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FOCT P 27.302—2009
BBegeHue

AHanus aepesa HeuUcrNpaBHOCTEN 3akrodaeTca B onpeaerieHun U aHannae ycnoBuin 1 hakTopoB, KOTo-
pble NPUBOAAT UMW MOTYT NPUBECTU K BO3HUKHOBEHWUIO HEraTUBHBIX 3aBepLUatloLLMX COBbITUA — NOMHOW UnK
YacTUYHOW yTpaTe YHKUNA, Aerpagaunm pabounx xapakTepucTuk nsgenus, yxyaweHuo 6esonacHocT unm
OPYrnx BaXHbIX pabounx CBOWCTB.

AHanus gepesa HelCNpaBHOCTEN YacTo UCNOMb3YIOT AN aHanMsa aKkcnyaTaunoHHon 6e3onacHocTum
TPaHCNOPTHBIX CUCTEM, 3NEKTPOCTAHLMIA NN APYTUX cCUCTEM, A5 KOTOopbIX Heobxoamma oueHka 6esonacHoc-
TW. AHann3 gepeBa HEUCNPaBHOCTEN MOXET TakKe UCMOoMb30BaThLCsA ANs UccnegoBaHMsi CBOMCTB FOTOBHOCTU
1N PEMOHTONPUIOAHOCT N3AENNA pa3NUYHbLIX BMAOB. B HacTosweM cTaHAapTe aHanMa gepeBa HeucnpaBHoC-
Tel paccMOTPEeH MPUMEHUTENBHO K CBONCTBY 6€30TKka3HOCTU.

CylecTByIOT Ba MeToAa MpoBedeHNsa aHanmsa gepesa HeucnpaBHOCTEN — KaYeCTBEHHbIA N KOMn-
YECTBEHHBIN.

Mpu kayecTBEHHOM MeToAEe BEPOATHOCTU COBLITUA UMM YACTOTY MX BO3HUKHOBEHMWS HE pacCMaTpuBatoT.
3710 MeTo 3aknoyaeTcs B AeTarlbHOM aHanuae COBOKYMHOCTU cobbiTuii/HencnpaBHocTen. Ero npumeHsior,
Korga HeoBGX04MMO BbISIBUTE BO3MOXHBIE MPUYMHBI HEUCTIpaBHOCTEN 6e30THOCUTENBHO peanbHOW BEPOosT-
HOCTM NX BO3HWKHOBEHWSI. IHOrAa HekoTopble cobbITUS, paccMaTpBaeMble NpY NPOBEAEHNN KaUeCTBEHHOTO
aHanmsa, OLeHNBAT N KONIMYECTBEHHO, HO Takne pacyeThbl He cBA3aHbl C NonbITKamu pacyeTa obluein 6e30T-
KasHOCTW.

Mpn konMyecTBEHHOM MeToAe B NpoLecce AeTanbHOro aHanmsa gepesa HeUCNpaBHOCTEN NOSTHOCTLIO
MOZenupYoT naenue, NPOLECC UM CUCTEMY U OLLEHUBAIOT BEPOSTHOCTU BO3HUKHOBEHWST 6a3UCHBIX COBbI-
TUA, HEUCNPaBHOCTEA UM COOLITUIA, BEISIBMEHHBIX B XO4e aHanusa. B gaHHOM criydae okoH4aTemnbHbIN
pesynbTaTt npeacTasnsieT cobolr BepoATHOCTb MOSIBMEHNS 3aBepLuatollero cobbiTus, CBUAETENbCTBYIOLWEro
0 BEPOSATHOCTU BO3HUKHOBEHUSI HEUCTPaBHOCTU UK OTKasa.
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HAUMWOHANbHBIAN CTAHOAPT POCCUUNCKOWUW SGEOEPALUUMU

HagexHocTb B TeXHUKe
AHAINWU3 OEPEBA HEUCTIPABHOCTEWN

Dependability in technics. Fault tree analysis

Darta BBegenuna 2010—09—01

1 O6nactb NpUMeHeHusA

Hactosawun ctaHaapT pacnpocTpaHAeTCA Ha HeBOCCTaHaBIMBaeMble nsgenumg NoObIX BUAOB TEXHUKU,
AN KOTOPbIX Ha CTaaum paspaboTKu NpoBOAAT aHan1s 1 NPorHo3npoBaHMe 6e30TKasHOCTH.

Hactoqawuin ctaHgapt npeacraendeT coboin PYKOBOACTBO NO NpUMMEeHeHUI0O MeToda aHanusa gepesa
HencrnpaBHOCTEN n yCTaHaBIIMBaeT:

- OCHOBHbI€ NMPUHUWMNbI aHannaa;

- ONnucaHWe MaTteMaTn4ecKoro MoaennpoBaHuA, CBA3aHHOMO ¢ aHanM3oM AepeBa HeUCnpaBHOCTEN;

- B3aMMOCBA3W aHann3a gepesa HeMCI'IpaBHOCTeﬁ C ApyruMmmn MetTogamum nporHo3npoBaHua 6e3oTkas-

- 3Tanbl BbINOJIHEHNA aHannsa,
- cobbiTus, BUABI HeucnpaBHOCTEN, aonyuweHuna 1 npeanonoXXeHusd;
- onuncaHune obbIMHO MCNoJib3yeMbIX CUMBOJIOB.

2 HopmaTuBHbIe CCbINKKN

B HacTosAwem cTaHAapTe UCMOoNb30BaHa CCbifika Ha cneayowmin cTaHgapT:
FOCT 27.002—89* HapexHocTb B TexHuke. OCHOBHbIE NOHATUA. TepMUHbI U onpeaeneHus

3 TepMuHbI M onpepeneHus

B HacTosilem cTaHaapTe npuMeHeHbl TepMuHbl no FOCT P 27.002, a Takke cregyowme TEPMUHBI €
COOTBETCTBYOLWMMU OnpeaesieHUsIMU:

3.1 utor: PesynbTat 4eNCTBUI NN BXOAHOIO BO3AENUCTBUA; NOCNEeACTBUE NPUYUHDI.
MpwumeyaHune—Nrorom moxeT BbITb cCOBbLITUE MK cocTosiHMe. B npeaenax aepesa HEMCNPABHOCTEN WTOT,

KaK COMeTaHue COOTBETCTBYIOLUX BXOAHLIX COBLITUM, NPeACTABNAEMbIX B BUAE NOTMYECKOrO 3NeMeHTa — BEHTUNS, MOXET
6bITb NMMB0 NPOMEXYTOUHBIM, NGO 3aBepLIAIOMM COBbITUEM.

3.2 3aBepuwawllee cobbiTue: NTor couetTaHnsa Bcex BXOAHbIX COBbITUN.

MpumevaHuns

1 3aBepwatowee cobbITUE YaCTO HA3bLIBAIOT KOHEYHBLIM COBLITUEM MNN KOHEYHBIM UTOrOM. [lnA 3aBepwaioLero
COGbITUA CTPOAT AEPEBO HEMCNPABHOCTEN.

2 3aeepuwatoliee cobbiTUe 3aaHO 3apaHee U 3aHUMAaET BEPXHEE NONOXEHNE B nepapxmm cobbITui.

* C 1 snBaps 2011 r. Ha Tepputopumn Poccuiickon ®egepauunn gencreyet FTOCT P 27.002—2009.

Uspanne ocpmunansHoe
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3.3 KOHe4YHoe cobbiTue: KoHeuHbIn pe3ynbTaT coveTaHns BCeX BXOAHbIX, MPOMEXYTOUHbIX U 6asuc-
HbIX COBBITUNA.

MpumeyaHun e — KoHeuHoe cobbiTre SIBNAETCS pe3ynbTaToM BXOAHbLIX COOLITUMI MNK COCTOsIHWMM (CM. 3.2).
3.4 saBepuwarowwuni utor: tor, naydaemMelil nyTem nocTpoeHUs aepesa HencnpasHOCTEN.

MpumeyaHwue—WTor COCTABHOIO BO3ENCTBUS BCEX BXOAHBIX, NMPOMEXYTOYHbIX M Ga3nCHbIX COObITUIA; pe-
3ynbTaT UTOrOBbIX COOLITUI MMM COCTOAHUI {(CM. 3.2).

3.5 BeHTUNL: CUMBON, UCMONb3YEMbI AN 0603HaYeHNA CBA3SK MeXaY BbIXOAHLIM COBLITUEM U COOT-
BETCTBYIOLMMU BXOOHBIMU BO3AEACTBUSIMM.

l punmedvyaHune— YCTaHOBMNEHHbIN CMMBON BEHTUNSA oTpaxaet TN CBA3N Mexay BXO4HbIMU CcOBbITUSIMU 1 UTO-
roBbIM CODObLITUEM, KOTOpO€ JOJDKHO HACTYNNUTD.

3.6 ceueHue: pynna cobbITUiA, KOTOPLIE B CMyYae X COBMECTHOIO NOAABNEHUA NPMBOAAT K HacTynne-
HWIO 3aBepLuatoLLero cobbiTus.

3.7 MuHUManbHoe ceuveHue: MuHMManNbHbBIA UM HauMeHbWUA Habop cobbiTui, Tpebyembix AnA
HacTynneHus: 3aBepLuatoLLero cobbITus.

MpwnmeyaHwn e— Ecnu kakoe-nmbo cobeiTve n3 Habopa He CoCTOMTCS, 3aBeplaiolee cobbITue He HACTYNUT.

3.8 coObiTue: NMosBnNeHNe COCTOAHUSA NN AENCTBUS.
3.9 6a3ucHoe cobbiTue: CobbiTue, KoTOpoe He MoxXeT (He ByaeT) pa3suBaTbCA B AanbHENLEM.
3.10 nepBU4YHOe cobbiTHe: CobbITUE, pAcNONOXEeHHOEe B OCHOBaHUN AepeBa HEUCNPABHOCTEN.

MpwnmeyaHun e—B HacTosIlWeM cTaHAAPTE TEPMUH «NEPBUYHOE COBLITME» MOXET Takke O3Ha4aTb GasucHoe
cobbiTne, KOTOPOE HE MOXET Pa3BMBaTLCS, UMK COObITUE, KOTOPOE MOXET Pa3BUBATLCS FAe-TO eLe UMM He MOXET COBCEM
pa3BuTbCA (HepasBuBaemoe CobbITUE), HECMOTPS Ha TO YTO ABNSIETCS CNEeACTBMEM BO3AENCTBUS rpynnbl COBLITUIA.

3.11 npomexyTou4Hoe cobbiTue: CobbiThe, KOTOPOE He SIBNSAETCA UTOTOBLIM UMW NEPBUYHBIM.

MpunmeyaHwn e— 10 cobbiThe 0OLIYHO ABMSIETCS PE3yNbTaTtoM OA4HOrO UNu Gonee NepBUIHbLIX COBLITUIN N/nnn
APYIMX NPOMEXYTOUHbBIX COBBITUI.

3.12 HepasBuBaemoe cobbiTue: CobbiTue, He uMetoee BXOAHbIX COBBLITUIA.

MpumedaHue—lpn gaHHOM aHanu3e cobbiTe He PasBUBAETCH NO Pa3HbIM BO3MOXHBLIM NMPUYMHAM, Hanpu-
Mep TakuM, Kak oTcyTcTBMe Gonee nogpobHoW nHdopmauun, unu ecny OHO Pa3BMBAETCH B APYIOM aHanu3e, a B TEKyLEeM
aHarnu3ae nomevaeTcs Kak Hepassuaemoe. [MpumMepom HepasBMBaEMbIX COBBITUIN MOTYT BbITb ANIEMEHTbI NEPEYHS FTOTOBbBIX
K MPUMEHEHWIO M3Aenuin KOMMEPHECKOro Ha3Ha4YeHNs! NN NaKETOB NPOrPaMMHOro obecneqeHus.

3.13 oAMHOYHBIN oTKa3: OTKas, KOTOPLIA NPUBOANT K OTKa3Y BCEN CUCTEMbI UIN KOTOPLIA HE3aBUCUMO
OT APYrux coBbITUM UM UX COMETaHUIA NPUBOAUT K HeXenaTenbHOMY 3asepLuaroLemy cobbiTuio (UTory).

3.14 coObITuA, Bbi3BaHHbIe 06LWeN NpUYUHON: PasnnyHble coObITUA CUCTEeMbl UK AepeBa Heuc-
npaBHOCTeR, MMetoLme o6y NPUYNHY UX MOSABNEHUS.

MprvmedaHu e— pumepom Takoro cobbITUA MOXET BbITb 3aMblKaHME KepaMUYECKUX KOHAEHCATOPOB BCnea-

cTBue narnba neyaTHoNm NNartbl; Aaxe eCcnu 3TO pasHble KOHAEHCAToPLI, NPeAHa3HAYEHHbIE AN BbIMONMHEHUS Pa3NUYHbIX
OYHKUMI, MPUYMHA MX KOPOTKOrO 3aMblKaHWS OfHa — OAMHAKOBOE UTOTOBOE COBLITHE.

3.15 obwasa npuuuHa: MpuyunHa NOSIBNEHNSA MHOMOYUCIIEHHBLIX COBBLITUNA.

MpumeyaHue—B npumepe, npueegeHHOM B Npumedanum K 3.14, obwen npuunHon siensietcs n3rmb nnartel,
KOTOPbIVi cam no cebe MoxeT GbiTb NPOMEXYTOHHLIM COBLITMEM, SIBNSAIOWMUMCA CNEACTBUEM MHOTUX COBBITUN, TaKUX KaK CO-
TpsiCeHVe, Bbl3BaHHOE BO3AEWCTBUEM OKPYXKAlOLLEN cpeabl, BUGpaumsa unu pactpeckupaHme nevaTHon nnarbl.

3.16 noBTOopHOe cobbiTue: CobbiTue, KOTOpoe ABNAETCA BXOAHLIM ANa 6onee Yem oaHoro cobbITna
Gonee BLICOKOTO YPOBHSA.

MpumeyaHun e — 310 CoBbITUE MOXET ObITb OOLLEN NPUYNHOW UNK BUAOM HEMCNPABHOCTU KOMMOHEHTA, NPUCY-
wum Gornee Yem OQHON HacTW KOHCTPYKLUMK.

3.17 UnniocTpauna HEKOTOPLIX U3 NPUBEAEHHLIX Bbile onpeaeneHnin npuseaeHa Ha pucyHke 1. Ana
nyywero oO6bACHEHWUS MPaKTUYECKOro NpUMEHEHUsI AepeBa HeucnpaBHOCTEW Mo PUCYHKOM NpuBeAeHbl
CCbINKN U onuncaHnst cobbiTuin. Ha pucyHke He npuBeaeHo rpadudeckoe npeacTaBnieHne MUHUMANbLHOTO
3aBeplLuatloLLero cevyeHua u Apyrux sasepLuaomnx ceveHni.

2
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1 — cuctema, He CoOTBeTCTBYIoLWas cneundukaumm unu HepaboTatolas; A — 3aeepLuaroLlee cobbiTue; KOHeHHOE cobbiTue; 3aBepLua-
IOLLMIA NTOT;, 2 — OTKa3 CUCTeMbl; 3 — OTCYTCTBME HAMNPSKeHUs UMM HernpaBUNbHOE HanpsxeHue; 4 — HeT 06paboTku AaHHbIX MW UX
HenpaeunbHasa o6paboTka; B — npomexxyTo4Hoe cobbiTe; NpuHnHa cobbITUA CrneayoLlero ypoBHs; BXoAHOE CobbiTue Ans cobbliTUA
CNneayoLero YpoBHSs; UTOroBoe cobbiTue, BbI3BaHHOE €ro BXOAHbIMU Bo3aencTemamn; B — cobbiTue, BO3HUKLLEe B APYroMm MecTe Aepe-
Ba HEMUCMNpaBHOCTEN; NpeacTaBneHo rpadpuHeckn BEHTUIEM NEPEHOCA; 5 — NCTOYHWK NMTaHKA; 6 — MUKponpoueccop; 7 — HeT nuTa-
HuUs oT 6aTapeun; 8 — HeT hunbTpaLmmn NUTaHKA oT BaTapeu; 9 — Ha BbIXOAE CUCTEMbI HET HU OHOTO U3 ABYX CUrHaNoB; [ — BeHTUNb
NN kak cumeon 0603Ha4aeT coveTaHne BXOAHbIX COBLITUIA: NOSIBNEHWE TOTO UMM MHOTO COBLITUS UNU COCTOSIHUSA, BbI3bIBAIOLLEro cneay-
toLee cobbiTue unucoctosHue; 10 — nogava nutaHus ot 6atapeun; 11 — unbTpauusa HanpskeHus; 12 — sbixoabl; [1 — BeHTUNb A kak
cumMBON 0603HaYaeT CoMEeTaHMe BXOAHBIX COBbITUI: NosiBneHne o6oux cobbiTUM BbI3bIBAET cneaytoLlee cobbiTue; cylecTBoBaHme obonx
COCTOSIHUI NPUBOANT K MOSIBSIEHUIO UTOTOBOMO COCTOSIHUSA; 13 — 0BpbIB BXOQHOrO 3N1eMeHTa UHAYKTUBHOCTH; 14 — CrnaXxuvearoLwuii KoH-
neHcaTtop 3amblkaeT 6aTapeto Ha 3emnio; 15 — HeT curHanaHaebixoge 1; 16 — HeTcurHana Ha Bbixoge 2; 19 — Bbixog 1; 20 — Bbixoa 2;
E — HepasBuBaemoe cobbiTue; pa3euto B Apyrom AH unu octanock Hepa3BUTbIM U3-3a OTCYTCTBUS UHCOPMALIMK UN HEeOBXO0ANMOCTH
NONy4YeHUs OONONHUTENbHBLIX AaHHbIX; 17 — 0BpbIB BXOAHOW KATYLUKM MHOYKTUBHOCTU; 18 — KOPOTKOE 3aMblkaHUe CriaXxusarwLiero
KoHAeHcaTopa; 21 — o6pbIB KaTYLWKU UHAYKTUBHOCTHY BbI3BaH €€ ClyYalHbIM OTKa3oM; 22 — 0b6pbIB B CXEME BbI3BaH MPOU3BOACTBEH-
HbIM fedeKToM; 23 — KOpPOTKOE 3aMblkaHWe KOHAeHCaTopa BbI3BAHO €ro Cry4anHbIM OTKa30M; 24 — KOpOTKoE 3aMbikaHue obycnosneHo
Npoun3BoAcTBEHHbIM AedekTom; XK — BasncHoe cobbiTue; 25 — obpbie koMNoHeHTa L1; 26 — o6pbiB L1, Bbl3BaHHBIA NPOU3BOACTBEH-
HbIM AedeKTOM; 27 — KOPOTKOE 3aMblkaHue; 28 — KopoTkoe 3amblkaHue C1, BbI3BaHHOE NPOU3BOACTBEHHbIM AedekToMm; 29 — Hepoc-
TaTOK NPUNosi Beiagan obpbie coeauHeHns; 30 — KaTyllka MHAYKTUBHOCTU noBpexaeHa npu cbopke; 31 — nabeiTok npunosi npusen K
3aMbIKaHUIO KOHTAKTOB; 32 — KOMMOHEHT MOBpeXaeH npu cbopke — kopoTkoe 3amblkaHue; 33 — npunon L1; 34 — nospexgeHue L1;
35 — kopoTkoe 3ambikaHue C1, Bbi3zBaHHoe npunoem; 36 — nospexaexune C1

PucyHok 1 — TepMuHbl, ncnonbayemoie B 1H

M pumeyaHun e —paduyeckne npeacraenenus [1H Ha pucyHkax HACTOAWErO cTaHAapTa cnegyert paccMarpu-
BaTb TOMNBKO KaK NPUMEPbI.
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4 O603Ha4eHnA U coKpalleHusi

4.1 Cumsonebl, 0603Ha4aoWme cobbITUS AepeBa HEUCNPaBHOCTEN, 3aBUCAT OT NPeAnoYTEHUS NOSb30-
BaTenA U UCNonb3yemMoro nporpaMmMHoro obecneueHns. O6wue 0603Ha4eHUs NpMBeAeHbI B MPUNOXKeHU A.

Opyrve 0603Ha4YeHns, UCNonb3yeMble B HACTOALLEM CTaHAapTe, NpeacTaBnAwT coboi TUNoBbLIe MaTe-
MaTU4ecKne CUMBOSbI, Hanpumep F — BEpOSITHOCTb CODLITUS, UMM CUMBOJTLI CYMMBI, MPOU3BEAEHUS U T. .
MoaToMy X OTAENbHLBIN NepeveHb He NPUBOAUTCS.

4.2 B HacTosleM cTaHAapTe NPUMEHeHbI crieylolme CoKpalleHUs:

AJH — aHanu3 gepesa HeUCNPAaBHOCTEH;

OH — nepeBo HencnpasHocTel

5 O6Lwue nonoxeHus

5.1 OnucaHue n CTpyKTypa AepeBa HeucnpaBHOCTEN

5.1.1 AQH aBngeTcsa ogHUM 13 psaa MeToA0B aHann3a HaaeXXHocTU. Llenb kaxaoro Metoaa U BO3MOX-
HOCTb ero NPUMeHeHNs1, 0TAENbHO UMW COBMECTHO C APYTMMMU, AI0IKHEI ObITb pacCMOTPEHbl A0 Havarna npose-
Aexust AIH. CnenyeT 0bpaTuth BHAMaHWE Ha AOCTOUHCTBA U HEAOCTaTKM KaXAoro MeToa 1 Ha nornyvyaemMble
pesynbTaThl, Ha AaHHble, TpebyeMble ANA BbINONHEHUA aHanusa, CroKHOCTb aHanusa, a Takke Ha gpyrue
cbakTophbl, NpMBeAEeHHbIE B HACTOSILLEM CTaHAapTe.

5.1.2 OH — cuctemaTtnsaMpoBaHHoe rpacduyeckoe npeacTaBrieHne YCrnoBuin U akTopoB, Bbl3biBato-
LLMX UIKM cNocOBCTBYIOLNX MOSIBIIEHUIO OXNAAeMOoro Utora — 3aeeplLuaroLlero cobbitus.

AH npeactaensieT cobon AeayKTUBHBIN (CBEPXY BHU3) MeToA aHanusa. AHanmn3 MoXeT BbITb KayecTBeH-
HbIM (MeToA A) Nnn KonmyecTBeHHbIM (MeToA B), B 3aBUCUMOCTN OT Lienei n BO3MOXHOCTEN aHanusa.

B cnyyae, ecnun BepoATHOCTb Pa3BUTUSI OCHOBHBIX COBLITUI HENb3sA onpeaenvTb, AN uccreaoBaHus
NPUYUH BO3SMOXHbBIX HeXenaTenbHbIX UTOroB NPOBOAAT KavecTBeHHbIN A[IH ¢ ykazaHueM HekonuyecTBeHHON
BEPOSATHOCTM Pa3BUTUA COBLITUSI, HANMPUMEpP «BecbMa BbICOKas BEPOSITHOCTbY, «BbLICOKAsi BEPOSATHOCTLY,
«CpedHss BEpOATHOCTb», «HU3Kas BEPOATHOCTbY U T. N. MepBuyHasa uene kadectBeHHoro AIIH — onpeae-
NUTb MUHUMarnbHOE ceveHne ANns Toro, YTobbl YCTaHOBUTL, kak 6a3nUCHbIE UK NepPBUYHbIE COBLITUSI BIUSIIOT
Ha 3aBepluatoLlee cobbiTue.

KonudyecTteeHHbIM AJH npoBOAAT B TOM cnyvae, ecnu M3BeCTHbl BEPOSITHOCTU Pa3BUTUS NEPBUYHBIX
cobbITUiA. BeposATHOCTU pasBUTUSI BCEX NMPOMEXYTOUHBIX COBLITUIA U 3aBepLuatoLlero cobbiTus (MTora) MoryT
6bITb paccunTaHbl B COOTBETCTBUN C UCTIONb3YEMOI MOAENbIO.

AH Takke MOXHO NCMONb30BATL NPU aHannse cucTem, Anst KOTOPbIX XapaKTepHbl CMOXHbIe B3aUMOOoT-
HOLLUEHWA MeXay nogcucteMamu, B TOM Yicie B3anMoAehcTBNe NporpamMmMHbIX/annapaTHeIX cpeacTs.

5.2 Uenu

AH npoBogsT HE3aBMCMMO UMM COBMECTHO C ApYrMMn mMeTodaMu aHanusa 6esotkasHoctu. AOH
no3BonseT:

- YCTaHOBWUTb NPUYUHBI UMK COMETaHne NPUYKUH, NPUBOASALLNX K 3aBepLiatoLlemMy cobbiTuio;

- onpenenuTb COOTBETCTBUE DE30TKA3SHOCTU KOHKPETHOW CUCTEeMbI 3adaHHbIM TpeboBaHNAM;

- onpeaennTb BUObl BO3MOXHBLIX OTKA30B UMM (PaKTOPOB, BHOCALIUX HanOOMbLUWA BKMad B BepoAT-
HOCTb OTKa3a CUCTEMbl UM B BEPOATHOCTb €€ HeroTOBHOCTU (B Cllydyae BOCCTaHaBMBaeMoli CUCTEMBI) Ans
BhISIBITIEHNSI BO3MOXXHOCTU YNy4lleHUst 6e30TKa3HOCTM CUCTEMBI;

- CpaBHUTb pasfu4YHbIE BapnaHTbl KOHCTPYKUMM ANS yydlleHns 6e30TKasHOCTN CUCTEMBI;

- JokasaTb NpaBOMEpPHOCTb AONYLLEHWUI, MPUHATEIX NPW aHan1ae ApyruMu MeTogamu, TakuMuy Kak map-
KOBCKWI aHann3 unuv aHanns BO3MOXXHbIX MPUYMH U NOCNeACTBUA OTKA30B;

- OnpeaennTb BO3MOXHbIE BMAbI OTKA30B, KOTOPble MOTYT BNUATL Ha 6e30NacHOCTL CUCTEMBI, OLLEHNUTb
COOTBETCTBYIOLLNE BEPOSITHOCTU UX NOSBIIEHUSA U BOSMOXHOCTU NX YMEHbLUEHWS;

- ngeHtTudmumposaTb obLWmMe cobbiTuUs;

- HalTu coBbITMS NN coveTaHus cCoDLITUR, KOTopble Hanbornee BEPOSITHO BEIZOBYT pas3BMTHE 3aBepLua-
toLLlero cobbiTus;

- OLEeHWTb BNNsIHUE NepBUYHOrO cOBObITUSI HAa BEPOSITHOCTL 3aBepLuatoLllero cobbiTus;

- paccuuTaTbh BEPOSITHOCTU COOLITUIA, FOTOBHOCTL CUCTEMbl M MHTEHCUBHOCTW OTKA30B €€ KOMMOHEH-
TOB, NpeAcTasneHHbIX AH (npn Hanuuum HeobxoaUMBbIX AaHHbIX).
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5.3 MpumeHeHune

5.3.1 AH ocobeHHO Noagxo4uT A4Nsi CUCTEM, COAepPXKaLLMX HECKOMNBbKO (OYHKLNOHaNbHO CBA3AHHBLIX UN
3aBucuMbIX nogcuctem. Mpenmywectsa AOH HarnsgHo nposiBNSloTCs, Korga cuctema paspabaTblBaeTcs
HEeCKOMbKUMW He3aBNCUMbIMU CMELMann3npoBaHHbIMA rpyrnnamm pa3paboTyumMkoB 1 oTaeneHele [H cBs3biBa-
0T Apyr ¢ apyrom. AQJH o6bI4HO NPOBOASAT NPU NPOEKTUPOBAHUN aTOMHbBIX 3NEKTPOCTaHLUWA, TPAHCMOPTHBLIX
CUCTEM, CPeacCTB CBA3U, XUMUYECKNX U OPYrMX NPOMBILLMIEHHBIX NPOLIECCOB, MeguLUnHckoro obopyaoBaHus,
BbIYMCIUTENBHBIX cucTeM U T. M. AJH Takke UrpaeT BaXXHYHO POnb MpU oLEHKe CUCTEM, coaepXallmnx pasnuy-
Hble TWUMbl B3AaMMOAENCTBYIOLLUMX KOMMOHEHTOB (MEeXaHWYEeCKNX, 3MEeKTPOHHBIX U MporpamMMmHbIX), KOTOpble
TPYAHO MOAENNPOBaTL C MOMOLLBIO APYrMX METOA0B, N CUCTEM, AN KOTOPLIX BaXXHbI NOCNefoBaTeNbLHOCTb U
coveTaHne cobbITUNA.

5.3.2 AH HaxoguT pasHoobpasHoe NpUMeHeHWe B KayecTBe WHCTPYMEeHTanbHOro cpeAcTBa, B TOM
yucne ans:

- onpegeneHna NoaxoAsLen formyeckon kKomonHaumm cobbiTuiA, BeaylmMX K 3aBepLuatoeMy cobbl-
TUIO 1, BOSMOXHO, Ha3Ha4YeHNS NPUOPUTETHOCTU COBBITUIA MU KOMBUHALWA,

- oleHKu paspabaTbiBaeMOin cucTeMbl, MPeaynpexaeHus 1 npedoTepaLlleHns Unu ocnabneHns noTen-
LuanbHbIX NPUYUH NOSIBNIEHUS HEXenaTebHbIX COBbITUI;

- aHanusa cucTembl, onpeaeneHuns ee 6€30TKasHOCTH, yCTaHOBNEHUS haKTOPOB, BHOCSALLMX OCHOBHOMN
BKaj B ee HeHaaeXHOCTb, N OLeHKU N3MEHEHWIA NMPOeKTa;

- COOEeNCTBUSA oLieHKe BEPOSITHOCTHOMO NoKasaTens pucka.

5.3.3 AH moxeT BbITb UCMONBb30BaH B Ka4ecTBe KOHTponMpytowero cnocoba Ans onpeaeneHns Bos-
MOXHbIX Npo6nem npu paspaboTke HOBLIX N3AENNA N NP MoandUKaL M U34enni, B TOM YACNEe Ha paHHUX
aTanax MpoeKTUPOBaHWUsl, korga Marno nodpobHOCTEN O CXEMHbIX pelueHUsX. OTU paHHue paboTbl MoryT
paclnpaATbCA NO Mepe nonydeHns gononHuTensHon nHdopmaun. AH Takke onpeaensietr BO3MOXHbIE
npo6embl, KOTOPbIE MOTYT ObITb BbI3BaHblI KOHCTPYKLMEN U3AENUS, BO3OEACTBMEM OKpYXKatoLlel cpeabl Unu
pabo4nx Harpysok, HapyLeHNeM TEXHOMNOMU U3TOTOBMEHWS U3Oenna U BAUAHWEM YCMOBUIA aKcnnyaTauuu,
cogepXaHisa U TeXHUYeckoro o6cnyXnsaHus.

5.4 CoueTaHue ¢ ApPYrMMU MeTOAaMU aHanu3a 6e30TkasHOCTU

5.4.1 CouetaHue AlH c aHanU3oM NPUYUH U NOCNeaCcTBUA OTKA30B

Takoe coyeTaHue UMeeT crneayoLue NPenMyLLecTBa:

- AJH npeacrasnsieT coboit MeToq aHanusa cBepxy BHM3, a aHanMs NPUYMH W NocneAcTBUA OTKa-
30B — MeTOo[, aHanusa CHW3Yy BBepX, U Kak AeAyKTUBHbIe, TaK U UMHOYKTUBHbIE YMO3aKMOUYeHUs SABMSOTCS
XOPOLUMM apryMeHTOM ANA A0CTUXKEHUS MOMHOTHI aHanusa;

- aHanu3 NpU4MH N NOCNeACTBUIN OTKA30B NMosie3eH Ansg onpeaeneHust OCHOBHLIX COBLITUI UMK yrpos, B
To BpemMs kak A[JH npeacTasnaeT coboit MeTo aHanu3a NpUYUH HexxenaTenbHbIX CODbITUNA.

B3anmocBsizb MeTO40B aHanusa NpUYMH 1 NocNeacTBUin 0TKazoB U A[JH BbipaxkaeTcs B cneagyioLlem:

- moboi eaUHUYHBIN OTKa3, NPUBOAALLMIA K NosiBNeHuio B [1H 3aBepluatowlero cobbitus u onpeaenex-
HbIA METOAOM aHanusa NPUYNH U NOCNEeACTBUIN OTKA30B, AOIHKEH TaKKe OTpaXKaTbCA KaK OOMHOYHBIN OTKa3 B
MWUHUMAITbHOM CEeYEHUM.

MpumeyaHune— OguHOYHBIN O0TKa3 — OTKa3 No6GOro KOMMOHEHTA, BbI3bIBAIOLLMIA OTKA3 BCEN CUCTEMBI;

- nmo6oi BoisiBNeHHbIN AIH 0AMHOYHLIN OTKa3 AOMKEH TakcKe BLISIBASATLCS U NPU aHanMse NpuHuH n
nocneacTBUMA OTKa30B.

Ecnu meTogbl aHanu3a BbINOMHSAOTCA OTAENbHO W HE3aBUCUMO ApPYr OT Apyra, 3HayeHue aHanusa B
uenom ycunueaeTcs. 3To 0COBEHHO BaXKHO NMpu aHanuae aKkcnnyaTaumoHHOW 6e30nacHoCTU.

5.4.2 O6beguHeHue A[lH u aHanusa gepeBa coGbLITUN

C nomouwbio A1IH MoxHO npoaHanusvpoBaTb Noboe cobbiTue. OgHaKo B HEKOTOPLIX CIy4YaaXx Takon
aHanMs MoOXeT oKasaTbCsl 3aTPYAHUTENbHBIM UM AaXe HeNpUeMrieMbIM Mo CrieyoLWMM NpuyanHam:

- MHoraa ner4ye onpeaenqTb He B3aMMOCBA3b NPUYKH, a NOcNeaoBaTeNbHOCTb CODLITUI,

- nony4yaemoe iepeBo MOXeT OblTb 04eHb 6onbwnMm;

- B pasfuMyHbIX BUAAX aHanuMsa MoryT UCNoSb30BaTbCA pasHble TEPMUHDI.

UTobbl HalTK NpakTu4ecky NonesHyo Npoueaypy, 3a4acTylo HYXXHO B MepBYIO ouepeab onpeaenaTb He
3aBeplualoLLee HexenaTtenbHoe CobbITUE, a BO3MOXHbIE HeXenaTernbHble cobbITUS Ha rpaHuue gyHKUMO-
HaNbHOTO U TEXHUYECKOro acneKkToB.

Hanpumep, kaTacTpodunyeckimM saBepLualowmm cobbiTUeM NporpaMMbl KOCMUYECKOro noneTa ABMAeT-
CH NOTeps aKUNaXka Unu fnetaTenbHOro annapara. BMecTo Toro 4tobbl cTpouTb 60MblUOe AepeBo Heucnpas-
HOCTel Ha OCHOBE 3TOro 3aBeplUaloLlero cobbiTusl, B Ka4eCcTBe 3aBepLUaOLLMX COBLITUI MOXHO onpeaensTb
NPOMEXKYTOUHbIE CODLITUSA, TaKUe Kak HEUCNPABHOCTb CUCTEMbI 32XKUraHUS UK OTKa3 peakTUBHOro ABurarte-
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na 1 ap. U NPOBOAUTL MX aHanu3 ¢ nomMoulblo oTaensHbix [AH. 3ateM aTu 3aBepluaowme cobbiTUA HU3KOrO
ypoBHSA 6yayT B CBOIO ouepeb UCNOoMNb30BaHbl Kak BXOAHbIe Bo3aencTeus Ans [iH npu aHanuse nocneacTsuin
paboTbl cCUCTEMBI B LIETIOM.

CouetaHue A[1H v aHanusa gepesa cobbITUIA MHOTAA Ha3bIBAIOT NOCNeAoBaTeNlbHbIM aHaNM30M NPUYKH.

5.4.3 CouetaHue AlH u meToaa MapKoBCKOro aHanusa

AH, paccmaTtpuBaloLWmii TONBLKO coveTaHUsl cTaTudeckux cobbiTUiA, 0ObIMHO KacaeTcst CUCTEM, B KOTO-
pbiX NOcneaoBaTeNibHOCTb COOLITUN SIBNSIETCS HE3aBUCUMOM (CTaTUYECKAE BEHTUIM HE paccMaTtpuBaioT U He
MOAENUPYIOT YNopsiAoYeHHbIe Mo BpeMeHU codeTaHus cobbiTuin). OgHako MoxHo paclumputb AfIH, sapas
[ONOMHUTENbHbIE BEHTUNW, NpeACTaBNsioLIME MapKoBCKUE MoAeNn. OTU BEHTUNN Ha3bIBaOT «AuHaMU4ec-
KUMWN» BEHTUNSAMU, K KOTOPbIM OTHOCAT «BeHTUnb W ¢ npuvoputeTom», «nocnegoBaTenbHbIA BEHTUMbY U
«AONONMHUTENbHLIA BEHTUNbY. [NA Takux BeHTUNen cneayeT OLeHUBaTb BEPOATHOCTb OTKasa B MOMEHT f,
NCNONb3ya COOTBETCTBYIOLLYIO MapKOBCKYIO MoAenb Unu mogenvposaHue. lMocne oueHKM guHaMu4eckuin
BEHTUNb N ero BXoAHble BO3AEWACTBUSI MOTYT ObiTb 3aMeHeHbl eUHWYHBIM MePBUYHBIM COBbITUEM, BEPOAT-
HOCTb pPa3sBUTUA KOTOPOro onpedensiioT MapkoBCKUM aHamusoM. CyulecTBylolme nporpaMMHble cpeacTsa
no3BoNAT MoAeNMpPoBaTbh AMHaAMU4YeckMe BEHTUNM U paccYUThiBaTb BEPOSITHOCTb pasBUTUA cobbiTus,
KOTOPOE OHW NPeACTaBnsioT.

Kak ctatudeckue, Tak U auHamudeckue BeHTUrnM [IH vcnonb3yloT npyu AoNyLEHUU He3aBUCUMOCTU
oTAenNbHbIX COBLITUIA (ECNM OHU He 3afaHbl Kak obue). MNpu 3TOM Heo6X0AMMO BHMMATENbLHO NMPOBEPATbL
He3aBNCMMOCTb CODLITUIA, BXOASILLIMX B MApPKOBCKYI0 MoAaenb v [AH.

5.4.4 CoueTtaHue AJH u 6uHapHoM AnarpaMmMbl peLueHUn

Mpu pacyeTe BEPOATHOCTU NOABNEHUA 3aBepLiaowero cobeitus 1H co MHorMMK ceveHUamMn Heobxo-
OUMO paccuMTaTh BEPOSATHOCTY As BCeX KOMOUHaLMA cedeHniA. Tak Kak Takol pacyeT SIBNSIeTCsl 04eHb CroX-
HbIM, €ro 4acTo NPUXOAUTCA ynpoLlaThb.

Ha ocHoe AJH MOXHO pekypCUMBHO MOCTPOUTL BUHapHYO AuarpaMMy peLleHUiA, YTO No3BoNsieT Nomny-
4nTb 3P PEeKTUBHBIA MeToa TOYHOro pacyeTa. MeToq noneseH B Tex chnyvyasix, Koraa ynpolieHue pacyeToB
BEPOATHOCTM CeYeHUIA NPUBOAUT NGO K HenpueMnemMoi notepe TOYHOCTU, NMMBO k cnuvLikom 6onbLuoi 3aTpa-
Te BpemeHu Ha 3aBepweHne AQH, ocobeHHO korga Moaernb cogepXuT BomMbluoe YUCIO BbICOKOBEPOSTHBIX
cOObITUA.

5.4.5 CouetaHue AJH c 6nok-cxemoin pacyeTa 6€30TkasHOCTU

Brok-cxema pacyeTa 6e30Tka3HOCTV COCTOUT U3 BNIOKOB MW Moayrei, NnpeacTaBnAoLWMX cobon rpyn-
My KOMMOHEHTOB UM BUAOB 0TKa30B. ATU MOoAYNn 0BbIYHO (hOPMUPYIOT B COOTBETCTBUU C (DYHKLMOHANBHOW
6rioK-cxeMon 13genus, cucTemsl Unu npotecca. Ans aTux moaynen nubo 3agaHa MHTEHCUBHOCTL OTKa30B,
nMbB0o paccUnTLIBAETCA UX BEPOATHOCTb 6e30TKasHOM paboTel UM BEPOSATHOCTL OTKasa ANs AaHHOTo NpuMe-
HeHWs unu rpadmnka NSMeHeHUs COCTOSIHUA B npolecce akcnnyaTaumun. Kak npaBuno, MHTEHCUBHOCTb OTKa-
30B MOAyrnen paBHa CyMMe WHTEHCUBHOCTU OTKAa30B OTAENbHbIX KOMMOHEeHTOB. B aTom crniyyae
bYHKLMOHaNbHOe B3aMMOAENCTBME KOMIMOHEHTOB MOAYIIA HEe YUNTbLIBAOT.

YUT06bl YCUNMUTL KOPPEKTHOCTL (hYHKLMOHANBHOrO MOAENMPOBaHMS B Npeaenax kakoro-nMbo mogyns
(nporpaMMHble/annapaTtHble cpeacTBa, B3aMMO4eACTBME MexaHudecknx getanen), ero 6e30TKasHOCTb MOX-
HO MoZenupoBsaTh ¢ nomoubto A[IH, a 3aTeM NMPUCBOUTL NONYYEHHYH B UTOre MHhopMaLio 0 BEPOATHOCTH
ero oTkasa B 61ok-cxeMe pacyeTta 6e30TkazHocTu. [Mpu TakoM noaxoae MOXHO nonyunTe 6onee peanbHbI
MPOrHO3.

6 PaspaboTka u oueHkKa

6.1.1 CoueTaHuA cOObLITUI U COCTOSAHUI

[H onucbiBaeT cocToaHMA 1 cobbiTus. COCTOSIHNE XapakTepusyeTcsl BepOATHOCTbLIO ero CyLecTBoBa-
HMS B MOMEHT BpeMeHU {, a cobblTe — MHTEHCMBHOCTbIO OTKA30B (YacTOTOW MOSIBNEHUs 0TKa3oB) NMbo
BEPOSITHOCTLHO NOABIEHMs cobblTns 3a Bpems L.

CoueTtaHus cobbITuin 1 cocTosHMA B AQJH goMKHBI cOOTBETCTBOBATL UTOry. Hanpumep, BXxodbl BEHTUNS
UMK, Bbixod koToporo, Nbo cocTosiHue, NGO cobbIThe, MOTYT BbiTh COCTOSIHUEM U cobBbiTueM. Bee BXoabl
BEHTUNA W, Ha Bbixode KOTOpOro npeacTaBneHo cobbiTne, Takke AOMKHBI ObiTb coBbITUAMN, U HAOBOPOT,
€Cnn Ha ero Bbixode NpeAcTaBfeHo COCTOsHME, TO 1 BCe BXOAbl AOMMKHEI Takke NpeacTaBnsiTe COCTOSAHUS.

6.1.2 OH aona aHanu3a HeUcNpaBHOCTEN, BbI3bIBaOLWMX APYrMe HEUCNPABHOCTU UMK cOBbLITUA

MocTtpoeHune u oueHka [IH aong Takoro aHanuaa onncaHa B pasaene 7 ¢ y4eToOM TOro, YTO UTOr XapakTre-
pu3yeTcs BEPOATHOCTLIO CYLLIECTBOBAHUSA HEUCMPABHOCTY UM ee pasBUTUS U He CBA3aH ¢ 6e30TKa3HOCTbIo
aHannaMpyemoro u3genus Unu cUCTeMsl.
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Mpw Takom aHanuae 6asncHble UNn Ntobele apyrue cobbITUS MOTYT HE UMeTb HUKAKOW peanbHol Bepo-
ATHOCTU U UCMOMb3YIOTCA NULLb AMsl paccMOTPEeHUs COoBbITUS, KOTOPOEe, BEPOSATHO, MOXET COCTOSThbCS
(MeTog A). B aToM criydae nx MOXHO NpeAcTaBNsATb ONMcaHMeM BEPOSTHOCTN — BbICOKast, CpeaHsAst U HU3-
Kasi, U OLUeHMBaTb Kak BO3MOXHble cobbiTus, cnocobCTBYOLME MOSIBMEHWIO 3aBepLuatollero cobbitusa unm
HeucnpasHocTu. [iH Takoro TMna 4acto UCnonb3yoT Ans onpeaeneHns OCHOBHOW HEUCNPaBHOCTU UK cobbl-
TUS, NpeacTaBnsoLwero cobon eaNHCTBEHHYO UM OCHOBHYHO MPUYKHY NOABMEHUS 3aBepLuatoLLero cobbITus.

6.1.3 UcnonbsoBaHue AJH Ana oueHkU 6e30TKAa3HOCTU U BHeCEeHUs1 UCNIpaBlieHUA B Npouecce
paspaboTku usgenua

B aTom cny4yae npumensiioT metoa b.

[H moxeT nonHocTbo MOAEeNMpoBaTh BCe U3genne nnv MoaenmpoBaTh YacTu U3enns, KoTopble MoryT
npeacTaBnaTb pyUck Anst ero 6esonacHoi akcnnyatauun. BeposaTHoCTM onpeaensitoT obblMHBIM cnocobom,
TaKUM Kak aHanmns HeMCnpPaBHOCTU UM COBLITUS U3AeNNs, BNUAOLLEro Ha ero 6e30nacHOCTb, Uy AeTarnbHbIN
aHanMs BO3MOXHOro oTkasa usfenus B ornpeaeneHHblii nepuo BpeMeHU, KOTOPbINA MO3BOMSET NOMYYNTb 3Ha-
YeHue BepOoSITHOCTU OTKasa Ansl NpeAcTaBnsoWero MHTepec nepuoga BpeMeHn. Mpu Takom npuMeHeHum
meToa [AH cneayeT npuHuMnam aHanuaa npudnH 1 NocreAcTBUIA OTKA30B CBEPXY — BHUS, KOrAa KaXKAblA BO3-
MOXHbIA BMA OTKasa MOXeT MPUBECTU K pasBUTUIO COBLITUS UMW HEeUCNpaBHOCTEN, BbI3bIBAOLUNX OTKA3
nsgenna.

B atom cnyvae AJH oTpaxaeT AUHaAMUKY COBbITUA, MPOUCXOAALLMX B U34ennn, B3anMoaencTBme npo-
rpamMmmHbIX/annapaTtHbIX CPeACTB, a TakKe B3aMMOCBA3b MEXAY HEeUCrpaBHOCTAMW NN cobbiTuaMU, npea-
CTaBMALUMMA BO3MOXHbIE BUAbI OTKa30B. Takylo B3aMMOCBA3b HEeMb3s NoMAyyYUTb C NMOMOLLbIO 0BBIYHOIO
aHannaa npu4nH U NoCcneACTBUI OTKA30B U TPYAHO MOAENMPOBATL C MOMOLLbI0 6110K-cxeM pacyeTa 6e30Tkas-
HocTu. K ToMy e oueHKka 6e30TKas3HOCTW nsgenus asnsietcsa 6onee peanbHORW, MOCKOMNbKY paccMaTpuBaroT
TONbKO T€ BUAbI OTKA30B, KOTOPbIEe MPUBOASAT K 0TKasy uagenus.

MpwuMedaHun e — bonblune [1H TpebyoT NpMMeHeHWs NporpaMmmHbIX cpeacTs. MimeeTtcst MHoro nporpamm AQH,
CYLLECTBEHHO OTNUYaIoWMUXCs ApYyr OT apyra.

Mpn npoBegeHNM KONMUYECTBEHHOrC aHanusa, Korga BeposTHOCTU MOSIBMEHUSI HEKOTOPLIX COOLITUMA
Henb3s OnNpeaennTb, Takne cobbiTUs U MX PYHKUMOHATbHbIE (orMveckmne) codeTaHns AOMKHbI ObITb YYTEHbI.
X He yunTbIBatOT NpU NPOrHo3MpoBaHun 6e30TKasHOCTU (MM BEPOSITHOCTA OTKasa), HO MPUCYTCTBUE TakUX
cobbITUIA cneayeT NPUHUMaTL BO BHUMaHWE NPU OKPYreHUW OKOHYaTe bHbIX pe3yfbTaTos.

Mpoueaypa AOH nomkHa BkMovaTh B ceba cnegytowwime atansb:

- onpegeneHne nNporpaMmbl aHanusa;

- U3y4veHue npoekTa, PyHKLMA 1N paboTbl CUCTEMBI;

- yCTaHOBNeHWe 3aBepLuarLero cobbiTus;

- cosgaHue OH;

- nposeaexHue AQH;

- OT4YeT 0 pe3ynbTarax aHanuaa;

- OUeHKa ynyuLlieHnss 6e30TKa3HOCTU 1 NPUHATBLIX PELUEHWIA.

AIH gomxeH NpoBOAMTbL MOATOTOBMNEHHbIA MepPCcoHan, KOTOPbIA 3HAaKOM C CUCTEMOW, €€ KOHCTPYKTUBHBI-
My ocobeHHOCTAMU 1 paboTon, a Takke oByyeH MeToay nposedeHus A[IH n apyrum metoaam moaenmpoBsa-
H1A 6e30TKa3HOCTH.

6.2 UHdopmauums o cucteme

Tpebyemoil nHopmaLlmen AsnaATCA:
KpaTKkoe U3NoXeHne HasHa4YeHUA NpoeKkTa;
onpeaeneHne KpUTepNEB oTkasa CUCTEMBI;
thyHKUMOHaNbHas CTPYKTYpa cuctemsbl, obbIMHO NpeacTasnsemas yHKUMOHANbHON BOK-CXeMOo;
humsnyeckasi CTPYKTypa CUCTEMBI, OTMHAIOWAACA OT (PYHKLMOHANBHON CTPYKTYPHI;
rpaHnLbl CUCTEMBI, HaNpumep aneKkTpudeckne, MexaHndeckue u paboune nHTepdencsl;

- nepedeHb pabounx PEXMMOB CUCTEMBI C oNUcCaHMEM paboTbl CUCTEMBI U OXUAAEMbIX AONYCTUMBIX
paboyvmx XapaKTepUCTUK A5 KaXkaoro paboyero pexuma;

- orucaHne U3MeHeHUs COCTOAHUS CUCTEeMbI B NpoLecce dKCniyaTauuu;

- ofucaHune YCroBuUiA OKpYXKalwLen cpeabl U BaXKHbLIX Yenoseveckux gaktopos (YpoBeHb kBanuduka-
LMK onepaTopoB 1 NepcoHana, NpoBoasaLLero TeXHU4eckoe o6CnyxuBaHUe U PEeMOHT);

- nepeyeHb HEOOXOAMMbIX AOKYMEHTOB: YepTexen, cneundukaumin, pykoBoacTBa No aKcnayaTauuu,
ONUChIBAOLLMX AeTann KOHCTPYKUMKU U paboTbl CUCTEMBI.
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[omKHbI 6bITb onpegeneHbl NPOACIDKUTENTIbHOCTL BbINONIHEHUA 3adadn, Bpemd, Heobxoaumoe ans
OGCJ'IyN(I/IBaHI/Iﬂ CUCTEMbI U BHECEHUSI UCTIPaBEHWUNA. Heobxoommo MMeTb NpeAcTaBrieHne o BernoMoraTtesib-
HOM OGOpy.D,OBaHVII/I 1 O NepcoHare, UMeLLeM OTHOLEHWe Kk paboTe cucTemsl.

6.3 Mpaduyeckoe onucaHue u CTpyKTypa AepeBa HeucnpaBHoCTen

[H cogepxuT cneayone KOMMOHEHThI:

BEHTUNN — CMMBOIbI, NOKasbiBalOLWMe NOrMYECKYI0 CBSI3b BXOAHbLIX COOLITUIA, BBIXOOAHBLIX CODLITUIA U
3aBepLiatoliero cobbiTus, B TOM Y1cne:

- cTaTuyeckne BEHTUNU (BbIXOA He 3aBUCUT OT Nopsiaka NOsIBNEeHUs BXOAHbLIX AaHHBIX);

- AMHaMUYecKue BeHTUNM (BbIXOA 3aBUCUT OT NOpsAaKa NOABNEHUS BXOAHbIX AaHHbIX).

OO6bI4HO MUCMoNb3yeMble CUMBOMbI COBBITMIA 1 UX onpeaeneHnst npuseaeHsl B Tabnuue A.1 npunoxe-
Hus A.

B OH vcnonbeayoT cneaytowime rpacnydeckne sneMeHThbl:

a) nornyeckune CUMBOSLI JepeBa HeUcrnpasBHOCTEN (BEHTUNNY);
6) NWHWK, coegnHAOLME BXOAbI U BbIXOObl BEHTUNEN;
B) CMMBO/bI, ONUCHIBaIOLLME MPOMEXYTOUHbIE COBLITUS;

r) cUMBONbI BXoAa M BbIXxo4a ns 6noka;

) CUMBOIbI OCHOBHBIX COBLITUN.

Bce BaxkHble COBLITMSA AOMKHBI GbiTh BKMoYeHbl B [IH. B TOM uMcne K HUM OTHOCAT BO3AEUCTBUA OKPY-
XaloLlein cpefbl, Harpysku, Bbi3biBaroLe HenpeaycMOTPEHHbIE HanpshKeHUs B U34enuu, B TOM Y1che B Npo-
rpaMMHbIX CPEACTBAX, YCTPONCTBAX YNpaBneHUs U MPOBEPKU COCTOSIHUS U3AENUS; Harpysku, KOTOpbIE MOTYT
BO3HWKHYTb Mpu paboTe, Aaxe ecliv OHW He ykasaHbl B TEXHUYECKOM 3ajaHuu Ha paspaboTky.

YyTeHHble cobbITuA, UCKoYeHHbIe U3 nocneaytowero Af1H kak Henpuemnemble, AOMKHBI GbITh ykasa-
Hbl B OTYeTE.

Ecnu npn nposegernn AQH BbifBNeHbl ABe Unu 6onee npobnem B paboTe CUCTEMBI, Bbl3biBaeMble
OHOIN BO3HMKAIOLWEA HeMCrpaBHOCTLIO, TO COBLITUE, ONUCHIBalOLLEE 3Ty HEUCNPaBHOCTb, AOMKHO GbiTb
BKITHOYEHO B Heckonbko MecT [iH. OTo cobbiTve Takke AOMKHO BbiTb NomedeHo kak obuee cobbitue. Mpu
KONMMYeCcTBEHHOM aHanuse obllee cobbiTWe yUNTLIBAOT B pacyeTax TOMbKO oauH pas. YTobbl UCKMIOYUTL
[OOMOMNHUTENbHOE UCMONbL30BaHWe OBLUMX COBLITUI B MHOTOUMCIIEHHBIX pacdeTax, criegyet onpeaenuts u
NpUMeHATb 0603HauYeHus, MPUCBOEHHbIe TakuM cobbiTuaAM. O6o3HaYeHNs AOIPKHBI ObITb MOCTOAHHBIMU.

Ecnu gns oueHok, nonyvaembix ¢ noMolbio [H, NPUMEHAIOT KOMMNbIOTEPHLIE NporpaMMbl, cregyet
MCNoNbL30BaTh NoaxoasLMe YCnoBHble 0603HaYeHnsa 1 ycTaHOBOYHbIE NapameTpsl. Mpu noctpoeHun H oHu
MOryT ObITb BEpTMKanbHbIMU, HagcTpansaeMbiMi CBEpPXY BHU3, UIN TOPU3OHTanbHbIMU — crieBa Harnpaso.

7 MocTpoeHue U oLleHKa AepeBa HeUCnpaBHOCTeN

7.1 OOuwee nonoxeHue

MocTpoerne IH HaunHaIOT ¢ onpedeneHns U 3adaHua 3asepluatollero cobbiTUsI U NPOBOASAT 40 HaMme-
YeHHoro yposHsA [H. PesynbTtaToM nocTpoeHus aBnsieTcs rpaduyeckoe npeacTasrieHMe Bcex cobbiTuid,
KoTOopble camu no cebe UMK B COYETaHUN C APYrMMU COBBITUSIMU NPUBOAAT K MOSABMEHUIO 3aBepLUaloLLero
cobbITus.

7.2 'paHuLbl aHanu3a

3agaHue rpaHuvl aHanuMsa AOMKHO npedycMaTpuBaTb OMUCaHWe aHanM3upyemMon CUCTEeMbI, Lenu 1
ob6bema aHanmsa, OCHOBHbIX MPUHUMAaEMBIX AONYLUEHWA. 3TN JOMYLLEHNsI AOMKHBI BKMoYaTh B cebs gonyue-
HWs1, OTHOCSILLMECH K paboYuM XapaKTepucTnkam CUCTEMBI NMPY BCEX BO3MOXKHBIX YCITOBUSIX ee SKCnilyaTauuu,
a Takke K YCNoBUsSIM TEXHUYECKOro oBCnyXmnsaHusa U peMoHTa 4aHHON CUCTEMBI.

AH moxeT npegocTaBuTb NHMOPMALINIO, KacatoLLyoCs:

- aHanusa 6e30TKa3HOCTU CUCTEMbI B TeX CryyasiX, Korja U3BecTHbl BEpPOATHOCTU MOSIBMEHWUS OCHOB-
HbIX COBbITUI;

- OCHOBHBIX NPUYUH NOMYYEHNs HEeXenaTenbHOro UTora, KOTopPbIA MOXeT NoTpeboBaTb BHECEHNS COOT-
BETCTBYIOLMX NSMEHEHNIA.

Mpn HeobxoaumMocCTK onpeaeneHus NosIBNeHNa 3aBepLuatowero cobbITUs CrioXxHon cuctembl B AJH, B
OTNNYMe OT ApPYrMx aHanmMTUYECcKUX MeTo4oB MoAeNnpoBaHusa 6e30TKasHOCTU U MPOrHO3UPOBAHUS, MOTYT
6bITb BK/OYEHbI TOMBKO T€ BUAbLI HEUCMPABHOCTEN UM BO3MOXHbBIX CODLITWIA, KOTOpLIE BNNSIOT Ha paboTy
CMCTEMbI 1 UMEIOT OTHOLLUEHUE K MOSBMEeHNIo 3aBepLuatoLlero cobbitua. 3To NnpuBoanT K Bonee cdokycmpo-
BaHHOW OLIEHKE CUCTEMBI.

8
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7.3 O3HakoMneHue c cuctemMon

Ona yCcnewHoro BbinoJiHeHUA AOH Heo6X0AMMO UMeTb TouHoe npeacraeneHne o CUCTeMe. HeKOTOpre
CUCTEMbl MOTYT ObITb CIULIKOM CNOXHBIMW 4151 NOSTHOTO NOHUMAHWUS UX pa6OTbl. B atom cny4vae Heobxoaun-
Mble pa3bsicHeHUs1 0 paboTe cucTeMbl OKHa NpegocTaBUTb rpynna pa3paboTunkoB.

7.4 lMocTpoeHUe AepeBa HeMCNpPaBHOCTEN

MocTtpoerne [H HaunHaoT ¢ TOYHOrO onpeaerieHua 3asepluarowero cobbiTua UnNu HexenaTenbHOro
ntora. Takum cobbiTem MoxeT BbiTb CyllecTBOBaHUE UK (hOPMUPOBAHUE ONACHOrO COCTOAHUS UMW HEBbI-
nofnHeHne cuctemoin Tpebyembix pyHKLMA.

Ecnu cobeiTue Ha BeIXoAe BEHTUSA yKasbiBaeT Ha HEBO3MOXHOCTb BbINOMHEHUS (DYHKLMK, TO BXOAHbIE
cobbITNA OOMKHBI NPeAcTaBNATb coboN COOTBETCTBYOWMNE NPUYMHBI, HAaNpUMep OTKas BCreacTBUe Heuc-
MpaBHOCTW annapaTHbIX UM NPOrpaMMHbIX CPeAcTB, pabounx orpaHUYeHNin, HenpaBUNbHbBIX KOMaHA (0TKa3
cucTeMbl ynpasneHust) 1 ownbok Yenoseka.

MocTpoeHune koHKpeTHbIX BeTBel [1H 3akaHunBaloT nocne onpeaenexHns ogHoro uny bonee us cneayto-
LLNX COBBITUNA:

- MEepBUYHBIX COBLITWIA, T. €. HE3aBNCUMBIX COOBLITUIA, HEOBXOAMMbIE XapaKTEPUCTUKN KOTOPbIX MOryT
6bITb OonNpeaeneHbl MeTogamu 6es noctpoeHuna AH;

- cobbITWiA, KOTOPbIE, MO MHEHWUIO paspaboTunka, MOXHO He pa3BuUBaTh Aanblue;

- cobbITuin, KoTopble BbinM UnK ByayT pasBuBaTbeca Npu nepemerteHun B agpyroe AH. Ecnu cobbitue
pasBuBaeTcs Aanblue, TO OHO AOMKHO MMEThb TO XKe onucaHue, YTo U COOTBETCTBYIOLIee cobbiTUe B ApYroM
OH, 4yTo6bl 3T0 AepeBo 6bINo 3thbheKTUBHLIM NPOAOIHKEHNEM NpeablayLLero.

7.5 MpumMepbl NOCTPOEeHUs AepeBa HeucnpaBHOCTeN

7.5.1 ®opmat aepeBa HeMCNpaBHOCTEN

OH moryT 6bITb pacnonoXeHsl BepTUKanbHO UM ropuaoHTanbHo. MNMpy BepTMKansHOM pacnonoXxeHun
3aBeplwiatoliee cobblTe OOMKHO HaxoOouTbCS HaBepxy CTpaHuubl, a 6asucHble cobbiTua — BHU3Y. pu
NCMONbL30BaHNN FOPU3CHTaNLHOrO PacnonoXeHUs 3aBepluatollee cobbiTue pacnonaraioT Ha NeBOW CTOPOHe
CcTpaHuubl.

MpuMedaHune—lpuBegeHHbie B HACTOSILLEM CTaHAAPTE NPUMEPLI UNMIOCTPUPYIOT NOCTPOEHNE U NPpeACTaB-
nexnve OH.

7.5.2 MpumeHeHue konuyectBeHHoro AlH (MeToa B) ana yny4yweHus 6e30TKasHOCTU NPOEKTU-
pyeMou cucTteMbl UNU nzgenus

7.5.2.1 O6wwne nonoxeHns

OcHoBHoe pasnuune mexay AOH 1 apyruMu metToaaMu MOAEenNUPOBaHUA U aHanuaa 6e30TKa3HOCTH
3aKnoyaeTesa B TOM, 4To npy AJH yunTbiBaloT TOMbKO COBLITUA, UMetoLwmne OTHOLEHWE K NOSAIBNEHNIO 3aBep-
LiaroLero cobbITUA, U MOAENUPYIOT coveTaHne UX (yHKUMIA U BO3MOXHOE ANHamMnieckoe B3auMoaencTeume u
B3auMo3aBUCUMOCTb. [ipyrue MetToabl paccMaTpUBaOT MHTEHCUBHOCTbL UMW BEPOATHOCTb OTKA30B KOMMNOHEH-
TOB (2 He BEPOSITHOCTb BuAa HEMCMPABHOCTU KOMIMOHEHTA) B NPeAnoNoXeHUN HE3aBUCUMOCTN oTKasa. Tak
KOHAeHcaTop, UCNofb3yeMblii B cxemMe (hunbTpa HanpshKeHUa, MOXKeT OKasaTbCA PasoMKHYTbIM (NpuyMHa
npumepHo 35 % OTKA30B KOHAEHCATOPOB AAHHOMO BUAA), KOPOTKO3aMKHYTBHIM (MpuyunHa NpubnusnTernbHo
55 % oTka30B) UK, BO3MOXHO, U3MEHUNACh ero eMkocTb (ocTaslwmeca 10 % ero oTkasoB), HO TOMbLKO OAMH
BWO HEMCNPaBHOCTM — KOPOTKOE 3aMblkaHWe npuBeaeT K oTkasy usgenusa. B atom cnyyae 6yayT ydTeHbl
nnwb 55 % BepOSATHOCTER OTKA30B KOHAEHCATOPOB, YTO MO3BOSIUT TOYHO ONpeAenuTb BUALI HeUCTIPaBHOCTEN
W X NPUYKUHEL, Tpebylowne BHUMaHUs paspaboTumka.

Mpwn nocTpoeHun Moaenen BeHTUEN BaXXHO MOMHUTb, YTO 3HAYEHUA BEPOSATHOCTU OTHOCSATCS TOMBKO K
BMAAaM OTKa30B M dakTopam, CnocobCTBYIOWUM UX MOSBAEHUIO, UK ABNAIOTCA 3HAYEHUSIMU BEPOSITHOCTU
CTaTUYECKUX UNN MHAMNYECKNX KOMBMHAaLWIA BUAOB 0TKa308, NPUBOAALLNX K NoTepe DyHKLUMU U OTKa3y CUC-
TeMbI.

7.5.2.2 KoHdurypauusa nocnegoBaTtesibHON CUCTEMBI

Mpw aHanunae 6e30TKa3HOCTN MeTOAOM BroK-cxembl pacyeTa 6e30TKa3sHOCTIN BIOKN UM KOMMOHEHTHI B
cucTemMe coeaunHeHbl NocneaoBaTenbHO, U 0TKas NMoboro U3 HUX NpuBeaeT K OTKa3y CUCTEMBI.

CooTtBeTcTBYlOWasa Mmoaens [JH 6yaeT Takoi, B KoTopon 6nokn (BeHTUNM nnu cobbiTus) npegcTaBneHbl
BeHTURem UNN.
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MaTtemaTtudeckoe BblpaxeHue 6€30TKa3HOCTM CUCTEMBI, coaepKallell n He3aBUCcMMbIX BoKoB, nMeeT

BMA
Rg(f) = R{(Ry(1)...R{D)... R(1). 1

3710 BblpaxeHue B TepMunHax 6e30TKasHOCTM O3HadaeT, uTo Ana obecneveHns paboTocnocobHOCTU
cucTeMbl Bce B6noku AommkHbI BbITb paboTocnocobHbIMMN.

Mpu AQOH oTkas HacTynaeT B pe3ynbTaTe oTKasa KOMMoHeHTa 1 nnm KomnoHeHTa 2 n Tak ganee. MNoato-
My nocrnegoBartenbHas cuctema unu ee KoHdurypauus npeacrasneHa seHTunem UIA.

MaTemaTuueckoe BblpaxkeHue anst BeHTUNA UM Takoe xe, Kak 1 ans nocnenosaTefibHON CUCTEMBI, 32
NCKMIOYEHMEM TOTO, YTO B HEM MCNONb3YETCA BEPOATHOCTL oTKasa F(t), BMecTo BeposiTHOCTU 6e30TKasHoM
paboThl.

F(t) =1-R(). (2)

BeposiTHOCTL HexenatenbHoro utora ans seHtuns UMM (cuctemsl), cogepxallero n HeaaBUCUMbIX
BEHTUMNEN U BXOAALLNX COOLITUIA MeeT BUA

Fo(t)=1—=(1=F(t) (1= F(1)...(1 = FLB)...(1 = F (1)) (3)

OTkas cucTembl HacTynaeT Npu oTkaze Nobdoro komnoHeHTa (brioka). Mpumep BeHTUNs UJTTU npuBedeH

Ha pucyHKe 2. Ha 3ToM 1 Bcex nocrneayowmx pucyHKax B HacTosiLeM pasaerie CoOOTBeTCTBYIOWMI B OTKasa

KOMMOHeHTa npeacTaBnsieT cobor BU4 OTKas3a, KOTOPbIA Kak Bxofsilee cobbiTMe Bbi3biBaeT NOsIBAEHUE
BbIXOAHOro cobbITUSA.

1 — HeucnpaBHOCTM CUCTEMblI B pe3ynbTate oOTkasa mnoboro KOMMOHEHTa;
2 — OTKa3 cUCTeMbI MU MOSIBNIEHWE 3aBeplLiaoLero cobbitus; 3 — KOMMNOHEHT
1. HEMCnNpPaBHOCTL M3-32 COOTBETCTBYIOLLErO BMAA OTKa3a; 4 — KOMMOHEHT 2:
HEeWCNpPaBHOCTb U3-3a COOTBETCTBYIOLLEIO BUAA OTKa3a; 5 — KOMNOHEHT j: Heuc-
NPaBHOCTL U3-3a COOTBETCTBYIOLLENO BUAA 0TKa3a; 6 — KOMNOHEHT N: Heucnpas-

3 4 5 6
j ‘ j ‘ HOCTb 13-38 COOTBETCTBYIOLLEFO BUAA oTka3sa; 7 — cobbitue 1; 8 — cobbitue 2;
9 — cobbiTue i; 10 — cobbiTue n.
PucyHok 2 — lNpeacTraBneHue nocnegoBartensHon cuctemsl B euae AH
7.5.2.3 KoHdurypauum napannensHon CUcTeMbl U CUCTEMBI C pe3epBUPOBaHUEM

HarpyxeHHbIn peseps

MpeanonaraeTcs, YTO Kaxabl BXo B BNOK Harpy>KeHHOro pesepBa sIBNAETCHA He3aBUCUMbIM.

Ecnu 3aBepLuatoLlee cobbiTve NOSABASIETCA TOMBKO B cny4vae, korga npoucxogaT Bce He3aBUCUMbIE CNo-
cobcTBYyOLLME €ro MOABNEHNIO COBbITUS, TO 3TU COBLITUA MOTYT BbITh onucaHbl BeHTunem WU. Takas koHpuUry-
pauns MoxeT OblTb pesepBHON. [MNpu aHannse 6e30TKa3HOCTU ee TaKKe Ha3bIBaOT NapasiefibHOW CUCTEMOWN,
HecMOTpS Ha To, YTo ee hursndeckas KoOHDUrypauus MoxeT ObiTb APYron.

TpeboBaHNe He3aBUCMMOCTU BLINOMHAETCA Torga, Koraa BeposATHOCTb BXOAHOro cobbiTusl ABnseTcA
NMOCTOSIHHON N HE 3aBUCUT OT COCTOSIHUS APYTMX BXOOHbLIX BO3AEUCTBUNA.

CooTeeTCcTBYHOLLIEE MaTeMaTUYeCKoe BblpaykeHne 6e30TKasHOCTU BBIBOAAT UCXOAS U3 TOTO, YTO CUCTe-
Ma ocTaeTcs B paboToCnocobHOM COCTOSIHUN, eCnu, MO KpaHen mepe, XoTst Obl OAWH U3 KOMMOHEHTOB 1 MK
2, nnn noboi Apyron KOMMNOHEHT CUCTEMbI 0cTaeTcsl B paboToCNOCOOHOM COCTOSIHAW, T. €. OTKa3 CUCTEMbI
HacTynaeT Toraa, Koraa oTKasblBatoT BCE KOMMNOHEHTHI.

n
Rs(t)=1-T] (1 - Rt) @

i=1

Mpn AOH aTo ycnoBue npeacTaBneHo BeHTUNEM U, uncno BXoAHbIX BEHTUNENR U CODbLITUIA paBHO .
Cwmbicn 3akntovaeTcs B TOM, YTO OTKa3 CUCTEMbl HacTynaeT Torga, korga KOMMOHEHT 1 1 KOMMAOHEHT 2 u
ocTanbHbIe KOMMOHEHTBI OTKaXyT. B 9TOM crny4vae BeposiTHOCTbL OTKasa onpegenstoT no popmMyne

10
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o (5)

Mpeactaenexve ALIH napannensHOro pesepBUpoOBaHUs, Korga Ans yernelwHon paboTbl cMcTeMbl 4ocTa-
TOYHO HaxoXxaeHue B paBoTOCNOCOGHOM COCTOAHUM TOMNBKO OAHOrO KOMMOHEHTa UMK Korda 0Tkas cUCTeMbl
HacTynaeT B Criyyae oTkasa BCEX KOMMOHEHTOB, NPUBEAEHO Ha PUCYHKe 3.

1— HencnpaBHoOCTM CUCTEMbl B pe3synbTaTe oOTKasa BCeX KOMMOHEHTOB,
2 — 0TKas CMCTEMbI MK MOSIBIIEHNE 3aBepLUAOLLErO COObITUA; 3 — KOMMOHEHT 1:
HEWCNPaBHOCTb U3-3a COOTBETCTBYIOLLErO BUOA OTKa3a; 4 — KOMMOHEHT 2: Heuc- l 1
NpPaBHOCTb M3-3a COOTBETCTBYIOLLErO BUAa 0TKasa; 5 — KOMMNOHEHT /: Heucnpae- 3 4
HOCTb U3-3a COOTBETCTBYIOLLIEro Buaa 0TKasa, 6 — KOMMOHEHT n: HEeUcCnpaBHoOCTL

5 6
u3-3a COOTBETCTBYWLLEro Buaa oTkasa; 7 — cobwitue 1; 8 — CobbiTne 2; @ ‘
9 — cobbiTue i; 10 — cobbiTue n
PucyHok 3 — lMpeacTtaBneHune napannensHon cuctemsl B Buge AH

Pe3epBHble KOMMOHEHTbLI MOTYT paboTaTb B pexume pacrnpefeneHus Harpyskn Mexay napannensHo
paboTaloWwmnmmn ycTpoucTBammn (Hanpumep, reHepaTopoB 3neKTpudeckon ceTn). BepoaTHOCTb pasBUTUS
cobbITUSA, NPUBOASILLErO K OTKA3Y KOMMOHEHTa, coXpaHuBLUEro paboTocnocobHOCTb, C KaXablM OTKa3oM BO3-
pacTaeT. Takne U3MeHeHUs BEPOATHOCTM CODLITUSA He OTBeYaroT TpeboBaHUo HE3aBUCUMOCTH, KOTOpOe Aon-
xeH obecneymBatb NpPocTon BeHTUNb W.

Ecnu ntor 4omkeH NosiBNATLCA TOMbKO B CriyYae pasBUTUA BCeX cobbITUA, CNOCOBCTBYIOWMX ero Nosie-
neHuto, a BxoaHble cobbiTUsI 3aBUCAT APYr OT Apyra, BeHTUNb M npumeHsaTb Henb3sa. B atom cnyyae Heo6xo-
AONMO UCMONb30BaTb AMHAMUYECKNA BEHTUMb.

B o6lem cnyyae pesepBMpoBaHns k U3 n oaMHakoBblx 6r1okoBs npu AIJH MOXHO Ucnonb3oBaTth cneayo-
Lee MaTeMaTuyeckoe BbipaxeHue, onmcusarou.lee BEPOATHOCTb 6e30TKasHOW paboThl

0=1-%)

i RO 11 = R0

nnn

k-1 (6)
Fo0= 3 iyl -~ FolOF o

Mpwn AOH 310 coveTaHne cobbiTUI NPeAcTaBNEHO OCHOBHLIM MaXXOpUTaPHBIM BEHTUNEM, NPU 3TOM KpU-
TU4ecKoe Yucno m =n —k+ 1 1 CUMBOS COOTBETCTBYIOLLErO BEHTUIIA M 03HaYaeT, CKOMbKO COBLITUI AOMKHO
66110 NPOU3OUTN ANA AanbHenwWwero passuTua cobbiTua B aepese. Tak, ecnu Tpebyemoe pesepsupoBaHue
3amelleHneM coctasnseT 3 u3 6, To KPUTUYECKOE YNCNO COBLITUIA paBHO 4, MOCKOSBKY NOABNEHNE YeTbipex
BXOAHbIX COOBLITUN NpUBeAeT K TOMY, 4TO OCTaHYTCA TONbKO ABa paboTocnocoBHbIX KOMNOHEHTa. OTO 03Hava-
€T, YTO OTKa3 CUCTeMbl HACTYNUT B TOM crlyyae, eCnn U3 WeCTU KOMMNOHEHTOB paboTocnocobHbIMU OCTaHyT-
ca Tpu.

MaxoputapHblid BEHTUNb, a Takke Apyrye npumepbl BEHTUMNEN, UCMonNb3yeMbiX NPy MoaenMpoBaHnn
6e30TKa3HOCTU, NpUBEeAEHbl Ha PUCYHKE 4.

HeHarpyxeHHbIn peseps

Mpwn HeHarpy>XeHHOM pe3epBe aKTUBHBLIMU SIBASIIOTCA TONbKO KOMMOHEHTLI, Heobxoanumble Ana paboTol
CUCTEMBI, U B CNyYae oTkasa ogHOro unm 6onee n3 aTUX KOMNOHEHTOB aKTUBUPYETCA 0AuH unn 6onee 3anac-
HOW 3aMEHAIOLWMIA KOMMOHEHT A5 TOro, YTOObI BbINOMHUTL (OYHKLMKM OTKa3aBLUMX KOMNOHEHTOB. OTKas cucTe-
Mbl onpegenseTcsd Kak cobbiTue, B pesynbTaTe pasBUTUA KOTOporo obuiee 4ucno yHKUMOHUPYHOLWNX
KOMMOHEHTOB MEHbLLE YncIia KOMIMOHEHTOB, TpebyeMbix Ana paboTbl cUCTEMBI.

HeHarpyXeHHbI pe3epB Hemnb3s NpeACcTaBUTb CTaTUYeCKUMU BeHTUNsIMU. OaHaKo MOXHO MUCNONb30-
BaTb CUMBON 3anacHOro BeHTUNs. [1ns oLueHKU 3TOro BeHTUNA NPOBOAAT MapKOBCKUIN aHann3.

HeHarpyXeHHbI pe3epB XOPOLLO ONUCbIBAaeTCsl AMHAMUYECKUMUN BEHTUNAMW. B aTOM cnydae 3anacHown
BEHTWUSb UCMONb3YeTCs AN pe3epBUPYEMBIX CUCTEM, BEPOATHOCTb COBLITUA KOTOPLIX MEHSeTCA.

11
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1 — oTKa3 cucTembl BCneaAcTBME NOSABIEHNUS N0BOro BXOAHOro CobbITUSA; 2 — 0TKa3 CUCTEMbI MU NOSIBIIEHWE 3aBepLUaIoLLEro COObITUS;

3 — cobbITue HacTynaeT, ecnu HacTynawT 06a BXOAHbIX CobbITUSA; 4 — cobbITUE HAaCTyNaeT, eCnNun HACTyNaKT BCe BXOAHbIe coBbITUA NO

nopsiaky; 5 — cobbITne HacTynaeT, ecnu HacTynaeT OaHO, HO He ApYroe BXxoaHoe cobbiTue; 6 — cobbiTue HacTynaeT, ecnu HacTynawT

HEKOTOpble BXOAHbIE COBbITUA; 7 — COBLITUE HACTYNaeT, €CNM HACTyNatT BCe BXOAHbIE COBbITUSA; 8 — cOBbITUE HACTYNaeT, eCNKU HacTy-

nawT TpU BXoAHbIX cobbiTuA; 9 — BeHTuNb 3anpeTa; 10 — BeHTUne WU ¢ npuoputetom; 11 — BeHtuns ACKIMHOYAIOWEE WUIK,

12 — BeHTunb UMNU; 13 — BeHTUNL U; 14 — MaXXopuTapHbIA BEHTUIb C KPUTUYECKUM YUCTIOM 3; HENPOHYMEPOBaHHbIE NMPAMOYrONbHU-
KN — HEUCNpaBHOCTU KOMMOHEHTOB COOTBETCTBYIOLLUX BUAOB OTKA30B; HENMPOHYMEPOBAHHbIE OKPY)XHOCTU — KOMMOHEHTbI

PucyHok 4 — lMpumep [H ¢ pa3nuyHbiMy TUNaMmu BEHTUNEN

7.5.2.4 TpeacTtaBneHne yCroBHOW BEPOSITHOCTY MOBTOPSIOLLMXCS] COOBITUA C 0BLLE NPUYMHOR

K ycnoBHo#n BepOATHOCTU OTHOCUTCSI BEPOSITHOCTb Pa3BUTUSA COOLITUSA B 3aBUCMMOCTU OT MOSBMEHNS
OpYroro cobbITus, NPyY 3TOM BTOpOe cOBbITUE MPOUCXOANT TOMBKO B TOM Cryvae, eCcnv passnuBaeTcs Nepeoe.

YCNoBHYIO BEPOATHOCTb OMUCHIBAKOT B TEPMUHAX AUHAMUYECKUX BEHTUMEeN, Takmx kak BeHTunuM U c
npuvopuTeToM. [Ans aHanmsa Ux COCTOSIHUA NCMOMb3YHT MAapKOBCKUN aHanms.

Mpumep yCrNOBHON BEPOATHOCTU NPUBEAEH Ha pUCYHKe 4.

7.5.2.5 IN'pacpunyeckoe npeacrasneHne AH

OH nmetoT pasnuuHble rpacmndeckne NpeacTaBieHns B 3aBUCMMOCTM OT NPeAnoYTEHNUA U MPUHATHIX B
pasnuuHbIX cTpaHax 0bo3HayvYeHnn, a Takke OT obnacTn UX NpuMeHeHus. B HekoTopbIX npeacTaBneHUsX
NCNONb3YyT NPSAMOYTOSbHUKA C pasMeLLeHHBIMN B HAX CUMBOIAMK, TaKUMU Kak & Anst BeHTUst U 1 >ans BeH-
Tuns UINW. B aTom criyvae HyneBon BEHTUMb Takke Knaccu-
dbuumpyoT Kak BeHTUnb UM, 3a UcKniovYeHnem Toro, 4To
B AaHHbI BeHTUNb UITN nmeet Tonbko ogHO BxogHoe cobbl-
A & D TWe, MOCKOMbKY HYNeBON BEHTUNb NpeAcTaBnsieT 3aBepLua-
C >1 towee cobbiTMe, BbI3blBAEMOE TOMbKO OAHUM BXOAHBIM

E cobbITnem.

MpeacTtaBneHne BeHTUNEN 1 cOBLITUIA B BUAE NPsiMO-
YrONbHMKOB NMPUBEAEHO Ha pUCYHKe 5, Ha KOTOpPOM COObI-
Pucyrok 5 — lpeacTasnexne BeHTUNeA n cobeiTuit tye A HacTynuT, ecnu nosiBsTcs oba coBbitus B u C.

B BUAE MPSIMOYTONbHNKOB Co6biTre C HacTynuT, ecnu nosssATca cobbitust D unu E.

12
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Ecnun cobbiThe npeactaenset coboit noeTopstolleecs cobbiTe unu cobbiTue, BbisbiBaeMoe obwen
npu4nHON, ero nsobpaxkatoT B JH NOBTOPHO, HO C OTMETKOW, KOTopas NokasbiBaeT ero kak BXogHoe cobbiTne
Mo OTHOLUEHWIO K Apyrum cobbiTnam OH. Bce noeTopatoLimMecs coBbiTUst Unu cobbiTUs, BhisbiBaeMble obwen
MPUYNHONR, B COBOKYNHOCTU MMetoT B [IH oanHaKkoBbIN kof 1 0603Ha4valoTCs CUMBOIIOM BKITIOYEHUA U CUMBO-
nom, 06bI4HO UcnonbayeMbiM B IH. 3To npaBuMno 0THOCKUTCS KO BCEM MOBTOPSIIOLIMMCS COBLITUAM U cobbl-
TUSIM, Bbl3bIBaEMbIM OBOLEA MPUYNHOR, 32 WUCKIOYEeHNEM COBLITVSI CaMOro HU3KOro YPOBHA, KOTOPbIA
0603HavaloT CUMBOSIOM NepeHoca.

Ha pucyHke 6 npuBeaeH npumep rpaduyeckoro npeacTaBneHnsi, B KOTOPOM NOBTopsioLeecs cobbiTne,
onuceiBaemoe BeHTUNnem UITN n nvetowee cnar ¢ HOMEPOM CTpaHMWLbl, MOXHO HaiWTV B Apyrom mecte [H,
roe oHo npeacTasnseT co6oi nepsndHoe cobbiThe AN Apyroro cobbiTus Gonee BLICOKOro ypoBHA. 3To cobbl-
TEe MOXeT NosiBUTLCA B ABYX Uin 6onee mectax [OH. MNMprMepoM Takoro cobbiTusi MOXET BbITb NOBLILWEHHAsA
TemnepaTtypa unu BlaXHOCTb, Bbi3biBatoLLas NosiBNieHNe B CUCTEME ABYX Pa3fnnyHbIX cobbiTuiA. B aTom cny-
Yae kaxgoe cobbiTne pasobliaroT (NpeobpasytoT ¢ Lenbio UCKNoYeHns obwnx anemeHToB). Ha pucyHke 6
TaKkKe nokasaH BeHTWUMb NepeHoca, yKasbiBatoLWMii Ha TO, YTO 4aHHOe coBbITME BO3HUKITO B APYroM MecTe unu
Ha apyroi ctpaHuue AH. OBbIYHO 3TO NPOUCXOAMUT, KOraa CNoXHOoe CobbiTue ABNAeTCA BXOAHBIM COBbITUEM
ans cobeiTns 6ornee BLICOKOTO YPOBHS U, crnefoBaTenbHo, Aanee ero criegyeT NpMBOANUTL Ha OTASNBHOM fnC-
Te. BeHTuns U ¢ npruopuTeToMm, NokasaHHbIA Ha pUCYHKe 6, credyeT Ucronb3oBaTb B TeX crnyyasx, koraa
3aBepluatolee cobbiTve 3aBUCUT OT NOPsiAKa BXOAHBIX COBBITUIA.

:]umud T 1
OO0 %QA\ ‘@%

A — cobbiTre, NpuBeaeHHoe Ha apyrow ctpanuue AfH (gonxeH 6biTh ykasaH Homep cTpaHuubl); b — noBTopsio-
weecs cobbiTe, NpuBeaeHHOE Ha apyron cTpannue AflH (gonxeH 6bITb ykazaH HOMep CTpaHuLbl)

MpumedaHun e — OctanbHble anemeHTsl [IH naeHTUYHL! NPUBEAEHHBIM Ha PUCYHKE 4.

Pucynok 6 — Mpumep OH, cogepxalero noeTopsiolieecs U nepemeLtaemoe cobbitns

Mpumep OH ¢ npsiMoyronbHeIMKM 0603HAYEHUAMU NOBTOPSIIOLLIENOCA U NepeMeLaeMoro BOBHe cobbITus
UK coBLITUA, Bbi3biBAaEMOro 06LWMMM NpUYMHaMK, NpuBeaeH Ha pucyHke 7. CobbiTne B npeacTtasnseT coboi
cobbiTue, koTopoe ByaeT aHanuaupoBaTbes Aanblwe Ha [iH. CobbiTne D aBnsieTcs 6a3UCHLIM COBBITUEM.

13
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— B
A H& — D MO
— C =1 PucyHok 7 — lNMpumep cobbiTnin, Bbi3BaHHLIX 06WWM-
— B MO MW NPUYMHAMU M N306pakeHHbIX B BUAE NPAMOYTOrb-
— HbIX BEHTUNEN

7.5.3 MNMpoueaypa nocTpoeHun

MepBble warun noctpoeHuns JH 3akntovatoTcs B ycTaHOBNEHWUM 3aBepLUaloLwero cobbiTua, paMok 1 3agad
OH, rpanuy cuctembl unu obbekTa 1 rayéuHbl aHanusa.

Mpu ucnonb3sosanun AJH ana ynydweHna 6€30TKasHOCTU CUCTEeMbl 3aBepLUIatoLLMM cobbiTueM ABNAET-
Csl 0TKa3 cUCTeMbI, U LieNb aHanuaa 3aknioyaeTtcst B onpegeneHnn haktopos, cnocobCcTBYIOLMX NOABNEHUIO
3TOro cobbITUA, U BLISIBIIEHUA HEAOCTATKOB pa3paboTKU UM HeHaAEXKHbIX KOMMOHEHTOB.

[ns Toro YToObl BUABI OTKA30B He ObINM NPonyLLeHbl U3-3a NPeAnoroXKeHUs, YTO OHM Bbinu paccmoTpe-
Hbl paHee, He06X0AMMO CneaoBaTh NPUHLMMNY «HENOCPeACTBEHHAs NPUYUHAY.

MpuHuKMn «6a3oBble areMeHTbl» MOXHO UCMONb30BaTb ANsl 0cBobOXAEHUs pa3paboTymka oT nocTpoe-
HWsa anarpamm JH, He NpeaocTaBnALWMX HOBOW UMW None3Hon MHcopmauun. bazoBbiii aneMeHT B AanbHe -
lweM He pasuBaeTcsl. Ero paccmatpuaoT Kak eAUMHUYHBIA SNEeMEHT UMM KOMMOHEHT UMW Kak 3MneMeHT,
o6pabaTbiBaeMbIl OTAENBHO.

YTto6bl 3anemeHT unu cobeiTe paccMaTpuBanucb B Ka4ecTBe NepBUYHbIX, HEOBX0AMMO U JOCTaTOMHO,
4yTOGLI BEINOMHANUCH criedytowme Tpu TpeboBaHuA:

- byHKUMOHaNbHBIE U hU3nHeckne rpaHNLbl YETKO onpeaeneHsl;

- paboTa anemeHTa He 3aBUCUT OT kakon-NnBo BcnoMoraTensHon oyHKLUA nnu Bce cobbiTusi, cBA3aH-
Hble C 3/1eMEeHTOM, onucaHbl ogHUM BeHTunem UM, ognH nz BXog4oB KOTOPOro COOTBETCTBYET HEUCTIPaBHOC-
TV 3NeMeHTa, a ocTaBLIMeca BXOAbl — HECMOCOBHOCTU BLINOMHUTL COOTBETCTBYOLUME BCMOMOraTernbHble
byHKLMY;

- MPUYNHBI NOABNEHUA AaHHOTO COBLITUA HENOCPEACTBEHHO HE onpeaeneHbl.

MepeyeHb 0603HauYeHU, ncnonbayemelx B H, gomkeH 6bITb cCTaHAapPTU30BaH 41 TOro, YToObl MUHK-
MW3MPOBaTb HECOOTBETCTBMUA, YETKO 0603HAUNTb U OGBACHUTL, Kakne cobbITUSA NpeacTaBfeHbl B cucTeMaTu-
3MpOBaHHOM BuAae.

dakTnyeckn noctpoeHue H cnegyet aHanUMTUYECKOW JIOTMKE NOTOKA COBLITUIA:

- MPUHLMN «HenocpeacTBEHHasA NpudnHay TpebyeT, YTobbl 6binK onpeaeneHsl HeobxoanMble U AocTa-
TOYHblE HEeMocpeaCTBEHHbIE NPUYMHBI MOSIBIIEHUS! 3aBepLuatowero cobbitTus. CnegyeT 0TMETUTb, YTO 3TO He
6a30Bble NPUUMHBI 3aBeplUakoLlero cobbiTus, a NpaMble NPUYMHBLL UMK NPSAMbIE MeXaHU3Mbl, Bbi3blBaroLLue
nosiBneHne 3asepLuaroLlero cobbiTna. 3To MOTyT ObiTb COBLITUS HUXKHETO UMM NPOMEXYTOYHOTO YPOBHS;

- HeobxoauMble 1M AOCTaTOUHblE HEMoCcpeACTBEHHbIE NMPUYMHBI 3aBepllakoLllero cobbiTua paccmaTtpu-
BaOT Kak NMPOMeXyTouHble coBbITUA U NPOACIPKAOT aHanms;

- noctpoeHune H BHU3 NpoagomkatoT, NpUYEM BHAMAHME NMepeknioyaoT ¢ MEXaHNM3MOB Ha BUAbl HEeUC-
npaBHOCTEeR, NocTeneHHo Npubnmkanck K 6o1ee HAIKOMY YPOBHIO 40 OKOHYATENLHOTO AOCTUXKEHUA COOTBe-
TCTBYIOLLEro MnnM 3agaHHoro ypoBHs rybuHbl aHanusa. OTaencHble 6as3oBble coOBLITUS UNKU NEpBUMHLIE
COBbITUA HAXKHErO YPOBHSI — 3TO cOBbITUSA, NpeacTaBnALMeE OTAENbHbIE NMPUYMHBI BO3MOXHbBIX OTKa30B Unn
HeucnpasBHOCTEN.

7.5.4 OueHuBaHue AQH

7.5.4.1 ViccnepoBaHue 1 aHanms

Uccnegosarue 3aknovaeTcs B akcnepTuse CTpyKTypobl JH nyTeM cpaBHeHNUs ¢ umetoLleincs uHopma-
Uuei, Takomn Kak cxemsl, rpaduku, pyHKUMOHAmNbHbIE AnarpamMmmbl, KOMaHabl, peanMayemble MporpaMMHbIMA
cpencTeamMu, naeHTudukaums obLMX cobbITUN 1 NOUCK He3aBMCUMBIX BeTBel. VccneaoBaHue 4oMKHO Bbisi-
BUTb COBLITUS, Bbl3biBaeMble OBLLMMU NMPUYMHAMA. BbiBoabl MOTYT GbITb caenaHbl TONbKO NOCHe BCECTOPOH-
Hero aHanusa c npumeHeHnem 6ynesoro npeobpasoBaHust NN onpegeneHns MUHUMarbHBIX CeYeHWUI, korga
MPUCYTCTBYIOT CTATUYECKNE BEHTUIN, MOCKOMNLKY ceYeHUst He 0603HavatoT AUHAMUYECKUMI BEHTUNAMK (eCnin
He nNpeAnonaraeTcs gonylleHue, UrHopupytowee yrnopsigodeHue). Mo Mepe yCnoxHeHUs aHanuaa c ysenuvye-
Huem pasmepa [H cnegyeTt ycTaHoBUTb, Kakne BeTBM [H aBNs0TCA HE3aBUCUMBIMUA U, NPK HEOBX0AUMOCTH,
UX cnegyeT aHanManposaTtb OTAENbHO.

Mpouecc aHanusa cnegyeT OOKYMEHTUpPOBaTb Tak, YTOBbl OblM MOHATHBI pesynbTaTbl aHanusa U
ntobble 3MEHeHUs1 KOHCTPYKLIMK, paBGoumx NPOLEAyp UMW NOSICHSIOLLME NPpUMpoay OTKasa.

OcHoBHble 3a4a4u NorMyYeckoro (Ka4ecTBEHHOro) 1 YACIEHHOTO (KONIMYECTBEHHO0) aHanM3oB CUCTEMbI
MOXHO 0606LMTL creytowmm o6pasoMm:
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- naeHTudmKaums cobbITUIA N HencnpaBHOCTEN, CMNOCOOHBIX HEeNOCPEACTBEHHO BbI3BaTb OTKa3 CUC-
TEMbI U NOBIUATbL Ha BEPOSITHOCTb NOSIBIIEHUSI TAKUX CODLITUIA;

- rnoAasneHue HencrnpaBHOCTEN, KOTOPbIE MOTYT CTaTb BO3MOXHOI Yrpo3omn 6esonacHocTy;

- OLeHKa 0TKa3oyCTONYMBOCTU cUCTEMBI (CMOCOBHOCTU (byHKLIMOHUPOBATL Aaxe Mocne Toro, Kak nosi-
BUNOCH onpeaesieHHoe YACTIO HeUCTIPaBHOCTEN unmn cobbiTuiA 6onee HU3KOrO YPOBHSI, NPUBOASALLNX K OTKa3y
CUCTEMBI);

- oueHka Hopmauum Ana ycTaHOBMEHUS! KPUTUYECKUX KOMMOHEHTOB 1 MEXAHU3MOB OTKa3sa;

- NpoBeAeHUe ANarHoCTUKU OTKasa, ASACTBUA MO CTpaTernm TeXHUYECKoro obCnyXKMBaHuA N peMoHTa
nT. N

OueHka 0TKa30yCTOWYMBOCTU CUCTEMbI MpedycMaTpuBaeT onpedeneHne cTteneHn pesepBUpoBaHUs,
ucnonb3yemoro B cucteme. OLeHKa 0TKa3oyCTOMUYMBOCTI BonbLuen YacTbio He TpebyeT YACNEHHBIX aHHbIX,
0QHaKo Takue AaHHble HeobXxoAMMbI NPy oLeHke Haubonee BEPOATHLIX COYETaHWUI COBLITUI, NPUBOASLLNX K
OTKasy CUCTEMBI.

7.5.4.2 Jlornyeckuin aHanus

OcHoBa aHanusa

Mpu nornyeckom aHanuse NPUMeHsIIOT, Kak npasuno, 6yneso npeobpasosaHue 1 onpegeneHve MAUHKU-
ManbHoro cevyeHusi. OCHOBa NIOMMYECKOro aHanusa — MoAenupoBaHue, npusogsiliee K noctpoeHuo OH,
npeacTaensaoLwero coboin CTPyKTYpy cucTeMbl — (hyHKLMOHANBHYIO, apXUTEKTYPHYIO UM OAHOBPEMEHHO U
Ty, u apyryto. MpaBunbHoe MoaenupoBaHue nNpegycmatpusaeT npeacrasneHne pyHKLUIA U KOMMOHEHTOB
CUCTEeMbl Tak, 4YTOBbl MOXHO OblO YCTaHOBUTL WX B3aUMOCBA3W, 3aBUCUMOCTM, MpsiMble MPUYUHBI
HexenaTenbHbIX UTOrOB U T. M.

Byneso npeobpasoBaHue

ByneBo npeobpasoBaHue NPUMEHSIIOT AN OLEeHKN BANAHUA obwmux cobbitnii IH (oauHakoBbIX cobbl-
TUA, pa3BUBAIOLNXCS B PasnnYHbIX BETBAX AepeBa), B KOTOPOM MOABMAEHWE 3aBeplualowero cobbitusi He
3aBUCUT OT COrMacoBaHHOCTU cOBOLITUIA BO BpeMeHU Unu oT ux nocnegosatensHocTu. Byneso npeobpasosa-
HUe BbINOMHSIOT NyTem pelleHusa 6ynesbix ypasHeHuh ana AH. Byneso npeo6pa3oBaHue MOXHO Takke npu-
MeHATb Ans onpeaeneHns MUHUMAanNbHbIX CeYeHUNA.

OnpeaeneHne MAHUMabHBIX CevYeHui

CyulecTByeT HECKONbKO METOAOB onpeaeneHNa MUHUMANbHBIX ceYeHuin, Ho Ansa Gonblnx AepeBLEB
3TU MeToAbl ABMSATCA TPYAHLIMU U HECOBEPLLEHHLIMU. [N peanusaummn 3TUX MeTo4oB pa3paboTaHbl pasHo-
06pasHele KOMMNbIOTEPHBIE MPOrPaMMbI.

CeueHune npeacTaBnsieT cobor rpynny cobbITUIA, KOTOPLIE NPU COBMECTHOM MOSABIIEHUN BbI3bIBAIOT pas-
BUTUE 3aBepluatollero cobbituss. MMHUManbHoe ceyeHue — HaumeHbLUas rpynna, Bce coObITUS KOTOPOW
OOJDKHBI NOSIBUTLCS A1 pa3BUTUSA 3aBepLuatoero cobbitua. Ecnu ntobble cobbiTUsi MUHMMATBLHOTO ceyeHust
He pa3BuBaloTCS, 3aBepluaLlee cobbiTue He nosisuTcs. OnpegeneHne MOXHo paclumputb ans AH, 3aBucs-
LLMX OT MOCNeaoBaTelbHOCTM COBLITUA. B Takux criyyasx MUHUMarnbHoe cedeHne npeactasnseT coboli rpyn-
ny cobblTWA, KOTOpPble, BO3MOXHO, CMOMYT BbI3BaTb 3aBepuwatowee cobbitue. Ecnv nosiBneHue
3aBepluatoleroc cobbiTUA 3aBUCUT OT NopsiAka UCXOAHBIX COBBITUI, COBLITUE aHanNU3NPYIOT C MOMOLLILIO Map-
KOBCKMX MeTOA0B.

7.5.4.3 YucneHHbln aHann3

3apaya YMCreHHOro aHanuMsa — AaTb KONIMYECTBEHHYIO OLEeHKY BEPOATHOCTU NOAIBNEHUA 3aBeplualo-
wero cobblTna 1M otobpaHHoro Habopa cobbITUA. YMCNEHHBIN aHanUM3 UCNOMb3YIOT ANs NOAAEPXKKA U
OOMOSTHEHUS NIOrMYECKOro aHanmaa.

7.5.5 Mpumepbl oLeHKU annapaTHbIX CPeACcTB ¢ NOMoLWbLIO GyneBa anropuTma U ero npeacTaB-
neHue B AepeBe HEUCNpPaBHOCTEN

7.5.5.1 lprmep MOCTOBOW CXeMbI

OH c npumeHeHnem 6yneBoii anrebpbl MOXeT CYLIEeCTBEHHO YNPOCTUTL aHanu3 6e3oTkasHocTU. Kak
nokasaHo B NpuMepe, CroXKHbIe MaTeMaTUYeCKNe BbIpaXKeHWUs1, KOTOpbIe HYXXHO UCMONb30BaTL NPU aHanunse ¢
ncrnons3oBaHMem  6nok-cxeMbl  pacyeTa

6e30TKa3HOCTW, 3aMEHSIIOT  3HA4UTEeNIbHO A t C
6onee npocton 6yneson anrebpon. AOH
ocobeHHo npuroaeH aAnst Hanbornee CNOXHbIX Bxoa E Bbixoa
CXeM, NnporpaMMmHble U annapaTHble cpe-
OCTBa KOTOPbIX SIBNAIOTCA HE3aBUCUMbIMA, U ‘ t
aHanus npoBoAsT C UCMONb30BaHNEM O4HOIo B D
U3 MHOMX NaKeTOB MPUKIagHbIX NPorpaMm.
MoctoBas cxema npuBedeHa Ha PucyHok 8 — Mpumep MOCTOBON CXeMbI, aHanNM3npyemomn
pucyHke 8. ¢ nomowpto AH
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B MocToBOI cxeMe, M306paxeHHOoM Ha pUCyHKe 8, curHan npoxoauT oT «Bxoaar K «Beixoay». OH MoxeT
npoinTK Yepes 6nok E B oByx HanpasneHuax. AHann3 MoXXHO NpOBECTU NyTeM MOAENNPOBaHNA cCUCTEMbI AN
ABYX BO3MOXHbIX YCMOBWIA, NepBoe 13 KOTOPbIX NpeanonaraeT, 4To 61ok E ncnpaseH, a BTopoe — 4to 610K
HeucnpaBseH. B nepeoM cnyvae curHan npoiget Yepes 6nokv A unv B 1 C nnu D, npu ycnosuu, 4To oHM BKNO-
yeHbl napannensHo. Ecnu 6nok E HeucnpaBseH (cocTosiHWe 6noka E — oTkas), 6noku A n C BknoveHbl nocne-
AoBaTenbHo 1 napannensHo 6nokam B 1 D, KoTopble Takke BKOYEHbI NMocneaoBaTensHo. 3To MOXeT BbiTb
npeacTaBneHo B Buae crieqyowero ypaBHeHus:

Rs = (Ra + Rg — RaR)(Rc *+ Rp — ReRp)Rg *+ (RaRc + ReRp — RaRgRcRp)(1 - Rg). (7)

Ecnu nonoxuTb, uto Ry = 0,78; Rg = 0,30; R =0,15; Rp = 0,50; Rg = 0,40, To Rg = 0,344; BeposATHOCTb
oTkasa fg = 0,656.
MpencTtasneHne MocToBOM cxembl B BUae OH npueseaeHo Ha pucyHke 9.

o H

(o]

4
13 14 15 16

10 11 12
) () @) [z ©
[
25 26 27

1 — BEpPOATHOCTL OTKA3a MOCTOBOWN CXEMbI; 2 — MOCTOBas cxema; 3 — npepeiBaHne curHana 6nokamu Au B; 4 — npepbiBaHue curHana

6nokamu C u D; 5 — npepbiBaHue curHana 6nokamu B, EuC; 6 — 6noku AuB; 7 — 6nokn Cu D; 8 — 6nokn B, Eu C; 9 — cobbiTne oTka-

3a 6noka A; 10 — cobbiTue otkasa 6nokaB; 11 — cobbiTue otkasa 6noka C; 12 — cobbitue otkasa 6noka D; 13 — npepbiBaHue curHana

6nokamu A, E u D; 14 — cobbiTue otkasa 6noka B; 15 — cobbitue otkasa 6noka E; 16 — cobbiTne oTtkasa 6noka C; 17— 6nok A,

18 — 6nok B; 19 — 6nok C; 20 — Brniok D; 21 — 6noku A, E u D; 22 — 6nok B; 23 — 6nok E; 24 — 6nok C; 25 — cobbiTue oTkasa 6noka
A; 26 — cobbiTne oTkasa 6noka E; 27 — cobbiTue otkasa 6noka D; 28 — 6nok A; 29 — 6nok E; 30 — 6nok D

PucyHok 9 — MpeacraBneHne MoctoBon cxembl B Buae f1H

C nomolwbio 6yneBoii anrebpbl U MUHUMAIIbHOTO CeYEHUsI CUCTEMY, M306paXKeHHYIo Ha pUCyHKe 9, MOX-
HO NpeobpasoBaThb crieaytoLm o6pasom.

CeueHusi cucTeMbl NpeacTaBNAloT coboii coueTaHma crneayiowmnx cobuITUin, NPMBOAALLMX K 6110KMpoBa-
HWIO curHana:

- AnB (cy = FpFg = ab);

- CnD(c, =cd);

- A,EnD (c3 = aed);

- B,EnC (¢4 = bec).

Mpu ncnonb3osaHun 6ynesoit anrebpbl BEPOSATHOCTL OTKasa cucTembl 6yaeT pasHa

Fg=Pr(cy ucyucgucy). (8)
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BepoAaTHOCTY NoABNEHUS cevyeHuit
Pr(cy) = FaFg = (1 - Rp)(1 - Rg);
Pr(cy) = FcFp = (1 - Rc)(1 - Rp);
Pr(cy) = FgFgFc = (1 - Rg)(1 - Re)(1 - Re).
7.5.5.2 Pazo6weHune
Pas3oblweHune npeacrtasnset coboii cepuio anrebpandeckmux onepawmii, BbINOAHAEMbIX 415 TOro, YTobbl
obLwyto BeTBb (MnK 06LLYI0 MPUYMHY OTKa3a) NPy pacdeTax He paccMaTpuBaTb MOBTOPHO.
Onsa 6onbwmnx OH npoueaypbl pasobluerns creayeT BbINOMHATL C TOMOLLIbI KOMMLIOTEPHON NPOrpamMMel.
PacueT BeposATHOCTU NoABMeHUA 3aBeplualollero cobbiTU MOCTOBOW CXeMbl NPU MCNONbL30BaHNK
mMeToda pasobLieHus aaeT crneayowne pesynsTaThl:
2 — mocToBas cxema F = 0,6557;
6 — 6nokn A n B: F=0,1540;
7 —6nokn CuD: F=0,4250;
8 —o6nokn B,EnC: F=0,3570;
17 — 6nok A: F=0,2200;
18 — 6nok B: F=0,7000;
19 — 6nok C: F=0,8500;
20 — 6nok D: F=0,5000;
21 —6noku A, EnD: F=0,0660;
22 — 6nok B: F=0,7000;
23 —6nok E: F=0,6000;
24 — 6nok C: F=0,8500;
28 — 6nok A: F=0,2200;
29 —6nok E: F=0,6000;
30 — 6nok D: F=0,5000.

[MpumeyaHune—Homepa cCOOTBETCTBYIOT NPMBEAEHHBIM Ha pUCyHke 9.

PacueT He npuBsA3aH K KOHKPETHOM NporpamMmmMe, NOCKObKY HACTOSALLMI cTaHAapT He 0TAaeT nNpeanoyTe-
HUEe KakuM-NBo onpeaeneHHbIM NporpaMMHbIM cpeacTBaM. 3To pellaeT Nnofb3oBaTernb B COOTBETCTBUU CO
CBOWMU KOHKPETHLIMU 3ada4amMu.

W3 pacyeTa BUAHO, YTO NpU onpeaeneHum 6e30TKasHOCTU CUCTEMbI UMK AONONHUTENBHOMO Nokasatens
BEPOSATHOCTb MOSIBIIEHUS 3aBepLuatoLlero cobbiTysA ABNAETCS TAaKoM e, Kak U Mpu pacyeTe ¢ NOMOLLbIO YpaB-
HeHWa ANg nepBoin Moaeny 6e30TKasHOCTU.

7.6 UHTeHCUBHOCTb OTKa30B NpU aHanu3e gepeBa HeucnpaBHOCTEN

Bo mHorux cnyyasx npu AQH BMecTo BepOSATHOCTM OTKasa MOXHO paccMaTpuBaTb WHTEHCUBHOCTb
oTka3oB. B aToM cnyyae npumeHsoT pacnpegeneHus MNMyaccoHa ans onucaHusa nossneHns CobbITUI, a Takke
MOCTOSIHCTBO CBSA3AHHOW C 3TUMWU COBBLITUAMU UHTEHCUBHOCTU OTKa3oB. Mcnonb3yemble B 4aHHOM chny4ae
anreGpanyeckue BblpaXeHWs MPUHATLI NPU 0OLIYHOM MOAENNMPOBaHUM HAAEXKHOCTU, U anropuTMbl pacyeTa
WMHTEHCUMBHOCTM OTKA30B 3aBepLUaoLmnx cobbITU ByayT TakUMK e, Kak U Np1 MOAENMPOBAHUMN C MOMOLLbIO
6nok-cxeMbl pacyeTa HageXHOCTH.

MosxHo cTpouTb [H ¢ pasHbIMK 3Ha4YEHUAMU MHTEHCUBHOCTU OTKA30B U BEPOSITHOCTAMU OTKA30B, Npu-
CBOEHHbIX pasnuyHbIM cobbiTusIM. MpocTenwuin cnocob AJH Takoro Tuna 3aknoyaeTcs B npeobpasoBaHnmv
WMHTEHCUBHOCTEI OTKA30B B COOTBETCTBYIOLLME BEPOATHOCTU NOABNEHWUSI COBLITUS U NPUMEHEHUU CTaHAApT-
HbIX MeTogoB AH.

8 M,D,EHTMd)VIKaLIVISI n KﬂaCCM(bMKaLIMﬂ INeMeHTOB AepeBa HeMCHpaBHOCTeﬁ

Kaxxgoe cobbiTve OH aomkHo 6biTb 0gHO3HaAYHO naeHTUuUnpoBaHo. CobbiTUA OoMmKHbI BbIThb Knaccu-
uumposaHskl, 4TobbI 06ecneunTb NPOCcThie NepekpecTHble cchinku Mexay [H n cooTBeTCcTBYOLWEN NPOEKT-
HOW AOKyMeHTaLunen.

3aBeepuiatowiee cobbiTe lH — HexenaTenoHoe nTorosoe cobbiTue, ABNAloLIEecss OCHOBHbIM hakTo-
poM, CTUMynupyowum nposeageHne AQH. OgHo iH MoxeT MMeTb TONbKO OAHO 3aBepLuaoLlee cobbiTue.
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Ecnn Heckonbko cobbiTuid [IH 0THOCATCA K pasHbIM BUAaM HeUcrnpaBHOCTEN OIHOrO U TOTO e 3rieMeH-
Ta, Takue cobbITusi cneayeT krnaccudunumMpoBaTh Tak, YToObl X MOXHO BbiNo pasnuyath. BmecTe ¢ Tem gomk-
HO ObITb MOHATHO, YTO OHW NpPeAcTaBnsAT coboit rpynny cobbLITUA, OTHOCSLIMXCS K OOHOMY WU TOMY Xe
3NEeMEHTY.

Ecnu onpegeneHHoe cobbiTue, Hanpumep HECNOCOBHOCTb OTKIIIOYUTL KOHKPETHDIN 3aTBOP, NPOUCXOANT
B Heckonbk1Mx MecTax [1H, Bce nosisneHns Takoro cobbiTusa crnegyeT HasbiBaTb OAUHAKOBO (C MOMOLLbIO Mpo-
rpaMMm OfHO U TO e BXoAHoe cobbiTe MoxeT 6biTh A06aBNeHo B pasnuyHbie MecTa [IH ¢ TeM ke umeHeM).
Mpu 3TOoM oAMHaKkoBble COBLITUS, MPUCYLUME pasNUMYHBLIM 3MeMeHTaMm, He creayeT knaccuduumupoBaTh
OAWNHAKOBO.

BaHo, uTobbl 66110 06ecneveHo 0AMHAKOBOE U MOCTOSAHHOE NPUMEeHEeHUe KOAoB U UMEH Ha NpoTshKe-
HUU koHKpeTHoro AJH. 3To 0coBEeHHO BaXXHO NMPU NCMOSNb30BAHUM KOMMbIOTEPHBIX pacyeToB.

MocTosHCTBO Koaa ocobeHHO BaXkHO B TOM crnyyae, koraa nporpaMmbl ALIH no3sonsaoT UMnopTuposaTh
pacyeTHble 3Ha4YeHNs1 BEPOSITHOCTU NOABMEHUS 6a3UCHBIX UMW NEPBUYHBIX COBLITUIA B KpynHOMacLuTabHble
Tabnuubl, cogepxalume nepeyHn NCcrnosibayemMbix MaTepnanos, KOMMOHEHTOB, BUAbI HEUCNPABHOCTENA KOMITO-
HEHTOB U AaHHble, XapakTepusyroLime akenayaTaumuio cucTemsl.

9 OTtuyer

OTtuyeT AJH ponxkeH cogepxaTb crneayoLlme OCHOBHbIE pasaenbl:

- Lenb 1 obnacTb AeNCTBUSA;

- ofnucaHne CUCTEMbI U yKasaHWe ee rpaHuL;

- BCe BMAbl AOMYLLEHWNA, KacatoLmecs KOHCTPYKLMM CUCTEMBI, SKCNIIyaTaunum, TEXHUYECKOro obenyxu-
BaHWA 1 PEMOHTa, TECTUPOBAHUSA U NPOBEPKN, MOAENMPOBaHNA 6e30TKa3HOCTU 1 ap.;

- onpegeneHue 1 KpUTepUK 3aBepLuatoLLero cobblTus,

- CCbIfikM Ha 6asucHble cobbITUs, Hepa3BUTEle COBLITUA N COBLITUA, KOTOPble aHaNM3UMpPOBanuch 3a
npegenamu H;

- [AaHHble, NCNosb3yeMble CUMBOIbI U, NP HEOBXOAUMOCTU, OTKa3bl, Bbi3BaHHbIE OGLLIMMU NPUHUMHaMMU,
MUHMMabHbIE ceYeHus;

- pesynbTaThl, BEIBOAbI, pEKOMEeHAaL UK;

- AaHHble 0 COTPYyAHMKaX, NMPOBOAUBLLMX aHaNNs.

[ononHUTenbHbIMU AaHHBIMK, KOTOpbIE MOTYT BbITb BK/OYEHDbI B OTYET, ABNAKOTCS:

- BroK-cxema Unmn cxema cUcTeMbI;

- KpaTkas CBOAKa AaHHbIX, Kacatolwmnxcst 6e30TKa3HOCTU, TEXHUYECKOro 0BCNYXXUBAHUA U PEMOHTa, a
Takke TakMe NCTOYHWKK, Kak Basbl AaHHbIX, MHdopMaLna nsrotosuTenei, pamnsl N T. A4.;

- aHanus Buaa v nocneAcTBUiA 0TKasoB/aHaNN3 B1Aa, NOCNeACTBUA U KPUTUYMHOCTM OTKA30B UMW CCbif-
Ka Ha aHanus.
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Ta6nwuya A.1— Cumeonsl, Haubonee yacTo ncnonb3yemoie B npouecce AIH

MepeHoc n3
(OUT)

LT

6

Mepenoc B (IN)

€TCA B APYron 4acTy CTPaHwLbl UIn
avarpaMmmel

Yucno
Cumson HaumeHoBaHue OnucaHue OTHoLLeHue K 6e30TKa3HOCTU BXOAHbIX
cobbITUin
BbasaucHoe CobblTe camMOro HU3KOrO YPOBHS, Bua HencnpaBHOCTM KOMMOHEH- 0
cobbiTne OIs1 KOTOPOro UMEINTCS AaHHble, Kacalo- | Ta UM NpuyYnHa Buaa Heucrpas-
LMecs BEPOSITHOCTU €ro MosiBfeHuns HOCTU
YcnoeHoe CobbITue, KOTOpOe SIBMSIETCH pe3yrib- MosieneHne cobbiTus, KOTOpOE 0
cobblTHe TaToM NosIBNEHUs1 ApYroro cobbiTUs, NPpU | AOMKHO NOSIBUTBLCS OIS Pa3BUTUS
3TOM AN pa3BuTUsi 3aBepLUAIOLWLEro CO- | APYroro cobbiTus.
ObITUSA JOMKHBI cocTosITbCA 06a cobbl- YcnoBHasi BEPOSITHOCTb
™A
CkpbiToe Mepeu4yHoe cobbiTne, oToGpaxato- CKpbITbIA B4, OTKa3a KOMIO- 0
cobbiThe Lee CKPbIThIN 0TKa3; cobbiTne, KOTOPOE | HEHTa UMK CKPbITas NPUYUHA OTKa-
Henb3si OGHapYXUTb cpas3y, HO KOTopoe, | 3a
BO3MOXHO, ByaeT obHapyXeHo npu fo-
NMONHUTENbHON NPOBEPKE UMK aHanu3e
Hepa3aBu- MepBryHOE cObObITUE, OTHOCSILLLEECS K Cob6biTHe, BHOCsIWEEe BKnag B 0
Toe cobbiTve |HepaspaboTaHHON YacTU CUCTEMBI BEPOATHOCTb OTKa3a.
CTpyKkTypa 4acTu CUCTEMBbI He
onpegeneHa
BeHTunb BeHTunb, ykasbiBaloWMMW Ha TO, 4TO YactnuHan gnarpamma gepesa 0
nepeHoca AaHHas YacTb cucTeMbl paspabarbiBa- | HEUCNPABHOCTEN, NPUBEAEHHAN B

Apyrom mecte gunarpammbl CUCTe-
Mbl.

IN o3Havaer, uTo pasBmBaeMbIn
BEHTUNb HAX0AUTCSH B APYIrOM Mec-
Te, OUT — uto BeHTUnb BygeT ne-
PEHECEH B APYroe MecTo
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lMpodomxerue mabnuyst A.1

peaHocTm

HacTynaeT, ecnu BCE WCXOA-
Hble COObITUSI HacCTynawT no-
oyepegHO CrneBa  Hampaeo.
OTOT BEeHTUNb  MAEHTUYEH
BeHTUNIO W ¢ npuoputeTom,
€CNy YNCNO BXOAOB BEHTUIIA
M ¢ npuopnteTtoMm He MeHee
ABYyX

CTaBNeHus nocrneaoBaTensHoO
BO3HUKaOLMX (LenHbIX) OTKa-
30B. TaKkKe WCMonb3yloT Ans
npeacTaBlneHVs NocneaoBa-
TENbHOCTW Harpysok, crnocoob-
HbIX  Bbl3BaTb  pasBuTME
cobbITnA unn otkasa. Cneay-
€T MNPUMEHATb MapKOBCKMI
aHanua

Yucno
Cumson HaumeHoBaHune Onucanue OTHOLWeHUe k 6e30TkasHOCTU BXOAHbIX
cobbITuI
Bentuns UIA BbixogHoe cobbiTne HacTy- OTkas Hactynaert, ecnu 22
— >2 naet, ecnu Hactynaet noboe | nobas 4acTb CUCTEMbI OTKa-
| M3 BXOAHbIX COOLITUI 3biBaeT (nocnegoBaTtenbHast
: cnctema)
i
Maxoputap- BeixogHoe cobbiTe HacTy- PesepBupoBanne k ane- >3
-1 =™ HbI BEHTUIb naeT, ecny HacTynawT m unv | MeHToB M3 obliero uucna n,
: 6onee BXoAHbIx cobbituii n3|rpe m=n—k—1
i obuwero uncna n
I
BeHtuns A BeixogHoe cobbiTne HacTy- MapannensHoe pesepsu- >2
Y & naeTt, ecnum HacTynalT BCE [poBaHME W3 N OAWHAKOBbLIX
: BXOAHbIEe cOBbITUA WIMK pa3nuyHbiX BETBEN
I
[
BeHtunb U ¢ BeixogHoe cobbiTne HacTy- MpurogeH ansa npeacTae- >2
NpVopUTETOM naeT, eCNn BXOAHbIE COOLITUA [ NEHNA BTOPUYHBIX OTKA30B
HaCTynaloT NnocrneAoBaTensHO [ MNM Ans onucaHusi nocneao-
\ cneBa Harpagso BaTenbHOCTU COBbLITUI
Bentunb  3a- BbixogHoe cobbiTne HacTy-|  YcnoBHasi BEpPOSITHOCTL MNo- 2
npeta naeTt, ecnu HacrynawT o6a |sBrneHus BbixogHOro cobbiTus
BXOZHbIX COObITUSI, OQHO U3
KOTOpPbIX YCIIOBHOE
] Bentuns HE BbixogHoe cobbiTne HacTy- HecoBmecTHble  (B3aumo- 1
! naeT, ecnv He HacTynaer |uckniouaowme) cobbiTus
I BX0AHO€ coObiTHe
[
BeHTunb oue- 3aBeplatowee cobbiTne WcnoneayloT ans  npep- >3
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OkonyaHue mabnuupi A.1
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Yucno
Cumson HaumeHoBaHue OnucaHue OTHOLWeHNe k 6e30TKa3HOCTH BXOOHBIX
cobbITWI
| BeHTunb 3aBepwatowee cobbiTne MNpeacTaenenne Harpyxe- >1
pesepBsa HacTynaeT, eCNn YUCMO 3a- | HOTO, HEHarpy>XeHHOro W 4vac-
NacHbIX KOMIMNOHEHTOB MEHb- | TUMHO HarPY>XeHHOro 3anacHbIX
we Tpebyemoro vncna KOMIMOHEHTOB
CobcrBeH- CobGbiTne, koTopoe Npow- — —

Hoe cobbiTne

sowno wunu ob6sAsatenbHO
npounsonger

Hynesoe
cobbiTHe

CobbiTe, kOTOpOE He
MOXeT NPOU3ONTH
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YOK 62-192:658.562:006.354 OKC 21.020 T59

KntoueBble crioBa: HaoeXHOCTb 1 6e30TKa3HOCTb TEXHUKN, nporHosnpoBaHne 6e30TKa3HOCTN, aHanms3 aepesa
Hel/lCFIpaBHOCTeI?I
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