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JIEKIIA 1
OCHOBHI IMTAHHS TA BUBSHAUYEHHS TEOPII HAI[IﬁHOCTI
1.1 OcHoBHIi BU3HAYEHHSA

HaniifHicTh Ta J1arHOCTHKA € OJHIE€I0 3 OCHOBHUX 1HXKEHEPHUX IMpoOJIeM, sKa
70 ChOTOJHI He BuUpimeHa. HamailHICTh MOB’s3aHa 3 HAJIMIIKOBICTIO, TOMY IpHU
PO3paxyHKy 1H)XKCHEPHHUX 3aJ1ad HaJIHHOCTI BUKOPHUCTOBYIOTHCSA TEBHI KOEDIIIEHTH
3amacy.

[IpuunHy, 1m0 MOB’sA3aH1 3 MPOOIEMOI0 HAIHHOCTI:

1. Pi3ke 3pocTaHHS CKJIAJHOCTI Cy4acHOI TEXHIKH, SIKI HapaxoBYIOTh B COO1
10-txm 1 100-H1 MITBHOHIB €JIE€MEHTIB;

2. IHTEeHCHUBHICTIO peXHUMIB pOOOTH CHCTEM ab0 1X CKJIAJJOBUX YaCTHH;

3. CkmamgHicTh YMOB €KCIUTyaTallli TeXHIYHUX 3aco0iB (HH3bKI a00 BHCOKI
TEMIIEpaTypy, BHUCOKA BOJIOTICTh BiOpallli, NMPUCKOPEHHS, pajialis) aBTOMATHKH
BUKOPUCTOBYIOThCSL Tpu 3MiHI Temmneparyp (-70 mo +60 °C, mnpu BiIHOCHIN
Bosiorocti 98-100%, npu HaIBHOCTI BUCOKOi COHSTYHOI Ta KOCMIYHO1 pajiiailii)

4. BuMmoramu [0 SKOCTI POOOTH TEXHIYHMX 3ac00iB (BHCOKa TOYHICTH,
e(EeKTUBHICTD, IITBUJIKOT15])

5. IligBuimieHHsT BiAMOBIIAIBLHOCTI (OPMYBaHHS TEXHIYHHMX 3ac00iB (JIyxke
BHCOKa TEXHIYHA Ta EKOHOMIYHA I1iHA BIJIMOBH).

6. Jlromcekuit pakTop.

HaniifHicTh CBOE€IO METO/I0JIOTIEI0, JITEPATYPOIO Ta HAYKOBOIO IIKOJIOIO CTajla
okpeMoro rany3sto B 49-50pp. Came B 1ieil yac BUHUKIA TEHACHIIA /10 BUBYCHHS
BIJIMOB, $IKI BUHUKAIOTh B amaparypl, Ta (akTopiB, fKi BIUIMBAIOTh Ha HAJIHHICTh

anaparypu.
B npunagax 40-45% BigMOB BUHHMKA€E BHACIIJOK MOMUJIOK IIPU IPOEKTYBAaHH],
20% - BiAMOBM BHACIIJIOK TOMHJIOK BHUpoOHUNTBA, 30% - TOMUIKH IpHU

eKCIuTyaTarii oOCIyroBylOUMM IiepcoHaioM, 5-7% - BIAMOBU uepe3 Jerpajaarliro
MaTepiaiiB TpH eKCIUTyatarii 1 30epiraHHi MPUCTPOIB Ta €JIEMEHTIB (CTapiHHS
€JICMEHTIB, YacOB1 BIIMOBH )

[Ipobiiema migBUIIIEHHS HAAIMHOCTI € KOMIUIEKCHO0. HamiitHiCTh He BUHUKAE
CTUXIMHO, 1€ 3aBXIU pe3yJbTaT YNYIIeHb, HEAUCIUIUIIHOBAHOCTI, SIKI JIOMYIIEHO
IIpY MPOEKTYBaHH1, BAPOOHUIITBI Ta eKCIUTyaTallii BUpoOy, HenbanbcTBa. HagiitHicTh
Tpeba po3rianatu W npu 30epiranHi BUpoOiB. IIpo HaaiitHICTE BUpOOy y O1IBIIOCTI
BUIIAJIKIB 3rayl0Th SIK PO SKICTb.

Axicmob npodykyii — 11€ CYKYIHICTh BJIACTUBOCTEH, SIKi BUBHAYAIOTh CTYIIHb ii
NPUIATHOCTI JIJI1 BUKOPHUCTAHHS 3a Mpu3HadeHHAM. KokHOMYy BHUpOOY mpuUTamMaHHI
CBOi BJIACTHUBOCTI, OCOOJIMBI MOKA3HUKHU SIKOCTI, SIKI TMPOSIBJISIIOTHCA B MPOILIECi HOro
3aCTOCYBaHHS (TIPOJYKTH — CBIKICTb, B3YTTS — MIIHICTh, 3PYYHICTh KOJIOJKH,
BIJIMTOBITHICTH MO/I1, BEPCTATH — MPOAYKTHUBHICTh, TOYHICTh, IBUIKOIiS, MBUIKO Ta
JIETKO 3aMIHHICTh). DBITBIIICTh BIACTHBOCTEH, SKi XapaKTepU3YIOTh SKICTh HE
MOB’sI3aH1 O/JTHA 3 OJTHOIO.



Hanifinicte moB’s3aHa 3 yciMa BIACTUBOCTSMHU BHPOOY Ta XapaKTepU3ye
MPOSIB BCIX MOKA3HUKIB SIKOCTI BUPOOY B mpoieci podotu. Cama o coli HaaIHHICTh
BHUpOOY IlIe HE TOBOPHUTH PO MOT0 BUCOKY AKICTh (BUPIO Moke OyTH HaAilHUM, ayie
BOJIOJIITH HU3BKUMH TEXHOJIOTTYHUMHU XapaKTepUCTHKaMH). AJie SKIIO BHpIO Mae
BHUCOKI TEXHOJIOT1YHI XapaKTEePUCTUKH, aJie HE BOJIOJII€ BUCOKOIO HAAINHICTIO, TO BIH
BTpaya€ CBO€ TMPAKTUYHE 3HAYEHHS, OCKUIBKM HE MOXe OyTH TOBHOLIHHO
BUKOPHUCTaHUN B po0OTi. HamilHICTh € OJHIEIO 13 CKIIAJIOBUX SIKOCTEH MAaIIMHU abo
npwiany. L{s yactuHa sikocTi 0cO0IMBa, BOHA XapaKTepU3ye 3arajibHi BIACTUBOCTI
BUpoOy. 3abe3nedeHHsl SKOCTI Ta HAAIMHOCTI PO3TJISAAETHCS Yy BChOMY CBITI SIK
BOXKJIMBA TMpo0JjeMa HAI[IOHAIBHOI EKOHOMIKM B SKOi 3aJeKaTh TEMIH
IIPOMHUCIIOBOIO PO3BUTKY, 1 HaI[lOHATBHHH MPECTUK, T IBUATICHHS
KOHKYPEHTOCTIPOMOXKHOCTI BUpoOy. [Ipobrema HamiifHOCTI € CKJIaHOIO 1 CKIaIHICTh
piieHHs npoOIeMH BU3HAYAETHCA 11 KOMIUIEKCHUM XapaKTepOM, OCKUIbKH TEXHIUHA,
€KOHOMIYHA Ta COoIliajlbHa CTOPOHHU PO3TIIAIAIOTHCS B Hill pazoM. Bupib abo mpumnan,
CHCTEMa, arapaT, By30J MOXYTh OyTH OXapakTepu30BaHi 3 OOKY HaJIMHOCTI TphOMa
rnapaMeTpaMu: TEXHIYHMM CTaHOM, I[IOHOBJICHHSIM TMPalle3aTHOCTI Ta SKICTIO
(pucynoxk 1.1).

Bupib
v v v
AKICTb TEXHIYHWI CTaH NPUCTOCYBAHHA A0
/ \ / \ MOHOB/IEHHS!
iHL HaAiNHICTb rPaHUYHI CnpaBHi /
B/1IACTUBOCTI pPeMOHTOBaHI
A 4
HeCnpagHI HEPEMOHTOBAHI
|

npaesaaTHicTb —

HenpaLoroui BiZIHOB/NOBAHMI

A 4

HeBiAHOBNOBA/bHI

Pucynok 1.1 Xapakrepuctuku BUpoOiB

Hanitinicte Mae cBiit nepxkannii cranaapTt Ykpainu JJCTY 2860-94,

3rinno JACTY mig waoiiimicmio po3ymilOTh BIIACTUBICTH BHUPOOY (00’€KTa)
30epiraTd B dYaci B YCTAaHOBJICHMX MeEXKaX 3HAYCHHS BCIX MapaMeTpiB, sKi
XapaKTepHU3yIOTh 37aTHICTh BUKOHYBATH TOTPIOHI (QYHKIIT B 3aJaHUX peKUMaxX Ta
yMOBax  3aCTOCYBaHHfA,  TEXHIYHOro  OOCIyroByBaHHs,  30epiraHHs  Ta
TPaHCTIOPTYBAHHSI.

[Tpu mocmimkeHH1 HaIIMHOCTI YacTO CTAaBUTLCS 3aBJIaHHS BU3HAYNUTH MPUYHUHH,
0 MPUBOIATH A0 (popMyBaHHS Ti€i ab0 1HIIOI CTOpPOHW HaAIWHOCTI. be3 mporo



HEMOJKJIMBO HAMITUTH MPaBWIbHY MporpaMmy poOiT 3 migBUIIEHHA HaniiHOCTi. Lle
MPUBOJIUTH 10 PO3MOALTY HAIIHOCTI Ha:

- anapamuy HaolitiHicmb, OOYMOBJIEHY CTAHOM amaparypu, ska MOE IMpHu
HEOOX1THOCT1 PO3JUIATHCS Ha OUTBIN ApIOHI PI3HOBUIW HAIIMHOCTI: Ha HAAIHHICTH
KOHCMPYKMUBHO-CXEMHY 1 BUPOOHUUO-MEXHONO2IUHY

- npo2pamuy Haoditiicmsb, 0OYMOBJICHY CTAaHOM MPOTrpam;

- HaOitHicmb 00'ekma, 00YMOBJICHY SKICTIO 00CIIyTOBYBaHHS;

- HaOiuHicmb YHKYIOHANbHY — 1€ HAJIWHICTh BUKOHAHHS OKpeMHX (DYHKITIH,
MOKJIa/ICHUX HA CUCTEMY.

HanifinicTe 3aneXuTh BiJ TpU3HAYCHH O00’€KTY Ta yMOB 3aCTOCYBaHHS, a
TaKoXX BMIIIye B co0i O€3BIIMOBHICTh, JOBTOBIUHICTh, 30€pEKyBaHICTh Ta
PEMOHTO3/IATHICTh K OKpeMO (TIOOJMHOKO), TaK W KOMIUIEKCHO (Bigpa3y ABOMa
BJIACTUBOCTSIMH ).

be36iomosnicme — 11 BIACTUBICTh 00’€KTa BUKOHYBATH MOTPiOHI (YHKINT B
MIEBHUX YMOBAX MPOTITOM 33J]aHOTO 1HTEPBATY Yacy.

Jloeeogiunicmb — 11€ BIIACTUBICTh 00’€KTa BUKOHYBAaTH MOTPIOHI (PYHKIIT 110
nepexoay 'y TpPaHUYHUM CTaH TIpU  BCTAHOBJICHIM CHUCTEMI TEXHIYHOTO
00CITyrOByBaHHS Ta PEMOHTY.

3b6epesicysanicmby — 1€ BIACTHBICTh 00’€KTa 30epiraTd B 3aJaHUX MeXKax
3HAUYEHHS  TapaMeTpiB, IO XapaKTEPHU3yIOTh 3JaTHICTh O00’€KTa BUKOHYBATH
noTpiOH1 QYHKIIIT Mi Yac 1 micis 30€peKeHHs UM TPAHCTIOPTYBaHHSI.

Pemonmoszoamnicme — 1e BIAacTHBICTh 00’€KTa OyTH TPHUCTOCOBAHHUM JIO
MIATPUMKA Ta BIJHOBJIEHHS CTaHy, B SIKOMY BIH 3/JaTHH BUKOHYBaTH MOTPIOHI
GYHKIIIT 32 I0MTOMOT0I0 TEXHIYHOTO 00CIIyTOBYBAHHSI Ta PEMOHTY.

1.2 TloHATTS 00’€KTY, €J1eMEeHTY Ta CUCTeMH

[lin 06’ekmom B Teopli HAMIMHOCTI PO3YMIIOTh CHUCTEMY B IIJIoMYy a0o
OKpEMUH €JIEeMEHT IIi€l CUCTEMH, OY/I0Ba SIKOTO PO3MIISIIAETHCS 3 TIOTIISY HalIMHOCTI
SIK CAMOCTIMHA OJWHMUIIS.

[lin cucmemoro PoO3yMitOTH CYKYMHICTh €JIEMEHTIB, IO B3AEMOMIIOTH MIXK
co00l0 B Tpoleci BUKOHAHHA 3aaHux (QyHkid. Cucrema mnpu3HAdYeHa IS
CaMOCTIHOTO BUKOHAHHS BU3HAYEHOTO MPAKTUYHOTO 3aBIaHHS.

[Io cTymeHO CKIAQAHOCTI CHUCTEMHM MOXHA WIAPO3AUIATA Ha npocmi ma
ck1aoHi. BiIMiHHI PUCH CKJIaJIHOT CHCTEMH TaKi:

- BEJIMKAa KIJIbKICTh CJICMCHTIB;

- CKJIQJIHUM XapakTep 3B'S3KIB MIXK €JIEMEHTAMU;

- PI3HOMAHITTS (PyHKI1/A BUKOHYBAHUX CUCTEMOIO;

- HasIBHICTh €JIEMEHTIB cCaMOOpraHi3ailii;

- CKJAQJHICTh TOBEJIHKM MPU MIHJIMBUX 30BHINIHIX BIUIMBAaX, OOYMOBJICHA
HAsBHICTIO  3BOPOTHMX  3B'SI3KIB, y4acTI0  OINEPAaTUBHOTO  IMEpCOHANy Yy
(YHKIIIOHYBaHH1 CUCTEMH.

3asie’kHo Bij] (aKTOPIB, 110 BPAXOBYIOTHCS MPH KiIacu(ikailii, po3pi3HSIOTh:

a) CTPYKTYPHO CKJIQJH1 CUCTEMU;

0) GyHKITIOHATEHO CKJIaJHI CUCTEMH.
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Enemenmom cucreMu Ha3WBaIOTh CKIAIOBY YaCTUHY CHUCTEMH, SKa
pO3rasAaeTbess 0€3 MONaibIIOro MOMUTY SK €IWHE IIe; BHYTPIIIHSA CTPYKTypa
eJIeMEeHTa MPU JAaHOMY PO3TJISA/l HE € MPEIMETOM JTOCITIIKSHHS.

[Tonarrs “cucrema” Ta ‘“‘eleMEHTH’ BHPaXKEHO OJIHE uepe3 IHIIe Ta €
YMOBHUMHU: T€, 10 € CHUCTEMOIO /I OJHUX 3aBJaHb, I IHIIMX NPUHAMAETHCA
€JIEMEHTOM 3aJICKHO BiJ IIIE BUBUEHHS, HEOOXITHOI TOYHOCTI, PIBHS 3HAHB IPO
HafAiiHICT 1 T.4. HaBiTh Taka ckiagHa cucrema, sk EOM, Moxe po3riasgaTucs sk
€JIeMEHT OUTbII CKJIAAHOI CUCTEMH - aBTOMATHU30BaHOTO TEXHOJIOTTYHOT'O KOMIUIEKCY,
o Bkitovae, kpim EOM, texHosoriunuit 00'ekT kepyBanHs. [l]e 611b111010 Mipoto 11e
BITHOCUTBCS 10 CKJIanoBuX yactua EOM.

Cporogni MOXHA BHUIUIMTH YOTUPU TPyNH OO’€KTIB, SKI BiIPI3ZHAIOTHCS
MOKa3HUKAMH Ta METOJaMH OIIHKU HaAIMHOCTI (pUCYHOK 1.2).

OB’EKT
obcnyroByBaHHA HeobcnyrosyBaHHA
HEePEeMOHTO34aTHICTb PEMOHTO34aTHICTb
\ 4
v v
HeBiHOBNIOBAHUM BiZIHOB/IOBAHUI
A 4
v v
He 40MyCKae nepepmsm [ONYCKaE nepepusu B
B poboTi po6oTi

Pucynok 1.2 Tunu 06’€xTiB

Obcnyeo8ysanuti 06°ckm — 00’€KT, IJsl SIKOTO TPOBEJAEHHS TEXHIYHOTO
00CIIyrOoByBaHHS Tiepea0adYeHO HOPMATHBHO-TEXHIYHOI JOKYMEHTaIli€ro abo
KOHCTPYKTOPCHKO-TIPOCKTHOIO IOKYMEHTAIII€10.

Heobcnyzosysanuii 06’exkm - 11¢ 00°€KT, NI SKOTO MPOBEIASCHHS TEXHIYHOTO
o0CITyroByBaHHA HE TMepen0ayeHO0 HOPMATUBHO-TEXHIYHOIO JOKYMEHTAII€I0 Ta
KOHCTPYKTOPCHKO-TIPOCKTHOIO IOKYMEHTAIII€10.

Pemonmosanuii 06’ekm — 1€ 00’€KT, PEMOHT SKOTO IepeAdadyeHuid Ta
MO>KJIMBHI PEMOHTOBAHOI0, HOPMATUBHOIO Ta KOHCTPYKTOPCHKOIO JTOKYMEHTAIIISIMHU.

Hepemonmosanuii 06’ekm — 11e 00’€KT, PEMOHT SIKOTO HE TepeadadeHuit
HOPMAaTHBHOIO PEMOHTHOIO Ta KOHCTPYKTOPCHKOIO IOKYMEHTAITIETO.

Bionoenwseanuti 06’ekm — 11€ peMOHTOBAaHUN OO’ €KT, SIKMM TICIs BIIMOBH Ta
YCYHEHHsI HECIIPaBHOCTEHN 3HOBY CTa€ 3JaTHUM BUKOHYBAaTH MOTPIOHI (PYHKIIII, 110
3a7aHl KUIbKICHUMH MTOKa3HUKAMU HAJ1MHOCTI.
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I'omosHicmb — BIAaCTUBICTh 00’€KTa BUKOHYBATHU MOTPIOHI (YHKIT B JaHUX
YMOBaX MPOTATOM 33JaHOTO IHTEPBATY Yacy 3a YMOBH 3a0e3MedeHHs] HeOOX1THUMU
30BHIIIHIMH pecypcamu.

3a ctaHoM 00’ €KTa PO3PI3HSIOTH:

— CIIpaBHHM CTaH;

— HECIpaBHUH CTaH;

— Tpale3jaTHUM CTaH,
— Hermpare3JaTHUM CTaH,
— KPUTUYHUH CTaH;

— T'PaHUYHUU CTaH.

Cnpaenicms — 1€ cTaH 00°€KTa, 3a SKUM BiH 3/JaTHUN BUKOHYBATH BCl 3aJaHi
byHKIIIi.

Hecnpasnicmv — 11e ctan 00’€KTa, 3a SIKUM BiH HE 3JaTHUN BUKOHYBATHU OJIHY
13 3aganux ¢yHkiid. HecripaBHICTh MOXe OyTH: HE3HAYHOIO, YaCTKOBOIO, 3HAYHOIO,
MOBHOIO, TPUXOBAHOI0, MACKOBAHOIO.

Kpumuunuu cman — ue cran 00’eKTa, 110 MOXE NPU3BECTU 10 TPABMYBAHHS
JII0JIeH, 3HAYHUX MaTepiabHUX 30MTKIB Ta 1HITUX HEMPUHHATHUX HACIIIJIKIB.

I'panuynuti cman — 11e cTad 00’€KTa, 3a SKUM HOTO MOJaJbIlla eKCILTyaTaIlis
HEMPUIYCTUMA YW HeJOLUIbHa abo BIAHOBICHHS WOro Mpane3/laTHOTO CTaHy
HEMOYKJIMBE YU HENOIIIbHE.

Hapenemo mie nBa ocHoBHUX Bu3HadeHHs 3riaHO0 JJCTY 2860-94.

Hegpexm — 1e KOXKHa OKpeMa HEBIJMOBIIHICTh 00’€KTa BCTAHOBIIEHUM
BHMOTaM.

Iowrxoooicenna — 1e TOJiA, SKa TOJATa€ y TMOPYIICHI CIPAaBHOTO CTaHY
00’€KTa, KOJIM 30epiraeThCs KOTro Mpaie3gaTHICTb.

1.3 BixmoBa Ta Ti Buau

Biomosa — uie mofis, sika MoJiAra€ y BTpaTi 00’€KTOM 37aTHOCTI BUKOHYBATU
noTpiOH1 QyHKIIII.
HecmipaBHicTh Ta BiIMOBA BIPI3HAIOTHCA MK COOOI0: HECITPABHICTD — 1€ CTaH
Ta MMPUYMHA BIJIMOBH, a B1JIMOBA — ITO/Tis.
Po3pi3HsI0TE BIIMOBH:
—  TIOBHY;
—  YacTKOBY;
—  KOHCTPYKLIHHY;
—  PeCypcCHY;
—  BUpPOOHUUY;
—  CHCTEMAaTHYHY.
Pecypcna 6iomosa — 11e BiiMOBA, BHACIIJIOK SKO1 00’ €KT JOCSITa€ FPAHUYHOTO
CTaHy.
36ii — 11e caMo ycyBHa (OHOPA30Ba) BIIMOBA, SIKy HE3HAYHUMU BTPYYaHHIMHU
yCyBae oreparop.
Iloemoprosanvua 6i0mMoéa — 1ie¢ caMO YCyBHa BIIMOBa OJIHOTO M TOTO X
XapakTepy, 10 BUHUKAE 0araTopaszoso.



Heepaoosana 6iomoea — 1ie BIIMOBA, CIIPUYMHEHA MpollecaMu JAerpajanii B
00’€KTi, MpU AOTPUMAaHHI BCIX BCTAaHOBJIEHUX IMPaBWJ, HOPM BUTOTOBJICHHSA Ta
eKCcIuTyaTarlii.

Panmosa siomosa — BiagMOBa, Ky HEMOXXJIHWBO BU3HAYUTH (Mepen0ayvynTH)
JOCTIPKEHHSIMH, TEXHIYHAM OTJISIIOM.

Ilocmynosa 6iomosa — BiIMOBa, CIpPHYUHEHA TIOCTYIIOBUMHU 3MiHAMU OJTHOTO
YU JIEKIJIbKOX IMapaMeTpiB 00’e€kTa, 1i MOXKHA NepeadauuTH JOCHIDKCHHSIM YU
TEXHIYHUM OTJIAJIOM a TaKOX ii 1HKOJIM MO>KHa BiJIBEpHYTH 3aX0JaMH TEXHIYHOTO
00CITyTOBYBaHHS.

Crig po3pi3HATH BiMOBH:

—  BpaxoBaHi Ta HEBPaXOBaHi;
—  3BQJICKHI Ta HE3AJICKHI.

Bpaxoeani 6iomosu — SK TPaBWIO 3aHOCSATh Y PO3PAXyHOK BEIMYMHU
MMOKa3HUKa OE3B1IMOBHOCTI.

Hespaxoeani 6iomo6éu — BUIy4alOTh 3 PO3PaxXyHKYy BEIUYMHU ITOKA3HHUKA
0€3B1IMOBHOCTI.

3anescna 6iomoséa — 1ie BiIMOBa 00’€KTa CIPUYMHEHA MPSAMO YU HEIPSIMO
B1JIMOBOIO 200 HECTIIPABHICTIO 1HIIIOTO 00’ €KTA.

Heszaneosicna 6iomosa — 1ie BiIMOBA HE CIPUYMHEHA MPAMO YU HE TMPAMO
B1JIMOBOIO 200 HE CIPABHICTIO 1HIIIOTO 00’ €KTA.

Biamosu B EOM n0o1iJIbHO MiAPO3IUIATH HA:

a) anapamypHi, IPU SIKUX BTPAYA€ThCS MPAIE3aTHICTh 1 JUIs 1i BIJHOBJICHHS
MOTp1OHE MPOBEJICHHS PEMOHTY a00 3aMiHa €JIEeMEHTA, 10 BiIMOBHUB, Ha 1JICHTUYHUI
Mpale3/1aTHUN;

0) npocpamui, IpU STKAX BTPAYAETHCS MPANE3TaTHICTh Yepe3 HEAOCKOHATICTh
MporpaMM, BiJACYTHOCTI MPOrPAaMHOTO 3axUCTy BiI 300iB, HEIOCKOHAJIOCTI
aNTOPUTMY PO3B'S3KY 3aBJaHHS 1 T.]I.

Ilpuuuna 6i0MO6U XOBAETHCSA TIiJ Yac TMPOCKTYBAaHHS, BUTOTOBJICHHS YU
BUKOPHUCTAHHS 00’ €KTa, K1 i IPU3BEIH J0 BiIMOBH.

Mexanizm 6iomosu Moxke OyTH TOB’si3aHUN 13 (I3MUYHUMH, XIMIYHHUMH Ta
THIITUMU TIPOIIeCaMU, IO TPUBEIH 10 BITIMOBH.

Hacnioku 6iomoeu — sBUINA, TPOILECH, MOAIl, OOyMOBJICHI BUHHUKAHHSIM
BIIMOBU 00’ €KTA.

[Tpu po3paxyHKy HaIIHHOCTI BUKOPUCTOBYIOThH TaKi TEPMIHU:

Hapobimok (nanpayrosanis) — 11ie TPUBAIICTD Y 00CIT poOOTH 00’ €KTa MOXKE
OyTH HernepepBHOIO (4ac) abo AUCKPETHOO (KIIBKICTh LIUKIIIB) BEJIMUYUHOIO.

Hapobimok 0o 6iomosu — 1€ 4ac BiJl MOYATKy €KCIUTyaTallli 10 BUHUKHEHHS
B1JIMOBH.

Hapobimok mixc 6iomosamu — 1€ HapoOITOK 00’€KTa BiJ 3aBEpILICHHS
BiJTHOBJICHHS MOTO TpaIe3/1aTHOTO CTaHy ICJIs BIIMOBH JI0 BUHUKHEHHS HACTYITHOT
B1IMOBH.

Pecypc (mexaniunuii pecypc) — e cymapHuii HapoOITOK 00’€KTa BiJl IOYATKY
HOTO eKcIuTyaTarlii 41 BiIHOBJICHHS IMICII PEMOHTY JI0 NMEPEX0y B TPAaHUYHHI CTaH.



Ilpuznauenuii pecypc — 1e CymapHHil HapoOITOK 00’€KTa MPU JOCATHEHHI
SKOTO €KCIUTyaTallio 00’ €KTa MOTPiOHO MPUMTUHUTH HE3AJIEKHO B1Jl HOTO TEXHIYHOTO
CTaHy.

Tepmin cayacoOu — 1€ KaJleHJapHa TPUBAIICTh EKCIUIyartarlii 00’€KTa Bif
MOYaTKY YU MOro MOHOBJICHHS MICIS PEMOHTY JI0 IEPEeX01y B TPAaHUYHUMN CTaH.

Tepmin 36epescysanocmi — 1€ KaJICHIapHAa TPUBAIICTh 30€pEeKECHHS YU
TpaHCHIOPTYBaHHs 00 ’€KTa, TPOTATOM  AKOI 3HAYEHHS  MapaMeTpiB, IO
XapaKTepU3yIOTh 3JaTHICTh 00’€KTa BUKOHYBATH IMOTPIOHI (QyHKIII mepe0yBaloTh B
3aJIaHUX MEXKax.

Ilpusznauenuti mepmin 30epicanHs — 1ie KaJCHIApHA TPUBAIICTh 30epiraHHs
MIiCHs TOCSATHEHHA AKOi 30epiraHHs 00’€KTa MOTPIOHO MPUMHHHUTHA HE3aJEKHO BIJ
HOTO TEXHIYHOTO CTaHy.

Tepmin nonosnenus — 11€ 1HTEPBAJI Yacy, MIPOTATOM SIKOTO 00 €KT repedyBae B
HeMpale31aTHOMY CTaHi yepe3 BiMOBY.

Tpusanicmv mexniuno2o 00Cry208y8aHHs (peMOHmy) — IHTEpBal dacy,
MPOTArOM SIKOTO BUKOHYETHCS BPYYHY a00O aBTOMATHYHO OMNEpalis TEXHIYHOTO
oOciTyroByBaHHsi a00 PEMOHTY O00’€KTa, BKJIIOUAIOYM TPHUBAIICTH 3aTPUMOK uepe3
He3a0e3MeUeHICTh PECypCaMH.

Ilepioo npupobimxy (npupobimku) — MOXIUBANA TIOYATKOBHM TMepioj
HapoOITKy 00’€KTa, MPOTITOM SKOTO CIOCTEPITAEThCS CTaja TEHJICHIS 10
3MEHIIICHHS] TTapaMeTpy MOTOKY BiMOB, IO 3yMOBJICHI HasBHICTIO, MOCTYIIOBUMU
BUSIBJICHHSIMU Ta YCYHEHHSIMU MTPUXOBAHUX JEHEKTIB.

IneanizoBana KpuBa IHTEHCUBHOCTI BIIMOB IOJIJaHa Ha PUCYHKY 1.3.

A

X(t)
[ — mepiox mpupoOiITKY

Il — mepio HOpMaNbHOI eKCIUTyaTalil
00’exTa (IHTEHCUBHICTB BIIMOB A = const)

1T — nepiox HaKOMMYEHHS 3MiH B
Marepianax, 00’ ekTax (3HOIIEHHS, CTapIHHSA,
TOIIO)

Pucynok 1.3. [neanizoBaHa KprBa IHTEHCUBHOCTI B1JIMOB

1.4 Buam noka3HuKIB HagilHOCTI

Bci BJIACTUBOCTI HAJIHOCTI (0e3BIIMOBHICTb, 30epeKyBaHICTb,
PEMOHTO3/IaTHICTh) XapaKTEPUIYIOTHCS MMOKa3HUKAMH.

Toxa3znuk naditinocmi — 11e KOMIUIEKCHA XapaKTepUCTHUKA OJIHIET YU TEKITHKOX
3 TUX BJIACTUBOCTEH, SIK1 Y CYKYIHOCTI CKJIaIal0Th HAJIHHICTh 00’ €KTa.

Cepen moKa3HUKIB HAIIHHOCTI PO3PI3HSIOTH:
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— O0OuHUYHi — 1€ TIOKa3HUKU HAJIAHOCTI, 10 XapaKTePU3yIOTh OJHI 3 THUX
BJIACTHBOCTEH, SIK1 B CYKYITHOCTI CKJIaJalOTh HaA1iHICTh 00’ €KTa;

— KoMnaeKcHi — 1€ TIOKa3HUKU HaAIHHOCTI, II0 XapaKTepuU3yloTh ACKIJIbKa
BJIACTUBOCTEH 3 THUX, K1 B CYKYITHOCTI CKJIaIal0Th HAIMHICTh 00’ €KTA;

— excnayamayitxi — 1€ TIOKa3HUKH HaJIMHOCTI, TOYKOBY YU IHTEPBAIbHY
OILIHKY SIKOT'O BU3HAYAIOTh 32 pe3y/bTaTaMu €KCILTyaTallii;

— eKcnepumeHmanvhi — 1€ TMOKa3HWKU HaJIIMHOCTI, TOUKOBY Y IHTEPBAIbHY
OIIIHKY SIKOT'O BU3HAYAIOTh 332 JAHUMU BUIPOOYBaHb;

— PO3PAaxyHKO6I — BU3HAYAIOTh IIUIIXOM PO3PaXyHKIB.

Koxna 3 BnacTuBocTed HafiiiHOCTI (O€3BIIMOBHICTh, 30€pekKyBaHICTb,
PEMOHTO3/IaTHICTh) BU3HAYAETHCSI HAOOPOM MOKA3HUKIB.

Jlo nokasnuuxis 6e36ioMosHoCmi HaNECKaTh.

— MMOBIipHICTH 6€3BIIMOBHOI pOOOTH;

— CcepemHii HapoOITOK 10 BIIMOBH;

— cepeaHiil HapoOITOK MK BIIMOBaMU;

— Y — BIICOTKOBHI HApOOITOK Ha BIAMOBY;
— 1HTEHCHBHICTb B1JIMOB;

— cepeaHs IHTCHCHUBHICTD B1JIMOB,;

— TapameTp MOTOKY BiJMOB;

— CepelHii mapaMeTp NOTOKY BIIMOB.

Hmogipricmo 6e36iomosnoi pobomu — 1ie AMOBIpHICTH TOTO, IO NPOTATOM
3aJ1aHOTO HapoOITKy BiAMOBa 00’€KTy HE BUHUKHE (Ha MOYATKy iHTEpBalIy 4acy 4
HapoOITKy 00’€KT HE BIZIMOBUTH).

Cepeoniti HapoOIimox 00 8i0Mo6u — MaT€MAaTHYHE CIHOJIBaHHS HapoOITKY
00’€eKTa 10 MepuIoi BiIMOBH.

Y-810COMKOBULL HAPOOIMOK HA 8i0OMO8)Y — 11€ HapOOITOK MPOTITOM SIKOTO
BiJIMOBa 00’€KTa HE BUHUKHE 3 HIMOBIPHICTIO Y BUPAKEHOIO Y BIJICOTKAX.

Iumencuenicms 8i0M06 — yMOBHA I'yCTHHA WMOBIPHOCTI BUHUKHEHHS BIJIMOBU
00’€KTa, sIKa BA3HAYAETHCS 32 YMOBH 110 JI0 IIOTO MOMEHTY BiJ]MOBA HE BUHUKIIA.

llapamemp nomoky 6i0M08 — BIAHOIIECHHS MAaTEMAaTUYHOTO CITOJIBAaHHS
KUIBKOCTI BIJIMOB BIJIHOBJIIOBAHOTO 00’€KTa 3a JOCHUTh MalHuil HapOOITOK M0
3HAYCHHS 1IHOTO HAPOOITKY.

1o noxasnuuxie 0o62o8iuHoCmi BITHOCATHCS

— cepeoHill pecypc — 1le MaTeMaTUYHE CIOJIIBAaHHS PECYPCY;

— y-8i0comKosull pecypc — 1ie CyMapHUH HaApOOITOK MPOTATOM SKOTO 00’ €KTH
HE JOCSTHE TPAaHUYHOTO CTaHy 3 WMOBIPHICTIO Y , BPAXEHOTr'O Y BIJICOTKAX;

— cepeoHill mepMiH Ciyxcou — 11le MaTeMAaTUYHE CIIO/IIBaHHS TEPMIHY CITYKOU;

—  Y-8i0COMKOBUL MePMIH CAYHCOU — 1€ KaJeHAapHa TPUBAIICTh EKCILTyaTallis
00’€KTa MPOTATOM SIKOT BiH HE JOCATHE CBOIO TPAHWYHOTO CTaHy 3 WMOBIPHICTIO Y
BUPAKEHOIO Y BIJICOTKAX.

o nokasHuxkis 36epesicysanocmi CIiJl BITHECTH:

— cepeoHill mepMmiH 30epexcy8anocmi — 11e MaTeMaTHYHE CIIOAIBaHHS TEPMiHY
30epeKyBaHOCTI;

—  y-8i0cOMKOBULI MePMIH 30epedcysanHocmi — 11e TEPMIH 30epeKyBaHOCTI 110
Horo nocsirae 00’ €KT 13 337]aHOK0 KMOBIPHICTIO Y, BUPAXKEHOIO Y BIICOTKaX.
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Jl0 nokasnuxie pemonmo3zoamnocmi BIAHOCATHCA:

— ULMOGIpHICMb BIOHOGNeHHsT — WMOBIPHICTH TOTO, IO Yac BIAHOBJICHHS
Mpare3aTHOTO CTaHy 00’ €KTa HE MEePEBUIIYE 3aJaHOTO 3HAYCHHS;

— cepeOHsi mpusalicmo 8i0HOBEeHHS,

— Y — 8I0COMK0O8A MPUBANICMb BIOHOBEHHS,

— IHmMeHCUBHICMb 8IOHOGIEHHs — YMOBHA TYCTHUHA MMOBIPHOCTI B1JHOBJICHHS
npare3aTHOro 00’€KTa BU3HAYEHHS JJIi OJTHOIO MOMEHTY 4Yacy 3a YMOBH, IO JI0
[IOT'O MOMEHTY BiIHOBJICHHSI 00’ €KTa HE 3aBEPIIMIIOCS;

— cepeOHs IHMEeHCUBHICIb BIOMO8;

— cepedHsi MPYOOMICMKICMb MEXHIYHO20 O00CIY208Y8AHHS (PEMOHMY) —
MaTeMaTU4YHe CIOJIBaHHS TEX. OOCIYrOBYBaHHS YM PEMOHTY BHPAKECHE B JIFOJAWHO-
rOJINHAX.

o xomnnexcnux noxaznuxie HaodiiHocmi HAICKATD.

— koeghiyienm comosnocmi K — AMOBIPHICTH TOTO, 10 00 €KT BHUSIBUTHCS

mpare3gaTHUM Y JOBUIBHMX MOMEHTAaX 4Yacy, KpiM 3aIUlaHOBaHHMX IEPIOiB,
IPOTATOM SIKMM BHUKOPHUCTAHHS O00’€KTa 3a MpPU3HAYCHHSIM HE 3aIlIaHOBAaHO.
KoedirieHT roTOBHOCTI BU3HAYAETHCS SIK:

Kz = _Tw
AT T
M T 1B
ne Ty — cepenHii yac HapoOITKY /10 BIAMOBH,
Tg — cepenniii yac HapoOITKY BiJl IOHOBJIEHHS.

— Koe@iyicHm onepamueHoi 20mMoOBHOCMI — 1€ UMOBIPHICTh TOTO, IO 3a
BUHATKOM THX 3alUIaHOBAaHUM TIEPIOJIB, TPOTATOM SKUX BHUKOPUCTAHHSA 3a
npu3HAaYeHHs He mepeadadeHo, o0’€KT y JOBUIBHUM MOMEHT 4Yacy BHSIBUTHCS Y
mpare3aTHOMY CTaHl Ta Hajadl BHUKOHYBaTUME TMOTPiOHI (YHKIII MPOTIroM
3alaHoro iHTepBaily 4acy. KoedillieHT onepaTHBHOI TOTOBHOCTI BU3HAYAETHCS SIK
100yToK KoedilieHTa rotoBHOCTI (K ) Ha MMOBipHICTH 0€3BIAMOBHOI pOOOTH P(t):

Kor = K- P(t).

— koegiyicum necomognocmi (npocmoio) K ;

— cepeonin K,

— cmayionapnut K, — 3HaueHHss K, 1m0 Bu3HaueHe i1 YMOB poOOTH
00’€kTa, KOJIM CepelHId MapaMeTp TMOTOKY BIIMOB Ta CEpeaHs TPUBAIICTh
BIJTHOBJICHHS 3aJTUIIAETHCS const.

—  Koegiyicum mexHiuH020 SUKOPUCMAHHA — BITHOBJICHHS MaTEMaTHYHOIO
CHIBBIIHOILIEHHSI CYMapHOIo 4yacy nepe0yBaHHsA 00’€KTa y Ipale3/1aTHOMY CTaHl 3a
JesKMA  TepioJ] eKCIUTyaTamii Ta y MpPOCTOSAX, 3yYMOBJIEHUX TEXHIYHUM
00CIIyrOByBaHHSIM Ta PEMOHTOM 3a TOW caMUl Mepioj Jacy.

Hamidtaicte  3rigao  JICTY g1 KOXKHOTO — pO3pOOJICHOTO  MPHUCTPOIO
HOPMYETBCH.
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BCTAHOBJICHHSI Yy HOpPMAaTHBHIN Ta

Hopmysanus  naoiinocmi — 1e
KOHCTPYKTUBHIM JOKYMEHTAIlll KUIbKICHUX Ta SKICHUX BHUMOT JO HaJINHOCTI

00’exTa.
1o nokasznukie HopmyearHs HAOILIHOCMI BITHOCSATHCS.
— HOPMOBAHMM MOKa3HUK HAIIMHOCTI;

- BaﬂaHI/Iﬁ ITIOKAa3HUK;
— ONTUMAaJIbHUH MTOKA3HHUK.
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JIEKIISA 2
TEOPISI HA,Z[IﬁHOCTI
2.1 MaremaTu4Ha Teopii HaJiiiHOCTI

Teopiss HaAIMHOCTI — HAayKOBa JMCIMIUIIHA, SKa BUBYAE 3arajibHl METOOM 1
3aX0/M MPHU MPOEKTYBaHHI, BUTOTOBJIEHHI, KOHTPOJII Ta eKcrutyaTaiii Bupoody. Came
BOHA PO3IJILAa€e 3arajbHI METOJM PO3PaxyHKIB SKOCTI BUPOOIB. sl pimieHHS i
IHKEeHEpHUX 3a/lad CTBOPEHO BIAMOBIIHUM MaTeMaTUYHHWI amapar, SKUil Hajaae
METOJIUKY 1 11 OOTPYHTYBaHHS IPH PO3TIISAL IKOCTI BUPOOY, @ TAKOXK ii KOHTPOIIIO.

Teopiss HamifiHOCTI 0a3yeThcsi Ha Teopii WMOBIPHOCTI Ta MaTeMaTH4HIN
craructuil. KpiMm Toro MaremaTuuHiii Teopii HaJIHHOCTI BUKOPUCTOBYIOTHCS JAESKI
MOJIO’KEHHSI Teopii MacoBOTO OOCITYyroBYBaHHS, a TAaKOX amapar MaTeMaTUYHOTO
aHami3y.

Ckian MaTeMaTUyHOI Teopii HaAIMHOCTI MOJAaHO HA PUCYHKY 2.1.

™ TMIMH PiNB

A /
!
>

MC < MTH > TK

MK

KH

Pucynoxk 2.1 CkJ1aJl MaTeMaTUYHO1 TEOpii HAAIMHOCTI:
TMIIH — TexXHOJIOrYHI METOIM ITIABUILEHHS HAMIHHOCTI
TK — teopis koutpodto ( [IK — npuiimansamii mynkt, KH — koHTpoabs HagiitHOCT1)
TH — Teopis iiMmoBipHOCTi
MC — mareMaTHyYHa CTaTHCTUKA
PilIB — po3paxyHOK 1 MpOEKTyBaHHS BUpOOY
MTH — marematuyHa Teopist HaJIHHOCTI

3aranpHUN MIAXIA 10 BU3HAYEHHS HAMIMHOCTI — II¢ HaOlp CTAaTUCTUKH TIPU
eKCIUTyaTallii B MeBHUX yMmoBax. /[ po3paxyHKy MpHUCTpOiB MUGPOBOI TEXHIKU Ta
KOMIT IOTEPHHX CHCTEM IIMPOKO BUKOPHCTOBYETHCS amapar Teopil iimosipuocti (TH)
ta armapatr MC (MaTeMaTU4YHOI CTaTHCTHKH), K1 JAlOTh MOXMJIMBICTH NMPHU TMEBHHUX
yMOBaX PO3KPUTH B3a€MO3B’SI30K MK HA/IIMHICTIO KOHKPETHUX BUPOOIB 200 CUCTEM,
JUTSI STKUX HAKOTMMYEHUH CTaTUCTUYHUN MaTepiai 3 IEBHUM YHCIIOM, BEJTMYUHA SIKOTO
€ MIPOIO HaJIIMHOCTI.

T ta MC 1ar0Th MOKJIUBICTH HE TiIBKH MPAaBWJIBHO OIIIHUTH HAJIIMHICTH
o0’exkTa B Tpolleci eKcIulyaTallli, a po3paxyBaTd, MPOTHO3YBAaTH ii Ha eTamax
IIPOCKTYBaHHS.
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2.2 Teopis HMOBIpHOCTI Ik MaTeMATHYHMA amapat AJsi JOCJiIKeHHSs
HAJAIHOCTI KOMII’IOTEPHHUX CHCTEM

Teopisa iimosipHocmi — HayKa, sSIka BUBUA€ 3aKOHOMIPHOCTI BUTIQJKOBUX SIBHIIL.
Bunaokose asuwe — taxke sBulle, SIKE MPU HEOJHOPA30BOMY IMOBTOPEHH1 OJHOTO I
TOTO K JocCHiay (BUMpOOyBaHHS) B OJHUX MW THX K€ YMOBaX HPOXOJUTh
(B110yBa€THCSI) KOKEH pa3 HE MOBHICTIO OJHAKOBO.

Ilpuknan. SIkimo mij neBHe HaBaHTaKeHHA NocTaBUTH Ha 100 roauH pobotu
1000 enemeHTIB, MOXEMO CIIOAIBATHUCS, IO JESAKI 3 HUX BUUIYTH 3 dady. Jlo Toro x
gac poOOTH 10 BiIMOBHU (dac 0Ge3BiIMOBHOI pOOOTH) y KOXHOTO €JIeMEHTa, SIKUi
BUIAZIC 3 JIay, SIK MIpaBUjIo, HE Oy/Ie OJHAKOBUM HABITh MPHU 1ACATBHOCTI OJJTHAKOBHX
(momi6HMX) yMoB BUINPOOyBaHb. lle MOSCHIOETHCS THUM, IO TPU BUTOTOBJICHHI
OJTHAKOBHX €JIEMEHTIB MPAKTUIHO HEMOXKJIUBO 1/1€aJTbHO BUTPUMATH TEXHOJOTIYHUMN
peKUM Ta CyBOPO JOTPUMATHUCA OJHOPITHOCTI (PI3UKO-XIMIYHOI CTPYKTYpH
3aCTOCOBYBAaHUX MaTepialiB.

A 3BiJCH 3HAYEHHS 4acy O€3BIIMOBHOI pOOOTH KOXKHOTO 3 €JIEMEHTIB TOYHO
nepen0ayuTH  HEMOXJIMBO Ta BUHUKHEHHS BIJIMOB y  €JeMEHTaX, sKi
BUIIPOOOBYIOTHCS y PI3HI MPOMDKKH 4acy, € SIBUIIEM BHUMAJAKOBUM. Po3citoBaHHS
(po3ku) yacy 0e3BIIMOBHOI pOOOTH NMpUTaMaHHE OYyJb-SKHUM BUJaM €JIEMEHTIB, a
OCKIJIbKH 3 €JIEMEHTIB CKJIaJal0ThCA CUCTEMHU — OY/b-SIKUM CHCTEMaM.

Teopiss WMOBIPHOCTI M03BOJISIE BUBYUTH BUMNAJKOBI SBUIA 'pO3CiiOBaHHSA"
yacy 0e3BIIMOBHOI pPOOOTHM 3 TOYKH 30py THX 3aKOHOMIPHOCTEH, SIKI BJIACTHUBI
JAHOMY BHUIIaJKOBOMY sBHUILY. Ilpu KOMIIEKCHOMY BUIpPOOYBaHHI (IOCIIi/1)
OTPUMYETHCS TOM UM 1HIIUH pe3yJbTaT, KOJIU JOCIIKY€ETbCA HAIIMHICTD €JIEMEHTIB
Ta cucTteM. SIKICHHMI pe3ynbTaT BUIpoOyBaHHs (Iocminy), (0e3BigMoBHaA poOoTa,
B1JIMOBA) — HA3UBAETHCS NOOIEIO.

A KUIbKICHA XapaKTEPUCTHKA, sIKa BHACIIJIOK BUIPOOYBaHb MOKE MpHUIIMaTH
OJlHE 3 MOKJIMBHUX 3a3/ajerifb HEBIIOMHX 3HAYEHb, HA3UBAETHCI BUNAOKOBOIO
BENUUUHOIO.

OdeBuaHO, MO 4Yac Oe3BIAMOBHOI poOOTHM € BUITAJKOBOIO BenuunHOK. Ha
PO3KH]I 3HAUYCHb 4Yacy O€3BIIMOBHOI POOOTH CHCTEMH, OKPEMO BiJ] TEXHOJIOTTYHHX
(dakTopiB, CUJILHO BIUIMBAIOTh €KCIUTyaTaliiHl (pakTopu (MOCTIHHO MIHJIUBI YMOBH
eKCIUTyaTartii).

Uwucnno BIIMOB 3a JaHUW TPOMIKOK Yacy € TaKOXK BUIAIKOBOIO BEJIMUMUHOIO.

HanifiHicTh TIpUCTPOIO XapaKTEePU3YEThCS BiOHOGM08anicmio (Y BY3bKOMY
PO3YMIHHI — PEMOHTONPUAATHICTIO). 3pO3yMIJIO, 11O Yac MOHOBJICHHS CHUCTEMHU
TAKOX 3aJIEKUTh BiJ OaraThoX (QakTopiB (Xapakrepy BIIMOBH, KBamidikarii
00CIIyTOBYIOUOTO TI€PCOHATY, HAsSBHOCTI 3allaCHUX E€JIEMEHTIB MiJ PYKOI, YMOB
PEMOHTY, TOIIO) Ta 3MIHIOETHCA B OJHOTO PEMOHTY J0 JIPYroro, ToOTO TaKOX €
BUTIAKOBOIO BEIMYHHOIO.

B peanbHuX yMOBax, KOJIM KOMILJIEKC €KCILTyaTalliiHuX (aKTopiB BiJ JOCIITY
710 JIOCIIy TPOXHU 3MIHIOETHCS, IO TOTO K BUITAJIKOBUM YHHOM, a €JIEMEHTH CUCTEM
MarOTh BUIAIKOBHIA TEXHOJIOTTYHHN PO3KHU MapaMeTpiB, yac O€3BIIMOBHOI poOOTH
3MIHIOETBCS B OUIBIIMX YM MEHIIMX MEXaxX HaBiTh IS OJHOPIIHUX EIIEMCHTIB
cuctemu. ToOTO Ha TIPaKTHIN 3aBXKIM Ma€ MICIIC BIUIMB Ha IIPOIIEC, IO BUBYAETHCA,
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y 4aci 30BHIIIHIX (DaKTOPIB, SKI MOXHA BpaxyBaTH CTAaTHUCTUYHO (IIPH MacOBOMY
eKCIIepUMeHT1). Bu3HauuTH peanbHI CTATUCTHYHI 3aKOHHU, SKI OOYMOBIIOIOTH
00'€eKTHBHI BIACTUBOCTI MACOBUX BUMAJIKOBUX SIBUIIl, III0 BUBYAIOTHLCS, JO3BOJISTIOTh
MeTonu Teopli HMoBIpHOcTe. Ochb 4YOMy Teopiss HaIIMHOCTI 0a3yeTbcs Ha
MaTeMaTHYHOMY arapari Teopii IMOBIPHOCTI.

VMoBipHiCTb Tiel un iHIIOT MOJT — Iie IepI 32 Bee KiTbKiCHA XapaKTepUCTHKA,
sIKa JTO3BOJISE OI[IHUTH CTYIIHB 00'€KTUBHOI MOKJIMBOCTI JICSIKOT MO/I1.

3a OAMHMINIO BUMIPIOBAaHHS JJii MWMOBIPHOCTI MpHUIHATA HMOBIPHICTH
BUHMKHEHHS JIOCTOBIpHOi TMoOAii, TOOTO moaii, sKa BHACIIJIOK JOCIiAy
(BumipoOyBaHH) TOBUHHA 000B'SI3KOBO (HEMUHYYE) BITOYTHCS.

Ilpuknao. SIKmo0 TPOBOAMMO CHOCTEpEXEeHHS 3a poboToro 10 enemeHTIB
(eeMEHTH HE TOHOBJIIOIOTHCS), TO IMOJIS — BHHUKHEHHS He Oinbine 10 BiIMOB €
J0CTOBiIpHOIO. L1 IMOBIpHICTH BiAMOBIIa€ OTMHMIII.

[TpoTunexxHUM 0 JOCTOBIPHOI € HEMOXIIMBA TOIisI, TOOTO Taka IMOJis, sIKa B
JaHOMY JTOCJIiII HE MOXe B1IOYTHCA.

Ilpuxnao. ®akt 0€3BIAMOBHOI POOOTH e€jleMeHTa (CUCTeMH) TMPOTATrOM
0€3MEXKHO JIOBIFOT0 4acy € HEMOXJIMBOIO MOJI€I0, TaK K PaHO YU II3HO CHUCTEMaA
B1IMOBUTh. BUXOUTH, 1110 HMOBIPHICTh O€3BIIMOBHOI pOOOTH elleMeHTa (CHCTEMH)
Ha TMpOTA31 OE3MEKHO JOBrOro 4Yacy JOPIBHIOE HYIIO, TOOTO WMOBIPHICTH
BUHUKHEHHS HEMOJKJIMBOI MOJI11 IOPIBHIOE HYIIIO.

byap-sika iHIIA TOJIs, HE JOCTOBIpHA Ta HE HEMOXJIMBA, MAa€ BEIUYUHY
WMOBIPHOCT1 TIOSIBJICHHSI, SIKa JIGKUTh B MeEXaX MDK OJMHHICIO Ta HYJEM.
Bbesnocepenniii mijpaxyHOK MWMOBIPHOCTI TOAIl MOB'S3aHUNA 3 OJAHUM 13 TPHOX
BH3HAYCHb HMOBIPHOCTI.

2.2.1 KnacuuHe BU3HAYEeHHs HMOBIpPHOCTI

MMoBipHicTh neskoi mojii A MOXXKHA BH3HAYHTH OE€3MOCEPEIHBO 3 YMOB
JOCIIY, KOJM BUXIJHUN pe3yJabTaT AOCHIAY MOXHA PO3AUIMTH Ha JAESIKE YHUCIO
MOOJMHOKWX BUMAJKIB, $SKI BXOIATh y TIOBHY Tpylny 3 N-HECYMICHHX Ta
piBHOMOXJIUBUX MOMIH. CyKyIHICTh JEKUIBKOX MO YTBOPIOIOTH TPYITy MOJIM.
['oBOpsTH, 0 NEKUIbKA MO yTBOPIOIOTH MOBHY TPyMy MOJINA, SKIIO BHACIHIIOK
nociay (BUmpoOyBaHHsI) 000B'SI3KOBO ITOBHHHA B1IOYTHCS X04a O OJTHA 3 HUX.

Ilpuxnao. be3BimMoBHa poOoTa abo BiIMOBa OJHOTO, JIBOX Ta OlLIbIIE
€JIEMEHTIB MPU CIOCTEPESIKEHHI 32 POOOTOIO JICKIJILKOX HEMOHOBIIOBAHUX CJIEMCHTIB
YTBOPIOIOTh TMOBHY TpYIy TOAIN (0HA 3 HUX Ha MPOTS31 JOCHITYy OOOB'SI3KOBO
BIIOYIETHCH ).

Hecymicni nooii — Taxi, ikl y I1aHOMY JOCJHi/Ii HE MOXYTh 3'SIBUTUCS Pa30M.
be3BinMoBHA po0OOTa 1 BIAMOBA MO/11i HECYMICHI.

Pignomoorcnuei (oonaxoeo mooicnusi) nodii — Taxi, Kl B TPOLEC] AOCIITY
MOXYTh BIJOYTHCS 3 OJIHAKOBOIO WMOBIPHICTIO BHACIJOK TIOBHOI CHMETpIi
MOKJIMBUX BUXOJIIB.

Axio Te uyu iHIIe BUMPOOYBaHHS (IOCTIT) 3a0€3Meuye CUMETPII0 MOYKIMBHUX
BUXOJIB TOOTO 3a0e3redye HasBHICTh OJHAKOBOI MOXJIMBOCTI Yy MOBHINH TIpymi
HECYMICHUX TOJii, TO TOBOPSATH, IO TaKWi A0CHi] (BUMPOOYBaHHS) 3BOJUTHCA JI0
"cxemu BumaAkiB" abo 10 "cXeMu MOXKIMBUX pe3ynbTaTiB". B mpomy il TiIbKH B
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bOMY BHUIMAJKy WUMOBIPHICTb MOJ1i A BU3HAYAETHCS OE3MOCEPEAHBO 3 YMOB JOCIHTITY
Mo KJIAcH4Hii (opMylli, sIK BIAHOIICHHS YHCla M BUNAAKIB COPUATIMBUX AaHIN
MOJi1, 10 3araJIbHOTO YUCa N yCiX OHAKOBO MOYKJIMBUX BUTIAKIB!

P(A):%.

2.2.2 T'eomeTpu4He BU3HAYEHHS HMOBIPHOCTI

Hexaii BHacI110K gociiay jesika Touka O 000B'SI3KOBO ONMMHUTHCS B 00J1acTl A
(muB. puc. 2.2), Tpeba 3HAUTH WMOBIPHICTH TOTO, IO To4Yka O OMMHUTHLCS B 00JIACTI
b, sxa € yacTuHOIO 00J1acT1 A.

Pucynok 2.2

fIMOBipHiCTL nmosBu Touku O B o0sacTti b 3a1€XUTh TUIBKY Bl BEIWYUHHU 111€1
00JacTi Ta He 3anexarhb BiJ ii (GOpMH Ta XapakTepy po3MillleHHs B oonacti A. Takum
YUHOM, YUM OinbIa o6aacte b, TMM Oiybllia HMOBIPHICTD IOMAaHHS 10 HEl TOYKU
O (i1 HaBnakm).

OCKUIBKM YMCJIO MOXJIMBHUX BHUMNAIKIB y JaHOMY JIOCTIJl € HECKIHYEHHHM,
0€3MEKHUM, TO MOXKJIMBICTh 3aCTOCYBaHHS KJIACHYHOI (POpMyiIM i BU3HAUYCHHS
NMOBIPHOCT1 BUKJIIOUCHA.

B nanomy BUNajaKy mrykaHy HMOBIPHICTh BU3HAYAIOTh BITHOIICHHSIM TUIOIIUH:

p_ niowa b

naiowa A

Buxonsun 3 BH3HAUCHHS TEOMETPUYHOI WMOBipHOCTI (muB puc. 2.3),
MOMNAJaHHs TOYKH (MOMEHT BiJIMOBM €JI€MEHTa) B iHTepBal [7,,7;],  3aJeXKHUThH

Oinbllie BiJ JOBXKHHH I[bOTO IHTEPBAJy Ta HE 3aJIEKUTh BiJ TOro, A€ IIEH 1HTEepBaj
3HaXOAMTHCS Y CepenHi iHnTepBany [t,,t;], TodTo:

Ty — Ty
t, -1

P=
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2.2.3 CTaTMCTHYHEe BU3HAYEHHS IIMOBipHOCTI

Komu pocnin He 3BOAMTBECA A0 '"CXeMH BUIIAJKIB", HMOBIPHICTH MMOJIIT
BHU3HAYAIOTh CTATUCTUYHO, MOIMEPEAHBO MPOBIBIIM JOBTOTPUBAIIL CIOCTEPEKEHHS
HaJ[ MOSIBOIO YW HETOSIBOIO IITYKAHOI MOJi1 MPY BEJUKIN KIJILKOCT1 BUIIPOOYBaHb, SKI
B110YBaIOTHCS B OJIHUX 1 TUX K€ YMOBaX.

Ilpuknao. Hexait Ha mnporszi 500 roxa. cmocTepexeHb 3 1000
KOHJICHCATOpiB  BiaMoBWIM 15 (KOHIEHCATOpPM HE 3aMIHIOIOTHCS HOBUMH).
Posrnsaemo momito — 0e3BiAMOBHY poOoTy KoHaeHcaTopiB 3a t=500 rog.
VMoBipHicTh 6e3BimMoBHOI po6oTH (3a t=500 rox) KOHIEHCATOpIB IO aHANOTIi 3
KJIACUYHUM BU3HAYECHHSIM MMOBIPHOCTI MOA1M MOKe OYTH OI[IHEHO SIK:

YHCJIO BUMAJIKIB 0€3BIIMOBH 01 poOOTH _ 1000 —15 0985 .

P*(t) =

3arajibHE YKCJIO BUITAIKIB 1000

Sxio po3risigyBana nmofiisi — BiAMOBa KOHIEHCATOPa, TO HMOBIPHICThH BIIMOB
3a yac t=500 rox Mo>ke OyTH OLIIHEHO BETUYMHOIO:

YHCJIO BUMIAJKIB BinmoB 15 =0,015.

q*(t)=

3arasibHe yucso Bumagxkis 1000

3HaukoM (*) MO3HAYAETHCA CTATHUCTHMYHE 3HAYEHHS WMOBIPHOCTI, SKa €
HaOJIM)KEHUM YMCIOBUM 3HAYEHHSM BIJNOBIIHOT HMOBIPHOCTI.

TakuM YMHOM, CTAaTHCTHMYHAa WMOBIPHICTh AESKOI MOJli A BHU3HAYAETHCS SIK
BIJIHOIIICHHS YUCJa JAOCHIIB M, Y SIKUX MOJisl, sSIKa HAC IIKaBUTh, IOBTOPUTHCS 0
3arajbHOTO YKciia AOCTIAIB N, NPUBEACHHUX Y TAHUX BUIIPOOYBAHHSX:

P*(A):% (m<n). 2.1)

CraTucTuHy WMOBIPHICTH YacTO HA3MBAIOTh YAcCTOTOIO MOSBM MOAil abo
BiJTHOCHOIO 4aCTOTOIO.

VY dopmyni (2.1) ymoBa M<nN € 0YEBUIHOIO, SKIO MPU JOCIIHKEHHIX Ha
HAJIWHICTD BiJIOYBa€ThCS 3aMiHA €JIEMEHTIB, [0 BIIMOBHWIIM, HOBUMH, TO YHCIO M
MO’K€ CTaTH OLIBIIKUM N, TOOTO OyAb-IKHM.
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Takum umHoMm, popmyna (2.1) mpu po3paxyHKy €JIEMEHTIB (CUCTEM) MOKeE
OyTH 3acTocoBaHa JJisl BHUIAJAKy BHUINPOOYBaHb HE IMOHOBIIOBAHMX Ta HE3aMIHHHUX
€JIEMEHTIB (CHUCTEM).

[Ipu Bukopuctanti dopmynu (2.1) il BUIAJAKy MOBHICTIO BIJIHOBJIFOBAHHX
(3aMIHHHX) eJleMeHTIB (cucTeM) Tpeba B 4uciaa M Ta N BKIIOYATA W YHUCIO
B1THOBJIIOBAHb.

YycleHHi JOCTigM TOKa3yloTh, mo dactoTa moxii P*(A) mpu moctaTHbO
BEJIMKIN KUTBKOCTI OCHIMIB N B TOMNEpEnHid cepli BUMpoOyBaHb 30epirae maibke
MOCTIHY BEIMYUHY BiJ cepii 10 cepii, TOOTO KOJUBAHHS YacTOT BiOYBA€ThCS O
MaTeMaTH4HOi iHMoBipHOCTI mofaii P. Ileil 3B'SI30k Mik CTaTUCTHYHOIO Ta
MaTeMaTUYHOK WMOBIPHOCTSMHU BIIEpIE J0BIB bepHymn y cBoiii Teopemi: ko
nodisi A mae umogipuicms p, mo npu HeobMeHceHoOM) 30LNbUUEHHI YUCAA 00CNI0I8
UMOBIPHICMb PO3XOONCEHHS MINC YACMOMOIO 1 UMOBIPHICMIO P HAOIUNCAEMBCS 00
HYJIAL.

[HImIMMKM coBamu, SKIIO YUCIO JOCIIIIB BEIUKE, TO, MPUAMAIOUYU YaCTOTY
noJiii 3a 3HaYeHHS UMOBIPHOCTI, MU YK€ MaJ0 PU3UKYEMO TMOMUIIUTUCS HA SIKYCh
CYTT€BY BeNUYUHY. [HO/M1 TOBOPATH, 110 YaCTOTA MO/I1i 301raeThes MO WMOBIPHOCTI /10
HWMOBIPHOCTI MO/IIi.

2.2.4 Cnocobu o0uncieHHs iiMoOBipHOCTEI

OOuunciieHHs WMOBIPHOCTI MOAli, K€ IPYHTYETbCS Ha KJIACHYHOMY abo
r€OMETPUYHOMY BHU3HAYEHHSAX MOXKEMO 3pOOHUTH TUIBKM ISl MPOCTUX BHUIMAJKIB.
OOunciieHHd WMOBIPHOCTEM CKIIAHUX MOJIN SIK MpaBUIIO 0a3yeThCS HA HEMPAMMX
METOJaX, $IKI BUKOPHCTOBYIOTh MPAaBUJIO JOJaBaHHS WMMOBIPHOCTEH Ta IpPaBHIIO
MHO>XEHHS IMOBIPHOCTEH.

Hexaii maeMo nBa enementa A; ta A,. Ilpu ubomy noaiss A, mossirae y Tomy,

IO 3a 4Yac JOCHIIKEHb BIAMOBUTH €leMeHT A, a momis A, — enemeHt A,. B
npolieci A0CIILy MOXKe BIAMOBUTH abo A , abo A, ,abo A ta A, pasom.

Cymoro O0eKinbkox nooliti HA3UBAETHCS MOIS, sIKAa TOJIArae y MosiBl xo4a O
OJIHI€1 3 MX noaiit (abo A , abo A, ,a60 A, Ta A, pazom).

YacTKOBUM BUINAAKOM € BHIIAJOK HECyMiCHMX mnoail. Cymoro Oekinbkox
HecyMicHUX nooill Ha3UBAEThCS TOJIS, SKa IOJATAE y TMOSBI TIIBKU OIHIET 3 IUX
noxiit (abo A, abo A, ).

Ilpasuno dooasanus iimogipHocmeri 01 HeCyMiCHUX NOOili: UMOBIPHICTh CYMU
JIBOX HECYMICHHX NOJII TOPIBHIOE CyM1 MIMOBIPHOCTEN LKUX MO1H, TOOTO:

P(A+ Ay )=P(A)+P(A;). (2.2)

B uiit popmyi 31ak "+" 3aMiHIOE criosyueHHs "abo".
Jlyis cymu N HECYMICHUX TOJii TeopeMa J0JaBaHHs Ma€ BUTIIS:

n

P(A +A + A +...+A) = P(A)=1. (2.3)

=1
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3 hOT0 MpaBUJiia JOJABAaHHS BUILUIUBAIOTH JBA BUCHOBKH (HACIIIKH):
1.  Sxmo momii A, Ay, ..., A, YTBOPIOIOTh MOBHY I'pyIy HECYMICHHUX
noJii, To cyMa iX UMOBIPHOCTEM TOpiBHIOE 1:

n

P(A)+P(Ag)+P(Ag)+...+ P(A,) =2 P(A)=1.

i=1

2. Cyma HMOBIPHOCTI MPOTUJICKHUX TO1H JOpIBHIOE 1.

Ilpomunexcnumu noodisimu Ha3UBAIOTH TMOAIl, AKI YTBOPIOIOTh MOBHY TPYITy
MMOIH: SIKIIIO p(t) — UMOBIpHICTH O€3B1IMOBHOI POOOTH, q(t) — UMOBIPHICTH BiIMOBHU
3a yac 1, a BIAMOBIIHI MMO/I1i YTBOPIOIOTH MOBHY I'PYITY MPOTHIICKHUX MOI1H, TO:

p(t)+q(t)=1.

[IpaBuno nonaBaHHS WMOBIPHOCTEH YCKIIAIHIOETHCS SKIIO PO3TIISIAIOTHCS
CyMicHI nojiii abo Ti, K1 y TAHOMY JTOCHi/Il MOKYTh 3'SBUTHCS Pa30M.
Jnst cymichux noditi IpaBUIIO 10JABaHHS WUMOBIPHOCTEN Ma€ TaKUW BUTJISI:

P(A+Ay)=P(A)+P(A)-P(AL Ay), (2.4)

ne P(A_L, A2) — UMOBIPHICTh CyMICHOI MOSBY MEPILIOi Ta APYroi MOIli.
3po3yMITH CEHC JaHoi (QOpMyIH MOXJIMBO pO3MIsAarodu  rpadiuHy
IHTEpIpEeTaLliio OHITTS CYMHU Ta JOOYTKY MOJ1N (AUB. puc. 2.4).

A1+ AZ

Pucynok 2.4

SAxmo noxiss Ay € nonananusa Touku O B oOnacte A, a A, — B obnacts A,
To moaist A, + A, € momanaHHs B 3alITPUXOBaHy obOsacTk. ko moxii A; ta A,
HECYMICHI, TO TOYKM $SIKI iM HajJeXaTb HE MOXYTb IONACTH OJHOYACHO Y
3aIITPUXOBAaHY 00JIACTh, SIKY TO3HAYEHO JIBIMHOIO IITPUXOBKOIO.

BBeneMo moHsTTS 100yTKY MOIii.

Jlobymkom Oekinbkox nooiti HA3UBAETHCS MO1s, SIKA MOJISITA€ y CYMICHIHM MOSIB1
LMX ITOIM.
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PucyHnok 2.5

[Tomis A; A, — noOyTOK JBOX MOAIA — MOJSATae y OJHOYACHOMY IONa/laHH1
TOYOK, sIKi HanexaTth A, Ta A, (IUBHUCH 3aITPUXOBAHY 00JIACTh PUCYHKY 2.5).

Tomy nonis A; A, 3MEHIIy€e KITIbKICTh TOUOK 00JIACTI, SIK1 HaJIeKaTh MoAil A,
Ta noii A,. BianosinHo MOBIpHICTE a00 HacTaHHsA noaii Ay abo A, 3MeHIIyeTbCs
Ha BEJIMYUHY WMOBIPHOCTI 3acTyIUIeHHsS cyMicHOI momii A ta A, B dopmyi (2.4).
BukopucroByroun reoMeTpudHy IHTEPIPETAIiI0 MOXHA JOCHThH JIETKO 3aIlucaTu
dopMynu 111 UMOBIPHOCTEH JEKIIBKOX CYMICHHX MOAIM, Hampuknaa, A, A,, Ag
(muB. puc. 2.6).

CyMma Tpbox moiit JloOyTOK TphOX mOAiH

PucyHnok 2.6
P(A + Ay + Ag)=P(A )+ P(Ay)+ P(Ag)+ P(AA )+ P(A A )+ P(Ay Ag ) + P(A Ay Ag).

B wmiii ¢opmyni gonaBaHHS WMOBIPHOCTI P(AiAzAg) BUKJIMKAaHO THM, IO
KoxkHa 3 momit Ay Ay, A A;, A, A;, BMIllye MIIMHOXKHHY TOYOK OOJACTI, AKY
YTBOPEHO NEPETUHOM I'paHULb obsacteit Aj, A, Ta A;.

2.2.5 IlpaBUJI0 MHOKEHHSI HMOBipHOCTEH
B dopmymni (2.4) € iMOBIpHICTD P(A_L, A2) HACTaHHs cyMicHOI monii Ay ta A,.
ITomii A; Ta Ay MOXyTb OyTH:
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1. [loxmist Ay Ha3UBAETHCA He3aleHcHO BiA MOAIT A, , SIKIO KMOBIPHICTH MOI1
A, He 3a1eXUTh (HE 3MIHIOETHCS) B1Jl TOTO, BIIOYJAETHCS UM H1 HOJIS A, .

2. JIBl momli HA3UBAIOTHCA 3ANEHCHUMU, SKIIO WMOBIPHICTH OJHIET 3 HUX
3MIHIOETBCS BiJI TOTO, BiI0YJIacs UM Hi Apyra MOIisl.

[le 3ayBakeHHsI CyTT€BE, TaK SIK MPH PO3paxXyHKaX HAIINHOCTI MPHUCTPOIB
ABTOMATUKH y>K€ YacTO TMPUXOJUTHCS 3yCTpidaThcs 3 0oO0OMa THUIaMU TIOJIH.
Hanpuxknan, omHopimHi enemMeHTH He o0'€lHaHI B KOHKPETHI CXEMH — BIJIMOBa
OJIHOTO 3 HUX HE BIJIMHE HA HMOBIPHICTh BUHUKHEHHS BIIMOBHU B JIPYTOMY €JIEMEHTI.
3ane)kHa BIIMOBA HACTAa€ TOl, KOJIM BIJIMOBAa OJHOTO BHUKJIMKA€E BIIMOBY JIPYroro
(HampuKIaa, KOJM BUXIJ OJHOTO €JIEMEHTa 3 JIaJy NPUBOAMUTH JI0 BUXOIY 3 Jaay
BCIET CXEMHU).

ﬁMOBipHiCTb nojii A, BU3HA4YeHa IpU YMOBI, L0 BixOynacs mofmis A,,
HA3UBAETHCSA YMOBHOIO UMOGIpHICMIO noodii A; Ta MO3HAYAETHCS K p(Al, Az). Tomi
paBUJIO MHOXKEHHsSI WMOBIpPHOCTEM (i1 JBOX TMOJIM) Oyae Take: WMOBIPHICTH
no0yTKy nBoX mofii (A, Ta A,) JOpiBHIOE TOOYTKY WMOBIpPHOCTI O/Hi€T 3 HUX (A;)
Ha YMOBHY MMOBIpHICTb Apyroi (A, ), o0UHcIeHy 3 MPUIYIIEHHIM 110 NepIa Hois
BiJI0yJacs, ToOTO:

p(AL Ay) = p(A)- p(Ao|A )= p(Ay)- p(AA,).

SIxmo Tonii HesanexHi, To, odeBmaHO, mo P(A )= p(A_L‘AZ), TAKOX K MU
p(Az)z p(AZ‘A_L) 3BiICH BUXOJUTh MMOBIPHICTh TOOYTKY /IBOX HE3QJIEHKHHUX MOJIIN
JIOPIBHIOE T0OYTKY WUMOBIPHOCTEH IMX MOJ1M:

P(AL A))=p(A)- p(A;).
B uiit popmyini oneparnisi MHOXKEHHs 3aMiHIOe crioayyHuk "i". Lle mpaBuio mMoxxHa
3aCTOCOBYBATH I OyAb-IKOi KUIBKOCTI mofid. Hampukman, s TpboX 3aleKHUX
HOJII:

P(A Ao, Ag)= p(A)- P(Ag|A)- p(Ag|ALA, ).

Ilpuxnao. Cxema Tpurepa mae: 2 TpaH3UCTOPU 3 WMOBIPHICTIO O€3BIIMOBHOI
pobotn P1p(t)=0,99 koxHui; micte pesuctopiB R oxHakoBoi  HamldHOCTI
[pr(1)=0.998]; nBa xoHmeHcaTopu OHAKOBOI HamilHOCTI [pn(t)=0.997]. Bimmona
Oynp-sikoro 3 10 enemMeHTIB MpPU3BOAWUTH [0 BIAMOBH TpuUrepa. YcCl €JeMEHTU
He3aNexHl. BusHaunTu 3aranbHy HaAIMHICT TpUrepa.

Po3zg'sazok. Tpurep Oyne BUKOHYBaTH CBOi (DYHKIIT SKIO 1 TPAH3UCTOPH, 1
PE3UCTOPH, 1 KOHJIEHCATOPU OYAyTh MpaltoBaT 0e3B1iAMOBHO. BiAMOBIAHO /10 1THOTO
HMOBIpHICTb 0€3BIIMOBHOI pOOOTH TpHUrepa P (t) MOKe OyTH BU3HAUYE€HA HA OCHOBI

paBujia MHOXKEHHS WUMOBIPHOCTEHN HEe3aJIeXHUX MOA1M:
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Po(t) = pap (1) - PR (L) - Py () =0,99%-0,998° -0,997* ~ 0,96 .

Takum uyuHOM, SKIIO cucTeMa ckiafaeTbest 3 N He3aneKHUX EIEeMEHTIB, a
fiMOBIpHiCTH 6e3BiIMOBHOT POGOTH i-TOro emeMenTa jgopiBHIOE Pq(t), To 3aranbHa

IMOBIPHICTh O€3BIIMOBHOI pOOOTH CUCTEMH CKJIAJIAE:
Po(t) = Py (1) - P (1) - P3(®) .- P (©)..- P, ) =] s (V).
i=1

s popmyna mmpoKo 3aCTOCOBYETHCS I MOCTIAOBHUX 3'€IHAHb €JIEMEHTIB,
KOJIM 3aJIEKHICTIO €JIEMEHTIB MOXKHA 3HEXTYBATH.

Ilocniooenum 3'eOnammsam enemenmieé (CUCTEM) HA3UBAEThCA Taka i
CYKYIHICTh, KOJIM HEOOX1THOIO Ta IOCTATHHOIO YMOBOIO BIIMOBH BChOTO 3'€/ITHAHHS B
IJIOMy € BiAMOBa Xouya O ojgHoro enemeHTta (cuctemu).llocmigoBHe 3'eqHaHHS
€JIEMEHTIB (CUCTEeM) Ha3UBaIOTh OCHOBHHM.

[lapanenbHe 3'€qHAHHA €JIEMEHTIB O HAIMHOCTI HAa3UMBAaIOTh PE3EPBHUM
3'enHaHHsAM. [lapanenvre 3'€eOnannsam enemenmie (CUCTEM) — 1€ Take 3'€JHAHHS, a00
CYKYITHICTh €JIEMEHTIB (CHCTEM) IS SIKUX HEOOXiHOI Ta JOCTAaTHHOIO YMOBOIO
B1JIMOBH € BIJIMOBA BCiX €JICMEHTIB (CHCTEM).

Ilpuxnao. JIa reHepatopu (K €IE€MEHTH) MPaIlOI0Th Ha OJIHE HABAHTAKCHHS
(nuB. puc. 2.7). BiiMoBa 0AHOTO 3 HUX HE BIUIMHE HA poOoTy iHmoro. Hexait A; ta

A, — nBi cuctemu. SIKIIO BIAMOBHUTH A; TO CUCTEMa MpaIIoe 3a paxyHOK A, Ta
HaBMaku. BiAMOBUTH cucTeMa MOXKE TUIBKM MpPU OJHOYACHIM BiaMoOBI A Ta A,

(BimMoOBH He3anexH1). TyT sikpa3 HaBe/IeH1 YMOBU 3aCTOCYBaHHS MMPAaBUJIa MHOKCHHS
NMOBIpHOCTEM HE3AIECKHUX TOJI1M /11 BUBHAYECHHS IMOBIPHOCTI BIJIMOBH CHUCTEMH.

M Ar
H
A2
M2
H
Pucynok 2.7

[TozHaunmo ql(t) — WMOBIPHICTh BIAMOBH ejleMeHTa (cuctemu) Ay 3a yac t;
qz(t) — WMOBIpHICTh BIAMOBH eneMeHTa (cuctemu) A, 3a uvac t. Tomi 3rigHO

BU3HAUYEHHSI JUIs MMapajielbHOTO 3'€IHaHHS €JIEMEHTIB MHMOBIPHICTh BIAMOBH
CHCTEMMU:

Q(t)=au(t)- (1),

abo BpaxyBaTH, II0 TOBHA Tpyla MPOTWICKHUX TMOIIN p(t)+ q(t):l. Moxemo

3aIuCcaTH, 10:
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P(t)=1-Q(t)=1—[1— py(t)]- 1 p, ()] =1-1+ py(t)+ p,(t)— pu(t)- P2 (t)=
= py(t)+ p2(t)— pa(t)- pa(t),

ne P(t), py(t), p,(t) — imMosiprOCTi GessimmoBHOI po6oTn 3a wac t BimmoBimHO
CUCTEMH, eleMeHTa A; Ta enemeHTa A, .

[TapanenbHe (pe3epBHE) BKIIOYCHHS EJIEMEHTIB IO HAAIMHOCTI MiJBUIILYE
3arajgbHy HaJIIMHICTH 3a pPaXyHOK 3aCTOCYBaHHS OJTHAKOBHX (PE3EPBHUX) €IIEMEHTIB.

Tpuxnao. Hexait 1Ba enementa A, Ta A, piBHoHasiiini, a p;(t)= p,(t)=0,9,
TO 3arajbHa HaJIIMHICTh CUCTEMH Oy piBHA:

P(t)= py(t)+ p,(t)— py(t)- p,(t)=0,9+0,9-0,81=0,99.

2.2.6 ®@opMyJia NOBHOI iiMOBipHOCTI

[Ipy OuUIbII AOKIAMHIMIMX PO3paXyHKaxX HAAIMHOCTI, KOJIM B3a€EMHI 3B'A3KU
BIJIIFPalOTh CYTTEBY POJIb, IPUXOAUTHCS 3aCTOCOBYBATH OUIBII CKJIAJHI CXEMH MO1N
y BUIJISA1 KOMOIHALII TPOCTUX MO/, 3aCTOCOBYIOUH SIK OIEpalliio J0JaBaHHS, TaK 1
orieparlito MHOKEHHS TOJii.

Hexaii nesika monis A Moxe BiAOYTHCS TUIBKM TOJI, KOJM Pa3oM 3 HEKO
B11I0yBa€eThCs OJHA 3 N HecyMicHUX moaik My, My, ..., M;, ..., M,, siki YTBOPIOIOTH
noBHy rpyny nojii. ToOTo, e o3Havae, 1o mojis A piBHOCHIbHA MOsBI a00 AMy,
abo AM,1T.1.:

n
A= AM1 + AM2 + AM3 +...+ /A\l\/ll +...+AMn :z (AMI)
i=1
BukopucTOBYIOUM TMpaBUJIO J0AAaBaHHSA WMOBIPHOCTEH HECYMICHHX MOAIMH,
OTPUMAEMO:

i=1

p(a) = p(iAMi}ép(AMi)

a 3 BpaxXyBaHHSIM IIPaBUJIa MHOYKEHHSI HMOBIPHOCTEH:
P(AM;) =p(M;) - p(A|M;)

[TizcraBmnsroun 3 1iei popmynu 3HaueHHss P(AM;) mo monepeanpoi Gopmynu,
oTpuMaeMo (GOpMyITy MOBHOT HMOBIPHOCTI:

p(@)=3p(M,)-pA[M,).

i=1

[Toxii My, My, ..., M;, ..., M, ipu SKUX TUIBKH ¥ MOXKe BiAOyTHCS TOfist A,
Ha3UBAIOTh 2inome3amu 6i0HOCHO A.
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2.2.7 ®yHKUis po3noaity

JIyst KITbKICHOT OIIHKY 3aKOHY PO3TO/IITy BHUITAIKOBOI BEIMYUHU (IUCKPETHOT
a00 HemepepBHOi) 3aMal0Th @OYHKYII0 pOo3N00iny UMOBIpHOCMEN BUNAOKOBOI
geuyUHY, Ky BU3HAYAIOTh SK WMOBIPHICTH TOTO, IO BHITAJKOBa BEIHMYMHA X
npuiiMe 3HaYeHHs, MEHIIIE IEIKOro (hiKCOBAHOTO YUCa X, Ta O3HAYAIOTh

i F(x)=P{X <x}
F(x)=P{-0o< X <x}.

OYHKITI0 PO3MOILTY F(X) 1HKOJIU HAa3UBAIOTh IHME2PAIbHOI0 (DYHKYIEI
PO3IOI1Ty HMOBIPHOCTEH BUMAAKOBOI BEJIMUUHH.

3Hatoun  (QYHKIIIO PO3MOJALTY F(X), MOXHA OOYHCIUTH WMOBIPHICTD
NOMalaHHs BUNIQJKOBOT BEJIMUUHHU B JIESIKUM 1HTEpBaI [a, b):

P{~wo< X <x}=F(b)-F(a).

Jlitico, BumankoBa mogis {X <b} € 06’¢/HAHHAM JBOX HECyMiCHUX TOiii
{X <a}ta {a< X <b}.
OTxe, 3a TEOPEMOIO JOJJABAHHS KIMOBIPHOCTEN HECYMICHUX MOJ1A MaeEMO

P{X <b}=P{X <a}+P{a< X <b},
3BIJIKA

P{a< X <b}=P{X <b}-P{X <a}
a00, BpaxOBYIOUHU BHIIIECKa3aHe Mmo3HaueHHs (2):

P{a< X <b}=F(b)-F(a).

Otxe, WMOBIPHICTh TOMAJAHHS BHUIIAJKOBOI BEIWYMHU X Ha 3aJaHUI
1HTepBaJ piBHA NPUPOCTY (QYHKIIIT pO3NOALTY Ha 3aJaHOMY 1IHTEpPBAJII.

I'padix  dyHKIIT po3MOAUTY JUCKPETHUX BUIMAJKOBUX BEIUYHH Mae
ctpubkonoaioHuii Burisa (auB. puc. 2.8). Ilpu mocsrHeHHI MOTOYHOI 3MIHHOT X
MOXJIMBUX 3HAYEHb BEJIMUMHU X BUMNAAKOBA (DYHKIIIS F(X) poOUTH CTpUOOK Ha
BEIUYHHY, SIKa IOPIBHIOE KMOBIPHOCTI TaHOTO 3HAYCHHS BUTIAJKOBOT BEJTUUMHH.
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> X
Pucynok 2.8
BcranoBumo neski eracmusocmi ¢pyukyii po3nooiny:
1. F(x) € necnagnoio dyHxiieto, 10610 F(X,)> F (X, ), AKIm0 X < X5 .
2.  3HaueHHs (QYHKIII pO3MOJULYy HaJeXaTh BIAPIZKY [0;1], TOOTO
0< F(x)<1, abo inaxme: lim F(x)=0, lim F(x)=1.
X—>—00 X—>+00

3. @DyHKII PO3NOAUTY HENEpEepPBHA 3J11Ba! F(X) = F(X - O), VX.

CrocoBHO Teopii HAAIMHOCTI (PYHKIIS pO3MOAUTY Ma€ psija 3arajbHUX
BJIACTUBOCTEM:

1. Yum Ounbmuii yac poOOTH eneMeHTa abo CUCTeMH, TUM OLIbIna
itMoBipHicTh BinmoBu. ITpu t, > t; Bemmunna iimosiprocTi Bimmos q(t, ) > q(t; ).

2. TIpu t=0 iimosipricTh BinMoBH ((t)=0 (BHKTIOYAEMO MOMKIHMBI BHIIAIKH

B1JIMOBH €JIEMEHTa JI0 MOKJIMBOTO BKJIIOUEHHS B POOOTY).
3. Ilpu t — oo BiMOBa CTa€ JOCTOBIPHOIO TOJTIEIO q(t) —1.

2.2.8 lllinbHicTh (rycTHHA) PO3NOALTY

3aK0H PO3MOALTY WMOBIPHOCTEW HEMEPEPBHUX BUMAIKOBUX BEIMYMH MOXKE
OyTH 3aJlaHUN TAKOXK WLIbHICIIO (2YCMUHOI0) PO3NOOIT) .

Hexait menepepBHa BumazkoBa BenuunmHa X 3a7aHa (QYHKINEIO PO3MOJILITY
F(X), HeIepepBHOI0 Ta audepeHiiiioBaHoo. VMOBIpHiCT, mOmagaHHs i€l
BUITAJIKOBOI BEIMYMHHA B JCSIKUH 1HTEpBaJ (X,X+Ax) 3HAMJAEeMO Ha TiACTaBi
CIIBBITHOIIIEHHS (2):

P{x < X <x+Ax}=F(x+Ax)—F(x),

TOOTO SIK MPUPICT PYHKIIT PO3MOALTY HA IIbOMY 1HTEPBATI.

. P{x < X <x+Ax} N
BinHomenus A BUPAXAE CEPEIHI0O MNMOBIPHICTH, sKa
X

MPUXOINUTHCS Ha OIWHHMIO JOBXKWHU IHTepBay. llepedmoBmy 10 TpaHUI TpH
AX — 0, oTpumaemo

L
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[IinbHICTh PO3MOITY B TEOPil HAAIMHOCTI € TTOKa3HUKOM OITIHKH HaIIHHOCTI
HEB1THOBITIOBAIBHUX CUCTEM. [[i€10 XapaKkTepUCTUKOIO 3pYIHO KOPUCTYBATHCS 1 MpH
BHU3HAUEHH] LIUIbHICTh MMOBIPHOCTI Yacy A0 MEepIoi BiAMOBH ab0 MIX BiIMOBaMHU
HEBITHOBMIOBAIbHUX cucteM. KpuBa, ska 300pakye UIUIBHICTh PO3IMOILTY
BUIQJIKOBOI BEJIIMUYMHU HA3UBAEThCA Kpusow posznodiny. B Teopli HamiiMHOCTI
BUKOPHUCTOBYIOTHCS JIB1 KpUB1 po3noauty (auB. puc. 2.9).

a) MIUIBHICTh PO3MOAUTY Yacy 0e3BIIMOBHOI pOOOTH JjIsl paliTOBUX BiAMOB HE
MOHOBJIIOBAJILHUX OJHOTUITHUX €JIEMEHTIB, HaWOUIbIIa IUIBHICTH HWMOBIPHOCTI
BITMOB TIPUXOJUTH HA MOYATKOBHIA TEpioa POOOTH E€IEMEHTIB, ajie IIe He O3HAJae,
0 HAAINHICTH MPUCTPOIO HE 3MIHUTHCS, OO0 HA EKCIUTyaTallli 3HaXOAUThCS MEHIIA
KUIBKICTh €JIEMEHTIB Ta WMOBIPHICTh BHHUKHEHHS BIIMOB B MEHINOI KIJTBKOCTI
eiaeMeHTiB MeHma. Koiu He 3alMIMTBECS HI OJHOrO €JIEMEHTa, TO INUIBHICTH
po3mnoairy piBHa 0.

f(t) A f(t) A

At

A

Pucynok 2.9

0) MIIBHICTG PO3MOAUTY JUIsl BUIAAKY IOCTYNMOBHX BIAMOB  (SIKi
HAKOMUYYIOThCS 3 YacOM) HEBITHOBIIOBAILHUX elieMeHTIB (cucteM). [loctymoBi
BIJIMOBH Ha BIJIMIHY BiJI palTOBUX IOB’s3aHI 3 MOBIILHUM HAKOIMMYCHHSIM O3HaK
CTapiHHSI Ta 3HOIICHHS, SKI MPOSBISIOTHCS MICHS JOCTATHBOIO TEPMIHY POOOTHU
cucteM. B mepion macoBoro crapinng Ta 3HomeHHs (T,;) KpuBa pi3ko e BBEpX
(IIUTBHICTHh PO3MOALTY Yacy 0e3B1IMOBHOI poOoTu Mae max mpu T,,). Ilicns uporo
UIUTBHICTh PO3MOAUTY CHaJa€, OCKIIbKA Ha BUIPOOYBAHHAX 3aJIMIIAETHCS MEHILE
€JEMEHTIB (CHUCTEM), 110 MPUBOJAUTH IO 3MEHIICHHS BUHUKHEHHSI B1JIMOB TOOTO

f(x)—>0.

2.2.9 YucaoBi XapaKTepUCTUKH BUNAIKOBUX BeJIUYUH

JInst OIIHKA ~ PO3MOJILTY BHITAJIKOBHX BEIMYHH BUKOPHUCTOBYIOTHCS YHCIIOBI
XapaKTEePUCTHKU:

— MaTeMaTU4HE CIO/IiBaHHS;

— Jucnepcis;

— CEpEeIHBOKBAIPATHYHE BiIXUIICHHS.

Mamemamuunum cnoodieanusm TUCKPETHOI BUIAIKOBOI BENMWYMHH X , IO
npuiiMae CKIHYEHHY KUIbKICTh 3HaU€Hb X; 3 HMOBIPHOCTSIMHU ; , HA3UBA€ETHCS CyMa:
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M<x>=gxipi.

Mamemamuynum cnoodisanuam HENEPEPBHOT BUIAIKOBOI BeIMYMHU X
HA3MBA€ThCSA 1HTErpad Bifg JO0OyTKy 1i 3HA4eHb X; Ha WIUIBHICTD PO3MOALTY
itmoBipaocteit  f(x):

M(X):_Txf (x)ix.

MatemaThuuHe CHOJIBaHHSI XapaKTEPU3YE CepeoOHE 3HAYeHHs BUIIAIKOBOT
BenmuuuHKM X . Ii po3MipHicTh criBHmazae 3 po3MipHICTIO BUMAAKOBOI BETUUKHHU.

BracTuBOCTI MaTEMaTHYHOTO CIIOIBaHHS:

- M(c-X)=c-M(X),ceR,

- M(X+Y)=M(X)+M(Y),

- M (X -Y): M (X) M (Y) U HE3aJIE)KHUX BUIMAIKOBUX BeuunH X Ta Y .

Jlucnepciero BUNIAIKOBOI BETUUYUHM X HA3MBAETHCS YUCIIO:

D(X)=M{X -M(X)P|=M(x2)-[M (X}

Jlucniepcist € xapakmepucmukoro po3ciloéanHs 3Ha4eHb BUNAIKOBOI BETUUUHU
X BiZHOCHO i cepeaHbOro 3HayeHHs M (X ) PosmipHicTh aucnepcii piBHa
PO3MIPHOCTI BUMAJIKOBOI BEJIMYMHU B KBajapaTi. Buxoasuu 3 BU3HaueHHs aucrepcii
Ta MaTeMAaTUYHOI'O CHOJIBAHHA U1 JUCKPETHOI BUIAJKOBOI BEIMYMHU Ta IS
HETMepepBHOI BUMAJAKOBOI BEJIMYUHA OTPUMAEMO aHAJIOTIYHI BUpa3u ISl IUCIIEPCli:

2
S —m) p;  0ng duckpemuux sunadkosux eemiyu,

j(x - m)2 f(x)dx ons nenepepenux sunaokoeux eenuyur.

—00

Tyr m=M(X).
BnactuBocTi qucnepcii:
- D(c-X)=c?-D(X),ceR,
- D(X +Y)= D(X )+ D(Y) JUIA HE3AJIS)KHUX BUMAAKOBUX BeuuuH X T1a Y .

Cepeonvo Keéadpamuune 6iOXUNeHHST XapaKTepU3ye MiIpy  PO3CIFOBaHHS
3HAYCHb BUMAJKOBOI BEIMYMHM X , Ma€ 3 HEIO OJHAKOMY pO3MIPHICTh  Ta

BU3HAYAETHCS 32 (HOPMYIIOH0:
o=+D(X).
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2.2.10 Horik noaiii. IlpocTuii noTik moiii Ta ioro XxapakTepucTHKU

Ilomokxom nodiii Ha3UBAETHCS TakKa IMOCHIIOBHICTh MOAIM, 10 PO3BUBAIOTHCS
OJlHA 32 OJTHOIO Yy BHUIMAJKOBI MOMEHTH 4acy. SIKIO po3risgaeThCsl MOTIK BIIMOB Ta
TIOHOBJICHHSI CHICTEM, a 4ac BITHOBJICHHS TIPH JTaHOMY PO3TJIISi JOPIBHIOE HYJIEBI, TO
OJICP’)KUMO TIOTIK BiJIMOB, SIKI BUHHMKAIOTh OJIHA 3a OfHOI0. [loTokM 1ux momii
MOXYTh OyTH Pi3HUMHU. PO3pi3HSAIOTH IOTOKU: PETYIAPHUIN, HEPETYIAPHUH, POCTHUH,
HaUTMPOCTIIIUH.

[ToTik moiit BimOyBaeThes y vaci (auB. puc. 2.10).

1l 1l ; 1l —l - t

Tl TZ T3 T4 At

<& » > Y > >

Pucynok 2.10

XapakTepuCTUKH MMOTOKIB MOIHA:

1. CrauionapHicTs. VIMOBipHICTh BMHMKHEHHS MEBHOI KiIBKOCTI TOMi 3a
IHTEepBaJ 4Yacy TPHUBAIICTIO T 3aJieKUTh HE BIJ TOTO, 1€ IHTEpBaJI Yacy T
3HaXOAMUTHCS Ha OCl yacy t, a TUIbKHU BiJl JOBKUHU 1HTEpBay T. buibiioMy iHTEpBaLy
BIJIMOBiAa€e OibIla KUIBKICTh moxid. Llg ymoBa 111 mOTOKY BiAMOB B amapaTypi
BUKOHYEThCS HabmmxeHo. B mepion ekcrutyararii amapaTypu TMOTOKH BiJIMOB €
HECTaI[lOHAPHUMH.

2. BigcytHicTs micisiaii. XapakTep NPOTIKaHHA MOTOKY MOJIIN MiCsA Yacy 7 He
3aJIEKUTH BIJI TOTO SIK IMIPOTIKAB MOTIK 10 [IbOTO MOMEHTY. MaTreMaTH4HO 1€ O3HAYaE,
0 YMOBHa MHMOBIpHICT, mosiBu K moxiil (BIZMOB) 3a 1HTEpBal [T,Z'+T3]

po3paxoBaHa IMpPH JOBUIBHUX NPUITYIICHHSX PO HACHUYEHHS TMOJINA J0 IbOTO
1HTEepBaTy Ta piBHa 0€3yMOBHIM MMOBIPHOCTI HACMUEHHS IO 3a 1eil iHTepBal. 3
G13M4HOT TOYKHM 30pYy MICTSIIS BUKOHYETHCS MO-pI3HOMY: 1 — BHACIHITOK BIIMOB
OJIHOTO €JIeMEHTa YacTO OJHOYACHO BUXOMSTH 3 JaAy 3alieKHl €JIeMEHTH; 2 —
BI/IMOBAa OJTHOTO €JIEMEHTa MO’K€ TPU3BECTH JI0 BUHUKHEHHS HAIpPY>KEHOTO
€JIEMEHTAPHOTO PEXXUMY JUISI 1HIIIUX €JIEMEHTIB, 10 301IbIITye WMOBIPHICTD iX BIIMOB
B MOJAJIBIIOMY; 3 — 3aMiHa BIJHOBJIECHUX €JIEMEHTIB HOBUMHU MPU3BOJUTH JO TOTO,
110 HACTYIHA BIIMOBA CKOpIILIE€ CTAHETHhCS Y €JIEMEHTIB, SIKI 3aMIHEH1 paHille, HIK Y
HIOMHO MOCTABJIEHUX.

3. OpaunapHicTh. TepMiH OpJUHApPHUII TOBOPUTH NPO TE, IO 32 HEBEIUKUN
MPOMIXKOK yacy At MaioliMOBIpHa NOsIBA ABOX Ta OLJIbILIE TTOIIM.

HalBaXUBIIMMHA YUCENHPHUMH IMapaMeTpaMd BHUIAIKOBOTO TIOTOKY €
IHTEHCUBHICTh MIOTOKY ,u(t) Ta MapaMeTp MOTOKY /1(t).

Iumencuenicmio nomoky Ha3WBaIOTh MaTEMaTUYHE CIOJIBAaHHS KUIBKOCTI
MO/TiH 32 OJIMHUIIIO Yacy B JAHUI MOMEHT:

o N(tt+At)
'u(t)_AI:To At
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TOOTO, Lle I'PaHMIs BiJHOIIEHHS cepedHboi KimpkocTi moxii (N ) Ha inTepmani
(t,t + At) 710 TOBKUHU IILOTO 1HTEPBAITY, IO TPSIMYE J0 HYJISL.

Ilapamempom nomoxky Ha3UBAEThCS TPAHUI BIJHOIICHHS WMOBIPHOCTI
HAJXO/DKEHHS Xoda O ojHiel moxii Ha 1HTEpBaii (t,t+At) 0 JOBXXUHHU IIHOTO
1HTEpBaIy, IO IPSAMYE 10 HYJIS:

P (1.t + At)

40 jm EL

JlAs cTalioHapHOro MPOIECY iIHTEHCUBHICTh Ta MAapaMeTp MOTOKY — BETMYMHH
mocTiifHi He 3amexaTh Bim wacy, T06T0 A(t)=A4 Ta u(t)= . Jns opamHapHuX

MOTOKIB BEJIMYMHA MapaMeTpa MOTOKY Ta IHTEHCHUBHICTh MOTOKY 301raroThCs, TOOTO
A=u.
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JIEKIIIA 3

®AKTOPH, 1110 BILTMBAIOTH HA HAIIMHICTH EOM TA
KOMITIOTEPHUX CUCTEM

HaniitHicTh CKIIaHUX CUCTEM 3aJIeKUTh BiJ PI3HOMAHITHUX (PaKTOPIB, PO3/ILIbHE
Ta KOMIUIEKCHE BUBYCHHS SKMX HEOOX1THO, OCKUILKU 0€3 PO3KPUTTS (DI3UUHOT IPHUPOIH
BIIMOB JIOCUTb BaXKO BHOpaTH HaWKpaluid HampsMOK pOOIT Mo 3abe3MleueHHIo Ta
1 ABUIIICHHIO HAIMHOCTI SIK OKPEMHUX BUIIB O0JIaTHAHHSI, TaK 1 CUCTEM B IILJIOMY.

Bcio MHOXUHY (hakTOpiB, 10 BIUIMBAIOTH HA OOJAJHAHHS CKJIAQIHUX CHCTEM,
NPUIHATO KIacu(ikyBaTH 3a o0iacTo ix fii (muB. puc. 3.1).

OcHOBHI MapaMeTpu, SKi BIUIMBAIOTh HAa HAMIWHICTH KOMIT IOTEPHUX CHCTEM
MOKHA PO3JUIATH HA JABI Tpynu (muB. puc. 3.2): 1) amapatHi (TexHi4Hi), TOOTO TaKi,
110 3aJIeKaTh BiJ] CTAHy amapaTypH Ta ii eeMeHTiB; 2) HeamapaTHi, TOOTO Taki, 1o He
3aJIe)KaTh BiJ] CTaHy amaparypu, ajie BIUTMBAIOTH Ha (DYHKITIOHAIbHY HATIHHICTS.

dakropu,
1[0 IUIMBAIOTh Ha HAMIWHICTD

A 4

KonctpykTusHi pakropu

A 4

Bupobuuui gaxropu

\ 4

Excrutyarartiiini paxropu

A 4

O06’exTuBHI (hakTOpHU

A 4

Cy6’exTuBHI (hakTopu

Pucynok 3.1. ®dakropwu, 1110 IJIMBAIOTh HA HAIIHHICTD
o0JIaIHAHHS CKJIAIHUX CUCTEM

Jlo KkoHcmpykmuerux ¢oakmopie Hanexarhb:

- BUOIp CTPYKTYpHOI Ta (DYHKIIIOHAJILHOI CXEMH, CIIOCOOIB pE3epBYBaHHS Ta
KOHTPOJTIO;

- BUOIp KOMIUIEKTYIOUUX €JIEMEHTIB Ta MaTepiaiiB, a TAKOXK pOoOOYUX YMOB, B
SKUX TIOBUHHI TPAIIOBATH KOMITJIEKTYIOU1 €JIEMEHTH;

- TIPU3HAYEHHS BUMOT JI0 JOIMYCKIB HAa TEXHIYHI XapaKTEPUCTUKH EJIEMEHTIB;

- po3po0OKa eKCIuTyaTaliiHol JOKyMEHTAITI1 Ta 1H.
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®dakropu,
110 IUITMBAIOTh Ha HaaiiHIicTh KC

A\ 4

AmapatHi ¢akTopu

A\ 4

BupoOuuui pakropu

A 4

KoHcTpykTuBHO-CXeMHI1 (akTopu

A 4

Heamnapatni dakTopu

> [porpamui dakropu

\ 4

Bnaus JIIOOUHH-OIICpAaTOpa

Y

Bmuiue ymoB poGoTH

Pucynok 3.2. ®akropu, 1110 miMBarTh Ha HaaiHICTH KC

Ho  eupobnuuux ¢axmopie Hanexath ¢GaKTOpu, MO BUHUKAIOTH B
npoIreci  MATOTOBKM BUPOOHUIITBA, BUTOTOBJICHHS Ta BUPOOHUYOTO KOHTPOJIO
BUpPOOIB:

- BXIJIHAI KOHTPOJIb SIKOCTI MaTepiaiiB Ta €JIEMEHTIB, 1110 OTPUMAaHI Bl MIAIPHUEMCTB-

ITOCTAYAJILHUKIB;
- OpraHi3arlisi TeXHOJIOTTYHOT'O MPOIIECY BUTOTORIICHHSI 001 THAHHST;
- KOHTPOJIb SIKOCTI IMPOJTYKITii Ha BCIX €Tarax TEXHOJIOTTYHOTO MPOIIeCy;
KBaTI(pIKaLlisl BAPOOHUKIB;
3a0e3MeYeHHs SIKOCTI Ta KOHTPOJIb MOHTAXKY Ta HaJIaro/KEHHs 00JIaTHAHHS CUCTEM;
YMOBH poOOTH Ha BUPOOHUIITBI Ta HIIIE.

[Ipy mnpoexkTyBaHHI Ta KOHCTPYIOBaHHI 00 ’€KTy 3aKjalaeTbCsi MOro
HaAIIHHICTG.

Ho excnnyamayivnux ¢paxmopie BITHOCITHCS (PaKTOpH, 110 3’ ABJISIOTHCS 1032
cheporo TPOEKTYBaHHS Ta BUPOOHUIITBA 00’€KTiB. BOHW 3HMKYIOTH HAJINHICTH
pobotn BHUpOOy, KOJIM OOCIYrOBYyBaHHS BHpPOOY TPOBOAUTHCA HEIOCTATHHO
KBaTipiKOBaHO, a00 KOJM PEXUM MOro ekcIulyaraulli He BIAIOBIIAE PEXKUMY
BCTAHOBJIEHOMY Tipu ekcrutyatauii. [lpm BHCOKiIl SIKOCTI  00CIyTOBYBaHHS

32



eKCIUTyaTalliiiHa HaJliHICTh MOKE MIJIBUIIYBAaTHCh B MOPIBHIHHI 3 MPOTHO30BAHOIO
Ha eTaIl NPOeKTYBaHHS Ta BUPOOHUILITBA. 3a xapakmepom Oii Ha 00 €km eKcniyamayii
(dakTOopu MOXHa MOIUIUTH Ha 00 'ekmueni (11 30BHIIIHBOIO CEPEIOBHUINA) Ta
cy6 ‘exmueni (i 00CITyroBYrO4Oro nepconany). O6’ekTuBHI (PAKTOPH, IO BILTUBAIOTH
Ha HaJIHHICTH 00’ €KTIB, MOYKHA KJIaCH(PIKyBaTH Ha JIBI TPYIH: 30BHIIIHI Ta BHYTPIIIHI
dakropu.

Jlo 306HiwHIX hakmopié BITHOCATHCS BIUIMBH, IO OOYMOBJICHI 30BHIIIHIM
CEpe/IOBUILIEM Ta yMOBaMHM 3acTtocyBaHHsA. lle, mo-mepiue, kiimMatuyHi (akTopw,
MexaHIuHl 1ii (BiOparis, yaapu), €JIeKTPOMAarHiTHI Ta pajiiailiiiHi BUIIPOMiHIOBAHHS,
TOIIIO.

Jlo kmiMaTHYHUX (AKTOpIB BITHOCITHCS: [is TEMJia Ta XOJIOAY, BiIHOCHA
BOJIOTICTh, aTMOC(EPHUI THCK, COHSIYHA paIiarlis.
HaniiiHicTh 3a7€XUTh Bl YMOB OTOYYIOYOTO CEpEJOBHINA Ta PEKUMIB
eKCILTyaTarlisi anaparypu.
EOM notpelye 0cOOIMBHUX peXUMIB POOOTH:
- Temmeparypa (5-40) °C
- BosoricTh (60-70)%
- armocdepuuii Tuck (750+30)mMm prt.CT.

Buympiwni  ¢pakmopu TOB’s3aHI 13 3MIHOIO TIapaMeTpiB  00’€KTa Ta
KOHCTPYKIIMHUX MatepiaiiB (CTapiHHs, Kopo3is, Touo). Ll 3MiHK BinOyBarOThCS B
Yaci IiJ] BIUIMBOM 30BHIIIHIX (DaKTOPIB.

[lin cy6’ekmusnumu excniyamayitinumu (HakTopamy, IO BIUIMBAIOTh Ha
HAJINHICTh, PO3YMIIOTh:

- kBaymi(ikalio 00CIyroByr04oro nepcoHay;

- Oprasi3amiio Ta AKiCTb TEXHIYHOTO OOCIYrOBYBaHHS Ta PETIAMEHTHUX POOIT;

- METOJ Ta CIocoOu oprasizallli eKcIuTyartailii 00’ €KTiB;

- Ooprasizaiiisi 300py Ta aHaji3y BiJOMOCTEH Npo Ha/IIHHICTh 00’ €KTIB.

Heanapamui ¢oaxmopu, sixi BrMBaroTh Ha HaaiiHiCTh EOM Ta KoMIT IOTepHUX
CHUCTEM BHHHUKAIOTH 1032 C(Peporo MPOEKTYBaHHS Ta BUPOOHMIITBA ITU(PPOBOI TEXHIKH.
J1o HUX HaeXaTh:

- SIKICTb QJITOPUTMIB Ta MPOTPaM Jijisi BUPOOIB 3 IPOTPAMHUM KEPYBaHHSIM;

- kBami@ikaiigs OOCIyrOBYIOUOTr0 TEPCOHANy Ta SKICTh OOCITyroBYBaHHS
arnaparypu;

- yMOBH poOOTHU amapaTypH, B TOMY YHCIIl TeMIepaTypa, BOJIOTICTh, 3aBa/IH,
TOLIO.

Cxema 3B'A3Ky MDK pIBHIMH HAIIWHOCTI, HampUKiIag HMOBIPHOIO
0€3BIIMOBHOIO CTaHy Ta (haKTopamu, sKi BIUIMBAIOTh Ha HAAIMHICTE MOXe OyTH
MojlaHa 3riJIHO PUCYHKY 3.3, 1e:

a - KOHCTPYKTUBHO-CXEeMH1  (haKTOpH (BOHH OOYMOBITIOIOThH anapaTrypHy
KOHCTPYKTHUBHO-CXEMHY HaA1iHICTh BUpoOy, udpa I);

b - BUpoOHMYO-TEXHOJOT4YHI (PaKTOPU (BUCOKA SIKICTh TEXHOJIOTTYHOTO MTPOIIECY
PI3HUTKCS B HOMIHAJIBLHOTO MOKE TT1IBUIILYBAaTH TOKA3HUK HAAIMHOCTI Ha BEIMYUHY

1);
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¢ - MaTeMaTh4YHe 3a0e3neueHHs (BOHO MOYKE ITiIBHIIYBATH MTOKA3HUK HAIIMHOCTI
no [+1I+11 y Bunaaxy sIKIio sSIKiCTh aITOPUTMY Ta MPOTPaM BUIIA HIK Mependadanoch
npu BU3Ha4YeHHI oka3HukiB [ Ta Il);

d - sIKicTh 00CITyTOBYBaHHS;

e - ymoBa pobotu BupoOy (IV Ta V) mpupicT mokasHHMKa HaIIHHOCTI, SIKI
BUKJIMKAHI LMMH (akTopaMu SKIIO BOHU OYAyTh OUIBII CHPUSTIMBUMH HIXK
nepe10avagoch Ipu MPOEKTyBaHH1 BUPOOY.

HapinHictb

I+ I
RGN I
IV | o \Y
[+l T 1 v
%L_bb | ¢ | d | € | dakTopu
a+b+c | | |
a+b+c+d "~ y

atb+c+d+e

A

Pucynok 3.3. Cxema 3B'I3Ky MK pIBHSIMH HAJIIMHOCTI Ta akTopaMu

[Ipu nporHo3yBaHH1 MOKa3HUKIB HAIIMHOCTI B IPOLECT MPOEKTYBAaHHS 3BUYAITHO
NPUAMAETHCS, 10 MOKAa3HUKU HAAINHOCTI HE 30UIBIIYIOTHCS, HE 3MEHIIYIOTHCS B
Ipolieci BUPOOHUIITBA Ta KCILTyaTallii.

B mpomy Bumaaky copaBeUIMBO HACTYITHE: HAJIAHICTh 3aKJIAAEThCS TPHU
NPOEKTYBaHHI, 3a0e3Me4yyeTbcs TMpPU BUPOOHHUIITBI Ta MIATPUMYETHCS TPHU
eKCIUTyaTarii.

Ane Tak OyBae He 3aBxkau. Ha mpakTuili mae wmiciie SK TOTIPIIEHHS Tak U
MOKpAIIeHHS TTOKa3HUKIB HAIIMHOCTI B MPOIIeCi BUPOOHUIITBA Ta EKCILTyaTaIlli.
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JIEKIIIS 4
CTPYKTYPHO-JIOTTYHUIM AHAJII3 TEXHIYHUX CUCTEM
4.1 OCHOBH CTPYKTYPHO-JIOTIYHOI0 AHAJII3Y

KinneBoro MeTO pO3paxyHKy HaAIHHOCTI TEXHIYHMX IIPUCTPOIB €
ONTUMI3AIlll KOHCTPYKTMBHUX pIIIEHb Ta IapaMeTpiB, PEXKHUMIB EKCILTyaTallli,
oprasi3allisi TeXHIYHOTO 00CIIyrOByBaHHs Ta peMOHTIB. ToMy B)ke Ha paHHIX CTaJisax
MIPOCKTYBaHHS BaXKJIMBO OILIHUTH HAMINHICTh 00'€KTY, BUSBUTH HAWO1IbIT HEHAIIHHI
BY3JIM Ta JeTalll, BU3BHAYUTH HaWOULIbII €(eKTUBHI 3aX0/AU MIJBUIICHHS MMOKAa3HUKIB
HaaidHOCTI. PimIeHHS IHMX 3aBIaHh MOXJIMBE TICHS TOMEPEAHHOTO CTPYKTYpPHO -
JIOTIYHOTO aHaTi3y CUCTEMH.

binbmicte TexHivHUX 00'€KTiB, y ToMy uuciai EOM, € ckilamHuMu cucTeMamu,
0 CKJIAIA0ThCSl 3 OKPEMHUX BY3JiB, JCTAJICH, MPUCTPOIB KOHTPOJIIO, YIPaBIIIHHSA,
tomo. Texuiuna cucmema (TC) — CYKyINHICTh TEXHIYHMX HPHUCTPOIB (EJIEMEHTIB),
MPU3HAYCHUX JJIsI BUKOHAHHS TIeBHOI (yHKINT ab6o ¢yHKI. BianoBigHo, e1eMeHT —
CKJIaJI0Ba YaCTUHA CUCTEMHU.

Po3outtss TC Ha eneMeHTH JOCUTh YMOBHO Ta 3aJIEKUTh BiJI MMOCTAHOBKHU
3a/1aul PO3paxyHKy HaJIIMHOCTI.

[Ipu BusHaueHHi ctpyktypu TC B mepiry depry HEOOXiTHO OIIHUTHU BILIWB
KOXXHOTO €JIEMEHTY Ta HOTo Mpaiie3aTHOCTI Ha Mpane3/1aTHICTh CUCTEMH B IUIOMY. 3
11€i TOYKHU 30pY AOLULIBHO PO3JLIUTH YC1 €IEMEHTH HA YOTUPH TPYIIH:

1. EneMeHTH, BiAMOBa SIKMX MPAKTUYHO HE BIUIMBAE Ha IMpale3gaTHICTb
CUCTEMH.

2. EnemenTtn, mpame3mgaTHICTh SIKAX 3a dYac eKCIUTyaTallii TPakTHYHO He
3MIHIOETHCS Ta UMOBIPHICTH 0€3BIIMOBHOI pOoOOTH OJIM3bKA J10 OJUHUIII.

3. EnemeHTH, peMOHT a00 peryitOBaHHS SIKUX MOXJIMBE MPH POOOTI BUPOOY
a0o0 1] Yac MIaHOBOTO TEXHIYHOTO 00CITyrOBYBaHHS.

4. EnemeHTH, BiZIMOBa SKMX cama 1o co01 a00 y TO€IHAaHHI 3 BiJIMOBaMHU
THIITMX €JIEMEHTIB MPU3BOJIUTH JI0 BIIMOBH CHCTEMH.

OueBunHo, ipu a”ami3i HagiiHOCTI TC Mae ceHC BKIIOYATH B PO3TIISA TITHKH
€JIEMEHTH OCTaHHbOI I'PYIU.

st po3paxyHKIB MapaMeTpiB HAIIAHOCTI 3PYYHO BUKOPHUCTATU CTPYKTYPHO-
noriyHi cxemu HamaiiHocTi TC, ski rpadiuyHO BIAOOpaKaIOTh B3a€EMO3B'SI30K
€JIEMEHTIB Ta iX BIUIMB Ha Mpale3JaTHICTh CUCTEMU B IIIoMy. CTpYKTYpHO-JIOTTYHA
CXeMa € CYKYIHICTIO paHille 3a3Ha4€HUX E€JIEMEHTIB, CIOJY4YeHUX OAWH 3 OJHUM
MoCiJ0BHO a00 mapanenbHo. Kputepiem aJisi BU3HaueHHs BUY 3'€IHAHHS €JIEMEHTIB
(mociimoBHOro abo mapayieIbHOro) Mpu MoOyJ0BI CXEMHU € BIUIMB iX BIJIMOBH Ha
npare3gatHicts TC.

llocnioosnum (3 TOYKHU 30py HAIIMHOCTI) BBaKA€ThCS 3'€AHAHHS, MPHU SKOMY
BiIMOBa Oy/Ib-SIKOTO €JIEMEHTY MPHU3BOJAUTH O BIIMOBHU YCi€l CHCTEMH (JMB. pUC.
4.1). Iapanenvrum (3 TOYKH 30pYy HATIHHOCTI) BBAKAETHCSA 3'€HAHHS, MPH SIKOMY
BiIMOBa OyJIb-KOTO €JIEMEHTY HE€ NPHU3BOAUTH JO BIJIMOBU CHUCTEMH, TOKHA HE
BIZIMOBJISITH BCi 3 €/IHYOYI eleMeHTH (auB. puc. 4.2).
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Pucynok 4.1. IlocnigoBue N

3’€IHaHHS €JIEMEHTIB

Pucynok 4.2. [TapanensbHe
3’€THAHHS €JICMEHTIB

[leBHa anayorisi TYT TMPOCTEXKYETHCA 3 EICKTPUYHUM JIAHIFOTOM, MIO
CKJIQZICHUU 3 €JIEMEHTIB (CIpaBHUM €JIEMEHT IMPOIYCKAa€E CTPyM, IO BIJIMOBUB HE
MPOITyCKae): mpate3aaTHoMy crany TC BIJNOBIJIa€ MOXKJIMBICTh MPOTIKAHHS CTPYMY
B1Jl BXO/y O BUXOAY JaHIIOTa.

B uinomy ananiz ctpykrypHoi HagiiHocti TC, sk nmpaBuio, BKIOYAa€ HACTYIHI
ormepartii:

1. Amnami3yroTbcs OpuCTpoi Ta (YHKIII, [0 BUKOHYIOTHCS CHUCTEMOIO Ta ii
CKJIAJJOBUMU YaCTHHAMM, a TAKOXK B3a€EMO3B’SI30K CKJIaJIOBUX YACTHH.

2. ®opmyeTbes 3MICT MOHATTA “0€3BIAMOBHOI poOOTH” JIJIsl JAHOT KOHKPETHOT
CUCTEMU.

3. BusHauaroTbCs MOXJIMBI BIMOBHU CKJIQJIOBUX YAaCTUH Ta CHUCTEMH, iX
NPUYUHUA T4 MOYKJIUBI HACIIIJIKH.

4. OIHIOETBCA BIUIMB BIAMOB CKJIQJOBHX YaCTMH CHUCTEMHM Ha 1l
npare3aaTHICTh.

5. Cucrema noauIs€ThCI HA €JIEMEHTH, ITOKAa3HUKU HAIHHOCTI SKUX BIJIOMI.

6. CkiafaeTbCcs CTPYKTYPHO-JIOTIYHA cXeMa HAAIMHOCTI TEXHIYHOT CUCTEMH,
sIKa € MOJAEJUTIO 11 0€3B1IIMOBHOI POOOTH.

7. CknamaroTbCsl PO3PaxXyHKOBI 3aJ€KHOCTI JJIsI BU3HAUCHHS MOKA3HUKIB
HagiiHocTi TC 13 BHKOPUCTAHHAM JAHMX [0 HAIIMHOCTI 1i €JEeMEHTIB Ta 3
BpaxyBaHHIM CTPYKTYPHOI CXEMH.

3ajie’)kHO BIJI TOCTaBJIEHOI 3a/Jadl HAa OCHOBI pE3YyJbTaTIB PO3PAXYHKY
xapakTepucTuk HaaIiHOCTI TC poOIsATHCS BUCHOBKU Ta IPUMUMAIOTHCS PIIICHHS TIPO
HEOOX1HICTh 3MIHM a00 JOOMpAIIOBaHHS €JIEMEHTHOI 0a3u, pe3epByBaHHI JESKUX
€JIEMEHTIB a00 BY3JiB, IPO BCTAHOBJICHHS BU3HAYEHOTO PEXKUMY MPOPITIAKTUYHOTO
0o0CITyroByBaHHs, MPO HOMEHKIATYpYy Ta KIUJIbKICTh 3alacHUX eJIEMEHTIB JIJIs
PEMOHTY 1 T.J.

4.2 Po3paxyHKH CTPYKTYPHOI HaAiiHHOCTI cucTemM

Po3paxyHku mnokasHukiB Oe3BigMoBHOcTi TC 3a3BuMYail MpoOBOAATHCS 3a
MPUITYIICHHS, 110 K BCSI CUCTEMA, TaK U OyAb-sIKUH 11 €JIEMEHT MOXKYTh 3HAXOAUTUCS
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TIJIBKA B OJTHOMY 3 JIBOX MOXKJIMBHX CTaHIB — MPaIle3aTHOMY Ta HEMpare3qaTHOMY i
BIJIMOBH €JIEMEHTIB He3aJexkH1 oauH Bia ogHoro. CtaH cucteMu (mpare3naTHuii abo
HeTpare3aTHU) BU3HAYAETHCS CTAHOM C€JIEMEHTIB Ta iX MO€AHAHHSIM. Tomy
TEOPETUYHO MOXJIMBO pO3paxyHOK Oe3BiAMOBHOCTI Oynb-akoi TC 3Bectu [0
nepebopy BCiX MOXKJIMBHX KOMOIHAIlIM CTaHIB €JIEMEHTIB, BU3HAYCHHSI WMOBIPHOCTI
KO’KHOTO 3 HUX Ta J0JIaBaHHI WMOBIPHOCTEH Mpare3JaTHUX CTaHiB CUCTeMH. TaKuit
METOJ MPAKTUYHO YHIBEpCATbHHIA Ta MOXXE BHUKOPHCTOBYBATHCS IPH PO3PAXYHKY
oynp-sikoi TC. Ilpore mpu Benukii KITBKOCTI N €IE€MEHTIB CUCTEMHU TaKUM IUISX
CTa€ HEpealbHUM 4Yepe3 BeNUKui 00'eM oOuuciens (Hampukiag, npu n=10

KiJIBKICTh MOKIIMBHX CTaHiB cuctemu ckiafae 2" =1024 | npu n =20 6Ginbie 108 ,

npu N=30 Ourble 109). ToMy Ha mpakTUlll BUKOPUCTOBYIOTh €(EKTHUBHIIII Ta
€KOHOMIYHIIII METOJU PO3paxyHKy, HE TOB's3aHl 3 BEJIUKHUM 00'éMOM OOYHCIICHB.
MO>KIIMBICTh 3aCTOCYBaHHS TaKUX METO/IIB MOB's13aHa 13 cTpyKTyporo TC.

4.2.1 CucreMH 3 MOCTIAOBHUM 3’ €¢IHAHHAM €JIEMEHTIB

CHCTEMOIO 3 nOCHI008HUM 3 €OHAHHAM elleMeHmié Ha3UBAETbCA CUCTEMA, B
AKIA BIAMOBA OYJb-SKOrO €JIeMEHTa MPU3BOJUTH 0 BIJAMOBH BCi€l cuctemu. Take
3’€JHAHHSM E€JIEMEHTIB B TEXHILI 3yCTPIYa€ThCSA Hal4acTille, TOMy WOr0 Ha3UBaKOTh
OCHOBHUM 3 €OHAHHAM.

B cucreMi 3 moCiiIOBHUM 3’€AHAHHAM AJi1 O€3BIIMOBHOI POOOTH MPOTIATrOM
JIeSIKOTO HallpaltoBaHHs | HEOOXIJHO M JOCTaTHBO, 00 KOXKEH 3 1i N eJIEeMEHTIB
npairoBaB O0€3BIIMOBHO MPOTITOM I[LOTO HAMpalfoBaHHA. BBakarounm BIIMOBU
€JIEMEHTIB HE3aJIe)KHUMH, WMOBIPHICTh OJHOYACHOI O€3BIIMOBHOI pPOOOTH N
€JIEMEHTIB BHM3HAYAEThCS 3a TEOPEMOIO JOOYTKY HWMOBIPHOCTEH: WMOBIPHICTH
CYMICHOT MOSIBY HE3AJECKHHUX MOJI1H TOPIBHIOE JOOYTKY MMOBIPHOCTEH IIUX MOIIH:

PM) = p®) o ()P =TI O =TTA- ) @1
i=1 i=1

(magami aprymeHT t B JyXKax, IO IMOKa3ye 3aJieKHICTh MOKA3HUKIB HAAIHHOCTI BiJl
4yacy, ONYCKA€ThCsA ISl CKOPOUYEHHs 3amucy ¢opmyn). BianmoBigHo, WMOBIPHICTH
B11MOBH Takoi TC

O=1-P=1-[]p=1-T10-q). (4.2)
i=1 i=1
SIK11o cuctema cKiIaaeThbes 3 pIBHOHAAIMHUX eJIeMeHTIB ( Pj = P ), TO

P=pi Q=1-(-a)" (4.3)

3 ¢opmyn (4.1)-(4.3) oueBMAHO, IO HABITH MNPU BHCOKI HaAIMHOCTI
€JIEMEHTIB HAJlIMHICTh CUCTEMHU MPHU MOCITIAOBHOMY 3’€/IHAaHHI BUSBIISETHCS TUM
OUIBII HU3BKOIO, UMM OlIbIIA KUIBKICTH €leMeHTIB (Hampukian, npu P =0.95 ta

Nn=10 maemo P=0.60, mpu n=15 P=0.46, anpu n=20 P =0.36). Oxpim
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TOT0, OCKUJIBKA BC1 MHOXXHUKHU B MpaBiid yacTuHi BUpasy (4.1) He Oiablne OAMHMIIL,
MOBIpHICTH 0e3BiAMOBHOT podoTn TC mpu mocniAoBHOMY 3’€/IHaHHI HE MOXE OyTH
BHUIIIE WMOBIPHOCTI 0€3BIIMOBHOI pOOOTH CaMOro HEHAAIWHOTO 3 i €JIEeMEHTIB Ta 3
MaJIOHaAIMHUX €JIEMEHTIB HEMOKJIMBO CTBOPUTH BUCOKOHA1HY TC 3 mocmiiioBHUM
3’ ¢ THAHHSIM.

4.2.2 Cucremu 3 napaJjieJibHUM 3’ €JHAHHAM eJIeMeHTIB

Cucremor0 3 napanenvHum 3 €OHAHHAM elleMeHmié Ha3UBA€ThCs CHUCTEMa,
BIJIMOBa SIKOi BIOYBA€ThCS TUIBKM Yy BHMMAAKYy BIJIMOBH BCiX ii enemeHTiB. Taki
cxemu HafiitHOcTi XapaktepHi ansi TC, B SKUX eleMEHTH AyOolThes abo
PE3EpPBYIOTBCSI, TOOTO TapayieibHe 3 €QHAHHS BUKOPHUCTOBYETHCS SIK METOJ
IIBUIIEHHS HATIHHOCTI. AJie TaKi CHCTEMH 3yCTPIdalOThCs M CAMOCTIHHO.

JInst BIIMOBH CHUCTEMHU 3 TMapajeibHUM 3 €IHAHHSAM EJIEMEHTIB IPOTATOM
HapoOiTKy t HEOOXiAHO W MOCTaTHBO, MO0 BCi ii €IEMEHTH BIAMOBHWIN MPOTITOM
IbOro0 HapoOiTKy. Tak MmO BiIMOBAa CHCTEMH TOJISITAa€ B CYMICHIH BIAMOBI BCiX
€JIEMEHTIB, UMOBIPHICTh YOTro (3a MPUIIYIICHHS HE3aJIEKHUX BIJMOB) MOXE OyTH
3Hal/IeHa 3a TeopeMor0 JOOYTKY WMOBIPHOCTEH SIK JOOYTOK WMOBIPHOCTEH BIIMOB
€JIEMEHTIB:

n n
Q= =]1a =]11@-pi) (4.4)
i=1 i=1
BianoBigHo, MOBIpHICTH 0€3B1IMOBHOT POOOTH JOPIBHIOE:
n n
P=1-Q=1-[]q =1-[[@- p). (45)
i=1 i=1

Jlnst cucteM 3 piBHOHAIIWHUX eJIeMEHTIB (P = P )

Q=q", P=1-(1-p)", (4.6)

TOOTO, HAAIMHICT, CUCTEMHU 3 TMapaledbHUM 3’ €IHAHHSAM 3POCTa€ MpU 301IbIICHHI
KUTBKOCTI eneMeHTiB (Hampukian, npu P=09 ta n=2 P=0.99, a mpu n=3
P =0.999).

Ockinbku Q; <1, noOyTok B mpaBiil yactuHi (4.4) 3aBxkAM MeHILE Oy1b-SKOTr0
3 MHOXHUKIB, TOOTO MMOBIPHICTh BIIMOBM CHUCTEMHU HE MOXE OYTH BHILE
WMOBIPHOCTI €CaMOro HaJIHHOTO ii €JeMEHTa Ta HaBiThb 3 MOPIBHAHO HEHAIIMHHUX
€JIEMEHTIB MOJIMBA MTOOY/10BA IIIKOM HAJIMHOI CUCTEMHU.

4.2.3 Cucremu Ty “m 3 n”

Cucmemy muny "M 3 N" MOXHa pO3rJISAaTH SIK BapiaHT CUCTEMH 3
napajielbHUM 3'€JHAHHSM €JICMEHTIB, BIJIMOBa SKOi BIAOYJEThCSA, SKIIO 3 N
€JIEMEHTIB, 3 €JHAHMX MapajeibHO, Mpale3JaTHUMU BHSBIATHCA MEHIIE M
eleMeHTiB (M<n).
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Ha pucynky 4.3 npencraBiena cuctema "2 3 5", dka mpanes3iarHa, SIKIIO 3
n'aTy ii eleMeHTIB mpaiioe Oyab-sKi J1Ba, TpH, YOTUpHU abo BCi M'ATh (Ha cxemi
OYHKTUPOM 0OBeneHl (YHKIIOHATbHO HEOOXigHI JBa €JIEMEHTH, NIPUYOMY
BUJIUICHHS eJIeMeHTIB 1 Ta 2 3po0JIeHO YMOBHO, HacIlpaBli yCl I'STh €JIEMCHTIB
piBHO3HauH1). Cuctemu TUMy "M 3 N" HaifyacTilie 3yCTPiYalOThCS B €NEKTPUUHUX
Ta CHCTEeMax 3B’s3Ky (TpU IIbOMY €JIEMEHTaMH BHUCTYIMAIOTh KaHAIW 3 €IHAHB),
TEXHOJIOTIYHUX JIHIN, a TAKOX MPH CTPYKTYPHOMY pPE3epBYBaHHI.

JIiist po3paxyHKy HaJIMHOCTI cucTeM TUIY "M 3 N" Mpu MOPIBHSHO HEBEIUKIM
KUIBKOCTI €JIEMEHTIB MOKHA BUKOPUCTATH Memoo npsamozo nepebopy. BiH nomisrae
y BH3HAYCHHI TMpPAaIEe3MaTHOCTI KOXXHOTO 3 MOXJIHMBUX CTaHIB CHCTEMH, IO
BU3HAYAIOTHCSA PI3HUMU TOETHAHHIMH TIparie3]aTHUX Ta HE Tpare3aTHUX CTaHiB
€JIEMEHTIB.

——————————— Bci cranu cucremu “2 3 5% 3aHeceHi B
tabmuiro 4.1. (B Tabmuii mpame3faTHi CTaHH

1 CJICMEHTIB Ta CUCTEMHM BIIMIYCHI 3HAKOM “+°, HE
npane3aaTHi - 3HakoM =), Jlns gaHoi cuctemu
mpane3aaTHICTh BU3HAYAETHCS JIMIIE KUIbKICTIO
2 Ipale3laTHUX  €JEMEHTIB. 3a  TEOpPEMOIO

MHOXEHHSI HWMOBIPHOCTEH MHMOBIPHICTH OY/b-
SKOTO  CTaHy BHM3HA4ae€TbCsid SK  J10OYTOK
3 AMOBIPHOCTEM CTaHIB, B SKUX 3HAXOASThCS
eneMenTu. Hanpukian, B psaaky 9 onucaHo cta
CUCTEMHU, B IKOMY BIIMOBWJIH €JIEMEHTH 2 Ta 5, a
iHo  npauesnatHi. Ilpm mid ymosi “2 3 5¢

4 BUKOHYETBhCS, TaK 1[0 CHUCTeMa B LUIOMY
npane3aarHa. MIMoBIpHICTh TaKOTO CTaHY:
342
5 Py = P102P3P405 = P7q

(BBaXKa€eThCs, 110 BCl €JIEMEHTH PIBHOHAMIMHI). 3
BpaxyBaHHSIM BCIX MOKJIMBUX CTaHIB
Pucynok 4.3. Cucrema “2 3 5  HUMOBIpHICTh  0€3BIIMOBHOI pOOOTH  CHUCTEMU

MOke OyTH 3HaiiJleHa 3a TEOPEMOIO J0/aBaHHS

HMOBIpHOCTEM BCIX TMpale3JaTHUX IO€IHAHb.
Ockinpbkn B Tabmumi 4.1 KiIBKICTh HE Mpale3faTHUX CTaHIB MEHINa, HIXK
npane3aaTHuxX (BIAMOBIAHO 6 Ta 26), MpOCTilie OOYUCIUTA WMOBIPHICTH B1JIMOBH
cucteMu. [[ns 1mboro J0/al0ThCs MMOBIPHOCTI HEMpale3daTHUX CTaHiB (de He
BUKOHY€ETHCSI yMOBa “ 2 3 5 “):

Q = Pyy +Pyy +Pyg + Pog + Py + Py =q° +5pq” =

4.7)
=(1-p)° +5p(L—p)* =1-10p? +20p> -15p* +4p°.
Toni iiMOBIpHICTE 0€3B1IMOBHOT POOOTH CUCTEMH
P=1-q=10p% -20p3 +15p* —4p°. (4.8)
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Taomuis 4.1 — Tabauig cradiB cuctemu <2 3 5”7

N CraH eneMeHTIB Cran moBipHicTh
Crany 1 2 3 4 5 CHCTEMH CTaHy CUCTEMH

1 + + + + + p°

2 c L I A + p'a’ = p*(L-p)

3 + + + - + +

4 + + - + + +

5 + - + + + +

6 - + + + + +

7 u I I A + p’9* = p’(L-p)°

8 + + - + - +

9 + - + + - +

10 - + + + - +

11 + + - - + +

12 + - + - + +

13 - + + - + +

14 + - - + + +

15 - + - + + +

16 - - + + + +

17 u I R A . + p’a’ = p*(L-p)’

18 + - + - - +

19 - + + - - +

20 + - - - + +

21 - + - - + +

22 - - - + + +

23 + - - + - +

24 - + - + - +

25 - - + - + +

26 - - + + - +

27 ui R I A - p'a’ =p'2-p)*

28 - + - - - -

29 - - + - - -

30 - - - + - -

31 - - - - + -

32 N - q°=1-p)

Po3paxynok HagiiiHocTi cucteMd "M 3 N"  MOXe MPOBOIUTHUCA
KOMOIHAMOPHUM MemoOoM, B OCHOBI SIKOTO JIeXUTh (Gopmyrna OIHOMIAIBHOTO
po3noauty. biHOMianbHOMY pO3MOAUTY MAMOPSAKOBYETHCS TUCKPETHA BUITAJIKOBA
BeJMYMHA K - KUTBKICTh TIOSIB JIESKOT MO/l B cepii 3 N JOCHidIB, SKIO B OKPEMOMY
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J0CT1A1 IMOBIPHICTD MOSIBU MOAIT cknagae P . [lpu npboMy HMOBIpHICT HOSBH TOIIT
TOpiBHIOE K pa3iB BU3HAYAETHCS:

R =Chp“@-p)" ¥, (4.9)

e C,If - OlHOMIiaTbHUH KOe(DIIEHT, 0 HA3MBAETHCS “KIIBKICTIO MOEIHAHD 1O K 3
N“ (ToOTO CKiTbKOMA Pi3HUMH CIIOCOOAMH MOKHA pealtizyBaTH cutyarito "K 3 n''):

kK n!

OCKUIBKHA IS BIAMOBH cucTeMd "M 3 N" I0CTaTHRO, MO0 KUILKICTH
CIPaBHUX €JIEMEHTIB Oyja MEeHIlIe M, MMOBIPHICTh BIIMOBU MOXKY OYyTH 3HailieHa 3a
TEOPEMOIO JIo1aBaHHs WMoBipHOcTed msa K =0, 1, ... (m-1):

Q= mi mZ p @ p)" . (4.11)
k=0 k=0

AHAJIOTIYHO MOXHA 3HAWTH HMOBIpHICTH 0€3BIIMOBHOI poOOTH K cymy (4.9)
g k=m, m+1, ..., n

an R = > Clpk - p)"*. (4.12)

k=m

OueBugHo, mo Q+ P =1, Tomy B po3paxyHkax HEOOXiJHO BUOUpATH Ty 3

dopmyn (4.11), (4.12), sska B JaHOMY KOHKPETHOMY BHIIQJIKy MICTUTh MEHIILY
KUTBKICTh JOJJaHKIB.

st cuctem “2 3 5% (muB. pucd.3) 3a hopmyioro (4.12) orpumaemo:

CZp?(L- p)* +C2p°(L— p)* +Cep?(L— p) +C2p® =10p*(1- p)°* +

(4.13)
+10p Q- p) +5p (1—p)+p =10p —20p +15p — p.
JIMoBipHiCcTb BiMOBH TOT % cucTemy 3a (4.11):
=C2(1-p)® +Cip@-p)* =1-p)® +5p- p)*
Q=C5(1-p)°+C5pQ—p)" =-p)°+5p1-p) (4.1)

=1-10p2 +20p® -15p* +4p°,
110, SIK BUJIHO, Ja€ TOW caMui pe3yiabTaT sl HMOBIPHOCTI 0€3BIIMOBHOI pOOOTH.

41



B tabnuui 4.2 HaBeAeH1 GopMyau Al pO3paxyHKy HMOBIpHOCTI 0€3B1AMOBHOI
pobotu cucrtem Ty "m 3 n" mpu M<N<5. OueBugHo, npu M=1 cucrema
MEPETBOPIOETHCS B 3BUYANHY CUCTEMY 3 MapajelibHUM 3’ €IHAHHAM €JIEMEHTIB, a IPU
M=N - 3 IOCJI1JIOBHUM 3’ €THAHHSIM.

Tabmung 4.2 — @opmynu Ijisg po3paxyHKy HMOBIpHOCTI 0€3B1IMOBHOT
pobGoTtu cucrem Tuimy "m 3 N" mpu m<n<5

3arajapHa KUJIBKICTh €JICMEHTIB, N
m 1 2 3 4 5
1 p 2p—p° | 3p—3p® +p® 4p-6p>+4p*-p*| 5p-10p* +10p*-5p* + p°
2 - p? 3p?-2p° 6p® —8p® +3p* | 10p*-20p°+15p* —4p°
3 - - p° 4p® -3p* 10p® —15p* +6p°
4 _ _ _ p4 5p4 _4p5
5 - - - - p°

4.2.4 MicTKOBi cxeMH

MictkoBa cTpykTypa (pucyHOK 4.4, a, 0) HE 3BOAUTHCS A0 MapaleIbHOTO abo
MOCTIJOBHOTO THUIy 3'€IHAHHS €JEMEHTIB, a € TMapaJieTbHUM 3'€JHAHHSIM
MOCIIIIOBHUX JIAHITIOXKKIB €JIEMEHTIB 3 Jl1arOHAJIbHUMH €JIEMEHTaMH, BKIIOUCHUMU
MIDXK BY3JIaMH PI3HUX IMapajebHUX TUIOK (eIeMeHT 3 Ha pucyHky 4.4, a, eneMeHTH 3
Tta 6 Ha pucyHky 4.4, 6). [Ipane3natHicTh Takoi CUCTEMHU BHU3HAYAETHCS HE JIMIIE
KUIBKICTIO €JIEMEHTIB, 110 BIAMOBUJIM, ajleé ¥ iX ITOJOKCHHSIM B CTPYKTYPHIHA cXeMi.

1 2 1 2 7
— 3 3 6 L
4 5 4 5 8
a) 6)

Pucynok 4.4. MicTKOBI cxemMu

Hampuknan, mpanesnathicte TC, cxema sikoi HaBeneHa Ha pucyHky 4.4, a, Oyxae
BTpayeHa Ipu OJHOYACHIN BiAMOBI eeMeHTiB 1 Ta 2, abo 4 Ta 5, abo 2, 3 Ta 4, Toro.
B Toii ke yac BigMoBa ejeMeHTiB 1 Ta 5, abo 2 ta 4, abo 1, 3 Ta 4, abo 2, 3 Ta 5 10
B1JIMOBHU CUCTEMH HE MPU3BEJIE.

Jlnst po3paxyHKy HaJIIMHOCTI MICTKOBUX CHCTEM MOXXHA CKOPUCTATHUCS
Memooom npsamMo20 nepebopy, sk 11e 0yio 3podisieHo st cuctem "'m 3 n" (1. 3), ane
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IpHU aHami3l Mpane3JaTHOCTI KOXKHOTO CTaHy CHCTEMH HEOOXITHO BpaxOBYBaTH HE
TITBKA KUIBKICTh €JIEMEHTIB, IO BIAMOBWJIM, aje W iX pO3TAllyBaHHS B CXEMi
(tabnuns 4.3). ViMoBipHicTh Ge3BiIMOBHOT POGOTH CHCTEMH BH3HAYAETHCS K CyMa
HMOBIPHOCTEH BCIX Mpale31aTHUX CTaHIB:

P = P1P2P3P4Ps + P1P2 P3P40s + PLP2 P304 Ps + PrP203 P4 Ps +
+ P102P3 P4 Ps + 01 P2 P3 P4 Ps + P1P203P40s + P102P3P40s +

+ 01 P2 P3P40s5 + P1P20304 Ps + P102 P3U4 Ps + 01 P2 P34 Ps +

+ P10203P4 Ps + 01 P203P4 Ps + 010203 P4 Ps + P10203 P40s-

(4.15)

VY Bunajxy piBHOHAIIMHUX €JIEMECHTIB
P=p°+5p*q+8p3g® +2p%q® =2p° —5p* +2p3 +2p>. (4.16)

Meton mpsimoro mnepebopy e(heKTUBHUN TUIBKA TPH Malliii  KUIBKOCTI
€JIEMEHTIB N, Mpo 1[0 WIUIOCS HA MOYaTKy PO3AUTY 3, OCKUIBKM KUIBKICTh CTaHIB

cucremu cknagae 2". Hampuxnam, uis cxeMd Ha puUCYHKY 4.4,6 X KiIbKiCTh
ckianae Bxe 256. Jlemo cnpocTUTH MOXKHA, SIKIIO B TAOJIMIIO CTaHIB BKJIIOYATH
TUIBKM ~ TO€AHAHHS, 110  BIJANOBIJAIOTH  Mpane3gatHoMy  (abo  TUIbKH
HEIpane3JaTHOMY) CTaHy CUCTEMH B IIIIOMY.

Jus anamizy HaaiiiHocTi TC, CTpyKTYpHI CXEMHU SKHUX HE 3BOJATHCA [0
MapajesbHOro ado0 MOCHII0BHOIO THILY, MOKHA CKOPUCTAaTUCSA TaKOX Memooom
JIO2IYHUX cxem 13 3aCTOCYBaHHSIM anreOpu Jjoriku (OyneBoi anredpu). 3acTOCyBaHHS
IbOr0 METOAY 3BOAUThCA 10 cknaganHs s TC dopmynu anreOpu JIOTIKH, sKa
BU3HAYa€ yMOBY Ipale3JaTHOCTI cucteMu. [Ipu 1npboMy 171 KOKHOTO €JIEMEHTY Ta
CUCTEMH B LIJIOMY PO3IJISIIAIOTHCS JBI MPOTHICKH] TOIT - BiIMOBA Ta 30€peKEeHHS
pare3aTHOCTI.

Tabmuis 4.3 — Tabaui cTaHiB MICTKOBOI CUCTEMH

N | Cran enemeHTIB Cran VIMoBipHicTb cTaHy
cra| 1| 2| 3| 4| 5| cucremu | Yy 3araJbHOMY IpU PIBHOHAIIHHUX
HY BUTIAJIKY CIIEMEHTAX
L[+ +]+]+]+ + P1P; Ps P, Ps p°
2 | H| ] - + PP, P3P40s p'g=p*-p)
3 | |+ | -+ + P1 P2 P3Y4 Ps
o I L B Bl + P1P203 P, Ps
S|+ -+ + P.d; P3P, Ps
6 | -| +| +|+]| + + 0: P2 P3P, Ps
[ e e e B - P.P2 P3Y49s p’q* = p°(1-p)°
B+ *+| -]+ - + P1P203P.0s
SO I e R R + P.d; P3P, 0s
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0] -]+]+]+] - + 0y P2 P P45

|+ +| -] -]+ * P1 P,030 Ps

R+ -]+ -]+ + P.d, P304 Ps

B -+ +] -]+ * Gy P2 P4 Ps

M+ - -[+]+ * P.0,05 P4 Ps

15| - | +| - +] + * Gy P25 Ps Ps

16 - -]+ +[+ - 001, Ps Py Ps

7+ +] -] -]- - P1P,050,0s p’a’ = p*(1-p)°
8]+ - +] -] - - P.0, P30, 0s

19 -+ +| - | - - 0, P, P3d,95

20 [+ -] - -]+ - P.42950, Ps

21| - | +| - | - [+ * Gy P25, Ps

2 - - -[+[+ - 010,95 Ps Ps

28+ -] -]+][- * P.0,05 P4 Ps

24 | - [+ - [ +[ - - Gy P25 P45

25| - | -+ -+ - G0, P59, Ps

26 | -| -+ +]| - - G0, Py P4

27 |+ - - | - | - - P.0,05040s pg*=p (1-p)°
28 - +] -| -[ - - 0y P2G59,0s

29| - -1+ -]- - 00, P59 Cs

30| - - -] +]| - - 0,9,d5P,0s

3| - | - -[-[+ - 0, 0,959, Ps

2 - -1-]-[- - 0402959,9s q°=(@1-p)°

JItst ckJamaHHS JIOTIYHOI CXEMHW MOXHAa CKOPHCTATHCS JBOMAa METOJaMHU -
MIHIMQJIbHUX LUISIXIB Ta MIHIMAJIbHUX MEPEPI3IB.

Posristnemo memoo minimanbhux winAxieé JJiA  PO3PAaXyHKY HMOBIPHOCTI
0€3B1IMOBHOI POOOTH Ha MPUKJIAJl MICTKOBOI cXeMU (pUCYHOK 4.4,a).

Minimanonum wiisxom HA3WBAETHCS TOCHIIOBHUN HaOIp Ipare3gaTHUX
€JIEMEHTIB CHUCTEMH, SIKHM 3a0e3reuye ii mpare3aaTHiCTh, a BiAMOBa Oy/Ab-SKOTO 3
HUX MPU3BOAUTH J10 i1 BiAMOBH. MiHIMaJIbHUX IIJIAXIB B CUCTEM1 MOXKE OyTH OJHH
a6o nekinbka. O4EeBUIHO, CUCTEMA 3 MOCHIIOBHUM 3'€IHAHHSIM €JIEMEHTIB (PUCYHOK
4.1) Mae TUIBKY OJWH MIHIMAJbHUN IIJISAX, IO BKJIIOYAE BCl €IEMEHTH. Y CHCTEMI 3
napajebHUM 3'€THaHHSAM (PUCYHOK 4.2) KIJTBbKICTh MIHIMAJIHUX IUISIXIB CITIBIIAJIA€ 3
KUIBKICTIO €JIEMEHTIB Ta KOXKEH HUISX BKIIIOYAE OJIUH 3 HUX.

JInst MICTKOBOI CHUCTEMH 3 M'SITU €leMEHTIB (pUCYHOK 4.4, a) MiHIMaJIbHHX
nuiAxiB yotupu: (enementu 1 ta 4)(2 ta 5)(1, 3 Ta 5)(2, 3 Ta 5). JloriuHa cxema Takoi
cucteMu (pUCYHOK 3.3) CKJIaJa€ThCsl Tak, 00 BCl €JIEMEHTH KOKHOTO MIHIMAJIBHOTO
NUISIXy OyiM CHOJydyeHl OJIMH 3 OJHUM IIOCJIIOBHO, a YCl MIHIMAJIbHI HUISIXH
napajieJbHoO.
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Jami nns 7OTiYHOI CXeMHU CKIafaeTbes (QYyHKIS anreOpu Joriku A 3a
3aralbHUMH TpPaBUJIAMH PO3paXyHKy HMOBIPHOCTEHl O€3BIIMOBHOI poOOTH, aie
3aMiCTh CUMBOJIIB IMOBIpHOCTEN 0€3BIIMOBHOI pOOOTH €EMEHTIB P; Ta cuctemMu P

BUKOPHUCTOBYIOTHCSI CUMBOJIM NOJIT (30€peKeHHs Mpale3laTHOCTI €JIeMEeHTa a; Ta

cuctemu A). Tak, “BigMoBa‘“ TOTIYHOI CXEMH HA PUCYHKY 4.5 monsArae B 0JHOYACHIH
BiJIMOBI BCIX YOTHPHOX MapasieTbHUX T'UIOK, a “0e3BIAMOBHA po00Ta” KOXKHOI T1JIKH -
B OJIHOYACHIN 0€3BIIMOBHIM po0OoTi ii exemeHTiB. [locmiioBHE 3’ €JHaHHS €JIEMECHTIB
JIOT1YHOI CXEeMH BiAMNOBIa€e JoriyHoMy n00yTky (“I”), mapajienbHe - JIOTTYHOMY
nonasanHio (“ABO”). O1xe, cxema pUCYHKY 3.3 BIANOBITAE TBEPKEHHIO: CUCTEMA
npare3/iaTHa, SKIo npame3aaTHi edeMentu 1 ta 4, abo 2 ta 5, a6o 1,3 u 5, ab6o 2,3
Ta 4. ®yHKIlIS aIreOpH JIOTIKHM 3alUIIeThCS:

A=1-(1-aa,)l-a,a;)1—aazas)(l—a,aza,). (4.17)

OIO

oo

:

Pucynok 4.5. Jloriyna cxemMa MICTKOBOI CUCTEMH 3a
METOIO0M MIHIMAJIbHUX NUIAXIB

VY Bupasi 4.17) 3miHHI @ PO3TIIAIAIOTHCS SIK OyJeBl, TOOTO MOXKYTh IpUITMaTH
TibKU aBa 3HaueHHs: 0 a6o 1. Toxi mpwu migHATI 10 OyAb-sSKOTO CTereHs K Oyab-

sKa 3MIHHA a 30epirac CBO€ 3HA4YEHHS: aik = g;. Ha ocHOBI 1i€i BIacTUBOCTI (PYHKIIIS
anre6pu soriku (4.17) moxke OyTH nepeTBOpeHa 10 BUTIISITY
A=a,a, +a,as +a,33a; +a,a3a, —A,azd, —

(4.18)
—aya,a3a5 — 2a8,a,85 —A,a838,85 + 282,338, 3s.

3aminuBmKM y Bupasi (4.18) cumBonu moaii @ ix WMOBIPHOCTAMHU [,
OTPUMAEMO PIBHSIHHSA JUIsl BA3BHAYEHHS WMOBIPHOCTI O€3B1IMOBHOI POOOTH CUCTEMHU

P=p1Ps+ P2Ps5+ P1P3Ps + P2P3Ps — P1P2P3P4 —

(4.19)
— P1P2P3Ps —2P1P2P4Ps — P2 P3P4Ps +2P1 P2 P3 P4 Ps.
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Jns cucrtemu piBHOHAAIMHMX eneMeHTiB (P;=Pp) Bupas (4.19) nerko
epeTBOPIOEThes B hopmyity (4.16).

Meton MiHIMaJbHMX NUISXIB JIa€ TOYHE 3HAYCHHS TUIBKW IS TOPiBHSIHO
IPOCTUX CHUCTEM 3 HEBEJIMKOK KUIBKICTIO €JeMEHTIB. J[JId CKIaIHIIMX CUCTEM
pEe3yNbTaT PO3PAXyHKY € HUKHBLOIO TPAHUIICI0O WMOBIPHOCTI OE3BIIMOBHOI POOOTH.
JIist po3paxyHKy BEpXHBOI TpaHHUIll WMOBIPHOCTI O€3BiJIMOBHOI pPOOOTH CHUCTEMU
CIIy>KUTb METOJI MiHIMaJIbHHUX TEPepPi3iB.

Minimanonum nepepizom Ha3UBAEThCS HAOIp HEMpale3AaTHUX E€JIEMEHTIB,
BIJIMOBa SIKMX TMPU3BOJWUTH JO BIIMOBU CHCTEMH, a BIJIHOBJICHHS MPaIe3IaTHOCTI
Oynp-SKOTO 3 HUX - JI0 BIJHOBIICHHS Npare3aTHOCTI CUCTeMHU. Sk # MeTox
MIHIMaJbHUX MUISIXIB, METOMIB MIHIMAJIbHUX TIEpepi3iB Moke OyTH JeKiJIbKa.
OdyeBuHO, cuUCTEeMa 3 MapajelbHUM 3'€IHAHHSIM €JIEMEHTIB Ma€ TUIbKU OJUH
MIHIMaJbHUNA TIepepi3, M0 BKIIOYAE BCl il edeMeHTH (BIIHOBJICHHS Oyab-KOTO
BIJIHOBUThH MpAaIe3/aTHICTh CHUCTEMH). Y CHCTeMi 3 TOCTIJOBHUM 3'€IHAHHSIM
€JIEMEHTIB KUIBKICTh MIHIMAJIbHMX IIISXIB CIIBIIaJa€ 3 KUIBKICTIO €JIE€MEHTIB, Ta
KOXEH Mepepi3 BKIIOYAE OJIUH 3 HUX.

1

()

4

()
IO

Pucynox 4.6. Jloriuna cxeMa MICTKOBOi CHCTEMH 32 METOJIOM
MIHIMAQJIBHUX MIEpepi3iB

VY wmicTkoBiil cuctemi (pucyHOK 4.4, a) MIHIMQJIbHHMX NEPEpi3iB YOTUPHU
(enementu 1 ta 2), (4 tas), (1,3 12 5), (2, 3 14). Jloriuna cxema cUCTEMH (PUCYHOK
4.6) ckiagaeThCcs Tak, 00 BCl €IEMEHTH KOXXHOTO MIHIMAQJIBHOIO Iepepizy Oyiu
CIIOJTyY€Hl OJIUH 3 OJHUM MapalieJIbHO, a YC1 MIHIMaJIbHI Tepepi3u - MOCIiJOBHO.
AHaNOTIYHO METOJy MIHIMQJIbHHUX MUISXIB, CKIATAEThC (YHKIIIS anreOpu JIOTIKU.
"Be3BimMOBHAa poOoTa" JOTIYHOI cHUCTeMH PHUCYHKY 4.6 mossirae B "0O€3BiIMOBHIM
po0oTi" yCIX MOCHIAOBHUX AUISHOK, a "BiJMOBa" KOXXHOTO 3 HMX - B OJHOYACHIMN
"BimMOBI" yCIX TapajielbHO BKJIIOYEHUX €JIEMEHTIB. SIK BHJIHO, OCKIIBKH CXeMa
METONy MiHIMaJIbHUX Tiepepi3iB (OPMYJIIO€ YMOBU BIIMOBU CHCTEMH, B HIU
MOCJTIIOBHE 3'€THaHHA BiAmnoBigae JoriuHomy "ABQO", a mapanensHe - orianomy "I".
Cxema pucynky 4.6 Bianosimae (OpMYyJIIOBaHHIO: CHCTEMa BIIMOBUTH, SKIIO
BIIMOBJISITH eyiemMeHTH 1 Ta 2, a6o 4 ta 5, abo 1, 3 Ta 5, abo 2, 3 ta 4. OyHKIiA
anreOpu JIOTIKU 3aUIIEThCS:

A= [1_ Q-a)a- az)][l— 1-a,)1- a5)]*

*[1-(-a)-ag)l-a5)[*[1- 1—ay)1-az)(1-a,)]
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[Ticns mepeTBOpeHb 3 BUKOPUCTAHHSIM BJIACTUBOCTEH OyJieBHX 3MIHHUX BHpa3
(4.20) nabyne Burisany (4.18), micis 3amiHu monidd X HMOBIPHOCTSIMH Tiepeiie y
Bupas (4.19).

TakuMm 4UHOM, JUIsI MICTKOBOI CUCTEMH 3 ITSITU €JIEMEHTIB BEPXHS Ta HUKHS
IpaHuIll KUMOBIPHOCTEH 0€3B1IAMOBHOI pOOOTH, IO OTPUMaH1 METOJaMU MiHIMaJIbHUX
nepepiziB U MIHIMQJIBHUX IUISXIB, CIIBHOAIM 3 TOYHMMH 3Ha4YeHHsAMH 4.16), 1o
OTpMMaHI METOJOM IMpsMOro rmnepedopy. s CKIagHUX CHUCTEM II€ MOXE He
B1IOYTHUCS, TOMY METOJM MIHIMaJbHUX IUISIXIB Ta MIHIMaJIbHUX TIepepi3iB HEOOX1THO
BUKOPUCTOBYBATH CYMICHO.

B Hu3mi BunazakiB aHamizy HajgiitHOCTI TC BIA€ThCS CKOPUCTATHUCS MeEmMOOOM
PO3KIa0Y IOHOCHO 0COONIUBO20 efleMeHma, TIIO Ma€ B OCHOBI BiIOMY B MaTeMaTUYHII
JIOTIIl TeOpeMy MPO PO3KIIa] (PyHKIIT JOTIKM 32 TOBUIBHUM apryMEHTOM. 3TiIHO 10
HEl, MOKHA 3alHCaTH:

P=piP(p; =1 +0q;P(p; =0), (4.21)

ne p; Ta g; =1— p; - iMOBIpHOCTI OE3BIIMOBHOT pOOOTH Ta BiIMOBH I-TO €JIEMEHTA,
P(p; =1) TaP(p; =0)- fiMmoBipHOCTI Ipale3JaTHOTO CTaHy CHCTEMH TPU YMOBI, IO

I-i eleMeHT a0COJTFOTHO HAMIMHUH Ta IO | - i €JICMEHT BiJIMOBUB.
Jlnst micTkoBOi cxemH (pucyHOK 4.4, a) 3a OCOOJNMBHUH €JIEMEHT JOIIBHO
BUOpatn aiaroHanbHui eneMeHT 3. IIpm p3 =1 MicTkOBa cxeMa IEPETBOPUTHCS B

napajenbHO-TIOCIII0BHE 3’ €qHaHHA (pUCYyHOK 4.7, a), a npu P; =0 - B MOCIITOBHO-
napayiensHe (pucyHok 4.7, 0).

1 4 1 4

a) 0)

Pucynok 4.7. IlepeTBopeHHs MICTKOBOI CXE€MU MPHU aO0CONMIOTHO HAIIMHOMY ()
Ta UEHTPAIBHOMY €JIEMEHTI, 10 BiAMOBUB (0)

JIn1s1 mepeTBOPEHNX CXEM MOYKHA 3aIMKMCATHU:

P(ps=1)=[1-(1- p3)(1- po)]-[1— @- py)(L- ps)] (4.22)
P(p3=0)=1-(1- pyps)A- p,Ps). (4.23)

Toni Ha ocHOB1 popmynu (4.21) orpumMaemo:
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P = psfl-@- p)(A- po)]-L- @~ py)A- ps)]+

(4.24)
+ (1= pg)[L— (L~ pLP4 )L~ P2 Ps)]
Jlerko mepeKoHATUCs, IO JJs PIBHOHAIIWHUX eJleMeHTIB (opmyna (4.25)
nepeTBOproeThes B (4.16).
[luM MeTOIOM MOXKHA CKOPUCTATUCSA ¥ MpU PO3KIAAl BIAHOCHO MEKITBKOX
“ocobmuBuX” enmeMenTiB. Hanpukiaz, s n1Box eneMeHTiB (1, j) Bupas (4.21) Habye
BUTIIATY:

P=pip;P(pi=Lp; =D+ pa; P(pi =L p; =0)+

(4.26)
+0;PjP(p; =0, p; =1) +q;q;P(p; =0, p; =0).
MMoBipHicTh 6e3BiAMOBHOI poGOTH MicTKOBOI cxeMmu (puCyHOK 4.4,6) mpu
PO3KJIaJi BiTHOCHO JiarOHAJILHUX €IeMEHTIB 3 Ta 6 3a (4.26) BU3HAYUTHCS:

P=pspP(ps =1, ps =)+ psgs P(p; =1, ps =0)+

(4.27)
+q; psP(p3 =0, ps =1) + q3q.P(p3 =0, ps =0).

Nmosiprocti  P(p3Pg)  J€TKO  CTAaBUTH, BUKOHABIIM  ITOTIEPETHBO
NEPETBOPEHHS CXEMHU, MOJ11I0HO pUcyHKy 4.7, a, 0.

4.2.5 KomobiHoBaHi cucreMun

binbmiicte peanbaux TC Mae ckiagHy KOMOIHOBAaHY CTPYKTYpPY, YaCTHHY
€JIEMEHTIB SKOi YTBOPIOE TMOCIIJOBHE 3'€lHAHHS, 1HIIA YacTHMHA - MapaJeibHe,
OKpeMI T'UIKU-EJIEMEHTH ab0 TUIKU-CTPYKTYPH YTBOPIOIOTH MICTKOBI CXEMH a00 THUITY
"ms3n”

Peanizaiiss Metony npsMoro mnepedopy uisi TAKUX CHUCTEM € MPAKTUYHO HE
MOXJIMBOIO. JIOLUIBbHINIE B HMX BUMAJIKaX 3a3JajIeTib 3pOOUTH JAEKOMIIO3UIIIIO
CUCTEMH, pO30MBIIM ii Ha NTPOCTI MIJCUCTEMU - TPYNH EJIIEMEHTIB, METOJUKa
pO3paxyHKy HaIIMHOCTI sSKUX Bigoma. [loTiM mi migcucTeMH B CTPYKTYpHIH cXemi
HAJIHOCTI 3aMIHIOIOTHCS KBa3ieJIeMEHTaMU 3 HMOBIPHICTIO 0€3BIAMOBHOI poOOTH,
0 piBHA OOYMCIIEHIM WMOBIPHOCTI 0€3BIAMOBHOI poOOoTHM muXx miacuctem. l[lpu
HEOOX1THOCTI Taky MpOIeaypy MOKHAa BHUKOHATH KIJbKa pPas3iB, 10 TUX Iip, MOKU
KBa31€JIEMEHTH, 110 3aJIMIININCS, HE YTBOPIOIOTh CTPYKTYPY, METOJIUKA PO3PAXYHKY
HaIHHOCTI SIKOI TaKOX BlIoMa.

Hanpuxknan, po3risiHeMO KOMOIHOBAaHY CUCTEMY, IPEICTaBICHY Ha PHUCYHKY
4.8. Tyt enementn 2 ta 5,4 ta 7,9 Ta 12, 11 Ta 14 nmonmapHo yTBOPIOIOTH OJIMH 3
OJIHUM ITOCJIIJIOBHI 3'€JHaHHS. 3aMIHMMO X B1IMOBIAHO KBasienemeHTamu A, B, C, D,
JUTSL SIKAX PO3PaXyHOK HaJ1IHHOCTI €JIEMEHTApHO BUKOHYEThCS 3a (hopmynamu m.4.2.1.
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Pucynok 4.8. ITouatkoBa cxema
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— 1 F E 19 |—
B D
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0)
Pucynox 4.9. Cxemu micis mepeTBOpEHHS

Enementn 15, 16, 17 Tta 18 yTBOpIoloTh mapanenbHe 3'enHanss (m. 4.2.2), a
enemeHTH 3, 6, 8, 10 ta 13 - cuctemy "3 3 5" (m. 4.2.3). BianoBinHi kBazieneMeHTH
no3Haunmo E ta F. B pe3ynbraTi neperBopeHa cxema HaOyJe BUIIISIAY, TOKA3aHOTO
Ha pucyHky 3.9, a. Y Hiil y cBoto uepry einementu A, B, C, D, F yrBOprotoTh
MICTKOBY cxemy (1. 4.2.4), siky 3aMiHioemMo kBasienemeHToM G. Cxema, oTpuMaHa
micisg TakuxX TMepeTBOpeHb (pucyHok 4.9, 06), YTBOpPIOE TOCTIOBHE 3'€THAHHS
enemeHTiB 1, G, E, 19, nns sikux cnpaBejiuBi criBBigHOIIeHHS 11. 4.2.1. 3ayBaxumo,
0 MPU BUKOPUCTAHHI METOAY MPSAMOro IMepedopy A MOYaTKOBOI CHUCTEMHU

HEO0OX1THO 0yJI0 O pO3TJIIHYTU 2'9 = 524288 moskIHMBHX CTaHIB.
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4.2.6 IlepeTBopeHHs] TPUKYTHHKA B 3ipKy Ta HABNAaKH
OpHMM 3 METO/IIB BU3HAUYEHHS XapaKTEPUCTUK HAIIWHOCTI MOAIOHUX CTPYKTYP
€ Memoo nepemeopeHHsi MpUKymuuka 8 3ipxy ma naenaxu (pucyHnok 4.10).

1

Pucynoxk 4.10. MicTkoBa cxema

3 pucynky 4.10 MoxHa mOMITHTH, 10 eneMeHTH 1, 3, 5 yTBOPIOIOTH
TPUKYTHUK, a eleMeHTH 2, 5, 1 — 3ipky. Bu3HaumMo OCHOBHI XapakKTEpUCTUKU
HAJIMHOCTI UUX CTPYKTYp HOpH iX mneperBopeHHi. [Ipu 1mpomy 3a MOKa3HUKU
HaJIMHOCTI OyJeMO BUKOPHCTOBYBATHM HMOBIPHOCTI BIJMOB €JIeMEHTIB. Buoip
BKAa3aHUX XAapAKTEPUCTHUK TMOSCHIOETHCS TUM, IO METOJ MEpPETBOPEHHS
TPUKYTHUKA B 3IpKy Ta HaBNaku € HAOMMKEHUM. 3HAUYCHHA MNOXHOKH, IO
BUHUKAE, MPHU OIIHI[I HAAIMHOCTI CHUCTEMHU 3aJICKUTh BiJ WMOBIPHOCTEH, IO
XapaKTEePU3yIOTh HAAINHICTh €deMeHTIB. UM MeHIn i WMOBIPHOCTI, TUM MEHIII
IIOXMOKH OIIIHKU HAaJIMHOCTI CUCTEMHU.

12 23

2 2
Pucynox 4.11. 3ipka Ta TpPUKyTHHK

Tak sk 3a3BuM4ail KWMOBIPHOCTI ©O€3BIIIMOBHOI POOOTH €JIEMEHTIB MaloTh
3HAYEHHs, M0 OJMU3bKI A0 1, TO JOIIBHO BUKOPUCTOBYBATH WMOBIPHOCTI MOSIBU
BiAMOBHU (. BU3HauuMO 3aIe’KHOCTI MK WUMOBIPHOCTSIMHU BIAMOB €JIEMEHTIB MPHU
NEPETBOPEHHAX BUXOJIAYM 3 MPUIYLIEHHS, ILI0 XapaKTepUCTHKU HaIIHHOCTI
JAHIIIOTIB, M0 3’€IHYIOTh OJIHOMMEHHI TOYKH B PI3HUX CXeMaX, MaloTh OyTH
PiBHI MIX cO0O0IO.

Posrnsaemo Toukm 1 Ta 2 Ha pucyHky 4.11. fIMOBipHOCTi BIZIMOBH IS
JIQHITIOTIB TIPU YMOBI, 110 3 TOYKA Mia’€HaHa 10 2 TOYKU, OyAyTh BIAMOBIIHO PiBHI:
i 3ipku , +0,0; —,0,0;; 4708 TpUKyTHHKA (,,0;,. ToMy MOXHa 3amucaru

g, +9,0; — 0,0,0; = 0;,0;;,- AHQJIOTIYHO MO’KHA 3amUcaTH PIBHSHHSA W JJIS 1HIIUX

MOYKJIMBHUX BapiaHTIB 3’€JIHAHb TOUOK.
OTxe, MOXKHA 3aMMUCATH HACTYITHY CUCTEMY PIBHSHbD:
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0, + 0,05 — 419,95 = G1,05;
0, + 050, — 0,950, = 05042
0; + 0,0, — 0019, = 051003

BBakarouu, 110 WMOBIPHOCTI BIIMOB €JIEMEHTIB MaJi, Ta 3HEXTYIOUH

no0yTkamu 0 BEIMYMHAMHU OLIbII BHINOTO MOPAJIKY MAaJIOCTI, HIK ()

OTPUMAEMO HACTYIHI HaOJUKEHI BUPaA3H:
0; 050515 0, ® 0530555 O3 = 05,053

[ToMHOXHUMO BIIMOBIAHO JiBI Ta MpaBli YaCTUHU JABOX MEPIIMX PIBHSIHb Ta

MOJITUMO Ha TpeTe piBHAHHA. Toml

qqu _ q12q3lq23q12

q3 q31q23

3BIIKH OTPUMAEMO
0,0, (4.28)
O, ®
Qs

AHaNOTTYHO MOKHA BU3HAYHUTH, IO

4.9 4.9
Oy = 23,q31z =

0 q,

Hexait Touka 3 B cxemi 31pKH € BIJIbHOIO, TO BIAMOBIAHI WMOBIPHOCTI MOSIBU
BIJIMOBH B CX€Max 31pKH Ta TPUKYTHUKA OYIyTh BIANOBIIHO PiBHI:

JUIS 31pKHU

9, +9,—-0,4;,; 9, +d; —Q9,05; 9; + 0, —q50,;
JUIs TPUKYTHHKA
q12 (%3 + Q31 - q23Q31) ; Q23 (Q31 + Q12 - Q31Q1z) ; q31(q12 + q23 - Q12q23) .

3HEXTYIOUM B LMX BUpasax N0OyTKaMH (;(; — BEIWYMHAMH OLIbII BHCOKOTO

MOPSJKY MaJIOCT1, HIX ; OTPUMAEMO HACTYIHI HaOIMKEH1 3aJ1€KHOCTI:

0, + 0, = 410,55 + 01205
0, +0; = (3305, 02302,
0; +0; = Q510;5 +0510,;-

51



SIK1o 10 711BOT Ta MpaBOi YACTHUHH MEPIIOTO PIBHSIHHS A0AaMO BIAMOBIIHO JIIBY
Ta MpaBy YaCTHHU TPETHOTO PIBHSHHS Ta BIIHIMEMO BIAMOBIAHO JIEBY Ta MpaBy
YaCTUHU JPYTOTO PIBHSIHHSA, TO OTPUMAEMO BUPA3:

G =~ G203,
KU OyJI0 OTPUMAHO paHiIe.

Takum unHOM, HabmmxeHuil Bupa3 (4.28) Moxke OyTH BHUKOPUCTAaHUI B
MIPOIIECi MEPETBOPEHHS OJTHIET CXEMU B 1HIITY.

[Tporec mepeTBOpeHHs 3IKCHIOETHCS TakKuM YHHOM. [lpu mepexomi Bix 3ipku
70 TPUKYTHHKA BUIUISIOTH TPH €JIEMEHTH, IO CIOIYyYeHI 31pKOI0, Ta PO3PI3HIIOTH
ToukH 1, 2 Ta 3 (pucyHok 4.12)

[ToTiM criomy4aroTh BIAMIY€HI TOUKH JIHISIMH, Ha SKUX PO3MIIIYIOTh €JI€MEHTU
(Ha pucyHKy 4.12 3B'SI3KM TOYOK IIOKa3aHI HITPUXOBOIO JiHIEN). Po3mounHaroun
00X1/1 OTPUMAaHOTO TPUKYTHHKA 3 TOYKM | IO XOAy 3pOCTaHHS HOMEpPIB TOUOK,
BIIMITUMO HOBI ejleMeHTH. HoMep eneMeHTy yTBOPIOEThCS 3 JIBOX LM(p: mepuia
nudpa - HOMEp BY3Ja, 3 SIKOTO 3A1MCHIOEMO BXiJ B €JIEMEHT; Apyra nudpa - HoMep
By3J1a, HA SIKUH BUXOJUMO 3 €JIEMEHTY.

[Ipu nepexonmi Big TPUKYTHHUKA B 3IpIli BUOUPAEMO TPHU E€IEMEHTH, IO
YTBOPIOIOTh TPUKYTHUK, Ta TNOMIYaeEMO BY3JIOBI TOYkH (pucyHok 4.13). Ilotim
3MIMCHIOEMO O00XiJ TPUKYTHHKA 3 TOYKM | 1O XOmy 3pOCTaHHS HOMEpIB Ta
BIIMIYa€EMO €JIEMEHTH BIJIOBIJHO /0 MpaBWja, BKazaHoro Buiie. Jlami B cepeauHi
TPUKYTHUKA BIAMIYa€EMO TOYKy 4, 10 AKOI NIA'€IHYEMO 3B'S3KM 3 HOBUMU
eJIeMEHTaMu BiJ BIAMIYEHUX TO4YOK (Ha puCyHKY 3.11 moka3zaHi IITPUXOBUMHU
JIHISMH ).

Pucynok 4.12. TlepeTBopeHHs 31pKH B Pucynok 4.13. IlepeTBopeHHS
TPUKYTHUK TPUKYTHHUKA B 31pKY

[Ipu mepeTBOpeHHI TPUKYTHUKA B 31pKy a00 HaBMaKkh HEOOXIHO JOMAaraTucs

OTPUMAHHS  TOCJIOBHO-TIAPATIENIBHOI  CXEMH, pO3pPaXyHOK HAJIHHOCTI  SIKOi
3MIIMCHIOETHCSI METOJIOM 3TOPTKH.
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JIEKIIIA 5

NIJIBUIIEHHS HAJIIMHOCTI TEXHIYHUX CUCTEM.
PE3EPBYBAHHA

Po3paxyHKOBI 3aJIe)KHOCTI JUIsl BH3HAYEHHS OCHOBHUX XapaKTEPUCTHUK
HagiitHocTi TC mMoKa3yloTh, IO HAAIAHICTh CUCTEMHU 3aleKHUTh B ii CTPYKTYpHU
(CTPYKTYpHO - JIOT1YHOi CXEMH) Ta HaAIMHOCTI eJeMeHTIB. Tomy sl CKJIaJIHUX
CUCTEM MOJKJIMBI [IBa NUIAXU MIJABUINECHHS HAIIWHOCTI: IMABUIIEHHS HAIIHHOCTI
€JIEMEHTIB Ta 3MiHA CTPYKTYPHOI CXEMH.

[limBuieHHs HAIMHOCTI €JIEMEHTIB Ha TMEPIINi TOTJIA MPEICTABISETHCS
HAWOUIBII MPOCTMM TNPUHOMOM MIABUINEHHS HafiiiHOCTI cuctemu. [lilicHo,
TEOPETUYHO 3aBKIU MOKHA BKA3aTH TaKi XapaKTEPUCTUKU HATIMHOCTI €IEMEHTIB,
o0 WMOBIPHICTh 0€3BIIMOBHOT POOOTH CHCTEMH 3a0BOJIbHSIIA 3aJaHIM BHMOTAM.
[Ipote mpakTuyHa peari3allis Takoi BUCOKOT HAIMHOCTI €IEMEHTIB MOXE BUSBUTHUCS
HEMOXXJIMBOIO. Po3rmiag MetoniB 3a0e3meueHHs HamiiHocTi eneMeHTiB 1TC €
IpeAMETOM CIEeHIAIbHUX TEXHOJOTIYHUX Ta (DI3UKO-XIMIYHUX JUCIUIUIIH ¥
BUXOJUTh 3a paMku Teopii HamidHocTi. I[lpore, y Oynb-sKkOoMy BUMAJKY,
BHUCOKOHAJIHI €JIeMEHTH, SK MPaBUJIO, MAIOTh BEJHKI TabapuTH, Macy il BapTiCTh.
BuxitoueHHsi ckiajiae  BUKOPHUCTAHHsS JOCKOHAJIIIOI €JIeMEHTHOi 0a3u, 110
peanizoBY€EThCS Ha MPUHIIMIIOBO HOBUX (PI3UYHUX Ta TEXHOJOTTYHHUX MPUHITUTIAX.

3MiHa CTPYKTYpH CHUCTEMH 3 METOIO ITIBUIIICHHS HAIIMHOCTI Ma€ Ha yBa3i JiBa
ACTICKTH.

3 onHOro OOKY, LIe 0O3Ha4Yae nepedyA0By KOHCTPYKTHBHOI a00 ()yHKII1IOHAIBHOI
cxemu TC (cTpykTypu 3B'S3KIB MiXK CKJIaJOBUMHU €JIEMEHTAMU), 3MIHY MHPUHITUIIIB
(GYHKIIIOHYBaHHS OKPEMHMX YacCTUH CUCTEMHU (HANpUKIIAJ, MEpeXiJi BiJl aHAJOTOBOi
0o0poOku curHamiB a0 nudpoBoi). Takoro poay mneperBopeHHss TC MoxuBI
BUKJIIOYHO PIAKO, TaK L0 Il mpuiiom, 3arajom, He BUPIIITYE MPOOIEMHU HAIHHOCTI.

3 iHII0r0 OOKY, 3MiHA CTPYKTYPH PO3yMI€ThCs sIK BBeeHHS B TC 101aTKOBHX,
HAJMIPHUX €JEMEHTIB, IO BKIIOYAIOThCS B POOOTY MpHU BIJIMOBI OCHOBHUX.
3acTocyBaHHA JOJATKOBUX 3acO0iB Ta MOXIMBOCTEH 3 METOI 30epeKeHHs
npare3aTHOro CTaHy O0'€KTy MpH BIAMOBI OAHOrO ab0 NEKUIBKOX HOTO €JIeMEHTIB
HA3UBAETHCS Pe3epP8YBAHHIM.

[Tpuniun pesepByBaHHSA MOAIOHHMI 1O PO3TISHYTOTO paHillle MapajebHOTO
3'€lHaHHS €JIEMEHTIB Ta 3'€HAaHHIO TUIy "N 3 M", 1€ 3a paxyHOK HAJJIUIIKOBOCTI
MO>KJIMBE 320€3IeUeHHS O1bII BUCOKOI HAIMHOCTI CHCTEMH, HIXK i1 €JICMECHTIB.

BuinsioTh pi3Hi METOIM pe3epBYBaHHA. IX IOLITLHO TOMLTHTU 3a TaKUMH
o3HakamMu (AuB. puc. 5.1): BuUA pe3epByBaHHsA, CHOCIO 3’€IHAHHS EJIEMEHTIB,
KpaTHICTh PE3EPBYBaHHA, PEXKUM POOOTH pPE3EPBY, MOXKIUBICTh BiAHOBJICHHS

pe3epBy.
CmpyxkmypHe pesepsysanus (amapaTHe, €JIEMEHTHE, CXEMHeE) Iependayae
BBEJICHHS B CTPYKTYypy OO’€KTYy MJOJAaTKOBUX (pE3epBHUX) €JIEMEHTIB, IO

BUKOHYIOTh (DYHKIIi OCHOBHMX €JIEMEHTIB y BHIAJAKy iX BigMoBH. EnemeHTH
pPE3epBOBAHOI CHUCTEMHU HOCSTh HACTyMHI Ha3BU. (OCHOGHUL enemeHm — EJEeMEHT
CTPYKTYpH 00’€KTa, 110 HEOOX1THUM JJIT BAKOHAHHS 00’ €KTOM HEOOX1THUX (PYHKITIN
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MIPU BIJICYTHOCTI BiIMOB HOTO €IEMEHTIB. Pe3zepsHuil eiemenm — €IEMEHT 00 €KTY,
MPU3HAYEHUHN JUI1 BUKOHAHHS (PYHKIIA OCHOBHOTO €JIEMEHTA, Y BUIAIKY BIIMOBHU
OCTaHHBOTO.

Pesepsysanus ¢yunxyionanrpbhe — pe3epByBaHHS, NPU AKOMY 3ajaHa (PYHKITiS
MOKE€ BUKOHYBATUCS PI3HUMH CIIOCOOAMU Ta TEXHIYHMMHU 3acoOamu. Hampukian,
bynkmis nepegadi  iHGopmaiii MOXK€ BHUKOHYBAaTHCA PI3HUMH — CIIOCOOAMH.
OyHKI[IOHANBHE  PE3epBYBAaHHsS  MpPU3HAY€HE I MIABUIICHHS  PIBHSA
dbynkIioHanpHO1 HagidHOCTI. [Ipy BHUKOpUCTaHHI (PYHKIIIOHAJIBHOTO pe3epBYBaHHS
e(eKTUBHICTh POOOTH BUPOOY B OCHOBHOMY Ta PE3E€pPBHOMY PEXKHMax poOOOTH, SK
MPaBUIIO, CYTTEBO PI3HATHCA. TOMy ycepenHEHHI MOKAa3HUKU HAIIMHOCTI (cepenHii
HapoOITOK Ha BIAMOBY, CEpeaHi KOe(]IIlieHT TOTOBHOCTI, HMOBIPHICTh
0€3B1IMOBHOI poOOTH) CTAIOTh MaJIOIH()OPMATUBHUM Ta HEIOCTATHHO MPUAATHUM JIJIs
BUKOpUCTaHHS. HalOinbll NpuiHATHI TMOKa3HUKU (DYHKIIOHATBHOI HAAIHHOCTI:
HWMOBIPHICTh BUKOHAHHS JaHOi (PYHKIII1, cepe/iHiil yac BUKOHAHHSA (PYHKIIii, KOe]ilieHT
TOTOBHOCTI /1151 BUKOHAHHS 1aHOI (PYHKIIIT.

Yacose pesepgysannsi — Take IUIaHyBaHHA poOOTH BUPOOy, MpH SIKOMY
CTBOPIOETHCS pe3epB poOOYOro yacy i BUKOHAHHS 3afaHux ¢yHkmii. el peseps
MO3Ke 3a0e3MeuyBaTUCs PI3HUMHU CITIOCOOAMHU.

Hexaii s BUKOHaHHS TIEBHOI olepaliii, Hampukiaz, 11 nepeaadi iHdopmarii
3amaHoro o0'emy, motpideH wac t. [Ipu maHyBaHHI pOOOTHM Ha IfO0 OIEPALIIO
BimBomuThes 4ac (t + tp), me tp — pesepBHuit yac. PesepBHuii yac Moxke OyTh
BUKOPHUCTaHUI a0 JJisi MOBTOpPEHHS mepenayl iHdopmailii, yCyHeHHS HECIPaBHOCTI
amapatypu.

Benenns tp 103B0JIsI€ MIABUIIUTU JOCTOBIPHICTh POOOTH Ta 3HU3UTHU KUIBKICTh
BIJIMOB, 5IK1 BPaXOBYIOThCSI IIPU OL[IHIII HAJIHHOCTI.

Anapatypa nepenayi Ta npuiiomy iHGopMarlii MOXe 3HAXOJUTUCA B PEKUMI
HETIePEePBHOI TOTOBHOCTI, ajie iHpopMaIlito Nepesiae 1 npuitMae Ha BEIMKUX 1HTEpBaIax
Jacy mepioguuHo. B 1MboMy BHITaJIKy BUHHKAIOTHh 1HTEPBAJIM 4Yacy, Ha SKUX BiJIMOBU
amapatypu He MPUBOAATH O BIAMOBU (DYHKIIIOHYBAHHS CHUCTEMU. TakuM UYHMHOM,
YTBOPIOETHCS CBOEPITHUHN pe3epB yacy. BiH skpa3 i Moxe OyTH BUKOPHCTAHUM JIJIS
YCYHEHHs HecmnpaBHOCTEH. | 3po3ymisio, 1o BiIMOBH, SKI BUHHKAIOTh Ha 1HTEpBai
HOT0 pe3epBHOrO Yacy He BPaxOBYIOTHCA MPH OIIHIT HAAIHHOCTI.

Pe3epBu uacy MOXKyTb YTBOPIOBATHCS 32 PaXyHOK 30UTBIIICHHS MPOIYKTUBHOCTI
00’€KTy, IHEPIIIHHOCTI HOTO €JIEMEHTIB, TOIIIO.

Inpopmayitine pesepgyéannsi — 1€ Ppe3epBYBaHHS 3 BHUKOPUCTAHHSIM
HaJUIMIIKOBOCTI 1H(Gopmamii.  [lpukiagamu iHGOpMALIITHOTO pe3epBYBaHHS €:
nepenavya OJHOTO M TOTO CaMOTO MOBIJOMIICHHS MO KaHAax 3B’SI3KY, 3aCTOCYBaHHS
MpHU MepeJaBaHHl 1HPOpMallli MO KaHajlaM 3B’SI3Ky PI3HMX KOiB, 110 BHUSBISIOTH Ta
BUTIPABJISIOTh TMOMUWJIKH, SIKi 3 SBIISSIOTBCS B pE3yJbTaTi BIIMOB amaparypu Ta
BIUIMBIB 3aBajl; BUKOPUCTAaHHS HAMJUIIKOBUX 1H(OpPMAIIHHUX CUMBOIIB MpHU
00po0111, iepenayi Ta BigoOpakeHHi iHpopmariii. Hagmumok iHdopmartii 103BoJIsi€ B
TI 4M 1HIIK Mipi KOMIIEHCYBAaTH BUKPHBJICHHS 1H(OpMaIlii, mo nepemaaeTbes, abo
YCYHYTH IX.

Hasaumaoicysanvne pesepgyéanns — 1€ pPE3EpBYBAHHSA 13 3aCTOCYBaHHSIM
HAaBAaHTAXXYBaJbHUX pe3epBiB. HaBaHTaxyBaJlbHE pe3epBYBaHHS, IEPEAYCIM, MOJSTAE
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y 3a0e3meueHH] ONTHUMAJbHUX 3aMaciB  3JaTHOCTI €JIEMEHTIB BUTPUMYBATH
HAaBAHTAKCHHS, IO Ji0Th Ha HUX. [lpm 1HmMMX cmocobax HaBaHTaXYBAJILHOTO
pe3epBYBaHHS ~ MOXJIHMBE  3aCTOCYBaHHA  JIOJATKOBUX  3aXUCHHX  abo
PO3BAHTAXKYBAJIbHUX €JIEMEHTIB.
Knacudikaris pi3HUX CcMOco0IB pe3epBYBaHHS 3AIMCHIOETBCS 3a TaKUMU
O3HaKaMHu:
1) 3a MeTOI0M 3’€THAHHS PE3EPBY:

- 3aeanvHe pe3ep8ysaHis, Py SIKOMY Pe3epBYETHCS 00’ €KT B I1IIOMY;

- pO30ibHe pe3epsysanHs, TIPU SIKOMY PE3epBYIOTHCS OKpPEMI €JIEMEHTHU
abo ix rpynu;

- 3MiwaHe pe3ep8yéaHHs, TPU SIKOMY PI3HI BHIU pPE3EepPBYBAHHS
MMOETHYIOTHCSI B OJTHOMY 00’ €KT;

2) 3a crtocoOOM BKITFOUCHHS pe3epBY:

- nocmitine pe3ep8ysanHs — 1Ie pe3epByBaHHs 0e3 nepeOdy10BH CTPYKTYPH
00’€KTy MpU BHUHUKHEHHI BIIMOBH Horo enemeHTa. [l MOCTIMHOTO pe3epByBaHHS
CYTTEBO, IO Y BUMAAKY BiTMOBH OCHOBHOTO €JI€MEHTa HE BUMAaraloThCs CIelialbHi
IPUCTPOI, IO MPUBOJATH B A0 PE3EPBHUM €IEMEHT, a TaKOX BIJICYTHs NepepBa B
poboTi (pucyHok 5.1). [locTiiiHe pe3epByBaHHS Yy HAWIMPOCTINIOMY BUITQJIKY SIBIISE
co0010 mapasebHe 3’ €IHaHHS €JIEMEHTIB 0€3 IPUCTPOIB IEPEMHUKAHHS,

- OUuHaMmiyHe pe3zepsysanHs — 1€ PE3epPBYBaHHS, 3a SKOTO MPHU BIIMOBI
eJeMeHTa BIO0yBaeThcsl MepeldyaoBa CTPYKTypu cxeMu. JluHamiuyHe pe3epBYyBaHHS
IIOAUISIETHCS HA:

a) pe3ep8ysanHs 3amMiljeHHIM, TIPH SIKoMY (YHKITIT OCHOBHOTO €JIeMEHTa
MepealoThCs PE3EPBHOMY TIJIBKH IMICHS BIAMOBU OCHOBHOTO. BKIIIOUEHHS pe3epBy
3aMilIeHHSIM (PUCYHOK 5.2) BOJIOJIi€ HACTYITHUMU NIEpeBaraMu: He OPYIITY€E PEXKUMY
poboTu pes3epBy; 30epirae y OUIBIIINA Mipl HAAIMHICTh PE3EPBHUX EJIEMEHTIB,
OCKUIbKM MpU POOOTI OCHOBHHMX €JIEMEHTIB BOHM 3HAXOJATHCS Yy HEMPAIIOIOYOMY
CTaHi; JO3BOJISIE BHKOPHUCTOBYBATH PE3EPBHHUM €IEMEHT Ha JEKUTbKa OCHOBHHX
enemeHTiB. Hefomik pe3epByBaHHs 3aMilllEHHAM: HEOOX1THICTh HAIBHOCTI TIPUCTPOIB
nepemukanns. [Ipu po3niibHOMY pe3epByBaHHI KiIBKICTh MPUCTPOIB MEPEMUKAHHS
JOPIBHIOE KIJIBKOCTI OCHOBHHUX €JIEMEHTIB, 110 MOXKE€ 3HAYHO 3MEHIIUTH HATIHHICTh
Bciei cuctemu. ToMy pe3epByBaTH 3aMillleHHSIM BUTIAHO KPYMHI BY3/1H a00 BCHO
CUCTEMYy, a y BCIX IHIIMX BHMAJAKaX — NPU BUCOKIM HAAINMHOCTI MPUCTPOIB
epEeMUKaHHS.

0) Ko@3He pesep8ysanHs — L€ pe3ep8yBaHHs 3aMIeHHAM, TIPU SIKOMY
rpyna OCHOBHHMX €JIEMEHTIB PE3E€pPBYETHCS OJHUM alO0 JIEKUIbKOMAa PpPE3EepPBHUMHU
€JIEMEHTaMH, KOXEH 3 SKHX MOXKE€ 3aMIHUTH OYyIb-SKUH OCHOBHHUU €JIEMEHT, IO
BIJIMOBHUB, B JIaH1i rpyIl, TOOTO TPy OCHOBHUX Ta PE3EPBHUX €JIEMEHTIB 1IEHTUYHI]
(pucyHok 5.3).

B) Madicopumapue pe3ep8yeaHHs — 11e pe3epBYBaHHS, IO MOJIATAE Y
BUKOPHCTAaHHI JOJaTKOBOTO €JEMEHTa, IO Ha3MUBAEThCS MaKOPUTApHUM, abo
JIOTIYHUM eJieMeHTOM. JIoT14Hui eTeMEeHT J03BOJISIE BECTH MOPIBHSIHHS CUTHAIIB, 110
HAJXOAATH BIJ €JNEMEHTIB, sIKI BUKOHYIOTh OJHY U Ty camMy (QYHKIi0. SKIIo
pPE3yNbTaTH CIIBIA/Ial0Th, TO BOHU MOJAOTHCS HA BUX1a nmpuctporo. Ha pucynky 5.4
300pakeHO Pe3epBYBAHHS 3a MPUHIUIIOM «2 3 3%», TOOTO Oynb-sIKi 1Ba PE3yJIbTATH,
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IO CHIBMAH, 3 TPhOX BBAXKAIOTHCS ICTUHHUMHU Ta HAIXOAATHh HAa BUXIJ MPHUCTPOIO.
['onmoBHa mepeBara 1bOrO0 METOMY — 3a0€3MeYeHHS IMABHUINCHOI HAIIMHOCTI MpHU
Oyab-sIKMX BHJIaX BIJIMOB €JIE€MEHTIB Ta MiABHUILEHHS AOCTOBIPHOCTI 1HPOpMAIIIITHO-
JIOT1YHUX 00’ €KTIB.

0
1 2 [ N
1 2 [ N 1
1 2 [T N m
a)
0
1 2 1 N
1
1 7 N
)
) N
m
7 N

6)

Pucynok 5.1. 3aranbhe (a) Ta po3aiabHe (0) pe3epByBaHHS 3 MOCTIMHO BKIIOUEHUM
pe3epBoM

3) 3a peIKUMOM POOOTH PE3EPBY:

- HaeaHmasicene pe3epsy8anHts, IpH IKOMY OAHH a00 JEKUIbKa pe3epBHUX
€JIEMEHTIB 3HAXOMISITHCS B PEKHUMI OCHOBHOTO ejeMeHTa. [Ipu 1mpoMy BBa)kaeThes,
0 eJEMEHTH HaBaHTAXyBAJIHHOTO pE3epBYy MalwTh TOW CcaMUW pPiBEHb
0€3B1IMOBHOCTI, JOBTOBIYHOCTI Ta 30€peXyBaHOCTI, IO W pe3epBOBaHI HUMH
OCHOBHI €JIEMEHTU 00’ €KTY;
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- nonezuilene pezepeyéaHHs, TPU SIKOMY PE3EpBHI eleMEeHTH (B KpaiiHiii
Mepl OJMH 3 HHUX) 3HAXOIATHCA B MEHII HABAHTAXKEHOMY PEXHUMI MOPIBHSHO 3
OCHOBHUMH. EjleMEHTH MOJIETIIEHOTO Pe3epBYy BOJOJIIOTH, SIK MPABUIIO, OLIBIIUM
piBHEM O€3BIIMOBHOCTI, JOBMOBIYHOCTI Ta 30€pEKyBaHOCTI, HI’)K OCHOBHI1 €JIEMEHTH;

- HeHasaHmaviceHe pe3eps8y8aHHs, TIPU SKOMY PpE3epBHI €IEMEHTH [0
MOYaTKy BHKOHAaHHA HHUMH (YHKIIH OCHOBHOTO €JEMEHTAa 3HaXOJSAThCS B
HCHaBaHTAKEHOMY peXuMi. [l eleMeHTIB HEeHaBaHTaXCHOTO pPE3ePBY YMOBHO
BBa)KAIOTh, 1110 BOHU HIKOJIHM HE BIIMOBIIIOTH Ta HE IOCATAIOTh TPAHUYHOTO CTaHy.

— 1 2 [T N —
L1 2 [T le
L1 ) [T N‘Tm
— 1 2 [T N :
L LT,

0)

Pucynox 5.2. 3aranshe (a) Ta po3aiibHe (0) pe3epByBaHHS 3
BKJIFOUEHHSIM PE3EPBY 13 3aMIIICHHIM

OCHOBHOIO XapaKTEPUCTUKOIO PE3CPBYBAHHS € KPAMHICMb pe3ep8ySaHHs -
BIJTHOIICHHS KUIBKOCTI PE3€pPBHUX E€JIEMEHTIB J0 KIJIBKOCTI pPE3epBOBAHUX HUMH
OCHOBHHX €JIEMEHTIB, BUPaXEHE APOOOM, IO HE CKOpouyeThes (tumy 2:3, 4:2,
TOIO). Pe3epsysanns 3 yinow Kpamuicmio Mae€ MICle, KOJIU OJIMH OCHOBHUU
€JIEMEHT PE3EPBYETHCS OJTHUM a00 OLIbIIIEe PE3EPBHUMU €IeMEeHTaMu. Pezepsysanns
3 0p0606010 KpamHicmio — 11e TaKe PE3epPBYBAHHS, KOJIH JBA Ta OLIBIIE OJHOTUITHUX
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€JIEMEHTH  PE3EPBYIOTbCSA OJHUM Ta  OUIbIIE pPE3epPBHUMHU  E€JIEMEHTaMHU.
HaiinomupeHnimum BapiaHTOM pe3epBYyBaHHS 3 APOOOBOIO KPATHICTIO € Take, KOJU
KUIbKICTh OCHOBHUX €JIEMEHTIB O1IbIlIa KIJIbKOCTI pe3epBHUX. Pe3epByBaHHS OHOTO
OCHOBHOTO €JIEMEHTa OJHHMM pe3epBHUM (TOOTO 3 KpartHicTio 1:1) Ha3uBaeThCs
0YONII0BAHHSM.

=
N
I
I
|
|
I
I
|
Z

L — 1 =]

0)

Pucynox 5.3. KoB3He pe3epByBaHHS OJJHOTHUITHUMHU (a) Ta
HEOTHOTHUITHUMH (0) eJeMeHTaMHu

1 > 12 g

. . 1.202-3U1-3
2 > 2.3 g

. | ABO
3 > 1.3 ~

PucyHok 5.4. MaxoputapHe pe3epByBaHHS

Pe3epByBanHS, IIpU AKOMY Tpale3IaTHICTh OyAb-SIKOTO OJHOTO a00 JEKIIBKOX
PE3EpPBHUX E€JIEMEHTIB y BUIAJKy BUHUKHEHHS B1JIMOB HaJIeKHUTh BIJHOBJICHHIO MPU
eKCIUTyaTallli, Ha3WBA€TbCS PE3EPBYBAHHIM 13 BIAHOBIEHHSAM, Y MPOTUIE)KHOMY
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BUIAJKy Ma€ MicClle pe3epByBaHHS 0e3 BiIHOBJICHHA. BiIHOBIIOBaHICTH peE3EpBY
3a0e3MeuyeThes 32 HASIBHOCTI KOHTPOJIIO Mpale3AaTHOCTI eneMeHTiB. [Ipu HasiBHOCTI
pe3epBYBaHHS 1€ OCOOJMBO BAaXKIWBO, OCKUIBKA B IIhOMY BHITAJIKy KUIBKICTh
IIPUXOBAHUX BIJIMOB MOXe OyTH O1jbIlIa, HIXK 3a BIJICYTHOCTI pe3epBy. B ineansHomy
BapiaHTI BIIMOBa Oy/ab-SKOTO ejieMeHTa 00’€KTa BUSBISAETHCA 0€3 3aTPUMKH, a
€JIEMEHT, 1110 BiJIMOBHUB, OJIpa3y K 3aMiHIOETbCS 200 PEMOHTYEThCA.
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JIEKIIA 6
PO3PAXYHOK HAJIMHOCTI CUCTEM 3 PE3EPBYBAHHSIM

Po3paxyHOK KUIBKICHUX XapaKTEPUCTUK HAAIMHOCTI CHUCTEM 3 pPe3epBYBaHHSIM
OKpEeMHUX €JIEMEHTIB a00 Tpymn eJIeMEHTIB 0araro B YOMY BH3HAYA€TbCS BHUIOM
pe3epByBaHHs. Hukue po3risiaroThCs CXEMU PO3paxyHKIB JUIsl HAWMOIIMPEHIIINX
BUIIAJIKIB TMPOCTOTO PE3EpPBYBAHHS, /0 SKUX ILISAXOM INEPETBOPEHb MOXE OYyTH
npuBeAeHa W CTPYKTypa 3MiIlIaHOro pe3epByBaHHs. [lpu 1boMy pO3paxyHKOBI
3aNeKHOCTI OTpUMaHi 0e3 BpaxyBaHHA HAIIWHOCTI MPUCTPOIB MEPEMHUKAHHS, IO
320€3Meuyl0Th TEPEepPO3NOALT HABAHTAKCHHS MDK OCHOBHUMH Ta PE3CPBHUMH
esieMeHTaMu (To0To A "imeanbHUX" MepeMuKadiB). Y pealbHUX YMOBaX BBEICHHS
NepeMHKadiB B CTPYKTYPHY CXeMy HEOOXiJHO BpaxOBYBAaTH TaKOX W B PO3PAXyHOK
HAJIHHOCTI.

[Tpu anamizi HagIHHOCTI pE3epBOBAHHMX MPHUCTPOIB Ha €Tami MPOCKTYBAHHSA
MIPUXOAUTHCS TOPIBHIOBATH PI3HI CXEMHI PIIIEHHS. Y LbOMY BUIIAJIKYy 3a Kpumepill
AKOCMI pe3epsy8anHs PUNMAEThCS BUTpaIl HAIIMHOCTI.

Buepawem naoitinocmi Ha3uBa€TbCs BIAHOMIEHHS KUTBKICHOT XapaKTePUCTUKH
HAJIMHOCTI PE3epPBOBAHOTO TMPHUCTPOIO JO TI€T K KUIBKICHOI XapaKTepUCTHUKU
HEPE3epBOBAHOr0 NMPUCTPOIO 200 MPUCTPOIO 13 IHILIUM BUAOM PE3EPBYBaHHS.

Haituacrime BUKOpUCTOBYIOTbCS HACTYIIHI KPUTEPIT SIKOCTI pe3€pPBYBAHHS:

- BUTpall HaAIMHOCTI MPOTATroM vacy t 3a HMOBIPHICTIO B1IMOB:

t
Gy()= 21, 6.1)
Qo ()
- BUTpaml HaaIAHOCTI MNpoTsAroM yacy t 3a MWMOBIpHICTIO O€3B1IMOBHOI
poboTu:
Gp(t) = ic (t); (6.2)
Fo ()
- BUTIpall HaIMHOCTI 32 CepeAHIM YacoM 0€3B1IMOBHOI pOOOTH:
T
Gr (=2 (6.3)
0

Po3paxyHOK cHCTEM 3 HABaHTAKEHHUM pE3EPBYBAHHSIM 3IIMCHIOETHCA 3a
dbopMyslaMi TIOCHTIZIOBHOTO Ta TapajeibHOrO 3'€THAHHS CJICMEHTIB aHaJOT14HO
pO3paxyHKy KOMOIHOBaHUX cUCTeM. [Ipu IbOMy BBa)Ka€ThCS, 110 PE3EPBHI €IEMEHTU
Mpal0Th B PEKUMI OCHOBHUX SIK 70, TaK ¥ Micjas iX BIAMOBU, TOMY HAJIAHICTh
PE3EpPBHUX EJIEMEHTIB HE 3aJICKUTD BiJl MOMEHTY iX TEPEXOy 3 PE3EPBHOTO CTaHy B
OCHOBHE Ta JIOPIBHIOE HAJA1ITHOCTI OCHOBHUX €JIEMEHTIB.

Jlnst cucteMH 3 TIOCTITOBHUM 3’€IHAHHSIM N EIEMCHTIB TPHU 3arajibHOMY
pe3epByBaHHi 3 kpatHicTio | (puc. 6.1, a):

n
P3a2 :1_(1_ P)I+1:1_(1_H pi)l+1' (64)
i=1
3okpema, npu ayosoBanHi (1=1)
P3a2 =1- (1_ P)2 = P(2 - P) (65)
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[Tpu po3nineHOMY pe3epByBaHHI (puc. 6.1,0)
n
1+1
F}azzirlb:_cl_'pi)+ 1 «i6)
i=
a py po3aiibHOMY Jy0OmroBanHi (1=1)

P = HR-0- p P TTpi2-p)=PlIC-p) 67

1H2}F--n 1 2]-- n
t — 2y -1 1, J L 24 _[ I

5,1

L____I—|

I_r-lI

| I

U Ha b B St
a) G}

Puc. 4.1. Obmiee (a) u pazgenbHOe (0) HArPYKEHHOE Pe3ePBUPOBAHNC

Toni koediieHTH BUTpally HAAIHOCTI 32 HMOBIPHICTIO 0€3BIAMOBHOI poOOTH
pH 1yOJIFOBaHHI

G — F;w =2-P,
P

3a3

(6.8)

P n
_ _Pos _
(3p03'_ = _{[1(2'_ pi)
i=1
3BIIKA BUIUIMBA€, IO pO3JUIbHE pE3epBYBaHHS €(PEKTUBHIIIE 3arajbHOTO
(Hampukian, 11 CUCTEMH 3 TPhOX OJHAKOBHX eieMeHTIB pu p=09 G, =1.27,

G ., =1.33).

[Ipu Henmasanmasicenomy pezepgyeanni PpPe3epBHI €IEMEHTH MOCIIJOBHO
BKJIFOUAIOTHCS B pOOOTY TIPH B1IMOBI OCHOBHOTO, TIOTIM TEPIIOT0 PE3EPBHOTO U T.II.
(puc. 6.2), ToMy HaIIMHICTh PE3EPBHUX EJIEMEHTIB 3JIEKUTh B MOMEHTY iX
nepexoay B OCHOBHUI cTaH. Take pe3epByBaHHs B pi3HUX TC 3yCcTpidaeThCs NOCUTH
4acTO, OCKUIBKM BOHO MO CYTI AHAJIOTIYHE 3aMIHI €JIEMEHTIB ab0 BY3JIB, IO
B1MOBUJIN, Ha 3aI1acHI.

1 2 3 B - 1 % 2 3 =
A . £
g o -
™ s -

21 ™ N T £
I I N d
1 1 — 4 &
L ||

2I

Pucynok 6.2. HenaBaHTaxeHe Pucynok 6.3. KoB3He pe3epByBaHHs
pe3epBYBaHHS

61



Axmo pe3epBHI €IEMEHTH 10 iX BKIIOYEHHS aOCONIOTHO HAMiiHI, TO s

CHUCTEMH 3 HEHaBAHTAXECHUM p63€pByBaHH$IM kpatHocTi | (Bcroro enemenris |+1)
I+1

“rlle

1 1+1

T ey P

ToOTO ¥MOBIpHICTH BigmMoBu B (l+1)! pa3 MeHma, HiX [pH HABAaHTAKECHOMY
(mapasnenbHOMY 3’ €THaHH1).
JIJig iIeHTHYHUX 32 HaIIHHICTIO OCHOBHOTO Ta PE3EPBHOTO €JIEMEHTIB
P=1-———(1-p)'* (6.10)
( 1)'
[Ipn eKCMOHEHIIaIbHOMY PO3MOJLIT HApOoOITKH (HAUIPOCTIIIOMY MOTOIII
BIIMOB) y BUNAAKy A1 <<1 MO>KHa CKOPUCTATUCS HAOJIMKEHOIO (POPMYIIOIO

(6.9)

1+1
pr1-AD (6.11)
I+
[Ipu HEeHaBaHTaXKEHOMY pPe3epBYBaHHI CepeIHIi HApOOITOK Ha BIMOBY
1+1
T=>To, (6.12)

a Juld 1IEHTUYHHX €JIeMEHTIB T = NTy;.

llonecwene pezepgysanHsi BUKOPUCTOBYETHCS MPH BEJIUKIM 1HEPIIHHOCTI
MEpPEeX1IHUX TMPOIECIB, MO BiAOYBAIOTHCS B €JIEMEHTI MpU HOro Mepexonal 3
PE3EPBHOIO B OCHOBHUW PEXHUM, Ta HEAOLULIBHOCTI 3aCTOCYBaHHS HaBaHTAKEHOIO
pe3epBYBaHHs 4epe3 HENOCTaTHIM BUrpaml B HaaiiHOCTI. O4eBUAHO, MOJETIICHUN
pe3epB 3aiiMae MPOMiIXKHE TOJIOKEHHS MK HABAaHTA)KCHUM Ta HEHABAHTAXCHUM.

TouHi Bupazu i PO3PAXYHKY HAMIMHOCTI CHCTEM IMIPU TMOJETIICHOMY
pe3epBYBaHHI JIOCUTh TPOMI3JIKI Ta HEOJHO3HAUYHI, ajie MPH EKCIIOHEHIIaJbHOMY

PO3MOoILIl HApOOITKY CIipaBeInBa HaOmkeHa Gopmyna

p—_1 T A A+ A )(A+22 o) [A12 o]t =

(1 1)
tl+1

:( 1)|1—[(ﬂb+'ﬂb 0)»

1€ A ¢ - IHTEHCUBHICTb BIIMOB €JIEMEHTIB B MOJIETIIEHOMY PEXHUMI,

(6.13)

| - kpaTHICTH pe3epByBaHHS.

Kossne pezepsysannsi BUKOPUCTOBYETHCA JUIsl PE3EPBYBAHHS JEKUIBKOX
OJIHAKOBHX €JIEMEHTIB CHCTEMH OJHUM ab0 JIEKIIbKOMa OJIHAKOBUMH PE3ECPBHUMU
(puc. 6.3, TYT BCI €JIEMEHTHU 1JICHTUYHI, a eJeMeHT 4 - HaaIuIKoBuit). O4eBUIHO,
B1JIMOBA CHCTEMH BIJIOYAEThCS, SKIIO 13 3arajbHOi KUIBKOCTI 1ICHTUYHUX €JIEMEHTIB
(OCHOBHUX Ta pE3EpPBHMUX) YHUCJIO TaKUX, IO BIJAMOBWIM, OUIbIIE 3a YHUCIO
pe3epBHUX. Po3paxyHOK WMOBIpHOCTI 0€3BIJIMOBHOI POOOTH CHUCTEM 3 KOB3HUM
pe3epBYBAaHHSIM aHAJIOTTYHUM PO3pPaXyHKY CUCTEM TUITY “m 3 n”.
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JIEKIISA 7
BUITPOBOBYBAHHS HA HAIMHICTH TEXHIYHUX CUCTEM

7.1 OcHOBHI MOHATTA Ta KjIacudpikauia

Ile € ocHOBHE MUTaHHS Teopii Ta MPAKTUKU BHU3HaueHHs HaaiHocTi. Lli
BUIIPOOOBYBAHHS MOXKYTh JIaTH HAHO1JIbII MTOBHI 1 BIPOT1AHI 1aH1 PO HaAiiHICTh. B
mporieci BUIPOOOBYBaHb MOXKHA BIATBOPUTH peajbHI YMOBH, JOCIIIATH poOOUl
PEKUMHU Ta HACHIJIKH BCiX poOOUnXx (haKTOpiB.

Tomy BUIIpOOOBYBaHHSI BUMararoTh:

- TIEBHOTO Yacy,
- TIEBHUX 3aTpaT pecypciB.

BunpoOyBaHHs, sk NpaBuiio, OyBalOTh JOBIOTPUBAIMMH, BUIPOOOBYETHCS
BEJIMKa KUIBKICTh MpUCTpOiB. B mporeci BumpoOOByBaHHS BiIOyBaeThCs
pyriHyBaHHs amaparypu. Ilicns BumpoOyBaHb amaparypa, sIK MpaBWIIO, BXKE HE €
MPHUIATHOIO JIJIsl TIOAANBIIIOT0 BUKOPHCTAHHSA, TOMY 3aBJAaHHS CIYXOHM HaIilHOCTI
MOJIATAE B TIOLIYKY BHKOPUCTAHHS TaKUX NUISIXIB BUMPOOOBYBaHb, MI00 3MEHIIIUTH
BUTPATH SIK 3aCO01B, 5IK1 BUIPOOOBYIOTHCS, TaK i MaTepiaiIbHUX PECYPCIB.

BunpoOyBaHHs Ha HaA1MHICTh MOKHA KJIacU(]IKyBaTH 3riTHO pUCYHKY 7.1.

BunpoOyBaHHs Ha HailHICT

y A 4 y

BU3HAYaIbHI KOHTPOJIBbHI crerjanbHi

: :

B HOPM. yMOBax

v

eKCIIepUMEHTAIIbHI

v

IPUCKOPEHI1

PO3pPaxyHKOBO-EKCIEPUMEHTATbH1 \

KOMIIJICKT €JICM.
A

V\
KOMILJI. Ta CUCTEM

arnapaTtypHi

A

f

Pucynox 7.1. Knacudikanis BunpoOyBaHb Ha HaJ{IHHICTb

Busnauanvni eunpobysanns — ma 4ac SKUX BU3HAYAIOTHCS YUCIIOBI 3HAYCHHS
MOKa3HUKIB HAIIIHOCTI.
Konmponvni 6unpobysanns — BUIpOOyBaHHS, B PE3YJIbTATI SIKUX BHUSBIISETHCS,
10 3HAYEHHS MOKA3HWKIB HAJIMHOCTI HE HWXKYI (HE BHII) JEAKOTO 3HAUYCHHS 13
3a/1aHOI0 MMOBIpHICTIO (MeHI iH(GOpMAaIliiiHi, HIXK TOINEpeaHl, aje BHUTpPAvYaloTh
MEHIII Yacy Ta MaTepiaJIbHUX PECYPCIB).
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Cneyianvui  eunpobysanHsi — BUNPOOOBYBAaHHS, SKI TNPU3HAYCHI IS
BU3HAUEHHS BIUIMBIB JACSIKUX (DAKTOPIB HA HAINHICTb.

KoxHwMii 3 IMX OCHOBHUX BUAIB BUIPOOOBYBaHb PO3AUISIOTH Ha PI3HOBHUIM.
BunpoOyBanHs MOXXyTh BIJIOYBAaTHUCS 3a PISHUMHU IIJIaHAMHU J0 TTOBHOI BIIMOBH BCiX
BUMPOOOBYBAHUX €JIEMEHTIB a00 JI0 MEBHOI KUIBKOCTI BiaMoOB. Ilpu muranyBaHHI
BUMPOOOBYBaHb HA HAJIIMHICTh, BUOMPAIOTh TAKWH TJIaH, SIKUM HaWKpallle BiIOBIIA€E
BUIIPOOOBYBaJILHOMY 00’ €KTY Ta 3aBIaHHIO.

7.2 BuzHayajbHi BUNIPOOyBaHHS HA HaJilHICTH

O3Hakol0 BH3HAYANBHUX BHUMIPOOYBaHb € Te, IO B PE3yIbTaTi LUX
BUMPOOYBaHb BHU3HAYAIOTHCS  KUIBKICHI 3HAUEHHS TIOKa3HUKIB  HAIINMHOCTI
BUIPOOOBYBAHUX MPUCTPOIB. AJle 32 METOAAMH IIPOBEICHHS Ta cClocO0aMu 00pOOKH
pe3yNbTaTiB, a TAKOXK 3a IUIAHOM IX OpraHi3aiii Ta yMOBaMH, B SKUX MPOBOJAATHCS
BUIIPOOYBaHHS, BOHU MOXYTb OyTH PI3HUMHU.

MoxximmBa  kimacudikaiiss  BU3HAYaJIbHUX  BUOPOOYBaHb MOXe OyTH
MIPE/ICTaBIJICHA 3T1IHO PUCYHKY 7.2.

) | BwusHavanbHi
BUNpobyBaHHSA
3a xapaktepom > cepeaHi 3Ha4eHHs
~ OyHOK | » [OBIpEHWN iHTepBan
- NUN
| = , :
N NUT
| 3annaHom ]* N NUr
| BunNpobyBaHb | — =
o - NRT
»  NRr
B B B B HOPMarbHUX
3a pobouvmn | ymoBax
L i _  had 2l
T MoBaMu — =y
oL [, » npuckopei
B — npami
3a No4aTKOBUMM | et
> — o HenpsaMi
AaHUMK e e
' <] HaKOMUYEHHA
| iHdopmauyi
— .. EKCMepUMeHTanbHo-
3a meTogamu | CTaTUCTUYHI
»  oAepXaHHA —— e ——
. |
peaynbTaTis ‘ ‘ pO3paxyHKOBO-

™ ekcnepumeHTanbHi

Pucynok 7.2. Knacudikanis BuU3Ha4aJIbHUX BUIIPOOYBaHb HAa HAJIMHICTD
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3a xapakxmepom ompumanHs oyiHox, BUMPOOYBaHHS MOXYTb OyTH 3 METOIO
OJIep’KaHHSI yCepeAHEHUX MOKA3HUKIB (CepeqHi HapoOITOK Ha BIAMOBY, CEpenHiN
yac TOHOBJIGHHS 1 T.I.) Ta BUINPOOYBAaHHSIMH 3 METOI OTPHUMAHHS JOBIPUOTO
IHTEepBaTy JJIsI TOKa3HUKA HAIIHHOCTI.

VYcepenHeHi NOKa3HUKU, SIK MPaBUIIO, JalOTh JOCTATHE [UJISl MPAKTUKHU
peACTaBICHHS MPO HAAINWHICTh BUPOOY, OCOOIMBO TOJI1, KOJM HEOOX1THO MTPOBECTH
a00 MOpiBHSAHHS BUPOOIB, 00 MOPIBHIHHSA KOHCTPYKTUBHHUX BapiaHTIB.

OpepkaHHA CepeqHIX 3HAa4YeHb BHIIAJIKOBOI BEJIMYMHM HE TMepeadadae
CEepHO3HUX YCKJIAJHEHB (3a Cepe/iHE 3HAUCHHS MPUIMAETHCS CepeaHe apudmeTuyHe
3HAYEHHS), UM U TOSICHIOETHCS IIHMPOKE PO3MOBCIOHKEHHS B 1H)KEHEPHIN MpPaKTHULL
CepeqHIX MOKa3HUKIB HAJIHHOCTI. AJle cepeHE 3HAYCHHS BUMAKOBOI BETUYMHU HE
Jla€ TIOBHOTO TpeACTaBIeHHS Ipo Hel . binbin aetanbHy iH(OpMaIIio Ipo HaIIHHICTh
MOXKHa OTpUMMAaTH TIO JOBIPYOMY IHTEpBaJly - IHTEpBaly MOXKJIUBUX 3HAYEHb
MOKa3HUKA HATIWHOCTI, SKUM TOKPUBAETHCS BIAMOBIAHUI TOKA3HUK 3 3aJIaHOIO
JOBIPYOIO KMOBIPHICTIO.

3a  xapakmepom  noyamko8ux  OaHux  BHU3HAYAJIbHI  BUIPOOYBAHHS
MOXXYTh OyTH BUIIPOOYBaHHSIMH, sIKI 0a3yIOThCS Ha BUKOPHUCTAaHHI 1H(OpMaIlli mpo
BIIMOBU BUPOOY (Ha Tak 3BaHI MpsMi BUNPOOYBaHHs), 1HGOpMAIIil 3a HENPSIMUMU
O3HaKaMH BI1JMOB, 200 B HAKOTIMYEHHI 1H(pOpMAIIii PO BIIMOBH.

Henpsmumu o3naxkamu moxke OyTH BUIIICHHS HAJJIMIIKOBOIO TeIljia, 3MiHA
CTPYMIB, SIKI BUXOMITH 3a JOMYCTHMI MeXl W T.1. 3a IIUMH O3HAKaMH MOYKHA
MPOTHO3YBAaTH HACTAHHS BIJIMOB Ta BU3HAYATH MPOTHO30BAaH1 MOKA3HUKW HAJIIMHOCTI.

Ilpunyun naxonuuenns iHgopmayii NONATaE y TOMY, 10 1H(pOpMAI MNpo
HaJIHHICTh 30UpaeThes 3 pi3HUX JKepen. KoxkHe HacTynHe BUIIPOOYBaHHS € METOIO
YTOUYHEHHS MOKa3HUKA HA/IITHOCTI 3 BUKOPUCTAHHSM ,,anpiopHOi" iH(popMaiiii, To0To
JIOCJIITHOI.

3a pobouumu ymosamu BUIPOOYBAHHS MOXYTb OyTH BHUIPOOYBAHHSIMHU B
HOPMAaJIbHUX EKCIUTyaTalliiHUX peXuMax Ta B YMOBAaX, SIKi MPUCKOPIOIOTH MPOIEC
BUHUKHEHHSI BiIMOB. [IpuickopeHHs BUIPOOyBaHb Ma€ BEIMKE 3HAYEHHS, TaK SK
TOJIOBHUHM HEAOJIK BUMPOOYBaHb HA HAAIMHICTG - IX BeJTMKA TPUBAIICTb.

Ilpuckopeni  eunpobyeanHs — 1€ BUNPOOYBaHHS, B yMOBaX, KOJIU
BUKOPUCTOBYIOTh JIesiKl (haKTOpH, SKI NPUCKOPIOIOTH BHUHUKHEHHS BIJMOB:
MIIBHUIICHHS TEeMIEpaTypHy, ITJABUINECHHS HaBaHTA)XCHHsS, BIOpaIiiiHI KOJHMBAHHS.
Tomy mornepeHbO MOBUHHI OyTH OTPHUMAaHI 3aJIe)KHOCTI MTOKA3HUKIB HAIIMHOCTI BiJ
MPUCKOPIOIOYOTO (pakTopy a00 BCTAHOBJICHH 3B’SI30K MK 3HAUEHHSIMU MMOKA3HUKIB
HAJIHHOCTI, SIKI OTPUMaHI MPU PI3HUX YMOBAX BUNPOOYBaHb.

3asIe’KHICTh IHTEHCHUBHOCTI BIJIMOB BiJl 3MIHM TEMIEPATypH HABKOJIMUIIHBOIO
cepenoBuiia A=f(T°C) momana Ha pucynky 7.3. [lpu migBuIeHHI TeMmmepaTypu
OTPUMYEMO O1TbIIIe 3HAYEHHSI IHTEHCUBHOCTI BIJIMOB.

CKIamHICTh TPUCKOPEHUX BHIPOOYBaHb IIOJSTa€E B TOMY, IO BOHH
MOTPeOyIOTh MOMEPETHHOTO0 BUBUEHHS 3AJIEKHOCTI MK MOKa3HUKAMHU HAJIHOCTI B
HOpMaJIbHUX 1 (OPCOBAaHMX yMOBaX, a I 3aJleXKHICTh Mae HaOIMKeH1
XapakTepUCTUKU. B mporeci mpuckopeHux BUMPOOyBaHb MpUIIA] MOXE OyTH
3pyHHOBAHUM.
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Pucynok 7.3. 3anexHicTb IHTEHCUBHOCTI BiIMOB BiJ] 3MiHU TeMIIepaTypH
HaBKOJIMIIHBOTO CEPEIOBUIIA

3a memooamu 00epiHcanHs KilbKICHUX NOKA3HUKI8 HAOIUHOCMI BUTIPOOYBaHHS
MOXYTh OyTH MOOYAOBaHI TIJILKK Ha OCHOBI €KCIIEPUMEHTY (AOCIITY) 3 MOJATBIITAM
CTATUCTUYHUM OTpaLIOBAaHHSIM JTaHUX (eKCreprUMEHTaIbHO-CTaTUCTUYHI
BUIIPOOyBaHHs) a00 Oa3yBaTUCS HA BUKOPHUCTAHHI PO3PAXYHKIB Ta €KCIIEPUMEHTY
(Taxi BUNPOOYBaHHS HA3UBAIOTh PO3PAXYHKOBO-EKCIIEPUMEHTAIBHUMHM).

3a naanamu nposedenHs GunpoOysanHs TOAUISIIOTHCS HA HACTYMHI OCHOBHI
rpynu: [NUN], [NUT], [NUr], [NU(r,T)], [NRT], [NRr] ta in. BykBu y nmoznadeHHsx
IJ1aH1B 00’ €KTIB BKa3ylOTh HACTYIHI OCOOIMBOCTI 00’ €KTIB:

N — KiUIBKICTh 00’ €KTIB, IO OJJTHOYACHO BUIIPOOOBYIOTHCS;

U — HeBIJHOBIIOBaHI Ta HE3aMiHHI IPU BUIPOOYBAHHAX y BUIIAJIKY BIAMOBHU
00’ €KTH;

R — HEeBIIHOBIIOBAHI, ajie 3aMiHHI NpU BUIPOOYBAHHAX Y BHUIIAJKY BIAMOBHU
00’ €XTH;

M — BiHOBJIIOBaHI MPU BUTIPOOYBAHHAX Y BUMAAKY BIIMOBHU 00’ €KTH;

I — KUIBKICTH 00’ €KTIB, 11O BIJIMOBMIIH.

[Mpu BumpoOyBanHsx 3a miaHoM [NUM] Ha BumpoOyBaHHS CTaBisAThCS N
BUp0OiB. BunpoOyBaHHs BemyThes 10 BiaMOBH Bcix N BupoOiB. Yac BiaMOBH t; -
dikcyetses. CepenHiii HApOOITOK HA BIIMOBY:

Nt-
T=3 (7.1)

CepenubokBagparnune Binxuwienns ofT) BiaHOCHO 1oro cepenHBOIO
3HAUEHHS BU3HAYAEThCA SIK

S-T7  oft)

(N-DN /N

[Ipu uucmi N, sike nOpiBHIOE 8 Ta Olnblie, Ta MpHU t;, sIKE MIANOPSAKOBAHE
€KCIIOHEHIIAJIbHOMY 3aKOHY, PO3IMOALT BUIAJIKOBOI BeMUYMHUA T 3 JOCTATHBOIO IS
NPaKTUKA TOYHICTIO HAOJMXKAETHCA JO0 HOPMAJIBHOTO PO3MOJAUTY, TOMY YHCIIO
BUMPOOOBYBAaHUX OO0'€KTIB MOXXHa BH3HauuTtd 3 Qopmynu (7.2). s
CKCITOHEHIIaIbHOTO 3aK0oHYy o(t) = T, To 3 hopmynu (7.2):

o(T) = (7.2)

N=|—— (7.3)



VIMOBiIpHICTh BUHUKHEHHS BIIMOB MPHU €KCIOHEHIIaTbHOMY 3aKOHI PO3MOILTY
Ta TPUBAJIICTh BUMPOOYBAHb JOPIBHIOIOTH:

Q()=1-¢'T;
t=-T-In[1-Q(t)],

HeBaxkko momituTH, 1o BunpoOyBanHs 3a tuiaHom [NUN] BumararoTsh
3HAYHOTO Yacy Ta KiIbKOCTI 00’ €kTiB. CKOPOTUTH TPUBAIICTh BUIIPOOYBAHHS MOXKHA
IUISIXOM 30UIBIIEHHS] KUIBKOCTI BHUPOOIB, IO BUIPOOOBYIOTHCS, a00 3HIKCHHS
BHUMOT JI0 TOYHOCTI PEe3yJIbTaTiB BUIIPOOYBaHb,

3acTocyBaHHS IOHOBJIEHHS BUPOOIB, IO BIAMOBWIIM, JO3BOJISIE IMiIBUIIUTH
iHQOpMaTHBHICTH BUINPOOYBaHb 0e€3 30LIBIICHHS KUIBKOCTI BHUPOOIB, IO
BUIMPOOOBYIOTHCS.

Cepenniii HapoOITOK Ha BiIMOBY mpH BHIpoOOBYyBaHMX Mo rmiaHy [NRr],
TOOTO, TpPH TMOCTAaHOBILI Ha BHUNPOOyBaHHA N BHUPOOIB 3 TOHOBJICHHAM, O
oJIep KaHHS I-BIJIMOB CKJIaJIa€:

T=t,5 (r-1), (7.6)

ne th - cyMapHuil HapoOITOK BUPOOIB, 1110 BUITPOOOBYIOTHCH.

(7.5)

[Tpu BiicyTHOCTI BpaxyBaHHs 4yacy Ha NOHOBJICHHS:

T=t -N/(r-1), (7.7)
ne t, - yac (ikcallii OCTAaHHLO1 BIIMOBH.

JInsi BU3HAUEHHS KUIBKOCTI BHUIIPOOOBYBAaHUX BUPOOIB MOYXHA CKOPUCTATHUCS
HacCTYNHUMHU Bupa3zaMu. OCKUIBKH CEpeIHbOKBAJPAaTUUHE BIIXWIEHHS CEPEIHbOTO
HapoOITKY Ha BIIMOBY JIOPIBHIOE:

o(t)
a(T) N
7e t - BUIMAIKOBAa BenW4yMHA (4ac 10 BiAMOBH); N - KUIbKICTHh BUIPOOYBaHb, TO
noxu6ka susHauenns T (o) B monsx sin o(T ) mopisHioe:

g:zaaa)zi§%ﬂ, (7.8)

n€  3HA4YEeHHS Z Opy  HOPMAJIbHOMY  3aKOHI  JIOPIBHIOE  YHCIY

o
CEPEeNHbOKBAAPATUYHUX  BIIXWICHb, SKE€ TOTPIOHO BIAKIACTH B  IEHTPY
PO3CIIOBaHHS I TOTO, OOU WMOBIPHICTH TOMAJIaHHA B OTPUMAaHYy JIUISHKY Oyia
piBHa .

3 (7.8) KIIBKICTh JOCHTIIKEHb JOPIBHIOE:

- (Zastt] w9

Otxe, 1 mianyBaHHs KUTbKOCTI N HEOOX1JHO 3HATH TOYHICTh £ Ta 3HATH,
Xo4ya 0 OpIEHTOBHO, BEIUYHUHY G(t). SK1o npo BenUuHUHY O'(t) HIYOTO HE B1JIOMO,
TOJ1 Ha JOCIIDKECHHS CTaBUTHCI KUIBKICTH 00°€KTiB N, BUXOISYHM 3 MOXKIMBOCTI
BUPOOHUIITBA, a O'(t) BU3HAYAETHCS Yy XOJI JOCHIKEHb. 3a OTPUMaHUMU
3HAYECHHSIMH O'(t) yTOUHIO€ThCS uncyio N .
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[TpoBenenHss  BunpoOyBanb 3a 1iaHoM [NRr]  3menmye  gucio
BurnipoOoByBaHux N 3a paxyHOK iX MOHOBJEHHS, Ta 30UIbIIyEe Yac BUIPOOYBaHb.
301IbIICHAS YKCIIa BUITPOOOBYBAaHUX BUPOOiB Nipu BuIpoOyBaHHi 3a m1anoM [NUN]
MJBUIIY€E TOYHICTh PE3yJIbTaTIiB BUIPOOYBaHb, a TIPHU MPOBEJIECHHI BUIPOOYBaHb 3a
wianoM [NRr] - ckopouye yac BUnpoOyBaHb.

[Iportec BuUnpoOyBaHh KOPHCHO CYNMPOBOKYBATH 3aHECCHHSIM pE3yJIbTaTiB
BUNpoOyBaHb Ha Tpadik, SKUA BUKOHYIOTH B cHeliagpHOMYy MaciTabi. Came
MaciTad MmadupaeTbest TakKuM, 00 PYHKIIIS PO3MOALTY JOCTIKYBaHOT BUMAKOBOI
BEJIMYMHU BUXOJIUJIA Y BUTJIS TIPSAMOI JIiHIT.

7.3 KonTpoabHi BUIPpOOYyBaHHS

KoHTponbHiI BUNpoOyBaHHS HE TPU3HAYCHI I BW3HAYCHHS ITOKAa3HUKA
HafiiHOCTI. BOoHK cimykaTh 3aco000M KOHTPOJIIO HAIIHHOCTI MO JAESKIA HempsMmii
o3Hari. TakuMu O3HaKaMH MOXYTh OYyTH, HANpHUKJIaA, BIACYTHICTH BIIMOB MpHU
BUMPOOYBAHHIX Ha MPOTA31 3aJaHOTO Yacy, TPaHWYHE YHCIO JAOMYyCTUMHUX Ta
HEJIOMYCTUMUX BIIMOB JIJIS MTOCITIZIOBHUX 1HTEPBAIIB Yacy.

B nepuiomy Bumanky BUIIPOOYBaHHS HA3WBAIOTHCS SIK TaKl, 110 3ACHOBAHI HA
KLIbKOCMI  OONYCMUMUX 6I0OM068, y JPyroMy BHUIAIKY - BUNPOOYBAHHAMU, SKI
3ACHOBAHI HA NOCNIO06HOMY aHai3i. SIK TpaBWIIO, B MEPUIOMY BHUIAJKY, TOBOPSTH
Ipo BUMIPOOYBaHHS, sIKI 3aCHOBaHI Ha KUIBKOCTI JOMYCTUMUX BiJIMOB, sIKa JOPIBHIOE
HYJTIO.

KoHTposibHI BUIpOOYBaHHS NOAUISIOTHCS Ha:

— KBaiikauiiiHi,

— TpuiMalIbHO-3/1aBaJIbHI;

— THIIOBI,

— TEpIOANYHI;

— TEXHOJIOT1YHI.

Bci BunpoOyBaHHS TIPOBOASATHCS HE CTUXIMHO, a 3a IUIAHOM, 3a SKHM
BCTAHOBJIIOIOTH 00’€éM BUNPOOYBaHb, TOPSJIOK BUIPOOYBaHb, MPUIHUHEHHS
BUIpoOyBaHb. BunpoOyBaHHIO MiAAIOTECS HE BC1 BUPOOH, a JIMIIIE YaCTHHA MapTIid
— BuOIpKa, a pe3yJbTaTH pPO3MOBCIOKYIOTRCS Ha BCIO mapriro. B mporpami
BUTNIPOOYBaHb BKA3YIOTh:

— 00’em BUOIpKY;

— TIOCIIIJIOBHICTB 1 METO/IMKA TIPOBE/ICHHS BUMPOOYBaHb 32 BUJIAMU;

— KpUTEPIEM NPUUHATTA PILICHHS B 3aJIEXKHOCTI Bl pe3yJIbTaTiB.

Kpumepiu npuiinamms piwenns — 1€ KUIbKICTh BIAMOBHUBIIMX Yy BHUOIpII
BUpOOIB (IMpUilMaNbHE YHUCIIO) MPHU SIKOMY pPE3yJbTaTh BUIPOOYBaHb BBAKAIOTHCS
TIO3UTHBHHUMH.

[TepioauunicTh BUNIPOOYBaHb BCTAHOBIIIOETHCS B 3aJIEIKHOCTI Bijl MpU3HAYCHHS
Ta YMOB €KCIUTyaTauli, BHAYy BUPOOHHUIITBA, 00’€My BHUIIYCKY 1 THIy KaTeropii
BUIIPOOYBaHb.

Kesanigixayiiini eunpobysanns, ki IpOBOASTLCS HAa KOKHOMY ITANPUEMCTBI
BUPOOHUKY, KOJIM BiIOYBaIOTHCS MPHUIMaHHS YCTAaHOBJICHOI cepii 1 BiOyBaeThCs 3a
(K1-K8) rpynamu y nieBHi tepminu. s koxuoi rpynu (K1-K8) permamentyerscs
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neBHUH 00’eM BUOIPKH, TMOCHIJOBHICTH 1 BUJ BHUMNPOOYyBaHb, 3HAYEHHS
NpUIMaNbHOTO YKcia (CrpaBHUX a00 HecrnpaBHUX) BUPOOiB. Ilpyu BUnmpoOyBaHHAX
no rpymi K1, mepeBipsitoTh 30BHIIIHIA BUIIIAN, Haamucu abo MapkyBaHHs. [Ipu
BUNMPOOYBaHHI o rpym K2 mepeBipsitoTh €IeKTpUYHI IapaMeTpH, BiIOPOCTIHKICTb,
BOJIOTOCTIHKICTh. K3 — HapoOITOK Ha BIAMOBY IPH KOPOTKOYACHUX BUMPOOYBAHHSIX.
K4 — napoOiTok Ha BiIMOBY MHpH JOBrOTpHMBAIMX BUIPoOyBaHHsAX. KopoTkodacHi
BUMPOOYBaHHsS Ha HApOOITOK MPOBOAATH IMPU MAX eIeKTPUYHOMY HaBaHTa)KEHHI 1
IpY MiABUIICHIN Temneparypi, MpU IbOMY PEXHUM IX BUIPOOYBaHHS BKa3yeThCs Ha
BUp0O1. K5 — 1j1s eeKTpOHHOT TEXHIKH, MEPEBIPAETHCS MOXKJIUBICTH BHUBOJIIB IS
nasiHHs a6o 3BaproBaHHs. K4-K6 — manorabaputi po3mipu Bupo0OiB. BunpobyBanus
K2-K8 miggaroTecsi BUpoOH, sIKi MPOMIUIM MPUIAMAaTbHO-3aBaJIbHI BUIIPOOYBAHHS.
Pesynbratu kBamigikamiitHuxX BUMPOOYBaHb BBAXKAIOTHCS MO3UTUBHUMHU, SIKIIIO BOHU
3aJI0BOJIbHSIOTHCA BUMOTAM, SIKI BCTaHOBJEHI AJsl BCiX rpym. [lpu He3amoBLIbHUX
pe3ynbpTaTax KBajidikamiifHUX BUMIPOOYBaHb 3aCTOCOBYIOTHCS MIpH O MiABHILEHHIO
SKOCTI Ta HaJIIHHOCTI BUPOOIB 1 MICISI LILOTO MPOBOAATHCS HOBI BUIPOOYBAHHS.

o nputimanvro-30a8anbHux 6unpodyeans NMPEACTABISIIOTh BUPOOU MapTisiMHU.
[TapTist sika He HpoMia MUX BUMPOOYBaHb OPaKYETHhCS 1 BCl BUPOOU MiJJISTAIOTH
nepeBipIl.

Ilepioouuni eunpobysannsa_ IpOBOIATH 1 pa3 B KBapTall, a B MOJAIBIIOMY pa3 B
0,5 poky. llum BunpoOyBaHHSM MIJJISATalOTh BUPOOM 1-ro TUMYy 1 pe3ylbTaTu
PO3MOBCIOJKYIOTHCS Ha BCIO mapTito. L1 BUunpoOyBaHHS TUTBKH MiCIs MPUMaIbHO-
3/1aBaJIbHUX BUIIPOOYBaHb.

7.4 MeToa rpaHMYHUX Ta MATPUYHUX BUNIPOOYBaHb

MeTon TpaHMYHUX Ta MaTPUYHUX BHUMNPOOYBaHb 3aCTOCOBYETHCS IS
€KCIIEpUMEHTAJILHOTO JOCIIPKEHHSI BY3/11B (€JIEMEHTIB) anapatypu ado MpUCTPOIB
aBTOMATUKHM Ha CTafli MaKeTyBaHHs 3pa3KiB JJisi TOro, mo0 MpaBUIIBLHO BiaiOpaTh
napameTpu enemeHTiB. OKpiM IbOr0o, TMPH TPAHUYHUX BUMPOOYBAHHSX MOXKHA
BHBYATH BILJIUB PANTOBUX BIIMOB €JIEMEHTIB Ha MpaIe3/IaTHICTb BY3JiB MPUCTPOIO 1
CUCTEM 3aXUCTy aBTOMATHKHU.

Ha Buximni mnapametpu Oyap-sKoro By3ja (eleMeHTa) amapaTypu
BCTaHOBIIIOIOTHCS IOMMYCKH, B MeXax SKHUX 11 HapaMeTpu MOXKYThb 3MiHIOBaTHCs. [Ipu
pOMYy OyIb-SKUH BHUXIIHUNW TapameTp By3na (ereMeHTa) € (GYHKIIEH 1HIINX
nmapaMmeTpiB, SKI 3ajexaTh BiJ 30BHINIHIX Ta BHYTPIIIHIX (aKTOpiB, OCTaHHI
BIUIMBAIOTh HA BHUXIJHI NapaMmeTpu By3da (enemeHta). o Takux QakropiB
BITHOCATHCS KOJHMBAHHS HANpYTd SKUBICHHS, TEMIIEPAaTypu HABKOJIHUIIHBOTO
CEpeIOBHUILA, BOJIOTOCTI 1 T.II, @ TAKOK BIUTMB 3MIHU MapaMETPIB €JIEMEHTIB CXEMH.

3amadyero MeTOIy MaTPUYHUX BHNMPOOYBaHb € €KCIIEPUMEHTAIbHE BU3HAUCHHS
oOnacti 0e3BIIMOBHOI poOOTHM By3ia (eleMeHTa) mpu 3MiHax napametpiB. Cam
METOJ MAaTpPUYHUX BHUIMPOOYBaHb 3BOJUTHCS 1O TOOYTOBU JesKOi 001acTi y
OaraTroMipHOMY TIPOCTOpPi, B CEpeIWHI W Ha TPaHUIl AKOI (YHKISA TMpUAMae
3HAYE€HHS, SIKE BIJITOBIIA€ NEAKIHM 3a1aHii MHOKUHI

Y = 1(Xq, X, ..., X;, ..., Xp),
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e Y - 3Hau€HHS BUXIAHOTO MapameTpa, sIKMH BIANOBIAAa€ BUIMAIKY O€3BIAMOBHOI
po0oTH By3ia (eIemMeHTa). X; - 3HAYeHHS 1-TOr0 MapameTpa By3Jia (eJIeMeHTa), KU
BIUTMBAE HA BUXITHUHN TTapameTp.

AJne BU3HAUUTU N-MipHY 00JacTh 0€3 crelialbHUX aBTOMAaTUYHUX MPUCTPOIB
JOCUTh CKJIaAHO. TOMYy Ha MPAKTHUIl YaCTO BU3HAYAIOTh T'PAHUYHI TOYKH 0OJACTI
0e3B1IMOBHOI poOOTH By3ia (€JeMeHTa) MpY 3MiHI OJTHOTO MapameTrpa, 30epirarouu
HE3MIHHUMHU 3HAYeHHsS IHIIUX. Takuili METOJl Ha3WBAIOTh MEmMOOOM 2PAHUYHUX
sunpobysans. J1ia oro peanizaiii HayTh MO MUIAXY 3MIHM BUXIJIHOTO TlapaMeTpa 3a
JOTIOMOTOI0 IITYYHUX MPUKOMIB, HAMPUKIIA[, 32 IOMOMOTOI0 3MIHU OJIHI€T 13 HANpyT
KUBJICHHS TIPUCTPOIO, BUOpaHOi B SKOCTI MapaMeTpa TPaHUYHUX BHUIPOOYBaHb.
I'panumi obGmacti B MeXax KO By30a (€I€MEHT) TMpaioe Oe3BiAMOBHO,
BHU3HAUAIOTHCA MPH 3MiHI MapaMeTpa rPaHUYHUX BUNPOOYBaHb O MOMEHTY BIIMOBHU
By3Ja (€JIeMEHTa) MpH JOCHTIKYBAHOMY BHUXITHOMY MapaMeTpy IS BUMAJKY, KOJIU
1HII TapaMeTpu CXEMHU By3Ja (elieMeHTa) MaloTh HOMiHaJbHI (200 MPOCTO 3aj1aHi)
3HadeHHd. [1oTiM, Ipy eIKOMY BiIXWJICHHI OJHOTO 3 "3MIHHUX'" IMapaMeTpiB By3ia
BiJl HOMIHAJIBHOTO 3HAYEHHS , 3HOBY BEIYyTh CIOCTEPEXKEHHS 3a BUXITHUM
napamMeTpoM By3Ja MpU 3MiHI HAPYTU. 3po3yMiio, IO IPH BIAXUIICHHSX 3MIHHOTO
napamMeTpa B OJHY Ta JPYry CTOPOHM BiJi HOMIHAJbHOTO 3HAYEHHS, BUXIJTHUUN
napameTp Oy/e "BIAMOBIATH", BUXOJSYHN 32 MEXI1 JIOMYCKiB, IPU PI3HUX 3HAYEHHSX
HaIpyru.

3a JOMOMOTOI0 OJIEpP’KaHUX IMPU EKCIEPUMEHTI JaHuX OyayeThecsi rpadik
IPaHUYHUX BUNPOOYBaHb (puc. 7.4), skl MpPE/ICTABIIsI€ TEOMETPUYHE MICIIE TOUOK
BIIMOBH BY3J1a (€JIEMEHTA) [0 BUXITHOMY IMapaMeTpy Y NpH BU3HAUYECHHUX 3HAUYCHHSIX
napameTpa rpaHn4YHUX BUNpoOyBanb U, 1 napameTpH Xj, TOOTO:

AY6e3:f(AXi: A[er);
ne AYge; - 00J1aCTh 3MIHU BUXI1JTHOTO MapaMeTpa , KOJIU BIH 1€ 3HAXOAUTHCA B MEXKaxX
JOMYCKIB, TOOTO BY30J]1 (€JIEMEHT IpaIftoe 0€3B1IMOBHO (JIUB. puUC. 8).

Axmo rpanuyHUM BuUnpoOyBaHHsAM miansrae [IBY, To B SKOCTI BUXIJHOTO
napaMmerpa Y MOxyTb posrmagarucs Ky, Af (momoca mpomyckanHsa ) abo yacToTa
MiJICWIIOBAHUX KOJIUBaHb. B  SKOCTI 3MIHHUX mMmapaMeTpiB X;, BUOUPAIOTHCS
BEJIMYMHM OIOPIB TMIACUIIOBaYa, €MHOCTI abo mnapamerpu TpanzuctopiB (Ky
TPaH3UCTOPa, KPYTU3HA 1 T.11.)

Bemnunaa AYg., BiANOBiAa€ BCTAHOBICHMM Jomyckam. Jlis mpoBeaeHHs
TPaHUYHUX BHUMPOOYBaHb, 3aMICTh IMOCTIHHUX PE3UCTOPIB, €EMHOCTEH CTaBISATHCA
3MiHHI a00 K BIIOYBa€ThCS TMOYEproBa 3aMiHa BIJAMOBIJHOTO €JIEMEHTa
OJIHOTUIIOBUM, 3 BIJOMUM BIIXUJICHHSIM BiJl HOMIHAITY.
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Pucynok 7.4. I'padik rpaHuYHUX BUIIPOOYBaHb

Sk mapaMeTpu rpaHUYHUX BUNPOOYBaHb JJIs MIJCUIIIOBAYIB BUCOKOI YacCTOTHU
Ha E€JICKTPOHHUX JIaMI1aX, 3aCTOCOBYIOTh aHOJHI HANpPYTH, HANPYTd €KPAaHHUX CITOK
a00 HaKaJIbH1 HAMIPYTH.

Ane MoxkHa OyayBaTH Tpadikud 3aJ€KHOCTI OJHOrO MapaMerpa MpH 3MiHi
JIpYyroro ImapamMerpa, TOOTO BCE TMOBMHHO BHU3HAYATUCS KOHKPETHUMH 3a/iladyaMu
BUINIPOOYBaHHS.

['padiky rpaHUYHOTO KOHTPOJIIO JO3BOJIAIOTH BU3HAYUTU TPABUIBHICTD
BUOOPY HOMIHAJIBHUX 3HAYEHb MapaMeTpiB €JIEMEHTIB TOTO YW IHIIOTO BY3Ja,
HaIpyT KUBJICHHA, a TAKOX MOPIBHATH '"3amac" HaAIMHOCTI aHAJIOTIYHUX BY3JIIB 3a
BEJIMYUHOKO TUIONIMH 00JacTi 0€3BiAMOBHOI poOOTH (YMM OuIbINA IUIONIMHA, THUM
OlnpIMH "3amac" HaIIMHOCTI).

Tpeba TakoX BpaxOBYBaTH, 11O MapamMeTpH ACSKUX €JIEMEHTIB 3MiHIOIOTHCS
BECh 4Yac B OJIHOMY HAIpsSMKY, TakK, HAMpHUKIad, BEJIWYHWHA OIOPY BYTJIEIEBHX
PE3UCTOPIB 3pOCTAE, & EMHICTh EJIEKTPOJIITUYHUX KOHJIEHCATOPIB Majae. B 1npomy
BUIIAJIKy HOMIHAJIbHI 3HAYEHHS MapaMeTpiB eJIeMEeHTIB Tpeba BUOUpaTH Tak, 1moo 1
"3amac" 3mmMil mapaMmeTpy B HANPSIMKY TPOTUIICKHOMY 3aKOHOMIpHIN 3MiHI OYB
MIHIMAJIbHUM. AJle B I[bOMY BUMAJKy TpeOa BpaxoBYBaTH KOJMBAaHHS MapameTpa y
PI13H1 CTOPOHH.

Memoo mampuunux eunpobysanb € TOAAIBIIMM PO3BUTKOM METOAY
rpaHUYHUX BUTIPOOYBaHb. CyTHICTH METOY MaTPUUYHUX BUIPOOYBAHB BKIIFOHYAETHCS
B MOJICJIFOBaHHI po0040i 00J1aCTI CUCTEMH TMPHU BCIX MOMKIIMBHUX 3HAYEHHSIX BX1THUX
MapaMeTpiB, K1 3HAXOAATHCS B MEXax JIOMYCKIB.

3 LI€I0 METOI0 CKJIAAAarThCd MATPUIl CTAaHOBHUIL (CUTYyalid), IO JO3BOJISIE
YUCEJbHUM METOJIOM BU3HAUWTU MOXJIMBI peasizallii BUMaJKOBUX 3HAUYCHb BX1THUX
napameTpiB. [lepebip BCiX MOMKIMBUX CUTYaIlll 31HCHIOETHCS METOJIOM MaTPUYHUX
BUMPOOYBaHb. 3 METOI0 3MEHILEHHS TPYAOMICTKOCTI MaTpPUYHHMX BHUIPOOYBaHb
MIPOBOJIATH MEPEOUPAHHS HE BCIX CUTYaIliH, a TUTbKH 1X YaCTHUHH, IK1 BUOUPAIOTHCS Y
BIIMOBITHOCTI 3 MeTosioM MonTte-Kapno (Meroa CTaTUCTHYHUX BHUIPOOYBaHB) IO
BUIMMAIKOBOMY 3akoHy. [Haramaemo Bam, mo iges wmeromy Monte-Kapio
3aKJIIOYAETHCS B MOJICTIOBAaHHI BUMAJAKOBOTO Tpolecy ado  MOCTiA0OBHOCTI
BUNPOOYBaHb, IMOBIPHI XapaKTEPUCTUKH SIKUX MPOCTO TOB'SI3aHI 3 BHU3HAYCHHSM

HeoOximuuX BenudyuH. ToOTo Metog MonTte-Kapiio 3acToCOBYEThCS [IJIsi PO3B'SI3aHHS
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3a7a4 TUIY: CKUIbKH Tpeba MPOBECTH BUMPOOYBaHb, MO0 YacToTa i, /N BiApi3HsIacs
BiJl IMOBIpHOCTI p He Oiible, HDXK Ha A, 3 iMOBipHICTIO 1-200 (0 Mmane), ne p -
HMOBIpHICTh ycmixXy y cxeMi bepHyimi, a W, - 3arajibHe 4UCIIO YCIIXiB , N - YHUCIIO
BUIIPOOYBaHb, /N - 4aCTOTH yCIIXY ]

TakuMm yuHOM, HEOOX1/IHE YHUCIIO BUMPpOoOyBaHb N, IpH 3aJ1aHiil JOCTOBIPHOCTI
1-20 1 moxuO1i BUNpoOyBaHb A BU3HAYAETHCS SIK :

N, = |;21 -In u,
A 2-x

JIe N - 3arajbHe YKMCIIO BU3HAYAIILHUX MapaMeTPiB CUCTEMHU; | - YMCIIO KBaHTIB
(mIstHOK), Ha SIK1 pO3OMTO J1ama30H 3MiHU MTapaMeTpiB.

[Ipy KiIbKOCTI BHU3HAYANBHUX TapameTpiB N>20 3aCTOCYBaHHS METOIY
MonTe-Kapio 103BOJsl€ 3MEHIIMTH 4YMCIO HEoOXimmmx BHmpoOyBamb B 2,5:10°
pasis.

3HayHa TPYAOMICTKICTh MATPUYHUX BHUMPOOYBaHb CcCHpusiia HEOOX1THOCTI
pO3pOOKK chelianbHOi amaparypu 3 3actocyBaHHsM EOM, ska po3Boiuia
aBTOMATHU3YBaTH MPOIEC BUMPOOYBaHb.

Taka amaparypa y BIAOOBIZHOCTI 3 MATPULEIO CHUTyallll 3I1HCHIOE
ABTOMATUYHE NEPEKIIOYEHHS €JIEMEHTIB, TOOTO 3I1ICHIOE MepeOupaHHs CUTyalii 1
pPeECTPYE KIIBKICTB 1 XapaKTep BiJIMOB.
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JIEKIIIA 8

HAJQIMHICTh KOMIIIOTEPHUX MEPEXK

Haoiiinicms mepexi — 1ie 6epexeHHs ii 3B’ SI3HOCTI, 8i0Mo6a mepedxci — ponaj i
Ha 130J1bOpBaHi dYacTWHU. HamifiHICTH Mepexi OIIHIOEThCS uepe3 HWMOBIPHICTD
OepexeHHs 3B’sI3Ky MK okpemoro maporo EOM ta mixk Bcima EOM mepexi. Jlns
PO3paxyHKy HaJIHHOCTI Mepexi Mo)ke OyTHM BUKOPHUCTAHMN METOJ MiHIMaJbHUX
IIISXIB Ta MepepisiB, a TAKOXK METO/ CTATUCTHHOTO MOJICITIOBAHHSI.

8.1 Onuc HaAIHOCTI KOMIIIOTEPHUX Mepeski y BUIJIsAi rpada

KommrorepHy cuctemy npecTaBisioTh y BUTIIsLAL rpada — rpada HaaiHOCTI, J1e
BEpIIMHU BIAMOBITAIOTH MIJCHUCTEMaM, a IyTd — 31AHAHHAM MIDXK I1JICHCTEMaMH.
[TpuiiMaeTbes, MO BiAMOBA |-TOi MiJICKCTEMH BiAIOBiae oOpuBY |-Toro pedpa
rpada, a BIIMOBa CUCTEMH — BTpaTi 3B’SI3HOCTI MIX JIBOMA BUJIJIEHUMHU BEPIIMHAMHU
rpada — noyrocamu.

I'pad namiinocti Mepexxi EOM BinnoBizae MOBHICTIO KOH(Irypauii Mepexi,
B1JIMOBI JIIHIi 3BSKY BI/NOBiIa€ 0OpUB TyrH, II0 300paxye 110 JiHII0, a BiiMoBi EOM
— 00puUB BCIX AYT, IO 1HIIUAEHTHI BEPIIUHI, 1110 00paxkye EOM, 110 BigMoBuUIIa.

Pucynox 8.1. I'pad HamiiHOCTI

3 pucynky 8.1, ne 300paxkeHo Tpad pe3epBOBaHOI CUCTEMH, BUILIUBAE, IO
BIJICYTHICTh 00OpuBY pedep 1, 2 € IOCTaTHBROIO YMOBOIO HAasBHOCTI 3B’SI3KYy MIXK
nomtocamu A Tta B, a 00puB pebep 1, 5 € 10CTaTHROIO YMOBOIO BTPATH 3B’SI3KY MIX
nomtocamu A, B. Skmio BBaxartu, mo ayru 1 — 7 rpady BiANOBiAatOTh Oylb SKUM
npucTposiM abo eleMeHTaM, M0 OOpOOJISIIOTh, 3aMaMsATOBYIOTh a00 KOMYTYIOTh
iH(dopmanito 3 omocy A B noyitoc B Ta mio ams poOOTH Takoi CUCTEMHU JOCTATHBO
HasIBHOCTI OJIHOTO NUIAXY Mepeaadi Ta o0poOku, To rpad Ha puUcyHKy 8.1 € epaghom
Haoitinocmi ana 1€l cuctemu. Jlexkomu mis OUTBIIOT HATJSIAHOCTI ayrH Tpada
JIOTIOBHIOIOTh 300paXCHHSIMHM TPUCTPOIB Y BUTJSAAI MPSIMOKYTHHUKIB. Y TaKkoOMy
BUIIAJIKy TOBOPATb PO CMPYKMYPHY CXeM)y PO3PAXYHKY HAOIUHOPCMI CUCmeEMU.
HeoOxinno 3ayBAKHUTH, IO CTPYKTYPHA CXEMA PO3PAXYHKY HAJIMHOCTI JajieKko He
3aBXKIU BIAMOBIIAE (byHKmoHaanm CTPYKTypi cucTemu. Ii HEOOXigHO CKIamaTw,
BUXOJISTYM 3 HAJIHHOCTI BIACTUBOCTEN CUCTEMH, 1110 PO3IIISAIAETHCS.
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8.2 Marematn4Ha mojaejb Hagiiinoi KM

Komm’torepaa mepexka MNpEACTaBISETHCS MOJICIUII0 Y BUTIIAMI JIHIMHOTO
rpada, y SKoMy BY3JM a00 BepilMHM BianoigaroTh KM, a peGpa — JiHisM 3B 3Ky
MDK HuUMH. Kputepii HamiliHOCTI Takoi MOJedl MOXKYTb BH3HAUaTHCS PI3HUMH
criocobamu. HalmpocTimmM KpuTepieM € MiHIMyM pebdep abo By3JiB, SIKI MOXKYTh
OyTH BUJaJIeHI, 00 MOPYIIMTH BCl HUIIXM MDK OYIb-SKOIO Mapor0 BY3IIB, IO
saymmmmiiacs. s Mipa BijioMa Sk 36 si3Hicmb epagha, Ta JOPIBHIOE HUKHIM TPaHUIT
MaKCHUMaJIbHOI KIJIBKOCTI BY3JIIB, IO PO3’€IHYIOTh HUISAXH MK OYJb-SIKOIO Iaporo
By3JiB. HallOuIbIl 3araqbHUM KPHUTEPIEM € MIHIMAIbHA KilbKicmb pebep, sKa Mae
Oyt BuaaneHa 3 rpady, moo i30m0BaTH OyAb-aKuil miArpadg 3 M By3IiB BiJ 1IHIIOTO
rpada. Lo BenmuyMHYy MO3HAYUMO SIK 5[m]. AHaNOTrIYHO MOXHa C(HOPMYIIIOBATH
KPUTEPI JUIs BUMAKY BiIMOBH BY3IIiB.

BigmoBu By37iB Ta pebep B Mepexki € BUIAJIKOBUMU. [I0Ka3HUKOM 3arajibHOi
HAJIMHOCTI MEPEXI € BEpXHsS T'PaHMIT WMOBIPHOCTI MEepepuBaHHS 0OCIyrOBYBaHHS
MDK Oy/Ib-5KOIO IMapor0 AIF0UMX BY3IIB, 110 BU3HAYAETHCS 3a1aHOIO KIJIBKICTIO BY3JIiB
Ta pedep B OylIb-AKii pO3AUIIIOUiA MHOXKUHI MEpexi Ta iX HaaiiHICTI0. OOUHCIICHHS
111€7 KMOBIPHOCTI TOJISITAa€ TAKOXK Ha MAaKCUMAaJTbHIN KIJIBKOCT1 PO3IUISIOUNX MHOHH,
BUJIAJICHHS SIKMX MPHU3BEJAC 10 MOPYIICHHS 3B’ S3KIB MK OYyJIb-SIKOIO Mapor0 JII0YUX
By3J1B B KM.

VIMOBipHiCHI XapaKTepUCTHKH HAiHAX KOMIT IOTEPHHX MEPEeX MOXYTh OYTH
BH3HAYCHI /IS BUIMAJIKY CTATUCTUYHO HE3AIC)KHUX KOHTAKTiB. byab-sika qBOMOIIOCHA
Mepexxa 3 M KOHTAakKTiB Oyne 3B’s3aHor0 3 MiMosipuictio ¢g(p) Ta 3amkmyra 3

itmosipmicTio h(p):

g(p)=YBp'L-p)""

NE

MM=§AN@—MWi (8.1)

7€ P — WUMOBIPHICTh TOTO, IO KOHTAKT PO3IMKHEHO;
B; (amasoriuno A;) — KUIbKiCTh KOMOiHAIiNW 3 | KOHTAKTiB, TaKHX, IO MEpeKa
PO3MHKAETHCS (3aMHUKAETHCS), SIKIIO I1i | KOHTAKTH PO3MHUKAETHCS (3aMUKAETHCSA), a
1HIT M — 1 KOHTAKTH 3aMHUKAIOTHCS (PO3MUKAETHCS).

[Ipunyctumo, mo B KM maroTe Miclie CTaTUCTUYHO HE3QJIEKHI BIJIMOBU 3
AMOBIPHICTIO P I KOXXHOTO pebpa Ta 3 WMOBIPHICTIO (] JUIS KOXKHOTO BY3Ja
oOuucoBaJIbHOT Mepesxki. Tomi s Mepexi 3 N By3liB Ta b pedep mpu p>>( 3
(8.1) cmimye, 1m0 HMOBIPHICTH P[v,u] YCHIITHOTO 3B’A3Ky MDK OyJIb-SIKOIO TMaporo
JIIOYMX UEHTPIB (OOYMCITIOBAIILHUX BY3JIB) V Ta U BHU3HAYAETHCS HAOIMKEHUM
3HAYCHHSIM:

Plv,ul= 3 AL, (i)i— p) p*

i=0
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e A‘,a’u (I) — KUIBKICTh KOMOIHAIIIK 3 1 pebep, Takux, Mo icHye xo4a O ogHE pedpo

MiX HUMH, Ko | pedep mpane3naTHi, a iHmi b —1 BiIMOBHIH.
[Ipu q>> p 3 (1) BumIMBaE, 10 P[v, u] MO>KHa BU3HAYUTH (HAOJMKEHO) TaK:

n-2

Plv.ul= Zo&”,u(i)(l—q)iq“‘z“ ,

e A\';]u (I) Ta A\f,u (I) — KOMOiIHATOPHI KOoe(IIli€eHTH I BY3J1iB Ta pedep BiAMOBIIHO.
Habnwxene 3HadueHHs 111 MMOBIPHOCTI Q[v,u] BIJIMOBU pebep MK Oy/b-

SIKOTO TIAPOIO JIIFOUMX BY3JiB V Ta U BU3HAYAETHCA TAKUM YHHOM:
npu p >>(

Q[v,u]= éc\iu (i)p'(—pP-,
npu g >> p
Qlv,u]= r_]:ioc\';’u (g (=g,

ne Cy (i) Ta C},(i) — uncmno xomGinaniii 3 i peGep, Takux, IO BUIAIEHHS TiIbKH

1ux pedep (By3iiB) 3 rpada mopyurye BCl NUITXH MK By3J1aMu V Ta U.
8.3 CrpykTypa HaaiiiHOT KOMIT’IOTEePHOI Mepexi

Posrasituemo cTpyktypy rpadiB, Ha SKUX KOEPIIIEHTH C\‘iu (I) Ta C\?,u (I)
MIHIMI3YIOTBCS JUTSI BCIX | Ta BCIX Map BY3JIB.

BusHaurmMo TOJIOBHY pO3AUIBHY MHOXHHY BY31iB (pedep) 5(m) B1JIHOCHO
3a/1aHoi mapu By3iiB. B 3B’si3HOMY Tpadi € MHOXKMHA TakuX BY3IiB (pedep), 1o ix
BUJQJICHHS TOPYIIye BCl NUIIXM MK T[apol BY3JIIB Ta HeEMa BiAMNOBIAHOI
M1IMHOKWHH, SIKa MA€ Ty CaMy BJIACTUBICTb.

Bimmitumo, 1o juts rpada 3B’si3HocTi d icHye xoua 6u d By3miB Ta pedep B
OyIb-sIKiil TOJIOBHIM PO3/IIBHIA MHOXKHHI BY3J11B a00 peoep.

3Bixcn Cy, (i)= Coy (i)=0 mpm i<d, Cyy (d) Ta Coy (d) nopisHioe KimbkoCT
TOJIOBHUX PO3UILHUX MHOXXHH BY3JIiB Ta pedep 3 d eIeMeHTIB BITHOCHO Oyib-sKO1
napu By3i1iB V Ta U.

Oxkpim Toro, mpu m>d xoediuient Cy, (M) nopisrioe 3aranbHiii KimbkocTi
PO3IUISIOYMX MHOXKHUH BY3JIIB pO3MIpy M BigHOCHO BY31iB V Ta U. KoxkHa 3 mmx
PO3AUISIIOYUX MHOXXHH CKJIQJAETHCS 3 TOJIOBHOT PO3IAUISIOUOI MHOXHHHU PO3MIPOM
M—1 BIIHOCHO BY3JiB V Ta U ILIIOC JAOJATKOBI | By3JiB, 1[0 BHOpaHi BUIIAJKOBO,
ne 0<i<m-d.

Amnanoriuno o6uncmoetses koedinient C,(m). Skmo nosnauntn X"(m)

KUTBKICTh TOJIOBHHX PO3JIUISIOYM MHOXKHH BY3JIiB po3mipoMm M>d Ta Xe(m)
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KUIBKICTh TOJIOBHUX PO3JUISIOYN MHOXKUH pedep po3MipoM M BITHOCHO BY3JIB V Ta
u, To

cc,u(m>=xc,u(m)=“§kaumxau(m—i):

cs,u<m>=xs,u(m>=”§ks,u(nxs,u(m—i),

7€ TOOYTKH IiJ] 3HAKOM CYMH € YUCJIaMU PI3HUX PO3IUTBHUX MHOXHUH BY3TiB (pedep)
pPO3MIpOM M, KOXKHA 3 SIKUX YTBOPIOETHCS MPHUETHAHHAM JIOJATKOBUX | BY3IIB JI0
T'OJIOBHOT PO3AUIAI0OU0T MHOKHWHH BY3JiB (pedep) po3mMipoM M —i BiTHOCHO BY3JIiB V
Ta U.
3ayBaxuMo, 110
n-2-m+1
n -
kV,U (I ) S ( | ) !
b-m+1
e -
kV,U (I) S ( | !

7€ pIBHICTb OyJ€ TUIbKM MpU N, 110 MEHIIE 3a MIHIMaJbHY KUIBKICTH BY3JiB Ta
pebep, 0 3HAXOIATHCS B OJIHIN 3 TOJIOBHUX PO3IUISIOUMX MHOKHH PO3MIpOM M —1 .

TakuM 4uHOM, JUIst BCIX M Koediuientn Cy, (m) ta Coy (M) minimizyroThes
Ha rpadax, Mo MaloTh MIHIMaJIbHY KUIBKICTh TOJOBHUX PO3AUIBHUX MHOKHH, LIO
MEPETUHAIOTHCS, PO3MIPOM M BIAHOCHO OyAb-fKOi mapu By3mB V Ta U. Tomy B

AKOCTI Mipu HafgilHOCTI 3amaHoi Tomojorii KM MoXHa BHKOPHUCTOBYBAaTHM Taki
BUPA3HU:
n _ n
X "(m)=max X, (m),
V,u
e _ e
X ¢(m)=max X; ,(m).
v,u

MakcuManbHO HafiliHOI Mepexero € Ta, mia skoi X"(m) Ta X®(m)
HACTUIBKHM MaJli, HACKUIBKH 1€ MOXKIIMBO JJIs BCIX 3HAYCHb M.

Hna X n(m), X e(m) Ta Mmax Q[v,u] OTpHMaH1 BEPXHI Ta HWKHI TPaHMIII, IO
OCHOBaHI Ha TOIOJIOTTYHUX BIACTUBOCTAX Mepex. /s Oyab-sakoro rpada 3B’ I3HICTIO
d Ta miametrpoM K, SKImIO KokeH O pO3AUISIOUM NUIAXIB MK OYIb-SIKOIO TapOr0
BY3JIIB Ma€ MakKcHMajbHy JaoBkuHY |>K, HaiiOinem HeHagiiHOO € KM 3

HAaCTYITHUMH XapaKTEPUCTUKAMMU:

kld-t npu m=d,

X&(m)= (8.2)

0 npu m=d,

(m)= (k—l)(l—l)d_1 npu m=d,
0 npu m=d.

X (8.3)

Bepxni rpanmmui ms mip X"(m) ta X ¢(m) (hopmynu 8.2 ta 8.3) BuxonATs 3
TOro, 10 B HANTipHIOMY BUNAAKy MOKHA i30J1I0BATU By3lId V Ta U BHAAIECHHAM
Oyab-sikoro pebpa abo By3ina KOKHOrO 3 d pPO3IUIAIOUM IUIAXIB MIX BYy3JIaMH.
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Bupasu (8.2) ta (8.3) ¢dakTMuHO BHM3HAYaIOTh BEPXHIO TPAHUIIO Ha MaX Q[v,u].

HwxkHi rpaHumi Mipu mpu Majiux M OTPUMATH HE TaK MPOCTO, TOMY PO3IVITHEMO
MaKCHMaJbHO 3B’SI3HI OJHOPiMHI Mepexi (ToOTo Mepexi 3B s3HICTIO O, B skoi Bei
BY3JIM MaloTh cTeniHb 0 ). Y 1bOMy BUIAAKY HUKHI TpaHHIIl BU3HAYAIOTHCS TaK, L0
cepel BCiX MaKCUMAITLHO 3B’SI3HUX OJHOPIAHUX Mepex 3B’ s3HICTIO 0 Ta po3MipoM t
(MiHIMalbHA KUIBKICTH pebep y Oynb-KOMYy JaHLIOTY AOpiBHIOE () HaiOLIbII
HAAIMHINIO € MepeXka 3 HACTYIMTHUMHU TOTIOJIOTTYHUMU TTapaMeTpaMH:

d-1 ) )
2( ) j npu t=3,m:d+|(d—2), 0<i<d-1
|

d
X"(m)=: Z(ij npu t>3,m=d+i(d-2), 0<i<d,

0 68 IHWUX BUNAOKAX,

(1 npu t=3 abo 4 ma m=d,

d-1
2( _ ] npu t=5m=d+i(d-2), 0<i<d-1
|

X®(m)= 2(?] npu t>5m=d+i(d-2), 0<i<d,

0 8 I[HWUX 6UNAOKAX
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JIEKIIISA 9
HAJIIAHICTH IPOTPAMHOT O 3ABE3NNEYEHHSA

[lin npoepamnum 3ab6esneuennsm (113) po3ymitoTh CyKYHHICTH Iporpam Ta
JIOKYMEHTIB Ha HUX JUIsl peati3aliii e Ta 3apaans EOM.

CTBOpeHHS TIpOrpaM pPETJIAMEHTYEThCS KOMIUIEKCOM CTaHJApPTIB  €JUHOI
cucteMu mnporpamHoi jgokymeHtanii (€CII), 1mo BCTAHOBIIOIOTH 3arajbHi
MOJIOKEHHS, BHUJIM TPOrpaM Ta MPOTPaMHUX JTOKYMEHTIB, TpaBHia pPO3POOKH,
odopmIiIeHHS Ta 00ITy Iporpam Ta MPOrpaMHOi JOKYMEHTAIII].

Haoliinicmos npoepammnux 3acobdié — 11e iX BIACTUBICTD, KA CHPUSE BUKOHAHHIO
3aJlaHuX (QYHKIIH npy 30epekeHHl B yacl 3HAYCHHS BCTAHOBJICHUX SKCILTyaTallliHUX
MOKA3HUKIB B 3aJaHUX MEXKax, IO BIIMOBIAAIOTH 3aJaHUM PEKAMaM Ta yMOBaM
BUKOPUCTAHHS, CYIIPOBOJY Ta BIJHOBJICHHS IMX 3aCO0IB.

B nonstta namiiinocti I13 BXoaATh Taki BIaCTHBOCTI, IK:

— 3PYYHICTh BUKOPHUCTAHHS;
— TPOIYKTHBHICTB;
— Koau(piIKOBaHICTh;
— (PYHKIIOHAJIBHICTH;
— PpaIioHaNbHICTD;
— MOOUIBHICTB;

— MATPUMYEMICTH;
— TOTOBHICTb;

— IILJIECHICTB;

— Oe3meka;

— KOH(DIACHIIAHICTB.

9.1 IlpuyuHHU BiAMOB NPOrpamMHOro 3a0e3neyeHHs

OCHOBHMMH TpUYMHAMHU, IO OE€3MOCEePEAHHO BHUKIUKAIOTh MOPYIICHHS
HOPMAaJILHOTO (DYHKIIIOHYBaHHS POTPAMH, €:

1)  noMMJIKH, TPUXOBAHI B caMiii mporpami;

2) CIIOTBOPEHHS BX1IHOI 1H(OpMaILii, 1o mijsrae oopooii;

3)  HeBipHI Jii KOPUCTYBAYA;

4)  HeCHpaBHICTp  amapaTypd YCTaHOBKM, Ha SKId  peai3yeThCs
00UHCITIOBAILHUN MpOLIEC.

Ilpuxosani nomunky TIPOTPAaMH € TOJOBHMM UYHWHHHKOM TIOPYIICHHS
HOPMAaJIbBHUX YMOB MOro ()yHKI[IOHYBaHHS;

Mo:xHa BUIUIUTA HACTYIHI OCHOBHI TIOMUJIKHM B TIPOTPaMi:

—  Ilomunku o0YMCIIEHDb - TIOMIJIKH JAHOTO KJIacy MICTHUTHCS B 3aKOJOBaHUX
MaTeMaTHYHUX BHpazax ab0 oOACp)KyBaHMX 3 iX JOTIOMOTOK PE3yJIbTATH.
[IpuknagamMu TakMx TIOMHJIOK € HENpPaBWIbHE TEPETBOPEHHS THINB 3MIHHUX,
HEBIpHUN 3HAK oOmepallii, MOMUJIKAa B BHpa3l 1HACKCY, MEpErnoBHEHHsS abo BTpara
3HAYYIIOCTI TPU OOYMCIICHHSIX.
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~  Jlociyni TIOMUJIKU - € TMPUYMHOIO CIIOTBOPEHHS AJITOPUTMY PO3B'S3aHHS
3amavi. Takoro poay MOMWIKM BHHUKAIOTH Yy 3B'A3Ky 3 HEBIPHOK Iepeaaycto
KepyBaHHs, HEBIPHOMY 3aBJaHHI [lama3oHy 3MiHU MapaMeTpiB LMKy, HEBIPHUX
yYMOB 1 T.J.

—  Ilomunku BBEeIEHHSI-BUBEJICHHS - MIOB'sI3aH1 3 TAKUMHU JISIMU, SIK YIIPABIIHHS
BBC/ICHHSM-BUBEICHHAM, (OpMYBaHHS BUXIJHUX 3allMCIB Ta BU3HAYEHHS PO3MIpIB
3aMuciB.

—  Ilomunku MaHINyNIOBaHHS JAaHUMU - TPUKIAJAAMH TaKUX IOMHUJIOK €
HEBIPHO BHU3HAYEHE YHCJIO €JIEMEHTIB JaHUX, HEBIpHI I[OYAaTKOBI 3HAYCHHS,
MIPUCBOEH] JaHUMHU, HEBIPHO BKa3aHa JIOBXXMHA OTepaHa, IM'sa 3MIHHOI 1 T.1I.

Cnomeopenuns iHopmayii, mo maaarae oOpoOIl, BUKIUKAE TOPYIICHHS
¢yukiionyBanus [13, konmu BXigHI JaHI HE MOTPAIUISIIOTH B 00JIACTH JOMYCTHUMHX
3HaYeHb 3MIHHMX MpOrpaMu. Y I[bOMY BHUIAAKYy MK BHUXIIHOKO 1H(pOpMAIUEIO 1
XapaKTEPUCTHKAMU TTPOTPaMi BUHUKAE HEBIAMOBITHICTb.

[TpyunnamMu crnoTBOpeHHS 1HQOpMAIli, OO0 BBOAUTHCS MOXYTh OyTH,
HaIpUKJIaJ, TaKl:

~ CHOTBOPEHHS JaHUX Ha MEPBUHHUX HOCISAX 1H(POpMaIIii;

- 3001 1 BIIMOBM B amapaTypi BBEJEHHS JaHUX 3 TIEPBUHHUX HOCIIB
1H(bOopMaIi;

- myMmu 1 3001 B KaHajax 3B'S3Ky MpU Tepeaadl MOBIIOMIICHb IO JIHISAX
3B'SI3KY 1 T.I.

Hegipni 0ii’ xopucTyBauya, ILI0 TPHU3BOAATH JO BIJIMOBU B TpOIECi
¢ynkuionyBanHsa [1O mnos's3aHi, Hacammepea, 3 HENPABWIBHOK IHTEPIPETALIED
MOBIIOMJICHb, HEMPABUIBHUMHU JIHACTBAMU KOPUCTyBaya B TIpOLIECl Jdiajiory 3
KOMI'FOTEPOM 1 T.]I.

Hecnpasnicmv anapamypu - HECUPABHOCTI, 110 BUHUKAIOTh MPU POOOTI
anapatyp, L0 BUKOPUCTOBYETbCA [UIsl peajizamii OO0YHCIIOBAJIBLHOIO MPOLECY,
BIUIMBAIOTh Ha Xapakrtepuctuky HazaiitHocTi I13. ITosiBa BimMoBU abo 30010 B poOOTI
amapaTypud MNpU3BOAUTH [0 TMOPYLIEHHS HOPMAJIbHOTO XOAY OOYHMCIIOBAJIBHOIO
npouecy 1 B 0araTb0X BHUIAAKaX /0 CIOTBOPEHHS JaHUX 1 TEKCTIB IMporpaMm B
OCHOBHUH 1 30BHIIIHBOT TAM'SITI.

9.2 O3HaKHu NMOSIBU MOMHJIOK

Haii6i1p111 TUIOBUMH CUMIITOMAMH TIOSIBU TIOMUJIOK Y TIpOTpami €:

~- TmepemJacHe 3aKiHYCHHsI BUKOHAHHS MTPOTPaMHu;

~  HEMpPUITYyCTUME 301IbIIECHHS Yacy AESKOI MOCIIIOBHOCTI KOMaH/ OJHIET 3
mporpam;

~ TIOBHA BTpaTa abo 3HAYHE CIIOTBOPEHHS HAKOMWYEHUX JAaHUX, HEOOX1THUX
JUTSI YCITIIITHOTO BUKOHAHHS PO3B'SI3yBaHUX 3aBJIaHb;

~ MOpPYILIEHHS MOCIIJOBHOCTI BHUKJIMKY OKPEMHUX IMporpam, B pe3yJbTari
4Oro Bi0YBa€ThCS MPOMYCK HEOOX1AHUX MPOTpaMm;

~ CHOTBOPEHHS OKPEMHX CJIEMEHTIB JaHuX (BXIOHHX, BHUXIJHUX,
MPOMIDKHHX ) B Pe3yJIbTaTi 00pOOKH CIIOTBOPEHOT BUX1AHOT 1HPOpMAITii.

79



CraTucTYHAa  IHTCHCHBHICTHP ~ BHHHKHEHHS  NPOTPAMHHX  ITOMHJIOK
BHU3HAYAETHCS 32 (HOPMYIIOK0:

~ An(t
Z(t)=2nlt).
Atn(t)
e n(t) — KUTBKICTh 1IGHTUYHUX IIpOrpam, skl He BIJIMOBHJIM IO MOMEHTY 4acy t;
An(t) — KUIBKICTh 1JIGHTHYHUX TIporpaMm, IO BIAMOBHWJIM, Ha I1HTEpBali dacy

(t, t + At).
BusiBneHHs Ta yCyHEHHsI IOMWIOK IIPOBOJIUTBCS 10 THX IIp, MOKU 3HAYEHHS
Alt,) Gyne MeHumM 3amaHoro 3HaueHHs. 3ajgane 3HaueHHs A (t,) mpu3HavaeThes 3

ypaxyBaHHSIM BUMOT A0 HaaiiiHocTi I[13. OpieHTOBHO MOKHA BUXOJUTH 3 TOTO, LIO
IHTEHCUBHICTh NPOTPAMHHUX IOMUJIOK, IO MPHU3BOJATH N0 BIJIMOBU, Ha e€Talll
HaAJaro/DKyBaJbHUX BHUMNPOOyBaHb TOBHHHA OyTH HE OUIbIIAa 1HTEHCHUBHOCTI
amapaTHUX BIIMOB. 3aJICKHICTh 1HTEHCHMBHOCTI mommiok II3 Big yacy mojaHa Ha
pUCYHKY 9.1.

—

0 t
Pucynok 9.1. XapakTtepucTuka 3MiHI IHTEHCUBHOCTI TOMUJIOK
MPOTPaMHOT0 3a0e3MeUeHHS

Yum iHTeHCHUBHIIIE BUKOpUCTaHHS [13, TUM mMIBHUIIE BUSBISIIOTHECS B HHOMY
nommwiku. Ha pucynky 9.2 HaBejeHa 3al€XKHICTh YMCIA BUSBICHUX TMOMMIOK Bij
YHCJIa KOPUCTYBAYIB:

Pucynok 9.2. [HTEHCHUBHICTb BUSIBIICHHS TTOMUJIOK
BiJl iHTeHCUBHOCTI BUuKopucTaHHs (K — KinbkicTh KopucTyBadis, K; > K, > Kj)
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[IponienTHI YacTOTH MOsIBM OMIWIOK B [13 3a TUTTaMu MOMUJIOK TPEICTABIICHI B
tabmmmi 9.1. Sk BugHO 3 Tabmwii 9.1 OCHOBHY KiIBKICTh MOMHJIOK POOUTHCS Yepes
HeBipHY cnernudikamii. [{i moMunku, B CBOIO 4epry, MOXyTb OyTH pPO3IiJEHI Ha
HACTYITHI KaTeropii: MOMWJIKA B YHCJIOBMX 3HAYCHHSX, HEJOCTaTHI BHUMOTH IO
TOYHOCTI TIOMHJIKOBI CHMBOJM a0O0 3HaK{, TOMMJIKH O(GOpPMIICHHS, HEIPaBUIIBHE
omnuc abo BUMOra J0 amapaTypu, BUXIJIHI JaHi JiJi1 po3pOoOKHU HETOBHI, HETOYHI a0o
MIOMUJIKOB1 JIBO3HAYHICTh BUMOT. [IpolieHTHI yacToTH Kareropiii moMmwmiok B 13
rmoaadi B Tadiumi 9.2.

9.3 XapakTepucTHUKH TA MOKA3HUKHN HATIHOCTI

MosxkHa BUIUINTH Takli XapaKTEPUCTHKH Ta KUIbKICHI MOKa3HUKW HaAiHHOCTI
I13:

1. Be3BiamoBHicTh. Kaxyun mpo Oe3BimmoBHicTh [13, mo xapakrepusye
3natHicTh [13 BukoHyBaTh 3amani (yHKUII B 3aJaHMX yMOBax ekcruryartamii T3,
BBO)XaTHMEMO, III0 BiIMOBA MPOTPaMH — I1€ PE3yIbTaT MPOSBY MPUXOBAHOT TTOMHIIIKH.
Cnig mati Ha yBasi, IO BXIAHI JaHi 1 JaHi, CTBOPIOBaHI NPOrpamol0, HE €
enemeHnTamu I13, ockiIbKY 1X HaAIMHICTh MOB'A3aHa 3 POOOTOIO 30BHIIIHIX MPUCTPOIB
1 amaparHoi vactuHu T3. TuIbKM KOHCTaHTH, IO BBOASTHCS MPOTPaMICTOM,
BBAXKAIOThCS yacTuHOO [13.

Ta6mums 9.1 — [IporeHTHI 4acTOTH MOSBH MTOMUJIOK B 13

Tun noMHIIKH Yacrora nossu,%
He moBHa abo moMuiikoBa crienudikaris 28
Binxwienns Bin cnenudikarii 12
HexTyBanHs mpaBuiiaMu IpOTrpaMyBaHHS 10
[TomunikoBa BUGipKa TaHUX 10
[TommuikoBa jorika abo MOCTiOBHICTh Oneparii 12
[TomunikoBi apupMeTHyHI onepanii 9
Bbpak uacy ans BUpiIIeHHS 4
[Tomuiika 06poOKM NepeprBaHb 4
[Tomurnka y BUXiTHUX JTAaHUX 3
Herounuii 3anuc 8
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Ta6mug 9.2 — Kareropii nmomusoxk B 113

[TprunHa NOMHUIIKU Yacrora nossu,%
IToMUJIKY B YMCIOBHUX 3HAYEHHSIX 12
HenocratHi BUMOTH 10 TOYHOCTI 4
IToMuIKOBI CHUMBOJIM a00 3HAKU 2
[Tomumnku oopmiteHHS 15
HenpaBuiibHe onrc abo BUMOTa JI0 anaparypu 2
Buxinni gani ans po3poOKu HEMOBHI, HETOYHI 200 TOMUJIKOBI 52
JIBO3HAYHICTh BUMOT 13

JIns  HEBIAHOBIIOBAHUX B XOJI EKCIUIyaTallli MporpaMm Yy3arajJibHEHOIO
XapaKTePUCTUKOI0 HaAIMHOCTI (O€3BIAMOBHOCTI) € BIPOTIIHICTh O€3B1AMOBHOI
poboTu P(t), AKa XapaKTepusye BIPOTIJHICTH TOTO, IO 3a 4yac t BIAMOBH He
BIJIOY1€THCS:

P(t)P(T >t)=1-q(t), (9.1)
ne T — yac poboru II3 no BigMoBu abo HampaioBanHs [13 no BiamoBu (T —
BHIIAJIKOBA BEJINYHHA);

q(t) — itmoBipHicTs BixMosn IT3.
3 (9.1) moxHa BU3HAYUTH (PYHKITIIO IHTEHCUBHOCTI BiMoB I13 3a ¢popmyoro
at)=-4NPO 9.2
dt

Cepenniii 4yac HampailoBaHHS JO HAaCcTaHHS BIAMOBH (cepedHiii dac
0e3BIIMOBHOI POOOTH) BHU3HAYAETHCS SK MaTeMaTHYHE CIOJIBaHHS YacOBOTO
IHTEepBaIy MIXK JBOMA MOCIIJOBHUMU NOPYIIEHHIMHU poboTo3naTtHocTi 113:

m, = [ P(t)dt (9.3)
0
JI71s1 eKCIOHEHIIIMHOTO 3aKOHY PO3IMOALTY BiJIMOB:
P(t)=e*,
1

OcCKUIbKM TPOrpaMy MarOTh SIBHO BHpPa)XE€HI BHUPOOHHMYI LMKJIM POOOTH, TO
HaIpaIffOBaHHs MPOTpaMu MOKe OyTH BUpaKkeHe abo depe3 KaleHIapHHM 4ac, abo
Yyepe3 MaluHHUN Yac, a00 Yepe3 KUTBKICTh BiJIIPaIlbOBAaHUX OTEPATOPIB, BUPIIIICHUX
3a1a4 Ta 1.
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OnuH 13 cnocoO0iB OLIHIOBAHHS M; - CIIOCTEPEKEHHS 3a MOBEIIHKOI0 IPOrpaMu

y TIeBHUU YacoBui mepiof. Toal BeIMYMHY CEPEeAHBOTO Yacy MiX BiIMOBaMH
(360simMu) [13 MOKHA BUBHAUUTH TaK:

My =—=—, (9.5)

1

A n-=r
Je N — 3arajgbHa KUIbKICTh MporoHiB [13;

I' — KUIbKICTB NporoHiB [13 6e3 moMuIok;

H — 3arajpHa KUIBKICTh TOJIMH YCITIIIHOTO IMPOTOHY IIPOTPaMHu, 110 BU3HAYAETHCS 3a

dbopmyoro:
r n
i=1 j=1

ne T;— gyac Ge3nepepBHOTO MPOTrOHY B FoMHAX 0€3MOMIIIKOBOI poboTu [13;
t;— yac mporoHy B rofMHax /0 MPOsiBU NOMUIKH 113;

K =n—r — KUIBKICTh MMPOTOHIB 3 TOMUJIKAMH.

BBakaroun KibKICTh ITOMHJIOK IOCTIHHHM, MO>XKHA OOYMCIUTH 1HTCHCHUBHICTH
BiMoB [13, 3BefeHy 0 OJHI€TI rOAUHUA POOOTH A, ta CEpellHI Yac MK CYyCIIHIMHU
BimmoBamu [13:

2= n-r_ 1 : (9.7)

H

m=s=1 9.8)
Ak

Knacudikyroun iamou I[13 3a BugamMu BIAMOB — amapaTHi, MpOrpamHi,
oreparopa Ta iH. MOYKHA BHU3HAUYUTH YACTHUHHI (3Ba)KEH1) 1HTEHCHUBHOCTI BIIMOB 32
BIJIMOBITHUMHU BUJIaMU TIOMIJIOK, a 3arajibHa HaJlIMHICTh BU3HAYAETHCS K Cyma IHX
IHTeHCUBHOCTEN. Takuil miaxil MOXe 3HaYHO MOJICTITUTH 301p CTATUCTUYHUX JaHUX
BIJIMOBIAHX BHUJIIB BIJIMOB Ha OCHOBI HE3aJICKHOTO aHai3y MpPOTpamMHUX 3aco0iB
PI3HUX THIIIB.

VY Bumanky, SKIIO B XOJl €KCIUlyaTalli MOJMBe KopekTyBaHHs I3 abo
BITHOBJIEHHSI MpPOrpamMM MIiCis BIAMOBHU, BHUKJIMKAHOI JAi€r0 mepemkon (3001B) Bix
HEMPOTpaMHUX JDKEPEJI, a Yac BiHOBJIECHHS JOCTaTHHO MaJMi MOPIBHSHO 3 YacOM
M1 BIJIMOBaMH YU 3005MH, TO y3araJIbHEHOIO XapaKTepUCTUKOI0 0e3BiaMoBHOCTI [13
€ IHTEHCUBHICTb MMOTOKY BIJIMOB B Yaci a)(t):

w(t)=dﬂ—t(t); (9.9)
1
T (9.10)

ne H(t) — cepenne unciao BIIMOB 3a 4ac t;
T,— cepenHiil yac HapalLOBaHHS MK JBOMA B1JIMOBaMH.

Jlist mporpaMm, 4ac KOPEKTYyBaHHS SKUX TMPUOIH3HO JOPIBHIOE YacOBI MIX
BIIMOBaMH, Yy3araJIbHCHOI  XapaKTEPUCTHUKOIO  OE3BIAMOBHOCTI €  (yHKIIIS
xoedimienta rotoBHocti K, (t), 3amexmoro Bim wacy. IToKa3HMK TOTOBHOCTI
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XapaKTepu3ye BIPOTIAHICT 3acTaTh T3 B 3aJaHUIl MOMEHT 4acy B pOOOTO3AaTHOMY
CTaHi.

2. Criiikicth. Critikicts [13 Bu3Hauae 3maTHiCT, T3 BUKOHYBATH 3ajlaHi
dbyHKIIT B ymMoBax il mepemkona (IMOMUJIOK, 300iB, BIAMOB), II0 BHHHUKAIOTh B
HEMpOTpaMHUX JDKepenax (TexHiuyHe 3abe3leueHHs, TMo4yaTkoBi jgaHi). [lpwu
omiHoBaHHI cTiikocTi [I3 moBMHHI OyTHM 3a/laHi TMapamMeTpy HaBKOJIMUIIHBOTO
CepeIOBHINA, IO BITHOIICHHIO JI0 SIKOTO OILIIHIOETHCS CTIUKICTh MPOrpam.

[Toka3HMKU CTIMKOCTI — I1€ TTOKa3HUKH 0€3BIIMOBHOCTI, aji¢ 3 BUKOPHUCTAHHAM
YMOBHHX BIPOT1AHOCTEH. ¥YMOBOIO, NMPHU SAKiH OOUHCITIOETHCS BIPOTIIHICTD, € BIIMOBA
(36i1#1) B mporpami abo amaparypi.

J1J1st HeBITHOBITIOBAHUX (HEKOPEKTOBHUX ) ITPOTpaM y3aralbHeHUM MMOKa3HUKOM
CTIMKOCTI CITy’KUTh YMOBA BIpOT1AHOCTI 6€3B1IAMOBHOT pOOOTH:

P, (t)=[P(T =t)lP(A), (9.11)
ae P(A) — BIPOTIHICTh MOMHJIKH (30010) MporpaMu ab0 BIIMOBH arnapaTypH.
be3BIIMOBHICTh 1 CTIMKICTh — JAWMHAMIYHI XapakTEPUCTHKU, TOOTO BOHH

XapakTepu3yroTh HaAllHICTh [13 B poueci Horo poOoTH.

3. BigHoBmoBaHicTh. BaxinnBow xapakTepucTukoro HauiiHocTi [13 € ix
BIJIHOBITIIOBAHICTh, $KAa BHM3HAYAEThCS 3aTpaTaMH dYacy Ta Mpall Ha YCYHCHHS
BigMOBH. BigmMoBa mipu QyHKITIOHYBaHHI MOYKE TIPOSIBJIATUCS Y BUTIISII:

— MepeIyacHOro aBapiiiHOIroO 3aBEepIICHHS BUKOHAHHS IPOrpaMu;

— HEJOMYCTUMOTO 30UIbIICHHS Yacy BUKOHAHHS IPOTrpamu;

— 3anukimoBaHHs EOM Ha BHKOHaHHI JI€SKOi MOCHIIOBHOCTI KOMaHj Ipo-
rpamu;

— TIOBHOI BTpaTH YW HE3HAYHOTO CIIOTBOPEHHS HAKOMWYEHUX JaHUX, HEO-
OXIJTHUX JJIs1 yCHIIIHOTO BUKOHAHHS PO3B'SI3yBAHUX 3aBIaHb;

— TMOPYWEHHSA [MOCHIIOBHOCTI BUKIHMKY OKPEMHUX HIpOrpaMm, BHACIIJIOK
YOroBII0YBAETHCS MPOIYCK HEOOXIHUX MporpaMm abo HenepeadavyeHe 3BEPHEHHS
JONpOrpamu;

— CIIOTBOPEHHSI OKPEMHUX €JIEMEHTIB JaHUX (BXIJHHUX, BUX1IHUX,IPOMI>KHHUX )
B pe3yJIbTaTi 00pOOKH CIIOTBOPEHOT MOYATKOBOT iHGOpMaIlii Ta 1HII.

B II3 3 BHCOKMM piBHEM HAJIAHOCTI ACSKI BIAMOBHU (HAMPUKIAI, 3aIUKIIIO-
BaHHS 4YM CIOTBOPEHHS MACHUBIB JaHUX) MOXYTh OyTH YCYHEHI NPOTPaMHHUMH
METOJaMHU. 3aBJaHHS BIJHOBJIEHHS B TAaKUX BHUIIQJKaX NEPEXOJUTh B 3aBIaHHS
YCYHEHHSI KOPOTKOYaCHHUX 3001B.

OcHOBHOIO 03HaKOIO B kiacudikaiii 360iB Ta BigMoB B [I3 € TpuBamicTh
BimHOBNeHHsA. Konu ii BelMunMHa MEHINIA TEBHOTO TOPOTY, CIOTBOPEHHS TpU
¢ynkuionyBanHi 113 cmin BigHecTr 10 300iB, B IHIIOMY pa3i CIOTBOPEHHS HOCSTH
XapakTep BIIMOB.

BinMoBu 1 3001 3a cTyneHeM iX BIUIMBY Ha (yHKUIOHYBaHHS 113 mopinstoThbes
Ha TPH TPYTIH:

— BIJIMOBH, K1 B 3Ha4YHId Mipi 3HEUIHIOIOTh PE3YJbTATH MOMEPEIHHOTO
¢ynkuionyBanHs [13 Ta piBHOCHIIbHI BTpaTaM ixX Npaie3gaTHOCTI;

— YaCTKOBI BIIMOBH, SIKi B JICSKii Mipi 3HEIIHIOIOTh TIOTIEPE/IHI PE3YILTATH,aJIe
XapaKTEePU3YIOTHCS MBUIKUM BITHOBICHHSM 0€3 TPHBAJIOi BTpATUIIPAIE3JaTHOCTI;
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— 3001, Kl MPAaKTUYHO HE 3HELIHIOIOTh pe3yiabTaTu GyHKUiIoHyBaHHS [13 Ta
HE CTBOPIOIOTH BIIMOBHUX CHUTYAITil.

Jns  30unpmieHHsT  €(EKTUBHOCTI  MPOLIECIB  BITHOBJICHHS  JIOLIBHO
nepenoauuty B [13 cnerianbHi 3aco0M M1arHOCTUKHM KOJIB aBapiiHUX 3aBEPIICHbD,
BBECTH B MPOTrpaMHU KOHTPOJIbHI TOYKH 1 3a0€3MEUUTH MOMXIMBICTH PECTapTy 3 LUX
KOHTPOJBHUX TOYOK.

[Ipu Outbll BUCOKOMY pIiBHI aBTOMarH3alii mporeciB BigHoBIeHHs [13
MIJBHUINYETHCS CTIMKICTh iX (YyHKIIIOHYBaHHS (37aTHICTH OOMEXYBaTH HACIIJIKH
BJACHUX TIOMWJIOK 1 HECTIPHUATIMBHUX BIUIMBIB 30BHIIIHBOIO cepeloBUIla (He-
CIPAaBHICTh amapaTrypd, HEKOPEKTHICTh BXIJHUX JaHUX, MOMUJIKK OIeparopa Ta
iH11.) 260 mpotuctosTH iM). st riporo B I13 moBuHHI OyTH nependadeHi 3acobu, sKi
0 JT03BOJISUIH:

— TMPOBOAWTH CUCTEMAaTUYHUW KOHTPOJh Ta OIEPATUBHO BUSBISATH
aHomaminpouecy GyHKIIOHYBaHHS a00 CTaHy IPOTpaM 1 TaHUX;

— JI1arHOCTYBAaTH BUSBIICHI CIIOTBOPEHHS;

— BUpOOJIATHM  pIilIeHHAs  Ta  BUOMpaTM  METOAM  Ta  3aco0u
OTIePaTUBHOTOBITHOBJICHHS;

— peaiizyBaTd ONEpaTUBHE BITHOBJICHHS HOPMaJIbHOI Mpale3aaTHOCTI;

— peecTpyBaTH KOXE€H 301 YW BIJIMOBY, IO CTajuCs, Yy3arajbHIOBaTH
JIAHICTIOTBOPEHb JIJIsl BUSIBJICHHS BUTIA/IKIB, sIKI TOTPEOYIOTH JOIMPAIfOBAHHS ITPOTPAM.

Peanizariss Takux MOXIMBOCTEH 3IIHCHIOETBCS 3a pPaxXyHOK BBEJCHHS
HAJUIMIIKOBOCTI B NpOrpaMu, JaHi Ta mponec (ynkmionyBanns I13. BignmosigHo
HaJTUIIKOBICTh [13 MOXkHA pO3ALIMTH HA IpOrpaMHy, iH()OpPMaIliiiHy 1 4acoBy.

[IporpamMHa HaUIMILIKOBICTh MOJIATAE B 3aCTOCYBaHHI KUIbKOX BapiaHTiB I13,
Kl BIJPI3HAIOTBCA METOAAMU PO3B'S3KYy JE€AKOI 3ajadyl 4Yd IMPOrpaMHOIO
peaizali€ero OJHOro i TOro K METOTY.

[HpopMarniiiHa HaJJIMIIKOBICTh TOJSITa€ B AyOIIOBaHHI HAarpOMaKEHUX I10-
JaTKOBUX Ta TPOMDKHHMX JaHWX. BoHa BHKOPHCTOBYETHCS IS 30€peKEHHS
JOCTOBIPHOCTI JaHUX, SKI B HaWOUIBIIINA Mipl BIJIMBalOTh Ha HOPMAaJIbHE
dynkmionyBanHs 13 a6o noTpeOy0Th 3HAYHOTO Yacy JJisl BiIHOBICHHS. JIJis1 MeHII
BXJIMBUX JaHUX 1HGOpMAIlIiHA HAJIUIIKOBICTh BHUKOPUCTOBYETHCS Y BUTIISAII
3aBaI03aXMCHUX KOJIIB, K1 JIO3BOJISIIOTH TUIBKU BUSIBUTH CIIOTBOPEHHSI.

YacoBa HaUIMIIKOBICTh TOJATAE Y BHUJAUICHHI HEOOXITHHUX pE3EpBIB Uacy
EOM Ha BUKOHAaHHS CIHEHIAJILHUX TMpOTpaM, sKI 3a0e3MeuyroTh OlepaTUBHUN
KOHTPOJIb CTaHy JaHUX Ta OOYHCIIOBAJIBLHOTO IPOIECY, a TaKOXX aBTOMATUYHE
BiIHOBJICHHS [13 py BUHMKHEHH1 BIIMOBHUX CHUTYaIIiil.

[loka3HUKHM BIIHOBIIOBAHOCTI €: 4Yac BIJHOBJIEHHS [, , BIPOTIHICTb

Bi/IOBIEHHs Tporpamy 3a 3ananuii yac P, (t), koedimienT rotosrocti K, , mapamerp
IIOTOKY KOPEKTYBAaHb @) (t)

4. 3axuieHicTb Ta JAOBroBiYHicTb. J[0JaTKOBUMH XapaKTEPUCTUKAMHU
HagiiHOCTI [13 € moka3HuK 3axXUIIEHOCTI BiJ CTOPOHHIX BTpy4aHb B podoty I13 Ta
MOKAa3HUK JOBTOBIYHOCTI, IO XapaKTepU3y€ BIACTHUBOCTI TMpOTrpaM YHUKATH
MOPAJIbHOTO  CTapiHHA  MPU  TPUBAJIOMY  BHUKOPHUCTAHHI.  3aXWIICHICThH
XapaKTEepU3y€e€TbCsl  BIPOTIMHICTIO BHECEHHS CHOTBOPEHb TMPU  CTOPOHHBOMY
BTPYYaHHI, a JOBFOBIUHICTh — YacOM B1IMOBH 13 yHacniiok MOpaabHOTO CTApiHHSL.
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3anexHO BiJ yMOB 3acTocyBaHHS [I3 MoXHa BUIIIUTH TpU PEKUMHU HOTO
poboTH:

a) TporpamMa HE KOPEKTYEThCA, 1 Oyab-sSKa BiAMOBA € TOBHOKO, TOOTO MIiCIA
BigiMoBH [13 He BimHOBIIOETHCSA. OCHOBHI MOKA3HUKU HAMIMHOCTI JIJISL ITLOTO PEKUMY
poboTH mporpam — 0e3BIIMOBHICTb, CTIMKICTH (firmness) 1 3axuieHicTh (protected);

0) mporpama He KOPEKTYeTbes, mpote micisa BiaMmoBu [I3 TexHiunuii 3acid
npoJoBXKYy€e (YHKIIOHYBaTH TMpaBUiIbHO. (OCHOBHI TOKAa3HUKH HAIIHHOCTI —
0€e3B1IMOBHICTb, CTIHKICTb, 3aXHUILEHICTH 1 JOBrOBIYHICTD;

B) micJyisi KOXHOI BiAIMOBH [13 KOpEKTyeThCs, BIIIArOKy€eThCS 1 JIUIIE MICIs
IIbOTO 3HOBY 37a€ThCA B eKcruryaTarito. OCHOBHI TMOKAa3HUKH HAIIHHOCTI —
0€3BIIMOBHICTb, CTIHKICTb, MOXJIUBICTh KOPEKTYBAaHHS, 3aXHUIICHICTb, a TaKOX
BTpaTH 4Yacy.

9.4 Cnocoom 3a0e3neyeHHsI Ta MiIBUILIEHHS HAIiliHOCTI mMporpam

Cnocobu 3a0e3ne4eHHs Ta MiABUIIEHHS HaJA1HOCTI IporpaM BU3HA4YEHI Ha
HACTYITHI OCHOBHI KaTeropii:

1) yIOCKOHAJICHHS TEXHOJIOTII MPOrpaMyBaHHS;

2) BUOIp aaropuTMIB, IO HE YYTJIWBI JIO PI3HOTO POJY MOPYIICHb
00YHCITIOBAILHOTO TIPOlieCy (BUKOPUCTAHHS aTOPUTMIYHOT HAJMIPHOCTI);

3) pesepByBaHHS Mporpam — JayalibHe a0o N-BepCiiiHICTh MporpamMyBaHHS,
1HII METOJIM BBEICHHSI CTPYKTYPHOI HAJUIMILIKOBOCTI;

4)  KOHTPOJIb Ta TECTYBaHHSI IPOTPaM 3 TOAAIBIIOI KOPEKITIETO.

BuOip anroputmiB, 1O HE YYTIMBHX J0 MOPYIIEHb OOYHCIIIOBAIBLHOTO
MpOILIECY, 3aCHOBAHMN Ha JOCHIKEHHI iX YyTJIMBOCTI. MIpOIO YyTJIMBOCTI MOXYTh
OyTH MOXHOKH, BUKJIMKAHI LIMMU MOPYIIEHHIMH.

86



JIEKIIISA 10

MATEMATHWYHI MOJEJII HAIIMHOCTI
KOMIIVIEKCIB ITPOI'PAM

MareMaTtuyHi MoOJ€Ni J03BOJIAIOTH OIIHIOBATU XapaKTEPUCTUKU TOMHIIOK B
nporpamMax Ta MPOTHO3YBAaTH iX HAAIMHICTH MPHU MPOEKTYBaHHI Ta EKCILTyaTallii.
Buxopucranus wmoxenedt 103Bojsie €DEKTHBHO Ta IIJIECCHPSIMOBAHO TIPOBOIUTH
BIJIJIAarO/DKCHHST W BUIPOOYBaHHS KOMIUJIEKCIB MpoTpaM, JoNomarae mnpuiMaru
palioHaJbHE PIIIEHHS PO Yac MPUITMHEHHS HAJIaroKyBajlbHUX POOIT.

3rinno JICTY 3918-1999 (ISO/IEC 12207:1995) ocHOBHHUMH TNpoliecaMu
KUTTEBOro LUKy I13 €:

1. mpoiiec 3aMOBJICHHS;

2. TpoIec MOCTavYaHHs,

3. mporiec po3poOku (BcraHoBieHHs [I3, aHami3a CHCTEMHHX BHUMOT,
MPOCKTYBaHHS  apXiTEeKTypu CHCTEMH, aHam3 Bumor jgo II3,
MPOEKTYBaHHS apxiTektypu II3, po3poOka nerampHOro mnpoekty II3,
KomyBaHHsi Ta TectyBaHHs [I3, iurTerpamis II3, xkBamidikariiine
tectyBaHHs 13, 3a0e3neuenns npuitmanus [13);

4. mpoliec eKcIuTyaTalii;

5. MpOILIEC CYIPOBOAY.

Ha pannix cranpisx xutreBoro nukiy I[13 morpiObHa Mojenb MPOTHO3YBaHHS
HAJIMHOCT1, OCKUTBKH JIaHl PO BIJIMOBU BiJICYTHI. Mojieni Takoro TUIy MpU3HAYEeH1
JUTsl TIepeI0aYeHHs] KUTbKOCTI MOMUJIOK B Mporpami mepesa TeCTYBaHHSAM, 1 B JEAKUX
JTTEpaTypHUX JDKEpENIax BiTHOCATHCA 1O JMETEPMIHICTUYHUX (CTAaTUYHUX) MOJCICH
HagiiHocTi I13. Ha erami tectyBanHs HanidHicTh [I3 mokpamryeTbcs 3aBAsKU
Bi/JIaropkeHH0. Mojienb 3pocTaHHs HAAIMHOCTI MOTPIOHA ISl OI[IHKM MOTOYHOIO
PIBHSI HaAIMHOCTI, 4Yacy 1 pecypciB, NOTPIOHUX MJisi JOCSTHEHHS 3alaHOrO PIBHS
HaJlIiHHOCTI. BIpoI0BXK 1ILOTO €Tary OliHKa HaJIMHOCTI 0a3y€eThCsl HA aHalli31 JaHUX
BIIMOB. MoJienl TaKOoro THUILY BIJHOCSTH J0 NMOBIPHICHUX (AMHAMIYHMX) MOJENEH
HagiitHocti I13. Ilicas BBeAaeHHS mporpamMu B €KCIUTyaTallilo MpU BU3HAYCHHI 1l
HAJIHOCTI TOBUHHI BPaxOBYBAaTHUCh JOJAaBaHHS HOBUX MOJIYJIIB, YCYHEHHS CTapux
MOJIYJIB, YCYHEHHsI BUSBJICHHX IMOMUJIOK, TIOE€IHAHHS HOBOTO KOJIY 3 TOMEPETHBO
HAlMCaHUM  KOJIOM, 3MiHa CEpeloBUINa KOPUCTyBadya, 3MiHA amapaTHOTO
3abe3neueHHs Tomo. Ha oMy erami moTpiOHa €BOJIIOIIHHA MOJEIh HaJIHHOCTI.
3B'130K CTaAli kUTTEBOTO UKy [13 Ta 3acTocoBanux mojenelt y 11l nepioau mojaHi
Ha pucyHky 10.1.

B nmanuii yac 3anponoOHOBaHHUM ps MATEMATUYHUX MOJENEH, OCHOBHUMU 3
SKUX €:

- eKCIIOHEHITaIbHA MOJICJIh 3MIHM TTOMUJIOK 3aJI€)KHO BiJl Yacy BiJIJIar0JPKCHHS;

- MOJIeJTb, IO BPaXOBY€ JIHUCKPETHO MOHWXYBAJIbHY YacTOTYy TOSBU ITOMHIIOK
AK JIIHIMHY (PYHKI[I}0 Yacy TeCTYBaHHs 1 BUIIPOOYBaHb;

- MOJIeJIb, 110 0a3yeThCsl Ha po3mnoAiii BeilOyria;

- MOJIEJTb, 3aCHOBaHA Ha TUCKPETHOMY TIIIEPTreOMETPUIHOMY PO3IOILII.
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PaHHi cTagii XL, Etan TectyBaHHA Exkcnnyatauin

= - e ——

CraTuyHi AunHamiuHi EBO/IOLilHI
HagiMHoCTI HaAdiMHoCTI

Pucynok 10.1. Cramii xutteBoro nukiy [13 Ta ix momeni

[Ipu oOrpyHTyBaHHI MaTEMaTUYHUX MOJEJIEH BUCYBAIOTHCS JAESKI TIMOTE3H
PO XapaKTep MpOosBIB MOMUIIOK B KOMILIEKCI nmporpaM. Haitbisipim o0rpyHTOBaHUMU
€ TIPUIYIIEHHS, Ha KX 0a3yeThCs Mepia eKCTIOHCHITATbHA MOJIEh 3MIHN TTIOMIJIOK
B IIPOIIECI BIVIArOKEHHS 1 SK1 MOJIATAIOTh B TAKOMY:

a) Oynb-sKi TOMWJIKH B TpOrpami € HE3ICKHUMHU Ta BUSBISIOTHCS Y
BUIIaJIKOBI MOMEHTH 4acy,

06) yac poOOTH MDK MOMMJIKAMH BH3HAYAETHCS CEPEIHIM YacOM BUKOHAHHS
koMaHu Ha EOM Ta cepeqHiM 4nciioM KOMaH/I, [0 BUKOHYIOThCS MK TIOMUJTKAMH.
Ile o3Hauvae, 110 IHTEHCUBHICTH MPOSIBY IMOMUJIOK MPHU peaqbHOMY (YHKIIOHYBaHHI
MpoTrpaMH 3aJIeKUTh Bijl cepeiHboi mBuaAKoAlT EOM;

B) IMOMUJIKA, LI0 € MPUYMHOI CIIOTBOPEHHS pE3YyJbTaTiB, (PIKCYEThCA 1
BUIIPABIISIE€THCA MICIIS 3aBEPIICHHS TECTYBaHHS a00 B3arajl He BUSBISETHCA.

3 WX BIIACTUBOCTEH BUXOIUTH, IO 33 HOPMAJIBLHUX YMOB eKCIUTyaTallii
KUTBKICTh TIOMUJIOK, 1110 BUSIBJISIIOTBCS B JICIKOMY I1HTEpBaJl 4acy, po3IMOIiICHI 3a
3akoHOoM [lyaccona. A TpuBamicTh Oe3mepepBHOI POOOTH MIXK CHOTBOPEHHSIMU
PO3IIOIIIeHa eKCITOHEHITIAJIBHO.

[Ipunyctumo, 1110 Ha MOYATKY BIJJIArO/HKEHHS KOMILIEKCY rporpam mnpu 7 =0
B HIif wmictmwiocst N o TOMHIIOK. [Ticns Bimmaro/keHHs 3a 1HTEpBal dYacy 7

3aUIIAIOCS N, TIOMUJIOK Ta YCYHEHO N TOMUJIOK (n0 +n=N 0). [Tpn upomy yac 7

0
BIJIMOBIJIA€ TPUBAJIOCTI BUKOHAHHS MpOTrpaM Ha OOYMCIIOBAIILHOMY 3aco0l s
BUSIBJICHHSI TIOMUJIOK Ta HE BPaxoBY€ MPOCTOiB T3, HEOOXITHUX JJISl aHATI3yBaHHS
pe3yNbTaTiB Ta MPOBEICHHS KOPEKTYBaHb.

[HTEeHCUBHICTh BUSIBIICGHHS TOMUJIOK B TpOrpami d%r Ta abcCoJIIOTHA

KUIBKICTh YCYHEHUX TOMUJIOK TOB'sI3aH1 PIBHSAHHSIM:

O bn=bN,, (10.1)

dr
ne b — koedimieHT MPOMOPIIIHOCTI.
SIKIo MpUMYCTUTH, IO Ha MOYATKy BiUIarojkeHHs npu 7=0 nomuiku
BiZICYTHI, TO p0o3B’s30K piBHsHHA (10.1) Mae Burmsia:
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n= No[l—e_br] (10.2)

KinbKicTh TOMUIIOK, IO 3QTUIIAIIUCS, B KOMILIEKC] pOTpam
Na=N_—n=N e™
0 o o’

MPOTIOPITiiHA IHTEHCUBHOCTI BUSIBICHHS d% ;3 TOYHICTIO JI0 KoedirienTa b.

Yac 6e3BiAMOBHOI poOOTH mMporpaMm 0 BiaiMoBH T abo HampalfoBaHHS Ha
BiIMOBY, SIKUH pO3IJISIIAETBCS SK 3HAHICHE CIIOTBOPCHHS MpOTpaM, JaHHX YH
00YHCITIOBAJILHOTO TIPOIIECY, 0 MOPYIIYIOTh POOOTO3IaTHICTh, TIOPIBHIOE BEIMYHHI,
3BOPOTHIM IHTEHCUBHOCTI BUSIBJICHHS BiAMOB (TTOMHUJIOK):

1
= = exp|b7 ]
dn/d7  bN, . (10.3)
SIKkmo BpaxyBaTH, MO JO T[OYaTKy TECTyBaHHS B KOMIUIEKCI Iporpam
mictunocs N o HOMHIIOK Ta IbOMY BIAIMOBiZJaJI0 HampaloBaHHs A0 BigmoBu Ty, TO

(GYHKIIIIO HAMpaloBaHHA 10 BIAMOBH BiJ] TPUBAJIOCTI MEPEBIPOK MOKHA 3alUcaTH B
TaKOMY BUTJISIJII:

T =T, exp N T

g, (10.4)

SKmo BiAOMI MOMEHTH BUSBIIEHHS IOMUJIOK , Ta KOXHOTO pasy B 1l
MOMEHTH BHUABIIIETBCS W JIOCTOBIPHO  YCYBAa€TbCi OJHA [OMWIKA, TO,

BUKOPHCTOBYIOUM METOJ, MaKCHUMAaJbHOI IPaBIONMOAIOHOCTI, MOXKHA OTpPHUMATH
PIBHSIHHS [ BU3HAUCHHS 3HAUYCHHS TTOYATKOBOI KUIBKOCTI MOMUJIOK N 0 :

. n>'t
- n B —
.Ln' . - I n
il il — 11 _]. | \\_‘ \‘T‘ .
N, Dot —;_'1—1 it
i-1 i-l ’ (10.5)
a TaKOXK BHpa3 JJIsl pO3paxyHKy Koe]ilieHTa MPOMOPIiHHOCTI
b= -
I n
N>t = > -1,
im1 i1 ) (10.6)

B pesynbpTaTi MOXXHA po3paxyBaTH KUIBKICTh MOMUJIOK, IO 3aJUIIMINCA B

.. ) T {h )
porpami, 1 cepeiHe HaIpallOBaHHS 10 BIAMOBUA P , TOOTO OTpUMAaTH OLIHKY
4acy /10 BUSIBJICHHSI HACTYITHOT TOMUJIKH.

B nmponeci BimaromkeHHss Ta BUIPOOYBaHb MporpaMm JUisl IMiABUIIECHHS

HaIpaIlOBaHHS JI0 BIIMOBH BiJ T, hi (o) T HEOOX1THO BUSBUTH 1 YCYHYTH An TOMUJIOK.
Bennunaa An BU3Ha4YaecThHCA CITiBBIIHOIIIEHHSIM:
1 1

M =NT|=—-—
Tl TE

(10.7)
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Bupas nis BusHaueHHs 3atpaTr dacy AT Ha TPOBENCHHS BiIJIArOKEHHS, IO
J03BOJISIE YCYHYTH An MTOMUJIOK 1 BIJIMOBIAHO IMiIBUIIIUTH HAMIPAIIOBAaHHS 70 BIIMOBH

Bijl 3HAUEHHs L0 12Mae BUIIAN:
N, T
Ar=—2LIT, /T |
b . (10.8)
Jpyra monenp moOymoBaHa Ha OCHOBI TIMOTE3H MPO Te, IO YacTOTa MPOSBY
MOMHJIOK (IHTEHCHUBHICTh BIIMOB) JIHIIHO 3aJ€XUTh BiJl 4acy BHUIIPOOYBAHHS b Misk
MOMEHTaMH BUSBIIEHHS ITOCIiOBHMX 1-01 Ta (i - 1)-01 mOMMIIOK:
Mt 1=b|N, =1 -1]t,
ARG 109

Ac NO_ IT0YaTKOBA KIJBKICTh ITOMMIJIOK;

b — xoedillieHT MPOMOPLIHHOCTI, IO 3a0e3ledyy€e PIBHICTh OJMHHUIN TUTOINI ITif
KPUBOIO BIPOT1HOCTI BUSIBJICHHS ITOMHJIOK.
JIJIsl OLIIHKK HampalfoBaHHS JO BiMOBH BHXOJWTH BHpa3, SIKWW BiANOBiAa€

posmnojiny Penes:
4

Pit, 1= exp{—b[N, —i-1] ti?

-

, (10.10)
I[eP'ti I=PIT 2t |

3 ypaxyBanHsM piBHsSHHS (10.10) miiibHICTH PO3NOJLTY Yacy HamlpalrOBaHHSA

J0 BiI[MOBI/I OITUCYETHCA BUPA30M:
2

fit, |=-Plt ) =b[N, - i-1]t exp{-b[N, - (i-1 I]tl—
- (10.11)
BukopucraBmm (QyHKIII0 MaKCHUMaJIbHOI MPaBIOMNOAIOHOCTI, OTPUMAEMO

OIIHKY JIJIsl 3arajibHOi KIJIbKOCTI MOMIJIOK N o T koedimienTa b:

N, = %+iui—1rtf nl
R St
o (10.12)
b= —2 L
_f{ o —11—1i {L—‘t_:;
i (10.13)

OcoOmuBICTIO TPEeThOI MOJZETl € OOJIK CTYMIHYAaCTOrO XapakTepy 3MIHU
HAJIMHOCTI IPU YCYHEHHI YEproBOi MOMUIKU. SK TOJIOBHA PO3TISIAETHCA (PYHKITIS
PO3MOJILTY Yacy HampaloBaHHs 10 BiaMoBHU P(t). SIKio moMuiiku He yCyBarOThCs, TO
IHTCGHCHBHICTh BIJIMOB € IOCTIMHOIO, II0 MPHBOJMTH IO E€KCIIOHCHIIAIbHOT MOACTi
PO3MOILITY:

Pitl=expl-At|

3BIZICH IIIIBHICTH PO3MOUTY HAMpAaIlOBAaHHS J0 BIAMOBU T BHU3HAYAETHCA 32

BUPA30OM:

filti=he™
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T,

P

: . : =1/h
aet>0,A>01 1/A— cepenniit yac HanpaIOBaHH 10 BIIMOBHU, TOOTO :

Jlnis anpokcumariii 3MiHA 1HTEHCUBHOCTI BiJ] 4acy NpU BUSBJICHHI 1 YCYHEHHI
IOMUJIOK BUKOPUCTOBYETHCS (DYHKIIiSI TAKOTO BUTIIAY:
Kt = rgtH

Axmo 0 < <1, TO IHTEHCUBHICTh BIJIMOB 3HM)KY€EThCS TIPU HAJIAr0JPKCHH1 200
B mporeci ekcrutyataitii. Ilpu takomy Burmsiai gyHkmii A(t) MUIBHICTE GYHKIT
PO3MOIiTy HaIpaIfOBaHHS /10 BiJIMOBH OMUCYETHCS TBOMAPAMETPUYHUM PO3IOIITIOM
BeiiOymnna:
fiti=r3tF expl—Atf |

Posmoxin BeitOymna mocuth mo0Ope BimoOpakae peanbHI 3alIeKHOCTI TIPH
pO3paxyHKy GYHKIIT HApaIIOBaHHS 10 BIIMOBH.

OTXe, OCHOBHUMH TTOKa3HUKAMH HAIHHOCTI CHHTE30BaHOTO [13, 1110 MOXKYTh
OyTH OIliHEH1 3a TOTIOMOTOX0 MOJIeICH HaIIHOCTI €:
HMOBIpHICTh 0€3BIAMOBHOI po0OOTH,
CepeHiif yac poOOTH Ha BiJIMOBY,
IHTEHCUBHICTh BUHUKHEHHS BIJIMOB,
KUTBKICTh A€(EKTIB, 110 3aJTUIIUINCA HE BUsBICHUMH B [13.

~wnh e
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JIEKIIIA 11

OCHOBHI IOKA3BHUKH HAJIIMHOCTI I13.
MOJAEJII HAAIMHOCTI I13

11.1 OcuoBHi noka3zuuku Haginocti 113

1. Umosipnicme 6e36i0M06HOI pobomu P(t) — 116 UMOBIPHICTh TOTO, IO B
MeKax 3aJaHOTO HAMPAIFOBAaHHS BiJIMOBAa CUCTEMH HE BUHHKAE.

2. Imosipuicmsb 6i0M06u — WMOBIPHICTH TOTO, IO B MEXax 3aJaHOTO
HaTpAIIOBaHHS BiJIMOBA CUCTEMH BUHUKAE:
Q(t)=1-P(t), (11.1)

ne t— 3ajgaHe HaIpaItOBaHHs, TO/I;

3. Inmencuenicms 6i0M06 cucmemu — 1€ YMOBHA IIUIBHICTh HMOBIPHOCTI
BUHUKHEHHS BiIMOBHM I3 B meBHUN MOMEHT 4Yacy 3a YMOBH, IIO JO LILOTO Yacy
BIJIMOBA HE BUHUKJIA

f(t)
At)=—=, 11.2
(t) P (1) (11.2)
ne f(t) — mimpHicTH iMOBipHOCTI BiTIMOBH B MOMEHT Yacy t
d d d
f(t)=—Q(t)=—@1-P(t)) =—P(1). 11.3
(1) = QW) = A=P®) = P) (11.3)

IcHye HacTynmHHMEl 3B'S30K MDK I1HTEHCHBHICTIO BIJIMOB CHCTEMH Ta
HMMOBIPHICTIO 0€3BIIMOBHOI pOOOTH:

t
P(t) = exp(— | ﬂ(t)dtj . (11.4)
0
B oxpemomy Bumnazaxy, npu

P(t) = exp(-A(t)), (11.5)
A(t) =const .
Aximo B mporeci TecTyBaHHS (DIKCYEThCS YUCIIO BIJIMOB 3a MEBHHUI 4acOBUMN

1HTEpBaJ, TO IHTEHCUBHICTH BIJIMOB CUCTEMH € YUCJIO BIIMOB 32 OJMHHUITIO Yacy.
4. Cepeone nanpayroeanus Ha 6i0mogy T; — MaTeMaTUYHE CIOJIBAHHA Yacy

poGotu 113 10 ueproBoi BiAMOBH:
t
T, = [t f(t)dt. (11.6)
0

[HaKmIe cepenHe HAMpAIIOBaHHS Ha BIIMOBY T; MO)KHA MTPEICTAaBUTH:
o+t +t+... +t 13
L2 3 L=, (11.7)
n N iz
ne t - gac po6otwu I1I mix BimMoBamu, C.
N - KUIBKICTH B1IMOB.

Ti:
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5. Cepeoniti uac 6ionosnennsa T — MareMaTWdHE CHOJIBaHHSI dYacy
BIJTHOBJICHHS; 4Yacy, BUTPAu€HOrO0 Ha BHUSBIEHHS Ta JIOKAIi3allil0 BIIMOBHU; Yacy
YCYHEHHSl BIIMOBH; 4Yacy TMpOIYCKHOI MEpeBIpKH mpaie3naTtHocTi. s 1mporo
Noka3HWKa TepMiH '"dac" o3Ha4yae dYac, BHTpadyeHHW (QaxiBIeM 3 TECTyBaHHS Ha
nepeiueHi BUau pooiT.

6. Koegiyichm comoenocmi K — WMOBIpHICTh TOro, 10 II3 OUiKyeThcs B
npaie3laTHOMY CTaHi B JIOBUIBHMM MOMEHT 4Yacy WOro BHKOPUCTaHHS 3a
pU3HAYCHHSIM.

HeoOximHo mparHyTu migBUILYBaTH piBeHb HamiiiHOCTI I13, ane mocsarHeHHs
100%-n0i HamiHOCTI JCKHUTH 3a MEXKaMH MOXJIUBOTO. KiTBbKICHI TOKa3HHUKHU
HAJIMHOCTI MOXYTh BUKOPUCTOBYBATHUCS JJISl OLIHKH JOCSTHYTOTO PiBHS TEXHOJOTI]
MporpamMyBaHHS, 11 BHOOPY METONY MPOCKTYBaHHS MaHOYTHBHOTO MPOTPAMHOTO
3aco0y.

OcHOBHUM 3acO00M BH3HAYEHHS KUTbKICHUX MOKAa3HUKIB HAMIMHOCTI € MoOei
HaodiuHocmi, MiJ SKUMUA PO3YMIIOTh MaTeMaTUYHY MOJENb, MOOYJ0BaHy Ui OILIHKU
3QJIEKHOCTI HAAIMHOCTI BiJ 3a3JaJieTiib BiAOMHUX a00 OI[IHEHMX B XOJI CTBOPEHHS
IPOrpaMHUX 3ac001B MapamMeTpiB.

7. Bci HaBenmeHi mokazHuUKM HagiiiHOcTi I3 xapakTepu3yloTh HasBHICTb
MOMIJIOK TIporpamu (BUpoOHHUYUX Je(EeKTiB), aje kKOJIEH 3 HUX HE XapaKTepu3ye
XapakTep UX MOMUJIOK Ta MOKJIMBI 1X HacliIKi. ToMy IpONOHY€EThCSI BBECTH HOBHIA
noka3HukK HafgiiHocTi 13 — cepednio sasckicme nomunox (CBII):

m
B=—>Dbpz, (11.8)
Qia
ne Q — iiMoBipHICTH 30010 I13;
b, — ¢yHKIiA HANEKHOCTI BaXKKOCTI HACHIJKIB IMOMHJIKH, IO BUHUKIA MPH | -My

Ha0op1 BXIAHUX JTAHUX, 0 MAKCUMAJIbHO Ba)KKUX HACIIIKIB;

p; — AMOBIpHICTh BBeIEHHS | -r0 HAOOPY BXIJHHUX JaHUX NpH ekcruryaranii [13;

Z; — IMXOTOMIYHA 3MiHHA, IO JOPIBHIOE 1, SIKIIO Mpu | -My HaOOpi BXiIHUX JaHUX
OyB 3adikcoBanui 301, Ta 0 y NPOTUBHOMY BHUIAJIKY;

M - 3arajbHe YUCJI0 HaOOPiB BX1THUX JIAHHX.

3naueHHs nokasHuka HagiHocti CBII nexuts Ha iHTepBam [0; 1]. Yum
ommxkue 3HavyeHHs CBII mo oguHMIl, THM Ba)kue HAciAKH moMuiok 113, 1 TuM MeHIn
HajqiiiHa mporpama. bauspkicte CBII g0 Hyns mnokasye HE3HAYHICTh HACIHIJKIB
MTOMUJIOK IPOTPAMH.

BBenennss HoBoro mnokasHuka HagidHOCcTi [13 7103BOJMIIO PO3PI3HITH 1O
HaJIHHOCTI IPOrpaMHi IPOAYKTH, HMOBIPHOCTI 30010 SIKMX MalOTh OJIMH U TOW caMuid
nopsiok. [lo Toro x, roBopsiuu npo HaaiiHicTh [13, kopucTyBau 0axae oTpuMaTu He
cTinpku OesnoMuiikoBe I13, ckinbku Oe3neune. A came Oesmneka I3 xapakrepusye
CBII. 3HaueHHs 1ILOTO MOKAa3HUKA Cy0'€KTUBHE Ta MOXE OyTH PI3HUM JIJISl OJJHOTO U
TOTO XK MPOTPAMHOTO MPOAYKTY B 3aJEKHOCTI BiJl 00nacTi ioro 3actocyBanHs. Lle
MOSICHIOETHCSI TUM, IO TNPU BUKOPUCTAaHHI KOHKpeTtHoro I[13, nHampukmanm, ms
BUKOHAHHS CTYJCHTCHKUX PO3PAXyHKIB Ta JJis BUKOHAHHA KOHCTPYKTOPCHKHX
pO3paxyHKIB B KOCMIUHIA MPOMHUCIOBOCTI HACHIAKA TOMHUJIOK TPOTPaMH
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HEMOpPIBHAHHI. Y Pl BUMAJKIB, sIKIIO 10 [13 BUCyBatoThCS KOPCTKI BUMOTH, Kpallle
OI[IHIOBATH MaKCUMAaJIbHY BaXXKICTh TOMUIOK [13.

Takum umHOM, OlIHIOIOYK WMOBIpHICTH 30010 [13 Ta CBII 113, otpumyemo
0araToCTOPOHHIO OLIHKY HafdiiHocTI [13.

11.2 Mopeni naaiiinocti I13

MareMaTtuyHi MoOJ€Ni J03BOJIAIOTH OIIHIOBATU XapaKTEPUCTUKU TOMHIIOK B
nporpamMax Ta MPOTHO3YBAaTH iX HAAIMHICTh MPHU MPOEKTYBaHHI Ta EKCILTyaTarlii.
Moneni MaroTh IMOBIpPHICHUN XapakTep, Ta JOCTOBIPHICTh MPOTHO31B 3aJIEKUTH BiJ
TOYHOCTI TTOYATKOBUX JAHWUX W TTHMOWHM MPOTHO3YBAaHHA 3a dacoM. Lli maTemaTuyuHi
MOJIeJTi PU3HAYCHI VISl OIIHKU:

— MOKa3HUKIB HAJIITHOCTI KOMIUIEKCIB POrpaM B MPOIIECi BiAJIaroKeHHS;

— KUTBKOCTI TIOMUJIOK, IO 3aTUIITAINCS HEBUSIBICHUMU;

— Yacy, HeOOX1JHOTO JJisl BUSIBICHHS HACTYMHOI MOMUJIKK B (YHKIIOHYIOU1H
nporpami;

— gacy, HEOOX1HOTO ISl BUSIBJIEHHS BC1X MOMMJIOK 13 3a7]aHOIO BIPOT1THICTIO.

Buxopucranns mojeneit 103Bojisie €PEeKTUBHO Ta IUIECTIPSIMOBAHO MPOBOJIUTH
BIJIJTAaTO/DKCHHST Ta BUIPOOYBaHHS KOMIUIEKCIB MPOrpaM, JOTMOMarae MNpuiMaTH
parioHaJIbHE PIIICHHS PO Yac MPUITMHEHHS HAJIaroJKyBaIbHUX POOIT.

Knacudikamis monenedt nHagiinocti II3 mocuth oOmmpHa. PosrisHemo
OCHOBHI MIIXO/H JIO MOy MOJIEJIEH.

Bba3oBi ki1acu MHOKHMHHE MoJienel HaaiitHocT1 13 BKIIOYaroTh:

1. TlapametrpuyHi Mozeni (BUKOPHUCTOBYIOTH [JIsl MPOTHO3YBAaHHS KIJIBKOCTI
nedextiB iH(doOpMaliio Mpo BuUMIprOBaHi mapameTpu koxy I3 — oOcsr, KiTbKICTb
oneparopiB, ONEPaHAIB 1 T.1.).

2. CratuctuuHi (BU3HAYaIOTh YHUCIO Je(EKTiB Ha OCHOBI CTaTUCTUYHOTO
aHaiidy 3 BHUKOPHCTAaHHSIM METOJly «3aCiBaHHS» Ta PO3MITKH JePeKTiB i
BUKOPUCTOBYIOTHCSL JUIsl YTOYHEHHS OYIKYBaHOI KUTbKOCTI jaedekrtiB [13 Ha erarmi
(GYHKITIOHYBaHHS).

3. CrpykTypHi (3acHOBaHI Ha MojeNtoBaHHI cTpykrypu II3, Hampuxmanm, y
BUTJISAI Tpada, 1 BXITHUX JaHUX ).

4. WmoBipHicHi (MoIeni pOCTy, BHKOPHCTOBYIOTb CTATHCTHYHI [aHi IIpoO
BUSBJICHHSI IePEKTIB y XO/1 TECTYBaHHs a00 eKCIUTyaTarrii).

3a xapakTepoM BX11HOI iH(Mopmarlii Mmojen HaaiiHocTi [13 moainstoTbes Ha:

1. AnpiopHi moxaem HafmidHocTi 13 (omiHroroTh HamiHIicTh 113 10 movaTky
(YHKLIOHYBaHHSI BUXOISYM 3 TaKUX XapakTepucTuk I3, sk oOcsr, cKiIaaHICTh Ta
XapaKTEPUCTHK MPOIIECY MPOESKTYBAHHS).

2. Anoctepiopni mozeni HaaiitHOCcTi [13  (BUKOpHUCTOBYIOTH 1HGOpPMAIIIIO,
OTpUMaHy B pe3yJibTaTi TeCTyBaHHA i ekcrutyaTanii [13).

ButpmicTe HOCHIAHUKIB HOAUIAIOTE Moaeill HaaiiHocti II3 Ha 1aBa Beluki
KJIaCH — IETePMIHICTUYHI (CTaTH4HI) Ta WMOBIpHicHI (quHamivHi) (puc. 11.1).

Ananimuuni moodeni Nar0Th MOXIIUBICTh PO3PaXOBYBAaTH KITbKICHI MOKa3HUKU
HAJIHHOCTI, TPYHTYIOUHCH Ha JJAHKUX PO MOBEAIHKY MPOTPaMU B MPOIEC] TECTyBaHHS
(MoJteni BUMIpIOBaHHS Ta OILIHIOBAHHS ).
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Emnipuuni  mooeni 0a3yloTbCsl Ha aHaji3l CTPYKTYpPHHUX OCOOJUBOCTEH
mporpaM. BoHM pO3TasSfaloTh 3aJEKHICTh IMOKA3HUKIB HAIIWHOCTI BiJ 4YHCIA
MDKMOAYJIBHUX 3B'S3KIB, KUIBKOCTI HUKIIB B MOAYJSAX, TOmo. YacTo emmipudHi
MOJICJII HE JarTh KIHIEBUX pe3yJbTaTiB IOKA3HUKIB HAAIMHOCTI, IMPOTE BOHHU
BKJIFOUEHI B KJacH(]iKaliiHy CXeMy, OCKIJIBKH PO3BUTOK ITUX MOJICNICH J103BOJISE
BHSBIISITH B3a€MO3B'I30K M cKkagHIcTIO 113 Ta ioro HamiitHicTio. 111 Momem MoxHa
BUKOPHCTOBYBaTH Ha eTami mpoekTyBaHHsS I3, xomm 3aiHCHIOETBCS pO30MBKAa Ha
MOJIyJIl Ta BiJOMa HOro CTPYKTypa.

AHaJIITUYHI MOJAENI TpPEACTaBJeHI JBOMa TpylnaMH: JWHAMIYHI MOJACT Ta
crtatuuHi. Y Ounamiynux moBeniHKy [13 (mosBa BiZMOB) PO3TISIAETHCS B dHaci. Y
CMamuyHux MOJENSIX TIOSBY BIIMOB HE TOB'SI3YIOTH 3 4aCOM, a BPaXxOBYIOTh TUTbKU
3aJIEKHICTh KIJTLKOCTI MIOMHUJIOK B1JI YHACJIa TECTOBUX MTPOTOHIB (1T0 00JaCTi TTOMUIIOK)
a00 3aNeXHICTh KUTHKOCTI IIOMUJIOK B1JI XapaKTePUCTUKU BXITHUX JaHUX (10 00J1acTi
JTAHUX).

Jl7is BUKOPUCTAHHS JUHAMIYHUX MOJENell HeoOXiHO MaTH JaHl Mpo MOSBY
BIZIMOB y 4aci. SKmo (IKCylOTbCS I1HTEpPBAIM KOXXHOIO BiJIMOBH, TO BHXOAMTH
HEMepepBHa KapTHHA TMOSBM BIAMOB Yy uyaci (rpyna JWHAMIYHUX MoJened 3
HEMepepBHUM YacoM). 3 1HIIOr0 OOKy, MOXe (PiKCyBaTHCA TUIBKH YUCIIO BIJMOB 32
JOBUTHHUH 1HTEpBa Yacy (JUCKPETHI MOJEI1).

Monemi Hamiiaocti 113

1 I
A\ 4 A 4
AHaTITH4HI MOJe EmMmnipuuni moneni
| I
\ 4 A 4
CraTuuHi Mojaeni JluaamiuHi Moael
| |
A\ 4 A 4
Henepepsni monemni JuckpeTHi momeni

Pucynok 11.1. Knacudikariss Moaeneit HaaiiHOCTI

Pazom 3 TUM chif 3ayBakKUTH, 110 MOAANBIINN MOALI MOJEEH 3a TUIIaMHU B
KOXKHOMY KJaci JelI0 BIJIPI3HSEThCS B PI3HUX Mpausix. B oaHMX — KWMOBIpHICHI
MOJICl NOJAUISIOTBCS Ha MOJIEIl Ha OCHOBI BHCIBAaHHSA ITOMHJIOK, 1HTEHCHBHOCTI
BIJIMOB, amnpOKCHUMAIlil 3aJIe)KHOCTEH, HEOJHOPIAHOTO ITyaCCOHOBOTO IIPOIIECY,
3pOCTaHHSl HAJIAHOCTI, HA OCHOBI MAapKOBCBHKOI CTPYKTYpU. B 1HImIMX 3aranbHHiA
o1 30epiraeTbesi, OJHAK JIOJAIOTHCS MOJIENI HA OCHOB1 apXiTEKTYPHOTO MiAXO1y,
o0JacTi BXiIHUX JaHUX, baeciBchki Ta yHidikoBaHi moaeni. Kpim Toro B 6aratbox
poboTax Mojeli Ha OCHOBI apXiTEKTYpHOTO MIAXOAY BUAULSIOTH B OKpEMHU Kjac 3
MOJAJIBIIAM TIOJIJIOM Ha THWIHA, OCKUIBKH Il MOJEJ, Ha BIAMIHY BiJ TOMEpPEIHIX,
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BpaxoByIOTh apxiTekTypy II3, a He TIIBKM CTaTHCTUKY BIOAMOB. Y3arajibHEHa
kiacudikaiisi MoJeneld HaJliHOCTI MPOrPaMHOTO 3a0e3NeyYeHHs] HaBeJeHa Ha pUC.
11.2.

Mogeni AeTepMiIHICTUYHOTO KJIACY BUKOPUCTOBYIOTHCS JUISl TOCIIIKEHHS:

1) enemMeHTIB TMporpaMM NUISXOM TIJAPaxXyHKY KIUJIbKOCTI ONEpaTopiB,
OTIepaH/IiB Ta IHCTPYKIIii;

2) MOTOKY YMpaBIiHHS MNPOrpaMU MNUISXOM MiAPAXYHKY pO3rajlykeHb Ta
TpacyBaHHS IUIAX1B BUKOHAHHS;

3) MOTOKY JaHUX MPOrpaMU ILUISIXOM BHUBYEHHS CHUIBHOTO BHKOPHUCTaHHS
JaHUX Ta Tepeaadi JaHuX.

BumipioBaHHS TPOAYKTUBHOCTI JETEPMIHICTUYHOTO THUITY OTPUMYETHCS 3
aHaTI3y TEKCTYy BUXITHUX KOJIIB MPOTPaMH, 1 HE BKJIFOYAE JKOAHOI BUMAJIKOBOI MOIii
gy BeMUYUHHU. [0 NETEepMIHICTMYHOTO Kiacy BIAHOCATH NBI Mojeni: moxaens [13
Halstead, monens muknomatuunoi ckinagHocti McCabe Ta Mosienb Ha OCHOBI METPHUK
CKJIQJHOCTI. Y 3araJpHOMY III MOJENl MPEeACTaBISAIOTh KUIBKICHUM MiAXig A0
BuMiptoBanHa komm'torepHoro I13. Mopens I13 Halstead BuxopucroByeThes s
OI[IHIOBAHHS KUIBKOCTI MOMWJIOK B MpPOrpamMi, TOMl SIK MOJEIbh IUKJIOMAaTUYHOL
ckiaaaHocTi McCabe BHUKOPUCTOBYETbCSI Ui BU3HAYEHHS BEPXHbOI TI'PaHMIIL
KUIBKOCT1 TECTIB MPOTpaMU. 3ayBaKUMO, IO OOMJBI IIi MOJENI € CTaTUYHUMH 32
CBOEIO MPUPOJIOI0, TOOTO BBAXKAIOTH MPOLIECH B MPOTPaMHIM CHCTEMI HE3MIHHUMU 3
gacoM, a i HaJIHHICTh € BUKJIFOYHO (PYHKIIIEID METPUK IIPOTPaMHOTI0 3ac00Yy.

[IpUHIMIOBO 1HIIUM MIAXOAOM JO BHUPIMIEHHS TIPoOjeM, MpUTaAMaHHUX
Cy4acHOMY €Taly pO3BUTKY Teopii HaaiiHocTI 113, € Teopis quHaMIKU MPOrpaMHUX
CHUCTEM, OCHOBHU fKOI Oyl po3po0JeH! SK MPUHIIMIIOBO HOBUM JETEPMIHOBAHUIMA
MIIX11 10 BU3HAYEHHS MOKA3HMKIB HAJIMHOCTI 3 ypaXyBaHHSM BIUIMBY BTOPUHHHUX
NOMWIOK. JlMHamMika MpOrpaMHUX CHUCTEM BIAPI3HAETbCA BIJI ICHYIOYOi Teopli
HajiiHocTi [13 TiM, 1110 BOHA 6a3yeThes Ha 3arajbHik TEOpli AMHAMIKU CUCTEM, a HE
Ha Teopii WMOBIPHOCTEH, 1 PO3IJSAAE MPOLECH MOSABM TMOMMJIOK B IMPOTPaMHIN
CUCTEMI He SIK BUTIAJIKOBUI MPOIIEC, a K PE3yJIbTaT BIUIUBY JETEPMIHOBAHUX IMOTOKIB
NOMIIOK. TakuM 4YWMHOM, III TEOPIS TEX TMOPOHKYE NETEPMIHICTUYHI MOJENi
HAJIAHOCTI, fKi, OJTHAK, HC € CTAaTUYHHMMHM, Ha BiaMiHy Big Mmojenerd Halstead ta
McCabe. Pesynbratu Bepudikalii 1i€i Mojenl Ha MPUKIAAl  M'STACCITH
PI3HOMAaHITHHX MPOTPAMHHUX CHUCTEM IOKa3ajdH, 1[0 MOJENb AUHAMIKH MPOTrpaMHUX
CHUCTEM Ha CBHOTOJHINIHIA JIeHb € OJHIE€I0 3 KpalluX 3a TOYHICTIO OI[IHIOBAHHS
HaziitHOCTI [13, Ta moka3zye OJHAKOBO TOYHI PE3YNbTATH I PI3HUX MPOTPAMHHUX
3ac001B, a TOMY MOK€ BBaKaTUCh YHIBEPCAIBHOIO MOJIEIUIIO.

IMOBIpHICHI MOJIEN NPEACTaBISAIOTh MOSABY BIIMOB Ta YCYHEHHS IOMUJIOK SIK
BUMAAKOBI Moii. SIK 3a3Ha4aJIOCh BUIIE, B paMKaxX I[bOT0 KJacy MOXJIUBHUM PI3HUIMA
TOJIiT Ha THITH, TOMY HaBeaeMo KiIacHdikaliio K HaiGinem mupoxy. MmosipHicHi
MOJIeNIl MOXYThb OyTH TOAUIEHI Ha pi3HI TUOMU: (@) BHUCIBaHHS TOMMIIOK, (0)
IHTEHCUBHOCTI BIJIMOB, (B) ampoKCcHMAIlil 3aJeXHOCTeN, (T) 3pOCTaHHS HaAIMHOCTI,
(1) apxiTekTypHOro MiaXomdy, (€) obmacTi BXiTHUX AaHUX, (K) NUISIXY BUKOHAHHS
mporpamu, (3) HEOJHOPIHOTO ITyaCCOHOBOTO Tmporecy, (M) MapKOBChKi, (1)
0aeciBChbKi Ta yHI(IKOBaHI.
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Onniero 3 knacudikaiiii moneneit HaaiHocTi [13 € knacudikamis Xetya. B
HI TIPOMOHYETHCS MOAUT MOJENed Ha Taki IO MPOTHO3YIOTh, BUMIPIOIOTh Ta
OLIHIOIOTH (pucyHok 11.2).

Monaemni gamgiaocti 113
[ [

\ 4 A 4 VL

Mopneni Mopneni Mopneni
IIPOTHO3YBAHH: BUMIPIOBaHHS OLIIHIOBaHH
[ I ] L | L
A 4 A 4 A 4 A 4 A 4 A 4
Mopens Mopgpens | [Moaemi 6e3| | Mogeni i3 Mopneni Mopgpeni
Xoncrena| | Motii- | [po3paxyHKy| | po3paxyH- Myccn, M1JCIBY
bpykca MTOMHJIOK KOM BHOODY MTOMIJIOK
o0mnacTi
TaHUX

Pucynok 11.2. Knacudikamis Mmoaeneit HagiiHoOCTI XeT4ua

Mogeni nporHo3yBaHHSI HAJIMHOCTI OCHOBaHI Ha BUMIPIOBAHHI TEXHIYHUX
XapaKTepUCTUK TPOrpaMu, IO CTBOPIOETHCS: JOBXKHHA, CKJIAJIHICTh, KIJIBKICTh
LIUKIIB Ta CTEMiHb iX BKJIAJEHOCTI, KUIBKICTb NMOMHUJIOK Ha CTOPIHKY OINEpaTopiB
pOorpamMu, TOIIO.

Hanpuknan, mozens Motini-bpykca BpaxoBye [OBXKMHY Ta CKJIQAHICTb
CTPYKTYpH Mporpamu (KiUIbKICTh TUIOK, IUKJIB, BKIAJACHICTh IUKIIB), KUIbKICTh Ta
TUI 3MIHHUX, a TaKoX 1HTepdeiciB. B mux mMoaensx MOBXKHHA MPOTpaMu CIYKUTh
JUTSI TIPOTHO3YBaHHS KUIBKOCTI TOMWIOK, Hanpukiag, ais 100 oneparopiB nporpamu
MO>KHa 3MOJIEIIOBATH 1HTEHCUBHICTH B1IMOB.

Mopeni OlLiHIOBaHHS 3aCHOBaHI Ha cepii TECTOBUX IMPOTOHIB Ta MPOBOJATHCA
Ha etanax tectyBaHHs [13. B TecToBoMy pexxuMi BU3HAYAETHCS HMOBIPHICThH BIIMOBU
IporpamH MpH ii BUKOHaHH1 a00 TECTyBaHHI.

L{i T Mojene MOKYyTh BUKOPHUCTOBYBATHCS HA €Talax XUTTEBOTO ITUKITY.
OxpiM TOTO, pe3yabTaTH MOENEH MPOTHO3YBaHHS MOXKYTh BHKOPHUCTOBYBATHCS SIK
BXIJIHI JaHl JJisl MoJelield OIliHIOBaHHs. ICHYIOTh Mojesni (Hampukiaa, MOJACHb
Myccu), siki MOXHA pO3TIsSgaTH SK MOJENb OIIHIOBAHHS Tak M SK MOJEIb
BHUMIPIOBAHHS.

[Hmuit Bun kimacudikaiii Mojenel 3anpornoHyBaB ['oen, 3rigHO SKOi Mojeni
HaA1lHOCTI 0a3yIOThCS HA BIIMOBAX Ta pO30MBAIOTHCS HA YOTUPH KJIaCH MOJEIEH:

— 0€e3 po3paxyHKy NOMUJIOK;

— 3 PO3PaxXyHKOM BIJIMOB;

— 3 I1ICIBOM IIOMHJIOK;
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— MOJIeJTi 3 BHOOPOM 00J1acTei BXITHUX 3HAYCHb.

Mooeni 6e3 po3paxyHKy nomuioxk TOJATAIOTh Y BUMIPIOBAHHI 1HTEpBAIY Yacy
MDXK BIZIMOBaMH Ta JIO3BOJISIFOTH CIIPOTHO3YBATH KUTBKICTh TIOMUJIOK, IO 3aJTUIIFITACS
B mporpami. Ilicis KOXHOT BIIMOBH OIIHIOETHCS HAAIMHICTD Ta BH3HAYAETHCS
CepelHii yac J0 HacTymHoOi BiAMOBHU. Jlo Takux Mojened BITHOCSATHCS MOJENI
Jlxenincki Ta Mopannau, [lluka Bynseprona Ta JlitByna-Bepannia.

Mooeni i3 poszpaxynkom 6iomog 0a3ylOTbCsi Ha KIIBKOCTI IOMMJIOK, IIIO
BUSBJICHI Ha 3aJJaHUX IHTEpBaiax 4yacy. BUHUKHEHHS BIIMOB 3aJIeKHO BiJ Yacy €
CTOXaCTUYHUM IIPOIIECOM 3 HEMEPEPBHOIO IHTEHCHUBHICTIO, a KIJIbKICTh BIIMOB €
BUITAIKOBOIO BEJIMYMHOI. BUSBIEHI MOMWIKH, SK MPaBUJIO, YCYBAIOTHCS M TOMY
KUIBKICTh TIOMHJIOK 3a OJWHMIIO 4Yacy 3MEHIIyeThCcs. Jlo 1bOoTO KiTacy Mojenei
BimHOCATHCS Mozeni llymana, [lluka-BynBeprona, [lyacconiBcka Mojiens Ta iH.

Mooeni 3 niocisom nomui0k OCHOBaH1 Ha KUIBKOCTI TOMUJIOK, IO YCYHYTI, Ta
Mi7CiB1, TOOTO BHECEH] B IpOrpamMy ITYYHUX MOMHIIOK, THIT Ta KITBKICTh SIKHX BIJJOMI
3aB4acHO. [loTiM BHU3HAYAETHCSA CHIBBIIHOIICHHS YHCIa MPOTHO30BAHUX IMOMUIIOK,
o0 3aJUIIWIACh, JO YWCIa IITYYHUX [OMWJIOK, $IKE TMOPIBHIOETbCA 13
CHIBBIJHOIIEHHSM YHCJIA BUSBICHUX JIACHUX TMOMUJIOK [0 YHCJIA BUSBJICHHUX
MITYYHUX TOMUJIOK. Pe3ynbpTaT MOPIBHSHHS BUKOPUCTOBYETHCS JUJISL  OIL[IHKHU
HaJIMHOCTI Ta sAKocTi mporpamu. [Ipu BHECEHHI 3MiH B MpOTrpaMy MPOBOIUTHCA
MOBTOPHE TECTYBaHHS Ta OIiHKA HamidHocTi. Lle# miaxia mo opraHizallii TeCTyBaHb
BIJIPI3HSIETHCSI TPOMI3JKICTIO Ta PIJIKO BUKOPHUCTOBYETHCS 4epe3 JOJATKOBI 00’ eMH
poOiT, 1110 MOB’sA3aHi 3 MAOOPOM, BUKOHAHHSM Ta YCYBAHHSIM IITYYHUX MTOMUIIOK.

Mooeni 3 subopom obracmi 6XiOHUX 3HAYeHb TIONATAlOTh y TEHEpyBaHHI
MHOXMHU TECTOBMX BHMOIPOK 3 BXIJHOTO pO3MNOALTY, a OIIHKa HaJliHOCTI
MPOBOAUTHCA 32 OTPUMAHUMM BiJIMOBAaMHU HA OCHOBI TE€CTOBMX BHUOIPOK 3 BX1JHOT
obuacrti. [{o 11poro TUIy Mojenei BIIHOCUThCS Moielib HenbcoHa Ta iH.

11.3 Junamiuni Moaei HagiiiHoCTI

11.3.1 Moaeas lllymana

Buxinni nani qist mogeni Illymana, sika BiTHOCUTBCS 1O AMHAMIYHHUX MOJIEIICH
JTUCKPETHOTO dYacy, 30uparoThcsi B mpoiieci TectyBaHHs [13 mpotarom ¢ikcoBaHUX
a00 BHMAJAKOBHX YacOBUX I1HTepBamiB. KokeH 1HTepBan — Ie cTajis, Ha SKii
BUKOHYETKCS TTOCIIIIOBHICTh TECTIB Ta (PIKCYETHCS ACSKE YUCIO TTOMUIIOK.

Mopens Illymana ™oxe OyTH BUKOpUCTaHAa TMpU TEBHIA oOpraxizaiii
nporenypu TectyBanHs. Bukopucranas moseni [llymana npumyckae, 1o TecTyBaHHS
MOBOJUTHCS B KUIbKa eTamiB. KoxkeH eram siBjise cOOOI0 BUKOHAHHS Ha MOBHOMY
KOMITJIEKC1 PO3POOJICHNX TECTOBHX JaHWX. BUSABICHHS MOMUIIKH PEECTPYETHCS, aje
He BUIpaBIsOThCs. 110 3aBepileHH] eTany Ha OCHOBI 310paHUX JAHUX MPO MOBEIHKY
I13 Ha yeproBomy erarri TECTyBaHHS MOXKe OyTH BHKOpHcTaHa mojaenb Illymana ms
PO3paxyHKy KUIbKICHUX MOKa3HUKIB HajiiHOCTI. [Ipu Bukopucrtanni moneni [llymana
nepeadavaeThCsl, MO0 MOYaTKOBA KIIBKICTh MOMHJIOK B Tporpami MOCTIHA, Ta B
MIPOIIEC] TECTYBAHHS MOKE 3MEHIITYBATHCS B MIPy TOTO, SIK TOMUWJIKH BHUSIBIISIFOTHCS Ta
BUTIPABIISIOTHCS.
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BBaxkaeTbes, mo 1o nodatky TectyBaHHs B I3 icHye E; nmomumiok. 3 yacom
TECTYBaHHS T B CHCTEMI BUSBISE€TbCI E. MOMMIOK y po3paxyHKy Ha KOMaHAy Ha

MAaITuHHIA MOBI.
TakuMm yMHOM, MUTOMA KUTBKICTh TMOMUJIOK HA OJHY MAIIMHHY KOMaHIY, IO
3aUIIMIIACS B CUCTEMI MICTS 7 4acy TECTYBAaHHS, JOPIBHIOE:

E
_ =t
E, (1) ==L~ Eo(0) (11.9)
t
e It — 3arajJibHa KiJII)KiCTB MallIMHHUX KOMaH/, sKa HepCI[6aIIa€TI>C$I B paMKax CTalry

TECTyBaHHSI.
Hexali 3nHaueHHs ¢yHKIII YacTOTH BiJIMOB Z(t) MPOMOPIIIHO KIJIBKOCTI
MOMMJIOK, 110 3anuiuiancs B [13 micis BUTpaueHoro yacy 7 Ha TEeCTYBaHHS.
Z(t)=C-E, (1), (11.10)
ne C — neska KOHCTaHTa,
t — vac po6otu 113 Ge3 BinMOBH, T.
Toni, sixio wac po6otu I13 6e3 BigMOBH BinpaxoByeThes Bi Touku t=0, a 7
3anumaeThesl (ikcoBaHUM, GYHKIIS HAIIMHOCTI, a00 WMOBIPHICTH O€3B1AMOBHOI
poOoTu Ha iHTepBau yacy Big 0 10 t, TOpIBHIOE:

R(t,7) =exp| C %—Ec(r) -1, (11.11)
t

tep = 5 . (11.12)

3 BenuuuH, 010 BXoAATh y hopmynu (11.11) ta (11.12), He Bimomi movaTkoBe
3HaueHHs nomMmwiok B IIII E; Tta koedimient npomopuiiinocti — C. g ix
BU3HAYEHHS BJAIOTHCS 10 HACTYIHUX MIPKYyBaHb. Y TpoILIeCi TECTyBaHHs 30UpaeThes
iH(dOopMaIlis Tpo Yac Ta KUIBKOCTI MOMUJIOK Ha KOKHOMY MPOTOHI, TOOTO 3arajbHUN
yac TECTYBAHHS 7 CKJIQJA€TbCA 3 4Yacy KOXKHOTO mporonHy. llpumyckaroum, 1o
IHTEHCUBHICTb IOSIBU IIOMWJIOK IOCTIHA Ta JOPIBHIOE A, A; — KUIBKICTb IOMUJIOK
Ha | -My IIPOTOHIi, MOKHA O0YHCIIUTH

tp = — - (11.13)
éﬂs

Maroun faHi mI1 OBOX PI3HUX MOMEHTIB TECTyBaHHA 7, Ta 7, SKi

BHOMPAIOTHCA JIOBIILHO 3 ypaxyBaHHaM Bumorn E(r,)> E(r,), MoxkHa 3icraBuTh
piBasiHHs (11.11) Ta (11.12) npu 7, Ta 7, i OTPUMATH HACTYIIHI BUPA3M:
_ It(/ﬂtz-a ) E(:(Ta)_ﬂ“z-b ) Ec(Tb))
‘ Ae =4 ’

Ta Z-b

(11.14)
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C=——2 . (11.15)

OtpumaBuiu HeBinomi E  Ta C, MOXHA po3paxyBaTH HaAIMHICTh IPOrpaMu 3a
dopmymoro (11.11).

[lepeBara 1i€ei Mozeni Mojsrae B TOMY, IO MOKHA BHUIPABISATH TOMUIIKH,
BHOCSYM 3MIHM B TEKCT MPOTpaMH B XOJi TECTyBaHHSA, HE pO30MBAarO4M Mpolec Ha
eTanu, o0 3aJ0BOJILHUTH BUMOTY CTAJIOCTI YHCIa MAIIMHHUX 1HCTPYKIIi.

11.3.2 Mogeasn Jla Ilagyaa

3a 11i€r0 MOJCITI0 BUKOHAHHSI MOCIIJOBHOCTI TE€CTIB MPOBOJAUTUMETHCS B M
etaniB. KokeH eTan 3akiH4yeThbCs BHECEHHSIM 3MiH (Bumnpasienb) y I13. 3pocraroua
GyHKIIIS HAAIMHOCTI 0a3yeThCsl Ha KUTBKOCTI MOMUJIOK, BUSBIIEHUX B XOJ1 KOXKHOTO
TECTOBOTO MTPOTOHY.

Haniitaicts [13 mpoTsirom i -ro eramy:

R(t) = R(x0) _(TA)’ i=1n, (11.16)
ne A — mapaMeTp 3pOCTaHHS;
R(oo) — rpaHuyHa HafgiiHicTh [13:
R(0) = lim R(). (11.17)
|—>00
i HeB11IOM1 BEJIMUMHU MOKHA 3HAWTH, PO3B’SI3aBIIU PIBHSIHHS:
m(S. _m.
2 SIS . —R(e0) +TA =0,
- : i
- - (11.18)
m(S. _m.
Z M_ R(OO) +TA :O’
REARY I

ne S; — KUTBKICTh TECTIB Ha | -My eTari;
M; — KUIBKICTh BiZIMOB TiJ 4ac i -To erary;

IlepeBara maHoi MoOZeNl NOJAra€ B TOMY, IO BOHA € IPOTHO3HOKO Ta,
IPYHTYIOUMCh Ha JaHUX, OTPUMAHUX B XOJl TECTYBaHHS, [a€ MOXIIUBICTb
nepea0aynuT WMOBIPHICTH 0€3BIIMOBHOT POOOTH MPOrpamMu Ha MOAANBIINX eTanax ii
BUKOHAHHS.

11.3.3 Moaeanb JxeauHcbkoro-Mopanau

OcCHOBHE TBEp/KEHHS, Ha SIKOMY 0a3yeTbCs MOJEJb, MOJIAra€ B TOMY, LIO B
npoueci tectyBaHHs 113 3HaueHHs 1HTEpBajJiB yacy TECTyBaHHS MIX BUSBIICHHSIM
JIBOX IIOMHJIOK Ma€ EeKCIOHEHIIMHUN pO3IMOAia 3 I1HTEHCHBHICTIO BiAMOB, IO
MPOTIOpIIiiiHA KITBKOCTI 1€ HE BUABJICHUX NMOMUIOK. KokHa BHSBJICHA ITOMHIIKA
BUIIPABJIAETHCS, KIJTbKICTh TTIOMUJIOK, IO 3aJTUIIAIIUCS, 3SMEHITYETHCS HA OJMHHUIIIO.

@OyHKIliA IMIIBHOCTI  PO3MOAUTY Yacy BHSBICHHS |-TOT TOMMJIKH, IO
BIZIPaXOBY€ETHCS Bl MOMEHTY BUsiBICHHS (I —1) -1110T TOMUWJIKH, Ma€ BUTIIS;

P(t;)=4 -exp(— 4 - t;), (11.19)
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ne A; — IHTEHCHBHICTb BIJMOB, IO MPOMOPIIiiiHA KUIBKOCTI 1€ HE BUSBICHHUX
HOMUJIOK B TIPOTPAMI:
24 =C-(N—-i+1), (11.20)
e N — KUIbKICTh MOMUJIOK, IO CIIOYATKy OyJIM MPHUCYTHI B Iporpami,
C — xoedilieHT NPONOPIIIHHOCTI.
Haii6inpm iiMoBipHi 3HayenHs Bemuund N ta C  MoxHA oTpuMmarw,
PO3B’sI3aBIIU CHCTEMY PIBHSHb

B k k
=—— A=D>t;B=)1-t.
e Q= E. ;l i

[ITo6 oTpuMaty 4nCIOBI 3HA4Y€HHS A;, He0OxinHO miacTaButu 3amictb N ta C

ix MoxmuBi 3HauenHs N Ta C . Pospaxysasmm K 3Hauens 3a popmynoro (11.20) ta
mifctaBuBmid iX y Bupa3 (11.19, moxHa BHU3HAUMTH WMOBIPHICTH O€3B1JMOBHOI
poOOTH HA PI3HUX YACOBUX IHTEpBaJax.

11.3.4 Moaeab Mycca

Mopenp nependavae, Mo B MPOLEC] TECTYBaHHS (DIKCYEThCS 4ac BUKOHAHHS
[porpamMu J10 HACTYIHOI BIAMOBH. AJie BBaXA€ThCS, IO HE Oyap-aka nmomuika [13
MOX€ TMPHU3BECTH JI0 BIJIMOBH, TOMY JIONYCKA€ThCA BUSBICHHS OUIbIIE OMHIET
MTOMUJIKY IIPY BUKOHAHHI IPOrpaMu /10 BUHUKHEHHS! HACTYITHOI BIJIMOBH.

BBakaeThcs, 1110 IPOTATOM yChOro KuTTeBoro nukiy 113 moxe BigOytucs M

BIIMOB TH IIpU LIbOMY OyayTh BHsBIIEHI Bl N momwiiku, siki Oynu npucytHi B 113
70 MOYaTKy TE€CTyBaHHS. 3arajbHa KUIBKICTh BIIMOB M, IOB’s3aHa 3 MOYaTKOBOIO
KUTbKiCTIO MoMMIOK N, choiBBingHomeHHIM Ng=B-Mg, ne B — koediuieHT
3MEHIIEHHS KUIbKOCTI moMmiIoK. Ilicnst TecTyBaHHS, 3a 4ac SKOro 3aikcoBaHoO M
BIJIMOB Ta BUSBJICHO N MOMMJIOK, MOKHA BU3HAUUTH KoediieHT B: B = /n .

OnuH 3 OCHOBHHUX TMOKAa3HUKIB HAAIMHOCTI, 110 PO3PAaXOBYETHCA 32 MOACILIIO

Mycca — cepeaHiii HapoOITOK Ha BiAMOBY. llelf MOKa3HUK BH3HAYAETHCS SK
MaTeMaTUYHE CIOIIBaHHS YaCOBOT'O IHTEPBAIY MK MOCTIJOBHUMU BIIMOBaMHU.

11.4 CrarnuHi MoaeJi HagiliHOCTI

Cratu4Hi MOJel MPUHIIMIIOBO BIAPI3HAIOTHCS Bl AWHAMIYHHUX HacaMIiepe.l
TUM, 1110 B HUX HE BPaxXOBYETHCS 4Yac MOSBH MOMUJIOK B MPOLEC] TECTYBaHHS Ta HE
BUKOPHUCTOBYETHCS HISIKUX MPUITYIIEHb MPO MOBEAIHKY (GyHKIIT pusuky. Lli mozeni
OyAylOoTbCs Ha TBEPJIOMY CTAaTUUYHOMY (yHIaMEHTI.

11.4.1 Moaeans Mijica
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Buxopuctanus mnie€i moxeni mnepeadayae HEOOXIAHICTb MEped MOYaTKOM
TECTYBaHHA IITYYHO BHOCHUTH B MpOrpaMmy (3acMiuyBaTH) JIE€AKY KUIbKICTh B1IOMHX
noMuIoK. [IOMUIKM BHOCATHCS BUIMAJAKOBUM YUHOM Ta (PIKCYIOTHCS B MPOTOKOJI
IMITY9HUX MOMIIOK. DaxiBerp, M0 MPOBOJUTH TECTyBaHHS, HE 3HAE Hi KUIBKOCTI
NIOMHJIOK, Hi XapaKTepy BHECEHHWX IOMWJIOK JO MOMEHTY OIlIHKH ITOKa3HHKIB
HaJIHHOCTI 3a Mojeito Mimica. [lepenbadaeThes, MO BCl MOMIIIKK (SIK MPUPOIHI,
TaK ¥ IITYy4HO BHECEH1) MalOTh PIBHY WMOBIPHICTh OyTH 3HAWJICHHMMH B TIPOILIECI
TECTYBaHHSI.

Tectytoun mporpaMmy MpOTATOM JAESIKOTO 4Yacy, 30MpaeThCs CTAaTUCTHKA IPO
MOMHJIKA. Y MOMEHT OIIHKM HAAIMHOCTI MO MPOTOKONY IITyYHUX MOMMIIOK BCI
MOMUJIKK JIJISATHCA Ha BiacHl Ta mTy4yHi. CHIBBIIHOIIEHHS, IO HA3WBAETHCS
dbopmyrnoro Mimca:

S-n
N=— (11.21)
\Y
Ja€ MOXKJIHUBICTH OIIHUTA N — MOYaTKOBY KUTBKICTh MMOMHJIOK B IIpOrpaMi. Y JTaHOMY
CHIBBIAHOIIEHHI S — KUIBKICTh WITYYHO BHECEHHX IOMWJIOK, N — KUIbKICTb

3HAWJIEHUX BJIACHUX NOMUJIOK, V — KUIBKICTb BHUSBJICHUX JO MOMEHTY OIlIHKH
IITYYHUX TTOMUJIOK.

11.4.2 Mopeas Jlunosa

JIuniB moaudikyBaB Mojenb Misjica, po3rJIIHYBIIM HMOBIPHICTh BHUSBIICHHS

MOMIIKM TPU BUKOPUCTAHHI PI3HOT KIJIBKOCTI TECTiB. SIKIIO 3poOUTH Te XK

OPUMYLIEHHS, 10 ¥ Moaens Muica, TOOTO 110 BJIACHI Ta IITYy4YHI MOMMJIKH MalOTh

PiBHY UMOBIpHICTh OyTH 3HAWJEHUMHU, TO WUMOBIPHICTh BUSBJICHHS N BlacHUX Ta V
BHECEHUX MTOMIIOK JIOPIBHIOE:

N
v.NS
m-n— 1V

m (N+Sj
Q(nV)=—-—-q"".(1-q) v (11.22)
n+V

7Ie M — KUIbKICTb TECTIB, SKi BUKOPUCTOBYIOTHCS TP TECTYBaHHI,
(J — UMOBIPHICTh BHUSBJICHHS MOMUIKH B KO)KHOMY 3 M TECTIB, PO3PAXOBYETHCS 3a
dbopmyiioro:

g=" ;V | (11.23)

S —3aranpHa KUIBKICTh IITYYHO BHECEHUX IMOMUJIOK;
N — KUIBbKICTh BJIaCHUX MOMUJIOK, 110 Oyna B I13 1o moyaTky TecTyBaHHS.

JList BUKopucTaHHs Mojienl JIumoBa moBUHHI BUKOHYBATHUCS! HACTYITHI YMOBHU:
N>n>0

S>V >0 (11.24)

m>n+V >0
Mopgens JlumoBa momoBHIOE Monenb Mimica, OaBIIM MOKJIMBICTH OLIHUATH
HWMOBIPHICTH BUSIBJICHHS TIEBHOT KITLKOCTI TOMHUJIOK JI0 MOMEHTY OITIHKH.

11.4.3 TIpocra iHTyiTHUBHA MOJ€/Ib
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Buxopuctannus 1i€i moneni nependavae MPOBEACHHS TECTyBaHHS JBOMa
rpyrnaMu MporpamicTiB, 1[0 BUKOPHUCTOBYIOTh HE3AJIEKH]1 TECTOBI HAOOPH, HE3AJIEKHO
onHa BiA apyroi. B mporeci TecTyBaHHA KOXxHa rpyna (ikcye BCl HailieHI HEIO
noMuaku. IIpu OIIHIOBaHHI KIJBKOCTI TOMMJIOK, IO 3aJMIIMIKCSA B Iporpami,
pe3yJbTaTH TECTyBaHHS 000X Ipyn 30MparoThcs Ta MOPiBHIOIOTHhCS. Hexaill mepia
rpyna BusBuia N; momuiok, apyra — N,, a Ny, — 11e mOMWIKH, 110 BUSIBIICH] JBii

(o6oma rpymamu). Sxmo mo3HauuTH 4Yepe3 N HEBIIOMY KUIBKICTh MOMUJIOK, IO
MPUCYTHI B MpOTpaMi J0 MOYATKy TECTyBaHHS, TO MOKHA €(PEKTUBHICTh TECTYBaHHS
KOYKHOT 3 TPyN BU3HAUUTH SIK:
Ny N,
E,=—, E,=—=.
N N
BBaxarouu, 1o MOXJIHMBICTh BUSBICHHS MOMWJIOK OJHAKOBA JJIsi 000X TPy,
MOXHa TIPUITYCTUTH, M0 SAKIIO TIEpIIa Tpyrna BUSBWIA BU3HAYCHY KITBKICTh BCIX
MMOMUJIOK, TO BOHA MOTJIa OM BU3HAYHUTH Ty CaMy KIJTbKICTh OYIb-SKO1 BUITaIKOBHM

YUHOM BHOpaHO1 MIAMHOXXHHH. 30KpeMa, MOKHA IPUITYCTUTH

E, = & — h
N N,
Tomi
N = NNe (11.25)
N12

11.4.4 Mopeasr Heancona

Jana moJens npu po3paxyHkKy HaaiiHocTi [13 BpaxoBye MMOBIpHICTH BUOODY
BHU3HAYEHOTO TECTOBOI'O HAOOpY Il UEpProBOTO BUKOHAHHS IporpaMu. BBakaeThcs,
10 00JIacTh JaHWX, HEOOXITHUX JUIsi BUKOHAHHS TecTyBaHHs [13, moainserscs Ha K
B3a€MOBMKIIOUHHX Min oGmacteit Z;,i=1Kk. Hexaii P, — iimoBipHicTs TOro, 1m0
HaOlp ganux Z; Oyae BUOpaHUIl 1JI 4eproBOro BUKOHAHHS MporpaMu. SKio a0
MOMEHTY OLIHKM HaAilHOCTI Oyno BukoHaHO N; mporosiB mporpamu Ha Z; HaOopi
JaHUX Ta 3 HUX N; TMPOTOHIB 3aBepIIMJIMCA BIAMOBOI, TO HaaiHicTh [13

BU3HAYAETHCS 3T1AHO POPMYIIH:

k
R=1— Z%F’.- (11.26)
i=1"Vi

11.5 Emnipuyni moaeJi

Emnipuyni mooeni monsraroTh Ha aHaji3l HAKONMMYEHOi 1HQopMauii mpo
(GYHKIIOHYBaHHS paHille po3po0JeHUX MPOTrpaM.

Haiinpocrima emnipuyHa MoZeNib MOB’s3y€e KUIbKICTh MOMUIoK B 13 3 ioro
00’emoM. [lociigHi gaH1 MOKa3yOTh, 10 J0 MOYATKy CUCTEMHOIo TecTyBaHHs B 113
Ha koxHi 1000 omeparopiB mnpuxoautbcs npubauzHo 10 nomwmiok. PiBeHb
HafgiiiHoCTI 113 BBaXkaeThCs MPUUHATHUM IJIs1 MOYATKY €KCIUTyaTallii, SKII0 TOMY X
00’eMy omepaTopiB Oyze BiANOBIIATH OJHA TOMUJIKA.
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11.5.1 Mogeas ¢pipmu IBM
®ipma IBM BUKOpPHUCTOBYE eMMIpHUYHY MOJENb, SIKa OILIHIOE KUIBKICTb
MOMMJIOK B PI3HUX PEaKIisiX ONepariiHuX CUCTEM:
N =23My, +2M4, (11.27)

ne My — KuIbKicTh MOIYJIiB, 110 BUMarainu 10 Ta Oiiblie HeCIPaBHOCTEH;
M/ — KiTbKiCTh MOZYJIB, B IKUX BHsIBIIEHO MeHIIEe 10 MOMHIIOK.

BukopucToByeThCcsl TakoX emmipuuHa ¢GopMyna Uis OIHKUA CEpeIHbOTO
HapoOiTKy [13 Ha BiAMOBY:

V
T=« ﬁ : (11.28)
1€ o — KoediIlieHT, 110 JISKUTH B fiama3oni Big 100 mo 1000;
V,, —o00’eM nporpamu B olepaTropax;
N — kiibkicTe momMwiok B I3, mo omiHeH1 3rifHO OJHIE] 3 HABEIEHUX BUIIE
MOJEIIEH.

11.5.2 Moaeasn XoJicTena
O1iHIOE KUTBKICTh MOMUJIOK, 1110 3aJUIIMIIMCS B POTPaMi IMICIs 3aBEPIIECHHS ii
PO3POOKHU:
N = Knp 'Von ) |Og Z(hl + h2)1 (1129)

ne K, ,— Koe(ili€eHT IponopLiifHOCTI;
V,, — 4uCIO0 onepaTopiB B mporpami;
h, — xinbkicTs onepaniii B I13 ;

h, — xinbpKicTh onepaTopis B [13.

[lepeBaramu emMmipuuyHHUX MOJIeJIEH B TOMY, IO BOHM HE MAalOTh CKJIQJIHHUX
dbopmyn. Jlo HEHOJIKIB €MIIPUYHUX MOJENEH BIIHOCUTHCS TE, IO BOHU YK€
HaOMMKEHI Ta HE BIAOOpPaXaroTh JUMHAMIKK OOYMCIIOBAJBLHOTO MPOLECY MpH
eKCIUTyaTallii mporpam.

TakyuM YMHOM, HUHI Yy PO3NOPSKEHHI (axiBIIB € JOCTaTHS KUIbKICTh
EMITIPUYHUX Ta aHATITUYHUX MOJIEJIeH, 10 3a0€3MeUyIoTh 3 Ti€l0 a00 1HIIOK MiPOIO
TOYHOCTI PO3PaxyHOK YMCJIOBUX OIIIHOK IMOKa3HUKIB HaiiHOCcTI [I3 Ha pizHUX
CTaIsIX MOTO KUTTEBOTO ITUKITY.

Amnanizytoun moneni HaaiiHocTi [13, mpuxoaumMo 10 BUCHOBKY, IO OUIBIIICTD
3 HHMX BH3Hauae HaAiWHICT, [I3 Ha MNOYATKOBUX CTamisfAX JKUTTEBOTO IIHKIY.
3acTocyBaHHS PO3MVIIHYTUX MOJEJNEH JUIsl OLIHKK 3aBEPIIAIbHUX CTaliil JKUTTEBOTO
ukiy [13 oOmexxeHe 3 HaCTYITHUX PUYWH:

- Ha ¢azax BUpoOHMIITBa Ta Bukopuctanus [13 iHbopmarris mpo mporiec
HaJIaro/I)KCHHS, BUSIBJICHHS Ta YCYHEHHS IOMWIOK, SIK PABUJIO, HEIOCTYITHA;

- BiJIMOBH npu pURMalIbHO-3JaBaIbHUX BUNPOOYBAHHSIX
MaJIOIHTEHCUBHI 200 BIJICYTHI.

Tomy ayist Bu3HaueHHs HajiHOCTI [13 Ha BCiX cTagisix HOro >KUTTEBOTO ITUKITY
JOIIILHO 3aCTOCOBYBaTH, SK MIiHIMYM, 1Bl Mozeni HamidHocti [13. Mogens
HazgiitHocTi [13 st dhazu po3poOKku BUOMPAETHCS I KOKHOI KOHKPETHOI IPOrPaAMH.
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Jlna uporo Tpeba 310paTu AaHi MPO MOMMWIKH, Ha MIJACTaBl HAsIBHUX JaHUX BUOpaTu
MOJIENIb HAJIMHOCTI, a MOTIM BUKOHATH TECTH, IO TOKA3YIOTh, HACKUIBKH IISI MOJICITh
migxoauth. Jlns  Bu3HaueHHs HamiiHOocTi [I3  Ha  3aBepmianbHUX  CTAisfX
HaliepeKTUBHIIIE 3aCTOCOBYBATH MOJIENII HAJAIMHOCTI 3 HE3AJIC)KHHM apryMEHTOM,
HanpuKIaj, Moaens HenbcoHa.
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JIEKIIA 12

KOHTPOJIb APUOMETUYHUX ONEPAIIIA
TA KOMBIHAIIIMHUX CXEM

12.1. Kourpouan apudmMeTHYHUX onepanii

ApudmernyHi omeparlii Sk TPaBWIO MOXHA TMPEACTaBUTH Y BHUIJIAIL
MOCJIIIOBHOCTE HACTYIHUX €JIEeMEHTapHHUX OIepalliil: mepelaBaHHs CJIOBa Ta
oreparlii MepeTBOPEHHS BMICTY TPUTEPHUX PETICTPIB — 3CYB, 3HAXOKECHHS
3BOPOTHOTO KOJIy Ta JOJaBaHHSI.

Omnepartiss 3cyBy iH(pOpMaIli B pericTpi NpeAcTaBisie co000 mepeaady
1HpOpMaIlii 3 1-TUX PO3PSAIB PETICTPY B [ + M-HUIM a00 i — M-HUMN PO3PSAU 3AJICKHO
BiJl HAIIPSIMKY 3CYBY (1M — KUJIBKICTh PO3PSIIB, HA K1 BiIOyBa€eThCs 3CyB). Tomy auis
KOHTPOJIIO omepallii 3CyBy MOXHa BHUKOPHUCTOBYBATH Ti cami METOIM, W0 W Ui
KOHTPOJIIO Niepeaadi iHpopMallii, HapUKIIag KOHTPOJIb MAPHOCTI OJIUHUIIb.

Perictp, B skoMy BiAOyBa€ThbCsl 3CyB, Ma€ MaTH JIOJATKOBHHA KOHTPOJIBHUN
pO3psl, 110 BCTAHOBIIIOETHCSA MEpel 3CYBOM Yy TakMil cTaH, 100 CyMa OJMHMIIb
perictpa pa3oM 3 KOHTPOJIBHUM PO3psAaoM Oyia, Hanpukiaj, napHorw. OKpiM cxemu
BU3HAYEHHS 3arajibHOi MApHOCTI BMICTY pericTpa, HEOOXiJHI CXeMH, IO
BCTAHOBJIIOIOTh TApPHICTh PI3HULI MIDK YHCJIOM OJMHHUI, IO BHCYBalOThCA 3
pericTpa, Ta YUCJIOM OJMHUIb, IO 3aCyBAalOThCS B PEricTp. SKIIO y BUIbHI MiCHA
3CYBY pO3psau BcyBaeThes 0, TO TOCTAaTHBO MaTH CXeMY BH3HAYECHHS MApHOCTI CyMHU
OIMHUIIb PO3PAMIB, M0 BHUCYBaIOThCS. OFHOYACHO 13 3CYBOM BHUKOHYETHCS
KOHTPOJIbHA OIepallis, M0 TOJsAra€ y BHU3HAUYEHHI TOTO, UM CTaH KOHTPOJHHOTO
PO3psAY 3MIHIOETHCS HA IPOTUIICKHHUM MPU HEMAPHOCTI CYMU OJMHMIIb PO3PAIIB, 110
BUCYBarOThCS. TOal mpH MpaBUILHOMY BHUKOHAHHI 3CYyBY 3arajibHa MapHICTh CyMHU
OJIMHUIIb B PETICTPI1 MICJIsI 3CYBY HE 3MIHIOETHCS.

Omnepalliss OTpUMaHHS 3BOPOTHOIO KOy MOK€ OyTH TaKOXk MPOKOHTPOJIbOBaHA
[UIIXOM BUKOPHCTaHHS KOJMIB 13 TMEPEBIPKOK MApHOCTI. SIKIIO KITBKICTh
iH(MOpMAIIHHUX PO3PA/IIB B CJIOBI MapHa, TO KUIBKICTh OJMHUIIL B CJIOBI MapHa MpU
NapHiil KITBKOCTI HYJIB Ta HEMapHa NPH HEMapHIA KUIBKOCTI HYMIB. Y IbOMY
BUIAJKY TICIS YTBOPEHHS 3BOPOTHOTO KOAY MAapHICTh YWCIa OJWMHUIL B CIIOBI
30epiraeThCs Ta MPaBUIIbHICTH BUKOHAHHS OTEpallii MO’KHA BU3HAYUTH, MIEPEBIPUBIIN
30€peKeHHST TapHOCTI ab0 HEMapHOCTI CyMU OJMHHUIL B CJIOBl, BKJIIOYAIOUYH
KOHTPOJIHUN PO3PS.

Ao KUIbKICTh 1HQOpPMaUIMHUX pO3PAIIB B CIOBI HENapHa, TO MAapHIN
KUIBKOCTI OJMHMIIb B CJIOBI BIAMNOBIAA€ HEMapHa KUIBKICTh HYNIB, a HENapHIi
KUIBKOCT1 OAMHUIL — MapHa KUIbKICTh HYJIB. Y IIbOMY BUIAJKY MICIs YTBOPEHHS
3BOPOTHOTO KOJIy MAapHICTh KUIBKOCTI OJMHHWIIL 3MIHUTHCA Ha 3BOPOTHY Ta JIs
MePEBIPKY MPABUILHOCTI BUKOHAHHS OIeparlii HeOOXiJHO B3ATH 3BOPOTHIM KOJ Bif
BMICTY KOHTPOJILHOTO PO3PSAY Ta MEepPEeBIpUTH 30epeKeHHs TapHOCTI a00 HEMapPHOCTI
CYMH OJIMHHUIIb B CJIOBI 3 BpaXyBaHHSIM 1HBEPTOBAHOI'O KOHTPOJILHOTO PO3psija.

Po3rissHeMO MeToJ KOHTPOJIIO Olepallii J0JaBaHHS, BUKOPUCTOBYIOYH METOJ
MapHOCTI.
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[Tpu nomaBanui uncen a Ta b po3psau cymMu S YTBOPIOIOTHCS BIAMOBIIHO 0
BHpa3iB:

S;=a, b, B PR
S5, =a, Db, PP,

ne S;,a;, b;, P; - BIANOBIIHO 3HAYEHHS PO3PSAIB CYyMH, I0JaHKIB Ta MIEPEHECEHHs, 110
HAJXOJIUTh B 1-TUH PO3PS/IL.
Jonamo BC1 n HaBEICHUX BUIIE PIBHAHB 32 MOJIYJIEM 2, OTPUMAEMO:

S, DS, Db..6S,=(a,Pa,d..Ba,) Db, Db, D ..Eb,) D
HP,PBPH..BP).

OcCKUJIBKM Cyma 3a MOJYJIEM JiBa JUIsl BCIX PO3PSIIIB CIOBA BUPAXa€ MapHICTh

CYMH OJIMHHUIIb CJIOBA, OCTAaHHE PIBHSHHS MOKHA NEPENNCATH Y BUTIISAL:
NapHICTh § = napHicTh a ) napHicts b B napHicts P. (12.1)
Takum 4MHOM, MpU MPABWIBHO YTBOPEHIN CyMi MapHICTh CyMi il OJIMHUIIL MAE
CHIBIIAJIaTH 3 TAPHICTIO, IO BU3HA4YaeThcs piBHAHHAM (12.1). Ane, sik roBopuiocs
BUIIE, KOHTPOJIb 1O MAPHOCTI HE 3HAXOUTh MAPHY KUIBKICTh MOMUJIOK. 301i1 B cxeMi
YTBOPEHHS LIU(PPU PO3psly CYMH Ja€ OAMHOUYHY IOMUIIKY, Ta BOHA Oy/i€ BUSBIEHOIO.
ko 3014 BIAOyAeThCS B cXeMl (POpMyBaHHS MEPEHECEHHS, TO BiJ MOXKE MPU3BECTH
710 TIOIIMPEHHSI IIOMUJIKU TI0 0aratboX po3psAaax cCyMu. Y 3B’sI3Ky 3 UM JUIS IOBHOTH
KOHTPOJIIO HEOOXIJTHO TEPEBIPATA NMPABUIBHICTh YTBOPEHHs nepeHeceHb P;. Takwii

KOHTPOJIb MOKE OyTU OpraHi3OBaHUM 3a JIONMOMOTOI0 CXEMH, SiKa MEpeBipsi€, IO B
KO)KHOMY pO3psijii icCHye a0o TMEepeHeCeHHs B MpsMOMYy KoJi, abo iHBepcis
MIEPEHECEHHs Ta HE ICHY€ OJTHOYACHO U Te i 1HIIIE.

[Hmmit  cmoci®0 KOHTpoJil0 TonArae B JayOnmoBaHHI cxeMm (OpMYBaHHS
NepeHeCceHb Ta MOPIBHAHHI MIEPEHECEHb OCHOBHOI Ta TyOJIIOI0YO0i CXEM.

CrpoiieHa cxeMa KOHTPOJIIO cymMaTopa HaBeleHa Ha pucyHky 12.1. O6unsa
JIOJIaHKW HAJIXONIATh Ha cxemHu GopMyBaHHA nepeHeceHb. ChopMoBaHi nmepeHeceHHs
NEPEeBIPSAIOTHCS HA CIIBIAAaHHS 3a JOTIOMOTOI0 CXEMH, 1110 MoAI0HA 10 pucyHKY 12.2.
JlJist mepeHeceHb Ta OKpeMO it CyMU (OPMYIOTHCS KOHTPOJIBHI PO3PSIIA MAPHOCTI.
[TotiM cxema mepeBipkH MapHOCTI MepeBipsie BUKOHAHHS ymMoBH (12.1).

KoHTponb BUKOHaHHS apu(METUYHUX onepaiiil (qoraBaHHs, BiIHIMAHHSA,
MHO’KE€HHSI) MOKHa 3JIIMCHIOBaTH 3a JIOMOMOIOK KOHTPOJIbHUX KOJIB, IO €
3aJIMIIKaMU B JUICHHS HA ACSIKUI MOTyJb R (KOHTPOJIb 32 MOIyJIeM R).

SIKII0 B SIKOCTI KOMAY, IO KOHTPOJIOETHCS, BUKOPUCTOBYETHCS 3IUIIOK IO
MOay 0 R, TO B IKOCTI KOHTPOJILHOT onepallii Ha/l 3aJIMIIKaMH1 MOXe OyTh oOpaHa Ta

caMa apudmeTHyHa omeparlis, 10 MPOBOAUTHCS Haa ynciamu. Lle BumauBae 3 Toro,
IO U1 JOJaBaHHS, BIIHIMAHHS Ta MHOKEHHS J1MCHE CITIBB1AHOIICHHS:

R(A=*B) = R[R(A) * R(B)],
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ne R(X) — sammmok umcna X 3a momynem R, * - 3Hak apudmerndHoi omeparii
JOaBaHHsA, BIIHIMAHHS a00 MHOKEHHS.

/]\ ITomunka
CxeMa KOHTpOJIA Ha
CIIiBITa/IaHHS
Cxema I popmyBaHHS Cxema IT popmyBamHs
IIEPEHECEHD HEPECHECCHD
JlonaHku
Cxema GopMyBaHHS CyMU
v Cxema
Cxema (opmyBaHHS BH3HAYCHES
. MapHOCTI CyMHU nMapHoCTi
[TapHicTh
. v HIepeHeCEHb
JO0JJaHKIB :
Cxema nepeBipku |
HapHOCTI ITapHicTb
\l/ oMK HIEpEHECEHD

Pucynox 12.1. Cxema KOHTpOJIIO onepallii 10AaBaHHs
3 BUKOPHCTAHHM MEPEBIPOK HA MAPHICTh

KoHuTponps apudmernuHux omepariiii 3a MOAYJEM OPraHi3ye€TbCsl HACTYIHUM
yruHOM. K0’XKHOMY 4HCIIO0, 1110 TpUiiMae yyacTh B apu(PMETHUHIN onepaniii, CTaBUThCA
Yy BIJMOBIJIHICTh KOHTPOJBHHUM KOJ — 3aiuiiok 3a moayiaemM R. OpHouacHo 3

BUKOHAHHSIM OCHOBHOI OIepallli HaJl YMCIaMu Ta caMa orepalisi MPOBOJAUTHCS HaJ iX
KOHTPOJIbHUMHU KOJaMH, Ta KOHTPOJBHUM KOJ pe3yjibTaTy OCHOBHOI omeparii
HOPIBHIOETHCSA 3 Pe3yJbTaTOM oOmepalii Haj KOHTPOJbHHUMHU KOJaMH MOYaTKOBHX
yucen. [Ipu HecniBnaainHi PIKCYETHCS TOMUIIKA.

Yum meHme R, THM MeHIE PO3PSIHICTh KOHTPOJBHOIO KOAY Ta IMpPOCTILIE

JI0JIaTKOBa arapatypa. s IBIKOBUX YMCes KOHTPOJIb 32 MOAYJIEM MOKJIMBUN TIPH
R,.;, = 3, ToMy B [IK 4yacTO BUKOPUCTOBYIOTh KOHTPOJIb 32 MOJIyJIEM 3.

Ha pucynky 12.3 300pakeHa CTpyKTypHa cXema cyMaropa 3 KOHTPOJIEM 3a
MoayieMm 3. 3ayBaXMMO, IO KOHTPOJIbHHI CyMaTOp 3HAYHO MPOCTIIIE OCHOBHOTO,
OCKUIbKM MICTUTh TUIBKA JBa JBIMKOBUX po3psaau. [lpu peanizaiii KOHTPOJIO
BaXKJIMBE 3HAUEHHS Mae€ MoOynoBa cxeM (OpMYBaHHS 3aJUIIKIB MPU MIHIMAIbHHUX
3arparax oOnaaHaHHsA. OYEeBUAHO, IO 3HAXOJKEHHS 3AJMILKY LUISIXOM MPSAMOIO
TJICHHS ABIMHKOBOTO YHCA HAa 3 — NUIAX HENPUUHATHUHN. AJie KOJIyBaHHS 32 MOJIYJIEM
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3 BOJIOJI€ BIACTHUBOCTSAMM, IO JIO3BOJSIOTH OyayBaTH JOCTaTHHO MPOCTI
KOMOIHaIIiiHI cxeMHu (OpMyBaHHS 3AJIMIIKY 32 MOJTYyJEM 3.

A - A+B Cxema
B OcHoBHUI
. dbopMyBaHHS
. CyMarTop
3ITUTITKY
Cxema - R(4+B)
R(B) KonTposbHuii
>| hopMyBaHHS
3aJIMIIKY CyMatop T4 Curnan
cxeMa Cxema MOMMITKU
popmyBanHs HIOpiBHAHHS
Cxema R(A) SJIMIIKY
>| hopmyBaHHS > R[R(A) + R(B)]

3AIULIKY

Pucynox 12.2. KoHTpoib BUKOHAaHHA apu(PMETHUHUX OTepalini
3a JIOTIOMOT'0I0 KOHTPOJIbHUX KO1B

Moske OyTu 3aCTOCOBaHMI KOHTPOJIb 32 MOJIYJIEM 3 OUIBIIOI0 OCHOBOIO, HIXK 3.
[Ipu 1150My 30UIBIITYETHCS KUTBKICTh KPATHUX IMOMUJIOK, SIKI MOXYTh OyTH BUSBIICHI
CUCTEMOIO KOHTPOJIIO, ajI€ 3pOCTa€ CKIAIHICTh KOAYIOUOi Ta JEKOAYI0UOi anapaTypHu.

VY Oynp-sKOMy BHUIIQJKy aBTOMAaTHYHHM KOHTpOJb omeparliii B cydacHux [IK
3IMCHIOETHCS BOYZIOBaHOI amapaTryporo, HalJacTilie, nepe0ayeHor0 B apXiTeKTypi
IHTErpallbHUX CXEM, TOMY BIH B MPOIECI €KCIUTyaTallli MPaKTUYHO HETIOMITHHM.
CyuacHa enmeMeHTHa 0a3a JOCUTBH HaJliiiHa, TOMY IS 3arajbHUX J0JIaTKIB HAaJIMIpHE
YCKJIAIHEHHS anapaTypy HeJOIIILHO.

12.2. KoHTpO/Ib KOMOIHALIMHUX CXeM

AmapatHi 3aco0u KOHTPOJIIO CTBOPIOIOThCA BBelneHHsAM B IIK momatkoBoro
KOHTPOJILHOTO OOJaJHaHHS, IO J03BOJIIE TIPOBOIUTH IEPEBIPKY MPABHUIBHOCTI
po6otu I1K 6e3 3umxeHHs nmpoayktuBHOCTI [1K.

12.2.1. lyOaroBaHHst

Memoo o0ybnosanua xomOiHaiiaux cxeM (KC) 3BoauThes A0 3aMiHH OJHOI
KC, sxa migmsrae koHTposito, nBoMa onHakoBumu KC, BUXOM SKHX y Tpoleci
¢ynkiionyBanHs KC moCTIHHO MOPIBHIOIOTHCA 3a JOTMIOMOTOO0 CIEIIaIbHOI CXEMH,
AKa HA3UBAETbCS CXeMol HOopieHAHHA. JIyONIOBaHHS HE BpaxoBY€ BHYTPIIIHIO
ctpyktypy KC Ta MoOXe 3acTOCOBYBaTHCS JUIsl  KOHTPOJIO  OYIb-SIKUX
00UYHCITIOBAILHUX TPUCTPOIB. 3a JOMOMOro0 JAyOJIFOBaHHS 3HAXOMSITHCS MOMUIIKH
OyIb-5IKOi KpaTHOCTI, SIKi BUHMKAIOTh Y BEKTOpP1 BUXOMAIB OJHOTO 13 MPHUCTPOIB, IO
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OyONIOIOTHCS, a TAKOXK yCl MOMMJIKH, SKI BUHMKAIOTh Ha BUXOJAX JBOX MPUCTPOIB
OJIHOYACHO, IO MPU3BOJATH O MOSBU HEOJHAKOBUX BEKTOPIB BUXOJIB MPUCTPOIB,
0 AyOJIIOIOThCS. AHATITUUHO TyOJIIOBaHHS 3BOAMTHCS 1O BUKOPUCTAHHA MJis
koHTpoJr0 KC K0/iB 3 MOBTOPEHHSM, MOPOIKYIOYa MATPULIS SIKUX Ma€ BUTJIST

aiap ...ak Py P2... Pk

10..0 10...0

1e &, ay,...,8, — BUXOJH MEPILIOro 13 MPUCTPOIB, & Py, Py,..., Py — BUXOAH IPYroro
13 mpucTpoiB. BilmoBiAHO 10 CTPYKTypH MOpOmKyrouoi matpuili G piBHSHHS, IO
BHU3HAUAE CTPYKTYpPY ACKOIYBaHHsS, TOOTO CTPYKTYypy CXE€MH TMOPIBHSHHS, MOXYTb
OyTH MOJIaH1 Y BUTJISIII

a @ p =5,
a, @ py =S5y;
ak @ pk :Sk'

3 ypaxyBaHHSM TOTO, IO IMOMWJIKA MAa€ MICIC TUIBKH 32 YMOBH TMOSIBU
HEHYJIBOBOTO BeKTOpa CHHAPOMY S =(S1,S,,...,8, )#00...0, dyHKIis AeKoxyBaHHS
k
MoOke OyTH 3alMcaHa piBHAHHIM

fy =(a ®p)v(a ®py)v...v(a @ py).

Ilpuknao 12.1. Po3rassHeMo 3acTocyBaHHSI AyOJIOBAHHS Ha MPHUKIAaAl JEAKOL
KC A, sxuit mae Tpu Buxigaux kaHaimu. Ockiapku KC, o KOHTPOIOETHCS, Ma€ TPH
BUXIJTHUX KaHaIW, TO MOPOKYIHOua MAaTpHUIl KOAY 3 MOBTOPEHHSM MOXe OyTH
nojaHa y BUTJISII

a1 az a3 P1 P2 P3
100100
G=|01001 0},
001001

ne ay, a,,a; — Buxoau noyatkosoi KC A, a py, p,, p3 — Buxoan KC A’ sika xy6moe

NIOYATKOBY KC. OyHKIIs JEKOTyBaHHS f Mae BUTJIS]

g
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(a, ® pl)v (a, ®p,)v(ag ® p3), a 3arainbHa cxema KC 3 koHTposieM 300paxeHa Ha

pucyHky 12.3.
Jo HemomikiB  AyOdOBaHHS  CIIJI  BIAHECTH  BEJIUKY  CTPYKTYpPHY
Ha/JTUIIKOBICTh, SIKa BUMArae MoABOEHHS 00JIaTHaHHS.

CxeMa nopiBHSIHHSA

Tl ay as P Py P3

A A

Pucynok 12.3. KC 3 koHTposiemM MeTo10M TyOIrOBaHHS

12.2.2. Ma:kopuTapHuii MeTOJ

Maoicopumapnuii memoO Ja€ 3MOTY TE€HEpyBaTU NpPaBUIbHUN BUXIJIHHMA
CUTHaJ 3a HAasBHOCTI HECIPABHOCTEW Y TMPUCTPOSAX, IO KOHTPOJIIOIOTHCH, Ta
BU3HAYaTH MICLE iX MOSBM 3 TOYHICTIO JO BKAa31BKM HOMEpPIB HENPaBUIBHO
OpaLOYoro eneMenra. MaxoputapHuil meroa motpelye Juisl CBO€i oprasizauii
BUKOPUCTAHHS HEMAapHOi KUIBKOCTI TMPHUCTPOiIB, SAKI MPALIOIOTh IapayeiabHO.
OTpuMaHHS  NPaBWJIBHOTO  BUXIHOTO  CUTHANy  INPUCTPOIO  3JIHCHIOETHCS
MaXOpPUTAPHUM  METOJOM (32  MPUHIMIIOM  OUIBIIOCTI) 3a  JOMOMOTOIO
Ma)XOPUTAPHOTO ejieMeHTa. J[Js BU3HAYEHHS HOMEpPIB HENPaBWJIBHO MPALFOI0YNX
MPUCTPOIB HEOOXIIHO JOJATKOBO MAaTW CIHEUIAJIbHUKA €JIEeMEHT aHamizy. Y
HaWIPOCTIIIOMY BUIAJKY Ma)KOPUTAPHUN METO] BUMArae MoTPOEHHS MPUCTPOIO, 110
KOHTPOJIIOETHCS, Ta JA€ 3MOTYy KOPEKTYyBaTH MOMUJIKH OYJb-SKOi KpaTHOCTI, SKi
BUHUKAIOTh HAa BUXO/I1 OJHOTO 13 MPUCTPOIB, IO KOHTPOJIFOETHCS.

Ilpuxnao 12.2. CxeMy MaxepeTapHOTO KOHTPOJIIO (JJi1 BUMAAKIB MOTPOEHHS
MOYaTKOBOT'O MPUCTPOI0 A; 3 OAHMM BHMXOJOM) 300pakeHO Ha pUCYHKY 12.4, ne

A,,A; — mpucTpoOi, K1 NOBHICTIO aHAJIOTI4YHI A;; &;,8,,83 — BUXOJU IPUCTPOIB
A, Ay, Ay BIATIOBIHO; @, 5,013 — BUXOAHM elIeMeHTa aHamizy; f — Buxinm mpuctporo.
VY po3riasHyTOMY NPUKIAAl MAKOPUTAPHUHN €JIEMEHT MOYKe OyTH ITOBHICTIO OITMCAHHMA
TaOIMIICI0 1ICTUHHOCTI OyneBoi (yHkimii (Tabmuis 12.1), BUXoasa4u 3 yMOBU HOTO
¢yakmionyBanus: f =1, gkmo Ha OUIBIIOCTI BHUXOMIB TPHUCYTHI OJWHHMIIN, Ta
HaBmakyd. BigmoBimHO a0 mojgaHoi TaOiuil icTuHHOCTI GyHKIiA f aHamTHYHO
3anucyeThbes BUpazoM f =a,a; + aa3 + 4a,.

DyHKIIOHYBaHHS €JIEMEHTa aHaji3y MOXe OyTH ONMMCaHe HACTYIHUM YHMHOM.
Hexaii ; =1, i € {1,2,3}, AKIIO pUCTpid A, mpaioe HeBipHO. Tol GyHKIIIOHYBaHHS
eJIeMeHTa aHali3y Moke OyTH TMOJaHO TaOnuIer iCTUHHOCTI (Tabmuims 12.1) ta
AHATITUYHO OMKCAHO PIBHIHHIMU
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0(1 = §1a28.3 + alazg3,
0[2 == 518.253 + 81§2a3,
053 = 51528.3 + a1a2§3.

R PR P

MaxopurapHuit ElleMeHT
€JIEMEHT
[
Cl) as as
A Ay Ag

Pucynok 12.4. KC 3 KoHTpoJIeM MaKOPUTAPHUM METOIOM

Tabmums 12.1. TaGauis iICTHHHOCTI 10 TIpUKiIaxy 12.2
a, as f

PRPPPOOOO®
PP OORRLROO
PORORORO
PR PROROOO
cocorrooolf
coroorooll
oroocoor ol

Jlo HEIoNIKIB OMUCAHOTO METOAY KOHTPOJIO CJiJ BIJHECTH BEJIUKY
CTPYKTYPHY HAIJTUIIKOBICTh, SIKa TMOB’s3aHa 13 HEOOXiMHICTIO BUKOpHCTaHHS K >3
OJHAKOBUX IIPUCTPOIB.

BBenenns ngomaTkoBux amapaTHUX 3aco0iB 301mbinye Bapticth 1K, a Takox
NPy HEBUIIPABJAHOMY BHKOPHUCTAHHI MOXE MPHUBECTH A0 3HIDKCHHS HAMINMHOCTI
dynkiionyBanHs. L{e imocTpye rpadik, mpeacTaBieHnii Ha pucyHky 12.5.
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Haniiigicte

A

T
KinbkicTs By3iiB (0J10KIB)

Pucynox 12.5. 3anexxHicTh HAAIMHOCTI MPUCTPOIO
Bl HOTO CKJTATHOCTI
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JIEKIIIS 13
JIATHOCTYBAHHSL. 3AT'AJIBHI IIOHATTSA
13.1. OcHOBHI OHATTS AiarHOCTYBAHHS

[Iporiec ~ BHM3HAUEHHA  TEXHIYHOIO  cTaHy  O0’€KTa  Ha3MBA€THCA
diacnocmyseanusm. Pe3ynbTar HiarHOCTYBaHHS, TOOTO 3aKJIIOYEHHS MPO TEXHIUHUM
cTaH 00’ €KTa, HA3UBAETLCS OIACHO30M.

Y 3araibHOMY BHUMAJKY PO3PI3HSAIOTH TPHU THUIH 33/a4 MO BU3HAYCHHIO CTaHY
TEXHIYHOTO 00’e€KkTa.  3adaua Oiaeno3y — 1€ BU3HAYCHHS CTaHy, B SKOMY
3HAaXOJIUTHCS 00 €KT B MOTOYHUN MOMEHT yacy. BoHa BUHHKaE Tpu BUPILICHH] 33124
PO TMpare3JaTHICTh Ta CIPaBHICTh 00 €KTIB, MOIIYK B HUX HECHPABHOCTEH, MpH
MepeBipil MPUCTPOIB Michs iX BHUTOTOBICHHS. 3adaua npoecHo3y TIONATAE Y
nependavyeHHl CTaHy, B SIKOMY BUSABHUTHCS TEXHIYHUN OO’€KT B JEAKHN HACTYIHHUN
MOMEHT 4acy. [Ipu npoMy BU3HAYAE€THCS MEPIOAUYHICTh TPO(PUIAKTUYHHUX MEPEBIPOK
Ta PEMOHTIB 3 METOI0 NependaueHHsl Ta HEJOIMYIIEHHS BUXOIYy MPHUCTPOIB 3 Jafy.
3amaya cenezucy MOJSAra€ y BU3HAUYCHHI CTaHy, B SIKOMY 3HAXOJMBCS TEXHIYHHUN
00’€KT paHiie.

[Tpu niarHOCTYyBaHHI pPO3B’SA3YIOThCA 3aJayl TOYHOTO BU3HAYEHHS CTaHy, B
SAKOMY 3HaXOJUThCSl CHCTEMa, a00 BCTAHOBIIOETHCS MHOXXMHA CTaHIB, B OJHOMY 3
AKMX BOHa 3HaxoauThes. lle BHU3HAYaeThC TUM, fKa 3aJada CTaBUTHCSA MPH
JOCIIKEHH1 00’ €KTY AiarHo3y. Po3pi3HAIOT I’ ATk 3a]1a4 11arHOCTYBaHHS.

[lepma 3amada JiarHOCTYBaHHS — nepegipka CnpasHocmi, TPU  SKIH
BUPIIIYETHCS 3a]]a4a BUSIBJICHHS B 00 €KT1 Oyb-KO1 HECTPABHOCTI, 10 MEPEBOAUTH
O/l 3 MHOXXMHHU CHpPaBHUX CTaHIB B MHOKHHY HECIpaBHUX cTaHiB. J[pyra 3agauda
TIarHOCTYBaHHS — Hepesipka npaye30amuocmi, TPHU SKIH PO3B’SI3y€ThCS MUTAHHS
BUSBIICHHS TUX HECHpaBHOCTEH, siki mepeBoadarh O]l 3 MHOXHHM Tpare3JaTHUuX
CUCTEM B MHOXHHY CHUCTeM, 0 BiamoBwiu. [limuac mepeBipku mpaie3gaTHOCTI
MO’KHA 3aJIMILIATH HEBHUSIBICHUMHU HECHPABHOCTI, L0 HE 3aBaXKalOTh 3aCTOCYBAaHHIO
CUCTEeMM 3a Npu3HaueHHsAM. Hampukian, mpu HasBHOCTI pe3epBYBaHHS cHUCTEMa
MoOke OyTH mIpalie3/iaTHa, He JMBISYNCH HA HAABHICTh HECIIPABHOCTEH B PE3EPBHUX
esieMeHTax. ToMy L 3a7jaua € MEHII JeTalbHOI0, HIXK MepeBipKa HECIIPaBHOCTEH, Ta
Moke OyTu BupilieHa TMpocTimuMu MeTtojgamu. [lepeBipka mpaie3gaTHOCTI
3IIMCHIOETHCS MPU BKIIFOYEHH1 00’ €KTY B poOOTY 200 npu MpoUIaKTHUYHUX OTJISIIAX,
a TaKOXX KOJIM € OOMEXEHHS Ha Yac, 10 BIABEACHUHN IJIs IEPEBIPKU MPUCTPOIO.

Tpetst 3amaua q1arHOCTYBAHHS — NEpPesipKa NpasUIbHOCMI (DYHKYIOHYBAHHA —
po3B’s3yeThes miguac poootu Ol. Ilpu oMy TOCTaTHBO CIIIIKYBATH 3a TUM, 1100 B
00’€KT1 HEe 3’SBISJIMCS HECHPABHOCTI, IIO0 MOPYIIYIOTh HOTO poOOTYy B MOTOYHUN
MOMEHT 4acy, Ta BHUKIIOYUTH HEAOMYCTUMHUU M1 HOPMaJbHOI pOOOTH BILTUB
HecnpaBHOcTel. [lepeBipka mpaBUIBLHOCTI (PYHKI[IOHYBAHHS JI03BOJISIE POOUTH
BHCHOBOK TIPO MPaBWIBbHICTH poO0TH OJ] TUIbKK B JaHWW MOMEHT 4acy Ta B JaHOMY
pexuMi poOOTH.

UeTBepTa 3ama4a M1arHOCTYBAHHS — NMOWYK HecnpasHocmeti (Ne(exTiB), mpu
SKOMY PO3B’S3y€ThCs TPOOIeMa TOYHOTO BKa3aHHs B 00’ €KTI HECITPABHOTO €JIeMEHTa

115



ab0 MHOXXMHU €JIEMEHTIB, Cepe/ SKHX 3HAXOJUThCS HeclpaBHUM enemeHT. [lomryk
neeKTiB MOXKe 31MCHIOBATUCS B HECIIPAaBHUX, HEMpPAILIE3aTHUX Ta B HEMPABUIBHO
(YHKIIIOHYIOUMX MPUCTPOSX MiAYac HANAIKU MPU BUPOOHHUITBI Ta MiT4ac PEMOHTY
npu eKcIutyaTalii Ta 30epiranHi. Pe3yiapTaToM mpolecy MOIIyKy HECHpaBHOCTEH €
PO30UTTS. MHOKMHU HECIpPaBHUX CTaHIB a00 MHOXKMHM HETpale3JaTHUX CTaHIB Ha
KJIaCH ©KBIBAJCHTHHUX CTaHIB, a TaKOX BIAMOBIAHI iM HecnpaBHocTi. [lix
eKBIBANICHMHUMU HECNPABHOCMAMU PO3YMIIOTh TaKl HECIPABHOCTI, sIKI HE MOXKHA
BIIPI3HUTH OJHY BiJ 1HIIOI NpU BUOpPAHOMY CIOCOO1 JiarHOCTYBaHHS, IO
BUKOPHUCTOBYETHCS JIJIs1 JOCIKEHHS. [Ipy 1IbOMY BHUpPIIIYETHCS TUTAHHS — B IKOMY 3
KJaciB ekBiBajeHTHOCTI 3HaxoauThcss OJ]. KinmpkicTh KkiaciB BH3HAYae Ty MIpy
JeTanizallii, SKa JoCAracThca NPU HOMIYKY HECIPABHOCTEH. [1 HAa3MBAIOTH 21ubuUHO0I0
diazcno3y (TOIIYKY).

[T’sita 3amaua giarHOCTYBaHHS — npocHosysanns cmawny OJl, 1ia po3B’si3aHHA
AKOI BHBYAETHCSA XapaKTep 3MIHM JIarHOCTHYHUX TMapaMeTpiB Ta Ha OCHOBI
TEHJCHIIIH, 1m0 chopMyBanucs, nepeadadaroThCsl 3HAUCHHS MMapaMeTpiB y HACTYIIHI
MOMEHTH Yacy.

OO6'exTH J1arHo3y MOJUISIOTH Ha JABa Kiacu. Henepepéni (aHajaorosi) 00'€KTH
MaloTh Taki BX1/IH1, BHYTPIIIHI Ta BUX1JHI CUTHAIIU, K1 MOXYTh IPUIMaTH 3HAYEHHS
3 JIeAKMX HENEpPepBHUX MHOXMH, a 4Yac, B SKOMY Ja€ThCs OMNHC OO0’ €KTa,
BIJIpaXOBYETHCSI HEMEPEPBHO. /J[uckpemui 00'€KTH MalOTh TaKi CUTHAIW, 3HAUYCHHS
AKUX 3a/1al0ThCS HAa KOHKPETHUX MHOXXHMHAX, a 4Yac BIIPaXOBYEThCS JHUCKPETHO.
MosxiBi Taki T1OpUJIHI CUCTEMH, B SIKMX OJIHI CUTHAJIM € HENEepepBHi, a 1HIN —
JUCKPETHI.

OxpiM TOro, 00'€eKTH J1arHO3y MOAUIAIOTh Ha KOMOIHALIWHI Ta MOCIAOBHI.
Kombinayiuni, abo o0'ekTn 0€3 mam’4Ti, XapaKTEPU3YIOThCS B3a€EMOOJIHO3HAUYHUMU
3aJICKHOCTSIMH MDK BXIJHUMM Ta BUXIJTHUMH CHTHaJIaMM. [locnioosnui, abo 00'€KTH 3
nam’sITTIO, MalOTh BUX1JIHI CUTHAJIM, 3HAUYCHHS SKUX 3QJIeKaTh HE TUIbKHU BiJ 3HAYCHBb
BXI1JTHUX CUTHAJIB, ajie i BiJ yacy.

[Tpoec niarHOCTYBAaHHS CKJIAQIA€ThCSl 3 TMEBHUX YACTUH (eleMeHmAapHux
nepesipok), KOKHa 3 SIKHUX XapaKTepU3yeThbCsl TECTOBUM a00 pOOOYMM BILUIMUBOM, IO
MOJA€ThCS HA TPUCTPIM, 1 3HIMAIOTBCS 3 TPHUCTPOIO BiANOBLAI0. OnepikyBaHe
3HAUCHHS BIJANOBIJI (3HAYEHHS CHUTHAJIIB y KOHTPOJIbBHUX TOYKAaX) HA3WBAETHCS
DPe3VIbmamom e1emMeHmapHol nepesipKu.

Ob'ekmom enemenmapnoi nepegipku Ha3BEMO Ty 4YacTHUHY amapaTypu
J1arHOCTOBAHO MPHUCTPOIO, Ha TIEPEBIPKY SIKOTO PO3PAXOBAHO TECTOBUI ab0 poOouunii
BIUIMB €JIEMEHTapHOT MEPEBIPKHU.

CyKynHICTh €leMEHTapHUX MEePEBIPOK, X MOCHIIOBHICTh Ta paBUiIa 00poOKU
pE3yNbTaTiB BUSHAUAIOT AICOPUMM OideHOCY8AHHSL.

AJTOpPUTM JiarHOCTYBaHHS HA3MBAETHCA Oe3YMOGHUM, SKIIO BiH 3a/a€ OTHY
(ikcoBaHy MOCIIIOBHICTh peaiizallii eIeMEHTapHUX MEePEBIPOK.

AJITOPUTM J1arHOCTYBaHHS HA3UBAETHCS YMOGHUM, SKIIO BIH 3a/Ja€ KUIbKa
PI3HUX TIOCIIIIOBHOCTEH peati3allii eJIeMEeHTapHUX IIEPEBIPOK.

Jlis onucy aiaroputMy JiarHOCTyBaHHS HEOOX1IHO MaTH (POpMabHUN OMHC
00’ekTy Ta HOro MOBEAIHKY B CIpPaBHOMY Ta HECHPaBHOMY cTaHl. Takuid
dbopManbHUl OMHWC HA3UBAIOTh MAMEMAMUYHO MOOewlo 00 ’€kmy OideHO3).
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Po3pi3HsoTh MOZENi 3 SIBHUM Ta HESIBHUM OINKUCOM HECHpaBHOCTEW. Aena moldens
00’€KTy [1arHO3y CKJIQJAa€TbCi 3 OINUCYy MOro CHpaBHOI Ta BCIX HECHPaBHHUX
moaudikamii. Hesgna Mojenb MICTUTh OMKC CIPAaBHOTO 00’€KTa, MaTeMaTH4HI
Mozeni #oro (Qi3WYHMX HECHPaBHOCTEH Ta TpaBWia OTPUMAHHS 33 HHUMH BCiX
HeclnpaBHUX Mojudikariii 06’ ekta. Bubip Mojaen € BaXXJIMBUM €JIEMEHTOM IIPOIIECy
oprasi3ailii mporeaypH iarHosy.

Jlis HemepepBHUX CHCTEM BHUKOPUCTOBYIOTHCS MOJETl y BHIVISIAI TpadiB
MPUYMHHO-HACTIAKOBUX 3B’S3KIB a00 JiarpaM IPOXO)KEHHS CHUTHAJIB, B TaKOX
TOMOJIOTIYH1 Mojenl. I MTUCKPETHUX CHUCTEM 3aCTOCOBYIOTH TAOIMIN 1CTHHHOCTI,
JOTiYHI Mepexi, aimbTepHAaTUBHI Tpadu, EKBIBAJICHTHY HOpPMalbHy (opmy
MpPEACTaBICHHST OyleBUX (YHKINM, TaONHIN TepeXo/iB-BUXOIB 0araToTakKTOBUX
CXeM Ta IHTepaKTUBHI Mozeli. Bubip Mozeni BIUIMBaE Ha TIMOMHY Ta TPYAOMICTKICTD
MIPOIIECyY AiarHo3y.

Po3pi3HsAI0TH 1Ba METOU 11arHOCTYBaHHS: TECTOBUH Ta (PYHKIIIOHATBHUM.

13.2 TecToBe AiarHOCTYBaHHA

Tecmoege OdiacnocmysanHs 3MIACHIOETHCS 3a JIOMIOMOTOIO CIEIIAIbBHUX CHUCTEM
TEXHIYHOT'O J1arHOCTYBaHHS, OCOOJIMBICTIO SKUX € MOXJIMBICTb MOJIaHHS Ha 00’ €KT
JIarHOCTYBaHHS CIICLIAJIbHO OpraHi3oBaHMX (TECTOBHMX) BIUIMBIB — JIBIMKOBUX
HAOOpIB, SIKI JTal0OTh 3MOTY BHSBISITU HECIPABHOCTI, Kl € B Horo cxemi. Tectoe
JarHOCTYBaHHS MEPEBAKHO BUKOPUCTOBYETHCS TO1, Koyt O/ HE BUKOPUCTOBYETHCS
3a TPAMAM TpPU3HAYEHHSM. AJie TECTOBE [IarHOCTYBaHHS MOXE TaKOX
3actocoByBaTucs Ui aiarHoctuku OJ] B mporieci Horo (yHKUIOHYBaHHS, SKIIO B
IIbOMY TIPOIIeCi MOYKHA BHIUIMTHA TaKi MOMEHTH, Koiu Ha Bxoau O]l He HagXomsaTh
po0Ooul BXiJHI CHTHaJd Ta BUXOAU MOXYTh OYTH BIAKIIOYEHI BIJ 00’ €KTIB
kepyBaHH4. OCHOBHA 3ajjaya TECTOBOTO J1arHOCTYBaHHS — BUABJIECHHS B cxeMmi O]
BCIX HECMPABHOCTEH 13 3aJaHOr0 KJacy 3 MOXJIMBICTIO TIO3HAYEHHS MICUA
pO3TallyBaHHs HEMPABWIBHO (DYHKIIIOHYIOUHX €JIEMEHTIB.

CTpykTypHa cxeMa TECTOBOTO J1arHOCTYBaHHSI HaBelleHa Ha pucyHky 13.1. B
Takiii CTpyKTypi 3amam’ sitoByrounmit npuctpiit (3[1) 306epirae TecTu Ta eTajoHHI
peakiii, ski HagxoaaTh Ha Bxoau OJl Ta aHamizaTopa 3a KOMaHJaMH 31 CTOPOHHU
CXeMH KepyBaHHA. Pe3ynbratu TeCTyBaHHS BHMKOPHUCTOBYIOTHCS IS OpTraHi3allii
B3a€MO3B’ 513Ky Mk O/] Ta 00’ €KTOM KepyBaHHS.
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Pucynox 13.1. CTpykTypHa cXxema TeCTOBOTO JiarHOCTyBaHHS

MoxnuBi J1Ba BapiaHTH OpraHizallii TeCTOBOTO giarHocTyBaHHs. [lepmuii 3
HUX Tepeadayae BKIIOYEHHS OCHOBHOT'O POOOYOTO PEKUMY, MICIS YOO MOJAETHCA
TecT mnepeBipkd. OTpuMaHUl NOpU BHUKOHAHHI pPOOOYOTO PEXHUMY pPE3YJIbTAT
3amam’sITOBYETbCA 10 3aBEPIICHHS MPOLECY MPOXOJKEHHS TecTy. SIKIo TecTt He
(1KCye HasIBHICTb HECIPABHOCTEH, TO NA€ThCA JO3BLI HA MOAANIbIIE BUKOPUCTAHHS
BKa3aHOrO pe3yibTaTy. J3riAHO JpYyroro BapiaHTy oOprasizanii TECTOBOIO
TIarHOCTYBaHHS CIIOYATKy 3A1MCHIOETBCS IOJadya TECTy, a IOTIM peali3yeTbes
poOounii pexxuM. Buxinnuii pesynastaT pobotn OJ] OLIHIOETBCS 3a pe3yiabTaTOM
TECTY.

OCHOBHOIO 3aJ]au€l0 TECTOBOI'O J1arHOCTYBaHHS € MPOEKTYBaHHS mecmie —
BX1JJHUX BIUIMBIB, 1110 3a0€3MEeUyIOTh 3HAXOHKCHHS Ta JIOKaJIi3allil0 HeCIpaBHOCTEH
On.

Jlist cuHTEe3y TECTiB HEOOXIJHE MPEJCTaBICHHS 00 €KTY 3 JICSIKOIO CTEMEHIO
AeTanizauii WOro CTPYKTYpH Ta OpI€HTAllll0 Ha MEBHUHW MaTeMaTUYHUM amapart.
OxpiM IbOTO HEOOX1IHA MOJENb HECIIPABHOCTEM, IKa JOCTATHBO aJIEKBATHO OMHUCYE
(pM3HKO-TEXHOJIOTI4HI POLECH, 0 BIAOYBatOThCs B xo1 excruryaranii O/, Metonu
CHUHTE3y TECTIB, 10 0a3yrTbCsl Ha JETANbHIN CTpyKTypHiH iHpopmarii npo OJ]
Ha3UBAIOTHCSI CMPYKMYPHUMU.

SIKICTh CMHTE30BAaHOT'O TECTY BU3HAYAETHCSI WOTO MmapameTpamu. Po3pi3HAOThH
JTOBXHHY (KUIBKICTh BEKTOPIB TECTY), MOBHOTY (BIAHOLIEHHS KIIBKOCTI 3HAWIEHUX
TECTOM HECHPABHOCTEW O CyMapHOi KUIBKOCTI HECHPABHOCTEH 00’€KTa KOHTPOJIIO),
CKJIaJIHICTh peajli3allii TecTy Ta MOoro KOMHakTHICTh. ONTHMAaIbHUN TECT MAa€ MaTH
MIHIMAQJIbHY  JIOBXKMHY, BOJIOJITH MaKCHMAaJIbHOIO TIOBHOTOI, MIHIMAJIBHOIO
CKJIQJIHICTIO peajizarlii, a TaKoK OyTH MaKCMMaJIbHO KOMITAKTHHM.

3a TpU3HAYEHHSAM TECTH TMOJUISIOTh Ha TEpeBIpsitoYl Ta JAIarHOCTYIOYI.
llepesipstouuti mecm — 1€ CyKyIHICTh MEPEBIPOK, IO JI03BOJISIE BUSBUTH B CHCTEMI
Oyab-sIKy HECIpaBHICTh 13 3aJaHoro crnucky (MHoOXuHH). IlepeBipsitoumii Tect
BUpIIIY€E 3a7adl MEPeBIPKU CIPABHOCTI CHUCTEMU (B I[bOMY BHUIAIKYy y CIHCOK
HECIIPaBHOCTEM BKJIIOYAIOTh BCl MOKJIMBI B CHUCTEMI HECIPABHOCTI) Ta MEPEBIPKU
Ipane3aaTHoCTI (40 CIUCKY BKJIKOYAIOTh TIIBKU T1 HECIIPABHOCTI, 10 MPU3BOJATH J0
BIJIMOBH CUCTEeMH). [[iacnocmyrouuti mecm — 11¢ CyKYITHICTh TIEPEBIPOK, 110 A03BOJISIE
BKa3aTH MICIIE HECITPABHOCTI 3 TOYHICTIO JI0 KJIACIB €KBIBAJCHTHUX HECIPABHOCTEH.
i1 exBIBaJICHTHUMH HECIIPABHOCTSIMU PO3YMIIOTh TaKl HECIIPABHOCTI, SIKI HE MOKHA
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BIIPI3HUTH OJHY BiA 1HIIOI TpuU BUOpaHOMY cCmOcoOi A1arHOCTYBaHHS, IO
BUKOPHUCTOBYETHCS JUISI TOCII1KCHHS.

BaxnuBoo  XapaKkTEpHCTUKOIO MPOIENyp [IarHOCTyBaHHS € TMOBHOTA
BUSIBJICHHSI HECIPABHOCTEH, IO BKA3ye JIOJI0 HECHPaBHOCTEH, 110 TapaHTOBApPHO
BUSBIJISIIOTHCSA, BIJIHOCHO BCIX 3a/laHUX a00 PO3IJISTHYTHX HECHpaBHOCTEH 00’€KTa
niaro3y. bynp-sika giarHocTHYHaA mporeaypa (a Takok W TeCT J1arHo3y)
000B’SI3KOBO  TOB’si3aHAa 13 BHU3HAYEHHUM, CTpOro  (piIKCOBAaHUM  CIIMCKOM
HECIIPABHOCTEH, BUSABJICHHS SAKUX 3a0e3MedyeThcs MpH ii nmpoBeaeHHi. Lle dhakTtuyuno
BU3HA4Ya€ 0OMEXKEHHsI, 110 HAKJIAJAAI0ThCS Ha MPOIIEC BUSBICHHS HECIIPABHOCTEM, Ta B
KIHIIEBOMY BHUIMAJIKy BU3HAYA€E TITMOUHY T1arHOCTYBAaHHS.

3a MOBHOTOIO BUSIBJICHHS HECHPABHOCTEH PO3PI3HAIOTH MOOAWHOKI, KpaTHI Ta
noBHI TecTu. [looounokuii mecm BUSBISIE B IPUCTPOI BCl OOAMHOKI MOIIKOKEHHS
€JIEMEHTIB, IO BXOJISTh B HHOTO. KpamHuil mecm BUSIBIISE BC1 MOXKIIMBI CYKYITHOCTI 3
k TOOAMHOKMX HECHPAaBHOCTEH €JIEMEHTIB, MPUYOMY TECT KpaTHOCTI Kk Mae

¢ikcyBaTH HE TUIBKH BCl CYKYMHOCTI 3 kK TMOOJMHOKHX HECIIpaBHOCTEH, aie W BCl

HECIPaBHOCTI MEHIIOI KPaTHOCTI, B TOMY YHCJII BCl TOOJUHOKI HECHPaBHOCTI.
Ilognuii mecm BUSIBJIsIE HECTIPABHOCTI Oy/ib-IKO1 KpaTHOCTi. BukopucTtanus Toro uu
IHIIIOTO TECTY BU3HAYAETHCS 3aJadyero JlarHo3y, W0 po3B’s3yeTbca. Tak, Mpu
JOCIIJKEHH] ~ MPUCTPOIO, B  SKOMY BHHHUKIA HECIPABHICTh B  Mpoleci
(GYHKIIOHYBaHHS, K MPaBUJIO, BUKOPUCTOBYIOTh ITOOJMHOKI TECTH, OCKUIBKU
UMOBIPHICTh BUHUKHEHHSI OJHOYACHO JEKIJIbKOX HECIPaBHOCTEH HE Beluka. Y
MOPIBHSIHHI 3 MOOJAMHOKHMMHM TOBHI TECTH MAlOTh 3HAYHO OUIbIIY JAOBXKUHY Ta TOMY
BHMATal0Th IS JOCTi/UKEHHS PUCTPOIO 3HAYHO OibIIE Yacy. IX BUKOPHCTOBYIOThH
MIPU KOHTPOJI1 MPUCTPOIB B MPOLIEC] BUTOTOBJICHHS, KOJM WMOBIPHICTH OJIHOYACHOTO
ICHYBaHHS JCKUJIBKOX MOUIKO/JKEHb 30UIIIYEThCA Yepe3 Ie(PEKTH KOMIUIEKTYIOUHX
BUPOOIB Ta MOMUJIOK B MOHTaXI1 Ta HAJIAIUTYBAaHHI.

3aJie)KHO  BIJ JIOBKMHU  PO3PI3HAIOTh TPUBIAIbHHUM, MIHIMAIbHUN Ta
MIHIMI30BaHUN TeCTU. Tpusianvuuti mecm, MO MICTUTh BCl MOXIIHMBI IS JaHOT
CUCTEMHU TIEPEBIPKU, Ma€ MAKCUMAJIbHY JIOBXKUHY. 3aCTOCYBaHHS TPUBIAJTLHOTO TECTY
nependayae TOBHE MOJIETIOBaHHS poOoTH mpuctporo. HaliMeHmy KiTbKICTb
NEePeBIpOK Mae MinimanvHui mecm. Bin 3a0e3nedye po3B’si3aHHS 3aJaHOI 3a7adi
JiarHo3y, Npu IbOMY JJIS JAHOTO TMPHUCTPOI0 HE ICHYE 1HIIOTO TECTY 3 MEHIIOIO
KUIBKICTIO TIEPEBIPOK.

[TobynoBa MiHIMAJIBHOTO TECTy BHMAara€ BEJIIMKUX OOYHUCICHb, TOMY Ha
MpaKTUIll YacTo OyJyrOThCS MIHIMI30BaHI TECTH, IIO MalOTh JOBXKHHY, SKa €
OJIM3BHKOIO 10 JOBXUHU MIHIMAJILHUX TECTIB.

3a JI0MOMOrol0 TecTy OyayeThesl Tpolieaypa AlarHOCTYBaHHS, B OCHOBI SIKOi
JIEKUTh A120pumm 0ia2HOCMY8aHHs, 110 SIBJsIE COO0I0 MOCTIAOBHICTh €JIEMEHTAPHUX
MEepeBIpOK, M0 CKJIaJal0Th TECT, Ta MpaBWJIa aHAII3y PE3yJIbTaTiB IUX IMEPEBIPOK.
AJNTOPUTM 1aTHOCTYBaHHS peasizyeTbes 3aco0aMu JiiarHocTyBaHHs (puc.13.2).
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Pucynoxk 13.2. Knacudikaiiist 3aco0iB AiarHOCTYBaHHS

[Iporiec po3poOKHU CUCTEM JIIaTHOCTYBAHHS CKJIAJIA€ThCS 3 HACTYITHUX €TaIliB:
BUOOpPY METOJTy 11arHOCTYBaHHS;

PO3pOOKH anapaTypHUX 3ac001B A1arHOCTYBaHHS,
PO3pPOOKHU J1arHOCTUYHUX TECTIB;
PO3pPOOKHU JI1aTHOCTUYHUX JOBIHUKIB;

Ok W E

MEPEBIPKHU SIKOCTI CUCTEMH J[1arHOCTYBaHHS.

Jlnst TMOpIBHAHHS PI3HUX CHUCTEM JIIaTHOCTYBaHHS Ta OIIHKK 1X SIKOCTI
HaWYacTille BUKOPUCTOBYIOTHCSI HACTYITHI MMOKA3HUKHU:

— UWMOBIpPHICTh BUSIBJICHHS HECTIPABHOCTI;

—  HWMOBIPHICTh PaBUJIBHOTO A1arHOCTYBAaHHS — HECIPABHICTH J1arHOCTOBAHA
MpaBUJIbHO, SKIIO HECHpaBHUM OJOK 3a3HAYEHUH Yy PO3AUIL JA1arHOCTUYHOIO
JOBIJTHUKA, BIAMOBIAHUM JI0 KOJy OCTaHOBAa. A SKIIO Hi, TO HECHPABHICTbH
BBAXKAETHCS BUSBIICHOIO, ajie HeJokani3oBaHoto. [ EOM 3 po3BUHEHOIO CHCTEMOIO
niarHoctyBanHs 3BuvaitHo 0,95, 0,90. ¥V toMy BuUmaaky, KOJW HECHPABHICTh TUIBKH
BUSIBJICHA, HEOOX1TH1 JOJIATKOBI MPOIEAYPH 1O ii JToKaTi3allii;

—  CcepemHsi TPUBAIICTh OJHOKPATHOTO JIarHOCTYBAaHHS — TPUBAIICTH
BUKOHAHHS JIOMIOMDKHHX OIEpallii 1IarHOCTyBaHHS 1 TPUBAJIICTD JI1arHOCTYBaHHS,

— rubuHa momyky nedexty L — Bkasye CKJIQIOBYy YacCTUHY MPHUCTPOIO
J1arHOCTYBaHHS 3 TOYHICTIO, JI0 IKOT BUBHAYAETHCS MicCIle Je(EeKTYy.

B EOM 3a rnubuny nomyky nedexty L dyacto mnpuiimMaeTbcss 4YHUCIO
nependayyBaHUX HECTIPABHUMH 3MIHHHUX OJIOKIB, BU3BHAaUEHE 32 (POpMYII0I0

\

L= (i n,.)/N.

(=1
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e Nj — KUIbKICTh MepeadadyBaHUX HECNpPaBHUMHU Npu 1-# HecmpaBHocTi; N —
3arajbHa KUTbKICTh HECITPABHOCTEH.

— o0csr miarHOCTHYHOTO sapa h — dvacTka Ti€i amapaTypw B 3araJlbHOMY
00cs31 anapatypu EOM, sika moBHMHHA OyTH CB1IOMO CIIPABHOIO J0 MOYATKY IPOLECY
J1arTHOCTYBaHHA. Y SIKOCTI IOKa3HUKAa OOCATY JIarHOCTUYHOIO sipa MOKHA
KOPUCTYBATHUCS TAKOK BEITMYMHOIO

H=1I-h.

Jis EOM, 1o BHUKOPUCTOBYIOTH NPHUHLMII PO3KPYYyBaHHS 1 METOX

MiKpoJiiarHocTyBanHs, H>0,9.

13.3 ®yHknioHaabHe AiIarHOCTYBAHHS

Dyukyionanehe  OiaeHOCMY8aHHs  3IIACHIOETBCS  TOAI, KOJHU 00 €KT
0e3mocepeIHbO peatizye MpU3HAUYCHUH HOMYy anropuTM (QyHKIIOHYBaHHS (00’ €KT
3aCTOCOBYEThCS 32  NpHU3HAYCHHsAM).  MOXIJIHMBE  TaKOX  BUKOPHCTAHHS
(YyHKIIOHATBHOTO JIarHOCTYBaHHA nepen abo micis BUKOPUCTaHHS 00 ’€KkTa 3a
npusHadeHHsM. OnHAK y IIbOMY pa3l Moke OyTH NOTpiOHA IMITaIlld PEKUMY
(byHKIIIOHYBaHHS 00’ €KTa, OCKIJIBKU KOKEH €K3eMIUISApP 00’ €KTa J1arHOCTyBaHHS Mae
CBOIO BOYJIOBaHy amaparypy (QyHKIIOHAJIBHOTO JiarHOCTyBaHHA. (DyHKI[IOHAJIbHE
J1arHOCTYBaHHS 111€ HA3UBAIOTh 60)Y008AHUM KOHMPOJIEM.

VY3aranpHeHy CcXeMy CHCTeMH (DYHKIIOHAIBHOTO [[1IarHOCTYBAHHS MOXKHA
MOJIaTU Y BUTIISAI JBOX OJIOKIB (pucCyHOK 13.2): 00’€KTy M1arHOCTYBaHHSI Ta CXEMHU
KOHTpPOJIIO, JIe¢ 00’€qHaHa BCS JOJATKOBAa amaparypa, IO MOXKE BKJIIOYATH OJIOK
KepyBaHHs, OJIOK Mojzeni 00’€KTy AlarHody, OJOK po3mudpyBaHHS pe3yJIbTaTiB,
TeHEepaTop CHUTHANIB TOIIO. Pe3yiapTaToM MiarHOCTYBaHHS € CUCHAN NOMUIKU, SKUH
dbopmyeThest pu BUHUKHEHHI AedekTy B O/, a TakoxX, MOXKJIMBO, i B caMiil cxemi

KOHTPOJTIO.
Jlst OLIIHKHA e(heKTUBHOCTI
Bxin 06’ KT Buxig  (yHKUIOHAIBHOTO J1arHOCTYBaHHSI
— T —— — BHUKOPHCTOBYEThCS crieniaabHa
XapaKTEepUCTHKA - 00CMOBIpHICMb
! CurHa pezyniomamy pooomu D). 1le WMOBIpHICTB, 3
Cxema momuiky KOO OLIHIOETHCS ICTHHHICTD PE3YJIBTATY, 10
— orpumanuii Ha BuxoAi OJI. JlocToBipHicTh D
ROHTPOTO BIJIOOpaXkae sIK HaAIMHICHI XapaKTepUCTUKU

O/l Ta cxemMu KOHTpPOJIO, TaK i 1H(pOopMaIiiiHi
MO>KJIMBOCTI BUKOPHCTAHOTO METOY
KOHTPOJIIO.

B 3arampHOMYy BHIAAKy MOXYTh MaTu
Mmiciie Tpu MoxiuBl mofii: OJ] 3 koHTposiem mpaitoe BipHO; OJ] 3 KOHTpoJsiem
MOKa3y€ HASIBHICTh MOMUJIKU (TIOMUJIKA MOXKYTh BUSIBISTHCS abo Tuibku B O/, abo
sk B O], Tak ¥ B cxemi KOHTPOJI0); po podoTy O/] 3 KoHTposIeM HEe MOKHA CKa3aTH
HIYOTO BU3HAYCHOTO (HEBU3HAUYCHUN PE3YNIbTAT).

Bka3zani Tpu mosii yTBOpPIOIOTh MOBHY rpymy mnofiil. [lozHaunmo WMOBIpHOCTI
ix nosiBM BimoBiaHO By, (t), Py (L), Fap(t). Toni
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Fop () + Pog (£)+P,,(2) = 1. (13.1)
3 na"oi popMyJIu BUILUIMBAE, 110 JOCTOBIPHICTH
D(t) = Py (£) + Poo () = 1 — By (0). (132)

Jlnst  3HaXOMKEHHsT WMOBIPHOCTI TIOSBU KOXXKHOI 3 TMOAIA  HEOOX1THO
BpPaxOBYBAaTH BHSBJISIOUY 3/IaTHICTh BHOPAHOTO METOAY KOHTPOJIO Ta BHJ HOTO
peamizamii. Ilim memooom kowmpono pPO3yMilOTh MaTEeMaTUYHUA METOMd, IIO
3a0e3neuye nepeBipky npaBuibHOCTI PyHkiionyBanHs O/l [lix eudom kommponro
PO3YMIIOTh CIIOCIO amapaTHOi abo MporpamMHoOi peanizalii BHOPAHOTO METOIY
KOHTPOJTIO.

[lo3Haunmo uepe3 p,, HMOBIPHICTh, MO0 XapaKTepH3ye 3IaTHICTb
BUKOPHCTAHOTO METOAY KOHTPOJIIO BUSIBJISITH TIOMIJIKH. BOHA 3a1eKUTh BiJl TITMOWHA
OXOIUTCHHS KOHTposieM 3aganoro O/ Ta camoi cxemMu KOHTPOJISI, a TAKOXK KPAaTHOCTI
BusBiieHHS AedekTiB. Croci® OOYUCIEHHS P, BU3HAYAETHCS METOJOM KOHTPOIIO,

IO BUKOPHUCTOBYeThCA. [lo3HauMMo uepe3 Py, HMOBIPHICTH O€3BIIMOBHOI POOOTH
O/l, a uepe3 p., — UMOBIPHICTH 0€3BIIMOBHOT pOOOTH CXEMHU KOHTPOJIIO.

Jns 3naxomkenns BenmuunH By, F,,, Py OynemMo BuKopucToBYBaTH TabIMIO
icTUHHOCTI OyneBux ¢yHKuid (tabmuus 13.1), mo BignoBigae mOAIsAM, SKi

BIJINOBIJIAlOTh BKa3aHUM WMOBIpHOCTSAM. byneBi (pyHKIIi BH3HAUMMO HACTYIHHUM
yuHoM. fAkmo O/l mpairoe npaBuUibHO, TO Hagamo IiM MOAIi 3HAa4eHHs p =1, y

npotunexxHomy Bunaaky p = 0. Iloxaii, komu BUOpaHUl METO/ KOHTPOJIIO J03BOJISE
BUABUTH Je(PeKTH, HalaeMo 3HayeHHs p = 1, a mojli, KoJau BUOPAHUM METOJOM
KOHTPOJIIO JIe(heKTH HE BUSBISIOTHCS — 3HaUeHHs p = (.

Taomuis 13.1 — Ta0auis iCTHHHOCTI

Ne i/ Pox Dex Pk Pup Foq PHP
1 0 0 0 0 0 1
2 0 0 1 0 1 0
3 0 1 0 0 0 1
4 0 1 1 0 1 0
5 1 0 0 0 0 1
6 1 0 1 0 1 0
7 1 1 0 1 0 0
8 1 1 1 1 0 0

B Tabnuii BimoOpaxkeH! BICIM MOMKJIMBUX BHUITQJIKIB TOEIHAHHS HE3AJEHKHUX
HOJIM, 110 BiNOOpaXKeH! HMOBIPHOCTAMH Py, Poss Pex. HAOPHKIAA, Y IIOCTOMY
pAAKy TaOJMLi BKa3aHi 3HaYeHHS Poz = 1, p = 0, p = 1. Lleit psanok Binnosinae
Bumanky, komu O]l mpalfoe mpaBHIIBHO, CXe€Ma KOHTPOJIO BiJIMOBHJIA, a METOJ

KOHTPOJIFO BUSIBUB BIIMOBY. JlaHa moiisi Ma€ pe3ybTaToOM IOSBY Ha BUXOJIl CXEMH
KOHTPOJIIO CUTHANTY nmoMujiku (pucyHok 13.2). Tomy B rpadi P,, , 110 BiAHOBigae

HO)Ii.l' BHUABJICHHA IIOMUIIOK, B IOCTOMY PAAKY IIPOCTABJIAETECA OAMHUYHC 3HAYCHHSA
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¢ynkii. Take camMe 3HAUECHHS 3aITUCYETHCS U B psiakax 2 Ta 4, ne p,,. = 1 Ta MarloTh
MicIie nedexTn B oL abo cxemi KOHTPOJTIO. B CTOBMITI
F,, omuHuyHe 3HaueHHsA (YHKIII NPOCTABIAETHCS TiNBKM y pAnkax 7 Ta 8, dKki
BIJIMTOBIIalOTh BUIAIKY, Koiau W O/, Ta cxema KOHTPOJIIO TPAIIOIOTh CIpaBHO. B
CTOBIIIL PHp OJIMHUYHE 3HauYeHHs (PyHKIIT 3aHOCUTHCS B PAIKH, A€ P, = 0, OKpiM
CbOMOTO PSIZIKY, B IKOMY Py, = 1 Tap, = 1.
3 Ta0nuIll BUILIUBAE, 111O:
Fip = PoaPexPuux + PogPexPuus »
PDD = pu,qpcﬁpbm + pu:u,qpn:t{pm{ + pu,qpcﬁpbtf{ ’ (133)
PHp = pDﬂpEKpMK + pqucKpMK + pnqpcﬁpbtfc-
Bin 6yneBux (QyHKIIN 3MIACHIOETHCS Tepexia 10 WMOBIpHICHUX BupasiB. llpu
IbOMY TOYaTKy HPOBOJIUTHCA cropolleHHs BupasiB (13.3) 3a 3akoHamu anredpu

JIOT1IKA 0€3 BUKOPUCTAHHs 3aKOHY IMOBTOPEHHA. BiAmMoBigHI MepeTBOPEHHS al0Th
HACTYIHI BUPA3U:

F mp — Pogllex
PDCII = ﬁﬂﬂpMK + pDﬂﬁEKPMKI (134)
Pt-tp = ﬁmt{(ﬁn,ﬁ, + pn,qﬁcf{)'

[Ipn nepexoni OO0 WMOBIPHICHMX BHpa3iB 3HAK W3 FOHKLII 3aMIHIOETHCS
3HAKOM JI0JIaBaHHs, a 3MIHHA P 3aMiHIOETbca BupazoM 1—p. B pesynbrari
OTPUMAEMO:

F mp — Pogllex

PUU = pm{(l - pu:u,q) + pn,qpmsc(]- - pEK) ) (135)

Pp = (1 = ) (1 — Dosles)-
3 (13.5) cminye, mo aoctoBipHicTh O/] 3 anapaTHUM KOHTPOJIEM JOPIBHIOE:
ch: =1- Pﬁp = Pux T PogPex — PogPexPux- (136)
SIKIIO KOHTPOJb BIACYTHIH (B I[BOMY BHIAAKY P = 1 TAPy, = 0), TO
noctoBipHicTh O/l 6€3 KOHTPOJTIO:

D =p,,.
Burpam 10CTOBIpHOCTI TPU BUKOPUCTAHH1 KOHTPOJIIO:
AD=D—-D= Pux — pn,q(]- - pDK) — PoalexPrx (136)

Ane BUTpaIll B TOCTOBIPHOCTI CYIIPOBOJIKYETHCS MPOTpaiieM B HAIHHOCTI Ta
30UTBIIEHHSIM CKJIQHOCTI TPHUCTPOI0. BBENEHHS KOHTPOJIO 3HUXKYE WMOBIPHICTH
0e3BiiMoOBHOI pobotn OJ] 3 koHTposaem. [lilicHO, IMOBIPHICTh MPABUIBHOI pOOOTH
OJ1 3i cxemoro koHTpons Fp, piBHa iimMoBipHOCTI Oe3BimMoBHOI pobotn O]l 3i

CXEMOIO KOHTPOJIA Py g, TOOTO:

PDﬂK = Pnp = pn,qpcﬁ- (137)
Toni nmporpair B 0€3BIIMOBHOCTI JIOPIBHIOE:
AP = Pog — PogPex (13.8)

VYckiagHeHHs 00’ €KTy XapaKTepHU3y€eThbCsl KOe(ilIEHTOM:
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g == (13.9)

ﬂl’.‘K
ne Ny, Ta M, — KUIBKICTh €JEMEHTIB BIAIOBIIHO B CXeMI 00’ €KTy J1arHOCTYBaHHs Ta

CXeMi KOHTPOJTIO.

[Tpu opranizaiii (pyHKIIOHaJILHOTO KOHTPOJIIO BUHUKAE MUTAHHS CIPABHOCTI
camMoi CXeMH KOHTpOJO. SIKIIO METOJ KOHTPOJIIO, II0 BHKOPUCTOBYETHCS, HE
JI03BOJISIE BHUSIBUTH HECHPABHOCTI CXEMH KOHTPOJIO, TO JocToBipHicTh O]l 3
KOHTPOJIEM 3MEHIIYETHCS Ta PO3PAXOBYETHCS 32 POPMYIIOIO:

Dy = DPuxbex + PosPex — PozPexPux (13.10)

[TuTaHHs KOHTPOJIO BHUPILIYETHCS 3@ PAaxXyHOK HAJAAHHIO LHUPPOBOMY
MNPUCTPOIO  BJIACTUBOCTI  camormepeBipku. [lig  BmacTuBicTIO  caMOmNepeBipKH
PO3yMIIOTh 37ATHICTh CHCTEMH BHSBIATH TOMWIKKA sk B OJf, Tak # y cxemi
KOHTPOJTIO, B MPOLIeCl HOPMANIBbHOTO (DYHKI[IOHYBaHHS 0€3 J101aTKOBOTO TMOJaHHs Ha
BXOJIM TIPHUCTPOIO CIHELIAIbHUX TECTIB TMEpeBipKd ab0 IHIIMX METOJMIB HOro
nocioiykenns. Ha pucynkax 13.3 Ta 13.4 monmani JBI MOXIHUBI CTPYKTypHU
camornepeBipsounx HUPpoBUX NpHUCTpoiB. B mepmomy Bumnanaky (pucyHok 13.3) B
AKOCTI CXEMHU KOHTPOJIIO BUKOPHCTOBYETHCS CaMOIlEpeBIpsitoua cxema BOYIOBaHOTO
koHTpoo (CCBK), 1o mae nBa KOHTpOJIBHMX BUXOOU Z; Ta Z,. Ha Bxomu CCBK

MOAIOTECA BXIJIHI Ta BUXIJHI curHanu uudposoro mnpuctpor. CCBK Bomoaie
HAaCTYy[HOIO BJIACTUBICTIO: I BCIX MOXJIMBUX BXIJIHMX CHUTHAQIIB IPH CHPABHUX
uuppoBomy npuctpoi Ta CCBK Ha Buxomax z; Tta Z, (opmyroThcs mnapadasHi

curHasia 01 a6o 10, a mpy BUHMKHEHHI HECMpPaBHOCTEH B IU(GPOBOMY IPUCTPOi abo
CCBK - nemapadasnui curnaimmu 00 a6o 11. Jlnsa 3abe3nedeHHss (yHKIIOHYBaHHS
CTPYKTYpH Ha pucyHKy 13.3 moyaTkoBui 1udpOBUN NPUCTPIA HE 3MIHIOETHCS, J0
HbOTO npocTo noaaerbess CCBK.

Bxomn 1 Iudposuit | M Buxoau
MPUCTPIN

A 4

——» Z1 | Kontposnbhi
— 7, BUXOIU

| CCBK |

Pucynox 13.3. Ilepmia cTpykTypa camornepeBipsarovoro
M(ppPOBOro MPUCTPOIO

XapakTepHOIO  OCOOJUBICTIO  APYroi  CTPYKTYpHU  CaMOIEPEBIPSIIOYOTO
uudpoBoro npuctporo (pucyHok 13.4) € Te, mo MOIU(IKYETbCS CXEMa CaMOro
M(pPOBOTro MPUCTPOIO, 3 METOK (PIKCYBAHHSI HECIPABHOCTI TUIbKU 32 3HAYECHHSIMHU
OCHOBHHUX a00 CHeIllaJbHUX KOHTPOJBHUX BUXOMIB. SIK MpaBwiio, HA WX BHUXOJaX
bopMyIOTbCSI JBIMKOBI BEKTOPH, IO HaJEkKaTh JEIKOMY KOAY 13 BHUSBJICHHSM
nomusiok. Toxai CCBK cuHTe3yeThbCsl y BUTJISAI TECTEpa, 3ajadya SKOTO IOJISATae y
BU3HAYCHHI (PaKTy MPUHATICKHOCTI KOJIOBOTO BEKTOpA 33JIaHOMY KOJIY.
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Bxomu n Hudporuit M Buxogu
—_—F> ’ >
MPUCTPIN

CCBK - — Z1| KonTpomsHi
TeCTep [ > Z, BUXOIU

Pucynok 13.4. [Ipyra cTpykTypa caMomnepeBipstouoro
U(pPOBOTO MPUCTPOIO

[IpoBeneHHss TecTOBOro Ta (DYHKIIIOHAIBHOTO [1arHOCTYBAHHS BHUMArae
BBEJICHHS HAJJIMIIKOBOCTI ab0 B cXeMy 00’€KTa KOHTpPOIIO (CTPYKTypHa
HAJUIMIIKOBICTH), a00 B 1H(oOpMalito, sika nonaerbes Ha Bxoau OJ] (iHdopmariitna
HAJJIMIIIKOBICTh), a00 B MPOMIKOK Yacy, MPOTATOM SIKOTO 3J1MCHIOBABCS KOHTPOJIb
(yacoBa HaJUIMIIKOBICTH). TecTOBE MAlarHOCTYBaHHS, SK IpaBWiIO, IOB’S3aHE 13
BUKOPUCTaHHSM 1H(GOPMAIIITHO-4aCOBOi HAJTUIITKOBOCTI (J1J1s1 TIOBIPKH MPABUIIHLHOCTI
¢ysnkuionyBanHss O/ BHUKOPHCTOBYIOTBCS CHELlajdbHI TECTOBI IMOCHIJIOBHOCTI, IO
MOAIOTECA HA BXOJM O0’€KTa MPOTATOM Yacy, SIKAWA BIIBOJUTHCS HA KOHTPOJb).
@DyHKIIOHAIbHE [1arHOCTYBaHHS IOB’S3aHUI 13 BUKOPUCTaHHSAM IIEpII 3a BCE
CTPYKTYpPHOI HaJIJIUIIIKOBOCTI.

13.4. 3arajabHi npuHUunu giariocryBanusa EOM

CyvacHa oO4YHMCIIIOBaJIbHA TEXHIKA BUPIILIYE L0 IPOOIEMY HUISIXOM CTBOPEHHS
CHCTEM aBTOMATHYHOTO JIIaTHOCTYBAHHS HECTIPABHOCTEH, SIKi MOKIMKAHO MOJETIINTH
0oOCITyroByBaHHsI Ta TMPUCKOPUTH PEMOHT MAIWH, 1HAKIIE KaXydd, MIIBUIIATH
TrOTOBHICTh Ta 00ciIyroByBaHicTb EOM.

Cucrtema aBTOMATUYHOTO JIarHOCTYBaHHS  sIBNsi€  COOOI0  KOMILJIEKC
MIPOrpaMHUX, MIKPONPOTPAMHUX 1 arnapaTypHUX 3ac001B 1 JIOBIJKOBOI JIOKyMEHTalli
(I1arHOCTUYHMX JOBIIHUKIB, IHCTPYKIIIH, TECTIB).

VY cepennix Ta Benukux EOM BHUKOPUCTOBYIOThCA SIK BOY/JIOBaHi, Tak 1
30BHIIIIHI CIEIiai30BaHi 3aco0u niarHoctyBanHs. Y MikpoEOM wuacriinie 3HaxoasTh
3acToCyBaHHS BOY/IOBaHI 3aCO0M MOJiadyi TECTOBUX BIUIMBIB 1 30BHIIIHI YHIBEpCaJIbHI
3aco0u (Hampukiajd, CUTHATYpPHI aHami3aTopu) JJiA 3HATTA BIANOBIACH 1 aHami3y
pE3yNbTaTIB.

3aco0u niarHOCTyBaHHS J03BOJIsitoTh EOM  caMOCTIHHO —JIOKami3yBaTH
HECIIPABHICTh 32 YMOBH CIPABHOCTI OideHOCMUYHO20 s0pd, TOOTO Ti€l YaCTHUHU
anapatyp, ska IOBMHHA OyTH CBIJOMO MpalE3laTHOI JI0 TOYaTKy Mpolecy
J1arHOCTYBaHHS.

[Tpu miarnoctyBanHi EOM HalO11b1I MIMPOKE MOIIUPEHHS OACPKAB NPUHYUN
PO3KpYuy6anHs, a0 npuHyun obaacmeil, wo po3UWUPIOIOMbC, MO TOIATaE B TOMY,
0 Ha KOXXHOMY eTaml MJIarHOCTYyBaHHS AJIpO 1 amaparypa BXKe NepeBIpeHHX
CIIpaBHUX 00J1aCTEH MPUCTPOIO ABISIOTH COOOI0 3aCO0M TECTOBOTO JIarHOCTYBaHHS, a
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amapatypa 4YeproBoi o001acTi, MmO TEPEeBIPSEThCSA, € O00'€KTOM J1arHOCTYBaHHSI.
[Ipomec miarHOCTyBaHHS 3a TPUHIIMIIOM pPO3KpPydyBaHHA, abo oOmacrei, 10
pO3IIMPIOIOTHCA, TokazaHuid Ha puc. 13.15. JliarHocTuyHe sApO mepeBipse
amapaTypy IMepiioi o0iacTi, IMOTIM TNEPEeBIPAEThCS amaparypa Ipyroi oo6macTi 3
BUKOPHUCTAHHSAM sipa ¥ BKe TEPEBIPEHOI mepIoi o0acTi 1 T..

Anaparypa n-Hoi
00JIacTI

/ // Amapatypa Jpyroi
001acTl
__— /

Anaparypa meprioi
00IacTI

JiarHOCTII'HE ApO

Pucynox 13.15. IIporiec niarHoCTyBaHHS 32 IPUHITUIIOM PO3KPYUYBaHHS
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JIEKIIIA 14
METO/JU INIOBYJIOBU TECTIB IJIsA KOMBIHAHIﬂHI/IX CXEM
14.1 MeToa Tabauui pyHKIid HeCIPaBHOCTEM

[ToGynoBa TecTiB METOIOM TaOIHIL (PYHKIIIM HECIIPAaBHOCTEH IIPU BpaxXyBaHH1
JIUIIE MOOAMHOKUX HECIIPABHOCTEH IPOBOJUTHCS 3T1THO €TAIliB:

1. Ha xomMOiHaIiiiHii cXeMi TOMI4arOThCs MICISI MOKJIMBUX HECITPABHOCTEH.

2. CkrnamaeTscsi  TaOnMIsT  HECHPABHOCTEM, IO  MICTUTh  MEpeiiK
HECIPABHOCTEM Ta 1X 3HAYCHHS.

3. byayerbcs Tabmuisg  GyHKIIH  HECHPAaBHOCTEH JIT  MOOJUHOKUX
HECIIPABHOCTEM.

4. bBynyerbcs ckopodeHa TaOmuis (YHKIIA HECHpPAaBHOCTEH, ILISTXOM
BUKPECIIOBaHHS 3 TaOnuill (yHKIIA HECHpPaBHOCTI CTOBIIIIB, IIO BiANOBIIAIOTH
€KBIBaJICHTHUM HECTPABHOCTSAM Ta HECIPABHOCTSM, 10 HE MOXKYTh OyTH BHSBIIEHI
JTAHUM METOJIOM J1arHOCTYBaHHS.

5. 3a ckopoueHOW TaOauIe (YHKIIN HECHpaBHOCTEH PO3PAXOBYETHCS
NEPEBIPSIOYUN TECT.

6. bBynyerbcs TaOMUIA TMOKPHUTTIB, CTOBIII SKOI BIJAMOBIAAIOTH Iapam
HECITPaBHOCTEM, 110 MOYKHA PO3PI3HUTH.

7. BusHadaerhcs AlarHOCTUYHUHN TECT 3a TaOJIUIICIO TOKPUTTIB.

Ilpuknao 14.1. TloOynyBatu mepeBIPAIOUMA Ta AIarHOCTYIOUMI TECTH IS
KOMOIHaLIMHOI CXeMHU, 110 NoJlaHa Ha pucyHKY 14.1.

c3 Py, 7 8 Y
a21 &
5

al. 6
4 Py

b2 & &

Pucynoxk 14.1. Komb6inariiina cxema

KomoOiHaniiiHa cxema Ha pucyHKy 14.1 peanizye ¢yHKIIitO:
Y = pp, =ab(a, +c)

Mo>kTB1 MiCIIsl HECTIPaBHOCTEH nomMivaemo mudpamu 1-8.

CxiamaeMo Tabiuiro HecripaBHOCTeH (Tabmuiia 14.1) BUXOASYHM 3 HACTYITHUX
npaBuil ii 3amoBHeHHs. [Ipu KIIBKOCTI MICI[b HECHPABHOCTEH, IO JOPIBHIOE §,
KUIBKICTh 3HAaY€Hb HECIPABHOCTEM MOXeE MOPIBHIOBATHU 16, OCKUIBKH Y KOXHOMY
Micll Oyab-sIKa 3 MOKJIMBUX HECIIPaBHOCTEW Moke npuiiMatu 3HaueHHs 0 ab6o 1. Jlns
BU3HAYEHHS BUMIISIAY (DYHKIIT HeCpaBHOCTI y (GOpMYJy HIACTaBISIOTHCS 3HAYEHHS
3MIHHOI y BIANOBIIHOMY BYy3Ji. Tak, Hampukian, s By3jia | mpu 3HAYEHHI
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HecnpaBHOCTI a=1 3MiHHI y By31i OynyTh MaTH 3HaueHHsS @& =1 ta a, =1. Ilpu
npomy a =0, a BianosigHO, Y; 4 =0, OCKUIbKM @ BXOAUTH y BUpPa3 Y SIK MHOXHMK
(3anmuc Yy_; 3HauuTh, MmO (QyHKIIA Y OOYMCIIOETbCA 3a HAsABHOCTI y By3m 1

HecripaBHOCTI Tumy «1»). Ilpu HecmpaBHocTi @ =0 3MiHHI y BY31i OyAyTh Matu
3HaueHHs &, =0, a, =0, & =1. [lincraBuBIIN 3HaUY€HHsA &, Ta &, y QYyHKLiO Y,

OTPUMAEMO
Yl—O - 316(612 + C) - ]5(0 + C) - BC

Tabmuis 14.1. TaGnuus HectipaBHOCTEH

Howmep By3ia HecnpaBHicTb 3MiHHA Y BY3Jl OyHKIIs
1 1 a]_:l, a2:1 Y1_1:0
O a1=0,a2=0 Yl—O:t_)C
2 1 b=1 Y1 =0
O b = O Y2_1 = al(az + C) = 310
3 1 CcC= 1 Y3_1 = 316
4 1 3 =1, a, =var Y, 1=0
0 a, =0, a, = var Y, 0=2ab+bc
5 1 a, =1, a; = var Y5, =ab
0 a,=0, a =var Ys o =abc
6 1 pp=1 Yy =8, +C
0 p2 - O Y7_o - 0
8 1 Y =1 Yo ;=1

Cxmamemo Tabnuiio (QyHKIIA HecnpaBHocTel (tabmuns 14.2) nmns Beix
MOXKJIMBUX HAOOpIB 3HAa4UeHb BXITHUX 3MIHHUX. [lopsmok 3amoBHEHHS i€l Tabmuin
nonsrae B HactynmHoMy. Hanpuknan, mis QyHkuii ¢g (Y, o) 3 HecnpaBaicTio 4-0

(«0» y By3mi 4) pu HaOopi 4, 1110 MICTUTH HACTYIHI 3HaYeHHs 3minHuXx: a=1, b=0,
c=0. Ilpu npomy Y = ¢, =0. 3 Tabmuui 14.1 Bupa3 QyHKIIT HECIPABHOCT] Y LIbOMY
BUIAJKy Ma€ BHIUAL: @ =Y, o =a,b +bc. Ilincrapnsioun 3HadeHHs 3MiHHHX 3
Habopy 4, oTtpumaemo: @g=Y, 3=1-1+0-1=1. Orpumane 3HaueHHi ¢g=1
pOCTaBIISIETbCA y KoMipil Tabaui 14.2, mo Bianosigae Habopy 4 Ta ¢g.

Ananizytoun Tabnuiro 14.2, 3HAXOAUMO €KBIBaJCHTHI HECHPABHOCTI Ta
HECIPABHOCTI, 1110 HE MOXKYTh OyTH BHUSIBJICHI JJaHUM METO/IOM J11arHOCTYBaHHSI.

128




)41 HGCHpaBHOCTeﬁ

(R

Ta6mu 14.2. Tabnuis GyHKIU

P16
Ys-0

P15
Yg_1

P14
Y7-0

D13
Y71

P12
Y6-0

P11
Yo-1

P10
Y50

P9
Y54

Pg
Y40

OyHKIIi1 HeCIIpaBHOCTEH

»7
Y1

Pe
Y3 0

s
Y34

Py
Yoo

P3
Yo

)
Y10

%1
Y14

OyHKIIIA
CIIPABHOL

CXEMU
=@

Y

Bxiani

C

3MIHH1

b

a

Howmep
Habopy

1 HECIPABHOCTEM

o

Ta6mui 14.3. CkopoueHa tadnuns QyHKII

@yHKII1T HeCTIPaBHOCTEN

D15
Yg_1

P11
Yo-1

%
Y0

s
Y34

Py
Yoo

(%)
Y10

%1
Yiq

OyHKITISA
CIIPaBHOI

CXEMH
=®o

Y

Bxinai

3MIHH1

C

b

a

Howmep
Habopy
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HecopaBHoCTl ¢@; Ta ¢@:; BIZHOCATBHCHA JI0 E€KBIBAJEHTHUX HECIIPABHOCTEH
I ] )

SKIIO 1X BIAMOBIAHI peakilii Ha BX1THI HAOOpH CHIBIAMAIOTh. Y pPE3yJbTaTi aHAII3Y
tabmuui 14.2, 3HaxoquMO 1B TPYNU TAaKUX HECNPABHOCTEH: ¢, @3, ¢g, @7, @19,

P4, P15 TA P5, Pg, P13. 3 KOKHOIL 3 Tpyll 0OOMPAEMO 110 OJHIH, a caMe ¢ Ta @s.
HecnpaBHICTb ¢y BIJHOCUTHCS 10 TaKUX, 110 HE MOXKE OyTH BHUSBJIICHA JTaHUM

METOJIOM J1arHOCTYBaHHS, OCKIJIBKHM 1i peakilis Ha BX1JHI HaOOpHW CIIBHAga€e 13
3HaYEHHSIMU (YHKIIII cipaBHOT KOMOIHAIIHHOI CXeMU, TOOTO ¢ = @ .

Bynyemo ckopoueHy Tabmuio GyHKIINH HecpaBHOCTeH (Tabmurs 14.3).

Ilepesipsaiouuii (konmpoavbHutl) mecm € CyKyImHICTIO HAOOPIB BXiTHUX BILJIUBIB,
0 JalTh 3MOTY 3IIHCHUTH TEPEeBIpKY CIPaBHOCTI ab0 TMpale3naTHOCTI
KOMOIHAIIIfHOI cXeMHu Ta OyIyeTbcs Ha OCHOBI CKOpPOYEHOT TaOmuIl (QyHKIIIH
HECIIPABHOCTEMN.

[TepeBipsitoua GyHKIIIS 715 | -TOT HECITPABHOCTI JIOPIBHIOE:

i =Y @g;.

3 ckopoueHoi Tabnuil GyHKIIN HecipaBHOCTEN oTpruMaeMo ((yHKIIIT 3anmucaHi

y BUTJISIIL IU3 FOHKI[IA HOMEPIB JIBINKOBUX BX1AHUX HAOOPIB):

oy =1,
Ty =9,
7Ty =3,
g5 =0,
g =405,

my=30V40U50U60U7,
ms=00203U4U50U6UT.
[lepeBipsitounii TeCT
To=ngNnmn...Nx,,
7€ N — KUTbKICTh HECIIPABHOCTEM.
VY po3risiHyTOMY BUIIAJKY:
Ty =7 N7y Ny N 7T5 N Tg N Ty N 5 =
=1n5n3N0N(4uU5nBuiusueu7)n(0U2U3U4U5UBEUT)
3acToCyBaBIIM 3aKOHU JIOTIYHMX IIEPETBOPEHb, OTPUMAEMO IEPEBIPAIOUUIL

TECT BUAY:
T,=0n1N3N5.

3 OTpUMaHOTO BUpa3y BUILUIMBAE, IO Yy MEPEBIPSIOUMN TECT BXOMASTH BXIJIHI
Habopu 3 Homepamu 0, 1, 3 Ta 5.

Hiaenocmuunuii mecm siBlisie cO00I0 CYKYMHICTH HAOOpIB, MO JIAIOTh 3MOTY
BKa3aTH MICIIe Ta BHJ HECITPABHOCTI B KOMOIHAIIIMHINA CXeMi.

Jns moOynoBH AIarHOCTUYHOTO TECTy CKJIQJA€ThCsl TaONMI TOKPUTTIB
(tabmuis 14.4), croBmil SIKOi BIJNOBIAAIOTH TapaM HECIPABHOCTEH, IO MOXKHA
po3pi3HUTU. 3amoBHeHHs Tabmuui 14.4 mnpoBOAMTHCS NUIAXOM MOPSIKOBOMY
MOPIBHAHHS HecnpaBHocTeW Tabmumi 14.3. YV kowmipiil, 0 BIANOBITAE PSIAKY, HI€
3Ha4Y€HHS LMX (QYHKILIA HE CMIBNAAAa0Th, IPOCTABISAETHCS 1.
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Jlo Tabmmmi 14.4 nomaeThes AEKiIbKA CTOBITYMKIB, IO BIANIOBIIAIOTH KIJTBKOCTI
OJUHMLB Y PSIKY (8y,8,,85 Ta 8, ), Ta B IKUX BIAMIYAIOTHCS MOETAMHO. Y KOMIpKax

CTOBIIIA 4@ IIPOCTaBJICHA KIJIBKICTh OJUHHUIBb Yy KOXHOMY DPIAIOKY Ha IIOYATKY

po3B'si3ky. OOupaeThess OAWH 3 PSMKIB, MO Ma€ HAHOUIBITY KITBKICTh OJUHUIL. Y
JaHOMY BUNIAAKY 12 ouHMIIB MAIOTh KU 3,4 Ta 5, TOOTO &y 4 =12 . OOupaeThes
OyIIb-SIKUM 3 X PSAJIKIB, HAPUKIIAT PAIOK 4. Jlami BUKPECTIOITHCS BC1 CTOBIIIL, IO
MaroTh 1 B panxy 4. Ix 6yne 12.

Y cToBmii &, MpocTaBieHa KUIbKICTh OAMHMIIb, IO 3ANULIMINACA Y PsAKax
TaONMIll TIICIs BUKPECTIOBaHHS CTOBMINB. Jlami 3HOBY OOMpaEeThCs PSATOK 3
HaWOIJIBIIO KUIBKICTIO HE BHKPECICHUX OJWHHUIb. MOXKHAa BUOpaTH PSAJKH i
HoMmepamu 0 abo 3, A SKUX 8y =2. OO0MpaeMo psgoK 3 Ta BHUKPECIIOEMO

CTOBIILI, 110 MaroTh 1 y psnaky 3. [lami mpocTaBiseThCsl y CTOBILI 8z KUIBKICTb

OJIMHUIIb, 1110 3aJTUIIMINCS Y BIJMOBIIHUX PSIIKAX, Ta 3HOBY BUOMPAETHCS PSIIOK, 110
MICTUTh HaWOUIBIY KIIBKICTh OJWHUIL. B manomy Bumaaky e Oyae psaok 0, mis
AKOTO 8gmax =3. HapemrTi, aHaJIOTNYHO 3HAaXOAUMO 84, =1 y paakax 1 Tta 5.

BUOMpaeMo psAIoK | (BCl CTOBIILI € BUKPECIIEHI).
TakuM yuHOM, OTpuMaHa CYKynHIicTh psaakiB 0, 1, 3 Tta 4, mo dopmye
J1arHOCTUYHUH TECT, K CYKYMHICTh HAOOP1B, 110 BiANOBIIAIOTH LIUM PsJIKaM.
JI1arHOCTUYHUM TECT Ma€ BUTJIAI;

a b C
0 0 0
0 0 1
0 1 1
1 0 0

3a JIarHOCTUYHHUM TECTOM CKJIQJIA€ThCS CIOBHUK HECHPABHOCTEH, IO Ja€
3MOry (hIKCyBaTH HECIPABHICTH 3a JIOIIOMOTOI0 BUKOHAHHS (hOPMaIbHOI IPOLIECIYPH.
CroBHHMK HecTpaBHOCTEH siBJisie co00t0 Tadnuito (Tadmuus 14.5), mo € 4acTUHO
ckopoueHoi TOH (tabnuus 14.3). V 1o TaOauUI0 BXOAATH PSIKH, 10 BIAMOBIAAIOTH
NepeBIpKaM, sIKI BXOJSATh Y MEPEBIPSIOUYMI TECT, Ta rpadu, M0 BIANOBIIAIOTE KiIacam
€KBIBAJICHTHUX HECIIPABHOCTEH.

Ta6nuns 14.5. CioBHUK HeCTIpaBHOCTEHN

BX.I Al DyHKILis @DyHKIIT HeCIIPaBHOCTEMN
Howmep SVIHTL CIIpaBHOI
Habopy CXEMH
alblc| y_ Pr| P2 | Pa| P5 | Ps | Pu1 | Pi5
=®o
0 0]0]0 0 0 0 0 1 0 0 1
1 001 1 0 1 1 1 1 1 1
3 0|11 0 0 0 1 0 0 1 1
4 1]10]0 0 0 0 0 0 1 1 1
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Tabmust 14.4. Tabnuist MOKPUTTIB 1T ap QYHKIIH HECIIPABHOCTEH ;¢

Bxiani .
S @yHKIIT HECITPABHOCTEN
3MIHHI
Howmep
HaOOpy I I %1 %1 »1 ?1 »1 %1 ®2 i ®2 i ®2 Py Dy Py Py
Dy | Pa 3 Pg | P11 | P15 | Pa 23 Pg | P11 | P15 | P5 Pg | P11 | P15
0 0 0 0 1 1 1 1 1 1
1 0 0 1 1 1 1 1 1 1
2 0 1 0 1 1 1
3 0 1 1 1 1 1 1 1 1 1 1
4 1 0 0 1 1 1 1 1 1 1 1 1
5 1 0 1 1 1 1 1 1 1 1 1 1
6 1 1 0 1 1 1 1 1 1
7 1 1 1 1 1 1 1 1 1

ITponorxenus tadui 14.4.

DyHKIIIT HECTIPABHOCTEH Kimexicts omHup y
Homep DATRY
Habopy | ¥5 | ¥s D5 Pg Pg | P11 a, a, a, a,
Pg | Pr1 | P15 | P11 | P15 | P15
0 1 1 1 1 10 5 3
1 6 3 2 1
2 1 1 1 6 2 1 -
3 1 1 1 1 12 5 - -
4 1 1 1 12 - -
5 1 1 1 12 2 2 1
6 1 1 1 1 10 2 - -
7 1 1 1 1 10 2 - -
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Henonik merony Ttabmuup GyHKIIH HECHPABHOCTEH IMOJATa€ y BEIUKUX
posmipax. Ile moscHioeTbest TuM, 1m0 TOH omnucye cxeMy MOBHICTIO Ta 301JIbIIICHHS
KUTBKOCTI €JIEMEHTIB CXEMHU MPOMOPILINHO 301IbIIY€E KUTBKICTh CTOBIIIIB TaOJIMIII.
ToMy a1 cxeM BETTMKUX PO3MipiB BUKOPHUCTOBYIOTHCS METOMM, B IKUX aHAIi3 CXEMHU
MIPOBOMUTHCS IO YACTHHAX, 30KPEMa, TaK 3BaHi JJOKAJIbHI aTOPUTMHU.

14.2 MeTox eKBiBaJIeHTHOI HOPMAJILHOI GOpMU

Meron monsirae Ha TpeacTaBleHHI OylieBoi (YyHKINi, IO peanizye cXemy, y
BUTJIAI ekBiBaieHTHOT HopManibHOT (opmu (EH®). EH® BinpizHseTbes TuM, O 11
3MiHHI CITIBCTaBJICHHI HE BXOJaM CXEMH, a BCIM MOXJIMBUM IUISXaM TMOIIAPEHHS
curHaiiB. EHO®, sk i 3Buuaitna HopManbHa ¢popMa, Moke OyTH 00UHCIIeHa METOIOM
MiJICTAHOBKH, 3 TIEIO JIMINE PI3HMIICIO, 110 HAJIMINKOBI TEPMH HE BUKIIOYAIOTHCH,
OCKUIBKM BOHHM XapaKTepU3yIOTh KOHKpeTHy peamizamito cxemu. [lngs EH®
XapaKTepHI Takl 0COOJIUBOCTI:

1. EH® € noriynoro cymMoro JOTiYHUX AOOYTKIB, TOOTO HOpMaJIbHOKO (HhOPMOIO
OyneBoi GhyHKIIIi.

2. Aprymentamu EH® € 6ykBu EH®, nig sikumu po3ymitoTh 3MiHHI abo0 ix
3armepeyeHHsl 13 1HJEKCOM IMOCHIIOBHOCTI €JIEMEHTIB BIJIMOBIIHOTO INUIAXY, IO
OB’ SI3Y€E 1[I0 3MIHHY 13 BUXOJIOM CXEMH.

3. Kinbkicts 6yke EH® y 3aranbHOMy BUNAAKYy OLIbINE KUTBKOCTI BXITHHX
3MIHHHUX CXEMH, OCKUIbKM OJWH M TOM camMuil BX1J CXEMU MOXe OyTH IMOB'I3aHUM 13
BHUXO0JIOM JICKUTBKOMA MIISIXaMH.

4. EHO® Moxe MaTh HaIJTMIIKOB] KOH FOHKIIII.

5. Slkmo OykBa, mo Bxoauth y EH®, He mae 3amepedeHHs, TO il BiAMOBiAae
IUIAX 13 TApHOIO KUIBKICTIO 1HBEPCi, y MPOTHIEKHOMY BHUMNAAKYy — 3 HEHNApHOIO
KUIBKICTIO 1HBEPCiil.

Ipuknao 14.2. TloObyayemo EH® st koMO1HAIIHHOT CXeMU 3 pUCYHKY 14.2.

& 2

a
b k
L |

4 3

Pucynok 14.2. Kom6iHamiitna cxema 10 npukiagy 14.2

EH® Oynemo 3HaXoIuTH UUIIXOM Ceplid TMOCHIAOBHUX IMiJCTAHOBOK, SKa
MOYMHAETHCS 3 BUXIJHOTO E€JIEMEHTY CXeMHu. BuXiJ enemMeHTa BU3HAYA€THCA 4epe3
BXOJI 3 BKa3aHHSM 1HJIEKCY, 110 BIMOBIIAE IIHOMY EIEMEHTY:

f=(mm).

Jlani B oTpuMaHoOMy BUpa3si 3MiHHI, 10 BiANOBIAAIOTh BUXOJaM €JIEMEHTIB 2 Ta

3, BU3HAYAIOThCA YEPE3 BXOIU aHAJIOTITYHUM YHHOM:
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f=(@+k)(a)s).

Onucanuil mpolec MPOAOBKYETHCS JOMOKHM He OyAyTh pPO3IISIHYTI BCi

€JIEMEHTHU, TOOTO:
f=(@+bc)),(k+d),), ).

f= ((ET +(bc)s )2 (((bc)5 +d), )3 )1-

B oTpumanomy Bupa3i pO3KpUBAEMO OYXKKH TpHU 30epekeHH! 1HAEKCIB

CJIEMEHTIB:
f=a5105431C5431+D521C52105431C5431 + 8210431 + 521852104 31

st cnporenns 3anucy EH® mociiioBHOCTI €€MEHTIB MUISX1B MO3HAYAEMO
nudpamu:

21-1; 5431-2; 521-3; 431-4.

Toni EH® mosxHa 3anmucaTd y TAKOMY BUTJISIL:

f =ab,c, +byCab,c, +ad, +byCad, . (14.1)

Meron no6ynoBu TecTy HectipaBHOCTI 32 EH® nonsrae B HacTynmHOMY.

JIJist KOKHO1 HECIIPaBHOCTI KOMOIHAIIMHOT CXEMU HABOJIUTHCA i1 MPOEKIli Ha
KOHTPOJIbHY MHOHHY HECIPAaBHOCTEH MOCHIKyBaHOT cxemu. JlJis BU3HAYEHHS
MIPOCKITiT HECITPaBHOCTEH OyayeThes Ta0muI nusixiB (Tadmuis 14.3). Psaaku Tabmmmi
B1/IMIOB11at0Th OykBam EH®, a cTOBIII — HECIPABHOCTSIM, 110 BXOJSATh Y KOHTPOJIbHY
MHOKHHY.

a o2 1 f
o
7 6 3 1 &
b o g |© o
c = |
Og 5 s
1 1
d %
o 4 3

Pucynok 14.3. KoHTpoapHa MHOKHHA HECIIPaBHOCTEH

TaOnuis HUIsAXiB 3alIOBHIOETHCSI HACTYITHUM YMHOM:

1. Ha mepeTHHi | -rO CTOBMIS Ta | -TO psAAKa B KOMIpili Tabmuili craBuThes 0
abo0 1, sAKIIIO HECIPaBHICTh, IO BIAMOBIAA€ |-My CTOBIIIIO JICKUTh HA MUIAXY, IO
BIZITIOBITa€ | -My PSIKY;

2. B CTOBIIII TaOJIUIll MPOCTABISETHCA 1, SIKIO MICJIsI HECTIPABHOCT1 HA TAHOMY
HUIAXY ICHY€ NapHa KIJIbKICTh 1HBEPCiH, Ta cTaBUTHCS O y MPOTUIIEKHOMY BUIIAKY .

[Ipoekuisa HecnipaBHOCTI 32 EH® BHU3HavaeThCs 32 TAKUMHU NPABUIIAMHU:

1. HecIipaBHICTh, IO BIAMOBIZa€ |-My CTOBIIO, (ikCye B KOHCTaHTH BCI

oykeu EH®, y psakax sKux B CTOBIN | mpocrasieHi 0 a6o 1;
2. SIKIIO HA TEPETHHI |-TO CTOBMIS Ta |1-TO psAAKAa B KOMIpIi TaOJHIli

npoctaBieHa 1, To Bun ¢ikcamii (0 abo 1) i-i Oykeu EH® Bimmosigae Bumy
134



HECIPABHOCTI; SAKINO y BKazaHid Komipii npocrtasieHuit 0, To Buja Qikcarlii OykBu
EH® € nmpoTtuiexxHuii 10 BUY HECIIPABHOCTI.

Taomung 14.5. Tabmuig nuiaxis

HecnpasnocTi

1 2 3 4 5 6 / 8 9
aq 0 0
b, 0 1 1 1
by 0 0 0 0
Cy 0 1 1 1
Cs 0 0 0 0
dy 0 1

Po3rnsiHeMo, HampuKIaa, HECHpaBHICTH Mg HomepoM 8 (pucyHok 14.3).
BOHA pPO3TalllOBaHA HA NUIAXY, IO 3’ €IHY€E BX1J C 3 BUXOAOM CXEMH YEPE3 €IEMEHTU
5,2, 1 (muax C3), a TakOXk Ha LNUIAXY, 110 3 €AHYE BX11 C 3 BUXOJIOM CXEMH 4epe3

eneMeHTH 5, 4, 3, 1 (uusix C,). Ha musxy C, miciis HeclipaBHOCTI 8 3HaXOAUTHCSA
napHa KuUibKicTh (zB1) iHBepciii. Tomy B Tabmumi 14.5 Ha mepeTwHi CTOBHOIS 8 Ta
psinka C, mpoctasieHa 1. 3 mporo ciinye, mo Buj (ikcaii OykB €, y Bupasi (14.1)
CHIBIAJA€ 3 BUJIOM HecnpaBHOCTI 8 (koHcTaHTa 1). Ha nusixy C; micist HecripaBHOCTI
8 posramioBaHa HemapHa KUIbKICTh (oaHa) 1HBepcik. Tomy B Tabmumi 14.5 Ha
NIEPETHHI CTOBIIM § Ta psaka C; nmpocTaBieHuid 0. 3 nporo ciiaye, mo BUI (ikcarii
OykB C; y Bupasi (14.1) mpotunexxuuii (koncranta 0) Buay HECIIPAaBHOCTI 8.

B pe3ynbrari a1 HECHOpaBHOCTI &8 OTPUMAEMO HACTYyNHY (QYHKLIIO
HECIPaBHOCTI:

f8 = albz(CZ :1)+ 63(63 = O)bz(Cz :1)+ §1d4 + 53(63 = 0)d4 = ab + Ed .
3a (yHKIIEI0 HECTPABHOCTI BU3HAYAETHCS MEPEBIPAIOUMIA Ta N1arHOCTYIOUMMA
TECTH.

14.3 Metoa Oyj1eBHX MOXiTHUX

Bynesoro moximHoro ¢yskmii  f(X;,..., X;,..., X,) BiZHOCHO 3MiHHOI X;
HA3UBAETHCS QYHKIIIS
df (x) o
= F(Xgeees Xy ooy X ) D F(Xgyeeny Ky oeny Xy )
dx;
ByneBy noxijHy MOXHa TaKOX OOYUCIUTH 3T1THO (POPMYIIH:
df (x
%_): F(Xgsees Xi 0oy Xiagseeer X )® F(Xgseeny Xi g2 0, Xiigsovey Xy ),

|
3 SIKO1 BUJIHO, 110 OyJieBa MOX1JHA HE 3aJIEKUTh B1Jl 3MIHHOI X;, BIJTHOCHO SIKOi BOHA

OOUYHCITIOETHCSL.
Sk ¥ Oyab-axa OyineBa (yHKIis, MOXiaHa OyseBoi QPyHKIII mpuiiMae 3HAYEHHS
0 a6o 1. [Ipu oOGuKcIeHHI MOX1THUX MOKE€ BUHUKHYTH OJIMH 3 TPHOX BHITAJIKIB:
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df (x) _

1. sixkimo ——— = g(X), To momMuiKa B X; Gy/e BUKIMKATH OMUJIKY HA BUXO/
dx;
f,axmo g(x)=1;
df (x) .
2. K110 vk 0, To momMuiIKa B X; He Oy/e BUKIMKATU MOMHJIKY Ha BUXO[1
X
f , Ta, BinnoBinHo, Gynkuis f(X) He 3aeKUTH Bix 3MIHHOT X; ;
df (x)
3. KO 4 =1, ToO moMWIKa B X; 3aBXKAu Oyle BUKIMKATU IIOMUJIKY Ha
X;

1
Buxoai f He3aje:kHO BijJ 3HAUEHHSI iHIIMX BXiTHUX 3MIHHHX.

[Tpu oOumcienHi OyneBUX MOXIAHUX (PYHKIIN, 10 MAIOTh HEBEJIUKY KIIBbKICTh
3MIHHUX, BUKOPUCTOBYIOTh KapTH KapHo. [[is mporo OynayroTbes ABI KapTH Uis

dynxuit  f(X,..., X, ...n Xy) @ f(X,..., X;,..., X, ). IloTiM BemuumHm, 110
3HaXOJATHCA Y BIAMOBIAHUX KOMIPKax KapT, HOAAIOThCS 32 MoAyieM 2. PesympraTom
. . .., df(x
noaaBaHHs € kapTa KapHo, 1110 BiaNOBifa€e MOXigHiN # :
X.

1
[Ipu oOuucienHi OyJeBUX TMOXIJHUX CKJIAJAHUX (QYHKIIA KOPUCHUMHU €

HACTYIHI iX BIIACTUBOCTI:
df (x) _ df(x)
dx; dx;

o2

A1 (X906) _ 49900 g 01X 1 0) S0

dx; dx; dx; dx;  dx
G110 _ ) g {2 100, G500,
d(f (x)®g(x)) _ df(x)  dg(x)

dx; dx; dx;

Ilpuxnao 14.3. O6uucnuty OyJeBY MOXiAHY MO 3MIiHHIA D i cxemu 3
pucysky 10.4.

KoMmGinariitna cxema 3 pucyHky 14.4 peanisye dynkuiro f =(a+bc Xbc+d).
O6uncmuMo moxigHy 3a gomnomoror kapt Kapuo (pucynku 14.5-14.7). 3rigHo
pucyHky 14.7 moxijiHa JOpIBHIOE:

df (a,b,c,d —
Q =acd .
db

TakuM YWMHOM, OTPUMAHO MEPUIMI BUNAAOK MPHU OOYMCIEHHI MOXIJTHUX.
Pe3ysibTaT rOBOPUTH MPO TE, IO MOMHJIKA HAa BXOAI D MPU3BOIUTH 10 MOMHUIIKUA Ha
sBuxomi f (tpancmoerscs Ha Buxin f), skmo a=1, c=1Ta d =0, 1m0 BUKOHYEThCS

Ha 2 Habopax 3 16 (1010, 1110). Ha xoxxHoMmy 3 1ux HaOOpiB BiAOyBa€eThCs
aKTHBAIIisl OJTHOTO 3 IBOX CYTTEBHX IUISAXIB BiJ BXoay b 1o Buxomay f .
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ab| 1| 1| 1| 1 ab| 1| 1] 1| 1
ab 1 1 1 1 ab 1 1 1 1
ab 1 1 1 ab 1 1
ab 1 1 ab 1 1] 1
Pucynok 14.5. Kapra Kapno Pucynok 14.6. Kapra Kapno
¢ynkuii f(a,b,c,d) dynkuii f(a,b,c,d)

cd cd cd cd

ab 1
ab 1

df (a,b,c,d)
db

Pucynok 14.7. Kapta Kapno ¢ynkuii

Ilpuknao 14.4. PosrnsHemo cxemy Ha pucyHKy 14.8. O0uucnumMo MOXigHY
OyneBoi GyHKIIT MO 3MiHHIHN C, 1[0 peai3ye M0 CXeMY:

W _((ab+c)ab+c))®((ab+c)ab+c))=0.

OTpumMaHuii pe3ysabTaT TOBOPHUTH Mpo Te, mo QyHKIis f He 3anexurh Bix
3MIHHOi C, @ TOMY CXE€Ma € HaJ[JIMIIKOBOIO.
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a & 1 & f
b
1
C
|

Pucynok 14.8. KoM0iHariitna cxema o npukianay 14.4

Ilpuknao 14.5. OOuucautu OyleBy MOXIJAHY MO 3MIHHIA C JJs CXeMH 3
pucyHky 14.9.

Pucynox 14.9. Kombinariitna cxema o npukmany 14.5

Kombinamiitna cxema 3 pucyrky 14.9 peanisye dpyukuito f =((a+b)+c)+d.
3HailieMo MoX1IHY (PYHKIIII:
df (a,b,c,d) ~
T:(((a+b)+ c)+d)@®(((a+b)+c)+d)=1.
OTpumMaHuii pe3yabTaT BiIIOBiIa€ TPETHOMY BHITAJIKy Ta BKa3ye Ha Te, IO B
JHIAHUX CXEeMax MOMMJIKA Ha OJTHOMY 3 BXO/JIIB TPAHCIIOETHCS HA BHUXIJl HE3aJIEHKHO
B1JI 3Ha4YE€Hb CUTHAJIIB HA BCIX 1HIINX BXOJaX.
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JEKIUS 15
CUTHATYPHUU AHAJII3

CxeMu 3 maM’sTTIO € CKJIQJHIIMIMMHM JIarHOCTUYHUMU 00’ €KTaMH 3a
KOMO1HaIlIliHI cxeMd. Taki cXeMH MICTITh OJIOK IaM’sTi Ta JIOTIYHUN IepeTBOPIOBaY
(puc.15.1). Enementn mam’siTi 30epiratoTh iH(OpMaliio Mpo TMOMepeaHi BXiaHI
BIUTMBHU. JIOTiyHI TepeTBOproBadi € KOMOIHAIIMHMMM CXEMaMH, M0 OOYMCIIOIOTH
3HAYCHHS BHUXOJMIB Ta CTaHIB €JIEMEHTIB IaM ATi Ha KOXHOMY TaKTI MPHCTPOIO 3
nam’sITTIO.

[Ipn nlarHOCTYBaHHI TaKHWX CXEM HEOOXITHO 3a0e3MeYuTH MEepeBIPKY
CIPAaBHOTO CTaHy KOXKHOTO €JIEMEHTa MaM ATi Ta KO>KHOTO JIOT1YHOTO eleMEeHTa, 110
BXOJUTh B JIOT1UHUN TepeTBOproBad. JloriuHmii mepeTBOpIOBaY MEPEBIPSETHCS SIK
KOMOiHalllifHa cxema, aje Mpu bOMY HEOOX1JIHO BpaxOBYBaTH, IO 3MIHHI V4, ..., Vi,
[0 HAJAXOATh Ha BXIJl JIOTIYHOT'O IMEPETBOPIOBaYa, HE € HE3AIC)KHUMHU (SK 3MIHHI
Xy, ..., X} ). B TaHUW MOMEHT yacy BOHM BU3HAYAIOTHCA CTaHAMHU €JIEMEHTIB MaM’sITi.

Tomy BUHUKAae HacTymHa 3ajada. SKimo BiOMUW BXigHUWA HAOIp X,,X,,..,%,,

o

Vi, ¥, o, Vi (X, =0 abo 1, ¥, =0 abo 1) Ha SKOMY BUSBISETHCS HECHPABHICTh
JEAKOTO €JIEMEHTa JIOTIYHOrO MEepeTBOpIOBava, TO, Uil TOrO IOOM 3a0e3medyuTH
BBEJICHHS I[bOI'0 HA0Opy, HEOOXITHO BCTAHOBUTH EJIEMEHTH IaM’sTi B CTaHH, IO
BIMOBIAAIOTh IIMM HaOopam. [HIIMMU cloBaMHM TiepeBipKa e€JeMEHTa BHUMAarae
MONEPEAHBOTO MepeaBaHHs JEIKO1 MOCIIOBHOCTI BCTAHOBJICHHS BX1JTHUX HAOOPIB.
OCKIJIBKHA KOKEH €JIEMEHT IMaM SITI Ma€ CBOIO MOCIIJOBHICTh BCTAHOBJIEHHS BX1IHUX
HaOoOpiB, TO 00’€qHAHHS iX B 3arajlbHUA TECT € JOCTATHHO CKIIAJIHOIO 3a/1auero.
OxpimM TOro, Ma€ micie npodeMa BCTAHOBJICHHS] CXEMH B TIOYATKOBHUH CTaH, 3 SIKOTO
MOYMHAETHCS TIPOLIeypa AIarHOCTYBaHHA. B Jiedkux cxemax 3 maMm’siTTIO MOKIIUBE
30UTBIIIEHHST KUIBKOCTI €JIEMEHTIB MaM’ATi y pe3yJibTaTi BUHUKHEHHS KOHCTAaHTHHX
HECITPaBHOCTEH, a TAKOXK MOsIBa KPUTUYHUX CTaHIB, 110 BIJICYTHI Y CIIPaBHIN cXeMi.

Bkazani o6cTaBuHU BH3HAYaIOTh HEOOXIAHICTH PO3POOKHM BEIMKOI KITHKOCTI
PI3HOMaHITHUX METOJIIB CHHTE3y TECTIB MEPEBIPKH CXeM 3 TaM STTIO, a TaKOX
CHeIiaJTbHUX METOIB iX MiarHOoCcTyBaHHS. [Ipy IbOMY BpaXxOBYEThLCS BT €JIEMEHTHOT
0a3u, TUIN €JIEMEHTIB MaM’sTi, HAIBHICTb B CXE€MI CUTHAJIB CHUHXPOHI3AIlli Ta 1HIII
0COOJIMBOCTI, 10 CYTTEBO BIUIMBAIOTH HA OpPraHi3aliio KOHTPOJIO cxeM. [ mpocTux
CXeM, IO MalTh HEBEJIMKY KUIbKICTb BHYTPIIIHIX CTaHIB, IEPEBAXKHO
BUKOPHCTOBYIOTh CHHTE3 TPUBIAIBHHMX TECTiB. B IHIMX BHITagKax 3acTOCOBYIOTH
1HIIIl METOJIU JIarHOCTYBaHHSI.

s cKITafHUX OOYHCITIOBAIBHUX CHUCTEM, IO MICTSITh BEIMKHM 00’ €M ITOM ATI
Ta pPO3Tajy>kKeHy JIOTiKy, 00’€éMM IiarHOCTUYHOI 1H(OpMAIli MOXKYTh BHUSBUTHUCS
JIOCUTh BEJIMKAMH Ta BUMaraTh HENPUMHSITHI amapaTypHi Ta 4acoBi BUTpaTH. Y
IIbOMY BHWIIQJIKy BUKOPHUCTOBYETHCS CTUCHEHHS J1arHOCTUYHOI 1H(opMaIii.
OCHOBHUM METOJIOM CTUCHEHHS € CUTHATYPHUI aHaIi3.
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Pucynok 15.1. Cxema 3 maM’ATTIO

JI CKJIAJHUX OOYHMCIIFOBAJILHUX CHCTEM, III0 MICTATH BEJIMKHH 00’€M 1IOM STI
Ta PO3Tajy>KeHy JIOTIKy, 00’€MH JiarHOCTUYHOI 1H(OpMAaIlii MOXYTh BHUSBUTHUCS
JIOCUTh BEJIMKMMM Ta BUMAaraTu HEMPUMHSTHI amapaTrypHi Ta 4acoBi BUTpaTH. Y
[bOMY BWIIQJIKy BUKOPUCTOBYETHCS CTUCHEHHS J1arHOCTUYHOI 1H(oOpMaIlii.
OCHOBHMM METOJIOM CTUCHEHHSI € CUTHATYPHUM aHai3.

Ha pucysky 15.2 HaBegeHa cxeMa  JIarHOCTYBAaHHS  CKJIATHOTO
O0OUYHCITIOBATILHOTO TPUCTPOIO, O(GOPMIICHOTO Yy BUIJISAlI BEJIUKOI 1HTErPalibHOI
Mmikpocxemu (BIC), mo Mae m BxOAiB Ta OAWMH BUXIJl Ta € €JIEMEHTOM JESIKOI

CKJIagHOi MikpomponecopHoi cuctemu. Jna mnepeBipkun BIC BuKOpHCTOBYETHCS
NEPEBIPSAIOUMNA TECT, 110 MICTUTH MOCHIAOBHICTh BXIJTHUX HAOOpIB PO3MIPHICTIO 1.

[Tpunyctumo, 1o 115 Moci1I0BHICTh MicTUTh 100 HabOpiB.

Peaxist cxemu

1] 2 99 [ 100 brox
MOPIBHSHHS
1| 2 99 | 100
Eranon

Pucynox 15.2. Cxema niarHOCTyBaHHS CKJIQJTHOTO
00YHUCITIOBAILHOTO TTPUCTPOIO

[Ipouec miarHoctyBanns BIC ckmamaerbest 3 naBox mporeayp. llepma
nporeaypa noysrae B mnomaHHi Ha Bxig BIC 100 nHaGopiB Tecty Ta dikcarii
MOCJIIJOBHOCTI CUTHAIIB Ha BUXOA1. [ 11boro HeoOXigHO pericTp, mo mictuth 100
po3psaniB. Jlpyra mporeaypa Mojisirae y TOPIBHSHHI TMOCITOBHOCTI BIAMOBIICH 3
€TAJIOHHOIO TOCHIIOBHICTIO, JUIsi 30epiranHs sikoi Tpeba Takox 100-po3psaHuii
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perictp. SIkimio ABI MOCHTIIOBHOCTI HE CITIBIIAJAalOTh Xo4a O B OJHOMY pPO3psl,
pOOUTHCS BUCHOBOK Ipo HasBHICTH B BIC HecnipaBHOCT!.

[leit mporec Moxke OyTH peali30BaHUM SK arapaTHUMH 3aco0aMu, Tak W
nporpaMHuUM muisixoM. [Ipu BUKOpHCTaHHI amapaTHUX 3aco0iB, OKPIM CKJIQJIHHUX
pericTtpiB, HeoOXigHa Ie M CKJIaJHa cxeMa TMOopiBHsIHHA. [Ipum BUKOpUCTaHHI
MPOTPAMHOT0 METOIY HEOOX1JHO Yac JjIsl OoCioBHOTO TTopiBHAHHS 100 Oi1T.

Crucuenns iHdopmaiii nossirae B ToMmy, 1mo 100-po3psaHnii BEKTOp BUX1THUX
CUTHAJIIB 3a JESKUM IPaBUJIOM (QITOPUTMOM) 3aMIHIOETHCS BEKTOPOM 13 CYTTEBO
MEHIIOK KIJIBKICTIO po3psiaiB. Taka cama omepailis MPOBOAUTHCA M 3 €TaJOHHUM
BEKTOPOM. 3MEHIIEHHS KITBKOCTI pO3psAiB BEKTOPIB, IO MOPIBHIOIOTHCS, CYTTEBO
3MEHIIy€e amapaTHi Ta 4acoBi 3aTpaTH. AJle IPU LIbOMY Ma€ MICIE BTpaTH JESKOl
iH(popMalii, B pe3ynbTari 4oro Hu3ka HecrnpaBHocTel BIC He Oyne BUKpUBIIOBATH
BUXIJTHUN BEKTOp Ta HE OyJie BUSIBIICHA.

MakcumainibHe cTUCHEeHHs 1HdopMalii BinOyaeTbes Toai, kKoiau 100-po3psaHuit
(B 3aralbHOMY BHIIQJIKy N —pO3PSAIHUN) BEKTOP MEPETBOPIOETHCS B OJTHOPO3PSIHUN
BEKTOp 3a MPUHIMIIOM IMApPHOCTI KUIBKOCTI OAWHUIL. JlJIs 1bOro BUXiA CXeMHU
i’ eqHyeThest 10 T-Tpurepa. B iboMy BUNIAKY €TAIOHHUN BEKTOP MICTUThH HEMAPHY
(260 mapHy) KUIbKICTh OJMHHIIL. SIKIIO MICs HAAXOKEHHS TECTOBOI MOCIIIIOBHOCTI
Ha Bxix BIC Tpurep BusiBuThca B ctani 0, To 11¢ Oy/ne o3HA4aTH, IO B CXEMi €
HECMPaBHICTh. SIKIIO » 3a HAsABHOCTI HECHPABHOCTI B cXeml Tpurep Oynae
3HAXOJHWTHCS B CTaHi 1, TO HECTIPABHICTh HE BUSBUTHCS.

bynemo BBaxkaTu, IO TMOsBa BCIX BUKPHUBIECHb BHUXIJHUX BEKTOPIB
piIBHOMMOBIpHA, TOOTO 1110 MOJOBUHA BCiX HecnpaBHocTedl BIC mopyiiye mapHicTh
BEKTOpPY, a MOJOBUHA HE nopyurye. Toxai KMOBIPHICTh TOTO, 1[0 HECIPABHICTH Oy
BUsBJICHA, A0piBHIOE (0,5. Taka HU3bKAa MMOBIPHICTh BHSIBICHHS HECIPABHOCTEU €
BHACJIJIOK MAaKCUMaJIbHOT'O CTUCHEHHS 1H(hOopMaIlii.

Ha mpakTuiii BUKOPUCTOBYIOTBCS Takli CIOCOOM CTHCHEHHS iH(opMarii, sKi
JIUIIIE HE3HAYHO 3MEHIIIYIOTh WMOBIPHICTh BUSIBJICHHSI HECITPABHOCTEH.

bynemo mpencrtaBiaTH JBIMKOBHM BEKTOp BHXIJHHMX CHTHAIIB y BHUIUISI
MHOrowieHy f(X) BIZHOCHO 3MIHHOI X, III0 PO3TANIOBaHi 10 CHAJaHHIO CTEIEHIB 3

koeoimientamu 0 Ta 1. Hanpuknan, 9-po3psaauii Bektop (n = 9)
8 7 6 5 4 3 2 1 0
1 1 01 00001
MIPECTABIISAETHCS Yy BUTJISIII MHOTOUJIEHA

f)=1-x*+1-x"+0-x°+1-x>+0-x*+
+0-x*+0-x*4+0-x"+1-x" =2 +x" +x°+ 1.

Crapumii po3psa MHOTOWIEHA (@ OTKe, 1 caM MHOTOWIEeH) Mae crernenb n — 1.
Le#t po3psia BiANOBIAAE MepuIoMy BUXiHOMY curHainy (Bignosiai) BIC npu nmomaui
tecty. KoediuienT npu x™ ! 10piBHIOE BifNOBil 3 HOMEPOM 1i.

IcHye Tpu omepailii HaJy MHOTOUYJIEHAMHU.
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Omepariist 101aBaHHS BUKOHYETHCS 3a MPaBUIaMU OIepallii «cyma 3a MOJyJIeM
nBay: x' + 0 = x*, x' + x' = 0. Hanpuknan:

B+ +x°+ D)+ 7+ x4+ 1) =%+ x° +x°
Onepaltisi MHOKEHHS BAKOHY€ETBCS 32 TIPABUIIAMH:

x'-xt=x" 0-x"=0,1-x" =x".
Hanpuxian,

¥4 x7 4+ x° (x =x x p Al T N B N =
(f+x"+x>+1)-(x*+1) oy e+ +x"+x* +x3 4+ 1
=xT 4+ x0T P4+ 241,
Omnepartist AUTCHHS TO3HAYAETHCS TaK:

[Ipy niUIeHHI MHOTOYIEHIB CTaplidid 4IEH IIJIEHOTO AUINTBCA Ha CTapIIMid
4jieH JIiIbHUKA. J{UIeHHS 3aKIHUY€ThCS, KOJIM CTENEHb 3AJUIIKY CTa€ MEHILE CTEIEH]
ninbHuKa. Hampuknan,

P 4+xt4 41

x4+ x

r¥*4+x"+x°+1

x®+x7 +x°% +x°
x*+xc+x*+1
x®+x>+xt+x
x*+xd4+x+1

Tyr (x® +x7 + x> + 1) — ninene, (x® + x* + x* + 1) — gimpnnk, (x% +x) —
gactka, (x* + x* + x + 1) — 3anumoxk.
Mae micue piBHICTb

f(x) = gx)q(x) + p(x),

ne f(x) — ninene, g(x) — niapHuK, q(x) — yacTka, p(X) — 3aJIHUIIOK.
SIkmo crenenp f(x) mopiBHiOoE N, creneHb g(x) HOPIBHIOE T, TO CTEIEHb
yacTku ¢ (X) TOpiBHIOE . — T, @ CTENEHb 3AIUIIKY p(X) MeHIIIe 3a 7.

Takum uwmHOM, omepaiist AUIEHHS 3MEHIIYE CTENeHb MHOTOYJIeHa, TOOTO
3MEHIIYE KUIBKICTh PO3PSAIIB BIAMOBIIHUX JBINKOBUX BEKTOpiB. ToMy BoHa
3aCTOCOBYEThCSI JUIsl CTUCHEHHsS JBiiiKOBO1 iH(opmMarltii. [lpu mpomy B SKOCTI
«CTHCHEHOT0» BEKTOPY BUKOPHCTOBYETHCS 3alMIIOK p(X), SKUA Ha3HBAETHCS

CUCHamypoio.
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SIkmo muorouweH f(X) BiAmoBimae eTaJOHHOMY BEKTOPY BHMXIJHHMX CHTHAIIB,
TO TPW JAUICHHI #oro Ha neskuii AiabHUK g(x) (HOpMyeThCs CTPOrO BU3HAYCHHIA
3aMumoK p(x), SKU TpUAMAEThCS 3a €TAIOHHY CUTHATypy. B posrisiHyTomy
npukiaani p(x)=x*+x*+x+1. Ha pucynky 15.3 mokazasa cxema

niarHoctyBanHs BIC 13 ctucHenHsm iHdopmanii. Ha Bxig BIC momaerscs TecToBa
nocaigoBHicTh 3 100 BxigHux HabopiB. BuxigHa mocmigoBHicTs f(X) 3a JOIOMOIOI0

CXEMH TOJIIbHUKA CTUCKAETHCS, HANPHKIAT, B 16-po3psaHuii BekTop. OTprMaHa
CUTHATYpa-peaKilisi MOPIBHIOETHCS 3 €TAIOHHOIO curHatyporo. HecnpaBHocti B BIC
BUKPHUBIIIOIOTh MOCTiAOBHICTE f(x) Ta curnarypy p(x). Ame psm HecnpaBHOCTEH

cUrHaTypy p(x) HE BUKPHUBIIIOE.

Curnarypa-peaxiris

" Cxema . 1 5 16 bnoxk
X /. 3, y HineH | p(x) TIOPiB-
I1aM T f(x) UK 1 2 16 HAHHSA

TIO

Eranonna curnarypa

Pucynoxk 15.3. Cxema niarnoctyBanHst BIC 13 cTucHenHsaM iHpopmartii

[Tpu moOyoBl cXeMHU J1arHOCTYBAaHHS PO3B’A3YIOThCS 3aJadl CUHTE3y CXEMHU
JIJIbHUKA Ta OLIIHKK WMOBIPHOCTI HeBUsIBIEHHS HecnipaBHOCTI BIC. Cxema ainbHUKa,
10 HA3UBAEThCS cucHamypuum ananizamopom (CA), sBisie coO0I0 PETICTP 3CYBY 13
JIHIAHUMH 3BOPOTHUMU 3B’ SI3KaMHU.

IMpeacraBuMo IinbHUK g(X) y BUTIIsI

gx)=gx" +g,_;x"*+--+g,x* + g,, g; € {0,1}.

Ha pucynky 15.4 HaBeneHa 3aranbHa CTpPYKTYpHA CXeMa JUICHHS MHOrO4JeHa
f(x) na muorounen g(x). B Hel BXOAATH €IEMEHTH «IOJAaBaHHS 32 MOIYJIEM 2»,

eneMeHTH 3aTpuMku (D-tpurepu) Ta eneMeHTH MHOXEHHS ;. SIKmo KoedilieHt
g: = 1, TO B cXeMi BCTaHOBJIOETHCSI 3BOPOTHIN 3B'SI30K; KO g; = 0 — 3BOpOTHIi

3B's130K BiACyTHIM. Ha pucynky 15.5 mpencrtaBieHa cxema JIJIEHHS HAa MHOTOWICH
f(x) =x°+x*+x*+ 1. loganns mocninoBHOCTI TecToBMX HabopiB Ha BXia BIC,

3HATTS TIOCTIMOBHOCTI BHXigHMX curHamiB f(x) Ta pobora perictpy 3CyBYy

CUHXPOHI3YETHCS OJTHIEIO M TOIO CAMOIO CEPI€I0 TAKTOBUX IMITYIIBCIB C.
B tabmumi 15.1 BimoOpakena poOoTa perictpa NpuU TOJAHHI HA BXIJ
nociizoBrocti 110100001 (mominom  f(x) =x® +x7 +x° +1). B nepui n'ath

TaKTiB (3CyBiB), IPOTArOM SKHMX 3HAUEHHS cTapmoro koedimicara nmominomy x° Oyme

3anucane B Tpurep Ts, 10 BiAMOBIIa€ HAHCTApIIOMY YWIEHY MUTbHUKA X~, Ha BUXO/1

g(x) dbopmyrotecst curnanu 0. Ha pucyHKy MOKa3aHO CTaH CXEMH PETicTpy Imepes
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IIOCTUM 3CYBOM, KOJIM MO JIAHLIOTY 3BOPOTHOTO 3B'sI3KYy HA €JIeMeHTH M2 HaJIXOIUTh
curnan 1. B pesynbrati Tpurepu Ty, T3, T4 nepemukarotsest B ctan 1, a purepu T, Ta
Ts — B cTan 0.

B pesynpraTi micns AeB'STOro 3CyBYy 3 SIBUThCA mociigoBHICTE 1010, mio
Bimnosimac wactui g(x) = x* + x. B camomy perictpi Oynae 3amucaHuMii BEKTOD

11011, mo Bignosigae samumky p(x)=x*+x*+x+1 (curnarypi). Takum

gyuHOM. [locmioBHMII pericTp 13 3BOPOTHUMHU 3B’SI3KAMH  3IIHCHIOE OTMeEpallio
TIICHHS MHOTOWIEHIB, IO CYIPOBODKYETHCS 3alllICOM CHTHATYpU B CaMOMY

pericTpi.

Tabmums 15.1 — PoGorta perictpa mpu NOJaHHI Ha BXIJ IMOCIIIOBHOCTI

110100001
Bxinnuii Bumicr perictpa Buxingnawmii
Ne n/mt CUTHAJI CUTHAJ
f(x) T, T> T3 Ts Ts g(x)
0 0 0 0 0 0 0
1 1 1 0 0 0 0 0
2 1 1 1 0 0 0 0
3 0 0 1 1 0 0 0
4 1 1 0 1 1 0 0
5 0 0 1 0 1 1 0
6 0 1 0 1 1 0 1
7 0 0 1 0 1 1 0
8 0 1 0 1 1 0 1
9 1 1 1 0 1 1 0
Jam po3rissHEMO BHUIIAJOK, KOJIM B pe3ynbrari HecnpaBHocTi  BIC

BiI0OyBa€THCS BUKPUBJICHHS 11 BUXIIHOI MOCTIOBHOCTI f (X)), HAPUKIIAT B pO3psaax

3 ta 6. lle BUKpUBICHHS MOKHA 3aITUCATH Y BUTJISIAI MHOTOWIEHA BEKTOPY MIOMUIIOK

e(x)

=x% +x°

BHKpHBIIEHA NOCIIJOBHICTD f' (X) BU3HAYAETHCSA TAKUM YUHOM:

@ = f)+e(x)=CC+x"+x5+ 1)+ (x5 +x3) =

Jinenns nosoro noiinomy f (x) na g(x) nae pe3ynprar:

x4 x" x4+ +x¥ 41

=xf+x7 + x4+ P+ 3+ 1.

¥4+ x7 +x%4%°

x*+1

v +xr*+xd+1

x* +x3
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Hosa curnarypa x* + x* Bigpisuserscs Bin eranonsoi x* +x* +x + 1, Ta

TOMY JlJaHa HECIIPaBHICTh OyJle BU3HAYCHA.
Po3srisineMo iHIIMIA TOTIHOM BEKTOPY OMUIIOK

e(x)=xF+x°+x*+x¥+x%+x.
Jlns Hporo

@ = f)+e() =2 +x7 + x5+ D)+ (B + 8 +x* + x3+x2 4+ x) =
=x"+x°+x°+x*+ P+ +x + 1,

Hinenns f'(x) na g(x) nae pe3ynsbrar:

x> +xt+xP+1
2

x4+ttt +x 41
X
x7 +x® 4+ x% + x?
x*+xP+xt+1

VY naHoMy BUIIQJKy CHUTHATypa CITIBIIaJIa€ 3 €TaJOHHOIO, Ta TOMY HECIIPaBHICTh
BIC He BugBuThHCS.

BuznauumMo ymoBH, 3a SIKMX BUKPHUBIEHHS BuUXiJHOI mociigoBHocTi BIC He
BUSIBJISITHCS 32 PaXYHOK MOPIBHSIHHS CUTHATYP.

Hexait f(x) = g(x)q(x) + p(x) ta e(x) = g(x)q;(x) + p, (x). Toni

f19 = f) +e(x) =
= [g(x)g(x) +p()] + [g(x)q, (x) + py () ]=
=g [g(x) + g, ()] + [p(x) +p, ()] = g(x)gq'(x) + p' ().

3 OTpUMAaHOT0 BHMpa3y BHUILIUBAE MIPUHITUI CYNEPHO3UINT ISl PETiCTPY 3CYBY 3
JHIAHUM 3BOPOTHIM 3B'SI3KOM: YacCTKa Ta 3aJHUIIOK (CUTHATYpa) CyMHU JABOX BXI1JTHUX
MOCJTIJOBHOCTEH JOPIBHIOE CYMI YaCTOK Ta 3aJIUIIKIB JOIaHKIB MOCIIIIOBHOCTEH.

HecnpaBuicte BIC He BuUsBIA€TBCS, SKIIO CHTHATypa BUKPUBIEHOI
MOCIAOBHOCTI Oy/1e TOPIBHIOBATU €TAJIOHHIM CUTHATYP1, TOOTO AKIIO

p'* = p(x) +p, (x) = p(x).

3Bijcu BUILIMBAE, M0 P, (x) = 0, ToOTO cUrHATYpa BEKTOPY HMOMHIKH €(x)
mae nopiBaioBatH 0. ToMy cripaBejiMBe HACTYITHE TBEPIKCHHSI.

Teepooicennsi. HecipaBHicTh BIC He BHSBISETHCS TOJII Ta TUIBKHA TOJI, KOJHU
MHOT'OYIEH BEKTOpA MOMHIKU €(X) € KpaTHMM MHOrOWIEHY AiabHUKa g (x), ToOTO
JITUTHCS] HA HHOTO 0€3 3aIUIIKY.

Hanpuknan, nane TBepIKEHHS BUKOHYEThCS /IS PO3IIIIHYTOTO BHIIE BEKTOPA
OMUWJIKH, 10 He BUSBIAIOTECS, e(x) = x% + x® + x* + x* + x% + x:
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x?4+xt4+xi41

v+ x?4x

g I e B i

¥ +x” +x7+ %8
x"+xt+x?+x
x>+ x% + x° + x?
x®+x°+x*+x
x®+x°+x*+x
0
Takum ymHOM, 17 BekTopa e(x) , IO BIAMOBiZa€ HEBHSBICHINA MMOMHIIII,

MO>KHA 3aIUCaTH:
e(x) = g(x)g,(x),

OCKLTBbKH P, (x) = 0.

Crenenb MHOTOWICHA g(X) MOPIBHIOE T, OCKIJIbKM CHTHATYPHHI aHaIi3aTop
Mae T po3psiaiB. CTeneHb MHOTOYICHA €(X) IOpIBHIOE T, OCKIIBKH BXiJHA TECTOBA
MOCIOBHICTh Ma€ 7 HaOOpiB, a BUXIJHA MOCIIIOBHICT, — M BiamoBiged. Tomi
CTEICHb YacTKu ¢, (x) mopiBHIoe n — 1. Tomy Mae Miciie BChoro 2™~ MHOTOYICHIB
q,(x) mpu ¢ikcoBanomy 3amumiky p,(x) = 0. lle o3Hayae, MO iCHYe B TOYHOCTI
2™ MHOTOYICHIB-TIOMWIOK e€(X) Ta cepel HUX OJWH HYJIbOBHH IO BIiMNOBiga€
BIZICYTHOCTI MOMHJIOK. ToMmy 3 BCiX 2™ MHOTOWIEHIB MOMWIOK €(X) HE BHUSABIAETHCS
B TOYHOCTI 2™~ " — 1 HEHyJIHTOBUX MHOTOUJICHIB.

SIKIo BBakaTH, IO BCi HOMUIKKA e(Xx) pIBHOMMOBIpHI, TO HMOBIPHICTB
BUSIBJICHHS TTOMHWJIOK B JBIWKOBHX BHUXIJIHHX TOCTIJOBHOCTSIX B CHTHATYpPHOMY T-
PO3PSATHOMY aHAII3aTOP1 JOPIBHIOE:

_zn_r_l o~ 1 —

an ar

'p:

3 HaBeneHOI (pOpMyJM BUIUIMBAE, IO JOCTOBIPHICTH CUTHATYpPHOI'O aHali3y
BHU3HAYAETHCS TUIBKU PO3PAIHICTIO PETICTPY T Ta HE 3AJIEKUTH BiJl TOBXKUHHU TECTOBOI

nocaigoBHOCTI. HalfuacTiiie Ha mpakTUIll BUKOPUCTOBYIOThCs 16-po3psiani CA. [ns
HUX UMOBIPHICTh HE BUSIBJICHHS

1
P = PECh 0,000015259

Ta BIATOBITHO MMOBIPHICTh BUSBICHHS
1—p=0,999984741.

CurHatypHuil  aHajmi3aToOp BHUKOHYETbCS Yy BHUIVISIAI  BUMIPIOBAJIBHOTO
npuctporo. [Ipuctpiit Mae nudppoBUil IHANKATOP, HA IKOMY BHCBIUY€EThCS CUTHATYpA.
B TexHiuHIM JOKyMeHTAIlll Ha TPUHIIUIOBIA CXeMi CKJIAJHOTO MPHUCTPOIO, IO
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CKJIaJIa€ThCsl 3 OKpPEeMUX OJIOKIB (3MIHHHUX IIJaT), Ha BUXOJaX IUX OJIOKIB (B
KOHTPOJILHUX TOYKaX) BKa3aHi €TaloOHHI CUTHaTypu. BoHU MOXyTh OyTH OTpHUMaHi
Pi3HUMH NUTSIXaMHU a00 MUTSIXaMU MepeBipku 3a qomomMoror CA 3aB4acHO CITPaBHOTO
npuctporo. [lpy BUKOHAHHI AIarHOCTMYHOI TPOIEAYPH OIEpaTop MiAKIIOYAE BXiT
CA 10 KOHTpOJIbHMX TOYOK, TOUYMHAIOUM 3 BUXOiB. [IpocyBarounch Bifi BUXOIIB 10
BXO/IIB, BIH 3HaXOJIUTh HECTIPABHY IJIaTy Ta yCyBae ii.
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