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Ha onacHbIX NpoMbILWAEHHbIX 06beKTax HenpaBuabHOE GYHKLUMOHNPOBAHNE CUCTEMDI
aBTOMAaTM3aLMMN MOXKET NPUBECTU K YE/IOBEYECKUM KEPTBAM, SKOJIOTMUYECKMM KaTacTpodam nuam
60nbWNM GUHAHCOBBLIM NOTEPAM. MMONHOCTBIO UCKTIOUYUTL CUTYaLUK, NPUBOAALLME K TAKUM
nocneacTBMAM, HEBO3MOXKHO. Peub MOMKET NATU TONIbKO O BEPOATHOCTU UX BO3HUKHOBEHUA U
[lONYCTUMOM YPOBHE PUCKa.

Puckom B o61acTi 6€30NacHOCTU Ha3bIBAOT NPOU3BEAEHME BEPOSTHOCTU BOSHUKHOBEHMA
ONacHOM CUTYaLUMM Ha TAMXKECTb (CToMMocTb) nocneacTsus. lonycTMMbliA YPOBEHb PUCKa
OLEHMBAETCA B KaXKAOM KOHKPETHOM Cayyae UHAMBMAyanbHo. 3 onpeaeneHma pucka cnegytort
MYTU €ro CHUKEHUA: YMEHbLUEHUE BEPOSATHOCTU NOABIIEHUA ONACHOW CUTYaLUUM U OFPaHUYEHNE
TAMECTN ee NocNeACTBUMA.

Mo 6€30NacHOCTbIO CUCTEM MOHMMAETCA TaKoe UX GYHKLUMOHUPOBAHNE, MPU KOTOPOM
OTCYTCTBYIOT OMacCHble OTKa3bl U HeAOMYCTUMbIN yLiepb.

PyHKLMOHANbHOM 6€30MNacCHOCTbIO Ha3bIBalOT 6e30MacHOCTb, KOTOpPan CBA3aHa C
HenpeaHaMepPeHHO BbI3BaHHbIMM OTKa3amMM B BbINONHEHUU OTAE/NbHbIX PYHKLMA CUCTEMBI.

MpUYnHaMKM OTKa30B MOTYT BbiTb AedeKTbl NPOrpaMm, AaHHbIX, annapaTypbl, BAMAHUE
BHELWHeN cpeabl U HenpeaHaMepeHHO HenpaBuibHble AeCcTBUA 06C/YKUBAIOLLETO NepPCcoHana.

dyHKUMOHaNbHYIO 6e30MacHOCTb C/ieflyeT OTIMYaTh OT:

- MHd)OpMaLI,MOHHOﬁ 6e3OI'IaCHOCTI/I, KOTOpaA cBA3aHa B OCHOBHOM C yMbIW/IEHHbIM
BOBAGVICTBMEM Ha CUCTEMY,

- 9]'IEKTpO6630I'IaCHOCTVI, KOTOpPaA OTHOCUTCA K 3alLluTe HesnoBeKa OT NOPaKeHUA
INEKTPUYHECKUM TOKOM,

— B3pblBONOXapobe3onacHOCTU, KOTopaa M3yyaeT MeTobl NPeaoTBPALLEHNA BOCN1AMEHEHNA
roptoumnx rasos, J1IBXK, nbinn n Bo/NOKH.
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®PyHKUMOHaNbHasa 6e30MNaCcHOCTb OT/IMYAETCA OT MOHATMA HALEXHOCTM TEM, YTO OHA yUYMTbIBAET
He TOJIbKO YaCTOTYy OTKa30B CUCTEMbI, HO U BEPOATHOCTb BO3HMKHOBEHMA ONACHOW CUTYaLMK BO
Bpemsa OTKa3sa.

MNpumep

HapgeXHOCTb KOHTpOANepa, CTOALLEro B CUCTEME aBTOMATUYECKOro NOXapOoTyLWeHUA n
KOHTPON/1epa B CUCTEME YNpaBAeHNA TMGTOM, MOXKET ObiTb O4MHAKOBOM, O4HAKO AMPTOM
NONb3YHTCA MHOIO Pa3 B A€Hb, U NPAKTUYECKUN KaXKAblM OTKA3 MOXET NPUBECTU K HAPYLLUEHUIO
6e30nacHOCTH, B TO BPEMSA KaK OTKA3 CUCTEMbI MOXKAPOTYLLIEHUA MOXKET HE NPOABUTLCA HUKOTAA,
[aXKe ecnn 3TOT OTKa3 npomnsongeTt. M3 sToro chegyet, YTO O4HOIO NOHATUA HALEXHOCTU
HeAO0CTaTOMHO A1 ONMCAaHUA cTeneHn 6e30NacHOCTU CMCTEM aBTOMATU3ALUN.

TepMUH «PYHKLMOHAIbHAA» NPUMEHUTENBHO K 6€30NacHOCTU CUCTEM aBTOMATM3aLUMn
O3Ha4aeT 6e30MacHOCTb, KOTOPAs 3aBUCUT OT KOPPEKTHOTO PYHKLMOHNPOBAHUA CUCTEMBI, T.€. OT
NPaBU/IbHOTO BbIMOJIHEHUA CUCTEMOWN CBOMX GYHKUMI. B oTinumne oT 3TOro, HageKHOCTb
OMUCbIBAET YAaCTOTY OTKA30B HE3AaBMCMMO OT Ha3HAaYeHMA CUCTEMDI U TAXKECTU NOCNeACTBUN,
BbI3BaHHbIX OTKa3zamMmu. Tem He meHee, NoKa3aTesIM Ha4eXHOCTM UCMO/Ib3YHTCA Npun
KONMYeCTBEHHOM ONMCaHMKN GYHKLMOHANbHOM Be3onacHOCTH.

Mpn aHann3e GyHKLNMOHANBbHOM 6HE30NacHOCTU PAaCCMaTPMBAOTCA ONACHbIE OTKA30Bble
CUTyaUWmn, KOTOPbIE NPMBOAAT K aBapUAM, KaTacTpodPam U YENOBEYECKUM KepTBaM.
®PyHKUMOHaNbHOM 6@30NacHOCTM NPOrpaMmMmUPYEMBbIX 3/IEKTPOHHbIX CUCTEM NOCBALLEH
MeXAyHapoaHbIn cTaHaapT MK 61508 u cepusa cBA3aHHbIX C HUM cTaHaapToB [M3K - IEC].
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CtaHaapT BblaendaeT yeTbipe "ypoBHA NonHOTbI 6be3zonacHocTn" (Safety Integrity Level, SIL),
KOTOpble BblOUPAIOTCA B 3aBUCMMOCTU OT TAXKECTM NOCNEACTBUIN, KOTOPbIe MOTYT HaCcTyNuUTb Npu
HenpaBu/IbHOM PYHKLNOHUPOBAHMUU CUCTEMBI.

YpoBeHb SIL4 aBnaeTca cambiM BbICOKMM, Hanbonee TpyaHOAOCTUKMMbIM. NS ero
obecneyeHuns TpebyeTcs Ype3BbIYAMHO BbICOKaA KBaauPuKauma u paborta "Ha rpaHm uckyccrea'.
Mostomy cnepyet nsberatb HEOHXOAMMOCTU €r0 NMPUMEHEHMUA.

YpoBeHb SIL3 HMKe, yem SIL4, Ho TakxKe TpebyeT BbICOKOM KBaNNPUKALMU U BbICOKOTO YPOBHS
OpraHu3aumm npouecca NPOeKTUPoBaHUA. HemHorne ncnonHuTenm cnocobHbl obecneunTb 3TOT
ypoBeHb 6e30nacHOCTM.

YpoBeHb SIL2 TpebyeT ynpaBneHna pabotamum B COOTBETCTBMM co cTaHaapTom MCO 9001
Cucrtembl MeHeaKMeHTa KayeCTBOM.

JocTu»KeHne 3Toro ypoBHA TpebyeT 6onbluero Yymcaa ncnbitaimi, yem SiL1, 4To NPMBOAUT K
yBenn4YeHUto CTOMMOCTU NPOEKTa.

YpoBeHb SIL1 ABnAeTcAa cambiM HU3KUM, ANA ero BbINOAHEHUA AO0CTaTOYHO HAaAMYMA XOpOoLIero
onbiTa pa3paboTok.
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YposHu SIL onpeaenatoT BeANUYMHY AONYCTUMOIO PUCKA AN1A CUCTEMBI.

OHM ABNAOTCA MEPOM BEPOATHOCTM TOFO, YTO cucTema byaeT NpaBMAIbHO BbIMOAHATL CBOM
dYHKUMK, BAMAOLWMe Ha Be3onacHOCTb. [1pu oueHKe pucka ncnonb3yetca noHatme "demand on
the safety" - "3anpoc 6e3onacHocTn", KOTOpoe 03Ha4YaeT BO3HMKHOBEHME CUTYaL MK, B KOTOPOM
MOXKEeT NPOABUTLCA CBOMCTBO H&30MacHOCTH.

Mpumep

Cutyaums, npu KoTopoi cpabaTtbiBaeT cuctema aBapuiiHon 3awmnTel (MA3), asnsetca "3anpocom
6e3onacHOCTN". ITOT 3aNPOC MOXKET He Peasin3oBaTbCs, €CIM BO BPEMSA 3anpoca cuctema
HaXoO4AWUTCA B COCTOAHUM OTKA3a, UM Peann3oBaTbCA B BUAE cpabaTbiBaHUA CUCTEMDI.

BennumHa p1cKa 3aBUCUT OT YaCTOTbl 3anpoca 6e3onacHocTM. Hanpumep, ecav NoKyweHMe Ha
orpabneHune 6aHka ("3anpoc 6e3onacHocTn") cnyyaetca 1 pas B rof, TO BEPOATHOCTb OTKa3a
CUCTEMbI OXPAHHOM CUTHANIN3aLLUM B TEYEHUNE roaa A0/KHA ObiTb paBHa 0,1, 4ToObI orpabneHue
6b1210 BO3MOXKHO He Yalle yem 1 pa3 B 10 ner.



dyHKUMOHaNbHaA 6e30NacHOCTb

B Tabanue npmBeaeHbl rpaHnLbl BEPOATHOCTM OTKA30B NPU Ha/IMUYMM 3aNpoca K CUCTEME Npu
HMU3KOM YacToTe 3anpocos (pexke 1 pasa B roa), yctaHaBaMBaemble ctaHgapTom M3K 61508.

BepoATHOCTb OTKA30B NMpu YacToTe 3anNpOCOB MeHee OA4HOro pasa B rog,

BepoATHOCTb OTKa3a

YpoBeHb SIL NpepaenbHO AonNycTUMOE YUCI0 OTKA30B
npuv HaAn4nm 3anpoca

SiL1 <102< 101 OAuH onacHbI oTKas 3a 10 net
SIL2 <103<107? OAuMH onacHbIM oTKas 3a 100 net
SIL3 <10%4< 103 OAuH onacHbI oTKas 3a 100 ner

SIL4 <10°<10* OAuH onacHbIM 0TKa3 3a 10000 net



dyHKUMOHaNbHaA 6e30NacHOCTb

Mpu BbICOKOM YacToTe 3anpocoB (Hanpumep, ecau B3pbiBOONaCHas Mbi/ib B LAXTe NPUCYTCTBYET
MOCTOAHHO M BEPOATHOCTb B3PbIBA CYLLECTBYET BCeraa, T.e. 3anpoc 6e30nacHOCTM CyLLecTByeT
HenpepbIBHO), BEPOSTHOCTb OTKa3a B 3aBUCMMOCTU OT YPOBHSA 6e3onacHocTu SIL BbibupaeTca
13 Tabanubl. B aTo Tabauue ncnosnb3oBaHa BeMUYMHA BEPOATHOCTU OTKa3a CUCTEMbI B TeYEHME
Yyaca, B TO Bpemsa Kak B npeablaylien Tabaumue - BepoATHOCTb OTKa3a B TeYEHUE Yaca, YMHOMKEHHan
Ha MHTepPBa/l Mexay 3anpocamu.

BepoATHOCTb OTKa308B Nnpn 4acTtoTe 3anpocos bonee O4HOI0 pa3a B roj

BepoAaTHOCTb OTKa3a

YpoBeHb SIL MpepenbHO gONYCTUMOE YUC/I0 OTKA30B
B TeYeHMe yaca

<10%<10° OAuH onacHbIn oTKas 3a 100 Tbic. yac.
<107<10° O MH OMacHbIV OTKas 3a 1 MH. yac.
<108< 10”7 OZMH onacHbIV 0TKa3 3a 10 MAH. vac.
<10°< 108 OZMH onacHbIi 0TKa3 3a 100 MAH. yac.
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CraHpapt M3K 61508 yctaHaBnamBaeT ABa cnocoba pacyeta Be/IMUYMHbBI pUCKa. NOCKONbKY PUCK
onpenenaeTca Kak NnponsBeaeHne BEPOATHOCTU BOSHUKHOBEHMA OMNAaCHOM CUTYaLUMM Ha TAXKECTb
(cToMmocTb) NocneacTeuA, NepBoi CTaanen B OLUeHKe pUCKa ABNAETCA onpeae/ieHne BepoATHOCTb
BO3HMKHOBEHMA ONACHOCTU. KONMYECTBEHHbIN METOA pacyeTa BEPOATHOCTU OCHOBAH Ha aHanum3e
4YaCTOTbl OTKA30B CUCTEMDbI.

Mpu aHann3se GPyHKLNOHANbHOM 6E30NaCHOCTMN PA3INYALOT ClyYalHble OTKA3bl U
cMcTemaTunveckme.

Cucrematmnyeckue oTKasbl (TUNOBOM C/y4alt - OTKasbl NporpammHoro obecnevyeHus)
CYLLECTBYIOT NOCTOAHHO, Aa*Ke B MOMEHT NYCKa CUCTEMBbI B 3KCNAyaTauuto.

CnyyaiHble 0TKa3bl NOABAAKOTCA C TeyeHnem BpemeHn. OCHOBHbIM CpeaCTBOM YMEHbLUEHUS
WHTEHCUBHOCTU CNYYaMHbIX OTKa30B ABNAETCA pe3epBUPOBAHME KOMMNOHEHTOB CUCTEMDbI.

Konnuectso cnctematmyeckmx oTKa3oB MOXKET ObITb CHUXKEHO NPENMYLLLECTBEHHO B NpoLiecce
pa3paboTKKU, ANA Yero CTaHAapPT YCTaHaBAMBaET TpeboBaHMA K npoueccy pa3paboTky,
MOAEPHM3ALNM, @ TAKXKE K apXUTEKTYPE annapaTHOro U NporpammHoro obecneyeHms.
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B cuctemax I'IpOMbILUerHHOl‘/JI dBTOMAaTn3aunm KOMNOHEHTaMW, BJIMAKOLWMNMU Ha
(I)yHKLI,MOHaI'IbHYPO 6e3OI'IaCHOCTb, ABNAIOTCA:

- [AAaTYMKK;
— KOHTPO//ep C NporpamMmHbIM obecneyeHmnem;
—  WCNOJIHUTENbHbIE YCTPOMNCTBA;

—  JIMHWUU CBA3U MeXOY HUMMU.

CraHpapt M3K 61508 TpebyeT aHanM3a COOTBETCTBUA TAKOW CUCTEMbI OAHOMY U3 YPOBHEWN
6e3onacHocTn. OTMETUM, YTO eCNun OTAE/IbHblE KOMMNOHEHTbI CUCTEMbI YA0BNETBOPALOT
TpeboBaHuMIO, Hanpmumep, ypoBHA SIL2, TO 3TO He 03HAYaeT, YTO CUCTEMA B LLE/IOM COOTBETCTBYET
SIL2, NOCKONbKY BEPOATHOCTb OTKa3a CMCTEMbI BCeraa Bbile, YeM OTAENbHbIX €e KOMMOHEHTOB.

B TO }Ke Bpems, NCnonb3ys pe3epBMpPOBaHNE, MOXKHO NOCTPOUTb CUCTEMY Bonee BbICOKOTO
ypoBHA 6e30nacHOCTU, YeM YPOBEHb BXOAALLMNX B HEE KOMMNOHEHTOB.

TpeboBaHMA PyHKUMOHANbHOM Be30MacHOCTM He0bX0AMMO BbINONHATL HA NPOTAXKEHUU BCETO
KM3HEHHOTO LMKAA CUCTEMbI aBTOMATM3aLU MK, KOTOPbIM BKAKOYAET NPOEKTUPOBAHME,
NPOWN3BOACTBO, CHAabXKeHME, KOHTPOIb, NPOBEAEHME UCMbITAHUI, YNAKOBKY U XpPaHEHME, AOCTaBKY,
MOHTa} Y 3aKa34mnKa, sKcnyaTauunto, obyyeHme nepcoHana skCNAyaTMpyowen opraHn3aumm,
TeXHUYECKYI0 NOAAEPHKKY, YTUAN3ALUMIO.
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MHorue pesynbraTbl NPUMEHEHUA NPUHLMNOB obecneyeHns PyHKLMOHAIbHOM 6e30nacHOCTH
CUCTEM aBTOMATM3aLMKN U3/I0XKEHDBI B OTPACNEBbIX MPaBUAAX MPOMbILWNEHHON Be30nacHOCTH, rae
chopmynmpoBaHbl TpeboBaHUA K AONYCTUMOM YacTOTe OTKA30B, K BUAAM 3aLLNTbI U cnocobam mx
BbINONHEHUS, TPeboBaHMNA K pe3epBUPOBAHMIO, K MOCTPOEHUID CUCTEM CUTHANM3aLUKN, BNOKMPOBOK

M aBapUIMHOro OCTAHOBA, K aIrOPMTMam paboTbl CUCTEM aBTOMATUYECKON NPOTUBOABAPUNHOM
3awmTbl (MA3) n ap.
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3aknoyeHue
Takum obpa3om, anropmnTm BbiIBOpa U YCTAHOBKM TEXHUYECKUX CPEACTB AJ1 ONACHbIX
NPOMbILL/IEHHbIX 0OBEKTOB MOXHO NPEACTaBUTb B BUAE CneayoWen NnocneoBaTe/IbHOCTU LLAros:

1. OnpepenatoT, ABNAETCA N ONacHbIN I'IpOMBBOﬂ,CTBeHHbIlZ obbeKT B3pbIBOOMNACHbIM. ECn He
ABNAETCA, TO eAUHCTBEHHbIM TpGGOBaHI/IEN\ K TeEXHNY4ECKUM CpeacTtsam ABaaeTcA Haan4vme
pa3pelweHna PoctexHaa3o0pa Ha ero npuMeHeHue.

2. Ecnu aBnaetca B3pbIBOOMACHbLIM, TO:

- onpeaensatoT Kiacc B3PbIBOOMACHOM 30HbI, MOJIb3yAACb MPOEKTHOM UM SKCNAyaTaLMOHHOM
NOKYMeHTaumMeln. B 3aBUCMMOCTM OT Knacca BbIbMPatoT ypoBeHb B3PbIiBO3aLLUTbI (NepBas
undpa B MapKUPOBKe);

— onpeaenatoT KaTeropuio B3pbIBOOMNACHOCTM TEXHONOrMYecKoro 6/10Ka; B 3aBUCMMOCTM OT
KaTeropmm B3pbiBOONACHOCTN GOPMYIUPYIOTCA TPEOOBAHUA K TEXHUUYECKMM
XapPaKTEePUCTUKAM MO HaZEeXHOCTU (He0bXOAMMOCTHN pe3epBUPOBaHUSA), BbICTPOAENCTBUIO,
[LONYCTUMOM NOrPeLLIHOCTU U AP; KaTeropus B3pPbIBOONACHOCTU BAMAET TaKKe Ha Bblbop
BMAa B3pbiBOo3awwuTbl ( d, m, ia u ap);

— B 3aBUCMMOCTU OT SHEPTMKN BOCNITAMEHEHUNA B3PbIBOONACHOM cpeabl UIN COCTaBa
B3PbIBOOMNACHOM CMecK BbIBUpPaAtOT rpynny an1ekTpoobopyaoBaHuA (B MapKUpOBKe cneayeT
33 BUAOM B3PbIBO3aLUTHI);

— B 3aBMCMMOCTM OT TeMnepaTypbl BOCMN/IAMEHEHMA B3PbIBOOMNACHON CMecu BblibupatoT
TemnepaTypHbI Knacc o0bopyaoBaHUA (B MapKUPOBKe caeayeT 3a rpynno
anekTpoobopyaoBaHUA).
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3aKno4yeHue

Ecnn 06beKT He ABNAETCA B3PbIBOOMACHbIM, HO IBAAETCA NMOXAPOOMNaCHbIM, TO ONpeaensatoT
cTeneHb 3alWuTbl 060/104KN 060pYyA0BaAHUA.

MpoBepAT Hannyme paspeweHms PoctexHaa3opa Ha NPUMMEHEHME TEXHUYECKOro CPpeacTBa,
CPOK ero AencTBMA U COOTBETCTBME MAPKUPOBKU BUAA B3PbIBO3ALLUTbI HEOOXOANMbBIM
TpeboBaHMAM.

YcTaHOBKA TEXHUYECKOro CpeacTBa (CcMcTeMbl aBTOMATU3aLUMKN) Ha 0O bEKT A0/1PKHA BbIMOIHATLCS
CTPOro B COOTBETCTBMM C MPOEKTOM CTPOUTENBCTBA OMNACHOIo NPOn3BOACTBEHHOrO 0bbekTa. Echm B
NPOEKT BHOCATCS USMEHEHUS B CBA3M C MOAEPHMU3aLMeEN (PEKOHCTPYKLUMEN), TO 3STU UBSMEHEHMA
NOJI}KHbI NPONTM 3KCNEPTU3Y NPOMbILLIIEHHON 6e30NacHOCTU B OpraHuU3aumu, MMeoLWen
JNINUEH3UIO Ha AaHHbIM BUA, AeATENbHOCTU M COOTBETCTBYIOLLYO 061aCTb aKKpeauTaLum.
3aKNtoUYeHME IKCMEPTM3bI YTBEPKAAOTCA B TEPPUTOPMAIbHOM opraHe PoctexHaasopa. Mo
OKOHYaHWM YCTAaHOBKU NPOU3BOANTCA NPUEMKA O0OBEKTA B IKCMAyaTaLULO.

MoHTa*KHas (NPOEeKTHanA) opraHM3auma A0KHA MMmeTb YneHcTBo B CPO ¢ paspellueHnem Ha
BbINOJIHEHME PabOT M3 NepeyHA. PaBOTHUKN MOHTAXXHOW (MPOEKTHOM) opraHn3aummn A0KHbI
NPONTM 0byYeHuMe, aTTeCTALMIO U UMETb YA0CTOBEPEHMA PocTexHaA30pa O NPOBEPKE 3HAHUN B
obnacTv NnpomblWwNeHHOM 6e30nacHOCTH.



