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MNpeancnosue

1 NMOArOTOBJIIEH OTKpbITEIM akuMoHepHbIM obliecTBOM «HayuyHo-uccnenoBaTenbCKUin LEHTP KOH-
TPONSA 1 AnarHocTuku TexHudeckux cuctem» (AO «HUL K[») Ha ocHoBe cOBCTBEHHOTO ayTEHTUYHOMO NepeBo-
[a Ha pyCCKui i3bIK MeXAyHapoaHOro cTaHAapTa, ykasaHHOro B pasaene 4

2 BHECEH TexHnyeckum komuteToM no ctaHaaptusauumn TK 10 «MeHepKMEHT puckay

3 YTBEP>X[JEH VW BBELEH B AENCTBUE Mpukasom ®eaepanbHOro areHTcTBa no TEeXHUYECKOMY pery-
NMPOBaHMI0 N METPONornm ot 24 okTsiopsa 2014 r. Ne 1429-ct

4 HacToswuni cTangapT naeHTudeH mexayHapogHomy ctaHaapTy MOK 62502:2010 «AHanuTudeckue
MeTodbl HagexHocTn. AHanus Aepeea cobbituin (ETA)» (IEC 62502:2010 «Analysis techniques for
dependability — Event tree analysis (ETA)»).

HaumeHoBaHWe HacTosILLero cTaHaapTa U3MEeHEeHO OTHOCUMTENbHO HaUMEHOBaHUSA YKa3aHHOTO Mexay-
HapoaHoro cTaHaapTa Ans npusegexua 8 cootsetcteune ¢ FOCT P 1.5—2012 (noapazagen 3.5).

Mpu NpUMeHeHNU HacTosLLIero cTaHgapTa pekoMeHAyeTCsl UCNOoMNb30BaTh BMECTO CCbITOYHbIX MeXayHa-
POAHBIX CTaH4apTOB COOTBETCTBYIOLIME UM HauMoHarbHble cTaHaapTel Poccuiickoit Peaepauun, ceeaeHns o
KOTOPbIX NPUBEAEHEI B AOMONHUTENBHOM NpunoxeHui A

5 BBEJEHBMNEPBbIE

lpasuna npumMeHeHuUs1 Hacmosiweao cmaHdapma ycmatosieHsi 8 FTOCT P 1.0—2012 (pa3den 8).
UHghopmayusi 06 UBMEHEeHUsIX K HacmositueMy cmaHOapmy nybrnukyemcsi 8 €Xe200HOM (10 COCMOSIHUIO Ha
1 sHeapst mekyue2o eoda) UHhopMayUOHHOM yKkaszamerne « HayuoHanbHbie cmaHdapmbly, a oghuyuasibHbIl
meKcm U3MeHeHUU U MonpasoKk — 8 eXeMecsIYHOM UHGHOpMaUUOHHOM yKa3amerie «HayuoHarbHbie cmaH-
Oapmei». B criyyae nepecmompa (3aMeHbl) Uniu omMmeHb! Hacmoswe20 cmaHdapma coomsemcemeyrouee yee-
OomneHue 6ydem onybnukogaHo 8 briuxallueM 8bilTyCKe eXeMeCA4YHO20 UHOPpMayUOHHO20 yKa3amers
«HauyuoraneHele cmaHOapmei». Coomeemcemeyrowjast UHghopMayus, yeedomneHue U meKkcmsi pasmelyaom-
€51 makxke 8 UHopMalyUuoHHoU cucmeme obujezo rnonb3o8aHus — Ha oghuyuansHoM calime edeparnbHo20
azeHmemea ro mexHU4YeCcKoMy pezyriuposarHuro U Memporsiozuu 8 cemu IHmepHem (www.gost.ru)

© CraHgapTuHcopm, 2015
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FOCT P M3K 62502—2014
BBegeHue

B HacTosileM cTaHgapTe ycTaHOBNEHbI OCHOBHbIE MPUHLMMBLI METOA4A aHanusa HageXHoCTH HasbiBae-
mMoro «AHanus gepesa cobbiTuiy (ETA). TOT MeTOZ UCMONb3YIOT Takke AN aHanusa pucka n 6e3onacHocTu.
OcCHOBHBIe NpuHLMNLI MeToaa ycTaHoBNeHbl B 1960 r. MeTod ETA BrnepBbie 6b1n nprMeHeH Ans aHanuaa obb-
eKTOB aTOMHOM npoMbiwnieHHocT B CLUA. 3aTeM OH NoSy4us LWMPOKOE pacnpocTpaHeHue, kak MeTod aHannsa
HaaeXXHOCTU U pUcKa U MPUMEHSICA AN aHanM3a HaeXHoCTN AAepHbIX YCTaHOBOK, a3pOKOCMNYECKUX CUC-
TeM, XMMUYeCKUX NPOoLLEeCcCoB, yCTaHOBOK Mo Aobblve HedTW U rasa, TpaHCNOpPTHLIX CUCTEM U Ap.

B npoTMBONOMNOXKHOCTE APYrMM MeToAaM aHannsa HagexHocTu, Harnpumep Mapkosckomy meToay, ETA
OCHOBaH Ha OTHOCUTENbHO MNPOCTLIX MaTemMaTUdeckmx Bbisodax. OgHako npumeHeHue metona TpebyeT Hanu-
Yns crneumanbHblX HaBLIKOB, OMNbiTa W BHUMAaTeNbHOCTU. Kpome Toro o6bl4HO NonesHo UCnonb3oBaTh B3au-
MOCBSI3b aHanu3a fgepesa HeucnpasHocTell (FTA) ¢ kKonnyecTBEHHbIM U Ka4ecTBEeHHbIM aHanMsom gepesa
cobbITWA.

B HacTosIleM cTaHaapTe ycTaHoBMeHbl o6Lwme npuHumnel ETA 1 nokasaHo ero nprMeHeHue Ans aHanu-
3a napamMeTpoB CUCTEM, OTHOCSLLMXCA K HAAEXHOCTU U PUCKY .
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HAUUWOHANBbHBIA CTAHOAAPT POCCUWMCKOW W@OEOEPALUU

MeHeKMeHT puUcka

AHANU3 NEPEBA COBbITUMA

Risk management. Event tree analysis

Data BBepgenna — 2015—12—01

1 O6nacTtb npuMeHeHun

B HacToAem cTaHaapTe ycTaHoBNeHb 6CHOBHbIE NpuHUMNLIMeToaa ETAY (aHanus aepesa cobbiTuin) n
npueeeHo pyKoBOACTBO N0 MOAENUPOBAHWIO MOCNeACTBUN MHALMUPYIOLWMX COBLITUIA, a Takke Ka4eCTBEHHO-
MY 1 KONMMYECTBEHHOMY aHanuay nokasaTenei HaaeXHoOCTU U puUcka.

B HacToseM cTaHaapTe NO OTHOLIEHUIO K aHanu13y Aepesa cobbITUI YCTaHOBNEHDI:

a) OCHOBHbIE TEPMUHbI, UCMONb3YeMble 0603Ha4eHUA U cnocobbl rpaduieckoro NpeAcTaBneHus;
) aTanbl npoLeaypbl NOCTPOEHUS AepeBa CobbITUIA;
) NpeanonoXeHus, orpaHUYeHUsA U NpeumyecTBa aHanusa ETA;
) B3aumocBsisb ETA ¢ apyrimmn MeTogamm aHanuaa HagexHoCTU U pucka 1 06nacTn npuMeHeHUst MeToaa;
) pekoMeHAaLum No onpeaeneHnto KaUeCcTBEHHBIX U KONUYECTBEHHbIX OLEHOK;

f) npakTnyeckue npumMepbl NpUMEHeHNs MeToaa.

HacTtoswwmii cTaHaapT NpUMeHUM BO Bcex crnyyasx, koraa Heobxoammo onpeaenuTb oLeHKNU nokasaTte-
nen HagexHoCTU 1 pucka.

b
c
d
e

2 HopMaTuBHbIe CCbINKK

B HacTosiLeM cTaHaapTe MCnorb30BaHbl HOPMaTUBHbLIE CCHISIKA Ha creaytolme CTaHaapTh:

M3K 60050-191:1990 MexayHapoaHbI aneKTpoTeXHNYECKUA crioBapb. Maea 191: HagexHocTb u
kayecTBo obcnyxuBaHua (IEC 60050-191:1990, International electrotechnical vocabulary; chapter 191:
dependability and quality of service)

M3K 61025:2006 AHanus gepea oTka3oB (FTA)[IEC 61025:2006, Fault tree analysis (FTA)]

3 TepMuHBI, onpegeneHns, COKpaLleHNsa n 0603Ha4YeHNNA

B HacToswwem cTaHgapTe npumeHeHbl TepMmuHel no MOK 60050-191, a Takke crneayolme TepMUHLI €
COOTBETCTBYIOLNMU OnpeaeneHusIMn.

3.1 TepmuHbl u onpegeneHus

3.1.1 ysen (node): Touka B rpacpuveckomM npegcTaBneHun gepesa cobbiTUA, UMetoLLas aAea unu 6onee
BbIXOA0B.

MpumeyaHue—VYany gepeBa cobbiTUN MOXET COOTBETCTBOBATb BEPLIMHA COGLITUI COOTBETCTBYIOWErO
AepeBa HencnpaBHOCTEN.

" ETA — Eventtree analysis.

WU3paHne opmymnansHoe
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3.1.2 o6wasna npuunHa (common cause): MNpuynHa peanmsaumnm 04HOBPEMEHHO HECKOMBbKMX COBLITUIA
(KpaTHbIX CODbLITUNA).
[M3K 61025:2006, 3.15]

MpunmMeyaHune— BHeKOTOPbIX Criydasx 4orkeH BbiTb OnpeaerneH nepuo, B TeHEHNe KOTOPOro NpoNCXoasT 3T
COBbITUSA, HANPUMEP, HECKONBKO COBLITUI MPOUCXOASAT OQHOBPEMEHHO WM B TEHEHNE KOPOTKOIO NPOMEXYTKa BPEMEHMU.

Mpumep — lMpupodHbie onacHocmu (Hanpumep, NoXap, Ha80OHEHUE), OMKa3bl MEXHUYECKUX cucmem,
3apaxkeHue uHghekyuel unu delicmeaus 4ernoseka.

3.1.3 cobbiTne (event): BosHMKHOBEHWE YCIIOBUS UNN BO34ENCTBUS.

[M3K 61025:20086, 3.8]

3.1.4 3aronoBok (headings): ®akTop 3aluTbl, yKasaHHbIN Ha NMHUA, PacronoXeHHON Haa rpadpudec-
KM n3obpaxeHuem gepesa cobbITUA.

3.1.5 uHuuuupyollee cobbitue (initiating event): CobbiTne, kKOTOPOE SIBNAETCA OTNPABHOW TOUKON Aepe-
Ba COBLITUI 1 NOCNeAoBaTENIbHOCTY COBLITUIA, KOTOPBIE MOTYT MPUBECTU K Pa3SIMYHbIM BO3MOXHBIM BbIXOAaM.

3.1.6 dakTop 3awmTtbl (mitigating factor): Cuctema, pyHKUMSA UNK ApYroi KOCBEHHbIN hakTop, cMsarda-
tOLLMIA NocneAcTBUSA UHULMUPYHOLLEro COBLITUS.

MpumeyaHune — BoMHOMMX OTPacnsiX NPOMbILLIEHHOCTM CYLLECTBYHOT SKBUBANEHTHLIE TEPMUHBI, HANPUMEp,
NMHUST 0BOPOHbI, NMUHNS 3aLLMUTLI, CUCTEMA 3alwuThl, 6apbep 6e30MacHOCTH, NMUHWS rapaHTUmM, (HAKTOP CHUXEHNSI PUCKA U
T.4.

3.1.7 Bbixog (outcome): Bo3aMOXHbI pe3ynbTaT NocneaoBaTebHOCTU COBLITUIA NOCe BCexX BO3aen-
CTBUI pacCMOTPEHHbIX (hakTOPOB 3aLNTLI, €CnK AanbHenwen paspaboTku AepeBa cobbITuii He TpebyeTcs.

3.1.8 nocnepoBaTenbHOCTL COOLITUN (Sequence): Llenoyka cobbITUA OT UHALMMPYIOLLIETO COBLITUA K
nocrneayroLwmMm cobbITUAM, NPUBOAALLAS K onpeaeneHHOMY Bbixoay.

3.1.9 rnaBHOe cobbITHe, BepluMHa cobbITui (top event): YcraHoBneHHoe HebnaronpusaTHoe cobbl-
The, KOTOpPOoE SIBNAETCA OTMNPaBHOM TOHMKON U rMaBHOM Lenbio aHanusa Aepesa HencrnpaBHocTel. 3To cobbiTue
3aHMMaeT BbICLLYIO MO3ULMIO0 B CTPYKTYpE AepeBa HEUCNPaBHOCTEN.

MpwnmeyaHwne—naBHoe cobbiTue (BEpIMHA COBLITHIA) SIBMAETCA pe3ynbTaToM KOMBMHaALMKN BCEX BXOAHBIX
CcoBbITUIA.

3.1.10 BeTBb (branch): Mpaduyeckoe NnpeacTaBneHne 0A4HOrO, ABYX UMK Honee BO3MOXHbIX BbIXOAOB
nsysna.

3.2 CokpalweHus U 0603HauYeHun
3.2.1 CokpalleHus

CCA') — aHanus npuuunH 1 nocneacTBuiA;

ETA — aHanus aepesa cobbITui;

FMEAZ2) — aHanus BWAOB U MOCNeACTBUI OTKA30B;

FTA3) — aHanus Aepesa HemcrnpaBHoOCTeR;

IRF4) — nHanBMAYanbHBIA puck rubenm yenoseka;

LESF®) — koMBuHaLus ABYX METOA0B aHarnmsa HaaeHOCTU: 6onblunx AepeBbes cobbiTuii (LE) u cooT-
BETCTBYHOWMX He6oNbLNX AepeBbeB HencnpasHocTen (SF);

LOPA®) — aHanus ypoBHeit saluThl;

RBD7) — meToa cTpYKTYPHOI CXeMbl HAAEXHOCTH;

PRAB8) — BeposTHOCTHas OLIEHKA PUCKa;

PRA/PSA®) — ananus BeposITHOCTHO OLIEHKM prcka/6e3onacHoCTH;

SELF10) — komBuHauma AByX MeTOI0B aHanmsa HaAeXHoCTU: HeGonbluMx AepeBbes cobbituit (SE) 1
6onbLInx AepeBbes HeucnpasHocTel (LF).

YccA— Cause-Consequence Analysis.
2) FMEA — Failure Mode and Effects Analysis.
) FTA — Fault Tree Analysis.
) IRF — Individual Risk of Fatality.
%) |_LESF — Large Event Trees (LE), Small Fault Trees (SF).
6 LOPA — Layers Of Protection Analysis.
Y RBD — Reliability Block Diagrams.
8 PRA — Probabilistic Risk Assessment.
9 PRA/PSA — Probabilistic Risk/Safety Analysis.
1% SELF — Small Event Trees (SE), Large Fault Trees (LF).
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3.2.2 O6o3HayeHUn
A — peanuaosaseecs cobuiTne A (MponncHas 6ykea, 3anmcaHHast Kypcueom);
A— Hepeanuaosagleecs cobbiTue A (MponucHas Byksa, 3anMcaHHasi KypcuBOM € HepTOUKON HaBepXy);

/e — peanusosaslweecs MHMLMMpPYIOLee coBbITUE (KypCUB);
O,E A B — BbiX0g, Nony4aembli B pesynbTare peanuaaumm Bcex cobbITM, yKadaHHbIX B MHAEKCE (MPONUCHLIMM KYp-
CMBHbIMK ByKBaMK, pasgeneHHbIMM 3ansTbiMK) B YKa3aHHOM B MHAEKCE NOPsAKe (CM. NpuMep Ha pUCYH-
ke 3);

o, ..., O— BbIXOAbl AepeBa cobbITUI (CTPOYHbIE rpeyeckre BykBbl);
«+» — norundeckoe «NMx»;
«.» — noruveckoe «W»;

P(A) — BeposiTHOCTb cobbITUA A. P(A) — AeNCTBUTENbHOE YMCIO U3 3aKkpbiToro uitepsana [0, 1], ycraHoBneH-
Hoe ans cobbiTusa A, cm. [25];

P(lz. A. B. 6) —BEPOATHOCTb TOTO, 4YTO MHULMMPYIoLLee cobbiTne /g n cobbiTne A nponsoLwnn, a cobbitus B n C He npou-
30LWWnum;

P(A|/g) — BeposiTHOCTb COBLITUS A, MPK YCIIOBIM PEANM3ALNM MHALMMPYIOLLLETO COBLITURA I£;
f— yacToTa (KoNNM4YecTBO COBLITUI B 8ANHULY BpeMeHu, cMm. [25]);

fs — vacrota Bbixopa &.

4 OOLee onncaHne meToaa

AHanus gepesa cobbITUiA ABNAeTCA MHAYKTUBHOM NpoLeAypoit, NpefHasHaYeHHOoN ANA MoAeNNpPoBaHNA
BOSMOXHbIX BbIXOA0B, ABMNALINXCS CMEACTBNEM peanvsaLin 4aHHOrO UHULMMpYoLWero cobbiTus n cocTos-
HUI paKTOPOB 3aLUUTHI, @ TaKKe onpeaeneHunst OLeHOK YacToThbl UITN BEPOSITHOCTU BOSMOXHbBIX BbIXOA0B AaH-
HOTO MHULMUPYLOLLero cobbiTus.

padhmyeckoe npeacTasneHne agepesa cobbiTuin TpebyeT, YUTOObI CUMBOILI, UASHTUDUKATOPBI U METKU
6bINM UCMoNb3oBaHbl NnocrnegoBaTenbHo. MpeacTaBneHne AepeBa COOLITUI 3aBUCUT OT MpeanouTeHWUA
nonb3osartens. Hanbonee yacto ucnonbayemoe rpacdunieckoe npeacraBneHne npuseaeHo B NpUnoxeHun A.

HaunHas ¢ uHMummnpytoLero cobbiTus, B npoLiecce aHanuaa ETA nccnegosaTeny nOCTOSIHHO ULLYT OTBET
Ha Bonpoc «4To npousonaeT, ecnu ...». Onupasicb Ha NofyYeHHble OTBETbI, aHANUTUK CTPOUT AepPeBO BO3MOX-
HbIX BbIXO4O0B. [103TOMY KpaliHe BaXKHO COCTaBWUThb NepeyeHb BCeX BO3MOXHbBIX MHULIUUPYIOLWUX COBBLITUA. 3TO
obecrneynBaeT To, YTO NOCTPOEHHbIE AepeBbs COBbITUIA OTpaXatoT Bce BaXHble nocneaoBaTensHOCTU cobbl-
TUIA ANns paccMmaTpuBaemor cuctemeol. Micnonbays aTy noruky, ETA MoxHO TpakToBaTth Kak MeToA npeacTtasne-
HUS MPUMEHNMBIX (haKTOPOB 3aLUThI AN AaHHOTO MHALIMMPYIOLLEro cobbITUS.

AHanus ETA nomoraeT MaeHTUMOUNLMPOBaTL BCe BO3MOXHbIE BapWaHTbl cueHapus passuTUs Hebrna-
ronpuaTHOro cobbITUs (BblAeNss Ha aepeBe cobbLITUIA BETBM ycrnexa nnu cpabaTtbiBaHnusa 1 oTkasa unn Hecpaba-
TbIBaHUSA hakTopa 3aLnTbI), KOHCTPYKLMK paspabaTeiBaemMoro 06bekTa 1 BbIsIBUTL crabble MecTa npoleaypsl.
BeTBb ycnexa sBNsSeTCS MOAENbHo YCNOBUA, B KOTOPBIX akTop 3aliuTbl AENCTBYET B COOTBETCTBUU C €ro
HasHa4eHuem (cpabaTbiBaeT). Kak 1 B criydae ApyrMx aHanuMTUYecknx Metoaos, ocoboe BHUMaHWe cnedyeT
yAensiTs MOOENUPOBAHMIO 3aBUCUMOCTA COBLITUIA, YYMTEIBAS, YTO BEPOSATHOCTU, NCNOMb3yeMble B Aepese
coBbITUIA, ABNSAKTCA YCIIOBHLIMU HA NOCNEA0BaTENIbHOCTM COOLITUA, KOTOPbIE MPOM3OLLINN A0 peanu3aLl i pac-
cMmatpusaemoro cobbiTis. B pasgene 8 paccMoTpeHbl KauecTBEHHbIe acneKThl aHannsa, a TakKe OCHOBHbIe
KONNYECTBEHHbIE NpaBuna BblYMCNEHUS OLEHOK BepOSITHOCTM UK YacToThl (1/4) ans kaxgoro Belxoga. He-
CMOTPS Ha TO, YTO TEOPeTUHECKUN C MOMOLLbIC AepeBa cobbITUIN MOXHO MOAeNMPOoBaTh NocneacTBUSA OLWNGOK
onepaTtopa Wnu nporpaMMHoro obecnevyeHusi, B HacTosilLeM CTaHOapTe 3TW BOMPOChI HE PacCMOTPEHbI.
AHanuay aTnx npobnem nocesLeHbl apyrie ctaHgaptsl MOK, Hanpumep, MOK 62508 [23] n MOK 62429 [22].

Mpenmyluectsa ETA ans aHanusa HageXXHoOCTV U pucka, a Takke ero orpaHuYeHns, paccMoTpeHbl B pas-
aene 5. Mpumepom orpaHudeHnii ETA siBnsieTcs nccneaoBaHne BpeMeHHbIX 3aBrucMocTein. OLeHKU B Takoi
cUTYyaL MM Heo6XoaAnMo onpeaenaTs O4eHb OCTOPOXKHO, MOCKOMbKY 3TO MOXET BbITb MPaBUbHO cAENaHo ToMb-
KO B OTAeNbHbIX cnyyasx. Ana uccnefoBaHUs BpeMEHHBIX 3aBUCUMOCTe paspaboTaHbl cneumanbHble MeTo-
Obl, Takne Kak MeTod AMHamudeckoro aHannsa gepesa cobblTUin. MeToq gMHamMUYecKkoro aHannsa gepesa
coObITUIA He PacCMOTPeH B HacTOsALWEeM cTaHaapTe, O4HAKO, COOTBETCTBYIOLUME CChINIKA BKIHOYEHbl B
6ubnuorpaduto.

MeTog ETA TecHo cBsizaH ¢ MeToaom FTA, nockonsky BeposATHOCTb rnaBHoro cobbitua FTA nossonseT
onpeaenuTb YCrOBHYH BePOATHOCTb Ans yana ETA. 31o 6bonee nonHo onncaHo B pasaerne 6, rae paccMoTpeHa

3
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cBa3b Mexay ETA n gpyrumun aHanMTuieckumm Metogamu, TakMMu Kak aHanus npuuauH unocneacteuin (CCA)n
aHanus yposHen 3awutbl (LOPA). Metogq CCA koMBUHUpPYeT aHanus NpuunH ¢ aHanusom nocneactsuin U
ncnonbsyeT AeAyKTUBHBIA U MHAYKTUMBHLIA aHanua. MeTton LOPA 6bin paspaboTtaH gnst nepepabatbiBatoLuenn
NPOMBILLNEHHOCTU B BUAe cneuyansHon agantaumu ETA.

B pasgene 7 yctaHoBneHa npouedypa nocTpoeHusl Aepesa cobbITUI, HauMHaoLWasicsl C 4eTKoro onpeae-
neHna uccnegyemMon cuctemol. Kpome Toro, B pasgene 7 paccMOTpeHbl pasfnuyHble acnekTbl nccnegyemomn
cUCTeMbI (TEXHUYECKUIA, YernoBeveckuii U cbyHKUMOHanNbHbIN) U Heobxoaumas rnybuHa aHanunsa. [ipyron Bax-
HOW 3agavein siBnsieTcsl cocTaBneHne nepeyHsi CoOoTBETCTBYHOLLUX MHULIMMPYIOLMX COBBITUNA.

Ha pucyHke 1 u3obpaxeHbl OCHOBHbIe aTanbl BbinonHeHuss ETA. CnegyeT yuuTbiBaTh, 4TO NpoLECe pas-
paboTku AepeBa cobbITUIA IBNSIeTCS UTEPALUOHHBIM.

Jran 1. Otan 3. Sran 4. S7an 6.
Onpepenetue Oran 2. WneHTudukaums OnpepeneHve Sran 5 MpumeHeHue
uccneayemoii :> WpeHTudukauun :> tbakropoB :> nocreposa- $ AHanu:; L \| pesynbTatos

CUCTEMBI WMHULIMMPYIOLNX 3almTHI TenbLHOCTEeN, BLIXOJIOB ] aHanu3a
unu cobbITUin 1 buanyeckux BbIXO/I0B Y UX nepesa
AeATenbHOCTU SIBIEHWIA KBaHTMpOBaHWe CcOBbITUI

PucyHok 1 — lMpouecc pa3pabotkv aepeBa cobbiTui

B pazgene 9 kpaTko ykasaHbl Tpe6oBaHUS K AOKYMEHTUPOBaHMWIO aHanusa v ero pesynbTaTos.
B npunoxeHun A npuseaeHsl Hanbonee ncnonbsyemoe rpacduyeckoe NnpedcraBneHne gepesa CobbITUIA.
B npunoxeHune B npuseaeHsl nprmepsl ETA ana xapakrepHbix obriactei ero ucnonb3oBaHusl.

5 MMpeunmywecrtsaun orpaHnyeHusi ETA

5.1 MNpeumywecrtea Metona ETA

MeTtoa ETA o6nagaet cneayowmmn npermMyLiectsamu. Metoa

a) NpuMeHUM K cuctemam nrboro TMna;

b) obecneunsaeT BU3yanbHOE NpeacTaBneHne nocneaoBaTenbHOCTUM CODBITUI NOCne peanusaunn UHKu-
uunpytoero cobbIiTus;

C) no3BoMsieT MOSyYNUTb OLLEHKY HEeCKOMbKUX OAHOBPEMEHHbIX OTKA30B CUCTeMbl (Hanpumep, gedekT
CUCTEMbI KOHTPONS) UMW e€ OTKA30B (Hanpumep, HecrnocobHOCTb KanaHa 3akpbiBaTbCsl), a TakKe Apyrux 3aBu-
CUMbIX COBbLITUN;

d) npuMeHUM 4nsa UccnegoBaHus, Kak yecrexa (HopManbHoro (oyHKLMOHMPOBaHUS), Tak U 0TKasa cucTe-
Mbl;

e) nossonseT naeHTMULMPOBaTL KOHEYHbIE CODLITUSI, KOTOPbIE MHAYe HEBO3MOXHO NMPOrHO3MPOBaThb;

f) noseonsieT naeHTUOULNPOBATL BO3SMOXHbIE €QUHUYHEIE OTKasbl, 0b6nacTn ysisBUMOCTU CUCTEMBI Y
mManoacgeKTMBHbIE KOHTPMepbl. MeTo obecnevnBaeT onTuMarnsHoe pacnpegenieHue pecypcoB U ynydlle-
HUe KOHTPONA pUcka Yepes ynydlleHne npoleayp v pyHKUmiA GesonacHocTy;

g) AonyckaeT naeHTUMUKaLMIO U NPOCEXUBAaEMOCTb MyTel pa3BUTUSA OTKa3a CUCTEMbI;

h) nossonsieT npeacTaBnATL 60sbLLNE M CIOXKHBIE CUCTEMBI B BUAE Bonee NpocTbiX C MOMOLLbIO Fpynnu-
POBKW YacTei uccnegyemoin cuctemsl B pyHKUNOHamNbHbIE eAUHNLBI U MOACUCTEMBI.

Mpeumywectsom ETA No cpaBHEHUIO CO MHOTUMW APYTUMX METOAaMU aHanmnsaa prcka siBNAeTCA ero cno-
coBHOCTL MogennpoBaTh NocneaoBaTenbHOCTUM U B3aMMOAENCTBUS pasfMuHbIX (DakTOpOB 3aluMThl, CONpo-
BOXAAOLLMX MOSABEHNE MHALMUpPYIoLLEero cobbiTus. Takum 06pa3om, cucteMa 1 ee B3anMoaeNCcTBIsS CO BCeMM
hakTopamm 3aLnThl NpY PasBUTMM HeBMaronpUSATHOrO CLIeHapUs CTaHOBSITCA HarnsaHo npeacTaBeHHbIMU,
YTO crocobCTRYeT ANA AanbHeNLWen OLEHKN pucka.

5.2 OrpaHuyeHuUs MeTopa

K orpaHuyerunam ETA oTHocaTcs orpaHndeHus, obLume Ang Bcex MeTodoB aHannsa HaaeXxHoCTH:

a) UHULMUPYoLLMe COBLITUSA He MOryT BbiTh BbISIBIEHbI C MOMOLLLIO aHanusa, 3To 3agada cneLmanmncTos,
COCTaBNALWMX 06LLUIA NepedeHb MHULUUPYHOLLMX COBLITHR;

b) npu ucnonb3oBaHWU MeToAa HeoBGXOAMMO BOBIIEYEHWE CNELMarnicToB, cCocTaBnsAloWMX obLlee onu-
caHue cueHapues dYHKUMOHUPOBaHWS CUCTEMBI;

C) MOryT BbITh NMPOMYLLEHbI CKPLITbIE CUCTEMHbIE 3aBMCMMOCTM, YTO MPUBOAMUT K USMLLHE ONTUMUCTAY-
HbIM OLIeHKaM rnokasaTtenei HaaexXHOCTM U pUCKa;

4
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d) Ans npaBunbHOrO BLIMUCIEHUS YCIIOBHBIX BEPOSITHOCTEN U KOPPEKTHON 06paboTku 3aBUCUMBIX COBbI-
TUiA HeoBxoaMM NpaKTUYECKUA onbIT paboThl ¢ METOAOM, a Takke npeablayLine pesynbTaThbl UCCNIef0BaHNA
CUCTEMBI;

e) oLeHka 1 obpaboTka BepOATHOCTEN, 3aBUCALLMX OT BPEMEHU MOXET ObITb BbINOMHEHA TONbKO ecrnu
NCTUHHAsA BEPOATHOCTb UM UHTEHCUBHOCTbL OTKa30B CUCTEMbI MOCTOAAHHA UMW eCIn A1S BOCCTaHaBIMBaeMON
cucTeMbl BbICTPO HacTynaeT yCcTolunBoe HepaboTocnocobHoe cocTosiHNe. ATO cneayeT yunuTbiBaTh B criyvae
nepuoanyeckn NPoBepPsAeMbIX CUCTEM;

f) Apyroi TpyaHbIA acnekT paboTbl ¢ BPeMEHHOW 3aBUCMMOCTbLIO OXBaTbiBaeT BGLICTPO MeHstoLmecs
CUTyaLMK, HanNpumep, Koraa Kputepum yenexa chakropos 3alluTbl USMEHSIIOTCS B 3aBUCUMOCT Y OT cpabaTbiBa-
HUSA NpeLlecTByOWNX hakTopoBs 3awmnThl. OBbIMHO B 3TOM Criydae genaroT npegnorioxeHus, obecnevnsato-
LMe nofyyeHne rapaHTUPOBaHHbIX OLEHOK;

g) cuTyauun, korga npebbiBaHne ob6bekTa B HEKOTOPOM COCTOSIHUM Bonee yCcTaHOBMEHHOro BpeMeHu
MOXEeT NPUBECTU KOTKa3y, TPYAHO CMOAEeNMPOBaTh C NOMOLLbIo AepeBa cobbITUIA (Hanpumep, MeaneHHas yTey-
ka Bo3dyxa U3 aBToOMOBUMILHOM kamepbl);

h) 3aBMcMMOCTM B AepeBe cobbITURA, Hanpumep, 13-3a 3aBUCUMOCTEN MHULUNPYOLLEro coBbITUA OT hak-
TOPOB 3aLnThl, He0BX04UMO BHUMaTeNbHO UccriedosaTth. OgHaKo cyLWwecTByeT N1Lb HECKOMNbKO MeTOA0B aHa-
nM3a noaxodswmx anst obpaboTkM 3aBUCMMBIX OTKa30B. [Nsi 3TOro MOXeT oKasaTbCH Moaxoasien
kombunHauua FTAn ETA;

i) HECMOTPS Ha TO, YTO MOXET BbiTb MAEHTUPULMPOBAHO HECKOLKO NocreaoBaTenbHOCTEN cobbITURA,
MPUBOASILLMX K OTKA3y CUCTEMBI, Pa3Nnyns B 3HaYMMOCTU OMacHOCTEN, CBA3AHHBIX C KOHKPETHLIMU BbIXo4amMu
MoryT 6bITb He pa3nuunuMbl 63 AONOMHUTENBLHOrO aHanunaa.

6 Bsanmocea3sb C ApyrmumMmv aHannTtTn4eCKUMM metogamm

6.1 KomM6uHauma ETAnFTA

Ha npakTtuke ETA nHoraa BeIMONHAIOT Kak CaMOCTOATENbHbBIA aHanus, a B ApYrux cry4asx B komouHaunm
cFTA.

MeTog FTA nossonsieT uaeHTUMULNPOBATL M aHaNM3NpoBaTh YCIOBUS U (haKTophl, Bhi3biBaloLmMe unn
cnoco6CcTBYyOLLME peanmnsaLn KOHKPETHOro onacHoro cobbitns (cm. MOK 61025).

WMcnonbsoBaHue kom6uHauum ETA n FTA nossonsieT npeoaoneTs MHorve 13 HegoctaTtkoB ETA, Hanpu-
Mep, MPW KONMYECTBEHHOM aHannae MoryT BbITb y4TeHbl 0TKasbl 0OLLen NpUYMHBI (0TKasbl Mo 06LLen npuimHe).
Takum o6pasom, kombuHaLms ETA n FTA sensieTcss MOLLHBIM METOA0M aHanusa HagexXHOCTU U pucka.

O6b14HO ncnonbayoT kombuHauuio ETA n FTA (Horga HaselBaeMyto aHanmMsom NpuUYvH U NocneacTsuin
(CCA))(cm. [30], [36]). MeToa FTA MoxeT 6bITb MUCMOMNb30BaH Ans onpeAeneHns oLeHKM YacToThl fpeanusauum
nHULMmpytowero cobbiTusa B ETA. CnieqyeT 3aMeTUTb Takke, YTO YCIIOBHbIE BEPOSITHOCTU COBLITUIA B ocnedo-
BaTenbHOCTWN cobbITUIA YacTo BbIMMCAALOT ¢ noMoubio FTA. OgHum u3 npumepos, rae ucnonb3oBaHbl ETA v
FTA, siensietca metog PRA (BeposiTHOCTHas oLieHka pucka), paspaboTaHHbIil nepBoHavanbHO Ans aHanMsa
HaAEeXXHOCTU aTOMHOWM 3NEKTPOCTaHLUN.

B npuHuune, passutue ntoboro MHALMMpYoLero cobbiTusi MOXeT BbITb UccrnefoBaHo ¢ noMoLbio ETA.
OpHako B HEKOTOPbLIX Cy4asax 3TO MOXET 6bITb HEBO3MOXHO MO OAHON U3 CrieayoLWUX NPUYNH:

a) UTOroBble AEPEBbLSA MOTYT CTaTb O4EHb CIIOXHBIMU 1 HEOB03PUMBIMK;

b) nHoraa nerye paspaboTaTb B3aMMOCBSA3W MPUYMH, YEM NMOCNeAoBaTeNbHOCTb CODLITUN;

C) 4acTo UMetoTCs OTAeSbHble KOMaHAbl, BbINOSHSOWMNE (PYHKUMOHAMNBHBIA U TEXHUYECKUA aHanu3.
OpHako 3aBUCUMOCTU Mexay yHKUMOHaNbHOW obnacTtbto (Hanpumep, NpaBuiaMy BeINMOMHEHUs Npoueayp,
TEXHUYECKOro 0BCNYXMBaHNA) U TEXHUYECKON 0BnacTbio (MccreayemMon CUCTEMOI) He Beeraa sICHbI B Havane
aHanuaa. Takum o6pasom, Ha NpaKkTKe, BO3MOXHbIE COBbITUSA, CBS3aHHbIE C 3aBUCUMOCTAMM (byHKLUMOHarb-
HOWM 1 TexHWYeckon obnacTtei onpedensiioT B NepByto ovepedb. B 4acTHOCTU, 0BbIMHO eANHUYHbIE OTKas3bl
NCKIOYEHbl KOHCTPYKLIMEN CUCTEMBI, Hanpuvep, BCNeACcTBME OTKa30yCTONYNBOTO NPOEKTUPOBaHUA, U Takum
obpasom, metoa ETA He Oo/KeH NPUBECTU HEMOCPEACTBEHHO K TSXKErbIM NOCNeACTBUSAM NPU peanusauum
eQUHNYHOro oTkasa 6e3 ganbHenWnX BO3MOXHbBIX (haKTOPOB 3aLLUThI.

MoxHo BbIGpaTh o0AMH U3 ABYX NOAX0A0B ANst 00beanHeHUs AepeBa cobbiTvil U AepeBa HEUCTIPaBHOC-
Tei. OauH noaxoa — aT1o noaxoa LESF. Ecnun aepeBo cobbITWin nMeeT TeHAEHLMIO CTaHOBUTbCS HE0603pUMo
BonNbLUMM, MOXeT b6bITb Ucnonb3oBaH noaxod SELF.

B noaxoae LESF cocTosiHMe Bcex cucTeM, KoTopble nogaepkunsatoT paboTy mccneayeMon cuctembl
(manee cucteMbl OAAEPXKKA) NPEACTaBnsAoT B BUAE AepeBbeB cOBbITUN. [NaBHbIe cobbITUS AepeBbeB Heuc-
NpaBHOCTEN UMEIOT rpaHUYHbIE YCIIOBUS, KOTOPLIE BKIOYAOT NPEAnonoXeHne 0 TOM, YTO CUCTEMbI MOAAEPXKKM
HaXOAATCA B KOHKPETHOM COCTOSIHUM, COOTBETCTBYHOLUEM MccrieQyeMol nocneaoBaTenbHOCTU COBbITUNA.
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OTaenbHble AepeBba HEUCNPaBHOCTEN UCNOMbL3YIOT ANA Kaxaoro Habopa rpaHUYHbIX YCIIOBUIA UccneayemMon
cucTeMbl. 3TU oTAENbHBIE AEPEBLA HEUCTIPABHOCTEN, NOMYYEHHbIE U3 eAUHCTBEHHOTO iepeBa HEUCNPaBHOC-
Teln, KOTOpOoe BKIMIOYAET CUCTEMbI NOAAEPKKW, CBA3AHHbLIE C KOHKPETHOW MocrneaoBaTeNlbHOCTbIO COBLITUNA,
06ycnoBneHbl COCTOSIHUEM CUCTEM noaaepkkn. AToT noaxoA npeactasnseT LESF, nossonsiowmii asHo npea-
CTaBUTb CyLIEeCTBYIOLME 3aBUCUMOCTU. Tak Kak OHU CBSI3aHbl C MEHLLUMMU AePEBbAMU HEUCNIPABHOCTEN, OHU
TPebYOT MEHbLUMX KOMMBLIOTEPHBIX PECYPCOB U MPUMEHEHUS MeHee CIIOXKHbLIX KOMMbIOTEPHBIX NPOrpamMm.
OpaHako CNoXXHOCTb AiepeBbeB COBLITUI BLICTPO YBENUUMBAETCS C yBENUMYEHWEM KONUYecTBa cucTeM noaaep-
KU 1 COCTOSIHUIA KaXKA0M CUCTEMBI Moaae pPXKKU, KOTopble NpeAcTaBneHbl B Aepese cobbiTuit. Kpome Toro, npo-
uecc onpegeneHust KoNMYecTBEeHHbIX OLLEeHOK SIBNSIETCA AOCTaTOYHO POMO3OKUM U 3aBUCUT OT BO3MOXHbIX
onnolHocTen n owmnbok yenoseka. Moaxoa LESF He no3sonsieT siBHO onpeaenvTb, Kakne koMbuHaumm oTka-
30B CUCTeM NoAAepXKU NPUBOAAT K OTKasy uccrnegyemon cuctembl (3T koMBbuHauum nHorga HasbiBaloT
«NUHUEN hpoHTa cUCTEMbI»). YNPOLEHHbIN NpuMmep Takoro 6onblioro Aepesa cobbITUI NpeacTaBneH Ha
pucyHke B.1 (cm. Taicke [31]).

B noaxopne SELF aepeBbs cobbITUI ¢ UHALMUPYHOLLIMM COBbITUEM U (DYHKLIMSIMU 3aLLMTHI, BbINOMHAEMbIMA
pasnUYHbBIMU CUCTEMaMU 3aLUMTBI, YKa3aHHBIMU B rofioBke Tabnuubl Bbille n3obpaxeHus aepesa cobbITUiA, CHa-
Yyana paspabaTbiBaloT, a 3aTeM paclmMpAoT 40 AepeBbeB COOLITUN CO CTaTyCOM NMHUMK (bpoHTa cucTeMsbl. Moae-
N1 gepeBa HeucnpaBHOCTEN cUCTEeMbI pa3pabaTbiBaloT OT IMHUMA (PPOHTA CUCTEMDI K FPaHULIAM C cUCTEMaMU
nogaepXkkn. [lepeBbst HEUCMPABHOCTEN CUCTEM NOAAEPXKKU MOTYT ObITb pa3paboTaHbl OTAENBHO M 3aTEM 06 b-
eaunHeHbl B Moaensx nuHu1 dopoHTa cucTeMsl. Takon noaxoa chopmupyeT AepeBbsi COBbITUI, KOTOPbIE ABNSIIOTCSH
6onee kpaTkuMu U gonyckaloT o6beauHeHHoe NpeacTaBneHne nocrnegoBaTenbHOCTU HebnaronpusATHBLIX CoBbI-
TuiA. Kpome Toro, Hebonbluve aepeBba cobbiTUA Bonee 4OCTYNHBI AN COCTaBMEHUS KOMMbIOTEPHBIX MPOrpamm.
OpgHako, 3aBMCUMOCTA U 3HAYUMOCTb COOTBETCTBYIOLLMX CUCTEM NOAAEPXKKA OCTAOTCS HE BbisIBNEHHbIMU. Teo-
peTnYecK1in npumMep Takoro HebonbLLIOro AepeBa cobbITU NpeacTaBneH Ha pyucyHke B.3 (cm. [4]).

6.2 AHanus ypoBHe# 3awuTbl (LOPA)

MeToa LOPA npeactaBnsieT coboit ocobyto cTaHgapTusnpoBaHHyto coopmy ETA, KOTOPYIO UCIONb3YIOT B
KayecTBe MeToAa YNpOLEHHOro aHanusa pucka, afantTMpoBaHHOro Anst KOHKpeTHBIX yenosuin. Metoa LOPA
npUumeHsoT B hopMe paboyero nnucTa, aHanormiHo NpuMeHAeMoMy Npu BbINOTNHEHWN aHanu3a BUA0B U nocne-
AcTBuin oTkasoB (FMEA). Uhuunnpyrowme cobbiTua hUKCUpYIOT B CTPOKax, @ pasfiMiHble YPOBHU 3aLluThl
(npeacTaBnsoLLME CTAHAAPTM30BaHHbIE (haKTOPbI 3aLUTEI) — B KOMoHKaX. Takum obpasom, nobyio nocneno-
BaTeNbHOCTb COBLITUA, NPeacTaBneHHyo B cooTBeTCTBUM ¢ LOPA, MOXHO Takke paccMaTpuBaTth Kak faHHble
ans ETA. Ina uenei aHanusa pucka ypoBHM 3HAYUMMOCTM (MIU OMACHOCTU) Takke 06beauHsAloT B pabounia
nucer.

Moatomy LOPA MoxHo paccmaTpuBath kak ETA ¢ orpaHiyeHHbIM HABopoM BO3MOXHbIX (hakTOPOB 3aLL -
Thl ANt KOHKPE THBIX YCNoBuiA. MeToa 06bIYHO UCMONb3YIOT B NpoMbILLNeHHocTU. Bonee noapobHo metoa LOPA
onucaH B [1] n[5].

6.3 KombuHauua c opyrumu metogamu

MeTton ETA moxeT 6bITb 06beMHEH ¢ NMobbIM ApYrM METOA0M, MPUTOAHBLIM A1 ONPeaAerneHnst BeposiT-
HOCTU ycnexa uny oTkasa CooTBETCTBYIOLLMX (hakTOPOB 3alumTel (Hanpumep, meTogom MapkoBa unm 61ok-cxe-
Mbl HagexxHocTu (RBD), cm. [16]), Ho B 3TOM criydae, Apyrue MeToabl ciyXaT TonbKo AononHeHnem ETA.

B cnoxHbIX crnydasx unm npu 3aBUCUMOCTU (OYHKLUMOHUPOBAHWUSA CUCTEMBI OT BpeMeHU (cM. 8.3.2), MOXHO
ucnonb3oBaTb MapkoBckue MeToabl C yHETOM BCEX UMEIOLLIMXCSl OTpaHUYeHWIA. s nony4YeHust A0NONHUTEb-
HoW UHdopmMauum cm. [17].

Opyrum 6nmMskum MeToAoM aHanuMsa HaJeXHOCTU SIBNSIETCS aHanu3 BUMAOB W NOCNEACTBUA OTKa3oB
(FMEA) (cm.[13]), koTopbil sBNsieTcA popManu3oBaHHOM NpoLieiypor aHanm3a cucTemMbl s BbisiBIIEHWS BO3-
MOXHbIX BUAOB OTKA30B CUCTEMBbI, UX NpUYKH U nocneacteuid. Metoag FMEA nomoraeTt ngeHtudpuuynposatb
3HAYUMOCTb BO3MOXHBIX OTKa30B U YCTAHOBUTb, Kakue (hakTopbl 3alMThl BKITHOYAET KOHCTPYKLIMS OIS CHUKE-
HWUA BEPOSITHOCTU OTKA30B CUCTEMbI 40 AOMYCTUMOTrO YpoBHS. MepBbiM aTanom paspaboTku AepeBa coObITUM
MOXeT 6bITb UAEHTUhUKALIUA OCHOBHBIX OTKA30B CUCTEMBI, KaK BO3MOXXHBIX UHALMUPYIOLLIMX COBLITUIA.

MeTtoabl Mapkosckoro mogenuposanus, RBD n FMEA ycTaHoBneHbl cooTBeTcTBeHHO BMOK 61165 [17],
M3K 61078 [16] n MOK 60812 [15].

7 PaspaboTtka gepeBa coObLITUIA

7.1 O6wmMe nonoxeHus

CobbITus, onpeaensioLme nocneaoBaTensHOCTU COBLITUI, 0BLIYHO XapaKTepusyioT Mno:
a) cyHKUMAM: BbINOMHEHUE (He BbINoNHeHWe) cbyHKUMNA, kak pakTop 3aluThl;
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b) cucremam: BozgencTeme (MM HET) CUCTEM 3aLLUTLI KaK haKTOPOB 3aLLMThI, KOTOPLIE MO NPEANosioXe-
HUIO OOMMKHBLI NPEAOTBPaTUTL PasBUTME UHULMUPYIOLLErO coBbITUA B HEBNAronpusATHYIO CUTYaUuio, yMeHb-
LINTb HeBnaronpuATHLIe NOCNeACTBUS UMW NPUBECTM K 0TKasy (hakTopoB 3alLMUThI;

c) hU3n4ecKUM ABNEHUAM: BOZHUKHOBEHWUE N HE BO3HUKHOBEHWE (DU3NYECKUX SIBNIEHWIA.

Kak npasuno, naeHTuduumpytoT BHavare ¢yHKUMA, KOTOpble He06X0AMMO BBINOSHUTL MOCcne peanusa-
LMK MHUUMMpYtowero cobbiTus, a 3aTeM cucTeMbl (hakTopbl 3aLWmThI), KOTOPbIE MOTYT BbINOMHUTL 3TU (PYHK-
ummn. dusndeckme ABNEHUA ONUCLIBAIOT pasBUTUE HeBNaronpuATHOro CobbITUs, UMeloLLee MecTo BHYTPU 1
CHapyXu uccnegyemoit cuctembl (Hanpumep, U3MeHeHue AaBneHnA WU TemnepaTypbl, NOABAEHUe OrHS,
A00BUTHIX NAPOB U T. M.).

O6nacTb NpumeHeHua u uenb ETA gomkHbl 6bITb YETKO onpedeneHbl 40 BbINOMHEHUS AeACTBUA B COOT-
BeTCTBUM C7.2.

7.2 Jtanbl BbinonHeHuna ETA
7.2.1 O6wasn npoueaypa

Mpoueaypa BbinonHeHNs ETA (CM. pUCYHOK 1) COCTOUT U3 LLIECTWN 3TanNoB:

Ortan 1. OnpegeneHune nccnegyemMoi CUCTEMb UMW AeATENbHOCTU (CM. 7.2.2)

YcTaHaBNMBaOT rpaHuLLbl CUCTEMbl UIU AeATENBHOCTU, ANl KOTOPbIX Heo6XxoAUMO BbINONHUTL ETA.

Otan 2. NaeHTudukaums nccnegyemMbix UHULMUPYIOLWNX COBbITUIA (CM. 7.2.3)

MpoBoaaT obLee paccMOTpeHUe (CKPUHUHT) BceX cobbITuiA Ans naeHTudukaunm cobbITin unu kaTero-
puia cobbiTu, paccMaTpuBaemblx B ETA. KaTeropuu cobbITuil MOryT BKIlOYaTbL CTONKHOBEHUA, BO3ropaHus,
B3pbIBbl, AA0BUTLIE BbIBPOCHI U T. M.

Otan 3. NaeHTudukauuns akTopos 3awmnThbl U hrusmdeckux sneHui (cm. 7.2.4)

BbISiBNAOT hakTopbl 3aLKThl, KOTOPLIE MOMYT NOBMUSTL HA Pa3BUTUE UHULIMUPYIOLLEro cobbITUA Ao ero
HebnaronpuaATHbIX nocneacTBuUi. PakTopbl 3aliMTbl OXBATLIBAKOT KaK TEXHWYECKUe CUCTEMBbl, TakK W
neicteus/pelweHuns nogen. Kpome Toro, naeHTudUumMpyioT dusmyeckue SIBMeHUs U BTOPUYHbIE cOObITUS,
TakuMe Kak BO3ropaHue Unmn mMeTeoponiorMyeckue ycrosusi, cnocobCTylolmMe pasBUTUO HeGnaronpuaTHoOM
cUTyauum 1M uHugumpytowero cobbitua. [epeBo cobblTUiA AOMKHO BKIOYaTh BCe (haKTOpbl 3aWUTbl U
huanyeckune asneHms (cMm. 7.1).

Otan 4. OnpeaeneHue nocneaoBaTenbHOCTUM CODLITUI U BLIXOAOB, OnpeAeneHne UX KOrM4eCcTBEHHbIX
napameTpos (cMm. 7.2.5)

Ons kaxgoro vHULMMpYoLerc cobbiTust onpeaenaoT BO3MOXHbIE BbIXOAbLI (HanpuMep, cueHapuu
HeCc4YaCTHOTO Cryyasi) U BEIMOSHSIIOT UX KONTMYECTBEHHBIA aHann3 Ha OCHOBE NOCTPOEHHOIo AepeBa COBbITUN.

Otan 5. AHanus BbIXodos (cM. 7.2.6)

Beixoabl aHaNM3mpyoT B OTHOLLEHWN UX NOCIeACTBUIA U BO3AEACTBUI Ha pe3ynbTaTkl aHanusa.

OTtan 6. WcnonbsosaHue pesynetatoB ETA (cm. 7.2.7)

Ha ocHoBe KayeCTBEHHbIX WU KONMMYECTBEHHLIX pPesynbTaToB aHanusa onpeaensalnT Heobxoanmble
AeicTBNS.

7.2.2 3tan1. OnpepeneHue uccneayemMon cucTeMbl UNU AeATENLHOCTU

Mpw BbINnonHeHUn ETA paccMaTpusatoT cnocobbl passuTUs MHALMUPYLOLLEro cobbiTusl B onacHoe cobbl-
TWe, BKNoYas 0TKasbl pasnmyHbIX pakTopoB 3aluTbl. BHUMaTenbHble uaeHTudnkauus 1 uccnegosaHme gak-
TOPOB 3aLLUThI ABMSIHOTCS BaXKHbBIM 3TANoM oLeHKU 3 ekTUBHOCTN.

OueHb Mano peanbHbIX cucTem paboTaeT B nsonaunn. B 6onblumHCTBE criyyaeB cucteMa B3aumogen-
CTBYeT CApYrumMu cuctemamun. YeTko onpedensis rpaHnLbl CUCTEMbI, B OCODEHHOCTY MPU HaNM4YMm cuctem noa-
OEPXKKN, Takmx Kak anekTpocHabxeHue 1 obecnedeHve cxaTbiM BO3AYXOM, aHanWUTUKA MOryT usbexatb
nponycka OCHOBHbIX 31EMEHTOB CUCTEMbI B MHTepdelicax Uin oLMBoYHOro paccMOTPEHNA B KaYecTBe ane-
MEHTOB CUCTEeMbI Apyroro ob6opyaoBaHus.

TeopeTunyeckn B ETA MOXHO BKITHOYaTb BCE COBLITUS U YCIOBUSA, KOTOPbIE MOTYT CNoco6CTBOBATL peasnu-
3auun onpeaeneHHoro Bbixoda uUnu obecneynTb HEKOTOPbIA YPOBEHb 3aluThl OT UCCNEeLYyEeMOro OnacHoro
cobbITus. OgHaKko BKITHOYaTh BCe BO3MOXKHbIE BbIXOAbl B UCCMeAoBaHUe He MpakTuiHo. Bo MHorux uccnegosa-
HUSIX ONPeAenstoT Takne aHanuTUIecKne rpaHnLbl Kak:

a) npegenbHbIi ypOBEeHb aHanmsa (HanpuMmep, aHannTUK Npu 3y4eHnM HaBMUral MOHHOM CUCTEMbl MOXET
MPUHATbL peLleHne deTanbHo He aHanManpoBaTh NPobremMbl CUCTEMBI pacrnpeaeneHns SNeKTPO3HePrn);

b) ncknroyveHne U3 aHanmnsa onpeaeneHHbIX TUNoB COBbITUIA MW YCIOBUIA, TAKUX Kak caboTax.

HauyanbHoe cocTosiHne cucTeMel, BkIouasi 060pyaoBaHue yxe Bbllleallee U3 CTposl, CBA3aHO ¢ KoMbu-
HaLmen cobbITUA, NpUBOASLLEN K NOCNeayoWMM BbixodaMm. Hanpumep, ecnin sawimTtHas 6r1oKnMpoBKka perynsip-
HO yaansieTcs U3 obcnyxmBanus, AepeBo cOBbITUN AOMKHO BblTb U3SMEHEHO AN OTPaXeHUs1 N3MEHEHHbIX
cLeHapueB, CBSAA3aHHbIX C NOTeHLMansHo 60n1ee BbICOKMM PUCKOM.
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7.2.3 3tan 2. UaeHTUdUKauua uccnegyembIX UHULUUPYIOLWUX COGLITUN

Ha atom aTtane o6blMHO UCMONbL3YIOT pasnuuHble MeToAbl MAeHTUdUKALMN ONacHOCTeW Takue Kak:
«4TO — ecnuy», NpeaBapuUTenbHas oLeHKa v NpeaBapuUTenbHbIi aHanuM3 oNacHOCTU ANA NPoBEAeHUA cUcTe-
MaTU4YECKOM OLEHKU OENCTBUI B pamMKax uccnegoBaHuns. 3ToT aTan nomoraeT naeHTuMumpoBaTb onacHoOCTU
1 BO3MOXHbIE UHULIMUPYIOLWME COBLITUA, KOTOPbIE ABMAIOTCA CNeACTBUEM 3TUX onacHocTel. Takue meToabl
naeHTUbMKaLKM HanpasneHbl Ha UCCcefOBaHUA BCexX AeNCTBUI B 06nacTu onpeaeneHna aHanusa u uaeHTu-
chrKaLmIo BCeX BO3MOXKHBIX UHULMNPYIOLLMX COBBITUIA 1 BBIXOAOB, CBA3AHHBIX C3TUMN COBBITUAMKU. OBLWNIA cnn-
COK 1 onucaHne meToaoB npueeaeHbl B [12]. B pesynbtate uageHTUdUKaLUN 06bIMHO hOPMUPYIOT CIIMCOK
BO3MOXHbIX COBLITUIA 1 NX NOCNeACTBUNA.

3atem gomkHa 6bITh NocTaBneHa obwasn uenb naeHTudukaLmm Bcero cnektTpa cobbITUin, KoTopble MOTyT
npousontu B obnactu onpeaenerus ETA. Mocne Toro, kak 3To caenaHo, aHanUTUKA NPUMEHSIIOT KpUTepumn
CKPUHUHTa (CMITOLWHOM NPOBEPKM), YTOGBI MAEHTUDULMPOBAaTL MHULMMPYLOLWNE COBLITUS, KOTOPbIE Heobxoan-
MO paccMoTpeTb B iepeBbAxX cobbITUI. B 0CHOBHOM cylllecTBYeT ABa cnocoba oT6opa HULMMpYLWmX cobbl-
TWA, @ UMEHHO, UCKITIOYEHNe COBBLITUIA C ManNOBEPOATHBEIM codeTaHneM (hUsUHeCcKnx CBOMCTB (Hanpumep, He
NpeBbILIEHNE YCTAHOBMEHHbIX 3HAYEHW JaBMEHUA UKW TeMnepaTtypbl Npu noxape) UM UHULUUPYOLWNX
CcoBbITUIA C HU3KOW YAaCcTOTOW peanusauumu Npu onpeaeneHnun rapaHTUPOBaHHOWN OLEHKW. OTOT 3Tan noMoraeT
naeHTudULMpoBaTh CoBbITUA, KOTOPbIe A0MKHBI GbITb NPoaHaNM3UPoBaHbl Aanee ANA NOHUMAaHUA CNOXHBbIX
B3aMMOAENCTBUIA cUcTeM. B npouecce aHanMsa Heo6xoanuMo NpoBepUTbL BOZMOXHOCTbL BCeX B3auMoaeucTBuin
WHALMMPYIOLLIMX COBBLITUI 1 (haKTOPOB 3aLUMTBI, HANPUMEP, MOTYT N YCNOBUS, BbI3BAHHbLIE MHULMUPYIOLLUM
coBbITUEM, TAKUM KaK NOTEPS BCEX SHEPropecypcos nocne semneTpsaceHus, okasaTb HeraTUBHOE BAUAHUE Ha
AencTeune hakTopoB 3aLUUTHI.

Mocne aHann3a HavanbHOro NepeyHsA cobbITUIN OCTaBLIMINCA NepeYeHb UHULMNPYIOLMX COBBITUI BKIIO-
YyaeT cobbITUSA, KOTOPbIe A0MKHBI ObITb PACCMOTPEHbI B AepeBbsAX COObITUIA. DTO CoObLITUA, KOTOPbIE NAEHTUDU-
LUMpPOBaHbI OMbITHBIMU 3KCNEpPTaMn Kak AOCTATOYHBLIA KOMNNEKC coBbITUiA AnA AONONHUTENLHOrO aHanusa
oTAeNnbHOM CUCTEMbI U B3aUMOAEUCTBUA NepcoHana, KoTopble BbI3bIBAKOT pasfudHble  BbIXOAb!
MHULMMPYIOLLETrO COBLITUA.

Ecnu uMmeeTcss MHOTO cOBLITUIA, ANA KOTOPBIX HEOBXOAUMO NOCTPOUTL AepPeBbs COBLITUIA, UHALUUPYIO-
Wme cobbITua 06BbeaUHAKT B HECKOSMbKO KaTeropui, Takux Kak CTONKHOBEHUA, NoXapbl, B3pbiBbl, A40BUTbIE
BblOpockl 1 T. N. B HEKOTOpLIX cny4Yasx Takasa knaccudukauma MoxeT 6biTb HE NpumeHuma. Hanpumep, ecnu
LenbHo UccneaoBaHns ABNAeTCA MaeHTUdUKaLUA auanasoHa BbIXOA0B, CBA3aHHbIX TOMNbKO C NOXapoM, Ha 3Ta-
ne CKpUHWHra AormkHa 6bITb NpoBeAeHa COPTUPOBKA, UCKIoYatoLLas Bce CoDbITUS, He CBSI3aHHbIE C NOXapoM.

UH1umnmpyowme cobbiTusi, crpynnupoBaHHbIe B OAHY KaTeropuio, TpebyioT BMeLlaTenbeTBa OQHUX U TeX
e haKkTOPOB 3aLUMThI U MPUBOASIT K aHaNOrMYHbIM pe3ynbTaTam.

7.2.4 3tan 3. UaeHTudukauma dakTopoB 3awuUThl U PUu3nveckux sBNeHun

Kak Tonbko MH1LMupytoLLiee cobeiTre onpeaeneHo, Bce hakTopbl 3aLnThbl NPy pa3BUTAM ONacHoOro cobbl-
TUS JOMKHbI BbITb ONpeaeneHbl U OpraHN3oBaHbl B COOTBETCTBUM C X BpeMeHeM AelcTBUsi. OHU COCTOAT U3
TEXHUYECKNX KOMMOHEHTOB, TakuUX Kak cucTema npeaynpexaeHus, 6nokvMpyoLlne ycTpocTea, aBToMmaTuyiec-
Kue KnanaHel, agMUHUCTpaTUBHas cUCTEMa 1 NepcoHan (Hanpumep, noXxapHasi koMaHaa, asapuiHas bpuraga,
a Tawke obHapyXeHue OMnacHOCTM YeNoBEKOM MOCPeACTBOM HaOMoAeHW, ocsi3aTenbHbIX, CIYXOBIX,
BKYCOBBIX M 0OOHSITENbHBIX OLLYLLEHWIA).

PYHKLUN, BBEINOSTHAEMbIE BbILLEYNOMSHYTEIMU KOMIMTOHEHTaMU UK hakTopamMu 3aLnTbl, CTPYKTYPUPYHOT
B doopMe 3aronoBKOB B hyHKLMOHANBLHOM AepeBe cOObITUA. [ANs kaxaon hyHKLMM 4OKHBI 6bITe MaeHTUULN-
pOBaHbl, NepevnCieHbl U NPOHYMepPOBaHbl BO3MOXHbIE ycreXu M 0Tkasbl. Kaxablil Habop ycrnexos nnm oTKasos,
CBsI3aHHBbIN ¢ hakTOPOM 3aLlnThl AaeT y3en gepesa cobbITuiA, He 06a3aTeNbHO OrpaHNYeHHbIN ABYMSA BETBSAMMN.

Pusndeckne ABNEHNS TaKKe MOTYT BNUSATb Ha BbIXO4 MHALMMPYLowwero cobbiTus. Hanpumep, Ha ciyyai
BblGpOCa orHeonacHo M XKMAKOCTU MOTyT BbITb NpeayCcMOTPEHbI TEXHUYECKUe cpeacTBa obecneveHms 6esonac-
HOCTM ANs U3onsumm yTeukn. OgHako, ecnu yTedka He N30NMpoBaHa, TO OKOHYaTEeNbHbIM BbIXOA, CBA3AHHbIN C
BbIOPOCOM, 3aBUCUT OT TaKNX (PU3NYECKNX SBNIEHUN, KAK MTHOBEHHOE BO3ropaHune, 0TCPOoYeHHoe BO3ropaHue
nnu ocobeHHocTy pasbpoca KuakocTn. AT pusnveckne sBNEeHUs Takke MOAENUPYIOT B BUAE Y3I10B AepeBa
cobbITUNA.

B cuctemHom aHanuse, Tpebytoliem 60bLIOTO KOMYECTBa AepeBbeB COBLITUIA AN NHULUAPYIOLLINX
COBbITUIA, BO3HNKAOLLMX OAHOBPEMEHHO B TeHeHWe KOPOTKOro Nepuoia BpeMeHn, MoXeT BbITb yrpoLLeHo 06b-
eUHEHNEM UX B KaTeropunn B COOTBETCTBUU € UX PaKTOPOM 3aLUuThl. TO NO3BONSAET O4HN 1 TE XKe 3rIeMeHThI
AepeBa cobblTUN (T. €. hakTopbl 3aLLUTbI C OAHUM 1 TEM e OTKa30M UM YCrexom) NCnonb3oBaTh ANs pasnuy-
HbIX MCCreayeMbIX MHALMUPYoLWMX cobbiTuiA. Ecnn dakTopbl 3aluMThl aaeKkBaTHO pearnpytoT Ha cobbiTusi, To
YacTOoTbl OTAENbHbIX COOBITUA MOTYT ObITb NPOCYMMUPOBaHbLI NO BceM cobbiTUsAM Knacca. bonee getansHas
nHpopmaumsa npusedeHa B 8.3.

8
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7.2.5 3tan 4. OnpeaeneHue nocneaoBaTenbHOCTeN COGLITUIA, BLIXOAOB U UX KONMMUYECTBEHHbIX
napameTpoB

OaHum 13 npeumyliects ETA siBnsieTcst cnocobHOCTL MeToAa MoAennMpoBaTh NOPAAOK BO3ASNCTBUA N
B3aMMOAENCTBUS PasfNYHbIX CUCTEM, pearnpyoLmMx Ha MHULMMpyowee cobbiTue. Takum obpasom, Bo3geit-
CTBWS Pa3NINYHbBIX CUCTEM MOTYT ObITb CMOAENMPOBaHbl «0AHO 3a ApYrumy. Mpu BLINOAHEHUN COOTBETCTBYIO-
LLMX pacyeToB AN 3TUX B3aUMOAENCTBUIA aHaNUTUK JOMKEH:

- onpeaenuTb Normyeckoe pasBuUTUE MHULMUPYLOLWLEro cobbITUS Yepes pasnuyHble hakTopbl 3awwmThl K
BO3MOXHbIM BbIXO4aM W CLieHapusiM OnacHoro cobbiTus;

- naeHTUdrLMpoBaTh 3aBUCUMOCTM hakTOPOB 3aLUThI;

- noAcunTaTh YCroBHbIE BEPOSTHOCTM ycnexa/oTkasa OfHON CUCTEMbI C yHeTOM AeNCTBUS UMK COCTORA-
HUSA NpeablayLUMX CUCTEM;

- MOCTPOUTL AePeBO COOBITUNA.

KoHe4Ho, He Bce UHMLMMpyowne cobbiTis (B TOM YMCHie OTKasbl CUCTEMBI) NPUBOAAT K KaTacTpoduyec-
KnM pesyrnbTaTam. Tak ke He Kaxablil pakTop 3awmuThl Unm 6ioknpyioLLiee yCTPOUCTBO UCNOMb3YIOT NpU peanu-
3auum cobblTus. Jlorndyeckoe pasBnTUe MHALMUPYIOLLIETO CODLITUS MPOUCXOAUT B BUAE NOCefoBaTeNbHOCTH
peanusaunm cobbiTUiA BO BpeMeEHU 40 NOABMEHUs onacHbIX NocneAcTBui (Beixoga). B npouecce peanusauun
nocrnegosaTeflbHOCTU COObITWUIA NX NOCNEACTBUA CTAHOBATCS BCe 6onee 3HauMMbIMU. CUCTeMBI Ha 3TO pearu-
pytoT No-pasHomy. MoHMMaHe pa3BuTUA COOLITUIA U CUHXPOHU3ALIMS peaKLIMil cUCTeMbI U (PU3NYECKOro OTKIU-
Ka BaKHbl 4Nns paspaboTku forvku gepesa cobbiTwin. Hanpumep, npyu BocnnaMmeHeHUM oTX0A0B, peakuuen
nepcoHana sBMsoTCA AeNCTBUS MO UX TYLIEHWUIO C MOMOLLIbIO OTHETYLUUTENEN, ecrniv nepcoHarn npucyTcTByeT u
OrHeTYWNTeNn [ocTynHbl. [lonHylo cuctemy NPOTUBOMNOXKAPHON 3aliMTbl U MOXAPHYIO KOMaHdy He
3aeNCTBYIOT, €CNU 3HAaYMMOCTb ONACHOCTU He BENuKa.

BornbliasyacTb cucTeM cBA3aHa UM B3auMoAencTBYET C ApYrMMM SrieMeHTaMu 1 npoLeccamn. T B3a-
NMOAENCTBUA U 3aBUCUMOCTU BAIUAIOT, Kak NpaBuIio, B XyALLYH0 CTOPOHY Ha YpoBeHb 3awuThl, obecneunsae-
MbI pe3epBHPYOLL UMK CUCTEMAMU, KOTOPble COBMECTHO UCMOSb3YI0T HeKoTopoe o6opyaoBaHue. B npumepe
HedTAHOro TaHKepa ¢ pe3epBUPOBaHHLIM yNpasfeHNeM ABuraTesibHbIMU YCTaHOBKaMK, OTKasbl KaXaomn cuc-
TEeMbl, CKOpee BCero, SBASATCA 3aBUCUMbIMW, €CMU CUCTEMbl YMpaBMneHWA WUCMONb3yoT obLlyto
rMapaBnnNYecKyto cucTemy.

Ona onpedeneHns KONMM4YeCTBEHHLIX OLEHOK AepeBa COOLITUA UCMOMb3YIOT YCMNOBHLIE BEPOATHOCTH.
Takum o6pas3om, BEpOsiTHOCTb oNnpeaAeneHHoro cobbITus (Hanpumep, yenexa unu otkasa) Ans chaktopa sawu-
Tbl ABNAETCH YCNOBHOM B 32aBUCUMOCTM OT NPeALLECTBYIOLLNX COBbITUIO peakLuii hakTopoB 3aLUUThI.

PekomeHgyeMmbli npoLiecc NocTpoeHns Aepesa CoObITUI COCTOUT U3 CieAYIOLLMX STanoB:

a) uHMUMMpYoLWee cobbiTUe pasMeLLaloT cHavana B fIeBO CTOPOHe AepeBa CoObITUIA;

b) dakTopsbl 3awWmMTEI 1 husnmdeckue ABNEeHUA pa3MeLLaloT B HanpaseHUn pasBuTUs AepeBa cobbITUiA B
XPOHOOrMYeckoM (Mnn) dyHKUMOHANLHOM Nopsiake, B KOTOPOM OHW BNUSIIOT HA pa3BUTUE ONacHOro cobbITUS;

C) onpenenstoTycnex (0b6bIYHO eMY COOTBETCTBYET BEPXHSASA BETBb) M0oTKa3 (06bIYHO eMy COOTBETCTBYET
HWKHSA BETBb) ANA Kaxaoro dpakTopa 3alluThl B KaXA0M y3re, yuuTbiBas criegyoluee:

1) HekoTopble y3nbl MOIYT UMeTb Bornee ABYX pe3ynbTaToB U AOMMKHbI UMETb COOTBETCTBYIOLLIEE KOMNU-
YecTBO BETBeN (CM. NpunoxeHue A);

2) HekoTopble Y31kl MOTYT UMETb TOSIbKO OAMH pe3yrbTaT; B 3TOM criyyae yepes Takol (hakTop 3alumThl
npoxoAunT npsamas NHUsA. B 3TOM cnydyae ycrnoBHas BeposTHOCTL paBHa 1,0. dakTop 3aluTbl He 3aBUCUT OT
npeablaylliero ycnexa unu oTkasa Apyroro ¢pakropa salumrbl.

OTMaTanb UNNICTPUPOBaHLI B NpUokeHUM A nHa pucyHkax B.1v B.4 Ha npuMepax kene3Hoa0poXXHOro
nepeesfa 1 aNeKTPOCTaHUNN.

KonnuecTtBeHHbI aHanus 6onee nogpobHo npuseaeH B 8.3 n B npumepe B.2.6.

7.2.6 3tan5. AHanus BbIXO4OB

Bbixogamn ETA saBnsioTcs KOHeYHble BETBU AepeBa coObiTuii. Kaxablid BbIXog MOXET ObiTb OueHeH
Ka4yecTBEHHO UNn KonnvecTBeHHO. B paccMoTpeHHOM criydae BbiIXoAbl MAeHTUMDULMPYIOT pa3nu4yHble nocne-
AoBaTenNbHOCTM cOBbITUIA, BO3HUKAIOLWME NPU peanusaun Uccnegyemoro nHuuunpyowero cobeitua. Konu-
YecTBeHHas oueHKka obecrneyuBaeT fydllee MOHUMaHWe OTHOCUTENbHOW 3HAYMMOCTU (haKTOPOB 3aLUUTHI,
MOCKOSbKY BbIXOAbl B 3TOM Cllydae XapakTrepusyoT YacToTON. [1ns konudecTBeHHoW oueHkn ETA Heobxoaumel
COOTBETCTBYIOLME AOCTOBEPHbIE AAaHHbIE O peanu3aumn cobbITuA.

WHorga yaobHo pasgendtb BO3MOXHbIE BbIXOAbl HA HECKOMBKO KaTeropuin B COOTBETCTBUWU C TUMOM
rocrneacTBui (NOTEPS XXU3HW, MaTepuarbHble MoTepn, Bped okpyxatower cpege UT. n.). KonuuecTso BbIXOAOB
Aepesa cobbITUIA 3aBUCUT OT TOTO, Kakue TUMbl BLIXOA0B A0MKHbI 6biTb NpOaHaNN3MPOoBaHbl, HaNnpUMep:

a) 0TKas unu HapyweHue byHKUMOHUPOBaHUS CUCTEMBI;

b) paspyweHue cuctemsi;
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C) 3HauyuMble BO3AENCTBUSA Ha OKpYXKatoLLyto cpedy;

d) rmbens nogen.

[ns npakTuyeckon oLeHK 60NbLIOTo KONMYecTBa BbIXOAOB NOMe3Ho Kraccuduumnposathb U rpynnmupo-
BaTb BbIXOAbl TaK, YTOBbI yNPOCTUTb pe3ynbTaThl.

7.2.7 Jtan 6. Ucnonb3oBaHue pesynbTtatoB ETA

Pesynbtathl ETA MoryT 6b1Tb UICMONb30BaHbI AN NMPUHATAS PELLEHNS, KOTOPOe MOXET CnocoGCTBOBaTb
MOBBILLEHUIO HAOEXHOCTU U YMEHbLUEHNIO PUCKa Ha OCHOBE W3BECTHbIX METOAOB U OpraHu3auuoHHbIX
AencTBuin. KoppekTupyoLwme gencTers MOryT BKIOYATb U3MEHEHNE apXMTEKTYpbl cUCTEMBI, paboumnx npoLec-
COB, NPaBUII TEXHUYECKOTO 0BCNY>KNBAHWA U T. 4.

B yacTHOCTW, peLueHns], KOTOpble OCHOBaHbI Ha BbINOMHEHUM aHannsa, MoryT 6bITb CrieayroLWwnMu:

a) puck ABNAeTCA A0MNYCTUMbLIM UMK HET: peLUeHue NPUHNUMALT C Y4eTOM NOCNeACTBUIA COOTBETCTBYHO-
LL{MX PUCKY Ha OCHOBE KpUTEPUEBR MPUEMIEMOCTU pUCKa;

b) BO3MOXHbIE YryYLLEHUS CUCTEMBI: BLIAIBNAIOT (DaKTOPbI CHUXEHMUS prcKa U HeobXxoanMble M3MeHeHUs!
apPXUTEKTYPLI UCCredyeMo cucTeMbl ANst 06ecneyveHunsi COOTBETCTBUA KOUTEPUIO MPUEMNEMOCTH;

C) pekoMeHAaLum No ynydlleHuto: paspabaTtbiBatoT NpeanokeHns no ynydleHno pyHKUUMOHUPOBaHUS
CUCTEMBbI, BKMHOYaS:

1) moandumkauuio o6opyaosaHns;

2) u3MeHeHue pabounx 1 opraH1MsaLMoHHbIX NpoLeayp;

3) naMeHeHne agMUHUCTPATUBHOM NONUTUKM B 06NacTi NNaHUpoBaHWs 3agad TeEXHUYeCKoro obcery-
XuBaHus, obyvyeHnsa nepcoHana uT. n.;

d) obocHoBaHWe pacnpeeneHns pecypcos: onpeaeneHne BO3AeNCTBIS BbINONIHEHUS pekoMeHAaUni
Mo yryyweHunto yHKLMOHUPOBAHUSI CUCTEMBI.

Tak Kak uccnegyemas cucTema MOXeT NpeTepreTb U3MeHeHNn B NpoLecce akcnnyatauum, ETA Heobxo-
AnMo noaaepkusaTth B paboyeM COCTOSIHAMN B TEHEHMEe BCero cpoka ciyxbbl cucteMel, 4To obecneumsaeT npo-
Liecc NPUHATAA peLleHnit. ATOT NpoLecc perynsipHon nepnoanydeckoin MogudukaLm B HEKOTOPLIX OTPacnsx
MPOMBILLIIEHHOCTM Ha3blBatoT «knBoi PRA/PSA» (BepoATHOCTHLIM aHanus pucka/6GesonacHoctu). Heo6xoau-
mMoe npumeHeHue ETA B obiem npouecce MeHeaXmeHTa pucka onncaHo B [12].

8 OueHka

8.1 MpegBapuTenbHble 3aMe4YaHus

[o Hayana KonMYecTBEeHHOro aHanM3a YacToThl UMW BEePOSITHOCTU BIXOAOB ANA pasnn4HbIX NocneaoBa-
TenbHOCTeln cobbITUiA JOIPKEH BbITh MPOBeAeH TLaTeNbHbIA KAYECTBEHHIN aHanu3 gepesa cobbiTUiA, KoTopoe
MOXeT BKIloYaTb MHULMUPYIOLLME COBBLITUSA, rMaBHbIe COBLITUSA, a Takke NPOMEXKYTOYHbIE U OCHOBHbIE COOLITUSA
COOTBETCTBYIOLLMX AepeBbEB HEUCTIPABHOCTEN.

[na onucaHns OCHOBHBIX NMPUHLIMNOB aHanusa Ansl HarnsagHOCTU UCNOMb30BaHO OCHOBHOE rpaduyeckoe
npeacTasneHune aepesa cobbITUA, NpeACcTaBNeHHOe Ha PUCYHKe 2.

Wnnuumnpyiowee CwmsirueHue CwmsirveHve
cobbiTne cakTopa A cakTopa B
Yenex
Ycnex
OTkas
Pr——ll
Ycnex
OTkas
OTkas

PucyHok 2 — OcHoBHOe rpadmyeckoe npeAcTaBrneHne aepesa cobbiTun

8.2 KauyecTBeHHbI! aHanu3. OCHOBHbIe 3aBUCMMOCTU
8.2.1 O6wue nonoxeHusn

Lle]'lblo Ka4eCTBEHHOIro aHanusa aABndeTca:

a) noHMMaHue pakTopoB, KOTOPbIE ONPEeAensioT 3aBUCUMOCTH Mexay beH KUnaMu nnn KoMmnoHeHTaMn
CUCTEMbI;

10
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b) naeHTMdurKauma 3Ha4YMMbIX COObITUA 3aBUCUMbIX OTKA30B;

C) KOPPEKTHbIA KONMYECTBEHHbI aHann3 gepeBa COObITUIA U yCTaHOB/IEHNE €ro afekBaTHOM CBA3N C
fepeBbSMU HECOOTBETCTBUIA.

KauyecTBeHHOMY aHanu3y W, B 4YaCTHOCTW, aHa/lM3y 3aBUCUMOCTEN AO/DKHO ObiTb YAeneHOo BHUMaHue,
OflHaKO ero BbIMNOMHAT BMECTe C aHa/IM30M nocnefoBaTeibHOCTEW COObITUIA N aHann3oM CUCTEMBI.

CywecTByeT ABa OCHOBHbIX BUja 3aBUCMMOCTEIA:

- (PbyHKUMOHaNbHbIEe 3aBUCMMOCTUN (CM. 8.2.2);

- CTPYKTYpPHblIE€ UM ousmyeckmne 3aBnucmmocTtn (cm. 8.2.3).

Hanpumep, 3aBUCUMOCTb ABNAETCA PYHKLUMOHANbHOM’, ecnu 0Tka3 pakTopa 3aWmnTbl fenaeT HEBO3MOX-
HbIM BbIMO/IHEHWE CBOEeN yHKUMKM crneaywuwmm ¢(akTopoMm 3awWuTbl, Hanpumep, ecnu akTopbl 3aLWnTbl
MCMNOMb3YT OOLWMNIA KOMNOHEHT, TO OTKA3 3TOF0 KOMMNOHEHTa BbIBOAUT MX M3 paboTOCNOCOBHOIO COCTOAHUSA.
Bonee nogpo6Haa uHdopmaumns 06 aTux pasnuuuax npueegeHa s [40].

[na npocToTbl AepeBO cCOObITUI PaCCMOTPEHO Ha YPOBHE CUCTEMBI.

8.2.2 ®yHKUMOHAa/IbHble 3aBUCUMOCTH

Mpv ynopagouynBaHuy pasinyHbiX hakToOpoB 3aluThl AepeBa co6bITUIN B NOCNeA0BaTENbHOCTL crieayeT
yUYnTbiBaTb HETO/IbKO BPEMS MX BO34ENCTBMSA Kak hakTopa 3awWuThbl, HO U UXJ0TnYecknii nopsgok. Kpomeartoro
Heo6XxoAMMO YyUYUTbIBATb 3aBUCUMOCTb YyCNELWHOro cpabaTbiBaHMSA OA4HOro hakTopa 3aWuTbl OT YCAELWHOro
cpabaTbiBaHMA Apyroro. 9To MOXeT UMeTb MeCTO, Hanpumep, ecnu:

a) o4uH hakTop 3alWunTbl NnpeacTaBnsaeT coboil cuctemMy NoaLepPX KU 4PYyroro;

b) M3MEHEeHUs 3KONOTMYecKNX NnapaMmeTpoB BAUAKT Ha ycnewHyto paboTy Aopyroro akropa 3awmnThbl.

Hanpumep, Ha pucyHke 3 Noka3aHo AepeBO COObLITWIA, B KOTOPOM MocsefoBaTe/ibHble 0TKa3bl cucTem A 1
B (hakTopbl 3aWMTbl) NPMBOAAT K MOKa3aHHbIM BbixogaM. B atTom npumepe cuctema B nogpepxuBaeTt cucre-
My A.

Mocne nepeynopsagovyeHus cuctem A n B Baepese cobbiTU (CM. pUCYHOK 3) BETBb OTKa3a cucteMbl B He
HyXAaeTcs BAanbHeNWwWeM eNeHUn Ha ABe BeTBU A1 cucTeMbl A, MOCKONbKY OTKa3 cuctembl B npegnonaraer,
4yTo cucTemMa A He MOXEeT BbIMONHATbL CBOIO (PYHKUMIO. Takoe NnpeacTaBfeHne ynpolaeT fepeBo co6bITUin. Tak
Kak gna copMmpoBaHWs gepeBa COOGbITUIA B OCHOBHOM MCNOMb3YKT KOMMNbIOTEPHbLIE NPOrpammbl, FNaBHOWN
3ajayveil aHannTMKa ABNAETCA aHa/In3 pa3/INyHbIX 3aBUCUMOCTEN B MOAENN.

VHvuumpyiowee

Cucrema A Cuctema B Bbixogp!
co6bITNe

Jjieab

JFAB

°leAB

°le.a.

VHvuumpytolee

n Cuctema A BbIxogp!
cobbITne Cucrema B A

04,B,a

JIE,B, A

O4.8

PrcyHOK 3 — ®YHKLUMOHA/IbHbIE 3aBUCUMOCTU AepPEBA COBLITHIA
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Mpexae Yem NpUMeHATb nepeynopsgoyeHne, He06X04MMO yYecTb, YTO HA OCHOBE OnMucaHus gepesa
cob6bITUI A MOXeT 6bITb CMOAENNPOBaHa NocnefoBaTe/lbHOCTb MOMEHTOB OTKa30B CUCTEMbI. Takum obpasom,
KOHKpPEeTHOe AilepeBO COObITUI HE MOAENMPYET BCe BO3MOXHbIE BPEMEHHbIE NOC/Ief0BaTeIbHOCTY Noc/ie pea-
Nn3aumn MHULUUPYIOLLEro cobbiTnA. OTO cneayeT yunTbliBaTb NPy ero 06bejUHEHNN C 4epeBOM HencnpaBHoC-
Teil unn BynesbiMn meTogamm (8.3.2, B.2).

8.2.3 CTpyKTypHble nnun ousnyeckne 3aBucMmMocCTu

CTpPYKTYpHble Uan hrusmyeckme 3aBMCUMOCTM OObIYHO NPUBOAAT K OTKA3aMm, Bbi3BaHHbIM 06LWel npuymn-
HOI (OTKa3aM 06Lei MpUYMHbI), a Takne 0TKasbl NPUBOAST K peann3auunn HeCKoNbKux cobbITUi 0AHOBPEMEHHO
NN 3a KOPOTKMIA NPOMEXYTOK BpEMEHN (CM. onpegeneHune 3.1.2). NMpuMepaMu 0TKa30B 06LL el NPUUNHBI ABNAS-
I0TCS 0TKas3bl, BbI3BaHHbIE TaKMMU COBLITUAMU, Kak Noxap, 3emMeTpsaceHne, yparaH, 0Tkasbl TEXHUYECKUX CUC-
Tem (Hampumep, OTKa3 CUCTEMbl 3/IeKTPOCHABXEHMA BbICOKON MOLLHOCTM WM KOPOTKOE 3aMblkaHue) wnm
0encTBMA YenoBeka, TakMe Kak olMOKM NNKn akTbl caboTaxa.

MoaToMy aHanu3 o6Lel MPUYMHBI BbINOHAKT AN1A ONpejesieHust NOABEPXEHHOCTM pa3NyHbIX hakTo-
pOB 3aLUUTbl NOCNEACTBMAM OTKa3a Noj BO34ENCTBMEM BHELIHUX WM BHYTPEHHUX YCNIOBUIA, CUCTEM WK PYHK-
LA,

OfHVM 13 BaXHbIX BOMPOCOB ABNAETCA HaIWyuue B/IMAHUSA peannsaunn UHULUUPYIOLWEro cobbiTus
(Hanpumep, 3eMNETPSACEHMNSA) HA YC/IOBHblE BEPOSATHOCTU peann3aluy BCEX BEPLUNH COObITUI COOTBETCTBYHO-
LWKnx gepeBbeB HeucnpasHocTel (cm. 8.3.2).

Apyrum BONpocoM kayeCTBEHHOIO aHanmM3a ABASETCA UgeHTUdmnKaLma obLmnx CMCTeM UIn 06LWNX QIYHK-
LM, KOTOPbIE BAUSIOT HA pa3/iMyHble hakTopbl 3awuTel. Hanpumep, B AepeBe cobbiTui (pucyHokK 3) oTkas cuc-
TeMbl, BbI3BaHHbI OTKA30M CUCTEMbI B, NnpuBOANT K HEXenaTtenbHOMy Bbixody. Ecnv ansa yHKLMOHMPOBaHUA
cucTembl A He06xo4UMO (hyHKLMOHUPOBaHMNE YacTu cuctemsl B, BaepeBe cobbITMii HEOGXOANMO PACCMOTPETb
TPU cUCTEMbI: CUCTEMYA* ncuctemy B*, koTopble siBNATCA cuctemamm A n B 6e3 obwmx yacteid, ncuctemy C,
npeacTabnsaoLWyo cobon obume yactn cuctem A n B. STOT cueHapuii NnpeAcTaB/eH Ha pucyHke 4.

VHvumnpyroree

CoBbiTHe Cuctema A Cucrtema B Bbixoap!
OpAB
MHM&”;S%'%UJ'% Cucrema C Cucrema A* Cucrema B* Bbixogpl
°1E,C,A",B*
Oy .

PucyHok4 — MogenupoBaHune CTPYKTYPHbIX UK (hU3NYECKUX 3aBUCUMOCTEN
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B 6onbluMHCTBE Cry4aeB 3aBUCUMOCTY HAMHOTO 6onee CroXHbI, YeM NoKasaHHbIe BhiLLe.

Hanpumep, oTkasbl, Bbl3BaHHbIE AEUCTBUSIMA MO TEXHUYECKOMY 06CNYXXUBAHUIO, BbINONHAEMbIMU Bpura-
00 TeXHUYECKOro obCnyXuBaHus, He MoryT ObITb Tak fierko cMoAenupoBaHbl, Kak nokasaHo Beiwe. B cnyvae
6onbLWoro KonMYecTsa KOMOUHALINIA 3aBUCUMBIX CUCTEM U X KOMIMOHEHTOB, MOXXHO UCMOSb30BaTh TakHa3biBa-
eMoe conpsbkeHue aepeBbeB HeucnpasHocTen (cM. 8.3.2).

8.3 KonuuecTBeHHbIN aHanus
8.3.1 MNMocnepoBaTenbHOCTb HE3aBUCUMbIX COOLITUMA

EcnuBce ycroBHble BepOATHOCTU yenexa unmnoTkasa (pakTopoB 3aluThl He 3aBUCAT ApYr OoT Apyra, konu-
YeCTBEHHbI aHanM3 CTaHOBUTCSI O4EHb MPOCTLIM.

Ha pucyHke 5 npeacrasneHo aepeBo cobbiTuii ¢ Tpems chakTopamu sawmTel: cuctemamu A, B u C. IMNMyH-
KTUPOM Ha pUcyHKe 5 nokasaHa nocriegoBaTebHOCTb COOLITUI B AepeBe cobbITuin, rae cuctema A yHKLUOHM-
pyeT, a cuctembl B n C oTkasanu. B cnegylowmx paszgenax ycTaHoBNEHbI OCHOBHbIE NMPUHLMIBI oripeaeneHust
OLIEHOK 4acTOTbl UM BEePOSITHOCTU BbIXOAA 3TOW KOHKPETHOM nocneaosaTtenbHocTn §. MNpaktuyeckne npume-
pbl AepeBbLEB COBLITUI NPUBEAEHbI HAXE.

Mhnunmnpyiowiee . .
cobbiTHe Cucrema A Cucrema B Cucrema C Peaynbrar

P(Ig) vrm fe | I 8=OIEA BE
_—_—_—-- L
—
———f
——————i

—ll ®

PucyHok 5 — lMocnegoBaTensHOCTb COBbITUIA

Ons sbiBoaa dopmynbl (1) Ana BeposaTHOCTU P(5) nocneaoBaTenbHOCTH § HeobXoAUMMO NUCNoNb3oBaTh
TeopeMy YCIOBHOM BEPOSITHOCTM U onpeaeneHus, npuseaeHHble B pasaene 3:

P(8) = P(lz- A. B. C) = P(lg) - P(Allg) - P(B|Ig.A.) - P(ClIz.A.B), (1)

rae P(/g) — BeposTHOCTL peanusaLun MHULMUPpYioLLero cobbiTus /g
P(A|lg) — BeposTHOCTb ycrexa cucTeMbl A npy peanuaaui AaHHOro MHMLMAPYoLLero cobbITna [z (ycrnosHast
BEPOATHOCTb).
Ecnuycnexu notkasbl 04HON CUCTEMbI HE 3aBUCAT OT TAKOBLIX AN APYTMX CUCTEM, MOXHO UCMOMb30BaTb
YCINOBHbIE BEPOSITHOCTU, CBSI3aHHBIE TOJIBKO C peanusaLye cobbiTus /. B aTom criydae BoipaxeHue (1) moxeT
6bITb YNPOLLEHO:

P(8) = P(lg) - P(Allg) - P(BIIg) - P(Cllg). (2)

NHnumnpytowee cobbiTre MOXXeT BbITb OnMcaHo Unin ¢ noMoLLbo 6e3pasMepHoin BeposTHOCTM peanusa-
L cobeitua P(/g), unu ¢ nomolsio 4acToThl fiz (1/Bpems). Ecnn oLleHMBatOT YacToTy, 3Ta MaTeMaTudeckas
MoZenb MOXeT 6bITb UCNonb3oBaHa ANs BblYUCNEHWUs 4acToThl fy nocneaoBaTtenbHoCTM &

fy=fie- PAllg) - PBlIg) - P(ClIg), (3)
rae fijz — YacToTa UHALMMPYHOLLIEro COBLITUS.
BoipaxeHue (3) ucnonb3oBaHo B NpuMepax, npusedeHHbIx 8 B.1.3,B.2.51B.2.6.

BhinonHssa pacyeThl 4N BCeX BOSMOXHbIX MocrneoBaTensHocTen o, B, v, § ..., MOMyYaloT konuyec-
TBEHHYHO OLIEHKY BCEX BbIXOA0B NHALUUPYHIOLLErO COBLITUSR.
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Ecnu aaHHbIX 0 peanusauumu WHULMNPYOLWNUX coObITMIA HEe 4OCTATOYHO UMK UX AOCTOBEPHOCTL Bbi3biBaeT
COMHeHue, He cnegyeT NOMHOCTbI0 NonaraTtbCA Ha Takue KoNMU4YeCTBEeHHbIE OLIeHKU. B aTtom cny4yae cnegyet
McnonbL3oBaTb aHaNM3 YyBCTBUTENIbHOCTU A4 BbiABNEHUA Hanbonee KpUTUYHBLIX NOCRef0BaTENbHOCTEN.

8.3.2 O6beguHeHue AepeBa HeucnpaBHOCTeN U GyneBoi peaykuuu

B cooTeeTcTBUM € 6.1 1 5.2 NPU BLIMUCIIEHNM YCNIOBHOW BEPOATHOCTU ANA 0TKA308B (haKTOpOB 3aLlUThI
MOryT 6bITb UCMOMb30BaHbl AePeBbs HEUCTIPABHOCTEN.

Ha pucyHke 6 nokasaHo aepeBo cobbiTuiA ¢ ABYMS hakTopaMm 3awmTbl cuctemamu A u B. BepoatHocTu
oTka3za cucteM A n B 06o3HaueHbl cooTBeTCTBEHHO P(F,) U P(Fg) 1 BoluncnieHbl. Ha aToM pucyHke oHn nobpa-
YXEHbl PAAOM C UX IMaBHBIMM COBLITUAMU C NOMOLLbIO Normyeckux onepauuin «M» n «UNU» B cootseTcTBUN C
M3K 61078 [16].

WHuunupyowee
cobbiTne Cucrema A Cucrema B PesynbTar

Yenex
Ycnex 1- P(Fg) a
1- P(F A) OT1Ka3

P(Fg)

p
P(Ig) wnn A

OTtkas y
P(Fp) Otkas

Fa P(Fg)

F 8
A

PucyHok 6 — CoeauHeHue ¢ AepeBOM HEMCNPaBHOCTEN

BeposiTHOCTU COOTBETCTBYIOLLIMX MMaBHbIX COBLITUN Fa 1 Fg NCNONb30BaHbl B AepeBe COOLITUI B KayecT-
Be YCOBHbIX BeposiTHocTel P(F,) n P(Fg) oTkasos cuctem A 1 B cOOTBETCTBEHHO. YCIIOBHbIE BEPOATHOCTM
ycrexa cucTem paBHbl cOOTBETCTBEHHO (1 — P(Fa)) n (1 — P(Fg)).

Ecnu Ha dhakTopbl 3alWuT bl BO3AENACTBYIOT COBBITUA 06LLE NPUYMHBL, 41151 yMeHbLUeHUA AepeBa cobbITuiA
1 MOeHTUUKaLMN 3TUX cOBLITUIM MoXeT GbiTh Ucnonb3oBaHa Bynesa anrebpa.

[na onpeaeneHys BLIXO0B B KAXAOW nocneaoBaTenbHOCTU gepeBa cobbITUA UCNONb3YOT NOHATUS,
npusedeHHble B [14]. Heobxoaumyto Bynesy peaykuuio U aHann3 NpocTo UMNANKaTLI NPOBOAAT B COOTBE-
TcTBUM C [16].

B B.3 npuBeaeH noapobHIin npumep Bynesoi pegykuum u npocTon UMMNIMKaTh AN KOHKPETHOro Aepesa
cobbITUNA.

B ncxogHoli gpopMe rmaBHoe coGbiTUe AepeBa HeUCNpaBHOCTEN, CBA3AHHOTO € pas3nuyHbiMU hakTopamu
3aLLMThI, MO3BOMSET ONpeaennTs BEPOSITHOCTL KOHKPETHOrO COCTOAHNA (HanpumMep, ycnexa unu otkasa) dak-
Topa 3aluThl. TN BEPOSATHOCTH, BLIYMUCTIEHHBIE C puMeHeHneM FTA, MoryT 6b1Tb 06beaUHEHEI C BEpOSITHOC-
TblO WM 4acTOTON peanu3auMn MHUUMUpylowero cobbitua (cm. 8.3.1). Ecnu rnaBHoe cobbiTue
XapaKkTepM30BaHO C MOMOLLLH MHTEHCUBHOCTU UAINM YACTOThI OTKA30B, TO 3TU NoKasaTenu peanuaauun rnasHo-
ro cobbITA He MOTyT 6bITb 06 beAMHEHbI C HacTOTON peanusauum MHULUMpYyiowero cobeitusi. CnegoBaTenbsHO,
B 9TOM criydae Heobxo4nMo NpUMeHSATb ApYrie aHanuTuieckne metoasl, Takme kak Mapkoeckoe MogenvpoBa-
Hue (cMm. [17]). Ecnn gna pasnunuHblx ¢hakTopoB 3aliuUThl UCMOMb30BaHbl CTpaTernM BOCCTAHOBIEHUS WU
pemMoHTa, MapkoBckoe MoJenupoBaHue MoXeT NoMoyb B paspaboTke Gonee agekBaTHOW moaenu. Bonee
AeTanbHble MeTodbl aHanu3a pasnUyHbIX Moaener (PyHKUMOHUPOBAHWA CUCTEMBbI U COOTBETCTBYIOLNX
nokasaTtenen HageXHOCTU NpuBeaeHsbl B [18].

Bonee petanbHasa uHgopmauns 06 OCHOBHBIX MaTreMaTU4eCKUX pacyeTax Ansl AepeBa cobbITui Nnpuse-
AeHa B [32].

14
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OCHOBHEbIE NpaBuna onpeaeneHns KoNMYeCcTBEHHbIX OLLeHOK NPOCTLI U MOTYT BbIThb BbINOMHEHbI Ha KOM-
nbtoTepe. CyllecTByeT MHOMo NakeToB NPorpaMm Ans Ka4eCcTBEHHOro M KONMMYecTBEHHOro aHanusa gepesa
cobbITuIA. OgHaKo KOHKPETHLIV MakeT NporpamMmm He MOXeT ObITb peKOMeHA0BaH.

MpakTnyeckne nprMepbl, UNIOCTPUPYIOLLME TeopeTUYeCcKUe MNONOXKEHUA aHHoro noapasaena, npuse-
AeHbl B npunoxeHun B.

Kpome TeopeTuieckx NOMoXKeHU, cBA3aHHbLIX C NnepeynopsaodmsaHueM 1 Normyeckumn onepaumusamm
[epeBa HeMCrnpaBHOCTE, BaXKHO YCTaHOBUTL YETKUE pekoMeHaaLmmn Ans onpeaeneHus Lenei n TpebosaHuii k
BbINOMHEHWo aHanusa. bonee BCeCcTOpoHHUN NOAX0A K yCTaHOBMNEHUIO KpaTko npoueaypbl ETAnpuseaeH B [3].

9 [oKymeHTauus

OokymeHTauus ETA gomkHa BKIHOYaTh HEKOTOPbIE OCHOBHbIE 3N1eMeHThI. NS pasbsACHEeHNs acnekTos
CMNOXHbIX cUCTEM MOXET BbITb NpeAocTaBnNeHa 4ononHUTeNbHas MHpopMauus. JokyMeHTaluusa AoMmKHa Bcec-
TOPOHHE OCBELLaTb BCE BbIMOSIHEHHbIE 3Tanbl U A4ehCcTBUA. DTO TpeboBaHMe SBNSETCSA KIToYeBbIM.,

YKasaHHble Hke HoMepa NoApasnenos B ckobKax OTHOCATCA K NpuMepy, npueeaeHHoMY B B.2:

a) uenb 1 obnactb NpuMeHeHust aHanusa (B.2.2), (B.2.4);

b) onucanune cuctemsl (B.2.3):

1) onucaHme KOHCTPYKLUNNA,

2) onucaHne PyHKLMOHUPOBAHMWS CUCTEMBI,

3) nogpobHoe onpeeneHue rpaHnL, CUCTEMBI;

c) npeanonoxerus (B.2.3), (B.2.4):

1) NpeanonoXeHusi, OTHOCSALLMECS K KOHCTPYKLAN CUCTEMBI,

2) NpeanonoXeHns, oTHocAWMECS K (DYHKUMOHNPOBAHWIO, TEXHUYECKOMY 0BCnyXMBaHUIo, UCnbiTa-
HUSIM 1 KOHTPOJTHO CUCTEMBI,

3) npeanonoXeHus, OTHOCSLLMECS K MOLAETTUPOBAHMIO HAAEXXHOCTU 1 AOCTYMHOCTU CUCTEMBI;

d) ETA(B.2.5),(B.2.6):

1) 06OCHOBAHWA N UCTOYHUKU, UCMOMb3OBaHHBIE NPU COCTABMNEHNU NEPEYHA UHULMUPYIOLWNX COBbI-

2) aHanus, Bkitoyad rpacdudeckoe npeacrasneHue,
3) WCTOYHUKM MCNONb30BaHHBIX AaHHBIX;
e) pesynbTaThl, BbIBOALI U pekomeHaaummn (B.2.7).
Bonee o6Lume pekoMeHaaLMM No 4OKYyMeHTaLumn npuseaeHsb! B [13].
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MpunoxeHune A
(cnpaBoy4HOE)

Fpadhnyeckoe npeactaBneHne gepeBa cobbiTui
Haunbonee yacTo ncnonb3yemoe rpacumyeckoe npeacraB/ieHne gepesa cobbITU NpuBeLeHO Ha pucyHke A.1.

dakTop 3awmnTbl A

VHuuumpytowlee
HAVIPYtOLL (chbyHKUpMA, cucTema,
co6bITHe KOMMOHEHT @ dakTop Bbixoapl
(Hanpuwvep ' axTop 3aWunThI (Hanpumep, B3pbIB
noxan. cneunanucr, 3almThl B = N1 r;)
P, chusnyeckoe sBneHne o
3emseTpsaceHue...) T n)

PucyHok A.1 — Hau6onee 4acTo Ucnosb3yemMoe rpadpuueckoe npeactas/eHne gepesa cobbiTuii

MosicHeHWe 31eMeHTOB rpadMyeckoro NpescTaB/eHus aepeBa co6bITUIA, NpeACcTaB/eHHOro Ha pucyHke A.1, npuse-
neHo BTabnuue A.1.

Tabnuuya Al — lNoAcHeHnA K anemeHTam A.1

3nemeHT MpumMevaHus

BeTtBb Cwm. 3.1.10. MoxeT 6bITb ABe UM 605ee BETBM, Ucxogsuime us ysna (CM. Takxe
7.2.5 c) 1). Heo6xo4MMO MOMHUTb, YTO TO/MIbKO B C/yyae ABYX BeTBel MOryT ObITb
npumeHeHbl byneebl metogbl (cm. B.3)

3arosioBokK Cm. 3.14
VHnuuupytowee cobbite Cm. 3.1.5
dakTop 3auThl Cwm. 3.1.6
Y3en Cm. 3.1.1
PesynbTart Cm. 3.1.7
P (bl 'e) BeposiTHOCTb OTKasza chakTopa 3aluTbl A Npy YCA0BUU peann3aunm UHALMUPY-

towiero cobbitus E

Ycnex/oTkas UTOG6bl HAHECTN HA CXeMY BO3MOXHbIE BbIXOAbl, CBA3AHHbLIE C YCMEXOM WU OTKa-
30M CUCTEMbl UK OYHKLMU, HEOBXOAMMO YCTAHOBUTL YETKME KpUTEpUM ycnexa u
0TKa3a, COOTBETCTBEHHO

16



FOCT P M3K 62502—2014

Mpunoxenne B
(cnpaBouHoOe)

Mpumepsl

B.1 MNoxap Ha aTOMHOM 3NEeKTPOCTaHLMMN
B.11 Kpatxuh 0630p

OnbIT 3KCNnyaTaumMm aTOMHbIX ANEKTPOCTaHUMM 3a nocneaHune 40 neT nokasari, YTo PUCK NOXapa Ha aTOMHOW 3neK-
TPOCTaHUMM AOKeH ObIThb yUTEH Npy aHanu3e akTopoB COBOKYMHOIO pUcka Cepbe3HOM aBapum.

[anee npuBeaeH BEpOATHOCTHbLINM aHaNMU3 pUcka NoXxapoonacHOCTH, BbINONHEHHbIN C ABYMsI LLENAMM:

a) BbISIBIIEHNE KPUTUUYECKUX 30H SNEKTPOCTaHLMK, AaloWmX HanBonbLu Wi BKNag B 06LLyio BEpOATHOCTL NOBpexae-
HWSA aTOMHOW 3NEKTPOCTAHLMM B NPOLIECCE CKPUHWHIA;

b) ycraHoBneHue nocrnefoBaTenbHOCTU COOLITUIA Pa3BUTUSA NOXAPa, OTPAXAWMX BOZHUKHOBEHME 1 oBHapyxe-
HWe OrHs, N30MSsILMIO MOMELLEHUs], MoAaBNeHne noxapa u paspylueHue (NoBpexaeHne) 060pyaoBaHnst Npu ycTpaHeHUH
noxapa.

B npouecce konuuecTBeHHOro aHanusa ETA gomkHa ObiTh onpegeneHa 4actoTa MHULMNPYIOLWKUX COBbITUIA, Bbi3bl-
BaloWMX noxap, n pa3rinyHbole OCHOBHbIE NOBPEXAEHUA.

MmaBHbIMM 331a4aMU SIBMNSIIOTCS] KONUYECTBEHHbIN aHANU3 U Ka4eCTBEHHbIN aHanNu3 B Npouecce CKPUHWHIa ans
vaeHTUUKaALUN KPUTUYECKMX MO OTHOLLEHUIO K BO3HMKHOBEHMUIC MoXKapa rnomMeL,eHui.

B.1.2 AHanus Ha OoCHOBe CKPUHWHIa

Ha nepBom atane npoBogAT c6op NogpoGHbIX AaHHbIX 060 BCEX MOMELLEHUSX CTAHUWKN U KnaccuduumpyoT ux no
BaXXHOCTU 1 PyHKUMsAM. [lanee npveeaeHb! NPMMepPb! 3NIEMEHTOB KOHKPE THOFO aHanmaa.

O6nacTb noxapa onpegesnieHa Kak 3gaHue Ui 4acTb 33aHusl, 4OCTaToOYHO 3awmuieHHoro 6apbepamm, KoTopble
nNpeAoTBPALLAIOT PACMPOCTPAHEHNE OTHSA B CMEXHbIE YacTy 3aHUs UNn coceiHNE 3aHusl.

MomelleHre, B KOTOPOM BO3MOXHO BO3HMKHOBEHWE NoXapa, NPeacTaensieT cobomr 4acTb 30HbI BO3MOXHOIO NoXa-
pa. [1py 3TOM HexenaTenbHbIe NOCNeACTBUS HE PACNPOCTPAHSIOTCA Ha ApYrue noapasaeneHms.

CyuiecTBEeHHbIM NO OTHOWEHUIO K BO3HUKHOBEHWIO NOXapa SBNsSeTCA NoMeLLeHne (ganee CyllecTBEHHOe NnoMelle-
Hue), KoTopoe coaepxnT obopygoBaHue, CBsid3aHHOe ¢ aHeproobecneveHneM, obecneveHmem 6e30nNacHOCTH, NOCTOSIH-
HbIM UMW BPEMEHHbIM pa3MeLL,eHMEM rOpHoYUX MaTEPUaroB.

KpnTuieckmm no oTHOLEHWMIO K Noxapy noMeLleHneM (aarnee KpUTuieckoe NoMeLLeHne) sIBMsieTcsl CyLeCTBEHHOe
noMeLleHne, B KOTOPOM MOXap MOXET NPUBECTU K pa3pyLLEHUIO (HApYLLEHUIO) XOTs1 B6bl 0AHOTO, CBSI3aHHOTO ¢ 6e3onacHoc-
TbI0 KOMMOHEHTAa WU CUCTEMBI, 3TO BbI3bIBAET MHMLMMPYIoLee coObITUE, NPMBOASLLME K HApyLeHUto 6e30nacHOCTV aToM-
HOIM 3MNEeKTPoCTaHUUMN.

Mpouece CKPYHKMHIA HAYMHAKT C MAEHTUUKALMM BCEX MOMELLEHWI, s KOTOPbIX BbINOMHEH X0Ts Gbl OWH 13 cne-
OYOWUX TPEX KPUTEPUEB:

a) orHesas Harpyska 6onee 7 kBT - u/m?;

b) nomeweruve cogepxut obopyaoBaHne, cBsizaHHoe ¢ obecneveHnem 6e3onacHoCTy, Unu kabenu Takoro o6opy-
OOBaHWs;

C) nomMeleHne cCoaepXnUT PYHKUMOHANbHOE 000PYAOBaHVE UMK JaT4MKKM CUCTEMbI 3alLmUThl peakTopa (CUCTeMBI
KOHTpons 6e3onacHocTy).

B.1.3 KonunyecTBeHHbIN aHaNn3

[nsA KaXxxporo KPUTMHECKOro NOMELLEHUs iepPeBO COBbITUI AOMKHO BKIHOYATL Y3ribl, CBA3aHHbIE C MHMLMaLUEN NoXa-
pa, BeHTUNAUMel NoMeLLeHni, obHapyXeHneM OrHsi, NogaBreHnem 1 pacnpocTpaHeHnem orHsi. Bece dakTopbl 3aWwuThel B
AdepeBe cobbITUI paccMaTpuBaloT Kak He3aBuCKMble APYr OT gpyra (M. orpaHuYeHus B 5.2). Ha pucyHke B.1 nokasaHo
TUNOBOE AepeBo coOLITUI A4S BO3ropaHms macra B NOMeLLeHUM M3enbHOro reHeparopa.

[nsa onpegenexnsi 4acToTbl BO3ropaHvi pasnuyHbIX Y3MoB AOMKHbI GbiTe MCNOMb30BaHbLI COOTBETCTBYIOWME AaH-
Hble. Takue faHHble AOMKHbBI B MaKCManbHO BO3MOXHON cTeneHn ObiTb YCTaHOBMEHbI opraHu3aumein. OgHako B criydae
HegocTaTka AaHHbIX HEKOTOPbIE AaHHble MOryT 6bITh NONyYeHbl U3 MEXAYHapoaHbIX 6a3 faHHbIX, TakMX Kak 6a3a AaHHbIX
3aeogoB CLA. [Ins BblUMCNEHMS YacTOThbl BO3ropaHuii B OQHOMECTHOM KOMHAaTe B 34aHuU Heo6X0aMMO UCMOMb30BaTh
AOMONMHUTENBHO KO3MPMULMEHTLI, OCHOBAHHbIE HA KONMYECTBE NCTOYHMKOB BOCTNIaMeHeHus1, Bece kKabenbHOW n3onsiuum,
KONMYeCTBE 30H BO3ropaHus U cneumanbHbiX KO3OUUNEHTOR ANA UCTOUYHMKOB BOCTIIAMEHEHUS,
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PucyHok B.1 — [lepeBo cobbiTuii 4ns noxapa B NOMeLLLeHMN AN3enbHOro reHeparopa

BbIxoa OTHOCAT K O4HOM U3 NATK KaTeropwii nopexaeHun (a), (b), (c), (d) n (e). Xyawas kateropus (e) «IlonHoe pas-
pyLleHre 1 pacrnpocTpaHeHne OrHsi» NPOUCX0AWT, KOoraa BCe Mepbl MPOTUBOMOXAPHON 3almThl He MOTyT NPeAoTBPaTUTh
pacnpocTpaHeHue OrHsl B CMEXHble KOMHAaTLI. B cocegHMX NOMELLEHMSIX NOBPEXAEHO BCE, CBSAA3aHHOE ¢ obecneyeHnem

6e3onacHocTn 060pyaoBaHUSA.

[ns kaxgoro KPUTUHECKOTO NOMELLEHUsI MONyYeHbl Criegylowne pesynbraTtbl:
a) YyactoTta u UCTOYHUK OrHSA, 6bICTpO OXBaTblBaAKOLWEro BCKO aTOMHYIO 3MEKTPOCTaAHUUIO,
b) cnucok noBpexaeHHOro 06opyaoBaHKs, B COOTBETCTBUM C KATEropusiMmn NoBpexaeHnn (a)—(e);
C) JacToTa no KaTeropusim NOBPEXAEHUN.

Ha pucyHke B.2 npuBeeH aHanormyHbIn BapuaHT gepeBa cobbITuin. YacToTy 3onsaumm orHs ¢ nocneaytowei Hegoc-
TYNHOCTBIO OBHaPYXXEHUS OTHS1 BBIYMCIISIOT, YMHOXas 4acToTy UHMLmMupytowero cobbitus (1,0 e-4 B roa) Ha BEpOATHOCTb

HEBO3MOXXHOCTU OOHapyxeHus noxapa (1,0 e-3 B rog). MonyveHHasi yactota pasHa (1,0 e-7 Brog).

Yacrorta cobbiTus:
BO3HWKHOBEHUE
OrHA

HeBoO3MOXHOCTb
o6GHapyeHusi OrHsa

HeBo3MOXHOCTb
TNIMKBUZALWKM NoXapa

Yacrota BosropaHuii

0,1%

1,0e-04/a Aa

Hert

2%

fa |

99,9 %

Het

98 %

PucyHok B.2 — [lepeBo cobbiTuii Ans noxapa
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B.1.4 PesynbTaTthl

MeTtoa ETA saBnsieTcst MeTOAOM y4eTa, OLEeHKM M UCCNegoBaHUs BO3MOXHbIX HEAOCTATKOB U PAaHXUPOBaHUSI MEPON-
pUATWIA NO YNy4LLIEHWIO NPOTUBONOXaPHON 3aLmMThl. [lononHUTENbHbIE MCCNeaoBaHns 3aTpaT/BeIirog MOryT 6biTb OCHOBa-
Hbl Ha peaynbTaTtax ETA.

B.2 ETA onsaxene3HoQoOpOXHOIo nepeesna
B.2.1 O603HaveHunsA 1 coKpalleHuns
Mcrnonbayemble ganee o603HaueHus npusegeHsl B Tabnuue B.1.

Tabnwuuya B.1— O6o3Ha4yeHus, ucnonbayemoie B B.2

Cumson Onucanune

Ak k-1 cueHapui onacHoro cobbiTus

Cx BepoATHOCTb, COOTBETCTBYIOLWLANA K-MY BbIXOAY

D MpoaomKMTENbHOCTE AENCTBUS ONacHOCTU

E O6Lwasn 3Kkcno3numsi 3a NEpUo NCrNonb30BaHUsA

Fr BeposiTHocTb r1MGenn
IRF WHavemgyanbHeli puck rnbenu yenoseka

H OnacHocTb

Hr MHTEHCUBHOCTE peanm3aummn onacHoOCTH (aHanorMyHas K MrHOBEHHOW MHTEHCUBHOCTU

oTka3oB», cM. 6.1.3 n3a MOK 61703:2001 [20])

Kk Howmep cueHnapun
LX >KenesHogopoxHbivi nepeesq,
N KonuyecTBo nepeceveHnin aBToMoGUIeM XenesHogopoXXHOro nepeesaa
THR Honyctmbln ypoBeHb ONAacHOCTU (B CMBICNE KMMHOBEHHON MHTEHCUBHOCTU OTKA30BY,
cm. 6.1.3 M3K 61703:2001 [20])
Pc BeposaTHOCTb CTONKHOBEHUA aBTOMOOUNS € NOe3aoMm
Pea BeposaTHOCTb TOro, 4TO BOAUTENb aBTOMOBUNA MOXET N36eXaTb CTONKHOBEHUS C NOE3-
AOM B pesynbrare ObicTpOn peakumm
Py BeposiTHOCTbL CBOEBPEMEHHOIO YBEAOMNEHNA BOAUTENS O NpUbGNmxeHnn noesna
Prr BeposiTHoCcTb oTCyTCTBUS Npubnuxanoweroca noesaga
TIR LeneBoe 3HaueHne npueMnemMoro pucka ana asTomobunucra
B.2.2 Uensb

Ins vnnioctpaunn npumeHeHnst ETA Huxxe npuBegeH npumep oOpueHTUpyeMoro Ha puck pacnpegenenus tpeboea-
HUA 06LLert 6e30NacHOCTU MEXAY 3NeMeHTaMMU CUCTEMbI XKENe3HOAOPOXHOIO Nnepeesaa.

Llenb aHanu3a coctonT B OnpegenexHum Lernen 6e3onacHoOCTU Ans KOHKPETHOTO MHULMUPYIOLWErO COBBITUA C yHEeTOM
BCEX (PYHKLMOHAIBHBIX, SKOMOTMYECKUX U apXUTEKTYPHBIX YCNOBUW. 3Ta uenb MoXeT ObliTb AOCTUIHYTa NOCPEACTBOM
«obpatHoro» ETA (cm. B.2.6). «O6patHbii ETA» B gaHHOM cny4ae o3HadvaeT onpeferneHne NpuemMnemon HactoTsl Ans
MHULIMMPYIOLLETO COBBITUS C NMOMOLLLIO MIHBEPCUM BIMUCNIEHNI AepeBa COOLITUI (OT BLIXOA0B).

PaccmaTtpuBaembliii B ipumepe Xene3HogopoXHbIN Nepees ABNAETCA TMNOTETUYECKUM M NPUBEAEH ANA NOSCHEHNSA
meToza. Bce uncrnoBbie 3HaYEHWA, CNOTNb3yEeMbI€ B BLIYUCNEHUAX, ABMAIOTCA NPUMEPAMU U HE MOTYT 6bITb MCNONB30BaHbI
Ansi conocTaBneHusi ¢ hakTnieckKumm.

B.2.3 OnpepeneHne cncteMbl

[nsa wnniocTpauumn npuBeeH cneaylowmn npumep.

ABTOMaTHUECKMI XENEe3HOAOPOXHBIN nepee3n dyHKUMOHMpoBan B TeveHue 25 net. Ha nepeesge ncnonb3osa-
Hbl CBETOBbIE CUTHarbI NpeAynpeXXaeHnsi aBBTOMOGUINUCTOR U yganeHHbIN CUTHanN Ans NpeaynpeXxaeHus MalnHUCTa nepe-
espa.

Cxewma xenesHogopoxHoro nepeesaa (LX) npuBegeHa Ha pucyHke B.3.
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LLnprHa
XeNe3HOLOPOXHbIX

t [nnHa onacHOoW 30HbI
nyteu

- (paBHa cyMmMe AnvHbl LX
BbIk/toueHne 1 HanbobLUEN AIMHBI
TPaHCMOPTHOrO CPEACTBa)

ABTOMOGWNbHAS
nopora

nekTpo-
KoxTtponnep CHa6)KeF:WIe
(07) (06)

HopmauibHOoe nosoxeHve

PucyHok B.3 — Cuctema xenesHogopoxHoro nepeesga (LX)

B Ta6nuue B.2 npuBeAeHo KpaTkoe onmcaHne 0CHOBHbIX (DYHKUMOHANbHbIX EAMHUL, XeNe3HO40POXHOro nepeessa.

Tabnuuya B.2— KpaTkoe onucaHme cUCTEMbI

PyHKLMOHaNbHAasA
Ne yHKY OnucaHuve
egnHuLa

01 BknioueHne LX AkTMBaUuMAa BbiKNOUeHNSA 1_Xnpu npnbamxeHun noesga (ocyuiectsnsaet-
cA NocpeAcTBOM O6HapYyXeHWs Kofneca noesga)

02 BbikntoyeHne LX BobikntoueHne LX cpasy nocne Toro, Kak noesf nokvHyn nepeess (ocylie-
CTBNAETCA NOCPeACTBOM He 06HapyXeHus Koneca noesga)

03 YpaaneHHsbli curHan [Moka3biBaeT cocTosAHMe LX mMalnHUCTY noesja

04 CeeTodhop Moka3sbliBaeT cocTosHue LX nonb3oBatenssMm aBTOMOOWUIbHOW f0oporm

05 HopmanbHoe BosBpaliaeT LX B HOpMasnbHoOe nosioxeHne (nepeesp cBobogeH), ecnu

nonoxexune OHO BK/IIOYEHO 1 3aTEeM He BbIK/TIOYEHO B Npejenax onpeneneHHoro spemMe-

HU (Heo6xoaMMOro, HanpuMep, ans obHapyXeHusa oTkasa gaTuuka, KoTopbli
npoosKaeT nokasbiBaTb Ha/MuvMe noesfa, faxe Korga OH npollen nepe-
e3[ win Korga noesf OCTaHOBW/ICA Mepep nepeesfom U T. 4.)

06 nekTponutaHue CocTouT 13 0BbIYHON cUCTEMbI 3NeKTponuTaHns win 6arapen, obecne-
ynBawoLlein gelictBue LX B TeuyeHMe OrpaHMYEHHOro BPEMEHM, Hanpumep
2 4. HanpshxeHne 6aTapen npoBepsitoT 6710KMPOBKOWA

o7 KoHTponnep Ynpasnset LX. lMporpammypyemoe 3/71eKTPOHHOE YCTPOIMCTBO, BK/O4Ya-

wuiee nporpamvHoe obecneueHne n HeOﬁXO,EI,VIMbIe AaHHble

KpaTkoe onucaHme qyHKLMOHMPOBAHMUSA XeNe3HO40POXHOIo nepeesaa:
a) Mpubnmxatrowmiica noesq obHapyxusaeT anemeHT (01) n nepegaet curHan Ha kKoHTponnep (07). PacctosHue
anemeHTa (01) OT XXeNe3HOAO0POXHOro nepee3aa 0603HAUYEHO Kak «pacCcTosiHMe A0 AOPOrn».
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b) KoHTponnep gaeT komaHy akTusmM3mposaTb ceeTodop (04) nxaeT CUrHasa ycnewwHoro BkIlYeHns. PacctosiHne
MeXy TOUKOW HabNAeHNS NXeNne3HoA0POXHbIM nepee3foM 0603HaUYEHO Kak «TOPMO3HO MyTb aBTOMOOUAS».

c) KoHTponnep gaet KoMaHAy akTMBU3UPOBaTb yaaneHHblii curdan (03), n306paXKeHHbli ManeHbKM KPYXXKOM Ha
BEPTUKaNbLHOM NepneHankynsape K Heb6oNbWOoMy ropu3oHTanbHOMY OTpe3ky. MonoxeHne no ymosnyaHnio — BbikI. (onac-
HOCTb). Korga yaaneHHblil CUrHaa BbIKIYEH, Npubamkaowmiica noess AO/HKEH OCTAHOBUTLCA Ha Xee3HOL40POXHOM
nepeesje, Torga MaWMHUCT MOXET BK/IIOUMTb XXE/Te3HOAOPOXHbIA Nepeess BPYUHY0, UCNONb3YS KIHOY.

d) MepeceueHne xene3HOLOPOXHOIO Nnepeesfa noesfoM obHapyxeHo afnemeHToM (02) 1 COOTBETCTBYIOLWMI CuUr-
Han nepefaH Ha KOHTposnep.

e) KoHTponnep gaet koMaHAy BbIKOYNTL YAaneHHbll curHan. Mocne 3agepXxku BblKNIOYEHbI Takke CBETOdOpPbI.

B.2.4 NpeHTudunkaumsa onacHoOCTU

Ha xene3Ho0p0XHOM TpaHCNopTe NHULUUPYIOLLIME COBLITUA CHMTAIOT ONACHbLIMU B COOTBETCTBUM CO CTaHAapTaMu
CENELEC.

MoNHbIA aHaNN3 BO3MOXHbIX ONACHOCTEN B paCCMOTPEHHOM NpUMepe He BbINOAHANCA. PaccmMoTpeHa To/1bKo onac-
HOCTb H.

H — oTka3s xene3HoA0pPOXHOro nepeesga, He obecneynBarLLnii 3aWmTy aBTOMO6GWAEN OT CTONKHOBEHNSA C Noes-
[O0M.

OTa onacHoCTb OXBaTblBAET BCE CUTyalLum, B KOTOPbIX XXeNe3HOA0POXHbIN nepeess A0/MKEH N3BECTUTb aBTOMOOU-
NNCTOB O NPUBAVXKEHUN Noe3fa, HOHe BbINOHAET 3TO AeicTBue.

Lienb cocTouT BONpeaeneHun MHTEHCUBHOCTM onacHocTu (1/Bpems) ans H, kotopas ABnseTcs npyueMaeMoil B cooT-
BETCTBWM C KPUTEPUEM MPUEMNIEMOrO pUcka. TEPMUH «MHTEHCUBHOCTb» MCMOMb30BaH B CMbIC/1€ «MTHOBEHHOI MHTEHCKB-
HOCTK 0TKa3oB» (cm. M3K 61703:2001,6.1.3 [20]).

B.2.5 ETA

Mpy onpegeneHnn Bo3MOXHbIX BbIXOA0B A1 ONacHOCTM H He06X04MMO M3yUnTh CLLeHapuii, B COOTBETCTBUM C KOTO-
pbIM peanu3yeTcs onacHocTb H. CnegoBaTenbHO, B KOHKPETHOM c/lyyae, Korga Kxxesne3Ho4opoXHOMY nepeesay npnénu-
XaeTca aBTOMO6GMIb, MOXHO paccmatpuBaTb PTr (BeposiTHOCTb OTCyTCTBMS npubnuxawouwerocsa noesga), PN
(BEPOATHOCTHL CBOEBPEMEHHOIO YBEAOM/IEHUS BOAMTENS O NpubnmkeHnn noedga), PEL (BeposaTHOCTL TOrO, YTO BOAUTENb
aBTOMOGUNA CMOXET N36exaTb CTOJIKHOBEHUS C NOe340M B pe3ynibTaTe 6bICTPON peakymmn) uPc (BeposiTHOCTb CTO/NIKHOBE-
HUS aBTOMOGWA C MOE340M).

Takum o6pa3om uMeeTcs ABa Tvna onacHbIx cobbiTun («CTONKHOBEHME noe3ga c aBToMobunem» n «Haesn aBTo-
Mo6uns Ha wnarbaym»). Ha pucyHke B.4 noka3aHbl BHEWHWE DakTopbl CHMXeHUSA pucka (T. e. haktopbl 3amnThbl, cM. 3.1.6)

MeXay UHULMMPYIOLLUM COBbITUEM U BbIXOAAMU.

PUCYHOK B.4 ETA pna xene3Hof0poXHOro nepeesga
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B.2.6 KonnyecTBeHHbIN aHanNu3

MpumeyaHue—IlpuHUMas BO BHUMaHWE OrpaHUYeHNsl, yKkasaHHble B 5.2, NPUBEAEHHbIN KONUHECTBEHHbIN
aHanuma HanpasieH Ha UCCNeJ0BaHNe KOHCEPBAaTUBHbLIX (FapaHTUPOBaHHbIX) pe3yribTaToB.

B kauecTBe Lenesoro s3HaueHus pucka (TIR) ans aeTomobunucra B3asTbl TpeboaHusi [33]: «PasymHO peanbHble cxe-
Mbl @BTOMATU3MPOBaHHbIX XeNe3HOAOPOXHbIX Nepee3doB AOMKHbl obecneunBaTb BOAUTENAM TPaHCMNOPTHLIX CPEACTB
PUCK CTOMKHOBEHMA € Nnoe3nom He Gonee yem 1 pas us 100000 nepeceqeHuin nepeesaa B TedeHne 2000 roga» (R, < 10‘5).

Ons onpegenenns 6onee NpMeMnemMoro pucka ata BenuymHa beina ymeHblweHa B 10 pas. 9To 03HavaeT, YTo puUck
pomxeH 6biTb Menee 1070 B roa. Takum o6pasom, sHavermne TIR ycTaHosneHo paeHbiM 10~8 B rog.

OT0 03HayaeT, YTO PYKOBOACTBO XKene3How 4OpOorv AONXHO AoKasaTh, YTO hakTU4Heckuii puck aBTomobunmera Ha
nepeesge (IRF) meHbwe unw paeeH TIR. Ans onpeaenexus IRF ucnone3osaHa matematuyeckas Mogens [4], yuuTeiBato-
LWasi MPUHMHHY0 CBS3b MHULMUPYIOWEro CobbITUA C BbIXOA4aMMU UM NocneaoBaTelbHOCTAMM ONacHbIX COBbITUN.

a) lNMpeanonaraeTcs, YTO aBTOMOBUMUCT MCMONb3YeT Kene3HoA4OoPOXHbIV nepeesa N pa3s Brog. [ns cnpaBky MOXeT
6biTe OnpegeneHo obwee BpeMs Ucnonb3cBanus E (1. e. E — Bpemsi, Heobxogmmoe ansi nepecedeHnst asTomobunem
Xene3Ho4opOXHOro nepeesaa).

b) B gaHHom npumepe aBTOMOBUNIMCT NogBepraeTcs onacHocTi H. BeposTHOCTL TOro, YTo OH NoaBepraeTcs onac-
HOCTM, 3aBUCUT OT NPOAOIMKUTENBHOCTU AeNCTBUS onacHoCcTH D u npebbiBaHusi E aBToMoBUNmMcTa B yCnoBuax onacHoCcTH.
OTa BeposTHOCTb NpeAcTaensieT cobon cyMMy BEpOSITHOCTEN TOrO, YTO ONACHOCTE YXKe CYWEeCTBYET, Koraa aBTomobune
BbE3XaeT Ha XeNe3HOAOPOXHbIV nepeess (NpubnuantensHo Hy - D) M BEpOATHOCTL TOFO, 4TO ONAacCHOCTL NPOU3ONAET B TO
BpeMms, Noka aBTomMoburnb HaxoauTes Ha nepeesae (npubnuantensHo Ay - E).

¢) [nsakaxgon onacHOCTU MOXET CyLLeCTBOBaTh ogHa unu 6onee nocnegoBatensHoOCTeN COBbITUI, NPUBOAALWMNX K
OnacHoMy nocneacTenio. [N kaxaoi onacHoCTH onpeaensioT BeposTHOCTL Bbixoga C,. 3TO BEPOATHOCTL TOro, 4TO Npou-
30ieT onacHoe nocrneacTene A,. 3Ty BEPOATHOCTb YCTAHABIIMBAIOT AN BHEWHNX (haKTOPOB CHUXEHWUS pUcKa (T. e. dak-
TOPOB 3awuThl, cM. 3.1.6), nony4eHHelx ¢ nomowso ETA (pucyHok B.4). Kaxpomy nocneactenio A, cooTeeTcTeyeT
onpegeneHHast 3Ha4YMMOCTb. [nA KOHKPETHOrO aBTOMOBUNNCTA 3TO BEPOATHOCTE HECHACTHOIO Cy4as Co CMepTenbHbIM
ncxogom F, (ecm. Tabnnuy B.3). [InA AaHHOro npumepa 3HauMMocTb He6naronpuAaTHOro NOCNeACTBMSA OUEHWUBAIOT, UCNOMb-
3ys AaHHbIe xenesHon goporm [33].

Tabnwuya B.3— MNapameTpbl CHUXEHUS pUcka gns pucyHka B.4

Ne k (OnachocTs) A, ®aKTop cHWKeHus pucka, C, | BEPOTHOCTE rlv_lﬁenu Henosexa
k
1 CTOnKHOBEHWE noesga ¢ aBTomobunem 0,1-0,5-0,2-0,7 = 0,007 0,2
2 Hae3a aBTomobuns Ha wnarbaym 0,1-0,5-0,2-0,3=0,003 0,05
Takum oGpazom
IRF=N-Hg-(D+E)- 5 (Cy-Fp)- (8.1)

B dbopmyny (B.1) MOXHO NnoacTaBnsiTb CpeHUE 3HAUEHUS UITM COOTBETCTBYIOLLME NapameTpsl (HanpumMep, NpoueH-
TWNKN) CTaTUCTUYECKMX pacnpeaeneHni Ansi UCXOAHbIX NapameTpoB.

Ecnv puckrubenv asTomobunncta meHblue LeneBoro 3Ha4eHUsi pucka, pacqeTHYIO Uy OLEHEHHYI0 MIHTEHCUBHOCTL
onacHocTn (Hg) HasbIBaIOT AONYCTUMON MHTEHCMBHOCTBIO onacHocTu (THR).

Ins naHHoro npyMepa npegnonarapT, YTO aBTOMOGUNUCT HEOAHOKPATHO MPoe3XaeT MO XeNne3Ho40POXHOMY Nepe-
e3ny, T.e. N = 1000 pa3 B rog. [lpyrue nonb3oBartenu, Takue Kak neLuexobl Ui BeNocunegucTsl, B NpUMepe He paccmoT-
PEHbI.

Mpepnonaraetcsi, YTo oNacHOcTbL H, ecnun oHa peanuayeTcs, ANUTCS HAMHOIO AOMbLUE BPEMEHW SKCnnyaTauum, T. €.
BPEMEHM NepeceYeHmst XXene3HoA0POXKHOro nepeesaa. ATo o3Ha4vaeT, YTo B ypaBHeHun (B.1) moxHo cuntats E =0. B
KavyeCcTBe NeCCUMUCTUYECKOrO 3HAYEHUS, BPEMS NPOAOINKUTENBHOCTU onacHOCTU BeiOpaHo D = 10 v, koTopoe npeacTae-
nsaeT cobori Bpemsi oTkasa LX, npneogsiwero K onacHOMy COCTOSIHUIO CUCTEMBI. DTO COCTOSIHWE NPOAOIKaeTcs 10 TeX nop,
noka He ByzeT ycTpaHeH O0TKa3 (PEMOHT UMK 3amMeHa).

Honyctumas niteHcmeHocTs (THR) onacHocTn H MmoxeT BbITh BbluMcneHa nogcTaHOBKOW NapameTpoB B hOpMy-
ny(B.2):

IRF=N-Hg-(D+E)- Z A (Cy- Fi) = 1000 - Hg - 10-(0,007 - 0,2 + 0,003 -0,05) < TIR = 107% (8 rop). (B.2)

9710 gonycTMMas UHTEHCUBHOCTb MHULIMMPYIOLWENO cobbITUS, T.€. ONacHOCTU, KOTOPas COCTaeNsaeT NpUbnManTenbHo
7.10-8y4-1 , UTO COOTBETCTBYET peanusauuu B cpegHem 0HOro 0Tka3a Ha XXenesHoaopoxXHoM nepeese B 1600 nerT.

B.2.7 AHanus BbIXO4O0B M onpegeneHne Heo6XoaAMMLIX e CTBUHN

Mpw 3aBepLIeHUN aHanNWU3a BaXxHOW 3agaqven NPOEKTUPOBLLMKA UMW U3TOTOBUTENS XENe3HOAOPOXHOIo nepeesaa
ABNSETCH onpegeneHne BO3MOXHOCTU BOCTWKEHNUSA ZONYCTUMOW MHTEHCUBHOCTU ONAcHOCTU U BHECEHUE apXUTEKTYPHBIX
WU KOHCTPYKTUBHbBIX U3MEHEHUN.

22



FOCT P M3K 62502—2014

B.2.8 3akntw4yeHue

[aHHblli npyMep 4eMOHCTPUpPYET aNlbTepHaTUBHbIN noaxos npuMeHeHns ETA nocpecTBOM MCMNO/b30BaHMA obpart-
HOro noaxofa Ansa NonyyvyeHus AOMNYyCTUMbIX NokasaTtenei MHULMUPYOLWEro cobbiTUs B 3aBUCUMOCTU OT Habnwgaembix
BbIXOZ0B.

B.3 O6beanHeHne gepeBa HencnpasHocTell n bynesa pegykumns

MpumeyaHune — BaaHHOM noapasfene npuBefeHbl TeopeTuyeckne noHATUSA Hanbosiee NCNosb3yeMbiX NPo-

rpamm ans Byneeoit peaykuuu. 4ns NpUMEHEHUS NPorpamMmM Heo6X0AMMO MOHUMAaHWE OCHOBHbIX anropuTMOB. [JaHHbIN
noAxof NPYMEHUM TOMbKO K IepeBbsAM COBbITHIA, MMeloW UM He 6onee ABYX BETBEI B KAXA0M y3fe.

Ecnn pasnuuHble (hakTopbl 3aliUTbl BO3AECTBYIOT Ha (DaKTOp 06LLeil NMpUUMHbI, MOXHO Ucnofnb3oBaTb Bynesy
anre6py ANa naeHTUUKaLMmn 3TUX 06LLMX MPUYNH NPU BbIMOSTHEHUW KaYeCTBEHHOW OLEHKM fiepeBa cobbIThiA. MonyyYeHHble
B pe3y/nbTaTe Ka4eCTBEHHOr0 aHasin3a OCHOBHbIE MMM/IMKALMW UCTOMb3YIOT NpU onpesenieHn KoNMYeCcTBEHHOM OLEeHKM
4acToTbl KOHKPETHOTO BbIXOAa.

Kaxablli BbIXOA NOy4atT C MOMOLLbI N0rMUYeckux onepaunii «» npUMeHUTeNbHO K BepluMHam cobblTuii cooTBe-
TCTBYHOLLMX AEPEBbLEB HencnpaBHoOCTel (CM. 8.3.2), CBsi3aHHbIX C 0TKa3amy hakToOpoB 3aluTbl. AHANOTMYHO onpeaensioT
OCHOBHblEe VMNNKaLNN.

MuHMManbHas nocnefoBaTesibHOCTb COObITUIA NpeAcTaBnsieT co60li HaMMEHbLUY KOMOBUHaL MO COBbITUI, NPUBO-
OSILMX K ONacHOMY BbIXo4y. MUHUManbHble nocnefoBaTelbHOCTY SIBASOTCA (DAKTUYECKU CneunasnbHbiM Cly4YaeM OCHOB-
HbIX UMNAvKauuii. Ecnu gepeBo HeucnpaBHOCTel SIBASIETCS MOHSATHbIM (COAEPXUT TONbKO onepauun «U» n «UJN»),
TEePMUH «OCHOBHbIE UMMNNKALMM» MOXETObITb3aMeHEeH TEPMUHOM «MUHUMasIbHbIE NOCNea0BaTe/IbHOCTU». [1ns 60nbLue-
ro KONMYecTBa AeTaseil 0 TEOPUN «OCHOBHbLIX UMMINKALMNIA» 1 MUHUMAsbHBIX NocnefoBaTesibHocTeli cM. [38].

«OCHOBHbIE UMNANKaLUN» NAEHTUDULUMPYIOT A5 COOLITUIA, NPeACcTaBNSALWMNX CO60l KOMOMHAaLMM COObLITUIA, 06be-
OVHEHHbIX 1OTUYECKo onepaumneii «M» 1 cBA3aHHbIX C 0TKazamu hakTopos 3awmTsel. MNprmep ByneBoii peaykumm aepesa
co6bITWiA NpefcTaB/eH Ha pucyHke B.5.

CM. pucyHok B.7

PucyHok B.5 — lMpocToii npumep

BeposTHOCTM 0TKa30B cMcTeM 112 MOryT 6bITb CMOAEMPOBaHbI MPY NOMOLLM AepeBa HeMcnpaBHOCTEN, Kak onunca-
Ho B 8.3.2.

Cnegylouime TeopeTU4eckne epeBbs HeWcnpaBHOCTEN NpeacTaBfsloT CO6O0M NOrMyeckyto CTPYKTYpy COOTBET-
CTBEHHO /19 0TKa3a cuctembl 1 (CM. pucyHok B.6) n cuctembl 2 (CM. puUCyHOK B.7), BKtoUas ceMb OCHOBHbIX CO6bITUI A, B,
C, D, E, F, nG. CumBO/bl MCNONb3yOTCA B cooTBETCTBUM ¢ MOK 61078 [16].
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PucyHok B.6 — [lepeBo HeucnpaBHOCTeN ANnsa cuctembl 1

PucyHok B.7 — [lepeB0 HeucnpaBHoCTel Ana cuctembl 2

ONs 3TVX lepeBbEeB HEUCNPABHOCTEN U lepeBa Co6bITUI BblpaxeHusi Ansi Bynesoii peaykuuu BbIXxodos a, |3 y, 6
VMeloT Bua;

a =IE{A.C.D.F.G +A.C.E.F.G),

(B.3)

P=/p (AB.C.D.F +A.B.C.E.F+4.C.D.F.G+A.(.E.F.G+B.C.D.F.G +B.C.£.F. G), (B.4)
y =IE{A.C.F.G + A.D.E.F.G), (B.5)

6 =/p(F+AB+A.C+G.C +A.D.E+ G.D.E). (B.6)

Ecnun 6 — uccnefyemsblil BbIXO[, OCHOBHLIMU UMMIVKALUAMUN ABNAIOTCA:
IE.F, le.AB, le.A.C, le.G.C, IEAD.E, le.G.D.E.

OCHOBHble cobbITUA A 1 F xapakTepHbl 47151 0601X AepeBbEB HencnpaBHocTel. B cooTBeTCcTBMM C 8.2.3 OHU MOTyT
6bITb M3BIEYEHbI ANA NpuBegeHns K Cucteme 1* (SN n Cucteme 2* (S2), He cogepxawm cobbiTns A n F, nnpeacrasnieHsbl
B BUAE HOBbIX ()akTOPOB 3aLMTbl B HOBOM AepeBe cobbITiA (CM. pUcyHoK B.8).
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WHnunupyioulee * *
COBLITHE A F 83 Sy Buixoa

I81
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] 84
PucyHok B.8 — MoguduumpoeaHHoe aepeso cobbimuin

MpumeyaTenbHO, 4TO B 3TOM KOHKPETHOM cnyyae A u F, ncnonbayemele B gepese HEMCNPaBHOCTEN, 03HAYAIOT pea-
NM3aumio HemcnpaBHOCTeN, NPUBOASALMX K OTKa3y cuctem (pucyHku B.6 u B.7). Takum o6pasom, BepxHas BeTBb 0603Hava-
eT pasBuTHe 0TKasa CUCTEMBI.

OkBMBaNEHTHOCTb 3TUX ABYX CXEM M criefyrowmx hopmyn MoxeT 6biTb NpoBepeHa (cM. [16]):

B =By +By (B.7)
8 =8+ 5, + 35+ G, (B.8)

rae By = Ie(A F.ST);
B, = Io(A. F.S].S5);

8= Ie(AF);,
8, = Ig(A.F. §7);
& = Ie.(A-F);

8 = I.(A.F.S('S7).
B (B.9), (B.10), (B.11) aaHo normueckoe onncanme cobbiTit: «OTkas cuctembl 1», «OTkas cuctemsl 2», «OTkas cuc-
Tem 1u2»:

G,=DE+C, (B.9)
G,=A+G, (B.10)
Gy=F+AB. (B.11)
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HepeBo cobbITUI NPUHUMAaET crieaytoLuyto hopmy:

Muuumupyioliee ~ ~
cobbiTue Gy Gy

Bbixogpl

G,
—
T
e — ﬁ
_
—n
R
i

54

PucyHok B.9 — [lepeBo coGbITUI MOCTE «IPYNMUPOBKM OTKA30B»

OKBMBaNEHTHOCTb 3TUX CXEM M CrieayioWwuX BblpaXeHui MoxeT 6bIiTb NpoBepeHa (cM. MOK 61078 [16]):

=8+ F+8+ &, (B.12)
roe 8= §1.§2. G3;
#=G.Gp.G3;
8 = G4.G,.Gg;
3 =G,.G,.
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Mpunoxenne A
(cnpaBo4Hoe)

CBe.quvm O COOTBETCTBUU CChINMOYHbLIX MeXAYHaPOAHbLIX CTaHAAPTOB CCbINTOYHbLIM HaUMOHaNbHbIM
cTraHaaprtam Poccuiickon ®enepaumum

Ta6nwuua OA1

0603HaYeHre CCLINOYHOrO MEXAYHapPOOHOrO CrteneHb 0603Ha4YeHMe U HAUMEHOBAHWE COOTBETCTBYIOLLETO HALIMOHANBHO-
cTaHaapTa COOTBETCTBUSA ro ctaHgaprta
M3K 60050-191:1990 — *
M3K 61025:2006 NEQ FTOCT P 27.302—2009 «HapexHOCTb B TeXHMKe.

AHanus gepesa HeNCNPaBHOCTEN»

BETCTBUA CTaHOapTOB.

* COOTBETCTBYIOWMIA HALMOHAMBHBIA CTaHAapT OTCYTCTBYeT. [0 ero yTBepXAeHUsi pekoMeHAyeTCs MCnonb3osaTh
NepeBod Ha PYCCKNIA A3bIK AAHHOTO MEXAyHapoaHOro ctaHgapTa. MNepeBoa AaHHOro mexayHapoaHoro ctaHgapTa Ha-
xoautes B GeaepanbHOM MHPOPMaUMOHHOM hoHAe TEXHUYECKUX PErnaMeHToB U CTaHAapToB.

MpumedaHune—B HacTosIwel Tabnvue MCMONb30BaHO Criedylowee YCroBHOe 0603Ha4YeHne CTeneHn cooT-

- NEQ — HesKBMBaneHTHble CcTaHOapTbl.
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