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Mpu NpUMEHEHUN HACTOALLEro CTaHjapTa PEKOMEHAYETCHA UCMNOMb30BaTh BMECTO CCbISIOYHBIX MeXAay-
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nepecMompa (3ameHbl) Uunu ommeHbl Hacmosuieeo cmarHfapma coomeememeyrouiee yeedomreHue 6ydem
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BBeaeHue

MapKOBCKl/Ie METOAbl ABMNAIOTCA MeToOAaMn aHanu3a 6830TKa3HOCTI/I, FOTOBHOCTU, PEMOHTONPUTOAHO-
ctu u 6esonacHocTu. O630p ApPYrux, NPUMEHUMbIX ANSA STUX LENer, METOAO0B U UX KIIOYEBbIX XapakTEPUCTUK
npeacraeneH 8 MOK 60300-3-1.

B HacToswem cTaHgapte npeacTaBrneHbl OCHOBHbIE TEPMUHBLI U 0603HAYEHUS, UCNONb3YeMbIE B Map-
KOBCKUX METOAAX, NPUBEAEHO ONUCAHUE OCHOBHbLIX MPaBWI pa3paboTku, NPeACTaBNEHNS U NPUMEHEHUS Map-
KOBCKUX METOAOB, a TaKKe yKa3aHbl NPEANONOXKEHUS U OrPaHUYEHUs AN UCMONb30BaHUA AAHHOTO NOAX0Aa.
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HALULMWOHANBHBIN CTAHOAPT POCCUMNCKOW ®PEJEPALUUMN

HageXHOCTb B TEXHUKE
NMPUMEHEHME MAPKOBCKUX METOA40B

Dependability in technics. Application of Markov techniques

Dara BBegeHusa — 2019—12—01

1 O6bnactb NpUMeHeHuA

B HacTosiLeM cTaHfapTe YCTaHOBMEHO PYKOBOACTBO MO NMPUMEHEHUIO MapKOBCKUX METOAOB Afis MO-
JernupoBaHNs U aHanu3a CUCTeM, a Takke onpeaerieHUs OLEHOK nokasaTerei 6e30TKazHOCTW, TOTOBHOCTHU,
PEMOHTONPUIOAHOCTU M 6€30MacHOCTU CUCTEM.

Hacrosawwit ctaHaapt NpUMEHSAETCS BO BCEX OTPAChsAX NPOMbILLIEHHOCTU, Fae Heobxoaum aHanus pa-
60Tbl CUCTEMBI, (DYHKLIMOHUPOBAHUE KOTOPOK MOXET BbITh NPEACTaBNEHO COBOKYMHOCTbIO COCTOSIHMWIA U nepe-
XOZI0B Mexay HUMU. MpUMEHeHNe YCTAHOBMEHHbIX B HACTOsILLEM CTaHAapTe MAapKOBCKMX METOAOB Npeano-
naraert, YTO MHTEHCMBHOCTM Nepexofa — 3T0 HE 3aBUCSLLIME OT BPEMEHU KOHCTaHTbI. Moao6HbIe MapKOBCkMe
METO/ bl HA3bIBAIOT OAHOPOAHLIMU.

2 HopmaTuBHbIe CCbINIKU

B HacTosiwemM ctaHaapTe UCNonb30BaHbl HOPMATUBHbIE CCbINIKM Ha crieylowue CTaHaapThbl:

IEC 60050(191):1990, International Electrotechnical Vocabulary (IEV) — Chapter 191: Dependability
and quality of service (MexxayHapoAHbIN SNEKTPOTEXHUYECKUI cnoBapbk. MMaea 191. HageXxHoCTb U Ka4yecTBO
ycnyr)

IEC 60300-3-1, Dependability management — Part 3-1: Application guide — Analysis techniques for
dependability — Guide on methodology (MeHemXMeHT HagexHocTn. Yacte 3-1. PykoBOACTBO NO NpUMEHE-
HU0. MeToabl aHanuMsa HagexxXHoCTu. PykoBoACTBO NO METO40M0rnn)

IEC 61508-4:2010, Functional safety of electrical/electronic/programmable electronic safety-related
systems — Part 4: Definitions and abbreviations (®yHkuMoHanbLHas 6e30NaCHOCTb CUCTEM 3MNEKTPUYECKUX,
3MEKTPOHHBIX, NPOrPaMMUPYEMbIX ANEKTPOHHBIX, CBA3AHHbLIX C 6€30MacHOCTbI0. YacTb 4. TepMuHbl U onpe-
aenexus)

3 TepMuHbI U onpeaerneHus
B HacTofLLeM cTaHgapTe UCMoNb30BaHbl TEPMUHLI U onpeaeneHns no M3OK 60050(191):1990, a Takke
crneaylLwme TEPMUHbI U ONPeAEneHns.

MpumedaHune —Npu NpUMeHeHNN HACTOSLLEro cTaHaapTa ANs aHanusa 6e3o0nacHoOCT MOryT 6biTb UCMNOMb30-
BaHbl TEPMUHbI, NPUBELEHHbIE B CTaHgapTax cepun MOK 61508.

3.1 cuctema (system): COBOKYNHOCTb B3aMMOCBA3aHHbIX U B3aUMOAENCTBYIOLLMX SITEMEHTOB.
[MCO 9000, 3.2.1]

MpuMedaHue 1 — B KOHTEKCTE HAlE&XXHOCTU ANIs1 CUCTEMBI ONpeAeneHa Lenb B BUAe 3afaHHbIX (PYHKLMHA, yo-
TIOBUI (PYHKLMOHUPOBAHNS (MCTIOMNb30BaHNS) U YCTaHOBMNEHHBIX FpaHiL.

MpumMmevaHue 2 — CTpykTypa CUCTEMbI MOXKET ObITb MepPaPXUYECKON.

M3paHue ocpuuymanbHoe
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3.2 anemeHT (element): OObLEKT, ¥ KOTOPOro B pamMKax JaHHOr0 PaCCMOTPEHUS HE Bbi€NEHbI COCTaBHbIE
yacTu.

MpumMmevyaHne — OBLIMHO NpeANOnaraloT, YTO AMEMEHT MOXET CyLLeCTBOBaTb TOMNBbKO B ABYX COCTOSAHUSX: pa-
6oTocnocobHoM unmn HepaboTocnocobHoM (cm. 3.4 u 3.5). [Ans ygobcTBa B HACTOSALLEM CTaHAapTe UCNOMb3yeTcs TEPMUH
«COCTOSIHME 3NeMeHTa».

3.3 coctosiHue cuctembl X(f) (system state): KonkpeTHas KOMOGUHALIUA COCTOSIHWI SNEMEHTOB.

MpumevaHune — X(t) — cocTonHWe cucTemMbl B MOMEHT BpeMeHU {. CyLlecTByIOT Apyrme )akTopbl, OKasbiBao-
L1e BNUSHNE Ha COCTOSHUE CUCTEMBbI (HanpuMep, pexumM YHKLMOHUPOBAHUS).

3.4 pab6oTtocnocobHoe cocTosiHue (up state): CocrosiHue o6bekTa (CUCTEMBI UK ANEMEHTA), B KOTO-
POM 06LEKT CNOCOBEH BLIMOMNHATL TPebyemyio yHKUMIO.

MpumevaHne — CUCTEMA MOXET UMETb HECKONBKO PasnnqHbIX paGoTOCNOCOGHLIX COCTOSIHUIA (HanpUMep, co-
CTOSIHWE MOSHOrO BLIMOMHEHUS YCTAHOBIEHHBIX (DYHKUUIA U COCTOSIHNE YXYALWEHUSA paBoToCnocoBHOCTH).

3.5 HepaboTocnocobHoe cocTtoanue (down state): CocroaHue oGbekTa (CUCTEMbI NN 3NEMEHTA), B
KOTOPOM 0BBEKT HEe cnOcoBeH BbINONHATL Tpebyemyto hyHKUUIO.

M pumedHaHune — CucrteMa MOXET UMETb HECKONBLKO pasnu4HbIX Hepa60Tocnoco6Hb|x COCTOSAHMIA.

3.6 onacHocTb (hazard): MNMoTeHUManbHbI UCTOMHUK NONYYEHUSA TPAaBM MNU Bpeaa 340POBLIO NIOAEN
UnNu MaTepuansHoro yuiepba.

[M3K 61508-4, 3.1.2, MmoanmMLUMpoBaHo]

3.7 onacHbin oTkas (dangerous failure): OTkas, KOTOPbI MOXXET NPUBECTU K TOMY, YTO CUCTEMA, CBA3AH-
Has ¢ 6e30MacHOCTbIO, NEPERAET B ONACHOE COCTOAHWE UNKN B COCTOSIHUE HEBLINONMHEHUA 3a4aHHON (DYHKLUN.

[M3K 61508-4, 3.6.7, MoANMLUMPOBAaHO]

Il pumedaHue 1 — BO3MOXHOCTb NOABNEHWUA ONACHOrO OTKa3a 3aBUCUT OT CTPYKTYpPbl CUCTEMBbI.

MpumevyaHue 2 — B HeKOTOPbIX Cry4asx B Ka4eCTBE CUHOHMMa TEPMWUHA «OMacHbI OTKa3» UCMOMb3YIOT Tep-
MWH «Hebe3onacHblii oTKkas».

3.8 6e3onacHbIM oTka3 (safe failure): OTkas, kOTOpPbIN HE NPUBOAUT CUCTEMY, CBSA3aHHYIO ¢ 6e30nacHo-
CTblO, B ONACHOE COCTOSAHUE UMW B COCTOSIHME HEBLIMNONHEHUA 3a4aHHOW (DYHKLMM.

[M3K 61508, mogudmumnposaHo]

3.9 nepexopa (transition): M3ameHeHne 0a4HOrO0 COCTOAHUA CUCTEMBI HA Apyroe.

MpumMevyaHne — Kak npasuno, nepexoj ABNAETCA pe3ynbraTtoM OTKa3a Unn BOCCTaHOBNEHUA. Takxe I'IpMLMHOﬁ
nepexoga MoryTt ObITh: ownbka YenoBeka, BHEWHNUE COOLITUS, nepeHaCTpoﬁKa nporpamMmHoOro ofecneyeHna U T. n.

3.10 BepoOAATHOCTL Nepexona P,j (f) (transition probability): YcnosHaa BepoATHOCTb nepexoaa u3 cocro-
SIHWA | B COCTOSIHME j B TE4EHUE nNepuoaa BpeMeHU (S, s + ) Npu ycnosumu, YTO B MOMEHT BPEMEHU S (nesas
rpaHuLa BPEMEHHOTO NPOMEXYTKA) CUCTEMbI HAXOAUTCS B COCTOSHUM i

MpumevyaHne 1— dopmanbHO Pij(s, s+t)=P(X (s +t)=j| X(s)=i). Ecnn mapkoBCKuiA npouecc ofHOpoAeH
no BPEMEHW, TO P,-j(s, s +t) He 3aBMCUT OT s U 06o3HavaeTcs P[j .
MpuMedyaHue 2 — [INA HENPMBOAUMOrO MapKOBCKOrO npoLecca (HanpuMep, ecnu Kaxaoe CoCTOSHUE MOXET

ObITb JOCTUTHYTO U3 APYroro COCTOAHUA) UMEET MECTO COOTHOLLEHNUE Pij(oo) = PJ rae Pj— acuMnToTUYECKan cTauuoHap-
Has UM ycTaHOBMBLUAsICS BEPOATHOCTb COCTOSHUS J.

3.11 MHTEHCUBHOCTb Nepexoaa gjj (transition rate): Mpeaen, ecnu OH CyLLECTBYET, OTHOLUEHUA YCIOB-
HOW BEPOSITHOCTU Nepexoaa N3 COCTOSHUSA i B COCTOSIHUE j B TedyeHne nepuoaa speMenu (¢, £ + Af), k Af npu A,
CTPEMSALLEMCA K HYMIO, U MPU YCNOBUK, YTO CUCTEMA HAXOAWUNMAChL B COCTOAHMU | B MOMEHT BPeMeEHH .

n punMmed4yaHue — B AaHHOM cny4vae Talkoke UCnonb3yroT 0603HaYvYeHust pii“ CD-.
3.12 HavanbHoe cocToaHue (initial state): CocTtosiHMe cucreMbl B MOMEHT BpeMmeHu £ = 0.

MpumeyvaHune — Kak NnpaBuno, cuUCTEMa Ha4YMHaeT PyHKLMOHMPOBAHUE B MOMEHT BpemeHH t = 0 u3 paboTocno-
COGHOro COCTOSIHNA, B KOTOPOM BCE 3M1eMEeHTHl CUCTEMbI (DYHKLIMOHUPYIOT, U MEPEXOAUT B KOHEYHOe HepaboTocnocobHoe
COCTOsIHME Yepes apyrne paboTocnocoGHbIE COCTOSIHUSA, B KOTOPBIX CUCTEMA UMEET MEHBLLIEE KONUYECTBO (DYHKLIMOHUPY-
OLLUX SNEMEHTOB.

3.13 nornowarouee cocroaHune (absorbing state): CocrosiHue, n3 KOTOpoOro nepexobl HEBO3MOXHbI.
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3.14 BoccTtaHaBnuBaemas cuctema (restorable system): Cucrema, coaepxxawian aNnemMeHTbl, KOTopbie
MOryT GbiTb BOCCTAHOBIIEHBI MOCHE 0TKa3a A0 paboTocnocoGHOrO COCTOSIHUA; OTKa3 anemeHTa He obasaTenb-
HO BbI3bIBAET OTKA3 CUCTEMBI.

MpumevyaHune — B aaHHOM criyyae Takke UCTIONb3YIOT TEPMUH «PEMOHTUPYEMas cUCTEMa.

3.15 HeBoCcCcTaHaBnNuBaemas cuctema (non-restorable system): Cucrema, gnarpamma COCTOSIHUIA KO-
TOPOI COAEPXXUT NePeXoabl TONbKO NO HANPAaBIEHUIO K COCTOAHMIO 0TKa3a CUCTEMBI.

n punmMedyaHune — B naHHoM cny4ae Takxe UCTNONb3YKT TePMUH «HEPEMOHTUPYEMas cUcTeMar.

4 O603Ha4YeHNA N COKpalLeHunA

4.1 O603HaYeHunA Ana AMarpaMMbl COCTOSIHUM U Nepexoaos

MapkoBckue MeToabl rpachuyecku NpeacTaBnsioT C NOMOLLBIO AUarpamMmm COCTOSHUIA MU Anarpamm UH-
TEHCUBHOCTEN NEePEX0a0B.

B HacTosiLeM CTaHaapTe UCMOSb30BaHbI NPEACTaBIIEHHbIE HWKE 0603HAYeHns 1 cokpalyeHus. MNpu He-
06X0AMMOCTU MOTYT ObITh UCMONbL30BaHbI pyrue 0003HAYEHUA.

4.1.1 3Hak cocToAHMA

CocrosfHne n3obpaxkaloT B BUAE Kpyra unm npsMoyrornbHuKa.

MpuMevaHne — [AnsA YETKOCTU HEpaAGOTOCNOCOBHBLIE COCTOAHUA MOTYT GbITb BbiAENEHbl XKUPHLIMU JIMHUAMM,
LiBETOM WK LUTPUXOBKOW.

4.1.2 OnucaHune COCTOSAHUA

OnucaHune, pacnono)XeHHOEe BHYTPU 3HaKa COCTOSIHUSA U NPEeACTaBNEHHOE B BUAE CNOB Unu andasuTHoO-
L1 poBbIX CUMBONOB, ONpPeAEnsAoWMUX KOMOUHALMM OTKa3aBLUMX U (DYHKLUMOHUPYIOLLMX 3NEeMEHTOB, XapakTe-
PU3YIOLLMX 3TO COCTOSHME.

4.1.3 O603HaYeHUe cOCTOAHUA

Yucno unu GykBa B Kpyre pacnono)eHbl pSAoOM CO 3HAaKOM COCTOSIHUA MAM NPU OTCYTCTBUM OMUCAHUA
COCTOSIHUSI BHYTPM 3HAKa cOCTOsAHUSA 6e3 Hero.

MpumeyvaHue — CocTosiHUE YaCTo U306paxaloT B BUAE Kpyra ¢ YUCNOM, 0603HaYaloLLUM COCTOSIHUE.

4.1.4 CTpenka nepexoga
CTpernka yka3blBaeT HanpaeneHue nepexoaa (Kkak pesynsrara oTkasa unu BOCCTaHOBMNEHUA). MHTEHCUB-
HOCTb NepexoAa 3anucbiBalOT psiAoOM CO CTPENKOW nepexoaa.

4.2 ipyrne 0603HaY€HUA U COKpaLLeHUA

O603HavyeHus1 nokasatenei 6€30TKa3HOCTH, FTOTOBHOCTU, PEMOHTONPUIOAHOCTU U BE30NaCcHOCTN COOT-
BETCTBYIOT 0603Ha4yeHuaAM, npueegeHHbiM B MOK 60050 (191). MNMpuBeaeHHble HMXKE CCbINKKU ¢ Ynucnom 191
yKasblBaloT Ha pazgen MOK 60050 (191). B HacTosAweM cTaHgapTe npeacrasneHsl cnegyowme 0603Ha4eHns
W COKpaLLeHus:

OboaHaeHue/ TepMmuH Cchblinka
coKkpallleHne P
R(f) — BeposiTHOCTbL Ge3oTkasHou paboTbl
MpuMeyvyaHue — [na BepoaTHOCTU 6e30TKa3HOW paboTbl MCNONb3YIOT Takke 60-
nee obLyee o6osHadeHne R(ty,t,).
DFR — WHTEHCMBHOCTb ONACHOro OTKasa M3K 61508
MpnmedaHune — B koHTekcTe 6e3onacHocTn Ana DFR o6bivHO ucnonb3aytot 060-
3Ha4eHne HR (MHTEHCUBHOCTb BO3HUKHOBEHUA ONAacHOCTU, MHTEHCUBHOCTL OTKasa).
MTTF — cpeaHas HapaboTka Ao OTkasa 191-12-07
MTTFF — cpenHsa HapaboTka Ao nepeoro otkasa') 191-12-06

) MTTFF sBnsieTcs yacTHbIM criyyaem MTTF.
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OGo3Hauenne/ TepmuH Cchbinka
COoKpaljeHue
MTTFH — cpepHasa HapaboTka 40 BO3HUKHOBEHUA NEPBON ONACHOW CUTyaLuu
PFD — BepoATHOCTb OTKa3a rno 3anpocy M3K 61508
NMpumeyaHue — [na 3agaHHOro BpeMeHn t PFD cooTBeTcTBYeT Zl—Pj(t) —
Z; XX P;(f) no Bcem HepaBOTOCTIOCOGHLIM COCTOSIHUSAM j
Mf) — WHTEHCUBHOCTb OTKa30B (MrHOBEHHas) 191-12-02
w( — WHTEHCUMBHOCTb BOCCTAHOBMEHMUM
Mpumevyanue — B 191-13-02 u(t) ncnonbayoT ANa 0603Ha4eHUA UHTEHCUBHOCTH
peMoHTa.
Al — k03dDOULUMEHT rOTOBHOCTU (MTHOBEHHbIN) 191-11-01
U@) — koahdPUUUEHT HErOTOBHOCTU (MTHOBEHHbIN) 191-11-02
A — acUMNTOTMYECKMIA UM CTALMOHAPHbIN KO3(PULIMEHT FOTOBHOCTHU
MpuMevyaHue — CraymoHapHblil KOIDPPULUUEHT FOTOBHOCTU UMEET TO XKE YUCNO-
BO€ 3Ha4YeHMne, YTO M aCUMMTOTUYECKUIA KO3PPULNEHT rOTOBHOCTH.
MUT — cpepHsas NpOAOIMKUTENBHOCTL paboToCNOCOBHOro COCTOAHUA 191-11-11
MDT — cpeaHAasa NpoAOIHKMTENBHOCTb HEpPAboTOCNOCOBHOr0 COCTOAHUSA 191-11-12
P; () — BEPOATHOCTb TOTO, YTO CUCTEMA HAXOAUTCA B COCTOAAHUM | B MOMEHT Bpe-
MeHu t
P, — acuMnTOoTMYECKas M CTauuoHapHas BEPOATHOCTb TOTO, YTO CUCTEMA Ha-
XOAUTCA B COCTOAHUWN i B MOMEHT BpeMeHum
At — manbii UHTEPBaN BPEMEHMU
P,j () — BepoOATHOCTbL Nepexoaa U3 COCTOAHUA i B COCTOAAHWE j B MOMEHT BPEMEHU ¢
gjj — WHTEHCMBHOCTb Nepexoaa U3 COCTOsAHUA i B COCTOSIHUE j, N i #
MpuMevaHune —q;npeacrasnaeT co6on MHTEHCMBHOCTb Nepexofa U3 COCTOSHUA /.
9=2.9;
J#i
4.3 Npumep

Ha pucyHke 1 nokasaHa gnarpaMmma BepOSITHOCTEN nepexoda 3a nepuos spemenn (¢, t + Af), rae ¢ npo-
N3BONbLHO, a Af Mano, 4Nsa HEBOCCTaHaBNMBaeMOW CUCTEMbI, COCTOSLLIEN U3 OAHOMO dnemMeHTa, C NOCTOAHHOM

WHTEHCUBHOCTbLIO OTKa30B A.
(O—"—=0

0 — paboTocnocobHoe cocToAHNe cUCTEMBI; 1 — HepaboTocnocobHoe coCToAHUE CUCTEMBI

PucyHok 1 — [Quarpamma BepOsTHOCTE Nepexofa B nepuoj speMeni (f, t + Af),
rae t NnponsBonbHO, a At Mano, AnNA HeBOCCTaHaBMBaeMOW CUCTEMBI,
COCTOSILLEN U3 OAHOrO 3reMeEHTa € NOCTOAHHON MHTEHCUBHOCTBIO OTKa30B A

Mt — yCcrnoBHasa BEPOSITHOCTb nepexoaa CUCTEMbl U3 coCcTosAHus O B COCTOSIHME 1 3a Manbid nepu-
o4 BpeMeHu (f, t + Af) npu ycrnoeum, 4TO CUCTEMA Haxogunacb B cOCTOAHUM O B MOMEHT BpemeHu . [Ans

4
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YMPOLLEHNA 3anNUCH BENUUUHY Af 4acTO OMYCKAIOT, NPKU 3TOM AUarpaMma BEPOATHOCTEN nepexoaa, NpeacTas-
NEHHas Ha pUCyHKe 1, NPUHUMAET BUA AMarpamMmMbl UHTEHCUMBHOCTEN Nepexoaa, NPUBEAEHHON HA PUCYHKE 2.

PucyHok 2 — [Inarpamma cocTosHUIA NSt HEBOCCTaHABNMBAEMON CUCTEMBI,
COCTOSLLER N3 OQHOro areMeHTa

Ha pucyHke 2 u Jaree no TEKCTY TEPMUH «auarpaMma COCTOSIHMM» MCNOMb30BaH KaK 9KBUBANIEHTHBbIN
TEPMUHY «AMarpamma MHTEHCUBHOCTEN nepexoaa.

5 OOwme nonoxeHus

Mpu NPUMEHEHUN MapKOBCKUX METOA0B AnarpamMmmbl COCTOSHUN UCNONB3YIOT ANA NpeACTaBNeHUst PyHK-
LMOHMPOBAHUA CUCTEMbI, AN KOTOPON MOryT ObiTb BbIMUCMEHBbI NOKa3aTenu 6e30TKa3HOCTU, FOTOBHOCTH,
PEMOHTONPUIOAHOCTU M 6e30nacHOCTU. 3TO MO3BONSIET MOAENUPOBATL NOBEAEHUE CUCTEMbI BO BPEMEHM.
B HacTosiLleM cTaHaapTe CUCTeMy paccMaTpuBaloT Kak Habop 3MeMEeHTOB, KaXkblii U3 KOTOPbIX MOXET Cy-
LLecTBOBaTb TOMbKO B OAHOM M3 ABYX COCTOSIHMIA: HepaboTocnocoOHOM unu pabotocnocobHom. Cucrtema B
Liernom, 0O4HaKO, MOXET CYLLECTBOBATb B PA3NIMYHbIX COCTOSTHUSIX, KAXXA0€ U3 KOTOPbIX ONpeAensieTcs cneuu-
dhuyeckoi kombrHaumen paboTocnocobHOro n HepaboToCcNOCOGHOrO COCTOAHUI €€ aneMeHToB. Takum obpa-
30M, B MOMEHT OTKa3a unu BOCCTAHOBIEHMS SMEMEHTa cucTema nepexoaut u3 0gHOro COCTOSIHMS B APYroe.
OG6bIYHO 3Ty MOZENb HA3bIBAIOT MOAENbIO ANCKPETHBLIX COCTOSAHMIA C HENPEPbIBHBIM BPEMEHEM.

MapkoBckne mMeToasl 0COOEHHO MOAXOAAT ANS UCCNEAOBAHUS CUCTEM: C pE3EPBUPOBAHNEM, OTKA3 KO-
TOPbIX 3aBUCUT OT HaNW4MA NOCNeaOBaTENbHOCTU COOLITUIA; CO CROXHOW CTpaTerMeit TEXHUYECKoro obeny-
KMBaHUA U peMoHTa. Hanpumep, 9TO CUCTEMbI C MPUOPUTETAMU BOCCTAHOBMEHUIA UIIM MHOXECTBEHHbLIMU
rpynnoBLIMU BOCCTAHOBNEHUAMU, C NpobneMamu o4epeaen u orpaHn4eHns pecypcoB ANl BOCCTAHOBMEHUA.
Mpu nocTpoeHun mMoaenu Heobxoanumo, YToObl MOAENb aAEKBATHO OTpaxana (hyHKLUMOHMPOBaHWE peanbHON
CUCTEMbI MO OTHOLLEHMIO K CTPaTErnn U NOSIMTUKE €€ TEXHUYECKOro 0BCNy>XMBaHUA U peMOHTA. B yacTtHocTH,
JOIMKHbI ObITb PACCMOTPEHbI NOAXOASLIME IKCNOHEHUMATIbHbIE pacnpeeneHnsi BpeMEHU BOCCTAHOBMEHMS.
Cnenyet OTMETUTb, YTO NMPU MOAENMPOBaHUMU BOCCTAHABNMBAEMbIX CUCTEM C pe3epBMPOBAHUEM NPU OTPaHu-
YeHUN BO3MOXKHOCTEI PEMOHTA 3a CHET CBOWCTBA OTCYTCTBUSI NAMSITU pearibHOe BpeMsa PEMOHTA MOXET ObiTb
3aBbILLEHO (CM. PUCYHOK B.9 npunoxeHus B).

MaBHbIM NPEUMYLLECTBOM MPUMEHEHUSA MAPKOBCKUX METOAO0B aHanu3a C yyeroM NpeanonoXeHun u
OrpaHuyeHuid, ONUCaHHbIX B pasaene 6, SBMAETcA TO, YTO MOryT ObiTb CMOAENUPOBAHLI CTpPaTernn TEXHU-
4YecKoro 06CY>XMBaHWA U PEMOHTA, HaNPUMeEP NMPUOPUTETLI BOCCTAHOBIIEHUA OTAEMNbHLIX anemeHToB. Kpo-
Me TOF0, B MOAENN MOXET OblTb PaCCMOTPEH NOPSA0K BO3HUKHOBEHUSI MHOTOKpAaTHbIX 0TKa3oB. Heobxoanmo
OTMETUTb, YTO APYrMe MeTOoAbl aHanM3a HAAEXHOCTU, HanpuMep aHanus gepesa HeucnpasHocten (FTA) u
METOA CTPYKTYPHON cxembl HaaexHoctu (RBD), kak onucaHo B MOK 61025 n M3K 61078, COOTBETCTBEHHO,
He NMO3BOMNSAIOT Y4ECTb CNOXHbIE CTPATErMU TEXHUYECKOTO OGCNY>XUBAHUS U PEMOHTA, XOT OHU MOTYT UMETb
cneuuanbHble BEHTUNK, 3obpaxaemMbie 0CODbIMM 3HAaKaMU (AMHAMUYECKUe BEHTUNW), ANA uaeHTMdUKaLmm
nNoA0OHBbIX CUTYaLMIA. AHANWU3 TakMX BEHTUIEN cneayeT NPOBOAUTL OTAENBHO C MOMOLLBIO MAPKOBCKUX W ApY-
rMxX METOA0B, BKMIOYas NONyYeHHbIE pesynbTarbl B aHanu3 aepesa HeucnpasHocTen u RBD.

HecMoTpA Ha TO YTO MapKOBCKME METOALI C TEOPETUYECKOW TOYKN 3PEHUS ABNAIOTCA TMOKUMU U YHUBED-
canbHbIMK, NPU PeLLEeHNN TPYAHbIX NPaKTUYeCKMX 3aa4 HeobXxoauMbI crieuuanbHbie Mepbl NPEAOCTOPOXHO-
ctu. MaeHasa npobnema 3aknioyaeTcsl B TOM, YTO KONIUYECTBO COCTOSIHUIA M BO3MOXHBIX NEPEXOA0B CUCTEMbI
6bICTPO BO3pACTaEeT ¢ pOCTOM KONMMYECTBA ANEMEHTOB CUCTEMBI. B cniyyae 60nbLIOro Konm4ecTsa COCTOSIHUN
M NepexoAoB BO3pacTaeT BEPOSITHOCTb OLLUMBOK U UCKaXKEHWI. [INst TOro YTOObl YMEHbLUMTL 3TY BEPOATHOCTD,
nNpeanoYTUTENbHO UCMONb30BaTh HEKOTOPLIE NPaBUNa COCTaBeHUsa auarpaMmbl. Kpome Toro, npumeHsieMble
pacyeTHble MeToAbl MOryT ObiTb AOCTAaTOMHO CROXHbLIMU U TpeboBaTb crneuuanbHbiX KOMMbIOTEPHbIX MPO-
rpaMM u/vnu NOMOLLUM IKCNEPTOB B 0ONACTU NPUKIAAHOW MaTeMaTuKu.

Kpome TOro, MeToibl MApKOBCKOTO aHanu3a NoAxXoAAT AN MOAENUPOBaHUA CTpaTteri TEXHU4ECKoro
0o6CnyXMBaHNA U PEMOHTa M AaloT BO3MOXHOCTbL rpaduyecku otobpaxarb cobbiTus OTkasza/BOCCTAHOBIE-
HUSA, YTO Taloke ABMNSIETCA LIEHHOW XapakTepucTukoi metoaa. Npouecc YepeioBaHUA 0TKa3a/BOCCTAHOBNEHUA
npeacTaBneH nepexogamMmn OT OHOTO 3HaKa COCTOSIHUSA K ipyroMy, BMECTe COCTaBMSIIOLUMU Anarpammy co-
CTOSIHNIA CUCTEMBI.
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KonnuectBO BO3MOXHbIX COCTOSIHUIA KOHEYHO, U CyMMa BCEX BEPOATHOCTEN COCTOSHWI paBHa eauHULIE.
B nto60oii MOMEHT BPEMEHU CUCTEMA MOXET HaXOAUTLCA UCKMIOYUTENBHO B OAHOM M3 COCTOSIHMIA, NpeacTas-
MNEHHbIX HA AuarpaMMe COCTOsIHUWA. M3 npakTuiecknx coobpakeHuit COCTOAHMA C OYE€Hb HU3KOW BEPOSATHO-
CTblO 1I0NYCKAETCA UCKMIOYaTb U3 MoAENU OyHKLIMOHUPOBAHNUS CUCTEMBI, B 3TOM Clyyae CymMa BEPOSAITHOCTEN
BCEX OCTaBLLMXCA COCTOSHUI ByaeT nuilb NpubnmkeHHO paBHa eaAnHULIE.

OnucaHHble METOAbI MOAENUPOBAHUSA MOTYT ObITb TAKKE MPUMEHEHBI K CUCTEMAM, B KOTOPLIX Onpese-
NEHHble UMK BCE SNEMEHTHI ABMNATCHA HEBOCCTaHABNMBaeMbIMU. QUeBUAHO, YTO CUCTEMY C HEBOCCTaHaBNU-
BaeMbIMW 3NeMEHTAMUN MOXKHO paccMaTpuBaTth Kak cneumanbsHbli cnyyan CUCTeMbl C BOCCTAHABNMBAEMbIMU
3rNeMeHTaMu, y KOTOPbIX MHTEHCUBHOCTU BOCCTAHOBJIEHWUS PaBHbl HYMIO (MNU BPEMsi BOCCTAHOBNEHUA bBec-
KOHEYHO).

6 MpeanonoxeHus U orpaHNyYeHuns

Mpasuna paspaboTku guarpamMmmsl COCTOSHUIM (CM. 8.2), yCTAHOBNEHHbIE B HACTOSALLEM CTaHaapTe, Npu-
MEHUMbI BO BCEX Cry4Yasnx (kpome npasuna h). OqHako onMcaHue pacHeTHbIX METOA0B NPUBEAEHO TOMNbLKO ANA
cnyvasi, Korja MHTEHCUBHOCTM OTKA30B U BOCCTAHOBMNEHUI ANS BCEX SMIEMEHTOB UCCIeAyeMOl CUCTEMbI NO-
CTOSIHHbI BO BpeMeHU. MpeanonoXeHne o NOCTOSAHCTBE MHTEHCMBHOCTI OTKA30B NPUEMIIEMO AN ANIEMEHTOB
MHOIMX CUCTEM A0 HACTYNIIEHUS UX U3HOCA (04HAKO 9TO NPEANONOXKEHME TaKKe AOMKHO ObiTb 000CHOBAHO),
NpeanonoXXeHNe O NMOCTOSTHCTBE MHTEHCUBHOCTM BOCCTAHOBIIEHUI AOIMKHO ObiTb 06OCHOBAHO B TOM Criyyae,
€Cnu cpefHee Bpemsi BOCCTaHOBNEHUS He ABNSAETCS NPEHEOPEeXMMO Manon BeNUUUHON N0 CPABHEHUIO C CO-
OTBETCTBYIOLUMM 3HAYEHUEM CpeaHen HapaboTkm A0 oTkasza. OueHku B 00LIeM criyyae, KOrja MHTEHCMBHOCTU
OTKa30B UMW MHTEHCUBHOCTU BOCCTAHOBINEHMII HE NOCTOAHHbLI BO BPEMEHM, B HACTOSILLEM CTaHAapTe He pac-
CMOTPEHBI.

W3 caenaHHbIX NpeanonoXeHuin cneayet, uTo Oyayliuee COCTOsIHUE CUCTEMbI 3aBUCUT TONMBKO OT Cylle-
CTBYIOLLEr0 COCTOSAHMA CUCTEMbBI U HE 3aBMCUT OT TOTO, KaK CUCTEMA AOCTUINA 3TOro COCTosAAHMA. Heobxoaumo
rapaHTMpOBAaTb, YTO 4AHHOE CBOMCTBO OTCYTCTBMS NaMsITM MApKOBCKMX MOZENen ABNSAeTCs AOCTaTO4HOW an-
npoKcumaumnei peanbHoro NpoLUecca N3MeHeHust CoCTosiHusi cuctembl (cMm. 8.1). Ocoboe BHUMaHUE cneayer
YAENATb MOAENUPOBAHMIO BNMAHMA OTKA30B NO 00LLE NpUUMHE, KOTOPbIE MOTYT NPUBECTU CUCTEMY B HEKOTO-
poe BO3MOXHOE NPOMEXYTOUYHOE COCTOSAHUE (CM. PUCYHOK B.4 npunoxxeHus B).

OO0blYHbIE NPEANONOXEHUA AN KaXA0ro aNeMeHTa paccmaTpusaeMoin CUCTEMbI cneayioLme:

- UHTEHCUBHOCTb OTKA30B A U UHTEHCUBHOCTb BOCCTAHOBMEHUN 1 ABNAIOTCA NOCTOSAHHBIMM (HE 3aBUCAT
OT BPEMEHN);

- BEPOATHOCTb Nepexoa U3 COCTOAHUSA | B COCTOSIHME j 3a Manbii nepuoa speMenn (¢, ¢ + Af) npu ycno-
BWUU, YTO B MOMEHT BpeMEHU { cucTeMa Haxoaunacb B COCTOSAHUM i, paBHa Gjj At, tpe Gjj— CyMMa WUHTeHCuB-
HOCTEeN 0TKa30B U BOCCTAHOBIEHUIN COOTBETCTBYIOLLUX 3NEMEHTOB.

MpumedyaHue — TeopeTUYECKU OrpaHUHEHNS, CBA3AHHbIE C NOCTOSHCTBOM MHTEHCUBHOCTEN OTKa3oB U BOcCTa-
HOBMEHWA, MOTyT ObITE NPEOAONEHBI NMYTEM pacLUMPEeHUA NPOCTPAHCTBA COCTOAHWUM, TakK Kak MHOMMe HeaKCNoHeHUWans-
Hble pacnpezeneHns HapaboTKu f0 oTKasa Unu AN BpeMeHN BOCCTaHOBNEHUA MOTyT 6bITb annNpoKCUMUPOBaHbI CYyMMOW
3KCMOHEeHUManbHbIX pacnpeaeneHunid. Kaxaoe us aTux aKCnoHeHUManbHbIX pacnpegeneHunii MogenupyoT kak 4ONonHU-
TernbHOe COCTOsIHWE, SBMSAIOWEECa aHanoroM naMsti Ans HapabGoTku A0 oTKasa WNKU ANs BPEMEeHW BOCCTaHOBMEHUS.
OpfHako AaHHbliA nogxofd, o6bIMHO HasbiBaeMeblid pa3oBoi KOHLENUMEN KU KOHUeNUWel AONONHUTENbHBIX COCTOSHUIA, He
MONYy4nUnN WUPOKOro NPaKTUYECKOro NpUMeHeHUsI.

7 BzaumocBA3b C AgpyrmMu meTtoamMmu aHanusa

7.1 O6wue nonoxeHun

MapkoBckue mMeToabl MOryT ObiTb MCNONbL30BaHbLI AN MOAENNPOBAHNA COOBLITUI U COCTOSAHUI COBMECT-
HO C APYrMMK METOAaMU MOAENUPOBAHMUSA, B 0CODEHHOCTU KOraa 9TUM METO4am He AO0CTaeT BO3MOXHOCTEN
MapKOBCKMX METOAOB, HanpUMep CNoCOBHOCTU ONUCLIBATL NEpPexoAbl COCTOSHUI CUCTEMbI B 3aBUCMMOCTU
OT BpPEMEHU UK COCTOAHMA. Pe3ynbTar COBMECTHOIO NPUMEHEHUA HECKOMNbKUX METOA0B 4acTO Ha3bliBaloT
rmbpuaHon MoaENbIO.

Moapo6HbIN aHanu3 mMeToA0B MoaenupoBaHua npuseaeH B MOK 60300-3-1. BceCcTopoHHee onucaHue
mbpuaHbIX Moaenen, UCNOsNb3yLLIMX MAPKOBCKUE guarpammbl COCTOSIHUN, npeactasneHo B MOK 61078 u
M3K 61025. Huxxe npuseaeHo obliee onucaHne rmbpuaHbix Moaenen.
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7.2 AHanus pgepeBa HeucnpaBHocTen FTA

AHanus aepesa HEUCTNPABHOCTEH — MEeTOA, UCMONb3yeMblli ANt ONpeAerieHnst OLIEHKN BEPOATHOCTH
0TKasa B 3aJaHHbIii MOMEHT BpeMeHu t npu nomoLun Gynesoii anre6pbl. [JaHHLIA METOA He OTpaxaeT 3aBu-
CMMOCTM OT BPEMEHM U COCTOAHUIA. NS aHanu3a noaoOHbIX 3aBucMmocTeid BHyTpu metoga FTA BO3MOXHO
NMPUMEHEHWE HOBbIX BEHTUNEN, A1 KOTOPLIX UCMONb3YIOT 0CoBble MapKOBCKUE MOAENK (paccmartpuBaemble
OTAENLHO), HE BKIOYaEMbIe B OCHOBHYIO cxemy FTA. OTU BEHTUNN Ha3bIBAOT AMHAMUYECKUMU BEHTUNAMU
(rakne kak PRIORITY AND, SEQUENTIAL INHIBIT urn SPARE)"). Kaxaplit U3 HUX MOXeT GbiTb 3aMeHeH
OCHOBHbIM COBBLITUEM, BEPOSITHOCTL peanu3aunn KOTOPOro BbIYUCASIOT MPW MOMOLLM MApKOBCKUX METOAOB.
Mony4eHHyo MOAENb YaCcTO Ha3bIBAOT TMOPUAHBLIM UNKU AnHamMmudeckum FTA.

Kak ctatuyeckue, Tak n guHamudeckue seHTunu FTA moryT GbITb CMOAENMPOBaHbI NPW NOMOLLM Map-
KOBCKUX MeTof0B. OaHaKko ocoboe BHUMaHWe crneayeT YAEnsTb CBOUCTBY HE3aBUCUMOCTU COObITUI B MAPKOB-
ckoit mogenu un B FTA. B aepeBe HeMcnpaBHOCTEN YacTu, uccnegyemMblie npyu nomMoLLM MapKOBCKMX METOAO0B
No NPEeAMNONOXEHUIO AOMKHbI ObITb HE3ABUCHMbIMU BETBAMMU.

7.3 MeToq CTPYKTYPHOWU cxeMbl HaaexHocTu RBD

MeToa CTpYKTYpHOI cxembl HagexHocTu RBD, kak n FTA, 0CHOBaH Ha NPUMEHEHWU ByneBon NOrukn u,
TakuMm o6pa3oM, MMEET Te XKe OrpaHuyeHus, 4to u FTA.

Metog RBD nossonser Bblaenatsh 6noku RBD, ana KOTopbix He0GXOAUMO MCNOMb30BaTb MapKOBCKWE
MeToabl. BblgeneHHble 6rnokn fomkHbl hOpMUPOBaTh Lenb ¢ OAHUM BXOAOM W OAHUM BbIXOAOM; MPU 3TOM
Lenb He AOoMmKHa cogepxarb 6roku, paHee AybnupoBaHHble. PykOBOACTBO MO MPUMEHEHUIO AAaHHOMO MeToaa
npeacrasneHo B MOK 61078.

7.4 Cetu MNetpn

Cetu MeTpu — 910 rpadM4ecKnini MeTOA NPEACTABNEHUA U aHanM3a CrnoXHbIX NOrMYeCKX B3aumoaen-
CTBUIA 9NEMEHTOB CUCTEMBbI.

B yacTtHOCTM, Takon knacc ceteit Metpu, kak obLume croxacrudeckue cetu MNetpu (GSPN), umeer akBu-
BarleHTHbIE MapKOBCKMM METOAaM BO3MOXHOCTM MozenupoBaHus. Cetu MeTpu MOXHO paccMarpuBaTh Kak
€CTeCTBEHHOE HesIBHOE npeAcTaBrieHue ABHOIO npeacTtaeneHusi MapkoBckowW moaenu. Cetu lMerpu moryT
ObITb NPeobpa3oBaHbl B MAPKOBCKYIO Moaenb. Tak mogenu GSPN, cogepxkalime cnoXHble B3auMOAENCTBUA,
yacto MoryT 6bITh onucaHbl 6onee NPocTo u 6onee NPOCTLIMKM AMarpaMMamMum NpPU UCMONb30BAHUWM MapPKOB-
CKMX MeToAoB. B BbluMcnUTENbHBLIX LeNax ceTu MeTpu npeobGpasyior B COOTBETCTBYIOLLYIO MAPKOBCKYIO MO-
Aenb. [Ing npakTMYeCKUX BbIYMCNEHUN, KAK NPABUIIO, UCNOMNL3YIOT NPOrpaMMHOE oBecneveHue.

8 MNocTpoeHue guarpaMMbl COCTOSAHUNA

8.1 MNpeasapurenbHbie TpeGoBaHUA

[o Hayana aHanu3a cucteMbl He0bX0AMMO pPeLLUTL cneaytowue obwme 3aaaqn:
a) OnpegenuTb LeNb aHanu3a. 3TO MOXET ObiTb aHaNM3 OAHOTO UMW HECKOMbKMX U3 Crieaylowmx no-
Kasarenemn:
- BEpOSATHOCTb Be30Tka3Hou paboThl;
- yacToTa OnacHbIX COOLITUN;
- cpenHssi HapaboTka A0 NepBoro 0Tka3sa;
- aCMMNTOTUYECKUI KOIDPULMEHT FOTOBHOCTH;
- BEPOSITHOCTb TOr0, YTO CUCTEeMA OTKAXET Mpu NOCTYMIEeHUN 3anpoca Ha ee (PYHKUMOHUPOBAHUE
(ansa cuctemsl, KOTOpas He UCNOMb3YETCA HENPEPLIBHO);
- Apyrue yCTaHOBIEHHbIE NoKasaTenu.
Takke HeoOxoauMO onpeaenuTb eAUHNULIbI K3MEPEHUI.
b) Onpeaenutb xapakTepucTUKU CUCTEMbI U rPAHUYHbIE YCITIOBUS aHanu3a.
[nsa aroro Heo6xo0AUMO OTBETUTHL HA BONPOCHI, NOA0OHLIE CREAYIOLLMM:
Kakue Ba)kHble CBOWCTBA MOAENUMPYEMON CUCTEMbI?
Kakum 06pasomM AaHHbIe XapakTepucTUku MOTyT ObITb MOATBEPXKAEHDBI MU, NO KPaiHeil Mepe, NpoBepe-
Ha UX NpaeaonoaobHOCTbL?

1) Bentunu «M ¢ nproputetamny, «ocnegosaTenbHble GROKUPOBKM» UNU «Pe3epsy.
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Cwucrema ABnseTca BOCCTaHaBNMBaeMou (Mocne oTkasa) Unu HeBOCCTaHaBIMBAEGMON?

Heobx0anMMo nu onucbIBaTb U3MEHEHWE COCTOAHUSA CUCTEMbI B 3aBUCUMOCTU OT BPEMEHU?

KakoBa HeornpeaeneHHOCTb UCXOAHbIX AaHHbIX, HANpPUMep UHTEHCUBHOCTEN OTKA30B 1 BOCCTAHOBNEHWN
M/MInn xapakTepucTuk OTKazoB No obLen Npu4nHe?

KakoBbl HE0OX0AMMbIE€ TOUHOCTb UMK YPOBEHb JOBEPUS Pe3ynbTaToB?

Ecnu HekoTOpble CBOMCTBA peanbHOW CUCTEMbI HE BaXKHbl 4115 MOAENM, TO cneayeT 3to 060CHOBATb.

C) Y6eautbCcst B TOM, YTO MApKOBCKMI METOA ABNSAETCA Haubonee noaxoaawmmMm METOA0M aHanusa ans
nocTaBnieHHON 3agaun. Beibop MeToaa AomkeH ObiTb OCHOBAH Ha Liensix aHanu3a U CBOWCTBaxX CUCTEMbI, a
He HaobopoT; B MPOTMBHOM Cry4ae CBOWCTBA CUCTEMbI OyayT CMOAENMPOBaHbI HE B NMOMHOM 06beMe. B yact-
HOCTU, NPEANONOXEHNA U OTPAHUYEHUS MOAENMW AOSMKHbI ObITb TLLATENLHO NPOBEPEHDI.

d) Mogenb 1 BXoAHble AaHHble JOMKHbI ObiTb MPOBEPEHbI AKcnepTamu B 06nacTtu akcnnyatauum Cu-
CTEMbI, TaK Kak OLNOKKM, CBA3AHHbIE C HETOYHOCTAMMU B MOAENMW MMM AaHHbLIX, MOTYT CUNbHO NOBMUATL Ha
pesynsrar aHanusa.

KnioueBoi 3agayeii MapkoBCKOrO aHanu3a ABNsieTCA KOPPEKTHOE MOCTPOEHME AnarpaMmMmbl COCTOSHUM.
PekoMmeHayeMble Ans 3TOro npasuna npeacrasnexsl B 8.2. Npasuna AomKHbl ObITb YCTAHOBMEHLI A0 HaYana
aHanusa, n Takum obpasom obecnedeHbl 0603HAYEHUS OTAENbHbLIX COCTOSIHUIA. 3TO AAET BO3MOXHOCTbL MO-
CTPOEHUA YETKUX rpadpuyecknux Mogenen.

8.2 MpaBuna pa3paboTku u npeacTaBrieHus

MpuBeaeHHbIE HWKE NpaBuna ABNAKOTCA PYKOBOACTBOM ANA pas3paboTku guarpammbl COCTOSHMIA. [o-
CTPOEHHasa AuarpaMmma COCTOSIHUI MO AaHHbIM npasunam obecnevymBaeT NErkocTb NOHUMAaHUA U aHanuaa.
Ha anarpammMe JonycTUMO UCMOMb30BaHWE 0003HAYEHUIA, OTIIMYHBIX OT MEPEYUCTIEHHbIX HIKE, a TaKkke UHOE
pacnonoXxeHne 3neMeHTOB Anarpammbi.

a) Kaxxgoe cocTosHue cMcTembl JOMMKHO ObITh U300PaXKeHO B BUAE KPyra U NPAMOYIOSibHUKA C UAEH-
TUUKATOPOM COCTOSIHUSA (BYKBA UM YMCII0), KOTOPbIN NMO3BOMSAET OAHO3HAYHO PACNO3HABAaTh 3TO COCTOSIHUE.

b) Mpu HeoGXOAMMOCTU 3HAK COCTOSHUS MOXKET BKIOYaTh ONUCAHNE COCTOSIHUS CUCTEMBI KaK Henocpea-
CTBEHHOE UNKU B COOTBETCTBUU C NMPUHATLIMU 0b03Ha4YEeHNAMH.,

¢) CoCTOSIHMA JOMKHbI pa3meLLaTbcs TakuM 06pa3om, YToObl KpaHUM NEBbIM COCTOSIHMEM ObINo NOn-
HOCTbIO paboTOCNOCOOHOE COCTOSIHME CUCTEMbI, @ KpaiHUM npaBblM COCTOSSHUEM — HepaboTocnocobHoe
coctosiHe. COOTBETCTBEHHO MPOMEXYTOYHbIE COCTOSAHWUA AOSMKHBI ObITh PACMONOXEHbI Tak, YToObl nepexoa
crneBa Hanpaso SABMNANCA Pe3ynsTatoM 0TKasa, a mepexo cnpasa Haneso — pe3ynsTatoM PEMOHTa Unu BOC-
CTaHOBMEHUS.

d) CocTosiHMA cUCTEeMbl, COOTBETCTBYIOLLME OAMHAKOBOMY KONMMYECTBY OTKA3aBLLMX ANIEMEHTOB, 4 0JDKHbI
pacnonaratbCsa Apyr noa Apyrom.

e) Mepexoabl Mexay COCTOSAHUSIMU CUCTEMbI AOIMKHbI ObITb OTMEYEHbI IMHUAMU CO CTPEnKaMu, Coeau-
HAIOLLMMKU COCTOSIHUA. JIMHUA CO CTPEenKkow cnpasa npeacTaBnser Co0O 0TKas, a NIMHUA CO CTPEenKow cne-
Ba — BOCCTaHOBMeHue. Ecnun nepexoa mexay ABYMsi COCTOSAHUSAAMU MOXET ObITb AOCTUTHYT NyTEM OTKa3a unu
BOCCTaHOBIIEHUS, TO TAKOW Nepexoa AOMKEH M300paxkaTbCa eAUMHCTBEHHOWM NUHUEN CO CTpenkamm Ha 0boux
KOHUax. B npocroit gnarpamme COCTOAHWMIA ANA MHAUKALMMW OTKa3a unyM BOCCTAHOBNEHUS MOTYT ObITb UCMOSb-
30BaHbl OTAENbHbIE NMUHUM Nepexoaa.

f) Ha nuHusAx nepexona gomkHbl BbITb Yka3aHbl COOTBETCTBYIOLLME MHTEHCUBHOCTU Nepexoaa. Mx Mo>kHo
yKasaTb HENnoCpeaCTBEHHO HA JIMHUAX UM B OTAENbHOM CNUCKE.

g) Mpu BO3MOXHOCTK, Nepexoa AOMKEH CBA3bIBATb TOMbKO COCeAHNEe COCTOSIHUA. Ecnun 0Tkas no obuueri
NpUYKHE NPUBOAUT K OTKa3y ABYX SNIEMEHTOB Unu Gonee, To Takoe COCTOSAHUE AOMKHO ObiTh UCKIIOYEHO.

h) B uensax HarnagHOCTU COCTOAAHWUA OTKa3a CUCTEMbl CneayeT BblAensTb (HanpuMep, XXUPHON NUHUEN,
LBETOM UMK LUTPUXOBKOR).

lMpumMeHeHue 3TuX Npasun NPOUMMIOCTPUPOBAHO B NPUNOXeHUH B.

9 AHanus

9.1 O6Me NONOXeHUnA

Llensto aHanu3a anarpaMMbl COCTOSIHUI ABMSIETCA onpeaeneHue nokasarenei 6€30TKa3HOCTU, rOTOB-
HOCTU, PEMOHTOMPUrOAHOCTU U GE30MacHOCTU CUCTEMbI. B BbIUMCNEHMSX UCMOSb3YIOT U3BECTHLIE MaTeMa-
Tnyeckne metoabl (cm. npunoxeHna A—C). 3agada onpegeneHuss 3aBUCUMMbIX OT BPEMEHMW noKasarenen,
Hanpumep R(f) unu A(f), TpebyeT Gonblue BbIYUCIUTENLHLIX YCUMUIA, YEM MONYyYEeHUEe acCUMNTOTUYECKMX Mo-
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Kkasarenen A unu cpegHux 3HadeHun, Taknx kak MTTF, MDT, MUT. MNpumep BblpaXXeHUn ANA BbIYUCNEHUA
3aBMCHUMbIX OT BPEMEHU Nokasatenen npeAcTasneH B npunoxexHun C.

Mepen HayanoM aHanu3a crneayet yCTaHOBUTb, ABNAETCS N OCHOBHON LIENbIO aHanu3a guarpamMmmbl Co-
CTOSIHWIA onpeaeneHne BEPOATHOCTEN NPOMEXYTOYHbIX COCTOSHUI. HECMOTPSA Ha TO UTO NpU UCCnegoBaHUu
FOTOBHOCTM MOCNEAYIOLNE pe3ynsraTbl MOryT ObiTb MONy4YeHsbl U3 npeabiaywmx (yerpemnsas f k OecKkoHeuy-
HOCTM), MOXET ObITb MCMOMb30BaHA OTHOCUTENBHO MPOCTas MaTemarudeckas npoueaypa, eCnu U3BecCTHO,
4yTO TpebyeTca TONLKO CTauMoHapHoe peweHne (CMm. npunoxexue A). C opyron CTOpPOHbI, €crnv Heodxoaumo
Nony4YnTb NMPOMEXYTOUMHOE PELLEHME, HY>XHbI DoMnee cneumanu3npoBaHHbIE NPOUEAYPbl, HaNpPUMepP npeod-
pasoBaHue Jlannaca unv matpudHas anrebpa (cMm. npunoxexnue C). B obuem cnyyae BblpaxkeHus ANs noka-
3arenen 6e30TKa3HOCTU, TOTOBHOCTU, PEMOHTONPUTOAHOCTM U 6E30MaCHOCTU CUCTEMbI MOTYT ObITb BbIBEAEHLI
Ha OCHOBE BEPOSATHOCTEN COCTOSAHUMN.

AHamnu3 u MHTepNpeTaums ero pe3ynsratos B OCHOBHOM COCPEAOTOUEHbI HA Pasnuunax Mexay nokasa-
Tenamu 6e30TKasHOCTU, FOTOBHOCTU, PEMOHTONPUIOAHOCTM U B6e3onacHOCTU. [ns 9TOro MOXHO pacCMOTPETb
BOCCTAHABMNMBAEMbIW 3NEMEHT, KOTOPbIA NPEeACTaBNSIOT C MOMOLLbLIO MHTEHCUBHOCTU OTKA30B A U UHTEHCUB-
HOCTK BOCCTaHOBMNeHun Y. Kak npaesuno, nocrne otkasa, B KOTOPOM 3a4eMCTBOBAH AaHHbIW 3N1EMEHT, ANA ero
BO3BpaLLeHus1 B paboTocnocobHOe COCTOAHUE AOIMKHbI MPON30WTHU NO KPanHen mepe aABa CoOObITUS:

- OTKa3 AomkeH ObITb 0GHAPYXXEH U U30NUPOBAH (T. €. creayeT 3apukcupoBaTb COCTOSIHUE, B KOTOPOM
0TKa3 B AanbHenwem He OyaeT MMeTb NOCNeaCTBUN);

- 3MEMEHT JOIKEH ObITb BOCCTAHOBIEH M BO3BPALLEH B paboTy.

B gaHHOM criydyae Bpemsi BOCCTAHOBIEHUS BKIIOYAET BPEMS NOTUCTUYECKUX AENCTBUIA, HEODXOAUMBIX
ANA BOCCTAHOBMNEHUSA nocne obHapyXeHusa oTkasa, (pakTU4eckoe BpeMsi BOCCTaHOBNEHMA (0BHapy>xeHue oT-
Ka3a, BOCCTAHOBIIEHUE, 3aMeHa, NPOBEPKAa) U BPeMSA BO3BPALLEHUSI ANEeMEHTa MU BCel CUCTeMbl B paboTo-
CcnocobHOe COCTOSHME.

B obuuein 6a3oBo Moaenu cnegyetr paccMaTpuBaTh YETbipe BPEMEHHbLIX MHTEPBANAa U COOTHECTU UX C
ABYMS napameTpamMm (MHTEHCUMBHOCTBIO OTKA30B A M MHTEHCUBHOCTLIO BOCCTAHOBIEHWI ).

B koHTekcTe 6e30TKasHOCTU, PEMOHTOMNPUTOAHOCTU UMM TOTOBHOCTM Bpemsi A0 OBHapyXeHus oTkasa
YYUTBIBAIOT MPU BBIMUCIIEHUM UHTEHCUBHOCTM OTKA30B, @ BPEMS OT OOHapY>XeHUSA 40 BOCCTAHOBIEHUSA OTKa-
32 — NP BbIMUCNIEHUN MHTEHCUBHOCTU BOCCTAHOBNEHUS. [pK NOBbLILLEHHBLIX TPEBOBaHMAX K 6E30MACHOCTU HE
cneyeT nonaratbCH Ha nokasaTenu CamoTeCTUPOBAHMSA CUCTEMbI UNKU APYTUE aHaNOrMYHbIe nokasarenu (YTo
UCMONb3YIOT NPW aHanu3e roTOBHOCTU CUCTEMBbI), HO OGHAPYXXEHUE U U30NAUUS AOMKHbI ObITb NPOBEAEHBI He-
3aBUCMMO OT 0ObekTa (KOHKPETHbIE TpeboBaHUA 1 npumepsbl npeactasneHsl B MOK 61508). Paznuuusa mexay
nokasarensmu 6e30TKasHOCTU, FOTOBHOCTU, PEMOHTOMPUIOAHOCTM 1 6E30MaCHOCT — 3TO Pas3nNUYUs LIENEBbIX
nokasarenen MTTF, MDT unu A(f).

B koHTekcTe Ge3onacHOCTU (PakTMYECKMM BPEMEHEM BOCCTAHOBIEHMUS, KAk nNpaBuno, npexHebperaior,
€CInu B TeYEHME 3TOro nepuoaa nosny4veHol Apyrue KOHTPOmbHbIE nokasaTtenu. B aTom cnyyae npu Bblyucne-
HUM UHTEHCUBHOCTEN BOCCTAHOBINEHMI B XOA4€ aHanu3a 6e30TKa3HOCTU YYUTLIBAKOT MOSIHOE BPEMS U30NALIMN.
OpHako MHTepnpeTaummn B pasHbiX NMPUMOXKEHUAX MOTYT OTNUYaTbCca (MpUMep UHTepnpeTaumMm npeacraBrneH
Ha pUcCyHke 3).

YctpaHeH
(0BBbEKT BOCCTAHOBIEH)

Bpems go Toro, kak oTka3

MpouzoLuen OB6HapyxeH WU3onuposaH

[aHHble HabnwaeHuiA,
ucnonbsyembie Npyu aHanuse

FOTOBHOCTU

6esonacHocTn

6e30TKasHOCTU

’

__..___. .____.'___

-o—-9—9p
¢

PucyHok 3 — MHTepnpeTaums HapaGoTkn 40 OTKa3a U BpeMeHU BOCCTAHOBIEHNS B pasfiUiHbLIX CUTYaLUsX
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OfaHako OCHOBHOE HabniogeHme COCTOMT B TOM, YTO, XOTS1 MOZENb M ncnonb3yemblie Mmaremarnyeckune
METOAbl MOTyT ObITb O4WHAKOBLIMW, UHTEPMPETALMN MOSTYHYEHHbIX Pe3ynbLTaToB MOTYT CUINbHO OTNU4YaTbCA.

9.2 AHanu3 nokasarenen 6e30TKa3HOCTU

Mpu aHanu3e 6e30TKa3HOCTU Ha AnarpamMmme COCTOSAHUIA BCe HepaboToCNOCOOHbIE COCTOSAHUS HA YPOBHE
CUCTEMbI ABNAIOTCA NOrMOLWALWMUMA COCTOSHUSAMU. BEPOATHOCTL TOr0, YTO B MOMEHT BpemeHu f cuctema
HaxXoAMTCA B 3a4aHHOM COCTOSIHWUM, BbIYUCASKOT C NOMOLLbLIO CleunarnbHbIX MaTemMaTuyeckux METOA0B (CM.
npunoxeHus A—C). Korga t ctrpemutcs K 6eCKOHEYHOCTU, BEPOSATHOCTL, COOTBETCTBYIOLLASA KaXKaoMy paboTo-
CMOCOBHOMY COCTOSIHUIO, CTPEMUTCA K HYNIO, 8 BEPOATHOCTb NOMMOLALLUX COCTOSHUII — K eAuHULIE.

PacnpocrpaHeHHbiM nokasarenem 6e3otkasHoctu apnsetca MTTFF. MNpu oueHke no AnarpaMMe CocTo-
aHun MTTFF ana cuctemsl B LENOM — 3TO CPEAHAS NPOAOSKUTENBHOCTL PabOTOCNOCOOHOrO COCTOSHUS CU-
CTEeMbI A0 Nepexoaa B NOrnoLaLLlee COCTOsIHME, KOTopas 3aBUCUT OT COCTOSIHUSI CUCTEMbl B MOMEHT BPEMEHU
t = 0; ANA ykasaHua JaHHOW 3aBUCMMOCTN UCMONbL3YIOT 06o3HaveHne MTTFg; ans 0603Ha4YeHus i-ro cocTos-
HUA cucTeMbl (CM. NpUNOXeHue A).

9.3 AHanu3 nokasartesrieli FoTOBHOCTU U PEMOHTOMNPUIOAHOCTH

Mpu aHanuse nokasaTtenen roTOBHOCTWU CReayeT MPOBEpPUTb, YTO KaxkAOe COCTOSIHWE Ha Auarpamme
COCTOSHWI U NepexoAoB MOXET OblTb AOCTUTHYTO U3 MOBOro APYroro COCTOSAHMA. BEpoATHOCTbL TOro, YTO B
MOMEHT BpEMEHU f cUCTEMa HaxoAUTCA B 3aJaHHOM COCTOSIHUU, BLIMUCAAIOT C NOMOLLLIO cneuuanbHbIX Marte-
MaTudecknx MetoaoB (cMm. npunoxenns A—C). KoadpuumeHnT rotoBHocTn A(f) paBeH CymMMme BEPOATHOCTEN
paboToCnoCcoBHbIX COCTOSAHMI cucTemsl. Mpu £, cTpemsaemcsa kK 6eCKOHEYHOCTU, BEPOATHOCTb, COOTBETCTBY-
IoLLasn KaxgoMy COCTOAHUIO, CTPEMUTCS K MOCTOSIHHOW BenuynHe. KoadUUNEHT roTOBHOCTU CUCTEMbI TaKXKe
CTPEMUTCH K NOCTOAHHOMY 3HAYEHUIO A.

MoryT GbITb BbIMMCIIEHBI M APYrMe NornesHble nokasarenu (CM. npunoxeHune A):

- WUHTEHCUBHOCTb OTKA30B HA YPOBHE CUCTEMbI;

- CpeaHsasA NPOAOIMKUTENbHOCTD i-fT0 COCTOSIHUS,

- yacroTa nepexoaa B j-€ COCTOSHUE;

- 4acToTa BbIX0AA U3 i-r0 COCTOSHUSA.

Takke, UCMONb3ysa BEPOATHOCTM COCTOSAHWUIA, MOXHO Bbluucnutb MUT n MDT cuctemsl, rae MUT —
CpeaHsii NPOAOIMKUTENBHOCTE paboTocnoco6HOro coctosHus, MDT — cpeaHas NPoAOIMKUTENBHOCTL Hepa-
60TOCNOCOGHOr0 COCTOAHUS.

9.4 AHanu3 nokasarenen 6e30nNacHOCTU

AHanu3 nokasarenen 6e30NacCHOCTU B OCHOBHOM aHanNoOrM4yeH aHanuay nokasartenei 6e30TKasHOCTU U
roToBHOCTU. OAHAKO 34€Cb NPUMEHSAIOT APYrylo TepmuHonorunio. Mpu aHanuse 6esonacHOCTM HepaboTocno-
cobHble COCTOAAHUA NOAPA3AenaIoT Ha 6e3onacHble (B KOTOPbIX CUCTEMA HE ONAcHA) U OnacHble (B KOTOPbLIX
CUCTEMAa OnacHa).

LleneBbiMn nokasatenamum MoryT ObiTb:

- cpeaHsa HapaboTka 40 BO3HUKHOBEHUSI NEPBOro ONacHoro otkasa MTTFH,

- UHTEHCUBHOCTb OnacHbIX 0TKa3oB DFR;

- BEPOATHOCTb OTKa3a no 3anpocy PFD.

Mokasatenu MTTFH v DFR BblMucnsatoT aHanormyHo MTTFF U UHTEHCUBHOCTM OTKA30B COOTBETCTBEH-
HO. VX paccmaTtpuBaloT Tak e, Kak U COOTBETCTBYIOWIME noKasatenu 6e30TKasHOCTH, HO TOMbKO NO OTHO-
LUEHMIO K ONACHbIM HEpPABOoTOCNOCOOHLIM COCTOSIHMAM. 3HavYeHne PFD B MOMEHT BpeMeHu t npeacrasnsaeT
coboi BEPOATHOCTb TOFO, YTO CUCTEMA HAXOQUTCS B ONACHOM COCTOSAHUU B MOMEHT BpeMeHu £ (oueHkon PFD
ABNsETCA KOIPPULUMEHT HETOTOBHOCTU B MOMEHT BpeMEHM f). B HEKOTOPbLIX crnyyasax HeoGXoauMo NONyYUTL

t
cpeaHee PFD 3a Bpems , OHO MOXET ObiTb NONy4YEHO NyTEM UHTErpupoBanua PFD: PFDa,g=; f PFD(s)ds.
0

10



rOCT P M3K 61165—2019

10 [lokymeHTUpoBaHue pe3ynLTaTtoB

OT4eT 0 pedynsratax aHanu3a JOIbKeH BKMIOYaTb Creaylolme CBeaeHus:
a) nepeyveHb 3aJaHHbIX Nokasartenen (Hanpumep, 6E30TKa3HOCTU, TOTOBHOCTU, PEMOHTONPUIOAHOCTH,
6e3onacHocTn);
b) OCHOBHbIE MCMONb3yEMble NPEANONOXEHUS, BKITIOYAsi MX 000CHOBaHWE (Hanpumep, NOCTOSIHCTBO WH-
TEHCUBHOCTEW 0TKA30B U BOCCTAHOBIMEHUN);
¢) 060CHOBaHUE NPUMEHUMOCTU MAPKOBCKMX METOLO0B;
d) onucaHue amarpammbl COCTOSHWN, BKMOYaIOLLEE WUCYEPNbIBAKOLLEE PACCMOTPEHUE CReayloLmx
acnekToB:
- naeHTupukaumnsa pabotTocnocobHbIX U HepaboTOCNOCOOHLIX COCTOAHUNA,
- npu HeoBX0AUMOCTM, yKa3aHne NPUYUH rPYNNUPOBKU U UCKIIOYEHNUS HEKOTOPbIX COCTOSHUN,
- nepexoabl Mexay COCTOSHUSAMMU,
- BbIBOP YMCMOBbIX 3HAYEHUIN AN MHTEHCUBHOCTEW NEepexoaoB.,
- NpeanonoXeHus!, Nexalume B OCHOBE NOCTPOEHUs Auarpammel;
€) onucaHue:
- METOAO0B BbIYUCIIEHWN,
- nporpaMMHoro obecne4yeHus (B criyvyae ero UCMonb30BaHuUs);
f) uncneHHoble pesynbraThl:
- pesynbrartbl B YMCNOBON U rpadyndeckoi popmax,
- BMUSAAHME MPEANnONoXeHWN, UCMONb30BaHHbIX NPU MOCTPOEHUW AuarpamMmmbl COCTOSHUIA U MPU Bbl-
YUCTEHUSX,
- aHamnu3 YyBCTBUTENIbHOCTU PE3yNLTaToOB MO OTHOLUEHWUIO K BbIOPAHHBIM 3HAYEHUSAM UHTEHCUBHOCTEN
nepexoaos.
HononHutenbHasa nHopmauyusa npusegeHa s MOK 60300-3-1.

11
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MpunoxeHue A
(cnpaBouHoe)

OcHOBHbIe MaTeMaTuyeckue COOTHOLWIEHUA, Ucnonb3yembie
B MapKOBCKMX MeTOoAaX

A.1 O6me nonoxeHun

CBepfeHus, npeacTaBfi€HHble B AaHHOM NPpUNOXeHUU, NpUMEeHUMbl K OAHOPOAHBIM NO BpeMEHU MAPKOBCKUM MNPO-
LleccaM C KOHEYHbIM YUCINOM COCTOSIHUA U HenpepbiBHBIM BpeMEHEM. Tak kak gna faHHbIX npoueccoB XapakrepHoO OT-
CyTCTBUE NaMATU, pacnpeaeneHne npoaomMKUTENIbHOCTU COCTOAHUA ABNAETCA 3KCMNOHEHLUanbHbLIM. Hanpmmep, no oT-
HOLUEHUIO K Moaenu 6e30TKa3HOCTU 3TO O03HaYaeT, YTO MHTEHCUBHOCTU OTKa30B U BOCCTAHOBMEHWUN (?\, n p.) — NOCTOAHHbLIE
BeNMM4UHbI (T. K. He 3aBUCAT OT BpeMeHVI). MHTEHCMBHOCTU OTKa30B U BOCCTAHOBIIEHUIA U3MEHSAIOT 3HAYEHUEe TOSNbKO npu
N3MeHeHUNn COCTOAHUA.

A.2 MaTpuLa MTHTEHCUBHOCTEW NepexoaoB

A.2.1 lnarpaMmma COCTOAHUIA

OnHOpPOAHBIA NO BpPEMEHUn MapKOBCKWW NpoLecc NOMHOCTBbIO XapaKTepusyetcs MaTpuuei WUHTEHCUBHOCTEW
nepexogoB Q = [q,-j] U BEKTOPOM HavanbHbIX BEPOATHOCTEW B MOMEHT BpeMeHu ¢ = 0. [one3HbiM rpacdpuy4eckuMm oTo-
OpaxeHuem MaTpuLibl UHTEHCUBHOCTU NEPEXOAOB ABNSAETCA AWarpaMMa COCTosHUW U nepexogoB. lMpu paspaboTtke
AnarpaMMbl COCTOSSHUIA MOME3HO WUCNOMb30BaTb CTPYKTYPHYIO CXeMy HaaeXHOCTU (npu ee Hanuuyuu) u FMEA cucte-
Mbl. B niobom cnyyae Ana cokpaleHns Konu4ecTBa COCTOSHUIN peKoMeHAYeTCA 06beAUHATL rpynny, COCTOAWY0 U3 n
(n=2, 3,...) nocneaoBateribHbIX MIEMEHTOB, B OAUH ANEMEHT C UHTEHCUBHOCTBIO OTKA30B Aq +...+ A, U UHTEHCMBHOCTbIO
BOCCTAHOBNEHUA (Aq +...+ A M (A/pq +...+ A Ju, ), Npu yenoBun A; << w;, rae i =1,...,n.

Nocne nocTpoeHUs U NpPoBEpPKM AUarpaMMbl COCTOAHUN (C YHETOM TLUATENBHOrO aHanunaa peXxXwMoB 0TKa3oB, Npea-
nonaraemMbixX NPUOPUTETOB BOCCTAHOBNEHNA U XapaKTepHbIX OCOBEHHOCTEN cUCTeMbI) NPOCTpaHCTBO cocTosHui {0, 1,...,
m} AenaT Ha ABe COBOKYMNMHOCTU. UP — MHOXecTBO paGoTOCNOCOBHBLIX COCTOAHWUA U D — MHOXECTBO HepaboTocnocobHbIX
COCTOSHUR, rae m — obLyee KONUYeCTBO COCTOAHUN. MHOXECTBO HepaboTOCNOCOBHBLIX COCTOSHUI 3aBUCUT OT Uccrneaye-
MbIX CBOWCTB cucTeMsbl (6e30TKasHoCTU unu 6e3onacHocTy).

A.2.2 OCHOBHble COOTHOLUEHUSA, UCNONb3yeMblie ANA BbIYUCNEHUH B MapKOBCKUX MeToaax

A.2.2.1 Tpwu aHanuse nokasatenei 6e30TkasHOCTM CpeAHIO HapaboTKy A0 oTkasa cuctembl MTTFg; (ecnu B Mo-
MeHT BpeMeHu t = 0 cucteMa Obina B COCTOSIHUM /) BBIMUCAAKOT cneayowmmM o6pasom:

.. m

MTTEg =+ +3 MTTFg, icUP, q,=).q,.
9 jeur 9 =
JEI J#

MpumevyaHue 1 —Tpn KOppekTHOM onpeaeneHnn MHoxecTBa paboTocnocobHbLIX COCTOsAHUA UP npuBeaeHHas
BbILLE cMCTeMa anrebpanyeckux ypaBHeHU TakKe MOXET ObiTb UCMONB30BaHa AS1A BbYUCIEHUS HapaboTku 4o onacHoro
OTKa3a (npu aHanuse 6e3onacHocTy).

MpumevyaHune 2 — Ecnu B MOMeHT BpeMeHU t = 0 cuctema Haxogmnach B i-OM COCTOAHUN, TO TOMHOE Bhipaxe-
HWe ANns BEPOSATHOCTU 6e30TKasHoW paboThl cuCTeMbl Rg(t) BEIMMCNAIDT No dopmyrne (Hanpumep, UCMonb3ys npeobpaso-
BaHue Jlannaca).

t
Rsi(f) =%+ Y [q;67 9 Rg;(t-x)dx, i UP.

JeUPO
=i

A.2.2.2 BelpaxXeHue Ans oLeHKN acMMNTOTUHMECKOro UM CTalMoHapHOro KosguLmeHTa roToBHOCTH A nmeet BuA:

jeUP
roe
,3.:2'3'.—, .I=0!"'Im1 Pj>ovze=1! q,=zq-
=0 9 j=0 /=0
J#i

i#j

12



roCT P MOK 61165—2019

Tak KaK fjaHHble ypaBHEHWUA He SBNSAOTCA HE3aBUCUMBbIMU, OAHO YpaBHEeHWe ANS Pj (nponssonkHo BblbpaHHoe) Mo-
KET ObITb 3aMEHeHO CrnefyroLUM COOTHOLEHWEM:

M3

P =1.

“
Il
o

A.2.2.3 B cBA3M C TEM, YTO UHTEHCUBHOCTb OTKA30B NpegnonaraeTcs NOCTOAHHOM, annpoKcMMaLeil MHTepBanbHOM
BEpOATHOCTN Ge30TKasHoil paboTel /Rg B CTAUMOHAPHOM COCTOSIHUM ABNSAETCS

-0/ MTTF,
IRs (t,t+6)= > P.Rg(6)~Age 5
jeUP

rae 0 o3Ha4aeT, 4YTo BCE ANeMeHTbl PYHKLUUOHUPYIOT (UNKU roToBbl PYHKLUUOHNPOBATD).
A.2.2.4 BolpaxeHune Ana aCUMNTOTUHECKOU UITU CTaLMOHAPHON MHTEHCUBHOCTMW OTKa30B (YacToTa OTKa3oB) Ha ypoB-
HEe CUCTeMbI Zg UMEET cneayoLwmni Bua:

z5=2 F%=2, ’7(2"1:'}

jeUP jeUP ~ \ieD

MpumedyaHune 1 — B 3TOM BblpaXeHUU AOIMKHbI ObITb Y4TEHBI BCE MHTEHCUBHOCTU NEPEXOA0B gj; U3 COCTOAHUS
JE€ UP B cocTosinne i € D.

Mpumevanune 2 — [Ana Manbix 3Ha4eHU At BenudnHa ZgAt ABNAETCA BEPOATHOCTLIO Nepexofia U3 COCTOAHUS,
NpUHagnexawero MHOXecCTBY paboToCcnNOCOBHLIX COCTOAHWUI, B COCTOSIHUE, OTHOCALLEECA K MHOXECTBY HepaboTocnocos-
HbIX COCTOSIHUI (M HAOBOPOT) 3a Nepuog BpeMeHu (¢, t + At) ANA NPOU3BONLHOrO BpEMEHH ¢ (yCTaHOBUBLLIEECSI COCTOSHUE).

A.2.2.5 BelpaxeHus Ans MUTg (cpeaHaa NPoAoIKNTENBHOCTL paboTocnocobHOro CoCTOAHNS Ha YpPOBHE CUCTEMbI)
W MDTg (cpefHAs NpoAoKUTENbHOCTE HepaboTocnocoBHOro COCTOSHNS Ha YpPOBHE CUCTEMbI) ANst CTaLMOHaPHOro Co-
CTOSHUSA UMEIOT CreayoLwmnii Bua:

MUT = ? W MDT, = 1‘ZAS.
S S

MpumevyaHne —MUTg+ MDTg=1/zg, rie zg— acMMNTOTUYECKASA N YCTAHOBUBLLIAACA UHTEHCUBHOCTb OTKa30B
(4acToTa OTKa30B) Ha YPOBHE CUCTEMbI B COOTBETCTBUM ¢ A.2.2.4.

A.2.2.6 [Ina 3afaHHOro /-ro COCTOAHUA CripaBefiMBO criegyrolyee:

1/q; — GesycnoBHas CpefHsst NPOAOIIKUTENBHOCTb /-0 COCTOSHNS;

P{t)q; — YacToTa BbiX0Aa W3 /-T0 COCTOSHUSI.

m
ZF;.(t)qjl.At — Be3ycrnoBHas BEpOSATHOCTb NEepexofa B /- COCTOSAHNE B Te4eHue nepuofa speMeHu (f, t + At) npu

j=0 Marnom Af.
J#i

[na 6onblumx nocnegoBaTtenbHO-MapanenbHbIX CTPYKTYPHBIX CXeM U3BECTHLI MPUBNNKEHHbIE BbIPAXEHUS, KOTO-
pble MOXHO HaWTU B NUTepaTypHbIX UCTOYHKUKaX. [N oveHb 60NbLINX CROXHBIX CUCTEM UCNONBL3YIOT METOA MoAenNupoBa-
HUA MoHTe-Kapro.
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NMpunoxexnue B
(cnpaBouHoe)

Mpumep NocTpoeHua auarpaMmbl COCTOSIHUN

B.1 Cucrema c ogHMM aneMeHTOM
MpUMeHeHne MapkOBCKUX METOLOB Ha4YUHaOT C onpefeneHns cocTossHUI cucTeMbl. B KavecTBe npumepa paccMo-
TpeHa CUCTEMa C OA4HUM 3NeMeHTOM. B npocTeiillem cnyvae gvarpamma COCTOSAHWUIA BKIIOMAET TOMBKO ABa COCTOSHUS!
paboToCNoCcOGHOE COCTOSTHUE C MHTEHCUBHOCTLIO OTKa30B A U HepaboTocnocobHoe COCTOAHWE C MHTEHCUBHOCTLIO BOC-

CTaHOBMNEHUN u (cM. pucyHok B.1).
. ; E .
7!

0 — paboTocnocobHoe cocToAHMe cucTeMbl; 1 — HepaboTocrnocobHoe COCTOAHNE CUCTEMBI

PucyHok B.1 — [duarpamma cocTosHWUA Ans BOCCTaHaBNMBaeMon CUCTEMB,
COCTOSALLEN U3 OQHOrO areMeHTa

Ctpenka oT cocTossHUA O KCOCTOAHUIO 1 03HaYaeT NosiBNEeHUe oTkasa C BEPOATHOCTLIO AA(f) BTeHeHWe nepuogaBpeme-
HU (£, t + At) IpU YCOBUK, YTO CUCTEMA HaXofUnack B COCTOAHUM O B MOMEHT BpeMeHW £; CTperka OT COCTOAHUSA 1 K COCTOAHNIO

0 — 3aBepLUEHe BOCCTAHOBMNEHWUS CUCTEMbI C BEPOSITHOCTLIO UAt B TedeHNe BpeMeHH At.
CucTeMy, COCTOSLLYHO U3 OAHOMO areMeEHTa, MOXHO M306pasnTb, Ucronb3ys Gonee Yem ABa COCTOSHUSA (paboTo-

cnocoGHoe n HepaboTocnocobHoe). YXyaLeHHOe COCTOSHNE, B KOTOPOM CUCTEMa BCE eLe ABNAeTcA paboTocnocobHON,
TakKe MOXeT ObITb BKITIOYEHO B guarpammy. Ha pucyHke B.2 cocTosiHMeM OTKasa CUCTeMbl ABNAETCA COCTOAHUE 2 (Npu

STOM MnpepnonaraeTcd, YTo0 B 3TOM COCTOAHUN BOCCTaHOBIEHUE HeBO3MO)KHO).

O Aq @ Ay >@
K1

0 — cocTosiHNE NOSTHOTO (PYHKLUMOHUPOBAHNUA CUCTEMBI; 1 — yXYy/LLIEHHOE COCTOSAHWE CUCTEMbI;
2 — HepaboTocnocobHoe COCTOAHWE CUCTEMBI (COCTOSAHUE MOTTOLLeHNSA)

PucyHok B.2 — [uarpamma cocToAHUN ANA CUCTEMBI, COCTOSILLEN U3 OHOro 3rieMeHTa
C UcnonbL3oBaHUEM TpeX COCTOSAHUNIA

Ecnun BoccTaHOBNEHNE B COCTOSIHUU 2 BO3MOXHO, CUCTEMA MOXET ObITb onMcaHa AnarpaMMoi, M3obpaxXeHHOn Ha
pucyHke B.3, Ha KOTOPOI UHTEHCUBHOCTL BOCCTAHOBNEHUA W, NPEACTaBIAET COO0A MHTEHCUBHOCTL NEpexoaa U3 cocTo-

AHNA 2 B cocTosHME 1.
A A
O—5) %>(2)
M4 Ho

PucyHok B.3 — [QuarpaMmma coCTOAHWUA, eCrni BO3MOXKHO BOCCTAHOBITEHUE CUCTEMBI
U3 COCTOSAHUA 2

Bo MHorux criyqasx AormkeH OblTb paccMOTpPEH MyTb HEMOCPEACTBEHHOro nepexoda cuUcteMsl U3 coctosaHUA O B
cocTosiHMe 2. B 3TOM cny4ae B guarpammy COCTOSHWIA, U3oBpaxeHHyto Ha pucyHke B.2, nobaBnswor cTpenky As (pu-

CYHOK B.4).
Ay
A A
1 4 2
M

PucyHok B.4 — [dnarpamMma COCTOAHWUA CUCTEMBbI, COCTOALLIEA U3 OHOIO SMeMeHTa,
C NPAMbIM MepexogoM U3 cocTosHus O B cocTosiHne 2
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Anarpamma, npeactaBneHHasl Ha pucyHke B.1, MoxeT 6biTb Ucnonb3oBaHa ANA onpeAeneHnst OLeHKU MrHOBEH-
HOW roToBHOCTU A(f) U aCMMNTOTUYECKOW FOTOBHOCTU. [ANA OUEHKNU BEPOATHOCTU 6e30TkasHocTu paboTthl R(t) Heobxoauma
AuWarpamma COCTOSIHUIA, NpefAcTaBneHHasn Ha pucyHke B.5, B kOTOpoi paccMOTpeHa TONbKO MHTEHCUMBHOCTbL OTKa3o0B A, a
cocToAHUe 1 ABNAETCA NOMoLyaloLM COCTOSHUEM.

O—>0

PucyHok B.5 — [Qunarpamma cocTosHWUIA ANs aHanaa BepOATHOCTU 6e30TKasHoN paboThl cUCTEMB,
COCTOSALLEN U3 O4HOro 3reMeHTa

B.2 Cucrema, coctodawan us AByX anemMeHToB

TakK KaK Kaxablii areMeHT MOXeT HaxoanTbCA B ABYX cOCcTosHUAX: 0 — paboTtocnocobHoM n 1 — HepaboTocnocob-
HOM, cucTeMa MOXeT BbITb B YeTbipex cocToaHusx (0 0), (0 1), (1 0), (1 1). Ecnu cuctema, cocTosiLas U3 ByX SrEMEHTOB,
SABNSETCA nocregoBaTenbHon, To coctoaHue (0 0) aBnaeTcs ee eAUHCTBEHHBIM paboTocnocobHbIM cocTosAHMeM, a (0 1),
(1 0), (1 1) — HepaboTOCNOCOOHLIMU COCTOAHUAMU. ECrin B cUCTEME C ABYMSA 3reMeHTaMu UCMoNb3oBaH HarpyXeHHbIN
WNW HeHarpyXeHHbI peseps, To coctosHUs (0 0), (0 1), (1 0) aBnatloTca paboTocnocobHbBIMU COCTOSIHUSMU. B cooTBeT-
CTBUWN C 3TUM MOXET ObITb MOSYyYEHO pelleHue AN CUCTEMBI C Harpy>XeHHbIM pe3epBoM TUNa «1 u3 2».

HAunarpamma coCTOAHUIA CUCTEMBI (C Harpy>XeHHbIM pe3epBOM TUNa «1 U3 2») ¢ HeBoCCTaHaBNUBaEeMbIMU aNEMeHTa-
MU NpuBeaeHa Ha pucyHke B.6.

Otka3s anemeHTa 1

[lBa anemeHTa
McnpaBHbI

Otkas aAByX 3N1€MeHTOB
(oTkas cuctembl)

OT1ka3 aneMeHTa 2

MpuMeyvaHune — OBO3HaAYEHNS COCTOAHUI MOTYT UMeTb cneaytownii ug: (0 0), (0 1), (1 0), (1 1) Ana cocToAHUN
0, 1, 2, 3 COOTBETCTBEHHO.

PucyHok B.6 — [narpaMma COCTOAHUIA ANA CUCTEMBI COCTOAHUI
13 ABYX HEBOCCTaHaBNUBaEMbIX 31EMEHTOB Tuna «1 13 2»

Hunarpamma coCTOAHMIA CUCTEMBI U3 ABYX BOCCTaHaBMMBaeMbIX S1EMEHTOB NpuBeAeHa Ha pucyHke B.7. [lononHu-
TenbHble CTPENKM yKa3sbiBatoT Ha BOCCTaHOBIEHWe C MHTEHCUBHOCTAMM W, (/ = 1,2). [peanonaraeTcs, YTo He cyllecTByeT
OrpaHUYeHU pecypcoB A9 BOCCTAHOBEHUS CUCTEMBI (U3 COCTOAHUA 3).

PucyHok B.7 — [quarpaMma COCTOAHWUIA CUCTEMBI, COCTOALLEN U3 ABYX BOCCTaHaBNMBaEMbIX S[TEMEHTOB
TMna «1 n3 2» 6e3 orpaHn4eHnA PecypcoB 4NA BOCCTaHOBNEHNUS

Ecnu oTkas no o6u4e|7| npn4nHe ogHoBpeMeHHO Bbi3BaH OTKa3OM 000ouMxX 3NeMeHTOB BOCCTaHaBNMBaeMON CUCTEMbI
TMna «1 u3 2», CKOpee BCero BpemM4, HGOGXO,EI,I/IMOG ANA BOCCTaHOBNEHUA CUCTEMbBI MNOCHe TaKoro oTkasa (BosapameHme
CUCTEMBI N3 COCTOAHUA 3 B COCTOSHUE 0) OTNHaETCA OT BPEMEHMH, HeO6XO,D,VIMOFO AnA BOCCTaHOBIEHUA CUCTEMBI MNMocne
OTKa30B OTAENMbHbIX 3N1EMEHTOB. 3TO crnepyert ydnTbiBaTh, Kak NOKa3aHO Ha PUCYHKe B.8, roe ;\'C N Ug — WHTEHCUBHOCTU
OTKasa Nno o6u.|,e|7| NPpUYnHe N ero BOCCTaHOBNEHUA COOTBETCTBEHHO.
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HepabotocnocobHoe cocTosiHue

PucyHok B.8 — [lnarpamma COCTOAHUIA CUCTEMBI, COCTOSILLEN U3 ABYX BOCCTaHaBNMBaEMbIX S1EMEHTOB
B Harpy>eHHOM pe3epBe Tuna «1 13 2», ¢ obLei NPUYNHOIR OTKasa ANEMEHTOB CUCTEMBI
NpU HaNnU4UKU 4BYX rpynn, OCYLLECTBISIOWMX BOCCTAHOBIIEHUE MIEMEHTOB

B kayecTBe NnpuMepa pacCMOTpeHa CUCTEMA, COCTOSALLas U3 ABYX FEeHEPaTOpPOB B HArpy>XeHHOM pe3epBe, KoTopble
He BKIHOYaloTCA MpU HU3KON TemnepaTtype. Korga cuctema AOCTUraeT cocToAHMA «oba reHepatopa He BKKHUIUCHY,
BpEeMS BOCCTAHOBIIEHUS 3aBUCUT OT TOMO, HAXOAUTCA N KaXAbl reHepaTtop B HepaboTocnocobHOM COCTOAHUU U3-3a Me-
XaHU4ecKoro oTkasa unu oba reHepaTtopa He BKIIIOYUNUCH BCReCTBUE OOLLER NPUYNHBLI, HANPUMEP BO3AEUCTBUA HU3KOW
TemnepaTtyphbl. [103TOMy HEOBXOAUMO pacCMOTPETb COCTOSIHUE «0ba reHepaTopa He BKAYUIIUCE MO HE3aBUCUMbIM MpK-
YMHaAM» OTAENbHO OT COCTOSAHMA «0ba reHepaTopa He BKIMIOYUIUCE BeneacTaure obuyein npudnHel». OgHako ANs Nonb3oBa-
Tens CMCTEeMbl MOXET ObITb BaXKHO TONbKO TO, YTO «06a reHepaTopa oTkaszanu» 6e3 y4eTa NpUYnH STUX OTKa30B. Takum 06-
pa3oM, U3 3TUX ABYX COCTOSHWUIA popMUPYIOT KOMOUHUPOBaAHHOE COCTOSIHUE, UCNOMb3YA KOTOPOE MOXHO aHanu3MpoBaTb
6e30TKa3HOCTb, TOTOBHOCTb, PEMOHTOMNPUIOAHOCTL U 6€30MacHOCTb CUCTEMBI.

B AnarpaMmMe COCTOSAHUIA CUCTEMBI MOTYT BbITb YYTEHbI CTPaTErMn TEXHUYECKOro 06CNyXMBaHUA U PEMOHTA, HO NpU
3ToM ocoboe BHUMaHWe criefyeT yaenuTb CBOWCTBY OTCYTCTBUSA NaMATU Mogenu. MpeanonoxuMm, 4To cywecTByET TONbKO
OfHa rpynna PEMOHTHbIX pabounx u cTpaTerna TEXHUYECKoro obcnyKMBaHUs U peMOHTa SBNSETCS TakoW, YTO NPUOPUTET
peMOHTa Bcerga NpUuHaanexXuT KOMMOHEHTY, KOTOPLIA OTKa3an paHbLue. B aToM cnyvae gomkeH 6biTb Y4TEH NOPSiAOK BO3-
HUKHOBEHMWA OTKa30B. Takasa guarpamma COCTOSHUIA NpuBefeHa Ha pucyHke B.9.

Ha pucyHke B.9 cocTosHMA 3 U 4 UMEIOT cnegylowee 3HavYeHue:

- COCTOSAAHWE 3 — [Ba KOMMNOHEHTa OTKasanu, NepBbIM OTKa3an KOMMOHEHT 1,

- COCTOSIHWE 4 — [Ba KOMMOHEHTa OTKasanu, NepBbiM OTKasan KOMMOHEHT 2.

CnepyeT OTMETUTb, YTO B COOTBETCTBUU C AUarpaMMON COCTOSIHUW, NpeAcTaBreHHOW Ha pucyHke B.9, cpeaHee
BPeMs BOCCTAaHOBMEHNSA KOMMNOHeHTa, Hanpumep KoMrnoHeHTa 1, B AeACTBUTENBHOCTM NpeBbilwaeT MTTR = 1/u,. B cuny
CBOICTBa OTCYTCTBUSA MaMATU MOZENU €CN B COCTOSHUU 1 BO3HUKAET BTOPOIA 0TKa3, TO BpEMsi BOCCTAaHOBMNEHWUS 40 BTOPO-
ro oTKa3a He y4uTbiBaeTCs nocne nepexofa B cCoOCTosiHUe 3, rie CHOBa Ha4MHAETCA BOCCTAHOBMNEHME KOMNOHeHTa 1. [Ans
KOMMeHcaLUUn U3bbITOYHOrO BpEMEHN BOCCTAHOBIIEHNSA MOXHO YBENUYUTL MHTEHCUBHOCTMU OCTaBLUMXCS BOCCTAHOBMEHWNA.
B cnyyae, npefcTaBneHHOM Ha pUcyHKe B.9, MHTEHCUBHOCTM BOCCTAHOBNEHUS B COCTOAHUAX 3 U 4 C LIENbO TaKOW KOM-
NeHcauun JomkHbl O6biTh YABOEHbLI. B Apyrux crnydasx pe3epBMpOBaHUSA U NPpU OTCYTCTBUA MIHOBEHHOIO BOCCTAaHOBMNEHUS
KOMMeHcaluma cTaHoBUTCA Gonee CroXHOM.

As

PucyHok B.9 — [Quarpamma coCTOsiHWUIA NpW Hanu4um TONbKO OAHOW rpynnbl peMoHTa
W C NPUOPUTETOM BOCCTAHOBNEHUS NO NPUHLMNY «NepBbIM BOLLEN/NEepBbLIM BhILLEN»

B.3 pynnupoBka B AnarpamMmme cocTOSIHUM

Ansa obnerdyeHust BEIMUCNEHUI CrneayeT CTPOUTb Anarpammy COCTOSIHUIA € MUHUMAanbHO BO3MOXHBLIM KOMMYECTBOM
COCTOSIHWIA. Ecnn npegnonaraetcsi, YTo aneMeHTbl NapanfenbHOro coefuHeHUs He3aBUCUMbl U UMEKT OAHY U TY Xe WH-
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TEHCUBHOCTb OTKA30B A U OfHY U Ty €& MHTEHCUBHOCTb BOCCTAHOBMEHWUI pu, Kak NokasaHo Ha pucyHke B.10 ana cuctemsl
«2 13 4», TO gnarpamMmma COCTOSHUIA MOXeET BbITb NpefcTaBneHa ¢ NPUMEHEHUEM rPYNNUPOBKU 3IIEMEHTOB, Kak NoKa3aHo
Ha pucyHke B.11. lNpeanonaraetca, YTo cUcTeMa, NpeacTaBneHHas Ha pucyHke B.11, uMeeT HeorpaHu4eHHble pecypchl
ANsi BocCTaHoBNeHUA. OTKa3 cUCTeMbl BO3HUKAET NpM OTKa3e TpPeX ANeMEHTOB, U lanbHellmne o0TKa3bl He paccMaTpuUBaloT.

Bxop Bbixop,

PucyHok B.10 — Bnok-cxema HageXXHOCTU BOCCTaHaBIMBaeMoW CUCTEMBI
TUNa «2 U3 4»

® 0,

Bce anemeHThbI 4
Iy HKLIMOHMpYIOT <H—> OawuH oTkas T
3\ 2\

-3 [lBa OTK@3a > Tpu OTKa3a

PabotocnocobHble COCTOSHUS: A, i, j
HepaboTtocnocobHoe cocTosHue: k

PucyHok B.11 — [uarpamMmma COCTOAHWIA C rPYyNNUPOBKOW afeMeHTOB AN BbIYUCNEHUA NnoKasaTenen
6e30TKa3HOCTU CUCTEMbI, MPEACTaBNeHHoOW Ha pucyHke B.10

Ha ocHoBe npegcTaBreHHol Bhille AguarpamMmmbl MOryT ObiTb COCTaBMEHbI U pelleHbl anrebpanyeckne ypaBHEHUS

(eM. mpunoxexue A), No3BoNAOLLME NOMYYUTL BelpaxeHne Ans HapaboTkn Ao oTkasa cucteMbl MTTF gy Npu yCNnosun, YTo
t = 0 u Bce YeTblpe anemeHTa paboTocnoCcobHbI

MTTFg, =ﬁ[i-ﬁ+i+1) +

3A 20 3
+i(2—”+1)+
3L\ 2A
1
+ -
2%
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MpunoxeHue C
(cnpaBouHoe)

Mpumep aHanus3a HEKOTOPLIX NoKa3arenen 6e30TKa3HOCTU, FTOTOBHOCTM,
PEMOHTONPUIroAHOCTU M 6e30nNacHOCTU Ans CUCTeMbl TMNA «1 n3 2»
C aKTUBHbIM pe3epBOM

C.1 O6bekT

Huxe paccMOTpeHbl CUCTEMbI C aKTUBHBLIM pe3epBoM TUNa «1 n3 2» 6e3 ydyeTa orpaHU4eHUi Ha BOCCTaHOBNEHUE.
AHanM3npyemMbIM1 NokasaTensammn SBnaTca KoaULMEHT rOTOBHOCTU (MFHOBEHHbLIN), aCUMNTOTUYECKUIA KOSPULNEHT
rOTOBHOCTU, BEPOATHOCTL Ge3oTkasHoi paboTthl 1 MTTF. Npun 3TOM UCNONb30BaHbLI CTaHAAPTHLIE ANA AaHHbIX 3ajadv Ma-
TeMaTU4eckne MeToabl.

C.2 MogenupoBaHue

AuarpaMma cOCTOSHUI cuCTeMbl TUMNa «1 U3 2» C aKTUBHLIM Pe3epBOM, NpuBefeHHas Ha pucyHke C.1, nocTpoeHa
AN onpeaeneHns oueHkn koadduumueHTa rotoBHocTU. CoctosiHue 3 — HepaboTocnocobHoe COCTOAHME.

PucyHok C.1 — [uarpamma cocTOSAHUM cUCTeMbl TUNA «1 U3 2» € aKTUBHBIM pe3epBOM
C pasfIMYHbLIMMU SrIEMEHTaMMU U ABYMS rpyrnnaMu BOCCTAHOBITEHUS

CnepyeT OTMETUTL, YTO AMarpaMMy COCTOSIHUI ANA aHanusa BEepOATHOCTU Ge3oTkasHon pabotul R(f) nonyyator
MyTeM UCKIOYEeHUs NepexooB BOCCTAHOBNEHUSA U3 COCTOSIHUA 3 B cOCTOAHUA 1 n 2. Takum o6pa3oM, cocTosHue 3 cTa-
HOBUTCA NOrNoLjatoL{MM COCTOSHUEM.,

Mpeanonaras, 4To ABa SNeMeHTa CUCTEMbI ABNAIOTCA MAEHTUYHLIMUA UNTU UMEKOT OAUHAKOBLIE WHTEHCUBHOCTU OT-
Ka30B U BOCCTAHOBMEHUIA, MOXHO MOMNYYNTb pefyLunpoBaHHYIO auarpaMMy, NPUBEAEHHYIO Ha pucyHke C.2.

(OD—(2 (2
1 2u

PucyHok C.2 — [QuarpaMmma cOCTOSAHUIA CUCTEMBI TUNA «1 U3 2» C aKTUBHLIM pe3epBOM
C WAEHTUYHLIMU 3NIEMEHTaAMMU, ABYMSA IpynnaMn BOCCTaHOBIIEHUS
W HeorpaHW4YeHHbIMU pecypcaMu A5t BOCCTAHOBIEHUS

CnepyeT OTMETUTbL, YTO AUarpaMMy COCTOSIHWUIA ANA aHanu3a BEpPOSATHOCTU 6e30Tka3Hoi paboTbl R(f) MOXHO nony-
YNTb NYTEM UCKINOYEeHUS Nepexofa BOCCTaHOBMNEHUS U3 COCTOSAHUSA 2 B cocTossHMe 1. TakuMm o6pa3om, cocTosiHue 2 cTa-
HOBUTCS MornoLjarowMM COCTOAHUEM.

C.3 Metoa audpcpepeHUnanbHbIX ypaBHEHUM!

C.3.1 BblipaxxeHus ansa noKkasartenen roroBHOCTU

[yeTb Py(t), P4(t), Po(t) — BEPOATHOCTU TOrO, YTO B MOMEHT BPEMEHU  cUcTemMa HaxoauTcs B cocTosHuM 0, 11 2 co-
OTBETCTBEHHO (CM. pucyHok C.2). CornacHo gunarpamMe coCTOsTHUIA (CM. pUCyHOK C.2) MoryT 6biThb 3anucaHbl criefytouume
AndpdpepeHUnanHble ypaBHEHUS:

dRy(t
T —_2m 0+ uR (0
T = 205 (0)-0.+ WA+ 2uR0)
dB(?)
= = MA(D-2uB(0).
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Ha ocHoBe fuarpamMmbl COCTOSHUIA TakKe MOXET ObITb MOCTPOEeHa MaTpuLla WHTEHCUBHOCTEN NEepexXooB:

-2\ 2) 0
QAp)=(n -(A+p)r
0 2u -2p

MOXHO 3anucaTb MaTpudHoe AnddepeHumManbHoe ypaBHeHue %P(t) =Qnw'-P(t),
rae P(f) = [R(t) B(t) B(N]".

3aTeM HaxoAsiT COBCTBEHHbIE 3HaYeHUs £(A, 1) U COBCTBEHHBIE BekTopbl £(A, 1) MaTpuLbl Q7. B criyyae pasnuuHbix
COGCTBEHHbIX 3HAYEHUA (YTO UMeET MeCTO Ars GOMNbLUMHCTBA HEMpPEepPLIBHBEIX MAPKOBCKUX MoAenei n NpakTuiyeckn Beex
3Ha4YeHuit NapaMeTpoB) BEKTOP BEPOATHOCTER COCTOSIHUI UMEET criegytoluil BUA:

exp(E(huly)
P(#) =E(\p)- exp(e(h), ) - E(npy™-P(0).
exp(e(r,m),t)

Peluas NpeficTaBeHHOe Bhillle MaTpULHOE ypaBHeHWe, BeposTHOCTU Py(f), P(t), Po(t) BeluncnsioT, npeanonaras,
Hanpumep, YTo B MOMeHT BpeMeHH t = 0 cucTema HaxoguTcs B cocTosiHAM O, T. €.

1
P(0)=0|.

0

MrHOBEHHBIN KOS DULIMEHT FOTOBHOCTL Agq(f) BoIUUCTIALOT Mo chopMyne

As(t) = R(t) + P,(0).

MHpekc SO B Agq(t) ykasbiBaeT Ha To, YTO KO3(PULIMEHT FOTOBHOCTU ONPEAEensloT Ha ypoBHe CUCTEMbI B Npeano-
TIOXEHUM, YTO B MOMEHT BpeMeHu t = 0 cucTema Haxogunack B coctostHum 0. [iNs NPOCTON CUCTEMBI ABHOE BbIpaXeHue
Agp(t) yepes A 1 u MOXHO BBIBECTM C MOMOLLbIo NpeobpasosaHns fannaca no gopmyne

2 2
2\ A
Acn(f =u' +ZAU -(7\'+|.L)t2_ —(X+p.)t-
solf) rromtid b e "i(2-¢ )

Ha pucyHke C.3 npefcTaBrieH YACNEHHLIA NpUMep, NoKaselBatoLuii \3MeHeHne Ko duLMeHTa HeroToBHOCTHU BO
BpeMeHUn Ugy(t) = 1 — Agg(t).

Uso(®) |
310
2108

. A =0,0005/h

] =0,25/h
1:10°8 H

. I I I I | L LI | L] LI | LI | I LI I

5 10 15 t(h)

PucyHok C.3 — YucneHHbIn npuMep U3MeHeHUs KoadhdUuLiieHTa HeroToBHOCTN BO BpEMEHU

B o6Lwem crniyyae ans paboTel ¢ AnddepeHumanbHeiMU ypaBHEHUAMIN CriefyeT NPUMEHSATb COOTBETCTBYHOLLEe Mpo-
rpaMmHoe obecneyeHve, NO3BONAKLLEE NONYYUTb YACNEHHOE UK rpadd4eckoe pelleHune.
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ACUMNTOTUHECKUI KOIPULNEHT FOTOBHOCTU Agn(*) = Ag NOMYyYaloT HEMOCPEACTBEHHO Mo hopmyne Ago(t). Haobo-
poT, ycTaHaenueas P{«) = P; (i = 0, 1, 2) ANA aCUMNTOTUYECKUX N YCTaHOBUBLUMXCA 3HAYEHU A BEPOATHOCTEH COCTOSHWIA,
Ag nony4atot B BUuae Ag = Py + Py, rae P; ABNAIOTCA peLLIEHNAMN creaytoLlieid CUCTEMbI YpaBHEHUI (CM. npunoxeHue A):

0=-20R +uP,,
= -2MRy -\ +p)R +2up,
0=AR -2uPR.

JloGoe U3 Tpex NpuBefeHHbIX anrebpandeckux ypaBHEHWA, NPefCTaBMNeHHbIX BhILE, MOXET GbiTb NOMYYEHO U3
OCTaBLUMXCA ABYX; TakUM 06pa3oM, UMEETCS TpU NePEMEHHBIX U TONBKO [iBa NTMHERHO He3aBUCUMBIX YpaBHEHUS. MoaTomy
B Ka4ecTBe TPeTLEro ypaBHEHUs UCMONbL3YIOT YCroBUe Ha CyMMY BeposiTHocTeit Py + Py + P, = 1. Mocne HekoTopbixX Ma-
TemaTudecknx npeobpa3oBaHuii NoNy4eHo cregyroLiee BolpaxeHue:

_ p2+2ku_
5T Orn?

B COOTBETCTBUM C NPUBEAEHHBIM BbIPaXeHUEM BbiBEAEHBI criegytoLine dhopmynbl Ans MUTgn MDTg:

Ag 2A+p
MUT.="S= ,
ST zg 22
mpT. = 1=As_ 1
zg 2u
2}17\.2
e Zs= Rh=

Zg SIBMAETCA NpeAensbHON U CTalUMOHapHO MHTEHCUBHOCTBIO OTKA30B (YacToToil 0TKa30B) Ha YpOBHE CUCTEMEI (CM.
npunoxexue A).

C.3.2 BblpaxeHus ans BepoATHOCTU 6e30Tka3Hol paboThbl

[nA onpegeneHus BelpaxKeHni 4ns BeposTHOCTH 6e30TkasHON paboThl M HapaboTku 40 OTKa3a cUcTeMbl TUNa «1 U3
2» C aKTUBHBIM Pe3epBOM (He3aBUCUMO OT KONMYeCTBa rpynn BOCCTAHOBMNEHUS ) cocTosiHue 2 (HepaboTocnocobHoe cocTo-
SIHME CUCTEMbI) ABMAETCA NOrMoLaroLMM cocTosHWEM. MNpuBeaeHHbIe HKe AuddepeHLuanbHble ypaBHeHNA 3anucaHbl
B COOTBETCTBUM C AUarpaMmoii COCTOAHUA, NpuBeaeHHON Ha pucyHke C.2, N HEBO3MOXHOCTU Nepexofa U3 CocToAHNA 2
B COCTOsIHUE 1:

dR(t

3; )_ ~2)LR)(t)+nPR(1),
% = 20R(t)- v+ IPY(D),
dB(t

02': ) _ap(t).

Pelliasi 3Ty cUCTeMy YpaBHEHUi, HaxoasT BepossTHOCTU Py(f), P4(t), Po(t), npepnonaras, 4to 8 MOMeHT BpemeHu t =0
CUCcTeMa Haxoaunnacb B COCTOAHUN 0:

1

PO)=|0|.
0

BeposaTHocTh Ge30TKkasHOM paboThl cUCTeMBI Rgo(f) BEIMUCNAIT NO dopmyne

Ry(t)= P+ P (0).

SIBHOE BhIpaXeHue Rgg(f) 4epes A U p MOXET GbITb NONYy4YeHO € NoMoLLbLo Npeobpa3osaHns Jlannaca u uMeet cne-
Ayowmii Bua;
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Sot_ o oStt
Reolt) = S€ 758
51— S
rae $15,= 2%,

S, +8,=—(u+30).

BoipaxeHue ana MTTFgg MOXET ObITh HaiileHO UNu Ha ocHoBe Rgq(f), B 3TOM cnyvae

® +3A
MTTFgo = [ Rso(t)dlt = %2_
0

Unu cornacHo cucteme anrebpanyeckux ypaBHeHUIA, npuBeaeHHon B A.2.2.1.

C.3.3 BblpaxeHus ansa nokasarenen 6e30nacHOCTH

AHanu3 nokasarteneil 6e30NacHOCTU OTNIUYAETCA TONBLKO WHTepnpeTaunen Mogenu: cocTosHue 2 [OIMKHO ObiTb
onpeAeneHo Kak ornacHoe COCTOsIHUE, a Nepexo B 3TO COCTOsIHUE NPOUCXOAUT NpU OTKase 0b60ouUX 3NEeMEHTOB UNKu ecnu
o6a anemMeHTa OoTKasbIBalOT B OHO M TO XXe BpeMs BCreACTBUE OTKasa no obulei npudnHe (B nocnegHeM cnydae gva-
rpamma COCTOSAHUIA AosMkHa BbiTh pacluMpeHa, Kak nokasaHo Ha pucyHke B.8). [Npu aToM Bpems BOCCTAHOBNEHUS crieayeT
paccMmaTpuBaTh Kak BpeMs NMPOBEPKMU.

BelpaxeHue ana PFD Takoe Xe, Kak Ans KoapuuneHTa HeroToBHOCTU cuctemsl. MNpun ananuse MTTFH wnu DFR
COCTOSAHME 2 crieflyeT paccMmaTpuBaTh Kak normnoljatollee CocTosHue, BbIBOA aHanoruyeH BbiBoAgaM ANA nokasaTenen
6e30TKa3HOCTW.

Ha pucyHke C.4 nokasaH YMCNEHHbIA NpuMep ANA nokasatena DFR, nony4YeHHOro U3 COOTHOLWEHUIA ANS BEPOSAT-
HOCTU 6e30TKa3HOoN paboTbl CUCTEMBI.

hg(t) = ——F—F—
Rg(f)
hg(t)
210~
408
1-10 A = 0,0005/h
K =0,25/h
5.107
L L L O U L L L L N DL L AL L ! PO L L L |
5 10 15 th)

PucyHok C.4 — YucneHHblid npuMep AN MHTEHCUBHOCTM ONacHbIX OTKa30B
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Mpunoxexnue JA
(cnpaBouHoe)

CBeaeHUs 0 COOTBETCTBUM CCbINTOYHbIX MeXOYHAapPOOHbIX CTAHOAPTOB
HaUuUOHaAJNIbHbIM CTaHOAapPTaM

Tabnunya OA1

OB03HaYeHNe CCbINOYHOro CTteneHb OBo3Ha4YeHe U HauMeHoBaHWe COOTBETCTBYHOLLEro
MeXayHapo4Horo ctaHgapTta COOTBETCTBUA HauWoHanbHOro ctaHgapta
IEC 60050(191):1990 NEQ MOCT 27.002—2015 «HagexHocTb B TeXHUKe. TepMUHEl U onpede-
neHnsay
IEC 60300-3-1 MOD FOCT P 51901.56—2005 (M3K 60300-3-1:2003) «MeHegXMeHT pu-
cka. PykoBoACTBO MO NpUMEHEHWIO METOA0B aHanuaa HageXXHoCTU»
IEC 61508-4:2010 IDT MOCT P M3K 61508-4—2012 «®yHkumoHaneHas 6e3sonacHocTb

cucremMm SNEeKTPUHECKUX, SNEKTPOHHBIX, nporpaMMnpyemMbIx
SNMEKTPOHHLBIX, CBA3aHHLIX C Ge3onacHocTb. YacTb 4. TepMVIHbI n
onpepeneHna»

BETCTBUA CTaHOapToOB!

- IDT — MAeHTUYHbBIA cTaHgapT;
- MOD — mogucunumpoBaHHbIiA CTaHAapT,
- NEQ — HeakBMBaneHTHLIN cTaHaapT.

M pnMedaHhne — B HaCTOHLLleVI Ta6n|/|qe ncnosfib3oBaHbl crnefyrouime yCrnoBHble 0603Ha4YeHUs CTeMNeHn CooT-
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Mpunoxenne b
(cnpaBoyHoe)

CBefeHuns 0 COOTBETCTBUM CChINTOYHbIX MEXAYHAPOAHbIX CTAHAAPTOB,
yKasaHHbIX B 6ubnuorpadmmn HacTosILEro cTaHgapTa, HauMOHaNbLHbLIM CTaHaapTam

Tabnwnya OB6.1

0OB603HaYeHNe CCbINOYHOro CTeneHb OB03HaveHe U HaUMeHoBaHWe COOTBETCTBYHOLLEr0
MeXAyHapo4HOoro craHgapTa COOTBETCTBUA HaUWoHanbHOro ctaHgapta
IEC 60812:2006 MOD MOCT P 51901.12—2007 (M3OK 60812:2006) «MeHeaxMeHT pucka. Me-
Tog, aHanusa BUA OB U NOCNEACTBUIA OTKa3oB»
IEC 61025:2006 NEQ MOCT P 27.302—2009 (M3K 61025:2006) «HaaexHOCTb B TEXHUKeE.
AHanus fepesa HencnpaBHOCTEN»
IEC 61078:2006 MOD MOCT P 51901.14—2007 (M3K 61078:2006) «MeHenXMeHT pucka.

CTpyKTypHasi cxeMa HafleXxXHOCTU U GyneBbl METOALI»

BETCTBUA CTaHAapTOB!

n pnmedyaHmne — B HaCTOFlLL[eﬁ Ta6m4ue ncnonb3oBaHbl cnegyouwne ycroBHble 0603Ha4YeHNs cTeneHn cooT-

- MOD — moauduumpoBaHHble cTaHAapTHI,
- NEQ — HeakBMBareHTHbIW CTaHAapT.
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