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MpeaucnoBue

1 NOArOTOBJIEH 3akpbITbiM akUMOHEPHbIM 00LWEeCTBOM «Hay4yHO-UccneaoBaTenbCkuii LEHTP KOHTPO-
NS U ANAarHoCTUKM TexHuyeckux cuctemy» (A0 «HWL KO») Ha ocHoBe COBCTBEHHOrO NepeBoaa Ha PyCCKUM
A3bIK aHIMOA3LIYHOWM BEPCUUN CTAHAApPTa, YKAa3aHHOIO B NyHKTe 4

2 BHECEH TexHu4eckum komMuTeTOoM Mo craHaaptusauum TK 119 «HapexxHoCTb B TEXHUKEY

3 YTBEPX[EH W BBEAEH B JJEMCTBWE Mpukasom deaepansHOro areHTcTaa no TEXHUYECKOMY pe-
rynupoBaHuio U MeTponorumn ot 12 ceHtabpsa 2019 r. Ne 673-ct

4 Hacroawwi ctaHgapT ABNAeTCA MOAMMULMPOBAHHBIM MO OTHOLLEHUIO K MEXAYHapOAHOMY CTaHaapTy
M3K 61703:2016 «Marematuyeckme BblpaXkeHUs AN nokasartenen 6e30TKa3HOCTU, TOTOBHOCTU, PEMOHTO-
NPUroAHOCTU U 06ECNEYEHHOCTU TEXHUYECKOTO 00CnyxuBaHus u pemonta» (IEC 61703:2016 «Mathematical
expressions for reliability, availability, maintainability and maintenance support terms», MOD) nyTem BHeCeHus
TEXHUYECKUX OTKNOHEHUI, OObACHEHME KOTOPLIX MPUBEAEHO BO BBEAEHUM K HACTOALLEMY CTaHAAPTY.

MexxayHapoaHbIi ctaHgapT paspaboTaH TexHU4ECKMM KOMUTETOM MO cTaHgapTusaummn TK 56 MexayHa-
POAHOW 3reKTpoTexHudeckon komuccumn (M3K).

HaumeHoBaHWe HacToALEro ctaHgapTa U3MEHEHO OTHOCUTENbHO HAaMMEHOBAHMSA YKa3aHHOTO Meway-
HapoaHOoro craHgapra Ansa npuseaeHus B coorsercreue ¢ FOCT P 1.5—2012 (nyHkT 3.5) MexxayHapoaHo#n
AneKTpoTexHn4eckon kommceuu (M3K).

CBefieHNnst 0 COOTBETCTBUM CCbINIOYHBIX HALMOHATBHLIX CTAHAAPTOB MEXAYHAPOAHLIM CTaHAapTaMm, Uc-
NMOMb30BaHHbLIM B KAYECTBE CCbINIOYHbIX B MPUMEHEHHOM MEXAYHApOAHOM CTaHAapTe, NPUBEAEHbl B A0NON-
HUTENBLHOM MPUMoXeHun OA

5 BBEJJEH BMEPBbIE

[Mpaesuna npuMeHeHUs HacMosAWea0 cmaHoapma ycmaHoeneHbl 8 cmamee 26 ®edepanbHo20 3aKoHa
om 29 uioHsa 2015 2. Ne 162-®3 «O cmaHdapmu3sayuu e Poccutickoli ®edepayuur». NHpopmayus o6 u3-
MEHEHUSIX K HacmosileMy cmaHdapmy nybnukyemcs e exe2o00HoM (No cocmosaHuio Ha 1 aHeaps mekyuie20
200a) uHopmauUuoOHHOM yKazamene «HayuoHanbHble cmaHdapmbly, a oghuyuanbHbili mekem UsMeHeHul
U r1onpaeoK — 8 €XeMeCsSYHOM UHOPMaYUOHHOM yKasamene «HauyuoHanbHbie cmaHdapmbl». B criyyae
nepecmMompa (3aMmeHbl) unlu OMMEHbI Hacmoswezo cmaHdapma coomeememeyiowiee yeedomneHue bydem
onybnukoeaHo 8 bnuxalilueMm 6bifycKe EXeMecsyHo20 UHGOPMaYUOHHO20 ykazamensa «HauyuoHanbHble
cmaHlapmbi». Coomeemcemeyrouias UHgopmayus, yseOoMrieHue U meKembl pasMewaromes makxe 8 uH-
¢hopmayuoHHOU cucmeme obuieeo nonb3osaHus — Ha ochuluarnibHom calime ®edepanbHo20 azeHmemea o
MEeXHUYECKOMY pez2yiuposaHuto U Mempornozuu e cemu lhmepHem (www.gost.ru)

© CraHaaptuHdgopm, odhopmnerue, 2019

Hacrosimii cTaHgapt He MOXET ObiTb NOMHOCTLIO U YACTUYHO BOCNPOU3BEAEH, TUPAXUPOBAH U pac-
NPOCTpaHeH B kayecTBe opuuuansHOro nsganus 6es paspeluenus deaepanbHOro areHTCTBa NO TEXHUYECKO-
MY PerynmpoBaHuIO 1 METPOSIOTUK
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BBepeHue

B pencreyiowem craHaapTe Ha TepMuHbl B 06nactu HagexxHoctu (FTOCT 27.002—2015) ycraHOBNEHb!
TEPMUHBI, ONpeaensoWwme NOHATUA HAaAEXHOCTU U €€ OCHOBHbIX CBOMCTB, TAKMX Kak 6€30TKa3HOCTb, rOTOB-
HOCTb, PEMOHTONPUTOAHOCTb U T. N. Ka)kgoe U3 CBOMCTB HAaf€XXHOCTU XapaKTepusyercsi CBOMM HabopoMm no-
Kasarenemn, HeKOTOpble U3 KOTOPbIX MOTYT ObITb NPEACTABNEHbLI B BUAE MaTeMaTUYECKUX BbipaXeHui. B cTaH-
lapTe yCTaHOBMEHb!I TAKKE BbIPAXEHUA ANA noka3aTtenein Tak Ha3biBaeMOon (DYHKLIMOHANbHOW HAAEXHOCTH,
XapakTepusyoLmx BOSMOXHOCTb BbINONHEHUSA OOLEKTOM YCTAHOBIEHHON 3a4a4M.

Llens HacTosAwero cranaapra — obecnevyeHme NPakTUYECKOro PykoBOACTBA MO ONPeAENEHUIo Konuye-
CTBEHHbIX 3HaYEHNII YNOMAHYTbIX Nokasarenen. Mpu HeoGXoaMMOCTU A0NONHUTENBHBIX MOSICHEHUN cneayeT
UCMONb30BaTb UCTOYHUKU, NpUBEAEHHbIE B Bubnunorpacuu.

B npunoxxeHuu A npuBegeHa cxemMa B3auMOCBSA3U HEKOTOPbIX OCHOBHbIX MOHATUI Noka3arenen, CBA3aH-
HbIX C HUMW CryYaiHbIX BEMUYKNH, COOTBETCTBYIOLLMX BEPOATHOCTHBIX ONUCAHUI U NPeobpasoBaHui.

B npunoxxeHun B npuBeaeHO onucaHne nokasarenei, CBA3aHHbIX CO BPEMEHEM BO3HUKHOBEHUS OTKas3a.

B npunoxexun C npueeseHO CONOCTaBNEHWE HEKOTOPLIX MOKa3aTenen Ans HENPepbIBHO (PYHKLMOHU-
pytoLmx 06LEKTOB.

B 6ubnuorpacum npmseaeHbl CChINKW HA MaTteMaTn4eckoe 060CHOBaHME NONMOXEHUI HACTOALLETO CTaH-
JapTa; B YaCTHOCTM, NPUBEAEHHbIE B CTaHAAPTE CBEAEHUA OCHOBaHbI Ha [1]—[7], Teopua BOCCTaHOBNEHUA
ocHoBaHa Ha [2]—[5], [8]—[11], a Gonee coBepLueHHasi 06paboTka JaHHbIX C y4ETOM BOCCTAHOBMEHUSA — HA
[12]—[17]. Bonee petansLHasa nHPOpMaLUsi 0 TEOPUU U NPUMEHEHUN MAPKOBCKUX NPOLECCOB NpuBeaeHa B [4],
(81, [101, [111, [13]. [15], [16].

B HacTOsILLEM CTaHapTe CCbINKM Ha MEXAYHAPOAHbIE CTAHAAPTbI 3aMEHEHbI CCbIfIKAMU HA HaLMOHAarb-
Hble CTaHOapThl.
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MATEMATUYECKME BbIPAXXEHUA ANA NOKASATENEN BE3OTKA3HOCTU, FOTOBHOCTM,
PEMOHTOMNPUIOAHOCTU

Dependability in technics. Mathematical expressions for reliability, availability, maintainability measures

Nara BBeaenuss — 2019—12—01

1 O6nactb NnpuMeHeHUA

B HacToawem cTanaapTe ycTaHOBNEHbI MaTeMaTUUECKUE BbiPaXKeHUA ANA nokasarenei 6e30TKkasHOCTY,
rOTOBHOCTU U PEMOHTONPUIOAHOCTH, A TaKXKe AN NoKasaTtenen, xapakTepu3yloLUmX BbINONHEHNE YCTaHOBMEH-
Hoi 3aaaun. Kpome T0ro, BBEI€HbI HEKOTOPbIE HOBLIE TEPMUHBLI. OHM CBA3aHbI C achekTaMu Knaccudukaumm
3NEMEHTOB CUCTEMbI (CM. HIDKE).

B cootBerctBuM ¢ onpeaenennem FOCT 27.007 HAaAEXKHOCTb ABAAETCA CBOWCTBOM 00bEKTa COXPaHATb BO
BPEMEHU CMOCOBGHOCTL BLINONHATL Tpebyemble (PYHKUMM B 334aHHbIX PEXMMAX U YCTOBUSAX NPUMEHEHUS, NpU
3TOM 00BLEKTOM MOXKET ObIThb OTAENbHAN YACTh, KOMMOHEHT, (PYHKUMOHANbHAS eauHMLA, N0 CUCTEMA MK CUCTEMA.

Ons cocTaBneHuns mMaremMaTuyecknx BbIPaXKEHUIt B HaCTOsILLEM CTaHAapTe BblAeneHbl 0GbLEKTHI, pac-
cMarpuBaemble Kak eguHoe Lienoe (ganee — SneMeHTbl), U CUCTEMbI, COCTOSILLUE M3 HECKOMbKUX SNEMEHTOB.
3T0 NO3BOMAET NONY4YUTL 0OLLKME MaTEMATUYECKME BbIPAXKEHUS KaK A4St CUCTEM, TaK U AN 3NeMeHToB. Kpome
TOro, anemeHTbl Honee NOAPOGHO NpoaHanM3npPoBaHbl B OTHOLLEHWM acnekToB UX PEMOHTA.

CnegaytoLyme knaccol 06bEeKTOB paCCMOTPEHbI OTAENbHO:

- CUCTEMBI,;

- NNIEMEeHTbI:

- HeEBOCCTaHaBIIMBaeMble,

- BOCCTaHaBInnBaeMble:
- C HyneBbIM (N1 NpeHeOPEeXMMo MarnbiM) BPEMEHEM BOCCTAHOBMEHMUS,
- C HEHYNEBbIM BPEMEHEM BOCCTAHOBNEHUS.

Ina 06bACHEHUA NOHATUIN HAAEXKHOCTU, KOTOPLIE MOTYT ObiTb TPYAHLIMK ANS NOHUMAaHUS, B CTaHAAapTe
nNpuBEAEHO NO BO3MOXHOCTU Haubonee nonHoe 060CHOBaHUE, @ MaremaTu4eckue BbIPAXKEHUSI NPUBEAEHBI B
Hanbonee npocToM Buae.

B HacTosiem ctaHpapte ans aHanu3a nokasarenei HaaeXXHOCTU UCNONb30BaHbl CrefyioLue OCHOB-
Hble MaremaTuyeckue Moaenu:

- MOZAENU CUCTEMBI:

- MOZEenu ¢ U3MEeHeHUeM COCTOSHUA,
- MapKOBCKMe Moaenu;

- MOZEnu dNeMEHTOB:

- pacnpegeneHne cny4anHon BenuyMHel (HapaboTku 40 OTKa3a) ANS HEBOCCTaHABNUBaEMbIX 0GBHEKTOB,
- NPOCTOi (0BbIYHbLIN) anbkTEPHUPYHOLLMIA NMPOLIECC BOCCTAHOBIEHUA AN BOCCTAHABNUBaEMbIX 06bekK-
TOB C HEHYNEBbLIM BPEMEHEM BOCCTAHOBIIEHUS.

MpuMeHeHue kaXxaoro nokasaTens HaaeXHOCTU UITIOCTPUPOBAHO Ha MPOCTLIX NPUMepax.

HacTosiumit ctaHaapt MOXeT BbITb NPUMEHEH K aHanu3y HageXHOCTU He TONbKO annapaTHbIX CPeacTB,
HO 1 06LEKTOB, coaepXaLumMx nporpammHoe obecneveHue.

W3nanue ocbmumnanbHoe
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2 HopmatuBHbI€ CCbINKN

B HacTofLeM cTaHaapTe Ucnonb3oBaHbl HOPMATUBHBIE CCbIIKM HA cneayloLme CTaHaapTbl:

FOCT 27.002 HadexHocmb 6 mexHuke. TepMuHbI U onpedeneHus

FOCT 27.302 HadexxHocmb 6 mexHuke. AHanu3 depeea HeucripasHocmell

FOCT P 51901.14 MeHeOxmeHm pucka. CmpykmypHas cxema HadexxHocmu u 6yrneebl Memo0dbi

FOCT P UCO 3534-1 Cratuctuyeckme metobl. Cnoeapb U ycnosHble 0603HaueHus. Yactb 1. Obwme
CTaTUCTUYECKUE TEPMUHBI M TEPMUHBI, UCNONb3yEMbIE B TEOPUM BEPOATHOCTEN

T'OCT P M3K 61165 HadexHocmb 6 mexHuke. lpumeHeHue Mapkoeckux Memodos

T'OCT P M3K 61508-1 ®yHkyuoHaribHas 6e30rnacHOCMb CUCMEM 3M1IeKMPUYECKUX, ITeKMPOHHbIX, Po-
2paMmupyemMbix 31IeKMPOHHBIX, ces3aHHbIX ¢ 6e3onacHocmelo. Yacme 1. Obwue mpebosaHust

TOCT P M3K 61508-2 ®yHkyuoHaribHasa 6e30acHOCIMb CUCIMEM 3MIeKMPUYECKUX, ITEKMPOHHbIX, 1PO-
2paMmupyeMbix 3N1IeKMPOHHBIX, cesi3aHHbIX ¢ 6e3onacHocmblo. Yacmp 2. TpebosaHusi kK cucmemam

FOCT P MOK 61508-3 ®yHkyuoHanbHas 6e301acHOCMb CUCMEM S/IeKMPUYECKUX, AMEKMPOHHbIX, npoapam-
MUpYyeMbIX 311eKMPOHHBIX, Cesi3aHHbIX ¢ 6be3onacHocmebro. Yacme 3. TpeboeaHus K npoapamMmHOMy 06ECNEYeHUI0

T'OCT P M3K 61508-4 ®ynkyuoHarnibHasa 6e30nacHOCb CUCIMEM 3MIeKMPUYECKUX, JITEKMPOHHbIX, 1PO-
epamMmupyeMblx 3N1eKMPOHHBIX, C8513aHHbIX ¢ 6e3onacHocmbio. Hacme 4. TepmuHbi u onpedeneHus

T'OCT P M3K 61508-5 ®yHkyuoHanibHasa 6e30nacHOCMb CUCIMEM INIeKMPUYECKUX, JNTEKMPOHHbIX, 1PO-
epamMmupyemMbix 3NEKMPOHHbIX, CeA3aHHbIX ¢ 6e3onacHocmblo. Yacme 5. PekomeHOayuu rno npumMeHeHuio
memo0oe onpedeneHus yposHel norHoms! 6e3onacHocmu

FOCT P M3K 61508-6 ®yHKkyuOHanbHas 6e30rnacHoCMb CUCMEeM 3N1eKMPUYECKUX, TEKMPOHHbIX, PO-
2paMmupyeMbix 3NEKMPOHHbIX, Ces13aHHbIX ¢ 6e3onacHocmbio. Yacmp 6. Pykoeodcmeo o npuMeHeHUro
FOCT P M3K 61508-2 u FTOCT P MOK 61508-3

FOCT P M3K 61508-7 ®yHkyuoHaribHas 6e30nacHOCMb CUCMEM 311eKMPUYECKUX, IIeKMPOHHbIX, Po-
epamMMupyeMbiX ANIeKIMPOHHBIX, C8sI3aHHbIX ¢ 6e3onacHocmbio. Hacme 7. Memods! u cpedcmea

FOCT P M3K 61511-1 be3onacHocmb ¢hyHKyuoHanbHasa. Cucmembl 6e3onacHocmu npubopHble 0ns
NPOMBbILLINEHHbIX rnpoyeccos. Hacmp 1. TepmuHbl, onpedeneHus u mexHudeckue mpebosaHus

FOCT P MOK 61511-2 be3onacHocmb ¢hyHKyuoHanbHasa. Cucmembl 6e3onacHocmu npubopHble 0ns
NPOMbILWINEHHbIX npoyeccos. Hacmsb 2. Pykoeodcmeo no npumeHeHuio MOK 61511-1

FOCT P MOK 61511-3 besonacHocmb ¢hyHkyuoHanbHas. Cucmembl 6e3onacHocmu npubopHble Ons
npPoMbILINEHHBIX poyeccos. Yacmpb 3. Pykosodcmeo no onpedeneHuio mpebyembix yposHeli nonHoms! 6e3-
onacHocmu

MpuMeyaHune —pn Nonb3oBaHUU HACTOALLMM CTaHAAPTOM LieriecoobpasHo NPOBEPUTL AENCTBUE CCbINOYHBIX
CTaHzapToB B MHOPMaLMOHHOM cucTeme obLLero Nonb3oBaHUs — Ha ouLMansHoM caiiTe degepanbHOro areHTcTBa no
TEXHUHECKOMY perynnupoBaHuo U MeTpoIiorum B CeTn l/]HTepHeT UInu no exerogHomy VIHq.)OpMaLWIOHHOMy yKasateno «Ha-
LMOHanbHble CTaHAapThI», KOTOPLIA ONYGrMKOBaH NO COCTOSHUIO Ha 1 SHBapSA TEKYLUEro roga, U no BbinyckaM exemecsy-
HOro MH(OPMaLMOHHOro YKasaTens «HaunoHanbHble cTaHAapThI» 328 TEKYLMIA rof. Ecnu 3amMeHeH cChinoYHbIi CTaHaapT,
Ha KOTOpblii faHa HeaaTUpoBaHHas CCbinKa, TO peKOMeHAYeTCs UCMonb3oBaTh AENCTBYIOLLYIO BEPCUIO 3TOro cTaHaapTa
C Y4€TOM BCEX BHECEHHBIX B JaHHYH BEPCUIO M3MEHEHUIA. ECNM 3aMeHeH CCbiNOoYHbI cTaHAapT, Ha KOTopbI AaHa faTv-
poBaHHaA CChlflka, To peKOMeHAYEeTCA UCNOoNb30BaThk BEPCUIO STOrMO CTaHAapTa C yKasaHHbIM Bbille roAoM yTBepXAeHUA
(NpuHATKSA). Ecnn nocne yTBepXAEHNUS HACTOALLEro CTaHaapTa B CCbINIOYHbIA CTaHAapPT, Ha KOTOpPLIA fJaHa AaTupoBaHHas
CChblfiKa, BHECEHO U3MeHeHUe, 3aTpariBatrolee norioXeHue, Ha KOTopoe faHa CChiflka, TO STO NOoNoXeHne peKoMeHAyeTCA
NPUMeEHATb bes y4veTa AaHHOro U3MeHeHUA. Ecnun ceblnoyHbln CTaHA4apT OTMeHeH Ges 3aMeHbl, TO NoNoXeHue, B KOTOPOM
AaHa ccbifika Ha Hero, pekoMeHAyeTcA MPUMEHSTb B 4acTy, He 3aTparusatolLeit STy CChInkKy.

3 TepMuHBLI U onpeaeneHns

B HacrosiLleM cTraHgapte npuMeHeHsl TepMuHbl no FOCT 27.002, FTOCT P UCO 3534-1 n [18], a Takke
crnegyowme TEPMUHbI C COOTBETCTBYIOLLMMUW ONPeAeneHnsiMu;

3.1 MFHOBEHHbII# NnapaMeTp NOTOKa BOCCTaHOBMeHuM (instantaneous restoration intensity), napa-
MeTp NMOTOKa BOCcCTaHOBReHun (restoration intensity), yactora BocctaHoBneHuit (restoration frequency)
v(f): Mpeaen (ecnu OH CyLUEeCTBYET) OTHOLUEHUA CPEefHEro KonMyecTsa BOCCTAHOBIEHUIN 0ObeKTa 3a Nepuoa
BpemeHH [t, t + Af] k At, korga Af CTPEMUTCA K HYNIO, NPW YCNOBUK, YTO B MOMEHT BpeMeHun t = 0 00beKT Ha-
X0auTcs B paboTocnocobHOM COCTOAHUM (Kak HOBbIN):

i E[Ng(t + At)— Ng(t) 06BeKT kak HOBbI npu t = 0]
im
At—0 At '

rae Ng(f) — Konm4ecTso BOCCTAHOBIIEHUI 3a nepuod BpemMeHu [0, f];
E — 3HaK MaremMaTu4ecKkoro OXxuaaHus.

v(t)=
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MpumeyaHunsa

1 Pasnuuve Mexay napaMeTpoM MoTOKa BOCCTAHOBIIEHUI U MHTEHCUBHOCTBIO PeMOHTa 0BYCMNOBNEHO CEAYIOLUM:
B MOMEHT BpeMeHHU t = 0 Ansi napameTpa NoToKa BOCCTaHOBIEHWA 0O bEKT HAXOAUTCSA B paboTocnoco6HOM COCTOSAHUM (Kak
HOBGI1), @ ANA UHTEHCUBHOCTU PEMOHTA PEMOHT HauMHaeTcs B MOMeHT BpeMeHu t = 0. C MaTeMaTn4ecKoin ToUKN 3peHuns
napameTp NoToKa BOCCTAHOBMEHWIA aHanornveH 6e3ycnoBHOMY napamMeTpy MoToKa 0Tka3os (cM. 3.8).

2 EfWHULE M3MepeHuii MTHOBEHHOro NapaMeTpa NoToka BOCCTaHOBMEHUI ABNSETCH e4MHNLa BpEMEHU B CTeneHn
MUHYC 1.

3.2 MrHOBeHHass UHTEHCUBHOCTb peMOHTA (instantaneous repair rate), MHTEHCUBHOCTb PEMOHTa
(repair rate) u(f): NMpeaen (ecnu OH CyLWIECTBYET) OTHOLLEHWUS YCNIOBHOW BEPOSATHOCTU TOrO, YTO PEMOHT 3a-
BEpLUEH B nepuog BpeMenn [t, { + Af] k Af, koraa Af cTpeMuTca K Hynto, Npu YCroBuUu, YTO PEMOHT Havarcs B
MOMEHT BpeMeHu { = 0 u He Obin 3aBepLUeH A0 MOMEHTa BPEMEHU £

MpumedyaHune — Pasnuume Mexay napameTpoM MoToka BOCCTAHOBMEHWA U UHTEHCUMBHOCTBIO PEMOHTa
0BycrnoBneHo cneayowuM: B MOMEHT BpeMenu t = 0 Ana napameTpa NoToka BOCCTAHOBNEHW 0GBbEKT HaxoauTes B pa-
60TOCNOCOGHOM COCTOSIHUM (Kak HOBbIN), @ ANt UHTEHCUBHOCTU PEMOHTa PEMOHT Ha4YMHaEeTCA B MOMEHT BpemeHu £ = 0.
C MaTemaTU4eckoi TOUKU 3peHUs BblpaXeHWsa AN UHTEHCUBHOCTU peMOHTa aHanornyHbl BblpaXeHUaM Ans UHTEHCKB-
HOCTM OTKa30B (cM. 3.6).

3.3 cpenHee Bpemsi Mexay otkaszamu, METBF (mean time between failures, METBF): Matematuye-
CKO€ OXXuaaHue BpeEMEHU, MPOXOASALLEro Mexay nocrneaoBartenbHbIMU 0TKasamu,

MpumeyaHue —Onpeaenexne nameHeHo Ans obecneveHns oTNUYUI OT CpeAHel HapaBoTKu MeXAY oTKasamu
(MTBF unu MOTBF).

3.4 hyHKUMA pacnpeneneHuA NPOAOMKUTESNIbHOCTU PAa6oTOCNOCOOHOrO COCTOAHUA (MHTEerpasb-
Has) (up-time distribution function): ®yHkUMA, ycTaHaBNMBAKOLLAA ANA KAXA0r0 3Ha4YeHus f BEPOSITHOCTb TOrO,
4YTO NPOAOMKUTENBHOCTL PABOTOCNOCOOHOrO COCTOAHNUS MEHbLLIE UMK paBHa {.

MpumMmedaHuns
1 Ecrnv npoAomkMTenbHOCTL paboToCnoCOGHOMO COCTOSIHUA CTPOro MOMOXUTENbHa U ABNSAETCH HernpepbiBHON cry-
YaiHoit BennumnHoi, To F; (0)=0wn

t
Fy(t)=1-exp| - Ay(x)dx |,
0

rae Ay(f) — MrHoBEeHHas UHTEHCUBHOCTL NOTepn paboTocnocoBGHoCTw.

2 OyHKUMA pacnpeaeneHna NPoACIKUTENbHOCTU paboTocnocoBHOro COCTOAHNSA ABNAETCA OCHOBHLIM pacnpegerne-
HWeMm, NpuMeHMbIM kak Ans COl (06beKT HenpepbIBHOTO ANUTENBHOrO NpUMeHeHUs), Tak u ans |0l (06bekT MHOroKpaT-
HOTO Luknuyeckoro npuMeHenns). Ans COI F(t) = H(t).

3 Ecnn npoaonmxnMTenbHOCTb paboTocnocobHOro COCTOAHWUA NOAYUHAETCA SKCNOHEHUWaNbLHOMY pacnpefeneHuio, To

Fult) = 1 — exp(—t/MUT).

rae MUT — cpeaHsifl NpoAonMXUTENBLHOCTL paboTocnoCOBHOTO COCTOAHNUS.
B atom cnyuae BenuumnHy, obpatHyto k MUT, o603HaqaloT Ay u Ay = 1/MUT.

3.5 MrHOBEeHHaA MHTEHCUBHOCTb NOTepU PaboTocNOCOGHOCTH, UHTEHCMBHOCTL NoTepu paboTo-
cnoco6Hoctu A (f) (instantaneous up-time hazard rate function, up-time hazard rate function A,(f)): Mpeaen
(ecnu oH cyLLlecTBYET) OTHOLLEHUS YCNOBHON BEPOATHOCTU TOTO, YTO Bpems npebbiBaHua B paboTocnoco6HOM
COCTOSAHMM 3aKOHYMTCA B TEYeHNe nepnoaa spemenn [,  + Af] k At, korga Af cTpeMUTCA K HYNtO, NpU YCIOBUHU,
UTO B MOMEHT BpeMeHu t = 0 06bekT Haxoauncst B paboTocnocoOHOM COCTOSHUM W HE BbIXOAUN U3 HEro Ao
MOMEHTa BpeMeHu {.

MpumeyaHuns
1 MrHoBeHHas MHTEHCUMBHOCTb NOTEpU paboTocnocobHOCTH:

Cim L AUEAD-FRyt) D)
At—0+ At 1- Fy(t) 1-Fy(t)’
rae Fy(t) — dyHKUMA pacnpefeneHus NPOAOIKXUTENBHOCTM paBoToCNOCOBHOro COCTOAHMS,
fu(t) — nnoTHocTb pacnpefeneHnst NPOAOMKUTENBHOCTU PaBoTOCNOCOGHOrO COCTOAHMS.

2 [ina COI n 10l — 3 (t) — nHTeHCcMBHOCTL NoTepy paboTtocnocobHocTu. Ans COl A (t) = A(t) (cm. 3.6).

3 Ecnun npopgomkuTenbHocTe paboTocnocoBHOro CoCTOSHUS NOAYMHAETCA SKCMOHEHUMansHOMY pacrpegerneHuto,
TO MFHOBEHHAsA UHTEHCUBHOCTb NOTepU PaboTOCNOCOGHOCTH SBMNAETCA NOCTOSHHON BO BPEMeHu 1 ee 0603HaYaloT Ay

4 EfVHUUER n3MeperniA MrHOBEHHOM MHTEHCUBHOCTU NoTepi paBoTocnocoBHOCTU SIBRAETCA eANHUALIA BPEMEHM B
CTeneHn muHyc 1.

Ay()
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3.6 MFHOBEHHAaA MHTEHCMBHOCTb OTKAa30B, MHTEHCUMBHOCTL otkasoB') A(f) (instantaneous failure
rate, failure rate A(f)): Npeaen (ecnu OH CyLLECTBYET) OTHOLLUEHWUS YCIOBHOW BEPOSATHOCTM TOrO, YTO OTKa3
o6beKkTa BO3HUKHET B TEYEHUE nepuoaa Bpemenn [, { + Af] k Af, korga Af CTPEMUTCS K HYMIO, MPU YCNOBUK, YTO
0TKa3 He NPou3oLLEN B TEYEeHMe nepuoaa spemenu [0, 1.

MpumMevyaHus
1 MrHoBeHHas UHTEHCUBHOCTb OTKa30B UMEET BUA:

Mb)= lim 1 F(E+A)—F(t) _ F()
At—0+ At R(t) R(t)

rae F(t) v f{t) — cdbyHKUMA pacnpefeneHns U NoTHOCTb pacnpeaeneHna HapaboTkm Ao oTkasa, a R(f) — BepoATHOCTb
BesoTkaszHon pabotsel R(t) = R(0, t).

2 OnpepeneHne OTHOCUTCA KO BCEM BUAaM OBBEKTOB, T. €. K CUCTEMAaM U areMeHTaMm, BOCCTaHaBIMBaeMbIM U He-
BOCCTaHaBNnBaeMbIM obbekTaM.

3 MrHoBeHHasi MHTEHCMBHOCTb OTKa30B SABMNSAETCA MHTEHCUBHOCTLIO NoTepu pabotocnocobHocTu gna COl. B atoM
cnydae A(t) = A(t) (cm. 3.5).

4 Ecnu At — 0+, MIHTEHCMBHOCTb OTKa30B ABMNSAETCA YCIMOBHOW BEPOATHOCTLIO B €AUHULY BPEMEHU TOro, YTO 06b-
€KT OTKa3blBaeT B Nepuog BpeMeHu oT { fo t + Af, Npu yCcroBuK, 4To 0BbeKT HaxoguTca B paboTocnocobHOM COCTOSHUN B
TedyeHue Bcero nepuoga spemenu [0, t]. OBbIMHO NpeanonaraeTcs, YTo B MOMEHT BpeMeHU = 0 06beKT COBCEM KaK HOBBIA.

5 MrHoBeHHas MIHTEHCUBHOCTL OTKa30B MOXET TakKe OblTb NpefcTaBneHa B criegyowem Buge:

M= i E[N(t+ At)— N(t) paboTocrnocoGHoOe cocTosiHNE B TedeHne nepnoaa Bpemenn [0, t]]
= m )
At—0+ At
rae N(t) — KonnmyecTBO OTKa30B B TedeHUe nepuoga spemenn [0, t], rae E — 3HaK MaTemMaTu4eckoro oxugaHus.
Ota dopmMa onpeaeneHnsa JOMNYCKaeT CpaBHEHNE UHTEHCUBHOCTM OTKA30B C YCITOBHBIM MapamMeTpoM MoToKa oTKa-

30B 1 6e3yCnoBHbLIM NapaMeTpOM NOTOKa OTKAa30B.

3.7 ycnoBHbIi NapamMeTP NOTOKa OTKa30B, MHTEHCUBHOCTL OTKa3oB Becens A (f) (conditional failure
intensity, Vesely failure rate A (f)): NMpeaen (eCnu OH CYLUECTBYET) OTHOLLEHMSI CPEAHEN0 KONMYECTBa OTKa30B
BOCCTaHaBNMBaeMOro oobekTa 3a nepuog Bpemenn [t t + Af] k At, korga At CTPEMUTCS K HYIIO, NPU YCINOBUMU,
YTO 0OBLEKT HAaxX0AUTCH B paboTOCNOCOGHOM COCTOSSHUM B MOMEHT BPEMEHM { U COBCEM KaK HOBbI B MOMEHT
BpemeHu £t =0.

MpumMeyaHUs

1 MrHOBEHHbIW NapaMeTp NoToKa OTKa3oB UMEET BUA!

()= lim E [N(t + At) - N(t)| paboTocnocobHoe COCTOAHME B MOMEHT BpeMeHU { 1 COBCEM KaK HOBbI B MOMEHT BpemeHn £ =0 ]
V( Af—-0+ At ,
raoe N(t) — konu4yecTBO 0TKa30B 3a nepuof BpemMeni [0, f], rae E — 3Hak MatemMaTtn4eckoro oXuaaHus.

2 Ecnu At — 0+, yCnoBHbIM NapaMeTp NoTOoKa 0TKa3oB npefcTaBnseT coboil BepOATHOCTb B €4UHULY BPEMEHW TOro,
4YTO OObLEKT OTKa3bLIBAET B TEHEHWE Nepuoga BpeMeHu oT t fo t + df, npu ycnosum, 4To 06bEKT HaXO[WUTCA B YKa3aHHOM CO-
CTOSIHUM B MOMEHT BpPEMEHW t U coBceM Kak HoBbIW Npu £ = 0. B ocobbix cnyyasx (6bICTpoe BOCCTaHOBNEHWE OTKa30B) 3TOT
nokasatenb obecnevnBaeT xopolee NpMbNMxXeHne UHTEHCUBHOCTU OTKa30B. 3TOT napameTp (cMm. [19]) Takke Ha3biBaKOT
MHTEHCMBHOCTLIO 0TKa30B Becens.

3 B cooTBeTCTBUM C onpeaeneHnamm A,(t) n z(t) cesasaHbl cooTHoweHneM A[t) = z(t)/A(t), rae A(f) — MrHOBEHHbI
K03(pPULMEHT roTOBHOCTU OObEKTa B MOMEHT BpeMeEHMU £.

3.8 6e3ycnoBHbIN NapamMeTp notoka orkasoB (unconditional failure intensity), MrHoBeHHbLIW napa-
MeTp noToka oTKa3oB (instantaneous failure intensity) napametp noroka orkasos? (failure intensity), 4a-
ctota otka3oB (failure frequency) z(f): lNpeaen (ecnn OH CyLLUECTBYET) OTHOLWEHUA CpeaHero Konu4yecrsa
OTKA30B BOCCTaHABNMBAEMOro o6bekra 3a nepuos Bpemenu [, ¢ + Af] k At, koraa At CTpemMuTcs K HyIo, npu
YyCNOBUM, YTO OObLEKT COBCEM KaK HOBbIA B MOMEHT BpemeHu { = 0.

MpumevaHunda
1 [InA MrHOBEHHOro NapameTpa NOTOKa OTKa30B CrpaBeASIUBO BbipaXeHue:

. E[N(t+At)— N(t)| coBcem kak HoBbIii pu £ =0 ]
z(t)= lim ,
At—0+ At
rae N(t) — Konu4ecTBO OTKa30B 3a Nepuog Bpemenu [0, f], E— 3Hak MaTeMaTU4eckoro oXXuaaHus; Npu ycrnoBum, YTo o6nL-
€KT COBCEM KaK HOBblii B MOMEHT BpeMeHu ¢t = 0.
2 Be3ycnoBHbIl NapamMeTp NOTOKa OTKa3oB — 3TO Takke B COOTBETCTBUM ¢ [18] napameTp noToka oTKa3oB. MHoraa
ero o6o3Ha4aT ROCOF (MHTEHCUBHOCTb BO3HMKHOBEHUS OTKA30B).

3 Ecnu At — 0+, 6e3ycnoBHbIil NapaMeTp NOToKa OTKa3oB NpeAcTaBnseT cobon BEPOATHOCTL B €IUHULYY BpEMEHU
TOro, YTO 06BLEKT OTKa3LIBAET B Nepuog BpeMeHu ot f o f + dt, npu ycrnoBuK, 4To 06bEKT HaxoauTCA B paboTocnocobHOM

1) Cwm. Takke MOCT 27.002.
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COCTOSIHUM B MOMEHT BpeMeHu t = 0. 3fecb 06bekT MOXeET BbiTh B J11060M COCTOSIHUWM B MOMEHT BPeMeHH , Mo3ToMy Uc-
nonb30BaHo NpunaraTensHoe «6e3ycnoBHbLIN».

4 B cooTBeTCTBUU C onpedeneHusMu i (f) u z(t) ceasaHel cooTHoleHneM z(t) = A(t)AAt), rae A(f) — MrHoBeHHbIN
KO3(pPULMEHT rOTOBHOCTU B MOMEHT BPEMEHMU .

3.9 06LEKT HenpepbIBHOro aAnutensHoro npumenenna’) COI (continuously operating item, COI):
OBLeKT, y KOTOporo HapaboTka paBHa BpeMeHW npeBblBaHWs 00bekTa B 1e6MOKMPOBAHHOMZ) COCTOSHUM.

3.10 06BEKT MHOFOKPATHOrO LMKNM4eckoro npumeHenms?) 101 (intermittently operating item, 10I):
O6bEKT, y KOTOPOro HapaboTka MeHbLUEe BpeMeHU NpebbiBaHns oObekTa B 4€6M0KMPOBAaHHOM COCTOSHUN.

MpumMmeyaHUe — B aTOM criyvae NpoAOIKUTENBHOCTb 4e6MOKMPOBAHHOMO COCTOSIHWNSA 06beKTa npefcTaBnseT
coboil cyMMy MPOLOMKUTENIBHOCTU COCTOSHUI PYHKLIMOHUPOBAHWS, NNaHOBOro NpoCcToNa 1 pesepea.

4 O603Ha4YeHUA U COKpaLleHUs!

4.1 O6wWwKe NoNoXeHnsA

OG603HaYeHUsA U COKPALLEHMS!, NPUBEAEHHbIE B JaHHOM pasfdene, LUMPOKO WCMOSb3YIOT Ha MPaKTUKE,
OHW ABNAIOTCA PEKOMEHAYEMBIMU, HO HE 06a3aTeNbHLIMU. [N 06ecneyeHnsi HenpPOTUBOPEYUBOCTM CUCTEMBI
0603HaveHNi B HACTOSILLEM CTaHAapTe UCMONb30BaHbl 0603HaYEHUS, KOTOPbIE MOTYT OTNIMYATLCS OT 0603Ha-
YeHWI, UCNOSIb30BAHHBIX B CCbINTOYHbIX JOKYMEHTaX.

4.2 CokpalueHus

B HacTOAILLEM CTAHAAPTE NPUMEHEHBI CReayIoLLme coKpaLeHns):

COl — 06BLEeKT HeNpepbIBHOTO ANMTENbHOrO NPUMEHEHUS;
101 — O0BbEeKT MHOFOKPAaTHOTO LIMKITMYECKOTO NMPUMEHEHUS;
MACMT — CpeaHsAs NPOLOMKUTENBHOCTE KOPPEKTUPYIOLLIErO TEXHUYECKOrO 06CNYXUBaHNA U pe-

MOHTQ, T. €. MaTeMaTU4YECKOe OXXUAaHWE NPOAOIHKATENBHOCTU BLINONIHEHWA AENCTBUN
KOPPEKTUPYIOLLETO TEXHUMECKOTO 0OCNY)KMBAHUSt U PEMOHTA MO YCTPAHEHUIO NPOU30-
LUeLIero oTkasa;

MACMT — TOYEeYHas OLUEHKa CpeaHen NPOAOINKUTENBHOCTM KOPPEKTUPYIOLLIETO TEXHUYECKOTo 00-
CMNY>XMBaHUS U PEMOHTA;

MAD — CpeaHsas NPoAOMKUTENbHOCTb AMUHUCTPATUBHbIX MPOCTOEB;

"

MAD — TO4YeuvHas OLeHKa CcpeHen NPOAOIHKUTENBHOCTM aAMUHUCTPATUBHBIX NPOCTOEB;

MADT(,, t;) — cpeaHss HaKOMSIEHHas NPOAOIDKUTENBHOCTL HEPAGOTOCMOCOGHOrO COCTOAHMA 3a ne-

e puoa Bpemenu [, b))

MADT (t,, f, ) — TO4€4HasA OLEHKa CPEAHEN HAKOMMEHHON NPOAOSDKUTENLHOCTU HepaBGoToCNOCOGHOro
COCTOsIHUA 3a Nepuoj Bpemehu [, L];

MAUT(,, ;) — cpenHsisi HAKONIIEHHAs NPOAOIKUTENBHOCTL PAGOTOCNOCOGHOTO COCTOAHMA 3a Nepu-

e~ oA BpeMmeHH [, L],

MAUT (¢;, {,) — TO4e4HasA OLEHKA CPEAHEH HAKOMIEHHOW MPOAOSDKUTENLHOCTN PaBGoToCnocoGHOro
COCTOsIHUSA 3a nepuoj Bpemenu [t;, t];

MDT — cpeaHsas NpoAoMKMTENbLHOCTL HePaboToCNOCOBHOrO COCTOAHUS;

"

MDT — TO4euYHas OLeHKa CpeaHel NPOAOIKUTENBHOCTU HEPABOTOCNOCOGHOIO COCTOSIHUS;

METBF — cpeaHee BpeMs Mexay oTkasamu,

MFDT — cpeaHsas NPoAOIPKUTENbHOCTL OOHApYXXeHUs 0TKa3a, T. €. MaTemaTnyeckoe oXxugaHue
NPOAOINKUTENLHOCTU OBHAPYXKEHUA OTKA3a;

MLD — cpeaHsasa NPoAOMKUTENbHOCTb NTIOTMCTUYECKUX NPOCTOEB;

"

MLD — TOYeuYHas OUeHKa cpeaHeil NPOAOIHKUTENBHOCTU NMOrMCTUYECKUX NPOCTOEB;

MMAT — cpeaHssi NPOAOCIKUTENBHOCTb TEXHUYECKOTO 00CNY>MBAHUSI U PEMOHTA, T. €. MaTeMa-
TUYECKOE OXMAAaHUe NPOAOIDKUTENBHOCTU BbIMOMHEHUA TEXHUYECKOTo 06CcnyXnBaHus
N PEMOHTA;

MRT — cpeaHsas NpoaoMKUTENbHOCTbL PEMOHTA;

1) Cm. Tarke MOCT 27.003.

2) [ebnokmpoBaHHOE COCTOSIHUE — COCTOAHUE, B KOTOPOM OBLEKT BKIIOYEH (3a4€WCTBOBaH).

3 B pononHeHue K NpuBefieHHLIM aGGpeBUaTypaM Ha HEKOTOPLIX PUCYHKAX WCMONb3OBaHbI TaKKe coKpalleHus
Pc — pabotocnoco6Hoe cocTosiHue u Hc — HepaGoTocnocobHoe cocTosiHue.

5
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"

MRT — To4e4Has oueHka cpeaHei NPoAOIMKUTENBHOCTU PEMOHTA;

MOTBF — cpeaHaa HapaboTka mexay oTkasamu;

MTD — CpeaHsa NPOAOSMKUTENBHOCTb TEXHMYECKMX MPOCTOEB, T. €. MaTremMaTtuydecKoe OXuaaHue
NPOAOIMKMTENBHOCTN TEXHUYECKUX MPOCTOEB;

MTTF — cpeaHsia HapaboTka 40 0TKas3a;

—

MTTF — TO4e4yHas oueHka cpeaHel HapaboTku A0 0TKa3a;

MTTR — cpenHee BpeMsi BOCCTAHOBMNEHUS;

"

MTTR — To4Ye4Has OUeHKa cpegHero BpEMeHM BOCCTAHOBIEHUS;

MUT  — cpeaHssa npogormkuTenbHOCTbL paboToCNOCOBHOIO COCTOSIHUS;

-

MUT  — TouedHas oLeHKa cpeaHen NpoaomKUTENBHOCTU paboTOCNOCOOHOrO COCTOSHUS;

RT; — Habnogaemas npoaoMKUTENBHOCTb PEMOHTA i-T0 00LEKTa;

TTF; — HapaboTka g0 i-ro otkasa 06bekTa;

VRT — AWCNepcHs NPOLOMKNTENLHOCTM peMoHTa, VRT = Varlc] = E[c?] - MRTZ, rae ¢ — cnyJaitHas

BENUYUHA, NpeacTaBsnsaoLlas coboi NPoACMKUTENLHOCTL PEMOHTA; Var — 3Hak aucnep-
cuK; E — 3HaK MaTtemMaTm4ecKkoro OxuaaHus.

4.3 O6o3Ha4YeHun

B HacTosiLem ctaHaapTe NpUMEeHeHbl cnegytolme 0603HadYeHns:

[ty &l — MuHTepBan (Nepuoa) BpeMeHU, rae &, — HWKHASA rpaHnua uHTepBana, f, — BepxHss rpa-
HUUa uHTepBana (t; <t,),

Asti(t,, t;) — cpeaHsas HakonneHHas NpPoAOoINKMTENbLHOCTL NPeGbiBaHMA B i-M COCTOSIHUM 3a nepuoj
BpemeHu [t;, ],

A — acuMNTOTUYECKUI KOS(PDULMEHT rOTOBHOCTH;
Al — MrHOBEHHbIN KOI(MPULMNEHT rOTOBHOCTU (KOI(PMULMEHT rOTOBHOCTH), T. €. BEPOATHOCTb
_ TOrO, YTO 06BLEKT HAX0AMTCA B paboTOCNOCOBHOM COCTOSIHUM B MOMEHT BPEMEHM f;
A(t), &) — cpeaHuit KOSh(ULMEHT rOTOBHOCTM 3a Nepnuoa Bpemen [f, &];
A — acUMMTOTUYECKUI CPegHUn KOBPADULNEHT FOTOBHOCTH,
A(ty,t,) — TOYeYHas oLeHka cpefHero kosuLMeHTa roTOBHOCTU 3a Nepnog BpeMenu [ty 6],
t — HebonbLUOe CTPOro NONOXUTENLHOE NpUpALLEHUE BpeMeEHU At >0;
dt — BGeCKOHEYHO Maroe CTPOro NONOXUTENLHOE NpUpALLEHUE BPpeMEHH (T. €. Af, cTpemsLlee-
CA K HYNIO);
E[] — 3HaK MatemMaTu4ecKoro OXXMaaHus;
Fy® — (YHKUMSA pacnpeaeneHusi NpoAoIMKUTENBHOCTU paGoToCcnoCoBHOr0 COCTOAHUS;
F(®) — dyHKUMA pacnpeaeneHuss HapaboTkM 40 0TKa3a;
fu® — pacnpegerneHus NPoAOMKUTENBHOCTN paboTOCNOCOBHOIO COCTOSIHUS.
Mpumevanune —[Ons COIfy(t) = ft),
f(f) — NMOTHOCTb pacnpeaeneHns HapaboTku 10 0TKasa;
f(f) — TO4YeYHas ouUeHKa NNOTHOCTU pacnpedeneHnsa HapaboTku A0 OTKa3a B MOMEHT BpeEMEHMU [,
frey(® — NNOTHOCTL pacnpeaeneHns CyMMbl BPEMEHM BOCCTAHOBNEHMS M CREAYIOLLEN NPO/OmKu-
TenbHOCTM PaBoTOCNOCOBHOrO COCTOAHUS,
G() — dyHKUMA pacnpeaeneHns NpoaoHKMTENbHOCTU PEMOHTA;

Gacm(®) — dyHKUMS pacnpegenerns NpoaoIHKUTENLHOCTU KOPPEKTUPYIOLLETO TEXHUYECKOTO 0BCTyXU-
BaHWSI 1 PEMOHTA;

Ggr(® — YHKUUS pacnpeaeneHusi BpeMeHW BOCCTAHOBMEHUS,

a(® — NNOTHOCTb pacnpeaeneHusa NpoAomKUTENbLHOCTU PEMOHTA;

g — TOYe4yHas OLeHKa MNOTHOCTM pacnpeaeneHna NPOAOIMKUTENBHOCTU PEMOHTA B MOMEHT
BPEMEHM f;

Iacm® — NNOTHOCTL pacnpeseneHnst NPOLOMKUTENBHOCTU KOPPEKTUPYIOLLErO TEXHUYECKoro obeny-
JKMBAHUSA U PEMOHTA;

gap(® — NNOTHOCTb pacnpeneneHusi NPOAOIKUTENLHOCTU 8AMUHUCTPATUBHBIX NPOCTOEE;
gp(  — NNOTHOCTb pacrpenerneHus MPOAOIKUTENBHOCTU HePaBGOTOCTIOCOBHOMO COCTOSIHUS;
g, p() — NNOTHOCTL pacnpeaeneHus NPOLOMKUTENLHOCTU NIOTUCTUYECKUX NPOCTOEB;
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NMOTHOCTL pacnpeaeneHusi NPOAOIMKUTENBHOCTU BbINONIHEHUA 3aflaHHbIX AeCTBUI Tex-
HUYECKOT0 0OCMY>XUBAHUSI U PEMOHTA;
MMOTHOCTbL pacnpeaeneHnsi BPEMEHU BOCCTAHOBIEHUS;

MAOTHOCTb PacnpeeneHns KaneHaapHoro BpEMEHN 40 N-ro otkasa nz 1;

HOMMWHarsbHblE NPOM3BOACTBEHHbIE BO3MOXHOCTU, OTHOCALLNECA K OOBbEKTY A, cucteme S
WU COCTOSAHUIO

MrHOBEHHbIE NPOU3BOACTBEHHbIE BO3MOXHOCTU, OTHOCALLUECH K CUCTEME;

KOMUYECTBO PEMOHTOB 3@ YCTAHOBMEHHbIW NEPUOA BPEMEHH;

KOMUYECTBO KOPPEKTUPYIOLLMX TEXHUHECKMX OOCNY>KMBAHWIN U PEMOHTOB 3@ YCTAHOBIEH-
HbI Nepuoa HabnaeHNN;

KONIMYECTBO aAMUHUCTPATUBHBIX MPOCTOEB 32 YCTAHOBIEHHBIN NepUog HabnoaeHui;
KONMMYECTBO NPOCTOEB 3a YCTAHOBMNEHHbIN Nepuoa HabnoaeHuii;

KONMMYECTBO OTKA30B 3a YCTAHOBMEHHbIN Nepuos HabnoaeHWiA;

KONMMYECTBO NOMMCTUYECKUX MPOCTOEB 3@ YCTAHOBIEHHbIN Nepuoa HabnogeHui;
KONMMYECTBO OTKa30B Npu hYHKLUMOHUPOBAHMKM OObEKTa 3a YCTAHOBMEHHbIA nNepuos Ha-
onopgeHun;

KONMUYECTBO BOCCTAHOBIEHUI 34 YCTAHOBNEHHDIVM Nepuo HabnioaeHni;

KOMMYECTBO paboToCcnoCcoBHbIX COCTOSIHWIA 3@ YCTAaHOBMEHHbIA Nepuoj, HabnoaeHui;
NOCTOSIHHAsA MHTEHCUBHOCTL OTKA30B, T. €. BENMYMHA, 0bpaTHas Kk cpefiHel HapaboTtke Ao
oTkasa (MTTF), koraa HapaboTka 40 OTKasa NoAgvYUHAETCS SKCNOHEHLManbHOMY pacnpe-
[ ENEHNIo;

MrHOBEHHAas MIHTEHCUBHOCTb OTKa30B;

acMMNTOTMYECKas! UHTEHCUBHOCTbL OTKAa30B;

TOYEYHada OLeHKa NOCTOAHHON UHTEHCUBHOCTU OTKA30B;
TOYEYHad OLeHKa MTHOBEHHON UHTEHCUBHOCTU OTKA30B B MOMEHT BPEMEHU {;

CPeAHsisi UHTEHCMBHOCTL OTKA30B 3a nepuod Bpemenu [t;, t];

NOCTOSIHHAs UHTEHCUBHOCTb NOTEPU PaboToCNOCOBHOCTH, T. €. BENWYMHA, obpaTtHas k cpea-
Heln NpoaomKUTENLHOCTU paboToCNOCOBHOrO COCTOAHUA, KOTAa NPOAOIKUTENBHOCTL pabo-
TOCNOCO6HOro coctosHusA (MUT) nogumHAeTcs 9KCNOHEHUManbHOMY pacnpeaerneHuio.

MpumevaHnue —AnaCOIA =4,

Ay
MWD
7\\/(”)

M)

M(t)
Mt t,)
m
Myat®

u

V4]
16}
Macwm

— WHTEHCUBHOCTb NOTEPU paGOTOCHOCOSHOCTVI.
MpumedvaHue —Ona COl A (t) = A1),

— YCNOBHbIA NapaMeTp NoToka 0TKasoB (MHTEHCUBHOCTL OTKa30B Becens);

— acMMNTOTMYECKMIA YCIIOBHbIA NapaMeTp NoToka oTka3os (AaCUMNTOTUYECKAsA MHTEHCUBHOCTb
oTkasos Becens);

— BEpOSATHOCTb BOCCTAHOBMEHUS, T. €. BEPOSITHOCTb 3aBEPLUEHUS] TEXHUYECKMX onepavuun u
OpraHn3aLMOoHHbIX MEPONPUATUIN TEXHUYECKOTO 06CNYXMBAHUA U PEMOHTA B MOMEHT Bpe-
MeHn t: M() = Mt,, ) anat, =0unt, = ¢

— TOYe4YHas OLEeHKa BEPOATHOCTM BOCCTAHOBIEHWUS B MOMEHT BPEMEHH

— BEPOSITHOCTb BOCCTAHOBNEHWSA 3a Nepuoa spemenu [t;, o],

— KONIMYECTBO TEXHUYECKNX OOCMYKMBAHUI U PEMOHTOB;

— KOJIMYECTBO TEXHUYEeCKMX OBCMYXMUBaHWIN U PEMOHTOB C MPOAOIKUTENBHOCTbIO Gonee
t (mya7(0) = m);

— MOCTOSIHHAsA UHTEHCUBHOCTbL PEMOHTA, T. €. BENMYUHA, 06paTHas K cpeaHen NPoaosHMTENb-
HocTu pemoHTa (MRT), korga NnpoAOMmKUTENbLHOCTL PEMOHTA MOAYUHAETCA IKCNOHEHUMUanb-
HOMY pacnpeaeneHuto;

— MIHOBEHHAS MHTEHCUMBHOCTb PEMOHTA;

— TOYEYHas OLEHKA MIHOBEHHOW UHTEHCUBHOCTY PEMOHTA B MOMEHT BPEeMEHM ¢

— BeNnuYuHa, obpaTHas K cpeaHel NPoAoIMKUTENBHOCTH KOPPEKTUPYIOLLEro TEXHUYECKOro 06-
cny>xusanusa u pemonta (MACMT), Koraa npoaonmKMTENbHOCTE KOPPEKTUPYIOLLETO TEXHNYe-
CKOro 06CNy>XMBaHMSA U PEMOHTA NOAYUHSIETCS SKCMOHEHLMANbLHOMY pacrnpeeneHuio;
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Hap — BenuuyuHa, obpartHas K cpeaHel NpoAOIHKUTENBHOCTU aAMWHUCTPATUBHBLIX MPOCTOEB
(MAD), koraa npoaomMKUTENBHOCTE aAMWHUCTPATUBHBLIX NPOCTOEB MOAYUHSETCHA 9KCNO-
HEeHUMansHOMY pacnpeaeneHuio;

Mp — Benu4uHa, obpartHas k cpefHel NpoaoHKMTENLHOCTU HepaboToCcnoCOBHOro COCTOSIHMSA
(MDT), korga npoaomKMTENbLHOCTL HEPABOTOCMOCOOHOTO COCTOSIHUSI NOAYNHAETCS SKC-
NOHEHLUManbHOMY pacnpeaeneHuio;

Hip — BenuuMHa, obpaTtHas K cpeaHei NpoaomkUTENLHOCTM orucTuyeckux npoctoes (MLD), kor-
aa npogosiKUTENBHOCTb NMOMMCTUYECKNX NPOCTOEB NOAYNHAETCA BKCNOHEeHUUanbHOMY pac-
npeaeneHuio;

“MA — MOCTOAHHasA MHTEHCMBHOCTb 3aBepLUEeHNsA TEeXHU4YECKOro Oﬁcﬂy)KVIBaHVIFI U PEeMOHTa,

T. €. BenMunHa, obpatHas K cpeaHei NPOAOMKUTENBHOCTM TEXHUYECKOro obcnyxusa-
HUA 1 peMmoHTa (MACMT), KOoraa nNpoOAOIMKUTENBHOCTL TEXHUYECKOTO 0BCNyXMBaHUS U
pPeMOHTa NOAUYUHAETCA 3KCMOHEHLUMAIbHOMY pacnpeaeneHuto;

MR — MOCTOSIHHasA WHTEHCMBHOCTb BOCCTAHOBMEHUA, T. €. BENMMYMHA, 00paTHas K cpegHemy
BpemeHun BocctaHoBnerusa (MTTR), koraa BpemMsi BOCCTAHOBMEHMUA NOAUYUHAETCS 9KCMO-
HeHUMWansHoMy pacrnpeeneHuio;

N(Y) — KONM4ecTBO OTKa30B 3a nepuoj spemenu [0, f;

Ng(® — KOMM4eCcTBO BOCCTAHOBMEHWI 3a nepuog spemennu [0, f;

n — KONM4ecTBO 0OBLEKTOB B COBOKYMHOCTH;

np{t}, np(® — Konn4ecTBO 0OBLEKTOB B HEPABOTOCNOCOGHOM COCTOSIHUN B MOMEHT BPEMEHM {;

Nt t + Af) — KOMM4EecTBO OTKA30B 3a NEpUoA BPeMeHH [f, { + Af], KOTOPbIN BKMIOYAET Nepuoabl Kak
paboTocnocobHoro, Tak U HepaboTocnoCoBHOr0 COCTOSHUS;

ng(ty, ;)  — KOMMYECTBO OTKA30B 3a NEPMOA BPEMEHMN [f, b)), KOTOPLIN BKNIOYAET NEPUOALI Kak pabo-
TOCMOCOBHOrO, Tak U HepaboToCNOCOBHOrO COCTOAHUS;

ng(® — KOMM4YECTBO BOCCTAHABMNMBAEMbIX OOBLEKTOB, PEMOHT KOTOPbLIX B MOMEHT BpeMeHu { npo-

aomkaetcs (ng(0) = n);
NR(t + Af) = ng(H) — KONN4ECTBO OOBLEKTOB, PEMOHT KOTOPbIX 3aKOHYEH B Nepuoa Bpemen [f, f + Af];

ng(® — KONWYECTBO HEBOCCTAHABMMBAEMbIX OObLEKTOB, KOTOPbIE (DYHKLIMOHUPYIOT B MOMEHT
BpemeHu t (ng(0) = n);
ng(ty, t;) — KONMWM4YEeCTBO 0OBLEKTOB, KOTOPbLIE (HYHKLIMOHMPOBANM B MOMEHT BpeMeHu ¢, u pabotanu

Bes oTkasoB B TE4eHNe uHTEpBana spemenn [t L],
ng(t + Af) — ng(f) — KONNUYECTBO OOLEKTOB, OTKA3ABLUNX B TEYEHNE MHTEPBANa BPEMEHH [t, t + Af];

ny® — KOnU4ecTBO 06LEKTOB B paboTOCNOCOGHOM COCTOSIHUM B MOMEHT BpeMeHH

v(f) — MrHOBEHHbII NapaMeTp NOTOKAa BOCCTAHOBNEHWUIA,

P() — BEPOSTHOCTb (TOYKa 0603HAYaeT Nboe COOTBETCTBYHOLLEE CODLITUE UM CRYYAIHYH BENNUUHY);
P(®), Pa)(t), P"®))(f) — BepOSTHOCTL COCTOSHMS | B MOAENSIX UBMEHEHUS COCTOSHUSA, BEPOSITHOCTb COCTO-

AHUSA | MApKOBCKOM AMarpaMmbl aHanu3a rotoBHOCcTH (CM. 6.1.2.1), BEpOATHOCTb
COCTOSIHUA i NS MApKOBCKOM Auarpammbl aHanusa 6e3otkasHoctu (cm. 6.1.3.1);

Prod(f) — MrHOBEHHAas NPOM3BOAUTENBHOCTb B MOMEHT BPEMEHM {;

Prod(t, t,) — cpenHas npou3BOACTBEHHAA rOTOBHOCTb 3@ Nepuoj Bpemenn [t, t];

R(® — BEpOATHOCTb Be30Tka3HoW paboThl, T. €. BEPOSATHOCTb OTCYTCTBUA OTKA30B A0 MOMEHTA
R BpemeHn f, R() = R, L) ana t, =0unit, = ¢,

R(® — TOYeyvHasi OLuEeHKa BEPOSITHOCTM 6e30TKa3HoM paboTbl B MOMEHT BPEMEHU {;

R, t) — BEpOATHOCTL 6e30Tka3HOM paboTkl 3a Nepuoa BpemeHu [t L],

R, t,) — TOYEYHas OLIeHKa BEPOATHOCTM Ge30TkasHoi paboTkl 3a nepnog BpeMenn [t &),

R(t, t + x|f) — ycnoBHasa BepoATHOCTb 6e30TkasHoM paboThl 3a nepuoa BpeMeHu [t, t + x], npu ycnosum,
yTO 00BLEKT HAXoAUTCA B paBoTOCNOCOOHOM COCTOSIHUM B MOMEHT BPEMEHM

P — NpOU3BOAMUTENBHOCTb B €AUHULLYY BPEMEHM;

t — MOMEHT BPEMEHM;

T — MOMEHT BPEMEHU UNW NPOAOIMKUTENBHOCTL NEPUOAA BPEMEHU B 3aBUCUMOCTU OT KOHTEKCTA;

Toft) — cpefHee BpeMsi Mexay nocrnegoBartenbHbLIMU 0TKa3aMu B TeYeHue nepuoaa spemenn [0, f;

T — MOMEHT BPEMEHMW UMM UHTEPBAN BPEMEHN B 3aBUCUMOCTHU OT KOHTEKCTA;

u — acMMNTOTMYECKUN KOIPPULMEHT HETOTOBHOCTH;

u() — MrHOBEHHbIN KO3(PMUUMEHT HETOTOBHOCTU ((DYHKLIMSA HETOTOBHOCTH);

L_I(t1, ) — CpeaHuit KO3(PULIMEHT HETOTOBHOCTU 3a Nepnoj Bpemenu [t t];
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u — acUMNTOTUYECKUI CPeaHNIA KOIMPULMEHT HEFOTOBHOCTH;

U(ty, t;) — To4euHas oueHKa cpedHero KoathduUMeHTa HEFOTOBHOCTM 3a Nepuoz BpemeHn [, b);

V(t,, t;) — cpeaHee KonuM4YecTBO BOCCTAHOBNEHWI 3a Nnepuog BpemeHu [f,, b];

Z(6) — cpeaHee KonM4YecTBO OTKa3oB 3a nepuod BpeMeru [0, f], Z(f) = E[N(f)], rae E — 3Hak maTe-
MaTUYECKOTO OXXUAAHUS;

z(f) — MrHOBEHHbIN NapaMeTp NOTOKa OTKa30B (YacToTa 0TKasa);

Z(*) — acUMNTOTUYECKUII MapameTp NOTOKa OTKAa30B;

Z(f) — TOY€YHas OLeHKa MFHOBEHHOrO napaMeTpa noToka OTKa3oB B MOMEHT BPEMEHM f;

z(t,, t,) — cpepHee 3HaYeHWe napaMeTpa NoToka OTKa3oB 3a Nepuos Bpemenu [t;, b];

Z(t;, t,) — TOuYeyHasa oueHKa cpefHero napamerpa noToka OTKa3oB 3a nepuod Bpemenu [t;, &].

5 O6bwwme moaenu v NpeanoNoXeHus

6.1 CocTtaBnsowme NPOAOIHKUTENLHOCTH paboTOCNOCOGHOro M HepaboTOoCNOCO6GHOro COCTOAHUM

Ons ucnonb3oBaHUsi MaTeMaTUHMECKUX BbIPAXKEHWI, NPUBEAEHHbLIX B HACTOSILIEM CTaHAapTe, BaXKHO
NOHMMATb, YTO NPEeACTaBNAT COOO0I NPOAOIKUTENBHOCTL PABOTOCNOCOBHOIO COCTOSIHUSI U NPOAOIKUTENb-
HOCTb HEepaboTOCNOCOOHOrO COCTOAHMA. MPOACMKUTENBHOCTE PaboTOCNOCOGHOrO COCTOSIHUSI U NP0/ OIHKK-
TeNbHOCTb HePaboTOCNOCOOHOrO COCTOSIHWUA MOXHO pa3aenuTb Ha coctaensitolme. OHU nokasaHbl HA PUCYH-
Kax 1 u 2, KOTOpble TaKKe NOACHAIOT ONPeAeNeHNsa CPeaHNX 3HaYEHUI ANsi HEKOTOPbIX U3 COCTABNSIIOLLIMX.

Ha pucyHkax 1 u 2 nokasaHbl COCTaBNsIOLLME NPOAOIHKUTENBHOCTU PaboTOCNOCOBHOIO COCTOSIHUS U
NpOaOMKUTENLHOCTU HEPABOTOCNOCOOHOrO COCTOAHUSA, PACCMOTPEHHbIE B HacTosilem ctaHaapre. (Mpoaon-
KUTENBHOCTb BbINOMHEHUS NPOPUNAKTUYECKOTO TEXHUYECKOTO 0OCIY>KNBaHWUSA U NMPOAOIHKMTENbHOCTL BHELL-
HEero OTKNIOYEeHUA He pacCMOTpeHbl.) Ha pucyHkax 1 u 2 ncnonb3oBaHbl aG0peBnarypbl Ans CpeaHUX 3Ha4ve-
HUiA, UCNOMb30BaHHbIE B HACTOALLEM CTaHZapTe.

MpoJormKUTENBHOCTE PaboTOCNOCOGHOIO COCTOAHNSA

MpoAomKMTENBHOCTEL Ae0MOKMPOBAHHOIO COCTOSHUS

[MpoAomKUTENBHOCTE HEPABOYETO COCTOSHUA
HapaGotka | MpogomxutensHocTs | [TPOACIKUTENBHOCTL
MIaHOBOrO MPOCTOR npebbiBakns
B pesepse

MUT

PucyHok 1 — CocTaBnstoLme NposormKUTeNEHOCTU paBoToCNocoBHOrO COCTOSHNS

[MTpoAoMKNTENBHOCTL HEPabOTOCNOCOBHOrO COCTOSHUSA

IMpoaomKUTENLHOCTL Hepaboyerc COCTOAHNSA

Bpems BocctaHOBNEHUS

MpoAonMKXUTENbHOCTL KOPPEKTUPYIOLLETO TEXHUYECKOTO 0BCNYXUBAHUS U PEMOHTa
MpononxnUTenLHOCTL ABACTBNIA KOPPEKTUPYHIOLLIErO TEXHNYECKOTO
obCrnyXKnBaHUs U PeMOHTa n Mpoaormku-
= POAOIBKIA- | ronLuocTb
Mpoaorxutens- pemMsi pemMoHTa TENbHOCTL [ - 7 \imcrpa-
HOCTb Npogomxu- oGHapyxerus| T o
NOMUCTUMECKNX | TenpHocTs | [TPOAOIKUTEND- Mpoaomkutenk- | MpogomkuTens- OTKasa NpoCToeB
npocroes TEXHUYECKUX HOCTb HOCTb HOCTb KOHTPOMA
npoctoes | iokanusauvm yCTpaHeHus | hyHKUMOHNPO-
oTKasa OTkasa BaHuA
MTD MRT
MLD MFDT MAD
MACMT
MTTR
MDT

PucyHok 2 — CocTaBnstoLLme NpofomKUTENbHOCTU HepaboTocnocoGHOro CocTosAHUS (CM. Takxke [1])
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CyLLECTBYET HECKOMbKO COKPALLEHNIA, CBA3AHHLIX C OTKasaMu 00beKTa, BO3HMKAIOLLMMU B MPOLIECCE ero
dyHKLUMOHMPOBaHUA. OHU NpUBEAEHLI HA PUCYHKE 3.

HeBoccTaHasnneaemoin
obvexT
2:22222;?’ Hapa6oTka Ha“;):”f‘iz;Ka Bpems mexay
[0 OTKasa oTKasaMu
OTKas3a OTKasamun
MTTFF MTTF MOTBF/MTBF METBF
BoccTaHaBnuBaemblil 0O bEKT

PucyHok 3 — AB6peBuaTypebl, CBA3aHHLIE C OTKasamu

MpnumMeyaHne — B nuTepaType No HaaeXHOCTU cokpauleHne MTBF yacTo ucnonb3aytot Ana 0603HaveHus
CpefiHero BpeMeHu Mexay otkasamu. B nocnefHee BpeMs 3TO COKpaLLeHME MCMonb3yloT ANnst 0603HavyeHns cpefHel Ha-
paboTkn Mexay oTkasamu. [oaTomy, YToObl U3bexaTb NyTaHuLpl, B HAaCTOSILLEM CTaHAapTe Ans 0603Ha4YeHUs cpeaHero
BpeMeHU Mexay oTKkasamu ucnonesoBaHa abbpesuatypa METBF (cm. 3.3).

5.2 BeepgeHune

B HacToALeM cTaHgapTe BblaeneHbl 00bEKTbI, pacCMaTpUBaEMbIE KaK eauHoe Lenoe (ANeMEHT), U 00b-
€KTbl, COCTOSILLME U3 HECKOMNBKUX 3NEMEHTOB (CucTema). B HacTosLeM cTaHaapTe pacCMOTPEHbI CrieayioLme
BUAbl OOLEKTOB:

- cucTema;

- 3MIEMEHT:

- HEBOCCTaHaBNUBAEMbIN OOLEKT,

- BOCCTaHaBnMBaeMblil 06LEKT:
-06BLEKT C HyneBbIM BpeMeHeM BoccTaHoBnenusa',
-00LEKT C HEHYNEBLIM BPEMEHEM BOCCTAHOBIEHUS.

MpumMevaHuns

1 TepMuH «0BBbEKT» MCMOMbL30BaH B HACTOSALLEM CTaH4apTe MO OTHOLUEHUIO K CUCTEMaM U SfeMeHTaM.

2 TepMWH «HeBOCCcTaHaBNMBaeMblil 06LeKT» OXBaTblBAEeT 06BEKThI, KOTOPLIE ABNAKTCA UKW HEBOCCTAHABNWBAEMbI-
MW, UK BOCCTaHaBNMBaeMbIMU, HO WX BOCCTaHOBIMEHWE B ClyYae oTKasa He NPeaycMOTPEHO.

Ona obecneyeHnsa NOMHOTLI CTaHAapTa U NPOCTOTbl MaTEMaTUYECKUX hOpMyn B CTaH4apTE UCNOMb30-
BaHbl CNeJyloLmMe OCHOBHbIE MaTEMAaTUYECKNE MOAENN:

- MOo4eNn NSMEeHEeHUA COCTOAHUA ANA CUCTEM,

- NpoLecCbl BOCCTAHOBIEHUA AN 3NEMEHTOB.

O0wwmin cnocod mogenupoBaHns 0O6bLEKTa COCTOUT B MAEHTUUKALMKM €I0 PA3NUYHBIX COCTOAHUI U aHa-
nu3e nepexoaoB 0O6LEKTa M3 COCTOSAAHUA B COCTOSIHME C TEYEHUEM BPEMEHU: 3TO MOXET ObiTb CAENAHO npu
MCNOMb30BaAHUU MOAENEN U3MEHEHUA COCTOAHMA. Takue Moaenu None3Hbl Npu paspaboTke MaTeMaTuyeckux
BbIPAXXEHWA AN pasnuyHbIX nokasarenen HaaexxHoCcTu. Ecnu He caenaHbl HUKakue NpeanosnioXXeHUst OTHO-
CUTENbHO BEPOATHOCTHLIX pacrnpefeneHuin, sTu mogenu Moryt ObiTb paspaboTaHbl TONLKO AN OTAENbHbIX
U MPOCTLIX Cly4aeB C UCMONb30BaHMEM METOAOB aHANUTUYECKOro BbiBoAa. B npoTuBHOM criyuae cnepyet
MCrnonb30Barb MeToabl Mogenupoeanna MoHTe-Kapno. MoatoMy ans cuctem, a TaKke Ans 91EMEHTOB 4acTo
BbIABUIaOT FTMNOTE3bl O NOCTOAHCTBE UHTEHCMBHOCTU NEPEXOAOB NPU UCNONb30BAHUWM MAPKOBCKUX MOJIENEN,
KOTOpbIE XOPOLUO M3BECTHBI U AN KOTOPbLIX CYLLECTBYIOT MOLLHbIE AHANUTUYECKUE anropUTMbI.

[ns aNeMeHTOB B NPEANONOXKEHNN, YTO Y HUX CYLLECTBYET TOMLKO ABA COCTOSAHUSA, MOTYT ObiTh BbiBE-
AeHbl 06Lume hopMynbl ANA HEKOTOPLIX NoKa3aTenen HageXHOCTU B Criydyae HENOCTOAHHOW MHTEHCUBHOCTM
nepexoaa (cm. 6.2,6.3 1 6.4):

- HEBOCCTAHaBNMBAEMbIE 3NEMEHTbI — 3TO caMas NpocTas MareMaTuyeckas Moaernb, NOCKOMNbKY B HEl
UCMONbL30BaHa TONbKO OAHA chyyanHaa BenuuuHa: HapaboTka Ao oTkasa obbekta. Hapabotka nossonsier
onpeaenuTb BEPOATHOCTL 6e30TKa3HoN paboTbl R(f), MTHOBEHHYIO MHTEHCMBHOCTbL OTKA30B A(f), a TAKXKE UH-
TEHCUBHOCTb NoTepu paboTocnOCOOHOCTM ONAaCHOCTU Ha OCHOBE pacnpeaeneHus HapaboTku A0 oTkasa WUnu
ee cpegHero MTTF, koTopoe saiBnseTcs Takke cpeaHen HapaboTkon Ao nepeoro otkasa MTTFF;

1) B cooteeTcTBUM C [1] BpeMst BOCCTAHOBNEHNA — MHTepBan BPeMeHU C M OMEHTa BO3HUKHOBEHUS OTKa3a /0 BOC-
cTaHoBneHnsa obbekTa. Ecnu MOMEHT BO3HMKHOBEHWUS OTKa3a HEU3BeCTeH, OTCHET BpeMeHU BOCCTaHOBNEHUA Ha4YnHalkoT ¢
MOMeHTa 0BHapYXeHUs OTKasa.

10
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- BOCCTaHaBnUBaeMble dneMeHThl: 6a30Bas MOAENb — NPOCTON NPOLECC BOCCTAHOBMEHUS, KOTAa Bpe-
MEHEeM BOCCTAHOBMEHUA 06beKTa MOXHO npeHedpeyb, N NPOCTON anbTepPHUPYEMBIN NPOLLECC BOCCTAHOB-
NEeHus, Npu KOTOPOM BPEMS BOCCTAHOBNEHUS 06bekTa sBNsieTCA HeHyneBbIM. B nocneaHem cnyyae o6bekT
nooyepenHo npebbiBaeTr B paboTocnocobHOM u HepaboTocnocoBHOM COCTOSIHUSAX, B AOMONHEHME K 0BLUM
MoKasaTensm HageXHOCTU ANA Takoro o6bekTa LWMPOKO UCMOSb3YIOT NapaMeTp NoToka OTKa3oB, KOTOPbI B
3TOM Cryyae paBeH NIOTHOCTU BOCCTAHOBNEHUN.

YUto6bl M36exaTb HENPaBUIILHOTO UCNONb30OBAHUS MAaTEMATUYECKUX BbIPAXKEHUM, YTO MOXKET NPUBECTY K
OLUMBOYHBIM pesynbTaTtaM, CreayeT yYUTbIBaTb NPEATNONOXeHUS, NpuBeAeHHble B 5.4 1 5.5.

Ons nyywero NOHUMaHUA HEKOTOPbIE ONPeAerneHUs MNOBTOPEHbI B Pa3NUYHbIX YaCTAX HACTOSILLErO CTaH-
fapra.

5.3 Mp1HLUUN U3MEeHEeHUS1 COCTOSIHUA

MpocTbiM cnoco6oM NpeacTaBneHUsi OCHOBHBIX MOHATUIA HAAEXHOCTU SIBISIETCS aHanu3 COCTOSHUSA
o0bekTa (ernemeHTa Unu cucTembl) B NpoLecce ero u3ameHeHust ot pabotocnocobHoro o HepaboTocnocob-
HOTO COCTOSIHUSA.

3710 MOXeT ObITb caenaHo nNpu UCMoNb30BaHWKU AMarpamMbl COCTOSIHMIA, TAKOW Kak npejcTaBrieHHas
B NpaBOM 4YacTu pucyHka 4. OHa COOTBETCTBYET CUCTEME, CTPYKTYPHasi CxeMa HaAEeXHOCTU KOTOpOW (CMm.
FOCT P 5§1901.14) npeacrasneHa B NEBOW YacTu pUCYHKa 4. Cucrtema COCTOUT U3 TPEX aHANOrmyHbIX 6/10K0B
(A)), 00bEeaMHEHHBIX B CTPYKTYPY «ABa u3 Tpex (2/3)», u 6noka B B pesepse, KOTOPbI HEMEANEHHO HAaYMHaeT
(pyHKLMOHNPOBATL BMECTO NePBOro U3 GrOKOB A;, COCTOSIHWNE KOTOPOTO U3MEHUIMOCHL HAa HEPaboTocnocobHoe.
lNpeanonaraercs, YTo NepeknioveHne mexay A; n B npoucxoanT MrHOBEHHO 1 6€30TKa3HO.

MockonbKky 6noku (A;) aHanoru4Hbl, NPU NOCTPOEHNK AnarpamMmmbl COCTOSAHUIA, NPEACTABNEHHON B npa-
BOW YacTu PUCYHKA 4, UX COCTOSIHUS MOTYT ObITb 0ObeAUHEHDbI. [lnarpamma BKIOHAET CEMb COCTOSIHUMN, U30-
OpaXkeHHbIX KPY>XKaMu, U LUecTHaALaTb NepexoaoB, NPeCTaBeHHbIX CTpenkaMu. Hanpumep, coctosiHue 3
00beauHAET TPU aHaNorMYHbIX COCTOAHUA (A n B — B paboTOCNOCOGHOM COCTOSIHUK, @ Apyrue Gnokn — B
HepaboToCcnoco6HOM CocTosAHMM, A, U B — B paboToCnoCoGHOM COCTOAHMN, & Apyrie Onoku — B HepaboTo-
CMOCOGHOM COCTOsIHUM, Ag U B — B paboTocrnocoGHOM COCTOSHUM, a Apyrue 6rioku — B HepaboToCnoCoOHOM
COCTOSIHMM), & NIMHUA CO CTPEnkamMu Ha 0BOMX KOHLAX MeXay COCTOAHUAMM 2 U 3 03HAYAET, UTO Y CUCTEMBI
MOryT BbITb Nepexoabl U3 COCTOSIHMA 2 B COCTOAAHUE 3 M HA0BOPOT (M3 COCTOAHUSI 3 B COCTOSIHUE 2).
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loTOBHOCTB | HerotoBHOCTb
| — aBa Brioka A B paGoTocnocobHoM cocTosiHUKW; Bnok B — B pa6oTocnocobHom coctosiHum; Il — Tpu 6noka A B paboTocnocoGHOM
cocToAHWUK; 6ok B — B pesepse; IIl — aBa 6noka A B paGoTocnocoBHOM cocTosiHuM; 6riok B — B HepaboTocnoCoGHOM COCTOSHUM

PucyHok 4 — lMpocTaa anarpamma cocTosHUiA

3Toi AmarpaMmbl COCTOSIHMIA OCTaTOMHO, YTOOLI MAEHTUMULMPOBATL U KnaccuduumpoBaTb COCTOSI-
HUA, KOTOPbIE HEODOX0AUMBI ANS ONPeaeneHns U NOHUMAaHWUSA nokasaTenen HageXxHoCTH (KO3MULNEHT roTOB-
HOCTU, BEPOATHOCTbL BEe30TKa3HOM PaboThbl, MHTEHCMBHOCTbL OTKa30B, NapamMeTp NOTOKa OTKa30B, NMOTHOCTb
pacnpeaeneHusi HapaboTku A0 0TKa3a).
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CocTosiHMA MOryT GbiTb CrPYNNMPOBaHbI B IBa OCHOBHbLIX KNAacca, KOTopble MOTyT ObiTb pasaeneHb! Ha
ABa nogknacca:

- knacc paboTocnocoGHbIX COCTOSIHUI cucTeMbI: coctosHus 1, 2, 3 1 4 (koraa, no kpaiHen mepe, ABa
6noka HaxoaATca B paGoToCNOCOOHOM COCTOSIHMM). ATOT Knacc NoApasaensior:

- HA KNacC HEKPUTUYHBIX pabOTOCNOCOOHbBIX COCTOAAHNIA: COCTOAHMA 1 1 2, KOTOPLIE OTAENEHbLI OT Kracca
HepaboToCNOCOGHbLIX COCTOSAHUI BonbLIe YEM OAHUM NEPEXOAOM;

- KNacc KPpUTUYHbIX paboToCnOoCOBHbLIX COCTOAHUIA: COCTOAHUA 3 U 4, KOTOPbIE OTAENEHbI OT Knacca He-
paboToCNOCOGHBLIX COCTOSAHMIA TONBLKO OAHUM NEPEX0A0M;

- Knacc HepaboToCnoCOOHbIX COCTOAHMIA CUCTEMBI: COCTOAHUA 5, 6 U 7 (Koraa MeHee ABYX Onokos Ha-
Xoautesi B paboTocnocobHOM COCTOAHUM). JTOT KNacc noapasfensior:

- Ha KNacc HEKPUTUYHLIX HEPABOTOCMOCOBHBIX COCTOAHUI: COCTOSIHME 7, KOTOPOEe OTAENeHO OT knacca
paboToCcnocobHbIX COCTOSIHWI Bonee Yem OAHMM NEPEXOAOoM;

- KNnacc KpPUTUYHLIX HepaboToCnoCOBHbIX COCTOSHUIA: COCTOSIHUA 5 1 6, KOTOpbIe OTAENEeHbI OT Knacca
paboToCnoCOoBHbLIX COCTOAHMIA TOMLKO OAHUM NEepPexoaom.

Mpou3oLuen no kpaiHeil Mepe 0AuH OTKa3
HeT oTka3os R(f) cuctembl F(f)
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PueyHok 5 — XpoHorpamMma, cooTBETCTBYIOLLAsA CUCTEME, NPefCTaBNEHHOW Ha pUCyHKe 4

Ecnun nepexoabl Mexay COCTOAHUSAMU MPOUCXOAAT CriyyaliHbiM 00pa3om (Hanpumep, B COOTBETCTBUMN C
BO3HMKHOBEHMEM OTKA30B M BOCCTAHOBIIEHMEM Pa3NUYHbIX ONOKOB), MBMEHEHNE COCTOAHUI CUCTEMBI Npea-
cTaensieT cobon croxacTu4eckuin npouecc. Mpumep peanu3aumm Takoro CToxacTu4eckoro npouecca (T. €. Tpa-
eKkTopus npouecca npu paborte cuctembl) 3a nepuoa Bpemenu [0, 7] npeacTaBneH Ha pUcCyHke 5:

- CUCTeMa HaxoamMTca B paboToCnOCOGHOM COCTOSIHMM B MOMEHTbI BPEMEHHU &y, s uin T,

- CUCTeMa HaxoaMTca B HepaboToCnoCOGHOM COCTOSIHUM B MOMEHTbI BPEMEHU &, UK 1,

- CUCTEMA HEeNpepbIBHO HAXOAUTCA B paboTOCNOCOBHOM COCTOSIHUM U (DYHKLUMOHUPYET A0 NepBOro OT-
Kasa B MOMeHT Bpemenu TTF (HapaboTka 4o 0Tka3sa).

3TOT Nnpumep oxBaTbIBAEeT BCE KOMOMHALMKU COCTOSIHUN, KOTOPbIE MOXHO BCTPETUTbL HA NPaKTUKE.

5.4 Mogenb U npeanonoXxeHUs ArnA HeBOCCTAaHABIIMBAEMOIO 3NIeMEeHTa

Mogenb npuMeHWMa kak K CaMOCTOSTENbHbIM 3NIEMEHTaM, TaK U K dreMEHTaM, KOTopble ABMATCA
4acTbl0 CUCTEMBI. DTO CaMblii NPOCTON NPUMEP, KOTOPbIA MOXET ObITb MOCTPOEH HA OCHOBE PUCYHKA 5, NO-
CKONbKY TOMbKO ABA COCTOAHUA MOTYT ObITb PACCMOTPEHbI (CM. PUCYHKM 6 U 7).

B nio6Goi MOMEHT BpeMEeHU HEBOCCTAHABNMBAEMbIN SNIEMEHT MOXET HAXOAUTLCS B OZJHOM U3 cneayto-
LLUX COCTOAHUN:

- pa6oTocnocobHoe coCTOsAHWE, B KOTOPOM MOXET NPOU30NTM OTKa3 (B pedynbraTe 0ObLeKT NepexoauT B
Hepa6oTocnocobHOe COCTOSiHWE) B MOMEHT BpeMeHu T (HapaboTka 10 0TKa3a);

- HepaBoToCcNoCoBHOE COCTOAHME, BO3HUKAIOLLIEE B pe3ynbTaTe 0Tkasa, U3 KOTOPOro OObLEKT HE BbIXOAMT.

Takum 06pa3om, B 3TOM NPOCTOM cnyyae paboTocnocobHOe COCTOSIHUE SBMSIETCS TAKKE KPUTUYHBIM
paboToCcnoCcobHbLIM COCTOAHMEM, @ HEPaboTOCNOCOBHOE COCTOSIHUE — HEKPUTUUYHBLIM HEPABOTOCNOCOOHLIM
COCTOSIHUEM, MOCKOSbKY PEMOHT 06bekTa HeBO3MOXeH. MameHeHne COCTOsIHUSI TakOoro OObeKTa Noka3aHo Ha
pUCyHke 7.
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PucyHok 6 — [uarpamma cocTosiHMIA HEBOCCTaHaBNMBAEMOro arieMeHTa

KonunyecTBo oTka3os
A

1
0 -
CocTosiHus
A
PaGotocnocobHoe
COCTOsIHUE Otkas
~TKas
HepabotocnocobHoe /
cocTosiHue
0 T Bpems

PucyHok 7 — XpoHorpaMMa Ans HEBOCCTaHaBNNBaeMOro afieMeHTa

KonuuyecTBo HabniogaemMbix 0TKa3oB B AAHHOM criydae MOXeT ObiTb 0 unm 1, a KONMYECTBO PEMOHTOB
paBHo 0.

Ecnu He ycTaHOBNEHO UHa4e, NPeanonoXeHus, UCMONb3yeMble AN BbIBEAEHNA MaTeMaTu4eckux gop-
Myr, COCTOAT B CriegytoLem:

- €CNnK 00BbEKT HaxoaNnTCs B paboToCNOCOOHOM COCTOSIHMM, NPEANONAraeTcs, YTo OH paboTaeT HenpepbIBHO.

MpuUMeyaHNe — MaremaTuyeckme BblpaXeHUs!, COOTBETCTBYIOLME NPEANONOXEHUAM, NpuBeaeHHbIM B 5.4,
He Bcerga cnpaseanuebl gns Ol;

- B MOMEHT BpeMeHu t = 0 06bekT HaxoauTcsi B paboToCnoCOGHOM COCTOSIHUU U COBCEM KaK HOBbINA.
CKpbITble OTKa3bl HE paCCMAaTpPMBAIOTCS, HANIMYUE CKPbITLIX OTKA30B MOXET cAenarb HEKOTOpbIE MaTemMartuJe-
CKne BblpaXXeHNs1 HeCNpaBeANUBbLIMY;

- npoMnNakTMYeckoe TeEXHMYeckoe obcny>xmBaHme unu aApyrue nnaHoBble AEWCTBUS, KOTOPbIE BAUSIIOT
Ha CNOCOBHOCTL 0OLEKTA BLIMOMHATL HEOOXOAUMbIE (PYHKLMM, HE pACCMATPUBAIOTCS;

- Hapa6oTKa [0 0TKa3a SABMSETCA NONOXMTENbHON U HENPEPbLIBHON CNyYalHON BENUYUHON C NAOTHOCTBIO
pacnpeaeneHusa U KOHeYHbIM MaTeMaTUYeCKUM OXXJaHueM.

5.5 Mogenb ans BOCCTAaHABIIMBAEMOrO 35IeMEeHTa

5.5.1 NMpeanonoxeHunsa ana BOCCTAHAB/IMBAEMOIO 3eMeHTa

Ecnu unaye He ycTaHOBNEHO, NPU BbIBOAE MaTemMaTuyeckux hopmyn UCnonbL30BaHbl cneayowme npea-
NONOXKEHUSA:

a) B moMeHT BpemeHu £ = 0 06beKT HaxoauTcst B paboTOCNOCOGHOM COCTOSIHUU U COBCEM KaK HOBDIN.
Mostomy R(0) = A(0) = 1. CKkpbITble OTKa3bl HE pacCMaTpPUBAIOT;
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b) Ecnin 06wekT HaxoauTcsa B paboTocnocoBHOM COCTOSIHMU, NMPeanonaraeTcs, Yto OH paboTaeT Henpe-
PbIBHO;

¢) MocnegoeaTtenbHbie NPOAOMKUTENBHOCTM paboTOCNOCOBHOrO COCTOAHNA 00bEKTa ABNSAIOTCS CTaTu-
CTUYECKM HE3ABMCUMbIMU, TOXXAECTBEHHO pacnpeeneHHbIMU, NONOXUTENbHbIMMU, HENPEPbIBHLIMU CNyYaliHbl-
MW BEMMYMHAMM C 0OLLEN NMOTHOCTLIO pacnpeaerneHnst 1 KOHEYHbIM MaTeMaTUYeCKUM OXXUZaHUEM;

d) B crnyyae HeHyneBbIX 3HAYEHWI NOCNea0BaTENLHbLIE MPOAOMKMTENBHOCTU HepaboTocnocoBHoro co-
CTOsIHWA 0ObeKTa CTaTUCTUYECKM HE3aBMCUMbI M ABMNAKOTCA TOXAECTBEHHO pacnpeaeneHHbIMU, NONoXUTENb-
HbIMW, HENPEepPbIBHbIMW CYYanHbIMU BENUYUHAMK C OOLLEN NNOTHOCTLIO pacnpeaeneHns U KOHeYHbIM MaTe-
MaTUYeCKUM OXKUAAHNEM;

e) MpoaomKMTenbHOCTM paboTOCNOCOOHOrO COCTOSAHUSA U NPOAOIKUTENBHOCTU HepaboTocnocobHOro
COCTOSIHWUSA CTaTUCTUYECKN HE3ABUCUMBI;

f) MpodunakTuyeckoe TexHuYeckoe obcnyxuBaHwe unu apyrue 3annaHupoBaHHbIe AENCTBUSA, KOTOpbIe
BOCCTaHaBNMUBAIOT OOLEKT, HECMOCOOHbIN K BbIMOMHEHWUIO HEOOX0AUMOW (DYHKLMKU, HE PACCMATPUBAIOTCS;

g) Ecrnu nHaye He ycTaHOBNEHO, Apyrue cnydaiiHble BenuynHel (Hanpumep, HapaboTka 4o oTkasa, npo-
AOIMKUTENbHOCTb PEMOHTA, MPOAOSHKMTENBHOCTL NOMMCTUYECKOTO MPOCTOS), PaCCMOTPEHHbIe B cTaHaapTe,
ABMAOTCA NONOXKUTENBHBIMU HENPEPbLIBHBIMU Cy4YaiHbIMW BENMYMHAMM C NNOTHOCTLIO pacnpeaeneHus u Ko-
HEYHbIMW MaTEMaTUHECKUMMN OXKUAAHUAMMN.

Takum obpasom:

- ntoboit nepexoa M3 paboTocnocobHOro COCTOsIHUSI B HePaBoToCnocoBHOE COCTOAHME ABNSAETCH OT-
Ka3om;

- ntoboi nepexod U3 HepaboTocnocoBHOro cocTosHUA B paboTocnocobHOE COCTOSAHME NpeACTaBNSAET
coboli BOCCTaHOBMNEHUE;

- nto6oe HepaboTOCNOCOOHOE COCTOSIHME ABMNAETCA CNeCTBMEM 0TKa3a, U, CNeaoBaTeNbHO, NPOAOIMKU-
TENbHOCTb HEPabOTOCMNOCOBHOIO COCTOSIHUA paBHA BPEMEHU BOCCTAHOBMEHUST;

- NNOCne KaXkaoro BOCCTAHOBIIEHUS SMEMEHT CTAHOBUTCH COBCEM KaK HOBBIW.

MpuMedvaHuns

1 B cooTBeTCTBUM C MNocrnefHUM MpenonoXeHNeM BCe MaremaTuyeckme BblpaXeHUA s rnokasateneil Hagex-
HOCTM, KacatoLMxca HapaboTkn [0 oTKaza HeBOCCTaHaBMMBAEMOro arieMeHTa, MOryT 6bITb NPUMEHEHB TakKe K Kaxaon
HapaboTke A0 OTKasa HenpepbIBHO (YHKLUOHUPYIOLLEro BOCCTAHABIIMBAEMOrO SfIeMEHTa.

2 KOMNOHeHTbLI CUCTEMBI NOCNe BOCCTAHOBMNEHUS COBCEM Kak HOBBIE, HO CUCTEMA B LieNIOM CTaHOBUTCS COBCEM Kak
HoBas TONbKO B Cry4Yae, KOrda BOCCTaHOBMEHL BCe OTKa3aBLUME KOMMOHEHTHI.

5.5.2 MrHOBEeHHbI PeMOHT

JaHHasa Moaenb NpUMEeHMMa TOSbKO K OTAENbHbLIM ANEMEHTAM, a TaKkKe K SN1IEMEHTaM, KOTOpPbIE SIBMAIOT-
€Sl YaCTb CUCTEMbI U He 3aBUCAT Apyr oT apyra. MpocToi npumep MOXeET OblTb NONYYEH HA OCHOBE PUCYH-
ka 5. 3geck Takke CyLLECTBYIOT TONbKO 4Ba COCTOSIHMSA, KOTOPbIe HEOBX0AUMO PACCMOTPETb (CM. PUCYHKU 8
u 9), HO HepaBoToCNOCOBHOE COCTOAHUE UMEET HYNEBYIO NPOAOIDKUTENBEHOCTL, NOCKONbLKY PEMOHT SIBNSIETCH
MIHOBEHHbIM.

PaGorocnoco6Hoe I Hepab6otocnoco6Hoe
cocTosiHue i COCTOAHNE
KputiuHoe | HekputuuHoe

paGotocniocobHoe | HepaGotocnocobHoe
cocTosiHue COCTOAHNE

O—— O6vekt —0O | CocrosHue
<—|—>. Hyneeon
I NPOACIMKUTENBHOCTU
b |
loToBHOCTB = HerotoBHOCTb
|

PucyHok 8 — OvnarpamMa UamMeHeHUsa COCTOSHUSA BOCCTaHaBNIMBAEMOro SfeMeHTa ¢ MFHOBEHHbBIM PEeMOHTOM
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B kaxablit MOMEHT BpeMEHM BOCCTaHaBNMBAEMbI 00BLEKT HAXOAMUTCS B OIHOM U3 CreayIoWwmnxX COCTOAHWIA:

- paboToCcnocobHOEe COCTOsIHME, B KOTOPOM 0ObLEKT MOXET OTKasaTh (T. €. nepenTu B HepaboTocnocoo-
HOe cocTtosiHue). Ha pucyHke 9 SF' 1 SF, o SF' 3 AIBMISAIOTCS MOMEHTaMU 0TKa3a;

- HepaboTOCNOCOGHOE COCTOSsIHME, B KOTOPOM OOLEKT MTHOBEHHO BOCCTaHaBNUBAIOT (T. €. 0O6bLEKT nepe-
xoauT B paboTocnocoGHoe coctosiHue). Ha pucyHke 9 Sg 4, Sg 5, Sp 3 ABNSIOTCA Takke MOMEHTAMU PEMOHTA.

N3meHeHne cocTosHunA Takoro obbekTa nokasaHo Ha pucyHke 9. Ecnu o6bekT nocne peMoHTa COBCEM
KaK HOBbIN, €0 COCTOSIHUE MOXET ObITb ONMCAHO NPOCTbLIM NPOLIECCOM BOCCTAHOBIIEHUA.

B nio6ovi MOMEHT BpeMEHM BOCCTaHABNMBAEMbIN OOBLEKT HAXoAUTCA B paboOTOCNOCOOGHOM COCTOAHUM,
T. €. B COCTOSAHUM rOTOBHOCTU. [103TOMY AaHHAA MOAENb NosesHa rnasHbIM 00pa3oM Ana onpeaeneHnsa Komnu-
YyecTBa 0TKa30B 3a 3a4aHHbIN NEPUO] BPEMEHU (CM. PUCYHOK 9).

Mpu ncnonb3oBaHuu gaHHOro noaxoaa (6es yyuera BpeMeHn BOCCTAaHOBIEHUS) NEPMOALI BPEMEHU, NPU-
BE/IEHHbIE HA PUCYHKE 9, BKNIOYAIOT TONbKO HapaboTku, aTa MoAenb NO3BONAET OnpeaenuTb KONUYeCTBO OT-
Ka30B 3a [JaHHYI0 CYMMAapHYI0 HapaboTKy.

Ecnu aaHHbIN N0AX0A MCNONb3yIOT B CUTYaLUK, KOr4a BPEMSI BOCCTAaHOBIEHUSA ABNAETCA HEGONbLUMM NO
CpaBHEHMUIO C HapaboTKOM A0 0TKa3a, TO BpeMSA, NPUBEAEHHOE HA PUCYHKE 9, ABNSAETCA KaneHaapHbIM Bpeme-
HEM U OXBaTbIBAET kak HapaboTKy, TaK U BpemMS BOCCTaHOBMNEHUs. [NonyyeHHasn oueHka HapaboTku 4o OTka3a
SIBNSIETCA 3aBbILWEHHON ANA Habniogaemoro KoNuYecTsa OTKa3os.

“N(t)

Ng(1)

m+1
m
m-1

2

1
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CocrosiHusa

)

Pa6otocnocobHoe Ty, 1 Ww,2 | W,3 T, m-1 W, m T, m+1
COCTOHHVIe EEEEEEEERER EEEEEN

e TTET ] I

Hepabotocnoco6Hoe
COCTORHME \

>
0 Sr1  Spp\OTked/peMoHT g, St m Bpems

N(f) — konu4ecTBO 0TKa30B 3a nepuos spemeHn [0, f]; Ng(f) — KonnM4ecTBo BoccTaHOBMNEHUI 3a nepuog BpemeHu [0, f];
Sk 1, Sg 9, Sg 3 — nocrnepoBaTenbHOCTb MOMEHTOB 0TKasa; Ty 4, Ty 2, Ty 3 — NOCNEA0BaATENBEHOCTb NPOAOIKUTENBHOCTEH
pa6oTocnocoBHOro COCTOAHUS.

PVIC)/HOK 9— FlpMMep N3MeHEeHMs1 COCTOAHWNA BOCCTaHaBNIMBAEMOro 3fieMeHTa C HyfleBbIM BpEMEHEM BOCCTAHOBMEHUA

5.5.3 HeHyneBas npoaonXK1UTenNbHOCTb PEMOHTA

[aHHbIN cnyyYan aHanornyeH paccMoTpeHHOMY B 5.5.2, 3a UCKAIOYEHNEM TOr0, YTO HepaboTocnocobHoe
COCTOSIHUE COXPAaHSIETCH B TE4EHUE HEKOTOPOr0 BPEMEHU, NOCKONbKY PEMOHT HE SABMSETCA MIHOBEHHbLIM (CM.
pucyHkn 10 n 11).

B KaXabli1 MOMEHT BpEMEHM BOCCTAHABIMBAEMbIN 3NEMEHT HAX0AUTCA B OAHOM U3 CMEAYIOLLMX COCTOSHUIA:

- paboTocrnocobHOe CoCTosiHNE, B KOTOPOM OObLEKT MOXET OTKasarthb (T. €. nepenTu B HepaboTocnocon-
Hoe cocTtosHue). Ha pucyHke 11 Sg 4, Sg 5, Sg 3 ABNAKTCA MOMEHTaMU 0TKa3a;

- HepaGoTocnocobHoe COCToOAHME, B KOTOPOM 0OBbEKT MOXET ObITb BOCCTAHOBIEH (T. €. nepenTtu B pabo-
TocnocoGHoe coctositue). Ha pucytke 11 Sp 4, Sg 5, Sg 3 ABNAIOTCA MOMEHTaMN PEMOHTA.

N3mMeHeHne cocToaHui Takoro o6bekTa nokazaHo Ha pucyHke 11. Ecnu nocne peMoHTa 0ObEKT COBCEM
KaK HOBbIN, N3MEHEHNE €ro COCTOSAHUSA MOXET ObITb ONUCAHO NPOCTbIM AnbTEPHUPYIOLLMM NPOLIECCOM BOC-
CTaHOBMEHUA.

15



FOCT P 27.010—2019

Pa6otocnocobHoe I Hepa6otocnocobHoe
COCTOsIHNE I COCTOSIHVE
KputuuHoe | HekputnyHoe

pabotocnoco6Hoe | HepabotocnocobHoe
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PucyHok 10 — [uarpaMMa cocTosiHUl BOCCTaHaBMBAEMOro aieMeHTa

MDA
m+1

m

m-1

Nr(DA

m-1

m-2

OCTOSHUS
A

Otka3
Pa6otocnocobHoe Ty, 1 Ty, 2 Ty,3 Tu,m T, m+1
cocTosiHue

PeMOHT
Hepa6oTocnoco6Hoe TTF &R, 1 €r, 2 &R, m

COCTOAHME

oy

BpewTﬂ

0 Sk1 SR 1 Sr2 Sr2 SR, m-1 Sem SrRm

N(f) — xonn4ecTBo oTkasoB 3a nepnod BpemerH [0, f]; Nr(f) — konnyecTBo BoccTaHOBNEHNI 3a Nepuod BpeMeHu [0, f;
Sk 1, Sg 2, Sg 3 — nocreaoBaTeneLHOCTb MOMEHTOB 0TKasa; Ty 4, Ty o, Ty 3 — MOCIEA0BaTENbHOCTL NPOLOIIKUTENBHOCTEN
pa6oTtocnoco6Horo cocToaHus; &g 4, &g o, &g 3 — NOCNeA0BaTENLHOCTL BPEMEH BOCCTAHOBIEHUS.

PucyHok 11 — lMpuMep N3MEHEHUA COCTOSHUSA BOCCTAHABMMBAEMOro SfEMEHTa C HEHyNeBbIM BpeMeHeM BOCCTaHOBNEH NS

5.6 OneMeHT HenpepbIBHOIO ANUTENbHOro npumeHeHuUA (COI) U MHOrOKpPaTHOro LIMKIMYeCcKoro
npuMeHeHus (10I)

[ns o6beKTOB HEMPEPbLIBHOTO ANMTENBHOrO npuMeHeHus (COIl) paboTocnocobHOe COCTOSIHUE AIBMSET-
CA COCTOSIHMEM (PYHKLIMOHMPOBAHUA; Takum o6pa3oM, NpOAOIHKUTENLHOCTL PaboTOCNOCOGHOrO COCTOSIHUA
paBHa HapaboTke. na o6bekTa MHOTOKPaTHOrO umknudeckoro npuMeHeHus (I01) knacc paboTocnocobHbIX
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COCTOSIHWI BKIIOYAET HECKOMbKO BWUAOB COCTOSHWIA, Hanpumep paBoyee COCTOSIHWE, COCTOSIHUE MMAHOBOTO
npocTos u coctosiHne pesepeal) (cm. pucyHok 12).

CoctosHus (COI)
[

PaGotocnoco6Hoe
COCTOsIHME
HepabotocnocobHoe
COCTOSAHUEe N
MpoaomKUTensHOCTb
AeGnokuposaHHOrO
COCTOSIHUA

CocrosiHus (101)
A ®dyHKuMoHMpoBaHue Peseps

Pa6otocnoco6Hoe
cocTOsiHMe
Hepa6orocnocoGHoe /
COCTORHME / _
0 . / Bpewms
MnaHoBbIA NPOCTON OTkas3,

MpumMmedvaHue —Ona COl Bpema febrokMpoBaHHOro cocTosHUA paBHO HapaboTke; ana 10l Bpems gebnoku-
pOBaHHOIO COCTOAHUA PaBHO CYMME HapaboTKuU W NPOAOIKUTENBHOCTMW NITaHOBOro MPOCTOS M MPOAOIMKUTENBLHOCTU Mpe-
ObiBaHMA B pesepBe (MPOLOMKUTENBHOCTL pe3epBUPOBAHNS).

PucyHok 12 — ConocTaBneHne BpeMeHun gebnokuposaHHoro coctosHua ana COl u 101

BblpaxkeHust AnsA nokasartenew HageXHOCTU ANs BOCCTAHABMNMBAEMOro 06beKkTa HenpepbiBHOMO Afu-
TENbLHOIO NPUMEHEHUA MOTYT BbITb HEBepHbl Ans |Ol. OgHako, ecnu NpeanonaraeTcs, YTo 06bLEKT HE MOXKET
0TKa3aThb (T. €. NepenTu B HepaboTocnocobHOE COCTOAHME), NOKA OH HE DYHKLIMOHWUPYET, BbIpaXXeHUs OCTaloT-
Csl cnpaBeAnUBbLIMU NPU YCIOBUM MCNOMNb30OBAHWA SKBUBANEHTHOW HapaboTKK, Kak NOKa3aHo Ha pucyHke 13.
Ecnu oObekT 0TKa3bIBAET B APYroM COCTOAHUU (HanpuMep, B COCTOAHUM NITAHOBOTO NPOCTOSA NN PE3EPBUPO-
BaHus1), HEOOXOAMMO PACCMOTPETL 0BLLME CTOXaCTUYECKUE MPOLECChI, KaK MOKA3aHO Ha pUCYHKe 5.

A
OkeuBaneHTHan HapaboTka

Pa6orocnocobHoe
COCTOsIHME 1 2 3 4

HepaGoTocnocobHoe
cocrosiHe

N
\
CocTtosiHus (I1OI) /

A

1

PaGotocnocobHoe
COCTOAHME

HepabotocnocobHoe
COCTOsIHMe

0 Otkas / Bpems

M pnmMmevYyaHune — |-|O,D,06HaF| SKBUBaNeHTHOCTb cnpaBesinBa TONbKO NPU YCIOBUK, YTO 0OBEKT HE MOXET OT-
Ka3aTb B COCTOSAHUU pe3epBUPOBaHUA UMK NNaHOBOMO NPOCTOA.

PucyHok 13 — DkBuBaneHTHas HapaboTka gns obwekros 10]

1) OBbekT sABNAETCA pesepBHEIM M He dYHKUMOHWUPYeT. Bpemsi npebbiBaHWs B TAKOM COCTOSHWW — BPEMS
pesepBMpOBaHHUS.
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6 MaremaTnueckue Mogenu n BblpaxeHus

6.1 Cucrema

6.1.1 O0wMe NONOXEeHUnA

[duarpamma cOCTOsiHMIA, NpUBEAEHHAsA HA PUCYHKe 14, ucnonb3oBaHa Anst NOSACHEHUS TEPMUHOB. Cu-
cTeMa COCTOUT U3 [1ByX Pe3epBUPOBAHHbIX BOCCTAHABAWBAEMbIX KOMMOHEHTOB A U B. Cucrtema numeert T1onbKo
YyeTbipe COCTOSHUS:: TPU paboTOCNOCOOHBIX COCTOAHUA, U3 KOTOPbLIX ABA KPUTUYHLIE, U €AUHCTBEHHOE KpU-
TUYHOE HepaboTocnocobHoe CocTosiHue. 3TOW NPOCTOW CUCTEMbI JOCTaTOMHO ANSA UIIOCTPaLMM NMOHATUR
K03(h(PULMEHTOB FOTOBHOCTU U HETOTOBHOCTU, BEPOATHOCTU OTKa3a U 6e30Tka3Hou paboTbl, UHTEHCUBHOCTU
OTKa30B, NMIOTHOCTU pacnpeaeneHust ycroBHbIX U 6e3yCnoBHbIX NapaMeTpoB NOTOKA OTKA30B.

PaGoTtocnocobHoe Hepa6oTocnocobHoe
COCTOsIHWE COCTOsIHME
KputuuHoe KputuiHoe

pa6orocnocobHoe HepaborocnocobHoe
cocTosiHue CcOCTOsIHMe

A N @
: o=l
RS

FoToBHOCTB

>l

>
ol

HerotoBHOCTL

PucyHok 14 — [narpaMma COCTOSHMIA ANs1 POCTOM CUCTEMBI C HArPyXXEHHBIM Pe3epBoM

B aaHHOW anarpaMme COCTOAHUN HE caenaHbl NPEANonNOXEHUA O NpaBunax nepexoaa, NO3BONAIOLNX
CUCTEME NEPENTM B MOMEHT BPEMEHU U3 COCTOSIHUA | B APYroe COCTOAAHME j. B 00Lem cny4ae 3To 3aBUCUT OT
COCTOSIHWM i 1 j, @ Takxke OT NPOAOIMKUTENBHOCTU COCTOAHUA i 0 Nepexoaa u cnocoba 4OCTUXEHUSA COCTOAHUS
i. MoaToMy, KpOME OTAENbHbIX CNy4Yaes, He CYLLECTBYET NPOCTbIX aHANUTUYECKUX BbIPAXXEHUM ANSA nNokasaTe-
neu roToBHOCTU, CNeayeT NpuMeHsTb MeToa moaenuposaHusa MoxTte-Kapno.

YacTo MHTEHCMBHOCTM OTKA30B M PEMOHTOB KOMMOHEHT MOXHO CHMTaTb NOCTOAHHLIMK, AnarpaMmmMa co-
CTOSIHWMI TOrga NPUHUMAET BUA MapKOBCKOW auarpammbl (FOCT P M3OK 61165), ponyckaiowen aHanutuye-
CKue BblpaXkeHus. B aTom cny4vae npasuna nepexona U3 COCTOAHUA i B COCTOSAHME j ONUCaHbI NOCTOAHHLIMU
WHTEHCUBHOCTAMU MEpexoaa, KOTopble 3aBUCAT TONMbKO OT COCTOSIHUWA i u j. Toraa, ecnu KOMNOHeHTaM A 1
B B BbILLEYNOMAHYTOM NPUMEPE COOTBETCTBYIOT MOCTOSHHLIE UHTEHCUBHOCTW OTKa30B (A,, A,) W PEMOHTOB
(Mg: Hp), PUCYHOK 14 MOXKET BbITh NPEACTABIIEH B BUAE MAPKOBCKOM AUarpaMmbl, NPUBEAEHHON HA PUCYHKE 15.

[aHHYyl0 MapKOBCKYH AuarpaMmy MCMOnb3yOT ANS BbiBOAA MaTeMaTUYeCKMX Bbipa)keHUW, NPUMEHU-
MbIX, €CNN CIPaBEANIMBbI NPEAMNONOXEHUSI MAPKOBCKON MOAenu. ANropuTMbl AOCTYMHbI ANA BbIMUCNEHUS Be-
POSATHOCTU Pa3NUYHbIX COCTOSIHMIA. Ha puCyHKe 16 noKasaHo TUMUYHOE U3SMEHEHWE BEPOATHOCTEN COCTOSAHUIA
BO BPEMEHM. rlpl/IBe/J,eHHble KpUBbLIE COOTBETCTBYIOT CMNEAYIOLWMM napameTpam: A, = 2(ropa)" Ay = 3(rona)~n
Ma= M, = 10(net)".

MHTEHCUBHOCTbL OTKA30B BbibpaHa BbICOKOW, 8 MUHTEHCMBHOCTb PEMOHTOB — OTHOCUTESIbHO HU3KOW; 3TO
NPUBOAUT K AOBONbHO HU3KOMY KO3 MDULIMEHTY FOTOBHOCTHU, HO NMO3BONAET YETKO BU3yanu3npoBaTk Nepexoa-
HbIA Nepnoa A0 AOCTMXKEHUS aCUMMNTOTUYECKUX 3HAYEHUIA.

6.1.2 BbipaxeHus, oTHoOcAWMecA K KO3 PULIMeHTY rOTOBHOCTU

6.1.2.1 MrHOBEHHbIN KOIPPULNEHT rOTOBHOCTU U MIHOBEHHbIA KOS(PULMEHT HEFOTOBHOCTM

B cooTBeTCTBMM C onpeaeneHnem MrHOBeHHbIN KOOhPUUMUEHT roTOBHOCTU A(f) ABNAETCS BEPOATHOCTLIO
TOrO, YTO B AaHHbI MOMEHT BpeMeHM t 06 bEKT HaXOAUTCA B COCTOAHUU, oBecneynsatoeM ero OyHKLUOHHU-
poBaHue B COOTBETCTBUM C YCTAHOBMIEHHbIMU TPEGOBaAHNSAMM.

B cootBeTCcTBUM C onpeaeneHneM paboTocnocobHOe COCTOAHNE — 3TO COCTOSHWUE, B KOTOPOM OObEeKT
cnocoBeH yHKLMOHUPOBATL B COOTBETCTBUW C YCTAHOBINEHHBIMU TPEBGOBaHUAMMU.
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Pa6oTocnocobHoe | Hepa6otocnocoGHoe
cocTosiHWe COCTOsIHUE
KputnuHoe KputnuHoe
pabGotocrniocoGHoe | HepaGoTocnocoGHoe
cocTosiHue COCTOsIHUE
N

BeposTHOCTb COCTOSHUSA
A

[OTOBHOCTbL

HeroTtoBHOCTL

1,0

CocrosiHue 1

0.8

\

0,6

0,4
CocrosiHve 4

CocrosiHme 2

\

CocrosiHne 3

0.2

X

\
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PucyHok 15 — MapkoBckas guarpammMa Ans NpocToi CUCTEMBI C HarpPyXXEeHHLIM Pe3epBOM

0,0
0

0,25

0,50

0,75

Bpewms, ner

Ha pucyHke 15

PucyHOK 16 — MpathuK 3aBUCMMOCTM OT BpEMEHN BEPOSTHOCTW COCTOAHWIA ANsi MapKOBCKOW MoAenu, NpeacTaBneHHo

MO3TOMY MFHOBEHHbII KOIDULIMEHT rOTOBHOCTU A(f) — BEPOSITHOCTL TOFO, YTO OGBLEKT HAXOAUTCA B
paboTocnocobHOM COCTOSAHUM B MOMEHT BpeMeHu t;

A(D = P(f), rne P(f) — BepoATHOCTb paboToCcnoCOBGHOTO COCTOSIHUS B MOMEHT BPEMEHM {.

AHaNOrMYHO MIHOBEHHbI KO3(PPULMEHT HEroTOBHOCTH U(f) SBNAETCA BEPOSATHOCTLIO TOTO, YTO 0ObEKT
HaxoaMTCs B HepaBoTOCNOCOBHOM COCTOSIHMM B MOMEHT BpEMEHH L.

U(f) = P (HepaboTtocnoco6Hoe COCTOSHME B MOMEHT BpEMEHH {);

A =1-U0.

A() = Py() + Py + P3(®:

B COOTBETCTBMM C AMArpaMMOi COCTOSIHUIA (PUCYHOK 14) USM MapKOBCKOW Anarpammoi (PUCyHoK 15)
MrHOBEHHbI KO3(PULIMEHT FOTOBHOCTU U MIHOBEHHbII  KO3(MULMEHT HETOTOBHOCTU Uccneayemoro obbekra
UMeIoT BuA:
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U(h) = P4(®).

Mpacbmku A() n U(f) nokasaHbl Ha pUCYHKE 17 AN 3HAYEHWUI BEPOATHOCTEN COCTOSHUI, NPUBEAEHHbIX
Ha pucyHke 16.

MrHoBeHHbI kKoaththmumeHT rotosHocTU A(f) MrHoBeHHbIN kKo3atbduUMeHT HeroToBHOCTU U(t)

A A
1,00 0,04

0,99 \ 0,03 /
0,98 /
L 0,02

"

0,97
, < /
I ~——
0,96 0,01
0,95 > 0,00 >
0 0,25 0,50 0,756 0 0,25 0,50 0,75
Bpewms, net Bpewms, ner

PucyHok 17 — Mpadumk 3aBucuMocTu ot BpeMeHu A(t) n U(t) anst MapKoBckoi Mogenu, NpeacTaBneHHol Ha pucyHke 15

MpumeyaHune —MapkoBckasa fuarpamma, NpuBeaeHHasa Ha pucyHke 15, N03BONAET BEIYUCNATE KOIPPULMEHT
FOTOBHOCTW cuUCTeMbl. YTOOLI NOAYEPKHYTL 3TO CBOWCTBO, TaKyto MapKOBCKYHO fuarpaMmy HasblBaloT « MapKOBCKOW fua-
rpamMMoii roTOBHOCTW».

6.1.2.2 AcumntoTuyeckne KospOULMUEHTbI FOTOBHOCTU U HETOTOBHOCTHU
ACUMNTOTUYECKUIA KOIDPUUMEHT TOTOBHOCTU A ABNAETCH NpPeaennom, €Cnn OH CyLLIeCTBYET, MTHOBEHHO-
ro KoadpduuMeHTa roTOBHOCTU Npu { — <

A= lim A(t).
t—o0
AHaNOrM4Ho acUMNTOTUYECKMI KOIPPULMEHT HETOTOBHOCTU UMEET BUA:
U= limU(f).
t—oo

ACUMNTOTMYECKUE 3HAYEHUS CYLLECTBYIOT B MAPKOBCKOM CIly4ae, NoToMy YTO BEPOATHOCTM P(f) cocTos-
HUI OCTUraIOT aCUMIMTOTMYECKUX 3HAYEHNN P; (CM., Hanpumep, pUcyHok 16). Ecnu ctauuoHapHoe CoCcTosiHue
AOCTUTHYTO (CM. MPMMEYAHMUE), aCUMNTOTUYECKME BEPOSATHOCTU NPEACTaBNAIT COO0M 40NN NPOAOMHKUTENb-
HOCTM COOTBETCTBYIOLLMX COCTOSIHUI 00bekTa. 3TO NO3BONAET TaKkKe BbIMUCNATL CpeaHue KO3(ULIMEHTLI
rOTOBHOCTU U HETOTOBHOCTU (CM. PUCYHOK 17).

MpumMmeyaHune — CraymoHapHOe COCTOSIHME He XapaKTepusyeT CocTosHue 06bekTa, HO XapaKTepusyeT co-
CTOsIHUE OCHOBHOIO MNpoLiecca, KOTOpbI CTAaHOBUTCS CTaLMOHapHbLIM. Takoe cTauuoHapHOEe COCTOsIHUE CYLIECTBYET, e
Npu yBENUYEHUU BPEMEHMN JOCTUrAETCH CTaTUCTUHECKOE PpaBHOBECUE, KOrAa BEPOATHOCTL NepexoAa o6bekTa B fJaHHOe
COCTOsIHUE CTaHOBUTCS paBHOW BEPOSTHOCTU BLIXOAA 0ObEKTa U3 3TOr0 COCTOSAHUA. B 3TOM criyuae BEpOSITHOCTb JaHHOMO
COCTOSIHUSA JOCTUIaeT CTaLMOHapHOro 3Ha4YeHus! (T. €. aCUMMTOTUYECKOTO 3Ha4YeHus1). TepMUH «CTaLMOHAPHOE COCTOSIHNE
o6bekTa» UCMONb30BaH A5l 0603Ha4YeHUs TOTo, YTO NPOLIECC, ONUCHLIBAIOLLWIA M3BMEHEHWE COCTOSIHUS 06beKTa, HaxoauTcs
B CTaLMoHapHOM cocTosiHUU. [Ans nonyyeHusi Goree geTanbHol MHPOPMaLMK O CTaLMOHapHBIX MapKOBCKUX Npoueccax
cMm. TOCT P MOK 61165.

6.1.2.3 CpeaHuii K09 DULIMEHT FOTOBHOCTU U CpeaHNI KO3EPULIMEHT HETOTOBHOCTU
6.1.2.3.1 Obwume chopMynbl Ana cpeaHnX KO3(PHULUNEHTOB FOTOBHOCTU U HEFOTOBHOCTYU

CpeagHun koahdpuumeHT r0TOBHocmZ(t1, t,) 3a nepnoa Bpemenu [t;, {;] BLIMMCNAIOT NyTEM UHTErPUpO-
BaHUs1 MTHOBEHHOW rOTOBHOCTH (f) No uHTEPBany BpemeHu [t,, t]:

t

2
At)dt.
-t J;

Alty.ty) =

CpeaHIo0 roTOBHOCTb MOXHO Takoke BLIYUCIUTL KaK MPOAOMKMTENBHOCTL paboTocnocobHOro cocros-
Husi oGbekTa i 3a nepuog Bpemenu [t;, &)

t,
Asti(ty.tp) = [ P (t)at.
4
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MoaTomy Ans cpefHero koadpduumeHTa roTOBHOCTM UCNONb3YIOT CReAyoLLyo hOpMyny:

_ >, Asti(ty, tp)

A(t»],tz) — iePc

t, -t
TakuM xxe o6paszom cpegHuit KO3IPULMEHT HEFOTOBHOCTU L_J(t1, t,) nMeeT Bua:
- > Astj(ty, )
O(ty, tp) = Jugtyt = £
2t t—4

MpumMmeyvyaHune — CpeaHuit kKOS DULIMEHT HErOTOBHOCTU 0603HavatoT PFD,,4 (CPeaHss BepoATHOCTL onac-
HOro oTKasa no 3anpocy), 3To 06o3Ha4eHne NCNonb3yoT B 06nacTi yHKLMOHaNbHOK 6€30MacHOCTU MHCTPYMEHTalbHBIX
cuctem BesonacHocTy (Hanpumep, B ctaHaapTax cepumn FOCT P M3K 61508 u cepun TOCT P MOK 61511).

Ona anarpaMmbl COCTOSHUIA (CM. PUCYHOK 14) nnu mMapkoBckoii guarpaMmbl (CM. pUCYHOK 15) cpeaHum
KO3(P(PUUMEHT rOTOBHOCTU U CPEAHUI KOAPMDULIMEHT HETOTOBHOCTU MOAENUPYEMOro 0ObEKTa MMEIOT BUA:

— _ ASt1(t1, t2)+ASt2(t1, t2)+ASt3(t1, l'z)

Aty 1) o :
— Asty(t, t
Oty 1) = 280 12)
274

CyLLECTBYIOT anropuTMbl BbIMUCNEHUA CYMMAapPHOM MNPOAOIMKUTENbHOCTM 3a4aHHOIO COCTOSIHUA ANA
MapKOBCKOM Moaenu. 3TO nNokaszaHO Ha pUCYHKe 18,

CymMmapHas npoaoiHKUTENBHOCTL COCTOSIHUA
A

]

3
| CocrosHue 1 /
2 :

CocTosiHve 2 CocTosiHue 3
——

4
Cocmsmvlle A

0 #Fﬁ T >
0 1 2 3 4 5
Bpewms, ner

PucyHok 18 — Npachnk 3aBUCMMOCTHN OT BpemeHm Ast; (t,, t,) L5 MapKOBCKOW MOAENH, NpesCTaBrieHHON Ha pUcyHKe 15

CpeaHsas cyMMapHasi NPOAOIMKUTENBHOCTL Pa3fuYHbIX COCTOAHMI 06beKkTa MOXeT ObiTb onpeaeneHa
Ha OCHOBE AaHHbIX 3KcnnyaTaumn obbekta. MoaToMy OLEHKU CpeaHux KOSULMEHTOB rOTOBHOCTU U He-
rOTOBHOCTU MOTYT BbITb OMnpeaeneHbl No cratuctuke. 310 ob6ecneynBaeT CBsisb Mexay MaremMaTuyeckuMm
BbIBOZAMU U (PAKTUYECKU HABMIOaaeMbIMU AaHHBLIMU.

6.1.2.3.2 AcumnToTU4YecKkne cpeaHme KoapuLUeHTbl roTOBHOCTU U HEFOTOBHOCTU

Ecnu craumMoHapHoe COCTOsiHMe CyLUecTBYET, A(f) uMeeT acuMNTOTMYeCKoe 3HavyeHue A, a U(f) — acum-
nToTMYEcKkoe 3HauyeHne U. 3TO cneayeT M3 aneMeHTapHbIX BbluMCeHnin (Cm. [20] u npumedyaHue HUXKe), B 3TOM
cry4yae acUMNTOTUYECKME 3HAYEHWA ABMAIOTCA CPEAHMMU 3HA4YEHUAMM 3a nepuoa Bpemenn [t &), koraa i, — «.
Takum 06pa3om, aCUMNTOTUMECKNI CPeaHUN KOS PULIMEHT rOTOBHOCTU UMEET BUA

t

2
= lim A(t)dt = A
ooty =ty

A%t = lim Aty, t,)
f, >

Tak KkaK t, > ¢;, npuBeAeHHas opMmyna Takke cnpaBeanuea Ansd WHTepeana BpemeHu [t;, t,], koraa
t; — °, NOCKOIIbKY B 9TOM Cry4ae t, Taike CTpemMuTcst k <. M03TOMy 3TO CnpaBeanuBo Ans nepuoaa BpeMeHu
[t;, £, — =], rae cTaunoHapHOE COCTOsIHNE YCTAHOBUITOCH B MOMEHT BPeMeHH £, (Hanpumep, GorbLuoli nepnuoa
BpemerHu [0, £, — «]), n TaKke AN neproaa BpeMeHu [t; — =, ], rae cTaumoHapHOE COCTOsIHWE YCTAaHOBUIIOCh
B MOMEHT BPEMeHM t; (Hanpumep, HeGonbLION nepuog [t; — =, ; + x]).
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CpeaHun k0ahdOULUMEHT FOTOBHOCTM ANS TakuxX CrydaesB MMEET BUA!
lim A(t,ty)= lim A(t,t)=A=A
ty—eo (1 2) ty oo (1 2)

N aHanorn4yHo:
lim U(t,, tz)- I|m U(t1,t2):U:U_

ty—eo

[TpuMeyaHune — Ha A3blke MaTeMaTUkN aCUMNTOTUYECKOE 3Ha4YEeHNe A U CTalUMOHapHOe COCTOSHUE JOCTUr-
HYTbI, Korga t — *©, HO BO MHOTMX NpaKTU4ecknx cutyauusx A(f) 4oBonbHO ObICTPO NpubnuxaeTes K A ¢ JOCTaTOMHON
TOMHOCTbIO. Hanpumep, AN MapKOBCKUX Mofenen, rae Bce KOMMOHEHThl umetoT MTTR HaMHoro meHblue, yem MTTF,
ACUMMTOTMYECKOE 3HAYeHWe U CTaLMOHapHOe COCTOsIHUE OBbIYHO ObIBaKT LOCTUIHYTHI 3a BPpEMSA B ABa UMM TpW pasa
Gonblue Hanbonbwero MTTR KOMMNOHEHTOB CUCTEMBI.

OTHOCUTENBHO AnarpaMmbl COCTOAHUIA (CM. PUCYHOK 14) unu MapKOBCKOM anarpammbl (CM. pUCYHoK 15),
€Cfny CTaUMOHApHOE COCTOSIHWUE CYLLECTBYET, KOS(hMULMEHT FOTOBHOCTU CTALUOHAPHOMO COCTOSIHUS U MTHO-
BEHHbI KOAMPULUNEHT HEFOTOBHOCTU MOAENMPYEMOro 06bekTa UMELOT BUA:

A=P, +P,+P;,
u=~p,

3TN acUMNTOTUYECKUE 3HAYEHUA NoKasaHbl Ha PUCYHKE 17.

Ha paHHOM atane MOXHO HaWTu CBA3b MEXQy acUMMTOTUHMECKUMU 3HAYEHUSIMU, CPEAHEN NPOAOIKM-
TenbHOCTLI paboTocnocobHoro coctosHua (MUT) u cpeaHei npoaoKUTENBHOCTLIO HEpaboTocnocobHOro
coctosiHua (MDT). Ecnu cTaumoHapHO€e COCTOsIHUE CYLLECTBYET, aCUMNTOTUYECKUIA KOSDDPULIMEHT rOTOBHOCTH
M aCUMNTOTUYECKNUIA CPEAHNIA KOIPMDULIMEHT rOTOBHOCTU UMEIOT BUA (CM. [4] 1 [8]):

B MUT
MUT + MDT’

AHanormnyHo acMMNTOTUYECKUIA KOIPPULIMEHT HEFTOTOBHOCTU U ACUMNTOTUYECKUIA cpeaHnin Koadhpuum-
€HT HEroTOBHOCTU UMEIOT BUA:

A=

_ MDT
MUT + MDT’

MpuBeaeHHble hopmyrnbl NONYyYEHbI C UCNOMb30BAHMEM NPEANONOXEHUA 0 ToM, YTo A(f) nnu U(f) po-
CTUraIOT aCUMMTOTUYECKUX 3HAYEHNI. OPMYNbI MOTYT BbiTb UCNONL30BaHLI ANna onpeaenexua A uU no pak-
HbIM 3KCMnyaTauuu, BKMIOYAIOLLUM AaHHbIE O NPOAOIMKUTENBHOCTU paboTOCNOCOGHOro U HepaboToCNoCOBHO-
ro COCTOSHNI 06beKTa. B onpeaeneHHbix cnyyasx popmynbl Bce ewwe cnpaseanuebl anaA u U, paxe ecnm A
n U He cyulectsyioT. Hanpumep, Anst cuCTeM, BKNIO4AIOLLMX NEPUOANYECKU NPOBEPSAEMbIE KOMNOHEHTBI, rae
A(f) n U(f) He MMeloT aCUMNTOTUYECKMX 3HAYEHNI, MOTYT CyLeCTBOBaTh A= I:m A(t1,t2) nu= I|m U(t1,t2)

L_/=

Ha pucyHke 19 nokasaHo nameHeHue ko3pduumeHTa roroBHoCTU o6b|qu 6e3,quCTBy|ou4ero nepuoau-
YECKM NPOBEPAEMOro 06BLEKTA C MHTEHCUBHOCTLIO 0TKa30B 2 (roaa)~!, uHTencueHOCTLIO pemonTa 20 (net)™!
(MTTR = 438 4) u nepuogom nposepku T = 0,3 ropa (4 mec). MrHOBEeHHbIN KOI(PMDULIMEHT roTOBHOCTH A(f)
YMEeHbLUAeTCcs BO Bpemsi NepBOro nepuoaa nposepku. Ecnu otkas npoucxoaut BO BpeMsi NEpBOro nepuoaa
NPoBEpPKMU, €ro PEMOHT HAUMHAIOT B HaYane BTOPOro nepuoaa nNposepku. B 3ToN Touke CyLecTBYeT KOHKYPEeH-
Lusa Mexay cnyvaem, Koraa 0ObLEeKT HaxoAUTCA B PaboToCNnoCOOGHOM COCTOSAHUM HAa Ha4Yano BTOPOro nepuoaa
NpoBepKM (U MOXET NEpPeNTU B HepaboToCcnocoGHOE COCTOSAHNE), M CRyYaeM, KOrga Ha Havyano BTOPOro nepu-
oJa NpoBepKU cUCTEMA HAXOAUTCSA B PEMOHTE U MOXET nepenTu B pabotocnocobHoe cocTtosiHue). Mosromy
A(f) yBenuunsaeTcs B Te4eHUe BpeMeHu, npumepHo pasHoro MTTR, a 3areM yMeHbLIaeTcs 10 MOMEHTA cne-
ayowlen nposepku. Takum 06pa3omM, xapakTepHbIM rpachmkoM MrHOBEHHOTO KO3(pduLUMeHTa roToBHOCTU ANs
Takux nepuoanyecku npoBepsieMbix 00bLEKTOB ABNSAETCA KpuBas B (popme nusibl. Y MrHOBEHHOIo Koadpduum-
€HTa rotoBHOCTU A(f) HET aCUMNTOTUYECKOTO 3HAYEHUA, HO MOCNE HEKOTOPOro KONMYeCcTBa NPOBEPOK KpUBas
A(f) pocrturaet npeaensHou opmbl (T. €. PpOpMa KPUBOW CTAHOBUTCH WAEHTUYHON BO BCEX MOCMEAYIOLWMX
nepuoaax). HecmoTpsi Ha To, uTo A(f) HE UMEeT aCUMNTOTUYECKOTO 3HAUEHUs1, CPEAHSS FOTOBHOCTLA(O, f) Cxo-
OUTCS K aCUMNTOTUYECKOMY 3HAYEHUIO (CM. NYHKTUPHYIO KPUBYIO HA pUCyHKe 19), KOTOpOE paBHO cpegHeMmy
K03hPMLMEHTY FOTOBHOCTM 32 UHTEPBAr NPOBEPKU, PACMONOXKEHHbIN B HECKOHEYHOCTH:

MUT
A= A=) = lm AQ, )= lim A 1) —
(=)= fim A, )= lim A(i,<|i+1]-7)= o T
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Mepuoanueckn npoBepsieMbli 0GbEKT
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0,8
sgpet \TE ey
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\ Mepuos  \ N N
npoBepkv
0,5 >
0 0,3 0,6 0,9 1,2

Bpewms, ner

PucyHok 19 — Mpadouk 3@aBMCUMOCTH OT BPEMEHN MIHOBEHHOTO KO3hdULMEHTa FOTOBHOCTU U cpefHero koadduumeHTa
roTOBHOCTM NEPUOAMNYECKN NPOBEPAEMOro o6bekTa

MockonbKky NpodunakTuyeckoe TexXHMYECKoe 0BCnyxMBaHMe He pacCMOTPEHO B HACTOALLEM CTaHAap-
Te, MDT MoxeT ObiTb 3aMeHeH Ha MTTR (CM. pUCYHOK 2) B NpuBeaeHHON Bbile dopmyne.

6.1.2.4 PaclumpeHne noHATUs koadpuLmueHTa roroBHOCTU Ha 06bEKTbI C HECKONIbKUMU COCTOSAHUSIMU

Kak onpegeneHo BoiLle, NOHATHE KO3 dULMEHTA FOTOBHOCTU CBA3aHO C paboTOCNOCOOHLIMN COCTOSAAHU-
AAIMU paccMaTpuBaemoro obbekTa. [pu 3TOM NpeaAnonaraeTcs, YTo HET PasnNuUuMin Mexay paboTocnocoGHLIMU
cocToaHuamU. [peanonaratot, YTO 0ObEKT BO BCEX CBOMX pabOTOCNOCOOHLIX COCTOSIHUAX OKa3biBAET OAHY
W Ty Xe ycryry nonb3oBatenio. 3T0 NnpeanonoXxeHne MoxeT ObiTb YMECTHO ANA 9NEMEHTOB, HO He Bceraa
NPUMEHUMO ANS CNOXHbIX CMCTEM. JTO 0COBEHHO 4acTO UMEET MECTO AN NPOU3BOACTBA NPOAYKLMU, B TOM
yucne HedTH, rasa, ANeKTPUYECTBA, BOAbI U T. 4.

Pa6otocnocobHoe HepabotocnocobHoe
CoCTOsIHUe ! COCTOsIHME
1
MonHocTbio HenonHoe | Kputuutoe
pabotocnocobHoe | pa6orocnocobGHoe |HepaborocnocoGHoe
CoCTOsiHWE COCTOsHNe | COCTOsIHWE
— > 30% |
o o~ |

esemmrEny,

-~ |
0 100 % 100 % | 0%
MpouasoacTBeHHas
MOLHOCT
T — ~»70% |
MOTOBHOCTb | HerotosHocTs

PucyHok 20 — Npumep NpocToi Npon3BOACTBEHHON CUCTEMDI

B nesoii yactu pucyHka 20 nokasaHa npocTas npousBOACTBEHHAsi CUCTEMA, COCTOSALLAs U3 ABYX GNOKOB
A n B. HoMWHanbHas npou3BOAUTENLHOCTbL CUCTEMbI B €4MHULY BPEMEHU paBHa p (Hanpumep, 5 M3 BOAbI B
yac, 1500 6yxaHok xne6a B 4ac). bnok A obnagaet npon3BoaUTENbHOCTLIO Ky, paBHoi 70 %, a 6ok B — npo-
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U3BOAUTENLHOCTLIO Ki, paBHOI 30 %. MNosTomy cuctema B LENOM MMEET NPOU3BOACTBEHHYIO MOLLHOCTb Kg,
pasHyto 70 % + 30 % = 100 %.

MpumeyaHmne —bnokA c Npon3BOACTBEHHO! MOLHOCTLIO Ky 06ecneunBaeT NPpOU3BOACTBO (K, p) NpoAyKLUM
B €UHULY BPEMEHU.

MapkoBckasi Aauarpamma ansa 3Tol CUCTEMbI SIBIISIETCA TAKOW e, KaK NpuBeAeHHas Ha pucyHke 15. Pa3-
NMYMEe COCTOUT B TOM, YTO YPOBEHb OKA3aHHOI YCITYTM OTIIMYAETCA ANS KaXKaoro paboTocnocoGHOro COCTOSIHUA:

- B COCTOsIHMM 1 Npou3BoaAT 1 - p = p NPOAYKUUM B €4UHULY BPEMEHU;

- B COCTOSIHMM 2 npou3soaAT 0,7 p npoayKUMK B €4MHULLYY BPEMEHMU;

- B cocTosiHum 3 npou3sogaATt 0,3 p npoayKuMu B €4MHULLY BPEMEHMN.

B HepaboTocnocobHOM cocToAHUM 4 npoussoaar 0p = 0 npoayKUUKM B €JUHULY BPEMEHM.

C Npon3BOACTBEHHOW TOYKM 3pEHUS HEBO3MOXHO pasAenuTb COCTOSIHUA TOMbKO Ha paboTocnocobHoe
n HepabotocnocobHoe, Heobxoauma Gonee TouHaa knaccudukauma. Takylo CUCTEMY Ha3bIBAKOT CUCTEMOMN
C HECKONBLKMMU COCTOSIHUAMU (CM. [21]), NOTOMY YTO €e COCTOSIHMS OTHOCATCA K 6onee YeM ABYM Knaccam.
Mokasatenem TakoW CUCTEMbI ABNAETCSA HE ee KOAhDULIMEHT FOTOBHOCTU UK BEPOSITHOCTL 6e30Tka3Ho pa-
60TbI, a MaTEMaTUYECKOE OXXMAAHWE €€ NMPOU3BOAUTENBHOCTM 332 YKa3aHHbIN Nepuos BPEMEHN.

B COOTBETCTBMU C NPUBEAEHHLIMU Bbile NPEAMNONOXEHUAMU MIHOBEHHas MPOU3BOACTBEHHAA MOLL-
HOCTb cuctembl K(f) B MOMEHT BpemeHu f paBHa:

K(®) =100 % - P;(®) + 30 % - Py(®) + 70 % - Py(®) + 0 % - P,(®).

3Ty POpMYNy MOXHO NEFKO PACNPOCTPAHUTL HA CUCTEMBI C 11 COCTOSHUSIMU:

n
K(t)= Y KiP(t).
i=1
Ha ocHoBe npon3BOACTBEHHON MOLLUHOCTU MOXHO ONpPEAEnUTb OXMAAEeMYI0 MIHOBEHHYIO NMPOU3BOAU-
TenbHOCTb:

Prod(f) = K() - p.

B yacTHoM cnyyae K(f) — 370 0BbIHHbIA MrHOBEHHbIH KOSMMULIMEHT roTOBHOCTH, ANA KOTOporo K; =
100 % ans Bcex paboTocnocobHbix cocTosiHuin U K = 0 % ansi Bcex HepaboTocnocoOHbIX COCTOAHMI. TO xe
ana Prod(f), korga p = 1. B atux cnyyasx A(f) = K(f) = Prod(f).

Ha pucyHke 21 nokaszaHO W3MEHeHWe MrHOBEHHOrO KoaduumeHTa rotoBHoCTU A(f) 1 NPOU3BOACTBEH-
HOM MoLLHOCTU K(f) B MOMEHT BPEMEHU { B COOTBETCTBUM C BbILLEYNOMSAHYTON MMMNOTE30M.

MrHoBeHHBI koadduLMeHT rotoBHOCTU A(t) M nponaBoAcTBEHHas MoLHOCTb K(f)
Y

1,00
0,95 LY

\ AlD)
0,90

K()
0,85
\‘ /

0,80
0

0,25 0,50 075
Bpewms, net

PucyHok 21 — Mpacuk 3aBucumocT A(t) n K(t) oT BpemeHu

Oxuaaemas npousBOANTENBHOCTL cucTemsl Prod(t,, t,) 3a nepuoa Bpemenn [t,, t,] MOXET GbiThb Bblunc-
neHa C NoOMOLLbIO CPEAHUX CYMMAPHbIX NPOAOIMKUTENBHOCTEN PasfIMYHbIX COCTOSHUIA:

Prod(t,, t,) = [100 % - Ast,(t,, t,) + 30 % - Asty(t;, t,) + 70 % - Asta(t,, t,) + 0 % - Asty(t,, t,)] - p.
Takum o6pa30|v|, MaTeMartn4yeckoe oxxmgaHme npon3BoanTENbHOCTU CUCTEMbI UMEET BUA:
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PrOd(t»], t2)

(tz=t1)p
rae (¢, f)p — MakcuManbHO BO3MOXHasi MPOM3BOAUTENBHOCTb 3a NEPUOA BPEMEHM [fy, b].
HakoHew, maTematuyeckoe oxuaaHne nponMsBOAMTENLHOCTHM 3a NepUoA BpeMeHH [t,, t,] umeet Bua:

o, . % - Asty(ty, 1) +70%- A , %- ,
PI'Od(t1, t2)= 100 % ASt»](t»], t2)+30A) 32(1(t§)_+t1) % St3(t1 t2)+0 % ASt4(t1 t2)

3ta hopMyna MOXeT ObITb NPUMEHEHA K CUCTEMAM C N COCTOSAHUAMM:

Prod(ty, ty) =

n
DK Asti(ty, tp)
Prod(t;, ty) =" —o
(tz —t)
rae K; — npousBOACTBEHHAst MOLLHOCTbL B COCTOSIHUM /.

KoHeyHo, ecnu cTauMoHapHOE COCTOSTHUE CYLLECTBYET, MaTEMaTUYECKOE OXUAAHME NPOU3BOANTENBLHO-
CTU CTPEMUTCA K aCUMMTOTUYECKOMY 3HAYEHUIO, KOTOPOE PAaBHO aCUMMATOTUYECKOMY 3HAYEHMIO MITHOBEHHOM
NpPOU3BOACTBEHHOW MOLLHOCTM K(°). 3TO NOKa3aHo Ha pucyHke 21.

Takoi nokasartens AsnsdeTca 0600LWeHnemM cpegHero KoapdunumneHTa roroBHOCTU U MaTeMaTU4eCcKoro
OXUAAHUA NPOU3BOAMUTENBHOCTU, €r0 YacCTO Ha3blBalOT «NPOU3BOACTBEHHOW rOTOBHOCTbIO» CUCTEMbI. Bonee
LUMPOKO €ro TaKKe Ha3bIBalOT Pe3yrnbTaTUBHOCTLIO 00bekTa. 3TOT nokasarternb NONe3eH B TEX CUTyaLUusXx, Kor-
[a ycnyra, BbINOnMHsAeMasi CUCTEMON B KOHKPETHOM COCTOSIHWMM, MPONOPLIMOHANbHA NPOAOMAMUTENBHOCTH Npe-
GbIBaHWSA CUCTEMbI B 3TOM COCTOSIHUMN.

6.1.3 BblpaxeHusi, OTHOCALMECH K 6€30TKa3HOCTH

6.1.3.1 BeposiTHOCTL Be30Tka3How paboThbl

B cooTBeTCcTBUM C ONpeaeneHuemM (npuMmevanume 3) BepoaTHOCTb be3oTkasHou paboTbl R(f) npeacrasns-
eT co60oii BepOATHOCTb TOFO, YTO 0OBLEKT (DYHKUMOHUPYET B COOTBETCTBUU C YCTAHOBIEHHbIMU TPEOOBaHUAMM
B TedeHue nepuoaa spemeHu [0, ] B 3agaHHbIX ycrnoBusix. Ha pucyHke 22 nokasaHo U3MeHeHne COCTOAHUA 3a
nepuoa spemehu [0, f] Ana cuctembl, AnarpaMma CoOCTOSIHUM KOTOPOW NpeacTaBneHa Ha pucyHke 14. Cucrema
Haxoaunacb MOSIHOCTbIO B paboTOCNOCOBHOM COCTOsIHUM 1 (T. €. Obina COBCEM Kak HOBAs)) B MOMEHT BPEMEHU
t =0 v ocraBanack B paboTocnoCobHbIX COCTOAHMAX 1, 2 1 3 B TeueHue Bcero nepuoaa sepemenu [0, f].

H MepBbiid BoaMoxHas Touka
eT nepexona oTKa3 BOCCTaHOBNEHUS!
B HepaboTocnocobGHoe cocTonHue
1
PaGotocnocobHoe { 2 \ I I \ |
COCTOsiHNe \
3
\MneanbHoe cocTosHue
HepaGorocriocoGHoe , TI0F
cocTosiHne o
0 t Bpems

PucyHok 22 — MNpuMep M3MEHEHUA COCTOSHUIA CUCTEeMbI 3a nepuog Bpemeru [0, f]

MHTEHCUBHOCTbL OTKa30B A(f) CUCTEMBI, NPeACTaBNEHHOW Ha PUCYHKE 22, ABNAETCA HENOCTOAHHOW, No-
CKOMbKY OHa MOXET U3MEHUTLCS, NO KpaiHen Mepe, B COOTBETCTBUM C PACCMOTPEHHBIM PabtoTOCNOCOOHLIM
COCTOSIHWEM.

BeposTHoCTb 6e30TKa3HOW paboTbl HENOCPEACTBEHHO CBSA3@HA C UHTEHCMBHOCTBLIO OTKa30B A(f) U ¢
NNOTHOCTLIO pacnpeaeneHna otkasos f(f) cneaytowlen dpopmynoii (cm. 6.1.5.1, npumeyaHue):

t oo
R(t) = exp| - [ A(z)dz = [f(z)dr
0 t
Mpu HaNMuMM gaHHbIX 06 OTKasax Ans N 0ObLEKTOB U3 OAHOPOAHOW COBOKYMHOCTU oueHka R(f) moxer

6bITb ONpeaeneHa no opmyne
25



rocT P 27.010—2019

Riy="5,

rae n(f) — Konn4ecTBo 0OLEKTOB, Yy KOTOPbLIX HE NPOU3OLLNO OTKA30B 3a nepuoa Bpemenu [0, f] n n = ng(0).

MpumedyaHwne — Ecnucucrema coBceM Kak HOBas Mocrfe BOCCTAHOBIEHUS, T. €. B WA€aNbHOM COCTOAHUN,
TO Kax0e BPeMsi BOCCTAHOBMEHUS B UAeantsHoe COCTOsTHUE MOXHO paccMmaTpuBarh Kak HayaneHoe spems 0 (Touka Boc-
CTaHOBIIEHUS, CM. PUCYHOK 22).

B cooTBeTcTBMM C ONpeaeneHnem BepoaTHOCTbL GesoTkasHoi pabotel R(t, ) npeacraenseT coboi ee-
POSATHOCTb TOrO, YTO 06BLEKT (PYHKLMOHUPYET B COOTBETCTBMU C YCTAHOBIEHHLIMU TPEOOBAHUAMU B TEUEHUE
3afjaHHOro nepuoaa BpemeHn [t,, &) B 3aaaHHbix ycrosusx. MoaroMy BEPOSATHOCTL 6€30TKa3HON paboTbl cu-
CTEMbl — 3TO BEPOATHOCTb TOF0, YTO OOBLEKT HAXOAUTCA B paboTOCNnOCOOHOM COCTOAHUW B TEYEHMEe BCEro
nepuoga BpemenH [t,, t,]. 3To o3Ha4aeT, yTo:

- CUCTEMA HaxoAnTCA B paboTOCMOCOGHOM COCTOSIHUM B MOMEHT BPEMEHM ) (TOTOBHOCTD);

- CUCTEMA He NepexoanT B HepaboToCcnoCOOHOE COCTOSAHUE B TEYEHNE NEPUOAA BPEMEHM OT £ A0 I,

3TO NpMBEAEHO HA PUCYHKE 23 Ans anarpaMMbl COCTOAHUM CUCTEMBbI, NPUBEAEHHON HA pucyHke 14. Yro
MPONCXOAMNO C CUCTEMON A0 ty, HE UMEET 3HaYEHUs1, 3@ UCKIIIOYEHNEM TOTO, YTO CUCTEMA AOIDKHA ObiTh pabo-
TOCMOCOGHOI B MOMEHT BPEMEHMU ;. YTO MPOUCXOAMT NOCIE MOMEHTA BPEMEHW [y, HE UMEET 3HAYEHUS TOXE.

CocTosiHuA HeT nepexona
A
[OTOBHOCTL B HepabotocnocobHoe cocTosiHue
1 T T H H
PaGotocnoco6Hoe { o : : | N
COCTOSIHUE : i
3 Feeeer—
Hepa6oTocnoco6Hoe
cocTosiHue 4
0 (2] [0 1) Bpems

PucyHok 23 — MpuMep M3MeHeHUs1 COCTOSIHUIA CUCTEMbI B TeYeHUe nepuoaa Bpemen [t t]

C momeHTa £y (CM. PUCYHOK 23) cuCTEMA AOCTUINA COCTOSHUA 3 B MOMEHT BpeMeHH f; Yyepes nocne-
JOBaTENbHOCTb COCTOAHUI 2—1—3. HO anarpammbl, npeacTaBneHHbIe Ha pUcyHkax 14 u 15, koaupylot Bce
nocneaoBartenbHOCTU COObITUI Nepexoaa us COCTOAHUA 2 B COCTOAAHME 3. [03TOMY OHM KOAMPYIOT ABa Tuna
nocrnenoBaTenbHOCTEN:

a) nocrneaoBaTenbHOCTU Nepexoaa M3 cocTosiHus 2 B coctosiHue 3 6e3 nepexoaa B HepaborocnocobHoe
COoCTOsiHNE (Hanpumep, 2—1—-3);

b) nocnegoBaTenbHOCTM Nepexoaa U3 COCTosiHUS 2 B COCTOSIHUE 3 Yepe3 HepaboTocnocobHOE COoCTos-
Hue (Hanpumep, 2—4—3).

Tonbko MOCnNeaoBaTeNbLHOCTM TUMAa a) rapaHTUPYIOT, YTO CUCTEMA OCTaeTcs B paboTocnoco6HOM co-
CTOSIHUM B TEYEHUE BCEro paccmaTpuBaeMoro nepuoaa spemeHu. NMoatomy nocneaosarensHOCTM Tuna b) He
UCNONb3YIOT NPU BLIYMCIIEHUN BEPOSATHOCTU 0e30TKa3Hol paboTbl. 3TO MOXET ObiTb AOCTUTHYTO obecneye-
HWeM HEeBO3BpaLLEHUsI CUCTEMbI B paboTOCNOCOOHOE COCTOSIHUE, €CNU OHAa A0CTUrNAa HePaboToCnoCcOBHOrO
COCTOSAIHUA, KaK MOKa3aHO Ha PUCYHKe 24,

MpuMedaHue — MapkoBckas guarpaMma, NpeAcTaBfeHHas Ha pUCYHKe 24, NO3BONAET BLIYUCIIATE BEPOST-

HOCTb Ge30TKasHoi paboTbl cUCTeMBbl. UTOGBI NOAYEPKHYThL STY 0COGEHHOCTb, TaKylo MapKOBCKYIO uarpaMMy HasbiBaloT
«MapKOBCKOW Anarpammoit 6€30TKa3HOCTU».

Ha cxeme, npeacTaBneHHoO Ha pucyHke 24, nioboe paboTocnocoGHOEe COCTOSAHUE MOXET ObITb J0CTUI-
HYTO TONbKO M3 ApYrMx paboTocnocobHbIX COCTOAHMI. Kak ToNbko cuctema aocturaet HepaboTocnocoBHOro
COCTOSIHMA, OHa OCTAETCSA B HEM HaBceraa. OTO COCTOsIHUE HA3bIBAIOT «NOTNOLWAOWMMY» COCTOsIHMEM. Bepo-
ATHOCTbL Nepexoaa B 3TO COCTOsSIHME paBHa 1 1 tlii)n R(t, t,)=0.
) 300
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PucyHok 24 — [lnarpamma COCTOsIHMIA 1 MapKoBckas guarpamMma Ana BbIUWCNEHUA BEPOATHOCTU B6e30TKa3HoW paboThl

Ecru cucTeMa CMofennpoBaHa B COOTBETCTBUM C MapKOBCKO AnarpamMMon, BepOSITHOCTL BGe30Tka3HoM
pabotbl R(f;, t,) BLIMMCNAIOT B ABA dTana:

1) BLIuMCSIOT BeposiTHOCTH P, @(t,), P,BY(E,), P, (t;)  P,&Y(t;), ncnonb3ys MapkoOBCKYIO Auarpam-
My 6€e3 NornoLLaloLLIEro COCTOAHUA (CM. PUCYHOK 15);

2) BbiuncnsioT BeposTHOCTU P, 1e(8), P,e(8), Py"eN(6) n P,*N(8) Ans 6 = t, - t;, ucnonb3ays mapkos-
CKYI0 Auarpammy ¢ normfoLLaoLLMM COCTOSIHUEM (neBasi CTOPOHA pUCYHKa 24) n BEPOSATHOCTU, BbIMUCIIEHHBIE

Ha arane 1) Kak Ha4yarnbHbIE YCIOBUS.
370 NO3BONSIET ONPEAENUTH BEPOSITHOCTL 6e30TkasHoil pabotl R(fy, f;) U BEPOATHOCTL OTkasa F(ty, L):

R(t,, ty) = P eD(@) + P,(rN(8) + P5(*(®),
Ft,, ty) = P,e(®),
rae 6 = t, — t,, noaToMy:
F(ty. ) =1 =R, ).

Ecnn £, = 0 1 BbIMMCNIEHUA BBINOMHSAIOT ANs NepUoaa BpPEMEHN [0, 1], aTtan 1) He TpebyeTca, BEPOATHOCTU
[OMKHbI ObITb BbIYUCEHLI NO AnarpammMe ¢ nornoLwjatowmMmmn coCToaHMAMN (CM. puUCYHOK 24).

Ha pucyHke 25 nokasaHbl BEPOATHOCTU COCTOAHMI CUCTEMBI, COOTBETCTRYIOLLIEN MAPKOBCKOW Anarpamme
6e30TKa3HOCTH (T. €. MapKOBCKOW Anarpamme C NOTMOLLAIOLLMM COCTOSAHMEM), NPEeACTaBMNEeHHON Ha PUCYHKe

24. Kak B crniyyae ko3apdmuneHTa roTOBHOCTU, BEPOSITHOCTU JOCTUTAKT aCMMNTOTUYECKNUX 3HAYEHUI, HO OHM
paBHbl 0 ANs Tpex paboTOCNOCOBHbLIX COCTOSHMI U 1 ANs HepaboTocnocoGHOro COCTOSHUSA.

BeposiTHOCTU COCTOSIHUMA
(mapkoBckas guarpaMmma COCTOSHUIA)

!
I
Cocrositue 1 /fr'

0.8 -

J / CocrosHue 4
06 7

1,0

CocrosiHue 3
Pl

0,4
_ CocrosiHne 2
0,2 ~ |
\
0,0 i -
0 1 2 3 4 5

Bpewmsi, et

PucyHok 25 — Mpaduk 3aBUCUMOCTHU OT BPEMEHN BEPOSTHOCTEH COCTOAHUA AN MapKOBCKOW mMogenu,
npeacTaBlneHHoW Ha pucyHke 24
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BepoATHOCTM COCTOSAHUI NPEACTaBMNEHbI HA PUCYHKE 25, U NOSTOMY:
R@®) = P(0) + P,(f) + P5(D),
F(®) = P4(®).

Mpadukmn R(f) u F(f) c y4eTOM AETEPMUHUPOBAHHOIO COCTOAHUA NPUBEAEHbI HA PUCYHKE 26.

R(), ‘F(O

0,6
0,5 \ /, A
0,4

ol L N
0,0 -

0 1 2 3 4 5
Bpewmsi, net

\
i

ot

PucyHok 26 — Mpaduk 3aBMCUMOCTHM OT BpeMeHn R(f) u F(t), COOTBETCTBYIOLLMX MapKOBCKOW MOAenu,
npefcTaBneHHoW Ha pUCYHKe 24

dopmynbl 4NA BEPOATHOCTEN OTKasa u 6e30TkasHoi paboTbl aHanorMyHbl opmynam ans kosagphuum-
€HTOB FOTOBHOCTU M HEFOTOBHOCTU. Pa3nnune BbI3BAHO TOMbKO HaNW4YMeEM Unu OTCYTCTBMEM MONOLAOLWEro
COCTOSIHUS:

- amarpamma 6e3 nornoLaLLero COCTOSAHUA: BbIYUCNEHNE KOIPPULIMEHTOB rOTOBHOCTN U HETOTOBHOCTM;

- AarpaMmbl C MOrOLLAIOLIMM COCTOSIHUEM: BbIMMCNIEHNE BEPOATHOCTU 6e30TKa3Ho paboTbl U BEPOAT-
HOCTM OTKas3a.

B anarpamme Ha pucyHke 24 MOXHO 3aMETUTb, YTO KOMNOHEHTbI CUCTEMbI PEMOHTUPYIOT, TONLKO €Cnn
06bLeKT B LEeNnom He nepeluen B HepaboTocnocobHoe cocTosHue. M03TOMY NPU BLIYMCIIEHUU BEPOSATHOCTU
6e30Tka3HoN paboTbl HEOOXOAUMO YUMTBLIBATL 3aBUCUMOCTU MEXAY KOMMNOHEHTAMKU CUCTEMBI, 3TO AENAaET Bbl-
yncneHus bonee TPyaAHbIMKU, YEM BblUUCTIEHNE KOIPPULUEHTA FOTOBHOCTHU.

M3-3a nornowyatoLero COCTosiHUS BEPOATHOCTb 6€30TKa3HOM paboTbl U BEPOATHOCTbL OTKa3a AOCTUraloT
cneaylowmx aCUMNTOTUYECKUX 3HAYEHUI, ECIU BPEMSA CTPEMUTCA K OECKOHEYHOCTMU:

lim R(t)=0,
f—oo
lim F(t)=1.
f—o0

3TO NOKa3aHO HA pUCYHKe 26.

6.1.3.2 CpeaHsis Hapa6oTka go nepsoro otkasa — MTTFF

B cootBetctBuM ¢ onpeaeneHmeM MTTFF — aTt0 matemartndeckoe oxuaaHue HapaboTku 0 NepBoro
oTkasa. OHa cBsi3aHa C BEpPOATHOCTLIO 6e30Tka3Hoi paboTbl U NNOTHOCTAMM pacnpeaerneHunsl 0TKasoB cneay-
toen opMynon:

MTTFF = [tf(t)dt = [ R(t)dt.
0 0

B cnyyae 06bektoB COIl paboToCcnoCobHbIE COCTOAHUA ABNAIOTCA pabouMMKU COCTOSIHUSIMM, KOraa 00b-
eKT dyHKUMOoHUpyeT, u nostomy MTTFF MoxeT ObiTb BbIMMCNEHA KAK CyMMa CPeAHUX HAKOMMEHHbIX NpoA oS-
XUTeNbHOCTel paboToCnoCOBHbIX COCTOSIHMI AnarpaMMbl 630TKa3HOCTU:

MTTFF = lim ) Ast;(0,1)

f=cpe
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Ha pucyHke 27 nokasaHbl rpacdhmku CpegHuX HaKOMMEHHbIX NPOAOIHKUTENBHOCTEN PaboToCnOCOBHbIX
cocroaHuit Ast; (t,, t,) 3a nepuoa sBpemenu [0, f] B cnyyae MapKOBCKOI AnarpaMmbl 6€30TKA3HOCTU, NPECTaB-
NEHHON Ha PUCYHKe 24.

HakonneHHbie CyMMapHbie NpoaoImKUTEeNnbHOCTU
A

4 T
CocrosiHve 4

. NI

/

CocrosiHue 3 L”Cocrosive 2
CoctosiHue 1 | >( \
T\
1
:Z : : } MTTFF
0 o

0 1 2 3 4 5
Bpewms, net

PucyHok 27 — Npahuk 3aBUCMMOCTH OT BpeMeHu Ast; (t;, t,) LN MapKOBCKOW MOAENM, NPeACcTaBeHHo Ha pucyHke 24

Ecnun Bpems Bo3pactaert, cpefHue HaKoMMeHHbIe MPOAOIHKUTENBLHOCTU PaBboTOCNOCOOHBIX COCTOSIHUI
(1, 2 n 3) cTpeMATCA K aCUMNTOTUYECKUM 3HAYEHUAM, @ CPEAHAS HAKOMNMEHHaa NPOAOSMKUTENBHOCTL Hepa-
60TOCNOCOBHOrO COCTOAHUA (4) cTpemMnUTCs K 6ECKOHEUYHOCTU (STO 0COBEHHOCTL MOTNOLAOLEr0 COCTOAHMS).
Moatomy MTTFF MoxeT ObITb BblMMCIIEHA Cneayowmm 06pasom:

MTTFF= lim [ Ast;(0,t)+ Asty (0,t)+ Astz (0,t)].
—So00

CpefiHue HaKkoNneHHbIe NPOAOIHKUTENLHOCTUM PaboTOCNOCOBHbLIX COCTOAHUI YBENUYMBAIOTCA A0 TeX
nop, NoKa He AOCTUTHYT aCUMNTOTUYECKUX 3HAYEHUI, KOrAa BEPOATHOCTb TOTFO, YTO OOBLEKT HAaX0AUTCA B He-
paboTocnocobHOM cocToaHuM, Bnuska k 1. MNoatomy npueegeHHasa opmyna cxogutca 6onee ObLICTPO Ans
HeHaAeXHbIX 0OLEKTOB, YEM ANl HAAEXHbIX OOBLEKTOB.

6.1.4 CpegHAaa HapaboTka Mexay OTKasaMu U cpeaHee BpeMA MexXxay OTKasamMu

Ons cpeaHen HapaboTKM MexXxay OTKasamu 4acTto UCMosnb3ytoT o6o3HadeHuss MTBF unu MOTBF, u no-
3TOMY Mcnonb3oBaTh CokpawieHne MTBF gns cpeaHero BpeMeHu Mexay oTkasamu He KOpPPeKTHO. [ns Toro
yToObI M36exaTh OLLMOOK, B HACTOALLEM CTaHAapTe ANs CPeAHEr0 BPEMEHU MEXAY O0TKa3amu MCMONb30BAHO
cokpawieHne METBF (cm. onpegenenue 3.3).

MpoAOIMKUTENBHOCTL HePaboTOCNOCOGHOTO COCTOAHUS

MpoaomKMTENBEHOCTD
paboTocnoco6HOro CoCTOAHUSA
MpoaomkuTensHoCcTb
Hepabo4ero cocTosiHusA
\ MpopomxuTensHoCTL
pabouyero coctosiHus
Pabouee
cocTosiHUe
PaGotocnoco6Hoe
COCTOsAHME Hepabouee
COCTOsHWE
Hepabotocnoco6Hoe
cocTosiHMe Hapa6otka mexay
OoTKasamm
Bpems mexay otkasamu
i-7 oTKa3 i+1-n oTKa3 Bpems

PucyHok 28 — BpeMs Mexay oTkasamu 1 HapaboTka Mexay oTkazamu
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Ha pucyHke 28 nokasaHbl OTNIMYMS BPEMEHMN MEXAY OTKasamu OT HapaboTKu Mexay AByMA nocneaosa-
TeNbHbLIMU OTKa3aMu: BpemMs Mexay OTkazaMu — CyMMa NpoAaospKUTeNnbHOCTEN paboTocnocoBbHoro u Hepa-
60TOCNOCOOHOrO COCTOSHUM, B TO BpEeMSA Kak HapaboTka Mexay oTKasaMu COCTaBISET NULLb YaCcTb BPEMEHU
Mexay oTkasamu, Koraa oObEeKT HAXOANTCA B COCTOSAHMM (PYHKLMOHUPOBaHUSA (paboyee CoCTosHUME).

310 npuBoAUT Kk 00wWeNn chopMyne Ana CPEeaHEro BPEMEHN MeXay OTKazamu

METBF = MUT + MDT.

Ecnu npodhunakTuyeckoe TEXHMYECKOEe 00CNY)aMBaHNE He PaCcCMaTPUBAIOT, KaK B HACTOSILLEM cTaHaap-
Te, MUT = MTTR (cpeaHee BpeMsi BOCCTAHOBIIEHUST), U O3TOMY

METBF = MUT + MTTR.

Ana COI cpeaHAs NpoAoOmMKUTENBLHOCTL paboTOCNOCOBHOr0 COCTOSIHUA paBHa cpeaHei HapaboTke Ao
oTkasa. Takum obpasom:

METBF = MTTF + MTTR.

6.1.5 MrHoBeHHaa UHTEHCUBHOCTb OTKAa30B UM YCJIOBHbIN NapaMeTp NOTOKAa OTKa30B
(MHTEeHCUBHOCTb OTKa3oB Becens)

6.1.5.1 MrHoBeHHblE 3HaYeHUs

B cooreeTcTBUM C OnpeaeneHmem 3.6 MrHOBEHHasi MHTEHCMBHOCTb OTKA30B €CTb Npeaen (€Cnu OH Cylue-
CTBYET) OTHOLLEHUS YCNOBHOW BEPOATHOCTU TOTO, YTO OTKa3 06bEeKTa NPOM30NAET B Nepuoa BpeMeHu [t, ¢ + Af]
K Af, koraa At CTPeMUTCA K HYSI0, MPU YCIIOBUM, YTO OTKAa3 HE npousowen B nepuoa Bpemenu [0, {:

1 F(t+At)—F(t) £(t)
M= Mo ™ RO R@)

3T0 onpeaeneHme OrpaHUYeHo TONbKO HEBOCCTaHaBNUBaeMbiMu obbvekTamu. Ho chakTuueckn sToT no-
Kasatenb MOXHO 0606LWMTb, TaK Kak NIOTHOCTb pacnpeaeneHus otkasos f(f) U BEpOATHOCTbL 6e30TKa3HON
pabotbl R(f) MmoryT 6bITb onpeageneHbl AnA nMoboro oobekTa (3NeMeHTbl, BOCCTAHABNMBAEMbIE U HEBOCCTA-
HaBlnBaemble CI/ICTeMbI).

B cooTBETCTBMM C NPUBEAEHHBLIM ONPEAEeNeHNEM UHTEHCMBHOCTb OTKA30B A(f) ABNSETCA YCMNOBHOW Be-
POSITHOCTbIO B €IMHULYY BPEMEHU:

m P(oTkas 3a nepuogd Bpemenu oT { ao f +At| 06bekT kak HoBbI B {= 0 n Pc B {)
At—0 At ’

MpumevyaHne — Al;mok(l‘)At — YCrOBHas BEPOATHOCTL TOTO, YTO CUCTEMA OTKAXET B MOMEHT BpEMEHH ¢ Npu
—

YCNoBWU, YTO OTKa3 He MpousoLlen ¢ MoOMeHTa BpeMeHu t = 0. Mcnonb3ys anddepeHynanbHyo cCUcTemMy 0603HadYeHWiA,

ee MOXHo 3anucaTb B Buae A(f)dt, n 3atem npupalleHne dF(f) BEpoSTHOCTM OTKa3a 3a nepuop BpeMenu [t, t + df] GyaeT

paBHo R(t) M(t)dt. Tak kak dF(t) = d[1 — R(t)] = —dR(t), aTo aaet A(t) = —dR()/R(t), THTEHCUBHOCTb OTKA30B TakKe Henocpea-

CTBEHHO CBfi3aHa ¢ norapudmMuyecKoit Npou3BoaHoi BeposTHocTH Be30TKasHoi paboThl R(f). MHTerpuposaHue aToi npo-
t

M3BOHOW MPUBOAUT K COOTHOLLEHMI0 R(t) = exp [—jk(r)dr} , BBejeHHOMY B 6.1.3.1.
0

Ycnosue «pabotocnocobHoe cocToAHMe B TedeHne nepuoga spemenu [0, f]» (T. . OTCYTCTBME OTKa30B
B Te4eHune nepuoga spemenu [0, f]) ABnAeTCA 04eHb CUITbHbIM U NMPUBOAMUT K TEM XK€ 3aBUCUMOCTAM, KakK 1 Mnpu
BbIYMCINEHNN BEPOSATHOCTUN Be30TKasHON paboThbl.

B npumepe Ha pucyHKe 24 MOXXHO 3aMETUTb, YTO:

- ycnosue «paboTocnocobHOe COCTOsIHME B Te4eHne nepuoga spemMennu [0, f]» nogpasymesaert, 4To cucrema:

- He MOXET BO3BPATUTLCA U3 HEPaBOTOCNOCOOHOrO COCTOSHUA B paboTOCNOCOGHOE COCTOSIHWE, 3TO Bbl-
3BaHO HanM4MeMm normnoLatoLLero COCTOAHUS,

- HaxoauTcs B paboToCNOCOOHOM COCTOSIHUM B TEYEHUE BPEMEHM {; BEPOATHOCTb 3TOM0 COBbITUS — 3TO
BEPOATHOCTb 6e30TKa3HOI paboThl

R(®) = P, + P(t) + P3(o);

- 06BEKT MOXET NepenTu B HepaboToCnoCOBHOE COCTOAHME TOSMbKO U3 KPUTUYECKUX COCTOSAHMIA 2 1 3;
- BEPOATHOCTbL OTKa3a B Nepuoj BpemeHn ot £ 10 f + df B COCTOsHUN 2 paBHa A, df 3a CHET OTKa30B KOM-
noHeHTa B;
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- BEPOSITHOCTbL OTKa3a B NepuoAa BpemeHu ot t Ao ¢ + df B cocTosHum 3 paBHa A, df 3a CYET 0TKa30B KOM-
noHeHTa A.
Takum 06pa3oM, MOXXHO 3anncaTb:

MPY(0)+1aPI) AP0+ 1P (1)
R(t) P1(I'e/)(t)+ Pz(rel)(t)+ P3(I’el)(t)

B obuwem cnyyae, ecnu M3MEHEHUE COCTOSIHUIA 0ObEKTA MOXKHO ONMUCATh MApPKOBCKUM MPOLIECCOM, UH-
TEHCUMBHOCTb OTKa30B 00bekTa MOXET ObiTb BbIMMCINEHA UCXOAS M3 €ro KpUTUUEeCKkux paboTtocnocobHbIX Co-
CTOSIHUI U NOCTOSIHHbLIX MHTEHCUBHOCTEN Nepexoaa B HepaboTrocnocobHoe COCTOsIHUE.

MHTEHCMBHOCTb OTKA30B SBNSIETCA OMEHb BaXKHbIM NOKa3aTerneM, NOCKOJIbKY OHA HENOCPEACTBEHHO CBS-
3aHa C BEpOATHOCTbIO Be30TkasHon paboTtbl R():

Mt) =

—jl(t)d'c
R(t)=e ©

Ecnu ogHu U Te ke BbIYMCNEHUS BbINONHUTL AN AuarpaMmbl 6€3 NOrnoLwalloLwero CocTosHMs (anarpam-
Ma roTOBHOCTU), TAKOM KaK NPUMBEAEHHbIE HA PUCYHKe 14 unu 15, MOXKHO NONYYUTL APYroi BaXKHbIN NapameTp:
YCIOBHBbI NapameTp NOTOKAa 0TKA30B, HAa3bIBAEMbIN TaKKe MHTEHCMBHOCTBLIO 0TKa30B Becens A, /(f). Popmarnb-
HO ero MOXXHO OnpeaenuTb Cneaylowmum 06pasom:

Dy (t)= lim P(oT1kas 3a nepuog BpemeHu ot t 8o t + At| 06bekT kak Hoebi B =0 u Pc B f)
V - .
At—=0 At

3TO TaKke yCrnoBHas BEPOATHOCTb 32 eAuMHMLUY BpeMeHM, HO ycnosue Gonee cnaboe, yem aAnsa dak-
TUYECKOW MHTEHCMBHOCTU OTKa30B A(f), TO, YTO Mpousowwno 3a nepuoa spemMenu [0, f], He umeeT 3HayeHus
(1. €. 06BEKT MOXET BbITb B HEpaboTOCNOCOOHOM COCTOAHMM HECKONbKO pa3 A0 MOMEHTa BPeMeHu ), U B
auvarpaMme HeT MOrnoLlatoLLero CocTonaHus. EAMHCTBEHHOE YCIOBUE COCTOUT B TOM, 4YTO 00bLekT obnapaer
FOTOBHOCTbIO B MOMEHT BPEMEHM {.

MpuMmeyaHune — A|tim0 My (t)At — ycrnioBHasi BepOSITHOCTE TOrO, YTO CUCTEMa OTKaXET B MOMEHT BpeMeHH ¢
—

NP1 YCROBKW, YTO OHa Haxoaunack B paboTocnocoGHOM COCTOSHUM A0 MOMEHTa BpeMeHu ¢ 1 Gbina B paboTocnocobHOM
COCTOSAHUU B MOMEHT BpemeHu { = 0.

B cnyyae, npeagcraBneHHOM Ha PUCYHKe 15, 91O paerT:

PR+ 0PIV AP )+ APV ()
A(t) PE(t)+ PSEV)()+ PEY(t)
Ha pucyHke 29 nokasaHbl pasnuyns Mexay MHTEHCUBHOCTLIO 0TKa30B A(f), MONy4EHHOW| B COOTBETCTBUM
C PUCYHKOM 15, M MHTEHCUBHOCTLIO 0TKa30B Becens Ay (f), NONy4Y€HHO B COOTBETCTBMM C PUCYHKOM 24. 3TH

[iIBa napameTpa 0AUHaKOBO U3MEHSIOTCA, €Cnn BpeMs yBenuunsaeTcs. OHM paBHbl ANS KOPOTKUX NMPOMEXYT-
KOB BPEMEHM 1 CTPEMSATCSA K PA3NIMYHLIM aCUMMTOTUYECKUM 3HAYEHUAM A(*) U Ay/(=), KOTAa BPEMS BO3pacTaer.

Ay (2)

MHTEHCMBHOCTL OTKa3oB Becens Ay(f)
N MIHTEHCUBHOCTb OTKa30B A({)

A
1,0 Ay(i) Ay(0)—
0,8
s 7
’ , \A(D) M)/
0,4
0,2
% 1 2 3 4 5
Bpewms, net

PucyHok 29 — Mpadpuk 3aBUCUMOCTU OT BpeMeHn A(f) u i (f) B criy4ae Mogenw, NpeacTaBneHHon Ha pucyHke 24
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6.1.5.2 CpeaHee u craumoHapHoe (aCMMNTOTUYECKOE) 3HAYEHUA
CpeaHIoI0 UHTEHCMBHOCTb OTKA30B CNeayeT UCMoNb30BaTbh C OCTOPOXHOCTLIO, MOTOMY YTO OHA B AEiCTBU-
t
TENbHOCTU HE ABMAETCA MHTEHCMBHOCTLIO 0TKA30B U (hyHAAMEHTanbHble cooTHOWweHnsa R(f) = exp jK(T)dT He
0

BbINONHAOTCA, €CNK A(T) 3aMEHUTbL CPEAHEN MHTEHCUBHOCTLIO OTKAa30B. [103TOMY 3TOT nokasarenb He MOXET ObITb
MCMONb30BaH AN BbIMMCNEHNA BEPOATHOCTH Be30TKa3HOoN paboTbl 06bekTa R(f) 6€3 0OCTOPOKHOCTH.

Kak nokazaHo Ha pucyHke 29, HepaBeHCTBO Ay/(*) > A(<) > A(f) Vi npoBEpPEHO ANs CUCTEMbI, KOTOPYIO
MOXHO OMMCaTb MapKOBCKUM NpoLeccoM. B Gonee LMPOKOM CMbICfe HEPABEHCTBO Ay () 2 (<) cnpaBeannBo
TSl CUCTEM, COCTOSILLIMX U3 HE3aBUCMMbIX BOCCTAHABMMBAEMbIX KOMMOHEHTOB C NOCTOSIHHLIMW UHTEHCUBHO-
CTSIMU OTKa30B U PEMOHTOB.

dakTuuecku npoucxoaut 6onee GbICTpOE BOCCTAHOBIEHME OTKAa3aBLUMX KOMIMOHEHTOB, U Yem Gonee
HagexHa cucrtema, Tem ObicTpee OHa AOCTUraeT CTauMOHaAPHOIO COCTOAHUA U aCUMMTOTUYECKUX 3HAYEHUN
(3HaueHus A() 1 A,/ () CYLLIECTBYIOT U KOHEYHBI). ICNONb3oBaHUe Ay, (<) NO3BONAET MNONYYUThL O4€Hb XOpoLuee
npubnmwkenune R(f) nocne nNpoaoMKUTENLHOCTU paboTbl 00bLEKTA, paBHOW ABYM WUSM TpeM HaUBGONbLLUUM 3Ha-
yeHUsAM MTTR KOMNOHEHTOB CUCTEMBI. OTO OXBATLIBAET 3HAUNTENBHYIO YaCTb MHXXEHEPHbIX UCCNEAOBAHUI B
obnacrtu 6e30TKasHOCTH.

MpumeyaHue —MpueeaeHHble pesynbraTsl HECNPABEANUBLI ANA CUCTEM C HEPEMOHTUPYEMBIMU KOMNOHEH-
Tamu unu 6e3 BoCCTaHOBNEHUA NOCAeE OTKasa.

YcnoBus BbIMMCNEHNA UHTEHCUBHOCTU 0TKa30B Becens asnsiotca bonee cnabbiMu, Yem AN UHTEHCUB-
HOCTM 0TKa30B (cM. 6.1.5.1). MosToMy ee nerye BbIMUCANTb, YEM UHTEHCUMBHOCTb OTKa30B. [Ins dpakTuyeckux
MccrnenoBaHMin NPOMBbILLSIEHHBIX CUCTEM C BOCCTAHABMMBAEMbIMU KOMMOHEHTAMU YacTO Herb3A BbIYUCAUTL
WHTEHCUMBHOCTb OTKa30B, B TO BPeMsl KaK MHTEHCUBHOCTb 0TKa30B Becensa MoxeT ObITb nonyyeHa nerko. Ta-
KM 06pasom, MIHTEHCUBHOCTb 0TKa30B Becens 4acro ncnonb3yiotT BMECTO MHTEHCUBHOCTM OTKa30B. 3TO CBOW-
CTBO SIBNSIETCH, HANPUMep, OCHOBOMN pacyeTa BEPOATHOCTM Be30TkasHON paboTbl C UCMONb30BaHMEM AepeBa
HeucnpaBHocTel (M. FTOCT P 27.302) n CTPYKTYPHOW CXeMbl HaaexHoCTn obbekra (cM. FOCT P 51901.14)
AN CUCTEM C BOCCTaHaBNMBAEMbIMU KOMMOHEHTaMMU.

Koraa oTkasbl ObICTPO 0GHAPYXMBAKOT U YCTPaHAIT (T. €. MUHTEHCUBHOCTb OTKA30B MHOIO0 MEHbLLUE WH-
TEHCMBHOCTU PEMOHTOB), 3HaYeHUe A(®) = A/ (*) MOXET ObITb NONY4EHO HENOCPEACTBEHHO M3 MApPKOBCKOM
anarpammbl NMpyU MCMNOMb30OBaHMKM CREAYIOLEro NpMHUMNna, NoKa3aHHOro Ha npumepe, NpeacraBlieHHOM Ha
pucyHke 15 (unun Ha pUcyHke 24):

- WAEHTUULMPYIOT NOCNeA0BaTENbHOCTb COCTOSAHUI OT COCTOSAHMA 1 40 HepPaboToCnOCOBHOro CoCcToN-
Hug 4, Hanpumep, 1 — 2 — 4;

- 00BLEKT MOXKET NEePENTN N3 COCTOAHUA 1 B COCTOAHUE 2 C UHTEHCUBHOCTbLIO Nepexoaa xa;

- NPOAOIMKNTENBHOCTL COCTOAHUA 2 NPEHEOPEXXMMO Mana no CpaBHEHUIO C NPOAOMKMTENBHOCTLIO CO-
cTosAHus 1. MoaTomMy Korga o6bekT nepexoanT B COCTOAHWUE 2, TO B COOTBETCTBUMN CO CBOMCTBAMM NOCTOSAHHOM

MHTEHCUBHOCTU OTKA30B OH NMOYTU HEMEANEHHO NePeXoAUT B COCTOSIHUE 1 (BEPOSITHOCTb l'L—‘a') Unm co-

7Lb +Ua

Ap

CTOsiHME 4 (BEpPOATHOCTb ————);
Ap +Hq
- TOrda UHTEHCUBHOCTb Nepexofa U3 coCTosaHus 1 B COCTOSIHUE 4 NO NocrneaoBaTenbHOCTU COCTOSAHUN
A
1 — 2 — 4 paBHa ka—b,
Kb T Hy

- npoaomkatoT paboty ¢ ApPyrMMu nocneaosaTtenbHocTamu (Hanpumep, 1 — 3— 4), noka He OyayTt 06-
paboTaHbl BCE NOCNEeA0BaTENbHOCTH;

- pe3ynbrarbl NO3BOMAT MNONYYUTb XOPOLLEE NPUBNMXKEHNE aCUMMTOTUYECKOTO 3HAYEHUA A(®) = A ().

B npumepe Heo6xoaMMO pacCMOTPETL TONMbKO ABE nocnegosarenbHocTM (1 -2 —-4u1 — 3 — 4), ase
MapKOBCKME Anarpammbl MPUBOAAT K OQHOMY U TOMY Xe pesynbrary:
7Lb 7‘3
Moo) = Ay () = Ag k__"“}‘b P

b tHa a tTHp

BblLleynoMsHyTbie acMMMNTOTUYECKME 3HAYEHUS Takxke 0OeCrneynmBaloT onpeaeneHne cpeaHen UHTEeH-

CMBHOCTU OTKa30B 3a 6ONbLUOW NEPUOS BPEMEHM.
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6.1.6 MnoTtHOCTL pacnpeaeneHus n 6e3ycrnoBHbIN NapamMeTp NOTOKa OTKa3oB

dyHkuua F(f) ABNsSIETCA BEPOATHOCTbIO TOr0, YTO Bpemsi A0 oTkasa TTF meHbLue unu pasHo f. MNo3toMy
OHa TaKKe sBNsieTcs PYHKUMENR pacnpeaeneHust HapaboTku 40 0Tka3a, a NPOM3BOAHASA OT 3TOW PYHKUMKU —
NAOTHOCTbL pacnpeaeneHmsa HapaboTku fo oTkasa f(f). 3To o3HavaerT, uto f(f)df aBnseTcs BepOATHOCTbLIO TOrO,
YTO 0OBLEKT OTKaXKET B MEpUo] BpemeHu oT t Ao t + df npu yCrnoBuK, YTO OH HaxoauTcs B paboTocnocobHoM
COCTOAAHUM (COBCEM KaK HOBbIN) B MOMEHT BpemeHu ¢ = 0:

P(t< oTka3 3a nepuop BpeMeHu < { +Af|06bEKT kak HOBbIW B { = 0)
At—0 At ’

3ta dopmyna aHanornyHa hopMyne UHTEHCUBHOCTM 0TKa30B A(f), 3@ UCKITIOYEHUEM YCIOBUS, YTO 00b-
eKT HaxoauTca B paboToCnocoOHOM COCTOsiHUM B nepuog BpeMenu [0, §, ana kotoporo onpeaensiot R(f). No-
atomy M@ = AO/R(E v fD) = A0 - R(O.

B cnyyae paccMaTrpvBaemMoro npumMepa 3To NPUBOANT K CREAYIOLLEMY BLIDOKEHNIO:
ft) = Ay P. z(re,)(t) + A, P, 3(rel)(t)_

Opyroi cnoco6 nonyyeHusi atoil popmMynbl COCTOUT B TOM, YTOObI MOHATL, YTO BCMEACTBUE HANW4uA
NOrnoLLAaoLLEro COCTOSHUS B MApKOBCKON AuarpaMMe Ha pUcyHke 24 BEpOAATHOCTb TOrO, YTO NEepBbli OTKAa3
0bbekTa NPou3oAET B Nepmo BpeMeHu oT ¢ ao t + df, apnseTca Takke BePOATHOCTbIO NpedbiBaHnA obbekTa
B KPUTUYECKOM COCTOSIHUM B MOMEHT BpeMeHu £, Hanpumep P(f), n nepexoaa B HepaboTocnocoGHoe cocTos-
HWe B Nepuoa BpemeHu ot £ Ao ¢ + dt, Hanpumep A, - df. B cnyvae agaHHOro npumepa CHOBa Nosy4aem:

Pt gdt + P (e it
f(t)= "

Ecnu Te >xe BblMUCNEHUS BLINOMHUTL AN gnarpaMmmbl 6€3 NornoLatowero CoCTofHnA (guarpamma ro-
TOBHOCTMU), TAKOW KaK NpuBeAeHHas Ha pucyHkax 14 unu 15, nonyyaem apyron BaxkHbii napamerp: 6e3ycnos-
HbI MapaMeTp noToKa 0Tka3os z(f), Ans KOTOPOro cnpaeeanuea opmyna:

= P + A PYEN ).

P(oTka3 3a nepnog Bpemenu ot { oo t +At| 06bekT kak HoBbIV Npu £ = 0)

z(t)= lim
At—-0 At
AHanorn4Ho npuBegeHHOMY BblLLE:
z(h) =:, @ - AD,
W B CNiy4ae paccMaTpuBaemoro npumepa nonyvaem cnegyowyo dopmyny:
z(f) = Ay Py@(D) + A, P3E(D).

Be3ycnoBHbIM NapameTp NOTOKAa OTKA30B SIBMSIETCS TAaKUM XK€ MapaMeTpoM, Kak napameTp notoka oT-
Ka30B, onpeaeneHHbIi ApyrnMm cnocobom B BUAE npeaena (eCnu OH CyLLECTBYET) OTHOLIEHUSI CPEAHErO KOrnu-
YecTBa 0TKA30B BOCCTAHABNMBaEMOro oobekra 3a nepuoa Bpemenu [t f + Af] k At, koraa At CTPEMUTCA K HYTIO:

20~ im. E[N(t+ 2;) -N(t)] _

B ston chopmyne N(f) — KONMYeCTBO OTKA30B, BO3HMKAIOLWMX B Te4eHUe nepuoga sepemenn [0, f]. Ecnu
At — 0, dmanyeckuin 06bLEKT HE MOXKET OTKa3aTbh HECKONbKO pa3s 3a nepuoa BpemeHwm [t, £ + Af], u, cnegosa-
TenwHo, [N(t + Af) — N(f)] paBHO 1, eCnu HOBbIW OTKa3 NPOMCXOAUT 3a Bpems [t ¢ + Af], u paBHO 0 B NPOTUBHOM
cnyyae. HakoHeu, npu At —0 E [N(t + Af) — N(f)] paBHO BEPOSAITHOCTU BO3HUKHOBEHUA €4UHCTBEHHOrO OTKa3a
3a nepuoa BpemeHu [t, t + Af]. Takum o6pa3om, atu e OpMynbl 9KBUBANEHTHBI.

B cooTBeTCTBUM C ONpeaeneHnem z(f) Takke ABNSEeTCS NpOU3BOAHON MaTEMaTUYECKOTO OXMAAHUS KONK-
yectsa oTkasoB Z(f) = E[N(f)] 3a nepuog BpemeHu [0, {]:

. Z(t+At)y—Z(t)]  dZ(t) ot
2= Altlgo At Codt m z(t)= -[OZ(T)dT'

Ecnun At — 0, z(f) At npeacraBnaet coboi MaTeMaTuyeckoe OXmaaHne KoNU4YecTsa OTKa3oB 3a nepuoa
BpemMeHu [t, Af], Toraa z(f) At/At = z(f) ABNseTCs Takke MIHOBEHHON YaCTOTON OTKa30B oObekTa 3a Bpems f.
Mo3TOMY AaHHbIN NoKa3aTenb 4acTo Ha3biBAIOT «4aCTOTOM OTKA30BY.
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CpenHss yacToTa 0TKa3oB 3a nepuog BpeMenn [0, ] MmoxeT 6biTb BbluncneHa kak Z(f)/t. Moaromy, ecnu
CTauMOHAPHOE COCTOSIHUE CYLLECTBYET, z(f) 4OCTUraeT aCUMNTOTUYECKOrO 3HAYEHUS, U 3TO NPUBOAUT K Crne-
ayowemy sbipakeHuio (cMm. [20]):

f—oo I t—oo t

Ecnu Tbf(f) — cpenHee Bpemsi Mexqay NoCneAoBaTesnbHbIMM 0TKa3aMm, BO3HMKAOLWMMK 3a nNepuoj Bpe-
MeHu [0, f], Toraa ¢/ Tbf(f) paBHO MaTeMaTUYECKOMY OXMAAHUIO KONUYECTBA OTKa30B 3a nepuoj spemenn [0, 1],
Z(f). Ecnu t ctpemutca kK 6eckoHeuHOCTU, Thf(~) asnaetca METBF cucrembl, u ecnu craumoHapHoe COCToS-
Hue cyulecTByerT, z(f) AOCTUraeT aCUMNTOTUYECKOTO 3Ha4YeHun z(«°). Toraa:

. Z(t . 1 1
lim Z = lim

_— = Z(°°).
tseo t t5=Thf(t) METBF

1
Mostomy METBF = —.

Z(e)

Bonbuie aeranei npuseaeHo B [8].

Cpeaun napaMeTpoB, NPOAHaNW3upOBaHHbIX Bbillle (MHTEHCUBHOCTb OTKA30B, MHTEHCUBHOCTb OTKa30B
Becens 1 nnoTHOCTL pacnpeaeneHus HapaboTokK), TONbLKO cpeaHee 3HavyeHne 6e3ycnoBHOro napaMeTpa no-
TOKa OTKa30B AeiCTBMTENBHO NOMNE3HO:

1
fo -4

t2
Z(ty,ty) = [ z(t)at.
2

OHO NO3BONSAET BLIMUCHATL KOSIMYECTBO OTKA30B, BO3HMKAIOLLIMX B 3aaHHbIA NEpUoa BPEMEHU:

MpumMedaHune —CpeaHIO 4acToTy 0TKa3oB B KOHTEKCTE hyHKUMOHanbHoW 6e3onacHocTu HasbiBatoT PFH (Bepo-
ATHOCTb OTKa3a B Yac) MHCTPYMEHTanbHbIX cUCTEM 6e30nNacHOCTU (CM., Hanpumep, ctaHaapTbl cepuu FOCT P M3K 61508
n rOCT P MOK 61511).

Ecnu cobbiTus NOAYMHSAIOTCA SKCMNOHEHUManbLHOMY pacnpeaeneHuio (MapkoBckue Moaenu) u oTkasbl
0GHapy»#BaloT N BOCCTaHABNMBAIOT ObICTPO, A(f) 1 A/ (f) AOCTUTAIOT AaCUMNTOTUHECKMX 3HAYEHUI A U A\/(<) NO
NCTEYEHUN BPEMEHM, PaBHOTO ABYM WUIK TPEM HanbonbLwmMm 3HavyeHnsam MTTR KOMNOHEHTOB cuctemsl. Torga
yacToTa oTka3oB z(f) Takke 4OCTUraeT aCUMNTOTUYECKOTO 3HAYEHUSA

2(=) = A - Wy(®).

Kak Tonbko AOCTUIHYTO CTaLMOHAPHOE COCTOSIHME, aCUMMTOTMYECKUE 3HAYEHUS COBMNaAAI0T CO CpeaHu-
MM 3HAYEHUAMM 3TUX NAapaMETPOB.

Ha pucyHke 30 npuBeaeHbl rpacdmku NNOTHOCTU pacnpeaeneHus oTkasos f(f), COOTBETCTBYIOLLIEN PUCYH-
Ky 24, n 6e3ycnoBHOIo napameTpa noToka oTkasoB z(f), COOTBETCTBYIOLLETO PUCYHKY 15. Mpachmkn cunbHO OT-
nuyalTca apyr ot apyra: z(f) ysenu4mMBaeTcsl, noka He OCTUTHET aCUMITOTUYECKOro 3HaYeHus, a f(f) cHayana
yBENMYUBAETCA, a Nnocne AOoCTUXEeHUS1 MaKCUMarbHOr0 3HaYEHUS1 YMEHBLLUIAETCS U CTPEMUTCA K HYMIO.

U z(f) v f(f) npeacraBnAloT cob0i YacTOTy OTKA30B CUCTEMBI, HO Ans f(f) cucTeMa MOXKET OTKa3aTb TONb-
KO OAHaXabl, U NOCNe 3TOro0 BO3HMKHOBEHUE OTKA30B HEBO3MOXHO. Moatomy, ecnu F(f) 6rim3ko k 1, BeponT-
HOCTb BO3HMKHOBEHUS OTKA3a O4YeHb HU3Ka, u f(f) ctpemutca k 0.

6.1.7 CpaBHenue A (f), A,(1), z(t) n ft) ana BbICOKOro M HNU3Koro MTTR

B neBow cTopoHe pucyHka 31 npuBeaeHbl pe3ynbrarhl, NpeAcTaBneHHble Ha pucyHkax 29 u 30. Cnpasa
npuBeaeHbl Te e pesynsrartbl, HO MTTR komnoHeHTOB A u B pasageneHbl Ha 10. B o6oux cny4dasx u Ha Ko-
poTKOM oTpeske Bpemenn A(D), A(D), z(f) n () umeloT GNU3KNE YNCNEHHBIE 3HAYEHUSA, HO eCNN BPEMSA YBENU-
uunsaetcsa, M), M(f), z(f) cxo0AATCA K aCUMMTOTUHECKOMY 3Ha4EHWI0, a f(f) ymeHbLuaeTca n ctpemutes k 0. 3Tu
pesynbraTbhl TUNUYHBI AN MAPKOBCKUX MOAENEN.
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Be3ycnoBHbIA napaMeTp NnoToka 0TKasos
1 MIOTHOCTb pacrnpeaeneHmns

A

1,0

\
0,8 ﬁ e — |
0,6 Hr~

04
0,2 ‘\ \
f N\
e ——
00 1 2 3 4 5

Bpems, net
PucyHok 30 — Mpadhmku 3aBUCUMOCTU OT BpeMeHu Z (t) v f (t)

Bonbwure MTTR Huakue MTTR
A

10 o,12‘

08 2 ( 7 /
) i 0,08

0, —74\4 R/ Mo/ |2 Aty

g: A AE AT 0,04

0

0 01 02 03 04 05 06 0 0,2 0.4 06
Bpems, net Bpewms, net

PucyHok 31 — ConocTasneHue rpadmkoB A(t), Ay(t), Z (f) v f (t) ANA BLICOKNX N HU3KMX 3HaYeHnt MTTR

AHanu3s pucyHka 31 nokasbiBaeT, UTO ANA MapKOBCKUX MOAENei cnpaseanueo cregyloLlee:

- yeM MeHblUe BpeMsl BOCCTAaHOBMNEHUA OTKa3aBLUMX 06LEKTOB, TEM BbICTpee 40CTUrAIOTCA aCMMNTOTK-
yeckue 3HayeHust A(=), Ay(=) u z(«) n Tem Gnnxe oOHM Apyr K Apyry no senuunHe. Cnpasa z (1) u Ay(f) aaxe
COBMagatoT, NOCKONbKY KO3(MULMEHT FOTOBHOCTU CUCTEMBbI OYEHb BLICOK. ACUMMNTOTUYECKME 3HAYEHUS A0-
CTUTHYTbI NO UCTEYEHUM BPEMEHU, PAaBHOrO TpeM Haubonblumm 3HaveHusm MTTR, 1. e. 0,3 ropa (3 x 876 v)
crnesa u 0,03 ropa (3 x 87,6 4) cnpaBa. B peanbHbIX criyyasix BOCCTAHOBNEHWE 4acTo OblBaeT AOCTATOUHO
ObICTPbIM, U ACUMITOTUYECKME 3HAYEHNA AOCTUraIOTCA MOYTU cpasy;

- hy(*) ABNAETCSA KOHCEPBATUBHLIM (3AHWKEHHBIM) 3Ha4eHneM A(<). Tak Kak Ay(«) nerye BbIMUCTIATD,
yeM A(=), 9TO 3HaYeHue 00bIMHO UCNOMb3YIOT BMECTO A(f) ANs pacyeToB NOKasaTenen HageXXHOCTH;

- (%) — TaKKe KOHCEPBATUBHOE 3Ha4YEeHUE A(=);

- B CUIy ONN30CTM YUCNOBBIX 3HAYEHUI A(*), A\/(=) M Z(*) UX MOXKHO NETKO NepenyTaThb.

MpuBeaeHHbIE BbilLe pe3ynbTarbl cCNpaBeanMBbl TONbKO AN MoAenei ¢ OCHOBHLIMW MapKOBCKUMMU CBOW-
cTBamu (Hanpumep, ynpoLleHHble POpMyIibl, CTPYKTYPHbIE CXEMbl HAAEXKHOCTU, AePeBbA HEUCNPABHOCTEN,
ZlepeBbs COObITUIA, ceTu [eTpu NPUMEHUMBI TONBKO ANA NOCTOSAHHBIX MUHTEHCUBHOCTEN OTKa30B U PEMOHTA).

6.1.8 BblpaxeHusa ons nokasarerien, CBA3aHHbIX ¢ BOCCTAHOBIIEHUEM

6.1.8.1 MHTEHCMBHOCTb PEMOHTA U CPedHsAsA NPOAOMKUTENBHOCTL PEMOHTA

MHTeHCcUBHOCTb pemoHTa [(f) sBnsieTcs npeaenom (ECnu OH CyLLECTBYET), OTHOLLEHUSA YCIOBHOW BEPO-
ATHOCTM TOrO, YTO PEMOHT 3aBEpPLUEH B TEYEHUE nepuoga BpemeHu [f, { + Af] kK Af, ecnn Af CTpemMuTCA K Hy1IO,
npw YyCNOBUK, YTO PEMOHT Ha4Yancsa B MOMEHT BpemeHu t =0 n He Obin 3aBepLUeH 3a BpeMms 1.

Pasnuune mexxay napameTpoM NOTOKa BOCCTAHOBMEHWA U MHTEHCMBHOCTbIO PEMOHTa COCTOWUT B TOM,
YTO ANSl UHTEHCUBHOCTU PEMOHTa MpeanonaratoT, YTO PEMOHT Havanca B MOMEHT BpeMeHu f = 0, Toraa kak
Ans napaMeTpa NoToka BOCCTAHOBIIEHUIA YCNOBME COCTOUT B TOM, YTO OObEKT B MOMEHT BpemeHu f = 0
COBCEM Kak HOBBbIW.

CpeaHsas npoaomkuTenbHOCTL peMoHTa (MRT) ABnseTcs MateMaTuyeckuM oXugaHuem BpeMeHu pe-
MOHTA.

3Tu onpedeneHus aHanoruyHel (4N pemMoHTa) onpedeneHusamM, AaHHbIM AfA UHTEHCUBHOCTU OTKas3oB
n MTTFF.

AHanM3 pUCYHKOB 14 1 15 c y4eTOM TOrO, UTO CUCTEMA HAXOAUTCHA B COCTOSIHUU 4 B MOMEHT BPEMEHMU
t = 0, nokasbiBaeT, 4TO:

35



rOCT P 27.010—2019

- UHTEHCUBHOCTb PEMOHTA — 3TO CYMMAa MHTEHCUBHOCTEN Nepexoaos U3 COCTOSAHUA 4 B COCTOSIHUE 2 1
13 COCTOAHUA 4 B COCTOSIHUE 3;

- MRT — cpeaHsas NpoaomMKUTENbHOCTL COCTOSIHUA 4 KaxKabli pas, koraa oobekT nepexoaut B Hepabo-
TOCNOCOGHOE COCTOSIHME.

3TO 3HaAYuUT:
H=Hs+Hp,
mrT= -1
H Ha+Hp

Ha pucyHke 4 MOXHO BUAETb, YTO Y CUCTEMbI CYLLUECTBYET TpM HEpaboToCnoCOBHbIX COCTOAHUA. [o-
3TOMY YCINOBME, YTO KPEMOHT Hauanca B t = O», npegnonaraer Heob6Xo0A4MMOCTb ONPEAENUTL TPU Pa3nNUYHbIE
WHTEHCMBHOCTU PEMOHTA, COOTBETCTRYIOLLME BEPOATHOCTU ¥ 0ObeKTa COCTOSIHUIA 5, 6 U 7 B MOMEHT BPEMEHHU
t = 0. Mo3Tomy y CUCTEMBI C HECKONbKMMMW HEPABOTOCNOCOOHbLIMU COCTOSTHUAMU HET €4UHON MHTEHCUBHOCTH
PEMOHTA, U 3TO MOHATME BAKHO rMaBHbIM 00Pa30M A4Sl ANEeMEHTOB, paccMaTpuBaeMblX Kak egMHoe Lienoe.

6.1.8.2 NapameTp NOTOKa BOCCTAHOBMEHUI U CpeaHee BpeMs BOCCTAHOBMNEHUA

MapameTp NoToka BOCCTAHOBNEHUI BBEAEH B pasaene 3 HACTOALWEro cTaHgapra kak npeaen (ecnu oH
CYLLECTBYET) OTHOLLEHMSA CPEAHero Konm4yecTsa BOCCTAHOBIEHUI BOCCTAHABIMBAEMOro o6beKTa 3a nepuog
BpeMeHu [t, t + Af] kK Af, ecnn Af CTpeMUTCA K HYIIO, NPU YCNOBUU, YTO OOBEKT COBCEM KaK HOBbI B MOMEHT
BpemeHn t = 0.

E[NR(t+At) — Ng(t)| 06beKT coBCeM Kak HOBbIV Npu t = O]

v(t)= lim
At—=0 At

MpoaomKNTENBHOCTL  HEPaBbOoTOCMOCOBOHOIO COCTOSIHUA BKMIOYAeT BpeMs BOCCTAHOBIEHUSI MAKC
YacTb NPOAOIMKUTENBHOCTU NPOMUNAKTUYECKOTO TEXHMYECKOTO 00cnyxuBaHus. NMpuMeHsieMble npeanonoxe-
HUS COCTOAT B TOM, YTO NPOOMUNAKTUYECKOE TEXHMYECKOE 0OCNY>KMBAHNE HE pacCMaTPUBAETCA U BpEMS BOC-
CTaHOBNEHUS PaBHO NPOAOIMKUTENBHOCTU HEPABOTOCNOCOOHOIO COCTOAHUS (CM. PUCYHOK 2).

B npuseaeHHoi Boiwe dopmyne Ni(f) npeacrasnser coGoii KONMYECTBO BOCCTAHOBIEHMI 3a Nepuoa
BpeMeHu [0, f]. Ecnu At — 0, HECKONbKO BOCCTAHOBNEHWUN (hnanyeckoro obbekta He MOryT ObiTh 3aBepLUEHbI
B repuoa BpemeHu [f, ¢ + Af], Toraa [Ny (f + Af) — Nx(f)] paBHO 1, ecnn HOBOE BOCCTAHOBMIEHUE NPOMCXOAUT 32
nepuog BpemMenu [t, t + Af], u pasHo 0 B NPOTUBHOM CRny4ae.

MNoaromy:

- v(f) — maremaTtuyeckoe oxuaaHue KOnmMuecTsa BOCCTAHOBNEHUI B €AUHULY BPEMEHU U TaKKe MIHO-
BEHHAasA 4acToTa BOCCTAHOBNEHUS 00bEKTa;

-ecnu Af — 0, E [Nx(f + Af) — Nx(f)] paBHO BEPOSATHOCTH TOTO, YTO B MHTEpBane [t, t + Af] 3asepLuaeTcs
OJZIHO BOCCTAHOBINEHUE, TO NapaMeTp NOTOKA BOCCTAHOBNEHUI MOXET ObITb OnpeaeneH cneaytowmm obpasom:

)= | P (soccraHoBneHue 3aBeplueHo B nepuog oT £ o t + Af ) | o6bekT coBcem kak HoBbiii Npw { = 0)
= lim .

Af—0 At

370 onpeaeneHue npeanonaraet, Yto 00beKT HAX0AUTCA B KPUTUYECKOM HepaboTocnoCcoBHOM COCTOS-
HUM B MOMEHT BpEMeEHU £ U nepexoauT B OAHO U3 paboTOCNOCOOHBIX COCTOSIHUI B Nepuoa BpeMenu [t, t + Af].
B cnyyae npumepa, npeAcTaBrneHHOro Ha pucyHke 15:

v(®) = (U, + Up) P40,
3T0 BbIpaXeHWE MOXHO PACNPOCTPAHUTL HA 0OBEKTbI C HECKONbKMMU KPUTUYECKUMU HEpaboTocnocob-
HbIMW COCTOAHUAMU (CM. PUCYHOK 4):
V() = s 3(OPs() + [Us, s+ Mg, 4O1Ps(D),
rae ,-J-(t) — WHTEHCUBHOCTb Nepexoaa U3 COCTOSAHUA j B COCTOSIHME j B MOMEHT BPEMEHMU £,
CpenHas yacTota BOCCTAHOBMNEHMA 3a Nepuoj BpeMeHu [t;, {,] umeet sua:
t

- 1
t,to)= t)dt.
ity t2) tz_t1tjv<>

Toraa cpeiHee KONUYECTBO BOCCTAHOBNEHUIA 3a nepuog Bpemenu [, t,] umeeT Bua:
_— t2
Vity, ta) = (t ~tyv(ty, o) = [v(tyt.
t1
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OOLee Bpems BOCCTAHOBNEHWA ANA 3a4aHHOTO nepuoaa Bpemenu [t,, t] paBHO CyMMe HaKOMNEHHbIX
NPOJOIMKUTENBLHOCTEN HepaboToCcNOCOBHLIX COCTOAHMIA. [109TOMY CpeHee BpeMsA BOCCTAHOBNEHUA MMEET BUA:

Y Asti(ty, tp)
MTTR = eHe
Ng(t, t2)
Ecnu npodmnakTuyeckoe TexHudeckoe obenyxueaHue He paccMatpusatot, MTTR paBHO cpeaHeli npo-
DOMKUTENBHOCTU HepaboTocnocobHOro coctosaHna MDT.
B cnyyae npumepa, npeacTaBneHHOro Ha pucyHke 15:

t

V(tty) = (g + 1y ) | Py(t)E = (g + 11 )ASts (t1,1)
tt

1

m MTTR= ———.
Mg +Hp

6.2 HeBoccTaHaBNUBaeMbli 3N1€MEHT

6.2.1 Obwue nonoxeHna

3TOT 0CO6LIN Cny4ai nokasaH Ha pucyHkax 6 u 7. Bce BbipaxkeHus B 6.2 npuMeHUMbI TonbKo K COl.

[na kaxxaoro nokasarena nNpeacTasneHo cneayowee:

a) obulee BblpaXkeHue;

b) Hanbonee pacnpocTpaHeHHOE BblpaXkeHne (ANA 3KCNOHEHUManbLHOro pacnpeaeneHus HapaboTku Ao
oTka3sa obbekTa);

C) NpOCTON NpUMEP NPUMEHEHUA, NPU HEOBX0AUMOCTMU.

6.2.2 MrHoBeHHbIN K03 (PULIMEHT FOTOBHOCTHN

O6Go3Ha4veHue A(D)

MockonbKy 06BLEKT ABNSAETCA HEPEMOHTUPYEMbIM, BEPOATHOCTb A(f) TOr0, YTO OOLEKT HAXOAUTCSA B pa-
60TOCNOCOOHOM COCTOSIHUM B MOMEHT BPEMEHM I, SABNSETCA Takke BEPOATHOCTbIO R(f) TOro, YTo 00LEKT Ha-
X0auTcs B paboToCnoCOBHOM COCTOSHUM B TedeHne Bpemenu [0, {].

Torga A(f) = R(f), v B 3TOM criyyae ABa NOHATUA (BEPOATHOCTb 06e30Tka3HoN paboTbl u kO3 PULUEHT
rOTOBHOCTM) coBnagaloT. B yacTtHOCTH, aCUMMTOTMYECKOE 3HAYEeHnE KOIdhduumeHTa roToBHOCTM A pasHo 0.

6.2.3 BepoATHOCTb 6€30TKa3HOM paboThbI

OGosHauenus R(t;, b)) ana0<t; <LM RO =R, Hanat =0ut, =t

B atom cnyyae Haubonee 4acTo MCMONb3YEMbIE BbIPAXKEHUS:

- BEPOATHOCTb Be3oTkasHon pabotel R(f) = R(0, f), ¢ R(0) = 1;

- YyCrOBHasa BepOATHOCTL Oe3oTkasHomn pabotbl R(t, t + x|f), koraa 3a nepuon Bpemenu [0, f] oTkasbl He
NPOUCXOAUIN.

OTHOCUTENBHO BbIMUCNIEHNI BEPOATHOCTM 6€30TKa3HOM paboTbl M k03 ULMEHTA TOTOBHOCTH NaBHbIE
CBOICTBA A1 HEBOCCTaHaBNMBaeMbIX 0ObEKTOB CreayoLUme:

- R(f) = A(f) (cm. 6.2.2);

- BEPOATHOCTb R({;, t,) paGoTocnocoGHOro cocTosHusA o0bekTa B TeueHue nepuoaa spemenu [t b)),
0=t <t,, TaKke ABNAETCA BEPOATHOCTLIO R(f,) paboTocrnocobHOro CcocTosHUs B TEYEHNE NEPMOAA BPEMEHH
[0, t,]. Takum oGpasom, R({;, t,) = R(t,).

a) C maremaTuyecKomn TOYKU 3peHns Ans BEPOSTHOCTM 6e30Tka3Hoi paboThl CNpaBeAniBO BbiPaXEHUE:

¢ oo
R(t) = exp| —[Mx)dx | = [ F(x)dx,
0 t
roe A(X) — MrHOBEHHasi UHTEHCUMBHOCTL OTKa30B 0ObEKTA;
f(X) — NNOTHOCTbL pacnpeaeneHnsa HapaboTKkM 40 0TKasa 06bekTa, T. €. ANg HEOONbLUMX 3HAYEHUI AX, 3Ha-
YyeHue f(x) Ax npubnmnxeHHO paBHO BEPOATHOCTU TOTO, YTO OTKa3 06bekTa NPon3onaeT B nepuoa
BPEMEHM (X, X + AX).
b) Ecnu umetotca AaHHble HabnogeHui 06 oTkasax (gaHHble 3KCnnyatauuun, oGpaTHO CBA3W) ana n
HEBOCCTaHaBM1BaeMbIX OOLEKTOB U3 OAHOPOAHONW COBOKYMHOCTH, OLeHKa R(f) umeet Bua:

Riy="sY,
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rae ng(f) — KonM4ecTBo 06LEKTOB, (DYHKLIMOHMPYIOLLMX B MOMEHT BPEMEHMW L.
C) BepoATHOCTb TOro, YTO OOBLEKT OTKaXKeT B Te4eHue nepuoga spemenu [t,, t,], 0 < t; < t,, umeert BuA:

t2
R(t;) - Rity) = [ f(t)dt.
t1

d) YcnoBHasa BeposiTHOCTL Ge3oTkasHon pabotel R(f, { + x|f) npeacTaBnser co6oi YCNOBHYIO BEPOAT-
HOCTb TOr0, YTO OGBLEKT MOXET BbIMOMHATL HEOOXOAUMYIO (DYHKLMIO B TEYEHWE JAHHOMO NEpUoga BPEMEHU
[t, t + X] Npu ycnoBum, 4TO OGBLEKT HAXOAMUTCS B COCTOSHUU (DYHKLIMOHWPOBAHUSA B Ha4ane nepuoaa BpemMeHu

tx _R(t+X)
R(t,t+x|t)= exp[— Jt. Mt)dtJ—W.

Ecnu A(H) = A = const, T. e. ecnn HapaboTka A0 0Tkasa NoAYMHAETCH SKCMOHEHLUMarnbHOMy pacnpegene-
HUWI0, TO

R(® = exp(-Af).
R(t, t + X|f) = exp(—Ax).

MpuMeyaHne — ITOT pesynsTaT cregyeT Us yHAaMeHTanbHoOro MapkoBCKOTO CBOWCTBA: €Cru 0ObeKT ocTaeT-
¢ paboTocnocoGHLIM B TeHeHWe BpeMeHHU ¢, To Byayliiee paccMaTpiBaeMoi CUCTEMbI HE 3aBUCUT OT TOr0, UTO MPOU3OLLINO
[0 MOMeHTa BpeMeHy f. 3TO CBOWCTBO Ha3blBAeTCHA OTCYTCTBMEM NOCNEAENCTBIUS.

e) [1ns 06beKTa G NOCTOSHHON MHTEHCUBHOCTbIO 0TKa30B A = 1 (roa)~1 n HeoBxoanMbIM BpemeHem yHK-
LMOHUPOBAHUSA, PaBHbIM LLECTU MeCsLaM, BEPOSTHOCTb 6e30TKa3Hon paboTbl paBHa

6
= -1.—|=0,61.
R(6 mec) exp( 12)

6.2.4 MrHoBeHHasA MHTEHCUBHOCTb OTKa30B

O6o3HayeHue A(f)

B COOTBETCTBUM C onpeaeneHnem:

1 R(t)-R(t+At) f(t)

Mt)= lim
At—0 At R(t) R(t)
Ecnu At — HebonbLuoe 3HayeHue, npousseaeHue A(f)-At npubnkeHHO paBHO YCMOBHOW BEPOATHOCTH
TOro, YTO OTKa3 00bekTa NPoM3oNAeT B Nepuoa Bpemenu [,  + Af], npu ycnoBuu, 4to 0O6LEKT HAXo0AUTCA B
pa6oToCcnoCOBGHOM COCTOSIHUM B MOMEHT BPEMEHMU {.
Mcnonb3ys MHTEHCUBHOCTL OTKa30B, BEPOATHOCTL TOTO, YTO OOLEKT OTKaXET B NEepUoA BpeMeHu [t ],
MMeeT BUA:

t, t,
F(ti,tz) = R(ty) - R(ty) = exp| - [ A(t)dt |- exp| - [ A(t)dt |;
0 0
a) Ecnu umelotca gaHHble 06 0Tka3ax Ans N HEBOCCTaHAaBNUBAEMbIX 0ObEKTOB U3 0AHOPOAHOW COBOKYM-
HOCTH, oLeHKa A(f) B MOMEHT BpeMeHu { UMeeT Bua:

~ ne(t)—ng(t+ At
}\,(t) - S( ) S( ) ’
ng(t)At
rae ng(f) — KONM4ECTBO 0OLEKTOB, (PYHKUMOHUPYIOLLIMX B MOMEHT BPEMEHMH {,
ng(f) — ng(t + Af) — Konm4ecTBo 0GLEKTOB, OTKA3aBLUMX 3a NEPUO BpemeHu [f, t + Af].
MpumedvaHnue — OueHka NNOTHOCTU pacnpefeneHns oTkasos f{t) B MOMEHT BpeMeHU { UMeeT BUA:

A(t)= ng(t) —nnASt(t + At)'

b) Ecnu HapaboTka Ao OTka3a NOAYMHAETCA IKCMOHEHUMANbHOMY pacnpeaeneHuio, T. . A(f) = A ana
BCEX 3Ha4YeHun f, TO

fif) = hexp(-=A1),
R(®) = exp(-A);
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¢) Ecnu nmetotca gaHHbie 06 0TKasax Ans n HEBOCCTaHABMNMBAaEMbIX 0ObEKTOB M3 O4HOPOAHON COBOKYI-
HOCTU, C NOCTOAHHOW MHTEHCUBHOCTbLIO OTKA30B, TO OLIEHKON A SIBNSETCH CNeayloLlas oLueHKka MakcumanbHoro
npasaonoaotus:
n
" )

Y TTF,
i=1

X:

rae TTF; — HapaGoTka o oTkasa j-ro obbekTa.
Ona 10 HeBocCTAHABNMBAEMbIX OOBEKTOB U3 OAHOPOAHOW COBOKYMHOCTM, C MOCTOSIHHOW WHTEHCUB-
10
HOCTbIO OTKa30B, Habnogaemas nonHaa HapaboTKka 4O OoTKasa BCeX OObeKTOB paBHa ETTF,- =2 ropa; cne-
i=1
NOBaTENbHO:
~ 10
A=-—=>5(er) .
12 (ner)

d) Ecnu HapaboTka 4o OTka3a HEBOCCTaHABNMBAEMOro 06bekTa NOAUYUHAETCA ABYXNapaMeTpUIecKomy
pacnpeaeneHuio Benbynna ¢ napamerpamu maciurada o > 0 u hopmsl > 0, To (cMm. [4])

R(® = exp(-(ad)P).

CnepoBaTensHo,
f(t) = ) = ap(atf ' exp(-(at),
Aty =18 oot )P

OnsiB=2uo0=0,5(ropa)™"!
1
M6 mec) = 0,5~2~(0,5~§J =0,25 (ropa)™t,
M1ron)=0,5-2-(0,51)=0,5 (rona)~".
6.2.5 CpeaHAA MHTEHCUMBHOCTL OTKAa30B
OGosHauenune Ay, ), 0 sty <1,
t

- A(z)dt
a) Tak kak R(t)=e © , CPEAHSASt UHTEHCMBHOCTb OTKA30B MMEET BUA:

__ 1 R(t)
[ Mtydt = s In R

t 1t
~[Mz)de —t?j A(t)dt

MpeaynpexaeHue: dpopmyna R(t)=e ° =e 0 = g MO

MOKa3bIBAET, YTO CPEAHSIA MHTEH-
CUBHOCTb OTKa30B MOXET ObITb MCNONb30BaHa ANs BbluMcneHna R(f). OgHako 3T0 crieayeT agenarb C OCTOPOX-
HOCTbIO, Tak Kak A0, {) He ABNAETCS MHTEHCUBHOCTbLIO OTKA30B (CM. 6.1.5.2).

b) Ecnn HapaboTka 40 0TKa3a NOAYMHAETCA 9KCMOHEHLManbLHOMY pacnpeaeneHunio, To Ans BCEX 3HaYe-
HUA & n by

Mty t) = A
c) Myctk ¢, = 6 mecsaues, R(t)) = 0,8 nt, =12 mec, R(%,) = 0,5, Toraa
= 1 0,8 0,47
M6, 12)= In—=1In(1,6)/6 = ——=10,078 -1
(6, 12)= 155 In g7 = In(16)/6 = = (me),

rne

- 1
A0, 6)= ﬁlnﬁ =In(1,25)/6 = = 0,037 (mec)™".

]

0,22
6
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6.2.6 Cpeansana HapaboTka 0o oTkasa

MTTF (cokpavieHue)

B cnyuyae HeBoccTaHaBnuBaemoro obbekta MTTF Tawke asnserca MTTFF (cpeaHnss Hapaborka Ao
nepsoro otkasa). Ana MTTF cnpaseanuea cneaytowan oopmyna:

MTTF = MTTFF = [ tf(t)dt = [ R(t)dt.
0 0

a) Ecnu umetotca gaHHble 00 oTkasax (4aHHble akcnnyartauuun, 0bpaTHON CBA3KN) ANA N HEBOCCTAHABAK-
BaeMbIX OOBLEKTOB M3 04HOPOAHOW COBOKYMHOCTU, TO oueHkon MTTF asnsaerca

n
3T
MTTF=MTTFF ==L
n
rae TTF; — nabniogaemas HapaGoTka 10 OTkasa i-ro oobexTa.
n pumMmedyaHue — anBeAeHHaFI cbopMyna cnpaBeanuea TONbLKO Toraa, korga Bce n 00beKTOB OTKa3ann B Teve-

HUe nepuoga HabntogeHns. ECnun aTo He Tak, NPOAJOMKUTENIBHOCTL Neproaa HabnoaeHnii T MoXeT BbiTk UCMonNb3oBaHa B
kavecTBe TTF HeoTKasaBLUNX 06LEKTOB, YTO NMO3BONAET NOMYHUTL rAPaHTUPOBAHHYIO (3aHMKEHHYIO) oLeHKy MTTF,

b) Ecnu HapaGoTka A0 OTka3a NOAYMHAETCA 3KCNOHEHLUUanbHOMYy pacnpeaenenuio, T. e. A(f) = A ana
BCEX 3Ha4YeHun £, To
1
MTTF = —,
A
U TOrga B KAYECTBE OLIEHKN NOCTOAHHOM MHTEHCMBHOCTU OTKA30B MOXET BbiThb MCMNONbL30OBaHa creayowas:
o 1
A= ——
MTTF
¢) [inA HeBOCCTaHaBNMBAEMOr0 06HEKTA C MOCTOSHHONW MHTEHCMBHOCTLIO OTKa3oB A = 0,5 (ropa)~,
MTTF = 2 roga = 17520 (u);
d) Ecnu HapaGoTka Ao 0Tkas3a HEBOCCTaHaBNMBAeMOro 06bekTa NOAYUHAETCA pacnpeaenexnto Benbyn-
na ¢ AByMsi napameTpamu, napameTpom maciuraba o > 0 n napametrpom copmbl § > 0, TO

R(®) = exp(~(of)P),

r(1+ 1)
MTTF = B/
(04

’

rae

reg= [t e dt.

nonHas rammMa-gyHkumsa (cm. [4]).
Ons B =2uo0=0,5(roga)~":

HO
2 2 ’

MTTF = Vr ~ 1,8 (roaa) = 21 (mec).

cneagoBarenbHo,
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6.3 BocctaHaBnUBaeMbIi 3NEMEHT C HyNeBbIM BpeMeHEM BOCCTaHOBREHNA

6.3.1 O6wue nonoxeHms

3TOT YaCTHbIN Cry4Yan NokasaH Ha pucyHkax 8 u 9.

Bce BbipaxeHus, npusegeHHbie B 6.3, npumeHumMbl kK COL. OrpaHuyenus npumeHenus k IOl ycranosne-
Hbl. [lNA KaXXA0ro nokasatens npeacTaBneHo cneayloulee:

a) obuiee BblpaXkeHue, NOoMyYEeHHOEe HA OCHOBE NPOCTOro NpoLecca BOCCTaHOBNeHus [9];

b) Hanbonee pacnpocTpaHEHHOE BbipaXeHue (ana criy4yaes, Korga HapaboTku 4o oTkasa obbekTa noa-
YMHAIOTCA 3KCMOHEHLMaNbLHOMY pacnpeaeneHuio);

C) NPOCTOM NPUMEP NPUMEHEHUSI NPU HEOBXOAUMOCTH.

6.3.2 BepoAATHOCTb 6€30TKa3HOW paboThbl

Ob6osHauenue R(f;, t,), 0t <1,

BeposarHocTh 6esoTkasHon pabotel R({,, £,) 3a nepuoa Bpemenu [f;, £,] Ha3bLIBAIOT TAIOKE MHTEPBANbLHON
BEPOATHOCTbIO 6e30TKa3HON paboThl.

a) BeposaTHocTb Ge3oTkasHo# paboTbl 0GbekTa 3a nepuo BpeMenu [ty £;] nokasaHa Ha pucyHke 32.

A A TouKa BOCCTAHOBNEHUS!
MepB.bili oTKA3 -t
Pa6oTocnoco6Hoe Pa6otocnoco6Hoe
COCTOSHME . COCTOSIHUE [A— anmunes
Hepa6otocnocoGHoe " Hepa6otocnoco6Hoe _
COCTOsIHUE > COCTOsIHUE >
ty t Bpems 0 t t t, Bpems
Cnyuait 1 Cnyuai 2

PucyHok 32 — lNpumep nsMeHeHns BepoATHOCTH GesoTkasHoi paboTel 3a nepuos Bpemen [ty, t]
[NSA HYNeBOro BpeMeHU BOCCTaHOBMEHUA arieMeHTa

M3 pucyHka 32 BUAHO, UTO HEOOXOAUMO PACCMOTPETL ABA CNyyas:

- B TeueHue nepvozaa spemenu [0, £,] He NPOU3OLLIO HU OHOTO OTKasa. ATO BEPOSATHOCTL GE30TKA3HON
pabotbl R(t,);

- 33 yKa3aHHbIN Nepuoj BPeMEHU NPOM3OLLIEN XOTA Obl 0OAWH OTKa3, OTKasaBLUMii 06BLEKT BOCCTAHOBMEH
B MOMEHT BpeMeHU t, £ < t;, B nepnoa BPEMEHU OT £y A0 £, OTKa30B He Gbino:

BEPOSATHOCTL TOrO, YTO NPOU3OLLEN OAMH OTKAa3 (U Bbln yCTpaHeH) B MOMEHT BpemeHu ¢ aBnsieTcs 6es-
YCIOBHbIM NapameTpoM noToka oTkasos z(f);

BEPOSITHOCTL TOTO, YTO Y 0ObeKTa He Gbino 0TKa30oB 3a nepuos BpeMeHu [f, t,], B COOTBETCTBUM C Npea-
NONOXeHUeM, YTO 0BBLEKT NOCne PEMOHTa COBCEM KaK HOBbIV ABMAETCSA BEPOSATHOCTLIO 6e30TKa3HOW paboThl
3a Bpems f, — t, R(t, — 9).

Tak Kak £ MOXeT NpuHUMaTh 3HadveHus ot 0 4o ¢, R({,, t,) MoXHO 3anucaTb B BuAe (cum. [4] 1 [5])

t
R(ty,tz) = R(tz)+ [ R(t - t)z(t)dt.
0
3aechb z(f) — 6e3yCnoBHbI MIHOBEHHbIW MapaMeTp NOTOKa OTKa3oB 06bekTa. 3TO Takke NNOTHOCTb OCHOB-
HOro npoLecca BOCCTAHOBIEHHUS, T. €. ANA ManbIX 3Ha4YeHUI Af, BenuumnHa z(f) At npuGNMKEHHO
paBHa (6e3yCnoBHON) BEPOSITHOCTU TOTFO, YTO OTKa3 o6beKkTa MpPoucxoauT (PEMOHT 0GbekTa
BbIMOSHAIOT B TEYEHME HYNEBOIO BPEMEHUN) B TEHEHME Nepuoaa Bpemenu [t, t + Af], 1. e. R(f) =
= R (0, f) — BepoATHOCTL 6e30Tka3HoN paboTbl 06bekTa

R(t)= [ f(s)ds,
¢

rae f(f) — nnoTHOCTL pacnpeeneHus (Talke HasbiBaemMas NNOTHOCTLIO pacnpeaeneHus oTkazos) HapaboTok
[10 0TKa3a 06bekTa, T. €. Ans ManbiX Af, BenuuuHa f(f)-At npuBNMXEHHO paBHa BEPOSITHOCTM TOTO,
4YTO OBLEKT OTKa3bIBAET B TEYEHWE Neproaa BpeMeHu [f, { + Af]. Bonee ToYHO 3TO NPUGNMKEHHOE
3Ha4yeHune npeacrasnser coboil BEPOATHOCTb TOFO, YTO 3ajaHHan HapaboTka Ao OTkasa 3akaH-
UYMBAETCH B TEYEHWe nepuoaa Bpemenu [t, t + Afl npu ycnosum, 4To HapaboTka A0 OTKasa umeet
Ha4yano B MOMEHT BpeMeHu £ = 0.
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b) Ecnu umetorcsa aaHHble 06 oTKaszax Ans N BOCCTaHaBNMBAEMbIX 00bLEKTOB U3 OAHOPOAHOW COBOKYM-
HOCTK, TO oUeHKon R (£, t,) siBNsieTcs

~ ne(ty,t
Rt ty) = s(tf2)
n
rae ng(t, ty) — KONUYecTBO 00BLEKTOB, (HYHKLMOHMPYIOLLMX B MOMEHT BPEMEHMU t; U HE OTKa3aBLUMX B Te4eHue
nepuoaa spemeHu [t;, t)].
c) 3apas f; = tu t, =t + X, MOXHO NONY4UTb ACUMMTOTUHECKYIO UHTEPBAsIbHYIO B6E30TKA3HOCTD (CM. [5]):

lim R(t,t+ x) = 1 R(s)ds,
f—oo MTTF X
KoTopyto Anst 6onbLUMX 3HAYEHWUI { MOXKHO MCMONb30BaTh B KayecTse npubnukenna R, ¢ + x), rae MTTF —
cpeaHsa HapaboTka 40 oTKasa.
37O acCMMNTOTUYECKOE BblPaXKEHME CrEAYET U3 KIIOYEBON TEOPEeMbl BOCCTAHOBIEHUSA (CM. [4]).
JaHHYy0 acCMMNTOTMYECKYIO MHTEPBANbLHYIO BEPOATHOCTL Oe3oTkasHow paboTbl He creayeT nyTrarb C
acMMNTOTMYECKON BEPOATHOCTLIO Be30TkaszHon paboTel R(«), koTopas Bcerga pasHa 0.
d) Ecnu A()) = A noCTOSAAHHA, T. €. HApPabOoTKM A0 OTKa3a NOAYMHAIOTCA KCNOHEHUManbLHOMYy pacnpeae-
neHuto, To
R(t,, t,) = exp[-A - (&, = 1))].

B aTOM Crnyyae acUMNTOTUYECKAS UHTEPBanbHas BEPOATHOCTb GE30TKa3HOM paboThl UMEET BUA:

lim R(t,t + x) = exp(—Ax).
t—o
e) [1nst BoccTaHaBnNMBaeMoro 06beKTa ¢ NOCTOSHHON MHTEHCUBHOCTBLIO 0Tkasos A = 1 (roa)~!, ero Bepo-
ATHOCTb 6€30TKa3HOW paboThl 3a LLUECTb MECSILEB pPaBHA

R(t,t+6)= exp(—1'%) = 0,61,

rae f — HayanbHada TodKa LWeCTUMECAYHOro nepuoaa.

6.3.3 MrHOBeHHbIA NapaMeTp NOTOKA OTKA30B

O6o3HaueHune z(f)

BbipaxkeHua, npuBeaeHHbIE B JaHHOM pa3aene, oTHocaTca Takke K 101,

a) B cooteeTcTBUM C onpeaeneHneM z(f) — npousBoaHasa OT MaTeMaTu4ecKkoro OXxXuaaHua Konu4ecrea
oTkasos Z(f) = E[N(f)] 3a nepuog Bpemenu [0, {], rae N(f) —konn4ecTBO 0TKa30B 3a nepuos spemern [0, f], u
E — 3HaK maremaTmyeckoro oxkuaaHusi

2(t)= fim [Z(t+At)—Z(t)]:dZ(t)_
Af—0 At dt

Ona manbix 3Ha4yeHun At BenuunHa z(f) - Af npubnuxeHHo paBHa (0e3ycnoBHON) BEPOATHOCTHU TOTO, YTO
0oTKa3 00bekTa NPoOM3ONAET B nepuoa BpemeHu [f, f + Af].

' MoOMeHT MomeHT MomeHT
BOCCTaHOB- BOCCTaHOBIEHWS BOCCTaHOBMEHNA .

neHun 3-% oTkas

T, 1 Ty, 2 T, 3 L~

I MomeHT I

BOCCTAHOBIEHUA ™\ 2-A OTKa3

Ty, 1 Ty, 2 -
1-iA oTKa3

Tu,1
t Bpems

PucyHok 33 — BriGopka BOZMOXHOIO Konmn4ecTsa OTKa30B 3a BpeMsi BOCCTaHOBMeHUs ¢
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Ha pucyHke 33 nokasaHo 4To, €CNM OUH OTKA3/PEMOHT MPOUCXOAUT B MOMEHT BPEMEHM f, OH MOXET
ObITb NEPBLIM, BTOPbLIM, TPETLUM, N-M OTKA30M/PEMOHTOM.
n

PaccmoTpum criyyaiinyto BenuuuHy 0, (t) = Z’Eu, i(t) . BeposiTHOCTb TOTO, YTO /-l OTKa3 NPOM30HAET B
i=1
TeYeHue Nepuoaa BpemeHu ot £ Ao ¢ + df paBHa BEPOSITHOCTM TOTO, UTO £ < 0,(f) < f + di. Ee 3aaaer NnoTHOCTb

pacnpeaenexus ©,(f). B moaensx BOCCTAHOBMNEHUs €€ 0603Ha4aloT h )m:(f) [4]. N3 atoro cnepyer, 4to z(f)
MOXHO 3anucaTb B BUge:

z(t)= Y hEL ().

Benunuunna h(g)rrF(t) npeacraenser coboi NNOTHOCTb pacnpeaeneHns KaneHaapHoro BpEMEHU 4o N-ro
oTka3sa o6bekTa. OHa npeacrasnsieT CO60M CymMMy CRy4anHbIX BENUUMH. [03TOMY B COOTBETCTBUM C OCHOBHbI-
MM CBOICTBAMU CIly4arHbIX BENUYUH €1 COOTBETCTBYET CBEpTKA NMNOTHOCTEN pacnpeaeneHus cny4YanHbix Be-
TMYMH, BXOAALLMX B CyMMY. B COOTBETCTBUM C NPeAnonoXeHMEM O NONMHOM BOCCTAHOBIIEHUM 06bekTa nocne
PEMOHTa BCE NMOTHOCTU pacnpeaenenus T, ;, PasHbl fi;(f), T. €. NNOTHOCTU pacnpeaeneHns NPoAOIKUTENb-
HOCTM paBoTOCNOCOBHOMO COCTOSHNA 06LEeKTa, CNeA0BAaTenNbLHO, AN HEBOMbLLIMX 3HAYEHNN At Npou3BeaeHNe
fu(® - At npubnAnXEeHHO paBHO BEPOATHOCTU TOTO, 4TO PAaBOTOCNOCOGHOE COCTOsIHME 00bekTa 3akaHUMBaETCs
B nepuoa spemenu (t,  + Af), npu ycrnosuu, 4To OHO Ha4anoCb B MOMEHT BpemeHu { = 0.

MpnMmedaHune —Ecnu obbekt pabotaeT HenpepuIBHO, fi,(t) = Kt).

310 No3BONSIET 3anucaTh
@10 = ),
rae f{)(f) — nponssesnetue n dyHkuuii (D).

Moatomy
() = 10O = 17700 * £, = (hdfiz) * £) 0,
rAe 3HaK «*» UCnonb3oBaH ANsi 0603Ha4YeHUs CBEPTKMU.

t

MpumedaHue — CBepTka ABYX PYHKUMIA X(t) 1 y(t) o3HauaeT x(t)*y(t)= J'x(t—x)y(x)dr
0

HakoHeu, h(gerF(t) MOXHO BbIYMCIIUTL C MOMOLLIO PEKYPCUBHBIX COOTHOLLEHMWIA:

W@ = 1500,

t
-1
e (6= [ 0REL(E - x)dx anan>1.
0
B pesynbrate ans z (f) nonyyeHa cneayowasn popmyna:

ad (n-1
z(t)= CT Flt 2 CTTF iju hCTTI)=t x)dx =
= n= 0

=fy(t) Zaj'fu Xt - x)dx = f5(t) +J'fU 1hgT)TF(t_X)dX
j=10 i

MrHoBeHHbIN napamMeTp NoToka 0TKas3oB z(f) ya0BNETBOPAET CreayloLeMy MHTErpanbHOMY YpaBHEHUIO
(cm. [4] n [9)):

t
Z(t)y=fy(t)+ jfu(x)z(t - x)dx,
0
KOTOpPO€ MOXET ObITh PELLEHO YUCNEHHBIMU METOAAMM.
b) Ecnn nmetotcs ganHHble 06 oTkasax Ansi n BOCCTaHaBNMBaeMbIX 0OLEKTOB, TO oLeHKa Z(f) umeeT BuA:
~ ne(tt+ At
z(t) = M7
nAt
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rae ne(t, t + Af) — KOnMYecTBo 0TKa30B, HabrnioaaeMbIX B TEHEHUE Nepuoaa BpemeHn [f, t+ Af].

¢) Ecnu npogomkmMTensHOCTb paGoTOCNOCOBHOIO COCTOSIHUSI NOAYMHAETCS 3KCMNOHEHLManbHOMY pac-
npegenexunio, 6esycroBHbI NapameTp NOToKa 0Tkasos paseH A(f) - A;. MockonbKy 06LEKT BOCCTaHABNMBAOT
HEMEeANeHHO MOCNe 0TKAa3a U 3TO BbINOMHAETCA B M0G0 MOMEHT BpemeHu, To A(f) =1 1 z(f) = A.

[na o6bekTa HeNpPepbLIBHOTO ANUTENLHOTO MPUMEHEHNS Ay = A.

6.3.4 ACUMNTOTUYECKUI NapaMeTp NOTOKAa OTKa30B

OBo3HayeHue z(~)

BbipaxkeHus, npuBeAEHHbIE HUXE, OTHOCATCA Takoke K 101,

a) B cooTtBetcTBUM C onpedeneHnem z(«) — npeaen (ecrnm OH CyLeCTBYET), MTHOBEHHOr0o napamerpa
noToka oTkasoB z(f), koraa BpeMs f CTPEMUTCH K 6ECKOHEYHOCTHU:

Z(e0) = tli_>rr:°z(t).

Mo onpeaeneHunto MaTemaTM4ecKkoe oXxuaaHme Konu4ecTBa oTkasoBs 3a nepuog spemenu [0, f], Z(f) pasHo
t
Z(t) = [ z(z)ar.
0

Ecnu z(f) nocturaet aCUMNTOTUYECKOTO 3HaYEHUA npu t, cTpemsAlemca K 6eCKOHeYHOCTH, Toraa (Cm.
6.1.6):

B cooTBeTcTBMM C ONpeaeneHnemM CpegHero BpeMeHn mexay otkasamu METBF maremarnyeckoe oxm-

AaHue konuyectea oTkasoB Z(f) 3a nepuoa spemenu [0, f] cTpemuTca K ecnu t ysenuuusaetcs. B

METBF’
criyyae Hyneeoro BpemMeHu soccraHosneHns MDT pasHo Hynio u METBF = MUT
im Z0__1

fse t MUT’

HakoHeu, ecnu npeaen cyLlecTBYET, aCUMNTOTMYECKUI NApPaMETP MOTOKA OTKA30B Z(*°) UMEET BUA!
1
Z(e0) = lim z(t)= ——.
Mpu COOTBETCTBYIOLMX NPEANONOXKEHUsAX O f;(f) NnpuBeAeHHOe BbipaXeHue crneayet U3 Teopembl O
NIIOTHOCTKU BOCCTAHOBNEHUn (cm. [4], [8], [14] v [22]).

MpumMeyaHune — CaMblit nerkuit cnocob NpoBeEPKU YCIOBUIA CYLLIECTBOBAHNA Z(°) COCTOUT B CNefytoLiem:
- MUT < «;
- fy(t) ABNAeTCA orpaHUYeHHON yHKUKei Ha uHTepBane [0, + <] n cTpeMuTca K 0 Npu { — + .

b) Ecnu umelotca aaHHble 06 0TKa3ax AnsA N BOCCTaHaBNUBaeMbIX 00bLEKTOB U3 OAHOPOAHOW COBOKYN-

HOCTH, U BpemA t ABNAETCA AOCTATO4HO OONbLUMM, TO OLIEHKA Z(*°) UMEET BUA:
2(00) _ E(t) _ n,:(t,t+ At),
nAt

rae ne(t, t + Af) — KonM4ecTBO 0TKa308, HabNIAaeMbIx 3a NEpPUOA BpeMeHM [f, t + Af].

Ans manbix 3HaueHuii Af u GoNbLUMX 3HaYEeHWit { BenuunHa z(<)-At npubnuxeHHo pasHa (6e3ycrnoBHOM)
BEPOATHOCTHU TOrO, YTO OTKa3 00beKTa NPoM3onaeT B nepuoa BpemeHu [f, t + Af].

¢) Ecnu npoaonmxmTenbHOCTb paboTOCNOCODHOIO COCTOSIHUA NOAYUHAETCH IKCMOHEHLManLHOMy pac-
npeaenenuio [cm. 6.3.3 ¢)], T0 z(*) = A,.

Ans oGbekTa HeNPepLIBHOTO ANUTENLHOTO NpUMeHeHus Ay = A (cM. 3.5, npumevanue 2 u 3.6, npume-
YyaHue 3).

6.3.5 CpeaHmit napamMeTp NOTOKA OTKa30B

Ob6o3HayeHune E(t1, ), 0t <t,.

BoipaxkeHus, npuBegeHHbIe HWXE, OTHOCATCA Takke K 10L.

a) z(ty,ty) =

154
z(t)dt.
H -t {
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t2
WHTerpan jz(t)dt npeacrasnsaet cobon maremarudeckoe OXXMaaHue KoNuuecTsa 0Tkasos oObekTa 3a
t1
nepuoa BpemeHu [t,, t,], cneaosartensbHo, E(t1, 1,) MOXXKHO MHTEPNPETMPOBAaTL Kak MaTemMaTuYeckoe oXxnaaHue
KOnu4ecTBa OTKa30B B €AUHULYY BPEMEHU 3a Nnepuoj Bpemenu [t;, L].
b) Ecnu umelorcsa agaHHble 06 oTkasax ansi n BOCCTaHaBNMBaeMbiX OObLEKTOB OAHOPOAHON COBOKYMHO-
CTH, TO oueHka z(f,, t,) umeeT BUA:

ne(f.t5)
n(ty—t)’

rae ng(t,, t,) — KonM4YecTBo 0TKa3oB, HabNAAaEeMbIX 3a Nepruoa Bpemenum [t;, t].
¢) Myctb t; =tun t, =t + x, TOrAa aCUMMTOTUYECKUI CPEMIHNIA NAPAMETP MOTOKa 0TKa30B MMEET BUA:

Z(tty) =

1
METBF’
MpuMeyaHue — I3To paBeHCTBO CreAYET U3 paBHOBECUS, OCTUrHYTOMO NPOLIECCOM BOCCTaHOBNEHUS, Korga ¢
cTpemuTcsa k GeckoHedHocTU. Ecnu sTo paBHOBECUE JOCTUMHYTO, KOJNIMYECTBO OTKa30B, HabnogaeMblx 3a nepuog BpeMe-

HU [t, t + x], cTpemuTtea k XIMETBF, u nostomy cpefiHee KonuyecTBo oTka3oB cTpemuTcs kK 1/METBF. 3To paBeHCTBO MOXET
6bITb NOkasaHo Gonee cTporo Npu ucnons3oBaHuKu TeopeMbl Briaksenna (cm. [4]).

lim z(t, t+ x)=
f—oo

B cnyvae Hyneson npogomxutenbHocTu pemoHta METBF pasHo MUT u:

lim Z(t, £+ x)= ——.
f{—oo MUT
3Ty BENUYMHY AN GONbLUMX 3HAYEHWI ¢ MOXKHO MCMOMNb30BaTh B KauecTse NpubnmkeHns z(t, f + x).
d) Ecnv npogomkuTenbHOCTL paboToCnOCOBHOIO COCTOSHUA NOAYMHAETCA 3KCNOHEHUMANLHOMY pac-
npeaenexnio [cm. 6.3.3 ¢)], To z(t,, t,) = A,
Ans oGbekTa HENPEepLIBHOTO ANUTENLHOMO NPUMEHEHUS Ay, paBHsieTcs A (CM. 3.5, npumedanue 2 u 3.6,
npumedanue 3). Toraa z(f, t,) = A.
6.3.6 CpegHee BpemAa MexXxay OTKasaMu
BolpaxkeHus, npuBeaeHHbIe HUXKE, OTHOCATCS Takxke K [0,
a) B atom cnyyae MDT paBHa Hynio, U cpegHee Bpemsa Mexay oTkasamu cokpawaerca 4o MUT (cm.
6.1.4):

METBF = MUT = [ tf,(t)dt,
0

rae f,(f) — NNOTHOCTb pacnpeaeneHust NPOAOIMKUTENBHOCT PaboTOCNOCOOHOrO COCTOSAHNA (BKMOYas PyHK-
LMOHMPOBaHWE, NNaHOBbLIE NPOCTOU, PE3ePBUPOBAHUE U NEPUOAbLI BHELLHETO OTKIMIOYEHUS).

MpumedyaHue — B cnyyasx, Korga npegnonoxexue, npuseaeHHoe B 5.5.1 f), He cnpaseanueo, HanpumMep,
Mpw BEIMOMHEHUN AENCTBUIA NPeAoTBpaLlaoLLUX OTKasbl, BpeMa Mexay oTkasamu BKIOYaeT BPEMS BbIMOMHEHWS TakuxX
genctenii. B atom cnyyae, METBF > MUT.

Ecnu o6bekT paboTaeT HenpepuiBHO, TO cpefHEee BpeMsi Mexay OTKasaMu paBHo:;

- cpepHeit HapaboTke go oTkasa (MTTF);

- cpefHeit HapaboTke mexay oTkazamu (MOTBF);

- cpefHeil NpoAomKUTENbHOCTW paboTocnocobHoro coctosiHMA (MUT).

b) Ecnu npoaomxuTenbHOCTL paboTocnoCobHOro COCTOSAHMST NOAYUHAIETCS BKCTIOHEHLUMANLHOMY pac-

npeaeneHunto, cpeHee BpeMa Mexay oTkasamu paBHO %
u

Ecnu 06bekT HenpepbIBHO (PYHKLMOHUPYET Ay = A.

6.3.7 CpeaHAA HapaboTKa A0 OTKasa

MTTF (cokpalueHue)

a) B cnyyae BoccTaHaBnuBaemoro areMeHTa U UCMONb30BAHUA MPEAMNONOXEHMSS O BOCCTAHOBMNEHUN
[0 YPOBHSA «COBCEM Kak HOBbIN» MTTF umeer 1o e camoe 3HayeHue, uto u MTTFF (cpegHsa HapaboTka o
nepBoro otkasa). 3Ta BenuyMHa MOXeET ObITb BblMMCEHA MO crieaytowei o6Luei chopmyne:
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oo

MTTF = MTTFF = [tf(t)dt = [R(t)dt,
0 0

b) Ecnu umetlotca HapaboTku A0 OTKa3a Bcex NN 0ObLEKTOB M3 OAHOPOAHON COBOKYMHOCTU, TO OLieHKa
MTTF umeet sua:

n

(Hapa6oTka);

VITTE — OOwen HapaGoka _ i

ke ke '
rae «obuwas HapaboTka» — COBOKyNnHas HapaboTka BCex N1 00bLEKTOB 3a 3a4aHHLIN Nepuog BpeMeHu; kp —
obujee KONMYeCTBO 0TKA30B, HAbMNoAaeMbIX 3a 3aAaHHbIA Nepuoj BpeMeHu; «(HapaboTka)» — COBOKyMNHas
HapaboTka i-ro 06bekTa 3a 3alaHHbIM NEPUOA BPEMEHU.
¢) Ecnu napa6ortka 4o oTka3a NOAYMHAETCA IKCMOHEHUMANIbHOMY pacnpeaeneHnio, To

1
MTTF = —.
A

d) [ins BocCTaHaBNMBaeMoro 06beKTa ¢ NOCTOSHHOI MHTEHCUBHOCTBIO 0TKa3oB 0,5 (ropa)™"
MTTF = 2 rogaa = 17 520 (u).

6.3.8 CpegHsas HapaboTka Mexay oTKkasamu
MOTBF (cokpaLueHue)
a) MNockonkKy Bpemsi BOCCTaHOBIEHUA paBHO Hynto, MOTBF pasHa MTTF:

MOTBF = MTTF = [ tfy,(t)dt = [ R(t)dt.
0 0
MpuMedaHue — [ns 06beKTOB HENPEPLIBHOrO ANUTENBHOIO NpumeHeHusa MOTBF pasHa MUT. B stom cnyyae
MOTBF = MTTF = MUT.
b) Ecnn HapaboTka 40 O0TKasa NoAYMHAETCA SKCMOHEHUMaNbHOMY pacrnpeaeneHuto

1
MOTBF = —.
A

6.3.9 MrHoBeHHbIN KO3()PULIMEHT rOTOBHOCTU, CpeaHui KO3 (PULIMEHT rOTOBHOCTU U
acMMNTOTUYECKUI KO PULMEHT rOTOBHOCTH
MockonkKy 06bLEKT BOCCTAHABNMBAOT MITHOBEHHO, €70 MTHOBEHHBIN KO3(hULMEHT rOTOBHOCTU paBeH 1

B nto6oe Bpewmsi:
A =1,Vte|0, =].
Takum 06pa3om, CpeaHss U aCMMNTOTUYECKAs TOTOBHOCTU TakXe paBHbl 1:
At t)=A=A®D =1, Vte [0, =]

MoaToMy faHHas MoAenb HE OYeHb NoNie3Ha C TOYKU 3PEeHUs BbIYMCIIEHUI KO3hdULMEHTA FOTOBHOCTH.
6.3.10 CpeaHsAs NPOOOIMKUTENBHOCTb PAGOTOCNOCOOHOIO COCTOAHUSA

MUT (cokpalueHue)

MpuBeaeHHbIE B AaHHOM NoApasaene BblpaXeHusa oTHocATca Takxe K 1O,

a) MUT = [ ti;(t)dt = [ (1- Fy(t))et,
0 0
rae f,(f) — nnoTHOCTL pacnpeaeneHns NPOAOIHKUTENBHOCTU PaBoTOCNOCOGHOrO COCTOAHMSA 00bEKTa (BKIIO-
Yas paboTy, NNaHOBbLIE NPOCTOW, PE3EPBUPOBAHNE U NEPUOAbI BHELLHETO OTKITIOMEHUS).

B cnyyae Hynesow npogomxutensHoctn pemoHta MDT = 0 u METBF = MUT. Ana o6bekTa HenpepbiB-
HOrO AMUTENbHOrOo NPUMEHEHUSA

MUT = MTTF = MTTFF = MOTBF = METBF.
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b) ECRM NPOAOIIKUTENLHOCTL PAGOTOCNOCOBHONO COCTOSIHUS 0GLEKTA NOAYNHSETCS FKCIOHEHLMATIBHO-
My pacrpeaeneHuio, To
1
MUT = —.
My

Ecnn 0GbekT (hyHKLIMOHMPYET HENPEPLIBHO, A, = A (CM. 3.5, npumedanune 2 n 3.6, npumedaxmne 3).

6.4 BoccTaHaBnuMBaeMbIA OOBEKT C HEHYNEBbIM BPEMEHEM BOCCTAHOBSIEHUA

6.4.1 O6wuMe nonoxeHns

MpuBeaeHHble B 6.4 BbipaXxeHUs npumeHumbl K COl. Cutyauum, koraa oHu npumeHumsbl K 101, ykasaHbl.

Ons ka)xgoro nokasarensi npueeaeHa cnegayloLas nHhopMaums:

a) obLlee BblpaXkeHue;

b) HaubBonee pacnpocTpaHeHHOe BbipaXkeHue (ana cny4aes, Koraa HapaboTka Ao oTkasa, NPOaOIHKU-
TENbHOCTb PabOTOCNOCOOHOIO COCTOAHUS, NPOAOMKUTENBHOCTL HEPABOTOCNOCOBHOIO COCTOSIHMS, BPEMSI BOG-
CTaHOBMEHUSI U NPOAOIMKUTENBHOCTb PEMOHTA OObEKTa NOAYMHAIOTCA 9KCNOHEHLManNbLHOMY pacrpeaerneHuio);

C) NPOCTON NpUMEpP NPUMEHEHUSA, NPU HEOBXOAUMOCTMU.

6.4.2 BeposiTHOCTL 6e30TKa3HON PaGoOThI

OGosHauenve R, ), 0t <t,

BeposTHocTh GesoTkasHoi paGoTel R(t;, {,) 3a nepnoa Bpemenu [t;, t,] Taloke Ha3bIBAKOT MHTEPBANLHOM
BEPOATHOCTbIO 6e30Tka3Hon paboThbl.

a) BeposTtHocTb GesoTkasHol paboTbl 06bekTa 3a nepuoa BpeMenu [f, £,] nokasaHa Ha pucyHke 34.

! [ Touka BOCCTaHOBMEHUS
MepBblit oTKa3 t-t
PaGotocrnocoGHoe PaGorocnocoGHoe | ,.... i
COCTOsHUEe cocTosiHue
HepaboTocnoco6Hoe Hepa6otocnocobHoe

COCTOsIHUE - cocrosiHue -

0t t, Bpemsn 0 t ty t, Brems
Cnyvait 1 Cnyuvaii 2

PucyHok 34 — lMpumep BepoSATHOCTU Ge3oTKasHoi paboTsl 3a Nepuog BpeMeHH [ty, t,] ANA HEeHYNeBoro BpemMeHN
BOCCT@HOBNEHUA 3rieMeHTa

PucyHok 34 aHanornyeH pucyHky 32, HO TOYKM BOCCTAHOBNEHUSA PAcNONOXeHbl NOCNEe 3aBepLUeHna pe-
MOHTA. Pasnuyme coCTOMT B TOM, YTO BEPOATHOCTb TOTO, YTO PEMOHT 3aBEPLUMTCA B MOMEHT BPEMEHM £, 3aaa-
IOT MHTEHCUBHOCTLIO peMoHTa v(f) BMECTO napamMeTrpa notoka oTka3os z(f). Moaromy B cooteeTcTBUM C 6.3.2,
BEPOSATHOCTb 6€30TKa3HOW paboTbl BOCCTAHABNNBAEMOro 0GLEKTa C HEHYNEBLIM BPEMEHEM BOCCTAaHOBMEHUA
3a nepuog BpemeHHu [f, £;] MoxHO 3anucarb cneaytomm obpasom (cwm. [5] u [4]):

t

R(ty,tp) = R(tz)+ [R(ty - tv(t)at,

0
rae nepebivi YneH R(fy) NpeacTasnsier co60or BEPOATHOCTL 6€30TKa3HOI paboTel 3a Bpems £,, @ BTOPON UneH —
BEPOATHOCTL BOCCTAHOBNEHMA (MOCre oTkasa) 3a Bpems (f <f;) n paboTsl 40 BpemeHu ty; V(f) — MrHOBEHHbIN
napameTp NoToka BOCCTAHOBMNEHUI 00LEKTa, T. €. ANA ManbiX 3HaYeHWii Af, BenuunHa v(f) - Af npuBnMKeHHO
paBHa BEPOATHOCTU TOrO, YTO BOCCTAHOBMNEHNE OObEKTA NPOUCXOAUT 3a nepuoa spemenu [t, t + Af] (cm. onpe-
aenenue 3.1); R(f) = R(0, f) — BeposATHOCTb De30Tka3HON paboTbl 06LEKTA.

R(t)= [f(s)ds,
t

rae f(f) — nnoTHOCTb pacnpeaeneHus HapaboTku 40 O0TKasa 06bekTa, T. €. ANs mMarnbiX 3HaYeHUN Af, BENMMYuHa
(D) - At npubnmkeHHO paBHa BEPOSTHOCTU TOFO, YTO OGBLEKT OTKAXKET 3a Nepuoa BPEMEHH [f, t + Af].
Bonee TO4YHO, 3TO NPMONMKEHHAsA BEPOATHOCTb TOrO, YTO AaHHAaA HapaboTka 40 0TKa3a 3akaH4uBa-
eTcs B TeYeHue nepuoaa BpemMeHu [t, t + Af], npu ycnosum, 4to Ha4anom HapaboTku A0 oTkasa bbin

MOMEHT BpemeHu t = 0.
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MpumevaHune — R(t,, t,) AaBnaeTca (6e3ycrioBHON) BEPOATHOCTbI0 6e30TKa3HOro HenpepbiBHOMO (yHKLNOHK-
poBaHWA 00beKTa B TeHeHWe nepuofa BpemeHi [ty, t]. BelpaxeHne MoxeT BbiTe HeBepHeIM Ans |01,

b) Ecnu umetotcsa gaHHble 06 oTKasax N BOCCTaHABNMBAEMbIX 0GbEKTOB M3 OAHOPOAHON COBOKYMHOCTH,
TO oueHka R(t;, t,) umeert Bua:
5 ns(t,ty)
R(t,ty)=———+=,
n
rae ng(ty, ;) — KonM4ecTBo 0GLEKTOB, KOTOPbLIE (OYHKLMOHUPOBanNM Ges OTKa30B C MOMEHTa BPEMEHU £, B
TeYeHne nepuosaa BpemeHu [t,, t,].
) MNyctb t; = tn t, = t+ X, MOXHO ONPEAENUTL ACUMNTOTUYECKYIO MHTEPBANbLHYI0 BEPOATHOCTL Ge30T-
kasHoi pabotbl (cm. [5] u [4]):
[R(s)ds,

X

fim R(bt+ X) = ———
oo MTTF+MTTR
KoTOpYIo Anst 6onbLUMX 3HAYEHUI  MOXKHO UCMOMNb30BaTh B KayecTBe npubnumkeHna R(t, t + x), rae MTTF —
cpenHAs HapaboTka Ao otkasa; MTTR — cpeaHee BpeMsi BOCCTAHOBMNEHMS.
3T0 BbipaXkeHUe cnegyeT U3 KrnveBol Teopembl BOCCTAHOBNEHUs (CM. [5]).
d) Ecnu HapaboTka A0 0TKa3a NoAYUHAETCS SKCMOHEHUMaNnbHOMY pacnpeaeneHuto, Toraa

R, ty) = Alt))exp(=A - (&, — £)),
rae A(t;) — MrHOBEHHbIH KO3(MULIMEHT FOTOBHOCTU B MOMEHT BPEMEHMN {;.

MpumMeyvaHuns

1 BepoATHOCTbL TOro, YTo 0BLEKT HaxoauTcs B paboTOCNOCOGHOM COCTOAHUM B TeHeHUe nepuoaa BpemeHu [ty t,],
T. €. R(t4, t5), paBHa BEpOATHOCTU TOrO, YTO 0OLEKT HaxoauTca B paboTocnocoGHOM COCTOSIHUM B MOMEHT BpeMeHH ¢ (T. e.
KO3(PPULIMEHT FOTOBHOCTU B MOMEHT BpeMeHH ty, A(t;)), YMHOXKEHHBIA Ha YCNOBHYIO BEPOATHOCTL OTCYTCTBUSA OTKa30B B
nepuog BpemeHu [t;, to], T. e. exp [\ - (t; — t1)], NOCKONBKY paccMaTpuBaeTcsl 3KCNOHeHUMarbHbIA criyyaii (Takke M. [4]).

MTTF
lim R(tE+X)= —— T TF o (—x).
Jim R(tt+X) = g R &P ()

2 MNpuseaeHHyto hopmyny ansa R(t;, t,) YacTo ucnonb3yloT Ans onpefenenns R(t), nonaraa ty =0, t, =t, R(ty, &) =
= R(0, t) = R(t) n A(t}) = A(0) = 1.
e) Ecnu HapaboTka A0 OTKasa u BpeMsi BOCCTAHOBIEHUS NMOAYMHSIIOTCS 3KCNOHEHLManbHOMY pacnpe-

ZEeNeHuIo, TO UCMONb3ysl MapKOBCKUE METOAbLI unu npeobpasoBaHue Jlannaca MOXHO NONyYUThL cneayloLme
BbipaXkeHusi (CM. [4]):

_oulf. — A _ _9u(f. —
Rt t,)= At e Mt | _HR | A (et |o-M(l-t)
(t1.12) = Alty) g g

lim R(t,t + x) = R exp(—Ax).
f—oo A+ I,LR

f) Ha pucyHke 35 noka3zaHo ucnosnb3oBaHue NnpuBeaeHHON hopMynbl AnA Bblumcnenusa R(, ¢ + 1/4) npu-
MeHuTenbHO kK COI ¢ A = 2 (ropa)~! n MHTEHCMBHOCTBIO BOCCTaHOBNEHUs U = 10 (ner)~".

R(t, t +1/4)
A
0,62 T
0,607
0,60 T
0,58 \ 0,536
0,56 / 0,515
0,54 /
’ / 0,508 0,506 0,505
v | N\
0,52 N 7
0,50 -
0 o1 02 03 04 05 06 07 08 09 10

Bpewmsi, net
PucyHok 35 — Mpaduk 3aBucumocTu ot spemenmn R(t, t + 1/4)
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3Ta KpuBas nokasblBaert, uto R (, { + 1/4) ymeHnbluaetcs ot 0,607 B Touke t =0 go 0,505, korpa f cTpe-
MUTCA K BECKOHEYHOCTH,

6.4.3 MrHoBeHHbIW NapaMeTp NOTOKa OTKa3oB

O6o3HaveHue z(f)

BobipaxkeHus B 6.4.3 Takke otHocATcA K 1O

a) B cooteercTBuM c onpeaeneHunem z(f) — npousBogHas OT MAaTEMaTUYECKOT0 OXUAAHMA KONUYECTBa
otkasos Z(f) = E[N(f)] 3a nepuog spemeHu [0, ], BKnoYan NPOAOIDKUTENBHOCTb PaboTocnocobHOro 1 Hepabo-
TOCNOCOBHOro cocTosiHUN, rae N(f) — KonM4ecTBO OTKa30B B nepuoa Bpemenu [0, {], E — 3Hak matematude-
CKOro oxuganus. Takum o6pasom,

im ZE+AD-Z(t) _ dZ(t)
Af—0 At Todt

z(t)=

T, 1 Ty, 2 ,3

&R, 1 Er, 2

TU, 1 TU, 2 2-i OTKa3

o]
e

T .
U1 1-i otkas

BpeM;

1

PucyHok 36 — Bribopka BO3MOXHOro konuyectsa 0TKa3oB 3a Bpemsa ¢

PucyHok 36 nokasbiBaerT, yTo, Korga OgMH 0TKas NPOUCXOAUT B MOMEHT BPeMeHU {, OH MOXET ObITb nep-
BbIM, BTOPbIM, TPETBUM U 1-M OTKA30M.
PaccmoTpumM CnyyanHyo BENUYMHY

n
Bn(t)= Y [Er i (t)+ 1y, isa()].
i=1
Toraa BEPOATHOCTb NOSAIBNEHUA 11-r0 0TKas3a B nepuog Bpemenu oT f ao t + df paBHa BEpOATHOCTU TOIO,
uTo f < B,(f) = f + di. 3Ty BEPOATHOCTL ONpeaensaeT NnoTHOCTL pacnpeaeneHnn O,(f), kotopas uMeet Bua
h(glr-r,:(t) B TEOpUU ansTEPHUPYIOLLETO NpoLecca BoccTaHoBneHus (M. [4]). M3 atoro cneayer, 4to z(f) MOXHO
3anucatb B BUa€e

2(t)= 3, hpre (1),
n=1
rae h(gerF(t) — MNOTHOCTbL pacnpeaeneHus kKaneHaapHoro BpeMeHu Ao n-ro otkasa obbekra. 3ta chopmyna
aHanoru4Ha dpopmyne AnsA cnyyas ¢ HyneBbIM BPEMEHEM BOCCTAaHOBIIEHUS, NPUBEAEHHON B 6.3.3, HO nNnoT-
HOCTb pacnpegaeneHus f,(f) oT 1, ; 3aMeHeHa NoTHOCTbIO pacnpeaeneHust fig, (6 ot (&R, ity i+1) 1 MOXET
ObITb BbIMMCIIEHA C MOMOLLBIO CNEAYIOLMX PEKYPEHTHBIX COOTHOLLEHHUI:

he® = fy @),
t
he(t) = [hEL(0fRyu(t - x)dx, n>1,
0

rae fy(f) — NNOTHOCTb pacnpeaeneHus NPOAOIDKUTENBHOCTU PaboTOCNOCOBHOr0 COCTOAHNA 00beKTa (BKITIO-
yas nepuogbl paboTbl, NNAHOBLIX NPOCTOEB, PE3ePBUPOBAHMA U BHELLUHEro OTKMioYeHus). Ons
ManbiX 3Ha4YeHui At BennumHa fiy(f) - At NpUONMKEHHO paBHa BEPOATHOCTM TOro, YTo paGoTo-
cnocobHoe cocTosiHne 00bekTa 3aBepLUNTCA B Nepuos BpeMeHu [t  + Af]l npu ycrnoeuu, 4to aTo
COCTOSIHME Ha4anocb B MOMEHT BpemeHu f = 0;
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PyHKUUA g, (§ ABNAETCA NIOTHOCTLIO pacnpeaeneHnsl CyMMbl BpEMEH BOCCTaHoBNeHus (Eg ) u no-
cneayiowmx NpoAoIKUTENbHOCTEN paboTOCNOCOGHOIO COCTOAHUA (T, ;,q). B COOTBETCTBUM CO CBOUCTBaAMM
MNOTHOCTU pacnpeaenenus ans fz,,(H) cnpaseanueo BbipaxeHue:

t
freu () = [gr(t-s)fy(s)ds,
0
rae gr(f) — NNOTHOCTL pacnpeaeneHns BPEMEHU BOCCTAHOBNEHUs 00bekTa, T. €. ANna MarnbiX 3HaYeHun At
BeNUUUHaA gr(f) - Af NpUONMKEHHO paBHa BEPOATHOCTU TOTO, YTO OOLEKT BOCCTAHOBIEH MOCINe
oTkasa A0 paboTocnocoBHOro COCTOAHMA B Nepuoa BpemeHu [t, £ + Afl B npeanonoxeHum, Yto
0TKa3 NpousoLLenl B MOMEHT Bpemenu { = 0.
B cootBeTcTBUM CO CBOWCTBAMM CBEPTKH freu® =g 0. }
na manbix 3Ha4eHun Af Benuumnna z(f) - At npubnmxeHHo paBHa (6e3yCrnoBHOM) BEPOATHOCTM TOIO, YTO
OTKa3 00bekTa NPoOUCXoauT B nepuop BpemeHm [f, t + Af].
Mpumeuvanune —Iyctb 1y 4, &g 1, Ty2 ER2:-+r Tum GR - NOCIIEAOBATENBHOCTL NPOAOMKUTENBHOCTEN pa-

BoTocnoco6Horo cocTosHuA (1) M BpeMeH BoccTaHoBreHus (£g) obbekTa. Toraa h@n-,:(t) — NNOTHOCTbL pacnpefeneHnus
CYMMbI

Tyat Erat 2 * Crot tys) *-* Cropt * Tup)

B TO BpeMs KakK fr,, (f) ABNAETCA NNOTHOCTLIO pacnpefeneHns Cymmbl Eg - 4 + T » AN nioboro m > 2.

MpumeyaHune — MrHoBeHHbI NapaMeTp NOTOKA OTKa30B Z(f) U MrHOBEHHBI NapaMeTp NoToka BOCCTaHOBNe-
HUIA v(t) COCTaBNAKT CNeayIoLLYI0 CUCTEMY YpaBHEHUIA:

t

2(t) = fy (t)+ [y (t - s(s)ds,
0

t
W(t) = [gr(t-s)z(s)ds.
0
3TK ypaBHeHUs1 NpeacTaBnsloT coO0N CUCTEMY NUHENHLIX WHTErpanbHbiX ypaBHeHui Bonbrepa (cm.
[6]), koTOpas MOXeET ObITb peLleHa YNCNIEHHbIMU METOAaMM.
31u hopmynbl MOTyT ObITb NONY4YEHbI TAKUM e cnocobom, kak B 6.3.3, ans

t
2(t) = fy (t)+ [Ty (t - s)z(s)ds,
0

€Cnun Bpems BOCCTAHOBMNEHUS PABHO HYNIO;
b) Ecnu umetorcsa aaHHblie 06 oTKasax Ans N BOCCTaHABNMBAEMbIX 0ObEKTOB U3 OAHOPOAHON COBOKYM-
HOCTU, TO oueHKa z(f) uMeeT BuA;
~ . Ne(tt+At)

20=""5

rae ne(¢, t + Af) — KONUYECTBO OTKA30B 3a Nepnog BpemeHHu [t, £ + Af], KOTOPbIA BKMIOYAET NPOAOIHKUTENBHOCTb
paboTtocnocobHoro n HepaboTocnocobHOro COCTOSTHUMN.
¢) Ecnu npogomkuTensHOCTL paboTocnocobHOr0 COCTOSAHUA NOAYMHAETCH 3KCMOHEHUManbHOMy pac-
npeaenexHuto, Toraa (cm. [23])
z(f) = A My,
rae A(f) — MrHOBEHHbI KO3 PULMEHT rOTOBHOCTH.

MpumMmedaHune — [nNa oTaeNbHOro 06beKTa MHTEHCMBHOCTL OTKA30B Ay paBHa ycnoBHOMY napameTpy notoka
oTKa3oB obbekTa. Torda BbllLeynomaHyTas opMyna HeNnocpeACTBEHHO BbITEKaeT U3 yHAaMEeHTanbHbIX COOTHOLLEHN
MeXZy YCNoBHbIM U 6e3ycrnoBHLIM NapameTpamMu NoToka oTkasos (cM. 6.1.6).

Ecnu o6bekt paGoTtaet HenpepbIBHO, fy(f) = f(f) n A, = A.

d) Ecnn npogomkuTenbHOCTb paboTocnoCOGHOro COCTOAHNA U BPEMEHA BOCCTAHOBIEHUSA MOAYUNHAIOTCA
9KCMOHEHUManbHOMyY pacnpeaesnieHunio, MoryT ObiTb MCNOSb30BaHbI MApKOBCKWE MEeTOAbl unu npeobpasosa-
Hue Jlannaca (cm. [6]):
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2
T S exp[—(hy + 1R )t] = Alt)Ay.
Ay+HR Ay tHR
Ans COI A, pasHsieTcs A (CM. 3.5, npumedanue 2 u 3.6, npumedaxue 3).
e) PucyHok 37 unniocTpupyeT npuMeHeHue BbILLEYNOMAHYTOW hopmMyIribl Npy Boluucnenun z(f) ana COIl
C MHTEHCUBHOCTbIO 0TKa30B A = 2 (roga)~! U MHTEHCMBHOCTLIO BOCCTAHOBNEHUS! Mg =10 (nen)~'.

BesycroBHkIit napameTp NOTOKa OTKa30B
A

=
NP

1,85- \/ /mﬂ

1,75 \ 1,676 1,667 1,667 —

—
o o1 02 03 04 05 06 07 08 09 10
Bpewms, ner

2,05

1,95

1,656

MpumedaHune —TlpuBeaeHHbIe LMDPLI NOKA3LIBAIT, KaK Z(f) cXOAQUTCS K NMpeAenbHOMY 3HaYEHUIO.

PucyHok 37 — lNMpuMep U3MeHeHNsA napaMeTpa NoToka o0Tka3sos z(f) B 3aBUCUMOCTU OT BPEMEHU

6.4.4 ACMMNTOTUYECKUIA NapaMeTp NOTOKa OTKa30B

O603Ha4eHue z(=)

BobipaxkeHus, npueegeHHbIE HXKE, OTHOCATCA K 101,

a) B coOTBETCTBUM C OMpeAeneHnem z(<) — npeaen (ecnu oH CyLecTByeT) MFHOBEHHOro napameTpa
notoka oTtkasos z(f), koraa Bpems { CTPEMUTCA K OECKOHEYHOCTH:

2(e=) = lim z(t).

Mo onpeagenexunto METBF = MUT + MDT saBnsieTca cpeaHum BpeMeHeM mexay AByms nocneaosatens-
HbIMMW OTKas3amMu. Toraa CpeaHUM KONMYECTBOM OTKA30B 3a nepuoa epemenn [0, f] asnsaerca Z(f) =t/ METBF.

. Z(t)
Kak nokasaHo B npumedanun 1 u B 6.3.4, z(w)= tllm —~
—>00

MoaTomy, ecnu npegen CywecTByeT, aCMMNTOTUYECKNIA NApPaMETP NOTOKA OTKA30B Z(<) UMEET BUA:
1 1
METBF MUT+MDT’

MockonbKy NpodMnakTu4eckoe TeXHM4eckoe obcnyXmBaHne B HaCTOALWEM CTaHAapTe He paccMoTpe-
HO, T0 MDT = MTTR. Toraa

Z(e0) = tlim z(t)=

1
MUT + MTTR®

370 Npu BLINOMTHEHUM COOTBETCTBYIOLLIMX NPEANONOXEHUH o f;(f) u gR(f) cneayer n3 Teopembl 0 NNOT-
HOCTU BOCCTaAHOBREHUI (CMm. [4], [8], [14] v [22] n npumeuaHue 2).

2(e0) = lim 2(t)=

MpuMmeyvaHunsa
1 Mcnonb3aysa aneMeHTapHylo TeoOpeMy BOCCTAHOBIEHWIA (cM. [4]):

. Z(t) 1
lim — = —————,
too £ MUT+MTTR

HO
t

Z(t)= [ (s)ds,
0
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criefoBaTenibHo, ecnn z(=) cyllectnyet, To (cM. [20])

2 Camblif npocToit cnoco nNpoBepku YCroBUii CYLLIECTBOBaHUS Z(=) cOCTOUT B crieaytowem: MUT <, MTTR < «;
no kpaitHeit Mepe oaHa U3 f(t) unn gg(t) sBNseTc orpaHUYeHHoI dyHkLMeln Ha uHTepsarne [0, + <] 1 cTpemuTca K 0 npu
t— + oo,

b) Ecnu umetorca aaHHble 06 oTkasax 4ns N BOCCTaHABNMBAEMbIX 0OBLEKTOB M3 OA4HOPOAHON COBOKYI-
HOCTW U Bpemsa f ABNSETCA AOCTAaTOYHO B0NbLMM, TO OLEeHKA Z(*) UMEET BUA:

ne(t,t+At)
nAt
rae ng(t, ¢ + Af) — KonuuecTBO OTKA30B 3a NEpPUoa BPeMeHH [t, { + Af].
Onsa manbix 3Ha4eHui Af u 60MnbLUMX 3HaYeHW { BenuuuHa z(=) - Af npubnmkeHHo paBHa (6€3yCnoBHON)
BEPOATHOCTU TOrO, 4YTO OTKa3 00bekTa Npon3oUaeT B nepuoa BpemeHu [t, { + Af].
¢) Ecnu npogomkuTenbLHOCTb paboTOCNOCOOHOINO0 COCTOSIHMA NOAYUHAETCA IKCMOHEHLManbHOMY pac-
npeaenexuio, Toraa (cMm. [23])

2(e) = 2(t) =

z(=) = Ay,

rae A— acumnToTUyYeckui KO3h(PULIMEHT roTOBHOCTMU.

Ecnmn o06bekT HenpepbIBHO pabotaer, f;() = () n A, = A.

d) Ecnu npoaomkuTenbHOCTL paboTocnocobHOro COCTOSIHUA U BPEMA BOCCTAHOBAEHUA NOAYUHAIOTCA
3KCMOHeHLmansHoOMy pacnpegenexuio, 1o [cMm. 6.4.3 d)]

Zoo)= lim z(t)= PR _
X—00 xu +UR i+ 1

Ay MR

Ona COl &, = X (cM. 3.5, npumeyanue 2 n 3.6, npumeyanue 3).
e) na COIl ¢ MHTEHCUMBHOCTBIO OTKA30B A = 2 (roja)~! M MHTEHCWMBHOCTLIO BOCCTAHOBMEHMWN MR =
=10 (ner)™!

_20_ —1
Z(0) = 2 17 (roga)
3T0 NoKasaHo Ha PUCYHKe 37.

6.4.5 CpegHuii napamMeTp NOTOKa OTKa30B

O6GosHauenne z(f, t,), 0 t, <t,

BobipaxkeHus, npuBeaeHHbIe Huxe, oTHocaTca Takke K 1O,

a) Mo onpeaeneHuto

— [ z(t)dt.

zZ(l,ty) =
(tt2) o

f2
WHTerpan J.Z(t)dt paBeH MareMaTu4eCcKOMy OXUAAHUIO KONMMYECTBA OTKa30B 0ObEKTA 3a Nepuog Bpe-
f1
MeHu [t;, &,]. CnegosarensHo, z(f;, t,) MOXHO MHTEPNPETMPOBATL KaK MaTemMaTn4eckoe 0XuaaHne Konm4yecTea
OTKA30B B €ANHULY BPEMEHM 32 Nepuoa BpemMeHu [t;, ).
b) Ecnu umetorca aaHHble 06 oTkasax AN N BOCCTaHaBNMBaEMbIX OOBLEKTOB U3 OAHOPOLHOW COBOKYIM-
HOCTH, oueHKa z(t;, ,) UMeeT BUA:

_ nelty,ty)
nt;—tp)
rae ng(ty, t,) — KONUYECTBO OTKA30B 3a Nepuoa BpemeHn [fy, I,], KOTOPbIA BKIOYAET NPOAONKUTENLHOCTb
paboTocnocoBHOro n HepaboToCNOCOBHOIO COCTOSHUNA.
c) Myctb ¢, =tn t, =t + X, aCUMNTOTUYECKUI CPEAHNI NApaMETP NOTOKA OTKA30B MOXET GbIThb NOMyYeH
cneayiowmm o6pasom:
52
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lim z(t,t + x)= L = L .
X—>00 METBF MUT+MDT
MpumeyaHue — 3To paBeHCTBO BLITEKAET U3 PaBHOBECUSA, AOCTUrHYTOrO NPOLIECCOM BOCCTAHOBIIEHUS, KOrfAa
t cTpeMuUTCA K 6€CKOHEYHOCTU. Ecnun 3TO paBHOBECHE [OCTUTHYTO, KONUYECTBO 0TKa3oB, HabnofaeMbixX 3a nepuoj Bpeme-
HU [t t + x], cTpemuTtca K XMETBF, n nosToMy cpefiHee Konu4yectso oTkasos cTpemutces K 1/METBF. 310 paBeHCTBO MOXeET
6bITb 060CcHOBaHO Gornee TOYHO NPU UCMONb30BaHUK TeopeMbl Bnaksenna (cMm. [4]).

Mockonbky NpodunakTruyeckoe TeEXHUIECKoe o6CnyXxmMBaHne B HACTOSILLEM CTaHAApTE HE paccMoTpe-
HO, MDT moxeT bbiTh 3ameHeHo Ha MTTR B dopmyne

lim z(t,t+ x) = ;
X—>00 MUT + MTTR
KoTopas Ana 6onbLUMX 3HaYEHUI { MOXET ObiTb MCNONb30BaHa B kavecTse npubnmkenus z(f, t + x).
d) Ecnu npoaommTenbHOCTL paboTocnocoOHOro COCTOSIHUA NOAYUHAETCS 9KCMOHEHLUMAanbLHOMY pac-
npeaenexnio (cm. [23])
z(t,, t,) = A(q » B)Ay-

Ecnu o6bekT paboTtaeT HeNnpepbIBHO, TO Ay = A.
e) Ecnu npoaomkuMTenbLHOCTb paboTOCNOCOGHOr0 COCTOAHUA U BPEMSI BOCCTAHOBMNEHUS NOAYUMHAIOTCA
9KCMOHEeHUnanbLHOMyY pacnpeaeneHuio, Toraa (cM. [6] u [7])

- A A2 exp[—(Ay +ur)t |- exp[-(Ay )] -
2ty ty) = UMR U [0 +pr)t ] [~y +1R 2]=A(t1,t2)7xu.

M+UR (A +uR)? t, -t

Ansa COI A, =A.

f) Ha pucyHke 38 nokasaHO NpUMeEHeHue BbieYNOMSHYTOW POPMYSibl NPU BbIMUCAEHUU CpeaHero na-
pameTpa noToka oTka3os Anst COl C MHTEHCUBHOCTBIO OTKa308 A = 2 (roAa)~! U MHTEHCUBHOCTbIO BOCCTAHOB-
neHuit pg = 10 (ner)~".

CpeaHuit napaMeTp notoka otkasoB Z(f, { + 0,25)
)

1,80 T
1,775

1,76
\ 1,699
1,72 / 1,676
\/ 1,670 1,667 1,667
168 N / /
’ )

1,64 >
o o1 02 03 04 05 06 07 08 09 1,0
Bpems, net

MpumeuyaHue — MpuBeaeHHble LMMPLI NOKA3LIBAIOT, Kak CPEAHUIA NapameTp NOTOKa OTKA30B CXOAUTCA K
npeaensHOMyY 3Ha4YeHuIo.

PucyHok 38 — NpumMep rpadpuka 3aBUCUMOCTU OT BpEMEHW CpeAHero napaMeTpa noToka oTkasoB Z(f, t + 1/4)

6.4.6 CpegHaa HapaboTka oo oTKasa

MTTF (cokpalueHue)

a) B cnyyae BoccTtaHaBnMBaeMoro anemMeHTa u Npu BbINOMTHEHWUN NPEANONOXKEHUSA «COBCEM KaK HOBbIN»,
MTTF umeeT 10 e camoe 3Ha4yeHue, yto u MTTFF (cpeaHsas HapaboTtka fo nepBoro otkasa). OHa MOXeT
ObITb BbMUCIIEHA MO cneaylowen popmyne:

MTTF = MTTFF = [ tf(t)dt = [ R(t)dt,

0 0
rae R(f) — sepoAaATHOCTb 6e30Tka3HON paboTbl 06bekTa
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R(t)= ]Zf(s)ds.
t

Ecnun umetotca HapaboTku A0 oTkasa n 06LEKTOB U3 OAHOPOAHOM COBOKYNHOCTH, TO oueHka MTTF umeert Bug;:

m
Z(Hapaﬁoma)i
MTTE = Obuwas HapaboTka _ i=t ,
ko ko

rae «obwasn HapaboTka» — COBOKyNHasi (CyMMapHas) HapaboTka Bcex n 00beKTOB 3a AaHHbIN Nepuos Bpe-
MeHU; ko — obLiee KONM4ecTBO 0TKa30B 00bLEKTOB PaboTaBlUMX B TEYEHWE 3a[aHHOMO Nepuoaa BPEMEHMU;
«(Hapaborka),» — o0was HapaboTka i-ro 00bLeKkTa 3a 3a4aHHbIA NEPUO] BPEMEHM.

b) Ecnu HapaboTku A0 0TKa3a NOAYMHAIOTCA 3KCNOHEHUManbHOMY pacnpeaeneHuio, To

1
MTTF = —.
A

¢) ina COI ¢ MHTEHCUBHOCTLIO 0TKa30B A = 2 (ropa)~":

1
MTTF = 3= 0,5 (ropa) = 4380 u.

6.4.7 CpegHee BpeMsA Mexay otkaszamm (cm. 3.3)

METBF (cokpawieHue)

MpuBeaeHHbIe HXKE BbIPaXeHUs cnpaseanuebl Take ans 101,
a) B cootsetctBuM ¢ 6.1.4 METBF = MUT + MTTR:

METBF = [ tf,(t)t + [ tgp(t)t.
0 0

Ecnun o6bekT paboTaeTr HeNpPepPLIBHO:
METBF = MTTF + MTTR.

MpumMmedyaHune — B cnyyasx, korga npegnonoxexune 5.5.1 f) HecnpaBeanuBo, BPEMSA MEXAY OTKa3aMu MOXET
BKITHOMaTb HEKOTopble Nepuobl HepaboToCnoCOBHOTO COCTOSIHUS, CBSI3@HHbIE C BBIMONIHEHWEM NPOGUNAKTUHMECKOrO TeX-
Huy4eckoro obenyxusanuns. Torga opmyna, yctaHoBfeHHas B 6.1.4, Bce elle cnpaBeanuea:

METBF = MUT + MDT.

b) Ecnu umetotca gaHHble 06 0Tka3ax n aHanornyHbIX BOCCTaHABNUBAEMbIX 0OBEKTOB, TO OLEHKA Cpea-
HEero BpEMEeHu Mexay oTkasamu UMEeT BUA:

n

Z(BpeMﬂ HabnoaeHni);
Obuiee Bpems HabnogeHun ;4

METBF = = = METBF,
ke ke
roe «obuiee BpemMs HabnoAeHUI» — COBOKYMHOE KaneHaapHoe Bpemsi HabnogeHnin 3a Bcemu n o6bekTamu,
BKIIOMasA nepnogbl paboTocnocoBHOro M HepaboToCNOCOOHOrO COCTOAHUS;
«(Bpems HabnoaeHuin)» — NornHoe KaneHaapHoe Bpems HabnaeHUi 3a i-M 06bEKTOM, BKIOYas nepuo-
Abl paboTocnoco6HOro n HepaboToCcnoCoGHOro COCTOAHUS;
kg — obuiee konm4ecTBo OTKa30B N 00LEKTOB 38 YCTAHOBNEHHOE BPEMs HabnoAeHNiA.
¢) Ecnu npoaomxmTensHOCTbL paboToCnoCOBHOr0 COCTOSAHUSI M BPEMA BOCCTaHOBNEHMA 00bekTa noa-
YUHAIOTCS SKCTIOHEHLMansHOMY pacnpeaeneHuto, To

1 1 A+
METBF = — + — = ZUTHR
u MR AMg
Ecnmn 0GbekT paboTaeT HenpepbiBHO, TO A = A.
d) ins 06bekTa HeNPepbLIBHOMO ANUTENLHOTO MPUMEHEHUSI C MHTEHCUBHOCTbIO 0TKa30B A = 2 (roaa)~" u
WHTEHCMBHOCTbLIO BOCCTAHOBNEHUM Ug = 10 (ner)™!
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12
METBF = 20 0.6 (ropa) = 5256 ().

6.4.8 CpegHsaa HapaboTKa Mexay oTKkasamu
MOTBF (cokpavieHune)
a) Ha ocHoBe npeanonoxeHuii B 5.5.1

MOTBF = MTTF (cm. 6.3.8).
b) Ecnu HapaboTkM A0 OTKa3a NOAYUHSIIOTCA SKCMOHEHUMANbHOMY pacnpeaeneHuto, To

1
MOTBF = —.
A
¢) Ans 06beKTa HeNPepPBLIBHOTO ANUTENLHOMO MPUMEHEHNS C MHTEHCUBHOCTBLIO 0TKa30B A = 2 (roaa)™"!
1
MOTBF = - = 0,5 (roaa) = 4380 (v).

6.4.9 MrHoBeHHbIN KO3 ULMEHT rOTOBHOCTHU
O6o3HaveHne A(f)
MpuBeaeHHbIE HKE BblpaXKeHuA cnpaseanuebl Takke ans IOl

A
Cnyvaii 1 | Cnyuaii 2
Touka t-x
BOCCTaHOBNEHUS!
Pa6otocnoco6Hoe
cocTosiHue

Hepa6otocnocoGHoe

CoCTOsHUE _

0 t X t Bpems

PucyHok 39 — U3ameHeHue KoadduLineHTa roToBHOCTU B MOMEHT BpeMeHW t As aNeMeHTa ¢ HEHYNEeBbIM BpeMeHeM
BOCCTaHOBEHUS

a) Kak nokasaHo Ha pucyHke 39 ansa onpeaeneHuss MrHOBEHHOro koadduumeHTa rotoBHocTu A(f) obb-
eKTa B MOMEHT BPEMeHHU { cneayeT pacCMOTPETL ABE CUTYaLUUK:

- 3a nepuog spemenu [0, f] He Npom3oLWwno HM OAHOro oTkasa R(f);

- N0 KpanHen mMepe, 0AMH OTKa3 Npou3oLlen B MOMEHT BpeMeHU X < {, B Nepnog BpemMeHu [x, tf] He npo-
M30LUSIO HU OAHOTO OTKa3a.

[MoaTOMY MIHOBEHHbIN KOAPDULNEHT FOTOBHOCTU MOXKHO ONPEAEnUTL NPM UCNONb30BaHMK napamMeTpa
noToka BoccTaHoBneHui v(f) obbekTa, KOTOpbIN SABNSAETCS BEPOATHOCTbLIO TOr0, YTO BOCCTAHOBIIEHUE 3aBEp-
LIaeTcs B MOMEHT BPEMEHMH £

t1
A(t)= R(t)+ [ R(t - x)v(x)it.
0

3ameHAn BepOATHOCTb GesoTkasHoi pabotel R(f) Ha F(f) = 1 — R(f) BbIpaXxeHne AnA MIHOBEHHOIO
KO3(phuLMeHTa roTOBHOCTU BOCCTAHABNUBAEMOTO OObEKTA C HEHYNEBLIM BPEMEHEM BOCCTAHOBIIEHUA B MO-
MEHT BpeMeHM { MOXXHO 3anucaTtb B Buae (cM. [4], [5] u [22]):

t1
Alt)= 1—FU(t)+J.[1—FU(t—x)]v(x)dx,
0
rae F,(f) — dyHKuus pacnpeaeneHns NpoLorHKUTENLHOCTM paboToCNOCOBHOro COCTOAHMA 00bEKTa

t
Fut) = [fu(s)s,
0

F(f) — BEpPOATHOCTb TOrO, YTO NPOAOMKUTENBLHOCTL PAGOTOCNOCOBHOTO COCTOAHNA 06beKTa MEHbLLE UM
pasHa f IRj(t) =1-Fy®; .
v(f) — MIHOBEHHBII NapameTp NOTOKa BOCCTAaHOBNEHMUI 0ObEKTA.
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MpumeyaHune — MrHoBeHHbIW KO3hdULMEHT roToBHOCTU A(f) npeacTasnaeT coboil BepoATHOCTb TOr0, YTO
06beKT HaxoguTcsi B paboTocnoco6HOM COCTOAHUN B MOMEHT BpeMeHU . OTO NPOUCXOAUT B crlyyae, ecrnu y obbekTa He
6bINoO OTKa30B 10 MOMEHTa BpeMeHu { unu ecnu y obbekTa 6bina roToBHOCTL B MOMEHT BpeMeHu £ — s U 3a nepuop Bpe-
MeHMU [t — s, t] OTKa3bl He BO3HUKaNW. 3TO NPUBOAUT K CrieAyIollieMy UHTErpanbHOMY ypaBHEeHMIo (CM. [4]):

t
Alt)=1-Fy(t)+ [ fryy (S)A( - s)ds,
0

KOTOPOE MOXET ObITb peLeHo YNCNeHHbIMKU MeTo4aMuU, rae

t
freu(t) = [gr(t - s)fy(sXis
0
ABNAETCA NNOTHOCTLIO pacnpeaeneHna CyMmmbl NPO4OIKUTENBHOCTU paﬁoTOCHOCO6HOFO COCTOAHNA N COOT-
BeTCTByIOLIJ,ero BpeMeHl/I BOCCTAHOBNEHUAA,

b) Ecnu nmetoTca AaHHble ANA N BOCCTaHABMMBAEMbIX 0ObEKTOB U3 OQHOPOAHON COBOKYMHOCTKU, TO
oueHka A(f) umeet Bua:

rae ny(f) — konn4ecTso 0OLEKTOB, HAXOAALLMXCA B paboTOCNOCOGHOM COCTOSAHMM B MOMEHT BpeMeHH {. Ecrin
00bekT pabotaet HenpepbiBHO, TO Ry (f) = R() v fy(f) = f(f).
¢) Ecnu npoaomkuTenbHOCTL paboToCNOCOBHOTO COCTOSIHUSI U BPEMSA BOCCTaHOBIEHUA MOAYMHAIOTCA
9KCNOHEeHUManbLHOMY pacnpeaeneHuto, To, UCMONb3ys MapKOBCKME METOAbI Unu npeobpasosaHue Jlannaca,
MO>XHO MONYYUTb criegyloLlee BbipaxeHue (cM. [4], [6] u [7]):

A= —HR__ U
Ay+HR Ay +HR
Ecnun o6bekT paGoTaet HenpepbIBHO, TO Ay = A,

d) Ha pucyHke 40 nokasaHo npumeHeHue npuseaeHHon popmynel AnA COIl ¢ MHTEHCUBHOCTbIO OTKa308B
A =2 (rona)~! n MHTEHCMBHOCTLIO BOCCTAHOBAEHWIA Mg =10 (net)".

exp[ —(Ay +p1g)t].

MrHoBeHHbI KoatULIMEHT rOTOBHOCTU A(f)

1,00 * I

0,96 —
] \ / 0,850
0,92 /

0,88 \ / 0,838 | 0,834 0,833

0,84 i L 1 \1—;

—
o o1 02 03 04 05 06 07 08 09 1,0
Bpewms, net

PucyHok 40 — padbmk 3aBUCUMOCTH OT BPEMEHU MIHOBEHHOO KoadduLmeHTa rotoBHocTH A(t)

6.4.10 MrHoBeHHbI# KO3 (PULIMEHT HEFOTOBHOCTHN
O6o03HaueHue U(D)

MpuBeaeHHbIE HWKE BLIPAXKEHMA cnpaBeanuBbl Takke ans 101,

] OTKkas t-x

PaGotocnocobHoe
COCTOsIHUE

Hepa6otocnocobHoe
cOCTOsHUE

0 X t BpeMVn

PVlcyHOK 41 — N3aMeHeHne COCTOSAHUS HErOTOBHOCTU B MOMEHT BpeMeHU t ansa 00beKTa C HeHYNeBbIM BpeMeHeM
BOCCTaHOBNEHUA
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a) MrHoBeHHbIN KO3IUUMEHT HeroToBHOCTU U(f) paBeH BEPOATHOCTU TOrO, YTO OOBLEKT HaxXo4WTCs B
HepaboToCNOCOGHOM COCTOSAHUM B MOMEHT BpeMeHu t. Kak nokasaHo Ha pucyHke 41 06bekT HaXoAUTCA B He-
paboTocnocoGHOM COCTOSIHUM B MOMEHT BpPEeMEHM £, eCru 0TKa3 NpoM3oLLEen B MOMEHT BPEMEHM X U BOCCTAHOB-
neHue He 6bINo 3aBepLUEHO B Nepuog BpemeHH [x, f]. MosTomMy MrHOBEHHBIN kKoadhchmumneHT HerotoBHocTH U(f)
BOCCTaHaBNMBaeMoro o6bekTa ¢ HEHYNEBLIM BPEMEHEM BOCCTAHOBEHMSA MOXHO 3anucarth B Buae (cMm. [22]):

t
U(t)=1- A(t) = [[1- Gr(t - x)] z(x)dx,
0
rae z(f) — MrHoBEeHHbI napameTp NoToka oTkasos 00bekTa; Gr(f) — hyHKUMS pacnpeseneHns BpeMEHN BOC-
CTaHOBNEeHns 0GbeKTa
t
Gr(t)= [gr(s)is,

0
KoTopas npeacrasnsieT cob60il BEPOATHOCTb TOFO, YTO BOCCTAHOBIEHNE O0ObEKTA 3aBEpLUEHO B MOMEHT Bpe-
meHu t. B aToin dhopmyne gg(f) — yHKUUS NNOTHOCTH BPEMEHWN BOCCTAHOBNEHNA 06bEKTa;

b) Ecnn nmetotcs gaHHble 0 HepPaboToCNOCOOHOM COCTOSIHUK AN N BOCCTaHABMNMBAaEMbIX 0ObEKTOB U3
O04HOPOAHOWM COBOKYMHOCTU, TO oueHka U(f) umeer Bua:

rae np(f) — Konm4ecTso 06LEKTOB, HAXOAALLMXCA B HEPABOTOCNOCOBHOM COCTOAHUN B MOMEHT BPEMEHM £.
¢) Ecnn npogomxutensHOCTb paboTocnocobHOro coCTOSHUA 0ObeKkTa U BPEMS BOCCTAHOBIEHUS NMOA-
YMHSAOTCA 3KCNOHEHLMansLHOMY pacnpeaeneHuio, To (cm. [6] u [7]).

A
(t) = m('] - eXp[f(KU +UR )t])

Ecnn o6bekT paGoTaer HenpepsIBHO, Ay = A.
d) Ha pucyHke 42 noka3aHo npuMeHeHue npusedeHHon Boiwe dopmynbl An COl ¢ MHTEHCUMBHOCTLIO
0TKa30B A = 2 (roaa)~" 1 MHTEHCMBHOCTBLIO BOCCTAHOBNEHMIA Mg =10 (nen)1.

MrHoBeHHas HerotoBHOCTb U(f)
A

LN /

°'12_ \ \o,162 | \o,168| 0,167

0,08 / \ \0,152
0,1

0,04 \0,116
0 | -
0 01020304 0506 07 08 09 1,0

Bpewms, net

PucyHok 42 — Mpaduk 3aBUCUMOCTY OT BpeMeHU MIHOBEHHOIO KoadduumeHTa HeroToBHOCTH U(f)

6.4.11 CpeaHun k03P ULMEHT TOTOBHOCTU

O6osHaueHue A(ty, ), 0ty < t,.

MpuBeaeHHbIE HUXKE BbIPAXEHUA cnipaBeanuebl Takke ans 10I.

a) B cooTBeTCTBUM C ONpeaeneHnemM cpegHuii KoadULUEHT rOTOBHOCTU UMEET BUA:

— 1 tz
Altyty) = | Attt
t,—t
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t

2
Wurerpan jA(t)dt npeacraBnsieT cobon MaTeMaTuyYeckoe oXxuaaHue NpoaoIHKUTENLHOCTU paboTocno-
t1

COGHOro COCTOsIHUA 0GLEKTa, HAKONIMEHHOM 3a Nnepuoa Bpemenu [t t,], cneaosarensHo, A(t,. t,) npeacrasns-
€T coboi MaTeMarnyeckoe oOXXxmaaHue 40Ny Nnepuoaa BpeMeHU [t,. t,], B Te4eHune koToporo 00BbEKT HaxoauTCSA
B paboTOCNOCOGHOM COCTOSIHUMN.

W3 aToro cnegyer, YTo cpeaHui KO3 PUUNEHT roTOBHOCTU A(t1, t5) N CPEAHSs HAKOMSIEHHAS NPOAOIHKK-
TeNbHOCTL PaboToCNoCoGHOrO cocTosHuA 06bekTa MAUT(, , £,) 3a nepuoa Bpemenu [f;, L] cBasaHbl

t2
MAUT(t;.t) = [ A()dt = Alty.ty) - (t2 ~ ).
t1

b) Ecnu uMeloTca AaHHbIe O NPOAOMKUTENLHOCTAX paboToCNOCOBHOIO COCTOSIHUA 0ObEKTa 3a nepuoz
BpemeHu [f;, L] ana n BoCCTaHABNUBAEMbIX 0GLEKTOB M3 OHOPOAHOI COBOKYMHOCTH, TO OueHKa A(fy, L)

uMeeT BUA:
n

Y (npogomkuTensHocTs Pc),
O6LWwas NpoACIHKUTENbHOCTL Pc

(ta—t))n (ta-t)n
rae «obLias npoaomMKUTENBHOCTL PC» — COBOKYNHAsi NPOAOIDKUTENBHOCTL PaboTOCNOCOBHOIO COCTOSIHMA
BCEX 11 00LEKTOB B NEpUOA Bpemenu [t L], «(npoaomiuntensHOCTh Pc)» — obLiee Bpems pabo-
TOCMNOCOBHOrO COCTOSHMSA i-ro 06bEeKTa 3a nepuoy Bpemenn [t &),
¢) OueHka cpeaHei HaKONNEHHOW NPOAOIMKUTENBHOCTHU paGoTocnocoGHoro coctosiHua MAUT(,, t,) 3a
nepuos Bpemenu [t,, t,] nmeer eua:

Aty ty) =

)

n

Z(I'IPOLIOJDKMTeﬂbHOCTb Pc) ;

AUT (tty) = O6bLan I'IpO,EI,OJ'Ir),KVITeI'IbHOCTb Pc_ izt ,
n

rae «obLas npoaoImKUTENBHOCTE PAbOTOCNOCOGHOIO COCTOAHUA OObeKkTa» — COBOKYMHAs MPOAOIKUTENb-
HOCTb PaBoTOCMOCOGHOIO COCTOSAHUA BCEX N OOBLEKTOB 3a nepuoa Bpemenn [f,, L], «(NpoaomIMTENLHOCTL
Pc)» — obwwas npoaomKkmuTenbHOCTL paboTocnocoGHOM0 COCTOAHMSA i-ro 006bLEKTa 3a nepuoa spemen [t t];

d) B coOTBETCTBMM C NPeanonoXeHnAMMN 5.5.1 acCUMNTOTUYMECKUIA cpeaHni KO3(PULIMEHT FOTOBHOCTU

A= 1flim Z(t1, ) paBeH acuMNTOTUYECKOMY KO3(hbULMEHTY rOTOBHOCTK (cM. 6.1.2.3 1 [20]):
2%

o MUT
" MUT +MTTR’

e) Ecnu npogomxutensHOCTb paboTocnocoBHOro CoCTosiHMS 06bekTa U Bpemsi BOCCTaHOBIIEHUS] 06b-
eKTa MoJYMHAIOTCA 3KCMNOHEeHUManbHOMY pacnpeaeneHuto, To uHTerpuposanue A(f) no uHTepsany BpemMeHu
[t;. t,] Aaer:

A=A

(to~t)ue , Py {exp[-(hy +pr)t]-exp[-(hy + ur)t2 ]}
Ay +UR (Ay +ug )2 .

[eneHue 3T0ro BhipaXeHus Ha (£, — ;) NPMBOAMT K CMeayIOLMM pesynsraram:

MAUT(t,ty)  ug T exp[-(Ay +ug)t |- exp[-(hy +ur)t2 | Z(ttp)

-t MtER  (hy+pg) th—t Ay

MAUT (t;,t,) =

Aty ty)=

Ecnun oBbekT paGoTaeT HenpepbIBHO, TO A = A.

f) Ha pucyHke 43 noka3aHO NpUMEHEHWE NOMy4YeHHOW Bbile hopmynbl AN 0ObEKTA HENpPepbIBHOMO
ANUTENBHOTO MPUMEHEHUS C MHTEHCUBHOCTBIO 0TKa30B A = 2 (foga)~! N UHTEHCUBHOCTBIO BOCCTAHOBIIEHMIA
Hg = 10 (ner)™".
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CpeaHuii koabduLMeHT roToBHocTH A(L, ¢ +1/4)

5

0,90
0,887
0,89
0,88 \ 0 QEE
0,87 V
\ |/ | oss

0,86 /'—
0,85 A( 0,835_| 08335 0,8333___|
0,83

0 01 02 03 04 05 06 07 08 09 10
Bpemsi, net

PucyHok 43 — padpnK 3aBUCUMOCTM OT BPEMEHH cpeaHero koadduLmerTa rotosHocTn A(t, t + 1/4)

CpeaHsia HakorneHHas NPOAOKUTENBHOCTL paboTocnocobHOro coctosHus obvekra MAUT (0,1) B Te-
YeHue NepBoro roga MoXeT ObITb BbIMUCIIEHA CreayoLLmnM obpa3som:

_ AaloMalX Nea(213), 43
MAUTwAy-A@A)L1A(Q4)+A[12)+A(Z4J+A(4JH/¢

MAUT(0,1) = (0,8875 + 0,8360 + 0,8335 + 0,8333)/4 = 0,847 net = 7424 u.

6.4.12 CpeaHuii kK03¢hHULMEHT HErOTOBHOCTH

OGosHavenue U(ty, ), 0t <1,

MpuBeaeHHbIe HUXE BblpaXKeHUA cnpaBeanuebl Takke ans 101,

a) B cooTBeTcTBUM C ONpeaeneHnemM cpeaHmnii KoadPULMEHT HEFOTOBHOCTU UMEET BUA:

Uty tp) =

t—t

t,

2
WHTerpan jU(t)dt npeacraenser cobon MateMaTtui4eckoe OXxuaaHue NpPoAoImMKUTENLHOCTU HepaboTo-
t1

CMOCOGHOTo COCTOsIHMA 06beKTa, HaKOMMEHHOM 3a nepuoa Bpemenu [t;, L], cnenosarensHo, L7(t1, t,) npea-
CTaBnsieT cobOoi MaremMaTn4eckoe OXnaaHue A0 Nepuoaa Bpemenn [t, b,], B Te4eHne KOTOpOK 0ObLEKT Ha-
XOAUTCA B HepaboToCcnoCOGHOM COCTOSIHMMA.

N3 atoro cnepyert, 4Tto cpeaHuin KO3AMPULMEHT HErOTOBHOCTMU U(t1, t,) 1 cpeaHssi HakonNneHHasa npo-
AOIDIUTENBHOCTL HEPaBGoToCNoCcoGHOro cocTosiHuA obbekta MADT(t,, ) 3a nepuop Bpemeni [{;, t,] CBA3aHDI

t,
MADT(ty.t,) = [U(t)dt = Ulty,tp)- (tp — ).
t1

b) Ecnu umelotca aaHHbIe 0 NPOAOCIDKUTENBHOCTU HEPAboTOCNOCOBHOIO COCTOsIHUA 0ObekTa 3a nepu-
of Bpemenu [t, L] Ana n BocCcTaHaBNMBaeMbIX 0GLEKTOB M3 OAHOPOAHON COBOKYNHOCTH, TO oueHka U(t, L)
nmeer Bua:

n

> (8pems He),
= Ob6uee Bpema He ;4
Utty) = =
(tz—ti)n (tz—ty)n
c) OueHka cpefHew HaKONMEHHOW NPOAOMKUTENBHOCTU HepabBoTOoCNOCOBHOro COCTOSIHUS 0BObekTa
MADT(¢,, ,) 3a nepuoa BpemeHnn [y, £,] nmeert Bua:

n
Bpemsi He).
_ O6Lee Bpemst He Z( P )’

MADT(t,t,) = = = ,
(t,t2) - -
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rae «obLan NpoAoIMKUTENBHOCTL HC» — COBOKYNHAsi NPOAOCIIMTENbHOCTL HEPABOTOCNOCOBHOIO COCTOSIHUA
BCeX 11 0GLEKTOB 3a Nepuoa BpeMeHm [i;, L], «(NpoaomkuTensbHOCTL HE)» — obLuas npogomiu-

TENbHOCTb HEPaboTOCNOCOGHOrO COCTOAHUA i-r0 0OLEKTa 3a NepuoA BpemeHH [f;, ).
d) B cooTBETCTBUM C NPEANONOXEHUAMM 5.5.1 acCUMNTOTUYECKUI CpeaHnin KO3 (PULIMEHT HETOTOBHOCTH

U= tlim U(ty, 1) paBeH acumnToTuyeckomy koadpuumeHTy HerotoBHocTU U (CM. 6.1.2.3 1 [20]):

2
MTTR
MUT +MTTR’

e) Ecnn npogomxutensHOCTL HePaboTOCNOCOGHOrO COCTOSIHUA OOBLEKTA U BPEMSI BOCCTAHOBMNEHUS NOA-
UMHSIIOTCS KCNOHEHLManNbLHOMy pacnpeaeneHuio, To uHTerpuposanue U(f) no nutepsany [t,, t,] naer:

MADT (t,.t,) = (ti —t)hy Ay {exp[-(\y + 1R )t ] —exp[-(hy + 1R )tz]}_

U=U-=

UTHR (A +pr)’
[leneHue 3T0r0 BhIpaXKEHUs Ha (£, - {;) NPUBOAWT K CrieayloLieMy pesyrnbrary:
_ MADT(t,t) Ay o e[ -(Ay +ur)t |- exp[—(Ay +R) tz] Z(tn2)
U(ty,tp)= P - — ;
-4 UtHR (A +pr) 2t u

Ecnu 06bekT paGoTaer HenpepbiBHO, TO Ay = A.
f) Ha pucyHke 44 nokasaHo npumeHeHue npuseaeHHon hopmynbl aAnst COl ¢ MAHTEHCUBHOCTbLIO OTKAa30B
A =2 (net)~! U MHTEHCMBHOCTBLIO BOCCTAHOBREHMUI bR =10 (nen)1.

CpeaHuit koathmumeHT HeroToeHocTn U(t, £ +1/4)
\

h 4

0.14 / \ \0.162
012 0,150

b 0,113

|

0,10 1
o o1 02 03 04 05 06 07 08 09 10
Bpewms, net

(=]

PucyHok 44 — pachuk 3aBUCMMOCTHM OT BpEMeHM cpefiHero koadduuuenTa HerotosHocTu U(t, t + 1/4)

CpeaHssa HakonneHHas NPOAOIMKUTENLHOCTL HepaboTocnocobHOro coctosHua obvekta MADT(O, 1) 3a
I'IepBbIl7I rog MOXXeT ObITb BblYMCNEHA cneayowmm 06pa30M:

~ (1 11 13), (3
MADT(0,1) = U(0»1)'1:[U(° 4)+U(Z §)+U(§ Z)+U(4 )]/4’

MADT(0,1) = (0,1125 + 0,1640 + 0,1665 + 0,1667)/4 = 0,152 net = 1335 u.

6.4.13 AcuMnTOTUYECKUIN KO3 (DULIMEHT TOTOBHOCTHU

O6o3HaueHue A

MpuBeaeHHbIE HMKE BblpaXeHUs cnpaseAnuebl Takke ansa 101,

a) Ecnu craumoHapHoe COCTOSIHME CYLLECTBYET, aCUMNTOTUYECKMIA KOI(PPULUMEHT FOTOBHOCTH paBeH
acUMNTOTUYECKOMY CpeHeMY KOA(PULIMEHTY TOTOBHOCTU U MOXET ObiTb BbIMMCIEH NO cneayiowen obuen
dopmyne (cm. 6.1.2.3):

MUT
MUT +MDT’

MockonbKky B HACTOSALLIEM CTaHAaapTe npodunakTuyeckoe obCnyxuBaHue He paccmoTtpeHo, MDT =
= MTTR (CM. pUCyHOK 2)

lim A(t)= A(e) = A= A=
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A MUT
" MUT+MTTR’
Ecnu, kpoMe Toro, 06bekT paboTaeT HENpPepbIBHO, TO

_ MTTF
T MTTF+MTTR’

Ecnu npoaomKMTENLHOCTb p360TO0H0006HOF0 COCTOSIHWSI U BPEMS BOCCTAHOBNEHUSI 0GbeKTa NoAYNHS-
0TCA 9KCNOHEeHUManbHOMY pacnpeaeneHuto, 1o

- _HR
Ay +UR
Ecnu o6bekt pabGoTaeT HENpPepbIBHO, TO Ay = A.
b) Ons COl ¢ MHTEHCUBHOCTLIO OTKAa3oB A = 2 (roaa)~! M MHTEHCUBHOCTLIO BOCCTAHOBMEHWII MR =
=10 (ner)™"!
_ 10

A=
12

=0,83.

3T0 nokasaHo Ha pucyHke 40.

6.4.14 AcuMnTOTUYECKMI KO3 (PULIMEHT HEFTOTOBHOCTU

Obo3HaveHue U

MpuBeaeHHbIEe HDKE BbIpAXKEHUA cnpaBeanuebl Takke ans 10I.

a) Ecnu cTaumoHapHOe COCTOSIHWE CYLLECTBYET, aCUMMTOTUYECKUIA KOIPIULIMEHT HEFOTOBHOCTU PaBEH
acUMNTOTUYECKOMY CpeaHEMY KOS(PPULIMEHTY HEFTOTOBHOCTM M MOXET BbITk BEIMUCIEH NO cneayoLei obLuen
dopmyne (cMm. 6.1.2.3):

. = MDT
PV O= I =0 =Y =g o

MockonbKy B HACTOALLEM CTAHAAPTE MPOMUNAKTUYECKOE TEXHUYECKOE 0OCMYyXMBAHME HE paccMoTpe-
Ho, MDT = MTTR (cMm. puCyHOK 2) U

U =lim um:ﬂz 1- A
f—s00 MUT +MTTR
Ecnu, kpoMe Toro, 06bekT paboTaeT HenpepbIBHO, TO
~ MTTR
T MTTF+MTTR®

b) Ecnu npofomkuTensHOCTb paboToCNOCOBHOIO COCTOSHUS U BPEMSI BOCCTaHOBNEHUS 06bekTa noa-
YMHAIOTCA 9KCNOHEHLUManbLHOMY pacnpeaeneHunto, Toraa

_ My
Ay + 1R
Ecnun anemeHT paboTaeT HENPEPBLIBHO, TO Ay = A.

¢) Ans COl C MHTEHCMBHOCTBIO OTKa30B A = 2 (roga)~! M MHTEHCMBHOCTLIO BOCCTAHOBMEHUS MR =
=10 (nem)™!, Torna:
U= 2 =0,17.
12
3TO NOKa3aHo Ha PUCYHKe 42.
6.4.15 CpeaHssi NPOAOKNTENBLHOCTL Pab0TOCNOCOGHOIO COCTOAHUA O6BbEKTa
MUT (cokpawieHune)
MNpuBedeHHbIE HUXKE BbIPAXKEHMA cnpaBeanunBbl Takke ana lOl.

o

a) MUT = thu(t)dt = [(1-Ry)ityat,
0 0
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rae fy(f) —nNnoTHOCTL pacnpeaeneHns NPOAOIKUTENBHOCTU paboTOCMOCOGHOTO COCTOSAHUS 00BEKTA; F\\(f) —
dYHKUMA pacnpeaeneHnst NPOAOIKMTENBHOCTU paboToCnoCOOHOrO COCTOSAHUA 00beKTa.

MpumeyaHune — Ecnn oBbeKkT paboTaeT HenpepbLIBHO, TO B COOTBETCTBUM C NpeanonoxeHnem 5.5.1 f) (1. e.
Mpu OTCYTCTBUW NPOPUNAKTUHECKOrO TEXHUYECKOro 0BenyXMBaHus):
MUT = MTTF.

OpHako npu Hanu4uu NpodUnakTUYecKoro TeEXHUYecKkoro obcnyxmeaHus cootTHoleHne mexay MUT n MTTF ssna-
eTcst Gonee cnoxHeIM U 06bM4HO MUT < MTTF.

b) Ecnu nMetotcs AaHHbIe 0 nepuoaax paboTocnocoBGHOro COCTOSIHUA ANsi N BOCCTAHABNMUBAEMbIX 06b-
€KTOB U3 OAHOPOAHON COBOKYMHOCTU, TO oueHka MUT umeer Bua:

n

Z(I‘IpO[J,OJ‘I)KVITeJ'IbHOCTb Pc)i
O6was npogonmxutensHocte Pc 4

I\WLJ\T = = 3
ky ky
roe «obLas npoaomKUTENsHOCT PC» — COBOKYNHast NPoAOMKUTENBHOCTL PaboTOCNOCOGHOIO COCTOSIHUSA
BCEX N 0GBLEKTOB 3a YCTaHOBMNEHHOE BpemMsi HabnoaeHus; k ; — obLuee KonM4ecTso 06bLEeKTOB B paboTocno-
COGHOM COCTOSIHWUM 38 BpeMsi HabnoaeHui; «(NpoAoMKNTENLHOCTL PC)» npeacTasnaet coboi obLyio npo-
AOIMKUTENBHOCTL PaboTOCNOCOOHOIO COCTOSIHUA i-r0 OOBbEKTA 3a YCTAaHOBMEHHOE BpeMs HAbnoaAEeHUN.

TIPUMEP. Paccmompum o6bexkm, omHocsiwutics k 101, komopbili pabomaem Kak onucaHo Huxe. O6bexkm
HavyuHaem pabomams e MoMeHm epemeHu t = 0 u dosmkeH pabomamb (Haxodumscs e pabomociocob6Hom co-
CMOSIHUU) 8 meYyeHue ycmaHoeJIeHHo20 nepuoda epemeHu [0, X], X > 0, npu amom o6LeKkm Moxem omKa3sbieams
€ TOCMOsAIHHOU UHMeHCcUeHOCMbIO omKa3oe ). > 0. Ecnu y o6bekma He 6b1710 omKa3oe 3a 3mom nepuod epemMeru,
ee0 He ucnonb3ytom e nocnedyrowull pukcupoeaHHbill nepuod epemeru [X, X + Y], Y > 0, eo epeMss Komopoz0o
o06Lekm He Moxkem omka3amb (M. e. 06bLeKm Haxodumcs 8 COCMOSIHUU J1IaH08020 NPocmosi). B MomeHm epeme-
HU t = X + Y HayuHaemcs cnedyroujee nosmopeHue npoyecca (hyHKUUOHUPOBaHUSA (Kak ¢ UCXOOHO20 MOMeHmMa
epemenu t = 0), Hezasucumo om nNpedbidyuiell ucmopuu npoyecca pyHKYUOHUpPOoeaHUss o6bekma. Ecnu o6Lekm
omka3ableaem e nepuod spemeHu [0, X], eeo soccmaHaenuearom Ao UCXOOHO20 HO8020 COCMOSHUA U 3ameM
noemopsitom npouecc pyHKYUOHUPOBaHUSA CHOBa, KaK @ Ha4yallbHbill MOMeHm epemeHu t = 0, He3agucumMo om
npedbidyweld ucmopuu npouecca hyHKUUOHUPOBaHUs1 06bekma. [TpodosmkumernHOCMU peMoHmMa He 3aeucsam
dpye om dpyaa u maioke He 3asucsm om npeduidyueli ucmopuu npoyecca pyHKYUOHUPOEaHUs1 06Lekma (cMm.
pucyHok 45).

\
X X X X
Pa6ouee A A A A
COCTOSIHUe
PaGoTocnocobHoe
COCTOsIHUE
CocrosiHue
nnaHoBoro
npocTost M M Touka
BOCCTaHOBINEHUA
Hepa6otocnocoGHoe
COCTOsIHME \
Bpems
t=0 X X+Y 2X+Y 2X+2Y|3X+2Y
OTKas BoccraHoBneHve

PucyHok 45 — MNpumep cocTosHWIA aneMeHTa

M3 npuBeaeHHOro ONMcaHus ACHO, YTO NOCNEA0BAaTENbHbIE NPOAOIMKUTENBHOCTU PaboTOCNOCOOHOrO CO-
CTOSIHUSA CTaTUCTUYECKU HE3aBUCUMbI U SBMSAIOTCS OAUHAKOBO pacnpeieneHHbIMU NONOXKUTENbHBIMU, HEenpe-
PbIBHBLIMU Crly4alHbIMWU BenuYmMHamu. MNoaromy ans sbiyucnedma MUT MOXHO pacCMOTPETL MPOAOSHKUTENb-
HOCTbL paboTOCNOCOBHOO COCTOSAHNA 0OLEKTa A0 NEPBOro 0Tkasa, dyHkums A (f) M300pakeHa Ha pucyHke 46.
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M0
X X X X
A A f—H A
A
Y Y Y
— A ] A A
0 -
t=0 X X+Y  2X+Y 2X+2Y  3X+2y 3X+3Y  4X+4Y Bpemst

PncyHOK 46 — DyHKLMS Ay (t)

AHanutuyecku Bua A (f) MOXHO npeacTaBuTb CREAYOLIMM 0Gpasom:
recnmn (X +Y)<t<n (X+Y)+ X

Ay (t) = (X+Y) (X+Y) n=012,...
O,ecrmn-(X+Y)+ X <t<(n+1)-(X+Y)

MockonbKy

t
1-Fy(t)= exp[— | xu<x>dx],
0

B COOTBETCTBUM CO CBONCTBAMMU A (f) 9TY dopMyIy MOXHO 3anucaTh B BUAE:

exp(-A-(t-n-Y)),ectm n-(X+Y)<t<n-(X+Y)+ X
1- u(t)_{

=0,12,...
exp(—A-(n+1)- X), ecrm n-(X+Y)+Xst<(n+1)~(X+Y)’n T

WnTerpuposanne 1 — F(f) no uxtepsany [0, ] N03BONSAET nonyunTh BhipaxkeHue ans MUT oGbekra:

MUT:1+Y M: MOTBF +Y. exp(=A- X)

A 1-exp(=A- X) 1—exp(-A- X)

BTopoit uneH aToit hopMynbl paBeH cpeaHei HaKoMMNEeHHON NPOACMKUTENBHOCTU NNAHOBbLIX NMPOCTOEB

1o oTkasa o6bekTa. Mpn A = 0,01 4= n X = 10 4 nonyyeHs! cneayioLme sHaqenus MUT Ans HEKOTOPbIX 3Ha-
yeHun Y.

MUT=1954uygna Y=104, MUT =290y ana Y= 20y,

MUT =575y ana Y=504, MUT =1051 4y ana Y= 100 v,
TOorga Kak
MOTBF = 100 (v).

¢) Ecnu npogomimntenbHOCTb patoTocnoCoBHOro COCTOAHUA 00bEKTa NOAYMHAETCA IKCNOHEHLIMANbLHO-
MY pacnpegeneHuto, To

1
MUT = —.
Ay

d) [ina BoccTaHaBNMBaeMoro o6bekra ¢ Ay = 2 (ropa)™!

1
MUT = 2" 0,5 rona = 4380 u.

6.4.16 CpeaHAA NPOAOCIHKUTENLHOCTL HEPA6OTOCNOCOGHOrO COCTOAHUSA 06 bLekTa
MDT (cokpaLueHnue)

MpuBeaeHHbIe HUXe BbIpaXeHus: cnpaBeanuBebl Takke ans 101.

8 MDT = i tgp (t)dt,

A€ gn(f) — NNoTHOCTL pacnpeaeneHns NPoAOIDKUTENLHOCTM HepaboTOCNOCOBHOrO COCTOsHMS 0BbekTa (Ko-
TOpas No ONPEeAEnEeHunio BKIIOYaeT Bpemsi BOCCTAHOBNEHUA 0ObekTa nocne otkasa w/wnm npo-
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[JOMKNTENBHOCTL MPOPUNAKTUHECKOTO TEXHUYECKOTO OBCMY>XMBaHUS), T. €. AN HeGOonbLuMx
3Ha4eHuin At BenuumnHa gn(f) - At npubnuKeHHO paBHa BEPOSTHOCTH TOTO, YTO 0BBLEKT BO3BPALLA-
eTca B paboTocnoco6HOe COCTOsHUE U3 HepaBGoTOCNOCOGHOIrO COCTOSAAHMA 3a Mepuoa BPEMEHH
[t, t + Af] B NpeANONOMXEHUN, YTO Ha4yanom NPOAOIHKUTENLHOCTM HePaBoTOCNOCOBHOTO COCTOSIHUS
saBnaetca spema £ = 0.
b) Ecnn umetotcst AaHHbIE O MPOAOIMKUTENBHOCTAX HepaboToCcnoCOBHOr0 COCTOAHMS ANS N BOCCTAHAB-
nmBaeMbIX 06LEKTOB U3 OAHOPOAHON COBOKYNHOCTH, TO oueHka MDT umeert Bua:
n
Y (npopomkuTenbHOCTS Hc),.
VDT = O6was npogonxutensHocTb He 5
- b
kp kp
rae «obLasa NnpojoMmKUTENLHOCTL He» — COBOKYNHAs NPoaormUTENIbHOCTL HEpaBoToCNoCOBHOr0 COCTOSIHUA
BCEX NN 0OLEKTOB 3a AaHHLIN NEPUOS BPEMEHU;
kp — obLee Konu4ecTBo 00LEKTOB B HEPABOTOCNOCOBHOM COCTOSIHUM 3@ AaHHbLIN NEpUOA BPEMEHM;
«(MPOAOIMXUTENBHOCTL HC)» — 06Las npoaorKUTENbHOCTE HePaboTOCNOCOBHOTO COCTOSHUA i-T0 00b-
eKTa 3a 3afaHHbIM Nepuog BPEMEHM.
¢) Ecnu npoaomKuTensHOCTL HepaboToCNOCOGHOTO COCTOSIHUA NOAYMHSETCA 3KCNOHEHUUANbLHOMY pac-
NPeaeneHnio ¢ NnapamMmeTpoMm Hp, T. €.

9p(® = up exp(—yp D),
Torpa

MDT = -

Up
MpumMmedaHune — B cooTBeTCTBUM C NpegnonoxeHneM 5.5.1 (noboe HepaboTocnocobHoe cOCTosAHUE ABMSI-
eTcs creacTsMeM oTkasa, a NnpodunakTudeckoe TexHNYeckoe obernyxusaHue oTcyTcTBYeT), Nobas NPOJONMKUTENBHOCTD
HepaboTocnoco6HOro COCTOSHUS paBHa BpeMeHU BOocCTaHoBMeHUA, T. €. MDT = MTTR. AnA aKkcnoHeHUuansHoro pacnpe-
AerneHUs NpofoMKNTeNbHOCTM HepaboToCNOCOGHOro COCTORHNA U = HR.

d) Ans BoccraHaBnueaemoro ooLekTa ¢ up = 100 (net)~".

1
MDT = — = =
100 0,01 roga = 87,6 u.

6.4.17 BepOATHOCTb BOCCTAHOBJEHUA
OGosHauenne M(t,, ), 0=t <t,
MpuBeaeHHble HMKE BbIpaXXeHWUs1 cnpaBeanuBbl Takke ansa 101,
a) BepoATHOCTL TOTO, YTO TEXHUYECKOE 0GCny)MBaHUE 00LEKTA 3aBEPLUMTCA B NEPUOS BpEMEHH [t b],
npu yCrnoBuu, 4YTO TEXHUYeckoe 06cnyxuBaHue Gb1no Ha4aTo B MOMEHT BpeMeHu t = 0, UMeeT BUA:
t2
M(ti.t) = [ gua(t)at,
t1
rae gya(d — nNnoTHOCTL pacnpeaeneHust BPEMEHN TEXHUYECKOTo 0BCnyKMBaHMA U PEMOHTA 00bekTa, T. €.
ANs MarbIX 3HAYEHNUI Af BENUUNMHA gy a(0) + Af NPUBNMXKEHHO paBHA BEPOATHOCTU 3aBEPLUEHUA
TEXHUYECKOro 06CNyKMBaHUA U PEMOHTA 0ObEKTa B Nepuo BpEMEHM [t, t + Af] Npn yCNoBMK, YTO
TexHU4eckoe 06CnyX1BaHMe Hayanocb B MOMEHT BpeMeHH £ = 0.
MpumedaHune —MnNoTHOCTb gyalt) OTNMYaeTCs OT NapameTpa NOTOKa BOCCTAHOBIEHUIA, NpeacTaBnsAroLero

co60ii BEpOSTHOCTb 3aBepLUEHUA BOCCTAHOBMEHUS (HanpuMep, TEXHUHECKoro o6y KMBaHUs) Npu ycroBnuu, Yto oGbekT
6bin nonHocTbo paboTocnocobHbIM B MOMEHT BpeMeHu t = 0.

Ha npakTMke NPUMEHSIOT  BEPOSATHOCTb  BOCCTAHOBREHWMs  M(f), onpeaensiemylo  Kak
t

M(t)= M(0,t)= j duma(x)dx,c M(0) = 0. 3TO BEpOATHOCTL TOrO, YTO TEXHUYECKOE 0GCnyXmBaHue Oyaer sasep-
0

LIEHO 10 MOMEHTA BPEMEHH £, NpU YCNOBUU, UTO TEXHUYECKOe 0OCNyXMBaHUE ObINIO HAYATO B MOMEHT BpEMeE-
Hu t = 0, T. e. M() aBnsAeTca OyHKUMEN pacnpeaeneHun NpoACIHKUTENbLHOCTU TEXHUYECKOrO 00Cy XMBaHUS.
®yHkummn M(t;, £,) n M(f) cBasaHbl cneayioLmm o6pasom:

M(t,, t) = M(t) - M(t,).
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MpuMmeyaHunsa

1 M(t) saBnsieTcA aHanorom (ansi AelCTBUIA TexHUYeckoro obcnyxusanus) F(t) =1 — R(t) (ans otkasos). MoaTomy
chopMyrbl BbIBE€HbI TaKMM e 06pa3oM, kak NMpu aHanuie BepoATHOCTU Be3oTkasHoi paboTel. PemoHTOnpurogHocTb M(t)
1 cpefiHee BpeMsi TexHU4eckoro obcnyxusaHusa u peMoHTa MMAT cesisaHbl criegytowmmM obpasom:

MMAT = [1- M(t)dt = [ tgya(t)dt.
0 0
2 [JanHas dopmMyna cnpaeeanuea Ans nobbix 4eNCTBUIA TexHUYeckoro obenyxusaHus. Ecnv npogomkuTensHOCTb
TEXHUYECKOro O6CJ'Iy)KI/IBaHI/IF| N peMOHTa paBHa NPOAOIIKUTENBHOCTU KOPPEKTUPYHOLLEro TeXHN4YeCKoro 060]'Iy)KVIBaHMF|, TO
M(t) = Gpop(t), MMAT = MACMT,

rae Gacm(f) — PyHKUMA pacnpeneneHnst NpoaoHKUTENBHOCTU KOPPEKTUPYHOLLIEro TEXHUYECKOro 06CNYXNBaHNS;
MACMT — npoaomxuTeNlbHOCTb KOPPEKTUPYIOLLEro TEXHNYECKOro obCnyXBaHus.
Ecnun peMoHT paccMaTpuBaroT Kak AeiCTBUe TEXHUHECKOro 06CryXuBaHus, To
M(t) = G (), MMAT = MRT,

rae G(t) — dpyHKUMA pacnpegeneHnsa NPoAoNKUTENIBHOCTA PEMOHTA;
MRT — cpeaHsia NpoAomKNTENbHOCTL PEMOHTA.
AHanornyHo, ecnu TexHn4eckoe obCyXxuBaHne BKIKOYAET BCe AeiicTBUA hopMupyioLye BPEMs BOCCTaHOBIIEHMS, TO

M(t) = Gg(t), MMAT = MTTR,
rae Gg(t) — dyHKUMSA pacnpeseneHuns BpeMeHu BoccTaHoBreHus, MTTR — cpefHee BpeMs BOCCTaHOBNEHNS,

b) Ecnu umetorca gaHHubie 06 m nepuogax TEXHUYECKOr0 0OCNyXXMBaHUA AAHHOTO TMNA, KOTOpble Npu-
Haanexar ogHOPOAHON COBOKYNHOCTHU, oLieHka M(f) umeeT Bua:

-~ m—-m, t
Wi(t) = MmAT ( ),
m
rae myar(f) — KONMYECTBO TEXHUYECKUX 0BCNYXXMBAHMI C NPOAOIHKUTENBHOCTLIO Gonee {, T. €. TEXHUYECKNX
o6cny>KuBaHUN, KOTOPbIE HE 3aKOHYEHbI A0 MOMEHTa BPEMEHM {,

Myat(0) =m.
¢) Ecnn npoaommTenbHOCTb TEXHUYECKOTO 0BCAYXMBAHNS NOAYUHAETCS IKCNOHEHUMANbLHOMY pacrpe-
AENEHNIO C NapaMeTPOM Hiya, T- €.
Ima® = Hya exp(=Hpyad),
Torpa
M(t,, t,) = exp(=bpaty) — exp(—Hyalo),
M6 = 1 - exp(—yad).

MMAT =

Uma

d) Ha pucyHke 47 nokasaHo NpuMeHeHue 3ToN popMyribl ANt BOCCTAHABANBAEMOTO 00bLEKTA C Hya =
=1000 (net)~!, (1. €. 0,114 2 (W) u t, — t, = 16 4 (NpM UCMONL3OBAHWUK YACOB BMECTO fET B KAYECTBE EAU-
HULBI U3MEpPEHUN).

BeposaTHOCTb BoccTaHoBneHust M(t, t + 16 u)

0,839
0,8
- \ 0,474
0,6 \/
- 0,268
0,4 N £
- \( 0,086 | 0,027
0,2 ~—] £ \
T \L
0 -
0 5 10 15 20 25 30
Bpems, 4

PucyHok 47 — Mpacbuk 3aBUCMMOCTU OT BpeMeHn M(t, t + 16 u)
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6.4.18 MrHoBeHHaA UHTEHCMBHOCTb PEMOHTA
O6o3HaueHue U(d)

MpuBeaeHHblE HMXKE BbipaXXeHUsi cnpaBeanunebl Take ans 101,
a) B cooTBeTCTBUM C ONpeaeneHnem

W)= fim LOUE+AO-GWH) __gt)
At0AE 1-G(t) 1-G(t)

rae g(f) — nnoTHOCTb pacnpeaeneHns NPoAOIMKUTENIbHOCTM peMOoHTa 00bekTa (MCKto4as TeEXHUYeckue, no-
rmcTu4eckne u agMUHUCTpPaTuBHbIE NPOCTOMU), T. €. ANA ManbixX 3HadYeHun At senuunHa g(f) At
NpuONMXEHHO paBHA BEPOSTHOCTU TOTO, YTO PEMOHT, HAYaTbih B MOMEHT BpemeHnu t = 0, Byner
3aBepLUeH B nepuoa Bpemenu [, t + Af];
G(f) — dyHKLMA pacnpeaeneHus NPoAOIMKUTENBHOCTU peMOHTA 00bekTa, T. €. G(f) npeacraensieT coboii
BEPOSATHOCTb TOrO, YTO PEMOHT, HayaTblii B MOMEHT BpeMeHu t = 0, ¢ G(0) = 0 Gyaer 3aBepLLEH B
MOMEHT BPEMEHM .

t t
G(t)y=1-exp —ju(x)dx =jg(x)dx.
0 0

Ons manbix 3Ha4yeHuin At senuuuHa g(f) At npubnukeHHO paBHa YCNOBHOW BEPOATHOCTU TOTO, YTO pe-
MOHT ByaeT 3aBepLUeH 3a nepuos BpemMenu [t, t + Af] npu ycnoBuu, YTo PeMOHT Gbln Ha4aT B MOMEHT BPEMEHU
t=0 1 He ObIn 3aBepLUEH B MOMEHT BPEMEHM {.

b) Ecnn umeloTca AaHHbIe O NPOAOIDKUTENBHOCTU PEMOHTA AN N BOCCTAHABMMBAEMbIX OOBLEKTOB U3
OOHOPOAHOW COBOKYMNHOCTHU, OUEHKa U(f) B MOMEHT BpeMeHu f UMeeT Bua;

_ ng(t)—ng(t+At)
ne(t)At
rae ng(f) — KOnMYeCcTBO 0GLEKTOB, Y KOTOPLIX B MOMEHT BPEMEHM  PEMOHT eLue He 3aBepLueH {(ng(0) = n);

NR() — ng(t + Af) — KONM4ECTBO OGLEKTOB, PEMOHT KOTOPLIX 3aBEPLUEH B NEPUO BPEMEHH [t, f + Af].
CneayeTt OTMETUTb, YTO OLEHKA NMIIOTHOCTU pacnpeaeneHus g(f) B MOMEHT BpeMeHu t UMeeT Bua:

g(t) = nR(t)—:z(HAt) .

) Ecnm npofomkuTenNbHOCTL PEMOHTA NOAYUHAETCS IKCNOHEHUMANBHOMY pacnpeaeneHunio, To
g(f) = pexp(-pd),
G(H) =1 — exp(—pt),

Bt

’

cnepoBatenbHo, ANs BCEX 3HAYEHU ¢
H(D) = .
B atom cnyyae

MRT = l,
"

rae MRT — cpeaHAas NnpoAOSPKUTENBLHOCTL PEMOHTA.
d) Ecnu umelotTcsl 4aHHble O NPOAOIMKUTENbHOCTM PEMOHTa AN N BOCCTAHABNMBAaEMbIX OOLEKTOB U3
OAHOPOAHOW COBOKYMHOCTU C NOCTOSIHHOW MHTEHCUBHOCTLIO PEMOHTA, TO OLIEHKa | UMEET BUA:

n

rae RT, — Bpems pemoHTa /-ro obbekra.

[Ona 10 BoccTaHaBnMBaeMbiX 0ObEKTOB U3 O4HOPOAHON COBOKYMHOCTU C MOCTOAHHON UHTEHCUBHOCTbIO
10

peMoHTa Habnoaaemasi 0bLLasi NpoAOIHKUTENBHOCTb PEMOHTA BCEX 00BLEKTOB paBHA ZRT,- =5 (u), cneposa-
i=1

TenkHo,
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ﬁ:%ZZ(LIW;

€) Ecnn npoaorekKMTENbHOCTE PEMOHTA BOCCTaHaBNMBAEMONO0 00beKTa NOAUYMHAETCA NOrapudMUYECKm
HOpManbLHOMY pacnpegeneHunio ¢ napameTpoMm macwraba m u napametrpom opmbl 6 > 0, To (Ccm. Tabnuuy B.2)

g(t)_to\/EeXp( 262 ]

CrneaoBaTenbHo,

__g()
MO="60

f) MpeanonoXxum, 4To cpeaHasa NPOAOCIKUTENBHOCTL pemoHTa obbekTa (MRT) paBHa 1,5 4, gucnepcus
npogomxuTensHocT pemonTa (VRT) pasHa 0,16 42. [1ng BbIMMCIIEHNS MHTEHCUBHOCTM PEMOHTA CHavyana He-
06xoAuMMO onpeaenuTb napamMeTpbl M U G NOrapuPMUYeckn HOPMansLHOro pacrnpeaeneHns NPoAOMKUTENb-
HOCTU peMoHTa. B cooTBeTCcTBMM € Tabnuuen B.2

02
MRT = exp m+7 ,

VRT = exp(@2m + 202) — exp(2m + ¢2) = MRTZ - [exp(c?) - 1].
PelleHne npuBeaeHHbIX ypaBHEHUI AAET criegyloLlee:
1 MRT* 5 VRT + MRT?
m=—In ———|© =In —
VRT + MRT MRT
m = 0,37 n 02 = 0,069.

Ha pucyHke 48 nokasaHbl rpaddMkn UHTEHCUBHOCTU PEMOHTA C NONYYEHHBLIMW 3HAYEHUAMMU NapamMeTpoB
B Crnyyae rnorapuMmyecky HoOpMarnbHOr0 pacnpeaeneHusi NPOAOIDKUTENBHOCTU PEMOHTA.

M, \.|'1 \ M q'1 A
4 4
3 / E 3 ’\
3,95 3,54
, : / , 1,04
2,25 3,18 2,86 193 0,62
1 | ] = \
'~ 0,606

0 1 0 -

0 1 2 3 4 5 6 7 8 9 10 0 20 40 50 60 80 100
Bpems, u Bpemsi, u

PucyHok 48 — Mpadhmk 3aBUCUMOCTU OT BpeMeHun () ANA norapuMnyeckn HopmarsbHOro pacnpegeneHms
NPOLOIMKUTENBHOCTM PEMOHTA

6.4.19 CpegHAA NPOAOIMKUTESNILHOCTbL PEMOHTA
MRT (cokpalueHue)
[NpuBeaeHHbIe HUXKE BblpaXKeHMs cnpaBeanuBbl Takke ana |0l
a) MRT = [1g(t)dt = [ (1- G(t))dt,
0 0

rae g(f) — nnoTHOCTb pacnpeaeneHns NPOAOIPKUTENLHOCTU PEMOHTA 0OLEKTA;
G(f) — byHKUMS pacnpeaeneHnst NPOAOIMKUTENBHOCTU PEMOHTa 00bEKTA.
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Mpumeyarune — W3 onpegeneHnsa NpoJoMKNTENLHOCTH PEMOHTa CeayeT, YTo
MRT = MACMT - MTD,

rae MTD — cpefHsA NpoAorPKUTENBHOCTL TEXHUYECKUX NPOCTOEB,
MACMT — cpeaHss NpoAonKUTENLHOCTL KOPPEKTUPYIOLLETO TEXHUHECKOTo 0GCNYXUBAHUSA U PEMOHTA.

b) Ecnu umeloTcs AaHHbIE O NPOAOIMKUTENBHOCTU PEMOHTA AN N BOCCTAHABNUBAEMbIX 0GbLEKTOB U3
OAHOPOAHOW COBOKYNHOCTU, TO oueHka MRT umeer Bua:

n
Y (npopomkuTensHocTs peMoHTa) ;
_ O61Las MpoAOIKMTENBHOCTL PEMOHTa 7

k k

rae «o6Lias NpoAOMKUTENBHOCTL PEMOHTa» — COBOKYMHAS MPOAOIDKMTENLHOCTL PEMOHTA BCEX N1 06LEKTOB
B TEYEHME JAHHOTO Nepuoaa BpemeHu; k — obLIee KONMYecTBO PEMOHTOB 0GLEKTOB B TEUEHNE
AaHHOTO NEPUOAA BPEMEHU «(NPOAOTKUTENLHOCTL PEMOHTA);» — NPOAOIKUTENBHOCTL PEMOHTA
i-ro 06bekTa B TEUEHNE AAHHOO NEPUOAA BPEMEHM;
¢) Ecnu npoaormkmTens,HOCTL PEMOHTA NOAYNHAETCA SKCMOHEHLMANBHOMY pacnpeaeneHunto ¢ napame-
TPOM W, TO

MRT

9() = uexp(-ud),

MRT = 1 .
1
d) [inst BoccTaHasnmeaemoro o6bekTa ¢ | = 1000 (ner)~':
1
MRT = ——= = .
1000 0,001 ropa=8,76 4

6.4.20 CpeaHAA NPOAOIMKUTENbHOCTL KOPPEKTUPYHOLEro TEXHUYECKOro 00CIyXUBaHUA n
peMOHTa

MACMT (cokpaLueHue)

[NpuBeaeHHbIE HUXKE BbipaXkeHus cnpaseanuebl Takke ansa |0l

a) MACMT = [(1-Gacu(t))dt = [ tgacm(t)dt,
0 0

rae gacm(H — NNOTHOCTL pacnpeaeneHuss NPOAOINMUTENLHOCTN KOPPEKTUPYIOLLIETO TEXHUYECKOro 00CIyMm-
BaHUA U PEMOHTA 00bEKTa (BKMIOYAs TEXHMYECKUE NPOCTON U NPOAOIMKUTENbHOCTL PEMOHTA,
HO UCKNIoYas NPoAOIPKUTENLHOCTb NOMMCTUHECKUX M AMUHNCTPATUBHBLIX NPOCTOEB), T. €. ANA
MarnbIx 3Ha4eHuin Af BenuumHa g o y(d - At npubnuxeHHo paBHa BEPOSATHOCTH TOrO, YTO J1ei-
CTBUS KOPPEKTUPYIOLLIETO TEXHUYECKOr0 00CNY>XMBAHUA U PEMOHTA 00bekTa OyayT 3aBepLIEHbI
B Nepuos BpemeHu [f, £ + Af] npu ycnosuu, 4To KOPPEKTUPYIOLLIEE TEXHUYECKOE 0OCNYXMBAHNE
Ha4yaTo B MOMEHT BpeMeHu { = 0;

Gpcm(® — dyHKUMA pacnpeaeneHust NPoLONMKUTENLHOCTU KOPPEKTUPYIOLLIETO TEXHUYECKOro 06CnyxuBa-
HUSA M peMOHTa 00LEKTa, T. €. Gy (t) NpeacTaenseT coboi BEPOSATHOCTL TOTO, YTO AENCTBUA
KOPPEKTUPYIOLLET0 TEXHUYECKOTO 00CNYXMBAHNA HAa4aTbl B MOMEHT BpemeHu { = 0 u 3akoH4e-
Hbl B MOMEHT BpeMeHH £

t
Gacm(t) = ngCM(X)dX
0

MpumeyaHue — B cootBeTCTBUM C onpeaeneHneM NPOAOMKUTENILHOCTH KOPPEKTUPYHIOLLErO TEXHUHECKOro
06cnyX1BaHUA N peMoHTa:
MACMT = MRT + MTD,

rae MTD — cpefHsa NpOAOIMKUTENBHOCTb TEXHUUYECKUX NPOCTOEB.

b) Ecnu nmeloTca AaHHbIE O NPOAOIDKUTENBHOCTU KOPPEKTUPYIOLLETO0 TEXHMYECKOTO 0OCNYXUBaAHUA U
PEMOHTA Ans N BOCCTAHABNMBAEMbIX OOLEKTOB U3 04HOPOAHOM COBOKYMNHOCTM, TO olieHka MACMT umeert eua:
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n

Y (npopomkuTensHOCTL KTO),

VACMT = Obwas npoaoMKUTENBHOCTL KTO: iz

Kacm Kacm

rae «obuwasn npoaomknTenbHOCTb KTO» — COBOKYNHAA NpOAOIDKUTENbHOCTb KOPPEKTUPYIOLLETO TEXHUYECKO-
ro o6CNy>XKMBaHUS U PEMOHTA BCEX 1N OOBLEKTOB 3a AaHHbIN NepUo BPEMEHHM;
Kaem — obLyee Konu4YeCcTBo 0OBLEKTOB, HA KOTOPLIX NPOBEAEHbLI KOPPEKTUPYIOLLIEE TEXHUYECKOE 0DCIYXM-
BaHWe U PeMOHT 3a AaHHbIN Nnepuoa BPEMEHMU,
«(npoaomxmTeNnsHOCTL KTO)» — NpoAomKUTENbHOCTL KOPPEKTUPYIOLLIETO TEXHUYECKOIO 0GCIY>XUBAHUSA 1
pPemOoHTa i-ro 06beKTa 3a AaHHbIN NepUos BPEMEHMU.
¢) Ecnu npoaomknTenbHOCTL KOPPEKTUPYIOLLETO TEXHMYECKOro 00CNY>XMBaHUS U PEMOHTA NOAYMHAETCA
9KCMOHEeHLManbHOMy pacnpeaeneHuio ¢ napameTpom Hacy TO

Iacm® = HacmeXP(=Hacmd.
Toraa
1
Hacm

d) Ons BoccTaHaBnuBaemoro o6bekTa Co cpeaHei NPoAOmKUTENbHOCTLIO TEXHWYECKkMX npoctoeB MTD =
=54 1 cpegHen NpoaoImKUTENBHOCTLIO pemoHTa MRT =9 u:
MACMT =5+ 9 = 14 (u).

6.4.21 CpeagHee BpeMs BOCCTAHOBIIEHUA
MTTR (cokpawyeHue)
MpuBeaeHHbIE HUXE BbipaXKeHus cnpaseanuebl Takke ang 101,

MACMT =

) MTTR = [ tgg(t)dt,
0

rae gr(f) — NNOTHOCTL pacnpefeneHns BPEMEHN BOCCTAHOBNEHNS 00BLEKTA, T. €. ANA ManbiX 3HAYEHUi Af,
BENUUNHa gr(f) * Af npuGnmxeHHO paBHa BEPOSITHOCTU TOrO, YTO nocne oTkasa 00bLEKT BOCCTa-
HOBMEH A0 paboToCnOoCOGHOro COCTOSIHUA B TEYEHUE nepuoaa BpemeHu [t, t + Af], npu ycnosuu,
YTO OTKAa3 NpousoLlen B MOMEHT BpemMeHu £ = 0.

MpumedvaHune — CpefHee BpeMsa BOCCTaHOBMNEHWSA (nocne oTkasa obbekTta) MTTR MOXET BbITh 3anncaHo Kak
CyMMa MaTeMaTU4eCKUX OXULaHUN ero cocTaBnAOLWMX (CM. PUCYHOK 2):

MTTR = MFDT + MAD + MLD + MACMT = MFDT + MAD + MLD +MTD + MRT,

rae MFDT — cpefHas NpofosikUTeNbHOCTE OGHapYyXeHUA 0TKa3sa;
MAD — cpefHAs NpoformKUTENBHOCTE 8AMUHUCTPaTUBHBIX MPOCTOEB;
MLD — cpenHsas npogonmkuTensHOCTb NOrMCTUYECKUX NPOCTOEB;
MACMT — cpefHsis NPOAOIIKUTENBHOCTE KOPPEKTUPYHOLLIEro TEXHUYECKOro 06CnyKUBaHUA U peMOHTA

MACMT = MTD + MRT,
rae MTD — cpefHAA NPoAOIIKUTENTIbHOCTE TEXHUYECKUX MPOCTOEB,; MRT — cpeaHAA NpoAOIMKUTENbHOCTL PEMOHTA.
b) Ecnu umetotca gaHHble O BpEMEHU BOCCTAHOBNEHUA ANA N BOCCTAHABNMBAEMbIX 00bEKTOB U3 OAHO-
pPOAHOW COBOKYMHOCTU, TO oueHka MTTR nmeeT sua:

n
" (spems BoccTaHoBEHMS),
O6Luyee BpeMsi BOCCTAHOBNEHUS _ i
kr kr

roe «obulee Bpemsi BOCCTAHOBNEHUSA» — COBOKYNHOE BPEMSA BOCCTAHOBMNEHUSA BCEX 1 0OBLEKTOB 3a AaHHbI ne-
puoa BpemeHH; kg — obLLee KONMYECTBO BOCCTAHOBMEHUI 32 AaHHbIi Nepuoa BpemeHu; «(Bpe-
Ml BOCCTaHOBIEHUS)» — BPEMSI BOCCTAHOB/NEHMA i-r0 06bekTa 3a AaHHbIN NEPUO] BPEMEHMU.
¢) Ecnu Bpema BoccTaHOBNEHUA NOAUYMHAETCA IKCMOHEHLUMANbHOMY pacnpeaeneHuio, To

gr(® = urexp(=HRD),

MTTR =
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rae Pg — NOCTOSIHHAsA MHTEHCUBHOCTb BOCCTAHOBMEHNA, TOrAA:
1
MTTR=—.
Ur

d) Ains BoccTaHaBNMBaeMoro 00bEKTa ¢ UHTEHCUMBHOCTbLIO BOCCTAHOBNEHUN g = 100 (ner)™!

1
MTTR=—= = .
100 0,01 roga=87,6u

6.4.22 CpeaHAA NPOAOIMKUTENIbHOCTb aAMUHUCTPATUBHBLIX NPOCTOEB
MAD (cokpalueHue)
[NpuBeaeHHbIE HWXKE BbipaXeHua cnpaseanuebl Takke ana (Ol

a) MAD = [gap(t)at,
0

rae gap(f) — NNOTHOCTL pacnpeaeneHns NPoAOMKUTENbHOCTU aiMUHNCTPATUBHBIX NPOCTOEB B TEYEHUE Bpe-
MEHW BOCCTaHOBMEHUA OTKa3asLiero 06beKTa, T. €. AN MarbiX 3Ha4eHUn At BenuuuHa gan(f) At
NpUONMKEHHO paBHa BEPOATHOCTU TOFO, YTO NPOCTOI 3aKaHYMBAETCA B TEYEHUE Nepuoaa BpemMe-
HuK [, t + Af] npyn yCrnoBuu, YTO NPOCTON Ha4YanNcs B MOMEHT BpeMeHnu £ = 0.
b) Ecnu umetoTcs gaHHble 00 aaAMUHUCTPATUBHLIX NPOCTOSAX ANS /1 BOCCTAHABNUBAEMbIX OOBHEKTOB U3
0A4HOPOAHON COBOKYNHOCTU, TO ouieHka MAD umeeT Bua:

n
2 (npopomkutensHocTs All);
O6was npogomkuTensHocTb Al =

MAD =
kap kap
rae «obLas npoaomKMTENbHOCTL Ay — COBOKYNHAs NPOAOMIMTENbHOCTL aAMUHUCTPATUBHBLIX MPOCTOEB
BCEX N 0OBLEKTOB 3a AaHHbIN NEPUOA BPEMEHMU;
Kap — o6LLee KOnM4ecTBO aJIMUHUCTPATUBHLIX NPOCTOEB 3a AAHHLIN NEPNO/ BPEMEHM;
«(NpOAOMIUTENLHOCTL Al)» — NPOAOIUTENLHOCTL AAMUHUCTPATUBHLIX NPOCTOEB /-f0 06bekTa 3a AaH-
HbIli NepUoz BPEMEHHN.
¢) Ecnu npogomkmtenbHOCTb aAMUHUCTPATUBHBLIX NPOCTOEB NOAYMHSIETCA KCMNOHEHLManbHOMYy pac-
NpeaeneHnio ¢ NapameTpoM Hap, T. €.

9ap® = MapeXp(—HapD).
Torga

MAD = L .
MAD

d) insi BOCCTaHaBNIMBaeMoro ooLekTa ¢ Pap = 1000 (net)~":

1
~ 1000

6.4.23 CpeaHAA NPOAOIMKUTESNIBHOCTb JIOTMCTUYECKUX NPOCTOEB
MLD (cokpalueHue)
MpuBeaeHHbIE HUXKE BbIPAXKEHNSA CpaBeanuBbl Takke ans 101

AD = 0,001 net = 8,76 u.

MLD = [ tg; p(t)dt,
a) 0

rae g, p(f) — NNoTHOCTL pacnpeaeneHns NPOA0MKUTENEHOCTM NIOTMCTUHECKUX NPOCTOEB 3a NEPUO TEXHUYE-
CKOro obCnyXmBaHua U PEMOHTa OTKasaBLUero obbekTa, T. €. ANA MarnbiX 3HAYEHUI Af BENUYUHA
9, p(® - At npubnmxeHHo paBHa BEPOSATHOCTM TOTO, YTO NPOCTON 3aKaHYNBAETCA B TEYEHUE Nepu-
ona BpeMenu [t, t + Af] npu ycnosum, 4To NPOCTOM Ha4ancs B MOMEHT BpeMeHu t = 0.
b) Ecnu nmeloTca aaHHbIe 0 NPOAOIIMTENBHOCTU NOTUCTUYECKUX NPOCTOEB ANA N BOCCTaHABNUBaEMbIX
06BLEKTOB U3 OAHOPOAHON COBOKYMHOCTU, TO oueHka MLD umeer Bua:
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n

Z(I‘IpOD,OJ'I)KI/ITeJ'IbHOCTb nny,

Vil  OBuwas npogomkvTensHocts MM _ 1

kip kip
rae «obwasn npoAomKUTENBLHOCTL JIM» — COBOKYNHAA NPOAOSHKUTENBHOCTb NTOTMCTUYECKUX NPOCTOEB BCEX N
00BLEKTOB 32 JaHHbIN MEePUOA BPEMEHMU;
ki p — obLuee KonM4ecTBO NOrMCTUHECKMX NPOCTOEE 38 AAHHbLIN NEPUOL BPEMEHH;
«(NPOAOI¥UTENLHOCTL JTTM)» — NPOAOMKUTENBHOCTL NOTUCTUHECKUX MPOCTOEB /-0 06bEKTa 38 AaHHbI
nepuos BpemMeHu.
¢) Ecnu npoaomxuUTensHOCTL NTOMMCTUYECKUX NPOCTOEB NOAYMHAETCA 3KCMOHEHLMansHoMy pacnpeje-
NEHNIO C NAPaMeTpoM U p, T. €.

9.p® = Y pexp(=y pd,
Toraa
MLD = L
Mo
d) [ina BoccTanasnueaemoro obwekTa ¢ 4 p = 1000 (ner)™!

MLD = 0,01 (roga) = 8,76 u.

~ 1000
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MNpunoxeHue A
(cnpaBouHoe)

Oco6eHHOCTM NOKa3aTerneil 1 X BEPOSITHOCTHbIE XapaKTePUCTUKK

OCHOBHEbIE MoKasaTeny HagexHoCcT, 0COBEHHOCTH NX ONMUCaHUA U BEPOSTHOCTHLIE XapaKTepUCTUKN NMpuBefeHbl Ha
pucyHke A.1.

MpuMeyaHuns

1 MNpsiMble B3aWMOCBSA3N MeXAy KONIOHKaMu OTCYTCTBYIOT.

2 MaTemaTu4eckue AeWCTBUA CO CyYalHbIMU BEMMYMHAMU NO3BONAKT NOMYYUTb BbIpaXeHUs ANt OCHOBHBIX Mo-
KasaTenen HagexHocTu. JononHuTenbHble CBOACTBa U MOAMMUKaLMKU NO3BOMSAOT NMOMYYUTb KOHKPETHLIE NOKasaTenu.
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MokasaTenu CnyuaiHble BeposATHOCTHbIE MoaudmkaTopbl
BEeJIUYUHBLI XapaKTepUCTUKU
Hapa6oTka po oTkasa DyHKUMA WNCTUHHBIN
KoachdmumeHT rotoBHOCTW/ pacnpeaeneHust
KoacphnumneHT
HEraToeHOCTH HapaGoTka Mexay MnoTHOCTL CnporHo3npoBaHHbIin
oTKazamm pacnpeaenexus
SKCTpanonupoBaHHbIii
BepostHocTh onniectso oTkasos 6esci?<22:$;oc;gom OuEeHEHHbIN
6e30Tka3HoM sa nepm[ct)p,tB]pemeHm P
1y €2
paboThbl/BEPOATHOCTL MrHOBEHHbI
oTKasa
Bpems MHTEeHCMBHOCTL
BOCCTaHOBIEHNA 0TKa3oB AcuMnToTHYECKNI
MpoAcmKUTENBHOCTL NHTEHCUBHOCTD CpeaHui
ObecneyeHHOCTb NpodUNaKTU4ECKOro oTkasos Becens
TEXHNYECKOro TEXHUYECKOro (ycnosHbIi napameTp
oGcnyXuBaHus n peMoHTa obcnyxusaHus nOTOKA OTKA30B)
MpoaonMKUTENbHOCTL YacroTta oTka3os
pabotocnocobHoro (6e3ycnosHbii
COCTOSIHWSA napameTp noToka
0OTKa308B)
BeposiTHOCTb MpoaomkUTENEHOCTL
BOCCTaHOBNEHUSA HepaboTocnocobHoro DyHKUUA
COCTOAHUSA BOCCTaHOBNEHUSA
MnoTHoOCTL
BOCCTaHOBNEHWA
MatemaTtuyeckoe
oXxugaHve
Ovcnepcus

PucyHok A.1 — lNoka3saTtenun u ux BEpOATHOCTHLIE XapaKTePUCTUKU




Mpunoxexnune B
(cnpaBoyHoe)

FOCTP 27.010—2019

MokasaTtenu, cBA3aHHbIe ¢ HAPAOOTKON OO0 OTKa3a

MokasaTenu, ceBasaHHbLIe ¢ HapaboTkoW A0 OTKasa, npuBeaeHbl B Tabnuyax B.1 u B.2. Mokasatenu, cBsAzaHHble ¢

BpeMeHeM peMOHTa, NpuBeAeHbl B Tabnuue B.3.

Ta6nuya B.1— BsaumocssAsb Nokasatenem, CBA3aHHbIX ¢ HApaBGoTKoW A0 0Tkasa AN 06LEKTOB HENpepLIBHOMO ANNU-

T€NbHOro NPUMEHEeHUA

Moxkaza- Bsaumocesasb ¢ APYruMn nokasatenamu
Tenb F® ft) R(f) }"(t)
Fit) dF(t) 1T—FH1 1 dF(t)
dt 1—-F(t) dt
) ¢ — oo f(t)
[F(x)dx [ F(x)dx -
0 t [ F(x)dx
t
R(t) 1-R(t) _dR(t) - _ 1 dR(t)
dt R(t) dt
M) t t t -
1-exp (—J x(x)dx} Alt)exp [—j x(x)dx) exp [—j Mx)dx}
0 0 0

oBCnyxuBaHus, NPOLOMKUTENBHOCTM PEMOHTA.

MpMMedyaHWe — AHanorMyHble COOTHOLLEHUNA COXpPaHAKTCA AnA BCexX nokasarenei n cnyvyanHblx BEMUYUH,
Hanpumep, Hapa6OTKVI A0 NepBoro oTkasa, NpOAOCIKUTENBHOCTU pa6OTOCI'IOCO6HOFO COCTOAHUA, NPOAOIMKUTENBHOCTHU
Hepa60TOCI‘IOCO6HOFO COCTOAHUA, BpeMeHU BOCCTaHOBNEHUA, NPOAOMKUTENBHOCTU KOPPEKTUPYHLero TeXHU4eCcKoro

Tabnuuya B.2 — XapaKrepucTuka HEKOTOPLIX pacnpeaeneHnii HapaboTku 40 0Tkasa OOLEKTOB HENPEPLIBHOTO ANU-

TenbHOro NpUMeHeHnA

Obnactb WNHTeH-
Pacnpe- vsMere- MnoTHoCTL pacnpeje- BeposTHocTe cue- Marema-
P HWA na- pacnpea 6e30TKasHoN TUyeckoe
Jene- neHus HOCTb Avcnepcua
e pamMeTpoB ) paboTbl 0TKa30B oXuaaHue
H pacnpefe- R ME MTTF
neHnA ( )
Qkecno- A>0 Aexp(—it) exp(—Af) A
(20 1 1
HeHLUMU- b — —
A 22
anbHoe
Beintbyn-|a>0,p>0| Bo(at)exp(—ut) P exp(—(ot)P) B ou(oit)B~1 1 2
na t=0 r1+— ?rn.E -
LT
Mamma o >t0;[(3)> 0 oc(oct)B_1 exp(o) o f(t) E L
ey [f(uydu R() o 2
t
SpnaHra A>0 k-1 k-1 i f(t k k
AMAL) (M) ) LS
ke{1,2,..} 2N exp(=At exp(—Af) Yy —— =5 Y
20 TR Z | RO x 22
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OkoHyaHue mabnuupl B.2

Obnactb VHTeH-
P n3MeHe- BepoatHocTb MaTtema-
acnpe- MnoTHoCTL pacnpepe- " cuB-
HUA na- Ge3oTKasHou TU4ecKoe
Aene- aMeTDOB NneHuAa a60Thl HOCTb oXuaaHue ﬂMCHepCMH
Hue P P ff) pabo 0TKa308B A
pacnpege- R(®) o) MTTF
neHnAa
Penes ke{1,2,...} kt
t20 it Kt? Kt . 2=
iy i ey 2% kU4
JIOrHOp-| = <m< +e 0o
P 7o 1 (Int —m)? f(t) o2 | exp(2m+20?)
MarnbHoe o , expl ———— J.f(u)du R exp| m+—
t>0 tov2n 20 ? (t) 2 —exp(2m + 02)
Tabnuya B.3 — Xapakrepuctka HEKOTOPbLIX pacnpeaeneHunii BpeMEeHU peMoHTa
O6nactb UHTeH-
3HaveHui cuB- Martema-
Pacnpe- napa- MnoTHocTb pacnpepe- BepoatHocTb HOCT TUYecKoe
aeneHue MeTpPOoB J'Ielz;;lﬂ Boocra;;()gnenm PE€MOH- oXuaaHuwe ﬂI/ICI'IepCMH
pacnpeje- g TOB MRT
nenus H(®)
Oetepmu- t=0 3(t - 9) Oanat<® NA 0 0
HUCTUYe- 020 M(t) = 1onat> 6
cKkoe B
OKCNOHeH- M>0 Hexp(—ut) 1 — exp(—ut) ] 1 1
LuansHoe t20 = -
H H
NorHop-|—o<m<+w 9 ¢ f 2 exp(2m + 202)
1 (Int—m) 9(t) o 3
MansHoe | 0>0,t>0 | — _exp| -1 u)du exp| m+—| | —exp(2m+0%)
to2m p[ 262 J ({ 9) 1-M(t) | &P MH
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MpunoxeHue C
(cnpaBoyuHoe)

ConocTaBreHue HeKOTOPbIX NoKa3sarenei HaZIeXXHOCTU ANl 06 bEeKTOB HeNpPepPbIBHOro AfIUTEeNbHOro

npuMeHeHuaA

ConocTaBrneHne HeKOTOpbIX MoKasaTenei HaZexHoOCTU AN 06beKTOB HEMPEpLIBHOMO AMUTENLHOMO NPUMEHEHNS
npusegeHo B Tabnmuye C.1.

Tabnwu ua C.1 — ConocTtaBrneHue HEeKOTOPbIX rnokasartenein HagexXHoCTu Ans 06LeKTOB HenpepbIBHOro ANMUTENBHOIO
npuMeHeHna ¢ NOCTOAHHBIMU MHTEHCUBHOCTBHO OTKa3oB A W MIHTEHCMBHOCTLIO BOCCTAHOBSIEHUNA MR

[MokasaTtenb

HeBoccTaHaBnuBaembli
06bekT (Mg = 0)

BoccTaHaBnuBaemblf 06bEKT, BpeMAa BOCCTaHOBMEHUA KOTOPOIro

paBHO Hymnto

(Mg — =) He paBHO Hymto (0 < g < =)

BepoaTHocTb
6e30TKasHoN pa-
60T1bI R(t) =R(0, f)

exp(—rf)

exp(—At) exp(—Af)

BeposaTHoCTb
6e30TkasHoW pa-
Gothl R(t, t5)

exp(—hly)

exp(—i(t, — t,)) [ e
+

Atlg  h+ug exp[-(A+ g yﬂ]e’(p[—”(l‘z ~ty)]

CpefHee Bpems
no otkasa MTTF

> =

CpefHas Hapa-
6oTka mMexgy oT-
kasamn MOTBF

=]
>l [l

SN

CpefHee Bpems
MeXay oTKasamm
METBF

NA

17 1
_+_
AouR

MrHoBeHHbIW Na-
pameTp noToka
0TKas30B Z({)

Aexp(—At)

> | =

Mp
Aug  Atpg

exp|—(h+ug )]

ACUMMTOTUYECKN
napameTp noToka
0TKa30B Z(*)

Mg
A+ug

CpegHuii  napa-
METP MOTOKa OT-
ka3oB z(ty, t,)

exp(—At;) — exp(—Aty)

th -t

Mg 22 exp[-(A+ugly]—exp[-(A+ug)s]
Al (A+pg) -t

MrHoBeHHEIR KO-
appuUMeHT ro-
TOBHOCTU A(t)

exp(—Af)

URr

A
i + exp[—(A +pg )]

(A+uR)

CpegHuii  koad-
PULMEHT roToB-
HocTn A(ty, t)

exp(—Aty) —exp(-Afp)

Aty — )

exp[—(h+ g )| - exp[-(h+ug)t]
ty—ty

MR A
Atug  (A+ug)

AcumMnTtoTunYe-
CKUN KoathpuLm-
€HT roToBHOCTU A

0

UR
A+ g

MrHoBeHHbIA KO-
aPPULMEHT He-
rotoBHocTH U(t)

1 — exp(—Af)

i (1—exp[—(h+ug)]

CpenHuii  koadp-
dpUUMeHT  Hero-

ToBHOCTUU/(t, t,)

1_ EXP(=1tq) —exp(-Atp)

Atz —ty)

S
htir  (A+ug)

exp[—(A+ug )t |- exp[-(A +ug )]
ty—ty

75



76

rOCT P 27.010—2019

OkoH4yaHue mabnuupi C.1

BoccTaHaBnmBaeMbll 0OBEKT, BpeMA BOCCTAaHOBIIEHUA KOTOPOIo

MokasaTenb HeBoccTaHaBnnBaeMbli
= aBHO HYIO
06bekT (Ug = 0) p(“ _,).;) He paBHO Hynio (0 < P < o)
R
AcumnToTunve- 1 0 -
CKMi  Koadhpu- r
LMEeHT HeroTos- -

HocTn U
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Mpunoxexue JA

(cnpaBouHoe)

CBegeHnsa 0 COOTBETCTBUU CCbINMOYHbIX HALMOHANbHbIX CTAHAAPTOB MeXAYHAPOAHbIM CTaHAAPTaM,
MCNONb30BaHHbLIM B KaYyeCTBe CCbINMOYHLIX B NTPUMEHEHHOM MeXAYHAPOAHOM cTaHpapTe

Ta6bnuya OAA

O603Ha4YeHne CCbINOYHOro HaLmo-

HaMbHOTO, MEXTOCYAaPCTBEHHOrO CogTT:er-lri:: O603HauyeHWe U HaMMeHOBaHWe COOTBETCTBYIOLLIENo MeXAyHapoAHOro
cTaHgapra na cTaHaapTa

MOCT P 27.302—2009 NEQ IEC 61025:2006 «AHanu3 gepesa HeucnpasHocTei (FTA)»

MOCT P MCO 3534-1—2019 IDT ISO 3534-1:2006 «CtaTtuctuka. Cnosapb M ycrnoBHble obo3Have-
HuA. Yactb 1. Obwme cTaTUCTUYECKUE TEPMUHBI U TEPMUHBI, UC-
norb3yeMble B TEOPUU BEPOATHOCTEN»

[OCT P 51901.14—2007 MOD IEC 61078:2006 «MeToabl aHanusa HagexHocTu cucteM. CTpyk-

(M3K 61078:2006) TYpHasi cxema HafieXHoCTU 1 Bynesbl MeTOABI»

MOCT P MOK 61165—2019 IDT IEC 61165:2006 «[MpuMeHeHWe MapKOBCKUX METOA0B»

MOCT P MGK 61508-1—2012 IDT IEC 61508-1:2010 «®yHKUMOHanbHasA 6e3onacHOCTb CUCTEM 3reK-
TPUYECKUX, AMEKTPOHHBLIX, NPOrpaMMUPyEeMbIX ANEKTPOHHLIX, CBA-
3aHHbIX ¢ 6esonacHocThio. YacTb 1. Obwue TpeboBaHNA»

MOCT P MGK 61508-2—2012 IDT IEC 61508-2:2010 «PyHKUMOHanbHas 6e30nacHOCTb CUCTEM 3rleK-
TPUYECKUX, AMNEKTPOHHbLIX, NPOrpaMMUpyemblX 3NEKTPOHHbIX, CBS-
3aHHbIX ¢ 6e3onacHocThio. YacTe 2. TpeboBaHMa K cucTeMam»

rOCT P MGK 61508-3—2012 IDT IEC 61508-3:2010 «PyHKUMOHanbHasa 6e30nacHOCTL CUCTEM 3rIEK-
TPUYECKUX, ANEKTPOHHLIX, NPOrpaMMUpyeEMbIX 3NEKTPOHHbLIX, CBA-
3aHHbIX ¢ 6e3onacHocTbio. YacTb 3. TpeboBaHWA K NporpaMMHOMY
obecnedeHnio»

rOCT P MGK 61508-4—2012 IDT IEC 61508-4:2010 «PyHKUMOHanbHasa 6e30nacHOCTL CUCTEM areK-
TPUYECKUX, SNEKTPOHHBLIX, NPOrpaMMUPYEMBIX 3NEKTPOHHbLIX, CBS-
3aHHbIX ¢ 6e3onacHocThIo. YacTb 4. TepMUHBI U onpeaeneHnsa»

FoCT P M3K 61508-5—2012 IDT IEC 61508-5:2010 «PyHKUMOHanbHasa 6e30nacHOCTL CUCTEM arleK-
TPUYECKUX, SNEKTPOHHBLIX, NPOrpaMMUPYEMBIX 3NEKTPOHHLIX, CBS-
3aHHbIX ¢ 6e3onacHocThio. YacTb 5. PekomeHgaummn no npumeHe-
HUIO METOA0B ONpefeneHusi ypoBHEN NonHoTL 6esonacHoCcTU»

MOCT P M3K 61508-6—2012 IDT IEC 61508-6:2010 «PyHKUMOHanbHasa 6e3onacHOCTL CUCTEM 3rTEK-
TPUYECKUX, ANEKTPOHHBIX, NPOrpaMmMUpyeMbIX 3NEKTPOHHbLIX, CBSA-
3aHHbIX ¢ 6e3onacHocTbio. YacTb 6. PyKoBOACTBO NO NPUMEHEHWIO
FOCT P M3OK 61508-2 n TOCT P MOK 61508-3»

roCT P M3K 61508-7—2012 IDT IEC 61508-7:2010 «PyHKUMOHanbHasa 6e3onacHOCTb CUCTEM 3NeK-
TPUYECKUX, ANEKTPOHHBIX, NPOrpaMMUPYEMBIX 3NEKTPOHHLIX, CBA-
3aHHbIX ¢ 6e3onacHocTbio. YacTe 7. MeTogbl M cpeacTBa»

roCcT P MOK 61511-1—2018 IDT IEC 61511-1:2016 «Bbe3onacHocTb QYyHKUMOHanbHasa. CucTe-
Mbl Ge3onacHOCTM NpUOOpPHBIE ANA MPOMBILLIIEHHBIX MPOLECCOB.
YacTtb 1. TepMuHbl, onpefeneHus u TexHudeckne TpebosaHua»

MOCT P MOK 61511-2—2018 IDT IEC 61511-2:2016 «Bbe3sonacHocTb yHKUMOHanbHas. CucTe-

Mbl 6e3onacHOCTM NpUBOpPHbIE AMNA NMPOMBILLNIEHHbIX MPOLECCOoB.
YacTb 2. PykoBogcTBO Nno npuMeHeHuto MOK 61511-1»
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OkoHYaHue mabnuusi JA.1

O6o3Ha4eHne cebInoYHOro HaLuo-

HaMbHOTO, MEXIOCYAaPCTBEHHOMO CTeneHb O6o3HavyeHne U HaMMeHOBaHMe COOTBETCTBYIOLLEro MeXayHapoaHoro
COOTBETCTBUA cTaHjapTa
CTaHdapTa
roCT P MGK 61511-3—2018 IDT IEC 61511-3:2016 «BEesonacHocTb dyHKUMOHanbHasa. Cucre-

Mbl 6e30MacHoCTU NpUBopHLIEe AN NMPOMbILLIEHHBIX NPOLECCOB.
Yacts 3. PykoBoacTBO no onpegerneHuio TpebyeMblX ypoBHei
MonHoTEl 6e30MacHOCTUY

BETCTBUA CTAHAapTOB:
IDT — ngeHTUYHbIe cTaHaapThl;
MOD — moguduunpoBaHHble cTaHAapThl,
NEQ — HesKBUBaNEHTHLIE CTaH4apThI.

MpuMeyaHune — B HacTosWel Tabrnuue UCNonb30BaHel CreaytoLue yernoBHble 0603HaYeHUst CTeneHn cooT-
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