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P PYKOBOACTBO MO BE30MACHOCTM MPOLECCOB 1
l OyHKLMOHabHas 6€30MacHOCTb B HEMPePbIBHbIX NPOU3BOACTBAX

(

Mpeavcnosue

CraHpapt IEC 61508 onpefensaeT cnocobbl yrnpasneHyis 6e30MacHOCTbIO SMIEKTPUYECKNX,
SNEKTPOHHbIX 1 MPOrPaMMMpPYeMbIX NIEKTPOHHDBIX CUCTEM Ha BCEX Tanax X >KU3HEeHHOro
LKA OT 3amMbIcria A0 BbIBOZA U3 KCMyaTaumm. B Hem oroBopeHbl MprHLMIbI pa3paboTku
1 NocneayoLen sKcnnyaTaumm CUCTem.

OCHOBHbIM MPVIHLMMNOM ABJIAETCA HEOOXOAMMOCTb MIAHNPOBaHKA 6e30MacHOCT 1
onpegeneHve Lenei 6e30MacHOCTY C MOCSIeAYIOLMM BHEAPEHUEM XKECTKIX MEXaHU3MOB
YNPaBEHVA 1 KOHTPONSA C LENbIo UX AOCTVKeHUA. bnarogapsa sTomy cTaHAapT B 60nbLuei
CTeneHV OPUEHTUPOBAH Ha JOCTVXKEHNE LIENH, a He ABNAETCA NpefnvcaHeMm, No3Tomy
cobnioaeHne TpeboBaHW CTaHAapTa He 0CBOOGOXKAAET NOJIb30BATENA OT OTBETCTBEHHOCTY
B Cnyyae npobnem 6e3onacHoCTU.

CTaHAapT ABNAETCA KaK OCHOBHOV 6onee cneumq)mqecmx CTaHOapPTOB, TaK 1 CAMOCTOATESb-
HbIM JOKYMEHTOM. OﬂHaKO noaienHee npeanoyYTUTENbHO. Mcnonb3oBaHve faHHOro
CTaHAapTa B Ka4eCTBE CAMOCTOATENIbHOIO Tpe6yeT ajanTaynn CtaHgapTa K KOHKPETHbIM
ycnoBuAam, Fﬂy6OKOF0 NMOHVMaHUA €ro CyT" pyKoBOACTBOM U TLWATENIbHOI O njlaHMpoBaHUA
BbIMNOSTHEHUA N NCNONb30BaHWUA.

[nsa 60NblLUMHCTBA JaHHbIN CTAaHOAPT CNIOXKEH ANA BOCNPUATUA. TeM He MeHee, OH yxe
ycren foKa3aTb CBOe B/VHVE U BaXKHOCTb. CTaHAAPT ABMAETCA OCHOBOW COBPEMEHHbBIX
CTaHAAPTOB M 3aKOHOZATENbHbIX aKTOB B chepe 6e30MacHOCTH, MOITOMY KpalHe BaXKHO
obecneunTb NOHUMAHWE CTaHAAPTa BCEMM OTBETCTBEHHBIMU JIMLLAMI Ha BCEX STanax
YKM3HEHHOTO LMKIIA CMCTeMbl 6e30MacHOCTL.

[laHHbI [OKYMEHT ABNAETCA BBOAHLIM 1 COAEPXUT onmncaHne GyHKLMOHaNbHOM
6e30MacHOCTU 11 YKa3aHuA Nno npumMeHeHuto ctaHaapTa [EC 61511, B yacTHOCTY — CTaHZapTa
IEC 61508 B nepepabaTbiBatoLLeil MPOMbILIeHHOCTU. Byayur OCHOBaHHbIM Ha CTaHZapTe
IEC61511, crangapt CLLA ANSI/ISA-84.00.01 ngeHTnueH emy u, cnefoBaTesibHO, Ha Hero
TaK)Ke PacnpOCTPAHAITCA N3MOXKEHHbIE 34eChb YKa3aHuA.

Llenb faHHOIO JOKYMeHTa 3aK/oyaeTcsa B NPeAoCTaBeHN CBeeHUI 1 YKa3aHWA Ais
JlyyLlero NoHNMaHWsA CTaHAAPTOB 1 U3MTOMEHHDBIX B HUX TpeboBaHMIA. [loKyMeHT HanmcaH
MPOCTbIM A3bIKOM U COAEPXKUT MPUMEPDI U3 peasibHbIX MPOEKTOB, UIOCTPUPYIOLLE OCHOB-
Hble MPUHLWNbI 1 TPe6OBaHNSA, @ TaKXKe BO3MOXHble METOAbI BbINOMHEHUA 3TVX TPebOBaHWIA.

OTKas OT OTBETCTBEHHOCTU

XoTA npefcTaBieHHble METOAbI OblIv YCMELLHO NCMONb30BaHbl ANA AeMOHCTPaLU
CobnoaeHnA CTaHAAPTOB B peanbHbIX MPOeKTax, CefyeT yYecTb, UTo 3a CobnoaeHne
CTaH[apTa, METOAbI, UCMOJIb30BaHHbIE 1A AEMOHCTPaLUM COOMIOAEHUA CTaHAAPTa, @ TakKe
CBVAETENbCTBA COONIOAEHA CTaHAAPTOB OTBETCTBEHHOCTb HECYT COOTBETCTBYIOLME NMLA.

B KBadpaTHbIX ckobkax [ ] NPUBOAATCA CCbUTKMN Ha Apyrune pasaesbl JaHHOrNo AOKYMeHTa.
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PYKOBO/ICTBO MO 5E30MACHOCTW NMPOLIECCOB 1
BeepeHne B IEC 61511

\
1.BBegeHne BIEC 61511

1.1. Y10 Takoe IEC 61508 nlIEC61511?

Crangapt IEC 61508 aBnaetca mexayHapoAHbIM CTaHAAPTOM, M34aHHbIM MexkayHapogHom
3neKkTpoTexHnyeckom komuccmen (IEC), n ero ocCHOBHOW Liefibto ABNAIOTCA acneKTbl
NPVUMEHEHNA SNEKTPUYECKIX, SNEKTPOHHBIX U MPOrPaMMUPYEMbIX SIEKTPOHHbIX CUCTEM
obecneyeHna 6e3onacHOCTA.

Cranpapt IEC 61508 [19.1] — 3T0 rpynnoBo CTaHAAPT, MPUMEHAIOLLMINCA KO BCEM SNIeKTpUYe-
CKVMM, 311eKTPOHHBIM 11 MPOrPaMMyPyeMbIM S1IEKTPOHHBIM CCTeMam obecneyeHns 6esonac-
HOCTW, HEe3aBMCVMO OT X Ha3HaYeHNA 1 XapaKTepa ncrnonb3oBaHusA. HasBaHve cTaHpapTa:

IEC 61508:2010 Functional Safety of Electrical/Electronic/Programmable
Electronic Safety-Related Systems (DyHKuUnoHanbHaa 6e3onacHoCTb
3NEeKTPNYECKMNX, IIEKTPOHHDIX 1 MPOrpaMmMmnpyembiX S1eKTPOHHbIX CUCTEM
obecneyeHuna 6esonacHocTu).

OCHOBHOW NPUHLMN, NEXALLMI B OCHOBE CTaHAAPTa, — 3TO AOMNYLLEHMe CyLLeCTBOBaHNA
npoLecca, CO3AaloLEro yrpo3y 6€30MacHOCTY UK OKPYXaloLLEen Cpefie, KOTOPbI MOXeT
cebA NPoABUTb B CJlyyae He6NAronpuATHOroO cTeueHus obcToATenbcTB. CriefoBaTenbHo,
CTaHAAPT OPUEHTUPOBAH Ha HAPYLLEHWA B MPOLIECCaX U OTKa3bl CUCTEMbI (B OT/IMUME OT
Yrpo3bl 340POBbIO 1 6e30MaCHOCT YeNoBeKa) 1 MO3BOSISIET OCYLLECTBIATD CUCTEMHOE U
OCHOBaHHOE Ha pu1cKax ynpasneHrie 6€30MacHOCTbIO NPOLIECCOB.

CTaHgapT Npeanonaraet CyLecTBoBaHve GyHKLMI 6€30MacHOCTY, CHUXAIOLLMX YPOBEHD
pricka. OyHKLMM 6e30MacHOCTV B COBOKYMHOCTY 06pasyioT MIHCTPYMeHTanbHyto cuctemy
6e3onacHocTu (SIS), ycTponcTBO 1 NPUHLMM PaboTbl KOTOPOW AOSKHbI ObITb OCHOBAHbI Ha
OLIEHKE 1 MOHUMaHUV BO3MOXHbIX PVICKOB.

BropocTeneHHow Lenbto ctaHgapTa IEC 61508 ABnaeTcA co3paHue ycioBuii Ana pa3paboTkm
31EKTPUYECKIX, SNEKTPOHHBIX U MPOrPamMMMPYyeMbIX SMEKTPOHHbIX cUcTeM obecrneyeHus
6e30MacHOCTV AnA oTpaciel, B KOTOPbIX COOTBETCTBYIOLLME CTaHAAPTbI OTCYTCTBYIOT. Takune
YKa3aHusA BTOPOro YPOBHA B HEMPepPbIBHbIX MPOU3BOACTBAaX PaCCMaTPUBAIOTCA B MeXKAyHa-
poaHom ctaHpapTe IEC 61511 [19.2]. Ha3BaHuWe cTaHdapTa:

IEC 61511:2004 Functional Safety - Safety Instrumented Systems
for the Process Industry Sector (DyHKumnoHanbHaa 6esonacHOCTb —
NHCTPYMEeHTanbHble cucTemMbl 6e30NacHOCTY A1A HenMpepbIBHbIX
NPON3BOACTB).

Crangapt IEC 61511 AaBnAeTCA He CTaHAAPTOM NMPOEKTUPOBaHNA, @ CTaHAAPTOM yrnpaBieHnA
6e30MacHOCTbIO Ha NPOTAXEHNM BCEMO XM3HEHHOTO LKA CUCTEMbI OT 3aMblC/a O BbiIBOAA
13 skcnnyataumm. OCHOBOW TaKoro Noaxoaa ABMAETCA BECb XKMU3HEHHbIN LK/ CUCTEMDI
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DyHKLMOHaNbHaA 6e30MacHOCTb B HEMPEPbIBHbIX MPOM3BOACTBAX
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6e30MacHOCTY, KOTOPbIN BKOUAET AENCTBIA, Kacalowmeca cneumndrikaumm, pa3paboTku,
SKCMyaTaLmm 1 TexHUYeckoro obcny»kmnsanus SIS.

1.2. Yro Takoe $pyHKLMOHanbHasA 6e30nacHOCTb?
B cranpapte IEC61511-1, 3.2.25 nprBOANTCA ClefyloLlee onpefeneHme:

«DyHKLMOHanbHasA 6e30MacHOCTb ABNAETCA YacTbio 06LLell 6e30MacHOCTY, KacatoLenca
cucTemMbl obecneyeHrs 6e30nacHOCTY NpoLiecca 1 OCHOBHOW CUCTEMbI YpaBieHNs
HenpepbIBHbIM NpoLieccom (BPCS), 3aBurcALLEN OT KOPPEKTHOM paboTbl SIS 1 npounx
YPOBHE 3aLWmnTbl».

VHbIMK cnioBamu, GYHKLMOHabHas 6e30MacHOCTb — 3TO CHYKEHVE YPOBHS PrCKa MyTem
BHeApeHUsA GpyHKLMIA obecrneyeHrs 6e30MacHOro ynpaeneHUs NpoLEeccom.

1.3. MexxgyHapoaHasa saneKkrTporexHuyeckasa kommccusa (IEC)

MexnyHapoaHas anekTpoTexHMYeckasa Kommccya bbina ocHosaHa B 1906 rogy 6putaHCcKumM
yueHbIM nopzom KenbB1MHOM, KOTOPbIN 11 CTan NepBbiM ee npe3vaeHToM. LLiTab-kBapTrpa
HaxoauTca B KeHese, LLIBenuapua. Komuccna paspabatbiBaeT v usgaet MexxayHapogHble
CTaHAapTbl B 0651aCTN SN1EKTPOTEXHNYECKNX TEXHONOTUIA (SNEKTPOTEXHMKA, SNEKTPOHMKA 1
npoumne CMeXXHble TEXHONOTUN).

Komuccua obecneyrsaet 6€30MacHOCTb 1 SKONIOMMYHOCTb TEXHOMOT I, CI'IOCO6CTByeT
3d)¢eKTI/IBHOMy 3HepFOI'IOTpe6J'IEHI/IIO 1 UCMONb30BaHMI0 BO30OHOBNAEMbIX UICTOYHMKOB
SHepruu, ynpasnaeTt oLeHKoM o6opynosaH|Aﬂ, CNCTEM N KOMIMOHEHTOB Ha npeameTt
COOTBETCTBUA MeXXAYHAPOAHbIM CTaHA4apTaM.

CrangapT v npoyvie ny6nmkaumm [EC 3almiieHbl v NOAYMHSIOTCA HEKOTOPbIM YCIIOBUAM
ABTOPCKOro MpaBa, HO MOryT ObITb NPOBPeTEHbI UK 3arpy»keHbl Ha Beb-caiiTe |EC
[http://www.iec.ch].

1.4. CTpyKTypa cTaHgapTa

CTaH,D,apT COCTOUT N3 TpexX YyacTen, Kak NoKa3aHo Ha puc. 1.
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TexHuyeckune Tpe6oBaHNA

Yactb 1
IEC61511-1, 8: Pa3paboTka o6wux TpeboBaHnin K 6e30nacHOCTA
(NoHATKe, onpeaeneHmne obnacTy, OLeHKa ONMacHOCTA 1 PUCKa)

Yactb 1
IEC61511-1, 9, 10: OnpepeneHmne TpeboBaHUN K 6€30MacHOCTY A1 aBTOMATUYECKINX
dYHKL M 6e30MacHOCTM 1 pa3paboTku cneyndmrkaumny TpeboBaHnii K 6e30MacHOCTM

v

Yactb 1
IEC61511-1,11,12:

STan NPoeKTUPOBAHMA aBTOMATNYECKNX '> STan npoektuposaHua MO
cuctem 6e3onacHoCTn | aBTOMATVYECKNX CUCTEM Be30macHOCTY

Yactb 1
IEC61511-1, 13, 14, 15: 3aBoACKME NCNbITaHWA, YCTAHOBKA 11 BBOA B SKCrlyaTaLluio, a
TaK)Ke oLleHKa 6€30MacHOCTN aBTOMATU3MPOBaHHbIX CCTeM 6e30MnacHOCTH

Yactb 1
IEC61511-1, 16, 17, 18: DkcnnyaTauma n obcnyxrnBaHue, nepegenka v opaboTka,
BbIBOZ 13 IKCMIyaTaLMm 1 yTUIM3aLma aBTOMaTU3NPOBaHHbIX cucTem 6e3onacHoCTu

nOﬂOﬂHlﬂTeﬂbele KOMMOHEHTDbI

Yactb 1

IEC61511-1, 2: Ccbinkm

IEC61511-1, 3: OnpegeneHna 1 cokpalieHua

IEC61511-1, 4: CooTBeETCTBME

IEC61511-1, 5: YnpasneHue GyHKLMOHaNbHO 6€30MacHOCTbI0
IEC61511-1, 6: TpeboBaHMA K XKN3HEHHOMY LMKy 6e30nacHOCTU
IEC61511-1, 7: [poBepkKa

IEC61511-1, 19: TpeboBaHMA K MHPOPMaLUn

IEC61511-1, MpunoxeHune A: Paznuuna

Yactb 2

IEC61511-2: PykoBOACTBO MO NPYMEHEHNI0 YacTu 1

Yactb 3

IEC 61511-3: CoBeTbl No onpegeneHno

Tpebyembix ypoBHeli 6e30macHoCT

Puc. 1. Cmpykmypa cmaHdapma
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l OyHKLMOHabHas 6€30MacHOCTb B HEMPePbIBHbIX NPOU3BOACTBAX

(

B uacTu 1 paccmaTpriBatoTca TpeboBaHWA COOTBETCTBUA. OnpegensoTca NpUHUMMbI
NPOEKTHOrO NJAHNPOBAHWA, yNPaBneHs, LOKYMEHTaLMM 1 Tpe6GOBaHN KOMMNETEHTHOCTY,
a Takxke TexHUYecKre Tpe6oBaHMA obecreyeHrs 6e30MacHOCTY Ha MPOTAKEHW BCETO
KN3HEHHOrO LMKIIa CUCTeMbl 6e30MacHOCTY.

B obwem, yacTb 1 ABNAETCA <HOPMATVBHO», MOCKOJbKY OMpefesNisieT KOHKPETHbIE
TpeboBaHUA COOTBETCTBISA, MPeCTaBEHHbIE B BUfE COrNacoBaHHON CTPYKTYpbI,
NO3BONAOLLEN NPOAEMOHCTPYPOBATL COOTBETCTBUE MO NMYHKTaM.

Yactb 2 COAEPXUT YKa3aHUA NO NCNONb30BAHMIO YaCTn 1.

B uacti 3 npeacTaBneHbl NpyMepbl OLIEHKM PUCKa, MPYBOAALLME K ONPEAENEHMIO
Heo6xoAMMbIX YPOBHel NoNHOTbI 6e3onacHocTu [4].

Yactn 2 1 3 - <uHbOpMaTVBHbBIE» U COAEPKAT YKa3aHVsA U HOPMATVBHbIe TpeboBaHMs.
1.5. CooTBeTcTBME Tpe6oBaHNAM cTaHgapTa IEC61511
1.5.1. TpeboBaHuA 3aKoHa O r1rreHe 1 6e3onacHOCTY Tpyada Ha paboyem mecte 1974 ropa.

3aKOH O rurvieHe 1 6e3onacHoOCTY Tpyaa Ha pabouem mecte, 1974 r. (HASAW unn HSW) -
3TO OCHOBHOW 3aKOH BennkobpurTaHum B 0651acTi 6e3onacHoCTv Tpyaa. YnpasneHue no
BOMPOCaM OXpaHbl 3A0POBbSA, TEXHUKM 6€30MacHOCTY 1 oxpaHbl Tpyaa (HSE) - opraH,
OTBETCTBEHHbIN 33 06ecrneyeHne BbINOIHEHWs 3aKoHa 1 MPOYMX HOPMATVBHbIX aKTOB U
[OKYMEHTOB, OTHOCALLMXCA K YCIOBUAM TpyZa.

Bo MHOIMX CTpaHax M1pa SeCTBYIOT 3aKOHOAATENbCTBO UMW AVPEKTMBbI, aHaNOrMUHble
3aKkoHy «O6 oxpaHe 340poBbA 1 6e30MacHOCTM Ha pabouem mecTe» oT 1974 roga
(BenvikobpuitaHus). 4ns yao6cTBa Noib30BaHUA B HACTOALLEM JOKYMEHTE filobas CCbiika Ha
3aKoH «O6 OxpaHe 350PoBbA 1 6E30MACHOCTY Ha PaboUemM MecTe» BKIHOUAET B Ce6s CCbIKY
Ha COOTBETCTBYIOLLME 3aKOHbI 1 AVPEKTUBDI, 4eiCTBYIoWMe B Bawwen cTpaHe.

MONHbBIN TEKCT 3aKOHa MOXKHO NOJTyYnTb B YnpasneHumn nyonuuHon uipopmatium (OPSI)
unm 6ecnnaTHo 3arpysunTb ¢ Be6-calita YnpasneHus. Monb3oBateny npaBoBovi MHGopMaLmu
LLOMKHbI COBMIOAATH NPEfOCTOPOKHOCTD. Bepcun neuaTHbIX 1v SNeKTPOHHBIX AOKYMEHTOB
MOTYT GbITb YCTapeBLUMMM, TOITOMY MOJb30BaTENAM peKoMeHAyeTCA 0bpaLLaTbCa K
He3aBUCUMbIM KOHCYJSIbTaHTaM WM K Cy»K6e MHTepaKTBHbIX KOHCynbTauumin HSE Infoline
[http://www.hse.gov.uk/contact/index.htm].

Ecnn KpaTKo, TO B 3aKoHe o rurneHe 1 6e3onacHoOCTM TpyAa Ha pa60L|eM MecCTe 3aKpenneHo
06A3aTeNbCTBO KaXKAOro pa6OTOAaTEJ'Iﬂ obecneunTb B [Pa3ymMHbIX npeaenax Kaxxaoro
pa6OTHI/IKa 6e3onacHbIM pa6ou|/|M MeCTOM 1 CO3aaTb BCe HeO6XO}J,VIMbIe ycnosuAa ona
pa60TbI. 3T0 BK/OYaeT npenocraBneHne N nogaepxaHre B Hagnexalem CoOCToAHUN (B
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pa3yMHbIX Npegesnax) NPeanpuaTAs 1 CUcTeMm, B Lensx obecneueHms 6e3onacHoCcT paboTbl
6e3 yrpo3bl 340POBblO0 PAGOTHUKOB.

Kpome Toro, Kaxzplii paboTofatesnib 06s13aH, Npunaras pasymHble yCUnms, BeCTU CBOV Aena
TaK1M 06pa3oM, UTObbI NNLLA, HE HAHATBIE UM, HE HAXOAUMMCb NMOA YrpPO30ii 300POBbIO 1
6e30MacHOCTL.

1.5.2. TpeboBaHMsA COOTBETCTBISA

Crangapt IEC 61511 oroBapvBaeT, YTo A4J1A NOATBEPXKAEHMSA COOTBETCTBMA HEOOX0ANMO
NPOAEMOHCTPUPOBATD, UTO TPEOOBAHWS CTaHAAPTA BbINOMHATCA B AO/KHON CTEMNeHN Mo
KaXKAoMy MYHKTY U NOANYHKTY 1 AOCTUratoTCA BCE NOCTaBNEHHbIE LIeNn.

Ha npakTuke, Kak NpaBuo, COXHO MPOAEMOHCTPUPOBATbL NMOJTHOE COOTBETCTBME BCEM
MyHKTam 1 NOAMNyHKTam CTaHAapTa, MO3TOMy TpebyeTcA pa3yMHO OLeHVBaTb YCUNNA,
HeobOXoAMMble N1 BbIMOMHEHWA HEKOTOPbIX TPeboBaHW cTaHaapTa. O6bIYHO CTemneHb
COOTBETCTBUA 3aBMCUT OT pAAa GaKTOPOB, TaKMX Kak:

+ MpUPOAa OMaACHOCTY;
« TAXECTb NOCNeaCcTBUN;

+ HeobxoAMMOe CHIKEHME YPOBHA PUCKa;
+ MPUMEHMMBIN 3Tan XN3HEHHOTO LIMKNa;
+ MpUMeHsaemas TeXHOMNOrs;

+ HOBM3Ha KOHCTPYKLMN.

WMHbIMY cnoBamu, pelueHns cnepyeT NpUHMMAaTh Ha OCHOBaHUM PUCKOB. Ecnn onbiTa
Hef0CTaTOYHO, B HEKOTOPbIX CJTyYasnX AOCTOBEPHOCTb MOXET ObITb MOATBEPXKAEHA NyTeM
NpVBIEYEHNA BHELUHNX MCTOYHUKOB MHbOPpMaL.

1.5.3. MocneacTBst HEBLIMONHEHUs TPeboBaHWI

OpHako CTaHAAPT He ABNAETCA 3aKOHOM, MO3TOMY, cobrtofan ero Unu HeT, Bbl AOMKHbI
0CO3HaBaTb NoCNeaCTBMA HecobntoaeHms. Kak paGOTOﬂ,aTeJ’Ib, OTBETCTBEHHOE NTLIO NN
OTBETCTBEHHbIN 3a PUCK, Bbl 06A3aHbl B COOTBETCTBMM C 3aKOHOM O FUrMeHe 1 6e30macHoCT
TpyAa Ha pa60‘-|EM mecTe ynpasiiAaTb PUCKOM Ha pa60‘-|EM mecTe.

CTaHAapT NPeaoCTaBnaeT CUCTEMHBIN MOAXOM K YNPAB/EHNI0 BCEMMN JeNCTBUAMY MO
obecrneyeHmnto 6€30MacHOCTY B PaMKaXx >KM3HEHHOTO LINKIIA CUCTEM, UCMOfb3yeMbIX ANs
peanvzaumm GyHKUMIA 6e30MacHOCTI, MOSTOMY ABAETCS XOPOLUMM NCTOUHNKOM MHbOPMA-
UMK 1 MEeTOAMK. B ciiyuae He6GNaronprisiTHOro ctedeHmns 06CTOATENbCTB, MPYBEALLEro K
TpaBme 1nu 60M1e3HK Kakoro-nmbo Nrua, Koraa Npw ynpaeneHnn JaHHbIM BUAOM PUCKa

He 1Cnosb30Banach BCA PasyMHO JOCTYNHAsA MHPOPMaLIMA, CyLLECTBYET BEPOATHOCTb
npecieaoBaHs Mo 3aKoHY O rrmeHe 1 6e3onacHoOCTY Tpyaa Ha pabouem mecTe.
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Cobupaemasn MHPOPMaLIMA 1 MPOBOAVMbIE aHaNU3bl NPK obecreyeHn BbINoHEHNA
TpeboBaHuii ctaHpapTa I[EC 61511 ctaHoBATCA 3GPEKTNBHON 3aLMTON B Cyfe B Clyyae
VHUMAEHTa.

1.5.4. TpeboBaHMA COOTBETCTBYMA 4J19 HOBOIO NpeanpuaTua

PasymeeTcs, uto, ecnv Bbl NPYIHMMAETE YYacTre B KAKOM-NOO STare XM3HEHHOTO LUK/
cucTeMbl 6€30MaCHOCTY, Pa3yMHO NPeAnonaraTh, YTo Bbl OyeTe 1CMosb30BaTb BCIO
OCTYNHyt0 MHGOPMaLIO 1St yNPaBIEHUSA PUCKOM 1 YAEPKaHWA ero Ha fonycTVIMOM
ypoBHe. MOXXHO OCMOpWTb YTBEPXKAEHUE, UTO BCA AOCTYMHas MHGOPMaLUA — 3TO CTaHAapT
IEC 61511, 1, Takum 06pa3om, eC/iv UTO-TO UAET He Tak, HEBbIMOJHEHME TPeboBaHMIA
CTaHAapTa OyfeT paccMaTprBaTbCA KaK XanaTHOCTb.

1.5.5. Tpe6oBaHWA COOTBETCTBYIA /1A CYLLECTBYIOLLEro NPeAnpuATIA

MHorve npegnpusATUs NPOEeKTUPOBANCh U CTPOWINCH A0 TOrO, KaK Obin pa3paboTaH

1 oduLmanbHo onybnmkosaH ctaHaapT IEC 61511. OfHako B TakoW cuTyaumin BaLla
OTBETCTBEHHOCTb HE M3MEHSAETCS, U, €1 Bbl MPUHUMAETE YYacTue B KAKOM-NM6Oo dTane
YKM3HEHHOTO LIMKNA CMCTeMbI 6€30MacHOCTM CTaporo NpeanpusATrs, HaNnpuUMep, B NpoLeccax
SKCryaTaLmm, TEXHNYECKOro O6CIYKMBaHWSA U T. 1., BalUM 06A3aTeNbCTBa Mo 3aKOHY O
rurveHe 1 6e30MacHOCTY Tpyaa Ha paboyem MecTe COXPAHSAIOTCA, U BOSHUKLLIWIA PUCK
TpebyeT AOMKHOro BHUMaHUA. Takim 06pa3om, CTaHAAPT TaKKe PacnpoCTpaHAETCs 1

Ha CTapble NpeanpuaTUs.

CraHpapt ANSI/ISA-84, B 4aCTHOCTK, KacaeTca CTapbIX CUCTEM, Onpeaenss, uto Ana
CYLLECTBYIOLLMX aBTOMATU3MPOBAHHbIX CCTEM 6€30MacHOCTH, CPOEKTUPOBAHHDBIX 11
MOCTPOEHHbIX B COOTBETCTBUM C HOPMaMW, CTaHAAPTaMu 1 METOAAMY, MPUMEHABLUMMUCA
[10 V3AaHVA CTaHLapTa, BNajeneL/onepaTop JOMKEH onpesenuTb, 4To obopynoBaHvie
CMPOEKTUPOBAHO, 0OCIYKMBAETCA, OCMATPUBAETCA, MOABEPraeTCcA UCTbITAaHNAM 1
3KcnnyaTmpyetca 6e3onacHbIM obpasom. Ha camom fiene, Bbl AOMKHBI yOeauTbcs, uto
CyLLeCTBYyIOLLME CMCTEMbI 6e30MacHbl U MCMOMb3YIOT NyYLle U3 JOCTYMHbIX METOLOB.

B peanbHOCTM Bbl MOXKeTe OLLyLLaTb NOTPEOHOCTb B BO3BpaTe K NpeablayLyumM STarnam
MKM3HEHHOT O LMKIa cucTeMbl 6€30MacHOCTU CyLLeCTBYIOLLETrO NPeANpPUATAA 1 MOBTOPHOM
npoBefeHUY aHanm13a aKCMyaTaLMOHHbIX XapakTepUCTUK 1 onacHblx paktopos (HAZOP)

C HayanbHOro YPOBHS. BbinonHWB npoueaypy A0 KOHLA, Bbl MOXKETe BbIABUTb PUCKU, He
OXBaueHHble UMeroLLenca cuctemon GyHKLMOHaNbHOM 6e30MacHOCTY, 1 Balla 06A3aHHOCTb
— obecneynTb JOMKHOE YrpaB/ieHne TakKMU PUCKaMU.

Mo Bcel BepoATHOCTU, HepeHTabenbHO co3aaBaTb HoBble dyHKUMK (SIF) ana 20-neTHero
npeanpuata. OgHako, ecnn npegnpuaTrie 6e3onacHo paboTano B TeueHre JOCTaTOYHO
LSIUTENbHOTO Neprofa BpeMeHH, BbiBIEHHbIe GaKTOpPbl PUCKa 1 UX BEPOATHOCTb C yYETOM
CyLLeCTBYIOLMX Mep 6e30MacHOCTV MOTYT ObITb YKe JOCTaTOUHbIMY.
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PYKOBO/ICTBO MO 5E30MACHOCTW NMPOLIECCOB 1
BeepeHne B IEC 61511

Balueii 0653aHHOCTbIO B TaKOM Cilyyae ByfeT TiaTellbHOe AOKYMEHTMPOBaHMe npoLiecca:
3TO fieNnaeTcs ANA YBEPEHHOCTM B TOM, UTO BCE OMAaCHOCTU BbIABNIEHBI, HaKTOPbl PrcKa
yuTeHbI, @ 3GHEKTUBHOCTD CYLLECTBYIOLIMX 3ALUTHBIX GYHKLMIA U MEP NPEefOCTOPOXKHOCTM
oLieHeHa. B 3Toln cuTyaLym B oTIMUME OT HOBOTO NPOM3BOACTBA Y BaC €CTb MPENMYLLECTBO,
KOTOPOE 3aK/oYaeTcs B TOM, UTO Bbl MOXETe OrIAAHYTLCA 1 60ee TOUHO KOTMYECTBEHHO
OLIEHWTb NMEePUOANYHOCTb YIPO3, UCTONb3YA NCTOPUYECKE 3anvcy. AHanm3 no3sonuT
NPOAEMOHCTPUPOBATb, UTO BbIAIBNIEHHbIE PaKTOPbI PUICKa HAXOAATCA Ha NMPUEMSIEMOM
YPOBHe.

B xyaLuem criyyae, eCiiv CIOXKUTCS CUTyaLus, B KOTOPOI MEeT MeCTO HENpeayCMOoTpeHHas
OMaCHOCTb 1N TPeOYIOTCA AOMONHUTESNIbHbIE MepPbI ANA CHXKEHNA PUCKa, 06 STOM HeobXo-
ZUMO 3HaTb U NPEANPYH/MATb COOTBETCTBYIOLLME AENCTBUA.

1.5.6. MpuurHbl cobnogeHns TpeboBaHuii ctaHaapTa IEC 61511

Hapsay ¢ nogpasymeBaemMbiMy 0683aTeNbCTBaMU MO 3aKOHY O rreHe 1 6e3omnacHoCTm
TPpyAa Ha pabouem mecTe MOTyT BbITb 1 ApYrvie NPUYnHbI CobniogeHnsa TpeboBaHUI
CTaHpaprTa:

* OOroBOpHbIE O6ﬂ3aTeﬂbCTBa;
*  ONTUMM3AUNA aPXUTEKTYPbI NPOEKTa;
* BO3MOXHble€ PbIHOYHbIE MpenmMyLlecTBa.

710 no3sonAeT yTBepPKAaTb, YTO NepBoe 0653aTeNnbCcTBO GM3HECA — 3TO BbIXKMBaHME, npun
STOM rNTIaBHOW LIeNblo ABMAETCA He nonyyeHne MaKcrmanbHom I'IpVI6bIJ1I/I, a nsbexxaHue
y6bITKOB. B cBA3n c aTuMm HEO6XO£I,VIMO 3a4aTb cebe BOMPOC, YTO NyyLle: y4nTbCA Ha CBOUX
NN Ha YyXunx olunbKax.

1.6. MpumeHeHue craHgapTta lEC61511

MoHaATtre <(CI)yHKLI,I/IOHaJ'IbHaF| 6e30MacHOCTb» NPUMEHAETCA TONTbKO K LLENOCTHbIM CI)yHKuMﬂM,
BKOYAKOLWMM AaTUUK, KOMNbIOTEP WA I'IpOFpaMMI/IpyeMbIVI NOTNYECKNi KOHTpoOnnep n
VCMOJTHUTESTbHbIN MeXaHV3M. OTO MOHATUE 6eCCMbICTIEHHO NPUMEHATb K N3aenmnam:
JJIEMEHTaM o6opyn03ava, TaKUM KaK AaTUKU NN KOMNbIOTEPDI.

Takvm 06pa3om, Koraa NPoV3BOAWTENb YTBEPXKAAET, UTO U3LENVe OTBEYAET YPOBHIO
3awmTbl SIL2 nnm SIL3, To 3TO 03HayvaeT, UTo Takoe n3genue, 6yab To AaTUMK AaBNEHWA UK
KOMMblOTep, MPUTOAHO [/1A NCMONb30BaHWA B CUCTEME, Peani3ytoLLeli ypOBeHb 3aLlunTbl
SIL2 nnn SIL3.

MpousBoauUTenb AOMKEH KONMYECTBEHHO OLIEHNTb 3asiB/IEHHDIN YPOBEHbD, YKa3aB
OrpaHUYeHVisi B NPYIMEHeHUH, Hanpumep, TpeboBaHUA K oTkazoycTonumsoctu [13.3.1] unu
NPOBEPOYHBIM UCMbITaHKAM [12.8], UTOObI FrapaHTPOBATb 3asBIEHHDBIN YPOBeHb SIL.

~
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P PYKOBOACTBO MO BE30MACHOCTM MPOLECCOB 1
l OyHKLMOHabHas 6€30MacHOCTb B HEMPePbIBHbIX NPOU3BOACTBAX

[

3aABneHnA NPOU3BOAUTENA MOTYT ObITb MOAKPeneHbl cepTudrKaTamu SIL, BblaaHHbIMU
He3aBMCMMbIM KCMEePTOM, HO 3TO He NPeAnonaraeT, YTo CTaHAapTHaA PyHKLMA 6e3onacHo-
cTn ByfeT cooTBeTCTBOBATh YPOBHIO SIL. CepTuduKat SIL He 3ameHsAeT fileMoHCTpaLuio
cobniofieHnA TpeboBaHUI CTaHAAPTa, Y OTBETCTBEHHOE JINLIO HE MOXET UCMOMb30BaTb CBOM
3afB/IEHNA B OTHOLLIEHWW N3AEeNVA B KaUeCTBe aprymMmeHTa Npw OTKase OT OTBETCTBEHHOCTY
o 3akoHy O rrreHe 1 6e3omnacHoOCTM TpyAa Ha paboyem mecTe.

1.7. [lomKeH nu A BbINONHATb Tpe6GoBaHNA cTaHAapTa?
1.7.1. HoBoe npegnpuaTtme

Kak 6blI10 cka3aHo Bbilue, CyLeCTBYIOT Nojpa3symeBaemble 06na3aTenbcTBa CobNoAeHs
TpeGOBaHVIIz CTaHZapTa. 3TO 03HAyvaeT, uTo CTaHOapT He ABJIAETCA 3aKOHOM, a 3aKOH He
Tpe6yeT OT OTBETCTBEHHOIO NILa N OTBETCTBEHHOIO 3a PUCK YyNPaBIATb PUCKOM C LieJbto
CMAr4YeHA ero oo npnemMmnemoro ypoBHs. CTaHnapT npenocrasnAeT CUCTEMHbIV MOAX0S K
OOCTVIXKEHNIO STOW Lienu, Nno3TOMY B Cjly4ae HE6J'IaI'OI'IpVIﬂTHOFO CTeYeHNA 06CTOATENBCTB,
npusejLllero K TfpaBMe, HEMCNOJSib3OBaHME BCewn Pa3ymMmHO }J,OCTyI'IHOVI VIHd)OpMaLl,VIVI MOXeT
ObITb CBUAETENbCTBOM XaJTaTHOCTY U MOANEXUT npecnegoBaHMIo NO 3aKOHY.

1.7.2. CywecTBytoLiee npegnpuatne

3aKOH O rurveHe 1 6e30nacHoOCTY TpyAa Ha paboyem MecTe TakKe NPYIMEHUM B OTHOLLEHUN
CyLLeCTBYIOLLEro NpeanpuaTAA, MO3TOMY $pakTopbl PrCKa paBHbIM 06pa3om nognexat
naeHTndUKaumn n fosmkHomy ynpasnexuio [1.5.5]. Ctanaapt IEC 61511 Takxke npefocTas-
NAET COOTBETCTBYIOLLYIO MOAENb YNPaBeHVA PUCKamy ANA CTapbiX NPeAnpPUATUIA, CNpoeK-
TUPOBaHHBIX U MOCTPOEHHBIX 10 Pa3paboTKM 1 NyGnMKaLmy CTaHgapTa.
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PYKOBOZCTBO MO BE3OMACHOCTU NMPOLIECCOB 1
0630p XKN3HEHHOTO LMKIa CUCTEMbI 6€30MaCHOCTY

~

2. 0630p KN3HEHHOro uukKia cmcremMbl 6e3onacHoOCTN

2.1. XKN3HEeHHbI LK cMcTeMbl 6@30nacHoCTu

PKU3HEHHDBIN LMK cUcTeMbl 6€30MacHOCTI BKIIOYAET BCe HEOOXOAUMbIE LENCTBIS,
BKJTIOYaA OMNMCaHne TEXHUYECKNX XapaKTePUCTUK, Pa3paboTky, SKCriyaTaLlumio v
TexHUYeckoe o6CnyK1BaHVe aBTOMAT/3MPOBaHHONM cucTeMbl 6e3onacHocTu SIS. B
3aBMCMMOCTM OT 06bemMa BaLLKX MOSTHOMOUNIA Bbl MOXKETE Y4YaCTBOBATb TOMbKO B
HEeKOTOPbIX 3Tanax, Hanpurmep, B SKCNyaTaLum 1 TEXHNUYECKOM 00CYKMBaHNY;
O[HAKO Bbl BCE PABHO AOMKHbI UMETb MPeACTaBeHNe 060 BCEM KU3HEHHOM LMKAe.

PKM3HEHHBIN LMKN ccTeMbl 6€30MacHOCTY CXeMaTUYHO NpefCTaBeH Ha puc. 2.

10

11

YnpaeneHve GpyHKLUMOHaNbHON 6e30MacHOCTbIO,
OLeHKa 1 ayanT GyHKLMOHaNbHOW 6e30MacHoCT

CTpyKTypa 1 NnaHMpOBaHUE KN3HEHHOTO LKA
6e3onacHoCTn

OueHKa onacHOCTM 1 prUcKa 9
PacnpepeneHne dyHKUMI
6€30MacHOCTV MO YPOBHAM 3aLLUTbl |
Tpeb6oBaHusA k 6e3onacHoCTH npoeKTI/IpOBaHI/Ie
Cneundrkauma 1A aBTOMaTU3MPOBAHHON 6
cnctembl obecneyenmns 6esonacHocTy (SIS) 1 pa3paboTka
Apyrux
KoHCcTpynpoBaHve n npoekTrpoBaHune cpencTs
[INA aBTOMaTU3NPOBaHHON CUCTEMbI CHUPKEHMA pricKa
obecneyenuns 6ezonacHocTu (SIS) ©
4
&
YcTaHoBKa, BBOA B P 2
SKCMyaTaumio 1 NnpoBepKa o
=

JKcnnyaTtauya u obcnyKrBaHue

M3meHeHne

BbiBOA 13 3KCnnyaTaumm

Puc. 2. XuzHeHHbIU yuki cucmemsl 6ezonacHocmu IEC 61511
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P PYKOBOACTBO MO BE30MACHOCTM MPOLECCOB 1
l OyHKLMOHabHas 6€30MacHOCTb B HEMPePbIBHbIX NPOU3BOACTBAX

(

2.2. ®a3bl }KN3HEHHOrOo UuKIa

Ha a1ane 1 ycraHaBnmBaoTcs GrisnyecKiie, CoLMasbHbIE U NMOMMTIYECKIE PaMKI 1
OroBapuBalOTCA 3HaUVMble A5 6€30MaCHOCTY NOBPEXAEHUS C TOUKY 3PEHMUs OMACHOCTH
1 MPOCYUTBIBAHUSA PUCKA. DTO BaXKHO AN MOHUMAHWSA OMACHOCTY U PUCKA, CBOVMCTBEHHbIX
npoveccy.

Mocne onpeneneHns HEOGXOAMMO CTEMEHN CHIPKEHWSA PUCKa Ha 3Tane 2 onpeaensioTcs
CNoco6bl AOCTUMKEHUA NMOCTABAEHHON Lienn 1 GopMynnpyioTcs obLyre TpeboBaHUsA K
6e3onacHocTu (31an 3).

Ha s1ane 4 Ha ocHoBaHMK TPeboBaHWI K 6e30MacHOCTY pa3pabaTbiBalOTCA GYHKLMN
obecneueHnsa 6e30MacHOCTU. Ha 3ToM 3Tane BbIMOMHAETCA OnTUMM3aLmna GYHKLNI,
pasaeneHne v Npoymne 3afaun NPOEKTUPOBaAHUSA, TaKMe Kak OnpegeneHve NprHLMmnos
ncnbiTaHua. MnaHupoBaHve 3TUX AENCTBIIN OCYLLECTBAAETCA Ha aTane 11.

S1anbl ¢ 5 Mo 10 NOKa3bIBAKOT, YTO CTAHAAPT He OrpaHNYMBAETCA Pa3pPabOTKON CMCTEMD, a
OCBeLLaeT TaKKe BOMPOChI yNpaBneHns GpyHKLMOHaNbHOM 6€30MacHOCTbIO Ha MPOTSXKeHUN
BCEro >KU3HEHHOTO LKKSIa CUCTEMbI.

MHorve 13 TpeboBaHMI CTaHAaPTa MO NPUPOAE CBOE TEXHNYECKIE, HO B MOAXOAE TaKKe
He MeHblLUee BHUMaHWE YLAenaeTca BaXKHOCTN YNPaBeHVs, BKIIOYaOLWEro niaHupoBaHme,
LOKYMEHTPOBaHWE, SKCMyaTauuto, 06CNyK1BaHne 1 MoANQUKaLMIo, 1 3TN JeACTBUA
LOMKHbI ObITb BKITIOUEHDBI B KaXAbll 3Tan. [JoKyMeHT/POBaHWE, MEHEAXXMEHT 1 OLeHKa
BbINOHAIOTCA NaPaNIENbHO 1 TakXKe KacaloTCA BCeX 3TanoB, NpefCcTaBNeHHbIX Ha prC. 2.

2.3. Tpe60oBaHNA COOTBETCTBUA

nOCKOﬂbe CTaHOapT He ABNAETCA npeanncbiBalolLM OKYMEHTOM, €ro Tpe6OBaHI/Iﬂ
BbINOJIHAKOTCA ONOCpefOBaHHO. Bawuu BnoxeHua B AOKa3aTeNnbCTBO CO6J'|IO£|€HI/IF| Tpe6OBa-
HUI - 3TO BOMPOCbI INYHOIO Bbl60pa, HO Bbl JOJTXHbI ObITb Camu OOCTaTOYHO y6e>Kp,EHbI, 4yTO
BCe BbINONMHWIN NPaBUibHO. VIMmeHHO Takon noaxon, 3aKJ1IOLIaIOLLI,I/IIZCF| B BbINOJIHEHNN Tpe6o—
BaHU NO NYyHKTaM, pekomeHayeTcAa AJia [OCTUXKEeHUA YBEPEHHOCTU B TOM, YTO BbINMOJIHEHO
BCE, UTO HeO6XOﬂVIMO. MHbIMK cnoBamu, NnprMeHAETCA I'IpﬂMOﬂVIHeVIHbIIZ noaxon.

BbinonHeHune Tp66OBaHVIIh CTaHOapTa npeanosiaraeT AeEMOHCTPaL MO C MOMOLLbIO COOTBET-
CTBYOLWKNX CBUAETENDCTB HaNN4nA BHEAPEHHOIO CUCTEMHOIO NoAxXoAa K ynpaBneHno
prckamn n NnpMmeHeHUA ero Ha COOTBETCTBYHOLWMX 3TanaX >XNU3HEHHOIO LUKWKna n3fgenva.
OTOT CMCTEMHbIVI MOAXOL, KOTOprIZ npeagnaraeTca CtaHA4apToOM, OCHOBaH Ha KoHLUenumnm
YKM3HEHHOTO LMKIIa cMcTeMbl 6€30MacHOCTL.

CobniofeHune cTaHgapTa TpebyeT NOHUMaHVA KOHLEMNLUM XN3HEHHOTO LKA 1 BbIPaboTKM
1 JOKYMEHT/POBAHWA COOTBETCTBYIOLLErO MNaHa AeicTauid. [pocnexxmnsaHmne »n3HeHHOro
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PYKOBOZCTBO MO BE3OMACHOCTU NMPOLIECCOB 1
0630p XKN3HEHHOTO LMKIa CUCTEMbI 6€30MaCHOCTY

~

LMKNa — 3To He popmarnbHan bymaxkHas paboTa, KOTopas CBOAMTCA K HaNMCaHMio OTYETOB
1 cAaye 1x B apxuB.. [ina cobnofeHna TpeboBaHnii HEO6X0AMMO 3GHEKTUBHO BbIMOMHATL
npeaycMOTPeHHble AeiCTBUSA, Noyyas nHbopMaLmio, KoTopas Heo6XoaVMa s
peanusaumm NocneAytoLLYX 3Tanos niaHa.

Kak npaBuno, feATenbHOCTb OCYLLECTBAETCA B LUIMPOKOM KOHTEKCTE C y4eTOM BCeX 3Tarnos
XKM3HEeHHOro LMKna. Hanpumep, ans onepatopa BHECEHVE U3MEHEHUIA B 3Tarbl SKCryaTa-
LN U TEXHUYECKOTO 06CY»KBaHUA MOXET NOoTpeboBaTh TakKe NpoBeAeHUA OLEHKM 1
NPVIHATYA ONpeaeneHHbIX PELIEeHNI Ha boniee paHHUX 3Tanax, HanpUMep, MOXeT NoTpebo-
BaTbcA nposeAeHne HAZOP ¢ nocnepyioLell nepeoLeHKON PUCKOB B KN3HEHHOM LIMKIIe.

2.4. ®a3bl 1 1 2 XKN3HEHHOro LMK/a cucTemMmbl 6e3onacHOCTN

Kaabli 3Tan »M3HEHHOTO LMK/a ONMCbIBAET AENCTBYIE, @ KaXaoe AeiicTBre TpebyeT
onpegeneHHon nHGopmaLmn Ha Bxofe. Kaxablil 3Tan BKIKOYAET AeNCTBIE, [ KOTOPOro
LOMKHbI GbITb MPEeAYCMOTPEHbI AOKYMEHTUPOBAHHbIE MPOLIeAYPbl 1 KOTOPOE NPOV3BOANT
JaHHble AnA nocneayoLmx 3Tanos.

Ha puc. 3 npefcraBneHbl 4eNCTBUS 1 TpeboBaHMA K MHbopMaLun and stana 1 (oueHKa
OMACHOCTY 1 prCKa) 1 3Tana 2 (Ha3HaueHre TpeboBaHUiA K 6e3onacHoCTy). Ha pucyHke
npeacTaBneHbl HeOOXOANMbIe BXOAHbIE AaHHbIe (I/P) ans aeincTena n faHHble,
Npou3BoOAUMble AeCTBUEM ANIS MOCTeYIOLNX STaroB.

CnepyeTt 3aMeTUTb, YTO, XOTA CTaHAAPT U COAEPKUT OMNMCaHe TaroB *XU3HEHHOTO LKSa 1
TpeboBaHuii K MHpOpMaLMKM iNA Kax[oro 3Tana, Ha NpakTyKe Npu HeEo6XoAUMOCTI MOTYT
6bITb COBMELLIEHbI HEKOTOpPbIE 3Tarbl M CBA3aHHbIE C HUMMW JOKYMEHTbI. BaXkHa ACHOCTb 1
NPOCTOTA, a BbINOMHEHVE AeNCTBIIA 1 NpefocTaBeHne MHGOPMaLmMm AOMKHbI MPOUCXOANTb
KaK MOXHO 6onee 3pdeKTUBHbIM COCOGOM.

PesynbTat 3Tana 3 - 310, Kak npasmno, HAZOP v aHanun3 pucka, B Xofe KOTOpPOoro
onpeaenanTca TpeboBaHMA K GYHKLMAM 6€30MacHOCTY 1 LIeSIN CHXKEHUA pUCKa.

3Tan 4 — Ha3HaueHvie yHKUMI 6e30MacHOCTU Ha OCHOBaHUW TPpeboBaHMIA K 6e30MmacHOCTY,
onpeaeneHHbIX Ha NpeaplayLlem sTane. HasHaueHe TpeboBaHMii K 6€30MacHOCTH — 3TO
npoLecc, npeanonaralLmii pacCMOTPeHe BCex TpeboBaHMiA K 6e30MacHOCT 1 onpegene-
HVie COOTBETCTBYIOLLNX aBTOMATU3MPOBAHHbIX GYHKLMI 6€30MacHOCTU. 3TO MOBTOPSIOLLUIA-
CA MPOLIECC, B KOTOPOM YUMTHIBAKOTCA MEPbI MO CHUMKEHWIO YPOBHSA PUCKOB, NPeayCMOTPEH-
Hble ANA YOA0BNEeTBOPeHUs TpeGOBaHUAM B OTHOLLEHWV MOJSTHOTbI CUCTEMbI 6E30MACHOCTU.

Ba»KHO, 4TO6bI K HaYasy sTana HasHaueHuA GyHKLMIA 6e30NacHOCTY Bblnn yxKe CriaHMpoBa-
Hbl MOCNeAyioLLMe STaMbl, Takve Kak YCTaHOBKa, MycK B SKCrTyaTaLmio, NpoBepka 1
TexHuyeckoe obcnyxmBaHue (CM. puc. 5).
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Eﬂ PYKOBOZCTBO MO BE3OMACHOCTM MPOLIECCOB 1
l DyHKLMOHaNbHaA 6e30MacHOCTb B HEMPEPbIBHbIX MPOM3BOACTBAX

[

Bca aktyanbHaa nuHdopmauusa, Heobxoanumas ana
cobniogeHna TpeboBaHWI faHHOTO pasAaena naparpada.
3HaKOMCTBO C NPoLeccom, GyHKUMAMY ynpaBneHus, pruanyeckon
CPpepoii; ONMacHOCTY N UCTOYHMKIM ONacHOCTeN; HopMaLua

06 OMNaCHOCTAX, HANPUMeEP TOKCMYHOCTU, MPOAOIKNTENBbHOCTN U
NCTOYHUKaX ONacHOCTH; MHd)OpMaLlI/Iﬂ 06 OMacHOCTAX, Hanpumep
TOKCUYHOCTU, NPOAOIIKNTENBHOCTU, MOABEPXKEHHOCTY; TEKYLLMNE
HOPMbI; ONAaCHOCTN Kak pe3yanaT B3aVIMOF|eVICTBI/I$| C ﬂperIMI/I
cncTeMamn.

NHdopmauums, Kacarowanca npouecca, cpeabl
onacHocCTel.

OnpepgeneHune rpaHny npouecca, BPCS, apyrux cuctem, onepatopos;
dur3mueckoe 060pyaoBaHME; yKasaHWe Cpebl, NPUHUMAEMbIX K
CBeleHNI0 BHELWHNX CO6I>ITI/IVI,' Apyrne cncTtembl; TUMbl NepBOHavYanbHbIX
Co6bITUIA: NpoLeaypHble c6oU, YenoBeyecknin GakTop, HEUCNPABHOCTb
MexaHW3MOB.

Onpenenemne o6nacTy aHann3a onacHoOCTHU.

| » |/P [1.AHanu3
pucka un
s O/P | onacHoctn

OnucaHve n wmbopmal.wm Nno aHann3sy onacHoOCTN N pUcKa.
AHanu3 onacHocTv n puvcKa: OnacHOCTU; YaCcToTa NepBOHa4vallbHbIX
cobbITni; Apyrve mepbl MO CHUXXEHWUIO PUCKa; NOCNEACTBUA; PUCK; b
BblIACHEHVE MaKCMMaNbHOIO AOMYCTMMOro PUCKa; AOCTYMHOCTb AaHHbIX;
AOKYMEHTUPOBAHNE NCXOOHbIX npennonomeHmﬁl.

11. MnaHnpo-
BaHue

Cneumndrkauma obLmx TpeboBaHmMin K 6e30NacHOCTY B BAe
TpeboBaHUi K YHKLMAM 6€30MacHOCTN 1 FORHOCTY K SKCMTyaTaumm.
MpumeyaHue. DyHKLMMN 6€30NaCHOCTU He OrPaHNYEHbI KOHKPETHOW
TeXHONornen. YpoBeHb NpUrogHocTyi 1 6e30MacHoOCT JOMKeH
npeanonaratb onpefeneHHyIo 3ajaHHyo HaAeXHOCTb.

A 4

| » |/P | 2.OnpepeneHne
TpeboBaHuii
l O/P | kK 6e3omacHoCTM

Cneundukayma GyHKuMin 6esonacHoOCTu.
NHudopmauua no onpegenernto obwmx GyHkUuii 6esonacHocTy,
COOTBETCTBYIOLMX Mepam 6e30MacHOCTY 1 CBA3AHHBIM C HAMI
ypoBHAMY 6e30nacHocTU. [peanonoXeHra B CBA3N C APYTIMU
Mepamu NO CHMXKEHUIO PUCKA, KOTOPbIe AOJTKHbI MPUHUMATbCA B
TeueHmne BCEro XMN3HEHHOTOo L1KNa npoLecca.

Puc. 3. ®asel 1 u 2 Xu3HeHHO20 YUK/A cucmemsl 6esonacHocmu
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PYKOBOZCTBO MO BE3OMACHOCTU NMPOLIECCOB 1
0630p XKN3HEHHOTO LMKIa CUCTEMbI 6€30MaCHOCTY

Cneundpukauymna ¢yHKuMn 6esonacHocT.

WHpopmauua no onpefeneHmio obwmnx ¢yHKLMin 6e3onacHoCTy,
COOTBETCTBYOLWMNX Mepam 6€30MacHOCTM N CBA3AHHbIM C HAMU
YpOBHAMN 6e30nacHoOCTH. I'Ipe,qnono>Keva B CBA3W C ApyrnmMmu
MepamMm Mo CHMXKEHUIO PUCKaA, KOTOPbIE AOJI)KHbI NPUHNMAaTbCA

B TeueHune BCero »XM3HeHHOro Uunka npouecca.

A 4

I/P

o/p

v

3. Cneundukauma
TpeboBaHui K
6e30mMacHoOCTY

3 A

Cneundnkauua Tp HOCTW AnA
aBTOMaTU3NPOBAHHOI cucTembl o6ecneueHuns 6esonacHoctu (SIS).
MoxeT Bkntoyatb C&E.

Bkniovaet:

a) cneundrKaumio 6e30MacHOro COCTOAHNS;

6) 06A3aTeNbHOCTb KOHTPOJIbHON NPOBEPKY;

B) BpeMA OTKNNKa;

r) HeobxofMMble onepaTopckme HTEpPdENChbl;

1) nHTEepdENCh K ApYruM crctemam;

e) pexumbl paboTbl;

) peaKLmio Npn 06HapyXeHN HeUCNPABHOCTY;

3) TPe6OBaHNA K PyUYHOMY BbIKITIOUEHMIO;

1) Tpe6oBaHWA K NPMKNAAHBIM NPOrpamMmman;

K) SIL 1 ueneBble Mepbl 06ecneyeHna HaleXXHOCTY;

11) pabounii LUKN 1 CPOK CNyObl;

M) Havnbonee BepOATHbIE KNMMaTUYECKIE YCIIOBMA SKCMyaTaLuy;
H) OrpaHNYeHNA N0 SNEKTPOMArHUTHOMY W3JTyUYeHHIO;

0) orpaHuyeHus, ceasaHHble ¢ CCF.

MonHbIi nepeyeHb TpeboBaHUi cm. B pa3gene [EC61511-1,10.3.

A

I/P

A 4

v

o/p

4. KoHCTpynpoBaHue)
1 NPOEKTPOBaHMe

Peanusauus Bcex aBTOMaTM3UPOBaHHbIX GpYHKLMIA 6e30MacHOCTY B
COOTBETCTBMU CO creundrKauven TpeboBaHWin aBTOMATU3NPOBAHHON
cucTeMbl obecneyeHusa 6esonacHocTu (SIS)

Peanusauus Bcex apyrmx mep no CHUXKEHWIo prucKa
B COOTBETCTBUM C TPe6OBaHUAMYN 6€30MacHOCTU 1A STUX Mep

v

mep

MpoeKTpoBaHue un
pa3paboTka Apyrux

Puc. 4. ®azvl 3 u 4 Xu3HeHHO20 YUK/1a cucmemsl 6e30nacHocCmu
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«

[H] PYKOBOACTBO NO BE3OMACHOCTY MPOLIECCOB 1

i

DyHKLMOHaNbHaA 6e30MacHOCTb B HEMPEPbIBHbIX MPOM3BOACTBAX

(

2.5. ®a3bl 3 1 4 KN3HEHHOrO UMKNa cuctembl 6esonacHocTn

DTan 3 3aK/oYaeTca B pa3paboTke cneundukaumm TpeboBanHmii K 6esonacHoct (SRS),
KOTOpas Mo3BOSIUT NMPUCTYNUTL K MPOEKTUPOBaHMIO 1 pa3paboTKe cMcTeMbl 6e30MacHOCTM
Ha 3Tane 4 (cm. puc. 4).

B opraHv3aLmmn MoXeT 6biTb CO3AaH KOHTPOJIbHbIN CMINCOK S/IEMEHTOB, KOTOPbIE
Heob6X0AMMO BKIKOUMTb B CrieLmdurKaLmio NpoeKTa. 310 NO3BOMUT Co34aTb Hanboree
NOMHYI0 crneunduKaLmio 1 NPefoTBPATUTb OTKa3bl 113-3a OWMGOK B crieumduKaumm.

STan 4 MoXeT 6bITb B MOJTHOM Mepe ocBelleH B creLndrKkaummn GyHKLMOHaNbHOro
npoekta (FDS) unu gpyrom nogobHoM AOKyMeHTe, OnmncbiBaoLLeM 06CTaHOBKY, NPoLecchl,
OKpY»KaloLLe yCSIoBMA, acNeKTbl SKCMTyaTaumm 1 o6bemMbl paboT ANiA NocsieayoLwmx 3Tanos.

2.6.dTanbl 5 1 6 XKN3HEHHOTO LUKNa cucTtembl 6e3onacHocTu

ITanbl 5 1 6 3aKN4aloTCA B ONpeaeneHn Tpe6oBaHUin K aBTOMaTU3MPOBaHHOM
cmcTeMe 6@30MacHOCTY, ee YCTaHOBKe, MyCKy B SKCMyaTaLuio, TPOBEpPKe, IKCrTyaTaLmm
N TEXHNYECKOMY 06CyKMBaHUIo (CM. prC. 5).

2.7. ®a3bl 7 1 8 )KN3HEHHOIO LK/Ia cucTeMbl 6e30MnacHOCTN

BxopHble faHHble, pe3ynbTaTbl M AeNCTBUA, CBA3aHHbIE C 3Tarnom 7 (Mogndukaums),
ABNAIOTCA TEMU XKe, YTO 1 B 3Tane 8 (BbIBOA 13 3KcnnyaTtaumm). Mo cyTu, BbiBog U3
3KCNyaTauum — 31o moagndukaumsa, NponcxoaLlasn B KOHLE XU3HEHHOTO LinKa 1
npeanonaratoLas Te e HULMUPYIoLLUe JeNCTBYA U CMocobbl ynpaBneHns (CM. puc. 6).
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PYKOBOZCTBO MO BE3OMACHOCTU NMPOLIECCOB 1
0630p XKN3HEHHOTO LMKIa CUCTEMbI 6€30MaCHOCTY

MnaH ycTaHOBKYM 11 BBOAA B 3KCIUTyaTaumio ans
ABTOMaTU3NPOBAHHON cucTeMbl o6ecnevyeHnsa 6esonacHocTu.
ObecneunBaet nnaHupoBaHne anA yCTaHOBKI/I ”n BBOAa B 3KCI'I}1yaTaL|I/I}O
CMOMb3yeMblX AEMCTBUN, NPOLEeayp, METOAVK 1 Mep; a Takxe Ans
OTBETCTBEHHOTrO NepcoHana v OTAEeNoB.

MnaH npoBepKu o6Ler 6e30MacHOCTII aBTOMaTU3NPOBaHHOMN
cncrtemMbl obecnevyeHns 6esonacHoctum (SIS).

ObecneymnBaeT NNaHNPOBaHVe NPOBEPKY 6e30MacHOCTU
aBTOMaTM3MPOBaHHOM cucTeMbl obecreyeHuna 6esonacHocTu (SIS) no
SRS v Apyroii cnpaBoYHO NHGOPMaLMK, HaMPUMEP MO CXeMaM NPUYUH
1 cneacTuin. MpoBepka byAeT 0XBaTbiBaTb BCE COOTBETCTBYOLLME
peXxuMbl paboTbl (3aMycK, OCTaHOB, 06CNYKMBaHVE, HELUTATHbIE YCIOBUSA
N T. A.), NPYMeHAeMble NpoLieaypbl, METOANKM 1 Mepbl, pacnucaHue,
OTBETCTBEHHbIN NepcoHan 1 otaensl. Kpome Toro, B Hee BoriaeT
NnaHVpoBaHMe NPoBepPKM NpuknaaHoro MO 6esonacHocTy.

Peanwu3auus Bcex aBTOMaTV3MpoBaHHbIX GYHKLMI 6e30MacHOCTH
B COOTBETCTBMU CO Cneundukauvein TpeboBaHuin
aBTOMAaTU3MPOBAHHON CUCTEMbI 0becrneyeHrs 6e30nacHoCT

I/P | 5.YcTaHOBKa, BBOA

MonHocTblo ycTaHOBNEHHaA U BBeA@HHaA B SKCNyaTaLuuio
aBTOMaTM3MpoBaHHas cucrema 6esonacHoctm (SIS):
YcTtaHoBKa AOKYMEHTOB; CCbI/IKW Ha OTYETbl O Henoagkax;
ycTpaHeHue Henonanok.

MoaTBepKAeHVie COOTBETCTBYSA aBTOMATU3VPOBAHHOMN CUCTEMbI
obecneyeHrs 6e30MacHOCTY 06LWUM TPe6oBaHNUAM K 6e30MacHOCTY
cornacHo Tpe6oBaHMAM K aBTOMATU3VIPOBaHHbBIM GYHKLUAM
6€30MacHOCTM 1 FOAHOCTU K SKCMyaTauum, yunTbiBas onpegeneHme
TpeboBaHuii K 6e3onacHocTy. Tpe6oBaHNA K AOKYMeHTaLun BKIoYatoT
B ceb6A: NPoBepOYHble [EeNCTBUA B XPOHONOMMYeCKon
nocnefoBaTeNbHOCTY; BePCuio TpeboBaHMiA K 6e30MacHoCTH,
nposepsemyto GpyHKLMIO 6€30MacHOCTW, UHCTPYMEHT 1 060PY[OBaHNE;
pe3ynbTaTbl; NPOBEPAEMbIi SIEMEHT, MPUMEHAEMYI0 MPOLEAYpPY v
YCNIOBMA MPOBEPKM; HEMNOMAAKU; NPUHATbIE B pe3ynibTaTe peLueHmns.

B 3KCMTyaTaLuio
O/P | n nposepka

MnaH akcnnyaTaumm n 06cnyXKnBaHNA aBTOMaTU3NPOBaHHOMN
cuctembl obecneyeHnn 6esonacHoCcTn

Ob6ecneynBaeT NnaHMpPOBaHMe 4ENCTBUI NPW LWUTAaTHOW 1 HELWTATHON
3KCMyaTaLmm; MpoBepOYHbIe UCMbITaHKA, AeNCTBUA NO 06CNYKMBaHWIO,
npuMeHsemble MpoLeaypbl, METOAVKI U MepbI, FpaduK, OTBETCTBEHHDIN
nepcoHasn 1 oTAesbl, MeTOA MPOBEPKM MO NpoLeypam SKCnyaTauum n
06CnyX1BaHMA.

MopaepaHne Tpebyemoro ypoBHaA ¢pyHKLMOHaNbHOM 6e30nacHoCTU Ans
aBTOMaTI/IBVIpOBaHHOI;I cucTembl obecneyerna 6e3onacHoOCTL. HeO6XOF|VIMO
BbINOMHUTL CReAytoLve feicTauna: MnaH sKcnnyataumm n o6cnyxnBanms;
npoueaypbl SKCMTyaTaLum, 06CnyKMBaHNA N PEMOHTA; peannsauus
npoueayp; cnegosaHvie rpadriky 06CyKIBaHUA; BejeHNE JOKYMEHTALNN;
npoBefeHvie perynapHoro ayanta GpyHKLUMOHanbHo 6e3onacHocTy;
N3MeHEeHNA B AOKYMEHTaLNW; XPOHONIOrn4yeckoe JOKYMeHTMpOoBaHne
3KCMNyaTaLmm 1 06CNyKNBaHNA aBTOMATN3MPOBAHHOMN CUCTEMbI 06ecneyeHna
6e30MacHOCTH.

A 4 A 4
I/P | 6. 2KcnnyaTayms,
obcnyKrBaHue
O/P | pemoHT

A

Puc. 5. ®asel 5 u 6 Xu3HeHHO20 YuKIa cucmemsl 6eonacHocmu
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Eﬂ PYKOBOZCTBO MO BE3OMACHOCTM MPOLIECCOB 1
l DyHKLMOHaNbHaA 6e30MacHOCTb B HEMPEPbIBHbIX MPOM3BOACTBAX

f

MoppepxaHue TpebyeMoro ypoBHaA GyHKLIMOHaNbHOM
6e30MacHOCTM A1 aBTOMATU3MPOBAHHOI CUCTeMbl o6GecreyeHus
6e3onacHocT. Heo6X0AMMO BbINOMHNTL CiefyloLimne AenCTBrA:
lMnaH aKcnnyaTauym n o6y nBaHus.

Mpoueaypbl aKcnayaTaLmnmn, 06CyKMBaHVA U PEMOHTA.
Peanusauma npoueayp.

CobntopeHue rpadrkoB 06CyKMBaHUA.

BepeHune foKkymeHTaLmu.

PerynsapHbiin ayanT GyHKUMOHanbHOM 6e30nacHoCTU.
[loKymeHTUpoBaHVe nepeaenok.

XpoHonornyeckoe AOKYMEHTPOBaHME SKCMyaTauum 1
06CNyXMBaHNA aBTOMATM3UPOBAHHON CMCTEMbI O6ecreyeHus

6e3onacHoCTW.
[ » |/P |7./3meHeHune
8. BbiBOg 13
s O/P | skcnnyataumn

MopnepxaHue TpebyeMoro ypoBHA GpyHKLMOHANbHOW
6e30MacHOCTY ANA aBTOMATU3UPOBAHHON CMCTEMbI 0becreyeHus
6e3onacHocTy (SIS) BO Bpemsa 1 nocne aTana 4opaboTku.
M3meHeHwve fOMKHO HauMHATBLCA TONbKO MO aBTOPU30BaHHOMY
3anpocy K pyKOBOACTBY MO GpyHKLMOHaNbHOM 6e30MacHOCTY B
pamKax COOTBETCTBYloLLel NpoLeaypsbl. B 3anpoce fomkHO 6biTb
yKa3aHo crieflyloLiiee: BO3MOXXHas 3aTparnBaemas onacHoCTb,
npeanaraemMble U3MeHeHVs (annapaTHble U MPorpamMmmHble),
060CHOBaHVe AN 3MeHeHKA. HeobXoa1Mo BbIMONHNTL aHann3
nocneAcTBuii. XpoHoONormyeckoe fJOKyMeHTpoBaHne
3KCNyaTauuy 1 06CnyKMBaHA aBTOMATN3VPOBAHHON CUCTEMbI
obecneyeHns 6esonacHocTy (SIS).

Puc. 6. ©asvl 7 u 8 XU3HeHHO20 YUK/ cucmemMbl 6e3ondacHocmu
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PYKOBO/ICTBO MO 5E30MACHOCTW NMPOLIECCOB 1
OnacHocTu 1 naeHTdpUKaLma onacHoOCTeN

~

3. OnacHocTu  naeHTNPMKaLs onacHocTen
3.1. ®a3bl XKN3HEHHOTO LuKNa

Ha pvc. 7 npeacrasneH paCCManVIBaeMbIVI 3Tan XM3HEHHOIO UuKna.

10 11 1 OueHKa onacHOCTM 1 p1cKa 9

PacnpepeneHvie dyHKLMN
6e30MacHOCTVI MO YPOBHAM 3aLLNThI

\4

TpeboBaHuA kK 6e30MacHOCTU
3 CneuvduKkauma fna aBTOMaTU3NPOBaHHO MpoekTnposaHme
cucTembl obecneyernsa 6esonacHocTtu (SIS) n pa3p360TKa

apyrux
KoHcTpynpoBaHue 1 npoekTrpoBaHue cpencts

4 [151 aBTOMATU3MPOBAHHOM CUCTEMbI
obecneyeHus 6esonacHocTy (SIS) CHIKEHNA pUCKa

YcTaHOBKa, BBOJ B
3KCnyaTaynio 1 npoBepka

6e3onacHoCTn
(9, ]
Y
MpoBepka

6 |3xcnnyatauua n obcnyxunsaHne

7 M3meHeHne

YnpasneHue ¢yHKLMOHaNbHON 6e30MacHOCTbIO,
OLeHKa 1 ayanT GyHKLMOHanbHOM 6e30nacHOCTr
CTpyKTypa 1 NiaHNPOBaHME XM3HEHHOTO LKA

8 BbiBOZ 113 3KCMNyaTauum

Puc. 7. ®aza xu3HeHHo20 yukna 1

Llenb 3Toro stana, Kak ykasaHo B ctaHfapTe IEC61511-1, 8.1, 3akntouaeTca B onpeaeneHmn:

+ OMacHOCTEN 1 onacHbIX COObITWI B MPOLIeccax 1 CBA3aHHOM C HAMM
060pynoBaHUY, NOC/IEAOBATENBHOCTEN COObITUN, MPUBOAALLMX K BO3HUKHOBEHNIO
OMacHOCTU N CBA3aHHbIX C MPOLIeCCOM PUCKOB [3.2 - 3.7];

+ TpeboBaHWIN B OTHOLLEHNW CHUXEHWA YPOBHSA puycKa [5 1 6];

+ byHKUWI 6e30NacHOCTI, HEOBXOAUMbIX AN1A CHIPKEHUA pUCKa Ao Tpebyemoro
ypoBHA [7 1 8].
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P PYKOBOACTBO MO BE30MACHOCTM MPOLECCOB 1
l OyHKLMOHabHas 6€30MacHOCTb B HEMPePbIBHbIX NPOU3BOACTBAX

(

3.2. @aKTOopbl ONAacHOCTN

MoHATHNE «ONaCHOCTb» MOXET OblTb HEOAHO3HAUHbIM. OBbIYHO B C/IOBaPAX OTCYTCTBYET
yeTKOe TONKOBaHMe TePMIMHA U NMPUBOAUTCA CUHOHUM «PUCK». IMEHHO MO 3TOW NpryrHe
MHOrVe MyTaloT 3T [1Ba TePMUHA U UCMOSb3YIOT NX NooYepeaHO A1 0603HaueHVs OLHOrOo U
TOro e NOHATUA.

B KOHTeKcTe QyHKLIMOHaNbHO 6€30MacHOCTV OMacHOCTAMU CUUTAIOTCA COOBITUA, CMOCOOHbIE
MPUYMHUTB YLLLep6, HanpUMep, TPaBMy, BPe OKpY»KaloLLel cpefie nnm yobIToK B busHece.

I'IpmmepaMM OnacHOCTK B JOMe ABNAKOTCA:

« pasbuToe CTEKIIO Kak MPUYMHA NOPe3os;

« Jly>Ka BOAbI Kak NPUYMHa NageHus;

+ Upe3MepHOE KONMYECTBO BUJIOK B PO3ETKAX KaK MprUvHa NoXapa BaieacTame
neperpysKku ceTu.

I'IpmmepaMM OnacHOCTN Ha pa6oueM MecTe ABNAKTCA:

+ WYM KaK NPUYrHa yXyaLWweHnsa cnyxa;
+ acbecToBas Mbifb KaK NpuUYMHa paka.

MprMepamMy ONacHOCTY B HEMPEPbIBHbIX NMPOU3BOACTBAX ABMAIOTCA:

* YPOBEHb XNOKOCTUN B EMKOCTW: BbICOKMNI YPOBEHb MOXET NMPUBECTU K NMepesiney u
nonagaHnio XXNAKOCTU B ra3oBble MOTOKK, Pa3ninBy ONaCHbIX XMMNYECKMX BeLWeCTB
nnn roproYvnx YKUOKOCTEN; HU3KNIA ypoBeHb onaceH pa60T0|?1 HaCoCOoB BCYyXyio N
nonagaHnem rasa B aiegyroujme no xogy TexHonorn4eckoro npouecca eMKoCTu;

* [aBNIeHNE XNOKOCTY B EMKOCTU: BbICOKOE AaBNeHNE MOXET NPUBECTU K
pasrepmMmeTmnsaynn, yteuke 1 nospexxgeHmo eMKOCTA.

lNepBbIM 3TarNoM OLIEHKU PrCKa ABNAETCA BbiABNeHMe onacHOCTY. CyllecTByeT MHOXECTBO
CrMoco6oB onpeaeneHna onacHOCTU, HO HanbosbLUee pacnpoCTPaHEHWE NONYUMT MeTOZ,
aHanM3a 3KCnyaTalMOHHbBIX XapakTepUCTUK 1 OnacHbIx paktopos (HAZOP).

3.3.MpumeHeHune metoga HAZOP B npoMbILLNIEHHOCTU

MeTogbl aHany3a onacHOCTel 1 MPUrOAHOCTM K SKCMyaTaumm 6binn pa3paboTaHbl B
BenukobputaHum opranmsauueii IC nocne katactpodbl Bo Onvkcbopo B 1974 ropy,
Noce Yero Mosyyumn WMPOKOE PacnpoCTPaHeHME B HEMPEPbIBHbIX NMPOV3BOACTBAX.

B cy660Ty, 1 ntoHsa 1974 roga, npegnpusatre Nypro (Bennkobputanus) 6nu3s Gnnkcbopo
MOJMTyunno cepbesHble MOBPEXAEHNA B pe3ysibTaTe B3pbiBa, NPY KOTOPOM 28 Uenosek
nornénu u elte 36 NoMyunn TpaBMmbl. BbiNo JoKazaHo, UTO YMCIIO XKepTB MOTJI0 Obl ObITb
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PYKOBO/ICTBO MO 5E30MACHOCTW NMPOLIECCOB 1
OnacHocTu 1 naeHTdpUKaLma onacHoOCTeN

ropasfo BblLle, ecin 6bl Tpare[mna NPoM3oLLa B pabounii AeHb, Koraa oprcHoe 3HaHne
nosHo niofeit. CoobLianock o0 ToM, 4TO MOCTPaAANN TakxKe 53 ClyyalHbIX YenoBeka 3a
npezfenamv TeppuTopum, 1 6bi MPUYMHEH YLLiep6 COGCTBEHHOCTI Ha MPUNEraloLWmMX
TeppuUTOpUAX.

18 yenoBek B annapaTHON NOrM6sN B pesynbTaTe PasbUTA OKOH 1 OOPYLLEHA KPOBAW.
Cnactucb He yganocb H1UKomy. lNpeanpuatme ropeno HeCKONbKO AHEN, YTO 3aTPyAHUI0
paboTy cnacateneli B nocsieayoLime Aecatb AHEN.

MoABMBLUMCH B XVMUYECKOW NPOMBILLIIIEHHOCTU 11 NMOJYUMB Pa3BUTUE B XOAE 0OCY>KAeHUs C
nepcoHasnom, metog HAZOP 6bin BHeapeH B HeGTAHOW NPOMBILLIEHHOCTY, FAe NoTeHLMalb-
Has BEPOATHOCTb KaTacTpod HaXOAUTCS NPYIMEPHO Ha TOM Xe ypoBHe. [Mo3aHee meTog cTan
MCMONb30BaTbCA B NMULLEBOM MPOMBILLIIEHHOCTU 1 BOAOCHAGXEHUN 1 BOLOOTBELEHNM, re
MoTeHUMas ONacHOCTV HAMHOTO BblLLE, HO OOJbLUE CBA3aH C 3arpA3HEeHMEM, @ He CO B3PbIBOM
W BbIGPOCaMU XVIMUYECKUNX BELLECTB.

3.4. Cmbicn ncnonb3oBaHnAa metoga HAZOP

[pw TOM, YTO NPOEKT NPeANPUATIA OCHOBAH Ha HOpMaTKBaXxX U cTaHAapTax, npouecc HAZOP
[OMOMHAET CTaHZAPTbl ¥ HOPMATVBbI, MO3BONAA BbIABUTH NOTEHLMANIbHbIE OTKIIOHEHUA
BC/e[CTBUE, HANpPrIMep, HapyLLIEHNA MPOLIECCOB, 0TKa3a 060pyAoBaHMA UK OLUGOK
oneparopa.

Kpome Toro, xecTkue rpadviki peanmsaLmm NpoeKToB MOTyT NPUBOAUTD K OLIMOKaM U1
HegocmoTpy, a metop HAZOP no3BonAaeT BHOCUTb NMOMPaBKM 10 TOFO, Kak LieHa OLwmnoKu
CTaHeT CIMLLKOM BbICOKOW. bnarogapa npoctoTe AnsA NOHVMaHKA 11 BO3MOXXHOCTM
afanTauumy K ycrnoBuam ntoboro npouecca u busHeca metog HAZOP nonyuunn Havbonbluee
pacnpocTpaHeHe Npu onpeaeneHnn GakTopoB OnacHOCTU.

3.5. OTKNoHeHue oT NMPOEeKTHOro 3ambicnia

Bce npouecchol, o6opyq03aH|/|e N NPpOMbILLNEHHbIe 00BbEKTDI CO34al0TCA No onpefeneHHoMy
3amblcny. 3amblcen MoXeT npeanonaratb onpeneneHHy npon3BoanTeNbHOCTb, BblpaXKeH-
HYO0 B rogoBom obbeme npon3BoACTBa KOHKPETHOIO XMMNY€ECKOro BeLwecTsa v B
onpegeneHHOM KONM4eCTBe 3K3eMnJIapoB npogykunn.

OpHaKo BTOPOCTENeHHbIM 3aMbIC/IOM MOXKET ObiTb 6e30mnacHas 1 3GpbeKTUBHasA
3KCMyaTaums NpoLeccos, Ans yero Tpebyetca sGpeKkTriBHOE GYHKLMOHVPOBaHVe
BCEro 060pyLoBaHMA. ITOT acNeKkT MOXXHO PacCMaTPKBATh Kak MPOEKTHbI 3amblcen
KOHKPETHOro KOMMOHEeHTa 060pyA0BaHUA.

Hanpumep, B Tpeb60oBaHA K NPON3BOANTENIbHOCTY NPEANPUATHA BKITOUEHA YCTaHOBKa [A
OX/aXAeHVs BOLbl C KOHTYPOM OXJ1aXKAEeHWSA, HACOCOM 1 TEMNIO0OMEHHNKOM, Kak NMoka3aHo
Ha puc. 8.

~
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BeHTunatop
oxnaxkgeHua

TennoobmeHHUK

OxnaxgeHune

Puc. 8. [TpoekmHbili 3ameicen

MpoeKTHbI 3aMblcen 3TOro HebosbLLOTO yyacTKa NPeANPUATUA 3aKioyYaeTcs B
obecneyeHn HeNPepbIBHON LMPKYNALMM OXJaxaatoLelt Bofbl ¢ Temnepatypoii x °C
1 PacXOA0M XXX JIMTPOB B Yac. AHaNIN3 SKCMIyaTaLMOHHbIX XapaKTePUCTUK U OMacHbIX
baKTOpOB, Kak NPaBuIo, OPUEHTUPYETCA Ha MPOEKTHDIN 3aMblCeN HM3LLEro YpoBHs. B
TaKOM KOHTeKCTe MPOLLEe NOHATb TEPMUH «OTKIIOHEHME». OTKITIOHEHME U OTXOf OT
3aMbIC/a B MPUMEHEHNM K HaLLel yCTaHOBKE OXaMaeHWs CBOANUTCA K CHUMKEHMIO
pacxofa unv yBenmueHuo Temnepatypbl BOAbI.

O6paTnTe BHUMaHMWE Ha Pasnvume MeXay OTKIOHEHNEM 1 ero MPUYKHON. B onvcaHHoM
C/lyyae OTKa3s Hacoca 6yaeT NPUUMHOW, HO He OTKIIOHEHMEM.

YBenuyeHune TemnepaTtypbl BOAbl ABMTAETCA ONMACHOCTbIO, TAK Kak B/1eYeT 3a cobor yu.lep6,
TpaBMMpPOBaHKME NepcoHana u Bpen Opr)KaIOUJ,EIh cpene nnn y6bITKI/1 ana brsHeca.

3.6. MeTtoguka HAZOP

MeTopabl HAZOP npumeHsatoTca ana obHapy»KeHnA NoTeHLManbHbIX onacHocTern 1 npobnem
PaboTOCNOCOOHOCTM 13-3a OTKITIOHEHUIA OT NMPOEKTHOTO 3aMblC/la HOBOFO WU CTapOoro
NpeanpUATUA U NPUMEHSAIOTCA MEPUOAMNYECKM Ha NPOTAMXKEHNM BCETO XKU3HEHHOTO LMK
npeanpuaTUA. KoHeuHo, nepeoHavanbHbIn aHanu3 HAZOP cnepyeT NpoOBOANTD Ha PaHHNX
3Tanax NpoeKTMpoBaHUA. MpoLecc NOANIEXUT PerynapHOMYy NepecMoTpy No Mepe PasBUTuKS,
B CJlyYae NpeaoXKeHN BHECEHUA CEPbe3HbIX N3MEHEHNI, a TakXKe B KOHLIe pa3paboTku,
4TO6bI YOEeANTHCA B OTCYTCTBMM OCTaTOYHOMO PUCKa A0 STana NOCTPOKU.

AHanus 3KCnyaTaLMOHHbIX XapaKTeprCTHK 1 onacHbIx daktopos (HAZOP) BbinonHaeTcs
COBMECTHO MPW yyacTum NpeacTaBuTeneil BCex 3anHTepecoBaHHbIX CTOPOH, 0651aAakoLLmx
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3HAHVAMM 11 OMbITOM 3KCMyaTaLmm 1 TeXHUYeckoro obcnyxusaHusa. CoBellaHne
NPOVCXOANT B hopmMaTe «<MO3roBOrO LUTYPMa», B MPOLIECCe KOTOPOro GopMyvMpyoTCa 1
OLIEHVBAIOTCA BCE BO3MOXKHbIE OnacHOCTW. Bce npepnonaraemble onacHOCTY, UX MPUYKHBI
1 NOCNefCTBIA TLIATENbHO GUKCMPYIOTCA B POTOKONE.

3.6.1. Pabouas rpynna HAZOP

OueHb BaXKHO, uToObI B pabouyto rpynny HAZOP Bxogwnu niua, obnagatoLvie 4OCTaTOUHbIMU
3HAHMAMM 1 OMbITOM B paccMaTpriBaeMbIX Bonpocax. Kak npasuno, pabouas rpynmna uveet

CneayoLmin cocTas:

HasBaHwue Ponb

Mpepcepatens O6bacHAeT npouecc HAZOP, HanpasnseT o6cyKaeHne u npoasuraeT
HAZOP. Cneuyunanuct, umetowunin onbit 8 HAZOP, HO HenocpeaCTBEHHO He
BOBJIEYEHHbI B pa3paboTKy, Ansa obecreyeHnsa akkypaTHOro
CriefoBaHNA MeToay.

CekpeTapb 3anucbiBaeT 0b6cyxaeHme Ha coBelaHum no HAZOP n coctaBnsieT

HarnAgHbIA MPOTOKON AUCKYCCUN. 3annCbIBaeT pekoMeHZauum nnm
OencTBus.

NH>xeHep-TexHonor

Kak npaBuno, MHxeHep, OTBETCTBEHHDI 3a NPUHLMMNVANBbHYIO CXeMy
TEXHONOMMYECKMX NPOLLeCCcoB 1 pa3paboTKy cxeMbl TPYOHOW 06BA3KMN 1
KOHTPOJIbHO-M3MepuTeNbHbIX Nprbopos (Piping and Instrumentation
Diagrams, P&IDs).

Monb3oBatenb/
oneparop

BHOCUT pekomeHaaL My MO NCMONb30BaHMIO U pa60TOCI'IOC06HOCTVI
npouecca, No BO3AeNCTBUIO OTKIIOHEHNIA.

Cneunanuct no KA

CreuranicT ¢ COOTBETCTBYIOLMM TEXHUYECKUMI 3HAHVAMU MO
KOHTPOJIbHO-13MepUTENIbHLIM NPU6Gopam.

NPOEKTHON rpynmnbl

Cneunanuct Cneunanuct, 3aHATbIN B TEXHUYECKOM 06Cy>KMBaHUN npoLiecca.
TEX06CNYXKMBaHNA
MpepctaBuTens BHOCWT pekomeHaaumm no Nogpo6HOCTAM NpoeKTa Ui gaet

HeobxoanMyio MHGOPMaLKto.

3.6.2. indopmaums, ncnonbsyemas B aHanvze HAZOP

UneHbl paboyeir rpynnbl HAZOP gomkHbl U3yuntb cnepytoLlee:

+ cxembl Tpyb6onposoaos 1 KUTMnA npeanpusatns;
+ OMMCaHUA NPOLECCOB M NPUHLMMMANIbHBIE CXEMbI;

+ CyllecTByloLMe NpoLeaypbl SKCMTyaTaLmmn 1 TEXHNYECKOrOo 0O6CTyKMBaHUS;
* MPUYMHHO-CNIeCTBEHHbIE Anarpammbl;
+ TEXHOJOrMYeCcKme Cxembl NpeAnpPUATHA.

~
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3.6.3.Mpouenypa HAZOP

Mpouenypa HAZOP BkntoyaeT NonHoe onmcaHmne npouecca 1 CMCTeMaTUYeCcKyo OLeHKY
Ka)<Qoro 3Tana C Lenbto onpeaeneHus, Kak OTKIIOHEHUA OT MPOEKTHOrO 3aMblc/ia MOryT
CKa3aTbcA Ha 6e3onacHOCTU 1 3GPEKTUBHOCTY PaboTbl NpegnpuaTUs.

B npouecce CTpyKTypUPOBaHHOTO aHan3a YieHbl rpynrbl JatoT BOMO baHTa3nm, CTPEMSAChH
NPeACTaBUTb U OLIEHUTb BCE BO3MOXKHbIE OMAcHOCTY.

Ha camom fiene, MHOre onacHOCTM O4YeBUAHbI, Hanpumep, pocT TeMmnepaTypbl, OAHaKO,
cnna MeToAnKM B TOM, UTO OHa No3BoNAeT 06Hapy)KVITb HeoyeBMaHble ONACHOCTU, KaKUMIN
6bl MaJIOBEPOATHbIMU OHUN HU Ka3anncb Npuv NepBoM PpaCcCMOTPEHUN.

3.6.4. YnpasnatoLime cnosa

B npouecce HAZOP gna npusneyeHna BHUMaHNA K OTKIOHEHUAM OT MPOEKTHOrO
3aMbIC/1a, BO3MOXKHbIM MPUYMHAM 1 NOCNeACTBMAM UCMOMNb3YIOTCA yrpaBnsoLme
CnoBa. YnpasnaoLime coBa AeNATCA Ha ABe NOArpynnbl:

+ [JIaBHblE YNPaB/AoLWME CJIOBA, KOTOPble 06PALLAT BHUMAHME HAa KOHKPETHbIE
acneKTbl MPOEKTHOMO 3aMbIC/a WiV CBA3AHHbBIE C HAM YC/IOBUA MPOLIECCa,
rapameTpbl, HANPUMEP, PACXoA, TeMMepaTypy, AaB/IEHUE, YPOBEHb 1 Mp.;

+ BTOPOCTEMEHHbIE YNPABAIOLME CNI0BA, COYETASCH C ITAaBHbIMY, OMMCHIBAIOT
BO3MOHbIE OTKITOHEHVIS, TAKME KaK POCT TEMMEPATYpPbl, CHKEHWE YPOBHS,
OTCYTCTBYE JaB/EHVIs, 06PaTHbIN MOTOK U Np.

Ycnex MeTOANKN 3aBUCUT OT 3(I)¢GKTI/IBHOFO NprMeEHEHNA yNpaBnAlWmMX 0B, NO3TOMY UX
CMbICT AOKeH ObITb MOHATEH BCEM YJIEHaM pa6oqe|7| rpynnobl.

CnegyeT OTMETUTb, YTO YNPABAAIOLLME ClI0BA UCMOMb3YIOTCA MPOCTO A CTUMYNNPOBaHNSA
BOOGpPaXKeHVs npv GopMynpOBaHNM BapraHToB. He Bce ynpasnisioLme CrioBa MMeioT
CMbICJ1, U HE BCE OMACHOCTY BEPOATHBI. B TaKMX Cliyuasnx peKoMeHAYeTCA Mpu BbiSBIEHNN
6eCCMbIC/IeHHBIX U HEBEPOATHBIX COOBITH GUKCMPOBATL 1 MPOZOKaTh PaboTy, He Tepss
BPEMEH!.

3.6.5. Cnocobbl paboTbl

MOCKONbKY 3TO aHan3 SKCMyaTaLMOHHbIX XapaKTepUCTUK 1 OMaCHbIX paKTOPOB, BaKHO
paccMaTpurBaTh HE TOMbKO BapUaHTbl HOPMasbHOM PaboTbl, HO W HELTATHbIE PEXMMbI, TaKue
KaK MycK, OCTaHOB, HarnosHeHWe, ONOPOXKHEHE, NePeNIB, KOHTPOSIbHOE UCMbITAHNE.

[nsa 3Toro Heo6X0AVMO PAaCCMOTPETb KaXKAbIN PeXM PaboTbl, yNOMAHYTbIN B 06beme
nccnefoBaHui, B OTAeNbHOCTY, cobniofas metoanky HAZOP. B kauecTBe anbTepHaTUBbI,
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NPUMEHMNTENBHO K OTHOCMTENBHO MPOCTHIM CUCTEMAM, BO3MOXKHO BKITIOUYEHME B TabnuLy
[LOMOJHUTENBHOrO CTON6LA ANA YKasaHUA pexrma. 3To MO3BOSIUT OXBATUTb OAHUM
aHannsom HAZOP cpasy Bce pexxvmbl paboTbl.

3.6.6. 3anucb aHanusa HAZOP

CyLecTBYIOT CrneuranbHble Mporpammbl A1 BbinonHeHna aHann3a HAZOP. Ecnv ux HeT, To
MOXXHO CO3[1aTb MPOCTYIO NEKTPOHHYI0 TabNULy Ans PErUCTPALIN 1 OLIEHKM BCEX AAHHDIX.
DneKTpOoHHas TabnyLa NO3BOSIUT BbICTPO OTCOPTUPOBATb AdHHbIE, BU3Yanv3npoBaTh KX,
NPOCNeAnTb B3anMOCBA3M MeXAY AaHHbIMU U APYTUMI aHaNIM3aMu.

PekomeHpayeTca perncTpupoBaTth BCe COObITVA 1 BCe paccMaTprBaeMble coueTaHusA
ynpasnatoLwyx cnoB.. [1o BO3MOXHOCTY clefyeT Aenatb NomMeTku: «HeT BepoATHOM
npu4YrHbl», «<be3 nocneacTeniny, «<bes onacHOCTM». ITO CYUNTAETCA «MOSHOW PErncTpaLmnen,
KOTOpas nepepacTaeT B OTHeT 0 pe3ynbTaTtax aHanu3a HAZOP, koTopbii noaTBepkaaeT
MOJSIHOTY NPOBEAEHHOr0 UCCNeoBaHA. ITOT OTUET COAEPXKMUT becLieHHble MaTepurabl,
HeobxofMMble ANA oLEeHKM 6e30MacHOCTV U MPUIOAHOCTY K SKCNyaTauum npu
nocnenyioLmx N3MeHeHUAX.

Kpome onucaHHbIX Bblllie BTOPOCTEMNEHHbIX YNPaBAOLLMX CNIOB, TaKXKe UCMOJb3yTCA C/I0Ba
«Bce» n «<HanommHaHue». Hanprmep, HEKOTOpble COYeTaHVs OCHOBHbIX YNPABAOLLMX C/IOB
MOTYT ObITb OMNpefeNneHbl KaK MMetoLLie BEPOATHbIE MPUUMHDI: <PAaCXOL/HET», «NMOTOK/
obpaTHbIi». [ipyrie couetaHus («pacxon/MeHblLLey, «pacxof/6onbluey, <pacxon/[pyroi),
rae Henb3sA onpefennTb BEPOATHbIE MPUYVHbI, BO3MOXHO 1CMOJIb30BaHKEe COYeTaHs
«pacxop/ocTaToK».

3.6.7. \jeHTndMKaLma onacHoCTX — 3arofoBKmM Tabnuvupl aHanmsa HAZOP

B cnepytowein Tabnuue npenctasneH npumep nucta HAZOP ona fekomnpeccroHHo
Kamepbl. O6paTUTe OTMETUTb, YTO NPUMEP UCKITIOUUTENIBHO UIOCTPATUBHDBIV U HE OTPaXKaeT
KapTVHY peanbHOW CUCTeMBbI.

Ccbinku

Bcerpa nmeet cMbici BKOYaTh B TabnuLy ctonbel Ana CCblloK, YTo6bl CBA3bIBATb CTPOKN C
OPYTMW faHHBIMUW U aHann3amu ana obecneyeHnsa NPoCIeXXMBaeMoCTy K NocneayoLwmm
aHanu3sam, Hanpumep, LOPA [8].

Ynpasnatwouyme csioa

JlonmXKHbI NCNOMb30BaTbCA rNaBHble 11 BTOPOCTENeHHble yrpasaowme cnosa. Cnmckm
YNpaBAoLLMX CJIOB 417 KOHKPETHbIX OTPac/neil 1 BUAOB 613Heca MOXHO HalTu B
NHTepHeTe.
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OTKNOHEeHne

OTKNOHeHne — 3T0 OTXoA4 OT NPOEKTHOro 3ambicna, HOACKaBaHHbIVI coYyeTaHneMm rmaBHbIX 1
BCromoraTeNbHbIX ynpaBnAoLWmx cioB 1 I'Ipep,CTaBﬂFIIOLLWIVI onpeneneHHy onacHoOCTb.

MprunHa

MoTeHUManbHble NPUUKHBI, KOTOPbIE MOTYT MPUBECTU K OTKOHEHIIO. BaXKHO BKITIOUUTL B
TabnuLy KOHKpeTHble CBeAEHVA O NMpuumnHe. Hanprimep, eciv Hac BOSHYET yBennyeHve
KOHLIEHTPaLMV KACIIOPOA], BbI3BaHHOE OTKa30M AaTuuka Oz, TO Mbl AOMKHbI yHeCTb, UTO
XapaKTEPOB OTKa3a MOXET BbITb MHOMECTBO, HO JIWLLb JIOXKHAsA PErncTpaLmna CHUKEHUA
KoHLeHTpaumy Oz 6yAeT NpUUMHON YBEINYEHVIS| KOHLEHTPaLUK.

[Mocnencreus

MocnepcTeusA, BO3HMKaOLWME B pe3ynbTate OTK/IOHEHNA U nencrauma NPUYNHbI. CJ'IE,ElyET
BcCerga I'IO}J,pOﬁHO onucbiBaTb NocneacTamA. He nonarantecs Ha To, UTO YnTaTeNb CO
BpemeHemMm nommert CYTb OMaCHOCTW UNIN XapaKTep nocneacTaumin.

DuKcnpya NoceAcTBMA, BaXKHO MOMHUTb O TOM, YTO pe3ynbTaTbl aHannsa HAZOP moryT
6bITb NCMONb30BaHbI NPV ONPeAeneHnr PrcKa, MO3TOMY KpaliHe BaXXHO NOoAPOOHO
OMUCbIBaTb BCE OMACHOCTM 1 UX BO3MOXHble nocnefcTerA. Hanpumep, nocneacrsus
MO>KHO OnmcaTb Tak:

«BeposamHocme u366ImoyHOo20 dagseHus, CNOCOBHO20 NPUBECMU K pa3pbi8y 2a300MB00AUe20
mpy6onpoeo0d ¢ 8bI6POCOM COOEPXKUMO20 8 OKpYKarowyro cpedy. bonbwioli 06vem ebi6poLLeH-
HO20 2a3a 8 30He 20psYeli 8bIXIONHOLU MPY6bl MOXEM 80CNIAMEHUMbCA UU 830p8AMbCA U
npugecmu K 2ubesu 08yx yesiosek U3 obc1yxusarouezo nepcoHand. lospexoeHue KoMnpecco-
pacmoumocmeto 2 MJIH (oyHMOB CMepPJIUH208 U OCMAHOBKA NPou3800CM8ed HA CPoK 00 200a».

ﬂpw OLleHKe NocneACcTBUN BaXKHO yunTbiBaTb CUCTEMbI 3alLTbl N KOHTPOJIbHO-
nsmepuTtesibHble I1p|l|60pbl, nmvewneca B KOHCTpyKuun.

Mepbi 6e3onacHoCTH

B 5ToM cTon6Le Heo6Xx0[UMO YKa3aTb tobble MELMECs CPeCTBa 3aLLUTbI, KOTOpPble
npefoTBPALLAT MPUYMHY NGO NPeAoXpaHAIT OT nocneAcTauii. Mpu nepeuncieHnn mep
6€30MacHOCTI MO BO3MOXKHOCTU ClIeflyeT OrpaHNUMTLCA 060PYAOBaHNEM, MPUHAB B pacyeT
npoLefypHble acneKTbl, TAKME KaK PEryNispHbIi OCMOTP MPOM3BOACTBEHHbBIX MOLLHOCTEN
(ecnu Bbl yBEpeHbI B TOM, YTO OCMOTP OyAeT NpoBoAUTLCA U 3TO MOXKET NpefoTBpaTuTL
OMacHOCTb).
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3.7.NMpumep anannsa HAZOP
3.7.1. Cocypn cenapatopa

B cnepytoLem nprimepe npeAcTasneHa ynpoLleHHas cxema npoliecca cenapaumu. B cocyn
MOCTyMaeT *KUAKOCTb, HarpeTas ra3oBoi ropenikoil. Mapbl OTAENAI0TCA OT XUAKOCTY 1
OTBOAATCA 13 cocypa. 1o 3aBepLUeHNM pPeaKLMm OCTaBLIAACA KOHLEHTPYPOBaHHaA
XKMAKOCTb OTCACbIBAETCA M3 HKHEN YacTu cocyaa (cm. puc. 9).

Cocypn 060pyaoBaH pacnpenenieHHo CMCTEMON YNPaBNeHs, KOTopas KOHTponMpyeT
YPOBEHb XMAKOCTU B COCYAe, fABNEHVE rasa 1 TemnepaTypy.

r—-—————— -/ a
| PTI02 |
| £ ® — |
Beog v
KNOKOCTA ( B | |
XV102 + BbiBOA |
éi?] rasa |
FCV102 |
»(LH- |
LH101 *_ N
00 | —> S
F—(D+ - »(L)-- |

) LL101 Bbison
KNAKOCTU
XV101

FCV10 XV100

|

|

|

| lopernka |4

| @ Mopaya TonnMBHOrO
L___+é__i__ rasa

FCV100

AS

Puc. 9. Cocyo cenapamopa

Mprmep aHannsa HAZOP cuctembl cenapatopa npeacTaBieH Ha cnegyiolert anarpaMmme.
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3.7.2.HAZOP cenapatopa
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PYKOBO/ICTBO MO 5E30MACHOCTW NMPOLIECCOB 1
OnacHocTu 1 naeHTdpUKaLma onacHoOCTeN

3.7.3. Pe3ynbTatbl aHanusa HAZOP

BbifBneHbI cnefyioLLe onacHoOCTU:

OnacHoCTb

Mocneacreua

BblcoKkum ypoBeHb B
pe3epByape MOXeT
NPVBECTN K YHOCY
XKMAKOCTU B BbIBOJ, rasa.

MoBpexaeHre 060pyA0BaHYA MO HAMPABIEHWIO NOTOKa,
TpebyioLiee 3ameHbl pesepayapa (MpumepHo 10 miH dyHTOB
CTepsIMHIOB) 11 OCTAHOBKU NPOLIECcca Ha 6 MecaLeB.

Bbicokoe paBneHne
NPUBOANT K PaspyLLeHuio
pesepsyapa v BbIbpocy
rasa.

BbIGpOC rasa BOCMNaMEHAETCA Ha FOpesikax h ropsaYnx NoBepxXHo-
cTAX. Bo3amMoHa rnbenb AByX YenoBek 13 06CNyK1BaoLEero
nepcoHana. MospexaeHne obopyaoBaHus, TpebyioLee 3ameHbl
pesepByapa (npumepHo 10 MiH GYHTOB CTEPSIMHIOB) 11 OCTAHOBKM
npoLeccos Ha 1 rof. HesHaunTenbHbIN BbIGPOC B OKPY»KaloLLyio

cpeny.

Bbicokas Temnepatypa
NPUBOANT K MOBbILIEHNIO
[AB/EHVs, Pa3pyLLeHUIo
pesepsyapa v BbIbpocy
rasa.

BbI6GpOC rasa BOCMIaMEHSAETCA Ha FOPesikax N ropAYnx NoBepXHO-
cTAX. Bo3amMoxHa rnbenb AByx Yenosek 13 06CnyK1BaoLero
nepcoHana. NospexaeHne obopyaoBaHus, TpebyioLee 3ameHbl
pesepsyapa (npumepHO 10 MiH GYHTOB CTEPSIMHIOB) 11 OCTAHOBKM
npoueccos Ha 1 rof. HesHaunTenbHbIN BbIGPOC B OKPY»KaloLLYIo

cpeay.

Hunsknm yposeHb B
pesepByape MoXeT
NpVBeCTY K NPOopbIBY rasa
B 9KCMOPT KNAKOCTM.

MospexaeHre 060pyA0BaHYA MO HAMPABIEHMIO MOTOKa,
TpebyloLiee UNCTKM pesepayapa (MpUMepHoO 2 MiH GyHTOB
CTePSIMHIOB) 11 OCTAHOBKM NPOLIECca Ha 6 Hefenb.

Huskoe fasneHvie
NPUBOANT K PaspyLLeHUIO
pesepsyapa 1 Bbibpocy
rasa.

BbI6poc rasa BocrnnameHAETCA Ha ropenkax v FopAYmx NnoBepXHO-
CTAX. Bo3amoxKHa rnbesnb AByX YenoBeK 13 06C/yKMBaloLLero
nepcoHana. lNoBpexaeHne obopynoBaHus, TpebyioLlee 3aMeHbl
pe3epByapa (nprMepHo 10 MiH GYHTOB CTEPAVHIOB) 11 OCTaHOBKM
npoueccos Ha 1 rof. HeaHaunTenbHbI BBIGPOC B OKPYXKaIoLLyio

cpeay.

Hwn3kan Temnepatypa,
BO3MOXKHOE 3aMep3aHue
(3aTBEepAEBaHNE)
XKULKOCTU, paspyLueHvie
pe3epByapa 1 yTeuka 13
peakTopa.

MospexpaeHne obopyaoBaHusA, Tpebylolliee 3ameHbl pe3epByapa
(npumepHO 10 MAH GYHTOB CTEPANHIOB) 1 OCTAHOBKM NpoLecca
Ha 6 MecALeB. Bbibpoc B oKkpy»atoLLyio cpefly, Tpebytowwnii
yBeJOM/IEHNA.

CnncoK BbIAAIBNEHHbIX ONMACHOCTEN 1 ABNAETCA «MPOTOKONOM OMacHOCTEN» ANA AaHHOW
cuctembl. [TPOTOKON OMacHOCTEN AOMKEH OblTb MOCTOAHHO OOHOB/AEMbIM JJOKYMEHTOM,
noanexaliym HernpepbIBHOMY NepecMoTpPy 1 OMOMTHEHWIO Ha MPOTAXXEHN BCEro
YKWN3HEHHOTO LKA CUCTEMDI.

~
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[H] PYKOBOACTBO NO BE3OMACHOCTY MPOLIECCOB 1
l DyHKUMOHanbHas 6€30MacHOCTb B HEMPEPbIBHbIX NPON3BOACTBAX

i

f

Kapas 13 BbIIBNIEHHbIX OMACHOCTEN MOXET MMETb OnpefesneHHble BO3MOXHble nocea-
CTBUWA AnA 6e30MacHOCTU, OKpYXKatoLLeli cpefibl i KoMMepUecKoi cdepbl, HO Ans BbIMOHe-
HWA 0653aTeNbCTB MO 3aKOHY O r1rmeHe 1 6e3onNacHoOCTY Tpyaa Ha paboyem mecte [1.5.1]
HEeO6XOAVMO OMPeAennTb YPOBEHb PUCKa, MPUCYLLMI Kaxaoi onacHoCTy [4].
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PYKOBOZCTBO MO BE3OMNMACHOCTW NMPOLIECCOB 1
PUCK 1 CHMWXKeHMe CTeneHmn pucka

~

4, PUCK 11 CHUKEHMe CTeneHmn puckKka
4.1.MoHATNe pncka

Puck - 3t0 BEPOATHOCTb TOr0, YTO ONACHOCTb CTaHET I'IpVILWIHOVI N3MEePUMbIX He6naroan|-
ATHBIX NOCNEACTBUN.

Takrm 06pa3om, 3TO fBOAKOE NMOHATUE, 1 AJ1si OCMbICIEHUA TPpebyeTcsa obA3aTeNbHoe
NPUCYTCTBUE ABYX PaKTOPOB. BEpOATHOCTb MOXET BblpaxaTbCs Pa3fIMUHbIMU Cocobamu,
Hanpumep, Kak Nponopuma (KOAUH Ha TbiCAUY»), Kak NeprnoagnyHocTb («1000 cryyaes B roa»)
WM KaK KauyeCTBeHHas OLeHKa («HeCyLLEeCTBEHHO» WITN «CYLLECTBEHHOY).

DdPeKT TakKe MOXKET ObITb OMMCAH Pa3INYHbIMU criocobamu. Hanprimep:

+ Cepbe3Has TpaBMa Wi rnbenb ogHOro paboTHUKaA;
+ MHOXeCTBEHHble TPaBMbl TPETbUX CTOPOH;
+ MOPaKeHWe HaceneHNsa TOKCUYHBIMU Fa3amul.

CpepnHerofjoBoli PUCK HECYACTHOTO CiTyyas CO CMepTeflbHbIM MCXOOM Ha NPOV3BOACTBE
[3ddeKT] Npy KOHTaKTe C NOABUMXKHBIMY MeXaHW3MaMy [ONMacHOCTb] COCTaBNAET MeHee
ofHoro ciyyas Ha 100 000 [BepoATHOCTb].

Takum 06pa3om, puck HEOGXOAMMO OLLeHUBATL B ABYX M3MEPEHAX. [JomKHbI ObiTb
onpegesnieHbl Kak NOCneacTBIs OMacHOCTU, TaK U X BEPOATHOCTb. [IA NPOCTOTbI OLIeHNTE
Ka<fbli1 13 NapameTpoB Mo LWKase oT 1 [0 4, KaK nokasaHo Ha puc. 10, rae 6osbluee
3HaYeHVe yKa3blBaeT Ha bosbluee BO3AENCTBIE 1 6osee BbICOKYO BEPOATHOCTb. B 06Luem,
onpeaennTb NPYOPUTET U OLIEHNTb PUCK MOXKHO C MOMOLLIbIO MATPYLbl PUCKOB, MOA06HO
STOM.

A
= 4
2 3 CpepaHsa |Kputnueckas
Cu
o m 3
I o
E I
;g
o T 2
238 Huskasa | Bbicokas
o

>
1 2 3 4

Cepbe3HOCTb NOCNefCTBUI
Puc. 10. Mampuua puckos
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P PYKOBOACTBO MO BE30MACHOCTM MPOLECCOB 1
l OyHKLMOHabHas 6€30MacHOCTb B HEMPePbIBHbIX NPOU3BOACTBAX

(

Ecnn BEPOATHOCTb BbICOKA, a TAXKECTb nocneacTsMn Mana, PUCK MOXHO pacLleHnBaTb Kak
Cpep,HVII?I. C ﬂperIﬁ CTOPOHDI, €CNIN BEPOATHOCTb HN3KAA, a TAXKECTb NoCNeACTBUN BbICOKA,
PUCK MOXXHO pacleHnBaTb Kak BbICOKMN. Kak npasuno, HeborbLana BEPOATHOCTb
KaTaCTpOd)bl [OJI>KHa NpuBnekaTb 60/bllie BHUMAHWS, YeM He3HaunTeIbHaA MoOMexa,
KOTOpadA 4aCTo MMeeT MeCTO.

MpuBeaeHHbIe NPUMEPbI PUCKA KAcarTCA TONbKO 6e30MacHOCTM NepCcoHana, Ho 3To He
3HAUUT, YTO TaKOW NOAXOL He MOXET ObITb alanTVPOBaH K PYCKaM /1 OKpY»KatoLLel
cpenbl, 6B13Heca, akTMBaM, LOX0haM, NPUObLIIBHOCTY, penyTaummn NPeAnpUATIA UIn
6ecnepeboiHOCTY MOCTABOK, KaK B CJlyyae C SHEPreTUUeCKUMIN NPeanpuaTusamm.

4.2. AHanu3 onacHoctu (HAZAN)

MepBas oLeHKa prcka 06bIYHO BbINONHAETCA B paMkax HAZOP v n3BecTHa Kak «OLeHKa
onacHocTtu» (HAZAN). Kak nokasaHo Ha puc. 10, ans fto60oi onacHOCTM MOXET ObITb
onpepeneH ypoBeHb cepbe3HOCTM (Kak NpaBuio, oT 1 Ao 4, rae 4 — BbICLIAsA CTeMneHb) 1
BepoATHOCTY (0T 1 0 4, rae 4 — BbICLLas CTENEHD).

Kak nokasaHo B npumepe, MOXeT 6bITb BbiNonHeH aHanu3 HAZOP [3.7.2] c nocnepyowmm
YMHOXeHVIeM NoKasaTesiell Cepbe3HOCTY 1 BEPOATHOCTY OMACHOCTY AJIs MOJTyYeHUs
npenaBapuTeNnbHOM OLEHKM prCKa B BUAE «MoKa3aTens nproputeTa ypoBHA prcka» (RPN),
KOTOpPbIV NCMNONb3yeTCa Af1A onpeaeneHna nproputeTa AeNCTBUN MO CHYXKEHMIO YPOBHEN
pucka [4.3].

4.3. AHanu3 HAZAN cenapaTtopa

B cTonbue «[leicTBME» MOXHO YKa3aTb peKOMEH0BaHHOE [eliCTBIE, Hanpumep,
BbINOJIHEHVE aHasM3a C LeNbio MONCKA BO3MOXXHOCTY BHEAPEHNA JONOMHUTENbHbBIX
CpencTB 3aLMThl.

Bo3mokHbI AencTBmA ABYX TUMOB:

.+ JencTeus, HanpasJieHHble Ha YCTpaHeHre NPUYKHbI;
« OencTeus, HanpaB/e€HHblE Ha CMArvYeHne nocneacTeuim.

MpennoyTTenbHbLIM AENCTBMEM ABNAETCA YCTPAHEHME NPUYUHDBI ONMacHOCTU. [lencTaus,
HanpassieHHble Ha CMArYeHvie NOCIIeACTBUIA, AOMYCKAIOTCA TONbKO B CJTy4anx MasnoBepo-
ATHOTO pUCKa.

4.3.1. Jenctena HAZOP

B Tabnuuax HAZOP Takxke onpenensioTca 4eNCTBUS B paMKaX AafibHENLWEro nccnefoBaHus.
B naHHOM npumMepe onpepaeneHbl cnegytoLne AencTBUA.
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Puck v cHUXeHne cTeneHn pncka
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Ne OnacHocTb Mocnepcreus DencrBue DeiicTBue Oarta
01.01 Bbicokuin pacxop Ha MospexaeHne PaccmoTtpetb C. Cmut OTpen 14 anpena 2012r.
BXOfe pe3epByapa o6opyaoBaHusa No BO3MOHOCTb K1n
MOXET NPUBECTN K Hanpas/ieHio NOTOKa. YCTaHOBKM aBapuii-
BbICOKOMY YPOBHIO U1 HOro curHana ana
YHOCY XUAKOCTW B BbIBOA BbICOKOroO ypOBHS.
rasa.
01.02 Bbicokuii pacxop Ha MoBpexaeHne PaccmoTtpetb C.Cmut OTgen 14 anpena 2012r.
BbIXOf€e pesepsyapa obopyaoBaHua No BO3MOXHOCTb Kmn
MOXeT NpUBEeCTU K HanpasneHnto NOToKa. YCTaHOBKU
HU3KOMY YPOBHIO 1 aBapuiiHOTO curHana
NpopbIBY rasa B BbIBOJ [INA HU3KOTO YPOBHA.
KNOKOCTU.
01.04 Huskunin pacxop Ha Bxofe | MospexaeHne PaccmoTtpetb C.Cmut Otpgen 14 anpena 2012r.
pesepByapa MOXeT o6opyaoBaHus No BO3MOHOCTb K1n
npuBeCTU K HU3KOMY HanpasneHnto NOTOKa. YyCTaHOBKM
YPOBHIO 1 NPOPbIBY rasa aBapuiiHOro curHana
B BbIBO XXMUOKOCTU. ANA HU3KOro ypoOBHA.
01.05 Hu3kni pacxop Ha MospexaeHvie PaccmoTpeTh C. Cmut OTAen 14 anpena 2012r.
BbIXOfe pesepsyapa o6opyaoBaHua No BO3MOXHOCTb Kmn
MOXeT NPpUBECTU K HanpasneHnto NOToKa. YCTaHOBKM aBapvn?l—
BbICOKOMY YPOBHIO U1 HOro curHana ana
YHOCY KN[KOCTV B BbIBOJ, BbICOKOrO YPOBHA.
rasa.
01.10 Mpopbis pesepsyapa 1 Bo3moxHa rubensb niogein | PaccmoTpetb JIK. IxoHC 21 anpena 2012r.
yTeudka rasa. n3 chnyx(lea»OLuero BO3MOXHOCTb TexHonor. otaen
nepcoHana. Mospexae- YCTaHOBKM aBapwii-
Hne 060pyaoBaHNA. HOro curHana ana
BbiBpoc B OKpy»KatoLLyto BbICOKOrO JaBNIEHUA.
cpeny.
01.11 Mpopbis pesepsyapa 1 Bo3moxHa rubensb niogein | PaccmoTpeTb JIK. IoHC 21 anpena 2012r.
yTeudka rasa. n3 O6C}'Iy>KI/IBa|OLLleFO BO3MOXHOCTb TexHonor. otaen
nepcoHana. lMospexae- YCTaHOBKM aBapwii-
Hne 060pyaOBaHNA. HOro curHana ana
BbiBpoC B OKpy»KatoLLyto HW3KOTO [JaBneHunsa.
cpeny.
01.15 Bbicokan Temnepatypa Bo3moxHa rubensb niofein | PaccmoTpeTb B Yairt Otpen 21 anpena 2012r.
NPUBOAUT K NOBbILWEHNIO n3 O6C}'Iy>KI/IBa|OLLleFO BO3MOXHOCTb Kmn
[NlaBneHws, paspylieHuio | nepcoHana. Mospexae- YCTaHOBKM aBapuii-
pe3epsyapa 11 Bbibpocy Hne 060pyaOBaHNA. HOro curHana ana
rasa. Bbifpoc B OKpy»KatoLLyto BbICOKOMN
cpeqy. Temneparypbl.
01.16 Bo3moxHoe 3amep3aHune | lMospexpaeHne PaccmoTtpetb B Yanut Otgen 21 anpena 2012r.
JKNAKOCTY, paspylieHne | o6opyaoBaHus. Boibpoc B | BO3MOXHOCTb Kun
pesepByapa 1 yTeuka U3 | OKpy»aloLlyio cpepy. YCTaHOBKM aBapuii-
peakTopa. HOro curHana
ONs HU3KON
Temnepartypbl.
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pesepByape MoXeT
NPUBECTU K NPOpbIBY

rasa B BbIBOA XXUAKOCTU.

obopyaoBaHuaA No

Hanpas/ieHNIo NOTOKa.

BO3MOXHOCTb
yCTaHOBKW aBapui-
HOro curHana gna
HN3KOro ypoBHA.

Ne OnacHocTb Mocnepcreus DencrBue DeiicTBue Oarta
01.20 Bbicokuit ypoBeHb B MospexaeHne PaccmoTtpetb C. Cmut OTpen 14 anpena 2012r.
pesepByape MOXeT obopynosaHua no BO3MOXHOCTb Knn
NPVBECTU K YHOCY Hanpas/ieHio NOTOKa. YCTaHOBKM aBapuii-
KUAKOCTU B BbIBOJ rasa HOro curHana ana
BbICOKOTO YPOBHA.
01.21 Huskuni1 ypoBeHb B MoBpexpaexune PaccmoTtpetb C. Cmut OTtgen 14 anpena 2012r.

Kun

4.4. Mpumepb! Knaccudpukaumm B Tabnue prckos

Ha puc. 11 npegctaBneHa nHdopmaLms 4ns MCNob30BaHHON Bbille NPOCTON TabnuLbl
pucka. Cepbe3HOCTb NOCNEACTBUI ONPERENAETCA MPOCTbIM OOLLMM ONMCAHNEM, HANPUMEP,
«MOBOYHDBIEY, <MASIOV TAXKECTUY, «TAXKENble», <KaTacTpoduyeckmer. Ecnm 6bin BbiNoMHEH
aHanu3 HAZOP, To BepoATHble MOCNEACTBIA BbIAABNEHHbIX ONAacHOCTEN, CKopee Bcero, byayT
N3BECTHbI 1 YKe pacrnpefeneHbl Mo KaTeropuam.

[laTb KONMYECTBEHHYIO OLIEHKY BEPOATHOCTY TpyAHee. Ha puc. 11 npeacTasBneH noaxoa,
npeznonarawLuii on1caTenbHy XapakTePUCTUKY Ha OCHOBE NePUOANYHOCTY, Hanpuvep,
«BO3HVKaeT HECKOJbKO pa3 B rofi», <BO3HVKaeT OUYEHb PEAKO», <O CTyyasx He coobLuanoch B

oTpacav» UK «He coobLanocb BoobLe». Takas KONMUYECTBEHHAA OLEHKA BEPOATHOCTU

no3BONAET NPUCBOUTb Ka)K,ElOVI KaTeropmm onacHOCT Ty Uin NHYI0 NepnoanyHoOCTb.

MonyyeHHanA TabnuLa No3BoNAeT pacnpeaeuTb PUCKN MO YPOBHAM «OUeHb HU3KM» (VL),
«HU3KUI» (L), «cpepHuiny (M), «Bbicokuiny (H) n «oueHb Bbicokuin» (VH) cornacHo cepbe3HocTn
NoCNencTBU 1 NEPUOANYHOCTA.
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Puc. 11. Mampuya puckos
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4.5. KonnyecrBeHHas oLeHKa pucKa

MpuemnemocTb prcKa Ao CKX MOpP OLEeHMBaNACh Ka4eCcTBEHHO. KonnmyecTBeHHas oLeHKa
NPUEeMNIEMOCTI PUCKa 1S IMYHO 6e30MacHOCTI 3aBUCUT OT BOCMPUATUA PUCKa U eLle
psiaa GakTopos:

+ JINYHBIA OMbIT HErAaTUBHbIX NMOCIEACTBUI;

+ COLMAbHBIV 1 KYNIbTYPHbI YPOBEHb 1 y6exaeHUs;

+ YpOBEHb BO3MOXKHOCTEl KOHTPOSA PUCKa;

+ 06beM HaKomnneHHOM MHOPMaLIN 13 Pa3INYHBIX NCTOUYHVKOB.

Pa3ymeeTca, p1cKm BbICOKOTO YPOBHA HempuemsieMbl (Hanpumep, KypeHue npu
6epemMeHHOCTI), @ PUCKM HV3KOTO YPOBHA HeCyLLeCTBEHHbI (KMnALLee Monoko). KoHeuHo,
Haunbornee nHTepecHas chepa 1A 06CyKAeHUA — 3TO «cepasy 30Ha MPUEMIEMOrO PUCKa,
HaxopALan Mexkay nosocamu. 3aaya 3aKliodaeTca B ornpefeneHnn AByX rPaHnYHbIX
yCnoBuin:

* MeXxgy HenpuemnembiMm 1 4onyCcTMMbIM PUCKOM U
e MeXxgy AonyCcTmMbIM U NpremMmnemMbiM PUCKOM.

PyKoBOACTBO MO TexHKKe 6@30MacHOCTY 1 OXpaHe OKpyKatoLuei cpefibl <CHUXKEHVE PUCKa

un 3awmTa nogen» (Reducing Risks, Protecting People — R2P2) [19.3] pekomeHayeT puck
OZ}HOTO CMepTeNbHOro Clyyas Ha MWUIVOH WIN B FOf, KaK A1 paGOTHNKOB, Tak 1 Ansa
rpa)kAaHCKoro HacesieHNA COMOCTaBATb C OYEHb HU3KMM YPOBHEM PUCKA, M UCMONb30BaTb
3TOT MOKasaTesb KaK LUMPOKO NpriemiemMyto (He MPYHYMAeMyto B pacyeT) rpaHuLy pucka.

[Janee B gokymeHTe R2P2 oroBapuBaeTcs, YTO €AUHNYHbIN CyYail CMepTU Ha TbiCAYY B
rop, ABMIAETCA rPaHNYHbIM YCIIOB/EM MEXAY TeM, UTO ABNAETCA NpremMneMbIM Ana 60bLUINH-
CTBa KaTeropuii PaboTHVNKOB Ha NPOTAKEHUM OONbLUEN YaCTU NX XKN3HW, U TEM, UTO Henpw-
em1emMo 415t 6ONbLUMHCTBA 32 UCKIOYEHMEM 0COObIX KaTeropuii. B Benmkobputanum uenm
rMrueHbl Tpyaa 1 6e3onacHOCTV Ha paboyem MecTe YCTaHOBJIEHbI Ha YPOBHE MPUBbIYHON
NoBCeAHEBHOW XM3HeAeATeNbHOCTY 6e3 HeraTVBHbIX MOCeACTBUN.

[Ons npepcraBrTenein 061LeCTBEHHOCTY, MOABEPKEHHBIX PUCKY, 3TOT Npeaen
yCTaHaBNMBaeTCA Ha OfVH NopAAoK Hke — 1 Ha 10 000 B rop,.

YcTaHOBMEHHbIE B PYKOBOACTBE MO TEXHMKE 6e30MacHOCTU 1 OXpaHe OKpYy»KatoLlern cpeabl
KpUTEPUM MOXXHO NPOVANIOCTPMPOBATL NPYeMIEMOoCTbio pucka (TOR), Kak NoKasaHo Ha
puc. 12. OTMeyeHbl MaKCMMasbHO Npriemiemble 1 LMPOKO NPUMeHsieMble YPOBHU PUCKa.
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Puc. 12. [lpuemnemocme pucka Puc. 13. Kpumepuu uHOu8uOyasIbHO20 pucKa

4.6. I1puemnemoc1'b N AOoNyCcTMOCTb prcKa

lMpw KonMyecTBEHHON OLieHKe prCKa, 06YCNOBIEHHOro ONacHOCTbIO, ONpefeNieHHON B xoae
aHanu3a HAZOP, Heo6X0AMMO YCTaHOBUTb KONMUYECTBEHHbIE KPUTEPUY 1 YUYeCTb npoune
NPOU3BOACTBEHHbIE PUCKN, KOTOPbIM MOABEPraeTcsa NULO B TeueHne paboyero aHs. He
JINLLIEH CMbICIIA METOZ, NOCTPOEHUA MPEeANONOKEHNI OTHOCUTENBHO TOrO, YTO Lo byaeT
noagepeHo 10 Takum onacHocTAM. MpreMneMocTb Kputepures prcka (puc. 12) MoXeT 6biTb
pacnpegeneHa mexay 3TMmu 10 onacHOCTAMY C MPUCBOEHNEM MAaKCUMasIbHOTO 3HaueHs
OTAeNnbHOMY prcKy cMepTy B 1 13 10 000 cnyyaes B rog (puc. 13).

paHULia NPUEMNEMOrO PrCKa ANA OTAENIbHOMO PUCKa CMEPTH Kak AJ1A PabOTHMKOB, TaK 1
[NA LIMPOKOI 06LLEeCTBEHHOCTM OCTAaeTCA Ha YPOBHE OHOIO C/lyyas Ha MUIIMOH B rofl, Tak
KaK 3TOT ypOBEeHb Y»Ke NPun3HaH HecCyLecTBEHHbIM. [TpruemneMocTb prcka MOXHO
CYMMMPOBATb, KaK MoKa3aHo Ha puc. 14.
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VHOVBNAYANBHbBIA PUCK exeroaHo

Mocnepctena  HesHaumtenbHble/Cepbe3Hble  CepbesHble/?KepTBbl  MHOrouncneHHble xepTBbl

CotpyaHukn 103 10°

Hacenexve 10* 10° 10°
LUNPOKO [OMYCTMMbI PUCK (npeHebpexumbiii)

Mocneactena  HesHaumtenbHble/CepbesHble  CepbesHble/?KepTBbl  MHOrouncneHHble XepTBbl

CoTpyAHUKM 10° 10° 10°

Puc. 14. [Ipuemnemocme pucka: pestome

Ha ocHoBaHMM MaKCManbHO NPUEMIIEMOrO pUCKa CMepTI Ha ypoBHe 1 cnyyad Ha 10 000 B
rofi MOXKHO OnpefenuTb Apyrve YpoBHU prcKa C y4eTOM CEPbe3HOCTMN U NMOABEPKEHHOCTM
TpeTbux nuy (cm. puc. 15).

VHOVBUOYATbHbI PUCK exeroaHo

Mocneactena  HesHauutenbHble/CepbesHble  CepbesHble/?KepTBbl  MHOroUNC/IEHHbIE XepTBbl

CotpygHukn 102 <¢ Il 10" Il P10
HaceneHue 10* ¢ 10% P10°

LLIMPOKO JOMYCTUMbIV PUCK (npeHebpekmmbiii)
|
Mocnepctena  HesHauutenbHble/Cepbe3Hble  CepbesHble/?KepTBbl  MHOrouncneHHble XepTBbl

A\
CotpygHukn  10° <¢ 10° P10

Puc. 15. [puemnemocme pucka: pestome
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4.7.MpuemnemocTtb pucka

CBofKa NpremnemocTu pucka [puc. 15] npeactaBneHa rpadpuyeckn Ha puc. 16.

Heckonbko
XepTB
MakcumanbHo
I LONyCTUMbIN PUCK
< ‘ INA COTPYAHUKOB
2
5 |\
E; \ MakcumanbHo
o \ [OMNYCTUMBIN PUCK
c [NA Hacenexus
2 \
o]
o
2 \
3 \
o
(]
V]
EnnHuuHbIN
CMepTesbHbIN
cnyyan
TpaBmatmam \
He3HaunTenbHbIN prcK

10° 10° 10* 103
YacroTa (/1)

Puc. 16. [lpuemnemocme pucka: pesome
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4.8. Tpe6oBaHNA COOTBETCTBUA

TpeboBaHMsA B OTHOLLEHMWI YPOBHE NOHOTLI 6e30MacHOCTY GOPMYNNPYIOTCA Ha
OCHOBAHUM NEPVOANYHOCTI OMaCHbIX COOBITWI. B 3aBUCUMOCTI OT NOCNIEACTBUIA ONMAaCHOCTA
onpeaenseTca MakCcManbHO Npremnemas NeproanyHoCTb, 1 Bce GyHKLMUM 6e30nacHOCT
NPOEKTUPYIOTCA C LieNbto NPUBEAEHUA BCEX NEPUOANYHOCTEN K MPUEMIIEMOMY YPOBHIO.

CTeneHb CHUXEHWA PUCKa, TpebyeMas oT GyHKLMM 6e30MacHOCTH, — 3TO NepBoe
TpeboBaHe COOTBETCTBMA CTaHAAPTY: 3TO BblpaXKeHHadA B UMCII0BON popmMe HaZleXKHOCTb
Mepbl 6e30MacHOCT.

BblparkeHHasn B uncnoBoi Gopme HafeXXHOCTb COMOCTaBIIAETCA C ONpPeAesieHHbIM YPOBHEM
nonHoTbl 6e3onacHocTy (SIL). CyLuecTByeT YeTbipe YPOBHA NOMHOTHI 6e30MacHOCTY,
OCHOBAHHbIX Ha TPeOOBaHNAX K HAAEXKHOCTM Mep 6e30MacHOCTU. YpoBeHb SIL4 — BbiCLuniA
YPOBeHb MOMHOTbI C HANBOMbBLUVIM CHVXKEHNEM PUCKOB 11 CaMbIMU TPYAHBIMM 3aAavamm
obecneyeHns HapeKHOCTU. YpoBeHb SIL1 — HU3LWKWI ypoBeHb MOIHOTbI C MPOCTENLIMNA
3afjla4yamuy obecrneyeHnsa HafeXXHOCTH.

4.9. MpyHLMN MUHUMaNbHOro NpaKTU4ecKy npuemaemoro yposHs pucka (ALARP)

MpviBeAeHHbIN BbilLe 0630p aHanm3a onacHOCTEN 1 PYCKOB AEMOHCTPUPYET, Kak
ornpefenAeTca PUCK 1 Kak obecrneunBaeTca ero MakcMMasnbHO NpremMIeMblii ypoBeHb.
OpHako B pamkax HSAWA Heobxoarmo npefnpuHATL JOMOSHUTENbHbIE [eNCTBUA

ANA CHUPKEHNA YPOBHA PUCKa, NOKa He YAACTCA JoKa3aTb, YTO PUCK HAXOANTCA Ha
«MWHUManbHOM NpaKTUYecKn npremieMmom ypoBHe» (ALARP), To ecTb fanbHelwee
CHVPKEHWe prCKa HeLlenecoobpasHo nnmn HepeHTabenbHO [5].
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5. MpyHUMN MUHManNbHOro NPaKTUYeCKN NPYeMIeMOro YPOBHSA
pucka (ALARP)

5.1.Mpeunmywiecrea n HepOCTaTKN

Mcnonb3oBaHne «NPaKTN4eCcKn uenecooGpasHblx» Lenen AnA OTBETCTBEHHbIX UL, @ He
I'Ipe,D,I'IVIC&HVIVI. [M6KoCTb — 3TO OrpoMHOE NpenmMyLecTBo, NOCKOJIbKY OTBETCTBEHHbIE
Jiga nonyyvyatoT BO3SMOXHOCTb Bbl6l/lpaTb nydwune anA ceba meTopbl, UTo obecrneymBaeT
noaaepKKy MHHoBauun. OgHaKko ecTb 1 HegocTaTkn. OTHeceHne prcKa K «<cMUHManbHOMY
npaKkTnyeckn npruemnemomy ypoBHIO» —3TO HENPOCTAaA 3afava, Tpe6y|ou4aﬂ oT
OTBETCTBEHHDbIX INL N OL€HLLMKOB pacCygUTeNbHOCT.

OCHOBHble UCMbITaHUSA, MPVMEHAIEMbIE MNPV PaboTe C PUCKamm Ha NPOV3BOACTBE,
npeznosnaraoT NOATBEPXKAEHVE TOTO, UTO:

a) PWCK HACTOMbKO BEJIVIK, YTO ero ciefyeT NoJIHOCTbIO OTOPOCUTD;

6) PWCK HACTOMbKO Maj (M3HaYaNbHO MW B pe3yibTaTe NPUHATBIX Mep),
UTO UM MOXHO NMpeHebpeub;

B) PWCK HaxoAWTCA Mexay ABYMSA OMNVCaHHbBIMU BbiLLE COCTOAHVSAMY (3, 6),
HO CHVPKEH 10 «MMUHVIMAIbHOTO MPAKTUYECKU MPUEMIIEMOTO YPOBHS».

«MWHUMaIbHOMY MPAKTUYECKI NPUEMIEMOMY YPOBHIO» TPYAHO AaTb KOMMUYECTBEHHYIO
oueHKy. [pegnonaraeTcs, UTo HEOGXOAMMO MPOU3BECTY BbIYMCIEHWSA, MPUHAB BO BHUMAaHVE
[OCTVraemoe JOMOMHUTENIbHOE CHUXKEHME YPOBHSA PUCKa U CBA3aHHbIE C STUM MoTepu
(BeHexHbIx cpeacTs, BpemeHu, kombopTa). Ecniv obHapyKmBaeTcs cyllecTBeHHasn
JMUCMPONopLMs, TO MOSTyYeHHbIe MPENMYLLECTBA He3HAUMTENbHbI B CPAaBHEHUM C 3aTpaTami,
1 PUCK OLLeHUBAETCS KaK PUCK «MUHVIMASIbHOTO MPAKTUYECKV MPUEMIEMOTO YPOBHS».

Tak, AnA NOATBEPXKAEHVA TOrO, YTO PUCKW CHUXKEHbI A0 <MVHVIMANbHOTO NPaKTUYeCKN
NPUEMSIEMOTO YPOBHSI», TPEOYeTCA OLEHKa:

+ camoro n3beraemoro p1cka;

+ MoTepb (AeHer, BpemeH, yao6cTBa) Npu NPUHATAN MEP MO CHUMKEHNIO YPOBHSA
puCKa;

+ COOTHOLLEHVA NePBOro 1 BTOPOTO.

STOT NPOLECC MOXET BKIIIOYaTb KPUTEPUU PAa3NNYHON CTENEHN CTPOroCTy:

+ MpYpofJa onacHoCTY;
+ MacwTab pucka;
+ MPUHUMAEMble MEPbI MO KOHTPOJTHO.
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Mpvi 3TOM OTBETCTBEHHbIE NN (1 PEryNATUBHDI OPraH) He AOMKHbI CO3LaBaTb JOMOMHU-
TeNbHble TPYAHOCTY ANsA cebs, eCNIN HAAEXHOCTb HE FaPaHTUPYETCA. YeMm Bblllie HauaNbHbIi
YPOBeHb PacCMaTPUBAEMOro PUCKa, TEM BblLLe CTerneHb TpebyeMol HaAeXXHOCTH.

5.2. Ancnponopuvs

MPUHATL peLLeHre O Lenecoobpas3HOCT JasbHENLIEro CHUKEHUA YPOBHA pUCKa
OTBETCTBEHHOMY NIMILlY MOMOXeT «aHanmn3 3¢pdeKkTMBHOCTM 3aTpaT» (CBA). JononHuTenbHble
Mepbl MO CHVPKEHMIO YPOBHA PYICKa MOTYT CUMTATbCA LieNiecoobpasHbIMy A0 TEX MO, NMoka
3aTpaThbl Ha UX Peanv3aLyio HaXOAATCA B Pa3yMHOM COOTHOLLEHUN C MPYHOCMMON NMOJIb30W.
MonpocTy roBops, ec/in COOTHOLLEHNE «3aTPaTbl/MOMb3ay» NPEBbILLAT «KOIGPULIMEHT
aucnponopumu» (DF), To Takve Mepbl CYMTaOTCA HeomnpaBhaHHbIMY AA OCTUTaeMOro
CHWXKEHVA YPOBHA pucKa.

BenunumHa koaddrLmeHTa AUCnponopLmm, KOTopas CHATAeTCA Ype3MepHON, — 3TO oT 11
BblLLE — B 3aBUCMMOCTY OT Yncsia GakTopPOB BO3AENCTBUS, BKIIOUAIOLLMX TAXKECTb U Nepuro-
LOMYHOCTb NOCNeCTBUI, T.. YUEM BbiLLIE PUCK, TEM BbiLLE U KOIGGULMEHT ArcnponopLun.

5.3. Y10 Takoe upeamepHas gucnponopuma?

YnpasneHue No BONpocam OXpaHbl 3[,0POBbA, TEXHVKM 6e30MacHOCTM 1 oxpaHbl Tpyaa (HSE)
He NPefOCTaBAET rOTOBbIV aNrOPUTM pacyeTa CTENeHU ANCIPONOPLIK, KOTOPas MOXET
CUNTATLCA «YPE3MEPHOI». He CyLeCTBYET N KaKUX-NTMOO KOHKPETHbIX YKa3aHWI CyfeOHbIX
OpraHoB OTHOCWTENIBHO TOFO, YTO HEOOXOAMMO YUUTbIBATb MPU OLIEHKE AUCTPONOPLMN
3aTpaT U BbIrofpbl. B cBA3W € 3TUM pelleHne cneayeT NPUHMMATL C YYETOM YCITOBUN KaXKLOro
KOHKPETHOrO Cilyyasi, ONMMPasch Ha AOCTYMHbIE faHHble 06 U3BECTHbIX MPONCLLECTBUAX.

Co BpeMmeH 1ccrefoBaHuii Ha o6bekTe «b» B Caindyanne 1987 roga nprmeHsaoTcA
cnegyowme KoapdULMeHTbI AUCNPONopLmn:

« [O/151 PYCKOB HU3KOTO YPOBHS 1 0OLLECTBEHHOCTN NMPUHAT KO3POULIMEHT 2;

« [ON151 PUCKOB A/1st PabOTHMKOB MPUHAT KO3PULMEHT A0 3 (T.e. 3aTpaTbl NPEeBbILIAIT
oThauy B 3 pasa);

+ [O/151 PYCKOB BbICOKOTO YPOBHS NMPUHAT Ko3dduupmeHT 10.

5.4. AHanus 3¢ PpekTnBHocTy 3aTpaT (CBA)

Bo MHOTVX Ciyyasx NPUHATUA PeLeHniA O <MUHUMASIbHOM NPAKTUYECKM NPYeMIEMOM
ypoBHe pucka» (ALARP) YnpaBneHue no Bonpocam oxpaHbl 300POBbSA, TEXHWKM
6e30MacHOCT 1 oxpaHbl Tpyaa (HSE) He TpebyeT OT OTBETCTBEHHDIX JIL, NPOBEAEHNSA
noapo6Horo aHanm3sa adpdekTMBHOCTY 3aTpaT (CBA). [JloCTaTOUHO NPOCTOro CpaBHEHWS
3aTpar ¥ BbIrofbl.
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AHanus 3¢pGeKTMBHOCTY 3aTpaT ciefyeT NPUMEHATb TONbKO NP NpUHATAN pelueHnia ALARP.
Mpu 3TOM 3TOT aHanM3 He AOMKEH ObITb AMHCTBEHHBIM NPV NPUHATUN peeHns ALARP r
He [OSIKeH MCMOosb30BaTbCA C LiefIblo U3MEHEHNA CYLLECTBYIOLWMX CTaHAAPTOB U MPUHATbLIX
MmeTofoB. Pe3ynbtat CBA cam no cebe He ABNAETCA OCHOBaHVEM [J1A NMPUHATUA PELUEHNA B
oTHoweHnn ALARP 1 He MOXeT 1NCnonb30BaTbCA 411 ONPOBEPXKEHNA YCTaHOBIEHHbIX
npaBw, a Takxe onpasAaHVA HENPUEMIEMOrO PUCKa UM OYEBUAHOTO HEKAYeCTBEHHOIO
NPOEKTNPOBaHUA.

Mo3BonuTtenbHble 3aTpaTbl, KOTOPbIE MOMYT YUnTbIBaTbCA B aHanm3e CBA, BkioyaloT:

YCTaHOBKY;
SKCrTyaTaumio;

obyueHue;

TeXHMYecKoe 06CIyKMBaHUE;

KOMMepuYecKue yObITKI, KOTOpble MOTyT MOC/IefoBaThb B CJlyyae OCTaHOBA TOMBKO C
LieNbio NPUHATUA MepP MO CHIPKEHNIO YPOBHSA PUCKa;

NMPOLIEHT Ha 3aMeAIeHHYI0 J00bIYY, HanpyMep, HedTb UK ra3, OCTaBLLMIACA Ha
MeCTOPOXAEHU BO BpemA NpoBefeHrsA paboT Ha nnatdopme;

BCe 3aABJIeHHbIe 3aTPaTbl, MOHECeHHbIe OTBETCTBEHHbBIM INLIOM (BCe 3aTpaThl
TPETbWX CTOPOH, T.€. OOLECTBEHHOCTY, UCKIIOYAIOTCA);

3aTpaTbl, KOTOPble CYNTAKTCA HEOOXOAMMBIMM MPU MPUHATAN MEP MO CHUMKEHNIO
YPOBHS prCKa (63 pOCKOLLN 1 Ype3MEpPHbIX 3aTpar).

MNo3BonutenbHble npenmyLiecTBa, KOTopble MOryT 6bITb 3asB/1EeHbI B XoAe aHanm3a CBA,
MOTYT BK/IOYaTb BCE NMpenmMyLlecTBa OT Mep NoBbllleHnA 6e30MacHOCTI B NOSIHOM 06beme,
€C)I OHN HE He4OOLEHEHDI. I'Ipemmyu.l,eCTBa OOJI>KHbI BKJTHOYATb BCE aCMeKTbl CHUXEHNA
YPOBHA prCKa A1 HaceneHus, pa6OTHVIKOB 1 06LLECTBEHHOCTY, BKIOYaA:

npepnoTBpaLleHne rnoenu;

npepoTBpaLleHne TPaBM (Nerkux n TAXKenblx);

npepoTBpaLLeHye YXyaLeHNsa COCTOAHUA 300POBbS;

npepoTBpalLeHye yiepba oKpyKatoLLein cpese, ecnv NpUMeHUMO (Hanpumep,
KOHTPOJ1b 32 OCHOBHbIMU paKTOpaMmn ONacHOCTK Ha npounssoactee, COMAH).

3anBNeHHble NPerMYLLECTBA, eC/N HEOBXOAMMO, TaKKe MOTYT BK/IOUaTb NMPeAoTBpaLLeHe
pa3BepTbiBaHNA aBAPUINHDBIX CIYXKO 1 MPUHATUA KOHTPMEP, TAaKNX KaK 3BaKyaLsa 1 04MCTKa
nocne aBapuin. OaHaKO ANA CPaBHEHUSA NPENMYLLECTB Mep NOBbILLEeHNA 6e30MacHOCT 1
COOTBETCTBYIOLMX 3aTPaT AO/MKHbI MCMOMb30BaTbCS 06LIME OCHOBAHYSA. [pocTol MeTog
rpy6oro otopa Mmep No3BoNAET CONOCTaBMTb MPEUMYLLECTBA W 3aTpaTbl B NPOCTO popme
«bYHTOB CTEP/IMHIOB B rofj» [l BCEr0 XMN3HEHHOTO LKA NpesnpusaTus.
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B tabnuue 1 npeacraBneHbl TUNNYHbIE feHEXHDbIE BENTMYNHDI, KOTOPbIE MOXXHO NCMONb30BaTb.

M'mbenb 1336 800 pyHTOB
CTEPNVHIOB (X2 Ana
paka)

TpaBma TpaBma, NprBOAALLAA K MOXN3HEHHON 207 200 ¢yHTOB
VNHBaNNAHOCTUN. HeKoTopble MOCTOAHHbIe CTEepSIVHIOB
orpaHuy4eHuna ana otabixa 1, BO3MOXHO,
onpepeneHHo aeaTenbHOCTM Ha paboTe.

Cepbe3sHas. HekoTopble orpaHnyeHuns B 20 500 pyHTOB
paboueli n/unn focyroBon feATeNbHOCTU B CTep/IVHIOB
TeyeHne HeCKOJNbKNX Heflenb/mecALeB.

Jlerkune TpaBMmbl, BKNIOYasa MefIKMe nopesbl 1 300 dyHTOB
yLm6bl, C ObICTPBIM 1 MONHBIM BbI3A0POBIEe- CTEPSIVIHIOB
Huem.

bonesHb BonesHb, npuoaALan K NOKM3HEHHON 193 100 pyHTOB
MNHBaNMAHOCTU. TO e, YTO ANA TPaBMbl. CTepP/IVHIOB
Lpyrue cnyyan 6onesHein. bonee ogHomn 2300 ¢pyHTOB CTEPANH-
Heflenu oTcyTcTBUA. Be3 HeobpaTUMbIX ros + 180 ¢yHTOB
nocneAcTsni Ana 300pOoBbA. CTEPJSIVHIOB 3a KaXK/blIN

[leHb OTCYTCTBUA

HesnauntenbHo [lo opHow Hepenw otcyTcTBmA. bes 530 ¢pyHTOB

HeobpaTUMbIX NOCNeACTBUN ANA 3[0POBbLA. CTeP/IVHIOB

Tabnuya 1: TunuyHoe 8o3meweHue yujepba no cyody (2003)

5.5.Mpumep

Bonpoc: PaCCMOTDETb XUMUYECKUNI 3aBof C npoueccom, KOTOprVI B CJly4ae B3pbiBa,

npueeneT K:

- rmbenu 20 yenosek;

+ UHBanMAHocTu 40 yenosek;

+ TpaBmupoBaHuto 100 YenoBek (TAxenble TPaBMbl);
« nerkum Tpasmam y 200 yenosek.

BepoAaTHOCTb B3pbiBa oueHMBaeTca B 10° B rof, 4To 3KBMBaneHTHO 1 Ha 100 000 B rog,.

PacueTHblii CpoK paboTbl NpegnpusaTis — 25 neT. KakoBbl pa3yMHble 3aTpaTbl OpraHu3aLmum

Ha NpefoTBpaLLEeHe p1cka B3pbiBa?

OtBeTbl: Ecnn PUCK B3pbiBa NCKNKOYEH, TO NpenMyLecTBa MOXHO OLUEHNTb CneayLwm

obpazom:
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Mmbensb: 20 x 1,336,800 ¢pyHTOB CTEpMHrOB

x 10°x 25 (ner) = 6684 GyHTOB CTEPNNHIOB
WHBanugHoctb: 40 x 207,200 $pyHTOB CTEPVIHIOB X

10°x 25 (neT) = 2072 $yHTOB CTEPNNHIOB
Taxenble TpaBmbl: 100 x 20,500 pyHTOB CTEPAVIHIOB X

10°x 25 (neT) =512 pyHTOB CTEPANHIOB
Nerkne TpaBmbl: 200 x 300 GpyHTOB CTEPSIMHIOB X

10°x 25 (neT) =15 PpyHTOB CTEpIMHroB
O6Lwe npermyLiecTBa = 9283 $yHTOB CTEPNNHIOB

BennurHa 9283 GyHTOB CTEPIMHIOB — 3TO NpeAnonaraeMas nosib3a oT NpefoTBpaLLeHNA
BO3MOKHOCTI B3PbIBa Ha NPeAnpuATAM, OCHOBAHHAA Ha COKPALLEHMM BO3MOXHOrO Yncnia
XKepTB. (3TOT MeTof He yunTbIBaeT aMopTM3aLMio U MHGRALMIO.)

[na mep, KOTopble CYNTAOTCA HENPUEMIIEMbIMU, 3aTPaTbl AOMKHbI HECOU3MEPUMO
NpeBbILIATb NOMyYEHHbIE NPenMyLLecTBa. B sTom cnyuae koadpduumeHT gucnponopuum
YKaXeT Ha TO, YTO NOCNeCTBYA TaKOro B3pbiBa MMEIOT BbICOKYIO LieHy. KoadduumeHT,
npesbiwaoLwmii 10, ManoBepoATeH, MO3TOMY AJ1A MPEA0TBPALLEHNSA YTPO3bl B3PbiBa MOXET
0Ka3aTbCA «MPaKTUYEeCK LieniecoobpasHbIM» OrPaHNYUTb 3aTpaTbl CYMMOU Ha YPOBHE

93 000 ¢yHTOB cTepnuHros (9300 ¢yHTOB cTepnUHIoB X 10). OTBETCTBEHHOE JILIO JOIKHO
060CHOBaTb NPUMEHEHNE HU3KOTO KO3pdULIMEHTA.

Takon I'IpOCTOIZ aHanu3 No3BOJINT UCKTIOYUTDb U NPeayCMOTPETb HEKOTOPbIE MepPb
6e30nacHoCT nyTem OUeHKN afibTepHaTUBHbIX pELIJEHVIVI ANA CHXKeHWA YPOBHA pUCKa.

AnbTepHATVBHBIV NOX0S,

Bepo;lTHee BCero, Mepbl NOBbILIEHNA 6e30MacHOCTL He UCKtovaT PUCK, a N1LLb HEMHOIO
CHU3AT €ro BepPOATHOCTb, 1 3TO CHUXEHME YPOBHA PUCKa, KaK NoslyvYeHHOe NpermyLLecTBO,
HeO6XOp,I/IMO 6y,qu OUEHNTb, CONOCTaBMB C 3aTpaTaMu.

Kak npaBwno, opraHu3aumm opueHTUPYTCA Ha YCIIOBHYHO LMPY «CTOMMOCTI CraceHns
OLHOW XMN3HW» (CTOMMOCTb NPefoTBPALLEHNA r’Mbenn ogHoro yenoseka, VPF).

CToUMOCTb NpeoTBpPaLLeHs rMbenn 3a BECb CPOK SKCMyaTaluy NpeanpusaTus
COMnocCTaBnAeTCcA ¢ uenesow senuuvHomn VPF.

yCOBepLLIEHCTBOBaHVIﬂ B cucremy 6e3onacHoCT BHEOPAOTCA NNLLb B TOM C/yYae, ecnn
3aTpaTbl HE ABNAKTCA HECOM3MEPUMO 60onbLWNMMN.
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5.6. Mpumep
Bonpoc: MpumeHeHne ALARP

LleneBas BennumHa 3aTpart, paBHas 2 MUNNOHaM GYHTOB CTEP/IMHIOB Ha OAHY CrlaceHHYIo
XKUN3Hb, MPUMEHAETCA B KOHKPETHOW OTpacn. [inA onpeAeneHHo onacHOCTY yCTaHOBNEH
OPVEHTMPOBOYHbIV MaKCMMasbHBbI MPYeMIeMbI PUCK Ha ypoBHe 107 B rof, uto
npepnonaraet ruéenb 2 YenoBsek.

Mo oueHKe NpeANoXeHHOW CcTeMbl 6e30MacHOCTY prcK cocTaBnseT 8,0 x 10, YunTbisas,
UTO LUIMPOKO Npremnemas (He NPUHMMaeMas B pacyeT) rpaHuLa prcka cocTasnseT 10° B rog,
TpebyeTca nposefeHne aHanm3a ALARP.

B paHHOM npumepe npu 3aTpaTtax B pasmepe 10 000 GyHTOB CTEPIMIHIOB AOMONTHUTENbHbIE
NpUGopbI 1 pe3epBrPOBaHME CHI3AT PUCK [0 YPOBHA 2,0 X 10° B rog (4yTb Bbille He
NMPUHMMAEMOro B pacyeT Mopora) Ha BeCb CPOK paboTbl MpeanpuATA, paBHbii 30 rogam.

CnepyeT v NPUHMMATb NPeanoXeHue?
OTBeT: Y1CI0 KIU3Hel, CNaceHHbIX 3a BECb CPOK PabOoTbl NPeAnpusaTUs, COCTaBSAET:

N = (COKpalLeHe Yncna CMepPTHBIX CTyUaeB) X UMCIIO CMEPTHbIX CJlyYaeB Ha
HeCYaCTHbIN ClyYal X CPOK paboTbl MPeanpuATYs
= (80x10°-2,0x10°x2x30
= 36x10*

CnepoBatesnibHO, 3aTpaTbl Ha O4HY CMACeHHY!I0 XM3Hb COCTaBNAIOT:

VPF = 10000/3,6x 10*
27,8 MIH GYHTOB CTEPINHIOB

BbluncneHHoe 3HaueHre VPF 6onee yem B 10 pa3 npeBbiLLaeT LieneBble 3aTpaThl Ha OfHY
CMACeHHY!0 »KM3Hb (2 MITH GYHTOB CTEPSIMIHIOB), MO3TOMY MPEASIOKEHNE JOMKHO OblTb
OTKJIOHEHO.
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f
6. OnpepneneHne TpebyeMoro ypoBHsA NOJIHOTbI 6e30nacHOCTN
(SIL)

6.1. DyHKLUMN 6€30NacHOCTU YNPaBNsAeMOro pexiuiMa 1 HenpepbIBHOTO pexXnma

B 3aBMCMMOCTI OT peXxkrma KCMyaTauum CyLLecTBYeT Ba Crocoba OLEHKIN OTKa30yCTo-
UMBOCTY CHCTeMbI 6e3onacHOCTW. ECnim cuctema ncnonb3yeTcsa pesKko, Hanprmep, pexe
O[HOrO pas3a B rof, TO Takas CMCTEMA CUMTAETCA paboTatoLLEN B YNPaBISEMOM B peXME
«Mo TpeboBaHuio». MpYMepoM Takol cMcTeMbl 6e30MACHOCTI MOXKET CNYKUTb MOAYLLKA
6e30nacHOCTV B aBTOMOGUIE.

A TOPMO3Has c1UCcTeMa aBTOMOOUA — 3TO NPUYMEP CUCTeMbl 6e30MacHOCTM, paboTatoLLeli B
HernpepbIBHOM PEXMME: TOPMO3a UCMONb3YIOTCA (MPaKTUYeCKM) NOCTOAHHO. [InA cuctem
6e30MacHOCTY, paboTatoLLX B YNPABIAEMOM PEXUME, Kak NMPaBUIIO, BbIUNCIIAETCA «CPefHAs
BEPOATHOCTb OTKa3a Mo TpeboBaHuio» (PFD), B TO BpeMsi KaK A4J1fd CUCTEM C HEMPEPbIBHbIM
pPeX1MOM PaboTbl MPUMEHSAETCSA NMoKasaTeslb «BEPOATHOCTb OMACHOro OTKasa B Yac» (PFH).

6.2. Pexxum ynpaBneHus - GyHKUUA 6e3onacHocTn

Hanpumep, nonyctm, 4to Ha NpeanpuATAN B CPeaHeM NPOUCXOANT 1 noxap B 2 roaa, u,
€CJIN HUYETO He NpelnpriHMMaTh, TO NoXKap NpUBeSeT K xkepTBam. MoXXHO HapucoBaTb
rpaduK CMepTHOCTY OT HECUACTHbIX ClyyaeB (puc. 17). YposeHb coctaBuT 0,5/rog,.

BepeT K
HeCHaCTHbIm\
cnyyasm co PuncK, 06bluHbIN

CMepTeNbHbIM  ng npouecca
NCXOAOM

Moxap Ha NpeanpuATIAK

YacroTa
BO3HUKHOBEHUA
onacHoCTU

Paz B2 rona
YactoTa CMepTeJIbHbIX HECHACTHbIX ClyYaeB —>

Puc. 17. Yacmoma cmepmesnbHbix HecyacmHebix aiy4dyaes
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B stom Cnlydae BaXHO, YTO npwv onpeaeneHnmn nocseacTeui no»kapa He NPUHUMAOTCA BO
BHMMaHMe cpencTBa 3alTbl, KOTOPbIE MOTYT YyXe 6bITb B HANVuUK. BHMaHmne o6paLU,aeM
Ha Xyawmume nocnencTsmA.

Ecnn yctaHOBUTb CUCTEMY CUrHanmM3aLmm o NoABAEHUN AblMa, KOTopas, AoNYyCTUM, byaeT
cpabaTbiBaTh 9 pa3 13 10, HecuacTHbIN ciyyali npounsonaet B 1 ciyyae 3 10 noxapos, Koraa
CYrHanmn3saums gact cboir. B Takom cnyyae yactoTa HeCHACTHbIX CJTyYaeB CO CMepPTeNbHbIM
NCXO[0M CHM3UTCA OT 1 cnyyad B 2 roga fo 1 cnyyas B 20 neT.

Benet Kk

HEeCYaCTHbIM

Cnyyasam co 4\

CMEPTENbHbIM Puck, o6bluHbIN

ncxoaom [N1A npouecca
[biMoBas noxapHas
CUrHanusauma cpabatbiBaet
9pa3m3 10

[lbimoBas noxkapHas
CUrHanusayma

YacToTa cMepTeNibHbIX HecHacTHbIX cyyaes 1 pas B 20 neT

Moxap Ha npeanpuATA

YactoTta
BO3HUKHOBEHMA
onacHocTu

Pa3 B 20 net PazB2ropga

YacToTa cMepTeNibHbIX HECYACTHbIX ClyYaeB ——————p
Puc. 18. CokpaweHHaa 4yacmoma cmepmeli

B aTOoM npumepe, ecnm curHanmsauma o nosBeHUy AbiMa cpabaTbiBaeT Npu 9 noxkapax 13
10, BepoATHOCTb OTKa3a no TpebosaHuio (PFD) coctaBnsaet 1/10 unu 10%. B paHHOM cnyyae
PFD = 0,1. CurHanu3aums o noasneHmm apima ¢ nokasatenem PFD, pasHbim 0,1, cHU3UT
YaCTOTYy HecyacTHbIX ciyyaes B 10 pas, AaB Ko3PULMEHT cHKeHMA pucka (RRF) 10.

Urak, PFD = 1/RRF.

BaXKHO NOMHUTD, YTO C TOUKM 3peHna maTeMaTukn PFD — 3To BepOATHOCTb, MO3TOMY
ABNAeTCA 6e3pa3mepHOit BENMUMHON Mexay O v 1.

6.3. Mpumep Tpe6oBaHMI1 K YPOBHIO NONHOTbI 6e30nacHocTy (SIL)

Mopxop, npymeHsaeMbln K onpegeneruto YIb, 3akntoyaeTca B BbluncneHnn KosddurumeHta
CHPKEHVSl PUCKa, HEOOXOMMOTO [J1s NPYIBEAEHWISI BEPOATHOCTM MNOCNIEACTBIN OMAcHOCTU
[10 NPYEMIEMOTO YPOBHA.
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PekomeHpoBaHHbIN nogxond K onpegenerunto SIL npegnonaraeT oueHKy pycka ANA Kakaom
OMacHOCTY Ha npeanpuaTun. Ecnn nposectn aHanus HAZOP v onpepgenntb npucyLmne
npoLeccam NoTeHUManbHbIE ONACHOCTY, KOTOPbIE MPUUMHAT YLLep6, ecin HUYero He
npeanpUHMMaTh, TO HEOOXOAMO OLIeHUTb NOTEHLManbHble NOCNeACTBUA. XyALune
nocnencTBUA N oNpefenaT MakcMMasbHYIo Npruemnemyto NepUoaNYHOCTb BO3HNUKHOBEHUA
OnacHOCTN.

Ecnv onacHocTb MOXeT NpuBecTy K rnbeny paboTHIKa, TO B 3aBUCUMOCTU OT MPUEMIEMOCTY
1 BONYCTVMOCTY KpUTepreB prcKa [4.6] MOXHO YCTaHOBUTb MaKCUManbHYto npremnemyto
nepuoANYHOCTb OMacHOCTU. VIHbIMIK cioBamu, AnA onpeeneHHoO ONacHOCTV MOXHO
YCTaHOBUTb MakcMMasbHbI NpremneMblii PUCK Ha ypoBHe 10 criyyaes B rog,.

MpoaHannsnposas NepPBONPUUKHDI, MOXKHO OLIEHWUTb BEPOATHOCTb ONAaCHOCTY B CJlyyae
6e30eCTBUA U COMOCTaBUTb €€ C YCTaHOBIEHHOW MaKCMarIbHOI NMpYeMIeMoli Nepuoamny-
HOCTbI0. MOXHO NPOBECTW NCCIIef0BaHNA N BbIACHWTb, YTO OMAaCHOCTb, €N e He yAenATb
BHUMAHVA, MOXeT cebA NPOABNATbL pa3 B rof. 3T0 1 eCTb Npo6e B yrpaB/ieHUn PUCKOM —
TO, YeMy HEOOXOAMMO yAEeNnUTb BHUMaHMe (puc. 19).

Bepet k
A/— HecqaCTHblm\
Mpremnembin cny4vaam co Puck, obbluHbIin
YPOBEHb puUcCKa CMePTESIbHbIM - nna npouecca
NCXoaoM

CreneHb pucka

OnacHocTb npouecca

10%/r 1/r

YacTtoTa BO3HMKHOBEHUA ONMACHOCT ————
Puc. 19. CmeneHb pucka

Mbl MOXeM B3ATb Ha cebsl OTBETCTBEHHOCTb 3a Mepbl 6€30MacHOCTY, KOTOPbIE YXKe MOTyT
ObITb MPeAYCMOTPEHDBI AJ1sl CHUMKEHUS NEPUOANYHOCTY PUCK], TaKMe KaK CUCTEMA CUTHANM-
3auuu (puc. 20). B Takom cnyyae curHanmsauma CHU3NUT NEPUOAMYHOCTb NOCNEACTBUN
oracHoCTY Ha ee KoadduumeHT PFD. Taknm ob6pa3om, npoben B ynpasieHrn puckom
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COKpALLIAETCA, HO OOLUMIA OCTATOUHBIN PUCK, XOTb 11 HEBOBLLOM, NO-NPEXHEMY NpeBbILaeT
MaKCUMarbHbI NpUuemMIemMblil PUCK.

BepeT K
A//_ HeCHaCTHbIM‘\
. CNly4anm co .
Mpremnembin CMepTeNbHbIM Puick, 06bluHbIN
YPOBEHb pUCKa NCXOIOM AnAa npouecca

PFD =0,1

@j"e% pucka

OnacHocTb npouecca

10%/r 0,1/r 1/r
YacTtoTa BO3HUKHOBEHMA ONAaCHOCT —— -
Puc. 20. Bknad ycmpoticme cueHanusayuu

BepeT K

A//_ HquaCTHuM‘\

. . cnyyaam co .

Mprnemnembin  CpegHuin Puck, o6bluHbIN
CMepTeNbHbIM

YPOBEHb PUCKa PUCK nexonom ana npouecca

PFD <0,1 PFD=0,1 PFD=0,1 PFD=0,1

CreneHb pucka

OnacHocTb npovuecca

10%/r 103%/r 10%/r 0,1/r 1/r
YacToTa BO3HUKHOBEHMS OMACHOCTU e
Puc. 21. [poyue yposHU 3auumel
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MpuHATE BO BHMaHVe APYTX YPOBHEN 3aLUUTbl MO3BOJIUT €Ll CHU3UTb OCTaTOUHBIN PUCK.
MoryT 6biTb NpefyCMOTPEHbI MeXaH1YecKne YyCTPOCTBA, Takue Kak NpefoxXpaHuTenbHble
KnanaHbl, B3pblBO3aLUMTHbIE CTEHbI N AaMObl. TakKke Mepbl CHVPKEHWA pUCKa MOTYT
BKJIOYATb yNpaBneHvie npoLleccamu, u3meputerbHble Nprubopbl 1 NpoLeaypbl, Tpy 3ToM
Kaxablii VX SNeMeHTOB BHeCeT CBOW BKI1AA B CHUMEHME YPOBHA OCTaTOYHOrO pucka (puc. 21)
Ha COOTBETCTBYIOLLYI0 emy BennuvHy PFD. B saHHOM nprMepe yuTeHbl Bce Mepbl 6e30nacHo-
CTY, UMEIOLLMECA Ha MPeANPUATIN, HO BCe PaBHO ocTanca npobesn. OueBUaHO, YTo And
CHVPKEHVA NeprOANYHOCTI ONMAcHOCTU O YPOBHSA HUKEe MaKCManbHO NpremMnemoro
noTpebyeTca eLle oAUH ypoBeHb 3almTbl ¢ PFD meHee 0,1. 370 1 ecTb 3aaya obecneyeHus
Tpebyemoro ypoBHs SIS (prc. 22). 3TK BbIUMCNIEHUSA, XOTS U BbIMOSTHEHHbIE B rpadUyeckoi
dopme, fatoT Ham LieneBoe 3HayeHre PFD ana SIS n no3sonsatoT onpegenutb uenu YIb. Bot
npumMep pacyeta GyHKLUUM 6€30MacHOCTY C yNpaBiaemMbiM PEXUMOM PaboTbl.

BepeT K
A/_Hecqacmbuw 4\
cnyyaam co
Ocratounbii  lNpuemnembin  CpegHun CMepTenbHbIM Prick, 06bIUHbIN
pVCK  ypoBeHb pyrcKa pUcK NCXO[oM AnAa npouecca
PFD <0,1 PFD=0,1 PFD=0,1 PFD =01

CurHanbl

MexaHuu. : ——

OnacHocTb npoLecca

10%/r 103/r 10%/r 0,1/r 1/r
YacToTa BO3HUKHOBEHMS OMacHOCT ———

Puc. 22. llenb PFD
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6.4. DyHKUMM 6e30onacHoCTH

TrnoBaA KOMMOHOBKa SIS 1 NpoueccoB npefcTaBneHa Ha puc. 23.

[ ABTomaTMq:cI:iaﬂ cuctema [€ 1

| 6e30MacHoOCTM |

| |

| |
—*P [Mpouecc —L >

Puc. 23. AemomamusuposaHHas cucmema 6esonacHocmu

ABTOMAaTV3MPOBaHHAs cMCTeMa 6e30MacHOCTM OTCIEXKMBAET HEKOTOPbIE MPOLECCHI 1
npeanpriHUMaeT AencTBUA AnsA obecnedyeHns ux 6e3o0nacHoCTY B Clly4ae BbIXOAA TEX MW
VIHbIX MapaMeTPOB 3a YCTaHOBMEHHbIE Npegenbl. Ha pyc. 24 npefctaBneH NpocToi nprmep
13 nepepabaTbiBaOLLEN MPOMBILLIEHHOCTH.

lmppaennyeckoe
nuTaHvie Noruka <«
CMA3
SnekTpo-
r . MarHUTHbIN
napasnmnyecknin Knana I_Iepe,anlWIK
BEHTUSIb aBnieHuA
< [5] A
@
KoHTponnep
JaBneHua
Beopn BbiBOg,
D
rasonposopja I rasonposopja >
KnanaH KnanaH I
BbIKNIOYEHMA  ynpasieHna ”
JaBneHvem
N ! >
HomwuHan 139 6ap HomwuHan 48 6ap
Puc. 24. DyHKyuA omKasa e cy4ae 603HUKHOBEHUSA ONACcHOU cumyayuu
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[H] PYKOBOACTBO NO BE3OMACHOCTY MPOLIECCOB 1

i

DyHKLMOHaNbHaA 6e30MacHOCTb B HEMPEPbIBHbIX MPOM3BOACTBAX

[

Ha puricyHKe nokasaH ra3onpoBog, NUTaloLWMI 31eKTpocTaHUumio. [a3 nocTynaeT cnesa
HanpaBo B KnanaH perynuposku fasnexnsa (PCV) uepes oTcekatowwmin knanaH. KnanaH
perynMpoBKY AaBneHVA ynpaBnaeTca KOHTposnepom Aasnenuns (PC), KoTopbin
nopafeprBaeT fiaBneHe ra3a Ha ypoBHe Hinke 48 6ap, Kak NpefycMOTPeHO TEXHUKOM
6e3onacHocTn. OTKa3 GYHKLUM KOHTPOSIA JaB/ieHNA MOXET NPUBECTM K 06pa3oBaHuio
136bITOYHOrO AABMEHNA B TPYOONPOBOAE AabLLE MO TEXHONOMMYECKOI LIeNOYKeE, YTO
Yrpo»kaeT pa3pblBOM, BO3ropaH1ueM 1 rubesnbio nepcoHana, nostomy 1 6bina npeaycMoTpeHa
3Ta PpyHKUWMA 6e30onacHocTU. DyHKLMA 6e30MacHOCTM COCTOUT U3 OTAENIbHOTO AaTumMKa
nasnenua (PT), cuctembl aBapuiiHoro otkoueHmns (CMA3) n otcekatolero knanaHa (SDV),
KOTOPbI NPYBOANTCA B AEMCTBIE MMAPABINYECKM KITanaHOM C 31eKTPOMarHUTHbIM
ynpasneHvem (SOV) ¢ Lenbio npekpaLleHna Nojayn rasa B ciyyae npesbllUeHNA 3aAaHHON
YCTaHOBKMU [aBNIEHNA HUXKE B TEXHONTOMMYECKON LiernoykKe.

6.5. Mpumep dyHKLMM 6€30MacHOCTY C yNPaBAsAeMbIM PEXKNMOM paboTbl

ABTOMaTu3MpOBaHHaA GYHKLUUA Ge30macHOCTU

nppasnnyeckoe
Jloruka
nuTaHue <«
CnA3
Mmppasnu- SnekTpo-
n MarHuUTHbIN
Heckun MNepepatumk
BeHTWIb Y K1anaH
[aBneHua

[s]

A

@

BoiBo
rasonposofa

Beop
rasonposofa

v

KnanaH
BbIK/IOYEHUSA

N >
HomwuHan 139 6ap " HomuHan 48 6ap'

Puc. 25. Pexxum ynpaeneHus — pyHkyus 6esonacHocmu

BoT npumep pacueta GyHKLMM 6€30MacHOCTY C YNPaBAAeMbIM PEXUMOM PaboTbl. OCHOBHbIE
XapaKTepUCTVKM GyHKLMM 6e30MacHOCTM C YrpaBsieMbIM PEXMMOM PaboTbl:

+ aBTOHOMHOCTb M0 OTHOLLEHUIO K MPOLECCy;
+ OTKa3 GYHKLMN NPUBOAUT K CHUXKEHIIO 6E30MaCHOCTY, HO HE CO3AAET OMacHOCTb;
+ Heob6xoAMMas YacToTa cpabaTbiBaHNA HU3KasA — MeHee 1 pasa B rog.
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PYKOBOACTBO MO BE30MACHOCTY MPOLIECCOB 1
OnpepeneHmne TpebyeMoro ypoBHA NONHOTbI 6e3onacHocTy (SIL)

CDyHKLl,I/II/I 6e30nacHOCTA C ynpasigseMbIM PEXVNMOM pa60TbI BKJTIOYAKOT CUCTEMDbI OCTaHOBa

TexHosormnyeckoro npouecca (PSD), cuctembl aBapuinHoro octaHoBa (CIMA3) n

OTKa30yCTONUMBbIE CCTEMBI 3aLL4MTbI TPYOOMPOBOLOB OT MOBbILLEHHOrO AaBneHus (HIPPS).

Oatumk pasneHus (PT), Kak yacTb GyHKUMM 6e30MacHOCTH, 0becneunBaeT HenpepbIBHbII

KOHTPOJ1b AlaBNI€HNA, HO 3TO HE MeLlaeT eMy OHOBPeMEHHO ObITb 1 KOMMOHEHTOM d)yHKLlI/IVI

6e30MacHOCTM C ynpaBnsemMbIM PeXxuMoM paboTbl. TepMUH «ynpaBaseMblil PeXXym»
OTpa<aeT NePUOANYHOCTb aKTVBaLMK, T.€. NePUOANYHOCTb CKAaUKOB AaBNEHNS.

6.6. Mpumep PpyHKUMN 6e30NaCHOCTY C HENMpPepPbIBHbIM PEXNMOM paboTbl

Ha pwic. 26 npegcrasneH nprmep GyHKLMN 6€30MacHOCTU C HEMPEPLIBHBIM PEXUMOM

paboTbl.
F———————— > Cucremva | -
| ynpasneHus [- ::_______I—I |
| i_’ ropenkamn [T T T T T | | |
! ! : | | |
i TE .. TE i
001 |00z [4TT®  *T[™Lo0z | ™ 004 ||I|
|1
XY |
101 ‘_Il |
]
I
TY | | |
3 102 [€ - | |
g ||
s U ) YT - —d———_— J|
X Hemndep
5 fomnter \ |
28— 4% |
|
HC _./'" |
202 , » T
OcHoBHoM ras TonnuBHbIV ra3 |
|
=)
\/ XY
SF—PX O -

Puc. 26. ®yHKuus 6€30NACHOCMU HENPepbIBHO20 peXUMa
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P PYKOBOACTBO MO BE30MACHOCTM MPOLECCOB 1
l OyHKLMOHabHas 6€30MacHOCTb B HEMPePbIBHbIX NPOU3BOACTBAX

(

3TO NpUMep TUMMYHOW CUCTEMbI ynpaBneHna paboTtoit kotna. Cnctema KOHTponvpyeT
nofauy TOMN/vBa 1 BO3[lyXa B Kamepy CropaHusA 1 CeuT 3a NnaMeHeMm, NCronb3ya
MJamMmeHHble JeTEKTOPbI.

B cnyuae ncuesHoBeHUA NiamMmeHn CUCcTeMa YrpaB/eHs nepeKkpbiBaeT rnogady rasa, utobbl
NPeoTBPATUTDL Ero CKOMJIEHE U BO3MOXXHOCTb B3PblBa. Kpome Toro, nepes posKurom
Kamepa CropaHus TakKe NpoayBaeTcs C Lesbio YAANEHUA rasa, KOTOPbIi MOT B HE
CKOMUTBLCA U3-3a YTEUKM B KNanaHax Uiv HeUCrNPaBHOCTU KOHTPOSIbHO-I3MEPUTENTbHOM

annaparypebi.

Takum 06pa3om, cucteMa yrnpaeeHna obecneursaeT 6e30MacHblii 3amyck, NPoayBKy, a
TaKxe C1lemnT 3a paboTol B npoLiecce ropeHus. B ;aHHOM npumMepe crcTema ynpasaeHus 1
CBA3aHHbIE C HEel AAaTUMKM 1 KnanaHbl 06pa3ytoT GpyHKLMIO 6€30MacHOCTU C HEMPEPbIBHbIM
PeX1MMOM paboTbl.

OCHOBHble XapaKTepUCTVKM GYHKLIMM 6E30MACHOCTY C HEMPEPbIBHBIM PEXNMOM PabOTbI:

+ peanu3aums HEKOTOPbIX GYHKLMI YNpaBNeHNs;

+ OTKa3 GYHKLUM 06bIYHO NPVIBOAWT K CO3AAHNI0 OMACHOMN CUTYaLmu;

« HeobxopayMas YacToTa cpabaTbiBaHWA BbiCOKas — 6onee 1 pasa B rof Unv gaxe
HenpepbIBHO.

®yHKLMY 6E30MaCHOCTY C HEMPEPBIBHBIM PEXMMOM PaboTbI, Kak NPaBuUo, NPefCcTaBeHb
cMCTeMamm ynpasiieHra PaboToi KOTNOB 1 TYPOUH.

6.7. Tpebyemble ypoBHM NONHOTbI 6e3onacHocTu (SIL) ana GpyHKUMIA c ynpaBnseMbim
pexnmom paboTbi

B cranpapte IEC61511-1 (9.2.4) uenesble nokasatenv PFD pacnpegenatoTca no rpynnam unm
YPOBHAM NONHOTbI 6e3onacHocTy (SIL). B nprBepeHHOM BbiLe npumepe [6.3] ana dyHKUUN
6e30MacHOCTIN YCTaHOBJIEH LieneBoii nokasatenb PFD <107, yto npuBoauT K TpeboBaHUAM
YPOBHSA NOHOTbI 6e30mnacHocTu SIL1, Kak nokasaHo B Tabnuue 2.
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PYKOBOACTBO MO BE30MACHOCTY MPOLIECCOB 1
OnpepeneHmne TpebyeMoro ypoBHA NONHOTbI 6e3onacHocTy (SIL)

~

Pexum ynpasneHus YpoBeHb NOMHOTbI
(CpepHAa BepOATHOCTb OTKa3a Mpw BbIMOIHEHUV NPOEKTHOW | 6e3onacHoOCTH
DYHKLUMN «MO TPebOoBaHWI0»)

>107% Ho <10* 4
>10% HO <103 3
>1073, Ho <107 2
>10? Ho <10 1

Tabnuya 2: Tpebyemble yposHU omkazoycmotiyueocmu (SIL) 0na ¢yHKyuli c ynpaenaemelm
pexxumom pabomel

MpumeuaHme. Lienesble BennumHbl PFD 06beanHsioTca B ypoBHU (SIL), Tak Kak ctaHaapT
TpebyeT obecrneyeHnsn onpefeneHHbIX YPOBHEN HAAeXHOCTV TEXHWKU 1 Mep, MPUMEHSAEMbIX
NPV KOHTPOJe 1 NpefoTBPaLLEeHUN CUCTEMATUYECKMX OTKA30B. TN TpeboBaHWA NogpobHee
paccmaTpuBatoTca B pasgene [12.15].

6.8. Tpe6yembie ypoBHU NONHOTbI 6e3onacHocT (SIL) Ana GyHKUMIA C HenpepbIBHbIM
pexumom paboTbl

B crangapte IEC61511-1 (9.2.4) TakKe OroBopeHbl Tpebyemble ypOBHW NMONHOTLI 6e30MacHo-
cTm (SIL) pna cuctem 6€30MacHOCTM C HEMPEPBIBHLIM PEXMMOM PaboTbl (cMm. Tab. 3).

HenpepbiBHbIN pexxum YpoBeHb NONHOTHI
(BepoATHOCTb onacHoro oTkasa Ha yac, PFH) 6e3onacHoCTUN
2107, Ho <10® 4
>10%, Ho <107 3
2107, Ho <10 2
>10%, Ho <10 1

Tabnuya 3: Tpebyemble ypo8HU nosiHOMbI 6ezonacHocmu (SIL) 0ns hyHKkyul ¢ HenpepobleHbIM
pexumom pabomel

MpumevaHme. EQMHMLEN n3MepeHna 1 NoKasaTenem 0TKa3oyCTONUNBOCTY ANA peXkrMa
HenpepbIBHOM PaboTbl ABNAETCA KMHTEHCMBHOCTb OTKA30B» UM «BEPOATHOCTb OMACHOIro
OTKa3a B yac» (PFH).

CHocKa.
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[H] PYKOBOACTBO NO BE3OMACHOCTY MPOLIECCOB 1

i

DyHKLMOHaNbHaA 6e30MacHOCTb B HEMPEPbIBHbIX MPOM3BOACTBAX

(

Ha nepBbii B3rnag, Lenesble BENMYMHbI OTKAa30yCTONUYMBOCTI MOTYT NMoKa3aTbca bonee
obpemeHUTENbHbIMU, YeM N1 CUCTEM C YNPaBAAeMbIM PeXxrmom, Hanprmep, SIL1
(ynpaBnsaemblin pexxum) fomxeH nmeTb PFD <107, a SIL1 (HenpepbiBHbIN pexum) nmeet
PFH <10° oTka30B B yac.

Tabnuubl conocTaBMMbl, €SI Npeobpa3oBaTh YMCIIO OTKA30B B Yac AJ1f HeNpepbIBHOMO
peX1ma B Yo OTKa30oB B rof. B rogy npumepHo 10 yacoB (ecnv TouHo, To 8760), Tak UTO
Tabnuuy Ana HeENPepPbIBHOMO PeXXMMa MOXXHO OTKOPPEKTUPOBaTb CliefyoLm 06pa3om
(Tab. 4).

HenpepbiBHbIN pexxum YpoBeHb NOAIHOTbI
(BepoATHOCTb OnacHOro oTkasa Ha rop) 6e3onacHocTN
>10%, Ho <10* 4
>10% HO <1073 3
2103 Ho <1072 2
2102, Ho <107 1

Tabnuya 4: Tpebyemvle yposHU nosiHomel 6esonacHocmu (SIL) 0na ¢yHKYUG ¢ HenpepbisHbIM
pexumom pabomel

6.9. Pexxumbl pa60oTbl (ynpaBnaemMbliii 1 HenpepbiBHbII)

na onpepenenna cnocoba pabotsi SIS ctaHaapt IEC 61511-1, 3.2.43 npegnaraet
cnepytoLme onpeneneHus.

YnpaBnaembli pexxmim

+ PEXUM, B KOTOPOM 3afjlaHHOe [eCTBIE BbINOJHAETCA B OTBET Ha OMNpeesieHHble
yCNioBuA NpoLecca unu komaHay. B cnyyae onacHoro otkasa ¢yHKLMUY aBTOMaTH-
3MpoBaHHoON 3awuTbl (SIF) noTeHLmManbHas ONnacHOCTb BO3HUKHET TONbKO Mpu
OTKa3e OCHOBHOW CUCTeMbl yripaBneHua npoueccom (BPCS).

HenpepblBHbIN pexxum

+ B {Jlyyae OrMacHOro otkasa GpyHKLMM aBTOMaTU3NPOBaHHOM 3awwuTbl (SIF)
noTeHLManbHasA OMacHOCTb BO3HKHET 6e3 NoceAyioLLero oTkasa, ecm
NPUHATbI MEPbI MO ero NPeoTBPaLLEHNIO.

npaKTI/ILIeCKVIPI cnoco6 onpeneneHnaA, ABNAETCA Nn (I)yHKLlI/IFl 6e30MacHOCTU NOSTHOW NN
D,OI'IyCKaiOLLleVI yl'lpaBJ'IHEMbIIZ pexnm pa6OTbI, —3TO onpefennTb 3HAUYNMYO METPUKY NN
NnoKa3saTeJib HajleXXHOCTW.
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PYKOBOACTBO MO BE30MACHOCTY MPOLIECCOB 1
OnpepeneHmne TpebyeMoro ypoBHA NONHOTbI 6e3onacHocTy (SIL)

Hanpumep, noayLku 6e30nacHOCTY B aBTOMOGWMIIE MPEACTaBAIOT CO60M LieHHY0 GYHKLMIO
6e30MacHOCTY 1 MHe, Kak BOAUTENIO, UHTEPEeCHa BEPOATHOCTb OTKa3a Mo TpeboBaHwIo,
KoTopas Obl NOATBEPANNA, YTO GYHKLMA Npreminema Kak GyHKUMA C ynpaBnaembIM pexi-
MOM paboTbl. YunTbiBas N3N0XEHHOE B paszaene [6.5], 0CHOBHbIE XapaKTepUCTUKM GYHKLMM
6e30MacHOCTY C yrpaBiaemblM PEXNMOM PaboTbl CrieayioLume:

+ aBTOHOMHOCTb MO OTHOLLEHWIO K MpoLeccy;
+ 0TKa3 GYHKLMN NPUBOANT K CHIXKEHMIO 6€30MaCHOCTH, HO He CO3[aeT OMacHOCTb.

Takym o6pa3om, Tabnuua 2 NOATBEPXKAAET, UTO LieSIeBO NoKasaTesb GYHKLMM C
yNpaB/sieMbIM PeXMMOM PaboTbl — 3TO BEPOATHOCTb OTKa3a Mo TpeboBaHMIo.

A TOPMO3HOW CMCTEMbI aBTOMOGUIISA, HAOGOPOT, 3HAUVIMO METPUKOM ABMIAETCS
WHTEHCMBHOCTb OTKA30B UMM HYKCIIO OTKA30B B Yac. Kak BOAUTENIO, MHE MHTEPECHO 3HaTb
WHTEHCUMBHOCTb OTKa30B GpyHKLMM 6€30MacHOCTY, MOSTOMY 3TO XOPOLLUMIA MPU3HAK,
yKa3blBaloLL/i1 Ha GYHKLMIO C HEMPEPbIBHbIM PEXUMOM PaGOoTbI.

OCHOBHble XapaKTePUCTVKN GYHKLUM 6e30MacHOCTY C HEMPEPbIBHBIM PEXMMOM PaboTbi:

+ peaniaumsa HeKOTOpbIX GYHKLWI yNipaBieHus (B LaHHOM Cllyyae — TOPMOXKeHMeE);
+ 0OTKa3 GYHKLMMN 06bIYHO NMPYBOANT K CO3AAHMI0 ONACcHOM CUTyaLmn (B faHHOM
Cnyyae — noTeps ynpasneHus).

Tabnuua 3 noaTBepPKAAET, UTo LieneBol NokasaTenb GYHKLUUM C HEMPepPbIBHLIM PEXMMOM
paboTbl — 3TO UNCIIO OTKA30B B Yac.

6.10. DyHKLMN 6€30MacHOCTH C yNpaBAsAeMbIiM PeXXNMOM
6.10.1. Npumep

Bonpoc: B TexHonornyeckom 3oHe ntoan HaxoAaTCA B TedeHme 2 4acoB B AeHb. M36bITok
[laBNeHVA NPVBOAMT K yTeUKe rasa 1 no oueHkam 1 13 10 yTeuek rasa NnprBOANT K B3PbIBY,
B pe3ysibTaTe KOTOPOro rmBHEeT onepartop.

AHarnn3 NokasbIBaeT, UTo CJlyyam U3ObITOUYHOrO aBNeHUA NMEIOT MeCTo Kaxkable 5 net
(r.e.0,2 pazaBrog).

JonycTrm, MakcmanbHas npremiemas NepuoanyYHOCTb OnacHoOCTY (rmbenb onepaTtopa ot
B3pbIBa) cocTasnsaet 10* pa3 B rog,.

Kakum 6ynet Tpebyemoe 3HaueHve PFD ansa SIS?

OtBeT: YacToTa HecyacTHbIX CJlyvyaeB CO CMepTeJibHbIM NCXO40M:
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PYKOBOLCTBO NO BE3OMACHOCTW MPOLIECCOB 1
DyHKLMOHaNbHaA 6e30MacHOCTb B HEMPEPbIBHbIX MPOM3BOACTBAX

i
o

=0,2 (pasaBroa) x2/24x1/10
=1,67x 103 pa3Broa.

CnepoBaTenbHO, cUcTeMa 6e30MacHOCTU JOMKHA MMETb BEPOATHOCTb OTKa3a Mo
TpeboBaHuo:

=10*pa3Broan/1,67 x 103 pa3Brog
=6,0 x 107, yTo COOTBETCTBYET YPOBHIO SIL1.

310 npumep aBTOMaTI/I3VIpOBaHHOIh cmcTembl 6€30MacHOCTL C ynpasnaembiM
pPeXxrnmom pa60TbI, NOCKOJIbKY OHa aKTUBUPYETCA C NePUOANYHOCTDBIO, onpenenﬂemoﬁl
NHTEHCMBHOCTbIO OTKa3oB KOHTPOINpPyeMoro 060py,ElOBaHVIF|.

Mbi MOXeM y6eauTbca, 4To pesynbTaT GpakTnyeckn ABNAeTcA nokasatenem PFD, Tak
KaK 3T YacTHoe K03ddULIMeHTOB, MpeacTaBnsioLlee co6oi 6e3pasmepHyio BEUYMHY —
BEPOATHOCTb.

6.11. DyHKUMN 6€30MacHOCTU C HENPEPbIBHBIM PEXKNIMOM

Ha puic. 27 npepctaBneH ynpoLlyeHHbl nprMep GyHKLMY 6e30MacHOCTY C HEMpPepPbIBHbIM
pexrMoM paboTbl. XMMYeCKoe BeLLeCcTBO B KOT/IE HAarPEBAETCA NEKTPUYECKIM
371eMEHTOM, paboTa KOTOPOro KOHTPOMMPYeTCA faTYMKOM TemMrepaTypbl.

Perynartop
Boﬁnep Temnepartypbl
Harpesatenb

MuTaHne ——

Bbixoa
Harpesatenb npouecca

Bxop

Bonnep
npouecca

~———

Puc. 27. DyHKuusA 6e30NacHOCMU HenpepLIBHO20 pexuma

JonycTtyim, UTo Neperpes KoT/ia MPUBOAUT K Pa3pbIBY, yTEUKe XMMUYECKOTO BELLECTBA
1 nocnegytoLemy BO3ropaHuio C BEPOSTHOCTbIO rMbenn nepcoHana. 1o ABHbIN PUCK,
KOTOpbI crieflyeT NpefoTBpaTUTb. B TaKoM Nprimepe MHTEHCUBHOCTb OTKA30B BO BCEM
TEXHOMIOMMYECKOM NPOLIECCE He AOMMKHA NPEBbILLIATh MAKCMMabHO MPYEMIEMbII
YPOBEHb pUCKa [J1s JaHHOI OMacHOCTM.
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PYKOBOACTBO MO BE30MACHOCTY MPOLIECCOB 1
OnpepeneHmne TpebyeMoro ypoBHA NONHOTbI 6e3onacHocTy (SIL)

6.11.1. Npumep

Bonpoc: [lonycTum, 4To 0TKa3 KoTna NpBOANT K neperpesy 1 noxapy, a 1 n3 400 oTka3os
NPUBOAUT K cMepTU. [lonycTrM, MaKCManbHasa npriemnemas nepuoanyHoCTb rmbenn
cocTaenseT 10~ pas B rog (rnéesib TpeTbrx nL).

Kakol byfieT MakcMManbHO NprieMnemasn MHTEHCUBHOCTb OTKa30B KoTia?

OrtBer: nOCKOﬂbe 1 13 400 OTKa30B JO/MKEH MMETb BEPOATHOCTb, MeHbLUYIO N PaBHYIO
MaKCMaJibHO npuemnemomy YpOoBHIO pUCKa, MOXKHO CKasaTb, YTO:

107 pa3 B rog = As x 1/400
rae A\s — MHTEHCUBHOCTb OTKA30B KOTha.
Takum obpaszom,

s =400x 10 pa3 Brog
=4,0x 103 pa3 B rog, YTo COOTBETCTBYET YPOBHI0 SIL2.

B jaHHOM nprimepe cucTeMbl 6€30MacHOCTY C HeNpPepbiBHbIM PEXVMOM PaboTbl paccMaTpu-
BaeTCA CMCTeMa, KOTOpas NMOCTOAHHO HAXOAMUTCA B YC/IOBUAX PUCKA, T.€. CMOMb3yeTcA
HenpepbiBHO. KoTen moxeT oTkasaTb B 400 pa3 valle, YeM MakcManbHasa npremnemas
WNHTEHCMBHOCTb OTKA30B, TaK Kak NuLb 1 13 400 OTKa30B MOXKET NPUBECTYU K rnbenu.

B 3TOM NpumMepe Ham Heo6xoAMMO pa3paboTaTb 1 CO3AaTb NPOLIECC, BKOYAIOLUIA KOTeT,
HarpeBaTesbHbIN 3NIEMEHT U JaTUMK TeMMEePaTypbl, B COOTBETCTBUM C TpeboBaHuaMM YTB
SIL2, Npu 3TOM MHTEHCMBHOCTb OTKA30B A0IXKHa 6biTb HUxe 4,0 x 103 pa3 B rog. 31o
[IOBOJIbHO CJIOXKHasA 3a/laua, HO eCTb 1 APYroli Cnocob.

6.11.2. Npumep

Honyctm, Mbl co3gany NpoLecc ¢ KOTAOM 1 BbIYNCINAN MHTEHCMBHOCTb OTKA30B, PaBHYIO
5,0 x 102 pa3s B rog, uTo NpeBblLLaeT Tpebyemyto BenuunHy 4,0 x 10 pasa B rog.

Ecnwn aTo Tak, 1 1 13 400 0TKa30B NPMBOAMT K rMbesnn, To YacToTa HecUYacTHbIX Cyyaes byaeT
cnepytoLen:

=5,0x 102 (pa3 B rog),1/400
=1,25x10%pa3

UTO MPEBbILLAET MaKCMabHYHO MPYEMIEMYIO MHTEHCMBHOCTb B 10 pa3 B rog (rmbenb
TPETbUX InL).
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[H] PYKOBOACTBO NO BE3OMACHOCTY MPOLIECCOB 1
l DyHKUMOHanbHas 6€30MacHOCTb B HEMPEPbIBHbIX NPON3BOACTBAX

i

[

AJ'IbTepHaTI/IBHbIVI noaxon MoXxet ObITb OCHOBAH Ha AonycKe OTKa3a KoTJ/ia npu Takom
BbICOKOW MHTEHCMBHOCTI OTKa30B " pa3pa60TKe (I)yHKLl,I/II/I 3alnTbl ANA CHUXEHWA YaCTOoTbl
CMEPTHbIX CJly4aeB A0 MaKCMMalbHO NMpremMnemoro ypoBHA (pI/IC. 28).

CMNA3  |¢
A 4
Pene
|
| Pperynatop
Bbonnep TemnepaTypbl
HarpeBatenb Mepenatunk
MuTaune  —F——— TemnepaTypbl
Bbixop, "
Harpesatenb npouecca
Bxon Bownnep
npotjecca
~—

Puc. 28. Pexxum ynpaeneHus — pyHkyus 6esonacHocmu

Mpu Takoi KoHUrypaLmn NpeaycMOTPEH BTOPOI HE3aBMNCHMbIN [aTUMK TeMMepaTypbl A
M3MepeHUsa TeMrnepaTypbl Ha BbIXOAE, UCMONb3yeMblii A BbIKMOYEHUA B Cllyyae OTKa3a
npoLecca NUTaHKA HarpeBaTebHOro 3eMeHTa MOCPeCTBOM CCTEMbI aBapUINHOTO
OCTaHOBa.

Mo»Ho cKasaTb, uTo
10° pa3 B rog = As X PFDr

rae As — MIHTEHCMBHOCTb OTKa30B KoT/a, 1,25 x 10 pa3 B rog, a PFDr — BepoATHOCTb OTKa3a o
TpeboBaHMIO 418 OTAENBbHOIO cpabaTbiBaHUA.

Takum obpazom,

PFDr < 10° pa3Brog/1,25 x 10 pa3 B rog
PFDr< 0,08

uto cootBeTtcTByeT YIB SIL1 GyHKLMM 6e30MacHOCTY C ynpaBisieMbIM PEXNMOM PaboTbl.
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MprmeyaHmne. T fBa NpVMepa NO3BONAT CMPOEKTNPOBATb CUCTEMY KOT/a U
obopynoBaHus B cootBeTcTBuM C YIB SIL2 nnu e JonycTuTb OTKa3 B paboTe crcTeMbl KOTNa
npu Hannumn dyHKuMK 3awwmTbl YTB SILT ¢ ynpasnsembim pexkimom paboTbl. Oba BapriaHTa
YAOBNETBOPAIOT TPEOOBAHVIAM B OTHOLLIEHVN MaKCUMabHO NPUEMIEMOTO PUCKa, HO
pa3paboTtka HebonbLon GyHKLMK 3awuTsl YIB SILT ¢ ynpasnsembim pexxumom paboTbl
SKOHOMMYECKN BbIrofHee, yemM pa3paboTka cuctembl 3awuTbl YI1B SIL2.
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7. Qnarpammbi pucka
7.1.BBepeHne

B pa3penax [6.10] n [6.11] npefcTaBneHbl cnocobbl oLeHKN TpebosaHuii B SIL meTogom
pacyeTa, OfiHaKo B YCJIOBMAX MHOXKeCTBa OMnacHOCTel yaobHee BbINOMHATb aHanm3 ¢
NCMonb30BaHMEM AVarpaMmbl prcka. MeTog NocTpoeHWs AnarpaMmbl pUcka No3BosAeT
6bICTPO MNPOK3BECTM OLIEHKY Cpa3y pAfa OnacHOCTEN.

Fm———— P P -
) 1 ) [} 1
pows o ow2 b owr
1 1 1 [} 1
. I S, I a

Ca
—»  Taxenas a > - o -
TpaBma
+ Pa npepoTepalleHve ' 1 _’ a _» -
Cb Fa peako BO3MO>KHO
CepbesHan > noasepraTca
TpaBma, Pb npepotepalieHne
+ eANHNYHBIN [ ManoBepoATHO } 3 _’ 1 _»
o a
CMEpTe"bquM N Fb uacto > Pa npepoTBpalueHure
cnyyan
4 nopseprawTcs BO3MOXHO
— Fa pegko
CTapT o P noagepraiotca Ly Pb npe,qo'rapam::me
FHp| Heckonbko | } 3 iq 2 1q 1
epTB + Pa npepotepatyeHve
x p _’ Fb yacTto BO3MOXHO
nopsepratotca ||
Fa peako Pb npepotspalieHue
+ ManoBepoATHO
P nopsepratoTca :|_> 4+ bl o3 bl 2
Lp| MHoro | | P Pa npepotepalueHve
XepTB Fb BO3MOXHO
yacto
> noasepraotca
Pb npepotepalieHue ' 5 4 3
+ ManoBepoATHO -’ -’
Puc. 29. [luaepamma munuyHoz0 pucka

[OnAa Havana onpegenatoTca nocnencTsma onacHocty — Ca, Cb, Cc nnn Cd.

3aTem onpegenseTcA NepUOANYHOCTb UM KOHLIEHTPaLWsA puUcka Ansa nuua, Hanbonee
NOABEPXKEHHOI0 OMACHOCTY, a TaKXKe AeNlaeTcaA pasfimume Mexay peakomn NofBepKeHHOCTbIO
(Fa) n yacToin noggepxeHHOCTb (Fb). Kak npaBusio, ecim BepoATHOCTb TOrO, YTO NNLO, B
HanbonblUeln cTeneHy NoABePXEHHOE PUCKY, MOMaAET B SMMLEHTP OMacHOCTH, COCTaBNAET
10% nnu MeHbLLE, TO NOABEPXKEHHOCTb CYMTaeTCA peaKkon. B npoTmeHOM ciyyae
NOABEPXKEHHOCTb CYNTAETCA BbICOKOM.

Ecnnuns avarpamMmmbl AieayeT, YTo eCTb BEPOATHOCTb TOrO, YTO NIMLO, MOABEPKEHHOE
PUCKY, CMOXeET n3bexartb OnacHOCTN, HanNnpuMep, NOKMHYB ONacHOE MeCTo, NonyynBs
npeaBapuTesibHOE yBeaoMNeHne 06 OMacHOCTU UM BOCMOJIb30BaBLNCh cpeacrsamun
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3aLLWThI, TO MOXKHO YTBEPXKAATb, UTO OMACHOCTU MOXHO U36eXaTb, 1 TaKOW BapUaHT MOXHO
NPWHATB KaK pabounii. B npoT1BHOM ciyyae cneflyeT [LONyCTUTb, UTO M36BexaHe OnacHoCTH
MaJIOBEPOATHO, 1 MPVHATL NO3KLMIO U3 0611aCTM CpaBa OT AnarpamMmbl prcka.

HakoHeL, He06X0AMMO NPUHATL BEPOATHOCTb OMACHOCTM, BbIGpaB COOTBETCTBYOLLMI
cron6el — W3 (0THOCUTENBHO BbICOKas BEPOSTHOCTb), W2 (He3HaumTenbHan BEPOSTHOCTb)
nnn W1 (HrM3Kas BepoATHOCTb). B Touke nepeceyeHmns CTpoKM 1 cTonbua ykasaH Tpebyembiii
YIb.

7.2.Mpumep

[ins nprmepa JONYCTVM, UTO EMKOCTb /1A XPaHeHs 6eH3MHa MOXKeT NepeninuTbcsa um
BbINYCTUTb Napbl COAEPXKMMOTO, KOTOPbIE MOTYT BOCMIAMEHUTLCA U NPUBECTY K KaTacTpode.
Mbl OLEHMAY NEPUOANYHOCTD 3aIMBKI 1 NMPUHASIN PELLEHNE, YTO BEPOATHOCTb OMACHOCTY
HaxoguTcA Ha yposHe W1 (HV3KasA BEPOATHOCTb). Y paGOTHUKOB NpeanpusaTus HeT
BO3MOXHOCTM 136€>KaTb OMACHOCTY, eC/IN OHa BO3HMKHET. [epcoHan HaxoauTCsA Ha o6 bekTe
PeAKo, TONMbKO Korfha MPOBOAMTCA TEXHMUECKOoe 06CYKMBaHE, Kak MpaBuio, MeHee 1 vaca
B CyTKM. Ha puc. 30 nokasaHo, KaK 1Cnosib30BaTh AuUarpammy prucka ansa goctuxerus Yb
SILT.

Ca
> T I I

Tpasma

Pa npegotepalleHne ' 1 _’ a _’ -

BO3MOXHO

Cb
CepbesHas
TpaBma,
B eOUHUYHbI
CMepTesNbHbIN

cyyan

Fa peako
noaseprarwTca

Fb yacto
noasepraioTca

Pb npepot

ManoBepoATHO
:|-> 2 B 1 b

Pa npegoTspalleHne
BO3MOXHO

Crapt =5
3 B 2
Pa npepoTepalleHne
Fb yacto BO3MOXHO
noasepratoTca
Fa peako Pb npepot
ManoBepoATHO
d nogsepratoTca - :l_’ 4 H>| 3 H>| 2
a npeaoTepalleHne
+ Moro BO3MOXHO
epTe Fb uacto
noagepraiwTca b
Pb npegot > 5 4 3
ManoBepoATHO -’ -’
Puc. 30. lpumep ¢ ucnonb3osaHuem epaga pucka

65 @ Allen-Bradley



«

[H] PYKOBOACTBO NO BE3OMACHOCTY MPOLIECCOB 1
l DyHKUMOHanbHas 6€30MacHOCTb B HEMPEPbIBHbIX NPON3BOACTBAX

i

[

B paHHOM npumepe yHKLMA 6€30MacHOCTY MOXET ObITb MpefcTaBeHa AaTYvKoM
BbICOKOrO YPOBHS, MO CUTHasy KOTOPOro NepeKpbIBaeTCA BMyCKHOW KanaH. 3T1o byaeT
YPOBEHb MOMHOTHI 6e30mnacHocTu SILT.

OpHako obLasn auarpamma prcka MoXKeT ObITb CyObeKTUBHO 1 3aBUCETb OT BapuaLuii
B VIHTEpPNpEeTaLun napameTpoB pucka. CiegoBaTesibHO, BO3MOXKHbI HECOTIaCOBaHHbIE
pe3ynbTaTbl, KOTOPble MOTYT NPUBECTU K MeCCUMMCTYECKON oLeHKe Lenen YTb.

Ha paHHOW Ararpamme prcka HEKOTOpbIe LienieBble YpoBHY SIL oTMeueHbl ByKBamu «a»

1 «b». TepmuHbl «SlLa» 1 «SILb» nHorAa ncnonb3yloTca B MPOMBILLIEHHOCTY, XOTb U He
¢burypupyioT B ctaHfapte. TepmuH SlLa 06bIUHO Npeanosnaraert, uTo TpebyeTcss HeKoTopoe
CHWXKEHVIE YPOBHA PUCKA, HO KOIPOULIMEHT CHIIKEHMA PUICKa HE AOITKEH ObITb TaKym
60nbLIMM, Kak ana ypoBHa SIL1. ViHbiMu cnoBamu, TpebyeTca PFD B npepenax ot 1 (6e3
CHVXKeHMA YpoBHA pucka) go 0,1 (SIL1). CnegyeT 3amMeTuTb, UTO HEKOTOPbIE OpraHM3aLun
ncnonb3ytot SlLa B 3HaueHum SIL1.

BennuumHa SILb noka3saHa HemHoro Bbille, yem SIL4. B o6Liem, ecnm Tpebyetca yposeHb SIL4,
peKoMeHayeTCA NepecMOTPeTb MPOLIECE, TaK Kak OH onpeesieHHO CINLLKOM onaceH. A
ypoBeHb SILb eLue onacHee.

7.3.Mpumep

Ha pwic. 31 npepcTaBneH npruvep Aviarpammbl PUCKa, NOZOGHOM NCNonb3yemol B
HemnpepbIBHbIX MPOU3BOACTBAX, HA KOTOPOW BUAHbI HEKOTOPbIE MOTEHLMANbHbIE MPO6eMbI,
CBA3aHHbIE C MHTEpMPeTaLMen NapaMeTpoB PUCKa.

66



PYKOBOZCTBO MO BE30MACHOCTM NMPOLLECCOB 1
Huarpammbl prcka

~

Tapud
= S
Cepbe3HocTb MopBepxeHHOCTb AnbTepHaTuBbI ANA s 3 'S
nocneacTenit nepcoHana npejoTepaLieHna S b1 &
onacHoCTn &E LQ)- :IS:
JNerkas TpaBma
Bo3moxHo
npegoTepalieHue
TAxenan TpaBma Huskan peAoTBPaly 1 - -
VAN eAVHUYHBI noAsepXeHHOCTb MpepoTepalyeHve
CMEpTeJ‘IbeIIﬁ ManoBepoATHO 5 1
cnyyai Bo3moxHO
Bbicokas npefoTBpalleHne 5 1 1
NoABEePKEHHOCTb MpenoTepalueHme
MasnoBepoATHO
3 2 1
Huskan noABEepPXKeHHOCTb
Heckonbko xKepTe 3 3 2
Bbicokas noABepXeHHOCTb
NR 3 3
Katactpoduyecknin
NR NR NR
- = cneuvanbHble GyHKLMM 6e30MmacHOCTN He TpebytoTcs
NR = He pekomMeHayeTca KaTeropuu TpeboBaHwii
Bbicokoe = 0,5-5 exxerogHo
CpepHee = 0,05-0,5 exxerogHo
Huskoe < 0,05 exerogHo
Puc. 31. Juazpamma pucka e nepepabameigaroweti NpomMblIeHHOCMU

MPYHLMN NCNONb30BaHMWA TOT XKe, YTO U Y Anarpammbl PUCKa, MpeacTaBieHHoN Ha puc. 29,
HO B 3TOM CJlyYae UMELTCA HeKOTOpble YKa3aHMs Mo OLeHKe paboyero Lukna.

Ecnu, Hanpumep, ONacHOCTb MOXET CTaTb MPUUNHOW HECKOJIbKUX XePTB NPY PeAKON
NOABEPXKEHHOCTUN 1 BepoATHOCTY B 0,05/rof, TO 3TO MHTEHCMBHOCTb CpabaTbiBaHMA
3aLWUTbI B NPeAenax oT <HU3KOM» [O «CpefHeln», 1 TpebyeTcA NPUHATME PeLLeHmns O
Bblbope NpaBunbHOro crtonbua. MprmeHeHe KOHCEPBATUBHOTO NOAXOAA NPUBERET K
Bbibopy YIB SIL3 (puc. 32).
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Tapud
S =
CepbesHocTb MopBepxeHHOCTb AnbTepHaTuBbI ANA s S 'S
nocneacTenit nepcoHana npeaoTBpalLeHna S F &
onacHocTn a g kS
Jlerkas TpaBma
Bo3moxHo
npepoTBpalleHue
Taxenan TpaBma Huskan PeAoTEpaLY 1 - -
VNN eIVHNYHbIN NOABEPHEHHOCTD MpepoTepalyeHre
CMepTesnbHbIi ManoBepoATHO 5 1
cnyvait BO3MOXHO
Bbicokan npeaoTepalleHne 5 1 1
NO/IBEPKEHHOCTb MpenoTepateHme
MasnoBepoATHO
3 2 1
Hu3kaa nogBepxeHHOCTb
Heckonbko xepTs / 3 3 2
Bbicokas NofiBepKeHHOCTb
NR 3 3
KaTtactpoduyeckuin
NR NR NR
Puc. 32. [Tpumep ¢ ucnosb308aHuUeM 2pagha pucka Kareropun TpeGosatuit

Bonee cmenas nHTepnpeTauma npuseaeT K Bbibopy Y6 SIL2.
7.4.NMpumep

Ha pwic. 33 npencraBneH npumMep TUNMYHON Tabnumubl pyuckoB. B cton6uax P A, En R
npviBeAeHbl ONCAHKSA BO3MOXHbIX MOCNIEACTBUI OMACHOCTEN, NePUOANYHOCTY U ONCAHNA
BEPOATHOCTW, @ Ha NepeceyeHrax CTONOLIOB 1 CTPOK yKa3aHbl Lienesbie YB.

68



PYKOBOACTBO MO BE30MACHOCTY MPOLIECCOB 1
Hdnarpammbl pucka

~

A_— D
P A E R}/ <001 \[C <005/ <025/ >t >2r )
MepcoHan Pecypc Cpepa PenyTauus
P yp P YT A ~— c D —
B otpacnn BbiBano BbiBano bbiBaeT BbiBaet
HenssecTHo [ BOTpacin B HECKONbKO | HecKonbko
KOMMaH1u pasBrog pas B rog
B Ha
KomnaHu  [npegopuaTIn
Bes TpaBm | Be3yuwepba |be3spdekra |bes adpdpexra
(SILT)
\ E
JNerkasa Terkuin Nerkni Nerkoe
yuwep6 W
TpaBma (wenee To i, 3¢dpekt  |BO3peiicTBME (SILT) SIL1
(<1/r) nopseroncin) | F
Nerkas (l Nerkui JNerkoe
Tpasma (Meniffzg e sbdekt  |sosmeitcTeue (SILT) SIL1 SIL2
(<TE-01/1) \gomnopos cun)
Taxenasa Nokanusosankbiii | 3HauMTENbHOE
yuep6 ;
Tpasma (meHee 500 Tbic. 2bdeet BospencTame (SIL1)
(W) ponnapos CLUA)
EAMHUHbIG KPYHH:ﬁ 3HauMTeNbHbIN Sddext
CMepTenbHbI yujep HaUWOHanbHOro
i (Menes 10wt dpdekt oranL B (SILT) SIL1
N (<1e03) /] aomapos cwm
KOJ. Wnpokuin Maccuposabiii | MexayHapoaHblit [
wepre G| o ues e sbdert SIL1 siL2
(<1E-04/r) | nonnapos ClIA) \

SN~—
Puc. 33. [pumep c ucnonb3osaHuem Mampuysl puckos

3T0 NPOCTON 1 YAOGHbI NOAXOA, HO BO3SMOXHbI MPOGIEMbI, €CNIN HE NMPUHATL Mepbl
NpefoCTOPOXKHOCTY.

A. MeproanyYHOCTV AOMXKHbI ObiTb HE TONbKO OLIEHEHbI KONIMYECTBEHHO C YYeTOM
OMVICaHWNIA, HO 1 AOMKHbI MPUBECTY K BbI6opy BepHbix YT1B.

B. OueHka «Hen3BecTHO B OTpac/iv» MOXET OblTb AaHa Mo pe3yNibTaTam
paccmoTpeHus, gonycTtim, 5000 3aBoAoB, paboTaoLmx B TeueHue 20 NIET, UTo
[acT NepuognyYHocTb okoso <10°/rop, Ho He <10%/rof, Kak noka3saHo. MNpu
MaKCcMMarbHO npuemneMom pucke <10%/rop 3To NprBeaeT K OTCYTCTBUIO
uenesoro SIL.

B. MakcmanbHo npriemnemas nepuoanyYHOCTb PUCKa AOSXKHA OblTb COOTBETCTBYIO-
wen. 3HaveHme <103/rog AnA 04HOro HECYACTHOTO CIlyYan CINLIKOM BbICOKO 1
npvBegeT K CINLWIKOM ONTUMUCTUYHOM OLIeHKe LiefieBoro ypoBHs SIL n
HeafileKBaTHOMY CHIIKEHUIO pUCKa.

I. LleneBbie BenuuyvHbl SIL yBennumBatoTCa OT CTPOKU K CTPOKe 11 OT cTonbua K
cTonbuy, Kak NoKasaHo Ha pUC. 33, UTO COOTBETCTBYET YBEMUYEHMIO 3HAUEHNI
NepUOANYHOCTM OT CTONOLA K CTONOLLY Ha MOPALOK.
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[. Llenesoe 3HaueHue YTB (SIL1) 03HauaeT, uTo TPebyeTCA CHIPKEHME PUCKa, HO
no6oYHbIX MOCNeCTBUI HET. EClin HET onacHOCTY, TO 3aLumTa He TpebyeTcs.

E. HakoHel, ans KoMMepUecKnx KaTeropuii neproamyHocTb yulepba ana nmyLecTsa
MOXKET OblTb PEAIMCTUYHON 1 COrNAcoBaHHOM C 3aTpaTaMu Ha peanusaumnio
Heobxoanmoro ypoHs SIF.

Tabnuua p1CKoB, TakMM 06Pa3oM, HYXKLAETCA B KOPPEKTVPOBKE, KaK NpeAnaraeTcs Ha
puc. 34.

n P C PN <1E-04/r <1E-03/r <1E-02/r >0,1/r >0,1/r
MepcoHan Pecypc Cpepa PenyTauusa
P! yp pen; yTay A B c D £
B otpacnun BoiBano BoiBano BbiBaeT BbiBaeT
Heu3BecTHO | B oOTpacin B HecKonbKo | Heckonbko
KOMMaHun pas B rog pa3Broa
B Ha

KOMNaHun npeanpuaTnm

Bestpaem | be3yuepba | be3 spdekra | bes apdekra

Nerkas Nerkwin Nerkuia JNerkoe
ywep6 i
Tpasma (merine 10 eica a¢pdekT  |BO3geiicTBME (SILT) SIL1
(<0,1/r) Ronnapos CLUA)
Nerkasn i i
TpaBma yuepo bpexr sospeiicTone (SILT) SIL1 SIL2

(menee 100 Thicay
(<1E-02/r) | ponnapos clA)

Taxenan prngslﬁ Tokanusosakhsiin | 3HauMTeNbHOE
yuep ekt AcTBM

TPABMA | (,cyee 500 maca BospericTeme It
(<1E-03/r) | aonnapos CLIA)

EAVHUUHBIA KPV"‘”;‘“ 3HaunUTeNbHbIN Sddext
CMepTenbHbI yuep ekt HaLMOHaNbHOrO| SIL1 SIL1

cnyvait (menee 10 mnH vacwra6a ( )

(<1E-04/r) fAonnapoe CLUIA)
Heckonbko LWnpoxkuit Maccuposanhbiin | MexayHapoarsiii

KepTe yuep6 sbdext et SIL1 SIL2

(6onee 10 mnH
(<1E-05/r) | nonnapos CluA)

Puc. 34. Kanubposka mampuyel puckos

7.5.0630p

Juarpammbl 1 Tabnmubl PUCKOB MOTYT ObITb OYEHb MOJIEe3HbI, 0COBEHHO ANA NEePBUYHON
OLIEHKM CUTyaLmm 1 6bICTporo otbopa Bbiclumx ypoBHeli YTB, T.e. yposHs SIL2 1 Bbiwe.
OpHako TpebyeTca ToUHaA KOPPEKTMPOBKa TabnuLibl AnA NpeAoTBPaLLeHA OWNOOUHbIX
pe3ynbTaToB 13-3a HEOUEBUHbIX TPYAHOCTEN.

70



PYKOBO/CTBO MO BE3OMACHOCTV NMPOLIECCOB 1
AHanu3 ypoBHs 3awuTbl (Layer of Protection Analysis, LOPA)

~

8. AHanus ypoBHs 3awuTbi (Layer of Protection Analysis, LOPA)
8.1. BBegeHne

AHanu3 ypoBHs 3awmTbl (LOPA) — 3TO CTPYKTYpUPOBaHHbIN METOA pacyeTa LiefieBbiX
ypoBHel cHuKeHnA pucka (1 SIL). AHann3 LOPA BbinonHAeTcAa aHanornyHo aHanmsy HAZOP.

MoTeHUManbHble OrnacHOCTU 06bIYHO ONpeaensATcA ¢ nomMoLbio npoueaypbl HAZOP [3]
BHOCATCA B Tabnumubl LOPA, co3gaBas npocniexxnBaemyio CBA3b MeXy ABYMSA aHanvM3amm —
OT UAEHTUGUKALMY OMACHOCTY A0 TPe6OBaHUIA B OTHOLLEHWN CHUMEHWSA YPOBHA PYCKa 1
uenesoro ypoBHs YMB. AHann3 LOPA moxeT 6biTb gononHeHnem kK HAZOP, paclumpstowim
BO3MOHOCTU OLIEHKM.

8.2. Pa6ouas rpynna LOPA

OueHb BaxHO, UTo6bI B pabouyto rpynny LOPA Bxogumnu nuua, obnagatoLme 4oCTaTouHbIMI
3HaHUAMU 1 OMbITOM B paccMaTpuBaeMbix Bonpocax. Kak npasuno, pabouas rpynna LOPA
UMeeT CneayoLwmin CocTaB:

HasBaHue Ponb

Mpepcepatens O6bAcHAeT npouecc LOPA, HanpasnseT obcyaeHvie U NpoaBuraeT
LOPA. Cneuwnanuct, umetowwmn onbit 8 LOPA, HO HenocpefCcTBEeHHO He
BOBJEUEHHbBIV B pa3paboTKy, AnA 06ecrneyeHns akkypaTHOro
cnefoBaHnA MeTogy.

CeKkpeTapb 3anucbiBaeT obcyaeHme Ha coBelaHum LOPA v BbinonHAeT aHanu3
yenen SIL B peanbHOM BpeMeHW. 3anncbiBaeT pekoMeHAaLmum nnm
[EeNcTBUs.

NH>xeHep-TexHonor Kak npaBuo, H>eHep, OTBETCTBEHHDIN 3a MPUHLUMMNMANbHYIO

CXemy TEXHOJTOTMYECKMX MPOLLeCcCOB 1 pPa3paboTKy cxembl TPyOHOI
06BA3KMN U KOHTPOJbHO-M3MepUTeNbHbIX Npubopos (Piping and
Instrumentation Diagrams, P&IDs).

Monb3oBatenb/onepatop | BHocnT pekomeHAaaLmm Mo UCMOSb30BaHUIO 1 paboToCNOCO6HOCTY
npotiecca, No BO3AeNCTBUIO OTKNOHEHNI.

Cneumnanuct no KUIM CneumanncT C COOTBETCTBYIOLLMMU TEXHUYECKUMIW 3HAHUAMM MO
KOHTPONbHO-U3MEPUTENbHBIM NPYGopPam.

Cneymanuct Cnewumanycr, 3aHATbIN B TEXHUYECKOM 0OCNYKMBaHMM NpoLecca.
TEX06CyKMBaHUA

MpeacrasuTens BHOCWT pekomeHaaLuy no nogpobHOCTAM NMPOEeKTa Uan faet
NPOEKTHOW Fpynmbl HeobXxoanMyio MHGOPMaLIO.
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8.3. UIndopmauus, ucnonbsyemas B aHanuse LOPA

i

UneHbl paboyeir rpynnbl LOPA BOMKHBI M3yumnTb cnegyiollee:

« cxembl Tpyb6onposoaos 1 KUTMKA npeanpusaTis;

+ OMUCaHUA NPOLECCOB 1 NPUHLMMNMANbHbIE CXEMbI;

« CyllecTByloLMe MpoLeaypbl SKCMTyaTaLmmn 1 TEXHNYECKOTO 00CITyKMBaHUS;
+ TEXHONOormnyecKune cxeMbl NpeanpuATUA.

8.4. OnpepeneHune Tpe6yeMoro ypoBHsA NonHoTbl 6esonacHocTu (SIL)

MeTop LOPA, Kak onucaHo B AOKYMeHTe «AHanm3 ypoBHs 6e3onacHocTy» LieHTpa
6€30MacHOCTN XMMUYECKUX NPOLIeCCOB AMEPUKAHCKOTrO MHCTUTYTa MHXXEHEPOB-XMMUKOB
(2001 r.) [19.4], mOXKeT MCNONb30BaTbCA ANIA OnpeaeneHns uenesbix yposHen YIb.

Ananus LOPA yunTbIBaeT onacHOCTH, onpefeneHHble Apyrumm crnocobamu, Hanpumep,
meToaom HAZOP, Ho aHanm3 LOPA MoeT BbINoNHATLCA B Xoae coBelaHna HAZOP ana
OLIEHKW KaXAo0M OMacHOCTM Mo Mepe 06Hapy eHUA.

Pa6ouas rpynna LOPA paccmaTpurBaeT Kaxkayto BbISIBIEHHYIO OMAacHOCTb U JOKYMEHTHPYeT
NepBONPUYUHDI 1 YPOBHM 6@30MacHOCTY, NPeAoTBPaLLatoLme UK CMArYaloLLmne PUCK.
3aTem onpepenaeTca obLuee CHKeHMe prcKa 1 NOTPeOHOCTb B AanbHENLLEM ero CHUMKEHUN.
Ecnn TpebyeTca gononHuTenbHas 3awmTa B Brge SIS, MeToauka no3sonset onpenenvTb
cootBetcTytowmin YIb n PFD.

Mpouecc LOPA ¢pukcnpyetca B pabourx imctax LOPA, KOTopble MNO3BOAAT KOMMUYECTBEHHO
OLEeHNTb NePBOMPUYMHbI U UX MEPUOAMNYHOCTH, @ TAKXKE CTEMEHb CHVXXEHWA PUCKOB,
obecneurBaeMyto KaxabiM OTAebHbIM 3asiBIEHHBIM YPOBHEM 3aLLMTbl. 3arofoBKu paboyero
JINCTa paccmaTpurBaloTCA B NMOCNeyoLWMNX pa3aenax 1 B nprmepe aHanmsa LOPA [8.5].

8.5. Mpumep aHannsa LOPA

Ecnn BepHYTbCA K NprMepy C eMKOCTbIO NMOA AaBnieHneM [3.7], ToO MOXXHO MMMopTpPOBaTh B
pabounii nuct LOPA BbisiBNIEHHbIE OMACHOCTY 1 NMPOaHaN3MpoBaTh PUCKN.

8.6. Pa6ouue nuctbi LOPA
8.6.1. BBeneHue

B cnefytowmx pasgenax paccMaTpUBakoTCA 3arofIoBKM pabounx IMCTOB 1
KBanMdrKaLMOHHble TpeboBaHUs.

B 3101 rnaBe npuBeaeH npumep pabouero nucta LOPA.
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8.6.2. /. onacHocTw/ccbinka

NnoeHTnduKaTop Ana Kaxkao onacHoCTW. B npriBefeHHOM NpuMepe paccmMaTpuBaeTcs
onacHocTb 1.10: Bbicokoe paBneHune B eMmkocTu. Ccbinika obecrneymsaet o6paTHyio
NpOoCnexrnBaeMocCTb K 6onee paHHUM NCCNeAoBaHUAM, B AaHHOM ciyyae — HAZOP, a no mepe
pa3BuUTKA NpoeKTa — K HasHauveHuto SIF n nposepke YIb.

8.6.3. OnvicaHue cobbITns (OnacHOCTN)
OnucaHne BbIsIBNIEHHOW NOTEHLMaNIbHOM OMAacHOCTH.
8.6.4. MNocnenctauA

OnucaHre nocneacTaui onacHoOcTK. B npumepe aHannsa LOPA nocnenctemna onacHoCTr
OLIEHMBAIOTCA C TOUKM 3peHrA 6e30MacHOCTY NepCoHana, a TakKe prcka 1A OKpy»KatoLLen
cpefpbl N IMYLLECTBA, T.€. KOMMEePUYECKOro p1cKa.

8.6.5. Kateropus cepbesHoctu (Sev Cat)

Cepbe3HOCTb JOKYMEHTUPOBAHHbIX MOCIEACTBUI ONpPeAenseTcs no Tabnuue
«Knaccrdukauma puckos» (1ab. 5).

8.6.6. MakcumanbHO npremnembin puck (MTR)

MakcmasnbHO npremnemas NnepuogNYHOCTb BO3HUKHOBEHVSA NMOCIEACTBUI OMACHOCTY
L1 NePCOHAna, OKpYKatoLLel cpefibl U PemyTaLmmn OpraHr3aLmm, a Takke KOMMepPUECKIi
ylep6 nmyLecTBy, 6ecnepebonHOCTY NOCTaBOK 1 YNyLLeHHas Nprbbiib. MakcuManbHO
npuemnemMble NePUOLNYHOCTM JOSXKHbI COOTBETCTBOBATb YKa3aHMAM YrpaBieHus no
BOMPOCAM OXpaHbl 3A0POBbS, TEXHUKM 6E30MacHOCTY 1 oXpaHbl Tpyaa (HSE), Hanpumep,
R2P2[19.3].

OpHaKo MakcManbHO npuemnemble NnepnoanvYHoOCTn nocneacTemn ana Opr)KalOLLl,eVI
cpenpbl, penytaumm  KOMMepYeCKUX PUCKOB AOJTIXKHbI onpeaenAaTbcaA KOMMaHven
CaMOCTOATENbHO. TUMNOBbIE 3HaYeHNA, KOTOpble MOoryT 6bITb MCMOMb30BaHbI B Tabnuue 5.
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MocnepacTeua Cepbe | Yacrora OnucaHmne nocneacTenin
3.Kar. | uenuno
pucky (sroa) |, npou3BoAcTBe BHe npoussoAacTBa
Topn P1 1,0E-01 JleueHwe coTpyAHUKa UNK TPaBMbI C JleyeHvie Unu TpaBMbl C OrpaHNyeHnem
(6e30macHocTb) orpaHuyYeH1em Tpy0Cnoco6HOCTI TPYAOCMOCOGHOCTY (TPeTbU NnLa)

P2 1,0E-02 MpowucwecTsue ¢ noTepeit paboyero BpemeHn LTA (TpeTbm nuua) 6e3 HeobpaTuMbIx 3G dekTos
cotpyaHuka (LTA) 6e3 HeoGpaTuMbix 3 peKToB

P3 1,0E-03 HeobpaTumoe BO3A€iICTBIE Ha COTPYAAHNKA be3 Heo6paTMoro Bo3gencTans

P4 1,0E-04 mbenb 1 cOTpyAHUKA U/MNN HECKONBKO HeobpaTtumoe Bo3paeiicTaue (TpeTbe 11Lo)
NOXM3HEHHBIX MHBANMAHOCTEN

P5 1,0E-05 benb HeCKONbKNX COTPYAHNKOB (2-10) mbenb 0AHOro TPETHLEro NNLA /MU MHOTO
NOXM3HEHHBIX MHBANWAHOCTEN

P6 1,0E-06 m6enb MHorux coTpyAHIKoe (6onee 10) M6enb HeCKONbKMX TPETbUX NLY

Cpepa E1 1,0E-01 YBenomnATb BnacTu He TpebyeTcs, Ho HeobxoAuma | YBeaomnaTh BNacTu He TpeGyeTcs, Ho HeobXxoArMa
CaHUTapHas ouncTKa He6oNblIaA CaHNTapHaA OuMCTKa (Hanpumep,
pa3znus 1-100 1 Ha pa3BepHyTOM 060pPYyAOBaHN)

E2 1,0E-02 Heobxoanmo yBefoMuUTh BAacTu, HO Heobxoanmo yBeaomuTh BAacTu, Ho
SKONOrMYECKIe NOCNeACTBUA OTCYTCTBYIOT. 3KOJNOrMYeCKne NoCNeACTBIA OTCYTCTBYIOT.

(Hanpumep, pa3nus > 100 N Ha yyacTKe KneHTa C
06BanoBKoir/oTcekaTensamm)

E3 1,0E-03 YMepeHHoe 3arpAsHeHune B npeaenax YMmepeHHoe 3arpasHeHue, Tpebyloujee pa6oT no
npou3BoACTBa PpeKynbTMBaLM (HaNpumep, yTeuka whelida ¢

NNI0WaAKMN NpY COXPaHEHNM ee GyHKUMOHANbHO-
ci)

E4 1,0E-04 3HauuTenbHOe 3arpAsHeHve B npeaenax 3HaumnTenbHOe 3arpAsHeHie BHe MPOKN3BOACTBA.
nNpou3BOACTBA. DBaKyaLua iofjeil/BpemMeHHoe BaKyauus niofieii. (Hanpumep, pasnus BHe
3akpbiTve UV 3HaunTenbHoe 3arpasHeHne BHe NIOWAAKN Ha 3aNPaBOYHOI CTaHLWK)
NpoK3BOACTBA. DBaKyaLua nofeii. (Hanpumep,

Pas/nvB BHE NOWAKV Ha 3anpaBOYHOI CTaHLNM)
E5 1,0E-05 CM. NOCNEACTBNA BHe NPOU3BOACTBA Cepbe3sHoe 3arpAsHeHne ¢ 06paTUMbIMK
3KOIOMNYECKAMM NOCNEACTBAAMM BHE
NPoM3BOACTBA. (HANPUMEp, KPynHas aBapua C
ylep6om Ana oKpyxaloLein cpefbl)

E6 1,0E-06 CM. NOCNeACTBUA BHE NPOU3BOACTBA KpynHomacwtabHoe v gonroBpemeHHoe
3arpA3HeHe BHe NPOVU3BO/ACTBA 1/Win 0BWMPHan
rubenb BogHo Gnopbi 1 dpayHbl (Hanpumep,
noTeps rpysa cyaua)

CroumocTb a 1,0E-01 YPOH < 10 TbiC. pyHTOB CTEPANHIOB HeT gaHHbIx

2 1,0E-02 YpoH 10 Tbic. < 100 TbIC. GYHTOB CTEPANHIOB Het faHHbIX

a 1,0E-03 YpoH 100 Thic. < 1 MAH GyHTOB CTEPANHIOB HeT faHHbIX

ca 1,0E-04 YpoH 1 MaH < 10 MAH GpyHTOB CTEpPNINHIOB HeT paHHbIX

cs5 1,0E-05 YpoH 10 < 100 MnH GpyHTOB CTEPNNHIOB HeT faHHbIx

c6 1,0E-06 YpoH = 100 MAH GpyHTOB CTEpAINHIOB HeT faHHbIX

PenyTauua R1 1,0E-01 Bes ornackn. MecTHbIN MacwTab. HeT gaHHbIX

R2 1,0E-02 MectHas npecca Het gaHHbIx

R3 1,0E-03 HauuoHnanbHana npecca HeT faHHbIX

R4 1,0E-04 HauuoHanbHoe TenesnaeHne HeT paHHbIX

R5 1,0E-05 MexpayHapofHaa npecca HeT paHHbIX

R6 1,0E-06 MexpyHaposiHoe TenesuaeHue Het faHHbIX

Tabnuya 5: Kpumepuu pucka

74




PYKOBO/CTBO MO BE3OMACHOCTV NMPOLIECCOB 1
AHanu3 ypoBHs 3awuTbl (Layer of Protection Analysis, LOPA)

~

CneflyeTt 3aMeTUTb, YTO B NMPVIMEHEHUN K 6e30MacHOCTM NepCcoHasia 3To OTpaXkaeT
NeproaNYHOCTb NOABEPKEHHOCTY OHOTO PAabOTHYIKA PUCKY.

8.6.7.MepBonpunynHa

CnncoK BbIIBNEHHbIX NPUYMH OMACHOCTW. DTU NPUYMHBI ONPEfEenAoTCA B XO4e COBeLLaHnA
LOPA Ha 0cHOBaHMU IMYHOTO ONbITa YYaCTHUKOB. [InA paccMaTpuBaeMow B npumepe
OMNacHOCTY — NOBbILLEHHOIO AABIEHNA — MEPBONPUYMHDI, MEPUOANYHOCTM U MOCNEACTBUA
yKa3aHbl B Tabnuue 6. AHanu3z LOPA fomxeH obecrneumntb BUAMMOCTb BCEX AAHHBIX,
npeAcTaBrB BCe MEPBOMNPUYNHDI U NEPUOANYHOCTU CO CCbINIKaMUN Ha UCTOUYHVKA AAaHHbIX.

MepBonpununHa BepoAaTHOCTb WCTOYHUK AaHHbIX
BO3HUKHOBEHMNA
(B rop)
DCS He ygaeTca NPOKOHTPONMpPOBaTh AaBNeHne. 1,65E-02 Exida 2007, 31-T X.X.X
Hatumk xmngkoctu LL101 oTKkasbiBaeT 1 cooblyaet 1,10E-02 Exida 2007, 3n-T x.x.X

HU3KWI YPOBEHb.

TT100 oTKa3blBaeT U cOobLLaeT H13KYIo TemnepaTypy. | 2,68E-03 Exida 2007, 3n-T X.x.x
PT102 oTKa3biBaeT 1 COO6LIAET HU3KOE AaBNeHue. 8,58E-04 Exida 2007, an-T x.x.X
FCV102 akcnopTa ra3a oTKa3blBaeT B 3aKPbITOM 1,01E-02 Oreda 2002, 3A-T X.X.X
NONOXKEHUN.

FCV100 TonnmnBHOro rasa oTka3sbiBaeT B OTKPbITOM 1,01E-02 Oreda 2002, 351-T X.X.X
NONOXEHUN.

XV102 sKkcnopTa XnAKOCTN OTKa3bIBaeT B 3aKPbITOM 2,89E-03 Oreda 2002, 31-T X.X.X
NONOXEHUN.

XV102 nmnopTa »K1AKOCTN OTKa3blBaeT B OTKPbITOM 2,89E-03 Oreda 2002, 31-T X.X.X
NONOXKEHUN.

Tabnuya 6: lMepsonpuyuHsI U hepuoduYHOCMU cobbimudi
8.6.8. BeposATHOCTb BO3HNKHOBEHUs (/rop), ctonbel [a]

KonunyectBeHHasA oLeHKa BEpOATHOCTI NEPBONPUYNH. 3HaUeHVe onpeaenaeTca Ha
OCHOBaHWUM INYHOTO OrMbITa U AOCTYMHbIX UCTOPUYECKUX AaHHbIX. TakKe BO3MOXHO
BbIUYMC/IEHME HA OCHOBaHMM AaHHbIX 06 OTKa3ax 13 JOCTYMHbIX UCTOYHUKOB [14.6].

MepBONPYYMHBI 1 UX NEPUOANYHOCTb AJIA UCMOSIb30BAHHOMO NPVMePa NPeaCTaBeHb! B
Tabnuue 6.

Ecnv BepoATHOCTM NEepPBONPUYMH 3aBUCAT OT YenioBeyeckoro Gpaktopa, Hanprymep, owmnbKy
ornepaTtopa, oLeHKa MOoXeT 6bITb 3aTpyaHeHa. OAVH M3 METOAOB 3aK/I0YaeTCA B OLieHKe
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nepnoanvyHoOCT BO3SHNKHOBEHUA BO3MOHOCTEeW oWnoKM onepaTtopa c nocneaywnm
YMHO>XeHVeM Ha BEPOATHOCTb OMacHOro ncxopa.

Hanpumep, ponyctm, 4to geincTeua onepatopa (3akpbiTue KinanaHa) MoryT O6bITb MPUYNHOA
NoBblLLeHWA JaBneHus B Tpybonposoae. O6bluHO, Nepes TeM Kak 3aKpbITb F1aBHbIN KnamnaH,
onepaTtop OTKPbIBaeT NepenyckHON KnanaH. [lenaet oH 31o exxemecayHo. basosas
NepUoANYHOCTb As ANA JAHHONO AENCTBUA COCTaBUT 12 pa3 B rof (oaviH pas B MecsL).

MO»HO AOMYCTUTb, UTO OMEePaATOP XOPOLLO 06yUeH, 33a4a NPUBbIYHAA 1 ONepaTop
CMOKOEH, MO3TOMY MOXHO OLIEHUTb BEPOATHOCTb OLIMGKM onepaTopa, Pe, Hanpumep,
HEOTKPbITUA CHauasia NepenyckHOro KanaHa, Kak 1%. MeprnoanyHOCTb NepBONPUYIHbI,
AINIT, MOPKHO OLIEHUTD KaK:

Ainim = Ae X Pe
Ainim = 12 x 1%/rop,
A = 0,12/ron

O6bIUHO MOXXHO NMPOBEPUTL HAAEXKHOCTb JaHHbIX, MOMPOCUB YYaCTHUKOB aHanM3a
LOPA noatBepAnTb M3BECTHOCTb PacCMaTPMBAEMOrO CJ1yYas UM Pa3yMHOCTb OLEHKN
nepvioguuHocT. MeproanyHocTts B 0,12/rof] COOTBETCTBYET OfIHOW OLIMOKe B 8 neT.

8.6.9. YcnosHble moandmKaTopsl

PacnpeneneHvie yteuek, ctonbetl [b]

B naHHOM nprimepe ycTaHOBIEHHbIE MOCNEACTBIA ONaCHOCTY NPEBbILEHNA JaBEHNA MOTYT
NMeTb MeCTO, eCSIN MOBbILLEHHOE AiaBNeHre NPYUBEAET K Pa3pblBy eMKOCTU. BonblunHCTBO
CnyyaeB NpesbllleHVA AaBNeHNA He MPUBeaYT K PasfivBy COAEPXKMMOro N yTeuke BO
dnaHueBbIX coeanHeHuAXx. B aanHom npumepe pabouas rpynna LOPA oueHmna BepoATHOCTb
nocnencTeuin nepsonpuymnHbl B 10%.

BeposaTtHocTb Bo3ropanusa, ctonbet [c]

Ana npegnonaraembix NOCNeACTBUN 1 6€30MacHOCTU 1 KOMMEPYECKON JeATeNIbHOCTM
npeanpuATAA Mbl MO3BOJIMM ra3y BOCMIaMEHUTLCA. B Hallem npumepe Mbl cCbinaemca Ha
UCcnefoBaHmne Noxapo6be3onacHoCTH, MOATBEPKaloLLEee BEPOATHOCTb BO3ropaHuia Ha 75%
B OMCaHHBIX YCIIOBUAX NMOBPEXAEHNA EMKOCTU. TakM 06pa3om, Mbl MOXXEM MCMOJIb30BaThb
ko3dduumeHT 0,75 B KauecTBe MmoandrKaTopa yCIOBUIA, CHXKAIOLLEro NepUoANYHOCTb
BO3HVIKHOBEHUS MEPBOMPUULH.

YT0 KacaeTcA nocneacTsun ana Opr)KaIOLLI,eVI cpenbl, CHAXKEHNE PUCKa HE NOATBEPKOAETCA,
TaK Kak ansa nocnencreui NnoXkap He ABNAETCA ob6s3aTeNibHbIM ycnosuem.
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06wt npoekr, ctonbed [d]

Mpumep obLero npoekTa — 310 Tpyba B 06LLIMBKe, KOTOpas obecreunBaeT onpeseneHHyo
3aluTy B CNyyae pasrepmeTtrauumn. B paccmatpriBaeMom npumMepe obLLmin MPoeKT He
3aABMAETCA, TaK KaK HET CreLmanbHbIX MPOEKTHbIX PELIEHN AJ1Sl CHUKEHUSA pUCKa.

8.6.10. HezaBuncrmble ypoBHM 3awyuTbi (IPL)

Kaxkpgblii YPOBEHb 3aLlTbl COCTOUT N3 KOMIMJIEKTA 060py,ElOBaHVIF| n/vinn AOAMUHUCTPATUBHbIX
Mep B KOMMNeKce C 4pyrmMmmn ypoBHAMN 3aLLATbI.

YpoBeHb 3alnTbl, 06ecneyeHHbIN Kaxapii IPL, oLieHrBaeTca no BepoATHOCTY OTKasa npu
BbIMoNHeHUN Tpebyemoit dyHKUuK, T.e. PFD — 6e3pa3mepHas BenuurHa ot 0 go 1. Yem
MeHblue 3HauveHne PFD, Tem 6osblue KO3GPULIMEHT CHUMXKEHVA PUCKa, MPUMEPAEMbIV B
KauecTBe mogubuLmpyoLero koadduLmeHTa Nnpu BbIYUCIEHN BEPOATHOCTI NEPBONPUY-
Hbl [8.6.8], noaTomy, ecnu IPL otcyTcTBYeT, B Auenky LOPA BHOcuTcA 3HaueHue 1.

B naHHOM npurmepe 3aaBneHHble ypoBHU IPL, ykasaHHble B ctonbuax ¢ [e] no [h], moryT 6biTb
aanTnpOBaHbl K NpumeHeHuto. [NpeactaeneHbl Tunosble IPL.

OcHoBHas cuctema ynpasneHua npoueccom (BPCS), ctonbelt [e].

06 OTBETCTBEHHOCTM MOXHO 3aABNIATb, eCv yrnpasnaowmin KoHTyp BPCS (PCY Besge
N3MEeHUTb) NPeAOoTBPaLLAeT OMacHOCTb, BO3HUKLLYIO 13-3a MepBONPUYMHLI. B npumvepe ana
HEKOTOPbIX 13 NePBONPUYUMH, HaNPVMepP, OTKa3 NPY OTKPbITUM BNYCKHOrO KnanaHa XV102,
BPCS (DCS) MoxeT npeAnprHATL KOMMNEHCHpYloLLee AeCTBUE, HanprMep, OTKPbITb
BbIMYCKHO KflanaH, YTobbl MpefoTBPaTUTb MOBbILLEHNE YPOBHSA. 3asBneHa BenmunHa PFD
0,1, KoTopas o3HayvaeT, yto DCS npepgoTBpaTUT NocneacTsna B 9 13 10 ciyyaes.

PFD 0,1 - 3To HanbosbLUee CHUXXEHME PUCKA, KOTOPOE MOXKHO 3asBUTb AJ18 CUCTEMBI, HEe
oTBevatoLiern TpebosaHmam YTB. U3-3a Toro, uto PCY MOXHO perynmpoBaTb BpyUHYto, HeT
YETKOrO KOHTPOJIA YCTAaHOBKYM TOUKM CpabaTbiBaHA, @ PEXKUM UCMbITaHWA He TaKon CTPOTrui,
Kak gna SIS.

He3aBucumas curHanusauums, cronbeu [f1.

[loBepATb MOXKHO CUrHanM3aLmMaAM, KOTopble He3aBncMbl oT BPCS, coobluatoT onepatopy
0 COCTOAHUM CUCTEMbBI 1 UICMOMb3YIOT AECTBUA onepaTopa. [loBepATb crieayeT TONbKo
CUrHanM3aLmm, KOTopas NONHOCTbIO He3aBmcMa oT BPCS u SIF, 1 Tonbko B Tom ciyvae,
€C/I OMnepaTop MOXET OTPearnpoBaTh Ha CUrHaM3aLMIo Y NPEANPUHATL AENCTBUA ANs
npefoTBPALLEHMS OMACHOCTY NpoLiecca B TeueHne 6e30MacHoro neproga.

[na He3aBrCMMOW cMrHanmn3aumm MOXHo 3asaBuTb PFD BennunHon B 0,1. B gaHHOM npumepe
3TO OTCYTCTBYeT.

77 @ Allen-Bradley

~




«

[H] PYKOBOACTBO NO BE3OMACHOCTY MPOLIECCOB 1

i

DyHKLMOHaNbHaA 6e30MacHOCTb B HEMPEPbIBHbIX MPOM3BOACTBAX

[

8.6.11. [lononHutenbHble CNocobbl CMArYeHMA prcka

3aHATOCTb, cTonbew [g].

D,OCTyI'I = YPOBHU CMArYeHNA PNUCKa MOTYT BK/TIOHATb 3aHATOCTb, T.€. OO0 BPpEMEHW, Koraa
onepaTop noaBepxeH OnacHOCTU 1 Korga JOCTYN B ONaCHY0 30HY OrpaHnyYyeH. B paHHOM
nprmMmepe 3aHATOCTb OCHOBAaHa Ha 8-yacoBow cmeHe.

Lpyruvie mepbl: ctonbet [h].

ﬂ,OI'IOJ'IHI/ITe]'IbeIe Mepbl MO CMAMYeHUIO MOTyT BKKOYaTb:

. ¢VI3VIl-IeCKVIe — YPOBHU CMArYeHnA prcka B BUe d)msmuecmx I'IpeI'IﬂTCTBI/IVI
Pa3BnTMA ONaCHOCTU B AJ1y4ae BO3SHUKHOBEHNA NEPBONPUNYNHDI (Hanpmmep,
npenoxpaHuTtenbHble KianaHbl 1 Lambbl);

« Oencreua onepatopa — A0BEPATb MOXKHO perynﬂpHon MHCNeKynn npu ycnosuu,
YTO onepatop ,D,eVICTByET coo6pa3Ho obcToATenbCTBAM.

B paHHOM npumepe 3TO OTCYTCTBYeT.
8.6.12. BepoATHOCTb COOBITVA MPOMEKYTOUHOTO YPOBHSA

BepoATHOCTb COObITVA NPOMEXKYTOUYHOIO YPOBHA ONpeaenaeTca nyTemM yMHOXeHWs
BEPOATHOCTY NepBonpuynHbl Ha PFD ypoBHei 3awuTbl. EAnHMLA n3mepeHnsa — KonnyecTso
cob6bITniA B rog. O6LLas BEpOATHOCTb COOBLITMA MPOMEXYTOUHOIO YPOBHSA YKa3blBaeT Ha
WNHTEHCUBHOCTb 3anpocoB K npegioxeHHon SIF.

8.6.13. Tpebyemas BenvuuHa PFD gns SIS

Bbluncnsaetca nyTem conocCtaBNeHnA MakCMaibHOIo npruemnemoro pumcka AMTR n
BEPOATHOCTU cobbITnA NPOMEXKYTOYHOIo YPOBHA N NeEPUOANYHOCT OMaCcHOCTN, Nvaz.

PFD = Awtr/Avaz
8.6.14. Tpebyeman BenuumHa SIL ana SIS

MonyuaeTcs 3 Tabnunupl 7 B COOTBETCTBUN C Tpebyemolt BennumHon PFD ana SIS.
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~

ynb Pexum ynpasnenus - HenpepbiBHbIN pexxum
BEPOATHOCTb OTKasa rno KonunuyectBo oTKa30B B Yac
TpeboBaHMo

SIL4 >10%,Ho <10* >10% HO <108

SIL3 >210% Ho <103 =210% Ho <107

SIL2 21073, Ho <1072 2107, Ho <10°¢

SIL1 2102, Ho <10 >10%, Ho <10

Tabnuya 7: Tpebyemas senuyuHa PFD 0na Y u uHmeHcusHOCmMs omkasa

CnepyeTt 3ameTnTb, YTO PFD 1 MHTEHCMBHOCTb OTKa30B AnA kaxaoro YIb 3aB1cuTt ot pexrnmMa
3KCNyaTauuuy, B KOTOPOM NpeanonaraeTca cnosb3osaHue SIS, 1 neprnognyHoCTy Bbi3oBa
obpatleHms K SIS [8.6.12].

Hwxe npriBepeHbl pabourie nuctbl LOPA.
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AHanu3 ypoBHs 3awuTbl (Layer of Protection Analysis, LOPA)
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PYKOBO/CTBO MO BE3OMACHOCTV NMPOLIECCOB 1
AHanu3 ypoBHs 3awuTbl (Layer of Protection Analysis, LOPA)

~

8.6.15. PesynbTathl aHanmnsa LOPA

Pe3ynbTaTbl, NpeacTaBeHHble B Tabnuue 8, JOKa3blBatoT, UTO OMACHOCTb NPeBbILLeHMs
[aBeHNsA NMeeT NOCSIeACTBISA, KOTOPble MOXXHO NPefoTBPaTUTb, BHEAPWB CUCTEMY
6e3onacHocTy YT SIL1 SIF ¢ PFD < 1,87E-02. OgHaKo KOMMepUecKnii puck npeobnagaet n
TpebyeT npumeHeHua YIMB SIL2 SIF c PFD < 8,24E-03.

OnacHocTb Mocnepacrena Lienb SIL Lienb PFD

Bbe3onacHocTtb BesonacHocTb: Bbibpoc rasa SIL1 1,87E-02
BOCMN/IAMEHAETCA Ha ropesikax v ropavmnx
NoBepPXHOCTAX. Bo3moxHa rnbesnb aByx
yenoBek 13 06CNyKMBalOLLEro nepcoHana.

JKonornyeckne | dKomornuyeckre: paspyLueHue pesepyapa, | Het Hert
yTeuka rasa, 6e3 BocrnnameHeHms. YTeuka
Ha TeppuTOpMU NPor3BoACTBa. Heobxoan-
Mbl CaHWUTAPHAasA OUYNCTKA 11 yBeAOMIIEHNE
BNacTel, HO SKONOrMYeckne NocieacTBrs
OTCYTCTBYIOT.

Kommepueckmne Kommepueckue: paspylueHune pesepsyapa, | SIL2 6,24E-03
yTeuKa rasa, BocrjiameHeHue 1 yuepb
ycTaHoBKe. [oBpexeHre obopyfoBaHus,
TpebytoLiee 3aMeHbl pe3epByapa (Mpumep-
HO 10 MNH GYHTOB CTEPAINHIOB) 1 NOTepA
npousBoAcTBa Ha 1 roa.

Tabnuya 8: Pesynemamel aHanusa LOPA

OueHb YacTo AOMVHNPYOWNMK ABNAKOTCA d)aKTOpr, He CBA3aHHble C I'IpOI/I3BO}J,CTB€HHOl7I
6e30nacHoCTbi0. B ;aHHOM npumepe onacHOCT/ NOCTOAHHO NOoABEPraeTcA MMYLLECTBO, B TO
BpeMA Kak nepcoHan nogeepraeTca onacHOCTU NLb nepunoagnyeckn.

ABTOMaTM3UPOBaHHaA GYHKLMA 3aLLWTbl, Npefnonaraemas ansa 3amuTbl OT U36bITOYHOTO
[ABNEHVA, fOMKHA YIOBNETBOPATb KOMMEPUECKIM TPEOOBaHMAM, 11 3Ta »Ke GYHKLWSA, TaKum
06pa3om, obecneunt JOCTaTOUHYO 3aLLUTY NepCcoHana.
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(

9. PacnpepeneHune ¢pyHKUmi 6e3onacHoCT
9.1. ®a3bl }KN3HEHHOTO LuK/a

Ha puic. 35 nokasaHa $a3za NpUMeHAEMOro XN3HEHHOrO LMKNa.

10 11 1 OueHKa onacHOCTM 1 prcKa 9

PacnpepeneHne oyHKuUmMn 6e3onacHOCTH

MO YPOBHAM 3alTbl

\4

TpeboBaHusa 6e3onacHoCT npOEKTI/IpOBaHI/Ie
3 CneunduKauma 1A aBTOMAaTU3NPOBAHHO 6
cuctembl obecneveHna 6esonacHoctu (SIS) 1 pa3spaboTka

Apyrux

KoHCTpyrpoBaHvie n npoeKkTupoBaHme cpeacts

4 [151 aBTOMATU3MPOBAHHOM CUCTEMbI CHWKEHUA pUCKa
obecneyeHns 6esonacHocTy (SIS)

YcTaHOBKa, BBOJ B
aKcnyaTaynio 1 npoBepka

6e3onacHoCTH
(9, ]
Y
[MpoBepka

6 |3xcnnyatauua n obcnyxunsaHne

7 M3meHeHne

YnpasneHne GyHKLMOHaNIbHOM 6€30MacHOCTbIO,
OLeHKa 1 ayanT GyHKLMOHanbHOM 6e30nacHoCT
CTpyKTypa 1 NiaHNPOBaHME XM3HEHHOTO LKA

8 BbiBOZ 113 3KCMNyaTauum

Puc. 35. ®aza xu3HeHHo20 yukna 2

Lienbto aaHHOM da3bl, Kak onpeaeneHo B IEC 61511-1, 9.1, ABnAeTca pacnpepeneHve
byHKUMIN 6€30MacHOCTY MO YPOBHAM 3aLUMTbl.

B kauecTBe BXOAHbIX AaHHbIX da3a TpebyeT onucaHna TpeboBaHWN K GYHKLMAM
6e30MacHOCT 1 TpeboBaHWI K LlenocTHOCTY GyHKLMI 6e30nacHOCTU.

B kauecTBe BbIXOAHbIX JaHHbIX OT $a3bl TpebyeTcA NpefoCTaBnTb MHPOPMaLIMIO O pacnpeae-
neHuy 06X GYHKLMIA 6€30MacHOCTY, 3afaHHbIX 3HAYEHMAX YAaCTOTbl OTKA30B U CBA3AHHbIX
C HUMU YPOBHAX LIeNOCTHOCTU yHKLMIA 6e30nmacHoCTU. Takke OyayT onpepeneHsb
LONyLLEHA, CAeNaHHble OTHOCKTENBbHO NPOYKX CPELCTB YMEHbLUEHVA PUCKa, yNpaBieHue
KOTOPbIMM TPebyeTcA Ha BCEM MPOTAXKEHUN XKI3HW NpoLecca/3aBoaa.
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PYKOBOACTBO MO BE30MACHOCTU NMPOLIECCOB 1
Pacnpepenerue GyHKLMIN 6e30nacHOCTU

9.2. PacnpepeneHune ¢pyHKUMN 6e3onacHOCTN

Ha npumepe pesepsyapa cenapatopa (3.7.1) 6binv onpeaeneHbl ciegyoLime TpeboBaHms K
byHKupmam SIF n YNB, Tabnuua 9. AHanm3 cnpaBoYHOro onvcaHus onacHocTy 1.10 nokasaH

Kak YacTb npumMepa aHanmsa LOPA [8.5]. AHann3 LOPA 6yaeT ncnonb3oBatbea and

onpegeneHna uenen yposHs SIL n ueneit BepoatHocTn PFD gna opyrux HaiaeHHbIX yrpos.

pesepByape MoxeT
NPYBECTY K NPOPbIBY rasa
B BbIBOJ, KMAKOCTW.

Hanpas/IeHNIO MOTOKa, TpebyloLee YACTKN
pesepByapa (MpUMepHO 2 MITH GpyHTOB
CTEPAVNHIOB) N OCTAHOBKM NpoLiecca Ha

6 Heplenb.

Kopg OnacHoCTb MocnepcrBua ynb Lenb
HAZOP PFD
1.01 Bbicokoe faBneHve Bbibpoc rasa BocniameHaeTcA Ha ropenkax | SIL2 6,24E-03
NPUBOANT K Pa3pyLUEHNIO | N FOPAYMX MOBEPXHOCTAX. Bo3mMoxHa rnbenb
pe3epByapa 11 BbIGpoCy [IBYX YenoBeK 13 06CNyKMBaloLLEro
rasa. nepcoHana. lMospexpaeHre 06opyfoBaHuA,
TpebytoLee 3aMeHbl peepByapa (Mprmep-
HO 10 MJTH GYHTOB CTEP/IMHIOB) 1 OCTAHOBKM
npoueccos Ha 1 rof. HesHaunTenbHbI
BbIGPOC B OKpY»KaloLLyto cpeqy.
1.1 Hun3koe paBneHve Bbl6bpoc rasa BocnnameHsaeTcA Ha ropenkax | Het Her
NPUBOANT K Pa3pyLLUEHWIO | 11 FopAYMX MOBEPXHOCTAX. Bo3moxHa rubens
pe3sepByapa 1 Bbibpocy [IBYX YenoBeK 13 06CyXuBaloLLero
rasa. nepcoHana. MospexpaeHvie obopynoBaHua,
TpebytoLiee 3ameHbl pesepsyapa (Mprmep-
HO 10 MSIH GYHTOB CTEPJIMHIOB) 1 OCTAHOBKM
npoueccos Ha 1 rog. HesHaunTenbHbIN
BbIOPOC B OKPY»aloLLyto cpepy.
1.15 Bbicokan Temneparypa Bbi6poc rasa BocnnameHsaeTcA Ha ropenkax | Het Het
NPVBOANWT K NOBLIWEHNIO | 11 FOPAYMX MOBEPXHOCTAX. Bo3MoxHa rubens
[laBNeHVA, paspyLleHnio | ABYX YenoBek 13 06CyXmBaloLwero
pe3sepByapa 1 BblIbpocy nepcoHana. MospexpaeHvie obopynoBaHusa,
rasa. TpebytoLiee 3ameHbl pesepByapa (Mprmep-
HO 10 MSIH GYHTOB CTEP/IMHIOB) 1 OCTAHOBKM
npoueccos Ha 1 rof. HesHaunTenbHbI
BbIOPOC B OKPY»aloLLyto cpepy.
1.16 Huskas Temnepatypa, MoBpexpaeHune obopynoBaHus, Tpebyiolee | Het Het
BO3MOXKHOE 3amep3aHvie | 3ameHbl pesepByapa (npumepHo 10 MiH
(3aTBEpAEeBaHyie) bYHTOB CTEPSIMHIOB) N OCTAHOBKM NpoLiecca
XKMAKOCTU, paspyLueHne Ha 6 mecALeB. BbIGpOC B OKpy»KaloLLyio
pesepByapa 1 yTeuka n3 | cpegy, Tpebyiowwnin yBeaoMneHua.
peakTopa.
1.20 Bbicokui yposeHb B MospexpaeHne o6opyaoBaHyA No Hanpaene- | SIL1 8,10E-02
pe3epByape MOXeT HWI0 NOTOKa, TpebyloLee 3ameHbl pe3epBya-
NPUBECTY K YHOCY pa (nprmepHO 10 MNIH GYHTOB CTEP/INHIOB)
KNAKOCTM B BbIBOA rasa. 1 OCTAHOBKM MNpoLecca Ha 6 MecALeB.
1.21 Hu3Kunin yposeHb B MoBpexpaeHne 060pyaoBaHNA NO SIL1 6,22E-02

Tabnuya 9. TpebosaHus k gyHkyuu SIF

~
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[H] PYKOBOACTBO NO BE3OMACHOCTY MPOLIECCOB 1
l DyHKUMOHanbHas 6€30MacHOCTb B HEMPEPbIBHbIX NPON3BOACTBAX

i

[

BepoATHOCTb NpOMEXyTOUHOro cobbiTUA, HalAeHHaA Npy nomoLum aHanusa LOPA,
onpeaennna, Yto Bce NpefioxkeHHble pyHKUMM SIF ByayT paccMaTprBaTbCA Kak peximm
ynpasneHus. Lienu SIL1 ycTaHOBREHbI ANA BbICOKOTO 1 HU3KOTO YPOBHE, BCNIeACTBYE Yero
6bInn NpegsioxeHbl cnegytowine dyHKumn SIF. [na CHUKeHUA YPOBHA faBNneHUsA B KauecTse
XOPOLLEro KOHCTPYKTOPCKOro npriemMa Obin NpefycMOTPeH pa3rpy30UHbI KnanaH AaBieHns,
a Takxe yctaHoBneHa GyHKLmA SIF, Kak mokasaHo Hike.

ABTOMaTM3MpPOBaHHasA
dyHKUKA
6e3onacHoCcTr
© > é
LHH102 ESDV102
ABTOMaTM3MpPOBaHHasA
dyHKUKA
6e3onacHoCcTr
© > é
LHH101 ESDV101
ABTOMaTM3MpPOBaHHasA
dyHKUKA
6e3onacHoCcTr
® > é
PHH100 ESDV100

Puc. 35a. ®aza xu3HeHHO20 Yukia 2

OtpenbHble GyHKUMK SIF BMecTe dopmumpyioT obLuyto crctemy SIS.
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PHH100 @ ESDV100
ABTOMaTUYeCKas
( ) » cncrema ||
obecneyeHuns
LHH101 6630M1aCHOCTM ESDV101
LHH102 ESDV102
Puc. 35b. ®aza xu3HeHHO20 Yukna 2

Ha cnepytoulein cxeme npepctaBneHbl pasmelteHHble GyHkuum SIF.

87 @ Allen-Bradley



@@

i

L PYKOBOLCTBO NO BE3OMACHOCTW MPOLIECCOB 1
l DyHKLMOHaNbHaA 6e30MacHOCTb B HEMPEPbIBHbIX MPOM3BOACTBAX

[

_______________ -
PT102 |
7N
A—> =‘ |
R + BbiBog, |
éi?] rasa |
oC N .
)KVI,C[\K TVII_@__G) : FCV103 I
S~ __SI5__LHH102 - M- |
Pl b < LH101 *+S
' PHH100 ¢ nal
:l Rkl i —— L |
e O o Lemm e LL107
! TT100 O — | —
‘ JLLL101 SIS ‘. Eip:ocm
) AY N N
’ ~ » »

________

~

ESDV101_ XV101

I:ropem Fc%og x%o‘ ES%QO

h

\ \:I'Iop,aqa
L I L4 ' TOMIINBHOTO
| . ' | ) rasa
\ S . EC_V_199 ________________ S | 1
L 5 —
-------- eSS _--"7 777 T

—————

Puc. 35¢. ®asza xu3HeHHO20 Yukna 2

88



PYKOBO/CTBO MO BE30MACHOCTY NMPOLIECCOB 1
Cneuunduikaums TpeboBaHMIn K 6e30nacHOCTM AnA cUctTemMbl SIS

~

10. Cneundukauua tpeboBaHui K 6e3onacHOCTU ANA cucrembli SIS
10.1. ®asbl >KN3HEHHOro UMKIa

Ha puic. 36 nokasaHa $a3za NpUMEHAEMOro XU3HEHHOrO LKA,

10 11 1 OueHKa onacHOCTM 1 prcKa 9

Pacnpepenenne ¢yHKuUmM 6e3onacHOCTH
0 YPOBHAM 3aLLNTbI

\4

TpeboBaHusa 6e3omnacHoCTH HPOEKTI/IpOBaHI/Ie
3 CneunduKauma Ana aBTOMaTU3NPOBaHHO 6
cuctembl obecneueHna 6esonacHoctu (SIS) 1 pa3spaboTka

Apyrux

KoHCTpyrpoBaHvie n npoeKkTupoBaHme cpeacts

4 [151 aBTOMATU3MPOBAHHOM CUCTEMbI CHWKEHUA pUCKa
obecneyeHns 6esonacHocTy (SIS)

YcTaHOBKa, BBOJ B
aKcnyaTaynio 1 npoBepka

6e30nacHoOCTH
(9, ]
Y
MpoBepka

6 |3xcnnyatauua n obcnyxunsaHne

7 M3meHeHne

YnpasneHue ¢yHKLMOHaNbHON 6e30MacHOCTbIO,
OLeHKa 1 ayanT GyHKLMOHanbHOM 6e30nacHoCT
CTpyKTypa 1 NNaHNPOBaHME XM3HEHHOTO LKA

8 BbiBOZ 113 3KCMNyaTauum

Puc. 36. ®aza xu3HeHHo20 yukna 3

Lenbto gaHHom dasbl, Kak onpepeneHo B IEC61511-1, 10.1, ABnAeTcA onpepeneHne
TpeboBaHuii ana pyHKumK SIF.

10.2. Tpe6oBaHuA K nonHoTe 6e3onacHocTn ¢pyHKuum SIF

YpoBeHb SIL kaxpgoin dyHKumu SIF Bbibrpanca B npouecce onpefeneHus SIL ¢
ncnonb3oBaHneM rpaduika prckos, aHanmsa LOPA nnm matpuLibl pyckos.

31y MHGOPMaLio Heo6XOAMMO NepeaaTb KOMaHe Pa3paboTurKoB B BUAe cneundukaymm
TpeboBaHUii K 6e3onacHOCTy (SRS), UTO6bI FapaHTNPOBaTb COOTBETCTBMNE KOHCTPYKLIMN
TpeboBaHUAM K nonHoTe 6e3onacHocTn GyHKUmM SIF B npouecce peanusaumu.
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Cneundunkauma SRS aBnaeTca ocHoBoM oLeHKM ¢yHKLmM SIF.
10.3. LWa6noH gna cneyudpunkayum SRS

MNepen HaYanoM NPOeKTUPOBaHVIsi HEOOXOAVMO NMOArOTOBUTL crelduKauumio SRS Ha
OCHOBe yKa3aHuii, cogepxawmxca B IEC 61511-1/2, ctatba 10 u 12. Cneundukauma SRS
BKJTIOUAET TPebOoBaHMsA K NOSIHOTE 1 GYHKLMOHAIbHBIM KauecTBam Kaxaom GyHKumn SIF n
[OJXKHa cofiepKaTb JOCTAaTOYHYO MHPOPMAaLIMIO ANA NPOEKTUPOBAHNA U CO34aHNA CUCTEMbI
SIS. OHa fomkHa MMETb ACHDIN U YETKNI CTUSTb U3NOXEHWA 1 CTPYKTYPY, AOMYCKaTb
NpoBepKy, 06CNy>K1BaHME 1 MPAKTAYECKYo peanun3aumio U Takum obpasom obneryatb
NMOHVIMaHME CO CTOPOHbI JINL, UCMOSb3YHOLLMX 3Ty MHGOPMALIMIO Ha BCEX CTAMAX
MKN3HEHHOTO LKna.

Cneundunkauma SRS gomkHa cofeprkaTtb NMOSIOMKEHWA MO cleyoLWM NYHKTaM ANA Kaxgom
byHKumm SIF:

« onucaHue yHkuuu SIF;

« OTKa3bl Mo 06Lei MPUYHE;

+ onpepeneHve 6e3onacHoro coctoaHms ansa dyHkuum SIF;

+ pa3mepbl NOTpebHOCTEN;

+ VHTepBasibl KOHTPOJIbHbIX MPOBEPOK;

+ Bpems peakuuy Ans npmeBeaeHus npowecca B 6e3onacHoe CoCToAHUE;
+ ypoBeHb SIL 1 pexxkum paboTbl (Mo TpeboBaHMIO UM HEMPEPbIBHbIN);

+ M3MepeHMe TEXHONOMMYECKNX NoKasaTenel 1 nx npeaenbHble 3HaYeHUs;
+ BbIXOAHbIE BO3AENCTBUA NPOLIecca 1 KpUTeprm yCrneLHou onepauum;
+  byHKUMOHanNbHas CBA3b MeXAay BXOAaM 1 BbIXOAAMMU;

+ TpeboBaHWA K pyUYHOMY BbIKITOUEHNIO;

+ ropava nNUTaHVA UM o6ecToumBaHe 4O BbIKITIOYEHWS;

+ COpOC Nocsie BbIKMOUYEHNS;

+  MaKCUMaJIbHO IOMYCTVIMOE KOJ-BO JTOXKHbIX OTKITIOUEHWIA;

+ TUMNbl OTKa3a 1 peakuus SIS Ha oTKasbl;

+ 3anyck 1 nepesanyck SIS;

+ uHTepdencol mexay SIS 1 niobol pyroin cnctemoir;

+ npuknagHoe MNO;

+  OTMeHbl/6NOKMPOBKIN/0OX0AbI, KaK MX CHUMATb;

+ [eiACTBUA, BbINONHAEMble Npu 06Hapy»keHnK SIS HencnpaBHOCTL.

Cucrema SIS MOXeT BbIMOMHATL Heb6e30MacHO peanu3oBaHHble GyHKLMK Ana obecrneyeHms
MJ1aHOBOrO OTKIOUEHNA 1 6osee GbICTPOro 3anycka.
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Pa3paboTka 1 npoekTuposaHue SIS

11. Paspa6oTka n npoeKktupoBaHue SIS

11.1. ®asbl >KN3HEHHOr o UMKNIa

Ha puic. 37 nokasaHa $a3za NpMMeHAEMOro X13HeHHOro LuKna.

10 11

OueHKa onacHOCTM 1 prcKa

YnpasneHne GyHKLMOHaNIbHOM 6€30MacHOCTbIO,

OLeHKa 1 ayanT GyHKLMOHanbHOM 6e30nacHoCT

CTpyKTypa 1 NNaHNPOBaHME XM3HEHHOTO LKA
6e3onacHoCcTn

Pacnpepenenne ¢yHKuUmM 6e3onacHOCTH

NO YPOBHAM 3aLlTbl

v
TpeboBaHusa 6e3onacHoCT I'IpoeKTmposaHme
CneunduKauma 1A aBTOMAaTU3NPOBAHHO
cuctembl obecneveHna 6esonacHoctu (SIS) n pa3pa60TKa
APYrux
KoHcTpyrpoBaHve n npoeKkTupoBaHue CcpencTs

[151 aBTOMATU3MPOBAHHOM CUCTEMbI
obecneyeHns 6ezonacHocTy (SIS)

CHUXEHNA pUCKa

YcTaHOBKa, BBOJ B

aKcnyaTaynio 1 npoBepka

SKkcnnyaTauma n obcnyxmBaHve

M3meHeHne

BbiBOZ 113 3KCMNyaTauum

Puc. 37. ®aza xu3HeHHo20 Yukna 4

[MpoBepka

Llenbto gaHHown ¢asbl, Kak onpepeneHo B IEC61511-1, 11.1, aBnAetca:

+ pa3pabotatb SIS ans npegocraBneHna Heobxoaumbix GyHkumi SIF [11.2];

« ybeauTbcs, uto KoHbUrypaums dyHKumm SIF cooTBeTcTBYeT yKaszaHHomy YIB,
onpegeneHHoMy B npotiecce 3agaHua Y6 [13].
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11.2. MpoekTupoBaHue pyHkuunn SIF

Cneundukauma SRS dopmumpyet ocHoBy ansa npoekta SIF 1 no3BonseT komaHze
pa3paboTunKoB NpeobpazoBaTb GDYHKLUMOHANBHOCTb B MPOEKTHYIO AOKYMEHTaLIO,
HanpviMep B GYHKLUMOHanbHyo cneunduKkauumio npoekta, FDS. Takum obpasom, FDS
BKJIlOYaeT BCe TpeboBaHUA K GYHKLMOHANbHOCTY 1 LLeNOCTHOCTU, Heobxoaumble ans
pPa3paboTKM 1 MPOEKTUPOBaHNA cucTeMbl SIS.

BaXkHO, UTOGbI MPOEKTHas AOKYMEHTaLA BKIlOYana ciegytolve TpeboBaHus:

+ TpeboBaHWA K NOBELEHNIO CUCTEMbI MPU O6HApPY»KeHUN HemcnpasHocTy [13.2];

+ annapartHas oTKa3oycTonunsocTb [13.3];

+ BblOOP KOMMOHEHTOB 1 nogcuctem [13.4];

+ nonesble ycTponcraa [13.5];

+ OnepaTop, NepcoHasn CONPOBOXKAEHMSA U MHTepdecbl cBA3n ¢ SIS [13.6];

+ TpeboBaHMA K TEXHNYECKOMY 00CNyKMBaHWIO 1 pa3paboTke TectupoBaHua [13.7];
+ BEPOATHOCTb OTKa3a yHkuuu SIF [13.8];

+ npuknagHoe MO [13.9].
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12. MeToabl o6ecneyeHnsa 6esonacHOCTN
12.1. BBegeHue

B atom pa3sfene gaeTcAa KpaTkoe onncaHmne Metonos obecreyeHna HafEXKHOCTL. [aHHbIA
o630p METOA0B 0b6ecrneyeHna HALEXHOCTU HN B KOEN Mepe He ABAETCA NcYepnbiBatoLWLnM,
a TaKXKe He npeTeHayeT Ha HOBU3HY U OPUTMHaNbHOCTb, MOCKOJIbKY ONMCbiBaemble 34eCb
MeTo[bl eXXeAHEBHO NCMONb3YTCA NHXeHepaMn Mo HaaeXXHOCTU.

12.2. OnpepeneHns

ns yao6cTea HUKE NPUBOANTCA COKPALLEHHbI NMEepeYeHb KItoUeBbIX TEPMUHOB 1
onpegesneHnit. bonee nosHble onpegeneHns TEPMUHOB 1 MOHATUI MOXHO HaTU B
CTaHAAPTHbIX TEKCTAX Mo 3TOMY BOMPOCY.

B03MOKHOCTb — MOKa3aTtesib CNOCOBHOCTY 3fIeMEHTa AOCTUraTh LI 3a4aum Npu AaHHbIX
YCIIOBUAX.

BoccTaHaBNMBaeMoCTb — Mepa CrOCOOHOCTY 35ieMeHTa ObITb COXPAHEHHbBIM KN
BOCCTAHOBJIEHHDBIM, /M TEXHNUYECKOe OOCNY>KUBaHME OCYLLECTBAETCA NepPCOHAIOM,
VIMEIOLLM OMNpPeAeNeHHbIN ypoBeHb KBanvduKaLlmy, C CNosib30BaHUEM NPEANUCAHHBIX
npouenyp v pecypcoB, Ha KaxaoM NpearnvicaHHOM YpOBHe 0OC/Y>KUBaHUS 1 PEMOHTA.

nOCTyHHOCTb — NoKa3aTesb, 4O KOTOPOro aNeMeHT HaxXoAnUTCA B pa6OTOCI'IOCO6HOM n
d)VIKCVIpyeMOM COCTOAHUN NpPU 3anycke LeneBou 3agayu, ecnv 3agava 3anpolleHa B
HEeN3BECTHOM COCTOAHNN.

Kon-Bo oTKkasoB - o6u4ee KONMn4yecCTBO OTKa30B B npepaenax CEeMeNCTBa SN1eMEHTOB,
nogeneHHoe Ha CyMMapHOe YNCNO XKU3HEHHbIX 2/IEMEHTOB, NOTPAYE€HHbIX 3TUM CEMEeNCTBOM
B Te4eHne onpefeneHHoro nHTepBsasia usmepeHna npmn onpeneneHHbIX ycnoBuax.

MexaHn3M oTKasa — GV31UYEeCKUI, XUMNYECKNI, SNeKTPUYECKUNIA, TEPMUYECKNIA v APYTom
npoLecc, NpUBOAALLMI K OTKa3y.

HagexHocTtb — (1) ANTENbHOCTb NN BEPOATHOCTL Gecnepe6oinHOro GyHKLMOHNPOBaHMWSA
Npu 3ajaHHbIX YCOBUAX; (2) BEPOATHOCTb TOTO, UTO IEMEHT CMOKET BbIMOJHATH CBOE
Ha3HaueHMe B TeYeHe yKa3aHHOro MHTepBana Npwv 3afaHHbIX YCroBusax. s anemeHToB 6e3
pe3epBrpOBaHMsA 3TO SKBUBANIEHTHO onpeaeneHuto (1). lna 3nemMeHTOB € pe3epBUPOBaHMEM
3TO ABNAETCA ONpeAeneHneM HaeXKHOCTM BbINONHEHUA 3aaHus.

OGCJ'Iy)KlllBaHIIIe, KoppeKTupylujee - Bce OelnCTBIA, BbINOJTHAEMbIE B pe3ynbTaTe OTKa3a
C LieN1blo BOCCTaHOBJ1EHNA 3N1eMeHTa A0 onpeaesieHHOro COCToOAHUA. KoppeKTl/lpylou.lee
O6Cﬂy)KVIBaHI/Ie MOXET BK/oUaTh JIbow 13 aiefyowmx Wwaros Unv nx Bce: nokanmsayuns,
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n3onauvs, pa36opKa, 3aMeHa, MOBTOPHaA c6opKa, NOoAroHKa 3J1IEMEHTOB 1 KOHTPOJIbHaA
npoBepkKa.

O6cnyunBaHmne, npodunakTuyeckoe — Bce AefCTBUSA, BbIMOHAEMbIE B XOAE MOMbITKM
COXPaHUTb 3/IEMEHT B YKa3aHHOM COCTOSAHM MyTEM NMPOBEAEHNS CUCTEMATNYECKIX
OCMOTPOB, OGHAPYKEHMNA 1 MPEAOTBPALLEHNA HaYaSIbHbIX OTKA30B.

OTKas - [peKkpalleHrie BO3MOXXHOCTY BbIMOHATb TPebyemyto GyHKLMIO
OTKas, 3aBUCMMbIIA — OTKa3, BbI3BaHHbI OTKa30M CMEXHbIX d11eMeHTOB. He He3aBUCHMbITA.

OTKas, He3aBNCUMbI — OTKa3, He BbI3BaHHbI OTKa30M KaKoro-nmbo Apyroro snemeHTa. He
3aBUCUMBbIN.

OTKas, HeornpeaeneHHOCTb — OTKa3, NoAB/IEHNE KOTOPOro npeackasyemo TONbKOo B
BEPOATHOCTHOM UJTN CTaTUCTUNYECKOM CMbICIIe. 310 NPUMEHNMO KO BCEM pacnpeneneHnAam.

CpefiHee BpeMsA BOCCTaHOBJIeHMsA paboTocnoco6HocTn nocne otkasa (MTTR) -
OCHOBHas Mepa BOCCTaHaBNMBAEMOCTI: CyMMa NeP1OLOB KOPPEKTMPYIOLLErO OBCTYKMBa-
HVIA Ha NI06OM YKa3aHHOM YPOBHEe PEMOHTA, AefleHHOe Ha 0bLLee UMCIOo OTKA30B B PaMKax
3/1EMEHTa, PEMOHTVPYEMOrO Ha 3TOM YPOBHe, B TEUEHMEe OnpeieNleHHOro MHTepBasna npv
3aflaHHbIX YCJTOBUSAX.

CpepnHee BpeMs HOpManbHOI paboTbl MeXXAy ABYMA HE3aBNCUMbIMU OTKa3aMu
(MTTF) - ocHOBHasA Mepa HafieXXHOCTY A4/ HEBOCCTaHABMBAEMbIX S/IEMEHTOB: CpefjHee
YMCIIO SNIEMEHTOB »KU3HU, B TEUEHUE KOTOPbIX BCE YaCTU dnemMeHTa GYHKLNOHMPYIOT B
yKa3aHHbIX npefenax B Te4eHne onpefeneHHoro MHTepBana n3mepeHua Npy 3agaHHbIX
YCNOBUAX.

CpepHee BpemA mexay ABYMA HesaBucMMbiMm oTKasamm (MTBF) — ocHoBHas mepa
Hafie>KHOCTV ANA BOCCTaHAB/IMBAEMbIX S/1EMEHTOB: CPEAiHEE UNCIIO SNIEMEHTOB XIM3HU, B
TeueHre KOTOPbIX BCe YacTyh dniemeHTa GYHKLMOHMPYIOT B yKa3aHHbIX Npefenax B TeueHve
onpeaeneHHOro MHTepBasa n3MepeHra NpY 3afaHHbIX YCIOBUSAX.

Tun oTKasa - pe3ynbTaT JeCTBUA MEXaHV3Ma, Bbi3bIBaOLLETO OTKa3, T. €. KOPOTKOoe
3aMblKaHue, 06pPbIB, CFIOM, U3ObITOYHBIV U3HOC.

DOyHKUOHaNIbHaA HAA@XKHOCTb — MOKa3aTeslb, 0 KOTOPOro 31IEMEHT HAXOANTCA B
pabouem COCTOAHNY 1 CMOCOGEH BbINONHATL TPEBYeMyto OT Hero GpyHKLKIO B iloboe
(Npoun3BoNbHOE) BPEMA Ha NMPOTAXKEHMMN YKa3aHHOM LIMKNOrpPamMMbl BbIMOSTHAEMOTO
3a/laHA NPW YCIIOBUM AOCTYMHOCTU B MOMEHT 3amnycKa 3afiaHus.
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12.3. OcHOBHble MaTeMaTNYeCKME MOHATNA, UCNoJib3yeMble B TEXHMKe obecneyeHna
HafeXHOCTN

Mpw co3paHnm TeXHUKK obecneyeHns HafeXXHOCTY NCMONb3YIOTCA MHOTVIE MaTemMaThyeckue
MOHATNA, 0CO6EHHO 113 0611aCTN TEOPUN BEPOATHOCTM U CTAaTUCTUKK. Tak, ANA pasnnyHbIX
Lienei MOXHO M1CMoJIb30BaTb MHOMMe MaTeMaTUYeCKme pacnpefeneHuns, BKNoYas raycCoBo
(HopmarnbHoe) pacnpefeneHue, NTOrHOPManbHoOe pacnpeaeneHe, pacnpegeneHue Panes,
SKCMOHEeHUManbHoe pacnpepeneHe, pacnpegeneHue Belibynna n mHoxecTso apyrux. B
pamMKax 3TOro KpaTKoro BBefieHV OrpaHNYMMCA PacCMOTPEHMEM SKCMOHEHLMAIbHOTO
pacnpegeneHus.

WVHTEHCMBHOCTb OTKa30B 1 cpefiHee Bpems HapaboTKu Ha oTka3 (MTBF/MTTF).

Llenbio KonmyecTBEHHbIX METOI0B OLIEHKWN HAAEKHOCTU ABNAETCA HAXOXKAEHME 3aBUCUMOCTI
NHTEHCMBHOCTW OTKa30B OT BpPeEMEHU N MoAennpoBaHmne 3TOW MHTEHCMBHOCTY OTKa30B B
B/AE MaTeEMaTNYECKOro pacnpeneneHna C Uenbto NOHMMaHUA KOJTNYECTBEHHDBIX aCMeKTOB
OTKa3a. [NMaBHbIM 31eMeHTOM pacyeTa ABNAETCA NHTEHCMBHOCTb OTKa30B, KOTOPaA
onpependaeTca aiegywmm ypaBHeHNEM:

A= BT
rpe: \ = UIHTEHCMBHOCTb OTKa30B;

T = obLee unco YacoB PaboTbl YCTPONCTBA (Bpemsa paboTbl/LUMKIbI/MUNW/Y T. A.) 3a Nepurog,
UCCNeAoBaHNA /1 OTKA3aBLUMX M HEOTKA3aBLUKX S/IEMEHTOB;

F= o6Lu,ee YN0 OTKa30B, Nponsoweawmnx 3a VICCJ'IeﬂyEMbII;I nepuoa.

Hanpumep, ecnv NATb anekTpogsuratenein paboTatoT B 06Lei cnoxHoCTy 50 net v 3a 3Tol
NepvioA NPOV30LLIO MATb OTKA30B, TO MHTEHCUBHOCTb OTKa30B paBHa 0,1 0TKa3a B rog.

Jpyrm 6a30BbIM MOHATVEM ABNAETCA CpefHAA HapaboTKa Ha oTka3 (MTBF/MTTF).
EpnHcTBeHHOe pasnnune mexgy MTBF n MTTF 3akntouaetca B Tom, uto MTBF ncnonb3syertcs,
KOrAa peyb MAeT O TeX dNIeMeHTaX, KOTopble MOoA/IexaT PEMOHTY B Cllyyae MONoMKN. [1ia Tex
3N1eMEeHTOB, KOTOpPbIe 3aMeHAITCA Apyrnmuy, ncnonb3yetca MTTF. PacueTbl ocTatotca
npexHumu. ins onpepeneHvs 3HayeHnii MTBF u MTTF Hy»HO BbINOMHWTb pacyeT, obpat-
HbI MO OTHOLLEHWIIO K pacyeTy GYHKLMM MHTEHCUBHOCTU OTKa30B. OHO BbIUMCIAETCA C
MCMNOJb30BaHNEM CriefyIoLLero ypaBHeHNA:

6=T/F

roe: © = cpefHss HapaboTKa Ha OTKa3;
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T = o6ulee BpemMs paboTbI/LUKbI/MUAK/Y T. I 38 NEPUOA UCCER0BAHNA 4N1A OTKa3aBLUUX U
HEeOTKa3aBLUNX SN1IEMEHTOB;

F = obLyee uncno oTKa3os, NPOM3OLLEALLNX 33 UCCIefyeMbI NePUOA.

MTBF ana npombIwneHHOro aneKkTpoaBuraTens B Halem npumepe coctaenaet 10 net, uto
npeAacTaBnseT cobor BeNUUMHY, 06paTHYIO YacTOTe OTKAa30B. 3aMETUM, UTO A/1s SNEKTPOABY-
ratenieil, BOCCTaHaB/IMBaeMbIX NMOC/Ie 0TKa3a, HalleHHOe HaMmK Bpems 03Hauaso 6bl MTBF.
s HebonblUKX ABUraTeNel, CYNTAIOLWMXCA OAHOPA30BbIMY, 3TO BpeMs 03Hauasio 6bl MTTF.

NHTEHCMBHOCTb OTKa30B ABNSETCA 6a30BbIM KOMMOHEHTOM BO MHOTMX CIOXHbIX pacyeTax
HageHocTu. B 3aBmucmocTy ot MexaHI/ILIECKOIZ/BJ'IEKTDI/NECKOIZ KOHCTPYKLU NN, pa6oqero
KOHTEKCTa, Opr)KaIOLLI,eVI cpenbl n/vinn 3¢¢6KTVIBHOCTI/1 TeXHn4YecKkoro O6Cﬂy>KI/IBaHI/IF|
MHTEHCMBHOCTb OTKAa30B MalUMHbI KaK d)yHKLIVIﬂ OT BPEMEHW MOXET y6bIBaTb, OCTaBaTbCA
NOCTOAHHOW 1NN BO3pacTaTb JINHENHO U B reomeTqueCKoM nporpeccnn. OpHako B
6oNbLUNHCTBE pPacyeToB HaAEXXHOCTU NHTEHCMBHOCTb OTKA30B CHUTAETCA NOCTOAHHO.

12.4. U-o6pasHas KpnBas

Mo cBoemy xapakTepy U-o6pasHas KpuBas AEMOHCTPUPYET TPY OCHOBHbIE XapaKTEPUCTUKM
YacTOTbl OTKA30B MaLLVHbI: yObiBaHWE, KOHCTAHTHOE COCTOAHME NN BO3pacTaHue. Ha
npakTyiKe 60MbLUINHCTBO MaLLUWH OCTAlOTCA Ha PaHHEN CTagun SKCryaTauum unv B obnactu
NOCTOAHHOWN NHTEHCMBHOCTU OTKa30B U-06pa3HOii KpMBOWA. 3aBUCMOCTb MEXaHV3MOB
OTKa3a OT BpeMeHM HabnoAaeTca peaKo, MOCKONbKY MPOMbILLIEHHOE 060pyAOBaHMe
perynapHO 06HOBNAETCA WM OCHALLAETCA HOBbIMU JETANAMU, MPEXAE YeM CTapble M3HaLLIN-
BatoTcA. OiHaKo, HECMOTPSA Ha OrpaHMyYeHnA MoaeNpPoBaHys, U-obpa3Has KprBasa ABNAeTCA
Nosie3HbIM MHCTPYMEHTOM [J1s1 06 BSICHEHNA OCHOBHBIX MOHATUI TEXHWKIN 0becneyeHns
HaLEeXHOCTN.

Yenoseyeckoe Teno — npeKkpacHbiii NprYMep CMCTeMbI, KOTOPas Pa3BMBAETCA MO NPUHLMMY
U-o6pa3Hoit KpuBoWi. Y ntofel, Kak 1 y MaLlWH, MIHTEHCUBHOCTb OTKa30B (CMEPTHOCTb)
00bIYHO 6bIBaET BblLLE B MEPBbIE FOAbI XKM3HU, 1 STOT NMOKa3aTeslb CH/XKAETCA N0 Mepe Toro,
Kak pebeHoK (MpofyKT) CTaHOBUTCA cTapLue. [1o AOCTUXKEHUM YeNOBEKOM ABajLaTUIETHEro
BO3pacTa NoKasaTeslb CMEPTHOCTY BbIXOAUT Ha MOCTOAHHBI YPOBEHb 11 OCTAETCA Ha HEM,
noka Bo3pacTHble 6one3Hu (Bpems) He HauMHAIOT CHOBA YBENMYMBATb YaCTOTY CMepPTeNbHbIX
cnyyaeB (M3HOC).

CumTaetcs, uto U-06pa3Hasn KpuBas CKNaablBAeTCA U3 HECKONbKIMX pacrpesenieHnin 0TKasos,
puc. 38.

CHMXatoLLanca MHTEHCUBHOCTb OTKA30B Ha PaHHUX 3Tanax d)yHKLI,VIOHI/IpOBaHVIﬂ
o6ycnosneHa CUCTEMHbBIMN MPUYNHAMW, TaKNMU KaK MPOMbILLNEHHbIE p,e(])EKTbI npoAayKTa.
an/I nponseoacTee 6onbluomn napTnmn NPoOAyKTOB YacCTb ceMeincTBa HeN36eKHO 6yJJ,ET NMeTb
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ﬂe(l)eKTbl N OTKaXXeT BO BpeMaA sKcnnyaTauunn. Mo Mepe TOro Kak OTKasaBLUME 3NIEMEHTDI
BO3BpallaloTCA Ha3a nocdie peMoHTa, 40oNnA cnabbix NPOAYKTOB B cemencrae COKpallaeTca
N NHTEHCUBHOCTb OTKa30oB COOTBETCTBEHHO y6bIBaeT.

YBenmumnBatoLeecs YiCio OTKa30B 13-3a M3HOCA MOXKET ObITb BbI3BaHO aHANOrMYHbIMU
CUCTEMHBIMY NPUYMHaMU. MexaHn3M OTKa3a MoXeT ObiTb 00ycnoBfieH ocnabneHviem,
HanpumMep B pe3ynbTaTe HaKaNMBaHVA YCTaNOCTHbIX MOBPEXAEHWIA. B aneKTpoHriKe
MexaH13Mbl 0TKa3a, 00yC/TIOBIEHHbIE BO3PACTOM, OBbIUHO MEIOT MEXAHNYECKYI0 Nprpoay
1 BKJTIOUAIOT YCTANIOCTHOE pa3pyLUeHUe NasHbIX COeANHEHNI.

Mepuopn KOHCTaHTHOW YacTOTbl OTKA30B COCTAB/AET GONbLUYIO YAaCTb XKU3HW MPOAYKTa U
ABNAETCA MEPOI KauecTBa KOHCTPYKLIMY, ee AO6POTHOCTY. IMEHHO B 3TOW 06nacTu
KOHCTaHTHOW YacTOTbl OTKa30B BbIMOHAIOTCA SIeMEHTapHbIe PacyeTbl HAAEKHOCTY.

U-obpasHas Kprsas
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2 /
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> 03 / ¥
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Bpema
—-—-- CoKpalleHve
———- [ocToaHHoe
—--—- YBenunyerve
Wtoro
Puc. 38. U-obpasHas kpusas

12.5. 3KcnoHeHUManbHoe pacnpegeneHne

DKCMoHeHUuanbHoe pacnpeneneHne, caMaa OCHOBHaA U LWMPOKO UcnosiblyemMan ¢opmyna
ANA NpeAcka3aHna HafeXXHOCTW, MoAeNnpyeT MallHbl C KOHCTaHTHOW MHTEHCMBHOCTbIO
OTKa30B WK1 paCcCMaTpuBaET TOJIbKO NIOCKNI y4acToK U-o6pa3H0|7| KpI/IBOM. bonbLasa yactb
NPOMbILLIIEHHOIO O60pyp,OBaHVIF| pa60TaeT 6OJ'IbLIJyIO 4YacCTb CBOEro CpoKa CJ'Iy>K6bI C
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NOCTOAHHOW MHTEHCUBHOCTBIO OTKA30B, No3TOMY 3Ta ¢opmyna nmMeeT WNpoKoe
npyMeHeHNne.

Hwxe npMBOANTCA OCHOBHOE YpaBHeEHME ON1A OLUEHKN HaeXXHOCTN MallnHbI MO 3aKOHY
SKCMOHeHUManbHOro pacnpeaeneHna, roe UHTEHCMBHOCTb OTKa30B KaK (I)yHKLWIﬂ oT
BpemeHn ABNnAeTCA KOHCTaHTOW.

Rit)=exp{-A.t}
rae: R(t) = oueHKa HapeXHOCTYM 3a Neprog BPEMEHN, KOTIMUYECTBO LMKIIOB, MUITb U T. 4. (t);
A\ = VIHTEHCUBHOCTb 0TKa30B (1/MTBF nnu 1/MTTF); t = onacHbIii nepros.

B Hawem npumepe C anekTpoasuratTenem, ecyim nojiaratb UHTEHCUBHOCTb OTKa3oB
BENNYMHOWN NOCTOAHHO, BEPOATHOCTb TOrO, YTO ABUraTeslb 6y,£|eT pa6OTaTb 6e30TKa3HO
B Te4eHue WeCTn NieT, nmn NpoeKkTrnpyemMan HageXXHOCTb, COCTaBNAeT 55%. OHa
noAcCYNTbIBAETCA CieayoLlnm 06p330M2

Rt) =exp{-01x6}
=exp{-06}
=0,5488 = 55%

Jpyrimm cnoBamu, yepes LWeCTb fIeT OKOMO 45% cemeicTBa UAEHTUYHBIX ABUraTenel,
pPaboTaoLVIX B AEHTUYHbIX MPUNOXKEHWAX, MO TEOPUN BEPOATHOCTI MOTYT OTKa3aTb. 34eCb
CTOMUT HAMOMHWTb, YTO 3TV PaCUeTbl ONpPeaensoT BEPOATHOCTb /1S cemelicTaa. Kaxabin
OTAESbHbIN SIEMEHT U3 3TOMO CEMENCTBA MOXKET OTKa3aTb B NMEPBbIii e AeHb paboTbl, B

TO BpeMsl Kak Jpyroi anemeHT 6yaet paboTatb 30 neT 6e3 nepeboes. TakoBa Npupoaa
BEPOSATHOCTHOIO MIAHNPOBAHNUA HAAEXHOCTY.

XapaKTepHOI YepTor SKCMOHEHUMANbHOro pacnpeneneHus Asnaetca 1o, uto MTBF
NPUXOANTCA Ha TOUKY, B KOTOPOW paccynTaHHasA HaAeXHOCTb paBHa 36,78%, nn Ha MOMEHT,
Korga 63,22% MaluviH y»Ke BbILln 13 cTpoA. B Hawwem npumepe ¢ gsuratenamm yepes 10 net
MOXHO OXKMAATb, YTO U3 CEMENCTBA MAEHTUYHbIX ABUraTenei, paboTaloLmnx B UAEHTUYHbIX
NpunoxeHunax, 63,22% BbIayT 13 cTpoA. MIHbIMK cnoBamu, KO3GOULIMEHT BbIXKMBAEMOCTH
cocTaBnaeT 36,78% cemencraa.

12.6. OueHKa HafeXXHOCTN CUCTeMbl

Mocne Toro Kak HageXHOCTb KOMMOHEHTOB WM MaLLIWH OTHOCUTENbHO paboyero KOHTeKCTa
1 Tpebyemoro BpeMeHu BbINONHEHNA 3aaHA Obina YCTaHOBIEHA, MHXKEHEPbI-TEXHONOM
NPUCTYNatoT K OLIeHKe HaieXKHOCTY CUCTeMbI UK npoLiecca. OnATb e 13 CoobpaxeHnin
NPOCTOTbI U KPAaTKOCTW PacCMOTPUM OLIEHKM HAaAEXHOCTU A CUCTEM NOCef0BaTebHOro
BKJIOYEHUA, NapanienbHbIX CUCTEM 1 CUCTEM C pacnpeaeneHnem Harpy3ok u
pe3epsupoBaHmem (cuctembl MooN).
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12.6.1. Cucrembl NnocneaoBaTeNIbHOro BKJIIOUEHNA

Mpexpae yem NepenTn K paCCMOTPEHUIO CUCTEM NOCNIEA0BATENbHOTO BKITIOUEHNS,
HeobX0A4MMO MOroBOPUTb O B/IOK-CXemax pacyeTa HagexxHocTy (RBD). brok-cxembl RBD
MPOCTO OTOGPAXKAKT MPOLIECC OT Havana o KoHLUaA. B cuctemax nocnenoBatenbHOro
BKJIOUYEHMA 3a NoacucTemoit 1 cnepyeT noacuctema 2 U T. . B cuctemax nocnefoBatenibHOro
BKJTIOUYEHUA BO3MOXKHOCTb 3a/1e/iICTBOBATb MOACUCTEMY 2 3aBUCUT OT paboyero CoCToAHMsA
nopcuctembl 1. Ecnn nogcnctema 1 He pabotaeT, cuctema He GYHKLMOHMPYET He3aBUCMMO
OT COCTOAHMA NoacucTembl 2 [puc. 391

— R1(t) R2(t) R3(t) —

Moacucrema 1 Moacucrtema 2 Mopcuctema 3

Puc. 39. Cucmema nocnedo8amesibHO 8K/IOYEHHbIX 371eMeHMOo8

YTo6bl NOACUMTATD HAZIEKHOCTb CUCTEMBI A/1A NPOLIECCa C NOCNe[0BaTENbHbIM BKITKOUYEHNEM,
HEOBXOAVIMO YMHOXNTb HaMAEHHYI0 HAAEXKHOCTb NOACMCTEMbI 1 B MOMEHT BpemMeHH (t) Ha
HalAEHHYI0 HAAEXXHOCTb MOACKUCTEMBI 2 B MOMEHT BpemeHH (t). OCHoBHOE ypaBHeHMe ans
BbIUVICNIEHNA HAAEXKHOCTU NPOCTON CUCTEMbI C MOCNEA0BATENbHBIM BKITKOYEHNEM UMEET BUL:

Rs(t) =R1(t) . R2(t) . R3(t)
roe: Rs(t) — HaieXHOCTb CUCTEMbI B LlaHHDBI MOMEHT BpemeHy (t);
Rn(t) - HagexxHOCTb NoacucTeMbl Uy NOAGYHKLUM B fAaHHbI MOMEHT BPemeHH (t).

TakK, AnA NPOCTO CUCTEMbI C TPEMA NOACUCTEMaMM UMW NOAPYHKLMAMY, Y KaXK[on 13
KOTOpPbIX HaAeHHasA HaeXHOCTb B MOMEHT BpemeHH (t) pasHa 0,90 (90%), HafeXHOCTb
cuctembl BblumcnaeTca kak 0,90 X 0,90 X 0,90 = 0,729, nnun npumepHo 73%.

12.6.2. MapannenbHbie cucTEMbI

YacTo rHxeHepbl-pa3paboTunKm BKIKOYAOT B KPUTNYECKIME CTaHKM 130bITOK MOLLHOCTM.
CreumanncTbl MO HaAEXKHOCTM Ha3bIBaIOT TaKue CUCTeMbl Mapasiie/bHbIMK. Takne cuctembl
MOTYT GbITb CMPOEKTUPOBaHbI KaK aKTVBHbIE NMapasnenbHble CMCTeMbI WV NapanenbHble
pe3epBHble cuctembl. Ha puc. 40 nokasaHa 6510K-cxema AnA NPOCTON ABYXKOMMOHEHTHON
napannenbHO CUCTEMBbI.
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[

R1(t)

R2(t)

Puc. 40. Cucmema napannenbHo 8K/IIOYEHHbIX 3/1eMeHMo8

YT106bI MOACUNTATb HAAEXKHOCTb aKTVBHOW NApanieNibHOMN CUCTEMbI, B KOTOPOW 06e MalUMHbI
paboTatoT, BOCNosb3yWTech CleyoLWmum NPoCcTbiM YpaBHEHNEM:

Rs(t) =1-[{1-R1(t)}.{1-R2(t)} ]
rae: Rs(t) — HageXXHOCTb CUCTEMbI B iaHHBIN MOMEHT BpemeHH (t);
Rn(t) - HageXXHOCTb NoacucTeMbl Uy NOAGYHKLUMUN B fAHHbI MOMEHT BPeMeHH (t).

Hawwa npocras napannenbHasa cucrema ¢ AByMA KOMMOHEHTaMW B Napanienu, HageKHOCTb
KaMporo 13 Kotopbix coctaBnsaet 0,90, MMeeT CyMMapHYto HaaexHoCTb cuctembl 1— (0,1 X
0,1) = 0,99. iTaK, HaAEeXXHOCTb CUCTEMbI Oblna CyLLEeCTBEHHO YNyYlleHa.

12.6.3. Cucrembl M n3 N (MooN)

[ns cneumanicToB no HaAeXHOCTY 3aBOACKOr0 060PYOBaHIIA OYEHb BaXKHbIM ABNIAETCA
noHaTne cuctembl MooN. Takune cuctembl TpebytoT, 4To6bl 6bINn 4OCTYMHbI M 3nemMeHToB 13
obLuero cemelictsa B N 31eMeHTOB. XOPOLLVM MPUMEPOM 13 0611aCTU MPOMBILLIEHHOCTU
ABNAETCA yrofibHaA MeSbHYLA Ha SNEKTPOCTaHLMN. VIHXXeHepbl YacTo MPOEKTUPYIOT 3Ty
GyHKLWIO Ha 3aBofie, Ncnonb3ysa meTof MooN. Hanprimep, Ha anemeHTe MeeTcA YeTbipe
MESbHYLbI, 11 31eMeHT TpebyeT, UToObI TPU U3 HIX PaboTanyi € NMOJHOW 3arpy3Koi [puc. 41].

12.7. OnacHble n 6e3omnacHble 0TKa3sbl

YT006bI pacyeTbl HaAEXHOCTN UMeNN 3HaYeHUE, HYXKHO 3HaTb HE TOJIbKO YaCTOTY OTKa30B
CUCTEeMBbI, HO 1 TO, KaK CUCTEMA MOXKET BbINTU 13 CTpOA, T. €. TN OTKa3a.

Tunbl 0TKa3oB KJ'IaCCVICI)I/ILl,I/Ip)IIOTCﬂ Kak 6e30mnacHble nav ornacHble. Ha pvc. 42 nokasaH
rasoBbil pr6OI'IPOBO,D,. Ecnnno pr6OI'IDOBO,D,y NnoAaeTcA TOMINBO Ha SNEKTPOCTAaHLNIO N
OTCEeKaloLWMI KnanaH BbINAEeT U3 CTPOA N Npon3BeAEeT NOXKHOE OTKIIOYEHUE, NoLaYa TOMN/INBa
6yneT npepeaHa 1 3TO, BO3MOXHO, NpMBEAET K d)VIHaHCOBbIM noTepAm, HO B JaHHOM ClyYae
TN OTKa3a (MosfioMKa B 3aKpbITOM COCTOAHMN) ABNAETCA 6e30MaCHbIM.

Ecnu TOT e kKnanaH cnomaeTca B OTKPbITOM COCTOAHUW, NOAaya TOMN/IMBa COXPaHUTCA, HO
C034acCTCA CUTyauMA NOBbILLEHHOrO AaBJieHNA. anI STOM HEBO3MOXXHO N30NPOBaTb
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TOM/IMBO 1 06e30MacuTb TPY60NPOBOA. [103TOMY AaHHbIN TVM OTKa3a (MOIOMKa B OTKPbITOM
COCTOAHWN) PAaCCMATPUBAETCA KaK OMACHbI.

] R1(t) -
— R2(t) —
— R3(t) -
— R4(t) —

Puc. 41. Cucmema 3004

anpasnmueCKoe
Jlornka
nnTaHne P —
CMA3
SnekTpo-
r . MarHUTHbIN
VA PaBANYECcKni KnanaH MNepepatunk
BEHTUJb
< El naBneHns
@
KoHTponnep
naBneHns
Beopn BbiBOA
rasonposoja £ M rasonposoja o
Lad
KnanaH KnanaH [
BbIKNIOYEHMA  ynpaBieHns ”
naBneHnem
N! >
I Lag
HomwuHan 139 6ap HomwuHan 48 6ap
Puc. 42. yHKUUA OMKA34a 8 C/1y4ae 603HUKHOBEHUS ONACHOU cumyayuu

B atom npunmepe OnacHbIN TN OTKa3a (MosioMKa B OTKpPbITOM COCTOAHMM) He 6y,qu
O6Hapy)KEH A0 TeX MOP, NOKa Ha HEro He NOoCTYNUT KOMaHAa, T. €. MOKa KjlanaH He NonyynT
KOMaHAy 3aKpbITbCA. 310 paccmaTpmBaeTCA Kak OnacHbIN HEO6Hapy)KEHHbIIh OTKa3.
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(
C Apyroi CTOpOHbI, ecin Mo TPy6onpoBOAY Ha 3MEKTPOCTaHLMIO NMOLAETCA TENIOHOCUTENb
1 KnanaH SSV969A BbInfeT 13 CTpoA 1 NPOU3BeAET NOXKHOE OTKIIoYeHWe, TO Nofgaya Tenno-
HOCWTENA NPeKpaTUTCA U Ha SNEKTPOCTaHLMMN MOXKET HacTynuTb neperpes. B sTom npuno-
YKEeHVM TOT XKe caMblli KflanaH 1 TOT »e camblli TN 0TKa3a (MoTOMKa B 3aKPbITOM COCTOAHNI)
ABNATCA ONACHBIM OTKa30M. ECiv KnanaH BbINAET U3 CTPOA B OTKPbITOM COCTOAHNY, MOTOK
TEMIOHOCKTENA COXPAHAETCA, MOITOMY TVM OTKa3a (MOMIOMKa B OTKPbITOM COCTOAHMN) OyAeT
paccmaTpuBaTbCA Kak 6e30macHBbli.

OnacHbl 0TKa3 KOMMOHEHTa B NPUOOPHOI 3alMTHOM GYHKLMMN MeLLaeT 3Tol byHKLUMK
LOCTUYb 6E30MaCHOro COCTOSAHMSA, Korfa 3To TpebyeTcs. YacToTa onacHbIX OTKa3oB
00603HayaeTca CMMBOJIOM: Ap.

Be3onacHblii 0TKa3 He CNoCco6eH NPUBECTY aBTOMATU3MPOBAHHYIO CUCTEMY 6@30MacHOCTU B
oracHoe Ny Hepabouee COCTOAHME, OAHAKO TAaKOW OTKAa3 BbI3bIBAET OTKIIIOUEHNE CUCTEMDI
W aKTVBaLMIO MPUGOPHOI 3aLLMUTHOM GYHKUMK NpY OTCYTCTBUM Yrpo3. YacToTa
6e30MacHbIX OTKA30B 0603HAYaETCA CUMBOJIOM: As.

CyLLecTByIOT TWMbl OTKAa30B, KOTOpble BOODOLLE He BAUAIOT Ha GpyHKLI0 6e30nacHoCTU. OHM
MOTYT BKIt0UaTb GYHKLMM 06CYKMBaHWA, IHAMKATOPbI, PEMMCTPALMIO AaHHbIX 1 ApYrre
bYHKLMK, He cBA3aHHbIe ¢ 6e30MacHOCTbIO (NoN-SR). IHTEHCBHOCTb OTKA30B, He CBA3AHHbIX
¢ 6e30MacHOCTbIO, 0603HAYAETCA CUMBOSTIOM: Anon-sk.

O6Lan NHTEHCMBHOCTb OTKA30B 3/IEMEHTa A paBHa CYMMe MHTEHCYBHOCTM OTKA30B,
CBSAI3aHHbIX C 6€30MaCHOCTbIO 1 HE CBA3aHHbIX C 6e30MacHOCTbI0. OBbIYHO B pacyeTbl
HAOEXHOCTW BKITOYAETCA TONbKO Ap 1 As.

}\ = }\D + )\S + }\non—SR
12.8. BbisiBNieHHble 1 HeBbIAABJIEHHbIE OTKa3bl

PFD oTHOCWTCA K OMacHbIM OTKa3am, KoTopble MeLlaioT SIS paboTaThb, Koraa 3To TpebyeTca.
3TV TUNbI OTKa30B KNaccUPULMPYIOTCA NGO KaK BbIABMIEHHbIE, T. €. OHW OOHaPYKeHbl
CCTEMON ANAarHOCTUKK, MO0 Kak HEBbIAB/IEHHDIE, T. €. Te, KOTOPble 0OHapyXMBatoTCA
TONbKO B XOfi€ PYUHbIX KOHTPOJbHbIX MPOBEPOK, KOTOPbIE 06bIYHO BLIMOMHATCA Pa3 B
rop. PekomeHgyetcs, 4Tobbl TWMbl 0TKa30B, KnaccuduuymposaHHble FMECA Kak onacHble
BbIAB/IEHHbIE OTKa3bl, OGHAPY>KNBANINCb B XOAE AVArHOCTUKM 1 NPOBEPANNCH NPW OLieHKe
CpeACTB NporpamMmmHoro obecreyeHrA. Kpome Toro, npoLeaypbl KOHTPOMbHO NPOBEPKN
[OMKHbI rapaHTMPOBaTb OOHAPYXKEHMNE OMACHbIX HEBbIABNEHHbIX TUMOB, YTOObI
rapaHTMpoBaTb 3PPEKTUBHOCTb KOHTPOMbHbIX MPOBEPOK.

B cootetcTBUM € IEC 61508-6, npunoxeHue B.3.1, aHann3 MOXeT BKOYaTb /1A Kaxkaom
byHKUMM 6e30MacHOCTIN Hanmyme NMosTHOM KOHTPOJbHOM NMPOBEPKM N PEMOHTA, T. €. UTOObI
BCe HEBbIAB/IEHHbIE OTKa3bl 0OHAPYKMBANUCh B X0 KOHTPOJbHOWN MPOBEPKU.
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12.9. MeprnoANYHOCTb KOHTPOJNbHbIX NPoBepoK (Ty) n cpepgHee Bpemsa npocroa (MDT)

Mpennonaraetca, UTo, eCnn ClyyvaeTCA 0TKas, OH B CPeAHEM NMPUXOAUTCA Ha cepefnHy
WHTepBana Mexay npoBepkaMu. VIHbIMK cioBamu, OTKa3 OCTaeTCA HeBbIABMNEHHbIM Ha
npoTaxeHnn 50% ncnbiTaTenIbHOro nepuoga.

[ns BbISIBNIEHHBIX U HEBbISBNIEHHbIX OTKa30B cpeaHee Bpems npoctos (MDT) 3aBucut ot
VHTEpPBana MeXzy NpoBepKamMu, a TakKe OT NPOAOCIIKMUTENIbHOCTM PeMOHTa, i MTTR.

CnepoBatenbHo, MDT BblUMCASETCA KaK:

MDT = nnrepBan mexay nposepkamu + MTTR
2

Mostomy MDT 1A BbIABNEHHbIX OTKa30B NPUONMKaeTca K BpeMeHV PEMOHTA, NMOCKOSbKY
WHTepBan Mexay NpoBepKamu (aBTOTECTMPOBAHNE), Kak NMPaBWIIo, HECOM3MEPUMO Mas Mo
cpaBHeHwuto ¢ MTTR. 1A HeBbIABNEHHbIX OTKa30B NMPOAOIKUTENIbHOCTb PEMOHTa Hecorme-
PYMO Masa no CPaBHEHMIO C IHTEPBaNoOM MeXAay NpoBepKamy (MeprofNYHOCTb KOHTPOb-
HbIX NpoBepok Tp), nostomy MDT Ansa HeBbIABNEHHbIX OTKa30B NpubnuKaetca K Tp/2.

12.10. MogenupoBaHue 4acToTbl OTKa30B cucTeMbl (Asys)

YacToTy 0TKa30B pe3epBMpPOBaHHON CUCTEMbI ASYS MOXKHO BbIUMCIINTD, 3Has KONMYECTBO
CMocob0oB, KaKUMM CUCTEMA MOXKET BbITY 13 CTPOos. B cricTeme 3004 ana dyHKLMOHMPOBa-
HUA CUCTeMbl TpebyeTcs, uTo6bl GYHKLMOHNPOBaNy 3 U3 4 KaHanoB, MO3TOMY Ntobble fABa
OTKa3a MOTyT NPUBECTY K OTKa3y CUCTEMbI.

Puc. 43. Cucmema 3004
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YacToTa, C KOTOPOii MOTyT MPOUCXOANTL Cpa3y fiBa OTKa3a, A2 NoNyyaeTcs B pesynbTraTe
YMHOXEHWSA YaCTOTbl OTKa30B OJHOTO 371eMeHTa A Ha BEPOATHOCTb TOTO, YTO BTOPOI OTKa3
npou3oiaeT B Neprog NpocTtos nepeoro snemeHta MDT A.MDT.

Takum obpaszom,
A2 =AA.MDT)

OpHaKo cyLecTBytoT 12 BO3MOXHbIX KOMOMHaLUI (TOPAAOK BaxeH) ABYX OTKa30B B cUCTeMe
3004:A.B,A.C,AD,B.C,B.D,CD,BA,CA,D.A, CB, D.BnD.C.  HeobX0AMMO YUnTbIBATb NX
Bce. [103TOMY MHTEHCMBHOCTb OTKa30B cUCTeMbI NprobpeTaeT BuA:

Asvs = 122.MDT

YT06bI ObITb TOUHBIMU, HEOHXOAMMO ObIIO BKIIOUYNTH BCE KOMOUMHALMK 113 3 1 4 HbIX OTKA30B,
a TaKXKe 0TKa3bl, BbI3BaHHbIE OOLLVIMY NPUUYMHAMU, MOCKOSbKY OHU TaKKe NMPUBOAAT K OTKasy
CUCTEMBI, HO B MPUBAVKEHVIN NEPBOro NoPAAKa STVMI YlleHaMy BbICLIETro NOopPAAKa MOXHO
npeHebpeyb. IHTEHCMBHOCTb OTKA30B CUCTEMbI 3004 1 ipyrie KoHbWIrypaLuwmmn npeacTasne-
Hbl B Tabnmue 10. 3ameTym, UTO 3TV 3HAUYEHUA ABIAIOTCA NPUOBIVIKEHHBIMY 1 B HUX TaKXKe
OMyLUEHbI UrieHbl 60oree BbICOKOrO Nopszka.

Kondurypauua Asys

loo1 A

1002 2\2.MDT
2002 2\

1003 3.\.MDT?
2003 6.\2.MDT
3003 3\

1004 A.MDT?
2004 12.03.MDT?
3004 1222.MDT
4004 4\

Tabnuya 10. IHMeHcusHOCMb 0MKasos

3ameTuM, UTO BKI1aZ OTKA30B, BbI3BAHHbIX O6LLMMM npunynHamm, pacCMaTprBaeTCA aanee
[12.17].
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12.11. MOAenMposaHVIe Y4YacTOTbl ONMAaCHbIX BblABJIEHHbIX 1 HEBbIABJIEHHbIX OTKa30B
(Aoo) m (Aou)

MopctaBnas Aoo 1 Aou BMecTo A B Tabnuuy 10 1 ncnonbsya coorsetctBeHHo MDT vnn Tp/2,
MO>KHO BbIBECTY YaCTOTY OTKA30B CUCTEMbI B Pe3y/ibTaTe OMacHbIX BbIABNEHHbIX 1K
HeBbIAB/IEHHbIX OTKA30B, Tabnuua 11.

KoHdurypaunsa OGHapyXeHHble Heo6HapyxeHHble
Asys Asys
1oo1 Aoo Aou
1002 2.Mop2.MDT Mou.Te
2002 2.\oo 2 ou
1003 3.\o0>.MDT? Aou3.Te?
2003 6.Mo0?.MDT 3. hou.Te
3003 3.\oo 3.Mou
1oo4 Aoo®.MDT? Aou®.Te?
2004 12.M\o0>.MDT? 4.Mou’.Tp?
3004 12.M002.MDT 6.\ou2.Te
4004 4.\oo 4.Nou

Tabnuya 11. Yacmoma onacHsix omkazoe cucmembl
12.12. MogenupoBaHue NOXHbIX OTKNOUYeHMI cucTtembl (Astr)

nOCKOﬂbe B GONbLUMHCTBE CydaeB npennonaraeTca, YTo B Cxeme C pesepBnpoBaHnEM
WNHTEHCMBHOCTb BCeX 6€30MacHbIX OTKa30B BblIAABJIE€HQ, BbllleALLINE N3 CTPOA KaHallbl
nognexart PeMOHTY NMpu YCIOBUN, UTO He np0|/|30|7|,qu aBapI/IVIHOFO OTKNKOYEHNA CUCTEMDI.
|-|O3TOMy NPUMEHAETCA MEeTO[, VICI'IOJ'Ib3)/EMbIVI MO OTHOLLIEHWIO K ONAaCHbIM BbIABIEHHbBIM
C6OF|M, 3a UCKITIYeHneM Tex cJyyaeB, Korga 4ncio OTKas3os, Tpe6y|ou.1eecn ANA NOXXHOro
OTK/IOYEHUA, OTNINYAETCA OT COOTBETCTBYIOLLEro Ymncna, Tpe6y|ou4eroc;| AnAa onacHoro
OTKa3a.

OO6bIYHO JIOXKHbIE OTK/HOUEHWNA BKITIOUAKOT TOSIbKO 3HAYEHUA YaCTOTbl 6GE30MAcHbIX OTKA30B,
HO B 3aBUCVMOCTU OT MOBELEHUA CUCTEMHOTO OTKa3a Nocsie 06HapyeHus fedexta MoryT
6bITb BKIOUEHbI 1 OMACHbIE BbIABEHHbIE OTKa3bl, I TOFAa MHTEHCUBHOCTb JIOXKHbIX
OTKJIloUeHMin ByaeT NPeAcTaBaTb CO6OM CyMMY 06EnX BEINYMH.
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B Tabnuue 12 cBefeHbl 3HaUYeHNA MHTEHCUBHOCTU JIOXKHbIX OTKITIOYEHWI CUCTEMbI 1A
6e30mnacHbIX OTKa30B.

Kondurypaumua JloxxHoe
Astr

1001 As

1002 2.hs

2002 2As2.MDT

1003 3.s

2003 6.As2.MDT

3003 3.\s%.MDT?

1004 4.\

2004 12A2.MDT

3004 12.s3.MDT?

4004 As*MDT?

Tabnuya 12. Yacmoma 10XXHbIX OMK/IoYeHUl cucmemsi
12.13. MogenupoBaHMe AOCTYNHOCTY CUCTeMbl 6e30MacHOCTI B peXuMe yrnpasiieHns

JOCTynHOCTb c1CTeMbl 6€30MacHOCTU B pe3ysibTaTe OMacHbIX BbIIBMIEHHbIX OTKa308 Aob
HaxoguTcA no gpopmyne:

Aop = 1/(1 + MNobisys).MDT)

roe Aob(svs) — UHTEHCMBHOCTb OTKAa30B CUCTEMbI B pe3ynbTaTte ONnacHOro BbIABNEHHOIO OTKasa
[12.11].

[ns onacHbIX HeBbIABNEHHbIX 0TKa30B ADU BbluncniseTcs no dopmyne:
Aou=1/(1 + Mouesys). Te/2)

rae Aou(sys) — MIHTEHCMBHOCTb OTKa30B CUCTEMbI B Pe3ysibTaTe OMacHOro HEBbISBIIEHHOTO
oTkaza [12.11].

[nsa 6e3onacHbIX OTKA30B As BbIUUCIAETCA N0 popmyre:

As=1/(1 + Asisvs).MDT)
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rne As(svs) — MIHTEHCUBHOCTb OTKA30B CUCTEMbI B pe3ynbTaTte IOKHbIX (6e30MnacHbIX) OTKa30B
[12.12].

CnepoBaTesibHO, AOCTYMHOCTb CUCTEMbI ABAAETCA NPOM3BEeEHEM 3HAUEHNI JOCTYMHOCTA
BC/IEACTBUE BbISBNEHHDIX, OMACHbIX, HEBbISIBIIEHHbIX 1 6€30MaCHbIX OTKA30B:

Asvs=Aop . Aou . As

ITOT METOA MOXXHO MCMONb30BaThb A/A MOGENVMPOBAHA CUCTEM NOC/Ie[0BaATENIbHOMO
BK/lOUEHMA (simplex), a TakKe pe3epBMPOBAHHbIX CUCTEM.

12.14. MogenupoBaHue AOCTYNHOCTY CUCTEMbI 6€30MacHOCTU B HEMpPEpPbIBHOM
pexume

Koraa meTop npumMeHseTcs K crcteMam 6e30MacHOCTMI B HEMPEePbIBHOM pexume, crieLma-
JINCT, NPOBOAALLMIA aHANN3, AOMKEH MOHMMATb NPUPOZY KOMAHA, OTAABAEMbIX GYHKLM
6e3onacHOCTU. HekoTopble GyHKLMM 6e30MacHOCTI HEMPEPLIBHOTO PeXrMa paboTatoT no
KomaHge (Kak GyHKLMM 6e30MacHOCTI B peXMMe YNpaBeHys), HO OTHeCEeHbI K Knaccy
bYHKUMIT HENPEPBIBHOTO PeXMMa 13-3a YaCTOTbl KOMaHZ, KOTOpble MOCTynatoT yalle 1 pasa
B rof. B 3Tom ciiyuae OCTYNHOCTb MOXKHO BbIUMCINTD Tak Xe, Kak 41s GyHKLMmM 6e30mnacHo-
CTV B peXMME YNpaBieHns ¢ TOM INLLb Pa3HULel, YTO MHTEPBaN MEXAY KOHTPOSIbHbIMU
npoBepKamu Te Hy>KHO 3aMeHUTb UHTEPBaNIOM MeXay KoMaHaamu To. OnacHble HeBbIABIEH-
Hble OTKa3bl OCTAIOTCA HEOBHAPYKEHHbIMY, MOKa GYHKL MM 6e30MacHOCTM He 6yaeT OTAaHa
KomaHga.

Ecnn dyHKUMA 6e30MacHOCTY B HEMPepbIBHOM pexrme 3GPeKTrBHO obecneunsaeTt
HenpepbIBHbI KOHTPOJSIb, JOCTYMHOCTb MOXXHO PaccumTaTh Kak cuctemy ynpasneHus [12.15].

12.15. MogennpoBaHue AOCTYNHOCTN CUCTEMbBI yNPaB/ieHUA

rlpl/l moaennpoBaH JOCTYNMHOCTM CNCTEM ynpaBieHUA N UHTePeCHbI OTKa3bl, BNAKOLWME Ha
npouecc, N03ToOMy NPUXoanNTCA peLlaTb, BNIMAET JIN OTKa3 Ha npouecc B TaKOW CTeneHw, 4To
cncTemMa ynpasneHnA CTaHOBUTCA NPAKTUYECKN HEAOCTYMHa.

OG6Hapy»keHVie OTKa3a NPOU3BOAUTCA NGO CUCTEMON AMArHOCTUKI 1 OMOBELLEHNSA 06
owmbKax, B 3TOM CJlyyae TpebyeTca peMoHT 1 cuctema 6yaeT HelOCTyMHa A0 YCTpaHeHWA
HencnpaBHOCTU, NGO MO CUMMTOMaM, B 3TOM CJTyuae NPOLecc Nnof KOHTponem
NPOLOJKAETCA 3a NPeAesamMmy YKaszaHHbIX 3HAUEeHUI.

HeBblfiBNEHHble OTKa3bl He NPUBOAAT K HEMeJIEHHOMY BbIBOAY CMCTEMbI YyNpPaBNeHNA U3
COCTOAHMA AOCTYNHOCTN. Co BpeMeHeM HeBbIABJIEHHbIE OTKa3bl MOTYT MPUBOAUTDL K BbIXO4Y
napameTpoB npoLecca 3a yKasaHHble npefenbl, nocie Yero oTkas O6Hapy)KVIBaeTCF| n
cncTeMa CTaHOBUTCA HEOQOCTYMHa.
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Mo3ToMy BOCTYMHOCTb CUCTEMBI YNPABAEHUA MOXHO CMOLENMPOBATb, YUNTbIBAs OOLLYIO
UaCTOTY OTKa30B CUCTEMbI, Asys HAXOAMM Mo Gopmyre:

Asys = 1/(1 + Asys.MDT)

rae Asvs — 06LaA MHTEHCMBHOCTb OTKA30B CUCTEMbI B Pe3ysibTaTe OTKAa30B BCEX TUMOB
[tabnnua 10].

12.16. BepoaTHocTb onacHoro otkasa/vac (PFH) n BepoaTHocTb 0TKasa npu 3anpoce
(PFD)

YnpoLlueHHble dopmynbl ana Bblumcnenns PFH 1 PFD ana o6bluHbIX KOHOWIypaumia
npefcTaBeHbl B Tabnvue 13 4515 BbIABNEHHbIX OTKa30B 1 B TabnuLe 14 Ana HeBbIABNEHHbIX

OTKa30B.

Kondurypaumna PFH PFD

1oo1 Aoo Aoo.MDT
1002 2 \oo2.MDT 2 \oo?.MDT?
2002 2.\oo 2\oo.MDT
1003 3.\o0®.MDT? 3.\o0®.MDT?
2003 6.Ao02.MDT 3.\o0?2.MDT?
3003 3.Aop 3.Ao0.MDT
Too4 4oo*.MDT? Aoo*.MDT#
2004 12.Mo0>.MDT? 4 oo MDT?
3004 12.Mo02.MDT 6.\op2.MDT?
4004 4.\oo 4Aoo.MDT

Tabnuua 13. lNodcuem PFH/PFD (8bisigieHHble 0mKasbl)
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Kondurypaumnsa PFH PFD
1o01 Aou Aoo.Te/2
1002 NouZ.Te Aoo2.Te?/3
2002 2.\ou Aoo.Te
1003 Aou3.Te? Noo®.Te?/4
2003 3.\ou?.Te Noo2.Te?
3003 3.Mou 3.Mo0.Te/2
1o04 Aou®.Te? Noo.Te#/5
2004 4.Mou3.Tr? Moo®.Te?
3004 6.\ou2.Te 2 Noo?.Tp?
4004 4.N\ou 2 Moo Te

Tabnuya 14. [Modcuem PFH/PFD (Hegblsi61eHHble 0OMKa3bi)
12.17. YueT oTKa30B c o6weii npuunHom (Common Cause Failures, CCF)

OTka3bl no obuwein nprumnHe (CCF) — 370 0TKa3bl, KOTOPble MOTYT ObiTb BbI3BaHbI OJHOM
MPUYMHON, HO BNIMAIOT OAHOBPEMEHHO Ha 6onee uem ofuH KaHan. OHU MOTyT ObiTb BbI3BaHbI
CCTEMHOW OLIMOKON, HaNPUMepP OLUMOKOI MPOEKTHOM creumndrKaLmm UM BHELHMM
BO3eNCTBMEM, TaKUM KaK 3KCTpeMasibHasA TemnepaTypa, KoTopasa MOXeT MPUBECTU K OTKasy
KOMMOHEHTOB B 060X pe3epBMPOBaHHbIX KaHanax. B 06s3aHHOCTY pa3paboTumKa cucTembl
BXOZMT MPUHATIE MeP MO MAHMMW3aLMN BEPOATHOCTY OTKA30B MO 06LLEeN MPpUYMHE C
NCrosib30BaHMeM COOTBETCTBYIOLMX NMPUEMOB NPOEKTUPOBAHUA.

Bknag CCF B napannenbHbiX pe3epBHbIX TPAKTax YUYMTbIBAETCA MyTeM BKIOUEHMA
KoapduumenTa P. iHTeHcmBHOCTb 0TKa3oB CCF, BKtoueHHas B pacyeT, paBHa 3 x obLuyto
YacTOTy OTKa30B OJHOTO 13 PE3EPBHbIX TPAKTOB.

Mogenb ¢ ncnonb3oaHuem koo duumenta 3 [IEC 61508-6, npunoxeHue D] spnsetcs
npeanoYTUTENbHOM METOAVKOW NO NPUYMHE ee 06 bEKTUBHOCTM 1 NPENOCTaBNAEMON el
TpaccMpyemocTy npuv noacyete 3. Mogenb Gbinia CKOMNIMPOBaHa TakM 06pa3om, UTO OHa
3aflaeT pAf creumrasbHbIX BOMPOCOB, KOTOPbIM 3aTeM NPrCBanBaOTCA 6ansibl C NCMONb30Ba-
HVieM OO bEKTVBHOW MHXEHEPHO oLeHKM. MaKcrManbHoe KONmMUYecTBo 6anioB Asis Kaxgoro
BOMpOCa onpeaenseTcs B MOLeNv NyTeM CPaBHEHNA Pe3y/bTaTOB Pa3/INYHbIX OLEHOK C
M3BECTHBIMY AaHHbIMM 06 OTKa3ax Npw SKCryaTaLumm.
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MonyueHHble 6ansbl cBefieHbl B ABYX cTonbLax. B ctonbue A npeactaBneHbl 6anbl 415 Tex
XapaKTepUCTVK ccTembl 3awwmTbl oT CCF, KoTopble YCUAMBAOTCA NPU YBEANYEHN YaCTOTbl
[INArHOCTVIKM (QBTOTECT UM KOHTPOMbHAs NpoBepKa). B cronbue B npeacrtasneHbl 6anbl ans
TEX XapaKTepUCTHK, KOTOPbIE HE YCUNMBAIOTCA NPY YBENIMUEHUN YaCTOTbl AUArHOCTUKN.

Mogenb No3BonseT N3MEHUTb KONMYECTBO GaNNoB, MEHASA YaCTOTY 1 30HY OXBaTa
amarHocTtmnyeckoro Tecta. bannbl 13 ctonbua A ymHoxatoTcs Ha KoapduumeHT C, KOTopblii
BbIBOAMTCA C YUETOM AAHHbBIX AVArHOCTUKIN. OKOHYaTENbHbIN KO3GOULUMEHT B HaxoanTca
3aTem 13 00LLEN NCXOAHOW OLIEHKN.

McxogHas oueHka=(A*C) + B

OTHoLeHMe MexaY B 1 NCXOAHOW OLeHKOM GaKTUUYeCKn NpeacTaBiseT coboi oTpuLaTesb-
HYt0 MOKa3aTenibHyto GYHKLMIO, MOCKOJbKY OTCYTCTBYIOT AdHHbIE, ONPABAbIBAOLLME OTXOA OT
NPeAnonoXeHUs 0 TOM, uTo, korga B ybbIBaeT (ynydluaeTcs), cnegytoLme ynyylieHms
CTaHOBWTCA BCE TPYAHEE MONYUMNTb.

Ecnm KOHKpEeTHbI BOMPOC HEMPUMEHUM K OLLleHUBAEMOW CUCTEME, BBOAUTCA 3HAUYEHNe
100 nnu 0% B 3aBUCUMOCTY OT TOrO, YTO 6OsbLLE NOAXOAUT AN1A AAHHOW CUCTEMDI.

Hvxe nprBOAATCA TUMMYHbBIE OrpaHMyYMBalOLLME YCSTOBHUSA, KOTOPbIE PaCCMaTPUBAIOTCA C
uenbto oueHkn Bknaga CCF:

+ pe3epBMPOBaHHbIE KaHambl GU3NYECKY pa3feneHbl;

*+ pa3fMyYHble TEXHONOMMW, Hanp. OAWH KaHan 3NeKTPOHHbIN, a APYrov penenHbIi;

+ YCTaHOBNeHHas crcTema pPaboTbl Ha MecTe JoMKHa obecneunBaTb aHanm3
OTKa30B;

+ YCTaHOBMNeHHble NpoLenypbl 06CyK1BaHNA [OMKHbBI MPeAOTBPALLATb MOBTOPHYIO
MapLUpyTU3aLMio Npy NpoKNagKe Kabenei;

+ [OCTYM NepcoHana orpaHnyeH;

+ pabouas cpefa HaXOQUTCA NOA KOHTPOIieM, 060pyAOBaHE HOPMUPOBAHO BO
BCEM vanasoHe YC/I0BU OKPY»KaloLLen cpeapbl.

KoHeuHo, peanbHoe noBeAeHMe BO BpeMaA paboTbl OyAeT 3aBrCceTb OT KOHKPETHOM
YCTAHOBKU 1 KOHCTPYKLMW, MPUHATBIX MPAKTVK SKCMTyaTalmmn 1 TeXo6Cy,KMBaHUA, HO
NPY CIOBUN NPVHATWA NMPaBWNIbHBIX MPAKTUK MPOEKTUPOBaHKA MOAENb NPeAoCTaBnaeT
Tpaccpyemyio oueHKy Bknaga CCF.

C yueTtom 3HaueHu CCF B popmynax ana PFD v PFH [tabnuua 13 1 14] MOXHO MCnonb30oBaTh
cnepyowmii meTog. Micnonb3yemble ypaBHeHWA ABNAIOTCA yNpoLLeHHo ¢opmoi cTaHAapT-
HbIX YPaBHEHWI, NX BbIBOA NPUBOANTCA B NyHKTe [19.6].
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[InA BbIABNEHHbIX OTKA30B:

PFD1001 = Aoo.MDT Cm.IEC61508-6,B.3.2.2.1
PFD1002 = Aoo2.MDT? + 3.Ao0.MDT Cm.IEC61508-6,B.3.2.2.2

[InA HeBbIAABNEHHbIX OTKA30B:

PFD1001 = Nou.Te/2 Cm.IEC61508-6,B.3.2.2.1
PFD1002 = Aou?.Tr?/3 + B.Aou.Te/2 Cm. IEC61508-6,B.3.2.2.2

rae Aoo — YaCTOTa OMACHbIX BbIABIEHHBIX OTKAa30B, Abu — YaCTOTa OMACHbIX HEBbIABIEHHbIX
0TKa30B, a 3 — BKJIaf 0TKa30B Mo obLuei npuunHe. Te — IHTEPBas MeXAy KOHTPOJbHbIMM
nposepkamu, a MDT - cpefiHee Bpemsa NpoCTos.

O6Lwan popma 3TUX ypaBHEHUI ANA Pa3INYHBIX KOHPUIYPaLMIA, Kak AN1A cMcTem B
HenpepbIBHOM PeXxM1Me, Tak 1 ANA CUCTEM B PeXIMMe YrpaBieHus, paccMaTp1BaeTCcA B
nyHkTe [19.7].

12.18. 3HauyeHNA YaCTOTbl OTKA30B

Mpwn pacyetax PFD n SFF B aHanu3e ncnonb3yeTca ocHoBHaA runotesa IEC 61508-6,
npunoxexue B.3, cornacHo KOTOPOW MHTEHCUBHOCTb OTKA30B KOMIMOHEHTa CUMTaeTCA
KOHCTaHTHOW Ha MPOTAXEHWIN BCETO CPOKa CYKObl CUCTEMBI.

3HaueHVA YacToTbl OTKA30B, MCMOMb3yeMble B pacyeTax, MOXKHO MoJTyumTb C MOMOLLbIO
aHanv3a BMAOB, NOCNeACTBUM 1 AnarHocTnkm oTka3os (FMECA) Ha ocHOBe KCnnyaTaLmoH-
HbIX AaHHbIX WY JaHHbIX, MyOnMKyeMbiX B OTpac/ieBbix n3fgaHusax. Micnonb3yemble 3HaueHUs
YacCTOTbl OTKA30B CllieflyeT CPAaBHUTb C AOCTYMHbIMM AAHHBIMY A1 aHANOTUYHBIX MO CIOXHO-
CTN N TEXHNYECKNM XapaKTeprCTMKam mogynein. Takon MeTof rapaHTUpyeT KOHCepBaTHB-
HblIll NOAXOZ K MOAENMPOBAHWIO HAEXKHOCTU 1 AAeT YBEPEHHOCTb B TOM, UTO BbIUUCSIEHHbIE
rokasaTtesniv HafeXXHOCTV 6y ayT HOCTUTHYTbI B PeasibHOCTU.

YacToTbl OTKA30B U X UCTOYHWKI OOCY>KOAKOTCA B NyHKTe 14.8.
12.19. MogenupoBaHune 1002, 1002D n ropsayee pesepBupoBaHmne

B cnepytownx npumepax nokasaHol RBD, mogenvpyioLme HeKOTopble TUMNYHbIE
KOHUrypaLmm cuctemsl.

1002

Crctema 1002 npeacTaBnset cobom apxutekTypy 1 113 2, B KOTOPOI KaXKabI U3 ABYX
KaHaNoB MOXET BbINOMHATb GYHKLMI0 6€30MacHOCTH. TO yCToNUMBas K c6osam
KOHOUrypauus, B KOTOPOI OTKa3 OAHOro KaHasla He BUAeT Ha paboTocrnoco6HOCTb.
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Ecnu oTKa3 KaHana ABnAeTcA onacHbIM HEBbIABIEHHbBIM OTKA30M, OH He GyfeT o6GHapy»eH
CUCTEMOWI NArHOCTUKI 1 coobLieHMe 0 c6oe He nosBuTcA. OfHaKo GpyHKLMA 6e30macHOCTU
no-npexxHemy 6yaeT paboTaTb, MOCKONbKY 1 OCTaBLUMIACA KaHan MOXeT MHULMMPOBaTh
oTK/o4eHne. ECnn 0TKas KaHaa ABSETCA ONacHbIM BbIABIEHHbIM OTKa30M, Kak Mpasusio,
nosAenseTca coobleHne ob oTkase.

Mprmep RBD nokasaH B nyHkTe 12.20.
1002D

ApXI/ITEKTypa cuctembl 1002D nmeeT fBa KaHana, coeiHeHHbIe napannenbHo, N Kaxgbli
KaHan UMeeT ANarHoCTn4ecKyo cxemy ana O6Hapy)KEHI/IF| OTKa30B C 60MbLUNM anarHocrtmnye-
CKM OXBaTOM. an/l HOpMaI‘IbHOIZ pa60Te CUCTEeMbI ANnA BbINOJIHEHNA onepaunin BblKNIOYeHNA
HEO6XO}J,I/IMO cornacvie oboux KaHasoB. MCﬂpaBHbIVI KaHan ynpasnaet CcnUcTeMonm, ecnm
ANarHocTnyeckana cxema npyr0|7| CTOPOHDI 06Hapy)KI/IBaET OTKa3.

C TOUKM 3peHna MOAEeNMPOBaHNA HaAEXHOCTMN MPW OMacHbIX BbIABMEHHbIX OTKa3ax
cnctema 1002D paboTaeT Kak KoHdUrypauma 1002 1 yacToTy oTkasoB 1 PFD cuctembl
NPV BbIABJIEHHbIX OTKa3aX MOXHO CMOJENNPOBaTh Kak 1002.

OnacHblii HEBBIABMEHHDI OTKa3 OAHOrO 13 KaHanoB B cucteme 1002D 6nokupyeT paboty
CMCTeMbI, TO3TOMY YacTOTy OTKa30B crcTeMbl U PFD Hy)KHO MofienvpoBaTh Kak 2002 A
HEeBbIABNEHHBIX OTKa30B. [lpyrviMmn CrioBamu, IOMKHbI paboTaTb 06a KaHana.

Mprmep RBD nokasaH B nyHKTe 12.21.

[opAayee pesepBupoBaHue

ApPXUTEKTYPa CUCTEMbI FOPAYEro Pe3epBrPOBaHISA MEET [jBa KaHana, CoeNHEHHbIe
napannenbHo, N3 KOTOPbIX OAVH KaHan ABAETCA BeAyLLMM 1 ynipaBnseT GyHKuUen
6e3onacHocTu. [pyroii kaHan BefleT cebs Kak ropAaunii peseps, T. €. Ipu 06HapyXeHUN
OrMacHOro OTKa3a B BeAyLLeM KaHasle pe3epBHbIi KaHan NpUHUMAaeT Ha cebs yrnpaBneHme
byHKUpel 6e3onacHoCTL.

C TOUKM 3peHna MoAeNMpPOBaHMA HaAEXHOCTY NMPY OMaCHbIX BbIABIEHHbIX OTKa3ax cuctema
ropsYero pes3epBrpPoBaHNA paboTaeT Kak KoHoUrypaums 1002 1 YacToTy 0TKa3oB 1 PFD
CUCTEMbI NPV BbIAABNEHHbIX OTKa3ax MOXXHO CMOAENNPOBaTb Kak 1002.

OnacHbl HEBbIABIIEHHDBIN OTKa3 OAHOIO 13 KaHanoB 65I0KMpyeT paboTy cMCTeMbI, MO3TOMY
YacToTy OTKa30B cmcTembl U PFD Hy»XHO MofienmpoBaThb Kak 1001 ANA HeBbIABIEHHbIX
0TKa30B. [ipyrvmu cnoBamu, GyHKLMA 6e30MacHOCTM He MOXKeT paboTaTb B Clyyae
HeBbIABNEHHOr0 0TKa3a BefyLLero KaHana, a AJfif HeBbIAB/IEHHbIX OTKAa30B He CyLecTByeT
pe3epsuposaHuA. Mpumep RBD nokasaH B nyHKTe 12.22.

112




PYKOBOZCTBO MO BE3OMNMACHOCTW NMPOLIECCOB 1

MeTopbl obecneveHnsa 6e3onacHoOCTH

h/ €0-3€9'C
€0-3€9'C
£0-32L'L
90-31T'L

80-1v8'S 90-352C €0-3€9'C
144 144 144
80-378'S 90-3€L’L €0-3€9'C
80-378'S £0-3p5'L £0-392'C £0-3959 80-301'6 €0-3€9'C 00+3000 00+300'0
80-178'S £0-3p5'L £0-397'C £0-38C'€ 80-301'6 £0-300'€ £0-300'€ 90-151'C
60-3¥8'S oL-3LL’L £0-399°L
09/8 09/8 09/8
60-378'S £0-3€1'L £0-399'L
60-178'S 80-3¥S'L 80-3197C 80-3959 60-301'6 £0-300'C £0-300'C £0-399'¢
60-178'S 80-3vS'L 80-3197C 80-3187'¢ 60-30L'6 £0-300'C £0-300'C £0-399'¢
80-3ST'S L1-3€6'Y 90-391°L
144 144 144
80-15C'S 90-310°'L 90-391'L
80-15T'S £0-38€'L £0-3€0'C £0-306'S 80-361'8 00+300'0 00+300'0 90-391'L
80-315T'S £0-38€'L £0-3€0'C £0-356'C 80-361'8 0043000 00+300'0 90-391'L
oo} oo} fdelel [delell Lool Loo| Lool
L L 4 L L L L
%S
Hoxiag n Woxa
yogodoun [ | AU yiagotoweny| | N>
XXX-14 XXX-14 XXX-1d
400 edolBumnLHag [— edolBuniHag |— BuHaLEeY
exeAdieHq eveldieq SuhLeft
Toxiag n Hoxa
vosodoun [ | AU yiagoloueHy [ | 8N

SASY oJoiy

INE NI
navy ooy
aav oloLy

SY oJoLy
1aw

va1e8 Bulr gy
08-U0},SY
(exn1d0HIeNT) S

Nnay oi1oiy

1 ‘wwdasodu
woHauodiHoy ondayy
va1e8 BuUlr NQY

08-uoY,NAY
(exdagodu
BeHauod1HOMN) NQY
ady oloip

1aw

vg1e8 BUlY agy

08-o},aay
(exuidoHIENT) QY

sunedAinpHoy
08-110y|
420

WNHmeHcusHocme omkasos

cucmemol 1002

L) Allen-Bradley

113



[H] PYKOBOACTBO NO BE3OMACHOCTY MPOLIECCOB 1

DyHKLMOHaNbHaA 6e30MacHOCTb B HEMPEPbIBHbIX MPOM3BOACTBAX

v

3|

b/ £0-329'€
£0-3€9'C
0-388'6
90-31T'L
80-3v8'S 90-35T'T £0-3€9'C
124 124 124
80-3v8'S 90-3€L°L €0-3€9'C
80-3¥8'S £0-3¥5'L £0-39T'T £0-395'9 80-30L'6 £0-3€9'C 00+300'0 00+300'0
80-3v8'S £0-3P5°L £0-392'T £0-387'€ 80-30L'6 £0-300'€ £0-300'€ 90-351'C
¥0-3/8'6 £0-399'L
0948 098
£0-35T'T £0-399'L
80-3L0'€ 80-37S'Y £0-3LE°L 80-3¢8'L £0-300'C £0-300'C £0-399'€
80-3v5'L 80-39T'C 80-387'¢ 60-30L'6 £0-300'T £0-300'T £0-399'€
80-35C'S LL-3€6' 90-391°L
124 124 124
80-35C'S 90-3L0°L 90-39L°L
80-357'S £0-38€'L £0-3£0'T £0-306'S 80-361'8 00+300'0 00+300'0 90-39L°L
80-357'S £0-38€'L £0-3€0'C £0-356'C 80-361'8 00+300'0 00+300'0 90-391'L
700z 7007 7007 zooz zo00| zo00| zoo| zooL oo Loo| Looy
[4 [4 14 [4 L L [4 L L L L
%S
toxiag h oxa
yosodduf AU iagooUeRHY aNd
X014 X014 XXX-1d
szmmﬁmusd Aun oxa and 400 edolBumniHag edoLBuniHag BUHavger
N wiago.oueHy eseAdiey exehdieq smhLeff
oxiag h Hoxa
osoddup AU iagoJoLeHY| aNd

SASY oJoiy

SY oJoiy
nav osow
aav osoiy

S oJo1y
law

18198 Ut 5,
08-U0Y+SY
(eXMLO0HIBNT) S

nay osou
Limdosods
s e—

viaL8 Bl Ny,
08-U0Y,NAY
(esdagodu
eHauod1HoN) NQY
aay osouy

law

vaLas Bull QQY
08-U0y,aaY
(esmLd0HIRIAY) AQY

sunedAinHoy

og-oy

Fosl
o
o
3
X
g
S
o
£Q
SN
8 9
2
L5

)

2 s
v Y
g E
Is
ANv)

114




PYKOBOZCTBO MO BE3OMNMACHOCTW NMPOLIECCOB 1

MeTopbl obecneveHnsa 6e3onacHoOCTH

b/ €0-3EL'E SASY otoip
£0-3€9'C S olow
¥0-3v6'y nay oloy
90-3LT'L aay oJolp

80-3v8'S 90-352'C €0-3€9'C S olowp

14 124 124 lanw

80-3v8'S 90-3€L'L £0-3€9°C naLa8 But Sy

80-3¥8'S £0-3vS'L £0-39T'T £0-395'9 80-30L'6 €0-3€9'C 00+300'0 00+3000 08-LI0},SY

80-3v8'S £0-3P5'L £0-392'T £0-387'€ 80-30L'6 £0-300'€ £0-300'€ 90-351'T (esimi0H M) S
0-3€6'Y £0-399'L @mwmneoho»s

098 0948 owauod1HON Youday
£0-3€L'L £0-399'L vg1ag Bulr NaY
80-3vS'L 80-397'C 80-395'9 60-30L'6 £0-300'T £0-300'7 £0-399'€ 08-Uo},NAY
80-3rS'L 80-397'C 80-387'€ 60-301'6 £0-300T £0-300'C £0-399'€ (evidagodu
eHauodiHoN) NAY
80-35T'S L1-3€6'y 90-391'L aagy ololp
14 124 124 lanw

80-35T'S 90-3L0°L 90-391°L vaLa8 Butr gy

80-35T'S £0-38€'L £0-3£0'C £0-306'S 80-361'8 00+300'0 00+300'0 90-39L'L 08-Uoy,aay.

80-35T'S £0-38€'L £0-3£0'C £0-356'C 80-361'8 00+300'0 00+300'0 90-391'L (esinLd0oHIeNT) 4QY

Loo| Loo| Loo| Loo| zooL zooL zooL zooL Loo| Looy Loo| sunedAindHoy
L L [4 L L L [4 L L L L 08-LoYy
toxiag toxs
yosoddu] Aun yigoloUeHY and
Xx-14 %14 XXX-1d
oxse Aun tioxa %) 2 edowsumiros[— edovsuminen suHaugel
viaHLadsdN WI9g0JoRHY
evehdiey eveAdiey sunsef
Hoxiag n toxa
vosgodduty AU YI1980J0LRHY and

MHmeHcusHOCMb 0mKazos
cucmemel Hot Syandby

Allen-Bradley

115



[H] PYKOBOACTBO NO BE3OMACHOCTY MPOLIECCOB 1

l DyHKLMOHaNbHaA 6e30MacHOCTb B HEMPEPbIBHbIX MPOM3BOACTBAX

€V€6'0
h/ €0-3€9'C
790¥6'0 = (5)dd €0-3€9'C
87€66'0 = (na)d> £0-32L'L
166660 = (@@ d 90-31T'L
80-318'S 90-35C°C €0-3€9'C
144 144 144
80-318'S 90-3€L’L €0-3€9'C
80-3¥8'S £0-3¥5'L £0-392'C £0-395'9 80-301'6 €0-3€9'C 00+300'0 00+300'0
80-3¥8'S £0-3¥5'L £0-392'C £0-387'€ 80-301'6 £0-300'€ £0-300'€ 90-351'C
60-318'S oL-aLLL £0-399'£
09/8 09/8 09/8
60-318'S £0-3€LL £0-399'£
60-318'S 80-3vS'L 80-3192C 80-3959 60-30L'6 £0-300'C £0-300'C £0-399'€
60-318'S 80-3%S'L 80-319¢C 80-18C'¢ 60-30L'6 £0-300'C £0-300'C £0-399'€
80-35C'S L1-3€6'7 90-391°L
144 144 144
80-35T'S 90-310°L 90-391°L
80-35T'S £0-38€’L £0-3€0°'C £0-306'S 80-361'8 00+300'0 00+300°0 90-391°L
80-35T'S £0-38€’L £0-3€0C £0-356'C 80-361'8 00+300'0 00+300°0 90-391L°L
zo0| zoo| zoo| zoo| Loo| Loo| Loo|
L L [4 L L L L
%S
Hoxiag n Toxa
yogoddu] Al viagoloweny [ | N>
XXX-14 XXX-14 XXX-1d
420 edoisuniHag |—| edolsuniHeg |—  BuHALEeT
eveAdiey exeAdiey AnhLeff
Hoxiag n Hoxa
yogoddu] AU yiagoloweny [ | 8ND

qoHukwof
SASY oloiy

S\ odoiy
nay ooty
aqgy osoip

S\ oJoLy
1aw

naLas Bulr Y
08-U0Y,SY,
(exnLd0HIeNT) S

Nnay oloiy

1 "widasodu
vokaodiHo touday

naLas Bulr NQY
08-10y,NAY
(exdagodu
BeHAUod1HOY) NAY
aagy oloiy

1aw

vaLag Bl agy
08-103,aay
(esimLd0oHIEMT) QY

suedA1upHoY
08-L0Y
420
3
s
2 g
rm.. S
g3
€73
2z
€ x
8 S
< S

116




PYKOBO/CTBO MO BE30MACHOCT NMPOLIECCOB 1
MeTopbl obecneveHnsa 6e3onacHoOCTH

12.24. JIncToK ¢ npUMepHbIMU AAHHbIMU

[laHHble Mo YacToTe 0TKA30B, MCMOJIb30BaHHbIE B MPeXHMX cxemax RBD, 4omKHbI ObiTb

B/AHbI B OTHETE U NOKa3bliBaTb TPACCMPYEMOCTb A0 NCTOYHMKA. CcbinKka Ha UCTOYHUK, eCn

peub ngeT 06 ony6nMKoBaHHbIX JaHHbIX, [OMKHA ObITb HACTONBKO NOAPOOHOMN, UTOObI
MO3BONINTb TPETLMM NMLLAM HE3aBMCVMO NPOBEPUTL AaHHbIE. 3AeCh MOXET OblTb YKa3aH
naeHTndUKaTop AoKymeHTa, Homep ISBN, ecnu TakoBOW MeeTcs, CTpaHuLa 1 Homep

2J1eMeHTa.

Tabnuua 15 npeacTaBnAeT co60i TUNUYHYIO TabnuLly ¢ JaHHbIMK Ansa cxem RBD,
PaCcCMOTPEHHbIX B MpeablayLLmX npumepax.

OnucaHue Homep no | AO6w. AD ADD ADU AS KommeHTapwuii/
KaTanory WNCTOYHNK
Jatunk PT-xxx 3,68E-06 1,53E-06 1,16E-06 3,66E-07 2,15E-06 WHcTpyKummn no
[laBneHus, TexHUKe 6e3onacHocTu
PT-xxx n3rotosutensa PT-xxx,
M-xxx-xxx, Month-20xx
ToKkoBbI FL-xxx 5,00E-07 2,00E-07 0,00E+00 2,00E-07 3,00E-07 FARADIP-THREE V6.4,
TpaHchopmat 6a3a JjaHHbIX O
op FL-xxx gna HagexHocTu. Technis,
HarpyxeHusa 26 Orchard Drive,
BEHTUNATOPA Tonbridge,
Kent TN10 4LG,
ISBN 0-951-65623-6.
Comms. 1756-CNB 1,82E-07 9,10E-08 8,19E-08 9,10E-09 9,10E-08 | [lokymeHT
Module Allen-Bradley «Using
ControlNet ControlLogix in SIL2
CNB Applications»
(Mcnonb3osaxve
ControlLogix B SIL2)
Mogynb 1756-Al16 | 6,56E-07 3,28E-07 2,95E-07 3,28E-08 3,28E-07 | [lokymeHT
aHanoroBbIxX Allen-Bradley «Using
BXO0B ControlLogix in SIL2
Applications»
(Mcnonb3oBaHue
ControlLogix B SIL2)
uny 1756-L63 4,52E-07 2,26E-07 2,03E-07 2,26E-08 2,26E-07 | [JoKymeHT
ControlLogix Allen-Bradley «Using
ControlLogix in SIL2
Applications»
(Ucnonb3osaHue
ControlLogix B SIL2)
Mopynb 1756-OB32 | 3,07E-07 1,54E-07 1,38E-07 1,54E-08 1,54E-07 JlokymeHT
LINCKPETHbIX Allen-Bradley «Using
BbIXOA0B ControlLogix in SIL2
Applications»
(Ucnonb3oBaHune
ControlLogix B SIL2)

Tabnuua 14. lNoocuem PFH/PFD (Hesbise1eHHble 0MKa3bl)
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P PYKOBOACTBO MO BE30MACHOCTM MPOLECCOB 1
l OyHKLMOHabHas 6€30MacHOCTb B HEMPePbIBHbIX NPOU3BOACTBAX

(

12.25. MogenupoBaHue NpOoTUBOMNOXKapPHbIX U ra3oBbix cucrem (cucrem F&G)

Mpn mogenuposaHun cnctem F&G BaXKHO MMEeTb NpaBUIbHOE NpeaCcTaBeHre O HeYyBCTBU-
TenbHOCTU K cboam. MogennposaHue CMA3 nnv aHanormuHbIX CUCTeM, Kak NpaBuo,
cnepyeT KOHOUrypaLmm TIOrMyYeckoro peLuatoLiero ycrpoincTaa. Hanpumep, HapexHoCTb
[aTUMKOB [aBNeHNA, JaHHble KOTOPbIX O NMPEBbILLEHNM JaBEeHUA OLEHVBAOTCA CUCTEMON
CMA3 no cxeme «nto6oin 13 AByx» (1002), 6yaeT MoaennpoBaTtbcs Kak 1002. To e camoe He
BCerga BepHo ana cuctem F&G.

B Lenom KOHcepBaTVIBHbIVI aHanm3 o6blYHO 6bIBAET MOXKHO npoBecTn, He onNnpPaAcb Ha
npeanonoXeHmA O 30He D,eVICTBI/Iﬂ [ETEKTOPa U pe3epBMNpPOBaHNA B CXemMe CUrHanmsauum, Ho
Ha NPaKTUKeE 3TO MOXKET NPUBECTU K NECCUMNCTUYHOMY aHaNn3y N HEBO3MOXHOCTU AOCTNYb
NMOCTaBJIEHHDbIX uenel?l. I'Ipm BO3HVKHOBEHWI TaKNX CJIOXKHOCTEN AeTaNbHOE 3HaHWE Yyrpo3bl
nossonAeT pa3pa60TaTb MOA€eNb, ny4ylle oTBeYaloLWyto LUenam, h C ee NOMOLLbIO BbINMOHUTb
6onee peanmcqubM aHaJIn3 HaOeXHOCTU.

Cncrembl F&G He TONbKO 3alyMLLatoT NOAEN, HO MOTYT TakKe UCMOoJb30BaTbCA 414 3aLmThl
AKTUBOB OT KOMMEPYECKOTO prCKa Wi NPOV3BOACTBEHHOIO 06bEKTa OT SKONOMMYECKOro
prcKa, a ncnonHUTeNnbHaA onepaunsa, Tpebyemas dyHKuwmeli SIF ansa obecneyeHmnsa stom
3aLUKMTbl, ONpeAenaeT NoAxoaALLYyo MOAENb ANA NCMONb30BaHWA.

Mpwn mogennposaHuu GyHKuuK SIF cuctembl F&G ana onpeaeneHnsa COOTBETCTBISA LieIsAM
HaZeXXHOCT annapaTHbIX CPeAcTB, Hanp. PFD, Heo6XoaMMo NPUHMATb PELLEHUS], TOUHO
onpepensiowme Mogenmpyemyio KoHourypawumio 06opyaoBaHus.

TununuHble paHHble C&E ana dyHKumm SIF cuctembl F&G BKntoualoT ciepytoLee:

a) 6o rasoBblii AeTEKTOP 13 WwecTh (1006) B COCTOAHMM TPEBOIM PacLieHBaeTCA
KaK elMHNYHanA yTeuka rasa 1 akTUBMPYET CUrHaN TPEBOTU B UCNETYEPCKON;

b) ntobble aBa ra3oBbIX AETEKTOPA 13 WeCTH (2006) B COCTOAHNM TPEBOI
pacLeHVBalOTCA Kak MOATBEPKAEHHAsA yTeuka rasa 1 akTVBUPYIOT 3BYKOBYIO 11
CBETOBYIO CUrHaNM3aLmMio Ha MecTe, a Takxe reHepupytoT CIMA3 Ha npeanpuAaTAn.

OpHaKo 1A NPaBuUibHOro MOAENPOBaHWA Heo6XoAMMO NoHMMaTb GyHKUMo SIF 1 yrposy,
OT KOTOPOW OHa 3almLiaeT. VicnonHutenbHas onepauys, Tpebyemas GyHkupen SIF,
onpeaennT HyHy Mofesb /1A UCMOSb30BaHNA.

12.26. MogenupoBaHue KOHGUrypauuii feTeKTopoB ana cucrem F&G

Ha npakTuike onepatop 6ygeT nccnefoBath KaXayto ra3oByto TPEBOry, UToObl onpeaenuTb,
ABNAETCA OHa PeanbHO, TOXHON UMK Bbi3BaHa cboem AeTeKkTopa. MicnonHuTenbHas
onepauwa 3anycKkaeTcs TONbKO B pe3ynbTaTe CUrHana o NoATBEPXKAEHHON yTeuke rasa, U B
3TOM CJlyyae rapaHTMpyeTcs 3BaKyaLms rnepcoHasa 3aBofa B 6e3onacHoe mecto. 3To
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PYKOBO/CTBO MO BE30MACHOCT NMPOLIECCOB 1
MeTopbl obecneveHnsa 6e3onacHoOCTH

byHKLMA 6e30MacHOCTM C HeobxoaVMbIM YTTB, TO3TOMY PacCMOTPEHHDI Bbille cyyaii b)
[IOMKeH CTaTb OTMNPaBHON TOUKON B HalleM MOAENMPOBaHNIN HaAeKHOCTI: CUTHaN O
NOATBEPXAEHHON YTeUKe ra3a rapaHT/pyeT 3BaKyaLuio nepcoHana B 6e3onacHoe MecTo.

Ha puc. 44 cxemaTnyeckn n3obpax<eHbl LeCTb AeTEKTOPOB NPUCYTCTBYSA ra3a, PacrnonoXeH-
HbIX B HEKOTOPOI 30He, TOrMyeckoe peLLaloLLee YCTPONCTBO CO CXxeMoli 2006 CKOHOUIYpU-
]POBaHO TaKMM 06Pa30oM, UTO OHO 3aryCKaeT UCMONTHUTENbHYIO OMNepaLuio TONbKO B TOM
cnyyae, ecniv 2 fleTektopa 13 6 YyBCTBYIOT ras.

30Ha 01

@_
@_

©
@

©
@

30Hac6 rasofieTektopamum

VVVVYYVYY

Puc. 44: Cxema cucmemeol F&G

MpoTuBonoxapHaA 1 rasoBasn
cucrema (F&G)

[enctama npu nonyyeHnn
curHana ot no6oro n3

2-6 feTeKTopOoB.

Jloruka ronocoBaHus 2006

OpHako 3apaueit mogenupoBaHua dyHKumi SIF B oTnnume ot 3apay PFD aBnaeTca nogcyeT
BEPOATHOCTY TOrO, YTO Ha yTEYKY ra3a He nocsieayeTt peakuyms. YTeyka rasa, 4OCTaTOuHO
60onbluas, YToObI NPELCTaBAATb OMACHOCTb, MOXKET NMPON30NTM TONIbKO B 30HE AENCTBIS,
CKarkeM, NOJTIOBUHbI U3 6 AETEKTOPOB, puUC. 45.

30Ha 01

@_
©-

a3

30Hac6 rasofeTekrtopamum

VVVVYYVYY

Puc. 45: OnucaHue cucmemeol F&G

MpoTnBonoxapHaA n rasoBasn
cucrema (F&G)

[enctsma npu nonyyeHnn
CUrHana ot nto6oro 13

2-6 feTeKTopOoB.

Jloruka ronocoBaHunsA 2006
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P PYKOBOACTBO MO BE30MACHOCTM MPOLECCOB 1
l OyHKLMOHabHas 6€30MacHOCTb B HEMPePbIBHbIX NPOU3BOACTBAX

(

Ha npakTuke TpebyeTtcs 3anycK NCMONHUTENbHON OMNepaLn Kak MOXKHO paHbLUe, T. .

KOrga Kak MAHUMYM [iBa AaTuLKa MOKPbITbl 061akoM rasa. B 3Tom cyuae cnegosano 6bl
CMOAENMPOBaTh AATUMKM CO CXemoii 2002 6e3 pe3epsa. CnefoBaTesbHO, OTKa3 AaTumka Obin
6bl yxxe HegonycTim. Ecnu Lenn foctrratoTca koHdurypaumer 6e3 pesepsa, Takoi Nogxog,
CUMTAETCA KOHCEPBATUBHBIM, MOTOMY UTO OH HE OCHOBbIBAETCS Ha CNIPABEANIMBOCTM KaKuX-
6O NPEANONOXKEHNI O 30He AelCTBUA AATUMKOB.

B peanbHocTn PFD nogcmncTeMbl AaTUMKOB YacTO OKa3bIBaeTCA Nlyylle pacyeTHOro 3HaYeHnA
ana koHourypaumm 6e3 pesepsa, MOTOMY UTO 30HbI AeCTBYA AAaTUMKOB OObIUHO YaCTUYHO
NepeKpbIBalOTCA 13-33 CBOErO MECTOMOSIOMEHMA 1 OTKa3 OAHOI0 AaTUMKa MOXET He
NOBNNATb Ha PabOTOCMOCOBHOCTb CUCTEMBI.

Mo3ToMy Npy MOLENMPOBAHMMN HAAEXKHOCTU CMELMANIUCT, 3aH/MAIOLLNIACA aHANI30M,
[OMKeH OLIEHNTb MaKCMasbHO AOMYCTUMBIN pa3mep yTeukm rasa (ra3oBoro obnaka) fo
3anycKa VCMoTHUTENbHO onepaLm U MOACUNTaTb, CKONIbKO AATUMKOB OKaXyTCs B 3TO
BPeMsA nog 0611akom.

B naHHOM npumepe, ecnu JonyctnTb HAaCTONbKO CUJTbHYIO YyTEYKY ra3a, 4Tto obnako NOKpoeT
3 paTyvKa, Npexae yem 6yneT 3anyleHa ncnonHuTenbHaAa onepauuns, B NOrMYecKom cxeme
«2 113 6» MOXXHO AOoNyCTUTb OTKa3 OAHOro U3 JaT4nKoB. WHbIMKU cnoBamu, HafeXHOCTb
O6Hapy)KEHI/Iﬂ YT€YKIN rasa MO>KHO MOLENMNPOBaTb Kak 2un33.

12.27. BnnaHvie HeBepHOro mogenupoBaHus Ha PFD

B npvBeneHHOM BbilLe NpUMepe, rae ra3oBble AeTEKTOPbI UMEIOT JIOTMYECKYo cxemy 2006,
HeKoTOopble CreLnanucTbl NOAAAIOTCA NCKYLLEHMIO CMOAENNPOBATb HAAEXHOCTb CUCTEMDI
Kak 2006 BMeCcTO 2003 mnu aaxke 2002. O4eBMAHO, YTO PE3YNbTUPYIOLLEE PacXOXAeHVEe B
o6uieit PFD ¢yHKUMN 6e30MacHOCTM 1 ee NPOU3BOAMTENIbHOCTM MO OTHOLeHo K YIB
Mexay KOHGUrypaLuaMm C pe3epBMpPOBaHNEM U 6e3 HErO MOXET ObITb 3HAUNTENBHBIM.

Mpwr HaNMUYMN HEKOTOPbIX NPEANOCHINIOK ANA HEUYYBCTBUTENIbHOCTY K C60AM, Hanp. npu
MOAENNPOBaHNM 2003 1nn 2004, pe3ynbTupyoLme pasnuunsa B obueii PFD dyHKumn
6e30MacHOCT 1 ee NPOU3BOAUTENIbHOCTY MO OTHOLLEHNIO K Lienam SIL 6yayT HeBenuKu.

PFD pna KoHdurypauuii C pe3epBupoBaHeM orpaHyeHa oTkasamu no obLuein npuyrHe,
TaK uTo ynyuweHusa PFD He3HaumTenbHbl, KOrga HeuyBCTBUTENIbHOCTb K CO0AM TEXHNYECKOTro
obecnieyeHna (HFT) Bo3pacTaeT Bbiwwe 1.

OpfHaKo, ecni Ha OCHOBAHMM PACMONOXeHVIA AETEKTOPOB U JOMYCTMbIX Pa3MepPOB ra30BOro
obnaka nepep 3anyckomM UCMOIHUTENIbHON onepaumm Henb3s CAeNnaTb BbIBOJ O HEUyBCTBI-
TENbHOCTU K C60AIM, Pe3ynbTUPYIOLLEE PaCXOXAeHVE MEXIY KOHPUIypaLMsamMm C pe3epBupo-
BaHVEM U 6e3 HEro MOXeT ObITb 3HAUMTENbHBIM, PUC. 46.
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MpumeyaHwne. PFD BbluncnaeTca ana TUNUYHbIX 3HAYEHWIA YaCTOTbl OTKa30B AaTUYMKOB U
BPEeMeHU peMOHTa 1 NpeanosnaraeT BKaj 0TKa3oB no obLuen npuyrHe ana KoHGurypaumi
C pe3epBupoBaHueM. HeuyBCTBUTENBHOCTb K CO0AM, paBHas HyIIo, MPEACTaBIAET B 3TOM
npumMepe KoHOUrypaumio 2002, HeUyBCTBUTENBHOCTb K C60AM 1 npefcTaBnaeT 2003, 2
npeacraBnAeT 2004, U Tak Janee.

Pe3ynbTaTbl MOKa3blBatoOT, UTO B 3aBUCUMOCTM OT apXUTEKTYPbI 1nu BbibpaHHo HFT ana
MopenupoBaHuA BbluncneHHaa PFD nonageT Ha YIB SILT, SIL2 vnn SIL3.

CuctemMa noxapo- 1 razoobHapy»keHus PFD
1,00E+00
1,00E-01
¢_2002 SIL1
2 1,00E-02
o SIL2
2003
1,00E-03 2004 2005 2006
SIL3 M b
1,00E-04
0 1 2 3 4
OTKa3oyCToNYMBOCTb 060PYAOBaAHNA
Puc. 46: Pacuem PFD cucmemel F&G

12.28. BninaHne HeBepPHOro MOAENNPOBaHNA Ha apXUTEKTYpY

HeBepHoe MopennpoBaHue CUbHee NMOBVSET Ha aPXUTEKTYPHYIO MPON3BOAMTENIbHOCTb
obyHKUMM 6e3onacHocTu. [1nA 3agaHHo Aoy 6e3onacHbIx 0TkasoB (SFF) npovissoguTens-
HOCTb ypoBHsA SIL nogcmcTembl feTeKTOpoB 3aBucuT ot ee HFT.

Hanpumep, ana getektopa tvina B c gonein SFF o1 60 o 90% MOXHO roBOpUTb O ClIefyoLmX
BO3MOKHOCTAX apXUTEKTYPHOro ypoBHsA SIL.

121 @ Allen-Bradley



P PYKOBOACTBO MO BE30MACHOCTM MPOLECCOB 1
l OyHKLMOHabHas 6€30MacHOCTb B HEMPePbIBHbIX NPOU3BOACTBAX

(

HFT KoHourypauusa SIL (apxuTeKkTypa)
0 2002 SIL1
1 2003 SIL2
2 4004 SIL3

OnATb e, eCAM CNELMANUCT, NPOBOAALMI aHaNM3, NpefnonaraeT KOHGUrypaumto 2006 Ha
OCHOBAHWV JTOTYECKOI CXEMbI, ONTYMUCTNYECKas apXMUTEKTYpa NOACKa3blBaeT ypoBEHb
SIL3, B TO Bpems Kak B iefiCTBATENBHOCTY MPUMEHVM TONTbKO 60Mee HU3KUI YPOBEHD.

12.29. MopennpoBaHune KoHpurypauui curHanusauum gna cucrem F&G

Ona 3awuTbl nepcoHasia OT NoXKapa 1 yTeyek rasa Cny>kut I'IO,E[,TBep)KAeHHbIIZ CUrHan
TpeBorn. 3ByKOBbIe 1 3puUTeNnbHble CUTHalbl TOEBOI'N — 3TO BCE, YTO Tpe6yeTCﬂ, 4TOObI
obecneunTb 3BaKyauuto nepcoHana B 6e3omnacHoe MecTo. |-|03TOMy B dJ1y4aAax yrpo3bl
AanA 6e3OI'IaCHOCTVI, KOHd)I/lrypaLll/lﬂ Ha BbIXo[e OOJTXKHa NLb no3aboTuTbCA O HaNMuUn
3PUTENDBHbIX N 3BYKOBbIX CUTHAJTIbHbIX yCTpOI;ICTB.

Ona cnctem F&G TMNNYHYIO MCMOMHUTENBbHYO OMEepPaLIvio MOXXHO ONPeAenuTb Kak
aKTVBaLVIO 3puTenbHbIX 6006 /1 3ByKoBbIX 4004 CcrHanoB Tpesoru. Mpu moaenpoBaHum
TaKMX KOHUrypaLuiA, Kak NpaBuso, bbiBaeT TPYAHO AOCTUYL Yero-H1OYAb Nyulle, Yem Lenb
PGD ypoBHs SIL1, 4To CBA3aHO C YNC/IOM BKITIOYEHHbBIX YCTPONCTB. Kpome TOoro, n3-3a oveHb
Hu3KoM SFF y curHanoB TpeBoru 1 Npo6ieckoBbiX MasguKoB X apXUTEKTYpHasA NPOU3BOAU-
TeNbHOCTb B HeflyOnMpoBaHHbIX KOHGUIypaLmAx 06bIYHO He NofHMaeTcA Bbiwwe SILT.

MOMHS O TOM, UTO B 30HE MOXET HAXOANTLCA paboTatoLiee 060PyAOBAHE, KOTOPOE MOXKET
nomeLaTb YBUAETb NPOGIECKOBbI MasUOK VN 3aryLUMTb 3BYKOBOW CUrHas, HeO6XoaAMMO
CTPEMUTBLCA K TAKOMY PaCrONIOKEHNIO CUrHANM3aLmu, Npu KOTOPOM NepCcoHan, Haxoas-
LLMIACA B OMACHO 30He, MOCTOSHHO MOT Gbl BUAETD 1 C/bILaTh 605ee YeM OAHO CUrHabHOE
YCTPOWCTBO. EC 3TO YCNOBYIE BbIMOHAETCSA, CNELMANCT, 3aHMMAIOLLMIACS aHaNN30M,
MO>ET BbIMIPaTb OT TAKOW HEUYBCTBUTENIbHOCTY K OTKAa3aM B MOAENVIPOBAHNN HAEXHOCTA
KOHOUrypaLum cMrHanoB TPEBOT M.

KoHdurypauma curHanbHbIX YCTPONCTB 6006 MOXET MOKPbIBaTb 2 UK 3 OTAENbHbIE 30HbI,
MPUTOM UTO B KXK0I 30HE MOXET ObITb MO 2 UKW 3 CUrHaNbHBIX YCTPOCTBA. [oaTomy
CneumanucT AOMKeH PeLlnTb Ha OCHOBaHMM CXeMbl 3aBOJa, KaKas HeUyBCTBUTENbHOCTb K
c60AM JoNyCTMA B KaXKOV 30HE, U MOCTPOUTb COOTBETCTBYIOLLYIO MOAENb, pUC. 47.
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30Ha 01 30Ha 02
% } Mask % } Mask
A A

Jlornyeckoe peluatoyee|
YCTPOICTBO CMCTEMbI )
o6HapyXeHuA noxkapa

1 NPUCYTCTBUA rasa
Bbixoabl 6006

Puc. 47: [pumep cxembl cucmemesl cu2HaIU3aAYUU

Camoe rnaBHOE — 3TO PeLUnTb, CKONIbKO MPO6IeCKOBbIX MaAUYKOB HaXOAATCA B NOJIE 3peHVA 1
CKONbKO 13 HUX MOTYT OTKa3aTb, He HaHOCA Bpeaa yHKLMM 6e3onacHocT. Ha ocHoBaHMM
HaLlel yuebHOI cxeMbl ObIIO PeLLEHO, UTO B KaXAOM 30He ABa MasuKa 13 3 MpUCYTCTBYOLLMX
B 30HE MOCTOAHHO HaXOAATCA B MONe 3peHNs.

B cnyuae Takoii cxembl pa3yMHbIM 6b10 Obl CMOAENNPOBaTL KaXayto 30HY 1 Kak 1002, Tak
KaK YesioBeKy [OCTaTOUHO YBUAETb OAVH MasuoK. OfHaKo, MOCKObKY 3aLUyLLeHbl AOKHbI
6bITb 06 30HbI, X 06€ HY>KHO BKJTIOUMTb B MOZEND, T. €. 1002 + 1002.

B kauecTBe gpyroro nprMepa paccMoTprm 6 NPobIeckoBbIX MasuKoB B OAHOW 30He, AnA
KOTOpOW 6bIN0 YCTaHOBIEHO, UTO B Ntob0oe BpemA 4 13 6 MasuKoB NOMajaloT B Nosie 3peHus,
puc. 48. Torpa Tpebyetcsa, utobbl paboTan 1 MasuoK 13 4, U MOXXHO CMOLENMPOBATb CUTHAsbl
TpeBoru Kak 1004.
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30Ha 01
% % Mask % % Mask % % Mask
A A A
Masak Mask Mask
A A A

Jlornuyeckoe pelusatouiee
YCTPOICTBO CUCTEMbI
o6HapyXeHus noxapa
1 NPUCYTCTBUA rasa
Bbixoabl 6006

Puc. 48: [pumep cxemel cucmemesl cueHanuzayuu (1 3oHa)

12.30. BxogHble curHanbi F&G B cuictemax aBapuinHOro OTK/IOYeHNA

[lo cvix Nop He ynomurHanocb o TpeboBaHUM CO3AaTb Ha 3aBOAE CUCTEMY aBapUIHOTO
oTknoueHus (CMA3) B cniyyae NoATBEPKAEHHOTO BO3ropaHna Nn yTeyku rasa. Bkioyats v
otkntoyeHue CMA3 Kak YacTb B dyHKUuIo SIF F&G, byaeT 3aBUCETb OT NOCNEACTBUIA Yrpo3bl
Tpebyemo 3aLuThI.

Ecnwn yrpo3a npuBoanT K puUCKy AnsA NMYHON 6€30MacHOCTY, MOXKHO YTBEpPXKAaTb, UTO
CUrHANOB TPEBOMN JOCTAaTOYHO A obecneyeHuns 3awmTbl. O6bIYHO OTKOUEHUA F&G Takxke
reHepupytoT BxogHon curHan B CMA3, HO BO MHOTMX C/ly4asx 3TO NPONCXOAUT ANA TOro,
uTO6bI NPEOTBPATUTL ICKaNALMI0 YrPOo3bl 1 3aLUTUTL akTMBbl. OTKNoueHne CMA3 Takxke
MOXET 6bITb UHNLIMNPOBAHO B KAUYECTBE XOPOLLEro CpefCcTBa yrnpaBneHus, KoTopoe
MO3BOJIAET BbIMOMHMUTDL 3aMycK Nocse paspeLleHuns yrpo3bl Nog 60nbLIVM KOHTPOEM.
Cucrema F&G npepHasHaveHa ana 3awmtbl oT orHA v rasa; CMA3 npegHa3HayeHa ana
3aWuWTbl OT APYruX yrpos. Mpu ycnosuu, uto cuctema F&G BbiNnonHAET cBOM 3afaun No
CHVIXKEHWIO PUCKa, ANs aBapunHOro oTktoueHuns (CMA3) He fOMKHO 6bITb NPUYNH, TOMUMO
onucaHHbIx Bbiwe. Mostomy CIMA3, Kak npaewuno, He BKtoyaeTca B SIF F&G.

OpfHakKo UmetoTcs UCKIoYeHs. Koraa yrpo3a Breyet 3a o601 yLiep6 i oKpyKatoLen
cpepnpbl UM MyLLECTBA, CaMu Mo cebe CMrHasbl TPEBOMM He 06eCneurBaloT 3aLKTy, MOSTOMY
6bIBaeT HEOOXOAUMO 130MMPOBATL NPEANPUATHE NOCSE OOHAPYKEHNA NOXKapa UM YTeUKr
rasa. B Takux cnyyasx Heo6XoAMMO BKITOUNUTL OTKITKOUEHE 1 U30MALMIO Kak Tpebyrolymecs B
MOAENNPOBaHNN HaaeXHOCTV dyHKUMI SIF cctembl F&G.
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Kak Bnamm, mofienvpoBaHue BXOAHOW NOACMCTEMbI MOXET AaTb ONTUMUCTAYHbIE
pe3ynbTaTbl, €N KOHUIypaLma NorMyeckon cxembl CMOAENPOBaHa Nyylle, yem
HeuyBCTBUTEIbHOCTb K CO0AIM AieTEKTOPOB. TOT »Ke MeToA JaeT OYeHb NeCCUMUCTUYHBIE
pe3ynbTaTbl NPV MOAENNPOBaHNM BbIXOAHbIX Nogcuctem. Mexay AByMA noAcucTeMamm
NPUHATbIA METOA MOAENNPOBaHNA MOXET NPUBECTU K 60NbLIOMY pa3bpocy B 3HaUeHMAX
PFD 1 apxuTeKTypHOI MPOV3BOANTENBHOCTY U1, CllefoBaTeNbHO, K 6osbLuoMy pa3bpocy B
3aABEeHHbIX YPOBHAX SIL.

|-|03TOMy HeO6X0p,I/IM B3BELLUEHHbIN noaxon K MoAaenmpoBaHUIO CUCTEM F&G, a TaKXe YeTkoe
NOHVMaHMeE NPMeMoB MOAENNPOBAHNA N aHANU3NPYEMbIX YTP0O3 U CUCTEM. Tem cambim
MOXHO JOCTNYb TOYHOM OUEHKN CHMXEHUA PUCKa, NpefocTaBidemoro cmcTtemon F&G, n

He BBOOWNTb B 3a6ny>K,qu|/|e KOHeYHOoro I'IOTpe6VITeJ'Iﬂ ONTUMNCTUYHDBIMW 3aABKaMI.
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DyHKLMOHaNbHaA 6e30MacHOCTb B HEMPEPbIBHbIX MPOM3BOACTBAX

[
13. MpoBepka ypoBHei (SIL)

13.1. CooTBeTCTBIUE LieNAM YPOBHA NONHOTbI 6e30nacHoCT

MHorue niogn CnpawnBatoT, YTO HY>KHO CAienaTb, yTO6bI NMOKa3aTb COOTBETCTBME.
HepoctatouHo I'IpVIO6peCTVI KOMMOHEHTbI C CepTVId)I/IKaTOM YPOBHA NMOSTHOTbI 6e3onacHoCT
N oymaTb, YTO T€éM CaMblM aBTOMATNYECKN [OCTUraeTCA COOTBETCTBME. Boobuie, NOCKOJbKY
HOpPMa He ABNAeTCA I'Ipe,D,I'IVICbIBalOLLI,eVI, HEBO3MOXHO NpeaoCTaBUTb KOHTpOﬂbeIVI
nepeyvyeHb TOro, YTo HyXKHO CAenaTb. Mo npasae CkasaTtb, TO, HACKOJIbKO MHOIO Wi Mano
AenaeTcA, 3aBUCUT OT Pa3HbIX BeLlen. KOHerTHbIe nencraua 6yﬂ,yT 3aBM1CETb OT 06beMa
JJ,OCTyI'IHOIZ VIHd)OpMaLI,VIVI N OAHHDbIX, FJ'Iy6VIHa aHannsa nnun CTporoCTb NPUHATbIX MeP OOTXKHa
YCTparBaTb 3akKa34yKa 1 opraHbl Haf30pa, HO NpeXxae Bcero HeobxoAMMOo 4yBCTBOBATb, YTO
cenaHo JoCTaToO4vHO.

Ecnu cnyumntca aBapus 1 KTO-HUGYAb NMOrMOHET, CMOXETe NI Bbl NOCMOTpETD B rnasa 1x
6IM3KMM U CKa3aTb, UTO CAeNany Bce OT Bac 3aBucALLee?

Mpepanaraemblil NnaH NPOBEPKM COOTBETCTBMSA oTBeYaeT TpeboBaHuam IEC 61511-1,10 1 12.
B HMX copepaTca cnepytoLme NoAMNyHKTbI, Kak MOKa3aHo Ha puyc. 49:

+ TpeboBaHWA K NOBELEHNIO CUCTEMbI MPU O6HAPYKeHUK HemcnpasHocTy [13.2];

+ annapartHas oTKa3oycTonunsocTb [13.3];

+ BblOOP KOMMOHEHTOB 1 nogcuctem [13.4];

+ nonesble ycTponcraa [13.5];

+ OnepaTop, NepcoHasn CONPOBOXAEHMNS N MHTepdencbl ¢BA3M ¢ cuctemolt SIS [13.6];
+ TpeboBaHMA K TEXHNYECKOMY 00CNyKMBaHWMIO 1 pa3paboTke TectupoBaHua [13.7];
+ BEPOATHOCTb OTKa3a yHkuuu SIF [13.8];

+ npuknagHoe MO [13.9].

B tex Cnydanx, Korga 3T NyHKTbl AeNIATCA Ha bonee menkne Tpe6OBaHI/IF|, OHWN TaKXe
NOKa3aHbl Ha PUCYHKe.

CootseTtctaue IEC61511-1, 5: YnpaBneHue GyHKUMOHaNbHOI 6€30MacHOCTbo 06CyKaaeTca
Takxe B pa3gene [18].
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13.2. Tpe60BaHUA K NOBeAEHUNIO CUCTEMbI NPY 06GHAPY>KEHNN HENCNPaBHOCTA
IEC61511-1,11.0

Heobxoarmo onpeaenvTb noBeeHvie CUCTeMbI NPV 06HAPYKEHNIN HENCTPABHOCTU.
OHO MOXeT 6bITb NOAPOOBHO ONMCAHO, HanpuMep, B cneumduKaumy SRS nnm NpPoeKkTHon
cneunduKaumm.

Hwu>Ke nokasaHbl TUMNYHbIE npuMepPbI TEX NapPaMeTPOB, KOTOPbIE MOXXHO BK/TOYNTbL B TaKOe
nncaHme.

1. Bce BbIxogHble 6110KM nmetoT cxemy 1002 no komaHae MK 1 Bo3spatuatoTca K
cxeme 1001, ecnm ceasb ¢ MJ1K notepsaHa.

2. B nporpammHori cneuurKkaumy yTeepxaaeTca nprHLumn 6e3onacHocT npu
aBapun. Bce anemeHTbI OTKNoUeHMA SIS JOCTUralOT OTKasa No NpuHLMNY
6e30macHoCTW.

3. B cnyuae cnuctembl CMA3 ncnonb3oBanack GyHKLMA OTKIOUEHNA MyTem
npekpaLLeHna Nogayun SHepruu.

4. B cnyvae cuctembl F&G peann3oBaH MeTOp BbiMNyCKa OrHeracALiero cocrtaBa
no NpuHUmMNy cpabaTblBaHKA 3alMTbl NpU Noaaye NutaHnAa. O6 obHapyxeHNK
OT/leNIbHOro OMacHOro 0TKasa B KOHPUIypaLmm ¢ pe3epBrpoBaHIEM
CBUAETeNbCTBYeT cocToAHMe Tpesoru. Cuctema F&G npoposmkaeT paboTaThb B
6e30nacHOM pexrme B TeYeHKe AOMNYyCTMOro NepuoAa PEMOHTA, Takxe Obin
NPUHATbI APYrie Mepbl MO CHUXEHWIO AOMOMHUTENBHOIO PUCKa, TaKne Kak
npepocTasieHvie PUKCMPOBAHHOTO PYYHOrO CMyCKaHVA OrHeracALlero cocrasa.

13.3. Tpe6oBaHUA N0 HEYYBCTBUTENILHOCTU K €60AM TEXHUYECKOro obecneyeHus,
IEC61511-1,11.4

13.3.1.MNoaxon

[ns cooTBETCTBYA TPEOOBAHNAM MO HEUYBCTBUTENIBHOCTY K COOAM TEXHUYECKOTO
obecnevenus (HFT) TpebyeTca KonmyecTBeHHas oLeHKa Aoy 6e3onacHbix 0Tkasos (SFF)
N apXUTEKTYPHbIX OrPaHNYeHUIA.

13.3.2. [lons 6e30nacHbIX OTKa30B

B KoHTeKcTe NonHOTLI 6@30MacHOCTU TEXHUYECKOro obecneyeHrsa camblil BbICOKUIA YPOBEHb
SIL, KoTopbI MOXeT 6bITb 3aaBNeH AnA GyHKUMM 6e3onacHocTy, orpaHunumnsaetca HFT n SFF
nopAcucTeMbl, McrionHaioLein GyHKLuo 6e3onacHoCTU.

HeuyBcTBUTENBHOCTD K CH0SIM TEXHUYECKOTO 06ecrneyeHrs 1 MOKa3bIBaEeT, UToO apXMTEKTypa
NOACKCTEMbI TAKOBA, YTO OMACHbIV OTKa3 OLHOW 13 NMOACMCTEM HE MELLAET BbIMOSTHEHNIO
3aLUMTHOrO JENCTBYUA, T. €. KOHPUrypauusa 1002 nnum 2003 nmeet HFT 1, a KoHpurypauus
1003 nnn 2004 nmeet HFT 2.
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C yueTom 311X TpeboBaHmii IEC 61508 [19.1] paeT ciefytoLme yTOUHeHUs:

+ HeUyBCTBUTENIbHOCTb K CO0AM TEXHMUECKOro obecrnedeHus, paBHas N, o3Havaer,
yto N+1 cboeB MoryT Bbi3BaTb NoTepto GyHKUMM 6e3onacHocTu. [Npu onpepene-
HVN HEUYBCTBUTENIBHOCTU K CHOAM TEXHNYECKOTo obecneueHns gpyrie Mepsi,
KOTOPbIE MOTYT KOHTPOIMPOBATb BAVSHVE OTKA30B, Hanp. cOo6LieHNs 06
oLmbKax, He yUnTbIBAKOTCS;

+ eC/v OAVH COOi HEMOCPECTBEHHO MPVBOAUT K ELLE OAHOMY WU HECKONBbKIM
c605M, BCE OHU PacCMaTPUBAIOTCA KaK oaviH cOoi;

+ NpU onpefeneHyn HeYyBCTBUTENIbHOCTU K COOAM TEXHUYECKOro obecneyeHms
HeKOTOopble COOV MOTYT UCKIIOUATLCA NPY YCIIOBUM, YTO BEPOATHOCTb KX
NOABNEHMA OUYEHb MaJla OTHOCUTENIbHO TPe6OBaHWI K NMOTHOTE 6e30MacHOCTH
nofcucTembl. Takoe NCKIIOUYEHE HEOOXOAVMO 060CHOBATb 11 JOKYMEHTaIbHO
NnoaTBEPAMUTD.

|/|CI'IOJ1b3yIOTCF| aegywoouimne 06u.|,|/|e COOTHOLWEHNA.

SFF =2 (ZAs+ = Mon)/(Z As + = No) Cm.IEC61508-2.C.1
roe:

Ao = Aou + Aop

[ns KaxkOoro anemeHTa HeEOOXOANMO BbIUNCIUTL GYHKLMIO 6e3onacHocTy SFF. MNonyyeHHoe
3HaueHMe UCMNosb3yeTcA 3aTeM B Tabnuue 16, uTobbl onpeaenuts cootsetcTaye SIL ana
YPOBHS HEUYBCTBUTENIbHOCTY K COOSIM TEXHUYECKOro obecrneyeHus.

13.3.3. OrpaHunyeHmns apxuTeKTypbl

IEC61511-1, 11.4.5 npegycmaTpuBaeT OLEHKY HEUYBCTBUTESIbHOCTU K CHOAM TEXHNYECKOTO
obecneyeHs ¢ ncnonb3oBaHem TpeboaHuii IEC 61508-2, Tabnuua 2 1 3.

B pamkax IEC 61508 [19.1] nogcucTtemMbl pa3fensotcs Ha Tunbl A 1 B. O6bIuHO, eCnv TUnbl
OTKa30B YETKO OnpefeneHbl 1 MOBeJeHNE B YCIIOBUAX COOSt MOXKET ObITb MOSTHOCTbLIO 33/1aHO,
a TaKXKe MMeloTCA HafeXKHble SKCMIyaTaLMOHHble AaHHble B JOCTaTOYHOM KOJIMYECTBe,
noacucteMa npuumncnaetcs K Tuny A. Ecnv xoTa 6bl OAHO U3 3TUX YCIIOBWI HE BbIMOJSTHAETCS,
noacucTeMa NpUYNCIAETCa K Tuny B.

npOCTble MexaHn4yeckne yCTpOVICTBa, Takune Kak KranaHbl, B OCHOBHOM OTHOCATCA K TUNy A.
Jlornyeckne pewarlne )/CTpOIzCTBa 06bIYHO npeacTasnAlT cobori Tmn B, NOCKOJIbKY OHM
06nafaloT CNOCOBHOCTBIO K o6pa60TKe AaHHbIX N X NoBefeHne B yCIOBUAX c60A He MoXeT
6bITb MNOTHOCTbIO 33faHO. Hatumkm MOTYT NpUHagneXxatb K Tmuny A vnun B B 3aBUCMOCTYM OT
TEXHONOINN N CNOXHOCTA YCTpOVICTBa.
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ApPXUTEKTYPHble orpaHunyeHrs Ana GyHKLUM 6e3onacHoCT 0606LLeHbI B Tabnuue 16.

OnpepeneHvie noacnucTeMbl TUna A:

Buabl 0TKa3a Bcex CoCTaBHbIX YacTel onpeaeneHbl O4HO3HaYHO, NoBeAeHre NoACUCTEMDI B
YCNoBUAX HENCMPABHOCTX NONHOCTbIO onpeaeneHo, Ha MecTe c06paHo AOCTAaTOYHO HafeXHbIX
d)aKTI/IHECKVIX JaHHbIX ANA NoATBepKAeHNA 3aABI€HHON BEPOATHOCTUN BbIABEHHbIX 1
HEBbIAB/IEHHbIX OTKa30B.

[ona 6e3onacHbIX OTKasoycTonunsoctb obopyposaHmsa (N)

OTKa30B 0 1 2

<60% SIL1 SIL2 SIL3
60% - <90% SIL2 SIL3 SIL4
90% - <99% SIL3 SIL4 SIL4
>99% SIL3 SIL4 SIL4

OnpepeneHve noacncreMbl Tuna B:

Buabl oTKasa Kak MWHNMYM OfHOW COCTaBHOW YacTu onpeaeneHbl HEOA4HO3HAYHO UK NoBeAeHne
NOACNCTEMbI B YCTOBMAX HEUCNPABHOCTU He onpeaeneHo B MOSIHOW Mepe Un Ha mecTe co6paHo
HeAOCTaTOYHO HaAeXHbIX (I)aKTI/IHECKVIX JaHHbIX ANA NoATBepKAEHNA 3aABE€HHON BEPOATHOCTIN
BbIAB/IEHHbIX N HEBbIABJIEHHbLIX OMACHbIX OTKAa30B.

[Nlona 6e3onacHbIx OTKa3oycToinumBocTb 06opyaoBaHus (N)

oTka3os (SFF) 0 1 2

<60% He ponyckaetca SIL1 SIL2
60% - <90% SIL SIL2 SIL3
90% - <99% SIL2 SIL3 SiL4
>99% SIL3 SiL4 SiL4

Tabnuya 16. OzpaHuyeHusa apxumekmypsl

MpumeuaHmne. HeuyBCTBUTENBHOCTb K CO0SIM TEXHNUECKOrO 0becneyeHus, pasHas N,
o3HauaeT, uto N+1 c6oeB MOryT BbI3BaTb NOTEPIO GYHKLMM 6E30MaCcHOCTH.

13.3.4. Npumep

B sToM npumepe, puc. 50, pyHKLmMA 6€30MacHOCTM COCTOWT U3 ABYX AATUNKOB YPOBHS,
paboTaloLLyx B KoHOMrypaummn 1002. Eciv ofuH 13 faTumkoB GUKCUPYET BbICOKUI YPOBEHD,
MK Allen Bradley o6ectoumsaet SOV, uto no3sonseT knanaHy ClNA3 3akpbITbca.

AHann3 apXI/ITeKTypHOVI npon3BoANTENIbHOCTA Tpe6yeT npexnae Bcero onpenennTb, K
KakoMmy Tuny, A vnu B, oTHOCUTCA KaxKabl U3 351eMeHTOB. B 6onblunHCTBE cnlydaeB 3TO
MOXHO cjenatb, UCNonb3yA onpeneneHna ns Tabnubl 16. NMoMHUTE, YTOBBI OTHECTU
SNeMeHT K Trny A, HeO6XO4MMO TOUYHO 3HATb TUMbI OTKA30B U NMOBELEHMNE SIEMEHTA npun
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OTKa3e, a TakKe MMeTb OY€Hb XOPOLLUYH CTaTUCTUKY OTKa30B. B NPOTMBHOM ClyYae sN1eMeHT

CnepyeT paccMaTpUBaTh Kak Tvn B.

Toraa gaHHble 06 OTKa3ax A4niA KaXkaoro snemMeHTa no3sonat nogcuntatb SFF. Tvn anemeHTa u

SFF nognvcaHbl Nog KaxabiM an1eMeHToM Ha puc. 50.

HFT oTHOCUTCA K YPOBHIO HEUYBCTBUTENBHOCTY K COOAM ANA KaXKAO0ro anemeHTa. [JaTuukm
YPOBH#, paboTatowme B KoHOMrypaumm 1002, nmetot HFT, paBHyto 1. Bce gpyrue anemeHTbl
He MEeIOT HEeUYBCTBUTENbHOCTU K c60sM, 1 noaTomy HFT y Hux paBHa 0.

HakoHeu, SIL, KOTOPbI MOXeET ObITb 3aABNEH /1A APXUTEKTYPHOI NMPOU3BOANTENIBHOCTU
KaM[Qoro 3f1emMeHTa, MOXXHO OMNpeaenuTb, NCnosnb3ya nHGopmaLumio 13 Tabnuubl 16.

Mepeknioyatens
ypoBHA

NPUrOAHOCTY U Ge3onacHocTn
[onyCTUMBIi ypOBEHS NPHFOAHOCTH 1
1 6esonacHocTh (apx.)
O6uwi paspewientbiii gonycrumbiii G|}
YPOBeHb npurogHoCTH 1 GesonacHoctn

Puc. 50: ®yHKuuA omKasa e c/ly4ae 603HUKHOBEHUS ONACHOU cumyayuu

PLC Too1 Knanah
0 - - —
CCF 5% NE Sov CnA3
Mepekntoyatens
ypoBHA

Tun A B A A

SFF 0,40 0,95 0,72 0,25

a4vyo 1 0 0 0
APXUTEKTYPHBIV ypOBeHb 5 2 2 1

Pene yposHa — 310 TMn A, noaTomy npumeHumbl Kputepun gna tuna A. C SFF 0,40 n
HeuyBCTBUTEIbHOCTbIO K C60AM 1 AaTUMKM YPOBHA COOTBETCTBYIOT apPXUTEKTYPHbIM

orpaHunyeHuam SIL2.

AHanornyHo MoxHo oueHnTb SOV 1 knanaH CMA3. SOV, Takxe Tn A, MeeT HeuyBCTBUTENb-
HOCTb K c60aM O 1 SFF 0,72, uto gaet SIL2. Knanax ClMA3, Tun A, »MeeT HeuyBCTBUTENbHOCTb

K c60am 0 1 SFF 0,25, uto paet SIL1.
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DyHKLMOHaNbHaA 6e30MacHOCTb B HEMPEPbIBHbIX MPOM3BOACTBAX

(

OnpepeneHue nogcucrembl Tuna A:

Brabl 0TKa3a BCex COCTaBHbIX YacTel onpeaesieHbl OfHO3HaYHO, NOBEAEHVe MOACUCTEMbI B
YCNOBUAX HEUCNPABHOCTY NMOJTHOCTbIO ONPeAeneHo, Ha MecTe CO6PaHO AOCTaTOUYHO HafEKHbIX
daKTNUECKNX JaHHbIX A1 MOATBEPXKAEHA 3asBIEHHON BEPOATHOCTM BbISIBNIEHHbIX 1
HeBbIIBNIEHHbIX OTKA30B.

[ons 6e3onacHbIx OTkKasoycTonunsoctb obopynosanus (N)

0TKa3oB 0 1 2
<60% SIL1 (3HaueHune SIL2 (LT) SIL3
60% - <90% SIL2 (SOV) SIL3 SIiL4
90% - <99% SIL3 SIL4 SIL4
>99% SIL3 SIL4 SiL4

Puc. 51. AbxumexkmypHsle 02paHuyeHus 0amyuKos yposHs

MK oTHocKTCA K ycTpoicTBam Tvna B. 31o BepHo ana 6onblumHcTea MK, Tak Kak oHx
ynpasnstotca MO 1 ux noBefeHve B Clyyae 0TKasa MMEET 3/IeMEHT HeonpeaeNeHHOCTY,
CnepfoBaTesibHO, He BCe YC/1oBUA, Tpebyemble AN Tvna A, BbINMONHATCA.

Moatomy oueHka MK fomKHa cooTBETCTBOBATL TpeboBaHMsAM 4Jis Tvna B, puc. 52.

OnpepeneHvie noacncTeMbl Tuna B:

Buabl oTKasa Kak MWHNMYM OfHOW COCTaBHOW YacTu onpeaeneHbl HEOA4HO3HAYHO UK NoBeAeHne
NOACNCTEMbI B YCTOBMAX HEUCNPABHOCTU HE onpeaeneHo B MNOSIHOW Mepe Un Ha mecTe co6paHo
HeAOCTaTOYHO HaAeXHbIX (I)aKTI/IHECKVIX OaHHbIX ANA NoATBep»KAEHNA 3aABNEHHON BEPOATHOCTIN
BbIAB/IEHHDbIX N HEBbIABIEHHbIX OMACHbIX OTKA30B.

[lona 6e3onacHbIx OTKa3oycToiumBocTb 06opyaosaHus (N)

OTKa3oB 0 1 2
<60% He ponyckaetca SIL1 SIL2
60% - <90% SIL SIL2 SIL3
90% - <99% SIL2 (MTK) SIL3 SiL4
>99% SIL3 SiL4 SiL4

Puc. 52. ApxumekmypHsie oepaHuderus 1K

MopBoAsA NTOrM, MOXHO CKa3aTb, UTO APXUTEKTYPHaA NPON3BOAUTENbHOCTD SIL Ana
KaX[oro 3neMeHTa nokasaHa Ha puc. 50, a SIL, KOTopbIi MOXHO 3aABUTb N1 BCel GYHKLMM
6e3onacHoCTU, — 370 SIL1. ApXUTeKTypHasa Npon3BOANTENbHOCTD SIL ana Bcein GyHKUMN
6e30MacHOCTI OrpaHyYeHa CaMblM HV3KUM U3 3aABReHHbIX SIL.
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13.4. Tpe6oBaHuA K BbIGOpPY KOMMNOHEHTOB 1 nogcucrem, IEC61511-1,11.5
13.4.1.Noaxon

Bbl60p KOMIMOHEHTOB 1 noagcncrem ana I'IpI/IJ'IO)KeHVIIZ TEXHOJIONMYECKOro CEKTOPA MOXKET
ObITb OCHOBAH Ha oueHKe NpurogHoCTK. B TexHnuecknx Tpe6OBaHVIﬂX OOJTXKHbI 6bITb
HEO6XOP,I/IMbIE ycnoBuA:

+ [1nA BbIbOpa KOMMOHEHTOB 11 NOACKCTEM;

+ nAa obecneyeHnA BO3MOXKHOCTU MHTErpaLm KOMMOHEHTa WY NOACUCTEMbI B
apxutektypy SIF;

* 1A 33[aHVA KPUTEPKEB NPUEMIEMOCTN KOMMOHEHTOB 1 MOACUCTEM.

13.4.2. O6wwe TpeboBaHus, [EC61511-1,11.5.2

3Ty npoueaypy He cieayeT UCNob30oBaTb AN1A NpuaoXKeHni SIL4, Ho Ana Bcex ocTanbHbIX
KOMTMOHEHTOB 1 NoACUCTEM HeO6X0AMMO 06PaTUTb BHUMaHME Ha crefyioLuee.

[JeMoHCcTpauma NpurogHOCTI JOMXHa BKIOYaTb oueHKy SIL, coctoawyto n3 nogcyeta PFD n
APXUTEKTYPHbIX OrPaHNYEHNI MO CPABHEHNIO C MTAHOBbLIMM NMOKa3aTenAaMu.

JeMOoHCTpauma NPUrogHOCTM JOMKHA TaKKe BKIoYaTb MOAPOOHOE 13yyeHre AOKYMeHTa-
L1 Npomn3BOANTENA K annapaType 1 yctaHosneHHomy MO. Ha npakTuke conpoBoauTenbHasa
[IOKyMeHTaLMs K BbIOpaHHbIM KOMMOHEHTaM 1 NoAcucTeMam ObIBaeT B popme TEXHUUECKIX
cneunduKaumii, NOKpbiBaloLWmnx GYHKLMOHaNbHbIE U SKONOrMYeCKMe acneKTbl SKCayaTaLlum.
Moatomy FDS fomKkHa BKIIOUYaTh MYHKT, B KOTOPOM 060CHOBBIBAETCA NPUIOAHOCTb BblOpaH-
HbIX KOMIMOHEHTOB 1 NMOACKUCTEM, Ha OCHOBE CpaBHeHUA crieundrKaLmnii, NpefoCcTaBeHHbIX
npowussoguTenem, ¢ GyHKLVOHANIbHbIMY TPEGOBAHUAMN.

KOMMOHEeHTbI 1 MOACKCTEMbI JOMKHbI COOTBETCTBOBATL «CrieumduKkaLmm TpeGoBaHmii K
6e30MacHOCTU». Ha NpaKkTKe KOMMOHEHTbI 11 MOACMCTEMbI BbIGUPAIOTCA Ha OCHOBE X
CNocobHOCTY OTBEUaTh TPEGOBAHMAM 6e30MacHOCT. [JleMOHCTPaLmMA COOTBETCTBUA HOCUT
OLIeHOYHbIN XapaKTep, 1 TPe6OBaHNA K apXMTEKTYPHBIM OrpaHuyeHuam 1 PFD coxpaHsioT
CBOIO CUITY.

13.4.3.MpepwecTBytowee npumeHeHue, IEC61511-1,11.5.3

I'Ipem,qe BCero, Bbl60p KOMMOHEHTOB [0/1XXeH OCHOBbIBATbCA Ha CI'IeLlVId)I/IKaLWIVI 3aKynoK oT
NPOBEPEHHbLIX NOCTaBLYNKOB.

YacTbto OLEHKIM NOCTaBLUMKA AOSIXKHO CTaTb paccmoTpeHne QMS v cuctem ynpasneHus
KOHOUMrypaLmen Npor3BoanTens, KOTOPoe TakKe BHOCUT CBO BKNaf B AOKA3aTeNbCTBO
NPUrogHoCTu, NpefcTaBneHHoe B FDS.
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[

Takxe B FDS pomxHbl cofepkatbCA cBefeHNA O HaKOMIEHHOM ob6beme UCMoNb30BaHNA onAa
BCex Bbl6paHHbIX KOMMOHEeHTOB 1 noacuctem. CBeileHnA MOryT OCHOBbIBATbCA:

+ Ha CyMMapHOM BpeMeHI paboTbl ycTpoicTBa ana SIL1 1 noneBbix yCTPonCTs;
+ CYMMapHOM BpemeHU paboTbl YCTPOICTBA C yKa3aHreM OnacHbIX OTKa3oB ana SIL2
1 CIIOXKHDBIX 371EMEHTOB.

[ns nornyeckmx peLuaoLmnx ycTpoincTs ¢ SIL3 Tpebyetca cepTudurkaums.

Tpebyemblii HAKOMNEHHbIV 06BEM NCMONIb30BAHNA A1 KOMIMOHEHTa UM NMOACUCTEMBI
3aBUCUT OT 33J1aHHOI YaCTOTbl OTKA30B 1 OTYETOB O MPEXHNX OTKa3ax. Puc. 53 cnyxut
UCKITIOUYNTENBHO [/1 OPUEHTUPOBKM, Ha HEM NOKa3aHo TpebyemMoe UNCIO HAKOMMEHHbIX
YCTPOMCTBO-NET (YNC0 YCTPOWCTB X FOAbI B IKCMAyaTaLmm) Ana pasfvyHbiX 3HaYeHNUN
3aJaHHOM YacCTOTbl OTKA30B.

1000000
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I @ 1otka3
[
S 10000 A 50t1kazoB
8_ ‘ 10 oTkazoB
5 X 15 o0tkazos
=
g
g 1000
=
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=
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@
b 100 po=========== -
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s
= |
[e] [}
x 1
v |
o 10 H
2 ] ~NA
> |
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P 1
e |
— 1 !

1,00E-07 1,00E-06 1,00E-05 1,00E-04

LleneBas yacToTta 0TKa30B (/u)

Puc. 53: Pykosodcmeo no 0653amesibHOMY UCNO/Ib308aHUIO

Hanpumep, ecnv 3agaHHan MHTEHCMBHOCTb OTKa30B cocTaenaeT 1,00E-06/4 1 B oTueTe
3adukcmpoBaHo 0 0TKa3oB, Mo puUC. 53 HaxoaUM NPUMepHO 137 YCTPONCTBO-NET, UTO
LOCTUraeTcA, Hanprmep, Npu 6e30TKasHol paboTe 14 ycTpoiicTs B TeueHue 10 net. Ecnm
B OTYeTe O CemMeNncTBe No MecCTy SKCryaTaLmm YoMUHAKTCA OTKasbl, peanbHas

134




PYKOBOACTBO MO BE30MACHOCTU NMPOLIECCOB 1
MNpoBepka yposHe (SIL)

~

NHTEHCMBHOCTb OTKa30oB YCTpOIZCTBa 6y}:|,6T BbILLE W, Clef0BaTeNbHO, ANA AOCTUXKEHWA TON
e 3aJaHHOM YacTOTbl OTKa30B I'IOTp€6yeTCﬂ 60sblLe YacoB 6e30TKa3HOM pa6OTbI.

PrcyHoK ocHOBbIBaeTcA Ha pacnpegeneHun X?-C rpaHuLen JoBepuTenbHoro nHtepsana 70%
N MOXKET CYXKMTb TONbKO AJ11 OPUEHTUPOBKU 1 A/1A YKa3aHMA Ha To, Korga byaeT HakonneHo
[OCTaTOYHOE YNCIIO YCTPOCTBO-NET.

IEC 61511 TakxKe TpebyeT OT NPOM3BOANTENA BEAEHNA OTYETHOCTM O CJlyYasx BO3BpaTa 1
BHECEHHbIX B KOHCTPYKLIMIO 3MEHEHMAX, YTO MO3BOMAET OLIEHNTb BO3ENCTBUE 3aAB/IEHHbIX
OTKa30B.

Ha npakTnke I/1H¢OpMaL|,VIF| 06 oTKazax peanko 6blBaeT AOCTyMNHa, N0O3TOMY B npouecce
Bbl60pa MOXHO NPOBECTN IKCMEPTU3Y KOMMOHEHTOB U NOACUCTEM, yTO6bI ObITH yBEPEHHbIM,
YTO OHM 6y,D,yT d)yHKLI,VIOHVIPOBaTb Hagnexalmm 06pa30M. Takasn SKCMepTn3a MOXKET
I'IOTpe6OBaTb KOHCYJ'IbTaLl,VIVI C ApyrmMmn nosib3oBaTenAamm nnn ¢ nponssoanTenamm n
nonb3oBaTeSIAMN aHaNOINYHbIX yCTpOVICTB n I'IpVIJ'IO)KEHI/IIZ. Takne nogkpennawwne
[l0Ka3aTeNIbCTBa LOMKHbI ObITb OTpakeHbl B FDS Kak yactb NPUrogHOCT KOMIMOHEHTOB U
noagcncrTem.

13.4.4. Mporpammupyemble YCTPONCTBa € GUKCMPOBAHHBIM Ai3bIKOM Nporpammbl (FPL),
IEC61511-1,11.54

B Tex cnyyasx, koraa HeobXxoaMMo 1CMosb30BaTb NPOrpaMMm1pyemble KOMMOHEHTbI 1
nopacuctembl ¢ FPL (Hanp., noneBble ycTpolcTBa), A npunoxkeHui SIL1T n SIL2 gomxHbl
cobntopatbcea Bce obLme TpeboBaHWA [13.4.2], TpeboBaHMA MO NPeALWEeCTBYOLLEMY
npumeHeHwio [13.4.3] n cnepyiowyie TpeboBaHKA K MPOrpaMmMmMpyemMbiM KOMMNOHEHTaM
n nopgcuctemam ¢ FPL.

Kpome Toro, ans Kaxgoro BblopaHHOro KoMnoHeHTa B FDS gonkHO nprBoanTbCA
060CHOBaHMe BblIbopa KOMMNOHEHTOB FPL, B KOTOPOM MNOATBEPKAAETCA, UTO KOMMOHEHT
OTBEYaET YKazaHHbIM TPeboBaHMAM MO GYHKLMOHANbHOCTH, BKOYas:

QL
~

XapPaKTEPUCTUKN BXOAHbIX 1 BbIXOAHbIX CUTHAN0B;

=)

PeX1Mbl UCMONb30BaHNS;
UCMONb30BaHHble GyHKLMM 1 KOHUrypauuw;
Hencnob30BaHHbIE CBONCTBA OObIYHO He BAVAIOT Ha GyHKLMM 6e30MacHOCTU.

S e

Ona npunoxenui SIL3 TpebyeTca odpuumanbHoe 3aknoueHue.

B KauecTBe anbTepHaTMBbI, KOTOPOW MOJb3YOTCA HEKOTOPbIE CUCTEMHbIE MHTErpaTopb|,
MO»HO AocTaTh ycTponcTo FPL, cootBeTcTBYOWEe SIL3. 3TM yCTPOMCTBa JOMKHbI yKe
nmeTb odrLmanbHOe 3aKtoyeHne, BbiAaHHOE COOTBETCTBYIOLLE/ OpraHm3aLmei, u
ceptudukar SIL3 BMmecTe c HA6OPOM NoaKpennAoLLEN JOKYMEHTALIN.
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B Hel pomkHO foKa3biBaTbCA, UTO YCTpOI7ICTBO CNOCOBHO BbIMOMHATD Tpe6yemy|o (I)yHKLl,I/HO
N YTO BEPOATHOCTb ONACHbIX OTKA30B B pe3ybTaTe Cﬂyan7IHbIX c6oeB annapaTtypbl Nin
CUCTEMHbIX CO0EB TEXHNYECKOTO 1 nporpamMmmHoro obecneveHns [OCTaTOYHO Mana. Takxke
K yCTpOI7ICTBy AOXKHO NpunaratbCA PyKOBOACTBO MO TEXHUKE 6e3onacHoOCTN C nepevyHem
OFpaHI/Il—IeHVIIZ npw skcniyaTaymm n TeXO6CJ'|y)KI/IBaHVII/I.

13.4.5. Tporpammupyemble yCTPONCTBA C A3bIKOM C OrpaHUYeHHON BapbrpyeMocTbio (LVL),
IEC61511-1,11.5.5

B Tex cnyyasx, Korga Heo6xo4UMO MCMOb30BaTh MPOrPaMMUpPyeMble KOMMIOHEHTbI 1
nopacuctembl ¢ LVL (Hanp., nornyeckre peluaioLme yCTponcTaa), 1A npunoxkeHun SIL1 n SIL2
LLOMKHbI CobnoaaTbca Bce obLe TpeboBaHusA [13.4.2], TpeboBaHMA NO NpefLecTByoLLEMY
npumeHeHnto [13.4.3], TpeboBaHuA K NporpamMmmMmupyembiM ycTpoiicteam ¢ FPL [13.4.4] n
cnegyoLme TpeboBaHMA K NPOrpaMmMUpyemMbiM KOMIOHEHTaM 1 noacuctemam ¢ LVL.

B [OKyMeHTaLum AOMKHO cofieprKaTbcA 060CHOBaHMe TOro, UTO TaM, rae Mexkay GyHKLMo-
HanbHbIM pa3pe3om 1 Gr3nyecKorn cpefon B MPexHem COCTOAHMMN 1 GYHKLMOHANbHbIM
pa3pe3om 1 Gr3nyecKol cpefoi Npu NCMoNb30BaHUN B GyHKLMM 6€30MacHOCTY MMeeTca
pa3nuuue, FDS fomkHa KOHCTaTUPOBaTb 3T OT/INYMA U [JOKa3blBaTb OTCYTCTBME HEraTUBHbIX
BANAHNI Ha PFD.

Ona npunoxeHuin SILT nnm 2 MOXHO 1Ncnonb3oBaTb Nporpammrpyemoe snekTpoHHoe (PE)
peLuatoLiee YCTPONCTBO ¢ 6e30nacHoi KoHpurypawmein (kotopoe sBnaeTcs cepuiiHbim PE
JIOrMYECKM PeLLaoLLIMM YCTPOCTBOM OOLLEro Ha3HaueHs1, KOHGUIYPUPOBaHHbBIM
cneyuanbHO ANA NCMOoNb30BaHWA B NPUIOXKeHWsAX 6€30MacHOCTI) NpY YCIIOBUM, YTO 3TO
000CHOBbIBaeTCA B AOKYMEHTaLMN.

Cneumndurkaumm, NpefocTaBnaemMble NPon3BoanuTenem, AOMKHbI AEMOHCTPUPOBATL
LOCTYMHOCTb HEO6XOAMMOM MHGOPMALIMM MO TEXHNYECKOMY U MPOrpaMMHOMY obecrneye-
HIII0, YTOGbI 06eCneynTb NOHVMaHVe NOBEAEHWS CUCTEMBI B CJTyyae oTKa3a. [ins atoro B FDS
[IOMKHbI ObITb MEepeyYncieHbl BCe OnacHble TUMbl 0TKA30B C YKa3aHVeM Mep AVArHOCTUKM U
3aLUKMTbl, €N TakoBble UMetoTcs. B FDS omKHbI ObITb TakKe YKa3aHbl CpeACTBa 3aLiMTbl OT
HeCaHKLNOHNPOBAHHbIX U HENPEYCMOTPEHHbIX U3MEHEHM.

[na NnpunoXxeHnin nornyecknx peluaroLwmx ycrponcts ¢ SIL2 FDS gonkHa yTBepaaTtb
Cnocobbl 3aLUTbl OT CieaytoLwmx c60eB Mo BPeMs BbINOSHEHVA NPOrpaMmbI:

a) TeKyLMI KOHTPOJb MOCIEA0BATENbHOCTY NPOrpaMmbl;

b) 3awwTa Koaa OT M3MEHEHWI 1V O6HaPY»KeHUe OTKa30B NyTeM KOHTPONA B
pexX1me OHNaNH;

C) npoBepKa OLWMNOOK 1 MHOroBapMaHTHOE MPOrPaMMUPOBaHNE;

d) npoBepka aranaszoHa nepemMeHHbIX UM NPOBEPKa 3HaUEHNI Ha
npasaonoaobue;
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€) MOoZAyNbHbI NOAXOA;
f) mnaycraHosneHHoro MO ncnonb3oBancsa NOAXOAALLMIA TUM KOAMPOBaHUA.

Kpome Toro, Heobxo41mMo NPOAEMOHCTPUPOBATL CieaytoLlee:

g) 6blfI0 MPOBEAEHO TECTUPOBAHNIE B TUMOBbIX KOHOUIYpaLsaX Ha TECTOBbIX
npumMepax, penpe3eHTaTUBHbIX A1 HAMEYEHHbIX GYHKLMOHANbHbIX Pa3pe3os;

h) ucnonb3oBanncb NpoBepeHHble cepTUdULMpPoBaHHble Mogynv MO n
KOMMOHEHTbI;

i) cncTema noaBeprnach AVHaMUYECKOMY aHaIn3y U TECTUPOBAHMIO;

j) cnicTeMa He UCMOoNb3yeT NCKYCCTBEHHbIV UHTENEKT UK UHAMUYECKYO
pekoHburypaumio;

k) BbIMONHEHO TECTMPOBaHME C MPUMEHEHVEM MWTaLIMN OTKa3a, @ ero pesysnbTaTbl
OTPaXKeHbl B JOKYMEHTaL1N.

Ona npunoxenuii ¢ SIL2 B FDS gonmkHbl 6bITb YKa3aHbl OrpaHM4eHns sKCnyaTaumm,
TexobcnyKnBaHNA 1 0OHaPYKeHNA HeMCNPaBHOCTEN, BKNoYaa KoHdurypauum PE
JIOrMYeCKmX peLIatoLLmX YCTPOMCTB U HaMeUeHHbIX GYHKLIMOHaNbHbIX pa3pe3oB.

Ons npynoxeHui ¢ SIL3 B foKyMeHTaLUmm JomKHa 6bITb NpefcTaBneHa atrectaums SIL ans
T06ObIX IOMMYECKUX peLLatoLLmxX YCTponcTs ¢ LVL.

13.4.6. Mporpammmpyemble YCTPONCTBA C A3bIKOM C MONIHOM BapbrpyemocTbio (FVL),
IEC61511-1,11.5.6

B nokymeHTaLum fomnxkHa 6biTb NpefcTaBneHa attectauma SIL ana nobbix normyeckmx
peLuatoLmx yctponcts ¢ FVL.

13.5.MoneBble ycTpoiicTBa, IEC61511-1,11.6

Mpw BbIGOPE NONEBBIX YCTPOWCTB AOMKHbI COBMI0AATLCA BCe 00Lme TpeboBaHua [13.4.2],
TpeboBaHUA MO NpeALecTBytoLemy nprmMmeHeHuto [13.4.3] n cnepyrowme TpeboBaHWA K
noneBbIM YCTPOCTBaM. B COOTBETCTBYIOLLMX Clyyanx AOMKHbI TakxKe cobntoatbea
TpeboBaHUA K NporpaMmmmpyemMbim ycTporicteam ¢ FPL.

MoneBble yCTPONCTBA BbIGUPAIOTCA 1 YCTaHABNMBAIOTCA C LieJIbio MMHUMM3aLMM OTKa30B,
KOTOpble MOTyT CTaTb MPUUNHOW HETOYHOCTY HGOPMALIMM 13-3a YCIIOBUIA, MOPOXKAAEMbIX
YCIIOBUSIMU MPOLIECCa 1 OKpy»KatoLleli cpefpl. K ycnoBursam, KoTopble Heo6xoaumo
YUNTbIBATb, OTHOCATCA: KOPPO3Ws, 3aMep3aHme MaTepuana B Tpybax, B3BeLLEHHbIe HAHOCbI,
nonvMmepur3auuns, CUHTe3, nepenagbl TeMnepaTypbl 1 AaBNeHVs, KOHAEHCALUMA B UMMYbCHbIX
JIMHUAX C CYX1MM KOJIEHOM 1 HEAOCTAaTOUYHAsA KOHAEHCALMSA B UMMYSbCHbIX IMHUAX C MOKPbIM
KONeHOM.
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Pabouas JOKyMeHTaLWis MOMEBbIX YCTPOWCTB AOMKHA NMOKa3blBaTb, KAk KOMMOHEHT
CMPaBAETCA CO BCEMM YKa3aHHbIMY TPe6OBaHMAMM B CMblcie GYHKLMOHANbHOCTU B
pa3nnYHbIX YCIOBKAX NPOLIECcca 1 OKpy»atoLen cpefbl, a FDS fomxHa noateepaatb
npegocTaBneHHble cegeHuns. FDS fomkHa Takke MOATBEPKAATb, UTO BCE KOHTYPbI
OTK/IOUEHUA MNPV NModaye NUTaHnsA C ANCKPETHbIM BXOAOM/BbIXOAOM MPVIMEHSIIOT METOS,
515 obecneyeHns LeioCTHOCTI LENV 1 MOMIHOTbI MOAAYMN SHEPIUK, T. €. TEKYLNIA KOHTPOSIb
JIMHUN.

«YMHbIe» AaTuMKM AOMKHbI ObITb 3aLUyLLEHBI OT 3aMKCK, YTOObI NPefOTBPATUTD
HeCaHKLMOHNPOBaHHOEe BHECEHVIE 3MEHEHWI Yepe3 CUCTEMY ANCTAHLIMOHHOTO
ynpaBneHus, 04HaKO Mo pe3ynbTaTaM COOTBETCTBYHOLLEro aHanm3a 6e3onacHocT
MO>HO MCMOJIb30BaTb M BAPUAHT «YTEHNE/3aMNNCb».

13.6. Onepatop, NepcoHan conpoBoXaeHus, uHTepdeiicol ceasm, IEC61511-1,11.7
Bce nHTepdeiichl CBA3M [OMKHBI OTBEYATb CliefyoLLMM TPebOBaHAM.

KoHcTpyKums nHtepderica ceasm SIS gonxkHa rapaHTUPOBaTb, YTo Nto6oI 0TKa3 uHTepdeiica
CBA3U He CKaXKeTCA HeraT!BHO Ha CMoco6HOCTM SIS NprBOAUTbL NpoLiecc B 6e3omnacHoe
COCTOsIHME. DTO JO/MKHO ObITb MOATBEPXKAEHO B JOKYMEHTALUM MPOEKTa.

ﬂ,OKyMEHTaLWIﬂ OOJ1>KHa TaKXKe NoATBePKAATb:

a) MpPOrHo3Mpyemyto YacTOTy OTKa30B KOMMYHVKALIMIOHHbIX CeTel;

b) uTto cBA3b c BPCS 1 BHeLWHMI yCTpolicTBaMm He nosnuseT Ha SIF;

C) uTO MHTepdENC CBA3M 06NaJAET JOCTaTOUYHOWN NPOYHOCTbIO, UTOODI
NPOTUBOCTOATH SNEKTPOMArHUTHBIM MOMEXaM, BKOUas CKauKy HanpsKeHus,
He Bbl3blBas MPW 3TOM OMaCHbIX 0TKa30B SIF;

d) uTo MHTEpdeiic CBA3MN NOAXOANT A1 KOMMYHUKALUW MeXIY YCTPONCTBaMY,
OTHECEHHbIMY K pa3nnyHbIM noTeHumanam 3azemnenus. MIPUMEYAHNE. MoxeT
noTpeboBaTbCA MaTepurasn-3aMeHnTeNb (Hamnp., BONIOKOHHAA OMTYKa).

13.7. TexHnueckoe 06CyKnBaHNe WM Tpe6oBaHUA K pa3paboTKe TeCTUPOBaHMNA
IEC61511-1,11.8

SIS fomxHa BbITb CNPOEKTMPOBAHA TaKMM 06Pa30oM, UTOObI TECTMPOBAHME MOXHO OblNO
NPOBOANTL B CKBO3HOM PEXMME UMM MO YacTaM. [1py 3TOM crieayioLiee paccmMaTpuBaeTcs
KaK npriemnemoe:

+ KOHTPO/bHas MPOBEpPKa B PEXKMME OHMalH — pa3paboTka TeCTMPOBaHUA AOKHA
obecneunBaTb 06HAPYKEHVIE HEBbISIBIEHHbIX OTKA30B;

+ YCTPOWCTBA ANsl TECTUPOBaHWsA 1 06Bofa — Npw 06Boge Ntoboro yyacTka SIS ¢
LieNnblo TEXOBCIY>KBAHWSA UV MPOBEPKY OMepaTopy AOSKeH ObiTb HaNpaBsieH
CUrHan TpeBoru;
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« dopcrpoBaHmne BXOLOB 1K BbIxo#oB 6e3 nepesoga SIS B pexum odpnaitH
He[oMyCTMO, €C/IM Ha MeCTe OTCYTCTBYIOT COOTBETCTBYIOLLME NpoLeAypbl 1

Crocobbl 3awmThl. Kak 1 B ciyyae 068043, Npy $OpCrpoBaHmn BXOLOB/BbIXOLOB

onepaTopy JoMmKeH ObITb HanpPaBneH CUrHas TPEBOT Y.
13.8. BepoatHocTb oTKa3sa SIF, IEC61511-1,11.9
Cm. pasgen [14].

13.9. Tpe6oBaHua npuknagHomy Mo, IEC61511-1, 12

BIEC61511-1, 12 nepeuncnsiorca TpeboBaHus ansa Bcex Tvnos 10, BxogsLlero B coctas SIS

UM UCNONb3yeMoro npw cosaannm SIS. 3gecb onpepeneHbl TpeboBaHNA K KM3HEHHOMY
LMKy cucTembl 6e3omnacHoCcTy npuknagHoro MO, no3sonsAtLiMe rapaHTUPOBaTh, YTO:

+ onpepeneHbl Bce BUAbl AeATENbHOCTH, TpebytoLwwmeca ana pa3paboTkm
npuknagHoro MNo;

* MOJIHOCTbIO onpefeneHbl MHCTpyMeHTbI [0, KoTopble ncnonb3yTca AN
pa3paboTku 1 npoBepKkn NpuknagHoro MO, T. e. cepBUCHON NPOrpPaMmbl;

+ COCTaBJIEH MN1aH JOCTVKEHNA Lienei GyHKLMOHabHoM 6e3onacHoCTL.

O6LwWMMm TpeboBaHVEeM ABAAETCS onpefeneHre NPUMEHNMbIX (a3 XN3HEHHOIO LinKIa
cnctembl 6esonacHocTy MO, KoTopble cnefyeT NPUHATL K PACCMOTPEHMIO, U 3aHeCeH e B
JOKyMeHTaLmio Bcell Heobxoanmoi nHbopmMaumm. K JOKyMeHTaLmMm OTHOCUTCA:

« cneuunduKkauysa TpeboBaHmi kK 6e3onacHocTy MO — aHanormyHa TpPeboBaHKAM K
annapaTHomy obecrneyeHuto, HE06XOLMMO COCTaBUTb CMELMPUKALIMIO C YETKVM 1
XOPOLLO CTPYKTYPVPOBaHHbIM NepeyHem Bcex TpeboBaHmii k 6esonacHoctu MO,
YTO MO3BONUT rpyrne pa3paboTunKoB co3faTtb cooTBeTcTBYOLEe M0;

+ MnaHvpoBaHue nNpoBepKy 6e3onacHocTy MO — 3T0 JOMKHO ObITb YaCTbio
nnaHMpoBaHuaA nposepku SIS B Lenom;

+ MPOEKTMPOBaHUe 1 pa3paboTka — HeOObXoAMMO pa3paboTaTb NpuknagHoe MO,
oTBevatoLee TPeOOBaHMAM K MPOEKTVPOBAHMIO CUCTEMBbI, MEPEUNCIIEHHBIM B
SRS MO, no $yHKUMAM 6€30MacHOCTU 1 YPOBHAM MOMHOTbI 6@30MacHOCTH.
HeobxoanMo 1crnonb30oBaTh Hy»KHble A3bIKM, MHCTPYMEHTbI MPOrPaMMMPOBaHMA
1 MoAZePKKU, MOMOratoLume npu BepuduKaLmu, NPoBePKe, OLIEHKE 1 BHECEHUN
n3MeHeHUI. KOHCTPYKLMA JomKHa ObITb NOAeNeHa Ha MOZY M 1 CTPYKTYprpOBaHa
TakMM 06pa3oMm, YUTOObI 3TO NMO3BONANO NPOBOAUTH TECTUPOBAHME I BHOCUTb
n3MeHeHUA. [inAa npoBepKyM NpaBuiibHOCTY GYHKLMOHMPOBaHUA criefyeT
BbIMOJIHNTb COOTBETCTBYIOLLEE TecTMpoBaHune mogynen 0. 3ameTbTe, UTo
npoBepKa JOMKHA BbIMOMHATLCA AJ1A KaxAoW $asbl XKU3HEHHOIO LKA CUCTEMDI
6e3onacHocTm MO:
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+ VHTerpauua — npoTecTMpoBaHHoe 1 nposepeHHoe MO HyHO NHTErpnpoBaTh B
nopacuctemy SIS 1 ele pa3 NpoTeCTUPOBaTh, YTOObI NPOAEMOHCTPUPOBATL ero
COOTBeTCTBME TpeboBaHMAM SRS npu paboTe Ha annapaTHOW YacTu;

+ npoBepka 6e3onacHocTy N0 — 3To AOMKHO BbITb YacTbio NPoBepKH SIS B Lieilom
(daza 5);

+ BHECeHUe N3MeHEeHNI — Ntoboe BHeceHre 3MeHeHUI B npoBepeHHoe MO fomkHo
BbIMOJHATLCA MOA KOHTPOMEM, YTOObI COXPaHUTL LienocTHOCTb MO.
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14. BepoatHocTtb oTKkasa SIF, IEC61511-1,11.9

14.1. CooTBeTCTBME CTAaHAAPTY

B npeawecTByoLwKx rnaBax ykadaHo Ha To, YTo HeobXxo41MMO YCTaHOBUTb Mepy 3afjaHHOM
HaLEXHOCTH, UTObbI BbITb YyBEPEHHbIM, YTO oo6wunn PUCK HE NpeBbllaeT MakCMMallbHO
p,OI'IyCTI/IMbIIZ pUcK.

Tak>ke Obl/I0 MOKa3aHO, UTO Mepa 3aaHHOW HAAEXKHOCTM MOXKET BblpakaTbcs B SIL, 1, UToObI
COOTBETCTBOBATb CTaHAAPTY, HEOOXOAVMO He TONbKO NPOAEMOHCTPUPOBATh, UTO GYHKLMA
6e30MacHOCTI OTBEYAET KOJTMYECTBEHHbIM LIeNIEBbIM NMOKa3aTeNsmM, HO 1 NPOBECTU
COOTBETCTBYHOLLME MPOBEPKM.

CooTBeTCTBYE CTaHAapTy TpebyeT, UTobbl AOCTUraNach Ta Mepa 3aAaHHON HaJeXHOCTH,
KoTopas oTBeyvaeT npumeHaemomy SIL.

14.2. Tpe6oBaHuA K 3agaHHOI HageKHocTu SIL

PFD gna kaxpgoro SIL 3aBUcuT oT pexrma paboTbl, B KOTOPOM NpeAnoiaraeTca UCnosnb3o-
BaTb SIS, C yueTom YacToTbl IenaeMbix 3anpoCcoB. Pexrmbl onrcbiBatoTcA B MyHKTe [6.9] 1
[enATCA Ha cnepyoLme Bufbl.

Pexxm ynpaBneHus, B KOTOPOM YKa3aHHOe JeNCTBUE 3aMmyCcKaeTcs yCIOBUAMM MPOLiecca uam
LpYyriMmn KoMmaHaamu. B ciiyyae onacHoro otkasa GpyHKLMM aBTOMATM3UPOBAHHOW 3aLLyTbl
(SIF) noTeHumManbHasn OnacHOCTb BO3HUKHET TOMbKO MNP OTKa3e OCHOBHOW CUCTEMDI
ynpasneHus npoueccom (BPCS).

HenpepbIBHbIN pexrm, B KOTOPOM B Cllyyae onacHoro oTkasa SIF noteHumanbHasa yrposa
HacTynaeT 6e3 fanbHelLLNX OTKA30B, eC/v TONIbKO He NPefnpuHATLI 4eNCTBYSA MO ee
npefoTBpaLLeHMIo.

Ha ocHoBe 3TUX KprTEpUEB MOXKHO MONyYUTb CefytoLLmMe 3afjaHHbIe 3HAaUEHVA HAAEXKHOCTH,
cm. Tabnuuy 17.

YpoBeHb SIL Pexum ynpaBneHua - BepOATHOCTb OTKa3a HenpepbiBHbIN peXxum
no TpeboBaHuo KonnyecTBo 0TKa30B B Yac

SIL4 >107, Ho <10* >10% Ho <10°¢

SIL3 >10% HO <1073 >10%,Ho <107

SIL2 >1073, Ho <1072 >107,Ho <10

SIL1 >102, HO <10! >10%, Ho <107

Tabnuya 17. Tpebyemas genuyuHa PFD dnsa SIL u uHmeHcusHocMes omkasa
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14.3. Nopcuet PFD ana pyHKUMN 6€30nacHOCTU B peXkume ynpasneHus

Mpwn nopcyeTe HaAEXHOCTM NPEANONaraeTcs, YTo OTKasbl NPOUCXOAAT B CJTyYaliHOM
nopsaaKe C NOCTOAHHOW YaCTOTON M YTO MOC/Ie OTKa3a HEeNCMPABHbIN SN1eMEHT OCTaeTCA
HeJOCTYMHbIM, MOKa OTKa3 He 6yAeT 0GHapY»KeH 1 YCTPaHeH.

Mpw nopcueTe PFD no cyTv Aena nofcunTbIBAeTCA BEPOSATHOCTb TOTO, UTO SIS OyzeT
HefoCTyMHa B TOT MOMEHT, KOrfia K Hell MoCTynuT 3anpoc. [ina pesepBypoBaHHOM CUCTEMbI
1002 npwu ycnoBuu, 4To MPOU3OLLIEN OTKa3 OAHOro KaHana, PFD npeacTaBnset coboi
BEPOATHOCTb TOrO, UTO BTOPOW KaHasl TakKe OTKaXeT B Mepuof NpoCToA NepBoro.

Cnepgytowme o6Lme COOTHOLLIEHWA MOryT ObiTb None3Hbl Npy noacyete PFD. Micnonblyemble

ypaBHeHMA ABNAIOTCA YNPOLLeHHO GOPMON CTaHAAPTHbIX YPaBHEHUIA, X BbIBOA
npuBOANTCA B NyHKTe [19.6].

[Insa BbIABNEHHbIX OTKA30B:

PFD1001 = Aoo.MDT Cm. IEC61508-6,B.3.2.2.1
PFD1002 = Aoo?.MDT? + 3.Aoo.MDT Cm. IEC61508-6,B.3.2.2.2

[Ina HeBbIABNEHHbIX OTKA30B:

PFD1001 = Aou.Te/2 Cm. IEC61508-6,B.3.2.2.1
PFD1002 = Aou?.Tp2/3 + B.Nou.Te/2 Cm. IEC61508-6,B.3.2.2.2

rae Aob — YacTOTa OMaCHbIX BbIABMNEHHbIX OTKa30B, Abu — YaCTOTa OMaCHbIX HEBbIABNEHHbIX
0TKa30B, a 3 — BKNag 0TKa30B Mo obLieli npuurHe, NyHKT [12.17]. Te — MHTepBan Mexagy
KOHTPOJIbHbIMM NpoBepkamu, @ MDT — cpefiHee BpemsA NpoCToA.

06wme GopPMbl STUX YPaBHEHWI AN1A PA3INYHbBIX KOHGUIYpaLuiA, ANA CUCTEM KaK C
HernpepbIBHbIM PEXMMOM, TaK 11 C PEXXKMMOM YrpaBfieHNs, paccMOTpeHb! B [12.9].

14.4. 3HauyeHNA YacTOTbl OTKa30B

Mpw pacuetax PFD 1 SFF B aHanm3e ncnonb3yetca ocHoBHasA runotesa IEC 61508-6,
npunoxeHue B.3, cornacHo KOTOPOW NHTEHCMBHOCTb OTKa30B KOMIMOHEHTa CUMTaeTCA
KOHCTaHTHOW Ha MPOTAXEHWI BCErO CPOKa CyKObl cMCTEMBI.

3HaueHVA YacToTbl OTKA30B, MCMOMb3yeMble B pacyeTax, MoryT ObiTb NOyyeHbl Yepes
FMECA, 13 3KcnslyaTaLMOHHbIX AaHHbIX NyTeM KBaHTUOUKALMK U MO CCbINKe Ha
ony6nKoBaHHble JaHHbIe B MPOMbILLIIEHHBIX UCTOYHMKaX. icnonb3yemble 3HaueHnA
YaCTOTbl OTKA30B CieflyeT CPaBHUTL C AOCTYMHbIMM AaHHBIMU AJ1A aHaNOTUYHBIX MO
CNOXHOCTMN N TEXHUYECKMM XapaKTepuncTmkam moayneii. Tako MeTof rapaHTipyet
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KOHCGpBaTVIBHbIVI noaxoA K MoaenmpoBaHMIo HaAeXHOCTU N faeT YBEPEHHOCTb B TOM, UTO
BblYMCNEHHDbIE NOKa3aTel HafeXHOCTA 6y£|yT OOCTUTHYTbI B p€anbHOCTU.

YacToTbl OTKA30B U MX UCTOYHMKIN OOCYKOAIOTCA B NyHKTe 14.8.
14.5. MogenupoBaHe HapeKHOCTN

B aTom npumepe 13 [6.5] BbigeneHbl npouecc u SIF, puc. 54.

ABTOMaTu3MpoBaHHaA GYHKLMA 6e3onacHoCTH

ImppaBnmyeckoe
Jloruka
nuTaHune <«
CMNA3
lppasnu- nekTpo-
Y MarH1THbIN
NISEO MNepepatunk
BEHTUSb GO
P [5] naBneHnsa
|

@

BbiBog
rasonposoja

Beopg
rasonposoja

v

Knanan
BbIK/IOYEHNS

N »
Ll Lad
HomuHan 1396ap ' HomuHan 48 6ap

Puc. 54: Pexxum ynpasneHus — ¢hyHKUUA 0mKasa 8 ciy4yde 803HUKHOBEHUA onacHoU cumyayuu

Mopcuet PFD nerye Bcero BbINOMHAETCA C MOMOLLbIO TEXHUKM B10K-CXeMbl pacyeTta
HapexkHocTu (Reliability Block Diagram, RBD). B RBD cxembl noKa3biBatoT 3f1eMeHTbI Ui
KOMTMOHEHTbI, He0OXOAVMbIE 1A HAZIEXKHOW CUCTEMbI, U He 00A3aTeIbHO OTOBPaXKatoT
dursnyeckme nnaHMpoBKu 1 ceAasn. Mogenuposaxre RBD onucaHo B IEC 61508-6,
noronHeHue B, 4.2.

3pecb npuegeHa RBD gna onvncaHHom SIS, puc. 55.

~
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i
o

Mepepatunk JNoruka 3nemponfa- Knanax
] [aBneHvs | cna3 ] THYTHEI T knouenins
KnanaH
ADD 2,64E-07 3,42E-06 0,00E+00 0,00E+00
MTD 48 48 48 48
PFD KoHourypayun 1,27E-05 1,64E-04 0,00E+00 0,00E+00
ADU 4,00E-08 1,63E-07 6,00E-07 4,64E-06
Meprog KOHTPONbHON NPOBEPKN 8760 8760 8760 8760
PFD KoHourypayun 1,75E-04 7,14E-04 2,63E-03 2,03E-02
PFD (BblBefeHO) 177E-04
PFD (He BblBEfjeHO) 2,38E-02
PFD 2,40E-02
JlonycTtmbin ypoBeHb SILT
npurogHocTu 1 6esonacHoctu (PFD)
Puc. 55: Pexxum ynpasneHus — ¢pyHKkyusa 6esonacHocmu

31a RBD unntoctpupyeT nogcyet PFD. DnemeHTbl HuKe — 3HaYeHUsA A1 Aop (MHTEHCMBHOCTb
OracHbIX 06HaPY»KEeHHbIX OTKa30B), Aou (MHTEHCMBHOCTb OMaCHbIX HEOOHAPYKEHHbIX
0TKa30B), MDT, cpefHee BpeMA NPOCTOA 1 Nepuo KOHTPOIbHOM NpoBepKun T.

14.6. Mpumep oLEeHKN YPOBHSA NOJIHOTbI 6e3onacHocTn moaniduKaLm
¢dopnonumepHoON NeTAN peXxnma ynpasneHus

Hwxe onncaH npumep oueHKu SIL PFD 1 apxutekTypHan nponssoautenbHocTb SIF.
O6nactb 3agauv

CMNA3-¢yHKuUpma S-005 npenoTBpalyaeT Heynpasnasemyto peakumio B 39-R-050 1, Takum obpa-
30M, 3aLYMLLAET OT YTEUKY U3 peakTopa, KOTopas MOXET NPMBECTM K TpaBMam onepartopa 1
nocnenyioLemy 3Konormyeckomy yuep0y. B HactoAwmin MomeHT GyHKLMA 6esonacHoCTH
S-005 MHMLMMpPYETCA NPY perncTpaLmn BbICOKOI TeMnepaTypbl UV BbICOKOrO AaBNeHUA B
peakTope; Npy 3TOM CTpaBnuBatoLwmi KnanaH ROV0503 oTkpbiBaeTca Ana copoca AaBneHus.

CyLecTBOBasV NOHATHbIE onaceHus, 4To ROV0503 MoXeT He ob6ecneunTb JOCTaTOUYHOM
MPOMYCKHOW CMOCOGHOCTY B Clyyae CTpaBnvBaHus, u nostomy ClMA3-geictare dyHKUMN
S-005 6bINI0 M3MEHEHO U CTaNo 3aAeNCTBOBATb AOMONIHUTESbHbIN CTPaBIMBAIOLWMIA KNanaH
ROV0501.

Kpome Toro, B xofie nporpamMmbl 06HOBREHUA Obinv JoOaBeHbl iBa PYYHbIX BbIKIlOUATENA
(pa3pewmTenbHbIi BbiktoYaTenib HS0900 v BbikntoyaTenb o6xoaa asToMatuky HS2004) ans
Lenei TexobcnyK1BaHus.
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Lenn

B cocTaBe 37011 SIS KnMeHT aKcnnyaTupyeT 605bLIoe KOMMYEeCTBO CEHCOPOB U CTPEMUTCSA
YMEHbLUUTb CBA3aHHble C HUMM U3AePKKU. Taknm 06pa3om, STOT aHanmu3 UMeeT ceayoLume
uenu.

1. OnpegenuTb, Kakne sneMeHTbl ciefyeT BKIUNTD B aHanm3 nameHeHHoun CMA3-
byHKUMM 6e3onacHocTU S-005.

2. NMoctpouTtb RBD ona onpenenexua PFD n apxutekTypbl S-005.

3. TpepnoXunTb KOHLENUMIO KOHTPOMBHOIO UCMbITaHNUA (MPOMEXKYTKUN MeXIy
NCMbITAHUAMY 419 CEHCOPOB, PYUHbIX BbIK/TOUATENEN, TIOTVKN 1 CTPABINBAIOLLMX
KJlarnaHoB), MO3BOMIAOLLYIO JOCTWYb Lienel (Tabnvua 18), MUHMU3UPOBaB
YaCTOTY UCMbITAaHUI CEHCOPOB.

I'Ipmmeanme. KnueHT 3aaBun, uto NPOMEXYTKU MeXXAY KOHTPObHbIMU UCNbITaHNAMW ONA
Nt06Oro 311emMeHTa He JOSIXKHbI npesblWwaTb 36 MecALEeB. C VIH)KEHepHOIZ TOYKUN 3pEHNA
KNMeHTa He YCTpanBaeT, YTO YacTun SIS He 6yqu NpPOoBEPATbCA B TEHEHWE [JONTOro BpEMEHN.

PaspeluntenbHbi curHan v 06xo/1 aBTOMATUKIK

C CINA3 S-005 accoummpoBaHbl ABa BblkntoyaTenda — HS2004 n HS0900.

OueBunpgHo, uto HS0900 ncnonb3yeTca ana nojayun KatanmsaTopa B peakTop 1, COOTBET-
CTBEHHO, ero HEBEPHOE MOJIOKEHNE WIIN OTKa3 B HEBEPHOM MOJIOKEHVN He CO3Aat0T
dakTopa pucka. H52004 6nokmpyeT aBapuriHbI 0cTaHoB B dyHKUMmM S-005. Ecnv HS2004
6yneT HenpeaHaMepPeHHO OCTaB/eH B MONOXEHNM 00X0Aa aBTOMATUKM NMOCTe TEXOOCTYXK-
BaHVIA UM JacT cO0M B 3TOM NonoxkeHnu, GyHKLMa 6e3onacHocT S-005 okaxeTca
OTKJIOYEeHa.

KoHdurypauma obopynosaHus

Jlornyeckoe peLuaioLLiee YCTPOMCTBO OCHOBAHO Ha KOHGMIYpaLyv TPOMHOTO MOAYSIbHOTO
pesepeupoBaHus (Triple Modular Redundant, TMR) ¢ npuHAT/eM peLueHus No 2 31eMeHTamM
13 3 (2 out of 3,2003). Ha puic. 56 npefcraBneHa cxema KoHOGUrypauym o6opyaoBaHus.
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TNoruka (2003)
mw (v Jum [pr o |or funy juny Juny (Do |po |Dpo
(1002) [(1002) |(1002)
A4 A4 44444443 X T T
| | | | | | | |
| | : | | : X | | |S-005
MNepepatunk B | | | | | |
Aa:neHm nexporaunr - L d_a_fot | 0| | L_p oo facfpffoveo
PTO500H Ll :
1 1 :
Mepepatunk | |
Temnepatypbi | | ! ) |ROV0503
PT0500H | 1 |
1 1 !
1 1 !
PyuHoi | | !
BLIKMOYATEND - = = = = = = = e e e — = — — [ A |
PyuHon
Puc. 56: Cxema ob6opydosaHus
AHanus dyHKLMIN 6e30MacHOCTY
B Tabnuue 18 npeacTtaBneHbl HameueHHble Lenu SIL v PFD.
KoHntyp | UHnuynatop AeiictBue | Heo6xogumbie LieneBoe LieneBoe
CnA3 ycnosua pna 3HayeHne |3HauyeHue
npepoTBpaLleHnsa PFD SIL
onacHocTun
1 Bbicokoe naBneHue | AKTuBa- ROV0503 n ROV0501 5,56E-03 SIL2
[PTO500H] nnn uma S-005 | pasoMKHYTbI
BbICOKas Temnepa-
Typa [TT0504HH]

Tabnuya 18. ®yHkyuu 6e3onacHocmu 014 aHanu3a

HnarHocTnyeckoe nokpbiTne

Mpepnonaraetcsa, 4To Bce HeOBHapPY»KeHHble BUAbl OLIMOOK Oy ayT BbIABNEHbI B KOHTPONbHOM
UCMbITaHUW, T. €. PN NOSTHOM UCTONTHEHUN GyHKLMK SIS.

CpenHee Bpemsi NpoCTos

B aTom aHanmse cnegyet ncnonb3osatb MDT, paBHoe 72 u.
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[Nepnoa KOHTPOJIbHON NPOBEPKM

WHTepBanbl Mexay KOHTPOMbHbIMY UCMbITaHWAMY CriedyeT BblbpaTh TakM 06pa3om,
yTO6bI 4OCTUYD Lienei, NPy STOM MaKCMMU3MPOBAB MPOMEXKYTOK MeXy KOHTPOSbHbIMY
UCMbITaHUAMM /1A CEHCOPOB.

YueTt otKka30B ¢ obulen npuurHon (Common Cause Failures, CCF)

CCF - 370 0TKa3bl, KOTOpble MO ObITb MOPOXKAEHbI OAHOWN MPUYMHOW, HO OLHOBPEMEHHO
BNIMAIOT 60Miee Yem Ha ofuH KaHan. OHM MOTyT 6bITb BbI3BaHbl CCTEMHOW OLUMOKO,
HanpviMep oLLNGKON NPOEKTHON crnelduKalmm NN BHELLHM BO3LENCTBMEM, TaKUM Kak
3KCTPeMasibHaa TemnepaTtypa, KoTopasa MOXEeT MPUBECTY K OTKa3y KOMMOHEHTOB B 0601X
pe3epBUPOBaHHbIX KaHasax.

Bknag CCF B Harpy»eHHble pe3epBHble NyTW JO/MKEH YUNTbIBAaTbCA B MOAENN NyTeM
BKtoueHus B-paktopa. MiHTeHcuBHOCTL CCF-0TKa30B, BKIOUEHHAs B pacyeT, paBHa 3 X
06LLan MHTEHCVBHOCTb OTKAa30B OHOIO 113 Pe3epPBHbIX NyTeil. B-baKTopbl, MCnonblyemble
B aHanu3e, MoAbITOXKeHbl B Tabnuue 19.

N36bITOuHaA B ®aktop | O60CHOBaHue

KOH$urypauusa

Hatunkm PTO500, 3% [oCKONbKy AaTUMKN OCHOBaHbI Ha Pa3NUYHbIX TEXHONOTUAX U
TT0504 N3MepPAI0T pa3finyHble NepeMeHHble NpoLiecca, BEpOATHOCTb

OTKa308, OﬁyCJ’IOBJ‘IeHHbIX obuen NPVUYNHOW, OrpaHNYMBaeT-
CA CaMmuM npoueccom, MeXaHM3MOM KperJieHNA AaT4nKoB U
cnocobom NPOKNaaKN NPOBOAOB U M30MALNN COeAUHEHWI
[aTunKoB. B cBA3M € 3TUM cunTaeTca, 4to BenmunHa 3%
obecneuymBaeT AOCTAaTOYHbIN 3anac.

JNorvka PLCTMR 5% OTKa3sbl B M36bITOYHON KOHPUrypaummu TMR, o6ycnoBneHHble
obLel NPpUYMHON, peaKu, OAHAKO, Clleflysi KOHCEPBATMBHOMY
noaxofy, npumeHaeTca 3HaveHne 5%.

Ta6nuya 19: B pakmopel

KomnoHeHTbl Tna A

CrefytoLuye 311eMeHTbl MOTYT BbITb OTHECEHDI K TUMy A:

+ Gapbep MCKPOo3aLuTbl (YCTPONCTBO Pa3BA3KM NEKTPONUTAHUA NepeaaTumnKa;
PB0500);

+ [aTuvk TemnepaTypbl (TT0504);

+ pyyHoOn BbikntovaTens (HS0900, HS2004);

+ CTpaBnMBatoLLMe KilanaHbl npernonmmepusalmm.

~
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[

KomMnoHeHTb! Trna B

CnepytoLue 3neMeHTbl Obl OTHeCeHb! K Tuny B:

+ mopgynu norukn MNJK;
« pJatyuku pasnenus (PT0500).

3HayeHMA YacTOTbl OTKa30B KOMMOHEHTOB

AHanm3 JomKeH npeanonaratb NOCTOAHHbIE MHTEHCUBHOCTU OTKA30B, NMOCKOMbKY OXU1AaeT-
A, uto 3GPeKTbl PaHHMX OTKA30B OyAYT IMKBMANPOBAHbI COOTBETCTBYIOLLVIMI MPOLIECCaMU.
TN NpoLecchl BKOYAOT UCMONb30BaHVE OCBOEHHDBIX M3AENWI 13 YTBEPMAEHHbIX NCTOYHY-
KOB, BHyTPEHHee TeCTMPOBaHMe Nepeq NMOCTaBKOM 1 pacLUMPeHHOe SKCMTyaTalioHHOe 1
byHKLMOHanbHoe TeCTMPOBaHMe B paMKaX YCTaHOBKM, HaflafKy 1 nycka. [laHHble no
peKnamaLoHHbIM BO3BpaTaM Ha APYrX CXOAHbIX MPOEKTaX MOKasbiBatoT, YTO OTKa3bl B
HauanbHOM NnepuroAe SKCNyaTaLmm He NPUBOLAT K 3HAUMTESIbHOMY KOJIMYECTBY BO3BPATOB;
TaK1M 06Pa3oM, MOXKHO CUMTATb MCMOMb3yemble METOZbl YCMELLHbIMU.

TaKkxKe NpegnonaraeTcs, YTo KOMMOHEHTbI He SKCMYaTMPYIOTCA JOMbLUE UX CPOKa
3KCMTyaTaumu; 3To obecneyrBaeT OTCYTCTBME OTKA30B 13-3a M3HOCA MEXaHM3MOB. 3HaueHus
UaCTOTbI OTKA30B (B OTKa3ax/uac), KOTOpPble MOXHO MCMOMb30BaTb B MOAENV NpW noacyeTe
PFD, Moo 1 Aou, cBeaeHbl B Tabnviue 20. 3HaueHUsA YacToTbl OTKa30B Oblv MosyyeHbl
HECKOSbKIX CTOUHVIKOB.
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dnemeHT/ Onuncanne A AD ADU ADD AS SFF
Ter

YcTpoiictsa BBOAa

PT 0500 [Natuuk paBnenus (IS) 1,5E-06 1,4E-06 6,0E-07 7,5E-07 1,5E-07 0,60
PT 0501 [Natuuk pasnenus (IS) 1,5E-06 1,4E-06 6,0E-07 7,5E-07 1,5E-07 0,60
PB 0500 Bapbep - ana PT Bbiwe (He-IS) 2,1E-07 6,3E-08 6,3E-08 0,0E+00 1,5E-07 0,70
PB 0501 Bapbep - ana PT Bbiwe (He-IS) 2,1E-07 6,3E-08 6,3E-08 0,0E+00 1,5E-07 0,70
FT 0041 Pacxopomep Kopuonuca 2,6E-06 2,2E-06 9,0E-07 1,3E-06 4,0E-07 0,65
TT 0504 3-nposoaHbIii PAT ¢ 2,0E-06 1,4E-06 4,0E-07 1,0E-06 6,0E-07 0,80
yCTaHOB/NEHHbIM Briepesu
nepezaTynkom
HS 2004 MNepeonpepensowuii 2,00E-06 8,00E-07 | 8,00E-07 0,00E+00 | 1,20E-06 | 0,60
nepeknioyaTtenb
HS0900 Paspewaiowynii 2,00E-06 8,00E-07 | 8,00E-07 0,00E+00 | 1,20E-06 | 0,60
nepeksoyaTtenb

Jlornyeckue yctpoiicTea

uny uny 1,51E-06 5,16E-07 6,42E-09 5,09E-07 9,91E-07 1,00
Mogaynb LuppoBbIX Mopynb UMdpPOBbIX BXOAOB 2,19E-08 1,09E-08 9,91E-11 1,08E-08 1,09E-08 | 0,99
BXOA0B 32pt 32pt

Mopynb aHanorosbix | Moaynb aHanorosbix BXoaoB 1,40E-08 7,00E-09 | 9,86E-11 6,90E-09 | 7,00E-09 | 0,99
BXOA0B 32pt 32pt

Mopynb undppoBbIx Mopaynb uppoBbIX BbIXOAOB 2,95E-08 1,47E-08 9,93E-11 1,46E-08 1,47E-08 0,99
BbIX0A0B 16pt 16pt

YcTpoiicTBa BbiBOAA

39-PM-050 CocrosHue paboTbl Hacoca ot | 3,0E-07 2,0E-07 1,95E-07 0,00E+00 | 1,05E-07 0,35
KOHTaKTOpa Npv HOpMasbHO
Pa3oOMKHYTOM KOHTaKTe pene

ROV 0501 MepenyckHoii knanaH AOV 5,07E-06 1,35E-06 1,35E-06 0,00E+00 3,72E-06 0,734
(FO), Bkniovas SOV

ROV 0503 MepenyckHoit knanan AOV 5,07E-06 1,35E-06 1,35E-06 0,00E+00 3,72E-06 0,734
(FO), Bkniovas SOV

ROV 0404 AOQV (FC) Bkntouaa SOV 9,72E-06 3,03E-06 3,03E-06 0,00E+00 | 6,69E-06 0,688

ROV 0405 MepenyckHon knanaH AOV 5,07E-06 1,35E-06 1,35E-06 0,00E+00 | 3,72E-06 | 0,734

(FO), Bkntouas SOV

ROV 0406 MepenyckHoit knanaH AOV 5,07E-06 1,35E-06 1,35E-06 0,00E+00 | 3,72E-06 0,734
(FO), Bkntouas SOV

Tabnuya 20. 3HayeHUs Yyacmomsi omkasos (1/4.) u pacyem SFF
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(

OnOHO BO3MOXHOE pelleHune

STOT aHanM3 NMeeT cJieyHoLLmne Lenw.

1. OnpegenuTb, Kakne sneMeHTbl ciefyeT BKIUNTb B aHanm3 nameHeHHoun CMA3-
byHKUMM 6e3onacHocTU S-005.

2. TMoctpountb RBD ana onpegenenuva PFD n apxutektypbl S-005.

3. TpepnoXxunTb KOHLENUMIO KOHTPOBHOIO UCMbITaHNUA (MPOMEXKYTKIN MeXIy
NCMbITAaHUAMU /1A CEHCOPOB, PYYHbIX BbIK/IOUATENEN, TOrMKM 1 CTPaBBAOLLMX
KnarnaHoB), MO3BONALLYI0 JOCTUYb Lienen (Tabnvua 18), MMHIMI3MPOoBaB
YacTOTY UCTMbITAHNIN CEHCOPOB.

B RBD Ha pvic. 57 npuBegeHbl 3f1ieMeHTbl, HE0OX0AVMble B cocTaBe GyHKLMM 6e30MacHOCTL.
HeT Hy»Kabl BKoYaTh B OLEeHKY GyHKLmM 6e3onacHocT HS0900, Tak Kak ero 0Tkas He MOXeT
nomeLuatb pabote GyHKLMmM 6e3onacHocTn. Eciv HS0900 oTkaxeT unmn 6yaeT oCTaBeH B
HenpaBUIbHOM MOJNOXEHNN, 3TO He CO3AacT haKkTopa puUckKa.

HS2004 »<e cnepyeT BKNIOUMTb B OLIEHKY, MOCKOJIbKY, €C/IY OH OyfieT HenpeaHaMepeHHO
OCTaBJIEH B NMONIOXKEHNN 06XOAa aBTOMAaTUKM Mocsie TeXOOCnyKMBaHMA Unm Aact coon B
3TOM nonoxeHnn, GyHKLUMA 6e3onacHoCTM S-005 oKakeTcA OTKIYeHa.

Pacuet PFD notpeboBan HEKOTOPOI pacCyAUTENbHOCTY B OTHOLLEHWI YCTaHOBKM NpomMe-
XKYTKOB MeXay KOHTPOJIbHbIMU UcMbITaHUAMK, Tp. CTosAno TpeboBaHre MakcMMM3nMpoBaTb
NPOMEXYTKM BNAOTb A0 3 NET, NOKa 3TO He MeLuaeT JocTurkeHmo Lenun PFD. 3necb moxeT

6bITb MHOTO BO3MO>HbIX PELIEHWIA, 1 Ha MPaKTUKe 3TO 06bIYHO 0OCYKAAETCA C KIUEHTOM.
Bo3moXHas KOHLeNLMA KOHTPOSIbHOIO UCMbITaHUA NpefCcTaBeHa B Tabnuue 21.

MeproanUYHOCTb KOHTPOSbHbIX UCNbITaHWU (AaTYNKKM) 24 mec. | 17520 | vac
MepuoANYHOCTb KOHTPOMbHDBIX UCMbITaHUIA (PYOUNIBHIK) 6 mec. | 4380 |uac
MepnognYHOCTb KOHTPOJBbHBIX UCMbITaHWUIA (NOrnyeckme cxembl) 36 mec. | 26280 | yac
MepnognyHOCTb KOHTPOSbHBIX UCMbITaHWUIA (KnanaHbl) 3 mec. | 2190 |uac

Tabnuya 21. Bo3amoxHble UHMepaasibl Mexoy KOHMPOIbHbIMU UCNBIMAHUAMU

3TN HTEePBasbl MEXY KOHTPOJbHBIMU UCMbITaHNAMY obecneunBaioT pacyeTHyto PFD 4,91E-
03 npoTue ueneson 5,56E-03; PFD n apxuteKkTypHasa Npon3BOAUTENbHOCTb YAOBNETBOPAIOT
uenn SIL2.
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quAtop quAtop quAtopy
1o oa wzgia dze
o5} auktiopy auAttopy Aun auAttop Y00z SH 420
RLIE]
1oL 0a wzgia 1dze umn
aukiony auktfon AUn aukioy 0050 8d 0050 1d

RBD peweHus

Puc. 57:

Allen-Bradley
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DyHKLMOHaNbHaA 6e30MacHOCTb B HEMPEPbIBHbIX MPOM3BOACTBAX

(

14.7. OTCneXXmnBaemocCTb AaHHbIX NO MIHTE@HCUBHOCTY OTKa30[

Mpw BbINONHEHUN pacyeToB PFD Ba)kHO, UTOObI BCe pacyeTbl Obin HArnAgHbIMY, @ BCe
ncnosb3yemble AaHHble OTCNEXMBANMCh 0 UCTOYHKKA. Microsoft Excel — nonesHbii
WHCTPYMEHT B 3TOM M/1aHe, TaK Kak yJoBNeTBOpAeT 060MM 3TM TpeboBaHMAM 1 No3BONAeT
npeacTaBnATb paspabaTbiBaeMyto MOAESb HAAEXKHOCTY B rpadyeckom Buae, Kak Ha puc. 57.

Tabnumua no3BonseT Kaxkaow AYeiike AaHHbIX YKa3blBaTb Ha Tabnuvuy C JaHHbIMY, T4 MOTyT
ObITb MPeACTaBNEHbI BCe COOPaHHble JaHHbIE MO MHTEHCUBHOCTM OTKAa30B 1 MICTOYHUKaM
HaHHbIX. Mpumep TabnuLpbl C AaHHBIMW NPEACTABEH B Tabnuue 22. BaxkHO, UTo ccbifika Ha
WCTOYHVK AaHHbIX OCTAaTOYHO JeTaN31POBaHa, 3TO JaeT BO3MOXXHOCTb B JI060/ MOMEHT
NPOBEPUTb 1 MOATBEPANTD UCMOSb3YyeMble 3HAUEHUs.

Mpw ncnonb3oBaHun popmata Excel ynobHo Takxke nepeuncnatb CMckom TUrbl
KOMMoHeHTOB 1 npeanonaraemble MDT n Tp, ncnonb3yemble B pacyeTe. 370 faeT
BO3MOXHOCTb JIErKO N3MEHATb UHTEPBasbl MEXKAY KOHTPObHbIMU NCMbITaHUAMY —
3¢ dekT Ha PFD npuv 3ToM 6yAieT NOACUMNTLIBATLCA aBTOMATUYECKM.

HaumeHo- | A AD ADD |[ADU |AS Tun |SFF | MDT |Tp Uctou-
BaHue/ HUK
HOMep no AaHHbIX
KaTanory
PT0500 1,35E- | 8,18E- |7,50E- |6,80E- |527E- |B 0,95 4380 | 4380 | exida

06 07 07 08 07 [14.8.2]
SIL3 5,57E- 2,23E- 2,21E- 2,20E- 3,34E- B 1,00 168 4380 | Sintef
JNornueckoe | 06 06 06 08 06 [14.8.8]
YCTPONCTBO
Mogaynb 1,07E- | 534E- |508E- |260E- |534E- |B 0,98 168 4380 | Sintef
aHanorosbix | 06 07 07 08 07 [14.8.8]
BXO[I0B
Mopynb 5,26E- 2,63E- 2,50E- 1,30E- 2,63E- B 0,98 168 4380 | Sintef
LundpoBbIX 07 07 07 08 07 [14.8.8]
BbIXOA0B
12" knanaH 5,29E- 2,12E- 0,00E+ | 2,12E- 3,17E- A 0,60 730 4380 | Oreda
HIPPS 06 06 00 06 06 2002

[14.8.6]

Tabnuya 22. TunuyHas mabauya ¢ OaHHsLIMU
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14.8. UCTOYHMKM faHHDbIX MO MHTEHCUBHOCTU OTKa30B
14.8.1.Noaxon

[laHHble MO MHTEHCMBHOCTM OTKA30B CJIEAYET MOMyYaTb TONbKO 13 HaANeXalnX NCTOYHMKOB,
B 3aBMCIMOCTU OT chepbl NPYMEHeHUA. 3eCb NepeUncsieHbl NCMONb30BaHHbIE UCTOUHMKM
[laHHbIX, NoAXoAALMe ANs JAHHOIO CeKTopa.

14.8.2. Exida.com Safety Equipment Reliability Handbook, 2007, 3rd Edition Volume 1 -
Sensors, ISBN 978-0-9727234-3-5/Volume 2 - Logic Solvers and Interface Modules,
ISBN 978-0-9727234-4-2/Volume 3 - Final Elements, ISBN 978-0-9727234-5-9

14.8.3. Handbook of Reliability Data for Electronic Components used in Telecommunications
Systems, HRD-5.

14.8.4. Hydrocarbon Leak and Ignition Database Report No. 11.4/180 May 1992

14.8.5. IEEE Standard 500-1984. Guide to the Collection and Presentation of Electrical,
Electronic, Sensing Component, and Mechanical Equipment Reliability Data.

14.8.6. OREDA, The Offshore Reliability Data Handbook 4th Edition 2002 ISBN 82-14-02705-5

14.8.7. Parloc 2001: 5th Edition, The Institute of Petroleum, published by the Energy Institute
ISBN 0 85293 404 1.

14.8.8. Reliability Data for Control and Safety Systems, 2006 Edition, PDS Data Handbook,
SINTEF, ISBN 82-14-03898-7.

14.8.9. Reliability Technology, AE Green and AJ Bourne, Wiley, ISBN 0-471-32480-9.
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i

15. YcraHoBKa, caya B sKcnnyaTtauyuio u Banuaauusa, IEC61511-1, 14,
15

15.1. ®asbl >KN3HEHHOro UMKIa

Ha pvc. 58 nokasaHa aKTyanbHaA c|>a3a MN3HEHHOIO LKna.

10 11 1 OueHKa onacHOCTM 1 prcKa 9
Pacnpepenenne ¢yHKuUmM 6e3onacHOCTH
2 MO YPOBHAM 3aLUnTbl
v
3 Tpe6osaHua 6e3onacHoCTN MpoekTpoBaHne
CneunduKkaums 4is aBTOMATU3NPOBAHHOW
cuctembl obecneyeHus 6esonacHocty (SIS) n pa3pa60TKa
Apyrux
KoHCTpyrpoBaHvie n NpoeKkTupoBaHme cpeacts
4 [N aBTOMATV3MPOBAHHOM CUCTEMbI CHVKEHMA pUCKa
obecneyeHus 6esonacHocTy (SIS)

5 YCTaHOBKa, BBOA B SKCMyaTaLuio
G
1 NpoBepKa

6 |3xcnnyatauua n obcnyxunsaHne

6e3onacHoOCTH
[MpoBepka

7 M3meHeHne

YnpasneHve GyHKLMOHaNIbHOM 6€30MacHOCTbIO,
OLleHKa 1 ayanT GyHKLMOHanbHOM 6e30MnacHoCT
CTpyKTypa 1 NiaHNPOBaHNE XM3HEHHOTO LKA

8 BbiBOZ 113 3KCMNyaTauum

Puc. 58: 5man 5 xu3HeHHO20 yukna

Lienn ¢a3 onpepenenHbie BIEC61511-1, 14 1 15, TakoBbI:

+ YCTaHOBUTb SIS B COOTBETCTBMU C TEXHNYECKMU XapaKTePUCTKaMU 1
JoKymeHTaumen [15.2];

+ cpatb SIS B aKcnnyaTaumio Ana NOAroTOBKM K OKOHYaTeIbHOWM Banvaaumm
cuctembl [15.3];

+ MOATBEPAWTb, YTO YCTaHOBNEHHAA 1 BBEAEHHaA B KcnlyaTaymio SIS
COOTBETCTBYET TpeboBaHUAM, onpeaeneHHbIM B SRS [15.4].
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15.2. YcraHoBKa SIF

TpeboBaHMA K YCTAaHOBKE [JO/MKHbI ObITb onpegesnieHbl B «[1naHe yCTaHOBKM, HaakKy 1
nycka» IMbo coaepkaTbCs B 06LLEM MilaHe NpoeKTa. [poLeaypbl YCTaHOBKU AOMKHbI
onpegensTb HeobxoanMble PaboTbl, TEXHVKY I METOfbl, NEPCOHAST, OTBETCTBEHHbIE
noppasaeneHns v opraHmnsaumm 1 rpadrk paboT no ycTaHoBKe.

15.3. Cpaua SIF B akcnnyaTauvio

SIS ponkHa 6bITb caHa B 3KcrlyaTaumto B COOTBETCTBUM C NMJIaHOM U npoueaypamMmu. [omxkeH
6bITb COCTaBNIEH NPOTOKON pe3ynibTaToB VCMNbITAHUI 1 X COOTBETCTBMA Kputepuam, onpene-
JIEHHbIM Ha 3Tane NPoeKTNPOBaHUA. OTKa3bl OMKHbI ObITb NCCIEA0BaHbI U 3anpoTOKONNPO-
BaHbl. ECn B Kaknx-To obnacTax (baKTVILIeCKaﬂ YCTaHOBKa He COOTBETCTBYET I'IpOEKTHOIz

I/IHd)OpMaLI,I/IVI, aienyeTt ncaiefoBatb pasnnyna n onpenennTb Nx BInAHNE Ha 6e30mnacHoCTb.

15.4. Banugauus SIF

I'Ipouenypbl BanvaaLmn AOMKHbI BKIOYaTb B cebs Bce PEeXNMbI ¢yHKL|,VIOHI/IpOBaHI/Iﬂ
npouecca 1 COOTBETCTBYIOLLETO o6opy,q03ava, a TaKXKe:

* MNYCK, LUTATHbIN PeXrM paboTbl, OCTAHOB;

+ PYYHOW 1NV aBTOMATUYECKUI PEXUM PaboTbI;
+ peXuUMbl 06CYKMBaHWs, 6alinacol;

*+  CYHXPOHK3aLMIO;

« [IO/KHOCTHble 06A3aHHOCTY;

+ MOPALOK NOBEPKU 1 KaNNOPOBKMU.

Kpome Toro, Banupaums npuknagHoro MO foskHa BKoUaTh CleayoLee:

« onpegenenve MO 415 KaXK[oro pexnma GyHKLMOHNPOBAHNS;
« MCNoNb3yemyio NpoLeaypy Banmgauum;

* WCMOSb3yemMble UHCTPYMEHTbI 1 060pyA0BaHNE;

« KpuUTepumn NpremnemocTu.

Banupaums pomkHa noaTBepKaaTh, UTo SIS HopManbHO GYHKLMOHUPYET BO BCEX PEXKMMAX
paboTbl U He NoABepKeHa BO3AeNCTBII0 BPCS 1 MHbIX NOAKTIOUEHHbIX CcTeM. Banugauus
3KCMIyaTaUMOHHbIX KauecTB JOMKHA MOATBEPXKAATb PabOTOCNOCOOHOCTb BCEX PE3EPBHbIX
KaHanos, 6anacoB, 06xo040B Npu NycKe 060PYL0BaHMSA U PYYHbBIX CUCTEM OCTAHOBA.

Mpwn noTepe sHeprum (3NeKTPUYECKON, TMAPaBANYECKON NN MHEBMATUUYECKOV MOLLYHOCTH)
obopyfoBaH1e JOSKHO NMPUXOANTD B OMPeAeneHHoe 1 6e3omacHoe COCTOAHMe.
[JunarHocTnyeckre curHanbHble GyHKLMY, onpeaeneHHble B SRS, fOMKHbI GYHKLIMOHMPOBATb
1 paboTaTb COrNacHo ykasaHHOMY NPy HeJOMyCTUMbIX NapameTpax NpoLeccy, Hanpuvep
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f

npu BXOAHbIX 3HaY€HUAX BHE AOMYCTUMOrO Anana3oHa. Mo utoram Banuaaumn LOMXKeH 6bITb
COoCTaBJieH COOTBeTCTByIOLuVIIZ NPOTOKON C I/IHEHTI/Id)I/IKaLI,I/IeIZ JJIEMEHTa, 06opy,q0|3aH|/|ﬂ,
AOKYyMeHTaunn v pe3ynbTaToB NUCMbITaHWA, BK/TIOYaA BCE HECOOTBETCTBUA, a TAKKe 3anpocChl

Ha aHannm3bl N U3AMeHeHUA, Cd)OpMI/IpOBaHHbIe Mo UToram.
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JKcnnyaTauma n TexHMYeckoe obcnyxmBaHme

16. dkcnnyaTauva n TexHn4Yeckoe obcnykusaHue, IEC61511-1,16

16.1. ®asbl >KN3HEHHOro UMKIa

Ha pvc. 59 nokasaHa aKTyanbHaA c|>a3a MN3HEHHOIO LKna.

~

10

11

OueHKa onacHOCTM 1 prcKa

YnpasneHne GyHKLMOHaNIbHOM 6€30MacHOCTbIO,
OLeHKa 1 ayanT GyHKLMOHanbHOM 6e30nacHoCT

CTpyKTypa 1 NNaHNPOBaHME XM3HEHHOTO LKA
6e30nacHoOCTH

Pacnpepenenne ¢yHKuUmM 6e3onacHOCTH

NO YPOBHAM 3aLlTbl

v
TpeboBaHusa 6e3onacHoCT I'IpoeKTmposaHme
CneunduKauma 1A aBTOMAaTU3NPOBAHHO
cuctembl obecneveHna 6esonacHoctu (SIS) n pa3pa60TKa
APYrux
KoHcTpyrpoBaHve n npoeKkTupoBaHue CcpencTs

[151 aBTOMATU3MPOBAHHOM CUCTEMbI
obecneyeHns 6ezonacHocTy (SIS)

CHUXEHNA pUCKa

YcTaHOBKa, BBOJ B

aKcnyaTaynio 1 npoBepka

SKkcnnyaTauma n obcnyxmBaHve

M3meHeHne

BbiBOZ 113 3KCMNyaTauum

Puc. 59: 5man 6 xu3HeHHO20 Yukia

[MpoBepka

Llenn ston dasbl, onpegenenHble B IEC61511-1, 16.1, TakoBbI:

16.2. dkcnnyaTtauyusa n o6cnyxusanme SIF (Operation and Maintenance, O&M)

TpebosaHua kK O&M pomxkHbl 6bITb onpeaeneHbl B «MnaHe sKcnayaTaLum 1 TEXHUYECKOro
obcnyxnBaHua» NMbo cofeprkatbcA B 0bLiemM nnaHe npoekTa. MNpouenypbl O&M fomKHbI

obecneunTb cobnogeHre Heobxoammoro SIL kaxgow SIF Bo Bpems skcnnyaTtauum

1 TeXHNYecKoro obcnykusanHua [16.2];

3KCMyaTUpOBaTh 1 06CyxmnBaThb SIS ana cobnofeHna NpoeKTHoM GyHKLMOHaNb-

How 6e3omnacHocTu [16.3].
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(

ONpeaenaTh LWUTATHbIN PEXIM AeATeNbHOCTH, KOTOPOro HEOBXOANMO NPUAEPXKMBATLCA
Ins obecneyeHnsa GyHKLMOHaNbHON 6€30MacHOCTY. ITOT PEXKMM JOIIKEH BKITIOUATb
TpeboBaHuA gna:

+ KOHTPONbHbIX UCTIbITAHUIA;

- 6annaca SIF ona ucnbiTaHNA U PEMOHTA;

+ LITAaTHOro c6opa faHHbIX, B T. Y. pe3y/bTaToOB MPOBEPOK U UCMbITaHWi B SIS,
NpoToKonoB TpeboBaHWi SIF, 0OTKAa30B 1 PEMOHTOB, MPOCTOEB 13-3a KOHTPOJbHbIX
MCMbITaHWUIA.

Mpovuenypbl KOHTPOJbHBIX UCMbITAHNIA JOMKHbI ObITb pPa3paboTaHbl Tak, YTOObI
UCnbITbiBanach Kaxxaaa SIF 4n1s BbIABNEHNA OMacHbIX OTKA30B, OCTALLUXCA
HeoOHapyeHHbIMM Npy ArarHocTuke [16.4].

[omKHbI umeTbcA npoueaypbl TEXHNYECKOro OGCJ’Iy)KVIBaHI/IFl ANA ANarHOCTUKN HeENCNpPaBHO-
cren, PEMOHTa, I'IOBTOpHOVI Banngaunn cnctemMmbl nocsie peMOHTa, Mep npun O6Hapy)KeHVII/I
paccornacoBaHnAa Mexay oXxnaaembim 1 d)aKTI/NECKVIM nosepgeHmem, KaJ'IVI6POBKI/1 n
O6CJ'Iy>KI/IBaHVIﬂ KOHTpOJ'IbHO-VICI'IbITaTeJ'IbHOVI annapaTypbl, TEXHNYECKOWN OTYETHOCTU.

JomKHbI UMETbCA NpoLeayPbl OTYETHOCTY AJ1sl OTYETOB 06 OTKa3ax, aHanm3a
CUCTEMATUYECKNX OTKA30B 1 OTKA30B C 00LLEeN NPUUYNHON, OTCIEXNBAHNA PEMOHTHbIX
rnokasarenen.

16.3. O6yueHune no O&M

O6yueHe nepcoHana, 3aHAToro B O&M, LoMmKHO 6bITb 3apaHee 3annaHNpPoBaHo U1
npowusseaeHo B yaobHoe Bpems, 4Tobbl SIS cmorna sKcnnyaTnpoBaTbCa 1 06CyKMBaTbCA
B cooTBeTCTBUM € SRS. O6yueHre OMKHO BKOYaTb cegyiolne pasgenbl:

+ daKTopbl PUCKa;

+ TPaHUYHbIE 3HAYEHUA AN1A OTKIIYEHNS;

+ Mepbl NPOTMBOAENCTBUA B aBaPUIHON CUTYyaLnK;

« [eiicTBUe Bcex 6alinacoB 1 BCe OrPaHNYEHVs NP UX NCNOJTb30BaHNM;

* PeXVM PYYHOro yrnpasfieHrs, Hanprmep nNpu 3anycke 1 0CTaHOBe, U BCe
OrpaHvyeHunsA Npu ero NCrnosb30BaHNY;

+  OYHKUVOHMPOBAHME NMeIoLLEerocs 060pyaoBaHVA aBAPUAHON CUrHaNM3aLmm
1 AVArHOCTUKN.
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16.4. KoHTponbHOE NcnbiTaHne

Mpoueaypbl KOHTPONBLHOIO NCMbITaHWA JOMKHbI UCMbITbIBATL BCHO SIF — OT AaTumKkoB Ao
KOHEUYHOro AeNCTBYIoLEero yCTponcTaa. MIHTepBan mexay KOHTPONbHbIMU UCMbITAHUAMN
[OMKeH COOTBETCTBOBATb MCMONb30BaHHOMY Npu KBaHTUdMKaumm PFD [14].

D,OI'IyCTI/IMO NCNbITbIBAaTb Pa3Hbl€ 3JIEMEHTDI SIF ¢ Pa3HbIMN UHTEPBanamu, ecsnn:

+ pacyeTHaa PFD no-npexHemy npuemnema;
* VCMbITaHMA NepeKpbIBaloT APYr ApYra Tak, YTo HY ofHa YacTb SIF He ocTaeTca
HeuncnbITaHHOM.

159 @ Allen-Bradley



«

[H] PYKOBOACTBO NO BE3OMACHOCTY MPOLIECCOB 1

i

DyHKLMOHaNbHaA 6e30MacHOCTb B HEMPEPbIBHbIX MPOM3BOACTBAX

[
17. Mogundukauusa v Bbisog 13 sKkcnnyartauum, IEC61511-1,17, 18

17.1. ®a3bl XKN3HEHHOIO LUMKa

Ha puvc. 60 nokasaHbl aKTyallbHble ¢a3bl MNU3HEHHOIO LMKna.

10 11 1 OueHKa onacHOCTM 1 prcKa 9

Pacnpepenenne ¢yHKuUmM 6e3onacHOCTH
0 YPOBHAM 3aLLNTbI

\4

TpeboBaHusa 6e3onacHoCT HPOEKTI/IpOBaHI/Ie
3 CneunduKauma 1A aBTOMAaTU3NPOBAHHO 6
cuctembl obecneveHna 6esonacHoctu (SIS) 1 pa3spaboTka

Apyrux

KoHCTpyrpoBaHvie n npoeKkTupoBaHme cpeacts

4 [151 aBTOMATU3MPOBAHHOM CUCTEMbI CHWKEHUA pUCKa
obecneyeHns 6esonacHocTy (SIS)

YCTaHOBKa, BBOA B 3KCMyaTaLuio
1 NpoBepKa

6e30nacHoOCTH
(9, ]
y
MpoBepka

6 |3xcnnyatauua n obcnyxunsaHne

YnpasneHue ¢yHKLMOHaNbHON 6e30MacHOCTbIO,
OLeHKa 1 ayanT GyHKLMOHanbHOM 6e30nacHoCT
CTpyKTypa 1 NNaHNPOBaHME XM3HEHHOTO LKA

8 BbiBOZ 113 3KCMyaTaUum

Puc. 60: 5manel 7 u 8 XU3HeHHO20 Yuka

Llenwn 31oi da3bl, onpepeneHHbie B [EC 61511-1, 17.1 1 18.1, - obecneunts, uto:

« Bce moandukaumm B nto6oii SIF fonKHbIM 06pa3om 3anfaHNPOBaHb,
NpoaHanM3npPoBaHbl U yTBEPXKAEHbI Nepes BHeceHnem nsmeHeHun [17.2];

« HeobxopayMas NonHoTa 6e30MacHOCTM COBMIOAAETCA MPU JIIOObIX U3MEHEHUSAX,
KOTopble MoryT 6bITb Npon3BefeHbl [17.3];

+ nepep BbIBOLOM M3 SKCMNIyaTaLMm NpoBefeHa Heobxoamnmas npoBepka u
nosly4YeHo paspeLLeHue, 4To obecneynsaeT cobnogeHe NONHOTbI 6e3onacHoCTI
B XOfe BblBOAA 13 dKcnyaTauun [17.4].
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17.2. Moaudukauus SIF

Mepep npoBegeHneM NobbIX MoaNdUKaLMIA CriefyeT UMEeTb B HanMuum npoueaypsbl
pa3peLleHuns 1 KOHTPONA n3MeHeHUn. OBbIUHO 3TO BbIMOMHAETCA C MOMOLLbIO 3anpoca
Ha BHeceHue n3meHeHuin (Change Request Note, CRN), KoTopblin 06bI4HO cocTaBnseT
yactb QMS.

Kaxkablii 3anpocC Ha BHECEHVE N3MEHEHWI JOMKEH OMCbIBAaTb HEOBXOAVMOE N3MEHEHVIE
1 ero 060CHOBaHwe. 3anpoc MOXeET 6bITb MHULMUPOBaH O&M-nepcoHanom B pesynbTaTe
MPOVCLLECTBIIA NPV SKCMTyaTaLmmn Un TEXHUYECKOM 06CYKMBaHMW. TUMUYHbIN NpoLecc
YTBEPXKAEHMA 3aMPOCOB HAa BHECEHVE U3MEHEHI JOMKEH TPe6OBaThb MOAKMOUEHMS
PasnuyHbIX OTAENOB OpraHn3aLUmn Ans onpeaeneHns BAMSAHNA U3MEHEHVISI HA MPOEKT,
6a3y yCcTaHOBNEHHOro 060PyA0BaHYIS, HEOGXOAMMYIO peanm3auumio.

Ecnv opranmnsauma pomkHa cnefosathb TpeboBaHMAM GyHKLMOHaNbHONM 6e30MnacHOCTY, BCe
N3MEeHEeHA, MOMVMO MPOYEro, OMKHbI ObITb U3yUYeHbl KOMMNETEHTHBIM NIMLIOM, HanprMep
ynpasneHvem no 6esonacHoctu (Safety Authority, SA), ins onpefeneHns Toro, MOXeT n
M3MeHeHwe NoBnATbL Ha 6@30MacHOCTb; B 3TOM Cyyae byaeT TpeboBaTbCA COOTBETCTBY!I0-
LI aHaNW3 BO3AENCTBUN.

17.3. AHanus Bo3gencreum

Pe3ynbTaTbl aHan13a MoryT noTpeboBaTh NepecMoTpa PaHHUX 3TaroB XU3HEHHOrO LUKIa;

K NpUMepy, MOXeT MOHaA00bUTLCA NepecMOTPETb BblABNEHHbIE GaKTOPbI PUCKa 1 OLIEHKY
purckoB. PaboTbl Mo MoanMKaLMK Hefb3A HauMHaTb, MOKa 3TOT npoLecc He byaeT 3aBepLueH
1 noka SA He pa3peLumnT n3MeHeHue.

BnuaHme nameHeHun Ha SIF MoXxeT okasaTb JanbHellwee Bo3genctane Ha O&M-nepcoHan n
noTpe6oBaTb AOMNOSIHUTENIbHOIO O6yYeHMs.

17.4. BoiBop SIF u3 skcnnyaTauumn

BbiBOg 13 aKCnnyaTaunn AonKeH oCyLLecTBIATbCA Kak njiaHOBaA pa60Ta B COCTaBe d)aSbI
YKU3HEHHOro umKknia 11 1 MOXKeT BbINOMTHATLCA Kak MO,ElI/Id)VIKaLlVIﬂ B KOHLe CpOKa peanusaunn
npoekKTa.

B Hauane ¢da3bl BbIBOAa U3 SKCMyaTaLuy AOMKEH ObITb MPOM3BEAEH aHaNN3 BO3AENCTBUN
InA onpeaeneHns BANAHUA BbIBOAA M3 SKCMyaTaLmm Ha GYHKLMOHaNbHY0 6e30MacHOCTb.
AHanu3s AOMKEH BKJTHOYATb PEBU3MIO AEHTUDMKALMM OMACHOCTEN 1 OLEHKN PUCKOB C
0CO6bIM BHYMAHMEM K OMACHOCTAM, KOTOPble MOTYT BO3HVKHYTb B Xofe paboT Mo BbiBOAY
13 3KCnyaTauum.
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18. YnpaBneHue ¢pyHKLMOHa/IbHOI 6€30MacHOCTbIO, OLleHKa 1 ayanT
$yHKUMOHanbHOM 6e30nacHOCTN

18.1. ®asbl >KN3HEHHOro UMKNIa

Ha pvc. 61 nokasaHa aKTyanbHaA c|>a3a MN3HEHHOIO LKna.

10 11 1 OueHKa onacHOCTM 1 prcKa 9

Pacnpepenenne ¢yHKuUmM 6e3onacHOCTH

6 |3xcnnyatauua n obcnyxunsaHne

7 M3meHeHne
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8 BbiBOZ 113 3KCMNyaTauum

Puc. 61:3manel 10 u 11 Xu3HEHHO20 Yukaa

Lienb sToi pa3sbl, yctaHoBneHHan B IEC 61511-1, 5, — onpepenvTb ynpaBneH4Yeckme AeicTBrA
1 JOKYMEHTaLMI0, HeOOXOAMMbIe AJ1sl TOTO, YTOObI OTBETCTBEHHbIE MLja MPUHANY AOMKHbIe
Mepbl MO COOTBETCTBYIOLLMM $a3am XM3HEHHOTO LMKa.

CraHpapT onpepenseT obLme TpeboBaHMA K ynpaBieHUecKM eNCTBYAM Y fOKYMeHTaLuy,
HeoOXO4MMbIM AJ18 TOrO, UTOObI OTBETCTBEHHbIE NINLIA MPUHANN LOSXKHbIE MEPbI MO
COOTBETCTBYIOLMM Pa3am *KU3HEHHOTO LMKNa.

3TO 03HAYaET, UTO ANA HaANEXALLEro 3aBepLLeHUsA NPOEKTHas AOKYMEHTALA JOMKHA
cofiepaTb AOCTAaTOUHYI0 MHOPMaLMIO ANs Kaxnow da3bl BCEro 3aBepLUEeHHOro
XKN3HEHHOTO UVMKNa, ansa nocsieytowyx Gas 1 ans 4esTeibHOCTY MO MPOBEPKE.
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CooTBeTCTBYE CTaHAAPTY TpebyeT, uTobbl cneumduKaLma cogepxana cnegyiollee:

+ 0053aHHOCTY YNpaBnsAoLLMX GYHKLMOHaNbHO 6€30MacHOCTbIO;
+ [eiicTBUA, KOTOPble AOMKHbI ObITb MPEANPUHATDI IMLAMY, UMEIOLL MM
COOTBETCTBYHOLLME 06A3aHHOCTM.

PaboTa no cooTBETCTBUMIO TPEGOBaHKAM MOXKET ObITb pPeani3oBaHa nyTem BbIpaboTKM
npoLeayp, OXBaTblBaoLMX BCE TPeGOBaHWA, MyTeM BHEAPEHUA TUX NpoLieayp 1 nyTem
obecneyeHnsa HanMuKs JOMKHOM nHbOopMaLmm ana 3GpdeKTUBHOTO ynpasneHns
bYyHKLMOHanbHoOM 6e30MacHOCTbIO.

18.2. YnpaBneHune GpyHKLOHaNbHOI 6e30MacHOCTbIO
TpeboBaHus K yrnpasneHnto GyHKLMOHaNbHON 6e30MacHOCTbIO CBefleHbl B Tabnuue 23.

BonblunHCTBO 3TMX TPebOoBaHM MOTYT yXe MOKPbIBAaTbCA CUCTEMOW YNpaBneHna
kauectBoM (Quality Management System, QMS) opraHusauun. B cnegytowmx pasgenax
paccmMaTpuBalOTCA HEKOTOPbIE 061aCTL, KOTOPbIM 0ObIYHO ClleflyeT yAENUTb BHAMAHNE.

YnpaBneHune Tpe6oBaHUAMMN OnucaHmne
dyHKUMOHanbHol 6e3onacHoOCTH

O6wwme Tpe6oBaHmna IEC61511-1, 5.2.1 MonuTuka n cBA3L

MonuTunka v cTpaterns JOMKHbI paspabarbiBatb- | Heo6xoanMo pa3paboTaTtb U AOBECTU A0 CBEAEHMA BCEX
CA BMECTe CO CPeACcTBamMu CBA3N B npefenax COTPYAHVKOB OpraHu3aumnm «[Monntuky GyHKLMOHanbHoM
opraHusayuu. 6e30MacHOCTW».

PekomeHAyeTcsA BKIIOUUTD B MOANTIKY KOHKPETHbIE Lienn
bYHKUMOHaNbHO 6e30MacHOCTY, CNOCOBbl KOHTPOSA UX
OCTVXKEHWA 1 METOAbI CBA3W B Npefesnax opraHnsaLmum.

YT106bI 06ECneunTb BO3MOXXHOCTb 3aMEHbI JIOKyMEeHT BbICOKOTO YPOBHS, onucbiBalowuin «Crcremy
peleHuem SIS npoueccos B 6e30nacHoM ynpaeneHus GpyHKLIMOHaNIbHON 6€30NacHOCTbIO», AOMKEH
COCTOAHUY, AOMKHA ObITb B HANUUMN CBA3bIBATb CUCTEMY CO BCEMI STANamu XXU3HEHHOTO LMKNa B
«Cuctema ynpasneHns GyHKLMOHaNbHOMN paccmaTpriBaeMoM MacliTabe. B pykoBoasLLem JOKyMeHTe
6e30MacHOCTbIO». [OJKHbI 6bITb NepeuncieHbl Bce NpoLeaypbl, Heobxoaumble

[Ns peanu3auym BCex Mep no obecrneyeHmnio 6e3onacHocTy.
Mpoueaypbl 4OMKHBI OXBATbIBaTh BCE YrpPaBNeHYeCKme 1
TEXHMUECKVE acMeKTbl B paMKax npoekTa. Mpoueaypbl
[OJIKHBI COAEPXKaTb YETKME OMUCAHUA NMPON3BOANMbIX
LOKYMEHTOB.

MpoeKTbI CriefyeT KOHTPOIMPOBATb B COOTBETCTBUM C
«MnaHom obecreyeHns KauecTsa 1 6e30MacHoCTHY, B
KOTOPOM AOSIKHbI 6bITb ONpefeneHbl AeNCTBUA, CPEACTBA
KOHTPOJIA 1 CMOCOGbI MPUEMKN MO 3aBEPLIEHNN.

~
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YnpaBneHue Tpe6oBaHUAMU
$yHKUynoHanbHoli 6e3onacHoOCTN

OnucaHue

OpraHusauua n pecypcbl IEC61511-1, 5.2.2
Jlnua, oTAeNbl, OpraHM3aLmMn U Npoure Noapas-
[leNleHUs, OTBETCTBEHHbIE 3@ BbIMOJHEHVE U
KOHTPOJIb KaXA0ro 113 3TanoB »KN3HEHHOTO
LIMKna crcTemMbl 6€30MacHOCTH, AOMKHbI ObITh
onpeaeneHbl 1 03HAKOM/IEHbI CO CBOUMMU
06A3aHHOCTAMU (BKNOYAsA B COOTBETCTBYIOLLMX
CNyYanx MLEH3MPYIoLMe N PErynATUBHbIE
opraHbl B cpepe 6e30MacHOCTM).

Ponu v oTBETCTBEHHOCTD

Bce nnua, oTAENbI 1 OPraHn3aLnK, OTBETCTBEHHbIE 3a
KOHTPOJIb NMPUHATMA Mep No obecneyeHuto 6e3onacHocTu,
LIOJIKHbI ObITb YETKO onpefeneHbl, a chepbl X OTBETCTBEH-
HOCTU NPOACHEHDI.

Kak npaBuo, 3To ocyLlecTBAAeTCA NyTem Nyonmkaumm
OpraHU3aLVIOHHbIX AMAarpamm C yKazaH1mem OTAENbHbIX UL, 1
nx poneit. 06A3aHHOCTU Kax<aoii ponu oGopmNATCA B BUAE
DOJIKHOCTHBIX UHCTPYKLIUIA.

Jlnua, oTaenbl U opraHnsaumu, NpUHUMaLwme
yyacTue B AeNCTBUA XKIN3HEHHOrO UuKna
cucTembl 6€30MacHOCTH, AOMXKHbI ObITb
KOMMeTEHTHbI B 06/1aCTAX, 32 KOTOPble HecyT
OTBETCTBEHHOCTb.

KomneTteHTHOCTb

KOMMeTeHTHOCTb BCEX YNOMAHYTbIX BbiLLE OTBETCTBEHHbIX

NNL, [OMKHA BbITb JOKYMEHTPOBaHa.

[lo/mkHbI 6bITb NPeayCMOTPeHbI MpoLeaypbl, obecneunsaio-

LyMe Hannuve y COOTBETCTBYIOLUX OTBETCTBEHHDIX NINL|

HeoBXOAVIMbIX /1A BbIMOMHEHNA NOPYUYEHHbIX UM AeNCTBUA

3HaHWIA, HAaBbIKOB U onbiTa. MpoLeaypbl JOMKHBI NpegycmaT-

p1BaTb KOHTPOJIb 1 OLEHKY KOMMETEHTHOCTY, @ TakxKe
notpebHocTel B 06yyeHnu.

JloKyMeHTaLMA Mo KOMMNETEHTHOCTYM JOMHKHA BKIOYATb

cnepytolme ceefieHnA:

a) VHXeHepHble 3HaHWA (OTHOCALLMECA K mpoLeccy,
TEXHOJOTU, HOBU3HE 1 CIOKHOCTY Chepbl MPUMEHEHMS,
[laTYMKaM 1 KOHEUHbIM 3ieMeHTaMm);

6) apekBaTHble ynpaBieHueckme N NMAEePCKMe HaBbIKK,
COOTBETCTBYIOLLME PONIV B KU3HEHHOM LiKIIE CUCTEMbI
6e30mnacHoCTy;

B) MOHMMaHE NOTEHLMANbHbIX MOCNEACTBNI COOBITNIA;
nonHota obecneyeHns 6ezonacHocTy SIF; Tpe6oBaHMA
TeXHUKM 6e30MacHOCTY 1 COOTBETCTBYIOLWME TpeboBaHNA
3aKOHOB.

OLeHKa p1cKa U ynpasieHune puckom
IEC61511-1,5.2.3

OnacHoCTb foMKHa 6biTb onpefeneHa, puck
[LOMKeH OblTb OLIEHEH, Mepbl CHUXKEHNA CTeneHn
PUCKa [OMKHbI ObITb ONpefeneHbl.

OnpepeneHue SIL
Cm. pasgen [6].

Mnanunposanme IEC61511-1,5.2.4

B xofe nnaHupoBaHusa obecneyeHus 6esonac-
HOCTU crieflyeT onpefennTb Heo6XoArMble
LeNcTBYA 1N UCnonHuTenen (nnua, oTaensl,
opraHusauua v np. noapasgeneHns), oteeT-
CTBEHHbIX 32 BbIMO/IHEHWE 3TUX AENCTBUN.
MnaHbl cnepyeT perynapHo o6HOBNATL Ha
NPOTAXEHUV XKN3HEHHOTO UKNa obecneyeHus
6e3onacHoCTU.

MnaHupoBaHne

MnaHnpoBaHWe JOMKHO 06eCneunTb BbIMONHEHVE AENCTBN
B PaMKax yrnpaB/ieHu1s, KOHTPONA 1 oLeHKn FS B
COOTBETCTBUM C rPadUKOM 1 3Tanamm XU3HEHHOTO LMKa.
MnaHnpoBaHMe MOXeT 6bITb BKIIOUYEHO B MylaH obecrneyeHuns
KayecTBa NPOEKTa C ONVCaHNeM BCEX CMEXHbIX [eCTBIIA,
CPOKOB 11 Chep OTBETCTBEHHOCTV OTAENbHBIX JNL, 1
opraHvsaymin.

Bce peiicTBMA Mo obecneyeHno 6e30MacHOCTM MOTYT
BK/IOUATb CCbIIKM Ha NpoLeaypbl My paboure METOAVKH,

a TaKkxe cpeficTBa pa3paboTKy U peanmsauyum.
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YnpaBneHue Tpe6oBaHUAMU
$yHKUynoHanbHoli 6e3onacHoOCTN

OnucaHue

Peanusauyua n moHutopuxr IEC61511-1,5.2.5
Heobxogumo BHeapUTb npouesypbl Ans
CBOEBPEMEHHOT0 OTCNIeXMBaHUA U COBNOAEHNA
PEeKOMeHAALMIA, BO3HUKAIOLWMX Ha OCHOBE
crepyoLwyX 3N1eMeHTOB:

a) aHanu3 onacHOCTN N OLEHKU PUCKa;

6) oueHKa 1 ayauT;

B) MpoBEpKa 1 KOHTPOJb;

r) OeiCTBUA Nocse NPouCLIecTBUA.

Peanusauuns n MOHNTOPUHT

MpoLeaypbl AOMKHBI MPeAycMaTpuBaTh GOPMYNpPOBaHMe
peKkoMeHJaLuin Ha OCHOBE aHan3a U oLeHKU AeNCTBUI, a
TaKKe MeTo/ibl KOHTPONA 1 OTCNEXNBaHUA NPOLIECCOB, OT
peKkoMeH[aLui 1O peanv3aLum NpeanoXKeHHbIX AeNCTBAN.
Heobxoanmo npeaycMoTpeTb NpoLeaypy, Kotopas
obecrneunBaeT cobniofeHne peKoMeHAaLmi, paspaboTaHHbIX
B pe3ynibTaTe NPOVCLLECTBUN UK YTPO3.

CneplyeT npeaycMoTpeTb NpoLeaypbl OLEHKN

3¢ deKkTnBHOCTU SIS B COOTBETCTBIN C

TpeboBaHuAMY 6e30MacHOCTY, BKIOYas:

a) c6op u aHanm3 GaKTUYECKNX JaHHbIX B
npoLiecce sKcnayaTaLum;

6) peructpaumio notpebHocTeii B SIF C Lenbio
obecreyeHnA BEPHOCTU NPefNoNoXKeHN,
cAenaHHbIX B xofe onpefenenus SIL.

Ecnu opraHusauua oTBeTCTBEHHa 3a 3Tarbl IKCMyaTaLmm n
TeXHNYecKoro 06CyK1BaHuUA, AOSKHbI 6bITb MpeaycMoTpe-
Hbl NpoLieAypbl oLeHKN 3GdeKTUBHOCTY SKCMTyaTaLmm 1
TeXHMYeCKoro 06CyK1BaHuA, BKIloYan:

+ CuCcTemMaTUyecKme oTKasbl;

+ noBsTOpAIOLLMEC OTKa3bl;

+  OLeHKY NepuoANYHOCTI yNpaBneHNs 1 OTKa30B B
COOTBETCTBUM C MPEANONIOKEHNAMM, CAENAaHHbIMMN Ha
3Tane NpoeKTUPOBaHNA UK oLeHKN FS.

TpeboBaHuA K ayauTy FS AomKHbI BKOYATb: Neproany-

HOCTb, HE3aBNCMMOCTb, 06A3aTeNbHbI HAbOP AOKYMEHTOB

1 fanbHenwwme oencTems.

Tio60oi1 NOCTaBLMK, NPefoCTaBNAOWNA
OopraHu3auuy U3aenvs Unm okasblBaoLWmnin
YCNyr, OTBETCTBEHHBIN 32 OAVH UV HECKOMNBbKO
3TanoB *U3HEHHOTO LKNa cucTeMbl 6€30macHo-
CTW, BOMKeH NPeAoCTaBNATb U3[ENUA 1IN
OKa3sblBaTb YC/yrv B COOTBETCTBUM C TpeboBa-
HVAMU OpraHU3aLnn N UMETb BHEAPEHHYIO Y
cebA cucTemy ynpasneHyA Ka4eCTBOM.

CrepyeT npefycMoTpeTb npoLieaypbl obecneve-
HVISl aAeKBATHOCTY CMCTEMbI YNPaBNeHns
KayeCTBOM MOCTaBMEHHbIM 33jauaM.

Ynp B T C nocraBWMKamm
MocTaBLMKM 06ecneurBaloT NOCTaBKY NPOAYKLUMUY B COOT-
BETCTBUM C 3aKa30M 11 UCMONb30BaHNEM COOTBETCTBYHOLLEN
CUCTEMbI YNIpaBNieHVs KauecTBOM. Kak npaBwuno, 3aKynku
BbIMONHAOTCA Y MOCTABLUVKOB 13 YTBEPXKAEHHOIO CNCKa

1 KOHTPONUPYIOTCA COrNAcHO crneynduKaLmam 3aKkymnok.
CneplyeT npeAycMOTPETb NPOLieAYyPbl ayAnTa yTBEPKAEHMNA
NOCTaBLYMNKOB.

OueHka, ayauT n KouTponb IEC61511-1,5.2.6
CrnepiyeT onpefenvTb 1 BHEAPUTb NpoLieaypbl
OLIEHKM YHKLMOHaNbHOI 6e30MmacHoCTH,
nosBonAloLMe CyanTb 0 GYHKLMOHANbHON
6e30MacHOCTM 1 NoNHOTe 6e30MacHoOCTH,
obecrneunBaemoii aBTOMaTU3MPOBAHHOMN
cucTeMon 6e30mnacHoOCTu.

Mpouenypbl AOMKHbI NpeanonaraTb HasHave-
HY€ OLIEHOUYHOI KOMUCCUW, BKITIOUALOLL el
COOTBETCTBYIOLYMX CMELMANIUCTOB C YUETOM
obnactu JeaTenbHOCTU.

B cocTaBe KOMUCCHM JOMKEH ObiTb Kak
MWUHUMYM OAWH CTapLUMi CNELManmcT, He
BXOAALMIA B rpynny pa3paboTku NpoeKTa.
Tanbl XU3HEHHOrO CUCTEMbI Ge30nacHoCTy,
Ha KOTOPOM BbINONHATCA AENCTBUA NO
oLeHKe GpyHKLIMOHaNbHOM 6e30nacHoCTy,
onpeaensTCca B XOAe NNaHNPOBaHNA
6e30MacHoOCTM.

OueHka pyHKL o1 6 HOCTW
[elictBuA no oueHke FS — cm. paspen [13].

CneplyeT npeAycMOTPETb NPoLieAypbl, No3BonsioLme
BbIMOJIHATb OLIEHKY GYHKLIMOHANbHOM 6e30nacHoCTy.
TpeboBaHVA AeMOHCTPALMIN COOTBETCTBUA Liensam SIL 1
PFD (nnn PFH), noctaBneHHbIM B xofie onpepeneHus SIL
[6], n3noxeHbl B pasgene [11.1].

B opraHusaLyn MoxeT 6biTb CO3[jaHa COOTBETCTBYOLLAA
rpynna cneyuanucToB Npu ycnosuu cobniofeHuns Tpebo-
BaHWI B OTHOLLEHU KOMMNETEHTHOCTY 1 He3aBUCMOCTH.
B cnyyae ncnonb3oBaHmaA ycnyr CTOPOHHEN opraHusaumm

TpeGOBaHI/Iﬂ B OTHOLWEHNN KOMMETEHTHOCTW AOTXHbI 6bITb

BKJ/IIOYEHbI B MpoLeaypy ynpasneHnA noctasLmnkamu.

Tpe6oBaHuA B OTHOWEHUN MTR AOMKHBI ObITb BKIOYEHbI

B 06bem pabor [8.6.6].
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YnpaBneHue Tpe6oBaHUAMU
$yHKUynoHanbHoli 6e3onacHoOCTN

OnucaHue

MNepep npeHTMdUKaLMen oNacHOCTU HEO6XO-
[IMMO MPOBECTU HE MeHEee OHO OLIeHKH
dyHKUMOHaNbHOWM 6e30MacHOCTY 1 BbIMOMHUTD
cnepyowve aencTens:

«  OLeHKa OMacHOCTU 1 PUCKa;

+  ¢$opMynMpoBKa peKOMEHAALMI Ha OCHOBe
OLIeHKM OMaCcHOCTN N PUCK3;

« Co3[aHue, NPON3BOACTBO M MOHTaX
aBTOMaTW3MPOBAHHOW CUCTEMbI
6e30nacHoCTY B cooTBeTCTBMM C SRS;

+ peanu3auus npoueayp obecneuyeHms
6e30MacHOCTY, SKCMyaTauum n
TEXHUYECKOro 06CNyKBaHNS;

+ MpoBepKa CMCcTeMbl;

+ NpoBecTV 0byueHne NepcoHana sKcryara-
LM 1 TEXHUYECKOMY 06CIyKUBaHUIO C
npeAocTaBneHneM HeobXoaANMbIX CBEAeHWI
06 aBTOMaTU3UPOBAHHOI c1UCTEME
6e30nacHoCTY;

+ paspaboTaTb CTpaTervto AanbHemnLen oLeHKN.

OueHKa GpyHKLIMOHaNbHON 6e30MacHOCTY JOMKHA
BbIMONHATLCA COMMACHO N/aHy 06ecneyeHns COOTBETCTBUA
HOPMaTUBHbIM Tpe6oBaHUAM. B nnaHe obecneyeHns
KauecTBa 1 6e30MacHOCTY MPOeKTa AOMKHbI ObITb YKa3aHbl
COOTBETCTBYIOLME NYHKTbI FpaduKa NpoeKTa unm
YKM3HEHHOTO LKA cucTemMbl 6€30MacHOCTY, KOTOpble
[LO/MKHbI BbINOJHATBLCA B TO W MHOE BPEMS.

Kak MUHVMYM OfiHa OLleHKa GpyHKLMOHaNnbHOM 6e30nacHOCTM
[O/KHa 6bITb BbIMOMIHEHA, MPEXAe YeM Ha NPesnpuATAN Un
B MpoLiecce 6yAeT 3aperncTpupoBaH $akTop onacHoOCTM.

CnepyeT pa3paboTaTtb 1 BHEAPUTb Npouesypbl
ayAnTa COOTBETCTBMA HOPMATBHbIM TPeboBa-
HUAM, BKIIOYatoLwme creayoLine nonoxeHus:
a) NepuoanYHOCTb ayanTa;

6) cTeneHb HE3aBUCUMOCTU NNL, OTAENOB,
opraHv3aumin Unn NHbIX NoApPasaeneHunn,
BbIMOJHAIOLLMX PAabOTbl U OCYLLECTBAALLMNX
ayout;

B) perncrpauma n janbHenwme aencTena.

AyanT GyHKUMOHaNbHOW 6€30MacHOCTY AOMKEeH
NoATBePAUTDb HalnuKe B MPOeKTe COOTBETCTBYIOLUMX
npoleayp v Ux peanusauuio.

Kak npaBuno, ayant pyHKLMOHanbHoM 6e30nacHoCTn
BbIMOJIHAETCA Ha PaHHUX 3Tarnax }M3HEHHOT O LMK/a NpoeKTa
C Lienbio MOATBEPXKAEHNA NPUCYTCTBUA BCeX NMpoLeayp A
BCex acrekTos 6esonacHocTy. [Mocnenytowve ayamtopckme
NPOBEPKM AOSKHbI BbIMOHATLCA NEPUOANYECKM B TeUeHre
BCEro NnpoekTa, 4tobbl obecrneunTsb cobnoaeHne npoueayp,
peKkoMeHAAUMNN 1 fanbHeNWnX AenCcTBUN.

YnpaBneHune koHpurypauymeii SIS IEC61511-

1,5.2.7

CnepyeT pa3paboTtaTb NpoLeAypbl ynpasieHns

KOHPurypauwen SIS Ha NpoTaXXeHWn Bcero

XU3HeHHoro uukna. CneayeT onpeaenvTb

YKa3aHHble HUXe 3NeMeHTbI:

a) aTan, Ha KOTOpoM peanusyeTca GopManbHbIA
KOHTPOSb KOHGUrypaumm;

6) MeToA UAEHTUPUKALMI KOMMOHEHTOB
(obopyAoBaHUA 1 NPOrPaMMHOIO
obecneyeHus);

B) npoLieaypbl NpeAoTBpaLLeHVA SKCnayaTaLmm
HECaHKLIMOHVPOBAHHbIX KOMMOHEHTOB.

YnpasneHuve KoHdurypaumei

Mpoueaypbl ynpasneHna KoHourypaumein, nHuymagmnei
N3MEHeHWI, yTBEePXKAEHVEM 1 NOCNeayoWMMN JeNCTBUAMMN
Mo 3anpocam O BHECEHUN U3MEHEHUIA, BEPOATHO, yxe
CyLLLeCTBYIOT B paMKaXx TUMOBOW CUCTEMbl yNpaBneHns
KayecTBOM.

OpHaKo Npw pacCMOTPEHNUN U3MEHEHWIA B GYHKLMN
6e30MacHOCTV crieflyeT BbIMOHATL aHanun3 NoCneacTsni,
uTO6bI ONPeAEeNUTL BO3MOXHOE BIAHE Ha 6@30MacHOCTb
1 3Tan W3HEHHOTO LIMKNa, C KOTOPOro cleayeT HauaTb
NMOBTOPHYI0 OLIEHKY.

Bo3moxHo, noTpebyeTca paspaboTka npoLeayp aHanusa
nocnefcTBUIA U ynpaBieHnA NOBTOPHO OL@HKOM.

Tabnuya 23. TpebosaHus K ynpasseHuto )yHKYUOHAIbHOU 6€30ndcHOCMbIO
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18.3. O6wme Tpe6oBaHNA

JomkHa MMeTbCA NONUTUKA 1 CTpaTernsa [OCTUMKeHNs GYHKUMOHaNbHO 6e30MacHOCTM Ha
NpeanpUATN 1 LOMKHbI ObITb ONpeaeneHbl CpeacTBa AOBEAEHUNSA ee [0 BCEro NpeanpuaTus.

BaxkHO, UTOGbI Ha NpeanpuATN Gbina pa3paboTaHa COBCTBEHHAS NOAUTMKA GYHKLIMOHAb-
HOW 6e30MacHOCTM, MOCKOMbKY 3TO MOTPebYyeT OT PYKOBOLCTBA BHMATEIbHO OTHECTHUCH K
3HAYEHWIO GYHKLIMOHASIbHOM 6e30MaCcHOCTM /15 MPEANPUATAS, YBELOMIEHVS O Hell 1
CO3AaHUA KynbTypbl GYHKLMOHaNbHO 6€30MacHOCTH, OXBATblBalOLEN BCE NPEAnpUATUE 1
BCE BU/bl €70 AeATENbHOCTY.

18.4. OpraHusauus n pecypcbl

[ns Bcex pabOTHUKOB NPOEKTa AOMKHbI ObITb OnpefeneHbl Ux NPodeccuoHan3m 1 Kpyr
obs3aHHocTel. MpodeccroHan3m nepcoHana foMKeH 3anmncbiBaTbCs B peecTpe npodec-
CMOHaNbHbIX HABbIKOB, @ COOTBETCTBEHHO, A0IIXKHA UMETbCA NPOLIeAYPa €ro OLEHKN Afs
neproanYeckoro 06HOBNEHVISE peecTpa Ha OCHOBAHMM MOJTYYEHHOTO OMbITa U 1Sl OLLEHKN
notpe6HocTeli B 06yueHunn. TpeboBaHKA K NpodeccrnoHan3my AOKHbI ObITb onpeaeneHbl
ONA KaXKaon ponu npoekTa.

[na 6onblUNHCTBA NPEANPUATAI C MasbiM OMbITOM B chepe dyHKLIMOHaNbHOM 6e30MacHOCTY
MOeT 6bITb YA06HO HasHauuUTb ynpasneHve no 6esonacHocTy (Safety Authority, SA),
KOTOpbI GyAeT oTBeUaTb 3a GYHKLMOHANbHYI0 6€30MacHOCTb, KOPMOPATUBHYIO MOMUTUKY 1
€BA3Y, $asbl KU3HEHHOTO LMK U MNaHMpPOBaHWe paboT. SA JOMKHO GbITb HE3aBHCVIMbIM OT
MPOEKTOB.

Mo BCell BEPOATHOCTU, EMY TaKKe MOXKeT MOHaA0bUTbCA CO3LaTb M 0OCYXKMBATb PeecTp
npodeccroHanbHbIX HaBbIKOB MK NepepaboTaTb CyLeCTBYIOLLY0 CUCTEMY ANA yyeTa paboT
1 06a3aHHOCTEl No GYHKLMOHANbHOM 6e30MacHOCTY.

18.5. Peanusauna n MOHUTOPUHT NPOEKTa

Mpwy HanMumn PaboT, HOBbIX AS1A 0bnacTy fencTemin, Hanpumep HAZOP, fomkHa 6biTb
co3pfaHa npouegypa ana nposegeHuna HAZOP. Ecnw, K npumepy, paspaboTka fomkHa
BKJIOYATb CBA3aHHOE ¢ 6e3onacHocTblo NpuknagHoe MO, fomkHa MMeTbCA npoueaypa
no obecnevenunto pas3paboTky MO B coOTBETCTBUM C Ha30M KM3HEHHOTO LnKna 4 [11].

18.6. YnpaBneHue KoHdurypauveir u mogupukaumsa

Mpouenypbl AnA ynpasneHna KoHGUrypaLuven, tHALMaLmm MoandrKaLmm, yTBepXaeHna n
06paboTKM 3anpocoB Ha BHECEHUE N3MEHEHNI OObIYHO YxKe CyLLecTBYIOT B TUNnYHo QMS.

OpfHaKo Npu paccCMOTPEHUM N3MEHEHNI B GYHKLIMIN 6e30MacHOCTY CriefyeT BbIMONHATb
aHanu3 NnocneacTBuiA, YToObl ONpeaenTb BO3MOXHOE BMsAHME Ha 6e30MacHOCTb 1 3Tan
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KN3HEHHOTO LMKIIa, C KOTOPOTo CieflyeT HayaTb MOBTOPHYIO OLieHKy. Bo3amoxHo, noTpe-
GyeTcs pa3paboTKa NpoLeayp aHanm3sa NoCNeAcTBNiA 1 yripaBneHns NOBTOPHOW OLIEHKOIA.

18.7. dkcnnyaTtauua n o6anykusaxue (O&M)

B 3aBMCMMOCTI OT a3 KM3HEHHOTO LMKNa, BXOAALMX B Chepy OXBaTa, MOXeT
noTpeboBaTbCA BHeAPWTb NpoLieAypbl AnA paboTbl (B YaCcTHOCTH, cOopa U XpaHeHWA)
C HdopMaLen, MonyyYaemoi 13 GakTopoB PYCKa, MPOUCLLECTBUI N MOANUIKALINIA.
Mpovuenypbl MOTyT TaKKe ONMCbIBaTb:

* Mepbl B Csly4ae OrnacHbIX I'IpOI/ICLIJECTBI/IVI;
* aHanun3 BblABJIEHHbIX d)aKTOpOB pwucKa;
* OEATENbHOCTb MO NPOBEPKE.

C60p AaHHBIX 1 MPOTOKONIMPOBAHKE MOTYT GbITb HEOOXOAMMbI, MOCKONBKY B XOAE OLEHKN
6e30MacHOCTV MO0 ObITb NPEANONoXKeHO, UTo GYHKLMA 6e30MacHOCTY ABNAETCS, K
npvMepy, CUCTEMOI peXkrMa No TpeboBaHM0. MOHUTOPUHT 1 YacToTa TpeboBaHMi Ans
byHKUMM 6e3onacHOCTY, TakM 06pa3om, obecrneyat onpegeneHune y AecTBEHHOCTb
COOTBETCTBYIOLMX LieNiel 1 MoKasaTesiel KauecTsa paboTbl.
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19. Ccbinkun

19.1.1EC 61508:2010, Functional Safety of Electrical/ Electronic/ Programmable
Electronic Safety Related Systems.

19.2.1EC 61511:2004: Functional Safety: Safety Instrumented Systems for the Process
Industry.

19.3. Reducing Risks, Protecting People, HSE 2001, ISBN 0 7176 2151 0.

19.4. AIChE Centre for Chemical Process Safety, Layer of Protection Analysis (LOPA),
2001

19.5.IEC 61784-3:2010 Industrial Communications Networks. Profiles Part-3:
Functional safety Fieldbuses - General Rules and profile Definitions.

19.6. Derivation of the Simplified PFDavg Equations, D Chauhan, Rockwell Automation
(FSC).

19.7. General Reliability Calculations for MooN Configurations, KJ Kirkcaldy,
Rockwell Automation (FSC).

19.8. Functional Safety: Safety Instrumented Systems for the Process Industry Sector.
ANSI/ISA-84.00.01-2004 Part 1 (IEC 61511-1 Mod).
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20. OnpepeneHns

2003

Jlornyeckasa cxema «ABa U3 Tpex» (2/3) — cxema ¢ TpeMs He3aBNCUMbIMI BXOAAMMU.
BbIXxopa Nnormueckoii cxembl HAXOANTCA B TOM e COCTOAHUN, YTO 1 Nilo6ble ABa
COOTBETCTBYIOLMX BXOAA. Hanpumep, Lenb 3awmTbl C TpeMa Aatymkamu, rae ana
cpabaTbiBaHVA aBapYINHOrO OCTaHOBa TPebyeTcsA Hanmnure CUrHana ot obbiX ABYX
[aTumKoB. Takas cuctema «2003» Ha3blBaeTCs YCTONUMBOW K €AVHUYHOMY C6Ot0
(AY0 = 1), To ecTb NpY OTKa3e OJHOro M3 JaTYNKOB CUCTEMA 3aLUMTbl OCTaHeTCA
paboTocnocobHow. TakKe BO3MOXHbI cxeMbl 1001, 1002, 2002, 1003 1 2004,

ALARP (Ananus
fepesa cobbiTui)

MeToa MofennpoBaHusa pacnpocTpaHeHs 0TKasoB. B xoge aHanm3a cospaeTca ApeBo-
BUAHAaA CTPYKTYpa NocsiefoBaTesbHbIX COOBITUI, HAUMHAIOLAACA OT UCXOBHOTO COBLITUA 1
[IEMOHCTPVPYIOLLAsA BO3MOXHbIE NOCNeACTBYA. BeTBneHne aepeBa NpoucxoauT B pesysib-
TaTe NPOMEXYTOUHBIX COBbITWIA. Kakaan BETBb NPeACTaBAET CUTYaLMIO C OOHUM U3 BO3-
MO>HbIX Pe3ynbTaToB. BKoUMB B AePeBO BCe BETBU, MOXKHO NMOYYUTb BCE BO3MOXHbIE
pe3ynbTaThbl.

D (AnarHoctuka)

HekoTopble niorryeckue peLuatoLLyie yCTpoicTsa, onpeaenstoLLme ypoBeHb 6e30nacHoOCTy,
OTMeueHbl NPONUCHO ByKBOI D («ArarHoCTVKa»). OHU OTAINYAOTCA OT OObIYHBIX CPEACTB
LIMArHOCTVIKM TeM, UTO CMIOCOBHbI U3MEHATb CBOKO apXMTEKTYPY MOC/e O6HapyKeHA
CpefCTBOM AMarHOCTVKM oTKa3a. Hanbonblunii 3dpdeKT goctrraetca B cuctemax «1002D»,
KOTOpble CMOCOGHbI MEPEXOAUTL B PEXIM «1001» MOC/E OGHAPYKEHVIS| HENCTIPABHOCTU.
TaknM 06pa3om, YacToTa cpabaTbiBaHUA TAKON CUCTEMbI 3HAUMTENBHO CHUXKAETCA.

E/E/PE dnektpunyeckue,
37IEKTPOHHbIE Vi NPO-
rpaMmmpyembie
cucTembl 6e30MacHoCT

Cm.61508 1 61511.

FMECA AHanu3 xapakrepa, NocneACcTBA 1 BaXKHOCTW 0TKa30B (FMECA) — nogpo6Hbiii aHa-
13 Pa3NNYHbBIX COCTOAHIA OTKA3a U aHaNM3 BaXKHOCTN KOHKPETHOW einHULbl 060pyA0BaHNS.
HAZOP AHanus onacHocTei 1 NPUroAHOCTH K akcnnyaTauumn (ASXOO). Mpouenypa aHanusa

onacHoCTeln npouecca, U3HavanbHo paspaboTaHHas ICl B 1970-x rogax. 1ot
BbICOKOCTPYKTYPUPOBaHHbIN METOZ, NO3BONAET Pa3AennTb NPOLIEeCC Ha PasfinyHble
y3/1bl Ha OCHOBE onepaLuii ANA U3y4eHNA NoBeeHNA Pa3INYHbIX IEMEHTOB KaXaoro
y3na B inana3oHe BO3MOXHbIX OTK/IOHEHW OT HOMVHAJIbHbBIX YCITOBUIA.

HSE (BenukobpuTaHuis)

YnpasneHue no BONpocam oxpaHbl 3[lOPOBbA, TEXHVKI 6@30MacHOCTU 1 OXpaHbl Tpyaa

IEC

MexnyHapoaHas aneKTpoTexHUYeckan Komuccua. MexayHapoaHas opraHusauma no
cTanpapTmsauymn. OcHosHas uenb IEC — cogencTemne mexayHapofHOMY COTPYAHMYe-
CTBY B BOMPOCAx CTaHAAPTU3aLMM B 061aCTV INEKTPOTEXHWKM 1 SNeKTPOHMKN. Kpome
aToro, IEC perynapHo ny6nukyeT mexayHapofHble cTaHaapTbl. CmM. 61508 1 61511.
AHanu3 NocneacTBuMii NO3BONAET BbIABUTD, KAKOe BO3AENCTBUE N3MEHEHNE QYHKLMN
NN KOMMOHEHTa OKa3blBaeT Ha Apyrue GyHKLMN Ui KOMIOHEHTbI 3TOW CUCTEMBI U
LpYyrnx cuctem.

IEC61508

Cranpaprt IEC, Kacalowwmincsa ¢pyHKLUMOHaNbHON 6€30MacHOCTM SNeKTPUYECcKmX,
3NEKTPOHHbIX 1 NPOrpaMMUpyembix cuctem obecneyeHmns 6esonacHocTn. OCHoBHasA
uenb ctangapTa IEC 61508 — MCnonb3oBaHMe aBTOMATU3UPOBAHHbIX CUCTeM 6e3onac-
HOCTV ANA CHKEHWA PUCKa A0 AONYCTUMOrO YPOBHSA NyTeM cobntoaeHnA obLwmnx
npoueayp *KM3HEHHOTO LMKNa annapaTHbIX 1 NPOrpPaMMHbIX cucTem 6e30nacHoOCT 1
BefleHNA COOTBETCTBYIOLEN AOKYMEHTaLMN. TOT CTaHAAPT, U3AaHHbIN B 1998 roay n
nepeunsaaHHblii B 2000 rogy, NCNonb3yeTca B OCHOBHOM NOCTaBLUVKamMn 060pyA0BaHMA
ANnA cuctem 6e30nacHOCTY ANA NOATBEPXKAEHUA NPUFOLHOCTY 060pYyA0BaHUA ANA
MCNONb30BaHUA B CUCTEMaX ONPeAeNeHHOro YPOBHA NOMHOTbI.
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IEC61511

CraHpapT IEC ¢pyHKUMOHANbHOM 6e30MacHOCTM 3NEKTPUYECKIX, SNIEKTPOHHBIX 1 MPOrpam-
MVPYeMbIX cMCTeM obecrneyeHs 6e30MacHOCTU B epepabaTbiBatoLLEN MPOMbILLIIEHHO-
ctu. Mopo6Ho ctaHaapTy IEC 61508 OH OPUEHTVPOBaH Ha HABOP NPOLIECCOB XKNU3HEHHOTO
LMKITa cMcTeMbl 6e30MacHOCTI, HampaBneHHbIX Ha yripaBneHne prickamu. OH 6bin Briepsbie
ony6nukosaH IEC B 2003 roay n npuHaT B CLLA B 2004 rogy noa Homepom ISA 84.00.01-
2004. B otnnune ot IEC 61508 3TOT CTaHAAPT OPUEHTUPOBAH Ha Nosib3oBatenen
aBTOMATU3MPOBaHHbIX CICTEM 6e30MacHOCTU B NepepabaTbiBatoLLEN MPOMbILLIEHHOCTM.

IPL

He3aBncyMbIit ypOBEHD 3aLLnTbl. ITO OTHOCUTCA K Pa3fINUHbIM METOAAM CHUXKEHNA
puvcka B npoueccax. Mpumepamu MOryT Cly>KnTb NpeaoxXpaHuTenbHble Agradparmbl

1 NpefoXpaHUTeNbHbIE KanaHbl, KOTOPble HE3aBUCMO APYT OT Apyra CHUXaloT
BEPOATHOCTb Pa3BUTKA HEGNArONPUATHON CUTYaLMK B MOIHOMACLITaGHYIO KaTacTpody
C HeraTVBHbIMU NOCNeACTBUAMM. [ins Hanbonbluein 3GpGeKTUBHOCTY NPeAOTBPALYEHUS
ylep6a KaXkablii TAKOI YPOBEHb AOSKEH BbITb HE3ABUCUM OT APYrUX, UMETb PasyMHyto
BEPOATHOCTb CpabaTbiBaHMA 1 BO3MOXXHOCTb KOHTPOMA paboToCnocobHOCTH.

LOPA

AHanu3 ypOBHeIZ 3aLnTbl. MeToA OLeHKMN BEPOATHOCTU (HepMOﬂMHHOCTM) OnacHbIX
pe3ynbTaToOB Ha OCHOBaHUW NEPNOJANYHOCTN NCXOAHbBIX cobbITUI 1 BEPOATHOCTN
OTKa30B Ccepun He3aBNCUMbIX ypOBHeVI 3aLYMTbI, CNOCOBHbIX npefoTBpaTnTb yu.|ep6.

MTTR

CpepHee Bpems BOCCTaHOBEHNA PaboTOCMOCOGHOCTY MOC/E 0TKa3a — CpeHUm
nepmog BpeMeHy OT 0TKa3a fj0 BO30GHOB/IEHUA PaboTbl MO OKOHYaHUW PeMOHTa. STOT
nepuog BKOYAET Bpems, Heo6XoArMoe 1A 06HapY>KeHWA HEMCMNPABHOCTY, Havana
PEMOHTa 1 €ro 3aBepLUeHus.

PFDavg

CpepnHAA BepOATHOCTb OTKa3a Mo TpeboBaHUIO — BEPOATHOCTb OMAcHOro OTKasa cucTe-
Mbl C HEBO3MOXXHOCTbIO peann3aumn GyHKLmmn 6e3onacHoCT npu Heobxogumoctu. PFD
onpeaenaeTca Kak CpefHAA UM MakcManbHasa BePOATHOCTb B 3aflaHHbIN nepuog,
BpemeHw. B crangaprax IEC 61508/61511 n ISA 84.01 Bennuuna PFDavg ucnonb3syetca
B KauyecTBe OMopHoN npwv onpegenexHun SIL.

RRF

KoadppurupmeHT cHKeHMA prcka — BennumHa, obpatHasa PFDavg.

SFF

[lona 6e3onacHbIx 0TKa30B — AonA cboes, NPUBOAALLNX K 6€30ﬂaCHOMy OTKasy nnn
[INarHoCTNKe BO3MOXKHOCTN Hebe3onacHoro oTkasa. [lona 6e3onacHbix 0TKa3os
BK/IOYaET cnyvan ANarHOCTUpPYyembIX OMacCHbIX OTKa3oB, Korga 06 3TnX oTKazax
coobLaeTca 1 3a 3TUM cnefyet peMOHT Ui OCTaHOB.

SIF

DyHKLMA aBTOMATV3MPOBAHHON 3aLMTbl — KOMMEKT 060pyAOBaHMA, NpefHa3HauYeH-
HbI AN1A CHUXKEHUA BEPOATHOCTM BO3HUKHOBEHUA ONpeAeNneHHON onacHOCTA (KOHTYp
6e3onacHocTn). Lienu pyHKLmMM BKOYAIOT (1) aBTOMaTUUECKN NepeBOA NPOMBbILLEH-
HOro npouecca B 6e30MacHoe COCTOAHME B CIyYae HapyLIEHWs onpeaeneHHbIX
ycnosui, (2) paspelueHme npoLeccy NPoAomKaTbcA 6e30macHbIM Cnocobom, Koraa
YCNoBWA 3TO NO3BONAT (GyHKLMA paspeLueHns), (3) ocyLiecTBNeHe AeiCTBNIA Ans
CMArYeHns NoCNeCTBIUA aBapvm Ha NPOV3BOACTBE. BKoUYaeT anemeHTbl, 06HapyXu-
BalLLMe NPONCLIECTBUE, MPUHMMALOLLVE PELIEHNE O [aNbHENLINX AeNCTBUAX N
BbIMONHAKLLME 3TN [JeNCTBUA AN NepeBofa npoLiecca B 6e3onacHoe CoCTosHue.
BO3MOXHOCTV 06HAPYKEHNSA, MPUHATAA PELIEHNI U BbINONHEHNA HEOHXOANMBIX
[leNCTBIIA onpeaensoTcs ypoBHeM NonHOTbl 6e3onacHocTu (SIL). Cm. SIL.

SIL

YpoBeHb MONHOTbI 6€30MaCHOCTU — BblpaXKeHHasA KONMMYECTBEHHO Liefib CTeneHu 6e3-
0MacHOCTW, HeOBXOAMMON AN 0becneyeHrs NPUeMIeMON BEPOATHOCTY OMACHOCTA
npouecca. OnpepeneHue Lenesoro ypoBHa SIL gna npouecca BbINOMHAETCA Ha OCHO-
BaHUM OLIEHKN BEPOATHOCTM NPOVCLLECTBII 1 TAXKECTV NOCNeACcTBUIA. B cnepytowen
Tabnuue npeacTaBneHbl ypoBHY SIL A pa3nuuHbIX PEeXUMOB 3KCNnyaTauum.
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SIS

MHCTpyMeHTanbHas cuctema 6€30nacHOCTY — peanusauusa OAHON WM HECKONIbKNX
aBTOMATM3MPOBaHHbIX GpyHKLMI 6e3onacHocTw. SIS npeacTaBnaeT cobom coueTaHme
[laTUYMKOB, IOTNYECKIX Lieneit 1 OKOHeUHbIX 3nemeHToB. Kak npasuno, SIS nmeet
HeCKOMbKO GpYHKLMI C pa3nnyHbIMU YPOBHAMU MOMHOTHLI 6e3onacHocTy (SIL), nostomy
cnepyeT n3beraTb ONUCaHVA CUCTEMbI C CMOMNb30BaHVeM efuHoro yposHs SIL. Cm. SIF.

ApxuTekTypa

CTpYKTypa NOrviku pasnnyHbIX 31eMeHTOB aBTOMATU3MPOBAHHON GYHKLMMN
6e30omnacHoCcTU. CM. OrpaHUYeHNA apXUTEKTYPbl, OTKa30yCTOMUYMBOCTb U 2003.

basosasa cucrema
KOHTpPONA npoueccos

Cuctema, pearvpyiowas Ha BXOAALMI CUTHaN OT NpoLecca, CBs3aHHOro 060pyaoBaHus
/Vnn onepaTopa 1 reHeprpyIoLLas BbIXOAHbIE CUrHaIbl, N3MEHAIOLLME NPOLECCH 1
paboTy cBA3aHHOrO C HUMI 060PyAOBaHUA TPeGyemMbiM 06pasom. CUCTEMA KOMMOHEHT-
HOro NPeACTaBNeHNs NPOLLECCOB NPEANPUATUA HE MOXKET peanr3oBaTb aBTOMATU3PO-
BaHHble GYHKLMM 6€30MacHOCTI YPOBHS MOMHOTHI 1 1 BbiLLE, MOKa He byeT oTBevaTh
NPOBEPEHHbIM Ha NPaKTUKe TpeboBaHMAM. CM. IPOBEPEHHDIN Ha NPaKTUKE.

BesonacHoe
cocToAaHne

CocrosaHune npouecca nocsne BbINOJIHEHNA [encTBUn, HanpaBNeHHbIX Ha YCTpaHeHne
onacHocCTu.

BesonacHbii oTKa3

Ortka3s 6e3 MOTeHLManbHbIX HEeraTUBHbIX MOCNeACTBUNA AN aBTOMaTVI3VIpOBaHHOVI
cmctembl 6€30MacHOCTY MM BOSHUKHOBEHUA COCTOAHMS OLUNOKN npw BbINOJIHEHUN
¢)yHKL|VIVI. CVITyaLLVIFI, Korga cmctema 6€30MacHOCTY UV KOMMOHEHT BbIXOAUT N3
CTPOA TaK, YTO 3TO NPUBOAMNT K HOPMasibHOMY aBapvu?iHomy OCTaHOBY CNCTEMDbI

NN BKIIOYEHNIO d)yHKLlI/IVI ABTOMATUYECKON 3alUTbl npwv OTCYTCTBMM OMACHOCTN.

bnok-cxema pacueta
HaAeXHOoCTn

MeTop KOM6I/IHI/IpOBaHI/Iﬂ BepOﬂTHOCTeIh C UeJiblo OLeHKN CITOXKHbIX BEpOﬂTHOCTeIz. Tak
KaK 3TOT MeToJ pacCMaTpuBaeT «yCnelHOCTb» CUCTEMbI, MOXXET BO3HUKaTb NyTaHMLa
npn NCNOJIb30BaHUW AaHHbIX NPY MOAENNPOBAaHNUN MHOXECTBEHHbIX OTKa30B.

Bepudwukauusa SIL

Mpouecc pacyeTa cpeaHelt BepOATHOCTI OTKa3a No TpeboBaHwIo (11 BEPOATHOCTL
OMacHOro OTKasa B Yac) U OrPaHNYEHI apXUTEKTYPbI MPOEKTa CUCTEMbI 6€30MacHOCTH
C LIeNbIo OL|EHKM COOTBETCTBNA TPEGYyeMOMY ypOBHIO SIL.

BepoAaTHocTb

MeproanYHOCTb ONacHbIX COOBITUIA, BbIPaXXeHHan B KONMYeCTBe COObITUI B rof U Ha
MUNAVOH YacoB. OAWH 13 ABYX KOMMOHEHTOB, MCMOMb3yeMbIX NPV ONpefeNeHnn prucka.
He cnepyeT nyTaTb C BEPOATHOCTbIO B TPAANLIVIOHHOM NOHUMAHUW.

Bbixop 13 cTpos 6e3-
onacHbIM o6pasom
(cpabaTbiBaHue 3a-
LWWTBI NPU OTKNOYe-
HUW NUTAHNS)

(DyHKLLI/IFI yCTpOIZCTBa, no3BonAKLas emy nepexoanTb B 6e30mnacHoe CoCTosAHNE B
Clydae OTKIIKOYEHNA 3MEKTPONUTAHNA U NOTepU AaBNEHWVA.

[unarHoctnyeckoe
NoKpbITHE

Crnoco6HOCTb CUCTEMbI PEFUCTPUPOBATL OTKa3bl. COOTHOLLEHME YnCna
3aperucTprpoBaHHbIX OTKA30B K O6LLEMY UKCITY OTKA30B B CUCTEME.

[Nons 6e3onacHbix
OTKa308

Cm. SFF.

JoctynHocTb

BepoATHOCTb TOro, UTO YCTPOICTBO PabOTOCMOCOOHO B JaHHbII MOMEHT BpemeHU. ITo
eAVHMLA U3MepeHA PaboToCNoCOOHOCTH, BbipaXKeHHas B MPoLieHTax. Y 60blUMHCTBA
MCMbITaHHbIX 1 OTPEMOHTUPOBAHHbIX KOMMOHEHTOB CUCTEM 6€30MacHOCTU KpUBasA 0-
CTYMHOCTU UMeeT 3y6uaTyto GOpMy 1 3aBUCHT OT NEPUOANYHOCTI UCMIbITAHWI N PEMOHTa.
Takvim 06pa3om, AnA BbIUNCNIEHNA CPeiHel BePOATHOCTH OTKa3a No TpeboBaHMio
ncnonb3yeTca cpefHAn AOCTYNHOCTb. Cm. PFDavg.
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OTKa30yCTOMUYMBOCTb 060PY[OBAHNA (CM. OTKa30yCTONUMNBOCTb)
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PYKOBOACTBO MO BE30MACHOCTY MPOLIECCOB 1
Onpepenenua

3aKpbiTrie Npy OTKase

Ycnosue, npn KOTOPOM NMPMBOJ 3aKpPbIBAET KilanaH B CJlyyae OTKa3a NCTOYHMKA
NUTaHUA NpUBOAa.

3aHATOCTb BepoATHOCTb TOro, UTO B 30HE MOPAXKEHUA MOTYT HAXOAUTLCA Ntoan. OnpeaenaeTca Ha
OCHOBE NPUHATLIX Ha NPeANPYATAN NPaBUN B OTHOLLEHWW NepCcoHana.

WMHTeHcMBHOCTD KonnuecTBo 0TKa30B eavHMLbl 060pyAOBaHNA 33 eAUHNLY BpeMeHU. OBbluHO ABnAeTcA

0TKa3oB NMOCTOAHHbIM 3HaueHneM. BO3MOXHO pacnpeaeneHme no KaTeropuam, TakUM Kak
6e30mnacHoe/onacHoe, 06Hapy»KeHHOe/HeOOHapyKeHHO., He3aBMCMMOe/HOPMarbHoe,
c obLLeit NPUYMHON. [iNA NoNyYeHNs JOCTOBEPHbIX JaHHbIX HEOOXOAUMO YUNTbIBaTL
MCMbITaHWA Ha MPVHYAUTENbHBI OTKa3 U MOSHbIN N3HOC.

KoHTponbHoe McnbiTaHye KOMNOHEHTOB CCTEMbI 6€30MaCcHOCTU C LIENbio BbIABNEHNA OTKA30B, He

ncnbiTaHve BbIAB/IEHHbIX B XO/ile aBTOMATUUECKOIi ANAarHOCTUKMY, T.e. OMacHbIX OTKa30B, OTKa30B

AVNarHOCTUKKN, NapameTpuvecknx c6oeB ¢ nocnegyrouwmm BO3BpaTtomMm CUCTEMbI B
COoCTOAHME, |'|0Fl06HOE COCTOAHUIO HOBOWN CUCTEMBI. KOHTpOJ‘IbHOE NCnbiTaHWe ABNAETCA
BaXHbIM 3/1EMEHTOM XN3HEHHOr O UMK/ia CUCTEMbI 6e30MacHOCTN U HeOﬁXOAVIMO ana
AOCTUXKEHUA Tpe6yemoro YPOBHA 3aLlTbl Ha BCEM NPOTAXKEHUN XU3HEHHOTO LnKna.

JloxxHOe oTKnouYeHne

Cm. 6e30onacHblii 0TKa3.

Nambpa

MHTeHCMBHOCTb 0TKa30B cuctembl. CM. MUHTEHCUBHOCTb OTKA30B.

HapexHocTb

1. BepOoATHOCTb TOTO, YTO YCTPOWCTBO AA€KBATHO BbIMOJHAET CBOIO GYHKLMIO B TeYeHne
yKa3aHHOro neprofja BPEMeHM B OnpefeneHHbIX YCI0BUAX SKCMTyaTaumi.

2. BepOosATHOCTb TOrO, YTO KOMMOHEHT 060PyA0BaHUSA N CUCTEMA afiEKBATHO
BbINOJHAET CBOIO GYHKLMIO B TEUEHME YKa3aHHOrO Neprofia BPeMeHu, Kak Npasusio,

B MepUoA IKCnyaTtaumm, 6e3 HeO6XOAMMOCTI KOPPEKTHPYIOLLEro BMELLIaTeNbCTBa.

Henonagku,
npowusolleALie no
OAHON NpUYnHe

Cﬂy'-{aﬁlHOe BO37elncTBYe, npuBosAllee K O4HOBPEMEHHOMY OTKa3y HECKOJTIbKNX
KOMMOHEHTOB MO OHON npuyvvHe. OTnnumne OT CUCTemMaTUYeCcKoro oTKasa 3akiiovaeTcsa
B CI'Iy'-{aI?IHOM N BEPOATHOCTHOM XapakTepe HenoagoK npu OTCYTCTBUM NOCTOAHCTBA U
npenckasyemocTu. CM. cucteMaTyecKuin oTkas.

OrpaHunyeHna
APXMTEKTYpbI

OrpaHunyeHus, NpUMeHAeMble K 060pyA0BaHUIO, BbIGPaHHOMY 1A peanu3aumn
bYHKLMM aBTOMATU31POBaHHON 6€30MacHOCTH HE3aBMCKUMO OT PacyeTHbIX Pabounx
XapaKTepucTuk nogcmctemMbl. OrpaHnyeHna apxutekTypbl onucbiBatoTca (B IEC 61508-2-
Tabnuua 2 n IEC 61511-Tabnwua 5) B COOTBETCTBIM C TPEOYEMbIMU XapaKTepUCTKamm
SIL nogcmcTembl, TUMOM UCMONb3yeMbIX KOMNOHEHTOB 1 SFF KOMMOHEHTOB NoacucTe-
Mbl. KOMNOHeHTbI Tina A — 3T MPOCTble YCTPOCTBA, HE COAePXKaLL e MUKPONPOLLeCcco-
Pbl, @ KOMMOHEHTbI TUMa B — 3T0 CNoXHble YCTPONCTBa, coAep allyie MKPOnpoLecco-
pbl. CM. 0TKa30yCTONUMNBOCTb.

OnacHocTb

BepoaTHocTb yuepba.

OnacHbIf 0TKa3

OTKa3 KOMMOHeHTa aBTOMaT/3MPOBaHHO CCTeMbl 6€30MacHOCTH, NPENATCTBYOWUI
nepexopy crcTeMbl B 6e30nacHoe cocTosHMe Npu HeobxogumocTn. CMm. cocTosaHne
oTKasa.

Onucaxvne
KOHTPOJIbHbIX
NCnblTaHN

[lons 0TKa308, BbisiBNEHHbIX NpU 06CnyKMBaHUM 060pyaoBaHus. B obiwem, npeagnona-
raeTcs, 4To NPV NPOBEAEHNI KOHTPOSIbHbBIX UCMbITaHMIA BCE BO3HMKAIOWWE B CUCTEME
HeucnpaBHOCTY ycTpaHaoTcs (100-NpOLEHTHOE NOKPbITUE NEPUOJNYECKM
TECTUPOBaHMEM).
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[H] PYKOBOACTBO NO BE3OMACHOCTY MPOLIECCOB 1
l DyHKUMOHanbHas 6€30MacHOCTb B HEMPEPbIBHbIX NPON3BOACTBAX

[

OTKa3oycTonumBoCTb | CNOCOOGHOCTb GYHKLMOHANBHOTO MOAYA MPOAOSIKATh BbIMOMHATL Tpebyemyio
bYHKUMIO B YCIIOBUAX ClyHaliHbIX OTKA30B Ui owmnboK. Hanpumep, cuctema npurHATAS
peLeHni «1002» MOXET NPOAOMKATb PaboTaTb, UTHOPUPYS OAUH CIyYalHbIA OTKa3
KomnoHeHTa. OTKa30yCTONUYMBOCTb — 3TO OAHO 13 0COObIX TPE6OBAHMI YPOBHSA NONHO-
Tbl 6€30nacHocTK (SIL), oOHO NoAapo6HO paccMaTprBaeTcs B Tabnuuax 2 n 3 yactm 2
ctanpapta I[EC 61508 n nyHkTe 11.4 ctanpapTa [EC 61511 (ISA 84.01 2004).

OTKpbITUE Npun OTKase | YcnoBume, Npu KOTOPOM NPUBOA OTKPbIBAeT KnanaH B CNy4Yae OTKasa UCTOYHMKa
NUTaHUA NprBoAa.

MNepuoanyHocTb MeproanYHOCTb TEXHNYECKOTO 06CITYKMBaHNA 060PYAOBaHNA.

KOHTPOJIbHbIX

NCMbITaHNU

MNocnepcteua MacwTab yuep6a nnm pesynbtaToB onacHoro cobbitvs. OAnH 13 ABYX KOMMOHEHTOB,

NCNoNb3yemMbiX Npu onpeaeneHnmn pucka.

MpnynHHO- MeTop, 4acTo 1Cnonb3yemblit A1 AEMOHCTPALMI 3aBUCKMOCTU MEXAY BXOAHbIMY
cnefcTBEHHasA CuUrHanamu AaT4YnKoB, GyHKLMe 6e30MacHOCTU 1 TPeGyeMbIMIA BbIXOAHbBIMY CUTHANa-
[avarpamma MU. YacTo NpPYMEHAETCA KaK 3EMEHT crneundrKaymm cctemMbl 6e30MnacHoOCTu.

MpenmyLyecTBa METOAA — NPOCTOTA U HATNAAHOCTb, HE[OCTATKN — OFPaHNYeHus!
¢bopmarta (HekoTopble GpyHKLMM HENb3s NPEACTaBNUTb B BUAE NMPUUNHHO-CIIEACTBEHHON
Avarpammbl) 1 Ype3mepHoe yrnpoLyeHe GyHKLMN.

MpoBepeHHbI Ha OcHoBaHWe AN UCMOMNb30BaHKA KOMMOHEHTa UM CUCTEMbI B KaueCTBe YPOBHA
npakTunke nonHoTbl 6e3onacHocTm (SIL) aBToMaT3MpoBaHHOM cucTeMbl 6e3onacHocTu (SIS),
KOTOpas He NPOeKT!POoBanach C yueTom TpebosaHuii ctaHaapTos IEC 61508. Ana
BbIABJIEHUA HaNIMUMA CUCTEMATUUYECKUX OLLNOOK B KOHCTPYKLMN U3Aenna MeTog
TpebyeT JOCTaTOUHOrO BPEMEHU HapaboTKN N3AeNns, NCTOPUN HABNIOAEHNIA, CUCTEMBI
OTYETHOCTU 06 OTKa3ax, HaNMuKA AaHHbIX 06 OTKasax Ha mectax. Ctangapt IEC 61508
npegycmMaTpuBaeT BCe YPOBHU MCTOPUM SKCNyaTaLmm, HeobxoanmMble Ans Kaxporo SiL.

Mpouciwectaune Pe3ynbTaT MCX0AHOrO COGBITUA, PACIPOCTPAHEHMIO KOTOPOTO He NMPENATCTBOBANN.
MpowuciuecTsme - 370 6a30BOE ONMCAHNE HEXENATENBHOTO COBBLITUA C MUHUMATbHBIM
06bemMoM UHdopMaLuu. Hanprmep, TEPMUH «MPOUCLLECTBUE» UCMONb3YETCA NpU
YNOMUHAHNN BbIGPOCOB XMMNYECKNX BELECTB UMM aBaPWiA, CBA3AHHBIX C SHEPTOHOCH-
Tenamu. T.e. Korfja noTeHyuan yiep6a peannsosaH, HO pesynbTaThl elle He NPUHANN
OKOHUaTeNbHYio Gopmy.

MNUHY MpakTnyeckm LenecoobpasHbii HU3KMUI ypoBeHb. MprHLMN 06paboTK1 PUCKOB,
HaXOAALMXCA MeX/Y BbICLUMM W HU3LLMM YPOBHAMU. BepXHWi Npeaen — 3To HaCcTONbKo
BbICOKMI PUCK, YUTO OH MOJSTHOCTbIO NCKIIOYAETCSA, @ HUXKHUI NpefieNn — 3TO PUCK, KOTOPbIA
He paccMaTpUBaeTCA 13-3a CBOEI He3HaUUTENbHOCTH. Takoii MPMHLMN YUNTbIBAET Kak
3aTpaThl, TaK 1 MPeNMYLECTBa CHUXKEHVA PUCKa, YTOObI CAeNaTb PUCK «pasyMHO HU3KUM».

Pexxum (BblcOKOW (TakxKe «HenpepbIBHbIA pexxunm» cornacHo IEC 61511). AHanoruyeH HenpepbIBHOMY
VNHTEHCMBHOCTM) pexumy, ToNbKO 0cob0e BHUMaHVe yaenaeTcA aBTOMaTUUYeCKoii AnarHocTuke. PasHuua
MeXay HenpepbIBHbIM PEXKVMOM 1 PEXVIMOM BbICOKON MHTEHCUMBHOCTU 3aK/iovaeTca

B TOM, BbINOJHAETCA N1 aBTOMATUYECKan AUArHoCTKa bbicTpee, yeM pabounii LK
3awuTbl. ECv fnarHocTrka BbINONHAETCA MeANeHHee, TO CUCTeMe JOBEPATb Henb3A

1 BKJTIOYAETCA HEMPEPbIBHbIN PEXMM.
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Pexunm
(HenpepbIBHbIN)

Pexvm, Korfa Tpeb6oBaHVA aKTUBMPOBAHNA 3aLUTHON GYHKLIN BO3HUKAIOT Yalle, yem
MHTepBabl UCMbITaHVA GYHKLMM aBTOMAT3MPOBaHHON 3alnTbl. ClieflyeT oTMETUTD,
UTO B HEKOTOPbIX 06/1aCTAX PEXMM BbICOKOW MHTEHCMBHOCTY ONPEAENAeTCA No Kpute-
pVIio0 BO3MOXHOCTM COKPALLEHWA YaCTOTbl HECHACTHbIX CTyYaeB NyTem AMarHoCTuKm. B
No6OM Clyyae HeMpepbIBHbIN PEXVM — 3TO PEXUM, B KOTOPOM YacTOTa HexenaTesb-
HbIX MPOVICLLECTBI ONPeAenAeTcA YaCTOTON OMacHbIX 0TKa30B GYHKLMI aBTOMATU3K-
poBaHHoW 3awuTbl (SIF). Mpwr oTkase SIF HeO6XOAMMOCTb B AENCTBIN BO3HUKAET 3a
601ee KOPOTKMUIA MPOMEXYTOK BPEMEHMU, YeM MPUN UCMbITAHUAX, TOSTOMY FOBOPUTL O
BEPOATHOCTYM OTKa3a He MeeT cMbicna. [pakTnyecky Bce onacHble oTkasbl SIF B He-
NpepbIBHOM peXMMe 06HAPYKUBAIOTCA NMPK 3anpoce AeCTBUA, @ He MyTeM UCMbITaHUA
dyHKUMU. CM. PEXNM HU3KOIN MHTEHCUBHOCTH, PEXUM BbICOKO MHTEHCUBHOCTY, SIL.

Pexxum (H13Kom
VHTEHCUBHOCTI)

(Takxke «pexum ynpasnenus» IEC 61511). Pexum, koraa Tpe6oBaHWsA akTVBUPOBaHUA
3aLLMTHON GYHKLIMM BO3HUKAIOT PeXe, YeM MHTePBasbl NCMbITaHUA GYHKLMM aBTOMa-
TU3MPOBAHHON 3alKTbl. B nepepabaTbiBatoLLell MPOMBILIEHHOCTU STOT PeXUM
onpefeneH Kak pexum, B KOTOPOM 3amnpochl Ha akTnBaumio SIF BO3HMKaloT pexe,

Uem OAVH pa3 Ha fiBa UCMbITaHUA. PeXXUM HU3KOW MHTEHCMBHOCTY — 3TO Hanbonee
pacnpocTpaHeHHbI pexum B nepepabaTbialoLLelt NpoMbllLieHHOCTY. [pu onpepe-
NEeHWUN yPOBHA NONHOTHI 6€30MacHOCTY ANA PEXMMA H3KON MHTEHCUBHOCTU XapakTep
paboTbl SIF oLieHMBaeTCA No CpeaHen BepoATHOCTY 0TKa3a no TpeboBaHwio (Probability
of Failure on Demand - PFDavg). B 3Tom pexxvme nepruognmuHoCTb NCXOLHOTO CObbITHSA,
M3MeHeHHasA BePOATHOCTbIO OTKasa no TpebosaHuio SIF, onpeaenseT nepuognyHocTL
cpabaTbiBaHUA, @ NEPUOANYHOCTb HeXenaTeNbHbIX MPOUCLIECTBUIA onpeaenaeTca
nocnefyoLMM YPOBHAMM 3aLUTI.

PesepBupoBaHme

/Icnonb3oBaHne HECKOSBKIX 21EMEHTOB WM CUCTEM, BbIMOMTHAIOLMX OAHY U Ty

xe GyHKuMIo. PesepBripoBaHne MOXeT GbiTb 06ecneyeHo nyTem NCrnosb3oBaHms
VAEHTUYHBIX /IEMEHTOB (MAEHTUYHOE Pe3ePBIPOBAHIE) UV PA3NNYHBIX SNIEMEHTOB
(pasHopogHoe pesepBrpoBaHme). PesepBrpoBaHme NPUMEHSETCA /18 MOBbILEHNA
HaZEeXHOCTN NN JOCTYMHOCTN CUCTEM.

Cucrtema KOMMOHEHT-
HOro npefcTaBneHns
npoLeccos npea-
npuatua (BPCS)

Cm. 6asoBan cuctema KOHTPO/A NpoLeccosB.

Cncrematnyeckni
oTKa3

OTKas3, KOTOpbI CNyYaeTCa NPefckasyembiM (a He CydaiiHbimM) 06pasom Mo eauHon
NPUYMHE, KOTOPYIO MOXHO YCTPAaHUTb TONbKO MyTEM BHECEHNSA N3MEHEHNIA B KOH-
CTPYKLMIO, NPOLIECC, CNOCO6 SKCMyaTaumi, BOKYMEHTALMIO 1 npoure $GakTopbl.
MocKombKy MaTeMaTN4eCcKOe NMPOrHO3MPOBaHNE B STOM C/lyyae HEBO3MOXHO, B
XKMU3HEHHDBIN LMK CUCTEMbI 6E30MaCcHOCTY BKIKOYAETCA PsA NpoLeayp, NPefoTBpaLya-
LYMX BO3HNKHOBEHIE TaKX OTKa30B. YeM BbliLle ypOBEHb MONHOTHI 6e30nacHoCTH
CNCTEM 1 KOMIMOHEHTOB, TEM CTPOXE NPOLeAypbl. Takne OTKasbl HEBO3MOXHO

npefoTBPaTUTb MPOCTbIM Pe3epPBHPOBaHMEM.

CnyyaiHbin oTKa3

OTKa3, NPONCXOAALLNIA BHE3AMHO W NPUBOAALLMIA K NOIOMKE OAHOrO UM HECKOMbKIMX
y3noB. CnyyaiHble 0TKasbl MOXXHO 3GPEKTUBHO NMPOrHO3MPOBaTh, UCMONb3YA CTaTUCTU-
Ky 11 AaHHble O BEPOATHOCTY OTKa30B Mo TpeboBaHWIo ANA AAHHOIO YPOBHA 6e30omnacHo-
cTn. CM. CUCTEMaTMYECKIIA OTKa3.

CoCTOAHMSA OTKasa

XapakTtep HencnpaBHOCTU. HencnpaBHOCTY 06bIYHO OTHOCAT K OAHOMY U3 YeTbipex
COCTOAHUI OTKa3a: 6esonacHoe obHapy»xeHHoe (SD), onacHoe obHapy»keHHoe (DD),
6e30nacHoe HeobHapyxeHHoe (SU), onacHoe HeobHapy»eHHoe (DU) (cm. ISA TR84.0.02).

Cxema pgepeBa
HeuncnpasHoOCTeN

MeTop KOM6VIHVIpOBaHVIﬂ BEPOATHOCTEW C Liefiblo OLIEHKM CNIOXKHbIX BEPOATHOCTEN. Tak
KaK y4nTblBaeTCA NpeAcTaBeHne OTKa3oB CUCTEMbI, METO/ MO3BOIAET MOAENTNPOBAaTb
KOM6I/IHVIPOBaHHbIe COCTOAHMA OTKasa. PacueT cpeaHell BEPOATHOCTH OTKasa caepyert
BbINOJIHATb C OCTOPOXHOCTbIO.
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PYKOBOLCTBO NO BE3OMACHOCTW MPOLIECCOB 1
DyHKLMOHaNbHaA 6e30MacHOCTb B HEMPEPbIBHbIX MPOM3BOACTBAX

Cxema Tpy6Homn
06BA3kM 1 KMM

YepTexu Tpy6OnpoBOAOB 1 M3MepUTENbHOI annapaTypbl. Ha HUX npefcTaBneHa
B3aIMOCBA3b MPOU3BOACTBEHHOTO 060PYAOBAHMA 11 KOHTPOJIbHO-VI3MEPUTENbHBIX
npur6opoB, ynpasnaoLmMX NPOLEeccoM. B HenpepbIBHbIX MPOM3BOACTBAX CXEMbI
NPOLIeCCOB COCTABIATCA C MOMOLLbIO CTaHAAPTHOrO Habopa yCnoBHbIX 0603HaUEHMWIA.
Kak npaBuno, ncnonb3ytotcs ycnoBHble 0603HaueHnsa KM, npuHaTbie AMepuKaHCKUM
obuecTBom nprbopoctpouTeneii (ISA) n onybnnkoBaHHble B cTaHaapTe S5. 1. 2.
OCHOBHOIW 3CKM3HBIN YepTex, CMOMb3yeMblid MPU NNAHNPOBAHNN CUCTEMbI KOHTPONA
npoLeccos.

YpoBeHb 3aWmnThbl

Cm. IPL.

DyHKLUMOHanbHas
6e30MacHoOCTb

MpepoTBpaLyeHrie HenpreMnemoro prcka B Xofe *X13HEHHOTo LiKla CUCTEMbI
6e3onacHocTn. Cm. IEC 61508, IEC 65111, KU3HEHHDBIV LUK CMCTEMbI 6€30MacHOCTH,
[LOMYCTUMBI PUCK.
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PYKOBOACTBO MO BE30MACHOCTY MPOLIECCOB 1
CokpalleHus

CoKkpauyeHuns

Too1
1002
Al
ANSI
ALARP

BMS
BPCS
C&E
CBA
CCF
COMAH

Dangerous failure

DCS
DD

DI

DO

DU
E/E/PES

ESD
ESDV
f/hr
F&G
FC
FDS

FMECA

FO

FPL
FSC
FVL
HASAW

HAZAN
HAZOP

HFT
HIPPS

HSE
1/0
IEC

IPL
ISA
LOPA
LVL
MDT
MooN
MTBF
MTR

~

1 out of 1 voting (Simplex) (norvka ronocoBaHus «1 13 1» (oguHapHas)).

1 out of 2 (noruka ronocosaHus «1 13 2»).

Analogue Input (AHanorosbiii BXoA).

American National Standards Institute (AMeprKaHCKWii HALMOHANbHbIN MHCTUATYT CTaHAAPTOB).
As Low As Reasonably Practicable (HacTonbko HU3KMIA, HACKONIbKO 3TO MPaKTUYECKN
OCYLLEeCTBIMO).

Burner Management System (cuctema ynpasrneHus paboToii KoT/a).

Basic Process Control System (OCYT, OcHoBHas cicTema yrnpaBneHus NpoLieccom).

Cause and Effect (npyuuHa v cnegcrsue).

Cost Benefit Analysis (GyHKLIMOHaNbHO-CTOMMOCTHBbIN aHanms).

Common Cause Failure (0Tka3bl ¢ 06LLell NPUYNHON).

Control Of Major Accident Hazards (KOHTpOJb OMacHOCTU BO3HUKHOBEHUS
KpYMHOMAaCLUTabHbIX aBapuii).

Tvin oTKa3a, Npu KOTOPOM OTBeuvarLas 3a 6e30MacHOCTb CCTEMa NOTEHLMANbHO MOXeT
0Ka3aTbCA B OMaCHOM UM HepaboTatoLLem COCTOAHMN.

Distributed Control System (cuctema pacnpefeneHHoro ynpasneHus, PCY).

Dangerous Detected (onacHble 06HapyeHHble [0TKa3bl]).

Digital Input (undposoii Bxon).

Digital Output (undppoBoii BbIXOA).

Dangerous Undetected (onacHble HeobHapy»keHHble [0TKa3bl]).
Electrical/Electronic/Programmable Electronic System
(aneKTpryecKasn/3NneKTPOHHaA/MporpamMmmMmpyemas SNeKTPOHHaA CUCTeMa).

Emergency Shutdown (ESD, Cuctema npoTBoaBapuiiHO aBTOMAaTUUECKOM 3aLuTbl).
Emergency Shutdown Valve (knanaH aBapuinHOro oTKIoUeHUS).

Failures per hour (oTka308 B 4ac).

Fire and Gas (no»apHas v rasoBas ornacHoCTb).

Fail Closed (0TKa3 B 3aKpbITOM NONOXEHNN).

Functional Design Specification (TexHnueckue TpeboBaHMA K GyHKLIMOHANbHOMY
NPOEKTUPOBaHUIO).

Failure Modes, Effects and Criticality Analysis (aHanv3 B1aoB, nocneacTBuniA U KPUTUYHOCTI
oTKazoB, ABIMKO).

Fail Open (0TKa3 B OTKPLITOM MOMIOXEHUN).

Fixed Programmable Language (puKcrpoBaHHbiii A3bIK NPOrpaMMpPOBaHISA).

Functional Safety Capability (cooTeTcTBIE DYHKLIMOHANBHOI Ge30MacHOCTN).

Full Variability Language (A3blK C NOMHOI Bapb1UpyemMOCTbio).

Health and Safety at Work Act (HSW) (3akoH 06 oxpaHe 3[0poBbs 11 6e30MacHOCTU Ha
pabouem mecTe (BenukobputaHus)).

Hazard Analysis (aHanu3 onacHocTen).

Hazard and Operability Study (HAZOP, AHanu3 3KcrnyaTaLMOHHbIX XapaKTEPUCTUK 1 OMACHbIX
daKTopoB).

Hardware Fault Tolerance (annapaTHas 0TKa30yCcTONUMBOCTD).

High Integrity Pressure Protection System (cvcTema NOBbILLEHHO HAAEXKHOCTU AN1A 3aLUMTbI OT
NpeBbllLeHNA AaBNEHUS).

Health and Safety Executive (ynonHoMoueHHbI Mo BONpocam oxpaHbl TpyAa 1 6e3omnacHoCTn).
Input/Output (8BBOA/BbIBOA).

International Electrotechnical Commission (MexayHapoAHas 31eKTpoTeXHNYeCcKas KOMCCHA,
IEC).

Independent Protection Layer (He3aBNCUMbI yPOBEHD 3aLLTbI).

International Society of Automation (O6LecTBo no npubopam, cctemam 1 aBToMaT3aLum).
Layer of Protection Analysis (aHann3 ypoBHs 3auTbl).

Limited Variability Language (A3bIK C orpaHU4YeHHOI BapblpyeMOCTbio).

Mean Down Time (cpeaHee Bpema NpocTos).

M out of N (general case) (<M 13 N» (06wuia cnyyai)).

Mean Time Between Failures (cpeaHee Bpemsa mexxay oTKasamu).

Maximum Tolerable Risk (MakcumanbHbI BONYCTUMBIN PUCK).
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PTI

QMms

R2P2

RBD

RRF

S

SA

Safe failure

SFF
SIF
SIL
SIS
SOV
SRS
STR
TMR
Tp

A

AD
ADD
ADU
AS

Mean Time To Failure (cpenHee Bpems HapabOTKU Ha OTKas3).

Mean Time To Repair (cpeHee Bpema BOCCTaHOBIEHMA NOC/IE OTKa3a).
Non-Safety Related (He cBA3aHHBIN ¢ 6€30NaCHOCTbIO).

Operation and Maintenance (3kcnyaTaLya 1 TEXHUYECKOe 06CTYKIBaHNE).
Office of Public Sector Information (YnpasneHve ny6nunuHomn nHopmaumm).
Piping and Instrumentation Diagram (cxema Tpy6HOI1 06BA3KM 1 KOHTPOBHO-
V3MepUTENbHBIX MPMOGOPOB).

Per Annum (3a rop).

Programmable Electronic (nporpammunpyemas 3neKTpoHMKa).

Probability of Failure on Demand (BepoATHOCTb OTKa3a Npw HanMumMmM 3anpoca).
Probability of Failure per Hour (BepoATHOCTb OTKa3a npw Hanmumm 3anpoca).
Process Shutdown (0cTaHOB TeXHONOMMYECKOro NpoLecca).

Pressure Transmitter (gaTumk gaBnexus).

Proof Test Interval (MHTepBan MeXay KOHTPONIbHBIMMI UCTbITAHAMN).

Quality Management System (ccTema ynpaBneHusa KauecTsom).

Reducing Risk Protecting People (cHuxeHve prcka/3awmTa noaen).

Reliability Block Diagram (610K-cxema pacueTa HafieXHOCTH).

Risk Reduction Factor (pakTop ymeHbLUeHNA pUCKa).

Safe (6e3onacHbiii [0TKaz]).

Safety Authority (ynpaBneHwe no 6esonacHocTn).

Tvin oTKa3a, Npy KOTOPOM OTBeuvarLas 3a 6e30MacHOCTb CCTEMa NOTEHLMANbHO HE MOXKET
0Ka3aTbCA B OMaCHOM UM HepaboTatoLLem COCTOAHMN.

Safe Failure Fraction (gons 6e3onacHbIx 0TKa3oB).

Safety Instrumented Function (Mpn6opHas yHKUMsA 6e3onacHoCTH).

Safety Integrity Level (ypoBeHb NONHOTbI 6e30MacHOCTL).

Safety Instrumented System (SIS, IHcTpymeHTanbHas cvcTema 6e30nacHoOCTH).
Solenoid Operated Valve (knanaH ¢ 3n1eKTPOMarHUTHbIM yrpaBneHnem).

Safety Requirements Specification (cneumndrkauus TpeboBaHmii K 6e30MacHoCTK).
Spurious Trip Rate (4acToTa IOXKHbIX aBaPUIHBIX CpabaTbiBaHNN).

Triple Modular Redundant (TpoitHoe MoflynbHOe pe3epBrpOBaHUE).

Proof Test Interval (MHTepBan Mexxay KOHTPONIbHBIMMI UCTIbITAHAMN).
VIHTEHCMBHOCTb OTKa30B, OTHOLLIEHME OBLLEro KONMYeCTBa OTKa30B K 3aiaHHOMY BPeMEHHOMY
oTpe3Ky.

VIHTEHCMBHOCTb onacHbIx (dangerous) oTkasos.

VIHTEHCMBHOCTb OMacHbIX OTKa30B, BbiABNEHHbIX (detected) Npu AnarHocTrike.
VIHTEHCMBHOCTb OMacHbIX OTKa30B, He BbiABNEHHbIX (undetected) npu AnarHocTuke.
MHTEeHCMBHOCTL Ge30onacHbix (safe) oTkasos.
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