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CTAHIAPTH3AUMNSA H CEPTHOHKALNY

MHTerpasnbHblie YPOBHM
6e30nacHOCTU B COOTBETCTBMM

co craHpgapramu MK 61508
m61511 n ananms ux ceasu
C TEXHUUYECKUM
06CNY)XKUBOHUEM

[nusente JlaHapuHm

B cratbe paccMoTpeHbl OCHOBHbIE NOKA3aTeny GyHKLMOHASILHOU 6€30NACHOCTH CUCTEM,
CBA30HHbLIX ¢ obecneyeHreM 6e30MaCHOCTU NPOM3BOACTBEHHbIX TEXHOSIOMMYECKMX NPOLECCOB
HA NpeanpHUaTUSX NepepabaThiBAOWMX OTPACHEN NPOMBILLIEHHOCTH, NPUBEAEHbI MPUMEpI
MX OLLEHKM B COOTBETCTBMM C pekomeHaaumusmu ctaHagaptos MIK 61508 n 61511,

a TaKXe NPOAHANM3UPOBAHA MX 3ABUCMMOCTb OT OPTrAHM3ALMM TEXHUYECKOTO 0BCNYXMBAHMS
M AUATHOCTMKM 3TUX CHUCTEM.

Ha Texymuit MomeHT B Poccuu Het enu-
HOIl HOpPMAaTUBHOI 0a3bl, periaMeHTU-
pytoltieii TpeGoBaHUS TI0 BEIOOPY TEXHIUE-
CKUX CPEICTB I IMOCTPOEHUSI CUCTEM
0e30MacHOCTA TMPOMBIILIEHHBIX 00bEK-
ToB. CyIIIECTBYIOT JIUIIIH JaJIeKO He BCerna
yBsI3aHHbBIE MEXIy C000il HOpPMAaTHBHBIE
MIOKYMEHTBI KOHTPOJIbHO-HAA30PHBIX U
cepTU(UKAIIMOHHBIX OPraHOB, OTpacie-
BbIe IOKyMEHTBI ¥ KOPTIOPATUBHEIE CTaH-
JAPTHI KPYITHBIX KOMTTAHWIA.

Bce mepeunciieHHbIe HOpMATUBHBIE TO-
KYMEHTBI, KaK MPaBUI0, OPUEHTUPOBAHEI
Ha obecriedeHUe KOHKPETHBIX 3amad, B
HUX OTCYTCTBYIOT €IMHAsT TEPMUHOJIOTUSI
Y KOMIUIEKCHBIN TIOIXOM K 3amave obec-
revYeHuns1 6€30MacHOCTY TTPOMBITIIEHHBIX
o6wvexkToB. [losTomMy B mocienHee BpeMst
pa3paboTIMKM KOPTOPATUBHBIX JOKY-
MEHTOB, PerJaMeHTUPYIOLINX TTPOEKTHbBIE
paboThl, BHOCSIT B TpEOOBaHMS MO BBIOOPY
000pynoBaHUsT 00s13aTeTbHOE COOTBETCT-
BU€ CPEICTB aBTOMATU3AI1U, UCTIONb3Ye-
MBIX B CHICTEMAaX, CBSI3AHHBIX ¢ obecreye-
HMEeM 0e30MacCHOCTU MPOU3BOACTBEHHBIX
MPOLIECCOB, €BPOMENCKUM CTaHAapTaM
MBK 61508 u 61511 [1, 2].

DT cTaHOapThl B HACTOSIIEE BpPEMs
LIMPOKO UCTOJIB3YyI0TCs B cTpaHax EBpo-
netickoro Coio3a u B psilie B IPYTUX CTPaH
IUTS perjaMeHTaluy TpeOOBaHUM K OLIeH-
K€ YPOBHSI MOTEHUUATbHON OMAaCHOCTHU

00OBEKTOB 1 OLIEHKE COOTBETCTBUS BJICK-
TPUYECKOTO, DJIEKTPOHHOTO, MPOrPaMMHM-
pYeMOTO 3JIEKTPOHHOTO 00O0pYIOBaHUS
cucteM obOecrneyeHuss 0€30MacHOCTU
YPOBHIO OITACHOCTU 00OBbEKTA.

30Ha AeMCTBUS 3TUX CTAHIAPTOB MO0~
mia yxe K rpanuuam Poccum. Beryn-
nenue pecryoauk baatum B EBpocoios,
HauaBILMICS TTPOLIECC TApMOHM3ALIMU Ha-
LIMOHAJIbHBIX cTaHAapTOB YKpauHbl, Ka-
3axcraHa u apyrux crpaH CHIT oGycnas-
JIMBAET MHTEpPEC K JaHHBIM CTaHAApTaM Y
POCCUICKUX CUCTEMHBIX UHTETPaToOpoOB U
COOCTBEHHUKOB OITACHBIX IPOMBIIILIEH-
HbIX OOBEKTOB.

B 271011 cBsI31 HacTosIIIast CTaThsl, TOAr0-
TOBJIEHHAss aBTOPOM Ha OCHOBE OIIbITa
kommanu GM International B pa3zpaboTke
U TIpOU3BOACTBe obopynoBaHust st ACY
TTII u cucTem NMPOTUBOABAPUITHON 3aLLIUTHI
B3PBIBOOIIACHBIX MPOM3BOACTB HEDTSIHOM
U HedTeXuMMHUYEeCKOU oTpacieil, MOoXeT
OBITh TMOJIE3HOM ISl CIIELMAIMCTOB, 3aHU-
MaloUIMXCS CUCTeMaMu  O0ecIeYeHUs
0e30MacHOCTU OOBEKTOB B IepepadaThl-
BaIOLLMX OTPACSIX MPOMbBILLIEHHOCTH.

BE3ONACHOCTD

M AONYCTUMBINA PUCK
besomacHocTs onpenensieTcsl Kak «CBO-

0ooa OT HempuemJIeMbIX PUCKOB». [lpu

STOM TIOJT PUCKOM TTOHMMAETCs] KOMOMHA-

1I1ST BEPOSITHOCTU BO3HUKHOBEHUST YIIIEp-
0a 1 TSDKeCTH 9ToTo yiepoa. OmacHoCTh —
9TO TIOTEHIMAIBHBIN WCTOYHUK YIiepoa.
JIOTTyCTUMBIM CUUTAETCS PUCK, TIpUEMIIe-
MBIl B JAaHHBIX OOCTOSITENTLCTBAX, C YIETOM
CYIIECTBYIOIINX B HACTOSIIIIEEe BPEeMsI CO-
LIMAJIbHBIX LIeHHOCTEN (puc. 1).

Bce a1 moHsATHS TOAPOOGHO OMMCAaHBI B
yactu 4 crangapra MOK 61508.

CPEAHAY BEPOSTHOCTDb
OTKA3A HA 3ANPOC
BbIMOJIHEHUA ®YHKLIUMU
BE3ONACHOCTH

[TepBBIM MMapamMeTpoM, OTIPEIEIISTIOIIM
WHTETPAJIbHBIN YPOBEHb 0€30TIaCHOCTHU
SIL (Safety Integrity Level), aBnsieTcs cpen-
HSIST BEPOSITHOCTh OTKa3a Ha 3arpoc BbI-
nojHeHus GyHkimu 6ezonacHoctu PFD-
avg (Probability of Failure on Demand).

®axrop cHmxkenus pucka RRF (Risk
Reduction Factor), mpeacTaBISIIOIINAI CO-
00i1 OTHOIIIEHWE YaCTOTHl WHIUIEHTOB
0e3 TIPUHSTUS Mep 3allIUThl U JOIMYCTU-
MOI YaCTOTBHI MHIIUIACHTOB, SIBIISIETCST Be-
JIMYUHOM, oopatHoit PFDavg:

Yacrora HWHIMICHTOB

0€3 IPUHATHS MED 3aLUUThI 1
PFDavg

RRF =
Jlomyctumas yactoTa

WHUOWICHTOB
910 O3HA4acT, 4YTo €CJIM, HAalIpuMEpP, KO-
JINYECTBO MHIIMACHTOB B rof 6e3 TIPUHATUA
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Puc. 1. OCHOBHOW NPUHLUN CHUKEHUA PUCKA

Mep 3aIuThl paBHO 10, a momycTMoe Ko-
JINYECTBO UHLIMAEHTOB paBHo 1 B 100 serT,
t0 RRF nomxen ObiTh paBen 1000 u, co-
otBeTcTBeHHO, PFDavg pasna 0,001 B
rof. DTO 3HAYeHWE COTTACHO CTaHIApTy
MBDK 61508 coOTBETCTBYET YPOBHIO
SIL 2. C y4€TOoM TOTO, YTO B TOMYy IpHU-
onusureapbHo 10 000 gacos (8760), aro
O3HAYaeT, YTO HETOTOBHOCTh MHCTPYMEH-
TanpHOUM (yHKuUMU Oe3omacHocT SIF
(Safety Instru-mented Function) paBHa
mpumMepHo 10 yacam B rofi, TO €CTb B TeUe-
HUe B cpenHeM 10 4acoB B TOI HEBO3MOX-
HO OymeT obecreynBaTh MepeBo KOHTPO-
JINPYEMOTO TEXHOJIOTUIECKOTO Tpoliecca
B 0€30TaCHOE COCTOSTHUE TIPU BO3HUKHO-
BEHUU Takoil Heobxomumoctu. Ecim 310
BpeMSsI CITUIITKOM BETMKO U HETOTOBHOCTD
SIF nmomkHa OBITH CHMIKEHA, HapUMeED,
no 1 yaca B ron, €€ MHTErpajibHbIN ypo-
BEHb 0€30MMAaCHOCTU JOJKEH OBbITh Oosiee
BBICOKMM, Harpumep SIL 3.

CPEAHEE BPEMSA HAPAEOTKM
HA OTKA3 U MHTEHCUBHOCTb
OTKA30B

MTTF (Mean Time To Failure) — cpen-
Hee BpeMsl HApaOOTKU Ha O0TKa3 — SIBJISIET-
cs MoKasaTejeM CpelIHEero BPEMEHMU Yc-
MEeIHOW paboThl yCTPONCTBA (CUCTEMBI)
[0 HACTYIUIEHUSI 0TKa3a JIto0oro
BUIA. DTOT TOKa3arelb MOXET
WHTEPIPETUPOBATHCS U KaK CPOK

Puc. 2. Cxematuyeckoe npepcranenme MTTF, MTTR, MTBF

Mexny HaHHBIMU TOKa3aTeNsIMU Cy-
LIECTBYIOT CJEAYIOIIUe COOTHOIIECHUS
(puc. 2):
® MTBF = MTTF + MTTR;

e MTTF = MTBF — MTTR.

[Touemy Tak BaxeH mokaszareab MTBE?
[ToTroMy 4TO OOpaTHast eMy BETUYMHA A =
1/MTBF — 3T0 MHTEHCUBHOCTh OTKA30B
KOMTIOHEHTA WJIN YCTPOMCTBA:

MTBF = l;
A

MNHTEHCUBHOCTH OTKA30B = A =

KonuyecTBo oTKa30B
B CIMHUILY BPEMCHHA

KonuuectBo KOMIIOHEHTOB, '
IMOABCPKCHHBIX OTKAa3y

MUHTEHCUBHOCTU OTKA3OB
PA3JIMYHBIX KATETOPUM

OO111a8 MHTEHCUBHOCTb OTKa30B Kmt
JIeIUTCSI Ha JBE OCHOBHBIE KaTErOpUU:
MHTEHCUBHOCTb 6€30MaCHbIX OTKA30B A 1
MHTEHCUBHOCTb OMACHBIX OTKA30B A ;.

xmz =7"s +7‘d‘

OnacHBIMU SIBIISTIOTCST OTKa3bl, KOTO-
pBbIe TIPUBOJISAT K MTOTepe (PYHKIIMOHATBHOM
0€30MacHOCTY CUCTEMBI U/ MJH K TTOTepe e€

CITy>kObI yYCTPOICTBA, €CIIU OHO
He TIOMJIEKUT BOCCTAHOBJICHUIO

dd/sd

6e30MmacHOro coctosiHusl. [IpUMEHHUTETBHO
K CHCTeMaM, B HOPMaJIbHOM PEXHUME Haxo-
TSATIAMCS BO BKJTIOUEHHOM COCTOSTHUU (Ha-
MpuMep, CUCTeMaM TMPOTHBOABAPUIHOM
3alIUThI), 0E30MACHBIMU CUMTAIOTCS OTKA-
3bl, KOTOPBIE TPUBOJISIT K OIIIMOOYHOMY OT-
KJIIOUEHHUIO BBIXOJIA M OCTAHOBY KOHTPOJIH-
pPYeMOro TEeXHOJIOTMYECKOro Mmpoiiecca
(JtoxHoe cpabartbiBaHue). OMacHBIMU OT-
Ka3aMu, HAa00OPOT, SIBJISIETCSI OTKAa3bl, Mpe-
TMIATCTBYIOIINE OTKJIIOUSHUIO BBIXOIA U OC-
TAHOBY TMpoliecca MpU BO3HUKHOBCHUU
ABApUITHOW CUTyallUu.

B kaxmoit 13 yKa3aHHbBIX KaTeTOpUii OT-
Kasbl, B CBOIO OYepelb, MOAPA3ICISIOTCS
Ha jseTekTupyemble (Ay,, Ayy) M HeleTeK-
tupyemble (Ag,, Ay,) OHNAHHOBON auar-
HOCTHKOW:

7Ls = ksd + 7"51/;
Mg =Ngq+ Mgy
ktot = ksd + 7"su * 7"dd +}\‘du'

Bennuuna, obparHas ks, — 310 MTBFs,
WIM cpelHee BpeMms (B Troaax) Mexay
BO3MOXHBIMU JIOXKHBIMU OCTaHOBamu. B
CBOIO OYepe/lb, BeJIMYMHA, 00paTHasd A ;, —
ato MTBFd, cpentee Bpemsi (B romax) me-
KITy BO3MOKHBIMY OTTACHBIMU OTKa3aMHU.

PaccMoTpuM, Kak onpenesiTcss MHTeH-
CUBHOCTHU OTKA30B Pa3JMYHBIX KATETOPHIA.

Drta pabota OOBIYHO BBITION-
HsIeTCs Ha dTare MPOeKTUPOBa-
o MA | HUSL KOHKDETHBIX YCTPOICTB.
st 9TOU 11e7TM TIPOBOAMTCS
20 aHaJIM3 BUIOB OTKA30B U IUArHO-

WU PEMOHTY.
XapakTepucTUKON PEMOHTO-

du

ctuku (Failure Mode Effect and

124 Diagnostic Analysis — FMEDA).

IIPUTOAHBIX ychOI‘/JICTB ABJIACTCA

su

ﬂIIH NOACHCHUA TPUHLMIIOB

Cpe/iHee BpeMsi MX BOCCTaHOBJIE-
Huss MTTR (Mean Time To
Repair).

du

e FMEDA o0patuMcst K auarpam-

Me, TIpeJCTaBIeHHO Ha puc. 3.
Jdatyuk-npeoOpa3oBaTesb

Cpennee BpeMsi MEXIy TBYMSI

4 JaBJICHUA C TOKOBBIM BbIXOIOM

A

MOCJIeIOBATEIbHBIMU  OTKa3aMU
MTBF (Mean Time Between

dd/sd

Failures) 0OBIMHO BBIpaXKaeTcsl B
rojax.

Puc. 3. Mpumep ANA BbIXOARHOTO CUrHanNa 4...20 MA

4...20 MA TecTupyeTcs IS OT-
peneieHus 3Ha4YeHUin Ay, Ay,
Nyg» Mg, Tlpeamonoxum, mpu-

eMJIEMBbIA JIUana3oH JOITyCKa
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omnpenenéH paBHbM 0,8 MA (5% ot pabo-
Yyero auaras3oHa).

Ha matumk moma€rcs murtaHue W ycra-
HaBJIMBACTCA BBIXOOHOM cuTHaT 12 MA.
OpuH 3a IpYyrUM TI0 OYePear MOJETUPY-
IOTCSI OTKAa3bl Pa3IMUHBIX BUAOB (KOPOT-
KO€ 3aMbIKaHWe, OOPbIB, NEBUALIUS U T.1I.)
TUTST KaXKITOTO 2JIEKTPOHHOTO M MEeXaHWue-
CKOTO KOMITOHEeHTa Jartunka. Hampuwmep,
ecnu 310 pe3uctop 1 kKOM, conmpoTuBIe-
HHE ero ycTaHaBauBaeTcs paBHbIM 0, 500,
2000 Owm, a 3ateM OH pa3mbIKaeTcs. [1po-
HCXO[ISIIIINE TIPY 9TOM U3MEHEHUS BBIXO/I-
Horo Toka (pukcupytorcs. Ecau nuamazon
n3MeHeHuit MmeHee 0,8 MA, 0TKa3 KJjlaccu-
dunmpyercst kak 06e30TMacHBI HeleTeK-
tupyeMsbiit (su). Eciu curnan Berxoout 3a
Tpeesibl TOTyckKa, HO HAaXOOUTCS B Iua-
ma3oHe 4...20 MA, 0TKa3 KJIacCUpUIMpy-
eTCs KakK OIMAaCHBI HeIeTeKTHUPYeMBbIil
(du). Ecnm Xe curHam Hmke 4 MA wWin
BoIire 20 MA, 0TKa3 MOXeET ObITh Oe3omac-
HBIM WJIY OTIACHBIM B 3aBUCUMOCTH OT YC-
JIOBUI TIPUMEHEHUs] NaHHOTO MaTYMKa,

HO B JTIOOOM Cilyyae OH OyneT Kiaccubu-
LIMPOBATHCS KaK AETEKTUPYEMBbIH.

Taxkoe TecTupoBaHUWE M aHAIU3 BBI-
MOJTHSIOTCS JJIT KaXIOTO KOMITOHEH-
Ta, 3aT€M TOJYYEHHbIE Pe3yIbTaThl CyM-
MUPYIOTCSI ISl TIOJyYeHUsT OOIIMX 3Ha-
YEHMIl MHTEHCUBHOCTEM OTKA30B Ay, Ay,
N M

Heo6XxoauMo OTMETUTBh, YTO IS OIpe-
NIeJIeHNsT HeTOTOBHOCTU CHUCTEMBI 6e30-
nacHoctu (PFDavg) B ocHOBHOM nmeeT
3HaUYe€HNE WHTEHCUBHOCTH OITACHBIX He-
JIETEKTUPYEMBIX 0TKa30B (du). DTo 03Ha-
YaeT, YTO YeM OHa HIKe, TeM OoJjiee BBICO-
KUl WHTETPATbHBIN yPOBEHb Oe30macHo-
ctr SIL MOXeT ObITh JOCTUTHYT TSI TaH-
HOTO YCTPOICTBA.

Jdona BE3SONACHBIX
oTkA30B (SFF)

BTopbiM napaMeTpoM, ompeaensiomum
WHTETPAJIbHBIA YPOBEHb 0€30TAaCHOCTH,
SIBJISIETCS TOJIsSt Oe30IacHBIX 0TKa3oB SFF
(Safety Failure Fraction).

Tabnuya 1
SFF pna komnoHeHTOB TUNA A
SFF YcTonuuBoCTb YcTonuuBoCTH YcToiunBoOCTD
K annapaTHbIM 0TKa3am K annapatHbIiM 0TKa3am K annapaTHbIM 0TKa3am
0 1 2
< 60% SIL1 SIL 2 SIL 3
60-90% SIL 2 SIL3 SIL 4
90-99% SIL 3 SIL 4 SIL 4
>99% SIL 3 SIL 4 SIL 4

Mpumeyanue. YcToitunBoCTb K annaparHbiM oTkazam N
K HapyLeHuio hyHKLUN 6e30MacHOCTU YCTPOACTBa.

o3HavaeT, yto (N+1)-it oTka3 MoxeT npuBecTy

Tabnuya 2
SFF ana komnoHeHTOB TUNA B
YcTonuuBoCTL YcTonuuBoCTH YcToiunBoCTL
SFF K annapatHbIM 0TKa3am K annapatHbIM 0TKa3am K annapatHbIM 0TKa3am
0 1 2
<60% He ponyckaetcs SIL1 SIL2
60-90% SIL1 SIL 2 SIL 3
90-99% SIL 2 SIL 3 SIL 4
>99% SIL 3 SIL 4 SIL 4

Mpumeyanue. YcToiunBoCTL K annaparHeiM oTKasam N
K HapyLeHuio hyHKLUN 6€30MacHOCTM YCTPOICTBA.

o3Havaet, yto (N+1)-it 0TKa3 MOXKeT NpuUBeCTM

B cootBercTBUM cO cTaHmapToM MBOK
61508 KOMITOHEHTBI WK TIOJACUCTEMBI OT-
HocaTcsl K tuny A win B (cm. Tabm. 1
u Tab. 2):
©® KOMIIOHEHTbI THNA A — 3TO TIPOCTHIE

YCTPOWCTBA, TIOBEIEHWE U BUMIBI OTKa-

30B KOTOPBIX XOPOIIIO U3BECTHHI;

@ KOMIOHeHTHI TUMAa B — 370 KoMruiekc-
HbIEe KOMIIOHEHTHI ¢ TTIOTEHIINAJILHO He-
WU3BECTHBIMU BUIAMH OTKa30B, HATIPU-
Mep MUKPOTPOIIECCOPHI, CITenaTu3n-
pPOBaHHBIE MTPOIIECCOPHI U T.IT.
DakTruecku B Tab. 1 1 2 ipeacTaBie-

HBl OTpaHWYEHWS Ha WCIIOJb30BaHUE

MPOCTBIX U PEe3epPBUPOBAHHBIX APXUTEK-

Typ B CHCTEMax C Pa3IUYHBIMU YPOBHSI-

mu SIL.

3nauenne SFF ompenensieTcss mo ¢op-

MyJIe:
z /ldd +z /lsd +z )’su
2 )’dd +2 )’du +2 )’sd +2 )’su

=1- 2 :
Zz’dd +Zz’du +z)“sd +zz’su
Yro6s! yBenmmuuth 3HaueHne SFF, cym-

MapHO€ 3HA4YCHUEC 2 }"du JIOJIKHO OBITh
KakK MO2KHO MCHBIIC.

SFF=

Pacuitr PFDAvG
st cuctem ¢ apxutektypoit 1ool dop-
myJia pacuéta PFDavg umeet Bun:

PFDavg(Tl) = A ;X RT+ Ay, < TI/2,
e

RT — Bpemsi BOCCTAaHOBJIEHUS B Yacax
(0GBIYHO 8 YacoB);

TI — vHTepBaJl BpeMeHU MeXIy (PyHK-
IIMOHATTLHBIMU TPOBEPOYHBIMU TECTaMU
(1-5—10 nmer), obGo3HAYaeMBbIii TaKXKe
Tproof;

A4 — VHTEHCUBHOCTb OMACHBIX JETeK-
TUPYEMbIX OTKA30B;

A, — VHTEHCHBHOCTb OMACHBIX Hejle-
TEKTUPYEMBIX OTKA30B.

s TI=1ron = 8760 uu RT= 8 u:

PFDavg=2;,x8 +L,,x8760/2.

Tabnuya 3
DaKTOp CHUXKEHMSA PUCKA KaK (YHKUUA ypoBHA SIL 1 rotoBHOCTH [MockonbKy ciaraemoe (Ay, x 8) cyuie-
(v3 cranpapToe M3K 61508 n M3K 61511) CTBEHHO MEHBbIIIE, YEM (Kdux 4380), dop-
MYJIy MOXHO YIPOCTUTD:
VIHTer;LII.lebIVI cPeAH”:Fsllap‘;gﬂmocn (1-PFDavg) RRF cpenuﬂ: Fnzap‘:)gmuocrb
YpoBeHb OTBK?? ’E::::;:c rOTOBHOCTb (haKTOp CHMKEHUA | OTKasa Ha 3anpoc B 4ac PFDan = }‘du X T]/2 = 7"du x 8760/2'
6e3onacHocTU A 6e3onacHocTu pUcKa (BbICOKaﬂ WHTEHCUBHOCTb
UHTEHCUBHOCTb BBHPOCOB)
3anpocos) MHTErPANBbLHLIE YPOBHM
SIL 4 >10-5 1 <104 |07 99,99 70 99,999% |07 100 000 0 10 000|  >10-9 u <10-8 BE3OMACHOCTM
B T1abn. 3 npuBeneHb 3HAUYEHUS
—4 _3 0 -8 =7
SIL 3 >10"% n <10 01 99,9 5o 99,99% | Ot 10 000 fo 1 000 >10"% un <10 PFDavg [is BYX PeXUMOB: HU3KOM M
SIL 2 >1073 1 <1072 0199 po 99,9% 01 1000 o 100 >10~7 n <106 BBICOKOW MHTEHCUBHOCTH 3aIPOCOB.
SIL1 R — 0T 90 0 99% 0T 100 go 10 T — Pexxum HU3KOH HMHTEHCHMBHOCTH 3ampo-
COB — PEXMM, KOT/a YacTOoTa 3alpoCcoOB Ha
www.cta.ru CTA 1/2009
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Puc. 4. PFD u PFDavg ans cuctembl ¢ apxutektypoit 1001 u Tproof, paBHbiM 1 rogy
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Puc. 5. Paccmatpuaemas B KayecTBe NpuUMepa cucTema ¢ apxutekTypoii 1001

BBITIOJTHEHUE (DYHKIIMY 0€301TacCHOCTH He
TIPEBBINIaeT OMHOTO 3arpoca B TOO U He
OoJiee yeM B JIBa pa3a MPeBBIIIAEeT YaCTOTY
TIPOBEEHUS IPOBEPOYHBIX TECTOB.

PekuM BbICOKO# MHTEHCHMBHOCTH 3aIpo-
COB — PeXWM, KOTJ/Ia YaCTOTa 3aIpoCcoOB Ha
BBITIOJIHEHUE (DYHKIIMU 0e30MacHOCTU
0oJbIlIe OTHOTO 3arpoca B TOI U OOJIbIIe
4YeM B JIBa pa3a 4acTOThI TPOBEICHMUS ITPO-
BEPOUYHBIX TECTOB.

YacTora TpoBeIeHUST TPOBEPOTHBIX
TECTOB TTOKAa3bIBaeT, KaK YacCTO MPOU3BO-
auTcss GYyHKIIMOHATBHOE TEeCTUPOBAHUE
CUCTeMBI O€301TaCHOCTH, YTOOBI TapaHTHU-
poBaTh €€ MoJIHYI0 pabOTOCITOCOOHOCTD.

XOoTsI HETNPEPBIBHBIA PEXUM KaXKeTCsT
Oosee XECTKUM, ClemyeT TTOMHUTb, 4TO
3HAUYEHUST BEPOSITHOCTE /11T HETO TIPUBE-
JEHbI MCXOMASl M3 KOJIWYeCTBa OTKA30B B
yac. JIns pexxuma HU3KOW MHTEHCUBHO-
CTU 3alpoCOB TMPUBEAEHHBIE 3HAYCHUS
COOTBETCTBYIOT BPEMEHHOMY WHTEDPBAIY,
paBHOMY TIPUMEPHO OJHOMY TOMdy. Ydum-
ThIBas, 4To B romy npumepHo 10 000 ga-
coB (touHo 8760), snauenuss PFDavg
IUTSI 9TUX JIBYX PEXMMOB MPUMEPHO OIM-
HaKOBBIE.

Heob6xonnmo Takke OTMETUTD, YTO MO-
CKOJIbKY (hakTop cHmXeHus pucka RRF
SIBJIIETCS BeJIMUMHOM, oopaTHoit PFDavg,

17151 otieHKU ypoBHeit SIL BMecto PFDavg
npoie ucrnonb3oBaTh RRE, Tak kak 1e-
JIble IIOJIOXUTEIbHbIE 3HaYyeHUsT OoJiee
HATJISIIHBI 1T TOHUMaHMSI.

3ameuaHus nNo nosopy

ypoBHe# SIL

1. I[lpuBenéHHbie B TabI. 3 3HAYEHUS OT-
HocaTcs K GyHKIMM 6e3ommacHocTtr SIF
B IIEJIOM, a HE K OTJEJIbHBIM €€ KOMIIO-
HEeHTaM.

2. PazHuiia Mexmy cocCeTHUMU YPOBHSIMU
SIL paBHa ogHOMY mopstaky (10).

3. Takasg e pasHUIIA B OIWH TOPSIOK
(10) cymiecTBYeT MEXIYy MUHUMAJIbHBI-
MM ¥ MaKCUMaJIbHBIMU 3HAYCHUSIMU
st kaxknporo ypoBHst SIL. Hampumep,
RRF = 120 cootBerctByer SIL 2 m
RRF = 980 Toxe coorserctByet SIL 2,
HO MeXIy HUMHU CYIIECTBYeT OOJbIIast
pa3HUIla, TIOITOMY JaHHBbIE 3HAYCHUS
HECOIOCTaBUMBI, HECMOTpPSI Ha TO YTO
OHM 00a OTHOCSTCS K ypoBHIO SIL 2.

4.3ayacTylo QyMamoT, 4TO ypoBeHb SIL
(1-2—3—4), onpeneAEHHBIN AT UHCT-
pyYMeHTaTbHON (YHKIIUU 6e30TMacHo-
ctu SIE Gymer takuMm Bcerma. DTo 3a-
OuTy>KIIeHre, TIOCKOIbKY MHTETPaIbHBII
ypoBeHb 6e3omacHocTu SIL 3aBuCHT OT
3HaueHus1 BeposaTHoctu PFD, KoTtopoe

YBEJIMUMBAETCSI CO BpeMEHEM. YPOBEHb
SIL ocraércsi HEM3MEHHBIM TOJIBKO B
TeueHUe OINpeneI€HHOTO Mepruoa Bpe-
menu Tproof — 3TO BpeMeHHOIT UHTEp-
BaJl MEXIy TMPOBEJACHUEM IPOBEPOU-
HBIX TUATHOCTUYECKUX TECTOB CUCTEMBbI
0e30IMacHOCTH, OOBIYHO OH COCTAaBJISIET
1, 3, 5, 10, 15 net (mnst ynobcTBa mpea-
craBieHUsl mapamerp Tproof obGo3Ha-
yeH B (popmynax kak 77).

5.Ha puc. 4 nokazansl PFD u PFDavg
IJISI CUCTEMBI C apXMTEKTypoil 1ool u
Tproof, paBHbiM 1 romy. PEFD — BeposiT-
HOCTbh OTKa3a Ha 3ampoc BbIMOJHEHUS
¢dyHkuuu Oe3omacHocTH 0e3 ydéTa
MPOBEIeHUsI TUAarHOCTUYECKUX TECTOB
C LIEJIBIO BBISIBJICHUST HEIETEKTUPYEMBbIX
otka3oB, a PFDavg — ycpenHéHHas Be-
POSITHOCTB OTKa3a Ha 3alpoc BBIMOTHE-
HUS QYHKLUU OE30MaCHOCTU C YUETOM
BBITMIOJIHEHUSI AUArHOCTUYECKUX Tec-
ToB. CylUEeCTBYIOT ClieLMabHbIe MPO-
LeIypbl TPOBEACHUSI TMPOBEPOUYHBIX
TECTOB C LIeJIbIO OTIPEAETeHUST AT Kax-
JOTO  YCTPOWCTBAa WHTEHCUBHOCTHU
OMACHBIX HEIETeKTUPYEMbIX OTKa30B
Ehdu, KOTOpBIE He BBISIBIISTIOTCST OOBIU-
HBIMU OHJIATHOBBIMM JTMAaTHOCTHYE-
ckuMU TectaMu. Ecim He BBITIOTHSATH
Takue TepuonnyeckKue TeCThl, 3Hade-
Hue PFD ¢yukumu 6e3omacHoctr SIF
nepeinéT u3 3agaHHoro ypoBHst SIL B
0oJiee HU3KUI YpOBEHb, HANIpUMep U3
SIL 3B SIL 2, SIL 1, SIL 0.

6. YpoBeHb SIL, KOTOpBIii COOTBETCTBYET
MEXTeCTOBOMY UHTepBaiy | rof, cyiie-
CTBEHHO OTJIMYAETCST OT YPOBHSI, COOT-
BETCTBYIOIIEro nHTepBary 10 yet, XoTs
00a YpOBHSI OTHOCSITCSI K OTHOW U TOW
ke YHKINY 6e30TIacCHOCTH.

7. s moBeleHUST ypoBHS SIL KOHKpeT-
Hoit SIF cymectByloT nBa crmocoba:
CHIDKEHUE MEeXTEeCTOBOTO HMHTEepBaa
Tproof 1 ucronb30BaHMe pe3epBUPOBA-
HUSI KOMIIOHEHTOB, KPOME TOTO, BO3-
MOXHO KOMOWHMPOBaHWE OOOUX ITUX
Ccroco0oB.

Mpumep pacuéra
xapakrepuctux SIF

B nanHOM mpumepe mokaszaH MOPSIOK
pacuéta PFDavg u ypoBHs SIL kak mns
OTIeNIbHBIX KoMTIOHeHTOB SIF, Tak u mist
SIF B tiesiom.

Paccunrtaem 3nauenus MTBF, MTBFs
g JIOXHBIX cpabatbeiBaHuii, PFDavg,
RRF u Bo3MoXHBIII ypoBeHb SIL misa
¢yukuu 6e3omacHoct SIF cuctemsl,
MpeICTaBIeHHOM Ha puc. 5. DTa cucrema
COCTOWT U3 IaT4rKa-TpeodpasoBaress Tx,
Oapbepa MCKPOOE30TTacCHOCTU, TPOTPaM-
MUPYEMOTO JIOTUYEeCKOTO KOHTpoJuIiepa
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Tabnuya 4
WcxopHble n pacyéTHble AaHHble ANA NPUMEpPa, NOKa3aHHOro Ha puUc. 5, — cuctema c apxutekTypoi 1001 u TI, paBHbiM 1 ropy
- - PFDavg o .
MTBF AJrop = MTBFs = - % oT 06wWeN RRF = JonycTumbiit
MoacucTembl (ner) e | 1 /A, (ner) Agron | Age/ron | Ag/ron |00l : Nl PFDavg | 1/PFDavg SFF L

Narumnk Tx 102 0,00980 125 0,00800 0,0010 0,00080 | 0,000400 3,40% 2500 91,8% SIL2
bapbep D1014S 314 0,00318 629 0,00159 0,0014 0,00019 | 0,000095 0,81% 10 526 94,0% SIL3
nnK 685 0,00146 741 0,00135 0,0001 0,00001 | 0,000005 0,04% 200 000 99,3% SIL3
Knanau 12 0,08333 24 0,04150 0,0200 0,02183 | 0,010915 | 92,87% 92 73,8% SIL1
WUcTouHmnK nutanus 167 0,00600 189 0,00530 0,0000 0,00070 | 0,000350 2,97% 2 857 88,3% SIL3
06was (SIF) 10 0,10377 17 0,05774 0,0225 0,02353 | 0,011765 100% 85 — SIL1

Tabauya 5

WcxopHble U pacyéTHble AaHHble ANA NPUMepa, NOKa3aHHOro Ha pUc. 5, — cucrema c apxutekTypoi 1001 u TI, paBHbIM 1 rofy ANsA BCeX KOMMNOHEHTOB,

Kpome KnanaHa, T KoTOporo COKpawéH Ao 4 mecALeB

MTBF Mroa= | MTBFs = PFDaYG 1o oro6weit| RRF = Jlonycrumbiin
NMoacuctemb! (ner) i || /A, (ner) Agron | Ay/rom | Agy/rom | 1ool 5 al|" PrDavg | 1/PFDavg | SFF Sl
Aatuuk Tx 102 0,00980 125 0,00800 0,0010 0,00080 0,000400 8,98% 2500 91,8% SIL 2
bapbep D1014S 314 0,00318 629 0,00159 0,0014 0,00019 0,000095 2,13% 10 526 94,0% SIL 3
MK 685 0,00146 741 0,00135 0,0001 0,00001 0,000005 0,11% 200 000 99,3% SIL 3
0,01370 0,0066 0,00720 0,003602 80,91%
Knanan 36 0.02750 73 /4 mecsua | /4 mecsaua | /4 mecaua | /4 mecsua | /4 mecsaua 278 738% SIL 2
UcToyHMK nutanua 167 0,00600 189 0,00530 0,0000 0,00070 0,000350 7,86% 2 857 88,3% SIL3
06was (SIF) 21 0,04794 33 0,02994 0,00910 0,00890 0,004452 100% 225 — SIL 2

(IJIK) u 571eKTpOMarHUTHOTO KJlaraHa,
KOTODBII SIBJISIETCS. OKOHEYHBIM HCIIOJ-
HUTEJbHBIM 3JIEMEHTOM.

B kavecTBe MCXOMHBIX NAHHBIX TPU
pacuéTte WCIONb30BaHBI 3HAYEHUS Tapa-
MeTpoB KoMIoHeHTOB cucteMbl (MTBE,
Mg Mgg» M), KOTOPBIE MOXHO HAMTH B Py-
KOBOJICTBAaX MO 0€30MacHOCTH, MPeaoc-
TaBJISIEMbIX UX MPOU3BOAUTEIISIMMU.

UcxonHble 1 pacy€THBIE TaHHBIE CBe-
NeHbI B Ta01. 4 1 Tabi. 5. W3 Tabmuil Bum-
HO, YTO OCHOBHBIM KPUTEPUEM OTIpeieie-
nust ypoBHs SIL asmsercs PFDavg nmm
daxrop cHrxeHust pucka RRE

B manHoM mpuMepe 3aBeJOMO HU3-
KUe XapaKTepUCTUKN OKOHEUHOTO MCITOJI-
HUTEJIBHOTO 3JieMeHTa (KJjanmaHa) ObLIU
BBIOpAHBI UIST JIydlllel WJUTIOCTPAlluy
YCJIOBUI peaNbHBIX TPUMEHEHUI, COOT-

BETCTBYIOIIUX TIPOMBIIUIEHHOMY TIPOU3-

BOJICTBY.

ITo moBomy pacuéra xapaktepuctuk SIF

HEOOXOIMMO CIETaTh PsI 3aMeYaHU .

1. Paznmuuue mexmy Ttabm. 4 (SIL 1 mns
kianaHa) v Tabh. 5 (SIL 2 mrs kanaHa)
COCTOUT B BEJTMUMHE MEKTECTOBOTO UH-
tepBasia T1 nng knanaHa. B mepsBom
cilyyae OH paBeH | romy, a BO BTOpOM —
4 Mecs1am.

2. BeiOpaHHBIl KJ1altaH He CepTU(hUITUPO-
BaH Ha cootBercTBue SIL. CraHmapt
MDBK 61508 mormyckaer ero MCIIOIb30-
BaHME U MO3BOJISIET MPUHATH A = A, =
Ao/ 2. Ho TOCKOJIBKY B 3TOM Cllyyae OH
HE COOTBETCTBYeT naxe ypoBHio SIL 1,
HEeoOXOIMMO TIPOBOAUTH OHJIAWHOBOE
TECTUpPOBaHME KJIalaHa C HEeTOJHBIM
xonom (Partial Stroking Test — PST)

MPU TUAarHOCTUIECKOM TIOKPBITUU He
menee 52% (A, /A, x100%), uTOGbI
TepeBeCTH YacTh OTIACHBIX HEIEeTEeKTH-
pPYEMBIX OTKa30B > Ay, B JETEKTHpYe-
MblE 2 Ayq M TaKkum o6pazom obecrie-
YUTH IS KJlanaHa, Kak MUHUMYM, YpO-
Benb SIL 1.

3.B cmywasx, xorma 3HaueHue PFDavg
OKOHEYHOTO 2JIeMeHTa TaKoe BBICOKOE,
Kak B paccMaTpuBaeMOM TIpUMepe,
NPYyTUe KOMIIOHEHTHI CUCTEMBI TOJIKHBI
VMETh YPOBHU 0€30MaCHOCTU HE HIDKE
SIL 3. Takum o6Gpa3oM, KOMIIOHEHTBI
¢ ypoBHeM SIL 3 ucmonb3yooTcst He
TOJIBKO TOTHA, KOTAa HEeoOXOTUMO

obecrieunth ypoBeHb SIL 3 mis Bceit

CHCTeMBI, HO U B TeX CJIyJasiX, Koraa

IIJISI CUCTEMBI TpeOyeTcst ypoBeHb SIL 1,

a oovH W3 e€ KOMIIOHEHTOB, HWMes

T/ BCEX KOMNOHEHTOB Tl knanaHa paseH 4 mecsyam,
cHcTeMbI paset 1 ropy [] Darymk Tx 7/ BceX 0CTaNbHbIX KOMIOHEHTOB — 1 roly
O bapbep
297% 3,40% 0,81% 0,04% 92,87% B K 7,86%  8,98% 213% 0,11% 80,91%
[ Knana
B VicroyHuk nuTanms
Puc. 6. Pacnpepenexue PFDavg B pamkax SIF (MantocTpaumsa K npumepy cucTeMbl, MOKa3aHHOI Ha pUc. 5)
www.cta.ru CTA 1/2009
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BBICOKYI0O WHTEHCHUBHOCTH OTKAa3O0B,
BHOCUT OOJIBIIONM BKJIag B OOIIYIO
PFDavg. Bkian kaxmoro U3 KOMIIO-
HeHTOB B 0011yt0 PFDavg cuctemsbl no-
KaszaH Ha puc. 6.

4.J1aTyuK, KOTOPBIA MMEEeT BBICOKUIA
RRF (2500), Tem He MeHee, IPUTOIECH
TOJIBKO TSI UCTTOJIb30BAHUS B CUCTEMAX
¢ ypoBHeM He Bbile SIL 2 (KOMIOHEHT
tuna B ¢ ycToituMBOCTBIO K ammapar-
HBIM oTKa3aM () — TabJ1. 2), TOCKOJBKY
ero SFF He cooTBeTCTBYET MpMeHeHN -
aM ¢ ypoBHeM SIL 3.

5.4Yto HyXHO caenaTb, €clii HeoOXoau-
Mblii ypoBeHb SIL 2 mna SIF momken
obecrieunBaTh (HaKTOp CHUKEHUST PUC-
ka RRF mpumepno pasusim 900? Bo3z-
MOXHBIM PEIIIEHUEM SIBJISIETCS UCTIONb-
30BaHME IS KjlarlaHa apXUTEKTYphl C
pesepBupoBanuiem 1002. [1pu mposene-
HUM TIEPUOANYECKUX TECTOB KJIAMaHbI
10 OYepenr MOTYT BKIIIOYAThCs B 00XOT
U TIPOBEPSITHCS O€3 OCTAHOBKU MPOIIeC-
ca. B aTom ciyuae MeXTecTOBBIN WMH-
TepBaJl TSI KJlaraHa MOXET OBITh CO-
KpaniéH, Hampumep, 10 4 MecsIies.
[TpuHuUMas dakTop OTKA30B IO 001t
MPUYKMHE PaBHBIM 5% M MEXTECTOBBIN
uHTepBan T1= 4 Mecdua, MOJyduMm
RRF cucrtemsr ¢ ypoBHem SIL 2, pa-
BHBIH 970.

Tabnuya 6
MejKTecToBble MHTEPBaNbI AN KOMNOHEHTOB
CUCTEMbI, NOKA3aHHOM Ha puc. 5

MexTecToBbIi MHTEpBan

KomnoHeHT, nogcucrema

(Tproof)
Natuunk 1rop
Bapbep 10 net
MJIK cuctemsl

20 net
6e30nacHoCTH
KnanaH 4 mecsua
MIcTOYHMK nuTaHms 10 net

TakuM 00pa3zoM, MUHUMAJIbHBINA MeXK-
TECTOBBII MHTEPBaJl B PAaCCMOTPEHHOM
CHCTEeMe UMEEeT KJamnaH, Ul APYTUX KOM-
TMIOHEHTOB CUCTEMbI MEXTECTOBbIE MHTEP-
Basibl npu gaHHoM RRF cyiiectBeHHO
BbiliIe (Ta0II. 6).

BAUSHUE YODPEKTUBHOCTU
NMPOBEPOYHLIX TECTOB
HA PFDAvec

Crangapt MOK 61508 tpebyet, uTOOBI
B pe3yJbTaTe TEPUOINYECKUX TTPOBEPOY-
HBIX TECTOB YCTPOMCTBO BOCCTAHABIIMBA-
JIO XapaKTEPUCTUKU [0 COCTOSHUS «HO-
BOTO». JIpYTMMM CJIOBaMHU, 3TH TECTHI
JIOJIKHBI BBISIBIISITH BCE OTACHBIE HENETEK-
TUPYEMBbIE OTKA3bl, CYIIECTBYIOLIKE B yCT-
poiictBe. [TOCKOJIBKY Ha TIpAaKTHKE 5TO

HEBO3MOXHO, 3(hGEeKTUBHOCTh TaKUX
TECTOB BapbupyeTcs oT 99 1o 50%.

g xaxngoro komroHeHnta SIE korma
3P HEKTUBHOCTh TIEPUOAMYECKUX TECTOB
110 BBISIBJICHWIO OTIACHBIX OTKA30B paBHA
100%, dopmyina st pacuéra PFDavg yri-
poraercs:

PFDavg=4,, ><T—21.

Ecnmu apdexkruBHocTs He paBHa 100%,
dbopmyna nmeer BuI:

PFDavg=FEtx2,, xT—;+(1—Et)><ﬂ,d“ x%,

rie
Et — 3(heKTUBHOCTh TeCcTa IO BBISBIIC-
HMIO OTIACHBIX 0TKAa30B (Hampumep, 90%);
SL — vHTepBaJ MEXJ1y MEePUOAUIECKUMU
MPOBEPOUYHBIMU TecTaMu ¢ 3(DHEeKTUBHO-
cthio 99—100% wiu Mexmy OBYMsl TOJI-
HBIMM 3aMEHaMU YCTPOMCTBA, JINOO CPOK
SKU3HU CHCTEMbl WJIM YCTPOICTBA, €CIU
OHU HUKOT/A TIOJTHOCThIO HE TECTUPYIOT-
Cs1 U HEe 3aMEHSIIOTCSI.

Hnsa TI=1rony u SL = 12 ronam dop-
mynaa a1 PEFDavg umeer Bun:

PFDan‘TI:l, SL=12=

=Etx%+(l—Et)x)Ldux%.
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Mpumep 1
Ay, = 0,01/roxn;
TI=1ron;
Et=90% = 0,9;
SL =12 yer.
J11s1 HOBOY CUCTEMBI:
PFDavg = 0,01/2 = 0,005;
RRF = 1/PFDavg = 1/0,005 =200 (SIL 2).
IMocne 1 rona:
PFDavg = (0,9%0,01/2) + (0,1 x0,01x 6) =
=0,0105;
RRF = 1/PFDavg = 1/0,0105 =95 (SIL 1).
BoiBoa: mocsie roga padboThl (M rmociie
KaXXIIOTO MEXTECTOBOTO MHTEPBajia) ypo-
BeHb MeHsieTcs ¢ SIL 2 na SIL 1.

Mpumep 2

Ay, = 0,01/roxn;

TI=1ron;

Et=99% = 0,99;

SL =12 yer.

[Tocne 1 rona:
PFDavg=(0,99x0,01/2) + (0,01 x0,01x 6) =
=0,0056;
RRF=1/PFDavg=1/0,0056 =178 (SIL 2).

BriBox: mociie omHOTO TOMA (MM TIOCTIE
KaXIOTO MEXTECTOBOTO MHTEpBaJia) ypo-
BeHb SIL 2 ocTaéTcs MpakKTUYECKU HEU3-
MEHHBIM (McXxonHble 3HaueHus1 PFDavg u
RRF Takue xe, kak B mepBoM Mpumepe).

BRAVUAHME ANUTEJIbBHOCTHU
NMPOBEPOYHOIO TECTA
HA PFDAve

s TecTUpOBaHUSI CUCTEMBbI Ge3ormac-
HOCTU B OHJIATHOBOM pexXume (TO eCThb
0e3 OCTAaHOBKU TEXHOJIOTUYECKOTO IIpO-
11ecca) 4acTb CUCTEMbI CTABUTCS B PEXKUM
00x01a, 4TOOBI MCKIIIOUMTh KaKue-JI1noo
JIOXXHBIE CcpabaTbIBaHUSI U OTKJIIOUEHMUSI.
JIIMTEeIbHOCTh TECTUPOBAHUSI MOXKET
OKa3bIBaTh CYIIECTBEHHOEC BIMSIHUE Ha
001IMe XapaKTePUCTUKN CUCTEMBbI 0€30-
IMACHOCTH, TaK KakK BO BpPeMsI TECTUPOBa-
HUS CHCTeMa He CIoCcOOHa TepeBeCTH
Mpoliecc B 0OE30ITaCHOE COCTOSTHUE TIPHU
BO3HUKHOBEHUU TaKOl HEOOXOAMMOCTH.
JIMMTETPHOCTh TECTUPOBAHUSI MOXET JI0-
MMOJTHUTEILHO YBEIUIUTHCS, €CIU T10 pe-
3yJIBTaTaM TeCTa YCTPOMCTBO ITOIUIECKUT
3aMeHe, U ellg 0osiee BO3pacTu, eciu Ipu
9TOM KOMITOHEHTBI, HEOOXOAUMBIE ISt
3aMEHBI, OTCYTCTBYIOT U MX HEOOXOIUMO
3aKa3bIBaTh.

Ha Bpems TecTpoBaHUSI CUMILIEKCHASI
cucrtema lool momkHa OBITH OTKJIIOYEHA
oT mpouecca. EE€ roToBHOCTH BO Bpemst
TECTUPOBaHUS paBHA Hymo. OmHaKo pe-
3epBUPOBaHHAsI CCTEMa TIPU TECTUPOBA-
HUU He JTOJIXKHA MOJIHOCTBIO BKJIIOUATHCS B
obxon. B mybommpoBaHHOI cucTeMe Ha
BpeMs TeCcTa MOXHO TOCTaBUTb B PEXUM

00X0/1a TOJBKO OJTHY BETBb (MJIM MOMYJIb)
CHCTEMBI, B Pe3yJIbTaTe Ha 3TO BPEMsI CHC-
TeMa TPEeBPaTUTCS U3 AyOIMPOBAHHOU B
MPOCTYI0 cUMILUIEKCHYI0. COOTBETCTBEH-
HO, TPOMPOBAHHAsI CUCTeMa MTPU TaKUX yc-
JIOBUSIX TIPEBPATUTCS B LyOIMPOBAHHYIO.

Takum o0Opa3oMm, YIpoOILIEHHOE BbIpa-
xeHue st pacuéta PFDavg

PFDavg=4,, x%.

JIOJKHO OBITh MOAUMDULIMPOBAHO C YYETOM
3aep>KK1 Ha BpeMst TectupoBaHus 1D:

PFDavg=41,, xg+2.
2 TI
Mpumep 3
Ay, = 0,002/ron;
TI=1ron;

TD = 8 4 (BpeMEeHHOIT MHTEePBa).
PFDavg=0,001+0,0009=0,0019;
RRF = 1/0,0019 = 526 (SIL 2).

BriBon: mtociie ogHOTO Tona (MU IMocye
KaXXIIOr0 MEXTECTOBOTO MHTEPBaja) ypo-
BeHb SIL 2 ocTaércst HeM3BMEHHBIM.

Mpumep 4
Ay, = 0,002/ron;
TI=1ron;
TD = 96 yacos.

PFDavg=0,001+0,01=0,011;
RRF=1/0,011=90(SIL 1).

BeiBon: mociie roga paboThl (Wn mocje
KaXI0TO MEXTEeCTOBOTO MHTEpBaia) ypo-
BeHb MeHstetcst ¢ SIL 2 na SIL 1.

KOHEYHOE BBIPAXXEHME

C yuétoMm 3G (HEKTUBHOCTU U TUTENb-
HOCTU TIPOBEPOYHOTO TECTa BbIpaXeHUE
s pacuéra PFDavg cucteMbl ¢ apxuTek-
Typoit 1lool B oOleM ciiyyae UMeeT cie-

NYIOIIAN BU:

PFDavg=EtxA,, %+%(1— Et)xldux%
bosee monpobHyo uHboOpMaluio 1O

PAacCMOTPEHHBIM B CTaTb€ BOMpPOCaM

MOXHO HaliTH B KHUTE [3] 1 pyKOBOICTBE

[4], xoTOpble HamucaHbl MHXEHepaMu
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pun DI1000 B mpuUMEHEHUSIX C YPOBHSIMU
SIL2 u SIL 3 cormacHo cranmaptam IEC
61508 u IEC 61511. — GM International
S.rl., 2008. — 72 ctp.

ABTOp — reHepaJibHbIN AUPEKTOP
komnauum GM International S.r.l.
(Utanus)

CeteBas TexHonorus
LONWORKS npuHsara
B KaYecTBe CTaHAapTa
ISO/IEC

MexpayHapoaHas HekoMMep4eckas acco-

umauma LONMARK International, npu3BaH-
Has CrocoOCTBOBaTb Pa3BUTUIO U MPOLBU-
XeHuio TexHomnorn LONWORKS, coobumna
3 pekabps 2008 r. o ToMm, 4YTO MMelolue
npaBo ronoca YneHsl OObeANHEHHOTO TEXHU-
yeckoro komuteta N2 1 MexayHapogHom
opraHu3aumn no craHgaptvsaumm (ISO) wm
MeXayHapoAHOW 3MeKTPOTEXHUYECKOM KO-
muccun (1EC) oduumanbHO NprusHanm TeXHo-
norvio LONWORKS B kadvecTBe craHAapTta
ISO/IEC 14908, yactn 1, 2, 3n 4.

Brepsbie TexHonorna LONWORKS nossu-
nacb Ha pbiHke B 1990 rogy. C caMoro Hadana
LONWORKS 3acnyxuna npusHaHue Kak Tex-
HONOrMA KOMMYHMKALMOHHbBIX CeTen ynpas-
NeHUS. YXKe Ha MPOTHXKEHUM HECKONbKMX NeT
OHa fABMSETCA HALMOHANbHbIM CTaHOAPTOM
B CTpaHax EBpombl, B AMepuke 1 Kutae.
C npu3HaHuneM B KayecTse cTaHgapta ISO/IEC
TexHonorns LONWORKS pocturna BbicLuen
CTYNEeHW MeXAyHapoaHbIX CTaHAAPTOB.

lNpr3HaHVe TEXHONOrM B Ka4eCTBe CTaHAap-
Ta ISO/IEC ByneT cnocobcTBoBaTh MHTEHCUDN-
Kauum npumMerHeHus TexHonorun LONWORKS
Ha MMPOBOM pblHKe aBToMaTM3aumu. Mpexzae
BCero 370 Kacaetcs obnactu CTpouTenbCTBa U
HeauxkmmMocT. TexHonorns LONWORKS ak-
TVMBHO MCMOJb3YeTCs Takke 1 B Apyrix obnac-
TAX, HampyMep, B 06NacTy ynpaBaeHus yamy-
HbIM OCBeLLEeHMeM, TPaHCMopTa, SHeproobec-
neveHns, ynpasBieHna npoueccamm 1 oMall-
Hen aBTOMaTM3aumu. Ho Havbonbluas YacTb
Lon-yctponcts, a 310 cBbiwe 100 MUAAMOHOB
YCTaHOBJEHHbIX MPUOOPOB, MCMOMb3yeTcs B
0051aCT aBTOMATV3aLMM 303aHN.

CTaHAapT COCTOUT U3 YeTbIPEX YacTen: Npo-
TOKOJ1, BUTas Mapa B Ka4ecTBe CpeApbl nepeaayu
JLaHHbIX A5 KabenbHOM NPoBoaKY CBOOOAHOM
TOMOMOrNK, JIMHUM 3MEeKTPOCeTV B KayecTBe
cpefbl nepefadyt AaHHbIX U MCMOfb30BaHMe
MexceTeBoro npotokona (IP) B kayectBe
TPaHCMOPTHOW Cpeabl ANIs TYHHeNMpoBaHMs. @

www.cta.ru
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NMPOLIECCOPHbIE MNATbI U KOPMYCA o S
ans npombiwnexHbix MK n BcTpanBaembix CUCTEM I B A E

FOTOBbIE PELUEHUA

MB930 MB898 1B935 CMI203

« Yuncer Intel Q35+ICHI(R) « Yuncer Intel Q965+ICH8 « Yuncert Intel Q35+ICHI(R) « Yuncetbl GM965, Q965, Q35

« LiM Core 2 Quad, wuHa 1333 MIy « LiM Core 2 Duo, wnHa 1066 MTy « LiM Core 2 Quad, wunHa 1333 MI'y « [10 2 nnat pacLunpeHuns

« 2 PCI-E (x16, x1), 4 PCI, 1 ISA! 3 PCI-E (x16, x1, x1), 4 PCI « 6 SATA 300, IDE, FDD « Cnotbl PCI-E, PCI, Mini-PCl

« 4 ynn 6 SATA 300, RAID « 4 ynn 6 SATA 300 « 8 USB, RS-232, RS-232/422/485 « VGA, LVDS, DVI

» ®opm-haktop ATX » ®opm-thakTop ATX « PICMG 1.3 (PCI-E + PCI) « Pasmepbl: 340x100x225 mm
ODULMANBHBII IUCTPUBLIOTOP KOMNAHUM IBASE B POCCHM U CTPAHAX CHF | 467 |

MOCKBA Ten.: (495) 234-0636 « Pakc: (495) 234-0640 « E-mail: info@prosoft.ru « Web: www.prosoft.ru

C.-NETEPBYPI  Ten.: (812) 448-0444 « ®akc: (812) 448-0339 « E-mail: info@spb.prosoft.ru « Web: www.prosoft.ru

EKATEPUHBYPI  Ten.: (343) 376-2820 « dakc: (343) 376-2830 « E-mail: info@prosoftsystems.ru « Web: www.prosoftsystems.ru
)

CAMAPA Ten.: (846) 277-9166 « dakc: (846) 277-9165 « E-mail: info@samara.prosoft.ru « Web: www.prosoft.ru

(
(
|
® HOBOCUBMPCK  Ten.: (383) 202-0960; 335-7001/7002 « E-mail: info@nsk.prosoft.ru « Web: www.prosoft.ru
KHEB Ten.: (+380-44) 206-2343/2478/2496 « ®akc: (+380-44) 206-2343 « E-mail: info@prosoft-ua.com « Web: www.prosoft.ru
YOA Ten.: (347) 2925-216; 2925-217 « ®akc: (347) 2925-218 « E-mail: info@ufa.prosoft.ru « Web: www.prosoft.ru
(
(
(
(

KA3AHb Ten.: (843) 291-7555 « E-mail: kazan@prosoft.ru « Web: www.prosoft.ru

OMCK Ten.: (3812) 286-521 « E-mail: omsk@prosoft.ru « Web: www.prosoft.ru

YENABUHCK Ten.: (351) 239-9360 « E-mail: chelyabinsk@prosoft.ru « Web: www.prosoft.ru

KPACHO[IAP Ten.: (861) 224-9513 « (?%KAC:F(I?DG&)CZCM-&)SB « E-mail: krasnodar@prosoft.ru « Web: www.prosoft.ru
© -
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