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Mpeaucnosune

3agayn, OCHOBHLIE MPUHLMMLI U NpaBuna NpoBeAeHUss paboT Mo rocyAapCTBEHHOW CTaHoapTM3auum
Poccuiickon ®epepaumm yctaHoBneHbl FOCT P 1.0—92 «l"ocymapcTBeHHas cuctema craHgaptusauum Poc-
cuiickon ®epepaumm. OcHoBHble nonoxeHusa» n FOCT P 1.2—92 «'ocyaapcTBeHHasi cuctema cTaHgapTmaa-
umm Poccuniickon ®epepauun. MNMopsgok paspaboTkm rocyaapCTBEHHbLIX CTaHOapPTOBY

CBefeHus o cTaHpapTe

1 NOArOTOBJIEH Hay4Ho-nccnegoBaTtensCkUM LIEHTPOM KOHTPONS U AMarHOCTUKU TEXHUYECKUX CUC-
TeM Ha OCHOBe COBCTBEHHOrO ayTEHTUYHOro NepeBoa CTaHAapTa, yKa3aHHOro B NyHkTe 4

2 BHECEH Hay4Ho-TexHu4eckum ynpasneHnem [locctaHgapTa Poccuu

3 YTBEPXXOEH WM BBEOEH B OEWNCTBUE Mpukasom PenepansHOro areHTCTBa MO TEXHUYECKOMY
perynupoBaHuio u metponorun ot 31 masa 2005 r. Ne 110-ct

4 HactosLumi cTaHaapT 9BnsieTcs MoANULMPOBaHHBIM MO OTHOLLEHMIO K MEXAYHapO4HOMY CTaHaapTy
M3K 61078:1991 «MeToabl aHanu3sa HagexHocTu. MeToa cTpykTypHOM cxembl HagexHocTu» (IEC 61078:1991
«Analysis techniques for dependability — Reliability block diagram method») nytem BHeceHusa TexHuveckmnx
OTKINOHEHUIN, 06 BbSACHEHUE KOTOPbIX NPMBEAEHO BO BBEAEHUN K HACTOSILLIEMY CTaHaapTy.

HaunmeHoBaHuWe HacTosLero ctaHgapTa U3MeHEHO OTHOCUTENbHO HAMMEHOBAHNS YKa3aHHOTO MeXayHa-
poaHoro ctaHgapTa Ansa npueeneHuns B cootsetctaue ¢ FOCT P 1.5 (nogpasaen 3.6).

M3meHeHuns, BBeAeHHbIe B HACTOSLLUI CTaHAAPT NO OTHOLLEHWUIO K MEXAYHApOAHOMY CTaHAaapTy, oby-
CNoBneHbl HEOBXOANMOCTbIO Hanboree NOMHOro JOCTUKEHWNS Lienen HauuoHansHon cTaHgapTM3aumum

5 BBE[EH BINEPBbIE

UHpopmayus 06 usmeHeHUsX K Hacmosuwemy cmaHdapmy rybriukyemcs 8 ykasamerse «HayuoHarnbHble
cmaHOapmbi», @ MeKcm 3mux USMeHeHUU — 8 UHOpMaUUOHHbIX yKa3amersisax «HayuoHarnbHble cmaHOap-
mbi». B criydae nepecmompa unu omMmeHbl Hacmosuwe2o cmaHOapma coomeemcemeyrowas UHgopmayus
bydem onybnukosaHa 8 UHGhopMalyUOHHOM yKazamerne «HauyuoHarbHble cmaHdapmbix»
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BBepeHune

MeTo CTPYKTYPHOW CXeMbl HaAEXHOCTU SIBMSETCS OOHMM M3 METOAOB, 4acTO WUCMONb3yeMbiX Mpu
aHanmae pUCKOB TEXHUYECKNX M TEXHONOrMJeckux cuctem. ObLLME NPUHLMMBI OLLEHKM PUCKA TEXHOMNOMMYECKNX
cuctem pernameHTupoBanbl FTOCT P 51901—2002 «YnpaBneHne HageXXHOCTb0. AHanNM3 pucka TEXHOMNormyec-
Kux cucteMm». MeTon nMo3BONSIET CTPOUTb MOAENW TEXHUYECKOW U TEXHOSOMMYECKON CUCTEM U OLIEHMBATL
BEPOATHOCTM BO3MOXHbIX 61aronpusiTHbIX M HEGNAronpUSITHLIX COObLITUIA.

MeToq CTPYKTYPHOW CXEMbl HAAEXKHOCTM MPUMEHSIETCS TaKXKe B Pas3fIMYHbIX aHaNMTUYECKUX MeToaax
nccrnefoBaHust HageXxHocTU. Mpu 3ToM Lenu Kaxxaoro NpMMEHsIEMOro MeToaa, UX NpUroaHoCTb (MHaMBUAYyanb-
Hasi UM B COMETaHUN C ApYrMMM MeTog4amm) Anst OLEHKM HAageXHOCTU U paboTocnocobHOCTU faHHOW CUCTEMBI
UM KOMMOHEHTAa JOMKHbI MCCreAoBaTbCA aHANMTUKOM 4O Havana npuMeHeHUs MeTofa CTPYKTYPHOW CXEMbI
HagexXHocTW. HeobxoamMMo Takke yunTbiBaTh pe3yrbTaThl, MONyYEeHHbIE KaXablM METOAOM, HeobXoaMMbIe ANs
aHanu3a AaHHble, CIOXHOCTb aHanmaa u apyrue akTopsbl.

B oTnunyme oT npuMeHsaeMOoro MexxayHapoA4HOro CTan4apTa, B HACTOSLLMIA CTaHAAPT He BKITIOYEHa CCbinka
Ha MO3K 60050 (191):1990 «MexayHapoaHbIn anekTpoTexHuyeckuin cnosapb. nasa 191. HagexHocTb un
Ka4ecTBO OOCMyXuBaHMs», KOTOPYHO HeLernecoobpasHo NPUMEHSATb B HAaUMOHANbHOM CTaH4apTe u3-3a OTCyT-
CTBWSI TAapMOHU3NPOBAHHOIO HaUMOHanbHOro ctaHgapTa. B cooTBeTCTBMM C 3TUM U3MEHEHO coaep)kaHue
pasgena 3.
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HAUMWOHANBbHBLIU CTAHOAPT POCCUUCKOMN OERJREPALUUMU

MeHeaXMeHT pucka
METO[ CTPYKTYPHOW CXEMbl HALIEXXHOCTU

Risk management.
Reliability block diagram method

Oata BBegeHmns — 2005—09—01

1 O6nactb npumMeHeHuA

HacTtosawun ctaHgapT ycTaHaBnNuBaeT npoleaypbl MOAENMPOBaHUSA HaAEXHOCTM TEXHUYECKOWN N TEXHO-
rfiorm4yeckon cuctem (ganee — CUCTEM) M UCMONb30BAHUSA 3TOW MOLENN ANS OLEHKM XxapakTepucTunk 6esoTkas-
HOCTU 1 paboTOCNOCOBHOCTU CUCTEM.

Heobxoanmble pacyeTHble hopMyIbl MpUMBEAEHbI B MpUNoXxeHun B.

2 HopmaTuBHbIe CCbISIKM

B HacToswweM cTaHgapTe ncnonb3oBaHa HopMaTMBHAA CCbIfika Ha creayoLwmi cTaHaapT:

FOCT 27.002—89 HapgexHocTb B TexHUKe. OCHOBHbIE NOHATUS. TepMUHbI U onpeaeneHns

M pnMmevdyaHune — |_|pl/l nonb3oBaHMN HacToALLMM CTaHOapTOM Ll,enecoo6pa3Ho npoBepUTb ﬂeVICTBVIe CCbIITO4HOIo
CTaHgapTa Nno ykasaTtesto «HaLI,VIOHaJ'IbeIe CTaHgapTbl», COCTaBlIEHHOMY MO COCTOAHUIO Ha 1 AHBApPA TeKylwlero roga, n no
COOTBETCTBYOLLMM I/IH(bOpMaLIMOHHbIM yKasartenam, OI'Iy6J'IVIKOBaHHbIM B TeKyLliem roay. Ecnu ccbinoyHbin OOKYMEHT
3aMeHeH (M3MeHeH), TO NPU NOJIb30BAHMN HACTOALLMM CTaHOAPTOM creayeT pykoBoACTBOBATbCA 3aMEHEHHbIM (M3MeHeH-
HbIM) CTaHOapToOM. Ecnu ccbinoyHbin AOKYMEHT OTMEHEH oe3 3aMeHbl, TO NOoJiIoXXeHne, B KOTOPOM AaHa CCblJika Ha Hero,
NPUMEHAIOT B 4aCTu, He 3anarMBarou.|.e17| 3Ty CCbIJIKY.

3 TepmuHbl n onpegeneHus

B HacTosiwem ctaHgapTe npMMeHeHbl TepMuHbl o FTOCT 27.002.

4 CumBoOnbl 1 0003Ha4YeHuUs

Mcnonb3yemble B HacTosLLEeM cTaHgapTe CUMBOSbI U 0b0o3HaveHus npuBegeHsb! B NpUnoXxXeHun A.

5 YcnoBus npumeHeHus

CprKTypHaFl CXemMma HageXHOCTU ABndAeTcAa HarmAagHbiM npeacrtaBsrieHnemM HageXHOCTU CUCTEeMbI. OHa
NoKa3bIBaeT JIOrM4eCkKyr CBA3b KOMMNOHEHTOB, H606XO,EI,I/IMyIO ana pa6OTbI CUCTEMBI.

OnuncaHHble meToabI NOCTPOEHUA CprKTypHOVI CXeMbl HageXHOCTU npeaHasHavyeHbl Anda npuMmeHeHunsa
npexage Bcero K cnctemam ©e3 BOCCTaHOBMNEHUSA U CUCTEMAM, B KOTOpPbIX NOpPAOOK NoABNEeHNA OTKa30B HE UMEET
3HaveHua. [na cucrtem, NnopAOOK OTKa30B B KOTOPbIX OOJDKEH NMpUHMMaTbCA BO BHMMaHue, UM CUCTEM C
BOCCTaHOBII€HMEM MNMPUMEHAIT Apyrne Mmetoabl MoaennmpoBaHnAa HageXXHOCTU CUCTEMbI, HarnpumMmep MapKOB-
CKMIn aHanua. I'Ipe/:l,nonaraech, 4YTO B NOGON MOMEHT BPEMEHN 3JTIEMEHT CUCTEMbI MOXXET HaxXoOAUTbCA TOJTIbKO
B OOHOM M3 OBYX BO3MOXHbIX COCTOSIHUR: ncnpaBHOM Unn HemcnpaBHOM.

B cumBonunyeckom npencraBneHnn He genarT pa3anM|71 Mexay OTKprTOI7I n 3aMKHyTOI;1 CXEMOW Unn
apyrumm mogendamMmumn OoTKasoB, HO MNMpu onpenerneHnn KOJTMYECTBEHHON OLIEHKU 3TU pasnnyna Heobxoaumo
YKa3blBaTb.
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6 TpeboBaHMA HageXHOCTU U onpeaerieHne oTkasa CUCTEMbI

6.1 OOwwme nonoxeHus

MpeanockINKon Ans NOCTPOEHMS MOgEeNEN HAOEXKHOCTU CUCTEMBI SIBUNOCH N300paXeHue NyTen curHana,
obecneunBatoLLmx paboTocnocobHOCTb cucTeMbl. Hacto TpebyeTca 6onee ogHoro onpeaeneHnsa otkasa cuc-
TeMbl. OTKa3bl CUCTEMbI JOJKHbI ObITb OnNpeaeneHbl U NepeYvncreHsb.

Kpome Toro, Heo6xo0auUMbI YETKME UHCTPYKLUN OTHOCUTESBHO:

- (pyHKLMI, BbINONHAEMbIX CUCTEMON;

- NapamMeTpoB 3PPEKTUBHOCTM U JONYCTUMbIX TPAHNL, UBMEHEHUS 3TUX NAPaMETPOB;

- PEXMMOB 3KCMlyaTaumnm CUCTEMbI U YCITOBUIA OKPY>KaKOLLLEN Cpeabl.

Mpn NOCTPOEHMM CTPYKTYPHOM CXEMbI HAAEXHOCTU MOIYT UCMOMb30BaTbCA Pa3fiMyHble MeTOAbl Konnye-
CTBEHHOro aHanmsa. Noatomy HeobxoauMO AaThb YETKOE onpeaeneHne oTkasa cuctemMbl. PabotocnocobHOCTb
CUCTEMBI 3aBUCUT OT OHOMO NN HECKONBbKNX OTKA30B CUCTEMBI. [INsl KaXkgoro onpenenieHns otkasa CucTeMmbl
cnegyrLUM LWarom sIBRsieTca AeNeHne CUCTeEMbl Ha normdeckmne Griokn B COOTBETCTBUM C LIENSIMM aHanmMsa
HagexxHocTn. OTAenbHbIE Normdeckmne GrIoKM MOryT NpeacTaBnATb COOON NOACUCTEMBI, KaXaas U3 KOTOPbIX, B
CBOIO 04epeb, MOXET ObITb NpeAcTaBieHa CBOEN CTPYKTYPHOM CXEMO HAAEXKHOCTN.

Konn4yecTBeHHbIN aHanms3 CTPYKTYPHOM CXeMbl HAOEXHOCTN NPOBOAAT pasfiMyHbIMM MeTogamu. B 3aBu-
CMMOCTW OT TUMa CTPYKTYPHOM CXEMbI MOTYT UCMOJIb30BaTbCs NPOCThlie ByneBbl MeETOALI /MW aHanNmn3 MHOXe-
CTBa COEAMHEHUN 1 NpepbiBaHNA. BbluMcneHnst NpoBoasT HA OCHOBE AaHHbIX HAAEXHOCTU OCHOBHBLIX KOMIMO-
HEHT.

Heobxoanmo 3aMeTuTb, YTO CTPYKTYPHas CxeMa HaAeXHOCTU HeobsidaTernbHO OTpaXkaeT usnyeckme
CBS13U annapaTHbIX CPeACcTB

6.2 JkcnnyaTtauusi cMCTeMbI

MoxeT okasaTbCsl BO3MOXHbIM UCMOMb30BaHNE CUCTEMbBI A1 Boree YemM OAHOro pexxuma (OyHKLUOHNPO-
BaHus. Ecnu Ang Kaxaoro pexvma UCnonb3yTca OTAENbHbIE CUCTEMbI, TaKMe peXxuMbl AOMKHbI 0bpabaThbl-
BaTbCS HE3aBMCUMO OT OCTarbHbIX. [1py 3TOM COOTBETCTBEHHO AOMMKHbI MCNONb30BATLCA CAMOCTOATENbHbIE
Moaenu HagexHocTu. Ecnv ogHa n Ta e cuctema npegHasHavyeHa Ans BbINONHEHUsA BcexX PyHKUUIA, To Ans
KaXkgoro Tuna onepauuri OOMKHbl UCMONb30BaThCH OTAENbHbIE CTPYKTYPHbIE CXeMbl HadeXHOCTU. YeTkne
TpeboBaHWa HaAEXHOCTU, CBA3AHHbIE C KaXabIM acnekToMm (yHKLUMOHUPOBAHMS CUCTEMBI, SIBNAOTCA HEObX0-
OMMOW NPeanochISIKOM COCTaBEHUS CTPYKTYPHON CXeMbl HAOEXHOCTW.

6.3 YcnoBus okpyxalollen cpeabl

Cneundukaumm Ha napameTpbl CUCTEMbI AOMKHbI BKMOYaTh ONMCaHWE YCIOBUA OKPY>KatloLLen cpebl,
npeayCcMOTPEHHbIX NPOeKTOM Anga paboTbl cuctembl. OHWM OOSMKHbI BKIOYATh ONUCaHWE YCNOBUK, KOTOPbIM
cuctema byaeT noaBepraTbCs B NpoLEecce TPaHCNOPTUPOBaHWS, XpaHEeHNs U AKChnyaTaumu.

HekoTopoe obopyaoBaHue npegHasHayeHo AN UCNONb30BaHWS B Pa3fuyHbIX YCOBUAX, HAanpuMmep Ha
OopTy Kopabns, camorneTa unu Ha cywe. B 3ToM crnydae oueHKU HadeXHOCTU MOryT ObiTb BbINOMHEHbI HA
OCHOBE OAHOW W TOW Xe CTPYKTYPHOW CXEeMbl HaAEXHOCTWU, HO C MPUMEHEHNEM WHTEHCMBHOCTEN OTKa30B,
COOTBETCTBYHOLLUMX KOHKPETHBIM YCITOBUSAM 3KCMyaTauum.

6.4 Lukn paboTbl

JomkHa 6bITb yCTaHOBMNEHA B3aUMOCBSI3b MeXAY KaneHaapHbIM BpeMeHeM paboTbl U LiMKnamu npouec-
COB BKJIHOYEHUS—BBIKIMIOYEHNA CUCTEMBI. Ecnn npouecchl BKMOYEHNUS U BbIKIOYEHUs 0OOpYAOBaHNUS He
BbI3bIBAOT OTKa3 CUCTEMbI, @ MHTEHCUBHOCTb OTKA30B 0OOpPyAOBaHUSI MPU XPaHEHWM He3HauuTernbHa, TO
Heo6xoouMO paccMaTpuBaTh TONbKO hakTuieckoe BpeMsi paboTbl 060pyaoBaHuS.

B HekoTOpbIX cryvasix NMpoLUecChl BKMYEHUS U BIKIHOYEHUS SBSOTCS MaBHOW MNPUYMHOM OTKa30B
paboTtbl 06opygoBaHus. Kpome Toro, 00opyaoBaHNE MOXET UMETb Goree BbICOKYH0 MHTEHCMBHOCTb OTKAa30B
Npu XpaHeHUn, YeM Npu KcnyaTaumn. B cnoxHbIX cryvasix, Korga BKI0YarTCs U BbIKIIOYATCS TONBKO YacTu
CUCTEeMbI, floNycKaloTCsA Apyrne metodbl (Hanpumep MapkoBCkuii aHanus).

7 MpocTtble moaenu

7.1 Pa3paboTka mogenu

Mpun paspaboTke MogenM cCMCTEMbI CHaYana HeobxoamMmo AaTb onpeaeneHe paboTocnocobHOro cocTo-
SIHMA cucTeMbl. Ecnmn BoamoxxHO Goree ogHOro onpeaenexust, To Afsi Kaxaoro onpeaeneHs MoxeT notpebo-
BaTbCs OTAENbHasA CTPYKTYpHas cxema HagexXHocTu. 3aTeM HeoOX0aMMO pasfaenuTb CUCTEMY Ha Broku Tak,
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yTOObI ONPEeAenuTb NOrvKy MX B3anMoaencTensa B cucteme. Mpu 3ToM Kaxabid 6Grok JoMmKeH ObITb CTaTUCTU-
YecKM He3aBUCUMbIM M MakcuUManbHO GomnblimMM. B To e BpeMs kaxablid 6rok He JorkeH codepxaTtb (no
BO3MOXHOCTU) pe3epBupoBaHus. [ns npocToTbl YUCIIOBOM OLEHKM KaxKabIi BrOK OOMKEH codepXaTb TOMNbKO
TaKune areMeHTbl, KOTOPbIe COOTBETCTBYIOT OAHOMY M TOMY e CTaTUCTUYEeCKOMY pacnpeneneHuno HapaboTok
[0 oTKasa.

Ha npakTuke MoryT noHago6uTbCA NOBTOPHLIE MOMbLITKM NOCTPOEHUS CTPYKTYPHOM CXeMbl (B COOTBETCT-
BUU C BbllLeyKa3aHHbIMU TpeboBaHMAMKU) Npexae, Yem ByaeT NocTpoeHa okoHYaTeNlbHas CTPYKTypHas cxema
HaAEeXHOCTW.

3aTtem, 1cnonbays onpeaerieHne oTkasa cUCTeMbl, CTPOST CTPYKTYPHYIO CXeMy, B KOTOPOW NOAKIoYeHne
6nokoB hopMUPYET «MNyTb ycrexa» cucTembl. Kak ykasaHo B CTPYKTYPHBIX CXEMaX, MPUBEAEHHbIX Ha pUCYHKax
1—4, pasnunyHble NyT1 Mexay NopTamMun BBOAA W BbIBOAA NMPOXOAAT Yepes Takue KoMBMHaLMmn 6r10KoB, KOTopble
OOIMKHbI obecneunBaTth PYHKLUMOHMPOBaHME cucTeMbl. Ecnv ans gyHKUMOHMPOBaHUS cucTeMbl TpebyeTcs,
4TOGbI (DYHKLMOHMPOBAM Bce GrI0KM, TO COOTBETCTBYIOLLIEN CTPYKTYPHOW CXEMOW SIBNSIETCA Takasi cxema, B
KOTOpOWi Bce GIOKU coeauHeHbl NocrneaoBaTenbHO, Kak MoKa3aHo Ha pucyHke 1.

| — A B c b—---- zZ —eo0

| — BxogHow nopt, O — nopT BbIBOAA; A, B, C, Z— 6noku cuctemsl
PucyHok 1

CTpYKTYpHbIE CXEMbI 3TOrO TUMNa Ha3bIBaOTCA NOCIieAoBaTesIbHbIMM CTPYKTYPHBIMU CXEMaMU HAOEXKHOCTY.

Opyroit TMn CTPyKTYPHOI CXeMbl MPUMEHSIIOT B Criydae, korga oTkas O4HOro KOMMOHEeHTa vunn 6rioka He
BNUSIET Ha paboTOCNOCOBHOCTL CUCTEMBI B COOTBETCTBMW C ONpeAerieHMeM oTkasa cuctembl. Ecnn B aTom
criyyae BCS Lienodka aybrnvpoBaHa, TO CTPYKTypHasi cxema MMeeT BuA, MoKasaHHbI Ha pucyHke 2. Ecrin
Ay6nvpoBaH kaxkablii 6510k B LIeMoYKe, CTPYKTYpPHasi Cxema MMEeeT BUZ, NoKasaHHbI Ha pucyHke 3.

A1 B1 c1 —----- Z1
| — ——e O
A2 B2 c2 p—----- Z2
PucyHok 2
A1 B1 Cc1 Z1
----- 0
A2 B2 Cc2 Z2
PucyHok 3

CTpyKTypHbIE CXeMbl 3TOro TMna HasblBalOTCH NapannesibHbIMU CTPYKTYPHBIMU CXEMaMu HaAEXHOCTU.
CTpyKTypHble CXeMbl, UCMOMb3yeMble A9 ONMCaHUs HageXHOCTU CUCTEMbI, YacTo ABMSATCA KOMOMHaUmen
nocrnegoBaTtenbHbIX M NapannenbHbiX CoeavHEeHWA. Takme CTPYKTYpHble CXEeMbl MOXHO MOCTPOWUTb, €CIn
paccMOTPETb CUCTEMY, COCTOSILLIYIO M3 AyBNMPOBaHHOW LIEMOYKM, BKITFOHAIOLLIEN TPY MOBTOPAIOLLMXCS ANIEMEHTa
A, Bv C v o6wuit anemeHT nutaHus D. IToroBble CTPYKTYpHbIE CXeMbl NpeacTaBeHbl Ha pUcyHkax 4 n 5.
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A1 B1 C1
— D O
A2 B2 C2
PucyHok 4
A1l B1 C1
|e— D o)
A2 B2 Cc2
PucyHok 5

M3-3a cTaTMCTUYECKOM HE3aBUCMMOCTM OTKa3 Nboro 6roka He JOSKEH NOBbILWATL BEPOSATHOCTL OTKa3a
ntoboro apyroro 6rnoka cucrembl. B yacTHocTn, oTka3 aybnmpoBaHHoOro 6roka He JOMKeH BNUATbL Ha paboTy
MCTOYHUKOB NUTAHNA N UCTOYHUKOB CUrHarna CUCTembl.

Ha npaktuke BCTpevyaroTcs cUCTeMbl, Ansa paboTbl KOTOPON HeoOGXoaAMMO (OYHKLUMOHMPOBAHME M UIN
bonee N3 n aNeMeHTOB, COeAMHEHHbIX napannensHo. CTPYKTypHasi cxema Takon CUCTEMbl UMeeT BUA, NOKa-
3aHHbIN Ha pUCYHKax 6, 7.

X
X
X
- (2o
| @ X O X
X X
PucyHok 6 PucyHok 7

Takvm 06pa3om, CTPYKTYpHas cxema, M3obpaxkeHHas Ha pUCyHke 6, Ans paboTbl CUCTEMbI OONycKaeT
oTKka3 He Goree O4HOro afemMeHTa.

BONbLUNHCTBO CTPYKTYPHBLIX CXEM HafEXXHOCTU FIErko MOHATHbI, @ TpeGoBaHNs Kk paboTe cUCTeMbl —oYe-
BuAHbI. OHaKO He BCe CTPYKTYPHbIE CXeMbl SIBISOTCS KOMOUHALMSAMM NocreAoBaTeNbHbIX MW NaparnsienbHbIX
cucrem.

lMpumep Takom CTPYKTYPHOWN CXeMbl NpeacTaBneH Ha pucyHke 8.

—1 B1 > C1
| ® A —eo O
— B2 » C2 —
PucyHok 8
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MpeacraBneHHasi CTPYKTypHasi cxeMa A0CTaTouHO npocTtasi. Cuctema HaxoamTes B paboyemM COCTOSAHMM,
ecnu ogHoBpeMeHHo paboTatoT anemeHTbl BT n CTunm An C1, unim An C2, unn B2 n C2. PaboTbl 31EMEHTOB
B1wn C2unn B2un C2 HepocTaTouHO Ans paboTkl cnucteMbl. PUCYHOK 8 MOXHO MHTEpnpeTUpoBaTh Kak cuctemy
noJauv TONMMBa Ha ABuUraTenu nerkoro camoneTta. AnemMeHT B1 npeactasnsaeT NocTaBKy Tonnuea Ha ABuUra-
Tenb nesoro 6opta C1, anemeHT B2 — nocTaBKy TOMnMBa Ha ABurartenbs npasoro 6opta C2, a anemeHT A —
pes3epBHyH0 NocTaBky Ha oba asuratens. CucTemMHoe onpefeneHne oTkasa — JOSDKHbI 0TKasaTb oba aApuraTe-
nga camornerTa.

Heobxoanmo 3ameTunTb, YTO Ha BCEX NMPUBEAEHHBIX HA PUCYHKax 1—8 CTPYKTYPHbIX CXeMax HU OfuH 6ok
He nosiBnsieTca Gonee opHoro pasa. lMpoueaypbl NOCTPOEHMS OpMyI Ansi OnpederieHns BEPOSTHOCTU
©e30TKa3HoON paboThbl CTPYKTYPHBIX CXEM TakMx TUMOB NpuBeAeHbl B pasaene 8.

7.2 OueHKa BepOATHOCTU 6e30TKa3HOM paboTbl

BeposTHocTb 6e30TKasHomn paboTkl (aanee — BBP) cuctembl R ((f) — 3T0 BEPOATHOCTL TOTO, YTO CUCTE-
Ma MOXET UCMONHATL TpebyeMyto (PyHKUMIO B AaHHBLIX YCIOBUAX AN AaHHOro uHtepsana spemenn (0, 7). B
obuwem cnyvae BBP onpegenstoT no popmyne

t
R((f) = exp [—I Mu) du |,
0

roe AMu) — WHTEHCMBHOCTb OTKa30B CUCTEMbl B MOMEHT BpeMeHu f = u. [Ins npocToTbl Ry(f) byaem sanmcbl-
BaTb Kak Ry.
BeposTHOCTL oTKa3a cucteMsl FgonpeaensaioT no dopmyne
FS = I—RS

7.2.1 NMocnepoBaTtenbHbIe Moaenu
[ns cuctem, cxema KoTopbIx n3obpaxeHa Ha pucyHke 1, BBP cuctembl Rg onpegensioT no gopmyne

RS= RARBRC 5 eee Rz, (1)

TO ecTb BBP cuctembl siBnsetca npomseeneHem BEP Bcex 6rokoB, BXOASILLMX B CUCTEMY.

7.2.2 MapannenbHble Mmoaenu

[nsa cuctem, cxema KOTOpbIX U306paxeHa Ha pUCYHKe 9, BEPOSITHOCTb OTKasa cucTtembl Fgonpeaensor
no coopmyne

FS: FAFB'

A

B

PucyHok 9

CneposatensHo BBP cuctembl RgBbIMMCHAIOT No chopmyne
RS:RA+RB_RARB' (2)

dopmynbl (1) 1 (2) MoryT ObITb 00beauHEHbI. [ CMCTEMbI, CXeMa KOTOPOW n3obpakeHa Ha pUCYHKe 2,
HO MMeeT Tpu anemeHTa B kaxaoun BeTke, BBP cuctembl onpegensoT no popmyne

Rg= Ry Rp Ry + RpRpRey — Ry R Rei RpRp Ry (3)
AHanorvyHo Ang cuctemsbl, M3obpakeHHon Ha pucyHke 3, BBP cuctembl onpeaenstoT no coopmyne
Re=(Ry1 * Rpp— Ry Rp) (Rpy + Rpy — Rp Rpy) (Rey + Ry — ReReo). 4)

Ona cncrtem, cxembl KOTOPbIX M306paxeHbl Ha pucyHkax 4 u 5, popmynel ans BBP cuctemsl nony4vatot
YMHOXEHWNeM BbipaxeHuit (3) 1 (4) Ha Rp.

7.2.3 Mopgenu m u3 n (MUAEHTUYHbIE 3NEMEHTbI)

Ecnu cnctema npegcraBngeT cobon napannensHoe coeanHeHne 1 MOEHTUYHbIX SNIEMEHTOB, a A1 ee
paboTocnocobHOCTM TpebyeTcs CMPaBHOCTL 7 311eMEHTOB 13 1, To BBP cuctembl R ¢BblumMcnsoT no chopmyne

5
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n—m

Rg= (’;)R”—’(I—R)’. (5)
r=0

Taknm obpasom, BEP cuctembl, cxema KOTopon nsobpaxeHa Ha pUCyHKe 6, BbIMUCTIAIOT Mo dhopmyrie
R¢= R3+3RX(1 — R)=3R2— 2R3, (6)
rne R— BBP oTaenbHbix 311eMeHTOB.

AHanorMyHo Ansi cucTeMbl, CTPYKTYpHas Cxema HaZleXXHOCTU KOTopon u3obpakeHa Ha pucyHke 7, BBP
onpegensaoT rno opmyne
Rg=R*+4R3(1 — R) + 6RX(1 — R)2=3R* — 8R? + 6R%. @)
Ecnu He BCe aneMeHTbl n CUCTEMbI UOAEHTUYHBI, TO ANg onpeaeneHns BEP pekomeHayeTcs ncnons3oBaTtb
B6onee o6Lue npoueaypsbl, NpyBeaeHHbIe B 8.3.
7.2.4 Mopenu ¢ HeHarpyXeHHbIM pe3epBOoM

[pyras yacTo ucnonb3yemast oopma pe3epBUpoBaHNs — HeHarpyXeHHbIl peaeps. B Hanbonee npocTom
cryyae CTPyKTypHasi cCXeMa HafeXXHOCTU CUCTEMbI C HEHArpyXeHHbIM pe3epBoM M3obparkeHa Ha pucyHke 10.

T 1AIT *°

L

A — ceTeBOW aKTUBHbIN 3NEMEHT; B — anemeHT, HaxOAsALMNCS B pexnme
OXWAAHUS 1 BKIHOYAIOLLMIACS B CrlyYae oTkasa anemeHTa A

PucyHok 10

dopmynbl (1) — (4) He gonyckaeTcs NPUMEHATb AN aHanM3a HageXXHOCTU CUCTEM C HEHArpy>XeHHbIM
pesepBoM. Ecnv npu akcnnyataumm oba arnemMeHTa MMerT NOCTOAHHYH0 MHTEHCUBHOCTb OTKa3a 1 Npu pe3epeu-
pOBaHUN UMEIOT HYSEBYO MHTEHCUBHOCTb OTKa3a, To hopmyrna ana BBP cuctemel umeet Bug

Ry(®) = eM (1 + A1),
Ecnn nmeeTcs n anemMeHTOB B pe3epBe, 3Ta hopmyria NpuHMMaeT BUg

)2 () (Ar)"
—2! +—3! +,...,+—n! ]

CTpyKTypHas cxemMa HadeXHOCTW CUCTeMbl AOIMKHa BKItoYaTb OMnoku, npeacTaBnsiowme HagexXHoCTb
BbIKMOYaTEsisl, KOTOPbIA YacTo ABMNSeTCs «cnabbiM MECTOM» CUCTEM C PE3EPBMPOBAHNEM.

CnepgyeT Takke obpaTnTb BHUMaHWE Ha TO, YTO B OTNINYME OT BCEX MPUMEPOB, PACCMOTPEHHbBIX BbILUE,
BBP anemeHTa B 3aBUCUT OT BpEMEHMU, Koraa anemeHT A oTkaxeT. [pyrumm crioBamu, OTKasbl 3NIEMEHTOB A 1
B He MOryT oueHuBaTbCs Kak He3aBucumble. Takum obpasom, Ofis aHanu3a pe3epBUpPOBAHHOW CUCTEMbI
OOMKHbI UCMONb30BaTLCA APYyrve npouenypbl, Takme kak MapkoBCKUIM aHanms.

Ry =eM[1+rr+

8 Bonee cnoXxHble moaenu

8.1 O6wwue npouenypbl

dopmynbl ona onpegenenns BBP cuctem, cTpykTypHas cxema HageXHOCTWM KOTOpbIX npegcraBnser
cobon KoMBMHaLUIO CTPYKTYPHBIX CXEM HafeXXHOCTM CUCTEM, PACCMOTPEHHbIX B pasgerne 7, onpeaensioTcs Ha
ocHoBe copmyn (1) — (7). OgHako onst HekoTopbix cnuctem BBP He MoryT 6bITb onpegerneHbl No BbiLLEYNOMS-
HyTbIM oopmyriam. Takme cnucTemMbl ABMAIOTCS 6ornee CNOXHBIMU U ANs HUX AOIMKHbI NCMONb30oBaThCs bonee
CMNOXHble MeToAbl aHanu3a HagexHocTu. CriegyeT 3amMeTuTb, YTO Ans oueHkn BBP moxeT ncnonb3oBaTbes
meToa MoHTe-Kapro, HO Takne MeTobl HE pacCMaTpuBalOTCH B HACTOSILLEM CTaHgapTe.

CrangapT pacnpocTpaHsaeTcs Ha npouenypbl, KOTOPbIe UCMONb3YT NPEANONIOXKEHNE O HE3aBMCMMOCTU
B cooTBeTCTBUM C 7.1.

6
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8.1.1 Ucnonb3oBaHMe NnpaBusia YCIIOBHON BEPOATHOCTHU
Mpun paboTe co CTPYKTYPHOM CXEMOW, N300PaXKEHHOM Ha pUCYHKe 8, NCMOMb3YIOT ApYyrMe MeToabl.
OpuH 13 TakMx METOAOB COCTOMT B TOM, YTOObI MOBTOPHO UCMOMb30BaTh CreayoLLee COOTHOLLEHME:

Rg= P/(SS|X paboTocnocobHbilit) P, (X paboTocnocobHbiit) + PSS|X oTkasaBmin) x
x P.(SS|X oTkasasLumi),

raoe Rg— BBP cuctemsl; P, (S| X pabotocnocobHein) — BEP cuctemsl, npun ycrnosuu, 4to 6510k X paboTtocno-
cobeH; P, (SS|X oTkasaslunin) — BBP cuctembl, Npun ycrnosuu, 4To aniemeHT X oTkasan.
Hanpumep, ecrnn Ha pucyHke 8 anemeHT A oTkasan, CTPyKTypHasi cxema cucteMbl npeobpasyeTcsi B
CTPYKTYPHYIO CXeMy, U300paKeHHY Ha pucyHke 11.

B1 Cc1
O
B2 Cc2
PucyHok 11

Moatomy P, (SS| oTkazaswmin) = Rp Ry + RppRo — R Reo1RpoR s
Ecnu sanemeHT A pabotocnocobeH, CTpyKTypHas Cxema CUCTeMbl NpeobpasyeTcsi B CTPYKTYPHYHO CXemy,
n3obpaXkeHHyo Ha pucyHke 12.

C1

C2

PucyHok 12

Mostomy P, (SS | A paBoTocnocobHbIn) = Ry + Ry — ReiReo-
CnepoBaTenbHo:

Rg=(Re1 + Roy — RaiR) Ry + (RpiRey + RppRey — RpiRerRppRep) X (1 — Ry).
Ecrm Ry = Rep = Rewvt Rpy = Rpy = Rp, TO BhIlWEYNOMsAHyTas (popmMyna ynpoliaercs 4o Buaa

Rg=(QRc— R:)R,+ QRgR-— RRZRZ)(1 — R)). (8)

BblweynomsHyTbIN MeToL, AONYyCKaeTcs NPUMeEHATb Anga nposepku opmyn (5)—(7).

8.1.2 Ucnonb3oBaHue ByneBbix Tabnuy

8.1.2.1 O6Lne nonoxeHns

Myt paboToCcnocobHOCTU, N30BPaKEHHbIE C MOMOLLBIO CTPYKTYPHON CXEMbl HaAEXHOCTU, MOryT BbiTb
onucaHbl bynesbimMn cpopmynamu. Hanpumep, Tpu anemeHTta A, B n C, coeguHeHHble napannensHo (ans
paboTbl cCUCTEMbI 4OCTATOYHO OAHOr0 PaboTOCNOCOBHOro arieMeHTa), MOryT BbITb NpeacTaBeHbl CTPYKTYPHON
CXeMOWN HaAEeXHOCTU, U306pakeHHOM Ha pucyHke 13, unu onncaHbl BynesbiM BbipaXkeHNeM:

SS=AY BU C, )

roe S5 — cobbiTne, cocTosee B TOM, YTO cUCTEMa HaxoauTca B paboTocnocoOHOM COCTOSIHUN;
A, B n C — cobbITusi, cocTosiLMe B TOM, 4TO KOMMNOHEHTbI A, Bu CHaxoasATcsi B paboTocnocobHOM COCTOSIHUN.

7
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— C

PucyHok 13

OpHako bynesbl cobbiTusi A, Bu CB dpopmyne (9) He MOryT 6bITb 3aMeHeHbl BeposTHoCcTAMN Ry, Rp, R
ansa nonyyeHus oopmMynbl Ana onpeaeneduss BEP cuctemel, notTomy 4To BblipaxkeHune (9) asnseTtcs Habopom
«nepecekatoLwmxcs» cobblTui. BelpaxkeHne (9) MOXHO 3anucaTb Kak CyMMY HenepeceKalolmMXcsi cobbITUi
cnegyrowmum obpasom

SS=ABC\Y ABC\Y ABC Y ABCY ABC Y ABC Y ABC. (10)
_ Cnosuuun bynesoii anrebpbl BbipaxeHus (9) u (10) naeHTnuHbl. OaHako B BbipaxeHuu (10) kaxkaan byksa
A, A, B, B, C, C moxeT 6bITb 3amMeHeHa COOTBETCTBYOWMM 3Hakom BBP — R, (1 — R,), Rp, (1 — Rp),
Re, (1 —Rp).
Ona BBP cuctembl nonyyaem cnegytoLuyto hopMyny
R¢=R (1 —Rp) 1—Rp) + (1 —Ry)Rp(1 — Rp) + (1 — RY(1 — Rp)Rc-+ R(1 — Rp)R-+
+ RyRp(1 — Rp) + (1 — RYRpR-+ RyRpR(. (11)
Kaxxgbin 6onee npoctor cnocod 3anucu BeipaxkeHns (9) C MOMOLLbIO HEMepeceKatLLMXCsa CObbITUIA UMeeT
BMA;
SS=A+ AB+ BAC. (12)

Takum obpasom, R¢= R+ (1 — R)Rp+ (1 — Rp) (1 — RY)R. (13)

YnpoueHHble Bbipaxenns (11) n (13) MAeHTUYHBI.
Mpouecc BbiBoga dopmyrbl (11) MOXET ObITb BbINONHEH Gonee NogpobHO C NpUMEHeHMeM Tabnumubl
WCTUHHOCTM (Tabnuua 1) ans npeobpasoBaHus BbipaxkeHus (9) B BoipaxkeHue (10).

Tabnuua 1
OnemeHT
Cucrema
A B Cc
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 1
MpumeyaHune —1— pabotocnocobHbIN anemeHT, 0 — OTKa3aBLUNA ANEMEHT.

[Burasce no Tabnuue cBepxy BHU3, MOXHO 3anucaTb Crieaylline BbIPaXeHUs ONs OnpeaerneHus
paboToCnoCOBHLIX COCTOSAHUI CUCTEMBI:

ABC, ABC, ABC, ABC, ABC, ABC, ABC.

dopmyna (10) siBnsieTca normyecknm obbeanHeHneM 3TUX COObITUN.

8.1.2.2 TNpumeHeHne Tabnmupbl UCTUHHOCTU ANs NpUMepa CTPYKTYPHOM CXEMbI, M300paXKeHHOW Ha pUCYHKe 8.

Mepeuncnenns Bcex koMBUHaL MM paboTOCNOCOBHbBIX N OTKA3aBLUMX 31EMEHTOB CUCTEMbI NMPVBEAEHbI B
Tabnuue 2.
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Tabnuua 2

AnemeHT
Cucrema

2
o]
N
Q
Q
N

JEE\ QU I I QI (I QI QI (I Ik I i g g g g g e Jo o o oo oo lolo oo o lo N o Ne)

A N AN AN L 0O0ONDOO0O0O0O0O0 A A A L A A 00000000
AN N 0000, A WA, 0000 A2 00002220000
. N 00,00, RO, O0O0 2,00 2002002200
L, 0,0, 0,00 UIRNO 00000002000 >
NN e X = R Y, RGN, N o i « S GG, RGN N e S o S B N o N e

MpumeyaHue —1— paboTocnocobHbIN arieMeHT, 0 — OTKa3aBLUMIN AMEMEHT.

Mo Tabnuue 2 MoXxHO BbIGpaTh KOMOMHaLNKN paboTOCNOCOOHbLIX 31IEMEHTOB M 3anncaTh BbipaXXeHne ansg
BBP cuctembl ¢ NOMOLLbI0 NPOTUBOMOSOXKHbBIX COObITUI

SS=BIB2Cl C2A+ BIB2Cl Q24+, ..., + BIR2C1C2A. (14)
M3 BbipaxxeHns (14) cnegyert, 4To

Rg= (1 — Rp) (1 — Rg)(1 — Re)ReR,+ (1 — Rp)(1 — Rpy) Rey(1 — Re)R,+ ..

BolpaxxeHue (14) copgepxuT 19 cobbITUIA, COOTBETCTBYIOLLMX KOMBMHALMAM paboToCcnocoGHOCTU cucTe-
Mbl, KOTOpble HEOOXOAMMO CYyMMUPOBaTh, YTOObI MONyYNTb UCKOMBIV pe3ynbTaT. M3 npuBeaeHHOro npumepa
nerko 3ameTuTb, YTO BbipaxkeHne ansa BBP, nonyveHHoe Ha ocHoBe bByneBa nogxoaa, 04eHb CKOPO MOXET CTaTb
Heob603pMMbIM.

8.2 Moaenu c o6WwmumMu 6nokamm

B CTpykTypHOM cxeme HageXHOCTU CUCTEM, PacCMOTPEHHbIX B pasdene 7, HU oavH M3 BGIOKOB He
ucnonb3yeTtca 6onee ogHoro pasa. Ato MoXeT ObITb YA06HO NMpY NOCTPOEHNM CTPYKTYPHOM CXEMbI HaAEXHOCTH
CUCTEMBI, M300paXeHHON Ha pucyHke 14. Hanpumep, anemeHTol C u D mMornu Gbl ObITb OyHKUMOHAINBHO
NogoGHBIMM 3rieMeHTamMK, AeNCTBYHOLWMMIN MO OTHOLLEHWIO APYT K OPYry Kak Aybnupylowme 3neMeHThbl, HO
anemeHT D MOXeT ObITb MOAKIIOYEH TOMBKO 3NIEMEHTOM B, yunTbiBasi, YTo aneMeHT B nogaet nutaHue kK C u
D. Ha pucyHke 14 n3obpaxeHo He TONbKO (h13ndecKoe pacrnonioKeHNe SFIEMEHTOB, HO U CTPYKTypHasa cxema
HageXHOCTU. B Takon CTPYKTYPHOWN CXxeme Ba)KHO HanpaBneHne CTPerokK.
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PucyHok 14

PaboTocnocobHOCTb CUCTEMBI B BbILLEyKa3aHHOM Cryvyae MOXeT ObITb NpeAcTaBieHa B COOTBETCTBUM
CO CTPYKTYPHOW CXEMOW HaOeXHOCTU, B KOTOPOW HEeKoTopble 65iokM BxogaT 6ornee ogHoro pasa, kak nsobpa-
)KEHO Ha pucyHke 15. OTa CTpyKTypHas cxema Obina nomnyyeHa Ha OCHOBE CTPYKTYPHOW CXeMbl HageXHOCTU
CUCTEMBbI, NPUBEAEHHOW Ha pUCyHKe 14, Ha OCHOBE ero aHanv3a v BblAereHns nap areMeHToB, O4HOBPEMEH-
HbI OTKa3 KOTOPbIX MPUBOANT K OTKa3y cucTemMbl. Takum obpasoM, pucyHok 15 npegcraenseTt cobon nocneno-
BaTeNbHYH KOMOMHALMIO Takux nap 351IEMEHTOB.

A B C
O
B C D
PucyHok 15

Mpun paboTe co CTPYKTYpPHOM CXemon nogobHoro Tuna HenpaBuIibHO obpabdaTbiBaTb 6IIOKM Kak He3aBuU-
c/Mble napbl U 3aTeM nepemMHoxaTb BBP nap. BmecTto 3Toro Heob6xoamMmo ncnonb3oBaTh fobon U3 MeTonoB,
npusegeHHbIx B 8.1.1 1 8.1.2.

Hanpumep, ncnonbsysa metoq, onucaHHbii B 8.1.1, nonyyaem:

Rg= P. (SS|B paboTocnocobHbilit) P, (B paGotocnocobHsii) + P, (SS|B otkasaslui) P, (B oTkasasLunii),

rae P, (SS|B paboTocnocobHbIN) 3a4aeTcs B COOTBETCTBUN CO CTPYKTYPHOWM CXEMOWN HaAEXHOCTH, BKOYalo-
wen napannensHble 6nokn Cun D, NOCKONbKy

Pr (SS|B otkazaBlumit) = P, (SS|B otkasasLumii |C paboTocnocobHbii) x P, (C paboTocnocobHbIin) +
+ P, (SS|B oTkasasLumii |C oTkasasLumii) P, (C oTkazaBwuin) = RyR-+ 0.

CnepoBarternbHo, RS= (RD + RC — RDRC) RB + RARC (1 — RB) = RARC + RBRC + RBRD —
— R4yRpRc—RpRpR .
Ha pucyHkax 14 n 15 npepcraBneHbl pasnmyHble cnocobbl MOAENMPOBaHUS OQHOMO 1 TOro Xe onpeae-
neHns oTkasa. A UMEHHO, OTKa3 CMCTEMbI NPOUCXOAMUT Toraa, koraa oTkasanu 6nokm A Bunun Bu C, vnm Cn

D. Opyrumn cnosamu, ByneBbl BblpaxeHus Ans onucaHus paboTocrnocoOHOCTM cucTeMbl SS unn oTkasa
cuctembl SF OyayT ogHUMK 1 TemMu xe Anst 06onx pucyHkoB 14 n 15:

58=(AC) Y (BO) Y (BD),
SF= (4B) Y (BC) Y (CD).

MpumeHasa meTon, NpuBeaeHHbIN B 8.1.2, nony4yaeM AaHHble, NpuBeAeHHbIe B Tabnuvue 3.

Ta6nuuya 3

OnemeHT
Cucrema

10
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OkoHyaHue mabnuubi 3

3AnemeHT
Cuctema

A B (o} D

1 1 0 0 0
1 0 1 1 1
1 0 1 0 1
1 0 0 1 0
1 0 0 0 0
0 1 1 1 1
0 1 1 0 1
0 1 0 1 1
0 1 0 0 0
0 0 1 1 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 0

MpumeyvyaHue —1— paboTocnocobHbIN arnemeHT, 0 — OTKa3aBLUMIN SMEMEHT.

Mpu nomoLum Tabnumubl 3 MOXHO 3anucaTh cneaytollee BoipaxeHne ana BEP
R¢= R RpR-Rp+ RRgRA(1 — Rp) + RyRpg(1 — Ro)Rp+ Ry (1 — RpR-Rp +
+ RA(1 — RpRA(1 — Rp) + (1 — RYRpR-Rp+ (1 — RYRpgRA1 — Rp) + (1 — Ry) Rg(1 — ROR),.
370 BblpaXkeHne MOXHO YNpoCcTUTb 40 Buaa
Rg= R Rp+ RgRp+ RpRc— RyRpRc — RpRpR(.
Opyron meTton, ncnonb3ayroLunin obLume 6nokn, COCTOUT B CrieaytoLLeM: cHavana UrHopupyoT gakT, yYTo
HekoTopble 6roKK NosiBnsATCA 6onee o4HOro pasa, 1 3anuckisatoT BelpaxeHune ans BBP R
R:Sv: (RA + RB — RARB) (RB + RC_ RBRC) (RC + RD— RCRD)'

Ecnu ckobkun nepeMHOXUTL 1 YneHbl, nogobHble R 4R BRZC n RpR BRZC, 3ameHUTb Ha Bynesbl aKBMBaNeHTbI

R RpR- v RpRpR -~ CcOOTBETCTBEHHO, TOrAa BbipaxeHne Ana BEP cuctembl R g MOXHO ynpocTuTb A0 crneayto-
wero

RS: RARC + RBRD + RBRC — RARBRC — RDRBRC'
8.3 Mopenu m n3 n (HenaeHTUYHbIE 3IeMeHTbI)

MeTopg onpegenenna BBP, npuBegeHHbIn B 7.2.3, B 3TOM Crnyyae He NpUMeHUM.
Kak npumep paccMoTpum cuctemy, NpeacTaBiEHHYH CTPYKTYPHOM CXEMOW HageXHOCTU, M300paXKeHHON
Ha pucyHke 16.

PucyHok 16
1
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BBP Takon cuctembl onpegensaoT MeTogamu, npueedeHHsimn B 8.1.1 nnn 8.1.2. Metoa, npuBeaeHHbIN
B 8.1.2, TpebyeT 32 Bxoga. lpn 3TOM BEpPOATHOCTb OTKasa cuUcTeMbl Fg MOXeT GbITh onpeeneHa no
cnegywouien dpopmyne

F¢=(1—R)(1—Rp (1 —R)(I1—Rp) (1 —Rp)+(1 —Ry) (1 —Rp) (1 —Rp) (1 —Rp)Rp+
+ (1 =R (1 —Rp (I — RORp(1— Rp) + (1 — Ry (I — RPRA1 — Rp) (1 — Rp) +
(1 —RYRp(1 — Re) (1 — Rp) (1 — Rp) + Ry(1 — Rp) (1 — Re) (1 — Rp) (1 — Rp).

BBP cuctembl onpeagenstoTt no oopmyne
RS = (1 — Fs)
MpumeyaHue— B HacTosiLee Bpems nosieunuce 6onee acpdekTvBHbIE MeToabl onpeaenerHus BBP ans pac-
CMaTpMBaeMoro cry4yasi.

8.4 Metop peaykuum

WHorga cTpyKTypHbIe CXeMbI BbIrNSAAAT O4eHb CIIOXKHbIMKU. HO nccnegoBaHne No3BonsieT CrpynnMpoBaTth
6noku B 6onee ynpaBnsieMble 3NeMeHTbl; Takue 3nemMeHTbl A0MKHbI BbITb CTaTUCTUYECKM HE3ABUCUMBIMU. OTO
O3HayaeT, YTO HVKakune Aga (Mnu Gonee) ynpaBnsieMble 3NemMeHTa He MOryT coaepaTb 6ok ¢ 0AMHAKOBbIM
obosHayveHuneMm. Mprumep NogobHOM CTPYKTYPHOM CXEMbI M300pakeH Ha pucyHke 17.

N —  — T |
| - | ] |
X1 | A b H F }xz
i B H G 2/3i
| ! |
|q ¢ — E 1Y H |
| I |
- - d
|0—i— ————————————————— —=r ——————————— 'i—OO

|
| IEE |
| | |
| N |
| J K L |I—P |
| N |
x3_1 5 : M Il_Q X4
|
: : |
| LR |
- - o _
PucyHok 17

MpuBeneHHas Ha pucyHke 17 CTPyKTypHas cxema MoXeT BbiTb ynpoLleHa 40 U306paKeHHOW Ha PUCYH-
Ke 18a nyTem OUEeHKN HaaexXHoCTH YeTbipex 6nokos X1, X2, X3 n X4 B cootBetctBum ¢ 8.1, 7.2.3,8.21n 7.2.3
cooTBeTCTBEHHO. CTPYKTypHasa cxema, n3obpaxeHHas Ha pucyHke 18a moxeT BbITb peayuupoBaHa 4O CTPYK-
TYPHOW CXeMbl, n3006paxkeHHOM Ha pucyHke 18e.
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X1 X2 X1 M X2

O
[
@)

X3 X4 X3 M X4

PucyHok 18

CnepoBartenbHo, BEP cuctembl, CTpyKTypHasi cxema KOTOpPOW COOTBETCTBYET U306paXKeHHON Ha PUCYH-
ke 186, onpegensaloT B COOTBETCTBUM C 7.2.2 o doopmyre

Rs= Ry Ry, + R3Ryy— Ry Ra Ry3 Ry

9 PacnpocTpaHeHMe MeToAa Ha BbluMcneHue KoadpcdpuumeHTa TeXHNYECKOro
MCNOJNIb30BaHUA

9.1 BBepgeHue

B HekoTOpbIX cny4yasix Bce chopmMyrnbl U MeTOAbl, MPUBEAEHHbIE B HACTOSLLEM CTaHAapTe, AonyckaeTcs
nmcnonb3oBaTb Anda onpegeneHnst KoadduumMeHTa TEXHNYECKOrO UCMOb3oBaHusA. [na aToro Heobxoanmo
3aMeHnTb 0603Ha4veHns BBEP Ha 0603Ha4veHns KoadhdurumeHTa TEXHNYECKOro NCMNOoNb30BaHMS.

9.2 MNpeanonoxeHus

MeToa BblUMCIEHNS KO3 ULMEHTA TEXHNYECKOTO UCMONb30BaHNA OONYCKAeTCcs NPUMEHSATb B cryyae,
€CNny OTKasbl U PEMOHT OTAESbHbIX 3NIEMEHTOB He3aBUCKMbI ApYr OT Apyra. Ha npakTuke aTo o3HayaeT, 4To
oTkas NGoro anemMeHTa HWKOMM 0Gpa3oM He AOSKeH BMNUATb Ha HacTynneHue oTkasa nboro Apyroro
aMemMeHTa M YTO J0SKEeH MMETbCS OOCTYMHbIN GECKOHEUHbIN NapK 3anacHbIX YacTen U CnyxG6 pemoHTa.

Opyrimu cnoBamu, cpefiHee BpeMsi NPOCTOost N0GOro anemeHTa A0MKHO BbiTb XapaKTEPUCTUKOW TOMNbKO
3TOrO 3yIeMeHTa U He JOJKHO 3aBUCETb OT TOT0, CKOJILKO APYTvX 31IEMEHTOB OTKa3asio U HYXXaeTcsl B pEMOHTE.
Ha npakTuke 370 03Ha4aeT, YTo HEO6X0AUMO YAENSATb BHUMAHNE CXeEMe COEANHEHUS 3NTEMEHTOB U TLLATENbHO
NPOBEPSTh, SBMSIETCS N KaXKObl 31IEMEHT CUCTEeMbl JIerko AOCTYMHLIM U He BIUSIET NN €r0 COCTOsIHWE Ha
OpYrve arieMeHTbI.

9.3 Mpumepsbl

MpeanonoXxum, 4To Mbl UMEEM CUCTEMY, A5 KOTOPOW onpeaeneHne oTkasa MoXeT BbITb CMOAENMpoBaHoO
B COOTBETCTBUMN CO CTPYKTYPHOM CXEMOW, NPeacTaBneHHOM Ha pucyHke 19,

A1 B1 Cc1
|e— D O
A2 B2 Cc2
PucyHok 19

dopmyna ans onpeaeneHus BBP cuctembl RgB cooTBETCTBUM C 7.2.2 UMEET BMA
Re=Rp (Ryy + Rp — Ry Ryp) (Rp + Rpy — RpRpy) (Rey + Ry — R Re).

KoadbpuLmeHT TexHn4eckoro ncnosnb3osaHus anemeHta D obosHavaem Ap. Bmecto A1, 42, B1, B2, C1
n C2 noactaensiem Ay, Ay, Apy, Apy, Acqy W A COOTBETCTBEHHO 1 Nonyyaem opmyny Ans onpeaeneHns
KoadbuLMeHTa TEXHUYECKOrO MCNONb30BaHNS CUCTEMbI

As=Ap (A t A — Ay Ag) (Ap + Apy — Ap1Ap) (Ac) T Ay — AciAc)-
13
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B kayecTBe npumepa paccMOTpMM OnpeferieHre oTkasa CUcTeMbl, M306pakeHHON Ha pucyHke 8. CooT-
BeTcTBylowWwas BBP cuctembl Rg npuseneHa s 8.1.1.

Rs=(Re1 ¥ Rey — RaiR) Ry + (RpiRey T RpReor— RpRaRpRe) (1 — Ry).
CnepoBaterbHo, dhopmyna onpeaeneHns KoaguureHTa TeXHUYECKOTo NCMomnb30BaHNsA AOMKHa BbITb
cnegyoulen
Ag= e T Acy— AaAc)As + (Agidc T ApAcy — ApAdcidpAc) (1 —Ay).
Cnepnyet 3aMeTUTb, YTO €CINN MHTEHCUBHOCTU OTKa30B M BOCCTAHOBIIEHUN 3reMeHTOB (0603HaunM nx
Mg A, AoV Ly, p, W) NOCTOSHHBI BO BpemeHu, To BBP onpeaenstoT no dhopmynam:

e At’ e—)uBt’ e—kct

bl

a KOS(b(bMLI,MeHT TEXHNYECKOro Ncnornb3oBaHNA onpeaendroT no cbopmynaM:
Mg/ (g +hyg; np/(up+Ap; He/(Me+RAo).

9.4 3aknrouveHue U obLMe 3amMmevaHus

ApanTauusa doopmyn onpegeneHns BEP anga BeluncneHns koadhduumeHTa TeEXHUYECKOro MCnosib3oBaHus
MOXET OblTb O4YEHb MOME3HON, HO NPEANONOXeHUs!, Yka3aHHble B 9.2, 4OMKHbI ObITb TLWATENBHO NMPOBEPEHSI.
OHu pononHAT NpeanonoxeHus, Heobxoammble Ang pacdeTa no oopmynam BEP. MpeanonoxeHus, Heobxo-
OVMble ONs BblUMCINEeHUa KodddmUMeHTa TEXHNYECKOTO NCMONb30BaHNA, BKOYaT TpeboBaHne He3aBUCH-
MOCTW OTKa30B OT BpEMEHM 1 nopsgka nosieneHus. Korga ato tpeboBaHmne He BbIMOMHAETCS UK Koraa oTkasbl
N PEMOHTbI He ABMAITCA HE3aBUCUMbIMU, HEODXOAUMO NPUMEHSTL ApYyrMe MeToabl aHanu3a paboTocnocob-
HOCTU, Hanpumep MapKOBCKUIA aHanus.

MpunoxeHune A
(ob6s3aTenbHoOe)

CumBoOnbl U 0603HaYeHUA
Tao6nuua A1

CumBonbl 1 0603Ha4eHns CMbICIOBOE 3HaYeHne
R, R(®) BBEP (BEpOSITHOCTb TOrO, YTO AMNEMEHT MOXET MCMONHATL Tpebyemyto yHKUMIO Npu
AaHHbIX YCOBUSAX ANS AaHHOMo nepuoaa spemenu 0, 7)
Ry, Rp BBP 6nokos A4, B
Ry BBP cuctembl
n KonuyecTtBo cnoco6oB Beibopa  3NeMeHTOB M3 1 3NIEMEHTOB (YMCNO COYETaHUI U3 1
r 3MEMEHTOB MO F)
P(SS|X otkazasLumit) YcnoBHasi BEpOSITHOCTb 6e30Tka3HoW paboTbl CUCTEMBI MPU YCIOBUK, YTO 3NEMEHT X|
oTkasan
SS CocTtosiHne paboTocnocobHOCTH cucTeMbI (MCMoNb3yeTcst B ByneBbix BbIpaXeHUsiX)
SF CocTosiHe oTkasa cucTeMbl (MCnonb3yeTcs B bynesbix BbIpaXeHusix)
A, B, C Mpn ucnonb3oBaHuM B ByneBbiX BbIPAXEHUSX 3T BEMUYMHBI, YKa3blBalOT, YTO

anemeHTbl 4, B, C HaxogsATcs B paboTocnoco6HOM COCTOSIHUM

A, B, C Mpu Mcrnonb3oBaHUM B ByneBbIX BbIPaXKEHUAX 3T BENWYMHBI YKa3blBaOT HA TO, YTO
anemMeHTbl A, B, C HaxoOsATcs B COCTOSAHUM OTKasa
0, 1 BenuuunHbl, ncnonbayemble B Tabnuuax UCTMHHOCTU OANs 0603HadYeHus paGoTtocno-

COBHbIX 1 Hepa6OTOCI'IOCO6HbIX COCTOSIHUIA M OTHOCSILLMECS K ANeMeHTy, yKa3aHHOMY B
3aronoBke cronbua

14
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CumBornbl 1 0603HaYEHUs

CMbICNOBOE 3Ha4YeHne

M Byneeo o603HauyeHne cumBona W, Hanpumep A N B (nepecedeHmne)
U Byneeo o603Ha4yeHne cumeona U, Hanpumep A U B (06beanHeHne)
Harpy>xeHHbIn pe3eps
A
O
B
HeHarpyxeHHbIn pesepB
| ® | A ® O
B
| WUcnonbayetca anst obosHayeHuss Toro, 4To Ans paboTocnocoGHOro COCTOSIHUSA
CUCTEMbl B KOH(pMrypaumm C akTMBHbIM PE3epBMPOBaAHMEM HEOOXOAMMO MCMNpaBHOE
COCTOSIHWE M U3 1 3NEMEHTOB
0]
| Bxopn
O Bbixoa
Takve nageHTUdmKaTopbl Heobs3aTenbHbl, HO MOryT ObITb MOMesHbl TOrda, korga
NOAKIIOYEHNSI UMEIOT HanpaBlieHHOoe 3HayYeHne
OcHoBHas rpynnupoBka o6opynoBaHus
| ® A ® O
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MpunoxeHue B
(cnpaBo4Hoe)

PacueTHble hopmyrnbl

Ta6nuua B

OcHoBHasi kKoHdUrypaums

®dopmyna onpegeneHns BEP cuctemsl

1 lMNMocnepoBaTtenbHoe coeguHeHue

Ry Ry

A O6wmn cnyvar

RS= R1R2, ,Rn,
B, CR1=R2=, ,=Rn=R,
RS: R"

2 lMNapannensHoe coeguHeHue

HeHarpyxeHHbI pe3epB

HarpyxeHHbIi pe3eps

Ry —‘ — R
Ry 1— R
R, 1_ R

|
|
|
|
-

T 1

A O6wun cnyyan

Harpy>xeHHbI pe3eps

R¢=1— (1 — R)(I — Ry),....,(1 — R).
B HarpyxeHHbI pe3eps

R =R =.,.,=R,=R
Rg=1—(1— R~

C HeHarpyxeHHbIn peseps

R=eM,

Ry et a4 POV

x— 1!

3 lNapannenbHo-nocnegoBaTenbHOe COeAWHEHUE WK

cucrtemMa C pesepsmposaHnemMm

HarpyxeHHbIn pe3seps

Ra1 | RaZ — " ] Ran

Rp1 (— Rp2 |—------ — Ron
1 1
i i
L Rx1_ RXZ_ """ ] Rxn_l

HeHarpyxeHHbI pesepB
—— R R |- — R F—

L R H R p------ — R |
L R{H{R |- — R |

A HarpyxXeHHbIln pesepB, obLmMin criyyai

>Ran)>
,(I—RqRp), ...

RS= 1— (1 — RalRa23

(1= Ry Ry, ... Ry, . R,).

B HarpyxeHHbIn pe3epB

Ra1=Ra2=, ,=Ra,
Rbl :szz, ,:Rb,
xl T I T e s T By

Rg=1—(1— R (1 — RY), .. (1— RY.

C HarpyxeHHbIl pe3eps

Rai =.Rbi= g eee s in= R,
Onaiotrlpon
R¢=1— (1 —RM~

D HeHarpyxeHHbI peseps

R=eM,

X — 1p—n\t
RS: e—\t 4 n}\’te—nm_,_’ . +M

x—1

16




OkoHyaHue mabnuusbi B.1

rocrt

P 51901.14—2005

OcHoBHasi KoHurypauums

dopmyna onpegenerus Bb

P cuctembl

4 I'Iocne,qoeaTeano-napannenbHoe coegnHeHne

3epPBUPOBAHHbIX 3J1EMEHTOB

HarpyxeHHbIn peseps

Ra1—| |*’%1 R
Raz 1 sz Rn2

|| LR 1 LI7

o
s
L.

IR RI IR
tr et bt b

pe

A HarpyxeHHblii pe3epBs, o6 cnyyai
Rg= (1= = Ry)(1 = Rp), ...
— (1 — Rbl)(l — Rb2)5 ,(1 — be) X, ,(1 — (1 —
- nl)(l - Rn2)5 ’(1 - Rnx))

B HarpyxeHHbI peseps

Ral = Ra2 - > = Ra’
Ry = Ryy = =R,
nl — n2 s — Ly

Rg=(1— (1 — R)MHUA — (1 —
— (1 — R).

n

C HarpyXeHHbIlh pe3epB

Rai :.Rbi: g eee oy Rni: R
Onaiotr1lpox
R¢=(1— (1 — RM".

Mpeanonoxum, yto x =2 n R =e—*  Toraa

Rg= (QeM — e=2M )1
D HeHarpyxeHHbI peseps

R=e—M
A A

_t by _’)n
RS (e + n e .

(1 —R,)x1—

Ry ... (1 —

5 PeSepBMpOBaHHbIe ANemMeHTbl C nogkn4veHnem

R R

al an

sw n

sw

x1 sw

Xn sw

A HarpyxeHHbIn pesepB

R,;=Ry; = R,;= R (nckmovas Rgy ),

Ry= ("= (1 2R Ry~ 1y

B HarpyxeHHbI pe3epB, x =2 1
R,;=Ry=,..,=R,;= R=eM(uckmovasa Rgy ),
Rs= oM 4 g Mgt o~ QA+ Agpt

MpnmeyvyaHuns

1 BBP pe3epBMpOBAHHOIO anemMeHTa C nepekrndeHreM (koHdurypauus 5A) Oymet npeBocxogutb BBP
pesepBupoBaHHON cucTembl (3C) Ao Tex nop, noka BBP ycTponcTBa nepeksiioyeHus MnpesblllaeT 3HadeHne Rg ans

peSepBMpOBaHHOVI CUCTEeMbl, pa3aesfieHHOoe Ha R nepeknk4yaemMoro aneMmeHTa:

roe RgcootseTctByeT cucteme 3C B Tabnuue.

2 B cnyyae, Korga UHTEHCMBHOCTbL OTKa30B A NMOCTOSIHHA, [0MNycKaeTcs 3aMeHsaTb R(f) Ha e .

Rew= &,
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YOK 362:621.001:658.382.3:006.354 OKC 13.110 T58 OKCTY 0012

KnioueBble crioBa: puCK, HaAEXHOCTb, BEPOATHOCTb 6e30TkasHoM paboThl, cMCTEMA, SNIEMEHT, 0TKa3, Koad-
(PULMEHT TEXHNYECKOrO UCMONb30BaHMS
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