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SIGNAL. PykoBoacTBO 1m0 6€30MacHOCTH
1 BBegeHue

1.1 Uenb pykoBoacTBa no ¢pyHKLMOHaNbLHOW 6e30nacHOCTH

B HacTosawem pykoBoacTse no yHKLUMOHanNbLHOM 6e3onacHOCTU NpeacTaBneHbl obuwme
KoHuUenumMm 6e30nacHOCTN N cBA3aHHble ¢ 6e30MacHOCTbI0 MapaMeTpbl razoaHanM3aTopoB
ctaumnoHapHbix SIGNAL (ganee — razoaHanusaTop). M3noxeHbl NnpeasBapuTenbHble YCoBUSA
M BOMPOCLI, Tpebywwme BHUMaHWUS AN NPUMEHEHUS rasoaHanu3aTopa B cuUcTemax,
CBSI3aHHbIX C 6€30MacHOCTbIO C YPOBHEM MNOSMHOTLI 6e3onacHocTy Ao YIb 2 BkNouYnTENbHO.

Llenb HacTodwero pykosogcTtBa Mo 6e30MacHOCTU COCTOUT B [AOKYMEHTasNlbHOM
odopMIIEHMN UMHGOPMaUUKN, CBA3AHHOW C NPUMEHAEMbIMW rasoaHanusaTopamu, KoTopas
HeobxoomMma pna obecneyeHUs UHTerpaumm MNPUMEHAEMOro Wu3genus B CBA3AHHYHO C
6e30nacHOCTbIO CUCTEMY, NN NOACUCTEMY, UIN SNIEMEHT B COOTBETCTBMM C TpeboBaHUSMM
FOCT P M3K 61508-2-2012.

1.2 O6bnacTtb NpUMeHeHUs1 JOKYMeHTa

PykoBoactBo no  ©e30nacHOCTM  pacnpocTpaHAeTcss Ha  rasoaHanusaTtopbl
ctaunoHapHble SIGNAL co cnegyowmmm TMnamm CEHCOpPOB:

- IR — nHdpakpacHbI ceHcop;

- LEL — TepmokaTanutnyeckum ceHcop;

- EC — anekTpoxmmunyeckum ceHcop;

- PID — b0TOMOHN3ALNOHHBIA CEHCOP;

- MEMS — nonynpoBOAHWNKOBBIA CEHCOP.

B kauectBe nHTEphenca, ceBss3aHHOro ¢ 6e30nacHOCTbIO, MCNONb3YETCA TOKOBas NeTns
4-20 mA.

B tabnuue 1.1 npuBeaeHbl napameTpbl MOAEHTUdOMKAUUN N30eNNA, COOTBETCTBYIOLLINX
TpeboBaHUAM YHKUMOHANbLHON 6e30nacHOCTU, Ha KOTOpble PacnpOCTPaHAETCA OaHHbIN

OOKYMEHT.
Tabnuya 1.1
Bepcus HW ieicgjai\:lv Bepcus HW Bepcnsa SW OaTta
Mogenb SNEKTPOHHOro P Smart- NPOLLMBKM npousBoacTea
mMoayns BNEKTPOHHAro ceHcopa | Smart ceHcopa npoayKuun
mMoayns
S'(;';'ﬁ" ¢ He Hupke He Hupke C 08.2025 o
cercopa IR v.1.2 v.1.01.03 Tekyllee BpemMs
SI(I\;AI;IHAL ¢ He Hunxe He Hunxe C 08.2025 no
cercopa LEL v.1.3 v.1.2.1 TeKyliee Bpems
SIGNAL ¢ He Hunxe He Hunxe C 08.2025 no
MOA. He ke He tinke v.1.3 v.3.06.02. | Tekylee Bpems
ceHcopa EC v.1.3 v.1.01 o R yul P
SIGNAL ¢ He Hunxe He Hunxe C 08.2025 no
MoA. v.1.3 v.1.1.1 Tekyllee Bpems
ceHcopa PID o Y Y
SIGNAL
MEMS ¢ He Hunxe He Hunxe C 08.2025 no
MOA. v.1.2 v.1.01.03 TeKyliee Bpems
ceHcopa




SIGNAL. PykoBoacTBO 1m0 6€30MacHOCTH

1.3 JononHuTenbHaa AOKyMeHTauus u nuHcpopmaumsa

[aHHoe pykoBoACcTBO MO 6e30nacHOCTM  OOIMKHO MPUMEHATbCS COBMECTHO C
pykoBoacTBoM no akcnnyatauun PYCI.413216.010 P3. lMNepen npumeHeHnem msgenvsi B
cMcTeMax CBs3aHHbIX ¢ 6€30MacHOCTb0 HEOBXOANMO BHUMATENbHO N3YyYNTb PYKOBOACTBO MO
aKkcnnyaTauumn n obLmne ceegeHus o aKcnnyaraunm rasoaHanmsartopa.

AKTyanbHO€e pyKOBOACTBO MO 3KCMyaTaunm NocTaBnsieTcsl BMecTe ¢ Nnpnbopom.

[ononHNTeNbHO akTyarnbHble BEPCUN SKCMyaTaunoOHHOW JOKYMEHTaLMM AOCTYNHbI Ha
cante www.mirax-safety.com B pasgene npogykuus.

[na noBepku razoaHanmsaTopa HeOBXOANMO MCMONb30BaTh YTBEPXKAEHHYIO METOANKY
noBepkun. AKTyanbHasi BEpcus MeToauKM NOBEPKM NocTasnseTcs ¢ npubopom, nmbo 4ocTynHa
Ha canTe.

Mo BOMpocawm, CBSAI3aHHbIM c (PpyHKUMOHanNbLHOMN 6e3onacHOCTbLIO
razoaHanu3aTopoB U UX NPUMEHEHUIO B cCUCTeMax 6e3onacHOCTU obpalwlaTbCA:

O6LwecTBO C OrpaHNYEHHON OTBETCTBEHHOCTLIO « Mupakcy

E-mail: inffo@mirax-safety.com

TenedoH: +7 (342) 259-88-55

2 OCHOBHbIle TeXHUYECKNE XapaKTePUCTUKU

2.1 HaszHauyeHue

[[a3oaHanu3atopbl NpegHas3HadYeHbl ONA U3MEPEHUs U nepegadn MHdopmMauun o
coaepXaHnn roproymx ra3oB 1 NApPoB ropHYNX XNOKOCTEN (B TOM Yncne ra3oB, 06pa3oBaHHbIX
B pe3ynbTaTe UCNapPEHNS FOPHOYMX XXUAKOCTEN, TAKUX KakK HEQTb, KEPOCWH, OEH3WH, OAM3EeNbHOE
TONMMBO), TOKCUYHbIX FA30B M KUCNopoaa B Bo3ayxe paboyer 30Hbl, TEXHONOMMYECKMUX ra3oBblX
cpenax, NPOMBbILLNEHHbIX MOMELLEHNN N OTKPbITbIX MPOCTPAHCTB MPOMBbILLSIEHHBIX 0OBLEKTOB,
TpybonpoBogax M BO34yxOBodax; M nogayn npegynpeauTenbHOM CcurHanusaumm o
NPEBbILLEHNN YCTAHOBMEHHbIX MOPOrOBbLIX 3HAYEHWIA.

a30aHanm3aTopbl MOryT UCMOMbL30BATLCS B COCTaBe radoaHanMTUYECKUX CUCTEM UNN
B KQYEeCTBE CaMOCTOATENbHOIO U3aenus.

MpuHUMn genctems — namepeHne ob6beMHON OONM KOMMOHEHTa B ra3oBOW cpede U
npeobpa3oBaHMM B TOKOBbIN CUrHan.

Cnocob otbopa npobbl — ANPPY3MOHHBIA UM NPUHYAUTENbHAA nogada npobbl
(onumoHanbHo).

Pexum paboTbl — HenpepbIBHLIN.

AHanuanpyemas cpega — Bo3ayx padoyen 3oHbl 1o FOCT 12.1.005-88, a Takke rasoasi
cpefa Texnpoueccos.

2.2 OCHOBHbIe TeXHNYEeCKNEe XapaKTepPUCTUKH

"azoaHanusaTtop npegHasHavyeH ang paboTbl B KNMMMAaTUYECKNX YCIOBUSIX:

- TemnepaTtypa okpyxatowien cpegbl — oT MuHyc 60 °C go nntoc 65 °C

- OTHOCUTENbHAs BNaXXHOCTb He 6onee 98 %;

- aTMocepHoe gasneHune ot 80 go 120 kla;

- cogepxXaHne MexaHU4ecKnx N arpeccuBHbIX NMPUMecen B KOHTPONMpyeMon cpefe He
A0mkHO npesbiwaTh yposHs MNAK cornacHo TOCT 12.1.005-88.

Mo ycTOM4MBOCTM U NPOYHOCTM K BO3LOEUCTBUIO TemnepaTypbl M Br@XHOCTU
oKkpyxatowiero Bodgyxa razoaHanunsatopbl SIGNAL cooteTcTBYOT ncnonHeHuto 3 no FOCT
P 52931-2008.

[[@3oaHanu3atopbl YCTOMYMBBI K  BO3AEWCTBUIO  CUMHycouaanbHon  Bubpauumin
cooTBeTcTBytowen rpynnsl ncnonHeHna V1 no FOCT P 52931-2008.

B Tabnuue 2.1 npMBeaeHbl OCHOBHbIE TEXHUYECKNE XapaKTePUCTUKN razoaHanuaaTopa.
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Tabnuua 2.1
HanmeHoBaHne xapakTepucTuku 3HayeHne
HanpspkeHne nutaHms NOCTOSIHHOIo Toka, B oT 12 pno 36
Ycnous akcnnyaTauum:
- TemnepaTypa OKpyatoLLero so3gyxa, °C oT -60 go +65
- OTHOCUTENbHasA BNaXXHOCTb, Y% (6e3 koHgeHcaunn Bnaru), He 98
Oonee o1 80 go 120

- aTMmocdepHoe gaBneHue, klla

Bpemsa ycrtaHoBneHus nokasaHui Too, C, He Gonee

- Ans nHdpakpacHoro ceHcopa (Mo MeTaHy); 5
- Ans1 tHpakpacHOro ceHcopa (Mo nponaxy); 15
- ANA TepMoKaTanMTuyeckoro ceHcopa; - angd 10
3NEKTPOXMMNYECKOrO CEHCOPA; 15
- Anst ©OTOMOHU3ALMOHHOIO CEHCOPA; 15
- Ons1 NoNynpoBOAHNKOBOIO CEHcopa 20

") Bes yyeTa yCcTaHOBMEHHbIX 3alMUTHLIX UILTPOB, a Takke, ANs (POTOMOHU3ALNOHHOIO
ceHcopa, NePUOANYHOCTM N3MEPEHUIN KOHLIEHTpaLMK (NepnoanyHOCTb onpeaensieTcs npy 3akase
N MOXET OblTb M3MEHeHa Nosb30BaTenem).

2.3 NpumeHseMble cTaHAapThbI

PyHKLUNOHaNbHas 6e30nacHoOCTb

-[OCT P M3K 61508-1-2012 ®yHKUMOHanNbHasa 6€30nacHOCTb CUCTEM ANIEKTPUYECKMX,
9NEKTPOHHbIX, NPOrpamMMMPYEMbIX 3NEKTPOHHbIX, CBA3aHHbIX C GesonacHocTbio. Yactb 1.
O6wwe TpeboBaHus;

-[OCT P M3K 61508-2-2012 ®yHKUMOHaNbLHaa 6€30nacHOCTb CUCTEM ASIEKTPUYECKMX,
SNEKTPOHHbIX, MPOrpaMMMUPYEMbIX INIEKTPOHHLIX, CBSA3aHHbIX C Ge3onacHocTblo. Yactb 2.
TpeboBaHus k cuctemam;

- TOCT IEC 61508-3-2018 dyHKumoHanbHasi 6€30MacHOCTb CUCTEM JIIEKTPUYECKMX,
9NEKTPOHHbIX, NPOrpamMMMPYEMbIX 3MNEKTPOHHbIX, CBA3aHHbIX C Ge3onacHocTbio. Yactb 3.
TpeboBaHus k nporpaMmMHOMYy 06ecnedeHnio;

-[OCT P M3K 61508-4-2012 ®yHKUMOHaNbLHaa 6€30nacHOCTb CUCTEM AIEKTPUYECKMX,
SMNEKTPOHHLIX, MPOrpaMMMUPYEMbIX INIEKTPOHHLIX, CBSI3aHHbIX C Ge3onacHocTblo. YacTtb 4.
TepMuHbI 1 onpeaeneHns;

-[OCT P M3K 61508-5-2012 ®yHKuMOHanbLHasa 6€30nacHOCTb CUCTEM ITTEKTPUYECKMX,
9NEKTPOHHbIX, NPOrpamMMMpPyEMbIX 3MEKTPOHHbIX, CBA3aHHbIX C Ge3onacHocTbio. Yactb 5.
PekomeHgaumm no NnpyMMeHEHU0 METOAOB ONpeaenieHnst ypoBHEWN NOMTHOTLI 6e30MacHOCTY;

-[OCT P M3K 61508-6-2012 ®yHKUMOHaNbLHaa 6€30nacHOCTb CUCTEM AIEKTPUYECKMX,
SMNEKTPOHHLIX, MPOrpaMMMUPYEMbIX IIIEKTPOHHLIX, CBS3aHHbIX C Ge3onacHocTblo. YacTtb 6.
Pykosoactso no npumeHeHuto FOCT P MOK 61508-2 n TOCT IEC 61508-3;

-[OCT P M3K 61508-7-2012 ®yHKUMOHanNbLHasa 6€30nacHOCTb CUCTEM INTEKTPUYECKMX,
9NEKTPOHHbIX, NPOrpamMMMUPYEMbIX 3NEKTPOHHbIX, CBA3aHHbIX C Ge3onacHocTbio. YacTb 7.
MeToab! 1 cpeacTia.

B3pbiBOOe30NacHOCTb

- TOCT 31610.0-2019 BspbiBoonacHble cpeabl. Yacte 0. O6opyanosaHune. Ob6wime
TpeboBaHus;

- [OCT IEC 60079-1-2013 B3pbiBoonacHble cpeabl. Yactb 1. O6opyaosaHue ¢ Buaom
B3pbIBO3aLLMThI "B3pbIBOHENPOHMLaeMble 060m04kn "d";

- TOCT IEC 60079-31-2013 BspbiBoOnacHble cpeabl. Yactb 31. ObopynosaHue C
3aLWMTON OT BOCMNIIaMEHEHUs Nbinu obonodkamm "t".
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3AMC

-OCT P 51317.2.4-2000 CoBMECTUMOCTb TEXHUYECKUX CPEACTB ANEeKTPOMarH1UTHas.
OnektpomarHutHas obCTaHoBKa. YPOBHM  3MEKTPOMarHUTHOM  COBMECTMMOCTW  Ans
HW3KOYACTOTHbIX KOHAYKTMBHbLIX MOMEX B CUCTEMAX 3fIEKTPOCHAOXEHUS NPOMbILLSIEHHbIX
npeanpuaTum;

- TOCT 30804.6.2-2013 CoBMeCTUMOCTb TEXHUYECKUX CPEACTB 3NEeKTPOMarHUTHas.
YCTOMUYMBOCTb K 3EKTPOMArHUTHbIM MOMexamM TEXHUYECKUX CPeacTB, MPUMEHSIEMbIX B
NPOMBILLNEHHbIX 30HaX. TpeboBaHWst U1 MeTOAbI UCMbITAHUN;

- TOCT 30804.4.2-2013 CoBMeCTUMOCTb TEXHUYECKUX CPEACTB 3NEeKTPOMarHUTHas.
YCTONYMBOCTb K 3neKTpocTaTudeckum paspsgam. TpeboBaHna n MeToabl UCTbITAHUM;

- TOCT 30804.4.3-2013 CoBMeCTUMOCTb TEXHUYECKUX CPEACTB 3NeKTPOMarHUTHas.
YCTOMYMBOCTL K pagvodacTOTHOMY 3feKTpoMarHMTHomMy nosntw. TpeboBaHus n mMeToabl
ncnblTaHnumn4

- TOCT 30804.4.4-2013 CoBMECTUMOCTb TEXHWYECKUX CPEACTB 3NEeKTPOMarHMTHas.
YCTOMYMBOCTb K HAHOCEKYHOHBIM MMMNYMbCHLIM NOMexam. TpeboBaHNs 1 METOAbI UCNbITAHWI;

- TOCT P 51317.4.5-99 COBMECTMMOCTb TEXHUYECKUX CPEACTB 3NEKTPOMarHMTHas.
YCTONYNBOCTb K MUKPOCEKYHOHBIM MMMYNbCHLIM NomMexam 6onbLlon aHeprun. TpeboBaHna v
MeToAbl UCMbITAHUI;

- TOCT P 51317.4.6-99 COBMECTMMOCTb TEXHUYECKUX CPEACTB 3NEeKTPOMarHUTHas.
YcTonumBocCTb K KOHAYKTUBHbIM nomexam, HaBeL4EeHHbIM pagno4acToTHbIMU
3NeKTpoMarHUTHeIMK nonamu. TpeboBaHWst U1 MeTOAbI UCMbITAHUN;

- TOCT P 50648-94 CoBMECTUMOCTb TEXHUYECKUX CPEOCTB 3INEKTPOMarHUTHas.
YCTOMYMBOCTb K MarHUTHOMY MOS0 MPOMbILUNIEHHOW YacTOTbl. TexHudyeckne TpeboBaHUA U
MeToAbl UCMbITAHUI;

- TOCT 30336-95 CoBMeCTUMOCTb TEeXHUYECKUX CPeAcTB 3dNeKTpOMarHUTHas.
YCTOMYMBOCTb K UMMYMbCHOMY MarHUTHOMY Mosnt. TexHuyeckue TpeboBaHWA U MeToAbl
NCNbITaHWMN.

3 O6wume cBepeHUA 0 hyHKLUMOHANBLHON 6e30nNacHOCTU

3.1 Cuctembl 6e3onacHoCTH

Cucrtembl, cBa3aHHble ¢ 6e3onacHoOCTbi0 (cucTemMbl 6e3omacHOCTH), NpeaHa3HaYeHb!
AnNs:

- NpefoTBpaLLEHMSI ONMACHOro CobbITUS;

- ocnabneHns nocneacTBUM ONAcHOro CobbITUS;

- NpenoTBpaLLEHMSI ONACHOro cobbITnA 1 ocnabneHnst ero NoCneacTsuin.

Cunctembl 6€30MacHOCTU COCTOAT, Kak MUHUMYM, U3 TPEX NOACUCTEM:

- noacucTemMa OaT4ynKoB;

- nornyeckasi nogcuctema (6nok ynpasnenus, MNJK);

- nogcucTteMa WCMOSNHUTENbHbIX 3NIEMEHTOB (KnanaHbl, 3aABWMXKW, 3feMeHTbl
OMNOBELLEHMSA N CUrHanNM3aumm).

Cuctema MoXeT BbINONHATL PYHKLNIO 6€30MacHOCTM B CreAyLLmMX peXnmax:

- C HA3KOW 4aCTOTOM 3anpocoB, korga dyHKUnsa 6€30nacHOCTM BbINOMHAETCA TONbKO Mo
3anpocy € 4acToTOM He Yalle O4HOro pasa B rog;

- C BbICOKOM 4acTOTOW 3anpocoB, KOrga 4YactoTa 3anpoCoB NPOUCXOAMT Yalle OAHOro
pasa B rog UWiun B HENPEPbLIBHOM pPEXNME.
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3.2 YpoBeHb nonHoTbl 6e3onacHocTtu (SIL)

B cooteetctBun ¢ NOCT P M3K 61508-1 ana cuctem 6e30nacHOCTM yCTaHOBMEHbI
yeTblpe YpoBHS nonHoTbl 6e3onacHocTn YIB 1 (SIL 1), YINB 2 (SIL 2), YIB 3 (SIL 3), YIb 4
(SIL 4). Kaxpgomy YIB cootBeTcTBYyeT CBOW [uanas3oH BEpPOSATHOCTUM OTKasa yHKUMU
6e3onacHOCTM CUCTEMbI B LIESTOM.

Uem Bbiwe ypoBeHb YIB, TeM Bblle BEPOSATHOCTb BbLIMOSIHEHUA TakoOW CUCTEMOW
dYHKUMN 6e30MacHOCTMW.

Hocturaembin YIB onpegensetca cnefywowmmMy nokasatendamum @yHKUMOHANbHON
6esonacHocTu:

- CTOMKOCTb K cuctematudeckum otkasam (CCO/SC);

- NHTEHCMBHOCTW OTKa30B Abp, Abu, Asp, Asu;

- CpeaHAs BEPOSATHOCTb onacHoro otkasa no 3anpocy (PFDavg);

- YCTOMYMBOCTb K annapaTtHbiM oTkazam (HFT);

- pons 6e3onacHbix oTka3oB (SFF);

- CpeaHsasa YyacTtoTa onacHoro otkasa B yac (PFH, 1/4).

Heobxoanmo yunteiBaTh, YTO Nokasath YI1b npuceameaetca cucteme 6e3onacHoCcT B
LUenoM, no OTHOLIEHWD K KOHKPETHOMY OMacHOMY COObITUIO (KOHKPETHOW (PyHKUMK
6esonacHocTu). [Npun 3TOM, 4N BO3MOXHOCTU MHTErpauumn OTAeNbHbIX YCTPOUCTB B CUCTEMY
GesonacHocTM MM npucBamBaeTcss cobcTBeHHbI YIB u ycTtaHaBnuBakTCa COOCTBEHHbIE
nokasatenu yHKUMoHanbHOM 6e30MacHOCTM MO OTHOLWIEHUI K 3aaBnsaemMon gyHKUMK
6e30nacHOCTM KOHKPETHOrO arieMeHTa.

[Ona cuctembl 6e30MacHOCTM B pexume C HuU3konm 4actotonm 3anpocoB YIb
onpegensieTcs AnanasoHOM 3HAYeHUN CpeaHen BEPOSATHOCTM OMACHOro oTkasa Mo 3anpocy
(PFDavg) B cooTBeTCTBUM C AaHHbIMU Tabnuubl 3.1.

Tabnuua 3.1
YIb (SIL) PFDavg
4 10° < PFDavg <10
3 104 < PFDavg <1073
2 1073 < PFDavg <1072
1 102 < PFDavg <10

CpegHsaa BeposATHOCTb onacHoro otkasa no 3anpocy (PFDavg) cuctembl B Lenom
onpeaenseTcsa HageXHOCTbI KaX4on N3 Tpex NOACUCTEM.

B HenpepbiBHOM pexnme YTb onpegensietca ananasoHoM 3Ha4YeHU cpegHen 4acToTbl
onacHoro oTkasa B yac (PFH) B cooTBeTCcTBUM C AaHHbIMK Tabnuubl 3.2.
Tabnuua 3.2

YMB (SIL) PFH, 1/4
4 10-°< PFH < 108
3 108< PFH < 107
2 107 < PFH < 10°®
1 106< PFH < 10°

3.3 YcTonuMBOCTb K annapaTHbIM OTKa3am

[Ona anemeHtoB Tnna A no NOCT P M3K 61508-2, nocturaembin YIb onpeaensietcs
YyCTOMYMBOCTBLIO K annapaTHblM oTkasam (HFT) u gonen 6e3onacHbix oTkasoB (SFF, %) B
COOTBETCTBUM C AaHHbIMKU Tabnuubl 3.3.
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Tabnuua 3.3
HFT
SFF 0 1 5
<60 % YMb 1 YMB 2 Yrb 3
60...90 % YIbB 2 YIbB 3 YIb 4
90...99 % YMbB 3 YIb 4 YIb 4
> 99 % YIb 3 YIb 4 YIb 4

[na anemeHtoB Tnna B no FOCT P M3K 61508-2, gocturaembin YIb onpegenseTcs
YCTOMYMBOCTbLIO K annapaTHbiM oTkaszam (HFT) n gonen 6esonacHbix oTkasoB (SFF, %) B
COOTBETCTBUM C JaHHbIMKU Tabnuubl 3.3.

Tabnuua 3.3
SFF HFT
0 1 2
<60 % He oroBapuBaeTtcs YMbB 1 YIb 2
60...90% YIMbB 1 YIb 2 Yrb 3
90...99% YIb 2 YIb 3 YMBE 4
> 99% YIb 3 YIb 4 YIb 4

OtkasoyctonumsocTb annapaTtHbix cpeacts HFT N o3HavaeT, yto N+1 oTka3 asnsetca
MWHMManbHbIM YMCITOM OTKa30B, KOTOPbIE MOTYT NPMBECTU K NoTepe pyHKumm 6e3onacHoCTu.

B onpegeneHnn OTKaszoyCTOMYMBOCTM HE OOIMKHbI YYMTbIBATLCA CPeAcTBa, KOTopble
MOrnn 6bl KOHTPONMPOBATL NOCNEACTBUA OLWMOOK, HANPUMEpP ANarHOCTMKA.

BenvunHa oTkasoyctonumBocTM annapatHblx cpegcte HFT onpepensietca B
3aBMCUMOCTM OT KaHanbHON apXMTEKTYpPbl NOACUCTEMBI.

4 CBeaeHUsA ONA NPOEKTUPOBaHNA CUCTEMbI 6e30nacHoOCTHU

4.1 ®yHKuua 6e3onacHOCTM razoaHanmsaropa

dyHKkunen 6GesonacHoctn rasoaHanm3atopa SIGNAL aBnseTcs  un3MepeHue
coAepXXaHusi ToptoYMX ra3oB M NapoB FOPHYUX XKUOKOCTEM W BblAava WMHGopmauun B Buae
BbIXOAHOIO aHarioroBoro curHara noctosiHHoro Toka ot 4 go 20 mMA.

3HayeHne KOHLUEeHTpaumn, BbIBOAMMOM N0 TOKOBOW NeTne, paccyYnTbIBAETCS C MOMOLLLHO
HOMWHaANbLHOW CTaTMyeckon pyHKuMM npeobpasoBaHuss no dopmyne (1). OyHKuma
NoKasblBaeT 3aBMCMMOCTb CUSlbl ANIEKTPUYECKOro TOKa BbIXOLHOIO CUrHana oT KOHLUEHTpaumm
onpenensieMoro KOMMNoHeHTa.

Ci
Cmax

IHoMm = 16 - +4 (1)
rae lhow — BbIXOOHOW TOK, MA;
Ci — namepeHHas KoHueHTpauus, % ob;
Cmax — MakcnmarnbHoe 3Ha4yeHne 06beMHONM A0NM ONpeaensieMoro KOMMNOHEHTa,
COOTBeTCTBYHOLLEe BbIXOAHOMY TOKY 20 MA.

PacueT namepeHHomn KoHLEeHTpauun npoBogmTtca no popmynam (2) u (3).
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Ii—Io
c=1t @

roe li— BbIXOAHOW TOK raszoaHanmsatopa B Touke nposepku (MA);
lo— Ha4YanbHbLIN BbIXOAHOW TOK ra3oaHanunasatopa 4 MA;
K — koathpuumeHT npeobpasoBaHns:

16 mA
=— (3)
Cmax—Cmin
rge Cmax— MakcumarnbHas KOHLUEeHTpauna ananasoHa namepeHund,
Cmin - 0 — MMHMManNbHas KOHLUEeHTpauuna gnana3oHa namepeHus

MorpewHocTb 6Ge3onacHOCTM rasoaHanu3aTopa onpefensieTcss MeTpoNorM4ecKuMm
xapakrepuctnkamn. [InanasoHbl W3MEpeHUrM KOMMOHEHTOB W npedesibl  Joryckaemoun
ocHoBHon norpewHoctn SIGNAL OoCTynHbl Ha canTe npeanpuaTua-u3rotToBUTENS mirax-
safety.com. B pasgene npoaykuma Heobxogumo Hamtu gatumk SIGNAL, un B ctonbue
«Pannbl» nogsaronioBok  «OnucaHMe Tuna», roe W coaepxuTca  Heobxoaumas
MeTporormyeckas nHdpopmMaums.

Mpepen pgonyckaemoro uwHTEpBana BpemMeHu paboTbl rasoaHanusatopa 6e3
KOPPEKTUPOBKM BbIXOQHOIO CUrHana — He MeHee 6 MecsLeB.

4.2 UHTepcpencbl 6e3onacHoOCTU

NHTepdencom, cBasaHHbIM ¢ 6e30NacHOCTbLIO rasoaHanu3atopa, sIBAsieTCA TOKOBbIM
BbIXOQHOW aHanorosbIn curHan ot 4 go 20 MA.

NHTepenchl, He cBsi3aHHbIE C 6e30MacHOCTLIO:

- OLED pucnnen;

- cBeToamog "Status" BBepxy nuueBon naHenu;

- 2 cBeToamoda, pacnoriokKeHHble CBepXy Ans BU3yanbHOW CUrHanmMsauum o
AOCTMXXEHUN NOPOroBbIX 3HAYEHUI NN BO3HUKHOBEHUN HEMCNPABHOCTEN;

- auckpeTtHble curHanel NMOPOT 1, NMOPOT 2, NMOPOI™ 3/ ABAPUA;

- npotokon HART (nokanbHbIW UM No TOKOBOW neTne);

- RS-485;

- becnpoBogHas cBA3b No npotokoniam MXair, LoRaWAN, LoRa, E-WIRE;

BHumaHue! NHTepdencol, He cBA3aHHbIE C 6€30MacHOCTbIO, HE OOSTKHbI YYNTLIBATLCA
npu BbINONTHEHMM (PYHKUMKM Ge3onacHocTn, mHdopmaums, npegocraBnsgemMasl No AaHHbIM
UHTepdencam, He OOMKHA MCMNONb30BaTbCsA B KayecTBe BNusowen Ha 6e30nacHOCTb.
HapeXHOoCTb 1 nokasaTeniv 0TKa3oB YKasaHHbIX MHTEPdENCOB HE rapaHTMpyeTCs..

BHumaHue! B npunoxeHusix, cBs3aHHbIXx C obecnevyeHvem 6e30nacHOCTU He
ponyckaetcs  ucnonb3oBaHue curdana HART B npouecce BbINOSIHEHUA  PYHKUMU
6esonacHocTn um3genus. HART curHan MOXeT MCnonb3oBaTbCA TONMbKO ANSA HaCTPOWMKM,
KanubpoBkK, NMPOBEPKM razoaHanmnaaTopa, a Takke B nepuoapbl, Korga BbiNofIHEHME PYHKLMK
6esonacHocTn He TpebyeTtca. MNpu pabote HART dyHkuma 6e3onacHOCTU rasoaHanmsartopa
AO0JDKHA OLEeHMBATbLCS Kak HeHagexXHas.

4.3 Heobxoaumble ycnoBus npaBUITbHOM 3KCNyaTauumm

[na npaBunbHOM 3KCNyaTauuMu rasoaHannsaTopoB B MPUIIOXeHUs Ge3onacHoCTu
Heobxognmo cobniogaTe criegylowue  YCrnoBus AOMNOMHUTENbHO K OOWWA  YCNOBUAM
aKcnnyaTauun, ykazaHHbIM B pyKOBOACTBE MO dKChnyaTauuu:
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— npv BbIbOpe MeCT pa3MeLLEeHNs CUrHANM3aTopoB cnefyeT pykosoacteosaTtbest [OCT
IEC 60079-29-2;

—ONA  OUEHKN 3(PPEKTUBHOCTUN rasoaHanMTUYECKUX CUCTEM pPEeKOMeHOyeTCs
ncnonb3oBaTh pekoMeHaaumm ykasaHHble B ISA-TR84.00.07;

— MPY UCNOSb30BaHUN NPUHYANTENBHOIrO 0TOopa NPobbl crneayeT pykoBOACTBOBATLCS
TpeboBanuamm NOCT IEC 60079-29-3;

— He [JonycKaeTcs aKcnnyaTaunsa rasoaHann3aTopoB B YCNOBUSAX, HE COOTBETCTBYHOLLMX
TpeboBaHUAM pyKoBOACTBA MO 3KCNyaTaumu;

— naponib 4OCTyna B PeXumMax HacTPOMKM U KanumbpoBKM OATYMKOB LOMKEH ObiTb
M3MEHEH Ha OTMAWYHbLIA OT 3HAYEHUA MO YMOMYaHMKO (3HAYEHWE MO YMOSYaHUIo,
yCcTaHOBreHHoe Ha 3aBofe-uarotosutene «0000»);

— NOCKOJSbKY rasoaHanu3aTopbl SABAAOTCA TONbKO OOHOW M3 COCTaBMAOLWMX obLuen
dyHKUMN 6e3onacHOCTU, BCE COCTaBHbIE YAaCTW ra3oaHanMTUYECKon cucTtemMbl 6e3onacHoOCTU
AOIMKHBbI COOTBETCTBOBAaTL NpegycMoTpeHHomy YT16;

— AManasoH HanpsPKeHUs NMUTaHUs U MakCcMMarnbHOe CONPOTUBINEHNE HArpy3ku no Lenu
NOCTOSIHHOroO Toka oT 4 oo 20 MA JOMmKHbI COOTBETCTBOBATbL TPEOOBaHMAM pyKOBOACTBA MO
aKcnnyaTauuu;

— nepeq BKIKOYEHMEM rasoaHanmusaTopa B cuctemy 6Ge3onacHoOCTM [ofmkHa ObiTb
npoBegeHa ero kannbposka 1 NpoBepKa BbIMOMHAEMbIX (PYHKLUN 6e30MacHOCTY;

— B cucTteme ©0e3onacHOCTU [AdOfMKHa OblTb peanu3oBaHa aBToOMaTudeckass u
HenpepbiBHaA (OYHKUUA ONMArHOCTUKM, BbISiBNSAKOWAA OTKasbl razoaHanusaTtopa (nogpobHee
CMOTpUTe pasgen 4.4 AaHHOro pyKOBOACTBA);

— OOMMKHbI 6bITb NPUHATBHI BO BHMMaHWe OONYyLEHUA Npu onpedeneHnn nokasartenemn
dyHKUMOHanbLHon 6e3onacHocTn (noapobHee cmoTpuTe pasgen 4.8 oaHHOro pyKoBOACTBA).

4.4 Kputepumn otKkasoB n 6e3onacHoe cocTosiHue

Fa3oaHanM3aTop MO OTHOLUEHMIO K BbIMNOSHAEMbIM (PYHKUMSM 6e30macHOCTU MOXeT
Haxo4uTCs B CrneayoLmx COCTOSHUSIX:

HopmanbHoe cocTosiHMe: B [JaHHOM COCTOAHUW rasoaHanuM3aTtop BbINOSHSET
3asBMEHHYI0 (PyHKUMIO ©e3onacHoCcTU M opMUpPYET BbIXOAHOW curHana oT 4 go 20 MA,
COOTBETCTBYHOLMA  KOHLEHTpaLUMM U3MEPSEMOr0 KOMMOHEHTA C MOrpPeLHOCTbl0  He
npeBbILWaloLLEen NOrpeLwHoOCTb 6e30NacHOCTL.

Be3onacHbIN O0TKa3: B JaHHOM COCTOSIHUM B razoaHanmM3aTtope NpomucxoauT oTkas, npu
KOTOPOM (PaKTUYECKUA BbIXOAHOW CUrHam OTKMNOHAeTcs 6onee 4em Ha 3asBMNEHHYH
norpewwHocTb 6e3onacHOCTU, CMellaeTcss B CTOPOHY 3aJaHHOro nosfib3oBaTtesieM nopora
cpabaTbiBaHUSA (3aBbiLLIEHNE NnokasaHun). JloxxHoe cpabaTtbiBaHME CUCTEMbI GE30MAaCHOCTMW.

OnacHbIN OTKa3: B JAaHHOM COCTOSIHUM B rasoaHanu3aTope npoucxoguTt oTkas, npwu
KOTOPOM (PaKTUYECKNUA BbLIXOAHOW CUrHam OTKMNOHAeTCss 6onee 4em Ha 3asBMNEHHYH
norpewHocTs 6e3onacHOCTU, OTKMNOHSETCSs OT 3aJaHHOro nosib3oBaTteniemM nopora
cpabaTbiBaHWS (3aHWXKeHWe nokasaHuin). HecpabaTbiBaHWe CUCTEMbI 3aLLUTHI.

K onacHbiM OTkasaM Takke OTHECEHbl OTKa3sbl, MPW KOTOpbIX rasoaHanuM3aTtop He
pearvpyet Ha U3MEHEeHWe KOHUEHTpauuM U3MepsaeMOoro KOMMOHEHTa, a TaKxe OTKasbl, rnpu
KOTOpPbIX MPOUCXOOUT OTKa3 hopMmnpoBaHna TokoBon netnun 4-20 MA, BKMo4vasi BbIXogbl 3a
ananasoH (<3,8 MA n> 21,5 mA).

Het adpchekTra: B AaHHOM COCTOSIHMM B rasoaHanusaTope NpouCXoauT OTKas, npu
KOTOPOM, OTCYTCTBYET 3hdEKT Ha 3aaBneHHY yHKumMo 6e3onacHocTu. Mpu pacuete SFF n
APYrux nokasaTesien cryyarHblX OTKA30B 3TOT PEXNM OTKa3a He YYUTbIBAETCA.

[lononHuTensHo onacHble OTKa3bl razoaHanmna3atopa noapas3fgenAarTcA Ha
AnarHoctupyemble N He AnarHoCTtnpyemble.
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K avarHoctupyembiM onacHbIM OTKa3aM ra3oaHanmaatopa OTHOCSATCA Takme OTKasbl,
NpY KOTOPbIX BHELWIHAS CUCTEMA (NOrMYeckMn 9nemeHT cucteMbl 6Ge3onacHocTu) B
aBTOMATUYECKOM pexmme obHapy>XMBaeT COCTOSHME HEUCMNPABHOCTM rasoaHanusatopa u B
COOTBETCTBUN C peann3oBaHHbIM anropMTMOM MMEET BO3MOXHOCTb AOCTMYb ©e3onacHoro
COCTOSIHUSL.

Ona coobuweHns BHELWHEeNn CcUCTeEME O HEeUCNPaBHOCTM MWCMOMb3YeTCsa 3HayYeHue
BbIXOHOro ToKa razoaHanusatopa <3,8 MA n> 21,5 mA.

bonee TOYHbIE 3HAYEHUSI BbIXOQHOrO TOKa rasoaHanmsaTopa B 3aBUCMMOCTM OT €ro
COCTOSIHMSA AN NPOEKTUPOBAHNA CUCTEMbI Be30MacHOCTM NpuBedeHbl B Tabnvue 4.1
Tabnuua 4.1

Bua oTkasa B TepMuHax

PyHKUMA 3HayeHue/napameTp Onuncanue PYHKLMOHAaNbHOM
6e3onacHocTn

HeuncnpaBHOCTb TOKOBOM .

OnacHbIn
0 mA neTnn, HeucnpaBHOCTb y
ANarHoCTUpPyeMbIN

rasoaHanusaTopa

15 MA HewucnpaBHoCTb OnacHbin

' rasoaHanusaropa ANarHoCTUpyeMbIn

He aBnseTtca oTkasom npu
BKITOYEHMM 1 3anyCcKe B
2 MA MporpeB npu BKNHOYEHUN paborTy.
B nHom cnyyae onacHbln
OnarHocTmpyembim
He aBnseTca oTkasom npu
3anycke cepBMCHOro

3 MA CepBUCHBIN pexnm pexuma.
BbixogHble B nHom cny4yae onacHbIn
curHansbl OVarHocTMpyembIn
OnacHbin

AnarHocTmpyembin,
ucknodas 2 MA n 3 MA npu
BKIMOYEHWN 1 B CEPBUCHOM

pexume.

HerotoBHOCTb BbIMOMNHATL

<3,8 MA thyHKLMI0 Ge3onacHoCT

o7 3.8 MA 70 4.0 MA Hewncnonb3yembin )
AnanasoH

0T 4,0 MA 70 20,0 MA HopmanbHbIN pexnm )
N3MepeHns

Bbixoa 3a gnanasoH

ot 20 mA po 20,5 mA namepeHun, cbon -

KannbpoBKu

MpeBbiweHe 4ONyCTUMOro OnacHbin

npegena AMarHoCTUpyembin

23,0 MA

Ona npaBunbHOW paboTbl cuctema 6Ge3onmacHOCTM AOMKHa  ObITb
COOTBETCTBYHOLWMM OOpa3oM HacTpoeHa Ha BbiIsIBiIeHWEe COCTOSIHUA OTKasa
rasoaHanuMsatopa B COOTBETCTBMM C YKa3aHHbIMM Bbille 3Ha4Y€HUSIMU TOKOBOIO
curHana.

BHumaHue! B cepBUCHOM pexume v pexume nporpesa Nnpu BKNHOYEHUN 3Ha4YeHne
TOKOBOrO CUrHasa yctaHaBnMBaeTcs Ha ypoBHe 2 MA (nporpeB) U 3 MA (cepBUCHbIN
pexum). HeobxoauMmo yuuTbiBaTb AaHHOE 3Ha4YeHWe ANA MUCKIYEHUA JOXHbIX
cpabaTbiBaHUM CUCTEMbI 6e30NacHOCTU Npu ee 3anycke.
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4.5 Tun anemeHTa no F'OCT P M3K 61508

"azoaHanusatop SIGNAL oTHocuTcs k KomnoHeHTy Tina B no FTOCT P M3K 61508.

4.6 Pexxum 3anpocoB ¢pyHKLMM 6e3onacHoCcTn

Mazoananusatop SIGNAL npurogeH anst paboTbl B pexuMme C HU3KOW 4acTOTOM
3anpocos (low demand mode) u Bbicokon YacTtoToun 3anpocos (high demand mode).

4.7 CTOMKOCTb K CUCTeMaTUUYeCKU OoTKa3zam

MazoaHanmsatop SIGNAL cooTBeTCTBYIOT TpeboBaHUAM, NPeabABASEMbIM K YPOBHIO
nonHotbl 6esonacHocTn YIb 2 (SIL 2) ona npegoTBpalleHns BHECEHUA CUCTEMATUYECKUX
owmnbok BO BpeMsa pa3paboTkM W Cco3daHusA annapaTHbIX CPeacTB M MPOrpaMMHOro
obecneyeHus. YpoBeHb CTOMKOCTM K cuctemaTuyeckum otkazam CCO 2 (SC 2).

YpoBeHb CTOMKOCTU K cuctemaTndeckum otkazam CCO 2 (SC 2) no3sonseTt npuMeHsTb
raszoaHanmsaTtopsbl B cuctemax 6esonacHocTu ¢ TpebosaHnamm o YIb 2 sknountensHo (YIb
1 nYMB 2).

4.8 [lonyuweHus, caenaHHble Ans Konu4yectBeHHOM oueHKu otkasoB (FMEDA)

[Ona onpegeneHnss WHTEHCMBHOCTEM OTKasoB M gonu 6Hes3onacHbiX OTKa3oB
cneunanuctamum 6bin BoinonHeH FMEDA aHanuns yctponcTaa.

AHanus pexumoB oOTka3oB M ux nocnegcteun (FMEA) — 310 cucTemMHbIn cnocob
onpefeneHns W OUEHKU BINUAHWUS pasHbIX TUMNOB OTKA30B KOMMOHEHTOB, MO3BOMSHOLLNIA
NOHATb, KakMM 06pasoM MOXHO YCTPaHWTb WM CHU3UTb BEPOATHOCTb OTKasa, a Takke
AOKYMEHTaNbHOro OnnMcaHns apxmTekTypbl yCTPOMCTBA.

AHanuMs pexmmoB O0TKasoB, WX nocneacteun un paumarHoctukn (FMEDA) — aTo
pacwmpeHHas Bepcus FMEA. [aHHbin meTog obbeamHseT ctaHgapTHble metoabl FMEA ¢
AONOSTHUTENBbHBIMU MeTo4aMK, YToObl onpeaennTb Crnocobbl ANAarHOCTUKU U PEXUMbI OTKa30B,
OTHOCSALUMECS K BbINOSTHEHWNIO (PYHKLMM BE30MacHOCTU YCTPOMCTBA.

Mpn onpegeneHnn KONMYECTBEHHbIX NMoKasaTenen oTka3osB npu nposegeHun FMEDA
ObINV NPUHATBI cneayrowmne OONyLWEeHUs:

— MPUHATbIE 3HAYEHUSI MIHTEHCUBHOCTM OTKa30B anemMeHToB — no SN 29500;

— MHTEHCMBHOCTb OTKa30B SBNSAETCSA NOCTOSAHHOW BENNYMHOM Ha MHTEpBarie Nosie3Horo
CpoKa crny>0bl n3genus;

— pacnpocTpaHeHne 0TKa30B He pacCMaTpPUBAETCS;

— OTKasbl, BO3HMKalOLWMEe B MNpouecce W3MEHEHUs napameTpoB, PeryrnmpoBkU W
NPOBEPKN razoaHanM3aTopoB, He paccMaTpMBalOTCS;

— OTKa3OM  CYMTaeTCd HEBO3MOXHOCTb  BbIMOSHEHUA  3asiBNEHHOM  OYHKLUK
©e3onacHocTy;

— OTKa3bl BHELLUHUX UCTOYHMKOB MUTAHUS HE YYUTbIBAIOTCS;

— cpegHee Bpems pemoHTa (MTTR) coctaBnsieT 8 yacos;

— nepeq BKNOYEHUEM rasoaHanuaatopa B cuctemy (nogcucrtemy) 6esonacHocTn, ero
paboToCcnocobHOCTL NpOBEPEHA B COOTBETCTBMM C PYKOBOACTBOM MO 3KCNIyaTaumm;

— MpY 3Kcnnyatauyumn temnepaTtypa U OTHOCUTENbHAA BIaXXHOCTb OKpYXKatoLen cpeapbl
He npeBbIWaT TpeboBaHUN AKCNyaTauMoOHHOW AOKYMEHTaLUUMN.

4.9 MNokasaTenu cny4anHbIX OTKa3oOB

[MokasaTenu crnyyYanHbIX OTKa3oB NpuBeaeHbl B Tabnvue 4.2. lNokasatenu onpegenexsol
no pesynstatam FMEDA-aHanusa ¢ y4eToM NpuUHATLIX 4OMNYLLEHUMN.
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Tabnuua 4.2
Mogenb Asp, FIT | Asu, FIT | App, FIT | Aoy, FIT | SFF, % PFDavg »IID/EE(;
SIGNAL c moga.
0 98 698 78 91,0 3,49-10* 7,8-108
ceHcopa PID
SIGNAL c mog.
0 168 1200 150 90,1 6,70-10* 1,5-107
ceHcopa LEL
SIGNAL c moga.
0 78 556 57 91,7 2,56-10* 5,7-108
ceHcopa IR
SIGNAL c mog.
0 118 788 99 90,2 4,40-10* 9,9-108
ceHcopa EC
SIGNALcwon. |, 78 556 57 | 917 | 256104 | 57-10°
ceHcopa MEMS ’ ’ ’
FIT = 10T1ka3/10° yacoB - eanHMLA M3MEePEeHNs MHTEHCUBHOCTU OTKa30B.
PFDavg paccuntaHo gang Tproof = 1 rog
- Mokaszatens PFDavg anga apxutektypbl 1001 paccyutaH no gpopmyne (4).
= Mou 7 Moo MTTR
tee= o (2 + MRT) + o .
: (4)
PFDG = (?\'DU + ;\DD)tCE
, (5)
roe T1 — nepMoanYHOCTb KOHTPOSIbHBIX TECTOB (NPUHATO 1 rofa);
MTTR — cpegHee BpeMsa BOCCTaHOBMEHUS (MPMHATO 8 Yacos).
- Mokaszatenb PFH gns apxutekTtypbl 1001 paccumtaH no opmyne (6).
PFH = Apu, (6)

YkasaHHble 3HavyeHns PFDavg n PFH npusegeHbl B kadecTtse npumepa. PFDavg/PFH
BCeWn NpnubopHOM cucTemMbl 6€30MacHOCTU, B KOTOPYIO MHTErPUpyeTCs rasoaHann3aTop LOMKeH
OblTb paccynMTaH C y4eTOM U3ObLITOYHbIX ApPXUTEKTYP, MHTEpBana KOHTPOSbHbLIX MPOBEPOK,
9(PPEKTUBHOCTN KOHTPOSbHbLIX MPOBEPOK, NGO aBTOMATUYECKON AMArHOCTMKW, CPeaHero
BPEMEHN pPEMOHTA W KOHKPETHOW WHTEHCUBHOCTM OTKA30B BCEX 3fIEMEHTOB CUCTEMBI,
BKITHOYEHHbIX B KOHTYp 6e30nacHOCTMW.

Ons 6onee ToyHoro pacdyéta PFDavg pekomeHayeTcs yuuTbiBaTb KOIPPUUMEHT
HemngeanbHbIX KOHTPOSbHbIX NpoBepok yHKuun 6esonacHoctn (cm. FTOCT P M3K 61508-6).
KoathpnumeHT NOKpbITUSE KOHTPONbHOW NPOBEPKM YyKasaH B pasgene 4.14 Hacrtoswero
pykoBoacTBa no 6e30nacHOCTM B 3aBUCMMOCTU OT TUMa KOHTPOSbHON NPOBEPKM.

4.10 NMocTOsAAHHAA UHTEHCUBHOCTb OTKa30B

B mMeTogoe BepOATHOCTHOW OLIEHKM npeanonaraeTcs MNoCTOSHHAs WHTEHCUBHOCTb
OTKa30B. OTO MPUMEHUMO TONbKO MPU TOM YCIOBUW, YTO HE MPEBbILAETCA CPOK CNYXObl
KOMMOHEHTOB. 3a Npegenamu cpoka Ux Cry0bl pe3ynbTaT MeToAa BEPOATHOCTHOIO pacyeTa
TEPSIET CMbICH, MOCKOSbKY CO BPEMEHEM 3HAYUTENBHO YBENMYMBAETCSH BEPOSITHOCTL OTKA30B.
Cpok cnyx6bl U3MEHAETCA U CUMbHO 3aBUCUT OT CAMOro KOMMOHEHTa U ApYrnx pakTopos,
BKIOYas, cpeau NpoYero, ero paboyyto 4acToTy U YCIOBUS — B YACTHOCTM, TeMrepaTypy.
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SIGNAL. PykoBoacTBO 1m0 6€30MacHOCTH

MNpegnonoxeHne O MNOCTOSAHHOM WHTEHCUMBHOCTU OTKaA30B OCHOBbLIBaeTca Ha U-
obpa3Hon KpuBOW, KOTOpasi OEMOHCTPUPYET TUMWYHOE MOBEeAEHUEe [ANs SNEKTPOHHbIX
KOMMNOHEHTOB. [103TOMYy O4YEeBWOHO, YTO yKa3aHHble MokKasaTenn OTKa3oB OEeWCTBUTESIbHbI
TOMbKO AN KOMMOHEHTOB, KOTOpble paboTalT 6e3 npeBblleHNa UX cpoka CrAyXObl U YTO
0060CHOBaHHOCTb pac4eTOB OrpaHNYMBAETCS CPOKOM CrYXObl KaXgoro KOMMOHEHTA.

[[@a3oaHanMsaTopbl MMEKT CIIOXHbIE KOMMOHEHTbI, TakMe Kak MWKPOKOHTPOSINEpPHI,
NMO3TOMY CpPOK Cryx0bl, B pamkax KOToporo obecrneymBaeTcsi NOCTOsIHHAsi UHTEHCUBHOCTb
0TKa30B, cocTaBndeT 12 net. 3a npegenaMmm AaHHOro cpoka crykbbl mokasaTenn oTKasoB He
rapaHTUpYTCS.

Heobxoanmo nepuoamMyeckm npoBOAUTbL 3aMEHY CEHCOPOB Af1i  COXPaHeHus
NOCTOSAHHOM MHTEHCUBHOCTU OTKA30B, T. K. B 3@aBUCUMMOCTU OT CEHcopa, WX Mone3Hbln CPoK
CcnyX6bl MOXeT OblTb MEHbLUE, YEM Y INEKTPOHHbLIX KOMMNOHEHTOB. epnoanyHOCTb 3aMeHbI
onpepenseTcd BbIXOAOM [MOKas3aHWA rasoaHanu3aTopa 3a npegensl  Aonyckaemowu
NMOrpeLHOCTM U HEBO3MOXHOCTU KOPPEKTMPOBKU MOKa3aHWW, a Takke B Cryvae Bbixoda
CeHcopa 13 CTpos.

4.11 ApXUTEKTYpHble OrpaHnyYeHus

Mazoananmsatop SIGNAL nmeet gonto 6e3onacHbix oTkasoB SFF> 90%.
CornacHo cnocoby 11 no FOCT P M3K 61508-2 ona komnoHeHToB TUnNa B npu SFF
>90% ypoBeHb nonHoTbl 6e3onacHocTu YIb 2 aocturaercsa npu HFT = 0.

4.12 MoHTaXx 1 BBOA B 3KCMNsyaTauuio

SIGNAL nocTaBnsieTcss HaCTPOEHHbIM M FOTOBbLIM K 3KCMsiyatauum B COOTBETCTBUN C
napamMeTpamu No YMOYaHUIO, YKadaHHbIMU B PyKOBOACTBE NO akcnnyaTauuu. He Tpebyetca
ocobas KOHUrypaumus n HaCTPOMKM razoaHanuaartopa ans npunoXxeHnn 6e3onacHocTu.

Mopsgok NoAroTOBKM K MCMNOMb30BaHUIO U MOHTaXa rasoaHanu3aTopoB NpuBedeH B
PYKOBOACTBE MO 3KCNyaTauuu.

Mepen BBOOOM B 3KChnyaTauuio JormxkHa OblTb MpoBedeHa COOTBETCTBYHOLAA
KannbpoBka razoaHanusaTopa U HacTpoeHbl Auana3oHbl amepeHui. NogpobHasa npouenypa
HaCTPOWKM N KannbpoBKKN razoaHanmMsaTopa npuseneHa B pyKOBOACTBE MO AKCnyaTauun.

Cxema nogkroyeHns npuBeeHa B pyKOBOACTBE NO JKChnyaTaunm.

4.13 lNepuoagunyeckas npoBepka

[MepBnyHasi HacTpowka, KanubpoBka W TexHuyeckoe obcnyxuBaHMe B npoLlecce
3KcnryaTaumm ykasaHbl B pyKOBOACTBE MO 3KCnyaTauum.
O6bem nepmoanyecknx NpoBEPOK ykasaH B Tabnuue 4.3

Tabnuua 4.3
Tun npoBepkn [MepnognyHoCTb OnucaHune nposepku
BHeLwHnn ocmoTp
rasoaHanMaaTopa He MeHee 1 pasa B 6 MecdueB PYCI.413216.010 P3
Ounctka punbTpa-
orHenperpagumtens Mpwn 3ameHe ceHcopa PYCI.413216.010 P3
razoaHanusaTopa
3ameHa ceHcopa no Mmepe HeobxoaMMOoCTH PYCI.413216.010 P3
lMoBepka pas B rog MeToanka noBepku
B saBucumocTu ot
B cooTBeTCTBUM C pasgenom
KoHTponbHas npoepka npunoxexusa n Tpebyemoro
4.14 paHHOro pykosoacTsa no
dyHKuMn 6e3onacHocTm PFDayvg cuctembl 6e3onacHocTm 6
(Troog v T1) €30MacHOCTH

14



SIGNAL. PykoBoacTBO 1m0 6€30MacHOCTH

4.14 KoHTponbHasa npoBepka PyHKLMM 6e30nacHOCTU

[nga noarBepXxaeHns ypoBHSA MonHoTbl 6e3onacHocT (YIB) n BbiBNEHNs onacHbIX
HeOBHapY>XeHHbIX OTKa3oB  (PyHKUMS 6Ge3onacHOCTU  [OfKHa NPOBEPSTLCA  Yepes
COOTBETCTBYHOLLME TMPOMEXYTKN BpEMEHU (MHTepBasi BPEMEHU MeXAy KOHTPOSNbHbIMU
nposepkamu (Tproof nnun T1)) nocpeacTBOM KOHTPOSTbHOW NMPOBEPKM.

Boibop Bmaa w©n obbema nNpoBepku ABNSETCA  OTBETCTBEHHOCTbIO  Nuua,
3KCNNyaTUpYyoLLEero yCTpomucTBO.

PekomeHngyemasi doopma npoTokona nposepku npuseaeHa B NMpunoxeHun A.

Ecnn pesynbtat npoBepkn yHKUMM 6e30nacHOCTU OTpuUaTeNbHbIA, TO BCA CUCTEMA
6e3onacHocTM AomkHa ObiTb BbiBedeHa M3 paboTbl, a Ge3onacHoe COCTOsiHME npouecca
AOIMKHO NogaepxmBaTbCs ApYrMMu Mepamu.

Bo BpeMsi KOHTPOMbHOW NPOBEPKU PYHKUMS 6e30nacHOCTM JOIMKHA paccMaTpuBaTbCA
Kak HebesonacHas. CriegyeT yunTbiBaTb, YTO (DYHKUNOHASbHBIA TECT OKasblBaeT BNNAHUE Ha
NOAKMIOYEHHbIE YCTPOUCTBA.

lMocne 3aBepLUeHNs KOHTPONBHOW NPOBEPKN AOSMKHO BbITb BOCCTAHOBIEHO COCTOSIHME,
onpeaenieHHoe Ansa yHKUMn 6e3onacHoOCTMU.

Mpoueaypa KOHTponbHOU nNpoBepkn N2 1 (YacTuyHas npoBepkKa)
Mpouenypa npoBepkn GyHKLMM Ge30nacHOCTM OCYLLECTBASETCS B crefyolem
nopsagke:

War Hewnctene

3abnokupynte nepegavy curHanos B [NJ1K 6e3onacHOCTM unv npuMmmnTe apyrue Mepebl,
4YTOGbI N3bexaTb NOXHOro cpabaTbiBaHUSA cMCTEMbI 6He3onacHOCTM

MopanTe KoHTponbHY KoHueHTpauuto MNIC-ICO, cooTBETCTBYIOLYIO BLIXOAHOMY
2 YHUMLMPOBaAHHOMY TOKY B AnanasoHe cpabaTbiBaHWs ycTaBku 6e30nacHOCT TOKOBOro
BbIXOAa.

C nomoLLbo NOAKIIOYEHHOTO K ra3oaHanM3aTopy M3meputernbHoro obopyaoBaHus unm
BCMoMoraTesibHbIX YCTPONCTB N3MepUTb TOK U YOeanTbCs B MPaBUITbHOCTM

3 npeobpa3soBaHMs KOHLEHTPALMK ra3a B YHUULMPOBAHHLIN CUrHan ¢ y4eToM npeaena
[10MyCKaeMoW NOrpeLlHOCTM 1 NOrpeLlHOCT M3MEPEHMUSI TOKa NOAKTHOYEHHBIM

obopyaooBaHUEM.
4 BoccTtaHoBuTE NOMHYH paboToCNOCOBHOCTL KOHTYpA.

OTtknioumte 6rokmnposky MNMJIK 6e3onacHoCcTn nnun nHbiM cnocobom obecneybTe
S paboTocnocobHOCTLIO NPUBOPHON CUCTEMBI 6Ee30MacHOCTH

[aHHas KOHTpoNbHas NpoBepka 06HaPYXUT NpuMepHO 50 % BO3MOXHbIX "OnacHbIX
HeobHapy>XeHHbIX" 0TKa30B razoaHanusartopa.

Mpouenypa KOHTponbHOWU nNpoBepkn N2 2 (nonHasa npoBepka)
Mpoueaypa npoBepkn GyHKLMM ©Ge30NacHOCTM OCYLLECTBASETCS B Cregylolem

nopsgke:
LWar DewnctBne
1 3abnokupyinte nepegady curHanos B [MJIK 6e3onacHOCTM Ui npuMmmnTe gpyrue mMepbl,
4TOObI N3bexaTb NOXHOro cpabartbiBaHMs cucTeMbl 6€30MacHOCTM
2 BbinonHUTE 2-TOYEYHYHO KanmbpoBKy razoaHanmsatopa (KannbposKy Hyns u
HYBCTBUTENBHOCTW)
3 MopanTe KOHTPONbHYO KoHUeHTpaumto MIFC-IFCO, cooTBETCTBYIOLLYHO BbIXOAHOMY

YHUMLMPOBAHHOMY TOKY B AnanasoHe oT 4 oo 7 MA.

MopanTe KOHTPONbHYO KoHUeHTpaumto MIFC-IFCO, cooTBETCTBYIOLLYHO BbIXOAHOMY
4 YHUMLMPOBAHHOMY TOKY B Anana3oHe cpabaTtbiBaHus ycTaBkuM 6€30nacHOCTU
TOKOBOrO BbIX0Aa.

MNMopgawnTte KOHTPOMbHYO KoHUeHTpauuto MNIFC-FCO, cooTBETCTBYOLLYHO BbIXOOHOMY
YHUMLMPOBaHHOMY TOKY B AnanasoHe ot 17 go 20 mA.
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SIGNAL. PykoBoacTBO 1m0 6€30MacHOCTH

C NOMOLLIbIO NOAKITIOYEHHOTO K ra3oaHanM3aTopy M3mMeputenbHoro obopyaoBaHust unu
BCromMoraTtesibHbIX YCTPOMUCTB U3MepbTe TOK B KaXaoM cryyae u ybegutech B

6 NpaBUNbHOCTU Npeobpa3oBaHmsl KOHLEHTPaALUN rasa B YHU(ULMPOBAHHBLIN CUrHarn ¢
y4eToM npeaerna AornyckaeMomn NOrpeLlHOCTM U NOrpeLlHOCTN U3MEPEHMS Toka
NoaKn4YeHHbIM 060pYa0BaHNEM.

7 BoccTaHoBMUTE NOMHYH paboTOCNOCOBHOCTL KOHTYpA.

8 OTknoumTe 6rnokmposky MNJ1K 6esonacHOCTK unm nHbiM cnocobom obecneysTe

[laHHast KOHTPONbHasi NPOBEpPKa 0BHAPYXUT NPUMEPHO 95 % BO3MOXHbIX "OMaCHbIX
HeoBHapy>XeHHbIX" 0TKa30B razoaHanuaartopa.
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SIGNAL. PykoBoacTBO 1m0 6€30MacHOCTH

NMPUNOXEHUE A

(pekomeHgyemoe)

dopma npoTokona NnpoBepku pyHKLMN 6e3onacHoOCTH

NoeHTndpukauma

AkcnnyaTtupyoLasn opraHM3aums

MpoBepsiowee nuLo

Kop 3akasa

3aBoackon Homep

[aTta BBOAA radoaHanu3artopa B SKcrjyartauuto

[aTa nocnegHen npoBepkn PyHKLNKN 6e30nacHOCTH

OcHoBaHue/o6bem NpoBepKn

BBeog B akcnnyaTauuio

Mepuoamnyeckas nposepka PyHKUNN Ge3onacHOCTH

O6bem nposepku

PesynbTat npoBepku

KoHueHTpaumsa Mpeoen .
Ne [CO- HeHTpaul Moka3zaHusa 3Ha4yeHune pen - | NtoroBbin
nogaBaemoro Aonyckaemomn

nrc razoaHanusaTopa | MNOrpeLHoCTw pesynbTart
KOMMOHEHTa NOrpeLLUHOCTH
[aTta: Mognuce:
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SIGNAL. PykoBoacTBO 1m0 6€30MacHOCTH

NMPUNOXEHUE b
(cnpaBo4HoE)

TepMMHbI n onpeapeneHus

dPyHKUMOHanNbHaa O6e3onacHocTb (Functional Safety) — 4yactb o0wen cucTembl
6esonacHocTn, oBycrnoBneHHas NpPUMEHeHWeM ynpaBnsemMoro obopyaoBaHUA U CUCTEMDI
yrpaBreHnss W 3aBucdAllas OT NPaBWUMIbHOCTU  PYHKUMOHUPOBAHUS  3NeKTpuyeckux/
3NEKTPOHHbLIX/ NporpaMmMupyeMblX 3SIEKTPOHHbLIX cucTteM (ganee — J3/3/3I1 cuctemsl),
CBSA3aHHbIX C  ©e30MNacHOCTbLIO, U APYIMX CPEACTB NO CHMKEHUIO PUCKa.

NMonHoTta 6e3onacHocTum (safety integrity) — BepoATHOCTb TOro, YTO cUcTEMA, CBA3aHHAs
c 6esonacHocTblo, 6yaoeT yOOBMETBOPUTENBHO BbIMOMHATL  Tpebyemble  yHKUMK
6Ge3onacHOCTM Npu BCEX OFOBOPEHHbIX YCITOBUAX B TEYEHNE 3a4aHHOro Nepruoaa BpeMEHM.

YNB (SIL — safety integrity level) — ypoBeHb nonHOTbHI 6€30MacHOCTM - OUCKPETHbIN
YPOBEHb (MPUYHUMAIOWMIA OOHO U3 YeTbIPEX 3HaYeHun), onpegenswoWunn TpeboBaHUA K
nonHote ©6esonacHocTV Anda (PyHKUMM 6e30MacHOCTU, KOTOPbIN CTaBUTCA B COOTBETCTBUM C
J/A/M3I cuctemam, cBA3aHHbLIM C 6€30MacHOCTLIO.

OnacHoe coctosiHue (dangerous state) - coctosiHMe npouecca, NpyM KOTOPOM (PYHKLMS
6e30nacHOCTM He MOXET ObITb BbINOSIHEHA.

dPyHKumMa 6GesonacHoctu (safety function) — dyHkumsa, peanusyemas cucrtemon,
cBA3aHHOM C ©6e30nacHOCTbIO, OCHOBAHHOW Ha [APYrux TEeXHOMOrUsiX, WM BHELUHUMWU
CpeACcTBaMm CHUXXEHUSI pyUCKa, KOTopas npefHasHavyeHa ans AOCTUXKEHUSA Unv noaaepKxaHng
6Ge3onacHoOro CoOCTosiIHUA NpoLecca NPUMEHUTENbHO K onpeaeneHHOMY OnacHOMY COObITUIO.

Otka3s (failure) — npekpawieHne cnocobHOCTM PYHKUMOHANBbHON e4MHULbI BbINOMHATL
Tpebyemyto byHKUMIO.

OnacHbIn oTka3 (dangerous failure) — oTkas, KOTOpbI NOTEHLMANBbHO MOXET NEPEBECTU
CUCTEMY, CBs3aHHYH ¢ 6€30MacHOCTbIO, B ONacHoe unm HepaboTocnocobHoe COCTOSHME.

Be3onacHbIn oTKas3 (safe failure) — oTkas, KOTOpbI HE NEPEBOAUT CUCTEMY, CBSA3AHHYIO
¢ 6e30nNacHOCTbI0, B ONACHOE COCTOSAHME UMK B COCTOSIHME OTKa3a npwv BbIMOMHEHUU PYHKLNN.

OO6HapyxeHHbIn oTka3 (detected failure) — oOTka3, BbISBNEHHbIM C MNOMOLLbIO
ANArHOCTUYECKMX MNPOBEPOK, KOHTPOSNbHbLIX MPOBEPOK, BMellaTenbCTBa onepartopa
(Hanpumep, PU3N4ECKOro oCmMoTpa 1 pyyHOM NPOBEPKM) NIMOO B XO4e HOPMarnbHOM paboTbl.

HeoGHapyxeHHbIN oTKa3 (undetected failure) — oTkas, He BbISBIIEHHbIN C MOMOLLbIO
ANArHOCTUYECKMX MNPOBEPOK, KOHTPOSMbHbLIX MPOBEPOK, BMewaTensCTBa onepartopa
(Hanpumep, PU3n4ecKoro ocmMoTpa 1 pydHor NPoBepKM) NMBO B X04e HOpMarnbHOM paboTbl.

OTka3o6e30MacHOCTb — CBOWCTBA W3AENUHA, OPUEHTUPOBAHHbLIE HA COXPaHeHwe
GesonacHoOCTM B criyvae oTkasa.

Apxutektypa MooN — npnbopHasa cuctema 6€30nacHOCTM NN ee 4acTb, BbINOSTHEHHAsA
13 N He3aBUCKMMbIX KaHanoB, COEAUHEHbIX TakK, YTo M KaHanoB JOCTAaTOYHO ANS BbINOSTHEHUSA
dyHKUMKN 6Ge3onacHoCTHU.
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SIGNAL. PykoBoacTBO 1m0 6€30MacHOCTH

FMEDA (Failure Modes, Effect, and Diagnostics Analysis) — aHanu3 BMAOB WU
nocrneacTemMmM  OTKa3oB, MX 3d@gektoB u anarHocTuku. [lpumeHsieTca aOna  pacdérta
nokasartenen oyHKUMoHanbHon 6e30nacHOCTN.

KoHTponbHasa npoBepka/npoBepka dyHKuMM 6Oe3sonacHoctu (proof test) —
nepuvoanyeckas nposepka, BbliNosHAeMasn Ans Toro, YTobbl 0GHaPYXUTb OTKasbl B CUCTEME,
CBSI3aHHOM C 06e30MmacHOCTbio, C TeM 4TOObI Npu HeobXxoAMMOCTM cucTema mMorna ObiTb
BOCCTaAHOBSMIEHA HACTOSIbKO BSIM3KO K MCXOOQHOMY COCTOSIHUIO, HacKOMbKO 3TO BO3MOXHO B
AaHHbIX YCMOBUSX.

FIT (failures in time) — BeposATHOCTb OTKa3a, npeacTaBnsieMasi Kak Yncro OTKa3oB Ha
munnuapg Yacos. 1 FIT = 1*10° B yac.

SFF (safety fail fraction) — nons 6e3onacHbIX 0OTKa30B - CBOWMCTBO 3fIEMEHTA, CBA3AHHOMO
¢ 6e3onacHOCTbIO, onpeaensemMoe OTHOLWEHMEM CYMMbI CPeAHMX YacToT 6e30nacHbIX 0TKa30B
M onacHbIX OBHApPY>XEHHbIX OTKA30B K CyMMe CcpeaHuX 4YacTtoT 6e3onacHbiX M OnacHbIX
OTKa30B.

HFT (hardware fault tolerance) — gonyctnmoe 4ncno oTkazos obopygoBaHUS.

HFT = X o3Ha4aerT, 4to X+1 94BNnseTca MUHUManbHbIM YACIOM OTKa30B, KOTOpPblEe MOTyT
NpuBECTU K NoTepe PyHKLMM 6e30MacHOCTMU.

PFDavg (probability of dangerous failure on demand) - cpegHss BEpOATHOCTb ONACHOro
oTKasa Mo 3anpocy, CpeaHsas HEroToBHOCTb J/3/MD cuctembl, cBA3aHHOW ¢ 6e30NacHOCTLIO,
obecneunTb 6e30nacHOCTb, T.e. BbIMNOMHUTL YyKasaHHYy QyHKUMIO ©es3onacHoCcTn, Korga
NPOUNCXOANT 3anpoc.

PFH (average frequency of a dangerous failure per hour) - cpegHsa yactoTa onacHoro
oTKa3a B 4ac, CpegHsas 4actoTa onacHoro oTkada J3/O/MO cuctembl, CBA3@HHOW C
6e30nNacHOCTbLI0, BLINOMHSAOLWEN YKadaHHY yHKLMIO ©6e30nacHOCTM B TeYeHMe 3a4aHHoro

nepmnoga BpeMeHN.
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