GOELNEPAJNIBHOE ATEHTCTBO
Mo TEXHUWHECKOMY PEI'YINNMPOBAHUIO U METPOJOI' NI

HAUUOHANBbHBLIWU TOCTP
CTAHBAPT 51901.12—

POCCUUCKOMNU
2007

OPEOEPALUN
(MK 60812:2006)

MeHea)KMeHT pUcka

METOL AHAINTU3A BUOOB U NOCIEOCTBUN
OTKA30B

IEC 60812:2006
Analysis techniques for system reliability — Procedure for failure mode and effects
analysis (FMEA)
(MOD)

U3paHue opuumanbHoe

b3 9—2007/288

MockBa
CtaHpapTUH(OPM
2008


http://www.stroyinf.ru/sr.html
http://www.stroyinf.ru/sr.html

[OCT P 51901.12—2007

[lpeaucnoBue

Llenn nnpuHumnel ctaHgapTusauum B Poccunckon egepaunmnyctaHosneHbl egepanbHbiM 3aKOHOM OT
27 nekabpsa 2002 r. Ne 184-®3 «O TexHU4YecKOM perynmpoBaHiun», a npaBuna npMMeHeHuns HauMoHanbHbIX
ctaHgapTtoB Poccumnckon ®egepaunmm — OCT P 1.0—2004 «CtaHaapTusaunsa B Poccumnckon ®epgepaumin.
OCHOBHbIE NONMOXEHUA»

CBegeHUA o cTaHgapTe

1 NMOAINOTOBIEH OTKpbITbIM akUuUoHEPHBIM 0DLEeCTBOM «Hay4HO-UccneaoBaTenbCkU LEHTP KOH-
Tponaun gnarHocTukn TexHudeckux cuctem» (OAO « HL KO » ) n TexHn4eckm KOMUTETOM No cTaHdapTU3aLUnUn
TK 10 «llepcnekTuBHblEe NPOU3BOACTBEHHbLIE TEXHOMOrMM, MeHemMKMEHT M oueHKa PUCKOB» Ha OCHOBE
CODCTBEHHOrO ayTEHTUYHOro NepeBoda ctaHgapTa, yKasaHHOro B NyHKTe 4

2 BHECEH YnpaesneHunem passutusd, HdpopmMmaLMoHHOro obecneveHns n akkpeagutaunm egepanbHOro
areHTCcTBa Nno TeXHUYECKOMY peryrnmpoBaHUo U MeTPOorn

3 YTBEPXXOEH W BBEAEH B JEWCTBUWE [MMpukasom PenepanbHOro areHTCTBa no TEXHUYECKOMY
perynupoBaHuio 1 MeTponornn ot 27 aekabpsa 2007 r. Ne 572-cT

4 HacTtoawumn ctaHgapT siBnsieTcAa MOoaAUPMLUMPOBaHHBLIM MO OTHOLUEHUIO K MeXayHapoaHOMY cTaHaapTy
MOK 60812:2006 «MeToabl aHanM3a HageXHocT cuctem. MeTog aHanusa BMAOB U NOCNEeACTBUAN OTKA30B
(FMEA)»(IEC 60812:2006 «Analysis technigues for system reliability — Procedure for failure mode and effects
analysis (FMEA)») nyTemM BHeCeHUs1 TEXHUYECKUX OTKITOHEHNW, 0D BACHEHME KOTOPLIX NPUBeAeHO BO BBeAeHUN
K HacTodweMy cTaHdapTy.

HanmeHoOBaHMe HacToALWEro ctaHgapTa UsSMeHeHO OTHOCUTESTbHO HAaUMEHOBaHUSA yKasaHHOro MeXay-
HapoaHoro ctaHgapTa anga npueeaeHnsa B cooteeTcTtBue ¢ [OCT P 1.5—2004 (noapaszagen 3.5)

5 BBEAEH BI'NEPBbIE

VIHipbopmMmayuss o6 UBMEHEeHUSX K HacmosweMy cmaHoapmy rnybnuKkyemcs 8 eXe200H0 u3oasaeMoM
UHpOPpMaUUOHHOM YKazamerne «HalyuoHalbHbIe cmaHOapmabi», a mekcm UaMeHeHUU U rornpasoK — 8 eXXeMe-
CAYHO U30asaeMbiX UHPOPMaUUOHHbLIX yKalzamensx « HayuoHanbHbele cmaHOapmeiy. B cniydyae nepecmompa
(3aMeHbl) Ui OMMeHbI Hacmosauw,e20 cmaHOapma coomeemcemesyrouiee yeeoomreHue byoem ornybnukosaHo
8 eXKeMeCsI4HO U30asaeMoM UHpopMaylUOHHOM yKka3zamerne «HayuoHarnbHble cmaHOapmbly. Coomeemcmey-
rowas UHgbopmayus, yeeooMIieHUe U meKkcmaei pa3Melaromcs makxe 8 UHpopMalyUoHHOU cucmeme obuieao
rob308aHuUss — Ha ogulyuanbHOM calime PedepallbHO20 a2eHmemea rno mexHU4ecKoMy peayrnupogaHuro U
Mempoiiozauu 8 cemu VMIHmepHem

© CTtaHpgapTtuHdopm, 2008

HacTtoawumn ctaHaapT He MoXeT ObITb NOMHOCTLIO UMM YacTUYHO BOCTNIPOU3BEAEH, TUPaXXNPOBaH U pac-
MpocTpaHeH B KayecTBe oduumanbHoro nsgaHmsa 6es paspeweHns PegepanbHOro areHTcTBa Mo TeEXHNYECKO-
MY PeryrimpoBaHuo 1 MeTpPoioru
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BBenoeHue

B oTnn4yume oT npMeHAeMoro MmexxayHapoaHoro ctaHgapTta B HacToALWMM cTaHAapT He BKNHOYEeHbI CChINKU
Ha MOK 60050-191:1990 «MexayHapoaHbI 3nekTpoTexHndeckma cnosapb. [ nasa 191. HageXXHOCTbL U KayecT-
BO yCNyr», KOTOpPbIE HellenecoobpasHo NPUBOANTL B HALMOHANBHOM CcTaHaapTe M3-3a OTCYTCTBUA NPUHSATOro
rapMOHMN3NPOBaHHOMo HaUMOHaNbHOro ctaHgapTa. B cooTBETCTBUM C 3STUM USMEHEHO codepXaHune pasaena 3.
Kpome Toro, B cTaHAapT BKNOYEHO AONONHUTENBbHOE NpunoXeHue C, cogepxallee nepevyeHb MCNOMb3yeMbIX

cokpaLlleHNn Ha aHMMUNCKoM a3bike. CeblnkM Ha HaUMOHanbHbIE cTaHAapThl M ACNONHUTENbHOE NpunoxeHue C
BblAeneHbl KYpCUBOM.

IV
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HAUUWOHANBbHBIN CTAHOAPT POCCUUCKOMWN PEOEPALNMN

MeHeQ)KMeHT pUcKa

METO[ AHANTU3A BUOOB U MNOCNEACTBUU OTKA3OB

Risk management. Procedure for failure mode and effects analysis

NaTta BBeaeHna — 2008—09—01

1 ObnacTb NpUMeHeHus

HacTtodawuny ctaHgapT ycTaHaBNMBaeT MeTodbl aHan1sa BUaoB U nocneactsin otkasoB (Failure Mode
and Effects Analysis — FMEA), BnaoB, nocneacteuni U KputndHocTU oTtkasoB (Failure Mode, Effects and
Criticality Analysis — FMECA) 1 gaeTt pekoMmeHaauum no nx NnpUMeHeHuo angd AoCTUXKeHUs NoCTaBNeHHbIX
Lenen nytem:

- BbIMOJIHEHNA HEODXOANMMbBIX 3TanoB aHanNM3a;

- NAeHTUPUKALIMA COOTBETCTBYHOLWNUX TEPMUHOB, NPEANnONoXeHUN, nokasaTtenen KpUTUYHOCTU, BUOOB
OTKA30B;

- onpeneneHnss OCHOBHLIX MPUHLAMOB aHanM3a;

- ICMONb30BaHMS NPUMEPOB HEODOXOAUMBIX TEXHONOTMYECKMX KapT UNn Apyrnx TadbnmnuHbix opm.

Bce npuBegeHHble B HACTOSAWEM cTaHaapTe obwme TpedboBaHna FMEA oTHocatca n K FMECA, Tak kak
nocneaHun aiensieTca pacwmpeHnem FMEA.

2 HopMaTuBHbIE CCbINKN

B HacTodleM cTaHOapTe UCMOoNb3oBaHbl HOPMaTUBHLIE CChINTKMA Ha cneayiowme ctaHaapThl:

[OCT P 51901.3—2007 (M3K 60300-2:2004) MeHeOxmeHmM pucka. Pykoeo0ocmeo rno MeHeOXMeHmy
HaoexHocmu (M3K 60300-2: 2004 « MeHeOxmMeHm HaoeXxHocmu. PyYKo800Cme0 Mo MEeHEOXXMEHMY HaOeXXHOC-
mu», MOD)

[OCT P 51901.5—2005 (M3K 60300-3-1:2003) MeHeOxmeHm pucka. Pykoeoocmeo o rpUMeHeHUIo
Memooos8 aHanusa HaoexHocmu (M3K 60300-3-1:2003 « YrnpasneHue HaoexHocmero. HYacmb 3-1. PYKO800-
CMeo 110 rnpumMeHeHur. Memoos! aHanu3a HaoexxHocmu. Pykoeoocmeo rno memoaoosnozauu», MOD)

[OCT P 51901.13—20056 (M3K 61025:1990) MeHeoxmeHm pucKa. AHanui odepesa HeucripasHocmeu
(M3K 61025:1990 «AHanus oepesa HeucripasHocmu (FNA)», MOD)

[OCTP51901.14—2005 (M3K61078:1991) MeHeoxmeHm pucka. Memoo cmpyKmypHOU CXeMbl Ha0eX-
Hocmu (M3K 610768:2006 « MemoOki aHanusa HaoexxHocmu. CmpykmypHasi cxema HaoexHocmu U byrneesbi
Memoosi», MOD)

[OCTP51901.156—2005 (M3K61165:1995) MeHeoxmeHm pucka. lNpuMeHeHUe MapKO8CKUX Memoaoos
(M3K 61165:19958 «llpumeHeHue mapkosckux memodos», MOD)

[TpumedvyaHwue—Ilpn NoNb3oBaHUN HACTOSALWMM CTAaHOAAPTOM LenecoobpasHo NpoBepUTb AEUCTBUE CCbINOM-
HbIX CTAHAAPTOB B MHPOPMALUMOHHON CUCTEME OOLEro nonb3oBaHns — Ha opuumanbHomM cante PegepanbHOro areHT-
CTBa Mo TEXHNYECKOMY PEryrnmpoBaHUIO U METPOIOINMU B CETU VIHTEPHET UMK MO €XEroaHoO n3gaBaemMomy MHPOPMaLNOHHO-
MYy yKasaTtenio «HaunmoHanbHble cTaHAapTbl», KOTOPbIW ONYBNMKOBaH NO COCTOSHUIO HA 1 AHBAps TEKYLWEro roga, v no
COOTBETCTBYIOLLMUM EXEMECHYHO n3gaBaemMmbiM NHOOPMALUUOHHBIM yKa3aTtensam, onybnmkoBaHHbIM B TEKYLWEM roay. Ecnu
CCbITOYHbIN CTAHAAPT 3aMEHEH (M3MEHEH), TO MNPY NOSIb30BAHMN HACTOSIWLMM CTaHAAPTOM CleayeT PyKOBOACTBOBATBLCS 3a-
MEHSIOWMM (M3MEHEHHLIM) CTaHAAPTOM. ECnn cCbIiNOYHbIM CTAaHAAPT OTMEHEH 6e3 3aMeHbI, TO NONOXEHWE, B KOTOPOM Aa-
Ha CCbINIKa Ha HEro, NPUMEHSAETCA B YaCcTU, HE 3aTparnBatoLLEN 3TY CCbITKY.

U3paHune odbmumanbHoe
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3 TepMUHbI U onpegeneHus

B HacTosAwem cTtaHAapTe NpUMeHeHbl cneayroLlme TepMUHbI C COOTBETCTBYHOLLIMMU onpeaeneHUaMin:

3.1 ob6bekT (item): Jliobas vacTb, 3NeMeHT, YCTPOMUCTBO, NogcuctemMa, yHKUUOHaAN6LHaa eanHuLa,
annapaTtypa UM cuctemMa, KOTOPYH MOXHO paccMaTpuBaTb CAMOCTOATENBHO.

[TpyumMmevyaHNHs

1 ODOBEKT MOXET COCTOATb U3 TEXHUYECKUX CPEeACTB, MPOrpamMMHbIX CPeACcTB UMM NX COMETAaHUA U MOXET TakKxKe, B
YaCTHbIX ClyvasXx, BKNovaThk B cebs TEXHUYECKUN nNepcoHarn.

2 Psip 06bekTOB, HANPUMEP NX COBOKYMNHOCTb UMK BbIBOPKa, MOXET ObITb PAaCCMOTPEH KakK 0O BEKT.

3 lNpouecc TakKke MOXET BbITb PACCMOTPEH KaK OO BEKT, KOTOPbLIN BLINONTHAET 3a4aHHYI0 DYHKUMIO 1 ANSA KOTOPOro
npoBogsaT FMEA nnn FMECA. ObbivHo FMEA annapaTtHbiX cpeacTB HE pacnpocTpaHAeT s Ha MioAen U nx B3anMmogen-
CTBUE C annapaTHbIMU CpeacTBaMum UnNu NporpaMmmHbiv obecneveHnem, B To BpeMs kak FMEA npouecca 06bIvHO BKTIOYaeT
B cebf aHanu3 aencTBun Nioaen.

3.2 oTtkas (failure): YTtpata 06beKkTom cnocoBHOCTH BLINOMHATL Tpebyemyto dyHKumo).

3.3 HeucnpaBHocTb (fault): CocTossHMe obbekTa, NP KOTOPOM OH He criocobeH BbINOMNHATL Tpebye-
MYI0 PYHKLINIO, 32 NCKITHOYEeHNEM Takon HeCNOCODHOCTM NPU TEXHUYECKOM 0DCNYyXKMBaHUN NN OPYTUX MaHo-
BbIX MEPOMPUATNAX NN BCNEACTBUE HEXBATKMA BHELLIHUX PECYPCOB.

[TpumevyaHwmns
1 HeuncnpaBHOCTb 4YacTo SIBANSIETCH CNeACTBUEM OTKA3a 0ObeKkTa, HO MOXET UMEeTb MECTO U H6e3 Hero.

2 B HacTosilwem ctangapTe TEPMUH «HEUCMPABHOCTbY» UCMONb3YETCH HAPSAY C TEPMUHOM «OTKa3» Mo NCTOPUYEC-
KUM MPUYUHAaM.

3.4 nocnepctBue otkasza (failure effect): Cnegcreue Buaa otkasa Anga akennyartayun, PyHKLUACHNPO-
BaHWS UMK cTaTyca 00bLeKTa.

3.5 Bupg oTkasa (failure mode): Cnocob 1 xapakrep BO3HUKHOBEHUA O0TKa3a obbekTa.

3.6 KpUTUYHOCTL oTKa3a (failure criticality): CodeTaHue TAXeCTU NOCNEACTBUMN N YaCTOThbI NMOABIIEHUA
M OPYrMX CBOUCTB OTKa3a Kak XapakTepucTuka HeobxoaumocTu uaeHTudpmnkaumm MCTOUHUKOB, NMPUYUH U
COKpalleHUA YacToThl UMY KONUYecTBa NosABNeHUA 4aHHOro 0TKa3a M yMeHbLUEeHUA TAXKEeCTU ero nocnegcTsui.

3.7 cucrtema (system): COBOKYNHOCTb B3aUMOCBSA3aHHbIX UMM B3aUMOENCTBYOLUX 3M1EMEHTOB.

[TpumevyaHwms

1 TpuMeHnTENBbHO K HAAEXHOCTU CUCTEMA AO0IKHA UMETD:

a) onpeaeneHHble LUenu, npeacraBieHHble B BUae TpeboBaHnM K ee PyHKUNAM;
b) ycTaHOBNEHHbIE YCNOBUS PYHKUMOHNPOBAHUS;

C) onpeaeneHHble rpaHnLbl.

2 CTpyKTypa CUCTEMbI ABIAETCH Nepapxmyeckon.

3.8 TAXecTb oTKa3a (failure severity): 3HaYUMMOCTb UM CEPBLE3HOCTL NOCNEACTBUA BUaa OTKasa A4S
obecneveHnsa PyHKUMOHNPOBaHUA 0ObeEKTA, OKpyXKatoLlen cpeabl U onepaTopa, CBA3aHHas C YCTaHOBMNEHHbI-
MW rpaHuLaMmm nccnegyemoro odbbekTa.

4 OCHOBHbLIE NONOXeHUN

4.1 BBepeHue

AHanun3 BMaoB U nocneacTein oTkasoB (FMEA) asnsaeTca MeToaoM CUCTEMaTUYECKOro aHannsa CUcTe-
Mbl 4118 MOEHTUPUKAL A BUOOB NOTEHLUMANBbHBIX OTKa30B, UX NMPUYNH M NoCNeCTBUN, a TAKKe BIIMAHUA OTKA30B
Ha PYHKUMNOHUPOBAHUE CUCTEMBI (CUCTEMBI B LIENTOM UM ee KOMMNOHEHTOB U NpoueccoB). TepMUH «cuctemar
MCMONb30BaH AMs1 ONUcaHus annapaTHbIX CpeacTB, NporpaMmMHoro obecnevyeHust (C UX B3aMMOAENCTBUEM ) UNU
npouecca. PekomeHayeTca NpoBOAUTL aHaNMU3 Ha paHHUX CTagusax paspaboTKu, Koraa ycTpaHeHne Unm cokpa-
LieHne nocneagcTBUA U KoNMYecTBa BUAOOB OTKA30B ABNAETCHA 3KOHOMUYECKU Haunbdonee 3ddeKTUBHBLIM.
AHanms MoXeT ObITb HavaT, KaK TOMbKO cUCTEMa MOXKET ObiTb npeacTaBneHa B Buae PyHKLMOHATBbHOM
DNOK-CXEMBbI C yKa3aHUEM ee 3N1eMEHTOB.

" Bonee demanbHo cm. [1].
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Bribop BpemeHn npoeaeHnsa FMEA oveHb BaxkeH. Ecnu aHanns 6bi1 BbINOMHEH Ha A0CTaTOYHO paHHUX
aTanax paspaboTKn CUCTEMbI, TO BBeAEHNE U3MEHEHWNI NPU NPOEKTUPOBaHUN AN UCKITHOYEeHUS HeJoCTaTKOB,
obHapyXeHHbIX npu nposeaeHnn FMEA, aBnsaetcs sakoHoOMUYecKn bonee apdPeKTUBHbIM. [103TOMY Ba)XHO,
4yToObI Lenu n3agadyn FMEA bbinm onmncansl B nnaHe nrpaduke npouecca paspabotkn. Takmm obpasom, FMEA
ABMSIETCHA UTepaTUBHLIM NPOLECCOM, BbINMOMNHSIEMbIM OQHOBPEMEHHO C NPOLECCOM NPOEeKTUPOBaHUSA.

FMEA npuMeHUM Ha pasnnYHbIX YPOBHAX AeKOMNO3ULIUKA CUCTEMBI — OT CaAMOT0 BbICOKOIO YPOBHSA CUC-
TeMbl (CUCTEMBI B LIleNToM) A0 PYHKLUUW OTAENbHbBIX KOMMNOHEHTOB UMK KOMaH4 nNporpaMmmMHoOro obecne4veHus.
FMEA nocTosiHHO NOBTOPSIIOT U ODHOBIIAOT, NOCKONBKY NMpW paspaboTke COBEPLUEHCTBYETCH U U3MEHSIETCH
KOHCTPYKUMNSA cucTeMbl. I3MeHeHNUs KOHCTPYKL MK TpebyoT BHECEHUA M3SMEHEHNIN B COOTBETCTBYOLLME YacTu
FMEA.

B uenom FMEA aBnsetcsa pesynbtaTtomM paboTbl KOMaHAbI, COCTOSILLEN U3 KBaNUPULMPOBaHHbLIX crieLua-
TNCTOB, CNOCODOHbLIX NPU3HATL U OLEHUTb 3HAYUMMOCTb U NMOCNeacTBUS PA3NMUYHBIX TUMOB NOTEHLMaNbHbIX HECO-
OTBETCTBMUN KOHCTPYKLMKA U NMPOLIECCOB, KOTOPbLIE MOTYT NMPUBECTU K OTKaszam npoaykumn. PaboTta B kKoMaHae
CTUMYNUPYET NPOLIECC MBILLUNEHUS U rapaHTUpPyeT HeobXoaMMoe Ka4yeCcTBO 3KCNEPTUSLI.

FMEA npeactaBngeT codbon metoa, No3BoNsoWn naeHTUuLMpoBaTh TAXECTb NocneacTsniA BUAOB
NoTEeHUMANbHLIX OTKA30B, M obecne4vynTb Mepbl NO CHUXKEHWIO pUcka. B HekoTopbix cnyvasax FMEA Takke BKMto-
yaeT B cebsl oLeHKY BEPOATHOCTU BOSHUKHOBEHNA BUOOB OTKA30B. JTO paclUMpsaeT aHanms.

o npumeHeHna FMEA HeobxoamMmMo NpoBeCcTU MepapXnUYecKyro AeKOMMNO3ULUIO CUCTEMbI (annapaTHbIX
CpeACcTB C NporpaMmMHbiM obecrneyeHMeM UNn npouecca) Ha OCHOBHbIE 3NneMeHThl. [1one3Ho NCNoNb3oBaTh
NPOCThIE BMOK-CXeMBbI, UNNCTpUpyowne aekomnosnuyuio (cm. FOCT P 51901.14). AHanns npru 3TOM Ha4YMUHa-
10T C 3NTEMEHTOB CaMOro HMXKHero ypoBHA cucTteMel. [locneagcteme oTkasa Ha HUXKHEM YPOBHE MOXET CTaTb Npu-
YUMHOW OTKa3a 0bbeKkTa Ha bonee BLICOKOM YpoBHe. AHaNM3 NpoBOAST CHU3Y BBEPX MO BOCXOASLEN CXEME, MOKaA
He OyayT onpeaeneHbl KOHeYHbIe NOCNeaCTBUA ANA CUCTEeMbI B LLeNoM. Takon npoLuecc nokasaH Ha pucyHke 1.

FMECA (aHanus BnaoB, NnocneacTBmMni U KPUTUMHOCTU 0TKasoB) pacliunpsaetr FMEA 1 BknrovaeT B cebs
MeToAbl paHXNPOBaHUA TAXKECTU BUOOB OTKA30B, MO3BONAET YCTAaHOBUTL NPUOPUTETHOCTL KOHTPMep. CoveTa-
HUe TAXKeCTU NoCcneaACTBUA NYACTOThl BO3HUKHOBEHUSA OTKA30B SIBMAETCA MEePOU, Ha3blIBAEMOU KPUTUYHOCTbLIO.

MpuHuunbl FMEA MoryT ObITb NPpUMEHEHBI BHE pa3paboTKM NpoeKTa Ha BCeX CTaaUSIX )KU3HEHHOTO LIMKNa
npoaykumn. Metog FMEA moxeT ObITb NpUMEHEH K NPOU3BOACTBY UMK APYromMy npoueccy, Hanpumep B 60/b-
HULaX, MeauumnMHCKnX nabopaTtopusax, cuctemax obpasosanHusan ap. lNpm npumeHennmn FMEA K npon3BoaCTBEH-
HOMY npoueccy 3Ty npoueaypy HasbiBawwT FMEA npouecca [Process Failure Mode and Effects Analysis
(PFMEA)]. Ana sddekTnBHOro npumeHeHnsa FMEA BaXkHbIM ycnoBmueM paboThl ABNAeTCs obecneveHne agek-
BaTHbIMU pecypcaMiu. [NonHoe noHMMaHue cuctembl And npeasaputenbHoro FMEA Heobs3aTenbHO, 0AHAKO
Nno Mepe paspaboTkm NpoeKkTa Ans AeTanbHOro aHanumsa BUaoB 1 NocneacTBUM OTKa30B HEODX0AMMO NONHOoE
3HaHWEe XapaKkTepUCcTUK U TpeboBaHUK, NpeabsBNsiEMbIX K NpoekTUupyemon cucteme. CrnoXHble TeXHUYecKue
CUCTEMBI ODBLIMYHO TPEDYIOT NPUMEHEHNS aHannsa K 0onbLIoMY YMCTTY aKTOPOB NpoekTa (MexaHuKa, 3neKkTpo-
TEeXHUKA, CUCTEMHOE MPOEeKTUpOBaHne, paspaboTka nporpaMMHoOro obecnevyeHunst, cpeacTBa TEXHUYECKOro
obCnyXMBaAHMA U T. A.).

B obwem cnyvae FMEA npnuMeHsatoT K 0TAENbHBIM BUAaM OTKa30B U X MOCNeACTBUAM ANt CUCTEMbI B
Lenom. Kaxxabl BUO 0TKasa paccMmaTpuBatoT Kak HesaBUCUMBIA. Takum obpasom, sTa npoueaypa He noaxoanT
ONA pacCMOTPEHUA 3aBUCUMBIX OTKa30B UMM OTKA30B, ABMNAMLLMXCA CneacTBMeM MnocneaoBaTeflbHOCTU
HECKONbKNX cODLITUN. [1Ng aHanmsa Takmx cCUTyaunm Heodbxoaumo NPUMeEHATb Apyrue MeToabl, Takme Kak Map-
KOBCKUN aHanus (cMm. FOCT P 51901.15) unn aHanuns gepesa HeucnpasHocTen (cM. FOCT P 51901.13).

[Mpn onpegeneHnn nocneacTBUA oTkasa HeobBXoANUMO paccMOTPEeTh OTKasbl bDosiee BbICOKOro YPOBHS U
OTKa3bl TOrO e YPOBHA, BO3HUKLLNE B pe3ynbTarte npousolwegliero otTkasa. AHanm3 4omKeH BbiiBUTb BCE BO3-
MOXXHble KOMOUHaLMK BUAOB OTKA30B N UX NocneaoBaTeNlbHOCTEN, KOTOpble MOTyT ObITb MPUYMHON NMocnea-
CTBUMA BWOOB OTKasa Ha Oonee BbLICOKOM ypoBHe. B 3Tom cnydyae HeobxoguMmo AOMNOMHUTENbHOE
MOJenMpoBaHne AN OLLEHKN TAXKECTU U BEPOATHOCTU BO3HUKHOBEHUSA TaknxX NocneacTBUN.

FMEA aBnseTcsa rmOKMmM MHCTPYMEHTOM, KOTOPbLIN MOXHO aganTupoBaTh K OCODEHHOCTAM TpeboBaHNA
KOHKpPEeTHOro npom3soactea. B HekoTophIX cnyvasax TpebyeTtca paspaboTka cneunanm3anpoBaHHbIX opmM K

npaBui BeJeHUs 3anncei. YpoBHU TSXKECTU BUAOB OTKA30B (B crydasax UX NpUMeHeHus ) aAns pasfinvHbIX CUC-
TEM WU Pas3NNYHBIX YPOBHEN CUCTEMbBI MOTYT ObITh onpeaeneHbl No-pasHoMmy.
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PUCYHOK 1 — B3aumMmoCBSA3b BUAOB U NMOCNEACTBUN OTKA30B B UEPAPXNYECKOU CTPYKTYpPE CUCTEMDI
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4.2 Llenu v 3apayuu aHanusa

QOcHoBaHUAMM AN NpUMeHeHnsa aHanusa BMaoB U nocneacteun otkasos (FMEA) nnn aHanusa sMaos,
nocneacTemMn U KpUTUYHOCTU oTkaszoB (FMECA) moryT ObITh cneaytowine:

a) UaeHTUdUKaLMa OTKA30B, KOTOPbIe MMEKT HexenaTterbHble nocneacTeys Ansa dyHKLMOHUPOBAHUS
CUCTEMbI, HanNnpumMmep npekpalleHne Unu sHavynTesbHoe yxyaleHne padboTbl NN BIMAHME Ha 6e30MacHoCTb
nonb3oBaTens:;

D) BbINONHEHWe TpeboBaHM 3aKa3vMKa, YCTAHOBMNEHHbIX B KOHTPaKTe;

C) MOBbIWEHMe HageXHOCTN UNnK 6e30NacHOCTU CUCTEMbIl (HanpumMep, NyTeM U3MeHeHUs npoekTa Unu
npoBeaeHns AeUCTBMA NO obecnevyeHunto KavecTBa);

d) noBblWeHNe PEeMOHTOMPUrOAHOCTU CUCTEMBI NyTEM BbIABNEHUST obnacTten pucka Unnm HecooTBeT-
CTBUN NMPUMEHUTENBHO K PEMOHTOMNPUroaHOCTM.

B coOTBETCTBMU C BbILLEN3NOXEHHbIM Lenamun FMEA (nnu FMECA) moryT bbITh cnegytoLme:

a) nonHaga naeHTUUKauma U oLeHKa BceX HexenaTellbHbIX MocneaACTBUN B npeaenax yCTaHOBMNEHHbIX

rpaHuy, cucTeMbl M nocreaoBaTenbHOCTEN COOBLITUI, BbI3BAHHBIX KaXXAbliM MOEHTUPULMPOBAHHBIM BUOOM
oTKasa obLLen NPUYNHBI Ha pasfNYHbIX YPOBHAX (PYHKLMOHANBHOM CTPYKTYPbI CUCTEMBI;

b) onpeaeneHne KPUTUYHOCTU (CM. pasaen 6) UM NPUOPUTETHOCTU ANA ANarHOCTUKN U CHDKEHWS Hera-
TUBHBIX MOCIEACTBMNA OTKA30B KaXKaoro BMAa, BNUAIOLLINX Ha MPaBUbHOCTb (PYHKLIMOHNPOBaHWA U napameTphl
CUCTEMbI NN COOTBETCTBYIOLLEro NpoLecea;

c) knaccudurkauua naeHTUONLNPOBAaHHbIX BUOOB OTKA30B B COOTBETCTBUM C TAKUMU XapaKTepucTnKa-

MW, KaK Nerkoctb 0OHapyXeHusl, BO3MOXXHOCTb ANarHoCTUPOBaHUSA, KOHTPONENPUrogHoCcTb, YCITOBUS 3KCMya-
TaLunM N peMoHTa (PEMOHT, 3KcnnyaTauusa, NoructTmka n 1. Aa.);

d) naeHTudmnkauna pyHKLMOHANbHbLIX OTKa30B CUCTEMBI 1 OLeHKa TSXKECTU NOCNeACTBUNA N BEPOATHOC-
TU BO3SHUKHOBEHUSA OTKAa3a;

e) paspaboTka nnaHa yny4dleHust npoekTa nyTemM cokpalleHUst KonnyecTBa U NocneacTBUN BUOOB OTKa-
30B;

f) paspadboTkannaHa3pPEeKTUBHOIO TEXHUYECKOro 00CYKUBaHUA AN CHUKEHUA BEPOATHOCTU BOSHUK-
HoBeHuMs1 0TKasoB (cMm. MOK 60300-3-11 [2]).

[TpnmevaHnwune—Ilpn pabote ¢ KPUTUHHOCTBIO U BEPOSATHOCTBLIO NMOSABNEHUS OTKA30B PEKOMEHAYETCH NPUME-
HATb meToaonormio FMECA.

5 AHanu3 BUAOOB U NOoCneacTBUU OTKA30B

5.1 OcHOBHbIe NONOXeHusa

TpaaAnuMOHHO CYLLECTBYIOT AOCTATOYHO BOoMbLUME pa3nniug B crnocobax npoBeaeHUsa U npeacTaBneHus
FMEA. Obbl4YHO aHanns BeINONHAT, UASHTURULUPYH BUAOLI OTKA30B, COOTBETCTBYOLLUE NPUYMHBI, HENOCPEea-
CTBEHHbIE N UTOrOBbIE NOCNEeACTBUSA. AHANUTUYECKNE pe3ynbTaThl MOTYT ObITb NpeAcTaBneHbl B BUae pabovei
Tabnuubl, cogepxallen Handonee CyLeCTBEHHYO MHOPMaLUIO O CUCTEME B LIENTIOM U AeTansax, y4UTbiBato-
LLINX ee OCODEHHOCTU, B YACTHOCTM O NYTSAX NOTEHLUMANBbHBLIX OTKA30B CUCTEMBI, KOMMOHEHTOB U BUAaX OTKa30B,
KOTOpble MOTYT ObITb MPUYNHON OTKa3a CUCTEMBI, a TakkKe NpU4nHax BO3HUKHOBEHUA KaXKaoro BMaa oTkasa.

[TpumeHeHne FMEA K CnoXXHON npoayKLum cBA3aHO C 0ONbLUMMN TRYAHOCTAMU. DTUX TPYAHOCTEN MOXKET
OblTb MEeHbLUE, eCrn HEKOTOPLIE NOACUCTEMbI NN YaCcT CUCTEMBI HE ABMSILOTCS HOBBIMU U COBMagatoT ¢ NO-
cucTeMamMm nYacTamMum npeabiaylen KOHCTPYKUUK cuctemMel UNK aBnaoTea Mx moandoukaumnein. BHOBb co3ga-
Baembin FMEA pgomkeH mucnonb3oBaTtb MHGOPMaUUO O CYLLECTBYIOWMX nogcuctemMax B MakKcUMarbHO
BO3MOXHOW cTeneHn. OH OOMKEH Takke yKasblBaTb HA HEODXOAUMOCTb MUCMbITAHWUA UMK NONTHOMO aHanusa
HOBbLIX CBOUCTB N 00 BbEeKTOB. Kak ToNbKo paspadoTtaH getanbHbln FMEA anst HEKOTOPOMN CUCTEMBI, OH MOXET
ObITb OOHOBMEH U yNyULLEH ANS Nocneayowmnx Mogndukaunm CUCTEMBI, YTO NOTPedyeT 3HAYUTENTbHO MEHbLLE
yCcunun, yem Hosasi paspaboTtka FMEA.

Mcnonbaysa cywecTtsyowmmn FMEA npeabliayLen sepcun npoayKumm, Heodbxoanmo yaoCTOBEPUTLCS, UTO
KOHCTPYKLUS (MPOEKT) MOBTOPHO UCTIOTb3YETCH TEM XKe CNOCODOM N C TEMU XKe Harpyskamu, YTo nnpeabiayLlas.
HoBbIE Harpysku Un BO3AeUCTBUSA OKpYXKatoLlen cpeabl Npy akcnnyataunum MoryT notpedoBaTth 40 BbINOMHe-
H1a FMEA npoBegeHua npeasaputensHoro aHanmsa umetoweroca FMEA. Pasnnyna Bo BHELWHUX YCNOBUAX U
BKCnnyaTauMoHHbIX Harpyskax MoryTt notpeboBaTtb co3gaHunst Hoeoro FMEA.

[Mpouenypa FMEA cocToUT n3 cneayowmx OCHOBHBIX YeThIpeX 3Tanos:

a) yCTaHOBMNEHUSA OCHOBHLIX NpaBUS NNaHUPOBaHUA U pa3paboTku rpaduka BeinonHeHunst pabot FMEA
(B TOMYMCe pacnpeaeneHns BpeMeHn nobecnevyeHmnst AOCTYNHOCTU 3KCNEPTU3bI A5 BbINMONHEHUS aHaNn3a);
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b) BeINONHeHUA FMEA ¢ ucnonb3oBaHMEM COOTBETCTBYIOLLUX pabounx TadnuL, unun apyrux gopm, Takmux
Kak rnorn4yeckme cxembl UK AepeBbsa HEUCNPABHOCTEN;

C) noaBeaeHUs UTOMOB M COCTaBNEHUA OTUETAa O pedynbTaTax aHanunaa, BKNovaroLero B ceds BCe BbIBO-
Obl 1 pekoMeHaaUnu;

d) obHoBneHusas FMEA no mepe npoaBMXKeHus pa3paboTkn 1 pasBUTUA NPOeKTAa.

5.2 lNpegBapuTenbHble 3agaun

5.2.1 llnaHnpoBaHne aHanus3a

[deatenbHOCTL Npu BbiNnonHeHU FMEA, BkntoYada AevucTeud, npoLeaypsl, B3anmMoaencTBus ¢ npoLecca-
MW B cdpepe HaaeXXHOCTU, AeNCTBUA NO yrpaBNeHUo KOPPReKTUpyLWMMKU AeUCTBUAMU, a TakKe CPOKU 3aBep-
LUEHUS 3TUX AEUACTBUIA N UX 3TANOB, AOMMKHBbI ObITb YKasaHbl B 0bLLEeM nnaHe nporpamMmmel HagexHocTn),

[1naH nporpamMmmel HageXXHOCTU A0JKeH onnckiBaTh Ucnonb3yemMble MeTogbl FMEA. OnucaHune metogos
MOXET ObITb CAMOCTOSATENbHBIM JOKYMEHTOM UM MOXKET OblTb 3aMEeHEHO CChINKOW Ha AOKYMEHT, coaepKalumnm
3TO onncaHue.

[1naH nporpamMmmbl HageXXHOCTU A0MMKeH coaepXaTb cneaylolmne ceegeHunsa:

- onpegeneHue Luenn aHannmsa u oXXmgaemblX pesynbtaToB,;

- 0bnacTb NpUMEHEeHUA aHanunsa ¢ ykasaHuem, Kakum anemeHTam KoHcTpykuum FMEA gomkeH yaenats
ocoboe BHUMaHKe. Obnactb NpUMEeHeHUa O0MKHA COOTBETCTBOBATL 3PESIOCTU NPOEKTa N OXBaTbIBaTb 31e-
MEHTbI KOHCTPYKLWK, KOTOPbLIE MOTYT ObITb UCTOUYHUKOM PUCKA, MOCKOMNbKY BBIMOMHAT KPUTUYECKYIO PYHKL IO
NI N3rOTOBMNEHbI NO HEOTPaboTaHHON UM HOBOW TEXHOMOMNN;

- OnucaHue TOro, Kak NpeacTaBneHHbIN aHanna cnocodbeTByeT obecneyeHno obLIEN HAOEXKHOCTU CUCTEMBI;

- MAeHTUPUUMPpOBaHHbIE AENCTBUA MO ynpaBneHuo nepecmoTpamn FMEA 1 cooTBeTCTBYIOLWEN O0KY-
MEHTaLMeNn. YnpasieHne nepecMmoTpamMmn AOKYMEHTOB aHannsa, paboumnx tabnuy n Metogamm nx XxpaHeHUs
OOIMKHO ObITb onpeaeneHo;

- HeOOXOAUMBIN OOBLEM YYaCTUSA B aHaNM3e 3KCNepTOB No pa3paboTke NpoekTa;

- YeTKOe yKazaHue KrnoveBbiX cTagnn B rpadouke BeINONMHEHUS NpoekTa ANA CBOEBPEMEHHOro npoBeje-
HUA aHanu3a;

- cNocob 3aBeplUeHUst BCex AEUCTBUN, yKaszaHHbIX B npouecce cokpaweHust naeHTUPnUmMpoBaHHbIX
BUJOB OTKA30B, KOTOPbIE HEODXOOANMMO PpacCcMOTPEeTb.

[1TnaH gomKeH ObITb COrnacoBaH BCEMU y4aCcTHUKaAMU NpoeKTa M 0a00peH ero pykoBoACTBOM. B 3aknioumn-
TenbHOM aHanuse FMEA Ha 3aBepluatoLen ctagum npoekTupoBaHnda NpoayKumMm Unm ee npon3BOACTBEHHOTO
npouecca (FMEA npouecca) AomKHbI ObITh YKa3aHbl BCe 3aperncTpupoBaHHble AeUCTBUSA ANA YCTPaHEHUS UNu
COKpaLLEeHUNA KONMYECTBa U CHMKEHUS TSDKECTU NOCNeACTBMN YCTAaHOBMEHHBIX BUAOB OTKA30B, a Takke cnocob
OCYLLECTBNEeHUsA Takux e UCTBUMN.

5.2.2 CTpyKTypa cUCTEMBI

5.2.2.1 NHopMaLna 0 CTPYKTYpe CUCTEMBI

NHpopmaLna o CTPYKTYpe CUCTEMBI A0MMKHA BKMOYaTh B cebsl cneaytolme gaHHbIE:

a) onucaHue 3NeMeHTOB CUCTEMBbI C X XapaKTepucTukamMmu, napameTtpamMmm akecnnyataynum, PyHKUUAMUA;
onncaHue NorMyvecknx CBA3en Mexay anemMeHTamu;

CTerneHb 1 Xapakrtep pe3epBUPOBaAHUSA;
NoNoXeHne U 3Ha4YMMOCTb CUCTEMbI B paMKaX YCTPOUCTBA B LIeNTOM (ecnn 3TO UMeeT MEeCTO);
BXOAbl N BbIXOAbl CUCTEMBI;

f) 3aMeHbl B CTPYKTYpe CUCTEMbI ANHA N3MePEHUsA PEXMMOB aKCnnyaTauuu.

[1ns1 Bcex ypoBHEW cUCTeMbl Heobxoanuma nHdopmaumnsa 0 PYHKUNAX, XapakTepUCTUKaX U napameTpax.
YPOBHU CUCTEMEI paccMaTpuBaloT CHU3Y BBEPX A0 CaMOro BbICOKOIo YpPOBHSA, Uuccneaya ¢ nomowbio FMEA
BUOblI OTKA30B, KOTOPLIE HapYyLLaT KaXayo U3 yHKUUN CUCTEMDI.

5.2.2.2 OnpeaeneHne rpaHnL, cuctemsl 4ns aHanumaa

[‘paHnLbl CUCTEMBI BKNHOYAKOT B cebs Pnsndecknin n pyHKUUOHaNbHbIA MHTEPdENCHl MeXay CUCTEMON U
ee cpeaon, B TOM YMCTe Apyrue CUCTeMbI, C KOTOPbLIMU B3aUMMOAeNCTBYeT Uccneayemas cuctema. Onpegene-
HUe rpaHnL, cMCTeMbl AN aHanu3a A0IMKHO COOTBETCTBOBATL rpaHuLaM CUCTEMBI, YCTaHOBIIEHHBLIM A4 NMPoek-
TUPOBAHUSA U TEXHUYECKOro ODCNYXMBAHUA, U OTHOCUTLCS K NMIOOOMY YPOBHIO cUCTEMBLI. CUCTEMBI U/UNK
KOMMOHEHTbI, BbIXoAsLWMe 3a rpaHnLbl, AOMKHbI ObITb YEeTKO onpeaeneHbl K NCKITHYEHbI.

OnpegeneHne rpaHnL, CUCTEMbI B BONbLUEN CTEMNEHM 3AaBUCUT OT €€ KOHCTPYKLUMK, npeaHasHauYeHHOro
MCNONb30BaHUA, NCTOYHMKOB MOCTABOK UMMM KOMMEPYECKUX KPpUTEepreB, YeM OT ONTUMalbHbIX TpeboBaHUA
FMEA. OaHako, No BO3MOXHOCTU, Npu onpeaeneHnum rpaHnuL, Heobxoammo y9nuTeiBaTh TpeOOBaHUS, MO3BONSA0-
lwme ynpoctnte FMEA 1 ero nHterpauuio ¢ apyrumuy cBA3aHHbIMMU NCCNeaoBaHUSIMU. OTO OCODEHHO BaXKHO,
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ecnu cnctema aBnseTcs PyHKUMOHANBHO CNOXHOW, C MHOTOYNCTIEHHBIMU B3aUMOCBA3SAMU MeXay OObeKkTaMu
BHYTPU U BHe rpaHunL,. B Taknx cnydasax nonesHo onpeaenaTtb rpaHmubl UccnegoBaHUM Ha OCHOBE (PYHKLIMN CUC-
TeMbl, a He annapaTHbIX CPeacTB U NPOrpaMMHOro obecnevyeHmns. 3170 NO3BOMUT OrpaHUYNUTL KONTUYECTBO BXO-
OOB M BbIXOA0B Ha ApYrne CUCTEMbI U MOXET YMEHbLLUUTb KONMMUYECTBO U CHU3UTL TSXKECTb NOCNeACTBUNA OTKA30B
CACTEMBI.

HeobXxoanmMo YeTKOo YCTAaHOBUTL, YTO BCE CUCTEMbI MM KOMIMOHEHTHI BHE rpaHuL, uccrnegyemMmon CUCTeMBI
PACCMOTPEHBI N UCKIMHOYEHBbI U3 aHannaa.

5.2.2.3 YPOBHU aHanusa

BaxxHo onpeaennts YpOBEHb CUCTEMBI, KOTOPLIN ODyAET MCNONBb30OBaH ANsl aHanusa. Hanpumep, B CUCTe-
Me MOTYT BO3HUKHYTb HapyLleHUa ee OyHKLUN UK OTKasbl NOACUCTEM, CMEHHbBIX 3/TEMEHTOB UMK YHUKaNbHbIX
KOMMNOHEHTOB (CM. pnUcyHoK 1). OCHOBHbIe NpaBua BbiDOpa YPOBHEN CUCTEMbI ANA aHaNnn3a 3aBUCAT OT Kenae-
MbIX pes3ynbTaToB W AOCTYNMHOCTU Heobxoaumon wuHdopmauun. MonesHo WUCnonb3oBaTbh chneayrolme
OCHOBHbIE NPUHLUNBI:

a) BbICLUAN YPOBEHb CUCTEMBI BLIOMPAOT MCXOA51 N3 KOHLEMLU WU NPOEeKTa U YCTAHOBMEHHbIX TpeboBaHNM
K BbIXOdaM;

L) camMbll HWXKHUN YPOBEHbL CUCTEMEI, HA KOTOPOM aHanuns aesnsetca adpdPeKTUBHbIM, — 3TO YPOBEHb,
XapakTepusyroLwmuncs Hanminmem gocTynHon MHpopmaLnm ansionpeaeneHna nonucaHna ero pyHkumn. Beldop
COOTBETCTBYIOLLENO YPOBHSA CUCTEMBI 3aBUCUT OT Npeabliaywero oneita. Ana cucrtemMel, OCHOBaHHOM Ha 3penoMm
NpoekTe ¢ 3aPUKCUPOBAHHLIMUN U BBICOKUMW YPOBHAMN HAAEXKHOCTWN, PEMOHTONPUIOAHOCTU N 6e30MacCHOCTH,
NPUMEHSAIOT MeHee geTanbHbl aHann3. bonee getanbHyto NpopaboTKy U COOTBETCTBEHHO DONEE HU3KUE YPOB-
HA CcUCTeMbl BBOAAT ANSA HeaaBHO pa3paboTaHHOWU CUCTEMBI UMM CUCTEMBbI C HEU3BECTHOW XPOHOMOrMen
HaaeXHOCTHU,

C) YCTaAHOBIEHHbLIN UMK NpeanonaraeMbil YypOBEeHb TEXHNYECKOrO O0OCNYXMBAHUSA U PEMOHTA ABMAETCH
LEeHHbIM PYKOBOACTBOM NpU onpeaeneHun 6onee HU3KNX ypoBHEN CUCTEMBI.

[1pu nposegeHun FMEA onpegeneHne BMaos, NpUYMH U NOCNeACTBUAN OTKA30B 3aBUCUT OT YPOBHA aHa-
nM3a 1 Kputepuer oTKasa CUCTEMBI. B npoLecce aHanMsa nocneacTBUs O0TKasa, MAeHTUPULMPOBAHHOMO Ha
bonee HM3KOM YPOBHE, MOTYT CTaTb BUAAMW OTKA30B AN 6onee BbICOKOro YpOBHS cUCTEeMbI. Buabl 0TKa30B Ha
bonee HU3KOM YPOBHE CUCTEMBLI MOTYT CTaTb NPUYUHAMKU OTKA30B HA OONee BLICOKOM YPOBHE CUCTEMbBI U TaK
aanee.

[Mpn gekomMnosnumm cUCcTeMbl 40 ee 31eMeHTOB NocneacTBUst 0aHOM U bonee NpUYnHbI BUaa OTKA30B
CO34atoT B OTKa3a, KOTOPLIN B CBOLO ouepeb ABNSAeTCH NPpUYMHOM OTKa30B cocTaBHOM YacTU. OTKa3 COCTaB-
HOW YacTu ABNAETCSA NPUYNHON 0TKa3a Moayns, KOTOPLIN B CBOKO o4vepedb ABNSeTCA NPUYNHOU OoTKasa noacuc-
TeMbl. Bo3genctesmMe npuvnHbl oTKasa Ha O4HOM YPOBHE CUCTEMbI, TaKUM 0DpasoM, CTAHOBUTCH NPUYNHON
BO3eNCTBUS HA DoNee BLICOKOM ypoBHe. [1puBegeHHoe 0OBbACHEHMNE nokasaHo Ha pUCyHKe 1.

5.2.2.4 llpeagctaBneHne CTpPyKTypbl CUCTEMEN

CumMmBonunyeckoe npeacraBfieHUe CTPYKTYPbl PYHKLUOHUPOBAHUS CUCTEMBI, OCODEHHO B BMAE CXEMBI,
OUYeHb Nones3Ho Npu NPoBeJdeHN aHanusa.

Heobxoanmo paspaboTaTb NPOCThIE CXEMBI, OTpaXKatoL e 0CHOBHbIE PYHKLUK cucTEMBI. B cxeme NHnA
coeIMHEeHNs1 BNOKOB NpeacTaBnNAnT coO0N BXOAbl M BbIXOAb! ANA KaXXa0N PYHKUMK. XapaKTep KaxKaon pyHKLUNUA
N KaXXOoro BXo4a AommkeH ObITb TOUYHO onucaH. [ns onncaHnsa pasnuyuHbiX gpas akennyataunum CUCTEMbI MOXKET
noTpedboBaTLCH HECKOMBKO CXEM.

B COOTBETCTBUK C NPOABUMKEHNEM NPOEKTUPOBAHUSA CUCTEMBI MOXET ObITb paspaboTaHa cxema ¢ 6noka-
MW, NpedcTaBnaloLWMMK peanbHble KOMNOHEHTHI UMM CoCTaBHbIe YacTu. Takoe npeacTtasneHne gaeTt goNoJTHU-
TenbHyo MHpopMaLuuo ans bonee TOMHOU NAeHTUdUKaLNUK NOTEHLMANbHBIX BUOOB OTKA30B N X NPUYNH.

Bnok-cxeMbl AOIMKHBI OTpaXaTb BCe 3MEMEHThI, X OTHOLWUeHUd, pe3epBUpoOBaHNUE U PyHKLUMOHaNbHLIE
B3aMMOCBSI3M MeXay HAMK. DTO obecnevnBaeT NpocneXxmBaemMocTb PYHKUNOHANbHBIX OTKA30B cUCTEMBI. [N
onucaHus anbTepHaTUBHLIX PEXUMOB 3KCNyaTaunum CUCTEMbI MOXKET NOTPeboBaTLCHA HECKONLKO DNOK-CXEM.
MoryT noTpeboBaTbCsl OTAeNbHbIE CXEeMbl ANA KaXAoro pexuma akcnnyatauun. Kak MUHUMYM, Ka)kaas
briok-cxema AoJKHa coaepXaTh:

a) OeKoOMMNo3nLUIo CUCTEMBI HA OCHOBHBIE NOACUCTEMBI, BKMoYada UX PyHKLUMOHaNbHbIE B3aUMOCBA3MN;

D) BCe COOTBETCTBEHHO OTMeYeHHble BXoAbl U BLIX0oAbl M M AEHTUPUKaALNOHHBIE HOMEePa KaXXaou No4cuc-
TEMBI;

C) BCe Pe3epBUPOBaHUA, npeaynpexaarwllyo curHanusauuo U apyrme TexHu4eckme ocobeHHOCTH,
KOTOpble obecnevmBaroT 3aLlUTY CUCTEMBI OT OTKA30B.

5.2.2.5 Tlyck, akcnnyaTtauus, ynpasneHme n TexHn4yeckoe obcnyxmsaHme

CTaTyc pasfnnyHbIX PEXXUMOB 3KCMNIyaTauun CUCTEMBI, a Takoke UsMeHeHUa KOHpUrypauum unu rnosoxe-
HAS CUCTEMBI N €e KOMMNOHEHTOB B TEYEHUE pasfnUYHbIX CTaanA 3KcnnyaTauun OoMKHbI ObITh onpeaeneHsl.
MuHumanbHble TpeboBaHUSA K PYHKLMOHNPOBAHUIO CUCTEMBI AOIKHBI ObITh onpeaeneHsl Tak, 4Tobbl KpUTEPUA

v



[OCT P 51901.12—2007

oTKasa 1U/nnm padoTocnocobHOCTU ObITM YETKUMN U MOHATHBIMU. TpeboBaHUA K TOTOBHOCTW U 6€30NaCcHOCTA
crneanyeT ycTaHaBNMBaTbh Ha OCHOBE 3a4aHHbIX MUHUMANbHBIX YPOBHEWN PYHKLUMOHUPOBAHUA, HEODXOAUMBIX
Onsi paboThl, U MaKCUManbHbLIX YPOBHEW NOBPEXAEHUSA, AONYCKAOLWMX NpUeMKy. HeobxoaMmMo MMETb TOUHYHO
MHPOPMAaLUIO:

a) O NPOACIPKATENBHOCTU KaXXaon PYHKLUWKU, BBINMOITHAEMOWN CUCTEMOWU;

b) 00 nHTEpPBane BpeMeHn Mexay nepuogn4eckumm UCrblTaHUAMMN;

C) O BpeMeHW BbINONMHEHUS KOPPEKTUPYIOLWMX AEUCTBUA OO0 NOABMNEHUA Cepbe3HbIX NocNeacTBUM ANS
CUCTEMBI;

d) O BCex U Cnonb3yeMblX cpeacTBax, YCIOBUSIX OKpyXatoLen cpeabl U/nn nepcoHane, BkoYas UHTep-
dpencobl 1 B3aUMOOENCTBUSA C onepaTopaMu;

e) 0 pabounx npoueccax Npu 3anycke cUCTeMbl, OTKNOYEHUN U ApYruX nepexogax (PEMOHTE);

f) 06 ynpaBneHun B npoLecce ctagun skcnnyaTtauuu;

g) o npodnUnakTU4ecKkom U/mMnm KoppeKkTUpyroLeM TEXHUYECKOM OBCNYXUBaHUN;

h) o npoueaypax UCnbliTaHUA, eCinn UX NPOBOAAT.

YCTaHOBMNEHO, YTO OQHUM U3 BaXXHbIX NpumMeHeHnn FMEA aBnseTca noMollb B paspaboTke cTpaTernmm
TexXHu4eckoro obcnyxmneaHua. MHdopmaumsa o cpegcteax, 0oopyaoBaHUK, 3anacHbIX YacTax AN TEXHUYECKO-
ro obcnyXmBaHug gomkHa ObiTb U3BECTHA TaKXKe ANdA npeaynpeXxaatoLlero M KOppekTUPYIOLWEro TEXHUYECKOro
obcnyXnBaHus.

5.2.2.6 OKpyxawlLaa cpega cMctembl

YCNoBUA OKpyXKatoLlen cpedbl CUCTEMbI A0ITKHLI ObITh onpeaeneHbl, BKNoYas BHELWHWUE YCNOBUS U YCNO-
BUSA, cO34aHHble APYrMMIMN HaxoaaLWMMNCs psiaom cuctemamin. Ang cuctemMsl A0KHbI ObITh ONUCaHbl €€ OTHO-
LeHUd, B3aMMO3aBUCUMOCTUA WMWM B3aMMOCBA3M CO BcnomMoratenbHbIMA WX OPYTMMUA CUCTEMaMU U
MHTEepdencamm 1 ¢ NepcoHanomM.

Ha cTtagum npoeKTnpoBaHUA He BCe 3TU AaHHbIE M3BECTHBI, U MO3TOMY ACMKHbLI ObITb MCMOMb30BaHbI MPU-
DnMxKeHns N npeanonoXerHus. No Mmepe NpoaBMKEHUA NPOEKTa U YBENMUYEHUSA AaHHBIX AN ydeTa HOBOW
MHOpMaLLIA NN U3MEHEHHbIX NPEANONOXEHNUN N NPUDNMXKEHNUN HEODXOAUMO BLINONHATL M3MeHeHust FMEA.
Hacto FMEA npumeHsaoT anga onpeaeneHnUs HeodbXxoanmbixX YCNoBUN.

5.2.3 OnpeneneHne BUOOB OTKa30B

YcnewHoe pyHKUNOHUPpOBaHMUE CUCTEMbBI 3aBUCUT OT PYHKLUUOHNPOBAHUA KPUTUYECKUX 3NEMEHTOB CUC-
Tembl. AN oueHKU QyHKLUOHUPOBAHUSA CUCTEMbI HEODXOANMMO NOEHTUPULUPOBATL €€ KPpUTUYECKNE 3EMEH-
Thl. QP PEKTUBHOCTL npoueayp uaeHTUdUKaumMm BUOOB OTKA30B, UX MPUYMH U NMOCNEACTBUA MOXET ObiTh
NOBbILLIEHA C NOMOLLbIO NOArOTOBKM CNUCKa OXMOaeMbIX BUOOB OTKA30B Ha OCHOBE cneayroLlWnX gaHHbIX:

a) HasHayeHUsa CUCTEMBI;

b) ocobeHHOCTEN 3NTEMEHTOB CUCTEMBI;

C) pexuma paboTbl CUCTEMBI;

d) TpeboBaHWUN K 3KCnNyaTauuu;

e) orpaHnyeHuUn No BPpEMEHMN;

f) BO3OEUCTBUN OKpyXaloLllen cpeabl;

g) pabo4nx Harpysok.

[TpumMmep cnncka odLmnx BUAOB OTKA30B npuseaeH B Tabnuue 1.

Tabnwuua 1—Tllpumep 06WKMX BUOOB OTKA30B

Homep Buaa oTkasa HaumeHoBaHUe BUOA OTKa3a
1 OTKa3s B npouecce PyHKUNOHNPOBAHUA
2z OTKa3s, CBsI3aHHbIN C HecpabaTbiIBaAHUEM B YCTAHOBNEHHOE BPEMS
3 OTKa3s, CBSI3aHHbIM C HENpeKpaweHnem paboTbl B YCTAHOBIEHHOE BPEMS
4 [1pexxaeBpeMeHHOEe BKNIOYEHNE

[ PMMEYaAaHWE— ITOT CMUCOK SIBMSAETCH TONMbKO NMNpuMepomMm. Pa3NMYyHbIM TUMaAM CUCTEM COOTBETCTBYIOT Pa3-
JIMYHBIE CITUCKW.

DaKTUYECKN KaXKabI BN OTKA30B MOXHO OTHECTW K OAHOMY UMW HECKONbKUM U3 YKasaHHbIX OOLLKX
BMAoB. OgHako 3T obLuMe B1Uabl 0TKA30B MMEOT CIIMLLKOM LUMPOoKYto obnacTb aHann3a. CneaoBartenbHo, Crin-
COK HeoOX0QMMO pacLUMPUTb, YTODBI CYy3UTb rPYNMNY 0TKa30B, OTHECEHHYIo K uccrneayeMomy obLemMy BUay oTKa-
30B. TpeboBaHUA K NnapamMeTpaM ynpaBlieHUsa BXoA4aMU U BbIXoAaMK, a Takke NoTeHLUnanbHble BUAbl OTKA30B
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OOIDKHBI ObITh NASHTURULMPOBAHEI U ONMCaHBI HA CTPYKTYPHOU CXeMe HaaeXHOoCTU obbekTa. Heobxoaumo
OTMETUTb, YTO OANH BN OTKA30B MOXKET MMETb HECKOMbKO NPUYNH.

BaxkHo, 4TODbI OLleHKa BCEX OO BEKTOB B Npeaenax rpaHuL, CUCTEMbI Ha CaMOM HUXKHEM YPOBHE ANSl MOEH-
TNPUKaLUM BCexX NOTeHUMarnbHbIX BUOOB OTKA30B Oblfia cornacoBaHa ¢ UendaMuy aHanmsa. 3aTteM nNpoBoasiT
nccneagoBaHus, NO3BONALME onpeaenTb BO3SMOXHbIE OTKa3bl, a Takke NocneacTBUA OTKA30oB ANs NoACUC-
TeM U PYHKLUNNA CUCTEMBI.

[ToCcTaBLMKA KOMNNEKTYIOLWUX A0TKHBI MOAEHTUULIMPOBATL NOTEeHUMaNbHBIE BUObl OTKA30B AN CBOEW
npoaykumn. ObbIMHO AaHHBIE O BAAaX OTKA30B MOTYT ObiTb MOMyYeHbl N3 cneayrowmx NCTOUYHMUKOB:

a) ONs1HOBLIX OOBEKTOB MOTYT ObITh UCMOMNL30BAHbLI AaHHbIE APYTMX 0OBLEKTOB C aHaNOrMYHbIMU YHKLUEN
N CTPYKTYPOW, a TakkKe pe3ynbTaThl UCMNbITAHUN 3TUX OOBEKTOB C COOTBETCTBYOLMMN HArpy3KamMu;

b) ANs HOBbLIX OOBLEKTOB NOTEHUMANBHEIE BUABI OTKA30B U UX NPUYUHBI ONpeaensaoT B COOTBETCTBUN C
LeNaMun NPOeKTUPOBaHNS N geTanbHbIM aHann3om yHKUUN 0bbekTa. DTOT MeToa NpeanoyTUTENbHEE NpuBe-
OEHHOro B NepevncrieHnn a), NoCKONbKY Harpyskm n HernocpegcTBeHHO PYHKUNOHUPOBAHUE MOTYT pasfindaThb-
CA ANg aHanornyHblXx obbekToB. lMpumMepoM Takou cutyauum MoXeT OblTb ucnonb3oBaHue FMEA ans
0bpaboTKM cUrHanoB npoueccopa, OTNUYHOMC OT TAKOro Xe npoleccopa, UCNoib3yemMoro B aHanorMyHom
NpoeKkTe,;

C) And oOBLEKTOB B aKcnayaTtaumm MoryTt ObiTb UCNONb30BaHblI AaHHbIE OTHETOB, OTHOCALLMXCS K 0OCny-
XMBAHUIO N OTKa3aM,;

d) noTeHUManbHbIE BUAbl OTKA30B MOTYT ObITb onpeaeneHbl Ha OCHOBE aHannsa PyHKUMOHaNbHbLIX U
bn3nvecKknx napamMeTpoB, XapakKTepHbIX AN paboTel obbekTa.

BaXHo, YTOOLI BUAbI OTKA30B HEe ObINW NponyLLEHbl U3-3a OTCYTCTBUA AaHHbIX, a HavalbHble OLEeHKN ObiNn
yNy4dlleHbl Ha OCHOBE pe3ynbTaTOB UCMbITaHUU U AaHHbLIX NpoaBUXKeHUsA npoekTta. B cooTBeTCcTBUM ¢ FMEA
HeobX0aAMMO BECTU 3aNUCKU cTaTyCca TaKUX OLLEHOK.

NaeHTugpnKauna BUOOB 0TKA30B U, NP HEODXOAUMOCTK, onpeaeneHne KoOppekTUpyoLWnUxX 48 UCTBUN NPOo-
eKkTa, npeaynpexaarowmnx aencTenMi ong obecnevyeHns KavecTsa Unm AeUCTBUM N TEXHNUYECKOMY ODCNyKNBa-
HUIO NpoAYKUUK MMeOT rnaBHoe 3HaveHue. bonee BaXXHO MAEHTUPULIMPOBATL U, MO BO3IMOXXHOCTU, CMAMMNUTL
nocneacTBUA BUOOB OTKA30B MepaMm NPOEKTUPOBAHUS, YeM 3HaTb BEPOATHOCTb UX NosiBNeHUd. Ecnu TpyaHo
HasHa4YUTb NPUOPUTETHI, MOXHO NOTPEObOBAaTL NPOBEAEHUSA aHanM3a KpUTUYHOCTH.

5.2.4 [lpUvUnHbI OTKa30B

Hanbonee BeposiTHbIE NPUYUHBI KAXK40ro NOoTEHUMaNbHOO BUaa OTKa30B ACITKHbI ObITb UAEHTUDULNPO-
BaHbl M1 ONCaHbI. TaK KaKk B4 OTKA30B MOXET UMETb HECKOSbKO NPUYNH, Hanbonee BeposiTHbIE HE3aBUCUMbIE
MPUYUHBI KaXXO0roc BMaa oTKa3oB ACJBKHbI ObiTb MOAEHTUMPULMPOBAaHLI U ONMACAHbI.

NaeHTudpmkaumsa n onncaHne npuymMH 0TKasoB He Bcerga Heobxoaumel AN BCeX BUAOB OTKA30B, MOEHTU-
db1UMPOBaAHHBLIX NMPU NpoBeaeHU aHanusa. igeHTudpukauus n onmcaHne NpudmnH oTKasoB U NpeanoXKeHni no
NX YCTPaAHEHWUIO OOMMKHBI ObiTb BLINOMHEHBlI HA OCHOBE U3YYeHUsl NOCNeACTBUMA OTKA30B N UX TSXKeCcTU. Hem
TshKenee NnocneacTBust BUaa oTKasoB, TeM boree TOYHO AOMKHbI ObITb UAEHTUMULMPOBAHBI U ONACaHbI MPUYN-
Hbl OTKa30B. B NpOTUBHOM cnydae aHanUTUK MOXeT NOTPaTUTb HEeHYXXHbIE YCUIUA Ha M aeHTURUKa LU0 NpUYnH
TakNX BUOOB OTKA30B, KOTOPbIe HEe BNMUAIT Ha PYHKUUNOHUPOBaAHNE CUCTEMBI UNTU UMEIDT OYeHb He3HaYUTEeNb-
Hble NocneacTBUS.

[TpUYNHBI OTKA30B MOTYT ObITh onpeaeneHbl Ha OCHOBE aHannsa 3KcnyaTaunoHHbIX OTKA30B UMK OTKa-
30B B NpoLiecce UcnbiTaHUN. ECN NpoeKT ABNsSeTCA HOBLIM U He MMeeT npeLedeHTOoB, NPUYUHBI OTKA30B MOTYT
ObITb YCTAHOBIIEHbI SKCNEPTHLIMN METOAaMN.

[locne naeHTUdpUKaunmM npuYnMH BUAOB OTKA30B HA OCHOBE OLEHOK UX MOABNEHUA N TAXKEeCTU nocnea-
CTBUN OLLEHNBAKOT PEeKOMeHAOBaHHble AENCTBUS.

5.2.5 lNocnepcTBUA oTKas3a

5.2.5.1 OnpepeneHne nocneacTBn OTKa3a

[locneacTBUe OTKa3a ABNSAETCA pe3ynbTaToOM AeUCTBUA BUAa OTKA30B B TEpPMUHAX aKkcnnyaTaunn, PyHK-
LUOHUPOBAHUA UNK cTaTyca cucTeMbl (CM. onpeaeneHue 3.4). Nocneacteme oTkasa MOXeT ObITh BbI3BAHO
OQHUM UNN HECKONBbKUMN BUOAMW OTKA30B OOHOI0 UMW HECKONBbKNUX OO BEKTOB.

[TocneacTBUsA KaXkaoro Bnaa oTkasoB Anst PYHKLUUOHUPOBAHUSA 3NEMEHTOB, PYHKUMU NN CTaTyCa CUCTE-
Mbl AOTTKHbI ObITb AEHTUPULUPOBAHLI, OLLEHEHLI U 3aperncTpmupoBaHbl. 1eCTBUSA TEXHUYECKOTo 00CNyXUBa-
HAUS U LEeSIM CUCTEMBI TaKKe ACITMKHBI ObITh pacCMOTPEHBI BCAKUN pas, Korga ato Heobxoaumo. NocneacTBuS
OoTKasa MOryT BO3eNCTBOBATbL Ha crneayioLwmn U, B KOHEYHOM cYeTe, Ha BbICLUUN YPOBEHb aHanmsa CUCTEMBI.
[T03TOMY Ha KaXKAOM YPOBHE NMOCNEeACTBUA OTKA30B A0TKHbI ObITh CLUEHEHbI ANs cneaytouero, bonee BbICOKOro
YPOBHA.

5.2.5.2 JlokanbHble NocneacTBus 0TKa3a

BelpaxkeHne «nokanbHble NocneacTBUAsi» OTHOCUTCS K NOCNeACTBUSIM BMAA OTKa3a ANd paccMaTpuBae-

MOTO 3N1ieMeHTa cuctemsl. NocneacTBUA KaXkaoro BO3MOXKHOIO 0TKasa Ha Bbixoae obbekTa A0TKHbBI ObiTh OnK-
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caHbl. Llenb naeHTUdMKaumMm nokanbHbIX NOCneacTBUA COCTOUT B obecnedyeHnn OCHOBaHUWU AN OLEHKA
CYLLECTBYIOLNX anbTepHaTUBHBLIX YCIOBUN UMN pa3padoTKM pekoMeHOyeMbIX KOpPeKTUpYoLWnUX AgerucTemn. B
HEKOTOPLIX CNyvYaaxX MOXET He ObITb NMoKanbHbIX NOCNeACTBUIN, KPOME CaMoro oTkasa.

5.2.5.3 [locneacteusi oTkasa Ha ypOBHE CUCTEMB

[1pn MaeHTUPUKaumm nocneacTeBuA Angd cUCTeMbl B LeNoM nocneacTBUA BO3MOXHOIMO OTKasa And
BbICLLUETO YPOBHA CUCTEMEI ONPeaenaroT 1 oUeHMBAaoT Ha OCHOBE aHann3a Ha BCeX NMPOMEXYTOYHLIX YPOBHSAX.
[TocneacTBUSA BbICLLIErO YPOBHS MOTYT ObITh Pe3ynbTaTOM MHOTOKPaTHLIX OTKA30B. Hanpumep, oTkas yCcTpoun-
cTBa 6e30NacHOCTU NPUBOANT K KaTacTpodUiecKkMm nocneacTBnUamM Ang CUCTEMBI B LeNTOM TOMbKO B cliyvae
OTKasa ycTpoucTea b6e3onacHOCTU OAHOBPEMEHHO C BhLIXOAOM 3a AONYCTUMBLIE npeaernbl rmaBHOWU PyHKLUN
CUCTEMBI, A151 KOTOPOW NpeagHasHavYeHo YCTPOUCTBO DE30NacHOCTU. DTN NOCNEACTBUS, ABNAIOLWNECS Pe3yIlb-
TATOM MHOIOKpaTHbIX OTKa30B, AOMKHbI ObITb YKazaHbl B pabo4ynx Tabnuuax.

5.2.6 MeToabl oOHapyXeHUA OTKa3oB

[na kaxxaoro Bnaa oTkasa aHanuTUK gOMMKeH onpegennuTtb cnocob obHapy)XeHUst oTKkasa U cpeacTBa,
KOTOpbIe NoNb30oBaTEeNb UM CNELUANUCT NO TEXHUYECKOMY OOCNYKUBaHUIO MPUMEHSET ANA AUMarHOCTUKN OTKa-
3a. [lnarHoctuka oTKkasoB MOXET ObiTb BbLINMOMHEHA C NMPUMEHEHNEM TEXHUYECKUX CPeacCTB, MOXET OCyLe-
CTBNATLCA aBTOMaTUYECKUMU cpeacTBaMK, NpedyCMOTPEHHBIMU B KOHCTPYKLUK (BCTPOEHHOE TECTUPOBaHNE),
a TakKe NyTeM BBeeHUA cnevLunansHon npoLeaypbl KOHTPONS A0 Havana paboThl CUCTEMBI N NPU TEXHUYEC-
KOM ObCnyXnuBaH1Un. [inarHoCTKa MOXeT ObIThb NpoBeAeHa Npu 3anycke CUCTEMEI B npoLiecce ee PyHKLUMNOHU-
POBaHUA UMW Yepes3 YCTaHOBMEHHbIE MHTepBanbl BpemeHn. B ntobom cnyyae nocne AMarHOCTUKM OTKasa
OOMKeH ObITb YCTpaHEH ONacHbIM PeXnM aKcnnyaTauuu.

Buabl 0TKasoB, KPOMEe paccMaTpuUBaeMoro, KOTopble MMEoT MASHTUYHOE NPOosIBNEHUE, O0JTKHbI ObITh
npoaHanM3npoBaHbl U NepevncneHbl. CneayeT paccMoTpeTb HEODXOANMMOCTb OTAENbHOW ANArHOCTUKN OTKa-
30B pe3epBHbIX 3/IeEMEeHTOB B NpoLuecce paboTbl CUCTEMBI.

Ons FMEA KOHCTpyKUWK npn oDHapyXeHUM OTKa30B UCCNEaYIOT, C KaKOWN BEPOATHOCTbLIO, Korga v rage
HeJOoCTaTOK KOHCTPYKUMKM DyaeT naeHTUPULUMPOBaH (C NOMOLLLIO aHanusa, MoaenmMpoBaHuUs, UCNbITaHUA K
7.4.). Ansg FMEA npouecca npu 0bHapy>XeHU1 O0TKa30B pacCMaTpUBaloT, C KaKOW BEPOATHOCTbIO U rae HeagocTaT-
K U HECOOTBETCTBUSA Npouecca MOryT ObiTb MAEHTUPULUPOBAHLI (HAanpumMep, onepaTopoM rnpm ctatTucTUYeC-
KOM yrpaBneH1n NPoLLEeCCOM, B NPOLIECCEe KOHTPONSA KavecTBa Mnn Ha bonee no3aHuxX aTanax npouecca).

5.2.7 YcnoBuUs KoMneHcauum oTKkasa

NaeHTudpnkaumsa scex oCoObeHHOCTEN KOHCTPYKLUN HAa AaHHOM YPOBHE CUCTEMbI UMN APYTnMX Mep 6e30-
1aCHOCTU, KOTOpbIe MOTYT NPeaoTBPaTUTh MU YMEHbLUNTL NOCNeACTBUA BUOOB OTKa3a, ABNAETCSA Ype3Bbivaun-
HO BakHoW. FMEA Oo/mKeH 4eTKo nokasaTb WUCTUHHOE OeUCTBUE 3TUX Mep Oe30nacHOCTU B YCIOBUSIX
KOHKpPEeTHOro Bnaa otkasa. Mepbl 6e30nNacHOCTU, NPENATCTBYOLWME OTKa3y, KOTOpbIe ACMKHbI ObITh 3aperunc-
TpupoBaHbl B FMEA, BkntovatoT B ceba cneaytoLlee:

a) pe3epBUPOBaHHbIE OOBEKTLI, KOTOPLIE ACNYCKAT ANUTENbHYIO paboTy, ecnn 0AvH MU HECKONBKO
SNEeMeHTOB OTKa3anu;

b) anbTepHaTUBHLIE cpeacTBa paboThl;

C) MOHUTOPWHT UMK CUrHamnbHbIE YCTPOUCTBA;

d) nobble apyrue metoabl 1 cpeacTBa apPekTUBHOM PaboThl UMK OrpaHndeHUs yulepoda.

B npouecce npoektupoBaHna oyHKLUMOHaNbHbIe 3NeMeHThl (annapaTHble cpeacTBa UM nNporpaMmmHoe
obecrneyeHne) MoryT ObITb HEOQHOKPATHO NepecTpoeHbl UNn nepedopPMUPOBaHLI, a TaKXKe MOryT ObiTb N3Me-
HEeHbI X BO3MOXXHOCTW. Ha Kaxaon cTagmm HeobxoaMMoCcTb aHannsa ngeHTUgUUMpoBaHHbIX BUOOB OTKA30B U
npumMmeHeHna FMEA gomkHa bbITb noagTBEpXXAeHa Unu gaxe nepecMoTpeHa.

5.2.8 Knaccudukauma TaXKecTn oTKasa

TsaxecTb oTKasa ABNAETCS OLLeHKOW 3HAaYMMOCTU BNTUAHUA NocneacTBUN BUAa oTkasa Ha PYHKLUUOHNPO-
BaHMe obbekTa. Knaccudpukauuns TaXKecTn oTkasa, saBucdllas ot ocobeHHocTen npumeHeHnsa FMEA, paspa-
OOTaHa C y4eTOM HeCKOJIbKMX (paKTOPOB:

- XapaKTepUCTUKNA CUCTEMbI B COOTBETCTBUNM C BOSMOXHBIMW OTKa3aMu, 0OCODEHHOCTSAMM NOMNMb3oBaTENEN
NN OKpYXKatoLeun cpeabi;

- (PYHKUMOHAaNbHLIX NapamMeTpoB CUCTEMBI UMK NpoLecca;

- NoObIX TPpedOoBaHUN 3aKas4vnKa, YCTAHOBNEHHbIX B KOHTPAKTe;

- 3aKoHoaaTeNbHbIX TpeboBaHM 1 TpeboBaHNN Be30MNacHOCTH;

- TpeboBaHW, CBA3AHHLIX C rapaHTUNHBIMU O0BA3aTEeNLCTBAMM.

B Tabnuue 2 npyuBeaeH npumep Ka4eCTBEHHOU KnaccumkaLmm TAXKeCTU NocneacTBUA NPpU BbINONTHEHNU
ogHoro 13 Tunos FMEA.
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Tadbnwunuya 2—VnnwocTtpatMBHbIV NpUMeEp Knaccudukaumm TSHXKeCTN NOCNeacTBUM 0TKa3a

Homep knacca HanmeHoBaHue Knacca . y
OnucaHue nocneAcTBMA OTKa3a ANA NoAaen UNu oKpyXxarwLlen cpensbl
THXEeCTH OTKa3d THXECTH OTKa3d
AV KaTtacTtpodpunieckmm Bua oTkaza mMoXeT NPUBECTU K MPEKPaLLEHUIO BbINMONHEHUSA MNEPBUYHBLIX
OYHKUNN CUCTEMbI U BbI3bIBAET TSHKENbIE NOBPEXAEHUA CUCTEMbI U OKPYXato-
wen cpebl n/Mnu rmbenb 1 TsKenble TPpaBMbl NI0AEN
|1 KpUTn4eckmum Bua oTkasza MOXeT NPUBECTU K MPeKpaweHUo BbIMONMHEHUSA NEPBUYHbBLIX
OYHKUMN CUCTEMBbI U BbI3bIBAET 3HAYUTENBHOE NOBPEXAEHNE CUCTEMbI N OKPY-
XKaloLWwewn cpedbl, HO HE npeacTaBnsaeT cobon Cepbe3HON Yrpo3bl XU3HU UNK
300POBbIO N0AEN
1 MuHuManbHbIN Bua oTkaza MOXeT yxXyawunTb BbINONHEHNE PYHKUMK CUCTEMBbI DE3 3aMeT-
HOIO NOBPEXAEHUA CUCTEMbI UITN YIPO3bl XXN3HU UMW 340POBbIO NIOOEN
| HUYTOXHBIN Bua oTkasa MOXeT yxXyaLWwmnTb BbINONTHEHNE PYHKUNN CUCTEMBI, HO HE BbI3bl-
BaeT NOBPEXOEHUN CUCTEMbI U HE CO34AET YrpPo3bl X)XU3HU U 340POBbLIO NI0AEN

5.2.9 YacTtoTa Unn BepoATHOCTb NOABIIeHUA OTKa30B

UacToTa Unm BeposiTHOCTb NOSIBNEHUS KaXXOO0ro BMaa OoTKasa Ao/MKHa ObiTb onpeaeneHa Anst oLeHKA
nocrneacTBA UMM KPUTUMHOCTU OTKA3O0B.

[ns onpeneneHns BEpPOSITHOCTU MOSIBNEHMS BUAa 0TKasa, NnoMMmMo onybnukosaHHon nHdopmaunm ob
MHTEHCUBHOCTU OTKA30B, OYEeHb BaXXKHO pacCMOTPEThb pearlbHble YCNOBUA PYHKLUMOHUPOBAHUSA KaXXOoro KoMro-
HEeHTa (3KONMOrM4yeckne, MexaHu4yeckme U/nnm anekTpuyeckne Harpyskn), XapakTepucTukn KOTOPpOro BHOCAT
CBOW BKNad B BEPOATHOCTL MOABMNEHUS 0TKa3a. ITO HEODX0AMMO, NOCKOSIbKY COCTaBNSAOLWNE NHTEHCUBHOCTI
OTKA30B U, cnegoBaTenbHO, UHTEHCMBHOCTL paccMaTpUBaeMOro Buaa otkasa B O0NbLIMHCTBE CMTyYaeB YBENU-
YnBaloTCA BMECTe C yBelimyeHneM BO3AeUCTBYIOLNX HAarpy3oKk B COOTBETCTBUM CO CTEeMNeHHbIM U 3KCMOHEH-
UManbHbIM 3aKOHOM. BeposiTHOCTb NOSIBNEHUS BUAOB OTKA30B AMA CUCTEMbI MOXHO OLEHUBATb C
MCNONb30BaAHUEM:

- AJaHHbIX pecypCHbIX UCNbITaHUWN;

- AOCTYNHBLIX 6a3 gaHHbIX 00 NHTEHCUBHOCTSIX OTKA30B;

- AaHHbIX 3KcnnyaTaunoHHbIX OTKa30B;

- JaHHbIX 00 oTKa3ax aHanorn4yHbIX OOBLEKTOB UM KOMMOHEHTOB aHaNOrM4HoOro Knacca.

OLUEeHKM BEpOATHOCTU NosiBNeHUd oTkaza FMEA oTHocaT K onpegeneHHomy nepuoay BpemeHn. OBbbIYHO
3TO rapaHTUMHbLIN Nepruoad UM YCTAHOBMEHHBLIN CPOK CMNYXOblI 00BLEKTa N NpoayKuMn.

[TlpuMeHeHne 4acToThl U BEPOSATHOCTU MOABNEHNUS OTKa3a PasbACHEHO HUXKeE NP onnucaHn aHanmsa Kpu-
TUYHOCTM.

5.2.10 MNpouegypa aHanuaa

Bnok-cxema, npuBegeHHast Ha PUCYHKe 2, noka3bIiBaeT oOLLYo nNpoueaypy aHanuaa.

5.3 AHanus BnaoB, nocneacTtBuUM U KpUTUYHoOCcTU oTKasoB (FMECA)

5.3.1 Uenb aHanusa

bykBa C, BkntoveHHasa B abbpesunaTtypy FMEA, o3HavaeT, 4To aHanns Bnaa oTkasoB NPUBOAUT TakkKe K
aHann3y KpuUTuU4HocTu. OnpedeneHne KPpUTUYMHOCTU nogpasyMeBaeT UCMONb3oBaHWe KadveCTBEeHHOU Mepbl
nocneacTBn BUOOB OTKasa. KpUTUYHOCTb MMeeT MHOXECTBO onpeaeneHn n cnocoboB N3mMepeHus, 6onbLLINH-
CTBY U3 KOTOPbIX NpUCYLL, ONM3KMA CMbICN: BO3AENCTBUE UMN 3HAYMMOCTb BUAa 0TKasa, KOTOPbLIN He0bXxoanMmMo
YCTPaHUTb UM CMSAMYUTL ero nocneacTeud. HekoTopble N3 3Tux cnocoboB naMmepeHnUs 0D bACHEHEI B 5.3.2 U
5.3.4. UenbaHann3a KpUTUYHOCTU COCTOUT B Ka4eCTBEHHOM onpedeneHUn OTHOCUTENbHOM BENMUYUHBI KaXKO0ro
nocneacTBMa oTkasa. 3Ha4YeHUAa 3TOU BeMTUMYUHBI UCNONb3YIOT AN yCTaHOBNEHUA NPUOPUTETHOCTU AEUCTBUN
Mo YCTPAHEHUIO OTKA30B UMN CHMKEHUIO X NOCNeACTBMA Ha OCHOBE KOMOMHaLUWA KPUTUYHOCTU OTKA30B U
TSXKEeCTU X NocneacTBUNA.

5.3.2 Puck R n 3Ha4yeHue npuoputetHoctu pucka (RPN)

OQHUM 13 METOO0B KONMNMYECTBEHHOW OLEHKN KPUTUHYHOCTU SIBNAETCS onpeaeneHme sHauyeHnUs npuopu-
TeTHoCTU pucka [Risk Priority Number (RPN1))]. Puck B 3ToM crniy4ae oLleH1BaoT CyObEeKTUBHOW MEPOI TSXKeC-

1 .
) Benn4uuHa, XAPaKTePUIYIWaHd THAXECTb NOCNeaCcTBUMN.
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Havano FMEA nnu FMECA

Bbl60p KOMMOHEHTOB 0bLeKkTa Ans aHanusa

aeHTUdpMKauusa BUOOB OTKA30B BbIOpaHHLIX KOMMNOHEHTOB

BuiOop BUAa 0TKa3oB ANA aHanusa

NoeHTnukaumsa NnpoOMEXyTOMHbBIX U KOHEMHbIX NOCNEeACTBMA Buaa OTKa30B

OnpeaeneHne TAXeCTU KOHEYHbIX NocneacTBUiA

OueHka 4acToTbl Unn BEPOATHOCTU NOABIIEHUA BUAA OTKa3a B TedMeHUe 3aaHHOIo

UpeHTudmrkaumsa noTeHumanbHbIX NPUYNKMH BUAA OTKA30B

nepuoaa BpeMeHu

TshkecTb nocneacTesuii W/munun
BEPOATHOCTb NOSABNEHUA
OTKa3a SABNSATCH
OCHOBaHWeM Ang AeucTtBUn?

HeT

[IpuMeHeHue MeToAO0B COKpaLLEeHUA OTKa30B, KOPPEKTUPYIOLLUUX OeUCTBUA U
KOMMNeHcupytowmx ycnosun. MaeHtudmkaumsa gencTtBmm 1 OTBETCTBEHHOIo nepcoHana

HOKYMEeHTUPOBaHHbIE KOMMEHTapPUW, pekoMeHgauuu,
AeUCcTBUA U 3aMeaHus

EcTb N ewle Buabl

EcTb Ny gpyrue

OTkason Her KOMIMOHEeHThI Ans Hor
KOMMOHEHTa ans AHANU a,,p'”
aHanuisa? '
Ha [a

3aBeplieHne FMEA. OnpegeneHue aathl cnegyloLlero nepecMoTpa

PucyHok 2 — bnok-cxema aHanmaa

TW MOCNEeACTBUA WU BEPOSITHOCTbIO BO3HUKHOBEHUSA OTKa3a B TedyeHWe 3adaHHoro nepuoga BpeMeHwr
(UCNONb3yeMoro Ans aHannasa). B HeKOTOpPLIX criyvasix, Koraa 31oT cnocod HenpumMmeHum, Heobxoanmo obpa-
TUTbCA K Bonee npocton popme HekonnyecTtseHHoro FMEA.

12
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B kauecTBe 00LLEeN Mepbl MOTeHUKUanbHOro pucka R B HekoTopbIX TUNax FMECA Ncnonb3yoT BENMUYNHY
R=SP,

rae S — 3HadeHue TAXKeCTU NocneacTBUMN, T. €. CTeNeHU BMUAHUA OTKasa Ha CUCTeMy UK Nnonb3oBaTens
(6e3pasmMmepHasa BenuymnHa);

P — BepoOATHOCTb NOABMNEHUNA OTKasa (bespasmepHas BenudnHa). Ecnn oHa meHblwe 0,2, ee MOXHO
3aMeHUTb 3Ha4YeHUeM KpUTUYHOCTU C, KOTOPOE UCMONb3YIOT B HEKOTOPLIX KONMMYECTBEHHBIX METO-
nax FMEA, onucaHHbIX B 5.3.4 (oLUeHKa BepOATHOCTU NOABNEHUA NocneacTBUN oTKasa).

B HekoTopbIX npuMeHeHUAX FMEA unn FMECA gononHuTensHO BeIAENSAIOT YPOBEHb 0DHApYXXeHMSs OTKa-

3a ANsicUCTEMbI B LLenoM. B aTux cnyvyasix MCnonb3yroT AONONMHUTENBHO 3Ha4YeHUe obHapyXeHnsa oTkasa D (Tak-
Xe be3pasmepHasa BenmynHa) ans opMnupoBaHns 3Ha4YeHUa nNpmoputeTHoCcTU prucka RPN

RPN = SOD,

rae O — BepOdATHOCTL NOABNEHUSA OTKasa And 3agaHHOro UnnycTaHoBNeHHOro nepuoaa BpeMeHU (31a BeNn-
YMHa MOXeT OblTb onpeaeneHa Kak paHr, a He pakTu4yeckoe 3HaueHne BepPOsATHOCTU NOABNEHUS
OoTKa3za);

D — XxapakrepusyeTt obHapyXeHWe oTKasa 1 npeacrtasnaet cobon oueHKy WaHca naeHTUgUUMpoBaTh U
YCTPaHUTL OTKa3 40 NosiBNeHUsA NocneacTBMn Angd cMCcTeMbl UMK 3akasduka. 3HavyeHna D oObIYHO
PaHXUPOBaHbI B 0bpaTHOM NopsaKe N0 OTHOLLEHUIO K BEPOATHOCTU NOABNEHNSI OTKasa UM TAXKECTH
OoTKasa.Ydem Bbllle 3HaYeHne D, TeM MeHee BepOosATHO ODHapyXXeHUe oTKasa. bonee HU3Kada BepoAaT-
HOCTb ODOHapyXXeHUsa COOTBETCTBYeT Donee BbICOKOMY 3HadeHno RPN 1 bonee BbICOKOW NPUOPK-
TeTHOCTM BMAa OTKasa.

3Ha4veHne npmopuTeTHOCTU pucka RPN MOXHO MCNONb3oBaTh ANS YCTaHOBEHUA NMPUOPUTETOR MPU
coKpalleHUM BUaoB oTkasa. Kpome sHadyeHNa NpUopuUTeTHOCTU PUCKa, ANdA NPUHATUA peLleHMs O coKpalleHUn
BMAOB OTKA30B YUYMUTLIBAIOT, NpeXae BCero, 3HavyeHme TAXeCTM BUAOB 0TKasa, nogpasymMmeBad, UTo NpU paBHbIX
nnn 6nNmn3knx sHaveHnsax RPN B nepByto ouepeab 3TO pelleHne cneayeT NpMMeHATh K Bugam O0TKasoB ¢ bonee
BbICOKUMUW 3HAYEHUAMUN TSXKECTU OTKa30B.

DTN 3HAYEHUA MOTYT ObITb OLleHEeHbI B YACITIOBOM BMAE C NMPUMEHEHNEM HenpepbIBHOW NN ANCKPETHOW
LLKanbl (KOHEeYHOEe YMCno 3agaHHbIX 3HaYeHUN).

3aTeM BUAbl OTKA30B paHXUPYIOT B COOTBETCTBUN C X RPN. BbICOKM NpUopUTEeT HasHavaloT ANs BbICO-
Knx 3HavyeHun RPN. B HeKOTOpbIX cny4vaax nocneacTems angd sMaoB 0Tka3oB ¢ RPN, npeBbilalow MM yCTaHOB-
NeHHbIN Npeaen, ABNA0TCA HenpuemMneMbiMn, B TO BpeM4a KaKk B ApYrMX cnydYyadax BbICOKME 3HAYEeHUA TSHKECTU
OTKasa ycTaHaBMBaKOT HE3aBUCUMO OT 3HaveHun RPN.

PasnuyHele Tunel FMECA Ucnone3yoT pasnuyHble Wkanel 3HavyeHnn ana S, O n D, Hanpumep o1 1 ao 4
nnn 5. Hekotopsble Tunbl FMECA, Hanpumep UcnonbilyemMesle B aBTOMODUNBHON MPOMBILLNEHHOCTU ANA aHanu-
3a KOHCTPYKLUWKX U npouecca npoussoactea, HasbiBaemMmble DFMEA n PFMEA, HasHayvalT wkany ot 1 ao 10.

5.3.3 Ceaszb FMECA ¢ aHanu3oMm pucka

CoveTaHUe KPUTUYHOCTU N TSXKECTU NOCNEeACTBUA XapaKTepU3yeT PUCK, KOTOPLIN OTNINYAETCA OT ODbIYHO
NMPUMEHAEMbIX NoKasaTenen pucka MeHbLLIEn CTPOroCThIO U TpedbyeT MeHbLUe yCUnuini Ans oueHKU. Pasnnyus
3aKNoOYaoTCs HE TONbKO B CNOcobe NporHo3a TSKeCTU NOCNeacTBUNA OTKasa, HO TakKe 1 B onncaHnm B3anumoaen-
CTBUW MeXOy BHOCALLMMUN BKNaa pakTopamMmu ¢ nomolLlso obblvHOW Bocxoasilen npoueaypbl FMECA. Kpome
Toro, FMECA 0b6b14HO NO3BONAET NPOBECTU OTHOCUTENBHOE PaHXUPOBaHUE BKNAA0B B COBOKYMHLINA PUCK, B TO
BPEMS KaK aHanus3 pucka ans cuctem ¢ BbICOKUM PUCKOM OB bIMHO OPUEHTUPOBAaH Ha npuemnemMsid puck. OgHako
07151 CUCTEM C HU3KUM PUCKOM U HU3KOM cNoXKHOCTbI0 FMECA MoXxeT ObiTb 3KOHOMUYEe KM bonee apPeKTUBHBIM
n noaxoasilmm metoaom. Besiknin pas, koraa npu BeinoiHeHn FMECA obHapyXuBaeTcsl BEpOSITHOCTL NOCNea-
CTBUN C BBICOKMM PUCKOM, Boniee npeanovTUTENbHbIM ABNAETCH UCNOSIb30BaHNE BEPOATHOCTHONO aHanumsa
pucka [Probabilistic Risk Analysis (PRA)] Bmecto FMECA.

Mo atonnpuynHe FMECA He gonkeH ObITb MCNOMNb30BaH Kak e AMHCTBEHHBIN METOA NMPUHATUA PELLIEHNSA O
NPUeMNeMOCTU pPUCKa KOHKPETHBIX MocneAcTBUA AN CUCTEMBI C BLICOKUM PUCKOM U BBICOKOW CINOXHOCTLIO,
Oaxke ecnu oueHka 4acToThl U TSXKECTU NocneacTBMUA OCHOBaHa Ha 3acny)XMBarwLKX AoBepue gaHHbIX. ITO
OOIMKHO ObITb 3a4a4e BePOATHOCTHOrO aHanmaa pucka, rae 6onblie BNUALLXX NapaMeTpoB (U UX B3auMoaeun-
CTBUN) MOXET ObITb MPUHATO BO BHUMaHWE (HanpuUMep, BPeMS BblASPXKKNA, BEPOATHOCTbL NpeaoTBpalleHUs
NOCNeacTBUN, CKPbIThIE OTKA3bl MEXaHU3MOB ODHapY)XeHUs1 OTKA30B).

B cooTBeTCTBUMM ¢ FMEA Kaxgoe ngeHTununpoBaHHoe nocneacTeme oTkasa OTHOCAT K COOTBETCTBYIO-
LLIeMY Knaccy TsKecTu. YacToTy nosiBNeHUs cobbITUA BbIMUCNAKOT HA OCHOBE AaHHbIX 00 0TKa3ax Unn oLeHUBa-
IOT ANa uccnegyeMon coctaBHom Yactu. Hactota nosiBNeHUs COOLITUN, YMHOXEHHAA Ha 3aaHHYH0 HapaboTKy,
JaeT 3HavYeHne KPUTUYHOCTU, KOTopOoe 3aTeM NPUMEHSAIOT K LLUKane HenocpeaCcTBEHHO, UK, eClnA LWWKana npea-
cTaBnsieT cobon BEPOATHOCTb NOSIBNEHUSI CODBITUS, ONPeaenstoT 3Ty BEPOSTHOCTb MNOSIBIEHUS B COOTBET-
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CTBUM CO WIKanoWn. Knacc TsxkecT nocneacTBMA N KNacc KPUTUYHOCTU (MM BEPOATHOCTL NOSABNEHNS CODbITUSA)
ONA KaXgoro nocregcTsByg BMecTe COCTaBNAKT BeNMMYMHY nocneactesud. MoXXHO BblAeNUTb ABa OCHOBHLIX
MeToda OUEeHKN KDUTUYHOCTU: MaTpULY KPUTUYHOCTU U KOHLENLUIO NPUoOPUTETHOCTU pucka RPN.

5.3.4 OnpepneneHne NHTEHCUBHOCTU OTKa30OB

Ecnu n3BeCTHbl MHTEHCUBHOCTW OTKA30B ANs1 BUAOB OTKA30B aHaNorM4HbIX 00OBLEKTOB, onpeaderieHHble
ONA BHELWWHUX M aKennyaTalMOHHbBIX YCINOBUXA, aHaNOrMYHbIX MPUHATEIM ANA UccneayeMon CUCTEMBI, 3TUYaCTO-
Thl CODBITU MOTYT DbITb HENOCPEACTBEHHO UcnoNb3oBaHbl B FMECA. Ecnu nmetoTCca MUHTEHCUBHOCTU OTKA30B
(2 He BUOOB OTKA30B) ANSA OT/TIUYHBIX OT HEOOXOAUMBIX BHELLHMX U 3KCNyaTaunoHHbIX YCNOBUN, UHTEHCUBHOC-
TU BUOOB OTKA30B AOMMKHbI ObITb paccunTaHbl. [1pn 3TOM 0OLIMHO UCNOMB3YHOT crieaytollee COOTHOLWEHNE:

Ai = hjoiB;,
rae A; — oueHka UHTEHCUBHOCTU OTKaA30B -0 BUMAA OTKA30B (MHTEHCMBHOCTb OTKA30B MNpeanonaraeTcs
NOCTOAHHOW);
Aj — WHTEHCMBHOCTb OTKa30B j-rO KOMMNOHEHTA;
o; — OTHOLWIEeHWE KONMNMYECTBA i-ro BUa 0TKa3oB K 00LLeMYy KONMUYECTBY BUAOB OTKA30B, T. €. BEPOATHOCTb
TOro, YTO 0OBLEKT ByaeT MMeTb - B OTKA3a;
B; — ycnoBHasi BepOSITHOCTb MOCNeACTBUS -0 BMOa OTKa3sa.

[[MaBHbLIM HEQOCTATKOM TaKOro MeTofa sIBMeTCH HEABHOE NPeanonoXXeHne O TOM, YTO MHTEHCUBHOCTb
OTKa30B MNOCTOSAHHA N YTO MHOTUE UCMNONb3yeMbIe NapamMeTphl MNoyveHbl Ha OCHOBE NMPOrHO30B UMK NMpeanono-
XXeHUN. 3170 0CcOobEeHHO BaXkKHO B cry4vae, koraa AN KOMNOHEHTOB CUCTEMbI OTCYTCTBYHOT JaHHbIE O COOTBETCTBY-
FOLLMX UHTEHCUBHOCTSIX OTKA30B, a UMEEeTCH TOSTbKO pacyeTHasA BEPOSATHOCTb OTKasa 3a yCTaHOBNEHHOE BPeEMS
PaboThbl C COOTBETCTBYIOLLUMN Harpy3kamu.

C nomoulbio NokasaTenen, y4UuTbiBaroWMX U3MEHEeHNs YCNOBUA OKpyXKatowen cpelbl, HarpysokK, TeXHW-
YecKoro obcnyXmBaHua, gaHHble 006 MHTEHCUBHOCTAX OTKA30B, MOMYyYeHHbIE B OTNUYHbLIX OT UCCNEeayeMbIX
YCNOBUAX, MOTYT ObITb NepecyUTaHbI.

PekomeHaaLnm no BbIOOPY 3HAYEHUA 3TUX MOKa3aTenemn MOXXHO Han TN B COOTBETCTRYHOLLIUX NyOnnKaLnsax
no HagexHocTu. CnegyerT TwaTelbHO NPOBEPATh NPaBUIbLHOCTb M MPUMEHUMOCTb BbIOpaHHbIX 3Ha4YEHUIN 3TUX
napameTpoB A1 KOHKPETHOW CUCTEMbI N ee 3KCMyaTaLlMOHHbIX PEXNMOB.

B HeKOTOpbIX cCny4asax, Taknx Kak KOnM4ecTBeHHbIM MeTo aHanmsa, 3Ha4yeH1ue KpUTUYHOCTN BUaa oTKasa
C; (He cBsi3aHHOE C OOLNM 3HAYEHNEM KKPUTUYHOCTMY , KOTOPOE MOXKET NPUHUMATbL APYroe 3Ha4YeHUe ) UCMosb-
3YHOT BMECTO UHTEHCUBHOCTUM OTKA30B /-ro BUAA OTKA30B L; . 3HaUYeHWe KPUTUIHOCTM CBSI3AHO C YCITOBHOM Yac-

TOTON OTKa3a U BpeMeHeM 3KcrnyaTaLunm U MoXeT ObITb MCMoNb30BaHOo A4 nony4vyeHust bonee peanncTUYHOM
OLLEeHKWN p1UCKa, COOTBETCTBYHOLLIErO KOHKPETHOMY BUAOY OTKAa3a, B Te4eHne 3aaaHHOro BpeMeHU UCNonb3oBaHuUS

npoayKuum.

Cf — ?\‘ltj’

Ci — ?\‘j aiBitj!
roe tj— BpeMsl paboTbl KOMMOHEHTa B TedeHne Bceroc 3agaHHoro BpemeHun uccnegosannn FMECA, ang

KOTOPOro OLleHeHa BEPOATHOCTb, T. €. BpeMs akTUBHON paboThl j-ro KOMIMOHEHTA.
3HavyeHune KpUTUYHOCTU A1 j-T0 KOMMOHEHTa, UMeoLLero m BUAOB 0TKa30B, onpeaenatoT no dopmyne

11
Cj — 21?\,_] afotj'
] =

CneayeT y4ecTb, YTO 3HaYEeHNEe KPUTUYHOCTU He CBA3AHO C KPUTUYHOCTLIO Kak TAKOBOW. OTO NULLL 3HaYe-
H1e, BbluucnsagemMmoe B HekoTopblX Tunax FMECA v npeactaBnstolwlee cobon 0THOCUTENbHYIO Mepy nocnea-
CTBUN BMAA OTKa3a M BEPOATHOCTU ero NosABNeHnd. 3aechb sHavyeHne KpUTUYHOCTU ABNAETCA MEePOU pUCKa, a He
Mepou NosABNEeHUs OTKasa.

BQDOﬂTHOCTb P.f NOABIEHUA OTKa3a I-ro BLUAA 3d BPEMHA tj AJ14 HOqueHHOﬁ KPUTUHHOCTIA.
Pf =1 — e_Cf :

Ecnm NHTEHCUBHOCTM BUOOB OTKA30B M COOTBETCTBYHOWNE 3HAYEHUSA KPUTUYHOCTU Marbl, TO C rpyObIM
TPUONMKEHNEM MOXHO YTBEpXAaTb, YTO ANA BEPOATHOCTEW nosiBNeHUA MeHblle 0,2 (KPUTUYHOCTL paB-
Ha 0,223) 3Ha4YeHUA KPUTUYHOCTU N BEPOATHOCTU OTKa3a o4YeHb BNN3KN.

B cnyyae nepeMeHHbIX MHTEHCUMBHOCTEN OTKA30B UMK 4acToT NOSIBNEHUS O0TKasza HeobxoamMmMo BbIUUC-
NATb BEPOATHOCTb NOABNEHUSA 0TKasa, a He KPUTUYHOCTb, KOTopad ocHOBaHa Ha npeanofioXXeHWU O NOCTOAH-
CTBE€ MHTEHCUBHOCTU OTKAa30B.
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5.3.4.1 MaTtpuua KpUTUYHOCTU

KpUTUYHOCTL MOXKET ObITb NpeAcTaBieHa B BUAE MaTPULBlI KPUTUYHOCTU, KaK NokasaHo Ha pUCYHKe 3.
ChneayeTt UMeThb B BUAY, YTO He CYLLEeCTBYeT YHUBepcanbHOro ocnpegeneHna KpUTUYHOCTU. KpUTUYHOCTbL Q0 K-
Ha ObITb onNpeaeneHa aHanNUTUKOM U MPUHSATa pyKoBoAUTENeM NporpamMmmel Unn npoekta. OnpeaeneHns MoryT
CYLLECTBEHHO pasnnyaTbCca ANA pasnnyHbIX 3agad.

B mMaTpuue KpUTUYHOCTK, NpeacTaBNeHHOW Ha pUCYHKe 3, NpeanofiaraeTcs, YTo TAXKeCTb NnocneacTBUA
YBeNnn4unBaeTCd C yBenndeHnem ee saHadeHUda. B aTom cnydae |V coOTBETCTBYET HaMBbICLLEN TAXKECTU nocnen-
CTBMU (rMbenb Yenoseka U/unm notepst PyHKLMU CUCTEMBI, TpaBMbl Ntogen). KpomMe 3T1oro, npeanonaraeTcs,
YTO Ha OCU OpAMHAT BEPOATHOCTL NOABEHUA B/AA OTKasa Bo3pacTaeT CHU3Y BBEPX.

BepoATHOCTL
NosiIBNeHuUst

3 I .
By oTKa3sa
=Y I Rl R
I e
I R il I
2
| 11 111 IV

TshkecTb NocneacTBuin

PUCYHOK 3 — MaTpuuya KpUTUYHOCTHU

Ecnu camas Bbicokad BEpPOATHOCTb NOSIBNEHNA He npeBbllaeT 3HavyeHus 0,2, To BepOATHOCTb NOsIBIe-
HUAS BUOa OTKa3a 1 3HaYeHUe KPUTUYHOCTU NPUBNN3NUTENBHO paBHbI ApYr Apyry. YacTo npu coctaBneHnmn maT-
pPULbLI KOUTUIHOCTU NPUMEHSAOT CNeayoLWyo LWKany:

- 3Ha4YeHue KputniyHocTn 1 nn E. lNpaktnieckn HeBepOATHBLIA 0TKa3, BEPOATHOCTb €ro NoABIEHNA N3Me-
HAeTca B MHTepBane: 0 <P; < 0,001;

- 3Ha4YeHue KpUTndHocTU 2 unn D. Peaku oTkas, BepOATHOCTL €ro NoABNEeHUA MU3MeHAeTCA B MHTepBane:
0,001 <P,;<0,01;

- 3Ha4YeHne KpUTUYHOCTM 3 nnu C. BoaMOXXHBIM 0TKa3, BEPOATHOCTbL ero NosiIBNeHNa NUSMeHs1eTCHA B UHTEP-
Bane: 0,01 <P;<0,1;

- 3HaueHue KputTnvHocTUn 4 nnun B. BepodaTHBIN 0TKa3, BEPOATHOCTb ero nosiBlieHNs USMeHAeTCA B UHTEep-
Bane: 0,1 <P;<0,2;

- 3Ha4YeHUe KpUTUYHOCTU S N A. HacTelM 0TKa3, BepPOATHOCTL ero NOABNEHUA U3MEHAETCA B MHTepBane:
0,2<P;<1.

PucyHok 3 npmBeaeH ToNbKo And npumepa. B agpyrnx metogax MoryT ObiTb MCMNOMNb30BaHbI AN KPUTNY-
HOCTWN U TSKECTU NocneacTBui apyrme obo3HavueHus U onpeageneHus.

B npumepe, npusegeHHOM Ha pUCYHKe 3, BUA O0TKasa 1 umeeT 6onee BLICOKYO BEPOSATHOCTb NOSIBNEHUS,
yeM BMO OTKasa 2, KOTOPbIN UMeeT Doree BbICOKYHO TSXXeCTb NocneaAcTBMN. PelleHne 0 TOM, KakoMy BUAOY OTKa-
3a COOTBETCTBYeT bonee BbICOKMA NPUOPUTET, 3aBUCUT OT BMAA LUKATbI, KNACCOB THAXECTU MYaCTOThl U MCMOSb-
3yemMbIX MPUHLWNOB paHXMPpOoBaHUA. XOTS ANnsl NMHEWHOW wWKansl BUa oTkasza 1 (kak obblMHO B MaTpuLe
KPUTUYHOCTU) A0MKEH MMeTb Donee BbICOKYIO KPUTUYHOCTL (MNU BEPOSTHOCTL NOABNEHUSA), YEM BUA OTKasa 2,
MOTYT ObITb CUTYaLUN, KOTAA TSXKECTb MNOCNeaACcTBUN UMeeT abCoONOTHLIN MPUOPUTET HAAYacToTOW. B aToM cny-
yae BUA OTKasa 2 siBnsieTcd 6onee KpUTUYHbIM BMAOM OTKasa. [pyron o4eBMaOHLIN BbIBOO COCTOUT B TOM, UTO
TONBKO BUAbI 0TKa3a, OTHOCALWMECS K OOAHOMY YPOBHIC CUCTEMBI, MOXXHO 0OOCHOBAHHO CpaBHUBATL B COOTBET-
CTBUU C MATPULLEN KPUTUUHOCTK, MOCKONbKY BUAbI OTKa3a CUCTEM HU3KOW CIOXHOCTM Ha Bonee HU3KOM YPOBHE
OOBLIYHO UMeT BoNnee HU3KYHO YacToTy.

Kak nokasaHo Bbille, MaTpuLa KPUTUHHOCTM (CM. PUCYHOK 3) MOXKET ObITb UICNOMNb30BaHa N KAYeCTBEHHO,
N KONMNYECTBEHHO.

5.3.5 OueHka npueMnemMocTn pucka

Ecnn TpebyemMblM pe3ynbTaToOM aHanusa saABnsieTCa Matpuua KPpUTUHYHOCTU, MOXKET ObITb COCTaBleHA
cXema pacnpegenieHus TSKeCcTU NocnegcTBMin M 4acToT NOABNEHUS COObITUI. [TpnemnemocTb pucka onpeae-
NAT CYOBLEKTUBHO UM PYKOBOACTBYOTCA NpodreccruoHanbHbIMU M (PUHAHCOBBIMU PELLEHUAMN B 3aBUCUMOC-
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T OT TUMna npoussoacTBa. B tabnuue 3 npuBeaeHbl HEKOTOPbIE NMPUMEpPLI KITacCoB NMPUEMIEMOro puUcka U
MOANDULMPOBAHHON MaTPULbl KPUTUYHOCTN.

Tabnwuya 3— Marpuya pucka/KpuTMHHOCTU

YPOBHU TAXECTU NMOCNeACTBUN
YacTota nosBneHus
OTKa3a 1 2 3 4
HUYTOXHBIN MuHUManNbHbLIU Kputudeckmm Katactpodhudeckun
1 lNpaktnyecku He3HaunTenbHbIE Hes3HauynTenbHblE Tepnnmble Tepnumblie
HEBEPOSATHbLIN OTKA3 nocneacTBus nocrneacTBus nocneacTBus nocrneacTBus
2 Pepakun otkas He3HaunTenbHblE Tepnumble HexxenartenbHble HexxenartenbHble
nocneacTBus nocrneacTBus nocneacTBus nocrneacTBus
3 BO3aMOXHbIN OT- Tepnumble HexenarenbHble HexenatenbHble Henpuemnemsble
Ka3 nocneacTBus nocneacTBus nocneacTBus nocrneacTBus
4 BeposiTHbIN OT- Tepnumble HexenarernbHble Henpuemnemble Henpunemnemsble
Ka3 nocneacTBus nocneacTBus nocneacTBus nocneacTBus
5 YacTtbin oTkas HexxenartenbHble Henpunemnemsblie Henpunemnemsblie Henpunemnemble
nocneacTBus nocneacTBus nocneacTBus nocrneacTBus

5.3.6 Tunbl FMECA u wkKanbl paHXupoBaHuUA

Tunel FMECA, onucaHHble B 5.3.2 U LLIMPOKO UCMONb3yeMble B aBTOMODUMbHOW NPOMBILLNEHHOCTU, ODbIY-
HO MPUMEHSAT ANA aHanusa npoekTa npoaykuum, a Takke ansg aHanusa npoLeccoB NPOU3BCACTBaA 3TOM NMPO-

OYKLN.
MeTogonornga aHanunsa copnagaet ¢ onnucaHHbiMn B obwem suae FMEA/FMECA, kpome onpeageneHnm B

Tpex Tabnuuax ans sHadyeHUun TskecTtn S, noasneHusa O 1 obHapyxeHus D.
5.3.6.1 AnbTepHaTuUBHOE onpeaeneHne TAXecTM NocneacTBUN

B Tabnuue 4 npnBeaeH NnpuMep paHXMpoBaHUS TSKECTU NOCNEACTBUN, KOTOPOE OBbIYHO NCNONMb3YIOT B
aBTOMODUIMBHON NPOMbBILLIIEHHOCTMN.

Tadbnwua 4 — TaxecTb NOCNeACTBUN BUAA OTKA30B

TsxkecTe nocneacTeuin Kputepuu PaHr

OTcyTCTBYET HeT nocneacremm

O4yeHb He3Hauu- Otagenka (lWyMHOCTb) 0O6beKkTa He coOoTBETCTBYET TpeboBaHusaMm. dedekt 3amevaror | 2

TernbHas TpeboBaTernbHble KIMMEHTLI (MeHee 25 %)

HesHaunTenbHas Otagenka (lWyMHOCTb) 0O6beKkTa He cooTBeTCTBYET TpeboBaHusam. dedekr 3amevator | 3
50 % knneHTOB

O4eHb HN3Kas Otaenka (lWyMHOCTb) OObEKTa He COOTBETCTBYET TpeboBaHusaMm. [edekT 3amevator | 4
DONBbLWMHCTBO KNUEHTOB (bonee 75 %)

Huakasn TpaHcnopTHOE cpeacTBo padboTocnocobHO, HO cuctema komdpopral/yaoberTea pabora- | 5
eT Ha ocnabneHHoM ypoBHE, ManoadekTBHa. KnMeHT ncnbiTbiBAET HEKOTOPYIO HE-
yAOBMNETBOPEHHOCTb

YMepeHHan TpaHcnopTHOE cpeacTBo/y3en paboTocnocobHbl, HO cuctema komdopra/yagobcrteaHe- | 6
pabotocnocodbHa. KnneHT nenbiTbiBaeT ANCKOMAOPT

Bbicokast TpaHcnopTHOE cpeacTBo/y3en paboTocnocobHO, HO HA CHMXEHHOM YpOBHE apdek- | 7
TUBHOCTU. KINMEHT OYeHb HEY4OBNETBOPEH

OuyeHb BbICOKast TpaHcnopTHOE cpeacTBo/y3en HepaboToCNOCObHbI (MOTEPS OCHOBHOWN (DYHKLUN) 8

OnacHas ¢ O4yeHb BbICOKMW YPOBEHb TSXECTU NMocneacTsBun, Korga noteHymanbsHbi BU4 oTkasa | 9

npeaynpexgeHnem BNUSeT Ha Be30nacHOCTb paboTbl TPAHCNOPTHOIO CPeacTBa U/MNn Bbi3bIBAET HECOOTBET-

06 onacHocTK CTBMe 0DBs3aTernbHbIiM TpeboBaHUsAM Be30NacHOCTU € nNpeaynpexgeHmnem o6 onacHoOCTy
OnacHas 6e3 O4eHb BbICOKMW YPOBEHb TSXECTU NOCneacTBUN, Korga noteHuymanbHbi Bug otkasa | 10

npeaynpexaeHuns BMUSAET HA Be30NacHOCTb PaboTbl TPAHCNOPTHOIO CPEeACcTBa U/MNN Bbi3bIBAET HECOOTBET-

06 onacHocTu CTBME 0bs3aTenbHbiM TpeboBaHusaM be3 npeaynpexaeHns 06 onacHocTn

[MTpumeyaHune—Tabnuua sanmcTeoBaHa n3 SAE J1739 [3].
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PaHr TskecT nocneacTBUMA HasHaYvaoT ANA KaX4oro BMaa oTkasa Ha OCHOBE BITUAHUA NOcneaCTBUN
OTKa3aHaCcUCTEMY B LLENOM, ee De30NacHOCTb, BbINOMHEHWe TpeboBaHUN, Llenen norpaHnveHni, a Takke Buaa
TPaHCMOPTHOrO cpedcTBa Kak cuctemMbl. PaHr tsbkecTtn ykaseiBaoT Ha nucte FMECA. OnpegeneHune paHra
TSIKECTU, NpuBeaeHHoe B Tabnuue 4, ABNAeTCs TOUYHbIM AN 3Ha4YeHUA TAXKeCTU 6 U Bbile. Ero cneayet nprume-
HATb B NpuBeaeHHOW hopmynnposke. OnpegeneHne paHra TsSXKeCTU O0T 3 40 5 MOXET OblTb CYOBEKTUBHLIM U
3aBUCUT OT ocobeHHOoCTen 3agadn.

5.3.6.2 XapaKTepUCTUKN NOABMNEHUSA OTKa3a

B Tabnuue 5 (Takke saumcTeoBaHHOM U3 FMECA, ncnonbsyemon B aBTOMOOUNMbHOW NPOMBILLNIEHHOCT)
npuBedeHbl NpUMepbl KAYeCTBEHHbLIX Mep, XapakTepusyrwnx NoaBneHne oTKasa, KOTopble MOryT ObITb
MCNonb3oBaHbl B KoHUenuunn RPN.

Tabnwuwya 5—Bungbl oTkasa B COOTBETCTBUM C HACTOTON U BEPOSATHOCTbIO NOABMNEHUS

A8paKTepUCTUka NOSBNEHNA BUAA Paur O YactoTa nosisneHunsa otkasa BepoaTHOCTL
0TKa3sa
O4yeHb  HM3KaAsi — OTKAa3 1 < 0,010 Ha 1000 TpaHCcnopTHbIX cpeacTB/OOBEKTOB <107
MaroBeposiTEH
Hu3kass — OTHOCUTENBHO 2z 0,1 Ha 1000 TpaHCcnopTHbIX cpeacTB/OOBEKTOB 10~
Mano oTkasos 3 0,5 Ha 1000 TpaHCcnopTHbIX cpeacTB/OOBEKTOB 5.1074
YMepeHHas — oTKasbl 4 1 Ha 1000 TpaHCnoOpTHLIX CPeacTB/ODBHEKTOB 103
BO3MOXHb 3
5 2 Ha 1000 TpaHcnopTHbIX cpeacTB/OOBEKTOR 2-10
6 5 Ha 1000 TpaHcnopTHbIX cpeacTB/OOBEKTOR 5.10°3
Bblcokasi — Hann4me no- I 10 Ha 1000 TpaHcnopTHbIX cpeacTB/OOBEKTOR 102
BTOPHBIX OTKA30B 3 20 Ha 1000 TpaHcnopTHbIX cpeacTB/OOBEKTOR 21072
O4yeHb BbICOKasi — OTKa3 O 50 Ha 1000 TpaHCnOpTHLIX CPeACTB/OOBEKTOB 5.1072
MoYTM HEM3DexeH 10 > 100 Ha 1000 TpaHcnopTHbIX cpeAcTB/0OBbEKTOR > 101

[TpumevaHune —Cm AIAG [4].

B Tabnuue 5 noa «4acTtoTomn» NOHUMAaETCs OTHOLUEHNE KoNMMYecTBa BNaronpuATHLIX Cny4YaeB KO BCEM
BO3MOXXHbIM Cly4asiMm paccMaTpuBaeMoro codbbiTUS B Te4EHUE BLINONTHEHUA CTpaTerndyeckon sagadum Unm cpo-
Ka cnyobl. Hanpumep, B1Ua oTKasa, KOTOPOMY COOTBETCTBYIOT 3HaYeHUSA 0T 0 40 9, MOXKET NPUBECTU K OTKA3y
OJHOWU N3 TPeX CUCTEM B TeYeHK e nepioaa BbINOMHEHUA 3a4a4. 34ecCh onpeaeneHne BepodaTHOCTU NOABNE-
HMUA OTKA30B CBA3AHO C UCccneayeMbiM Nepuoaom BpemMeHU. PekomeHayeTcs ykasbiBaTbh 3TOT Nepuo BpeMeHu
B 3aronoBke Tabnuubl FMEA.

NMyvine metoabl MOTyT ObITh MPUMEHEHBI, KOrAa BEPOATHOCTb NOSABMNEHUA BblMUCIEHA ANs1 KOMMNOHEHTOB
M NX BUOOB OTKA30B Ha OCHOBE COOTBETCTBYIOLW X UHTEHCUBHOCTEW OTKA30B AA OXXnaaeMblX Harpy3okK (BHeLl-
HWe aKkcnnyaTaluoHHble ycnoBust). Ecnn Heobxogumasi tHpopMaLnda HEAOCTYMHA, OLLEHKA MOXKET ObITb HA3Ha-
yeHa, HO NpK 3TOM cneunanucTel, BeinonHawowme FMEA, A0OMKHEI UMeTh B BUAY, YTO 3HAYeHUe NosABNeHUA
OTKasa — 370 Konn4vecTBo oTKa3oB Ha 1000 TpaHCnoOpTHLIX CpeaACcTB B TeYeHWe 3a4aHHOro MHTepBarna BpemMe-
HU (rapaHTUUHBLIN Nepuod, CPOK CNyKObl TPAHCMOPTHOrO cpeacTBa N Ap.). Takum obpasom, 3TO pacyHeTHast Unu
oLUeHOoYHasa BePOATHOCTL NOSABNEHUS BUOa OTKasa 3a uccrnegyemMoiv nepuoa spemeHn. B oTnnyme ot WKan.l
TAXKECTU NocneacTBUN WKana noasrieHnst 0TKasoB He NMHeNHa U He aBndeTcda norapudpmudeckon. lNostomy
HeoDXoAMMO YYUTbIBATb, UTO COOTBETCTBYLOLUIee 3HadveHne RPN nocne BbIMUCNEHMA OLEHOK Takxke
HenMMHenHo. Ero HeobxoaMmMo UCNonNb3oBaTbh ¢ OCODON OCTOPOXKHOCTLIO.

5.3.6.3 PaHXunpoBaHue BEpOsITHOCTU ODHapyXXeHUSa OTKasa

KoHuenuua RPN npegycmaTpuBaeT OLUEeHKY BEPOATHOCTU ODHAPYKEHUS 0TKa3a, T. €. BEpOSATHOCTU TOTO,
YTO C NOMOLLbLIO annapaTtypsbl, npoueayp sepudukalmm, NpeaycMoTpPEHHbIX NMPOeKToM, byayT oOHapyKeHHb!
BO3MOXHbIe BMAbl OTKA30B 3a BpeMd, gocTtaTodyHoe ANna npeaoTepalleHns oTKasoB Ha YpOBHE CUCTEMbl B
uenom. Ana npumeHeHna FMEA npouecca (PFMEA) 370 BEepOATHOCTL TOTQ, YTO Y CEPUM AEUCTBUN NO KOHTPO-
Mo NpoLecca eCTb BO3SMOXHOCTb ODHAPYKEHUS U N30MALMK OTKasa npexae, YemM OH NOBMNUSIET HA NOCNeayo-
LLiMe npouecchbl U Ha roTOBYIO NPOAYKUUIO.

B yacTtHOCTK, AN NpoAyKUun, KOoTopast MOXKET ObITb UCMONb30BaHa B HECKOSIbKUX APYrMX cUCTEMAX W
obnacTax NPpUMeHeHUs, BEpPOSITHOCTb ODHapYyXXeHnsl bbIBaeT TPYAHO OLUEHUTD.
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B Tabnuue 6 npnBegeH 0guMH U3 METO0B ANarHOCTUKKU, UCNOMb3yeMbIX B aBTOMOOUBHOM NPOMBILLITEH-
HOCTMN.

Tabnwua 6 — Kputepum oueHkn obHapyXeHns Buga oTkasa

XapaKrepucTtuka Kputepun — BO3IMOXHOCTEL ODHapy>XeHUSA BnOa OTKA30B HAa OCHOBE NPeayCMOTPEHHbIX onepaLnm Danr
ObHapyXeHuns KOHTPONA
[TpakTniecku [TpeayCMOTPEHHBLIN MPOEKTOM KOHTPOIb NMOYTU BCErga obHapyXmBaet noteHunanb- | 1
CTOMPOUEHTHO HYIO NPUYNHY/MEXaHN3M 1 Criegyiowmn Bua oTkasa

OuveHb Xopoulee Ou4eHb BbICOK LLAHC, YTO NPeAyCMOTPEHHBIN MPOEKTOM KOHTPOINb OOHAPYXNT NOTEH- | 2
LManbHY0 NPUYNHY/MEXaHU3M U NMOCneaywmn Bng oTkasa

Xopollee BbICOKMWM WLAHC, 4YTO NPeayCMOTPEHHbBIWN NMPOEKTOM KOHTPOIb ODHAPYXUT NOTEHUN- | 3
arnbHyY0 NMPUYNHY/MexXaHn3m 1 rnocneayowmm Bna oTkasa

YMeEpPEHHO Xopoluee YMEPEHHO BbICOKMI LWAHC, YTO NPEeAYCMOTPEHHBIWN NPOEKTOM KOHTPONb O6Hapyxut | 4
NOTEHUMANbHYIO NPUYNHY/MEXaHU3M U Mocneayowmmn Bna otkasa

YMepeHHoe YMEPEHHbIN WAHC, YTO NPEeAYCMOTPEHHbBIN MPOEKTOM KOHTPONb OBHAPYXUT NOTEH- | 5
LUManbHyO NPUYNHY/MEXaHN3M 1 NMocneaylwmmn Bua oTkasa

Cnaboe Hn3kuin WaHc, 4To NpeayCMOTPEHHBIW NPOEKTOM KOHTPOIMb OBHAPYXUT NoTeHUMaNb- | 6
HY10 NMPUYMHY/MEexXaHu3m U nocnegyrowmmn Bng otkasa

OveHb craboe O4yeHb HU3KUW WAHC, YTO NPEAyCMOTPEHHbLIN NPOEKTOM KOHTPONb OBHaApyXuTt no- | 7
TEHUMANbHYIO NMPUYNHY/MEXaHN3M N NOCNeaylowmmn Bua oTkasa

[Tnoxoe ManoBeposiTHO, YTO NPeayCMOTPEHHBLIN MPOEKTOM KOHTPONb ODHAPYXUT NOTEeHUN- | 8
anbHYO NMPUYNHY/MEXaHN3M N NOCNeayLWnn BUg 0TKasa

O4yeHb nnoxoe [ToYTN HEBEPOATHO, YTO NPEAYCMOTPEHHbLIN NPOEKTOM KOHTPOIb OBHAPYKXUT NOTEH- | 9
LUManbHYO NPUYUNHY/MEXaHN3M N NMOCneaylwmmn Bua oTkasa

[1pakTnyecku [TpeayCMOTPEHHbLIN NPOEKTOM KOHTPONb HE MOXET ODHapyXuTb noteHumansHyo | 10

HEBO3MOXHO NpUYnHy/MexXaHu3am u nNocrneayowmmn Bug, 0Tkasa Unm KOHTPOrb He NpeaycMoTpeH

5.3.6.4 OueHka pucka

MHTYUTUBHLIA MeToAd, ONCaHHBLIN Bhille, A0IMKEH CONpoBOXAaTbCA paHXUpoBaHUEM NPUOPUTETHOCTA
0enCTBUN, HanpaBneHHbIX Ha obecnevyeHne HanBLICLLEro YPOoBHA De30NacHOCTU AN 3aKasdmKka (noTpedbutens,
KneHTa). Hanpumep, BMO 0TKasa C BbICOKUM 3HAYEHUEM TAXKeCTU, HU3KOWU MHTEHCUBHOCTbLIO NOABNEHUA U
OYeHb BbICOKMM 3HaYeHnem obHapyxeHua (Hanpumep, 10, 3 n 2) MoXeT uMeTb HaMHoro bonee HU3KKUN RPN (B
npuBegeHHOM cny4dae 60), yem BMA oTKasa co cpegHUMM 3HaYeHUSAMM BceX NepeyvYncneHHbIX BeNTM4nUH (Hanpu-
Mep, 9 B KaXkagom cnydae), 1, cooTBeTCTBeHHO, RPN = 125.T103TOMY YacTo UCNONb3YIOT ACNONHUTENbHLIE NPO-
leaypbl ANg rapaHTuM Toro, YTo BUAaM OTKA30B C BbICOKMM paHrom TsecTu (Hanpumep, 9 nunm 10) npuaaHo
1epBOCTENneHHoe 3Ha4YeHe N Mepbl No UX YCTpaHeHUIo NPUHATLI B NepBYyto ovepedb. B 3ToM crniydae gng pelle-
HUA cnegyeT PYKOBOACTBOBATLCA elle U paHroM TSKeCTU, a He ToNbKo RPN. Bo Bcex crniydyasax aAns npuHATUS
bonee 0OOCHOBAHHOIO pelleHUs HeODXOANMO YUYMThIBATL paHr TsKecTu Hapsaay ¢ RPN.

3Ha4YeHUsA NPUOPUTETHOCTU pUCKa onpeaensitoT Takke U B Apyrux metogax FMEA, ocobeHHO B KaueCcTBEH-
HbIX MeToaax.

3HaveHusa RPN, BblMMCNEHHbIE B COOTBETCTBUN C BbILUEYNOMAHYTBIMWU TabnuuamMmuy, 4acTto UCNOMb3YIOT
AN PyKOBOACTBaA NMpu cokpalleHU BUAOB OTKa3oB. [1pn 3TOM crnegyeT ydYUThIBaTh NpeaocTepeeHnsa 5.3.2.

RPN nmMmeeT cnegyowme HeaocTaTKu:

- MIPOMEXYTKN B AnanasoHax 3HadyeHU: 88 % ananasoHoB nycThl, ToNbko 120 13 1000 sHaveHUU UCnonb-
30BaHbl;

- HeogHo3HavYHOCTb RPN: HECKONMBbKO KOMDUHAaLUMN pasnnyHbiX 3HA4YEeHWU napamMeTpoB NPUBOANAT K 0au-
HakoBbIM 3HaYeHUaMm RPN:

- YYBCTBUTESNIbBHOCTb K HEDONMBLINM U3MEHEHUAM: Marnble OTKMNOHEHUS OQHOro napamMmeTtpa oKasbiBatoT
OonblLUOEe BMUSIHWE Ha pes3ynbTaT, ecnu Apyrme napameTpbl MMeloT O0nbluMe 3HadeHUus (Hanpumep,
9.9.3=2431n9-9-4=324, B1TO0BpemMAKak3-4-3=361n3-4-4=48);

- HeaZekBaTHas LWKana: Tabnuua NosBMNEHNUA OTKA30B SIBMSIETCH HENMUHEWHOW (HanpumMep, OTHOLIEHUE
MeXay ABYMS nocneaoBaTeribHbIMU PaHramm MOXeET ObITb U 2,5, 1 2);

- HeagekBaTHbIM MacwTadb RPN: pasHuua B 3HaveHUsax anst RPN MoXeT KazaTbCsl He3Ha4YNTENbHOW, B TO
BpeMs KaKk pakTndeckn ABndeTcs BecbMa cyllecTBeHHOW. Hanpumep, 3HadeHna S =6, O =4, D =2 garwT
RPN =48, a 3HayeHna S=6, O=5u D = 2 parot RPN = 60. Btopoe 3HavyeHne RPN He BaBoe bornblue, B TO
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BpeMsi Kak dpaktmndeckn ans O = 5 BepoATHOCTb NOSIBNIEHUA OTKasa BABoe bonblue, yem ana O = 4. lNostomy
ncxogHbole 3HadeHuna ana RPN He cneayeT cpaBHMBaTh NIMHENHO;

- OLINMDOYHBbIE BbIBOALI HA OCHOBE cpaBHeHUst RPN, NOCKONbKY LWKanbl ABMAOTCH NOPAAKOBBIMUA, a HE
OTHOCUTENMbHbLIMMW.

AHanns RPN TpebyeT OCTOPOXHOCTU U BHUMaHUS. [1paBUnNbHOE NpMeHeHne metoaa TpebyeT aHanunsa
3HAYEHUUN TAXKECTU, NOABNEHNS U ODHapYyXeHNA A0 QOPMUPOBAHNSA 3aKMIOYEHUS U NPOBeAEHUSA KOPPEKTUPYIO-
LLNX Mep.

5.4 OTyeT 06 aHanu3ae

5.4.1 Obnactb NpUMeHEeHUA N coaepXaHue oTyeTa

OT4eT no pesynbtatam FMEA MoXeT ObITb pa3padboTaH Kak YacTb oT4eTa 0 bonee WWMpPoKoM UCCNeaoBa-
HAW U MOXKET ObITb CAMOCTOATENbHBIM AOKYMEHTOM. B NtoboM cnyyae oTHeT AOMMKEH BKIIHOUAThL B cebs1 0030p
N noapoOHbIE 3anNUCK NPOBEAEHHOIO NCCNEeAoBaHUS, a TakKKe CXeMbl U PYHKLMOHANBHBIE AnarpamMmmMbl CTPYKTY-

Pbl CUCTEMBI. OT4YeT OOMKEH TakxkKe cogepxdadib CIMMCOK CXEM (C YKA3dHNEM UX CTaTyCa), Ha KOTOPbIX OCHOBAH
FMEA.

5.4.2 Pe3ynbTaTbl aHanu3a nocneacTBUin

[omkeH ObITb NOArOTOBMEH CMMCOK NMNOCNEeACTBUN OTKA30B A1 KOHKPETHOW CUCTEMBI, UCCeayeEMON C
nomolbio FMEA. B Tabnuue 7 npuseaeH TUNUYHBIM HADOP NOCNeaCcTBUN OTKA30B SIS cTapTepa 1N anekTpuyec-
KOW cXeMbl ABUraTensa asToModung.

Tabnwuuya 7 —lNpumep nocneacTBUM OTKA30B ANA cTapTepa aBTOMOOUNS

Homep Buaa oTkasa [locnencreune
1 Craptep He PYHKUNOHWPYET
2z CKOpPOCTb BpalleHns cTapTepa MeHblle yCTaHOBNEHHON
3 CTaptep He 3axBaTbiBaeT 3ybyaTbi BEHYMK MaxOBUKa
4 CrapTep BKNOYaeTCH NpexaeBpeMeHHO

[TpyumevaHne 1 — ITOT CNINCOK ABNTAETCH TONMBKO NpUMepom. Kaxxgas aHanmanpyemas cuctema nnv rnogcuc-
Tema byaet MeTb CBOM CODCTBEHHbLIN HABOP NOCNeaACTBMY OTKA30B.

MoxeT noTpeboBaTbCs OTYET 0 NOCNeACTBUAX OTKA30B A onpeaeneHns BepoATHOCTU OTKA30B CUCTE-
Mbl, BO3HUKAOLWNX B pe3ynbTaTe nepevyncneHHbIX nocneacTBUM OTKa3oB, U onpeaeneHns npuopuTeTHOCTU
KOpPEeKTUPYIOLLNX 1 Npegynpexaatowmx aencTeuin. OtyeT o nocneacTBUSAX OTKA30B AOMMKeH ObiTb OCHOBaH Ha
nepevHe NocneacTBMA OTKa30B CUCTEMBI B LIENTOM U A0IMKEH coaepKaTb AeTanu BUAOB OTKa30B, BIIUALLMX Ha
Kaxkgoe rnocneactene otkasa. BeposaTHOCTb NOABNEHNS K&XKA0ro B1Aaa O0TKasa BbIMUCIAKT 38 YCTaHOBMNEHHbIR
nepuoa BpeMeHn (pyHKLMOHMPOBaHUA oObekTa, a Takke ANd oXuAaeMblX napaMmeTpoB MUCMOMb30BaHNSA U
Harpysok. B Tabnuue 8 nokasaH npumep ob3opa nocneacTBuin 0TKasoB.

Tabnwuya 8 —Tlpumep BEPOATHOCTEN NOCNEACTBUN OTKA3OB

Homep BuAaa Buabl oTkasose, npusoaswine | BepoAaATHOCTL NOABNEHUS
[lochencrteune
OTKa34a K NoCNneaCrenio NMNoCnNeACTBUA OTKA3d
1 Ctaptep He DYHKUNOHUPYET 1,3, 7,8, 9,16, 21, 22 8.10°3
Z CKOpOCTb BpalleHns ctapTepa meHblue yctados- | 6, 11, 12, 19, 20 6-10~%
NMEeHHOW
3 CTaptep He 3axBaTbiBaeT 3ybuatbin BeHYMK ma- | 2,4, 5,10, 13 1.1-107°
XOBUKA
4 CTapTrep BKINIOYaAETCH NpeXaeBpeMeHHO 14, 15, 17, 18 3.6-10"
[TpumevyaHnune 2— Takas Tabnuua MoXeT ObITb NOCTPOEHA ANA PA3NNYHbIX KQYECTBEHHbIX U KONTMYECTBEH-

HbIX PaHXUPOBaHUN 0O BEKTA UITU CUCTEMBI.
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OTYeT O0MKEH TaKXKe CoAepKaTbh KpaTKoe onnucaHme metoaa aHanmaa n ypoBHS, Ha KOTOPOM OH DbIN NpoBe-
OeH, UCNOoNb3yeMble NpeancnoXXeHUsa M OCHOBHLIE NpaBuna. Kpome Toro, oH A0KEH BKIMoYaTh B Ce0si NepeyHN:

a) BUOOB OTKA30B, KOTOPLIe NPUBOAAT K cepbe3HbIM NocNeacTBUAM;

b) pekomeHaaUWn AN NPOEKTUPOBLLUMKOB, MepcoHana TeXHUYeCcKoro obcnyXKnBaHus, n1aHUpoBLLMKOB U
nonb3oBaTeneu;

C) U3MEeHeHUN NpoeKTa, KoTopble BbINoHeHbl B pesynbtate FMEA;

d) nocneactBu, KOTOPLIE YCTPaHEeHbl B pe3ynbTaTte 00X U3SMEHEHNIA NPOEKTa.

6 Hpyrve nccnenaoBaHus

6.1 OTka3 obwen NPUYMHLI

[na aHannsa HageXXHOCTU HeJOoCTaTOUYHO pPacCMOTPEeTb TOMbKO clyyYanHble M He3aBUCUMbIE OTKasbl,
MOCKOMbKY MOTYT MPOU3OUTU OTKa3sbl 00LLIE NPUYKHBI. Hanpumep, NpU4nHON HapyLeHUs PyHKLUUOHUPOBaHUS
CUCTEMBI NN ee 0TKasza MOXeT ObITb 0QHOBPEMEHHOE HapyLleHWe paboThl HECKOMBKMX KOMMNOHEHTOB CUCTE-
Mbl. DTO MOXET ObITb CNeacTBUEM OLLUNMDOKN B KOHCTPYKLUK (HeoNpaBaaHHOE orpaHUYeHne AonyCTUMbIX 3HaYe-
HUN KOMMOHEHTOB), BO3AENCTBUA OKpyKatowen cpeabl (MOMHUS) NN YeNoBEeYECKOW OLLINOKN.

Hanudyne otkasoB obwen npudnHel [Common Cause Failure (CCF)] npoTuBopevnTt npeanonoXeHuo o
He3aBUCUMOCTU BUOOB OTKa30B, paccMmaTpuBaemMmblXx FMEA. Hannune CCF npegnonaraeT BO3MOXHOCTb NOSAB-
neHust bonee ogHOro 0TKasa oAHOBPEMEHHO UMK B Npeaenax A0CTaTOUYHO KOPOTKOro NpOMEXyTKa BpeEMEHN U
COOTBETCTBYOLLEE NOsIBNEeHNe NocneacTBUMA 0AHOBPEMEHHBIX OTKA30B.

Kak npasuno, nctodHukamm CCF MOryT ObITh:

- KOHCTPYKUMA (pa3paboTka NnporpaMmmMHoOro obecrnevyeHunst, HopMnupoBaHue);

- NIPOU3BOACTBO (HeagoCTaTKM NapTU KOMMNOHEHTOB);

- oKpyXatowas cpefa (snekrtpuyeckne nomMmexu, LMKNM4yeckoe BO3AeNCTBME TemnepaTypbl, BUbpauus);

- yenioBeveckun paktop (HenpasunbHaga paboTta N HenpaBunbHbIE AEUCTBUA NO TEXHUYECKOMY 0DCy-
XUBAHUIO).

FMEA gonxeH noaToMy paccMaTpuBaTbh BO3IMOXHEIE UCTOUYHUKKM CCF npu aHanuse cMCTeMbl, B KOTOPOW
MCMOJSIb30OBAaHO pe3epBUPOBaHNE, NN DONbLUCE KONUYECTBO OOBLEKTOR AN CMAMMeHNUs NocneacTBUN OTKa3a.

CCF — pes3ynbTaT cobbITUA, KOTOPOE U3-3a NOTMYECKUX 3aBUCUMOCTEN BbI3bIBAET OAHOBPEMEHHOE
COCTOSAHWE OTKa3a B ABYX U Donee KOMNOHEeHTax ( BKNoYasa 3aBUCUMbIE OTKas3bl, BbI3BaHHbIE MOCNEACTBUSIMA
He3aBUCUMOro oTkasa). OTkasbl 00Len NPUHUHBI MOTYT NPOUCXOANTb B UASHTUYHBLIX COCTABHLIX YAaCTAX C 04 U-
HaKOBbLIMU BUOAMU OTKA30B U cNabbiIMX MecTaMu NMpn pasnnuHblX BapnaHTax cOopKnU CUCTEMBI MU MOTYT ObITb
pe3epBUPOBAHHI.

BoamoxHocTn FMEA ang aHanunsa CCF Becbma orpaHudeHsl. OgHako FMEA — npouegypa nocnegoBa-
TENbHOMo U3y4YeHNA KaXXaoro Baa oTkasa U CBA3aHHbIX C HUM MPUYKH, a Takke naeHTUgnKaLm scex nepuoan-
YeCKMX WUCNbITaHUN, NMPOPUNAKTUIECKOro TeXHUYeCcKoro obcnyXmBaHUa U T. O. IOTOT MeTod MO3BOMNSET
nccneaoBaTh Bce NpUYKMHBL, KoTopble MoryT Bei3BaTbh CCF.

[Tone3Ho MUcnonb3oBaTb KOMOUMHALUMIO HECKONMbKUX MEeTOoAoB ANdA npeaoTBpalleHns Unnm cMardyeHus
1ocnegcteun CCF (moaenupoBaHue cuctemMmel, PU3NYECcKUA aHanns KOMNOHEHTORB), B TOM Jucne: oyHKUUO-
HanbHOe pasHoobpasune, Koraa N3dbITOYHbIE BETBU UMK YaCTU CUCTEMBI, BbINOMHSAKOLWNE OOHY U TY XKe PYHK-
1110, HEMOEHTUYHBI 1 UMEIOT pasnyHble BUAbl 0TKa30B; usmnyeckoe pasgeneHue, no3Bondoulee yCTpaHuTb
BIIUSIHNE 3KONOTMYeCKUX UMK 3NeKTpoOMarHUTHbIX BO3aencTeuid, BoisbiBatowmnx CCF, n 1. a. ObbivHo FMEA
npegycMmaTpuBaeT akcneptusy npeaynpexgatowmx CCF mep. OgHako 3T Mepbl A0MKHbI ObITb ONUCaHbI B
KOJNTOHKe 3amMmedaHunn padboven Tadbnmubl ans nomowm B noHumaHnn FMEA B uenom.

6.2 HYenoBe4yecKkuun cpakTop

[na npeaoTBpalleHNs U cokpaLleHUs HEKOTOPbIX YerioBeYecKnx oMok Heobxoanumbl cneLlnanbHble
pa3paboTkn. K Taknm mepam oTHocuTCs obecnevyeHne mexaHn4eckom 6rIoKUPOBKN XKene3HO40POXKHOMro CUrHa-
flia v napond ang ncnonb3oBaHUAa KOMMNbOTEPa UM Noucka AaHHbIX. Ecnin Takme ycnoBus B CUCTEME CYLLIECTBY-
0T, MOCNeACTBMA O0TKasa OyayT 3aBMceTb OT BMaa onbKn. HekoTopble BUAbl HeNOBEYEeCKo N OLLUMOKA O KHBbI
ObITb UCCNeaoBaHbl C NMPUMEHEHUEM AepeBa HEUCNPaBHOCTEN CUCTEMBbI ANA NpoBepku 3ddeKTUBHOCTHU
obopyaoBaHua. [lake 4yacTU4HOEe BHECEeHMEe B CMUCOK 3TUX BUAOB OTKA30B MOMNE3HO ANA uaeHTuduKaumu
HeJoCTaTKOB KOHCTPYKUMM U npoueayp. MaeHTudunkauma Bcex BUAOB YeioBeYecKMX OoLnMboK, BepOsATHO,
HeBO3MOXHa.

MHoro otkaszos CCF ocHOBaHO Ha YenoBeveckmnx ownbkax. Hanpumep, HenpasunbHoe obcnyXnesaHue
MOEHTUYHBIX OOBEKTOB MOXET HUBENUPOBaTh pesepBupoBaHMe. YTobbl nsbexartb 3TOro, YacTo NPUMEHSAT
HeaeHTUYHbIe pe3epBHbIE 3S1EMEHTHI.
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6.3 OwnbKN nporpaMMHoOro obecnevyeHun

FMEA, npoBoanmMbiv gNs annapaTHbIX CpeACcTB CMOXHOW CUCTEMbI, MOXKEeT UMeTb NocneaACTBUSA AN Npo-
rpaMMHOro obecneyeHuss CUCTEMBI. Taknum obpasom, pelleHnst o0 NocneacTBUAX, KPUTUYHOCTU N YCITOBHBIX
BEPOATHOCTAX, BbiTekatowne nsa FMEA, MoryT 3aBuceTb OT 3N1eMEHTOB NporpamMmmMHoOro obecnevyeHust, X oco-
OeHHOCTEN, nocneaoBaTenbHOCTU U BpeMeHn paboThl. B 3TOM cnyyae B3aMMOCBA3N MeXay annapaTHbIMA
cpeacTBamMum 1 NporpaMmmHbiM obecnevyeHnem gOmMKHbI ObITb YeTKO MAEHTURULIMPOBAHLI, MOCKOMNbKY Nocneay-
loliee U3SMeHeHKe UNn yny4dlleHue nporpaMmmMmHoro obecneveHua moxet nameHUTs FMEA 1 nonyveHHble Ha ero
OCHOBe oLeHKN. OgobpeHmne nporpaMmmMHoro obecnevyeHumnst U ero USMeHeHn MOXeT ObITb YCNOBMEM AN nepe-
cmoTpa FMEA 1 cooTBETCTBYHOLWNX OLEHOK, HANpUMep Nnorika nporpaMMHoro obecnevyeHns MoXeT OblTb
Nn3IMeHeHa ang NoBbIleHUA De30MNacHOCTM 3a CHET aKcnnyaTauMoOHHOW HaaeXXHOCTH.

Cooun n3-3a oluMbOK U HECOOTBETCTBUIM NpOorpaMmMHoro obecnedyenus oyayt MeTb NocneacTBUs, 3Ha-
YeHUs KOTOPbIX AOTKHbI ObITh onpeaeneHbl NPy NPOeKTUPOBaHUM NporpaMmMHoOro obecnedyeHns 1 annapaTHbIX
cpeacTB. YCTaHOBMEeHNEe Takux onboK UM HECOOTBETCTBUN U aHarnus Ux nocneacTBUn BO3MOXHBI TOSTbKO
orpaHndeHHo. NocneacTBmMA BO3MOXHbIX OLUMOOK B NporpaMmMHOM obecnevyeHnm Ans COOTBETCTBYHOLLMX anna-
paTHbIX cpeacTB AOJTKHbI ObITb oLleHeHbl. PekomeHgaLumy no ymeHbLUeHUo Taknx oMok AN NporpamMmMHOro
obecnevyeHns 1 annapaTHbIX CPEACTB YacTo ABMNAKTCA pe3yfibTaTOM aHanusa.

6.4 FMEA u nocneacTtBusal oTKazoB CUCTEMbI

FMEA cuctembl MOXeET ObITb BbIMOMHEH HE3ABUCUMO OT €€ KOHKPETHOro NPUMEHEHUS 1 MOXKET 3aTem
ObITb NpUcnocodbneH KOCOOBEHHOCTAM KOHCTPYKLIUN CUCTEMBI. QTO OTHOCUTCS K HEDONbLLUUM HabopaMm, KOTophbIE
MOTYT ObITb CAMOCTOSATENIbHO PACCMOTPEHbI KaK KOMMOHEHTLI (Hanpumep, aNekKTPOHHbIN YCUNUTENb, 3NEeKTPU-
Yyecknn aAsuratenb, MexaHU4YeCcK1U KnanaH).

OaHako bonee Tunu4YHoU siBnsieTcd paspabotka FMEA aAns KOHKpeTHOro NpoekTa ¢ KOHKPETHLIMM Nocne -
CTBUAMKU OTKaA30B cucTemMbl. Heobxoanmo knaccudpumumpoBaTbh NOCNeaCTBUSA OTKA30B CUCTEMbI, HANpUMep:
OTKas npegoxpaHnuTend, yCTpaHUMbIN OTKa3, HeYyCTpaHUMbIA OTKas, yxXyalweHne BhINoNTHEHNA 3ada4u, HEeBbI-
nonHeHne 3agadn, NocneacTBUa AN oTAENbHbIX NMogen, rpynnel Unn odLecTBa B LIENOM.

BosmoxxHoCTh ydeTa B FMEA cambiX oTAaneHHbIX nocneacTBMMU oTkasa CUCTEMbI 3aBUCUT OT KOHCTPYK-
LMK cuctemMmbl U B3aumocedasen FMEA ¢ gpyrumm goopmamim aHanmsa, TakKuMm Kak gepeBo HeucrnpaBHOCTEMN,
MapKOBCKUW aHanus, cetu [letpnu u 1. n.

7 TNpumeHeHuUs

7.1 Ucnonb3oBaHue FMEA/FMECA

FMEA — meToa, KoTopbIv Npexae Bcero npmucnocobnex K nccnegoBaHnio 0TKasoB MaTepmana n obopy-
OOBaHUNS MMOXKET ObITb NPUMEHEH K pa3nNYHbIM TUMAM CUCTEM (3TEKTPUYECKUX, MEXaHUYECKUNX, TapaBnnyec-
KNX N T.0.) N X KOMDUHaUKMAM Ang Yacten obopyaoBaHUs, CUCTEMbI UMW NMpoeKTa B LLENOM.

FMEA pormkeH BktovaTbh B cebsl uccnegoBaHne nporpamMmMHoro obecrnevyeHnsa n gemcTBUN YeroBeka,
ECNN OHU BINUSIIOT Ha HaAeXHOCTb cucTeMbl. FMEA mMoxeT ObITb UCCieaoBaHUEM NPOLECCOB (MeAULMHCKNX,
nadopartopHbIX, MPON3BOACTBEHHBLIX, 0bpa3oBaTenbHbIX 1 T.M.). B 3TOM cnyyae ero obbivHO HasbiBatoT FMEA
npouecca unu PFMEA. INpu BeinonHeHnn FMEA npouecca Bcerga ydyuTblBaOT Lenn 1 3agadn npolecca v
3aTeEM UCCNeayoT Kbl aTan npoL,ecca Kak OCHOBY HEDNAronpUATHLIX pe3ynbTaToB ANdA APYrMX 3TanoB Npo-
Lecca UNn BbINONHEHUS Lenewn npolecca.

7.1.1 TlpuMeHeHMe B Nnpepenax NpoekKTa

[Tonb3oBaTenb OOMMKEH onpeaenunutb, Kak U anga Kakux uenen ncnonbsyet FMEA. FMEA moxeT ObiTb
MCMONb30BaH CaMOCTOATENbHO UMM CINYXXUTb AONOJNIHEHMEM W NMOAAEPXKKOW ANA Opyrux MeToAoB aHanusa
HageXXHocTU. TpebosaHua K FMEA cneaytoT M3 HeobXxoAMMOCTU NOHATL NOBeAeHNe annapaTHLIX CPeacTB U UX
3Ha4YeHue ana PyHKUUOHNPOBaAHMUA cUCTeMbl U obopyaoBaHua. TpebosaHna kK FMEA moryT cyuwecTBeHHO
MEHATbLCA B 3aBMCUMOCTU OT 0CODEHHOCTEN NpoekTa.

FMEA nogaepxmBaeT KOHUEMNUUIO aHanmsa npoeKkTa 1 AoKeH ObiTb NMPUMEHEH KaK MOXKHO paHbLUe npu
NPOEKTUPOBaAHUN NOACUCTEM U CUCTEMBI B LilenoM. FMEA nprMeHUM KO BCEM YPOBHAM CUCTEMBI, HO Bonee noa-
XOAWUT AN HU3KUX YPOBHEW, XapaKkTepusyrowmxcst 0onbLmMm YACTIOM 00 beKTOB U/ NN PYHKLMOHATBHOM CNOX-
HOCTb0. BaXXHbIM SIBNSIETCA cneLunanbHoe obyvyeHune nepcoHana, soinonHswowero FMEA. Heobxogumo TecHoe
COTPYAHUYECTBO UHXXEHEPOB N NPOEKTUPOBLLKKOB cucTeMbl. FMEA cnegyeT 0OHOBMATL NO Mepe NpoaBUKe-
HUA NpoeKTa N U3SMeHeHNA KOHCTPYKUMK. B kOoHUe 3Tana npoektuposaHna FMEA UCnonb3yoT Angd NpoBepKU
KOHCTPYKLUMN U OEeMOHCTpauun COOTBETCTBUS pa3padboTaHHOW CUCTEMbl YCTAHOBMEHHBLIM TPeDOBaAHUAM
nonb3oBaTens, TpedboBaHUAM CTaHOAPTOB, MHCTRYKLUUA U 0bA3aTeNbHbIM TPEDOBAHUSAM.
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NHpopmauunsa, nonydeHHada Ha ocHoee FMEA, naeHTudguumpyeT npuopuUteThl ANA CTaTUCTUYeCKOro
yrnpaBneHunsi Nponu3BOACTBEHHLIM MPOLIECCOM, BBIDOPOYHOr0o KOHTPOMSA M BXOAHOMO KOHTPONA B NMpoL,ecce Npo-
M3BOACTBA U MOHTaXa, a Takke Angd KBannpuKauUnoHHBIX, TpueMo-caaTouHbIX, MPUeMOYHBIX M MYCKOBLIX UCTIbI-
TaHun. FMEA aBnsaeTcst UCTOUYHUKOM MHpopMaLLIMn ANd npoueayp AnarHoCTUKU, TEXHUYECKOro 0DCNYXXMUBaHUS
Mnpu paspaboTKe COOTBETCTBYIOLLMX PYKOBOACTB.

[Mpu BbIBOPE rNyOunHbI M cnocoboB npuMmeHeHnst FMEA K 0O beKTy UM NpoeKkTy BaXKHO pacCcMOTPETb Lenu,
ONs1 KOTOPbIX Heobxoaumel pesynbtatel FMEA, cornacoBaHHOCTbL N0 BpeMeHU ¢ ApYrmMn 4eNCTBUSIMA U YCTa-
HOBUTb Tpebyemyto cTeneHb KOMNETEHTHOCTU N KOHTPONSA HeXenaTernbHbIX BUAOB 1 NMOCNEeACTBUAN OTKA30B.
STO NPUBOOUT KKadecTBeHHOMY nnaHupoBaHMio FMEA Ha ykaszaHHbIX YPOBHSAX (CUCTeMaA, nogcuctemMa, KoMno-
HEHT, 0OBEKT UTEPaTUBHOIO Npouecca NPoeKTUPOBaHUA N pas3paboTKn).

[na obecneveHna apdektuHoct FMEA O0MKHO ObITb YETKO YCTAHOBNEHO €ro MeCcTo B NporpamMmme
HadEeXXHOCTU, a Takke onpeaeneHbl BpeMs, TpyaoBble N Apyrue pecypcbl. KU3HEHHO BaXHO, YTobbl FMEA He
Dbl coKpalleH ANl 3KOHOMUU BpeMeHW 1 aeHer. Ecnu Bpema n aeHbrnorpadmndedsl, FMEA gomkeH ObITb CKOH-
LeHTPUPOBaH Ha TexX YacTax KOHCTPYKLUMN, KOTopble ABNAKTCA HOBbIMU UM UCNONb3YIOT HOBbIe MeToabl. U3
aKOHOMUYEeCKNUX coobpaxeHnn FMEA moxeT BbITb HanpaBneH Ha obnacTn, MAeHTUPUNLNPOBAHHBLIE KaK KPpUTK-
yeckue gpyrumMmm metogamum aHanusa.

7.1.2 lNpuMeHeHUe K NpoLeccam

O ns seinonHeHnst PEFMEA Heobxoanmo cneaytoulee:

a) 4YyeTKoe onpeaeneHune Lenu npouecca. Ecnu npouecc ABNAeTCA CrOXHbIM, Lenb npouecca MOXeT
NPOTUBOPEUUTHL OOLLEN LLenn Nn Lenu, CBS3aHHOW C NpoayKuuen npoLecca, npoaykuuen cepun nocnegoBa-
TeNbHbLIX MPOLECCOB UK 3TanoB, NpoayKUuMen oTAeNbLHOro atana npoLlecca, a Takke COOTBETCTBYIOLMM Yac-
THbIM UeNnaAM:

b) NnoHUMaHKWe OTAeNbHLIX 3TAnoB NpoLlecea;

C) NoHMMaHWe NoTeHUManbHbLIX HeAOCTaTKOB, XapaKkTepHbIX AN KaXgoro atana npouecca;

d) noHMMaHue NocneacTBUM KaXkaoro oTaenbHOro HegocrtaTtka (NoTeHUManbHOro oTkasa) aAns npoaykK-
MU Npouecca;

e) NoHUMaHue NoTeHUManbHbIX MTPUYUH KaXX4oro U3 HegoCTaTKOB UM NoTeHUManbHBIX OTKa30B U HECO-
OTBETCTBUN MNpoLiecca.

Ecnun npouecc cBA3aH ¢ npoaykunen bonee ogHOro HAMMeHOBAHWUSA, TO ero aHanms3 MOXeT ObITb BbINOS-
HEeH ANs OTAENbHbLIX TUNOB NpoayKunn kak PEFMEA. AHanna npouecca MOXeT Takke OblTb BbINMOMHEH B COOTBET-
CTBUM C ero artanamm M noTeHuuanbHbIMWU HebnarocnpuaATHbIMKA pe3ynbTaTaMy, KOTOpble MNPUBOAAT K
0600weHHoOMY PFMEA He3aBUCUMO OT KOHKPETHBLIX TUNOB NPOoAYKL N,

7.2 Tpenmywectea FMEA

HekoTopble N3 ocobeHHOCTEN NpruMeHeHna U npemmyllectsa FMEA nepedyncneHsl Huxe:

a) WCKIMIYeHMe OOPpOorocTodalmx Mmoaudpukaum BcneactBue paHHen unageHTudgpukayumm HedocTaTKoB
KOHCTPYKLNWK;

b) naeHTMdKUKaums o0TKasoB, KOTOPbLIE NPU NMOSIBNEHNX NO OAHOMY U B KOMOUHaLUMN UMEKOT HEAOMYCTU-
Mbl€ WX CyLLeCTBEeHHbIe NocneacTBUSA, U onpegeneHne BMOOB OTKA30B, KOTOPLIE MOTYT UMeTb CepbesHble
NocCneacTBUa Ang oXXngaemoun unm tpedyemon pyHKL N,

[TpumevaHune 1— Takme nocneacTBus MOryT BKNOYaTh B ce651 3aBUCUMbIE OTKA3bI;

C) onpegeneHne HeobBXOAMMbIX METOAOB MOBLILLEHUA HAOEXKHOCTU KOHCTPYKUMKU (pe3epBUpoBaHUe,
onTUManbHble paboune Harpyskn, 0TKasoyCcTOMYMBOCTL, BbIOOD KOMIMOHEHTOB, NMEepPecopTUpPOBKa U T.4.);

d) obecneveHue norndeckon mMogenn ansa cUeHKM BepOsATHOCTU UM MHTEHCUBHOCTM NOSABNEHUS aHO-
MalibHbIX YCNOBWIA 3KCNNyaTaununu cCUCTEMbI NMPY NOAroTOBKE K aHaNn3y KPUTUIHOCTN;

e) BhbisiBNeHne npobnemMHbix 30H 6€30NacHOCTU N OTBETCTBEHHOCTM 3a KAQ4eCTBO BbINyCKaeMOW NPOaYK-
M UNN ee HECOOTBETCTBUE 00sI3aTeNbHbIM TPebOBaAHUSIM.

[MTpumevanune 2—Yacto ansa 6e30NacHOCTN HEOBXOAMMbI CAMOCTOATENbHbIE UCCNEA0BaHUA, HO NEepeceYe-
HUE HEN3DEXKHO M NO3TOMY B MPOLECCE NCCNEA0BAHNS OYEHb XEeNnaTenbHO COTPYAHUYECTBO;

f) paspaboTkanporpamMmmbl UCNbITAHWIA, MO3BONAIOLWEN OBDHAPYXXNBATb NOTEHUMaNbHbIE BUAbI OTKA30B;
g) KOHLleHTpauusa Ha K4YeBbIX BOMpocax yrnpaBneHns Ka4yecTBOM, aHann3a npoLeccoB KOHTPOMNA U
M3roTOBIEHNSA NPOAYKLUN;

h) nomoulb BonpeaeneHnnocobeHHOCTeN obLLIen cTpaTerm n rpadunka npoUnakTuyecKkoro TeXHUYecC-
KOro 0bCnyXnBaHus;

1) NMOMOLLIb M Nogaep Kka B onpeaeneHnn Kputepues NCbITaHWIA, NNaHoB UCMbITAHUI U ANArHOCTUYECKUX
npoLeayp (CpaBHUTENbHbIE UCNBITAHUA, UCMbITAHUA HA HAAEXHOCTb);
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i) noaaepxkka nocneaoBaTeflbHOCTN UCKITIOYEeHNs1 AedeKTOB KOHCTPYKLUM U NoaaepKKka NaHupoBaHuUS
anbTepHaTUBHLIX pEXMUMOB paboThkl U NepekoHdUrypaw,un:;

K) noHMMaHue NPOeKTUPOBLUMKAMK NapaMeTpoB, BNUAKOLWLNX HA HAOEeXHOCTb CUCTEMBI;

1) paspaboTka 3aKkNiUUTENBHOIo AOKYMEHTAa, coaepXKallero AokasateNbCcTBa NpeanpuHsThIX 4eUCTBUM
no obecnevyeHno COOTBETCTBUSI PE3YNbTATOB MPOEKTUPOBAHUS TPeDOBaHNUAM TEXHUYECKOro 3adaHus npu
obcnyXmBaHUN. ITO OCODEHHO BaXXHO B Clyvae OTBETCTBEHHOCTU 3a KA4YeCTBO BbINyCKAaeMON NPoAYKL NN,

7.3 OrpaHnyeHuna u Hegoctatku FMEA

FMEA Jupe3BblYanHO 3oPekTUBEH, eCNM ero MCNoNb3yoT ANA aHanmsa 31eMeHTOB, KOTOpPbIe BbI3bIBaAOT
OTKa3 CUCTEMBI B LLeNOM UM HapyLleHne 0CHOBHOMN oyHKLU UK cucTemMbl. OaHako FMEA MoXeT ObITb TpYAHBIM U
YTOMUTENbHBIM NS CIOXHBIX CUCTEM, UMERLLIMX MHOTO OYHKLLUIN N COCTOALLIMX N3 pa3fIMYHbIX HADOPOB KOMMO-
HEHTOB. OTU CIOXXHOCTU YBENMMYMBAIOTCA NPU HANMUYUM MHOTOYUCTIEHHBIX PEXUMOB 3KCNyaTauun, a Takke
HECKOMbKUX MONMUTUK TEXHNYECKOTrC ODCNYXMUBAHUSI U PEMOHTA.

FMEA mMoXeT ObITb TpyaoeMKnm M HeadppekTUBHBIM NpoueccoM npu HeobaymMaHHOM MPUMEHEHNUN.
NccnepoBanmna FMEA, pesynbTaThl KOTOPbLIX Npegnonaraetcs UCNonb3oBaTh B AaNbHENLWEM, OMKHbI ObITh
onpeaenetHsbl. NposeaeHne FMEA He gomkHO ObITh BKITHOYEHO BTpeboBaHUA 6e3 npeaBapuUTenbLHOro aHanmaa.

OcCnoXHeHusl, HegopasyMeHUs 1 oNUDKU MOTYT MPOU3OUTU MPU NMONbITKE OXBaTa UCCNegoBaHUAMU
FMEA HecKkonbKUX YpOBHEWN B MepapXmUdeckon CTPYKType CUCTEeMBI, eCli OHa npeaycMaTpuBaeT pe3epBUpo-
BaHUe.

B3aunmocBa3n mexay niogabM Unn rpynnamMmm BMaoB OTKa3oB UMK NPpUYMHaAMU BUOOB OTKA30B HE MOTYT
ObITb 3dpekTUBHO npeacTtaBneHbl B FMEA, Tak Kak rmaBHoe npeanonoXXeHune ans sToro aHannsa — He3aBu-
CUMOCTb BUAOB OTKA30B. OTOT HEAOCTaTOK CTAHOBUTCA elle bonee ABHbIM 13-3a B3aUMOAeNCTBUN Nporpam-
MHOro obecne4yeHUs N annapaTHbIX CPeaACcTB, Koraa npeanonoXXeHne o He3aBUCUMOCTU HE NOATBEPXKAAETCA.
OTMeYyeHHoe cnpaBeaMBO ANd B3aMMOAEeWUCTBUSA YenoBeKa ¢ annapaTtHbiMY cpedcTBaMmM U MoAeNen SToro
B3anmoaeuncTeud. lNpeanonoxeHne o He3aBUCUMOCTU OTKA30B He MO3BONAET yaendaTb AOMKHOE BHUMaHMe
B/AaM OTKasa, KoTopble Npyu COBMECTHOM NOSABNEHUN MOTYT UMeTb CyLlecTBeHHbIe NocneacTBuUd, Toraa Kkak
KakablM U3 HUX B OTAENBbHOCTU UMeeT HU3KYIO BEePOATHOCTL NosiBNneHus. B3anmocBA3n 3N1eMeHTOB CUCTEMBN
nerye nccnegoBaTbh, UCMONL3YA ANd aHannsa Metod aepeBa HeucnpasHocTten FTA (FOCT P 51901.5).

FTA npegnodtuteneH ana npumeHeHunsa B FMEA, NOCKONbKY orpaHMdYnMBaeTCAa CBA3AMUM TOMNMbKO ABYX
YPOBHEW nepapxmieckon CTPYKTYpPhI, Hanpumep naeHTndunkaLmnen BUAOB OTKA30B 00 BLEKTOB N onpeaeneHnem
MX MoCcNeacTBUMN ANA CUCTEMbI B LLeNoM. OTU NOCNeaCTBUA 3aTeM CTAaHOBATCHA BUAAMM OTKA30B Ha cnegyrolem

YPOBHE, HallPUMEP Ald MOAYINA, U T. 4. OpgHako cywectByeT OlblT YCNELWHOIO BbIIMOJIHEHNA MHOITOYPOBHEBBIX
FMEA.

Kpome Toro, Hegoctatkom FMEA siBnsieTcs ero HeCcnocobHOCTb OLEHUTL OBLLYH0 HAAEXHOCTb CUCTEMBI U
TakuMm 00OpasoM OLLEHUTb CTEMEHb YNyYLUEHNS] ee KOHCTPYKUMM UM U3MEHEHNIA.

7.4 B3aumocBA3b ¢ ApYyrMMn MeTogamMin

FMEA (MnnFMECA) MoXeT ObITb NpUMEeHEeH CaMOCTOATENbHO. Kak CUCTEMHBIN MHOYKTUBHLIN MeTO4 aHa-
nnsza FMEA 4vaule Bcero MCnonb3yloT B KA4YeCTBE AOMNONMHEHUSA K ApYruMm Mmetodam, ocobeHHO AeAYKTUBHbBIM,
TakmM Kak FTA. Ha cTagun npoekTnpoBaHUs YacTo BbIBaeT TpYAHO peLlunTb, Kakon Metoa (MHAYKTUBHBIA MNU
OeayKTUBHBLIWM) NpeanovecTb, Tak Kak oba NCNoNb3yioT NpKY BeINONMHEHWUW aHanu3a. Ecnn ans npomn3BoA4CTBEH-
HOro 06opPYyAOBaHUSA U CUCTEMBI UAEHTUPUNLNPOBAHLI YPOBHU pUCKa, NpeanoyTUTeNneH AeayKTUBHBIM MeToa, HO
FMEA no-npexHemy asndeTcd NnoNne3HbIM MHCTPYMEHTOM NpoeKkTupoBaHnda. OaHako ero cnegyet nNpUMMeHATb B
OOMNONHEeHWe K ApYrum MeTogam. OTo 0CODEHHO cnpaBeanmMBO, Koraa peleHnst Ao0MKHbI ObITb HANAEHbI B CUTY-
aluMax ¢ MHOTOKpaTHbIMW OTKasamMu U Lenodkou nocneactsun. Metod, MCNoNb3yemMbl BHadane, OofmkeH
3aBUCETL OT NMporpamMmsbl NPOeEKTAa.

Ha paHHUX cTagusix NpoeKTUPOBAaHUS, KOraa U3BECTHbI TONMbKO PYHKUMK, 0DLLasi CTPYKTYpa CUCTEMBI U ee
noacucTemsl, yenewHoe pyHKLUAOHNPOBaAHNE CUCTEMbBI MOXKHO M300pa3nTb C NOMOLLIbIO CTPYKTYPHOMN CXEMBbI
HaaeXXHOCTU UNn aepeBa HeucnpaBHocTel. OaHaKo ANa cocTaBeHUsa 3TUX CUCTEM K nogcuctemMam OoJKeH
ObITb NpUMeHeH MHAYKTUBHBLIN Npouecc FMEA. B atux obctoatenscteax metoa FMEA He asBnsieTcsi BCeobbem-
MIOLWLKUM, HO OTpa)kaeT pe3ynbTaT B HarnsigHon TabnudHon popme. B obuiem criydae aHannsa CnoXHOW CUCTe-
Mbl C HECKONMBbKUMU PYHKLUAMN, MHOTOUYUCTIEHHBIMU 0O BEKTAMU N B3AaUMOCBSI3ISIMU MeXAY STUMN OO beKTaMU
FMEA asnseTca HeobXxoanMbIM, HO HEAOCTaTOUHBLIM.

AHanuns gepesa HeucnpasHocTen (FTA) aBnaeTca AONONMHUATENbHBIM AeAYKTUBHBIM MeTO40M aHanusa
BAAOB OTKA30B U COOTBETCTBYOLLUX UM NPpUYKH. OH NO3BONAET NpocneXnBaTb NPUYNHBI HU3KOTO YPOBHS, NPU-
BOAALLME KOTKa3aM BbICOKOTO YPOBHSA. XOT4A NorMvyecknin aHanus nHorga ucnonb3yioT A4NA Ka4eCTBEHHOro aHa-
nnsa nocnegoBaTefibHOCTEN HENCTIPABHOCTEW, OH ODBLIYHO NpeaLlecTBYET OLEHKe YacTOThl OTKA30B BbICOKOIO
ypoBHA. FTA nossongeT MogenmpoBaTh B3aMMO3aBUCUMOCTU Pas3TIMYHBIX BUAOB OTKA30B B TEX Clydasax, Korga
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NX B3aUMOOENCTBNE MOXKET NPUBECTU K CODLITUIO BbICOKOW TSKECTU. OTO 0CODEHHO BaXKHO, KOraga nosiBneHune
OHOro BMaa OTKasa Bbl3blBaeT NOABMEHWE OAPYroro BMaa 0Tkasa ¢ BbICOKOU BEPOATHOCTLHIO U BLICOKOU TSXKECTLIO.
OTOT CLLeHapU He MOXKET BbITb yYCneLluHo cMoaenupoBaH ¢ npumeHeHnem FMEA, rae kaxkabin Bug oTkasa pac-
cMaTpuBatoT He3aBUCUMO U MHAMBMAYanbLHO. OanH nsHegoctatkoB FMEA — ero HecnoCobHOCTL aHaNNU3npPo-
BaTb B3aMMOoOeUCTBMA N ANHAMUKY BO3SHUKHOBEHUA BUAa OTKasa B CUCTEME.

FTAKOHLEHTpUpPYeTCs Ha NOrMke coBnagaroLnx (Mnu nocneaoBaTernbHbIX) ManbTepHATUBHBLIX CODLITUN,
BbI3blBaOLWKMX HeXxenaTenbHble nocneactema. FTA no3BoNnaeT NOCTPOUTL NPpaBUNBHYIC MOAerb aHanmsnpye-
MOW CUCTEMBI, OLLEHKN ee BEe30TKA3HOCTU N BEPOATHOCTU OTKa3a, a TakKe NO3BONAET OLUEHNTb BUAHUE YITyY-
LLUEHWNI NpoekTa U YMeHbLUEeHUS1 YnCca O0TKa30B KOHKPETHOro Biada Ha HaaeXXHOCTb cUcTeMbl B Lenom. dopma
FMEAaBnsieTcda 6onee HarnssiaHon. Oba MeToaa UCNonb3yioTcs B 00 EeM aHann3e 6e30nacHOCTU U HageXXHOC-
T CNOXHON cuctembl. OgHako ecn cuctema basmpyeTtcs rnaBHbIM 0Opa3oM Ha nocneaocBaTeibHOW NOrmKe ¢
HebOoNbLLIUM pe3epBUPOBaAHUEM U MHOTOUYUCTIEHHBIMW PYHKUUAMK, TO FTA aABNAETCS CAULLKOM COXHbBIM CMNO-
coboM npeacTaBneHUs NOrMkK CUCTEMbI U UOAEHTUMKALIMX BUOOB 0TKa30B. B Takux cnyvasax FMEA n metoa
CTPYKTYPHOWU CXeMbl HaaeXXHOCTU aaekBaTHbl. B Apyrux cnydasax, korga npegnodtuteneH FTA, oH gonmkeH
ObITb AOMOSIHEH ONUCaHUSAMIA BUOOB OTKA30B U X nNocrneicTBUIA.

[1py BLIOOPE MeTOoAa aHannsa HeobxoaMMO PYKOBOACTBOBATLCH B NEPBYHO ovepeab cneunduieckumm
TpebOoBaAHUAMU NPOEKTA, HE TONMbKO TEXHUYECKUMUN, HO TakKe TpeboBaHUAMUN K NoKasaTenam BpeMeHn, CToOU-
MOCTU, 3PPEKTUBHOCTU U UCNONb3OBaHUA pedynbTaToB. ObOLWKe pykoBoAALLME NPUHLLUNGI:

a) FMEA npumeHum, Koraa TpebyeTtca BCECTOPOHHEE 3HAHWE XapaKTepUCTUK OTKasa 00beKTa;

b) FMEA 6onee nogxoaut Ang HebonbLWMX CUCTEM, MOAYIEN NN KOMMNEKCOB;

c) FMEA sBnsieTcs Ba)XXHbIM UHCTPYMEHTOM UCCNeaoBaHUN, pa3paboToK, NPOEKTUPOBAHUS UM peLle-
HAA MHBIX 3a4a4, Korga HeaonycTUMble NOCNeACcTBUA OTKA30B AOMKHbI ObITb MAEHTUPULNPOBaAHBI U HAUOEHb!
HeobxoauMble Mepbl MO UX YCTPaAHEHUIO UNTU CMATYEHNIO;

d) FMEA MmoxeT ObITb He0OX0aUM ANsl 0OBEKTOB, NMPU MPOEKTUPOBAHUM KOTOPBIX MCNONb30BaHbI HOBEW-
LLIEe AOCTMXKEHUS, KOrda XapaKTepPUCTUKM OTKA30BHE MOTYT ObITb U3BECTHbLI N3 NpeablayLien akcnnyaTtauuu;

e) FMEA bonee npumMeHUM K cuctemam, MMeroLLiMMm 00nbLUIOe KONMMYECTBO KOMMOHEHTOB, KOTOPLIE CBS-
3aHbl 0OLWEN NOrMKON OTKA30B;

f) FTA aBnsdeTcda dbonee nogxoasilmm Ansd aHanmsa BUMOOB MHOMOKpPaTHLIX U 3aBUCUMBIX OTKAa30B CO
CINOXHOW NOrnkomn 1 pesepempoBaHmnemM. FTAMoXeT ObiTb UCNONBb30BaH Ha DoMnee BLICOKUX YPOBHAX CTPYKTYPLI
CUCTEMBI, PaHHUX CTaAUAX NPOoeKTa U B cnydae naeHTudgukauum HeobxogmmocTtn getanbHoro FMEA Ha bonee
HA3KUX YPOBHSIX NMpW yrnybneHHon npopaboTke KOHCTPYKLUMN.
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[MpunoxeHwne A
(cnpaBo4HOe€)

KpaTkoe onucaHue npouegyp FMEA n FMECA

A1 3tanbl. O030p BLINONHEHWA aHanNu3a

[1pn npoBegeHUn aHann3a 4omKHbl ObINM BINOSTHEHBI CeayLlme atansl npoueaypsbi:

a) peweHune o Tom, kakon metog — FMEA vnn FMECA Heobxogunwm;

b) onpeaeneHune rpaHny CUCTEMbI ANsl aHanuaa;

C) 0OCO3HaHMe TpeboBaHUM N PYHKLUNN CUCTEMBI;
)
)

O

onpeaeneHne Kputepus otTkasa/padotTocnocobHoOCTY;

e) onpeaeneHne BUAOB OTKA30B U NMOCNeACTBUU OTKA30B KaXXO0ro obbeKkra B OTYETE;
f) onucaHmne kaxgoro nocneacTBust 0TKAa3a;

g) cocCTaBneHue oT4yera.

[ononHutenbHble aTansl ans FMECA:

h) onpegeneHne paHroB THXECTU OTKA30B CUCTEMBI;

1) YCTAHOBNEHMNE 3HAYEHNN THXECTU BUAOB OTKA30B 0OBLEKTA;

|} onpegeneHne Buaa oTkasa obbekTa n 4acToTbl NOCNEACTBUMN;

K) onpeaeneHne 4actoThl BUga 0TKa3a;

|) cocTaBneHne maTtpul KPUTUHHOCTU AN BUAOB OTKA30B 0DBEKTA;

m) OnMcaHme KPUTUYHOCTU NOCNeACTBUU OTKa3a B COOTBETCTBUU C MATPULLEN KPUTUYHOCTN;
N) COCTaBMNEHUE MaTPULbl KPUTUHHOCTU ANS NOCNEACTBUN OTKA3a CUCTEMBI;

0) COCTaBleHue OT4eTa AN BCEX YPOBHEN aHANM3a.

[TpnmeyaHun e — OueHka YyacToTbl BUaa v nocnegcremm otkasa B FMEA moxeT 6biTb BbINONMHEHa ¢ NOMOLLBIO
aranos h), i) nj).

A.2 Pabo4vas tabnmua FMEA

A.21 ObnacTtb npuMeHeHunAa paboven Tadbnuubl

Pabovas Tabnuua FMEA onucelBaeT getanu aHanuia e tabnunuHon coopme. Xots obwas npoueaypa FMEA aBnsieT-
CHA NOCTOSAHHOW, paboyvas Tabnunua MmoXeT BbITb NPUCNocobreHa K KOHKPETHOMY MPOEKTY B COOTBETCTBUU C €ro TpeboBaHm-
AMM.

Ha pucyHke A.1 npuBegeH npumep suga pabodven tabnuuysl FMEA.

A.2.2 [TonoBka pabo4en Tabnuubli

[fonoBka pabodven Tabnuubl 4OIMKHA BKNOYaTh B cebA crneayowyo nHopmMmauuio:

- 0603Ha4YeHne CUCTEMbI Kak 0bbeKkTa B Lenom, Ans KoToponu naeHTMdnunpoBaHbl KOHEYHbIE NOCNEACTBUSA. ITO
0603HaAYeHNE AOMKHO BbiTb COBMECTUMO C TEPMUHONOIMEN, UCNOTb3YEMON B BITOK-CXEMaX, CXeMax U PUCYHKaX;

- Nepnoa u peXxnm akennyataumu, BelbpaHHblie Ans aHanumaa,

- 0OBEKT (MOAYIb, KOMMOHEHT UK YacTb), UCCNeayemMbin B 3TON paboden tabnuue;

- YPOBEHb MNEePECMOTpa, gara, UMs aHanntuka, koopavHupyrowero FMEA, a Takke nmeHa OCHOBHbIX YITEHOB KOMaH-
Obl, obecnevynBaroWmMX AONONHUTENBHYIO MHOOPMALNMIO ANS KOHTPONS AOKYMEHTA.

A.2.3 3anonHeHve pabo4ven Tabnuubl

3anucu B ctonbuax « O6bekT» n «OnucaHne obbektTa n ero QyHKUMU» A0MKHbI MAEHTUPUUNMPOBATL TEMY aHaANM3a.
[HomKHbI BbITb NPUBEAEHBLI CCLINKM HA BIOK-CXEMY UMK APYIrue NpuUoXeHus, KpaTkoe onncaHne obbekra n ero QyHKUnNN.

Onncanne cnocoboB oTkasa obbekTa NnpuBogsT B ctonbue «Bug otkasa». B nyHkTe 5.2.3 npyBeAeHbl pekoMmeHaa-
LMW MO naeHTMdUKaunm noTeHymanbHbIX BUAOB OTKA30B. Vicnonb3oBaHWe yHUKanNbHOro naeHtundgukartopa «Kog smga
OTKaza» ANsl KAXA0ro YyHUKanbHOro Buga otkasa obbekra obnerdynt nogBegeHne NToroB aHanmaa.

Hanbonee BeposiTHbIE NPUYMHBI BUOOB OTKA30B Nepe4ncrnsaoT B ctonbue «Bo3amoXXHbie NPpUYnHbI OTKa3ay.

Kpatkoe onucaHune nocneacTBUM Buaa OTKa3a NpuBoasaT B ctonbue «JlokanbHble NOCNeacTBUS OTKAa3ay.
AHanorn4yHyo nHdpopmaunio gns odbbekra B UeNom npmBogaT B ctonbue «VItoroeole nocneacteus otkasar». [ns HeKko-
TOpbIX nccnegoeanmm FMEA xenatenbHO OUEHUTB MNOCMNEACTBUA OTKasa Ha MPOMEXYTOYHOM ypoBHE. B aTom cnydvae
NoCNeacTBUS YKa3biBaOT B AONONHUTENBHOM cTonbue « Cneaytowmm 6onee BbICOKUN ypoBeHb COOpKu». MaeHTndmkaums
nocneacTBun BUAa 0TKala paccMoTpeHa B 5.2.5.

KpaTkoe onucaHue metoga obHapyXeHus Buaa otkasa npmBoast B ctonbue «Metoa obrapyxeHus otkaza». Metof
ODHapyXeHNs1 MOXET BbiTb peanu3oBaH aBTOMaTUYECKN BCTPOEHHBIM TECTOM, NMPEeayCMOTPEHHBLIM KOHCTPYKLUWEN, NN
MOXeT TpeboBaTb NPUMEHEHUA ANArHOCTUYECKUX NPOoLeayp C NPUBEYEHNEM NeEPCOHAaNa no 3KCnnyataumm n TEXHNYECKO-
My obcnyxmBaHuto. BaxxHo ngeHtndounumposaTte MeTod 06HaApyXeHUS BUAOB 0TKasa ans obecne4veHns BbINONHEHUS KOP-
PEKTUPYIOLLNX AENCTBUMN.
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OcoBeHHOCTN KOHCTPYKUWUN, KOTOPbIE CMAMYaeT NOCNeaCcTBUS UNN COKPALLLAOT KONMUYECTBO OTKA30B KOHKPETHOIO
BUAa, HaNnpumep pe3epBupoBaHme, A4OIMKHbl ObiTb OTMEeYeHbl B cTonbue «YcnoBust KomneHcauum otkasa». Komnencaums
cpeAcTBaMM TEXHUYECKOro 0BCny>XMBaHnsa nnm 4eNCTBUAMIM ornepartopa TakxKe A0MKHA bbiTh 34eChb yKasaHa.

B ctonbue «Knacc TaKecTn oTKasa» yKasblBalOT YPOBEHb TSXECTU, YCTAaHOBNEHHbLIW aHannTtukamm FMEA.

B ctonbue «Yactota nnm BeposiTHOCTb NOSBNEHUS OTKA3a» YKa3bIBAKOT YaCTOTY UITU BEPOSATHOCTb MNOSABIEHUS KOH-
KpeTHOro Buaa otkasa. MacwrabyactoTtsl 4OMKEH COOTBETCTBOBATL €€ 3HAYEHUI0 (Hanpumep, 0TKa3bl 3a MUITTMOH YaCoB,
oTKa3abl 3a npober B 1000 km n T1.4.).

B ctonbue «3amevaHusa» ykasblBalOT HABNIOAEHUA N pEKOMEHAAaUMn B COOTBETCTBUM € 5.3.4.

A.2.4 3ame4vaHuna B paboven Tabnuue

[MocnegHmnn ctonbeu paboven Tabnuubl JOMXEH coaep)XaTb BCe HEoDXoaumble 3amMmedaHuss Ans pasbsaACHEHUS
ocTarnbHbIX 3anMcen. Boamoxhbie byayuime 4encTBUS, TAKUE KaK PEKOMEHZALMNU MO YIYULEHUIO KOHCTPYKLUMKU, MOTYT DbITh
3aperncTpupPoOBaHbl N 3aTEM yKa3aHbl B OTYHETE. ATOT CTONDEL MOXET TaKKe BKOYaTh B cebs cneaytoulee:;

a) nwbble HEOBLIYHbIE YCITOBUS;

b) nocneacTBUA OTKA30B PE3EPBHOIO 3MEMEHTA;

C) ONMUCaHne KPUTUYECKUX CBOUCTB MPOEKTA;

d) nobble 3amevanunsi, paclmnpaoLmne NHOOPMaLUWIO;

€) CCbINIKM Ha apyrue 3anucu ansi nocneaoBartenbHOro aHanuia o0Tkasa;

f) cywecTBeHHble TPeDOBAHUS K TEXHUYECKOMY 0DCNYXMBaAHWUIO;

g) AOMUMHUPYIOWNE NPUYUHBI OTKA30B;

h) goMuHMpyowme NnocneacTBuUs 0TKasaa;

1) MPUHATBIE PELLEHNS, HANPUMEP NO aHanNn3y NpPoekKTa.
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FMEA

KoHe4yHbIW OO BEKT: OO beKT: [ToarotoBneH:
[leprog n pexxunm akcnnyartayum: [lepecmoTp: Iara:
Ob6bekKT OnucaHne | Bua Koa Buaa Bo3amox- Jlokanb- IToroeble MeTon YcnoBus Knacc acTtoTa 3ameva-
obbeKTa OTKa3a OTKa3a HblE HblE nocnea- ODHapy)Xe- | KOMNEHCA- | TSXECTU NN BEPO-| HUS
N ero (Heucnpas- | (Heucnpas- | NPUYNHBLI nocnea- CTBUS HUSA OTKa3a | UMM OoTKasa | OTKasa ATHOCTb
DYHKLUNA HOCTW) HOCTW) OTKa3a CTBUS OTKa3a NosiIBNeHns
(Heucnpas- | OTKa3sa (Hencnpae- oTKasa
HOCTW) (Heucnpas- | HOCTW)
HOCTN)

PucynHok A.1 — lNpumep paboyen tabnmusl FMEA
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[MpnnoxeHnve B
(cnpaBo4HoOe€)

[TpuMepbl nccnegoBaHUA

B.1 lNpumep 1 — FMECA ansa anexkTponutaHnsa aBtomoowunsa ¢ BeldincneHnem RPN

HapucyHke B.1 npeacrasneHa Hebonblwas Yacte 0bwmpHoro FMECA ans asTomobuns. [NpoaHannanpoBaHbl 3neK-
TPONUTAHUE N €ro CBA3U C aKKyMynATOPHON baTapeew.

Llens BaTtapeun sBkntovaeT B cebsa anon D1, koHaeHcaTop C9, coeanHSAIOLWMNK NONMOXNTENBHYIO KNeMMy baTtapeu ¢
3azemneHuem. [pumeHeH guoa obpaTHOM NONAPHOCTU, YTO B CNy4vae COeANHEHNS OTPULATENBHOW KNeMMbl baTapeu ¢
KOprycom 3awmwaeTt obbekt oT noppexgeHmn. KoHgeHcatop aBnseTcss PunbTpoMm 3MEKTPOMarHUTHbIX nomex. Ecnm
ndasa n3 aTnx Yacten 3aMmblKaeT HA 3EMITI0, BaTapes TaKkKe 3aMbIKaeT Ha 3EeMII0, YTO MOXET NPUBECTU K OTKa3y baTapeu

ObbekT/OyHKUKNA [ToTeHUManbHbIE NOCNEACTBUA OTKA3a
Ay
> & % [ToTeHuu- < [ToTeHUManb- TouHasA(ble)
E % 5 alnbHbIM BUAO 5 Has npuymnHa/ npudnHaibl)/mexa-
g | 55| & oTKasa IokaneHbie ATorosbie ﬁ MEXaHW3M 0TKa3a HU3M OTKa3a
o QC ®© O nocneacTBus nocneacTBuA =
- O F Ve :: O
L 1y
x| 2
ONEKTPoONUTaHne
V1
D1 KopoTkoe Knemma ba- YTeuka 06a- | 10 BHyTpeHHUN PaspylLue-
3aMblKaHNe Tapen + 3ambl- | Tapewn, noesaka neMeKkT KoOMNo- | HUe martepuana
KaeT Ha 3eMIMi0 | HEBO3MOXHA HEHTA
D1 Pa3pbiB HeT pe3eps- Hes3amerT- Z BHyTpeHHUA TpewmHa B
3NEKTPUYECKON | HOW 3alUUTbl OT | HblE neMeKkT KOMNO- | CBapKe Unu
Lenm obpaTHOro Ha- HEHTA NONynpoBOOHW-
NPSHKEHUS Ke
C9 KopoTkoe Knemma ba- YTeuka 6a- | 10 BHyTpeHHUN PaspylLue-
3aMblKaHKe Tapen + 3ambl- | Tapewn, noesaka neMekT KOMNo- | HUe - AU3rek-
KaeT Ha 3eMII0 | HEBO3MOXHA HEHTA TPUKa NN
TpeLwmHa
C9 PaspbiB Het unbt- PaboTta 0b6b- | 2 BHyTpeHHUN ObHa)XeHune
3NEKTPUYECKON | pa 3neKkTpomar- | eKtTa He COoOoT- neMeKkT KOMNo- | AN3NEKTPUKA,
Lenm HUTHbIX MOMEX | BETCTBYET HEHTA yTeyKa, MyCTo-
EMI TpeboBaHUAM Ta UNN TPELLU-
Ha
L1 Pa3pbiB Het V1 ObObeKkT O BHyTpeHHUA PaspyLue-
3NEKTPUYECKOU HepaboTocno- nedeKkT KoMNno- | Hue marepuana
Lenu cobeH. HeT HEHTAa
npeaynpexaa-
lOWen WHAMKa-
L
R91 Pa3pblB HeT Hanps- OObekT O BHyTpeHHUA TpewmHa B
SNEKTPUHECKON | XKEHUS anst | HepaboTtocno- OeEKT KOMMO- | CBapKe NN
Lenu BKIMIOYEHUSA cobeH. Het HEHTA Marepuane
3NEKTPUYECKON | npeaynpexaa-
Lenm IOWen WHAWKAa-
L
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TPaHCMOPTHOro cpeacTaea. [ akon 0TKa3, KOHEYHO, HE UMeeT npeaynpexageHns. OTkas, Npu KOTOPOM Noe3gka HEBO3MOXHA,
B aBTOMOOUIIbHOW MPOMBbIWINEHHOCTU CUHMTAKOT ONacHbIM. [1o3TOMY ANSA BMAa OTKasa 06enx HaA3BaHHbIX YacTen paHr
Tshxkectn S paBeH 10. 3HaveHus paHra nossneHus O Obinuv BbIMUCNEHbI HA OCHOBE MHTEHCUBHOCTEN OTKA30B 4YacTen C COOT-
BETCTBYHOLWMMUN HArpy3Kkamm ans paboTsl TPAHCMOPTHOIO cpeacTea un 3atem npuseaeHsl Kk macwtady O ans FMEA asTomo-
buns. 3HadeHne paHra obHapyxXeHusi D sBNAETCA OYEeHb HU3KUM, MOCKOIMNbKY 3amMblkaHue nobon n3 vyacten cpasy
ObHapyXMBaeTCs Npu TECTUPOBAHUN 0OBEKTA HA PpaboTOCNOCOBHOCTD.

OT1Kas nobon N3 BbIWEYNOMSHYTbIX HaCTEN HE NPUBOAUT K MNOBPEXAEHUIO 0OBEKTA, OQHAKO Ans Anoaa HeT 3aLlnThbl

OT UIBMEHEHUA TNOJIHAPHOCTM. I'Ipvl OTKa3e KOHAeHCaTopa, HE CbHJ'I bTPYHOLWETNo 3NNIeKTPOMarHMTHblE NMNOMEXH, BO3MOXHbI NMOMEe-

X1 ansi obopyaoBaHusi B TPAHCMOPTHOM CPEACTBE.
Ecnu B Katywke L1, pacnonoXXeHHON mexay batapeen n aneKTPUYeCKon Lenbio v npeaHasHaveHHon ans punbtpa-

LMK, UMEETCH 0BPbIB, 00 BbEKT HEPABOTOCNOCOBEH, NOCKONBLKY BaTapes 0TCOeANHEHA, N NPEeaynpeXXaeHne He BbICBETUTCS.
KaTywKkn MMeoT OYEHb HU3KYIO MHTEHCUBHOCTDb OTKA30B, NO3TOMY PaHr NOSABMEHUS PaBEeH 2.

Peanctop R91 nepegaet HanpsikeHne baTtapen Ha KOMMYTUpyoWwme TpaHancTopsl. [1pn oTkaze R91 06beKT cTaHO-

BUTCS HEPADBOTOCNOCOBHbBIM C PAHIOM TSKECTU 9. TaK Kak pe3ancTopbl UMEKT OYEHb HU3KYHO MHTEHCUBHOCTb OTKA30B, PaHr
NOSIBNEHUN paBeH 2. PaHr obHapyXeHus paBeH 1, Tak Kak 0ObeKT He sSIBNsieTCH paboToCnoCobHbIM.

PeayneTathl A€UCTBUNK
Cs
U: = OTBeT-
= Hencteusa no NeiicTBIs Mo < PekomeH- | CTBEHHbIN
Q ==
= npegoTepa- OBHAPYKEHIMIO 8 nyemoe M aarta Noennpurs-
& LLIEHMIO = OeUcTBne | BbINOJI- e e = = = E
2. S HAHUS AencTeus | © T T A
- 5| &
all all g
3 Bbibop KOMNo- OueHoYHble WU 1 30
HEHTa bonee BbICO- | KOHTPOINbHbIE  UC-
KOro0 KadvecTBa W | NbiTAHUS HA HAOEX-
MOLLIHOCTW HOCTb
3 Bbibop KOMNo- OueHOo4YHbIE 2 12
HEHTa bonee BbICO- | U KOHTPOIbHbIE UC-
KOr0 KadvecTtBa W | NbiTAHUSA HA HAOEX-
MOLLIHOCTW HOCTb
3 Bbibop KOMNo- OueHoYHble WU 1 30
HEHTa boNee BbICO- | KOHTPOINbHbIE  UC-
KOro0 KadvecTtBa W | NbiTAHUSA HA HAOEX-
MOLLIHOCTW HOCTb
2 Boibop KOMNo- OUuEeHOYHble W 1 4
HEHTa bonee BbICO- | KOHTPOINbHbIE  UC-
KOro0 KadvecTtBa W | NbiTAHUSA HA HAOEX-
MOLLIHOCTW HOCTb
2 Boibop KoMNo- OUEHOYHbIE U 1 18
HeHTa bonee BbICO- | KOHTPOINbHbIE  UC-
KOro KadvectBa W | NbiTAHUSA HA HAOEX-
MOLLIHOCTW HOCTb
2 Bbibop KOMMO- OUEHOYHbIE U 1 18
HEHTa bonee BbICO- | KOHTPOINbHbIE  UC-
KOro0 KadecTtBa W | NbiTAHUSA HA HAOEX-
MOLLIHOCTW HOCTb

3NEKTPOHNKU € BblvuncneHnem RPN
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B.2 Npnmep 2 — FMEA ana cnctembl ABUratenb—reHepartop

[Tpnmep nnmoctpupyet npumeHeHne metoga FMEA kcucrteme geurarens—reHeparop. Llenb ncecnegosaHus orpa-
HUYEHA TOIIbKO CUCTEMOM WU KACAETCH NOCNeACTBUM OTKA30B 3N1EMEHTOB, CBSI3A@HHbLIX C 3MEKTPONUTaHWEM OBUTa-
Tens—reHepartopa nnmn ndbIX APYrmx nocneacTBUn 0OTKA30B. ITO onpegensieT rpadnubl aHanuaa. [NpueegeHHbIN NpumMep
YaCTUYHO UNNIOCTPUPYET NpeacTaBneHne cUCTeMbl B Buae bnok-cxembl. [NepBoHavanbHO BblAENEHO NSATb NOACUCTEM
(CM. pPUCYHOK B.2) n ogHa n3 HUX — cuctema noaorpesa, BEHTUNMALUMN U OXNaXAEHNS — npeacraBfieHa Ha bonee HU3KUX
YPOBHSIX CTPYKTYPbI MO OTHOLEHWUIO K YPOBHIO, HA KOTOPOM BbINno peweHo HavaTte FMEA (em. pucyHoK B.3). Bnok-cxembl Tak-
XEe MOKa3bIBaKOT CUCTEMY HYMEPaUUK, NCNONb3YEMYIO AN CCbINOK B padbounx tabnuuax FMEA.

[ns ogHoW n3 nogcuctem gsuratensa—reHeparopa nokasan npumep paboven tadbnuubl (CM. pUCyHoK B.4), cooTBeT-
CTBYIOLLEN PEKOMEHOAUNSAM HACTOAWEro ctaHgapra.

BaxHoun vyactbio FMEA aBnsitoTcs onpeaeneHne n Knaccumnkaumsa TSXECTU NOCneacTBUN OTKA30B A5 CUCTEMbI B
uenom. Ans cuctembl ABUratenb—reHepaTop oHu npeactaBnerdbl B Tabnuue B.1.

Tabnwuya B.1 — OnpegeneHune n kKnaccndukaums TSHKECTU NOCNEACTBUU OTKA30B AJ151 CUCTEMbI ABUraterib—IreHepa-
TOP B LUENOM

YpOBEHbL XapaKkTepucTuka TAXeCTU OTKasa OnuncaHune
5 KaTtacTpodunieckum OTcyTCcTBME HanpsiXxXeHns. HeBO3MOXHOCTb BbIMOSTHEHUA 3a-
nadu
4 Kpntnyeckmi CHMXXeHne Hanpsi>KeHust B cucrteme. HeBO3MOXKHOCTb BbIMOJS-

HEHWA 3ada4yW

3 3HAYNTENBHbLIN OTCyTCTBME HanpsXeHUs U3-3a NPUHYANTEINBbHOIo OTKITHOYe-
HUA HA Nepnoa BOCCTAHOBNEHUA paboToCcnocoObHOCTH

2z MunHnmanbHbIN BpemMeHHOEe CHMXEeHME HaNnpsiKeHUs 40 BOCCTAHOBITEHUNS pa-
BOTOCNOCOBHOCTU
1 He3HaunTenbHbIN OTCyTCTBME NOTEPU UMKN CHUXEHUSA HANPSXEHUS

[lBuratens —
reHepaToOpHbIN
arperar

10

MalwinHa MaliunHa

Cuctema NOCTOSIHHOIO TOKa | | nepeMeHHOro Toka
nogorpesa, (ynpaensemast (ynpasnaemas N3mMepuTenbHas
BEHTUNSILUM, C NOMOLLbIO C MOMOLLIbIO annapatypa
OXna)kaeHus YaCTOTHOrO 4YaCTOTHOIO
npueoga) npuBoaa)

Kopnyc

PUCYHOK B.2 — [narpamma nogcucrem geuratensa—reHeparopa
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20.1

Cucrema

nogorpesa

20.1.1

OborpeBaTensb

20.1.2

Kopnyc
oborpesaloLUX

TePMWHAIOB,
TepMuHanbl/npoeoaa

Cucrema

nogorpesa,
BEHTUMSLIUW,
OXIaXKaeHUs!

20.2 20.3 20.4

ABapunnHoe
oxXnaxgeHwe

Cucrema
BEeHTUNALUNN
N OXNaXxXaeHus

KO
(BXOAOHbIE/BbIXOAHBIE
OTBEPCTUA) OBepen

20.4.1

[dpeHaxHble TpyoOKu
Ona KoHgeHcara
(Maneli guameTp)

20.2.1 20.2.2

BeHTUnATOpLI
M BEHTUNSATOPHbIE
BTYIMKW

BosayLUHO-
BOAHbIN
TennoodOMeHHUK

20.2.3

BoaayLuHble
NeHonnacToBbIe 204 .3 204 .4
PUNLTPLI

Teyb gpeHaXXHOWU
TPYOKU U3 KaMepbl OTCTOVHUK

obHapyeHus
YTEYKH

PucyHok B.3 — Hduarpamma cncrembl HarpeBaHus, BEHTUNALNWN, OXNaXaeHUs

Cucrema
HOeHcauun

oxna)kaawLleiu
XXUOKOCTMW

20.4.2

KoHaeHcaT/yTe4ka
N3 ApeHaXKHbIX
TPYDOOK

20.4.5 20.4.6

Kamepa

obHapyxeHus CBOpHUK yTedKK

YTEYKN
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Cucrtema 20 — Cucrema nogorpesa, BEHTUNALUMU U OXNaXOeHUA

MHTEHCUBHOCTBL
BMAA OTKa3a Mo
Bun otkasa MeToa unu npmuaHak KaTeropusim
ObbekT KOMMOHEHT OyHKUKNA [Tocnencreua 0TKa3sa PeasepBupoBaHue KavyecTBa 3amMevaHus
(HeucnpaBHOCTU) obHapy>XeHnsA 0Tka3a
2|13 | 4
20.1 Cuncrtema nogo- Bce [Tpnmeya-
rpesa (o1 12 go H e — Mexa-
6 BbIKNoYaTenen HU3M MOXET ne-
Ha KQXXO0M KOHLE) PENPETLCH, €Cnn
TONBbKO MPU Hepa- oborpeBaTenn He
boTtawowem mexa- BbIKITIOYAIOTCH aB-
HU3ME TOMaTU4YECKN
20.1.1 OborpeBaTenwu Harpes a) lNeperopa- [TOHMXEHHOE a) Temneparty- OAOHO KOPOTKOE 1,2
HMe oborpeBarte- | HarpeBaHue pa MeHee 4YeM Ha | 3aMblKaHUuE Ha
ns 5 °C BblWe TEMMNE- | 3eMIT0 HE AOIMKHO
paTypbl OKpyXal- | NPUBOANTL K OTKa-
len cpeabl 3y CUCTEMDbI
b) MNMpumeHe-

b) KopoTkoe OTcyTcTBME HUE NI1AaBKOIo 0,3 OOHO KOPOTKOE
3aMblKaHne Ha | HarpeBaHUsa — npeaoxXpaHnTEns 3aMblKaHNE Ha
3EeMIT0 MU3-3a Oe- | BO3MOXHa  KOH- | U MPOBEPEHHO- 3EeMJII0 HE OOITKHO
dheKTa N3onsauUmm OeHcauus ro BbIKItoYaTens NPUBOAUNTL K OTKa-

3y CUCTEMDI
20.1.2 Kopnyc  060- Coeau- a) lNeperpesa- OTcyTCcTBME Temnepartypa 0,5
PEBAKOWNX TEP- | HEHUE C | HUe TepMuHana | U yMeHblleHne | MeHee 4YeM Ha
MWUHAaNoB, kKabenb | oborpeBa- | unu kabens ogHoO- | HarpeBaHusl, KoH- | 5 °C Bbille TemMne-
TENnAMM ro/luecTu Unn | geHcauyus paTypbl OKpyXato-
BCcex oborpeBarte- Len cpeabl
new

b) KopoTkoe OTcyTcTBMe [1lpoBepeHHas
3aMblKaHne Ha | BCEro  HarpeBa- | NocraBka
3eMIN0 TEPMUHA- | HUS — KOHJEHCa-

NoB  (Npocnexu- | uus
BaHWE)
NToro 2,0

Pucynok B.4 — FMEA ansa cuctemel 20
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B.3 Npumep 3 — FMECA ana npounssoacTBeHHOro rnpouecca

FMECA npoueccaunccnegyeT kaxabln Npouecc n3aroTosrnenns paccmartpmusaemoro obbvekta. FMECA ncenegyer 1o,
YTO MOXET NPON3ONTU HE TaK, KaK NPeayCMOTPEHO, U CYLLLECTBYIOLWME MEPLI 3aLlLUTLI (B Cly4ae 0TKa3a), a TakkKe Kak 4acTo
3TO MOXET NPOUCXOANTb U KaK MOXHO YCTPaAHUTb NOA0OHbIE CUTYaUUn, MOAEPHN3NPYS 0B BbEKT nnm npouecc. Llenb coctont
B KOHUEHTpaUUM BHUMAHUS HA BO3MOXHbIX (UMM U3BECTHLIX) Npobnemax nogaepXkm nnn aocTuXeHns Heobxoammoro
Ka4yeCcTBa roToBOM npoaykumu. [Npeanpmnatua, cobmnparoLme CnoXxHble 0ObeKThI, TAKME KaK NETKOBbIE aBTOMOBUNN, XOPOLLO
3HAOT 0 HEODBXOAMMOCTU TPeboBaTbh OT NOCTABLMKOB KOMIMOHEHTOB BbINMONHEHUA TAKOro aHanumaa. [1pn 3ToMm OCHOBHbIE
BbIroA4bl NONy4valT NOCTaBWUKM KOMNOHEHTOB. OCyLEeCTBNEHME aHann3a 3actaBliseT BbIMOMHATE NOBTOPHYIO NPOBEPKY
HapyLWeHNA TEXHONOMMN N3rOTOBIEHNSA, @ MHOrA4a U OTKa30B, YTO NMPUBOAUT K 3aTpartam Ha ynydlweHue.

dopma paboven tTabnuubl anss FMECA npouecca ananornyHa coopme paboven tabnmubl ans FMECA npoaykuuwm,
HO €CTb HEKOTOPbLIE OTNINYUA (CM. PUCYHOK B.5). Mepon KpUTUYHOCTU ABNAETCH 3HAYEHUE NPUOPUTETHOCTU AENCTBUN
(APN), oueHb 6nn3koe rno cMbICny K 3Ha4veHuto npnoputetHoctn pucka (RPN), paccmaTtpuBaemomy Bolwe. FMECA npouec-
ca uccrnegyet cnocobbl NOABNeHUsA 4ePEKTOB U HECOOTBETCTBUN N BAPUAHTBLI NOCTABKM 3aKa34mnKy B COOTBETCTBUM C MNPO-

ueaypamu ynpaeneHus kadectsoMm. FMECA He paccmaTpuBaeTt O0TKasbl NPOAYKUMU NMPU OBCNYy>XMBAHUW, CBA3AHHbIE C
N3HOCOM UIN HeEHaANEXalWwmum NCnonb30BaHNEM.
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OB Lokt CyliecTteyiolimne [MNpen- | lNepecmoTpeHHble
BO3ael- [ToTeHuWnansHoe [ToTeHunanbHas CylwecTteyrouime SHaHeHNA PekomeHaoBaHHOE PR SHaneHA
O6bekr | lNpouecc Bua otkasa . TOE
CTBUA nocneigcrtele NMPUHMHA cpecTtBa yrpaBneHnA aenCcreBve .ﬂ.eﬁ'
OTkasd Occ| Sev| Det |RPN creue |Occ|Sev|Det|APN
01-01-01 | BcTtaBku HenpaBunbHble |[1) a Bctaekn 6e3 Ha- Hepnocratku npo- Asrotosutens u|1 |9 (9 |81 AHanui nnaHoBs
pasmepbl UMW yrhbl rPYy3KM Ha LTamn. M3BOOCTBA UMK NNaHbl CTATUCTUYEC- BbIDOPOYHOIO  KOH-
narnba nneva CHWKeHne npou3sBo- YNPaBNeHNA KadecT-|KOoro  nNpuemMouHOro Tpons.
AUTENBbHOCTHU BOM KOHTPONA Asonsauua  gedek-
THbIX KOMMNNEKTY-
IOLLIUX OT roAHbIX MO-
CTABOK.
02 1) b PasperynupoBaH- ObyveHue cbopLyun-
Has BCTABKA KOB
03 1) a HenpasunbHas
TONLLUHA HOOKU, OKPY-
Xarollen BCTaBKy
04 Iv) b CHWwxeHue pabo-
TOCNOCOBHOCTH
05 V) ¢ CokpalleHue pe-
cypca
01-02-01 | BcTtaBku HepoctatodHbiM |I1) a Koppo3aus. BuayanbHbin > |6 |1 |30 Bkntounte BbIBO-
bnecKk  HUKeneBoro OTKNOHEHUA Ha 3a- KOHTPOMNb B COOTBET- POYHbIU KOHTPONb
NOKPLITUA BepLlarcLLen ctaauun CTBUM C NNAHOM CTa- ONA BbINOSIHEHUA BU-
TUCTUHECKOTO  npue- 3yanbHOU MPOBEPKU
MOYHOIO KOHTPOISA Ha NpaBUNbHbLIN
bneck
01-03-01 | BcTtaBku HeaneksaTHAaA 1) a HepocraTtovHas Henocratkm npo-| BuayanbHbiM KOH-|2 (8 [0 |96 Bkntounte  BbIBO-
OUEHKa  BHELUHero MeTannu4eckaa Bbl- M3BOACTBA UMK TPONbk B NiaHax cra- POYHbIN KOHTPOIb
BUOa NpecCcoBKa. VNpPaBneHnsa Kade-  |TUCTUYECKOro npu- ONA BbINONMHEHUA BU-
HenpasuneHasa Ton- CTBOM €MOYHOro KOHTPONA 3yanbHOWU MPOBEPKU
LLIMHA CTEHKM. HA NpaBUIbHbIU
OTXoabl bneck
02 i) a [lpn mMexaHudec-
kon obpaboTke 0bHa-
PYXXEeHbl TOHKUE
CTEHKM.
OTX0o0bl
Iv) a CokpalleHue pe-
cypca

Bua nocnencreus:
nocneacTBUA ANA NPOMEXYTOYHOIO Npouecea;
NocneacTBUs AN KOHEYHOro Npouecea;
nocneacTteua Anst COOpPKuU;
NocNeacTBUA ANA NONb30BaTENSA.

Bua KpUTUHHOCTK:,

Occ = BepoATHOCTL noasnenHus x 10;
Sev = TaKecTb nocneacTtemn no wkane 1—10;
Det = BEpOATHOCTL HEODHAPYKEeHUSA 0 NOCTABKU 3aKa3duky x 10;
APN = 3HaveHue npuoputeTtHoro gencteusa = Occ - Sev - Det.

Pucynok B.5 — Yactb npouecca FMECA anst nogBepruyToro MmalwmHHoOn obpaboTke antoMmHMEBOro bpycka
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lpunoxxernue C
(cnpaso4Hoe)

[MlepeyeHb cokpauwjeHuUli Ha aH2/TUUCKOM s13biKe, UCINOoJIb3yeMbIX 8 cmaHOapme

FMEA — memod aHanusa sudos u riocriedéecmesull 0mKasos;

FMECA — memod aHanusa audos, nocrnedcmaut U Kpumu4yHoOCMuU OMmMKa3so8;

DFMEA — FMEA, npumeHsaemMbil 0519 aHanusa rnpoekma 8 asmomobunbHOU npoMbILITEHHOCMU;
PRA — eepossmHOCMHbLIU aHanus3 pucKa;

PFMEA — FMEA, npumensembil Ons aHanusa rnpouecca;

FTA — ananus 8epesa HeucripagHocmeu;

RPN — 3nayeHue npuopumemHocmu PUCKa;

APN — 3HaveHue npuopumemyocmu oelcmeaud.

[1] TOCT 27.002—389
[2] MOK 60300-3-11:1999
(IEC 60300-3-11:1999)

[3] SAE J1739:2000

4] AIAG

bubnuorpadcgus

HapgexHocTb B TeéXHuKe. OCHOBHblE MOHATUA. TepMmunHbl n onpeagenenHus (Industrial
product dependability. General principles. Terms and definitions)

MeHeaxMeHT HagexxHocTu. Yacte 3. [lpuknagHoe pykoBoacteo. Pasgen 11. TexHu-
Yyeckoe 0bcnyXmBaHue, OPUEHTUPOBAHHOE HA HAAEXHOCTb

(Dependability management — Part 3-11. Application guide — Reliability centred
maintenance)

Potential Failure Mode and Effects Analysis in Design (Design FMEA) and Potential
Failure Mode and Effects Analysis in Manufacturing and Assembly Processes (Process
FMEA), and Potential Failure Mode and Effects Analysis for Machinery

Potential Failure Mode and Effects Analysis, Third Edition, 2001
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