BBEJEHHUE. OCHOBHBIE OIIPEJEJIEHHUSA

HanexHocTh — 0JJHO U3 TpeOOBaHUM, PEIBABIAEMBIX K CUCTEMaM 3JIEKTPOCHA0XKEHUSI.
CucTteMbl 3JeKTPOCHAOKEHUS TOJKHBI HAJIS)KHO U AKOHOMHYHO oOecreuuBaTh noTpeduTeneit
JJIEKTPOIHEpruell B JOCTATOYHOM KOJHMYECTBE, TpPeOyeMOoro KauyecTBa, C COOJIIOEHUEM
TpeGoBaHuil 0€30MaCHOCTH, SKOJIIOTUH, YIOOCTBA SKCILTyaTallluH.

Pacuer HageXHOCTH B CHCTEMax »3JIEKTPOCHAOXKEHMsI INPOBOAUTCS, KakK IPaBUIIO,
OTHOCHUTEJIBHO Y3JIOB HArpy3Kd WM KOHKPETHBIX morpeburteneir. Ilpm sToM ompenenstorcs
HOKa3aTead, XapakTepU3yloIlMe 4YacTOTy U JUIMTEIbHOCTh OTKJIIOUEHHH, a Takxke
HEJIOMMYCTUMOE OTKJIOHEHHE pPEXUMHBIX TIapamMeTpoB. B 3aBucumMocTH 0T XapakTepa
HOTpeOUTENeH pacCUUTHIBAIOTCSA HEMOOTIIYCK JIEKTPOIHEPTUHU U yILEpO.

Pacuersl Ha/IEKHOCTH TO3BOJSIIOT CPABHUTH BAPHAHTHI CXEM 3JIEKTPOCHAOKEHUS 10
3aTparaM C Yy4yeToM YIIepOoOB OT OTKa30B M HEAOOTIIYCKAa 3JIEKTPO’HEPIUH, OLICHUTh
COOTBETCTBHE TPHUHUMAEMBIX TEXHMYECKMX pEHICHWH TpeOOBaHMSIM K HAJESKHOCTH,
9KOHOMHYECKYIO 11€J1IeCO00pa3HOCTh HAMEUAEMBIX MEPOIPUATHUI 110 MOBBIIIEHUIO HAJEKHOCTU
C YYETOM CTOMMOCTH OJTHX MEpOnpuiaTuii u ux d¢p¢dekra (COKpameHus KOIMYecTBa U
JUINTEJIbHOCTU PEMOHTOB, CHHXKEHHMS yliepOa norpeduresneit).

B psnme cinydaeB mpoeKTHas OLEHKAa HAJISKHOCTH BBIOJHIECTCS B 00s3aTEIbHOM
nopsiake. Hanpumep, npu IpOeKTUPOBAaHMM ABTOMATHU3UPOBAHHBIX CUCTEM KOMMEPYECKOTO
ydeTa 3JIeKTPOIHEPTUH, MOTPeOIsieMOl Ha ONTOBOM PBIHKE, & TaKXKe MPU MPOSKTUPOBAHUU
aBTOMATH3UPOBAHHBIX CHCTEM YIpaBJIEHHs JUIsl TMPOU3BOJACTB  IOBBIIIEHHOTO pHCKa
(B3pBIBOOMIACHBIC;  TOXKApOOMACHBIC,  B3PBIBOIIOXKAPOOIACHBIE,  XUMHYECKH  OIACHEIC;
paIualoOHHO-OIIaCHbIE; SI€PHO-0MACHBIE; OMOJIOTMYECKU ONACHBIE).

OCHOBHBIC TIOHSITHSI, TEPMHUHBI U OIPECIICHHUS B 00JIACTH HAJAECKHOCTH YCTAaHOBIICHHI B
I'OCT 27.002-89 «HanexxHocTh B TexHUKE. OCHOBHBIC MOHATHS. TEPMUHBI U ONIPEACICHUS.

HajeskHocTh — CBOWCTBO 00BEKTA COXPAHATH BO BPEMEHU B YCTAHOBJICHHBIX IpeJesiax
3HAYEHUs BCEX MApaMETPOB, XapaKTEPU3YIOIIUX CIIOCOOHOCTb BBINOIHATE Tpedyemble
(GYHKIIMM B 3a/laHHBIX PEXHMMaxX W YCIOBUAX MPUMEHEHMsS, TEXHHYECKOIO OOCIyKHWBaHUS,
XPaHEHUs U TPAHCIOPTUPOBAHUS.

HaI[e)KHOCTI) ABIIICTCA KOMIIJIICKCHBIM CBOP'ICTBOM, KOTOpOC B 3aBUCUMOCTH OT
Ha3Ha4YeHUs] OOBEKTa M YCIOBHHM €ro MNPHUMEHEHUsS MOXET BKIIOYaTh O€30TKa3HOCTh,
JOJITOBEYHOCTBD, pCMOHTOHpI/IFOI[HOCTI) nu COXpaHﬂeMOCTB HNIN OHpeIleJ'IeHHBIG COYCTAHUA OTHUX
CBOUCTB

bBe30oTka3HOCTL - CBOMCTBO OOBEKTAa HEMPEPHIBHO COXPaHATH pPabOTOCIIOCOOHOE
COCTOSTHUE B T€UEHHE HEKOTOPOTO BPEMEHHU MIJIH HapabOTKHU.

Jl0IrOBeYHOCTh - CBOMCTBO OOBEKTAa COXPaHATH PaOOTOCIOCOOHOE COCTOSIHHE J10
HACTYIUICHHUSI TPEACTBHOTO COCTOSIHMSI TPU  YCTAHOBIGHHOM cHCTEME TEXHUYECKOTO
00CTyXKMBaHUS 1 PEMOHTA.

PeMOHTOHpI/IFOI[HOCTB - CBOIMCTBO O6T>CKTa, 3aK/II0Yaromeccsa B HpI/ICHOCO6J'IeHHOCTI/I K
noaACPKaHUIO U BOCCTAHOBJICHUTIO pa6OTOCHOCO6HOFO COCTOSAHUA MMYTEM TECXHUUYCCKOI'O
06CJ'Iy')KI/IBaHI/I$I " pCMOHTA.

CoxpaHsieMOCTb - CBOMCTBO OOBEKTa COXPAaHATh B 3aJlaHHBIX Ipejaenax 3HaYeHUS
napaMeTpoB, XapaKTEPU3YIOIIUX CIIOCOOHOCTH OOBEKTa BBINOJHATH TpeOyemble (YHKLUHU, B
TE€YEHHE U TI0CTIE XpaHeHUsI U (WJIK) TPaHCIOPTHPOBAHUS.

HcnpaBHoe cocTosiHMe - COCTOSIHHE OOBEKTa, MPU KOTOPOM OH COOTBETCTBYET BCEM
TpeOOBaHUSIM  HOPMATHUBHO-TEXHMYECKOM W (MJIM)  KOHCTPYKTOPCKOW  (TIPOEKTHO)
JIOKYMEHTaI1H.
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HeucnpaBHoe cOCTOsIHME - COCTOSIHHE OOBEKTa, MPH KOTOPOM OH HE COOTBETCTBYET
X0Ts OBl ONHOMY W3 TpeOOBaHWI HOPMATHBHO-TEXHUYECKOW U (WMJIM) KOHCTPYKTOPCKOMN
(MPOEKTHOW) JOKYMEHTAIINH.

PaGoTocnoco0HOe COCTOSIHME - COCTOSHHE OOBEKTa, NMPH KOTOPOM 3HAYECHUS BCEX
apaMeTpoB,  XApPaKTEPU3YIOIUX  CIIOCOOHOCTb  BBINOJHATH  33JaHHble  (YHKLHH,
COOTBETCTBYIOT TpE0OOBAHHUAM HOPMATUBHO-TEXHUYECKOM M  (MJIM) KOHCTPYKTOPCKOM
(MPOEKTHOW) JOKYMEHTAIIMH.

PabotocniocoOHbIN 00BEKT B OTIIMYKE OT HCIPABHOTO JIOJDKEH YIIOBJICTBOPSTH JIUIIH
TeM TpeOOBaHUSAM HOPMATHBHO-TEXHUYECKOW | (WIM) KOHCTPYKTOPCKOW (TPOEKTHOM)
JIOKYMEHTAI[MH, BBIMOJHEHNE KOTOPBHIX 00eCredYrBacT HOPMAIbHOE NMPUMEHEHHE OOBEKTa II0
Ha3zHaueHUI0. PaboTOCTIOCOOHBI OOBEKT MOXKET OBITh HEHCIPABHBIM, HAaIlPUMEp, €CIIM OH HE
YIIOBJIETBOPSIET SCTETHUCCKUM TPEOOBAHUAM, IIPUUEM YXY/IICHUE BHEIIHETO BUJA 0OBEKTa HE
NPEMSATCTBYET €ro MPUMEHEHHUIO 10 Ha3HAYCHUIO.

Hepa6GoTocnoco0Hoe cOCTOSIHHE - COCTOSTHHE OOBEKTa, MPH KOTOPOM 3HAUEHHUE XOTS
Obl OJJHOTO MapaMeTpa, XapaKTepU3YIOIEro ClIOCOOHOCTh BBIOJIHATH 3aJaHHbIC (DYHKIUH, HE
COOTBETCTBYET TpeOOBaHUSIM HOPMATUBHO-TEXHHYECKOM M  (WIHM) KOHCTPYKTOPCKOM
(IPOEKTHOI) JOKYMEHTAIIHH.

Jl1s CloKHBIX OOBEKTOB BO3MOXKHBI YaCTUYHO HEPAOOTOCIIOCOOHBIE COCTOSHUS, NPHU
KOTOPBIX OOBEKT CIIOCOOEH BBINOJIHATH TpeOyeMble (DYHKIMU C MOHMKEHHBIMH I10Ka3aTeNIIMU
WJIN CTIOCOOEH BBITIOJHATH JIMIIb YacTh TPEOYeMbIX ()YHKITHIA.

Hpeuenbnoe COCTOAAHHUE - COCTOsSHHC O6I>€KT3, IIpun KOTOpOM €ro JanbHeHIIas
SKCILTyaTauus HCOOITYCTUMA niIn Heuenecoo6pa3Ha, 1100 BOCCTaAHOBJICHHUC €ro
pa6OTOCHOCO6HOI‘O COCTOsIHHA HEBO3MOXXHO UJIN HGI_[CJ'ICCOO6pa3HO

Otka3 - 310 coOBITHE, 3aKITI0YAIOIIeecs B HAPYIMIEHUH PabOTOCIIOCOOHOTO COCTOSHUS
o0BeKTa.

IToBpexkaenue - coObITHE, 3aKiOYalOLIeecss B HApPYLIEHUH HCIPABHOIO COCTOSIHHS
00BEKTa IPU COXPAHEHUH PAOOTOCIIOCOOHOTO COCTOSTHUS

[Tepexox oOBEKTa M3 OIHOTO COCTOSIHHS B JIPYro€ OOBIYHO IPOHMCXOIHUT BCIIEICTBHE
MOBPEXACHUS WM OTKaza. llepexoq oO0bekTa W3 HCIPABHOTO COCTOSHUS B HEHCIPABHOE
paboTocrnocoOHOe COCTOSTHUE MPOUCXOIUT U3-3a TTOBPEIKICHUH.

OTKa3sl ACIIAT Ha pa3JIMIHbIC BUABI: YaCTUYHBIC U ITOJIHBIC, HC3aBUCHUMBIC U 3aBUCUMBIC,
IMOCTCIICHHBIC U BHC3AIIHBIC, AIBHBIC N CKPLITBIC U JIP.

[Tpu xnaccu¢pukauy OTKa30B IO IMOCIEACTBUSM MOTYT OBITh BBEIEHBI JABE, TPU U
OoJbIIee YWUCIO KaTeropuil OTKa30B, HampuMmep,  KPUTHUYECKHE; CYIECTBEHHBbIE WIH
HECYLIECTBEHHBIE OTKA3BI.

Otka3bl (GYHKIMOHUPOBAHUS PEICHHOM 3alUThl, aBTOMAaTHKH W KOMMYTAIlMOHHBIX
anmaparoB OBIBAIOT TPEX BUIOB:

® OTKa3bl B cpabaThiBaHUU (HEBBIIOJIHEHUE TPEOOBAHUN Ha cpabaThIBaHuE);

e u3IMIIHME cpabaThiBaHus (cpabaTbiBaHME TMpU TpeOOBaHMM Ha CpabaTbIBaHUE,
MOCTYMAIOIIEM HE Ha IaHHOE, a Ha JIpyroe YCTPOHUCTBO);

e JOXHble cpabareiBaHUsl  (cpabaTblBaHME TP  OTCYTCTBHMHM  TpeOoBaHHMH  Ha
cpabaTbIBaHuE).

BHe3anHblil 0TKa3 - O0TKa3, XapaKTEepPU3YIOIIMHCA CKauKooOpa3HbIM HM3MEHEHUEM
3HAYEHUH OJJHOTO MJIM HECKOJIBKUX MTapaMeTPOB 0OBEKTA.

ITocTeneHHbI 0TKA3 - OTKAa3, BOZHUKAIOINN B pPe3y/IbTaTe NOCTEIIEHHOTO U3MEHEHUS
3HAYEHUH OJJHOT'O MJIM HECKOJIbKUX MTapaMeTPOB 0OBEKTA.
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B oTnnune OT BHE3aIHOrO OTKa3a, HACTYIUIEHUIO TIOCTENIEHHOTO OTKa3a MPeAIeCTBYET
HENPEpPhIBHOE W  MOHOTOHHOE MW3MEHEHUE OJHOTO0 MM HECKOJIBKMX IapaMeTpoB,
XapaKTepU3YIOIIUX CIIOCOOHOCTh OOBEKTa BBIMNOJIHATH 3aJaHHble (QYHKUMU. BBugy sToro
ylaercs MpeaynpeIuTh HACTYIUIEHHE OTKa3a M (WIM) MPUHATH MEpPbl IO YCTPaHEHUIO
(Jroxanu3ammm) ero HekenaTeNIbHbIX MOCIEACTBHIA.

UeTkol rpaHUIlbl MEKYy BHE3AMHBIMU U MOCTEIIEHHBIMU OTKa3aMH, OJHAKO, POBECTU
He ynaetcs. MexaHudeckue, (pU3MUECKHEe U XMMHUYECKHUE MPOLECChl, KOTOPHIE COCTABISIOT
MPUYMHBI OTKA30B, KaK IMPABUIIO, MPOTEKAIOT BO BPEMEHM JIOCTATOYHO MeiieHHO. OmHako
COOCTBEHHO OTKa3 IMPOUCXOAMUT BHe3amHo. Eciy mo kakuMm-nmmbo MpUYMHAM CBOEBPEMEHHOE
oOHapyxeHue eeKTa 0Ka3aaoch HEBO3ZMOXKHBIM, TO OTKA3 MPUJIETCS MPU3HATH BHE3AITHBIM.

ITo MEpE COBEPIICHCTBOBaHUA paCYCTHBIX METOJAOB M CPEACTB KOHTPOJIBHO
I/I3MepI/ITeJIbHOI71 TCXHHKU, IMO3BOJIAIOIHUX  CBOCBPCMCHHO O6Hapy)KI/IBaTL HCTOYHUKH
BO3MOJKHBIX OTKAa30B U IIPOrHO3UPOBATH UX pa3BUTUC BO BPEMCHH, BCC OoJIbllIee YHCI0 OTKA30B
6YI[CT OTHOCHUTBHCS K KaTCropruu 1noCTCrCHHLIX.

CoOoii - caMOyCTpaHSIOLIMKCA OTKa3 WIM OJHOKPAaTHBIA OTKa3, YCTPaHSIEMbIH
HE3HAYUTEJbHBIM BMEIIATEILCTBOM OIEepaTopa.

KoHCTpYKTHBHBIH OTKa3 - OTKa3, BO3HUKIIMKA 10 MPUYMHE, CBA3AHHOM C
HECOBEPIICHCTBOM WJIM HAPYIIEHUEM YCTAaHOBJICHHBIX MPABWI U (MJIM) HOPM MPOEKTHPOBAHUS
¥ KOHCTPYHPOBAHHUSI.

IIpou3BOACTBeHHBIH OTKa3 - OTKAa3, BO3HUKIIMK [0 TMPUYMHE, CBS3AHHOW C
HECOBEPIICHCTBOM WJIM HAPYIIEHUEM YCTAHOBJIEHHOT'O IPOLIECCAa M3TOTOBJICHUS WM PEMOHTA,
BBITIOJIHAEMOr0 Ha PEMOHTHOM MPEANPUITUN

IJKCIUIyaTAIlMOHHBIA OTKA3 - OTKa3, BO3HUKIIMNA 1O MpPUYMHE, CBSI3aHHOM C
HapyIIEHWEM YCTAaHOBJICHHBIX MTPaBUJI U (MJTM) YCIOBHUH IKCILUTyaTalluH.

Orta kiaccudukanus OTKAa30B IO NpPUYMHAM BO3HUKHOBEHHS BBEJCHA C MEJBIO
YCTaHOBJICHUS, HA KAaKOW CTaJMH CO3/IaHUSI WM CYIECTBOBAHMS OOBEKTa CJIENYyeT MPOBECTH
MEPOTPUSITHS ISl YCTPaHEHUsI IPUYUH OTKA30B.

JlerpaganMOHHBIN 0TKa3 - OTKa3, OOYCJIOBJIEHHBIH €CTECTBEHHBIMU IPOLECCAMU
CTapeHMsl, M3HALIMBAHMSA, KOPPO3MM M YCTAJOCTU IPH COOJIIOJICHUH BCEX YCTaHOBJIEHHBIX
MpaBWI U (UJIM) HOPM MTPOEKTUPOBAHMSI, U3TOTOBJIEHHSI B OKCILTyaTallUu.

[Tpu ananu3e HalEKHOCTH pa3IMYalOT paHHHWE OTKAa3bl, KOTJAA MPOSBISETCS BIMSHUE
nedeKToB, He 0OHAapY)KEHHBIX B TPOIIECCE U3TOTOBIICHHS, MCIBITAHUN W (W) MTPHUEMOYHOTO
KOHTPOJIS, U TO3]JHHE, JeTpaJalluOHHbIX 0TKa3bl. [lociaeiHue MpoucXoIsaT Ha 3aKIIOUUTEIbHON
CTaIuM SKCIUTyaTallil OOBEKTa, KOTJa BCIEICTBHE ECTECTBEHHBIX IPOIECCOB CTapeHUs,
U3HAIIMBAaHUS M T. M. OOBEKT WM €ro COCTaBHBIC YAaCTH MPHUOIMKAIOTCS K TMpeAeIbHOMY
COCTOSIHUIO TI0  YCIIOBHSIM  (M3WYECKOTO  M3HOCA.  BEpOsSTHOCTH  BO3HUKHOBEHUS
JeTpaJallMOHHBIX OTKAa30B B Ipeneiax IUIAHUPYEMOTro IOJIHOTO MM MEXPEMOHTHOTO CpOKa
CIyXOBI (pecypca) MOKHA OBITH JOCTAaTOYHO Mayia. ITO O0OECIeurMBaeTCsl pacdyeToM Ha
JIOJITOBEYHOCTh C Y4YEeTOM (PU3UYECKOM MpHpOIBl JEeTpaJallMOHHBIX OTKa30B, a TaKxke
HaJJIeXkKalled CHCTEMOM TEXHMUYECKOTo OOCHy)KHMBAaHHS M PEMOHTAa. B mnpuHIune MOXHO
NPAaKTUYECKH HCKIIOYHUTh BO3HMKHOBEHHE PAaHHMX OTKa30B, €CIM JIO0 Nepenaud oObeKTa B
OKCIUTYaTaIMIo TPOBECTH MPUPAOOTKY, OOKATKy, TEXHOJIOTUIECKHI MPOTOH | T. M. [Ipu aTOoM
COOTBETCTBEHHO MOXKET BapbUPOBATHCS 11€HA OOBEKTA.

BoccranoBiienune — mporiecc mepeBoga 00bEKTa B PabOTOCIIOCOOHOE COCTOSHHUE W3
HEpaboTOCIOCOOHOTO cocTOsIHUS. BoccTaHOBNEHNE BKIIOYAET B ce0sl MACHTU(DUKAIIMIO OTKa3a
(ompeneneHne €ro MecTa W XapakTepa), HaJaJKy WM 3aMEHy OTKa3aBIIero 3JEMEHTa,
PEryJIMpOBaHUE U KOHTPOJIb TEXHUYECKOTO COCTOSIHHSI DJIEMEHTOB 00BEKTA U 3aKITIOYUTEIHHYIO
OTIEpalMI0  KOHTPOJII  paboTOCIOCOOHOCTH  00BEKTa B IEJIOM.  BoccTaHOBICHHE
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PaboTOCITIOCOOHOCTH CUCTEMBI SJIEKTPOCHAOKEHUS JJOCTUTACTCS 3aMEHOM, PEMOHTOM, HAJIAIKON
€C 3JICMCHTOB, ICPCKIOUCHUAMHU, OTKIIFOYCHUCM HJIM U3BMCHCHHUEM PCIKUMOB paGOTBI.

OtnenbHO  B3sATbIE  OOBEKTBI ~ MOIYT  OBITb ~ BOCCTAaHAaBIMBAa€MbIMM U
HEBOCCTaHABIMBAeMbIMU. BoccTaHaBnuBaeMblii 00BEKT - OOBEKT, I KOTOPOro B
paccMaTpuUBaeMOM CUTyallud IPOBEACHUE BOCCTAHOBIEHMSI PaOOTOCIIOCOOHOTO COCTOSHUS
IPEIYyCMOTPEHO B HOPMAaTHUBHO-TEXHMYECKOHM M (MIM) KOHCTPYKTOPCKOW (IIPOEKTHOM)
JOKYMEHTaluu. bBOJBIIMHCTBO  OOBEKTOB  (3JIEMEHTOB  CUCTEM  BJIEKTPO3HEPreTHKH,
AJNEKTPOCHAOKEHNS ) SBIISIOTCS BOCCTAaHABIMBAEMbIMH.

Kupydectp - CBOICTBO 0O0OBEKTa, COCTOSIEE B €ro CIOCOOHOCTH IPOTHBOCTOSTH
Pa3BUTHIO KPUTUYECKUX OTKA30B U3 JE(PEKTOB U MOBPEXKICHHI MPH YCTAHOBIEHHOW CHUCTEME
TEXHUYECKOT0 OOCITY)KMBAaHUS U PEMOHTA, WM CBOMCTBO OOBEKTA COXPAHATh OIpPaHHMYEHHYIO
paboTOCTIOCOOHOCTH MPH BO3IEHCTBHSX, HE MIPEIYCMOTPEHHBIX YCIOBUSAMH SKCILTyaTalluu, WU
CBOMCTBO O0OBEKTA COXPAHATh OTPaHUYEHHYIO PA0OTOCIIOCOOHOCTD ITPU HAIMYMHU Je(PEKTOB I
MOBPEXACHUN ONPEEIIEHHOT0 BU/IA, @ TAKXKE IIPU OTKA3€ HEKOTOPBIX KOMIIOHEHTOB.

HpI/IMeHI/ITCJ'IbHO K 3JICKTPO3HCPICTUKE KUBYYCCTb MOXXHO OIIPCACIIMTH KakK CBOMCTBO
CHUCTCMBI ITPOTHUBOCTOATH BO3MYIICHUAM, HC NOMYCKAsA UX KAaCKaJHOI'O0 pa3BUTHUA C MaCCOBbBIMH
HApyIICHUAMU IIUTAHUA HOTpC6HT€J’I€ﬁ. H(I/IBy‘IeCTL CBiA3aHa HE TOJIBKO CO CTPYKTypOﬁ
CHUCTEMBI, HO MW C HaIACKHOCTBIO CI)YHKIII/IOHI/IPOBaHI/Iﬂ AaBTOMAaTUKHU U KOMMyTaHHOHHOﬁ
arraparypsl B aBapPIﬁHbIX PCKUMaAX.

Hane)xHOCTh 3JEKTPOIHEPreTHYeCKUX CUcTeM, chcteM aekrpocHadxkenus (COC) Bo
MHOI'OM CBSi3aHa C H30BITOYHOCTBIO, T.€. C JONOJHUTEIbHBIMU CPEICTBAMU U BO3MOKHOCTAMU
CBEPX MUHUMAJIbHO HEOOXOIMMBIX JUISL BBITIOJIHEHUS] 0OBEKTOM 3aJaHHBIX (DYHKIIUH.

@DopMbI U30BITOUHOCTH:

1. PesepBupoBanue

2. CoBeplUIeHCTBOBAHUE KOHCTPYKLMM M MaTepuanoB, U3 KOTOPHIX M3TOTOBJIEHBI JIEMEHTHI,
MOBBIIIIEHUE 3aTIACOB UX MPOYHOCTH, TOJTOBEYHOCTH, YCTOMYMBOCTH K BIUSHUSM BHEIITHEH
U BHYTPEHHEW Cpebl.

3. CoBepuIeHCTBOBAaHHE TEXHUYECKOTO OOCITY)KWBAaHUS, ONTHMHU3ALUS TEPUOTUYHOCTH U
IIIyOUHBI KAalUTAIBHBIX U MPO(UIAKTUUECKUX PEMOHTOB, CHUXEHHE MPOAOKUTEILHOCTH
ABAPUIHBIX PEMOHTOB.

4. CoBepLIEHCTBOBAaHHE CUCTEM KOHTPOJIS U YIIPABICHHUSL.

PesepBupoBanre - OZHO W3 OCHOBHBIX CPEICTB OOECIHEUeHHs 3aJaHHOTO YPOBHS
Ha/IeKHOCTH OO0BEKTa NpU HEJOCTATOYHO HAJEKHBIX KOMIIOHEHTax M HsjeMeHTax. lLlemb
pe3epBUpOBaHMs - O0ecHeuuTh O€30TKa3HOCTh OOBEKTa B IIEJIOM, T. €. COXPaHUTh €ro
paboTOCIIOCOOHOCTh, KOIJa BO3HMK OTKa3 OJHOIO WJIM HECKOJBKHX 3JeMeHToB. Hapsny c
pEe3epBUPOBAHUEM ITyTEM BBEIEHHS JOMOJHHUTEIBHBIX (PE3EPBHBIX) JIIEMEHTOB HAXOIST
HIMPOKOE NMPUMEHEHUE JIpyTre BUAbI pe3epBupoBanus. Cpeu HUX BpeMEHHOE pe3epBUPOBAHUE
(c HKCIONIb30BAHMEM  PE3EpPBOB  BpPEMEHHM), HH(OpPMAlMOHHOE  pe3epBUpOBaHUE  (C
UCIIOJIb30BaHUEM pe3epBOB MH(OpMaIuM), GyHKIMOHAIBHOE Pe3epBHUPOBAHUE, NPH KOTOPOM
UCTIONB3YETCSI  CIIOCOOHOCTh  DJIEMEHTOB  BBINOJHATH JONOJHHUTENBHBIE (DYHKIIUM  WITH
CIOCOOHOCTh O00BEKTa mepepacupefensaTh (YHKIMM MEXAYy 3JIeMEHTaMM, Harpy304HOe
pe3epBUpOBaHNE, IPH KOTOPOM HCIIOJB3YETCS CIMOCOOHOCTH AJIEMEHTOB BOCHPHHUMATh
JIOTIOJTHUTENIbHBIE Harpy3Kd CBEpX HOMMHAIBHBIX, a TakXe CHOCOOHOCTh OOBEKTa
nepepacnpeieNsiTh Harpy3Kd MEXIY dJIEMEHTaMH.



1. KATEI'OPUHN HAJIEKHOCTH SJIEKTPOITPUEMHUKOB

B otHOomeHnun oOecrneyeHHss HAIEKHOCTH HIIEKTPOCHAOKEHUS AJIEKTPOIPUEMHHUKH
pa3eNAoTCs Ha CIEeAYIOIINe TPU KaTerOpuHu.

ONEeKTPONPUEMHUKH  NEPBOM  KAaTErOpUM -  DJIEKTPONPUEMHHUKH,  IE€PEPHIB
IIEKTPOCHAOKEHUSI KOTOPBIX MOXKET MOBJIEYb 32 COOON OMACHOCTb YISl KU3HU JIIOJIEH, YIpo3y
Ui 0€30IacHOCTH TOCYNapcTBa, 3HAYUTEIBHBIN MaTepHalbHBIA yiiepO, paccTpoiicTBO
CJIOHOTO TEXHOJIOTUYECKOro IMpollecca, HapylleHne (QYHKIMOHUPOBAHUS 0OCO00 Ba)KHBIX
3JIEMEHTOB KOMMYHAJIBHOT'O X0351iICTBa, 00BEKTOB CBSI3U U TEJIEBUCHUS.

N3 cocrtaBa 3JEKTPONPUEMHHUKOB IIE€PBOIl KAaTerOpuu BBIIEISETCS ocobas epynna
AIIEKTPOTIPUEMHUKOB, OecriepeOoiftHass paboTa KOTOpPBIX HeoOXoawma Juisi Oe3aBapUiiHOTO
OCTaHOBA IPOM3BOJCTBA C LEJIbIO MPEJOTBpAICHUS YIPO3bl XU3HU JIIOJEH, B3PBHIBOB H
II0KapOoB.

DNEeKTPONPUEMHUKH  BTOpPOM  KaTeropum -  DIEKTPONPUEMHHUKH,  IEPEpPHIB
JIEKTPOCHAOKEHUSI KOTOPBIX MPUBOJUT K MAaCCOBOMY HEJOOTIYCKY MPOAYKLHHU, MacCOBBIM
IPOCTOSIM pabovMX, MEXaHU3MOB M MPOMBIILJICHHOTO TPAHCIOPTa, HAPYIIEHUIO HOPMAJIbHOM
JeSITEIbBHOCTH 3HAUYUTEIBHOIO KOJIMYECTBA TOPOICKUX U CEJIbCKUX JKUTETIEH.

DNEeKTPONPUEMHHUKH TPEThEl KaTeropuu - BCE OCTaJbHBIC AIIEKTPONPUEMHUKU, HE
MOIAJA0IINE IO ONPEIEICHHS IEPBOM U BTOPOM KaTErOPHIl.

DNEeKTPONPUEMHUKH TIEPBOM  KAaTerOpud B  HOPMAIBHBIX  PEXKHUMax  JOJKHBI
o0OecrieunBaTbCsl JJEKTPOIHEPrHE OT JABYX HE3aBUCUMBIX B3aUMHO PpPE3EpBUPYIOLIUX
HMCTOYHUKOB MMUTAHUS, U TIEPEPHIB UX ANEKTPOCHAOKEHHSI MIPH HAPYIICHUU DIIEKTPOCHAOKECHUS
OT OJIHOTO U3 UCTOYHMKOB MHUTAHUS MOKET ObITh JOIYILIEH JIUIIb Ha BPEMSI aBTOMATUYECKOTO
BOCCTAHOBJICHHSI TUTAHUSI.

g anekTpocHaOXKeHUs 0CO0O0M TIpynImbl 3JIEKTPONPUEMHHUKOB IEPBOM KaTeropuu
JOJKHO TPEAyCMaTpUBAThCS AOMOJHUTENBHOE MUTAHUE OT TPETHhEro HE3aBUCUMOTO B3aWMHO
pe3epBUPYIOLIETO UCTOYHUKA TUTAHUS.

B kauecTBe TpeThero HE3aBUCUMOIO HCTOYHUKA NHUTAHUS JUISI OCOOOW TPYIIIbI
AJIEKTPONPUEMHHUKOB U B KaY€CTBE BTOPOI'0 HE3aBUCHUMOI'O HCTOYHUKA MTUTAHUS 111 OCTaIbHbBIX
AJIEKTPONPUEMHHUKOB ~ MEPBOM  KaTeropum MOTyT  OBITh  MCIIOJB30BaHbl  MECTHbBIE
AJIEKTPOCTAHLIUN, AJIEKTPOCTAHLUM SHEProcucreM (B YAaCTHOCTH, UIMHBI TI'€HEPaTOPHOTO
HaNpsDKEeHUs1), TNpelHa3HaueHHbIe M ATHX Ieneil arperatbl OecnepeOoifHOro mnuTaHus,
aKKyMYJIATOpHbIE OaTapeu U T. II.

Ecnu  pesepBupoBaHMEM 3JIEKTPOCHAOKEHHUS HENb3sl OO0ECNeYUTh HEMPEPbIBHOCTD
TEXHOJIOTHYECKOI0 IMpoliecca UM €CIM PE3EPBUPOBAHUE AIEKTPOCHAOKEHHUS] SKOHOMUYECKU
HEIleJIeco00pa3Ho, JIOJDKHO OBITh  OCYIIECTBJIEHO TEXHOJIOTMYECKOE pe3epBHUPOBAHUE,
HampuMep, IyTeM YCTAaHOBKM B3aMMHO pE3E€pPBUPYIOLIMX TEXHOJIOIMUECKUX arperaros,
CHelMaNbHbIX  YCTPOHCTB  Oe3aBapMMHOrO  OCTaHOBa  TEXHOJOIMYECKOro  Ipoliecca,
JEHCTBYIONIUX MPU HAPYILIEHUU 3JIEKTPOCHAOKEHNUS.

DNeKTpOCHAOKEHHE JJIEKTPONPUEMHHUKOB MEPBOIl KaTeropuu ¢ 0co00 CI0XKHBIM
HENPEPBhIBHBIM TEXHOJIOTMUYECKUM IPOILIECCOM, TPEOYIOUINMM JJIUTENIbHOIO BpPEMEHH Ha
BOCCTaHOBJICHHE HOPMAJIBHOTO PEXHUMAa, IPU HAJTMUYUU TEXHUKO-IKOHOMUYECKUX 000CHOBaHUN
PEKOMEHIYeTCsI OCYIECTBIATh OT ABYX HE3aBUCHMMBIX B3aMMHO PE3EPBHUPYIOMIMX MCTOYHUKOB
OUTAHUS, K KOTOPBIM IMPEIBSBIAIOTCA JIONOJHUTENbHbIE TpeOOBaHUSA, OIperensieMble
0COOEHHOCTSIMH TEXHOJIOTHYECKOTO MpoLecca.

DNEeKTPONPUEMHUKH BTOPOMl  KaTeropud B  HOPMAJbHBIX PEXKHUMax  JOJIKHBI
o0ecrieunBaTbCsl DIEKTPOIHEPTUel OT JBYX HE3aBUCHUMBIX B3aMMHO pPE3EpBUPYIOIINX
MCTOYHUKOB MUTAHUS.

JUist 3TEKTPONPUEMHUKOB BTOPOM KaTerOpHM MpPU HAPYHIEHUU DJIEKTPOCHAOXKEHUS OT
OJIHOTO M3 KMCTOYHHMKOB MHUTAHUS JONMYCTUMBI MEPEPBIBBI AJIEKTPOCHAOKEHHS] Ha BpeMms,
HE00X01MMoe I BKJIIOUEHHS PEe3epPBHOTIO MUTAHUS NEHCTBUAMHU JEKYpPHOTO MEpCOHAIa MU
BBIE3/THOM OTIEpaTUBHON OpHUTaJIBI.

JU1st 371eKTPONIPUEMHUKOB TPEThEH KaTeropuu JIEKTPOCHAOKEHNE MOYKET BBIIOIHATHCS
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OT OJHOIO HCTOYHMKA TMTAaHUS NPU YCIOBHM, YTO TMEPEPBIBBI AIIEKTPOCHAOKEHNS,
HEOOXOAWMMBIE JUII  PEMOHTa WM  3aMEHBl  IMOBPEXJAEHHOTO  3JIEMEHTa  CHUCTEMBbI
3JIEKTPOCHA0XKEHHUS, HE IIPEBBILIAIOT 1 CYTOK.

[Ipumepsl 371€KTPONIPUEMHHUKOB Pa3IMYHON KaTErOpUU HAJEKHOCTHU:

e | Kxareropus: YCTAaHOBKM HENPEPBIBHOM paA3JIUMBKU CTalHd, CaHUTAPHO-TEXHUYECKAs
BEHTUJISILIMSL BO BPEAHBIX XMMUUECKHUX IIPOU3BOJCTBAX, KPYIIHBIE 3JIEKTPOIU3EPHBIE YCTAHOBKH,
KOTEJIBHBIE IIPOM3BOACTBEHHOIO Iapa, HACOCHBIC U1 OXJIAXKACHMS I€Yed, BOJOOTIUBHBIE H
NOJBEMHBIE  YCTAHOBKM  TIOPHOPYIHBIX  MNpPEANPUATHH; B  TOPOACKMX  CETIX K
JJIEKTPOIIPUEMHUKAM IIEPBOM KAaTErOPUU OTHOCSTCS OTBETCTBEHHBIE JJIEKTPOIPUEMHHUKHU
TEaTpoB, KPYIHBIX KUHOTEATPOB, CTAJWOHOB, OINEPALMOHHBIC OJIOKM OOJBHUI], POIMIBHBIX
JIOMOB, IIYHKTOB HEOTJIOKHOW ITOMOIIY, TEXHHUYECKUE M CHUJIOBBIC DJIEKTPOIPUMHHUKHU KHIIBIX
31aHui, nMeronmx Oosee 16 sTaxkeit (moxkapHble HACOCHI, TU(PTHI, CPEACTBA ABTOMATUYECKOTO
JIBIMOY/IAJIEHNs), AaBApUIIHOE OCBEIIEHUE JIECTHUYHBIX KJIETOK, BECTUOOJIEH, KOpHIOpOB,
3arpaJuTeibHbIe OTHA Ha KPOBJISIX 3/aHMi BhICOTONH 50 M Oosiee METpPOB, 3JIEKTPONPHEMHUKU
y3JI0B CBsI3H, Tenerpada, BOAONPOBOJHBIX U KAHATU3ALMOHHBIX CTAHLIUH.

e [ xaTeropusi: AIEKTPUUYECKHUE TyTOBBIE TIEYH, PEBEPCHUBHBIC TIPOKATHBIE CTAHBI, OOJILITHHCTBO
OCHOBHBIX LI€XOB B MAIIMHOCTPOUTEIBHOM, IIMHHOW, PE3MHOTEXHUYECKOM, ILIEIUIIOJIO3HO-
OyMa)XHOM, TEKCTUIBHON IPOMBIIUIEHHOCTH, pAJ YCTAaHOBOK LIBETHOW MeETalypruu,
oOorarurenbHble HaOpUKH .

e [II kareropus: BCIIOMOraTENIbHBIE IIPOM3BOACTBA, LIEXW HECEPUWHOIO IPOU3BOJCTBA,
HEOTBETCTBEHHBIE CKJIAbI U T.II.

[Tonstue "kareropus JI1" Mo HaZAEKHOCTH SIEKTPOCHAOXKEHUA" HE ClielyeT OTHOCUTH K
NOTPEOUTENIO B IIEJIOM, B TOM 4YMCIE K II€XaM, y4acTKaM, Koplmycam M T. A. OTO IOHSATUE
IPaBOMEPHO TOJBKO B OTHOLIEHMM HHAMBHIyanbHoro OIl. Jlns morpeburtens XapakTepHO
JMILb coueTaHue B paznuyuHbIX nponopuusax I kareropuii I, 11 u 111

HanexHocTh  3ieKTpocHaOXeHHsT MOTpeOuTeNiss  o0ecleyrBaeTcsi  BBINOJIHEHUEM
TpebyeMol cTeneHu pe3epBupoBanus. Js mpoaoinKkeHrus paboThl OCHOBHOTO ITPOU3BOJACTBA B
nocjeaBapuiiHOM pexxume Heobxoanma pabdota Bcex Oll, otHecennbix k I u Il kareropusim,
cienoBarenbHo nutanue 3tux Ol nomkHO pesepBupoBarbes. PesepBupoBars nutanue D11 111
Kateropun He TpeOyercs. [Ipu mpoexkTUpoBaHMM CieqyeT Ul KaKJIOro MOTpeOuTens
onpeAensiTh TpeOyeMylo CTeNeHb pPE3epBUPOBAHMS, PABHYIO OTHOILEHHUIO 3JIEKTPUYECKOU
Harpy3ku OI1, paboTa koTopbIx HeoOXxoauMa i poaonkeHus padotsl (D11 I u Il kareropwuit),
K CyMMapHOM 3JI€KTpUUECKON Harpy3Ku NoTpeOuTens.

3HadyeHne TpeOyeMoil cTeneHHM pe3epBUPOBAHMS I MPOMBIIIJIEHHBIX MNPEANpHITHR
MoskeT MeHsThes OT 1 (orcyrerByrot Ol III kareropuu, u nomxHO O6bITE 00ecnieueHo 100%-Hoe
pE3EpPBUPOBAHME NUTAHMS DJIEKTPUYECKONM HArpy3kd IIpM HaApyLIEHHAX B CHCTEME
anekTpocHadxenus) 10 0 (orcyrcrBytor OII I u Il kateropuii, u pesepBUpOBaHUE MUTAHUS
Harpy3ku He TpeOyercs). BeIOOp 37€MEHTOB cXeMbl 3JIEKTPOCHAOKEHUS, IPOU3BOUMBIH, Kak
IIPaBUJIO, IO JAHHBIM IIOCICABAPUHMHOIO pPEXHUMA, CIEIYET BBIIOJHATH BO BCEX CIIydasx
COIJIACHO TpeOyeMOi CTeNeHH pe3epBUPOBAHUS C Y4YETOM IEperpy304HO CHOCOOHOCTH
YCTaHaBIIMBAEMOTO 3JIEKTPOOOOPYAOBAHHUS.

HanexHOCTh 2JEKTPOCHAOXKEHUS MPOMBIIIJIEHHOTO MPEANpPHUITUS CO  CIOXKHBIM
HEenpephIBHBIM TexHojornueckum mnpoueccoM (HTII), TpeOyromum qiuteasHOr0 BpeMEHH Ha
BOCCTaHOBJIEHHE padoyero pexuMa MpU HapyLIEHUH CHCTEMBI  AIIEKTPOCHAOXKEHUS,
onpezensercs MOMHUMO TpeOyeMol CTeNneHU pPe3epBUPOBAHUS JJIUTEIBHOCTHIO IEpephiBa
NUTAHUS TPU HAPYIIEHUSIX B CUCTEME DIIEKTPOCHAOXKEHUS U €€ COMOCTABJIEHUEM C MPEETbHO
JOTTYCTUMBIM BpEMEHEM MepephIBa 3JIEKTPOCHAOKEHMSI, IPU KOTOPOM BO3MOKHO COXPAHEHHUE
HTII pannoro mpousBoncTBa. Ilpm HeBo3moxHocTH oOecnieuenus HTII nHeoOxomumo
OCYIIIECTBIISITh TEXHOJIOTUYECKOE pe3epBUpoBaHue. Pa3paboTka mpoekTa 3JIeKTPOCHAOKEHUS
npennpustus ¢ HTII gomkHa nponu3BOIUTHCSI COBMECTHO € SHEProcHa0KaroIIe opranu3aueit
W OpraHu3aluel, BBIIOJHAIOLIEH IPOEKTUPOBAHUE TEXHOJOTUU M TEXHOJIOTHYECKOU
ABTOMATHKH.



2. NOKA3ATEJIN HAJEXKHOCTHU

Eannnunbie moxazarean

OCHOBHOW KOJNUYECTBEHHON XapaKTePUCTHKOW O€30TKAa3HOCTH SIBJISICTCS BEPOSITHOCTH
0e30TKa3HOIi padoThl P(t), T.e. BEPOSTHOCTH TOTO, YTO B 33JIaHHOM WHTEPBajie BpeMeHH (WU B
npeenax 3aJaHHON HapaOOTKHM) TpU 33JaHHBIX YCIOBHSIX padoTe HE MPOU30MIeT OTKasa,
p(t)=P(T>t) (BeposiTHOCTH TOTO, YTO BpeMsi T OT MOMEHTa BKIIOYEHHS 00BEKTA 0 €ro OTKa3a
Oyner Oouibllie WJIM PaBHO BPEMEHU t, B TEUEHHE KOTOPOTO OMNPEICNSICTCS BEPOSITHOCTh
0e30TKa3HOM paboTHI).

Ha npakTuke 3TOT Mmoka3arensb ONnpeaesieTcs] CTATUCTUYECKON OIICHKOM

(t) _ N 0 _n(t)
p - N 1
0
rie No - 4YHCIO OJHOTHIHBIX OOBEKTOB (3JIEMEHTOB), IOCTABICHHBIX HA WCIBITAHUS

(HaxomsAmUXCcs TOJA KOHTPOJIEM); BO BpeMs HCIBITAHMH OTKa3aBIIMA OOBEKT He
BOCCTAHABJIMBACTCS M HE 3aMEHSICTCSI UCIIPABHBIM; N(t) - YHCIIO OTKAa3aBUIMX OOBEKTOB 3a BpeMs
t. M3 omnpeneneHus BepoSTHOCTH O€30TKa3HOW pabOTHI BHJHO, YTO 3Ta XapaKTEPHCTHKA
sBJsIeTCSl (PYHKIMEH BPEMCHHM, NPUYEM OHa SIBISCTCS YyObIBArOICH (QYHKIMEH U MOXET
MpUHUMATh 3HaueHus ot 1 1o 0.

BepositHocTh oTKa3a (HeHaxexxHocTh): ((t)=P(T<t). (BeposiTHOCTH OTKa3za ecTh
GyHKIMS pacnpeneneHus BpeMeHu padbotsl T 10 oTkaza)

pit) +q() =1

(DyHKI_II/Iﬂ HaJIC)KHOCTU CDyHKI_II/IFI HCHAJIC’)KHOCTH

HpOI/ISBO)IHaSI OT BCPOATHOCTH OTKa3a MO BPEMCHH C€CTH IJIOTHOCTH BCPOATHOCTH HIIN
I[I/I(I)q)epeHI_[I/IaHBHBII\/'I 3aKOH pacCrpeaciCHust BpEMCHU pa6OTBI 00BeKTa J0 OTKa3a

gty =290 _ 1)

dt
BeposiTHOCTH 0€30TKa3HON PabOTHI:

p(t) =1- tjf (t)dt

Hapa0oTka - npoJoKUTENbHOCTh WM 00beM paboThl oObekTa. HapaboTka moxer
OBITh KaK HENPEpPHIBHON BETMYMHON (TPOOIDKUTENBHOCTE pabOThl B dYacaX, KHJIOMETPax
npobera u T. 1.), TaK U LETOYUCICHHON BETUYUHON (YMCIIO pabounX HUKJIIOB, 3aIyCKOB H T. II.).
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PaznuuaroT moHaTHs HapaOOTKK 70 OTKa3a M HapaOOTKW MeXIy oTkazamu. HapaGoTka
JI0 OTKa3a - HapaboTKa 00BEKTa OT Hayalla SKCIUTyaTallluy 10 BOSHHKHOBEHHSI TIEPBOTO OTKAa3a.
HapaGotka Mmexny oTkazamMu - HapaboTka O0bEeKTa OT OKOHYAaHMSI BOCCTAHOBJICHUS €ro
paboTOCIOCOOHOTO COCTOSIHUS MOCIIE OTKA3a 0 BOSHUKHOBEHHSI CIIEAYIONIET0 OTKAa3a.

HapaGotka 10 oTka3za BBOAMTCS Kak JUIsi HEPEMOHTUPYEMBIX (HEBOCCTAaHABIMBAEMBbIX ),
TaKk ¥ JUII PEMOHTHUPYEMBIX (BOCCTaHABIMBAeMbIX) 00BeKTOB. HapaboTka MeXIy oOTKazaMu
onpenensiercss oobeMoM paboTel 0o0bekTa oT k-ro mo (k+l)-ro orkaza, roe k=1, 2 ... Dta
HapabOTKa OTHOCHUTCS TOJBKO K BOCCTAHABIIUBAEMBIM OOBEKTAM.

CpenHeii Hapa00OTKOM /10 0TKAa3a HA3bIBACTCS MAaTEMaTHYECKOE OXKHJaHHUE HApaOOTKH
00BbeKTa 10 EPBOT0 OTKa3a Ty

T = [t 0t

OTKYZa MOXXHO IMOJTYYUTb

Tope = wfp(t)dl‘ ,
0

T.€. CpeIHsisi HapabOTKa 10 0TKa3a paBHa Iuiomaau moja rpadukom p(t).
CraTucTudeckas OleHKa s cpeiHeii HapaOOTKH 70 0TKa3a ONpenensieTcs mo popmyie

1 &
TomK = th] '
0 j=1
riae No - uucio padborocrnocoOHbIx 00bekToB IpH t = 0 (B Havase HcHbITaHuA); tj - HapaboTka
JI0 OTKa3a j-ro 00beKTa. OTa (opMysa COOTBETCTBYET IUIAHY MCHBITAHHWH, TIPU KOTOPOM BCE
00BEKTHI UCIIBITHIBAKOTCS JI0 OTKa3a.
NHTEHCMBHOCTH OTKA30B - JTO YCJIOBHAs IUIOTHOCTh BEPOSTHOCTH BO3HHKHOBEHHS
OTKa3a 00BEKTa, omNpejessieMas MPU YCIOBHH, YTO JI0 PacCMAaTPHUBACMOTO MOMEHTAa BPEMEHU

OTKa3 HC HACTYIIUJIL:
A=

1-q(t)

CrarucTudeckasi OLleHKa MHTEHCUBHOCTH OTKA30B UMEET BUJL;
ap =)

cpi i
rae N(At) - 9mcino OTKa30B OJHOTUIHBIX OOBEKTOB Ha HHTepBaiie Atj, IS KOTOPOTro
onpenensercs A(t);
Nepi - urcio paboTocnocoOHbIX 00bekTOB B cepenune uaTepBana Ati, Nepi= (Nj + Ni+1 )/2;
Nj - unciio paboTOCIOCOOHBIX OOBEKTOB B HaUajle MHTepBaia At;;
Ni+1 - uncI0 paboTOCTIOCOOHBIX 0OBEKTOB B KOHIIE MHTEpBaIa Afj.

OO6paTHas cBsI3b BEPOSITHOCTH 0€30TKa3HON pabOThl C HHTEHCUBHOCTHIO:
t

- J'/z(z)dt
p)=e’

Cpennsisi Hapa6oTKa Ha 0TKA3

DTOT TOKa3aTellb OTHOCHTCS K BOCCTaHABIMBAEMBIM OOBEKTaM, MPH JKCIUTyaTalllH
KOTOPBIX JIOITYCKAIOTCS MHOTOKPATHO TIOBTOPSIFOIIMECS OTKa3bl. OKCIUTyaTalWsl TaKUX
00BEKTOB MOXKET OBITH OMKCaHa CIECAYIOIUM 00pa3oM: B Ha4adbHbI MOMEHT BPEMEHH OOBEKT
HAaYMHAeT paboTy W MPOJoJDKaeT padOTy 0 TEPBOrO OTKa3a; IMOCIe OTKa3a IMPOUCXOJIUT
BOCCTaHOBJICHHE Pa0OTOCIIOCOOHOCTH, U OOBEKT BHOBBL paboTaeT A0 OTka3a W T.J. Ha ocu
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BPEMEHH MOMEHTBHI OTKa30B OOpa3yIOT MOTOK OTKa30B, & MOMEHThI BOCCTAHOBJICHHH - MOTOK
BOCCTAHOBJIEHUU.

Cpennss HapaboTka Ha OTKa3 oObeKTa (HapaOOTKa Ha OTKa3) OIpeAeNsIeTcs Kak
OTHOIICHHE CYMMapHOW HapaOOTKH BOCCTAaHABIMBAEMOTO OOBEKTA K YHCIY OTKAa30B,

MPOMCHICIIINX 32 CYMMapHYI0 HapabOTKYy:
n
S
i=1

T =
OMmK n(l‘) y
rie tj - HapaboTka Mexay i-1 u i-M oTKazamu, 4; n(t) - cyMMapHOE YUCIIO OTKa30B 3a BpeM t.
I[TapaMeTp MOTOKAa 0TKA30B TaKXE XapaKTEePHU3yeT BOCCTAHABIMBAEMBIN OOBEKT U TIO
CTaTUCTHYECKUM JTAHHBIM OTIPEACIISICTCS C ITOMOIIBIO (POPMYITBI:

o(t) = n(t,) —n(t,) |
L, —1
rae n(t;)) u n(ty) - KOJMYECTBO OTKAa30B 00BEKTa, 3aMKCHPOBAHHBIX COOTBETCTBEHHO, II0
UCTECUYECHUHU BPEMEHU {1 U t).

Ecin wucnone3yrorcss naHHble 00 OTKa3ax 10  ONPEJIEIEHHOMY  KOJIMYECTBY
BOCCTaHABJIMBAEMbIX 00BEKTOB, TO

n(At,)
o(t) = ———,
N, - At,

rze N(At;) - KOTMYeCTBO OTKA30B 1O BCeM 00BbEKTaM 3a HHTEPBa BpeMeHH Af; ;

N, - KOTMYEeCTBO OJTHOTUITHBIX OOBEKTOB, YYACTBYIOIIUX B AKCIIEPUMEHTE (OTKAa3aBIIHIA
00BEKT BOCCTaHaBNUBaETCs, N, = const).

Boipaxenue st o(t) moxoxke Ha Bbipaxkenue it A(t) ¢ TOW UMb pa3sHUIIEH, YTO MPH
omnpenencHuu o(t) mpeanonaraeTcs MOMEHTAIbHOE BOCCTAHOBICHHE OTKA3aBIIero 00beKTa UiTH
3aMeHa OTKAa3aBIIETro OJJHOTUITHBIM pad0TOCTIOCOOHBIM, TO €cTh N, = const.

[TapameTp TOTOKa OTKA30B TMPEJACTaBIs€T COOOW  TUIOTHOCTH  BEPOSITHOCTH
BO3HUKHOBEHHS OTKa3a BOCCTaHABIMBAEMOro o00bekTa. OTKa3bl OOBEKTOB BO3HHUKAIOT B
ClIy4aliHble MOMEHTHI BPEMEHH M B TEUECHHE 3aJaHHOTO TEPHUOJIa IKCILTyaTallui HaOIt01aeTcs
NOTOK OTKa30B. CyIIeCTByeT MHOXECTBO MaTEMaTUYECKUX MOJENEd MOTOKOB OTKa30B.
Haubonee wyacto mnpu pemeHud 3amad  HAASKHOCTH DJIEKTPOYCTAHOBOK HCIOJIB3YIOT
MPOCTEUIINA TOTOK OTKAa30B - IIyaCCOHOBCKMM TIOTOK. IIpocTedmmii MOTOK OTKa30B
YAOBJIETBOPSET OJHOBPEMEHHO TPEM YCJIOBHUSM: CTAIMOHAPHOCTH, OPAUHAPHOCTH, OTCYTCTBHUS
MIOCJIEJCTBHSL.

Cmayuonapnocms  CIy4alHOro Ipouecca (BpeMEHHM BO3HHUKHOBEHHS OTKa30B)
O3HAYaeT, YTO Ha JOOOM MPOMEXKYTKEe BpeMeHH Alj BEpOATHOCTh BOSHUKHOBEHHS N OTKAa30B
3aBUCUT TOJBKO OT N M BEIMYMHBI NMPOMEXYTKa Atlj, HO He 3aBUCHT OT caBura At mo ocu
BpeMmeHu. CrenoBaTesbHO, IPU PABHBIX MHTEpBaiax Atj BEpOSITHOCTh MOSIBJIEHUS N OTKA30B I10
BCEM MHTepBajaMm Oy/ieT 0JIMHAKOBA.

OpounapHocms CIy4alHOTO TIPOIECCa O3HAYAET, YTO OTKAa3bl SIBJISIOTCS COOBITHUSIMHU
CIy4yallHBIMU U HE3aBUCUMBIMU. OpIUHAPHOCTh MOTOKA 03HAYAET HEBO3MOXKHOCTH MOSIBICHUS
B OJIMH M TOT K€ MOMEHT BpEeMEHH 00Jiee OJHOTO OTKa3a.

Omcymcmeue nocieocmeuss 03HA4aeT, YTO BEPOSTHOCTb HACTYIJIEHUS N OTKAa30B B
TEUECHUE TPOMEXKYTKa Alj HE 3aBHCHT OT TOTO, CKOJBKO OBLJIO OTKAa30B M Kak OHHU
pacnpeaensiauch A0 3Toro mpomexyrtka. CrenoBarenbHo, (GakT oTKaza JH00ro 3JaeMeHTa B
CUCTEME HE MPUBEAET K N3MEHEHUIO XapaKTePUCTUK (paboTOCIIOCOOHOCTH) IPYTHUX SJIEMEHTOB
CHCTEMBI, €CJIH 1K€ CUCTEMA U OTKa3aJia h3-3a KaKOr0-TO 3JIEMEHTA.
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OnpIT SKCIUTyaTalluy CIOXKHBIX TEXHUYECKMX CHCTEM IOKAa3bIBAaeT, UYTO OTKAa3bl IJIEMEHTOB
IPOMCXOJAT MTHOBEHHO M €CJIHM CTapeHHe 3JIEMEHTOB OTCYTCTBYeT (A = const), TO MOTOK
OTKa30B B CICTEME MOKHO CUUTATh MPOCTEUIITUM.

CrnyuaiiHpie COOBITHS, OOpa3yIONIUe MPOCTEUINUN TOTOK, PACIpPENeiICHBl MO 3aKOHY

Ilyaccona:
(4t)"

P, (1) ==
n:

rie Pn(t) - BepoATHOCTh BOBHUKHOBEHHUS B TEUCHHE BPEMEHH t POBHO N COOBITHH (OTKa30B); A -
napameTp pacrpeieseHus, COBIAIAIOUINNA ¢ TTapaMeTPOM IMOTOKA COOBITHIA.
Eciu npunsate n = 0, To monyuuM Oe30TKa3HOW paboTbl oOBbeKkTa 3a Bpems t Ipu

WHTEHCUBHOCTHU OTKAa30B A = CONSt :

e npun>0

At

pt)=e
Hepr,I[HO JOKa3aTrb, 4YTO €CJIN BOCCTaHaBJ'II/IBaeMHﬁ 06’beKT l'IpI/I OTC}’TCTBI/II/I
BOCCTAHOBJICHHMSI HMMEET XapaKTepUCTHKy A = const, TO, TpHaaBas OOBEKTY

BOCCTAaHABJIMBAEMOCTh, Mbl 00s3aHbI 3anucath © (t) = const; A = ®. DTO CBOWCTBO HIMPOKO
UCIIONIB3YETCS B pacueTax HaJeKHOCTH PEMOHTHUPYEMBIX YCTPOHCTB. B uacTHOCTH, BO MHOTHX
CllydasiX Ba)KHEWIIME IOKa3aTeld HaJAEKHOCTU O0OpYIOBaHMS 3JIEKTPOYCTAaHOBOK JAIOTCS B
IPENOI0KEHUH TPOCTEHIIMX MTOTOKOB OTKA30B U BOCCTAHOBJICHUH, Koraa A = o=1/T.

OKCIIOHEHIIMAJIbHBIN 3aKOH paclpeieleHus
HaubGonee wacto B pacderax HaJeKHOCTH IPUMEHSETCS SKCIIOHEHIMAIbHBIM 3aKOH

pacipeacieHus, Mo KOToOpomMy
f@O)=2e"

Torna

p)=e”, q@t)y=1-e*,
rac 7\, - HapaMeTp IIOTOKA OTKA30B.

MatemMaTuueckoe OKUAaHUE BpEMCHHA 0e30TKa3HOMI pa6OTH:

r=1
A

B o0rmiem citydae A 3aBUCHT OT BpeMeHH skcrnyaranuu: A=f(t).

MY
MY
g
o g
< 58
2 £ g
8 g 2§ e &
=] &0 o jes} e}
< O = =] =]
=" =2 oS = =
E = g g B
= = E = =
Tleprnon = 0 q
o - ~
HOPMAaJIbHOI
9KCIUTyaTallul
-
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B mpaktudecknx pacderax 0OBIYHO MCIIONB3YIOT CpeJHEE 3HAUYCHUE MapaMeTpa MOoToKa
OTKa30B, KOTOPOC MOJYYarOT MO CTATUCTHUYCCKUM HJIM TMACIIOPTHBIM AJaHHBIM, HAIpUMCP, 11O

CpeIHeMy BpeMeHHU HapaOOTKH 10 OTKa3a.
AHAQJIOTHYHO BEPOSITHOCTH Oe30TKa3Hoi pabotel P(f) xapakTepusyercss BEPOSTHOCTD

BocctaHoBeHUss 00bekTa (s(t)=P(T,<t) um BepositTHOCTH HeBoccTaHOBiIEHUS Pp(t)=P(T:>t),
UHTCHCUBHOCTH BoccTaHoBieHuUs Li(t).

Tor To2 Tos
T1 T, T3

tBl tBZ tB3

To — BpeMst MEXIY TTOCIIEI0OBATEILHBIMEI COOBITHSMH OTKa3a U BOCCTAHOBJICHHUSL.
T.k. uis snexTposHepreTryeckux cucteM 1,<<T, To A(t) ~ Q(t), rae Q(t) — cymmapHsrii
rapamerp MOTOKa OTKa30B (C y4€TOM BOCCTAHOBIICHHS).

Pecypc - CyYMMapHas Hapa60TKa 00BEeKTa OT Hayaja €ero IKCILTyaTalluu WJIK €€
BO300HOBJIEHUS [TOCTIC PEMOHTA A0 IEpexoaa B MpCaACIbHOC COCTOAHUC.

CpOK C.]Iy)l(ﬁbl - KaJICHAapHasd HOPOAOJLKUTCIIBHOCTh JSKCIUTyaTallukh OT Havalla
SKCILTyaTaluu 00BEKTa MIJIM €€ BO30OHOBIICHHUS IIOCJC PEMOHTA OO0 HEepcxola B MPCACIbHOC
COCTOSIHHC

[Tpumep omnpeneneHus nokasarenell HalexKHOCTU NPU HIKCHOHEHIIMATbHOM 3aKOHE
pacnpeneneHus
[TycTh 00BEKT MMEET 3KCIOHEHUIUAIbHOE PACIpe/ie]IeHe BpEMEHU BO3HUKHOBEHUSI OTKAa30B C
MHTEHCHBHOCTBIO OTKa30B A = 2,5 10 1/uac.
Tpebyercs BHIYMCIUTH OCHOBHBIE IOKA3aTeNN HAZeKHOCTH HEBOCCTAHABIMBAEMOI'0 0OBEKTA 3a
t=2000 ygac.
Pewenne.

1. BeposTHOCTb G€30TKa3HOM paboThl 3a Bpems t = 2000 yac paBHa

P(2000) = ¢ 251072 —0.9512
2. BeposTHOCTb OTKa3a 3a t = 2000 4 paBHa
q(2000) = 1 - p(2000) = 1 - 0,9512 = 0,0488.
3. BeposarHocTs 6e30TKa3HOI paboThl B nHTepBase BpeMenu oT 500 yac 1o 2500 vac npu

YCJIOBHH, YTO 00BEKT IpopadoTan 6e30TkazHo S00 4 paBHa
-2,5107°-2500

p(500;2500) = =0,9512

-2,5107°-500
e

4. Cpennsas HapaOOTKa /10 OTKa3a
1

= W =40000 gac.
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KoMIulekcHbIe MOKAa3aTeJId HAAEeKHOCTH

B ormmume ot CIAWHUYHOT'O IIOKa3aTciid HaACKHOCTU KOMILJICKCHEI MOKa3aTellb
HaACKHOCTH KOJUYCCTBCHHO XapaKTEPHU3YECT HE MCHCEEC [IBYX CBOﬁCTB, COCTAaBJIAOIIHNX
HaAC)KHOCTb, HAIPUMEP 0€30TKa3HOCTh U PEMOHTOIIPUTOAHOCTD.

Koy puuueHT roToBHOCTH - 3TO BEPOATHOCTH TOTO, YTO OOBEKT OKAKETCS B
paboTOCTIOCOOHOM COCTOSIHUM B TPOM3BOJBHBII MOMEHT BPEMEHH, KpPOMe IUIAHHUPYEMBIX
IIEpHOIOB, B TEYCHNE KOTOPHIX NMPUMEHEHNE 00BEKTa 110 Ha3HAUCHHIO HE TIPEyCMaTPHBACTCS .

JJ1s 0THOTO PEMOHTUPYEMOTO 00beKTa K03(h(PUIIMEHT TOTOBHOCTH

D Y/
T,

T
T +t,

Koad¢uimeHT TOTOBHOCTH 00BEKTa MOXKET OBITh TOBBIIICH 32 CYET YBEIHYCHUS
HapaOOTKU Ha OTKa3 M YMEHbBIIECHUS CpPEIHEro BpeMeHU BoccTaHoBieHHs. KoaddunueHt
TOTOBHOCTH SIBJIICTCS yIOOHON XapaKTePUCTHKON JUIsi OOBEKTOB, KOTOPHIC MPEAHA3HAYCHBI JIJIS
JUIUTETbHOTO (YHKIIMOHUPOBAHMSI, a PELIAIOT MOCTABJICHHYIO 33/ladyy B TE€YCHHE KOPOTKOTO
MPOMEKYTKa BpPEMEHHU (HAXOIATCS B IKAYIIEM pEXUME), HalpuMep, pelieiHas 3aluTa,
KOHTaKTHasi ceTh (OCOOEHHO MpPU OTHOCUTENBHO MAaJbIX pa3Mepax JABHXKEHUS), CIIOXKHAs
KOHTPOJIbHAS anmaparypa H T.J.

Ko3¢ppuumeHT BBIHYKAEHHOTO MPOCTOS - BEPOSITHOCTh TOTO, YTO B MPOU3BOJIBHBIN
MOMEHT BpeMeHH t 00beKT Oyzier B HepaboTocnocooHom coctostamm: K =1-K; .

Koy puuneHnT onepaTuBHON rOTOBHOCTH — BEPOSTHOCTH TOTO, YTO OOBEKT OKAKETCS
B pabOTOCIIOCOOHOM COCTOSSHUU B MPOU3BOJIBHBII MOMEHT BPEMEHH, KpOME IJIaHHUPYEMbIX
MEPUOJIOB, B T€UEHHNE KOTOPHIX MPUMEHEHNE O0BEKTA IO Ha3HAYCHHIO HE MPEAyCMaTPUBACTCH,
¥, HaYMHas ¢ 3TOr0 MOMeEHTa, OyJeT paboTarh 0€30TKAa3HO B TE€UEHHE 3aJaHHOTO MHTEpBaia
BpeMeHU T:

IIput —

kF

—Ar
Kop =k, €77

KoygppuumeHT TEeXHHYECKOr0 HCMOJL30BAHUS - OTHOIICHHUE MaTeMaTHYECKOTO
OXXKUJaHUSI CYMMapHOTO BpPEMEHHU MpeObIBaHUs O0BEKTa B PabOTOCIIOCOOHOM COCTOSIHHH 3a
HEKOTOPBIA IMEPHOJT IKCIUTyaTallil K MaTeMaTHYeCKOMY OKHIAHUI0 CYMMapHOTO BPEMEHH
npeObiBaHusl 00BeKTa B PAOOTOCIOCOOHOM COCTOSSHUM U TMPOCTOEB, OOYCIOBIECHHBIX
TEXHHYECKUM  OOCITy’)KHBaHHEM, T.€. IUTAHOBBIMH  OTKJIFOUCHUSMH H  PEMOHTOM
(BOCCTaHOBIIEHHEM) 32 TOT )K€ MEPHO;

IIpumepsbl TpeGOBaAHMIA K HAIEKHOCTH 3JIEMEHTOB CHCTEM 3JIeKTPOCHAOKEHU S
Jiis cuinoBeIX TpaHC(OPMATOPOB YCTAHABIMBAIOT CIEMYIOIINE IMOKA3aTeNd HaJICKHOCTH
(TOCT 11677-85 «Tpancdopmaropsl cuitoBbie. OOIINE TEXHHUECKUE YCITOBHS):
e yCTaHOBJIEHHas 0e30TKa3zHas HapaOoTka — He MeHee 25000 u;
® BEpOSATHOCTH O€30TKa3HOU paboThl 32 HapaboTKy 8800 ¥ — He MeHee 0,995;
®  CPOK CITy>KOBI JIO TIEPBOT0 KaUTaJIFHOTO pEeMOHTAa — HE MeHee 12 jert;
® TOJHBIN CPOK CIyKXObl — He MeHee 25 JieT.
Hns tpanchopmaropoB Toka u HampspkeHus (IOCT 1983-2001 «Tpanchopmatopst
HanpspkeHus. OOmme Texauueckue yciaoBusi» u 'OCT 7746-2001 «Tpancdopmaropsl TOKa.
OO0111e TeXHUYECKHUE YCIOBUS»):
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cpenHsisi HapaboTKa A0 OTKa3za JobkHa ObiTh yctadHoBiena mo ['OCT 27.003
(«Hagexxnoctr B TexHuke. CoctaB u oOmme mpaBuia 3adaHus TpeOOBaHUU 11O
HAJEXKHOCTH») M yKa3aHa B CTaHJapTax Ha TpaHC(POPMATOPbl KOHKPETHBIX THUIIOB;
CpenHull CpOK CIIykObI TpanchopmaTopoB — 25 Jier;

TpeOOBaHUS IO PEMOHTOIPHUTOJHOCTH [OJDKHBI OBITH yKa3aHbl B CTaHJapTax Ha
TpaHchOopMaTOpbl KOHKPETHBIX THIIOB.

PACUYET IOKA3ATEJIEA HATEXKHOCTH C3C

IIpu mociaenoBaTeIbHOM COSAMHECHUM 3JIEMEHTOB CHCTEMa pa60Tocnoc06Ha TOJIBKO B

TOM clly4dae, Korja paboTocrnocoOHbI OJJHOBPEMEHHO BCE JIEMEHTHI. BeposTHOCTh 0€30TKa3HOM
paboThl CUCTEMBI KaK MPOW3BEICHUE HE3aBHCHUMBIX COOBITHI OIpeNesseTcs] MPON3BEICHUEM
BEPOATHOCTEH O€30TKa3HOM pabOThI BCEX €€ AIEMEHTOB:

P1 p2 05!
[ | [ | [ ]
1 | 1 | 1 |
N
P= Hpi
i=1
BeposTHOCT 0TKa3a CHCTEMBI:
N
Oo=1-1]nr
i=1
T.x. mpu Aj=const
— it
p(t)=e ™,
TO
N
_{Z&_ ]'l‘
P=e "

N
Z A, = A - THTEHCHBHOCTb OTKa30B CUCTEMBI, cocTosmel n3 N mocnenoBaTenbHbIX

i=1

9JICMCHTOB.

IIpu mapajyIeIbHOM COCAUHEHHHU OTKa3 CUCTEMBI MMPOUCXOOUT B CIIydac OTKa3a BCEX

9JICMCHTOB, T.C. BEPOATHOCTL OTKa3a OIPCACIACTCS NPOU3BECACHUEM BepOHTHOCTeﬁ OTKa30B
BCEX JJICMCHTOB!

CCMHI.

BeposTHOCTH 6€30TKa3HOM paboTHI:
N N
P=1-Q=1-JJa, =1-]]C-p)
i=1 i=1

HpI/I CMCIIaHHOM COCAMHCHHNH BBIIIOJHACTCA ITOCICI0OBATCIIBHOC Hp606p330BaHI/IC

[Ipumep 1.

P23 P = P2Ds
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P =1—].:[qi =1-(1- pl)(l— pza) =1-(1- pl)(l_ P, pa)

[Ipumensisi mocieoBaTeNbHbIE MPEOOpa3OBaHUA MOKHO PACCUUTATh BEPOSTHOCTH
0€30TKa3HOM pabOThI CUCTEMBI AIEKTPOCHAOKECHHUS.

[Ipumep 2.

PaccunTtath BepOSTHOCTH 0O€30TKAa3HOW pPAaOOTHI ST CUCTEMbI 3JIEKTPOCHAOKEHHUS,
cXeMma KOTOpOil ImpecTaBieHa Ha pucyHKe. [IJig mUTaHus 31eKTPONPUEMHUKOB 0COOO0M TPYIIIIbI
IIEPBOM KAaTErOpHM HaJCKHOCTU B CUCTEME NPEAYCMOTPEH TPETUM HE3aBUCHUMBIA MCTOYHUK —
nu3enbHast dnektpocTtaniys (IC), reneparopsl KOTOPoH moakirodeHsl k muHaMm 3PY 10 kB
[TII. [ns S7IeKTpONPUEMHHUKOB OCOOOW TPYNIBl IMEPBOM KaTErOpUH, HE JOMYCKAIOLIMX
pa3pplBa KpPUBOM  HalpsDKEHHUs, MPEIyCMaTpPUBACTCS  aBTOMATU3UpPOBAaHHAs  CUCTEMa
rapantupoBanHoro 3ekrponutanus (ACI'TI), mogkmtouennas k mmnaam 0,4 kB TII.

3Ha4yeHus TapaMeTpa MOTOKa OTKA30B JJIs 3JIEMEHTOB CXEMBbI TPUBECHBI B TAOIHIIE.

HaumenoBanue o0bexkTa A, 1/ron
Passenuuaurens 35 xB 0,008
MacisHbli BeIKIIFouaTelb 35 kB ¢ P3A 0,01
Macisasiil Beikirouarels 35 kB ¢ P3A u | 0,208
ABP

Tpanchopmarop 35 kB 0,02
Macagusii Beikarouatens 10 kB ¢ P3A 0,035
Macisabiii Beikirouarens 10 kB ¢ P3A u | 0,233
ABP

IIune! 10 kB 0,015
Ka6ens B 3emite (Ha 1 xm A=0,07) 0,0357
Beixmrouarens Harpysku 10 kB 0,015
Tpauchopmarop 10 kB 0,011
ABTOMAaTHUYECKUN BBIKIIFOYATEID 0,025
Arperatr ACI'TI 0,0324
Arperar JI2C 0,026
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¥ i=510
20
21
22 23
O34 28
[ 24
¥ AAIVIVE ATV LETERARITY 25 AQTT

ITo cxeme anekTpocHab)eHus s pacueTHoi Touku (mmwmH 0,4 kB TII-3) cocraBisiem
CXeMy 3aMeIIEHUs 10 HaJeKHOCTH. 3aTeM IIyTeM IOCJIEI0BATEIbHBIX 3KBUBAJICHTHBIX
npeoOpa3oBaHuil cxeMa MPUBOAUTCS K OJHOMY 3JIEMEHTY, CBA3BIBAIOIIEMY MCTOUYHUK MTUTAHUS
W pacyeTHyI TOYKy. B pe3ymbrare mojiyuaeM BepOSITHOCTh O€30TKa3HOM paboThI
P=P,3=0,999891, mapameTp motoka oTkazoB A=A ,3=0,000199 1/rox.



Oranm 1

o

P1=0,992032

P1
p, =e """ =0,992032

|_|

P2=0,990050 P2 p, =e """ =0,990050

Ps Py =Py = Ds = p, =0,992032

P4 Ps=0812207  Ps

|_|

P, =P, P, P; =0,992032-0,990050 - 0,992032 = 0,974335
unu
pfl — e—(h+iz +A) _ @(0,008+0,01+0,008) _ 0,974335

ps = e 1 =0,812207

H
| e

1

)28

Ananoeuuno

i=e]]

pn _ e—(0,008+0,01+0,008+0,008+O,208+0,008) _ 0 7116167
ol T =V,

p,=1-(1—-p,) -@—p%,)=1—(1-0,874335) - (1—0,7116167) = 0,994323
A, =0,0121674

=
A

Jran 2 p;z _ p;,z _ e—(431+;u7+48+49) —0,9271

o, Pl = ply=e ) =0,040823

P>1=0,994323

P7=0,980198

Ps

Ps=0,965605

"
p32

S L e
1

Po=0,085112 P

P7 Pl )28
P10
|i:|

P10=0,792153 ' "

P16=0,965605 P16

|_|
|_|

P, =1-[1-(@1-p’,)A- p;)]x
P17=0,974335 P17 A-A-@Q-p.,)A-p) - p,]=0,999088

I I A,, =0,003012

16
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Oran 3

P52=0,999088

P18=0,965605

P19=0,964929

P20=0,985112

P21=0,98906

P22=0,975309

I o N N N

E P23=0,975309 I

1

T

P24=0,975309

P25=0,968119

1

T

p92

Pis

P19

P20

P21

P22

P24

P2s

’

F)Q3 = p;’3 — e’(/lu2*’1‘15+A’19+A’20+/i‘21+/l’22) — 0,884604

plo=pll=e ") =0,944215

T

"n

p33

”
p EX] p33

"
23

P,s =1-[1—0—pl)A— pL)]x
L-Q-@Q-p)A—p)- ps]=0,999801
A,5 =0,000199
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PACYET IMIOKA3ATEJEN HAJIEXKHOCTH C YYETOM BPEMEHHU
BOCCTAHOBJIEHUA

ITocaenoBateibHOE COeTUHEHHE 3JIEMEHTOB

s cnyqast A(t)= o(t) = A= const cpeanss yactora (MHTEHCUBHOCTD) OTKAa30B

=22

Pt)=e 2"

BepositHOCTh 0€30TKa3HOW PabOTHI

BeposiTHOCTB OTKa3a

Q) =1-¢">"

Cpennee Bpems 6€30TKa3HON pabOTHI

1 1
T = = —
) ﬁ‘c Z ﬂ'i
Cpennee BpeMsi BOCCTaHOBJICHUS
Z ﬂ’ i tei
t(s’C ==
A

c
SABJIACTCSA MAaTCMATUUCCKUM O KHAAHUEM BPECMCHH BOCCTAHOBJICHU A, B3BCIICHHLIM I10 YaCTOTC
OTKa30B N MNOCJIEA0BATCIbHO COCAUHCHHBIX DJIEMEHTOB.

[Tpumep. OmnpenenuTs NoKazaTeau HAAC)KHOCTU CUCTEMBI, COCTOSIIICH U3 TISATH
[IOCJIEI0OBATEILHO COEIUHEHHBIX DJIEMEHTOB:

M=0,50 rom* t,=16,0 u;
A »=0,32; t;,=8,0 ;
13=0,30; t,3=6,0 ;
14=0,64; t,4=12,5;
A5=0,001; t,5=15,0 ;

Pemenue. YactoTa 0TKa30B
A, = Z ﬂi =0,5+0,32+0,3+0,64 +0,001=1,761 200™

Cpennee BpeMsi BOCCTaHOBJICHUS

_05-16+0,32-8+0,3-6+0,64-12,5+0,001-15
* 1,761

Cpennee Bpems 6€30TKa3HOM pabOTHI

i =0,568 nem wumu T, =0,568-8760 =4974 u.

T, =
1,761
BepositHocTh 6€30TKa3HOM pabOTHI cUCTEMBI 3a t=1 To1
P({t)=e"""* =0172

BeposiTHOCTB OTKa3a cucteMsl 3a t=1 roa

Q(t) =1-0172=0,83

=11,57 u.

18
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Hapa.lmenbﬂoe COCIMHECHUC 3JICMCHTOB

JlJ1s CTPYKTYpBbI, COCTOAIICH U3 IBYX MapajljieIbHO COeAMHEHHBIX AIEMEHTOB 1 u 2,

YaCcTOTa OTKA30B
A= A A, ‘(tgl +t32)

WIn
ﬂ’c ~ ﬂl ) ﬂz ) (tel +t32)/8760’

€CJIM 3BHaYCHUA HMCIOT pa3sMCPHOCTH l/FOI[, at,-uyac.
Cpez[Hee BpCMs BOCCTAHOBJICHUA

_ tel ) t62
tel + t32

Januple  ¢opMysibl  NPUMEHMMBI U OHpEJeNeHHMs  IoKas3aTreiled  HaJle)KHOCTU
BBICOKOHAJIEKHBIX CTPYKTYP, T.€. TAKUX, /U KOTOPBIX COOII0AeTCs YCIOBUE

8c

T, :i>>t6max

min
max

[pumep. Jlana cuctema, cocTosIIas U3 AByX MapauieIbHO COSTMHEHHBIX JICMEHTOB,
M=1,2 rox 1 st =16 u;A=2,7 Ton 1 ; ts1 =6 4. TpeOyeTcst onpenenuTb HaJIeKHOCTh CUCTEMBI.
Pemenue. [lepeBeieM pa3MepHOCTh YaCTOThI OTKA30B B gt
A1= 1,2/8760=137*10°u*;
1 ,=2,7/8760=308*10° 4.
®opMyIIbl MOTYT OBITH UCTIOIB30BAHBI B Pacu€Tax, MOCKOJIbKY

tgmax :tgl =16 <<Tmin = i = i = % :3247
A, 308-10

max
YacToTa 0TKa30B

J, =137-10°308-10°° - (16 + 6) = 92810 %y "

A, =928-10°y*-8760 =813-10°200""

Cpennee BpeMsi BOCCTaHOBJIEHUS

t = 16-6 _ 436,
16+ 6
Cpennee Bpemst 6€30TKa3HOM pabOTHI
T, = #_9 =1077586 u =123 200a
928-10

BepostHocTh 0e30TKka3HON paboThl CUCTEMBI 3a t=1 roj
P(t) =e % —0,9919.
BeposiTHOCTB OTKa3a cuctemsl 3a t=1 roj
Q(t) =1-0,9919 = 0,0081
Koadduiment roroBHOCTH

_ 1077586
71077586 + 4,36

= 0,999996
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MMUHHUMAJIBHBIE CEYEHU S

Cy11ecTBYIOT HEKOTOpbIE TPYHIbl 3JEMEHTOB, OJHOBPEMEHHBIH OTKa3 KOTOPbIX
MPUBOJIUT K Pa3phIBY BCEX MyTEH, CBA3BIBAIONINX BXOJI U BBIXOJ CTPYKTYphl. Habop aieMeHTOB,
OTKa3 KOTOPBIX MPUBOAMUT K OTKa3y CTPYKTYpHI (T.. pa3pbiBy BCEX CBS3eHd MEXIY BXOAOM H
BBIXOJIOM) B TEOPUU HAJEKHOCTH Ha3bIBaeTCs ceueHueM. Eciu BBISIBUTH BCE CEUCHMS,
collepKallrecss B HCCIEAYEeMOW CTPYKType, W ONPENeNIUTh UX HaJIeKHOCTh, TO MOKHO
ONpPEJIETUTh HAZC)KHOCTh BCEU CTPYKTYPHI.

B cTpykType, npencraBieHHON Ha pUC., CEYEHUsT 00pa3yroT Habopkl AneMeHToB: 1,2; 3.4;
1,25;134;145;234;235;345;1,2,3,4;1,2,35;1,24,5; 2,3,45;1,2,3,4,5.

Cpenu MHOXECTBa CEYEHHI CIIOKHBIX CTPYKTYP UMEIOTCS TaKHe, KOTOpble 00pa30BaHbI
MUHUMAQJIBHBIM HAa0OpPOM 3JIEMEHTOB — JTO MHHHMAJbHBIC cedeHHs. [l CTpyKTyphl,
MPEJCTAaBICHHON Ha pHC. MUHUMAIbHBIMH cedeHHsMH sBisitotes 1,2; 3.4; 1,45; 2,34
JleiicTBuTenpHO, €civ B JIOOOM M3 3TUX HAOOpOB yOpaTh XOTsSI Obl MO OJHOMY 3JIEMEHTY,
ocTaBIIuiics HAOOp yke He OyeT CeUeHHUEM.

B Teopun HaAEKHOCTH BBITIOJHEHBI HWCCIICIOBAHMS, KOTOpPBIE JIOKA3BIBAIOT, YTO
HAJEKHOCTh MOCIIE0BATEIFHO COCTMHEHHBIX MUHUMAIBHBIX CEUEHUN CTPYKTYpPHI ONpEAesieT
HIDKHIOIO TPaHMILY €€ HaJeKHOCTH. [IpudemM, deM HaJle)KHee HIEMEHTHI, BXOSAIINE B CHCTEMY,
TEM TOYHEE HAJIeKHOCTh COBOKYITHOCTH MHUHUMAIBHBIX CEYCHHUUH S OTpakaeT HaJIeKHOCTh
BCcel CTPYKTyphl. CUHTaEM C JIOCTATOYHON CTEIEHBIO TOYHOCTH, YTO JUISI BBICOKOHAJICHKHBIX
CTPYKTYp Ipu COOTIOJICHUH COOTHOIICHUS

Ztei << Tmin

ieS
HAIEKHOCTh MOCIEA0BATENLHO COSANHEHHBIX MUHUMAIBHBIX CEUYEHHUH SIBIISIETCS HAAEKHOCTHIO
BCEU CTPYKTYPHI.

Takum 00pazoMm, MPHUBEACHHYIO HAa PHUC. CTPYKTYPY MOXKHO MPeoOpa3oBaTh B CXEMY
MOCJICIOBATEIPHO COCAMHCHHBIX MHHUMAIBHBIX CEUEHUH, KaKI0€ M3 KOTOPBIX SBISETCS
napauieTbHBIM COSTMHEHUEM.

A.B.[lemypa. Jlekuuu no Teopun Haie)KHOCTU



21
METO/, C UCIIOJIb30BAHUEM ®OPMYJIbI IOJITHON BEPOSITHOCTH

[To ¢opmysie MOJIHON BEPOSITHOCTH OIpeaeseTcs: BepossTHOCTh P(A) cobbitus A mpu
U3BECTHBIX YCJOBHBIX BeposiTHOcTsiX P(A|H;) HacTymieHus coObITHs A M U3BECTHBIX
BeposTHOCTsX rumore3 P(H;)

P(A) =Y P(AHH,

C nmomomipio (GOpMyIIbl TIOJTHON BEPOSTHOCTH MOXKHO HPEICTABUTH CIOKHYIO CXEMY B
BUJIC SKBUBAJICHTHOW MOCJIEI0BATEIbHO-TIAPAJUICTBHON. PaccMOTpUM OCHOBHYIO HZICIO 3TOTO
cnocofa Ha HpUMEpe KOHKPETHOM cXeMmbl 0e3 yueTa MpeAHAaMEpEeHHBIX OTKIIIOYEHUIN
HIIEMEHTOB.

@dopmyna MOJHOW BEPOATHOCTH JJsl OIpPENCNICHUs HaIeXKHOM paboThl CXEMBI
UHTEPIPETHPYETCs CIeNyIomuM 00pa3oM. BeposTHOCTH m0060r0 coObITHS (B HalleM cilydae
paboThl CUCTEMbI OTHOCUTEIBHO Yy3J1a) BBIUMCIIAETCS KaK CyMMa IPOU3BEJCHUN BEpOSITHOCTEN
HECOBMECTHMBIX THIIOTE3 (B KaueCTBE TMIIOTE3bI pacCMaTpUBAIOTCS JIMOO pabora, MO0 OTKa3
J000TO AJIEMEHTa) U BEPOSATHOCTH COOBITHS (T.€. padOThl OCTABIICHCS YACTH IICTH) MPH ITOH
THITOTE3E.

[Ipumensss Gopmyily IMOJHOW BEpOATHOCTH K PAcCyeTy BEPOATHOCTH O€30TKa3HOMH
paboThl T000# CXeMbI, MOXKHO C(HOPMYITHPOBATH TaK HA3BIBAEMYIO TEOPEMY Pa3IOKEHUsS Ha
MHOXHTEIH. HaleXHOCTh 1enu ¢ U30BITOYHOCThIO paBHA IPOU3BEICHHUIO BEPOSTHOCTH
0€30TKa3HOM PabOTHI i-TO0 JJIEMEHTA IeT Ha BEPOSITHOCTH 0€30TKAa3HOM pabOThl OCTaBIICHCS
nenu (Mecra MOAKIIOYEHHS 1-TO 3JEMEHTa 3aMKHYThl HAKOPOTKO) IUIIOC IPOU3BEACHUE
BEPOSITHOCTH OTKa3a TOTO XK€ 1-T0 JIeMEHTa Ha BEPOATHOCTh OE30TKAa3HOM paboThI OCTaBIICHCS
Henu (Mecra MOAKIIOYEHHUS 1-TO 3JIEMEHTa Pa3OMKHYTHI), T. €. JUIS BBIJEJICHHOIO B CXEMe
AIIEMEHTA PACCMATPUBAIOTCS JIBE HE3aBUCUMBIE TUTIOTE3bI.

PaccmoTpuM Ha npumepe MOCTHKOBOM CXeMbl (CM. pHC.) NPUMEHEHHE TEOPEMBI
pa3ioKeHus, a CIeJIoBaTeNbHO, W (OPMYIBlI TIOJHOW BEPOSTHOCTH [UIS ONpEACTICHHS
nokaszarejae HaJeKHOCTH CIOXKHBIX cXeM. OTKa3bl Y3JO0BbIX HYHKTOB HE YYHUTBIBAIOTCS.
OTHOCHTENBHO JFOOOTO  dDJEMEHTa CXEMBl MOXHO PAacCMOTPETh JBE HECOBMECTHUMBIE
TUIIOTE3bI: paboTa ¢ BEPOSTHOCTHIO P M OTKa3 €ro ¢ BEPOSITHOCTHIO (.

[

B kadectBe Takoro nsieMeHTa BbIOMpaeM 3neMeHT 5. Torma, mpUMEHSsI Teopemy
pa3IoXKEeHUs,, HETPYIHO CBECTM MOCTHKOBYIO CXEMY K CyMME JABYX LEINEH: MapajielbHO-
MOCJIEZIOBATENbHON U TOCIIEI0BATEIbHO-TIApAJIICIbHON (PHUC.), METOABl pacdyera KOTOPBIX
XOpOIIO pa3pabOTaHBI.



Ps *p < > *+ Qs °p

Puc. quarpamma, wumrocTpupyromas MpUMEHEHUE TEOPEMbI PA3JI0KEHUSA JJISI CXEMBbI
THUINA «MOCTUK»

BeposTHOCTh 6€30TKa3HOM PaOOTHI ATOW CXEMBI.

P = ps(1-0102)(1-0304) + gs(1-p1p3)(1-p2pa)

B srom Beipaxennu (1-0102)(1-0304) — BEPOATHOCTh 0€30TKA3HOUW pPabOTHI CXEMBI IIPU
nepBoil rumore3e — Oe30TKasHOW pabore smementa S5; a (1-pips)(1-p2ps) — BEpPOSATHOCTH
0€30TKa3HO# PabOThI CXEMbI MMPHU BTOPOW THUIOTE3€ — OTKAa3e JJIEMEHTa 5; Ps — BEPOSITHOCTh
IIEPBOM THIIOTE3BI; 5 — BEPOSITHOCTh BTOPOU THIIOTE3BI.

dopmyna MOJHOH BEPOATHOCTH M OCHOBAaHHAs Ha HEHl Teopema pas3lIoKCHUS Ha
MHOKHTEIIH WTPAIOT OOJBIIYI0 POJIb MPU AHAIM3E HAICIKHOCTH CIOXKHBIX CXEM, MOCKOJBKY
MO3BOJIAIOT CBECTH JIIOOYIO CIIOKHYIO CXEMYy K COBOKYITHOCTH 3JIeMEHTapHbIX. Ilpuuem B
CIIOXKHOU CXEeME ATy TEOPEMY MPUXOIUTCSI IPUMEHSITH MHOTOKPATHO.

Mero OLEHKH HAJAEKHOCTH, OCHOBAaHHBIA Ha (QOpMyJe TOJHOW BEPOSTHOCTH,
JIOCTATOYHO yI00€H, MPOCT U HATJISIICH B pacyerax qaxe 0e3 npuMeHeHuss JBM OTHOCHTETBHO
He OOJIBIINX 10 00BEMY CXEM C HEOOJBIIMM YHCIOM BETBEHl M y37I0B, K KOTOPBIM MOXXHO
OTHECTH CXEMBI BHYTPU3ABOICKOTO 3JIEKTPOCHA0KCHUSI.

JInst cXeMbl CIIOKHOM KOH(UTypaluu peanu3aiiis 3TOr0 METOAa C HCIOJIb30BaHHEM
OBM 0CII0KHSETCSI BHIOOPOM 3JIEMEHTOB, OTHOCHTEILHO KOTOPBIX TIPOU3BOIUTCS Pa3IOKECHUE.

(u3 xauru Bomkos H. I'. HagexxHocTh anekTpocHaOxeHus. Y4eb. mocodue/ Tom. momurex. yHT. — ToMCK,
2003.-140¢c.)
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YUET NIPEJHAMEPEHHBIX OTKJIIOUEHUI

IMocaenoBareabHOE COCIMHEHHE DJIEMEHTOB

Ecmu npeaAHaMCPCHHBIC OTKIIOYCHHA CUUTAThb HE3aBUCUMBIMU CO6BITI/IHMI/I, TO A
MMOCJICAOBATCIIbHO COCAMHCHHBIX 3JICMCHTOB 4YaCTOTa MPECAHAMCPCHHBIX OTKJIIO‘ICHI/II;'I, KaKk Hu
qacToTa OTKa30B, COOTBETCTBYET CYMMCE IIPEAHAMEPCHHBIX OTKJIFOUCHUH 3JIEMEHTOB

Ae =D A

Zﬂ“m 'tUi

tHc:/l—,

Ilc

IIPU CpeIHEM BPEMEHH 00CTy>KUBaHUS

rae Agi, Ui - mOKa3aTenu npeqHaMEpEHHBIX OTKIIIOYEHMI i-ro dIeMeHTa.

OnHako MpH pPEMOHTE H3JEKTPOOOOPYAOBAaHUS OOBIYHO OTKIIIOYAKOTCS HECKOJIBbKO
B3alMOCBS3aHHBIX JIEMEHTOB, Hanpumep, JIDII u noHusuTenpHAs MOACTAHIUS, MUTAIOIIASICS
0 JaHHON JIMHUM, TpaHchopMaTOp M ULIMHBI pacHpeaycTpoicTBa. OTO O3HAYAET, 4YTO
CyMMapHasi 4acToTa IpPEJIHAMEPEHHbIX OTKIIOYEHHH I[EMOYKM MEHBIIE CYMMBbI YacTOT
OTJEJIbHBIX 3JIEMEHTOB.

OauH u3 2JIEMEHTOB LEMOYKH, KOTOpBIM Yalle OTKIIOYAeTCs, Ha30BeM Oa30BbIM, a
OTHOCHUTEJIBHYIO 4YacTOTy HpPEJHAMEPEHHBIX OTKIIOUYEHUH OCTaJIbHBIX 3JIEMEHTOB IO
OTHOIIEHHUIO K 0a3oBoMy — Kod(¢uimenToM coBmnageHus. CTaTHCTUYECKA OH OIPENeNsIeTcs
Kak

Kiss = mi/6(t)/ Mi(t),

riae Mij; - 9UCIIO MPeJHAMEPEHHBIX OTKIIFOYCHHUH I-T0 3JIeMEHTa, MPOU3BEICHHBIX COBMECTHO C
peTHaMEPEHHBIMH OTKITIOYCHHISIME 0a30BOTO 3JIEMEHTA, 33 TIepHo t;
M; - o01iiee YKciI0 MpeTHaMEPEHHBIX OTKIFOUCHUH I-T0 3JIeMeHTa.

C yderoM koddduIMeHTa COBMAACHUS sl IEMOYKH TOCIEIOBATEIBHBIX JIEMEHTOB
4acToTa MPeAHAMEPEHHBIX OTKIIOYSHHIA

n
/lnc - ﬂ’n6 + Zﬂ’m(l_ ki/6) ,
i=1,i=6
cpenHee BpeMs 00CTyKUBaHUS

ﬂ”n6 .tn6 +ﬂ‘nmax (tnmax _tn6) + Zﬂ"m’ .tm' (1_ I(i/6)

t = i=1,i%6

nc ﬂ,

nc

e Ans u {5 - acToTa penHaMepeHHEIX OTKITIOUEHNI U cpeHee BpeMs 06CTyKUBAHHUS
0a30BOro PJIIEMEHTA;

/1nmax n tnmax - TO 7K€ 3JICMCHTA LCIIOYKH, Y KOTOPOI'0O MAaKCUMAJILHOC BPEMA OGCHy)KI/IBaHI/I}I; n
- YHUCJIO 3JICMEHTOB B IICIIOYKE.

[MapajuiesbHOE cOeTUHEHUE

HpI/I napamiCJIibHOM COCIUHCHHUU B ClIy4dac MpPOCTOA OJHOIO M3 3JIEMCHTOB, HEBAXHO,
10 KaKoit IMpUYUHE, BTOpOﬁ 9JICMCHT HC BBIBOJAHTCS U3 paGOTBI.
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Bo3MoxeH ciydaid, Korja OuH 3JIEMEHT MPOCTAUBAET, a BTOPOM — OTKa3bIBaeT. B aToM
ciy4ae, eClIM CHCTEMa COCTOMT M3 JIByX NapajuieibHbIX 3JIEMEHTOB, OHA OTKa3bIBaeT. YacroTa
OTKa30B TOI/Ia MIPE/ICTABIISETCS B BUJIE TPEX ClIaraeMbIX

A=+ +2
rae

A= A4 '(tel "‘tez)
/1, = 21 .Z’nZ "n2
/1, - 22 .ﬂ’nl “nl

T.€. CKJIQJIbIBACTCS U3 CIICAYIOIINX BO3MOXKHOCTEH OTKa3a OJHOIO 3JIEMEHTAa BO BPEMs IPOCTOSI
0

Jpyroro u3-3a otkasa (L), oTkasza 1-ro Bo Bpems MJIAHOBOTO IpocTosi BToporo (A’) u oTkasa 2-

r'0 BO BpeMsI IUTAHOBOTO MPOCTOs riepBoro ().

OCHOBHBIE ITOJOXKEHUSA TABJIMYHO-JIOT'MYECKOI'O METOJA

PacueT Hafie)KHOCTH TaOJIMYHO-JIOTUYECKUM METOJIOM BKIIFOYAET CIIEAYIOLINE ITAIIbI:

1. 3apaercsa pacueTHoe Bpems t,, HAIpPUMEpP, STO MOXKET OBITH TOJ WM IIOJIHOE BpEMs
9KCIUIyaTallMi CXEMbI AIEKTPUUECKUX COCTUHEHHH.

2. 3amatoTcs peKUMBI pabOThI PACCMATPUBAEMOM CUCTEMBI. PeXKMMBI MOTYT OTJIHYATHCS
KaK COCTaBOM paboTaloIIMX 3JIEMEHTOB, TaK M IOKa3zaTelsiMu HUX HajaexHoctu. C
YBEJIIMYEHUEM 4YHCIIAa PEXKUMOB T YBEIUUYUBACTCA TPYILOEMKOCTh pPacyeToB, IO3TOMY
1[eJ1ec000pPa3HO OrPaHMYUTHCS TOJIBKO CYLIECTBEHHO OTIIMYHBIMU pexkumaMu. Kaxaomy j-my
PEXHMY CTaBUTCS B COOTBETCTBUE BEPOSTHOCTH (BECOBOW KOA(PPHUIIMEHT)

pj =

m

rje tj. - JNINTENbHOCTD J-TO PEeXKUMA, TaK, YTO Z p; =1..

j=0

3. OnpenensieTcss BEKTOpP PACUETHBIX COOBITHI | = 1,..., N, coueTaHHEe KOTOPHIX MOKET
IIPUBECTH K aBapusiM. PacueTHBIMU COOBITHSIMU SIBISIOTCS OTKA3bl 3JIEMEHTOB CUCTEMBI.

4.OmpenensieTcss BeKTop apapuil (BumoB orka3oB cuctembl) kK = 7,...1 cucremsi,
HallpuMep: MOralleHue NEepBOM CEKIUU; BTOPOM CEKIUH; TPEThEH ..., IOJHOE IOralleHHe
CEKILIMH U T.II.

5. CocraBisieTcss MaTpulla pacdyeTHBIX CBSI3€H C YHCIOM DJJIEMEHTOB M X .
DeMeHThl MaTPUIBl 0003HAYAIOT HOMepa K BHIOB OTKa30B CHCTEMbI, K KOTOPOMY TIPHBOJIUT
OTKa3 I-r0 3JIEMEHTa B |-M PEKUME PAOOTHI CHCTEMBI.

6. CocTaBislOTCS MATPHIBI N X N pa3sBUTUS aBapuil OpH MOBPEKICHUSIX I-r0O
9JIEMEHTa B |-M PEXHME, YYHTHIBAIOIIME OTKa3bl B CpaOaThIBAHUM PEJICHHOW 3alUThI S-TO
DIIEMEHTA, JIOKHBIE AEHCTBUS 3aIlUT OCTAJIBHBIX DIEMEHTOB (S # 1), OTKa3bl aBTOMATUKH H
KOMMYTAIIMOHHOW armaparypbl. OOllee YHCIO TaKMX MaTpull paBHO M. DJIeMEHThl MaTpUIlbl
COOTBETCTBYIOT HOMEpY K-BHIly OTKa3a CHCTEMbI, K KOTOPOMY IPUBOJHUT OTKAa3 3aIIUThI WIIH
ABTOMATHUKH S-TO SJIEMEHTA ITPU TOBPEKICHNH I-TO dJIEMEHTA.

7. OnpezensieTcs CpeaHee YHCIIO 0TKAa30B K-To BU/a U CHCTEMBI 3a BpeMs Ly

ot 22 Gy x s+ 2,500 p,)
i=0 =

e X(k)ij =1, eciu B MaTpHIIe PACUCTHBIX CBSI3CH HA MEPECEUYCHUH I-ii CTPOKU U J-TO
croibna Haxomurcs 31eMeHT K; xij= 0 B OCTAIBHBIX CIydasx; S(k)ijszl, €CIM B MaTpHIIC
pa3BUTHs OTKa3a CUCTEMBI B J-M PEXHUME Ha MEPECCYEHHH I-i CTPOKHU U |J-TO CTOJIOIA
HAaXOUTCA dDIIEMEHT K; S(k)ijsz 0 B OCTaJIbHBIX CITyYasXx;



25

\ij - ”HTEHCHBHOCTb OTKA30B I-T0 3JIEMEHTA B J-M PEXNME, BKIIFOYAs JIOKHBIC OTKIIOUCHNS
OT 3alUTHl M OIIMOOYHbIC OTKIIOUCHMS TEPCOHANIOM; Psi - BEPOSATHOCTh OTKa3za YCTpPOMCTBa
peeiHOM 3aIUThl K ABTOMATHUKH S-T'O JIEMEHTA IIPH TOBPEKIACHHH i-TO DIICMEHTa.

K orkazaMm BbIKITIOUaTENEN OTHOCAT M MX OTKa3bl IpH OTKIOYeHMM K3 Ha NpHCOEIUHEHUsIX,
IIO3TOMY B MaTpHILIE Pa3BUTHS aBapuii OTKa3bl BBIKIIFOUATENIEH HE YUUTHIBAIOT.

8. OmpenenseTcss CpeaHee BpeMs BOCCTAHOBIEHUS HOPMAIBHOTO pPEKUMa PadOTHI
CHCTEMBI T10clIe 0TKa3a K-ro Buia

m n
(GO LSM L,
Ly Zzpl@yx i Tyt Ay ST b Iz‘js)
j=0 =1

1, = ,
BK ac,

TJe Tij - BpeMsl BOCCTAHOBJICHUSI HOPMaJIbHOM pabOThI TP ITOBPEXKICHHUH I-TO 3JIeMEHTa
B J-M pexuMe (NepeKIrOYeHHs, 3aMEHa, PEMOHT); Tjs - BPeMs BOCCTAHOBICHMS MPH
HOBPEXICHUU I-TO JJIEMEHTa B |-M PEXHME W Pa3BUTHsS aBapuu H3-3a OoTKaza P3A S-10
AJIEMEHTA.
IIpumep pacyera HaJeKHOCTH FJIEKTPOCHAOKEeHUS TAOJIHUYHO-IOTHYECKMM MeTO010M
PaccMmoTpuM parMeHT cXxembl JIEKTPOCHA0KEHUS

U

YO

TpancdopmaTopsl — 3JIEMEHTHI ¢ TOPSAKOBBIMU HOMepamu 1 u 2.

BrikimrouaTenu — 3eMeHThI ¢ OPAIKOBBIMU HOMepaMu 3,4 u 5.

Cekuuy MIUH — 3JIEMEHTHI C MOPSAIKOBBIMU HOMEpaMHu 6 1 7.

Heo6xomuMo ompenenuth HaEeKHOCTh JJIEKTPOCHAOKEHHS (CpeHee YHCIIO OTKAa30B
CHCTEMBI AC] U CPEHEE BPeMsl BOCCTAHOBIICHUS! HOPMAILHOTO PeXUMa pabOThl CUCTEMBI Tp1)
st morpedutens Op, TUTAIONIETOCS OT CEKIMH IIUH (3JIEMEHT 6), TIPU W3BECTHBIX ITapaMeTpax
HaJIeKHOCTH HJIEMEHTOB 1 — 7.

1. VI3 cnpaBOYHBIX MaTepHAJIOB MOJIyYaeM BEIMYMHBI A U T 11 BCEX DJIEMEHTOB:

A1=0.1 1/rox; A,=0.15 1/roxm; As= As=As=0.05 1/rox; Ae= A7=0.05 1/rox;
7:=80 u; 15=100 9; T3= 14— 175=4 9, T6= T7=5 4.

KonnyectBo mnpodunmakTuueckux peMoHTOB TpaHcopmaropos TI1, T2 A=2,
JUTUTENTBHOCTh PEMOHTOB Ty,= 20 4.

2. OnpenensieM BEpOSTHOCTHU AJIs1 PEKUMOB.

Pexumsl - 3TO JuIUTENbHBIE IEPUOBI BPEMEHHU, MTPU KOTOPHIX MPOUCXOIUT U3MEHEHUE B
AIIEKTPUUYECKON CXeMe WM BPEMEHHOE M3MEHEHHE HaJIeKHOCTH 3JIEMEHTOB (PEKUM «IUIOXOH
MOTO/IbI» U JIp.), B HAIlIEM CJIy4ae 3TO IMEePUOJI PEMOHTHBIX paboT Ha TpaHChopMaTopax.

BepositHocTH pesxumoB |1 (B pemonTe T1), j2 (B pemonTe T2) cocTaBsr:

Ayt 0 2:20

=y, =t 2220 60046
Pr=P2= 0160 ~ 8760

BeposiTHOCTH HOPMAIBEHOTO PEXHUMA Jo
p =1-(p, +p,)=0.9908.
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PaccmoTpuM onuH BUA OTKa3a CUCTEMBI: K1 — moTepst mutanus oobekTa Ol.

CocTaBUM MaTpUILy PaCUETHBIX CBSI3CH.

Marpuiia pacyeTHBIX CBS3€H COCTOMT U3 HOMEPOB 3JIECMEHTOB | (110 BEPTUKAJIM) M BUIOB
pexumoB | (1o ropusoHTann). Ha mepeceueHur yka3aH BHJI aBapHHM CHCTEMbI, BHI3BAHHBIN
OTKa30M I-T0 3JIEMEHTA B J-M PEKUME.

Martpuia pacueTHBIX CBSI3EH.

| Howmep aBapwmii B pexxnmax

Jo 1 J2
1 - - 1
2 - 1 -
3 - - 1
4 - 1 -
5 - 1 -
6 1 1 1
7 - 1 -

CocTaBuM MaTpHIly Pa3BUTHUSL COOBITUH.

Marpuia pa3BUTHs COOBITHI COAECPKUT UHPOPMALIUIO O PA3BUTHUHU aBApUHU M3-3a OTKa3a
B cpabarbiBanuu P3A B HOpMaibHOM pexuMe (jo). YdTeM OTKasbl 3aIlUT 3JeMEHTOB | u 2.
Bennunnel BepoaTHOCTEN Psj TprMeM paBHbIMU (.05, BETHMUYUHEI Tijs paBHBIMU 1 4.

Martpuiia pa3BUTUSI COOBITHH.

I Howmep aBapuii mpu oTKa3ax 3aluT S-TO 3JIE€MEHTa

1 2 3 4 5 6 7

~N|o|a|alw(N|e
1
1
1
1
1
1
1

BBuay Manoil JUIMTENBHOCTH PEMOHTHBIX PEKUMOB DPa3BUTHUS aBapuil B HUX TpH
OTIpe/IeNIEHUH Ha/IEXKHOCTU CUCTEMbI HE YUHUTHIBAEM.
CpenHee 4McI0 0TKa30B CUCTEMBI COCTABUT:

g = pl(/?“Z + A, + A+ A + 4, )+ P, (/11 + A5+ /16)"' Po (/?‘6 + A, p11): 0,057
1/ron.

CpenHee BpeMsi BOCCTAHOBJICHHMSI HOPMAJIBHOIO PEXHMa pPAOOTBI CUCTEMBI MOCIE
OTKa3a:

:1'p1(7u2-r2+k4-r4+k5-r5+k6-re+k7-IG)+p2(kl-Il+k3-z3+X6-g6)+

T
Bl Ack

+ Po(Re 76 + Ay "Puy  711) —6.377 4
Ack
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IMPUYUHBI TIOBPEXXAEHWA OCHOBHBIX 3JIEMEHTOB
SJEKTPUYECKHX CETEH

(13 kHHTH OHeprocOeperaromas TEXHOJIOTHS JIIEKTPOCHAOKEHMS HApOJHOTO Xo3sAicTBa: B 5 KH.: [IpakT.
nocobue/Ilox pen. B.A.BernkoBa. Ku. 3. HagexuocTs 1 3¢ (dekTHBHOCTD ceTell anmekTpudeckux cuctem/I0.A.
®oxkuH. — M.: Bercmm. k., 1989. — 151 ¢.)

Jluaun snextponepenauy  (JIDII) — wHambosee YacTo MOBPEKIAEMBIE DIIEMEHTHI
IIEKTPUYECKUX CUCTEM H3-3a TEPPUTOPUATIBHON PaCCPEIOTOYEHHOCTH M IOJABEPKEHHOCTH
BJIMSTHUIO BHEIIHUX HEOJaronpUATHBIX YCIOBHM CpPEbI.

OcCHOBHBIE MPUYUHBI MOBPEXACHUN 6030ywinbix JIDIl: Hamuuue royioneaHO-BETPOBBIX
HArpy30K, MEPeKpbITUIl H30JSAIUN BCIEACTBHE T'PO30BBIX Pa3psI0B; MOBPEKICHHE OMOpP U
IPOBOJIOB aBTOTPAHCIOPTOM M APYTUMH MeXaHU3MaMH; Ae()eKThl HM3TOTOBJICHHUS OMOp
MIPOBOIOB, U30JISITOPOB ; MEPEKPHITUS U30JSAIUU U3-32 NTHI]; HECOOTBETCTBHS OMOP, IPOBOJIOB,
U30JISITOPOB  MIPUPOJHO-KIMMATUYECKUM 30HAM CTPaHbI; HENPAaBUJIbHBIA MOHTaX OIOp U
MIPOBOIOB; HECOOIOIEHIE CPOKOB PEMOHTA U 3aMEHbI 000PYA0BaHU.

OTHU NPUYMHBI TIPUBOASIT B OCHOBHOM K OCJIA0JICHUIO WJIM HAPYUICHUIO MEXaHUYECKOU
MIPOYHOCTH OMOpP, IMPOBOAOB H3O0JIATOPOB; MOJOMKE JAeTajeil Omop; KOPpPO3UH M THHEHHUIO
METAJJIMYECKUX U JIEPEBSHHBIX YacTeH.

BubOpauus, «miscka» W OOpBIB MPOBOJOB, pa3pylieHUE ONOp WM HMX dYacTel
COIIPOBOXKIAIOTCSA, KaK MPABUIIO, KOPOTKUMH 3aMbIKaHUSIMU (OIHO — M MHOTO(a3HbIMH) JIDIL.

OcHOBHOM TpPUUYMHON TOBpeXkACHUS KabenvHvix JIDII sBnseTcs HapylieHue uX
MEXaHUYECKON NPOYHOCTH 3eMJIEPOMHBIMH MamMHamMu M mexaHusmamu (1o 70% ot Bcex
MOBPEXACHUI), UYTO, ECTECTBEHHO, 3aBUCUT OT MHTEHCHUBHOCTHU MPOBEICHUS 3eMIISIHBIX paboT B
MecTax MpPOKIaJKU Kabelned M CrocoOOB MPOKIAAKH (HEMOCPEICTBEHHO B 3emile, TpyOax,
Oiokax, TyHHemnsx). HauOonblias mNOBpeXAaeMOCTh BO3HUKAET NpU NPOKIaAKe Kadenei
HEIOCPEICTBEHHO B 3EMIIE.

3HAYUTENbHYIO JOJI0 TOBPEXKACHUN KaOeNbHBIX JUHHUI COCTABISIIOT DJIEKTPHUECKUE
npobou B KaOenbHBIX My(Tax (COETUHUTENBHBIX) M Ha KOHIIEBBIX BOPOHKAaX, y4JacTKax
Kabeneil, MPoI0KEHHBIX ¢ OOJIBIINM YKIOHOM.

BceneacrBue crapeHust U uM3HOcCa M30ALUM (MeXAy(da3HONH M TOSCHOMN), MOMagaHUs
BJIard B KaOENpHYI IUHHUIO, KOPPO3MUM METAJUIMUECKUX 4YacTel, yCHUIIMBAIOIICHCS MpH
MOSIBJICHUU OJNYKIAIOIMX TOKOB, BOSHUKHOBEHMsI HEPAaBHOMEPHOCTEW B BA3KOHN MPOMUTKE IO
JUINHE Kabess h3-3a pa3HOCTH YPOBHEHN 110 TOPU30HTY MOBPEXKIEHHUS BO3HUKAIOT CYIIECTBEHHO
pexe.

[ToBpexaenust kabeIbHBIX JIMHUN TaKkKe COMPOBOKIAIOTCS KOPOTKUMU 3aMBbIKAaHUSIMHU.

[TpoaOmKUTENTPHOCTh BOCCTAHOBJICHUSI KAaOENbHBIX JMHHUH CYIIECTBEHHO OOJIbIIE IO
CPaBHEHHUIO C BO3AYLIHBIMHU U COCTABIISAET JECATKH YaCOB.

Cunoevle mparcgopmamopvl TOBpEXIAIOTCS pexe, yeM JIDII, mo ux BoccTaHOBIICHHE
TpeOyeT OoJiee MPOJAOKUTEIHHOTO BPEMEHH.

OCHOBHBIMU IPUYUHAMH NTOBPEKICHUS TPaHC(HOPMATOPOB SIBIISIFOTCS:

- HapylmIeHUs W30ISAIUN OOMOTOK BCIEJICTBHME BO3JACHCTBUS BHEUIHUX H BHYTPEHHHUX
MEPEHAINPSHKCHNU, CKBO3HBIX TOKOB KOPOTKHUX 3aMbIKaHUHM, Je()EeKTOB H3TOTOBIEHUSI.
[TprunHaMu MOBPEXIECHUS U30JSIUH 0OMOTOK TpaHC(HOPMATOPOB 3a4aCTYIO SBISIOTCA U3HOC U
CTapeHHe ee BCJIEJACTBHE NEeperpy3oK, HEIOCTATOYHOTO OXJaxkIeHus. TpaHchopMaTopbl
BBIXOJST U3 CTPOS TaK)K€ BCIIEJCTBUE MOBPEKACHUS YCTPOICTB, PEryIUPYIOMIUX HANPSKEHUS
(0cOOEHHO aBTOMATHYECKUX 101 Harpy3Koi);

- IOBPEXKCHHS BBOJIOB TPaHC(HOPMATOPOB BCIEICTBUE NEPEKPHITUS N30SI,

- IOBPEXJACHUSI KOHTAKTHBIX COE/IMHEHU;

- yIycKa Macia.



28

Pemont TtpancopmaTtopoB mambix rabaputoB (mo 20 kB) mpowumsBomuTcs
[EHTPAIM30BaHHO, a MOBPEXJICHHBIN TpaHCchOpMATOp 3aMEHSETCS B TEUeHHE KOPOTKOTO
BpeMeHH (€IUHUIIBI YacoB). PeMOHT TpaHcopMaTopoB OONbLINX rabapuUTOB OCYLIECTBISIETCA
Ha MECTE JI0CTaTOYHO JUIMTEIbHOE BpeMs (IECATKHM U COTHU YacoB), IIPU 3TOM IPUMEHSIOTCS
MOIbEMHBIE MEXAHU3MBI.

Kommymayuonnvie annapamer  SBIAIOTCSL 00J€€ CIOXKHBIMU C TOYKH 3pEHUs
HAJIKHOCTH 0OBEKTaMU 3JIEKTpUUecKoi cuctemMbl. OHM MOAPA3IEISAIOTCS HAa aBTOMATHYECKHE
(BBIKJIFOUATENIM, OTACIUTENIN C KOPOTKO3aMBIKaTENsIMU, AaBTOMAThl, IPEAOXPAHUTENIN) H
HeaBTOMaTuyeckue (pa3beluHuTeNd | pyounbHuku). [loBpexaeHusT KOMMYTalMOHHBIX
anmnaparoB MPOMCXOMST IIPH BBIIOJIHEHUU MU Ollepalyil (OTKII0UEHNE KOPOTKUX 3aMbIKaHU,
HArpy30K, ONEPaTUBHBIX MEPEKIIOUEHUSAX U JIP.) U B CTAIHOHAPHOM COCTOSIHUU.

OCHOBHBIMU IPUYMHAMHU TOBPEXJECHHUS KOMMYTAIlMOHHBIX allllapaToB SIBIISIOTCA:
HecpabaThlBaHWE TPUBOJIOB, MEXAaHMUYECKHUE MOBPEXKICHHUS, U3HOC yroracUTENIbHBIX Kamep,
o0ropaHue  KOHTaKTOB, IEPEKPbITHE  M30JSLMKM TNPU  BHEIIHUX U  BHYTPEHHUX
NepeHanpsHKECHUAX.

OTka3bl yCTPOWCTB peJeMHOM 3allluThl U aBTOMATHUKUM B pacyerax HaJeKHOCTU
3JEKTPUYECKUX CETe YacTo TaKXKe YUYUTHIBAIOTCA B OTKa3ax BblkiIrovatenen. [lpu
MOJIEJIMPOBAaHUHU OTKA30B BBIKJIIOYATEJICH BCE MOBPEXKICHUS 11€J1€CO00pa3HO IPUBECTU K JBYM
BUJaM (C TOYKHU 3PEHMSI MOCIEACTBUI ISl CUCTEMbI): OTKa3bl BBIKIIOYATENS, MPUBOIALINE K
HEO0OXOUMOCTH CpaldaThIBaHMUSI CMEXKHBIX BBIKJIIOYATENEH C OJHONM CTOPOHBI (JIEBOM WU
MPaBOM, B TOM YHMCJIE U €ro JIOXKHOE cpabaThIBaHKE), U OTKA3bl BHIKIIIOUATENEH, IPUBOASIINE K
HEOOXOMMOCTH CpadaThIBaHMsI CMEKHBIX BBIKIIIOUATENICH C JIBYX €ro CTOPOH (JIEBOi U paBoH,
B TOM YHCIIE€ M OTKa3bl B CTAI[MOHAPHOM COCTOSHUM). OTKa3bl Takke MOJpa3AelsioTcs Ha
OTKa3bl IPU OTKIIOYEHHM M BKIIOYEHUM, HAllpUMEpP IMpPU aBTOMATHUYECKOM BBOJE pPE3epBa
(ABP).

[TpoaOMmKUTENPHOCTh BOCCTAHOBJICHHS KOMMYTALMOHHBIX allllapaToB BO3PACTaeT ¢
YBEJIMYEHUEM HOMHUHAIBHOTO HANPSHKEHUS 3JIEKTPOYCTAaHOBOK U, KaK MPaBUJIO, COU3ZMEPUMA C
MIPOJIOJDKUTENBHOCTRIO BOCCTAHOBIEHUS BO3AYIIHBIX JIDII (€ AMHUIIBI, TECATKH YacoB).

Kommyranmonnsie ammaparsl B omnuue ot JIDII u TpancopmatopoB OTHOCITCS K
AJIEMEHTaM  JIUCKPETHO-HENPEPBIBHOIO JEWCTBUS, IO3TOMY HMX MOJEIM B pacderax
Ha/IeKHOCTH, Kak IpaBWwiIo, Oojee CIOXKHBIX IO CPAaBHEHHIO C MOJAEISMHM 3IIEMEHTOB
HEIPEPBIBHOTO JIEHCTBUS.

DIEMEHTHI MIEKTPUYECKUX CETEN, KOTOPBIE NOJIBEPTAIOTCS aBAPUIHHOMY PEMOHTY I1OCIIE
BO3HUKHOBEHHUS MOBPEXKICHUM, HEPENKO TMOABEPraroTcs Takke H MNpopUIaKTHIECKOMY,
IPENYNPEAUTEILHOMY PEMOHTY, OCYILECTBISIEMOMY B T€X CIy4asiX, KOIZa OTIEIIbHBIE YacTH
AJIEMEHTOB HM3HOIIEHBI. Takoil peMOHT yBEIMUYUT MHTEPBAJ BPEMEHU MEXAYy OTKa3zaMu. ITO
OOCTOSATENILCTBO TO3BOJIAET CJenaTh HNPEANONI0KEHHEe, 4YTO JJIEMEHT II0Cie aBapUilHOro
PEMOHTa BOCCTAHABIIMBAETCS 10 COCTOSIHUS «HOBOTO.

PaGota peanabHOro »sj1€MEHTa JJIEKTPUUECKOW CEeTH B YCTAaHOBHUBIIEMCS pEXHUME
IPAKTUYECKH HE 3aBUCUT OT BHJAA PACHpPENElIeHUM NPOAOKUTENBHOCTH paboThl H
IPOJOKUTEIPHOCTH BOCCTAHOBJIIEHHS W JOCTAaTOYHO XOPOILIO OTpaXkaeTcs IOBEACHUEM
AJIEMEHTA C MM0Ka3aTeIbHbIMU paclpeeeHUsIMU 3TUX UHTEPBAJIOB BPEMEHHU.

Jlis HEeyCTaHOBUBIIMXCSl 3HAUEHHH BepoATHOCTEH COCTOSHUS (paboThl WM OTKa3a)
BUJIbl pacIpeielIeHUi OKa3bIBalOT 00Jiee CYIECTBEHHOE BIMSHHE, 0COOEHHO Ha BEPOATHOCTD
HaxXOXJEHNS B COCTOSHUU OTKaza. OJHaKo clueayeT HMMETh B BHIY, UYTO 3HAUUTEJIBHOE
YCIIO)KHEHHE MAaTeMaTHYeCKUX MoJiele 10 CpaBHEHHWIO C II0Ka3aTeJbHBIMU YacTo He
OINPaBIBIBAECTCS JOCTUTAEMBIMHU 3HAUEHUSIMH YTOUYHEHUH PE3yJIbTaTOB.
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YIIEPE IOTPEGUTEJIEW U SHEPTOCHABXAIOIIUX OPT AHU3AIIAI OT
HAPYHIEHUIA DJIEKTPOCHABXEHUA

B pesynprate pacdera mokasareneidl HaIEKHOCTH MOXKHO ONPEAEIUTh YIepo,
CBSI3aHHBIM C  TepephlBaMH  JJICKTPOCHAOXKEHWS, W  CPaBHUTh BapUAHTBl  CHCTEM
3HeKTpOCHa6)KeHI/ISI 10 BCJIMYMNHE NPUBCACHHLIX 3aTpar:

I=e, K+ U+YV.

VYiep6 oT mepepbiBa 3JIEKTPOCHAOKEHUS CKIIAABIBACTCS W3 JBYX COCTaBJIAIOIINX:
yiep6a, CBSI3aHHOTO € caMUM (DaKTOM MepephiBa 3JIEKTPOCHAOXKEHUs, U yiiepOa, CBI3aHHOIO €
JUIMTENILHOCTBIO TIEpephIBa IIEKTPOCHAOKEHUS. YIIEepO pasleNsioT TakkKe Ha MEePBUYHBIA U
BTOpUUHBIA. IlepBuuHbIil ymepO — ymiepO, BbI3BaHHBI MEPEPHIBOM 3IEKTPOCHAOKEHUS
JAaHHOTO arperata WiM oObeKkTa. Bropuunslii ymepd — yuiepO, BbI3BaHHBIN NEpPEpPHIBOM
3JIEKTPOCHAOXKEHUS IPEBIAYIIEro arperata Wik 00beKTa Mo X0y TEXHOJIOIMH IPOU3BOJICTBA.

st morpeduTesieii MOKHO BBIACIUTH CJIEAYIOUIME CYLIECTBEHHBbIE (aKTOPHI,
OTpEe/ICTISIONINE BEIMYMHY Yyiiepba OT mepepniBoB 3ekTpocHaOkenus [ Illemeror A.H.
Hanexuocts anekTpocHaOxeHusi: ydeOHoe mocoOue Uil CTyIeHTOB crenuanbHocTul40211
«QnektpocHabdxenue». — Marauroropck,2006 r. |:

— THUII NOTPEOUTENS U XapaKTep €ro NpoOU3BOCTBA;

— BEJIMYMHY HEJOMONYUYEHHOH 31eKTposHeprun (AW);

— I1yOMHY OrpaHuueHus: 1o MOIHOCTH (AP);

— BpeMms orpaHudeHus (torp);

— MOMEHT HACTYIUIEHUSl OTpaHUuYEHUs (CTENEHb BHE3AITHOCTH);
— HaJM4yHle TeXHOJIOTUYECKUX U UHBIX PE3EPBOB.

[lepeppIB 37€KTPOCHAOXKEHNS MPUBOJUT K HApYIIEHUIO TEXHOJOTMYECKOro Ipoliecca,
IpOCTOI0 pabouux M OO0OPYAOBaHUS, HEIOMCIIONb30BaHHMIO, HEMPOU3BOIUTEILHOMY pPacxoay
WIM YHUUYTOKEHUIO ChIPbs, CHIDKEHUIO KaueCTBA MPOAYKIIUU U T.II.

PacueTHblil SKOHOMHUYECKUH yIiepO MOTpeduTeNs OT IMepepbiBa 3IEKTPOCHAOKEHUS
HUMEET TPU COCTABJISIOIIMNX:

V=V +V¥V'+V",

rie Yo — ymepd BHE3amHOCTH, T.€. yIIepO NOTpeOUTENs, CBS3aHHBIM C HapylIeHUEM
TEXHOJIOTUYECKOT0 MpoIiecca, MOBPEXICHHUEM TEXHOJIOIMUECKOr0 000PYAOBAaHUS U ChIPbs MPU
HEeNpeCKa3yeMOM aBapuHHOM OTKa3€ 3JIEKTPOCHA0XKEHHUS;

V' — nepBuuHBIN yIiepO, BHI3BAHHBIA MEPEPHIBOM 3JEKTPOCHAOKEHHUS JTaHHOTO MOTpeOuTeNs
(mpeaAnpusATUS WA TEXHOJIOTMUECKOI0 arperara);

V" — BropuuHBIi yiepO B pe3ynbTaTe BHIHYKIEHHOTO MPOCTOS CIEIYIOLIEH TEXHOIOIHYEeCKOM
CTYIIEHU WM CMEXHOTO MPEANPHUSITHSL.

Viep0 BHE3aMHOCTH 3aBUCUT OT TOTO, K OTKIIOYEHHUIO KAaKUX 3JIEKTPOIPUEMHHUKOB
NPUBOJIUT OTKa3 B CHCTEME€ »JJeKTpocHaOkeHus. I[loTeps mnUTaHMS SIEKTPONPUEMHHUKOB
aBapuitHON OpOHU CBsI3aHA C MOBPEXKJEHHUEM OOOPYAOBaHUS, HHCTPYMEHTA, BO3MOXHOCTBIO
B3pbIBOB, MOXApOB U JIPYTUX AaHAJOTHYHBIX TOcieAcTBUNA. BHe3amHble OTKIIOYEHHS
AIIEKTPONPUEMHHUKOB TEXHOJIOTHYECKON OPOHH MPHUBOJAT K MOPUYE CHIPbS U MOTEPE MPOIYKIIUU
(ecmu BpeMsi OrpaHWYeHHs] OoJbIIe JOMYCTUMOIO, IIOCJI€ KOTOPOro HACTyHaeT CpbIB
TEXHOJIOTHYECKOI0 IMpOoIiecca), a TAK)KE K 3aTpaTaM BPEMEHHU U PECYPCOB HAa BOCCTAaHOBIIEHUE
HOPMAJIbHOT'O TEXHOJIOTMYECKOTO peKUMa.

Jl7is OIIeHKW MepBUYHOTO yIiepba B MPHUOIMKEHHBIX pacueTaxX U MpU MPOEKTUPOBAHUU
yIOOHO TOJIb30BAaThCS OTHOCUTENIbHOM BENMYMHONW yIeNbHOro yiiepba Ha eAUHUIY
NOTPeOIAEMON  AJIEKTPOPHEPTUHM WM Ha €IUHULY MNPOAYKLUHHU, KOTOpas SBISETCS
MPUMEPHO MOCTOSIHHOM JIJIsl POJICTBEHHBIX MPEANPUITUNA KaXKIOU OTPACIIH:
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a) eclli MU3BECTHA BEeJIMYMHA YJEIHHOTO yiepoa yi (py0./ea.mpos.):

V'= Yt.tBC.;VC.H = yt.kn.Ha

r7ie Ac — CpEIHss 4acTOTa OTKA30B;

{sc’'— cpeHee BpeMsl BOCCTAaHOBJICHUS,

1 — cpenuuii BBIMYCK MPOAYKIMH MPEANPUATHS (€1.IPOI.);
K, — ko3 dunmert mpoctosi(K, = tyeAc).

0) eciy U3BECTHA BEJIMYHMHA YACIBHOTO yiiepoa yyw (py0./kBt )
V' =yyw tac A P = toc"he AW

rae Pc — cpenusisa aaeKkTpudecKkas Harpy3Kka npeAnpusTis B HOPMaJIbHOM PEKUME;
AW — HepooTiyck 35eKTposHeprun (AW= tyc A Pe).
AHaJOrM4HO OIpEAEAeTCS] BTOPUUHBIN yIIepo.

VYuiepd sHeprocHaOXKarwIMUX OpraHu3aluil M3-3a OTKA30B B JJIEKTPUUECKHX CETIX
CKJIaJIBIBACTCSI U3 CIICYIOIINX COCTABIISIFOIINX

— 3arparbl Ha aBapUHBIN PEeMOHT(BOCCTAHOBICHHE) OOOPYAOBAaHHS WIH MOTEPH,
CBSI3aHHBIC C €r0 HEJOAMOPTH3AIMEH TIPU JIOCPOYHOM JIMKBHIAIHH;

— CTOUMOCTH JOIIOJIHUTCIIBHBIX IIOTCPL JJICKTPOIHCPTHHU B CCTHU H3-3a OTKIIOHCHUA
AJIEKTPUUECKOTO PEIKUMA OT ONITUMAIIBHOTO;

— CTOMMOCTHh TOIUIMBA, pPAacXOAyeMOro Ha IIYCK OHEProOJOKOB, pPAaCTOIKY
KOTJIOATPEraToB M MOJJCPKaHUE TOPEHHsI B TOMKAX BO BpPEMsl aBapUIHON pasrpy3Kd WU
OCTaHOBA arperaToB JIEKTPOCTAHIIHIH;

— 3aTpaThl Ha JICMOHTAX U TPAHCIIOPTUPOBKY 000PYIOBAHMUSI TP OTIIPABKE HA PEMOHT;

— JIOTIOJIHUTENBHBIC 3aTpaThl Ha BBIPAOOTKY OSJEKTPOIHEPTHU HA 3aMEIIAFOIINX
arperarax;

— 3aTpaThl Ha COJIEPKAHNE PE3EPBHOTO O0OPYAOBaHUS;

— MOTEPHU, CBSI3aHHBIE C MPOCTOEM 00OPYIOBAHMS U OOCITYKMBAIOIIETO MEpPCOHANa, MPU
aBapHUITHOM OTKIIFOUEHUU MOTPEOUTENEH;

— ymep0d OT HEJOOTIYCKa SJEKTPOIHEPTHH MOTPEOUTENSIM MpPH OTKIIOYEHUH C
MpeIynpekIeHNEM BO BpeMs TPOXOKACHHUSI MAKCUMYMa;

— ymep0 OT BHE3AITHOTO OTKIIIOYCHHUS ITOTPEOUTENEH U HEJOOTITyCKa DHEPTUH 32 BpeMs
BOCCTAHOBJICHHSI DJICKTPOCHAOKEHUSI.
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B 3apyOexHOI M OTEUECTBEHHOW JUTEpaType MO HAJC)KHOCTH B DIIEKTPOIHEPTETHKE
MOYKHO BBIJICJINTh TPH OCHOBHBIX HAIIPABJICHUS UCCIIE0BAHHM:

a) HaJISKHOCTH AJIEKTPUUECKUX CTAHIIMMA U MOJCTAHIINN;

0) HaJIe)KHOCTb AJIEKTPUUECKHX CETEH SHEPrOCUCTEM;

0) HaJIe)KHOCTD CHUCTEM DJICKTPOCHA0KEHUSI.

HauOonee oTpaboTaHbl UH)KEHEpHbIE METO/bI pacuera HaJIeKHOCTH
pacrpenenuTeNbHbIX YCTPOMCTB. MeEHbIIe €AMHCTBA B MOAXO0JaX K (OpMaIM30BAaHHOMY
pacyeTy HaJeKHOCTU PpACIpEACTUTEIbHBIX CETeH, YTO MOIATBEPXKAACTCS W 3HAUYUTEIIbHBIM
YHUCJIOM CYILIECTBYIOIUX METOJIUK, XOTS 3TU METOJUKHM TOXKE HaXOAAT INPUMEHEHHE B
UH)KEHEPHOW MPAaKTHUKE.

AHaJnUTHYECKUH METOJl pacueTa HaJAeKHOCTU DJJIEKTPOCHAOKEHUS OCHOBAaH Ha
NPUHLNIIE MPEACTABICHUS CBSA3M MEXAY OJJIEMEHTaMH B BHUAC pacueTHBIX CXEM
MOCJIEZIOBATENbHOIO M TMapajliebHOr0 coeAuHeHW. Takumu cxemMaMu MOXHO ONUCaTh
OTKJIFOYEHHE TMOTpeOuTeneil, Kak M3-3a OTKAa30B JJIEMEHTOB IMUTAIOIEH LenH, Tak U H3-3a
OTKa30B JJIEMEHTOB OJHOM LIEMM C PEMOHTOM 3JIEMEHTOB APYrod nenu. Meron mo3BOiseT
TaK)K€ YUYUTBIBATh PA3JINYHYIO JUINTEIbHOCTD OTKIFOYEHHS COCTABICHUEM PACUETHBIX CXEM JUIS
Pa3HbIX BUJOB OTKIIOYEHHH. MeTo/ MO3BOJISET OLIEHUTD CIEAYIOIINE TTOKa3aTeNIn HaIeKHOCTH
CXEMBI JIEKTPOCHA0XKEHUS: YaCTOTY U JUIMTEIbHOCTh OTKIIIOUYEHUH pa3InYHbIX MOTpeOUuTeNnei.
Henocratkom Merona siBIsieTCsl TO, YTO OH HE YUUTHIBACT BIIMSHUE PEJIEHHOM 3allluThl Ha
Ha/IeKHOCTh CUCTEMBI U 00JIaJ]aeT TPOMO3AKMM MaTeMAaTHYECKUM arIapaToM.

JIOTMKO-BEpOSTHOCTHBIM  METOJl  pacyeTra HaJAEKHOCTH  AJIEKTPOCHAOKEHHS ¢
WCIIOJIb30BAaHUEM JIEpEBA OTKA30B SIBIIAETCSA NEAYKTHMBHBIM METOJOM M INPUMEHSETCS, KOTIa
YHUCIIO PA3JIMYHBIX BUJOB OTKAa30B CHCTEMbl CpPAaBHUTEIBHO HEBEIMKO. MeETOa MO3BOJSET
ONPEACIUTh BEPOSTHOCTHYIO 4acTOTy OTKa30B cucTeMbl. Hemoctarkamum Merona SIBISETCS
pOo0JIEMaTUYHOCTh €r0 HCIHOJB30BaHUSl MPU HAJTUYUM OTHOCUTENBHO OOJBIIOro YHcia
Pa3IMYHBIX BUOB OTKA30B CUCTEMBI, HE YUUTHIBAECTCS BEPOSTHOE BPEMsi, KOTOpOe MoTpedyercs
Ha BOCCTAHOBJIEHHE HOPMAJIBHOTO PeKMMa paboThl 000py10BaHUS.

Metoa ¢ ucnonb3oBaHUEeM (OPMYIBI MOJHOW BEPOSTHOCTH IMO3BOJSET C MOMOIIBIO
dbopMyIbl TOJTHONW BEPOSITHOCTH TNPEJACTaBUTh CIOXKHYIO CXEMY B BHJAE SKBUBAJICHTHOU
IIOCJIEA0BATENBHO MapajuieNbHON. MeTo1 MO3BOJISET ONPEAEIINTh BEPOSTHYIO YaCTOTY OTKa30B
cuctembl. HepoctaTkamu MeTona SIBISIOTCA TO, YTO OH HE YYUTHIBAET BEPOSTHOE BpeMs,
KOTOpOoe MoTpeOyeTcsi Ha BOCCTAHOBJICHHE HOPMAJbHOTO peXKuMa paboThl 00OpYIOBaHUS U
TPOMO3JIKMI MaTEMaTUYECKNH arapar.

TaOnuyHO-IIOTHYEeCKUN METOJ SBJISIETCS OAHMM U3 Haubojee yJauyHbIX METOJIOB
pacyeToB HAJIC)KHOCTU CXEM TJIaBHBIX MIEKTPHUUECKUX COECIUHEHUIN CUCTEM 3JIEKTPOCHAOKEHHUS.
JlaHHBIM METOJ| yYUTHIBAET aBAPUIHbIE CUTYALMH B CUCTEME, BOSHUKAIOIIUE [TPU HAJIOKEHUU
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OTKa30B OJIHUX DJIEMEHTOB Ha PEMOHTHBIC W aBapUiHBIC MPOCTOU APYIHX. METON IO3BOJISET
OMpCACIINTh BCPOATHOC UYUCIIO OTKA30B JJICMCHTA 3a OHpeﬂeHeHHBIﬁ nepuoa BpCMCHU U
BEPOSITHOE BpEMsI, KOTOpPOe MOTpeOyeTcss Ha BOCCTAHOBJICHHE HOPMAaIBHOTO pEXHMa pabOTHI
000pyTI0BaHUs.





