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BBEJAEHHUE

DHEProKOMIaHUM U TMOJIb30BATENH DJICKTPUUECKON IHEPIUU CTAHO-
BATCS Bce 00Jiee 3aMHTEPECOBAHHBIMU B HAJIEKHOCTHU AJICKTPOCHAOKEHUS,
a peuieHre mpoOIeM HaJEKHOTO JIEKTPOCHAOKEHUS TOTPEOUTENCH SIBIS-
€TCS aKTyaJIbHON HayYHO-TEXHUYECKOM 3amadeii [1,2].

3amaHue Ha KypcOBO€ MPOEKTUPOBAHKE, BKIIOYAET B c€0s: BOMPOCHI
0030pa ¥ OLICHKH CYIIECTBYIOIINX MOJIENICH HAIE)KHOCTH CUCTEM DIIEKTPO-
cHaOXXEeHUs TTOTpeOuTEIeH, «CIa0bbIX 3BEHBEBY DIIEMEHTOB AJICKTPOIHEPIe-
TUYECKUX CHCTEM, AHAIU3 IOBPEXKIAAEMOCTH DIIEKTPOIHEPTETUUECKOTO
000pyIOBaHUS DJIEKTPOCTAHIIMN M CETeH, aHaJIU3 METOJOB MOBBIIICHUS
HaaeKHOCTU IDIC, 3KOHOMMYECKHE BOMPOCHI HajaekHOCTH DOC u T.1.;
pacyeT mokKaszaTesel HaJle)KHOCTH CXEMBbl DJIEKTPOCHAOKEHUS MOTpeOuTe-
Jiel aHAJTUTUYECKUM U JIOTUKO-BEPOSITHOCTHBIM METOJIaMH U T.A. MeTou-
YeCKHUe yKa3aHUs COAEPKaT OCHOBHBIC Pa3/Ieiibl:

- OCHOBHBIE TEPMHHBI U ONPEACICHUS TEOPUH HAJEHKHOCTU DIICKTPOIHEP-
TFETUYECKUX CUCTEM;
- 1IEJIM U 3aJ1a41 BBITIOJIHEHUS KYPCOBOTO MPOEKTA,;

- OCHOBHbBIE OpraHU3alMOHHbIE TPEOOBAHUS IIPU BBHINIOJIHEHUH KYPCOBOTO
MPOEKTA;
- METOJMKY pacyé€Ta IoKa3aTeyiell HaJeKHOCTU DJICKTPOCHAOKEHHS IIO-
TpeOuTenel aHATUTUYECKUM M JIOTUKO-BEPOSITHOCTHBIM METOJIAMU C MPHU-
MepaMU pacueTa;
- METOJUKY pacu€Ta CI0XHBIX CXEM DJIEKTPOCHAOXKEHHUS, KOTOPhIE MOTYT
OBITh UCIIOJB30BaHbI MPHU AUIIJIOMHOM MPOEKTUPOBAHUU U TIPU pabOTe Hal
WH]JIUBUYyaTbHBIMA TEMAMH KYPCOBOTO MPOECKTUPOBAHUS;
- METOJIMKY pacuéra yiiepOooB Py HAPYIIEHUH JICKTPOCHAOKECHUS;
- UIHAVBUIyaJIbHBIC 33JIJaHKs HA KYpPCOBOE TPOCKTHPOBAHUE.

NHnuBuyanbHble 3aJlaHusl MPECTABISAIOT COOOM BapUaHTHI CXEM
nuTaHus ynpoueHHbIX nogactaniui 110 kB u 220 kB, npennazHaueHHBIX
Uil TIyOOKOTO BBOJIa HAa TEPPUTOPHUIO MPOMBIIUICHHBIX MPEANPUITHH.
BapuaHTbl oTIMYalOTCs CIOCOOAMM CEKIIMOHUPOBAHMS TUTAIOUICH CETH
IPU BO3HUKHOBEHHH KOPOTKHUX 3aMbIKAaHUM Ha JIMHUSX U 000PYI0BaHUU.

[Ipunoxkenue A COAEPKUT CIPABOYHBIN MaTepuall MO MOKa3aTeIsIM
HAJICKHOCTH 000PYI0BaHUSA IIICKTPUUECKUX CETEH.

B npunoxennn b nmpuBenen npumep opopmIICHUS TUTYJIBHOTO JIH-
cta, cooTBeTcTBYtoIIero TpeboBanusm ECKJI, ECT/I.

B npunoxxenuu B npuseneH npumep opopMieHus JucTa 3a1aHusl.
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1. OCHOBHbBIE TEPMHMWHbBI U ONPEAEJEHUSA TEOPHUU
HAJAEKHOCTHU SJIEKTPOSHEPI'ETHYECKUX CUCTEM

OCHOBHBIE TEPMUHBI U ONPEAEIEHUS TEOPUHN Halie)kHOCTH DIC Mo-
apoOHO naHbl B [3-9], 31€Ch NpUBOASTCS TEPMHUHBI, HaUOOJIEe YacTO HC-
MOJIb3YEMBIE B X0JI€ KyPCOBOT'O MPOECKTUPOBAHMUSI.

Haoescrnocmv — ceoticmeo 00vekma coxpansamos 60 8peMeHu 8 ycma-
HOBNEHHbIX Npeoesax 3Ha4eHue 8cex Napamempos, YCMAHOBIEHHbIX HOD-
MAMUBHO-MEXHUYECKOU OOKYyMeHmayuel, Xapakmepusyiowux cnocoo-
HOCMb BbINONHAMb Mpebyemble QYHKYUU 8 3A0AHHBIX PEHCUMAX U YCILOBU-
SAX NPUMEHEHUsl, MeXHUUEeCKO20 OOCIYHCUBAHUS, PEMOHMO8, XPAHEHUs U
mpancnopmuposanus [4].

HanéXHOCTh TEXHUYECKON CUCTEMBI SIBIIIETCA CI0KHBIM CBOMCTBOM,
KOTOPOE€ B 3aBUCUMOCTU OT Ha3HAYEHUS OOBEKTa U YCIOBHUH €ro MpruMeHe-
HUSI COCTOUT M3 COYETAHUM CBOMCTB: O€30MKA3HOCHMU, 00]1208€4HOCMU,
PEMOHMONPULOOHOCNU, COXPAHAEMOCNU, HCUBYYUECMU T T.JI.

bezomrasnocms — CBOMCTBO 00BEKTA HEMPEPHIBHO COXPAHATH pado-
TOCITIOCOOHOE COCTOSIHUE B TEUCHUE HEKOTOPOTO BPEMEHH WJIM HEKOTOPOI
HapaOOTKHU.

lonzoseunocms — CBOMCTBO OOBEKTA HENPEPHIBHO COXPAHSTH pado-
TOCITIOCOOHOE COCTOSIHHME A0 HACTYIUICHUS MPEACIbHOIO0 COCTOSHHS TPHU
YCTAaHOBJIEHHOM CUCTEME TEXHUYECKOTO OOCTYKMBAHUS U PEMOHTA.

Kpome Toro, Bce 993C u €€ COCTaBHBIE YACTU JEIATCA HA PEMOHTH-
pyeMbIe ¥ HEPEeMOHTUpYeMble. PEMOHTHUpYEeMBIM Ha3bIBaeTCsl TOT OOBEKT,
HCIIPABHOCTh U PabOTOCIIOCOOHOCTh KOTOPOrO B CIy4ae BO3HUKHOBEHMS
OTKa3a WJIU TOBPEKICHUS TOMJICKUT BOCCTaHOBIEHUIO. OOBEKT, Y KOTO-
POTO MCIPABHOCTh U PabOTOCIIOCOOHOCTh HE TOJIEKAT BOCCTAHOBJICHUIO
Ha3bIBaIOT HEPEMOHTHUPYEMBIM.

Pemonmonpuecoonocms — CBOWCTBO O0BEKTa, 3aKiIOYaroIeecs K
MPUCIIOCOOJIEHHOCTH K MPEAYNPEKACHUIO U OOHAPYKEHUIO TIPUYUH BO3-
HUKHOBEHMSI OTKAa30B (MOBPEKJCHUN), K MOAACPKAaHUIO U BOCCTAHOBJIE-
HUIO Pa00OTOCTIOCOOHOTO COCTOSIHUS MYTEM MPOBEACHUS TEXHUIECKOTO 00-
CITY’KUBaHUS U PEMOHTOB.

Coxpansiemocms — CBOMCTBO OOBEKTAa COXPAHSITh 3HAYCHMS MMOKa3a-
Tenel 0€30TKa3HOCTH, JIOJATOBEYHOCTH U PEMOHTOIIPUTOTHOCTH B TCUCHHUE
U TIOCJI€ XpaHEHUS U (WJIM) TPAHCTIOPTUPOBKH.

Kusyuecmv sHepeocucmemvl — CIIOCOOHOCTh IHEPTOCUCTEMBI MPO-
THUBOCTOSTH LIETIOYESIYHOMY Pa3BUTHIO aBAPUHHBIX PEKUMOB.
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lloxazamenv HadesxcHocmu — KOJIWYECTBEHHAS XapaKTEPUCTHKA OJI-
HOTO MJIM HECKOJBKUX CBOMCTB, COCTABJISIOMINX HAJEKHOCTh 00BEKTA.

Hopmupyemuvlii noxazamenv HaoedxcHocmu — TOKa3aTellb HaJACKHO-
CTH, BEJIMUYMHA KOTOPOTO PETIaMEHTHUPOBaHA HOPMATHBHO-TEXHUYECKOM
JTOKYMEHTAIUEN.

DHepreTuyeckas cCUcTeMa IpeICcTaBIIsieT cOO0M OOJBIIYIO CI0XKHYIO
cucteMy KuOepHeThueckoro Tumna. OHa COCTOUT M3 MHOXKECTBA DJIEMEH-
TOB, KaXIbIi U3 KOTOPHIX, B CBOIO OUEPE/Ib, TAKKE SIBISETCA CIOKHOMU CH-
CTEMOU (IIEKTPOCTAHIINHU, JIMHUM dJIEKTpomnepeaad u T.1.). B 3Tux ycio-
BUSX BO3HUKHOBEHHE OTKA30B OOJIBIIOrO YHKCA 3JIEMEHTOB WM CyIIle-
CTBEHHOE OTKJIOHCHHE IapaMeTPOB peKuMa (4acToTa, YPOBEHBb HaIpshKe-
HUS M T.JI.) MOTYT MPHUBECTH HE K IOJHOMY MPEKPAIICHUIO dJIEKTPOCHA0-
KEHUsI TTOTpeOUTENIeH, a K YXYAIICHUIO €r0 KayeCTBa, BHIPAXKCHHOMY B
MOHIKCHHBIX 3aIlacax CTaTUCTUYECKONW W JWHAMHYCCKOW YCTOWYHMBOCTH,
HECOOTBETCTBHE ITOKa3arejel kadecTBa anekTpodHepruu (IIKD) Hopma-
THBHBIM 3HAYCHUSM, IIOBBIIICHUIO BEPOATHOCTH OTKIIOUCHHUS YacCTH
HAarpy3Kd MpU AEUCTBUHA MPOTUBOABAPUMHON aBTOMATUKU U T.A. [loaTomy
TPAJAUITUOHHBIC TTOHSATHSI, OTIPEACIISIONTNE XapaKTEPUCTUKHA HAJICKHOCTH B
IPYTHUX OTPACIISIX IIPOU3BOJACTBA, IS ONTMCAHUS MOBEICHHS YHEPTOCHCTEM
HE00XO0IMMO UCIIOJIH30BATh C OCTOPOKHOCTHIO.

Y4uuThiBas BBIMIECKA3aHHOE COTJIACHO HAOEHCHOCMb pabombvl dHep-
2ocucmemvl — MO CHOCOOHOCHb dHep2ocucmeMvl obecneuusams Oecne-
pebotinocmb 3Hep2oCHaAbICeHUs: nompebumerel U noodoepicanue 8 0onyc-
KaemvlX npeoenax noxkazameseu Kauyecmeda 3JNeKmpPUYecKol dHepeuu u
menua.

Haoeoxxcnocmov snekmpocraboicenus nompebumens — 3mo cnocoo-
HOCMb (CBOUCMBO0) INEKMPOIHEPSEMUUECKOU CUCMEMbl, 8 COCMABEe KOMO-
poti pabomaem cucmema 31eKmMpoCHab;CeHUs nompedbumerns, obecnedu-
samb 0e3 02paruyeHull NOCMasKy 3dAs61eHHOU nompedumenem 6 cOoomi-
8emMCcmeulu ¢ 002080POM DJIEKMPUUECKOU dHepeuu (MOWHOCMU) NpU Bbl-
NOJIHEHUU UM BCeX 002080PHbIX 0013amelbCme (8 MOM Hucjie u no oniame
INEKMPOIHEPIULL), A MAaAKHICe NPU COONOO0eHUU YNOJHOMOYEHHBIMU CYOb-
eKMamu 31eKmpoIHeP2eMuKU KA4eCmMeeHHbIX U KOJUYECMBEHHbIX NOKA3d-
mejielti HAOeHCHOCMU (@OYHKYUOHUPOBAHUS 3J1eKMPOIHEPeemuieckol Cu-
cmembl U nokazameinel Kawecmaa 31eKmpuiecKoll IHepeull.

Haoesicnocmv ounamuueckas — CBOMCTBO 00beKma dHepeemuKiu co-
XpaHATh 3aJaHHBIC PEKUMBI (YHKIIMOHUPOBAHHS IMPH BHE3AIMHBIX BO3-
MYIICHUSX.
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2. HEJIb U 3AJJAYH BBIIIOJIHEHUSA KYPCOBOI'O
IHHPOEKTA

Kypcosou npoekt no teme: «Pacuer nokasarenen HaJeKHOCTH DIICK-
TPOCHAOXKEHUSI OTpeOUuTeNne» — yueOHbIM MPOEKT, OTPAaHUYCHHBINA TIpe-
METHON 001acThi0 YuyeOHOM AucHMIUIMHBI «HageKHOCTh 3aeKTpoldHepre-
THYECKOU CHUCTEMBD» W AUCLHUIUIAH, JIOTUYECKH NPEAIIECCTBYIOLIUX €U,
HaIpaBJICHHBIN HA PEILICHHE 3a]1a4, CBSI3aHHBIX C 00€CTICYCHUEM HAJIEKHO-
CTA DJICKTPOIHEPTETUUECKUX CHUCTEM, MPEANOJIATalolIMi aHaIu3 Mpo-
OJIEeMHOM CHUTyallud, TEHEpalMi0 BO3MOXKHBIX IMYTEH €€ pa3pelleHus,
000CHOBaHME PAIIMOHAIIBHOTO BapHaHTA PEIICHUsI, BHIIIOJHEHUS pacyeT-
HBIX, UCCIICIOBATEILCKUX U Ipyrux 3anayu [10].

[lenp KypcOBOrO HPOEKTUPOBAHUA IO AUcHHUIUIMHE «HamexHOCTh
AIIEKTPOIHEPTETUUECKUX CUCTEM» (OPMHUPOBAHUE Y OOYJAIOIITUXCS OIbITA
pelieHns] KOMIUJIEKCHBIX 33/1ad B 001aCTU 00ecTieYeHUs HaJIe)KHOCTH DJICK-
TPO3HEPTETUYECKUX CUCTEM

VYueOHble 3a1a4M KypCOBOTO TPOEKTHUPOBAHUSA .

e yrinyOseHue, 3aKkperieHue, paclldpeHre M CUCTEeMaTH3alus 3HaHUMH,
MOJYYEHHBIX MPU U3YYCHUU IUCUUIUINH: «HamexHOCTh 3nekTposHep-
FETUYECKUX CUCTEM» U JIPYTUX, MPEIIICCTBOBABIINX €H;

e (GopMUpPOBaHUE YMEHUM MPUMEHATH TCOPETUUCCKUE 3HAHUS TIPU pEIlie-
HUU TIOCTaBJICHHBIX MPaKTUYECKUX 3aJ1ad B 00JIACTH HAJIC)KHOCTH TEX-
HAYECKHUX CUCTEM;

® TIPUOOPETEHHUE OMbITA AHAUTIUTUYECKOM, pacuyeTHON paboThl U (HOPMUPO-
BAHUE COOTBETCTBYIOIIUX YMECHUI;

e TpUOOpETeHHE MH)XECHEPHBIX HABBIKOB pacuéTa MoKas3aTesiel HaJexKHO-
CTH DJIEKTPOCHAOXKEHHUS MMOTPEOUTEIEiH;

e (dopMUpOBaHUE YMEHHI pabOTaTh CO CIIPaBOYHOM, HOPMATUBHOM, Tpa-
BOBOM JIOKYMEHTAalMEH, MEPUOANYCCKUMU W3AAaHUSIMU U JAPYTUMH HH-
dbopMallMOHHBIMU UCTOYHUKAMH,

® TIpPUOOpPETEHHE OMbITa HAYYHO-UCCIEAOBATEIbCKON paboThl, (HOpMHUPO-
BaHHE COOTBETCTBYIOIIUX YMEHUW U TBOPYECKHX CIIOCOOHOCTEH CTY-
JICHTA TIPU PEIICHUN KOHKPETHBIX HAYYHO-TEXHUYECKUX 3a]aY;

e (GopMHUpPOBAHME MPAKTUYECKUX YMEHHUM B 00JIaCTH MNPOECKTUPOBAHUS
AJIeKTpodHepreTudeckux cucteMm (mamee 99C), ¢ y4eTOM BOTIPOCOB UX
HaJIC)KHOCTH;

e (GopMHUpPOBAHME YMEHUU IPpaMOTHO O(POPMUTH U MOATOTOBUTH MPE3CH-
TaIMIO 3aIMUIIAEMOTO MMPOEKTA;
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e (opMupoBaHHME YMEHHMH BBICTYIIaTh NEpe]l ayAUTOPHUEH ¢ JOKJIaJI0M
IIpU 3aIIUTE MPOEKTA, KOMIIETCHTHO OTBE€YATh HAa BOMPOCHI, BECTH MPO-
(beccuoHallbHYI0 JIMCKYCCHIO; YOCXKIaTh OMIOHEHTOB B MPaBUIbHOCTHU
IIPUHSATHIX PELICHUM.

IIpu sTOM pelraroTcsa BOCOUTATEbHBIC U pa3BUBaIoOIMe 3ajaud. Pa-
00Ta HaJl KypCOBBIM IIPOCKTOM 80CnUmMbl8aem y CTyJICHTA:

° YBEPEHHOCTh B CBOHUX TBOPYECKUX M KOMMYHHUKAIIMOHHBIX CIIOCOO-

HOCTSIX;

o CaMOCTOSITEJIbHOCTh, OPraHU30BAHHOCTh U OTBETCTBEHHOCTH 3a IMPH-

HUMAEMBbIC PEIICHUSI;

° HaBBIKM TIJIAHOMEPHOM peryysipHOr pabOThl HaJ PEIICHHUEM IOCTaB-

JICHHOH 3aJIa4Hu.

PaGota Haj KypCOBBIM IMPOEKTOM CIIOCOOCTBYET pazgumuio y CTYy-

JICHTOB:

® CHCTEMHOTIO MBIIIJICHUS U TBOPUYECKOW MHUIIUATUBHI;

® VHTEJUICKTYAJIbHOIO TBOPUYECKOrO MTOTCHIMAIA;

¢ 1podeCCHOHATBPHON TEPMHUHOJIOTHH, MMCHbMEHHOMN M YCTHON peUm.

3. TEMATHUKA KYPCOBOI'O IPOEKTHUPOBAHUS

3.1. 3amaHue BbIAaeTCs B TIEPBBIC JIBE HENENU CEMEecTpa. 3aJaHue Ha
KypCOBO€ MPOECKTUPOBAHUE COACPKUT JIaHHBIE JTOCTATOYHBIE NIJIs MOCTa-
HOBKHM 3aJlay MPOEKTUPOBaHUS, (OPMYJIUPOBKU MPOOJIEMHONU CUTYAlMU U
COCTaBJIEHUSI TEXHUYECKOTO 3aJaHU.

3.2. 3ajaHue mpeaycMaTpuBaeT HEOOXOAUMOCTh YUYUTHIBATH SKOHO-
MHUYECKHUE, COLUATIBHO-TIOJINTUYECKUE, STUYECKHUE, IKOJIOTHUECKUE ACTIEK-
ThI U ACHIEKTHI OE30ITaCHOCTHU TPY/Ia.

3.3. JonyckaroTcsl «rpyIIOBbIE 33JJaHUs», PEyCMaTPUBAIOIIUE Pa-
O0OTy HECKOJIBKHX CTYJIECHTOB HaJ OJHUM NpoeKToM. IlonoOHble 3amaHus
(GhOpMUPYIOT Y CTYJEHTOB YMEHHUE Pa00TaTh B KOMAHJIE.

3.4. Bo3moxkHa paboTa CTYJICHTOB IO T€MaMH, BHIOPAaHHBIM CaMO-
CTOSTENbHO. Tema MOXKeT OBbITh MPEUIOKEHA CTYIAEHTOM IIPU YCIOBHHU
000CHOBaHUS €€ 11e1eco00pa3HOCTU. TeMa MOXKeT OBITh CBSI3aHA C MPOU3-
BOACTBEHHOU (MpodeccuoHanbHOM) MPaKTHUKON CTYJEHTa WM C HEMO-
CpeACTBeHHON paboToil (mpu 3aouHoi (opme oOyuenus). KII moxet
CTaTh COCTABHOM 4acThiO (pa3zesioM, IJ1aBOi) BHIMYCKHOM KBalu(uUKaIy-
OHHOM pabOTHI.
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3.5. 3amanune Ha MpoeKTUpoBaHUE OopopmiIIeTcs Mo GopMe MPUo-
KeHus B, mpu mojaydeHuH 3aJaHusl CTYJICHT 00si3aH yIOCTOBEPUTH (HaKT
MOJYYEHHUS 3aJJaHUs TOAIKUCHIO B )KYpPHAJIE, YKa3aHHOM MPENOAAaBATEIEM.

3.6. IIpo10KUTENIBHOCTh MPOEKTUPOBAHUS IO TUCHUILIMHE COCTaB-
nsiet 10 "Henenb. Llenecoo6pa3Ho HayaTh BBIMOJHEHUE MPOEKTA B MEPBbHIC
HEJICJIM CEMECTPA, KOrJa CTYJCHThHl MEHEE 3arpy>KE€Hbl JOMAIIIHUMH 3a7a-
HUSAMH U JJa0OPaTOPHBIMU pabOTaMH MO IPYTUM JTUCIUIUIMHAM.

3.7. ITockonbKy OJTHOM M3 BaXKHEHIIMX 3a/1a4 MPOEKTUPOBAHUS SIBJISI-
€TCs BOCIIUTAHUE AUCIUIUIMHBI U HABBIKOB PUTMUYHON PaOOTHhI, BHITIOTHE-
HUe rpaduka MPOEKTUPOBAHUS SIBISETCA CTPOro 00513aTENbHBIM U JOJIKHO
OBITH OTPAYKEHO KOHCYJIbTAHTOM Ha TUTYJBHOM JIMCTE MOSICHUTEIHHOM 3a-
nucku (cM. pui. b).

3.8. [lepBas KOHCynBTALUS IO KYPCOBOMY IMPOEKTY SBIISIETCS TPYI-
nmoBoul. B ee xoae mpenogaBarTenb pa3bsCHIET CTyACHTAM 3aJla4d IIPOCK-
TAPOBaHUS MO aucuUIUIMHE «HameXHOCTh 3JIEKTPOIHEPTETUUECKUX CH-
CTeM», TpeOOBaHMs, MPEIBABISIEMbIE K MPOEKTY B YaCTU COACP)KAHHUS U
oopMIIeHHsI, CYIIIHOCTh BBIIAHHBIX 3aJaHUM, OCBEIAET CBSA3b 3aJIaHHM C
COOTBETCTBYIOIIUMHU pa3lieliaMu y4€OHBIX TUCIUILINH, PEKOMEHIYET OC-
HOBHYIO JINTEPATYpPy, aeT OOIIMe yKa3aHHs MO BHITTOJHEHUIO KYPCOBOTO
MPOEKTa, COOOIIAET MOPSJOK OpPraHU3alMU MPOECKTUPOBAHUS U 3aAIIUTHI,
KPUTEPUU OLICHKU KYpCOBOT'O MTPOEKTA.

4. OPTAHU3ALUSA ITPOEKTUPOBAHUA

4.1. OO1iee pyKOBOJCTBO M KOHTPOJb 3a X0J0M BbinmosHeHus: KII
OCYIIIECTBIISCT MPET0aBaTeIb COOTBETCTBYIOIIEH TUCITUILINHEI.

4.2. Ha Bpems BBINOJHEHUS TPOCKTA IJIAHUPYIOTCS WHIUBHIYaJIb-
HBIC W TPYIIOBBIC KOHCYJIbTAIIUU 32 CUET 00beMa BPEMEHH, OTBEICHHOTO
B yueOHOM IUIaHe. B XoJe KOHCyJNbTaIMil MperojaBaTellb Pa3bsCHICT
Ha3HAYCHHE W 3aJa4M, CTPYKTYPy U 00BEM, IPHUHIUIBI pa3pabOTKU H
odopMIIeHHUS, pacipeaeieHHe BpeMEHN KypCOBOTO IIPOEKTa, OTBEYACT Ha
BOIIPOCHL.

4.3. OTBETCTBEHHOCTh 3a PE3YJbTATHl NMPOCKTUPOBAHUS IPU UX 3a-
IITUTE TTOJTHOCTHIO HECET CTYJICHT.
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4.4. B cny4asix: HESIBKM CTYJIEHTa B YCTAHOBJIEHHBIMA CPOK JIJIs TIOJTY-
YEHUs 3aJaHus, MPOMYCKAa CTYAEHTOM KOHCYJIbTAllMd B TEYEHUU ABYX
IJIAHOBBIX KOHCYJIbTAUKM MOAPs, O€30CHOBATEILHOIO OTCYTCTBUS CIIBH-
roB B pab0OT€ B TEUEHHH ABYX ILJIAHOBBIX KOHCYJIbTALHMN MOAPSA PYKOBO-
JUTENb MPOSKTUPOBAHMS MUCHbMEHHO COOOIIAET 3aBeayIomeMy Kadeapoi.
3aBenyromuii kadenpoi coobmaeT o AaHHbIX ¢akTax B JIeKaHAT (aKyJib-
TeTa.

4.5. 3a mpenenaMu CpOKOB KOHCYJIbTAllWid, ONPEIEICHHBIX YTBEP-
XKJECHHBIM TpaUKOM, KOHCYJIbTALIMU PYKOBOJAUTEIEM MPOCKTUPOBAHUS HE
MPOBOJSTCS.

4.6. Ilo 3aBeplIEHHM MPOEKTa CTYJCHT MOANUCHIBAET MOSICHUTEIb-
HYIO 3alIUCKy, IpadUuecKue MaTepuabl U DJICKTPOHHYIO BEPCHUIO MTPOEKTa
PYKOBOJIUTEIIO MPOEKTUPOBAHUS. ECiiM MPOEKT, MO MHEHUIO, PYKOBOJUTE-
7S YIOBJIETBOPSET MPEIBABISIEMbIM TpeOOBAHUSAM, B MPOLIECCE MPOCKTU-
POBaHUS YJIOBJIETBOPUTEIBLHO PEIICHBI BCE MOCTABJICHHBIE 3a/1aul, TEKCT
MOSICHUTEIbHOM 3alUCKH HE COAEPKUT MPSIMBIX 3aUMCTBOBAHUM, HE
o(OpMIICHHBIX B BHUJE IIUTAT, OTCYTCTBYIOT MpSIMbIC 3aUMCTBOBAHUS B
pacuerax, rpauyeckoM Matepuaie, TO pyKOBOJIUTEIb MOAMUCHIBAECT IMO-
SCHUTEJBbHYIO 3aluCKy. ECiu MpoekT, Mo MHEHUIO, PYKOBOJIUTEISI HE CO-
OTBETCTBYET TPEOOBAHUSM, TO OH MUCHbMEHHO Ha TUTYJHbHOM JIUCTE TOSIC-
HUTEIBHOM 3alMCKA 0OOCHOBBIBAET CBOE PEILICHHUE.

4.7. [laTta mocieIHero JHS IMOJMNKUCAHUS KYPCOBBIX MPOEKTOB yCTa-
HaBiuBaeTCs kadgenpoit IM. CTyaeHTbl, HE MOJNUCABIINE MPOEKT MO UC-
TEUEHUM YKa3aHHOM JIaThl, CHUTAIOTCS HE BHIMTOJTHUBIIMMU YYCOHBIH TIaH.

4.8. Ecnu CTyA€HT HE NMPEACTAaBUII 3aBEPIICHHBIE MPOEKT B YCTAHOB-
JIEHHBIA CPOK IO HEYBAXKHUTEIHHON MPUUYUHE, TO PYKOBOJAUTEIL HE MIPOBE-
psieT Marepuanbl MpoekTupoBaHus. CTyAEHT MMEeT MPaBO MPEIACTABUTH
MaTepHuaibl MPOECKTUPOBAHUS 32 CBOEW MOJIIUCHI0O HEMOCPEIACTBEHHO KO-
MHCCHH B COOTBETCTBHUH C TPA(PUKOM 3aIIIUT.

4.9. 3amuTa KypCOBBIX MPOEKTOB SIBJISIETCS 00S3aTE€IbHON W MPOBO-
IUTCA 3a CUET 00BbEeMa BPEMEHH, NMPETyCMOTPEHHOTO HA U3YUYECHHUE JUCIU-
TJIMHBI, B YCTAHOBJICHHBIE Kadeapoil JHH.
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4.10. OmeHka Mo 4eTblpex0aibHON cUcTeMe. 3aluTa MPOBOJUTCS B
MPUCYTCTBUU CHEHHAIBHON KOMHUCCHUM MO 3aIIUTaM KYPCOBBIX MPOEKTOB,
COCTaB KOTOPOM yTBepkaaeTcsa Ha kadeape. Ha 3amure npoBepsieTcs mo-
HAMaHUE TEOPETUYECKOTO U MPAKTUYECKOIO0 MaTepraia, MO3TOMY IPHU OT-
BETax Ha BOMPOCHI CTYACHTY HPeOOCMABIAEMCs 803MONCHOCHb NOJIb30-
sambcs 113 u rpaduueckuM MaTepuanoM.

OO6mmas orieHKa paboTHI sABIsIeTCS KOMIUIEKCHOU. B 13 10mKHBI OBITH
rpaduk padotsl Hajx KII 1 olleHKa KOHCYJIbTaHTa, XapaKTepU3YIOIIUE CTe-
MIEHb CAaMOCTOSTEIbHOCTH U PUTMUUYHOCTh PA0OTHI CTYJICHTA, a TAKXKE Ka-
yecTBO Tpaduueckoro marepuana u I13. Eciu oyenxa 3a pummuunocmo
A6715emcs Hey008emBoOpUMeNbHOll, 0OWaAsk OYEHKA MOHCem OblMb CHUMCe-
Ha Ha 00uH Oal, a NPOCMAHOBKA OMIUYHOU OYEHKU UCKAIOYAEmCsl, TAaKON
MOJX0J1 UMEET BOCIIUTATEIIbHOE 3HAYEHUE U TPUBUBAECT YMEHUE PUTMUYHO
paboTtarsb.

4.11. TloBTOpHAas 3alIUTa KypCcOBOTO MPOEKTA JOMyCKaeTcs He Ooliee
IBYX pa3.

4.12. B Tab6n. 4.1 npeacrasneH rpadguk paboThl HaJ KypCOBBIM MPO-
€KTOM C pa3OMBKOI Bcero o0bema paboThl HA ATAIbl C YKAa3aHUEM CPOKOB
BBITIOJTHEHUSI KKJIOTO U3 3TANOB U C YKa3aHUEM MPUMEPHOM TPYI0EMKO-
CTH ATara B MPOIEHTaX.

4.13. torn npoeKTUPOBAHUS; KAYECTBO MPOEKTOB, HEJOCTATKU, BbI-
SBJICHHBIE B COJICPYKaHUU 3aJaHUM, TUIIMYHBIE OIIMOKH, CTYJAEHTOB U MPO-
Maxy KOHCYJIbTAHTOB, HEJIOCTATKH B OpPraHu3aluu paboThl 00CYXKIat0TCs

Ha 3aC€JaHnuU Ka(l)CI[pBI B KOHIIC KAXKA0I'0 CEMECTPA.
Tabmuua 4.1
['pacdux pa®oOThI HaJ KypCOBBIM TPOEKTOM

ITpouent k | Cpok
o01IIeH Tpy- | MpeIbsB-
HaumenoBanue stana padbor JIOEMKOCTH | JICHUS
BBITMOJIHEHMSI | KOHCYJIb-
TaHTY
1. Teopernueckas pazpaboTka Mep MO MOBBIIIEHUIO 20 3 Henens
HajexHoctu DOC
2. MopaepHu3a1us CXeMbl 3J1E€KTPOCHAOKEHUS TOTPEOU- 3) 6 Henens
TeJel ¢ ydeToM TpeOOBaHMI HAJE)KHOCTH
3. CocTaBieHuEe CXeM 3aMEIIECHUs IPU KPaTKOBPEMEH- 30 8 Henmens
HBIX U JJIUTEIBHBIX PEKUMaX pabOThI
4. Pacué€T mokazaTeneil HaJIeXKHOCTH JIEKTPOCHAOKECHUS 15 10 nenens
noTpeduTesne aHaTUTUYECKUM METOJIOM
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[Tponomxkenue Tadnuupl 4.1
5. Pacu€T nmokasareneit HaAeKHOCTH JICKTPOCHAOKEHUS 20 12 wenens
OTPEOUTENICH JIOTHKO-BEPOSTHOCTHBIM METOIOM
6. Pacu€t yiepOoB OT HapyIIeHUs dJEKTPOCHAOKECHUS 10 14 nenens
noTpeduTeNen
Htoro 100 -

5. OOOPMJIHUE KYPCOBOI'O IIPOEKTA

[lepen maganom BeimosHeHUss KII HE0OX0aMMO TIHIATEIHLHO O3HAKO-

MHUTBCS C HACTOSIIIAUMHU METOJUYECKUMH YKA3AHUAMU U YSICHUTBH COJEPKa-
HUE WHAUBHUAYAIBHOTO 3a1aHud. [Ipexnae, yeM HadaTh pacyeTsbl, CIAEAYET
IMOBTOPUTH COOTBETCTBYIOIIUN TEOPETHUYECKUNA MATEPUAI U MPOCMOTPETH
PEILICHHBIE 3a7]a4, CBA3aHHBIE C TEMATUKOU MPOEKTA.

5.1.CTpyKTypa KYpCOBOI0 IIPOEKTA

ITo ctpykrype KII cocTouT M3 MOsSICHUTEIBHON 3aluMCKu U rpadude-

ckoit yactu. [losicaurensHas 3amucka KIT cogepxur [11]:

TUTYJIBHBIN JIUCT;

JIUCT TEXHUYECKOTO 3a/IaHMUS;

AHHOTAIINIO, B KOTOPOUW AaeTCsl KpaTKasi XapaKTEPUCTHUKA KaxKI0ro pas-
7iea MOSICHUTEIbHOM 3aIUCKU;

COJIEPKAHUE;

BBEJICHHE, B KOTOPOM PaCKpPhIBACTCS aKTYaJIbHOCTh TEMbI, (HOPMUPYET-
cs uenb W 3agauu pabotel. ClienyeT OTpa3suTh OCHOBHBIE 3aJaud U
HaIpaBJICHUS Pa3BUTUSI Teopuu HaJexkHOCTH DIC, 1enecoodpa3Hbl
CCBUIKH Ha JICVCTBYIOIIME B TaHHBII MOMEHT, PYKOBOASIIUE TOKYMEH-
Thl (IOCTAHOBJIEHUS), OTPAXKAIOLIUE COCTOSIHUE BOIMPOCOB HAAECKHOCTH
99C, oT Marepuaia OOIIEro Ha3HAYEHHS MEPEUTH K 3HAYMMOCTH BO-
npocoB, pemaeMbix B KIT (00beM okosio 1 ctpanutibl);

TEOPETUUYECKYI0 YacTh, B KOTOPOM U3JIAraroTCs TEXHUYECKHUE, KOH-
CTPYKLIIMOHHBIE U TEXHOJOTHUYECKHE OCOOEHHOCTH HaiexxHOCTH DIC U
MPUHATHIX PEIICHUM MO OLIEHKE U MOBBIIMICHUIO HAJEKHOCTU DJIEKTPO-
cHaOxeHus nmorpeoureneit (oobemoM He MeHee 10 ctpanwu). [Ipu pas-
paboTKe TeopeTHYEeCKol YacTh HeoOXxoauMo wucnosib3zoBanue HT/I
(I'OCToB, OCToB, pyKOBOASIIMX yKa3aHUW), U Ipyrux HHQPoOpMaIu-
OHHBIX UCTOYHUKOB (M37aHHBIX HE paHee 2005 roga);
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® pacu€THYIO YacTh, KOTOpasi COJAEPKHUT: UCXOJHYIO CXEMY; 3a/1ady pac-
yeTa (C yKasaHueM, 4To TpeOyeTcs ONpeaeanTh MPU pacyeTe); 3aiaH-
HBIC MCXO/JHBIC JaHHBIC; BEJIUYMHBI U TTapaMeTPhl, IPUHATHIC MPU pac-
YeTe; YCIOBUS pacuera; pacueTHble POpMYIIbl U MTOACTaBICHHBIE B HUX
YHUCJIOBBIC 3HAYEHHUS BEJIWYHMH; PE3yJIbTaThl pacyeTa (CBEJICHHbBIC B TA0-
JIUITY; BBIBOJBI U 3aKJIIOUCHHE.

® 3aKJIIOYCHHE, B KOTOPOM JaeTcsl MPUOIU3UTEIbHAS OIEHKA YIIEpOOB
OT HEHAJIEKHOT'O DJIEKTPOCHAOXKEHUS TTOTPEOUTENEH, a TaKKE BBIBOIbI
U pEeKOMEHAAlMU (HE MEHEE IMATH) MO MOBBIMIEHUIO HagexHocTH DDC
U Ipyrue 00OCHOBAHMS MIPUHSATHIX PEIICHUN;

® CIHCOK JUTEPATYPHI,

® JIONIOJTHUTEIbHBIC MaTepHaIbl, 0POPMIICHHBIC B BUC TPHIIOKCHUH.

5.2. OdopMJjieHHE NOSICHUTEIbHOM 3aNIUCKHU

OdopmiieHre MOSCHUTEIBHOM 3aMUCKU HEOOXOJUMO BBITOIHSATH IO
tpeboBanusam [11].

Kaxaplii TUCT JOJKEH UMETh paMKy, OCHOBHYIO HAJAMUCh U JOMOJI-
HUTEJIbHBIE Tpad)bl OCHOBHOM HAJIMKCH.

PaccTosiHue OT paMKu 0 TPaHUI] TEKCTA B HA4alle U B KOHIIE CTPOK
J0JDKHO OBITh HEe MeHee 3 MM. PaccTtosiHue oT BepXHel WM HUXKHEH CTpO-
KM TEKCTa JI0 BEpXHEU WM HKHEH paMKu JOJDKHO OBITh HEe MeHee 10 MM.
A03a11bl B TeKCTE HAYMHAIOT OTCTynoM 12,5 MM.

Paznensl 1 moapas3aessl H0JKHBI UMETh 3aroJIOBKH, KPaTKO M YETKO
OTpaXKAIOIHUE COJIEPKAHUE PA3/ICIIOB U MOAPA3/IeNIOB. 3aroJI0BKH CIEAYET
revyararh ¢ MPOMUCHON OYKBBI 0€3 TOUKHM B KOHIIE, HE moauepkuBas. [le-
PEHOCHI CJIOB B 3ar0JIOBKax HE JIOMyCKaloTCs. Eciiu 3aroJiloBOK COCTOUT U3
IBYX NPEIIIOKEHUM, UX PA3ACIIAOT TOUKON.

B KoHIIE TEKCTOBOTIO JOKYMEHTA MPUBOJAT CIIMCOK JIUTEPATypPhl, KO-
TOpasi OblJIa UCIIOJIb30BaHa MPU €r0 COCTABIICHUH.

N3noxkeHne npeamnouTUTENLHO BECTH B HacTosileM BpemeHu. He
CIeAyeT CMEIINBATh B OJIHOW (hpaze HACTOSIIEE BpeMs C MPOIIECAIINM HIIH
Oy TyIITuM.

B Tekcre MOKymeHTa, 3a MCKIIIOYeHHUEeM (opmysi, TabJUIl U PUCYH-
KOB, HE JIOMYCKAeTCsl MPUMEHEHUE MaTeMaTUYeCKUX 3HaKoB + (IUIIOC), -
(MHHYC); 3HaKOB OTHOIICHUH > (OoJblie), < (MEHbIIE) U T. A. 0€3 YUCIIO-
BbIX 3HaueHul. Eciau unciioBoe 3HaueHrWe OTCYTCTBYET CJIOBO CIEAYET IMU-
caTh IOJIHOCTBIO (HaTIpuMep, MuHyc, napazpag).
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He nomyckaetcs npumenenne obo3nauenuii 'OCT 6e3 peructpariu-
OHHOI'0 HOMEDA.

B y4eOHBIX JOKYMEHTax JOMYyCKalOTCsA CChUIKA Ha OTACIbHbBIC MyHK-
Thl U TAOJMIIBI CTAHAAPTOB, HAa TAOJUIIbI, YEPTEKHU, CTPAHUIIBI U JTAXKE HA
oTneNbHbIe (POPMYJIBI ATOTO K€ TEKCTOBOTO JOKYMEHTa WM JIPYTHX HC-
TOYHUKOB.

CchUIKM Ha JUTEpaTypy CIAEAYyeT yKa3blBaTh B MOPSAKE UX YIIOMUHA-
HUS B TEKCTE JIOKYMEHTa W €ro MpUIOKEeHH. B yueOHBIX JOKyMEHTax
pa3pelIeHo yKa3bIBaTh MPU CCHUIKAX Ha JUTEpaTypy HoMepa TaOull, pu-
CYHKOB, (hopmyit, ctpanutl ([3], pucyrox 5).

Ha Bce pucyHku v TaGJIMIIBI B OCHOBHOM TEKCTE JOJIKHA OBITH CCHLII-
Ka.

Kaxnyro pacueTHyro ¢Gopmyily pacrojiararoT B OTIAEIBHON CTPOKE
CUMMETPUYHO OTHOCUTEIIBHO PAMKHU U OTIEIAIOT OT TEKCTa MHTEPBAJIOM,
COOTBETCTBYIOIIUM OJTHOIM CTPOKE TEKCTA.

Pa3smepHOCTH BCEX MCXOIHBIX AAHHBIX, BHIOMPAEMBIX BEJIUYUH U KO-
3¢ PUIMEHTOB MOKHBI OBITh yKa3aHbl; ATH YKa3aHUS IeJIeco00pa3Ho
MPUBECTHU HEMOCPEICTBEHHO MOCIE MOSICHEHHS] CUMBOJIA.

[Ipu xommbOTEpHOM HabOpe HOPMYIJT PEKOMEHIYETCSI UCIIOJIb30BATh
ClenyIomue pa3Mepsl (Keriu) mpudToB: OCHOBHOW — 16, KpyIHBINH WH-
nekc — 12, Menknii MHIEKC — 8, KpyIHbId CUMBOJI — 20, MENIKHAN CUMBOI —
14. JlatuHckue 00O3HAYEHHs, KPOME YCTOMYMBBHIX HAMMEHOBAaHHMI THUIA
max, min, sin, cos, tg, log, exp, det u T.1., Habuparot KypcuBoM. Pycckue,
rpedeckre o003HaueHus U Iudpbl BCeraa HaOUparoT IPSIMbIM HIPHUQPTOM.

UucnoBble MOJCTAHOBKU B (hOPMYITy JOJDKHBI CJIEIOBATh HEMOCPE/I-
CTBEHHO 3a (opMyJioid, B TOM ke cTpoke. Ecou popmyna Obuia 3anmucana
BBIIIE M COMPOBOXIANACh MOSICHEHUSIMU CUMBOJIOB, TIepe] MOJICTAHOBKOM
gucen GopMyiy LenecooOpa3HO MOBTOPUTH. PacmonokeHne 4ucen J0K-
HO CTPOT'0 COOTBETCTBOBATh PACHOJIOKEHUIO OYKB B (hopMmyie, T.€. JOJIK-
HO OBITh YETKO BUJHO, KAKO€ YMCIIO 3aMEHAET Kakylo OykBy. [Ipomexy-
TOYHBIE PACUETHI, MPEOOPA30BAHNS U COKPAILIECHUS HE MOKAa3bIBAIOT, MPHU-
BOJST JIMIIIb KOHEYHBIM pe3yJIbTaT pacyeTa.

Yucna noactapistoT B GopMyidy 0€3 yKazaHUs pa3MEpHOCTEH; yKa-
3bIBAIOT PA3MEPHOCTh TOJIBKO pe3yJibTaTa pacuera, HE 3akiouas €€ B
CKOOKH.

dopmyiibl (3a UCKITIOUEHHEM (POpMYJI, TOMEIIAEMbIX B MPHIIOKECHHUH)
HYMEPYIOT CKBO3HOM HyMepauueu apaOCckumu 1udpaMu, KOTOpbIE 3amlu-
CBIBAIOT B KPYTJIbIX CKOOKaX Ha YPOBHE HMKHEH CTPOKU (POPMYJIBI.
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dopMybl, TMOMENIAEMble B MPUIOKEHUH, HYMEPYIOT OTACJIBbHO
apabckumu 1udpaMu B mpenesax Kaxaoro MPUIOKEHHs ¢ J100aBlIeHUEM
nepen Kaxaoi mudpoit 0603HadeHus npuioxenus (hopmyna B.3).

CchUIKM B TEKCTE Ha MOPSAIKOBBIE HOMEpa (GOpMyJT JatOT B KPYIJIBIX
ckoOkax. Ilocne kaxaoit (opMyJibl CIEAyeT CTaBUTh (MJIM HE CTaBUTh, TC
ATO HE TpeOyeTcs) 3HAKU MPEMUHAHKS B COOTBETCTBUU C MPABUIAMHU PYC-
CKOM MyHKTYaILlUH U COJIEPKAHUEM MOCTIEAYIOIIEro TeKCTa.

Tabnuupl HymMepyroT apabckumu ndppamMu CKBO3HOW HyMmMepaluen B
npejenax BCEero TEKCTa, 3a MCKIIOUEHUEM Taliull npuiioxkeHuil. Eciu B
TOKYMEHTE OJiHa Tabiuiia, To ee o0o3HavyarT «Tabmuma 1», nim «Tabau-
na A.l», ecnu Tabnuia NpuBeeHa B MPUITOXKEHUU A.

Tabnuiry moMemaroT o1 TEeKCTOM, B KOTOPOM BIIEPBBIC JIaHA CCHIIKA
Ha Hee, WK Ha CJICIYIONIeH CTpaHuIIe, a MPU HEOOXOJUMOCTH — B TIPUIIO-
KEHUU K JOKYMEHTY. Jlomyckaercs moMemarb TaOJauIly BIOJIb JIJIUHHOMN
CTOPOHBI JINCTA IOKYMEHTA.

Ecnu crpoku wnm rpadbl TaOIUIbl BRIXOAAT 3a (opMar CTpaHUIIHI,
€e JeNAT Ha 4YacTH, MoMelas OAHY 4YacTh MOJ APYTrOd WA PAIOM, HPH
ATOM B KaXJ0W 9acTH TaOJIUIIBI IIOBTOPSIOT €€ TOJIOBKY M O0KOBUK. CIIOBO
«Tabnuia» yka3pIBaloT OJMH pa3 clieBa HaJ MEPBOM YaCThIO TaOIUIIbI, HA
APYTUMHU YacTAMH TUIIYT ciioBa «lIpodondcenue mabauysry win «OKoH-
yaHue maoduybl» C yKazaHue HoMepa TaOIuUIbI.

Bce wimocTpanuy Ha3bIBAIOT PUCYHKAMU W HYMEPYIOT apabCKUMH
udpaMu CKBO3HOW HyMepaliei o BceMy TOKyMeHTY (pucynok 20) v
B TIpenenax pasnuena (pucynok 6.8). Ecnu pucyHok oauH, TO ero 0003Ha-
qarT «PucyHok 1».

WnmrocTpaiiuy MOKHO pacrioiarath Kak 1o TeKCTy JTOKYMEHTa, TaK U
Ha OTJEIBHBIX JUCTax. MIumrocTpauy Ha OTASIBHBIX JIUCTaX MOYKHO CBO-
IUTH B TIPWIOXKEHUE, KOTOPOE OPOUIIOPYIOT OTACIBHO WM MOMEIIAIOT B
KOHIIe JOKyMeHTa. MiumocTpauu pacmojiaraloT Tak, 4TOOBl MX MOYHO
ObLIO YynTaTh 0€3 TOBOPOTA JOKYMEHTA MJIM ITOCJIE TTOBOPOTA 10 YaCOBOM
cTpenke Ha 90°.

Bce Tabmuibl M pECYHKH IO X0y TEKCTa HyMEPYIOTCS U UMECHYIOT-
cs1. Hymeparus CKBO3HAs WIIH B TIpeieliax pas3jena.
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5.3. Odopmiienne rpadpuyeckoi yacTn

[Ipu BbIMoOSHEHUU TpadUUECKOW YACTU PEKOMEHJIYETCS HMCIIOIb30-
BaTh CPEJICTBA KOMIIBIOTEPHOT'O MPOSKTUPOBAHUSI.

KII odopmisiercss u pa3pabaTbiBaeTCsi B COOTBETCTBUU C TPEOOBaHU-
smu [11].

I'paduueckuii matepuan odopmisiercs Ha AByX (opmarax Al
(841x594). ITo ECK/] rpadmueckuii matepuai, B jananoMm KII He sBisercs
TEXHUYECKUM YEPTEKOM, ITOATOMY pamka Ha ¢opmaTax Al COOTBETCTBYET
pamke Ha nucte AHHoTanuu B [13, u Bcs uHdpopmarlius, Kotopas BBIHOCHUT-
cst Ha popmatel Al pomxHa coaepkatbes B [13. Hymepanust pucyHkoB u
TaOJIMII TAaK)Ke JOJKHA COOTBETCTBOBATH I13.

- Ha TIEPBOM TpapUIecKoM M300pakKeHUU B COOTBETCTBUU C 3aJIaHHU-
€M TPUBOMSTCS CXEMBI: IJEKTPOCHAOKEHUsI ToTpeOuTenel (3agaHHasi B
WHIMBHIYaJIbHOM 3/IaHUH) M JTopaOdoTaHHas (COrjacHO BapHaHTY, C yue-
TOM TpeOOBaHMI HAJEKHOCTH); rpadbl HAACKHOCTH ISl BCEX TPEX MOJ-
CTaHIUU MPU KPATKOBPEMEHHOM U JITTUTEIHLHOM aBapUIHBIX OTKIIFOYEHUIX
(C y4eTOM PEMOHTHBIX PEKHUMOB IEPEMbIUEK W IMMHHBIX BBIKIIOYATENICH,
MIpU UX HAJUYHMH), @ TAKXKE pe3yJIbTaThl pacyéTa rnoka3areiei HaJle’)KHOCTU
U OLICHKHU yIepOa OT HEHAAC)KHOCTH IJIEKTPOCHAOKEHUU TOTpeOUTEINeH,
CBEJICHHBIC B TaOJIHILY;

- Ha BTOPOM TpauueCKOM H300paKE€HUHM MPUBOISTCS: «JIEPEBO OT-
Ka30B» CHUCTEMBI JJIEKTPOCHAOKEHUS MOTPEOUTENCH MpU MIUTEIbHBIX U
KPaTKOBPEMEHHBIX OTKJIIOUYEHHUSX (C y4eTOM PEMOHTHBIX PEKHMOB Iiepe-
MBIYEK, IITUHHBIX BBIKIIOUATENICH U 08YXYEenHbIX AUHUL, TIPU UX HATUYWN)
Y aHAJIU3 HAJIS)KHOCTU CUCTEMBI 110 METOy MUHUMAJIbHBIX CEUCHUH.

6. PACUETHASA YACTD

B mepBoM IyHKTE pacyeTHOM YacTH CTYJCHT JOKCH IPUBECTH:

e Ta0NHMIy JaHHBIX JJIs pacdyeTa HaJCKHOCTH, BKIIFOYAs JaHHbIC HEOO-
XOJUMBIC JJIS MOJEPHHU3AIMH CXEMbI C OOs3aTCIBHBIM YKa3aHHEM
WUCTOYHUKA CIPABOYHON WH(OpPMAIMU IO HMCXOJHBIM JTaHHBIM IS
pacuera;

® HCXOJIHYIO CXEMY W MOJCPHHU3UPOBAHHYIO CXEMY, C 0053aTeIbHBIM
yKa3aHWEM IMWHHBIX Pa3beIUHUTEICH U PEMOHTHBIX TICPEMBIUCK.

B npunokenre A JaHbl IMOKAa3aTeld HAJCKHOCTH O0OPYIOBaHUS
anekTpuueckux cetei [20].
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BapuaHTbl 3a7aHuil 1151 MOJIEPHHU3ALMU CXEM MMUTAHUS YIPOIIECHHBIX
noactanmuii 110 kB u 220 kB, npenrazHadeHHBIX 4151 TIIyOOKOTO BBOJA
Ha TEPPUTOPUIO MPOMBIIUICHHBIX MPEANPUITUN, C TOYKU 3PEHUS HAJCK-
HOCTH, TIPUBEJICHBI B Ta0d. 6.1, yIpoOIIeHHbIE CXEMBbI AJIEKTPOCHAOKEHUS
noTpedureneii npruBeACHbI B KOHIIE pa3jena b.

BapuaHTbl OTIMYaAIOTCA CIOCOOAMU CEKIIMOHUPOBAHUS MHUTAIONIEH
CETH NPU BOSHUKHOBEHUHU KOPOTKUX 3aMbIKAaHUW Ha JIMHUSX U 000pYyI0Ba-
HUU.

Ilpumeuanue: HoMep BapuaHTa COCTOUT U3 TpeX HUPP — MEPBHIC ABE
udpe1 HOMEp CXEMBbI, TPEThsl — HOMEp BapuaHTa, HarpuMep: BapuanT 011
(nepBas cxema, nepBblid BapuaHTt); 106 (cxema 10, mectoil BapuaHT).

6.1. MeTtoauka BbinoJHeHus: pacuéTHoil yactu KII

6.1.1. IIpeoOpa3oBaTh CXeMy NHUTaHHUS YMPOIUICHHBIX MOJACTAHIIMUMI
corjacHo mpaBwiaMm TpoekTupoBanus IIC U TpeOOBaHUSAM K MOBBIIIE-
HUt0 HajzexHocTH [1,2,15-19]. Jlns xaxaod cXeMbl MpeaararoTcs IMTh
BapUAHTOB 3aJjaHUI, KOTOphIE MpUBEICHBI B Ta01.6.1. Kaxkapiit u3 BapuaH-
TOB TIpEeAIoiaraeT pa3padOTKy MeEp MO MOBBIIICHUIO HANCKHOCTU, TPHU
ATOM 00sA3amenbHa CPABHUTEIIbHAS XapaKTEpUCTHUKA (IO MOKAa3aTesiM
HAJICKHOCTH U ylepOaM) MOJICPHU3UPOBAHHON U HEMOJIEPHU3UPOBAHHOMN
(C TOUKHM 3pEHUST HAZCKHOCTH ) CXEMBI.

6.1.2. CoctaBuTh pacyE€THBIC CXEMbI COCIUHEHHUH SJIEMEHTOB s
Ka)KJIOM TOJICTAHIIUU OTACJIBHO (C YYETOM PEMOHTHBIX PEKUMOB MEPEMBbI-
YEeK Y IMIMHHBIX BBIKJIIOYATENEH, PU UX HATUYUH): 1711 KPATKOBPEMEHHOTO
OTKJIFOUECHUS;, IJI JIUTEIIbHOTO OTKIIFOYEHUS.

6.1.3. PaccuuTaTh mokazareid HaJEKHOCTH AHAIUTHYECKUM METO-
JI0OM, COTJIACHO METOJIMKE MPUBECHHON B pazzene 6.2, JaHHbIX METOIUYe-
CKHX yKa3aHuil U B [2]. Pe3ynbrarhl pacuéToB JOKHBI OBITH CBEJCHBI B
tabnuiy. Cokpawenus 8 pacuémax He OONYCKAOMCs, YUCIeHHble 3HAYe-
HUs 00513amebHbl.

6.1.4. OneHuTh HAJEKHOCTh CXEMBI JIOTUKO-BEPOSTHOCTHBIM METO-
JIOM C TIOMOIIBIO «JAepeBa OTKA30B» (Il KPATKOBPEMEHHBIX U JTUTEIb-
HBIX OTKJIIOUEHUM), /1aTh aHAJIN3 MUHHUMAJIbHBIX CEUCHUN MO METOJIUKE,
npuBeaeHHOM B 11.6.3. u B [12,13].

6.1.5. PaccuutaTh KOJUYECTBO BJIEKTPOIHEPTHH, HEAOOTIIYIIEHHON
NOTPEOUTENSIM 32 BpeMs OTKJIIOUEHHS OOOpPYJIOBaHUS W OIPEICIUTh
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yIiep0, moydyaeMbli TP aBapUHOM OTKIIIOUeHUU oOopymoBanus. [1pu-
Mep pacuéra npuBeseH B 1.6.4. u B [12].

Tabmura 6.1
Bapuanm Ne 1. | Cxema 6e3 U3MEHEHHI.
CorracHO paBWJIaM MPOSKTUPOBAHUS CXEM JIEKTPOCHAOXKE-
Bapuanm No 2. HUS 100aBUTH (M/WIIM 3aMEHUTH OJTHOIICTTHBIC) HA CXEME JIBYX-

HCTIHBIC BO3YIIHBIC JIMHUU.

CornacHo I[IpaBHJIaM IIPOCKTUPOBAHUA CXCM 3JI€KTpOCHa6)K€-
Bapuanm Ne 3. HUA I[O6aBI/ITI> Ha CXCMC BO3AYIIHBIC JINMHUH WUJIN KaOeJIbHBIC
JIMHHNU.

CoriacHO paBUJIaM MPOEKTUPOBAHUS CXEM DJIEKTPOCHAOXKe-
HUS 3aMEHUTh KOPOTKO3aMbIKATEIN U OTACIUTEIN Ha COBpE-
MEHHOE€, C TOYKU 3PEHUS HaJIeKHOCTH, 000pyaoBaHue (00oc-
HOBAaTh CBOM BHIOOD).

Bapuanm Ne 4.

CornacHo npaBujIaM MPOEKTUPOBAHUS CXEM AJICKTPOCHAOXKE-
HUS 3aMEHUTh KOPOTKO3AMBIKATENIN U OTACIUTEHN Ha COBpE-
MEHHOE€, C TOUKU 3PEHUS HAJIEKHOCTU, 000pyAOBaHUE U J00a-
BUTH JiByX1ienHble BJI (1/vunu 3aMeHUTh OJTHOIETIHBIE).

Bapuanm Ne 5

6.1.6. Obs3amenvno naTh CPaBHUTEIBHYIO XapaKTEPUCTUKY MOJEP-
HU3UPOBAHHOM W HEMOJCPHU3MPOBAHHOM, ¢ TOYKH 3PCHHUS HAACKHOCTH,
CXEM 3JISKTPOCHAOKEHUs TMOTpeOuTeNneil. 3aganue COCTaBJICHO TaK, YTO
CTYyJCHTHI B MpeJesiax Tpymnmbl (OJHOW CXEMBI) MOTYT KOPPEIHPOBAHHO
OIICHUTH HAJIEKHOCTH TIPH TIEPEBOIC CXEMbI Ha HOBYIO 3JICMEHTHYIO 0a3y.

6.1.7. Kak ormedasioch paHee BO3MOYXHO BBIMOJHEHUE WHIWBHIY-
aJTBHOTO 3a/JaHUs, KOTOPOE MOJKET BKJIIOUATh CXEMBI CO CTPYKTYpPOM, KO-
TOPYIO HEJIb3sl NMPUBECTH K NapalieIbHO-TIOC/IeI0BaTeIbHOM. MeToauka
pacuéra TaKMX CXeM II0 METOJy OCOOOro 3jeMeHTa IpHBeicHa B [2], B
1.6..

6.2. AHAJIMTHYECKUI MeTOo/ pacuéra HATEKHOCTH
3JIeKTPOYCTAHOBOK

ITepen pacueTomM HaJIEKHOCTHU CUCTEMBI MPEABAPUTEIBLHO COCTABIIS-
€TCsl pacyeTHas CXeMa, KOTopas MOXKET OTJIMYAThCA OT MPUHIUITUAIIBHOU
AJIEKTPUYECKOU cXeMbl. THOTa TOCIIeq0BATENBHO COCIMHEHHBIE B DJICK-
TPUYECKOM CXEME DJIEMEHTHhI Ha JIOTMYECKOW CXeMe JOJDKHBI OBITh M300-
paXXEHbl MapaJlIeIbHBIM COECIMHEHHEM U HaoOopot. Hampumep, mapai-
JICJIbHOMY BKJIFOUEHUIO T€HEPATOPOB HA JJIEKTPOCTAHIIMUA COOTBETCTBYET
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MX IIOCJIEIOBATEIbHOE COEIUHEHHUE B PACUCTHOM CXEME MO HAJEKHOCTH,
€CJIM BO3HUKAET BOMIPOC OLIEHKU HAJEKHOCTH T'€HEPUPOBAHUS BCEU MOIII-
HOCTHU 3JIEKTPOCTaHIUU. MM MUHHBIE pa3beAUHUTENIM BCEX Mapasijieib-
HBIX IO 3JIEKTPUYECKON CXEME MPUCOECIUHEHUN COCTABIISIIOT, MOCJIEI0BA-
TEJBHYIO LIETIOYKY, €CJIU pacCMaTPUBAETCS MOTraleHue COOPHBIX IITUH.

Pacu€THas cxema OoTpa)kaeT JIOTUKY CBA3€H JIEMEHTOB C TOYKH 3pE-
HUA HaASKHOCTH pabOThl BCEH YCTAHOBKM WJIM C TOYKHM 3PEHHS OTKas3a
BCEU yCTaHOBKH. Pacué€r mpoBOAUTCS MyTEM 3aMEHBI MAPAILICIBbHBIX U IO-
CJI€OBATEIIbHBIX IIEMEe YKBUBAJICHTHBIMU AJIEMEHTAMHU, JIJI1 YETO MCIIOb-
3YIOTCSl (POPMYJIbI, OMPEETSAIONIME 00IIee YHCIO aBAPUHUHBIX OTKIIIOYE-
HUW, JJIUTETBHOCTDh ABAPUIHBIX MTPOCTOEB JJISI SKBUBAJIEHTHOI'O 3JIEMEHTA.
Cokpawenus ¢ pacuémuuplx cxemax He oonyckawomcsn!

B nocnenoBaTenbHbIE IEMU PACYETHONW CXEMbI M0 HAJAEKHOCTH KpPO-
M€ 3JIEMEHTOB MOCJIEA0BATEIbHON JIEKTPUUECKON Lenu (JIMHUM, BBIKIIIO-
4yaTesb, TpaHCHOPMATOP U T. [I.) BBOASATCS TaK)KE CMEKHBIC BBIKJIFOYATEIIH,
OTKa3 KOTOPBIX MOKET MNPUBECTH K OTKa3y paccMaTpUBAEMON LIENU
(HampuMep, BBIKJIIOYATENIN BCEX MPUCOEIUHEHUMN, CEKIIMOHHBIE BBIKIIIOYa-
TEJW IIUH, K KOTOPHIM MOAKIIOYEHA aHaIu3upyemas 1ens). Eciu anamu-
3UPYETCsS MarucTpaibHas JUHUS C OTBETBICHUSAMH, 000PYIOBAHHBIMU aB-
TOMAaTHUYE€CKUMU BBIKIIOYATEISIMU, TO B MOCIEIOBATENBHYIO 1IEITb BKIIOYA-
€TCs TaK)Ke MoKa3aTeau HaJEKHOCTU OTBETBJICHUM OT ITOW JIMHUU, HO Be-
POSITHOCTh MX OTKa3a OIpeeNsaeTcsl MPOU3BEICHUEM MapaMerpa MoToKa
OTKa30B OTBETBJICHUS HA CPEHEE BPEMS MEPEKIIOUeHU (MIPEANoaaraercs,
YTO OTBETBJICHUS OOOPYJAOBaHbI Pa3beAUHUTEIAMHU). OTO TOJIOKECHUE
CIIpaBEJIUBO ISl T€X OTBETBIICHUH, KOTOPHIE AJIEKTPUUYECKU BKIIOUECHBI
napasuieIbHO OTHOCUTENIBHO aHAIM3UPYEMOTO y3Jia Harpy3ku. Ecim omnpe-
JEJSIOTCS TIOKa3aTean HaJCKHOCTH Y3j1a Harpy3Ku, MOJKIIOUEHHOTO K OT-
BETBJICHUIO OT MarucTpajiu, TO 3TO OTBETBJIEHHUE BBOJUTCS B pacueT Cpe/l-
HUM BPEMEHEM BOCCTAHOBJICHUSI.

PacuetHas cxema 1O HAJEKHOCTU OTHOCHUTEIBHO Y3JI0B HArpy3Ku
JOJDKHA OTPa)kaTh JIOTUKY Pa0OThl UCXOJIHOW 3JIEKTPUUECKOU cxeMbl. [1o-
ATOMY pa3zHOOOpa3re METOJOB COCTABJICHUS PACUETHBIX CXEeM OOYCIOBIIH-
BaeTCs pa3zHoOOpazue MPUMEHSEMBIX CXEM JJICKTPOCHAOKEHHUS U OOIIUX
PEKOMEHJIAlNI ISl PEIlIeHUs] BCEX BO3MOKHBIX 3a/1ad HaJIeKHOCTU JaTh
HEBO3MOXHO.
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CrnemyeT TOJBKO MOMYEPKHYTh, YTO OCOOOT0 BHUMAHHUS TPEOYIOT
CXEMBI JIEKTPOCHAOKEHHUS, B KOTOPHIX aBTOMATHYECKOE OTKJIIOYEHUE OT-
JEIbHBIX YYACTKOB COUETAECTCS C PYYHBIM MEPEKIIOYEHUEM MPU BBOJIE pe-
3epBa (Hanpumep, NeTieBbie cxeMbl B ceTsax g0 1000 B).

B sTOoM ciyudae cpeaHrue BEpOATHOCTH OTKA30B PACUETHBIX JJIEMEHT
ONPEACISIOTCS. HE TOJBKO BPEMEHEM BOCCTAaHOBJICHUS YYAaCTKOB JIMHUH,
HO U CPEJHUM BPEMEHEM MEPEKIIOUYEHHS HA PE3EPBHOE MTUTAHUE.

OOBIYHO LIENBIO pacyeTa SIBJIAECTCS OMpPE/ICNICHHEe OCHOBHBIX MOKa3a-
TeJle HaJeKHOCTU OTHOCUTENBHO Y3JI0B HAarpy3KH WM KOHKPETHBIX IO-
Tpeouteneil. [loaToMy cucTteMa pacuwieHseTCs Ha OTACIbHBIC JIEMEHTHI,
XapaKTEPUCTUKU HAJEKHOCTH, KOTOPBIX CPABHUTEIBHO JIETKO OMpPEHEsi-
I0TCSI.

CrnenyronuM 3TarnoM pacuera sSBisgeTcs GOopMyIHpOBKa MOHATHI OT-
Ka3a [ BCE CUCTEMBI U ISl OTAEIBHBIX 3JIEMEHTOB. OTKa30M CHUCTEMBI C
OTPAaHUYCHHOMN MPOIYCKHON CIMOCOOHOCTHIO DJIEMEHTOB MOYKHO CUHUTATh,
HarpuMep, TO WKW WHOE 3HAUYCHHE OTPaHUYCHHUS MOITHOCTH MOTpeOuTe-
JeH, a 11 OTAENbHBIX MOTpeduTesei, Hanpumep, caMm (PakT OTCYTCTBUSA
HaMpsOKEHUS Ha IIMHAX JakKe B TEUEHUE JOJICH CEKYHJIbI (€CJIM pe3epBHAs
LeMb BKIoYaeTcs nocpeactsom ABP).

Merton pacdera HalEKHOCTH BBIOMpPAETCS B 3aBUCHUMOCTH OT KOH-
KPETHOM MOCTaHOBKH 3a/1a4M M MHTEpPBaJIa BPEMEHH, B TEUCHHE KOTOPOTO
ONPEACIISIIOTCS XapaKTEPUCTUKU HAACKHOCTU. PacyeThl BBIMOIHAIOTCS 0
CpPEOHUM IOKa3aTeNsIM UJIM C YY€TOM HAYAIbHBIX COCTOSHUMN 3JIEMEHTOB
Ha KOPOTKUX HHTEpPBAJIaX BPEMEHM (B IMOCJIEIHEM CIIydae HCIOJIb3YeTCs
MO/I€JIb CTy4alHbBIX MPOIIECCOB).

Heooxooumo yuecmo:

- JUTUTEIBHOCTD TIJIAHOBOTO PEMOHTA JJISl KaXKJIOro Ciaydasl MoJICUu-
TBIBAETCSI UCXOJSl W3 CYIIECTBYIOIIMX 3aKOHOMEPHOCTEW PEMOHTHBIX pa-
00T;

- 00HOBpPeMeHHble OMKIIOYEHUs Yenu U3z oonee yem 08yxX napaieib-
HbIX 2]1eMEeHMO8 8 NIAHOBbIU NePU00 He OONYCKAOMCH,

- 32 BpeMs OTKJIFOUEHHUsS dJIEMEHTa C OOJIBIION JIIUTEILHOCTHIO pe-
MOHTa MOJKET OBITh MPOM3BEIACH PEMOHT JIPYTHUX JJIEMEHTOB (C OTHOCH-
TEJIbHO MEHBIIIEH IJIUTEIbHOCTHIO PEMOHTA).

B 3aBUCHMOCTH OT MPUMEHAEMOUN CXEMBbI COCIMHEHUSI BOCCTAHOBJIE-
HUE 3JIEKTPOCHAOKEHUS MOXKET 3aKITI0UaThCH:

- B 3aME€HE OTKA3aBIIET0 3JIEMEHTA;

- B PEMOHTE TTOBPEKICHHOTO JJIEMEHTA;
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- B OMl€paI[M1 aBTOMAaTHYECKOT'0 CEKIIMOHUPOBAHHSI;

- B pabote aBTomatuku ABP, AIIB;

- IPU MPOU3BOJICTBE NEPEKIIOYECHUN BPYUHYIO.

OcHOBHBIE JONYIIEHUS AHAJNTHYECKOr0 PacyeTa 3aKJIIYalTCA
B CJIEIYIOLIEM.

1. TlepepbIBbl NEKTPOCHAOKEHUS B 3aBUCUMOCTH OT JIJTUTEIbHOCTH
JENSATCS HAa KPaTKOBPEMEHHbIC, JUKBUIWPYEMBIE OINEPATUBHBIMU TIEpe-
KIIIOYEHUSIMA B CHUCTEME U JUIUTENbHBIE, CBSA3AHHBIE C PEMOHTHO-
BOCCTAHOBUTEJIBHBIMU PabOTaMHU.

2. IlepepbIBbI 2JIEKTPOCHAOKEHHUS, JTUKBUAUPYEMbIE paOOTON aBTO-
matuku (AIIB, ABP), He yunThiBarOTCA. Y CTpONCTBA PEICMHON 3aLUTHI
CUUTAIOTCS ICUCTBYIOIUMHU O€30TKA3HO.

3. Pacuérabie cxeMbl ISl KPaTKOBPEMEHHBIX OTKITIOUCHHH JOKHBI
COZIEpKaTh TOJIBKO TE€ 3JIEMEHTHI, OTKa3 KOTOPHIX BHI3BIBAET HEMEIJICHHOE
aBTOMATHUYECKOE OTKJIIOYEHUE MoTpeduTesns. [IuTenbHOCTh MEepephIBOB
AIEKTPOCHAOXKEHUSI MPU KPATKOBPEMEHHBIX OTKIIOUCHHUSX MPUHUMACTCS
20...30 muH. PacuerHasg cxema I KPATKOBPEMEHHBIX OTKIFOYECHHUU
JOJDKHA COAEPKaTh TOJBKO AJIEMEHTHI, COCIMHEHHBIE IMOCIIEI0BATEIBHO;
napa’suiebHbIe BETBU YUYUTHIBAThH HE CIIEIYET.

4. JIns NIATENbHBIX OTKIIOYEHUW (PEMOHT 3JIEMEHTOB) paccMaTpu-
BAIOTCSA TAKXX€ OTKa3bl MapasuIeIbHBIX II€TIeH, BHI3BAHHBIC HAIOKCHUSMHU
MOBPEKJICHUI OJHOTO 3JIEMEHTAa Ha aBapUHWHOE BOCCTAHOBIICHUE JIPYTOTrO
Y aBapUIHBIX TOBPEXKICHUI Ha MJIAHOBbIE OTKJIFOYEHHS.

5. PacueTHble CXeMBbI JJI1 BCE€X BHUIAOB OTKJIIOUEHHM COCTaBIISIOTCSA
OT/EJIbHO JJISI KaXKJI0T0 NOTPEeOUTENS WK (M) TPYII MOTPEOUTEINEH.

6. Ecnu mapanienpHble [eNu UMEIOT MePeMbIuKy (JTMHUH, TEPEKITIO-
yaTeabHble MOCThl NanbHUX JIDII, CeKIMOHHBIE MM HMIMHOCOSIUHUTEb-
HBIE BBIKJIIOYATENIN), PACUETHBIC CXEMbI I KPAaTKOBPEMEHHBIX W JJI-
TEJIBHBIX OTKIIOUCHUN MPUXOIUTCS COCTABJISATH ISl PEKUMOB C BKIIFOUCH-
HOM TiepeMbIuKOi (cumTasi €€ abCOJMIOTHO HAJEKHOW) U C OTKIIOUEHHOU
NepEeMBIYKON (cunTasi €€ HaXOJAIICHCs B TJIAHOBOM WJIM aBapUITHOM pe-
MOHTE).

/. AHanuTHYeCcKre pacu€Thl OCHOBBIBAIOTCS HA MPEATIOIOKEHUH, YTO
IIOTOK OTKAa30B JJIEMEHTOB HAa PACUYETHOM MPOMEXKYTKE — IMPOCTECUIIUN,
MyaCCOHOBCKUM, a 3aKOH paclpe/ieSIeHUs] BEPOSTHOCTH BOCCTAHOBIICHUS —
DKCIIOHCHIIMAJILHBIN.
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[TokazaTensiMu HaJIC)KHOCTH MUTAHUS SIBJSIOTCS YaCTOTHI OTKIIOYE-
HUSL ABYX TpaHcpopmaropoB kaxnoi moncraniuu A(1), M2), M3) u xo-
s unments! aBapuiinoro mpoctost ((1), q(2), q(3) >Tux moacTaHIHIA.

Kpome Toro, Haie’)KHOCTh TTUTAHUSI MPOMBIIICHHOTO pailoHa Xapak-
TEPU3YETCS YaCTOTaMU aBapUUHOIO IMOTAIIeHUs ABYX U TPeX MOACTAHIUN
r1yOOKOr0 BBOJIa M COOTBETCTBYIOIIUMH KOA(POUIIMEHTaMH MPOCTOS.
Ompenenum 3TH MOKa3aTely C MOMOIIBI0 AHATUTHYECKOTO METOa pacue-
Ta

[Ipu caenaHHBIX MOMYIICHMSAX JUIS ITOKA3aTeJIEd HAIAEKHOCTH DJIe-
MEHTOB 3JIEKTPOYCTAaHOBOK CIIPABEJIUBBI CIEAyIome (popMysbl TEOpUU
Han&xHOCTH. [ K03 HULIHEHTOB TPOCTOA

0y, = 17,3 Gy = 777, (6.1)

rne Q,; 1 0, — K03(pPUUMEHTbl aBapuiHOro M IJIAHOBOT'O MPOCTOS; A —
UHTEHCUBHOCTD CIIy4allHOTO cOOBITHS (OTKa3a); [,—BpeMsl BOCCTaHOBIIE-

HUA CUCTCMBI;, T, — YACJbHas MJIWUTCIbHOCTH IJIAHOBOTO PEMOHTA (321 1

ron);
J171s1 TOCE0BATENIHLHOTO COSINHEHHUS DJIEMEHTOB

n
7\'HOCJI = Zku , (62)
i=1
Tac }\,| — UHTCHCHUBHOCTBH OTKA30B i'FO 3JICMCHTA.
1 n
TB.nocn(aBap) = 7\‘— 2 AT, (6.3)
nocn i=1

rne T,; — BpeMs BOCCTAaHOBIICHUS I-TO DJIEMEHTA;

Toraa npu mocie0BaTSIIBHOM COCIMHEHHH | 3JIEMEHTOB KO3 (DHIIH-
€HT aBaAPUKUHOTO IIPOCTOS

n
an = Z}\‘iTBi (64)
i=1
Cpeanee BpeMs OJHOIO IIJIAHOBOTO PEMOHTA ITOCJIEI0BATEILHOM 11€e-
I
m
T oo LS ma 6.5
wr ZTI'UIJ d ( . )
My j=1

Tac |’n]_I — KOJIMYCCTBO INIAHOBBIX PEMOHTOB B TCYCHUC, PCMOHTHOT'O IIUK-

max
101J

U3 BCEX OTKIIFOYACMBIX B J-M IIPOCTOE.

Ja, T — JJIHUTCIBbHOCTH INIAHOBOT'O PEMOHTA 3JICMCHTA, MaKCUMAJIbHAsA
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KoaddurmeHT miaHoBOro mpocTos Mmociie10BaTeIbHON eH

(6.6)

Ot = Muocn Tron. »
II€ Nyoey — YACTOTA IUIAHOBBIX PEMOHTOB ITOCJIEIOBATEIIBHON LIETIH.
Ilpumep 6.1. Ha puc.6.1 mpuBeneHa cxema MUTaHUSA YIPOIICHHBIX
noactaniui 110 kB, nmpegHa3HaueHHBIX IS TIIYOOKOTO BBOJIA HA TEPPHU-
TOPHUIO MTPOMBIIUIEHHOTO TPENPUSITHS.
Pacu€THple 3HAYEHHS TMOKa3aTeIeM HAAEKHOCTH JJIEMEHTOB 3TOM

CXeMbI JaHbl B Tabnuie 6.2 [12].

Tabmnura 6.2
DeMEHT Ne Ha cxeme A, 1/ron Ty, TOII 0,

Tpancdopmarop 1-6 0,02 0,02 0.007
KopoTtko3zambikaTens ¢ 7-12 0,04 0,0004 0.001
OTIEIUTEIEM
Y4acTOK OTHOIIETTHOM 13-16 0,5 0,001 0.005
BO3YIITHOM JTUHUU
Brixirouarens 17-20 0,03 0,003 0.006
MAaCJISIHBIN

17 13 20 14 19 15 16 18
3 ] 7 ] )

(L>7 8 (L> b (L>9 O(L>

e
B 9 Bg

Puc.6.1. Cxema nuTanus ynpomeHHbIX MOACTaHIIAN

IHokazamens nHaoérxcnocmu numanus nompeodumeneil — Hacmoma
AGAPUIIHBIX OMKIIOUEHUI 08YX MPAHCHOPMAMOPO8 Kaxcoou nooCmaH-
uuu A,y .

Pemenune. CoctaBum pacueTHbie cxembl (puc.6.2, puc.6.3) mis kpart-
KOBPEMEHHBIX U JUTUTEIbHBIX aBAPUITHBIX OTKIIOUCHUH.

—{ — 1 1 1

17 13 7 8 20
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Puc. 6.2. Cxema 3amerieHust Ipu KPAaTKOBPEMEHHOM OTKIIFOUEHUH T1/CT 1

B cOOTBETCTBHHU C pacdyeTHOM CXEeMOM puc. 6.2 yacToTa KpaTKOBpe-
MEHHBIX OTKJIFOUCHUMN

A =7+ A3+ A4 + A3+ A,y =0,02+0,5+0,05+

aBKIr/cTl

+0,05+0,02 =0, 64 orxin/rox

r 7

L L
17 13 1 7
18 16 15 19 14 20 2 8

Puc. 6.3. Cxema 3aMenieHus Py TITATEIFHOM OTKIIOUCHUH T1/CT 1

B cooTBeTcTBUM ¢ pacdeTHOM cxeMoW Ha pucC. 6.3, 4acTOTa JJIUTEITh-
HBIX OTKJIFOUEHHH C YUE€TOM COBIIAZEHUS OTKA30B OJHOM LIEMH C IPOCTOEM
Ipyrou
Mapmert = (M +A7) (0 +dg) +(Ap +Ag) - (0 +07) +
+ (A3 +217) - (Ohg + Ohg + +Chs + Cag + Ggg +0pp) + (6.7)
+ (Mg + g6 +Ag5 +A1g +Aqq +Aog) - (Og3 +0p7) =0,0197

rac g =0, + Q-
OCHOBHYIO COCTaBJISIFOIIYIO B OOIIIEM YHUCJIE OTKIIOUEHUN JTal0T aBa-
PUMHBIE OTKIIOYEHUS TUHUH, IO3TOMY MOKHO IIPUHATH BPEMSI BOCCTaHOB-

neHust nutalus 1y, =84 =T, 55 ; TIPH JUIUTENIBHBIX OTKIIIOUCHUSX.

[Ipu KpaTKOBPEMEHHBIX OTKIIOUCHUSX BpEMsI IepepbhiBa MUTAHUS CO-
craBisieT 0,25 yaca, eciiv MepeKIIOUCHUSI IPOU3BOIUT MEPCOHAI MOICTaH-
i, u 0,5 Jaca, eciu NMepeKkIIoueHs MPOU3BOIUT BhIC3IHAS OTIepaTUBHAS
Opurana.

Koadduiment aBapuiitHOro mpocTos B IEPBOM CIIydae

P Moo - T, . )
Og er] = aB K aBK:;: aB 1 ' aBJI :0,64 0,2857"6‘38,0197 820,000036

rae T =87604 — muTenpbHOCTD TTeproia HaOIOACHUS

CymMapHasi 4acToTa OTKJIFOUCHUN B ’TOM BapUaHTE
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A =0,64 +0,0197 = 0,6597 otk/T0ox1

aB n/crl
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6.3. JIOTHKO-BEPOSITHOCTHBIN METO/ pPacyeTa HAJAEKHOCTHU JJIeK-
TPOCHAOKEHU A

KauecTBEHHBIN aHAIM3 HAJACKHOCTH OTHAEIbHOM CHCTEMBI NpEIy-
CMaTpUBAET CICAYIOIIUE JTambl: ONpeaeiacHue (yHKIHM, BBIMOTHIEMBIX
CHUCTEMOM, XapaKTEePHBIX OCOOCHHOCTEHN €€ CTPYKTYpPhI, PEKUMOB padOTHI,
BUJIOB €€ OTKA30B; OINPEJICTICHUE TPAHUL] CUCTEMBI U MIEPEUYHS BXOASIIUX B
HEE 3JIEMEHTOB, IEKOMIIO3UIINSI CUCTEMbBI HA KPYIIHbIE CTPYKTYPHBIE YaCTH,
(YHKIIMOHAIBHO CaMOCTOSITENIbHBIE OJIOKH; (OpMYJIMpOBaHUE YCIOBUM U
KPUTEpPUEB HEBBITIOHEHUSI (PYHKIIUM, BKJIIOYAsl OMpEENICHUE HAIUYUs U
OLICHKY pe€3epBa BPEMEHHU Ha BHITIOJIHEHUE (YHKIIMH; aHAJIU3 perjiaMeHTa
TEXHUYECKOTO OOCIYKHMBAHUS U PEMOHTOB CUCTEMbI, COCTABJIICHUE CTPYK-
TypHO-(DYHKIITMOHATIBHON JUArpaMMbl CUCTEMBbl Ha OCHOBE €€ OMUCAHUS U
CTPYKTYPHBIX CXEM W YEPTEXKEU I KaXJOTO XapaKTEPHOTO pEeKHUMa €€
paboOThI; aHAIM3 BUJIOB M MOCJEACTBUI OTKAa30B 3JIEMEHTOB CUCTEMBI; BbI-
OOp ¥ MOCTPOCHHUE CTPYKTYPHO-JIOTHIECKON MOJIEIN HAZAC)KHOCTH CUCTEMBI
JUTSL KQXJ0TO BBIJIEJIEHHOTO KPUTEPUS €€ 0TKa3a B BUJIE IEPEBbEB OTKA30B;
omnpejeieHue Habopa MUHUMAJIBHBIX CEUCHUM, UX aHAJIMU3 JJIs1 BBISBIICHUS
c1a0bIX 3B€HBEB CUCTEMBI.

Munumanvuvim ceyenHuem HaA3BIBAECTCS COBOKYIHOCTh MEPBUYHBIX
COOBITHI B cHUcTeMe (OTKa30B AJIEMEHTOB O00BEKTa), 0Onagaroias ciemy-
IOIIMMHU CBOMCTBAMM: COBMECTHASI UX peali3allusl MPUBOIUT K OTKa3y CH-
CTE€MbI; HACTYILJICHUE JIFOOONH KOMOWHAIIMK MEHBIIEr0 YUCa COOBITUM HE
IIPUBOJIUT K OTKA3y CUCTEMBI.

Ilocmpoenue «depesa omkazoey. IlocTpoeHue «aepeBa OTKa30B» —
OJINH W3 BaKHBIX CUCTEMHBIX METOJIOB aHaju3a HajaexxHocTu. [Ipu ero mno-
CTPOCHUU HUCXOIAT U3 OMNPEJCICHHOTO HEXKEIaTeIbHOr0 COOBITHS (Tak
Ha3bIBAEMOr0 BEPIIMHHOTO COOBITHSI) U aHATU3UPYIOT BO3MOXKHBIC TMPHU-
YUHBI €T0 BOZHUKHOBEHUs. [Ipu 3TOM CTpeMsTCsS K pa3yMHON CTEIICHU Jie-
Tajgu3aluu. '0TOBOE «IepeBO OTKA30B» IMPECTABISET B BUJIE JIOTHUECKOMN
JIyarpaMMbl BCE MOCIE0BATEIIbHOCTH COOBITUM, KOTOPBIE MOTYT IPUBECTHU
K BEpIIMHHOMY coObITHIO [13].

C moMoIpo MEeTo/1a «JepeBa OTKAa30B) MOIYUaroT:

* CHUCTEMAaTU3UPOBAHHOE MPEACTABICHUE BCEX BO3MOXHBIX MPUYUH
BEPIIMHHOTO COOBITHS (0TKa3a CUCTEMBI) U UX B3aUMO/ICUCTBUE;

* 0003pUMBIN U JTOCTYIHBIM JJIsI U3yUYCHHUST MaTepuas aHaln3a Mpu-
YUH OTKAa3a;
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* MTIOKa3aTeIN HAJIE)KHOCTU 00BEKTA, pACCUNTHIBAEMbIE B PE3yJIbTATE
KOJIMYECTBEHHOI'O aHAJIN3A «JIEPEBbEB OTKA3AY.

[ToctpoeHue «aepeBa OTKA30B» MPEAIOJAracT JETajJbHbIM aHaINU3
npoiiecca GyHKIIMOHUPOBAHUS cUCTeMbl. OJTHOMY M TOMY K€ BEPIIMHHOMY
COOBITHIO, KaK MPaBHJIO, MOXKHO IMOCTAaBUTh B COOTBETCTBHUE HECKOJIBKO
Pa3JIMUHBIX «JIEPEBHEB OTKA30B». (11 TOro 4TOOBI MOIMYUYUTH CPABHUMBIC
pe3yNbTaThl U OTPAHUYUTH B OIPEIEIICHHOW CTEIEHU NMPOU3BOJ IIPU CO-
CTaBJICHUU <«JIEPEBHEB OTKA30B», IeJaecoo0pa3sHo (GopMyraupoBaTh HEUTO
TUIa WHCTPYKUUH. [IpuBeneM BO3MOKHBIA IUIAH H3JIOKEHUS COOTBET-
CTBYIOIIUX TpaBui. UTOOBI HavyaTh MOCTPOCHUE «JIepeBa OTKA30B» HEOO0-
XOAUMO:

1) uMeTh eTanbHOE ONMMCAaHWEe HOPMAJIBLHOIO IMpolecca padoThl pac-
CMaTpUBAEMON CUCTEMBI, a TAK)KE TEXHHUYECKHE XapaKTEPUCTUKHU (CXEMBI,
ONMCaHWE KOHCTPYKUMH U T.JI.), BKIIFOYAsi BCE CYIECTBEHHbIE NapaMETPbl
DJIEMEHTOB;

2) 3HaTh (PU3BMYECKHE U XUMHYECKHNE CBOWCTBA MaTEPHUAJIOB, UCIIOJb-
3yEMBIX B YCTPOUCTBAX, COCEACTBYIOIIUX C CUCTEMOW. BO MHOTUX yCTpOU-
CTBaX PHEProO- U BOJOCHAOKEHUS, a TAKXKE B IPYTUX TEXHUUECKUX YCTPOU-
CTBax 3TOT IIYHKT UTPAET BTOPOCTEIIEHHYKO POJIb, OJJHAKO B XMMHUYECKOU
MIPOMBILJICHHOCTH U B AICPHOM SHEPTETUKE OH OYEHb BAXKEH;

3) UIMETh COOTBETCTBYIONIYIO YIOOHYI0 CHMBOJIMKY 0003HAYCHHIA.

M cXOMHBIM ITYHKTOM JJISI TIOCTPOEHUSI «JIEPEBBEB OTKA30BY SIBJISCTCS
YCTAHOBJICHUE BEPIIMHHOTO COOBITUS JIJI1 UCCIEAYEMOM CUCTEMBI.

OTO BEpIIMHHOE COOBITHE M300pa)X)aeTcs Ha «JIepeBEe OTKa30B» MpSs-
MOYTOJIbHUKOM, B KOTOPOM YKa3bIBA€TCSl paccMaTpPpUBAEMOE COOBITHE.
[Ipumep Takoro n300pakeHuUs MpeaAcTaBjIeH Ha puc. 6.4.

OTtka3 cuctemMbl
AJIEKTPOCHAOKESHUS
noTpeduTeneu

Puc.6.4. Ilpumep n3o0paskeHust BEPIIMHHOTO COOBITHUS Ha IEPEBE OTKA30B
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Jlanee ucciemyercsi, MOKHO JM MPEACTaBUTh BEPIIMHHOE COOBITHE
KaK OTKa3 OJTHOr0 W3 BJIEMEHTOB CUCTEMbI. ECIM MOYKHO, TO BEPIIMHHOE
COOBITHE W OTKa3, KOTOPBIA MOXET WHUIIMUPOBATH 3TO COOBITHE, COCIU-
HsAIOTCS 3BeHOM (omepatopom) W nu6o MJIM. 3Benns (omepatopsl) U u
NJIN Ha «aepeBe COOBITUI» M300pa)xaroTcsi CHMBOJIAMU, MPUBEICHHBIMU
Ha puc. 6.5 COOTBETCTBEHHO.

OTKa3 CUCTEMBI DJIEK- OTka3 cucTeMsl
TPOCHAOKEHUS MOTPEOU- AJIEKTPOCHA0XKe-
TEJEen HUS oTpeduTenen

)

Puc. 6.5. U306paxenne cumBonoB U u MJIU Ha «aepeBe coOBITHIDY

OTKa3, KOTOPBI COEAMHEH C BEPIIMHHBIM COObITHEM 3BeHOM U m1bo
NJIN, nanee ximaccuUIUPYETCs KaK «IEPBUYHBIM OTKa3», «BTOPUYHBIN
OTKa3» WJIU «IIPOMEKYTOUHOE COOBITHE.

Ilepeuunviii omxas, NOA KOTOPBIM MOHMMAKOT COOBITHE, HE MOJJIE-
Karee 1Mo TeM WIM UHBIM MPUYMHAM JaJIbHEHIIeMy aHAlIU3y, Ha «JIepeBe
OTKa30B» M300pakaeTcsi B BUJE OKPYKHOCTH (puc. 6.6). Bmopuunwiii om-
Ka3 pacCMaTpUBAETCs Kak COOBITHE, KOTOPOE HE MOJICKUT NAbHENIIEMY
aHaJIN3y U3-3a OTCYTCTBUSI HEOOXOAMMOU MH(OpMaLUK Il HETO, U U300-
pakaeTcs Ha «JIepeBe 0TKa30B» B BUjae pomba (puc. 6.7).

IIpomesicymounvle cobbimusi — omra3zvl, Kak U BEPIIMHHOE COOBITHE,
NOJIBEPraloTCs NalbHeuen aetanu3auuu. [IpoMexxyTounbie coObITUSI Ha
«JIepeBe OTKAa30B» M300pa)xaroTcs B BUJE MPAMOYTOJIbHUKA, KaK MTOKAa3aHO
Ha puc. 6.8.
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OTKa3 CUCTEMBI OTKa3 CUCTEMBI
AIEKTPOCHAOKEHUS AJIEKTPOCHAOKEHUSI
norpedurenei norpedureneit

[TepBuu-
HBIU OTKAa3

Puc. 6.6. U306paxenue Puc. 6.7. N306paxenue
COOBITHSl «TIEPBUYHBIN COOBITHS «BTOPUYHBIN
OTKa3» OTKa3»

OTtka3 cucTemsl
AIEKTPOCHAOKe-
HUS TTOTpeOuTenei

[IpomexyTou-
HOE COOBITHE

Puc. 6.8. U300paxkeHne coObITHS «IIPOMEXKYTOUHBIH OTKA3)

Ecnm mpomexxyTodHbIe COOBITHSI 00YCIIOBICHBI PUUMHAMU, BBIXOASIIMU
3a paMKH pacCMaTpUBAaEMOM CHUCTEMBI, TO OHH JaJibllle HE U3y4arorcs. B mpo-
TUBHOM CJIy4a€ MX HCCIEAYIOT MOAOOHO BEPIIMHHOMY COOBITHIO. M3 KaxkIioro
TaKOTO TPOMEKYTOUHOTO COOBITHSI Pa3BUBACTCS CIIEMYIOIIAs «BETBb JCPEBay,
1300pakeHHOro Ha puc. 6.9.
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OTKa3 CUCTEMBI DIIEKTPO-
CHa0XeHUs nmoTpeduTenen

&

[IpomexyTou-
HOE COOBITHE

IlepBuu-

Bropnunbii

HBIU OTKAa3 OTKa3

Puc. 6.9. I300paxkenne Tpex OCHOBHBIX COOBITHI

B kadyecTBe CHMBOJIOB-YKa3aTelel, ¢ IIOMOIIBI0 KOTOPHIX, HATIPUMED,
MOKHO TIEPEHOCHTh YacTH «JIepeBa OTKA30B» Ha JPYTrOd JIUCT, UCIIOIb3Y-
IOTCSl TPEYTOJbHUKH, COJICPIKAIHE BHYTPH U PHI.

Heo6xoaumo ciaeauTh, 4TOOBI CIUCOK MPHYHMH OBLI ITOJIHBIM, TaK KaK
yIYyIIEeHHEe BO3MOKHBIX COOBITHMA, MPHUBOJISIINX K OTKa3aM, SIBJISETCS OC-
HOBHBIM UCTOYHHUKOM TOTPEITHOCTEH IIPH IMTOCTPOCHUHN «IEPEBA OTKA30BY.

Ha puc. 6.10 npexacrasiena obiias cxema MOCTPOSHUS «AepeBa OT-
ka3oB» [13]. CienyeT Takke OTMETHTH PsIJi OCOOCHHOCTEH, CBSI3aHHBIX C
YIETOM CIEIU(UKH CUCTEM IIPH MOCTPOSHHUH «JIEPEBHEB OTKa30B». [
ydeTa OCOOCHHOCTEH OTKa30B 3JIEMEHTOB CHUCTEM B PEXKUME OXKHIAHUS
TpeOyeTcs TOCTPOCHHE ABYX «JICPEBHEB OTKA30B» — ISl PEKUMOB OXKH1a-
HUS ¥ BBIMIOJIHEHUS (GYHKIUH. «/[epeso omKazose» noszgoisem 6 Kaue-
CMBEHHOU hopMme NPOAHATUUPOBAMb 3HAYUMOCHL OMOENbHbIX INeMeH-
Mo cucmemvl ¢ NOMOWDBIO 8blOCICHUS MUHUMANbHLIX CeUeHUll «O0epesd
OMKA308», UMO OYeHb NOJE3HO OJisl UHIICEHepHO20 npoekmuposarnusi. 11o-
MHOKECTBO JICMEHTOB CEUCHUS ISl «JIepeBa COOBITHIN» €CTh IMOIMHOXE-
CTBO OCHOBHBIX COOBITHM, BOSHUKHOBEHHE KOTOPBIX IMPUBOJUT K ITOSIBJIC-
HUIO BEPIIMHHOTO COOBITHSA. [10IMHOKECTBO AJIEMEHTOB CEUCHUSI SBIISICT-
Cs MHHUMAaJbHBIM, €CJIH OHO HE MOJXKET OBbITh YMEHBIIICHO, HO BCE CIIe
IPUBOJINT K TOSBJIICHUIO BEPITUHHOTO COOBITHS.
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Bri6op BepIImHHOTO COOBITHS

N

Mo>HO CBECTH BRIOpAHHOE COOBI-
THE K OTKa3y OJHOTO dJieMeHTa?

Her

y o

3aHeceHne JaHHOTO COOBITHS HA
«JIEPEBO OTKA30BY»

Bo160p coObITHs
MOJIEKAIEMY JaJIb- 4

HCHUIIICMY M3Yy4CHHIO [Ipucoenuuenue snementa NJIN

7'y 1 UMEIOLIETO He 00JIee TpeX BXOJIOB:
NIEPBUYHBIN OTKA3, BTOPUYHBIN OTKA3
Y DKCIUTYaTallMOHHBIA OTKAa3

\ 4

Ha
Ha /CJIGI[YCT JIaJIbllI€ U3YYUTh BTO-
PUYHBIE U KCIUTYyaTallMOHHbBIC
OTKa3bl?
Ecth eme BeTKH,
KOTOPBIE OKaHYH- < Her

\ 4

BarOTCS COOBITHUSI-

e — CocTaBiieHHE TOJITHOTO CIIUCKA CO-
- )J:[aaneﬁmeMy OBITHI, KOTOPBIE MOTYT ITOOTMHOYKE

I WJTH BMECTE HEMOCPECTBEHHO BHI-
' 3BaTh paccMaTpUBaEMOE COOBITHE Ha

«JIepeBO OTKA30B» C TIOMOIIIBIO CO-
OTBETCTBYIOIINX JIOTHYECKHUX CBS3CH

y Her
\ 4
Koren Be160p 0THOTO M3 YKa3aHHBIX COOBITHI

Puc. 6.10. O0mras cxema MOCTPOCHUSI «JIEPEBA OTKA30BY
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PaccMoTpuM mpuMep MOCTPOSHHUS «JICPEBBEB OTKA30B» C IMTOMOIIBLIO
JTaHHOU cxeMbl. PaccmarpuBaeTcs cucTeMa KOHTPOJIS 3a JaBJICHHEM B Oa-
ke Tpanchopmaropa. Ha puc. 6.11 npencraBiena cxema 1aHHOM CHCTEMBL.
[IycTh BepmMHHOE COOBITHE, KOTOPOE HEOOXOAMMO IMPEIOTBPATUTH, €CTh
pa3peiB Oaka. Hadamo oTKayky OCYIIECTBIISETCS MPU MOMOIIM BBIKIIOYA-
Tens Sy, KOTOPBIA CO3Ja€T NOTOK B KOHTPOJIbHYIO BETBb U NPUBOJUT B

neiicteue pene K,. Konrakrel pene K, 3aMbIkaroTcd M BKIIIOYAKOT OTKa-

yuparonmi Motop. Cnyctsa npumepHo 20 ¢ pa3MbIKAIOTCS KOHTAKTHI BbI-
KJIIOYATelsl, KOTOPbI KOHTPOJUPYET U3OBITOUHOE JABJICHHE, OTKIIOYAET
KOHTPOJIBHYIO 1Ienb U o0ecnieunBaeT cpadareiBanue pene K, . B pesynbra-

TC BBIKJIIOYACTCA OTKa‘lI/IBaIOIHI/Iﬁ MOTOP.

7\
Vv 2

i

Puc 6.11. Cxema cucteMa KOHTPOJIS JJaBJICHHS B OaKax:
1 — BeIkirOUarens S1; 2 — pene K1; 3 — pene Kp; 4 — taiimep;
5 — BBIKITIOUYATEITb JABJICHHS; 6 — CHCTEMa KOHTPOJIS JIaBIICHUS B COCY/IC;
7 — moTtop; 8 — Hacoc; 9 — BeHTUIB; 10 — cocya oA JaBJIeHHEM
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Ecau mpoucxoauT oTka3 BBIKIIOYATENs, TO yepe3 60 ¢ cpabaThiBaeT
pesie BpeMeHu, obecrounBarolee pene K; M OTKIIOYAKOLIEE TEM CaMbIM
OTKaYMBaKOLIUK MOTOp. Pene BpemMeHu BO3BpalaeTcs B UCXOAHOE COCTOS-
HUE aBTOMAaTUYECKHU TOCe KaKI0ro IukKia. «JlepeBo 0Tka3oB», n3obpa-
»KEHHOE Ha puc. 6.12, npencTaBisieT BCe BO3MOKHBIE COCTOSIHUSI CUCTEMBI.

Ha puc. 6.12. mokazaHo «IepeBO OTKa30B» IS aHajW3a CHUCTEMBI
KOHTpOJIsI Macyia B 6ake TpaHcopmaropa. «JlepeBo OTKa30B» COIEPKHUT
cienyromue o0o3HaueHUs: | — paspblB coCyAa MOJ JIaBICHUEM IOCIE
BKJIFOUEHHSI Hacoca; 2 — pa3phiB cocyaa (MepBUYHBIN 0TKa3); 3 — pa3phiB
cocyia (BTOpUYHBINA 0TKa3); 4 — TpeluHa cocyaa (nedext MoHTaxa); 5 —
pa3pbiB COCyJla BCJIEACTBHE U30BITOUHOTO JABJICHUS U3-3a HEMPEPHIBHOU
paboTsl Hacoca cBhilie 60 ¢; 6 — BTOPUYHBIM OTKa3 cocyja MU3-3a IAPYTHX
MPUYUH (MEXaHUYECKHUE, TEPMHUUYECKHUE U Jp.); 7 — NEPBUYHBIN OTKa3 pene
K,; 8 — BTOopnuHsIii 0TKa3 pene K,; 9 — HanpskeHue MpUIIOKEHO K pelle
K,, 0onee 60 c; 10 — HanpsikeHUE Ha BBIKIJIIOYATENIE JaBICHUS B 3aKphl-
TOM IOJIOKEHUH; U — BBIKJIIOUATEIb JaBJICHUS HE cpabdarbiBaeT uepes 60 c;
12 — HanpspxeHue Ha BeIKIrodarene Sq; 13 — Hanpsbxenue Ha pene Ky, Ko-
r7a BBIKIIIOYATEIb AABJICHUS B 3aKPHIT; 14 — BTOPUYHBIA OTKAa3 BBIKJIIOYA-
TeNsl JaBJIeHMs; 15 — U30BITOYHOE JaBJIEHHE HE ONPEIEseTCS CUCTEMOMN
KOHTPOJIA AaBJIeHUS; 16 — MepBUYHBIN OTKAa3 BBIKJIIOYATEINS JaBICHUS IIPU
OTKpBITHH; 17 — BTOPUYHBIN OTKa3 BBIKIOYATENs Si; 18 — mepBUYHBIN OT-

Ka3 BBIKJIIOYATENS Sy MpU OTKpbITHM; 19 — neiicTBue BHEIIHEH CHIlbI Ha
BBIKJIIOUaTenb Sy; 20 — mepBUUHBIN oTKa3 pene Ky, npu oTKpbiTuY; 21 —

OTKa3 TaiiMepa, KOT/a BBIKJIIOUaTeNb AaBJICHUs 3aKpbhIT Oojee 60 c; 22 —
BTOpUYHBIN OTKa3 pene K;; 23 — oTka3 TaiiMepa u3-3a HENPaBUIbHOU

YCTaHOBKH; 24 — MEpBUYHBIN OTKa3 Taimepa; 25 — BTOPUYHBIN OTKa3 Taii-
Mepa.

[IpennokeHo HECKOJIBKO AJITOPUTMOB BBIJIEICHHUS CHUCKA MUHMU-
MaJIbHBIX C€YEHHI. PaccMOTpUM Ha mpuMepe OJUH U3 HUX.

Ilpumep 6.2. Ha puc. 6.13 n300pakeH YNpOIIECHHBIN BUJl «IepeBa
OTKa30BY, MPEJCTaBIEHHOT0 Ha puc. 6.12.

Onementsl I u NN 3anymepoBansl ot G1 1o G8. Anroput™m Hauu-
HAETCs HEMOCPEICTBEHHO Cpa3y K€ MOCII€ BEPIIMHHOTO COOBITHSI, KOTOPOE
o6o3naueno GO. Ecau GO ectw simement UJINM, TO KakabIii BXOJ MCIIOIb-
3yercs JJIsl BXOXKACHUS B COOTBETCTBYIOIIMI CTOJIOCIH] MATPHUIIBI CIIHCKOB.
Ecmu xe GO ecth amemenT U, TO Kakaplid BXOJ UCIIOIB3YETCS JJIT BXOXK-
JIEHUS B TIEPBYIO CTPOKY MATPHI[bI CIIUCKOB.
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Puc. 6.12. «JlepeBo 0TKa30By» JIsl aHATIM3a CUCTEMbBI KOHTPOJISI
naBjeHusa B 0ake tnancdonmarona
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Bepwunnoe cobvimue
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Puc. 6.13. YpouieHHOE «1epeBO OTKA30B» JJIsl aHAIN3a CUCTEMBI
KOHTDOJIS TaBJIEHUS B OaKe.
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[lockonbky Ha puc. 6.13 snemMeHT, pacmoyoKEHHBIA HETTOCPEICTBEHHO
MOJT BEpPIIMHHBIM COObITHEM, ecTh MJIM, To mocTpoeHrne MaTpuiibl CIIMCKOB
Ha4YMHAETCs ¢ nepeunciaeHus BxoaoB 1, G1 u 2 B oTneapHOM CTOJIONE, KaK 3TO
TNIOKA3aHO HIDKE:
1
Gl
2
[lockonbKy J1000€ U3 3TUX BXOIHBIX COOBITUN MOYKET MPUBECTH K IMOSIB-
JICHUIO BEPIIMHHOTO COOBITHS, KaXI0€ U3 HUX €CTh 3JIEMEHT CAMOCTOSITEIIBHOTO
MIOZIMHO>KECTBA 3JIEMEHTOB CEUEHHSI.
Wnest anroputMa 3aKimo4yaeTcsi B TOM, 4TOObI pa3MeCTUTh BCE IeMeHThI 1
u NI no ux BXOAaM W OCHOBHBIM COOBITHSIM Tak, YTOOBI COCTABUTh TAKYIO
MaTpUIy CHHUCKOB, KX U3 BXOJOB B KOTOPYIO €CTh OCHOBHOE COOBITHE.
Cronbrip1 TorIa Oy IyT COOTBETCTBOBATH MOMHOKECTBAM JIEMEHTOB CEUCHHIA.
Tak xak G1 ecth snemenT tuna NJIM, BHOBb 3aMeHsIEM ATOT JIEMEHT Ha
€ro BXOHBIE 37IEMEHTHI OT/IENIBHBIM CTOJIOLIOM CIIEIYIOLIM 00pa3oM:
1
Gl
3
2

[Hockonbky G2 ecth Takke anemeHT tuna WJIN, 3amenseM ero Bxoa-
HBIMHU COOBITHSIMU U TIOJTyYaeM:

ok~ -

G3

w

2

Tax xak G3 ectp snemeHT Thma M, 3aMeHSeM CTPOKY, B KOTOPOM
crout G3, Ha ee BXOJIBI, T. €. TIOJIy4aeM CICAYIONTYI0 MaTPHITY:
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[TockonpKy Bce BXOpl B oreparop W JODKHBI peam30BaThCs, YTOOBI
MPOM3OIIUTH COOBITHS, CTOSIIIME HAJl 3TUM dJIeMeHTOM Tuna M, To moHsITHO, 4TO
oneparop M yBenuuuBaeT ajuHy cTpoku. Jnemedt tuna WJIN, naoOopoT,
YBEJIMYMBACT JUIMHY CTOJOIA B Halled marpuile cuckoB. 3ameHuB G4 ero
BXOJIaMH, IMEEM:

1
4
G6,G5
G7,G5
3
2
[Iponomkas aHAJIOTUYHBIM 00pa3oM, IMOJTyYrMM, HaKOHEI[, MaTpully ¢ 29
CTPOKaMM, KOTOpas IMPEJCTaBICHA HIWKE (B MOPAIKE, OTIMYAKOLIEMCS BCIEH-
CTBUE YIOPSIOUECHHUA):

Tabmauia 6.3
1 6,9 7,9 8,9
2 6,10 7,10 8,10
3 6,11 7,11 8,11
4 6,12 7,12 8,12
5 6,13 7,13 8,13
6 6,14 7,14 8,14
7 6,15 7,15 8,15
8 6,16 7,16 8,16

B «zaepeBe 0TKa30B» JjIsi CUCTEMBI KOHTPOJIS 3a JIaBJICHHUEM B Oake
Tpanchopmaropa (cM. puc. 6.13) ocHoBHBIE cOOBITHS HE TTOBTOpsitOTCA. [1o
ATON MPUYMHE BCE MOJAMHOKECTBA AJIEMEHTOB, MPUHAJICKAIIUX CEUCHU-
M, €CTh MOJIMHOYXECTBA MUHUMAJIbHBIX CEUEHHH, T.€. HU OJHO IMOJIMHO-
ECTBO 3JIEMEHTOB CEUYEHUW HE BKIIKOYAETCS B KaKOE-JIMOO JIPyroe moji-
MHOECTBO. B 00mieM cimydyae mpu MOBTOPEHHM OCHOBHBIX COOBITHII B
«JliepeBe COOBITUIN» HE OYAYT MOIy4YaThCA TOJIBKO MOJMHOKECTBA IJIEMEH-
TOB MUHHUMAJbHBIX CEUEHHI MpPHU MOMOIIM OMUCAHHOro ainroputma. Ilo-
ATOMY B TaKOW CHUTyallMu HEOOXOJUMO UCCIEA0BATh MOJIYUYECHHBIN CIHCOK,
UCKJIFOYMB T€ TMOJMHOXXECTBA AJIEMEHTOB CEUYCHHUN, KOTOpPBIE COAEpKaT
Apyrue TOAMHOXKECTBA. [lOydeHHBIM B pE3yJIbTAT€ TAKOW MPOUEIYPHI
CIIUCOK OyJIeT TOorja COJepk aTh BCE IMOAMHOXKECTBA 3JIEMEHTOB MHHU-
MaJIbHBIX CEUYCHUM NJIsl «IepeBa OTKA30BY.
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JlanHas wMaTpulla XapakTepuzyeT HaOOp OCHOBHBIX COOBITHH,
HACTYIUICHUE KOTOPBIX MHUIMUPYET BEpXHEE COOBITHE — Pa3phiB COCY/A.
Takux OCHOBHBIX COOBITHI HECKOJIBKO — TPH OAMHOYHBIX COOBITHS (1+3),
CBSI3aHHBIE C OTKa30M 0aka, IBa OMHOYHBIX COOBITUA (4, 5), CBSI3aHHBIE C
otka3oM pene K,, n 24 nBoliHbIX coObITHs. Kaxnoe U3 3THX OCHOBHBIX
COOBITHI oIlpeeNsieT Habop COOBITHM, KOTOPhIE Ba)KHBI JJII 0€30I1acHO-
CTH COCYyJa.

Ceityac MOXHO JaTh KAYECTBEHHYIO OLIEHKY IOJIyYEHHOTO PE3Yiib-
taTta. Penre K, sBisierca o4eHb 3HaUUMBIM I 0€30I1aCHOCTHU DJIEMEHTOM,

TaK KaK BEpXHEE COOBITHE MOXKET OBITh BBI3BAHO OTKA30M aKTHBHOTO dJIe-
meHTa K, Jlid moBblmeHns 0€30IaCHOCTH COCyZa LeNIeco00pa3Ho 3ame-

HUTbH 3TOT OJMHOYHBIN 3JIEMEHT Ha JBa pelie, COSIUHEHHBIX MapaJlieIbHO
(B cmbIcne HaAexkHOCTH). Kpome Toro, njaHHas cucteMa COAEpKUT Oosee
CEPhE3HYI0 OMMOKY MPOSKTUPOBAHUS — HET OOpaTHOM CBS3U IO KOHTPO-
JUpyeMOMY TapaMeTpy — JaBiieHuto. [loatomy Hambosee neiaecoodpazHo
JUIS TIOBBIIIIEHUST O€30MaCHOCTH COCyAa CHAOIUTh €ro KiamaHoM, CHUYKa-
IOIIUM JaBJICHHE.

Crnenyroliee Mo BaXKHOCTH COOBITUE — 3TO OTKa3 camoro Oaka. Of-
HaKO TaK KaK COCYJ SIBJISICTCS TTACCUBHBIM JJIEMEHTOM, BEPOSTHOCTH €TO
OTKa3a JIOJDKHA ObITh MEHbIIIE, YUeM BEPOSITHOCTh OTKa3a pene K.

MeHee 3HAUUTENBHBIMU JJIsi O€30MACHOCTH TMPEJCTABISIOTCS BCE
JIBOMHBIC COOBITHSA, TaK KaK WX HACTYIUICHUE CBSI3aHO C OJHOBPEMEHHBIM
(hopMUPOBAHUEM JABYX OTKA30B PA3JIMYHBIX 3JIEMEHTOB CHUCTEMBI. OIHAKO
CIeAyeT OTMETUTh, UTO OTKAa3 BBIKIIOUATENsS JIaBjieHUs (COOBITUS 6 U 7)
BHOCHT CYIIIECTBEHHBIN BKJIAJI B KOKI0€ U3 ATUX JBOMHBIX COOBITHH.

OueHb BaXHbBI BBIBOJ MJIA MPAKTUKUA MPOCKTUPOBAHUS, KOTOPBIN
BBITEKAET U3 PACCMOTPEHHOI0 MPUMEPA, COCTOUT B CIEAYIOIIEM: CUCTEMA
J0JDKHA OBITh CIIPOSKTHPOBAHA TaKUM 0Opa3oM, YTOOBI 3JEMEHT (orepa-
top) MJIN Ha «epeBe 0TKa30B» pacroiaraics Kak MOXHO HWKE, TOCKOJIbKY
NPV UHOM PACHOJIOKEHUN BO3HUKAET BEPOSTHOCTh (POPMUPOBAHUS OTMHOYHBIX
MUHUMATBHBIX CEYEHHUM, KOTOPBIE BKHBI JIs1 O€30MaCHOCTH.

Hcronb3ysi MUHMMAIIBHBIE CEYEHUS, MOXXHO JaThb U KOJUYECMBEHHYIO
OYEHKY HAOEIHCHOCU CUCTEM. ITO 0COOCHHO BXHO JIs CITyYas, KOTJ]a aHaJIn3
0€30MMaCHOCTH 3aMEHSETCSl aHAIIM30M HAJIEKHOCTH OOBEKTA.
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6.4. KosimyecTBeHHAas1 OlEHKA HAEKHOCTH J3JIEKTPOCHAOKEHUS.
Onpenesienue yuepoa

[Ipu mpoeKTUpOBAaHMU CETEM BBHIOMpPAETCS YPOBEHb HAJICKHOCTU
AJNIEKTPOCHAOXKEHUST ~ MOTpeduTeneid, U  MNPOU3BOJUTHCS  TEXHUKO-
PKOHOMHUYECKOE CpaBHEHHUE PA3IUYHBIX BapHUAHTOB cxeM ceTu. [Ipu cpas-
HEHUU BAapUAHTOB OMpEACISICTCS 0XKUJaeMOe 3HAaUeHHUE yiiepOa mpu BO3-
MOXKHBIX TEpPephIBaxX 3JIEKTPOCHAOKEHUA. YIIepO B ATOM Clydyae HOCUT
BEPOSTHOCTHBIM XapakTep. 3ajavya CBOJAUTHCS K ONPEIACICHUI0 MaTeMaTH-
YECKOI'o OKUJIaHus (CpeTHero 3HaUeHus ) yiepoa ¥V 3a onpeneneHHbIN Te-
puoJ dKCIuTyaTanuu, oosdHo 3a 1 roa. [lpu aTom omnpenensitorcst BEposT-
HOCTHBIC XapaKTEPUCTUKU, OT KOTOPHIX 3aBHUCUT HAJAC)KHOCTh CXEMBI.

13 cootHomenus [14]

Witn = UagWron [MB14] (6.8)

WHI[.HJ'I - anIWroz[ (6-9)
riae Wroz[ — KOJIMYECTBO PHEPTUHM, MOJydaeMOW B TEUCHUHU roja MoTpeOu-

TEJISIMU, IPUCOEAUHEHHBIMU K JTAHHOM JINHUU.
VY1ep0, nonyyaeMblid P aBapUMHOM OTKIIFOUCHUHU

V= YW, (6.10)

rae Yo — yAenbHas cTouMocTs | MBT-4 HEIOOTIYIIIEHHON YHEPTUH.

6.5. Pacuer HAAEKHOCTH CJIOKHBIX CXEM

B pacderax HameXHOCTH CHUCTEM JJIEKTPOCHAOKEHUST BO3HUKAET
MPOTUBOPEUMBASl CUTYallUsl: C OJJHOM CTOPOHBI — JKEJIIAHUE UMETh TOUHYIO
MOJIelib, HauboJiee aJeKBaTHO OMMCHIBAIOILYIO MPOIECChl OTKA30B U BOC-
CTAHOBJICHUH, C APYTrOM — MPOCTOTA PACUETOB U OOECIEUYEHHOCTh pacyeT-
HOM MOJIETIM UCXOJHBIMU JTAHHBIMHU.

PacnpocTtpanenue moqy4quian MEeTO bl pacyeTa HaJIe)KHOCTH, KOTOPBIE
UCXOJAT U3 MPEANOJIOKEHUS, YTO CUCTEMA COCTOUT M3 CAMOCTOSITEIbHBIX
B CMBICJIE HAJEKHOCTHU 3JIEMEHTOB. B 3THX MeTomax OTKa3oM 3JeMEHTa
CUMTAETCS BBIXOJ] €T0 MapaMeTPOB 3a MPEEIIbl TOMYCTUMBIX TEXHUUECKUX
HopMm. IIpennosnaraercsi, 4To IpU OTKA3€ JIEMEHT OTKJIIOYAETCS KOMMYTa-
IIMOHHBIMH YCTPONUCTBAMU OT OCTAJIBHON YAaCTH CUCTEMBbI. DTH METOIbI
pacuera He YUUTHIBAIOT (DYHKIIMOHAJIBHBIE 3aBUCHUMOCTH MEXIY MapameT-
paMH pEKUMOB OTJICIbHBIX 3JIEMEHTOB CHUCTEMBI 3JIEKTPOCHAOKEHUSI, UTO
SABJISIETCSI ©X HECOMHEHHBIM HEJIOCTATKOM.



43

OpHako nMpuHUMAasi BO BHUMaHHUE OTCYTCTBHE HEOOXOIUMBIX MCXO/I-
HBbIX JAHHBIX, IIPOCTOTY PACUYETOB M BO3MOYKHOCTH ITOJIyYEHHUS KOJIUYeE-
CTBEHHBIX OLICHOK HAJEXHOCTH JJII COBPEMEHHBIX CJIOKHBIX CHUCTEM, Ha
JAHHOM JTaIle Pa3BUTHUS TEOPUU HAJEKHOCTH IPUMEHEHUE TaKUX METOJI0B
BIIOJIHE OITPABIAHO.

JleneHne cucTeMbl Ha 3JIEMEHTHI 3aBUCUT OT XapaKTepa paccMoTpe-
HUA (PYyHKIMOHAJIbHBIC, KOHCTPYKTHUBHBIE, CXEMHbIE, ONEpPaTUBHbBIC dJIE-
MEHTHI U T. 1I.), Tp€OyeMOi TOYHOCTU MPOBOAUMOTrO UCCIEAOBAHUS, YPOB-
HSl IPEACTABICHUN O (DYHKIMOHUPOBAHUU YCTPOMCTB, HAJTUYMUSI CTATUCTHU-
YEeCKOTro Marepuana, mMaciTabHOCTH oObekTa B uenom. Hampumep, npu
OLICHKE HAJECXHOCTH CII0KHOM CHUCTEMBbI OTHOCHUTENIBHO Y3J1a HAarpy3kH B
L[EJIOM IpyIa KOHCTPYKTUBHBIX 3JIEMEHTOB MPUCOEAUHEHUS (pa3beauHU-
TE€JIb, BBIKJIIOUYATEIb C KOMIUIEKTOM PEJEHMHON 3allMThl U COOTBETCTBYIO-
MM YYacCTKOM OILIB) MIPEACTABIAETCA KaK OJUH JIEMEHT C €IMHBIM IOKa-
3aTeNeM HAJIeKHOCTH, BKJIIOUYAIOIIMM OTKa3bl 3THX allllapaToB B CTaTHUYe-
CKOM COCTOSIHMH M OIIEPATUBHBIX pexuMax. OIHAKO MPHU OLIEHKE BEPOSIT-
HOCTH Pa3BUTHUS ABAPHUM B CUCTEME TAKOE€ YKPYIIHEHHE HE ITO3BOJISIET pe-
IUTh 3a7a4y. B aTOM ciydae ciienyeT yuyuThIBaTh pa3eibHO OTKa3bl BbI-
KJIFOYATENsl B CTATUYECKOM U OMEPATUBHBIX COCTOSIHUSIX M BKJIFOYATh B HUX
OTKa3bl PEJICHHON 3aIUTHI.

OTHOCHUTENBHOCTh TOHATHIN «3JIEMEHT» M «CHUCTEMa» CO3HAET BO3-
MOXHOCTh IIMPOKOTO NPUMEHEHMS IOITAITHOTO METOJA pacdeTra HaleikK-
HOoCcTU. CyTh €r0 COCTOUT B TOM, YTO Ha IOCIEAYIOIIEM JTaIle pacdera
AJIEMEHT CJIOKHOW CHCTEMBI (CTAHIMS, MOACTAHIUSA, TPYIINa JIMHUI 3JIeK-
Tpomepead) MOXKET ObITh MPEJICTABICH KaK OTAENbHAsl CUCTEMA, ISl KO-
TOPOM MOCJIENOBATEIBHO YTOUHSIOTCS ITOKA3aTENIM HANEKHOCTH. TeM ca-
MBIM CO3Jal0TCSI BO3MOXHOCTH pacueTra HaJEKHOCTH JOCTATOYHO CIIOK-
HBIX CUCTEM.

OOBIYHO NP pacueTe MoKazaTese HaJeKHOCTHU M0 CPEIHUM 3HAHU-
M BEPOSATHOCTEN COCTOSTHUM 3JIEMEHTOB MCHOJIB3YIOTCS CIECIYIOIIUE CTa-
TUCTUYECKUE JaHHBIE:

1.TlapameTrp MoTOKa OTKa30B ®, T. €. CPETHEE KOJUYECTBO OTKA30B B
eAUHUILY BpeMEHH (OOBIYHO B T'0J1)» OTHECEHHOE K OJTHOMY 3JEMEHTY (IJIs
IPOCTEUIIEr0 MOTOKa OTKa30B = A ). [l NUHUN 35eKTpornepenayu mna-
paMeTp NMOTOKAa OTKA30B OOBIYHO OTHOCUTCA K 1 KM JIMHUMU.

2.CpennHee BpeMsi BOCCTaHOBJICHUSI (3aMEHBI, aBAPUHHOTO PEMOHTA)

g , [4/0aH0 BoCCT].
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3. ITlapamerp moTOKa NpeIHAMEPEHHBIX OTKIIOYCHUU dJIeMEHTa

An, 1/T.

4.  CpenHsisi IPOJOTKUTEIBHOCTh OJIHOTO MPEIHAMEPEHHOTO OT-
KJIFOUECHHS JIEeMEHTa (B OCHOBHOM JJis MPOPUIAKTUUECKUX M KalUTalb-

HBIX PEMOHTOB 000PYIOBaHU) g, [w@/oTk].

[Ipu pacu€Té HaIEe)KHOCTU CIOMKHBIX CXEM MO METOAY «0C000ro 3Je-
MEHTa» HEOOXOJUMO OTMETUTh, YTO OJHOM U3 CIOKHBIX U TPYJIOEMKHUX
3a/1a4, SIBJIIETCS MHOTOKPATHOE OIPEAEIICHUE CPEAHUX BEPOATHOCTEN OT-
Ka30B OCTAaBIINUXCS 4aCTEH CXEM IOCIE UCKIIIOUYEHUS IT00YEPEAHO KAXKIOTO
aneMeHTa. B obmiem ciiydae mocie MCKIYEHHUS! OJHOTO AJIEMEHTA CIOXK-
HbIE CXEMbI MpPaKTUYECKH He ynpomatorcs. [Ipu pacuerax xkosdduimen-
TOB BBIHY’KJICHHOTO IIPOCTOSI OTHOCUTEJIBHO Pa3HBIX y3JIOB HArpy3KH pac-
YEThl TAK)KE BECbMA TPYAOEMKHU. TPyIOEMKOCTh M YUCJIO PACYETOB PE3KO
YBEJIMYMBAETCA NPU y4YETE MPEIHAMEPECHHBIX OTKIIOYECHUN SJIEMEHTOB B
CJIOKHBIX cucTeMax. [103Tomy 0HOM M3 OCHOBHBIX 3aJ1a4 aHAJIN3a HAJICK-
HOCTH JJIEKTPOIHEPIE€TUYECKUX CHUCTEM OTHOCUTENIBHO Y3JIOB HArpy3Ku
(MIM KOMILIEKCa Y3JI0B) SBJISIETCS pa3pabOTKa METOAOB ONpPEAeSICHUS
CpEJHUX BEPOSATHOCTEH OTKa3a U 0€30TKa3HOU pabOThI UX.

C ycCnoXKHEHHEM B3aMMOCBA3EH MEKIY OJJIEMEHTAMU PAaCUYETHYIO
CXEMY M0 HaJIe)KHOCTU 0€3 MPUMEHEHHUS OCOOBIX MPUEMOB HEBO3MOXHO
CBECTH K CXEME€ C IOCJIEIOBATENIBHO-TIAPAIIIENbHBIM WA MapalIeIbHO-
IIOCJIEOBATEIIBHBIM COCIMHEHNEM 3JIEMEHTOB. Hanpumep, 11 cXeMsl TH-
na «MOCTHK» WJIH CXEMbI C OOJBIINM YHCIIOM MOMEPEYHBIX CBSA3EH MpaBu-
Ja mpeoOpa3oBaHUs MOCIEN0BATEIBHO-IAPATUIENBHBIX WM MAPATUIEIILHO-
ITOCJIEIOBATEIBHBIX CXEM HAJICKHOCTH HEITPUMEHUMBI.

N3 aHanMTU4eCKX BEPOSTHOCTHBIX METOJIOB PACUETA CIOXKHBIX CXEM 10
CPEIHAM BEPOSITHOCTAM COCTOSIHUS 3JIEMEHTOB PACCMOTPUM TPU OCHOBHBIX:

1) meTon aHayM3a BEPOSTHOCTEH COCTOSHHUI CHCTEMBI C aHAIN30M Iapa-
METPOB PEKHUMOB B KaKIAOM COCTOSIHUM (3TUM METOJIOM OTPEENSIOTCs napa-
METPBI [TPU YACTUYHBIX OTKA33aX CUCTEMBI);

2) MeTOJI, UCTIONB3YIONMI (hOPMYITy TIOJHON BEPOSTHOCTH, W OCHOBAH-
HBI HA HEW METOJI PA3JIOKEHUS HA MHOXKUTEIH;

3) MeToJ, HCHOMB3YIOMINA CTPYKTYPHBIC TIPE/ICTABIICHHUS CXEMBI T. €. 3a-
MEHY CJIOKHOM CXEMbI SKBUBAJIEHTHBIMU OTHOCUTEIBHO Y3JIOBBIX ITyHKTOB I1O-
CJIEI0BATENBHO-TIAPATUIENIBHBIMA WIIA  TTAPAIIIENbHO-TIOCIIEA0OBATENIbHBIMU  CO-
€IMHEHNUSMU JIEMEHTOB.
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6.5.1. MeToa aHa/iM3a BEPOSITHOCTEN COCTOSIHMI CUCTEMBI

C momoIpo 3TOr0 METO/Ia MOXKHO YYECTh B3aMMOCBSI3b PEXKHUMOB OT-
JEITBHBIX 3JIEMEHTOB U CHUCTEMBI C BEPOSTHOCTSIMH COCTOSIHUSI CUCTEMBI, T. €.
KOJIMYECTBEHHO OIICHUTH BIMSIHUE OIPAaHUMYCHUHN TMPOIYCKHOM CIIOCOOHOCTH
AIIEMEHTOB (IO TOKAM HarpeBa, MOTEPU HANPSHKEHHUA W T. ) Ha MOKa3aTesu
HAJIKHOCTH CUCTEMBI, B YACTHOCTH Ha HEIOOTITYCK 3JIEKTPOIHEPTHH.

Jlnst onpenenieHrs nmokasaresied HaJeKHOCTU Pa3jIMYHbIX COCTOSIHUM CH-
CTEMbI BBIZICTSIFOTCSI PACUETHBIC 3JIEMEHTHI C YUETOM JIOTUKU (PYHKIIMOHHPOBA-
HUsI ceTH. PealtbHble 3JIEeMEHTBI CUCTEMbI OOBEAUHSIOTCSA B pACUETHBIC TPYIITIHI,
OTKa3 KOTOPBIX HE JIOKAIM3YETCSI B HUX CAMUX, a IPUBOUT K OTKJIFOUEHHIO BCEX
CMEKHBIX JIEMEHTOB. JTO, KaK MPABUIIO, TPYIIIA AIEMEHTOB, HE PA3JIEIICHHBIX B
CXEME aBTOMATUYECKMMHU KOMMYTAIIMOHHBIMU anmaparamu. B cMbicie Hamex-
HOCTH TaKHUE€ DJIEMEHTHI OKa3bIBAIOTCS COCTUHEHHBIMU TOCienoBaresibHO. 1o
MOKa3aTesiM HAJICKHOCTH PEATbHBIX BJIEMEHTOB OMNPEACISIOTCS IMOKa3aTelu
HAJICKHOCTH PACUETHBIX JIEMEHTOB.

3areM aHAIM3UPYIOTCS PEKUMBI TIPU PA3IMYHBIX COCTOSIHUSIX CXEMBIL: C
OJTHUM M JBYMSl aBapUMHO OTKJIFOUEHHBIMH JIEMEHTAMHU U C HAJIO)KEHUEM Ha
KXIbIN TIPEHAMEPEHHO OTKJIFOYEHHBIN JIEMEHT aBapUHHOIO COCTOSIHUS JIPY-
roro. CocTosiHUSI ¢ TpeMsl U 00Jiee OTKITFOYEHHBIMH 3JIEMEHTAMU B MpaKTHYe-
CKHUX pacyeTax He paCCMaTpPUBAIOTCS Kak MAJIOBEPOSITHHIE.

JI1 KaXKI0ro COCTOSTHUSI CHUCTEMBI OIPEJIENSIIOTCS. TTapaMeTp MOTOKA OT-
Ka30B U [PEIHAMEPCHHBIX OTKIFOYCHHH A j j U €ro BeposTHOCTE @ ;.

PaccuuTbIBatoTCsl peKUMbI paOOThI 3JIEMEHTOB M CUCTEMBI U CPaBHUBA-
FOTCS C JIOIMYCTUMBIMH, 3aT€M OIICHUBACTCSI 3HAUEHUE OTKITFOUAEMOM MOIITHOCTH
B y3JIlaX CXEMbI JIJIsl 0OECIIeUEHUs] peKUMa WIM MUHUMAJIBHOIO CYMMAapHOTO
yiep0a OT OrpaHUYEHHA M0 MOIIHOCTU U HEJOOTITyCKa HEPTrUM MOTpeOuTe-
msiM. HemooTmytiieHHas SIeKTpO3HEPTus OnpeiessieTcsl Kak CyMMa HEIO0OTITyC-
KOB IPH BCEX COCTOSTHUSIX CUCTEMBI.

B Hacrosiiiee BpemMsi METO/] aHAINU3a BEPOSATHOCTEN COCTOSIHUS CUCTEMBI
SIBJISIETCS. OCHOBHBIM TSI OOJIBIIIMX SHEPreTHUecKuX cructeM. OH TO3BOJISIET B
OLICHKaX HaJIeKHOCTU OTPA3UTh OCOOCHHOCTH PA3IMUHBIX PEKUMOB CHUCTEMBI.
OnHako pacyeTbl, BBIIOIHSAEMbBIE STUM METOAOM, OTIMYAIOTCS UCKITIOUUTEIh-
HOU TPYJOEMKOCTBIO, T. K. IPAKTUYECKU JIJIsT KXKIOTO COCTOSIHUS (a UX MOYKET
OBITh OYEHh MHOI'0) BO3HMKAET HEOOXOIMMOCTh pacueTa MOoTOKopacHpesiesie-
HUSL.
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Yacto nipu pacuerax HaJISKHOCTU CXEM DJIEKTPOCHAOKEHUS HE HAJI0 YUH-
THIBATh OTPAHUYCHUS MPOITYCKHBIX CIIOCOOHOCTEH AJIEMEHTOB, a BXKHO JIMIIIb
OLICHUTh CTPYKTYPHYIO HAJEKHOCTh CXEMbl OTHOCHUTENIBHO KaXXIOro Yy3ja
Harpy3ku. B aTom ciydae mpuMeHsieTcs Apyrasi rpymmna METOJ0B, OCHOBaHHAsI
Ha UCMOJIb30BaHUM CTPYKTYPHOI'O aHAIN3A CJIOXKHBIX CXeM U (pOopMyJie MOIHOM
BEPOSITHOCTH.

6.5.2. MeTtoj ¢ ncnosib3oBaHueM (popMyJibl IOJTHOH BEPOSITHOCTH

DTOT METOJl TO3BOJISIET C TMOMOIIBI0 (DOPMYJIBI TIOJTHOM BEPOSTHOCTH
MPEACTAaBUTh CIOXKHYIO CXEMY B BHJIE SKBUBAJICHTHOM IMOCJIEIOBATEIHHO- Ta-
pajuienbHOM. PaccMOTpUM OCHOBHYIO HJICHO 3TOrO CIIOCOOa Ha MpUMEpPE KOH-
KPETHOM CXeMbI 0€3 yueTa MpeTHAMEPEHHBIX OTKITFOYEHH 3JIEMEHTOB.

dopMysa MOJHONW BEPOSITHOCTH ISl OINPEACTICHUS HaJC)KHOW pabOThI
CXEMbI UHTEPIIPETUPYETCS CIACAYIOMM 00pazoM. BeposiTHOCTD 110000 coObI-
THs (B HAIlleM Cily4ae paboThl CUCTEMbI OTHOCUTENTLHO Y371a) BBIUMCIIETCS Kak
CyMMa ITPOU3BEACHUIN BEPOSATHOCTE HECOBMECTUMBIX THUIIOTE3 (B KAUYECTBE M-
MOTE3bI PACCMATPUBAIOTCS JTMOO PabOTa, TMOO OTKA3 JIFOOOTO IEMEHTA) U BEPO-
SATHOCTH COOBITHS (T. €. pabOThI OCTABIICICS YACTH 1ICTIN) TIPU ITOM THITOTE3E.

[Tpumensisi hopMysTy MOJTHONM BEPOSTHOCTH K pacdeTy BEpPOSTHOCTH Oe3-
OTKa3HOM PalOThI JIFOOOH CXEMbI, MOXKHO C(HOPMYJIMPOBAaTh TaK HA3bIBAEMYIO
TEOpPEMY PA3NIOKEHUs] HA MHOXUTENH. Haodedxcnocms yenu ¢ u3061mMoyHO-
CMblI0 pABHA NPOU3BEOCHUI0 6epPOSIMHOCMU 0OE30MKA3HOU padbomvl [-20
IeMeHma yenu Ha 8eposmHoOCmy 6€30MKA3HOU padbomuvl 0CMasUielcs ye-
nu (mMecma NOOKMIOUEeHUsl 1-20 2JeMeHma 3aMKHYMbl HAKOPOMKO) HOC
npousgedenue 8eposMHOCMU OMKA3A MO20 JHce [-20 INeMeHma Ha 8epo-
AMHOCMb 6€30MKA3HOU pabomvl 0CMasuelcs yenu (Mecma noOoKIHOYeHUs]
I-c0 anemenma pazomxHymuol), TO €CTh JUIS BBIICIICHHOTO B CXEME DJICMEHTa
paccMaTpUBAIOTCS JBE HE3aBUCUMBIE TUITOTE3BI.

PaccMOTpUM Ha IpUMEPE MOCTHKOBOM cXeMbI (cM. puc. 6.14) npumene-
HHUE TEOPEMBI PA3JIOKEHUS, a CJICIOBATEIBHO, M (JOPMYJIIBI TTIOJTHOM BEPOSTHOCTU
JUI ONPEICIICHUS TIOKA3aTee HAJCKHOCTUA CIOKHBIX cXeM OTKa3bl Y3JI0BBIX
MYHKTOB HE YUYMTHIBAIOTCS. OTHOCUTENBHO JIFOOOTO 3JIEMEHTa CXEMbI MOXKHO
PacCMOTPETH JIBE HECOBMECTHMBIE THITOTE3bI: padoTa ¢ BEPOSATHOCTHIO P U OT-
Ka3 €ro C BEPOSTHOCTHIO (.
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11
Puc. 6.14. Cxema Tuna «MOCTHUK

B kadecTtBe Takoro s3ynemMeHTa BbIOMpaeM 3jieMeHT 5. Toraa, mpume-
HSsl TEOPEMY Pa3jIOKEHUS HETPYAHO CBECTH MOCTHKOBYIO cxemy (pwuc.
6.14) x cymme ABYX Iemnel: napauieIbHO-IIOCIEA0BaTEILHON U TIOCIIE0-
BaTeIbHO-TIapaJUIeTbHON (puc. 6.15), MEeTOabI pacueTa KOTOPHIX XOPOIIO
pa3zpaboTanbl. BepodaTHOCTh 0€30TKa3HOW PabOThl 3TOW CXEMbI OTHOCH-
TEJILHO y37a Harpys3ku [V

Fe =P (1-00)1 - 00) +0s [1—(q1 03 —0y03)(d2 + 0y —q2q4)]-
B srom Beipaxkenun (1-0p0,)(1—Qu0,) ecTh BeposATHOCTH 0€30T-
Ka3HOW pabOThI CXEMbI MPU MEPBOM THUMOTE3e — 0€30TKAa3HOM padoTe 3Jie-

MEHTa 5; [1— (0 + 093 —403)(dp +04 — qzqél)}qlqzq3 ...0g €cTb BeposAT-

HOCTh 0€30TKa3HOW padOThl CXEMBI MPU BTOPOM TUMOTE3E — O0€30TKA3HOU
pabote aneMeHTa 5; P; — BEpOSATHOCTb NEPBOM TMIOTE3BI; (s — BEPOAT-

HOCTb BTOPOU T'MIIOTE3HI.

1 3
. —e B L B
PSLl s TPl Vs
2 4 2 4
L — e R

Puc. 6.15. lnarpamMmma, WUTIOCTpUPYIOLIAsi IPUMEHEHUE TEOPEMBI
Pa3JI0KEHUS IJIS1 CXEMBbI THUIIA «MOCTHK
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dopMmyJia TTOJTHOW BEPOSATHOCTH U OCHOBAHHAS Ha HEM TeopeMa pas-
JIO’KEHHSI HA MHOKUTEIU WUTParOT OOJIBIIYIO POJb MPHU aHaM3€ HAACKHO-
CTU CJIOKHBIX CXEM, MOCKOJBbKY IMO3BOJSIIOT CBECTH JIOOYIO CIIOXKHYIO
CXEMY K COBOKYIHOCTH 3JIEMEHTAapHbIX. [[puueM B ClHOKHOU cXeme 3Ty
TEOPEMY IPUXOIUTCS MTPUMEHITH MHOTOKPATHO.

MeTtoa OIleHKH HaJIe)KHOCTH, OCHOBAHHBIM Ha (hopMyJie MOJHOM Be-
POSITHOCTH, JIOCTATOYHO YJ00€H, MPOCT U HAIJISIICH B pacueTax Jaxe 0e3
npuMeHeHrsi 9BM OTHOCHUTENHHO HEOOJBIIMX MO O0BEMY CXEM C He-
OOJIBIIIUM YHUCJIOM BETBEH U Y3JI0B, C KOTOPHIM MOKHO OTHECTH CXEMBI
BHYTPHU3aBOJICKOTO AJIEKTPOCHAOKEHUSI.

JI1st cxeMbl CIOKHOW KOH(MUTypalu peaan3aius 3TOro METoAa C
ucnojb3oBanreM DBM ocCloxHSIETCsI BHIOOPOM 3JIEMEHTOB, OTHOCUTEIBLHO
KOTOPBIX MPOU3BOJAUTCS PA3IIOKECHUE.

JIns HarmagHOTO MPEICTAaBICHUS MHOTOKPATHOTO IMPUMEHEHUS TEO-
pPEMBI PA3JI0KEHUSI PACCMOTPUM CXEMY THUIIA <JIBOMHOW MOCTHK» (pHC
6.16). Onpenenum BEpOSTHOCTh 0€30TKAa3HOM PabOTHI TOM CXEMbl OTHO-
cuTenbHO y3i1a [V 0e3 ydera npeaHaMepeHHbIX OTKIIFOYEHUM 3JIEMEHTOB,
€CIIM M3BECTHBI CPEJHUE BEPOATHOCTH COCTOSIHUM OTKa30B 3JIEMEHTOB

010,03 ...0g. OTKa3bl y3JI0BBIX IIYHKTOB HE yuuThiBaeM. IIpennosaraercs,

YTO BCE DJIEMEHTHI CXEMBl HE3aBHCHUMBI B CMBICIE BEPOSITHOCTH OTKAa30B.
IIpormyckHbI€ CITOCOOHOCTH AJIEMEHTOB MO MOITHOCTH HE OrPaHUYCHBI.

1 3 6

Puc. 6.16. CxeMa THna «IBOWHOU MOCTHUK

[IpumMmensieM mocieA0BaTEeIbHO TEOPEMY Pa3JIOKEHUSI CHavYala OTHO-
CUTEJILHO D3JIEMEHTa 5 W ompeselisseM BEPOSTHOCTh 0€30TKa3HOW pabdoThl
OCTAaBIIICHCSl YacTa CXEMBI, T. €. CoJiepKalel anemMentsl 1, 2, 3, 4, 6, 7, 8.
Jl1st otieHKH 0€30TKa3HOM pabOThI 3TOM OCTABILIEHUCS YaCTH CXEMbI B CBOIO
ouepeib IPUMEHSIEM TEOPEMY Pa3JIOKEHHSI OTHOCUTEIBHO JIEMEHTA 8.
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JmarpamMma, TMOSICHSIOIIAS TOCJIEIOBATEILHOCTDh BBITIOJIHEHUS ITHX
AehcTBUM TpencTaBieHa Ha puc. 6.17. BeposTHocTh HamgexHON padOTHI
TaKOW CHCTEMBI 3aIUIIETCS B CJICTYIONIEM BU/IC:

Pe = B{Rs(1—d,)(1—d304) (1 — 007 ) + dg (1 — 02 )[1 - (A3 + G —
—0306)(ds + 07 —0a07)1}+ As{Fs[1— (0 + 03 — 4 G3)(d2 + 0y —
—0407)](1—0gd7) + dg[1 — (0 + U3 +Gg — Uy — A30s +

+0h0306) (G2 + A + 07 — 0204 — A207 + G20407)13}-

PCP5-I%F T ]8 T%ntqu%F EDSEW%:
Lz : YJ E ﬁ ﬁj

SEEN

Puc. 6.17. lnarpaMma, WIUTFOCTPUPYIOIIAs TBYKPATHOE
MPUMEHEHUE TEOPEMBI PA3JIOKECHUS

E
Fl
E

+ Q5P - P>




50

6.5.3. MeToabl CTPYKTYPHOI'0 AaHAJIU3a CJIOKHBIX CXeM H
HCMO0JIb30BaHUE UX [IJIM OLIEHKHU HAJesKHOCTH

[IpuMeHeHre METOJ0B CTPYKTYPHOTO aHaiu3a ISl HCCIETOBaHUS
CXEM IJIEKTPUUYECKUX CUCTEM DJIEKTPOCHAOKEHHUS TTO3BOJISIET U3y4aTh UX B
obmem Buge. [lpu pacuere mokazareneil HaJCKHOCTU C TTOMOIIBIO CTPYK-
TYPHBIX CXEM aHAIM3UPYIOTCA HE BCE BO3MOXHBIE COCTOSIHUSI CXEMBbI, a
TOJIbKO MUHUMAJIbHBIE CEUEHUSI WM COCTOSHUA 0€30TKa3HOU paboThl MHU-
HUMAaJIbHOTO Habopa 3JEMEHTOB, KOTOpbIC 00€CTeUMBAIOT HOPMAIbHOE
(YyHKIIMOHUPOBAHHUE CXEMBbI (Tepeladyy SHEPruu) OT UCTOUYHHMKA MUTAHUS
710 y3J1a Harpy3kKd — MUHUMAaJIbHBIX MTyTEH.

W3 ompeneneHuss MUHUMAIBHBIX IyTed W CEUCHHH CIIETyEeT, UYTO
MPEANoJiaraeTcs HEOrpaHWYCHHAs MPOMYCKHAs CIIOCOOHOCTh JJIEMEHTOB
CXEMBbI OTEJIBHOTO Ka)XJOT0 PacCMaTpyMBaeMOro y3ja Harpys3ku. Hampu-
Mep, JJIsl CXEeMbI, MPUBEICHHON Ha puc. 6.14, 6e3 yueTa HaAEKHOCTHU Y3J10-
BbIX ITYHKTOB MUHUMAJIbHBIMU MYTSIMU OTHOCUTEIHHO y371a IV sBistoTcs
{1,3}, {2,4}, {1,5,4}, {2,5,3}, (cm. puc. 6.18), a MUHUMATBHBIMU CCYCHH-
ssmu — HaOopsl anemenToB {1,2}, {3,4}, {1,5,4}, {2,5.3} (cm. puc. 6.18).

C nmomoIpi0 MUHUMAJIBHBIX ITyTEH WM CEUYCHUM, TTOJIYYECHHBIX B pe-
3yJbTaTe CTPYKTYPHOTO aHAIN3a, MOYKHO OMPEETUTh BEPOATHOCTh 00€C-
TOYMBAHUSA y3j1a Harpy3ku. PaccMOTprUM OCHOBHBIE TTOJIOKEHHUS U OTIpeIe-
JieHus Teopuu rpadoB, UCHOIB3YEMbIE B CTPYKTYPHOM aHaIHN3€, IEJIbIO
KOTOPOTO SIBJISICTCSI ONpeeeHne MUHUMAIbHBIX MyTeH WM MHUHUMAJb-
HBIX CCUEHUH.

1 3
B 1 L

2 4
" U
oy sy eV
— — I3

2 5 3

i

d — 14

Puc. 6.18. MuHuManbHbIe MMyTH IJI51 CXEMBbI TUIIA «MOCTHK
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I'pacdoMm Ha3wpIBAIOTCA JIBa JIFOOBIX MHOXECTBA A WM B, B KOTOPBIX
KOKJIOMY DJIEMEHTY M3 MHOXECTBA A COOTBETCTBYIOT J[Ba DJIEMEHTA W3
MHOXECTB B. D1eMeHThl 4 U B Ha3pIBalOTCA COOTBETCTBEHHO pedOpamu U
BepimimHaMu Tpada. Bepmmnbl, cOOTBETCTByIOLIME peOpy, HA3BIBAIOTCS
Konyamu pedpa. PeOpo Ha3bIBaeTCs OpueHmupo8anHwvim, €Cilii OJUH U3
€ro KOHIIOB PacCMaTpPUBAETCSA KaK Hayajio, a APYrou Kak okoH4yanue. Ha
CXEM€ OpPUEHTHPOBAHHOE PeOpO M300paxkaeTcsi Kak OTPE30K CO CTPENIKOM.
I'pad, B KOTOpOM OTHEIBHBIE peOpa OpPUEHTUPOBAHHBI, HA3BIBACTCS Ud-
cmuuHno-opuenmuposanuvim. I'pad, tae Bce pedpa OPUCHTHUPOBAHBI;
Ha3bIBaCTCsl OpUEHTHPOBaHHBIM. ['pad 6e3 opueHTaruu pedep Ha3bIBaeTCA
HeopUeHmupPo6aHHbIM.

C, C, C, C,
1 3 1 2
| ] v
= 2 4 5 5 [
2 4

Puc. 6.19. MunnMaipHbIE CEUESHUS IJI1 CXEMBI TUIIA «MOCTHK»

N3ydeHue CTpyKTypbl TOM WJIM UHOM CXEMbl PAaBHOCUJIBHO U3YUYCHUIO
CTpYKTyphI rpadoB. I'pad Ha3bIBaeTCs naanapnvim, €CIA OH MOXET OBbITh
M300paKE€H Ha IJIOCKOCTH 0€3 mepeceueHuil pedep B TOUKAX, HE SIBIISAIO-
UXCsl BepiinHaMu rpad)a, B MPOTUBHOM ciliydae Tpad SBISETCS Hen/a-
HapHuiM. ]I CUCTEMBI AIEKTPOCHAOKEHUSI CBOMCTBO IUIAHAPHOCTH, KaK
MPABWIO, BBIMOJHSIETCSA, TaK KaK MEpPexXoAbl JUHHUN ApYyr HajJ APYrom
BCTPEYAIOTCSI OTHOCUTEIBHO PEKO.

AHanu3 CBsi3ed MpU pacdeTax HAACHKHOCTU 3aKIIIOYAETCs, MPExX]e
BCETO B HAXOXXJICHUU M OLIEHKE MyTel MEXK]y €ro BeplIMHAMH, T. €. HC-
TOYHUKOM TIUTAHUSA U y3JaMu Harpy3ku. Ilymem zpagha na3piBaeTcs Takas
MOCJIEA0BATEIHOCTh pPeOep, B KOTOPOW KOHEI[ Ka)KJIOro MPEeAbIIYyLIEro
pedpa coBmagaer ¢ HayaJIoM mnocieaymero. OaHopeOepHsbIi MyTh Ha3bI-
BaeTCs HEMOCPEICTBEHHBIM, MHOTOPEOCPHBIN — MPAH3UMHBIM.

CylecTByeT MHOIO CHOCOOOB OMNpEeIeHUs] MUHUMAIbHBIX MYyTeH

rpada.
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OTU crnocoObl AeNATCA Ha aHAIMTUYECKUE U JIOTUKO-1Uu(poBbIe (TI0-
CIICAHUE PeAM3YIOTCS OOBIYHO TOJIbKO Ha DBM) m oCHOBaHBI Ha aHAIH-
TUYECKOM TMPEJCTABICHUE CXEMbl B BHUAC MaTPHIBI HETIOCPEICTBEHHBIX
nyteit. [lo myTsaM rpada MOXKHO TakXke ONMPEACIUTh U MUHUMAJIbHBIE CE-
yeHusi. YTOOBI COCTaBUTH CTPYKTYPHYIO cxemy (rpad cetu), He0OXO0aUMO
MpeABAPUTEIHLHO MPEOOPa30BaATh CXEMY IJIEKTPUUECKOU CETH B PACUCTHYIO
CXeMy HaJEeXHOCTH, T. €. cxemy (¢yHKuHoHupoBanus cetu. [locnenona-
TEJILHO COEIMHEHHBIC AJEMEHTHI MEXAY ABYMS y3JaMu I€IecOo00pa3HO
3aMEHUTh OJHUM DKBHBAJICHTHBIM, MapaMeTpPhl KOTOPOTO OMPEICIISIOTCS
M0 U3BECTHBHIM (hOpMyJiaM. AHAJTIOTUYHBIA MPUEM MPUMEHSETCS IS dJie-
MEHTOB, MapajuIeIbHO BKIIOUEHHBIX MEXIY JBYMsI y3J1aMHu.

[Tocne 3TOro 251IEMEHTaM PacYETHOM CXEMBI CTABSATCS B COOTBETCTBHE
pebpa rpada, a myHKTaM (u3nUecKoro coenuHeHus (COOPHBIM IIMHAM,
TPEXOOMOTOYHBIM TpaHchopMaTopaM, MeCTaM TMOAKIIOUCHHS] OTBETBIIEC-
HUW K MarucTpaJIbHBIM JIMHUAM ) — BepIIuHbI rpada. HagesxkHOCTh TyHKTOB
(U3UYECKOTO COSAMHEHUS SJEMEHTOB M KOMMYTAIIMOHHOM ammapaTyphl
MOXKET YUUTHIBATHCA BBEICHUEM B PACUETHYIO CXEMY JJIEMEHTOB COOTBET-
CTBEHHO JIOTHKE (PYHKIIMOHUPOBAHUS UX B AJIEKTpUUECKOH cucteme. Kpo-
M€ YKa3aHHBIX BEepIIUH B rpad)e ceTu OyIeT eie oJHa 0codas BepIInHa —
BEpIIMHA MCTOYHUKOB, MHOT/Ia Ha3bIBaeMas BEPIIMHON «ucToKay. McTou-
HUK TIUTAaHMS, €CIIM BEPOSTHOCTH €ro 0€30TKa3HOM pabOThl OTIIMYACTCS OT
€IMHUIIBI, BBOJUTCS PACUETHBIM JIEMEHTOM HaJICKHOCTH. Bce cBOOOIHBIE
KOHIIBI pedep JIEMEHTOB TaKUX MCTOYHUKOB MUTAHUSA OOBEIUHSAIOTCS B
BEPIINHY — KUCTOKY.

OObIuHO Tpad) CEeTH C y4eTOM BO3MOKHBIX HAIMPABJICHUN MMOTOKOB
MOIITHOCTH B AJIEMEHTaX SIBJISETCA YaCTUYHO-OPUEHTHPOBAHHBIM. Hampas-
JICHHOCTH T'pada CeTH OTHOCUTEIHLHO Pa3HBIX y3JI0B HArPY3KH MOXKET OBIThH
paznuyHoil. [To3TOMY N7 OIEHKH HAaJIe)KHOCTH CUCTEMBI OTHOCHUTEIHHO
pPa3IMYHBIX Y3J0B HArpy3Ku CIASAYeT KaKIbIH pa3 MPOBEPSATh OPHUCHTH-
poBKy pebep ucxomnoro rpada. IlocTpoeHne u cocTaBieHHE HCXOIHOU
CXeMBbI B BUJe Tpada JaeT BO3MOXKHOCTh YIPOCTUTDH MPOIECC HUCCIIeT0Ba-
HUS HaJICKHOCTH CUCTEMBI alreOpandecKol METOINKON BBIYUCIICHHUS.

B kauecTBe aHanmuTHUECKOro obpasa rpada HCIONB3yeTCs MaTpulla
HEMOCPEICTBEHHBIX IMyTeH, KOTOpasi CTPOUTCSI CIICTYIOIIUM 00pa3oM.

1. Hymepytotcst BepiuiuHbl ucxoanoro rpada. s ynodcTBa pacue-
TOB HyMEpaIlii0 PEeKOMEHIyeTCS HauWHATh C BEPIIMHBI UCTOYHHUKOB. [1o-
PSAIOK MaTPHUIIBI paBEH YUCITY BEPIIMH B UCXOTHOM Tpade.
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2. CTpOKU M CTOJOIBI MaTPUIlbl 0003HAYAIOTCS HOMEPAMH BEPIIWH
rpada.

3. DIIeMeHTY, IPUHAJICKAIIEMY I-Oi CTPOKE U |-My CTOJIOITY MaTpH-
1Bl TPUCBAUBAETCA HEKOTOPOE YUCIO (€AMHUIIA WM 3HAYEHUE BEPOSITHO-
CTH HaJIS)KHON PabOTHI DJIEMEHTA, €CJIM U3 BEPIIUHBI | K BEPIIUHE | UMEET-
Csl HEIIOCPEACTBCHHBIN IyTh; €CJIU IyTH HET — CTAaBUTCS HYJb). Ecian yka-
3aHHOMY BJIEMEHTY MpPUCBAMBAETCA 3HA4YeHUE «1», TO TaKyl MaTpuUIly
Ha3bIBAIOT MAaTPULEH CMEXKHOCTH. B ciydae pacuera HaJEKHOCTU CXEM
OUYEHb CIOKHOU KOH(UTypaluu AJisi YMEHBIICHUS MOPSIKAa MaTPUIbI Y-
Tel 1enecooOpa3Ho pa3AesiuTh CXeMY Ha HECKOJIBKO YacTeH.

Hcnonp3yst MaTpUIly HEMOCPEICTBEHHBIX MMyTEN A B KAU€CTBE aHAJIU-
TUYECKOTO 00pasza pacue€THON CXEMBI 110 HAIE)KHOCTH, MOKHO ONPEIEITUTh
MUHUMAJIbHBbIE MYTH U MUHUMAJIbHBIE CEYEHUs B CI0XKHOU cxeme. Cyule-
CTBYET HECKOJBKO METOJOB OMPEAECICHUS] MUHUMAJIbHBIX MyTEH U COOT-
BETCTBEHHO MHMHUMAJIBHBIX CEUEHHMH, KOTOpPhIE ITOCTATOYHO MOAPOOHO
orucanbl B [18]. [Tociie onpeneneHus MHUHUMAIbHBIX NMyTEH W CECUCHHM
MCXOJHAs CJIOKHAsl pacueTHasi cXxema I0 HaJEKHOCTU 3aMEHSETCS] SKBUBA-
JIEHTHOM OTHOCHUTEJIBHO Y3714, MOCJIE0BaTENbHO-TIapalieIbHOW — B CIy-
yae MmyTeu Wiy NapajulesIbHO — MOCIEI0BATEIBHON — B C1y4ae CEYCHUN.

Takas 3aMeHa 1a€T BO3MOXKHOCTh MCMHOJIb30BATh U3BECTHHIE MPUEMBI
pacuera, B YaCTHOCTH MPUMEHHUTH (POPMYJIBI JJII CYMMBbI BEPOSTHOCTEH
COBMECTHBIX COOBITUN — 0€30TKa3HOM pabOThI MyTEH WIIM COOBITUM OTKa3a
ceueHuil. Ho cinegyeTr uMets B BUy, UYTO MYTH U CEUYECHUS B OOIIIEM ClTydae
SBJISIFOTCSI 3ABUCUMBIM 4, TaK KaK B HUX MOTYT BXOJUTb OJIHH U T€ K€ dJIe-
MEHTBI. DTy 3aBUCUMOCTh HEOOXOJMMO YUUTHIBAThH MPU OMPEIAECICHUH Be-
POSITHOCTH HAJIE)KHOW pa0OThl HECKOJBKUX MYTE WIIM BEPOSITHOCTH OTKA-
32 HECKOJIbKMX CEYEHUU B (opmysie JJisi CyMMbl BEPOSITHOCTH COBMECTH-
MBIX COOBITUW MPHU YCIOBUM, YTO KaXKABIM MYyTh MOXKET MPOIYCTUThH BCIO
HEO0OXOAMMYIO0 MOITHOCTH B y3€Jl Harpy3KHU.

[Tpumensis hbopmMyiy IJisi CyMMBI BEPOSITHOCTE COBMECTUMBIX COOBI-
TU (paOOThl MyTEW) K AKBUBAJICHTHOW MOCIIEI0BAaTEIbLHO-TIapaICIbHON
cXeme, MoJjiy4aeM JJisl BEPOSITHOCTH 0€30TKa3HOM pabOThl CXeMbl OTHOCHU-
TEIBHO HEKOTOPOTO y3Ji1a N

k k
Po =P 1) = PQQIL) - > PULIT) + 3, P(ILIT; 1) -
i=1 i=1 i il (6.11)

- ()P, . 1),
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rae K — umcno myreit; I1; — coobiTre paboTsl i-ro mytH; P(/7;) — Beposr-
HOCTh 0€30TKa3HOU PabOTHI I-TO My TH:

m;
PUL)=11R; (6.12)
=1
R,j — BeposTHOCTH 6€30TKa3HOH pabOTHI J-To snmemeHTa B i-M myTH; M —
YKCJIO 3JICMEHTOB B I-M ITyTH;

€CcTh BEpPOATHOCTHh Oe30TKazHoW paboTsl K myreit; P(/111,) — ycnoBHas

BEPOSATHOCTh OE30TKa3HON PabOThl BTOPOTO MYTU MPU YCIOBUH, YTO TEP-
BbIN IMyTh paboTaeT O€30TKa3HO. ITY BEPOSITHOCTh MOKHO MOJYUUTh, €CITU
B IIOCIIEIOBATEIIBHOCTH BTOPOTO IIYTH MECTA IMOJKIIOYEHUS SJIEMEHTOB,
y>K€ BXOJUBIIMX B COCTaB MEPBOTO MyTH, OYIyT 3aKOPOYEHBI, T. €. BEPO-
ATHOCTh M3 0€30TKa3HON pabOTHl MPHU BBIYMCICHUU YCIOBHON BEPOSTHO-
CTU IIPUHUMAETCA paBHOU eauHule. Hanmpumep, 1y cXembl, IPUBEACHHOU
Ha puc. 5.5, P(I}) = BR; P(I13 ] IT}) = B, R.

Ilpu onpeodenenuu Kax@coou nociedyrwuieil ycio8HOU 6epoamHo-
cmu ciedyem y4umuvléamsp 6€POAMHOCHIb DE30MKA3HOU padompl MoJlb-
KO mex 3J1eMeHmOo8, KOmopbvle euie He 6X00uiu 6 npeovioyujue nymu.
BepositHOCTh 0€30TKa3HOW pabOThI AJIEMEHTOB, BXOAMBIIUX B MPEABIIY-
mye nyTH, pasHa 1. Hanpumep BEpOATHOCTB TOTO, 4TO yTH [/; 1 1153 pa-

Oortator Oe3orkasHo, paBHa P(/L113)=P(IL)P(I111;) = BRAF R, Pac-
IPOCTPaHSSA 3TO MOJIOKCHUE Ha K TyTei, MOKHO ITOKa3aTh, YTO

P(ILIT,...1T,) =T P (6.14)
i=1

rIe I — 4HCIo AJIEMEHTOB, BXOIANIMX B K myTel, T. €. 3Ta BEpPOATHOCTH
paBHA MPOU3BEACHUIO BEPOSTHOCTEH OE€30TKAa3HOM pabOThl BCEX AIEMEH-
TOB, BXOJAIIUX B 3TH IyTH, NMPUYEM KAKIBIA 3JIEMEHT YUYHMTBIBAETCS B
OPOU3BEAEHUH TOJBKO OJWH pa3, XOTS OH MOYKET y4aCTBOBATh B HECKOJIb-
KHX IyTsX. [ cXembl, MpUBEAEHHON Ha PUC. 5.5
P(Ih1L11311,) = RBBERR

[Ipn onpeneneHnn BEPOATHOCTH OTKAa3a CXEMbl OTHOCUTEIBHO y37a
Harpy3ky, KOrJa OHa 3aMEHSETCS HKBUBAJIEHTHOW IApajljIeIbHO-
nocjeI0BaTeIbHON (MUHUMAJIbHBIE CEUEHHS), TaK)KE MCIOIb3yeTCs (op-
MyJila CyMMBbI BEPOSTHOCTE COBMECTUMBIX COOBITHMH — OTKa30B CEYCHUH.
BeposiTHOCTE 0TKa3a cXeMbl OTHOCUTEIIBHO HEKOTOPOIO y3J1a Harpy3Ku



k Kk
Qc =Q(2Ci) =Q(2Ci) - 2.Q(CiCj) + X Q(C;CC)) -

i=1 i=1 i, j il (6.15)
—...+(-D*1Q(cC,...C),

rae Kk — kommuectBo ceuenunii; C; — codbiTue otkasza i-ro ceuenus; Q(C;) —
BEPOSTHOCTh OTKa3a I-ro CeUCHUs:

m;
Q) =11a; (6.16)
=1
30€Ch (j j — BCPOATHOCTH OTKa3a J-TO B7eMeHTa i-ro ceueHust M; — YHUCII0

DJIEMEHTOB B I-M CEUEHHHU;
Q(CC,...C ) =Q(C)Q(C, /1 Cy)...Q(C, /1 CCy...Cy) (6.17)
BeposiTHOCTH O0TKa3a K ceuenmit; Q(C, / C;) — ycnoBHas BepOSTHOCTH OT-

Ka3a BTOPOTO CEUCHUS MTPU OTKA3€ TIEPBOTO CEUCHUHI.

DTy BEPOSITHOCTh MOXKHO IOJIYYUTb, €CIIM B TIOCIEI0BATCILHOCTH
BTOPOTO CEUCHUSI MECTa MOAKIIOUCHHS DJIEMEHTOB, YK€ BXOJUBIIUX B CO-
CTaB TEPBOr0 CEUYCHHS, OyIyT pa3opBaHbI, T. €. BEPOSTHOCTh MX OTKa3a
IIPU BBIYMCIICHUH YCIIOBHOW BEPOSTHOCTH IMPUHUMACTCS PaBHOUW €IMHUIIC;
HaIrpuMep JJIsl CXeMBbl, TPUBEICHHON Ha puc. 6.19

Q(Cy) =y; Q(C3/ Cp) = 0405

Ilpu onpeoenenuu Kaxcoou nocjedyruieil ycio8HOU 6epoAmHo-
cmu ciedyem yuyumovléamov 6ePOAMHOCHIL OMKA3A MOJIbKO mex 3Jjle-
MEHMO8, KOMopble euie He 6X00uiu 6 npeovloyuiue ceueHus. Bepost-
HOCTh OTKa3a 3JICMEHTOB, BXOAIIUX B MPEABIIYIINEC CCUCHUS, paBHA €/T1-
HUIIE; HAIIpUMEP BEPOSITHOCTh OTKa3a ceueHuit C; u C; Oyner paBHa

Q(C5Cy) = ;10,0405

COOTBCTCTBCHHO BCPOATHOCTHb OTKA3a BCCX k ceueHUU
r
QCC,...C)=]]a (6.18)
i=1

rne I — YUCJIO JIEMEHTOB, BXOIAMMX B K cedeHwuid, T. €. 3Ta BEpOSATHOCTH
paBHA MPOU3BEJICHHUIO BEPOSTHOCTEH OTKAa30B BCEX IJIEMEHTOB, BXOJSIIUX
B OTU CEUYEHUS, MPUYEM KaXIbIA JIEMEHT YUYUTHIBACTCS B MPOU3BEICHUU
TOJILKO OJIUH PU3.

Jl1st cxembl, IpUBEICHHON Ha puc. 6.19

Q(C,C,C3Cy) = 010,030,405
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OTUM NMpUEMOM O00ECIeYUBACTCS UACHTUYHOCTh PE3yJIbTaTOB, MOJY-
YEHHBIX TIPU pacyeTe CI0KHBIX UCXOTHBIX CXEM U IKBUBAJIECHTHBIX CTPYK-
TypHbIX. [IpeHeOpexeHrne 3TUM MPaBUIIOM, B YaCTHOCTH, B OINPECICHUN
BEPOSITHOCTH 0€30TKa3HOW pabOThI MO MyTAM, IPUBOAUT K HEIOMYCTUMO
OOJIBIITUM MTOTPEIIHOCTSIM.

PaccMoTpuM OCOOEHHOCTH 3TUX CIIOCOOOB OIpEJeNeHUs] TToKa3arte-
JIel HaJEKHOCTH IO MyTsIM U ceueHusiM. B gopmyre onpenenenus Bepo-
ATHOCTU 0€30TKa3HOM pabOThl C MCIOJIB30BAHUEM IyTEH YHUCIIO cliarae-
MbIX paBHO (2+1) U HM OJHUM U3 CJaraeMbIX HEJIb3sl MpPeHeOpeub (CM.
dopmyny (6.11)), T. K. BCC OHM SIBJISIOTCS MPOU3BEICHUSIMH COMHOMKHUTE-
ney, onu3kux K enunuile. [Ipu HE3HAYUTEITHLHOM YCIOKHEHUM CXEMBbI, B
0COOEHHOCTH, €CJIM CX€Ma MHOTOCBSI3HAsi ¢ OOJBIIMM YKMCJIOM TMOMEepey-
HBIX CBSI3€H, YUCJIO MyTel pe3KO BO3pPACTAET U PAacUeThl CTAHOBATCS BECh-
Ma TPYJI0EMKUMHU.

MeToa, WCIONB3YIOMIMN TPEICTaBICHUE HCXOJIHONW CXEMbI B BHUJIC
MUHHUMAaJIbHBIX CEUCHUN OTHOCUTEIILHO Y3JI0B HArpy3KH, CBOOOIECH OT 3TO-
ro HEeIOCTaTKa, T. K. B OOJBIIMHCTBE CIIy4aeB MOXXHO OTPAHUUYUTHCS YyUe-
TOM CJIaraeMbIX, B KOTOPBIX He Oosiee Tpex coMmHokuTenen. [IpubamkeHHo
MOKHO CUMTaTh, YTO BEPOSATHOCTh OTKAa3a CEYEHUN paBHA CYMME UX BEpPO-
ATHOCTEN OTKA30B

k k
Q(2.Ci) ~ 2.Q(C), (6.19)
i=1 i=1

M B pacyuer CIeayeT BBOJHWTH CEUEHHUs] C YHUCIIOM BJIEMEHTOB HE Ooiee
IBYX-TPEX B 3aBUCUMOCTH OT KOHKPETHOM 3aJ]a4u U HEOOXOAUMON TOYHO-
CTH PacyETOB.

KoHeuHbIl pe3yJIbTaT — BBIYMCIEHUE BEPOSITHOCTH OTKAa3a CUCTEMBI
OTHOCUTEIBHO MHTEPECYIOIEr0 HAC y371a HArPY3KH WIIA BEPOATHOCTH 0€3-
OTKa3HOM pabOTHI MPU MPEACTABICHUN CXEMbI B BHUJIE MUHUMAJIbHBIX Ce-
YEHUW — IOCTUTAETCs ObICTPEE U MPOIIEe, YEM METOJIOM MUHUMAJIbHBIX ITY-
Tel, OJJHAKO MPOLIECC ONMPEETICHUs CEYEHUI caM 1o cebe 0osee Tpyaoem-
kui. Ha cymecTByromiem stane pa3Burasi U NIPUMEHEHHUS 3TUX METOJIOB B
AIIEKTPOIHEPreTUKE HEIEIEeCO00pa3HO MPOTUBOMOCTABIISITE OJUH METO]I
IPYroMy, T. K. JUISI CXEM C MPOTSKEHHOM CTPYKTYPOHM U MajbIM YHUCIOM
MOTIEPEYHBIX CBSA3CU OMNpeIeICHHBIE MPEUMYIIECTBA OyACT UMETh METO/I
nyTed, a JUIsl CXeM C KOHIICHTPUPOBAHHOW CTPYKTYpPOH M OOJIBIIMM YHC-
JIOM TIOTIEPEYHBIX CBA3EU MPEATIOYTUTEIICH METOJ CEUCHUM.
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MGTO,Z[I)I pacducTa rokasarejeh HaACKHOCTH CJIOKHBIX CXCEM C HC-
I10JIb30BaHUEM MHHHMAJIBHBIX HYTeﬁ U CEYCHUH AO0CTATOYHO IMPOCTO I103-
BOJIAIOT YYCCTh NIPCIAHAMCPCHHOC OTKIIOUCHHC J3JICMCHTOB. TaK, npu
npeaAcCTaBJICHUU HCXOI[HOﬁ CXEMbl B BHJC MHHHUMAJIBHBIX HYTeﬁ BCPOIAT-
HOCTBh OTKasa QC.H CXEMBbI OTHOCHTCIBHO N-r0O y3j1a HArpy3KH CKJIaJdbIBa-

€TCS W3 CYMMBI BEpOSTHOCTCH JIBYX THIIOTE3; OTKA30B BCEX ITyTeH
Kk
Q. I1;) v HanoxeHHs HA MPeJHAMEPEHHOE OTKIIOYEHHE i-T0 JJIEMEHTa
=1
K—ri
oTKa3a octaBuieiicss dactu cxembl Qp (> I1;) — mpenmornaraem, 4To
=1
IpeJIHaMEepPEHHBIC OTKJ'IIOIIGHI/IH OTJICIBHBIX JJICMEHTOB HE COBMEIIIAFOTCS

K—ri
Qe.r = Q(ZH)+QH(Z 11;), (6.20)
K—ri
rae Q(ZH) 1- P(ZU)an Q(ZH)+QH(Z 11;), (6.21)
k ri K—ri

Qn ( Z 15) = ZKn.qH.Q( Z 15), (6.22)

Kk
rae P = (D I1;) — BeposiTHOCTD pabOTHI BCEX IMyTEi CXEMB.
=1
J1st cyMMBI BEpOSITHOCTEH COBMECTUMBIX coObITHI (6.11): Qpp; — Be-
POSITHOCTB MPEAHAMEPEHHOT'O OTKIIFOUCHHUS I-TO 3JIEMEHTa CXEMBI; I' — JuC-

10 MyTed, B KOTOPBIX COICPXKUTCA I-i dIIEMEHT cxeMbl; K—I — gucio

HYTeﬁ, OCTAaBILNXCS ITOCIIE UCKIIFOUEHUS 1-T0 DJIEMEHTA U3 CXCMBI, KH i <1

— KOZ—)(l)(pI/II_II/IeHT, yIII/ITBIBaIOH_[I/Iﬁ YMCHBIICHUC BCPOATHOCTHU OTKA30B
BCJICACTBHUC TOI'O, YTO BO3MOXHO HAJOKCHUC aBapHUU OCTaBILICHCS 4acCTHU
CXCMbI Ha MPCAHAMCPCHHOC OTKIIFOYCHHC I-rO QJIECMCHTA, a HE HaO60pOT; m
— YHCJIO0 3JIEMEHTOB B CJIOKHOM CXEMe.

Ecmu cxema npeacTaBlicHa B BUAC MUHHUMAJIbHBIX CequHﬁ, TO BCPO-

STHOCTH OTKa3a OTHOCI/ITCHBHO N-ro y:ma
K—ri

Qe = Q(ZC)+ZKH|QH|Q(Z G)~

=1
Kk k—ri (6.23)

~ ZQ(C)+ZKH idm, 10 Z Ci
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k—ri — YHCJI0O CEYCHMU OCTABIIMXCS B CXEME IOCJIE HUCKIIOUYCHUS

I-ro DIeMenTa.

B ocraBiielics mmociie MCKIIFOUEHHUS I-TO DJIEMEHTA YaCTH CXEMBI MU-
HUMAaJbHbBIC CECYCHUS MOJYYAIOTCS M3 CEUCHHH HMCXOIHOM ITOJIHOM CXEMBbI
MOCJIe UCKITFOYEHUsI 00pa30BaBIIMXCS HE MUHUMAIbHBIX CEUCHUN. AHAIIO-
TUYHBIE TPUEMBI MOXHO HCIIOJNB30BaTh JJIsI PacyeTa HAJICKHOCTH TEX
CJIOHBIX CXE€M, B KOTOPBIX BO3MO>KHBI COBMEIICHHUS IPEIHAMEPEHHBIX
OTKJIFOYEHHUM Pa3JIMYHBIX 3JIEMEHTOB. B 3TOM ciyyae paccMaTpuUBarOTCs
TUIIOTE3bl HAJIOKECHUSI aBapyuil Ha NMPEAHAMEPEHHBIE OTKJIIOUYECHUS IBYX H
0oJIee PJIEMEHTOB OCTaBIINXCS YaCTECH CXEMBI M THIIOTE3bI OTKAa3a CXEMBI
0e3 ydeTa mpeHaMePEHHBIX OTKIIOUYCHUN 2JIEMEHTOB.

Ilpumep 6.5.1. JIns y3na varpy3sku Il cxems (cM. puc. 6.18) Tpebyet-
Cs ONPEACIUTh BEPOATHOCTh OTKA3a CUCTEMBI C YUETOM IMPEIHAMEPEHHBIX
OTKJIFOUEHHM 3JIEMEHTOB, €CIU 3aJlaHbl BEPOSITHOCTH OTKA30B KaXJOr0
anemMeHTa 040,030,405 BEPOATHOCTH HX IIPEAHAMEPEHHBIX OTKIHYCHUU

O 912 A3 A4 Oy s Takke  KO3(D(PUIIMEHTHI, YYUTBHIBAIOIINE YMEHBIICHUE

BEPOSITHOCTH OTKAa30B, BCJIEJACTBUE IOI'E, YTO BO3MOKHO HAJIO)KCHHUE aBa-
PUM OCTABIICHUCS YaCTH CXEMBbI HE MPEIHAMEPEHHOE OTKJIFOYEHHE DJIEMEH-
Ta, a He Hao0opoT Ky ;. IIpenHaMepeHHbIE OTKIIOYEHHUS JJIEMEHTOB HE

COBMEIIAIOTCS.
Bocnonb3yeMcs pecTaBiIeHUEM CXEMbl B BUJE MUHHUMAJbHBIX Ce-
yeHni. OTKa3bl y3JI0BBIX TYHKTOB HE YUYUTHIBATD.
Pewenue. MyuHUMaNbHBIMU CEUYEHUSIMU HUCXOJHOW CXEMbI OyayT
G~ 12;,C~34;CG~=154;Cy~ 2,5 3 (cMm. puc. 6.20, a).
MuHuManbHbIE CEUECHUS NMPU OTKIIOYEHUH |-TO 3JIEMEHTa MoJryya-
IOTCS. U3 MUHUMAIBHBIX CEUYCHUN HCXOJHOM CXEMBbl HCKIIOUYECHUEM 3JIe-
MEHTa |, 3aTeM UCKIIOUEHUEM M3 MOJYYEHHBIX CEUCHUN HE MUHUMAJIbHBIX

(puc. 6.20, s).
B pesynprare momywarorcs cedeHus Cp = 2, Co= 3,4 ;

Cs= 5 4.
AHAJIOTMYHO ONPEACIISIOTCS CCUCHHUS
o Ipu oOTKIO4eHuu 2-ro aneMeHta Cy = 1,; Cyh= 3,4,
C= 5 3;

e 3-roomementa Cy1~ 12 ; Cypo= 4 ; Cyy~ 2,5
e 4-ronnementa Cyy ~ 12 ;Cppo~ 3 ;Cy3~ 15
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e Sroanementa Cgy~ 1,2 ; CGypo = 345 Gz~ 1L 4 Gy~ 2,3

(cm. puc 6.20, T, 1, €, X).
[IpeneOperass BEposSTHOCTHIO OTKa3a 0oJiee TPEeX IJIECMEHTOB B CXEMeE
1 TPUMEHSS W3JIOKCHHBIM BBIIE aJITOPUTM OIPEICTICHHUS] BEPOSTHOCTH
OTKa3a CXeMbl OTHOCHUTEIHHO y3JIa HAarpy3Kd C y4eTOM IpeaHaMEpPECHHBIX
OTKJIFOUCHHUH 3JIEMEHTOB, TTOJTydaeM BEPOSTHOCTh OTKa3a CXEMBI

k m k—ri
Qe =2.a(G) + > Kipignia( 2 G)=q(Ci +Cy +C3 +Cy) +
i—1 i—1 i—1

+K110m,20(Cyq +Cpp +Ci3) + Ky 20 20(Cyp +Cyp +Co3) +
+Kpp30m,39(C51 +Csp +Cy3) + Kpp 401 40(Cyq +Cyp +Cy3) +
+Kpp,50r1,59(Csy +Csy +Cs3 +Csy) =10, + 0304 + 010504 + 029305 +
+Kp1,10r1,1 (G2 + G304 + 0504 + 020304 +020405) +

+K120mm 2 (0 + 0304 + 0503 + 04,0304 + G 0305) +

+Kpp30m,3 (4 + 010, + 950, + 030204 +049,05) +

+Kp1,40r1.4 (03 + G0y + 0505 +0;0p05 + 030;05) +

+K1,50m,5 (410, + 0304 + 0,04 +030,).
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6.5.4 CocTraBjieHHe pacYeTHBIX CXeM U 0COOEHHOCTH PACYeTOB
HAIEKHOCTH CJI0KHBIX CXEM JIeKTPUUYECKUX COeINHEeHUi

CoBpeMEeHHBIC CHUCTEMBI JICKTPOCHAOKEHHSI OTHOCITCSA K KaTerOprU
CJIOKHBIX CUCTEM, MMPUYEM CJIOKHOCTh OINPEAEISAECTCS HE CTOJIBKO KOJIUYe-
CTBOM 3JIEMEHTOB, CKOJIBKO CJIOKHOCTBIO (DYHKIIMOHAJIbHBIX U JIOTUYECKUX
CBSI3EU MEXY OTACIbHBIMM YACTSIMH U dJIEMEHTaMu cucteMbl. K ToMy ke
B OTJIMYME OT MHOTHMX TEXHUYECKUX CHUCTEM 3TH CHUCTEMBI SIBJISIFOTCS CH-
CTeMaMM CO MHOTHMMM BXOJIaMH M BBIXOJIaMH (T. €. UMEIOT MHOTO HMCTOY-
HUKOB MUTAaHUS U MOTpeOuTeNei). DTUM OMNPEAEsIOTCs BHICOKHE TPeOo-
BAHUSI, PEIBSIBISEMBIE K COCTABICHUIO PACUETHOW CXEMBbI MO HAJIEHKHO-
CTH TOW WJIM MHOU cucTeMbl. [1oyHbIN ydeT BceX (akTOPOB, BIMUSIOMIMX Ha
HAJIEKHOCTh CUCTEMBI, OUEBUJHO, HEBO3MOKEH BBUJY UX UPE3BBIYAWHOTO
MHOroo0paszus. [loaTomy B HacTosiee BpeMs MOTYUYUsI MIUPOKOE pacpo-
CTPAHCHUE CTATUCTHUYECKUU TMOJXOJ K OIIEHKE OCHOBHBIX IIOKa3aTesiei
HAJICKHOCTHU JIEMEHTOB 3JIEKTPUUYECKHUX CUCTEM.

JI1s1 CIIOKHBIX CHCTEM JJICKTPOCHAOKEHHUS COCTABIICHHE PAaCUCTHBIX
CXEM 0 HAJIe)KHOCTH ABJISECTCA BECbMa TPYIOEMKOM 3a/1a4eil U MO TPY0-
3aTparaM OHa COM3MEpHMa C pacueTaMM IMOKAa3aTeaeu HaAeKHOCTU. Eciu
CTaBUTH 33/1a4y OLICHKH MOKAa3aTeJIEd HaJIe)KHOCTH OTHOCHUTEIBHO Y3JIOB
Harpy3KkH, TO 3TOT IMPOIECC MOXKHO B 3HAUYUTEJILHON CTENEeHU (HOpMaIU30-
BaTh Ha DBM, ucnons3yst METOJ CTPYKTYpPHOI'O aHAJIN3a, B YACTHOCTH MeE-
TOJ (popMUpOBaHUS MyTEH MEPEIAUU.

PaccmoTpum 6Gosiee moapoOHO BO3MOXKHYIO JIOTHKY PaOOThI CXEMBI.
DJIeKTprUUecKas CxemMa COCTOUT M3 y3JIOB M BeTBel. Kak mpaBuio, y3iom
ABJISIFOTCSL COOPHBIE IIMHBI, TPEX OOMOTOYHBIN TpaHC(hHOpPMATOpP WU CEK-
U MUH. BETBb MOXET COCTOSITh W3 HECKOJBbKHX DSJIEMEHTOB: JIMHUS,
TpanchopMaTop, BEIKITIOYATEb U JIP.

OTka3 aJieMeHTa, BXOJSIIETO B BETBb, MTO-Pa3HOMY BJIHUSAET Ha pado-
TOCITIOCOOHOCTh BCEM BETBU B IIEJIOM M TMPUMBIKAIONIUX K HEH Y3JI0B.
BeTBb, comepikamias oTKa3aBIIMI 3JIEMEHT, TEpSIET CIIOCOOHOCTh Mepesa-

BAaTh DHEPIUIO HA BPEMS BOCCTAHOBIIEHUS ITOrO djeMeHTa t,. Y3ibl, Ipu-
MBIKAIOIIIUE K 3TOW BETBU, MOTYT TEPATh PAaOOTOCTIOCOOHOCTH Ha CJIEAYIO-
1€ IEPUOBI:

a) Ha BpeMs aBTOMATUYECKOIro OTKIIOYeHHUs t, OTKazaBIIero sJe-
MEHTA OT y3J1a, €CIIA MEXKIY Y3JI0M U 3TUM BJIEMEHTOM HAXOJUTCS KOMMY-
TallMOHHBIN anmnapaT, Ha KOTOPBIM JEUCTBYET pelieiiHas 3auura (BeposiT-
HOCTh OTKa3a KOMMYTAIIMOHHOTO alrnapara Ipyu 3TOM HE YUYUTHIBAETCS);
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0) Ha BpeMs PYUYHBIX MEPEKIIOUCHUN to; HEOOXOAUMBIX IS OTKIIIO-
yeHnss OTKa3aBIIEro 3JIEMEHTA OT Y374, €CIA MEXIYy HUMHM HaXOIOUTCS
pa3beAMHUTENb UM KOMMYTALIMOHHBIN ammapar, He CHaOKEHHBIN pereii-
HOH 3allUTOM;

B) Ha BpeMsi BOCCTAaHOBJIEHUS 1, OTKa3aBLIEro 3JIEMEHTA, €CJIH OH
HENOCPEACTBEHHO CBA3aH C Y3JIOM.

B nepBoM cityuae y3en octaHeTcs B paboTe, a BO BTOPOM U B TPETh-
eM OyJeT B COCTOSIHHS OTKa3a B TE€UEHHWE COOTBETCTBYIOIIETO BPEMEHHU.
[ToaTOMYy 271EMEHTBI BCEX MPUMBIKAIOIIMX K Y3Jy BETBEU, COOTBETCTBYIO-
IIME YCJIOBUSIM «0» M «B», JOJDKHBI BBOJAUTCS B PACUETHYIO CXEMY IO
HAJIC)KHOCTH TOCJIENOBATENBHO C 3TUM Y3JIOM. JTH 3JIEMEHTBHI JOJKHBI
BXOJIUTh BO BCE MYTH, MPOXOAAIINE YEPE3 ITOT y3€II.

MOXHO NPEeMIOKUTh CACAYIOIUNA MOPSA0K pacuera. 110 anexrpuye-
CKOM CXEME CHCTEMBI SJIEKTPOCHA0X)EeHUS (POPMUPYIOTCS BCE MYyTH IS
naHHoro notpeourens. [Iytu ciaeayeT NOMOJHUTH JIEMEHTAMH, KOTOPhIE

MPUBOIAT K OTKIIOUEHHUIO y351a Ha BpeMsd t, uin ton. [lomydaroTcs MuHM-
MaJIbHBIE ITYTH, TIOCTPOEHHBIE IO PACUETHON cxeme Mo HaaekHocTu. Ciie-
IyeT OTMETUTh, YTO OJUH U TOT K€ DJIEMEHT MOXXET BXOJIUTh B PACUECTHYIO

CXEMY C BEpPOATHOCTHIO Aty u Ay, TO mapamerp motoka oTkazoB. boisee
MOJIPOOHO MO3HAKOMHUTHCS C METOAUKON MOJYyYEHHUS PACUETHBIX CXEM I10
HaJIS)KHOCTH MOXKHO B [8].

IIpu oneHke mokaszaresiel HaJeKHOCTU B CJIIOXKHBIX CXEMaX MOYKHO
BBIJICIIUTH 1BA OCHOBHBIX IMOAX0/IA C MPUBJICYCHUEM PA3JIMUYHBIX METOOB.

1. OnpeneneHre BEPOATHOCTH PA3TUYHBIX COCTOSHUM CIIOKHOMU CH-
CTEMbI U BEPOSATHOCTH HEJOOTITYCKA JICKTPOIHEPTUU MOTPEOUTEIISIM HITH
MOJTHOM MOTEPU MUTAHUA OTIEJbHBIX MOTpeOuTeneil. Pemenue 3Toi 3a1a-
YU CBS3AHO C AHAJIM30M PEXXUMOB PaOOTHI OTACIHHBIX AJIEMEHTOB B CIIOXK-
HOM CX€Me€, C HAXOXKICHUEM BEPOATHOCTHBIX XAPAKTEPUCTUK HATPY3KU B
AJIEMEHTaX, BhIJACICHUEM Han0ojee 3arpyKeHHbIX AJIEMEHTOB WU IPYIIl B
cxeMe. O1eHKa BEPOSTHOCTH COCTOSHUM CXEMBI M MOKa3aTele HaAeKHO-
CTU TPU Pa3JIUYHBIX KOMOHMHAIIMSX BKIIFOUCHHBIX M OTKJIIOYEHHBIX 3JIe-
MEHTOB BBIIIOJIHAETCA METOJOM aHAIN3a BEPOSITHOCTEW OCHOBHBIX COCTOS-
Hui. [lpudemM COCTOSHMSIMU C YHCIOM OTKAa3aBUIMX 3JIEMEHTOB OoJiee
JIBYX-TpeX, Kak IpaBUJIO, MOKHO MpeHeOpeub. Ilpu 3TOM HE00XO0aAMMO
YUYUTBIBATH TAK)KE HAJIOKEHUE ABAPUMHBIX OTKIFOUYCHUW HAa MPEIHAMEPEH-
HbIC OTKJIIOUECHUS OTACIbHBIX ICIICH.
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OTOT METOJ SIBIIIETCS OCHOBHBIM IPU pacueTe MoKa3aTesiel HaJexkK-
HOCTH, OTPAaHUYCHHSI MOITHOCTH W DHEPTrUU Y MOTpeOuTene s CUCTEM
CO MHOTMMH BXOJaMHu (MCTOYHUKAMU THUTaHUS]) M BBIXOJaMH (y3JIaMu
Harpy3Ku) U OrpaHUYCHUSIMU MO MPOIMYCKHOW CIIOCOOHOCTH 3JIEMEHTOB B
nocjaeaBapuiiHbIX pexuMax. OIHAKO HEAOCTaTKaMU METOJAA SIBIISIFOTCS
IPOMO3JIKOCTh BBIYUCICHUM, HEOOXOJIUMOCTh aHalii3a OYE€Hb OOJIBIIOTO
KOJINYECTBA COCTOSIHUM CXEMBbI, TPYJAHOCTh AJTOPUTMHU3ALNUMN NP TPUME-
HeHuu i pacuetoB DBM. Tak, HanpuMep, €Ciau YHCIO PACUYETHBIX dJIe-
MEHTOB B CJIOKHOU cXeme N, TO Jaxke 0e3 ydyeTa HAIOKEHUSI aBapUUHBIX
OTKJIIOYEHUN Ha MpeaHaMepeHHble (TpeHeOperas BEpOATHOCTBIO OTKa3a
Oosee Tpex AJIEMEHTOB) HEOOXOAMMO NPOAHAIM3UPOBATH M PACCUUTATH
PEKUMBI JIJIs1 COCTOSTHUN CXEMBbI

N = é(n3 +5n) (6.24)

OCOOEHHOCTBIO ATOr0 METO/A SIBIISIETCS pacyeT MOKa3aTesie Hale)KHOCTU
C CUCTEMHBIX MO3UIIUH.

2. OueHka IMOKa3aTelie HAJCKHOCTU ITOCIEIOBATEIIBHO OTHOCH-
TEJIbHO Ka)KJIOr0 y371a HArpy3KH C MTOMOUIbI0 (POPpMYJIbl OJTHOW BEPOSTHO-
CTU WJIU C MPEACTABJICHUEM CXEM B BHJIE CTPYKTYPHBIX MOCIIEI0BATEIHHO-
napajulelbHbIX (CXemMa MyTed) WiIM NapauieIbHO-TIOCIEA0BATEIbHBIX
(cxema cedeHuii). Haubonee nmpurogHeiM 1Jisl anrOpUTMHU3ALUN SIBIISIETCS
CIoco0 MPEACTaBICHUSI UCXOIHOM CJIOKHOM CXEMbI B BUJE IKBUBAJICHT-
HBIX CTPYKTYypHbIX. [Ipruem, kak oTMedanoch paHee, 00Jjiee MPOCThIE ali-
TOPUTMBI pacueTa BEPOSITHOCTEW OTKA30BBIX M OE30TKA30BBIX COCTOSIHUU
CXEMbl OTHOCUTEIIBHO Y3JI0B HATPY3KH MOJYYAIOTCS MPHU MNPEJICTABICHUU
CXEMBI B BHUJI€ 3KBUBAJICHTHOW MapajuiebHO-TIOCIEA0BATEIBHON (CXEMBI
CEYEHUS), XOTS aJITOPUTMBI TIOJIYUYEHHUSI CAMUX CEYEHUU HECKOJBKO CIIOXK-
HEE, YEM Iy TEM.

C yBelWYE€HMEM 4YHUCJA DJIEMEHTOB B CIIOXKHOM CXEME€ KOJHUYECTBO
YT U CEUYCHUW OTHOCHUTEIBHO Ka)XJOTro y3ja pacTeT o4yeHb ObicTpo. B
YaCTHOCTH, YUYET OTKa30B Y3JIOBBIX ITYHKTOB CE€Ta PE3KO YBEIWYUBAET KO-
JIMYECTBO CEUCHUM, HE YBEJIMYMBAs 4YWCIA MyTEH CXEMbl OTHOCUTEIHHO
y3510B. C yBEIMUYECHUEM YHCJIa ONIEPEUYHBIX CBSA3EU TAKXKE YBEIWUYUBACTCS
YHCJIO MIyTEM.
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OCHOBHOM OCOOEHHOCTBHIO pacyeTra MokaszaTesiel HaJleKHOCTU C HC-
MOJIb30BAHUEM CTPYKTYPHOTO aHaJIu3a OTHOCUTEIBHO Y3JIOB SBIISICTCS
OTPaHWYEHHOCTh BO3MOXKHOCTEHM 3THX METOJI0B M3-3a CIOKHOCTH MX pea-
JU3alMU TIPU OTPAHUYEHHUAX IO MPOMYCKHOM CIHOCOOHOCTU OTACIBHBIX
AJIEMEHTOB, T. €. CIOHOCTh OIPEAEICHUS YaCTUYHBIX OrpaHUYCHUIN
MOIITHOCTU U SHEPTUM MOTPEOUTENECH.

Peanuzamusi Bcex 3TUX METOJIOB, TaK K€ Kak M METO/a aHalu3a Be-
POSITHOCTH COCTOSIHUM CXEMBbI, CHJIBHO OCJIOXKHSETCS TMPU yBEIUYCHUU
YHClia PACUETHBIX AJIEMEHTOB cXeMbl. [103TOMy OfHUM U3 CIOCOOOB CO-
KpallleHUsI Pa3MEPHOCTH 3aJlayd MOXKET OBITh pa3ACICHHE HCXOIHON
CJIO’KHOM CXEMBI Ha MOJICXEMBI TI0 Y3JIOBBIM MyHKTaM CeTU (y3JI0OBBIM IO/I-
CTaHIIASAM, CUCTEMaM COOPHBIX IIWH, ITYHKTaM TpaHC(popMamuy SHEPTUH U
T. 11.). Pacuer mokasaTeneil HaIe’)KHOCTH JTHS TIEPBOM CXEMbI BBITIOJIHSICTCS
OTHOCHUTEJIBHO IYHKTOB Pa3/IeJICHUs CXEMbl CO CTOPOHBI HCTOYHUKOB ITH-
TaHus. J|J1st Ipyroi CXeMbl IMyHKTHI JICJICHUS SBIISIOTCS UCTOYHUKAMU TTH-
TaHUSI U BBOJSTCS B PACUETHYIO MO HAJEKHOCTH CXEMY PacCUETHBIMH dJie-
MEHTaMH C XapaKTEePUCTHUKAMH, MOJYYCHHBIMH B pacyeTax MEepPBOM MOJI-
CXEMBI.

Paznenenne Ha mojcxeMbl 11e71eco00pa3HO BHITIOJIHAThL TaKUM O0pa-
30M, YTOOBI UHCTO PACUETHBIX DJIEMEHTOB B KaXKJI0M CXeMe HE TIPEBBIIIAI0
130-450. [Hanee, eciu mporyckHasi CIIOCOOHOCTb AJIEMEHTOB JIF000M 4acTu
CXEMBbI OTpaHUYCHA, MMOKAa3aTeNu HAJCKHOCTH OTHOCUTEILHO MyHKTOB JI€-
JIeHUs 11e71ecoo0pa3Ho OMpeAessITh C HCIOJBb30BAHUEM METOJIOB CTPYK-
TypHOTO aHaim3a. Pacuer e MOJCXEM BBITIOJHSICTCS B 3aBUCHMOCTH OT
KOHKPETHBIX YCIIOBU: TUOO METOJIOM aHaIN3a BEPOSTHOCTEH COCTOSIHUH,
aub0 €  UCIOJB30BAHHUEM  CTPYKTYPHOTO  TPEACTABICHUS  CXEM.
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BAPUAHTBI 3AJJIAHUI HA KYPCOBOE IPOEKTUPOBAHUE

Cxema NeO
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Cxema Ne 4
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Cxema 6
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Cxema 8
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[MTPUJIOXXEHUE A

JlaHHbIe 17151 pacyéTa HaJeKHOCTH YIeKTPOoCcHAOKeHus1 moTpeduTeseii [20]

Ennanuneie nmoka3arenn HagexxHocTu BJI

Tabnuua A.1

Homu-

Cpennsia yactora | Cpenee Bpe- Cpennsas ya- | CpengHee BpeMs
HAIBHOC 1\ o repuan 5 YCTOHUMBBIX OTKa- | MA BOCCTAHOB- | CTOTA MIAHO- | IAHOBOTO HPO-
HalIp:- orop Hucno nenei 30B JIe-HUSL  |BBIX OCTAHOBOB cTos
>1<eKIgIe, ®, 1/100 km-TOxI ty, u Oy > L/ron too, 4
MeTasee- OnHOIIEITHbIE 1,3 9,0 2,1 15,0
Kie Jlsyxmen- | Otk 1 nens 1,7 7,0 3,8 15,0
HEIE OTki1. 2 menn 0,2 10,0 0,4 19,0
110 Kenesobe- OnHOIIEITHbIE 0,7 11,0 1,6 16,0
TOHHLIC JByxuen- | Otkiu. | nens 1,0 9,0 2,4 12,0
HbBIE OTki1. 2 nenu 0,2 15,0 0,4 13,0
JlepeBsiHHBIC OnHoLEeTHBIE 15 10,0 3,6 14,0
MeTamec: OnHoLETHEIE 0,5 11,0 2,8 17,0
Kie Jisyxuen- | Otki. 1 uenp 0,6 11,0 3,3 14,0
HbBIE OTki1. 2 nenu 0,1 15,0 0,5 24,0
220 Keneso6e. OnHoOLETHEIE 0,4 9,0 1,8 24,0
TOHHLIE IByxuen- | Otkn. | nens 0,5 9,0 11 17,0
HBIE Otk 2 uenu 0,1 8,0 0,3 10,0
JepeBsiHHBIC OnHouenHkle 0,6 11,0 54 18,0
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EnuHudHbpIe MOKa3aTeIu HAJC)KHOCTH TPaHC(HOPMATOPOB

Tabmuia A.2

Cpennss va-
Homunans- | Homumams- | CPEAHH Cpentiee Cpensta ua- | Cpenpas mpo- cfofa karm- | CPeIHss Ipojo-
yacToTa | BPeMs BOC- | CTOTA TCKYHHR| nomutenbHOCTD | tanpupix pe- | KHTETB-HOCTH Ka-
AT MOILE | HOC HAMPA- | 1yasop  |cTaHOB-IIeHMs|  PEMOHTOB | 1epyvinero peMOH-|  yomTos IUTAIIBLHOTO pe-
HoCTh, MBA | xe-nue, kB o, 1/ron - ©™* 1/rox Ta, u Kam MOHTAa, 4
B> wr > Oy, > l/rox
2,5...7,5 110 0,018 40 0,25 28 0,166 250
10.. 80 110... 150 0,014 70 0,75 28 0,166 280
o 220 0,035 60 0,75 28 0,166 300
Bonee 110... 150 0,075 95 1,0 30 0,166 300
80 220 0,025 60 1,0 30 0,166 330
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Tabnuia A.3
Ennnnynable nokazaTenu HAIe)KHOCTH BBIKIIOYATEIIEN
Beposr-
Cpennsis 4a- Beposar- |Hocts o1- | Cpenssis Cpenusis | Cpensis Cpennss
CTOTa OTKASOB-| - Cpeppee | moCTh OT- | Kasampu | YacTota | MPOAOITH wactoTa | fpyonoy-
Bu BbI- Homu- HACIATCIb BpeMs BOCc-| Ka3za Ha |OTKJIIoue- | KaluTajb- KUTCIIb™ | TeKyInux SKUTENE-
o~ HaJIbHOC Tum KOPOTKOC 3a- CTaHOB- KOMMYTa- HUM KO- HBIX pe- HOCTB Ka- pEMOH- HOCTE Te-
aneJ]ef/i HaprDKe- MBIKaHI/Ie; 3Ha- JIEHUS HI/IOHHYIO pOT'KOFO MOHTOB nmuTa- TOB I(ymero
Hue, kB MEHaTeJIb- f . OTepaluIo | 3aMbIKa- ok JIBHOT'O @ TeK -
pa3phIB LENU B> Il ° | peMOHTAa, mr ’
., 0.€. HUA q
®, l/ron ot 1/ron q 1/ron
Uy, O.€.
Manomac-| 414 450 0,02/0,04 20 0,006 0,013 0,14 30 0,86 8
JIAHHBIC
Macns- 110 0,005/0,011 40 0,004 0,006 0,14 23 0,86 8
HbIC Oa- 220 0,015/0,040 50 0,011 0,009 0,14 43 0,86 8
KOBBIC
110 0,003/0,017 20 0,004 0,004 0,2 45 0,8 12
Bozmym- BBb | 0,004/0,016 55 0,004 0,006 0,2 122 0,8 15
HpIC 220 1?111’;‘; 0,004/0,016 25 0,004 0,003 0,2 96 0,8 15
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Tabnuua A.4

EnnHr4YHbIE TOKA3aTENN HAJC)KHOCTH OTIACIIUTENICH, KOPOTKO3AMBIKATEIEW U PA3bEIMHUTEIICH

Cpennsig ya-
Homunains- Cpens Cpenuee Bpemst | CTOTa Kallu- HI(D:(E);EJI:};II:II/I- (T:EE) ig?ﬁ;ﬁicgg__ Cpews npo-
9acToTa ] TAIb-HbIX JOJDKUTEh-HOCTh
Anmapar | Hoe Hamps- BOCCTaHOB TEIBbHOCTh Tex
xe-Hue, kKB | O R0B | g ty, u PEMOHTOB | yayyranproro | MOHTOB Wy , | TEKYIIETO pEMOH-
o, l/rox mﬁins l/ron | pemonTa, 1/ron Ta,
Pazbenu- 110 0,01 11 0,166 6 0,834 4
HUTEIN 220 0,01 7 0,166 13 0,834 6
Otnenu- 110 0,01 3,5 0,33 10 0,667 5
TN 220 0,01 3,5 0,33 16 0,667 6
iﬂ’;go 110 0,01 6 0,33 6 0,667 5
et 220 0,01 6 0,33 8 0,667 6
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