOITh L0 OCTOPOHB Ha HEMIOXHUT-
HUX HO3HULIAX BEIUKOi NOTyXHOCTI . [lo cepenunu 80-X pokiB 1ei Kiac npu-
JaJ1iB IOMOBHIOETHCS CTPYKTYPaMH 3 IIOJIbOBUM BMUKaHHSM, Ha3BaHi MCT
(Mos Controlled Thyristor). Bonu BianmuparoThcs Ta 3aHparoTbCs MOJIEM
3a Jyke BUCOKOI rycTuHH ctpymy (monan 2000 A/cm?). TIpore po3pobka
[UX TIePCIIEKTUBHUX MPHIAIB 3ITKHYJIAC 3 CEPHO3HOIO MMPOOIEMOI0 — PI3KHM
3HMKECHHSM JIOITyCTUMOI TYCTHHHU CTPYMY 31 3pOCTaHHIM YHCIIa CTPYKTY-
POYTBOPIOIOYNX €JIEMEHTIB. 3HAUHUX YCITIX1B HA TOU ITEePiof TOCATIIa TEXHO-
JIOT'isI THPHUCTOPIB, 0 3aMMPAIOThCs, 00 IBoonepariiHux Tupuctopis —GTO
(Gate Turn-Off Thyristor). Xo4a TeopeTHYHUI TPUHIINT 3alTUPAHHS P-N-p-
N-CTPYKTYpH 3a €IESKTPOIOM KepyBaHHsI OyB BIOMHUH 1mIe 3 modaTky 60-x
pp. XX cT., aje TUTbKU Po3poOKa iHTeTpaTbHIX 0araroocepeaKoBUX CTPYK-
Typ Jlaa 3MOTy HaJlaTOAMTH Tepii cepiitai Bunmycku notykHux GTO mo
cepenunn 70-x pokiB. TexHomoriuni ycmixu 80-X poKiB Aau MOKITUBICTh
¢dipmam-BupoOHIKam Maixke y 100 pa3iB MiABUIINUTH MTOTYXHICTb, IO T1e-
pemukaerbest GTO (1o 2,5 kA 3a ctpymoMm i1 4,5 kB 3a Hanpyroto). 3anex-
HO BiJ1 6JI0KOBaHOiI 3BOPOTHOI HAIIPYTH, PO3PI3HAIOTH CTPYKTYpH O€3 IIyHTY-
BaHHSI aHOJIHOTO MEPEXOY 1 3 IIYHTYBAaHHSM, & TAKOX CTPYKTYpPH 3 BOYI0-
BaHHUM 3BOPOTHUM HiofioM. JIB1 OCTaHHI MalOTh MEHIITY 3aJIMIIKOBY HaIIpy-
Iy, 1 X04a OKpeMi THITH IBOOIIEPALIHHUX THPUCTOPIB OYJI0 pO3pOOICHO ISt
BHCOKOYACTOTHHX CXEM CEPeHbOI MOTYKHOCTI, OCHOBHE BHKOPHUCTAHHS
GTO - B OTYXHUX KOJIaX CEPEIHBOT HATIPYTH, 1€ HE MOXKYTh OyTH BUKOPH-
cTaHi OimostsipHi 1 mospoBi TpaH3ucTopu. Hanpukian, o cepenunan 80-X pokiB
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Ha GTO Oyno po3pobieHo iHBEPTOPH HAIPYTH ISl ABUT'YHIB EJIEKTPOBO3iB.
Le nano 3Mory 3aMiHUTH Ha 3aTi3HUYHOMY TPaHCIIOPTi ABUTYHHU OCTIHHO-
rO CTpyMy Ha OLIb1I €eKOHOMIYHI 1 HamiiHI IBUTYHH 3MiHHOTO cTpyMmy. [Ticms
yemixiB y Texnousorii GTO ramy3i 3acTocyBaHHS 3BUYAHUX THPUCTOPIB
(SCR) icTOTHO 3BY3KyIOThCS. IXHiii pO3BHTOK i/i€ ILISXOM MiIBUILIEHHS PO-
004nX CTPYMiB i HanpyT 1 10 KiHI 80-X POKIB IX BiKe BUPOOJISIOTH Ha rpa-
HHUYHI cTpyMH 110 3 KA 1 Harpyru 1o 6 xB.

KonkypeHnuito qBoonepaiifHuM THpUCTOPaM CKIaAal0Th iIHAYKUiHHI TH-
puctopu (SITh-Static Induction Thyristor), 1110 3aCTOCOBYIOTECS B TUX XKe
KJlacax BEHTHJIbHHMX IEPETBOPIOBAYiB 1 BUKOHYIOTHCS 32 KOMOIHOBaHOIO
TexHoJorier0. BaxxmBoro nepeBaroro iHxykuiiaux trprctopis (IT) nopiBHsHO
3 GTO € HMU3bKe NpsIME MAiHHS HAIPYTH 32 BITHOCHO BUCOKHUX POOOYHMX
Hanpyr. [Iporte Taki ixHi HeZOIKY, K 30aTHICTb IPOBOAUTH CTPYM IIPU HY-
JLOBOMY 3MIILIEHH] Ha 3aTBOPI, a TAKOXK CKJIaJHa 1 1OpOora TeXHOJIOTisl BUTO-
TOBJICHHS TIOKU CTPUMYIOTh IIUPOKE 3aCTOCYBAHHS.

Hactyn xoMOiHOBaHMX TEXHOJIOTiH Ha MO3MLIi OiNOISIPHUX THPUCTOPIB,
110 BBKAJIMCS HEMPUCTYTHUMH, 3MYIITY€ PO3POOHHUKIB LIUX MPHUIIAIiB pyXa-
THUCS Aajli B 00JacTh MEeraBaTHUX NOTYXHOCTeH. Tak, kommanist Mitsubishi
Electric po3pobumna GTO nHa cTpym 6 KA i1 Ha HarpyTy 6 KB, BUKOHaHMIT 32
0arartoocepeIKOBOI0 TEXHOJIOTIEI0 Ha MECTUAIWMOBIH KpeMHI€Bil Tuiac-
THHI B CIIEI[iaTbBHOMY KOPITYCi 3 MOJIIO/IEHOBIMH AUCKaMHU (TEPMOKOMIICH-
caTopaMu), IO BiIAUISIFOT IUTACTHHY BiJl MITHUX YaCTHH aHOJA 1 KaToja.
Koedimient 3anmpanHs y HbOTO JOPIBHIOE MPUOIU3HO (5—6), a 9ac BUMU-
KaHHS — 6mu3pko 5 Mkc. Tupucrop BuTpuMye ymapHi ctpymu 1o 40 KA i
MIpH IbOMY MAa€ 3aJUIIKOBY Hampyry He 6inpine 6 B. Lli yHikansHI gocsr-
HEHHSI CTaJTF MOYKITUBHMHU 3aB]SIKH OTITHMI3allii POoLleCy IYHTYBaHHs aHOJI-
HOTO pP-N-TIEPEXOAY i CTBOPEHHIO HEPIBHOMIPHOTO PO3IOALTY TEPMiHY KUT-
TS HOCIIB B 00JIACTI MIMPOKOT N-0a3H, a TAKOXK BBEACHHIO JI0JJATKOBOI'O BH-
COKOJIETOBaHOTO N+-1Iapy B MPHAHOAHY YacTHHY n-6a3u (Tak 3BaHa CTPYK-
Typa p-n-v-p-n).

Hannory>xHi omHOOTIEpaIliiiHi TAPUCTOPH 3apa3 BUPOOIISIOTHECS HA OCHOBI
HaBucokoBobTHOT TexHonorii (Ultra High Voltage) 1 MaroTh nmapamerpu
noty>kHocTi 8 KB 13,6 KA A miHIN epenadi noctiitHoro ctpymy Ta 12 kB
1 1,5 KA 11 cTaTHYHUX TepeMHKadiB 3MiHHOTO cTpyMy. KepyBanus mon-
10HMMH CTPYKTYpaMH BUKOHY€THCS CBITIIOBUM IMITYJIBCOM IO CTIETialIbHO-
My ONTHYHOMY KaOero.
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B kinni 90-x pokiB Ti€ro 3k (ipMoro Oyiu po3poOiieHi THPUCTOPHI CTPYK-
Typu 3 KOMYyTalli€lo cTpyMy B 3aTBOp kepyBanHs, Ha3zBaHi GCT (Gate
Commutated turn-off Thyristor). Cuig 3a3naunTy, mo podora GCT mMoxku-
Ba TIIBKH 32 CIeUiaIbHOI KOHCTPYKILIi KOpITycy, o 3a0e3euye 3SHHKCHHS
IHAYKTUBHOCTI BUBOAIB KepyBaHHs 10 (2—4) mx['H. Lls mpobiema jierko
po3B’szyerhest ipu noeananHi GCT i mpuctporo hopMyBaya iMITyIbCiB Ke-
PYBaHHS B €AMHIN KOHCTPYKLIi, 110 Mae Ha3By iHTerpoBanuii GCT abo IGCT.
Croronni ui npuianu BupobisitoTees Gipmamu ABB Semiconductors i
Mitsubishi Electric y kopmycax TabneTok mpUTHCKHOT KOHCTPYKLIi 1 po3pa-
XOBaHi Ha Hanpyry 6 kB Ta Ha cTpym 4,5 KA.

3araipHy JiarpaMy Cy4acHoro piBHs po3nisiHyTHx cuinoBux HK B koop-
IMHATaX NPEACTaBICHUX CTPYMiB, HAIIPYT 1 YaCTOT HaBeleHO Ha puc. 2.50,
a TEXHIYHI XapaKTEePUCTUKU JOCUTH AE€TAIBHO ONHICAaHI B IOBIIKOBUX Kara-
Jorax Ta iHIMX iH(opMaliifHuX MaTepiaiax NpoBigHUX (ipMm, 110 3alima-
I0TBCSI PO3POOKOIO 1 BUITYCKOM X BUPOOiB, mepenycim Infinion Technologies,
Mitsubishi Electric, Semicron Ta Motorola.

I/, KA
10
Tupucmopu ﬁ
LeoonepauitHi mupucmopu GTO, GCT
10 HV-IGBT, MCT, SITh
IGBT Ji }
0,1
binonspHi {
YR MpaHsucmopu ™

0,5 1 10 U, kB

10

KT Ky
Puc. 2.50 - [jarpama cy4acHOro pisHs po3suTKy cunosmx HK
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Hacamkinens 3a3Ha4uMo, IO AyK€ XOPOILi HEPCIEKTUBH B PO3BUTKY
cyuyacHux kepoBannx HK BigkpuaioTbcs y 3B 513Ky 3 BUKOPHCTAaHHAM HO-
BUX HaIiBIIPOBIIHUKOBUX MaTepialiiB, epii 3a Bce kapoiny kpemHito (SiC),
10 A03BOJISIE iICTOTHO 3MEHIIUTH CTPYMHU BUTOKY 1 OITip MpHUiIaay y BiIKpH-
TOMY CTaHi, a TAKOX MiIBUIIMTH PoOoUy Temueparypy kpucraiy 1o 600°C
npotu (150-200)°C niist KpemHito.

TakuM 4MHOM, B pe3ynbTaTi AMHAMIYHOTO PO3BUTKY €JEKTPOHHUX TEX-
HOJIOTiH, 0COOIMBO B OCTaHHI Ba JeCATUPIUHsL, OyI0 CTBOPEHO HAATIOTY KH1
SIK HaIliBKepOBaHi, Tak i moBHicTio kepoBani HK, mo 3a cBoimMu nmapamerpa-
MM Bce OlIblle HaOMMKAIThCS A0 iaeanbHuX Kirodi. Lle 3a0e3meuniio
HasBHICTBH MIMPOKOI pono3uuii Bkazannx HK Ha cBiTOBOMY pHHKY KOMIIO-
HEHTIB CHJIOBO{ €JIEKTPOHIKH, IO XapaKTePU3YIOTHCS JOCTYITHOIO LIIHOKO i
BUCOKOIO SIKICTIO.

KoHTpOnbHI 3anUTaHHS

1. Braowcime, ax Knacugikyioms HanienpoGiOHUKOGI eleKMpPOHHI Npu-
aaou?

2. TlosacHimb 0CHOBHI 81ACMUBOCHI HANIBNPOBIOHUKOBUX PE3UCMOPIE.
Haseodimv ixui ymoeni nosnauenns.

3. Tosacnimb npunyun 0ii sunpsamnoco 0ioda, cmadinimpona, Gomo-
i ceimnodioda, eapuxana. Hasedimo ixui ymoseui noznauvenHs.

4. Iloacuims, y oMy noAA2ai0Mbd 0COOIUBOCMI POOOMU BUCOKOUAC-
MOMHUX MA IMIYAbCHUX 0i00i8.

5. Lo make 6inoaapnuit mpanzucmop? Iloscuime tioco 6y008y ma
npunyun 0ii. Hagedimv yMo6Hi no3nayenHs.

6. Ax mooicna emuxamu OinoagpHull MpaH3ucmop i AKUll euensid npu

YbOMY MAlOmMb 1020 80JbM-AMHEPHI XapaKxmepucmuxu?

. Lo maxe h-napamempu 6inonsaproco mpanzucmopa?

Ak 6yoyemuvesa ounamivna xapaxmepucmuxa mpanzucmopa? 'y

AKUX DeAHCUMAX MOXce npayroeamu mpanucmop?

9. Ioacuims 6yoosy i npunyun 0ii 00HONEPexioHo20 MpauH3ucmopd.

10. llJo maxe nonvosuti mpanzucmop? Axi € pizHosuou noivosux mpam-
sucmopig? Iloscuimo ixnio 6y008y i npunyun 0ii, Haéedimob YMOGHI
NO3HAYEHHA.

11. Hoscuimes 6yoosy i npunyun 0ii’ BTI3.

% N
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12. lI]o make mupucmop, OUHICMOp, MPUHICMOP, CUMICTNOp, ORMPOH-
HUtl mupucmop, 0goonepayitinutl mupucmop. Haeedims ixni ymosHi
NO3HAYEHH.

13. Hagedims i nosachimo cmpykmypy i 601bm-aMHEPHI XapaKmepuc-
muxu ounicmopa. LlJo make 30na Hecamugnozo onopy BAX?

14. Ax ygimknymu i aK 6UMKHymu mupucmop?

15.V yomy nonsecae npunyun pez2ynio8anHs HANPYeU 3MIHHO20 CMpY-
MY MUPUCMOPHUM pPecyaimopom?

16. Brasicime nepesacu enekmpocmamuyHux Mupucmopie ma 3anipHux
mupucmopie 3 MOH-xepyeanHsam.

17. o maxe inmezpanvra mikpocxema? AKi euou inmespansHux Mikpo-
cxem Bu 3naeme?

18. YV yomy nonsearomv nepesacu inmespanrbHux Mikpocxem nepeo enex-
MPOHHUMU NPUCMPOAMU HA OUCKPEMHUX eleMeHmax?
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PO34IN 3

NiacCUMtoBAYI EJIEKTPUHHUX
CUrHANIB. NiACUJTIOBAYI HAIMPYTU
3MIHHOIoO CTPYMY

3.1. 3aranbHi BiaOMOCTi Npo niagcunioBavi
Ta iX Knacuoikauis

EjlekTpOHHUM migcu/II0BaYeM Ha3UBAETHCS MPHUCTPIH, NpU3HAYSHUH
U T ICHIIEHHS TIOTY KHOCTI €JIeKTPUYHOT0 CUTHAITY O€3 CIIOTBOPEHHS HOTO
¢dopmu i yacToTu (7151 JIIHIHOTO MiJCUIIOBAYa).

HeoOxinHicTb y miacuitoBadi BAHUKAE TOAI, KOJU MOTYXKHICTB JDKepesa
CUTHAJIy MEHILA 32 MOTY>KHICTh HABaHTAKEHHA. Y TakoMmy pasi, sk OyIo
3a3HaueHo B M. 2.4.1, HOCIIIOBHO 3 HABAHTAKEHHSM BMHKAIOTh DKEPEIIO
KHUBJICHHS 1 migcuitorounii enement //E. JIxepeno curnainy aie He 0e3mo-
CepeHbO Ha HABaHTaXKEHHsI, 8 Ha BXiJ( //E 1, 3SMIHIOIOYH ITPOBIHICTH OCTaH-
HBOTO, 3a0e31euy€e MPOMOPIIiiHI BXITHOMY CUTHAITY 3MiHH CTPyMy y KOJi
HaBaHTa)XeHH:. B pe3ynpTari y HaBaHTaXeHHI BUIUTSETHCSA HEOOX1HE 3HA-
YEeHHS IIOTYKHOCTI 32 paxyHOK €Heprii Jykepera >KUBJIeHHS (IUB. puc. 2.9).

Sk [IE y cygacHUX TiACHITIOBaYax 3a3BHM4ail BUKOPUCTOBYIOTH TPaH3HUC-
Topwu (birmosApHi a00 MOIBOBI), pifIIe — eNTeKTPOHHI JIAMITH.

3arajpHa CTPYKTypHA CXeMa ITiICHITIOBaYa HaBe/neHa Ha puc. 3.1.

[xepero xueneHHs
(nocmidHoi Hanpyau)

J

Rox (:L)iexE Reux g [ (3)

Cox \L ex E}Rex @ Ueux| Ry

) (4)
Puc. 3.1 — CtpykTypHa cxema niacuniosaya
BxinHuii curHan BiJi KEPyHOUOro DKEpeNa eHeprii e, (JpKepesna BXiaHoro
CHTHAJIY) ITOAA€ThCS Ha BXiaHI Kiemu (1)-(2) miacuiroBada uepes BHy TPILIHIN
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omip jukepena R, . IIoTy»KHIiCTb JuKepena BXiJTHOTO CUTHAIY BUJISAETHCS
Ha BXiJHOMY OIIOpi IiJICHIIOBaYa R_. HaBantaxeHHs MMIMHUKAETHCSI 10
kieM (3)-(4). Bxigauii ManonoTyKHUH CUTHAN KEpY€E KUTBKICTIO eHeprii,
IO TIOAA€ETHCS Y HaBaHTaKEHH:I B [pKepesia )KUBJICHHS 3HaYHO O1bIIo1
MOTYXHOCTI (i ACHITIOBAIbHI BIACTUBOCTI BHX1THOTO KOJIa MPEICTaBIeHI
3a JIOOMOTIOK0 JI0IATKOBOI €IEKTPOpYyLIiiHOiI cuin e, ). Takum 4uHOM,
3aBISIKM BUKOPUCTAHHIO //E 1 30BHILIHBOTO KEPEa JKUBJICHHS, CTa€ MOX-
JIMBHUM ITiICHJICHHS MaJONOTYHOTO BXiTHOI'O CUTHAJTY.

[TizcumoBayi knacuikyloTbCs 32 TAKUMH O3HAKAMH:

1) npu3HaYeHHS;

2) 4acToTa CHUTHaIy, IO MiACHUITIOETHCS;

3) ¢opma curnanys;

4) xapakrep 3MiH 3 4aCOM CUTHAY, IO MiJACHUITIOETCA.

Yei 1i 03HaKK HaKJIaJaroTh crieliniuHi BAMOTH JI0 TOOYIOBH KOHKPETHHX
CXEM I CUIIOBAYiB.

3a mpU3HAYEHHSIM ITiJICHIIF0Ba4Yi TIOAUISIOTHCS Ha ITiICHITFOBAaYi HATIPYTH,
CTpyMY Ta OTY»)HOCTi. ToOTO BOHM 320€31eUyIOTh Ha BUXOII HEOOXiTHUI
PiBEHb HANPYTH, CTPyMY a00 MOTY>KHOCTI (X04a 3a CBOEIO CYTTIO YC1 BOHH €
i ICHITIOBAYaMH MTOTY>KHOCTI ).

V nigcumoBaya Hanpyru R, <<R ;R <<R i, B pe3ynbTari, BiIHOC-
HO BEJIHKI 3MIHH HAaIIPyTH Ha HaBaHTaKEHHI 3a0€3Me4yI0ThCS IPH HE3HAY-
HUX 3MiHaX BX1JTHOTO Ta BUX1THOTO CTPYMIB.

V mizcmioBava crpymy R, >> R ; R >> R 1 IIPOTIKaHHA CTPyMy
HEOOXiTHOrO 3HAUEHHS Y BUXITHOMY KOJIi BIIOYBAEThCS 32 MAJIUX 3HAYCHb
HaIpyTy y BX1THOMY Ta BUX1THOMY KOJIax.

V migcuimoBaya noryxkHocti R, = R ; R = R , 3a paxyHOK 40ro
3a0e3nevyeThcst MaKCUMallbHa TIOTYXKHICTD SIK y BX1IHOMY, TakK 1 y BHXiA-
HOMY KoJiax (Y3TO/DKEHUH 32 OTYKHICTIO PEKUM POOOTH).

3a 4acTOTOXO T ACHITFOBAY] ITOAUIAIOTHECS Ha MiACHII0BAYi HU3LKOI YacTo-
TH (BiJ OTHOTO TepIa A0 JAECATKIB KUTOTepIT), CePEeIHBOT 9aCTOTH (Bif IECSIT-
KiB KUJTOTepI] 10 MerarepIia) Ta BUCOKOi 4acTOTH (O1IbIIe 3a Merarepiy).

3a cMyror 4acToT poOoUoro Jiana3oHy OyBarOTh IIMPOKOCMYTOBI ITiji-
CHIIIOBaYi 1 BUOIPKOBI (3a0€31eUyrOTh MIJCHICHHS Y Ty)Ke BY3bKOMY Jlia-
TMa30Hi 9acTOT, B 1/Iealli — CHTHAJIIB OJHI€T 9aCTOTH).

3a hopMoro CUrHaITY, IO T ACHUITFOETHCS, BOHH ITOIUISFOTHCS Ha ITi ICHITIO-
Badi FapMOHIYHHX Ta IMITYJIbCHUX CUTHAJIIB.
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3a xapakTepoM 3MiHH BXiIHOTO CUTHAIY 3 4acOM OyBaroTb ITiICHIIIOBaYi
MOCTIHOTO Ta 3MiHHOTO CTPYMY.

HaiinpocTimmii By30:71, 1110 3a0e31edye MiACHICHHS eIEKTPHYHOTO CUTHa-
7y, Ha3UBAETHCS MiIACHIIIOIOYUM KACKAI0M.

3a BUJOM 3B 513Ky 3 [DKEPEIOM CHUTHATY, MK KacKaJaMH Ta 3 HaBaHTa-
YKSHHSIM TT1ICHITFOBaYi MOMIISIOTHCS HA ITiICHITIOBaYi 3 Oe31mocepeHiM, pe-
3UCTHUBHUM, ONITPOHHUM, PE3UCTUBHO-EMHICHUM, TPaHC(POPMAaTOPHUM ab0
PE30HAHCHO-TPAHC(HOPMATOPHUM 3B’ SI3KOM.

[lepuri Tpu BUAM 3B’ 3Ky MOXKYTb BUKOPUCTOBYBATUCS Y MiACHIIOBAYaX
HAaIpyTH SIK HOCTIHHOTO, TaK 1 3MIHHOTO CTPYMY, pellTa — TUIbKH Y MiJCHITIO-
Bayax HaNpyrd 3MiHHOTO CTPyMY.

Hapmani mu Oyaemo po3misiaTv JiHIHHI MiICHITIOBaYi, Y IKUX 3MiHaM BXiJI-
HOT'O CUTHAJTY BiIIOB11aI0Th IPONOPLiiHi 3MiHH BUXiJHOTO.

3.2. OcHOBHiI napameTpu i XapaKTepPUCTUKN
nigcunioBsavis
[TigcumoBanbHi BIACTHBOCTI IiICHITFOBaYa OI[IHFOIOTHCS TAKMH Xapak-
TEPUCTUKAMHU:

1) koedinieHT miacUIeHHs — IS TIHIHHOTO IIJCIITIOBAYA I1€:

UG UxX

® 3aHanpyrow Ky =
6x

(mmst HenmiHIKHOTO MiACHITIOBa4Ya Tpeba OpaTu AMHAMIYHE 3HAYEeHHA Koe-

dueux —_ A UBMX
du, AU,

¢pimienra migcuaenns K, =

6Ux

® 3a crpymom K; = I

R?MX

® 3amnotyxHicTio Kp =
6x

V 3arajnbHOMY BHIAJIKy Belmuubu K, Ta K, € kommiekcHumu. Tomy
io

A Ae™ i j
ﬁ — _Agux — BUX J(p — Ke] ((pcux—(pcx) — Ke](p , (3. I)
—6x A e ox

.« . . 6X
ne K —momyns koedimienTa miACHICHHS,
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F pr 7, — ba3su BUXiZHOTrO Ta BXiIHOrO CUTHAJIB;

7 —3cyB (a3 MK BXiTHUM Ta BUXiTHUM CHUTHaJIAMH.

Benununna K ,= K K, — 3aBxau nificHE YHCIIO0.

VY Gararpox BUMNaAKax Koe(ilieHT MiJCHICHHS NPEACTABIAIOTh Y JOra-
PUPMIYHUX OAMHUIIX — Aenubesaax (ab):

K, (15)=20[lg K, ]; K,(aB)=20[lg K,]; K (xB)~10[lg K,
2) BXiiHU# orip 3a mocTiitHuM ab0 3MiHHUM (3aJI€KHO BiJl BUAY IiICHITIO-
U
I’

3) BUXiTHUI OMip MiJCHITFOBaYa R, . (omip MiXK BUXiTHUMH KJIEMaMH ITi/ICH-
JIFOBava 3a BiJ{IMKHEHOTO OMOPY HABAHTAKECHHS );

Baua) ctpymom R, =

BUX

4) xoedimieHT kopucHoi aii (K.K.1.) M= , e P — 3araibHa mo-

TY>KHICTb, 1110 BIIOMPAETHCS BiJl JKepesa )KI/IBJgIaéHHﬂ.
A Ugux HaliBa)xIuBilMMu XapakTepHc-
THKAMH ITiICHTFOBAYIB € aMITTITYI-
6 Ha Ta aruliTyAHO-4YaCTOTHA, HaBe-
neHi Ha puc. 3.2 ta puc. 3.3 Bia-
TIOBITHO.

AMILUIITYIHA XapaKTepuCTHKA
SIBJISIE COOO0IO0 3aJIEXKHICTD BUXITHOL

a Hanpyru Bia Bxignoi U, =f (U ).
Uy Ha pucyHky noznageHo:
5 - a6 — po0Ooda MiIsHKA, Ha SKIH
Usxmin ~ Uex max 3MiHaM BXiJHOTO CHTHAIY BiJIIO-
Puc. 3.2 — AMnniTyaHa XxapakTepucTuka  BifaroTh IIPOMOPIIiFHI 3MIHKA BUXI-
U, =f(U.) nincnnioBada HOIO;

66 — peXUM HaCH4YeHHS (TYT i3 pOCTOM BX1AHOTO CHUTHAITY PICT BUXI/I-
HOTO IPUTTHHSAETHCS — I ACUIIOBAY BUXOAUTH 13 TIHIHHOTO PEXUMY).
Uexmax

Bennunna D=——— (3.2)
U@xmin

HA3MBACTHCS AUHAMIYHHM Jianma30HOM HiJCHIIOBAYA.
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(U ymax = U sxmin) — POOOUMIA lianIa30H BX1JJHOT HALIPYTH.

HeninifiHicTh XapaKTEPUCTHKH IIPY BXiJIHUX Hanpyrax, Meammx 3sa U
MOSCHIOETHCS HASIBHICTIO IITyMOBHX CUTHAJIIB.

AMIJIITYIHO-4aCTOTHA Xa-
pakTepuctuka (AYX) — ue 3a-
JISKHICTh Koe]illieHTa ITi ICHIICHHS
K, Big Kpyrooi 4acTtoTu w
(w =2pf; f — "acTtoTa curHamy,
IO TiJCHITFOETHCS ).

Ha pucynky nozxaveHo:

Ky, —Haiibinpumii koedimieHt
M ICUJIEHHS,

KU0
KU ’ = — TaKe€ 3HHKCH-
V2

Ku

HS 1 JICUJICHHS 3ByKOBOTO CUTHA- Puc. 3.3 — AMnniTyaHo-4acToTHa
1y He (ikcyeThCs UiTKO ByXOM  XapakTepuctuka K =f(w) niacuiosaya
JIFOJIMHH.

I3 AUX BH3HAYarOTh POOOYHMIA JTiala30H YaCTOT MiJICHITFOBAHOTO CHTHAITY —
BI w, J0 W, (Bix HIDKHBOI YaCTOTH JIO BEPXHBOT).

3.3. MpuHumMnu nodyaoBu nigcunioBayis

Sk mpaBuIIO0, TIACHITIOBAYI CKIATAIOTHCS 13 IEKUTBKOX KacKa/iB, IO BH-
KOHYIOTb IIOCJTIIOBHE MiACHIIeHHs curHaiy. [ Ipu mpoMy 3aranbauii koedirieaT
i ICUJICHHS] CTAHOBUTH

K=K;-K;-...K,. (3.3)

BxinmHi Kackany Ta KacKagu MONEPEIHBOTO ITiICUIICHHS BUKOHYIOTHCS,
SIK TIPABUJIO, Y BUTIISII TT1ACHITIOBAYIB HAIPYTH.

BuxinHi kackamy — KiHIIEBI — 3a3BUYAN € MMiICHIIOBaYaMH MOTY>KHOCTI
abo cTpymy.

ITimcumroBadi Bipi3HAIOTHCS OAMH Bijl OJJHOTO KiJBKICTIO KACKaIiB, pe-
KUMOM POOOTH. AJie yciM iM IpUTaMaHHI 3arajibHi TPUHLIUITN TOO0YIOBH.
PozmsiHeMo iX Ha IPHUKIIaIl i ICHITFOBaYa CUTHAJIIB HAMPYTX 3MiHHOTO CTPYMY,
TTOKa3aHoro Ha puc. 3.4.
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Up=E-7Ry t t

a) 6) B)
Puc. 3.4 — CTpykTypHa cxema nigcunioBayda Hanpyr 3MiHHOMO CTpyMmy (a)
Ta YaCoBi AjarpamMu oro BXigHOro (6) i BUXiAHOMO (B) curHanis

OcHOBHHUM eneMeHTOM TiacwnoBada € [/E (GinmonspHuii abo moiaboBuit
TPAH3HUCTOP), 110 PA30M i3 HABAHTAXKEHHSIM R Ta JDKEPEITIOM >KUBIICHHS T10-
CTIHHOTO CTpyMYy £ yTBOPIOIOTH FOJIOBHE BUX1HE KOJIO MiICHIIIOBaYa.

[TpuHIMT MiACHIIEHHS OJATAE Y IIEPETBOPEHHI €HepTii IyKeperia MOCTIHHOT
Hanpyru £ B eHepriio 3MiHHOTO BUXiZHOTO CHTHANY IUIAXOM 3MiHH IpO-
BimHOCTI //E 32 3aKOHOM, 3yMOBJICHUM (DOPMOFO BX1JTHOTO CUTHAITY.

OCKiTBKH BUXiTHE KOJIO ITiICUITIOBauYa )KUBUTHCS TIOCTIHHOIO HAIIPYTOIO, Y
HbOMY MO>K€ IIPOTIKATH CTPYM JIMIIIE OHIET MONIAPHOCTI. J1J1s1 3a0€3neYeHHs
OTPUMAaHHS ITiACHIICHOTO CUTHAITY 3MiHHOTO CTpyMy HE0OXiIHO 3a1aTH HOro
Ha (OH1 MOCTIHHOTrO curHaiy 3MimenHs U , K 1€ TI0Ka3aHo Ha puc. 3.4,B.
[Tpu upoMy At HOpMaJIBLHOT POOOTH MiACHIIIOBaYa aMILTITYAHI 3HAYEHHS
BUX1THUX HAIIPyTH Ta CTPyMy NOBHHHI OyTH MEHIIIMMH 3a IOCTiHHI PiBHI Ha-
npyru ta ctpymy U £ U ; [ £ 1 (HOCTIHHOTO CTpyMy 3MILIEHHS).

[ocrTiitxi piBHI CTpyMy Ta HaNpyTH y BUX1THOMY KOJIi 3a/1al0THCS 1O/1a-
4€I0 MOCTIHHOTO piBHA BXimHOl Hanpyru U, > U, (1 >1 ).

PexxuM po6oTH MmiicHiIIOBada 32 MOCTIHHUM CTPYMOM HAa3WBAETHCS pe-
JKHMOM CHOKOI0. BiH XapakTepHu3yeThcsi CTPyMOM CIIOKOIO Ta HAPyToOlO
CHOKOIO BHXiAHOTO Kona. 1100 3amaTté pekuM CIOKOI0, BUKOPHCTOBYIOTh
crewiagbHi CXeMH 3MiLIeHHs HAPYTH.

Buxinna nanpyra U _10a€ThCsl Ha HABAHTKEHHS, 10 HAM 3a3BUYaH €
HACTYITHUM KacKa]] iICKJICHHS. 3BEPHITh yBAr'y: 3a TAKOi MOOYI0BH MiICHIIFOBa4a
HOro HaBaHTaKEHHSIM (KOPHCHMM) € HE pE3UCTOP R, a BXIAHU OMip HACTYITHOTO
(HarpUKIIa1, TAKOTO 3K) KacKaly MiICUIICHHS, Ha AKUH nofaeThes Hanpyra U, .
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3.4. OcHoBHi pexumum (knacu) po6oTu nigcunioBayis

Pexkum cnokoro (pexxuM poOOTH 3a MOCTIHUM CTPyMOM) XapakTepu-
3y€ KJ1ac poOOTH MiACUITIOIYOro Kackary. HuM BU3Ha4aroThCs Npu3HaYeH-
HSl, K.K.J., CTyIiHb HEJIHIMHUX CIIOTBOPEHH (MOPYIIEHHS MPONOPLiIHHOCTI
BXIHOTO 1 BUXiJTHOTO CUTHAIIIB) Ta iHIIIi TapaMeTPH KacKay.

Haii0i1p1m1 mmpoKo 3acTOCOBYIOTH TPH KJIACH, K1 Ha3uBaoTh — A, B1C.

[Ipu poGoti migcmiroBaua y Ik
PeKHUMi KJ1acy A TOUKY CIIOKOIO
P, sxiii BignoBigalOTh CTPyMHU
1., U, I,, BubuparTs noce-
penuHi BUXiAHOI AMHAMIYHOI Xa-
PaKTEpPUCTUKHU 3a MOCTIHHUM
CTPYMOM, SIK [TOKA3aHO Ha puc. 3.5
(TpaH3uCTOp YBIMKHEHHH 32 CXe-
moro 3 CE).

a161 — JIUISIHKa aKTUBHOTO pe-
KHUMY POOOTH TPaH3UCTOPA, e
HEeJIIHIIHI CIIOTBOPEHHS MiHIi-
MalbHi; K.k.J1. h=0,25 0,3, 60 B
PEKHUMI CIIOKOIO CIOXKHMBAETHCS ty <
3HauHa noTyxHicTs (U, 1, ).
Tomy kimac A 3aCTOCOBYIOTH Tie-
PEBAXHO y KacKajax Morepes-
HBOT'O MiACUICHHS.

SIko migcuiroBay mparroe y peskuMi kjaacy B, Touka criokoio BUOH-
paeTbcsa Ha MEK1 MK aKTHBHAM PEXMMOM Ta PEKUMOM BiATHHAHHS: ii 1MO-
JIOXKEHHs PUOIM3HO BIANOBINAE TOYII & HA pUC. 3.6. Y 1bOMY peKHUMI
HEJIHiITHI CIOTBOPEHHS BeNHKi, a K.K.1. h=0,6 ,0,7.

[Ipu poOori mifcumoBada B pexumi kiaacy C Touka Crokoro P JIeXnTh
Ha JIUISHI BiTMHAHHA 4 4. KyT BilTHHAHHSA g » p/2, h » 0,85.

Kmacu B i C 3acTtocoByroTs npu moOyaoBi MiJCHUIIIOBAdiB IOTYXK-
HOCTI, IPUYOMY MiJCHICHHS TO3UTUBHOI Ta HETATUBHOI MIBXBUJIb CUTHA-
1y 3a0e31euy€eThbes y TAHOMY BUMAJIKY OKPEMHUMU HAWIPOCTININMHE Kac-
KaJaMH, [0 Pa3oM SIBJISIOTH COOOI0 €TWHUN KacKaj IMiJICHJICHHS 3MiH-
HOTO CTPyMY.

Puc. 3.5 — BuxigHa gyHamivHa
XapakTepycTuKa nincunioBaya
B pexxummi knacy A



EJIEKTPOHIKA | MIKPOCXEMOTEXHIKA

Kiaac AB e npomixkauM
MiXx kJlacamMu A 1 B: mae

MEHIII BUKPHUBJICHHS CUTHA-
Iy, HiX KJ1ac B, y sikomy BoHH
3yMOBJIEHI HETiHIHHICTIO TO-
YaTKOBOI JUISTHKY BXI1THOI Xa-

PAKTCPUCTUKU TPAH3UCTOPA

t

Puc. 3.6 — BuxinHa anHamivHa xapakTepycTmka
niacunioBada B pexxmmax knacis Bi C

(nuB. puc. 2.16), ane ekoHO-
MIYHIIINN, HDK Ki1ac A.
HaocTaHok 3a3HaunMmo,
110 BCe OUIBIIOrO Po3IOB-
CIOIKEHHs HaOyBalwTh
nigcwiroBadi kiaacy D. Y
TaKWX MiJCUITIOBAYaX TPaH-
3WCTOPH MPAIIOIOTh B KITIO-

20

6=n/2

YOBOMY PEKUMI, POPMYIOUH Ha BUXOA1 OCTIAOBHICTD IMITYJIBCIB Pi3HOI TpH-
BaJIOCTI, Iicyst PiIBTpyBaHHS SIKOT HA HABAHTAXEHHI BiITBOPIOETHCS aHAJIO-
rosuii curgair. K.k.Ji. Takux IiICHIII0OBa4iB HaA3BUYAlHO BUCOKUH 3a MaJINX
ra0apuTiB 1 HE3HAYHOTO BUIICHHS TEIUIA.

3.5. Kona 3miLLeHHsa niacuNIoloumMx Kackaais

Puc. 3.7 — 3MmiLLieHHs
JOMOMDKHUM IKepesom
Hanpyru

Sk Oyno 3a3HadeHo, mo0 3a/laTH PeXUM
CITOKOIO KacKaJy, Ha oro BXiJ1 HEOOXiaHO ITo-
JIaTH TICBHE 3HAYCHHSI TIOCTIMHOT HAIIPYTH, 1110
Mae Ha3By Hanmpyru 3mimenHs. Koma, siki 3a-
0e3medyroTh Mojavy Ii€i HampyTru, Ha3WBa-
IOTBCS KOJIaMHu 3MilleHHs1 (po6oya Touka P
3MIIY€THCSI 3 TIOJIOXKEHHS, 110 BIATIOBiAAE /, = 0
y TIOJIO’KEHHS, 3yMOBJICHE KJIACOM).

IcHye Ba criocoOu 3a/1aHHS TOYATKOBOT Ha-
npyru: GiKCOBaHUM CTPYMOM 200 PiKCOBAHOKO
HAaIpyToro.

Ilepmmmii crioci6 peanizyeTses 3a TOMOMOT 00
nBox cxeM. OnHy 3 HUX 300pakeHo Ha puc. 3.7
(BBaKa€EMO JKEPENIO BX1THOTO CUTHATY YMOBHO
3aKOpOYEeHUM). Y Iiii CXeMi Harpyra 3MIIeHHs
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3a7a€ThCs JAOTOMIK- g A Ik
HUM JIKEPEJIOM HaIlpy-
ru E_, 1110 pasom 3 oro-
poM R, yTBOPIOE KOJIO
3MIIICHHS.

[TapameTpu kona
3MILLIEHHS] PO3PaxoBy-
I0Th 32 JOTOMOTOI0 BU-
X1aHOT IMHAMIYHOI Xa- i
PaKTEpUCTUKH TpaH- Uok Ex
3ucTopa 3a moctiaum  Puc. 3.8 — [nHamivHi XxapakTepucTuky TpaH3ucTopa
CTpYMOM, TTOKa3aHoi Ha 3@ MOCTIAHAM CTPYMOM: @ — BXifiHa, 6 — BUXiaHa
puc. 3.8,0. Knac pexxumy poboTtu mincumoBada BU3HAYAE MOT0KEHHS TOYKU
CHokoro P, a omke, 3Hadenns [, U, ., [ .

3HalIIOBIIN BENUYIUHY [ 1 KOPHCTYIOUHMCH BX1JHOIO XapaKTEPUCTHKOIO
Tpansucropa (puc. 3.8,a), BusHavaroth U .. Ilicis nporo 3sHaxomsts R,

E,, —Uys
Ry =—"—"——. (3.4)
. . IOE .
Cxemy 3MileHHS HiKCOBAaHUM CTPYMOM 0a3H 33 HAsIBHOCTI OJTHOTO JiKe-

pena Hampyru 300pakeHo Ha puc. 3.9. Pexum crmokoro 3a6e3medyeThes
HapyToro Jukepena £, 1 omopom R

Ey —

|05 PR —

S0
[y,

(3.5)

Puc. 3.9 — 3MilLieHHs 3a 0gHOro Puc. 3.10 — 3miLleHHs
hxepena Hanpyru $ikCOBaHOI0 HaMNpyroo
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Crioci6 3aganHs 3MileHHs (PiKCOBaHOIO HAIIPYTOIO Peai3y€eThcs AUTbHU-
KOM HaIpyTH, sIK II0Ka3aHo Ha puc. 3.10 —pesucropu R, i R . Jlns pospaxyH-
Ky apaMeTpiB AiJIbHUKA BUKOPUCTOBYIOTh TaKi CIiBBIJHOILICHHS:

Erx-U
=K 05, (3.6)

IOE +I()

Uos

Ry =—=;
2 I, (3.7)
I, =(2+5);. (3.8)

OcranHs cxema 3HalIu1a HalKpIe BAKOPUCTAHHA PY O0YI0BI Mifcu-
JIFOIOYMX KaCKaJiB.

3.6. TemnepartypHa cTabinizauiqa nigcunioBayis

SIK BUITMBAE i3 MOMEPEAHIX BUKJIAAIB, MOJIOKEHHS TOYKH CIOKOIO Ha
BUXI1JTHIH XapaKTepUCTHUII 3aJIeKHUTh BiJl KoedillieHTa nepeaadi TpaH3|uCTo-
pasacrpymom (I, =bl ). Ilpy niABULIECHHI TEMIIEPATYPH HABKOIMIITHLOTO
CEepeOBHIIa BiH 3pOCTAE, IIPU 3HIKEHHI — 3MEHIITy€ThcA. B pesynbrari moso-
YKEHHS TOYKH CIIOKOIO TPAH3UCTOPA 3MIHIOETHCS 3AJICXKHO BiJI TEMITEpaTy-
¥ HaBKOJIMIITHBOTO CEPEIOBHINA a00 MPH 3aMiH1 TPaH3UCTOpa Ha 1HIHH (Koe-
¢iieHTH epeaadi pi3sHUX eK3eMITIIPiB TPAH3UCTOPIB HaBITh OHOTO THITY
MOXYTb CYTTEBO PI3HUTHUCH).

Ik [Mepemitmenns (apetid) Touku

CIIOKO¥O 31 3MiHAMH TeMITepaTypu
HABKOJIMIIHBOTO CEPEIOBHUIIA MO~

. Pt oo Ka3aHo Ha puc. 3.11.
S - [Ilo6 3abe3meunTH TeMIme-
lok [----~ Feeoom los=CONSt  parypry cra6imizaumio pexu-
lok -7/ s - MY CIIOKOIO, 3aCTOCOBYIOThH TaK
. 3BaHI KOJIa TEMIIEPaTypHOI CTa-

Oimizarii.

Uk VY nipcuioBayax 3a CXeMOH 3
Puc. 3.11 — Temnepartypruii gpeiid ~ CE st 1b0ro nocmmaoBHo i3 emi-
TOYKM CMOKOIO TPaH3MCTopa TEPOM TPAH3UCTOPA BMHUKAETHCS
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pe3ucTop R, NIyHTOBAHUM
konjencaropom C,, K 1o-
Ka3aHo Ha puc. 3.12.
Posrnsinemo, sikuM 4u- (|@+|05)\L|:
HOM pe3ucTop R, cTabimi-
3y€ PEXHUM CIIOKOIO, CKO-
pUCTAaBIINCH PiBHAHHAMU
(3.9), (3.10), a Takoxx TUM, © <
mo U, = const (3amaernb-
Cs IUIBHMKOM R, R, 1 Bix ‘ |a¢|:
temneparypu He 3ame- Uo
KHTB).

Uy,=Uss +1ogRs 39 o ®
SR Puc. 3.12 - Migcuniosad
Uosg =U,—1ygRg. (3.10) i3 TemnepaTypHoto cTabiniaaljeto

Tak, HanpUKJIaI, PY 3POCTAaHHI TEMIIEPATypH TPAH3UCTOPa, 30LTBITYETh-
cs fioro koedilieHT nepeaadi b, 1110 MPU3BOAUTH A0 3POCTAHHS KOJIEKTOP-
HOTO CTpyMy criokoro [, =b [, a oTxe, i ctpymy emitepa [ =1, + 1 ).
[Taxinnst Hanpyry Ha R, 30UIbLIY€ThCS, a 11€, BUXOsA4M 3 (3.10), BUKIHKAE
3meHuIeHHs U, 10, Y CBOKO 4epTy, SMEHIIUTS /., & 3HAYUTH 1 [, (npu-
OJU3HO JIO MOTIePEIHHLOTO 3HAYCHHS).

Takum ynHOM, CIIp0o0Oa BIAXMIICHHS I, BiJ 3a71aHOTO 3HAYCHHS MIPHUIIH-
HSETHCS 32 paXyHOK HASBHOCTI y cxeMmi R » 110 Y JJAHOMY BHITJIKy 3I1MCHIOE
HETaTUBHUY 3BOPOTHUHU 3B’ 30K 32 CTPYMOM.

3p0o3yMmisIio, 10 NP 3MEHIIEHH] TEMIIEPATYPU CTPYM [, TAKOXK MpaK-
THYHO HE 3MIHUTH CBOTO 3HAYCHHSI.

3aspuyaii 3agats R,=(0,1,0,2)R,.

Kounencarop C, 3ab6e3neuye BUKJIIOYCHHS HETaTHBHOIO 3BOPOTHO-
ro 3B’S3Ky 3a BXITHHM CUTHaJIOM. MoTO0 €MHICTh BH3HAYAETHCS 31
CIIBBIAHOIIECHHS ]/wHCE< <R,, 1€ W, — HWKXHS ME€XKa Jianasony po0o-
YUX 9aCTOT MiJCUIIOBaHOTO curHaANY. OTXKE 32 3MiHHUM CTPYMOM pe-
3UCTOpP R, € 3alyHTOBaHMM MajiuM OTBOpoM C, — MaEMO CXemy 3
CE. A 3a moCTIfHAM CTPyMOM — II¢ CXe€Ma 3 HETaTHBHUM 3BOPOTHUM
3B’ A3KOM.
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3.7. Kackagy nonepeaHboro niaCcMNeHHs

3.7.1. Kackag nonepeaHbOro niaCUNeHHs
Ha GinonapHomy TpaH3ucTopi 3 CE

Haiibinpm po3moBCIOMKeHa cXeMa KacKajay MomepeIHboro miacu-
JIeHHs1 Ha OinossipHoMy Tpan3uctopi 3 CE HaBenena Ha puc. 3.13.

(|a+|05)\L|:
@) II D Uok w
|::| Usux

Uex UO |::| R2 RH

Cox \Lla
o L
@ 1 @
Puvc. 3.13 — Kackag nonepeaHLoro nincuneHHs Ha GinonspHomy TpaHaucTopi 3 CE
PosrstHeMo ckiam cxeMu Ta MpU3HAYEHHS eJIEMEHTIB.
VT — GinonspHUiA TPaH3UCTOP — MiACHITIOIOYHH €IIEMEHT.
R — HaBaHTAXEHHS, HA IKOMY BUJUIACTLCS MICUIEHUI CUTHAI.
R, — KOJIEKTOPHE HABAHTA)KEHHS TPAH3HUCTOPA 3 MOCTIHHAM CTPYMOM.
E, — JuKepeno UBJIEHH KacKay (KOJIEKTOPHOTO KOJa).
3asnauumo: V'T1 pa3om i3 R, 1 E, yTBOPIOIOTb FOJIOBHE KOJIO IiJICHIIIOBA-
4a, Y IKOMY 3IIMCHIOETHCS MiACWICHHS CUTHATY. PermnTa eneMenTiB cxeMu
BUKOHYIOTb JIOTIOMIXKHY POJIb.
Tak, ninbHUK HanpyTu R R, 3a1a€ pEXKUM CIIOKOIO KJIacy A, MOJIAr0YH Ha
BX1J] KacKajly nocTiiny Hanpyry U,
R,, C, — 3a0e31euyIoTh TEMIIEPATYPHY CTAOLII3ALIK PEKUMY CIIOKOO.
C,, C,— posnumsroui konaencaropu: C, BAKIIOYAE NOTPAIUISHHSA MOCTIH-
Hoi Hanpyru U, Ha Jpkepeno BXiHOro curHaiy; C, BUKIIF0YaE MOTPAILISHHS
HOCTIAHOT HANPYTH 3 KoJieKTopa U, Ha HABAHTaXKEHHs (KOHJEHCATOPH PO3-
JUIAIOTH KOJIa 32 MOCTIHUM CTPYMOM 1 3’ €IHYIOTh 32 3MIHHHUM).

Rox
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BXigHuii curaan, mo mmpisrae miacuacHHIO, TogaeThes Ha kieMu (1)-(2):
e, ~— JUKEPEINO BXiJHOTO CHTHay; R, —HOro BHyTpIlIHiM OImip.
Jlid wiei cxeMu HEOOX1THO TOTPUMYBATUCh TAKUX CITIBBITHOIICHB:

1
0,C;
1
0, C>

U << Rg,
O‘)H C'E
Ae w,_— HIXKHSA MexXa nia-
Ma30HY 4aCTOT M1ACUIIOBA-
HOTI'O CUT'HAJTy.
HaBanTaxeHus Kackangy
3a 3MiHHUM CTPyMOM

<< R,;

<< R,;

_ RHRK
R, + Ry
Poboty kackamy inroct-

PYIOTHh YacoBi giarpamu,

HaBeJleHi Ha puc. 3.14.
MoskHa 0auuTH, 1110, Ha-

TIPUKJIA, TIPH TIO3UTHUBHIN

MBXBHJI BXiJJHOT HATIPYTH 13

3pOCTaHHAM 0a30BOTO CTPY-

My i, 3pOCTaE 1 KOJIEKTOPHHMIA

CTPYM i, KWW y b pa3iB

Outbumii 3a i, Ilpu mpomy

KOJIEKTOPHA HapyTa i, , O

JIOPIBHIOE Pi3HMIN MiXK £ p i

CliaJloM Hampyru Ha R,

3HWKYETBCS: Y TaHIH cxemi

TIOPST 13 i ICHJICHHSIM CHT -

HaJTy Ma€ MicIie 3MiHa Horo

¢azu Ha 180 enexTpuIHUX

rpagycis (iHBepcis).

. (3.11)

H=

Uex

Us

Uk

Usux

Uexm

- Ussm iy P

\( l6m TN T

lok=PBlos

Uk=Ek — lok (Rc+ Rg)

—— .

"N\ -Un

}\11\

S\

Ex
nafl
Puc. 3.14 — Yacosi giarpamm po60oTu
kackagy niacuneHHs 3 CE
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[lincumroBay MOXHa po3paxyBaTH aHAJTITUYHO 3a JOIOMOTOIO A-Tia-
pameTpiB abo Ha mizxcTaBi (Qi3MUHOI MoJelNi TpaH3ucTopa. Takuil MeTon
NPUHHATHUN 32 HEBEIMKUX 3MiH BXiTHOTO CUTHAIY, TOOTO KOJIK TPAH3UCTOP
MPAITIOE Ha TiHIHHUX AisHKax BAX.

Binbi yHiBepcanbHuM € TpadoaHaTiTHYHUNA METOI, 3a SIKOTO pO3paxy-
HOK ITPOBOAXTHCS 110 BUX1AHIH TUHAMIUHIHM XapaKTEpUCTHULI TPaH3UCTOPA 32
nocTiiHuM cTpyMoM. KpiMm Toro, BUKOpUCTOBYIOTHCSI BUXiIHI CTaTUYHI Xa-
PaKTEPUCTUKHU TPAH3UCTOPA.

Ha puc. 3.15 300paxkeHo BXifHy Ta BUXiIHI CTaATHYHI XapaKTepUCTUKH,
Ha AKUX OyIy€eTbCs JiHisS HABaHTaKEHHS 32 MOCTIHHUM cTpyMoM. BoHa 1 €
BUX1THOIO JMHAMIYHOIO XapaKTEPUCTUKOIO 33 HOCTIHHUM CTPYMOM:

U](E:EK’IK(RK‘FRE) (312)

BynyeTtbcs niHis HaBaHTa)XEHHS 38 1BOMA TOYKaMH, 1110 BiINOBIJAIOTh!

— pexumy X.X. tpansucropa — U, , = E, npu [, =0,

— pexxumy K.3. tpansucropa — /1, = E, /( R+ R,) npu U, = 0.

a6 — JiHis HAaBaHTa)KEHHS 32 TOCTIHHUM CTpyMOM. 3a 11 10TIOMOT 010 3Ha-
XOISThH HOJIOKEHHS TOYKH CIIOKOIO P, siKa AJIsl peKUMY KJlacy A Mae Jiexa-
TH TIOCEPEHHI Bipi3Ka a0.

I3 BX1/1HOT XapaKTEPUCTUKH 3HAXOAMMO 3Ha4eHHs U, .

To6To 3a JOTIOMOTOFO JTiH{T HABAHTAKEHHS 32 IIOCTIHHUM CTPYMOM, BXiZTHOT
Ta BHUXIJIHOI XapaKTePHCTHK TPAH3MCTOPA 3HAXOMAATH MapaMeTpH, 10 Xa-
PaKTEpHU3YIOTh PEXUM POOOTH TPAH3UCTOPA 3a MOCTIHHUM CTPYMOM IIpH
U, =0 (y pexumi CIOKOI0).
3uaroun U, MO)KHA PO3paxyBaTu MApaMETPH JUIbHUKA HANPYTH R, R,

106 3HaiTH BUXi/IHI TApaMeTPH KacKay, HEOOX1THO BUKOPUCTATH JITHIFO
HaBaHTa)XEHHS 32 3MIHHUM CTPYMOM.

Buxogsam 3 Toro, o

iK :IOK +1m Sin(!)t; (313)
ux =Uyx —U,, sinwt; (3.14)
U,=1,R,, (3.15)

3 Bupazy (3.13) 3Haxomumo
I — iK—IOK

: . 3.16
S ¢ ( )
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V¥ Bupaz (3.14) miacraBumo (3.15) 1 (3.16). Onepxkumo
Uk :UOK_(iK_IOK)RHz- (3.17)

Le i € BuxigHa AMHAMiYHA XapaKTEPUCTHKA TPAH3UCTOPA 32 3MIHHUM
CTPYMOM.

3a ymoBu: u, = U, maemo i, =1, .

s pexumy X.X.: i, =0, ug =Uox +LoxR,.

3a n¥MU TOYKaMH OyAyeMO JTiHIIO 2, IO XapaKTepu3ye poOOTy KacKamy
3a 3MiHHUM cTpyMoM. s 3abe3nedeHHs] MaKCUMalbHOTO IWHAMIYHOTO
nianazoHy Kackaly TOYKa CIOKOIO P MOBMHHA 3HAXOAWTHUCH MOCEpennHi
BiJIpi3Ka ge.

Bu3Haunmo 0CHOBHI HapamMeTpH KacKamy.

1. KoedirieHT miICUIICHHS 32 CTPYMOM

K, = IHm _ Im RK _ B RK

' I@xm IEm (RK + RH ) RK + RH . (3 18)

2. KoeditieHT miicniieHHs 3a HAIPYyTOk0

U I,R,~ R~
K — Hm — m H — H
v Ub'xm I bm R 6x B Rb’x (3 ! 9)
3. Bxigauii onip
uBX

Ry =—. (3.20)

lb’X
Slkmo Beaxaru i =[, (6e3 BpaxyBaHHs niibHEKA R, R), TO

R(sx = UEm .
I bm

HasBHicTe ninbHUKA R, R, 3HWKYE BXIIHWN Omip. 3BEPHITH yBary:
BIIIHOCHO BXIAHOTO CHIHAITY 3MIHHOTO CTPYMY PE3HCTOPH R , 1 R, BUSBIISI-
IOTBCA YBIMKHCHUMH HapanenL.Ho: B'l)l em CTPYM T€YEC HC TUIbKH qepe3 RZ
(1o o4yeBMIHO), a i vepe3 R, 1 jani uepes E, (3 0mopom, 1mo J0piBHIOE
HYITIO — JDKEPEJIO HAIIPYTH).

4. Buxigauit Qmp Kackany R, =R, OCK'IJI.BKI/I OITip TPAH3UCTOPA 3 OOKY
KOJIEKTOpa HECKIHUEHHUH (peajbHO — COTHI KIJIOOM), SIK Y JDKEpesia CTpyMy
(muB. po3min 2.4).
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OOMmeskeHHS], IKUX He00XiJHO J0TPUMYBATUCh IIPU PO3PaXyHKY KacKamy:

D1,=1,05,12)1 ;

), +1 )<I, (MakCUMalbHO JOIyCTUMOIO CTPyMy TPaH3UCTOPA);

3) U01< >Um ’

4 (U, +U )<U, (MakCHMalbHO JOMYCTHMOI pOOOYOi HANPYTH);

S)P=1,U,<P, (10myCTHMOi IIOTY>KHOCTI).

I3 posmistHyTOrO BUIUIMBAE, 110 1 Kackany 3 CE: K, >> 1, K ,>> 1 —
HOro BUKOPUCTOBYIOTb, KOJIM HEOOXi1THO OTPUMATH SIKHAHOLIBIINHA Koe]illieHT
MiICHUIICHHS 32 OTYXHICTIO.

Kackanu 3 CE 3py4HO cI107y4atoThCsl OAMH 3 OTHUM, OCKIJIBKH 1XHi BXij-
HUH 1 BUX1AHUH OTIOPH JOCUTH OJIM3bKI.

3.7.2. Mipcumoiounit kackap 3 CK (emitepHuit noBTOploBau)

CxeMa emiTepHOro MoBTOpIOBaYa 300pakeHa Ha puc. 3.16.

ot
Ex
(|0+|OS)\L|::| R1 IOK\L i_
VT1
@ C|1 5
1 “ ©
RO)K | i,.,
Uex JRZ $
Useux
Eox |6\L Re Ru
o ' o
2 (4)

Puc. 3.16 — EMiTepHuiA nosTOpIOBaY
Tyt R, — HaBaHTaKXEHHS IT1ICUIIIOBAYa 33 IIOCTIHHUM CTPYMOM, SIKE OJIHO-
gacHO 3abe3redye TeMIeparypHy cTadimi3amiio pexumy crokoro. [Ipu-
3HAYEHHS PEITH eJIEMEHTIB Te XK, mo i y cxemu 3 CE.
Poboty xackamy iTIOCTpYIOTh 4acoOBi JiarpaMu, HaBejieHi Ha puc. 3.17.
3BepHITh yBary Ha Te, 1110 BUXiJHA HATIPyTa CIiBIa a€ 3a (ha30ro 3 BXiJHOIO.
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OCKiJIbKH y eMITEPHOIO IIOBTOPrOBaYa /, puOIK3HO 10piBHIOE /, , Tpado-
AHATITHYHUN PO3paxyHOK HOro mapamMeTpiB MO>KHA BECTH, BAKOPUCTOBYIO-
4r 1oOy10BH, HABEJICHI y MTONIEPETHHOMY PO3ILNII.

USX \ Uexm

Usk

T USXITI

Uos

IEm

|
06 ¢

m Im loe=los+ lok

URe
— Um lok Re

uSUX

Unm

Puc. 3.17 — Yacosi giarpamu poboTy eMITEPHOIO NOBTOPIOBaYA

PosrsiHeMo napaMeTpu MOBTOPIOBaYa, aHAJIOTIUHI MapaMeTpaM Kacka-
ny 3 CE.

Ium _ IERE

1. K, = =" =p+1)——
Isn  (Rg+R,);, R; +R,
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2. Ky = Y am = Y am <L Upe <<U >, TOMY Kiy = 1.
Uexm Uguxm +UEE
ngm

3. Rb’x = :RE +(B+1)(RE +REE),

6xm
ne R,— omip 0asu;
R, — omip y Ko emitepa,
R, . — omip eMITEPHOTO MIEPEXOLY.
® () ; ® = _
SIKIIo BBaXkaTH, IO RE 01 REE 0, To RBw (b+1 )RE Ma€ BEJIUKE
3HAYCHHS.

Ry +R
4. Reux = REE + b oo

+1
Kackann 3 CK 3aCT§COBYIOTB SIK Y3rO[DKYBaJIbHI, KOJIM JXKEPEsIo CUTHA-
JIy Ma€ BEIMKUK R, a HABaHTaXEHHs (HAIPUKIIAJ, KaCKaJl MiJICHIEHHS 3
CE) mae mammii R_.
OckiIbKY Kackas He 3MiHIO€ (ha3u 1 He MiJCHITIOE HAaPYTH BXiIHOTO CHUT-
Hany (K, »1), To Horo i Ha3UBalOTh OBTOPIOBAYEM.

— Ma€ MaJji€ 3HAaYCHHA.

3.7.3. Nipcunoloumii kackap, 3 Cb

CxeMa NigCcHJIIKYOr0
kackany 3 Cb 300paxxena Ha
puc. 3.18. Konnencarop C, 3a-
Oe3neuye miaMUKaHHS 0a3H J10
CIIBHOI TOYKH 33 3MIHHHUM c1
ctpymoM. IIpusHaueHHs pemr- O_I |
TH €JIEMEHTIB TE K came, IO
i y momnepenHix cxemax. Po6o- Use
Ty KacKajJy ITIOCTPYIOTh 4a- l

(e

COBI1 jJiarpaMu, HaBeJCHI Ha

puc. 3.19. .
OcHOBHI mapaMeTpu Kac-
KAy’ Puc. 3.18 — Mincuniotoumia kackap, 3 Cb
R
1. K]: Ium _ IKmRK _ K <1,

= =q
I@xm (RK + RH )IEm RK + RH



102

EJIEKTPOHIKA | MIKPOCXEMOTEXHIKA

R,
2. KU:K]R >>1,

6X

T06T0 K, < 1, K, >>1;

U
3. R, =—== — Manuii.
Em
Ug t
Uexm UOE
i \ )
IEm
loe
I Im /\ / lok=0tlog
t
Ug
Un Uok=E«—lok Rk
\} t
uBUX
? Um .

Puc. 3.19 — Yacosi giarpamu poboTu nincuntotodoro kackany 3 Cb
Taki KackaJu BUKOPHCTOBYIOTh SIK y3TOKYBaJIbHi, KOJIH JPKEPENIO CHT-
HaJly Ma€ MaJiuii R, a HABAHT&)XCHHS — BEIMKUH R .
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3.8. Kackagu nonepeaHboro niACUNEeHHS Ha NOJIbOBUX
TpaH3ucTOpax

[Ipu moOymoBi WX KacKaJ(iB 3aBK/IU CIIiJI ITaM’ITATH, 110 NOJIHOBI TPaH-
3WCTOPHU KEPYIOTHCS HANIPYTOI0, 2 HE CTPYMOM, sK OinossipHi. [Ipu npomy
TaKOK MOMJIMBI TPU CXeMH BMHUKaHHS: 31 crmiibHUM BUTOKOM (3 CB), 3i
ciinbHUM ctokoM (3 CC), 3i criiibHUM 3atBopoM (3 C3). [Ipaktnynoro Bu-
kopuctaHHs HaOynmu cxemu 3 CB ta 3 CC.

3.8.1. NMiacuniooumni kackap 3 CB

Cxema migcmiorodoro kackany 3 CB nasenena Ha puc. 3.20.

|ocJ/ +
| Jre
Cc2
VT1
c1 c "_|
o—|l . 3 ) Uoc
_ /B
Nt ‘
Uos P
%USX
R1 Uswm Rs —c,
: |

o
2
Puc. 3.20 - Mipcuniorounii kackap, 3 CB

CxJiaa cxemu Ta MPU3HAYCHHS CJIEMEHTIB!

VT — OMBOBHIA TPAH3UCTOP 3 KEPYIOUHM p-71 TIEPEXOIOM 1 KAaHAIIOM 71-THITY.

R — HaBaHTAXEHHS 32 OCTIHHUM CTPYMOM.

E . — mKepeno KUBIEHHs KacKay (CTOKOBOIO KOJa).

11i emeMeHTH YTBOPIOIOTH BUXiAHE KOJIO KacKany, 1€, BIacHe, 1 BigOyBa-
€THCS 1 ACHIICHHS CUTHAITY.

RB, C ', — YTBOPIOIOTH KOJIO aBTOMAaTHYHOTO 3MIIIEHHS, 110 33/1a€ PEKUM
CIIOKOIO KJIacy A IIISTXOM IOJadi HapyTH 3MIIIeHHS 10 3aTtBopy V711 ve-
pe3 pesuctop R,. OMHOYACHO KOJIO aBTOMATUYHOIO 3MIlIEHHs 3a0e3e-
Yy€e TEeMIIEpaTypHY CTaOlTi3aIliI0 peXXUMY CIIOKOIO.

C,, C, — po3aisiiodi KOHIEHCATOPH.
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C,— BUKIIIOYA€ HETAaTMBHHMI 3BOPOTHHMI 3B’ A30K 38 CTPYMOM JIJIs 3MiHHOTO
BXiJJHOTO CUTHAJTY.
PoGoty kackamy UTFOCTPYIOTH YacoBi JliarpamMu, HaBeJleHi Ha puc. 3.21.

UssA t

/N
-

loc ¢

Uc}

/

Ueux } Uoc=Ec —loc(Rct Re)

NN

Puc. 3.21 — Yacosi gjiarpamn po6oTu kackaay 3 CB

lc I'padoanamiTaHm po3paxyHOK

) CXEMH IIPOBOJIMTHCS Y HACTYITHOMY
Us=0 TOPSIKY.

loc b Ha crokogiit xapaKTepHcmui' 11o-

/ Uos JIbOBOIO TPaH3UCTOpa Oy/Ty€eMO JIHI0

HaBaHTA)KEHH:I 32 TOCTIHUM CTPY-
MOM, SIK I1e TOKa3aHo Ha puc. 3.22,
Ue Uc=Ec—Ic(Re+Rp)
3natoun U ,, 3HaigemMo R, =
=U,,/1,.. OcKibKM HaBaHTaXEH-

HAM TpaH3UCTOpa €, HallpUuKJIam,

Uoc Ec
Puc. 3.22 — CTOKOBI XxapakTepuUcTukn
MOJSILOBOrO TPAH3UCTOPA 3 KEPYIOUUM >a 5
P-NNEPEXOOOM i KaHanoM n-tuny Ta  HaCTyIIHUM HIACUIIIOI0YMH KacKal
[VHaMiYHa XapakTeprcTika kackay 3 CB  Ha IOJIbOBOMY TPaH3UCTOPI 3 JyKe
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BEJIMKHUM BX1JHUM OTIOPOM, TO R>>R.,R > R, , 1 BC1 MOOY/10BY 32 3MiHHHM
CTPYMOM MO>KHa BUKOHATH 32 ,Z[OHOMOFOIO JiHIT HABaHTaXCHHS 32 TIOCTIil-
HUM CTPYMOM.

KoedimieHT migcuieHHs 3a HATPYToko

_ g RiRe R.R:
Ky = (3.21)
R +R:’

ne S — KpyTHu3Ha,

R, — BHYTpIILIHIM OITip MOJILOBOIO TPAH3UCTOPA. .

Po3risHyTHIT Kacka Ha0yB IIUPOKOTO PO3MOBCIO/KEHHS Y BXiTHUX KO-
Jlax iHTerpajJbHUX IMiACHITIOBAYiB.

3.8.2. Nipcuniotoumii kackap, 3 CC

Cxema nigcnimodoro kackany 3 CC HaBeneHa Ha puc. 3.23.

O +
Ec
loc -
[ e | T
VT1
c
O c|1 s
‘; .
B
+ KUJ+ 2@
U Us |::|R2 08 L

e

° T @

Puc. 3.23 - MNMigcuntotoumin kackan, 3 CC

~~
o

Tyrt:

VTI — monpOBHA TPAH3UCTOP 3 KEPYIOUUM p-A TIEPEXOIOM 1 KaHAJIOM
N-THITY;

R, — HaBaHTaXECHHS KaCKajly 3a IIOCTINHUM CTPYMOM (BOJJHOYAC CTBO-
proe Hanpyry 3MimenHs U,,);

R, R,— ninbHuk Hanpyru (ctBoproe Hanpyry U,).

U, ta U, 3a1a10Th pe;KnM CTIOKO¥O Tizcuimorodoro kackany: Ugz =U.,,, —U.,.
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[Ipu3HaueHHs pelTy eleMEHTIB aHaJOTr yHe NOMEPEAHIM CXeMaM.
HapanTaxxeHHs Kackajy 3a 3MIHHUM CTpyMOM R, =R;||R,, .
Poboty migcuntoBaya iMOCTPYIOTH YacOBI iarpaMu, HaBeeHi Ha puc. 3.24.

Usg t
UeXm
Uos
ic
L~ Im
loc t
UrB o
Unm Usy= loc Rs
t
uSUX
Um
t

Puc. 3.24 — Yacosi giarpamv po6oTm kackagy 3 CC
[ls cxema mMae Ha3By BUTOKOBOTO IOBTOPIOBaYa, OCKUIbKM U = Maiike
MOBTOPIOE BXIJIHY HAMpyTy.
J1st kKackaay MOKHA 3aITUCATH TakKi CIIiBBITHOIIICHHS:

Uex = Ueux - U3B;
U3B << erca TOMY st = erc;
KU <1, wa » RB.
Kackan mae Benukuii R 1 Manmuid R, TOMy BUKOPHCTOBYETBCS SIK Y310~
JDKYBaJIGHHH ITIICHITIOBAY Y pa3i HEOOX1THOCTI y3TO/DKEHHS [KEpelia CUTHATY
3 BEJIMKUM R 3 HABAHTKCHHAM, 1[0 Ma€ Mauii R .

Kackagu Ha nmonboBux M/IH-TpaH3ucTopax cxeMaTuyHo OyIyIOTh
Tak, SIK 1 KacKaJii Ha OIIOJIAPHUX TPaH3UCTOPaAX.
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3.8.3. 3BOpOTHI 3B’A3KM Y NiaCHMNIOBaYax

[opsix 13 Kosamu NpsAMOI MepeAadi CUTHANIB Yy MiJCUIIOBa4Yl BBOAATH
LITyYHO CTBOPEHI KOJIa, yepes SIKi YaCTHHA EHeprii 3 BUXOAY [TOJA€ThCs Ha
Bxiz. lle sBuIe Mae Ha3By 3BOPOTHOTO 3B’A3KY.

I3 3acTocyBaHHSIM 3BOPOTHHUX 3B’SI3KiB MU BXKE 3yCTpidajucs, KOJIH PO3-
Iaanu OyJOBY THPUCTOPA (BHYTPILIHIKA NO3UTHBHUI 3B’ 30K) Ta TEMIIEpa-
TYpHY cTabiJ1i3amio pexrMy CIIOKOIO IiICHITIOI0YOTo KacKaay (HeraTuBHAN
3BOPOTHHIA 3B’ SI30K).

Komna, 3a monomororo sikux 3abe3medyroTb 3BOPOTHI 3B’ SI3KH, HA3UBAIOTh
KOJIaMH 3BOPOTHOTO 3B’ SI3KY.

Koo npsimoi nepenadi curuaiy i Kojo 3BOPOTHOTO 3B’ 513Ky YTBOPIOIOTh
MIETIII0 3BOPOTHOTO 3B’ SI3KY.

CTpYyKTYpHIi CXeMH METIHOBUX 3B’ A3KiB HaBe/IeHi Ha puc. 3.25.

99" He ux !3)( L—-J-e ux
K K K

[EN]
|

a) 0)
Puc. 3.25 - MNpurknaam NeTnboBmX 3BOPOTHUX 3B A3KIB:
a — OJHOMeT/IbOBUIA; © — BaraToneT/IboBUIA
3BOPOTHI 3B’S3KM MOAUIIOTHCS] TAKOXK Ha 3B’SI3KH 32 HAIIPYTOO Ta 3a
CTPYMOM, SIK TIOKa3aHO Ha puc. 3.26, abo 3MimaHi.

U _— qux
~eux
QGX /1 UGX 1 J
= K RH - K RH
_ | Ru
X x
a) 0)

Puc. 3.26 — 3BOpOTHI 3B’A3KW; a — 3a HAaNpyroto; 6 — 3a CTPyMOM
(WyHT A~ AAT4MK CTPYMY HABaHTaDKEHHA)
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QJIeKHO BiJ] crtoco0y Mogadi CHrHaTy 3BOPOTHOTO 3B SI3KY Y BXiIHE KOJIO
3 § ’

PO3PI3HSIOTH NapaieIbHUMA Ta MOCIiIOBHUH 3BOPOTHI 3B’ A3KH, SIK IOKa3aHO
Ha puc. 3.27.

_I—‘ Yeux _I—‘ Yeux

st ,_( RH ng HC RH

Uss Uss

1=

4

1=

a) 6)
Pwvc. 3.27 — MapanensHuii (a) Ta NocnifoBHWiA (6) 3BOPOTHI 3BS3KM
3a3Buyaii 3BOPOTHI 3B’SI3KH Y IMIACHITFOBaYaX 3aCTOBYOTH JIJIS cTa0UTi3allii
1 IOKpAILEHHS [TapaMeTpiB.
BrnactuBocTi migcuitoBada i3 3BOPOTHUM 3B’ SI3KOM PO3IIITHEMO HA IIPH-
KJ1a/1i TOCTiIOBHOT'O 3BOPOTHOTO 3B’ SI3KY 3a HAIIPYTOI0.
OCHOBHHMM MTOKa3HUKOM € Koe(illieHT nepenadi 3B0POTHOTO 3B’ A3KY

U
=33
xX==", (3.22)
!gux
10 BU3HAYAE, SIKA YACTKa BUX1JHOI HAIPYTH HAIXOTUTH IO BX1JHOTO KOJa
migcumoada (U ,, — KOMIUIEKC HAPyTH 3BOPOTHOTO 3B SI3KY).

J71s1 BX1JHOTO KOJIa MOYKHA 3aIACATH PIBHSIHHSI
Qc :ng +Q33a (3.23)

ne Uy — KOMIUIEKC HAIPYTH HA BXOL.
3 ypaxyBaHHsM Bupasy (3.22)

QC = Qex + lueux ' (324)

3ampoBaMO TaKi TO3HAYCHHS:
1) koeilieHT MiICHIIEHHS MiICHIIOBa4Ya 63 3BOPOTHOTO 3B’ SI3KY

U
K — —— BUX ;
E=uT (3.25)

2) KoePiLEHT MiZCHUIICHHS I ICKIFOBaYa, OXOIIEHOI'O 3BOPOTHHM 3B’ SI3KOM
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U
Ky === (3.26)
MosxHa 3anucatu
L_Jgux = KL_JC " (327)
3 ypaxyBaHHsIM Bupasy (3.24), maemo:
Qeux = K(Qex + l!eux)' (328)
[Moximumo oOunBi yacTiHM piBHAHHA (3.28) Ha ng 1 0JIEP)KUMO
, Ky =K@+ 1K), (3.29)
3BIJIKH
K
Ky=r—. 3.30
K=K (3.30)
306pasumo K Ta ¥ y BUDIsm
K =K1, (3.31)
2=21%,

(3.32)
ne O, ®, — da3oBuil 3cyB CHTHAY Yy KOJI MPSAMOI Mepeadi Ta Kol 3Bo-
POTHOTO 3B’SI3KY BiIITOBIIHO.

Bupa3 (3.30) nabyBae BUTTISTY

Ke'?%
e e (339
BisbMeMo Bunanok, ko Qg +@, =7n,(n=13,5...).
Tomi ¢/ =—1,a Qg =0 iBupas (3.33) marume BUIIIAN
K
5Tk (3.34)

OTXe, SKIIO CUTHAJ 3BOPOTHOTO 3B 53Ky 3CYHYTHH BITHOCHO BX1THOTO
CUTHAITy Ha KyT D, TO IIeil 3B’A30K HAa3WBAETHCS HEraTUBHUM 3BOPOT-
HuM 3B’s13koM (H33). KoedimieHT micuieHHs miJcuioBada, 0XOIIeHOTO
HETaTUBHUM 3BOPOTHHUM 3B’SI3KOM, 3MeHIIyeTbest y 14 K pasis. Hespa-
JKaroun Ha 11e, H33 mmpoKko BUKOPHUCTOBYIOTH JJISl TiABUIICHHS CTAOLTh-
HOCTI pOOOTH IiICHITIOBAY1B 1 OKpAIIEHHS 1HIITNX iXHIX ITapaMeTpiB.
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V nepury uepry, H33 snmkye sanexuicts K, Bin 3Min K (Hanpukiaz,
OB’ 13aHUX 31 3MiHAMU TEMIIEPATYPH).
[Noxaxkemo ne, 11 yoro npoaudepenuiroemo Bupas (3.34) 3a K:
dKs;  (1+%K)-Ky 1
= = . 3.35
dK (+xk)  (+xK) (339
IMeperpyyeMo Ta IOALTIMO JIiBY i IPaBy YaCTHHH LLOTO PiBHAHHS Ha K 33
13 ypaxyBaHHsM (3.34) oTpuMaemo:
Ky dK
Ky K(+xK) (3.36)
Ileit BUpa3 cBIIUNTS, IO BITHOCHI 3MiHH K Y (l—i—xK ) pa3iB MEHIIIi Bix
3MiH K.
VY Bunaaky rubokoro H33 maemo:

. 1
XK >>1,1Tomy K33 = — — He 3anexuts Bin K.
X

Skmo, nanpuknag, K =10°,%=0,1, 10 K3; = 10.

H33 Takox migsumye R i3nmKye R

R6x33 = Rex (1+XK)9 Reux33 = h‘ (337)
(1+xK)

Taxoxx H33 3HMIKy€e HemiHiIiHI Ta 4aCcTOTHI BUKpUBIEeHHA. OTXKe, 3p03y-
MIJI0, YOMY HOTO HMIMPOKO 3aCTOCOBYIOTH y MiJCHITIOBAYaX.

PosmisitHemo BUMamoK, KOIMu Qg +Q, = 0 (To6TO cHrHa;m 3BOPOTHOTO
3B 3Ky criBmazaae 3a (pas3oro 3 BXigHUM curHaioM). Takuil 3B’ 130K Ha3H-
BAETHCSI MO3UTUBHUM 3BOpPOoTHUM 3B’si3koM ([133). V Bumanky I133
e’ =1, ¢ =0, isupas (3.33) Mae BUDISIL

K
Ky =—o. 3.38
"SR (3.38)

Ile cBiguuTH, IO K” y paziB 6inpmnit, Hixk K. To6To 133 cyT-

1-xK

TEBO MiBHUILYE KOeDiLieHT miAcHIeHHs miacuioBada npu cK < 1. Ane y Toi
€ Jac BiH MOTipIIye iHII Horo napamerpu. ToMy NpakTHYHO 3aCTOCOBY-
I0Th TPAaHUYHUH BUNAI0K, Ko cK =11 K33 — oo Lleii pexxum pobotu
Ha3UBA€ETHCSI TeHEPATOPHUM (MiICHII0OBAY CaMO30YIKY€E€THCS) 1 BUKOPHC-
TOBY€ETHCSI IPH CTBOPEHH1 T'€HEPaTOPiB PI3HOTO BHUILY.
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3a3HauuMO: HasBHICTh HYJIbOBOTO ()a30BOT0 3CYBY CHUTHAJIy 3BOPOTHOTO
3B’A3KY 1 KoedilieHTa miACHIEHHS O1IBIIOrO 32 OAWHUIIIO € YMOBAMM pe-
JKMMY TeHepamii.

3.9. bararokackagHi nigcunioBavi

SIK1110 OIMH i ACUITIOIOU MM Kackas He 3a0e3edye NoTpiOHOro piBHA Mij-
CWJICHHS, TO 3aCTOCOBYIOTh O0ararokackaaHi mixcumaosBayvi. CTpykTypHa
cXema TaKoro MiJICHIIoBaya 300paxkeHa Ha puc. 3.28.

Usy Ueux1= Uex2 Usgux2= Uexa Uexn=Ueux(n-1) Ueux

Tl [0 ¢ [0 0] s [T

Puc. 3.28 — CtpykTypHa cxema baratokackagHoro niacunoBaya
3aranbpHuil KoeilieHT MiACHICHHS IPH ILOMY CTaHOBUTD

ﬁsae = KlKZ Kn (339)

3.9.1. baratokackagHi niacunioBayi 3 pe3auCTUBHO-EMHICHUMM
MiXKacKagHMMu 3B’a3KkaMu

Haii6inp mupokoro BXKUTKY HaOyiH MiJCHITIOBadi 3MIHHOTO CTPYMY 3
PE3UCTUBHO-EMHICHUMH MiKKacKaJHUMHU 3B’si3KaMu (3 RC-3B’s13kaMu).
Bonu MaroTh 100pi 4aCTOTHI BJIACTHBOCTI, HEBEJIUKI ra0apuTH, BUCOKY
HaJIHHICTB 1 TOMY HIHPOKO BUKOPHUCTOBYIOTHCS SIK PH CTBOPEHHI i ICHITIO-
BadiB Ha IUCKPETHHX €JIEMEHTaX, TaK 1 y IHTerpaTbHOMY BUKOHAHHI.

Ha puc. 3.29 naBenena cxema Takoro MiJCHIIIOBaYa.

o +
7
c3 (3)
—0
)
Rd)« |:} RH

(2) 4
Puc. 3.29 — [1BokackagHuii nigCcunioBay 3 pe3MCTUBHO-EMHICHUMM 3B’S3Kamm
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[ligcuiroBay cknagaeThes i3 ABOX KaCKaliB MiICHICHHS, BAKOHAHUX Ha
tpanzuctopax V711 i VT2 3a cxemoro 3 CE.

Bxinnuii curaan micis miIcHIeHHS IEPLIMM KacKaJoM uyepe3 KOHIeHCa-
Top C, HAIXOUTH HA BXiJl IPYTOro Kackay, 3 BUXOy KOO IiJICHICHUI
BIpyTe 4epe3 KoHaeHcarop C, NONaeThCs Ha HABaHTaXKEHHA R .

Po3paxyHok OaraTokackaaHOTO TiICHIIIOBaYa IIOYMHAIOTH 13 PO3PaxyHKy
BHX1IHOTO (OCTaHHBOTO) Kackaxny. I1oTim, 3Ha10uM HOTo BXiAHY HANPyTY,
110 € BUX1IHOIO HANPYTOI0 MONEPEIHHOr0 KacKaay, IPUCTYaroTh 10 PO3-
paxyHKy ONepeaHbOoro Kackany i T.1. Buxonsuu i3 yMoBH 3a0e31e4eHHs
OJHOTUITHOCTI, KACKaJH MONEPEeIHbOTO MiACHIICHHS BUKOHYIOTH OHAKO-
BUMH (3a3BHYall i3 HaWOIBII MOXIMBUM KO€(ILi€EHTOM IiJACHIICHHS).
Tomy po3paxyHOK 3aBXJI1 3BOAUTHCA (AKTUYHO A0 PO3paxyHKy OIHOTO
Kackany.

R, =R.|R|R

Hl 6x2°

ne R'= R/1 I R/z;

Rng — BX1JHUH OIIIP 3a 3MIHHUM CTPYMOM JPYyroro Kackamay,
— P/
RH2>> RK || RH‘

AMIUTITYJHa XapaKTepPUCTUKA TaKOTO ITiJICHITIOBaYa Ma€e BUIJISA, HaBe-
nenuit Ha puc. 3.30.

Ugux 3 Ugux
2__——n
Ueux( 1-2) / E
[\ [\
1 Ueux(2)-(3) Uok
E Uex t

Uscmin  Uex max
a) 0)
Puc. 3.30 — AMnniTyaHa xapakTepucTika (a) Ta 4acoBi gjiarpamu
BMXiOHOIO CurHany (6) ABokackagHoro nigcunioBada 3 AC-38’a3kaMn
Ha niit no3naueHo:
1-2 — po6oya minsHKa;
2-3 — peXUM HaCUYCHHS.
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U@X max

D= U — IUHAMIYHHMN Aiana3oH migcuroBava.
6x min

Ha minsuui 1-2 MaemMo He3HaYHE CIOTBOPEHHS (POPMHU BUX1THOTO CHTHA-
J1y, 3yMOBJICHE HEMIHIMHICTIO XapaKTepUCTUK TpaH3ucropa. CTymiHb CIOTBO-
pEHb BU3HAYA€ThCAd KOe(Pili€HTOM HeJTiHiHHUX BHKPHBJICHb

JU+U +.. +U?
K, = - , (3.40)
1

ne U, —edeKTuBHE 3Ha9€HHS HAIIPYTH NEPIIOi (OCHOBHOT) TapMOHIKH BUXiI-
HOT'O CUTHAILY;

U, U,.., U, —ebexkTuBHi 3Ha4€HHs HAIPYTH APYTOi, TPETHOI 1 T.1. (BH-
VX ) TAPMOHIK BHXiJHOTO CUTHAIY.

HasBHicTh curHaNy Ha BUXOI MiACHIIIOBaYa IIPU U <U, mmi HaBITh
npu U = 0, BU3HAYa€ThCA BIACHUMHU IIyMaMHM €JI€MEHTIB IiICUII0BaYa.
Le urymoBuii curHai, 3yMOBIICHUH, HAPUKJIaA, HECTALIOHAPHICTIO IIPO-
Lecy iHKeKuii HOCiiB i3 emiTepa B 6a3y OimosisipHOro TpaH3ucTopa (10 pedi,
MOJIbOBI TPAH3UCTOPH M030aBJICHI ILOTO HEAONIKY, Y 3B’3KY 3 UUM IX 4aCTO
BHUKOPHCTOBYIOTb Y ITEPIIOMY KacKa/li MiJCHII0BadiB MaJINX CUTHAIB); BH-
HUKAIOTh HMIYMH TaKOX 33 PaxyHOK (iyKryamii cTpyMmy Ipu HOTO Mpo-
TiKaHHI Yepe3 METaJIOKOMIIO3HLIIfHI, ByT1IbHI Ta 1HII pe3ucTopH i T.1. Kpim
TOT0, IPUIMHOIO BUXITHUX NTyMiB € CHTHAJIM, HABEJCHI HA €JIEMEHTaxX 1
3’ €MHAHHAX MiACUIIOBaYa 30BHINTHIMA €JIEKTPOMArHiTHUMHY TIOJISIMH, 3a-
BaJIH, 110 TPOHUKAIOTH HA HOTO BX1J 13 KiJI )KUBJICHHS IIPH HAIBHOCT1 B HUX
ITyJBCAIlii HApyTH.

JJ1st 3HVDKEHHST BUXIJTHUX TYMiB BHKOPHUCTOBYIOTH €JIEMEHTH 3 MAJIUMHU
BJIIACHUMH IIIyMaMHU, 3aCTOCOBYIOTh €KpaHyBaHHS, JIOJATKOBI (iIBTPH, BU-
OMpPaIOTh CXEMH JDKEPEIT )KUBJICHHS 3 MIHIMAJIbHUMHU ITYJIbCAIISIMH.

Ha ginsgami 2-3 MaeMo peXuM HACHYEHHS MiJCHUIIIOBada depes3 Te, II0
TPaH3UCTOP TYT BUXOAMTH 32 MEXK1 JIHIHHOTO peXXUMY: TIOTIEPEMIHHO TIepe-
XOJIUTH 13 peXKUMY BiITHHAHHS Yepe3 JIHIHHUN PeXUM JI0 PeXKUMY HACHIEHHS
1 HaBMaku (HE IUIyTaiTe AMHAMIYHUA PeXUM HAaCHUYEHHS MiJACHIIOBaYa 31
CTaTHUYHHUM PEXHMOM HAaCHUYEHHS TPAH3HUCTOPA).

JpyToro BayKIHMBOIO XapaKTEPUCTUKOIO TBOKACKAJHOTO MiACHIIIOBAYa 3
RC-3B’s13kaMu € aMILTITYIHO-4aCcTOTHA Xapakrepuctrka (AUX), 300pakeHa
Ha puc. 3.31.
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Ku [TpuunHOIO 3HIKEHHS KOedi-
LI€HTA IIJACUJIEHHS Ha HU3bKUX
4acTOTaxX € HassBHICTb PO3iIsi-

KUo 1 \3\ rounx konzencaropis C, C,, C,,
2 A a takox C,, OCKIIbKH OIIip KOH-

JleHcaTopa

1
= —— — 00,

Ao w—0 wC

Xc

On We VY pe3ynbTari Ha pO3ALIAIOUUX
PVI_C- 3.31 — AYX gBOKackagHoOro KOHJIEHCATOpaXx I1aJla€ YaCTHUHA
nigcvniosada 3 AC-38’a3kaMu HAIPYTH CUTHAILY, IO [IOBUHEH
nepeaaBaTucs y HACTYITHUM KacKaa a0o HaBaHTaKEHHsI, a 3 POCTOM OIIOPY
C, Bunukae cyrreuii H33 3a miIcuiIloBaHuM CUTHAIOM 3MIHHOT HAIIPYTH —
KOe(iLliEHT ITi ICUIICHHS 3HUKYEThCSL.
[IpuunHoto 3HMKEHHA KoeDillieHTa i JCUICHHS Ha BUCOKUX YaCTOTaX €:
1) 3HmKeHHs KoedilieHTa mepenadi TpaH3UCTOpa 3a CTPYMOM b mpH
w>w;
2) HasBHICTH y CXeMi Mapa3suTHUX KOHAECHCATOPIB Ta iHIYKTUBHOCTEH,
OCKIUJTBKH

1
Xc =—=0; X
9 L
w—>o " w—> o
TO 31 30LIBIIICHHSM YacCTOTH CUTHANY (ab0 /uIsi 1or0 BHIMUX CKIIAJOBHX
TapMOHIK) pO30CepeKeHa EMHICTD JIIHIHM 3B 3Ky B MEKaxX KacKaIy IIyH-
Ty€ YaCTHHY €HEpTii CUTHAITY, IO T ICHITIOETHCSI, a IHAYKTUBHICTE IIPOBITHUKIB

BEJIE /10 A IIHHS Ha HUX HAMPYTH. Y pe3ylbrari KoeimieHT i ICHICHHS 3HU-

= wl. — oo,

KYETBCA.

3.9.2. bararokackapgHi nigcunioBaui
3 TpaHCcPOpPMATOPHMMHU 3B’ A3KaMK

V Takux MmiJCHITIOBadax 3B’ 30K MK KaCKaJaMHu 3IHCHIOETHCS 3a JIOTIO-
MOT010 TpaHchopmaropie. 3a3BUUaii, IEPBUHHA OOMOTKAa BMHKAETHCS Y
BHXIIHE CTPYMOBE KOJIO TPAH3UCTOPA MOMEPEIHLOT0 KaCKay, a BTOPHHHA
00MOTKa TiAMHUKAETLCSA IO BXOAY HACTYITHOTO KacKamy abo Oesmocepen-
HBO JI0 HaBaHTAXKCHHS. Y TEPIIOMY BHITAIKy MAEMO CIIPaBy 3 IiICHUITIOBA-
YeM HalpyTH, Y APYTOMY — 3 MiICHITIOBaYeM MTOTY>KHOCTI.
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CrpyKTypHa cxeMa MiACHIOBa4Ya 3 TpaHcGOPpMAaTOPHUMHM 3B’ SI3KAMH
300pakeHa Ha puc. 3.32.

TV1 TV2
o—
Uex Kl KZ [} RH
o_

Pwvc. 3.32 — [JsokackagHwin niacuniosay 3 TpaHCHOPMaTOPHMI 3B’3KaMu

VY it cxemi nepumii Kackaj — MiACHIIOBaY HAPYTH, JPYTUH — ITiICHITIO-
Bay MOTYXHOCTI.

Bukopucranus TpaHcopmaropa Hasa€ Taki nepeBaru:

1) miABHUIIY€E€THCS 3arallbHUI KOSILiE€HT ITiICUIICHHS SIK 32 HAIPYTOIO, TAK
13a CTpyMOM;

2) 3a0e31e4y0ThCSl YMOBH MakCHUMAIIBHOI ITepeAadi MOTYKHOCTI 3a pa-
XYHOK y3TOMKEHHS BUX1JHOTO OTIOPY KacKazy 3 OIIOpOM HOro HaBaHTaKeH-
w1 (R,= R).

Ane BUKOpHCTaHHS TpaHchopMaropa Mae i CBOI HEZOMIKH, a caMe: Tij-
BHIIYIOTBCS Maca 1 rabapuTH MiICHITIOBaYa, MOTIPIIYIOTHCS HOTO YacTOTHI
BiactuBocti. KpiM Toro, y Hamr gyac TpancopMaTop € HETEeXHOJIOTIYHUM
BHPOOOM: TEXHOJIOTisI BAPOOHHUIITBA TpaHC(HOPMATOPIB KapAWHAIBHO Bij-
PI3HSIETBCA Bl TEXHOJIOTIT BUTOTOBIICHHS 1HITUX BY3JIiB ITiICHIIIOBAYA.

Haiimupmroro po3noBCciomKeHHs TpaHc(hopMaTOpHi MiACHIIOBaYl 3Ha-
XOIWJIN J0 HETaBHHOTO Yacy K IMiJICIUTIOBAYi MOTYKHOCTI. BymyroTbcs
BOHH 32 OJTHOTAaKTHOIO a00 JBOTaKTHOIO CXEMaMHU.

3a3Ha4MMo, 10 MiACHJIIOYi KacKaaM, siKi Oyl HaMH PO3TIISIHYTI, yCi
OJHOTAKTHI: 32 MepioJ MiACUIIOBAHOTO CUTHAIY CTPYM y HUX IMpPOTIKae
Yyepe3 OJIMH TPAH3UCTOP 1y OMHOMY HanpsMKYy. [Ipu ripomy 3a0e3neqyeTs-
Csl IMiJICUIICHHSI SIK TIO3UTUBHOT TaK 1 HEraTHUBHOI MIBXBUITB, SIKIIO KacKaJ Ipa-
II0€ y pexXuMi Ki1acy A, abo MiBXBHII1 JIMIIE OHIET TOISPHOCTI, SKIIO Y pe-
kuMax kiacy B abo AB.

JBoTakTHI mincuiarowdi kackaau OyAyrOTh 3 TBOX OJHOTAKTHHX, IO
SIK TIPABUJIO, TIPAITIOIOTH Y pexumax kiacy B abo AB: ogun kackan 3a6e3-
TIeYye€ ITiICWIEHHS TO3UTUBHOT TIBXBHII, a APYTHHA — HEraTHBHOI. OTXKe, MiACH-
JISHHSI 3a MepioA MiJCHITIOBAHOTO CUTHAY BiZIOyBa€ThCA y JBa TaKTH.
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CxeMa  OOHOTAaKTHOTO
TpaHc(HOPMATOPHOTO MiJICHITIO-
Baya MOTYXHOCTI HaBe/leHa Ha
puc. 3.33.

VY KOJIEKTOpHE KOJIO TpaH-

|C|1 3uctopa V7] yBIMKHEHO mep-

1 BUHHY OOMOTKY TpaHcdop-
Mmartopa TV1, fioro BTOpUHHa

A U 0oOMOTKa miAIMKHEHA O Ha-

BaHTAXKEHHA R .

Koediuient rpanchopmanii
o ® + n=w,/w, ne w, w, — Kijlb-

KiCTh BUTKIB NEPBUHHOI Ta

BTOPUHHOT 0OMOTOK Biamo-
BiZHO.

[Ipu3HaueHHs pelTy eIeMEHTIB Te X caMe, IO 1 B MONepeIHIX cxeMax.

[Iparwroe neit miacumoBad y pexxumi kiacy A.

Bennuunna onopy HaBaHTaXEHHS, 3BeJIeHa J10 IEPBUHHOT 0OMOTKH, CTa-
HOBUTH

Puc. 3.33 — OgHoTakTHWi
TpaHCHOPMAaTOPHWIA MiACUIOBAY MOTYXHOCTI

R, =Rn’. (3.41)
Ockimbku R,,. = R, ,T0 R,,. = R,n*,ixoedinient rpancdopmanii
R@UX
n= R_ (3.42)

HenonikamMu HaBeIeHOT cXeMH € HU3bKuH K.K.J1.: h=0,25 | 0,3; HasBHICTb
CTaJIOrO MiAMarHidYyBaHHS ocepAs TpaHc(hopMaTopa BHACTIIOK MPOTIKAH-
HSA MIOCTIAHOTO CTPyMY /, o 1O Horo TIepBUHHI 0OMOTIT, IO TPU3BOAUTH JI0
301IbIIEHHS TabapuTiB TpaHchopMaTopa.

BxkazaHux He0JIKIB 11030aBICHHU IBOTAKTHHH ITiICHITIOBAY IIOTYKHOCTI,
MIPUHITUIIOBA CXEeMa SIKOTO 300paskeHa Ha puc. 3.34.

[lincumoBad CKIAJa€eTHCS 3 JBOX OAHOTAKTHHUX KAcKaJiB, BUKOHAHHUX
Ha TpaHzucropax V711 i VT2. IlapameTpu TpaH3UCTOPIB NOBHHHI OyTH
MPaKTUIHO oJHaKoBUMH. Tpancdopmarop 7V npuzHadeHnit Ay ogadi
Ha BXiJ MIJICHJIIOBAaYa JBOX HAMPYT st , Ta Um, PIBHUX 3a BEITUYUHOIO,
ane 3cyHyTHX 3a ¢azoro Ha 180 enextpuunux rpanycis. Tpanchopmarop
TV2 y3romkye BUXIJ ITiICHITIOBaYa 3 HABAaHTAXKEHHAM, TOOTO 3a0e3meuye



3. [NIACUIIFOBAYI EJTEKTPUYHWX CHTHAJIIB. [TIACHTFOBAY! HATIPYT VI SMIHHOIO CTPYMY 117

BMKOHAHHS YMOBH II€pe/iadi MaKCMMaJIbHOI IOTyKHOCTI. Pesucropu R,
R, nipu3sHaveHi 1J1s CTBOPEHHS PEXMMY CIIOKOIO (B pesxuMi Kinacy AB) st
00MABOX TPAH3UCTOPIB.

'WT oTV2
D+ el O 5 = - W
st1 2
o —(+) —
=Y jEKt |::|RH
*)- wil L

(7 \vr2 2
|0K2\L

Pwvc. 3.34 — [IgoTakTHuiA TpaHCGHOPMATOPHUIA NiACUIOBAY MNOTYXXHOCTI

Takwii miICUITFOBaY MOJXKE IPAIIOBATH Y Kiiaci B (3a BiICYTHOCTI IUTbHUKA
R, R)) abo AB.Y tpancdopmaropa TV2 ctane miMarniqyBaHHs BiICyT-
HE, OCKUTBKH I10 O/IHIN HOT0 iBOOMOTIII OCTIHHUI CTPYM Te€Ue y OTHOMY
HAIIPAMKY, & 10 JIPYT1H — Y IPOTHIIEKHOMY, Tipudomy [ =1 ..

Posrsinemo poboty migcumosada 3a jaii U, .

Slkwo nonsipuicte U |, Taka, K BKa3aHa Ha CXeMi 0€3 JTy’kOK, TpaH3uC-
top VT2 3akputnii, a V71 nipamroe y pexxumi miacuieHas. llpu oMy B
KOJIEKTOPHOMY Kouti V71 3’ IBJISIETHCS MiICHIIEHA MTIBXBUIIS CTPYMY, IO de-
pe3 BEpXHIO NIEpBUHHY TIBOOMOTKY TpaHchopmaropa TV?2 nepenaerbes 10
HaBaHTAKEHHS.

ITpu nonspuocti U, BKa3aHid y nyKKax, Tpansuctop V71 3akputui,
a VT2 3snaxonuThes y pesxumi migacuienns min giero U . ITisxsuis cTpy-
MY, III0 TPOTIKAE Y KOJIEKTOPHOMY KOJIi V72, Ma€ MpOTHIICKHII HATPAMOK
1 9epe3 HIKHIO IEPBUHHY IIBOOMOTKY Tpancdopmaropa 772 nepenaersest
10 HaBaHTaXeHHs. TakuM unHOM, Tpansuctopu V71 i V12 3a nepion mia-
CHITIOBAHOTO CHUTHATY MTPALIOIOTH 10 Yep3i, CTBOPIOIOUH MiACHIICHY 3MIHHY
Hampyry Ha HaBaHTa)KEHHI 3a /IBa TaKTH.

Ha puc. 3.35 300paxxeHo BUXiIHI XapaKTEPUCTHKU TPAH3UCTOPA Ta T0-
Oy/I0BY 4acOBOI JliarpaMu iMITyJIbCY KOJIEKTOPHOTO CTPYMY.
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IK \ | K \
Knac AB
Knac B
Mas
lok L 15>0
ls=0 : me \L
Tt
Uke
e ’%\
U Li3eoHonodibHe suKpusneHHs1 ghopmu
y MaB BUXIOHOI Harpyau 3yMoerieHe
Un, HeniHitiHicmio exidHoi BAX mpaH3ucmopa
B
i ™

Puc. 3.35 — MobynoBa 4acoBoi Aiarpamm iMMynbCy KONEKTOPHOrO CTRYMY
3a A0NOMOrOH0 BUXIOHOT XapakTepUCTUKL TPAH3UCTOpa

IToBHa Ta BUXiHA TOTY>KHOCTI BiATIOBITHO CTAHOBJISTH
II’H UI’H
2

pP= » P =MP. (3.43)

3.9.3. bearpaHcdopmaTopHi BUXigHI KacKaau NiACUNIEHHS
ot

BesTpancopmaTtopHui
BUXIiIHI KacKaaM ITiCUIECH-
HS SKHAMIINPILE BUKOPUCTO-
BYIOTH 5K y ckiani IMC, Tak
1y JUCKPETHOMY BUKOHAHHI.
CxeMy MBOTAaKTHOTO KacKa-
Iy, BAKOHAaHY Ha OTHOTHITHUX
TpaH3HUCTOpaX n-p-n THUILY,
. HaBezleHo Ha puc. 3.36.

Puc. 3.36 — BeatpaHchopMaTOpHUi Kacka, Tpansucrop V72 1naBanTa-
MiACUNEHHS HA OAHOTUMHUX TPAH3MCTOPaxX  JKCHHS R yTBOPIOKOTH KacKa
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3CK,a V731 RH —xackaz 3 CE. Curnany, 1o miacHIIIOThCS, HaAXOIATh Ha
BXOAM TpaH3ucTopiB V12, VT3 13 3mimeHH:saM 3a azoro Ha 180 enekTpuaHux
rpaayciB: ofep:kaHHA JBOX NpoTU(a3zHUX HarpyT 3a0e3neuye ¢pa3zoiHBepc-
HUM kackan Ha Tpansuctopi V71. Tpausucropu V712 i VT3 nonepeMiHHO
BiIJKPHUBAIOTHCS O3UTUBHUMH MiBIIEPiOIaMH, 3yMOBIIFOIOYH MTPOTIKAHHS Y
HaBaHTa)KCHHI 3MiHHOTO CTPyMY.

JKuBiieHHs Takoro Kackaly MOKJIMBE 1 BiJl OOHOTIOJIIPHOTO JKepena. Y
TAaKOMY BHIIa/IKy HaBaHTKEHHS ITIIMHKA€THCS Yepe3 KOHACHCATOP BEJIH-
xoi emuocTi (1/w, C<<R ).

OcTaHHIM 4acoM IIUPOKO BUKOPHCTOBYIOTbH
KacKa Iy ITiICWJICHHS, II00YI0BaHi Ha TPaH-
3UCTOPAX PI3HOTO THITY MPOBIAHOCTI — Ha
KOMIIJIEeMeHTapHUX (Bix nart.
complement — TOIOBHEHH ) T1a-
pax TpansucropiB. Cxema
HaNMpOCTIIIOro Takoro Kac- Uex
KaJay HaBeJeHa Ha puc. 3.37.

Koxen i3 TpaH3ucTopis pa-
30M 3 HaBaHTXKEHHSM TYT

yTBOpIoe cxemy 3 CK.
Iparroe kacka y pexcami  PVC. 3.37 — HalinpocTilLmit kackap, NiAcueHHs
Ha TPaH3MCTOPax Pi3HOro TNy NPOBIAHOCTI

Kiacy B, skuif Bi3HAYa€THCS
3HAYHUMH HeJliHIHHUME BUKPHUB-

JICHHSAMH TIPH IT1ACHIIEHHI TapMO- T 9 o+t
HIHAX CUTHAJTIB.

XapaktepHa 0COOJIUBICTh Ta-
KOi cXeMu: JuIsl Hel He ToTpideH
(hazoiHBEpCHMIT KacKa.

s 3abe3neyennst pobotTu y
pexumi kinacy AB Buxopwuc-

TOBYIOTh HEBEJHUKE 3MIMIECHHS +
(0,6-0,7) B, sk 11 MMOKa3aHO Ha R3 Ex2
puc. 3.38 (ainbHUK R, — R ). L & o -

Hpu mpoMy 3a BiICYTHOCTI Pyc. 3.38 — BeaTpaHchopMaTOpHUii kackap,
BX1JIHOTO CUTHAIIy 4€pe3 00M- niAcuneHHs Ha TPaH3NCTOpax PisHOro vy
IBa TPAH3UCTOPH MPOTIiKaE NPOBIZHOCTI y pexumMi kriacy AB



120 EJIEKTPOHIKA | MIKPOCXEMOTEXHIKA

HEBEJIHMKHUI CTPYyM CIIOKOIO (HACKpi3HUH CTPyM), a Uepe3 HaBaHTaKEHHS
HE IPOTIKaE.
OCKiJbKY B IIUX cXeMax 00uBa TPaH3UCTOPU YBIMKHEH1 BIIHOCHO Ha-
BaHTa)XEHHS SIK €MITEpHI MOBTOPIOBaYi, TO BOHU JAOCUTH MPOCTO Y3rO-
o4 ~KYIOTHCS 3 HH3BKOOMHHM ONOPOM
| HABAaHTaKEHH 1 K.K.Jl. IPU LOMY
Ex JIOCUTH BUCOKHIA. BuxinHa Hampy-
i_ ra JOPiBHIOE BXiHIH, a MiJCUIICH-
HSl TIOTY>KHOCTI BilOyBa€eThCs 3a
c2 PaxyHOK HiICUJICHHS CTPYMY.
}—o 3a BUKOPUCTaHHS OAHONOJISIPHO-
rO JKepela JKUBJICHHS CXeMa Ta-
KOT'0 KacKaJly Ma€ BUITIAL, HaBEe-
|::| Rv  wuit Ha puc. 3.39. J{ns 3a0e3nedeH-
HSl BUKJIIOUEHHS BIUTUBY PEXHUMY
T KackaJly 3a OCTIHHUM CTPyMOM Ha
© i MepeIKiHeYHUI KacKaJ| i HaBaHTa-
JKEHHS, OCTaHHI MiJIMUKAKTHCS
Puc. 3.39 — BeatpaHcdopmaTopHuii  BUTTOBITHO Yepes Korzercaropu C,
Kackap, ni IICUIEHHA Ha TpaH3MCTopax 1C > 3a BeJIMKOI HOTy)KHOCTi HaBaH-
PI3HOrO TVNY NPOBIZHOCTI B PEXUMI TaxeHHs C, Mae 3Ha4Hy E€MHICTb
knacy AB 3a 0QHOMONAPHOIO XUBMEHHA (@, OTKe, 1 rabapuTH Ta Macy).

3.9.4. BubGipkoBi niacunioBaui

BubipkoBi miacuaoBayi 3acToCOBYIOTS, SKIIO HEOOX1THO 13 CYKYyITHOCTI
BXIJTHUX CUTHAIIB ITAPOKOTO Jiara30Hy YacTOT BHILIUTH IPYITy CUTHAIB,
OJIM3BKUX 32 YaCTOTaMH, 1110 HECYTh KOPHCHY 1H(pOpMaIIito (HAPUKIIAI, TIPH
HaJaITyBaHHI paxionpuiiMaya Ha KOHKPETHY CTaHIii0). AUX Takoro mif-
CIJTIOBaYa Ma€ BY3bKy CMYTY IiJICHUTIOBAHMX YacTOT, K 1€ TTOKa3aHO Ha
puc. 3.40 (mopiBHsiTe 3 puc. 3.31).

BubipxoBi miacumoBayi 3a3Bu4ail OyayroTs sk miacuiroBadi 3 CE, komek-
TOPHUM HaBaHTAKEHHSM AKHX € mapanenbHuil LC-KOHTYD, 10 HaIaIITo-
BY€TbCS y PE30HAHC HA JIEIKY YacTOTy W, TOMY iX 1€ Ha3UBAKOTH Pe3o-
HAHCHUMH MiACUJIIOBaYaMHU.
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Cxemy BuOipkoBoro (pe-  Kuj
30HAHCHOT'0) TiJICHIIFOBa4Ya
HaBeJeHO Ha puc. 3.41. ¥V
HBOTO

KUo

1
Wy = ——,
* " JLiCx

e L.K 1C «— IHIYKTHBHICTb 1
€MHICTb KOHTYY.

3B 30K 13 HaBaHTaXEH-
HAM (4acTo ¢ HACTYyIHUU

. a)o
KacKajl MICHICHHS) MOXKE  Pygc, 340 — AYX BUGIPKOBOro MiAcHioBaYa

OyTu TpaHC(HOPMATOPHUM —
K NIJIMKHEHE Ha-

o+
BaHTAaXEHHSI R/ — Ex
a00 pe3nCTUBHO- Cv L /_T__
' R1 x Lk =
€MHICHHM — SK T
Cc2

[ ]

MiJIMKHEHE HaBaH-
TaXeHHs R . C1

3a HU3BKHX Yac- o—| |—< VT1 —-I
TOT (THCAYI 1 Je-
CATKH THUCST TEPIT)

U
33CTOCYBAHHS LC- T P R Re ——Ce -
KOHTYpPIiB HeJO0-
uinbHe, 60 TYT . )| .

HU3bKa IX 100-

poTHicTh, Benuki  Puc. 3.41 — BUBIpKoBMIA (Pe30HaHCHMIA) nigcuiosay
rabapuTu Ta Maca. Y TakoMy pa3i 3aCTOCOBYIOTh MIJCHIIIOBAYi 3 Yac-
TOTHO-3aJICKHUMHU 3B0pOTHI/IMI/I 3B’513KaMI/I, 383BI/I‘I&I>1 pe3I/ICTI/IBHO-
€MHICHUMH.
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A

o

KOHTpOnbHI 3anuTaHHS

Toscnime, koau eunuxae nompeba y el1eKmpoHHUX NIOCUNI08AYAX |
Y YOMY NOAALAE NPUHYUN NIOCUTICHHSL.

Braowcims, sax knacugixyroms niocunosayi i siki 0CHO8HI napamem-
pu i XapakxmepucmuKku 80HU MAIOMb.

Lo make niocunowuuii Kackao?

Axi Bu 3naeme peosrcumu pobomu niocunroiouo2o Kackaoy ma 4um
60HU 3a0e3neuyromvca?

Haseoimv cxemu 3a0anns pedcumy cnokoio niocuniornyo2o Kacka-
0y i noscHime npunyun ixHvoi Oii.

Yomy eunuxae nompeba y memnepamypriu cmadinizayii niocunio-
6aua i Ak 60oHa 3a0e3nevyemvca?

Hagedimv cxemu ma noscnime 3a 00nomozow uacosux oiacpam
npunyun 0ii’ niocumoouux kackadie 3 CE, Cb, CK, CB, ma CC.
Lo maxe 360pomHui 36’A3KuU 8 NIOCUNIOBAYAX | AK 6OHU GNIUBAIOMD
Ha iXHI napamempu ma Xapaxmepucmuxu?

Ax 6yoyroms b6azamokackadui niocuniosaui? Iloscuims ocobnu-
gocmi ixXHbOI pobomu 3a OONOMO20I0 AMAIIMYOHOI Xapaxkmepuc-
muxu i AYX.

10. Ak 3abe3neuyemvbcs 36’130k Mixc kackaoamu 6a2amoKacKaoHux

niocunioeavis?

11. YV womy nonseaioms ocobausocmi pobomu GUXIOHUX KACKAOI8 NiOCU-

nennsn? Hasedimv cxemu i nosicuime npunyun 0ii mpancgopma-
MopHUX i 6e3mpanchopmamopuux GUXIOHUX KACKAOIS.

12. Haseodimv cxemy i noscrimo npunyun 0ii’ 6uOipko8020 NiOCUnO8ad.
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PO3A4iN 4
MNIACUIKOBAYI NOCTIMHOIO CTPYMY

4.1. 3aranbHi BigomocCTi

Y BUMIiprOBaJIbHIH TEXHilli, aBTOMATHIII, CHCTEMaX aBTOMaTHYHOTO Kepy-
BaHHS 1 T.II. INUPOKO 3aCTOCOBYIOTH MIPUCTPOI, IO MAIOTh Ha3By JATYHKiB
(maBauiB). BoHM € epeTBOproBaYaMy HEEIEKTPUIHHX BEITMUYHH Y €JIEKTPHUHI,
4acTo —y HApyTy NOCTIHHOTO CTPYMY. [XHs BUXi/IHA HANPYTa POHOPIIiiHA
TAKUM HEEJIEKTPUYHUM BEJIMUMHAM SIK TeMIIepaTypa, TUCK, OCBITJIEHICTb 1
T.iH. PiBeHp BUXiTHUX HAOPYT AATYUKIB HEBEIUKHH, i3 YACOM BOHU MaJIO-
3MiHHi a00 B3araii He3MiHHI. [ migcHIIeHHs TAKUX CUTHAJIIB 1 BUKOPHC-
TOBYIOTBbCS MifcuiaoBadi nocriiinoro crpymy (I1I1C).

AUX TIIIC 306paxena na puc. 4.1. Ii g,
0COOJIMBICTH OJIATAE Y TOMY, L0 HFDKHSI Ipa-
HHMYHA YaCTOTA Ajaria30Hy MiICHITFOBAHNX CHT-
HaJIiB AOPiBHIOE HYIMO. OTKE, € MOKJIUBICTD
T ICUJICHHS CUTHAJTIB ITOCTIHOTO CTPYMY. \

CXeMOTEXHIYHO IIe 3a0e311eUy€eThCs Bil-
CYTHICTIO PO3JUISIOUMX KOHIEHCATOPIB 200
TparcpopMaTopiB MiXK JKEPETIOM CHTHa- 9
7y, KacKaJlaMH 1 HaBaHTaXeHHsM. To0To, Puc. 4.1 - A4XTINC
[IIC e migcmtroBadeM i3 Oe3mocepeaHiMH 3B’ I3KaMH.

HasiBHiCTh pO3AUIAIOYMX €JIEMEHTIB, sKi 3a0€3MeUyI0Th PO3IUICHHS 3a
MTOCTIHHUM CTPYMOM 1 3B’SI30K 3a 3MiHHUM, HaJlaBajia Ty IiepeBary, 1o pe-
UM I-TO KacKajy 3a TOCTIHHUM CTPYMOM HE BIUTUBAE Ha pOOOTY 1HIINX
KacKaJiB, JDKepesia CUTHaTy ab0 HaBaHTaKEHHS.

V migcumoBavax 3 6e3mocepeiHiMu 3B’ A3KaMH BIUIUB I€CTA01TI3yI0YHX
(baxTOpiB (HAIPUKIIA, 3MiH 13 4YaCOM TeMIepaTypu a00 HAIIPYTH KUBJICHHS)
Ha PEKUM CIIOKOIO KacKaJly MPU3BOAUTH JI0 TOTO, 1110, HABITH 3a BIJICYT-
HOCTI BXiJTHOTO CUTHATY, Ha BUXO/I ITiJICHITIOBaYa MOXKE 3’ SIBIISITHCS HAIIPYTa,
10 HABaHTAXKEHHSIM OyJle CIIPUIMATHCS SIK PE3yJIBTAT ITiICUIICHHS JIeSTKOTO
BXigHOTO curHamy. Lle sBuie mae Ha3By aApeiidy nyas [I1C.

Jpetih Hyas 3yMOBIIOETHCS 3MIHOIO BHXITHOT HAIIPYTH 3a BU3HAYCHUH
MIPOMDKOK Yacy IpH BiICYTHOCTI BXiTHOTO CUTHAIY:

0,=0
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U max U min
d = Zome__—opmin I pmn (4.1)
U

ne U op max? U — BIJIIOBITHO MakCHUMaJbHE Ta MIHIMaJIbHE 3HAYEHHS BU-
X1JTHOT HaIpyTH 3a BU3HAYEHUH IPOMIXKOK 4acy;

K, - KOE(IIi€HT MiICUIICHHS.

Jins 3menmenns apeiidy B [1I1C 3actocoBytoTh eneMeHTH TepMocTabi-
Ji3anii, 3ampoBaIKy€eTbCs KOPCTKA CTadIizalisl HAIPYTH KUBJICHHS Ta,

Haifuacrimie, BUKOPUCTOBYIOTb CIIeLialibHi OalaHCHI CXeMHU.

4.2. MiacunioBay NpSIMoro niaCUNEHHs

Haiinpocrimumm npencrasankom II1C € migcnaoBay npsiMoro migcu-
JileHHs 3 Oe3mocepeaHiMm 3B’si3kaMu. Po3risiHeMO cxeMy IBOKacKaji-
HOTO TIiICHITFOBaYa MPsSMOTO i ICHIICHHS, 300paXkeHy Ha puc. 4.2.

i L

Puc. 4.2 — [1BokackagHui NigCynoBay NOCTIMHOMO CTPYMY MPSIMOTO MiACHIEHHS!

Bin cknamaeTbes 3 MBOX KacKaaiB, BUKOHAHUX 3a cxemoro 3 CE. Ipu-
3HAYEHHS EJIEMEHTIB T€ JK caMe, IO 1 y MiICHITIOBadaX 3MiHHOTO CTPYMY.

3a MPUHITUITIOBOT HEMOKIIMBOCTI 3aCTOCYBaHHS PEAKTHBHUX PO3IUISTIOUAX
CJIEMEHTIB, 11100 3a0€31eUYNTH BUKIIOUEHHS BIUIMBY HAIPYT, 10 BiIMOBi1a-
IOTh PEKUMY CIIOKOIO KacKaJliB, Ha JKEPEJIO CUTHATY 1 Ha HAaBaHTAXKEHHS,
OCTaHHE TYT MiJIMKHYTO MIX KOJIEKTOpoM VT2 Ta cepenHbOI0 TOYKOIO
IinpHUKA R/ o R ,,» & BXiJIHMI curHan nojano Ha 6asy V71 BiTHOCHO cepe-
HBOI TOYKM JIbHUKA R, R, . Bennuunu onopis pesucropis R, , R, R op
R’,, 106MparOTh AKOMOra MEHIIMMH 38 BETMYMHOKO Ta TAKUM YHHOM, 11100
3a e, =0 na Buxoni Oyno U__=0.
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BxigHuii curHat, o HaJXoauThb A0 BXOIY IEPIIOro KacKay, M ACHITIOETCS
1 3 KonekTtopa Tpanzucropa V711 momaeTbes Ha BXiA APYroro Kackamy, BH-
KOHAHOTO Ha TpaH3uctopi V72. Ilicis moBTOPHOTO HiJICHIICHHS CHIHAM HaJ-
XOIIUTh HA HABAHTAKEHHA R .

Ha BigmiHy Bin mizcuiIroBaya 3MiHHOTO CTPYMY, A€ PEKHUM CIIOKOIO BH-
OupaeThCs 32 YMOB HAMIIIIILIOrO MiICHIICHHS BXIJTHOTO CUTHAITY 1 HE BIUIU-
BAa€ Ha HABaHTAXXCHHS 3aBISIKM HAsIBHOCTI PEAaKTUBHUX €JIEMEHTIB 3B S3KY,
y IIbOMY i ICHIIIOBa4i [IPOLIeCH IPOTIKAIOTh MO-1HILIOMY.

Hanpyra cnokoro nepmroro kackany U, 6e3M0CepEIHBO NOJAETHCS
Ha BXiJ APYTroro i, sKIIO HE BXHUTH CIELiaJbHUX 3aXOAiB, mif ii Hdi€ro
Tpansuctop V72 nacuuyerbes. ToOTO HI Mpo sIKe MiACHUICHHS HE MOXE
ity MoBU. s TOrO, 100 BUKJIIOYUTH L€ SIBULIE, O EMITEPHOTO KOJia
VT2 BBOOATH pe3uctop R,,, Ha skoMy najae Harnpyra U,,, [0 KOMIIEHCY €
Hanpyry U, ,, OCKUIbKY CIpIMOBaHa 3yCTpiuHo. TOOTO BUKOHYETHCS yMO-
Ba U, ~-U,=U_,U,=R,I,, nel,  —crtpym eMitepa y pexumi
crokoro. HasBHicTh Benmukux R, Ta R,, IPU3BOAMTH JIO BUHMKHEHHS B
cxemi mubokux H33, mo 3Ha4HO0 3HIKYE KoediieHT miacuneHs. Tomy
TaKi MiJICHIIIOBaYl MarOTh OOMEXKEHY KUIbKICTh KacKaaiB (3a3BHuail HeE
OlIIbIIIe IBOX).

Juist Toro, 11100 3HU3UTH BETHYHHY EMITEPHOTO OTIOPY, MO’KHA BUKOPHC-
TAaTH AUILHUK Hanpyru R, ,, R, (300paxennii Ha puc. 4.2 nyHKTHpOM). Y
[bOMY BUIIQ/IKy HaBITh HA MAJIOMY OTIOPI R, MOXKHA OJIEPKATH IOTPIOHUH
piBeHb HAPyTH. AJe e TPU3BOJUTH 0 MiABUIIICHHS BTPAT MOTYXKHOCTI,
a OTXKe, 10 3HIDKEHHS K.K.JI.

KoedirtieHT miacHIeHHs CXeMH Y TILIIOMY:

Ky = KuyiKya, (4.2)
/
Ae Ky :Bl& - 4.3)
6x1

Koe(DIIIEHT MiJICUIICHHS MEPIIOTO KaCKay;
/ I p!
Ry = R | Ry || Ra || Revos (4.4)

/
RK2
Ky, = Bz
6x2

KOE(IIi€HT MiICHIICHHS IPYTOT0 KacKay;
/ / /
Ri2 = Riea || (R + R || Ry2). (4.6)

- 4.5)
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JlaHuii mifcrimoBay Mae BeNVKe 3HAYSHHsI Ipeii(y HyIs | BAKOPUCTOBY€Th-
Csl y BUIAJKaX, KOJIM HEMa€e BUCOKUX BHMOT JIO SIKOCTI mijcuneHHs. Jls
ITi IBHUIIICHHS CTa0LIBHOCTI CXEMH Y SIKOCTI R - 1R - 1HOJI1 3aCTOBYIOTh TEPMO-
pe3ucCTopu.

4.3. banaucHi MNC

BanaucHi IIIIC GynyroTbes Ha OCHOBI
YOTUPHUILICYOTO MOCTa 3 MapajieIbHUM
OallaHCcOM, cXeMy SIKOTO HaBEJEHO Ha
puc. 4.3.

Tyr U,,=0 npu E, - var,

R R

SKIIO :
Puc. 4.3 — Yotupunneuuii Mict R, R,
Hanpyra Ha BUX0A1 MOCTY He 3aJIeKUTh BiJl 3MiH HaIIPyTH XKHUBJICHHS YU
BiJl IPOMOPLIHHUX 3MiH HapaMeTpiB IICUeH.
Ha puc. 4.4 300paxena HainpocTimia cxema 0amaHCHOTO MiACHITIOBAYa.

Puc. 4.4 — BanaHcHwi nincuniosay
Bin cknamaeTbes 3 1BOX KackamiB Ha TpaH3zuctopax V7l i VI2. Ilpudo-
My MapaMeTpH eIEMEHTIB 000X KacKa/liB TOBUHHI OyTH OHAKOBUMH (Y TOMY
YHCI 1 TPAH3UCTOPIB, IO JOCHTh BaXKO BUKOHATH): R =R ', R.=R/;
R, =R, /=R, .HaBantaxeHnHs R BMMKA€TbCs MiK KOJIEKTOPAMH TPAH3UCTOPIB.
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[TincumoBay sBisge cOO0K YOTHPUILIEYUH MICT, JI€ poJib Pe3ucTopa R,
BUKOHYE R, R, — omip Tpansucrtopa VT, R, — R/, , R, — onip TpaH3ucTOpa
VT2.

3a BiicyTHOCTI BXiTHOTO CUTHAJTy HAaIlpyra Ha HABaHTa>KEHHI JIOPiBHIOE
HYIIO (AKIIO cxeMa abCONIOTHO cuMeTpuyHa). Jpeiid Hyss nNpakTHYHO Y
20 , 30 pasiB MeHIIUH, HIXK Y HiACHIIIOBayYa 3 Oe3M0CepeaHIMU 3B’ A3KaMH,
OCKUJIbKH BU3HAYA€ThCSA pisHuuero /. 1a . MaeMo BUnaok, KOju 3 IBOX
KacKa/iB, 10 MalOTh HU3bKI IIOKa3HUKH SIKOCTi, OTPUMAHO OJJMH 3 BUCOKHMH
MOKa3HUKAMH.

3a HasBHOCTI BXiAHOTO CUTHAIY 3 HOJISIPHICTIO, IO BKa3aHa Ha puc. 4.4,
TpaH3ucTop V711 TpOXH BiIKPUBAETHCS, HOTO KOJIGKTOPHUI CTPYM 3pOCTaE,
a TpaH3ucTop V72 nponopuiiiHo 3aKpUBa€ETHCA 1 HOTO KOJIEKTOPHUN CTPYM
3MEHILYEThCs. BHACIIIOK 1IbOr0 Ha HABAHTAKEHHI R 3’ABJIACTLCSA HANpyTa
posbanancy.

KoedimieHT miicHneHHs CTAHOBUTH:
/

K=BR—Kane R1@=&||RH- (4.7)
R, 2

Hemnonixom Takoro IIIC e HasBHicTh 3HauHOTO H33, 3yMOBIICHOTO Be-
JIMKMMH 3HAYEHHAMHU R, 1 R,.
BUKITIOUHTH TIeii HEJOMIK J03BO- VT1
JIsiE CXEMOTEXHIYHE PillIeHHs], Ha-
BelleHe Ha puc. 4.5.

TyT cmpaBeqnmmBi Taki crmiB-
BIIHOIIICHHS:

K1°

Rz
Alp =—Alg,; Puc. 4.5 — Bunydexns snmsy H33
AUg =0. y 6anaHcHoOMy nigcunioBadi

Taxum 9uHOM, BiTHOCHI 3MiHHU CTPYMIB €MITEPIB ITiJT II€0 BX1THOTO CHUT-
HaJTy B3a€MHO KOMITCHCYIOThCS, BUKITtodaroun H33 3a migcmiroBaHuM CHT-
HanoM. H33 3a mocTitHUM CTpyMOM 3aJIUIIA€THCS.

R, KpiM TOTO, 1110 BUPIBHIOE IIOTEHIIIAIM EMITEPIB, SIK 1 B TIONIEPE/HIA CXeMi,
y TaHOMY pa3i e i 3a0e3neuye OalaHCyBaHHS CXEMU IPU HE3HAYHUX BijI-
XHMJICHHSX TTapaMeTPiB eIEMEHTIB.
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4.4. NundepeHuinnnin MMNC

banancHui miacuiiOBay, y eMITEPHE KOJIO KOO 3aMiCTh R, yBIMKHEHE
IDKEPENo CTpyMy (HapHKIa, TPaH3UCTOP, IKOMY 3a7aHo (DiKkcoBaHE 3Ha-
YeHHs CTpyMmy 0a3u), Mae Ha3By Au(epeHuiiiHoro (pisHuuesoro — 60
MIJICYITIOE PI3HUITIO HAMPYT MiX BXOJaMH) MiICHIIOBAYA. Horo CcXeMy Ha-
BeJIEHO Ha puc. 4.6.

o
Hlono HBOrO Cif 3a3Ha- -|l-:'/<1
YHUTH HACTYIIHE. lo ZJ/ R2 -
Taxki migcriroBadli 3a3BU- i
Yai KUBIIATECS BILABOTIOAD- g 4 Bux.2
Horo Jukepena — E, , E, ..
BxigHuii cMrHam MoXe By, 1 Bx.2

OyTH ITOIaHO HE TUIBKHU K
mdepeHIiiHui (MiXK BXoza-
M Bx. 1 i Bx. 2). Vioro Mox- j:
Ha TaKOX [10JaBaTH Ha Oyib-
SIKUH 3 BXOJIIB BIJHOCHO TOY-
KW 3 HYJIbOBUM TTOTEHIIIaJIOM.
PexxuM cokoro npu 1iboMy
3a0€e31eYy€eThCs 3aJaHHIM Ex2
TaKoi BEIMYUHU CTPyMY /), i"‘
10, TIPH ToJadi Ha 0OmIBa
BXOJIU HyJILOBOT'O [TOTEHILiaTy, Puc. 4.6 — AndepeHuinHuni nigcmniosay
MOTEHITiaI1 000X BUXO/IIB TAKOX TOPIBHIOIOTH HyJIeB1. Tak 3a0e3medyeTbes
BHKIIIOYEHHS BIUIMBY KacKaay Ha JPKEPENIo CUTHAJy Ta HaBaHTAXCHHS, a
TaKOX B3a€EMHOTO BIUIMBY KacKaJiB 0araToKacKaJHOTO IIiICHUIIIOBaYa.
HaBanrtaxxeHHs Takok Moxe OyTH TiIIMKHEHE He TIIbKH Mi>k 000Ma BH-
X0omaMu (CHMETPUIHHN BUXiJT), aJie i JO OJHOTO BUXOMY 1 HYJIbOBOT TOUKHU
(mecumerpruuanii Buxin). [Ipu npomy, sKmmo e, Hanpukmnaz, Bux. 2, 1o Bx. [
JUTS HBOTO Oyl HEIHBePTYIOUHM: 3MiHH CUTHAJTy Ha BUXO/Il CITIBIIA/Ial0Th 32
3HaKoM ((hazor0 — JUIsg 3MIHHOTO CTPYMY) 31 3MiHAMH BXiJJHOTO CHUTHAIY;
Bx. 2 Oyne iHBepTyOUMM: 3MIHH BHXIJTHOTO CHUTHAJY 3a 3HaKOM ((ha30:0)
MIPOTHIICIKHI 3MiHaM BX1HOTO.
[Ipu HECHMETPUYIHOMY BUXO/I1 OIMH 3 KOJIEKTOPHUX PE3UCTOPIB (Bif SIKOTO
HE pOOUTHCS BUXIJ]) MOXHA 3aKOPOTHUTH, TOOTO HE BCTAHOBIIIOBATH.
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Sxmo Ha oOuIBa BXOIM MOAATH BiJTHOCHO HYJIBOBOi TOYKHM OJHAKOBI 3a
3HAKOM 1 HalpyTolo CUrHaiu (cuH(a3HMii CHrHAJ), TO HAIpyra Ha BUXOZI
JOPiBHIOBAaTUME HYJIIO — ITiICHITIOBAY i JCHITIOE TUTBKH PI3HULIEBUI CHUTHA!

Judepennirini migcuiaroBadi 3HAMIUTN IMPOKE BUKOPUCTAHHS IPH 100y -
noBi [1I1C y inTerpanbHOMY BUKOHAHHI.

4.5. MiacunioBayi 3 NOABINHUM NEePETBOPEHHAM

Juist 3HMKeHHS apeiidy Hyis nopsia i3 0aJaHCHUMH CXEMaMH 3aCTOCOBY-
I0Th CXEMH 3 MOABiIHHMM NepPeTBOPEHHSIM IIiJICHIIIOBAHOTO CHTHAIY.

CyTb poO0TH TaKHX CXEM HOJIArae y HACTYITHOMY.

BxigHuii curHan Hanpyry MOCTiHHOTO CTPYMY 3a IOTIOMOT'OI0 CIeLialb-
HOTO MPUCTPOIO, IO HA3UBAETHCS MOAYJSITOPOM, IEPETBOPIOETHCS Y CHUT-
HaJl HalIpyTH 3MiHHOTO CTPYMY, aMILTITY/a SIKOi IOPiBHIOE HAIpy3i MOCTIIHOTO
curHaiy. [1oTiM 3MiHHMI CHTHAJ MiACHIIOETHCS MiACUIIOBaYEeM HANPYTH
3MIHHOTO CTPYMY, IiCJISl 4OTO 32 JOMOMOTOIO IEMOAYJSTOPA 3MIHHUM CHUT-
HaJI 3HOBY IEpPETBOPIOETHCS Y OCTIHNHN, HAIIPyTa SIKOTO TOPIBHIOE aMILi-
TyZi TiICHJIEHOTO 3MiHHOTO CUTHAIY.

HasiBHicTs miacmOBaYa 3MiHHOTO CTPYMY BUKITIOUAE Ipeid Hyms. Ame
gepe3 JOCUTh BENHUKY CKJIQJHICTh BUKOHAHHS TaKi ITiJICHITIOBAaYl BUKOPHC-
TOBYIOTBCS PLIKO.

4.6. OnepauiitHi nigcunioBavi

4.6.1. 3aranbHi BigOMOCTi

Onepauiiitnnii mincuarosay (OIT) — ue [I1C, o mae Bucokuii Koediri-
€HT ITiJICHIICHHSI, TBa BXONH (TaK 3BaHWH qudepeHITIHNI BX1T) 1 OUH BUXI/I.

3azsuuaii OI1 OynyroTs sik [1I1C 3 Ge3nocepenHiMu 3B’ 13KaMU MK Kac-
Kajamu, 3 T epeHIIiHHIM BXOZ0M 1 OIOISIPHAM BiTHOCHO aMILTITY/IH MiICH-
JIIOBAHOTO CUTHAITY BUX0o0M. Lle 3abe3neuye Hy1p0BI MOTEHIIIATH Ha BXOAI
1 Buxomi OI1 3a BiicyTHOCTI BXiAHOTO CUTHAITY. ToMy TaKi ITiACHITIOBadi JIeT-
KO 3’ €THYBATH MOCITiTOBHO, @ TAKOXK OXOIUIIOBATH 3BOPOTHUMH 3B’ I3KaMHU.

3a cBoeto cTpykryporo OIl 6yBaroTs Tpu- abo TBOKAaCKaJIHI.

3a TpuKackaaHoo0 cxemoro OymyBannch Oll y iHTerpanbHOMY BUKOHAHHI
niepioro moxosninHs. [lepmmii qudepeHiitamii Kackal y HUX IpaIlioe B pe-
KUMI MIKPOCTPYMIB, 3a0€3MEIYI0UN THM CaMHUM BHUCOKHH BXITHHUH OIIip.
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Hpyruii tudepeHuiiHmii kacka 3ade3nedye miacuieHHs Harpyru. Tpetii
KacKaJl, BUXiJHHI, BUKOHY€EThCS K aBoTakTHHIA 3 CK i 3a0e3mnedye mincu-
JICHHSI IOTY>KHOCTI, 8 TAKOX HU3bKUH BUXiAHUM omip (nuB. mm. 3.7.2).

OII gpyroro moxoxiHHS OyIyIOTHCS 3a JABOKAacKagHOI cxemoro. Lle
CTaJI0 MOXJIMBHM 13 3pOCTaHHSAM piBHs iHTerpajibHOl TexHousorii. [Ipu
LbOMY, IEPIIMH Kacka] 3a0e31edye i BUCOKMIA BXiTHUH omip, 1 BEIUKUN
Koe(iuieHT miJcUIeHHs 3a Hanpyroto. Jpyruii kackaj € miacuiroBayeM
MOTYKHOCTI.

CBoro Ha3By Wi IiACKIIIOBaUi OJEPKaIH Y 3B A3KY 3 TUM, IO CIIOYAaTKy
BOHM BHUKOPHCTOBYBAJHCH JJIsl MOJENIOBaHHSI MaTeMaTHYHUX OIepaiii
(MHOXKEHHSL, TOIaBaHHsI, BiTHIMAHHS, TU(EPEHIIIFOBAaHHS, IHTETPyBaHHS Ta iH.)
B aHAJIOTOBHX 00YMCITIOBaIbHUX MaiHax (AOM).

I3 po3BHUTKOM iHTETpanbHOI TeXHiKM 001acTi Bukopuctanns OI1 3HauHO
po3imupuauchk. HuHI BOHM BUKOPHCTOBYIOTHCSI B OCHOBHOMY SIK BUCOKO-
SKICHI MiACHIIIOBaYi HAIIPYTH IIPH TOOYI0BI1 Oyb-SKUX €IEKTPOHHUX IPH-
cTpoiB. A AOM TuM yacoM Oyiu BUTICHEHI HU(PPOBUMHU 0OUNCITIOBATBHU-
MH MalIMHaAMHU.

[Hommpenomy 3actocysannto OlI cripusitoTs iXHi BUCOKi napametpi. Lle
BENIMKMI Koe(illieHT MiICHIEHHS 32 HAlpyTolo, 10 cTaHOBUTh K, = (10*-
10°); BHCOKHU# BXiAHMIA OIiP KOKHOTO 3 BXOIIB — R > 400 xkOM; HU3BKUI
BHXITHUH OITip R < 100 OM; 1OCHUTH MMPOKUN YaCTOTHHH Jiaria30H — Bif
HYJIS 10 OJIMHUIIb Merarepil.

3a uumu Ol g 6araTbox 3acTOCYBaHb HAOIIKAIOTHCS /10 1/1€aTBHOTO
MiACUIIIOBAYa, 110 MaE:

1)K® ¥

2) IBa CUMETPUYHHX BXOmH 3 R _© ¥;

3)R_® 0;

4) 6e3KkiHeUHUH [1laria30H YaCTOT ITiICHITIOBAHOTO CUTHAITY.

IIpu poMy 3a3HAYUMO, IO SIK JTHINAHI TACHIIOBAYl y JECATKH THCSY
pa3iB peasbHi Ol He 3aCTOCOBYIOTh, 00 TXHil KOS(IIIEHT MM ACHICHHS (5K 1
1HII TTapaMeTpu) — BeIWYMHA BKpail HecTaOibHa (HApUKIAM, M JIE0
TeMIIepaTypH).

‘Ymosae mo3uadeHHs Ol nHaBenene na puc. 4.7,a (Ha puc. 4.7,0,B HagaHO
YMOBHI TO3HAYEHHSI, MPUHHATI y JSSKUX 3apyOKHUX KpaiHax).

Bxin, na skuit nonano U, Ha3uBaeThes IHBEPTYOUMM, a U, — HelHBep-
TYIOUHM.
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DA
U
8ux
Uy — +
a) 6) B)

Puc. 4.7 — YmoBHI nosHauveHHs Ol

SIK1110 cUrHAaJ NOAATH HA HEIHBEPTYIOYHUH BXi/1, TO 3MiHU BUXiAHOTO CUT-
HaJy CITiBIIaJal0Th 3a 3HaKOM ((Ppa3010) i3 3MiHaMU BX1THOTO. SIKII0 curHa
MO/IaTH Ha IHBEPTYIOUMH BX11, TO 3MiHH BUX1ZIHOTO CUTHAITY MAaTUMYTh ITPOTH-
JeKHUH 3HaK ((a3y) om0 3MiH BXigHOTO. [HBepTYyI04Mii BXiZ BUKOPHUCTOBY-
tot1h st oxoreHHs Ol 3oBHimHiMu H33, a HeinBepTyrounii — [133.

KopoTko po3misiHemMo aeski xapakTepHi npuHuunosi cxemu OI1.

OIl tumy 153Y/11 (puc. 4.8)
Ma€e TPUKACKaIHy CTPYKTYpY.

[epmmii nudepeHuiinmit

Kackaj noOy1oBaHHI Ha TpaH-
sucropax V11, V12 3 mxepe-
JIOM CTPYMy Ha TpPaH3UCTOpi
VT3. lpyruii — Ha CKTaICHUX
Tpansuctopax V715, VT6 i
VTS, VT9 (nns 3abe3nedeH-
HS BEJHMKOro KoedilieHTa
MACHJICHHS 32 HaIpyromw).
Buxiannii ABOTaKTHHI KacKa
yrBOprotoTe VT4 1 VTIS.
[Hmn enemenTn 3abe3medy- 55
I0Th CTa0lTbHE YKUBJICHHS IIep- Puc. 4.8 - O tuny 153Y[1
II0T0 KacKaay 1 y3ro/pkeHHs IPYToro 3 BUX1THUM (3BEpHITH yBary: 6e3 Komia
Ha cXeMax IM03Ha4YaloTh TPAH3UCTOPH, 110 HE MAIOTh BIACHOTO KOPIYCY —
0e3KOpIIyCHI).

CxeMoOTexHiKa [[bOTO MiICKHITIOBaYa 6arato y YoMy IOBTOPIOE CXEMOTEX-
Hiky [IIIC Ha TUCKpETHUX elleMeHTax (IuB. puc. 4.6, puc. 3.37).

OcCoOUBICTIO IHTETPATILHOT CXEMOTEXHIKH Y JTAHOMY Pa3i € 3aCTOCYBaH-
HA B SIKOCTI JDKEpena cTpymy [, o AT BXIZIHOTO Au(epeHIIHOr0 KacKaay
TaK 3BaHOTO “‘CTPYMOBOIO jA3epkaJja’, ToOyJI0BaHOTO Ha TPaH3UCTOPax
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VT3, VT7. CyTh #ioro poOOTH MOJSIra€ y TOMy, IO 32 OJHAKOBHX Iapa-
METPiB TPAH3UCTOPIB (a IPHU BUKOHAHHI HA OTHOMY KPHUCTaJli Y OZHOMY
TEXHOJIOTTYHOMY LK1 BOHH JIy’Ke MOAi0H1) CTpyM Kosiekropa V73 nacii-
nye — “Biga3epkaiioe” — cTpyM Kojiekropa V77: nanpyra 3 V17 'y nionHoMy
BMUKaHHi 3a7a€ cTpyM 6a3u VT3, 1m0 npalioe y pexxumi reaeparopa cTpy-
My (auB. puc. 9.33). IIpu 1boMy HECTaOLIBHICTD / BU3HAYA€THCS HECTAOIb-
HICTIO KOHTaKTHOI Pi3HUII OTEHIII B eMiTepHoro nepexony V717. 3aaaro-
YH BiJIIOBITHUM YWHOM BEIMUHHH OTIOPY PE3HUCTOPIB, YBIMKHEHHX IOCIIIOBHO
3 VT7, 1 HanpyTy >KUBJICHHS KacKay, 3a0€3Me4yI0oTh CTa01Ii3aliio pesKuMy
VT7,aorxke1 VT3.
98 TunoBuM mpencTas-
HukoMm OII gpyroro mo-
koniHHA € OIl tumy
140Y/17 (puc. 4.9). Bin
OBOKAaCKalHUM, Mae
CKJIaIHUH BX1THMIA qude-
peHUIWHUIA KacKaa Ha
VTI-VT4 1 VT6-VTS 3
BMHKaHHSIM TPaH3HUCTOPIB
3a cxemoro CK-Cb-CE.
_________ BxinHi emiTepHi TOBTO-
pananoysanio proBaui (kackagu 3 CK)
Puc. 4.9 - O tuny 140y47 Ha VT1, VT6 npaioroTs
Yy PEXKUMI MIKPOCTPYMiB, 3a0€3MeUy0Yr THM CAMHM BEJIMKUN BXITHMI
omip OIl. Bonu € mxepenom curaany s kackanis 3 Cb wa VT2, V17, mo
{XHIMH KOJIEKTOPHIMH HaBaHTA)KCHHIMH € AUHAMIYHI HABAHTaKeHHSA —
moxepena ctpymy Ha V13, VT8 (ax BimoMo, 3 00Ky KOJIEKTOpa, depe3 He-
3HAYHUI HAXWI CTaTHYHUX BUXiTHUX BAX, TpaH3uCTOp Mae omip y COTHI
KiJIOOM, a peasbHO MOKJIUBI OMTOPH PE3UCTOPIB ¥ IHTETPATHBHOMY BHUKO-
HaHHI CSATal0Th JIMIIE ECATKIB KijIooM). OCKIJIbKH 3HaUEHHS Koe(illieHTa
M1JICUIICHHS 32 HAIPYTOO MPOIOPIIiiHE ONIOPY KOJIEKTOPHOTO HABAHTAXKEHHS
(mmB. . 3.7.3), e 103BOISIE OTPUMATH MIJCHUIICHHS y I€K1IbKa COTEHB
paziB BXKe y mepuioMy Kackasi.
Buxinawmii kackanx Ha TpaH3ucTopax V123, V124 npaittoe y pexuMi Kia-
cy AB. 3axucT xackanay BiJ IepeBaHTaXEeHb 3a0€3MeUyI0Th TPAH3UCTOPH
VT21 1 VT22, 1o, BMHKalO4UCh HAIIPYTOKO JIATYMKIB CTpyMy R, R, (AKII0

vT1

R4
5k
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BOHa nepeBuIye npubnuzHo 0,6 B), myHTYI0TE eMiTepHi nepexonu TpaH3u-
ctopiB V723 i VT24. Pemra enemeHTiB 3a0e3medye JOAATKOBE ITiICHUIICH-
HS1 Ta Y3TOKEeHHS TU(epeHIiHHOT0 KaCKaay 3 BUXiIHUM.

Oco6nupictio OIl [ — o o —g— o7 o — — — — — 4

R4
100

o
140Y]18 (puc. 4.10) € Te, v (15 Jalls e
mo Juist 3a0e3rneyeHHs -
i IBUIIEHOTO BX1JTHOTO
OIIOpPY Y SKOCTI BX1JTHUX
TpansuctopiB V7121 VTS5 :|E| I
BUKOPHUCTAHO IOJHOBI
TPaH3UCTOPH. (vrs

Ciig 3a3Ha4uTH, M0 ]JW
HOMEHKJaTypa cydJac-
Hux OII Hap3Buualino __ __ ——H—3F— 98— ¢
mupoka. lle HeoOximHO Puc. 4.10 - ON tmuny 14048
Uit 3a0e3MeyeHHs] KOH- DA 1
KpeTHUX crnenudivynux 2 16
notped po3poOHUKIB Uey [>°°
€IIEKTPOHHUX IIPUCTPOIB.

Ha puc. 4.11 naBenena C1

8 7

THIIOBA CXeMa BMUKAH- —l }— FC +U 1 —o+
ns OI1 Tumy 140Y]17. e 1 -

Hudepenmiitamii BXi- NC 140 §+_‘
HUM CUTHAJ ng 0JIa€Th- Nel vaz | wu
cs MK BuBoAamH 2 (iH-
Bepryrounii Bxin) i 3 (ae- R1
iHBepTyrouMi BXin). U, o
cuHdasznuii curan. Ha-
BaHTa)XECHHS IIJMHKa- Puc. 4.11 — Cxema BmukaHHs O Tvny 14047
€ThCsl 10 BUBOAY 6. JKuBJIGHHs 3a0€3MeUyeThCs JABOIOAPHUM DKEpe-
som Hanpyru E, E,, mo M AMUKAETHCSI MK BUBOIaMH 7, 4 1 HyJTOBOIO
TOYKOIO.

Hynbouii Buxinnuii curnan npu U, =0 3a0e31e4y€eThest pe3ucTopoM R,
MIJIMKHEHUM JI0 BXO/IB OaniaHCyBaHHs (Kopekuii HyJs1) 11 5. Lle mo3Bo-

JIsSI€ BUKJTFOYUTH BIUTHB HecuMeTpii cxemu Ol1, 110 BUHMKAE 32 paxyHOK HE-
1IeaIbHOT HOA10HOCTI HIOr0 €JIEMEHTIB.

3

10 kOm
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Konpencarop C, 3a0e3neuye KOPEeKIil0 aMILIITYIHO-4aCTOTHOI Xa-
pakTepuctuku (AYX).

Cxemu BmMukants Ol i mapaMeTpu KOpUTYIOUUX JIAHIIOTIB HABOASTHCS
y IOBIIKOBUX Marepiaiax.

+Uun, B HaiipaxxnuBimmmu

XapaKTepUCTHKAMHU
OII € BuxinHi aMIIi-
TynHi (mepenartHi)
E XapaKTePUCTUKH —
U, =f,), 306pa-
XeHi Ha puc. 4.12.

3HIMaOTh Il Xa-
PaKkTEepHUCTUKH, TOAa-
HeiaepmyloUe U " 1041 CHTHAT HA OZIH

8MUKaHHS E; 13 BXO1B 1 3’€,I[Hy}0‘lI/I
IHIIUWA 3 HYJIHOBOIO
TOYKOIO.

Ko>xHa BuxinHa xa-

pakTepUCTHKA Mae€
Puc. 4.12 - MepepartHi xapaktepuctvikn Or1 FOPU3OHTANbHI Ta

iHeepmyroye
+
8MUKaHHS U *ouxm

- Ugy,MB + Uex ,MB

'UGUXy B

CKiCHY IUISHKY. [ OpM30HTATBHI AUTSTHKH BiIITOB1TAI0TH PEKUMaM MTOBHICTIO
BIIKPUTOTO UM 3aKPUTOTO TPAH3UCTOPA BUX1IHOTO KacKa Iy (peXMMaM HaCH-
gernst OI1). [1pu 3MiHI HAITPYTH BX1THOTO CUTHATY Ha ITNX JUITHKAX BUX1THA
HampyTa MiCHII0OBa4Ya 3aJTUIIAETHCS HE3MIHHOIO 1 BU3HAYAETHCS HAIPYTaMU
ur-, a0 U~ . OIM3bKHMH 10 HANPYTH JDKEPE JKUBJIEHHA £ Ta E,.

suUxm

KoedirieHT miicuIeHHs BU3HAYAETHCS 32 CKICHUMHU TIISTHKAMH:
A U@UX

. 4.8
AU, (4.8)

K vorn =

Benuki fioro 3Ha4eHHS TO3BOISIOTEH 32 yMOBH oxoruteHHs OIl rimbo-
kuM H33 omepkaTu cXeMu 3 BIACTHBOCTSIMU, IO 3aJICKATh JUIIE Bif
napamMetpiB janiora H33, 0o, sk BuxoauTh i3 ¢opmynu (3.34), npu
K® ¥ K, ® 1/c—3anexuTs nume Bix mapametpis nanmora H33 (i, Ha
nepuiui nonisia, GakTHYHO He 3aJeXKUTh BJIACHE Bix mifcuioBayal)

Cran, 3a sxoro U, =0 npu U, =0, nasusaerses 6anancom OII. Onnak
st pearbanx OI1 ymMoBu OaitaHCcy HE BUKOHYIOTHCS (€ po30aJjiaHc).
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Hampyra U, 3a sxoi U, =0, Mae Ha3By BXiIHOi HANIPYIH 3MillleHHs
HyJ 5. BoHa BU3Ha4Ya€e HAIIPyTYy, 10 HEOOXiTHO ITOIATH Ha BXi/I ITiJICHITIOBa-

4a JUIs CTBOpPEHHs OajaHcy. FUeux
[lepenaTHi XapakTepUCTHKU S
OIl 3a HasgBHOCTI po30asancy Uswo
HaBezleHi Ha puc. 4.13.
Ui = Ly (4.9) *Aax| |/
Kyon Uor /

Kopekuist poz6aiaHcy BUKo- / /// -AUgux
HY€THCS KOPUTYIOUMMU JIaH- / /
mroramMu abo, 3a BiACYTHOCTI // /
takux y OIl neskux Tumis, mo- 7 _// +Uamo
Ja4ero Ha BXiJl HANPYTH, M0 - omee -E;
nopisaioe U, i mpoTmiexHa “Yaux
3a 3HakoM (muB. miI. 4.6.5). Puc. 4.13 - MepenatHi xapakTepucTtiku Ol

BxigHuii omip, BXigHuii 3a HasBHOCTi po3banaHcy

CTPYM 3MIILEHHS, MAKCUMaJIbH1 BXiJHI AudepeHniiina Ta cuadasHa Ha-
MIPYTH € OCHOBHUMH BXimHUMH nlapamerpamu Ol
IIpu HEoOXiAHOCTI 3aXUCTy BiJ nMepeHanpyr Mixk Bxogamu OIl BMuka-
I0Th 3yCTPIYHO-TIApANIEIBHO JBa A10au 200 CTaOUIITPOHH.
Buxiganvmu napametpamu OlI € BuxigHmiA ommip, MakCHMalbHA BUXiIHA
Hampyra ta CTpyM. Ku
YacrotHi xapakrepuctuku Oll Bu-

3HAAoTh 3 fforo AUX, 306pakenoima "
puc. 4.14. Bona mMac ciainui Xapak- g, o, f
TEPp 3a BUCOKUX YaCTOT, IMOYHMHAIOYU \/E f3p fe
BiJl 4acCTOTH 3pi3y sz- Puc. 4.14 - A4X 0N
J, — BEPXHsI MEXka YaCTOTHOIO JianasoHy. 3a mi€i 4acToTH:
Ky = j%” : (4.10)

Hianaszon yacror (0 — f)) mae HazBy cmyru yactor OIL

[Hupoxke npaktryHe BuKoprcTanHa Ol B aHATIOTOBUX MPUCTPOSX 3yMOB-
JIeHe, TOJIOBHIM YMHOM, 3aCTOCYBaHHSIM Y IXHIX CX€Max Pi3HOTO PO/ Ty 30BHIII-
Hix H33, yomy crpusie Benuke 3HadeHHA KoedilieHTa niacuieHss Ky,
BHCOKHMH BX1IHWH Ta MaJuil BUXiTHUI onopu. Bucoka skicTh mapameTpiB
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cydacHux OII no3Bossie, 30kpeMa, 6€3 BHECEHHS OMITHOI MOXUOKU MpH
pospaxyHky cxem Ha OIl, npuiimaru K,,,® ¥, R, on® ¥, R,.on® 0, a3Ha-
yuth BBaxkaTu OIl 3a imeanpHmii!

PosrsHemo nesiki npukiiaau elnekTpoHHUX npucTpoiB Ha OIL.

4.6.2. IHBepTylouMi nigcunioBay

InBepTyroumii mizcuiaoBay (HeOOXiHO PO3PI3HATH MOHSTTS “‘Oneparin-
HUU IMiICHITIOBaY 1 ‘T ICHITIOBaY, BUKOHAHUI HA OTIEPaIliHOMY ITiICHITIOBAYi”),
CXEeMy SIKOTO 300pakeHo Ha puc. 4.15,a, 3MiHIOE 3HaK BHUXiJHOTO CUTHAILY
BiZTHOCHO BXiJHOT0. BiH cTBOpIO€THCS BBEeHHAM napaesnsHoro H33 3a o-

TIOMOIO0 pe3ucTopa R, Ha inBepTyrouni BXin OIl — Ha nel BXix nomaeTses

4aCTHHA BUXIJHOIO CUTHAJTY 3 IUIbHUKA R R .
Rz
I T
s DA

= LY

Pwvc. 4.15 — IHBepTytoumiA nigcunioeay Ha Orl
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HeinBepTyrounii BXiZl 3’ € AHY€THCS 13 CIUTBHOIO TOYKOIO CXEMH (TOUYKOIO
3 HyJIbOBUM IOTEHIIIaI0M). BXifHuli curuan uepes pesuctop R, mogaeThbes
Ha inBeptytounii BXig OI1. Kona xuBneHHs 1 1aHIIOrH KOPEeKLii TyT 1 Hagani
HE MOKa3aHo.

Buxonsguu 3 HaBeneHoro Buile, a came: Beaxkaroun Oll 3a igeanbHui,
npu aHamizi cxem 3 Ol ciix BUXOIUTH 3 TAKUX TOJIOKEHB!

1) woedimient miacunennas Ol HeckiHUEHHMH;

2) Bxomu OII cTpymy He cnoxuBaroth (R, =¥);

3) vy Buxignux konax OIl maxinus nanpyru Bincytue (R =0);

4) sxmo OII oxomneno H33 i Bin mpattioe y stiHiTHOMY pexuMi (B pexu-
Mi MiJICUJICHHS, a He HACHUYEHHS ), PI3HULIS TIOTEHIIIaJiB MiXK 10r0 BXOAaMHU
UexOH = U{) = 0

JloBesieMo OCTaHHE TTOJIOKEHHS.
U =K, U

euxOIl voIl ™~ exOIl’

U U@ux o1l

6xOI1 KUOH
SAxmo K, ® ¥, 0 U_, © 0.

Peanbno U, =U Hymio He NOpIBHIOE. AJi€ 1€ HACTUIBKU HE3HAYHA BE-
JTUYIuHa, 1o 41 0ibimocTi cxeM Ha OI1 Hero MoskHa 3HexTyBatH. JliiicHO,
SIKIIIO, HANPUKIIAI, UWOHZIO B (me maitxke BiANOBia€ HACHYCHHIO), a
K,,,=100000, To U,= 100 mxB!

OckibKM Ha HEIHBEPTYO4MiA BXi nogana Hanpyra U, =0 (Bin 3’eqHa-
HU# 3 HYJIBOBOKO TOYKOI0), a U, =0, TO i IOTEHIia) IHBEPTYHOYOTO BXOY
TaKOXX JIOPIBHIOE HYJTIO (BIPTYaJIbHHUH HYITB). Y pE3yIbTarTi JPKEPEIOM BXiTHO-
IO CHTHAIly NIPUCTPiH CIPUAMAETBCS K R, — BXIJHUI OIIp MiICUIIOBAYa
JIOPIBHIOE BEJIMYMHI OIIOPY pe3ucTopa R .

3a nepmM 3akoHOM Kipxroda ans By3mna a Maemo:

1,=I,,. .11)
UGX UGMX

ToGTO =- — (4.12)
Rl R33

OlIl, 3abe3neqyroun pieHicTs U, =0, CTBOPIOE HA BUXO/Ii TAKy HAIIPYTY, 1100
BIIBECTH CTPYM [, 4epes pe3ucTop Ry;.

Ueux . &
Uex Rl .

TOI[I KU33 = (413)



138 EJIEKTPOHIKA | MIKPOCXEMOTEXHIKA

Orxe, K ,, 3a71€XKUTh JIMLIE Bijl CIiBBIHOIIEHHS ONOPIB PE3MCTOPIB
nineHEKa H33. 3HaK «—» BKa3ye Ha iHBEPCiIO BXiAHOTO CUTHAIY.

Bxigauii omip cXeMu TOpiBHIOE BEIMYHHI R -

Ry

1
nijicwoBad (3 Macirabuum koedinienrom K, ,,.=—R,,/R).

Ilpu R,,=R,, K ,,= -1 — cxema HaOyBae BIaCTUBOCTEH iHBEPTYI0Y0I0
MOBTOPIOBAYA BXiAHOT HAanpyrH (iHBepPTOP MOJISIPHOCTI).

Ha puc. 4.15, 6 HaBeneHO cXeMy, 110 MOSCHIOE BUKJIAICH] ITOJIOKEHHS.

Tax, sxmo R, =1 kOMm, R,=10 kOm, a U_=1 B, T0 MaTumeMo HaCcTyIHE.

OCKinbKH pi3HUL TOTeHII B Mixk Bxonamu OI1 U, , IPAKTHYHO JIOpiB-
HIOE HYJIEBi, TO BONBTMETp PV3 mokasye Hyib. 3HAYNTh, TOJYMKH MOXKHA
BBa)KaTH LIEH BOJIBTMETP 3aKOPOYCHUM IPOBITHUKOM, IIO3HAYCHUM ILITPU-
XOBOIO JIiHI€10, 110 3’ €AHY€ TOUKY a 3 HYJIbOBHM IPOBITHUKOM cxeMH. Tomi
BonsT™MeTpH PV1 1 PV2 noka3yloTs ozHe i Te X 3HaueHHs Hanpyru 1 B, mo
nopieuioe U . 3HauuTh Yepes R, B TOUKY a 3 HYJbOBMM IIOTEHLIAIOM TeYe
crpym [, = U, /R,=1B/1 kOm = 1 MA, a BECb IIPUCTPiH JUKEPETOM CHTHa-
Jy CIIpUAMAETHCS SIK R .

Uepes Te, 110 HaCMpaB/Ii MPOBITHUKA, TO3HAYEHOTO IITPUXOBOIO JiHI€I0,
Hemae 1 Bxisauii onip OIT HeCKiHYEHHUH, TO BiJI TOUYKH @ NPOTIKAE CTpyM /,
=1,4epe3 R, B Buxin OII. Ha R, BiH BUKJIMKa€ Ta/IIHHS HATIPYTH 31 3HAYEH-
wm U, =LR =1 R,= 1 MA - 10 kOm = 10 B, 110 #0T0 TTOKa3y€ BOIBT-
MeTp PV4, migiMKHEHHI 0 TOYKH a 3 HyJLOBUM IOTEHITIAJIOM Ta JI0 BUXO-
oy OIL. OgeBumHo, 0 BomsTMeTp PV5, migimkaennii 1o Buxoxy OIl Ta
HYJILOBOI'O IIPOBIIHUKA TTOKa3y€ Hanpyry Minyc 10 B, mio nopisuroe U, .

Skimo R33>R » TO U, =— & — MAEMO THBEPTYIOUHT MacCIITAOHHUH

4.6.3. HeinBeptyioumit nigcunioBay

HeinBepTylounii niacuaioBay, cxema sKoro 300paxena Ha puc. 4.16,
MOXHa OTPUMATH, SIKITIO0 BBeCTH mocaigoBami H33 3a HampyToro Ha iHBep-
TYIOUMH BXiJ1, a BXITHUI CUTHAN TOAaTH Ha HeiHBepTyouni Bxin Ol1.

Tyr U,=U, , a exinnuii crpym [, =0, 60 R =¥

Ockinbkn U =0 (mus. nm. 4.6.2), to U, =U_,a U /R = I,
3 iHmoro 60Ky
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Uaux R33
[33 S
Ry + R /33\L |—|

U U
Orxe, — = —=— | ,[

R, Ry +R l>

N ¢
spimkn Uy = U (1+—— ) (4.14) o Uaux
TOZ[I KOG(i)lLI1€HT H],Z[CI/I.]'ICHHﬂ HelHBep— i
TYHOUOI'O mz[cnmosaqa
U R Puc. 4.16 — HeiHepTytounii
Kugs = 2% =1+ % (4.15) niacvniosad Ha Ol

6x 1

Sxwo R, =0, a R1® ¥, OIEPKHUMO He-
iHBEpPTYI0UMii MOBTOPIOBAY, CXEMY SIKOTO
300paskeHo Ha puc. 4.17.

HeinBeprytounii Ta iHBEpTYIOUHH MiJCH- U

JIFOBaYi IIMPOKO BUKOPUCTOBYFOTHCS SIK BUCOKO-

CTaOUTBHI MiICHITIOBAY] PI3HOTO PH3HAYCHHSI. Uex Ueux = Uex
[Ipuuomy, HeiHBEpPTYIOUHiI Ma€e BEIUKUU
BX1THUH omip (TEOPETHIHO — HECKIHYCHHUI) i
i BUKOPHCTOBY€TBCS 171l ITi ICUIIEHHS CHTHAITIB Puc. 4.17 — losToproBay
TOKEPEIT 13 BUCOKHM BUX1THIM OITOPOM. Hanpyrv Ha Ol

4.6.4. NepeTBopioBaY CTPyMy Yy Hanpyry

CxeMa mepeTBOpIOBaYa CTPyMy y Ha-

npyry, 300paxkeHa Ha puc. 4.18, € BapiaH- | T
TOM cxemu puc. 4.16 3a ymoBu, o R =0. %
IIpu upomy lox -
Ub'ux O

[gx:[33:_ ’ (416) U
8ux

R33 \L
3BIIKH ji
erc = _ngRgg. (417)

Mauti 3Ha4eHHS BX1THOTO Ta BUX1THOTO Puc. 4.18 — MNepeTtBoptoBay
OTIOPiB 3a3HAYEHOI CXEMH € i1 BaXKIINBOIO CTPYMY Yy Hanpyry
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MepeBarolo NP1 BUKOPUCTAaHHI K IEPETBOPIOBaYa CTPyMy JDKEpesia BXiJJHOTO
CHUTHAJy Y HaIpyTy.

4.6.5. InBepTyiounii cymatop

Cxema iHBepTyI040ro cymaropa 3o0paxena Ha puc. 4.19. Bin Buko-
HaHMHU 32 TUIIOM iHBEPTYIOUOTO IiacuiItoBaya (puc. 4.15) 3 KiIbKicTIO napa-
JIeNTBHUX TUIOK Ha BXO[, 10 JOPIBHIOE YUCIYy CUTHAMIB. SIKII0 OOpH BCiX
PE3UCTOPIB CXEMH OTHAKOB1

_p_ _ U
R33_R1_ Rz_"'_ Rn<< RsxOH’ '

|1 R1 R33
—>

I>
to npu 1,.,;~0 Mmaemo U, o=

133:11+12+"'+1n (418)

abo

Upr ==—(U, +Uy +...4U,).(419) Usue
OcTa”HE CHIBBIAHOIIEHHS BiJI- I f _<]>_
OuBac piBHONPABHY BaroBy y4acTh
JOaHKIB y ix cyMi. [lincymoByBaH- Puc. 4.19 - IHBepTyioumii cymaTtop
HSl MOJKE BHKOHYBATHCH TaKOX 3 PI3HUMH BaroBUMHU KoeQillieHTaMH s
KOKHOTO 3 JOJAHKIB.
JocsraeTbes 11e BUKOPUCTAHHSAM PI3HHUX 3HA4Y€Hb OMOPIB PE3UCTOPIB ¥
BX1IHUX TUIKaxX

Rs; Ry Ry
—U+—U,+..+—U,). (4.20)
Rl RZ Rn
TumM, 1110 TOYKA 3’ €JHAHHS PE3UCTOPIB Ma€ HYIbOBUH NOTeHIIaM (“BipTy-
ATBHUHN HYJH ), BUKJTIOUAETHCS B3AaEMHUH BIUTHB JPKEPENT BX1THUX HATIPYT.

Ub'ux = _(

4.6.6. HeinBeptylouuii cymatop

HeinBepryrounii cymaTop MO)XHa OTPHMATH HIIIXOM TTOCIIZIOBHOTO 3’ €]1-
HaHHs cymartopa (puc. 4.19) ta imBepropa (puc. 4.15). Ane Ha OCHOBI
HEeIHBepTYIoUoro mifcwmioBada (puc. 4.16) oro Mo)kHa CTBOPUTH 3HAYHO
MpOCTIIIe — 5K 1€ MMoKa3aHo Ha puc. 4.20.
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LI I UO
h R
—

LA
Puc. 4.20 — HeinBepTytounii cymaTop
IIpu U,=0 nanpyra na o60x sxoznax OII oxnakosa i cknanae

— UGMXRl
"“R+R (4.21)

USUX

OCKiJIbKH CTPYM HEIHBEPTYIOUOTO BXOIY AOPIBHIOE HYIIO (TOMY IO
R ® ¥), maemo:

6xOI1
U -Upg +U2—UH 4 +U,,—UH

=0, 4.22
R R R (429
6 U +U,+..+U —nLU
a00 1 2 n Rl +R33 6Ux (423)
R +R
3BiTKH Uy = ———2 (U + Uy +...4U,,) (4.24)
I’lRl
R +R . .
3amamo % =1L, itomU,, =U,+U,+..+U,. (4.25)
nix

ATne B3a€MHUI BIUIMB JKEPEIT BX1THUX HAIPYT TYT HE BUKITIOYAETHCS, SIK
11e OyJ10 y iHBepTYIOUOTO ITiICHTIoBava. ToMy Kepeia TOBHHHI MaTH SIKO-
MOTa MEHIIIl OITOpH, a00 iX Tpeba BpaxOBYBaTH IIPU PO3PAXYHKY.

Slxo moenHat cxemu Ha puc. 4.20 1 puc. 4.19 (BuxoprcTaTy mpucTpin
OJHOYACHO SIK 1HBEPTYIOUHH 1 HEIHBEPTYIOUHHA CyMaTop), TO OTPHUMAEMO
cymarop-BigHiMau. Hanpyra Ha #ioro BUXOJi TOPIBHIOE Pi3HMIII PE3YIIb-
TaTiB IiICyMOBYBaHHS HAMPYT, IOaHUX HA HEIHBEPTYIOUHH 1 HA IHBEPTYIO-
ynii Bxogu OI1.
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4.6.7. IuTerpyloumii nigcunioBay (iHterparop)

Cxema iHTerparopa 300paxxena Ha puc. 4.21. Bona ctBoproeTscs 3ami-
HOIO B CX€Mi iHBepTyro4oro migcuitoBaua (puc. 4.15) pesucropa 3B0poT-
HOTO 3B’s3Ky R, KoHaeHcaropom C.

C
_| Ockinbku R, =¥, TO 3 ypaxyBaH-
/r HSIM OSICHEHb, HaBeIeHUX Y 1. 4.6.2,
R lc DA Ma€eMo:

C |:| :; D U 68X dub’ux

E—— =1 =-C—" abo
U., R R dt
& USUX

1 t
Ueux =T 8th+U8uX . (4.20)
SO B R e

Sx npasuno, npu t=0
v.=u,. =0, Tomy

6ux 0

Puc. 4.21 - Iuterpatop

1 t
U, =——|u,dt.
P C-([ (4.27)

RC=t - crama gacy. PeaibHOMY MacmTaby 9acy Bimmosimae t=I c.

IIpu monadi Ha BXiJ MOCTIHHO]T 3a 3HAUEHHSIM HAIIPYTH, CTPYM, IO 3apsia-
Ka€ KOHJEHCATOp, Mae NMocCTiiHe 3HaueHHs U /R (He 3aI€KUTh Bifl CTyIIe-
HS 3apsly KOHAEHCATopa) 1 KOHAECHCATOP 3apsIKAEThCA PIBHOMIPHO, a BH-
XiJTHa HaIIpyTa 3pOCTae JTiHIHHO

1
Usux = __Uext- 4.28
RC (4.28)

Uy Tomy iHTErpaTop yacTo 3aCTOCO-

BYIOTB IK OCHOBY I'€HEPATOPI1B JIIHIU-
HUX Harpyr.

Ha puc. 4.22 306pakeni gacoBi

I JiarpaMu poOOTH IHTErpaTopa MpH ro-

J1a41 Ha MOro BX11 ITOCTIMHO1 HAITIPYTH.

Ilpu t, — mapameTpu CXeMH BHU-

OpaHi HenpaBUIIbHO, 00 HE 3a0e311e-

Ueux ' YyeThCs BUKOHAHHS IHTETPYBaHH: 32

Pyic. 4.22 - Yacosi gjarpamm Bech uac Jii BxigHoro curxainy (OI1

poboTH iHTErpaTopa BXOJIUTH Y PEKUM HACHUCHHS).

TZ U -suxm
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4.6.8. AndepeHuiooumin nigcuniosay (andepeHuiatop)

Cxema nudepenuiaTopa HaBeneHa Ha puc. 4.23. Big cxemu iHTerpa-
Topa (puc. 4.21) BoHa BiAPI3HAETHCS 3aMIHOIO MICLIIMH PE3UCTOpa 1 KOH-
neHcaropa. Tyt

Rss
duy,
]C_I33; IC - _C dt ) |33/F oA
[ _ Ueux IC ¢
TRy o—=| >
— du“x — % . Do Ueux
R 7
duty, —
Uax =—CR33 o Puc. 4.23 - IudepenLiatop
du
R C:t’ Ueux =—T B . (429)
33 dt

Crany yacy t HeoOXiJHO BUOHMpATH TaK, 11100 y mpolieci udepeHIIiFoBaH-
Hs1 foTpumyBaiack HepiBHICTE U < Ugyn-

4.6.9. Komnapatopu (CxemMu NOPiBHSAHHS)

Komnaparopu — 11e eneKTpoHH1 IPUCTPOi, TPU3HAYEHI JIS TOPIBHSHHA Ha-
pyT. CxemMa HalTpOCTIIIIOro KoMITaparopa 300paxena Ha puc. 4.24,a. Bix Bu-
KOHY€ IOPIBHAHHA BX11HOTO curHaity U, 3 onopHoro Harpyrowo U, . Curnan
Ha Buxoi Ol 3MiHIOE OIAPHICTD, KOJH 11l HATIPYTH 3PIBHIOIOTHCS, SIK TIOKa3a-
HO Ha YaCOBHX JliarpaMax poOOTH KOMITapaTopa, HaBeIeHUX Ha puc. 4.24,0.

uGX UGX

1 Uon t

uBUX \

U auxm t

; 2U7euxm
a) 6)

Puc. 4.24 - Komnapatop (a) i 4acosi giarpamu iioro pobotu (6)
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SAxmo 3agatu U,, =0, OTpUMaEMO HyJIb-0PraH, mo ¢Gpikcye BIIXUICHHS
U, BiJl HYTbOBOTO 3HAYECHHSI.

Kommnaparop — ue un He enuHe 3actocyBanHs OIl 06e3 3BOpoTHUX 3B’ 13-
KiB, KOJIM HATIPsIMY BUKOPHCTOBYETHCS OTO BENMKUH KOe(iLi€HT MiICHIIeH-
Hs1: HAlIMEHIIIa Pi3HUIIA [TOTEHITiaIiB MiXK BXOIaMU IIPU3BOUTH /IO HACHYCH-
Hs OIL. [Ipu boMy MaeMo 3HaK BUX1THOI HAIIPYTH «+», SIKIIO Hampyra Ha
HEIHBEPTYIOUOMY BXOi OiJbIII MO3UTHBHA, HIXK Ha IHBEPTYIOUOMY, 1 «—»,
SKILO HABIAKH.

Kusutu OIl y nanomy pasi MOkHa 1 BiJj OJHONOJISIPHOTO JKepena, 60
BiH ()aKTHYHO MOPIBHIOE CHH(A3HI HAIIPYTH.

4.6.10. MipcunioBay 3miHHOro cTpymy Ha Ol
3 OAHONOJIIPHUM XUBJIEHHSIM

3abe3neyeHHs MiICHIEHHS CUTHaJIIB 3MIHHOTO CTPYMY IIPY OAHOIIOJISIPHO-
My skuBieHHi Ol BUpiIIyeTbCS TUMH K METOAAMH, IO 1 y TPAaH3UCTOPHO-
My MiJCHITIOBaYi Kiacy A (auB. po3fin 3). A came: BBEJICHHSIM 3MIIlICHHS 1
po3ainsfounx KoHIeHcaTopiB. Cxema mificuiIroBavya HaBeieHa Ha puc. 4.25.

R4 100 kOm
—
+E L |
DA
._(L C30,22 mk®
R1 > —o
C1 100 kOm — U
| | +Ur—O+ 8ux
| E
Uex 0,22 MK® R2 R3 U -
100 kOm 1 kOm

il ;
c2

22 MK®

Puc. 4.25 - MipcunioBad 3MiHHOO CTPYMY 3 OHOMOSIPHUM XUBNEHHSM
Tyt R,R, — MUIBHHUK, 110 3a/1a€ 3MIIIEHHS TOYKU crokow, C,C,— po3-
ALISAIOY1 KOHEHCATOpH. J{UIbHUK CHIHATy 3BOPOTHOIO 3B’s3Ky R, R, 3a-
Oe3nedye koedilienT micuienns y nanomy pasi K, =101. Konnencarop C,
3abe3rnedye poOOTy CXeMH 3a MOCTIHHUM CTPYMOM SIK TIOBTOpPIOBaua Ha-
MIPYTH, 1100 BUKITIOUUTH MMiJCUIICHHS CUTHATY 3MIIICHHS HYJIS.
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4.6.11. 30inblweHHS NOTYXHOCTi BUXigHOro curHany Of

HesBaxaroun Ha Te, 1o € Tunu OIl 3 moTy>XKHUM BHXOIOM (3 BUXIZHUM
CTPYMOM 710 5 A), Bce 3K OCHOBHa iX Maca Ma€ MaJIONOTYXHUH BUXiJ (CTpyM
10 10 MA). 301IbIIEHHS BUX1JHOT TOTY>KHOCTI MO>KHA 3a0€3I1€YHNTH, HAIIPH-
KJIaJ, 3a JONIOMOT'0I0 CXEMH, HaBeJIEHOI Ha puc. 4.26.

R2 ?4_ =
DA VT1
R1
o F+3[> -
Uo |
Usx WUl—o+ vr2  Ua
E1
-U -
1 F be [
— +
E

Puc. 4.26 - MNoTtyxHuiA nigcmntoBad Ha Ol

TyT 151 TiACKIIEHHS MOTY>KHOCTI 32CTOCOBAHO HAWITPOCTIIIINNA TBOTAKT-
HUH MICHITIOBAY HA TPAH3UCTOPAX PI3HOTO TUITY TIPOBITHOCTI (AuB. puc. 3.37).
Binomo, mo octanHiif npaifioe y pexumi ki1acy B, 1 sskoro xapakTepHi
3HAYHI HeMiHiHHI BUKpuBIeHHs. [1030aBUTHCS 1X T03BOJISE T TIMKHEHHS pe-
3UCTOpa 3BOPOTHOTO 3B’ 13Ky R, He 10 Buxoxy OIl, a o Buxoxy miacuiro-
Baua notyxHocrti. Tenep OII, 3a6e3neuyroun pisuicts U, =0, cTBOprOE Ha
CBO€EMY BHXO/Il HATIPYTY, 1[0 KOMIIEHCY€ MaJAiHHA Ha 0a30eMiTepPHUX ITePeXo-
Jax TPaH3UCTOPIB. TakuM YMHOM OTPUMYEMO peXuM podoTu kiacy AB
0e3 BBEICHHS JTOJJATKOBUX EJIEMEHTIB.

4.6.12. NMpeuusiitHui BUNPAMA|Y

Bimomo, 1110 T BUTIPSIMIIEHHSI CUTHAJIIB 3MiHHOTO CTPYMY MOXYTB Oy TH
3aCTOCOBaHI BUMPSAMHI 110,11 (uB. Ti1. 2.3). Asie HasBHICTD [TaAiHHS HATIPy-
rv Ha gioni 1o 1 B mpwm mpotikaHHI CTpyMy depe3 HbOTO MPU3BOIUTH J0
TOTO, IIT0 CUTHAJIHM 3 HAIMPYTOIO Y JECSATI JIOJII BOJIBTA B3araji HE MOXYTh
OyTH BUTIPSIMIICHI, 2 BUNPSMIICHHSI CHTHAJIIB y OJIMHUIII BOJBT CYIPOBO/I-
JKY€EThCS 3HAUHOIO TOXHUOKOI0. bijbIre Toro, 115t moxuoKa 3a71eKUTh BT 3MiH
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temrieparypu. OTxe, TouHui (Mpenu3iiiHUil) BUNPAMIAY 1OOYy/IyBaTH
Ha J[i0J1aX HEMOXKIINBO.

* O AJte e MOJKHa 3pOOHTH 3 BUKO-
DA Ueux puctanusam OII. Ha puc. 4.27 Ha-

N BE/ICHO CXEMY NPELU31HHOr0 OTHO-
U \L l> VAN MiBIEPiOTHOTO BULIPSAMIISYA.
0

dakTHIHO L€ € IOBTOPIOBAY JId

O CUTHAJIiB IO3UTUBHOT HOJISIPHOCTI.
Uex R Sk 1y BUNAnKy MOTYXKHOTO ITiJi-
1 cumoBaya (uB. mit. 4.6.11), main-
HS HAPYTH Ha 110711 KOMIICHCY€ETh-

Puc. 4.27 - MpeunsinHui sunpamnad— cst OI1.
Buxinnuii curaan 3HiMaeTbes 3 iHBepTytodoro Bxony OIl. [l mo3utus-
HOI BXiZIHOT HANIPYTH, OcKiIbKK U, =0, Maemo:
v,.=u=U,=U,. (4.30)

6UX

IIpu neratunux 3Ha4eHnsax U, OIl 3HaXOMUTHCS y PEKMMI HACHYEHHS,
a Ha BUXiJl IPUCTPOIO Yepe3 pe3ucTop R mopaerhest Hanpyra U, = 0.

Ha kinens po3ainy ciiff 3a3HAYUTH, IO Y HHOMY PO3TIISTHYTO JIUIIIE Je-
K1 3 THIIOBUX 3acTocyBaHb Oll. IcHye Bennye3Ha KUTbKICTh CXeM 1 CXeMo-
TeXHIYHUX TpuiomiB i3 BukopuctanasMm OIl. IIpore Mmaemo Hamiro, 110
HaBHYKH, 37100y Ti TPH BUBYCHHI IIOTO PO3/ILTY, 1a1yTh Bam 3Mory po3iopa-
THCH 31 cienuikoro MoOyI0BH 1 pOOOTH Oy/Ib-SIKUX €IEKTPOHHIX MPUCTPOIB
Ha OIL
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w

et

KOHTpOnbHI 3anuTaHHS

Konu sunuxae neobxionicme y niocuiienHi cueHaiié nocmiiHozo
cmpymy?

Hoscnims, AKi npobremu 8uHUKAIOMb NPU NIOCUNEHHI CUSHALIE
nocmiiinozo cmpymy? Lllo make Opeuigh Hyna niocunrogaua nocmiii-
HO20 cmpymy?

Ha uomy rpynmyemscsa npunyun 0ii 6anancnozo niocunioseaua no-
cmitinozo cmpymy? Hagedims cxemy maxozo niocunogayd.

Lo maxe oughepenyiiinuii niocunrogay nocmitinozo cmpymy? Ha-
6edimb 11020 cxemy i NOACHIMmb npunyun ii Oii.

A npayroe niocuniosay noOCmMitiHoco cmpymy 3 HOOBIliIHUM nepe-
MeopeHHAM?

1l]o make onepayitinuii niocunoead, siK 8iH n0OYO08aHUll i AKi 1020
eracmugocmi?

Hagedimb ocnogni napamempu i xapaxmepucmuku onepayiiHozo
niocuntosaua.

Hagsedimb cxemu i noscuims npunyun 0ii iHgepmyww020 niocu-
A108aYa HA OnepayiiHoMmy NiOCUNIO8AYI, HEIHEEePMYI0U020 NiOCU-
JaI08ava, nepemeopeaida CmMpymy y HAnpyzy, IH6epmyiodo2o i
HeIHeepmyIou020 cymamopis, inmezpamopa, ougepenyiamopa,
Komnapamopa.

Ak 3abe3nevumu nioCUNeHHs CUSHANIE 3MIHHOI HAnpy2u 3a 00No-
M02010 onepayiuno2o RiOCUNI8a¥d HPU OOHONOIAPHOMY JHCUB-
JeHHi?

10. Ax mooicna 30inbumumu nOmMys’cHicms GUXIOHO20 CUSHATY onepa-

yino2o niocunosaua?

11. Aki npobremu 8uHuUKaAOMb APU BUNPAMIEHHI MAIUX 34 HANPY20H0

CUSHANIB 3MIHHO20 CMPYMY I AK 8OHU GUPIULYIOMbCA NPU 3ACMOC)-
8aHHI onepayiunux niocunosayie?
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PO3AIN 5
IMNYJIbCHI MPUCTPOI

5.1. 3aranbHi BigomMoCTi Npo iMNyNbCHi NPUCTPOI.
MapameTtpm imnynbcis

IMmyJibCHMME Ha3UBAIOTh MPUCTPOI, 110 MPALIIOIOTH He Oe3MepPEePBHO, a B
MePEepUBIACTOMY PEXUMI, KOJIH J1isl YEPEAYETHCA 3 M1ay3010, TPUBAJIICTH SKOT
CyMipHa 3 TPHUBATICTIO MEPEXiAHUX MPOLECIB (SIKIIO TPUBATICTH HECYMIpPHO
OiplIa, TO MPOLIEC BBAKAETHCS TAKUM, L0 BCTAaHOBHBCS). BukopucTanus
IMITYJIbCHUX PEKUMIB POOOTH Ma€ psJ IepeBar MOpiBHIHO 3 6e31nepepBHIMI
pEeXHMaMH, a came:

1) y iMITyTbCHOMY PEXHMi MOXXHA OTPUMATH AOCUTD 3HAYHY OTY KHICTb
B IMITyJIbC1 32 HE3HAYHOI CEPEIHBOT ITOTYKHOCTI, @ OCKIIBKU TabapuTH eJeK-
TPOHHHX IPUCTPOIB BU3HAYAIOTHCSI, TOJIOBHUM YHHOM, CEPEIHBOIO OTYXK-
HICTIO, TO IMITYJIbCHI IPUCTPOI MAIOTh MEHII TadapuT, Hi>XK IPUCTPOI, 110
MPaLIOIOTh y O€3MepepBHOMY PEKUMI;

2) IMIyJIBCHI MIPUCTPOI Mailke He 3a3HAIOTh BIUIMBY TaKOTO JecTalimi-
3yK04OTO (aKTOpy SIK 3MiHU TeMIlepaTypy HAaBKOJIHIIHBOTO CEPE/OBHUIIA,
00 MPAITIOIOTh Y KIFOYOBOMY PEXKUMI: YBIMKHYTO-BUMKHYTO;

3) iMITyJIECHI TIPUCTPOT MAFOTh 3HAYHY IITBHKOJIIIO Ta BUCOKY 3aBaIOCTINKICTD;

4) IMITyTTbCHI IPUCTPOT, HABITh HANCKIIA HIII (HAIPHKJIIal, 00UMCIIOBAIbHI
MaITHN ) OYIYIOTHCS 3 POCTUX OJHOTUITHUX €JIEMEHTIB, IO JO3BOJISE SIK-
HaHIIHpIIE 3aCTOCOBYBATH IHTETPAIbHY TEXHOJIOTI0, 3a0€3MeTy0UH ITi/IBU-
IeHy HaIIHHICTD 1 HeBEITNKI rabapuTy;

5) 3acTocyBaHHS IMITyTbCHUX (IIH(QPOBUX) METOIB Y BUMIipIOBaIbHIN
TEXHIIl JO3BOJIUIIO CYTTERO MiABUIIATH TOYHICT BUMIPIB Ta 3pyUHICTh PO-
00TH 3 BUMIPIOBAUTLHUMH ITPHJIIA[AMH.

IMmynieCHI TPUCTPOT MIMPOKO BUKOPHCTOBYIOTH IMPH MTOOYI0BI CHCTEM Ke-
PYBaHHSI Ta pEryJIFOBaHHS JIs:

1) ¢opmyBaHHS iIMITYIbCIB HEOOX1THOT (HOPMH, TPHBAIOCTI 1 ITOJISIPHOCTI
13 CHHYCO1THUX KOJIMBaHb Ta IMITYJILCIB 1HIIOT OpMI;

2) TeHepyBaHHS IMITYJIBCIB 13 3aJJaHIMH ITapaMETPaMHU;

3) kepyBaHHS IMITyJIbCaMH, IIOB’I3aHOTO 3 BU3HAYEHHSAM iXHBOTO 4aco-
BOTO TOJIOXKEHHS (3aTpUMKa, CHHXPOHI3aIlis, J1i40a, po3Mmo/Iii Ta iH.).
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OTtxe: iMIyJibe — 1€ KOPOTKOYAacHa 3MiHA Hampyru (CTpymy) B elek-
TPUYHOMY KOJIi BiJl HyJISl O JIESIKOTO 3HAYEHHS, TPUBAIICTD SIKOI CyMipHa
a00 MeHIIIa 3a TPUBAIICTh NEPEXiJHUX NPOLECIB Y LIEOMY KOJIi.

3a reoMeTprYHOIO (pOpMOIO iMITyIbCH OyBaroTh MPSIMOKYTHI, Tparere-
imanpHi, A3BOHOMOAIOHI (SIK Y MiICHIIOBAaYa CHHYCOiTHUX KOJMBAaHb Y pe-
XKUMi KJ1acy B), eKCIIOHeHITi#Hi, JIiHIiHO3MIHIOBaHI (MAIKOIIOi0HI ), SIK TTOKa-
3aHo Ha puc. 5.1.

u

a) 6) B) r) n)
Pwuc. 5.1 - Imnynbcu pisHoi dopmm: a) NPSIMOKYTHOI; 6) TpanewueiaansHoi;
B) A3BOHONOZiOHOI; ') eKCNOHEHUabHOI; A) MUAKONOABHOI

Po3pi3HAIOTE BiI€OIMITYIBCH 1 paIioiMITYIIBCH.

BigeoiMmmyabc — 11e iMImysbCe y Koui MOCTiIHHOTO CTpyMy. BineoiMmynbcu
MOXYTb OyTH IO3UTHBHI, HEraTHBHI 200 PI3HOMOJIAPHI.

PagioiMmynsc siBiisie cOO00 KOPOTKOYACHUH MAKeT BUCOKOYACTOTHUX
KOJIMBaHb, O0BIHA SIKOT0 Ma€ (OPMY BiI€OIMITYIILCY.

ITapameTpu TOCITITOBHOCTI IMITYITB- U
CiB pO3IVISIHEMO Ha TIPUKJIA/II IPSMO-
KyTHHX IMITyJIBCIB 3 puc. 5.2. Le:

T — mepion HagXOMKEHHS 1M- Ui
MYITbCIB;

f=T" — 4acToTa MOBTOPEHHS;

{, — TPMBAJICTH IMITyJIbCY;

U, — ammtityna iMinyiscy; Puc. 5.2 — Mapametpu

¢ — TPUBAJICTh Mays3H; NOCNISOBHOCTI IMMYNLCIB

T

ti th

T
QZ? - (.1

IMJIMHHICTD iMIyJIbCiB (Bemn4nHA, 3BOPOTHA 10 (J, HA3UBA€ETHCS Koedi-
Hi€EHTOM 3aMOBHEHHS);

J.Ul-dt :lg _ (5.2)
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cepeiHe 3HAUCHHS HaPYTH (J03BOJISE OLIIHUTH EHEPTeTHYHY 10 IMITYJIBCHOL
MOCTiIOBHOCT);

(5.3)

e(eKkTUBHE (JTif0ue) 3HAYCHHS HAIIPYTH;
p o=-t_
p (5.4)
0

cepelHs MOTYXHICTb (P LIbOMY IOTYKHICTb JKepesia >KUBJICHHS IMITYJIbC-
HOTO MPHUCTPOIO [IOBUHHA Oy TH HE MEHILIOKO 33 P, 1 TO/I1, HAKOIINYYIOIH CHEp-
Tir0 y nay3i, MOKHA B IMITYJIbCi BUJIaBaTH IOTYKHICTb P,y O pasis Gliblry 3a
P —Tak npaoors ¢oTocnanax, KpankoBa 3BapKa i moAiOHi IPUCTPOI).

Ha puc. 5.3 300paxkeHo kinacuyHy (GopMy peasbHOro MpsIMOKYTHOTO
iMmynecy. Bin Mae Taki mapamerpu:

u A U, — ammutiTya iMIyiecy;
U DU — HepiBHOMIpHICTB BEp-
<
0,9V, IIVHY;

!, — TPHMBAJICTh IMILyJIbCY

i Ha pini 0,1U, (iHO1, HANPUK-

JIaJ1, TIPH OIIIHIT eHePTreTHIHO1

0,1U. t [il iMITyIeCy 1i 6epyTh Ha piBHI
0,5U);

Y \C'U ¢ 1, — TPUBAIICTE [IEPETHEO-

tep ro (pOHTY;
t, — TPHUBAIIICTH 33JHHOTO
Puc. 5.3 ~ MNapameTpn HECUMETPUMHOTO  dysouTy (3pisy);
iMMynbCy

te

U, — amiuityna BUKujy.
Jesiki iMIynnbcr HE MarOTh BEPIIUHY (HAPHUKIal, TUB. puc. 5.1,1).
[IporryckHa CIPOMOKHICTH IMITYJILCHOTO TIPUCTPOIO 332 YACTOTOIO BU3HA-

YAETHCS CIIEKTPOM IMITYJIBCY, SIKUI € HACHIIKOM PO3KJIAIaHHS IMITYJIbCY Y

psin @yp’e, TOOTO HA HECKIHYEHHY KUTbKICTh FTAPMOHIYHUX CKIIAJIOBUX Pi3HOT

YacTOTH.
30Kpema, YaCTOTHI BIACTHUBOCTI IMITYJIbCHOTO CHUTHAJTy BH3HAYaIOTHCS

aKTUBHOO IIUPHHOKO YaCTOTHOTO CHEKTPY F : 6epyThest yactoTu Big f=0

nof ) F , mo Bianosigae 95% eHeprii iMITyJIbCHOTO CHIHAITY.
Hampuknaza, akTHBHA IIWPHHA CIIEKTPY:
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. 2

y IIPSMOKYTHOTO imIynbey — £, = —

i

y I3BOHOIOAIOHOTO iMITynbey — F), =

0,25
t

5.2. EneKTpoOHHiI KnioYi Ta HakNpOCTIiLLi cCXemMu
¢dopmyBaHHS iMNynbCiB

K104 — 11 eniemeHT, 1110 Ma€ J1Ba TPUBAJIMX CTAHH: YBIMKHYTHI Ta BAMKHYTHIA.

HaitOnmmxunm 3a mapaMeTpamH 10 i1eaIbHOT0 KII0Ya € eJIeKTpOMEXaH 4-
HUH KOHTaKT (KJI0Y), 10 Ma€ HECKIHYEHHHUH OITip y PO3IMKHYTOMY CTaHi 1
HYJTBbOBHUH y 3aMKHYTOMY. B Hall yac B eIeKTPOHHUX NPUCTPOSAX Y SKOCTI
KJIIOUiB HaifyacTille BUKOPUCTOBYIOTh HAIliBIPOBIIHUKOBI A10111, TPaH3HC-
TOPH, TUPUCTOPH.

Cxema HaHMPOCTILIOrO KIOYa HA eJeKTPOMeXaHiYHOMY KOHTaKTi

(perne) Ta yacoBi giarpamu Horo po6oTu 300paxkeHi Ha puc. 5.4.
u

8x

—
ISX U 8x
R t
ex 8ux !
K U 8ux Ugx
t
Koy Koy
3aMKHymo PO3IMKHYmMo
a) 6)

Puc. 5.4 - Knioy Ha enekTpoMexaHiYHOMY KOHTaKTi (a)
i YacoBi fiarpamu noro poboTu (6)

Cxema 0JTHOTO 3 HAMITPOCTIMIHNX AI0AHMX KJIIOYiB Ta HOTo miepeaaTHa Xa-
pakTepUCTHKA 300paXkeHi Ha puC. 5.5 — I MapayeTbHUN MIOMHUN KITIOY-
o0MeKyBad 3HHU3Y.

3pO3yMiJIo, 1110 TOYHICTH OTO pOOOTH BU3HAYAETHCS TApaAMETPAMH PEATTBHO-
ro miona (muB. BAX Ha puc. 2.5) — nipstMiM criaziom HarpyTH 110 1 B 1 3BopoTHIM
crpymoM (ipsiMa riyika BAX imeajibHOro KJII0YOBOIO ejieMeHTa 30iracTbes
3 BizpizkoM Bici crpymy 0 — I ,a3BOpOTHA — 3 BizIpi3koM Bici Harpyr 0 — U ).
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Ji1s1 ToTO, 100 BUKITFOYUTH 3B’ 130K MK BXIJHHUM Ta BUX1THHM KOJIaMHU i
3a0€3MeUYNTH MMiJICUIICHHS, Y SKOCTI KIIF0Ya BUKOPUCTOBYIOTH TPAH3UCTOP.
Cxema TPaH3MCTOPHOIO KJ04a 300pakeHa Ha puc. 5.6.

R ueux
o—
VD
UBX UBUX
o o) e e
a) 0)
Puc. 5.5 - [iogHnii kiod (a) Puc. 5.6 -
Ta oro nepegartHa xapakTepucTuika (6) TpaH3NCTOPHWI KO

Haiinpocrimmmu kosamu ¢popmyBaHHs iMIyJibeiB (popMyrodnMu Ko-
naMu) € qudepenLioodi Ta inTerpyodi R C-TaHIIOKKH.

Y nudrepeHIiI0I0Y0r0 JIAHIIOKKA, CXeMa SKOT0 300pakeHa Ha puc. 5.7,a,
Harpyra Ha BUXOA1 MponopLiiiHa NOXiAHI} 3a 4aCOM BXiIHOI HAIIPyTH, sIK L€
BUHO 3 HACTYITHUX MAaTEeMaTHYHUX BUKJIA/IiB.

J1st i1eambHOTO BUTIAIKY:

Au oy
U = K——, 5.5
dt (5.5)
TOMY IO
du,
i=C ; 5.6
d (5.6)
du
Ugyw = RC d; ; (5.7)
U = Uge —Ugyyx- (58)
SIkimo
Ue = Ugy, Ugyy =UR << Ugy, (5.9)

1 320€311eUy0ThCSl YMOBHM BUKOHAHHS JIAHIIFOYKKOM OIeparlii JugepeHIiito-
BaHHA (a came:
— JUTSl TAPMOHIMHOTO CHTHATY 1I€:
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1
R<<——,
oC
ne w= 2pf; f — 4acToTa;
— JUIA IMITyJIbCHOTO CUTHAJTY —
RC<<t,
|CI Ji€ {,— TPUBAIICTD IMITYJIbCY), MATUMEMO
o * o
I dutgy
Uge = RC (5.10)
U g i\ | R u dt -’
o Ps o e RC=t— crana gacy.
a) Yacogi giarpamu poboTu audepeHnuito-
u F0YOTO JIaHIII0XKKA HaBeeHi Ha puc. 5.7,0
* : . (g TpaneneinansHOil GOpMHU IMITYIIBCIB) 1
A\ ¢ buc.5.7,8 (s IPAMOKYTHOIO IMITyIIbCY y
) BUIIA/IKY, KOJIM PeabHO HE BUKOHYETBCS] yMO-
| Ba U EePEHLIIIOBAHHS).
Uge p 1 VY IHTerpyno4oro JaHII0XKKa, cxema
Lo SKOT0 300pakeHa Ha puc. 5.8,a, BUXiJqHa Ha-
| t  mpyramnponopiiiiiHa iHTerpaty 3a 4acoMm Bif
BXigHOi. POOOTY cxemu MOsICHIOIOTH Ha-
CTYITHI MaTEMaTHUIHI BUKIIA]IH:
6)
R
Uy O—:I—GD—O
_IC
t Uex T Ueux
] O o
Y eux i a)
\ i t upY {wa /u ex
7
!/ Ugux1
B) >
Pwvc. 5.7 — ndepeHujioroumii 0)
NaHLOXOK (@) i HacoBi Puc. 5.8 — IHTerpytounin

Jiarpamm inoro po6otu (6), (B) JTAHLIFOXOK
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6ux0

1.
u =u =—]|idt =
Gux c C‘([ c HpI/IU 0 (5]])

=2 _"C (5.12)

(mopiBHstiiTe 3 iHTerparopom Ha OIl — nuB. nim. 4.6.7);
Skmo u <<u__, MaeEMO

(5.13)

(YMOBM BUKOHAHHSI JTAHIFOXKKOM OIleparii iHTerpyBaHHs:

1
— JUIS TApMOHIHHOTO CUTHAITY R >> R ;

— JUISL IMITYJIbCHOTO curHaiy RC>>1,).
1 17
Ueux = RC usxdt :__[usxdt' (514)
0 To
Yacogi xiarpamu poOOTH IHTETPYIOYOTO JIAHLIOKKA JJIsI BX1THOTO IMITYIb-
Cy npsAMOKyTHOT (hOpMH HaBeCHI Ha puc. 5.8,0 (IIpy BUKOHAHHI YMOBH 1H-

TErpyBaHHA — u, 1 IPH 1 HEBUKOHAHHI — U, ).

5.3. MynbTuBiopaTopm
5.3.1. 3aranbHi BigoMocTi

MyasTuBiOpaTopu (Bin JatuHCEKOTO multum — 6araro; vibro — konu-
Bal0) — II€ peylaKcalliiiHi aBTOreHepaToOpH HANpPYTH MPSIMOKYTHOI (hopMu
(penakcamiitHuil — Takui, M0 Pi3KO BIAPI3HAETHCS BiJl TAPMOHINHHOTO —
CHHYCO1THOTO; aBTOT€HEPaTOp — IPHUCTPIiH, 10 TeHEePY€ He3aTyXarodi KOIn-
BaHHs1 0€3 3aIyCKY 330BHI 1 HE Ma€ CTIHKUX CTaHIB).

BuxoHy0ThCS MyTBTHBIOpaTOPH HA OCHOBI €JIEKTPOHHUX MPHUIIA/IB, 1110
MatoTh Ha BAX AiUIsiHKY 3 HEraTMBHUM OIMOPOM (HAmpUKIIAJ, TYHEIbHI
T/, THPUCTOPH), @ TAKOXK Ha MIJCHITIOBaYax MocTiiHoTO cTpyMmy 3 1133
(TTO3UTUBHUMH 3BOPOTHUMHU 3B’ A3KaMH ), TOOYTOBAHUMH Ha TPAH3UCTOPax,
OI1, muposux i crienianpanx IMC. EnekTpoHHI PWIIain B HAX MPAIOIOThH
Y KIIFOYOBHX PEKUMaX.
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MynbTUBIOpaTOpH MOXKYTh NPALIIOBATH Y TPHOX PEKHUMAX: YEKAIOUOMY,
ABTOKOJIMBAILHOMY Ta PEXXUMIi CHHXpOHi3aLii.

Haituacrinie BoHH NpamiolTh Y aBTOKOJIMBAJIBLHOMY PeKUMi, KON
MYJIBTHBIOpaTOp Ma€ JBa KBa3icTaiuux (HECTIMKHUX) CTaHW PIBHOBAru i me-
PEXOIUTH i3 OMHOTO CTaHY B iHIIMI CaMOYMHHO IiJ BIUIMBOM BHYTPILIHIX
MePEXiHUX MPOLECiB. Y TaKOMY PEXUMI MYJABTHBIOPATOP BUKOPHCTOBYETHCS
SIK TEHEePaTop NPSIMOKYTHOI HAIIPYTH.

VY yekaw4omy pe;KuMi MYJIBTHBIOpATOp Ma€ OMH CTAJIMH 1 OAWH KBa3i-
CTaJlMil CTaHW PIBHOBaru. 3a3BUYail BiH 3HAXOOUTHCS y CTAJIOMY CTaHi i
MEPEXOANTH A0 KBa3iCTAIOIO i A1€0 30BHIIIHBOTO €JIEKTPUYHOTO CHUTHA-
ny. Yac nepeOyBaHHs y KBa3icTaJoMy CTaHi BU3HAYA€ThCS BHYTPILIHIMU
mpolecaMu B cxemi MyJibTHBiOparopa. Taki My/IbTHBIOpaTOpH BUKOPHCTO-
BYIOThCS 7151 GOPMYBaHHS IMITyJIbCiB HAallpyryd HEOOXiIHOI TpUBAIOCTi, a
TaKOX JIJIs 3aTPUMKH IMITYJIECiB HA BU3HAaUeHUH yac. MynbTuBiOpaTop, 1o
MPaLIOE y TAKOMY PEXUMi, Ma€ Ha3By OfHOBiIOpaTopa.

VY pe:xumi cHHXPOHi3anii BUKOPHUCTOBY€ETHCS MYJIBTUBIOpaTOp, 10 Mpa-
LIOE B aBTOKOJIMBAJIBLHOMY PEXHMI, ajie HOro mepexin i3 oIHOro craHy B
1HIIMI 3a0€31e4y€ThCs 30BHIIIHBOI0 CHHXPOHI3YI04O00 Harpyroro. [ iioro
HOpPMaJIHHOI pOOOTH B IIbOMY PEXKHIMI HEOOX1THO, 00 9aCTOTa CHHXPOHI3Y-
I04OT0 CUTHAITY MIEPEBUIIIYyBalla YaCTOTY BJIACHUX KOJIMBaHb. Y pe3ylbTari
4acTOTa KOJIMBaHb MYJIBTHBIOpaTOpa MPaKTUYHO HE 3aJIeXKHUTH Bif 1ecTalumi-
3yrounXx (akTopiB, 110 BINTMBAIOTH HA HOTO €JIeMEHTH. BHKOPHCTOBYIOTHCS
Taki MyJIBTUBIOpAaTOpH AJISi CTBOPEHHS TeHepaTopiB CTAaOUTFHOI 4aCcTOTH 1
MpY KePYBaHHI CKJIaJHUMH €JICKTPOHHUMU IIPUCTPOSIMH, pOOOTa IKUX CHH-
XPOHI30BaHa SIKOFOCh 30BHIITHBOIO JTI€10 (HAPHUKIIA T, CHHXPOHI3aIIisl pO3TOpT-
KU €JIEKTPOHHOTO ocIriorpada).

3arajiom, MyJIbTHBIOpaToOpy MOBUHHI 3a0e3MeuyBaT CTaOUIbHICTh Yac-
TOTH 1 IOBKUHH IMITYJIbCIB, 8 TAKOK HEOOX1THY (3a3BUYail MiHIMAJIbHY) TPH-
BaJIICTB iXHIX QPOHTIB.

5.3.2. MynbTuBiOpaTOp 3 KONEKTOPHO-0a30BUMM 3B’ A3KaMM
Yy aBTOKONMBaNbHOMY peXumi

Ha TpaH3ucTropax aBTOKOMWBAIBHAN MYJIBTHUBIOpaTOp HaidacTimie Oy-
OYIOTh 32 CHMETPHYHOIO CXEMOIO 3 KOJIEKTOPHO-0230BUMM 3B’S3KAMM.
Bin sBnse cobor0 MBOKACKaAHWI MiACHIIIOBAY 3 PE3UCTUBHO-EMHICHUMH
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3B’sI3KaMH, sIK MTOKa3aHo Ha puc. 5.9,a. KoxxeH 3 kackaiB € kackagom 3 CE
31 3MilIeHHIM (iKCOBaHUM CTpyMoM Oa3u (nuB. puc. 3.9). Pexxum renepa-
il 3a0e3neuyeThbes 3a paxyHok 1133, mo cTBOproeThes mofaueto BUXiTHOTO
CUTHAITy JPYyToro Kackagy Ha BXiJl IEpILOro, 3-3a YOTo MiACUII0Bad CaMo-
30yIKy€EThCS. SIK MpaBUIIO CUMETPUYHUN MYJIBTHBIOPATOp 3 KOJIEKTOPHO-
0a30BUMH 3B’sA3KaMu 300payIOTh Y BUIVISAII HaBEeAEHOMY Ha puc. 5.9,0.

° ° o+
Ex

Rel | |Rid Re2 | |Re2 _

51 i

Cg2 C
|
O | |—0
Usux
(Ug) ¢ VTl VT2

6
Puc. 5.9 — MynkTumBiOpaTop 3 KOJ?IeKTOpHO-683OBI/IMI/I 3B’A3KaMm

I xoua Taki MyIBTHBIOpATOPH 3apa3 MPAKTHIHO HE 3aCTOCOBYIOThCS (00
BHUKOPHCTOBYIOTh, B OCHOBHOMY, MyJIbTHBiIOpaTopy BukoHaHi Ha IMC), Boan
sIKHAWKpaIe MiaXOAITh 3 TOYKH 30py 3M00yTTS HABHKIB aHAJI3y poOOTH
IMITYJIbCHHX TIPACTPOIB.

CumeTpist cxeMu 3a0€31€4y€ThCs TUM, IO 331a10Th R, =R, TaR, =R,
(BoHHM mTpH3HAUYEHI IS 3a0e3MMeUeHHST HACHYCHOTO CTaHy TPaH3UCTOPIB),
C,, = C,, (3abe3neuyroTh 3B’ 130K MK Kackaiamu). BinnosinHo, napamerpu
TPaH3UCTOPIB MOBUHHI OyTH TTOBHICTIO iIeHTHYHI. | Taka ineanpHa cxema Oyze
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HeTpale31aTHO0: 00uaBa TPaH3UCTOPH OyAyTh BinkpuTi. HemoximBicTh
peanbHO 3a0e31euuTH a0CONMIOTHY CUMETpito 1 HasiBHICTh [133 mpu3BoasTh
710 TOTO, LIO IicCIs oAyl HAIPyTH KUBJIEHHS OIUH 13 TPaH3UCTOPiB MOB-
HICTIO BIIKPUBAETHCA, a IPYTUH — 3aKPUBAETHCA.

PoGoty MynbTHBiOpaTOpa iMIOCTPYIOTH YacoBi JiarpaMu, HaBe[CHI Ha
puc. 5.10.

Ukt UKEHBC:OVZ B
(Ueux1)
Ex i
i1 _F Ex E
1 T”l - R52C52 : 7K + 7K
EK + 2EK / i | RKl REZ
t
RKL REZ i
|
Ucs2 J| |
i R -1 I
i +Ex| | L//// - t

T

r
m
b
K_

usih i Usenac=0,6 B |
L
+Ex ///’r” t
Ey /
|
T " Tn2 =RpiCpy 7
erp | RI C |
7 T3 =Rg2bpm E
Ec | B \_ K.
Rk Rm | | | ‘ v e ]
| i
Uk2 i

(U eux2)
[ _ t

ti t,
T

Puc. 5.10 — Yacosi giarpamm poboTtv MynkTrBiGpaTopa
3 KONEKTOPHO-6a30B1MM 3B’A3KaMK



158 EJIEKTPOHIKA | MIKPOCXEMOTEXHIKA

OTxe, MyJIbTUBIOpaTOp Mae J1Ba KBa3iCTaJIMX CTaHMU:

1 — tpanszucrop V71 Binkputhii, a VT2 3aKkpuTHii;

2 — tpansucrop V12 Binkpurtuii, a V'T1 3akputuii.

VSBUMO, 1110 TOYATKOBUI CTaH MyJIbTHBiIOpaTopa Takuii: V'7T1BinKkpuTuit
(3HAXOUTHCS Yy PEXKHUMI HACUYCHHS), a VT2 3akpuTHii (3HAXOIUTHCS Y pe-
*uMi BinTnHaHHA). [Ipy ipoMy 1 Hamami:

1) uepes VT1iR,, Bin E, IpOTiKa€ KONEKTOPHUI CTPYM HACHYEHHS [, ;

2) uepes R,, i 6azo-emitepuuii nepexin V11 nporikae ctpym 6asu /1, ,
akui ytpumye VT1 y pexxumi HacudeHHs (MaeMo cxeMmy 3MilIeHHs (ikco-
BaHUM CTpyMOM 0a3zn);

3) xongencarop C,, 3aps/pKaeTbes CTpyMoM [ . Bin E, 4epes R, i
6a3o-emitepHuii nepexin V711;

4) xongencarop C,, 3aps/DKEHUH 13 BKa3aHOIO Ha CXEMI TIOJIAPHICTIO 110
HaIpyTH, piBHOI £, (y NONEPEIHbLOMY TaKTi pOOOTH cxeMHu), i uepes V711
(3aMKHEHUH KJII04) MiAIMKHEHHH 10 HYJIbOBO1 TOUYKH, 32 PaXyHOK 4OT0 4e-
pe3 HbOTO TMPOTIKae CTpyMm [ sposp B E, 4epes R, ; 1Iel CTpyM HamMaraeTbes
nepesapsautu C, Big Hanpyru — £, 10 Hanpyru +£, , Ipy IbOMy HETaTHBHA
nanpyra 3 C,, nonaetbes Ha 06asy V712 BIIHOCHO HOTO emiTepa i yTpumye
TPaH3UCTOP Y 3aKPUTOMY CTaHi (PO3IMKHEHHH KITIOY);

5) mpouec nepesapsiay KonaeHcaropa C,, TPMBA€ J0TH, JOKH HAIIpyra
Ha HbOMY HE TIepeTHE HYJIhOBOTO PIBHS 1 HE CTaHE BHILOIO 332 NIOPOTOBY
Hanpyry 0a30-eMiTepHOro nepexomy tpansucropa V12 U, »0,6 B, micns
4oro rnoteve 6a3oBuii ctpym V72 1 BiH IOYHE BiIKPUBATHUCS;

6) 4epes VT2, mio neperinos y akTUBHUHE pexum, Konaencarop C,,
00KJIaJIKOI0 «+ MIIMUKAETHCA /10 HYIbOBO1 TOYKH, 1 HETaTHBHA HAIIpyTa 3
C,, nonaerbes Ha 6asy VT BIIHOCHO HOTrO emiTepa, 3aKpUBAKOYU TPaH-
3UCTOD;

7) sk tineku V11 modnHae 3aKpUBaTUCS, 301IBITYETHCS IIO3UTHBHA Ha-
npyra Ha Horo Kosekropi i noynnae 3apsypkarucs C, Bin E, uepe3 R, i
0azo-emiTepHuil epexia V72, 3a paxXyHOK 4OTo OCTaHHIH BiIKPUBAETHCS
e 6inpme — aie [133: po3BuBaeThCA TaBUHONONIOHUN pereHepaTUBHUN
mpoIiec, Micls 3aKiHdeHHsS sSKoro V1! TOBHICTIO 3aKpUBa€ThCs, a V712
BIJIKPUBAETBCS 1 MYJIBTUBIOPATOP MEPEXOAMTH JI0 CBOTO JIPYroro KBasi-
CTaJIOTO CTaHy.

Jaui iporiecH y cxemi MpoTiKaloTh aHAJIOTIYHO, TUTEKH TEIEP 3apsKacTh-

ca C,,, a mepesapskaerses Cp .
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TakuM 4MHOM, IPUCTPiH (HaKTHYHO MPALIOE 32 PaXyHOK aBTOMAaTUYHOI
KOMYTalil KOHAEHCATOPIB KIII0YaMHU-TPAH3UCTOPAMH.
YMoOBaMH npane3qaTHOCTI MyJIsTUBiOparopa €:

R,C, <R.C,; R, C,<R.C,:

52 B2°
R_b >R R.b,>R,, (5.15)

K11 — E[ > K272 —
TpI/IBaJ'IICTB 1M1'Iy.]'II>CIB o 3HIMAIOThLCSA 3 KOJ'ICKTOplB TpaH3I/ICTOp1B VTl

a0o VT2, cTaHOBUTH BiAIOBIAHO

t,»0, 7R C,; ,»0, 7R, C,.. (5.16)
[Tepiox HagXOKEHHS IMITYIIBCIB: T=t+t,.
st cuMeTpuYHO1 CXeMH: T»14RC, (5.17)
ne R=R,=R,,;, C=C,=C,

CriBBiZIHOLIEHHS BEIMYHH /, 1, (IITIapyBaTiCTh) MOKHA 3MIHFOBATH, 10-
PYILIYIOUH CUMETPIFO CXEMH: HAIIPUKIIa, 30LIbLIYIOUH OITip R, , 1 IPOIOPLIiK-
HO 3MEHINYHuH omip R,,. IIpy 1bOMy TPHBaIiCTh HEPIOAY 3aIMINAETHCS
HE3MIHHOIO.

SIKI110 3MiHIOBATH OTIip TIABKH OAHOTO 3 PE3UCTOPIB 200 EMHICTH KOH/IEH-
caropa, TO P NOCTIHHIH TpuBaNoCTi iMIynsCy (a0o may3u) OyayTh 3MiHIO-
BATHCH PO 1 AP yBaTICTh.

HenomixoMm po3misHyTOi CXEMH € 3HAYHO CIIOTBOPEHUH mepeaHiil GpoHT
TeHEPOBaHUX IMITYIIBCIB (BiH SIBJISIE COOOI0 eKCIIOHEHTY). Lle BimOyBaeThCs
Yepes Te, 0 BUXITHUM CHUTHAJIOM MPUCTPOIO € HATIPYTa, 110 3HIMAETHCS 3
TPaH3UCTOPHOTO KITI0YA 1 IMi /1’ € THAHOTO TTapajiebHO IO HOTO KOH/IEHCATO-
pa — (baKTUYHO IIe € HAaIpyTra Ha KOHAEHCATOPI, IO 3apsIKAEThCA.

CxopoTuTy TpHUBaIICTh (DPPOHTIB (Wac 3apsAAy KOHIEHCATOPIB) MOXKHA,
HAIPUKIIa]l, SMEHLIMBIIY BEJIMINHY KOJIEKTOPHUX PE3UCTOPIB R, , 1R, ,. Ate
11e MPU3BEAE 0 3HAYHUX EHEPreTUYHHNX BTPAT: Yepe3 TPAH3UCTOPHU Y pe-
KUMI1 HaCHUeHHS OyJie MPOTiKaTH 3HAYHUH CTPYM.

OCKIiJTbKY PUYHUHOIO CITIOTBOPEHHS € IIPOIIEC 3apsiay KOHIEHCATOPIB, TO
3a0€3Me4nTH AKICTh TeHEPOBAHMUX IMITYJIbCIB MOXHA, BIIMUKAIOYH KOJIEK-
TOPY TPAH3UCTOPIB BiJ KiJT 3apsiTy KOHASHCATOPIB. JIJIs IThOTO B CXeMY MYJTh-
THBiOpaTropa HeOOX1THO BBECTH IOTIOMIXHI KITFOU1 — HATIPUKJIa I, mioau VD1
1 VD2, sk e mokaszano Ha puc. 5.11. J{st cTBOpeHHS KiT 3apsTy KOHICHCATO-
PIiB TyT BBEJICHO pe3uCTOpH R, 1 R,. Y pe3ynbrari, M0H1 KIK04l BIAMUKAIOTH
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Ueux1

il

(BiATHHAIOTH) KOJIA 3a-
X psimy Big KoJIEKTOpIB Ha
qac 3apsny. Tomy Ta-
KU MynbTUBiOpaTop
Ha3UBaIOTh MYJbTH-
BiOpaTopom 3 BiaTH-
HAlOYUMH JiogaMH.
Ilepesapsapxarucs
KOHJICHCATOpaM JTi0TH1

Puc. 5.11 — MynbT1BiOpaTOp 3 BIATUHAIOYMMM OI0AAMN Kro4i He 3aBAXKAIOTD.
Tenep noBxuHa GPOHTIB IMITYJIBCIB Malke OHAKOBA 1 BU3HAYAETHCS Yac-
TOTHUMHM BJIACTUBOCTSIMH TPAH3UCTOPIB 1 JiOAIB, a TAaKOXK Mapa3suTHUMHU

€EMHOCTAMHU CXEMH.

R
1
LT
DA
—e—o0
USUX
e |1
Uc Uo
—_—C1 R2
a)
UGUX
<  —
UGX
UO—/ \Uo
: ' -
R’ vD1 6)
MG
> B)

Puc. 5.12 - Mynbtugiopatop Ha Ol

5.3.3. MynbTuBi6parTop Ha Ol

Cxema myJabTHBiOpaTOopa Ha
OII HaBeneHa Ha puc. 5.12,a, yaco-
Bi jiarpamu po6oTH — Ha puc. 5.13.

ABTOKOTUBAIBHUHN peskuM (30y1-
JKEHHS TeHepaTopa) 3a0e3medyeThb-
cs [133, oo oxorutroe OII 3 Buxoxy
Ha HEIHBEPTYIOUUH BX1 JUTHHIKOM
R ,R . YacoBi XapakTepUCTUKK BH-
X1ITHOTO CHTHAJly BHU3HAYAIOTHCS
iHTerpy0unM R C-JIaHITIOKKOM, YBi-
MKHEHUM y koito H33: 3 Buxomxy OI1
Ha HOr0 IHBEPTYIOUHH BXiI.

OII TyT (haKTHIHO MPAITIOE STK KOM-
Traparop, MOpiBHIOIOYH 3HAUEHHS Ha-
MIPYT, IO MOJAI0THCS Ha HOTO iHBEp-
TYIOUWH Ta HEIHBEPTYIOUHI BXO/IH.

3Ha4YeHHs] HANpPyTH HAa HEiHBEp-
TYIOUOMY BXO[Il € YACTHHOIO BUXiJI-
Hoi Hanpyru OIl. Jlyis aGcomoTHIX
BEJIMYHH I1e:
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U | B> Uc
|U0|=—| M2 518
R +R, sux T
ToMy MaeMo 1Ba IOPOTH cpanb- Uy & ¢
oByBaHHa U/, 1 U, . llpu upomy,
SKILO Hampyra Ha 1HBepTy-10q01viy Ug <
BXoxai Oyme 3MiHIOBaTHCS Bij Hak- Sl

Oinpm MoskauBol HeratusHoOl U, 1o Ug,y -
Hal6LIbL 103uTHBHOT U, , CIIpaIbo-
BYBaHHS BiI0yeThCA NPH 11 3HAUEHHI
Uy > @ SKIIO BOHA NOYHE 3MIHIOBA-
THCH Y 3BOPOTHOMY HAIIPSIMKY — IIPU
U, , sk noka3zaHo Ha puc. 5.12,6. Ta- Ug
KUH IpHUCTpii (3 rictepe3ncom 3a
BXiJTHUM CUTHAJIOM ) Ha3UBAIOTh TPHU-
repom IImirra.

TakuM YuHOM, TIpU POOOTI MYJb- 1§
TUBiOpaTOpa MOpPiBHIOIOTHCA (PiK-
COBaHE 3HAUYCHHS HAMpPYyTH, II0
3HIMAETHCS 3 AUILHHUKA, 31 3MIHHOIO
HaIpyTOI0 Ha KOHAEHCATopl, AKUi Ha-  Usux
Mara€eThCs 3apsIUTHCS 10 BUXIiTHOT
Hanpyru OIl U_ . SIk Tinbky Bean-
YMHM HANpyr 3piBHIOKOTECA, U,
3MIHIO€ 3HAK, a BIAMOBIAHO, 1 U TakoX, a KOHACHCATOP MOYMHAE 3apsii-
’KaTHCS 10 HOBOI'O 3HAYEHHS Ugux i Tak Hagami. Ha Buxoni OIl dop-
MYETHCS MIPSMOKYTHA HANPYra THIY «MeaHApP» — KOIU TPUBAIOCTI 11
HEraTUBHOTO #; i IO3UTHBHOIO f; 3HayeHb ogHaKoBi. [lepion renepo-
BaHMX IMIYJIbCIB CTAHOBUTH:

Uo

+
Uo t

uGLIX

+
USUX

ti_

Puc. 5.13 — Yacosi giarpamu po60oTm
MynsTMBIOpaTopa Ha Ol

T:2RCln(l+2& . (5.19)
R
3MiHUTH CHIBBiJHOIIEHHS f; 1 ¢ MOHa, SKIIO 3aMiCTh pe3ucTopa R
BBECTH JIBa MApaIe/IbHUX JIAHITIOXKKH 3 IBOX PI3HHUX 32 OITOPOM PE3UCTOPIB
R’1 R’ Ta mOCHiIOBHO y Pi3HUX HANPsAMKax YBIMKHEHHMH aiogamu VDI i
VD2, sk 11e TIOKa3aHo Ha puc. 5.12,B.
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5.3.4. OgHoBiOpaTop 3 KONEeKTOpPHO-0a30BUMM 3B’ A3KaMu
(4ekaloumit mynbTUBiIOpaTOp)

OpHoBiopaTop (yekarouuii MyJbTUBIOpAaTOpP), CXeMa SKOTro 300pake-
Ha Ha puc. 5.14, sBise co00r0 NBOKACKaHMIA TiacuiroBay i3 [133, BukoHa-
HU#l Ha Tpansuctopax V71 ta VT2, yBimMkHeHux 3a cxemoro 3 CE. I133
3a0e3MeUyeThCs T01aYet0 KOJIEKTOPHOI HAIIPYTH MEPILIOro TPaH3UTopa de-
pes konziecarop C,, Ha 6a3y Ipyroro TpaH3MCTOPa Ta KOJEKTOPHOI Hampy-
'Y IPYTOro TPAH3UCTOPa YEPE3 PE3UCTOP R Ta NPUIIBUIYY 0N KOHIEH-
carop C,, — Ha 6a3y nepuoro.

o+

Puc. 5.14 — OnHogibpaTop (Yekatounii MynbTUBIOpaTop)

JIKepesno HEraTMBHOTO 3MilleHHs £ TpU3HAYEHE U1 HAJIHHOTO yTpH-
MaHHA V7T 3aKpUTHM, KOJIM CXeMa 3HAXOAWUTHCS Y CTAJIOMY CTaHi.

VD, C, R € eneMeHTaMHt KoJia 3aITyCKy, MPU3HAYCHOTO MJISI IEPEBOIY
MIPHUCTPOIO y KBa3iCTauil CTaH MiJ J1€10 30BHIIIHROTO curHany. Ha Buxoni
(hopMye€eThCSI ONMHOYHUAN TPIMOKY THHH 1IMITYJThC HAIIPYTH.

3a BIICYTHOCTI cUrHay 3amyckKy U, =~ CcxeMa 3HAXOJUTBCS y CTAIOMY
craui pisHoBaru: VT1 3akputuit Hanpyrow E , a VT2 3Haxonuthes y pe-
KUMI HACUYEHHs T 1i€to cTpymy /,,. Ilpu nubomy konaencarop C,, 3a-
PAJUKEHUH 10 HAaNpyTH E, 3 NOJSPHICTIO, BKA3aHOK Ha puc. 5.14, a cTpym
I, CTaHOBHUTH:

I,=1+1,
Ockinbkn y cranomy crani /,=0,10 [, =1, =E, /R,,.
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06 Tpan3uctop V72 3HaX0AMBCS y peXXKUMi HACHYEHHS1, HEOOXiTHO BU-
KOHYBaTH YMOBY [, 2= I gy, (cTpymy Hacuuenus). Tomi

e _ Ex

Igyr = =— (5.20)
B2 RK2B2
EKI EK
>———— abo R, <B,R
REZ RK2BZ * Bz e (52])

Poboty ogHOBiOpaTopa iMIOCTPYIOTH 4acoBi JHiarpaMu, 300paxeHi Ha
puc. 5.15.

Tonaua Ha Gasy TpansucTopa =" 3
VT2 KOpOTKOro 3aIlyCKaro4oro U
IMITyJTbCY HEraTMBHOI TIOJIpHOCTI  YC7A
yepe3 koo C-R-VD nepexunae - FEc U
oJtHOBiOparop: V12 3akpuBa€eTh- -E{
csl 1 HOro KOJEKTOpPHA Harpyra
yepe3 MPUILBUIIIYIOYHH KOH-
nencarop C,, oiaeThes Ha O6asy — t
VTI, BUKNMKAaIOYH HACUYEHHS -Ey
octaHHboro. Ilpu npomy KoH-
nencarop C,, 4epe3 BIAKPUTHH
Tpau3ucTop V7' miaMUKaeTbCs
y 3aIipHOMY HAIPSIMKY JI0 0a3u t
tpansuctopa VT2. To6to, 3a- <
Basku 1133, micis 3akiHYeHHS Puc. 5.15 — Yacosi giarpamu poboTtn
3aIlyCKaluoro iMITyJIbCy TpaH- opoHoBibpatopa
suctop VT2 3anumaerbes 3akputuM, a V711 Binkputum. [Ipu oMy koH-
nencarop C,, mounHae nepesapspkarucs no kony +£, — R, —C., — VTI -
HyJIbOBA TOYKA CXeMH (-E, ), HAMAararo4mch JIOCATTH HPOTHIIEKHOT MOJISp-
HOCTI. AJle, KOJIM Halpyra Ha HbOMY JIOCSTHE HYJIs, 3aMipHa Halrrpyra Ha 0asi
VT2 3HHKaE 1 cXxema MOBEPTAETHCS IO TOYaTKOBOTO CTany: V1] 3akpuTHiA,
VT2 BiIKpUTHH.

Yac nepeOyBaHHs 0HOBIOpaTOpa Y CTaHi KBa3iCcTaj0i piBHOBArd BU3HA-
4a€ThCS YaCOM po3psiy KonaeHcaropa C, ), Bijl HAPYTH, WO JTOPIBHIOE £,
10 0, 3a AKHif Ha BUXOA1 cXeMH (OPMYETHCS IPAMOKY THAN IMITYJIBC Harpy-
ru TpuBailicTio ¢; =0,7R5,Cp,.

t

Leion :
Us2 — <

Usux

+Ex t
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Yac BiAHOBICHHS, 13 3aKIHYEHHSM SIKOTO 10 CXEMH 3HOBY MOXKHA MO~
BATH 3aI1yCKAIOUHH IMITYJIbC, CTAHOBUTD l4p, = 3Ri1Crpr.

Kono R,,C,, Ma€ Ha3By 4aco3a1ar4oro.

Crana vacy 3apsny konaencaropa C, cranoButh R C,..

5.3.5. OpHogiOpaTop Ha Ol

Uszan

OxnosiopaTtop Ha OII moxxHa oTpuMa-
TH 3 MyabTHBiOparopa (ouB. puc. 5.12),
SKILIO 3aLTyHTYBaTH KOHIEHCATOP TiOZOM, t
SIK 1€ TIOKa3aHo Ha puc. 5.16. Lle Bukirouae Ua
MOXIIMBICTD 3apsAay KOHAEHcaropa 10 Ha-
npyru U, 13a0e3nedye oJ1H CTIKHUI CTaH t
MPUCTPOIO, SK TOKA3aHO HA YaCOBHX Jia-

rpaMax, HaBeIeHuX Ha puc. 5.17. Yo
R
1 Uc
U+
DA eux
'—(; l> Ug S t
o) RN
UBUX
8 R1 i Ugux
] Us
_ Us ¢
b1 ——c1| [R2 /J\VvD2 c2 !

Uaan Ugux

i Udux
Puc. 5.16 — OgHosi6paTop Ha Ol t
V BuximHOMYy CTa}.Ii xonziencarop C, pos3-
PSUDKEHNH, Ha Buxomi Maemo Harpyry U, ,
CTpyM npoTikae uepes mion VDI ipesuctop R. U,
[0 nepeBecTr NPUCTpIi y KBasicTamuii Py, 5.17 — Yacosi ajarpamu
CTaH, HeOOX1/THO B TOUKY & TIOZIaTH IMIyIbC  po60TH 0aHOBIOpaTopa Ha Orl
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HAIPYTH MO3UTUBHOI monsipHocTi 6utbwoi 3a U, . Toxi Ha Buxoai Gynemo
maty Hanpyry U,,. i konnencarop C, MouHe 3aps/KaTHCS Yepe3 pesuc-
TOp R: Ha BUXOIi (POPMYETHCSI IMITYIIEC HO3UTHBHOI MOJISIPHOCT.

[Ticast TOCATHEHHS HANPYTOK Ha KOHIeHcaTopi 3HauenHs U, oTpuMae-
Mo Ha Buxofli U, —3aKiHuuThCs pOopMyBaHHs iMITyIIbCy, Konaencarop C,
PO3pSAANTECS 1 IpUCTpiil Oyae rOTOBUiA 10 HOBTOPHOTO 3aITyCKY.

SIKIIO TPUBAJICTh 3aIlyCKa04YOoro iMIyJabCy Olblia 3a TPUBAJIICTh T'e-
HEPOBAHOI'0, TO 3aIlyCKaOUNK NOJAI0Th Yepe3 TU(epeHIito0unii TaHIo-
Kok R.C, i mion VD2 (iHakie Ha BUXOJI OTPMMAEMO iIMITyJIbC 3 TPUBAIIi-
CTIO 3aIlyCKalo4oro). TpuBaicTh reHEpOBaHOTO IMITYJIbCY CTAHOBHTD:

Ray
t, = RC, hl(l +— R (5.22)

5.4. bnokiHr-reHepaTopm

Baokinr-resepaTop (0AHOTAKTHHUIA) — 1€, K MPABUIIO, OAHOKACKa-
HUH mizcwmoBay i3 TpancopmaropHuM 1133, mpusHaueHuid 11 TeHepy-
BaHHS MOTY>KHUX MPAMOKYTHHX IMITYJIBCIB 3 Iy>K€ BETMKOIO LIITMHHICTIO (Bix
OJIMHHUIID J0 JECATKIB TUCSIY) 1 TPUBATICTIO BiJ YaCTOK MIKPOCEKYHIH 0
YaCTOK M1TICEKYHIH.

Bukopucranus TpanchopmaTopa 103B0JISE BBOAUTH JOTTOMIXKHI BUX1JTHI
O0OMOTKH 1 0OTpUMAaTH HapyTy BUXITHOTO IMITYJIbCY, IO y OaraTo pasis mepe-
BHUIITY€ HAMIPYTY KUBJICHHS CXEMHU.

brokiar-reneparop, K i MyJIbTHBIOpaTOp, MOXKE MPALIOBATH y aBTOKO-
JTUBATBHOMY PEXHUMI, YeKaI0UOMY PEKHUMI Ta PEKUMI CHHXPOHI3aIlii.

Cxema OJIOKIHT-T€HEepaTo-

pa, o TpaIoe Y aBTOKOIH- z+
BaJIbHOMY PEXHMI 1 Mo0ymo-

Banuii Ha Tpansuctopi 3 CE, R XVD _T_
300paxkeHa Ha puc. 5.18.

V KOJI0 KOJIEKTOpa TPaH3HUC- Is —U_U_
TOpa YBIMKHEHa 0OMOTKa W, i T U
IMITYJTECHOTO TpaHchopMaTo-
pa TV, a B 6a3oBe k0JI0 — 00-

MOTKa W,, IO peai3ye y mij- i

CHUTIOBAYi 3BOPOTHUH 3B’ S30K. Puc. 5.18 — brokiHr-reHepatop
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s 3a0e3nedennst [133 0OMOTKH BMHMKAIOTHCS 3yCTPIUHO.
Y 6a30Be KOJIO TPaH3HCTOPa BBIMKHEHO TaKoX yaco3afarouuid RC-naH-
LI0XKOK, 1110 BU3HAYA€E YACTOTY TeHEPOBAHMX IMITYJIbCIB.
'YMOBY BUHHKHEHHS aBTOKOJIUBAJILHOTO PEXUMY:

3,73, 2pn;n=0;1;2;3,..; K, n >1, (5.23)

ne 7, — GasoBuii 3¢yB, 10 BHOCUTBLCS MiJICHIIOBa4€M Ha TpaH3ucTopi VT,

j,— basoBuii 3CyB, 0 BHOCHTLCS TPaHC(HOPMATOPOM;

K, — xoe]iieHT ImiICUIEHHS 3a HANPYTO0;

n,=w /w, — koediuieHt Tpancdopmanii Tpancpopmaropa.

PosrssHemMo poOoTy ONOKIHT-TreHepaTopa BiJi MOMEHTY Iepe3apsiay KOH-
nencaropa C, 0 y HONEPEIHBOMY LIMKJTi poOOTH OyB 3aps/KEHHMI 10 HANpY-
m U =U, (TpaH3UCTOp 3aKPUTHI), 3 HOJIAPHICTIO, BKa3aHOK Ha puC. 5.18.

Yacosi giarpamu poO0OTH IPUCTPOIO HaBeAEHi Ha puc. 5.19.

Kono po3psiny xoHzmeHcaropa
Cy+E,—R—-C—-R,—w,—Hy-
- JHOBA TOYKA CXeMH. Y Tpoueci
S pO3psiay Hampyra Ha HboMy Oyrie

3MIHIOBATHCA 32 EKCIIOHEHIIaIb-

HUM 3akoHOM. Kommu U, ocsirae

HYJILOBOTO PiBHSI, TPAH3KUCTOP Bifl-
t KpHETHCA, 3’ IBUTHCSA HOTO KOJIEK-
Uoux TOPHMH CTpPyM, 1110 IIPU3BEIE 10

Ex N 3HUKEHHS HAMPYTH Ha KOJIEKTOPI
Ta MiJIBULIEHH 10 £, HaNpyTH Ha
/ L o6mormi w,. B ocepai tpancop-

Puc. 5.19 — Yacosi giarpamm po6otu MaTopa IOYHHAE 3MIHIOBATUCS

GnoKiHr-reHepaTopa MarHiTHUA MOTIK i B 0OMOTII W,

3a 3aKOHOM €JIEKTPOMArHITHO IHAYKIIiT HABOIUTHCS EIEKTPOpYIIIiiiHa chiia

3 MOJISIPHICTIO, BKa3aHO Ha puc. 5.18. [TosiBa HaNpyry Ha W, TIPU3BOIUTH

710 TIOAAJBIIOTO BiKPUBAHHS TPAH3UCTOpa — 3POCTAIOTHh CTPYMHU 0asu i

kojiektopa. Lle 1 € npsMuii 1aBUHOMOMIOHU OJIOKIHT-ITPOIIEC, 110 TPUBAE
YaCTKU MIKPOCEKYH/IH.

Hactymauii eran — popMyBaHHS BEPIIUHH IMITYJIbCY.

Crpym 0asu TpaH3UCTOpA, IO € CTpyMOM RC-JIaHITIOKKA, 3MIHIOETHCS
EKCIIOHEHIIIATBHO: 3HIKYETHCS BiJl MAKCHMAITLHOTO 3HAYEHHS JI0 HYJIS.

uc
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Yepes mesxuit yac, mo npubausHo popisHioe 3,4 cranum vacy R.C,,
cTpyM 0asu JOcATHE HyJs, a Halpyra Ha KOHAEHCaropi MakcuMymy (To-
JSIPHICTB BKa3aHa Ha puc. 5.18), 1 TpaH3UCTOP MOYHE PEreHEPATHBHO 3aKpH-
BaTHCh: BUHUKA€E 3BOPOTHUHN OJIOKIHI-TIpOIIeC.

TpuaicTs BUXiIHOIO IMITYJIbCY BU3HA4a€ThCA CTaslow 4acy R,C,, Tpu-
BaJIiCTh IAy3H — CTAJIOI0 Yacy Tepe3apsity KOHICHCATOPa 7,., = (R + R5)Cs,
OCKUIBKU R>>R 1 TO IIUIHHHICTE 3HAYHO O1JIbIIIA 38 OJMHHULIO.

Komnu Tpansuctop 3akpuBaeThesl, HAOyTa IHIYKTHBHICTIO KOJIEKTOPHOT 00-
MOTKH W, €HEPIisi BUKJIHMKAE Ha KOJIEKTOPi TPaH3MCTOPA MOSABY HETaTUBHOTO
BUKHY HaIllpyTH, 10 MOKE MIPU3BECTH O poOoto Tpausucropa. 1106 3a-
MOOITTH IbOMY, TapaieNIbHO KOJIEKTOPHiM 0OMOTII BMUKAIOTh Aiox VD, mo
3a0e3redye NpOTiKaHHS CTPYMY B OOMOTII ITiCJIs 3aKpUBAaHHSI TPAH3UCTOPA.

Cxema 4yekaro4yoro 0JIOKiHr-reHeparopa 3o0paxeHa Ha puc. 5.20.

[lepexin OnOKiHT-TeHE-
paropa i3 aBTOKOJIMBaJIbHOTO
pPEXHUMY OO0 YEKardoro 3a-
0e3mevyeThes Hapyrolo, 1o
3HIMAETLCS 3 pe3ucTopa R,
YBIMKHEHOTO JI0 €MiTEpPHOTO
KOJIa TpaH3HUCTOpa (MITEHUK J\_
R -R)). 3amyck GJIOKIHI-TeHE-
paropa 3IiiiCHIOEThCS 30BHIIII-
HiM iMmysbeom U .

Po3mistHyTI GIIOKIHT-TeHe-
paTopH MIMPOKO 3aCTOCOBYBa-
JINCh, HATIPHKIIAM, y cxemax  PvC. 5.20 — Yekatounit GnokiHr-reHeparop
KepyBaHHS THPUCTOPaMH, Jie BOHH 3a0e31euyBay TeHepyBaHHs KOPOTKHX
IMITYITECiB HEOOX1THOT MOTYKHOCTI 1 eIEKTPUYHE PO3AUICHHS KiJ1 KepyBaHHS
1 CHJIOBOTO 3a paxyHOK TpaHchopmaropa.

JBoTakTHHI OJIOKiHT-TeHepaTop (reHepatop Poepa), cxema skoro
300pakeHa Ha puc. 5.21, reHepye NpsSMOKYTHI IMITYJIbCH (DIKCOBAHOT YaCTOTH
13 mmeHicTIO Q=2 (1=t ).

BuseneHHs TpaH3uCTOPA 13 PEKUMY HACHUEHHS TYT 3A1HCHIOETHCS PI3KUM
MiABHIICHHSIM CTPYMY KOJIEKTOpa y MOMEHT HaCHYEHHS ocep/is TpaHcdop-
Maropa, 10 BUKOHYETHCS 13 MaTepiaiy, IKUi Ma€ MPSIMOKYTHY TETITIO TiCTe-
pe3ucy (XoJI0aHOKaTaHa CTallb, IEPMaJiol, PepuTH).
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Puc. 5.21 — [IBOTaKTHWIA GNOKIHr-reHepaTop
Yacogi aiarpamu poO0TH OJIOKIHT-reHepaTopa 300paxkeHi Ha puc. 5.22.

Hexait

Wi = Wi = Wgas W5 = Wi = Wpas Ry = R = Rps» -

[ed
_®S
t
+Q@g
i
iK1 ik2 iK1 ik2
//1 -
- | - : t
Uy A
T
t

Puc. 5.22 - Yacosi gjiarpamu poboTu
[BOTAKTHOro BMOKIHr-reHepaTtopa

Maropa ImepeMarHiayeThCs Mg Jaieo F 1> 110 TIOJTAETHCS HA W

(5.24)

[Ipunyctumo, 1Mo TpaH3UCTOP
V'T1 mae Oinpiuil KoeillieHT miacu-
neHHs 3a ctpymoM, Hix VT2. [lpu
BMHUKaHHI JKepesia >XKUBJICHHS
IKVT1>IKVT2’ a UKVT1<UKVT2' TOMy H?
OOMOTKY W, , y KOJIEKTOPHOMY KOJIi
VT nmonaetbes OintbIa HaNIpyTa, HiK
Haw,,,aorke, U >U . 1maTh
TIOJIIPHOCTI, BKa3aHi Ha puc. 5.21. Ile
MPU3BOIUTH JI0 TOTO, IO BUHUKAE
HaMarHiyyro4da cujia OOMOTKH W, 1
oceps TpaHcpopMmaTopa MOYHHAE
MepeMarHiayBaTucs, HalpuKiIaz, y
Oik miaBuIeHHs inaykii B. [Tpu 11po-
My Ha 0a30BHX OOMOTKax BHHHKAE
Harpyra, o nparse Bigkputu V711 i
3akputH VT2: y mporeci pereneparii
VT2 noBHicTIO 3aKpuBaeThed, a V1l
BigkpuBaethcs. Ocepas Tpanchop-

;> MarHit-

HUH TOTIK y OCepi 3MIHIOETHCS TIPH IIbOMY 3a JIiHIHHIM 3aKkoHoM. [licis
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HacH4YeHHsI oceps (KoY IHAYKILiA cTaHe PiBHOIO iIHAYKLIT HACHUEHHS Ma-
Tepiaiy ocepast +B ) pi3Ko 3p0CTae HaMarHiuyo4a Cuila Ta KoJeKTOPHUH
ctpy™m [, nepuioro tpaHsucropa V11, a [, Mae 3Ha4YCHHs, MEHIIE 32
rpaHuyHuM cTpyM. Tpansuctop V71 BXOIUTh y aKTUBHUI PEKUM, HAIIPY-
ra Ha 0OMOTKaX 3MEHILIYETHCS 1 3MIHIOE CBilf 3HAK.

VY mporeci pereHepatii, ko GopmytoTbess GpoHTH iMmyiascy, VT 3a-
KPHUBACThCs, VT2 BiIKPUBACTHCA, OCEPAS MEPEMArHivyeThes Bin +Bg 10 -B..
Mar-iTHHI ITOTIK 3MIHIOETHCS 32 JIIHIMHUM 3aKOHOM B1J +@ 10 - 3aBIAKU
Harpysi £, moJiaHii Ha w,.

Harpyra Ha BuX0/ii Ma€ IpAMOKYTHY (pOopMy i 4acToTy, NPONOPUIAHY £, .

Takuii 6:10KiHT-TeHepaTop, 3a3BUUail, He BAKOPUCTOBYIOTb SIK T€HEPATOP
TIPSMOKYTHHX iMITy/IbCiB. MlOro 3acTOCOBYIOTE U151 IIEPETBOPEHHS IOCTIHHOT
HanpyTy y 3MiHHY 3 4aCTOTOO BiJl IEKUTBKOX JECSTKIB repll 10 ACCATKIB
kinmorepir. [1oTyXHICTh HaBaHTa)XKEHHS MOKE CATATHU BiJl ACCATKIB MiliBaT
(Hanpukian, y Jamii-cnanaxy ¢oroanapary) 10 JEKiIBKOX COT BarT.

Po3paxyBarn yacToTy iMIynbCiB OJOKIHT-TeHepaTopa f MOXHa 3a Ha-
CTyNHUMH (POPMYITaMH Y TaKild HOCTIJOBHOCTI:

+dg

Uy :WKd—(D: E« = W, d® =E, dt = w, quD:EKI:>
dt A 2
w20, =E L =T =P Mg g,
2 E, E, (5.25)
ot B
T 4wBS

ne S — mepeTuH ocepas TpaHcdopmaropa.
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9.

KOHTpOnbHI 3anuTaHHS

Axi npucmpoi nazuearome IMNY1bCHUMU?

Tosacuims, saKi nepegazu HA0AE GUKOPUCTHAHHA IMAYILCHUX DEXCU-
Mi6 8 en1eKMPOHHUX NPUCPOSIX.

Lo make imnyavc? Axi Oysaiomov imnyasvcu?

Hagedimv napamempu imnynvcie ma ixHvoi nociiodoeHocmi.

Lo make enexmpounnuii knou? Hki enekmpoHHi npuradu UKOpuc-
mogyioms Ak Kknoyi? Hasedimv cxemu ix emuxanus.

Hagedimv cxemy i noscuims pobomy oughepenyitorouo2o ianyroic-
Ka, IHmezpy402o NaHyrodICcKd.

Hoscuims, aKi eneKmpoHHi RpUCMpOi HA3UBAIOMb MYIbMUBIOPAMO-
pamu, Ha OCHOGI AKUX eNeKMPOHHUX NPUNAOi8 GOHU BUKOHYIOMbCS,
Y AKUX pedcumMax npayonome.

Hageodimv cxemy, noscuims 6y008y i pobomy myremugiopamopa 3
KOJIeKMOPHO-6A308UMU 38 SA3KAMU 6 ABMOKOAUBANLHOMY | YeKAIO-
YOMY DeNCUMAX.

Haseoimv cxemy mynomugiopamopa na OII, noscnims cneyugixy
pobomu OII. Il]Jo maxe mpucep IlImimma?

10. Hasedimov cxemy i noscHimes pobomy uexaroioco Myibmusiopamo-

pa na OIL

11. IosacHimb, wo maxe 0O10KiHe-2eHepamop?
12. Hasedimb cxemu, nosicnimo 6y0o8y ma pobomy a8moKoIUEdib-

HO20 I Yexarwozo ONOKiHe-ceHepamopis, 080MAKMHO20 OI0KIiHe-
eenepamopa.
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PO3AI 6
JIOrYHI EJIEMEHTU

6.1. Anrebpa noriku

OcHOBY cy4acHHX IpUCTPOiB 00poOkH iHhopMallii ck1agaroTs UG POBi
(oriuni) IMC.

Amnani3 po0oty nu(ppoBUX NPUCTPOIB Oa3yeTHCsI HA BAKOPUCTAHHI anapa-
Ty MaTeMaTH4HOI Joriku — aaredopu Jxopmxa Byas (1815 — 1864). B
il OCHOBI JICXKUTB IMMOHATTS MO, 1110 OIIHIOETHCS 3 TOUKHU 30Dy ii HACTAHHS:
BOHAa MOXKE€ HacTaTh abo HE HaCTaTH.

Toni kKOXXKHY MOIil0 MOKHA BBKATH iCTHHHOIO, 1110 MOXKE MOJICITFOBATHCS
OJIMHUIIEIO « 1 (BUCOKUM PiBHEM HATIPYTH IIPH SIEKTPHYHOMY MOJICITFOBaHHI ),
a00 XHOHOK0 — MOZIEMIOeThCs HyeM «0» (HU3bKHM pPiBHEM HaIlpyTH).

O0po6ka iHdopMartii, MogaHo1 y BUTIIAAL MTO/IH, BENEThCS Y ABIHKOBii
cucremi yncyieHHs. Bona mae Tinbku 18i nugpu: 01 1.

BenuunHa, KOTpa MOXKe TPUUMATH TIJIBKY 11 J1Ba 3HAYCHHS, HA3HBAEThHCS
JABiliKOBOI0O (JIOTiYHOI0) 3MiHHOIO.

CxitagHa 1ois, 110 3aJIeKUTh Bl IEKUIBKOX ABIMKOBHX 3MIHHUX, HA3H-
BAa€ETHCS ABIKOBOI (JIOTiYHOK, NMEPEMHUKAIBHOK) (PYHKITi€IO:

y=f(x,x,...,x ) nex = {1,0}. (6.1)

AnreOpa JIOTiKH J03BOJIsSI€ BUKOHYBAaTH MaTeMaTHUHUHN 3aIIUC JIOTTYHHX
MO 1 3B SI3KIB MIXK HUMH, a 1€ JA€ MOKIIUBICTh aHAJIITUIHO OMUCYBaTH
Oy10By 1 po0OTY HU(POBHUX MPUCTPOIB (HaragaemMo: nudpoBi IpUcTpoi 00-
POOIIIOIOTH IH(OPMALLItO, TIPESICTABICHY Y BUIVISII CUTHAJIIB, 10 3MIHIOFOThCS
3a 3aKOHOM JIUCKPETHOI PyHKIIi — quB. mit. 2.7.4).

B ayireOpi JIOTiKH € TpY OCHOBHUX JIOTIYHUX il (onmepaitii, G yHKIii):

® omnepaniss HI — noriude 3anepeyeHns:

(yHKI1is Ma€ 3B0POTHE 3HAYEHHS JIO 3MIHHO1, BiJl IKOi BOHA 3aJIEKUTh

y=x (6.2)
(unTaeTbcs y TOPIBHIOE HE X);

® omnepauis ABO — soriuHe gqogaBaHHsA (13 FOHKITIA):

(YHKIIIS iCTHHHA, SKIIO ICTUHHA X0ua O O/1HA 3 He3aJICKHUX 3MIHHUX, 1110
JI0 Hel BXOOATH

y=x tx; (6.3)
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® onepanis | — soriune MHOKeHHA (KOH IOHKIIif):

(hyHKIIiS iICTHHHA, SKIIO ICTHHHI yCi He3aJIeXHi 3MiHHI, 10 JI0 Hel BXOATh
Y =X0X,. (6.4)

3BepHITH yBary: B areOpi JIOTiku HeMae omepallii BiTHIMaHHS 1 JTIJICHHS.

[Hopsimox aiit B anreOpi JIOTiKM TaKHUi: IEPII 332 BCE BUKOHYETHCS OIepa-

mist HI, motim I # Hacamkinens ABO.

st 3MiHN OPAIKY Aii, 5K 1 B 3BUUaiiHil anreOpi, 3acTOCOBYIOTh TyKKH.

st anredpu Joriku cnpaBeanBi 3aKOHU:

® pepecTaBHUH (KOMYTaTHBHHIA)

xtx=x+tx Tax -x=x-x; (6.5)
® cnoJy4yHmHii (acOmiaTHBHU)
XX = Xt (x2+x3)= (x1+ x2)+x3
Ta XX, X=X (x 0 x)F () xy) X (6.6)
® po3noginbHUil (AUCTPUOYTUBHUN)
x, (6, )= x, Xt XX (6.7)

(3a3HaUMMO, 1110 TaKi K 3aKOHHM JIFOTh 1 B 3BUYAIHIN anreoOpi).
ToToxkHOCTI anredpu JOriKku:

xtx=xTax-x=x, (6.8)
x+x=1rta x-)_c:O; (6.9)
x+0=icTax'0=O; (6.10)
x=x; (6.11)

Xt Xx X, tx- X, =X (6.12)
x1+;1-x2=x1+x2; (6.13)

X\ X+ XX, =5 (6.14)
X +x)=x;5 (6.15)
(3 +2) = X X5 (6.16)
(x, +x,)(x, +x,)= x, +x, - X,. (6.17)

J1o OCHOBHUX 3aKOHIB aJIreOpH JIOTiKM TAKOX BITHOCATHCS 3aKOHHU iHBep-
cii 1JIs JIOTiYHMX M0AaBaHHS TAa MHOXKEHHsSI — MpaBuia Ae Moprana:

Xi+ X, =X1-X2 TA X;-X, = X1 + Xo2. (6.18)
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L1i 3aKOHH rpatoTh BayKJIUBY POJIb IIPH CHHTE31 CXeM HU(PPOBUX IPUCTPOIB,
9acTO MPU3BOJSYH /10 CYTTEBOTO CIIPOILEHHS JOTTYHUX QYHKIIIH, a 3HAYUTh
1 CXeM MPHUCTPOIB, IO IX Peati3yIoTh.

Bsarai, 3HaHHs 3aKOHIB aireOpu JIOTIKK JO3BOJISIE OTPUMYBATH ONTH-
MaJIbHY 32 3aJJaHHMH KPUTEPISIMU CXeMY IIPUCTPOIO, 110 3a0e31eyye BUKO-
pHUCTaHHs MiHIMAJILHOTO YKClia YHi(iKOBaHHUX €JIEMEHTIB, BUCOKY ILIBUAKO-
IO Ta HAIHHICTG.

3a3HauuMoO, 110 Y IPaKTHYHHX HIsX anreOpy byis nepmmm y 1938 pomi
3aCTOCYBaB OJIMH i3 pOJOHAYaILHUKIB MaTeMaTHYHOI Teopii iHpopmaii i
kibepreruku Kinop lllennon (CHIA) npu nocimipkeHH eTeKTPUYHIX Ki 3
KOHTaKTHUMH [IEPEMHUKAYaMH.

6.2. Peanisauis npocTux noriyHnx GyHKLUIN.
JloriyHi enemeHTH

[IpakTiyHa peasizauis aHAJITUIHOTO ONHICY MOJiH anreOpH JIOTiKM BUKO-
HY€TBCSI Y BUIVISIIIL JIOTIYHUX €XeM, 1110 OyyIOThCs 3 JIOTIYHUX eJleMeHTiB
sk JoriyHi (mudposi) aBTomatu. [Ipu 11bOMy IPOEKTyBaJIbHUKA, 3a3BU-
Yaif, He [[IKaBUTh BHYTPIlIH: Oy0Ba JIOT1YHUX eJleMeHTiB. BoHu po3rsga-
I0ThCS SIK (PYHKIIIOHATBHI BY3JTH 00poOKH 1poBoi iH(pOopMAIlii.

OTxe, OJJHIEIO 3 HAUTIPOCTIMIHX JIOTTYHUX (DYHKITIH € QYHKIIiS 3aTiepeycH-
Ha HI, axy 1me Ha3uBaioTh onepanicio iHBepcii.

I'padiuHe no3HaYeHHs JIOTIYHOrO IHBEPTOpa HaBeAeHE Ha puc. 6.1. Y sikocTi
TaKOTO €JIEMEHTa MO)Ke Oy TH BUKOPHCTAHO, HATIPUKIIA/,

=x
TpaH3UCTOPHUH KiTto4u — miacmmoBad 3 CE, mo mpairioe y * 1 ¢ g
KJIFOYOBOMY PEXKHMI: IIPH BUCOKOMY PIiBHI Halpyry Ha
HOro BXO/l Ha BUXOJl MAaTUMEMO HU3LKUI 1 HABIAKH. Puc. 6.1 -
DyHKILiI0, 110 Ti BUKOHYE JIOTIYHMI IpuCTpiif, i mo-  Enement H

JIETTIEHHSI CIIPUHHSTTS 9acTO MPENCTABISIOTh Y BUTIIAI TaOMUIIl, SIKy Ha-
3UBAIOTH Ta0JAMIEl0 icTUHHHOCTI. KiTbKicTh CTOBOIIIB IMi€l TaOIuIl JOpiB-
HIOE YUCITY 3MIHHUX, TITO0 BXOSATH 10 (DYHKIII1 1 € 1I1e OJTWH CTOBOETID, Y TKOMY
BKa3yl0Th 3HAYCHHS (PYHKIT 11 KOKHOT 3 MOYKJIMBHX KOMOIHALIH BXiTHUX
3MIHHUX, 8 IXHROMY YHCITY BiJIITOBIA€E KITBKICTh PSAAKIB TAOIHII. Y 3araiib-
HOMY BHNAJKY KUTBKICTB PS/IKIB TOPIBHIOE 2", 1€ 1 — YHUCIIO 3MIHHUX.

00’ eanana TabJIUIS ICTHHHOCTI JESKUX OCHOBHUX JIOT1YHUX (QYHKIIH,
IO 3aJIe)aTh BiJ JIBOX 3MIHHUX (yChOTO TaKUX (YHKIIIH IIICTHAAISATE),
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IIpO MaTr€MaTUYHWHU 3aII1C

HaBeleHa Ha puc. 6.2. Ha pucyHKy TakoX MpeacTaBieHo iH(opMalliro
JIMBY peaizaliio.

(byHKIIH, TXHI Ha3BH, rpadivyHe TO3HAYESHHS, MOXK-

XVHHINE X0 IIMYHAD IHRLIOL NBSTT — 29 "o1d

(UL7d) exuowr eHdoloune
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3 TaOIuIIl BUJIHO, 110, HATIPUKIA,  Yx1
¢ynkuis ABO ictuHHa (DOpiBHIOE

1), SIKII10 ICTUHHOFO € X04a 0 of1Ha i3 =

Ux2

3MIHHHX, 110 /IO HEl BXOAATH, a (hyH- -

Kuist | — TinpKM y BUNAAKY icTHH-

HOCTI 000X 3MIHHUX. u
y

Skmo BXigHI CUTHAIU 3MIHIO- A5Q0
BaTH 3 4acoM, 5K II¢ IT0OKa3aHo Ha

puc. 6.3, MO>XKHa OTpUMATH 4acoBl  uy,
Jiarpamu, 110 BiAOBiAa0TE AuHA- ABO-
MiYHOMY pe;KHUMY POOOTH JIOTiU-

HUX €JIEMEHTIB. uy
VY 3aranbHOMY BHITQJKY Killb-

KiCTh BXIIHUX 3MiHHUX (KUTBKICTH
y

BXOJIiB) JIOTIYHHX €JIEMEHTIB, HEOO- ™

. . I-HI
XIOJHUX JUId peal3anil CKIIaJHUX

JoriyHUX GYHKLIH, MOXe OyTH
Oy/Ib-KOI0. PeallbHO y eJIeMeHTiIB,
110 BUITyCKatoThes y BUrsiai IMC,
BOHA, SIK TIPABIIIO, CKIIAAac 2 (YOTHPH eIre-
MeHTH B ogHOMY Koprmyci IMC, o matoTh
CHUIBHI KOJIa KUBJIEHHS), 3 (TpH eleMeH-
TH), 4 (1Ba €1eMEHTH), 8 (OJINH EIEMEHT).
Yacrime ne enementu I-HI, ABO-HI.

3a exeMeHTHOIO 023010, Ha SKil BHKO-
HAHO JIOT1YHI eJIEMEHTH, iX I IPO3IIISIIOTh
Ha pesuctopHo-miogni (PAJI-pesucrop-
HO-J10/THA JIOTKa), pE3UCTOPHO-TPAH3HC-
topHi (PTJI), pe3ucropHO-1i0qHO-TpaH3H-
cropui (PATJI), Tpan3ucTopHO-TpaH3uC-
topHi (TTJI), Ha K-MOH xommiemenTap-
Hux Tpanzucropax (K-MOH-norika) i
JIESIK1 1HIII.

Cxemu TBOBXOJIOBUX PE3UCTOPHO-T10/-
Hux enemenTiB 2ABO Tta 21 HaBeneHi Ha
puc 6.4,a 1 puc. 6.4,6 BiAIOBITHO.

Puc. 6.3 — Yacosi gjiarpamu po6otu
[EesKVX IBOBXOAOBMX JIOMNYHUX EIEMEHTIB

x o— >
X2 o—%’—o—o
V=X VX
+E

Py
|

a)
X1 p—oO
O_ﬁ_< y =X X,
vy
6)
Puc. 6.4 — PeanctopHo-gjoaHi
enemeHTn 2AB0 (a) Ta 21 (0)
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[Ipu cBoiii cxeMHiil TPOCTOTI BOHM MArOTh CyTTEBHIA HENOJIK: MaJiHHS
Hanpyry Ha JIOAHUX KIII0Yax HE T03BOJISE peali3oByBaTh CKJIA/IHI JIOT14Hi
(GyHKUIT 3 HOCTIIOBHUM BMHKAHHSIM BEJIMKOTO YHCIIa €IEMEHTIB 3a MPUid-
HATHUX 3Ha4€Hb HAPYTH JpKepena skuBieHHs. HeoOxinHo 3abe3neuyBatu
MTPOMI>KHE ITiJICUJICHHS CUTHAJIIB.

[lincunenHs 3a0e3MevyoTh eleMeH-
TH, T0OYI0BaH1 Ha OCHOBI TPAH3UCTOP-
HUX Kito4uiB. Hanpukian, e inBeprop,
cXeMa SIKOro HaBezieHa Ha puc. 6.5. 3Bep-
HITh yBary: ojiaua HeBeJIMKO1 HeraTuB-
Hoi Hanpyry 3Mimenns U, 3abesneuye
HaJillHe 3aKpUBAaHHSA TPaH3UCTOpA —
301JIBIIIy€E 3aBaJIOCTIMKICTh €IeMEHTA.

CxeMH Ai0AHO-TPAaH3UCTOPHUX elie-
menTiB 2ABO-HI Ta 21-HI naBeneni Ha
Puc. 6.5 - IuBepTop (enemeHT HI) puc. 6.6 i puc. 6.7 BiAnoBiAHO.

+Ek Hionu VD31 VD4 y enemeH-
ta [-HI 3a0e3meuyroTs BUKIIO-
YeHHS BIAKPHUBAIOYOI Ti1 HA TPaH-
3WCTOp HAIPYTH, IO NajJa€ Ha
niogax VD1 abo VD2 (3amiHio-
1o1e U ).

[ITupoke pO3MOBCIOIKEHHS
3rainum enemenT TTJI. Cxema
nsoxonosoro TTJI enrementa 21-
HI naBenena na puc. 6.8.

BiaminHOIO HOTO PUCOIO € Ha-
SIBHICTb Ha BXO[Ii Oararoemirep-

Rk

Puc. 6.6 — POTN enemenTt 2ABO-HI

o—o +Ex

R1 R HOTro Tpau3ucropa V'T1, mo € Ha-
Y =X, *X, OyTKOM iHTerpaabHOi TEXHOJIOTIT
VD3 VD4 1 3aMiHs€ BX1THUH T10THUHN BY30IT

enementiB PJITJL

EnemenT TTJI Takox Mae
CKJIAHWI IBOTAKTHUI BUX1THUH
KacKaJl, 110 J03BOJIIE€ 30UIbIIHN-
Puc. 6.7 — POTJ1 enemeHt 2I-Hl TH HaBaHTA)XXyBaJbHY 3/1aTHICTh

X1

X2

VD1
VD2
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eJeMeHTa — 3HUXKYE
BIUIMB OIIOPY KOJIEKTOP-
HOTO pe3HncTopa Ha Be-
JMYUHY BUX1IHOTO CHT-
HaIy, 110 BiaroBigae 1. VT1

Hion VD (six moporo-
BUH €JEMEHT 3 Halpy-
TOI0 BiIKpUBaHHS ONU3b-
ko 0,6 B) HaxiitHo 3a0€e3- X,
neuye 3aKpUTHH CTaH
Tpansucropa V713 npu
Bigkpuromy V72 (mami-
HHS Ha SIKOMY CKJIaJa€e
0,2-0,4 B). Puc. 6.8 — TT/1 enemenT 2I-H

Po3cMmokTyBanHs 3a-
psaiB y 6a3i HACHYEHOro TPAH3UCTOPA MPH BiAKPUBAHHI TPUBAE 3HAYHHUN
qac. /{7151 oro 3MeHIeHHS TPaH3UCTOPY 3a0e3Meuyr0Th CTaH, KOJIU BiH 3aK-
PHUTHM 3HaXOJUTHCS HA MEXI1 peXXKUMiB HACHUEHHS 1 aKTUBHOTO. /1151 1bOTO
B IMC 3acrocoBytots mion I1IoTTkH, 1110 BMUKA€ETHCS TTApaJIeTLHO 0 TIe-
pexomy 6aza-KojekTop TpaH3ucTopa (aHomoMm mo 6asu). llIBunkomis mpu
FOMY 3HAYHO IMIJBHUINYEThCA. Taka CTPYKTypa HA3WBAETHCS TPAH3UCTO-
pom HloTTKH.

Ha puc. 6.9 naBenena cxema nBoBxogoBoro eixementa [-HI, Bukonanoro
Ha komiuiemenTapanx K-MOH Tpan3ucropax. SIk BUIHO 3 pUCYHKY, €je-
MEHT CKJIaIacThCS TIIbKHU

Rs

3 yotupbox MOH-Tpan3u- *Ee

CTOPIB, ITI0 OZHOYACHO BU- VT2

KOHYIOTb 1 pOJIb pe3uc- _l VT1 _‘ S

TOpiB, 60 OIip IXHBOTO Ka- M 3 y= ;(1 "X,

HaJy CTaHOBUTH Bif je-

CATKIB O COTEHb OM. X1 0—& |"‘ Vi3
Buxin enemenra tpan- I

3UCTOPHUMHU Kirodamu V7] /NvD1 /NVD2

a00 VT2 miaMuKacTsest 10 X5 0 .J Tm

LIMHY XKHUBJIeHHA, a VT3 1

VT4 — 10 HyIbOBOI IIMHH. Puc. 6.9 — EnemenT 2I-HI K-MOH-noriku
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Hdiomu VD1 i VD2 3abe3neuytoTh 3axuct Bxigaux ki IMC Bin momaui
BiJl’€MHOI HAIIPYTH.

3a3HaunMO, 1110 3aXMCHI JIAHIIFOXKKH BCTAHOBIIIOIOTH Ha BXOJaX 0ararbox
BuaiB IMC 3 MeTO10 IXHBOTO 3aXHCTY SIK Bijl HAIIPYT'H HEIOITY CTUMOT ITOJISIP-
HOCTI, TaK 1 BiJl HEPEBULICHHS BXiJHOIO HAIIPYTOIO JOITYCTHMOTO 3HAYECHHSI.
Hanpuxnaz, Bix aii craTHYHOT €1EKTPUKH Y pa3i IOTUKY JIIOAWHH A0 BU-
Boxis IMC.

Enementn K-MOH npocTti y BUTOTOBJIEHHI (2 3HAYUTD JEIIEBi), MalOTh
OinbITy 3aBaOCTIMKICTh Hixk enemeHTH TTJI, a 32 4aCTOTHUMU BIIACTHBO-
CTSIMHU Y OCTaHHIN 4ac HaONMKAIOTHCS 10 HUX.

[Teperaroro K-MOH noriku € 1ie i Te, 1110 BOHA Mpare3aTHa y IupoKo-
My Jiama3oHi 3MiH Hanpyru >kuBieHHs. Tak, skwo it IMC TTJI tunose
3HAYEHHS HAPYI'H KUBIEHHS cTaHOBUTH 5 B + 5 %, 0 anis IMC K-MOH
BOHA MO’Ke CTaHOBUTH Bijg 3 1o 15 B.

KoHTponbHi 3anuTaHHg

Hosicuimy, Ha womy 6azyemovcs ananiz pobomu yugposux npucmpois?

Braowcims, sk oyinioroms noodiio 6 aneebpi nociku?

Hosacuims, ax moodicha moodenrosamu nooii areebpu noziku?

Hosicnims, wo maxe noeiuna (06iliko8a) 3minHa, 102iYHA GYHKYIA?

Axi naunpocmiwi noeiuni @yuxyii Bu snaeme?

Hageoimws 3axonu i momoocnocmi aneebpu 102iKu.

Hagsedimv moowcnusi cnocobu peanizayii npocmux a02i4nux @yHKyii

3a 00NOMO2010 eleKMPOHHUX NPUCTMPOI8.

8. [Tlosicnims cneyudiky peanizayii 102i4HUX eleMEHMIE 3ANENHCHO 8i0
obpanoi enemenmnoi 6azu?

9. o maxe bacamoemimepHuii mpauzucmop?

10. Ioacnims, womy enemenmu K-MOH-noz2iku dewiesi y ueomogieHmi?

NS RN~



PO34in 7
TPUTEPU

7.1. 3aranbHi BipoOMOCTi Npo Tpurepu
Ta iX NPU3HAYEHHS

OcHOBOIO IU(POBHX (JOTTYHUX) IPUCTPOIB 3 TaM’SITTIO € TpUrepu. Tpu-
rep 3abe3neuye 3amaM’ITOByBaHHS €JIeMEHTapHoOro 00’ eMy iHdopmarii —
1 GiT.

Tpurepu (Bix aHDIiICHKOTO frigger —3acKOUKa) — LIe CITyCKOBI IMITYJIbCHI
npuctpoi 3 1133, mo MaroTh ABa CTaIMX CTAaHU PIBHOBATH 1 MOXYTh Ilepe-
XOJHTH 13 OAHOTO CTaHy Y iHIIMWH IMiJ] Ii€10 CUTHAY, IO [IEPEBHUILLY€ ASIKUN
PiBEHB — OPIT CHpaIbOBYBaHHS IPUCTPOIO.

Tpurepu Moy Th OyTH TOOYZOBaHI Ha HAITiBIPOBITHUKOBHX ITPUJIAJIax, 10
MAalOTh IUISIHKY 3 HEraTUBHOIO KPYTH3HOIO XapaKTepUCTUKHU (HAIPpUKIIAL,
Ha TupHcTopax). CyyacHi TpUrepH, K PaBHUiIO, OyIyIOTh HA OCHOBI JIBO-
KackaaHux migcumosadis 3 [133. Tpurepu B iHTerpajsHOMY BUKOHAHHI Oy-
IYIOTh Ha JIOTIYHUX MUPPOBUX EIIEMEHTaX.

BuKopuCTOBYIOTH TpHUTEpH AJIS TAKUX IILJIEH:

1) mepeTBOpEHHS IMITYIIbCY JOBUIBHOT )OPMH y IPSIMOKYTHY, TOOTO 3aC-
TOCOBYIOTBCS AK (hOpMyBadi IMIYNbCiB MPAMOKYTHOI opmu (TpuUrepu
ImitTa — muB po3min 5.3.4);

2) CTBOPEHHS €TIEKTPOHHUX pEelIe;

3) CTBOpEHHS MPUCTPOIB MiAPaxyHKY IMITYJIbCIB 1 AUTEHHS YaCTOTH HaJl-
XOJDKEHHS IMITYJIBCIB (JIYMIIBHUKIB);

4) 36epiranas iHpopmarlii y ABiHKOBOMY KO/Ii.

7.2. Tpurep Ha GinonapHUX TPaH3UCTOpaX
(cumeTpUYHMIA TPUTrep 3 NiYUILHUM 3aNyCKOM)

CxeMa cHMeTPUYHOI0 TpUrepa 3oo0paxena Ha puc. 7.1. Tpurep sBisie
co0010 ABOKackaaHNH miAcrmosad 3 [133, BukoHaHwit Ha GINOISIPHUX TpaH-
sucropax V11 i V12, yBimkaeHux 3a cxemoro 3 CE.

133 3abesneuyernes nanmokkamu R, C, ta R, C, mo 3’€IHYIOTh
KOJIEKTOP OJTHOTO TPaH3UCTOpa 3 623010 1HIIIOTO.



180 EJIEKTPOHIKA | MIKPOCXEMOTEXHIKA

o +

Puc. 7.1 — CUMeTPMYHWIA TpUrep Ha GinoNapHMX TPaH3MCTOPaxX
Hampyra £ npn3gaqua JUTSI HAIIHHOTO YTPUMAaHHS y 3aKPUTOMY CTaHi
OJTHOTO 3 TPAH3UCTOPIB CXEMH.
Koo, mo sixkoro Bxomate miomu VDI 1 VD2, npusHadeHe s 3aIlyCcKy
TpHUTepa IIPH Mo1adi 3ammyckadoi Hanpyru U

san”

Tpurep € cumeTpuaaUM, 00
Ry =Rk =Ri; Ri=R, =R, C=C,=C, Rz =Rz =R;.

Bin Mmae nBa ctamux cTaHu:

1) VTI Bigkputuii, V12 3aKkpuTHid, IpY IOMY UM1

2) VTI 3axputuii, VT2 Binkpurui, U =1, 2

[Ticast BMUKaHHS JKepenia >KUBJICHHS TPUTEP PIBHOMOYIIHBO MOKE OTIH-
HUTHCS Y OyZlb-SIKOMY CTaJIOMY CTaHi i, 3@ BIZICYTHOCTI 30BHIIIHIX CUTHAJIIB
KepyBaHHS, MOXE 3HAXOJUTHCS Y HhOMY CKLUTBKH 3aBTOTHO Yacy (aJie TUTbKU
3a HasBHOCTI JKMUBJICHHSI — EHEPro3ajie)kKHa 1aM’ SITh).

Posrstremo ymoBu, koiu V711 BinkpuTHid, a V12 3akpuTHil:

[61 =Il _151; [61 ZL_&
Ry +R Ry

=0,U =1;

6uUx2

(7.1)
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06 Tpan3uctop VTI 3HaxoguBcs y HACHYEHOMY CTaHi, HEOOXiTHO
3a0€3MeUnTHn:

Iy _ Ex
161216}12_: ) (72)
B R
TOOTO
EK E3.M EK
- 25 (7.3)
Re+R Ry  RiP :

Bupas (7.3) € BusHayaisHUM U1 3a0e31eUeHHs] HacudeHoro crany V71.
Maemo

_ E 3m RE

EBMR
UEE2 = E&w _UREZ; UREZ - 2

ol e = By — 205 0, (7.4)
R, +R % Rs +R

PosrmsiHeMo poboty Tpurepa npu mofadi 3amyckatouoi Hampyru. [Ipu-
MyCTUMO, CXeMa 3HAXOIHUTHCS y MEPLIOMY CTajoMy CTaHi piBHOBaru. Y
LIBOMY BUINIAAKY Aioa VD1 3MileHul y npsAMOoMy HapsIMKY IIiJ Ai€10 03U~
THBHOI Hanpyru Uy, , a nion VD2 3akputuit Hanpyroro U, . SIkio nogaru
HEeraTUBHMU 3aIyCKalOuni IMITyIbC, BiH yepe3 nioa VDI notpanuts 10 6a3u
VT1I, sixuii 3akpuethest (marumemo 1, =0). Hanpyra Ha konekropi V71 3pocte
1 yepes R, Ta npuckoprorounii konaencarop C, norpanuth Ha 6asy V12 i
BIZIKpHE HOTO. Usan

VY pesynbrati — cxema nepeiine 10 BEN t
JPYTOTO CTaJIOTO CTaHYy. >

Tenep niox VD1 3akputnii Hanpy- / / ( /
roto U, 1 HACTYIIHUIA HETATUBHUM iM-

MyJIBC 3aIyCKy Oyzae MisiTh Ha 0a3y
VT2 uepes niox VD2 i 3akpue V12,
MIEPEBOJSTYM TPUTEP Y MEPIIMNA CTAIHM t
CTaH. Ueux2 A | l

TakuM 9MHOM, KOXKEH IMITYJIBC 3a-
ITyCKy 3MIHIOE CTaH TpHUTepa Ha Mpo-
TUIEXKHUN. Takuil BUJ 3aIyCcKy Ha3u- t
BAETHCS JIIYMIBHUM 3aITyCKOM, a TPH-
rep Mae Ha3By Tpurepa 7-rumy. loro
po0GOTY LIFOCTPYIOTH 4aCoBI Jliarpamu, — Puc. 7.2 — Yacosi giarpamu po6oTtm
300pakeHi Ha puUC. 7.2, 3 IKUX BUHO, NiYMABHOro TpUrepa

Usux1

TGUX
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110 EPI0Jl BUXITHUX IMITYJIbCIB 7', 'y /1B pa3u OLIbIINI 32 IEPI0J1 3aITy CKaro-
unx 7, (TOMy TaKuii TPHIep ILe Ha3UBAKOTh TPHIEPOM MOJILIFOBAYEM Ha JIBa).

[Hopsix i3 MYMITBHUM 3aITyCKOM iCHY€E PO3IUTLHUHN 3aITyCK, KOTPUI MOXKHA
peaiizyBaTu ABOMa crioco0amMu:

1) mopayero iMIyIbCiB OIHIET TOSIPHOCTI BijI IBOX Pi3HUX FEHEPATOPiB HA
0a3u KO)KHOTO 3 TPAH3UCTOPIB Y pi3HI MOMEHTH Hacy;

2) mofaJero iMITyIIbCiB 3MiHHOT OJIIPHOCTI HA 0a3y OJHOTO 3 TPAH3HUCTOPIB.

7.3. Tpurepu Ha NOriYHUX e/IeMEeHTax

Tpurepu y iHTerpajsHOMy BUKOHAHHI OyIyIOTBECS 3 IPOCTHUX JIOT14-
Hux enementiB tuy ABO-HI, I-HI. 3a3Buuaii mikpocxema Bwmimye 1,4
TPHUTEPH i3 CIIIBHUMH KOJIAMH JKUBJICHHS, a 1HKOJH 1 CHUIBHUMH KOJIaMH
CHHXPOHi3aLii 200 KepyBaHHSI.

¥ 3arajibHOMY BUIIAJKY TPUIEP CKIAIA€THCS 3 IOTTYHOTO IPUCTPOIO Kepy-
BaHHS Ta BJIacHE TpUrepa sK eIeMeHTa Mam sTi. € BeJIMKa KUIbKICTb Pi3HO-
MaHITHUX CXEM TPUTEPIB i3 pi3HUMHU (QYHKLIOHAIEHIMHU MOKIIMBOCTSIMH.

Fm—o——————————— V3arajgbHeHa CTPYKTYp-
N Seopomiud 36 #30K : Ha cxema Tpurepa 300pa-

S I ’KeHa Ha puc. 7.3.

Ai { _] —4—Q 1 oy
T pUCTpili KepyBaHHS
Mpucmpiti Tpuzep IIPU3HAYECHUH JJIs1 IEPETBO-
| kepyeaths pEeHHs CUTHAIIB, IO HaJ-
Ci {____ | o XOIATB 110 BXO/IIB Al., Y BU-
VIS, IPUIATHUM TS Kepy-
BaHHS BJacHE TPHUTEPOM,
1110 BUKOHY€E (DYHKIIIIO eJie-
Puc. 7.3 - CtpykTypHa cxema Tpurepa MEHTa maM’ ITi.

Tpurep mae n8a Buxoau: O — npsAMUil (OAMHUIHAN), é — iHBepcHUIA
(Hysnb0Buit). BXoau 4, HasuBaroThes indopmaniiinumu, a sxoau C, — Tak-
TOBUMH 200 CHHXPOHI3yIOUHMH.

3a crioco6oM 3aHeceHHs iHpopMarii TPUTepH MOUISIOTECS Ha ACHHXPOHHI,
0 3MIHIOIOTh CBiH CTaH 0fipa3y MIcisl HAJIXOMKEHHS CHT'HATY Ha MEBHUN
1H(pOpMAIIHHIIA BXiJ], | CHHXPOHHI (TaKTOBaHi), 110 CHIPAIlbOBYIOTh HE TUTHKU
3a HasBHOCTI CUTHAJTIB Ha 1H(GOPMAIIIHIX BXO/IaX, a JIUIIIE TiCIIST HaTXOKEH-
HSl CHHXPOHI3YIO40Tr0 (TaKTOBOTO) CUTHAJTY Ha IEBHMI BX1/1 CHHXpOHi3arlii.
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OnucytoTs po0oTy TpHrepis (i IUGPOBUX MPUCTPOIB 3 IaM SITTIO B3arai)
TAKOX 32 JIOTIOMOTOI0 JIOTTYHUX (YHKLIH a0 yacTimie 3a1J1s1 HAOYHOCTI 3a
JOMOMOTOI0 Ta0JMIb NepexodiB. Y TaOMUISX BKa3ylOTh YCi MOXJIHMBI
KoMOGiHaIli1 cCUrHamiB Ha iHOpMAaIiHIX BXOIaX y JaHHi1 MOMEHT Yacy (¢')i
CTaH, y KU niepeiiie Tpurep miJ Ai€0 LUX CUTHANIB B HACTYITHHH MOMEHT
vacy (#*!). [Ipuuomy, HACTYTHHI MOMEHT 4acy y aCHHXPOHHOTO TpUrepa
HacTae ofpa3y micist 3MiHK KoMOiHawii CUTHaJIiB Ha iH(QopMaIliiHIX BX0OAaX,
a Yy CHHXPOHHOT'O — IiCJIsl HAJXOMKEHHS TAKTOBOTO CUTHAITY (SIK IPaBHUIIO,
1€ IMITyJIbC) Ha BiAMOBIAHUI BXiJ] CHHXPOHI3aIlii.

Cranu Tpurepa B TaOJIMIIIX NEPEXOAIB 3a3BUYal BKa3yIOTh TaK:
0 — Tpurep mae curaan Ha Buxoai Q = 0 (Hy/1IbOBHUH cTaH);

1 — Tpurep mae curxan Ha Buxoai Q = 1 (oOIMHMYHMIA cTaH);

Q, — CTaH TpUrepa He 3MIHIOETBCS IPU 3MiHi CUTHANIIB Ha BXO/IaX;

O, —CTaH TpUrepa 3MIHIOETECS Ha IPOTHIIEKHUM IIPH 3MiHI CHTHAIIB Ha BXOJIAX;

X —HeBU3HAYEHUH CTaH TpUrepa, KOJIM BiH ITiCIIs 3MiHU CHTHAIB Ha BXO-
Jax piIBHOMOYKJIMBO MOKE OIIMHUTHUCA B HYJIboBOoMY (Q = 0) a00 y omuHUYHO-
My (Q = 1) craHi.

CTBepmKyIOTh, IO HABITh 32 HAHUMPOCTINIOT KOHQITYpaIil TPUTepHOTO
MPUCTPOIO, SIKA MA€E OJIMH iH(POPMAIIITHAHN BX1]l 1 ]Ba BUXOIU, MOXKHA OTpPU-
Maty 25 QyHKIIOHAILHUX pi3HOBHIIB Tpurepis. [Ipu 1Box Bxomax ix Oyme
Bxe 625. [IpakTHYHO X 3aCTOCOBYIOTH 6-8 THITIB.

Haii6inpmn posnoBcromkeHi 3 HUX RS-Tpurepu, D-tpurepn, T-tpurepu,
JK-tpurepu. Hacto Tpurepu OynyroTs Sk KomOiHOBaHi: RSD-tpurep, RST-
TpUrep i T.I.

7.3.1. RS-Tpurep

YMOBHI 1103HaYCHHS ABOBXO0OBUX ACHHXPOHHUX RS-TpUTrepiB 3 npsi-
MMMH (TaKUMH, 1110 pearyTh Ha Ha-
aBHicTh 1) i inBepcHuMu (Takumu, —1S| T —Q —&s| T —Q
10 pearyroTh Ha HasBHICTH 0) BXO-
JaMM HaBeJleHEe Ha puc. 7.4.

—R| &—qQ —R| o—0Q

Csoro Ha3By RS-Tpurep oepkas a) 0)
BiJI IEPIINX JIITEP aHTJIIHCHKUX CITIB Puc. 7.4 — YMOBHi NO3HAYeHHs
to set — BcraHoBioBatu (S) Ta fo RS-Tpyrepa 3 NpsMuMK (a)

reset — BiTHOBITIOBaTH (R). 1 iHBEPCHMMM (6) BXOZAMU
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S'— iHpopMaLiitHui BXi/, IPU3HAYESHUH JJ1s1 yCTAaHOBJICHHSI TPUTepa B OJIH-
Hu4HHN cTal (O=1), a R — BXiJl, IpU3HAYCHHIA 1JIs1 IOBEPHEHHS TPUTEpPa Y
HynboBHi cTal (0=0).

Poboty Tpurepis onucy0Th BiANOBiAHI TA0IULI TepeXoaiB, HaBEeACH1
y Ttabmn. 7.1.

Tabnuysn 7.1
Tabnuui nepexonis RS-Tpurepis
a) 3 MPSIMUMH BXOJIaMH 0) 3 IHBEPCHUMHU BXOJJaMH
t [ t 1+1 t 1 t 1+1
S R Q S R Q
1 0 1 1 0 0
0 1 0 0 1 1
0 0 Q' 1 1 Q'
1 1 X 0 0 X

Cxemu Takux RS-Tpurepis, noOynosanux Ha enemenrtax [-HI ra ABO-HI
300paskeHi Ha puc. 7.5.

Cxema 1 yMOBHE TIO3Ha4€HHSI CHHXPOHHOTO RS-Tpurepa 3 MpsIMAMH BXO-
namu, moOymoBaHoro Ha enemenTtax [-HI, HaBeneni Ha puc. 7.6

Coiz 3a3Ha9MTH, 110 TAKTOBI BXOAM OyBarOTh MOTEHUWIAAbHI MPAMI, K y
JTAaHOMY BHIAIKy (TpuUrep 3MIHIOE CBifl CTaH MPH HAAXOMKEHHI cCUTHATY 1
Ha Bxig C), iHBepcHi (Tpurep 3MiHIOE CTaH MPH HaIXOMKEeHH] curHaiy 0),
a00 iMITYJIBCHI, TaKOX IPsIMi i IHBEPCHI (KOJIM TPHUTep 3MIHIOE CBii CTaH IPH
3MiHI CUTHATY Ha TakToBOMY BX0i 3 0 Ha 1 260 3 1 Ha 0 BimmoBimHO).

So—] & s 1

q Q

R o— R O —_— Q
a) 0)
Puc. 7.5 - RS-Tpurep 3 iHBepCHMMM Bxoaamm Ha enemenTax |-Hl (a)
Ta 3 NPAMUMK BXoaamu Ha enemenTax ABO-HI (6)
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So & ® &
Q
C —
—R| o—
& & _
R o s q Q
a) 6)

Puc. 7.6 — CUHXPOHHWIN AS-Tpurep
7.3.2. Tpurep D-tuny (D-Tpurep)

D-tpurep (Bix aHDmilCBKOTrO delay — 3aTpuMKa) Mae aBa BXomu: D —
iHpopmaniitauii Ta C — TaKTOBHH (CHHXPOHI3YI0UUi): D-TpUrep CHHXPOH-
HUH. A 1le 3HaYHTh, IO 1HPOpPMAILlis, SKa HaIXOIUTh Ha BXia D, 3amam’aTo-
BYETBCSI JIMIIIE IIPH HAIXODKEHH CHHXPOHI3YI040r0 iMITynbey Ha BXia C, ToO-
TO 13 3aTPUMKOIO Ha 4Yac HAJXOKEHHsI OCTaHHBOro. Tomy D-Tpurep e
Ha3UBAIOTh TPUTEPOM 3aTPUMKH. YMOBHE MO3Ha4eHHs D-Tpurepa 3 nps-
MHUM IMITYJBCHHM BXOJIOM CHHXPOHi3aIlii, peanizamig Ha enemenTax [-HI,
TaOJMIIS TEPEXOIiB Ta YaCOBI JliarpaMu HOro poOOTH HaBeIeHi Ha puc. 7.7.

ti ti+1
—IolT —
u,
D; Qin ¢
—C &— t
1 JULUIT
a) 1 1 Up
0) t
DO 2 ° Py Uq
0 t

3ampumka Ha 0OUH makm
Q
co r)

B)
Puc. 7.7 — YMoBHe no3HaueHHs (a), Tabnuus nepexonis (6),
cxema Ha enemeHTax |-HI (B) Ta yacosi giarpamu po6oTu (r) D-Tpurepa
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7.3.3. Tpurep 7-tuny ( 7-Tpurep)

T-Tpurep (Bia aHITHCHKOTO f0 foggle — IEpEeKUIATHCE) L€ HA3UBAIOTh
TPHUrepoM MOIIOBaYeM Ha J1Ba a00 JIIYMIBHAM TPUTEPOM (IUB. ML 7.2).
Tpurep Mae nuiie oWH TAKTOBUI BXiJ], a HOTO CTaH 3MIHIOETHCSI HA TPOTH-
JIKHUM 13 HAIXOMKECHHSIM Ha BXiJl KOXKHOTO iMIyIecy. Llel Tpurep BHKO-

uc
foux = ?; (Usx)
TGUX = 2
TGX TSX
Uq
T — (ueux)
— C
—
TSUX

Puc. 7.8 — YMOBHe no3HaueHHs (a)
Ta YacoBi Ajarpamm poboTu (6) 7-Tpurepa

7.3.4. JK-tpurep

Cunxponunii JK-Tpurep mae
nBa iHpopmaniiHux Bxoan J i K
Ta TaktoBui C. YMOBHE mo3Ha- —yC
YeHHS Ta TaOIUII IepexomiB JK-
TpUrepa 3 MpsIMUM IMITYITbCHUM
TaKTOBHM BXOJIOM HaBeJEeHI Ha
puc. 7.9. a)

JK-Tpurep € yHiBepcaIbHIM,

00 BiH MOXK€ BHUKOHYBAaTH POIIb

PHUCTOBYIOTH IS
JTi4YeHHs Ta Oi-
JIEHHS 4acTOTH
IMITYJIBCIB.

YMoBHE 1O-
3HAYEHHS Ta Ya-
COBI Jiarpamu po-
6otu T-Tpurepa 3
IHBEpPCHHUM iM-
MYJIbCHUM BXO-
JIOM HaBeJleH1 Ha
puc. 7.8.

i+l

Q i+l

Olo|r

Rr|lo|lo|r |«

|

K
0
1
0
1

Q

6)

RS-Tpurepa, K110 BUKOPHCTOBY- Puc. 7.9 — YMOBHe no3HaveHHs (a)
Batu BXin J Ak S, a K sk R (npu 1@ Tabnmugs nepexogis (6) JA-Tpurepa
ILOMY TaOJHIIS IEPEX0/iB RS-TpHUrepa BiJIIIOBIIa€ EPIIUM TPHOM PSIIKaM
Tabnui nepexonis JK-tpurepa). Skiio 3agatu oauHuUI Ha 000X iH(OopMa-
HidHUX BXojax, JK-tpurep crae 7-tpurepom. Cxemu BUKOpHCTaHHS JK-
Tpurepa sk 7-tpurepa ta D-tpurepa 300paxeni Ha puc. 7.10.
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Sl

9.

JIT — D JI T —
C rC C C

K o— — 1 ¢—K o—

a) 0)

Puc. 7.10 — BukopucTanHs JK-Tpurepa sk 7-Tpurepa (a) Ta D-tpurepa (6)
KoHTpOnbHi 3anuTaHHS

THoscuims, wo maxe mpueepu i 051 4020 80HU MONCYMb OymMu 3d-
CMOoCO8aHI.

Hagedimv cxemy ma noscrims npunyun 0ii cuMempuuHo2o mpuee-
pa Ha OINONAPHUX MPAHZUCTOPAX.

Haszgims i nosichims cnocobu 3anycky cumMempuyHo2o mpueepa Hd
OINONAPHUX MPAHIUCTOPAX.

Hagedimv yzacanvneny cmpykmypHy cxemy mpuzepa, nob6yoosa-
HO20 HA JIO2IYHUX elleMeHmAax.

losacHimb pisHUYO MIiXHC ACUHXPOHHUM | CUHXPOHHUM MpUcepamu.
Hosacuims, Ak onucytoms pobomy mpueepie. Hasedime npuxnaou.
Hosacuime 3nauenus mepminie «npsamull 6xioy, «iH6epCHUll 8Xi0»,
«nomenyianbHUull 8xi0», «IMAYIbCHUU 8Xi0N».

Hasedimv ymoene nosnauenns, mabauyi nepexodis i cxemu RS-
mpueepig i3 npamMuMuU i IHGEPCHUMU 8X00aMU, ROOYOOBAHUX HA
JIO2IYHUX elleMeHmax.

Hagedimv cxemy i noacnime pobomy cunxponnozo RS-mpueepa,
nobyoosanoeo nHa noeiunux eiremenmax I-HI.

10. Hagedimb ymosHni nosuawenHs, mabauyi nepexodid ma NosACHimo

pobomy D-mpueepa, T-mpueepa, JK-mpuzepa.

11. Hoscuimo, yomy JK-mpueep 6sascaromo yHieepcanvrhum. Haeedimo

ma noACHIMb NPUKIAOU U020 BUKOPUCMAHHS Ol NOOYO08U mpu-
2epis IHUWUX Mmunis.



PO3A4IN 8

LUNDPPOBI MIKPOEJIEKTPOHHI
NPUCTPOI

8.1. MNoHsaTTa NPO LMPPOBI MiIKPOENEKTPOHHI NPUCTPOT

Hudposi MikpoeneKTpoOHHI mMpUCTPOI SABISIOTH COO0I0 ITHUCKPETHI
uudposi aBromary, BukoHaHi Ha IMC 1 nmpu3HaueHi ans o6poOku iHdop-
Mallii, 10 mpeacTaBieHa y BUAAl tudpoBoro xoxny. BoHn BUkopucToBy-
I0TBCS ISl CTBOPEHHS HUPPOBUX 1H(POPMALITHNX, BUMIPIOBAILHUX CUCTEM
Ta CUCTEM KEpyBaHHS.

Yei nudpoBi prCcTpoi HOMUIAIOTHCS Ha IBa BEIMKUX KIIACH: KOMOIHAITHH]
1 IIOCII JOBHICHI.

Koméinaniiini npuctpoi peanizyrors QyHKUii, SKi 3aJ1eXKaTh TUIBKY Bif
KOMOiHaIli1 3MiHHHUX, 110 JI0 HUX BXOJATh, y JAHUW MOMEHT 4Yacy i He 3aje-
XaTp BiJl CTaHy MPHUCTPOIO y TonepenHiii MomeHT 4yacy. Haltnpocrimmmu
MIPHUKJIaJaMH TaKUX IIPUCTPOIB € JIOT1UHI eleMeHTH (AuB. . 6.2).

IlocaimoBHicHI (Big COBa «IOCTITOBHICTE») MPUCTPOI peali3yroTh
(dbyHKIIIT, 110 3a71eKaTh He TUTBKH BiJl KOMOIHAIIT BXiTHUX 3MIHHUX y JTaHHAHA
MOMEHT 4Yacy, a Iie ¥ BiJl cTaHy HPUCTPOIO y TONEPEHIA MOMEHT 4acy:
BOHHM MalOTh MaM ATh. HaWpoCTIMMU NpUKIagaMu TaKUX IPUCTPOIB €
TpUrepu (IuB. po3aia 7).

OcHOBHMMU (HAHOUTBII BXXMBAHUMH ) MIKPOESJIEKTPOHHUMH IIH(DPOBUMHU
MPUCTPOSIMU €:

1) nemmparopu;

2) MyBTHILIEKCOPH;

3) MYUIBHUKY IMITYJIBCIB;

4) perictpu;

5) mudpo-aHaIoropi Ta aHajaoro-unposi MepeTBOPIOBaYi.

BynytoTscs i mpucTpoi Ha JIOTIYHHUX €JIeMEHTax 1 TpUrepax.

8.2. Peani3auis cknagHux noriyHmx GpyHKLin

Cxorazni jioriuni QyHKI peatizyroTs Ha IMC npoCTHX JIOTTYHUX €JIEMEHTIB.
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MinimansHUN HaOip JOTIYHUX €IEMEHTIB, 110 peali3yroTh AesAKi IPOCTi
yorivHi PyHKIT i 32 HATBHOCTI HEOOMEKEHOT KIJTbKOCTI IKUX MOXKHA pealti-
3yBaTH HACKUJIBKH 3aBrOJIHO CKJIAJHY JIOTi1YHY (PyHKII10, HA3UBAIOTh (PYHK-
IiOHAJbHO MOBHOI0 CHCTEMOIO JIOTIYHHX eJIeMeHTiB, a0o 0a3ucoMm.

Haii0inb1u BimoMumu GyHKLIOHAIEHO TOBHUMH CUCTEMAMH €:

1) enemenTH, o peanizyroTs GyHKUii anredpu byns — I, ABO, HI;

2) enemeHT, 1o peanizye ¢pynkuio mrpux leddepa — [-HI;

3) enemeHT, o peanizye ¢pyHkuiro crpinka Ilipca — ABO-HIL

SIKIII0 yBayKHO MOAMBUMOCH Ha TaOJIMIIIO ICTUHHOCTI JIOTTYHHX €IEMEHTIB
(zuB. puc. 6.2), To mobaynmMo, 10, HAPHUKJIAMA, eIeMEeHT | 111 OquHUIE €
enemenToM ABO st HyniB. ToOTO, SIKIIO VIS MPSIMUX 3HAYEHBb

Y =X X,
TO JUIs IHBEPCHUX Y =X+, (8.1)

Buxonsuu 3 mpaBwt anreOpu soriku (auB. 6.18), nist enementa I-HI moxx-
Ha 3aIicaTu

Y=XX =5+, (8.2)
a gna enementa ABO-HI
V=X 42X =X, (8.3)

Slkimio 3agaTH, HAMPUKIIAT, BiIIOBIIHO xX,= 1 abo xX,= 0, To MaTUMEMO

y=x-x=x-"1 :;1, (8.4)

abo

y=x+x=x+0=x. (8.5)
ToOT0, MM MOXEMO BHKOPHCTOBYBATH 0araToBXO/IOBI JIOTIYHI €IEMEHTH
3 iHBEpCi€l0 Ha BUXO/I SIK IHBEPTOPH, 33al09H Ha BCIX, KPIM OTHOTO BXO/IaX,
cur"ai 1 (const 1) a6o 0 (const 0).
Slkimro Ha BC1 BXOAM MUX €JIEMEHTIB MOATH OHY W Ty K 3MIHHY, TaAKOX
MaTHMEMO iIHBEPTOPH:

y=XX =X,

y=x+x=Xx. (8.6)
'V pa3i, K0 KUTBKOCTI BXO1B KOHKPETHOTO JIOTTIHOTO €IeMEHTA HE BHCTa-
Yae, MOXXKHA BUMHUTH TaKUM 4uHOM. Hampukiian, moTpiObeH TpUBXOI0BHI
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€JIEMEHT, a MA€MO TiJIbKH JIBOBXOJIOBI, TO TPUBXOIOBUH MOYKHA Peai3yBaTu
Ha OCHOBI HACTYITHUX CITiBBiJHOIIICHb.
OCKUIBKH OYE€BUIHO, 1[0

x= X, (8.7)

TO V=X Xy X3 =X X0 X3 =X X -1 X3, (8.8)
abo V=X X X =X+ Xy X =X X + 1+ (8.8)

OTxe, peanizyBaTH TPUBXOIOBHI €JIEMEHT MOXKHA Ha TPHOX JABOBXOZO-
BUX, OJIMH 3 SIKUX IOBUHEH MPALIIOBATH K IHBEPTOP.

3 HaBeIeHUX NPUKIafiB BUIHO, 0 exemeHTH [-HI uu ABO-HI nificno
JI03BOJISIIOTH peali3yBaTH JIOT1UHY (QYHKIIiI0 Oy/b-sIKOT CKJIAAHOCTI.

Hexaii Tpeba peanizyBatu QyHKILi10

Y= (X1 + %X + X3 ) Xg + X4+ Xs. (8.10)

VY 3aranpHOMY BUNAJKY 1€ MOXKHA 3pOOHTH 32 JOIIOMOIOI0 CXEMH, Ha-
BeJIeHOi Ha puc. 8.1.

X, X, Xa X4 Xs Jns 3a0e3nedyeHHs OTpU-

1 MaHH IPOCTO1 (EKOHOMIYHOI B
peastizariii), IBUIKOIIIOTO01 CXe-

& MU, CKJIaTHI KOMOiHAITiiTHI TpH-

CTPOi CIIOYATKy OIHUCYIOTH 3a

14 q 1 JIOTIOMOT'OFO JIOTIYHUX (DYHKIIi it

(y Bumtsiai MaremMaTuaHux Gop-
MyJ1 200 TaOJIHUIb ICTHHHOCTI).
T_ 14 [orim i pyHKii MiHiMi3yIOTH
Ha OCHOBI 3aKOHIB ajreopu J10-
Pwvc. 8.1 - lMpuknag cxemHoi peanisauii  riku 3 ypaxysasHaM crienudiku
J10ri4HOT yHKLi craggaptaux IMC noriuyamx
€JIEMEHTIB, 10 OyAyTh BUKOPHCTaHI JUId cxeMHoi peamizamii. Lle MoxxHa
POOUTH SIK BPYUHY, IO JOCUTH CKJIAJTHO, TAaK i 3 BUKOPUCTAHHSM CIIeIliallb-
Hux niporpam Ha EOM.
Tak, sikio, Hanpukia, Bupas (8.10) HeoOXiqHO peanizyBaTy Ha IBOBXO-
noBux enemenTtax [-HI, To cmoyatky oTprMaeMo eKBiBaIEHTHHI MiHIMaTb-
Hui Bupa3 y 6asuci [-HI:
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y=(x1 + X, +.X3)'X4 +X,+X5 =X X, X3 X, + X, X5 =

=X Xyt X3 Xyt Xy X5 = XpcXp X3t Xyt X5 =

=x, 1 Xy 1-1-x5-1-x,-1-x5-1. (8.11)

OtpumaHoMy BHpa3y BiAINOBigae cxeMa, HaBeleHa Ha puc. 8.2. Bona
BHKOHaHa Ha Tpbox IMC K561JIA7.

X, X, X3 X, X5 constl (+12 B)

DD1.1 DD3. 2
14 +12B const 0 0 s & 414 +12 B
10
3 of 42
DDL2 |, DD21 *12 B DD3. 3
Sle & DD2.3 1217 9
6 42
& 8 e P4 ppsa 13 g1l
9 101
& DD3.4
DD1 .3 2 135
8y 410 W 5 4
9 7 0 1§ Y
DD1.4
1217, 1 D22 DD1...DD3
13 5
7
6| 4412

13 11
(I

y=Xx3*lex,* 11 x;°1°x,°*1*x5°1

Puc. 8.2 — CxemHa peanizaLis NoriYHoi GyHKLT Ha OOHOTUMHNX eNeMEHTax

3ayBa)XuMo, 10 HA TAKUX CXEMaX BITHOCHO JIAHIIOTIB xkuBIeHHS IMC
Ha BUIBHOMY TIOJi B MpaBiii YaCTHHI CXEMH Yy TEXHIYHHUX BUMOTax JaloTh
BKa31BKH I0J10 ITiIMUKAHHS BiITIOBITHMX KOHTAKTIB 200 BKa3yIOTh BiIMOBIIHI
xouTakTh IMC sK HETOTYHI BUBOIY €JIEMEHTIB 1 [I03HAYAIOTE MICITA IXHBOTO
migMuKaHHs (IuB. puc. 8.2 —koHTakTH 7 1 14). Ha BX0O1mu e1eMeHTiB, 110 He
3a/istHi, MOAa0Th CUrHAIHU const 1 abo const 0, a IXHI BUXO 3aIUIIAIOTH
BUTEHUMH (UB. puc. 8.2 — enementu DD3.2 1 DD3.3).
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8.3. dewudparopu

DC2

\V]
© 0N O o0k WN PP O

o]
L e =
g >~ w NP O

Puc. 8.3 — [BinkoBui

Jewmdparop
oc |29 —
—1 lo—
2/10 24
— 12 36—
4o——
— 14 5¢——
6 p——0
__ 18 76—
8 p——
9¢

Puc. 8.4 — [IBinkoBo-
[DecaTkoBMiA eLundparop

Jemndparopu (aexonepu) € KoMOiHALIHHU-
MU MPUCTPOSIMH, TIPU3HAYCHUMH IS TIEPETBO-
PEHHS KOIOBaHUX JIBIKOBHUX BX1JJHUX CUTHAIIIB y
CUTHAJIHM KePYBaHHs BUKOHABYMMH IIPUCTPOSMH,
NPUCTPOSIMH BiOOpaskeHHs iHpopMarii i T.IL.

VY 3aranbHOMY BUTIQJIKY JemAdpaTop Mae e-
KiJIbKa BXOJIB (32 KiJIBKICTIO PO3PS/IiB IBIHKOBUX
YHces, 10 HeoOXiTHO AEKOAYBaTH) 1 JeKinbKa
BUXO/IB.

KosxHiii koMOiHAaLi1 BXIAHUX CUTHAJIIB BIAIIOBI-
Jla€ IeBHA KOMOIHAIS BUXITHHX (3p03yMLII0, 110
Jermudparopu Sk KoMOiHaLiiHI TpUCTpoi Oyay-
I0THCS Ha JIOTIYHHX €JIEMEHTAaX 1 IX BUITYCKalOTh
y Burisigi IMC).

Hanpuknan, nBifikoBuii remudparop, yMoB-
HE MIO3HAuEHHS SIKOTO HaBeJIeHe Ha puc. 8.3, Mae
YOTHPH BXOJM (n=4) 3 BATOBUMH Koe(illieHTaMH
1, 2, 4, 8, M0 BiANOBITa€ YOTUPHOM PO3PsIAAM
MOCITIIOBHOTO JABIKOBOTO KOAY (20, 2!, 2%, 23) —
JuB. . 8.10.2, 1 mmicTHaAATh BUXoAiB: Big 0 1o 15
(N=2"=2"=16). KoxHiii koM6inariii Hy1iB i oxu-
HHUIb Ha BXOIaX BIAIIOBIZA€ OOMHUIL Ha BIIIO-
BiJTHOMY BUXO/T.

Hampuxnagn,

Vs = X1 - Xy - X4 - Xg

(5=1-20+ 0-2" + 1-22 + 0-2%). (8.12)

VY nBiiikoBo-aecaTKOBOrO nemmdparopa 3
IHBEPCHUMH BHXOIaMH1, YMOBHE TIO3HAUEHHS SIKO-
TO HaBe/IeHe Ha puc. 8.4, KOXKHIH 13 IepImmx aecs-
TH JBIHKOBUX KOMOIHAIIIH (JIBIHKOBO-IECATKOBHI
KOJ) BIJTIOBIZIa€ HYJIh HA BiAIIOBIAHOMY BUXOJI.
Taki penmdparopu y Bunisiai IMC 3actocoBy-
IOTh 711 KePYBAaHHS JCCATKOBUMH HECOHOBHMH
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IHIMKATOpaMH, Y SIKHX JIECSITKOBI 3Ha-
KH SIBIITIOTH CO000 (irypHi KaTtou
HEOHOBOI JIaMIIH.

JBiiikoBO-ceMucerMeHTHUI Jie-
nmparop, 300paxeHuii Ha puc. 8.5,a
MEPETBOPIOE IBIMKOBY KOMOiHAIIiO
BX1IHUX CUTHAJIIB y KOMOIHAIIitO BU-
XiIHUX, HEOOXiAHY I BMUKAHHS
BIIIIOBIHOT KOMOIHAIl CErMEHTIB
CEMHUCETMEHTHOTO JIECATKOBOTO iH-
nukaropa — puc. 8.5,0.

—1 al—
DC N &
— = el
dl— ' 9 .
=
f — —_—
— 18 g +— d
a) 6)

Puc. 8.5 — [1BilikoBO-CEMUCErMEHTHUIA
newmdpatop (a) i cxema po3MiLLEHHS
CErMeHTIB iHavkaTopa (6)

8.4. MynbTunnekcopm

MyabTuniexkcopu (Komyraropu) — e KoMOiHaLiiiHi mpucTpoi, 1m0
MiIMUKAIOTh [0 BUXOAY BXiJ (IepelaloTh Ha BUX1 iH(QOPMAILIO 3 BXONY),
HOMED SKOTO 3a/1a€ KOMOiHAIlisI HYJiB 1 OIMHUIIL HAa aIPECHUX BXOZAX.

Cxema 4OTHPHUBXOJIOBOTO MYIIETHILIEKCOPA Ta HOT0 TaOIUILd iICTHHHOCTI

HaBeJIeHi Ha puc. 8.6.

Jloriuna dyHkIis, mo 11 peanizye e MyJIBTHILIEKCOP, TaKa:

F= A)_c; + B)_cy + Cx; + Dxy.

z
R — 1 A | MUX
3'8 B
3 c
sy E |
I “——bp
gs "
a)

Buxio

(8.13)

| R o] of X
| o »r| o] <
O Of @ > T

6)

Puc. 8.6 — HYotmpmBxogoBsmin MynsTUniekcop (a)
Ta oro Tabnmus icTMHHOCTI (6)

3ayBaxkumo, mo K-MOH mynsrumiekcopu 3a0e3mnedyioTs KOMyTAIliio
He TUTbKY U POBUX, a i aHATOTOBUX CUTHAIIB.
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8.5. JliumnbHuku imnynscie

OnHi€ro 3 HAMPO3MOBCIOKEHILINX OMepalliil y IpUCTposix iH(opMaLiifHo-
00YHCIIOBAIIBHOT 1 TM(POBOT BUMIPIOBAJILHOI TEXHIKH € (hiKCYBaHHSA KITBKOCTI
IMITYJIBCIB — TAPaXyHOK IXHBOI KUTBKOCTI. PeatizyroTh I1t0 onepariro JiYHIbHAKA
iMnyasciB. JIumIbHUKY TakoK 3a0€3Me4yIoTh HpeACcTaBIeHHs iHpopMaLii npo
KUIBKICTB IMITYJICIB Y BUIVIS] IBIIKOBOTO KO (3aBISKH NPUHLIUITY TOOYIOBH ).

JliunneHrky OyBaroTh MPOCTi (MiACYMOBYIOUI, Y KX KOZI 30UIBLIYETHCS
Ha OIMHUIIIO MICIISl HAJXOPKEHHS Ha BXiJ KOXKHOTO IMITYIIbCY; BilHIMao4i, y
SIKMX KOJI B1ZITIOBITHO 3MEHILTY€THCS ITICIIS HAIXOPKEHHS Ha BXi KOKHOTO IMITYIb-
CY) i peBepCHBHI (CyMIIIYFOTh BIIACTUBOCTI ITIJICYMOBYIOUHX 1 BiTHIMAFOUHX —
MOXXYTb ITPALIIOBATH Y TOMY a00 1HILIOMY PEXKHMi 3a 30BHIIIHBOIO0 KOMAH0I0).

Sk mpaBuUIIO, IYMIBLHUKY OyAyIOTH Ha OCHOBI TPHIEPiB.

CxeMa YOTHPHPO3PSAAHOTO MiICYMOBYIOUYOT0 MOCIiIOBHOTO ABIMKOBOTO
JYNIIbHUKA, BAKOHAHOTO HAa KOMOiHOBaHUX RST-Tpurepax 3 iMImylnbCHUMHU
IHBEpCHUMHM BXOJaMH CHHXPOHi3allii HaBeJeHa Ha pHc. 8.7, HOro yMoBHE
MO3Ha4YeHHs — Ha puc. 8.8, 4acoBi Aiarpamu poOOTH — Ha puc. 8.9, Tabnuis

nepexoxis — y tabm. 8.1.
D1 Q1 p2 Q2 py Q4 pg Q8

i DD1 | DD2 DD3 DD4 |
T T T T
C o— N —
(Bxio) | o) R| d |—~ q
. E l
(BcmaHosneHHs1 Hynsi)

Puc. 8.7 — HotupmpospsagHuii NOCIOOBHWIA ABINKOBUIA NYNIBHIK

o[ 0fw
x[0fw
0
o[ 0w

—p1| cm2 |
— b2 Qt
— D4 Q2t——
—1D8

Q4 ——
é\ C
— 1R Q8 —

Puc. 8.8 — YMOBHE NO3Ha4eHHs HOTUPUPO3PSAHOMO NOCHIA0BHOMO
[BIKOBOTr O Ni4nSIbHNKA
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Tabauysn 8.1
Tabdnuusa nmepexofiB YOTHPHPO3PSATHOIO MOCJiIOBHOTO
NBIKOBOro JTiYMJIbHUKA

Q| Q| Cran | Qg
0 8 1

9

10
11
12
13
14
15

Cran

[y

~jo|o|a|w(Nk o
o|o|o|o|o|o|o|o|O
RR|k|k|o|lololo|O
Pk |o|o|k|k|o|lo
~|lo|k|o|k|o|k
NG
RlR|k|r|o|o|lo|lo|O
Rk |o|o|kr|k ool
F|o|k|o|k|olk|olO

JiunIBHUK Ha3UBAETHCS MOCHIIOBHUM, TOMY IO BUX1J TpUTepa KOX-
HOTO IOIMEPEAHbOTO PO3PsALY 3’ €IHAHO 3 JIYMWIBHUM BXOJIOM (BXOZAOM
CHHXPOHi3alii) TpUrepa HaCTyIHOTO PO3PSAY, B pe3yJIbTaTi 4oro nepea-
4a iHpopManii — nepeMUKaHHs TPUTePiB PO3PsAIB JTIUMIbHUKA — BiIOy-
BAETHCSI ITOCIIIIOBHO OAHOTO 32 ONHUM. L{e BU3HAuae HU3bKY IIBUIKOAIIO
JYUIIPHAKA.

LYWL

Puc. 8.9 — Yacosi giarpamu poboTi HOTUPUPO3PSAHOIO MiACYMOBYIOHOIO
MOC/AOBHOIO ABINKOBOro NiHMIIBHMKA 3 IMIMYSIECHUM IHBEPCHUM JIiHUIBHAM BXOOO0M
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VY napaJneJbHMX JITYMIBHUKIB iH(pOpMaLis 3 po3psaay B po3psi Imepe-
JA€ThCA 3a JOIIOMOIOIO CIIEliajJbHOT KOMOIHALIIHOI CXEMH, a BXOIH CHUH-
XpOHi3alii TpUrepiB 3’ €JHAHO Pa30M, 1 MEPEeMUKaHHs yCiX TPUrepiB Bia-
OyBaeThCsI OIHOYACHO.

Sk BuaHO 3 TaOMUII NepexoAiB 1 YacoBUX AiarpaM, npu Oe3nepepBHii
po0oTi MiuMIbHUKa Ha Horo Buxonax 0, 0,, 0,, O, GopMyeTbes mociiaos-

HUI IBITKOBHM KOII.
Tabnuys 8.2  BXia R mpu3HaueHWiA U1 BCTAHOBJICHHS
Ta6mus nepexojin JYUIbHUKA B HYJIBOBHH CTaH (y ZaHOMY
0THPHPO3PsITHOTO pasi— nozxayero CUrHairy JIOriqsoi 1).
HOCTIA0BHOTO IBIMKOBO- Bxoou Dv Dz, D v D8 MIPU3HAYCHI IS
JECATKOBOIO JIIYNJIbHUKA .
napajeabHOTO 3aHECeHHS YHCeI Y JTiUHIb-
Cran | Qs | Qa| Q2 | Qu | pyppp - JUTS 331aHHA TI0YaTKOBOTO CTaHy, 10
0 0/0/0]0 BiIPI3HSETHCSI BiJ] HYJIHOBOTO.
1 0/0]01 [ocnigoBHy poOOTY NiYHIBHUKA MOKHA
2 0/]0]1]0 NOPYLIUTH, OOMEXHBIIN KiTBKICTh HOTO
3 01011117 cramis Lle Mo>xHa 3pO0OHUTH, BBOISYHU 3BO-
4 0/]1]0]0 POTHHMI 3B’SI30K, SIK, HAIPUKJIA/1, IOKAa3aHO
S 0 1/0] 1)y puc. 8.10. Teniep npu nocsirHeHH] Aecs-
6 01111107 toro CTaHy JIYMIBHUK OJIpa3y MepeXoanuTh
7 oj1/1]1 Yy HYJABOBHH CTaH — OTPUMAHO ABiHKOBO-
8 1]10]60 0 JecATKOBHI JIYMIBHUK, 1110 Ma€ He 16, a
9 1101011} 10cranisi (hopMye Ha BUXOJax JIBINKOBO-
10 0 0 0 0 JIECITKOBUM KOJI. Horo TaOJHIIS TIEPEXOIiB
HaBenleHa y TaOm. 8.2, a 9acoBi aiarpamu pob6otu — Ha puc. 8.11.
501 Q1 02 Q4Q8
—p1| cT2 | —|D1 [CT2/10 |o7 |
— 1 DD2 —D2
— D4 Q2 & — D4 Q2 ——
1% Q4 | Q4 ——
—C 08 —c o8 |
s |
a) 6)

Puc. 8.10 — OTpyMaHHs ABINKOBO-AECATKOBOMO NiYnbHMKA 3 ABIKOBOrO (a)
i YMOBHE NO3HAYEHHS OBilKOBO-OECATKOBOIO NiunNbHUKA (6)
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9 10 11 12 13 14 15 16

TN TULTTL -
T -

uGX

— — — T
_l> t
S— S— — — I ____

Q2 L

Q1

Qs

Qs

Puc. 8.11 — Yacogi giarpamu pobotu
YOTUPWMPO3PSAHOIO ABINKOBO-AECATKOBOr0 NiYnbHMKA

3acToCyBaHHS TaKUX JIYMILHUKIB Pa30M i3 JIBIHKOBO-IECATKOBIUMH 200
IBIKOBO-CEMUCETMEHTHUMH JeI(paTopamMu JO3BOJISIE HA OCHOBI CTaH-
naptaux IMC OymyBaty cxemMu KepyBaHHsS 0araropo3psIHHUMHE 1ECATKO-
BUMH IHIAMKATOpaMu (pO3pPAIU AECITKOBI, @ Y MeXax JECATKOBOTO po3ps-
Ty paXyHOK JBIAKOBHIA).

Ha puc. 8.12 HaBeneHo cxeMy JTIYHILHUKA, III0 TAKOXK MAa€ JIECATh CTa-
HIB, ajie IPAIfO€ HE B MMOCIIIOBHOMY JBIMKOBOMY KO, 00 IiCJIs HAIXO-
YKEHHS BOCBMOTO IMITYJIbCY MEPEXOANTH 3 7 cTaHy y 14, micins geB’aToro —
y 15, a miciast necsatoro —y 0.

DD1 l— DD2 L DD3 DD4 |
—S| T T T —s|T

S~ | L

(Bxio) __|

q ] d d
cod L L |
(BcmaHoeneHHs1 Hynsi)
Puc. 8.12 — YHoTvpurpo3psiaHWi NiUIbHKK, LLIO MAE AECSTh CTaHIB
VY Bursaai IMC BuiryckaeTbesl TOCUTH IIUPOKAa HOMEHKIIATYpa JIIYMIIb-

HukiB. Ha puc. 8.13 sk mpukiiag HaBeJjeHE YMOBHE TTO3HAYEHHS YOTHPH-
PO3PSITHOTO PeBEPCUBHOTO JTiumiibHuKa TUITY K56 1E14.

— 7

IR
o[ 6]w
x] dfw
x] ofw
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_1wrl o1 Bin mae Bxou:
4] 1| < 6 1) 3anmcy iHpopmMaii 3 BXOAIB apaneiabHO-
121 QT — 1o BBOJy inopmauii D, D,, D,, D, — WR;
_131p4 Q 11 2) mapajielbHOrO BBOAY iHpopMmamii —
—3D8 14 DI’DZ’D4’D8;

15 Q44— 3) cunxpowizauii (TakToBuii) — C;
—5\ Cc Q8 2 4) no3Bomy niyeHHs — V'
—V 5) HanpAMKY JiiueHHs (ITiACyMOBYBaHHS 41
10044 K561 BiHIMaHH) —£1;
_ 9910 vE14| P (97_ 6) 3agaHHs poOOTH y IBIHKOBOMY YU JIBIHKO-

BO-JiecsiTkoBoMY Komti — 2/10.

Puc. 8.13 — PeBepcuBHWIA Buxomu:
NiunnbHrk KS61ME14 1) indopmaniiini — Q,, Q,, Q,, Oy;
2) nepeHocy (3aiioMmy) B crapiiuii (i3 ctapuioro) po3psaay — P.
Hampyra >xuBieHHs o1a€ThCs Ha BUBOAX 16 (TUTIOC IKeperta KUBIEHHS
+U, )18 (Hynp).

8.6. Perictpu

PericTpu npusHadeHi 1y 3anam’ SITOByBaHHS 1 30epiranss iH(opmartii,
MIPEJICTABICHO] y BUIIIAII 0araTopo3psAHUX ABIHKOBHUX YHCEN (ABIHKOBOTO
KOIIy) Ta IXHBO1 BHIa49i 32 30BHINTHHOI0 KOMAHOI0 — I1€ €IEMEHTH KOPOTKO-
Y4acHOT (OTIepaTUBHOT) I1aM’SITi.

_50¢cl re 3aiexxHo Bijl cioco0y 3anwmcy i Buaadvi iHpop-

7| \P/S ,  Marii perictpu GyBaroTs:

4y QT—— 1) nocxigoBHi — 3amuc iHhopmalii B HUX BH-

34k Q5 KOHYETBCA MIOCIIII0BHO OZTHOTO 'Z[BIP'IKOBOFO po3-

9 psiLy 3a THIIUM Yepe3 OJIMH BXIiJI;

10 | g ; Q34— 2) napaJienbHi — 3anuc iHpopmaIlii B HUX BUKO-
1] pg M HYETCS OJHOACHO (Hapaﬂen.bHo) y BC1 pO3psII;

sy 3) TIOCITIZIOBHO-TIAPaeNbHI — MOYKYTh IPaLlO-

— ] D4 564 BaTH SIK ITOCITIZIOBHI 200 IapajieNbHi, 3aJIeXKHO Bifl

17 upo CHTHAJTY Ha CIIeIiaIbHOMY BXOJIi KEpyBaHHSI.

—1R Ha puc. 8.14 sk npukiag HaBeICHO YMOBHE

Puc. 8.14 — YHiBepCa/ibHUi TIO3HAYEHHS YHIBEPCAJILHOIO PETICTPY THILY
perictp 5641P9 56411P9.
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Bin mae Bxonu:

1) cunxpoHnizaii (takToBui) — C;

2) 3aaHHA peKUMY poOOTH (apaienbHUI-10Ci I0BHUR) — P/S;

3) nocinoBHOTrO BBOAY iH(opManii (Bxoxu JK-Tpurepa nepiioro po3psi-
ay) —J, K;

4) mapanensHoro oy inpopmauii — D, D,, D, D,;

5) 3ananns Buaayi ingopmarii y npamMomy abo inBepcHomy koxi — 77/C;

6) BCTaHOBJIEHHSI HYJILOBOTO CTaHy R.

Buxomn: 0, 0,, 0., O,.

[Ipu Bumaui inpopmanii y mociizoBHOMY KO/l OCTaHHIi 3HIMA€ETHCS 3 BH-
xony QO "

Hanpyra >xuBiieHHs mo1a€ThCsi Ha BUBOIM 16 (TUTIOC IKeperia >KUBJISHHS
+U, )18 (Hynp).

8.7. Uudpo-ananorosi (LAMN) i ananoro-undposi
(ALLM) nepeTBOpIOBaYi

st y3romxeHHs TUPOBUX MPUCTPOIB BUMIPIOBaHHS 1 KEpyBaHHS, 110
MPALOOTh 3 iH(hopMaIli€to, MPEACTABICHOIO y IBINKOBOMY KOJIi, 3 BAKOHAB-
YUMU TIPUCTPOSMH 1 JaTIUKAMHU, SIKI MAIOTh aHAJIOTOB1 BiATIOBITHO BXiTHI
Ta BHUXIJHI CHUTHAJIH, 3aCTOCOBYIOTh H{U(PO-aHATOroBi i aHaJ0ro-nud-
pogi (ILAII i ALIII) nepeTBoproBayi.

8.7.1. bypoBai po6ota LIAN

IMC LA, six ipaBwIiio, SBISIIOTH COO0I0 pe3uCTOpHI MaTpuili. MaTpu-
1151 MOXKe OyTH BUKOHAHA SIK JUIbHUK HAIPYTH 3 CIiBBIIHOIICHHSM OTIOPIB
kpaTHUM 2™ R-2R-4R-8R-16R 1 T.71. (3acTOCOBYIOTH piKO, 60 TEXHOIOTIU-
HO BKKO 3a0€3IMEYNTH TOYHI 3HAUYCHHS BEIUKHUX OIOPIB PE3UCTOPIB, IO
BIMOBIAAIOTH cTapmuM pospsagam). Yacrime marpuns LIAIL sBuse co-
0010 JIIBHUK CTPYMIB 3 CIiBBiIHOMIEHHIM oropiB R-2R. Takox po IMC,
3a3BHYaii, BXOISATH TPAH3UCTOPHI Kitodi (Harpukiaa, Ha moasoBux K-MOH-
TPaH3HUCTOPAX), IO 320e3MeUy0Th BMUKaHHS OTPiOHOT KoMOiHaii pe3uc-
TOPIB 32 CUTHAJIAMH JIBITKOBOTO KOIY.

Tax IMC K57211A1 (Buxonana 3a K-MOH-TexHomOTi€10) TpH3HAYCHA
Ut iepeTBopeHHs 10-po3psAaHOTO MPSAMOTO MapayiebHOTO ABIHKOBOTO
KOZly Ha U(POBUX BXOAAX y CTPYM Ha aHAJTOr0BOMY BHXO[. [ cripomeny
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CTPYKTYpY HaBeJieHO Ha puc 8.15. BugHo, 110, OKpiM BiIacHe pe3UCTOPHOT
Mmarpuui R-2R, BoHa Mae ki1rodi i By3,iu kepyBaHHsI HUMHU BK.

—
=
Ul

~

(-17..+#17)B 9

(5..17) B

,\
RS
&

[eitikosuli ko0

Puic. 8.15 - Crpykrypa IMC K572MA1

Bxinnum ananorosum curnanom LIAIT € onopua nanpyra U, , o Bu3Ha-
Yyae BeJTMIUHY HAIIPYTH, KA BIIITOBI A€ MOJIOIIIIOMY JBIHKOBOMY PO3PSY.
Bximauii ctpym / » 11O MIPOTIKAE T TI€F0 U . JUIATHCS 3a IBIMKOBUM 3aKO-
HOM Y By3nax pesuctopHoi marpuni R-2R. 3 puc. 8.16 MoxxHa OGaunTu:

—>C —> B —> A
lo=Uo, /R R R 2R
I
Uon 2R 2R 2R
(e} \ 4
L->cC L->B L-> A

Puc. 8.16 — PeancTtopHa matpuus R-2R
MeTon miepeTBOpeHHS MOJSITae B MiJICYyMOBYBaHHI y BiAMIOBIAHOCTI 10
3aJJaHMX 3HAYEHb JBIMKOBOTO KOAY YCIX PO3PATHUX CTPYMiB, 3BAKEHUX 32
JBIAKOBUM 3aKOHOM 1 IIPOTIOPITIHHUX 3HAYCHHIO OITOPHOI HATIPYTH.
Crpymu BiTOK pe3ncTopHoi Marpuri uyepes kitodi Ha K-MOH-tpan3ucro-
pax HAAXOAAThH Ha JIBA AHAJIOTOB1 BUXOMIW: HAa TOW YH IHIIIMHA — Y 3aJIC)KHOCTI

TIPUBEICH] 10 MICITh TEPETHHIB
A-A, B-B ta C-C omopu gac-
THUHH PE3UCTOPIB, ITI0 BiATHHA-
IOTHCSl Y HAIPSIMKY CTPiJIOK,
JIOpiBHIOIOTE 2R 1 ToMy 3Ha-
YEHHS CTPYMIB, SIKi IPOTIKAIOTh
yepe3 pe3ucTopu 2R, 3MEHIITy-
FOTBCS y/IBIYi 3J1iBa HAIPaBo.
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BiJl 3HAYECHH JBIHKOBHUX PO3PSAIiB KOAY HA BIJIOBITHUX IIUPPOBUX BXOMAX.
3Ha4YeHHS CTPYMiB CKJIAIal0Th:

Uon < —i
JUIS Tiepinoro Buxony — [} = —— 2 27a; (8.14)

exg =1

10
JUISL IPYTOTO BUXOMY — [ = & 2 27a, (8.15)
exs =1
ne U — onopHa Hanpyra,
R, — eKBIBaJEHTHHUH OIpP PE3UCTOPHOI MATPHIII, IO MA€ HOMIHAJIbHE
3rayeHHs 10 kOM (pakrtuuno — Big 7 10 15 kOm);
a; — IIpsAMeE 3HaYeHHs (11 a, =1) IBIHKOBOrO KOy Ha i-TOMY BXOJ;

@; — iHBepCcHe 3Ha4eHHs (s a =0) ABIHKOBOro KOy Ha i-TOMY BXOJII.

JIBiiiKOBHIi 3aKOH PO3MOAITICHHS CTPYMIB Y BITKax MaTpHULi BUKOHYETHCS
32 YMOBH OIHAKOBOCTI IMOTeHLiasiB 000X ii Buxoxis. Lle 3abe3neuyeTscs
MiAMUKaHHSM IIEPILIOT0 BUXOLY JI0 iHBEPTYIOHYOro BXxoay AonomikHoro OI1,
oxorenoro H33, a apyroro — no neinBeptytouoro Bxoxy OII i HynmsoBoO1
TOYKH CXeMH (K BiToMO 3 T1l. 4.6.2, TOTEHIIiaJId iHBEPTYIOYOTO 1 HE1HBEP-
tytouoro BxoxuiB OIl, oxorienoro H33, 3a ymoBu po0OTH y JIiHIHHOMY pe-
JKUMI1, MalKe OJTHAKOBI).

OTtxe, marpung R-2R minmukaetsest no Oll, yTBOprotoun 3 HUM iHBEp-
TYFOUHil TTiICHITIOBAY 3 POrPAMOBAHMM Koe(illieHToM mifcunenHs. oro
MOJKHA PO3IIISIATH TAKOXK SIK TIEPETBOPIOBAY CTPYMY, 11O HaIXOJUTh 3 BH-
XOIly Pe3UCTOpHOI Marpuili, y Hanpyry Ha Buxoxi OII (auB. . 4.6.4). ¥
pe3yNbTari, KKHOMY 3HAYCHHIO BIKOBOTO Koy Ha I poBux Bxomax [IATT
BIJIMIOBiIa€ NesiKe 3HaYeHHs HAarpyTH Ha Buxomi OIl, ockinbku, 3abe3medy-
FOYH PI3HUINIO MOTESHITIATIB MI>K CBOIMH BXOAaMu OJMU3bK0I0 A0 Hys, OI1
BIJIBOJIUTH YEPE3 PE3UCTOP 3BOPOTHOIO 3B’A3KY R, CyMapHH# CTpyM, 110
HaaxoauTh 10 Buxomy (1) IMC. Le#t cTpym ckilagaeTses 31 CTpyMIB pe3n-
CTOpiB 2R, MAIMKHEHUX KJIF0UYaMu 10 Buxoy (1) BiAOBIAHO 10 3HAYCHHS
JIBIMKOBOTO KOy 1 BU3HAYAETHCS po3psiiaMu a, =1.

Cr1i 3a3Ha9MTH, IO TPY IPAKTHYHIN peaizarii HoxiOHIX IPUCTPOIB, 381
3MEHIIIeHHS B3a€EMHUX BIUIMBIB, 10 MOXKYTh TIPH3BOAUTH 10 3001B Y poOOTi,
Tak 3BaHi “IU(PPOBY 3eMITI0” 1 ““aHasIoroBy 3eMiIr0” (OOHIBI BiAIOBIIAIOTH HY-
JIHOBOMY TIOTEHITiaTy CXeMH) CITiJI BAKOHYBATH Y BUIIISIT OKPEMHUX ITPOBITHHKIB.
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AmHaniTHIHU BUpa3, 0 3B’sA3y€ 3Ha4eHHs Hanpyry Ha Buxoai OI1 31 3Ha-
YEeHHSM ABIMKOBOTO Koy Ha ¢ poBux Bxonax LIAII, rakuit
Upe =U Ry (2" ay + 2" ay +.. 42" a; +2%a,) 12" R, (8.16)
ne R,, — omip pe3ucTopa 3B0pOTHOTO 3B A3KY;
b — KiNBbKICTH PO3PALIB epeTBOpioBaya (y gaHomy pasi — 10), npuaomy
CTapILUM € PO3psiA 3 iHAEKCOM b.
3HaueHHs BUX1AHOI HAIPYTH B KiHLEBiH TOUII 1ialla30Hy CTAaHOBUTD

*

Usux Make = UonR33 (1 - 2_b) / Ra (8.17)
a HalMEHIIEe NpH yCixX a, = 0 — IOPIBHIOE HYIIEBI.
Po3paxyHkoBuii pupicT BUXiIHOT HAPYTH NPH 3MiHi BXiZIHOTO KOAY Ha
OJMHHUIIIO MOJIOJIIOTO PO3psiay (KpOK KBaHTYBAaHHS) CKJIaaae
h=U, Ry /2"R. (8.18)
PeanbHo HaliO1Ib1IIE 3HAYCHHS BUXIHO1 HAPYT'Y IIPH 3HAYEHHSX YCiX pO3-

PALB [BIMKOBOTO KOy @, = 1 CTaHOBUTH
U
Ueux Makc = Ron - h’ (8 19)
33 o .
00 necsrupospsaauuii LIAIT npariroe 3 guciamu, 1110 Y A€CSITKOBIH cucTemi

YypcJIeHHs BiamoBigaroTs Big 0 go 1023.
Jnst 3abe3nedenns cTabibHOCTI poboTH 3anar0Th R, = R, a cam pe-
3UCcTOp R,, po3mintyroTh Ha kpuctaii IMC pasom 3 matpunero R-2R.
EnexTpuyHy NpUHIMIIOBY cXeMy HU(POaHATIOr0BOTO IIEPETBOPIOBAYA, BH-
koraHoro Ha ocHoBi IMC K572I1A1, naBeneno Ha puc. 8.17. Skmo 3amxatu
U, =10,24 B, o orpumaemo U =10,24 B, a » =10 MB 3a HomiHabHO-
IO 3HAYCHHS BXiTHOTO CTpyMy Matpuii 1 MA (pakrimano —Bix 0,5 10 2 MA).
DA 140¥47

13 D 1 2 J) 6
0
12 21 D/A |2 — [> ©
12 /Nvp1\[/vp2 — 7 U
o o 2 1 2 3 +U +12B eux
£ 5 2° Ukt 12B
3 24
8 81os 16
3§ 7 26 y
o
IS} 6 o ;
i 2| § Vo> 1024 B
2° E 3
+12 B <14y Owj

Puc. 8.17 — LlndpoaHanorosmii nepetsoptoBay Ha ocHOBI IMC K572MA1
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TouHiCHI MOKa3HUKH [IEPETBOPIOBAYA 3aJI€KaTh BiJl TOUHOCTI BUKOHAHHS
CIIIBBIIHOIIIEHD R33/R =1TaR/2R = 0,5 nuis ycix TaHOK MaTpPHIIL.

SAxmo dpopmyay (8.16) nepenucary, BBaKarouH

R, /2'R =k,
(2"a,+2"%a,+..2"a+2',) = X,
OTPUMAEMO: Uue =kU,, X, (8.20)
3BiIKYM BUAHO, 110 naHui [IAT] Moke OyTH BUKOPUCTAHO TAKOXK SIK TIOMHO-
’KyBa4 aHaJIoroBoi BeauuuHu U (110 MOKe IIPUHMATH 3HA9€HHS Bl MiHYC
17 no +17 B) Ha nBilikoBe yncio X.

binem Tounumu € IIAII Ha ocHOBiI MeToay mepepo3NoAiny 3apsiay.
Bonu OynyroTbest HA OCHOBI KOHJIEHCATOPHOT MaTPHIL 3 CIiBBITHOIICHHIM
€MHOCTeH KpaTHUM 2"

Taxwuii LHAII mae Tpu etanu poOoTH.

Ha nepriomy erari OI1, 1110 Tako BXOAHUTH JI0 HOTO CKIIATY, IPALOE SIK
MOBTOPIOBAY, a YC1 KOHJIEHCATOPH MATPHLI MiJIMKHYTO IO BXiJHOTO KOH-
TaKTy IPUCTPOIO 1 HAKOTIMIYIOTh 3apsil, IPONOPLIHHKH BXiAHIH Hanpy3i.

Ha npyromy erarti cxema KepyBaHHS IEpEMHUKA€ KOHICHCATOPH BiJ] BXOIY
Ha Hy/1b0BUH poBigauK. Tenep Ha Bxig Ol 10 npariroe Bxe K HyJIb-Opra,
TTOJTAETHCS HATIPYTQ, IO JOPIBHIOE BX1THIN U, ase 3 IpOTHIICKHUM 3HAKOM.

Hy 1 Ha TpeThOMYy eTarli pO3NOYMHAETHCS IEPEPO3OILT 3apsIAY, KOIH 10
JuKepena onopHoi Hanpyru U, MiZIMUKAEThCs CIIOYATKy KOHJIEHCATOp CTap-
I0T0 po3psAxy Marpuii. Ha BXoi Hyab-Oprany OTpUMYEMO HaIpyTy, M0
nopiertoe (0,5 U - U, ). Cxema KepyBaHHsl, 3aJIEKHO BiJl TOTO, 3MIHUBCS
CTaH Ha BUXO[II HYJIb-OpPTaHy YH Hi, 3aJIUIIA€ KOHAECHCATOP y MONIEPETHBOMY
cTaHi abo 3HOBY IepeMHKa€e Horo Ha HyJIbOBHUI MpoBinHUK. Hamani Te x
came poOUTHCS 3 IHIIMMH KOHJEHCATOpaMH, JOKH HalpyTra Ha BXOJII HyJIb-
OpraHy He 3HU3UTKCS JI0 HyJIS 1 SMIHATBCS CTaH Ha oro Buxoi. Toi BitHO-
MISHHS CyMapHOi EMHOCTI, T {IMKHEHOI 10 HYJILOBOTO IMPOBITHUKA, 10 €EMHOCTI,
1o Oysia mixiMkeena 10 U, , Oyze eksiBaienTHa BigHomenHo U /U .

ITlinpumena TounicTh LIAII 3a6e3medyeThest THM, IO IPUCTPIH Jac Bixg
Yyacy MEPEeBOANTHCA y PEXUM CaMOHAJIAIITYBAaHHS. Y LOMY PEXHMI 10
KOXKHOTO 3 KOHJICHCATOPIiB MaTPHIIi I IMAKAIOTHCSI TOTTOMI>KHI KOHJIEHCATO-
U MaJIol EMHOCTI IOTH, TOKU CyMapHa EMHICTh He CTaHe O1IIBIIOI0 32 CyMy
€MHOCTEH KOHJICHCATOPiB MOJIOIINX PO3PSIiB HA EMHICTH KOHACHCATOPA
CaMOr0 MOJIOAIIOTO po3psAnay. IIpu mboMy TOUHICTH HaJAIITYBaHHS CKIIa-
nae 0,25 eMHOCTI IIBOTO PO3PSIAY.
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8.7.2. AUN

CBIT, 1110 HAC OTOYYE, € aHAJOTOBUM. J[0 aHAIOTOBUX HaJIeKaTh IPOLIECH,
110 3MIHIOIOTECS 3a 3aKOHOM Oe3nepepBHOi dyHkuii. Tak, 3Byku Ta 300pa-
KEHHS HaJXOAATh 10 HAIIMX OPraHiB BIIYYTTS Y BUINIAL KOJIMBAaHb — 3BY-
KOBHX a00 enekTpoMarHiTHHUX. Lli KOJMMBaHHS CHpPUIMAIOTHCS OpraHaMu
BiUYTTIB (CIIyX, 3ip) 1 Y BUIVISLII IMIYJIBCIB MIEPEAAIOTHCS 10 MO3KY. Alle
iH(opMaIlis, IO NePeAAETHCS aHATIOTOBUM CIIOCOOOM, JIETKO BUKPUBIISETH-
sy TPaKTi nepefadi Ta norpeOye BeTMUe3HNX 00CATIB IaM’sITi IPH BUKO-
puctanHi B TexHiui. Crioci6 “oungpopyBanHsa” iH(opMaLii crporrye npore-
cH repezadi i onpamroBanHs iHGopmanii. OundpoByBaHHA — 1€ ITPOLIEC I1e-
peTBopeHHs aHanorosoi iHpopmaii B udposy. o mudpoBux Hanexarb
MPOLIECH, 1110 3MIHIOIOTECS 38 3aKOHOM AUCKPETHOI QYHKIIT — 3BHYAHO, LIe
nBiiikoBui MpoBuii kox. TexHika, sika mparoe 3 Takoro iHpopMalieto, Ha-
3uBaeTbes nudposoro. Ludposa iHdopmalis JIerko KOHTPOIIOETHCS, AA€
CTaOUIbHY 1 pery/bOBaHy SIKICTh ONPALIOBAHHS 1 IPECTABICHHS IIPOLIECIB.
Bona notpedye MeHIIMX eMHOCTeH A 30epiranns. OTxe, Ui CBITY TeX-
Hiku nudposa iHdopMarlis miaxXoauTh HabaraTo OiNbIIe, HiX aHAJIOTOBA.

[poriec orudpoByBaHHS aHAIOTOBOI iHPOpPMAIIii TPOXOIUTH JiBa OCHOBHI
eranu. Ha mepriiomy anasnoroBa indopmariis po30UBa€eTHCs HAa HEBEIIHKI PiBHI
gactrHu. Ha qpyroMy erarti Ko)kHa 9aCTHHA aHAJTI3y€ThCA 1 3ammpPOBY€THCS
CIeIiaTbHIMH QJITOPUTMAMH Y KOJTU 3 TIOCITiJOBHOCTI OTUHUITH 1 HYJIIB.

AIII moxe OyTr ToOymoBaHo Ha 0cHOBI LIATL ivmbHIKA IMITYIIBCIB 1 KOM-
naparopa. CriporiieHa cTpykrypHa cxema takoro AL[I1 HaBenena Ha puc. 8.18.

[kt mepeTBOpEHHS aHAJIOTOBOTO CUTHAITY, TIPEICTABICHOTO SIK HaIpyra
U,y JIBINKOBHM KO, CKJIAIAETHCS 3 TAKUX OTICPAITii.

Hanpyra U nona€eTbcs Ha BXiJ IPUCTPOIO — OJIMH 3 BXOJIIB KOMIIapa-
topa K. CUrHan 3 BUXOJy KoMIapaTopa J03BoJis€e poOOTy TeHeparopa
iMmmynsciB /7.

Curnan //yck BCTaHOBITIOE HYJIbOBHUH CTaH 1 103BOJISIE pOOOTY JTIUMUITBHU-
Ka iIMIynbeiB JII, 0 IOYMHAE 3aII0BHIOBATUCH IMITyTbcamu [ 1.

Kox 3 Buxony JII monaetsest Ha nndpoBi Bxoau [[AI] (BXomu KepyBaHHS
KITfouamu). Y pesynbrari 3 Buxony L{AIl cTymiH4acTo 3pocTaroda Harpyra
HAJIXOIWTH Ha APYTHN BXiJ Kommaparopa. [Ticis rocsrHeHHs Hi€ro HalpyToio
3HaveHHs U kommaparop 3a00poHsie poboTy reHeparopa, a Ha Buxomi JII
Ma€eMO MIPSIMUH TTapaeTbHIN TBIMKOBUH KO, IO BiIITOB1a€ 3HAYEHHIO U,.
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Bxid
o—3 K
Uex
LA BuxioHut
K00
lyck
ri Tl
Lo3sein pobomu

Puc. 8.18 — CtpykTypHa cxema ALII

PeanbHo 117151 301IBIIEHHS IBUAKOCTI MEPETBOPEHHS 3aCTOCOBYIOTh
Oinbin cxmagauit anroput™. Jlo BxoniB [{AIl 3amicTh mivnimpHUKA TiAMH-
KaeTbes perictp nmam’sti. [licns mycky cxema KepyBaHHS BCTAHOBIIIOE
PericTp y cTaH, AKOMY BiJIIIOBiJa€ OOUHHULIS Y CTApIIOMY pO3psmi 1 Hyml y
Beix iHmuX. [Ipu npomy Ha Buxomi LIATT popMyeThes Hanpyra, 110 J0piB-
HIOE TOJIOBHUHI Jliania3oHy 1nepeTBopenns. ko Bona menmma 3a U , To B
CTapIIAK PO3PSA pETiCTpa 3aMKCy€THCS HyIIb, a Y APYTHH 33 CTAPIIMHCTBOM
omuuauIls. Lle BiamoBinae Hanpy3i Ha Buxomi LIAIL piBHIi monoBHHI moTIE-
penHboi. Y pasinepesuiuenns U, 11i€i HATPYTU OJMHHUL BCTAHOBIKOETHCS
y TPEThOMY 3a CTApIIMHCTBOM pO3psifi 1 BuxinHa Hanpyra [IAIl 36ibInyeTs-
cay 1,5 pa3y. Onmcana mporierypa IOBTOPIOETHCS JJOTH, TOKA Ha BUXOI
ITAIT e copmyeThCs HANpyTa, MO BiAPi3HAETHCA Big U, He OLIbII Hik Ha
Ty, IO BiATIOBiTa€ OMMHMII MOJIOAIIOT0 po3psiay LIAIL

IleperBopioBayi, 0 MPAIOIOTh 32 TAKUM aJITOPUTMOM, HA3WBAIOTh
AIIII mocaigoBHOr0 HAGJIMIKEHHS.

Ha puc. 8.19 naBeneno ymosHe nosHadeHHs IMC ¢yHKIiOHAIBLHO 3aK-
iH4eHOoro (Takoro, 0 He BUMAara€ BUKOPHCTAHHS JOMTOMIXXHUX €JIEMEHTIB)
AL nocaigosnoro Hadnmxennss K111311B1. Bin npu3naueHuii s po-
00TH 3 MIKPOTIPOIIECOPHUMH IIPUCTPOSIMH 1 € CYMICHHUM 3 MIKPOIIPOIIECOpaMH,
110 TparttoroTh 3 T TJI-piBHSIMU CUTHATIB. Horo BHXIJTHI By3JI1 MalOTh TPH CTa-
Hu: gBastoriyamx (0 Ta 1) 1 Tperiii — cTaH BUCOKOTO iMIIeaHCy — CTaH BiJIMKHEH-
Hl, 0 3a0e3Medye MpocTe CIPSHKEHHS 3 MIMHOIO TAHUX MIKPOTIPOLIECopa.
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D Pexxum pobdoru ALIIT y mikpo-
Ugy— 131 Al lap]| 2° 18 IPOLIECOPHIN CUCTEMI BH3HA4a-
yl €THCSl CUTHAIaMU KEePyBaHHSA Bij
—115/6 2°] 8 ~ MiKponpoluecopa.

2°] ! g [Ipu HagxomKeHH1 Ha BXi rac-
__15] Vv 24| 6 % iHHA 1 mepeTBopeHHs B/C noriu-
2°] ) € wHoro mynsa, ALl mounHae muxn
2514 'S NepeTBOpeHHs BXiAHOI Hampyru

2/ 3 N U,y nBiiikoBHii KOX.
- 2°) i [Ticnst 3aBepILICHHS TEPETBOPEH-
g ig T Hsl Ha BUXOJI F'OTOBHOCTI JaHHUX
® |IDRF—— DR 3’4BAsI€THCS CUTHAI JIOTTIHOT
144 GA - +U,L +5 B 1, 110 € 3anUTOM I MIKPOIIPOLIE-

16 < |22 j y AL

—XoVv -U) -15 B copaHa IpHHOM KOy. Y BUXITHOMY

CTaHi 1 CTaHi MepeTBOPEHHS Ha IhO-
MY BUXOJIl yTPUMY€TbCS CUrHAM 1.

[Micns npuiiomy Koy Mikponpoiiecop noaae Ha Bxig B/C curaan Jioriv-
Hoi 1, mo BcranoBmroe ALl y BUXigHMIA cTaH, MIiCII 4OTO BiH TOTOBHI J10
HOBOTO IMKJTY TIEPETBOPEHHSL.

Leit ALIII moxe onparis0ByBaTH BXiIHY iHPOPMAIIIIO y BUIJISII OAHOTIO-
nsipHoi HanpyTH 110 10,24 B, abo neomnomnspHoi +5,12 B. YV ogHononsipaomMy
pEeXXHUMI Ha BXi/1 KepyBaHHS 3CyBOM HYIsI J Tpeba mofaTi CUTHAI JIOTIYHOTO
0, a y IBOTIOIAPHOMY — 3QJTUIINTH HOTO BITHHHUM.

TouHOCTI IEpeTBOpeHHs £1/2 OMUHHUII MOJIOALIOTO PO3PsLy HU(PPOBOro
KOIIy JTOCSTal0Th BMHUKaHHSIM MiX BUBOJIOM ‘‘aHaioroBoi 3emiti” GA 1 kop-
mycom OV pesuctopa onopoM Bint 5 10 50 OM (BUKOPHUCTOBYIOTH PE3UCTOP
3MIHHOTO OTIOPY).

Hacamkinens citizt 3a3Ha9MTH, 110 €IeMEHTAPHNM IPUCTPOEM ITEPETBOPEH-
HSI aHAJIOTOBOT BEJIMYMHY Y IMCKPETHY € KOMIIaparop, sIKui (ikcye pakT rnepe-
BHITICHHS OJTHI€1 HAIPYTH 1HIIIOO 1 MOKE MaTH Ha BUXOJI1 CUTHAJIH, ITI0 B/IITOBI-
natoth storiuauM 0 ado 1. Ipu 11boMy HaMOLIBII IIBUAKOMIIOUMM € TI00Y10Ba-
HUIA Ha OCHOBI JiHiIKH KoMnapaTopiB ALII mapasenbHoro konyBanHs. Ha-
Tpyra U_ TyT IONA€ThCs Ha eI BXO/I BCIX KOMIIApaTopis oz1pasy. Ha Apyri
IXHI BXOAM MOAETHCS HAMIPYTa 3 AUTBHHUKA, IO CKJIAAAETHCS 3 PE3UCTOPIB
OJHOTO HOMiHaITy. TaKuM YHHOM, 3HaYE€HHA HAallPYTH, 3 IKAM B1I0YyBA€THCS 110~
piBasHHA U, J1IBOMA CyCIIHIMH KOMIIAPATOPaMH, BIIPI3HAETHCS HA HATIPYTY,

Puc. 8.19 - IMC AL K1113MB1
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110 BiMOBiAa€ MOJOAIIOMY po3psay. Cxema mudpyBaHHs HOpMye BUXiTHUN
KOJI, IKUH BiINIOBiIa€ CTapIIOMy KOMIIApaTopy 3 THX, IO crparoBay. Llei
KOJI 3alMCY€ETHCs] B BUXITHUI pericTp mam’aTi. AJle arnaparHi 3aTparu IbOro
MeTody Haa3BuuaiiHo Benuki. Tak, mis Bocemupospsanoro AL motpiObHO
255 xomriaparopiB i 6;3bK0 3+10* akTHBHUX KOMITOHEHTIB (TPaH3KUCTOPIB).

8.8. MynbTuBiOpaTOopM i ogHOBIOpaTOpM
Ha NOriYHUX efleMeHTax i Tpurepax

[Ipu noOynoBi LupPOBUX MIKPOETEKTPOHHUX IIPUCTPOIB HEOOXiIHI TeHe-
paropH iMITynbCiB 9acTo OyaytoTh Ha TakuXx xe IMC, 1o i Beck npucTpiil y
LiJOMY: Ha JIOTIYHUX ejieMeHTax abo Tpurepax. [Ipm npoMy € Beiuka
KIUTBKICTB CXeMHUX pilieHb. HaBeneMo niesiki 3 HUX.

Ockinbku 1 3a0e3nedeHHs reHepauii Tpeda MaTu KoedilieHT miacu-
JICHHS1 BiTOBITHOT'O IIPUCTPOIO, OLTBILINIA 32 OAMHULIIO, 1 (ha30BHIA 3CYB BXIJHOTO
curHairy Ha 360 eneKTpUYHUX IpanyciB, TO MyJIbTUBIOpaTop Moxke OyTH
nmoOyIoBaHM Ha JIBOX JIOTIYHHX eleMeHTax 3 inBepcieto (HI) Ha Buxopmi.

Ha puc. 8.20 nHaBenena ogHa *
3 HAUIPOCTIMIUX CXEM MYJBTH- R1 R2
BiOpaTOpa, BUKOHAHOTO Ha eJIe- L DD1 —C
mentax K-MOH-noriku. I ogJe; & bD2 Buxid
Jo mporo yacy HaroJjomyBa- pogomuyo—-| 1 ¢—e—0
JIOCh, IO Y JIOTIYHOTO eJIeMEHTa J_|_|_
3aJIE)KHO B1JT KOMOIHAI] BXIITHAX Puc. 8.20 — MynbTuBibpatop
CUTHAJIB (110 ABJSIOTH coboro 0 Ha NOTYHMX eNemMeHTax

abo 1) oTpuMyeMo TIeBHE 3HAYCHHS CUTHAY Ha BUXoAi (Takox 0 abo 1).

Bunnkae muTaHHs, TP MOBLIBHIN 3MiHI BX1THOTO CUTHAITY BiJl HU3BKOTO
PiBHSI HANIpyTH 10 BUCOKOTO — Bix 0 10 1 (a00 HaBmaKu), KOJIM caMe JIOTi4-
HUH eJIeMEHT NepecTae CIpuitMaTh BXiJHUH curHai sk 0 1 mouynHae cripuii-
MaTH Horo sk 1? Slke 3HaUeHHA HANPYrd MOPOTY MepeMUKAHHSA Unop
BiH Mae? Lle 3a1eXuTh Bi TUIY e1eMeHTHOI 0a3u, Ha SKii BUKOHAHO eJle-
MeHT. Tak, Hanpukian, ms enemerTiB K-MOH-1oriku mopir nepeMuKasHs
CTaHOBHTH ITPHOIM3HO MOJOBUHY HAPYTH JKEpPea )KUBJICHHS.

3 ypaxyBaHHSM I[bOTO POOOTa CXEeMH, HaBeIeHOT Ha puc. 8.20, moJsrae
y 3apsi konaencaropa C no nuisxy: uxin enemenra DDI, R,, C, Buxin
enementa DD?2 — xomu Ha Buxomi DD maemo 1 (a Ha Buxomi DD2, sk
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HacIi0K, 0), 1 HACTYIIHOTO po3psy no muiAxy: Buxin DD2, C, R,, Buxin
DD1 — xomu Ha Buxofi DD 1 maemo 0 (Ha Buxoni DD2 — 1). 3mina curHa-
ny Ha Buxoxni DD BinOysaetscs 3 0 Ha 1, KOJIM piBeHb HANIPYTH Ha pe3MC-
TOpi R, jocArae 3Ha4YEHHs Unop 131 B 0 — Konu piBeHb Hanmpyru Ha R,
sHIKyeThes 0 U, . BennduHaa Hanpyru Ha R, BU3HAYA€THCS CTPYMOM
3apsany abo po3psany C (auB. mm. 5.2: iHTErpyOYHiA JTaHIIOXKOK).

VY pesynbraTi Ha BUXOIl HPUCTPOIO MAEMO NPSMOKYTHI IMITyJIbCH 3 TIe-
PiooM HaIXOMKEHHS

T =14R,C. (8.21)

Pesucrop R, o6Mexye cTpyM po3psy KoHaeHcaropa C yepes BHy TpiliHi
BXIiJIHI JTi0/THI 3aXHCHI JIaHIIOTH enieMenTa DD ] Ipy BAMHUKaHHI )KUBJICHHS.

SAxmo y skocti DD1 maemo neoxogosuii enement I-HI (a He mpocTo
1HBEPTOP), TO APYTUi HOTO BXiZ MOXKHA BUKOPUCTATH A7l 7o3Bomy (1) abo
3aboponu (0) pobotu MyasTHBIOpaTopa.

Ha puc. 8.21 naBeneno
DD CXeMy OJHOBiOpaTopa, 1o-
T oo Buxi OyZ0BaHOTO Ha OCHOBI KOM-
6inoBanoro K-MOH RSD-
Tpurepa. Tpurep, sk Bifgo-
G-6——0O Bux2 MO, €, HAIPUKIIAJ, ABOKAC-
KaJHAM IICUIIOBAYEM 13

3anyck ™ o

Banyck O0—

x|l o o|lw

C R IMMO3UTUBHUM 3BOPOTHHM
H }—6—:]—0 3B’3KOM 200, SIK y JaHO-
VD MY BHITJIKY, TOOYTOBaHHH

Ha JIOT1YHUX CJICMCHTAaxX.

1 Yacozamarounii RC-nas-
Puc. 8.21 — OpHosibpaTop Ha ASD-TPUMEPl  1130:x0K i AIMKHEHO 10 TIpsi-

Mmoro Buxofy (Bux I) tpurepa. Hanpyra 3 konaencaropa C mogaerbes Ha
BX1J] BCTAHOBJIEHHS TPUTepa Y HYJbOBHH CTaH R.

MOoskIHBI J1Ba CIIOCOOHU 3aITyCKY I[bOTO OJHOBIOpaTopa.

[lepmmii — mogavero iMITybCY 3allyCKy Ha acHHXpOHHUH BXin S. [lpu
FOMY TPHBAJICTh IMITYJIbCY IOBHHHA OyTH MEHIIIOIO 32 TPUBAJICTh TeHE-
poBanoro (¢, <t;).

Hpyruit — momadero iMITysIbCy OyIb-sIKOT TPUBAJIOCTI HA BXi CHHXPOHI-
3amii C (Tpurep pearye TUTbKH Ha mepenHid GppoHT immynscy). Ha Bxix S
IpH ITOMY HEOOXiHO moaatu 0.
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Y BuxiHOMY cTaHi Ha npsiMoMy Buxozi — 0. KoHzeHcarop po3psmkeHui.

[Ticns momadi iMIyIbCY 3aITyCKY, TPUTep NEPEXOANTh Y OAMHUYHUHN CTaH
(3a1eKHO Bij BUIY 3aIlyCKY: SIK aCHHXPOHHHI RS-TpUrep abo K CHHXPOH-
Huit D-Tpurep, Ha D-BXo1i sSiKoro 3aikcoBaHo 1, 110 MOIA€THCS 3 IHBEPCHO-
ro BUXony Tpurepa — Bux 2 ). Ha npsimomy Buxoni orpumaemo 1.

Tenep KoHIEHCATOP MOYHE 3apsAKaTUCH, 1 KO Halpyra Ha HbOMY, a
3HAYUTD, 1 HAa BXOI1 R OoCSTHE 3HaYeHHS OPOTY IIEPEMUKAHHSI, TPUTep MO-
BEpPHETHCA B HYJIbOBUI CTaH, a KOHJIEHCATOP LIBUAKO PO3PAIUTHCS Yepe3
niox VD.

VY pesynbrari, Ha BUX0oxax Tpurepa (npsmMomy — Bux [ i iHBepcHOMY —
Bux 2) Mu orpumanu imMIysbc, TOBKHHA SKOTO

t; ~0,7RC, (8.22)

a OJHOBIOpaTOp rOTOBHH 10 TOBTOPHOTO 3aITYCKY.

Ha Takomy x Tpurepi Mo>xHa oOyayBaTH i aBTOKOJIMBAJIbHUNA MYJIBTH-
BiOpaTop, sIK moka3aHo Ha puc. 8.22. baunmo, 1o TyT A0 Tpurepa migiMk-
HEHO J[BA 4ac03a/1ak0di aHIor. Moro po6oTa 3po3ymina 3 HOACHEHD po-
00TH 0THOBIOpaTOpa, a epio TeHEpOBaHUX IMITYIIECIB CTAHOBUTD

T, =0,7(R,C, + R, (). (8.23)
VD1
N
1
C1l R1

1

DD
LS| T e— O Buxi1
E
EC
'R| ¢oe—1—o0 Bux2
}_C{:Z R2

VD2

Puc. 8.22 - Mynbtugibparop Ha RSD-Tpurepi
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8.9. IMC raitmepa K1006BU1 (555)

g moOynoBu reHeparopiB iMITyJbCiB BUKOPUCTOBYIOTH TAaKOX CIIe-

8 3 miamzosanl IMC. Ogua 3 Hux — ne IMC
TIGU c | TaliMepa yHiBepCaIbHOTO MPU3HAYCHHS
—9 E K1006BU1 (mixurapoguuii kox 555). Uoro
. O U > YMOBHE II03HaUY€HH: HaBeJIeHe Ha puc. 8.23,
6 | R a cxema — Ha puc. 8.24. Jlo ckmagy IMC

2 1 BXOJISITh JIBA ONIEPAIliifHI ITi ICUITIOBAY1, TPH-
—9 S GX—

rep, KoMOiHaIliifHa JIoTiYHa cXeMa, J1Ba TPaH-
Puc. 8.23 — YMOBHE N03Ha4YeHHS 3pcTopH (OMHH 3 AKX JOCUTH HOTYXKHHIA) i
Talivepa K1006B1 BUXIJHHH i ICHITIOBAY.

(B)T +Uy (Hanpyaa xueneHHs)

®) |j

(Kepyroua
Harpyea)

_© D> e \ & SIT
U3+ S o *—|

6

5 kOm BcmaHoerneHHs

2U »(,43717 R © > & 1 @)
— *—{ R [> b——0O

|:| 5 kOm / 0
Mideomoeka (Buxio)

— \\‘
100 mA l}’
q

®o 4)

G (Hymwoea E (BcmaHoeneHHs Hynsi)
mouyka)

Puc. 8.24 — Cxema IMC Taimepa yHiBepcasibHOro npusHadeHHs K1006BU1

Tatimep 103BoJIsI€ Oy yBaTh OJHOBIOPATOPH 3 TPHBAIICTIO IMITYIIBCIB Bijl
JECATHA MIKPOCEKYH/I 10 OJHI€T TOAMHY 1 MYJIBTUBIOpaTOpH 3 4aCTOTOIO M-
myssciB g0 500 kimorepr mpu TogHOCTI 1%. [Ipn nbomMy Hanpyra )KUBISHHS

g) 100 MA
(Po3ps0)
|
l *
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MOJXKE 3aJaBaTHCS B MexXax +Uy
Big 4,5 1o 18 BombT, a cTpyMm D
HaBaHTaXeHHs csirae 100 mi- R +U s |9 —O0 Buxid
miammep (200 mimiammep y b E
IMC 555). O U
Cxemu onHOBiOpaTopa i l_ R _:|:0,01 MKD

MYNBTHBIOparopa, modynosa- |
mux Ha IMC K1006BH1, Ha-
BezieHi Ha puc. 8.251 8.26 Bin-

TIOBITHO. Bxi0 3anycky

VYV nux OpucTposix BeIu- p 25-0 i6 IMC KA1 B
Iy CMHOCT] KoRAGHCATOPE nc. 8.25 — OgHoeibpatop Ha IMC K1006

MO>KHa 3a/aBaTu OlIbIIO0
3a 100 mikodapan, a onopy
pesucTopiB — Big 1 kinoomy
1o 10 meraom (mist 3a0e3me-
4yeHHs npauesgaraocti IMC
1 BUKIIFOYCHHS BILTUBY Tapa-
3UTHUX EMHOCTEH 1 OTTOpiB Ha
napaMeTpu T€HEPOBAHUX ¢

iMITyIIBCIB). —C S
TpuBaiicTs IMITyIIbCY OfI- :I:

HOBIOpaTOpa CTAHOBHTH: Puc. 8.26 — Mynbtugibpatop Ha IMC K1006BM1

Q ——© Buxid

L

— 0,01 mk®

Gh«

t; =1LIRC, (8.24)
a Tepiosi FTeHepOBaHUX MYJIETHBIOPAaTOPOM IMITYIILCIB:
— 0e3 mioxa:
T=0,7(R,+2R)C; (8.25)
— 3 J110/I0M:
T=07R,+R)C. (8.26)

3MIHIOIOYHM CITIBBIJHOIIEHHS BEJIMYMH ONOPIB R 1 R, MOXKHA 3MIHFOBaTH
IIITapyBaTiCTh MOCITOBHOCTI TEHEPOBAHUX IMITYJIBCIB
0= R +R,
2R+ R,
IMC Taiimepa 555 3Haiinuia sKHaRIIKpIIE BAKOPUCTAHHS pU 00Oy10Bi
iMynecHUX pUcTpoiB. Y CIIA sKOCh HaBiTh OTrOJIOIIYBaBCs KOHKYPC: XTO
3anponoHye Oinplie BapianTiB 3acrocyBanHs wiei IMC.

(8.27)
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8.10. MikponpouecopHi npucTpoi
8.10.1. 3aranbHi nonoxeHHs. lewo 3 ictopii npouecopis

I3 po3BuTKOM TEXHONOTII i cxemoTexHikr IMC BUHHKIIA MOXKITHBICTH CTBO-
PEHHS Ha OJJHOMY KPHCTaJIi LiJIOTO €IEKTPOHHOTO IPUCTPOIO, HAPHKIIA,
pazionpuiiMaya, BAMIpIOBaJIbHOTO NPHIIATY UM IIPUCTPOIO KepyBaHHs. AJie, 3po-
3yMio, o rpu pomy IMC (BIMC) crarots By3bKoOCTIeiaTi30BaHIMH. | SIKIIIO
Y BUIIAJIKY 3aCTOCYBaHHS IPUCTPOIB MACOBOT'O MPU3HAYEHHS, 1110 TIPOLYKYIOTh-
Csl IeCSITKaMH THCSY (padionpuitMad, BUMIpIOBAbHUNA IPUIIAJ), 3 LIUM MOX-
Ha 3MUPUTHCS, TO 3 IPUCTPOSMH KEPYBaHHS BUHUKAIOTH BEJIHKI IPOOJIEMH.

[lepm 3a Bce, aaropuT™ (TOCIiAOBHICTS BUKOHAHHS [IiH, IO BEAE 10
yCIiXy) KepyBaHHsI 4acTo € 1HAUBiTyaabHUM (HAlpUKIal, A1l KOKHOTO 3
ABTOMATUYHMX MaHIITyJIATOPIB, 1110 MPALOI0Th HA CKIIaJaIbHOMY KOHBE€EpI
3 BUpoOHUITBA aBTOMOO1111B). KpiMm TOTO, Y Tpo1ieci ekcriryaTarii TeXHO0-
TYHOI0 yCTaTKyBaHHS YaCTO BUHUKA€ HEOOXIIHICTh Y 3aMiHi BCbOTO ajro-
pUTMY KepyBaHHs a00 Horo yacTuH (1o0aBneHHs a00 BUITy4eHHS ONeparlii,
3MiHa IMOCIIiIOBHOCTI IXHROTO BUKOHaHHS ). 3actocyBaHHs BIMC y Takomy
pasi 3 eKOHOMIYHOI TOYKH 30py HENOIIIIbHE.

Arte # moOymoBa IpUCTPOIB KepyBaHHS Ha OCHOBI yHiBepcanpbHUX IMC
CEepeIHLOTO CTYIICHS 1HTEerpailii, Xo4a 1e i MeHIIe KOIITYE, TeX He € BlIa-
JIUM BUXOJIOM, 60 3MiHU alITOPUTMY TIPH ITOMY BEIYTh 10 3MiHH €JIEeKTPHY-
HOI CXeMH MPUCTPOIO KePyBaHHA (TIOBHICTIO a00 y IeSKHX ii YaCTHHAX).

Jo pedi, mprcTpoi KepyBaHHsI 3 HE3MIHHUM aTOPUTMOM HAa3UBAIOTh IIPH-
CTPOSIMH 3 KOPCTKOI0 JOTIKOIO0.

YeyHyTH IpoTHpiTYsa M cTynieHeM ckinanaocti BIMC 1 MokIUBiCTIO il
YHIBEpCaJIbHOTO BUKOPUCTAHHS BIATIOCS 32 PaXyHOK 3aCTOCYBaHHS IPOrpa-
MyBaHHS BUKOHYBaHUX (QyHKILIN (y HAHTIPOCTIIIOMY BHIIAJIKY 1€, HAIPUK-
Jaz1, mporpaMyBaHHs Koe(illieHTa nepepaxyHKy JIYIIbHIKA IMITYJIbCIB).

3apa3 ocHOBHUM TUIIOM IporpamoBannx BIMC, mo MatoTe HalO1LIbITy
1H(pOpMAIiifHY TOTY>KHICTB, € MIKPOTIPOIIECOP.

Mikponpouecop (MII) — 11e mporpaMHO KepOBaHMIA MPUCTPIN OTPAITIO-
BaHHs UPpoBoi iH(opMaIlii, BUKOHAHHMI Y BUIVISI OJHI€T (PiJIIie IeKLUTBKOX)
BIC. ®ynkuii MIT ananorivsi 10 GyHKIIIH IEHTPAITBHOTO Tporiecopa udpo-
Boi EOM. Moro MoxHa BBaxaru OJTHUM 3 HAHOUTBIINX JTOCATHEHB Cydac-
HO1 MIKpPOEJIEKTPOHIKH.
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TyT cin 3a3HaYUTH, IO CIPOOH aBTOMATH3YBaTH 00UMCITIOBAIbHI POOO-
TU pOOWIINCH 3/IaBHA 1 3aiMaNTHCS IIUM HAHBUAATHIII MUCIHTENI 1 TOCIII-
HUKH. AJie piBeHb TEXHIKH 1 TEXHOJIOTIi HE TaBaB 3MOTY CTBOPUTH BiJIIIOBIIHI
npuctpoi. JIume 3 cepeHiX BiKiB IOYMHAIOTHCS 3pYIICHHS Y LiH CIIpaBi.

Tak, y 1642 poui ¢izuk b. [lackans moOynyBaB MexaHiuHy MaIIUHY, IO
BHUKOHYBAaJIa onepalii JoJaBaHHs Ta BigHiMaHHs (Hazaii Oyio 3acTocoBa-
HO JI0 I’ ATAECATH Takux MaluH). [logiOHi mpucTpoi po3poOsiy HiMenb-
kuit maremaruk [.B. JleiiOnin i pociiicbkuii Matemaruk [1.JI. UeOumen
(opieHTOBaHI Ha PO3B’A3aHHA PiBHSAHB BUIIOT MaTEMaTHKH), a Mi3HiLIE Po-
ciiicekuii imxenep B.T. Opauep. “Koneco Opnaepa” ctano ocHOBOIO apud-
MomeTpiB. ani Oynu enekTpoMexaHiyHi IPUCTPOi — HA eJIEKTPOMArHiT-
HUX peJie — Ta, HapelITi, eJIeKTPOHHI — CIIOYaTKy Ha JIaMIlax, a MOTiM Ha
Tpan3ucropax Ta IMC.

Haii6inpm 6mm3pkuM npoobpaszom cydacHux nuudposux EOM e mexani-
YyHa “aHalliTHYHA MallnHa aHriiicekoro Maremaruka Y. be0OOimka, 3ar-
portonoBana HUM 1833 p. 1 mi3HilIe peaizoBaHa HOTO CHHOM (Z10JlaBaHHS
JBOX YHCeJ TPUBAJIO 2 CEKYHH, @ MHOKEHHS — XBIIIMHH). Y il MammHi
BIIeplIe OyJia 3aporOHOBaHa 1 peati3oBaHa iJiest mpouecopa, 1o MoYepro-
BO BHKOHY€ Y 3aJaHiil TOCIIJOBHOCTI HaIlepea 3a/1aHi MaTeMaTHdHi oIe-
parii Han guciamu. CTpykTypa nmpouecopa Y. be06imka, HaBeneHa Ha
puc. 8.27, He 3a3Haja CYTTEBUX 3MiH 1 1O CHOTOJIHI.

r ________________________ A
| lpouyecop :
| |
| AN K : Mpozpama
| I
- __
BB
31

Puc. 8.27 — CtpykTypa npouecopa
Apu¢pmernko-aoriunmii npuctpiii (AJII]) Tyt BukoHye apudMeTHIHI
a0o JTorivHi i1 Ha 1 YucIamMu (KoJaMu) Y TIOPSIKY, IO 33]Ja€ThCS MPUCTPOEM
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kepyBanHs (I1IK) 3rizHo 3 mporpamoto, sika BBOOZUTECS 1O HBOTO (HAIIPUK-
nag, 3 nepopaTUBHOI CTPIUKK).

[IpakTuuHe 3acTOCYBaHHS IIPOLIECOPa MOKIIMBE 32 HASBHOCTI MPUCTPOIO
BBoay i BuBoay uncen (IIBB) i 3anam’sitoByBasibHOTO nmpuctporo (311),
HEOOXiIHUX AJIs1 BBOAY BUXIAHUX JaHUX, BUBOIY PE3YyJIbTaTiB Ta 30€peKeH-
HS IPOMDKHUX PE3yJIbTaTiB.

[ToBHa MexaHiYHA 0OUYHCITIOBaTIbHA MAIlIMHA, 110 MaJia rmporecop, [I1BB i
311, nobynoBana 1936 p. y Himeuunni min xepiBauuroMm K. Lyse. Toxi x
3’SBJISIETHCS 1 Teplla aJropuTMiuHa MOBA Ul HAIMCaHHSA MPOrpaM AJIs
uiel MamuHK. 3 HOTO Yacy PO3MOYNHAETHCS CTPIMKHHA PO3BUTOK MpOILIE-
COPIB K OCHOBHOI JIAHKH O0YHCITIOBAIEHOT MAILIHU.

¥ 1938 p. mix kepiBauuTBoM K. Lly3e cTBOpeHO nporiecop Ha eneKTpomar-
HITHUX pelie, 1110 30UTBIIIIIO IIBUIKICTh BUKOHAHHS OTIEPAIliil y JeCATKH Pa3iB.

1946 poxy y CILA noOynoBaHO Heplly €JIeKTPOHHY OOYHCIIIOBAJIbHY
Mammay ENIAK, mo mictuma 18000 enexkTpoHHUX JiaMIl (IoJaBaHHS i
BigHiMaHHs TpuBajio 200 MikpoceKyH, a MHOXeHHS 2800 MiKpOCeKyH).

Onna 3 nepumx paasHebkux EOM, nprusHaveHa ajis cepiiHOro BAPOOHHLI-
TBa, “Crpena” Oyna ctBopeHa y 1953 poui. Bona mictuna 6000 nami, crioxu-
Basia MoTykHicTh 150 kBA i po3milyBanacs y npuminieHHi mioriero 300 m>:
yHi(iKoBaHi 1T KOMIpPKH (JIOT14HI €IEMEHTH, TPUTEPH Ta 1H.) MiCTHIIUCS Y 6 Bep-
THKAJTFHUX CTIHKaX BICOTOIO 2,5 METPH Ta y MYJBTI oreparopa. BoHa Buko-
nysasa 2000 onepariiii 3a cexyny. [i mocTiitno 06¢yroByBamm 5-7 TEXHIKiB.

Bixe y 1955 pomi 3’ BASIOTECS TPAH3UCTOPHI MPOIIECOPH, a 3 TIOYATKY
60-x pokiB — BuxkoHaHi Ha IMC cepenHboro cTyneHs iHTerpaiiii (mporecop
BHKOHYBaBCA Jech Ha ' staecsta IMC).

[ mostBM MikpoTtiporiecopa (Tiporiecopa y MiKpOBUKOHAHHI — Y BUTIISII
IMC) neoOxigHa Oysa He TUTBKH TEXHOJOTIYHA 6a3a, 110 BKe 3’ sIBUIIacs Ha
KiHenpb 60-X pOKiB, a i yCBITOMIIEHHSI, PO3yMIiHHS TOTO, 1110 IPOTPaMHO Ke-
poBaHa Jorika 61kl eeKTHBHA 1 MPOCTila y BUKOHAHHI IPH peatizamii
CKIaHUX (PyHKIIIH, HIYK CXEMH 3 KOPCTKOFO JIOTIKOTO.

Tak, 1969 p. cniBpoditHuk ¢ipmu INTEL (CIIA) M. Xodd orpumas
npono3ulito Bix ssmoHcbkoi Gipmu BASICOM po3pobutn kommuiekT IMC
JUTE BUKOHAHHS yCiX MaTeMaTUYHMX il 1 pO3paxyHKy yCiX CTaHIapTHUX
($yHKIIH yHIBEepcaIbHUM KabKyssiTopoM. [lependadanocs cTBopeHHS ABa-
Hanmsata IMC ma 2000 TpaH3UCTOpPIB KOKHA, IO Mald 6 BHKOHYBATH
BIJIIOBIIHI TpymH 3 3aaymManux ¢yHKin. Onnak M. Xodd 3anpornonysas
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BUKOPHCTATH JIMILE OHY yHiBepcaibHy IMC 3 mporpaMHUM KepyBaHHSM,
110 BUKOHYBaa 0 yci 3amani QyHKii, a 32 He0OXiqHOCTI — i 1HIII.

€11HUM HetoJTiKkoM OyI10 301NIbIIeHHS Yacy OOYHCIICHb, 110 HE3BOPOTHE
3a [MpOorpaMHoi peasizarii (MopiBHAHO 3 dKOPCTKOO JIOTIKOF0). AJIe /IS Kajlb-
KyJsiTopa 1ie OyJIo HeCyTTEBO: 30LTBIIICHHS TPUBAIOCTI OOYHCIICHB 13 JIECSTKIB
MIKPOCEKYH[I 10 J€CSITKIB MiJTICEKyH]l KOPUCTYBayeM HE ITOMidanoch.

Otxe,y 1971 poui ¢pipma INTEL crBopuna mikpornpouecop INTEL 4004,
1110 BUKOHYBAB OIeparlii 3 YOTUPUPO3PSAHIUMH JBIHKOBUMH YMCIIAMH 1 BMIIITY-
BaB 2250 TpaH3UCTOPIB.

3’SIBUBILHUCH Y MIKPOKAJIBKYJIATOPAX, MIKPOIPOLIECOPH (MPOrpaMHa J10-
rika) cTajau 3aCTOCOBYBaTUCh Y HAHPi3HOMaHITHIIINX OOYMCITIOBAIBHUX 1
KEPYIOUHX MPUCTPOSAX, BUTICHIIOYH CXEMH 3 JKOPCTKOIO JIOTIKOIO.

8.10.2. Oco6nmBocTi po60TH | BUKOPUCTAHHS MIKPONPOLLECOPIB.
[BiiikoBa cuctemMa yucneHHs. CTpykrypa MikponpoLuecopHoi
cucTemu

OcCo0IMBICTIO CyYaCHHX MPOIECOPIB € Te, 10 BOHU MPAITFOIOT i3 YHCIIAMH,
MIPE/ICTABICHNMHU He Y JeCATKOBIi, a y ABiliKkoBill cucTeMi YHCIeHHS:
YHUCJIO TIPEACTABISIETHCS HE SIK CyMa CTyIeHiB uncia 10, mTOMHOKEHNUX Ha
BigmoBigHl unciaa Bix 0 1o 9:

Nio=a 100 +a, 101 + a3 102 +...+a,1 -10", (8.28)
Ie a; = {0;1;2;3;...;9},
a sIK cyMa CTYTIeHIB 4rcia 2, moMHOxeHux Ha 0 abo 1:
No=a;- 2" +a, 2" +a3-2° +.. 4 a,. - 2", (8.29)
ne a; ={0;1}

YV pe3yisTari 0CHOBOIO TAKOTO MIPOIiecopa € NBOCTAOUTLHUM (TaKui, 110
Ma€ iBa CTaHM), a HE IECATUCTAOUTFHUI EIeMEHT.

[puknagoM NBOCTAOIIBLHOTO €JIeMEHTa, TPU3HAUSHOTO JUIS 3aIlaM’ To-
ByBaHHSI iHQOpMAIIii, € TpHUTEp, a IeCATUCTAOUTEHOTO — MOXe OYTH JIBIHKO-
BO-JIECSATKOBUH JIYUIbHUK. J|BIHKOBO-ACCATKOBUI JIIYMIBHUK, 110 Mae 10
CTaHiB, MOOYJOBaHO Ha YOTUPHOX TpUTEpax. Y TOH caMuil 4ac Ha YOTHPHOX
TpHUrepax Moke OyTH modya0BaHO MPHUCTPIiH (HAIPUKIaI, TAKOX JYAIBHAK
abo perictp), mo Mae 16 cradiB. 3BiICH BHIHO, YOMY 32 OCHOBY B35TO
JBifKOBY CHCTeMy uHCIIeHHs. [1 3acTOCyBaHHS IpH MOOYIOBi ITM(POBHX eITeK-
TPOHHHX 3ac00iB 3 ONpaIfoBaHHs iH(OpMAIIiT 1a€ 3MOTY YHUKHYTH 3HIKESHHS
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iXHIX MOTEHIIHHUX MOXKJIMBOCTEH OB HiXK Ha TpeTHHY. OTKe, IBiliKOBa
cucTeMa IpH TEXHIUHiH pearizalii € O1IbII eKOHOMHOIO 3 TOUKHU 30Dy ama-
paTtHuX 3arpar.

¥ 1946 poui BMC CIIA 3amoBuiu ABOM yHiBepcuteTaM — ['apBapachb-
komy 1 IIpuHCcTOHCEKOMY — PO3pOOKY U(PPOBOT OOUMCITIOBANBHOT MALLIMHU
IUISl CUCTEM KepyBaHHS apTHIIEPi€lo JTIHKOPiB. | apBapachka CTpyKTypa Maiia
IiBa IPUCTPO1 aM’sTi: mporpam i naHux. Lle 3a0e3neuyBano BUCOKY IIBU-
KOZIi10, aJle BUMarajao BUKOPHCTAaHHA JABOX TPAKTIB mepenayi iHpopmarii.
OckibKHY Taki MallHU TOAI OyayBany Ha eeKTPOHHOBAKY YMHHX JIAMIIAX,
TO BBEJCHHS J10 IXHBOTO CKJIaAy OyIb-SKOTO By3Jla HPU3BOIMIIO 10 3HAYHO-
ro 30inbIIeHHs rabapuTiB 1 3SMEHIIEHHS HaJiiHOCTI Beiel cuctemu. OTXe,
nepeMorsa MPUHCTOHCHhKA CTPYKTypa — cTpykTypa ¢on Heiimana, 3a sikoi
JaHi 1 nporpama 30epiratoTecs B ogHoMy 1 Tomy Xk 311 1 ans oOMmiHy nanu-
mu Mixx AJIIT # 311 ta mixx 11K i 311 BUKOPHUCTOBYIOTHCS OHAKOBI MPOILIE-
nypu. Ilicns 3BepHenns MII no 311 mepumii koxg BBaXaeTbCs KOAOM KO-
MaH[I¥, a HACTYIIH] — aipecaMi, JaHUMH Y1 KOMaHAaMH y KOHTEKCTi BUKO-
HaHHA nepioi koManau. CTpykrypy ¢oH HeliMaHa 3acTOCOBYIOTH IIpH 110~
OyZOBi i CydacHHX yHiBepcaJIbHUX MpPOILecopiB. Ane 3apa3, 0coOIuBO B
MIiKpOKOHTpOMepax, mpo sKi mijie MoBa JIeIo Mi3Hille, 3aCTOCOBYIOTh i rap-
BapJCHKY CTPYKTYDPY, 0 3HAYHO ITiABHIIY€ IXHIO MIBUIKOAII0. A HaIIHHICTD
CHCTEM BU3HAYAETHCSA Ty’Ke BUCOKOTO HafdiitHicTIO BIC — HaiiiHICTh MIKpO-
CXEMH BHILA 3a HAIIHHICTh HABITH OJHIET JaMIIH.

Ha ocnoBi MII BukonytoTbca Mikponpouecopui npuctpoi (MIIII),
niepu 3a Bce Mikpo-EOM — mpuctpiif, mo mictuts MI1, 3anam’aToByBasibHI
MIPUCTPO1, OpTraHK KePYBaHHS 1 3aCO0H 3B’ SI3KY 3 30BHIIITHIMH IPUCTPOSIMHU —
iHTepdeiic.

InTepdeiic (anrn. interface — 3acid CIPSHKEHHS, CIIOJIYYEHHS) € CYKYII-
HICTIO YHI(DIKOBaHUX TEXHIYHHX 1 MPOTPaMHUX 3ac00iB, HEOOXITHUX ISt
1IKITIOYeHHSI 30BHIIITHIX IPUCTPOiB. BiH 3a0e3neuye nepeTBOpeHHs CHTHAIIIB
MII y curnHanm, mo COpUHMaIOTHCS 30BHIITHIME HPUCTPOSIMH 1 HaBIIaKH,
MIJCUJICHHS CUTHAIIB Ta CTAHOBUTH COOOO arapartHi 3aco0u 1 Habip mpo-
rpam repeadi 1aHux (yHi(ikoBaHUH IPOTOKOI 0OMiHY iH(OPMAITI€I0).

Sxmo mikpo-EOM npusHaueHa aisi KepyBaHHS ACIKHUM 00’ €KTOM, TO
BOHA JIOTIOBHIOETHCS 32CO0aMU CIIOTY4eHHS (Y3rOKeHHS ) 3 00’ €KTOM (Iat-
YHKH, aHAJIOTO-IIM(POBI 1 IIM(PO-aHATOTOBI IEPETBOPIOBAYi, BUKOHABYI IPH-
ctpoi i1 T.1.). CykymHicTs Mikpo-EOM 1 3aco0iB crioimy4eHHS Ha3WBaIOTh
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MiKponpouecopHo cuctemMor. CTpyKTypa Takoi CHCTEeMH HaBeleHa
Ha puc. 8.28.

LA

y || || || S
VAN VAN VAN
LUK>

CucmemHa mazicmparnb

rar o3n

00

3C

Mo o6’°ekma kepysaHHs <

Hucninet
Knasiamypa

Puc. 8.28 — MikponpoLecopHa cuctema

MII € mo3kom MIIII, y sikoMy BiOyBa€eThCs ONpaIfoBaHHs iHpOpMaIii
(KoMaH[I 1 TaHWX ), IO MPEACTABISIOTHCS Y TBIHKOBOMY KOJII.

MII Mo>xe BUKOHYBATH JTy>Ke CKIIaIHI 3aBIaHHS 3 O0YNCIICHD 1 KepyBaH-
Hsl, YMIFOYHM BUKOHYBATH JIMIIIE €JIeMEHTapHI JIOT1uHi i apudMeTH4HI or1e-
partii, onepartii nepecrIaHHs JaHuX, TOPiBHAHHS JBOX YHCEIT 1 ACsIKi 1HIII1, 38
paxyHOK 0aratopazoBOro IXHBOTO TOBTOPESHHS BiJTIOBIAHO J0 3a/1aHOI KO-
pHUCTyBaueM mporpamu (BU3HAYEHOI MOCIIJOBHOCTI KOMaHI).

Juist 3a6e3nedeHHs BUKOHaHHS onepaniid MIT MicTuTh pucTpoi BUOIpKu
iH(opMaii 3 maM’sITi i 11 nemudpyBaHHs, apuQMETUKO-TIOTTYHAH PUCTPIH,
10 € CYKYITHICTIO CXEM, 1[0 peasi3yoTh apu(MeTHYHI 1 JIOTIYHI oneparii
HaJ JaHUMHU, IPUCTPiil KepyBaHHS, IKUW 3a0e31euy€e BUKOHAHHS OIlepallii
MII, pi3Hi pericTpu aJist TAMYAcOBOTO 30epiranus (HagoneparuBHuii 311) i
MEPETBOPEHHS JaHUX 1 KOMaH]], TAKTOBUI T€HEPATop, II0 33J1a€ TEMII PO-
6otu MII.
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s 36epiranns inpopmaii € asa Buau 311: nocrilinuii 3anam’IToBY ORIt
npuctpiii (I1311) Ta oneparuBHuii 3anam’sitoByroumii npucrtpiii (O3I]).

1311 npusHadeHmii 11 30epiranHs iHpOpMAILii, 0 3aHOCUTHCS B HBOTO
npu urotoBnieHHi MIIIT i 306epiraeTscst Ipyu BigKIIOYEHH] KUBJICHHS. 3aB-
nsixu npomy MITIT miciis BMUKaHHS 3Hae, sIK MIAroTyBaTu cede 1o pobotu
1 110 TOTPiOHO POOHUTH MPH OJepP>KaHHI TUX UM 1HIIMX 30BHIIIHIX KOMaHJ 1
aiit. 11311 moxe mparroBaTé TiINBKM y pexxkuMi Buaadi iHGopmanii. Bmict
1311 moxxHa 3MiHnTH 3amiHO Horo IMC Ha iHII 3 HOBUM HAOOPOM Ipo-
rpam abo nepenporpamyBanaaM IMC, SIKII0 BOHH 1€ JOITYCKAaOTh.

O3II npu3HayeHu 4711 TAMYAcOBOTO 30epiraHHs JaHHUX 1 Iporpam Ko-
pHCTyBada, IPOMDKHUX PE3YNBTATiB POOOTH 1 PALIIOE SIK Y PEKUMI 3a1IHCy,
Tak 1y pexumi Bugaui indpopmanii. Skmo iHpopmamiro, Mo MiCTUTBCS Y
O3I1, HeoOxiHO 30eperTu 10BroCTPOKOBO, TO ii Tpeda 3anmcary y 30BHIIIHIH
MPUCTPIH am’sITi.

[1BB 3a6e3neuye 38’130k MI1 i3 30BHIIIHIMY IPUCTPOSIMU — AMCILICEM, KJla-
BiaTyporo (3aco0H CHOJIyYEHHS 3 OIepaTopoM) Ta 3ac00aMH CIIOJIY4eHHS 3
kepoBaHnM 00’ ektoM (3C) — narunku, BukoHapyi puctpoi, AL LAITi T.o.

3B’s130K Mk po3msiHyTHMU Moxyisimu MIIII 3aiiicHIOETBCS HA OCHOBI
MaricTpajbHoi cxeMu. BiamoBigHO 10 HEl MOMYII MiAKIIOYEHI IO CHUC-
TEMHOI MaricTpalli, IO CKIIATAETHCS 13 IUHU aapecu LA, muHu 1aHux
/T i muau kepyBannsa K. Koxxna i3 muH sBisie co00ro Habip 3 nesko-
'O YHCIa MPOBIIHUKIB — JTiHIH.

ITo ITA MII noBigomiisie, 3 IKUM 3 MOAYJIIB 91 3 KOO KOMIPKOIO ITam’sATi
(BKazyeThCs iXHIN KO — ajipeca) BiH Oyzie MpalioBaTh y JaHUI MOMEHT Jacy.

Pospsamnicts LA (4rcio mpoBigHHUKIB) BU3HAYAE YHCIIO MOIYIIB, 3 SIKUM
Moke B3aemoxistu MII. 3a3Buuail BoHa ckianae 16 (KUTbKICTh MOAYIiB
10 2' — komipok miam’siti TT13IT g O3I1, Momys1iB BBOAY, BUBOAY 1 T. iH.).

ITo IIK moBimoMIISIETCS XapaKTep B3aEMO/IIT: BBEICHHS JaHUX UM IXHIi
BHBIJ (3aIMC UM YUTAHHS).

ITo I /] mani HAMXOMATH Y TIPOIIECOP 1 BUBOIATHCSA 13 HHOTO, TOOTO L1IJ]
JIBOHAIPaBJICHA. Y KOKHUI KOHKPETHUI MOMEHT yacy LI /] BukopucToByeThb-
Csl TIJIBKH JUIS BBOZY 200 TUTBKY JUISL BUBOLTY.

Ockinbku go 1] mpuemHano BCi MOIYITi OJHOYACHO, TO, ITI00 BUKITFOUUTH
IXHIl B3aEMHUIA BIUTUB, T IMAKAHHS 10 POB1THUKIB IMTUHA BUKOHYETHCS 32 JI0-
TIOMOTOI0 €JIEMEHTIB, III0 MalOTh TpH cTaHu: ABa — 15 0 (JoriuHi) i TpeTiii —
CTaH BiAK/IIOYeHHs Bin mmHu (Henoriunmii). MI1 Bubupae onuH MOIyiIb
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nust BuBoAy nanux Ha 1111, 3amatoun Horo agpecy na LIA. Buxoan iHmmx
MOJIYJIiB TIPH LIbOMY 3HaXOOATHCS y TPETbOMY cTaHi — BigiMkHeHi Bix LI

PospsianicTs L] Bu3Ha4a€ po3psAAHICTh IBIHKOBUX JaHUX (PO3PAIHICTH
CJIOBA JIaHUX), 3 SKUMU Moxe ortepyBatu MII. 3a3suuaii 1] mae 4, 8, 16
a60 32 pospsinu: MII onpanboBye nBitikoBi uncia (ciosa) 34, 8, 16 abo 32
pospsiais — 6it (8 GiT ckiaagaroTh Gaiit, 2'°= 1024 6it — Ki106AMT).

Tunosuit MI1 3a3Bu4aii BuKoHYI0TH Y Bursiai BIC, mo mae no 40 enex-
TpUYHHUX BUBOIIB. Tak y BocbMupospsiiHoro MII: 8 BuBoxiB 3a0e3mnedy-
10T migmukanag no IO, 16 — no LA, 5-7 — 1o TakToBOTO reHeparopa i
Juxepena sxkuBlIeHHs, pemra — o 1K, € it Mikpo-EOM y Bursaai BIC. Ix
Ha3UBAIOTh OTHOKPHCTAILHIMU.

8.10.3. CrpykTypa Mikponpouecopa

CrpykTtypny cxemy MII HaBeneHo Ha puc. §8.29.
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Puc. 8.29 — CtpykTypa Mikponpouecopa
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MII MicTHTB TPH OCHOBHI HPUCTPOi: apUPMETHKO-JIOTIUHUN TpUCTpiit
(AJII), pericrpu nanux (PI) i mpuctpiii kepyBauns (I1K). Lli Ta inmi npu-
CTpO, 10 MPUHAMAIOTh Y4acTh Y IIEPECUIIaHH] JaHUX, 3’ €IHAHO IIUHAMHU BHYT-
pimHboi Marictpani: [ITA, ITJT 1 HIK.

CuHxpoHi3ye i 3aae TeMn poooTH (mBuaKoniro) MII reneparop Tak-
ToBuX iMmyisbciB (I'TI).

AJIII € xoMOiHAIIIHHUM NPUCTPOEM, y SIKOMY BiIOyBa€ThCSI BAKOHAHHS
apu(METHYHUX 1 JTOTTYHHX OTIepalliii HaJl JaHUMHU.

PericTpu 3a0e3neuyrots BukoHanHs ¢pyHkuii MII 3a paxyHok 30epira-
Hs KOJIB JIJAaHUX, aJIpeC, KOMaH/ Ta iH.

AxymyJaaTop € ocHoBHUM perictpom MII mipu aisx 3 nanumu. binburicts
apu(METUYHUX 1 JIOTIYHUX OTepalliil 3 JBOMa CJI0BaMH JaHUX 3] ICHIOETh-
cs1 3 Bukopuctanusam AJIII i akymynsTopa.

VY perictpi cTany (03Hak a00 mpanopiiB) 30epiraroTbesi 03HAKH PE3YIlb-
Taty mobixkHoi ortepamii AJIY (HynboBUil, nonaTHui, Bi’eMHUH Ta iH.). Li
03HAK{ BUKOPHCTOBYIOTHCS IPY BUKOHAHHI HACTYITHUX KOMaH[I, HAalpHUKJIa,
JUIS1 PO3Tajly’KeHHS IPOTPaMH.

JliunasHuk KoMaHJ 30epirae HoMep KOMaH I, 1[0 BUKOHYETHCS, 1 Ti€d,
1o OyJie BUKOHYBaTHCh HACTYIHOIO. [lepen mouaTkoM BUKOHAHHS TIPOTpa-
MM JI0 HhOTO 3aHOCUThCA aJipeca ii mepiioi KOMaHau.

PericTp aapecn mam’sITi MiCTUTE agpecy mam’sTi, o Oyne BUKOPHC-
tana MII y HacTynHoMy TakTi po6oti. Moro Buxonom € I1IA.

PericTp xkomaHja 30epirac Koa KOMaHIH, STIKa BUKOHYETHCS B JaHUU
MOMEHT.

Po6oui pericTpu € BHYTpIIIHROIO HaAONEepaTUBHOIO maM saTTi0 MII 1
3aCTOCOBYIOTHCS JJIs IIPOMIXKHOTO 30€piraHHs KOIIB JaHMX 1 afpec, 3a0e3-
TIETYIOYH ITiIBUTIICHHS IITBUIKOIT.

[TigxmrouenHs BHyTpimHBOI Marictpam MII o cuctemnoi marictpaii
MIIY BinOyBaeTbcsa uepe3 OydepHi pericTpu inTepdeiicy i Buxiani mia-
CUJIIOBAYi.

IIpucTpiii kepyBaHHs y3romxye poboTy Bcix By3niB MIL

8.10.4. 3anam’saToBylo4i NpUCTPOI. 3aranbHi BifOMOCTI

3anam’sToByroui mpuctpoi (3I1) 3a6e3neuyrors 30epiraHHs MporpamMu
po0OTH, BUXIIHUX JTAHUX 1 Pe3yJIbTaTiB OlpaIfoBaHHs, 0OMiH iH(opMaItieto



8. LINDPOBI MIKPOEJIEKTPOHHI [TPUCTPOT =221

MK OKpEMHUMH YaCTHHAMH MIKPOIPOLIECOPHOI cUcTeMU. BynytoTscst BoHn
Ha HamiBrpoBigauKoBux IMC. Mikpocxemu maM’siTi CKIQAar0Th OIH3BKO
40% y 3aransHOMY 00cs31 Bunycky IMC. Takox 311 BXomsaTes 10 ckiamy
BIC: mikpornporecopiB, MikpoKOHTpONEpiB Ta iH.

MaxkcumansHO MOXIMBHE o0csr indopmanii 311 BuzHauaeThes iforo
indopmauiiinor emuicTio B OiTax (0iT — MiHiManbHHUN 00cAT 1TPPOBOT
iHpopmarii, Moxe npuiiMaru 3HaueHHs 0 abo 1) abo cioBax (0aiiTax, mo
CKJIaJal0ThCs 3 JEKUIBKOX OiT, HANpUKIad, 3 YOTUPHbOX abo BocbMH). biT
30epiraetbes y 3anam’saToByrouomy eaemeHTi (3E), a cmoBo — y 3anam’si-
TOBYIOYil KoMip1i, 110 € rpymoro 3E, 10 SKUX MOKIKBE JIMIIEe OJHOYACHE
3BEPHEHHSI.

Indopmaniiina eMHICTb BUMipIOETBCS, HAIPHUKIIAJ, B Kiobitax (1 KoiT =
= 219=1024 6ir), kinobaiirax (1 K6aiit = 2'° = 1024 6aiit), abo B Merabi-
tax (1 M6it = 2% = 1048576 6it), meraGaiitax (1 MGaiit = 2% = 1048576 Gaiir)
1TIL

Opranizauis 311 Bu3Ha4yae, CKUTbKY CIIB 1 K01 pO3pSIHOCTI BiH 30epi-
rae. Tak, HanpuKian, npu eMHOcTi 512 6iT Moxke 30epiratucsa 64 BocbMH-
PO3psAHUX CII0Ba, 200 128 YOTUPHPO3PAAHUX.

HIBuakoaiss 311 omiHIOETHECS YacOM 3YUTYBaHHSA 1 3aIUCY.

Hudposi oGuuCIIOBaIBHI MPUCTPOI MAIOTh IUHHY CTPYKTYPY, IPH SIKiH
3BepTaHHsA 10 KoMmipku 311 BimOyBaeThCs 3a HOMEPOM, IO HA3HBAETHCS
aJapecoro.

8.10.5. 3anam’aToByloui npucTpoi ans 36epiraHus
onepaTtmBHOi iHpopmauii (03)

Taki 3[1 RAM-tuny (Random Access Memory — O3I1) nogisisitoThest
Ha CTATWYHI 1 JMHAMIYHI.

VY cratuunux 311 - SRAM (Static RAM) — sik 3E BUKOPHCTOBYIOTBCS
TPUTEPH 3 JIAHITIOTaMHU yCTAaHOBKH 1 BcTaHOBIeHHS HyIsL. [Ipu K-MOH-Tex-
HOJIOT1 TpUTep CKIAJAaeThes 3 mecTu TpaH3uctopiB. Tomy Taki 311 mo-
CUTH JOPOTi 1 3aiiMaroTh 6araTo MICI Ha KPUCTAll, ajié MalOTh BEJIUKY
IIBUIKOMIIIO.

YV aunamiunmx 311 — DRAM (Dynamic RAM) — mani 30epirarorbcs y
BTl 3apsiniB emHOCTer MOH-cTpykTyp. OcHOBOIO 3E TyT € MpocTO KOH-
neHcarop Heenukoi eMHocTi. Taxwii 3E 3Ha4HO TpocTimmii 3a TPUTepHU,
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0 T03BOJISIE PO3MICTUTH Ha KpucTali 3HauHo Oinbiie 3E. OCKiTbKY KOH-
JIeHCaTop 3 4acoM BTpadae CBii 3apsi, TO 30epiraHHs AaHUX BUMAarae
ixHBO1 mepioguUHOI pereHepanii (4epe3 KoXkHi JeKiJbKa MiIKpOCEKYHIT) 3a
JONIOMOTOIO CIIeIiaJIbHUX ITiICHIIIOBaYiB-pereHepaTopiB. 3apa3 eMHICTb IH-
Hamiuaux 311 cranoBuTh 10 128 MOiT, y ctani po3poOku 311 Ha 256 MOiT
(3 KIIBKICTIO TpaH3UCTOPIB Ha KpucTtami 10 300 minbitoHiB. Aunamiuni 311
y 4-5 pasiB gemesnri, HiX CTaTH4HI, Ta Y CTUIBKH 5K Pa3iB MalOTh O1IbIIY
iHpOpMaLiiiHy €MHICTb.

OO0wuBa i TUIIH TIaM’SITi € eHEePro3aJe;KHUMU — TP BUMKHEHHI JKe-
pena xusneHas IMC ingopmaris 6€3M0BOPOTHO BTPAYaETHCS.

8.10.6. 3anam’aToByloui npucTpoi ans 36epiraHus
noctiiHoi indpopmauii (M3M)

€ nexinbka tumiB 311 1 36epirands nocriitaol iHgopmauii — ROM-
tuny (Read On Memory — II3I). Ik 3E B HUX BUKOPHUCTOBYIOTH IEpe-
MHUKH, oy, 6inossipHi 1 MOH-Tpan3sucTopu.

VY mackosi 3I1 Tuny ROM(M) indopmarisi 3auCy€eTbCs IPU BUIO-
tosneHHi IMC 3a 10omoMororo crieriaibHoro mabdaoHa — Macku. Marpuis
niognoro 311 Takoro THITY € KOOPIWHATHOIO CITKOIO 3 TOPU30HTAIBHUX JTHIN
BHOIPKH CJiB 1 BEPTUKAIBHUX JIiHIN 3unTyBaHHs. Kox clioBa BU3HaYaeThCs
HasIBHICTIO Aio0/a (1110 BiMIOBiAa€ OAMHMII ) 200 HOT0 BiACYTHOCTI (BiAIIOBI-
Jla€ HyJTI0) y By3J1aX KOOPJIMHATHOI CITKH.

Taxi 311 koMmakTHi i gemreBi. Ix 3acTocoByOTH 1151 30epiranHs iHMOP-
Mallii MacoBOTO IPH3HAYEHHS — KOIB JIiTep 1 up, TaOIHIIb THITOBUX (DYHKIIIH,
CTaHAAPTHOTO MporpamMHOro 3abesnedyeHHs i T.n. KopuctyBad He MoOXxke
3MIHHATH iHpOpMaIIifo, o 30epiraeThes.

Mikpocxemu 311 Tunmy PROM (Programmable ROM — mporpamo-
Badi [13I1) mporpamyioTs 0THOPa30BO BHAAIEHHSIM 200 CTBOPEHHSM I1e-
PEMUYOK y By3JaxX KOOPAUHATHOI CITKH. Y BUXIIHIN 3aroTOBII HasSBHI
(abo BimcyTHI) Bei mepemuuku. [Ipu mporpaMmyBaHHI KOPUCTyBadeM 3a
JOTIOMOTOI0 CTEMIAJIBHOTO MPOTPaMYIOU0Oro MPUCTPOIO 3aIUIIAIOTHCS
(abo BHUIANAIOTHCA) TiMbKH HEOOXinHi. [lepeMuukn MOXyThb OyTH abo
IUTaBKUMH €JIEMEHTaMHU, YBIMKHEHUMH TTOCIITOBHO 3 110J10M, 200 ABO-
Ma 3yCTpidHO YBIMKHEHUMH J10J]aMH, OJUH 3 SIKUX IMMPOOUBAETHCS IPHU
MporpaMyBaHHI.
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3I1 Tuny EPROM 103B0JISIIOTE HE TNBKH 3alICyBaTy B HUX iH(pOpMa-
1io, a i cTupatH il Ta 3aMiHIOBATH Ha HOBY — BOHH € pelporpaMoByBaHU-
mu. Sk 3E B Hux Bukopucrano tpaunsucropu JI3SMOH-tuny (MOH-
TPAaH3UCTOPH 3 JIABUHHOIO 1HXKEKLI€I0 3apsiny). Taki TpaH3UCTOPH MaroTh
TaK 3BaHUI IUIaBalOUMil 3aTBOP — OOMEXEHY 3 yCiX OOKiB Ai€JIeKTPHKOM
MpoBiAHY 30HY. BBeneHuil y Hei sk y macTKy B pe3yibTari JaBUHHOTO IPO-
0010 mixg Aiero iMmynbey Hanpyru y 20-25 B 3apsn 30epiraeTbes Lyke Tpu-
Banui vac. Lleii 3apsn 3a0e3neuye 3akpuTuil crad Tpansucropa. Ctupas-
Hs1 iH(popMmaLii BigOyBa€eThCs Mij i€k yABTPadioaeTOBOTo OMPOMiHEHHS, IS
qoro kopryc IMC mae cnienianbHe npo3ope BikoHue. BunukaeHHs GoTo- 1
TEIUIOBUX CTPYMIB JI03BOJISIE€ 3apsay MOKUHYTH IUaBarounid 3arBop. Ctu-
PaHHs TPUBAE AEKiJIbKa XBUJIUH, OJpa3y CTHUpaeThCs Bes iHpopmanis. On-
POMiHEHHsI BeA€ O 3MiH BJIACTHBOCTEH MarepiajiiB TPaH3HCTOPiB, TOMY
YHCII0 LUKIIIB epenporpamyBaHHs ckianae 10-100.

Hogitai 311 Tumy EEPROM Takok € penporpaMoByBaHUMH. IXHBOKO
ocHoBoro € MHOH-Tpansucropu, 1o, Ha BiaMiHy Bix 3Buyaitnux MOH-
TPaH3UCTOPIB MAIOTH IBOILIAPOBUH i13aTBOPHUH A1€TIEKTPHUK — OKPiM TOH-
xoro mapy SiO, € e GiabI TOBCTHH mWap HiTpuay kpemHito Si,N, (3Biacu
mitepa H B abpesiarypi). [1ix mi€ro eMeKTpUIHOTO TOJS TOCTATHHO BUCOKO1
Hanpy>KeHOCTI HOCI{ 3apsAIy MPOXOIATH Yepe3 TOHKHUH IIap i CKOMHMIYIOThCS
Ha MeXI1 po3aury mapis. [Ticist 3HATTS OIS 3apsil 3aTUIIAETHCS Y IPUTPa-
HUYHOMY IIapi HITPUAY KPEMHIIO 1 BXKE HE PO3CMOKTYETHCS, 110 i 3a6e31e-
qye 30epiranns iHpopmallii Ha mpoTs3i ecATKIB pokiB. s ctupanHs iHGOp-
Mailii HeoOX1{HO BUIAIUTH HOCIT 3apsA/y 3 IPUTPAHUIHOTO 1Ay, AJIs 40T
MTOTA€THCSI HATIPYTA, 10 CTBOPIOE €TIEKTPUYHE TI0JIe TIPOTHIIE)KHOIT HAaIlPaB-
nenocTi. [Tpu boMy iH(pOpMAaITiFo MOJKHA CTUPATH HE 31 BChOTO KPUCTAITY, &
BHOipKoBO. TpuBaicTs mporecy 10cuTh KOpoTKa. KimbKicTh UKIIIB mepe-
nporpamyBanHs ckiagae 10%-10° pasis.

HaiiBuimm ocsrHeHHSIM Y po3po0Ili HaImiBIPOBITHUKOBUX POrpaMoBa-
uux 311 e crBopenns guiem-nam’siti. Ii 3E noni6Hi 10 eneMenTiB mam’ aTi
turry EEPROM, ane B cxemax Qrem-nam’aTi He nepeadadeHe CTUpaHHs
okpeMux ciiiB. IHpopmaliis Moxke cThpaTucs abo Bes oxpasy, abo gocrar-
HBO BEITUKUMH OJIOKaMU 3a €IMHUM cuTHajoM, MATTEBO (flash — crmanax).
3a cBoelo i€ ¢uieni-nam’aTh Bxe moaioHa g0 nam’sari O3Y, aje € enep-
TOHEe3aJIeKHOI0. 3 PO3BUTKOM TEXHOJIOTIT 1 301/IbIIIEHHSIM MiCTKOCTI iH(OP-
Mallii npucTpoi Quiel-nam’aTi MOCTYIIOBO BUTICHSIOThH TaKi HAKOITMYYBaui,
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SIK JKOPCTKI MarHiTHi AMCKH, ONTUYHI AUCKH Ta iHII1 HOCil. BoHM y coTHI pa3iB
CKOpPOYYIOTh CIIOKHBaHY IOTY>KHICTh, MalOTh BEJIHMKY HaJIHICTh, HEBEJIHKI
PO3MipH i Bary, B JEKiIbKa pa3iB 30UIbLIYIOTH IIBUAKOLIIO IPUCTPOIB MaM’ATi.
OnHi€ro 3 HAWBAXKIIMBIIINX BIACTHBOCTEN € Takox BincyTHicTh B 311 1iporo
THUITY PyXOMHX MEXaHIYHMX YACTHH, B TOMY YHCIIi TAKHX, 10 00E€PTarOThCS, 1
MOBHA TeXHoJoriuHa cyMicHicTh 3 IMC. @nem-nam’ st Moxe OyTH yac-
THHOIO Oaratbox THriB IMC mikpokoHTpOepiB (110 3abe3neuye yHiBep-
CaJIbHICTD IXHBOTO 3aCTOCYBaHHS 32 PaXyHOK MOKIIMBOCTI 6araToKpaTHoOro
nepenporpamMmyBaHHs) Ta iH. Takox 3a3Ha4MMO, 1110 1€ € OJJHUM 3 IPUKIIaIiB
MOCTYTIOBO1 BiZIMOBH JIIOJICTBA BiJ] KoJieca y Oararbox 3acTOCYBaHHSX.

8.10.7. Anroputm. CnocoOu npeacTaBNeHHS aNropuTmy

AJITOPUTM (BiJl TaTHHCBHKOT TPAHCISILIT IMEHI MaTeMaTHKa allb-X0pe3Mi)
— e crnoci0 (mporpaMa) po3B’si3aHHs OOYHMCITIOBAJILHUX Ta IHIIMX 3a7ad,
IO TOYHO BKAas3ye, sIK 1 B sIKill IOCIITOBHOCTI OTPUMATH PE3yJbTaT, OIXHO-
3HAYHO BU3HAYCHUH BUXiJTHUMH JTaHUMH.

OTxe, MOCIiAOBHICTE BUKOHAHHSA il IPUCTPOIO KEPYBaHHS 1 € aJITOpUT-
MOM. 3a/1aTH aIrOPUTM MOXKHA PI3HIMH CIIOCOOaMH.

[Tepm 3a Bce — 1le OMUCOBE MPeICTABJIEHHS AJTOPUTMY Ha “IION-
copKiii” MoBi. Taka Gopma npecTaBicHHS IPUHHATHA HABITh [ HECTICIi-
ayicra y IpUCTPOSX KEPyBaHHs, ajie TPOMI3JIKa, JOMYCKAE TIIyMadeHHsI. A
OTKe, He TOJMTHLCS JJIsi CTBOPEHHSI OLTBII-MEHII CKJIaTHOTO MTPUCTPOIO Ke-
PYBaHHI, SIK 3 JKOPCTKOIO JIOTIKOIO, TaK 1 MPOTPaMOBaHOTO.

Binbin BIOpsIIKOBaHUM € MPeACTABJIEHHS aJTOPUTMY Y BULJISAI Ta0-
JIMII.

Hocute nonynspHuM € rpagiuyne mpeacTaBlieHHS ajJropuTMy — y
BUITIAAL Tpad-cxemu. BoHo 3a6e3nedye HaOYHICTh, OTIEPATHBHICTD OTVISY.

Ha ocHoBi rpad-cxeMu CKIIaIaloTh CXeMy eJIeKTPHYHY IIPUHITUIIOBY IIPH-
CTPOIO KepyBaHHS 3 )KOPCTKOIO JIOTIKOI0 ab0 mporpamMy poOOTH IMporpamMo-
BaHoro. Lle, 3peniToro, Takoxk € criocobamu MpeICTaBICHHS AJITOPUTMY.

8.10.8. 3apaHHg i BUKOHaHHS nporpam MMM

s 3a6e3neuenns BukonanHss MIIIT HeoOxiguux ¢yHkmii y ioro 1311
(imomi y O3I1) 3anmucyeThes Habip mporpam, (CTaHIAPTHUX, 110 PealTi3yIoTh,
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Hanpukia, apuMeTHyHi i IoriuHi onepartii, 00UMCICHHS TPUTOHOMETPUY-
HUX (PyHKUIH 1 T.I., @ TAKOX 1 CHELialbHUX, IO Peasi3yloTh, HAPUKIAL,
QITOPUTMH KEpyBaHHS KOHKPETHUM 00’ €KTOM).

[Ipu cxinapanyi nporpam nporpamict nosuHeH natu MII neranshuii onmc
fioro xiit. MII Moxe npairoBaTH 3 BEIUKOIO IBUAKICTIO 1 TOYHICTIO IPOTS-
TOM TPUBAJIOTO 4acy, aje TUIbKM 3a 4iTKUM 3aBJAHHSM, 10 HE JIOITyCKA€e
TrymadeHb. MIIII Moske pearyBatu Ha 3MiHY YMOB, SIKIIIO B I1aM’SITi Y HbO-
To € mporpama, mo nosigomisie MI1, sik HoMy OBOANUTHCH Y HOBHX 00CTa-
BuHax. MII jie moriyno, ane He Mae TBOpUYUX 310HOCTEH (IPUHANMHI, ChO-
roxHi). YnaBana po3ymHicTs pizHuX MIIII € pe3ynsraroM BenuKkoi KiTbKOCTi
nporpam, 3aKkjIaJeHuX Yy HUX. Xo4a CIiJ 3a3Ha4YMTH, 10 B HAII Yac iHTEeH-
CHBHO BeIyThCSl pOOOTH 3 CTBOPEHHS TaK 3BaHOTO IITyYHOTO 1HTEIEKTY
(mabopy mporpam, 110 iMITYIOTb IHTEJIEKTYaIbHY TisSUIbHICTD JTIOMUHK). | Ha
LIBOMY IIJISIXY, K BiZJOMO, 3100yTO YMMaJO JIOCSITHEHb. BBaskaeThcs, 110
CTBOPEHHS “pO3yMHHX”’ MAIlIUMH Oyae y MepuIoMy HaOIMKEHHI 3aBEPLICHO
TOJIi, KOJTU BOHU HaBYATHCSl CTBOPIOBATH COO1 ITOIIOHHX.

Jas ininianizanii Bukonanus nporpamu B MII 3anocutbcs i novat-
koBa anpeca (aapeca komipku [13I1 un O3I1) i monaetsest komanna [TYCK.

[Ipu po6oti MII 3a6e3neuye TaKy HOCTiTOBHICTB Aiil:

1) BuTar manux (komy xomanau, uncna) 3 mam AT (11311 g O3I1);

2) po3mudpyBaHHSI KOMaHIH;

3) BUKOHAHHS KOMaHIM 1 T.J. 3HOBY.

IIpu eomy, Hanpukitan, mob mepeciaru gucio 3 1311 go O3I1, MII,
Oy/ly4r TaKTOBaHUM (CHHXPOHHHM) IIPUCTPOEM, Y HAHOIHIKIOMY TaKTi Po-
00TH 3a CUTHAJIAaMU TaKTOBOTO T€HEpaTOpa 3aja€ 3riIHO 3 MPOrPaMor0 Ha
ITA wxox agpecu komipku mam sati 11311, Ilicnsa 3aBepiueHHs TepexiTHUX
MIPOIIECIB, TTOB’A3aHUX 3 3aPSAAOM IMAPa3UTHUX EMHOCTEN MPOBITHUKIB (JIIHIH)
LITA (Bix 9oro, 10 pedi, 3HaUHOO MIPOIO 3aJIEKHUTh HIBUAKOIIS IPHCTPOIO),
y npyromy Takti pobotn MII mo ILIK nae xomanny Ha Bunady xoxy 3 [1311
Ha /] (untanus), a y HacTynmHOMY TakTi — komauay o K wa mpuiiom
KOJY Y CBiif BHYTPIIIHIN pETicTp mam’sTi, 0 Ha3UBAETHCSA aKyMYJISITOPOM.

Hanani, y moganpmux TakTax poOOTH, BIIMTOBITHO 3amacThes Ha 1IA
Homep koMmipku O3I1 Ta mogaersesa mo LK xomanpaa 3anwmcy i yucio, Ha-
PpelTi, moTparisiec Ha BU3HAUSHE MPOrPaMOoI0 MicIle.

3 ommcy i€l MOCIIOBHOCTI [ 3p03yMiJI0, YOMY HPOrpaMHi NpucTpoi 00-
YHC/IeHHS | KepyBaHHSI 3HAYHOI0 MipoOI0 MOCTYNAITHCA Y IIBUIAKOMIT
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MOPiBHSIHO 3 MPUCTPOSIMH 3 KOPCTKOIO JIOTiKOI0, JIe KOA 3 OAHOTO BY3-
Ja 10 iHIIOTrO 3a3BHYall MEepeNaeThecsl 3a OAWH TAKT OKPEMO BHUIIIEHUMU
JIHISMH 3B’ SI3KY.

Ha po6ouomy piBai MII pearye Ha cliucOk KOMaHI, IpeICTaBICHUHN, IK
YK€ 3a3Havaiocs, y BUIVILI HaOOpy NBIHKOBUX KOZIB, IO HA3MBAETHCS
MAIIMHHOI0 nporpamoro. Take mpeacTaBieHHS IPOrpaM € BUHSITKOBO
BaKKHUM [T OLIEPATUBHOTO CIPUHHSATTA JIIOIUHOIO.

8.10.9. WicTHapusTKkOBa cucTeMa YNCNEHHS

Jlesike CIIpOIIIEHHS IPU HATIMCAHHI 1 YUTaHHI KOMaH/I J]a€ BUKOPUCTaHHS
IMiCTHAAUATKOBOI cCHCTeMH 4MciaeHHs. Bona mictute 16 cUMBOIIB,
KOXKHOMY 3 SIKUX BiITIOBIJJa€ YOTHPUPO3PSIHE YUCIIO y ABIHKOBOMY KOIi:
YHCIIO TIPEJICTABIISETHCS K CyMa CTYIIEHIB yncia 16, MOMHOXEHHX BiIITO-
BiznoHa 0,1,2,...,9,4, B, C, D, E, F:

Ne=a,-16" +a,-16' +a;-16* +...+a,,, - 16", (8.30)
Ie a; = {0;1;2;3;...;9; A;B;C;D; E;F}.

Tab6m. 8.3 mokasye BiJINOBIIHICTH 3aMTUCY YHUCEN Y JECATKOBOMY, ABIHKO-
BOMY 1 IIICTHAIATKOBOMY KOJaX.

Tabmmys 8.3— 3annuc Yyncen y pi3Hux Kopax (CuctemMax YACeHHs)

JlecaTkoBuii JIBiiikoBHIA IicrHaausT-
KOJI KOJI KOBHIH KOJI

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

PR
REBoow~vwousrwnvro

=
AW

MEOoOAOQOW» ©oo~NoOU~AWNRO

=
o
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[lepeTBOpuTH IBIHKOBUH KO y ITICTHAALITKOBHI YK€ JIETKO: IBIHKOBE
YHCII0 HOAUISIETHCS Ha TPYITU 10 YOTUPH PO3PSIN, TOYMHAIOUH 3 MOJIOALIO-
ro — Ha Terpaau. KoxxHa rpymna 3aMiHIO€THCSI BiATIOBIIHUM IICTHAIIATKO-
BUM CUMBOJIOM. [ Ipr 3BOpOTHOMY IepeTBOpPEHHI KO>KEH CUMBOJT 3aMiHIOETHCS
JIBIHKOBOIO TETPAJIOK0.

Hanpukimaz, 01010111 1101 1111 0001,=57DF1 .

TakuM 4MHOM, IIICTHAAUATKOBUI KOII, 3 TOUKU 30pY 3aCTOCYBaHHS IS
3anucy mporpam aist MIIII, MoxxHa BBakaTH OUIbII KOMITAKTHUM 3aIICOM
JBIMKOBOTO.

8.10.10. Acembnep

[Iporpama, 3anucaHa y miCTHAAISTKOBOMY KOJi, yCe-TaKH 3aJUILAETh-
Cs1 CKIIATHOIO JIJISl PO3YMIHHSI.

Buxonom € BUKOpHUCTaHHS MOBH IIPOCTOTO MIPOTpaMyBaHHs — acemMoJie-
pa. BianoBigHa mporpamMa-peTpaHcasTOp NepeBOAUTE CIOBa i (pasu
MpOrpaMu, MPEACTABICH] Y BUINIAII MHEMOHIK (aHINIIHCBKUX CKOPOYEHb
Ha3B) acemOnepa, y MallMHHUI KoA, IKUH mOTiM Oyne 3aneceno y IMC
1311, 1o miaAMUKAIOTHCS JUTS IBOTO JI0 CIICMIAIbHOTO alanTepa MalTuHu-
nporpaMaropa.

IIpuknann MHEMOHIK acembiepa Ta IXHS BiATOBIAHICTD Y ITiCTHAIIIAT-
KOBOMY KOJIi HaBe/leH1 y Tabm. 8.4.

Tabma 8.4 - Mpuknapy KoMaHp, acemonepa

. |ictaammsr-
Komanna MueMoHIKa . o
KOBHHU KO

1. Ynranus ganux 3 00’ ckra 3 agpecoro F

THA atix a3 anp INF F DB FA
y BHYTpIIIHIH pericTp mam’siTi A
2. TTopospsaaue norque MHO>XCHHA YUCCII. O 3Ha-

PO3PALL > It ANA B A0

XOZSITHCS y BHYTPIIIHIX pericTpax mam’sTi A i B
3. JlomaBaHHS 4mcia, o 30epiraeTecs

y BHyTpimHbOMY perictpi C 1o uucna, ADD C 81
110 30epiraeThCs y BHYTPIIIHBOMY pericTpi A

4. BuBix uncina, mo 30epira€TbCs y BHYTPIITHEOMY
perictpi A mo 06’ekTa, aapeca sikoro 3Haxoautecst | STAX B 02
y BHYTpilHixX perictpax nam’siti B i C

BigzHaurMMo TakoK, 10 KOXKHIM KoMaH/Ii aceMOJiepa BiAMoBigae Mikpo-
komaHAa MII — mabip niit MII (Mikpoonepauiii), 3aporpaMoBaHuX MPU
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BupoOHunTB1 MI1 y fioro BHyTpimHbsomy I1I13. IHinitoe BUKOHAHHS MiKpO-
porpaMu npucTpiii kepysanHs MII micis oTpuMaHHS KOy KOMaHAH.

[Ipu po3podui mporpam mist MIIIL, o BukoHye GyHKIii KepyBaHHS, CKI1a-
JAal0Th y3arajJbHEHUH aJrOpUT™M BUKOHAHHSI IPOrPaMu — ITOCIIOBHICT il
3 ONUTYBAHHS BX1IHUX JIaHUX, IXHHOTO OIPALIOBAaHHS Ta (pOpMyBaHHS KO-
MaH]l KEpyBaHHS Ha BiAMOBITHIX BUXOAAX.

Hani anroput™ po30HBarOTh Ha OKpeMi pparMeHTH i IeTali3yroTh Aii y
KO)KHOMY 3 HHX 10 PiBHSL, 1110 BiANIOBiJa€ CHCTeMi KOMaH 1 BHOPAHOTO TUILY
MII (3a3BHyaii — BiJl JEKITBKOX JECATKIB 1 IECh JIO MIBTOPU COTEHB).

[Iporpama crodaTKy CKJIAQZA€ThCS y BUINIAAI CHHCKY MHEMOHIK, 110
Ha3UBA€ETHCSI BUXIAHOIO Mporpamor0. KoxxHOMy KOy MPHCBOIOETHCS HO-
Mep koMmipku nam’ati. [Totim Bpyuny a6o 3a gomomoroto EOM mporpama
MEPEeBOANTHCS Ha MAIIMHHY MOBY. Tenep BOHa Ha3UBA€ETHCS 00’€KTHOIO
nporpamoro i 3aHocutbes B 1311 gy O3I1 MIIIL

Bukopucranns aaropurmiunoi Moy Bucokoro piBas (BASIC, FORTRAN
a0o0 iH.) HeoIIiNIbHE, 00 BEJIe 0 BTPATH IMPOrPaMiCTOM KOHTPOITIO 32 BUKO-
pHUCTaHHSM pecypciB am’sTi. Lle Moske npu3BecTH micid i TpaHCIIOBaHHS
Y MaIlIMHHI KOJH 10 3HAYHOTO TIEPEBUILICHHS OIITUMAIIBHO MOXKIIMBOTO 00’ €-
my II3I1 Ta Brparn mBuakonii. A 1e, y CBOIO 4epry, Bene 10 301TbIIeHHS
anapatHux Butpat (uncia IMC II3I1) ta 3arpoxye BTpaToOr MOKIMBOCTI
kepytogoro MIIII mparroBatn y peajibHOMY MacmITadi yacy, KOJIU peak-
uisg MIIII Ha 3MiHy cuTyanii y 06’ €KTi KepyBaHHS IOBUHHA BiIOyBaTHCA 31
MIBUIKICTIO, HE MEHIIIOIO 32 TY, 3 SIKOIO BiIOYBAIOTHCS TPOIECH B 00’ €KTI.

IIpu Buxopuctanai MIIII nns kepyBaHHS MOXKIIMBICTH 3MIiHH ITPOTPaMu
1311 3aminoro IMC un ixHiM IepenporpaMyBaHHsM (Y 3aJI€XKHOCTI BiJI THITY )
3abe3neuye BukopucTanas ganoro MIIII y pi3HHX 3acTOCYyBaHHSX /IS BH-
pilIeHHs pi3HUX 3a1a4 6e3 OyIb-IKHX CXeMHHX 3MIH B anaparypi — QyHKIIis
MIIIT 3agaeTbes HOTo MporpaMyBaHHSIM.

IomimmeHHs TEXHIKO-eKOHOMIYHUX XapakrepucTuk MI1 mo3Bonmio Haj-
3BHYAHHO €()EKTHBHO BUKOPUCTOBYBATH iX Y Pi3HUX MPUCTPOSX TUPPOBOT
00poOKHM THPOPMAIIT i KepyBaHHS (SK Y SIKOCTI EHTPAIBHHUX MPOIECOPIB,
TaK 1y nepudepiitaux npuctposix EOM, y MIKpoKanbKyIsITOpax, y CUCTe-
Max KepyBaHHS 1 pETyII0BaHHS TOTOKOBUMH JIiHISIMH, BEpCTaTaMH-aBTOMa-
TaMu, poOOTaMH-MaHIyJIATOPaMH, CTA01J1I30BaHUMH JKEPEIIaMH KHBIICH-
Hf, Y €JIEKTPOHHHX MIPUCTPOSIX — TENEBI130pax, pafioOCTaHIsX, BUMIPIOBAIb-
HUX MPpUIIafax, irpamkax i T.I.).
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Le migHs10 HA HOBUM PiBEHb €PEKTUBHICTH POOOTH TEXHIYHHUX IPUCTPOIB
1 cHCTeM.

3asnsaku BukopuctanHio MIIIT EOM y Hamt yac nepeTBopuimcs y npen-
MeT no0yToBoi TexHiku. B3arani MIIII nemae pisHuLi YuM KepyBaTu: pa-
KETO10, CBITII0(OPOM UM MPATBEHOIO MAITMHOK0. AJIe, 3a3BUYaid, I KOHK-
PETHHX 3aCTOCYBaHb BUOMPAIOTH 3 LIMPOKOT HOMeHKIaTypu MII HeoOxia-
Hoi iHpopManiitHoi moTyxHoCTi 1 Oynyrors MIIII y BinnoBinHOMY KOHCT-
PYKTHBHOMY Ta KJIIMaTHYHOMY BUKOHAHHI.

Hory:xuicrs MII Bu3Ha4aeThHCS HOT0 3AaTHICTIO 0OPOOIISITH 1aHi 1 OLiHIO-
€TbCS TPHOMA MApaMETPaMH: JTOBKHHOIO CJIOBa AaHHUX (KUIBKICTb PO3PSIiB
LI T), moBxkuHOIO cI10Ba ITaM AT (KUIBKICTB po3psiAiB I1IA — BU3HAaUa€ KibKICTh
00’€KTiB, 10 IKUX MOXke 3Beprarucst MII), IIBUAKICTIO BAKOHAHHS KOMaH]I.

8.10.11. MporpamoBaHi noriyHi KOHTpONnepu

3p0O3yMiJIO, 1110 MPOAYKTUBHICT YCTaTKyBaHHs Ta TOUHICTh BUKOHAHHS
TEXHOJIOTTYHHUX ONepaliil 3HAUHOIO MipOIO 3aJIeXKaTh BiJ CTYIEHs aBTOMa-
Tu3anii. Takox 3p0o3yMino, o ChOroIHI HalKpalle e 3a0e3MeuyIoTh eleK-
TPOHHI TPHUCTPOI KEPYBaHHSL, 0COOINBO HK(POBI.

Tyt ciij 3a3Ha4UTH, IO UQPOBI MPUCTPOT KEPYBaHHS PEaTi3yIOThCS K
aBTOMATH 3 KOPCTKOIO JIOTiKOI0 a00 MpOrpaMoBaHi.

AmnapaTHi MeTo1 TOOYI0BH TU(PPOBUX MIPUCTPOIB KEPYBAHHS 3 JKOPCT-
KOIO JIOTiKOIO OJM3BKi 10 METOIB MOOYJOBH HIMPOKO PO3MOBCIOKEHUX
paHilIe aHaJIOTOBUX CUCTEM KEPYBaHHA: ISl BAKOHAHHS KOXKHOT (pyHKIIi{
BHKOPHCTOBYETHCSI OKPEMUH €IeMEHT a0 Ipyma eJleMEeHTIB 1 BBeICHHA
HOBOT (DyHKIIIT BUMarae BBeJICHHS HOBHX eieMeHTiB. CHCTEMU KepyBaHHS,
peanizoBaHi TAKUMH METOJaMH, MAIOTh BICOKY IIBHIKOJIIFO Ta HAIHHICTD,
TPaJUIHI IPUHIIUIHN IXHEOT TOOY/IOBH HE BUKITMKAIOTh TPYIHOLIIIB IIPH PO3-
poO11i Ta ekcrutyararii (3 TOYKH 30py 3aCTOCOBAHOTO MPHU PErIAMEHTHUX
Ta peMOHTHHUX pob0oTax o0Ja HAHHS, IPUIAIIB, 3 OISy Ha piBEHb KBaJ-
i¢ikauii mepconany). B To ke yac, BOHM CKIIQIAI0ThCS 3 BEJMKOI KUTBKOCTI
€JIEKTPOHHUX KOMITOHEHTIB (B OCHOBHOMY 1HTErpaibHUX Mikpocxem — IMC
— CEepeHBOro CTYIEHA iHTerpaiii), TpoMi3aKi, MalOTh Mally THYYKICTb
pu HeoOX1AHOCTI 3MiH alTOpUTMY KepyBaHHs (abo yacTimie B3araji He
JIO3BOJISTFOTH ITHOTO POOUTH) Ta JOPOTO KOMITYIOTH. BOHM BUMararoTh iHIU-
BiZlyaJibHOT PO3pOOKH, TPUIOMY, KUTBKICTD THITIB ()Y HKITIOHATBHUX MOJTYJIB,
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IO CTBOPIOIOTH (DYHKIIOHAJILHO 3aKiHUEHY CUCTEMY, SIKa CIIYTY€E IS 10-
OyIOBHU PI3HHUX CHUCTEM KepyBaHHS, BUABISIETHCS 3HaYHUM. OTKe, BUKO-
PUCTaHHS NPUCTPOIB KEPYBaHHS 3 )KOPCTKOIO JIOTIKOIO BUMArae y KO>KHO-
My OKpEMOMY BUIAJIKy PO3POOKH CHELiaJbHOIO YHIKATBHOTO IPUCTPOIO.

Huns crBopenns MIIIT kepyBaHHS TEXHIYHUMH HPUCTPOSIMHU 3pYUYHO BH-
KOPHCTOBYBATH MPOrPaMOBaHi MiKPOKOHTPOIEPH, 110 BUITY CKAOTHCS PO~
MHCIIOBICTIO.

[IporpamoBani nprcTpoi Oy1yIOTECSI HA OCHOBI IIPOLIECOPIB, SIK IPABHJIO,
Y MiKpPOBHKOHAHH1 — MiKpOIIPOLIECOPIB.

Crin 3a3Ha4MTH, 110 TOOYI0Ba MPUCTPOIO KEPYBaHHS KJIacy, 10 HAMH
PO3MIISAAETHCS, HA OCHOBI MIKPOIIPOLIECOPHOTO HAbOpy (BIacHE MPOLEecop,
OllepaTHBHUI Ta IOCTIHHMI 3a11aM’ ITOBY BaJIbH1 IIPUCTPOI, iHTepdeiic Ta iH.)
3a BEJIMUMHOIO anapaTypHHUX 3aTpaT MaJIO BiAPI3HAETHCA BiXl HOro peai-
3anii Ha IMC cepennboro cryness interpauii. Bapricts po3poOku Ta pea-
Ji3amii Takoro MpUCTPOIO BUSIBIAETHCS HABITH OUIBIIONIO 32 BAapTICTh NPH-
CTPOIO 3 XKopcTKoto Jiorikoro Ha IMC cepennboro crymnens inrerpaii. Kpim
TOT0, MiIKPOIIPOLIECOPHI MIPUCTPOI BUCYBAIOTH 30BCIM 1HIIII BUMOTH 0 KBaJli-
¢ikawii Ik po3pOOHHUKIB anapaTypu, Tax i 10 THX, 110 3a0e3MeUyI0Th EKCILTY-
arariito. Aje rHy4KicTh IPOTpaMOBaHIX PUCTPOIB KePyBaHHS MPH HEOOX1-
HOCTI 3MiH aJITOPUTMY, IO Ma€ BEJMYe3He 3HAYCHHS K Ha €Tanax po3poOKu
TaK 1 [IpU eKCIuTyaralii OJMHOYHO a00 MajI0CePiiHO MPOAYKOBAHOIO TEXHO-
JIOTIYHOTO YCTaTKYBaHHS, POOUTH TXHE 3aCTOCYBaHHS BKPAi EPCTICKTUBHUM.

Tyt Moru 6 IpUAATHCS IPOTPaMOBaHI JIOTIUHI KOHTPOIEpH.

3a3HaurMMOo, 1110 paHire KOHTpOIepaMu Ha3uBaIK OAaraToIo3MIIiiHi mepe-
MUKadi 7151 KOMYyTallii elIeKTPUIHUX KiJl (HampuKiIa, SK Ti, 10 3aCTOCOBY-
IOTBCS U KEPYBaHHS TPAMBAEM).

IIporpamoBaHwuii JoriyHmii KOHTPOJIEP — 11e IPOrPAMOBAHHUI JIOTTIHHI
TIPUCTPIil KePYBAHHS 3 MOBOIO PO PaMyBaHHSI, IOCTYITHOFO VISl HECTICTIIATICTIB
3 iHpOPMATUKH (CTIOYATKY, HAIPUKIIA]I, MM MOBY JpaOHHYACTHX Jliarpam i
TIpU3HAYAITICS TS 3aMiHH peeiHuX mad KepyBaHHS MOCIIOBHIMH JIOT TYHHU-
MU TIPOIIECAMU B YMOBaX ITPOMICIIOBOCTI Y pealbHOMY MacmTali Jacy).

MamnorabaputHi i rHy4Ki y nporpamyBanHi [IJIK criouaTky BUKOPHCTOBY-
BJIMCSI JJIS 3aMiHU JIOTTYHUX MIPUCTPOIB KEPYBAHHS, BUKOHAHKX Ha EJIEKTPO-
MAarHiTHUX peJie, 110 3aiMainy 1 madu. Hamasi, 3 mosBoro MiKpoeIeKTpoH-
Hux LAIT 1 AL, ix moyanu 3acTOCOBYBATH 1 17151 pO3B’ A3aHHS 33/1a4, TIOB’ sI-
3aHHX 3 00YMCIICHHSIM Ta ITOPIBHSHHSM aHAJIOTOBHX CUTHAJTIB.
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[JIK moHTYIOTBCS Ha OfHIN a0 IeKinbKoX Iiarax (y BHIVISAI OXHOTO
a00 IEeKiJIbKOX MOAYIB) 1 IOTIOBHIOIOTHCS IPUCTPOSMH IPOTpaMyBaHHS 1
IHJMKAIII1 3 KJIaBiaTypOIO Ta MU POBUM JHCIIIICEM.

Binpiry yniBepcanbHicTh MaroTh 6aratomaathi [IJIK, mo cranoBnats
coboro Habip moxymis: nmpouecopa, [13I1, O3I1, IIAII, ALII, BBoxy Ta BU-
BOJy IaHMX, MIJCUIICHHS HOTYXHOCTI, JKepeia )KUBJICHHS Ta iH. 3 UX MO-
IyJTiB CTBOPIOETHCS HEOOXiZIHA Y KOHKpETHOMY BHIa Ky kKoHpiryparis [TIK,
JUIs1 4OT0 HeoOX1IHM IXHiil HaOip BCTAHOBIIOETHCS Y TaK 3BaHy KOP3UHY —
KOHCTPYKIIiIO 3 OCHOBOIO, Ha SIKiii pO3MILIIEHO pPO3HIMaui AJIsl i IMUKaHHS
MOJTYJTiB IO CHCTEMHOI MaricTpaini i jokepena skupieHHs. [limMukanHs 10
JDKEepeJl CUTHAJIiB Ta N0 BUKOHYIOUHMX NMPUCTPOIB 00’€KTa KepyBaHHS
3IIHCHIOETBCA OKPEMUMH KaOelsaMu.

Takum unHOM, GararomarHuii [1JIK € yHiBepcanbHUM KOHCTPYKTOPOM
U1l CTBOPEHHSI IPOrPaMOBaHUX MPUCTPOIB KEPyBaHHSI.

Taki IIJVIK mmpoko 3acTocoByBanuch A0 THX Hip, JOKH 3 PO3BUTKOM
MIKpPOCXEMOTEXHIKH CTaI0 MOXKIMBHUM yci By31H (10 95-98 % cnabkocrt-
PYMOBHX €JIEMEHTIB) KOHTpoJIepa po3mintyBatu y ogHiii BIC — ogHomnat-
Homy IJIK. CunoBi eneMeHTH 1 AKepesio KUBJICHHS IPU LIbOMY pO3Mi-
nryoTh Ha okpemux miarax. Omxaomrarai [IJIK maroTe 3HaYHO MEHTITI
rabapuTHI po3MipH, HiX OaraToruiaTHI, MPOCTII Y BUTOTOBIICHHI 1 AETIEBIIT.
Bonwu 6inbmn Hafi#iHI, 00 HE MAIOTh KOP3UHH 3 BEITUKOIO KUTHKICTIO JOPO-
TUX 1 MaJOHATIHUX po3HIMadiB. AJie BOHU HE € YHIBepCcaIbHUMH. ToMy
¢$ipMu-BUpOOHUKH 3a3BUYail BUITycKaroTh Habopu Takux [1JIK 3 pisHuMU
MOXTMBOCTSIMHU TSl 3a0€31eYeHHS KepYBaHHsI THIIOBUMHU JIJIS JISSIKOT Ta-
Y31 TEXHIKH 00’ €KTaMHU.

Buxomsau 3 HemomiKiB 9u mepesar ogHo- i 6ararorrataux [1JIK, y KoHK-
PETHHX 3aCTOCYBAaHHSIX BUKOPHUCTOBYIOTH SIK OJTHI, TaK 1 1HIIII.

IToGymoBaHi Ha MiKpPOIPOIecopax KOHTPOJIEPH MatOTh CIIPOIIEHY CHCTE-
My KOMaH/I, BUILYCKaJIUCS CepiiHO 1 Oyr JOCTAaTHBO JeIeBi MOPIBHIHO 3
BapTICTIO PO3POOJICHHS Ta BUTOTOBJICHHS MMPUCTPOIO KEPYBAHHS 3 KOPCT-
KOO JIOTIKOI0. AJIe SIK PUCTPOT KEPyBaHHS TEXHOJIOTTYHOTO YCTaTKyBaHHS
MIPOTPaMOBaHi JIOTiYHI KOHTPOIEPH IUPOKOTO PO3MOBCIOMKEHHSI HE 3HAMIII-
71, 60 OyNM CTIOYaTKy T'POMI3IKHMH, BCE JK JOCUTH TOPOTUMH, 1 U1 Oara-
THhOX MOJJINBUX 32CTOCYBaHb (HAPUKIIA], ISl KEPYBaHHS €JICKTPOHHUMH
KITIOUaMH JHKEPET )KUBJICHHS TEXHOIOTIYHOTO YCTaTKyBaHHS ) TOBUTBHO Ji0-
yrMu. TakoK BaXKIIMBUM YHHHHKOM y 0OMEKeH1 IXHBOTO PO3IIOBCIOKCHHS
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Oynu oOMexeHa MOCTYIHICTh IS MEePEeCidYHOro CIOXUBava SK BIacHE
KOHTPOIepiB, Tax i iH(OpMALLii PO KOPUCTYBAHHS HUMH.

8.10.12. MikpokoHTponepum

[Hounnaroun neck 3 cepenunn 80-X POKiB MUHYIIOTO CTOPIYYsL, HA CBIiTO-
BOMY PHHKY €JIEKTPOHHOI IPOIYKIIii 3°stBisitoThest IMC MikpokoHTpOsIepiB.
Tax nep1iri BOCbMUPO3PsiIHI MiKpoKOHTpOIepH Oy ctBopeHi ipmoro Intel
(CHLIA)y 1982 porii. 3apa3 Taki MiKpoKOHTPOIEPH y CBITi IIPOIYKYIOTh OLITBLII
SIK TPUALATE PipM (IesSKY HE3pYUHICTb CTBOPIOE HECYMICHICTh MiKPOKOHTPO-
JIepiB Pi3HUX QipM-BUPOOHHKIB).

Ho peui, monioni IMC 3’siBunmcs y kinui 80-X poKiB MUHYJIOTO CTOPidus i
B CPCP. Bonu Ha3uBaimcst OHOKPUCTAIBHUMH EIEKTPOHHUMH 00UHUCITIO-
BaTbHUMH MamnHamu (cepist KP1816). 3HoBY *k Taku, BOHU OyJIu JOpOTHU-
MU, MAJIOIOCTYITHIMH, OpakyBasio iHpopMallii Ipo iXHE 3aCTOCYBaHHSI.

Ha tepuropito kpain CHJI mikpokoHTpOnepu, BurotosieHi y [TiBaeHHo-
Cxiguiii As3ii, mocrauaroTb B ocHOBHOMY ¢ipmu Atmel ta Microchip
Technology Inc. (CHIA). Lli MikpokoHTpOIEepH MaroTh OCOOIUBY IOITY-
JISIPHICTB TaKOXK cepell pO3pOOHUKIB €IEKTPOHHOI TEXHIKM MaJIoi Ta cepe-
HBOI CKJIAJHOCTI. [XHS HOMEHKIATypa HaA3BHYaifHO Besuka. Tak, TilbKH
¢dipma Atmel y kinmi 90-X pokiB MUHYIIOTO cTOpiudst BUITycThia 140 mone-
JIeH IPOTSTOM OTHOTO POKY (Pi3HOI iH(pOpMAIHHOT TOTYKHOCTI, Y KOpITycax
JUTS Pi3HOTO TUITY MOHTaXYy Ta iH.).

Hagenemo cydyacHe po3yMiHHS TEPMIHIB Y IIii ramysi.

Mikponpouecop € HEHTPATHLHIM OOYHCIIOBAIEHUM SIPOM KOMIT T0-
TEPHOI CUCTEMH.

KonTtpOinep — 3akiHueHuit elIeKTPOHHUIT TPUCTPIid, 3a3BUYail BUKOHAHHI
Ha APYKOBaHIH 1miiari i Mpu3HadeHUH I IPUIMaHHS Ta OTIPAIFOBAHHS CUT-
HaJliB BiJ JaTYUKIB, a TAKOX I KEPYBaHHS 30BHIITHIMHU IIPUCTPOSIMHU Ha
OCHOBI pe3yJIbTaTiB ONPAIFOBAHHS NPUHHITHX CUTHAMIB.

MikpokoHTpOnep — mporpamuo kepoBana IMC, 1110 3aCTOCOBYETHCS
111 00y 10BU KOHTpOIepiB. MikpoKOHTpOMep, OKpIM siipa, Mae OrepaTuB-
HUM Ta MOCTIHHUI 3a1maM’ ITOBY BaJIbH1 IPUCTPOT, TAIMEPH, TIYMIbHUKH, Ka-
HaJIM BBEJICHHS Ta BUBEJIeHHS iH(OpMaIlii, iHIII MPUCTPOT — I1e CaMOCTiiHa
KOMIT TOTepHa CHCTEMA, III0 BMIIIY€E MPOIECOp, ZOMOMIXKHI CXEeMH Ta MPH-
CTPOi BBEICHHSA-BUBEICHHS JaHUX, PO3MIIIICHI Y CITITLHOMY KOPITYCi.
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MikpokoMn’10Tep Mae 1€ i BiZieo- Ta 3ByKOBHH MPOLIECOPH.

Harangaemo, TpaauiliiiHi BeJIHKi KOMII FOTEPH, 110 OyyBAIUCH IIIE 3 COPO-
KOBMX POKIB MUHYJIOTO CTOJIITTS CIIOYATKy Ha Jiamrax, a rmotim Ha IMC ce-
PEIHBOrO CTYIEHS iHTerpanii, MaJIi TaK 3BaHy IIPUHCTOHCBKY apXiTeKTypy
(3ammportoHoBany 1949 p. cniBpobitarKoM [IpuHCTOHCEKOTO YHIBEpcHuTeTy (OH
Heiimanom), 3a sikoi sIK A71st IporpaM, Tak i AJsl JaHUX, BUKOPUCTOBYETHCS
enuHUi mpoctip mam’ati. Lle BHAcHiqOK 3MEHIIEHHS anapaTypHHUX 3aTpaT
ITi IBUIITYBAJIO HA/TIHICTh MAIIIHH, aJie 32 PaXyHOK 3HIKSHHS IIIBUIKO/II.

MikpokoHTpOIepH, y SIKHX 3a PaXyHOK iHTErpaJIbHOI TEXHOJIOT1i BUKOHAH-
HS BiAmaja rnpobjeMa BIUIMBY KUIBKOCTI CKJIAZOBHUX MIKpPOEJIEMEHTIB Ha
HaJiiHICTh BUPOOY, MAIOTh FapBapAChKy apXiTEeKTypy (3alpOIOHOBAHY TOI
X Taku [ 'apBapICbKUM YHIBEpCUTETOM, ajle BIAXHUIICHY i3 3p03yMUINX MipKy-
BaHb), 3 SIKO1 JJI51 JAHUX 1 KOMaH] BAKOPUCTAHO OKpeMi 00JIacTi mam’sTi Ta
. Lle 3a0e3neuye BUCOKY IBUAKOIIIO 32 PaXyHOK MOXJIUBOCTI JOCTY-
Iy 3a OOUH LUK K JI0 I1aM’ATi, TaK 1 10 JaHUX, 32 OAHOYACHOTO BUKOHAHHS
1o01>KHOT KOMaH ¥ 1 BUOIPKH HACTYITHON.

MikpoKOHTPOIEpH MAtOTh HU3bKE CIIOKUBAHHS (CTPYM KUBJICHHS CKJIa-
Jae Kinbka mijiamnep 3a paxyHok mooynosu Ha K-MOH-cTpykrypax),
MiHIMaJIbHI rabapuTH (BUITYCKAOTHCS 3AJICXKHO BiJl iHPOPMAIIITHOT ITOTYX-
HOCT1 Yy 8-, 18-, 20-, 28-, 40-, 44- Ta 64-BUBIIHUX KOPITyCaX, Ta HAYACTIIIE
3aCTOCOBYIOTh KOHTPOJIEPH Y EPIIHX YOTUPHOX THIIAX KOPITYCiB), TOTpeOy-
10Th MiHIMYM (OyKBaJIbHO JAEK1TbKa) 30BHINIHIX JUCKPETHIUX KOMITOHEHTIB.

ITam’aTh MaHWX y HUX CKIagac Big 36 mo 368 Oaiit, a mam’sITh Iporpam
Big 0,5 mo 128 ximob6aiiTis.

KinbKkicTb JIiHIH BBeICHHSI-BUBEICHHS, 1110 MOXXYTh 32 BHOOPOM Iepeia-
BaTH iH(OPMAILiI0 y OTHOMY 3 HAIIPSIMKiB, CTAHOBHTBH Big 6 10 53.

Po6oua yacrora 1-24 MI 1.

Hampyra *xuBieHHS MOXe 3HAXOAUTUCH Y Mexax 1,8—6 B (HomiHamsHe
3HaueHHsA 5 B).

Bonn MOXXyTh MaTH y CBOEMY CKJIa/li aHAJIOTOBI KOMITapaTopy (HaIlpHK-
naJ, 1Ba), aHAJIOTO-II(POBI TIepeTBOpIOBaYi (HAPUKIIAM, Y JEIKAX MiKpO-
koHTpOepiB AVR ¢ipmu Atmel Bix 4 o 11), taiimepu (1-2), mmpotHo-
imMImysbeHI Monyisitopu (1-8), pi3Hi iHTepdeicH 3B’ 43Ky 3 30BHIIHIMH ITPHU-
CTPOSIMH.

VY mikpokoutpOiepis PIC (Peripheral Interface Controller — nepudepiii-
Huil KOHTpONep iHTepdeiicy) hipmu Microchip € MOXITHBICTD 3aXHUCTY KOTY
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MIPOTpaMH BiJl HECAHKI[IOHOBAHUX 3MiH a00 KomitoBaHHs (0uH abo j1Ba OiTH
3axXHCTY).

3a TEXHOJIOTi€0 BUKOHAHHS [1aM’SITi IIPOTPaM € TP TUITHA MiKPOKOHTPO-
JIepiB:

1) MacKoBO-IpOrpaMOBaHi — MalOTh HAWMEHIITY BapTiCTh, ajie 3aCTOCO-
BYIOTBCS JIMILIE IIPU MacoBOMY BHPOOHHUITBi, 00 IMpOrpaMyroThCs Ha 3a-
Bozi-BupoOHUKY IMC y mpoueci BUTOTOBJICHHS KPUCTAY;

2) 3 ynsTpadioneTOBUM CTUPAHHAM — IO3BOJIAIOTH IIEPETIPOrpaMyBaHHS,
aJie mpolec el TOCUTh TPUBAIINH 1 ITiCIIs YIBTPadioaeTOBOro ONpOMiHEHHS
MOJKIIMBA HEdYiTKa po0oTa KOHTpOIepa, OCOOIUBO 3a 3HIKEHOI HAIpPyrH
KUBJICHHS;

3) 3 ¢uen-naM’SITTIO — 103BOJISIIOTH OararopasoBe eNeKTPUYHE CTUPaH-
Hs1 (103BOJIAIOTH 3IHCHIOBATH pO3pOOIIEHHS 1 BiIIpalibOBYBaHHS IPOTpamM
Ha TOTOBOMY MPHUCTPOI), alie y JIeKijbka pa3iB 10poxdi Bix KOHTpOIepiB
MIEPUIOTO TUILY.

Ta Bce % BapTiCTh MaCOBO 3aCTOCOBYBaHUX MIKPOKOHTPOIEPiB OCTaHHBO-
1o THITy csirae nuie 4oTupbox nonapis CHIA. Came Taki MiKpokOHTpOIEpH
€ HAHPUHAHATHIILMH JJ151 3aCTOCYBaHHS IPH PO3POOLI MPUCTPOIB KEPyBaHHS
TEXHOJIOTIYHOTO YCTAaTKyBaHHS, BUXO/SYH 3 TAKUX IXHIX OCOOIMBOCTEH:

1) mpakTHYHO HEOOMEKeHa KIJTBKICTh IIUKJIIB ITEPETIporpaMyBaHHS, 110 B
YMOBaxX OIMHUYHOTO Ta MaJIOCEPIHHOTO BUPOOHUIITBA 3a0e31edye BUKOHAHHS
POOIT 3 HANAroJKEHHSI 1 JOBEICHHSI, @ TAKOXK OTICPATUBHY 3MiHY aJlTOPHUT-
My Ke€pyBaHHS IIPH €KCIUTyaTallii ycTaTKyBaHHS;

2) AOCTaTHHO BUCOKI POOOUi YaCTOTH;

3) HasIBHICTB MTPOCTHX, ACIIEBUX 1 TOCTYITHUX JUISI CAMOCTIHHO1 peai3artii
MOJIeINIeH IPOTpaMaTopiB;

4) miniManpHI rabapuTH, BapTICTh, BUCOKA HATIHHICTD;

5) IOCTYTHICTS 1 BKpai NpuiHATHA BapTICTh;

6) HasBHICTH MojeJel 3 BOY/IOBaHUMH aHAJIOTOBUMH KOMITApaTOpaMH
Ta aHAJIOTO-IHM(POBUMH TEPETBOPIOBaYaMH (3 PO3BUTKOM IHTErPaIbHOL
TEXHOJIOT1] 3’ SIBIJIACh MOKJIMBICTh PO3MIIIEHHS Ha OJHOMY KPHCTa K
M POBUX, TAaK 1 aHATOTOBUX €JIEMEHTIB);

7) MOXKJTHBICTH 3aXHCTY ITPOTPaM BiJ HECAHKI[IOHOBAaHUX 3MiH Ta KOO~
BaHHS;

8) MOYKITMBICTH OTpUMaHHS IHQOpPMAIIIT BiJ] CYYaCHUX IHTErPAITLHUX JATUHKIB
Ta repenadi iHpopmariii KoMIT 10Tepy y BiIIOBITHUX POTOKOJIaX iHTEp(ecy;
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9) BenMKa KUIBKICTB JOCTYITHOI JOBiIKOBOI Ta 1HILIOT TeXHiYHO1 iH(opMaii,
MporpaMHOro 3ade3nevyeHHs (A7 CKIalaHH IporpaM, iXHbOTO BiuIaroa-
KEHHSI, 3aHECEHHS Y TaM’sITh MiKpOKOHTpOepa), iHpopmallii 3 THIIOBHX 3a-
CTOCYBaHb Ta JIOCBily BUKOPUCTAHHS SIK Y APYKOBAaHOMY BHUIVISIAIL, Tak iy
INTERNET-mxepenax.

Ha sxaitb, cyyacHi MiKpOKOHTPOJIEpHU BTPATHIIM I0YaTKOBY OCOOIHBICTD
POrpaMOBaHMX JIOTTYHHUX KOHTPOIEPiB — AOCTYIHICTh MOBH IIPOTrpaMyBaH-
Hsl J7Is HECTICLIaTiCTiB 3 iHopMaThku. X04 MpoLecopu MikpoKOHTpOepiB,
Ha Bigminy Bix CISC-nipouecopis (Complex Instruction Set Computer) EOM
3 CKJIAJTHOIO CHCTEMOI0 koMaH I, BigHocATh 10 RISC (Reduced Instruct Set
Computers) mporecopis, y SKHX Ha0ip BUKOHYBaHUX KOMaH]I CKOPOYEHO J10
MiHIMyMYy (3aJIeKHO BiJ] TUITy MiKpOKOHTpOIepa ioro acembiiep mae Bix 33
1o 133 xomann), ixHe mporpaMyBaHHs Ha aceM0iepi 0coOIMBO CKIIAAHE 1
JOCTYIIHE BIaCHE CIeI[iaTicTaM 3 MikpoKOHTpOsepiB. Jlerio npocrtiiie mpo-
rpamMyBaHHs Ha anropuTMiuHiid MoBi C+ abo Ha cnenianbHii Bepcii Basic,
aJie TaKO)K BUMarae BIICBHEHOTO 3HAHHS KOMII'IOTEpa Ta MPHU3BOAUTH JIO
301IBLIEHHS 00CATY MPOTrpaMm 0 TPUALATH BiJICOTKIB.

Le BucyBae BUMOru BUcokoi kBamigikarii nepcoHanty (BMiHHS KOPHCTY-
BaHHSI KOMIT FOTEPOM, IPOTPaMyBaHH:I ), BAKOPUCTAHHS IIPH 00CITYTOBYBaHH1
{ PEMOHTI IPUCTPOIB KEPyBaHHS Ha OCHOBI MiKPOKOHTPOJIEPIB JJOCUTH 110~
POTOr0 KOMIT FOTEPHOTO yCTaTKyBaHHA. AJie Cy4aCHHI piB€Hb BUPOOHHUIIT-
Ba BCe OUIBIIIE BUCYBAE caMe TaKi BUMOTH SIK JIO TIEPCOHAY, TaK i 10 BiIac-
He ycTtaTKyBaHHsL. OKpIM TOTO, 3pEIITOI0, 3HIKEHHS CTPOKiB BUPOOHHIITBA
yCTaTKyBaHHS, 3HIKEHHS HOTO BApTOCTI, 301IbIIEHHS HAIIMHOCTI pOOOTH,
3pYYHOCTI KCIUTyaTallii TOro BapTi.

8.10.13. CtpykTypa MikpoKOHTpONnepa

Omke, mepirr MikpokoHTpOIepH 3°ssBrnucst y 1976 porti, koiu B oiit BIC
cTaj0 MOXJIMBUM cymictut niporiecop, O3IL, 1311 i enemenTn intepdeii-
cy. Ha Biaminy Bin yHiBepcanbHuX Mikpo-EOM, B MikKpoKoHTpOsIepax HeBe-
JIUKa 32 po3MipoM mam’sTh (Iekimbka coteHs Oant O3I1 Ta mexinpka jme-
carkiB kizooait [13I1) i mpoctuii inTepdeiic 1uis 38’ 13Ky 3 30BHIIIHIMHU ITPHU-
ctposmu. Lle BuTiKae i3 cienugiku BAKOPHCTaHHS MiKpOKOHTpOnepis. Ix He
3aCTOCOBYIOTh B YHIBEPCAIBHHX OOUHCITIOBATLHUX CUCTEMaX. MiKpOKOH-
TpOnepu NpU3HAYEHI Tl CTBOPEHHS BUCOKOS()EKTUBHUX 1 ICIIIEBUX CHCTEM
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KepyBaHHS 1 pery/roBanHs. BoHM peaitizyroTh BITHOCHO HECKJIAJHI ajro-
PHUTMH, TOMY TOTPeOYIOTH 0OCSTiB am’ATi Ha AEK1IbKa MOPSIIKIB MEHIIINX,
nixx EOM yHiBepcalbHOro NpU3HAYEHHS. [X 3aCTOCOBYIOTH y CHCTEMAax
KepyBaHHS MaHIYJIATOPaMH, BUMiPIOBAJILHUX MPHJIAAiB, TEXHOJIOTTYHOTO
yCTaTKyBaHH:I, CTaHKiB, aBTOMOO11iB, TOOYTOBOI TEXHIKH Ta iH.

TurnoBy cTpyKTYypy MiKpoKOHTpOInepa HaBezieHo Ha puc 8.30.
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VOV

PO P1 P2 P3
Puc. 8.30 — Tunosa CTpyKTypa MiKpOKOHTpOsEpa

Adpecu/OaHi

€muocti O3I1 y fekinbpka COTeHb OaWT I[LIKOM JOCHTD JJI TUMYACOBO-
ro 30epiraHHs JaHUX Ta IPOMDKHUX Pe3yJIbTaTiB MPH BUKOHAHHI ITPOrpaM
kepyBaHHsL. [Iporpamu 30epiraroThbest y ureni-nam’siTi EMHICTIO Y J€CATKH
K1J1I00aiT, 4oro, sSIK MPABHJIO, IIJIKOM BHCTaYae. 3a HEOOX1IHOCTI repeada-
YeHO MOXIIMBICTh HAPOII[yBaHHS OOCSTIB ITaM’SITi 32 paXyHOK M AKITIOYSHHS
3oBHImHIX BIC oneparuBHOi Ta HOCTIHHOT am’ sITi.

3po3ymino, 1o poOOTOI0 BCiX BY3JIiB KEPYE HEHTPAIbHUI Mpouecop-
Huii enement LIIE. CunaxpoHi3ytoTs ioro podoty immynascu ['TI 3 gac-
ToTOrO 12-24 MI'1, 110 3a/1a€THCS 30BHINIHIM KBAapIIEBHM PE30HATOPOM.
e 3a0e3mneuye BUCOKY CTAaOUIBHICTh YaCTOTH, 1110 HEOOXIIHO MPH Biampa-
IFOBaHHI MPOMDKKIB Hacy.
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AnpecH i JaHi IepearoThCs 10 MIHHI apec/TIaHuX 3 PO3PSIHICTIO CIIiB,
SIKi OTPALIbOBYOTHCS MIKPOKOHTPOIIEPOM.

Beenenns 1 BuBeneHHs iHpoOpMaLii 301ICHIOETBCS Yepe3 YOTHPH napa-
JIeJIbHUX 1 OIMH MOCJIiIOBHUI MOPTH BBeleHHs/BUBeAeHHs. Uepes
noptu PO-P3 oOMiH 3 30BHILIHIMHU NPUCTPOSIMH BiOYBAETHCS 110 BOCHMHU-
PO3pSAAHMX LIMHAX. 3apa3 TaKoXK BUIYCKaroTh 16- 1 32-po3psagHi Mikpo-
koHTpOnepu. KoxeH 3 moptiB 3a6e3neuye B3aEMOII0 3 OHUM HPHCTPOEM.
@DyHKLi1 NiHIA MIMH B pi3HUX PEKUMAaX MOXKYTh MaTH pi3He 3HaYeHHs (BBe-
JICHHS a00 BUBEICHH).

Yepes Bxix Rx D mocnigoBHOToO NOpTy BiAOYBA€THCS MPUAOM JaHHUX Y
MOCITITOBHOMY KOJli, uepe3 Bxix 7x D — nepenaya.

MikpokoHTpOIep MOXKe 00CITyroByBaTH JIeKijibKa SIK BHYTPIIIHIX, TaK i
30BHIILIHIX 3aMUTIB HA MepepUBAHHS [IPOTPaMH [UIS IEPEXOAY O BUKO-
HaHHS OLTBII PIOPUTETHUX i JIPOrPaM.

Taiimepu-1iYnIbHUKH IPU3HAYEH] U1 BiANpallbOBYBaHHS IHTEPBAiB
qacy a0 mipaxyHKy KiJIbKOCTI IMITYJIBCIB.

Cucremy KOMaH[ MiKpOKOHTpOJIepa Opi€HTOBAaHO Ha BHKOHAHHS 3a]1a4
KEpyBaHHS, TOMY HOPSII 31 3BUYAiHUMH KOMaHIAMH, XapaKTePHUMHM IS
BCIX MIKpPOIIPOILIECOPIB, € i crierudivHi.

OCKiJTBKH BC1 BY3JTH MIKPOITPOIIECOPHOI CHCTEMH TYT 3HAXOASTHCA BCE-
penuni onHiel BIC, He moTpiOHI 3BepTaHHs 10 30BHIMIHIX MPUCTPOIB. Tomy
OUIBIIICTh KOMaH ] KOPOTKI 3 4aCOM BUKOHAHHS, HAITPHUKIIA, OJIU3bKO 1 MKC
3a TakTOBOI yacTtoT 12 MI11.

8.10.14. 3icTaBneHHs OCHOBHMX eTaniB CTBOPEHHS
NPUCTPOIB KepyBaHHS Ha OCHOBI LM¢pPOBMX aBTOMATIB
3 XXOPCTKOIO NIOriKOI0 i NPOrpaMoBaHmnxX

VY tabn. 8.5 HaBeAEHO 3iCTaBICHHS OCHOBHHX €TaIliB CTBOPEHHS MPHU-
CTPOIB KEPYBAHHS 3 KOPCTKOIO JIOTIKOIO 1 IporpaMoBaHux. 3 Hel BUIHO,
10 MTPY 3aCTOCYBAaHHI TUIIOBUX MPOTPAMOBAHHX MIPUCTPOIB KEpyBaHHS (Ta-
KHX, III0 MOKHA MPUAOATH TOTOBUMH ), Y IIUKJI1 CTBOPEHHS TOTOBOTO TIPH-
CTpPOIO BIJICYTHI IIPOLIEAYPH, TIOB’A3aH1 3 pO3pOOIIEHHAM KOHCTPYKTOPCh-
KOl 1 TEXHOJIOTIYHO1 JOKYMEHTAIIii Ta BIaCHE BUPOOHUIITBOM. YCi IpoIie-
nypH (aKTUYHO OB’ S3aHO BHKIIFOYHO 3 PO3POOJICHHSM Ta BiJIaro/KeH-
HSAM IIPOTPAMH.
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Tab/ms 8.5— 3icTaBneHHs OCHOBHUX eTarliB CTBOPEHHS NPUCTPOIB KepyBaHHS

IIpucrpiii kepyBaHHs
3 JKOPCTKOI0 JIOTiKOI0

IIporpamoBanuii
NPpUCTPiii KepyBaHHS

1. Po3po0ka anropuTMy KepyBaHHS

2. Po3po0Ka eJIeKTpUYHOI IPUHIUIIOBOT
CXeMH NPUCTPOIO KEPYBaHHSA Ha OCHOBI
obpanoro tumry IMC

2. Po3poOka mporpamMu poOOTH mpH-
CTPOIO KepyBaHHS Ha OCHOBI 0OpaHo-
ro Tairy MIIII (manpuxinaz, T1JIK)

3. CTBOpEHHS MaKeTy NMPUCTPOIO
KepyBaHHS

3. 3aHEeceHHs nporpaMu
B O3y MIIII

4. Bitagka MakeTy IpUCTPOIO
KepyBaHHS i BiJIIOBITHE KOPUTYBaHHS
J0T0 €JIEKTPUYHOI IPUHIMIIOBOI CXEMHU

4. Bimmanka i BigmoBigHe
KOPUTYBaHHS TIPOTpaMu

5. Po3poOka KOHCTPYKTOPCHKOT i
TEXHOJIOTIYHOT JOKYMEHTAIIIT JIJIst
BHPOOHUIITBA IIPUCTPOIO KEPYBAHHS

5. llpun6anns tunosoro MITIT
(manpukian, [TJIK)

6. BupoOHUIITBO IPHCTPOIO KEPYBAHHS

6. 3anecenns nporpamu B IMC
MOCTiiTHOT TaM’SITi 1 BCTAHOBIICHHS X
B I13Y MIIII

7. IlocTaBka NPUCTPOIO KEPYBAHHS 3AMOBHUKY

Hacamkinenp 3a3aaqnmo, mo crernudika podoru 3 MIIII BigHOCHTH 1X
CKOPiIII JI0 ray3i iHhopMaTHKH, 00 Y OLIBII-MEHIII CEPHO3HUX 3aCTOCYBaH-
HSX BapTicTh po3poOIeHHS MpOrpaMHOro 3ade3nedeHHs ckiangae 1o 80%
BapTOCTI BCHOTO MPUCTPOIO KEPYBaHHA. BUXOASYH 3 1IHOTO, MH OOMEKH-
JIUCH JIAIIIE HaTaHHAM 3aralIbHUX TMOHSATH, OCOOIHMBO 100 MUTAaHb IPOTpa-

myBaHHs MIIII.

KoHTponbHi 3anuTaHHg

1. Hosicnims, wo senstioms co60i0 YUpPosi MIKPOEIeKMPOHHI NPUCTPOL.
Haszsimv natieocusaniuti yugposi mMikpoeiekmporHi npucmpoi.

2. Ha sxi knacu noodinsioms yu@posi npucmpoi?

3. Lo make gpynkyionanvHo noena cucmema no2iunux enemenmis? Ha-

8edimbv NPUKIAoU.

4. Hosacuimo, 5K, euxoosauu 3 npasun oe Mopeana, modxicHa nobyoysa-
mu enemenm ABO-HI na ocrnosi eremenma I-HI.

5. HosacHime, ax 6azamosxo008ull 102iUHULl e1eMeHm 3 [HBEepPCIcl0 Ha
BUXO0I MOJNCHA BUKOPUCMAMU SIK [HEEPMOP.
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6.

So

10.

11.

12

13.

14.
15.
16.
17.
18.
19.
20.
22.
22.
23.

24.

Hoschimob, aK ModcHa ompumamu J102IYHULL eleMeHm 3 KLIbKICmIo
6X00i8, WO nepesuUyE KilbKIiCmMb 6X00i8 eleMeHmd, 06panozo 3a
bazosutl, npu no6y008i 102iuHol cxemu.

Ak peanizyiomsv cxknaoui nociuni @yHxyii?

Lo maxe dewugppamopu? Jlns wozo 6onu npusHaueui?
THosichimo pizHuyto mige 08IIKOSUM i OBIIIKOB0-0eCAMKOBUM Oeuudh-
pamopamu.

Lo maxe mynomunnexcop? Hasedimo tioco mabauyro icmunnocmi
i 102iyny yHKyito, Ky 6iH BUKOHYE.

Hoscuime, 051 4020 npusHauewi, AKi OY6aAOMb i HA YOMY MOJCYMb
oymu no6y008ami nivUIbHUKU IMIYAbCIE.

Hagedimv cxemy, ymosne nosnauenHs i noscHime pobomy womupu-
PO3PAOH020 NIOCYMOBYIOHO20 NOCHIO08HO20 OBIKOB8020 NIIUUNbHU-
Ka IMRYIbCi8, 8UKOHAHO20 HA KomOinoganux RST-mpueepax.
Hoschims, K i3 ni0CyMO8YI04020 NOCAIO08HO20 O0BIUKOB020 NiUUlb-
HUKA MOJICHA ompumamu 08iliKogo-decamkosuil. /i1 4020 npusua-
yeHi 0BIUKOB0-0eCAmMKOBI AiUUNbHUKU?

Ml woeo npusnaveni pecicmpu, sAKi 60HU OY8AOMb 3ANEHCHO GO
cnocoby 3anucy i eudaui ingopmayii?

s woeo npusnaueni L{AIl i AL{IT?

Hosacuims, ax nobyoosano L{AII

Hagedimv cmpykmypuy cxemy i noscuime npunyun pooomu AL[II,
nobyoosanozo na ocrosi L{AII.

Hosicuime, y womy nonsieae npunyun 0ii’ Mynemugiopamopie abo 00Ho-
8i6pamopis, no6YO0BAHUX HA NOSTYHUX eeMeHMAX YU mpucepax.
Hasedimv npuxnaou nobyoosu iMnyabCHUX NPpUCMpois HA 102iy-
HUX eleMenmax i mpuzepax.

THosacunims, wo cmanosume coboio IMC matimepa KI006BHUI (555)
i YoMy 60HG 3HAUWNA WUPOKE 3ACMOCYBAHHA NPU NOOYOOSI IMNYIbC-
HUX npucmpois.

Hosachimob, wo maxe mMikponpoyecop i 0151 4020 6iH NPUSHAYEHUL.
Hasedims cmpyxmypy npoyecopa i noschimo npusHaveHHs 1o2o 8y3iie.
Hasedimv cmpyxkmypy mikponpoyecopnoi cucmemu i nOSACHIMb Npu-
3HAYeHHA i CKIA008UX 4ACMUH.

Braowcimo pisnuyro misic nocmitinum ma onepamusHUM 3anam smo-
8YIOUUMU NPUCMPOAMU.
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25.
26.
27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

THoschimb, wo make cucmemuna mazicmpans i K 30HUCHIOEMbCS NiO-
MUKAHHSA 00 Hei MOoOynie MIKpONpoyecopHoi cucmemu.

Hosacuims, wo coboio ssnse inmepgelic.

THosacuime, ax iHiYiloeMbCs GUKOHAHHS NPOSPAMU MIKPONPOYECOPOM.
Losicuims, y axomy @ueasioi Modice 6ymu 3anucana npospama pooo-
mu MIKpOnpOYECcopHO20 NPUCMPOIO.

Yum, Ha eauwty OYMKY, MONCHA NOACHUMU me, WO WEUOKOJis npo-
2PaMOBAHUX NPUCPOIE KePYBAHHA NPUHYUNOBO MEHWLA, HIJC Y Npu-
CMpoig i3 AHCOPCMKOI 102iK0I0?

Toscnimos, K 8UKOPUCTNOBYEMBCA UWICIMHAOYAMKOBA CUCTHEMA YUC-
JIeHHS NPU 3ANUCy npo2pam MIKponpoyecopHozo npucmpoio. Ak
nepesecmu 4uCi0, 3aNUCAHE VY WICMHAOYAMKOBOMY (08IiUIKOBOMY)
KOOI y 08IlK0o8Ull (WicMHAOYAmMKo8uil) Koo?

Y yomy nonseac poboma npucmpor xepysamwHs y pearbHOMy Mdac-
wmaobi yacy?

IHosacuimy, y uomy noaseae eghpekmusHicms 3aCMOCy8anHs MiKpO-
NPOYEeCOPHUX NPUCMPOI8 Y NOPIGHAHHI 3 THWUMU NPUCMPOAMU 00-
pobKu yugposoi inghopmayii.

Yum susHauaemvcs iHGOpMayitina nomyxNcHicms Mikponpoyecopa?
o maxe npoepamosanuil nocivHull koumpoaep? AKi uou npo-
2pamosaHux N102iYHUxX KoHmpoaepié Bu snaeme?

Ax cniggionocamubcs eapmocmi anapamuoi 4acmuHu Mikponpoye-
COPHO20 NPUCMPOIO T 1020 NPOPAMHO20 3a0e3neueHHa?
Ilpoananizyiime cniecmagnenHss OCHOBHUX emanié CMmeopeHHs Npu-
CMPOoi8 KEePYBaHHs 3 HCOPCMKOIO 02IKOI0 | NPOSPAMOBAHUX.
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PO3A4iN 9

NEPETBOPIOBAJIbHI NMPUCTPOI.
BUNMPAMJIA4I

9.1. 3aranbHi BipomocTi Ta knacudikawia

Enexrpuuna eneprist BUpOOIAETHCS LIEHTPATI30BAHO 1 MAJIONOTYKHUM CIIO-
KHMBa4aM nocradaerses 3 napamerpamu 220 B, 50 I'n, a motyxuaum — 380 B,
50 I'u. Anle HaBaHTaXkeHb, 10 PO3PaxX0OBaHi caMe Ha Taki MapaMeTpH >KUB-
JICHHS1, HE TaK Bke i Oarato. Lle MoxxyTh OyTu, HanpuKiIaza, HarpiBadi (mepe-
TBOPIOIOTH €IEKTPUYHY €HEPTiI0 Y TEIUIOBY), OCBITIIOBAIbHI IpHIaau (Iiepe-
TBOPIOIOTH EIEKTPUYHY €HEPTiI0 Y CBITIIOBY ), IBUTYHH 3MiHHOTO CTpYMY (I1e-
PETBOPEHHS Y MEXaHiuHy €HEprilo 3 00epTaHHAM), EJIEKTPOMArHiTH (y Me-
XaHIYHy €HEprilo 3 3BOPOTHO-TIOCTYAILBHAM PYyXOM), IHAYKLiHHI HarpiBadi (y
SHEPTiIo eJIEKTPOMArHITHOTO TIOJIsI, HAIIPUKJIAL, IS IIaBJICHHS METAIY ), eJIeK-
TPUYHUM A3BIHOK (IIEPETBOPIOE EIEKTPHYHY EHEPTiI0 Y 3BYKOBY). A BETIHUE3-
Ha (OCHOBHA) KUTbKICTh IHIIINX CTIOKMUBAY1B, HATIPUKJIA/I, TBUTYHH ITOCTIHOTO
CTpyMYy, TaJIbBaHIUHI YCTAHOBKH, 1 6€3MeKHA KUTBKICTB ITiICHITIOBAYIB Y CKIIAI1
MIPUCTPOIB iHPOPMAIIHHOI eIEKTPOHIKH, BUMAraroTh JJIsl CBOTO KHUBJICHHS HE
3HaueHHs Harpyru 220 B, 1 He 3MiHHOTO CTpyMY, a ocTiitHoro. [lepeTBopen-
HSI HAIIPyTH 3MIHHOTO CTPYMY CTaH/IapTHOTO 3HAYEHHS Y HANPYTy MOCTIHHOTO
CTpyMy HEOOX1HOTO 3HAYCHHS 3a0€31EUyI0Th BUTTPSIMILYI.

Bunpsamasdi — e enekTpoTeXHIYHI MPUCTPOi, MPU3HAYEH] Ui Tepe-
TBOPEHHS €HEPTii JyKeperia Halpyru 3MIHHOTO CTPYMY B €HEPrito HallpyTH
TIOCTIITHOTO CTPYMY.

Cxutaj BUIIpSAMIISTYA TTOKA3aHO Ha y3araJllbHEH1H CTPYKTYpHIN cXeMi, Ha-
BelleHii Ha puc. 9.1.

o mepexi © * * d
Hanpyau v BC 30 CH H
3MiHHO20 (PH)
cmpymy o * ? | * e

Puc. 9.1 — CTpykTypHa cxema BUnpamisaya;
TV~-TpaHcdopmartop Hanpyru; BC— BeHTWbHa cxema; 3@ — 3rnamKytounil
dinsTp; CH (PH) —CTabinizatop Hanpyr (perynsaTtop Hanpyri); H— HaBaHTaKeHHs!
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SIK paBUI10, BUIPSMIISY [TiAMUKAETHCS 10 PO3MOALTBHOT MEpEeXi Halpy-
'Yl 3SMiHHOTO CTPYMY.

Tpancdopmarop npusHaueHUH U1 NEPETBOPEHHS BEJIMUMHU HAIPyTH
MepesKi 0 3HaueHHs1, HeoOXiaHOTo A7t poOoTH BUNpsMIiITda. BiH Takox 3a-
Oe3reuye elleKTpUYHY (TaTbBaHIuHY) PO3B 3Ky MEpeXi i HABAHTaKCHHSI.

BeHTH/IbHA cXeMa IepeTBOPIOE 3MiHHY HAIPYTY Y BUIIPSIMIICHY — ITYJIb-
CyIOUy OZHOTIOJIAPHY. BOHa, SIK paBHII0, BUKOHYETHCS Ha HAITiBITPOBI JHUKO-
BUX KITIOYAX.

3raapKyunii GiIBTP MepeTBOPIOE BUNIPAMIICHY HANPYTy y MOCTIHHY.
@DibTPH BUKOHYIOTHCS HA PEAKTUBHUX €JIEMEHTAX, 110 MalOTh BIIACTUBICTD
HaKOMMYYBaTH €NEKTPUYHY a00 €IeKTPOMArHiTHy €HEprilo: KOHAEHCaTo-
pax, apoceisix. Taki GpiIbTpH HA3UBAIOTHCS TACUBHUMU.

st s)xuBIEeHHS pagioeIeKTPOHHUX MPHCTPOIB YAaCTO BUKOPHCTOBYIOTh
aKTHBHI (GUIBTPH, 1110 OyIyIOTHCS HA TPAH3UCTOPAX, ONEPALIMHUX MiACHITIO-
Bayax Ta PEaKTHBHUX €JIEMEHTaX.

Cra6iizaTop HANPYI'|M MiATPUMY€ HANPYTy Ha HABAaHTaKEHHI HA HE3MiH-
HOMY piBHi IpY 3MiHaxX HaNpPyIru Mepexi a0o HaBaHTAXXECHHS y 3aJaHUX Me-
Kax.

IIpu HEOOX1MHOCTI peryItOBaHHS HAIPYTH Ha HABAaHTAXXEHHI 32 HE00X1/1-
HUM 3aKOHOM 1y 3a/IaHUX MEXaX BUKOPHCTOBYIOTh PeryJsiTopu Hampy-
ri. 3a3Ha4uMO, 1110 cTabiIi3aTOP TAKOXK SBIISIE COOOK0 PI3ZHOBUJ PETYIISATO-
pa, y SKOro 3a0e3nevuy€eThCsi aBTOMaTHYHE PETYIIOBAHHS 32 03HAKOKO I10-
CTIMHOCTI 3HaYeHHS HAlPyTH Ha HABAaHTa)KEHHI.

Perynstop (cTabimizaTtop) Moxke OyTH YBIMKHEHO 1 31 CTOPOHH 3MiHHO1
HanpyrH (10 Tpanchopmaropa).

[Mapamerpu By311iB BUNIPSIMIISIYA Ta IXHIX €JIEMEHTIB, PEXKUMHU POOOTH I10-
BHHHI OyTH y3TO/IKEHI 13 3alaHUMH YMOBaMHU poOOTH HaBaHTakeHHs. Ha-
BaHTKEHHS TaKOX BBAXKAIOTh €JIEMEHTOM BHIIPSIMIISYA, 0O 3MiHU HOTO
OTIOPY B ITPOIIeCi pOOOTH BIUTMBAIOTE HA PEXKUM POOOTH yChOTO IIPHUCTPOIO.

3r1amKyrounii GinbTp, cTadlIi3aTop (PeryasTop), a iHoml i TpaHcdopmarop
MOXKyTb HE BXOIUTH /IO CKJI/Ty BUIIPSIMIISTYA, SIKIIIO y HIX HEMAa€e HeOOXiHOCTI.

KpiM BkazaHUX By3:1iB, BAIPSMIISTY MOXKE MaTH BY3JIH 1 €JIEMEHTH 3aX¥HC-
Ty BiJl KOPOTKOIO 3aMHUKaHHSI, IEpeBaHTaXKCHHSI, 3HUKSHHS HaIlPyTH MEpexi
Ta iH. (3armo0KHUK, aBTOMAaTUYHUN BIMHKAY, €JIEKTPOHHUMN MPUCTPIii 3a-
XHCTY, €JIEMEHTH 1 By3JIM iHANKAIlli HASBHOCTI 1 3HAYEHHS HAIIPYTH 1 CTPyMY,
a TaKOXK BY3JIM J1arHO CTUKH MTPAIe3aTHOCT1).
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Bunpsmsaui knacudikyroTs 3a yuciom ¢a3 — ogHodasni Ta 6araTo-
¢a3Hi (octaHHi — HaiyacTime TpudasHi). 3a MOTYKHICTIO BUIPAMIIIYI
OyBaroTh Maioi motryxHocti (1o 100 Br), cepennnoi (1010 kBT) i Benukoi
(monan 10 xBT).

€ HekepoBaHi BUIpsAMISIYi Ta kepoBaHi. Ilepmii OynyroTecs Ha He-
KEpPOBaHMX BEHTHJISIX — HA 110/1aX, IPYTi — Ha KEPOBAHUX — HAIIPHUKJIIAJ, HA
TUPUCTOPAX.

3a MPUHIIMITOM JIii BUTIPSMIISYI ITOALISIOTHCS Ha OJTHOTAKTHI Ta JIBOTAKTHI.

OHOTAKTHMMH Ha3UBAIOTH BUIIPSMIISY], Y IKHX 10 BTOPHHHIM 00MOTII
TpaHcopMaTopa CTpyM MPOTIKAE OJUH pa3 3a Mepioj Hapyru Mepexi i
JIUILIE y OAHOMY HaIlpsIMKY.

BaxyuBuM nmapaMeTpoM BHIPSMIISIYA € KPaTHICTh MyJdbcaniii BH-
NPSAMJIEHOI HANIPYTH 71 — BiAHOLICHHS YacTOTH IyJIbCALii BUIIPSIMIICHOT
HAIPYTH JI0 YaCTOTH MEPeXi. Y OTHOTAKTHUX BUNPSMIISAYIB BiH BiAOBIIa€
qrciy a3 Mepexi.

JBOTAKTHMMH (IBOMiBNEPiOAHUMH) HA3UBAIOTh BUIPIMIISAYI, y SIKHX
110 BTOPHHHIN 00MOTLI TpaHcopMaTopa CTpyM 3a Iepiof] HAPYTH MepexKi
MPOTiKae IBivi 1 y pi3HUX HanpsaMKax. KpaTHicTh mynbcamiil y 1BOTaKTHUX
BHIIPSIMIISTIIB TOPIBHIOE TTOJIBOEHOMY YHUCITY (ha3.

PoGora BunpsiMiisiua GakTHYHO IOJISITAE Yy TOMY, 110 HABAHTKEHHS 32
JIOTIOMOTOFO KJTFOYIB TaK MiMUKAETHCS A0 JHKEpesia eHepril Harpyry 3MiHHO-
IO CTpyMY, 11100 3a Yac KOXKHOTO IiBIEPioAy HOTo HAanpyTH (MO3UTHBHOTO 1
HEraTUBHOT0) CTPYM y HaBaHTa)KEHHI IPOTIKaB y OMHOMY HaIpsIMKY. Buxo-
JISI9U 3 [[HOT0, HAMBaXKITUBIIIMM BY3JIOM BHITPSIMIISIYA € BEHTHIIbHA CXeMa —
cXeMma BHITPSIMIICHHSI.

Haiimmpiioro po3noBcropkeHHsT HaOyIH CXEME BUITPSIMILIYIB, 300pakeH1
Ha puc. 9.2 (BUXOIAYH 3 TOTO, IO SK BEHTHII TYT BUKOPHUCTAHO JIOAN —
Ma€EMO HEKEPOBaHI BUIIPSAMILSI1).

[pu po3paxyHKy BUNIpsSMIISTYA BiZIOMI TapaMeTpH HaBaHTKEHHS Ta Me-
pexi kuBneHHs. HeBimoMrMu € mapamMeTpH eeMeHTiB By3JiB, IO 10 HHOTO
BXOJISTb.

Teopis BUNPAMIIIYiB 3BOAUTHCS O PO3POOKH aHATITHYHUX BUPA3iB, 10
3B’S3YIOTh BiIOMi TapaMeTpH HAIIPYTH MEPEXKi KUBJICHHS 1 HABAHTA)KSHHS
3 HEBITOMUMH TTapaMeTpaMH, sIKi XapaKTepU3yI0Th pOOOTy BEHTHIIBHOT CXe-
Mmu. Ha mificTaBi 1150ro poObuThes BUOIp THITY BEHTHIIIB AJIs1 KOHKPETHOT CXe-
MU BUTIPSAMIISTYA T4 PO3PaXYHOK HOTO BY3IiB.
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Puc. 9.2 — Bunpamnsui: a-8— 0AHOTaKTHiI (3 HY/IbOBMM BUBOAOM);
, 4— OBOTaKTHi (MOCTOBI); a) ogHOda3Ha oaHoMiBrNepioaHa;
6) ogHodasHa aBoniBnepioaHa 3 HyNbOBKM BUBOOOM;
B) TpudasHa 3 Hy/IbOBUM BUBOAOM (Cxema MitkeBmya); r) ogHodasHa MOCTOBa;
1) TpudasHa MocToBa (cxema JlapioHoBa)

9.2. ExcnnyatauiiiHi napameTpm i XapakTepuCTUKK
BUNPAMANAYIB

1) OcHOBHI eKkcIuTyaTamiiHi MapaMeTpy BUIPAMIISYA — 1€ CepeaHs Ha-

npyra Ha ioro HaBantaxenHi U, (1uB. puc. 9.3) Ta cepenii cTpyM HaBaH-
TaXeHHst /.
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Toxi onip HaBaHTa)KeHHS cTaHO- U
BUTH

BawmpuxoeaHi ninowii 00HaKosi
S1=S82

a 1loro MmoTy»XHiCTh / \‘i \/ /\ t

.P a= Uil . _ Puc. 9.3 - IniocTpauist cepesHLoro
2) Koedinient mysbcauiii Bu 3Ha4eHHs BUNPSIMIEHOI Hanpyru

Um(l)

npsiMiieHol Hanpyru K, =
d
ne U, , — aMILNTy/[He 3HaYCHHs OCHOBHOI rapMOHIKH BUIIPSIMICHOT HAIpY-

T'H IPH pO3BUHEHHI OCTaHHBOI y psag Dyp’e.
3) 3oBHilmHs (HaBaHTaXyBaabHa) xapakrepuctuka U =f1 ).

4) PerymosanbsHa xapakrepuctuka Uy = f(Q), A€ a — KyT KepyBaHHs

TUPHUCTOPIB (JIHIIE Il KEPOBAHUX BUIPSIMIISIB).
5) Cepenne 3Ha4eHHs CTPYMy 4€pPe3 BEHTHIb /.

6) AMIUTITYJHE 3HAYEHHS CTPYMY Y€pPe3 BEHTHIIb /[ .

7) AMIutiTyIHE 3HaU€HHS 3BOPOTHOT HAIIPYTH, 10 MPUKJIIAIA€THCS 10 BEH-
st U, .

8) KoedimienT koprcHoi aii h

9) HaniitHiCTb.

3Har04YM eKCIUTyaTaliiHi XapaKTePUCTUKH PI3HUX CXEM BHIIPSAMILIUIB 1
BUMOTH 3 OOKY HaBaHTaKEHHS, OOMPAIOTh KOHKPETHY cxeMy. Ha ocHOBI
napaMeTpiB 5-7 BUOUPAIOTh BEHTHIII.

Po3pi3HAI0TE Taki pexXuMH pOOOTH BHIIPSMILIUIB:

1) nHa akxTHBHE HaBaHTaXeHHS (R);

2) Ha aKTHUBHO-IHAYKTHUBHE HaBaHTaxeHH (RL);

3) Ha akTUBHO-eMHiCHE HaBaHTaXeHHs (RC);

4) HaIPOTUENIEKTPOPYIIIHHY CHITy — IPOTH-€.P.C. (E£) — HanpUKIIa 1, KOIH
BHIIPSMIISTY BUKOPHUCTOBYIOTH IS 3apsiy aKyMyJIsITOpHOI Oarapei.

Sk BugHO 3 pHC. 9.2, HAUMPOCTIIIMM € OAHOMIBNEPiOAHUN BUIPIM-
JIA4, po0OTa SIKOTO IMOJIATAE y TOMY, IO MPOTSITOM OJHOTO ITiBIepioaa Ha-
MIPYTH MEPEeXKi HABAaHTAXKCHHSA IiAIMKHEHE T10AHUM KITFOYEM JT0 BTOPUHHOT
0OMOTKH TpaHchOopMaTopa, a MPOTATOM JPYroro MiBIepioaa BiJiMKHEHE
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Big Hel. [loka3HMKHM SKOCTI BUXiTHOT HAPYTH Ta 1HIII Y [IbOTO BUIIPSIMIISYA
BKpail Hu3bKi. ToMy HOT0 3aCTOCOBYIOTh JIyXK€ PiJKO.
Binbi netanbHO PO3MITHEMO CXEMH 1HILNX BUMTPSAMIISYIB.

9.3. Pob6ota ogHodasHoro gsonisnepiogHoro
BUNPSAMIAYA 3 HY/IbOBMM BUBOAOM
Ha aKTUBHE HaBaHTa)XEHH$

Cxema 0aHO(A3HOr0 BHIPSIMJIAYA 3 HYJIbOBUM BHBOJIOM 300pa’keHa
Ha puc. 9.4.

VD1 O4YeBHUTHO, IO BiH SABJISE COO0I0
@ N 7IBA OJHOIMIBIEPIOAHUX BUIIPSIM-
TV1
[+ U

JIA41, I AIMKHEH] 10 HaBaHTa)KEHHS
napainenbHo. BropuHHa 0OMOTKa
Horo Tpancopmaropa Ma€ BHUBIiJ
BiJI 1l cepeIMHN — HY ILOBHii BUBI/
(0). ToOTo BOHA CKIIaJAETHCH 3
JIBOX MIBOOMOTOK, KiIJILKOCT1 BUT-
KiB IKMX OJIHAKOBL: W), =W, =W,.
©) B Tomi HalpyTH, 1o B HAX TpaH(i(bop-
2 MYIOTBCS, BITHOCHO HYJIbOBOI TOY-
Puc. 9.4 — OaHOba3HUA BUNPAMAAY ki TakoXk OJHAKOBI:
3 HYNIbOBVM BUBOAOM

)+
f\»ulf Wi

(-

2

|u21| = |u22

ajie MPOTUIISXKHI 3a (haz3oro.

Koeiuieat tpancdopmanii Tpancdopmaropa CTaHOBUTE 1 =W, / W;,
1€ w,, W, — KUIbKICTb BUTKIB IIEPBUHHOI Ta MOJOBUHU BTOPUHHOT 0OMOTOK
BiJITOBITHO.

CxeMa TpaIroe Tax.

3a NO3UTUBHOI MOJIAPHOCTI HANPYTH Ha 0OMOTII W, (Ha puc. 9.4 BKaszaHa
0e3 Iy>KOK) y MPOBIIHOMY CTaHi 3HaXOAMThCA nion VDI 1 uepe3 HbOrO

. Uy ..
T€4e CTPYM I, = —— (TIPSIMUM CITaJIOM HAIIPYTH Ha JII01 HEXTYEMO — BBa-
H

JKAEMO HOTO 32 iIeaTbHIH ).



9. [IEPETBOPKOBAJIbHI [TPUCTPOI. BUITPSMJIISH! 247

Ha naBanTa)keHHi 3’ SIBJISETHCS O3UTHBHA MiBXBWIA Hanpyru. Hiox VD2

IPHU 1ILOMY 3aKPUTHH 3BOPOTHOKO HANPYTOO U, =2u, QM2| = |u21| = |u22|) -

31 CXeMH BHIHO, 1[0 IIPY [IbOMY aHOAOM BiH IiIMKHEHHH 10 ToukH (2), a
KaToioM 4epes aiox VDI (3aMkHEeHUH Kiro4) g0 Touku (1).
3a HeraTHBHOI MiBXBUJII HAIPYTH (Ha pUc. 9.4 —y AyKKax) y IPOBIAHOMY

. . . Uz .
CTaHl 3HaxoAuThes Aion VD2. Yepes HBOTO Teue CTPyM I, =——, II0[

H

VD1 3akpuTHii IO/IBIHHOIO 3BOPOTHOIO HAIPYTOXO 214,

TakuM YMHOM, 3a Yac Mepioay HalpyTyu MEpexi CTPyM Yepe3 HaBaHTa-
JKeHHSI IIPOTIKa€ y OJHOMY HampsiMKy i OesnepepBHo. JlocsraeTbes 1€ B
IBa MPUHOMH, y OIUH 3 SKUX HABaHTAXXEHHS MEPLINM ITiOJAHUM KIIIOUYEM
I JIMUKAETHCS [0 IEePIIOi MBOOMOT- U
K1 TpaHchopMmaTopa, y APYTHi — K
JOPYTUM IIOJHUM KIIFOUEM 10 IpY-
roi mBOOMOTKH. Uz Uz

Poboty nporo BUnpsmiisua iaro- 4 2
CTPYIOTb YacoBi Jiarpamu, 300pa- TUzm
JKeHi Ha puc. 9.5. 3BepHITH yBary:
TYT 1 HaJlaJl MOKa3aHi 3aJIeKHOCT]  Ug
HampyT 1 CTpyMiB HE BIJIACHE BiJ
qacy ¢, a BiJl KyTOBOi BEIUYHHH $Ud Uanm
O=wt=2nf,t Sk nobauumo
nani, MaTeMaTU4HI 3aJeXHOCTi, "
1[0 OMKCYIOTH MPOLECH Y BUIPAM- RV 0
JSTYax, TAKOXK 332 apryMEHT MaloTh I
¥ . Lle 3pobieHo a1 Toro, mo6 /3,7/\ 4
CIIIBBiTHOIIICHHS BETMYNH OyJIH Of-  ia2
HaKOBUMH 3a OyJb-sKOT YaCTOTH
MepeKi f .

[Ipu po3paxyHKy BUIIpSIMIISIYA o
BUX1JIHUMU JAHUMH €: 2Uzm=Uem

I, U, U, (nanpyra Mepexi),

[ <

y

Ue1

U, Puc. 9.5 — Yacosi giarpamu po6oTu
R,=—, Fy=Uuly, f, 0AHO}a3HOro BUNPAMIISHA
1y 3 HyNbOBYIM BVBOLIOM
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Tpeba BU3HAUUTH:

1) napamerpu cxemu, HeoOXiaHi 1 Bubopy miomis — 1,1 , U .

2) mapaMeTpu, HeoOXinHi 11 BUOOpPY (po3paxyHKy) TpaHchopMaTopa —
U, I, (ctpyM niepBuHHOI OOMOTKH), I, (CTpPyM BTOPHHHOI OOMOTKH), 1, S
(rabapuTHa MOTYXHICTH TpaHCPOpPMATOPA);

3) napameTpu, HeOOXiHI U1 pO3paxyHKy (iibTpa.

3poOuMO MPUITYILICHHSL:

1) miox ineanbHUI: OTO OMip y BIIKPUTOMY CTaHi R, =0,y 3akpuromy —
Ry, =00

2) onip 06MOTOK TpaHcdopMaropa AOPiBHIOE HYIIIO.

Toxi matuMeMo Taki HopMyIn I pO3PaxyHKY:

T

17 .
U, ==~ j V2u, s1nﬁdﬁ=£Uz=O,9Uz; 0 =2mf,t = t; (9.1)
T T
U,=—"_ U, =111U,: (9.2)
2 2\/5 d ’ ds .
u U
n=—1= ; (9.3)
U, 111U,
AL S N S 9.4
a 2 s am dz\/z 2 d ’ d»s ()

T

232

3uarouu 3Hayenns [, [ ta U _, 00MpaiOTh THII Ji0/1a, TIAPAMETPHU KO-
'O TIOBHMHHI [TEPEBUIITYBATH OTPUMaHI PO3PaxyHKOBI.

U,, =22 U, =nU,. (9.5)

17 17 =
L= |—|i3dd =_|— | (I, =)*sin’0dd =
2 \/2%'([2 \/2n2').(d2) n

Ao, m
\/E 2\/5 d49 (9.6)
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T
N I
I = =L11-<- (-7
n n

["abapuTHa MOTYXHICTH TpaHCPOPMATOpPA:

s, =3 “;Sz , (9.8)

e S| — IOTYKHICTh IEPBUHHOI 0OMOTKH TpaHC(OpMaTOpa;
S, — IIOTY>KHICTh BTOPUHHOT 0OMOTKH TpaHc(opmaTopa.

S =10, =Ly =2 vy = 11,010, =1.231,U, =
n n

~123P;; (9.9)
S, = 20,U, =21, %1,1 WU, =1,741,U, =1,74P,;;  (9.10)

_1,23P, +1,74P,

Sr =L48F, =1,481,U,. (9.11)

Ba"II/IMO, o S, nepesuntye P,y migropa pasu. Lle, B oCHOBHOMY, TOMY,
10 MBOOMOTKH TpaHcopMaTopa MPaIoI0Th He Oe3repepBHO, a Mo 4ep3i
Yyepe3 KOXKHI MiBIEePioy.

3a Benmvuubamu S, [, 1, n, (_]z BUOHMPAETHCS CTAaHJIAPTHHN TpaHcdop-
MaTop abo PO3paxOBYETHCA CEHIATBHHM.

KoeinieHT mynbcartii BUTPSIMIIEHOT HAIIPYTH:

U, 2 2
K,=—"0=———=-=0,67, (9.12)
U, m -1 3
2U, . , . -
ne U,qy = 2—1 , 00, 3riJHO 3 po3BHHEHH:M Y psig Dyp’e, amrutityaa i-1
m —
TapMOHIKH CTAHOBHTb:
2U,4
Uniy=———.
m(i) (mi)2 1 (9.13)

3Haroun K , MOJKHA PO3PAxXyBaTH 3MIALKYHOUMHA QLIBTP.
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9.4. Po60oTa ogHO¢a3HOro MOCTOBOIO BUNPAMIAYA
Ha aKTUBHE HABAHTAXEHHS

MocTtoBuii onHoda3Huii BUNPsiMIIAY (3aniporioHoBaHuH [ periem) cxiia-
Ja€eThes 3 TpaHc(opMaTopa, IO Ma€e OAHY BTOPHHHY OOMOTKY, Ta YOTUPb-
ZRvoivos i'd S:OTHP’IMHHXC nioniB, 3’€qHAHUX Y Mg:

y cxeMy. Cxema BUIIPSIMIITYA 30
| paxkeHa Ha puc. 9.6.

Hiogu VDI, VD3 ckiagaiooTh Ka-
~ Ull iuz Ud“] R, Tommy rpymy, VD2, VD4 — anogny
(+) - - @) s (3a Ha3BOIO 3’€IHAHUX MIX COOOIO
enektponais). Ilpu npomy y onnHy nia-
/Nvb2/\VD4 TOHaJIb MOCTA (JliaroHaJb MOCTIHHOTO
CTPYMy) YBIMKHEHE HaBaHTA)XEHHS, a
Puc. 9.6 — OgHodasHuii JI0 IpyToi JiaroHali (miaroHani 3MiH-
MOCTOBUIA BUNPAMIISY HOTO CTPyMY) MiJiMKHEHa BTOPHUHHA

U o0MoTKa TpaHcdopmaropa.

Y npoBiAHOMY CTaHi 3aBX /1 3HAXO-
IATHCS IBa JIOAM — OOMH 13 aHOIHOT 1
OJIIMH 13 KaTOIHOI TPyII.

U, o 3a MoysIpHOCTI, BKa3aHOi 0e3 TyKOK,
ue moau VD1, VD4, a miogu VD2, VD3
Ug TIPH LIFOMY 3aKPHUTI. 3a MOJSPHOCTI, BKa-
3aHO1 y Jy’)KKax — HaBIlaku. Yepes Ha-
BaHTa)XCHHS CTPYM 3aBXK/IH Te4e y OJI-
l; | HOMY HaIlpsIMKY.

s  dacoBi miarpamu poOOTH BUIPSM-
nsi9a 300paxkeHi Ha puc. 9.7.

s miei cxemu npuaaTHI IpaKTHY-
HO yC1 pO3paxyHKOBI CIIiBBiTHOIICHHS
5 OMHO(AZHOTO BUIIPSIMIITYA 3 HYJILOBUM
5 BUBOJIOM 33 BUHSITKOM:

TT
Ugn =—Uqy;
2

uz

$Ud Uzn)

3

ia1,4 It
a1,

ia2,3 la2s

Uzm
Ugsq

Pvic. 9.7 — Yacosi giarpamy po6oTm I, =1111y4; (9.14)
0OHO(a3HOrO MOCTOBOIO BUNPAMIAYA Sy =1,23P;.
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AHaJ'Ii3y10LII/I cxeMu 000X BUILCPOIITIAHYTUX BI/IHpﬂMHH‘liB, MO’XHa 3a-
3HA4YUTHU ,E[CSIKi rnepeBaru MOCTOBOI'O BUITpAMIIAYA, HOpiBHﬂHO 3 BUIIPAMIITYEM
3 HYJIbOBUM BUBOJOM. 30erMa TEC, 10 3a OJHAKOBUX U d 3BOpPOTHA MaKCH-
MaJibHa HallpyTa Ha A1041 y JIBa pa3y HU K44, KpaIiC BUKOPHUCTOBYETHCA TPaHC-

(opmarop, mpocTia Horo KOHCTPYKLL.

HenomikoM MOCTOBOI cXeMU € TMOJBiliHA KUIBKICTh BUIIPSIMHHX JTiOJIiB,
110, SIK [TPABHJIO, HECYTTEBO 3aBJIIKW HE3HAYHUM ra0apuTam JIio/iB Ta IXHil

BiJTHOCHO HU3bKill BAPTOCTI.

Tinpku npy BUNPSIMIIEHHI Maiux Harpyr (1o 10 B) BaximBuMm € e, mo y
MOCTOBIH CXeMi CTpYM 3aBXIH MPOTIKaE Yepe3 Ba IioAH, a y CXeMi 3 Hy-

JBOBUM BHBOJOM uepe3 OIMWH.
Tomy TyT maginHs Ha KiIr04ax (I0
OJTHOTO BOJIBTA Ha OIHOMY JTiO[i)
y ABa pa3dl MEHIIE: MAEMO OiJib-
WA K.K.]I.

Yacro, HanpuKIag, AJIs KUAB-
JICHHS OTIePAIIHUX i ICHITIOBAYIB,
HeoOXiJHO MaTH [1Ba JKepesia Ha-
MPYTH PiBHOI 32 3HAYEHHSIM, aJIe 3
MPOTHJIEKHOIO MOISAPHICTIO. Y
IBOMY BHIIAJIKY JIOLIEHO BUKOPH-
CTOBYBAaTH BUIIPSIMHY CXEeMY, 300-
paxeny Ha puc. 9.8 — nBomo-
JSAPHUI BUNPAMIIAY. BiH cTano-
BHUTh C00010 1Ba OqHO(A3HI BU-
MPSIMIISTYi 3 HYTbOBHM BHBOJIOM,
BHXIJHI HAPYTH SKUX YBIMKHEHO
nocainosuo (VDI, VD3 — pionm
OJTHOTO BUTIpsAMIISYa, a VD2, VD4
— JApYroro).

SIkmo y cxemi MOCTOBOTO BH-
npsmisga (auB. puc. 9.6) 3aMiHu-
T niogu VD3 1 VD4 Ha koHzAeHCca-
TOpH, K II€ TIOKa3aHo Ha puc. 9.9,
OTPUMAEMO MOABOIOBAY HATIPYTH
(cxema Jlatypa).

VDL VD3 &
/N
v o
O
I T i)-
o]
U//d
VD2 VD4J/
N AN
———e ——O

Puc. 9.8 — [1BononsipHuin Bunpsmnsy

Puc. 9.9 - lNMoagotosay Hanpyru
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3 PUCYHKY BUIHO, 110 IPU Pi3HUX MOJIIPHOCTSX HANPYT'H Ha BTOPUHHIM
00MOTILI TpaHC(hOpMaTOpa MaEMO ABA LUISIXU MPOTIKAHHS CTPYMiB: OJHH i3
nux (/) 3apsamxae konaencarop C,, a apyruii (/.,) — xonnencarop C,.
Ockinbku BuXigHa Hanpyra U, 3HIMA€ThbCs 3 MOCIIJOBHO YBIMKHEHHX KOH-
JEHCATOPiB, TO MAEMO (VIS PEKHUMY XOJIOCTOTO XOAY):

U=U,+U,=2U =220, (9.15)

333Ha‘lI/IMO, 10 CXeMH, A€ IMOJIOBUHY €JICMEHTIB CKJIagar0Th BeHTI/IJ'Ii, a
IOJIOBUHY 1HIII CICMCHTH, Ha3UBAalOTh MiBMOCTOBHMH CX€MAMH.

9.5. TpudasHi Bunpamnavi

J171s1 JKMBIIEHHS HABaHTaKEHb CEPEIHbBOT 1 BEJIMKOI MOTY>KHOCTi BUKOPHCTO-
BYIOTh TP a3Hi BUNIPSIMHI CXeMH, [II0 MarOTh NOPIBHSIHO 3 OAHO(A3HU-
MU psiJi TiepeBar:

Kpallle BUKOPUCTOBYIOTBCSI BEHTHIII 38 CTPyMOM,;

CYTTE€BO HW)KUMH KOe(DiLli€HT MyJIbCallii;

e(eKTUBHE BUKOPHCTaHH: radapuTHOI IIOTYKHOCTI TpaHcopmaTopa;
OLIbII e (heKTUBHE BUKOPHCTAHHS 3ITaXYIOUUX (QiIBTPIB.

o mMepexi TprdazHi BUIPAMILIYI M AMHUKAIOThCA Yepes TprudasHi TpaHc-
(hopmaropu, OOMOTKH SIKHX BMHUKAIOTHCS 31pKOI0 200 TPUKYTHHKOM.

Haiipo3moBciomkeHIIIIMY € Taki 1Ba TUIH CXeM TpU(ha3HUX BUIIPAMIIIIB!

A B C ® OJTHOIIIBIIEPiOHA 3 HYJBOBUM
S, BUBOJIOM (cxema MiTkeBuua);
® JIBOITIBIIEPiOHA MOCTOBA (CXe-
UA¢ Ma JlapioHOBa).
1V 9.5.1. Cxema MiTkeBu4a

I
’ OnnoniBnepiogHa TpugasHa
R, €XeMa 3 HYJbOBHM BHBOJIOM
(cxema MiTkeBHYa) 300pakeHa
Ha puc. 9.10.
_ L cxema ckiamaeThes i3 Tpudas-
Puic. 9.10 - TpucasHa cxema HOrO Tpacopmaropa IV, BUPAMHIX
3 HyNbOBUM BMBOAOM (Cxema Mitkesuya) AioxiB VDI-VD3 Ta HaBaHTaXEHHS

ua¢

L1

VD1 Y VD2 Y VD3 UdN:
+

id
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R , 10 BMHKA€TbCSA MIXK CIILIBHMM BHBOJIOM BTOPUHHUX OOMOTOK TpaHC-
¢dopmaropa (HyTbOBHM BUBOAOM) Ta CIIIBHOIO TOUKOIO 3’ €THAHHS BUIIPSM-
HUX fiofniB. @akTHYHO 111 cXeMa SBJISIE COOOK TPU OAHOGA3HI OJTHOIIIB-
NepiogHi BUIIPAMIISYI, YBIMKHEHI NapaneibHo. ToMy nepBUHHI 0OMOTKH
TpaHchopMaTopa MOXKYTb 3’ €THYBaTUCS SIK 31PKOIO, TaK 1 TPUKYTHHKOM (3a-
Oe3rnedyroun, HarpuKiIal, miIMUKaHH: 10 Mepexi 3 ¢pa3Horo Harpyroro 220
4y 127 BOJNBT), @ BTOPHHHI — JIUIIIE 3iPKOIO.

BumnpsiMHi Iionn mpariiooTh 10 4ep3i. 3a epio] HarpyTy XHUBJICHHS KO-
JKEH J110[] 3HaXOAUThCA y IIPOBITHOMY CTaHI TPETHHY MEPiOAY, IPUIOMY IIPO-
BOIUTD TOM Ai011, 1O aHOAY SIKOTO Y IaHUH MOMEHT MPHUKJIaZeHa HalHO1Ib1I
MO3UTUBHA (ha3Ha HANpyTa.

Poboty cxemn MiTKeBHYa LTIOCTPYIOTH YacoBi Jiarpamu, HaBeleHI Ha
puc.9.11.

uz ___\/ua /u6 Mo T=2n
N
/ i
/ Z%% %m o
b 2n i 3n
- f
A S T S
la A i i E-n/3 3 | i

)

1
)

is k '61 '62 /“\
v
. I

Uab ™ Uac

Uvp1 _\/§U2m
(Ue)

Puc. 9.11 — Yacosi giarpamu po6otn cxemmn MiTkeBuya
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Sl BUILIMBAE 13 Jliarpam, HaPUKIIaJl, Ha inTepBali J,-J, HalOLIbII 031~
THUBHA HaNpyra € Ha BTOPUHHINA 00MOTLI (a3u TpaHchopMaTopa a, TOMy Yy
IPOBIJHOMY CTaHi TyT 3HaXOAUThCA Jtion VD1 . 3are Ha inTepBaii J,-J, BiH
3aKPUTHUH JIIHIHHOK HANPYToro u , a00 u  (1aHWi IHTEpBaI BiNOBIIAE 3a-
IITPUXOBaHI! CKiCHUMH JIHISIMH JUISTHIT AiarpaMu u 2): aHOJI Mac IOTEHIIA
(asu u , a karoj — noTeHuian (Gasu, 110 3HAXOAUTHCS y IPOBITHOMY CTaHi —
u, abo u_.

BuBezneMo 0CHOBHI po3paxyHKOBI CITiBBiTHOIIEHHS U cxeMHu MiTKeBH-
4a, JUUI1 Y0T0 PO3IIAHEMO JiarpaMy Halpyrd Ha HaBaHTaXEHHI ¢, Ha iHTep-

Bani (—7/3)+0+(m/3)
1 +7/3 3\/5

Uy = J'\/EUM, cos 0d® = =U,\3 = 1,170y, (9.16)
2n/3 -, 2n
el,,—- (a3zHa Hanpyra BTOPMHHOT 0OMOTKH TpaHcopmMaTopa.
Toni Uqu =0,85U,. (9.17)
MakcuManbHa HaIrpyra Ha J1ioi:
U,y =230, = 2,45U,,. (9.18)
CepenHe 3HaYCHHS CTPyMy Yepe3 Miox:
1
lo=—. 9.19
3 (9.19)
KoedimienT rpancopmartii tpancdopmaropa:
U U
n=—19 - "1 (9.20)
Uyp, 085U,

e U, b (pasHa Hanpyra MIepBUHHOT OOMOTKH TpaHc(opmaTopa.
KoedimienT mynbcartii BunpsiMiaeHoi HanpyTu (ripu m=3):

2

K,=—=0,25. 927
1 (9.21)

YacToTa mysscartii BUIPSMIICHOT HAIIPYTH Y TPH pa3u MEPEBHUIIIYE 4aCTO-
Ty MEpexi.

HenomnikoM 11i€1 cxeMu € HassBHICT ITOCTIMHOTO ITiIMarHiTyBaHHS MarHiTo-
MPOBOY TpaHCchopMaTopa, 3yMOBICHOTO THM, 1110, K 1 y Oyab-sK0i OJIHO-
TaKTHOT CXeMHU, BTOPUHHOK 0OMOTKOIO TpaHchopMaTropa CTpyM 3a mepion
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MPOXOAUTH JIMLIE OAMH pa3 1 y OAHOMY HANpsIMKY, TOOTO LIeH CTpyM Mae

MOCTIiiHY cKi1aioBy. Lle BUMarae BUKOpUCTaHHs TpaHCchOpMaTopa i3 ImiiBUILe-

HHUM IIepePi30M MarHiTONpoBoay (I ABUILEHOT BCTAHOBJICHOI TOTYKHOCTI):
S, = 1,48P,. (9.22)

9.5.2. Cxema JlapioHoBa

Tpudazna mocroBa (1BO-
TakTHa) cxema (cxema Jlapio-
HOBA) 300paxkeHa Ha puc. 9.12.
V wiif cxemi i HepBUHHA, 1 BTOPHH-
Ha 0OMOTKHU TpaHchopmaTopa
MOXYTh BMHUKATHCS 5K 31pKOIO,
TaK i TPUKYTHUKOM. MOKJIMBICTD
BMUKaHHSI BTOPUHHOT OOMOTKHU
JIBOMa crioco0aMu 3abe3nedye

MOXIIMBICTb OTPUMAHHS JBOX @ 2
. . Ny ._._._'."__T'__'.:':':""'._:._: _:_l é
PI3HUX BUXUIHUX HAIIPYT BUNpsiM- &' | vb2 | ol VD5 |il®
JIsi4a, 3HAYCHHS SKUX BlAPI3HI- o li M |l>ll ;!g
Hanani Gynemo posmismatu < i ¢ N NI S
CXeMY TpH BMUKaHH1 BTOPUHHUX i A I/_I - ,.l
00MOTOK y 31pKYy. L oennnnn e L
TyT micTs BUNPSIMHUX JTIOIB, ——+
1 -
YBIMKHEHUX y TpUda3zHy MOCTO :
By CXEMY, YTBOPIOIOTh [IBi Ipy- Ug
nu: anoany — VDI,VD2, VD3 Puc. 9.12 — TpudaaHa mocToBa cxema
Ta Katoany — VD4, VDS, VDG6. (cxema JlapioHosa)

HapanraxeHHs BMUKAcTHCA MK CIIUIBHUMH TOYKAMM aHOIHOI 1 KaToI-
Hoi rpym aiofiB. MoKHa BUIUTMTH TpH OXHO(]A3HUX MOCTH, MTIMKHEHUX JI0
TiHIHHKX (Y JaHOMY pa3i) BTOPHHHUX HANpPYT 1 MapajiebHO 0 HaBaHTa)KeH-
Hs. OJINH 13 TAKWX MOCTIB Ha CXeMi 00BEICHO ITPUX-ITYHKTHPHOIO JIHIETO.

YV npoBiTHOMY CTaHi 3aBXKIW 3HAXOMATHCS JIBA JIOIU: ONHH 13 aHOTHOL
rpynu i ouH 3 kKatoaHoi. [Ilpudomy cTpyM y cxemi mportikae Bij dasu 3
HaWO1IBIIT TO3UTUBHOIO HA TAHWH MOMEHT HaINpyTrolo 110 (ha3u i3 HaiOuThII
HEraTUBHOKO HAIPYTOI0, SIK, HANPUKIIA, CTPYyM I Y MOMEHT 4acy, 110
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BinoBigae J,, HOKa3aHUH Ha 4aCOBMX Jliarpamax, sKi LIIoCTpyIOTh poOoTy
cxeMHu 1 HaBezieHi Ha puc. 9.13. Ha niarpami u, TakoX BKa3aHO MPOMIKKH,
Ha SIKMX y TIPOBITHOMY CTaHi 3HAXOAATHCS BiAMOBITHI 1101H.

Ha R Ua Us Us L — /
y :
\ .
\
N\
N \<;q/ i L \\
1
u (UaUeg) (Ua-Ug)
d 1 I 1
i« VD4—si< VD5 VD6 VD4 VD5 <— VD6
VD2 VD3 VD1 VD2 VD3 VD1—>
| )
i
Y YT Y
b)Y
27/3
ia |
N YT
oY
N A N
oY
AN
Uab Uca
3U
» ~/3Uy,,

Puc. 9.13 — Yacosi giarpamm po6otu cxemm JlapioHoBa

Uac npoTikaHHs CTPYMy Yepe3 KOXKeH 13 1i0/IiB BiamoBinae 2p/3.

CTpyM HaBaHTaXEHHS y JTaHil CXeM1 BUKIIMKAHUH JITHIHHOO HAPYTOIO0.

OCHOBHI pO3paxyHKOBI CITIBBIJTHOILICHHS MOYKHA OTPHUMATH 13 4aCOBOT Jlia-
rpaMu BUIIPSAMIIEHOI HAIPyTH, HaBeAeHo1 Ha puc. 9.14.
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Ug

<
<

9
-/6 0 +711/6
Puc. 9.14 — PospaxyHkOBa 4acoBa gjarpamMa BUNPSMIIEHOT Hanpyrn
cxemu JlapioHoBa
1 +7/6
Ud = J.\/gx/EUqu COSﬁdﬁ=2,34U2¢); (9.23)
2n/6 .
UZdJ =0,425U,; (9.24)
Uem = \/g\/EUtha (925)
I, = I—d; (9.26)
3
K, = 2 —£~0057()1Mm—6) (9.27)
"omt-1 35 7 ' '

Yacrora mynbcariii BUIIPSIMIIEHOT HAIIPYTH MEPEBHUIITYE YaCTOTY MEPEXKI1 Y
LIiCTh pasiB.

BceranoBneHna noTyxHicTh TpaHchopmaTopa:

§,=1,05P,. (9.28)

V 1iif cxemi BiICyTHE MigMarHivyBaHHs MarHiTOIIPOBOAY, OCKLITBKH Y BTO-
PUHHOMY KOJTi KOJKHOT 00OMOTKH TpaHCchopMaTopa 3a mepioj Harpyra Mepe-
K1 CTPYM MIPOTIKAE JBIYl, IPUIOMY Yy PI3HUX HANpPAMKax (IUB. 1iarpamy i
Ha puc. 9.13).

Cxema JlapioHoBa y TOpIBHSHHI 31 CXeMOI0 MiTKeBHYa Ma€ TaKi IIepeBaru:

1) 3a piBHUX (pa3HUX HAIIPYT CepeHE 3HAUCHHS BUIPAMIICHOT HAIIPYTH y
nBa pasu Bulle (MOTpiOHO 3a7aBaTH MEHITY KUTBKICTh BUTKIB BTOPUHHHAX
00MOTOK TpaHc(opMaTopa);

2) OLbIT HU3BKHN KoeilieHT Mybcariii (MeHI Hix 6%), 1110 9acTo J03BO-
JIsie BUKOPUCTOBYBaTH cxemy JlapioHoBa 0e3 pinbTpa;
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3) Kpaile BUKOpHCTaHHA TpaHc(opmaropa 3a NOTYKHICTIO 32 paXyHOK
BiJICYTHOCTI ITiIMarHiYyBaHHS OCEeP/Is.

onpasna, KinbKicTh AioAiB y cxemi JlapioHoBa y nBa pasu Oinblia,
ane, sk OyJ0 3a3HaueHO BHIIE, HA JaHUH Yac 1€ HECYTTEBO (38 BUHATKOM
BUIPSMIICHHS MaJIUX 3a 3HAYEHHSIM HaIlpyT), OCKUIbKY BapTiCTh Ji0AiB HE-
BEJIMKA MOPIBHAHO 3 BapTICTIO TpaHCopMaTopa, mio y cxeMi MiTkeBrua
NoBUHEH Oy Ty nprOin3HO Ha 40% MOTY>KHILINM.

9.6. 3rnapxyioui PinbTpy

9.6.1. OcHOBHi NnOHATTS NP0 (inbTPU

3m1amKytodi QinbTpH BUKOPUCTOBYIOTHCS JUIS 3HMKEHHS PiBHS Iy Ibcallii
BUIIPSAMIIEHOI HAIPYTH JI0 TaKOTo, 110 3a0e3neuye HopManbHy poOoTy Ha-
BaHTa)KCHHS.

Haifmmpie BUKOpUCTaHHS MaloTh MACHBHI 3rIa/Ky04i GiabTpH,
o OyAyIOThCS Ha PEaKTHBHUX €JIEMEHTaX, SIKi MaloTh BIACTHBICTH Ha-
KONMYYBaTH €JEKTPOMAarHiTHy Ta €JIEKTPUUYHY €HEPriio — APOCcesx i
KOHJeHcaTopax. KiIbKicTh HAKOMMYEHOI eHeprii BiIMMOBIAHO CTAHOBHUTH

LI’ CcU’
WL =—, WC = .
2 2

IHAyKTUBHUH (inbTp — 1€ ApOCeNb, M0 BMHUKAETHCS MOCIHITOBHO 3
HaBaHTaXeHHSAM. PaKTUYHO, Pa30M i3 HABAHTAXKCHHAM BiH SIBIIIE COOOIO
YaCTOTHO-3JICXKHUH JUTBHUK Harpyrd. Edekt dinbrparii HasBHuI TOJ1, KOIU
orip fipocens wL 3MiHHIHM CKIIaZ0Bii MyIbCYIOUOTO CTPYMY 3 HAMHIKIOIO
YaCTOTOI0 3HAYHO NEPEBUIIYE AKTUBHUH O11ip HaBaHTaxeHHs R . Toxi ycst
MOCTIMHA HATIPYTa IPUKJIAJAETCS 10 R, (MaIiHHs HATIPYTH HA I11€aIbHOMY
JpOCeti BIICYTHE), & 3MiHHI CKIIaI0B1 ALIAThCSA MK R 1 wL.

€MHicHUI (inbTp — 116 KOHJEHCATOP, M0 BMHUKAETHCS MapajeNbHO
HaBaHTAXEHHIO. 32 YMOBH, 110 Omip KoHAeHcaropa I/wC s CKIamxoBOl
MyJABCYI0YOT0 CTPYMY 3 HaAWHMKYOI0 YAaCTOTOIO 3HAYHO MEHIIHN OIOpY
HABAHTAXEHHS R , 320€31e€4y€ThCs MIYHTYBAHHs HABAHTAXKCHHA 32
3MIHHMM CTPYMOM: IOCTIHHU CTPYM yBECH IPOTIKa€ uepe3 R (KoHEHCa-
TOP TOCTIHOTO CTPYyMY HE IIPOBOIUTE), @ 3MIHHI CKJIaJ[0B1 PO3TOIIISIOTH-
camik R i 1/wC.
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Cxemu nux ¢GineTpiB 300paskeHi
Ha puc. 9.15.

[opsx i3 npocTumu GinbTpamu
BHUKOPUCTOBYIOTBCS CKJIaJHi, 1110
SBIISIIOTH COOOIO CIIOJTyYEHHS T1EB-
HUM YNHOM YBIMKHEHHUX JPOCEiB
Ta KOHAEHCATOPiB.

Ha#immpimoro BUKOpUCTaHHSA
HaOymu '-moni6ui LC-¢insTpu (ox-
HOJIAaHKOB1 200 0araTtojaHKOBi),
300paskeHi Ha puc. 9.16.

Ha puc. 9.17 306pakena cxema
[I-noxibnoro LC-¢inbTpa.

®inkrpy, nokasaxi Ha puc. 9.15,6
Ta puc. 9.17 MaroTh EMHICHI BXOJIH,

a 0)
Puc. 9.15 — IHOyKTVBHWIA ()
Ta eMHICHWIA (6) PinbTpy
L
O_

perTa — iHAyKTHBHI.
EdexruBHicTs poboTH dinsrpa

BU3HA4Ya€eThCAd KoepimieHTOM

3MIAKYBAHHS o

T

K, = Ko (9.29) Puc. 9. 16 — '-nogjbHi LC-dinbTpu:

2
neux
10 TIOKA3y€, HACKITBKU 3MEHIIYETHCA
nynbcanis Ha Buxoni ¢inerpa K
BIIHOCHO IyJibcailii Ha ioro Bxomi K .
IcHyTOTH TaKkoX pe30HaHCHI (PIILTPH.
CxeMa offHOTO 3 TaKuX (iTBTPIB, TaK 3Ba-
HOTO “¢inbTpa-npodku”, HaBeICHA Ha
puc. 9.18.
TyT mOCTiOBHO 3 HABAHTAKEHHSM YB-
iMkHEHO L C-KOHTYD, pe30HaHCHA 9acTo-
Ta SIKOTO: 1

Wy = —F—.
0 .Gy (9.30)

Sk npaBuio, My =, =27f,m.
Ormip KOHTYpY Ha ITii 9aCTOTI TEOPETUIHO

L

OTT

O[IHOMAHKOBWIA (a) i ABOSTAHKOBWA (6)

Ry

c. 9.17 - N-nopi6HWin LC-dinbTp

Co

||

I
o—e Ly q
L v Vv

(@]
Puc. 9.18 — Pe3oHaHCcHUI
“@inbTp-Npobdka”
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HECKiHUEHHHIA, TOMY HaIlpyTa 3 Li€l0 YaCTOTOIO 10 HABaHTaKEHHSI HE IIpHU-
KJIa1a€Thes, 00 BOHA MaJla€ HA KOHTYP.

SIximo napanesabHo 10 R, MMiIIMKHYTH IIOCIIIOBHUH PE30HAHCHUI KOHTYD,
OIIip SIKOTO HA PE30HAHCHIHN YacTOTi TEOPETUYHO HECKIHYEHHO MaJIUi, OTpU-
MaeMo “PinbTp-aipKy”, 10 NIYHTY€ HABAaHTAXEHHS AJIS CKJIAJ0BO]1 3 Yac-
TOTOIO W,,.

PoGoty hinbTpiB 3 iIHAYKTUBHIUMHU BXOJaMU PO3IIIHEMO Ha MPHUKIAAAX
BUNPSAMIIAYIB, 10 MPALIOIOTh Ha aKTUBHO-IHIYKTHBHE HABAHTA)KEHHS, a
(biNBTPIB 3 EMHICHUMH BXOAaMH — HA IPUKJIaJaxX BUIPSAMIIIUIB, 110 MIPaLlio-
I0Th Ha aKTUBHO-EMHICHE HAaBaHTAXXEHHSI, OCKIJIbKH BHJI BXOY (ijbTpa BU-
3HAYA€ XapaKkTep HaBaHTAXXCHHS BUIIPAMIIsUa (BEHTUIIBHOI CXEMH) — Bij-
MOBIZTHO aKTUBHO-1HAYKTUBHE Y1 aKTUBHO-€MHICHE.

9.6.2. Po6oTa ogHodasHuX aBONiBNEpPioAHNX BUNPSAMASAYIB
Ha aKTUBHO-EMHICHE HaBaHTaXEHHS

VD1 HaBaHTa)XeHHS BUIPSIM-

V] ’|>|| =t - = J'ISI“l'iB Ma€ aKTUBHO-€MHIC-

i/ . HUI XapakTep MpH BUKOPHUC-

Uz iucT — Co R, TaHHI 3IJIaJUKYHOUUX QLIbT-

T = piB 3 EMHICHUM BX0/I0M. Po-

U1 . 00Ta BUNPAMIISYA Y ILOMY
BHITQJKy Ma€ crierudiyaui

Uz Yo =Uee XapakTep: BiH Hpalioe Ha

vb2 i@ MPOTHENEKTPOPYIIIHHY CHITY
\—9‘— (mpotu-e.p.c.). Cxema Tako-

Puc. 9.19 — OnHodbasHuii ABOMIBNEPIOAHM A T'O BUIIPAMIIAYA 300pa)keHa
BUMPAMIISY 3 aKTVBHO-EMHICHUM HaBaHTaxXeHHaM  Ha puc. 9.19.

Tyt 3aBsKM €MHICHOMY (QiIBTPY HANpyra Ha HABAHTAXKEHHI R Mae 311a-
JDKEHUH XapakTep, a 3apsmKkeHnid koaaeHcarop C , BUCTYTIAE K JUKEPEIo
MPOTH-€..C.

VY pesynbtari nmporo mionu VDI abo VD2 3HaXOmSIThCS y TPOBITHOMY
CTaHl JIUIIE TOII, KOIH u>u, ”

Ha puc. 9.20,a HaBeneHi 4acoBi aiarpaMu poOOTH BUIPAMIISIYA.

Ha intepsani (/)-(2) nanpyra u,, NEpeBUIIYE u,, " 1 miog VDI 3maxo-
TUTHCS y TIPOBITHOMY CTaH1, CTPYM 4epe3 HbOTO:
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u "
la1 =21—uc¢, (9.31) Lél Uz 9
Ry
ne Ry — BHyTpiwHii omip
BUTIPSAMIISIYA.

Crpymowm 7/, mo € yac-
THHOIO CTPyMY i ,, 3apsii-
xaetbest C A (iHma vacrtu-
Ha i, € CTPYMOM i, KU
Teye yepe3 HaBaHTaXKCH-
HSA).

Ha inrepBani (2)-(3)
BTOPHHHA HAMpyra HUXYa
3a Hampyry Ha KOHIEHCa-
TOpi (”22 <u, 47)’ IOIY 3aK-
puri i C », PO3PSIKAETHCS
ctpymoM i’ uepe3 HaBaH-
Ta)KEHHSI.

Ha imTepsani (3)-(4)

Uyy > Upys Y MIPOBiTHOMY Ve

CTaH1 3HaXOAUTHCS 0] ~

VD2, 4epes Hboro Teue DI Hacoca 6) Ho croxueaa

CTPYM I ,, YaCTHHA SKOTO Puc. 9.20 — Yacosi giarpamm poboTm (a)

Takox 3apsmxae C ¢i T.JI. Ta rigpaBniyHa Moaens (6) BunpsMnsya
Bracuniok taxoi po6otu 3 aKTMBHO-EMHICHVIM HAaBaHTaXKEHHSIM

emuocti C , HaIpyra Ha HaBaHTAKEHHI 3TIIAJIXKY€THCS, IO BUAHO 13 9aCOBO1
piarpamu u e, =u,. Yum Oinpura emuicts C > THM OUIBIIHI eEeKT 3MIAIKY-
BaHHS HAIIPYTH U,

Tlinpasaiuna mMoxeab eMHicHoro ¢ijabTpa mokazana Ha puc. 9.20,6.
TyT B TpyOy, "uepe3 Ky BiJ HaCOCY HMOPIIiSIMH ITONAETHCS PIAMHA, BMOHTO-
BaHO Kianan K (uB. puc. 2.3,06) i eMHICTb 00’€MOM V, 1110 3HAYHO MEPEBH-
1ye 00’eM piiuHu V, CIOKWBaHWH y OMHUIEO 9acy. Terep, AKIIO THCK 3
00Ky Hacoca P TiepeBHIIye THCK CTOBIIA PiIMHU P, , EMHICTb HAIIOBHIOETh-
cs1 uepes Biakputui kinanad. Komwm s P MeHmmi 3a P, KianaH 3aKpu-
Ba€ThC 1 3a1100irae BUTIKAHHIO PiIMHH 3 EMHOCTI y Oik Hacoca. A CTpyMiHb
piavHYU y OiK CIIOKUBa4a Tedue Oe3rmepepBHo.
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OCHOBHI CIiBBiTHOIIICHHS [Tl BUTIPSIMIISYA 3 aKTHBHO-EMHICHUM HaBaH-
TaXCHHSM (TYT ITOJIOBHHA KyTa, TPOTITOM SKOTO J1i0]] 3HAXOAUTHCS Y TIPO-
BiTHOMY CTaHi, HA3UBAETbCS KYTOM BiITHHAHHSA Q):

1
Kn =, TZRHCH;
- (9.32)
r=(5+10>fi; fo=mf; 933
w=21f,; (9.34)
Un :U21m cosO. (935)

ITin gac 3apsny xKoHAEHcaTopa, KoiH (-g<J<q),
UC(}) = Ud = U21m CcOS 6

CrpymMm HaBaHTaXeHHs (HOTO CepelHE 3HAUEHHS ) CTAHOBHTD:

2 +9U U .
I, =— [ (cos®—cos0)dd = =" (sin@-0cos0). (9.36)
27-[: -0 RZ ”RZ
OcKinbku Usyim = Y ,
cosO
2 2
0 1, Ua (1g0-0) = Ua A(9), (9.37)
Rz TERZ

1ie BermmunHa A(q) € GyHKITiero KyTa BiTHHAHHS. [ MOYKHA BUSHAYHTH 3 BUPA3y:

Ry R
A@B) = 2 U, ZR, (9.38)

Omip R Binomun, a R, BI/I6I/Ipa€TI)C$I OpIEHTOBHO, 3AJIEKHO BiJI MOTYX-
HOCTI TpaHc(hOpMAaTOpa Ta THITY BEHTHIIIB BHITPSIMIISYA.
3HalmoBIIN 3Ha4eHH A(J), BU3HAYAIOTh KYT BiATHHAHHSA J 3 BHpAa3y:
Al@=tga—q (9.39)
Yci OCHOBHI €JeKTPUYHI MapaMeTpH CXEMH MOKHA BHPA3UTH K (PyHK-
Iif0 KyTa BiITUHAHHA 200 A(q).
Tak, MAaKCUMaJIbBHUIA CTPYM BEHTWIIS:

1
1, = ?dF(e), (9.40)
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1t(1- cos 0)
ne FO)=— - 9.41)
sin0-0cos0O
Koe(illieHT MaKCUMAIILHOTO CTPYMY.

Jliroue 3HaYSHHS CTPYMY BTOPMHHOT 0OMOTKH TpaHchopmMaropa:

121 = 0,707IdD(6), (942)
\/n[e(l +0,5c0s20)-0,75sin 260]
e D(0) — (9.43)
sinB-08c¢cosO

koeQilieHT GopMu cTpyMy (TIOKa3ye, HACKITBKH (hopma AaHOT KpUBOT Biapi3-
HSIETHCS BiJ IPSMOKYTHOI).
Jiroue 3Ha4eHHS €.p.C. BTOPHHHOI OOMOTKH:

U,=U,B(9), (9.44)

ne B(0) = \/_ (9.45)
. . 2cosf
koediieHT ¢azHoi e.p.c.

3azBuyaii, pynkuii F(q), D(q) i B(q) 3anexHo Bix A(Q) MomawTh y BU-
1111 TpadikiB, M0 3HAYHO CIIPOIIYE PO3PAXyHOK BUIPAMIISIYA 13 AKTUBHO-
€MHICHHM HaBaHTAKECHHSIM.

IToBHA MOTY>XHICTH BTOPHHHOI 0OMOTKH TpaHchopmaTopa:

Sz = szzlz = 0,707UdIdB(6)D(9) (946)

9.6.3. Po6oTa ogHO¢a3HMX ABONIBNEPIOAHUX BUNPAMASAYIB
Ha aKTUBHO-iHAYKTUBHE HAaBaHTAXEHHS

Sk Oyno 3a3HaYeHO BHUIIE, BHKOPUCTAHHS (iIBTPIB 3 IHIYKTUBHUM BXO-
JIOM TIPU3BOAMTD JI0 TOTO, IO HABAaHTAKEHHS BHIIPSAMIITIA MA€E aKTUBHO-
IHAYKTUBHUHN XapakTep. Takuil ke XapakTep HOCUTh HaBaHTaKEHHS MPHU
MiJIMAKaHHI 0 BHIPAMIIsTYa OOMOTOK 30Y/PKEHHSI IEKTPHYHHUX MAaIlIHH,
KOTYIIIOK KOHTAKTOPIB, peJie i T. II.

BwmukanHS y KOJIO BUITPSIMITYA iIHAYKTUBHOCTI IPU3BOAMTS IO TOTO, 1110
TIPH TTEPEXO0/Ii BUIPSIMIIEHOT HATIPYTH Yepe3 HyNIb CTPYM Yy KOJIi HE IOPiBHIOE
HYJIIO, @ BU3HAYAETHCA €JIEKTPOMAarHiTHOIO EHEPTi€r0, 110 OyiTa HaKOTHYeHa
IHAYKTUBHICTIO. BHaCiIOK IbOTO CTPYM y HaBaHTa)XKEHHI Ma€ 3 KEHU I
Xapakrep.
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VD1 Loy Ha puc. 9.21 300paxeno cxe-
v ,—E‘—‘ My 0AHO(a3HOTO BULIPSMIIAYA 3
+ HYJILOBUM BHBOZIOM, IO [IPALIOE
J/Uzl Ug Ul R, Ha aKkTUBHO-iIHIYKTUBHE HaBaH-
. TaXCHHS Ta WOTO TiIpaBiiuyHy

ol MOIEJIb.
l/uzz Crnpolena rigpasJiyHa Mo-
AeJib iHIYKTHBHOTO (ijgbTpa
| Vb2 MOXe 6y_TH TaKo0: B pr6y, qe-
; pe3 Ky BiJ Hacoca MOPLisSMH MO-
wyl, >> R0y = 21f,; JNA€EThCS piAuHA, BMOHTOBAHO
(m=2);R, =GU, =U knarnan K (quB. puc. 2.3,0), a
a) yacTuHa TpyOu, 300paxkeHa

IITPUXOBUMH JIiHISIMH, BUKOHAHA
3 eJIaCTUYHOr0 MaTepiary — BBa-
’KaTHMEMO, 1110 BOHA SIBJISIE COOOKO
rizpasniunuii apocens. Temep,
AKIIO THCK 3 OOKy Hacoca P,
Bid Hacoca ~~ —~ croxueaya UEPEBHUIILYE THCK 3 OOKY Jpocest
6) ,» KIIallaH TIPOITyCKae PiauHy i
Puc. 9.21 — OgHodasHmin BUNpsMisay €JIACTUYHMI JIPOCEND, PO3IIHPIO-
3 aKTUBHO-iHOYKTUBHUM HABaHTaKEHHAM (@)  FOUHCh, HATTOBHIOETHCS 710 00’ €My
Ta ioro rigpasniyHa Moaens (6) V.. Komu s P, cTac MEHIIMM
3a P, KJaraH 3aKpUBAEThC 1 3a1100ira€ BUTIKAHHIO PIMHU 3 Ipoceis y Oik
Hacoca. A CTpyMiHb piiuHU y OiK ClIOKHBaya Tede Oe3rnepepBHo.

Ha xanb, 1 Moziens He JO3BOJISIE MPOLTIOCTPYBATH HE3MIHHICTD CTPY-
My B oOMoOTILI TpaHc(hopmaropa i yepe3 BeHTHb. Lle MokHa oka3aT Ha
MEXaHIYHIM MOJeNi, 0 HEI0 MOXKE CIYTYBAaTH BY30J €IEKTPOMEXaHIYHOL
CHCTEMH rapaHTOBAHOTO JKMBJICHHS eJIEKTPOCIIOKMUBAYiB, IKHH CKIIaa€Th-
Csl 3 EJEeKTPOJBUTYHA, 10 00epTae MaCUBHUI MAaxXOBUK (aHAJIOT HAIIOTO
JPOCEIIs) 1 POTOp TeHepaTopa, Bifl IKOTO KUBUTHCS HABAHTAXKECHHA. Y pasi
3HUKHEHHA )KUBJIEHHS €JIEKTPOABUTYHA Ha Yac, JOKH CUCTeMa KepyBaHHS
He MiAIMKHE eJIEKTPOABHUTYH JI0 PE3ePBHOTO JDKEpeia KUBIESHH:, MaXOBHUK,
3a paxyHOK HaKOIMYEeHOI KIHETUIHOI €Heprii, MPOIOBXKYE 110 iHepii obepra-
THCB, 00EPTAIOUH SIK POTOP TEHEPATOPa, TAK 1 POTOP EINEKTPOABUTYHA, 1 KUB-
JICHHSI CTIOKUBAYiB HE TIEpEPUBAETHCSI.
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Ha puc. 9.22 naBeneni yacosi Y2 Uz1 s U2z
niarpaMu poOOTH BHIIpSIMIIAYA 3
AKTUBHO-1HJIYKTHBHUM HAaBaHTa- )
JKeHHIM. Po3paxyHOK mapameTpiB ! ! ! |
CXeMHu, fK 1 paHimie, BeeThcs 3a Ud : . E ;
MIPHUITYIICHb, 1110 JII0]] 11ealTbHUIA, a i | u'y |
MTPOBITHUKH HE MAIOTh OTIOPY. i
.. . U
Buxinni pani: U, f , U, 1, R . 7V . ;j I7V g
Po3paxynkoBi mapamerpu: I i o } o
! SN SN
UZ’ n, Ia’ Iam’ UBm’ [1’ ]2’ S]’ Kn' ~ /]\ N~ \'i/ Qﬁ
Po3paxyHok BeneTbcs 3a Taku- i i . -
MU BUPA3aAMHU: = /\1' i ;
9
R, =0; 947) i |
(D(I)Ld) >> RH, (948) %
17 | ’ v
U, =Uy =—[Ur2sin 00 = “2Um
T
2\/5 Ue1
=——VU,; 9.49) o
i Puc. 9.22 — Yacosi giarpamu poboTtu
T 0aHOGAa3HOro BMMPSIMIISUA 3 aKTUBHO-
U,=—=U, =L11U,;; (9.50) iHOYKTVBHAM HABaHTaXKEHHSIM
22
U, U,
n=—-= ; (9.51)
Uu, 111U,
1y
I, =—. 9.52
S (9.52)
1, =1, (9.53)
U,, =2U,"2 =U,m. (9.54)

3a ogepxxanumu 3 (9.53) 1 (9.54) 3HaueHHSIMH BUOUPAIOTEH TUT BEHTUJIIB.
1y

ﬁ; (9.55)

17,
I, = |—|1;db =
T
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I :]—d; (9.56)
n
5, =t (9.57)
2
S1:U1 Ilzl,llUdId; (9.58)

2
Sz = 2U2]2 = ﬁl,l lUdId = 1557Ud1d9 ST = 1;34Ud1d- (9.59)
Ockinbku GpopMa HapyTru Ha BXoA1 (inbTpa y MOCTOBOTO OAHO(A3HOTO
BUNPSAMIITYA TA BUMPSIMILSYA 3 HYJIbOBUM BUBOZIOM OHAKOBA, OCHOBHI (op-
MYJIH IPUIATHI U1 000X BHIIPSMIISIYiB, 32 BAHATKOM TOT0, 1110 AJISl MOCTO-

BOI CXEMU:

T
UBm:EUd; L=1; Sr=111041,. (9.60)
Koeoiuient 3rmamxyBanHs ¢inpTpa:
Knex Um(l) U/m(l)
Kse = K ;Knex = Ud ;Knsux = U/d . (961)
I[J'IHqu :0 Ud :U/d.
KoedoimienT pinsrparii K -
U,
Ky=—"0, (9.62)
U’ nay

— aMIUTiTY/1a TIepioi (0CHOBHOT) TaApMOHIKH.

Unay = Ly R; +(03(1)qu>)2; U'niy = I,yR,; (9.63)
IR + (0w Ly)
K,.=K,= (m¢f (9.64)

R,

ne Umw

OckinbKku m(])th) >> RH , TO

0Ly
K, 6 =——F.

9.65
R (9.65)
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IanykTrBHUHE QUIBTP €(EKTUBHO MpaLioe
JIMIIE 32 YMOBH MaJIOro ONoOpy HaBaHTaKEH-
Hsl, KOJIM iHyKTHBHICTh Ma€ NPUIAHATHI 3HaYeH-
Hs1. [1iIBUIIINTH BIUTUB 1HyKTUBHOCTI IPOCEIS

Ha 3I71aJKYBaHHS BUIIPSAMIIEHOI HANpyTH 3a —Cop
3HAYHUX R, MOXXHA, YBIMKHYBIITH KOH/IEHCATOP
BEJIMKOI EMHOCTI MapaseibHO HaBaHTKEHHIO,
SIK 11 TIOKa3aHo Ha puc. 9.23. Ilpu upomy 3MeH- Puc. 9.23 - IntocTpaujs
LIYETHCS OMip HaBaHTaXeHHS (PinpTpa Asis  NiOBULLIEHHS ePEeKTVBHOCTI
3MIHHHUX CKJIAIOBUX 1 TO1 MAEMO: iHIYKTVBHOTO (iNbTRY
1 U
<<R,;Ry=0;K,. = /m(l) : (9.66)
01, Cy U'ny
1
Uiy = Luy X ews = Ly (0y Ly~ ); (9.67)
0nCy
, 1
Unay = Lnqy PaIE (9.68)
Oy
2 .
K32 = ((,l)(l)L(}, - )CO(I)C(}, = (D(DL(},C(}, - 1, (9 69)
Q)]
(g’
K, +1
L,Cp=—F5—- (9.70)
W)
SIkimo
1

(X)(I)L([) = (5 - IO)RH, = (0,1 - O,Z)RH , TO K32 <100.
Wty
ITpu neoOximnocti orpumanns K, >100, BAKOPUCTOBYIOTh OararosiaH-
koBi ['-moni6Hi LC-¢pinerpu. Tomi KoedimieHT 3r1a Ky BaHHS:

K32 :K321K322‘“K3en‘ (971)
9.6.4. leski oco6nuBocTi po60Tn dinbTpiB

€MHICHUHN (QUTBTP Bi3HAYAETHCSI CBOEIO MMPOCTOTOIO 1 AereBu3Hor0. [Ipo-
T€ y HBOTO, SIK HACTIIOK IIEPEepUBIACTOCTI CTPYMY 3apsly KOHAEHCATOpa,
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MPUCYTHE IMITYJIbCHE MEPEBAHTAKEHHS 32 CTPYMOM BEHTHJIIB 1 OOMOTOK
TpaHcopmaropa y podouoMy pexxuMi BUnpsmIsda (iHOAi Takuid BUJ Ha-
BaHTa)XEHHS TpaHC(HOpMaTOpa HA3UBAIOTH HaBaHTaKeHHsIM VDCR-Tuny).
Kpim Toro, nepepuBuacte croXKuBaHHs CTPYMY 3 MEPEKi )KUBJICHHS BHO-
CHTb B HEl JOAATKOBI TapMOHIIH1 CKJIaJ0BI, 110 BUMAarae yCTaHOBKH J10aT-
KOBHX BXiTHUX (PiNIBTPIB, K1 MOBUHHI 320€3M€1yBaTl YMOBH €JIEKTPOMAar-
HITHOI cyMmicHOCTI cnokuMBa4iB (BUKIIOUATH B3aeMHi 3aBaau). Tomy
€MHICHI (IIBTPH BUKOPHCTOBYIOTh TUIBKH 3@ MaJIOi HOTY>KHOCTi HaBaHTa-
KECHHS BUITPSAMIISIYA.

[anykTuBHMIA (iNBTP, X04a BiH 1 OUIBII TPOMI3AKHNA Ta JOPOTrHid, 3a0e3-
neyye 0e3MepepBHICTh CTPYMY, CIIOKUBAHOTO 3 MEPEXKi, 10 aBTOMAaTUYHO
BUKOHY€ YMOBH €JIEKTPOMATHITHOT CyMiCHOCTI CIIOKMBadiB. ToMy B OTYX-
HUX BUIPSAMIITYaX BUKOPHCTOBYIOTH CaMe iHAYKTHBHI (iIbTpH.

AJle y TaKHX peXUMax pOOOTH BUIIPSAMIIAYA, KOJIM HABAaHTaKEHHS Pi3KO
3MIHIO€ CBiif Omip, HAIPUKJIAM, SIKIIO BOHO YM 3HaYyHa HOro 4acTuHa IO-
BHICTIO BMHKA€THCSI 200 BUMHUKAETHCS, IHAYKTUBHICTD (LIBTpa CIpUYH-
HSI€ TIEPEXiIH1 MPOLIECH, 110 CYIPOBOIKYIOTHCS PI3KMMHU 3MiHAMH 3HaYE€Hb
HaNpyTry Ha HaBaHTaxxeHHi. L{e BinOyBaeThcs TOMY, 110, K BiOMO, 3TiAHO
3 MIepUINM 3aKOHOM KOMYTallii, CTpyM y 1HAYKTHUBHOCTI HE MOXe 3MIHIO-
BaTHUCS CTPUOKOMOIOHO. Y pe3ysbTaTi, IpU BMUKAaHHI HABAHTA)KEHHS BH-
HUKa€ MPOBaJl HANPYTH Ha Yac, JOKH JPOCeNb He HAKOUYUTh SHEprito, a
MpH BUMUKaHHI — BUKUJ] HAIIPYTH Ha 4ac, JOKH JPOCENlb HE BUTPATUTH
HAKOITMYEHY eHepriro, 00 y 000X BHITaKaX BIH HAMAraeThes MiTPUMyBa-
TH HE3MIHHUM 3Ha4YeHHA CTPYyMY, 110 Oyi1o 10 komyTarlii. HacminkoMm pizkux
3MIH HaNpyTr'd MOXKYThb OyTH 3001 y pexkrMax poOOTH HaBaHTaKEHHS 1 HaBITh
BUIX1JI HOTO 3 JTay Yepe3 IepeHamnpyry.

3amo0irTu 3a3Ha4YeHUM SBHUIAM JT03BOJISIE 3aCTOCYBaHHS | -1mo1i0HO-
ro ¢inbrpa. KpiM, Sk BKe 3a3HAYaNOCs, MiABUIINCHHS €(PEKTUBHOCTI
¢inbpTpa B IJIOMY, HasIBHICTh KOHIEHCATOPA BEZE TAKOXK 1 0 3MEHIIEH-
HsI POBAIB 1 BUKHJIIB HATIPYTH Ha BUXOA1 (QibTpa, 60, 3TiTHO 3 IPYTUM
3aKOHOM KOMYTaIlii, Hampyra Ha KOHIAeHcaTopi (a 3HAYUTh, 1 Ha MiTIMK-
HEHOMY TapajieIbHO 10 HhOTO HABAHTAXXCHHI) HE MOXE 3MIHIOBATHCS
CTpUOKOTIOAIOHO.

PoOoty ¢inprpa 3a mepexiJHUX pexXUMIB UTIOCTPYE prc. 9.24, ne Ha yaco-
Biif Aiarpami CymiJIbHOIO JIIHIEIO MIOKAa3aHO HANIPYTY HA HaBaHTA)XEHHI IIPU
THIlyKTUBHOMY (QUIBTPI, a IITPUXOBOIO — IpH [ -1Io1i0HOMY.
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RH1<< RH2
Ud

BumukaHHs1 Ruq

Ug 1

BmukaHHs1 Ry,

Puc. 9.24 — PoboTa dinbTpiB y NepexiaHmx pexxmmax

9.7. 30BHILLHi XapaKTePUCTUKN BUNPAMNNAYIB

[Ipu momepenHpOMY pO3TIIAAl pOOOTH BUIIPAMHHUX CXEM Ta IXHIX OCHOB-
HUX PO3PaxXyHKOBHUX CITIBBIHOIIEHh MU BBaXKaJIH 32 11€aTbHI BUTIPSMHI /T10-
I, TpaHC(HOPMATOP 1 MPOBIHUKH, IO 3’ €IHYIOTh €JIEMEHTH BUIIPSIMIISYA,
a TOMY HEXTYBaIlM iXHIM omopoM. PeanbHo 1ieii omip BIUIMBaE Ha poOOTYy
MIPHUCTPOIB 1 HOr0 HEOOX1THO BPaXOBYBATH.

PeanpHy 3a51€XHICTh HAPYTH Ha HABAHTAXXEHHI BiJ] HOTO CTPyMY ITOKa-
3y€ 30BHINIHA XapaKTepUCTHKAa BUNPAMJIAYA:

Us=Us I(R,+R, +R,, +R'), (9.72)

ne U, —cepenHe 3Ha4€HHs HANPYTW Ha BUXO/1 BUNpsimisiya nipu X.X. (1ipu
BUMKHEHOMY HaBaHTaKEHHI);
I, — cepeiHe 3HAYECHHS CTPYMY HABAHTAKEHHS,
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R, — npuBeneHuii 10 BIOPUHHOTO KOJIa aKTUBHUH OIip 0OMOTOK TpaHc-
¢dopmaropa;

R, —axTuBHMI omip apocens GinkTpa;

R,,— aKTUBHMH OIIIp 3’ €IHYIOYUX IPOBITHHUKIB;

R’ — omip fi0/IiB y MPOBiTHOMY CTaHi.

Ug 30BHIIIHI XapaKTEPUCTUKU BU-

Vo N ' 3 emmickum cpimbmpom npsAMIISTYiB 300pakeHi Ha pHC.

3 iHOykmugHUM ¢binnbmpom 9.25.
Udmax {-—-----> 3 cma6inizamopom 3a 30BHIIIHBOIO XapaKTEPUCTH-

KO0, 3HAIOYH JIOIYCTUME BiJIXU-
JICHHSI HAIIPYTH Ha HaBaHTaKEHH1
E BlJI HOMiHaIbHOI Benuuuau U '
| MO>KHA 3HalTH MIHIMaJIbHE Ta MaK-
1
| CUMaJIbHE 3HaYE€HHS JIOIYCTHMOTO
1
|
1
1

CTpyMY, TOOTO JOIyCTUMHMH Jiaria-
30H 3MiH CTPyMy HaBaHTaKEHHS
(a0 HaBmakwm).

Ha puc. 9.26 nokazana cxema

ldmin ldn lgmax

Puc. 9.25 — 30BHiLLHI XapaKTePUCTVKA

BUNPAMIISYIB ¢
, , 3aMIIIEHHS OBOOOMOTKOBOTO
L's1 Ra1 Ra2 Ls2 ..
TpaHchopMaTopa, napamMeTpH Kol
MIPUBE/IEHI 10 BTOPHHHOTO KOJa.
U y, Bona UTIOCTpY€E peaibHi BIACTH-
1 L 2 .
0 BOCTI TpaHchopmaropa.
Ha pucynky nosnaueHo:
o d © L, — iHIyKTHBHICTb PO3Cil0-
Puc. 9.26 — Cxema 3amilLieHHs BaHHS MEPBUHHOI OOMOTKH, IPH-
ABOOGMOTKOBOIO TPAHCHOPMATOpa  BejieHa JI0 BTOPHHHOTO KO,
L
/ s,
Ly, = 5
n

R’  —axTuBHHIA O1Iip MEPBUHHOT OOMOTKH, IIPHBEICHUH 10 BTOPUHHOTO

Ral

2
n

/
koma, R, =

L, — IHIyKTUBHICTb, 110 BPAXOBY€ CTPYM HAMAarHi1yBaHHA OCEP/s;
R ,— akTMBHUH OTIIP BTOPMHHOT 0OMOTKH;
L, — IHIyKTUBHICTb PO3CIFOBaHH BTOPMHHOT 0OMOTKH.
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9.8. CrabinizaTtopu Hanpyru

st Toro, m106 3a0e3neynTy miATPUMaHHs HalpyTy Ha HAaBaHTaKEHHI Ha
HE3MIHHOMY PiBHI ITpH 3MiHaX HAIIPyTy Mepexki ado 3MiHax oNopy HaBaHTa-
KEHH: Y 3a3HAaYCHUX MEXKax, a TAKOX IPH Aii iHIIuX Aectabinizyounx dak-
TOPiB, BUKOPUCTOBYIOTH CIIeLiaIbHi NPUCTPOi — cTab11i3aTopy HAIIPYTH.

Crabinizaropu Oe3nepepBHOI Aii MOIUIAIOTHCS HA TapaMeTPHYHI Ta KOM-
TIeHCALiHHi.

9.8.1. MapameTtpuuHi cTabinisatopu
I[MapamerpuuHi cTadijgizaTopu MpaLOIOTh 32 paXyHOK 3MiHHM BIIACHHUX

napameTpiB eIEKTPOHHUX HETiHIHHUX IPUIALiB i MOXKYTh BUKOHYBaTUCS Ha
OCHOBI HaIiBIIPOBIAHUKOBUX MPHUJIaiB, BUX1IHA HAIIPYTa IKUX MaJlo 3aJie-

XKHTb Bifl CTPYMY, L0 IPOTIKa€ de- Re

pes3 mpuIiaj, HanpuKIag, Ha ctadi- o—|:|—0 —

JITPOHAX. ﬁ vD I +
Cxema HaHNpOCTILIOro mapa- Uy, AN |Uem U R,

METPHYHOIro cTadimizaTopa 300- lem| 21N\ J/ \L

paxeHa Ha puc. 9.27 (IUB. TaKOX -

-0 @

puc. 2.6). Crabinisatop CKnana- o g o7 _ MapameTpuyHUiA cTabinizatop

€ThCs i3 6aracTHOro o1opy R, cTa-
ouriTpoHa VD (HaHIIMPIIOTO BH-

. . U USXHOM Ucm
KOpHCTaHH Ha0yJIM KPEMHI€BI cTa- % . 0
OLTITPOHM) T HABAHTAKEHHA R .

Hampyra cra6inizamii ctadisi-
TpoHa U, BUOMPAETHCS PIBHOKO
HOMiHaJIBHINA poOOUiii HATIpy3i Ha-
BaHTaxeHHs U .

Ha puc. 9.28 naBeneno mo0Oy-
JIOBY HABaHTa)XyBaJIbHUX XapaK-
TepucTuk crabimitpona. Tyt
MIPUAHSTO TaKi TO3HAYECHHS:

1 — BAX cra0iniTpoHna; lom

2 — IS HABAHTAKEHHS IPH Puc. 9.28 — MNobya0Ba HaBAHTaXXYBATbHMX
XapakTepuCTUK CTabiniTpoHa (A R, »¥)

U exmax u exmin

I cmmin

AU

I CMHOM

cmmax

cmmin?®
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3 — nmiHisA HaBaHTaXXeHHA pu [ ;
. . Ccm HOM
4 — niH1g HaBaHTaXeHHs 1pu [

cm max”

I3 HO6y}.'LOBI/I BUTIKAE, 110 3M1HA BX1JIHO1 HAIIPYTU Y MEKax B1/] ng min a0

U, ... HE IPU3BOJMTH JIO 3MiHM HAalIPyT'H Ha HABAHTAXKEHHI, LI0 IIPH LLOMY
cranoButh U = U (AKIIO HE BPaXOByBaTH JMHAMIYHOIO OMOPY CTaO1IiT-
poHa).
S npaBuIIo, 3a1a10Th
Icmmax - Icmmin

- cmx o U, =const . (9.73)

Icm HOM — s

2

BuxingHuMuy JaHUMH U151 PO3paxyHKY eJIeMEHTIB CXeMH € HeoOXiHe 3Ha-
YEHHs HAIIPYTH Ha HaBaHTaxeHH1 U, 1 MaKCUMaJIbHUK CTPYM HaBaHTaXKEH-
Hal ., aTakoXk JOMyCTHMI BiIXHJICHHS HAIIPYTH MEPEK] KUBJICHHS.

HeoOxinHo BU3HAauUMTH TUN CTabiIiTpOHA (3a HAMpYrolo cradimizamii i
JOMYCTUMHUMH CTpyMaMH cTabiizamii) i 3HaueHHs Ta HOTYXKHICTh Oanact-
HOTO OII0pY.

3posymino, mo U =U_ .

st 3a0e3neuenns eeKTHBHOI poboTH cTadinizaTopa 6axkaHo BUOUpATH

U =2..3)U,. (9.74)

SIKII0 OMip HABAHTAKEHHS MA€ HE3MIHHE 3HAYEHHs R =const, TO po3pa-

XYHOK CXE€MH 3pyYHO ITPOBOJIMTH aHAITHYHO 332 TAKUMH BHPA3aMHU:

Uexmax = R6 IH + Icmmax + Ucm 5 (9 75)
stmin = Rﬁ IH +Icmmin + Ucm 5 (9 76)
AU = Ry (I e Teommin ) (9.77)

R; = A—U. (9.78)

[cm max [cm min
Jlnst Toro 106 3a0e3meunTr Ipane3aaTHiCTh IPUCTPOKO ITPU 3MiHAX OI10-

Py HaBaHTa)XEHHS BiJ HECKIHYEHHOCTI (KOJM BOHO BiIMKHEHE) 110 MiHi-
MaJBHOTO 3HAUYEHHS

RH min = Ucm/]H max’ (9 79)
He00X1THO BUKOHATH YMOBH:
ng x Ucm . .
I(;xmax = HBR— < Icmmax (HIO BIAIIOB1A€ RH =0 )5 (9 80)
0

Icm = Iexmin - Inmax > Icmmin (HIO BiI[HOBi,Z[ae RH = Rmin ), (981)
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Uexnin - Ucm
I(;xmin = 2Inmax +Icmmin' (9 82)
R;
3nayenns Hanpyru U BU3HAYAETHCA I HAKOLIBIIOrO MO3UTHBHOIO
BiIXWJICHHS HAIIPyTU MEPEXi, a 3HaYeHHs CTpyMy [ . — IUI HAalHO1IbIIOr0

6xmin
HCIraTUuBHOTIO.

CrabiniTpon obuparoTs 3a 3HaueHHsamu U, [

cmmin ~ ~ cm max’

[otyxHicTb OaNacTHOrO pe3nucTopa —

P, >R.I’ (9.83)

6x max’
EdexruBHicTs poOoTH cTabinizaTopa BU3HaYaeThCs KoedilieHToM cTa-

olmizamii:

_ AU&x . AUeux
UG.X HOM UH

nekK, - BiJTHOIIICHHSI BiTHOCHOT 3MiHW HAIIPyTH Ha BXOIi cTadiiizaropa 10
BiZITHOCHO1 3MiHM HaIIPyTH Ha HOTO BUXO];

DU, — 3MiHM HAaNpyTu Ha BXOJI cTabimizaropa;

DU, — 3MiHM Halpyru Ha BUXOJI cTabimizaropa.

Jlo mepeBar mapaMeTpuIHUX CTa01Ti3aTOPIB HAICKUTE IXHS MPOCTOTA
Ta HaJ(IAHICTh Y POOOTI.

Henoniku: BiTHOCHO HU3bKUHA K| , HEMOXJIMBICTh PETYIIFOBAHHSA HAIIPY-
T cTabimizanii, HU3bKUH KoeilieHT KOPUCHOT /il uepe3 BTPaTH MOTYXK-
HOCTI B R

9.8.2. KomneHcauiliHi ctabinizatopu

KoMneHncauiiiHi cradisizaTopm — 1e 3aMKHYTI CHCTEMH aBTOMaTH4-
HOTO PETYIIOBAHHS 13 )KOPCTKUM HEraTHBHUM 3BOPOTHHUM 3B’ 13KOM. OCHOB-
HUM €JISMEHTOM CTall1i3aTopa € TaK 3BaHUi PEry/IF0I0Uri €JIEMEHT, 3MIHOIO
OTIOpY SIKOTO JOCATAIOTH CTa0LTi3alli] HapyTry Ha HABaHTaKEHHI.

Perynrorounii eleMeHT MOXXE BMUKATHCS K MapajielbHO HaBaHTa)KEH-
Hio (y cTabifizaTopax nmapaJjieJibHOro THILY), TaK i IIOCTITOBHO 3 HUM (Y
crabinizaTopax mociaigosHoro tumy). Ha puc. 9.29 naBeneni crpyk-
TypHI cXeMHu cTabiTi3aTopiB 000X TUIIB.
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Re
o—] * o——| PE
| R Ine
PE n AU + +
\Lusx % L‘ Us [] RH l/uex n g 2A u UH\L [} Ry
'pl [OH | - JOH | -
5 . o 3

Puc. 9.29 — CTpyKTypHi CXeMmn KOMMeHcaLiiHmx cTabinizaTopis
rnapaJiesibHoro (a) Ta nocnigoBHOro (6) Tuny
Ha cxemax mosHaueHo: PE — perynoounid enemMenT; [/ — miacuioBay
nocTiinoro crpymy; JJOH — mxepeno onopuoi Hanpyru U R — Ganact-
HU# Oonip; R — HABAHTaXKEHHS.

CrabinizaTopu NpamoTh TAKUM YHHOM.

Ha Bxin mincumosaya /1 nonaerbes Hanpyra DU=U ~U, (Hampyra pos-
Y3TOIKEHHS ), IO MiCJIsI MiACHIICHHS Kepye oropoM PE TakuM 4rHOM, 11100
MiATPUMYBATH HAIIPYTy Ha BUXOA1 cTabijizaropa He3MiHHOIO.
st crabinizaTopa napaaesbHOrO THITY MaeMO

U,=Us—R;(I,+1,)=const.
Hapnumok Hanpyru nagae Tyt Ha R .
s craGirizaTopa moCIiIOBHOTO THITY —
U,=U, —I,Rp; =const.
Hannmumok HanpyTH B 1ii cxemi majgae Ha PE.
CnoxuBaHa MOTYXHICTh CTab1Ti3aTOpa MapajIeIbHOTO THITY:
B=U,-U)I,+1)+U1,=1,U,-U,)+U,l, (9.85)

Jist crabinizaTopa MociiIOBHOTO THITY —

+o0
P=Uu-U),. (9380
Uex Re . .
CralimizaTop MOCIiZOBHOTO THIY €
o VT OUIBII €KOHOMIYHUM Ta €(DEKTHBHUM 1 TOMY

HaOyB TUPOKOTO BUKOPUCTAHHSI.
vD + Haiimpocrimmii koMneHcamiiiauii cra-
ZS\ UH\L R, OLI3aTop MOCIIIIOBHOTO TUITY MOXKHA MO0y~
JIyBaTH Ha OCHOBI ITApaMETPUIHOTO CTabi-
ni3aTopa Ha cTabUTITPOHI Ta EMITEpHOTO MO~
Puc. 9.30 — MpocTuii BTOpIOBAYa, SIK IIe MMoKazaHo Ha puc. 9.30.
KoMneHcaujitHuii cTabinisatop  TyT emiTepHMiA MOBTOpIOBaY 3a0e3meuye
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MiICHUIICHHS TOTYXHOCTI (32 paXyHOK IiJCHJICHHS CTPYMY) TapaMeTpUIHO-
ro crabinizaropa.

o pedi, sKIIo 3aMicTh
cTabiTiTpOHa 10 CXeMH BBec- +©
TH KOHACHCATOp, OTPUMae-
MO AKTHBHUH €MHIiCHUH
¢iabTp, ePexkTHBHA EMHICTD
SIKOTO MEPEBUILY€E BCTAHOB- - o
neHy y b pasis (b — koe-
(biieHT MiICUIIEHHS TpaH-
3UCTOPA 332 CTPYMOM Y CXeMi
3 CE).

CxeMa OUIBII CKIIAJHOIO
1 MOTYXHIIIOTO KOMIIEHCA- ——
uiiiHoro crabinmizatopa mo-  Puc. 9.31 — KomneHcauiiHuii crabinisatop
CJI1JIOBHOTO THITY, 110 320€3- NOCNZOBHOMO TUNY 3 Pery/ib0BaHoI0
MeYy€ MOKITUBICTh PETYITFO- BUXIZHOIO HANPyroto
BaHHsI BUXiZHOI HANIPYTH (HalpyTH Ha HAaBaHTa)KeHHI ), HaBeieHa Ha puc. 9.31.
TyT perymnroiounmM e1eMeHTOM € TpaH3ucTop V7], a miacuiIioBay CUTHATY
3BOpPOTHOTO 3B’A3Ky — V7T2. 3a mxepeso OmopHOi HampyTH MPaBUTh
napaMeTpUIHHAN cTab11i3aTop, BAKOHAHHH Ha cTabiniTpoHi VD1 ta pe3uc-
TOpi R,

JinbHUK HanpyTu Ha pe3uctopax R, — R, 3 koe(illieHTOM JaineHHs k €
JATYNKOM CHT'HATY 3BOPOTHOTO 3B’SI3KY.

ITixcrroBad curHaty posy3romkensst V72 min fiero Hanpyru AU = kU, — U,
3MiHto€ orip V7' TakuM 9MHOM, 1100 MiATPUMYBATH HAIIPYTy Ha HABaHTAKEHHI
HE3MIHHOIO:

Ry

L

U,=U, —AUp; =const. (9.87)

[pumyctumo, mo U, 3pocTac i e MOBMHHO MPU3BECTH 10 3POCTAHHS
U.. Toni Takox 3pocrae AU = kU, —U,,,, 10 BUKIMKA€E 3pOCTaHHS KO-
JIEKTOPHOTO cTpyMy VT2 I, Ta 3MeHIIeHHs 6a30B0ro ctpymy V11, OCKLIbKH
15 =(I, —Ix>). Omip VTI 3pocrae, a 3HAYUTH 3pPOCTAE 1 A [iHHS HAIIPYTH
HauboMy AUpg,a U, =U,, — AU pp = const —3anumaeTbcs HE3MiHHUM.

Takum YHHOM, CTa0UTBHICTh BUX1AHOT HAIIPYTH MiATPUMY€ETHCS 3aBISIKH
HEraTUBHOMY 3BOPOTHOMY 3B’SI3KY.
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3MiHIOKOYH TTOJIOKEHHS PETYIATOPa PE3UCTOPa R , MOKHA 3MIHIOBaTH BU-
xigHy Hanpyry U .

Mpu AU =0 kU, =U,,; UH:U]:”- (9.88)

Koeoinient crabdimiszanii takoro crabinizaropa moxe caratu K, >1000.

3apa3 IUPOKO BUKOPUCTOBYIOTH CTa01Ii3aTOPH HAIPYTH KOMITEHCALIii-
HOTO THUILY Y IHTErpajJbHOMY BUKOHaHHI 3 MOTYykHicTiO 10 100 BT. Oxpim
HaJ[3BUYaHO SIKICHOrO BUKOHAHHA OCHOBHOI (DYHKLI1 (CTadLIi3aLii Hanpyrn),
BOHH, 32 PaxyHOK BBEAEHHS [0 CKJIaTy MIKPOCXEMH JOJATKOBHX BY3IIiB,
3a0€e3I1eYyI0Th TAKOXK 3aXHCT BiJf KOPOTKOTO 3aMHUKAHHS Y HAaBaHTaKEHHI Ta
BiJl IepeBaHTaKeHHS (B IEPEBUIICHHS TEMIIEPAaTypH KopIycy). Maroun y
CBOEMY CKJIaJli KiJIbKa AECATKIB €IEMEHTIB, TaKi CTa011i3aTOPH PO3MILLLYIOTHCSI
Y KOpITyCi 3BHYaHOTO MOTYXHOT0 TpaH3ucrtopa. Bunyckatotscs IMC cra-
01113aTOPIB SIK 3 PIKCOBAaHUMH 3HAUYCHHSIMHU BUX1JHOT HAIIPYTH, TaK 1 3 MOXKIIU-
BICTIO il perymoBaHHs 3a JONMOMOT' 00 30BHIIIHBOT'O PE3UCTOPHOTO ALMbHHKA.

9.9. CraGinizaTtopu cTpymy

YacTo BUHHUKAE HEOOX1AHICTH cTabimizamii 3HaueHHS HE HApyTH Ha Ha-
BaHTa)XE€HHI, a HOTO CTpyMY (HalpUKJIIa/1, IPH 3apsal akyMyIsITOpHUX OaTa-
peil, B eeKTpOXiMiYHUX PEaKTopax i T.IL.).

OCKUIBKH peaabHO MU MAa€eMO CIpPaBy 3 JDKEpPEIaMH HalpyTH, IMOCTAE
mpo0JieMa MepeTBOPEHHS HKEPeIia HAapyTH Y JPKEPENo CTPyMy.

U Ha puc. 9.32 306paxeni BAX
o\ |1 cTabuizaTopiB (JHKepe) HalpyTH Ta
\ CTPyMY.
Ha pucyHky noznaueHo:
1 — BAX igeanpHOro JKepena
== CTpyMYy;
~< 2 — BAX peanpHOTO JKepena
4 cTpyMmy;

3 — BAX igeanpHOro JKepenna
HaIpyTH;

Pvic. 9.32 — BAX cTabinizatopis 4 — BAX peanpHOro Jukepena
cTpymy (1, 2) i Hanpyru (3, 4) HaIpyrH.
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[MpukinagoM ManomnoryxHoro cra- +©
OimizaTopa CTpyMy MOXe€ CIIyXKUTH
cxema, HaBeieHa Ha puc. 9.33. Usx

3HaueHHsI CTPyMY Yy HaBaHTaXKEHH1
I TyT BU3HA4a€ThCs 3HAYEHHAMH Ha-
npyru crabimsanii U, = crabimitpona -0
VD i onopy pesuctopa R,. Bona cra-
HOBHTb:

Ucm - UEE

[, == =5 989
Ry

Le 3a6e3meuyeThes TUM, IO, SK Puc. 9.33 — Ctabinizatop cTpymy
BiZJOMO, CTPYM KOJIEKTOpa OIMOJIIPHOTO TPAH3UCTOPa BU3HAYAETHCS 3HA-
YEHHSIMH CTPYMY Horo 6a3u i koedilieHTa MiACUICHHS 3a CTPYMOM, ajie He
3aJIeKUTh BiJl HAIPYTH Y CHJIOBOMY KOJII — Mi’K KOJIGKTOPOM 1 eMITEpOM Y
HaBeICHOMY NPHKJIA/i, a OTKe, i BiJ BEIMYMHH ONOPY HABAHTAXEHHS Yy KOJIi
KoJiekTopa (nuB. BuxigHi BAX 6inonspHoro Tpansuctopa Ha puc. 2.16,0).

Oco011BoI0 €(pEeKTUBHICTIO NPU MEPETBOPEHHI JDKEpena Hanpyru y
JUKEPEJIo CTPYMY 13 3a0e3MeueHHsIM BEITUKOI MTOTYKHOCTI BiA3HAYAIOTHCS
eJleKTpoMarHiTHi (iIHAYyKTHBHO-€EMHiCHi) MepeTBOpPIOBaYi — cxeMH
Bymepo. PerymoBanHs B HUX BiZOyBa€eThCS HA CTOPOHI 3MIHHOTO CTPYMY
(Buxomsuu 13 cyTi MOOYIOBH MEPETBOPIOBaYa, 1110, 3BUYAIHO, MOXe OyTH
BUKOPHUCTAHUIA JIs )KUBJICHHS] HABAHTAKEHb 3MIHHOTO CTPYMY ).

HaiimpocTimmm npukiiagoM iHIyKTUBHO-€MHICHOTO TIEPETBOPIOBAYA € [0-

cmigoBHui LC-KOHTYp, CXeMa SIKOTO L
300paxkeHa Ha puc. 9.34.
3a IeBHUX YMOB IIsI CXEMa € Tepe- Iy

TBOpPIOBaYEM JDKepesa HalpyTu y l/u Z,

|2\L C lH\L
JDKEPENIO CTPYMY, KOJIM CTPYM HaBaH-
TQKEHHA [ HE 3aJIOKUTH BiJl ONOPY o T
HABAHTAXKCHHS Z , & 3yMOBJIIOETHCSI Puc. 9.34 — HannpocTiuwia
JINIIE 3HAYECHHSM BXI1JHOI HAIPYTH  IHOYKTVMBHO—EMHICHUI NEepeTBopioBaY

6x”

3HaiieMo 11 yMOBH:

Z,=joL; Z,=-]—; (9.90)
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=2 (9.91)
11 ZO ’ .
Z Z 2.Z2,+Z \Z,+Z
;0 — ;1 + =n=2 _=1=2  Z=w (—1 _2)’ (992)
ZH + ZZ ZZ + ZH
1,Z, Uz, U
7,42, 2o(Z,+2) 5 L Z (53
72+7H —O(i2+—ﬁ) Z1+7H (Z1+Z2)
Z,
VMoBa nepeTBopeHHs y mxepeno ctpymy Z; +Z, =0abo wl = —
U wC
Toui |, ==.
oz,
I cxema — ireanbHUi IEPETBOPIOBAY 32 YMOBH BiJICYTHOCTI aKTHBHHX
BTpar y LC-KOHTYPI.

OcCKinbKH HacIpaB/i aKTUBHI BTPATH JOCUTH CYTTEB1, BUKOPUCTOBYIOTb
O1IBII CKJIA/IHI CXEMH 1HIYKTUBHO-€MHICHUX IIepeTBoproBaviB. OnHa 3 mpo-
MHCIIOBHX CcXeM 300paskeHa Ha puc. 9.35. Bona ckiamaeTbes i3 cTabimi-
3aTopa 3MIHHOI HAIPyTH, IBOX MAarHiTO3B’sA3aHuX apocernis L, ta L, (ko-
TYIIKH XX JPOCENiB PO3MIllleH] Ha OJJHOMY MarHiTOIIPOBO/II 1 MAIOTh OJTHA-
KOBY KUTBKICTBh BUTKIB), KoHIeHcaTopa C Ta Tpancdopmaropa 7TV.

M
L1l p— X\ L2 TV
o— | IR ER Van
Cmabinizamop I I
~ U 3MIHHOT Uem c W Wa Z,
Hanpyau T
oO— .

Puc. 9.35 - lNMpomumcnosa cxema iHayKTMBHO-EMHICHOMO NEPETBOPIOBaYa
‘YMOBa, 3a SIKO1 cXeMa MEPETBOPIOE [HKEPEIIO HATIPYTH Y [HKEPEIIO CTPYMY:

U
komi [=——,a Z,,, =0L(1+K,, 9.94
(DCI Zonm 1( ) ( )

Koedinient 38’s3ky K, =0,8 , 0,9 BinoOpaxae CTyIiHb €J€KTPOMATHITHOTO
, . .
3B’s3Ky apoceniB L, 1 L,.

(DL] =
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LI}I CXeMa € JKCPCIOM CTPpyMy, AKIIO
ZI-/l S Zonm s (9 95)

ne Z, =n’Z, — 3BeleHuit 10 IEPBHHHOIO Koya TpaHcdopMaTopa orip Ha-
BaHTAXCHHS;
n=w /w,— koepiuient Tpanchopmanii Tpanchopmaropa.
[ligOupatoun 7, MOXKHA JOCATTH BUKOHAHHS YMOBH —
n’Z,<oL(1+K.,,). (9.96)
3BiiCH OTPUMYEMO:

oL (1+K,,)

9.97
Z (9.97)

9.10. KeposBaHi Bunpsamnsui

9.10.1. MeTtoam i npuCTpOI perynioBaHHA Hanpyru
NOCTilHOrO CTPYMY

YV pO3mISHYTHX HAMHU BUIIPSIMHHX CX€MaXx y SIKOCTI BEHTHIIIB BUKOPHCTa-
HO J110/11, 1 TOMY BOHH € HEKEPOBaHUMH BUTIPSIMIITIaMU, 60 He T03BOJISTIOTH
peryaoBaTH 3HAYeHHS HAIIPyTH HAa HAaBAaHTAKEHHI.

MoXIHMBiCTE 3MiHM 3HAU€HHA MTOCTIHHOIT HAIIPYTH Ha HABAaHTAXEHHI 32 He-
00X1THIM 3aKOHOM Yy 3aJJaHUX MEKax MO)ke OyTH pealri3oBaHa 3a JOTIOMO-
TOI0 KEPOBAHUX BUNPAMJISAYIB, 110 OyAYIOTHCS HAa KEPOBAHUX BEHTHIISIX,
HaIpPYKIIa1, HA THPUCTOPAX.

Ilepen Tum, K pO3MIIAIATH KOHKPETHI CXEMHI PIIIEHHS KEPOBAHHUX BH-
MPSMIISTiB, CIIOYAaTKy 03HAHOMHUMOCH 3 OCHOBHHIMH METOJIAMH PETYIIOBAHHS
HaIpyTH MOCTIHHOTO CTPyMY, SIKi, IEPII 32 BCE, MOYKHA PO3INTH Ha JIBa
BUJIM: TaKi, 0 3a0e3MeUyI0Th PEryIOBaHHs 3 00KY 3MiHHOTO CTPyMY 1 TaKi,
10 320€3MeUyI0Th PEryaroBaHHs 3 00Ky IMOCTIHHOTO CTPyMY.

PerymoBanHs 3 60Ky 3MiHHOTO CTPYMY MOXJIMBE ITPH BUKOPUCTAHHI BH-
MIPSAMHUX CXeM Ha HEKEPOBaHUX BEHTUIISIX, aJle TIPH [IbOMY HEO0OX1THO BBOIH-
TH JJOATKOBI CHJIOBI prcTpoi. Tak MoxHa:

1) 3MiHIOBaTH 3Ha4E€HH: 3MIHHOI HAlIPYyTH, 1110 MOAA€THCA Ha BEHTUIBHY
CXEMY, IEPEMHKAHHSIM ITi]1 HABAHTAYKEHHSIM BiZIBO/IIB BTOPUHHOT 0OMOTKY TpaHC-
(dbopmMaropa, 3MIHIOFOYH THM caMUM KoedillieHT TpaHcdopmalii ocCTaHHLOTO;
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2) 3aCTOCOBYBAaTH PETyJIATOPH 3MiHHOTO CTPYMY 3 PyXOMHM CTPYMO3Hi-
MadeM (aBroTpancgopmaropi) ado 3 pyXOMOIO MarHiTHOIO CHCTEMOIO (1HIyK-
LiHHI peryasaTopy).

I3 60Ky MOCTIHHOTO CTPYMY MOXKIIUBE PETyIIOBaHHS Oe3nepepBHUMH i
IMITYJIbCHUMU METOIaMHU.

[Ipu Ge3nepepBHUX METOIAX 3aCTOCOBYIOTh:

1) peoctaTH i JiITEHUKY HATIPYTH;

2) KOMIEHCaLiiHi perysaTopu (HalpyKial, po3rIsSHyTi HaMu B . 9.8.2
crabinizaTopu).

UYepes BesMKi BTPaTH €HEPril B eJIEMEHTaX peryisaropa (HaaauIoK Ha-
MPYTU TYT TacUThCA Ha YBIMKHEHUX MOCITIIOBHO 3 HABaHTAXECHHSIM eJe-
MEHTaXx, [0 IPUHIUIIOBO 3yMOBJIIOE€ HU3bKE 3HAUEHHS K.K.1I.), TaKi METOIU
3aCTOCOBYIOTH B MaJIONIOTYXKHUX PETYIATOPAX.

VY Ham yac HaWBKUBAHIIIUMH € iMNYJIbCHI MeTOAU pery/IOBaHHS.
Le 3yMOBJI€HO OTPUMAaHHIM Ha OCHOBI CTPIMKOIO PO3BUTKY HAIliBIIPOBi-
HHUKOBHX TEXHOJIOTH CHJIOBUX €JIEKTPOHHHX HAITIBIIPOBITHUKOBUX IPHUIIAIB,
10 MOXKYTh IIPALIOBATH Y KIIFOUOBOMY PEXUMI 3a TIOCUTh BUCOKHX HAPYyT
(THCAY1 BOJIBT) 1 YACTOT (AECSITKH 1 COTHI KUIOTEPIT) — MOJIBOBI 1 OiMOMISIpHi
tpansucropu, CIT-rpansucropu i BTI3, cnemiansHi Buan THPUCTOPIB.

OCKIJTBKY PETYIOI0YUI eIEMEHT IIPH peati3aril iMIyJIbCHUX METO/IB
TMIPAIIOE SIK KITFOY, TO BTPATH €HEPTii B HhOMY MiHIMaJIbHI, III0 BU3HAYA€ BU-
COKHH K.K.JI. IEPETBOPIOBAIBHUX ITPUCTPOIB.

Cepenne 3Ha4€HHsI OCTIHHOT HANPYTH HA HABAHTAXKEHHI U, PETyIIHO€Th-
cs1 32 MMM METOJ]aMH 32 PaXyHOK 3MiHU CIIIBBIIHOIIEHHS M) TPHUBAJIOC-
TSAMH 3aMKHEHOTO 1 pO3IMKHEHOTO CTaHIB KITF09a, KOJIH MOCTiiHA Hampyra
(HanpuKIiIaj, 3 BUXOAY (QiIbTpa HEKEPOBAHOTO BUIIPSIMIISYA) MOJAETHCS HA
HaBaHTaXEHHS a0o Hi.

Hanpyra na Buxofi peryistopa Mae GopMy IPSIMOKYTHUX IMITYJIbCIB 3
aMILTITYOIO, 110 TOPIBHIOE €.p.C. IPKepea MOCTIHHOTO CTPYMY.

€ nekibKa TaKuX METOJIIB PeTytoBaHHs. PO3IIssHEMO OCHOBHI 3 HUX.

® MeToa mMIMPOTHO-iMIyJbcHOro peryaioBanns (ILIP) momnsrae y
TOMY, IIIO TIPY CTAJIOMY NEPio/l HAIXOMKEHHS IMITYJIbCIB 3MIHIOIOTh IXHIO
TPUBANICTh — IIUPHHY. Y Pe3yJIbTaTi MA€MO:

t:
U, :E?’:Ey, (9.98)

ne E — e.p.c. pKepena MocTifHOTO CTPyMY;
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{, — TPMBAJIICTh IMITYJIbCY:;
T — nepiof] HAIXOKESHHS IMITYJIBCIB;

l; .
Y= P =(0...1) — koedinicHT 3a0BHEHHS. (9.99)

3MiHIOK0UHM G MOKHA 3MiHroBaTh U, Bin Hyss (npu g=0) no £ (nmpu g=1).
® [Ipu yacToTHO-iMny/abcHoMYy peryioBanHi (UIP) 3miHIOIOTE yac-

TOTY (TIepiof) HAIXOIKEHHS IMITYJIbCIB NPH IXHiH (pikcoBaHii TPUBAIOCTI.
CepenHe 3HaU€HHSI HAIIPYTH IPU LOMY CTAaHOBUTD

2
U, =E?=Et,-f, (9.100)

Ie f— 4acToTa iMITyJIbCiB.

MinimanbHe 3HadenHs U, 10 HaOIMKAETHCS 10 HyJIsl, OTPUMYIOTh IIPH
vactoti f/® 0, a MakcUMalbHe, 10 HabImKaeTbes 10 E, npu f© tl." .

® 32 KOMOIHOBAHOI'0 PeryJIOBaHHS 3MIHIOIOTH NEpioJ 1 TPUBAJICTH
IMITYJIBCIB.

OcranHiil MeTox HalnpoCTiKHK y pearnizauii (Tak, HapUKIIal, IPaLioe
TepMO-0iMeTaIIYHUI PETYITOp Y Mpactii), aje IpH peryiItoBaHHi HOCTIHHOT
Hanpyru OTpUMaHHSA 11 MOCTIHHOTO 3HAUYEHHS y Yaci Ha HABaHTAXCHHI, 110
3a0e3nevyeThes, K BiJOMO, 33 JOMIOMOTOI0 (iIbTPiB, BUMAarae BUKOPHC-
TaHHs eJIEMEHTIB QUIbTpa 3 Maco-Ta0apUTHUMHU MapaMeTPaMH, JaJCKHUMU
Bix MiHIManpHO MoxuHBHX. Lle sk cTocyeThes 1 metomy YIP.

MiHiManbHI TapaMeTpH eneMeHTiB (inpTpa 3abesneuye meron LIIP,
OCKIJIbKH 32 HhOTO PETYIATOP MpaItoe Ha pikcoBaHil 4acToTi.

o pedi, 1151 9acToTa, SIK MpaBmIIo, y 6arato pa3iB MEPEBUIIYE YACTOTY
MepeKi 3MIHHOTO CTPyMY, 110, TUM OinbIie, 3a0e3rnedye MiHIMaJIbHI mapa-
METpPH eJIeMEHTIB (iIbTpa.

YV nopiBHsIHHI 3 iHIIIME MeTomamu, metox LIIP 3abe3nedye Takox kparri
YMOBH Y3TOKEHHS PETYIIATOPA 3 MEPEIKEI0 KUBJICHHS (TIONETIIeHe Mo/IaB-
JICHHS PaJiONepeIIKo/, M0 NePEIAIOThCS 3 PETYIATOPA Y MEPEKY).

Buxomsuu 3 HaBenenoro, merox LIIP 3acTocoBytoTh HaigacTimie.

CxeMy IpocTOro i HalOUIBI BiIOMOTO IMITYJIBCHOTO PETYISTOpa HaBe-
neHo Ha puc. 9.36,a. TyT cuIoBHi KITIOY, IpOCETh 1| HABAHTAXKEHHS YBIMK-
HyTI mocaigoBHO. [Ipocens L 3 korneHcaropoM C yTBOPIOIOTH [ -1TOTi0HMI
LC-dimstp.

IIpu 3amkHEHOMY KTFOUi K HaBaHTAKCHHS RH JKUBUTHCS BiJ JDKEpela
1noCTiiHOTrO CTpyMy E (Tede cTpyM i’ ), a eleMeHTH (ilbTpa HAKOUIYOTh
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eneprito. Konu ki1to4 po3iMKHYTHH, TO HABaHTa>KEHHS )KUBUTHCS EHEPTIEIO,
HaKONMYEHOIO B KOHJIeHcaTopi i apocedi. [ 3abe3neueHHs nepenadi eHeprii,
HAKOIHMYEHOI B IPOCEITi, y HABAHTAKEHHs (MPOTiKaHHA cTpymy i’ ), B cxeMy
BBeZICHO J1iof VD, skvii Ha3UBaOTh 3BOPOTHHUM. J[iara3oH peryitoBaHHS BH-
XiIHOT HanpyTH ckianae Big 0 10 3HAYEHHS HApYTH [DKEpelia )KUBJICHHS E.

Lleit peryIaTop € pery/IsTopoM 3HH:KY0UOro THiy. Moro me Hasupa-
10Th yonmep (a1 chopper — nepepuBay, ado buck converter, step-down
converter — 3HIXKYIOUHUH IEPETBOPIOBaY).

3MiHIOIOUH MOPSIOK 3’ €THAHHS €JIEMEHTIB PeryssITopa, MOKHA OTPHMA-
TH 1€ JB1 CXEMH.

Tak cxemy perynsaTopa 3 BMUKaHHSIM APOCeNs MOCIiI0BHO 3 HAaBaHTa-
JKCHHSIM, a KIII04a TapajielbHO 10 HhOro HaBeleHO Ha puc. 9.36,0. Llei
PETYJIATOP J03BOJISE OTPMMATH 3HAYEHHs HAIPYT¥ Ha HaBaHTaxeHHi U,
OlbILi 32 HATIPYTY JKepena xusleHHs E. Tomy Horo Ha3uBaloThH peryJis-
TOPOM IiABUIIYIO4YOro TUmy abo Oyctepom (aHri. boost converter abo
step-up converter — MigBUILYIOYUH IEPETBOPIOBaY).

TyT npu 3aMKHEHOMY KJTEOUi (OCKUTBKH KITFOYEM € O1MOJIIPHUNA TPaH3UCTOP
V'T, To 3aMKHEHOMY CTaHy KJII04a BiIIOBia€ yBIMKHEHHUI CTaH TPaH3UCTO-
pa) apocenb L MaIMUKAEThCS 10 JPKepelia KHUBJICHHS £ 1 uepe3 HhOTo Mpo-
TIKa€ 3pOCTAKOYMH EKCTIOHEHIIMHO CTPYM i, (MepexiiHui Tporec). 3a paxy-
HOK IIHOTO B APOCEITi HAKOIIMIY€ETHCS eHepris. [1ospHiCTh HApyTH HA IPO-
celti BKa3aHa y aykkax. [licisa po3mMukaHHs Kiroda (Ipyr BUMHUKaHHI TPaH3H-
cropa V1) BinkpuBaeTbes aion VD 1 koHneHcaTop eMHIcHOTO (inmsrpa C 3a-
PAmKAETHCS i/ TI€F0 HATIPYTH, 110 JOPIBHIOE CyMi HapyT JHKepea KUBICHHS
Eie.p.c. camoiaaykuii mpocens [lomsipHicTh OCTaHHBOI BKa3aHO 0€3 TyKOK.
IIporikaioTh CTpyM 3apsTy KOHeHcaTopa i,.i cTpyM HaBaHTaxeHHs i/ [Tpu
HACTYITHOMY 3aMHKaHHI KJIF04a J10]] 3aKPUBAETHCS LT II€F0 HATIPYTH HA KOH-
neHcaropi. Jlpocenb 3HOBYy HAKOITUIYE SHEPTito, 8 HABAHTAXKCHHS )KUBUTHCS
3a paXyHOK €Heprii, HAKOIMYEHOT B KOHIEHCATOpi — IpoTikae cTpym i’ .

CxeMy perynsiTopa 3 BMUKaHHSIM JAPOCEIIS TapajieabHO 10 HaBaHTa)KEH-
HS, a KITI09a TTOCJTIIOBHO 3 HUM HaBeleHo Ha puc. 9.36,8. Takwuii peryiastop
Ha3WBAIOTh PeryjasiTopoM iHBeptywuoro tuny (anri. buck-boost
converter), 00 BiH JO3BOJISIE OTPUMYBATH HAa HABAHTAXEHHI HApyTy 3 TO-
JSIPHICTIO, IPOTHUIIEIKHOIO JIO MOJSIPHOCTI HANIPYTH JpKepea skuBieHHs. [Tpu
IOMY 3HAYEHHS HAIPyTH Ha HABaHTKEHHI MOXYTh OyTH OTpHMaHi SIK
OLUTBIII, TAK 1 MEHIII 32 HAIPYTY JKepelia dKUBICHHS.
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Ukep

Puc. 9.36 — IMnynbCHI perynsaTopn Hanpyry NOCTIMHOMO CTPYMY:
3HWXXYIOHOTO (@), MigBmLLYtoHoro (6), iHBEPTYIOHOro (B) TUNiB
i 3BOPOTHOXOO0BWI () Ta iXHi PerynoBasibHi XapakTepUCTUKK (4)
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[Ipu 3amukanHi kitova (sskum TyT € BTI3 VT) npocens L migMukaeThes
JI0 JUKEpeJIa XKUBJIEHHS 1 32 PaXyHOK NPOTIKaHHSA CTPYMY i, B HbOMY HaKo-
nuayeTses eHepris. [loaspHicTs Hanpyru Ha Apoceli BKa3aHa y dyXKKax.
[Ipu po3MukanHi Kitoua (BUMUKaHHI TpaHzuctopa V'7T) BiIKpUBAETHCS 101
VD i enepris, HaKOIIMY€EHA B IPOCEI, 38 PAXyHOK POTIKAHHS CTPYMY i . Ilepe-
naeThes B KonAeHcatop C, a 3a paXyHOK HNPOTiKaHHsA CTPyMy i', B HaBaHTa-
xeHH. [ Ipy HacTyITHOMY 3aMHKaHHI KITI04a 110]] 3aKPHBAETHCS, 3HOBY HAKO-
MUYYETHCSA EHEPTis B IPOCET, & HABAHTKEHHS )KUBUTHCS HEPTi€r0, HAKOIH-
YEHOIO0 B KOHJIEHCATOPi — Yepe3 HaBaHTAXKEHHs Tede cTpyM i’ .

PerynroBanpHi XapaKTEpUCTHKH PO3MIIHYTUX PETYIISITOPIB MOKa3aHO Ha
puc. 9.36,1, e iX BiINOBITHO TO3HAYEHO JIiTepamMu a, O 1 6.

3a3Ha4rMMO, 10 HAYACTIIIIE 32aCTOCOBYIOTH PETYJIATOP 3HIKYIOUOTO TUILY,
00 y HbOMY €(peKTHBHIILIE BUKOPUCTOBYIOTHCS IPOCEINb 1 KOHAEHCATOP, 10
yTBOPIOKOTH TYT [ -ntoniOumii LC-pineTp. Y NBOX IHIIUX MaeMO JUIIIE
emHicHUH (QinbTp C, y 3B’S3KY 3 UMM 32 OJJHAKOBHUX BUX1JIHUX NIAPaMETPIiB y
HUX HEOOX1THO BCTAHOBIIIOBATH IPOCEITi 3 OLIBIION0 iHAYKTUBHICTIO, & KOH-
JICHCATOPH — 3 OLIBIIIOI0 EMHICTIO. A 1€, CBOEIO Yeproro, 301IbIIye iHep-
LiHHICTB PEryasSTOPiB i MOTipiIye IXHI Maco-rabapuTHI Ta iHIL TOKa3HUKU.
Takosx HeOIKOM ITiIBUIIYIOYOTO H iHBEpPTYIOUOTO PETYIIATOPIB € HENIIHIHHICTD
PETYIIOBaIbHUX XapaKTePUCTUK. 3BAKAIOUN Ha BKa3aHe, TaKi PerylsTOpPH
3aCTOCOBYIOTH JIUIIIE 32 HEOOX1THOCTI OTPUMAaHHS Ha HaBaHTAXXCHHI 3Ha-
YeHHs! HAPYTH, OUTBIIOrO 3a HAPYTy JUKepela KUBJICHHs, a0 Halpyru
THIIIOT TTOJISIPHOCTI.

Po3misiHyTI perynstopu 3acTOCOBYIOTh Y BUIIA/IKaX, KO HEMAE MOTpeOn
y raJibBaHiIvHIN pO3B’ 3111 BiJ MepeXi )KUBJICHHS. 3a3BUYail HAIIpyTra Ha HUX
HAJIXO/IUTH 3 aBTOHOMHHX JKEPE )KUBIICHHS (aKyMYJSITOPIB, TATbBAHITHIX
Oatapeii) abo BiJl BUIIPSMIISIYIB, IO T IMHKAIOTHCS IO MEPEXKI uepe3 TpaHc-
(hopmarop, sikuii i 3abe3nedye raapBaHiuHy po3B’a3Ky. [Ipu oMy KimacuuHi
MepexHi Tpanchopmaropu Ha S0 'l MaroTh 3HaYHI rabapuTH 1 Macy.

[TosiBa BHCOKOYACTOTHHX IMITYJIECHHX ITEPETBOPIOBAUIB T03BOJIMIIA 3HATHO
3HU3UTH Macy 1 rabapuTH JKepen )KUBJICHHS 3 3a0e3MeUeHHSM raJbBaHid-
HO1 pO3B’SI3KH MIJK BXOJIOM 1 BUXOZIOM (imB. Takox 1. 11.1.5). B ocHOBHO-
My 3aCTOCOBYIOTH CXEMY 3BOPOTHOXO/I0BOTO NepeTBOpIoBaua — uiaii-
oex (aurn. flyback — 3BopoTHOXOM0BHUI) HaBeneHy Ha puc. 9.36,r. Tpanc-
(opmarop TyT 3a0e3meuye raabBaHIYHy PO3B 3Ky 1 BUKOHYE POJIb TBOOO-
MOTKOBOTO JIPOCEJTS, 1[0 HAKOTINIY€E EHEePTiio y MepBUHHIN 00MOTIII 1 Iepeae
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il y HABAHTAXKEHHS 32 JOIIOMOT'00 BTOPUHHOI. Mloro Ha3uBaroTh HaKOmMUy-
I0YUM TPaHC(HOPMATOPOM.

VY ¢a3i HakonmueHHs eHeprii TpaHsucTop V7T BiAKpUTHIL 1 3a paXyHOK Ipo-
TiKaHHs CTPyMY I, y IEpBUHHIA 06MOTILI W, TpaHchopmarop TV Hakonudye
SHEepriIo.

Y MOMEHT 3aKpUTTs TpaH3UcTopa HacTae (asza mepenayi eneprii. 3aB-
JAKM SIBULLY CAaMOIHIYKILi IOJAPHICTh HAPYTH HA BTOPUHHIA OOMOTII W,
3MIHIOETHCSL HA 3BOPOTHY 1 Yepe3 BIAKpUTHH aiox VD 3apsmkaeTbes KOH-
nencarop ¢insTpa C 1 JKUBUTHCSA HABAHTAXKEHHS R .

BropunHux o0MOTOK y TpaHcdopmaropa Moxke OyTH IEKilbKa, 0 3a-
Oe3neuye MOXKIIMBICTD aBTOHOMHOTO JKUBJICHHS KiJIbKOX HaBaHTAKEHb.

Oco0aMBICTIO TAKOT CXEMH € TAKOXK T€, 1110 IPU KOPOTKOMY 3aMUKaHHI y
HaBaHTAXEHH1 KIIIOUOBHUH €JIEMEHT — TPAH3UCTOP — HE BUXOAUTH 3 JIaly.

[IpoBigaumu dipmamu po3poOieHo Benuky kiibkicte IMC kepyBaHHS
TaKUMH PETYIATOPaMH.

PeryimoBary BUXiJHY HAIpyTy BULPSMIISTYA MOXKHA TAKOXK, 3aCTOCOBYIOUH
¢dazo-immyascauii Meron. Ilpu npoMy 10 cCkiIamy NMepeTBOPIOBAILHOTO
MPUCTPOIO HE BBOAATH NOJATKOBUX CHJIOBHX BY3JIiB, a JIUIIE Y SIKOCTI BEH-
TWJIIB BUMIPSIMHOT CXEMH BUKOPHCTOBYIOTH KEPOBaHi KJIIOUl — SIK IIPaBHIIO,
tupuctopu. llpuHiun aii peryastopa moisrae y Tomy, o 3a J0IOMOTO0
CHeLiaNbHOT CXeMH KepyBaHHS 3a0e3eUyEThCs pEryIbOBaHa 3aTPHMKa Ha
BMUKaHHS TUPHUCTOPIB BiIHOCHO MEPEXOy Yepe3 HyJIb 3MIHHOI CHHYCO1THOT
Hanpyru (auB. mi. 2.6.2 — KyT kepyBaHHs a). ToO0To (haza mocimiioBHOCTI
IMITYJTBCiB KEpYBaHHS 3MIHIOETHCS OO0 (ha3y CHHYCOITHOT HAIIPYTH.

3a3Ha4MMo, 110 e METOJ PEeryIIOBaHHS MOKHA PO3TIIAAATH K Pi3HO-
Bua Metoxy LIIP, koiu iMmynbcn HaIIpyTH MarOTh HE IPSIMOKYTHY, & CHHY-
coigHy GopMy 3 0OMEKEHHSIM.

IlepeBaroro IMIMyTbCHUX METOIB PETYIIOBAHHS € T€, 110, EPII 3a BCE,
HAIJIMIIOK €HEPrii TyT MPOCTO He OepeThes BiJ| JKepelia )KUBJICHHS (a He
TacUThCs y 0aJacCTHOMY €JIEMEHTI, SIK, HAITPUKJIA]],  KOMICHCAIIHHOMY CTa-
oimizaropi, quB. nm. 9.8.2). e B izeani (SKII0 BBayKaTu eJIEMEHTH PEryJisi-
TOpa TAKUMH, [0 HE MaIOTh, HAPUKJIA, OTIOPY) 33 IPUHIIUTIOM MTOOYI0BH
peryisiTopa 3yMOBITtO€ 3HaueHHS K.K.J1. ¥ 100%!

B iMmnynbcHuX perynaropax Oiisil e(peKTHBHO BUKOPHUCTOBYIOTBCS CH-
71081 eneMeHTH. Born maroTs (0co0amBo mpu metoai LIIP 3a Bucokux vac-
TOT KOMYTaIlii KJTF09a) MEHIII Maco-rabapruTHI TOKa3HUKH.
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TupucTopHi pa3o-iMITyIbCHI PEryIATOPH 10 HEAABHBOTO Yacy Mali A0-
MiHYyIOU€E 3aCTOCYBaHHsI TP OOYAOBI MOTYKHUX perynatopis. o ixHix He-
JOJTIKIB CIIi/I BITHECTHU Te, 10 BOHU BHOCSATH 3HAYHI BUKPUBJICHHS POpPMHU
MYJIBCYI0UO0i HAPYTH HA BUXO/Ii BEHTWJILHOI CXEMH, a 1€ BUMArae 301/IbIICHHS
rabapuTiB i MacH GisbTpa, 0COOINBO 32 BEIHUKOTO ialla30Hy PEryIIOBaHHS.
Takox BUKPHUBISIETHCS (POPMa CTPYyMY, 110 CHOXKUBAETHCS 3 MEPEXKI, a e
BHMAara€e yCTaHOBKU BXiZHUX (iIBTPiB i 3a0€3MeUeHHS YMOB €JIEKTPO-
MAarHiTHOI CyMICHOCTI 3 iHIIMMH CIIOKMBadaMu Mepesxi. KpiM Toro, 3aTpiumMka
Ha BMUKaHHsI BEHTHJIIB BeJI€ 10 TOTO, 1110 OCHOBHA F'APMOHIKa CIIOKHBAHOTO
3 MEpEeXi CTpyMy Ma€ 3CyB ¢a3u BiIHOCHO HANpyru Mepexi. B pesynbrari,
HaBiTh 32 aKTUBHOT'O HABAHTAXXEHHS1, OCTAHHE MEPEKEI0 CIPUIMAETHCA SIK
AKTHUBHO-1HAYKTUBHE — IIOTiPIIY€ETHCA COS J.

Tenep 3po3ymisio, YoMy B OCTaHHIN Yac HaMararoThCs SKHAKIIUpIIE 3a-
CTOCOBYBATH PeryJsITopH, HoOynoBani 3a MetonoM LIIP, BukopucToByroun
IIPY LBbOMY, SIK MU BXKE 3a3Hayallv, Cy4acHi BUCOKOYACTOTHI MOTY>KHi Ha-
MTBIPOBITHUKOBI ITPYJIA/IH.

Xoua Taki peryJasTopyu BUMaraloTh BBEICHHS B CXEMY IOIATKOBUX CH-
JIOBUX BY3JIiB, 1110, 3p03yM1iJI0, Be/I€ 10 3HM)KEHHS IIEPII 32 BCE K.K. 1., IPOTE
Maco-radapuTHI MOKAa3HUKH, TIOKa3HUKH SKOCTI BUXITHOI HATIPYTH 1 yMOBH
Y3TOIDKEHHSI 3 MEPEIKEI0 KHUBJICHHS Y HUX 3HAYHO Kparlli.

Hamnpukinii 3a3HaYAIMO — €IEKTPOHHI PETYISATOPH, 10 HE MAIOTh PyXO-
MHUX MEXaHIYHHX €JIeMEHTIB, HA3MBAIOTh CTATHYHUMH PeryJsiTOpaMH.

9.10.2. OgHodasHwin ABONIBNEPIOAHMIA KEPOBaHUI BUNPAMASAY
3 Hy/1bOBUM BMBOAOM

TV

Poboty azo-immyancHo-

VS ro peryJsaTopa mocTiiiHol
HANPYTrH PO3IVIsSSHEMO Ha

CcKk  TpuKIaai oxHo(da3HOTO JBO-
MiBIEPIOTHOTO KEPOBAHOTO
BUIIpSAMIIAYA 3 HYJIbOBUM BH-
BOJIOM, CXeMa SKOTo 300pa-

’KeHa Ha puc. 9.37, ne mo3na-

Puc. 9.37 — OgHodazHuii agonisnepiogHuin -~ 1€HO VS1, VS2 — tupucropw,
KepOBaHU BUNPSAMASY 3 HynboBuM BriBogom  CK — cxeMa KepyBaHHs, 110
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3a0e3reuye nofady Ha THPUCTOPH KEPYIOUHX IMITYJBCIB i3 peryiIboBaHOIO

3atpumKoro. Ha puc. 9.38 HaBeneHi yacoBi giarpamMu poO6OTH BUITPSIMIISYA.
uz

Uz _— Uz
s
Uk1 o a
"| 19
Uk2
o)

NN N

Udo [

U2z /\'

(U21 + U22)

Pwuc. 9.38 — Yacosi giarpamm po6oTv 0aHO}a3HOro ABOMIBNEPIOJHONO
KEPOBAHOMO BUMPSMIIAYA 3 HYSbOBVM BUBOAOM

3Ha4YeHHs BUMIPSIMIIEHOT HAIIPYTH MPH Ky Tl KEPyBaHHS, 110 3MIHIOETHCA y
Mexax 0 <a <p,

U,v2

17 .
cranoButh: Uy =— .[ U,, sin8dd = (1 +cos oc). (9.101)
e, T
Sxmno a = 0 (HeKepoBaHUH PeXUM), TO
Udot :UdO :@,3131[[1(1/1[]2 = UdOTE.
T 22

[TincTanoBka 1poro Bupasy 10 Gopmy:au (9.101) nacts

1+cosa
U a :UdOT- (9.102)
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3BepHITh yBary Ha ()OpMy HaIIpyIu Ha THPUCTOPI u ... Ha BifpisKy 4acy,
110 BiATIOBiNAE KYTY PETY/IIOBaHHS &, BiH 3aKPUTHH 1 J0 HHOTO IPUKIIATCHA
Hanpyra i), 3a HO3UTUBHOI MiBXBMII, a0 u,, 32 HeratMBHOI. Ilicis 3akin-
YeHHS BiAJIIKY a 1 BUIaui BiAIIOBIAHOTO KEPYIOYOTo IMITylIbCY HAlpyra Ha
TUPHUCTOPI 32 MO3UTUBHOT MIBXBUJI1 BiACYTHS, 00 BiH TYT MPALIOE SK 3aMKHE-
HUM KITFOY, & 32 HETaTUBHOI MIBXBHIII IOPIBHIOE (1, +u,,), 060 3a paxyHOK
TOTO0, L0 APYTHHA TUPUCTOP 3HAXOMUTHCS Y BIIKPUTOMY CTaHi, JaHUH 3aK-
PUTHIA BUSABIISIETHCS MiAIMKHEHUM JI0 000X MIBOOMOTOK TpaHChopMaTopa
(muB. . 9.3).

[ToniOHi kepoBaHi BUNpsAMILAY] OyIyIOTh TAKOXK 1 HA OCHOBI TpU(a3HUX
BEHTHJILHUX CXeM. 3aKOHHM 3MiHH MYJIbCYI0Y01 HAIPYTH Ha BUXOi, @ TAKOX
crerrdika poOOTH BEHTUIIIB PH LIbOMY CKJIAIHIILII.

Ug 3anexHiCTh cepelHbOi BH-

Udo 1 NPSMIICHOI HAIIPYTU Ha HaBaH-

Ta)KEHHI BiJl KyTa KepyBaHHS a

Udgo HAa3UBAETHCS PETYINIOBATILHOIO
2

XapaKTEpUCTHUKOIO, 10 Ma€
BUTIISIT KOCUHYCO1 T, 3MIIIIEHOT
: Ha senmauny U, /2. Perymo-

/2 m BaJIbHA XapaKTEePUCTHUKA HaBe-
Puc. 9.39 - PeryniosankHa xapakTepucTuka  nepa ma puc. 9.39. Boma He-
KepOBaHOro BUNPSAMISHA

JiHitHA, 00 JMHIAHUM 3MiHAM
KyTa a BiIIIOB1Iaf0Th HEMIHIHI 3MIHH IIIOIITI 1T KPUBOIO CHHYCOITH.

KepoBani BUIpAMIIY1 IIMPOKO BUKOPUCTOBYIOTHCS JJISl CTBOPEHHS PETyY-
JIFOBAHUX JDKEPEN HAlPyTH IIPY PETYITIOBaHHI HarpiBadiB, OCBITIIOBAIbHUX
MPHUJIAIB, IIBUAKOCTI 00EpTaHHS eJIEKTPOABUTYHIB 1 T.11.

9.10.3. Po6oTa KepoBaHOro BUNpAMAsAYa
Ha aKTUBHO-iHAYKTUBHE HaBaHTAXEHHS

Sk mpaBmIT0, KEPOBaHI BUMPSIMIISYI 3aCTOCOBYIOTh JIJIsI JKUBJICHHS TTOTY K-
HUX HaBaHTAXKEHB, 1[0 YaCTO MAIOTh aKTUBHO-1HYKTUBHIH XapakTep (IHIyK-
TUBHI (PUTBTPH Y CKIIal BUPSAMILTUIB, €IEKTPUYHI MAIIMHU OCTIIHOTO CTPyMy
1 T.11.). 3AaTHICTD IHAYKTUBHOCTI HAKOTIMIYBaTH €JIEKTPOMAarHiTHy €HEprito,
K yKe BKazyBasiocs y L. 9.6.3 Ta 9.6.4, Bu3Ha4ae jiesiki 0coOIMBOCTI po-
OOTH IIPHUCTPOTB, Y TOMY YHCII i KEPOBAHUX BUITPSIMIISIB.
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SIK1110 HaBaHTa)KEHHS KEPOBAHOT'O BUNIPSAMIIAYA 33 CXEMOI0, HABEACHOIO
Ha puc. 9.3.7, Ma€ iHOYKTHUBHY (ZOCUTbH 3HAYHY ) CKJIAJOBY, SIK 1I€ IOKa3aHO
Ha puc. 9.40, To pu NO3UTUBHOMY MiBIIEPiOAl HAIPYTH HA BTOPHHHIHN 00-
MoTLi Tpanchopmartopa TV 'y MOMEHT 4acy, IO BilNOBiJa€ KyTy KepyBaH-
HS a, BiIOyBaeThcss BMUKaHHS THpHcTopa VSI. Onnak, micis O =T, He
IUBIISTYMCH HA T€, 0 HAIIPyTa 3MIHIOE CBiii 3HAaK, TApUCTOpP VS HEe BUMU-

KaeThecs, 00 CTpyMm y VS1
kom L - R -w,/- VSI-
L1

L mi ™
, IATPAMYETbCS 32

paxyHOK €HepTii, HaKo- Ud |
IITeHOT B L .Y pesymp- © R 5
TaTi [[BOTO B BUIPSIM- H
JeHii Hanpysi u, 3’sB- el h

Pyst u, | 1) <7, vpo @)
JISFOTHCS NUJISTHKY 3 He- Un | |
TaTHBHOIO MOJISPHICTIO, A o
SIK TIOKa3aHO Ha pHC. Vs2

. N
9.41. I nuire mmiciast BMU-
KaHHs TUpucTopa VS2y I/\
MOMEHT 4acy, IO Puc. 9.40 — OpHodazHuiA OBOMNIBNEPIOAHWIA
BiAmoBizgae (T+ ), 1o KepOoBaHW BUNPAMIIAY 3 HY/IbOBUM BUBOOOM
VS1 mpuxinagaerbcs NPW aKTUBHO-IHAYKTVBHOMY HABaHTaXKEHHI
3BOpPOTHA Hampyra (u,,+ u,,) 1 BiH 3aKPHBAETHCA.
PeryntoBanbHa XxapakTepUCTUKA IIPU IbOMY TaKa:
T+
Uw=— ) U,,, sinddd=U,, coso. (9.103)

T o
3 mei BUJIHO, IO Ipu Ol = 5 CCPCAHE 3HAYCHHA HAIIPYTHU HA HABAHTaA-

xenni U, = 0, 60 IIoIi no3uTUBHOI | HETATUBHOT [IIAHOK HAIIPYTH U, TIPH

IEOMY OJHAKOBI.

3a0e3neynTy Jiarna3oH peryaroBaHHs MIPH 3MiHAX KyTa KepyBaHHSI a Bif
0 10 p (4K 1 IpK YMCTO aKTHBHOMY HABaHTAXEHHI) MOKHA BBOJSYH B CX€-
My BHIIPSIMIITYA TaK 3BaHUU HYJILOBMH 1ioa — VD0 Ha puc. 9.40. Tenep, y
MOMEHT 4acy, 10 BiAnoBinae O = 7T, € Hanpyra BTOPUHHOI OOMOTKH TpaHC-
(hopMmaTopa 3MIHIOE MONAPHICTH, BigkpuBaeTbes VDO, Tupuctop VSI 3a-
KPUBAETBCSA, @ CTPYM NpOTiKae 1o kony L - R - VDO - L .
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Pwvc. 9.41 — Yacosi giarpamm poboTv 0aHO}a3HOro ABOMIBNEPIOAHOMO

KepoBaHOro BunpamMiaya 3 Hy/1s0BM BUBOJOM

NPV aKTVBHO-IHAYKTVBHOMY HAaBaHTaKEHHI
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PerynroBasbHi XapaKTepUCTHKHU 111 000X BUIIAIKIB HaBEIEHO Ha puc. 9.42.

Ug

U m
% ae3 VDO

3VDO

I T
/2 T
Puc. 9.42 — PerynioBasibHi XapakTepUCTMKI KEPOBAHOMO BUMPSIMASHa
NPV aKTVBHO-IHAYKTVBHOMY HABaHTaKEHHI

9.11. Cucremu imnynbcHo-¢a30Boro kepyBaHHs (CIPK)

9.11.1. 3aranbHi NONOXEHHS

3apnanusaM CI®K e renepartis iMmysabciB KepyBaHHS HEOOXiIHOT aMILTi-
TY/IU, TPUBAIOCTI 1 POPMH, PO3IOILI iX 10 BIJIIOBIIHAX BEHTUIISIX 1 BU3HA-
YEeHHS MOMEHTY I10/1a4i IIMX IMITYJIBCIB BiTHOCHO IEPEXOY 3MIHHOI HAIIPYTH
Yyepe3 HyIb.

CI®K moBuHHA BIAIIOBIIaTH TAKUM BUMOTaM:

1) 3aGesmedyBaTy TOCTATHIO TSI BMUKAHHS THPUCTOPIB aMILTITYAy Ha-
MpyTH 1 cTpyMy iMIyssciB kepyBanua — (10...20) B, (20...2000) MA;

2) zabe3medyBaTHM BHUCOKY KpPYTH3HY QPOHTIB IMOYJIbCIiB —
(150...200) B/enexTpuvHuX rpaaycis;

3) 3abe3medyBaTH peryTIOBAaHHS 3HAYCHHS KyTa a y 3aJaHOMY Jiara-
30Hi 3 HEOOX1JHOIO TOUHICTIO;

4) 3abe3medyBaTH CUMETPIIO IMITYJIbCIB KEPYBaHHS IO (pa3ax BUIIPSM-
ns4a;

5) 3abe3nevyyBaTH JOCTATHIO IS HaAIIHOTO BMUKaHHS THPHCTOPIB
TPUBAIICTh IMITYJICIB KEPYBaHHS — B3araji iXHs TPUBAJIICTh MOXE CKJIa-
natu (p-a), ajne 1me HeeKOHOMIYHO, JOCTaTHhO, MO0 BOHA Oyiia Takoro,
KOJIH CTPYM 4epe3 TUPUCTOP 3a Yac Mii IMIyIbCy MEPEBUINYE 3HAYCHHS
CTpYMY YTPUMAHHS;

6) MaTH BUCOKY 3aBaIOCTIHKICTb.
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3aJIexHO BiJ KIJIbKOCTI KaHaJIiB, SKUMH (OPMYIOTHCS IMITYJIBCH KEPyBaH-
us1, CIOK noaiiastroThbcs Ha OHO- Ta OaraToKaHaabHI.

3a ciocobom nobynosu OysaroTs CIDK 3 ropusoHTanb-HUM, BEPTHKAIIB-
HUM Ta TUQPOBUM (IUCKPETHUM) KEPYBAHHSIM.

3a NpUHLIUIIOM Aii BOHH MOAIISIFOTHCS HA CHHXPOHHI (KO BiJUTIK 3aTpHM-
KM BUJIadi IMITyJIbCiB KEpyBaHHS BeIEThCS BiJ HE3MIHHOI (pa3u Mepexi) Ta
ACHHXPOHHI (BiIJTIK 3aTPUMKH BEJIETHCS BiJl HONEPEAHBOTO IMITYIIBCY).

3arpumMKa i-ro immysnbcy y cuHxpoHHux CIOK:

2
wt, = (p+;n(i—l)+ 0, (tt, ) (9.104)

Je m — 4ncio a3 BUIPSMILIYA;

i — IOPSAIKOBUI HOMEP IMITYJIbCY;

g~ peryboBaHa 3aTPUMKA i-r0 IMITyJIbCy;

j — mouatkoBa (a3za Hanpyru Mepexxi (HeperynboBaHa 3aTPUMKA).
3atpumMka imMiynbcy y acuaxpoHHux CIDK:

2n
Wt; = 0ty +— +0;(u, ), (9.105)
m
Jie Wi, — 4acoBa 3aTPUMKA MONEPEAHBOIO IMITyJIbCY.

AcunxponHi CIOK MoxyTh BUKOPHCTOBYBATHCS JIUIIIE Y 3aMKHEHHX CHC-
teMax aBromarnyHoro perymtoBanHs (CAP). Tomy Oinbie po3moBcro-
JoKeHHS 3HaUIIH cHHXpoHHI CIDK, 1110 BUKOPHCTOBYIOTHCS SIK Y 3AMKHEHHX,
Tak 1y po3iMmkHeHux CAP.

9.11.2. CI®K 3 ropu3oHTaNIlbHUM KepyBaHHAM

YV CIOK, mo peari3zyioTh FOPU30HTAIBHHIA CHOCI0 KepyBaHHs, Ke-
PYIOUHI IMITYJIBC TEHEPYETHCSI, KOJIH CIelliabHa 3MiHHA KepyIoda Harmpyra
MIPOXOJUTH Yepe3 HyIIb.

3aTpruMKa IMITYJIbCY PETYIIOE€ThCS 3MiHOIO (pa3m Kepyrodoi Hampyru
BiJTHOCHO HalIPyTH MEPEKi, TOOTO HIOM 3CYBOM KepPYHOUOi HAIPYI'l TOPU30H-
TaJBHO.

Posrstremo po6oty CIPK 3 ropn3oHTaIsHIM KepyBaHHAM Ha MIPHKIA]
OJTHOTO KaHaJly 6araToKaHaJbHOI CHCTEMHU KepyBaHHS, CTPYKTypHA cXeMa
SIKOTO 300paxkeHa Ha puc. 9.43.
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Puc. 9.43 — CtpykTypHa cxema kaHasty 6aratokaHansHoi CIPK
3 FOPV3OHTASIBHVM KEpYBaHHSIM

Ha cxemi no3HaueHo:

C — CUHXPOHI3aTOop;

I'3H — rerepatop 3MiHHOI HAaIpyTH;

M®O — mocToBuil pazoobeprau (3abe3nedye peryiaroBanHs (a3u Ha-
npyru u, Bix 0 10 p);

@311 — azo3cyBHUI IPUCTPIL;

@[ — popmyBad iMITyIIbCiB (BUPOOIISE MPSIMOKYTHI IMITYJIECH HAIIPYTH IIPH
HpoXoKeHHi u, yepes 0);

1] — nigcnnioBad NOTYKHOCTI (MIACHITIOE MTOTY>KHICTh KEPYIOYOTO iM-
IYIIBCY U, 10 PiBHS, HEOOX1IHOT'O Ul HAJIHOrO BMUKAHHS TUPUCTOPA).

Ha puc. 9.44 naBezneni yacosi giarpamu po6otu Takoi CIDK.

N SN

ui

Uk

Y]

9

Pvic. 9.44 — Yacogi giarpamu po6oty CIPK 3 ropn3oHTasIbHM KEPYBAHHSAM

Cxema MocToBOro (pazoodepraya Ta AiarpaMa Hampyr Ha HbOMY 300pa-
KeHl Ha puc. 9.45. dazoobeprau ckiagaerses i3 Tpanchopmaropa TV 3
JIBOMa TBOOMOTKaMH, 3MiHHOTO pe3ucTopa R Ta konaencaropa C.
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Puc. 9.45 — MocTtoeuii ha3oobepTad (a) Ta Moro giarpama Hanpyr (6)

u., — Kepyroda Hanpyra (u ).

[Ipu 3miHi onopy pe3uctopa R Bia HyJIsL 10 HECKIHUEHHOCTI KyT & 3MiHIO-
etbes Big 0 10 p.

J1o HeOIMIKIB TaKOi CXEMH CJIiJ] BiTHECTH:

1) IOCUTH BUCOKY 1HEPUIHHICTD, 3yMOBJIEHY IEPEXiAHUMH IPOLIECAMH Y
RC-xoni mpy BMHKaHHI HAIPYTH;

2) KpUTUYHICTB 10 POPMH 1 YACTOTH BXiAHOI HAIPYTH (HAPYTH MEPExi);

3) cxiragHICTh 3a0e3MeYeHHS IICHTUYHOCTI BEIMYMHY & B OaraToKaHab-
Hux CIOK;

4) BIIHOCHY CKJIa/JIHICTh aBTOMAaTH3allii MPOLIECy peryaioBaHHsA (pery-
JIIOBaHHS OTIOPY R).

Lle oOMexye BUKOPUCTaHHS TOPU3OHTAIBLHOTO CITOCO0Y KepyBaHHS.

9.11.3. CI®K 3 BepTMKanbHUM KepyBaHHSAM

n UTBIIT TITHPOK TOCOBYIOTh-
u N~/ bi OKO 3aCTOCOBYIO

cs1 CIOK, 1o peamnizyioTs BepTH-

KaJbLHUH cnocid kepyBaHHS, 3a

SIKOTO KEPYIOYUH IMITYJIbC TE€HE-

PY€ETHCS Y MOMEHT 3piBHSHHS Ha-

o _| H MIPYTH, 10 3MIHIOEThCA JiHIHHO, Ta

Vo

Ui}

TTOCTIMHOI OMOPHOI HANIPYTH Ke-
pyBanss. Lle# mportec LTrOCTPY-

Puc. 9.46 — Yacosi piarpamu FOTPh YaCOBI JllarpaMu, HaBeIeHI Ha
METO/ly BEPTMKA/ILHOrO KEPYBaHHS! pHc. 9.46, e TO3HAYEHO:

@
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u,— JTiHIAHO 3MiHIOBaHa HAIIPYTa,
U, , —onopua Hampyra. o . '
KyT kepyBaHHs a 3MiHIOETBCA 31 3MiHOIO U, — HiOM 110 BEpTHKAII.
IIpuctpiid, 1e mopiBHIOOThCA ¢, Ta U, HA3UBAETBCS BY3IIOM IIOPIBHSHHS
(BII). Bin reHepye CUrHaJI y MOMEHT 3MiHH 3HaKY pisHuIli HanpyT (u-U ).
CI®K 3 BepTHKaTbHUM KEPYBaHHIM MOXKYTh OyTH OIHOKaHAIbHUMH Ta
OararokaHasbHUMU. OcTaHHI HAOYyIK MIKPILIOTO PO3MOBCIOIKEHHS.
Ha puc. 9.47 300paxena ¢pyHKuioHandpHa cxeMa qBokaHanbHoi CIOK 3
BEPTUKAIEHUM KEPYBaHHIM 01HO()a3HOTO JBOMIBIEPIOHOTO BUIIPSIMIISTUA

3 HyJbOBUM BUBOMIOM (uB. puc. 9.37).

|_'F.'__._':'.__.'_f_'.__.':'_.__'.f.'__.;.__'.f' ''''''''''''''''''''''' | —
i 311 Kanan 1 i Ua1
] 5 | /XZV31
Ua1l f
“ﬁ rH Bn ; ol nn :

_|.9 rH B ol i "_\Z
I i ! VS2
o ! | S
1 ! | Ua2

o T T T ——

Puc. 9.47 — ®yHKuioHasbHa cxema aBokaHaibHOi CIDK 3 BepTUKabHUM
KepyBaHHsM 0AHO]a3HOro ABOMIBNEPIOSHOr0 BUMPSAMIIAHA 3 HYNIbOBUM BUBOAOM

Ha niit mo3naveHo:

TJIH —TenepaTop JIiHIITHO 3MiHIOBAHOT HATIPYTH;

BII—By301 MOpIBHAHHS HAIIPYT;

@311 — hazo3cyBHHIN IPUCTPIH;

@[ — popmyBad iMITyIIbCIB;

1111 — miacwIoBad MOTY>KHOCTI.

Yacosi giarpamu po6otu kanany CIOK 3 BepTUKaIbHUM KEPYBaHHSIM
HaBeJleHi Ha puc. 9.48.

Ilix gac fii Ha THPUCTOP MO3UTHBHOI IIBXBUJI1 aHOTHOT HAIIPYTH u IJTH
TeHEPYE JIHIAHO 3MIHIOBAaHY HANPYTY U , 10 HAJXOJUTh HA OJIMH 3 BXOJIB
By3na nopiBHsAHHS Bll. Ha npyruit Bxig Bl mogaeTbes MOCTiiiHA OTIOpHA
Hanpyra U_ .
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Ua 'Y MOMEHT 3piBHSHHS IIUX

/\ /\ Hanpyrt, konu u =U , Ha
il il ¥ Buxoxi BII popmyerhes
2m 4z curHai, ¢asza sIKOro pery-
JIIOETHCS 3MIHOIO 3HAYEHHS
up U Hanpyru U .
Bysnu IJIH Ta Bll Bu-
| Hon s KOHYIOTH poJib (ha303CyB-
u Horo npuctporo P3I1.

By3smu @I ta IIII npu-
—l -‘ —‘ o 3HaYeHi Juist GopMyBaHHS
Ta MiJCWJICHHS IMIYJbCiB
KEPYBaHHs U, HEOOXiAHOT

Pvic. 9.48 — Yacosi piarpamvt po60TY kaHasly ~ TPHBAJIOCTI.

CIdK 3 BepTUKanbHUM KepyBaHHSM Kimekicts kananis CIOK
BiJIMIOBiAa€ KiNBKOCTi TAPUCTOPIB KEPOBAHOTO BUIPSIMIISYA.

Ockinbku CIOK 3 BepTUKIEHUM KEPYBaHHAM CKJIaJa€ThCs 3 OAHOTHUII-
HUX €JIEKTPOHHUX BY3JIiB, LI 3yMOBIIIOE€ MOXKJIMBICTh IIPH IXHIiH peasizamii
HIMPOKO BUKOPHCTOBYBATH IHTETPAIIbHY TEXHOJIOTIIO 1, 3aBASKH ITbOMY, OZIEp-
)KYBaTH JIOCTaTHBO HaiiHI Ta HEAOPOTi YHI(IKOBaHI MPUCTPOT KEpyBaHHSI.

o

9.12. MNobypoea Tunoeux By3nis CIOK
3 BepPTUKaJIbHUM KepyBaHHAM
9.12.1. l'eHepaTop NiHiiiHO 3MiHIOBaHOT Hanpyru (//1H )

Cxema tpansuctopHoro //IH (reHeparopa MUJKONOAIOHOI HANIPYrH)
300paxkeHa Ha puc. 9.49.

Puc. 9.49 — TpaH3UCTOPHUIA FeHepaTop NKOMOLIOHOT Hampyr
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Bona cknagaerbes 3 TaKUX €JIEMEHTIB:

TV — Tpanc(opMarop Hanmpyry, BTOPMHHA HAIPYTa U, SIKOTO 3HAXOIHUTh-
sy IpoTH(asi 3 IEPBUHHOIO HANIPYTOKO U ;

VT — TpaH3UCTOPHUI KITHOY;

RZ,R 3,C — 3apsigHe RC-Kolo, cTajia 4acy sIKoro —

Tmp = (RZ + R3 )C >> TM H (9 ]06)

ne T, — mepiofl HapyTu MEPexi.

HeoOxinno Takox 3abe3nedysatu R, <<R,.

[Ipawroe cxema Tax.

3a no3uTUBHOI MiBXBMII ©, Tpan3uctop VT Binkpuruid, konaencarop C
PO3psLKEHMH, BUXiHa Hanpyra u, = 0.

3a HEraTMBHOI MIBXBWJII U, TPAH3UCTOP 3aKPUBAETHCA, & KOHIEHCATOP
3apsKacThes 1o koy (+E£,, R, R, C, -E,).

3a HaCTyIHOI O3UTUBHOI MIBXBUJII 1, TPAH3UCTOP 3HOBY BiJIKPUBAETHCA i
KOHJICHCATOP IIBUJIKO PO3PSIKAETLCA 10 HyJIs YEPE3 PE3UCTOP R, 1110 00-
MEXY€E CTPYM 4epe3 TPaH3UCTOp.

Ockinbku t,,~>T, , MOXHA BBAXKATH, 1110 HAIIPYTa i, 3MIHIOETHCS JIIHIHHO
(BUKOPHCTOBYETHCA JIMIIIE TIOYATKOBA JTIJISTHKA 3aPSAHOT €KCITOHEHTH).

i mporiecu LTIOCTPYIOTH YacoBi Aiarpamu, HaBeaeHi Ha puc. 9.50.

uz

-
-
¢

u

5Tsap
Puc. 9.50 — Yacosi giarpamu po60oTu reHepatopa NuIKonoaibHOI Hanpyr
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Binpury miHIRHICTE HANIPYTH MOKHA 3a0€3MEYHTH, SKIIO 3aMiCTh PE3HC-
TOpa R, BAKOPHUCTATH JUKEPEIO IOCTIHHOTO cTpyMy (amB. ni. 9.9), sk ue
MoKa3aHo Ha puc. 9.51.

TV
o——

U

O

Puc. 9.51 — l'eHepaTop NUIKOMOAJGHOI HAaNPYrv 3 HKEPENnom CTpyMy
Y cydacHHX MPUCTPOSX YACTillIe 3aCTOCOBYIOTh T€HEpaTOpH JTiHIHHOI Ha-
MIpyTH, TOOYI0BaHI HAa OCHOBI IHTErpaToOpa, BUKOHAHOTO Ha OTIeparitHOMYy TIi1-
CHJTIOBAYI 1 TOTIOBHEHOTO PO3PSTHUM TPAH3UCTOPHUM KITIOUEM, SIK I1€ TIOKa-
3aHO Ha puc. 9.52, 1€ IHTErpaTop CKINAEThes 3 eneMenTiB R, C'1 DA2.
DAl R3

“ou
R1
> v
C
VD
DA2
R2
Fof J—a—es]>
O

Un

1

Puc. 9.52 — l'eHepaTtop nunkonogjbHoi Hanpyri Ha onepawjiHoMy niacunioBadi
3BEpHITH yBary Ha Te, IO PO3PSAHMIA TpaH3ucTop V7T TyT emiTepom
MiAIMKHEHHH 10 IHBEPTYIOY0T0 BXOy ONepaIiiifHoro miacumoBada DA2, mo
Ma€ HyJhOBUH MOTEHITaI (uB. miI. 4.6.7).
CuHXpoHI3ye poOOTy TeHeparopa 3 HAIpyror MepeXi Hyab-OpraH Ha
omnepariitHomy miacumoBadi DA/ (nuB. mm. 4.6.9).
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9.12.2. By3on nopiBHsHHS (BM)

By30.1 nopiBHsIHHS, cXeMa SIKOrO HaBeJeHa Ha puc. 9.53, BUKOHAHO Ha
OCHOBI olepaniiHoro miacuiaosada DA, 0 Ipawioe y pexxuMi Kommaparopa
(cxema mopiBHAHHS Hanpyr — AuB. 0. 4.6.9). Ha fioro iHBepTytoumii BXix
Ha/IXOJIUTh ITHJIKONOIOHA HAIpYyTa U , & HA HEIHBEPTYFOUMIi — OTIOPHA HapyTa
U, . Buxiz kommaparopa 3’ €JHaHO 3 (pOPMYHOUMM JIaHIIFOTOM: 13 TU(epeHIIiro-
tounM KostoM C, R, 1 0OMeKyrouMM JIioMHUM KirodeM VD, R, 10 y TaHOMY
Ppasi IpoIycKae Ha BUXi[ IPUCTPOIO IMITYJILCH TUTBKH HETaTUBHOI ITOJISIPHOCTI.

1 DA
] l> Uon c
o— MH |u —|

VD

Ur

Ueaux

R1

R2
) l

Puc. 9.53 — By3on nopiBHAHHS
PoGoTy By31a MOpiBHSHHS UTIOCTPYIOTH YacOBI AiarpaMu, HaBeAeHI Ha
puc. 9.54.

Un

Uex N

Uon o

uOI'I
o,

— — —

Ur
“ o,

uSLIX
[

Puc. 9.54 — Yacosi giarpamv poboTy By3na NOpPiBHAHHS
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BuxinHuii iMmysibc By3ia OpiBHSHHS OAA€THCSA HA OAHOBIOpaTop (AUB.
. 5.3.5), mo reHepye Kepyrouni iMITysbC MpsIMOKYTHO1 (POpMH 3 HE0OXi1-
HOIO TPUBAIICTIO.

9.12.3. IMmnynbCHMIA niacuNoBay NOTYXHOCTI

IMmyabCHUI MiACHIIOBAY MOTYKHOCTI IPU3HAYCHUHN JIJIS ITiICUIICHHS
NPSAMOKYTHUX KEPYIOUHX IMITyJIbCiB A0 PiBHS, 110 3a0e31euye HaiiiHe BMH-
KaHHs THpucTopa. Cxema Takoro miJcuiIoBada 300paxkeHa Ha puc. 9.55.

VD4 VS
R1 v Z

+

Ex /N vb1

—O0 Cl R2 W1 Wy Cz R4
L LY e

VT

. (F
NN
J‘|_ Uex R3 XZVD3

(e, 4

Puc. 9.55 - IMnynbCHUIA NiACUNOBaY NOTYXHOCTI

Bin Bukonannii Ha Tpan3uctopi V7, skuit yBiMkHEeHO 3a cxemoro 3 CE i
MIPALIIOE y KIFOYOBOMY PEXHMI. Y KOIEKTOPHE KOJIO TPAaH3UCTOpa YBIMKHe-
Ha NepBUHHA 0OMOTKa W, Tpancopmaropa 7V, Hanpyra 3 BTOPHHHOI 00-
MOTKH W, IKOTO TIOJIA€TLCS B KOJIO KEPYBaHHs THpUCcTOpa VS.

3a BiACYTHOCTI BXigHOTO iMiyinbcy U Tpansuctop V7T 3akputuil (s
HaJIIITHOTO 3a0e3IeueHHs 3aKPUTOTO CTaHy B KOJIO HOTO eMiTepa ImojiaHa Ha-
npyra 3Minienss 3 aiona V'D3). Hanpyra Ha BUXiqHIH 0OMOTI W, BIZICYTHS.

3a HaAXOMKEHHS MPSMOKYTHOTO BX1THOTO IMITYJIBLCY TPAH3UCTOP TIEpe-
XOIIUTh y CTaH HACUYEHHS 1 BCA HArpyra £, NPUKIIAIAEThCs 10 TIEPBUHHOT
0OMOTKH TpaHcdopmaropa w,.

[Tix BroMBOM I1i€1 HAPYTH MarHiTONPOBiI TpaHchopMaTopa MOYHHAE ITepe-
MarHidyBaTHcs 1 Ha BTOPHHHIN 0OMOTIIi 3’ IBIAETHCS MPSIMOKY THHI TO3UTHB-

. . w _E . o . .
HUU IMITYJIBC U eux — — = —, IO ICHYE IIPOTATOM /[i11 BX1THOT'O IMITYJIBCY.
14%) n
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Koeinient Tpancopmanii n=w, /w, BAOUpPAEThCA i3 yMOB 3a0€3Me4eH-
HSl MAKCHUMAJIBHOI Iepesadi MOTYKHOCTI BiJ MiCHIIOBa4a 10 KOJla Kepy-
BaHHS TUPUCTOPA — AJIsl HAAITHOTO BMUKAHHsI OCTaHHBOTrO. TpaHncopma-
TOP, KPiM Y3rOJKEHHSI BUX1THOTO KOJIa TPAH3UCTOPA 3 HABAHTaKEHHSAM (KO-
JIOM KepyBaHH), 3a0e31euye I11e i rajJbBaHIYHe (EIeKTPUIHE) PO3AUICHHS
CHJIOBOT'O KOJIA Ta KOJIa KEpyBaHHSI.

[licna 3akpuBaHHA Tpanzuctopa pionu VDI i VD2 3a0e3neuyioTs po3-
CiIOBaHHS €Heprii, 110 HAKOIIMYYEThCS y MarHiTONpoBoi Tpancdopmaropa
10 3aKiHYEHHI BXiJHOTO IMITYJIBCY.

®inbrp R,,C, 3HMKY€ BILTMB POOOTH IMiICKIIIOBaYa Ha 1HIII TPUCTPOI, 10
KHMBIIATBCSA TAKOXK Bl JUkepesa £, OCKLUIBKY IMITyJIbCHE CTIOKUBaHHS EHEPTii
MPU3BOIUTH A0 MOSBU Y KOJIaX >KUBJICHHS 3aBajl.

9.12.4. NMpuknagu peanisauii CIOK

IIpocta cxema pe3ucTuBHo-eMHicHOI CI®PK HaBenena Ha puc. 9.56.

Lo HasaHMaXXeHHs1

R3
X1 X2 . 1
|
1 kOm
R1 R4
51 Om 51 kOm
~ ZS S VS1
ngozp KY201H VS2
220 B LA
N
KH102
Cl R_(zg G.12)B = &2
To.l MKD M 0.1 Mk®

Puc. 9.56 - PesnctrBHO-emHicHa CIPK

Bona cknagaerbes 3 yacosanardoro nanimokka R, R, C, 1 noporo-
BOTO NpUJIaJly — JAMHICTOpa V'S2. 3MIHIOK0YH ONip R, Bijl HyJIs 10 HECKIHYEH-
HOCTI (B imearti), MOJKHA 3MIHIOBaTH KyT KepyBaHHS Big HyJs 10 90 enext-
pUYHUX TpaayciB. PeambHO Taky cxeMy 3aCTOCOBYIOTH IIPH Jialla30HAX pe-
TYJTIOBaHHS a y JAEKIJIbKa JECATKIB €IeKTPUYHHUX T'PaaycCiB y HEBIAIO-
BiJTAJIBHUX PETYISITOpax (HAPHUKIIAL, Y PETYISATOP] TeMIIepaTypu HarpiBy
MasUTHLHAUKA).
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Bunkoro X1 npuctpiii miaMUKaeThCS 1O MEPEKi KUBIICHHS, a B PO3ETKY
X2 BMUKa€TbCS HABAHTAXKEHHS.

Y KO)KHOMY MO3UTUBHOMY ITiBIIEPiO/Ii AaHOAHOI HAIIPYTY TUPUCTOPA Halpyra
Ha KoHzeHcaropi C, 3pocTae JIOTH, IOKH HE JIOCATHE 3HAYEHHS Halpyru
BMHKaHHs auHicTopa VS2, micns doro C, MBHAKO PO3PSIKAETHCS Yepe3
KOJIO KEpyBaHHs TUPUCTOPA, BMMKAIO41 OCTAHHIMH.

Hunictop VS2 3abe3nedye OUIbII 4iTKy poOOTY CXEMH IIPU 3MiHaX 3Ha-
YEeHHS KepyIoUuoi Hallpyru BMUKaHHSA THPHCTOPA 31 3MiHAMH TeMIIEpaTypH.

Jlanmroxok R, C, 3axuiiae TAPUCTOP Bijl CAMOYMHHOTO BMUKAHHS — 3HH-
KY€ IBUIKICTb 3pOCTaHHS HAIIPYTH HA TAPUCTOPI 0 IPUHHATHUX 3HAYCHB,
HaNpHKIa1, IpH MiAMUKaHHI IPUCTPOIO 10 MEPEXKI.

Binbi cknagna cxema oxHoro kanainy CIOK 3 BepTHKaIbHIM KepyBaH-
HAM HaBeJeHa Ha puc. 9.57.

TyT cCHHXpOHI3y104a Harpyra 3 BIOpUHHOI 00MOTKH TpaHchopmaropa TV
HiCIIs 3aBaJIONONIMHAKYOr0 (inbTpa Ha eneMenTax R, C, HAIXOIUTh Ha
Hynb-oprad DAI.l, mo kepye po3psiiHUM KJtoueM Ha Tpansuctopi V11
reHepaTopa JIiHiHHO 3MiHIOBaHOI HAlIPyTH, BUKOHAHOTO Ha OIepaliiiHOMy
migcwiroBaul DA1. 3.

3a I0MOMOI0K0 PE3UCTOpa R, PETYIIOKOTH HAXUII TTJIKOTIONIOHOT HAIPYTH
U1 3a0e3reuenHs i1eHTUYHOoCTI KaHaliB 6ararokanayibHol CIOK. IxHs He-
IEHTIYIHICTS BUHHKAE 33 PAXyHOK TEXHOJIOTITHOTO PO3KHUITY ITapaMeTPiB eJIEMEH-
TIB 4aC03a/IaK040T0 JIAHIIOKKA R , R, C, y PI3HUX EK3EMILISPAX IPUCTPOIO.

Buxigna Hampyra reneparopa kommapatopoMm DAI.4 TMOpiBHIOETHCA 3
HaIPYTOXO 3aJIaHHSA, 1110 HATXOAUTH 13 UTbHUKA R ; 1'R 1 (a MOxe mogaBaTH-
Cs1 1 BiJ] €IIEKTPOHHOT'O IIPUCTPOIO aBTOMATHYHOTO 33 JJaHHSI, HAITPUKJIIA, SKIIIO
CI®K nparroe y ckiaji crabdinizaropa) 1 BU3HaUa€ 3HAYSHHsT BUXIHOT Ha-
MIPYTH KEPOBAHOTO BUTIPSIMIISTYA.

Hudepenuirorounii nanmoxok C, R, 3abe3nedye nojpady iMIyinCy 3a-
yCKy Ha OJJHOBiIOparop, Ho0y10BaHK Ha oriepaliiiHoMy miacuiroBadi DA1.2.

[Tiacuitoe reHepoBaHUi 0THOBIOPATOPOM KEPYIOUHI IMITYIIBC ITiICHITIO-
Bay [OTY)KHOCTI HA Tpansucropax V721 VT3. @inbrpyrounii naniroxok C,
R, 3HWKYE BIUIMB IMITYJIbCHOTO ITIICUITIOBA4a HA KOJIA )KMBJIEHHS (IIOIIMHAE
IMITYJTECHI 3aBaJIN ).

BuxopricTaHHs y SKOCT1 BHKOHABYOTO €JIeMEHTa ONITPOHHOTO THPHCTOPA
V' BUKITIOYA€, y TaHOMY BHITKy, 3aCTOCYBaHHS JOPOTOT0 1 HETEXHOIOT 14~
HOTO IMITYJIECHOTO TpaHcopMaTopa.
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OnTpoHHI THPUCTOPH B HAILL YAC I03BOJIAIOTH KOMYTYBaTH CTPYM Y COTHI
amriep. 3a HeOOX1IHOCTI y GUIIBII MOTYKHOMY CHJIOBOMY KJIFO4i BUKOPHCTO-
BYIOTh NOTYXHHUH THPUCTOP, SIKUM Kepy€e ONTPOHHMH, 5K L€ TIOKAa3aHO Ha

puc. 9.58.
TyT naHLIOXKU R B
|j R1 |j rR3 C, 1R, C, 3HHKYIOTb
HIBUIKICTH 3pOCTaHHS
\ Hampyru 10 JIOmyc-

@Z?)Ez) THMOI'O 3HAYCHHsA Ha

tupucropax Vi VS

- /XZ VS BI/IITOBIJTHO.

Enementn R, 1 C,

l 3a0e3neuyrTh 3aBa-

|;| Rz ——¢C c2 —© jocriiikicTs KoMa Ke-

T T T pyBaHHS THUPUCTOpPA

Puc. 9.58 — BMu1kaHHs CUNOBOr0 TMPUCTOPa VS, a pesuctop R,
3a,40MOMOrot0 MaJIoNOTYXXHOr0 OMTPOHHOIO o0Mexye Horo cTpym

KepyBaHHS (PO3paXOBYETHCS 32 MAKCUMAIbHO JIOMYCTUMUM 3HAUYCHHSIM
CTpyMY KepyBaHHS [TPH aMILTITYTHOMY 3HaU€HHI HAIPYTH MEPEXKi).

V nanomy Bunanky CI®K sukonana Ha ocaoBi IMC K1401VY/12, B onHO-
MY KOPITYCi SIKOT MiCTHTBCSI YOTHPH OTIEPalliliHi MiICHITIOBAYI 13 CHUTHHUMHI
KOJIaMH >KUBJICHHSI.

Kusurbces CIOK Big ABONONAPHOIO JKEpena Hanpyru £, E,, 10 SKoro
TiIMUKA€TbCA Yepe3 QinbTpyrodi koHaeHcaropu — exekrponitnyni C, C i
kepamiuni C, C, (0CTaHHI 3a0€3M€4yHOTh MOIIMHAHHSA BUCOKOYACTOTHUX
3aBajl y KOJlaX )KUBIICHHS).

9.13. CIPK 3 undppoBum KepyBaHHIM

VY mudpoBHxX crcTeMax KepyBaHHS THPHCTOPAMH MOTOYHE 3HAYCHHS Ky Ta
KCpyBaHHs &, 3a[[a€ThCA y Bursial nmudposoro koxdy. Ilicis BiAmoBigHOT
00pOOKH IIOT'0 KOY IIU(PPOBOIO CUCTEMOIO Ha 11 BUXO/I1 TeHEPYEThCS PSMO-
KyTHUH IMITyJIbC KepyBaHHsI, (pasa sKoro BiJIOBiIa€ TOTOYHOMY 3HAYEHHIO
KyTa KEPYBaHHA a .

3a cBoero cytTio Taka CIDK € nudpoBuM aHamorom po3risHyTOl y
m. 9.11.3 CIOK 3 BepTUKaIbHAM KEpYBaHHIM aHAJIOTOBOT Aii.
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CrpykrypHa cxema CIDK 3 uudpoBum kepyBaHHsIM 300paxkeHa Ha

puc. 9.59.
Ha cxemi no3naueHo: on
311 — 3aparounii npucTpil, 3a \l/
JIOTIOMOT'OK0 SIKOTO 3HAYEHHS &, 3n

3a7a€ThCS Y BUIVIsLAL U POBOTO

KOZLy; w
P — perictp, y sixomy 36epi-

Ta€TbCs KO ITIOTOYHOI'O 3HAYCHHSA P

a,, (e eJIEeMEeHT OnepaTUBHOT Ia-

M’SITi CHCTEMH); {}
HIIK — nipuctpiil mOpiBHAHHS

koziB (uupoBuii KoMnaparop); K °l

JII — NYUIBHUK IMITYJTBCIB;
T'TI] —-TenepaTop NpSIMOKYTHUX

IMITYJIECIB €TaJIOHHOT YaCTOTH; il an
@[ — popmyBay iMITyJIbCiB; ZS VS
TIIT—mincumoBady MOTY>KHOCTI;
B T u
BC — By3071 CHHXPOHI3aLli; . BC 2
VS — tupucrop.

Ha movartky KokHOTO LMKIY  Pyc. 9.59 — CtpykTypHa cxema CIDK
poboTH B perictp P 3aHOCHTHCA, 3 UMPPOBUM KePYBaHHAM
HaINpUKJIaJ, Bl kepyrdoi EOM kox a , (110 € aHaJI0roM OMOPHOT HAIIPYTH
U, y ananorosoi CI®K 3 BepTUKaIbHUM KEPYBAHHSM).

V MOMEHT NepeXo/ly aHOAHOI HANPYTH HA TUPUCTOPI U 4EPE3 HyJIb By-
301 cuaxpoHizamii BC BMuKkae reHeparop / 11/ i J1iYuIbHUK IMITYIBCIB JII, 10
MMOYMHAE paxyBaTH iMITynbeu. JIiHIHHO 3pocTarounii Koa (aHaJIoT HalupyTH
u ) 3 BuXxofy JII mofa€eTbest Ha M(MPOBHUIA IPUCTPI NOpiBHAHHSA KOiB [111K,
Ky TaKoX TOJAETHCS 1 KOJ 3 BUX0my perictpa P. Ilicis JoCSTHEHHS KO-
JIOM JIUMJIbHHMKA 3HAYEHHS KONy, 10 30epiraerscs B perictpi P, 111K Bu-
PpOOIIsiE CUTHA, SIKMIA BUKOPUCTOBYEThCS JUTSI 3aITyCKy JopMyBada iMITyJIbCiB
@I. Buxigauii immynbe @I micis miacuineHas y /711 monaeTses Ha Kepyodnit
eIeKTpo] TupucTopa VS.

ITicnst 3axkinYeHHst MO3UTUBHOT NiBXBUII 1 BC BuMuUKae reneparop /1111
BCTAHOBITIOE JIIYMIIBHUK IMITYNIBCiB JI/ y HYbOBHIA CTaH — CXeMa TOTOBa 70
HACTYITHOTO IIUKJTY pOOOTH.
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VY 3B’53Ky 3 IHTEHCUBHUM PO3BUTKOM IHTETpajbHOI TeXHOJNOTII nudpo-
BUI METOJ KepyBaHHS 3HAXOAUTb JIe/1ai IIMPILE BAKOPUCTAHHS B IIEPETBO-
PIOBAJILHUX IIPUCTPOSIX.

CI®K 3 ungpoBuM KepyBaHHSIM MOXKYTh 3a0€3Me4yBaTH MPAKTUIHO
OyIb-Ky TOYHICTH 3aJlaHHS KyTa KepyBaHHA (3 IOMYCTHMOIO THCKpET-
HicTi0). Lle nocsraerecs 3a paxyHoOK BHOOPY HEOOXiJHOTO YHCiIa PO3PALiB
P iJII, a Takox yvacrotu I 711

HesBaxxaroun Ha OinbIi anapaTHi BUTpaTu (OUIbIIY KUITBKICTh KOPITYCiB
IMC cepennboro crynens inrerparii), nugposi CIOK, nopiBHsHO 3 aHaoro-
BHMHU, 320€31€UyIOTh:

1) Ginbury TOUHICTE pOOOTH;

2) BUCOKY 3aBaJIOCTIHKICTh (TIOTONBTECH, IO 3a0€3MEUYNTH 3aBaJOCTil-
KiCTb HU(POBOr0 KOMIIApaTopa, SKUH MOPiBHIOE KOMOIHAIT OMMHUIIb 1 HYIIiB
— BUCOKHX a00 HU3bKHX PiBHIB HAIIPYTH, 3HAYHO JIETIIE, Hi’K aHATIOTOBOTO,
SIKMH TIOPiBHIOE IOCUTH MTOBIJILHO 3MIHIOBaHI Y 4aci HanpyrH);

3) abconoTHY iIeHTHYHICTh KaHaTiB OararokaHaneHUX CIOK;

4) ineaspHe y3rofKeHHs 3 HU(POBUMH KEPYIOUUMH IIPUCTPOSIMH.

Hanpukinni 3a3Ha41MO, 1110 TAKUH IPUHLINI KEPYBaHHsI, 3BUYAITHO, MOXKE
OyTH peasti3oBaHHH IPOrpaMHO, HAPHUKIIA, Y MIKPOIIPOLIECOPHOMY TIPHCTPOT
KepyBaHHSI.

KoHTponbHi 3anuTaHHg

~

Hoschimb, wo maxe eunpamaay. /s 4o2o npusHayeHi eUAPAMAAYL?
2. Hasedimb cmpykmypHy cxemy SUNPAMAAYA i HOACHIMb NPUSHAYEH-
HS 1020 (PYHKYIOHATBHUX 8Y3]I6.

Hassimb o3naku, 3a axumu K1acugikyloms UnpSMisyi.

4. Hagedimb Haubinbui po3no8cio0NCeHi cxemu GUNPAMIAYIE, NOsC-
Himb iXHIO 06Y008).

5. Axi excnayamayiiini xapakmepucmuku i napamempu npumamanHi
sunpamMasdam?

6. Haeedimv cxemy i nosichime npunyun 0ii 00HOGpa3zH020 0soniene-
PIOOH020 BURPAMAAYA 3 HYILOBUM BUBO0OM NPU POOOMI HA aKmMueHe
HABAHMAICEHHS.

7. Hasedimb cxemy i noscHimvs npunyun 0ii 00HOMA3ZHO20 MOCIOGO-

20 BUNPAMAAYA NpU POOOMI HA AKMUBHE HABAHMANCEHH.

w
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8.

9.

10.

11

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Hagedimv cxemu i noscnims pobomy 080NONAPHO20 BUNPAMAAYA §
noo0goieaia Hanpyzu.

Hagedimb ocnoeui po3paxynkogi cniggioHoulenHs 01 0OHOQDA3HUX
BUNDAMAAYIE.

THoscnims, y AKUX UNAOKAX 3ACMOCOBYIOMb MPUDA3HT BUNPAMILAYI.

. Hasedimv cxemy Mimkesuua i nosacuimo npunyun ii pooomu.

Hasedimwv cxemy Jlapionosa i noscrimo npunyun it pobomu. Ha cxemi
BKAJCIMb AHOOHY I KAMOOHY 2PYNU BeHMULIB, NOKANCIMb KOHMYD
NPOMIKAHHA cmpymy 015 0YO0b-1K020 KOHKPEMHO20 MOMEHM) Ydcy.
Ilopisnaiime cxemy Mimkesuua 31 cxemoro Jlapionosa. ¥V saxux eu-
naoxkax Axka 3 Hux Oinbw npudammua i yomy?

LJo maxe 3enadacyrouui ginemp? s 4020 6UKOpUCOEYIOMbCS
321a02cyIoui Qinbmpu i Ha YoMy IPYHMYEmMbCs ixHa 0ia?

Axki piznoguou 3enadocyrouux ginbmpie Bu snaeme?

Hosacnims cneyughixy pobomu 8UNpAMIAYA HA AKMUBHO-EMHICHE §
AKMUBHO-IHOYKMUBHE HABAHMANCEHHS.

Hosichimo, y aKux unaoxkax 3acmocogyoms NepesadCHO EMHICHI
abo inoykmueni gpinempu. Hx niosuwumu eghpexmusnicmo iHOYK-
musHozo @girempa? Illo maxe bazamonanxosuii ginemp?
Hosacuims cneyughixy pobomu ¢hinompis y nepexionux npoyecax.
LlJo make 306HiwHA Xapakmepucmuka sunpamiaua? AHxki napamvem-
DU BUNPAMAAYA MOJCHA 3 Hel ompumamu?

Hosacuimos, wo maxe cmabinizamop Hanpyeu NOCMIlHO20 CMPYMY.
s woeo npusznayeni i y AKUX URAOKAX 3ACMOCOBYIOMbC cmabini-
samopu?

Hagedimv cxemy, noschime npunyun 0ii i nopsaooK po3paxyHKy na-
pamempuuno2o cmadinizamopa.

Axi euou xomnencayivinux cmabinizamopie Bu 3naeme? Iloscnimo
cneyugiky ixnvoi pobomu.

Hageoims cxemy xommnerncayitinoeo cmabinizamopa, noscHims npu-
3HAUeHHA elleMeHmis | npunyun Oii.

Konu sacmocosyrome cmabinizamopu cmpymy? Hagedimov cxemy
npoOCmMo2o MpaH3UCMOPHO20 CMAbiLi3amopa cmpymy i NOSACHIMb,
HA YoMy TDYHMYEMbCA 1020 Oisl.

Hosacuims npunyun pobomu iHOYKMUBHO-EMHICHO20 CMAOINi3amo-

pa cmpymy.
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26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Braoicimv memoou pezyniosanns Hanpyeu nocmiiuHo20 cmpymy, no-
AcHimb iXHI ocobaueocmi.

Hoscuime cneyugixy nobyoosu i pobomu iMnYIbCHUX pe2yisamopis
Hanpyau nOCMIlHO20 CMpyMy, a MAaKoxc ixXHi nepesazu nepeo pezyis-
mopamu Oesnepepenoi Oil.

Braoicimv nepesazu wmupomuo-iMnyibCcHo2o0 mMemooy pe2ynio8aHHs.
neped THWUMU IMRYIbCHUMU MEmOOaMU.

Hagedimv cxemy imnynbcnozo pezynsimopa Hanpyau noCmitlHo2o
Cmpymy, noacHimos npunyun ii Oii.

THoschimb, Ha yomy IpYHMYEMbCA NPUHYUR Oii MUPUCMOPHUX Kepo-
BAHUX GUNPAMIAUIE?

Hoscnims pobomy xeposanoco 00HOGA3H020 0B0NIENEPIOOHO20
MUPUCMOPHO20 BUNPAMAAYA 3 HYTbOBUM BUBOOOM.

Hoschimv ¢hopmy Hanpyeu na mupucmopi KeposarHozo 00Hoda3-
H020 08ONIBNEPIiOOH020 MUPUCMOPHOZO GUNPAMIAYA 3 HYAbOBUM
8UBO0OM HpU POOOMI HA AKMUBHE HABAHMANCEHHS.

Hagedimwv pezyniosanvhy xapaxmepucmuxy mupucmopHo2o Kepoea-
HO20 BUNPAMIAYA | NOACHIMb Xapakmep ii 3anedcHocmi npu aiHit-
HUX 3MIHAX Kyma Kepy8aHHS.

Hosacuims cneyugixy pobomu Kepo8ano2o MupucmopHo20 SUNPIM-
A4Ya HA aKMUBHO-IHOYKMUBHE HABAHMANCEHHSL.

o maxe cucmema imnyrvcro-gazosozo xepysanus (CIQK)? s
Y020 3acmocosyioms maki cucmemu? Axi euou CIOK Bu 3nacme?
Hagedimos cmpyxmypny cxemy i noscnimo npunyun pooomu CIOK
3 2OPUOHMATILHUM KepPYBAHHAM.

Hoscnimo, y yomy nonseae npunyun 0ii CIOK 3 sepmuraivHum
kepysanuam. Hasedimo cmpykmypny cxemy maxoi CIQK i noscuimo
NpU3HaveHus ii 8y3nis.

Ha ocnogi akux munosux eiekmpoHHUX HPUCMPOI8 Modice Oymu
nobdyoosana CIDOK 3 sepmuranvHum KepysanHam?

Hoscuims cneyughixy nodyooeu i npunyun 0ii CIOK 3 yugposum
Kepy8aHHsM.

Braoicimv nepesacu yugposoi CIOK nepeo CIPK ananozosoi 0ii.
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PO34iNn 10

NEPETBOPIOBAJIbHI NMPUCTPOI.
PErvyJ1I9TOPU (NEPEPUBAMI)
3MIHHOIoO CTPYMY

10.1. 3aranbHi BipomocrTi i knacudikauis

Peryasitopu (mepepuBadi) 3MiHHOTO CTPYMY € €JIEKTPOHHUMHU KJIIOYa-
MH, IO I03BOJISIFOTH BMUKATH UM BUMHMKATH HABAHTAXKCHH Y KOJIi 3MIHHOTO
CTpyMy a00 PETyJIIOBaTH IOTYKHICTb, sIKa BUIUISIETHCS y HaBaHTaKeHi. BoHw,
K 1 BUIPSIMIIAYI, HAaJIeXKaTh O KJIAcy MEePeTBOPIOBaviB BEICHUX MEPEKEIO.

Perynsitopu Moy Th OyTH KJIacH(iKOBaHI y 3aJI€XKHOCTI Bix criocoly Ke-
pyBaHH:1, uncia a3, cxeMu 3’ €IHaHHs, BUY HaBaHTaXeHHs Ta iH. HailOinpim
3arajibHa IXHs KiacuQikalis IpyHTY€eThCsI Ha clioco0i KepyBaHHs Ta BKIIIO-
Yae Taki THIIN PEryJsTOpiB:

1) eneKTpOHHMIA KIII0Y THITY KOHTaKTOPa;

2) KepoBaHUH ENIEKTPOHHHUHN KITFOU;

3) peryapoBaHHN €JICKTPOHHHM KITFO.

EneKkTpoHHUIl KJII0Y THNY KOHTAKTOPA, 5K 1 €JIeKTpPOMEXaHIYHUHN
KOHTaKTOp, CIIYTY€ JIUIIE JUIT BMHKAHHS a00 BUMUKAHHS HaBaHTA)KCHHSI.
[Ticna BMuKaHHS HapyTra Ha HABaHTaKEHHI JIOPIBHIOE HAMIPY31 MEPEKi KHB-
neHHs. Taki K041 3aCTOCOBYIOTh, HAIIPUKIIA, U1 KEpyBaHHS HArpiBallb-
HUMU NpUiIagami (Tiedi oropy, moOyTOBI el1eKTpoHarpiBadi i T.11.), IS KO-
MyTalii OHO- Ta TpU(a3HUX EITEKTPOIBUTYHIB.

KepoBaHuii eJJleKTPOHHMIT KJII0Y BiAPI3HAETHCS BiJl KOHTAKTOPA THM,
IO JUTS 3HWKEHHS BEIMYMHU MEPEXiIHUX CTPYMIB, IO CYNPOBOIKYIOTh
Mporiec BMUKaHHS, ofjada HapyTH Ha HABaHTAXECHHS 31HCHIOETHCS T10-
CTYIIOBO BiJ HYJIS IO 3HAUEHHS HANIPYTH Mepexi xKuBieHHs. Lle peanizyers-
sl 3SMEHILEHHSIM KyTa KepyBaHHS (IuB. T. 2.6.2) BiJ HalOLIBIIOT BETHYH-
HU JI0 HAMMEHIIIO1 3 HaIllepel BCTAaHOBIICHOIO MIBUAKICTIO. KepoBaHi enek-
TPOHHI KJIFOU1 MOXYTh OyTH 3aCTOCOBaHi, HAPUKJIIAI, AJIs YIIOBLIBHEHOTO
BMHKAaHHSA YU BUMHKaHHS OCBITJIEHHS TeaTpaJbHOI a00 CIIOPTUBHOI 3aIH,
JUTS TAaKOTO K 3aITyCKy €JIeKTPOJBUTYHA, 110 3a0e3Meduye 3HIKEHHS BEJH-
YHHH ITyCKOBOTO CTPYMY.
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PeryjboBaHuii eJIeKTPOHHUI KJII0Y SIBIsSIE COO0I0 KIIIOY, y SKOTO
MOXe€ 3/11HCHIOBATUCS PETYJIIOBaHHS KyTa KEPyBaHHS 32 HEOOXiAHUM 3aK0-
HOM, a 3HAYHTh i IIOTYKHOCTI, 1110 BiJIA€ThCs Y HABAHTaXEHHs. 1X 3aCTOCO-
BYIOTB y peryisropax (crabisizaTopax) Harpyru, AJsl peryJaroBaHHs CKpa-
BOCTI IOTY>KHHUX JPKEPEN OCBITIIEHHA 1 T. 1H.

Criz 3a3Ha4nTH, IO NPH poOOTI PEryIHOBaHOTO Kitoua hopma KpruBoi
Hanpyry Ha HaBaHTAKEHHI1 BiPI3HAETHCA Bi HOPMU KPUBOI MEPExKi JKUB-
JIEHHS, 32 PaXyHOK 4YOTO i Hampyra, i CTpyM MICTITh y co0i Oararo rap-
MoHiK. OCHOBHA rapMOHiKa Ma€ Ty X 4acTOTY, IO i YaCTOTa HAIIPyTH >KUB-
nenHs. CTpyM OCHOBHOI FapMOHIKH BiJICTa€ Bl HANpyry 3a ¢aszoro. Benu-
YHMHA KyTa BiICTaBaHHS 3aJI€KHUTh Bijl BUY HABAHTAXCHHS 1 BEIMUMHU KyTa
KepyBaHHs, ajie, HaBiTh 32 aKTUBHOI'O HABAaHTAKEHHS, KyYT BiJICTABaHHS HE
JOPIBHIOE HYJIEBI: IPUCTPOI 3 TAKUMH KITIOUYaMH 3aBXKIH CIIOKHUBAIOTh PeaK-
TUBHY HOTY>KHICTb.

Perynsitopu ycix TphOX THITIB MalOTh OIHAKOBY CXEMY CHUIIOBOTO €JleK-
TPOHHOT'O BY3J1a, aJie BIIPI3HAIOTHCS MOOYIOBOIO CUCTEMH KEPYBaHHS, 110
MOBHHHA PeaizoByBaTH HEOOX1THHH 3aKOH 3MIHM HAIIPYTY HA HABAHTAXECHHI.

VY SKOCTI CUJIOBHX €JI€MEHTIB Y MOTY>KHUX PETYJIATOPaX BUKOPHUCTOBY-
IOTBCS, B OCHOBHOMY, TUPHCTOPH, CUMICTOPH, J10MIH 1 PiAIIe TOBHICTIO Ke-
POBaHi HaITiBIPOBITHUKOBI MPHJIa ¥ (ABOOTIEPALliitHI THPHCTOPH, TOTY>KHi Oi-
MOJISIPHI Ta MMOJIbOBI Tpau3ucTopw, cuiiosi bT13).

I3 BracTuBOCTEW THpHCTOpa (CHMICTOpa) BUIUIMBAE, 11O CUTHAI KEpy-
BaHHSI BMUKA€E PETYJISITOP HAPYTH 3MIHHOTO CTPYMY Maiike 0e3 3aTpHMKH,
MICJISL 9OTO CTPYM Y KOJIi HAaBaHT)KEHHS IPUITHHSIETHCS JIUIIIE TTPH ITEPEXOIi
Horo depe3 Hylb (32 YMOBH BIICYTHOCTI CHTHaIy KepyBaHHs). O4eBHIIHO,
110 IPY BUKOPHUCTaHHI MOBHICTIO KEPOBAHUX MPHIIAIB IPUITMHEHHS CTPYMY
Y KOJIi HAaBaHTa)KeHHS MOXKe OyTH 3/1iiCHeHe y Oy/b-sIKU MOMEHT ITiBXBHITI
3MiHHOTO CTPYMY.

[IpoexTyBaHHS CHIJIOBOI CXEMH PETYIATOpa 3MIHHOTO CTPYMY € KOMII-
JIEKCHOIO 3a/1aueto, 00 HABITh y CTAJIOMY PEXHUMi CTPYM Hepe3 TUPUCTOPH
Ta HAIpyra Ha HUX MalOTh KBa3iCTalliOHAPHUI XapaKTep.

[Tpu BHOOPI BEHTUIIIB peryisiTopa (HAMPUKIIAI, THPUCTOPIB) 32 CTPYMOM
Ta HalPYTOFO, BTPAaTH MOTYHOCTI B HUX 3HAXOMATH, BUXOSYHU 3 POPMH KPH-
BOI CTpyMY, IO ITPOTiKa€ Yepe3 HaIliBIPOBIAHUKOBUH puiiaa. Brparu y BeH-
THJTi PAaKTHYHO JJOPIBHIOIOTH BTPaTaMm Biji IPSIMOTO CTPYMY, IO, Y CBOIO YEPTY,
3aJIekaTh BiJl CEPETHBOTO Ta IIFOYOT0 3HAYCHE CTPYMY HAITiBIIPOBITHUKOBOTO
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npunany i napameTpis doro npsmoi riku BAX. J{is Bu3Ha4eHHs 3a3HAYEHIX
CTPYMiB BUKOPHCTOBYIOTb rpadiuHi 3aJIe;KHOCTI, 10 HA3UBAIOTHCS XapaKTe-
PHUCTHKaMH KepyBaHHs1, a00 PEryIIOBaJIbHUMH XapaKTePUCTUKaMH, 1 300pa-
XKYIOTb 3aJIeXKHICTD BiJl KyTa KEpyBaHHs CEPEIHIX 1 JIFOYMX 3HaUYCHb CTPYMiB
OKpPEMHUX BEHTHJIIB, a TAKOXK JIIFOYMX 3HAYEHb CTPYMY Ta HalpyI'd HA HAaBaH-
Ta)keHHi y ctanoMy pexxumi. Lli rpadiku HeoOXiaHi He TINBKK 11t BUOOPY
BEHTWJIIB JJIS PETYJIATOPA, ajle i JUIs HOro 3aralbHOro pO3PaxyHKYy.
[Ipunatauii 32 CTpyMOM BEHTHIIb AJIs PETYIIATOPA MOKHA BUOPATH, SKIIO
3HATH BTPaTH MOTY>KHOCTI B HLOMY Ta IapaMeTpH OXOJIODKEHHS (cepenHs
TeMIIepaTypa, TEIJIOBUHM OIIip 1 AOIMyCcTUMa TeMIIepaTypa HalliBIPOBiAHUKO-
BOTO NIEpeXOy BEHTWJIS, TEIUIOBUH OITip oxoNomkyBaya). Pobouy Hanpyry
BEHTWJIS1 BUOMPAIOTh, BUXOSTYH 13 3HAUSHD CTALlIOHAPHOT HAIIPYTH, 1110 3aJ1e-
KHTh BiJl CXeMH 3’ €IHAHHS1, HABAHTAXXCHHSI, 3MiH y HAlIpy31 MepesKi )KUBJICH-
Hs 1 IPOTH-€..C., @ TAKOXK IIEPEXiTHOT HAIIPYTH, 3yMOBIICHOI KOMYTAaLIHHUMH I
30BHIIIHIMU NlepeHanpyramu. [lepexigna Harpyra, sIK IPaBUII0, BU3HAYAETHCS
3a JONOMOT0I0 Koe(illieHTa IepeHarpyT, IO 3aJeKUTh BiJl 3aCTOCOBAHMX
3ac00iB 3aXHCTYy BiJ [IEpEeHANpPyYT i AMHAMIYHUX XapaKTePUCTUK BEHTHIIIB.

10.2. OpHoda3Hi perynsitopn 3MiHHOro CTpymy

HaiiGinbin po3MoBCIOKCHUMH € OXHO(Ma3HI PeryjasaTopu 3MiHHOTO
CTPYMY 31 CXeMaMH CHJIOBOI YacTHHH, 300pakennmu Ha puc. 10.1. Hamami
CIJIOBY YaCTHHY PETyJsTopa OyIeMo Ha3WBaTH eJIeKTPOHHHM KJI04YeM
(EK).

N)v51 VS N/l VS
= °© =
v VD

S2

a)

B)

Puc. 10.1 — OpgHodazHi perynsatopm 3MiHHOMO CTpymy. CXemMmn CUNOBOI YaCTUHM
Ha puc. 10.1,a moka3zaHo OCHOBHY CXeMYy ITOBHICTIO KEPOBAHOTO 01HO(DA3-

Horo cumerpuuyHoro EK tumy “rupucrop-rupucrop”. HaBanTtaxkeHHs
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L, R npuenHyeThCs 10 MEPEKI HKUBICHHS Y€PE3 IBa THPUCTOPH, 3’€HAHI
3yCTpiuHO-TIapajenbHo. K BiIoMO, 00 THPHUCTOP [T0YaB IPOBOAUTH CTPYM,
710 HHOT'O TIOBMHHA Oy TH IPUKIIA/ICHA TpSMa HarpyTra i HeoOXiTHO POITyCTUTH
CTPYM 110 HOTO KOJIy KepyBaHHS — [I0JaTH KEPYIOUHH CUTHaJI. SIKIII0 BETMYMHA
KyTa KepyBaHHS OJJHaKOBa y 000X miBIepionax (CUMETpUYHE KepyBaHHS),
TO HaIlpyra Ha HaBaHTa)XEHHI He Oy/ie MaTH MOCTIHHOI CKJIAZOBOi.

[Ba 3’eqHani 3ycTpiuHO-IIapageNbHO TUPUCTOPU MOXYTh OyTH 3aMi-
HEHi OHUM CHUMETPUYHUM TUPUCTOPOM (CHMIiCTOPOM), SIK LI€ TIOKAa3aHO
Ha puc. 10.1,6.

Un YacoBi aiarpamu Hanpyr

1 CTpyMiB Ha HaBaHTa)KEH-

o HI Ta elleMEHTax CXEMH

on ar. Jua nux EK 300paxkeni Ha
puc. 10.2, ne mo3HaueHo:

Urep? u, — Hampyra Mepexi

JKUBJICHHS;
u
wep " u,,, — Hampyra CHrHay
KEpyBaHHS;
u R — akTHBHHH omip Ha-
Kep2 H
‘| ; BaHTaKEHHS;
, 0 L, — iHIyKTHBHICTb Ha-
o BaHTa)KECHHS,
U U, u, i —Hampyrai cTpym

W Tn

" .
, - I , - HaBaHTa)XCHHS,
/\ 4 O =2nf, f — 4acToTa
o o 1:
LN / MEPEXKI;
~ a — KYT KepyBaHHA;

" 1 — KyT nmpoBigHOCTi

il u, U THPUCTOPA,;

> i - d — KyT, Ha AKHUHU

/ "\ ® 30UIBIIY€ETHCS POBIIHICTD

= 2 \8\ >ﬂ TUPHUCTOpA 32 aKTHBHO-
Ol <= iHAYKTHBHOTO HaBaHTa-

6) KEHHS (O = Olgyy, —T0);

Puc. 10.2 — Yacosi giarpamum Hanpyr i CTpyMmiB Qouy — KYT BHMUKAHHS
0HO(A3HNX PErynaTopiB 3MIHHOTO CTPyMy ~ THPUCTOPA (Olgyy = O+ A).
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HesBaxaroun Ha e, mo cxema EK i3 cumictopom (puc. 10.1,6) npocri-
11, Y TIOPiBHSAHHI 3 OCHOBHOIO CXEMOI0, BOHA IIMPOKOTO 3aCTOCYBaHHS HE
3HAMIIA Yy 3B A3KY 3 THUM, 110 Cy4acHi CHMICTOPH IOKH LIO iCTOTHO MOCTY-
NalTbCAd TUPUCTOPAM 3a MEPEeBAHTAXYBAIBHOIO 3AATHICTIO Ta AMHAMIU-
HUMH [IapaMEeTPaMH.

Ha puc. 10.1,B HaBeaeHno ogno¢asHy HamiBkepoBaHy cxemy EK Tumy
“THpucTop-nion”. Ii 3acTocyBanHs 0OMexkeHe ToMy, 1110, HO-TEpIIIE, CHEP-
T'isl 10 HABAaHTAXXECHHS TYT II0OIA€THCS B OTHOMY ITIBIIEPiOIi 3 KEPYBAHHSIM, a
B Apyromy — 0e3 Hporo. Uepes 11e, mo-apyre, Hanpyra Ha HaBaHTAXEHH1
Ma€ NOCTIHHY CKJIAZOBY, SKIIO KyT KEpPyBaHHS THUPHUCTOPA BiAPI3HAETHCS
BiJl HYJISI, @ IPOBIIHICTD IEpEPUBYACTA.

Ockinbku EK € 0CHOBHIM BY3710M peryisTopa, o BU3HaYae Horo QPyHk-
LiOHAJIbHI MOXKJIMBOCTI, TO 3HAHEMO OCHOBHI pO3paxyHKOBI CITiBBiTHOILICH-
HSl, [0 JTO3BOJIAIOTH BUOpAaTH THPHCTOPH, a TAKOXX BU3HAUYUTH XapakTep
BIUIMBY IPOLIECIB Y PEryJsTOpi Ha HaBaHTa)KeHHs. |11 IbOro po3rIiHEMO
neranpHime podoty EK (puc. 10.1,a) npu akTuBHOMY 1 aKTHBHO-1HIYKTHB-
HOMY HaBaHTAXCHHSIX.

[Ipu akTHBHOMY XapakTepi HaBaHTaKEHHsI HOT0 CTPyM 3a (JOpMOIO TOBTO-
pIoe Hampyry Ha HeOMY. Uepes tupuctop VS cTpyM mpoTiKae MPOTATOM
MTO3UTHBHOTO MBIIEPIOAY, a uepe3 TUpUCTop V'S2 — mpoTATOM HETaTUBHOTO.
3aBAsSKA CUMETPUYHOCTI KepyBaHHS cependi [7, Ta mirodi [; 3HAYCHHS
CTpyMiB uepe3 00nBa THPUCTOPH OJHAKOBI i CTAHOBIIATH BIAIOBITHO:

T
T :L @Sinﬁdﬁzi(l+cosoﬁ, (10.1)
27-[: o RH \/ETERH

ne U,, — niroue 3HAYEHHS HAMPYTH MEPEXKi.

\/EUM)Z Sinzﬁdﬁ:UM l(l_g+w)(]02)
R R, \2 o 2m

H H

17'[
It = E(J;(

3a uuMH BHpa3aMH MOXKHA [TOOYIyBaTH 3aJIe)KHOCTI CEPEIHBOTO 1 Iito-
40ro 3Ha4eHb CTPYMiB TUPUCTOPIB BiJ KyTa KepyBaHHs. [ 3a0e3neyen-
HS1 YHIBepCaJIbHOCTI BUKOPUCTAHHSA iX OyIyIOTb Y BIIIHOCHHUX OXMHHLIIX:

. I, 1+ o
[, =T _ ZTCOS%. (10.3)
]TaO 2
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« A7 o sin2o
Ir=——=_[1-—+ ,
r=- N = o (10.4)

ne Ir,0 1 I7¢ BianoBigawoTh KyTy KepyBanHs oL = ().

Lli 3ay1e:KHOCTI, 10 HA3UBAIOTHCS XaPaKTePUCTHKAMH KepyBaHHS,
HaBezleHi Ha puc. 10.3.

Ha puc 10.4 HaBeneHa 3anexHicTh koedinieHTa GOpMH CTPyMYy THPHC-
TOPIB BiJl KyTa KepyBaHHs, I0OyJ0BaHa 33 BUPA30M:

o sin2a
J l-——+ 5
F(o)=—"= n T (10.5)
Ir, l+cosa
I, F
I*Ta 10
N
08 N 8

[
0,6 A \ ( 6

04 A\ s /
| A\

N
0,2 \\\ 2 //
AN —
N o® o
0 30 60 90 120 150 180_> o 30 60 90 130 150 180

Puc. 10.3 — 3anexHicTb cepeaHboro
I, =f(a)Ta pitoyoro /', =f (5} )
3Ha4eHb CTPYMY TYpMCTOpA Bif,
BEJINYMHM KyTa KepyBaHHS Npu
aKTUBHOMY HaBaHTaXKEHHI

Puc. 10.4 — 3anexHictb
koediuieHTa hopmm CTpymy
TmpucTopa £, =f (a ) Big BENINYMHM
KyTa KepyBaHHs! Py akTUBHOMY
HaBaHTaKEHHI

CepenHe 3HaUeHHS HANpPyTy Ha HaBaHTaxeHHi U,, = 0, a ii giroue 3Ha-

YCHHAA:

U, :UM\/l(n—owlsinzoc), (10.6)
o 2

a00 y BIZTHOCHUX OJIMHHIISX:
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Uy

. U, 1 1.
U, = :\/—(n—(x+—s1n2(x). (10.7) o8 \\
U, \m 2 N
0,6 \

3anexHnicts (10.7), mo € peryJoBaib- \
HOI0 XapaKTepHCTHKOIO KIoda, 306pa- ** \
*KeHo Ha puc. 10.5. 02 .

BrpaTy noTy>KHOCT] y OAHOMY THPUCTOPI o
3a YMOBH, III0 OCHOBHUM JDKEpEJIOM Ha- 0 30 60 90 120 150
rpiBaHHS € BTpATH y cTaHi npsiMoi nposin-  Puc. 10.5 — PerynioBasibHa
HOCTI, CTAHOBJISITh: XapakTepuncTrka Kito4a

1 x 1 x
AP = —jurirdﬂ = —j(U0 +irR))ipd® =Uy Iy, + RI? =
27, 27,

i 10.8
:UOIM1+COSO€+R01%0(1—E+SIH20C), (10.8)
2 T 2n
ne Uy, Ry — rpannyHa Hampyra i AWHAMIYHUHA omip (mapameTpu psmol
rinku BAX tupucropa).
MaxcumanbHi 3Ha9€HHS 3BOPOTHO] 1 MPSAMOi HAapyT Ha THPUCTOP1 BU3HA-
YarThCs 3 BUpA3y:

US’SOp.MaKC =U, \/EK g (10.9)

ne K, — xoedili€eHT, 0 BPaxoBy€ PIBEHb NIEPEHANPYT, BENIMYUHA SKUX 3y~
MOBJIEHA SIK BJaCHE KOMYTAIlIHHUIMH IIPOIleCaMH, TaK 1 30BHIIIHIMH Tepe-
Hanpyramu (3assuyai sanawts K, =1,4 — 1,6).

Ipu akTuBHO-iHAYyKTHBHOMY HaBaHTaxkeHHi (R, #0, L, # () Bunukae
€.p.C. CaMOIHIYKIIi1, 0 MEePENIKOKae 3MiHaM CTPyMy, 1 popma cTpymy y
KOJIi He TIOBTOPIOE (hopmu Hanpyru. CTpyM depe3 THPUCTOP MPOTIKAE TIIe
MPOTSTOM JI€SKOTO Yacy MiCII 3MiHHU 3HAKY HAIIPYTH )KUBJICHHS.

3aKoH 3MiHU CTPYMY THPUCTOPA, [0 IIPOBOANUTH Y MO3UTHBHUM MiBIEpi-
0]1, MOJKHA OJIEPIKaTH, SIKIIO PO3B’A3aTH TU(epeHIliiiHe PIBHSAHHS:

U,M\/Esinﬁz iR, +wL, j—é

Lle piBHsiHHSA cripaBeanuBe Ha inTepBam o < U < O, , mo3a skum i=0.
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Po3p’a30k mns ctpymy:

_9-a
U-”\/E in(d—@)+ Ae “,

i) =

ZH
oL, .
ne @ = arctg —— —3cyB ¢a3 MK CTPYMOM Ta HaIIPyTOl0 HaBAaHTaKEHHS;
H
L
Ty = _Ha
R,
Z,=+R; +(0L,)*;
A — crana iHTerpyBaHHS, 10 BU3HAYAETHCS 32 yMOBH, mio ipu O = 0, i = 0.
Bupas mis ctpyMy HaBaHTaKeHHS, a, OTXKe, 1 AJsl CTpyMy THpPHCTOpa
Ma€ BUTTIAL:
v—o
U2 . -
(@) =i = > [Sl n@®@-¢)-sin(c-p)e ] - (10.10)

H
Kyt BumukanHs tTupucropa O, MOXe OyTH BU3HAUYCHUH i3 TPaHCIICH-

JACHTHOI'O piBHﬂHHﬂI
gy =0

suM

T,

sin(e,,, —@) =sin(c-gp)e (10.11)

ske BUxomuTh 13 (10.10) 3a ymoBu i =0 npu O = Olyy,, = O+ A.
Pesynbrarty po3s’sizanns piBHsHHEA (10.11) mogani y rpadiyaomy BAIIsII

Ha puc. 10.6.
(X(s‘ll.l'l \ ; ;
270 CcoSs, =
0.2 S, =0
0,4
240
0.6 N
08 T TN
ey . \
NN
210 0,9 — AN
- =N\
1,0 ~
180 &
30 60 90 120 150 180

Puc. 10.6 — 3B’430K KyTa kepyBaHHs 3 KyTOM BUMMKAHHS KJlto4a
NPV aKTVBHO-IHAYKTVBHOMY HAaBaHTaKEHHI
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I3 (10.10) BunmBae, mo npu O = (p BiJIbHA CKJIaZ0OBA CTPYMY HE BUHU-
Kae, 1 CTpyM BHU3HAYAETHCS TUIBKH IIPUMYCOBOIO CKIIaZi0BO0. Take 3HaYeH-
Hsl KyTa KEpYBaHHs Ha3MBAETHCS KPUTHYHHM KYTOM KepyBaHHS Oly,,
TOMY IO KiHELb IMITyJIbCYy CTPYMY Y€pe3 OJUH THPUCTOP 30ira€Thes 3 mo-
YaTKOM NPOTiKaHHA CTPyMy 4epes apyrui. Ilpu oL > 0L, cTpym HaBaHTa-
KCHHS Ma€ IE€PEPUBYACTUH XapakTep, a npu 0L < O, — Oe3NmepepBHUM.
PerynioBaHHS Hanpyry Ta CTPyMy HaBaHTaKEHHS MOXKIIMBE JIUILIE TIPH 3MiH1
KyTa KepyBaHHS THPHCTOPIB y MeXax

Oy <OL<TL. (10.12)

Jiroue 3HaUEHHS CTPyMy Yepe3 TUPUCTOP CTAHOBUTH:

Ir = (10.13)
a oro CCPCAHE 3HAUYCHHA :
1 a@ll.‘li
In =~ J'deﬁ. (10.14)
T o
I[iIO‘IC 3HAYCHHS HAIIPYTU HA HABaHTAKEHHI:
1 sin 20t —sin 20
Uu,=U, E(asmw_oc'i_ > wM)a (10.15)

a00 y BIZTHOCHUX OJIMHHIISX:

. U, 1 sin 200 —sin 20,
U, = =.[—\Olg — A+ . .
o \/n( > ). 01

ITomanpmuii po3paxyHOK aHATOTTYHIH BUITAIKY 3 AKTHBHIM HaBAaHTAKEH-
HAM.

st 3a6e3niedeHns HopManbHOT po6oT EK mpy ak THBHO-1HIYKTHBHOMY
HaBaHTaKEHHI y PeKMMi HEPETryJIbOBAHOTO KITF04a (TIEPIINi THIT KIFOiB),
110 Mae Micue npu O < O, , HEOOXiJHO OJAaBaTH HA TUPUCTOPH KEPYIOUi
IMITYJTbCH JOCTATHBOI TPUBAJIOCTI, HE MeHIO1 3a ( @ — O ). Buxonsum 3 Haii-
MeHIIoro Kyta ¢, = (), TpUBaJICTh IMIYINIbCIB, [0 BMUKAIOTh THPUCTOPH,
MOBMHHA OyTH HE MEHIIIOIO 32 Jj . [HaKIIe iMITyJIbC KEpyBaHHS JJIsl 4EPrOBO-
T'0 THPUCTOPA 3aKIHYUTHCS PaHille, HiXK MPUIIHMHATHCS CTPYM y Mapalieib-
HOMY HOMY THUPHCTOpi, 1 THPUCTOP HE 3MOXKE BIAKPUTHUCS — BIAOYAEThCA
NpoNnycK BMUKAHHA THPUCTOpA.
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10.3. TpudasHi perynatopu 3MiHHOro CTpymy

_/SZ ZS@_Z/SZ 23@4 7> VS6

Puc.10.7 — TprdasHi TMpUCTOpPHI

cmmeTpuyHi EK 3a cxemMoto 3’eaHaHHs

“TupucTop-TrpncTop”

Ha puc. 10.7 HaBeneno Haii-
OB PO3MOBCIOMKEHI BapiaHTH
CHJIOBHX CXeM BMHUKaHH: TpUa3-
HUX CHMETPUHYHHX peryJs-
TopiB, ToOTO TpHdaznux EK, mo
BUKOHAHI 3a CXEMOIO 3’ €JHAHHA “TH-
pucrtop-tupucrop”. Y cxemi Ha
puc. 10.7,a HelTpainb 3ipKy BUBEIE-
Ha,ay cxemax Hapuc 10.7,6 ta 10.7,8
BOHa i30;1bOBaHa. JlBa 3ycTpiuHO-
napajelbHUX TUPUCTOPH Ha IHX
CXeMax MOKHa 3aMiHHUTH OJHUM
CHUMICTOPOM 4Y{ TUPHUCTOPOM, 3a-
IIYHTOBaHUM Yy 3BOPOTHOMY Ha-
npsAMKy giogoMm. s cxemu BMu-
kaHHs 3a puc. 10.7,a ocTanHiii Ba-
piaHT HE BUKOPHCTOBYETHCS.

MaxkcumaibHi 3HaY€HHS IPAMOT1
Ta 3BOPOTHOI HAIIPYT HA THPUCTO-
pax y cxemi puc. 10.7,a Bu3naqa-
I0ThCS aMILTITYI010 (ha3HOi Harpy-
1§71 \/EUqba ay cxemax puc. 10.7,6
ta 10.7,B — aMIuTiTyOI0 JiHIHHOT
Hanpyru \/EU 4, KO TUPUCTOP
IIYHTYETHCS T10I0M Y 3BOPOTHOMY
HATPSIMKY, i BeunHoto 1,5+/2U,
3a BIICYTHOCTI T10/iB.

CxeMH BMHUKaHHA 3 i30J1b0-
BaHOI0 HEHTPAJIIO TPHUIATHI 71
JKUBJICHHS HAaBAaHTAXKEHHS, 3 €IHA-
HOTO SIK y 31pKY, TaK 1 y TPUKYTHHK,
a cxeMa 3 BHBeJICHOI0 HeliTpaJ-
JII0 — TSI )KMBJIEHHS] HABAaHTa)KEeH-
H$, 3’ €JHAHOTO TUIBKH Y 3ipKy. [Ipu
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LIBOMY HEUTpajb CXeMU HAaBAHTAXKYETbCA (110 Hil MPOTIKAE CTPYM), KOJIU
KyTH KepyBaHHS TUPUCTOPIB BiIMiHHI BiJl Hy/Isl. Y cXeMi 3 BUBEICHOIO Heli-
TPaJUTIO CTPYM 4Yepe3 TUPUCTOP Y KOKHiHM (a3i He 3aleXuTh BiJ CTPyMy
iHmux a3. BiH BU3Ha4a€eThCs 3HAYEHHAM (a3HOI HAIIPYTH Ta XapaKTepH-
3Y€ThCs THMH K CITIBBITHOIIEHHAMH MiK KyTaMu O, Olg, A, @, 110 i U151
ostHO(a3HOT CXeMH.

[Ipu 30inbLICHH] KyTa KEpYBaHHS & 3MEHILIYEThCS TPUBAIICTD IPOTIKaH-
HSl CTPYMY 4Yepe3 TUPUCTOP i IpH AESIKOMY 3HAaU€HHI a IMIYJIEC CTPYMY Y
OJHiH (ha3i MPUIHMHAETHCS paHillle, HiX BIIKPHETHCS TUPUCTOP Y HACTYIIHIH
¢a3i. TakuM YMHOM, MOXKJIMBI IHTEPBAJIH Yacy, KOJIM CTPYM y HaBaHTaXECHHI
He npotikae. Kyt mpoBigHOCTI 1 KOXKHOTO 3 THPUCTOPIB IIPH LBOMY 3MEH-
LIYETHCS 10 3HAYEHHs MEeHIIOoro 3a 60°.

Y cxemax 3 i130Jb0BaHOI0 HEUTpaILTio (0e3 HyJIEOBOIO IPOBOJY) MPOIIe-
CH 3HAYHO BIJPI3HSIOTHCS BiJl PO3MISHYTHX BHIIE, TOMY LIO poOOTa ycix
(a3 B3aeMo3ainexHa i Ui MPOTiKaHHS CTPYMY HaBaHTa)KeHHS HEOOXiJTHO
OZIHOYaCHE BMHUKAHHS TUPHUCTOPIB y JEKINBKOX (ABOX UM TPHOX) dazax.

Po3srnssHeMo po0OTy IMX CXeM NPU aKTUBHO-1HIYKTUBHOMY HaBaHTa-
YKEHHI.

®a3Hi HAPYTH Mepexi )KUBJICHHS MO)KHA 3aITMCaTH Y BUTISI/L:

U, = \/EUqb sin

up =20, sin(®— 2T,
2311 (10.17)
ue =~2U 4 sin(d+ =)

®opma Ta 3HaYCHHS HANpPyT y (a3ax HaBaHTAKCHH 3aJIeKaTh BiJ 3Ha-
YeHHS KyTiB KEpyBaHHS & Ta j 13a CAMETPUYHOTO KePYBaHHS, KOJIU KYTH
a I BCIX THPHUCTOPIB OJHAKOBI, BOHM 1JCHTHYHI /i ycix ¢a3. Tomy
MOJHA JIOCIIPKyBaTH HANPYTy Ha OJIHIN 13 a3 HaBaHTaKeHHS. Y OMY
BUIAJIKY [UIS YCiX TOTOYHHUX 3HAYCHb KyTa & 1 KyTiB O = () 3a MoYaTtok
BiJUTiIKy IPUAMEMO MOMEHT NPOXOJLKEHHSA (Da3HOT HAPYTH MEPEXi u ve-
pe3 HylIb.

[Tpu aHami3i Bci MOXKITHBI BapiaHTH KomyTarlii Gpa3u ¢ MoxKHa po30UTH Ha
TPH XapaKTePHUX PEKUMH Y 3aJIEKHOCTI BiJl CIIIBBITHOIIEHHS & 1 J , K 1MO-
ka3zano Ha puc. 10.8,a-1. JIiITHKY IPOBiIHOCTI TUPUCTOPIB IMOKa3aHi Ha I[b0-
MY PUCYHKY IPSIMOKYTHUKaMH.
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Puc. 10.8 — Yacosi giarpamv poboTn Tupmctopis TprndasHoro EK
Ta opma HanNpyr Ha akTMBHO-IHOYKTVBHOMY HAaBaHTaXKEHHI
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SAxmo a < j, yepe3 HaBaHTAXEHHs Oe3MepepBHO TeUYe CHHYCOIIHUHN
CTpYM, 00 KO)KHA Mapa THPUCTOPIB HE3aJIEKHO KOMYTYe (ha3Hy Hampyry.
[Ipu nupoMy TpHUBaJiCTh NPOTIKaHHS CTPYMY 4Yepe3 KOKHHUH 13 THPHCTOPIB
A =T i pasHa Hamipyra ufl =u, (puc. 10.8, 6):

. Up .
ul = N2Uysin®; i, =+/2 —qbsm(ﬁ— 0),
Zug
nez, o orip ofHi€l a3 HABaHTAKECHHSI.

Sxkmo o<y, A€ Oy — NEAKUN TPAHUYHMN KyT BMUKAHHS THPHC-
TOPIB, IO PO3/LIISE MOXKIIMBI PEKUMH, TO 32 IiBIEpio y KpuBii (azHOi Ha-
IPYTH 1, MAEMO WICTh AiISHOK. [Ipn boMy Ha TPHOX JIUISHKAX U, = U,

Uup u

. . . / ac
(BiZKpHTI TUPHCTOPH YyCiX TphoX (pa3); HA IBOX U, = abo 7 (3a-

KPHUTI TUPUCTOPHU y NIBOX (a3ax); Ha ONHIH ul/, =( (3aKpuTi TUPUCTOPH B
ycix Tppox ¢azax) (puc. 10.8,B).
Sxmo o> 0l,,, TO HEMae iHTEpBaliB OJHOYACHOI POOOTH THPHCTOPIB

/ Uab 260 Uge

ycix Tppox ¢az. [Ipu ubomy Ha ABOX OUIAHKAX U, = ,aHa

JIBOX THIITHX ufl =0 (puc. 10.8,1).

Tperiii pexum peaiisyersest mpu Oz, < 0L <150°, T06TO MakcHMab-
HHH KYT Oy = 150°.

OTxe, peryatoBaHHS HAIIPYTH Bl MAKCUMAJIbHOTO 3HAYEHHS JI0 HYJIS 1711
PO3IIITHYTUX CXEM MOIIMBE NPH 3MiHI KyTa peryaloBaHHI a y Mexax
p<a<150°.

Crpymu Ta HaIllpyTH JJIs Pi3HUX PEKUMIB MOJKHA BU3HAYUTH PO3B’A3aH-
HAM Au(epeHIifHNX piBHAHD AJIS Pi3HOI KUTBKOCTI OJHOYACHO BIAKPUTHX
tupuctopiB. Li piBHSIHHS U151 a3y a ISl BITKPUTHX THPUCTOPIB yCiX TPHOX
(a3 MaroTh TaKWi BUTIIA:

ufl =\/5U¢ sin® = wL, ifg +i,R, — (10.18)

JUISL BIIKPUTHX TUPUCTOPIB Y Pazax a 1a g;

Uy 3

u,=-—2=—
a 2 \/E

JUISL BIIKPUTHX TUPUCTOPIB y (azax a Tta c;

U,sin(@+30°) =awlL, %Ha& - (10.19)
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/ _ Uge \/_ di,
—U,sin(®-30°)=wL, —2+i - (10.20
=5 ( )= v R, (10.20)

JUISL 3aKPUTHX TUPUCTOPIB y dasi a ut/l =0.

Po3B’si3annHsM 32 nonomoroto EOM pisastHb (10.18) — (10.20) 6ymo Bu3-
HA4YeHO 3aJIe)KHOCTI BiJl KYTiB & 1 j /Ail040T0 3HAUEHHS NepIIOi rapMOHIKH
HAIPYT¥ Ha HaBaHTaxeHHi U, , III040ro 3Ha4eHHs CTPYMy Y HABaHTaKEHHI
I, i1040T0 3HAYEHHs MEPLIOi FAPMOHIKM CTPYMy Yy HaBaHTaxeHHi [, Ta
CEPEZIHBOTO 3HAYEHHS CTPyMy 4epe3 TUpUcTop 1, . Jliroue 3Ha9eHHs CTpY-

1
MYy 4Y€pe3 TUPUCTOP BU3HAYAETLCH 5K TH
2

3aexHocT1

2 U
vi= = /(0. 9);
i (UHO f(o,0)
=—== f(0,0);
I f(o,9)
« Ty
I, =% = f(0,9);
1H0
* Ta
I, = = f(o, )
[TaO

Y BITHOCHUX OJWHMITIX HaBeIeH1 BiamoBiaHo Ha puc. 10.9 — 10.12, Bemuymn-
au U9, 1,0, L0, I740 Bimnosinarwots kyTy kepyBanus o = 0.

OTpuMaHi 3alle)XHOCTI J03BOJSAIOTH po3paxyBatu Tpudaszuuit EK
(puc. 10.7,0 1 B) y pi3HUX pexxumax poOOTH.

Ha puc 10.13 nmomano nBi cupomeni cxemu EK. Ha puc. 10.13, a mo-
Ka3zaHa cxema 3’ €THaHHS “THPUCTOP-TUPHUCTOP”, 1€ TUPUCTOPHU € y ABOX
dazax, a TpeTs paza mpuenHana 6e3M0CEPEIHHO 10 HaBaHTaXeHHA. Ha
puc. 10.13,0 — cxema 3 TppOMa TUPUCTOPAMHU, 3’ €ETHAHUMH Y TPUKYTHUK
1 BBEICHUMH y HEHTpah 3ipKU HaBaHTa)keHHsA. OCTaHHE MOXKHA peai-
3yBaTH TUIbKH Y BUMAJAKY, SKIIO € MOKJIUBICTh PO3PUBY HEUTpaIIi 3ipKH
HaBaHTaXEHHSI.
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IlepeBara nux cxeM — y MEHIIIOMY YHCIIi THPHUCTOPIB 1 IESKIM CIIPOIIEHH]
CHCTEMH KepyBaHHs. [XHili HEIOMIK MoJIsrae y ToMy, 110 IPU CHMETPUIHOMY
KepyBaHHI THpUCTOpaMu (OpMa KPUBUX CTPYMIB i HAIIPYT Yy pi3HUX (azax
HEOJHAKOBA 1 iXHI [i104i 3HaYEHHS MOMITHO Pi3HATHCA. TOMy PO3IISHYTI
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CXeMH MO)KHA 3aCTOCOBYBATH TUIBKH IIPU CTBOPEHHI HeperynboBanux EK,
Jie THPUCTOPHY BUKOHYIOTH (PYHKIIi10 MEXaHIYHOTO KOHTAKTY.

Puc.10.13 - CnipotwueHi cxemu TpudasHux EK amiHHOro cTpymy
[Ipu oMy BapTO MaTH Ha yBa3i, 10 IIPX MTOBHICTIO BIAKPUTHX TUPUCTO-
pax y cxemi puc. 10.13,0 cepenHe 3HaueHHS IXHBOTO CTPyMYy Olnbiie y /3
pasiB, HiXK y cxemax puc. 10.7,a.
Hanpyra Ha TUpUCTOpax KX CXeM BU3HAYAETHCS JTIHIHHOIO HAPYTOIO.

10.4. Cxemu 3anycKy KepoBaHUX HaMiBNPOBiAHUKOBUX
npunaais y perynsaropax Hanpyru

Cxemu 3anycky (C3) mpu3HadeHi i MACWICHHS W IEPETBOPECHHS
1H(pOpMaIIHOTO CUTHATY CUCTEM KepYyBaHH:I PETryJISTOPIB Y CUTHAI 13 Ia-
pameTpamu, HeOOX1THUMH JIJIsl TApAHTOBAHOTO BMUKAHHS UM BUMHUKAHHS
KepoBaHOTO HamiBnpoBigHukoBoro npunany EK. Sk yxe 3a3nadanocs, y
notyxxHux EK perynsaTopiB y sIKocTi KepoBaHMX HAIiBIPOBITHIKOBUX ITPH-
JIa1iB BUKOPUCTOBYIOTHCA TUPUCTOPH (HAYACTIIIIE), CHMICTOPH, ONITPOHHI
TUpucTOpH, ABoorepauiitHi Tupuctopu i BTI3. Y ciabkoctpymoBux (HIKYE
25 A) EK, B OCHOBHOMY, 3aCTOCOBYIOTECS TIOTY>KHI OIMONSIPHI 1 MOTBOBI
TPaH3UCTOPH.

[leprri Tpu i3 BKa3aHUX MPUITAJIIB € HE TOBHICTIO KEPOBAHUMH, 00 iX HE
MO)KHAa BUMKHYTH [Ii€10 HAa HUX KEPYIOUOTO CHUTHAIY, iHIII X TMPUIagd —
MTOBHICTIO KEPOBaHIi: IX MOKHA SIK BMUKATH, TaK 1 BUMUKATH JI€I0 KEPYIO-
YOTO CUTHAIY.

3aransanmu BuMoramu 10 C3 mist Beix tumis EK e:
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1) 3a0e3neyeHHst HaIiITHOTO BMUKAHHS HAITiBIPOBITHUKOBHX npriafis EK,
a TaKOX IXHBOTO BUMHUKAHHsI (IJ1s1 HOBHICTIO KEPOBAaHHUX MPHIIAMIB) B yCiX
pexxumax podotu EK;

2) He3HaYHa CIIOKMBaHA OTY>XKHICTb;

3) mauti rabapuTH # Maca;

4) BHCOKa 3aBaIOCTIHKICTh 1 HAMIHHICTB.

Sk Bxe 3a3Havyanocs, npu creopeHHi EK perymsropis 3MiHHOT Hanpyru
PI3HUX TUMIB 1 OTENep HAWOIBII ITUPOKO BUKOPUCTOBYIOTHCSI TUPUCTO-
pu. Lle mosicHIOETBbCA THM, 1110 BOHH i1CTOTHO NEPEBEPILYIOTH 1HILI Kepo-
BaHi HaiBIPOBITHUKOBI ITPUJIAJIH 32 PIBHAMH POOOYHX HOMIHAJIBHUX CTPYMIB
1 HampyT, 3HaYCHHA SKUX Y CYYacCHUX MOTYXKHUX THUPUCTOPIB CTAHOBISThH
TUCSY1 aMIIep 1 THCAY] BOJIBT BignoBinHO. [Ipu poMy, 1110 0COOINBO Baxk-
JUBO, iXHS MepeBaHTaKyBalbHA 3/aTHICTh 32 CTPYMOM CATae NECATKIB
KiJloamIep IpH BiIHOCHO MaJIMX BTPaTax MOTYKHOCTI y BIIKPUTOMY CTaHi.
Jlo 11b0T0 BapTO AOJATH — i 32 BAPTICHUMHU ITOKa3HUKAMU 1 32 HAHIHHICTIO
BOHH ITOKH 110 TAKOXX IEPEBEPIIYIOTH YCi 1HII CHIIOB1 HAIiBIIPOBITHUKOBI
npunanu. Henoniku TuprcTOpiB, OB’ A3aHi 3 HU3bKUMHU YaCTOTHUMH BJIa-
CTUBOCTSAMU (SIK MpaBUIiIo, ixHs poOoya yactora He nepesuirye 500 '),
HE € BU3HAYaIbHUMHU TPH 3aCTOCYBaHHI Y HU3bKOYACTOTHHX (3a3BUYall
50 I'n) perynstopax. Y 3B’s3Ky 3 IMM MU HaHOUIbIIY yBary NpuIiIAMO
C3 came THpucTOpIB.

VY sxocti Takux C3 MOXYTh BUKOPHCTOBYBATHCS HIMPOKO 3aCTOCOBY-
BaHi JUIS [i€] METH y IepETBOPIOBAIBHIN TeXHILI MiicUII0BaYi—(opmy-
Bavi iMIIyI6CiB. BOHU SIBISIOTH COO0I0 CIIONYYEHHS OHOBIOpaTOopa, 1o
3a/1a€ HEOOXIIHY TPUBAIICTD ¢, IMITYJIbCY KEPYBAHHS, 3 IMITyJIbCHUM ITiJI-
CHJIIOBaYeM, 110 Ma€e TpaHchopmaropuuit Buxii. [le 3abe3neuye mopsis
13 MICUIIEHHSIM CUTHAIy eJIeKTpUYHEe (TaTbBaHIYHE) PO3IIIEHHS KiJ
CHJIOBOI cXeMU (BUCOKHI MOTEHIIIal) 1 CHCTEMHU KepyBaHHA (HU3bKHIA 110~
TeHIian). SKIo uisi BMHKaHHS THPHCTOpa MOTPi0eH “IMpOKUi” iMITyITbC
(monax 0,1 — 0,2 mc), To B cxeMy TicuiIOBada-GopMyBada J0JaTKOBO
BBOJIATH IIE ¥ TeHEpaTOp IMITYJIBCIB, 33 JOTIOMOTOIO SKOTO Oe3mepepBHUH
CHUTHAJI KEPYBaHHS IEPETBOPIOETHCS Y IepepruBIacTHi (B110yBaeTHCS HOTO
MOJYJIALS), [0 ICTOTHO TOJETIIy€e poOOTY BHXIJHOTO TPaH3UCTOpa 3a
MOTYXHICTIO.

CrpykTypHa cxema IifciioBada-hopMmyBada 300paxena Ha puc. 10.14,
a yacoBi giarpamu pobotu — Ha puc. 10.15.
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Puc. 10.14 - Migcvniosay-cdopmysad iMnybCiB KEPyBaHHS TUPUCTOPOM.
Cxema CTpyKTypHa

Usx 3a BiICYTHOCTI CHUTHAJy BiJl CUCTEMH
Uex —| t KepyBaHHS PEryJIITopa reHepaTop iMITyIb-
~ " CiB 3HAXOAUTHCS y BUMKHEHOMY CTaHi 1y
U, . Kepyrode Koo Tupucropa VS curuan He
5 HaJIXOAUTb. 3 MPUXOJOM CHTHAJy 3aIryc-
slsl Ky Ha BXiJ] OTHOBiOpaTopa ocTaHHiH reHe-
.' H ” V2 -I | t  pye mpsMOKYTHHH iMITyibC (iuB. puc. 10.15)
Ukep H I_l L U HEOOXiTHOT TPUBAJIOCTI ¢ 1 BMUKA€ Ha [IeH
o IPOMDKOK 4Yacy reHepaTop iMIyJbCiB.
|_|_|-| ” mu"ep H |— t IMITynbCHUH TIiICHITIOBAY MMiJCHITIOE 1M-
Puc. 10.15 - Yacosi giarpamyn  TTY/T-CH TCHEPATOPA 32 IOTY>KHICTIO 1 HAMIPY-
Hanpyr Ha BUXoJax By3 7B T'OrO 10 3HA4YCHb, Heo6xi)1HI/IX JI1 HajliﬁHo-
nigcuniosaya-¢hopmMyBada iMMyNLCIB TO BMAKAHHS THPHCTOpa. Y SKOCTI TeHepa-
TOpa MOYITIOIOYMX IMITYIIBCIB 323BHYail BAKOPHCTOBYETHCS MYIIBTHBIOpATOP.

[Ipuknaay cxem IMITyIECHUAX MiICHITIOBaYiB HaBeneHo Ha puc. 10.16,a16.
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Turr cxeMHOTO BHPIIICHHS IMITyJILCHOTO IiICHIIFOBaYa 3HAYHOKO MipOO
BH3HAYA€THCS HEOOXiTHO TPUBAICTIO iMIYNbCy KepyBaHHs. llepemaua
iMIyJnbciB TpuBamicTio 10 0,2 Mc (“By3bKi” iMITyJIbCH) MOXKeE 30iHICHIOBAaTH-
Cs1 32 JIOTIOMOTOF0 HAMIIPOCTIMIOTO IMITYIhCHOTO TijcriTioBava (puc. 10.16,a).

MarsiTonposiz iMITyIbCHOTO TpaHchop- B
Maropa 7V Tpaltoe TyT 110 YaCTKOBIH MeTi +Bed
ricrepesucy (puc. 10.17), Tobto poboya B,
IHIYKLiS y MarHiTOIIPOBOII 3MiHIOETHCS Bill
3QUIMIIKOBOT B 710 MAaKCUMAIIbHOI B, H

TpuBajicTh IMITYyIbCY KepyBaHHS, IO
MOJKE IIICHINTH LIEN ITiICWIIIOBaY O€3 CIIo-
TBOPEHHS, BU3HAYAETHCS 3 BUPA3Y:

L Bs
t,<(Bs—B,) mS , (10.21)  Puc. 10.17 ~ Xapaktepuctika
U, HamarHi4yBaHHs MarHiTONPOBOAY

i€ W, — KUIBKICTh BUTKIB IIEPBUHHOI OOMOTKH iMITyJIbCHOTO TpaHc(opma-
TOpa CTPyMY;

S — 1101112 TEPETHHY MarHiTONPOBOAY;

U ,— Hampyra >KHUBJICHHS.

Jnsg nepenadi “mupokux’ iMITyIbCiB KepyBaHHS BUKOPHUCTOBYETHCS, K
3a3Ha4yaJIoCs BUIIE, YACTOTHE 3anoBHeHHA (puc. 10.15), 3a sxoro iMmynsc
KepyBaHHsI (OPMYETHCS Y BUIVISII YACTOTHOT MMOCHIIKU. Y IIbOMY BHITQJIKY
JUTA 11 ACHIIEHHS] BUKOPUCTOBYETHCS cXeMa MifcriTioBada 3a puc. 10.16,6.
[ToueproBe BMHKaHHS TpaH3UCTOPHUX KitodiB V711 1 VT2 npu3BomuTh 10
TOT0, III0 MAarHITOIIPOBIT IMITYJILCHOTO TpaHCchopMaropa 77 BUKOPHCTOBYETh-
Csl TIOBHICTIO, 00 MPAITIOE 32 TOBHUM IIUKIIOM MlepeMarHiayBaHHSI.

3a MoNsIpHOCTI CUTHAJIB Ha BXoAax TpanzuctopiB V71 1 V12, mo nokaza-
Ha Ha puc. 10.16,0, y mpoBigHOMY cTaHi1 3HaXOnUThCS TpaHzuctop V711, a
Kepyroua Hallpyra [oAa€eThCs J10 Kojla KepyBaHHs TUpHCTopa VS uepes 1o
VD1 Bin niBoi BuxigHOI nmiBoOMOTKH TpaHcdopmaropa. [Ipu 3miHi ossip-
HOCTI BX1IHOT HaIIpyTH Kepyroua Harpyra OyJie HaJIXOUTH 3 TIPaBOi MiBOO-
MOTKH TpaHcpopmaTopa uepes nion VD3. TpuBaicTh iMITyIbCY, IKY MOX-
Ha IepesiaTH 3a JIOIOMOIOI0 JaHOI CXEMHU, BU3HAYA€THCS 3 JOCTATHBOIO
TOYHICTIO 13 BUPA3y:

Wi
t;=2B¢S—. 10.22
ST ( )

oHC
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YacTtoTHa MOIYJSLIS IMITYJbCY KEpyBaHHS 3A1HCHIOETHCS 4acTOTOIO
npubnusHo 5 — 10 x['0, npuvoMy miBnepion iMITy/bCiB, IO MOAYIIOIOTH, 1
napaMeTpH ocepisi MarHiTonpoBoja 3B’s13aHi Bupasom (10.22).

YucIto BUTKIB IMITYJIBCHOTO TpaHC(hOopMaTopa BUOUPAETHCS, SIK IPABHJIO,
Tax, 100 CTpyM HamarHiuyBaHHs He niepeBuiryBas 10—15% ycepennenoro
CTpYMy HaBaHTa)KE€HHS TpaHcdopMmaropa.

VY okpemux Bumnajakax, konu tupuctopu EK MaioTh chinbHy TOUKy 4u
IXHsI KUIbKICTh HEBEJIHMKA, K IMITYJIbCHHUM ITiACHITIOBaY MOYKE BUKOPHCTOBY-
BaTHCA TPAaH3UCTOPHUI ONITPOHHUM KJIt0Y, TOKa3aHui Ha puc. 10.18.

[IpoextyBanns C3 TUPUCTOPIB IPOBOANUTH-
cs 3a BXITHUMH CTATUYHUMH 1 JTUHAMIYHUMUA

VS XapakTepuCTHKAaMM KepyBaHHs 3 ypaxXyBaH-

(e, . .
U+ HSIM MEXaHi3My NIepeMHUKaHHS THPUCTOPIB.
x
-0 Bxinni BAX kepyrodoro mepexony
R TUPHUCTOPA 3aJeKaTh BiJ] HOTO THITY, TEM-
Ukep v NepaTypy HamiBIIPOBIIHUKOBOI CTPYKTYpH 1
© ICTOTHO BiAPI3HAIOTHCA BiJl €K3EMILIApA 10
(Y = eK3EeMIUISIPa HaBiTh AJISl OJHOTO THITY Yepes3
HEJIOCKOHAJIICTh CYy4acHOI TeXHOJIOTIi BUTO-
TOBJICHHS TIPWITA]TIB.
Puc. 10.18 — ImnynscHui Y noBiIKOBUX MaTepiajiax 3a3BHYA
MifcunioBad 3 TPAH3VCTOPHUM  HaBezieHi BXinHI BAX tupucTopiB y Takomy
OnTpoHOM BHIJIA, SIK TOKa3aHo Ha puc. 10.19,a.
Uxep
Ex X mac Rexmaro
|
KepE
U L
KepMakc R
Ex x.min ¢ |: Rex
E
Ukepo € 2
|
| Rex :f(UKep‘lKep)
0 - —
| Kkep0 I K3MiH | Kepmakc | K.3.makc
a) 6)

Puc. 10.19 — BAX kona kepyBaHHs TMp1cTopa
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TyT kpuBi 3 MaKCUMANBHUM R0 1 MIHIMATBHUM Rgyyi, BXITHUMEU
oropamMu 00OMEKyIOTh TI0JIE PO3KUAY ITapaMeTpiB Kojla KepyBaHHA. Y 30Hi
1 BMHKaHHSI THPUCTOPIB HE TAPAHTY€ETHCSI, TOMY IO AJISI AESKUX €K3EMII-
JSIPiB CTPYM KEepyBaHHS MOKE BHUSBUTHCH MEHIIMM 32 CTPYM BMHUKaHHS.
30Ha 2 oOMexeHa 3HU3Y JiHIsIMU U oo i 1 5> 3YMOBICHHMH HAIPYTOI0 i
CTPYMOM BMHKaHHS [TPY MiHIMabHil po0odiii TeMeparypi HaBKOJIUIIHBO-
o cepeoBHILA. 31 30UIBILICHHSIM TeMIIEpaTypH L JIiHii, sIK BUIUIMBAE 13 (Hi3uKu
PpOOOTH THPHCTOPIB, 3MILLYIOTECS JOHHU3Y. 3BEPXY 30Ha OOMEXeHa rimep-
00JI0I0 — TEOMETPUYHUM MiCLEM TOUYOK MaKCUMAaJIbHOI IIOTYXHOCTI Kepy-
BaHHS P, , 1[0 BU3HAYAIOTHCS MAKCUMaJIbHO IPUITYCTUMHUMH HAlIPyTOIO

Kepuare
U pmare 1 (pryMOM 1, piare- 1lpn po3paxynky C3 THpUCTOpiB HEOOXinHE J10-
TpUMaHHS YMOB:

I 8ux 21 Kkep0s Ugux 2 UK@pO; I sungux < ])Ke‘pMaKCJ (10.23)
ne 1., U —BUXigHI cTpyM Ta Hampyra C3, To6to npsama Ey .. [
(Eyxvane I — MakcuMallbHi 3HadeHHs Harpyru X.X. i crpymy K.3.),
110 BiANIOBiJa€ BHYTPILIHHOMY OIIOPOBI BUXiTHOTO MpHCTporo C3, TOBUHHA
nexaty ycepeanHi 3001 2. OCKUTBKH THPUCTOP, BIACHE KaKyUYH, BMUKA€THCS
SNEKTPUIHUM 3apSIOM, TO 31 3SMEHILEHHSIM TPUBAJIOCTI KEPYIOUOT0 IMITYIIbCY
HOro aMILTITY/Ia MOBHHHA Oy TH 301TbIIICHA.

I'pannuni 3HAYEHHS IMITYJILCHOT HOTYKHOCT B, 0cs P e 1 T 3MILTY-
F0TBCS BHU3 IIPH 301IIBIIIEHHI CTPYMY K€PYBaHHS.

V IOBiAKOBHX MaTepiaiax HaBOIATEH CIM F0 KPUBHUX MaKCHMAJIBHO MPH-
ITyCTUMOI IOTY>KHOCTI KepyIodoro iMmysbcy. HeoOxiqHa TpHBaIiCTh IMITYIIbCY
{, BU3HA4a€Thes 3 yMoB podoru EK y perynstopax.

Bapro migkpecnutu — y IOBIZKOBHX Marepianzax TakoX BKa3yIOTHCS
MiHIMaJIbHI 3HaYeHHS IMapaMeTpiB CUTHAITY KepyBaHHS, 10 HE MIPUBOAATH
710 BMHKaHHS THPHCTOpPA — CTPYM, IO HE BMHUKAE, 1 HApyra, 110 He BMH-
Kae. L{i mapameTpu XapakTepu3yOTh CTYIIIHb 3aBaJJOCTIHKOCTI THPUCTOP-
HUX CXEM.

Buxoastuu 3 BUIIEHABEACHOTO, aJITOPUTM PO3PaXyHKY BHX1IHOTO KacKa-
ny C3 3BOIATH O TaKOTO.

1) 115t mpoeKTOBaHOT CHIIOBOT CXeMHU BH3HAYAIOTh HEOOX1THY TPUBATICTh
IMIIYTBCY KEPYBaHHA. SIKIo 1711 [aHoi TPUBAIIOCTI £, KpUBA TPAHMYHO JI0-
ITyCTUMOI ITOTY>KHOCTI HE TIOZJaHa Ha XapaKTePUCTHUKAX TAHOTO THITY THPHC-
TopiB (puc. 10.19,a), To 32 00MeKyBaILHY KPHBY IPUIMAIOTh HAHOIMKTY 3
OLIBIINM 3HA9EHHAM Py gy JUIS HEOOXITHOTO £,

3.makc

3.maxc
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2) 3 ypaxyBaHHSAM YMOB JIOCSITHEHHS MiHiMaibHUX rabaputiB C3 npoBo-
ISITH JIiHII0 HaBaHTaXeHHs depe3 Touky 4 (puc. 10.19,a) neskoi ycepenue-

Hoi BAX 0AK, 1m0 NpoXoauTh uepe3 TOUKy 4 B KOOpAMHATaX UKepo, Ikepo.
Juis wiel Touku 3a kpuBow (AK 3HaXOIATH
Ukepo

Roo =—2=. (10.24)
I kep0

3) Bracnifok Toro, 1o MakCUMallbHa BiJjia4ya MOTY>KHOCTI BUXiTHUM
kackasoM C3 (iMITyJIbCHUM ITiICHITFOBAYEM ) JIOCATAETHCS 32 PIBHOCTI HOTO
BHYTPILIHBOTO OIIOPY ONOPOBI HaBaHTaKEHH, MpuiMaroTh (puc. 10.19,0)

Rs = Rexo- (10.25)
4) I3 piBHsHHSA JTiHI] HABAHTa)KEHHS, 110 IPOXOIUTD Yepe3 TOUKY 4,
Usep = Usepo + Re(Liepo = Liep) (10.26)
3HaXOIATh MiHIMaNbHY Harpyry X.X. BUXiTHOTO KacKaay:
EX.X.MiH = UKepO + [KepORe- (10.2 7)

5) 3MeHIIYIOTh PO3paxXyHKOBE 3HAYSHHS BHYTPIIITHBOTO OTOPY JIJIs Bpa-
XyBaHHS 3pOCTaHHS HOTO MTPH HATPiBaHHI €JIEMEHTIB, 3aCTOCOBAHHX y CXeMi
BHXI1IHOTO KacKaly iMITyJIbCHOTO MiICHITFOBa4a, TOOTO:

Rs =R6xOl(1_BRt)—\/BJ, (10.28)

ne B —TeMneparypHHuii KoedilieHT onopy;

D — nucmiepcia BiAXWieHb HOMIHAJIBLHUX 3HAYCHH OMOPY pE3UCTOpa y
BIIHOCHHUX OIVHHIIIX.

6) 361nbIIyI0TE HAanIpyTy X.X. BUX1IHOTO KacKaay Ha 3Ha4Y€HH:, 110 Bpa-
XOBY€ MaKCUMaJIbH1 KOJIMBaHHS HAIIPYTH Mepesxi kuBieHHa C3, To0To:

AU,

Ex x.inin = Ex x yin(1+ )- (10.29)

MHOM

7) IlepeBipsitoTh HETIEPEBUITICHHS 3HAYCHHS IOy CTUMO]1 IMITYJTECHOT T10-
TY>KHOCTI, 1110 BUAUISETHCS B KEPYIOUOMY TIEPEX0i, 38 (PaKTHIHOIO HABaH-
Ta)XyBaJILHOIO MPSIMOIO 1 00MEXXYBaJIbHOIO XapaKTEPUCTUKOIO BXO/Y.

8) Bubuparots koHKpeTHY cxemy C3 1 MpOBOAATS 11 pO3paxyHOK.

3a3HayrMo, 1110 po3rsiHyta C3 TupucTopiB Ha 6asi miacuiIoBada-hop-
MyBa4a € yHIBepCaJbHOIO CXEMOIO 1 MO)XKe BUKOPHUCTOBYBATHCS Yy PI3HUX
THIIaX TIEPETBOPIOBAYIB SIK ITOCTIMHOTO, TaK 1 3MIHHOTO cTpyMy. OTHaK, BOHA
yCe-TaKl JOCUTH CKIIaHA, 1 TOMY Y PETYIIATOpax MOpPs i3 Ii€I0 CXEMOIO
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TaKOX 3aCTOCOBYIOThCS C3, y SIKMX Il CTBOPEHHS IMITYJIBCIB KEpyBaHHS
BHUKOPHCTOBYETHCS aHOJHA Hampyra cuioBoro tupucropa EK. Bapiantu
Takux cxeM HaBejeHi Ha puc. 10.20,a,6. Lli cxemu TOCHTB MPOCTI, 1, KpiM
TOTO, IMITYJIbC KEPYyBaHHS TYT MOJAETHCS Ha TUPUCTOP TUIBKU HPOTSITOM
qacy fioro BMUKaHHS. LlMM BH3HAUa€THCSl BUCOKAa €KOHOMIYHICTh CXEM 3a
CHOXMBAHOIO MOTYXHIicTIO. HalOinbm eeKkTUBHI BOHH Yy PeryisITopax
3MIHHOT'O CTPYMY 3 BUCOKHM PiBHEM HAIIPYTH MEPEXKi.

u, =U,sind u, =U, sind_
Zy
¢
rR2| |\WYvD2
R1 +
J Bx Fu  ZNVs2
-1 'Kefw
V3 E)v R1 Recs
|KeP ;szl SZ N
v
JE VT e
Bid CK L DRZZKVD XZ\VSl
1 I
B Bid CK Y| ZRvon [JRs
a)
T
6)

Puc. 10.20 — Cxemu 3anycky TMPVUCTOPIB Bif, aHOOHOI HANPyrut:
a) 3 TUPVICTOPHMM OMTPOHOM; 6) 3 CUMICTOPHUM OMTPOHOM

Ponp iMmynbcHEX TigcuiroBadiB y cxemax puc. 10.20,a,0 BUKOHYIOTh
OIITPOHHI KITIOUi, 32 JIOTIOMOTOFO SIKUX (DOPMYIOTBCS IMITYJILCH KepYyBaHHSI
JUTA HaAIHOTO BMUKaHHS THpUCTOPiB EK, a Takok BUKITIOYa€THCS IOTEHITI-
QIBHUH 3B S130K MIXK CFJTOBIMH KOJIAMH 1 KOJIAMU KepyBaHHS (320e3MeIy€eThCs
EJIEKTPUYHE PO3IUICHHS KiJT). Y SKOCTI ONTPOHHUX KITFOYiB BUKOPUCTOBY-
10T 260 ontporHuit TpucTop V (puc. 10.20,a), abo onTpoHHuUit cumictop V'
(puc. 10.20,0).

Po0oTa mux cxem nossrae y Tomy, o Ipy HassBHOCTI CUTHAITY Ha BUXOI1
cucremu kepyBaHHs CK Tpansuctop V7T BMHUKaeThCS 1 HA KEPyOUe KOJIO
OTITPOHHUX KITIOYiB ITOIA€THCS HEOOX1IHA I IXHBOTO BMUKAHHS HAIIpyTa.
Konu manpyra Ha aHOII CHJIOBOTO THPHUCTOpA, Hampukiad, VSI, mocsrHe
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3HAYEHHS, IIPU SKOMY CTPYM 4€pe3 0OMEXKyIounid pe3ucTop R . 10csArHe
BEIIMYMHU CTPYMY BMUKaHHs [, I(5OTO THPHCTOPA, BIH BIKPHBAETHCS 1 IIYH-
TY€ TOJIOBHE KOJIO ONITPOHHOTO KJIto4a. [Ipr IboMy cTpyM y KOIli KepyBaHHS
VS1 npunuasieTscst. ToOTO CTpyM y Kouli KepyBaHHS THPHCTOPA iCHY€ TUTBKH
MPOTSrOM Yacy HOro BMUKaHHS. Y IPOTUIICKHY IIBXBUITIO HATIPYTH MEPEXKi Y
TaKui camuii criocio Oy/ie BiAKpUBAaTUCS TapaieIbHUM CUIIOBUI TUPHUCTOD.

3a BiacyTHOCTI curaaiy Bix CK onTpoHHI KIIro4i BUMKHEHI 1 Kepyrodi cur-
Hanu Ha Tupucropu EK He nonaroTecs.

Hionu VDI 1 VD2 npu3HadeHi Ui 3aXUCTY KiJl KEpyBaHHS THPUCTOPIB
EK Bin i Hes0my CTUMOT 3BOPOTHOT HAIIPYTH. YCi pE3UCTOPH, OKPIM R Ta
R, m0 3a/1a€ BEJMYKMHY CTPYMY CBITJIO/IO/Ia ONTPOHA, € Y3TOJKYBaIbHUMU
eJleMeHTaMH. BOHM MiABHIIYIOTh 3aBaIOCTIHKICTh CXEMHU.

OueBHHO, O YaC BMMKAHHS /, CHIIOBUX THPUCTOPIB y JIAHMX CXEMax
Oyle MakcMMaJibHUM npu aktuBHOMY HaBaHTaxeHHi (L, =0; R, #0) i
KyTi kepyBanust O = 0. Ileit yac MOKHA BU3HAYUTH 3 BHPA3y:

. I Ry, +R
sin o, = KepO( 00M H),
Upm
| I Ry + R
t, = —arcsin wepo (Ros H); (10.30)
(V) U dm
npu R, << Rysy,
1 LiepoR
t, = —arcsin <2200
Q)] Pm
e o=2mf;
U o aMILTITyJHE 3HaYeHHs (pa3HOT HAPYTU MepexKi.

Benvnumnna omopy o0Mexyrouoro pe3uctopa R . 3a yMOBH MaKCHMAJIb-
. A X o0om
HOI mepeiadi MoTy>KHOCTI BU3HaYaeThes 3 Bupasy (10.24). Ognak orpuma-
HE Yy TaKuil criociO 3HaYE€HHsI OTOPY MMOBUHHE 00O0B’SI3KOBO 3aJ0BOTHHITH
HEPIBHOCTI

Ugpmsina

Rogu = (10.31)

IKepMaKC
Ipu akTuBHO-iHAYKTHBHOMY HaBaHTaxenHi (L, # 0; R, #0; R, << R,s,)
Yyac BMUKAaHHs CHJIOBUX TUPUCTOPIB Oy/1e BUHAYATUCS 3 BUPA3Y:
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- Uy,sina
(l_e T)—E kep0 s (10.32)
0oMm
L,
aec T= — CTaJIa 4aCy KOJIa KCpYBaHHS,;

06Mm
U ppsSino .
R = I — crase 3HAYEHHS CTPYMY Y KOJIi KEpYyBaHHS,

0oMm

R . —3HaxonaTs i3 Bupasis (10.24) 1 (10.31).

002
[licns BigmoBiAHMX NEPETBOPEHb MAEMO:

IxepO )

t, =tin(1- (10.33)

cm

[Ipu BuOOPi TUILY ONTPOHHOTO KJIF0OYA AJISl PO3MIISIHYTUX CXEM HE0OXiTHO
BHUXOJIUTH 3 TAKOT'O:

1) poboua Hampyra ONTPOHHOTO KJIloua MOBUHHA BiANOBigaTy podouiit
Harpy3i CUJIOBUX TUPUCTOPIB, TOOTO IXHI KJIaCH 3a HAIPYTO0 IIOBUHHI OyTH
PIBHOLIIHHAMUY;

2) MaKCHUMaJIbHUH JOITyCTUMUH IMITYJTCHUM CTPYM ONTPOHHOTO KITIOYa
TNOBUHEH OyTH HE MCHIIMM 33/, CHIIOBOTO THPHCTOPA;

3) MakCcUMaNbHUI Yac MPOTIKAHHA CTPyMYy Yepe3 ONTPOHHUHN KO BHU-
3HavaeThes 3 Bupasy (10.30) abo (10.33).

PosrisinyTi BapianT C3 npuaaTHi i U1sE BMUKaHHS IOTY>KHUX CUMiCTOPIB
Ta ONTPOHHUX THPHCTOPIB.

VY meperynpoBannx EK, nmpu3HaueHUX I HEYaCTUX BMUKAaHb, 3aMiCTh
ONITPOHHUX KITIOYIB 3a3BUYail BHKOPHUCTOBYIOTH HEIOPOTi 1 BUCOKOHA I HHI
MarHiTOKepOBaHI T€PMETHYHI MaJIOTIOTY>KHI KOHTaKTH — F€PKOHM.

C3 cunoBux GimoJISIpHUX i MOJBLOBHX TPAH3UCTOPIB SIBISIOTH COOOFO
3BUYAIHI IMITYJIbCHI TTiICHITIOBAYI, 10 3a0€3MIeIYIOTh 32 CHTHAIOM KEpy-
BaHHS CTPUOKOMOAIOHUN MEePexXig IUX TPAH3UCTOPIB y PEXKUM HACHICHHS
(noBHicTIO BigkpuTHii ctaH). Tooro C3 3a0e3neuyoTh poOOTy TpaH3MC-
TOPIB y KITFOYOBOMY PEIKHMI, 1110 1 € OCHOBHUM POOOINM PEKHMOM TP BH-
KOPHUCTaHHI IUX MPHJIAAIB Y CKIIa 1l pETysTopa.

Ha puc. 10.21 nHaBeneno C3 cuioBOro OIMOJIIPHOIO TPaH3UCTOPA, 110
SIBIISTE COOOTO TBOKACKAIHHHN ITi/ICHITIOBAY, BAKOHAHUN HA MAJIOTIOTYKHUX Oi-
TOJSIPHUX Tpar3ucTopax V71 1 V12 i3 pi3HAM THITOM MPOBITHOCTI. 3a HATBHOCTI
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MO3UTUBHOTO KEPYIOUOTO IMITYSIBCY
Hanpyru U, Ha BXOZl TPaH3HMCTO-
pa VT1, notyxxHuil Tpanzucrop V7T
i Ji€F0 BETHKOTO KOJIEKTOPHOTO
CTpyMmy TpaH3uctopa V72 3Ha-
XOIMUTHCS y PEKUMI HaCHUCHHS
(Rs << Rg). 3a BiacyTHOCTI iM-
nynbcy Tpanzuctop V7T mip miero
HEraTMBHOI Hanpyru U, 3HaX0MMTh-
csy pexxumi BinTuHanHsa. C3 Tako-
IO CaMOTI'0 THUITY MOX€E BUKOPUCTO-

Puc. 10.21 — Cxema 3anycky CUNOBOrO ~ BYBATHCs 1 JUISl KePyBaHHS! CHIIOBHM

GiNoNsPHOro TPaH3ucTopa MIOJIbOBUM TPaH3UCTOPOM.

IIpu crBopenni C3 aBoonepauiiiHux Tupucropis i cunosux BTI3
CITi/1 BpaxoBYyBaTH ceM]iKy MPOLECiB MPX KOMYTaLlii HIUX NpUIIaIiB.

Tax mpy BUMHKaHHI ABOOTIEPALIiIHHOTO THPUCTOPa HEOOXiTHO KOPOTKOYACHO
(ra 10—100 MKc) CTBOPHUTH TOCHTH 3HAYHHUH 3alTUPAIOUUI CTPYM KepyBaH-
HS1. SIK mpaBuiI0, BiAHOLIEHHS aHOAHOTO 3alMPA0Y0ro CTPyMY 10 CTPyMY
KepyBaHHS He TOBUHHE NiepeBuInyBaty 5—10 pasis. [[roro MoxHa nocsrTH,
HaIPUKIAA, TiIMUAKAIOYH 32 CUTHAJIOM KepyBaHHS MOMEPETHBO 3apsiiKe-
HUHM KOHJIEHCATOP HEOOX1AHOT EMHOCTI 10 KEPYIOUOTO ITePEX0Ay THPHUCTOPA.
[Ipu ubOMy TpHBAJICTh MPOTIKAHHS PO3PSAHOTO CTPYMY 1 HOTO BEIMYHHA
TTOBWHHI OyTH JOCTATHIMU JUTsl HAMIMHOTO 32T PaHHs THPHUCTOPA.

IIpu npoexTyBanHi kin kepyBanHg bT13 HeoOxiaHO BpaxoByBaru e(heKT
Misuiepa, OB’ s13aHUH 13 BIUTMBOM HAlpyI'd KOJIEKTOP-eMiTep yepes mapa-
3UTHY €MHICTh MiX 3aTBOPOM 1 KoJiektopoM Czx Ha HOTEHIA) 3aTBOPY
Tpanzuctopa. [Ipu npomy 3mina HatipyTu U g [II€ K AESKE OKpeMe JKepe-
JI0 CTPYMY Y KOJIi KepyBaHHS 3aTBOPOM, IIPUIOMY CTpyM uepe3 eMHICTh C3x

dUu

o KE . .
Moxke OyTr BusHaueHuii Kk [; = C3x ——— . €MmuicTh C3x HE MOCTIlHA, a

VT

3MiHIO€ CBOE 3Ha4eHHs 3i 3miHow0 Hanpyru Ugg, 10010 C3x = f(Ugp).
Haii6inb1mi 3miHu C 3 BigOyBatoThCs IpH Manux 3HaueHHAX U kg .
3aBasiku edexty Mimtepa, mpu BMuKaHHi Ta BuMuKanHi bT13 ctpym 3aTBo-
Py CIIOYaTKy BUKOPUCTOBYETHCS JJIsI TIepe3apsily EMHOCTI KOJIIEKTOP-3aTBOP.
Cnip 3a3naunTH, o 3MiHH C3gx 1 Ugg 3B’S3aHI Tak, MO YIS TIepe3apsLy
emHocTi C,, 3aBKIIM BUCTa4ae CTpyMy 3arBopa. Lle o3Hadae, 1o npu OLIbmoMy
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3HAYEHHI OITOPY B KOJIi 3aTBOPa BC1 MEPEXIiTHI MPOIIECH TPUBAIOTH BiIIOBIIHO
nosie. ToOTo s nporeciB BMUKAaHHS Ta BUMHKAHHSI IIOTPiOHO Oinblie Jacy.

Hatiinpocrima C3 cuoBoro 0 +Uq
BTI3 i3 BUKOpHCTAaHHSIM aKTUB-
HOTO OIOpYy B MOro Ko Kepy- _@ VT1 K
BaHHs HaBejaeHa Ha puc. 10.22.

[Ipu no3uTHBHI# monspHOCTI
IMITYNIbCY KepyBaHHSI, 110 HaJ- X
xoAuTh Ha BXig C3 TpaH3UCTOP [ (ON)
VTI nigMukae JOKEpeo *KHB- . E
neHns +U_ depes peauctop R

et 7oPE3 P P Lrors VT2
1o 3atBopa V713, 3abe3neuyto-
YH y TaKWi cr1ocio Horo HaliiiHe

) R3 3 VT3

BMuKkanHs. [Ipu HeraTuBHil Ho- O -Uye
JSIPHOCTI IMITYJIbCY KEPYBaHHS Puc. 10.22 — Cxema 3anycky BTI3
aHAJIOTIYHO, ajie BXKE 3a JOI0- Hepes akTBHMKL Onip

Mororo Tpansucropa V12 i mxepena -U , BinOyBaeTbcs BuMuKanns BTI3.

IBuAKiCTE BMUKAHHS i BTPAaTH IIPH HHOMY MOXKHA JIETKO PETYJIIOBATH
3MIHOIO BEJIMYUHH OIOpYy pesuctopa R . OnHaK Npu BUMUKAHHI TPaH3HUC-
TOpa MOXHA IMIBUAKICTh BUMHKAHHS PETYIIOBATH JIMIIE 10 MOMEHTY JI0-
CSITHEHHS KOJIEKTOPHUM CTPYMOM 3HAY€HHS, IO AOPIBHIOE TaK 3BaHOMY
“3aJTUIIKOBOMY CTPYMOBi”. 3HaYE€HHS OCTAHHLOTO 1 MIBUIKICTH HOTO CIaaH-
HS BU3HAYAIOThCS TUTBKHM KOHCTPYKII€0 KOHKpeTHoro Tuiy bT13.

Ilpu U, ,= +15B ta U, ,= -5 B Taka cxema C3 3abe3nedye poboTy
BTI3 y xmodoBoMy pexknmi. [Ipu iboMy MiHIMaIbHE NAAIHHA HAIIPYTH HA
TPAH3UCTOPI B PEXKUMI HACUYIEHHS JIEKUTh y Mexax U, =28 | 3,2 B.
Le icToTHO BHIIIE HIXK y CHIIOBHX OIMOJISIPHIX TPAH3UCTOPIB 1 OTHOOTIEpAITiii-
HUX THPUCTOPIB, IO MPAIIOIOTH Y peknMi kimroda. Tomy mpu ctBopenHi EK
Ha ocHOBI croBux bBT13 3apxnn HE0OXiTHO 1€ BpaxOBYBaTH, 3a0€31Meuyodn
HaJS)KHAN TETUTOBIBII Bl TIPHIATY.

Ha puc. 10.23 maBeneno Outpin nqockoHamy C3. Bona BukoHaHa Ha KOMILIE-
MEHTapHI{ Mmapi MOJIbOBUX TPAH3UCTOPIB 3 130JIbOBAHUM 3aTBOPOM 1 B HEl
JIOIATKOBO BBE/IEHI JIAHITFOTY OOME)KEHHS HAIIPyTH Ha 3aTBOPI (IHIYKTHBHICTD
L, Bucokouacroruuii giox VD i kouaencarop C,). 3aBASKH IbOMY iCTOTHO
3HIKYIOTHCS KOPOTKOYACHI CTPUOKH CTPyMY Ta HAPYTH Y BUX1THOMY KOJIi
BTI3, m1o maroTh Micre Ipy mepexiJHuX MpoLecax, K y CHIOBOMY KO,
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TaK 1y KoJi KepyBaHHsI IpHiay. be3cyMHIBHO, 11€ CHPUSITIMBO [TO3HAYAETHCS
Ha ImoKa3HuKax Haaiiinocti bTI3.
+U)K7

J1.©ON)

U Kep

rorm (=< T

C2

Uy
Puc. 10.23 — Cxema 3anycky BTI3 i3 konamv 06MexeHHs!

st 3anmycKy ABOOMEpaLlitHUX TUPHUCTOPIB 1 CHIIOBUX OIMOIAPHUX TPaH-
3HCTOPIB 3 130JbOBAHUM 3aTBOPOM HYaCTO BUKOPHUCTOBYIOTh YHi(iKOBaHi cxe-
MU (QOopMyBadiB IMIYJIbCIB, 1[0 HA3WBAIOTHCS ApaiiBepamMu. Bonu 3a6e3-
MeYyIOTh HaJlifHe BMUKaHHS Ta BAMUKAHHS CHJIOBHX MPHJIAZIB 32 CUTHA-
JIOM KepyBaHH:1, BUKOHYIOTHCS Y IHTETpaIbHOMY BHKOHAHHI 1 Opi€HTOBaHI Ha
KepyBaHHSI SIK OJTHHOYHUMH ITPUJIA/IAMH, TaK | CHIIOBUMH OJIOKaMH, IO CKJIa-
JAIOTHCSA 13 IEKUIBKOX TIOBHICTIO KEPOBAaHUX MPUIIAIIB, 3’ €JHAHNX 3a THIIO-
BHMH CXEMaMH CHJIOBHX BY3JiB. [HOI 1X BOYIOBYIOTh y CHJIOB1 OJIOKH.

Burmyckarots apaiiBepH, sk MpaBHiIo, Ti K (ipMH, 110 BUPOOIISIOTH CH-
JIOB HAITiBIIPOBITHIKOBI TIPHJIA TH.

3po3yMio, mo po3rsiHyTi C3 KepoBaHUX HAITIBIIPOBITHUKOBUX IMPHIIAIIIB
EK M0XyTh BUKOPHCTOBYBATHCS IPH CTBOPEHHI HE TLTBKH PETYIISATOPIB, ajie
i IHIIMX THITIB IIEPETBOPIOBAYIB 3MIHHOTO Ta TIOCTIHOTO CTPYMIB.

KoHTponbHi 3anuTaHHg

1. TloscHimb npusnauenus pe2yiamopis (nepepusavis) sminHo20 cmp)y-
My i Hasedimb ixHIO Kiacugixayiio.

2. ¥V yomy nonszarome 0cobau80CMi NPOEKMYB8AHHA €LEKMPOHHO20 KO-
ug AK CUN08020 eleMeHma pe2yaiamopa.
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3.

A

10.

11.

12.

13.

14.

15.

16.
17.

18.

Hasedimv uacosi diacpamu, wo inocmpyoms pobomy o0Ho@pas-
HUX pe2yIbOBAHUX eNeKMPOHHUX KII0YI8 3MIHHO20 CMpYyMY 34 aK-
MUBHO20 Ul AKMUBHO-IHOYKMUBHO20 HABAHMANCEHD.

Toscuims, wo osuauaroms napamempu O, Oyp, Olgun s A
Busedimb ocHosHi po3paxynkosi cniggioHoweH s 051 00HODAZHUX
PecyIbOBaHUX eIeKMPOHHUX KAOYI6 npu pobomi Ha aKxmueHe i aKmus-
HO-IHOYKMUBHE HABAHMANCEHHS.

Buseoimv ananimuuni supazu 01 8USHAUEHHS 6MPAM HOMYHCHOCI } M-
PUCOPI PU 11020 BUKOPUCIAHHI ) Pe2)lIb0BAHOMY elleKIMPOHHOMY KIHOUI.
THosicnimo npunyun Oii mpughasHux eieKmpoHHUX KoY 3MIHHO20 CIpy-
MY 3 HYIbO8UM NPOBOOOM i 0e3 Hbo2o. Axi giominHocmi y ixuill pobomi?
3anuwimo euxioni oughepenyivini pieHsHHs 0I5l PO3PAXYHKY mpugas-
HUX eleKMPOHHUX KI0Ui68 3MIHHO20 CIpyMy 6e3 HYIb08020 NPOB8OJY.
Lo make xapaxmepucmukuy Kepy8auHs pezylbOBaHUX eeKMpPOHHUX
Krouie 3minnoco cmpymy? llosichimes iXHe npusHauenHs HA NPUKIAoi
Xapakmepucmuk KepyeaHHsa mpughaszHozo pe2yib08aH020 eleKmpOH-
HO20 Kaua 06e3 HY1b08020 Nposooy.

THoschimy, ax subpamu mupucmopu 0Jia eleKMPOHHO20 Ko4d 3a CIpy-
MoM i Hanpyeoro?

THoscuimb npusHauenusi cxem 3anycKy KeposaHux HAnienpoSiOHUKOBUX
npunaodie 8 eileKmpoHHUX KAOYAX | 8KAJICIMb OCHOBHI 6UMOSU 00 HUX.
Hasedimwv ocnosui sapianmu cxem 3anycky mupucmopis (cumicmopia).
AKum 4UHOM 8pPAXOBYEMBCSA MEXHONO2TUHULN PO3KUO NAPAMEMPIE Kill
KepysaHHsa mupucmopis?

Hasedimo cxemu 3anycky enekmpoHHUX KNH0YI8, BUKOHAHUX HA OCHOBI
nidcunosavis-ghopmysauis. Axuii nopaook ixHbo2o po3paxyHxy?
Hasedimo cxemu 3anycky, y AKUX 01 CIMBOPEHHA KepyIouux iMnynscie
BUKOPUCMOBYEMbCA AHOOHA HANpy2d CUi08020 mupucmopa. Axa
MemoouKa ixub020 po3paxyHxy?

Tlpusedims npuxnadu cxem 3anycky 0is Kepy8amHs NOMYAICHUMU Oi-
NOJAPHUMU A NOTLOSUMU MpaH3ucmopamu. Axuil npunyun ixuwvoi Oii?
AKi cxemu 3anycky 6UKopucmogyioms 0iisl KepyearHs nomyoichumu BTI3?
Braotcimos obnacmi 3acmocyeanns pisHux cxem 3anycky. /aiime xo-
POMKULL AHALI3 YUX CXEM.

LlJo cmanosiams cob60t0 MIKpOeieKMpOHHI Opalieepu, NPUHa4eHi
0151 BUKOPUCMAHHA Y CXeMAX 3ANYCKY CUNOBUX HANIBNPOBIOHUKOBUX
npunaois?
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Po3ain 11

NEPETBOPIOBAJIbHI NMPUCTPOI.
IHBEPTOPWU. NMEPETBOPIOBAYI HYACTOTHU

11.1. ABTOHOMHI iHBepTOpU
11.1.1. MNpusHayeHHs Ta knacudikauis

ABTOHOMHI IHBepPTOPH — II€ IPUCTPOI, IO MPALIOIOTh HA AaBTOHOMHE
HaBaHTA)KEHHS 1 IPU3HAYEHI IS IEPETBOPEHHS HAIPYTH HOCTIHHOTO CTPY-
My y Hampyry 3MiHHOTO CTPyMY 3a/1aHoi a00 peryJibOBaHOi YaCTOTH.

3acTOCOBYIOTH aBTOHOMHI iHBEPTOPH:

1) y cuctemax elIeKTporocTauaHHs CIIOKUBAYiB 3MiHHOTO CTPYMY, KOJIH
€TMHHUM JIKEPEJIOM KHBJICHHS € [DKEPENIO HAIlPyTH IIOCTIHHOTO CTpyMy (Ha-
MpUKJIal, aKkyMyJIATopHa abo coHsYHa Oarapes);

2) y cuctemMax rapaHTOBaHOTO €JIEKTPONIOCTaYaHHs IPH 3HUKHEHH1 Ha-
MIPYTH MEpeXi )KUBIICHHA (HANPUKIAM, 11 0COOUCTUX MOTped eneKTpo-
CTAHIIN — 7151 )KUBJICHHS IPUCTPOIB KOHTPOJIIO, BUMIPIOBaHHS, 3aXUCTY,
EOM);

3) 1St JKUBJICHHS TEXHOJIOT1YHOTO YCTaTKyBaHHS, YaCTOTa HAIPYTH KO-
TO BiJIPI3HAETHCA BiJl MpoMUCIOBOi yacToTu 50 I';

4) 151 9aCTOTHOTO PETYIIOBAHHS IIBUAKOCTI ACHHXPOHHHX JIBUTYHIB;

5) Ans )KUBJIEHHS CHIOKMBAY1B 3MiHHOTO CTPYMY Bif JIiHIH eeKTponocTa-
YaHHA IOCTIHHOTO CTPYMY;

6) 11 IepeTBOPEHHS MOCTIHHOT HANPYTH OAHOTO PiBHA y MTOCTIHHY Ha-
MIPYTY 1HIIOTO PiBHA (KOHBEPTYBAaHHS HAIIPYT).

KomyTaniiiHuMu eneMeHTamMu B iIHBEPTOpax € TUPUCTOPHU a00 CHIIOBI TPaH-
3UCTOpPH.

3anexHo Bix crienu(iKy eIeKTPOMArHITHUX TPOIIECIB PO3PI3HSIOTH IHBEP-
TOpH CTpyMy Ta iHBepTOopu Hampyru. Ha puc. 11.1 300paxkeHi npuxiany
IXHIX CXeM.

B inBepTOpax cTpymMy CHIIOBE KOJIO CXEMH ITiIMUKAETHCS 0 JDKepena
MOCTIHHOT HAIPYTH Yepe3 IPOoceNb L i3 BETUKUM IHAYKTHBHAM OMIOPOM (SIK
BiJIOMO, JDKEPETIO CTPYMY IIOBUHHO MaTH BEJIMKHH OTIip).
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Puc. 11.1 — ABTOHOMHI iHBEPTOPM CTPYMY (@) Ta Hanpyru (6)

B inBepTOpax Hanmpyru napanesibHO JKepeily KMBJICHHS BMUKA€ETHCS
KOHZECHCATOP BEJIMKOI EMHOCTI, YUM BUKIIIOYA€THCS BIUTUB HA POOOTY IIpH-
CTPOIO BHYTPILIHBOTO ONOPY DKEpesa (OTPUMYEMO JKEPENIo HapyrH 3a
3MiHHUM CTPYMOM).

TakuM 4MHOM, KOMYTalis THPUCTOPIB B iIHBEPTOPAX CTPYMY IPOBOAMTH-
Cs1 32 CTAJIOTO CTPYMY, @ B IHBEPTOpax HAPYTH — 3a CTaJIO] HAIPYTH.

I[Ipu poboTi iHBepTOpa cXeMa KepyBaHH: [T0YEproBO BMHUKAE Iapy THPHCTO-
piB VS1, VS4 abo VS2, V'S3, 3aB1sKn 4OMy Ha HABAHTAKEHHI R BUHMKAE 3MiH-
Ha HaIlpyTra — 3a JOIMOMOTOIO KJTFOYOBOI CXeMH HABAaHTAKEHHS IMAMUKAETHCS
TaKUM YHHOM, 100 Yepe3 HhOTO MPOTIKAaB CTPYM PI3HUX HAIPSIMKIB.

SIkio HaBaHTaXEHHsI IHBEPTOPa HAPYTH Ma€ iHAYKTHUBHHHN a00 aKTHB-
HO-1HIyKTHBHHH XapaKkTep, TO apajiesibHO THPHUCTOPaM BMUKAIOTh 3BOPOTHI
nionu (VDI-VD4 na puc. 11.1,0). Llum 3abe3neuyeThbcs nepeaada Ha-
KOIMYYBaHOI B IHAYKTUBHOCTI €HEPTii Ha3aa y JPKepesto )KUBJICHHS.

OcHOBHOIO TIP00IEMOIO MTPH POEKTYBaHHI IHBEPTOPIB € 3a0e3MeueHHs
HAJIIHOTO BUMHUKAHHS THPUCTOPIB, 10 3HAXOAATHCS Y MMPOBITHOMY CTaHi,
repe; BMUKaHHSM THPHUCTOPIB, IO HE TPOBOAWIH cTpyM. Lle peamnizyerbcs
BHUKOPHCTAHHIM CXEM IPUMYCOBO1 KOMYTallii, 10 3a0e31MeYy0Th 3anupaH-
HS TUPUCTOPIB y KOJIaX MOCTIHOTO CTpyMy (auB. 1. 2.6.2).

3BepHITH yBary Ha Te, 10 BEHTWIbHA CXeMa B HaBEJACHUX 1HBEPTOpax €
MOCTOBOIO, K 1 Y BUIPAMIIAYI (IIO € TEPETBOPIOBAYEM HAIPYTH 3MIHHOTO
CTPyMY y HampyTy HOCTIHOTO CTpyMY ). 3BiJICH BUCHOBOK — KEPOBaH1 BEH-
TUIJIbHI CXEMH € 3BOPOTHUMH. BOHM MOKYTh TIepeiaBaTH €HEpPTilo K Y OJJHO-
My, TaK 1y IHIIOMY HamlpsMKY, 3aJIEXKHO BiJ] MicIii BMUKaHHS JDKepena i
HaBaHTa)KEHHS Ta BiJ] aITOPUTMY KepyBaHHS BEHTHIISIMHU.
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11.1.2. OgHoda3HuMI iHBEPTOP CTPYMY

Cxema ogHo¢a3HOro iHBepTOpa CTPYMY 3 TpaHCcHOPMATOPHUM
BHX0/10M 300pakeHa Ha puc. 11.2 (mopiBHsiiTe ii 31 cXeMOI0 KepOBaHOI'O
BUNIpAMIIYA — IUB. puc. 9.37). Iloueprose BMuKaHH: TUPUCTOPiB VST abo
V§2 3abe3meuye BUHUKHEHHS Ha HABAHTAKEHHI R 3MIHHOT HalIpyTH.

Ry
) (+)
+ Wy -
TV
Y e VYL
- owh, FYe owh F
(+) ORNG) ) L
i N
') "
VS1 VS2
e LV Ce / o
CK UK2J—|_ T_

Puc. 11.2 — OpHodasHWi iHBEPTOP CTPYMY 3 TPaHCHOPMATOPHIUM BUXOAOM

Hpocenb L 3a0e3nedye HE3MIHHICTh BETMYUHH CTPYMY Y CHIIOBOMY KOJTI.

C — KOMyTyIO4HH KOH/IEHCATOP, 1110 3a0€311€4y € IPUMYCOBE BAMHUKAHHS
THUPUCTODIB.

Ilepsunni niBooMoTkH Tpancdopmatopa 7V w/ =w’ =w, migiMkHeHi
no Tapuctopi V'SI 1 VS2 BianoBimHO, a HOTO BTOPUHHA OOMOTKA w, — 110
HAaBaHTAXCHHS R .

Cxema kepyBaHHs Tupuctopamu CK 3abesmneduye momaqy Kepyrouux
IMITyNTbCIB HA TUPUCTOPH (Y HAWIIPOCTIIIOMY BUMAAKY 1€ MOXe OyTH cH-
METPUYHHUI MyJIBTHBIOpATOP, IO MPALOE Y aBTOKOIMBAIEHOMY PEKUMI).

[Ipamroe iHBEpPTOP TAKUM YHHOM.

[Ipn HapxomxenHi Big CK Kepyrodoro iMImynscy a0 VS/ BiH BMHKA€ThCS
1 Hampyra JuKepesa JKUBJICHHS MOJaeTbes Ha miBoOMoTky w,. IToTik y
MarHiTOIpoBoIi TpaHCPOPMATOPa 3MIHIOETECS | HABOJUTH Y OOMOTKaxX W,
iw/ e.p.c. i3 monsApHicTIO, 0 Ha cXxeMi Bka3aHa Oe3 myxok. [Ipu npomy
KOMYTytouui KoHaencarop C , miaIMKHEHUH IIapajeibHoO 10 IEPBUHHOT
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0OMOTKH TpaHc(opmaTopa, 3apsKaeTbcs 10 Hanpyru 2U , a Ha HaBaH-
TaKEHHI R 3’ABJIAETHCS NO3UTUBHMH CIUIECK HAIIPYTH.

[Ticns 3akiHUEHHS TPOMIXKKY 4acy, IO BiJIMOBIa€ MO3UTHBHIN MIBXBHIT
3MiHHO1 Hanpyru HaBaHTaxeHHs1, CK BMUKae TUpUcTop VS2 i Hampyra mxe-
peJia KUBIIEHHs I0Ja€ThCs Ha MiBoOMOTKY W Konnencarop C gepes VS2
MiAMUKAETHCS Mapaie’abHo A0 VS1, mpudoMy MOJSpHICTh HAIPYTH HA HBO-
MY € TaKOI0, I1I0 BUMUKAE OCTAHHIMH.

[HonspHicTb €.p.c., HaBeACHOI B 0OMOTKax TpaHchopMarTopa Miciis BMH-
KaHHsA VS2, Ha cxemi nokasana y nyxkax. Konpencarop C, nounnae nepe-
3apsAJUKATUCh 10 Hanpyru 2U | i3 3B0POTHOIO MOJISPHICTIO (BKa3aHa Ha CXeMi
TaKOX y Ty*Kax). Ha HaBaHTa)keHHI BUHUKa€ HETaTUBHUH CIJIECK HALIPYTH.

[o 3akiHYeHHI TPOMIXKKY Yacy, 110 BiJIIIOBiAA€ HEraTUBHIiM MMiBXBUIII 3MiHHOT
Hanpyru, CK 3H0BYy BMuKae Tupuctop VS/ i nmpouecu noBTOPIOIOTHCA.

Poboty onHOha3HOTrO iHBEpTOpa CTPYMY LTIOCTPYIOTH YACOBI Jliarpamu,
HaBeeHi Ha puc. 11.3.

Yac, OpoTIroM SIKOTO Ui
Halpyra MiK aHoJIOM Ta 1 W T‘
KaToJOM THPHCTOpa, Ha-
npuknang, V'S1, HeratuBHa, y,,
Ha3MBAETHCS YaCOM 3aIld- ‘ W
paHHs:

u
Ck +2U)¢<

tSan 2 TGM,M)
e t — 4ac BUMUKaHHS 22U, /

BUM

THPHUCTOPA).

\
SIKIo HaBaHTaXXEHHS \
AaKTUBHEC, TO Uvsi J

tsan

t,=0,7R' C, (11.1) / I

3an

ne R’ =R n* — omip Ha-
BaHTKEHHS, 3BENCHUA 10 ¢,k 2u,/n
IIEPBUHHOTO KOJIA TPaHC-

¢opmaropa (n=2w /w,). / / / 9
SIKIo HaBaHTaXXKEHHS \
IHIYKTHBHE, TO
_ UG (11.2) Puc. 11.3 — Yacosi aiarpami po6oTtu
> 0OHObA3HOro iHBEPTOPA CTPYMY

L2k

t3an
T
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Q:UC=it,3Bizu<Ht=U—C (11.3)

Takum yrHOM, iHBEpTOp HOpPMYE Ha HaBaHTa)KéHHi 3MiHHY Hanpyry, Gop-
Ma SKOi BU3HAYA€ThCs (POPMOIO HANpPYTW Ha KoHAeHcaTopi C 1 3aJIeXKUTh
BiJl BEJIMYMHU OTNOPY HaBaHTAXEHHS. 31 30UIbIIEHHSIM OCTaHHBOI'O CTaJIa
qacy 3apsny KOHIeHcaTopa T, = C.R,n* (ne n — xoedimient tparchop-
Matii Tpancdopmaropa) 301IbLIyeThCA 1 opMa HAIPYTH Ha HbOMY HAOJIH-
JKAETBCA 10 TPUKYTHOI. [i aMILTiTy/1a IpH 1IbOMY 30LIBIIy€ThCS (TIpH 30epe-
YKEHHI CepeIHBOr0 3a MiBIepiosa 3HaYeHHs HalpyTH). Y pe3ysbTari, pu Xo-
JIOCTOMY XOZi 32 BiICYyTHOCTI BTPAT B €JIEMEHTaX [IPUCTPOIO HATIpyTa Ha Ha-
BaHTa)KEHHI 1 KOHJEHCaTOpi 0€3MEXKHO 3p0CTac (peaabHO BUHUKAIOTh 3HAYH1
MEpEeHaNnpyru) — JKEePesIo CTPYMY HaMaraeTbCs MiATPUMYBATH BEITMUUHY
CTpyMy He3MiHHOIO. Lle MOXke MpU3BECTH A0 BUXOLY iHBEPTOpPA 3 JIamy.

11.1.3. NiemocToBnii ogHOda3HMI IHBEPTOP HaNpyru
Cxema miBMOCTOBOro oqH0()a3HOr0 iHBepTOpPa HAMPYTH 300paxe-

Ha Ha puc. 11.4. CuiioBi TaHITIOTH BUITIJICH] HA Hil OB TOBCTHMH JIHISIMH
(TIOpIBHSIITE ITI0 YaCTUHY CXEMH 3 ITOIBOIOBAYEM HAIIPYTH — TUB. puUC. 9.9).

+o r—— *
iIH1 E
+ | |
—c1; | \Yvst /\vp1 _/Xszs
o oL
Ux —_T1 [~~~
™) O ®
+ e
—c2| " | vs2 /N vp2 _/XZVS4
-o —

Puc. 11.4 - MiBMOCTOBWI 0QHO}A3HWI IHBEPTOP HaNpyri
Takoro THUIy CXeMH HA3MBalOTh MTIBMOCTOBHUMH, OO ITOJIOBUHY MOCTY B
HUX CKJIaIaloTh BeHTWII (TyT — THpuctopu VSI 1 VS2), a npyry — iHmIi
enementH (TyT — Konaencaropu C, i C)).
Pemra eneMeHTIB € eleMEHTaMH CXeMH MPUMYcoBOi komytamii. Tak,
tupuctop VS3, mion VDI pa3zom i3 KomyTyrounMu Konzaencaropom C, i
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apocenem L _yTBOPIOKOTh KOHTYp IIPUMYCOBOIO BUMUKaHHs TUpHCTOpa VST,
aVS4iVD2pasomi3 C iL —KOHTYp IIPUMYyCOBOIO BUMUKAHHs THPHCTOPA
VS2.

[Toueprose BMukanHs TupUcTOpiB V'S i VS2 npu3BoauTh 10 MiIMUKaH-
Hs JIO HaBaHTaXEHHs Harpyru Konjaencaropa C: U, = U /2 (npotikae
crtpym / ) abo xonzmencaropa C, 3 Takoro x Hanpyrotw U= U, /2 (npo-
Tikae ctpym [ ).

PoGota cxemu nossirae y HacTYITHOMY.

ITicns migMUKaHHS JUKepesa XUBJIEHHS 1 3apsny konnencaropis C| i C,
cxema KepyBaHHs (Ha PUCYHKY HE MOKa3aHa) BMUKA€E CIOYATKY, HAIpHUK-
nan, Tupucrop VS4.

Konpnencarop C, 3apsmkaerbes 10 Hanpyrd U, /2 3 MONAPHICTIO, BKa-
3aHOO Ha PUCYHKY 0e3 1yxoK 110 Koutypy (+C, R , C, L , V54, -C,). Ilicns
3axinueHns 3apsagy C, V'S4 cam BUMUKAEThCs, 60 CTPYM 4Y€pe3 HbOTO 3HH-
KY€ETBCS 10 HYJIS.

Le € miArOTOBYMM €TaroM poOOTH MPUCTPOIO.

Hani cxema kepyBaHHs BMUKa€ TUPUCTOP VS! 1 Ha HaBaHTa)KEHHI 3 5B-
JSIETHCS TTO3UTHBHA HAaNpyra (MOJSIPHICTh BKa3aHa 0e3 Jy»KOK).

ITo 3akiHYeHHI TPUBAJIOCTI MMIBIIEPIOYy CXeMa KepyBaHHA BMUKA€E THPHC-
Top VS3.

Binkputuit Tupuctop VS3 i 3ycTpiuHO-TIapaiebHO YBIMKHEHI THPUCTOP
VS1 Ta gion VDI yTBOPIOIOTH KOHTYpP KOJNMBAJIBHOTO TIE€pe3apsity KOHICH-
caropa C . Ctpym po3psy C 3MIHIOETBCS 32 CHHYCOIIHUM 3aKOHOM, 60 L
13 C,_sBISI0TH CO00I0 MOCIIIOBHUN PE30HAHCHUH KONMBAIbHUN KOHTY:

i, =1, sinm, (11.4)
Ikm - UM
ne 5 [ - (11.5)
Ci

aMILTITY/Ia CTPYMY KOHTYDY.
XBUIHOBHI OTIip KOHTYPY:

11.6
C (11.6)

K
Pe3onancHa (Bi1acHa) 4acToTa KOHTYPY:

1

Wy = —F—.
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Hoxu i <1 , po3psaaHuii CTPyM i Teue 4epe3 TupucTop VSI HasycTpiv

CTpyMOBi [ :
iVSl :[HI_ix' (]18)

Sl TUIBKY BUSBMTBCSA, IO i, > I , CTpyM TupucTOopa VSI motede yepes
VD1. 1o Tupucropa VS1 Tenep npukiagaeTbCs 3B0pOTHA HANPYTa, 110 J10-
piBHIOE aAiHHIO Hapyry Ha VD1 (10 omHOTO BOJIBTA) 1 VS1 3aKpUBAETHCSL.
Yac nmpoTikaHHs CTpyMy 4Yepe3 VDI Ha3MBAa€TbCA YaCOM 3alMPaHHsA f
tupucTopa VS1. BiH noBHHEH NepeBUIITyBaTH 4aC BUMUKAHHS TUPUCTOpA:

san  eum’ (11.9)

ITo 3aKiHYeHHI KOIMBAJIBLHOrO mepesapsaxy konaencaropa C . CTpym
i =0, a C_BuABIAETbCA 3apsAKEHUM 10 Hanpyru U /2 31 3BOPOTHOO
MOJISIPHICTIO (Ha cXeMi y oyxKax), a VS3 caM BUMHKA€EThCSL.

Tenep cxema roToBa 0 HACTYHHOTO LIMKIY pOOOTH, KOJIM HA HAaBaHTAa-
>KeHHi Oyzie popMyBaTHCh HeraTUBHA MIBXBWIIS HAIIPYTH (MOJISIPHICT BKa-
3aHa y IyXKax), sl 4Or0 cXeMa KepyBaHHsI CIIOYaTKy BMUKA€E THPHCTOP
V'S2, a o 3aKiH4eHH] TPUBAIOCTI MiBXBUJI1 — TUpUCTOp V'S4 1iT. 1.

i Tupucropu VS3 1 V'S4, 3po3ymino,
MaloTh MOTYXHICTh 3HAYHO MEHILLY
la o 32 VSI1VS2, 60 Npamio0Th KOPOT-
4 KOYacHO (TUIBKH Ha Yac 3alMpaHHs
o (i = ) CHJIOBHUX THPHUCTOPIB).

IaBeprop Hanpyru hopmye Ha Ha-
BaHTa)KEHHI HAaNpyTYy, a hopma cTpy-
Uex MY BU3HAYa€ThCS XapaKTepoOM Ha-
+Ux2  BaHTaXEHHS.

Yacogi giarpamu poOOTH KOHTYPY

IIPUMYCOBOTO 3alIMPAHHS THPHUCTOPIB
U, J2 / HaBeseHi Ha puc. 11.5.
I3 giarpam BUIHO, TTI0

T
9 ZL3an :?0_2113 (1110)

t
Uvp1 -3arn

To/2 ne T, — mepiof BJaCHUX KOJIMBAaHb

Puc. 11.5 — Yacosi giarpamm po6otu KOHTYPY;
KOHTYPY NP1MYCOBOr0 3arpaHHs W, = 27fy =

1
—— (11.1])
TMpMcTOopa N LCy
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1
Ty=—; (11.12)
fo
T
?O =nL.C,; (11.13)
i, =1, sin ®t. (11.14)

Y MOMEHT, Ko ¢ = £, i = [ , a 3Ha4YUTh

[H]:I,(msin(l)()t]; (1115)
1 . nl
t, = —arcsin =
(Q0) Ilcm
A 11.16
=./L,C, arcsin—-; (11.16)
[Km
. IH]
t3an = VLKCK (R—Zarcsml—). (1]]7)

Skmo [ = 21 |, TO
— 2
t3an = LKCK gna ts’an > Teum-

Po3paxyHok mapamMeTpiB Kojta KOMyTaIlii MpOBOMUTHCS 13 IBOX OCTaHHIX
Bupasis. 3HadeHHs L ta C 3HAXOMATHCA 13 BUPA3IB:

Ye o1,
5 L (11.18)
C,
2
toan = LiCy -En > Toun- (11.19)

11.1.4. lHBepTOpPM HANPYr1 Ha NOBHICTIO KEPOBAHUX
HaniBNpoBiAHUKOBMX Mpunagax

I3 po3mIsIHY TOTO BHIIIE BUTIIIMBAE, III0 OTHIEFO 3 OCHOBHHX IPOOIIEM, SIKY HE00-
XiJTHO BUPIIITYBaTH IIPH CTBOPEHHI aBTOHOMHIX IHBEPTOPIB Ha TPATUITIHIX OJTHO-
OTIepaIlifHIX THPUCTOPAX (CHTHAJIOM KEPYBAHHS iX MOYKHA TUTHKA BMUKATH) €
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3a0e3neueHHs1 HalIHHOr0 BUMHUKaHHs THPHCTOPIB. BBeZieHHs B cxeMy iHBepTOpa
BY3JIiB IPUMYCOBOI KOMYTaLlii iCTOTHO YCKIIAHIOE aITOPUTM POOOTH IPUCTPOIO,
Ti/IBULLTY€E HOT0 BApTICTh Ta TabapyTH, i, II0 OCOOIIMBO BaXKIIMBO, 3HUKYE HATIHHICTb.

Tomy CTBOpEHi y OCTaHHI ACCATIIITTS MOBHICTH) KEPOBaHi HANIBIPOBII-
HUKOBi MPHJIA/IM HA BeJIMKi CTPYMH — OIIOISIPHI TPaH3UCTOPH 3 130JIbOBAHUM
3arBopoM (IGBT- Tpanzuctopn), ABoonepaLiiiHi THPUCTOPH Ta iH. — BUTICHSAIOTh
Y IPUCTPOSIX MEPETBOPIOBAIEHOI TEXHIKH OTHOOIEpaLiiiHi THprucTopu. OcobmBo
1€ TOKA30BO Y TaTy3i CTBOPEHHS IHBEPTOPIB HAIIPYTY PETYJILOBAHOI YaCTOTH, 1e
IGBT-tpan3ucropu (110 MOXKyTh nparroBati Ha gactotax A0 200 kI 1) maibke
BHUTICHUIA TUPHCTOPH 3 iX TPOMI3IKMMH By3/IaM1 IPUMYCOBOT KOMyTalLlil 1 HeoOXiz-
HICTIO BUKOPUCTAaHHS HU3bKOYACTOTHHX CHJIOBUX TPAHC(OPMATOPIB.

Hapuc. 11.6,a,0 HaBeaeHO HAMPO3MOBCIOMKEHIIL CXEMU MOCTOBHX OJTHO(a3-
HHX IHBEPTOPIB HAIPYTH, BAKOHAH] Ha OCHOBI BUILIEBKA3aHUX HOBITHIX IPHJIAJIIB.
I[Ipy 1pOMY y SIKOCTi TIOBHICTIO KEPOBAHUX CUJIOBHX KJIIOUIB y cxeMi puc. 11.6,a
BHUKOPHCTaHO OIMONSIPHI TPaH3UCTOPH 3 130J1b0BaHUM 3atBopoM VT1-VT4, a B
cxemi puc. 11.6,0—aBoonepauiiiti TupuctopH VSI-VS4. OcKiiabKu cxemu mparo-
FOTB 1ICHTUYHO, PO3IYITHEMO IIPUHIHII iXHBO1 JTil Ha MPUKIIaji cxemu 3 puc.11.6,a.

+0 » ’ I
i VD1 VT3 ——VD3 |
/N @ VT1 N i
Ux| | == ¢ LR, |
i 0 e
VT2~ >—WT4
ZSVDZ @ ZSVD4
-0 )\
+© —> _|vp1 vs3 _|
Z%/XZVSJ +/§Z /N vp3
U”(l —c Ry 1> Ly
u 6)
VD2 ! VsS4
ZX}ZVSZ +/§Z— /N vpa

-o
Puc. 11.6 — OgHodasHi MOCTOBI iHBepTOpY Hanpyry Ha IGBT-TpaH3ncTopax (a)
i Ha IBOONEpaLiiHNX TUpMCTOpax (6)
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[Ipu Binkputux tpanzucropax V711 i V14 tazakpurux V7121 V13 naBan-
TaxeHHs (R , L ) MiIMUKAETbCS JIBUM KIiHIEM JI0 IO3UTUBHOTO IIOJIOCA
HaIpyTHu JUKepena xupjieHns U, , a IpaBuM — JI0 HETaTUBHOTO, 1 CTPYM i
MPOTIKa€ y HANPAMKY, BKa3aHOMY Ha pucyHky. SAxmo V71 1 VT4 3akputy, a
VT2 1 VT3 BinkpuTH, TO HaNpyra Ha HABAHTAKEHHI 3MiHUTh CBOIO HOJISIPHICTb,
a cTpyM HanpsMok. IIpu akTMBHOMY HaBaHTaxeHHi (3a L = 0) CTpYM
HaBaHTAXXECHHS | MOBTOPIOE 32 GOPMOIO HANPYTy Ha HAaBAaHTAKEHHI U .

H H

Ha puc. 11.7 mwTpuxoBoto JiHie0 T

MOKa3aHO KPUBi CTpyMy HaBaHTa- Uy

KEHHA i, Ta BXI/IHOTO CTpyMY iH- | o
Bepropa i npu L =0 (3po3ymiso, iy =0

IO CTPYM i 1 Hampyra u, MaroTh // yLH >0 .

MPY HEOMY NPSIMOKYTHY (GopMy). Wt ne :

[Ipu aKTHBHO-IHAYKTUBHOMY / K/
HaBaHTaxeHHi (L, > 0), mo pe-

JIBHO 3aBXIU Ma€ MicIle, CTpyM | ; ;
HABAHTAKCHHSL [, 3MIHIOETBCS 32 N L =0 __
eKCIIOHEHIIabHIM 3aKOHOM 31 P

cranoro vacy t =L /R . Ilpu 3a- // / /LH<0 t
nupanni VT1 1 VT4 y MOMeHT £,
HE3BAKAIOYH HA HA/IXO/KCHHS Ha
3arBopu V121 VT3 Binkpusarouoi  Puc. 11.7 — Yacosi giarpamm po6oTtu
HaNpyTH KePyBaHHS, Yepe3 3MiHy MOCTOBOIO iHBEpTOpa
TTOJISIPHOCTI e.p.c./caMoin[yKui'i IHIYKTUBHOCTI L (BKa3aHa y TTy’KKax) CTPyM
HaBaHTaXXEHHS [, Oy/e MparHyTu 30eperTy CBOi 3HAYeHHs 1 HarpsaMoK. J1jist
TOTO0, MO0 320€3MEYNTH HOTO MPOTIKAHHS, BUKIFOUAOYH ITPH ITbOMY BUHHK-
HEHHS [IepeHarpyT, TPAaH3UCTOPHU MIYHTYIOTh Alonamu VD 1-VD4. Toxi ctpym
HABAHTAKCHHS |, HA IHTepBasi gacy t,<t < t,nporikae uepes mioxu VD2
1 VD3 i moBepTae 4aCTHHY €Heprii, HAKOMMMYEHOI B iIHAyKTUBHOCTI HaBaHTa-
JKECHHS1, Ha3aJ1 Y JUKEPEIIO >KUBJICHHSL.

V MOMEHT 4acy ¢ = {, CTpyM HaBaHTaXEHHS [ ' samkyerscs no Hyns, a
TIpY { > ¢, TIOYMHAE POTIKATH y TIPOTHJIEHOMY HANPSIMKY — 4€Pe3 TPaH3UC-
topu VT2 1 VT3, Ha 3aTBOpax SKHUX MPOJOBKYE YTPUMYBATHCh BiAKPUBAIO-
Ya Hampyra KepyBaHHs. AHAJIOITYHO Ha IHTEpBa 4Yacy )< f < t,, TOOTO

TiCIIst 3anTUpanHs TpaH3ucTopiB V712 1 V13, ctpyM HaBaHTaKeHHS MMPOTIKa€e
gepe3 miogu VDI 1 VDA4.
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BuxinHa Hanpyra iHBepTOpa 4epe3 Mally TPUBAJIICTh MPOLECIB KOMY-
Tauii (HampHuKiIag, TPUBAIICTh POLIECY 3aIUPAaHHs TPAaH3UCTOPIB CKIIa-
Ja€ MEHII SIK | MKc, a IBOONEepaliiHUX TUPUCTOPIB — NECATKH MiKpoce-
KyH[) 32 (opMOI0 OJM3bKa 10 NPSIMOKYTHOI 1 HE 3aJIEKUTh BiJl CTPYMY
HAaBaHTAKEHHS. Y 3B’A3KY 3 IIMM 30BHIIIHS (HaBaHTa)XyBaJbHA) Xapak-
TEpHMCTHKA iHBepTOpa Hanpyru U = f(I ) € IpAMOIO JIIHIEIO 3 1yKe Ma-
JIUM HAXHUJIOM.

Bxinuuit cTpyM inBepTopa ', ik mokasaHo Ha puc.11.7, npu L >0
CTa€ 3HAKO3MIHHUM 4epe3 NepiOJUYHHIA eHeprooOMiH MiX JaHIIOTOM
HABaHTAKEHHS 1 IPKEepPEeJIOM JKMBIICHHA: Ha iHTepBaji poOOTH TpaH3HUC-
TOPIB €HEepris i3 JKepena HaAXOAUTh y HaBaHTAXCHH, a Ha 1HTepBaJi
poOOTH 3BOPOTHHX [110/1iB €HEPTisl, HAKOMMYEHA B iIHAYKTUBHOCTI HABaH-
Ta)KEHHS, TOBEPTAEThCS Y JKepeno. HasiBHICT KOHACHCATOPA BEIHUKOT
emHocTi C,, 0 IIYHTY€E JUKEPENIO XKUBICHHA, 3a0e31euye KOMYyTaLiro
CIJIOBHUX KIJIIOYiB IPY HE3MiHHOMY 3HAYEHHI HAIpYTH Ha BXOJi IHBEpTOpa,
a TAaKOX 3BOPOTHY MPOBITHICTE Y JPKepei, SKIO Y SIKOCTI OCTaHHBOTO
3aCTOCOBAHO BUIIPAMIISAY.

3HaiiieMo MaTeMaTUYHUH BUpPA3 JUIsl CTpyMy HaBaHTaxeHH:A. KoHTyp
CTpyMy I, MICTUTB y 001 U , R Ta L . OCKIJIbKH CTPYM HaBaHTAKEHHS
CKJIQJIA€THCSI 3 BUMYIIIEHOT 1 BUTBHOT CKIIAJIOBUX, MAEMO:

o )
L, = lnAnp +lu.c« = IO + Ae ! ) (]]20)

HC .

ne lp =—— — cTpy™m HaBaHTaXeHHs NpH ¢ = ¥ (y PEKUMI, 10 BCTAHO-
H

BHBCs) 200 Tpu LH =0.

Uepes Te, 110 HANIPyTa HA HABAHTAKCHHI MEPIOIUIHO MTOBTOPIOETHCH,
Ma€eMO:

W 0)=-i,(5).

110 T03BOJISIE BU3HAYHUTH CTAITy iIHTeTpyBaHHS 4.
ITicas mincranoBku (11.20) y (11.21) Ta nepeTBOpeHH OAEPKUMO

j, = L[ 2¢ - ]. (11.22)
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MaxkcuMasibHe 3Ha4YeHHS! CTPYMY HaBaHTaXEHHs 3Haxoaumo 3 (11.22)

HPHI_Z'

2 7

U, (1—e 7*™)

IHm = _y .
R,(1+e /™)

st 3a0e3neueHHs peryaoBaHHs 3Ha4eHHsI BUX1THOI HAIIPyTH B iIHBEPTO-
pax Hampyru abo 3MiHIOIOTh 3HAYEHHs HAIPYTH Jpkepena KusiaeHHs U ,
a00, SIK MPaBMII0, 3MiHIOIOTH OPMY BHX1IHOI HAIIPYTH 32 PaXyHOK 3MillIeH-
HS1 IMITYJIbCIB KepYBaHHsI TpaH3UCTOPiB VT3 1 VT4 BiTHOCHO IMITYJIBCiB Ke-
pyBaHHs TpanzuctopiB V7! i VT2 Ha KyT KepyBaHHS a. B pesynbrari y
KPHBOI 1, (1) 3’ ABJIAKOTHCS PETYIbOBaHI Nay3H MiK Pi3HOIOISPHUMH IMITyJIb-
camu. [lopsanok mogadi iMIynbCiB KepyBaHHS Ha KIIIOUi iHBepTOpa Ha3U-
Ba€THbCA aJTOPUTMOM KEpyBaHHSA. AJNTOPUTM KepyBaHHS 1 Xapakrep Ha-
BAaHTAKCHHSl 1HBEPTOpA HAIPYTH BU3HAYAIOTh XapaKTep 1 TPUBAJIICTH PO-
00TH KITIOYiB — aJITOPUTM IIEPEMUKAHHS.

'V HaIll yac MHUPOKE 3aCTOCYBaHHS MIKPOIIPOLIECOPHUX MIPUCTPOIB y CHCTE-
Max KepyBaHHs iHBEPTOpaMH HaIpyTd JO3BOJISE PEali3yBaTH MPAKTHIHO
Oy/Ib-SIK1 aJITOPUTMH ITEPEMHUKAHHSI, HAPHUKJIIA], 320€31eTy0UH TPOTIKAHHS
B HaBaHTAXKEHHI CTPyMY MPAKTUYHO CHHYCOIAHOT (POPMH 32 MOMKIIUBOCTI
pEryatoBaHHS HOTO YaCTOTH Y IIUPOKOMY JIiaIla3oHi.

Ha puc. 11.8,a HaBeneHo cxeMmy Tpu(pa3HOTO iHBEpTOpa HampyTu. Po3-
[JITHEMO HANIPOCTIMINE PEXKUM, KOJIM KOXKHI JIBa TPAaH3UCTOPH OfHIET (has3u
BIAKPUBAIOTHCS MOMEPEMIHHO. SIKII0 BBaXKaTH MOTEHIIia] HETATHBHOTO
TOJII0CA JDKEPEIa )KUBJIEHHs U, pIBHUM HyJIIO, TO HOTEHIIAJIN TOYOK CXe-
mu 4, B i C Oynyts npuiiMatu 3nadenns abo U , abo 0. Ha puc. 11.8,6
TOKa3aHi KPHMBI 3MiHH IIOTEHIIAMIB @ ,, @, 1 .. 3a3Bu4ai y Tpu(asHuX CUCTe-
Max BOHH 3MillleHi 0/THa BiTHOCHO oHO1 Ha 120 enekTpuaHmX rpaxycis. Jlo
HaBaHTaXCHHS PUKJIAJICHA JTiHIiHA HATIPYyTa —

(11.23)

Up= P =Py
(opma sikoi Takok HaBegeHa Ha puc. 11.8,6.

Buxinna Hanpyra TpudazHoro iHBepTopa (JTiHiiHa) sIBIsiE COO0I0 Y pO3IIIs-
HYTOMY PEKMMi 3HaKO3MIHHI MPSMOKYTHI IMITyJTbcH TpUBamicTio 120 enek-
TPUYHUX TpaayciB. st 3Mian (hopMu BUXITHOT HAPYTH, a TAKOX ii 3Ha4YEH-
HS 3aCTOCOBYIOTH METOAH, PO3IVISHYTI BUIIIE.
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Puc. 11.8 — TprdasHuii iHBEPTOP HaNPyry (a) Ta YacoBi ajarpami ioro Hanpyr (6)

3 omIsAqy Ha BXKJIMBE MICIIE, 110 3apa3 3aiiMaroTh aBTOHOMHI 1HBEPTOPH
HaIpyTrH y CHJIOBIH €JIEeKTPOHIIli, OCOOJIMBO y TaIy3i CTBOPEHHS EIEeKTPO-
MPUBOIIB 13 PETyITIOBAHHSM IIBHKOCTI 00EPTaHHS ACHHXPOHHUX JIBUTYHIB 3
KOPOTKO3aMKHEHHUM POTOPOM, BBAXKAEMO, 1110 HAJIaH1 Y JAHOMY PO3LIIi KO-
POTKi BioMOCTi OyIyTh KOPHCHI YMTA4€Bl 1 CTAHYTh OCHOBOIO JJIS1 OUTBII
TOOKOTO BUBYEHHS IUX TIEPCIIEKTUBHUX IPUCTPOIB, TEOPIs 1 CXEMOTEXHi-
Ka SIKUX HEBIIMHHO PO3BUBAIOTHCS.
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11.1.5. Bunpsamnsaui 3 6aratokpaTHMM NnepeTBOPEHHIM

J1s1 )KMBIIEHHS Cy4acHUX EJIEKTPOHHHUX IPUCTPOIB IHUPOKO 3aCTOCOBYIOTh
Tax 3BaHi 6e3TpaHcopMaTopHi BUIPAMIINYI a00 BUNIPAMJIAYI 3 0araTo-
KPATHHUM IepeTBOPEHHSIM. Y3araJlbHEHa CTPYKTypHa CXeMa Takoro BH-
npsMIIsTYa HaBeZeHa Ha puc. 11.9 (s nopiBHAHHS AUB. cxeMy Ha pHc. 9.1):

[o mepexi® ] ° - °
hanpyeu BC1 301 IH TV BC2
3MIHHO20
cmpymy o—| o .

® ®
CH
H (PH) 302

Puic. 11.9 — CTpykTypHa cxema BUnpsmMAsya 3 6araTtokpaTHUM NEPETBOPEHHSIM:
BC7- nepLua BeHTWIIbHA CXeMA;
3@17 - nepLumnii 3rnamKyoumin GinsTp;
/H— iHBEPTOP Hanpyru;
TV/- TpaHchopmaTop Hanpyri;
BC2- ppyra BeHTUNbHA CXEMa;
3®2- ppyrvin arnapxytounia GineTp;
CH(PH) - cTabinizaTop Hanpyru (perynsatop Hanpyru);
H— HaBaHTaXeHHs!

Hampyra mepexi BUTTPAMISIETBCSI BEHTHIIEHOIO cxeMoto BC/ 1 3rmamKy-
etbed pimprpom 3@ /. TloTiM iHBepTOp /H TIepeTBOPIOE OCTIHHY HANIPYTy B
3MiHHY MPSIMOKYTHY 3 BUCOKOFO YaCTOTOIO (iecsATKH Kiyorepi). ami TpaHc-
¢dopmarop TV 3abe3nedye OTpuMaHHS HEOOXITHOTO 3HAYEHHS HAIPYTH, a
TaKOX €JIEKTPUYHE PO3IUICHHS KiJl (BTOPUHHUX OOMOTOK y HHOTO MOXKE
OyTH JIeKITbKA: BiIIIOBIIHO HACTYITHUX BY3JIiB BUTIPSMIISTYA TaKoXK). B mmozab-
[IOMY OTpHMaHa 3MiHHA HaIIpyTa BUMPSAMIIAETHCA BEHTHIBHOIO cxeMoro BC?2
1 3tmapKyeThes GiapTpoM 3P2. OTpuMaHa NMOCTIHHA HANPyTa TMOAAETHCS
Ha crtabinizarop (perynsitop) CH(PH) 1 nam — Ha HaBaHTaXeHHS H.

Takuii BUIPAMIISIY, 3BICHO, Ma€ HWOKYUHN K.K.JI. 1 OLIbII Joporuid. Ajie
Maco-rabapHuTHI TOKa3HUKK TpaHcdopMaropa i eneMeHTiB ¢insrpa 302
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HEBEJUKi 32 paXyHOK poOOTH Ha MiABHUIIECHIH 4acToTi. SKicTh oTpuMaHol
Halpyru TaKOX 3HAYHO BUINA, 00 Jiermie 3a0e3MeYnTH BUCOKUM CTYIiHb
¢inpTpanii BUNPsIMIEHOT IPAMOKYTHOI HAIIPYTH BUCOKOI YaCTOTH.

Hazga “Oe3rpancdopmaTopHUiA” MiIKPECTIOE BIACYTHICTD Y CKIIai BH-
npAMIIsiYa MEPEXKHOTO TpaHCPOpMaTopa, 10 y 3BUYaHOMY BUIPAMIIAYL
BU3HAYa€ Maco-rabapuTHI MOKa3HUKH.

Kpim Toro, pobota notyxHOro BUIpsIMIIsYa 3 06araToKpaTHUM [IEPETBO-
PEHHSIM HE CYyNPOBOIXYETHCS XapaKTEPHUM IIYMOM (BiICYTHE T'yHiHHS
TpaHncopmaropa 3 yactororo 50 ['m, a yacrora iHBepTOpa 3a4a€THCS BU-

OO 32 YyTHY JIFOJUHOIO).

11.2. IuBepTOpM, BeeHi Mepexelo

IuBepTopH, BeeHi Mepexkel0 — 1€ MEPETBOPIOBAIILHI MPUCTPOI, IO
3a0e3MnedyIoTh epegady eHeprii Bill JKepela Hanpyry MoCcTiiHOTo CTpy-
My y MEpeXy Halpyrd 3MiHHOTO CTPyMY, 3Ha4€HHS Halpyr'd Ta 4acToTa
K01 3yMOBJICHI CTOPOHHIM MOTY>KHUM JKEPEIIOM.

i mpucTpoi BUKOHYIOTHCS HA OCHOBI KEPOBaHUX BHIIPSAMIISIUIB (10 peui,
SIK BYKE 3a3HaYAI0CsI, OCTAHHI TAaKOX BIIHOCSTH JI0 TIEPETBOPIOBAYIB, BE/IC-
HUX MEPEXEI0).

Ha puc. 11.10 HaBeneHo cxeMy iHBepTOpa, Je, SK 0a4uMO, 300paKeHO
KEPOBAHMM BUIIPSIMIISY, O BIXITHOTO KOJIA SIKOTO MiIMKHEHO KEPEo Ha-
npyru U, 13 BKa3aHOIO TIOJIAPHICTIO.

[pu ibOMy TIpUCTPI MOKE BUKOHYBATH JIB1 (DYHKIIIi:

VSl L 1) KxepoBaHOTO BHUIPSAMIIAUA,
v SIKIIO KyT KePYBaHHS 3aJ[aBaTH
- YT Kepy y
la MeXax
Ud 0< a <p/2;
+ 2) iHBepTOpa, BEJICHOTO Mepe-

KEI0, AKINO KYT KEpYBaHHA 3a1a-
BaTH y MCXKax
vs2 p/2< a <p;

Hapwuc. 11.11 306paxeni 3amex-
HocTi Hatpyru U, Bil KyTa Kepy-
Puc. 11.10 - OgHodasHuin BaHHs a Ta KyTa BUIIEPEIDKEHH:

BEAEHUI MEPEXEID IHBEPTOP b=p-a
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U Pexum Udp
sunpsamsYa U UgocosP
do
< Pexum <
iHeepmopa
o B
[
n s
2 2

Puc. 11.11 — PerynioBanbHi xapakTepucTukv iHBepTopa, BEAEHONO MEPEXEIO,
L1 PeXVMIB KEPOBaHOr0 BUNPSIMIIAYa 11 iHBepTopa
Xapakrepucrtuka U, =f(b) 'CBi,Z[‘lI/ITI:, 110 TpH pisHuX b Hanpyra U, 110~
BUHHA OyTH MEHLIOK abo J0pIBHIOBATH 3a BenuunHow U, -

U,<U,. (11.20)

Beneni mepeskero iHBEpTOpH BUKOPUCTOBYIOTh Y TAKHUX BUIIAJKaX:

1) 715t IUIABHOTO PEryIIOBaHHS LIBUIKOCTI 00epTaHHs ABUTYHIB (PEXKUM
BHIIPAMIISTYA);

2) [ peryap0BaHOTO TaJIbMYBaHHS IBUTYHIB (PEXXHUM IHBEPTOPA).

Ha puc. 11.12 HaBemeHO cxeMy peBEpCHBHOIO MTEPETBOPIOBaYA HAMIPYTH,
MPU3HAYEHOTO JUIS PETYIIIOBAHHS IIBUIKOCTI 00epTaHHs 1 peBepcy (3MiHU

HanpsAMKy 00epTaHHs) ABUTYHA MTOCTIITHOTO CTPyMY.
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Puc. 11.12 — PeBepcrBHUIA NepeTBOPIOBaYy Hanpyru
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I niBa i mpaBa YacTUHH MPUCTPOIO MOXKYTbH MPALIOBATH, SIK y PEKUMI
KEPOBAHOT'0 BUIIPSIMIISYA, TAK 1y PEKUMI iHBEPTOPA, BEIEHOT'O MEPEXKEIO.

Po3misitHeMO 0MH 13 MOXJIMBUX aJITOPUTMiB POOOTH TAKOTO IIEPETBOPIO-
Baya, 110 HA3UBAETHCS PEXKUMOM 3 PO3AUILHUM KEPyBaHHSIM.

[Ipu BMuKaHHI THPUCTOPIB VS1-VS3 11iBOT YaCTHHU CXEMU NIEPETBOPIO-
Baya 3 KyTOM KepyBaHHS a<p/2 BiH Mpaulo€ sIK KEPOBAaHUN BUIIPSMILIY,
3a0e3meuyoun KepyBaHHs MIBUIKICTIO 00epTaHHs IBUTYHA M y OnHOMY
HanpsaMmKy. Tupucropu VS4-VS6 npaBoi 4acTUHU CXEMH IIPU LILOMY BH-
MKHEHI.

Jnst 3MiHK HanpsMKy oOepTaHHSA, CIOYATKy NPUIMHSIOTH MOAady
IMITyJIbCiB KepYBaHHS Ha TUPUCTOPU VSI-VS3 1 OUiKyIOTh 3HMKEHHS 10
HYJISl CTPYMY ABHUTYHA, IO BU3HAYAETHCS iHAYKTUBHICTIO OCTaHHBOTO. Le
MOBUHHO 3a0€311€YNTH BiIHOBJICHHS 3aMlipHUX BIACTHBOCTEH THPUCTOPIB
VSI-VS3 i THM caMHM BUKIIOYUTH MOXJIHBICTh BHHHKHEHHS KOPOTKO-
3aMKHEHOT'O KOHTYPY HiCJI BMUKaHHS TUpUCTOpiB V' S4-VS6 npaBoi uac-
THHHU TEePeTBOPIOBaYa. 3HMKEHHS CTPyMy (QIKCYIOTh aBTOMaTHYHO 3a
CUTHAJIOM JIaTYMKa BEJIMYHHU CTPYMY, HAIIPUKJIA, IIYHTA, YBIMKHEHOTO B
KOJIO )KMBJICHHS JBUTYHA.

Jami monaroTh iMITyIbCH KEpYBaHHS Ha TUPUCTOPH V.S4-VS6 mpaBoi da-
CTHHU TIEpETBOPIOBaya 3 KyTOM KepyBaHHs a>p/2.

OCKUTbKH MEXaHIYHA CUCTeMa JBUTYH-HABAHTAXCHHS JOCUTH 1HEPITiii-
Ha, TO 3a Yac May3u y KepyBaHHI THPUCTOPAMH 4YacTOTa 00EpTaHHS JABHUTY-
Ha 1 Hampyra Ha HOTO SKOp1 ICTOTHO HE 3MIHIOIOTHCS.

[pu kyTi KepyBaHHS a<p/2 MpaBa YacTHHA TIEPETBOPIOBAYA MPAIIIOE SIK
1HBEPTOp, a ABUTYH MPH IIbOMY JIi€ K JUKEPEIO €Heprii — Mpalroe y TeHepa-
TOPHOMY PEKHUMI.

B nBuryHi BUHMKa€ raJbMiBHHI MOMEHT, IO MIPU3BOAMUTD J0 MIBUIKOTO
3HIDKCHHS ITBUIKOCTI HOTO 00epTaHHS i €.71.C. SIKOPSL.

Mexani4Ha eHepris, o Oyia HaKoIMYeHa B MACUBHIX YaCTUHAX JIBUTY-
Ha Ta HOr0 HAaBaHTAXKEHHS (THX, IO 00EPTAIOTHCS), IEPETBOPIOETHCS Y
EJIEKTPUYHY 1 MOBEPTAETHCA O MEPEXKi KUBIICHHSI, 8 HE TACUTHCS, SIK 3BU-
YaifHO, B CTICIIAJIbHUX MTOTY>KHUX PE3UCTOPAX.

l'aneMyBaHHS ABUTYHA 3 TTIOBEPHEHHSIM €HEPTii 10 Mepeki Ha3UBalOTh
peKynepyBaHHSM.

OTxe, KO MPUCTPIN MPALIOE y PEKUMI IHBEPTOpPA, HKEPEIIOM EHEprii €
JBUTYH, a CIIO)KHMBaueM (HaBaHTAXXEHHSAM) — MEpeka 3MIHHOTO CTPYMY.
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3a 3MeHILIeHHs KyTa KepyBaHHsI 10 3HAYeHHS a=p/2, ABUT'YH 3yITUHSIETh-
csi. [loganpine 3MeHIIEHHS KyTa MPU3BOAUTE 10 PO3rOHY IBUTYHA 3 00ep-
TaHHIM y IPOTWIEKHOMY HanpsAMKy. [Ipu a=0 mBunkicts o0epTaHHs 10-
csira€ HOMiHAJILHOTO 3Ha4eHHs1. Ternep mpaBa yacTHHA IEPEeTBOPIOBaYa Mpa-
LIOE SIK BUMPSMIIAY, a JIiBa BAMKHEHA.

3a HeoOXiJHOCTI HACTYITHOT'O peBepCy (ralbMyBaHHS ABUTYHA 1 3MiHH
Hamps MKy HOro o0epTaHHs), IMITyJIbCH KEPYBaHHA 3HIMAIOTh 3 THPHUC-
TOpiB VS4-VS6 npaBoi yacTUHU NEPEeTBOPIOBAYA, OYiKYIOTH 3HM)KEHHS
CTPYMY ABUTYHA JIO HYIISI i BMHKAIOTh TUpUcTopu V.S1-VS3 niBoi yactu-
HU 1 T.H.

11.3. Mpuknapu 3actocyBaHHS iHBEPTOPIB
i3 BUKOPUCTAHHAM MiKPOENEeKTPOHHUX NPUCTPOIB

[TounHarouu 3 KiHI MHHYJIOTO CTOJIITTS 1 Y HAIll 4ac MPOBiAHI CBITOBI
¢ipMu-BUPOOHHUKY CHJIOBHX HaIliBIPOBiIHUKOBUX NPHJIaIiB HE OOMEXYIOTh-
Cs1 pO3pOOKOIO JIMIIE IUPOKOT HOMEHKIIATYPH BIaCHE HOBITHIX MPHIIALIIB.
OnHouacHo, U1 3a0€3Me4eH s IKHARIIBUIIIOTO 1 IIMPOKOTO BIIPOBAI-
YKEHHS CBOET POIYKIIii, BOHH MPOIYKYIOTh TAKOX 1 MIKpPOEJIEKTPOHHI MPH-
CTpOi KepyBaHHS, 10 3a0€3MeUyI0Th y3TOJDKEHHSI CXEMH KEepyBaHHS 3
CHWJIOBMMH IIPHUJIaZIaMH y THIIOBUX €JIEKTPOHHUX IPUCTPOSIX — ApaiBepHu.
CuI10Bi IpUIaii MOXKYTh OyTH NpUA0aHi pO3pOOHUKAMH 1| BUPOOHHKAMH
ENEKTPOHHOT arapaTypH sIK y BUTIISII OIMHOYHHUX JUCKPETHUX KOMITOHEHTIB,
TaK 1 y BUTIISAI1 MOAYiB.

Moayab Moe MICTUTH y c0o0i OKpIM BJIACHE CHIIOBOTO Tpuiany (Ha-
npukian, tupuctopa ado bTI3) 3axucHuii 3BopoTHHI Aioa. AGO ABISITH
c000¥0 MBMOCTOBY CXEMY 3 KEPOBAHUM CHJIOBUM TIPHIIAJIOM 1 1I00M, TH
MBMOCTOBY CX€MY 3 JBOMa KEPOBAaHWMH MpUIagaMu (MOXKIHBO TAKOX i3
3aXHMCHUMHU J10JIJaMH ), HaBITh TIOBHICTIO KEPOBAaHY MOCTOBY OJ[HO- YU TPH-
¢dazny cxemy i T.II.

Tak ma puc. 11.13 mHaBemeHo cxemy cmiooro moxyist CPV364MM
(pipma International Rectifier, CIIIA), mo sBisie coboto Tpudaznmii
MTOBHICTIO KepoBaHui MicT Ha cunoBux bTI3 VT'I-VT6 i3 3axucHUMHU
3BOPOTHUMH JionamMu VDI-VD6. TabapuTHi po3Mipu MOAYINS CKiajza-
10T 66,43 X21,97X7,87 mM. BiH Mae 0THOCTOpPOHHI BUBOJIU JTOBKUHOIO
6,99 MM.
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Pwvc. 11.13 — Moctosuii TprdasHuii moayns CPV364MM

Monynas CPV364MM 3abe3neuye xomyTanio Hanpyra 10 600 B mpu
cTpyMmi 10 22 A (BCTaHOBIIOETHCS Ha TEIUIOBiABOMI) 1 wacToTi 10 10 kI'II.

TumnoBy cxeMy NPUCTPOIO KEPyBaHHS TpU(Pa3HUM €JIEKTPOABUTYHOM Bij
onHodaszHoi Mepexi (¢pipma International Rectifier, CILIA), BukoHaHoTro Ha
ocHoBi moxynst CPV364MM, naseneno Ha puc. 11.14. OcHoBy ii ckinagae
TpudasHuii inBepTop HanpyrH (auB. puc. 11.8).

[pucTpiii xuBUTHCS Bi 0HODA3HOT Mepeski 3 HanpyToto 115 B 3mMiHHO-
ro cTpyMy gactororo 60 ['m (craHmapTHI 3HAYCHHS HAIIPYTH 1 YaCTOTH Me-
pexi y CIIA). Bunpsamiena BunpsmisiaeM, modyaosanum Ha VDI-VD4
Ta C,, HalpyTa MoJIa€ThCsl Ha MOBHICTIO KEPOBAHUH TpU(Da3HHUIA MiCT — Mo-
nynb D6, 10 BUBOAIB sikoro — A, B, C miaMUKaOTh TpU(ha3HUH IBUTYH.

KepyBanns BeHTHIsIME MOCTa 31iiicHioe apaiBep D3 tumy [R2130. s
3aJIaHHS HEOOXiJHOTO alrOPUTMY BMHKAHHS BEHTHIIB (TPAH3UCTOPIB MOJTYIIS
D6), Ha BXOmM npaiiBepa HAIXOIATh CHUTHAIM 3 KUTBIIEBOTO JIYMILHHUKA, IO
Mae€ IIicTh cTaHiB 1 noOymoBanui Ha IMC D2 tumy 74175N (MicTuTh y cOO1
YOTHPHU D-TpUrepy 31 CIIUTHHAMH JIAHITFOTaMH CHHXPOHI3aITii 1 yCTaHOBICHHS
Hy1s1). J171s1 3a6e3ne9ueH s 9acTOTH HAIPyTH KUBJIeHHS ApuryHa y 60 11, Ha BXif
CHHXPOHI3aIlii JIIYMIbHIKA ITOJAI0THCS TaKTOBI IMITyibeH 3 yacToToro 360 [ 3
BUXOJy MYJIETHBIOpaTopa, BAKOHAHOTO Ha TaiiMepi D1 turry 555 (nuB. m. 8.9).

Kusnenns ycix IMC cuctemu kepyBaHHs 3a0e31edye BUMPSAMIISY, T0-
Oynosanuii Ha TV1, VD5, VD6, C, 3 iHTErpalbHUMHA TPHBHUBIIHUMH CTa0i-
mizaropamu Harpyru D4 tumy 7815 (+15 B) Ta D5 tumy 7806 (+5 B).
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KepyBaHHS BeTUYMHOIO CTPYMY JIBUTYHA B1IOyBa€ThCS 31 3MiHOIO 110JI0-
KEHHS PETyJIATOpa pe3ucTopa R, ab0 CMrHaIoM BiJl 30BHILIHBOTO IPUCTPOIO,
IO MOJAEThCs Ha BXix “306wH. kep.”

Pesucrop R 3a0e3medye 3B0POTHUH 3B’ 430K 32 BUX1JIHUM CTPYMOM IIPH-
CTPOI0, 32 paxXyHOK YOTO NP NEpEeBaHTAXEHH1 Y1 MOSIB1 HACKPI3HOTO CTPY-
My 4epe3 TPaH3UCTOPH MOAYIs (Hanpukia, uepe3 V71 i VT2) BuxinHi cur-
Hanu apaiiBepa D3 BUMHKarOTHCS.

Y Bunazky 30010 y poOOTi cXeMHu KepyBaHHS ApaliBepa TAKOK OJIOKYETHCS
BUJa4a CUTHAJIIB KEPYBaHHS BEHTHJSIMA MOCTa 1 IOAAETHCSA CUTHAM 1HIM-
Kariii 30010, 10 BMHKae cBimiomion Hl “FAULT LED” (uieii curHai Moxe
MOJaBaTHCh TAKOX Y 30BHIIIHIH NpUCTpiil kepyBaHHs1). [loBepHEeHHS Apaii-
Bepa Miciist 30010 10 HOPMAJIBLHOTO PEXKUMY POOOTH 3iIHCHIOETHCSI HATHC-
KaHHAM Ha KHoTKy SB! “RESET”.

CxeMa HaJMiHIaTIOPHOTO E€JIEKTPOHHOTO OayacTy AJIS Ta30pO3PSIHHUX
moMinecteHTHUX J1aMmi ((ipma International Rectifier, CLLIIA) HaBenena Ha
puc. 11.15. 111 cxeMa € THUIIOBOO JUIsi MAIONOTYKHUX (Bix 13 mo 26 BT)
nam. i ocHoBy cknazae ribpuana IMC npaitsepa Tumy IRS1H420. V 3a-
JIEKHOCTI BiJ noTy:)xHOCTI Jamnu EL enementu C,, C, L, R, MaroTh pi3Hi
HOMIHAJBHI 3Ha4eHHA (Ha PUCYHKY HaBeneHo BapiaHnT mis 13 Br). ['aba-
PUTHI po3MipH APYKOBAHOI IJIATH, Ha SIKIK PO3MIMIYIOTECS yCi €IEMEHTH
6anacty, cknanarotb 1% na 134 mroiivu.

| VD1...VD4 1N4007 R2 i
! o i

| /Nvpi/\vD3 D1 . 9 KOm |03 Cf 40 KTy ol
R [ ;

s R1 —_c1 7 0,1 Mk®|0,1 Mk® |

= o} 10 Mk® s | VD510DF4 J_ |

I8 10 Om 7R Vb2 /D4 S < cé ] > |eL
! ¥[8 |

! 3 R3 c4 11 |

i L € |2 — !

i L 99x0m | 1000 n® 2,56 MIH i
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! J_ c2 |

! — 22 mk® ~[LN4148[IN4148 !

L

Puc. 11.15 — HapgMiHiaTIopHWIA eneKTPOHHMIA GanacT Ans ra3opo3psiaHNX
JIOMIHECUEHTHMX namn. Cxema enexTpryHa NprHLMNoBa
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[Ipuctpiii € neperBoproBadeM 3MiHHOI Harpyru 240 B wactotoro 60 'y y
3MiHHY HamlpyTy 3 HiABHILICHOIO YacTOTOIO — Big 28,5 no 44 xI'11 3anexHo
BiJl TOTY>KHOCTI JIAMITH.

3MiHHa Hampyra HU3bKO1 YaCTOTH CIIOYATKy MEPETBOPIOETHCS y MOCTIiM-
Hy BUIIPAMJIAYEM, ToOynoBanum Ha VDI-VD4, C,, a moTiM 3a JOIOMOI 010
iHBepTOopa, BukoHanoro Ha IMC D], y 3MiHHY HanpyTy IiIBUILEHOI YacTo-
Tu. PoO0oTa Ha miBHINEHIH YacToTi 1 3a0e3neuye Maii rabapuTh MPUCTPOIO
(mepuu 3a Bce mpocens L1).

Curnai, o 3HiMaeTbes 3 nioaiB VD6, VD7, cuHXpoHI3ye poOOTy Tiepe-
TBOpIOBaya i3 mpouecamu y jamni. BMukanus nammu (npo6iif i HacTynHa
10Hi3allisl ra30BOr0 CTOBIIA) 3a0€3Meuy€eThCs Micis I0Aa4ui HapyTH Mepexki
3a paxyHOK PE30HaHCy I0CIIiI0BHOr0 KOHTYpy C,, L1, KOJIM Hanpyra Ha KOH-
nencaropi C,, milIMKHEHOMY TTapajIeNibHO JI0 J1aMIu EL, pi3Ko 3pocTac.

Js mamm notysxHicTio 10 40 Bt MoxkHa 3actocyBatu IMC npaiiBepa
tumy IR2151 3 1BOTaKTHUM BUXITHHM ITiJICHITIOBAYEM Ha IMTOTY>KHUX TTOJIHO-
Bux Tpanzuctopax tuny IRF720. ['abaputHi po3mipu IpyKoBaHOI IIaTh
Takoro Ganacty cknanawots 1Y, na 4Y, moiimu.

OTxe, 3 HaBeACHUX NPUKIALiB 0auuMO, IO 3aCTOCYBaHHS INPUCTPOIB
KepyBaHHS y MIKPOBUKOHAHHI 3a0€311euy€ MiHIMaIbHY KiJTbKICTh €JIEMEHTIB,
MiHIMalIbHI Ta0APUTHI PO3MIpH 1 Macy MPHUCTPOIO Y IUIOMY. A 3HAYHUTH —
HEBEJHKY HOTO BapTiCTh 32 BUCOKOT HAAIHHOCTI.

11.4. lNepeTBOpPIOBAYi 4aCTOTH

IlepeTBOpIOBaYi 4YacTOTH — II€ TIPUCTPOI, IO 3a0€3NEUYIOTh TIEPETBO-
pEHHS 3MIHHOTO CTpyMY (HAampyTrH) OHI€T 9aCTOTH y 3MIHHAN CTPyM (Ha-
MpyTy) iHII01 YacToTH. BOHM pO3pi3HIIOTHCA HA IPUCTPOT:

— 3 MPOMDXKHOIO JJAHKOIO ITOCTIIHOTO CTPyMY;

— 3 6e3mocepeiHiM 3B’ I3KOM (IIMKJIIOKOHBEPTOPH).

CTpyKTypHY CXeMy IepeTBOPIOBaYa 3 MPOMIKHOIO JTAHKOIO TIOCTIHHOTO
CTpyMy HaBelleHo Ha puc. 11.16. 3minna Hanpyra Mepexi xuieHns U, 3
YaCTOTOH f, BUIIPSAMJIAETHCS KEPOBAHUM BHIIPAMIIUEM KB, 1110 Mae cuc-
temy kepyBauHa CKB, smiapkyerbesi LC-ginbrpoM 3@ i HaAXOOUTh Ha
aBTOHOMHUI 1HBepTOp A1 3 cuctemoro kepyBannsa CKI. Ha Buxoai iHBepTo-
pa OTPUMYIOTh 3MiHHY HANPYTy YaCTOTOIO f,. DYHKIII0 PETYIIOBAHHS Yac-
TOTH 3/ICHIOE IHBEPTOP, @ HANPYTH U, — BUNIPAMIIAY, 110 PETYIIHOE HATIPYTY,
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sIka HaAXOAUTh Ha A/. B cydacHux nepeTBoproBauax B 4/ BUKOPUCTOBY€Th-
Csl IPUHLUIT ITUPOTHO-IMITYNIbCHOT MoayJsiuii (LL/IM), ToMy B cyyacHUX Iie-
peTBoproBadax oouaBi PpyHKLUIT peryaroBaHHS BUKOHY€E IHBEPTOD, a BULIPSIM-
JIS19 IPH LIbOMY € HEKEPOBAHHM.

Us T“’ fl
| ckB —| kB |
Ug i +
—)() | 3¢ |
Uk - "
Up, -« Ug=var
[on [ ar ]
U, =var
f, = var

Al
Puc. 11.16 — MNepeTsoptoBay 3 NPOMIDKHOO NIaHKOKO MOCTINHOIO CTPYMY

Taki nepeTBoproBayi 1arOTh 3MOTY PETYJIIOBATH BUXIJHY 4acToTy f, 3a
JIOTIOMOT0I0 CUCTeMH KepyBaHHA iHBepTopa CK/ B IIMPOKOMY JTiana3oHi sK
BHIIIE, TAK 1 HIDKYE 4acTOTH Mepexi xuieHus /. [lepeBaxkna chepa 3a-
CTOCYBAaHHS — EJIEKTPONIPUBOAH 3MIHHOTO CTPYMY.

Y mepeTBOproBaYax 4acTOTH 3 OE3MOCEpEeNHIM 3B A3KOM, K MOKa3aHO
Ha puc. 11.17, KpuBa BUXIiHOT HAIPYTW 3MIHHOI 4aCTOTH f, OPMYy€eTHCS 3
TUITHOK HAIPYTH MEPEsKi AKHUBIIEHHS, 110 33 TOTIOMOT 00 THPUCTOPIB Oe3Ito-
CepeaHbO OB’ 3aHa 3 HaBaHTAKeHHAM. | [puHIH 11T epeTBOproBadviB aHa-
JIOTIYHHUN JT0 PEBEPCUBHOTO THPHUCTOPHOTO nepeTBoproBaya. [lpu popmy-
BaHHI TTO3UTUBHOTO ITiBIEPiOAY BUXiIHOI yacToTH (quB. puc. 11.17,a) mpa-
LIOIOTh TUPHUCTOPH TepeTBopioBada 771/ (xkarogHa Tpymna BeHTHIIB VS,
VS2, VS3). Ilpu upoMy CTpyM Kpi3hb HABAHTKEHHs [ TPOXOIUTH y Ha-
MIPSIMKY, IOKa3aHOMY CYIIUIbHOIO CTpisikoro. IlepeTBopioBau 7772 mpu 1160-
MYy BUMKHYTHUH.

[Ipu popmyBaHHI HETATUBHOTO MIBIEPIOAY MPALIOIOTE TUpUCTOPH T112
(anonmna rpyna BeHTHNiB V'S4, VS5, VS6). CTpym HaBaHTa)X€HHS HAIXO-
IUTH y 3BOPOTHOMY HampsiIMKy (TiepepuByacta cTpinka), 77// mpu upomy
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BUMKHYTHH. [lepeBaru 1p0ro nepeTBoproBaya — NPUPOJHA KOMYTALlisl TH-
puctopiB (To0To HenoTpiOHI moBHIcTIO kKepoBani CHII) i Gk BUCOKHIA
KK/, Tomy 110 Mae micue ogHOpa3oBe NepeTBOPEHHS eHeprii (31 3MiHHOTO
CTpyMy onlpa3y B 3MiHHHUH, Ha BiIMiHY BiJ TlepeTBOproBava Ha puc. 11.16,
JIe Ma€ Miclie ABOPa30Be MEPETBOPEHHS: CIOYATKY B IIOCTIHHHM, a MOTIM
3HOBY B 3MiHHHH).

72 (i T (T112)
a)
3~ |A B c
T
n
a b c
L vs1 |vs2 * Vs3 VsS4 vss | |vss
ey Yy e R
i ¢ {EJ’ _______________
6)

Puc. 11.17 — TupucTopHWiA NepeTBOPIOBaY HacToTY 3 6e3nocepenHiM 38’93KOM:
a) Ajarpamuy BYXioHOI Hanpyru; 6) Cxema enekTpryHa NPYHLMMNOBA



362 EJIEKTPOHIKA | MIKPOCXEMOTEXHIKA

YacToTa B TAKOMY NIEPETBOPIOBAYl PETYIIIOETHCA YaCOM POOOTH KOXKHOT
rpyn (CTaHOBHTH MiBIIEPiO BUXiAHOT HANPYTH). 3HaYE€HHS BUX1AHOI HAIPy-
'Y PEryJIOETHCS 3MIHOIO KYTiB BiIKPUBAHHS TUPUCTOPIB a Y KOXKHiH rpymi
(muB. puc. 11.17,0). louinpHuii niana3oH 3MiHtoBaHHS yacToT Big 0 1o 30 I'ig
(MeHIIMH, HIXK Y IEpETBOPIOBAUIB 3 JIAHKOIO MOCTIHHOTO CTpyMy). OKpim
TOT0, 31 3HIKEHHSIM HaIlpyTy Ha BUXOA1 IIMX IIEPETBOPIOBAUiB Yepes CyTTe-
B€ BUKPHBJICHHS ()OPMH BUXiTHOI HAPYTH 3MEHILYETHCS KOS(iLiEHT MOTYX-
HocTi. Cdepa 3acTocyBaHHS — YaCTOTHUI €JEKTPOIPUBO/ ITOTYKHUX TUXO-
XiJTHUX aCHHXPOHHUX 1 CHHXPOHHHUX €JIEKTPOIBUTYHIB.

KOHTpOnbHI 3anuTaHHS

1. Iosacuimo, wo maxe asmonomuull ineepmop. Konu 3acmocosyromo

asmoHOMHI iHeepmopu?

Aka pisHuys migic ineepmopamu cmpymy ma iHeepmopamu Hanpyau?

Hageoims cxemy mpancpopmamopnozo ineepmopa cmpymy i no-

Acuims i1 pobomy. AK y Hbomy 3a0e3neuyemvbcs UMUKAHHA MUPUC-

mopie, Wo npayoms Ha NOCMIUHOMY CMpPYMI?

4. Hagedimb cxemy ni@Mocmogozo iHgepmopa Hanpyeu i noscHims ii
pobomy. AK 6 HboMY 3a0e3neuyembCs UMUKAHHA MUPUCOPIS, WO
npayioiome Ha NOCMIUHOMY CMpymMi?

5. Bxaorcimv nepesazu 3acmocy8anHs Yy Nepemeoprosaiax Ho8immuix
BEHMULbHUX HANIBNPOBIOHUKOBUX NPUNAOI8 V NOPIBHAHHI 3 0OHO-
onepayitiHuMu Mupucmopamu.

6. Hasedimv cxemy oonogasnozo ineepmopa nanpyeu na 1IGBT-mpan-
3ucmopax i noscHime cneyuixy ii pobomu npu aKmueHo-iHOYK-
MUBHOMY HABAHMANCEHHI.

7. Hasedimb cxemy mpughasnoeo ineepmopa Hanpyau i NOSACHIMb NPUH-
yun tioeo pobomu.

8. [Tlosichimb 6y008y i nepesacu SUNPAMAAYIS i3 OAAMOKPAMHUM Ne-
PEemeopenHaM.

9. Io make ingepmop, sedenuili mepeosicero? Koau suxopucmosyioms
maxi ineepmopu?

10. Hosacnimb npuznauenusa i pobomy pesepcugHo20 nepemeaoprosaia
Hanpyau.

“w N
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PO34iIN 12

BMJINB BEHTUWIbHUX
NMEPETBOPIOBAYIB HA MEPEXY.
EJIEKTPOMAIHITHA CYMICHICTb

12.1. 3aranbHi BigomocTi npo
eJIeKTPOMAarHiTHy CyMiCHICTb

XapakTepHOIO PHCOI0 CY4aCHUX CUCTEM €JIEKTPONOCTadyaHHs € IXHS Ha-
CHUYEHICTh CIIOKMBa4aMH 3 icTOTHO HenmiHiiHnMu BAX. CtocoBHO Mepexi
YKUBIICHHS 111 CIIOKMBAY € JHKepesiaMy BUIIMX rapMoHik. [[puaomy, KinbKicHHi
1 AKiCHMIA TXHIH CKJIaJT 3 4aCOM iICTOTHO 3MiHIOBaBCS. SIKIIIO Ha TIEpIIHX eTa-
nax po3BUTKY [IPOMHCIIOBOI €JIEKTPOTEXHIKH [T0SBa BULIUX FApMOHIK Oyna
3yMOBJIE€HA NTpoLiecaMyl Y (PepOMarHiTHUX PUCTPOSIX, TO Y OCTaHHI AECATH-
JITTS OCHOBHUM J[KEPEJIOM BHIIMX FapMOHIK € BEHTHJIbHI IEpEeTBOPIOBaUi
BUKOHAHI Ha CMJIOBHX TPaH3MCTOPAX i THPMCTOPAX. [XHE BAKOPUCTAHHS K Y
BHCOKOBOJIFTHHX, TaK 1 B HU3bKOBOJIIBTHUX MEpekax Oe3ymUHHO 3POCTAE.
Hamnpukiazn, moTyXHICTh HENIHIHHINX HAaBaHTAaKEHb, IO CKJIAIAlOTHCS, B
OCHOBHOMY, 13 IEpETBOPIOBAIBHUX ITPHUCTPOIB, Y IIEXOB1i1 MEpEKi CydacHOTO
METaTypriiHOTO 3aBOAY YKpaiHM BXX€ CHOTONHI CTaHOBUTH OJMU3bK0 80%
MOTYXHOCTI KOMIUIEKCHOI TpaHcopMaropHOi mijcTanii. [Ipu npoMy ko-
edilieHT HeTIHIHHUX COTBOPEHb KPUBOi HANpyTH B Mepexkax 0,38 kB mux
nexis Moxe pocsarata 10-15%.

Benuka muToMa Bara HeNiHIHHMX HABaHTaKEHb y 3arajJbHOMY CKIIaIi
CIIO’KMBAYIB €JIEKTPOCHEPTii, TSHAEHIIIS 10 ICTOTHOTO 3POCTAaHHS IXHBOI
KUTBKOCTI 1 TPH LIbOMY IIHPOKE BIIPOBAKEHHS YCTATKyBaHHS, Iy TIUBOTO
JI0 CTIOTBOpPEHb ()OPMU KPHBHUX CTPYMY 1 HANIPYTH MEPEXKI1 )KUBJICHHS, BU3-
HAYHJIM 3POCTAI0YY YBary sk pO3pOOHHUKIB eJIEKTPOYCTATKyBaHHS, TaK 1 HOro
eKCIUTyaTaIlifHAKIB 10 TPOOIEMH BUIINX TAPMOHIK.

CrniotBopeHHS (hOpMH KPUBUX CTPYMIB 1 HAIPYT, SIK IIPABUIIO, TIOB’ sI3aHE 3
MTOCHJIEHHSIM B3a€MHOTO BIUIMBY CTHIOKMBAYiB PI3HOTO BHILY, 3yMOBIIEHOTO
HeNiHIHHUMH HaBaHTa)XeHHAMH. /|71 XapaKTepUCTHKH IbOTO BILUTUBY BHKO-
PHUCTOBYIOTb OHATTA «EJIEKTPOMarHiTHa CyMICHICTBY, III0 BU3HAYAE CTYIIIHb
B3a€MHOTO BIUIMBY €J€KTPONPHIIMadiB, 3a SIKOTO BiACYyTHI HOPYIIEHHS iXHBOT
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HOpMaJIbHOT poOOTH 1 HE BinOYBa€ThCs 3HIKEHHS €(eKTHBHOCTI poboTH
HIDKYE JIeSIKOT EKOHOMIYHO OOTPYHTOBAHOT MEXKi.

EnexrpomartitHa CyMiCHICTb 3aJI€KUTbh TaKOX 1 BiJl 0cOONMMBOCTEH Me-
pexi skuBieHHS. Tak CyMiCHICTh IEPETBOPIOBAUIB 3 MEPEKEIO BU3HAYAETHCS
HE TUIBKM IapaMeTpaMu MepeTBOpIoBaya, ajie i CXeMOI MEepexi, IOTyX-
HICTIO KOPOTKOTO 3aMUKaHHsI Ha IIWHAX, [0 HUBJATH 1€ HABAHTaKCHHSI.
[Tpu upomy, unM OnrK4e 3HAYEHHS MOTY>KHOCTI MEpEeXi XKHUBJICHHS J10 TIO-
TY>KHOCTI IIEpeTBOPIOBaYa, TUM CKJIaJHilIe 3a0€3MeUnTH IXHIO eNEKTPO-
MAarHiTHY CyMiCHICTb.

TakuM 4MHOM, eJ1eKTPOMArHiTHA CyMiCHICTB — L€ 3aTHICTH €JIEKTPO-
npuiiMada HOpMaJIbHO (DYHKLIOHYBAaTH B MEPEXKi €IEKTPONOCTAaYaHHs, 10
KO BiH M JK/TIOYECHUH, 1 HE BHOCHUTH B III0 MEPEXY 3aBajl, HEPHITY CTUMHX
1151 pOOOTH 1HILMX eNEeKTPOIIPUAMAYiB.

JlocsirHeHHs eNeKTPOMAarHiTHOI CyMiCHOCTI 3a0e31euy€eThcsl OOMEXeH-
HSIM JIESIKOIO IPHUITY CTUMOIO BETMYMHOIO CIIOTBOPEHB (POPMHU KPHBOI HATIPY -
I'l, BUKJIMKAaHUX HEJIIHITHUM HaBaHTaXEHHAM. SIKiCHI 1 KIIbKiCHI KpuTepil
MPUILYCTUMOTO CIIOTBOPEHHS (HOPMH KPHBOT HAIIPYTH MEPEXKI 11I€ HE OT0/1-
KEHO Ha MiXHapogHoMy piBHi. ToMmy HOpMH i pekoMeHauii, po3podieHi
(haxiBISIMU PI3HUX KPaiH, ICTOTHO Pi3HATHCA. Hanpukman, ocTanHii cTaHmapT
konumHboro CPCP, 110 persamMeHTyBaB OKa3HUKH SKOCTI eIEKTPOeHEePrii
y eJIEKTpUYHHX Mepeskax 3aranpHoro rnpusHadeHHs ('OCT 13109-87), nop-
MyBaB IIPUITYCTUMI PiBHI OKPEMHUX TapMOHIK, 110 TU(EPEHITIFOBATIUCS Y 3a-
JISKHOCTI BiJl piBHS HAIPYTH B MEPEXi, a TaKOXK KoeimieHTa HeMHIHHUX
CHOTBOPEHB K . 30Kpema, /171t HU3bKOBOJIBTHUX Mepex (Harpyroro 10 1 kB)
OCTaHHi# OyB 00OMEKEHHI 3HAUCHHIMHU: K <3%—nosrocrpokoBo ta K <5%
— KopoTkouyacHo. Ileli koedilieHT, 110 HOro Iie Ha3uBaOTh KoedilieHToM
rapMOHiK, PO3paxoByIOTh 3a (opmysioro (ropiBHsiiTe 3 (3.40)):

2 2 2
KH:\/U2+U3+...+U,,, 0
U,

ne U, U, U, ..., U — niro4i 3HA4€HHs HAPYT FAPMOHINHUX CKIIAJI0BUX
HAIPYTH KUBJICHHSI.

Y npoMHCIIOBO PO3BUHEHHX KpaiHaX BBEJCHO OLIBII JKOPCTKI OOMEkKeH-
HS Ha BEJIMYMHY TAPMOHIK CTPyMY, III0 TeHEPYIOTHCS OKPEMUM HETIHIHHIM
HaBaHTaXeHHAM. Take 0OMexeHHs 3000B’sI3y€ 3aCTOCOBYBATH CIEIliasIbHI
criocoOu ¥ 3aco0u 1Tt OOMEXEHHS BUIIUX TAPMOHIK y By3JIaX MEPEXK, 110
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SIKMX T IKITIOUEH] HeMiHiMHI HaBaHTaKeHHS. Lle 103BoIsie YHUKHY TH IPOHUK-
HEHHS TapMOHIK CTPYMY 3 MEPEX CIIOKHBadiB y MEPEXi €HEProCUCTEM.
Tak ocranus penakiuis crannapry MEK 555-2 (BBenena B mito 3 1992 p.),
110 HOPMY€ PiBHI BULIMX FAPMOHIK CTPYMIB Pi3HUX MOPSLIIKIB, SIKi TEHEPYIOTh-
cs1 moOyTOBUM PaAiOCIEKTPOHHUM 1 €NEKTPOTEXHIYHUM YCTaTKyBaHHSIM,
NPUINCYE HEOOXiTHICTh 3a0e3mneueH s Koe(ilieHTa NOTYKHOCTI Ha BXOI,
MPAaKTUYHO PIBHOTO OAMHUILI AJIS YCIX CIIOKHMBAYIB MOTYKHICTIO OUIBILOKO 32
700 Bt (CILA) i 300 Bt (kxpainu €spomneiicekoro Corozy). ToOTo cTpymu,
CIIOKMBaHIi 3a3HAUYCHNM YCTAaTKyBaHHIM y WX KpaiHax, TOBUHHI OyTH Ipak-
THUYHO CHUHYCOIAHIUMHU.

VYkpaiHa, y BIIIOBIZHOCTI A0 CBOET 30BHILIHBOIIONI THYHOT TOKTPHHH, 1O~
CHTB LIJIECTIPSIMOBAHO MIPparHe yBilTH 10 ckiaay €Bpomnelicbkoro Coosy, a,
OTXe, CTaTH OBHOLIHHUM YYaCHHKOM €BPOIEHCHKOT0 pHHKY. ToMy y Haid-
OmKIOMy MaiiOyTHBOMY HeoOXinHO Oyne 3a0e3medyBaTd BUKOHAHHS 3a-
3HaueHMX BuLIe HOpM ctanaapTy MEK 555-2 3rigHo 10 BUMOT BiIIOBiJHOTO
HalliOHAJBHOTO CTAHAAPTY.

Buxonsuu 3 HaBeZIeHOr0, BUBUEHHS BIUTUBY Ha MEPEXXY BEHTUIIbHUX I1e-
PETBOPIOBAYIB, 10 CTAHOBJIATEH HA CHOTOHI OCHOBHHM KJlac HEJIiHIHMX Ha-
BaHTAXKCHb, 2 TAKOXK PO3TIIs OCHOBHUX CIIOCO0iB 13aco0iB, 110 3a0e3neuy-
FOTh 3HIKEHHS ITHOTO BILTUBY, € HEOOX1THUM IPH IiATOTOBIN (PaxiBIIiB €JIeK-
TPOTEXHIYHOTO MPOGIITIO.

12.2. KoediuieHT NOTY)XHOCTi BEHTUJIbHUX
nepeTBOPIOBAYIB Ta OCHOBHI LUNIAXWU MOr0 3HNKEHHS

Yxe 3a3Ha4aNoCs, 0 BEHTHIIBHI EPETBOPIOBAYi, K JKEepesia BUIINX
TapMOHIK CTPyMY, BIUIMBalOTh Ha (hopMy Hampyru >kuBiieHHs. Llei BriuB
THM CHJIBHIIIHM, 1M OJIM>KY1 3HAYEHHS TIOTY>KHOCTI TIepeTBOPIOBaya i 11o-
TYKHOCTI Mepesxi xkuBieHHs. Lle imocTpye puc. 12.1.

Jl>xepemno 3MiHHOI HAIIPYTH ¢ TyT MpeICTaBlIeHe Y BUTTISAL JUKEpeTa e.p.c.
€ 3 BJIACHUMHU iHIlyKTUBHICTIO L, ¥ oniopoMm R, . Ddopma cTpymy i, CIOKH-
BaHOTO TIEPETBOPIOBAUEM, € XaPAKTEPHOIO U BUIPAMIIIYIB, 11O MPAIIO-
I0Th Ha EMHICHUH 3raKyr09nit GineTp C A (maBanTaxennsa VDCR-tumy) i
€ HalOUTBIII PO3MOBCIOPKEHUMH THUIIOIIPEICTABHUKAMHU BEHTHIIBHUX TIEpe-
TBOproBayiB. CrioTBOpeHHs (hOpMU KPUBOI HAIIPYTH U IPU3BOAUTH JI0 3POC-
Ty BTparT, 3HWKCHHI MOMEHTY JBUTYHIB 1 K.K.J1. HAaBaHTKEHH:, a TaKOX
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MOXE ITPU3BECTH 10 300iB y pOOOTI IHIINX CIIOKUBAYiB, IMiIMKHEHHUX JI0 €l
Mepexi.

Pwvic. 12.1- IntocTpavis BrivBy BEHTWILHOMO NEPETBOPIOBAYA Ha MEPEXY XUBIIEHHS!

J1141 OIIHKH CTYTIEHIO TAKOTO BIUIMBY BEHTHIIbHI IEPETBOPIOBAY] PHITHS-
TO XapaKTepU3yBaTH K HEIiHITHE HAaBaHTaXKEHHS 32 IOTIOMOTO0 BX1THOTO
Koediuicnra moryxknocri K . Lleil koedilieHT JOPIBHIOE BiHOIIEHHIO
AKTUBHOI TOTY KHOCTI, 1110 € CYMOIO BTPaT i aKTUBHOI IOTY>KHOCTI, 1110 BUJTi-
JIIETHCS Y HABaHTAXKEHHI, 10 TIOBHOI IMOTYKHOCTI Ha BXOJII.

P
Tooto K,,, = E (12.2)

AKTHBHA TIOTY>KHICTh BU3HAYA€THCS SIK CyMa CEpPEeIHIX MOTY>KHOCTEH
OKPEMHUX FapMOHIK

P:ZUVIV cosQ,, (12.3)

V=0
ne U, 1,y —nirodi 3Ha9€HHs HAIPYTH, CTPYMY i (ha30BHi KyT rapMOHIKH V-TO
nopsaxy. HymboBa rapMoHiKa € OCTIITHOIO CKIIaZI0BOIO.
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OCKIIIBKY K.K.[I. IEPETBOPIOBAYIB IOCUTH OIM3BKHUH 10 OUHHUIII, TO MOXKHA
BBaXXATH, 1110 AKTUBHA MTOTYKHICTh P XapaKTepu3y€eThCs TITBKU ITOTYXKHIC-
TIO, 1110 BUJUISETHCS Y HABAHTAXKCHHI.

[ToBHY OTY>KHICTh 3HAXOAATH K JOOYTOK JAIFOUYMX 3HAUYEHb HAIIPYTH Ta

CTpyMy

(12.4)

3HaueHHA Koe(ilieHTa MOTY>KHOCTI Ha BXO/1 BEHTWJIBHOTO TIEPETBOPIO-
Baya MOXe OyTH 3HalIeHE K

iUVIV cos O,

Koo =] (12.5)

YacTto BUKOPHCTOBYIOTH (hOopMy 3amucy K, OCHOBaHY Ha IIPEICTaBIEHH]
TMOBHOI MOTYKHOCTI Y BUIVISI/II OKPEMUX CKJIAJIOBUX: AKTHBHOI, PEAKTUB-
HOI 1 moTykHOCTi cioTBopenHs. Toxi Bupa3s (12.2) Oyne Maru BUIIIAA

P
\/P2 +0°+T?

ne O, T— peakTUBHA IMOTYKHICTh Ta IMOTY>KHICTh CIIOTBOPEHHS BiAIOBITHO.

Kn()m =

(12.6)

0=YU,1Ising,, (12.7)
v=l

272 272

T= UM +UIL -2U, LU, 1, cos(9, - 9,).

v=1

u=l

VU
Heo0ximHO 3a3Ha4MTH, 110 U YUCTO aKTHBHOTO HaBaHTaxeHHs 1 = 0,

2 2
T00TO S =P +0Q".

3 Bupasy (12.6) BuIumBaE, MO Y BEHTHWILHAX IIEPETBOPIOBAUIB, HABITh
pu iXHil poOOTI Ha aKTHBHE HaBaHTAXEHHS, YePe3 CIIOTBOPEHHS (hopMu
CHOXXHBAHOTO CTPYMY Y PE3YJIbTaTi PeryIroBaHHS BHXITHOTO MapaMeTpy
MepeTBOpIOBaya (HapuKJiIal, HallPyTy Ha BUXOA1 PETYIbOBAHOTO eNIEKTPOH-
HOTO KIto49a — AuB. po3nia 10) Maemo Knom < 1. [Ipuuomy, 3a3BUYaid, YUM

(12.7)
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LIMPILHUH Aiana30H 3MiH KyTa KepyBaHHsI IEpeTBOPIOBaya, TUM HIDKYE 3HA-
ueHHsa K, a, oTKe, 1 OLIbII iICTOTHUH HEraTMBHUM BIUIMB [IEPETBOPIOBAYA
Ha CHCTEMY €JIEeKTPOIOCTAauYaHHS.

TakuM YMHOM, BEHTWIBHUI IEPETBOPIOBAY, K 1 Oy/b-sKe HelliHiiHe Ha-
BAaHTAKCHHSI, € [DKEPEJIOM HeaKTHBHOI MOTY:KHOCTI, 1110 BKJIIOYaE B cebe
PEaKTUBHY MOTYXXHICTb 1 MOTYKHICTh crioTBopeHHs. [Ipupoano, mo, ynm
HUOKYUM € 3Ha4eHHA K, THM 4aCTKa HEAKTHBHOI II0TYXKHOCTI y 3arajbHo-
My [IOTOLIi €IeKTPOeHEePrii OibIIa.

Bimomo, 1110 HeakTHBHA MMOTYXKHICTH ITOB’s3aHA 3 IEPiOAUIHIM OOMIHOM
€JIEKTPOCHEPTIEI0 MIXK JHKEPEJIOM Ta CIIOKUBAYeM, 1 He BUKOHYE KOPUCHOT
poboTH. Y pe3ynbraTi BUHHKAE JOJATKOBE HABAHTAKEHHS CHCTEMH €JIEKT-
POKMBJICHHS 1 1OJATKOBI BTPATH B il NepeIaTHUX KOMIIOHEHTaX.

Kpim Toro, noTykHicTh ClIOTBOPEHHS BUKJIUKA€E JOAATKOBI BTPaTH 4epe3
cneundiky nepenadi eHeprii Ha miABHUIIEHUX yacToTax. OCOOIUBO Lie Po-
SBIISIETBCA, SKIIO MOTYXKHICTh BEHTWIBHOTO IEPETBOPIOBada CyMmipHa i3
MOTY>KHICTIO Mepexi )KuBJieHHs (auB. puc. 12.1).

VY 3B’53Ky 3 BKa3aHUM, Ha MMPAKTUL 3HAYECHHS! HEAKTUBHOI MOTY>KHOCTI
MparHyTh MiHiMi3yBaTH. BupileHHs wiei 3a1a4i NpuBepTae BENUKY yBary
sIK (haxiBIIiB y TaTy3i eeKTPOEHEPTETHKH i eIEKTPOTEXHIKH, TaK 1 po3po0-
HUKIB IIEPETBOPIOBATEHUX PUCTPOIB 1 BUMArae iXHb0i CIIUTLHOT pOOOTH.

AHaI3YO4H TIOCBIJI PO3POOKH i eKCIUTyaTallii BEHTHIIBHUX TIEPETBOPIO-
BadiB y HaIIi¥ KpaiHi 1 y pO3BUHEHNX KpaiHax, JIe BUCYBAIOTHCS 0COOIMBO
BHCOKI BUMOTH JIO SIKOCTI €JIGKTPUIHOI €HEePrii, MOKHA BHJTITUTH JIBA OCHOB-
HUX HaIPSIMKH PO3B’SI3aHHSA i€l TOCUTH CKIIATHOT 3a1adi:

1) cTBOpEHHS BEHTHIHHHX ITEPETBOPIOBAIB 3 K OJIM3BKUM [0 OJIMHMIIL;

2) KOMITEHCAIlisl HEaKTUBHOI MOTY>KHOCTi, CTBOPIOBAaHOI BEHTHJIbHUMHU
MepeTBOPIOBAYAMH, 32 JIOMTOMOTOIO JOJAaTKOBUX AKepes peaKTHBHOL
NMOTY:KHOCTI, 1110 BMHUKAIOTHCS Ha iXHROMY BXOZl (HeKepOBaHUX — Ia-
cuBHI LC-QinbTpy, y T.4. 1 pe30HAHCHI; KePpOBAaHUX — aKTUBHI (QinbTpH,
BUKOHaH1 HA OCHOBI ITOBHICTIO KEPOBAHMX CHJIOBHX HAITIBIPOBITHAKOBUX IIPH-
J1a1iB, a00 KOMOiIHOBaHI PUIBTPH, IO SIBJSIOTH COO0I0 CIIOITYYESHHS MaJIOTO-
TYXKHOTO aKTUBHOTO (UITBTpa i MoTy»)HOTO0 macuBHoro LC-dinbrpa).

Ha manwmii yac po3poOHUKaM¥ BEHTHIIBHHUX IIEPETBOPIOBAYIB 3aIIPOIIOHO-
BaHO JOCTATHIO KUTBKICTh TEXHIYHUX PIMICHB 1 OpraHi3aliiHAX 3aX0/iB, 1110
JI03BOJISIOTH ICTOTHO MIABUIIATH 3HAYEHHSI I{’mm (TOOTO MOJIMIINTH EJIEKT-
POMarHiTHY CyMICHICTb). SIk IpuKIIa, nmepeaianMo HalOTbIT XapaKkTepHi
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13 HHX, 1110 3apa3 IHPOKO 3aCTOCOBYIOTHCS MPU CTBOPEHHI HAHO1IBII MACOBUX
MIEPETBOPIOBAIBHIX MPUCTPOIB — BUIPSIMILSIIB:

®  BMUKaHHS [apaslelTbHO 10 HABAHTAXKESHHS HYITHOBOTO ioza (muB it 9.10.3);

® 1100y/10Ba IIEPETBOPIOBaYa 32 HECUMETPHUYHOIO CXEMOIO 3 BUKOPHCTaH-
HSIM TP LIBOMY TTOCJTiJOBHO YBIMKHEHHX PEryJIbOBaHHX i HEPETyIbOBaHHX MOC-
TOBHUX BUIIPSMIISIYIB, 110 YEPEIYIOTHCS OJIUH 3 OHHM;

® 3acrocyBaHHA 0araroazHUX cXeM BUIPSMIICHHS (IIECTUITYAbCHHUX Ta
JBaHAALSTUITYIIECHUX );

® 3aCTOCYBAaHHS CXE€M 3 IIPUMYCOBOIO KOMYTALi€l0 THPUCTOPIB a00 BU-
KOHAHHUX HA IIOBHICTIO KEPOBAHHX MPUJIAIax.

Oco01HMBO BETUKI MOKIIMBOCTI BIAKPUIUCS TIepe]] PO3POOHUKAMU TIepe-
TBOPIOBANBHUX MPUCTPOiB 3 nosiBoto cuoBux bTI3 (IGBT-tpan3ucropis),
po3paxoBaHuX Ha poOOTy npH cTpymax nmoHaz 1000 A ta Harpy3i 1o 2000 B
1 5Kl MOKYTh KOMYTYBaTH BiAIOBiHI JOCHTh BEJIHMKI IIOTOKH €HEpTii 3 yac-
tototo 1o 100 kI'n. BukopucTaHHs HUX NPUIIAAIB SK MIBUIKOMIIOUYUX MOB-
HicTIO KepoBaHuX KitoviB y LIIM-perysstopax 3 BUCOKOIO HECYUOIO Hac-
TOTOIO J03BOJIMIIO (OPMYBATH CIOXKHMBaHI IEPETBOPIOBAYEM CTPYMH, 3
(hopMo10 OIU3BKOIO 1O CHHYCOITHOI 38 HU3bKHX Macora0apUTHUX MOKa3-
HUKIB 3[JIa/PKYI0UNX QUTBTPIB.

IlepcrieKTHBHICTB 32CTOCYBaHHS TAKUX [TEPETBOPIOBAYIB I ATBEPIKYETh-
Csl THIM, III0 y OCTaHH| POKHM JaHWH HAPSMOK JIICTaB IHTEHCUBHHUNA PO3BUTOK
y TaKHUX BeIly4HX 3aXiqHuX Qipmax, gk «Siemensy» (Himeuunna), « Toshibay
(Amonis), «Rocuel», «General Electric», «Computer Productiony,
«Westinghause» (CLIA) Ta iH.

VY 3B’s3Ky 3 THM, IO MOPYIIE€HI TUTaHHA JOCHUTH JETaJbHO PO3Isiaa-
I0ThCS Y CIIEIialIbHIN JIiTeparypi, NpU3HaYeHiH AJ1s MATOTOBKHU (DaxiBIIiB y
rairy3i IepeTBOPIOBAIbHOI TEXHIKH 1 CHIIOBOI €JIEKTPOHIKH, MU Y HAIIOMY
MiAPYYIHUKY 0OMEKHUMOCS, K IPUKIIAIOM, JIUIIIE HAaBEACHOIO BUIIE 3arajib-
HOIO XapaKTEPUCTHUKOIO MEPIIOTO MUIAXY MOJIMIIEHHS eleKTPOMarHiTHOI
CYMICHOCTI BEHTHUJIBHUX TIEPETBOPIOBAMIB.

Heo0xigHo MaTu Ha yBa3i, IO MPU PO3POOI HOBHUX €IEKTPOTEXHITHIX
BHPOOIB 3aBX M MOPS 13 HE0OX1THICTIO MOJIIIIIEHHS IXHIX TEXHIYHUX I10-
Ka3HHKIB BPaxOBYIOTh TaKOX BapTICHI MOKa3HUKH, IO 3yMOBIIOIOTH I[iHY
noyimiens. e 3a miicyMKoM BU3Haua€ eKOHOMIUHY JOIUTEHICTE TPUIHHATTA
YH HE IPUIHATTS TOTO Y {HIIIOTO TEXHIYHOTO pilleHHs. SIK pe3yabTat, mopsia
13 PO3POOKOIO IOCKOHAIIMX BEHTHIILHUX NIEPETBOPIOBAYIB 3 K~ OIIM3bKUM 10
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OIMHMLIL, 1 Hafasi 000B’SI3K0BO OyAyTh BUITyCKaTHCh i pO3po0IIIOBATHCS HOBI
nepeTBoproBadi3 K < 1,ane Oinbl Jemesi, mpocti i Hapikini. Tomy B excruya-
Tarlii, IK CbOTO/IHi, TaK 1 y IPOrHO30BaHOMY Maii0y THEOMY Oy/ie 3HaXOIUTHCh
BEJIMKA KUIbKICTh IEPETBOPFOBAYIB 3 IOCHTh HU3bKUM K | 1110 TXHIO €IEKTPO-
MarHiTHy cyMicHicTh HeoOXimHO Oyzxe 3abe3reuyBarH 3a IOMOMOIOI0 peak-
TUBHHUX JDKEpEJ eHeprii, sIK HEeKepOBaHUX, TaK 1 KepoBaHuX. ToOTO — MTH 1O
JIPYTOMY i3 BKa3aHMX BULIE HANIPAMKIB migBueHHsA K . Tlel musx € Giibi
YHiBepcaJlbHUM, 00 3a0e31euye eeKTPOMarHiTHy CyMIiCHICTb HE TITbKH BEH-
TUJIBHUX IIEPETBOPIOBAYIB, aie 1 OyAb-sIKMX 1HIINX HENHIHHAX HABAaHTAKEHb.

EdexTuBHICTh KOMIIEHCAIHHUX KEPET PEaKTUBHOI ITOTYKHOCTI 0C00-
JIMBO 3pOCIIa y 3B’ 3Ky 31 CTBOPEHHSIM Ha OCHOB1 BUCOKOYACTOTHHX ITOBHICTIO
KEpOBaHUX CHJIOBHUX HAIliBIPOBIAHUKOBHX NpHianiB (Hanpukian, BTI3) mo-
TY>KHHX aKTUBHUX (DiIBTPIB.

Bapro nomatu, 110 [xepesia peakTUBHOI TOTY>KHOCTI He TUBKY Oy -
I0Th €JIEKTPOMArHiTHy CyMiCHICTb HETiHIHHMX HaBaHTaXEHb, aJl€ 1 JOCUTh
panuKaibHO BUPILIYIOTH NPOOJIEeMY €Hepro30epekeHHsI, BUKIIOUAIOUN B
Mepexi epernoTiKaHHsI HEaKTUBHOI MOTYKHOCTI.

Buxonstuu 3 HaBereHOT0, Ha HaIlly TyMKY, 3HAaHHS CIIEHU(IKH BUPILICHHS
MOPYILISHNX MMATaHb A (axiBIiB €EKTPOTEXHIYHOTO MPO(DIIIO € HE TUTBKU
KOPHCHUM, ajie 1 HeoOXiganMu. ToMy po3riistHeMO JieTalbHiIIe BUKOPUCTAH-
HS KOMIICHCAIIMHUX JPKEPeIT PEaKTHBHOT ITOTYKHOCTI JIJISI TIOJITIIIICHHS I{nom
BEHTHJIBHUX MIEPETBOPIOBAYIB.

12.3. HekepoBaHi mxepena peakTMBHOI MOTY)XHOCTI

[ligMuKaHHS TKepen peaKTHBHOI MOTY>KHOCTI /IO BXOAY BEHTHIIBHUX T1e-
PETBOPIOBaUiB KOMIIEHCY€E HEAKTHBHY CKJIAJI0BY CIIOKHBAHOI OTYXHOCTI 1
y TaKWi CIIOCi0 miABUIy€ TXHIH BX11HUNA KoeDilieHT ToTyKHOCTI. [[kepena
PEaKTUBHOI TTOTY>KHOCTI JIO3BOJISFOTE IMABUIIIATH KOS(DIITIEHT OTY>KHOCTI Oy/TH-
SKUX KiT. OTHAK 1X BUKOPUCTAHHS Pa30M 3 BEHTHILHIMH IIEPETBOPIOBAYaAMH
Mae CBOT 0COOJIMBOCTI, 3yMOBJICHI HETIIHIHIM XapaKTepOM BXiTHOTO OTIOpY
MIEPETBOPIOBAYIB 1 HECHHYCOIIHICTIO CTPYMY, CIIOKHBAHOTO 13 MEPEXKi.

HexepoBaHi q:kepesia peaKTHBHOI MOTYKHOCTI MOXYTh BUKOHYBa-
THCS y pi3HUH crioci6. Haiibipie mommpeHHs B IepeTBOPIOBATBHIN TEXHIII
JCTamu JHKEpelia peakTUBHOI MOTYKHOCTI, IO SIBJISIOTH COO0I0 CHIIOBI
3IVIaJKYF0U1 €MHiCHI QinbTpr a00 pezonancHi LC-¢insrpu.
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PosrisneMo MOXJIMBICTh migBMINEHHS K| 3a JOIOMOIOK JUKEpea
PEaKTUBHOI MOTYKHOCTI, IO CKJIAAAETHCA 3 TaK 3BaHUX KOCHHYCHHUX KOH-
JIeHCaTopiB, AK MOKa3aHo Ha puc. 12.2. Habip koHAeHCATOPIB YBIMKHEHO
napajieiabHO 10 BXOLy BEHTWJILHOTO NEPETBOPIOBaYa, TOMY CTPYM i, CIIO-
JKUBaHWH 13 MEPEKi, TOPIBHIOE CyMi CTPYMIB IEPETBOPIOBAYA i, T KOMIIEH-
CaliiHoro cTpymy i .

| In

—, >

[o,

[e, % Z, . Iy IlP

6)

a)
Puc. 12.2 — Cxema nigMrKaHHs 00 BEHTUIBHOMO NEPETBOPIOBAYA

KOMMEeHCaLIiH1X KOHAEHCATOPIB (a) Ta BEKTOPHA Jiarpama CTpyMiB i Hanpyr (6)

Ha BexropHiii niarpami, HaBeieHii Ha puc. 12.2,6, BekTop /| Bianosinae
nepinii (OCHOBHIN) rapMoHii ctpymy i . Poskimagemo ctpym I, Ha Horo
CKnanoBi — I, (aKkTuBHY) i ]1,7 (peakTuBHY). SIKIIO CTPyM KOHAEHCATODIB
I =Isinj=1I p» TO CTPYM i € cuH(a3HUM JI0 HANIPYTH )KUBJICHHS. YCTaHOBKA
3a puc. 12.2,a y 1poMy BHITaJKy HE CHOXXHBAE 13 MEPEXi PeaKTUBHOI I0-
TYXXHOCTI: peaKTUBHA MTOTY KHICTb, CTIO’KUBAHA [IEPETBOPIOBAYEM, Ma€ IHIYK-
TUBHUH XapakTep 1 KOMIEHCY€ETHCS 32 paXyHOK PEaKTUBHOI ITOTY>KHOCTI, 110
BUPOOJISIETHCSI KOHJICHCAaTOpaMu (inbTpa.

CrpyMm uepe3 KOKHUK KOHJEHCATOP y CXeMi CTaHOBUTh [ =1,/ V3 ,

Hanpyra Ha konaeHcaropi U, =U,, = J3U 1p- TaKUM 4MHOM,
Y - A
oUc 30U,

IIpu moBHi# KOMITeHCaIlii peaKTUBHOI OTY>KHOCTI CTIO’KHMBaYa 3a MEePIIO0
TapMOHIKOIO

(12.9)
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sin @
C:Kcn[n—’
T (12.10)
P pitienr cromsoperi Croywy i
e on = T = 77— — KOC(IIIEHT CIIOTB HHS CTPYMY ln;
I, J1+K;

I — niro4e 3HAYEHHS CTPYMY, CIIOKMBAHOTO MEPETBOPIOBAYEM.

JUist 3aXUCTy KOHAEHCATOPiB Bij MeperpiBy 3a paXyHOK MPOTIKaHHA de-
Pe3 HUX BUILUX T'APMOHIK CTPYMY, T€HEpPOBAaHHX IIEPETBOPIOBAYEM, B CXEMY
BBOJIATH HEBEJIMKI IHIYKTUBHOCTI (1TOKa3aHi Ha puc. 12.2,a MyHKTHPOM).

OCKiIBKH peakTHBHA MOTYXXKHICTh MEPETBOPIOBAaYA 3MIHIOETHCS y MPO-
ueci pobotu (uepes 3MiHM 3HaYCHHS KyTa KepyBaHHsI a ), TOBHA KOMIIEHCa-
LSl peaKTUBHOI ITOTY>KHOCTI MO>KJIMBA JIUIIIE Y OTHOMY 3 PEKUMIB. Y THIINX
PEeXMMax MOXKJIMBA HETIOBHA KOMITEHCALlisl PEAKTUBHOI ITOTYXHOCTI a0 re-
Hepallisl y Mepexy Ha UINIIKOBOI peakTUBHOI NOTYXHOCTI. Bubip emHOCTI
KOHJICHCATOPiB NP [IbOMY BU3HAYA€THCS PEKUMaMU pOOOTH IIEPETBOPIO-
Bava i Mepexi, a TAKO)K EKOHOMIYHHMH MipKYBaHHSIMH, OCKUTBKH 301/1bIICHHS
€MHOCTI Ii/IBUILLy€ BapTiCTh YCTAHOBKH Ta ii rabaputu. OgHaK U BUKOPH-
CTaHHI KOCHHYCHUX KOHAEHCATOPiB 3aBKAM HEOOXiJHO IaM’sITaTH Ipo Te,
110 X04a I1e i He IPU3BOAMTD JI0 TOJATKOBOTO YTBOPEHHS FaPMOHIK, TIPOTE,
CTBOPIOE PE30HAHCHI KOJIa, 1110 MOYKYTh BUKJIMKATH Oararopa3oBe 301IbIICH-
HSI HOPMaJIBHOTO PIiBHS TapMOHIK Y KOJIaX KOHAEHCATOpiB. SIK HacmioK —
JIOAATKOBI MEPEBAHTAXKEHHS YCTAaTKyBaHHsI, 30KpEMa, TUX JKE€ CHIIOBHX KOH-
JIEHCATOPIB.

3apa3 OLIbII MMOIIUPEHI CHJIOBI pe3oHaHCHI (PiTBTPH, 110 CKIIAAAIOThH-
Csl 3 peaKTOpiB 1 KOHAEHCATOPIB, 3 €IHAHUX MOciAoBHO. [lapameTpu oc-
TaHHIX BHOUPAIOTHCA TAKUM YHHOM, 100 ISl 0OpaHUX 4acTOT MaB MICIIe
pe3oHaHc HanpyT. Pe3oHaHCHMIT KOHTYp HAIIPYTH, SIK IIPABHUJIIO, BAKOHYE IO
BiliHy (yHKmito. [To-miepiie, BiH TeHepy€e Ha OCHOBHIHM 4acTOTI pEaKTHBHY
MTOTYKHICTB, IO JO3BOJISIE MOMIMIIATHA KOS(III€HT MOTYXHOCTI, ITO-IPYTE,
YaCTKOBO IIYHTY€ BUILI TAPMOHIKH, HA YaCTOTY SKHUX BiH HAJaIITOBAaHUH.

Takum 4MHOM, CHIIOBI pe30HAHCHI (QUTBTPH, 11O 1X I1e HA3UBAIOTh (PLILTPO-
kommneHcanilinumu npucrposmu (DOKII), 3a6e3neuyoTs KOMIUIEKCHE
BUPIMIECHHS 3a/1a41 i IBUIIEHHS SKOCTI eIEKTPOCHEPT1i B MEPEXKi JKUBICHHS.

Ha puc. 12.3 HaBeneHo cxeMy Takoro MpUCTPOIO, IO MICTUTH CHUCTE-
My Oararodaznux konmuBaabHUX LC-KOHTYPIB 3 pe30HaHCOM HampyT. Yac-
TOTa PE30HAHCY KOXHOTO 13 IUX KOHTYPIB BiJINIOBIJIA€ 4ACTOTaM HAHOIIbII
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IHTEHCHBHUX BHIIHX i1
.o —>

rapMOHIHHHUX ckma- A°
JOBUX Hampyru Me-

. Bo Zy
pexi, 3yMOBJICHHUX
pobO0TOI0 TEepeTBO-
proBaua (abo iHIIOTO
HeJiHIHOro HaBaH- Ls¢ LsC Ls |_7§ L, ¢ Ly
TaXeHHdA). Y TpHu-
¢dazHUX cHCcTeMax cs/N\Ce c. /A
0e3 HyJIBOBOTO IPO-
BOAYy TapMOHIKH Z{ L{
KpaTHi TPbOM, 3a3BH- Cs Cr
vaii, (B cuay cu- Puc. 12.3 — Cxema nigMyKaHHs CUII0BOrO PE30HAHCHOMO
MeTpii) BigcyTHi i QinbTPY AN KOMMAeHcauji 5 Ta 7 rapMoHiK
TrapMOHIMHUMH CKJIQJIOBUMHU HAIpyrd B Mepexi Oysarots 5, 7, 11, 13 i T.H.
rapMoHiku. [Ipy iboMy HIKY1 3 HUX IiIOTh HAHO1IBIL IHTEHCHBHO.

Pesonancna yacrora KoHTypy L, C, CTAHOBUTb W, = 5wW.
J111s1 1bOTO KOHTYPY BUKOHYIOTBCS CITiBBiIHOLIICHHS

Co

1 1
N3LsCs =—, LsCs =—-.
5Ls W05 555 3(5(0)2 (12.11)
V xoutypi L,C, pe30HaHC HACTAE HA YACTOTI W = 7w, TOMY
1 1
J3L,C; =—, L,C;=——-.
707 . -7 3(7(1))2 (12.12)

[Ipu pe3onHaHci BXiHUI OMip KOXKHOTO i3 KOHTYPIB JJOPIBHIOE HYJEBI (SKIIIO
3HEBAKUTH BTpaTaMy B 1HIYKTHBHOCTI Ta EMHOCTI) 1 Uepe3 HUX 3aMHKa-
FOTBCSI TAPMOHIKHI CKJIAZIOB1 CTPYMIB, IIIO TEHEPYIOTHCS ITEPETBOPIOBAYEM,
MUHAIOYM MEPEeXXy JKHUBJICHHS. Y Pe3ylbTaTi pi3KO 3HM)KYIOTHCS CIOTBO-
peHHs KpuBoi Hanpyru Mepexi. Ha ii gacToTi w omip 3a3Ha4eHNX KOHTYPIB

Ma€ EMHICHHH XapakTep ( >> (DLS) 1 xonnencaropu C, ta C, Kom-

5
MEHCYIOTh PEaKTUBHY MOTYKHICTh, CIIOKHBaHY IIEPETBOPIOBAYEM, ITOIOHO

KOHZIeHcaTopaM cxemu 3a puc. 12.2. Tomy meil mpucTpiii Takox MOXHA
BBaXKAaTH HPKEPETIOM PEaKTUBHOI MMOTY>KHOCT.
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CuoBi pe3oHaHCHi (iIBTPH, 1110 BAKOPHUCTOBYIOTHCS SIK Y BACOKOBOJIBT-
HUX, TaK 1 Y HU3bKOBOJITHUX MEpeKaX, MalOTh PAJ ICTOTHUX HEIOJIKiB.
OckiIbKH iX He0OX1THO BCTAHOBIIOBATH HA KOPKHY FAPMOHIKY, 110 (iIBTPy€ETh-
s, TO YUM OLITBLI IIMPOKOCMYTOBHM € CIIEKTP YacTOT FapMOHIK BUIIUX
nopsiaKiB, TUM Oib1 rpomizakum ctae OKII. Kpim toro, y Bunaaky 3Minu
€KBIBJIEHTHOTO OIOPY CUCTEMH, YACTOTH PE30HAHCY YH MOPSAKY FeHEepO-
BaHMX TFapMOHIK (@ 1€ MPAaKTUYHO 3aBXKIM MA€ MiCIe IPU BUKOPUCTAHHI
MEPETBOPIOBAUiB), HEOOX1THO BiIOBIHO 3MIHIOBATH CTPYKTYPY (PijbTpa.

Y Hai yac mopsj i3 pe30HaHCHUMH 3aCTOCOBYIOTH TAaKOK HETPaJULiHH1
¢inbrpu. BoHu, 3MiHIOI0YM YMOBH PO3IOIUTY CTPYMiB BHILHX TAPMOHIK, HE
MaroTh Ha3BaHUX BHLIE HeAO0MiKiB. Hanpukian, y HU3bKOBOJIBTHUX TpUas-
HUX MEpeXax 3 HyIbOBHM IPOBOJOM, IO IXHBOIO XapaKTEPHOIO PUCOIO €
HasBHICTH BEJIMKOI YaCTKU CTPYMiB BUILMX FAPMOHIK HYJIBOBOI ITOCHTiJOB-
HOCTi, ZOCUTh €(PEKTHUBHUM i EKOHOMIYHO AOLIIBHUM € 3aCTOCYBaHHS
¢inbTpiB cTpyMiB HyIb0BOI NocaigoBHocTi (PCHIT). ®CHII, 3aiiicHto-
1044 e(heKTUBHY (DiIBTPALiI0 CTPYMiB HYJIBOBOI IOCTIIOBHOCTI, y 2-3 pa3u
3HUKYE CIIOTBOpeHHS popMu KpuBoi Harpyru 6e3 3acrocyBanus OKII.

Kpim Toro, y HU3bKOBOJIETHUX MEpeKax Il 3MEHILICHHS B3a€MHUX BH-
COKOYACTOTHHUX 3aBaj] HaBaHTAKECHB 1 MEPEK1 MAIOTIOTY>KHI CIIOXKHUBadi (pa-
nioenexkTpoHHi mpuctpoi, EOM, OCBIT/IIOBaNIbHI YCTAHOBKH 3 €JIEKTPOHHUM
0aJIacTOM 1 T.II.) PEKOMEHIYEThCS MIAMUKATH IO MEPEeXi yepe3 Tak 3BaHi
3aBajonorauHaidi GiasTpu. HaiGinpm po3noBCIOIKeHy CXeMY TaKoTo
¢inpTpa HaBeAeHO Ha puc. 12.4.

TV » »
w =150 —L c2
O AN 0,47 MK®
Uy c1 - h=—0c 8
o O~
0,22 MK® c3 0,22 MK®

w =150 ——
2 l 0,47 MK®

b HasaHmMaxeHHs &

Puc. 12.4 — MepexHuin 3aBafonorivHaloymn Qinstp
3BepHITh yBary Ha opieHTallito 00MOTOK TpaHchopmaropa TV, 1o 3a-
Oe3revye B3a€MHE BiIHIMaHHS CTPYMIB 3aBaJ] y TIPOBITHUKaX (0OMOTKaX).
Konnencaropu HeoOXi1HO 3aCTOCOBYBAaTH MPU3HAYEH] J1s1 pOOOTH HA CH-
HYCOI/THIH HaIpy3i BiAMOBITHOT BETMYMHH 1 3 MAJIOIO BIIACHOO 1HYKTHBHICTIO.
OpnHak He0OXiHO 3a3HAYNTH, 1[0 B YMOBaX HECUMETPI1i BUIINX TAPMOHIK
CHUMETPHUYHI QLIBTPYIOUi IPUCTPOT, SIK TPaAUIIiiHI (pe30HaHCHI QLIBTPH), TAK
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1 HeTpaulliitHi He 3aBX U € e()eKTUBHUM 3aC000M 3HUKCHHS HECUHYCOT/I-
HOCTI CTpyMiB 1 Harpyr y HU3bKoBONBTHHX (10 1000 B) po3nonineHux Mepe-
xax. [Ipu oMy opranizamiifHo-TeXHi4Hi 3aX0/11 3 3a100iraHHs HECUMETpil
BUIIIMX FAPMOHIK, III0 BUHUKAIOTH Y MPOLEC] eKCIUTyaTamii Mepexx HU3bKOT
HaIIpyTH, YacTo He3AidcHeHH]. OTxe, Heo0XiHa po3poOKa HOBUX PHUCTPOIB,
30aTHUX B yMOBaX HECUMETPI1 BUIIMX FAPMOHIK CTpyMy i HaIPYT'H 31HCHIO-
BaTH IXHIO €()EKTUBHY (iIbTpaLilo.

Y ocraHHI poKH, 0COOIMBO 3 BBEJICHHSIM Y JIiF0 OCTAaHHBOI pEAaKIIii 3ra-
nyBaHoro Buile cranaapty MEK 555-2, Benuka yBara npuningeTscs pos-
poO11i i MPaKTUYHOMY BUKOPHCTAHHIO KEPOBAHUX [DKEPE PEakTUBHOT MO-
TY>KHOCTI, II0 BUKOHYIOTh POJib CHJIOBHUX akTUBHMX (inbTpiB (CAD).
3acrocyBanHsi CAD 103BOJIsIE YCYHYTH HEIONIKH, XapaKTepHi AT pe3o-
HaHCHUX (iIBTPIB BULIUX FAPMOHIK, 1 3a0e31euy€e NPaKTUIHO CUHYCOiJHY
(dbopMy cTpyMy, CHOKMBAHOTO BEHTHJILHAM IIEPETBOPIOBAYEM YH OYIb-TKUM
IHIIMM HENiHIHTHAM HaBaHTaXEHHSIM 13 MEPexi.

[Ipunimn poOOTH TAaKKUX MPUCTPOIB NOJIATAE Y TOMY, L0 CIIeLiabHUN Ha-
MiBOPOBITHUKOBUH epeTBOproBad (ocHOBHA yacTuHa CA®D), BUKOPHCTOBY-
104U €HEPrilo JKepel cTpyMy abo HampyrH, GopMye y CBOIX MEPEKHHX
MPOBITHUKAX CTPYM, 32 TAPMOHIHHNM CKJIaZIOM aHAJOTIYHUN CTpyMy He-
JHITHOTO HABAaHTKEHHS (32 BUHSTKOM IIEPIIIO1 TAPMOHIKH), aJie TIPOTHIIEK-
HUH 32 3HAKOM. Y pe3ynbTari BiI0yBaeThCsl B3aEMHA KOMITEHCAITisl HEOCHOB-
HUX TapMOHIK CTPYMiB HaBaHTA)XEHHS 1 3a3HAYEHHUX HAIIBIIPOBITHIKOBOTO
nepeTBoproBada. B SKOCTI 0CTAaHHBOTO HAWOUIBII 3pYYHO BUKOPHCTOBYBa-
TH TaK 3BaHUH PETYISTOP 3MIHHOTO CTPYMY 3 IMITY;IbCHOO MOAYJISIII€X0, IO
3a0e3nedye KepyBaHHS IMapamMeTpaMH CTPyMY y YOTHPHOX KBaJpaHTax
KOMIUIEKCHOT IUIOIIHUHH.

3 omIsAy Ha BaXKIIUBICTh QYHKIIIT 3 3a0€31ICUCHHST €JIEKTPOMArHiTHOT Cy-
MICHOCTI CHJIOBHX BEHTHJIHHUX ITEPETBOPIOBaYiB, BUKOHYBaHOi CAD, HIDKYe
PO3IVISIHYTO OCHOBHI ITPUHITHITH IXHBOT TOOYI0BH i1 BAKOPHCTAHHSI.

12.4. KepoBaHi pxepena peakTtuBHOI NOTY)XHOCTi

12.4.1. MpuHUMN KepyBaHHA NapaMeTpaMyu 3MiHHOIO CTPyMy y
4YOTUPUKBAAPaAHTHUX NEPETBOPIOBaYaX 3 iMMYLCHOIO MOAYNSLLIEID

SIx Gyro mokazaHo y mit. 11.2, mKepeno 3MiHHOTO CTpyMy MOMKHA T TIMKHY TH
70 JDKeperia IIOCTIHHOTO CTPyMY Yepes3 IepeTBOPIOBaY, BAKOHAHHUH Ha OCHOBI
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II' +A III CHJIOBHX HAITIBIPOBITHUKOBHUX KIIFOUIB, 3’€THAHUX
| 3a BIIOMHMH CXeMaM{ BUIPSIMIITYIB (SK Ipa-
BUJIO, MOCTOBHX). SIKIIIO Y SIKOCTI KJIFOYiB TaKo-
U _ +1 10 meperBoproBaya 0OpaHO MOBHICTIO KEPOBaHi
o HaMiBIPOoBLTHUKOBI puiiaau (cuioBi BTI3 un nBo-
m orepaliiiHi THPUCTOPH), TO, 3MIHIOIOYH aITOPUTM
Putc. 12.5- Bextopra fjarpava  KCPYBAHHS KITFOaMH, MO3KHA 336631?[6‘11/ITI-/I Oynib-
CTpyMy TaHanpyrmHaYovipy- K1 PEKMMH IIEPETBOPIOBAYa, 1110 BiNOBIIAr0Th
KBa[IDaHTHI/ KOMIUIEKCHIM NVIOLLWHI BEKTOPHIM Aiarpami Ha puc. 12.5. Tyt nokas3aHo
BekTopu cTpyMy / Ta Hanpyru U 3 60Ky IpKeperna 3MiHHOTO CTpyMY Ha KOMIT-
niekcHil rutommHi. [lepeTBoproBay MOXKe MPALIOBATH SIK Y PEKUMI BUIIPSMIICH-
Hs (kBaapanTu I ta IV), Tak 1 y pexxumi iHBepTyBanHs (kBagpantd 11 ta III).
IToBHa KepoBaHICTb CHIIOBHX KIIIOUIB Y TAHOMY BUIIAJIKY IO3BOJISIE 3a0€3Ieun-
TH poboty y kBaapanTax I Ta Il, 6e3 3acTocyBaHHs By31iB IPUMYCOBOI KOMY-
Taii. 3aBASKY HOMY TaKi epeTBOPIOBaYi if HA3MBAIOTH YOTHPHKBAAPAHT-
HUMU. SIK pxepeno (CroXuBay) HOCTIHHOTO CTPYMY MOKHA BUKOPHCTOBYBAaTH
OyZb SIKHI1 HAKOTMYYBaY EJIEKTPHUYHOI €HEpTil, HAIPUKIIa, IHIYKTHBHHIA.

PosrsiHemMo Oinbin JOKIaIHO POOOTY MPUCTPOIO Yy 3a3HAYCHHUX KBaj-
paHTax Ha MPHUKIIAI IepEeTBOPIOBaYa, BUKOHAHOTO 32 OHO(PAa3HOI MOCTO-
BOIO CXEMOIO Ha JIBOOTIEpaLliiHuX TUpHCTOpax VS1-VS4 3 peaktopom L Ha
00111 MOCTIHHOTO CTPYMY, TOKa3aHii Ha puc. 12.6.

BinmoBinHO 10 3aKOHY €IeKTPOMAarHiTHOT iIHAYKIIT MOJSPHICTH HAPYTH
Ha IHIYKTUBHOCTI IPUPOITHO 3MIHIOETHCS Ha IPOTUIICKHY TP TEPEXOi 3
pEeXUMYy HAKOTIMYECHHS B Hil €HEprii 10 peXKUMy BiAJlaBaHHs e€Hepril mpu
IHBepTyBaHHI. Y I[bOMY BUIIAJIKy HeMa€ He0OXiTHOCTI B IEPEKIF0UEHH] TT0-
JIIPHOCTI JKepesia MOCTIHHOTO CTPyMY CTOCOBHO MOCTOBOI CXEMH TIPH Tie-
pexolii 3 pexkUMy BHIIPSIMIICHHS JI0 PEXKUMY 1HBEPTYBaHHSI.

[IpuiiMeMo HAaCTYITHI TOMYIIEHHS: EJIEMEHTH CXEMHU 17I€alIbHi; Y peaKkTopi
3 IHYKTUBHICTIO L  HAKONIMYEHA EHEPTis, 110 BiANOBIAA€ CTPyMy [ ; IHITyK-
THBHICTH JIOCUTH BEJIMKA, 00 BBAYKATH CTPYM HE3MIHHHM 1 PIBHUM CTPY-
MOBi KoMyTaIii Tupucropis VSI-VS4.

Hiarpamu ctpymy 1 HanpyTy HaBeaeHi Ha puc. 12.6,0.

Ksaapant [V Bignosigae poOoTi y pesknMi BUIPSIMIICHHS 3 KyTOM Kepy-
BaHHs Bix 0 710 p/2, a HANPSAMOK CTpyMy [ BiANOBiNaEe mpuiioMy eHeprii
IHIYKTHBHIM HaKONIYyBadeM (IIbOMY PEXHMOBI BiAMOBIa€ MOISPHICTE HA-
IpYyTru Ha peakTopi L , BkasaHa 6e3 1y’kKOoK).




12. BIVIMB BEHTWIbHVIX [IEPETBOPIOBAYIB HA MEPEXY. E/IEKTPOMAIHITHA CYMICHICTB 377

ZS/\J;S1 %S/\jss %

O ] +()

b -(+)
Ziﬁvsz 231384

III EMHICcHUl xapakmep III

*

A= e

Bunpsamrul pexxum

IH8EPMOpPHULI pexum
£

[w]

IHOykmueHul xapakmep
6)
Puc. 12.6 - HotpurkeaapaHTHWI NEPETBOPIOBAY:
cxema (a); giarpamu CTpyMmIB Ta Hanpyr (6)

Ksaagpanr 11l BinnoBinae pe:xnMOBi IHBEPTYBaHHS 3 KyTOM KEpyBaHHS
BiJ p/2 10 p. [Ipu IbOMY TOJSAPHICTH HAIIPYTH HA PEAKTOP1 3MIHIOETHCS Ha
poTHiIeKHY (Ha prc.12.6,a BKazaHa y Ty»Kax), 10 BiIMOBIa€ BUAaqi €HEPTii
3 peakropa L, Cnin 3asHaunty, mo y kBaapanrax Il ta IV BinOysaerbes
MIPUPOJHA KOMYTAIlisl TAPUCTOPIB VS1-VS4. Tomy A poOOTH TUTBKH Y ITUX
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KBaJ[paHTaX 3aMiCTh IBOOIEPALIIHIX MOXKYTb OyTH BUKOPHUCTaHI 3BHYAHHI
tupuctopu (auB. mm. 11.2).

KsanpanTu [ Ta Il Takox BifnoBigaioTh pexxuMamM iHBEpTYBaHH:I 1 BUIIPSIM-
JICHHSI IepEeTBOpIOBaya. ICTOTHOO BIIMIHHICTIO IIX PEXKHUMIB BiJl PEKHMIB,
o BianosizaroTs kBagpanTam 111 1 IV € HeoOXigHICTH MPUMYCOBOI KOMY-
Tauii TupucTopiB VS1-VS4 abo BUKOpHCTaHHS IBOOIIEPALlifHIX TUPUCTOPIB.

[Ipuryctumo, 1110 IepeTBOpIOBay MPALIOE Yy PEKUMI BUIIPSIMIICHHS 3 BU-
HEPEKYIOYMM KyTOM KEpYBaHHs y KBaJpaHTi I, a cTpym [ poTikae yepes
tupuctopu VSI ta VS4. Jlng Toro mo06 nepeBecTd CTPyM y THPUCTOPH
VS2 ta VS3 , HeoOXigHO BUMKHYTH THpHCcTOpH VSI Ta VS4, a THprCcTOpH
VS2, VS3 yBimMkHyTH. [IpH IbOMY YMOBH IPpUPOAHOT KOMYTalii BiACYTHIi, 00
1o tupuctopiB VS2 Ta VS3 npukiaseHa 3B0OpoTHa BUMHKAKO4a Hapyra 3
00Ky Mepexi 3MIHHOTO CTPYMY, MUTTEBE 3HAYCHHS SIKOI y IO IOJIOBHHY
nepiony HeraruBHe. OTHaK BUMHUKaHHS TUPUCTOPiB VSI Ta V'S4 y 3ananuit
MOMEHT CHTHAJIOM KepyBaHHS NPU3BEJE A0 BUHUKHEHHS MPOTH-E.p.C. Ha
IHIYKTUBHOCTI 3 OJISIPHICTIO, 1110 BiZTOBIZA€ MPsAMiii HAaIIpy3i Ha TAPHCTOpax
VS2 ta VS3. 3a HassBHOCTI CUTHAJIIB BMUKAHHS LIUX THPHCTOPIB BOHH Iepei-
IyTb y IPOBiAHUI CTaH, TOOTO BiAOyAeThCs Mpoliec KoMyTarii. 3a IPUAHITHX
JIOTTYIIIEHb IIeH MPOIIEC MPOTIKae€ MUTTEBO. Y pealTbHUX CXeMaX KiHIIeBi 3Ha-
YeHH Yacy BMUKAHHS | BAMHUKaHHS THPHCTOPIB IPU3BOASATH 10 HEOOXITHOCTI
BuKopucTaHHsa RC-naHIIoKKiB (cHa0epiB), mapaMeTpu SIKUX THM MEHII, YI1UM
OlJIbIIIa IBUIKOISI THPUCTOPIB. be3 11boro y cxeMi BUHHKAIOTh IIepeHanpyTH,
0 MOXYTh MPHU3BECTH JI0 BUXOMY 3 Jaay THpHCTOpiB. Kpim Toro, BapTo
BpaxOBYBaTH BILUIMB Ha KOMYTAIIiI0 iHIyKTUBHOCTI MEpEKi 3MIHHOTO CTPYMY,
10 TaKOX TMPOSIBISIETHCS y MepeHanpyrax. [ 3MeHIeHHs epeHarnpyr 3
0OOKy 3MIHHOT'O CTPYMY II€pETBOPIOBada BCTaHOBIIOIOTHC LC-(hinbTpu.

AHAJIOTIYHUM YHHOM BiIOYyBa€THCS KOMYTAIIisl ABOOTIEPAIITHAX THPHC-
TOPIB IpH poOOTI MEPETBOPIOBAYA Y PEXKHUMI IHBEPTYBAHHS 3 BUIIEPEKYFO-
YUM KyTOM KepyBaHHS (kBaapasT II).

PoGorta y pi3HHX pexrMMax, 1110 BiAMOBIAAIOTh YOTUPHOM KBaJpaHTaM,
JI03BOJISIE KEPYBAaTH CTPYMOM II€PETBOPIOBada 3 OOKYy 3MIHHOI HapyTH 3a
3aJJaHIM CHCTEMOIO KepyBaHHA 3aKoHOM. Hanpukas, y po3misHyTil cxeMi
MOJKHa OTPUMATH CTPYM y (HOopMi MeaHJIpy 3 4aCTOTOIO, IO JIOPIBHIOE Ya-
CTOTI TPEThOI TapMOHIKH Hanpyru Mepexi (puc. 12.7). Y npoMy BHIaIKy
peXUMH poOOTH MEPETBOPIOBaYa YEPEAYIOTHCS MEPIOAUIHO 3 YaCTOTOIO
TPEThO1 TAPMOHIKH.
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u, | u

Puc. 12.7 - Ctpym Ta Hanpyra npu Mogynsuii CTpymy

Y naHuii 4ac OHUM 13 OCHOBHHX METO/IB KEPYBaHHS € IMPOTHO-IMITYJIb-
CHa MOZIYJISLIS CTpyMy a0O Hallpyrd 3a BU3HAYEHUM 3aKOHOM (IHB. IIII.
9.10.1). Y po3misiHyTiii cXeMi BUKOPHCTaHHS IBOOIEPAlliiHUX TUPUCTOPIB
nozBosie peanizysary LIIIM Ha ninBumieHiit yacToTi, rpaHUYHE 3HAYECHHS
K01 0OMeKeHe YaCTOTHUMH MapaMeTpaMH THPHCTOPIB.

[puauumn peanizauii LM y po3misHy Tl cXeMi NOSICHIOETHCSI JiarpaMoro
HaIpyTd ¥ CTpyMy Mepeixi, HaBeaeHii Ha puc. 12.8.

u, i
u

Puc. 12.8 — LUnpoTHO-iMNynbCHA Mooy nsLis
TyT may3u, 110 BiAIOBIAAIOTH HYJILOBOMY 3HAYEHHIO CTPYMY £, POPMYyIOTH-
Cs1, KOJIM BBIMKHEHA OJTHa ITapa TUPUCTOPIB MOCTy (Hampukiag, VS11iVS2),
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a inma napa (VS3 i VS4) sumknena. Ha nux inTepsanax crpym [, 3amu-
Ka€eTbCS yCEPEANHI MOCTY, HE IOTPAIISIIOYH B JXKEPEJIO 3MiHHOTO CTPYMY.
VY pe3ynbTrari iMITyIbCHOT MOTYIIALIT CTPYM Oyie MiCTUTH BHIL TApMOHIKH,
3yMOBJICHI IEPEMUKAHHAM KIto4iB. [ ¢inbTpanii nux rapMoHik Ha 0ori
3MiHHOTO CTPYMY BUKOPUCTOBYIOTh LC-]inbTp. 3a3BHuaii yacToTa iMImysibe-
HOT MOAYIISILIiT BUOMPAETHCS SIK MOYKHA BUILIOIO, TOMY (DiJIBTP € IOPIBHSHO <JIET-
KM 11CTOTHO He BIUIMBA€E HA EHEPTETHYHI OKA3HUKH [IEpPETBOPIOBAYA.

PoGota neperBoproBaya y pi3HHX pexkUMax, 10 BiIOBIAal0Th YOTHPHOM
KBaJ[paHTaM, BUXOJISYH 3 BJIACTUBOCTI {yalbHOCTI EMHICHUX 1 iHlyKTUBHUX
€JIEMEHTIB, MOKe OyTH peasi3oBaHa i IpH eMHICHOMY HaKOIIMYYBayi 3 00Ky
MOCTIMHOTO CTpyMy. Y IIbOMY BHIIAJKy JKEPEIO CTPyMY 3aMiHIOETHCS
JkepenoM Hanpyru U. 3a mpuIylieHHs, mo eMHIicTh C, I0CUTh BEJINUKA,
IyJIbCalliIMK HAIIPYTH Ha Hil MOXKHA 3HEXTyBaTH i npuiinaru U= const.
Onnak Ha 60111 3MIHHOTO CTPyMY JKEpeJIo HallPyTH ¥ HEO0OX1AHO 3aMiHUTH
Ha JpKepelo cTpyMy i. Ha mpakTumi e Moske BiANoBiaTH MOCTiIOBHOMY
BMHUKaHHIO [IEPETBOPIOBaYa y KOJIO 3MiHHOTO cTpymy. Ha puc. 12.9 npen-
CTaBJIeHO ofHO(a3Hy cXeMy nepeTBoproBada, BukoHanoro Ha BTI3, na 6omi
HOCTIHHOIO CTPYMY SIKOTO yBIMKHEHO KoneHcarop C .

OueBUHO, MO HA TAKUX TPAH3UCTOPaxX Moria OyTH BUKOHAHA U ToIIe-
penHsi cxema.

VT1 | VD1 VT3 | VD3

Uq

lne Cop

I+
[l

VT4 |VD4

VD2
®©rx ® =~

Puc. 12.9 — YotupurkeaapaHTHWI NEPETBOPIOBAY 3 EMHICHMM HaKonu4yBavem
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[Ipunyctumo, 3aB1aHHSAM IIepeTBOproBada € GopMyBaHHS Ha 0011l 3MiHHO-
IO CTPYMY HAaIlpyTH, 110 Ma€ (opMy MEaHIpPY 1 4aCTOTY TPEThOi FapMOHIKH
BIIHOCHO 4acTOTH CTpyMy Mepexi f . 3 miarpamu Ha puc. 12.10 BuaHo,
110 32 OZIMH M1EPi0J] MEPEXKi 3MIHHOTO CTPYMY 3 IIOTPIHHOIO YaCTOTOIO Bi0y-
BA€ThCSl KOMyTalist Tpan3uctopiB VTI-VT4, pesynbratoM siKoi € (opmy-
BaHHsI HaNpyTH 3a1aHoi Gopmu. [Ipu poMy NpoOBiAHKI CTaH TPaH3UCTOPIB
VT2, VT3 (abo VTI, VT4) BinnoBinae Bugadi eHeprii i3 KOHAEHcaTopa, a
npoBianuii cran pioxis VDI, VD4 (VD2, VD3) npuiiMaHHIO eHeprii y KOH-
neHcarop i3 Mepexi. OgHodacHO BiOyBaeTbcsA YepeoyBaHHS PEXHUMIB

p06OTI/I 3a pi3HI/IMI/I KBaJApaHTaMHU.
iab

Uap

Ug VD2,VD3’VT1,VT4 VvD2,vD3 9

VD1,vD4|VT2,VT3|VD1,VvD4

Puc. 12.10 — Ctpym Ta Hanpyra npy Moaynsauii Hanpyru

Po3rsaayTa cxema Takox mo3Boisie 3aificHioBaTH pexumM LIIM. TaTep-
BaJTU 3 HYJTLOBUM 3HaueHHIM HanpyTH = 0 popMyIOThCs Y CTaHi IPOBITHOCTI
TpaH3uCTOpHO-AioguuX nap V712, VT4 (abo V11, VT3). ns 3riamKyBaHHsS
myJbcaii HanpyTry Ha 00111 3MiHHOTO CTpyMy BBIMKHEHO LC-(inbTp.

TaxuM 9MHOM, YOTUPHUKBAIPAHTHI IEPETBOPIOBAYi 3 IMITYJIbCHOIO MOAY-
JISILIEIO JIO3BOJISIFOTh peajli3yBaTH KEPOBaHi 32 HEOOX1IHUM 3aKOHOM JIKe-
pena ctpymy abo jpkepena Hanpyru. Lle Moxe Matu mIMpoKe NPUKIaIHe
3HAYECHHS B €JIEKTPOTEXHIII. 30KpeMa, 3aBAAKH 3a3HAYCHUM yHIKaIbHUM
BJIACTHBOCTSIM, y JJAHW Yac I1i IEPETBOPIOBAYi CTaIM BUKOPUCTOBYBATHCS
sk 6a30B1 crItoBi enemenTH rpu mooynoBi CAD pizHoro npusHaveHHs. [Tpu
[FOMY 3aCTOCYBaHHS B NIEPETBOPIOBAYAX Y SIKOCTI CHIIOBUX KITIOYIB BHCO-
Ko4acTOTHUX TOTyXKHHX BTI3 mo3BOIMIIO TIABUIUTH 9acTOTY HECYUOTO
curnaixy LIIM no gekinbkox 1ecATKiB KUTOTepIr, 3a0e3Medyou PH HEOMY
KepyBaHHSA MMOTYXHUMH ITOTOKaMH €Hepril y IeKiJibka MeraBat 3 BACOKHUMU
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€HEeProeKOHOMIYHUMH TNOKa3HUKaMH. Lle, mpuponHo, iCTOTHO PO3IIMPHIIO
MoxuBocTi CAD, BUKOHAHUX Ha IXHIH OCHOBI, 3 3a0€3MeUeHHS TOCHTh
KOPCTKHUX BUMOT JI0 €JIEKTPOMarHiTHOI CyMiCHOCTI IPUCTPOIB 3 HEMIHIHHUM
HaBaHTAKEHHSIM, Y T.4. 1 BEHTWILHHUX IIEPETBOPIOBAYiB BEIUKOT IIOTYKHOCTI.

12.4.2. PerynioBaHHS HEAKTUBHOI NOTY)XHOCTI

3a3HauuMO, 110 i/l HeAKTHBHOIK MOTYKHICTIO PO3YyMiIOTh IOTY>KHICTb
3MIiHHOTO CTPYMY, 11O ii cepeHe iHTerpaibHe 3HAYeHHSI 3a I1ePio]] IOPIBHIOE
HyneBi. OCHOBHUMH CKJIaJJOBUMHU LIi€i OTY>HOCTI, sIK OyJI0 TOKA3aHO BHLIIE,
€ PeaKTHBHA MOTYXHICTh (IHIYKTHBHA YU €MHICHA) 1 HOTYHICTh CIIOTBO-
penns. CAD 103BoNsI0Th HAWOUIBII ePEeKTUBHO 3a0€3MEUUTH KOMITEHCa-
Li10 HEAaKTUBHOI IIOTY>KHOCTI BEHTHIIBHUX IepeTBOproBadiB. Tomy ix e Ha-
3MBAIOTh PeryJsiTOPaMH HEAKTUBHOI MOTYKHOCTI.

Sk ye 3a3Ha4asI0Cs], OCHOBOIO aKTUBHUX (QUIBTPIB (perynaropiB Heak-
THBHOI OTY>KHOCTI) € IEPETBOPIOBAYI 3 IMITYJIbCHOIO MOIYJIALIEI0 TapaMeTpiB
Y YOTUPUKBAAPAHTHIH MJIOLIMHI i peaKTUBHUM HaKOIIMYyBadeM Ha OO11i 1mo-
CTIHHOTO CTPYMY.

Po3rstHeMo npyHIM [1ii TAKUX aKTUBHUX (UIBTPIB y HAWTTPOCTIIIIN 01~
Ho(azHil crcTeMi eeKTPOIIOCTAYaHHs, 10 CKIIAIAETHCS 13 TeHeparopa CH-
paropa 3 00Ky BUXIJIHUX 3aTHCKa4iB MPEACTaBUMO iHAyKTHBHICTIO L . Ha-
BaHTA)XCHHS € HEJIHIHHUM (HAIPUKIIAJ, BUMIPSMIIAY), a CTPYM, IO Tede
4epe3 HABAHTAXKEHHS, MICTUTB OKPIM OCHOBHOI (IIEPIIOT) FADMOHIKH £, BHIL
TapMOHIKH, IO iX y3araJbHEHO NPEICTABUMO CTPYMOM i .

Ha puc. 12.11 nokazaHo THIIOBI CXeMH BMUKaHHS aKTHBHUX (UIBTPIB, IO €
reHepaTtopamMu CTpyMy 4d Hanpyrd. DinsTp 3 mapajieabHUM BMHKAHHSIM Te-
HEPATopa BUIIMX FAPMOHIK CTPYMY i _, AKI 3HAXOAATHCS y TPOTH(ha3i 10 Bu-
X TAPMOHIK CTPYMY, CTBOPIOBAHHX HEJTiHIMHIM HaBaHTKEHHSIM, BAKOHAHO
Ha OCHOBI IH/IlyKTMBHOTO HaKonn4yBaya L . DyHKIIT KIIFOYIB y CXeMi BUKOHY -
1016 bTI3 VT1-VT4. KepyBanus xirodamu 3aiiicHioeThes LM 3a anropur-
MoM, 1o 3a0e3mevye HOpMyBaHHS CTPYMIB BULIMX FAPMOHIK I HA BUXOJI
¢inbTpa. [lepeMuKaroThCS TPAH3UCTOPH HA YACTOTI, 1110 MIEPEBUIILYE BEPXHE
3HAYEHHSI YaCTOTHOTO JIialla30Hy rapMoHiK. [IpH IboMy CTBOPIOIOTHCS ITYJIb-
cartii cTpymy i , IO SBJIAIOTH COOOKO PI3HULIEO CTPYMY 7, | MUTTEBUX 3HAYEHb
CTpyMy Ha BUXOJ1 aKTHBHOTO (iNIbTpa, IIyHTOBaHI KoHIeHcatopoM C 4
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€MHICTb OO KOHJICHCATOPA HEBENUKA, 00 IyJIbCallii € BHCOKOUAaCTOTHUMH.
CTBOprOBaHi HEMHIHHAM HABAHTAKEHHSM BHUILII FAPMOHIKH CTPYMY i  IUPKY-
JIFOIOTH MK aKTUBHUM (PLIBTPOM 1 HAaBaHTaKEHHSIM, HE TIOTPAIUISIOUH Y KOJIO
reHeparopa. Y pesylsrari Halpyra Ha BUXIJHUX IIMHAaX reHeparopa Oyme
3aIMIIATHCS CUHYCOINHOIO. SIKIIO eeMEHTH CXEMH BBaXKAaTH 3a i1ealibHi,
(GUIBTp MOXKHA BBa)KaTd HeAMCHMNATUBHUM (TaKuM, IO BTPaTH aKTUBHOI
MOTY>KHOCTI y HbOMY BizCyTHI1). Uepes 11e Mi>K iHIyKTHBHIM HaKOITMYyBa4eM
1 CHCTEMOIO eJIEKTPOKUBIICHHS BiIOYBA€THCS MEPIOANIHHIIA OOMIH MTOTYXHi-
CTIO 3 30epeKeHHSIM EHEPreTHYHOro OallaHcy.

OueBHIHO, 10 CHEPrOEMHICTH HAKOITMYyBaya MOBUHHA Oy TH JOCTATHHOIO
1St 3a0e3MeueHHsT HaJXOIKEHHS eHepril y MepeKy Ha iHTepBajiaX, TPUBAIICTh
AKHMX BU3HAYAEThCS YACTOTOK) TaPMOHIK I, TEHEPOBaHUX (QiIbTpoM. 3a Ha-
SIBHOCTI aKTUBHUX BTpaT y cxeMi (iJbTpa BOHM MOXYTh KOMIICHCYBaTHCS
HaJIXOKEHHSM €Heprii Bi Mepexi y (iIBTp Ha 4acTOTi MepIIoi rapMOHIKH
a0o0 BiI CTOPOHHBOTO JDKepelia (HAIpUKIIa, JOAATKOBOTO BUNIPSAMIISIYA) Ma-
JIO1 IIOTYKHOCTI.

[NapanensHe BMUKaHHS aKTHBHOTO (PLIBTpa MOYKE BUKOPHCTOBYBATHUCS 1 TPU
€MHICHOMY Hakorm4yBadi (puc. 12.11,0). Toxi MOYIIALIis KITIOYIB 311HCHIOETh-
Csl 32 AJITOPUTMOM, 1110 (POPMYE TIEPIIy rapMOHIKY Hanpyru Mepeski. Bekrop
11i€1 HapyTH CIPSMOBAHUH 3yCTPIYHO J0 HAIPYTH MEPEsKi 1 JOPIBHIOE HANPY3i
TeHepaTopa , SKIIO 3HEXTYBATH TIaJlIHHAM Hapyry Ha L . Y pesysisTari nep-
1l1a rapMOHiKa CTpyMy 7, 4epe3 akTMBHHH (BiTsTp He npoTikae. OHak, GinsTp €
JDKepesioM HAIPYTH 3 MATUM MOBHUM BHYTPIIIHIM OITIOPOM, TOMY BiH IIIYHTY€
BHILII FAPMOHIKHU CTPYMY {_, TOPO/DKEHI HEJIHIMHMM HaBaHTKEHHAM. Brucoko-
YaCTOTHI IMyJIbCAILT HAIPYTH 1, HA BUXOJIl aKTUBHOTO (LIIBTPa, 3yMOBJICHI Yac-
TOTOO TIEPEMUKAHHS KITFOUOBHX E€JIEMEHTIB, Py ITYFOThCS «JICTKHM) TTACHB-
HuM LC-dinbTpoM. BUKITIOUEHHS BUIMX rapMOHIK CTPyMy i 3 KOJIa TeHepa-
Topa Ta HasiBHICTh LC-(insTpa Ha 6011 3MIHHOTO CTPYMY JIO3BOJISIFOTH 3a0€3-
TIEYUTH CHHYCOTTHICTh HANPYTH Ha IIIHAX CUCTEMH 3 OOKY HaBaHTaKESHHSI.

s 3amaga Morxe OyTH BUpIlIEHA 1 TPU OCIIAOBHOMY BMUKaHHI aKTHB-
HOTO (QiIBTpa 3 EMHICHUM HakonuayBadeM (puc. 12.11,B). ¥V Takiii cxemi Ha
BHXOJIi aKTUBHOTO (QiIbTpa POPMYETHCS KOMIEHCallifiHa Hanpyra u_, Mo
3HAXOIUTHCS Y TPOTU(DA3i 10 HAIPYTH U, 3yMOBJICHOT IPOTIKAHHSM BHUIIIUX
FapMOHIK CTPYMy I Yepe3 IHIAYKTUBHICTh L . V pe3yabrari KoMIeHcamii
HampyTa Ha IIMHAX 3MIHHOTO CTPyMY 3 00Ky HaBaHTa)KEHHS, K 1y cXeMi Ha
puc. 12.11,6, 6yae mopiBHIOBATH u.
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Puc. 12.11 — AktuBHi dinbTpu: napanensHe BMUKAHHS 3 iHOYKTVBHUM
HakonuuyBayeM (a); napanesisHe BMUKaHHS 3 EMHICHM HakonuyyBadeM (0);
MOCIAOBHE BMUKAHHS 3 EMHICHVMM HaKOMU4yBa4yeM (B)
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IcHYIOTB 1 iHILII CXeMH BMUKaHHSI aKTUBHOTO (DUIBTPA, SIKi MU HE HABOIUMO,
00 NPUHIMIY IXHBOT pOOOTH OIOH1 10 MPUHLIUITY POOOTH PO3IIISTHYTHX CXEM.

Cxemu tpudazunx CA® BiApi3HAIOTHCA BiJl PO3IIIHYTHX THM, IO B
HUX YOTUPUKBAIPAHTHUH IEPEeTBOPIOBAaY BUKOHAHO Ha 0a3i TprdaszHoi Moc-
TOBOI CXEMH BUIIPSIMIICHHSI.

OcCHOBOIO aKTHBHUX (UIBTPIB € KEPyBaHHSA KJIIOUOBUMH €JIEMEHTAMHU
metonamu LIIIM. IcaytoTs pi3Hi meToau peanizanii LLIIM, ane ans akTus-
HUX (QUIBTPIB OCHOBHHUM i3 HHX € METOI «CIOCTEPEKEHHS» 38 CUTHAJIOM
KepyBaHHs perymaropa ¢iisrpa. Cucremu, o 3a0e3MeuyroTh LIe «CIIOCTe-
PEXEHHS», TOCUTH CKIIQJHI 1 TOMY TYT HE PO3IVISIAIOTHCS.

ETanonHMMHU curHamam, 10 3a HUIMH IPOBOAUTHCS CIIOCTEPEKEHHS,
MOXYTb OyTH IEpIli TapMOHIKH CTpyMy a0 Hampyr Ha IIKHAX EHEPro-
CUCTEMHU y MICIISIX IAKMUKAaHHS aKTUBHOTO ¢inbTpa. Bimomo, mo Benu-
YMHA MePIIoi FTapMOHIKK CTPyMY (HAaIpyTrd) OXHO3HAYHO BU3HAYAETHCS aK-
TUBHOIO MOTYXHICTIO, CIIOKUBAHOIO HETIHIMHUM HaBaHTAXECHHSAM. Tomy
CHCTEMa «CTIOCTEPEXEHH» MOCTiHO NOBMHHA ii oOuncmoBaru. Ha Buxoni
¢inerpa OyayTh chOpMOBaHi BHILI FAPMOHIKK CTPyMy 4u Hanpyru. Hanpuk-
nan, y cxemi Ha puc. 12.11,a npu npsMOKyTHii popmi cTpyMy HaBaHTa)KEHHS
aKTHBHUHU QBT POpPMYE CIIEKTP BHIIMX TAPMOHIK, 1110 iXHS CyMa JIOpiB-
HIOE PI3HHUIII CTPYMY HABAHTaXKEHHs [ Ta MOr0 MEPIIOi FapMOHIKH [ |, K
roKaszaHo Ha puc. 12.12.

i A@im i A -
t /\\jI\VAV/\|

Puc. 12.12 - [jarpamu CTpyMiB akTMBHOMO BinbTpa

[Mpunnmn akTiBHOT QIIBTPALlil MOXKe OYTH TaKOK BHKOPHCTAHO JJISI KOM-
TeHcarlii peakTHBHOI CKJIa/I0OBOi CTPYMY HABaHTa)XEHHA. Y I[bOMY BUTIAAKY
SHeprisl, HAKOITMYeHA B aKTUBHOMY (DiIBTpPi MOBUHHA 3a0e31euyBaTH KOM-
MIEHCAIliI0 PeaKTUBHOI IOTY>KHOCTI MPOTATOM IOJIOBHHH MEPIOAY OCHOBHOL
gactotu. [Ipu Takomy croco6i komrieHcalii 00MiH peakKTHBHOIO €HEPTi€I0
Ha 9aCTOTi OCHOBHOI rapMOHiKH Oyzie BinOyBaTHCs MK 1HIYKTHBHOIO CKJIa-
JIOBOIO HaBaHTakeHH 1 QimbTpoM. Hampukiaz, sSKIIo cTpyM BUIIPSIMIISYA
MICTHTB IHlyKTMBHY CKJIaJIOBY #,, TO (DLIBTP MOBMHEH I'EHEPYBATH HA BUXOJI

EMHICHUH CTPYyM i, = 1.
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12.4.3. PerynboBaHuii NnoBHMIA onip

PeryntoBaHHSI OTY>KHOCTI 3a AOIIOMOTOI0 YOTHPHKBAAPAHTHOTO IIEpe-
TBOPIOBaYa MOXKHA PO3MISAATH SIK PEryJIlOBaHHS HOTO MOBHOIO BXiIHOTO
onopy. Y UpOMy BUIAJIKy NPEACTABUMO IIEPETBOPIOBAY Pa30M 13 HAKOIIHU-
gyBaueM Ha 0oL MOCTIHHOTO CTPYMY ABOIOJIIOCHUKOM 3 PeryJbOBaHHM
MOBHUM BXiTHUM onopom. O4eBUAHO, 110 MOXKJIMBICTD (PYHKLIOHYBaHHS 3
JOIaTHUM aKTUBHHM OTIOPOM (CTIO>KMBaHHS €HEPrii) i 3 Bl €MHUM aKTHBHUM
ornopoM (reHepartisi eHeprii) Oyzie oOMexeHa eHeProEMHICTIO HAKOITMYYBayiB.
PoGoTa 3 iHAyKTUBHUM YH €EMHICHUM BXiZJTHUM OIIOPOM OOMEXEHb HE Mae.

PozrisiHeMo 0co0MMBOCTI KepyBaHHS HOBHUM OIIOPOM O1TBII TOKJIaHO Ha
MIPUKJIIAJIi CXeM, [0 HaBeseHi Ha puc. 12.11. VY mux cxemax MOXKHA peatizy-
BaTH TaKy (yHKLII0 MUTTEBOTO 3HAUYSHHS BX1IHOTO OIIOPY JBOIOJIFOCHUKA

PG IR0

i(ty m@)l;’
ne u(?) 1i(¢) — Harpyra Ta CTpyM Ha BXOJli IBOTIOJIIOCHHKA 3 OOKY 3MiHHOTO
CTpyMY;

m(t) — 3aKOH MOIYJIAIT cTpyMy (TiajgKa CKIaaoBa);

I~ cTpyM 1HJlyKTUBHOTO HAKONIMYYBaYa.

3riguao (12.13), k1o 3aK0H MOAYISALII CTpyMy m(?) 3a0e3MeunTh
d(z)/dt = 0, To IOBHUI OIIIp JBOIOJIFOCHHKA OYy/Ie €KBIBAJICHTHUM JIIHIHTHOMY
aKTUBHOMY OTOpOBi R . TIpu1omy HOTo 3HaueHHs MOXKeE Oy TH SIK JIOJATHUM,
TaK 1 Bi’éMHUM (OCTaHHE O3HAYa€ BUAAYy CHEprii 3 HakomudyBada). Yac
nepe0yBaHHS y peXXIMax, 110 BiATOBIJAIOTh AKTHBHOMY OTIOPOBi, 0OMexe-
HUH y TIepIITy Yepry eHeproeMHICTIO HAaKOITNIyBaJa.

Bimomo, 110 akTHBHA 1 peaKTHBHA MOTY>KHOCTI € IHTETPaIbHUMHE Xapak-
TEPUCTUKAMH €HEPTETHIHOTO ITPOIIECY, YCEPEAHEHUMH 3a ePi0l OCHOBHOL
rapMmoHiku. TiTbkH epeada eHeprii Big0yBa€eThCs HE MOCTIHHO B JKepe-
Jla 10 CIIOXKMBAa4a YW HABIIAKH, a Ma€ MyJIbCYIOUNi Xapakrep. [Hakmie, pe-
aKTUBHA MOTYKHICTh € IHTErPATbHOIO MipOIO IIBUAKOCTI 3MIHUM MUTTEBOTO
OTIOPY Zz(?) y Yaci. I3 1Ib0T0 BUILTHUBAE: SAKIIIO 3aKOH MOIYJIAIIIT 71(2) 3a6e31e-
4ye MepioguyuHy 3MiHy dz(1)/dt, TO TOBHUH OMIp IBOIOIIOCHHUKA Oy/Ie MaTh
peakTUBHY cKiIagoBy. OTxe, XapakTep MOBHOTO OMOPY MOKHA 3MiHIOBAaTH
3aCTOCYBaHHSM BiJITOBITHOTO aJITOPUTMY KOMYTaIlii KIIFOYOBHX €JIE€MEHTIB
AKTHUBHOTO (QiJIBTPY.

(12.13)
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IIpunycrtumo, o po3isiHy T YOTUPUKBAAPAaHTHUM IEPETBOPIOBAY MAE
BUXIJHUI CTpyM (IVIaJIKy CKJIAJIOBY YH yCEPEIHCHE 3HAYEHHS ), [10 3MiHIOETh-
Csl 38 CHHYCOIJHUM 3aKOHOM 3 yactororo w. To6ro i(¢) =1, sinwt. Ha-
npyra Ha Horo mmHax 3 60Ky 3minaoro crpymy u(t) = U, sin(®? + @), mwo
BiJnoBigae BXigHOMy noBHOMy onopoBi Z = R+ jX. ®a3oBuii 3cyB Mix
crpyMoM i Haripyroto ¢ = arctg(X / R). MuTreBe 3HAYE€HHS BXiJHOTO OI10-
PY z(¢) y IbOMY BUITaJKy MOYKHA BUPA3HUTH SIK

2(t) = ut)  Zsin(wt+e) _

ity  sinwt
cosot (12.14)
=Z(cos<p+sin(p _ ):R+ Xctgowt,
sinwt
ne Z=+R*+ X% R=Zcosp; X =Zsng.
dz(t) d(R+ Xctgmt X
Toxi 21) _ 4 801 _ (12.15)

dt dt sin® ¢

I3 (12.15) BummBae, U0 Npu iHAYKTUBHOMY OIOpi (I0AaTHE 3HAUYCHHS
PEaKTUBHOTO OTIOPY) MUTTEBE 3HAUEHHS BXiIHOTO OMOPY 3MEHIIYETHCS, a
P EMHICHOMY (Bi’€MHE 3HaY€HHS PEaKTUBHOTO O10pY ) — 3pocTae. OTxe,
3MIHIOKOYH 3aKOH MOAYJIALIT 72(2), ONEePIKYIOTh 3HaYCHHS d(z)/dt, 1110 BiIII0-
BiJTae HEOOX1THOMY 3HAYEHHIO TIOBHOTO BX1THOTO OTIOPY ITEPETBOPIOBAYA.

HaouHo MoXIUBICTh KepyBaHHS IOBHUM BX1JTHHM OTIOPOM BHJTHO 3 Jia-
rpaM IJi1 OCHOBHHX TapMOHIK CTPyMY 1 Hampyrd Ha BXOJl YOTHPHKBA-
paHTHOTO TIepeTBoproBada (puc. 12.6). 3a1exHO Big TOTO, y IKOMY PEXUMI
MpaIfOBaB MMEPETBOPIOBAY, HOTO BX1THUN MTOBHUM OITip Ma€ 1HAYKTHBHUI
abo eMHICHUH XapakTep, a 3HAYSHHsI aKTUBHOTO Oropy Oyze J0oJaTHUM
YU BiJl’€EMHUM Yy 3aJIEKHOCTI BiJl HAIIPSAMKY IMMOTOKY aKTUBHOI IOTY>KHOCTI
— BiJI Mepexi y mepeTBoproBad abo HaBnaku. [Ipu nipomy, 3MiHIOIOYH 3a-
KOH MOJYJIALIT 72(2), MOYKHA PETYIIOBATH MOIYJNb 1 a3y CTpyMy OCHOBHOT
TrapMOHIKH TepeTBOpIOBaya, Mo OyAe BiANMOBiAaTH 3MiHI HOTO TTOBHOTO
BX1THOTO OTIODY.

KepyBaHHS TOBHUM OITOPOM MOKITHBE y Oy/Ib-SIKOMY YOTHPHUKBAAPAHTHO-
My IIEPETBOPIOBAYI 3 IMITYITbCHOIO MOAYJISIIIEIO 1, 30KpeMa, 3 EMHICHUM HaKO-
MUYIyBadeM. Y 0CTaHHBOMY BHIIAJIKy TIEpETBOPIOBAY Oy/ie €KBiBaJCHTHUM
JUKEepeIy Hallpyry, o i1 3HAYEHHS MOJYJIIOETHCS 32 33JaHUM 3aKOHOM.
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MoO>KIMBICTB pEeryIrOBaHHS PEAKTUBHOI TOTY>KHOCTI Ma€ BEJIMKE MPUKIIa-
HE 3Ha4YeHHS 1151 KOMIICHCALi1 peaKTUBHOI IOTY>KHOCTI 1 peryIroBaHHs KOe-
¢imieHTa NOTYXHOCTI B CUCTEMaX eJIEKTPOIOCTa4aHHsl. HIIMM BaXJTMBUM
ACIIEeKTOM 3aCTOCYBAaHHs YOTHPHKBAIPAHTHUX IMEPETBOPIOBAUIB SK IpH-
CTpOiB 3 KEpOBaHUM MOBHUM BXiJIHUM OIIOPOM € BUKOPHUCTAHHSA IX Y TaKk
3BaHMX KOMOIHOBaHUX (iIBTpax.

12.4.4. Komb6iHOBaHMiA GinbTp 3MiHHOTO CTPYMY

KomoéinoBanmii QiIbTp ckiamaeTscs 3 aKTUBHOIO esieMeHTa ((QyHKIil
SIKOTO y 3arajJbHOMY BHIIaIKy BUKOHY€ YOTHPUKBAIPAHTHHUI IIEPETBOPIOBAY 3
KEepOBaHUM ITOBHUM oTiopoM) Ta macuBHUX LC-nanok. 3 onHOro 60Ky 3acto-
CYBaHHS OIHHX TLIbKU aKTUBHUX (iNbTpiB O3 MACHMBHUX €JIEMEHTIB OOMe-
XKYETBCSI TUM, 1110 BCTAHOBJICHA MOTYXHICTh (DIBTpa MOBUHHA OyTH CyMip-
HOIO 3 TIOTYXXHICTIO HEJIIHIHHUX CIIO’KUBAYiB Y CUCTEMI €IEeKTPOKUBICHHS 1
TOMY MOXe OyTH JOCHThH BEHKOI0. 3 1HIIOTo OOKY, HEIOMiKaMH ITACHBHUX
(iBTPiB € HU3bKA TOOPOTHICTD, 3HWKEHHS eheKTHBHOCTI (iIbTpauii yepes
MOTIpLIEHHS NapaMeTPiB IIPH eKCILTyaTallii i y BUIIaJAKaX BiIXWICHHS YacTOT
BHUIIMX TAPMOHIK BiJl pO3paXyHKOBHX 3HaY€Hb, Ha SIKi HAJIATOPKEHO TAaCHBHI
¢inbTpu. Tak caMo ICTOTHEM HETONIKOM ITACKBHUX (DLIBTPIB € HEKEPOBAHICTH,
10 MO>K€ MPU3BOANTH 10 HEOAXKaHUX MEPEX1THUX MPOIIECIB Y CHCTEMI.

KombinoBaHwit PijbTp € KOMIPOMICHUM TEXHIYHUM pillieHHsIM. BcTanoB-
JIeHa TOTY>KHICTh aKTUBHOTO eJIeMEeHTa, PYHKIII] SKOro BUKOHYE YOTHPH-
KBaJIpAaHTHHI TIEPETBOPIOBAaY, iCTOTHO MEHIIA OJMHOYHOTO aKTHBHOTO
¢inbrpa. [TacuBHa yacTHHA QUIBTPa y CYKYITHOCTI 3 aKTUBHUM €JIEMEHTOM

u Le cTae kepoBaHoro. Le 103B0IIsIE KOPUTYBaTH EKBi-
BaJICHTHI 3HAYEHHS ITapaMeTPiB KOMOIHOBaHOTO
GbiNBTpY VTS JOCSITHEHHST HAWOLTBIIOT0 ePeKTy
¢insrparii BUnmx rapMoHik. PosrsiHemMo aesiki
aCIEeKTH TaKO1 KOPEKIIii OLIBII JOKIAIHO.

Ha puc. 12.13 HaBeneHO €KBiBaJIEHTHY CXe-
MY CHCTEMH €JIEKTPOKUBIICHHS 3 MAaCHBHHUM
LC-dinsrpom, HanaromKeHuM y pe30HaHC Ha
V-y TapMOHIKY CTPYMY, IIIO ii TeHepye HeMiHiiHe
Puc. 12.13 — KomBiHOBaHWF HaBaHTaXeHHS. Y [[bOMY BUITAJIKY TapaMeTpr

dinbTp ¢bimsTpa
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1 ,L
COVL=R,Q= Ive : (12.16)
ne O — 1oOpOTHICTh PE30HAHCHOTO KOHTYPY.

Hanpyra Ha mmHax HaBaHTaXXEHHs, CTBOpPEHa CTPYMOM V-1 TapMOHIKH,
BiIMiHHA BiJ HyJs i JOPiBHIOE MaJiHHIO HAIIPYTH HAa aKTHBHIN CKIaJOBil
¢inerpa. TobTO U =1L,

[lizMukaroun akTHBHUHA QIIBTP IO TACHBHOTO, SIK ITOKa3aHo Ha puc.12.13,
MOYXHa BUKOPHCTOBYBATH HOTO SIK KEPOBAaHHUI TOBHUH OIip 3 peryabOBaHU-
Mu koMnoHentamu 7, L, C . IlpunycTuMo, mo HeoOXiJHO Ha YacToOTi W
3abe3neunty u, = 0, TOOTO KOMIIEHCYBATH BILIMB aKTHBHOI CKJIaJOBOI
¢inbTpa R. Y 1bOMY BUIIaKy YMOBY PE€30HAHCY, TOOTO PiBHICTb PeaKTHUB-
HHX CKJIaJIOBUX HAIPYT © 1 1, HA 9aCTOTI W MOYKHA 3allMCaTH y BUIIIAI

1 R +ol’
,C ol

st peamnizanii i€l yMoBH aKTUBHUI €JIEMEHT CIIiJI IEPEBECTH Y PEXKUM
reHeparii akTUBHO1 OTYKHOCTI, 1110 OyZe BiANOBIIaTH €KBiBaJICHTHOMY He-
TaTUBHOMY OIOPOBi. [l pO3IISIHYTOTO BUTIAJIKY BiH Oy/ie CTAHOBUTH

_W+dﬁ
PR

Juist mocTiitHOT KoMITeHcallii BTpaT aKTUBHOI OTYXHOCTI, TOOTO peauti-
3amii criBBigHOMIEHHS (12.18), MOKHA BUKOPHCTATH PEXUM ITiAKaIyBaHHS
eHeprii y HaKOIMYIyBad Ha YaCTOTI OCHOBHOI TApPMOHIKH.

OdeBHIHO, IO KEPYBAHHS MOBHUM OMIOPOM aKTHBHOTO €JIEMEHTA JI03BO-
JIsi€ He TIIbKM KOPUTYBAaTH BinxwieHHS mapametpiB L, C 1 R macuBHOTO
(UTETpa UM KOMIIEHCYBATH aKTHBHY CKJIaJIOBY, aJie 1 pOOUTH IXHE ITiIamTy-
BAaHHS [IPH BIIXWICHHAX YaCTOTH W 3 METOO 30€PEKEHHS yMOBU PE30HAH-
Cy JUTS TIOBHOTO IITYHTYBAaHHS BiAMOBIAHOI TApMOHIKH cTpyMy. Takum um-
HOM, MOXKe OyTH 3a0e3IeueHe MPUIYIEHHS BUIMX TAPMOHIK y OLIBII N~
POKiii cMy3i yacToT. L5t BmacTuBiCTh KOMOIHOBAHOTO (PITIBTPA ICTOTHO i IBHU-
niye #oro eeKTHBHICTh, 00 Ha TPAKTHII YACTOTH BHIUX FAPMOHIK HE €
CyBOpO AeTepMiHoBaHUMH. OKPiM TOTO, MAIOTh MiCIle HEKaHOHIIHI TapMO-
HIKH, y pe3yJIbTaTi Y0ro YaCTOTHHUH CIIEKTP BUIIUX TAPMOHIK € Ay’Ke IIUTEHAM
1 Mae CTOXaCTUIHUI XapakKTep.

(12.17)

R, = (12.18)
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[Hmoro nepeBaroro KOMOIHOBaHUX (PUIBTPIB € MOKIIMBICTH BUKJIIOUEHHS
HeOakaHUX PE30HAHCHUX SIBHIL Yy CUCTEMI eNleKTpoxuBIeHH. Hanpuknan,
[PY BU3HAYEHUX MapaMeTpax y CUCTEMi MOXKE BHHHMKATH SIBUILE AHTH-
pe3onancy. Ha puc. 12.14,a HaBeleHO €KBIBaJICHTHY CXEMY PEaKTUBHHUX
€JIEMEHTIB CUCTEMHU 3 imeanizoBaHuM (0e3 ypaxyBaHHs aKTHBHOI CKJIaJo-
Bo1) macuBHUM LC-(ineTpom, HamamToBaHUM Ha 4acTOTY V- TapMOHIKH
CTPYMY, 1110 HAAXOIUTh BiJ HENiHIHHOTO HaBaHTaKeHHA. BHYTpimHii omip
reHeparopa i iHAyKTUBHHHI OIip JIiHi1 IpeACTaBIeHO Ha CXEMIi eKBiBaJICHT-
HOIO 1HyKTUBHICTIO L .

b

j_ Uap

Cc

%LM L O

a Wy Wo
a) 0)
Puc. 12.14 - 9BuLLe aHTUPE3OHAHCY: EKBIBAIEHTHA CXeMa 3aMiLLieHHs (a);
4acTOoTHa XapakTepucTyika (6)

BiamnoBimHO 10 €KBIBAJICHTHOI CXeMH BHPa3 ISl KOMIUIEKCHOTO OIIOPY
Z ,, Mae€ BUITIAN

1
oL, (oL, —
. ( oC )

Zy=] T (12.19)
ol,+L,)———
oC,
. . . |
XapakTepuCTHKa OIOPY JOPIBHIOE HYJEBI HA 4acTOTI (), = L—C 51
1

HECKIHYeHHOCTI Ha 4acToTi 1), = ———— (1uB. puc. 12.14,0). Tomy,
V(&L +L)C,

3a BIUIMBY BUIIMX TAPMOHIK CTPYMY y YaCTOTHOMY JIialla30Hi Bii W 110 W,
3a IPUHHATHX MPUITYLICHb, AMIUTITYIU BIAOBIAHUX TAPMOHIK HAaIIPyTy Ha
LIMHAX CUCTEMH EJIEKTPOKUBJICHHsI TOBUHHI 3MiHIOBaTucs Bix 0 1o ¥ . [Hak-
1€, 3aMiCTh IPUIYIIEHHS BUIMX FAPMOHIK HAIIPYTH HA YaCTOTi W  MaTH-
MEMO 3BOPOTHHH €(EKT.
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HasBHICTB aKTHBHOTO efleMEHTa 3 KePOBaHUM IIOBHUM OIIOPOM y KOMO-
iHOBaHOMY (DiTIBTPi JO3BOJISIE BUKIIIOUMTH Lie HeOa)kaHe SBUILIE. 33 PaXyHOK
CTBOPEHHSI TAKOT'0 MIOBHOT'O BHYTPILLIHBOTO ONIOPY aKTUBHOT'O €JIEMEHTA, 32
AKOTO Ha 4aCTOTi W Mae MiCLie HE 3pOCTaHHs BUIIOi TApMOHIKM HAIIPYTH, &
il mpuyIeHHs.

Crig TakoX 3a3HAYMTH, L0 Y PO3TAITY)KEHUX CHCTEMaX €JIEKTPOKHUB-
JICHHSI IPY NEePiOANYHIN KOMyTalii YMCICHUX CIIOKHUBAYiB MOKYTh BUHH-
KaTh HeOakaHi NepexifHi NpOoLeCcH, KOIUBAaJbHIHM XapaKkTep AKX MOXKE
1HILIIOBATUCS PEAKTUBHUMH €JIEMEHTaMH MAacHUBHUX (QinbTpiB. Y HbOMY
BUIAAKY aKTUBHHUH €IEMEHT MOJKE YCITITHO BUKOHYBATH (YHKLIT KepoBa-
HOTO JeMudepa.

TonoBHOIO IEpeBaroro KOMOIHOBaHUX (PIIBTPIB Y MOPIBHAHHI 3 AKTHBHU-
MU € T€, 110 MOTYXHICTh aKTUBHOTO €JIEMEHTAa B HUX MOXe OyTH MEHIIOI0
3a MOTYKHICTh OJHOT0 aKTUBHOTO (pijbTpa Ha mopsiAoK i 6inbire. [Tpu npo-
My KOMOiHOBaHi QiTbTpH MOXXYTh €(DeKTUBHO BUKOHYBATH QYHKLIT pHUIy-
LIEHHS BUILMX FAPMOHIK 1 3a0€311e4yBaTH BUCOKY AKICTh HAPYT'H CUCTEMHU
CJIEKTPOKUBIICHHS.

KoHTponbHi 3anuTaHHg

1. Ioscuims, womy nHasanmasicenHs, wo mae ueninitiny BAX, € Odowce-
penom niosuujeHux 2apMoHniK cmpymy (nanpyau). Y vomy nonsea-
I0Mb He2amueHi HACAIOKU Ybo2o Asuwa?

2. o make enexmpomazHimua cymicuicms? Yomy € axmyanbHumu
3ax00u 3 NOJNINUIEHHS eLeKMPOMASHIMHOT CYMICHOCMI 6eHMUNbHUX
nepemeopo8ayis?

3. Lo maxe éxionuti xoegiyicum nomysxscnocmi? Jlo akux empam npu-
3600Umb pobOMa GeHMUTLHUX NEPEMBOPI08adie 3 HUZLKUM Koepi-
yienmom nomymxcHocmi?

4. o maxe neaxmuena nomyaxcnicms? Oxapaxmepu3yime ii OCHOBHI
CKA008i.: peakmugHy (iHOYKMUBHY YU EMHICHY) NOMYIICHICMb MdA
NOMYJCHICNb CHOMBOPEHHS.

5. ki ocnoseHi winsxu niosuwentst 6XiOH020 Koe@iyieHma nomysicHoCmi
B8eHMUNbHUX nepemeopiosayie Bu snaeme? Oxapaxmepu3sytime ix.

6. Braoicims, sk noninwumu Koe@iyicHm NOMYAICHOCMI 8EHMULbHUX
nepemeopio8ayie 3a 00NOMO200 HEKepOBAHUX Oxcepel peaKmusHoi
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10.

11.

12.

13.

14.

15.

16.

nomyascnocmi. Jaiime KOpoOmMKy Xapakmepucmuky HeKepOo8aHux
Ooicepen, ixHix nepesaz i HeOOIKig.

Hoscuimos, womy y Hawi 4ac 018 NONINUIEHHS eleKmPOMACHIMHOT
CYMICHOCMI CNOMCUBAYIE WUPOKO SUKOPUCHOBYIOMb KEPOBAHI Odice-
pena peakmueHoi nomysicHocmi (akmusHi girompu,).

Hosacnims 3azanvruil npunyun Oii akmusnux ¢pirompie. Yomy 3a-
cmocyganns cunoeux bTI3 y akocmi enexmponnux Kaouie yux
Ginompie 0036013€ iICMOMHO NOMINWUMU IXHI MEXHIKO-eKOHOMIYHI
noxazHuxu?

THoacnime npunyunu Kepysanus napamempamu 3MiHHO20 CMPYMY
Y YOMUPUKBAOPAHMHUX NEePemeoplosaiax 3 iMnyibCHOO MOOYs-
yiero.

Hagedimv npuxnaou euxonanHs 0OHOPDAZHUX YOMUPUKEAOPAHM-
HUX Nnepemeoprosayie 3 iHOYKMUBHUM I EMHICHUM HAKONUYY8A4d-
mu enepeii. Iloxasxcimo, y AKUX K6aOpaHmax HeobXioHa npumycoga
KOMymayisi en1eKmpoOHHUX KIIOUI8 | YOMY.

Hagedimv munosi cxemu niOMukawHs aKkmugHux Qirempis, wo €
eeHepamopamu cmpymy abo nanpyeu. Ilosacnime, K npu ybomy
3a6e3neuyemubcs peeynio8ants HeaKmueHoi NOMYHCHOCMI, CHOMCU-
6AHOI 6EHMUNLHUMU NePemeoproeaiamu.

Yomy Kepysanus eieKmpOHHUMU KIOYAMU 8 AKMUSHUX Dinbmpax
30UUCHIOEMBCA MEeMOOaMU WUPOMHO-IMAYIbCHOT MOOYAAYil 3 6U-
COKOI0 uacmomoro?

IHoscuims, Ax 3ab6e3neuyemvbcsa poboma HOMUpUKEaOpanmHo20 ne-
pemeoprosaua y pejicumi pecyib0o8ano2o onopy. Aki ymosu neoox-
iOHO suxoHamu, woob 1020 éxioOHull onip 06 aKMueHUM, THOYKMUG-
HUM YU EMHICHUM?

Ax 6yoyroms kombinoeari ginempu? Brasicimov iXHi 0CHOSHI nepe-
6azu i NOACHIMb 3a PAXYHOK Y020 GOHU 00CA2AIOMbCA?

Hasedimv npuknaou eghpekmugno2o ukopucmanua KOMOiHO8AHUX
Ginompis.

Jatime 3azanvhy Xapaxmepucmuxy HeKepo8aHux 0dcepen peaxmus-
Hoi nomyoicnocmi (nacusti LC-ghinompu, y momy uucii ti pe3oHaHcHi)
ma Kepoeamux 0dicepen peakmueHoi NOMydHCHOCMI (AKMUGHI 1 KoM-
binosani ginempu). Hasedimv npukiaou ixuHvo02o payioHaibHo020
BUKOPUCMAHHAL.
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NICJI9MOBA

Omorce, Bu, wanognuti yvumaduy, 3aKiH4uIu O3HAUOMAEHHS 3 HAUWUM
nioOpy4HUKOM.

A y HboMy OY10 PO32HAHYMO!

1) npunyun 0ii, xapakxmepucmuxu, napamempu ma 00iacmi 3acmocy-
6AHHS OCHOBHUX €leKMPOHHUX HANIENPOGIOHUKOBUX Npuiadie cyudc-
HOI NpOMUCNIOB80] eleKMPOHIKU,

2) npucmpoi inpopmayitinoi enexmpoHiKu, Wo € OCHOB0I CUCHEM
KOHMPONI0, GUMIPIOGAHHA | KePYBAHHSA SUPOOHUYUM | MEXHOI02IHHUM
VYCMAMKYBAHHAM, MPAHCNOPMHUMU 3acoOamu ma THwumu o6’ exkma-
mu: 6y008y i npuHYUn pooomu, a MaKoHC Memoou Po3PAXyHKY RIOCUTIO-
8auie eNeKMpUYHUX CUSHANI8 3MIHHO20 ma NOCMIUHO020 CMPYMIE,
iMRYnbCHUX T Yyugposux npucmpois, GUKOHAHUX AK HA OUCKPEMHUX
eleMeHmax, max i Ha IHmecparbHux MIKpoCxemax,

3) npucmpoi eHepeemuyHoi eleKMpoOHIKU (Nepemeopio8ailbHOi mex-
HIKU), NPU3HAUYeHi 05 JHCUBNEHHS eleKMPOHH020 00NAOHAHHS, MeXHO-
JIO2TYHUX [ OC8IMIIOBANILHUX YCMAHOBOK MA eNeKmMpPUYHo20 MpaHCcnop-
my: 6y008y i npunyun poboomu, Memoou po3paxyHKy OCHOBHUX 6Y371i6
i napamvempis nepemeoprosayie eieKmpuiHo20 cmpymy, 8e0eHux me-
peoicero, i ABMOHOMHUX — HEKePOBAHUX Ma KepOBAHUX GUNDAMIAUIE,
pezynamopis 6e3nepep8roi ma imnyabchoi 0ii, ineepmopie, po3eiiHy-
MO NUMAHHS e1eKMPOMACHIMHOI CYMICHOCMI e1eKMPOCNOXCUBAYI8 3
Mepedcero JHCUBNeHHS.

Ipu yvomy asmopu nHamazanucs sabesnevumu 0OCMynHiCMb mamepi-
any i OpyscHicms mekcmy 00 4umaua.

36icHo, sudanmns He npemeHOYE HA BUYEPNHICMb Y BUCGIMIIEHHI OCHO8
CYHACHUX e/IeKMPOHIKU I MIKDOCXEMOMEXHIKU, KI 00 MO020 HC OUHAMIYHO
PO38UBAIOMBCA — CMBOPIOIOMbCA HO8I eNeKMPOHHI NPUiaou, po3poo-
JIAIOMBC CXeMOMEXHIUHI PilleHHsl | nputiomu, Memoou po3paxyHky. Ane
MU CROOIBAEMOCA, B0HO CNOBHA 6I0N0GI0AE NOCMAGIeHIll mMemi:3abes-
neuumu Habymms 3HAHb Y Yitl 2any3i MexHiKu cmyoeHmamu i npocmo
3ayiKasieHumMu ocobamu, 0ia AKUX 80HA He € OCHOBHOIO chneyiaib-
Hicmio. Buxooauu 3 yvboeo, ocHO8HA Y8aea y NiOpYYHUKY NPUOiNA€mb-
€51 NOSICHEHHIO NPUHYUNI8 0Y008U | pobOmMuU eleKmMpPOHHUX NPpUIadis i
npucmpois.
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Maemo wnadito, wo ompumani Bamu 3uanua i Hasuxu 3 no6yoosu
cxem eieKmpoOHHUX NPUCMpOoie ma analizy npoyecie, wo 6 HUX npo-
mikarwmo, 6yOymv 000puMu nio8AIUHAMU NPU GUDIULEHH] KOHKDem-
HUX MexXHIYHUX 3a80anb y Bawiil npakmuuyHill OisnibHOCMI 3a OCHOG-
HOMW cheyianrbHicmio.

Bawi 3ayeadicenns ma nobax)canHs npocumo HAOCUIamu asmopam
ma eudagyam 8i0N0GIOHO HA aopecu.

Xapxiscbka HayioHaNbHA akademis MiCbKO20 20CHO0apcmad,
Kageopa enexmpomexHiku,

eyn. Pesonroyii, 12,

M. Xapxis, Ykpaina, 61002.

Buoasnuymeo «Kapaegenay,
a/c «B 474»,
M. Kuis-1, Vxpaina, 01001.

Bascicaemo Bam ycniwmno cknacmu icnumu!

Asmopu ma sudasyi
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NMPUUAHATI CKOPOYEHHSA

AOM

AIX
BTI3

BIMC
e.p.c.
EK
EOM
31
3C
MC
K.3.
K.K..
K-MOH
JII

MJIH

MOH

H33
O3I1

OI1
IBB

1133
I13I1

TUIK

aprU(METHKO-TIOTIYHHHA IPUCTPIH
aHaJIOroBa OOYMCITIOBAIbHA MaIlIMHA
aHaJoro-Iu(poBHii HEPETBOPIOBAY
AMILTITYAHO-4YaCTOTHA XapaKTePUCTHKA
OIMOJIIPHUI TPAH3UCTOP 3 130IbOBAHUM 3aTBOPOM
BOJIET-aMIICpHA XapaKTEPUCTHKA
BEJIMKA iHTeTpabHa MIKpOCXeMa
eJIEKTPOpYyIIIiiiHa cuia

€JIEKTPOHHUN KITI0Y

SNEKTPOHHA OOYHCITIOBAIEHA MAIITIHA
3aram’ ITOBYFOUUH ITPUCTPil

3ac00M CIIOTyYCHHS

iHTerpajgbHa MiKpoCxeMa

PEKUM KOPOTKOTO 3aMHKAHHS
KoedilieHT KOpHCHOT Iii

JoriyHa cxema Ha KommiemeHTapanx MOH-TpaH3ucTopax
JYMIBHUK IMITYIIBCIB

MYJIBTUBIOpaTOp
MeTaJI-TieNIeKTPUK-HAITiBIIPOBITHUK
(KOHCTPYKIIis TOJILOBOTO TPAH3UCTOPA)
METaI-OKCHI-HAIMiBITPOBITHUK
(KOHCTPYKIIisl HOJIEOBOTO TPAH3UCTOPA)
MIKPOITPOIIECOp

MIKpPOIPOLIECOPHUH TPUCTPiit
HEraTUBHUIA 3BOPOTHHIA 3B’ I30K
HAaMiBIPOBITHUK

OTICpaTHBHUM 3aI1aM’ ITOBYIOUHH PUCTPiit
OTIepaIifHUH TT1ICHITIOBAY

MIPUCTPiH BBOAY-BUBOIY

MM ICAITFOFOU N €JIEMEHT

MPUCTPiH 3araM’ SITOBYFOUHI
[IO3UTUBHUHN 3BOPOTHHUI 3B’ A30K
MOCTiHHMI 3a11aM’ ATOBYFOUU IPUCTPIit
MPUCTPIi KepYyBaHHS

MPOTPAaMOBAHUI JOTTYHUI KOHTPOILIEP
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T

PI'P
CAD
Cb

CE
C3

CIT
CI®K
CK
CC
OKII
OCHIT
X.X.

qrp

I
11IP

I ICHITIOBAY HU3BKOI YaCTOTH
MIICUITIOBAY [TOCTIHHOTO CTPYMY
MOJIbOBHH TPAH3UCTOP

poOoya TouKa TpaH3UCTOpa (TOUKA CIIOKOIO)
po3paxyHkoBo-Tpadidaa poboTa
CHJIOBHH aKTUBHUH QiIBTp

crinpHa 6a3a

CIUIbHUM BUTIK

CIUTEHUH eMiTep

CIIIBHUI 3aTBOD;

cXema 3aIycKy

TPaH3HUCTOP 31 CTATUYHOIO IHIYKITI€I0
cucTeMa iIMIyIbCHO-(ha30BOTO KepyBaHHS
CIUTHHU KOJIEKTOP

CIUTBHUH CTIK

(GITBTPOKOMITEHCALIHIHN IPUCTPI
(GLTBTP CTPYMIB HYJIBOBOI ITOCITITOBHOCTI
PEKHM XOJIOCTOTO XOIY

1 po-aHATOTOBHI IEPETBOPIOBAY
YaCTOTHO-IMITY/IbCHE PETYIFOBAHHS
HINHA aIpecH

IIMHA JTAHUX

[IAPOTHO-IMITYJIbCHE PETYTFOBAHHS
[IMHA KEPYBaHHS
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A(q) Koe(IiLi€HT, 3aJIeXKHUH BiJT KyTa BiATHHAHHS (PO3PaXyHKOBA BEJIMYMHA
BUIPSMILIYIB 3 aKTHBHO-EMHICHUM HAaBaHTaXKCHHSIM)

B(q) koeiieHT ¢azHoi e.p.c.

KOHJICHCATOoP

KOMYTYIOUUI KOHJIEHCATOP

€MHICTh KOHJICHCaTopa (inbTpa

IMHAMIYHUH Iiata30H MiICHIIoBavYa

(q) KoeQimieHT hopMu cTpymy

npeid Hyms

e.p.c. (enekTpopymriitHa cuia)

HAIPYKEHICTh BHYTPIIIHBOTO €JICKTPHYHOTO OIS p-71 TIEPEXOAY

e.p.C. JDKepesa KHUBJICHHs eMITepHOTO KoJa

HaIpPy>KEHICTh 30BHIITHHOTO EIEKTPUIHOTO OIS p-71 IEPEXOTY

€.p.C. JuKepela )KUBJIECHHs KOJICKTOPHOTO Koja

HAIPYKEHICTh PE3YIBTYI0YO0TO SIEKTPUIHOTO OIS p-# IEPEXORY

JIOJIATKOBA €.p.C. Y BUX1THOMY KOJIi ITiICHIIFOBavYa

3MiHHA €.p.C. JPKepelia BXiTHOTO CUTHAITY

Koe(iIlieHT MAKCUMAIIBHOTO CTPYMY

AKTHBHA [IMPUHA YACTOTHOTO CIIEKTPY IMITYJIbCY

KoeiLlieHT CTpyMy

9acToTa

BEPXHS Me)Ka YaCTOTHOTO Jiara3oHy

4acToTa 3pi3y

9acTOTa MEPEXKIi )KUBIICHHS HATIPYTH 3MiHHOTO CTPYMY

HIDKHS M€)Ka YaCTOTHOTO Jiara30Hy

BXI1JTHHMH OITip Y CUCTEMI A-TIapaMeTpiB

Koe(IIliEHT 3BOPOTHOTO 3B’A3KY 32 HATPYTOIO Yy CHCTEMI /-TapaMeTpiB

Koe(iIliEHT mepeaadi 3a CTPYMOM Y CHCTEMI /i-llapaMeTpiB

BXIiJTHA IIPOBITHICTE Y CHCTEMI A-TTapaMeTpiB

CTPYM 3MIIIEHHs Y BUX1THOMY KOJIi MiJICHIIOBada

CTPYM 3apsiTy KOHJCHCATOpa

MaKCHMaJlbHe 3Ha4€HHs CTPyMy HaBaHTa)XeHHs (iIbTpa

MiHIMaJIbHE 3HAUCHHS CTPYMY HaBaHTaKCHH (QiIBTpa

HOMiHAJIbHE 3HAYCHHS CTPYMY HaBaHTAaKCHHS (PLIBTPa

cepeiHe 3HAYCHHS BUX1THOTO CTPYMY BUIIPSMIIIYA

aMILTITyTHE 3HAYCHHS CTPyMY BUIIPSMILIYA
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aMIDTITYTHE 3HAYCHHS CTPYMY

cepeIHE 3HAYCHHS CTPYMY Yepe3 BEHTHIIb BUIIPSIMIITIa
aMILTITY/IHE 3HAYCHHS CTPYMY Yepe3 BEHTIIb BUIIPSMILIIA
BUXITHUH CTPYM

CTPYM BMUKaHHS

BXITHHI CTpyM

aMILTITy/1a CTPYMY BXiIHOTO CUTHAILY

MOCTIHUH CTpyM Y BXiTHOMY KOJI MiJICHITIOBaYa
IPaHIYHO JJOIYCTUMHI CTPYM

MOCTIHHMI CTPYM IUTPHUKA HATIPYTH

MaKCHUMaJIbHe 3HAYCHHsI CTpyMy cTabiiizariii crabiniTpoHa
MiHIMaJIbHE 3HaUYEHHS CTPYMY CTadiIi3allii cTabuTiTpoHa
HOMiHaJIbHE 3HAYCHHS CTPpyMY cTabii3arii ctabiiTpoHa
cTpyM 0a3u

CTpYM HacH9eHHs 0a3u

CTpyM eMiTepa

eMITepHUH CTPYM ePEeMHUKaHHsI OTHOIIEPEXiJHOTO TPAH3UCTOPpa
CTPYM 3allaJIMHH TYHEJIBHOTO Jio/ia

cepeIHe 3HAYeHHsI 3BOPOTHOIO CTPYMY Jiozia
MaKCHUMAJBHO JOIyCTHMHI CTPYM KOJIEKTOpa

CTPYM KOJIEKTOpa

MaKCHUMAJIbHUH CTPYM KOPOTKOTO 3aMUKaHHS

MOYaTKOBHIA (TETUIOBUI) 3BOPOTHHI CTPYM KoJiekTopa y cxeMi 3 Chb
CTPYM KepyBaHHS

MaKCHMAJBHO JOMYCTHMHUH CTPYM KepyBaHHS

CTPYM HaCHYEHH KOJIEKTOpa

CTPYM MKy TYHEJIBHOTO J1i0]1a

CTPYM IIiICHITIOI0YOTO eIEMEHTA

MaKCHMAIIFHO JIOITYyCTHME CEPEIHE 3HAYCHHS MPSIMOTO CTPYMY
CepeHE 3HAYCHHS MPSIMOTO CTPYyMY

MaKCUMAaJIbHHI CTPYM CTOKY

CTPYM CTOKY

MaKCHMaJIbHUH cTpyM cTabimizarii

MiHIMaJIbHUHN CTPYM cTadisizarii

CTaJie 3HAYCHHS CTPYMY;

CTpyM cTabimizamii

CTPYM Y CHJIOBOMY KOJIi TPaH3HCTOPA

YIOApHUH CTPYM IEepEBaHTaKCHHS
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CTPYM YTPHMAHHS
Iifo4e 3HAYSHHS CTPYMY THPHCTOpa

Iifo4e 3HAUCHHS CTPYMY THPHCTOPA, IO BiIIOBITaE

KyTy KepyBaHHS a = ()

cepelHe 3HAUCHHS CTPYMY THPHCTOPA

cepeHe 3HAYCHHS CTPyMy THPHUCTOPA, IO BiIIOBITa€e

KyTy KepyBaHHsA a = 0

MOYaTKOBHIA (TETUIOBUIT) 3BOPOTHUH CTPyM KoJiekTopa y cxemi 3 CE
CTPYM CITOKOIO 0a3u

CTPYM CIIOKOIO KOJIEKTOpa

JIIFOYUH CTPYM TIEPBUHHOT OOMOTKH TpaHc(hopMaTopa

JIIOYHH CTPYM BTOPUHHOT 0OMOTKH TpaHchopmaropa
HAaIIBIPOBITHHUK 13 BIIACHOIO MPOBITHICTIO (0€3IOMIIIIKOBHI)
MUTTEBI 3HAYCHHS CTPYMY KOHIIEHCATOpa

MUTTEBI 3HAYCHHS CTPYMY BTOPHHHOT OOMOTKH

TpudaszHoro Tpanchopmaropa haszu a

MUTTEBI 3HAYCHHSI JTIHIHHOTO CTPYMY BTOPUHHOT 0OMOTKH
TpudaszHoro TpanchopmaTopa as ag

3MiHHUH BUXiTHHH CTPyM

3MIHHUH BXiAHUH CTPYM

TuQy3iiHAN CTPYM p-n IEPEXOny

IpeiidoBuil CTpyM p-n epexomy

MUTTEBI 3HAYCHHS CTPYMY HAaBaHTaKCHHS

TPSIMUI CTPYM p-1 IEPEXOTY

Koe(iLi€HT MiJCHICHHS 33 CTPYMOM

KOe(DIIIEHT MiICHICHHS 32 MOTYKHICTIO

Koe(ilieHT MiICHICHHS 32 HANIPYTOIO ITPH YacTOTI 3pi3y
Koe(DIIliEHT MiICUIICHHS 32 HAPYTO0

HaAKOLTBIINN KOe(II[EHT MiCHICHHS 32 HAIPYTOI0

KOe(iIieHT IMTiICKIICHHS 3 HAIIPyTOI0 OIEPAIifHOTO MiJCHUITIOBaYa
Koe(iIliEHT B3aEMHOTO 3B’ 513Ky MarHiTHO3B sI3aHUX JIPOCEIiB
KoeiIlieHT 31 pKyBaHHS (PUTBTpa

KoediLiEHT M ICHIICHHS TiJICUITFOBaYa, OXOIIICHOTO 3BOPOTHHM 3B SI3KOM
Koe(iliEHT HEIHIMHIX BUKPUBIICHbD

KoedilieHT MyIbcaliiif Ha BUXoAi (insTpa

Koe(DIIiEHT MyJIbCalliif Ha BXOI iIETpa

Koe(DII[iEHT MepeHANPYT

KOeQILIEHT MyTbCAITii



402

EJIEKTPOHIKA | MIKPOCXEMOTEXHIKA

>

3

h@h

=y S

,P

Imax’ ~ 2max

=]
S
]

Kepmakc

- 8 N
Y

=

R R T e T I T

™ QT
3

<

xR
) ~

>

eux OIT

8UxX

ex OIT

SIY XD XX

Y

0oic

xR

Eb

KoedimieHT crabdim3anii

KoedirieHT (uTsTparii

IHTyKTHBHICTb;

IpOCeb;

[IMPHHA p-1 TIEPEXOAY

KOMYTYIOUYMH APOCETb

IHIYKTUBHICTh HABAHTAXKCHHS

THIlyKTUBHICTH KOH/IEHCATOpa (QiIBTpa

KPAaTHICTb MyJIbCAIlii BUNPSIMIIEHOT HAIIPYTH
HAIiBIPOBIAHHUK 3 €JICKTPOHHOIO IIPOBIAHICTIO;
Koe]iIieHT TpaHchopmarii

aKTHBHA IIOTYXXHICTh

IpaHWYHI 3HAYCHHS IMITYJIbCHOT TOTY>KHOCTI
MaKCHMallbHa JOITyCTHMa IOTYKHICTh
MaKCHMallbHa TIOTYKHICTh KepyBaHHS
MOTY>KHICTh HABAHTA)KCHHS BHIIPSIMILTIA
3arajibHa OTYKHICTb, IO BIIOMPAETHCS BiJl IPKEpeia )KUBICHHS
MOTYKHICTh IMITYJIECY

JIOITyCTUMA MOTYKHICTh Ha KOJIEKTOPi TPAH3UCTOPa
CepeIHs MOTYKHICTh TIOCTIJOBHOCTI IMITYITBCIB
HAITiBIPOBIAHUK i3 1iPKOBOIO IPOBIAHICTIO
HIUTMHHICTB IMITYJIBCIB;

PCaKTHBHA IOTYXHICTh

pe3ucTop

CyMapHHMH OTIip Ji0/iB BUMTPSIMJISYA Y TIPOBITHOMY CTaHi
AKTHBHUH OIIip IPpOCEIs

BHYTPIIIHIN OITip BULIPAMIITYA

MPUBENCHHUHN 1O BTOPHHHOTO KOJIa aKTUBHUH OITip
00MOTOK TpaHchopMaTopa

omip 6amacTHOro pe3UCTOpa

BUXIHUM OIIip OnepamiifHoro miICHIIoBada
BUX1THHH OTIip

BXiJHUH OIip ONepariifHoro miacuIoBaya

00’ emum# omip 6a3u

BX1IHUH OIip MOJILOBOTO TPAH3UCTOPA
JTUHAMIYHHH OTIip

orTip JoKepena

OITip EMITEPHOTO IIePEXOay
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3BOPOTHHI omip [ioja (Y 3aKpUTOMY CTaHi)

pe3ucTop (omip pe3rucTopa) 3BOPOTHOTO 3B’ SI3KY

OITip HABAHTA)KCHHS

00MEXYIOUHIA PE3UCTOP

AKTHBHUH OITip 3’ €THYIOYHX [TPOBITHHKIB;

IpSMUH omip Aiona (y BIIKpUTOMY CTaHi)

OTIip PETYJIOI0YOTO EJIEMEHTA

CTATUYHUI OITip

OITip TEPMOPE3UCTOPA

BHYTpILIHIH orip dinsrpa

BHYTPIIIHIH OTIip TOJIBOBOTO TPAH3UCTOPA

HENIHIHHUH OITip KOIEKTOpHOTo epexony y cxemi 3 Ch
3BOPOTHHI OITip KOJIEKTOPHOTO MEPEXOAY

HENIHIHHU OITip KOJIEKTOpHOTO mepexony y cxemi 3 CE
MIPSIMUH OITIP EMITEPHOTO TIEPEX0Ty

Koe(DillieHT HACHYEHHS OIOJIAPHOIO TPAH3UCTOPA,;
KPYTH3HA CTIK-3aTBOPHOT XapaKTEPUCTHUKH IIOJILOBOTO TPAH3HCTOPA;
IUIOIIA IEPETHHY MarHiTompoBoja

MOTYKHICTh TIEPBHHHOI 0OMOTKH TpaHCc(hOpMaTopa
MOTYXXHICTh BTOPUHHOT 0OMOTKH TpaHcdopmaropa
rabapuTHa MOTYXXHICTh TpaHchopMaTopa

a0CoJIFOTHA TeMITepaTypa;

nepiop;

MOTY>KHICTh CTIOTBOPEHHS

MIEPioJT HAIPyTH MEPEsKi JKUBJICHHS

TpaHcopMaTop

TPHUBATICTH 3aITyCKAIOUOTO IMITYJIBCY;

9ac 3alupaHHs THPHCTOPA

TPHUBAIICTH 3pi3y (33 JHBOTO (HPOHTY) IMITYIIBCY
TPHUBATICTh IMITYJTECY

TPUBAJICT May31

TPUBAIICTH EPETHHOTO (PPOHTY IMITYIIBCY

aHO/IHA HATIpyTra

Mixk0a30Ba HaIIPyTa OHONEPEXiTHOTO TPAH3UCTOPA
Hanpyra Mix 0a3010 Ta eMiTepOM

aMILTITY/1a BUKHY IMITYJIbCY

aMILTITYAHE 3HAYCHHS HAIIPYTH, IPUKIIAICHOT O BEHTHIIS BUIIPSIMILTIA
MaKCHUMaJIbHa BHXiTHA HAIIpyTa
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U, BHXilHA HANpyra;
Jifoue 3HAYEeHHS BUX1AHOI HAIIPyTH
U, Halpyra BMHKaHHS
u,., AMILTITy/1a HANPYTH BXIHOTO CHIHAITY
U,,..  MakcuMaibHa BXI/IHa HANpyra; .
BEPXHS ME)Xa J[ialla30Hy BXiIHUX HANpPYT MiACHIIOBaYa
U,.. MiHiMaJIbHa BXiHa Hanpyra; .
HIDKHS MEXa Jiara3oHy BX1AHUX HANpPYT IiACHIIOBaYa
U, HOMiHA/bHA BXi/IHa HAmpyra o
U, MocTiifHa HaIIpyTay BXiJHOMY KOJIi IiACHIIOBaya
U, BXi/J{Ha HAIIPYTa;
Jifoue 3HAYEeHHs BX1IHOT HAIIpyTH
U, rpaHUYHA HAIIpyTa
U, Harpyra Ha eMiTepi BiTHOCHO HYJIbOBOi TOUKA
U, o e(peKTUBHE (Tif04e) 3HAYCHHS HAIIPYTH MOCTiJOBHOCTI IMITYIIBCIB
U, Harpyra )KUBJICHHS
U, .  MaKCHMaIbHO JOMyCTUMAa 3BOPOTHA HAIIPyTa
U, 3BOPOTHA Hampyra .
U, HaInpyra MiX 3aTBOPOM i BUTOKOM
U, ... MaKCHMalbHa3BOPOTHA i IPsAMA HATIPYTa Ha TAPUCTOPI
U,, Hanpyra 3BOPOTHOIO 3B’A3KY
U, Harpyra 3MiIeHHs HyJs OTIEpaIiiifHOro MiJCHIIoBada
U, 30BHILIHS HAIPyTa, MPHKJIAJACHA 0 p-1 IEPEXOIY
U, aMILIITy 1 iMITyJTbCY . ‘ '
U, Halpyra Ha iHBepTYI04OMY BXOJi OTlepaniifHOro MMiICHITI0BaYa;
U, Harpyra Ha KOJIEeKTOpi BiZTHOCHO HyJIbOBOI TOYKH
U, o MAKCHMaJbHA HAIPYTa XOJIOCTOTO X0y
U, HaIpyTa MiXK KOJIEKTOPOM i 023050
Uipnax ~ MAKCHMAJIBHO JIONYCTHMA HANIPYTa MiXK KOJIEKTOPOM 1 eMITEPOM
Up HaIpyra MiX KOJIEKTOPOM 1 eMiTepoM
Ue» Hanpyra KepyBaHHs
U praee  MAKCHMAIIBHO JIOIYCTHMA HATPYTa KEPYBAHHs
U, Jifoue 3HaUYCHHS HAIIPYTH MEPEsKi KUBICHHS
U, Jiro4e 3HaYeHHS HAIIPyTH Ha HaBaHTa)KEHH1
U, Halpyra Ha HeiHBEpTYIOUOMY BXO/Ii OTIEpAIiifHOTO MiJCHITIOBaYa
U, cepeJiHe 3HaYeHH HalpyTy Ha HaBaHTa)KeHH]
U, OIOpHA Hanpyfa ' ' o
U, HaIIpyTaoCTiiHOTO CHTHAITY 3MIIIEHHS Y BUXITHOMY KOJi ITiICHIIIOBAYa;
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HaIpyra Ha IiICHITIOI0Y0MY eJIeMEeHTI

Halpyra ropory epeMHKaHHs JIOTIYHOTO eJIeMeHTa

IpsMa HalpyTa;

Harpyra npoooro p-n mepexony

MaKCUMAJIBHO JIOITyCTUMa HaIpyTra Mi’K CTOKOM 1 BATOKOM
Harpyra Mi>k CTOKOM i BUTOKOM

cepeHe 3HAYCHHS HAIPYTH MOCIIIOBHOCTI iMITyNbCiB

Harpyra crabimizarii

HAaIpyra HeraTHBHOTO HACHYCHHS OTIEPALiTHOTO i ICHITIOBaYa
Harpyra IIO3UTUBHOTO HACHYCHHS OIIEPaIlifHOTO ITiACHITIOBaYa
rpaHnYHa HaTpyTa (TmapamMeTp NpsiMoi T'iJIKK BOJIBT-aMIIepHOT
XapaKTePHCTHUKH THPUCTOPa);

MOPOTOBa HATIPYTa;

PI3HUIIS TOTEHITIATIB Mi>K BXOJJAMH OTIEPALliHHOTO MiICHIIOBaYa
HaIpyra CIIOKOI0 KOJIEKTOpa

Jif04a Harpyra epBUHHOI 00MOTKH TpaHchopMaTopa
aMIUTITY/IHE 3HaYeHHS HallpyTH NepBUHHOI 0OMOTKH TpaHc(opMaTopa
Jifoya Harpyra IepBUHHOI (pa3HOI 0OMOTKH

TpudaszHoro Tpanchopmaropa

Jlit04a Harmpyra BTOPUHHOT 0OMOTKH TpaHChopMaTopa
aMILTITYHE 3HaYCHHS HAallpyTH BTOPHHHOI 00MOTKH TpaHc(hopMaTopa
Jifoya Harpyra BTOPUHHOI (ha3HOT 0OMOTKH

TpudaszHoro TpaHchopmaropa

MaKCHMaJIbHa HalpyTa Ha BUXO/1 QijbTpa

MiHIMaJIbHa HampyTa Ha BUX0JIi (QiIbTpa

Halpyra Ha BUXOJli KEPOBAHOTO BUIIPSIMIIAYA

HOMIHAJIbHA HApyTa Ha BUXO1 (ibTpa

cepe/Hs Halpyra Ha BUXO/i (HaBaHTA)KeHH1 ) BUIIPAMIITYA
cepe/IHs HaIlpyTa Ha BUXO/Ii BUNIPSIMIIT4a Oe3 HaBaHTa)KeHHS
(TIpH X0MOCTOMY XO71)

aMILTITy/Ia HallpyTH Ha BUXO/li (HaBaHTaKCHH1) BULIPSIMILSTYA
aMILTITYHE 3HAUCHHS HAIIPYTH

aMILTITYyZIa OCHOBHOI (TIepIIoi) rapMOHIKY BULIPSIMIICHOT HATIPYTH
MUTTEBI 3HAYECHHS HAITPYTH BTOPHHHOI OOMOTKH

TpudaszHoro Tpanchopmaropa hazu a

MHTTEBI 3HaYEHHS HAIIPYT Y IIEPBUHHOT 0OMOTKH

TpudaszHoro Tpanchopmaropa $haszu a

MUTTERI 3HAYCHHSI JTIHIHHOT HAITPYTH BTOPUHHOI 0OMOTKH
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tpudasHoro Tpanchopmaropa das as

u, MHTTEBI 3HaYEHHS HAIIPYTH BTOPUHHOT 0OMOTKH
TpudasHoro Tpanchopmaropa hasu 6

u, MHTTEBI 3HaYEHHS HAIIPYT Y IIEPBUHHOT 0OMOTKH
TpudasHoro Tpanchopmaropa hasu 6

u, MUTTEBI 3HAYECHHS HAITPYTH BTOPHHHOI OOMOTKH
TpudaszHoro Tpanchopmaropa hasu ¢

u. MUTTEBI 3HAYCHHS HAIIPYTH IEPBUHHOT OOMOTKH
TpudaszHoro Tpanchopmaropa hasu ¢

Ucy, MUTTEBI 3HAYCHHS HAIPYTH Ha KOHJICHCATOPi (QUIBTpa

u MUTT€EBI 3HAYCHHS JIIHIHHOT HAIIPYTH BTOPUHHOI OOMOTKH

TpudasHoro Tpanchopmaropa has ca

MUTTEBI 3HAYCHHS HATPYTH HA HABAHTA)XCHHI BUTIPSAMILSTIA
Hanpyra iMIyJIbCiB KEpyBaHHS

MUTTEBI 3HAYECHHS HAIIPYTH Ha THPHCTOP1

MUTTEBI 3HAYCHHS HAIIPYTH KEPYIOUOTO CUTHATY

JIHIHHO 3MiHIOBaHA HANpyTa

MUTTEBI 3HAYCHHS HAIIPYTH MEPEKi JKUBICHHS

MUTTEBI 3HAYEHHS HAPYTH Ha HABAaHTa)KeHH

nioxn

THPUCTOP

TpPaH3HUCTOP

€HEepTis, HAaKOTIMYEeHA JIPOCeNIeM

SHEepTisl, HAKOITMYCHA KOHICHCATOPOM

KUTBKICTh BUTKIB IEPBUHHOT OOMOTKH TpaHChopMaropa
KUTBKIiCTh BUTKIB BTOPHHHOT 0OMOTKH TpaHcdopMaTopa
OI1ip KOHJICHCATOPa

oTip JApocens

€KBIBaJICHTHHH OMip (PiIbTpa

OINITHMAaJIbHE 3HAYSHHS KOMIIJIEKCHOTO OIIOpY

CTaTHYHUH KOoeiIlieHT Iepeaadi cTpyMy OioIIpHOTO TPAaH3UCTOPa
y cxemi 3 Cb;

KyT KepyBaHHs

KyT BUAMUAKAHHS

JTUHAMIYHIH KoeiIlieHT nepenadi cTpyMy OiloIsIpHOTO TPaH3UCTOPa
y cxemi 3 Cb

a,, KPUTHYHUHN KYT KEPYBaHHS

a MOTOYHE 3HAYCHHS KyTa KePYBaHH:I

~R

>
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(di/dt)

Kpum

(duwdy),,,,

CTaTUYHUM KoeDillieHT Tiepeadi cTpyMy OiloSIPHOTO TPAH3UCTOPA
y cxemi 3 CE

JUHAMIYHUHN Koe(ilieHT Mepeaadi CTpyMy OGiloIIpHOTO TPaH3KCTOPa
y cxemi 3 CE

Koe(DII[iEHT 3aTIOBHEHHS

KyT, Ha KW 30111y E€THCS IPOBIAHICTE THPHCTOPA

P AKTHBHO-1HAyKTUBHOMY HaBaHTa)KCHHI

HEpiBHOMIPHICTh BEPIIHHH IMITYIIBCY;

Harpyra po3y3roJKeHH:

3MiHM HalpyTH Ha BUXOAi cTabinizaTopa

3MiHH HalIpyTH Ha BXOJi cTabimizaropa

Ma[iHHS HAIIPYTH HA PETYITIOI0YOMY SIICMEHTI

K.K.J. (KoeilieHT KOPUCHOT [iT)

KyT BiITHHAHHS

Koe(DII[iEHT HeNMHIHHUX BUKPHUBIICHb;

KyT IPOBITHOCTI

XBHJILOBHH OITip KOHTYPY

cTaya yacy

4ac BUMHKaHHS THPUCTOPA

4ac BMUKaHHS THPHCTOPa

CTaya yacy 3apsmay

¢a3oBuit 3cyB

(haza BUXiJTHOTO CUTHAITY

(a3a BXiIHOTO CHTHAITY

MOTEHIIaIbHUIA 0ap’ep (KOHTAKTHA PI3HMIIA OTEHIIAIB) p-# IEPEXOILY
PE3YIBTYIOUA Pi3HUILI OTEHIIIAMIB p-7 IEPEXOIY

KO€(]iIiEHT 3BOPOTHOTO 3B’ SI3KY

KyTOBa 4acTOTa

BEPXHS Me)Ka YaCTOTHOTO JTiaa3oHy (KyTOBa 9acToTa)

HWKHS MEXa YaCTOTHOTO Jiana3oHy (KyToBa 4acTOTa)

KyTOBa BEJIMYMHA, I1I0 AOPIBHIOE wi = 2pft

JOIyCTHMA (KPUTHYHA) IIBUIKICTH 3pOCTAHHS IPSMOT0 CTPYMY
THPUCTOPA

JIOITyCTHMA (KPUTHYHA) MIBUAKICT 3pOCTaHHS HAIIPYTH

Ha 3aKPUTOMY THPHCTOPI
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NPEOMETHUA

NMOKAXYUK

ABtomar noriynuii (tugposuii) 173

Axymymstop 220
Auredpa Byast 171
Aunre6pa noriku 171, 172
Aunroput™m 212, 224
AJIIT 220
Awnrupesonanc 390
ApudMeTHKO-TTOTIHIHA
npuctpiii 213, 220
Acembiiep 227

AIIIT 204

— mapanenbHoro koaysants 206
— nocnigoBHoro HabmwkeHHsa 205
— (ysxuionanbHo 3akinueHuit 205

Baza 32
Baiit 221
Banauc OIT1 134
besrpancdopmaropHuil BuxigHui
kackazn 118
Bir 221
briokinr-renepatop
— nBoTaKkTHU 167
— onHOTaKkTHUi 165
— yekarouui 167
Bycrep 282
BTI3 (IGBT) 54

Bapukan 30
Bapucrop 24
BenruibHi BactuBocti 22
Bunpsmisia 241
— oOesrpanchopmaTopuuii 351
— nBomiBrepionHuii 243
— nBonoJApHUit 251
— JBOTaKkTHUH 243
— 3 0araTokpaTHUM
nepeTBopeHHsM 3571
— KepoBaHuii 279

oJHoMiBIEpioaHMiA 245
OIHOTaKTHUM 243
onHo(Ma3HUi

— 3 HYJILOBUM BHBOJIOM 246
— Mocrosuii 250
npenu3iiiauii 146
TpudazHuii

— 3 HYJIbOBUM BHBOJIOM
(cxema MitkeBuua) 252
—  MOCTOBHUH

(cxema Jlapionosa) 255

Burik 48
Bineoimmysibsc 149
BMmukanns

— p-nuepexony

— 3BopotHe 21

— mnpsme 21

OIMOJIIPHOTO TPAHZUCTOPA

— 3icnuipHO 6a30:0 (3Ch) 35

— 3icniutbHEM emitepoM (3 CE) 35
— 31 CIIUIBHUM KOJICKTOPOM
(3CK)35

Bysoun nopiBusinus 299

I'eneparop

MUITKOTIOAi0HOT HarpyTn 296
Poepa 167
TaKTOBHX iMITyITbCiB 220

I'enepauis nap HociiB 18
T'epkon 333
IiapagiiyHa MOJENb

niona 26

BUIMPAMIISYA

— 3 aKTHBHO-IHAYKTUBHHM
HaBaHTa)XeHHsIM 264

— 3 aKTHBHO-€EMHICHUM
HaBaHTa)XeHHsIM 261
emHicHOTO (ibTpa 261
IHIYKTHBHOTO (inbTpa 264
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— TpaHn3ucropa 43 — norivynmii 173
I'pyna nionis EwmiTep 32

— anopgua 250, 255 Edexr Minnepa 334

— xaroxHa 250, 255

Hapmiarrona cxema 44
Herubenn 86
Jeummmdparop 192
— nBilikoBuii 192
— JIBiHKOBO-HecATKOBUH 192
— JIBIMKOBO-ceMucerMeHTHui 193
JIxepeno peakTUBHOI MOTYKHOCTI
— kepoBane 368
— Hekeposane 368, 370
JuHaMidHUH
— niama3oH migcwioBaya 86, 113
— PpeXHM pOOOTH JIOTTYHUX
ememeHTiB 175
Hunicrop 57
Judepenuiatop na OI1143
Hion
— BUIPAMHHH 26
— BHCOKOYacTOTHHI 29
— iMmynbscHU# 29
— HAIIBIPOBITHUKOBHUI 25
— HyJbOBHI 289
— cBimio- 30
— TyHenbHUit 28
— ¢oro-30
— Ilorrku 27
MHipka 18
Hpaiisep 337, 355
Npeiid myns 123

EsnexrpomarHitHa cymicHicTb 268, 364
Enexrponika 10

— enepreruyna 11

— indopmaruiitna 11

— mnpomuciosa 10
Enement

— 3anam’aToByruHii 221

3axonu anreopu soriku 172

— mnepectaBauii 172

— cnonyunuii 172

— posnoaiabHui 172
3anam’saToByro4i npuctpoi 220

— nuHaMiuHi 221

— cratiyHi 221

— EPROM 223

— EEPROM 223

— DRAM 221

- RAM 222

— ROM 222

— PROM 222

— SRAM 221
3anutyu Ha nepepuBaHHs 237
3anoBHeHHs yacToTHe 327
3acobu cnony4yeHus 218
3arBop 48
3B’s130k 3B0poTHUii 107

— wneratuBHuii 109

— mno3utuHui 110
3MiHHa JiBiiikoBa (J1oriuHa) 171
3MileHHs

— koo 90

— manpyra 90
3cyB daz 316

Imnynbe 149
IuBepTop
— aBTOHOMHHMH 338
— BeaeHuil Mmepexero 352
— noriunwuii 176
— Hanpyru 339
oxHOGa3HKi TiBMOCTOBHIT 342
— HATIOBHICTIO KEPOBAHUX
HIT npunanax 345
— mnomsipHocTi 138
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— cTpymy 338
— — onuodasHuii i3 TpaHc-
(dbopmartopuum Buxoaom 340
Inrerparop Ha OI1 142
Iurepoeiic 216

Kackan
— miacwiroounit 85
— — op”ortakTHui 115
— — nBotakTHuii 115
— momnepeaHsoro miacuieHus 94
- — 3CB 35,101
- — 3CB103
- — 3CE35,94
- — 3CK35,99
- — 3CC105
- Ha TTOJIbOBHX
MI[H -tpan3ucropax 106
Koy 151
nmiogauii 151
- eneKTpOMexaHquI/Iﬁ 151
— enextponnuii 309, 311
— kepoBanuii 309
— perynsoBanuii 310
— Ttuny KoHrakropa 309
— rtumy “tupucrop-aion” 313
— tuny “tupucrop-tupuctop” 311
— TpaH3ucTopHuii 152
KoediuieHt
— rapMoHik 364
— 3anoBHeHHs 149
— 3mIapKyBaHHsa 259
— HacuyeHHs 43
— HeINHIHHUX BUKpUBIeHb 113
— mnepezadi ctpymy 34
— migcwieHHsa 85
— — (nuHaMivHe 3HaYeHHs) 85
— moTyXHocTi 366
— crabumizauii 273
Kosa popmyBanus immyiibscis 152
Konexrop 32

Kommapatop

— uaOIl 143

— uudpouii 305
KommnemenTapHa napa
TpansucTopis 119
Kownrporep 230, 232

— Oararoruiathuii 231

— oxHoratHui 231

— noriuxuii nporpamoBanuii 230
Kopexkriist

— AUXOIl134

— myns OI1133
Kparnicts mynbcariii 243

— BigruHaHHA 89, 262
— BuUMHKaHHs 312

— KepyBanHs 61, 312
— — kputnuaui 317
— mnposigHocti 312

JlaHI10K0K

— nmudepentiroroynii 152

— iHTerpyrounii 153
Jlinis HaBaHTaXeHHs 42
JliunnpHuk iMnysbci 194

— BigHiMarouuii 194

— JBifiKOBO-IECATKOBUII 196

— komann 220

— mnapanensuuii 196

— migcymoBytounii 194

— mnocnigoBuuii 195

— mpocruii 194

— peBepcuBHuii 194
Jlorika

— kopcrka 212

— mporpamua 215

Maricrpans cucremHa 218
Macrirab yacy peanbuuii 228
MaremaTuyna siorika 171
Marpuus R-2R 200
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Merton perynroBaHHs

— immynbscHuit 280
koMOiHoBaHu# 281

— dazo-imnynbcHuit 285

— YaCTOTHO-IMITYJIbCHUIT 281

— MHUPOTHO-iMITyTBCHUI 280
MikpoenekTponika 11, 67
Mikpokomanna 227
Mikpoxkomi rotep 232
MikpokoHTposnep 232
Mikpoonepariist 227
Mikpomnportiecop 212, 232
Mikpocxema inTerpaipHa 67

— ananorona 69

— Benuka 13

— ribpunHa 67

— JiHiAHO-IMITY/TECHA 69

— noriuna 70, 171

— HaImiBIpOBiIHUKOBA 69

— 1udposa 70, 171
MikpocxemoTexHika 11
Minimizauis ¢pynxkuii 190
MsuemoHnika 227
MuemoHiK criucok 228
Momyins 355
MynsruBioparop 154

—3 BigTuHarounMu giogamu 160

— 3 KOJIEKTOPHO-0a30BUMH
3B’s13kamu 155

—Ha OIT160

— Ha Taiimepi 210

— HaJIOTIYHKX eJleMeHTax i Tpurepax 207

—yekarounii 162
Myunsrumiekcop 193

HaBaHTaxeHHS
— nuHamiune 132
— VDCR-tumy 268
Hamisnposigauku 17
— 3 JIPKOBOIO MPOBIIHICTIO
(p-Tumy) 19

— 3 eJIeKTPOHHOIO MPOBIIHICTIO
(n-tumy) 19
Hamnpyra
— 3mimenss 90
— 3mimmenHs vy OI1 135
— mnopory nepemukanus 207
— Ttuny “meannp” 161
Hocii 3apsimy
— nipka 18
— enekTpoH 18
— HeocHOBHi 19
— ocHOBHi 19
Hynbosuii BuBin 246
Hynp-opran 144

OnaHogiOpatop
— naOIl164
— Ha Taiimepi 211
— HaTpaH3ucTopax 162
— HaTpurepi 208
Omneparis norigaa 171
— ABO — noriune gonasauus 171
— I —noriune muoxeuust 172
— 1imBepcii 173
— HI - noriyne 3anepeuenns 171
Omip
— HeratuBHMit 59
— moBHUI BXigHuii 386
— — perynboBaHuii 386

Iepepusau 3minHoro cTpy™My 309
IIeperBoproBau
— ananoro-uudposui (ALIT) 199
— ENEeKTPOMATHITHUH 1HIyKTUBHO-
emHicHUH (cxema Byepo) 277
— 3BOPOTHOXO0BHI 284
— cTpymy y Hanpyry 139
— 1udpo-ananorosuii (IJAIT) 199
— vacrotu 359
— YOTHPUKBaJpaHTHUIT 376
[Mepexin enekTpoHHO-ipKOBHii (p-1) 21
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[TincusroBay eMEKTPUIHUX
CUTHAJIIB €JICeKTPOHHUI 83

— Oararokackamauii 111

— OanancHui 126

— BubipkoBuii 84,120

— mudepeHuiniamii 128

— nmudepenuirorounii 143

— 3 TOABIMHUM nepeTBopeHHsM 129

— 3MIHHOTO CTPYMY
3 PE3UCTUBHO-EMHICHUMU
3B’si3kamu 111
3 TpaHcHOpMATOPHUMHU

3B’s13kamu 115

— iHBeprtyrouuii Ha OIT 136

— inTerpyrounii 142

— Hanpyru 84

— HeinBepryrounii Ha OI1 138

— Hu3bKO1 yactotu 84

— omnepauiinuii (OIT) 129

— mocriiiHoro crpymy 123

— motyxHocTi 84

— mnoryxHocTi iMmnynbcHuid 300

— TPSAMOTO IiICHICHHS

3 6e3nocepeanimu 38’ si3kamu 124

— pe3onancHuit 120

— crpymy 84
[MixcunroBayu-popmysau 325
[Mincuirorounii enement 31
IToBHICTIO KEPOBaHI HaITiBIIPOBI JHUKOBI
npunaau 346
IToBTOproBau

— eMitepuuii 99

— iHBepryrounii Ha OI1138

— HeinBepryounii Ha OI1 139
[MonBoroBau Harpyru 251
TTonis 171

— icrunna 171

— xub6Ha 171
IMo3ucrop 25
IToptu BBeneHHs/BuBeicHHS 237
IMorenmianpuuii 6ap’ep 20

[MotyxHicTh

— aktuBHa 367

— Mikpompouecopa 229

— HeakTHBHa 368

— moBHa 367

— peakTuBHA 367

— cmoTBopeHHs 367

[TpaBuina ne Moprana 172
[pencrasnenns anropurmy 224

— rpadiune 224

— omnwucose 224

— yBuDAl Tabnui 224
[pucTpii

— apudMeTHKo-aoriunmii 213

— 3anamstoByrounit 214
oneparuBHuii 218
nocriitauii 218

— BBOAYy-BUBOAY 214

— kepyBanns 213, 220

— nudpoBuil MikpoenekTpoHH#u# 188

— MikpornpotecopHuii 216
IIpucrpoi

— immynbeHi 148

— xomMOiHauiiini 188

— mocnioBHicHI 188

— (insrpokoMneHcaniiiai 372

— uudposi 188
[Mpo6iii p-n nepexony

— eJIeKTpUYHHH 22

— TemioBui 23
IIporpama

— BHXigHA 228

— MariHHa 226

— 00’ektHa 228

— petpancisaTop 227
IMpomyck BmMukanus 317
Iporecop 213
IIpornecopa crpykrypa 213

Panioimmysec 149
Perictpu 198, 220
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— anpecu mam’sti 220
— OydepHi inTepdeiicy 220
— xomanpg 220
— poboui 220
— crany 220
Perynsrop
— 3miHHoro ctpymy 309
onHopazuuii 311
— Hanpyru 242
onHo(ha3Huit 61
— — tpudasuuil cumerpuuHuii 318
— 3HIXKYIYOro Tuiry 282
— iHBepTy4oro tuiy 282
— HEaKTUBHOI NOTY>KHOCTI 382
— MiJBHIIYIOYOro TUIty 282
— cratuyHui 286
— dazoimMnynbcHuii 286
Pexum poboTu
— MyJbTHBIOparopa
aBTOKONMBANIBHHHN 155
CHHXpOHi3atii 155
yekarounii 155
— MiACHIIOBaYa
kimacy A 89
kiacy AB 90
kiacy B 89
kiacy C 89
kiacy D 90
crniokoto 88, 89
— HacuyeHHs 43
— TpaH3HhCTOpa
AKTUBHUI
(mipcumoBasbHMiT) 43
BinruHanusg 42
HacuueHHs 42
KITF040BHUii 42
Pesucropu
— HaIiBIPOBIIHUKOBI 24
TiHilHi 24
HemiHiiHI 24
PexynepyBanns 354

Po6oua Touka 43
Pos6anaunc OIT134

Camo30ymkenHs miacutosada 110
Curnan cundasnuii 129
Cumicrop 63
Cucrema
— YHCJIEHHS
nitikosa 171, 215
necsitkoa 215
HIiCTHAAIATKOBA 226
KoMaHz 228
— MikponpouecopHa 217
CIT-tpanzucrop 50
CIDK 291
— 3 BEPTUKAJIbHUM KepyBaHHAM 294
— 3TOPU3OHTAIBLHUM KepyBaHHsM 292
— 3 nudposum kepysanusm 305
— pe3uctuBHO-eMHicHA 301
CHabep 62
Crnioci6 kepyBanns (CIOK)
— BepTUKalbHUI 294
— TrOpU3OHTabHUIT 292
— uudpposuii 305
Crabinizatop
— KOMIIeHcaliiHuii 273
— — mapajiensHoro tumy 273
HOCJTiIOBHOTO THUITY 273
— Hanpyru 243
— mapamerpuunuii 271
— crpymy 277
Cra6inizaris remneparypHa 92
Cra0initpon 27
Cran
— Jnoriynunii 218
— Henoriunuii 218
— Tperiii 218
Crix 48
CrpymoBe a3epkaio 131
Cymatop Ha OI1
— imBeprytounii 140
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— HeinBeprytounii 140 — — 3130JbOBaHUM 3aTBOPOM
Cymarop-Bignimad 141 (BPTI3) 54
Cxema — MJIH53
— Bymepo 277 — MOH 52
— BeHTWIbHA 242 — opaHorepexianuii 46
— — 3 BHBe/IEHOIO HelTpao 318 — nosnboBuii 47
— — 31i30/1p0BaHOIO HelTpaIo 318 — — 3130JbOBaHUM 3aTBOPOM 53
— — OIl tunosa 133 — — 3 KepyruuM p-n repexomom 47
— 3amycky 324 — CIT51
— — TupucTopiB 325 — ckiagenui 44
— — OIMOJSAPHUX 1 TOJIOBUX — yHinossipuuii 47
TpaH3ucTopis 333 — Ilorrku 177
— — JIBOONEpALiHUX THPUCTOPIB — IGBT54
iBTI3334 Tpanzucropa
— noriyna 173 — TigpaBiiyHa Mozenb 44
— wMaricrpanbsHa 218 — ¢izuuna T-nonioHa moeis 41
— MiKponpoiecopa cTpykTypHa 219 — XapaKTepUCTHKU
— miBmMocToBa 252 — — Buximui34
— — BximHi 34
Tabmmrst — — JUHaMiYHa
— icrunnocTi 173 (miHis HaBaHTaXKeHHS) 41
— mnepexonis 183 — — KepyBaHHus 34
Taiimep 210 — — mepexiaHi 35
Taiimepu-niunnbHuKY 237 — — craruuni 34
Tepmictop 25 Tpaucdopmarop 242
Tepmopesuctop 25 Tpurep 179
Terpana 227, 229 — D185
Tupucrop 56, 60 - JK186
— JaBoornepariiHuii 63 — RS183
— eJIeKTpOCTaTHUYHMI 65 — T181, 186
— samipauii 3 MOH-kepyBanusam 66 — acHHXpOoHHHH 182
— ONTpoHHUI 64 — cumerpuynuii 179
— ¢oto- 63 — cuHxpoHHui 182
Tupucropa komyTariis — y iHTerpajabHOMY BUKOHaHHI 182
— HeBuUMYyIleHa 61 — Ilmirra 161
— mpumycosa 61 Tpurepa
Toroxuocrti anredpu storiku 172 — BXi
Tpansucrop 31 — — immynbcHuit 184
— n-p-nTany 32 — — imBepchwmii 183, 184
— p-n-p Tany 32 — — indopmariiitauii 182

— OinossipHuii 32 — — npsmuii 183, 184
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noteHiansauit 184
CHHXPOHI3alii (TakToBHi) 182
— BUXiX

iHBepcHuii 182

npsimuii 182

— crau 183

HeBU3HaueHuii 183

HynboBHi 183

onuHuYHuM 183

Tpunicrop 60

‘YMmoBu pexxumy rereparii 111

®@inbTp
— aKTUBHHHU
eMHicHMI 275
cunoBmii 375
— — — tpudasuuit 385
— “nmipka” 260
— emHicHuii 258
— 3aBajononMHarouuil 374
— 3mIapKyrounit 242
nmacuBHMMi 258
— ingykTHBHHN 258
— KkoMbGinoBaHuii 388
— HegucUnaTUBHMN 383
— HYJIBOBOI TOCTiJOBHOCTI 374
— “mpobka” 259
— pe3oHaHCHUH 259
cunosuii 372
ODraiibex 284
Orent-mam’ st 223
dotopesucrop 25
OyHKIIOHAIBHO TIOBHA CHCTEMA
JIoTiyHuX eneMenTiB 189
OyHKIIIsS
— JBiiiKoBa
(;oriyna, nepemukanpsHa) 171
— 3anepeuenss (HI) 171
— ABO 171,174
- 1172,174

— ABO-HI174

— [-HI174

crpinka ITipca 182, 189
wrpux eddepa 182, 189

XapakTeprCTHKa
— amrutityaHa 86
— amuitygHo-4yactotHa (AUX) 87
— BHXigHa quHaMiyHa 42
— Bonbr-amrepHa (BAX) 22
i/1eaJTbHOTO KITFOYOBOTO
enemenTa 151
— BHIIPSAMIISYA 30BHIIIH 269
— BXimHa
KEpYH4Oro nepexony
TuprcTopa 328
— kepyBanHus 314
— perymoBaibHa 314
— TpaH3HCTOpa
BHXI/THI 36
BXi/Hi 35
KepyBaHHs 36
nepexizaHi 36

LAIT199
— Ha OCHOBI METOJy epepO3NOIiTy
sapsiny 203

IeHTpabHHii IPOIECOPHHI eJeMeHT 236

Yommep 282

Iuknai cxema 45
[una

— anpecu 218

— nanux 218

— kepyBanHs 218
ymu migcunroBaya 113

HlinuaHicTs iMIyabciB 149

h— napamerpis cuctema 40
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