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Mpeancnosue

1 NMOArOTOBJIEH O6LwecTBOM € OrpaHUYEHHOW OTBETCTBEHHOCTHIO «KOpPNOpaTUBHbLIE SEKTPOHHbLIE
cuctembl» u degepanbHbiM BIOIKETHBIM yupexaeHuem «KOHCYnbTaUuMoHHO-BHEAPeHYeckasa dupma B obna-
CTU MeXayHapoaHOW cTaHaapTusauum u ceptudpukaummn — «dupma «MHTepctaHaapT» Ha OCHOBE COOCTBEH-
HOro ayTeHTUYHOro NepeBsoa Ha PYCCKUIA A3blK MEXAYHAaPOAHOro CTaHAAPTa, YKa3aHHOro B NyHKTe 4

2 BHECEH TexHuuyeckum kKOMUTETOM NO cTaHaaptusauun TK 58 «dPyHKUMOHanbHasa 6e30NacHOCTby

3 YTBEPXXIEH W BBEJEH B JEMCTBWE Mpukasom denepansHOro areHTcTsa no TEXHUYECKOMY pe-
ryniMpoBaHuto n MetTponorum ot 29 oktabpsa 2012 r. Ne 592-ct

4 Hacrosilwmin craHgapt uaeHtTudeH mexxgyHapogHomy ctanaapty MOK 61508-7:2010 «PyHKLUMOHAMb-
Has 6e30MacHOCTb CUCTEM JNEKTPUYECKUX, BNEKTPOHHLIX, MPOrpaMMUPYEMbIX 3MEKTPOHHbIX, CBSI3aHHbIX
¢ 6esonacHocTbio. YacTe 7. MeToabl u cpeacteay (IEC 61508-7:2010 «Functional safety of electrical/electro-
nic/programmable electronic safety-related systems — Part 7: Overview of techniques and measuresy).

HaumeHoBaHWe HacCTOALLEro cTaHfapTa U3SMEHEHO OTHOCUTESNIbHO HaWMEHOBAHMSA YKa3aHHOro Mexay-
HapPOAHOro cTaHgapta aAna npuesegeHus B coorsetcraue ¢ FOCT P 1.5 (nogpasgen 3.5).

Mpu npuMEHeHNn HacToALero ctaHgapTa pekoMeHAYeTCA UCMOMb30BaTb BMECTO CCbIMOYHbIX MeXay-
HapOAHbIX CTAaHAAPTOB COOTBETCTBYIOLLIME UM HaLMOHanbHbIE cTaHaapTbl Poccuiickon depgepaumun, ceegeHus
0 KOTOpbIX NPUBEAEHbI B AOMONHUTENBHOM NpunoxeHuu JA

5 B3AMEH NOCT P M3K 61508-7—2007

lpasuna npumeHeHuUs Hacmosuweeo cmaHdapma ycmaHoerneHsl 6 FOCT P 1.0—2012 (pa3den 8). VH-
¢hopmayus 06 UMEeHEHUX K Hacmosawemy crmaHoapmy nybrnukyemcs 8 exxe200HOM (1o cocmosHuKo Ha 1 siH-
eapsi mekKyuieeo 200a) UHOPMaUUOHHOM yKadamene «HayuoHarnbHbie cmaHlapmbil», a ocuyuansbHbil
MeKcm U3MEHEHUL U rnonpasoK — 8 €XeMECSIYHOM UHOPMaUUOHHOM yKasamene «HauyuoHarnbHble cmaH-
Oapmebi». B cnyyae nepecmompa (3ameHbl) unu OmmeHbl Hacmosuweeo cmaHO0apma coomeememeyrouiee
ysedomneHue 6ydem onybriukosaHo & bnuxaliliem 8biflyCKe eXeMeCa4YHo20 UHOPpMaUUOHHO20 yKa3amers
«HauyuoHanbHbie cmandapmebi». Coomeemcemeyiowas UHgopmayus, yeedoMneHue U mekemsl pasmeuwjarom-
Cs1 maKxe 8 UHhopmayUuoHHOU cucmeme obuiezo rnonb30e8aHuss — Ha oguyuanbHOM calime ®edeparnibHo20
aszeHmemea rno MexHU4YeCKoOMy pe2ynupoeaHuio U mMmemponoauu e cemu ViumepHem (gost.ru)

© CtaHpgapTtuHdopm, 2014

HacroAaLupmit CTaHaapT He MOXET BbITh MOMHOCTLIO UMK YACTUYHO BOCMPOU3BEAEH, TUPAKNPOBAH U pac-
NPOCTPaHEH B kKayecTBe opuLManLHOro usaaHus 6es paspeluenus degepansHOro areHTCTBa Mo TEXHUYECKO-
MY PeryriMpoBaHU0 U METPOSIOTUK
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BBeaeHue

CuUcTeMbl, COCTOALLME U3 SNEKTPUUECKUX U/UMK SNEKTPOHHLIX SNIEMEHTOB, B TE4EHWE MHOTUX NET UC-
Nonb3yTCA ANA BbINONHEHU PYHKUMIA 6e30MacHOCTU B DONbLUMHCTBE obractein npuMeHeHusi. Komnblotep-
Hble CUCTEMBI (OOBIYHO HA3bIBAEMbIE «NPOrPAMMUPYEMBIE ANMEKTPOHHbLIE CUCTEMBI®), MPUMEHSAEMbIE BO BCEX
NPUKNagHLIX OTPACHAX ANSA BbINOMHEHUS PYHKUMIA, HE CBA3aHHbIX C 6€30MacHOCTLIO, BO BCE Gonee yBenu4u-
BaIOLLUXCA KONUYECTBAX UCNOMNb3YIOTCA AN BINONHEHUSA pyHKUMin o6ecneyveHuns 6esonacHocTu. OAns addek-
TUBHOW U Be3onacHOmn 3KcnyaTaummn TEXHONOIMIA, OCHOBAHHbIX HA UCMOMNb30BaHUN KOMMbIOTEPHLIX CUCTEM,
Ype3BblyaiHO BaXKHO, YTODObLI NMLUA, OTBETCTBEHHbIE 38 MPUHATUE PELUEHUI, UMENU B CBOEM PAaCNOpPsXeHUN
pyKkoBoACTBa MO BOMpPOcaM 6e30MacHOCTH, KOTOPbIE OHWM MOTMKM Bbl UCMONL30BaThL B CBOEN paboTe.

Hacroawwmin ctaHgapT yctaHaenuMBaet o0Lwuin nogxoa k sonpocam obecneyeHus 6€30nacHOCTU ANA BCe-
rO >KM3HEHHOTO LMKNa CUCTEM, COCTOALLMX U3 INEKTPUHECKUX U/UNU 3NEKTPOHHLIX, U/unu nporpammupye-
MbIX 9MEKTPOHHbIX (3/3/MN3) aNeMEHTOB, KOTOPbIE UCMONbL3YIOTCA AN BbINOMHEHNA PyHKUMIA ob6ecneveHuns
6e30MacHOCTU. OTOT YHUDMLUPOBAHHLIN NOAX0A Obln NMPUHAT Ans pas3paboTku pauuoHanbHOM U nocneao-
BaTENbHOW TEXHUYECKON NOMNUTUKM AN BCEX AMEKTpUYEcKkux cuctem obecnevenus 6esonacHoctu. Mpu 3ToM
OCHOBHOW LENbIO ABMNAETCS COAENCTBME pa3paboTke CTaHAAPTOB ANA NPOAYKUMM U obnacrer npuMeHeHus
Ha OCHoBe cTaHgaptos cepun MOK 61508.

MpuMeyaHune—lpuMepamn cTaHAapTOB ANA NPOAYKUMU U obnacTell NpUMEHEHUS, pa3paboTaHHbIX Ha oc-
HoBe cTaHgapToB cepun MOK 61508, asnsatotes [11—{3].

O6bI4HO 6€30NaCHOCTL JOCTUTAETCA 3@ CHET MCMONb30BAHUS HECKOJIBKMX CUCTEM, B KOTOPbLIX UCNONb3y-
I0TCA pasnuyHbIe TEXHONOrMK (HanpuMep MexXaHU4Yeckue, rapaBnuyeckne, NHEBMaTU4eCcKme, anekTpuieckue,
3MEeKTPOHHbIE, MPOrpamMMupyemMble 3NeKTPOHHbIE). Niobasa cTparernsa 6e30nacHOCTU AOIKHA, CNeA0BaTENbHO,
Y4UTbIBaTb HE TOJIbKO BCE 3MEMEHTLI, BXOAALLNE B COCTaB OTAEJIbHbIX CACTEM (Hanpumep Aart4yukun, ynpasna-
IOLLMe YCTPONCTBA U UCMONHUTENbHbLIE MEXaHW3MbI), HO TaKKe U BCE NOACUCTEMbI 6€30MacHOCTU, BXOASLLME
B cocTaB obLuel cucteMbl obecneyeHns 6e3onacHoCTU. Takum 06pa3om, XOTS HACTOSILMI CTaHAapT NOCBS-
LeH B OCHOBHOM 3/3/M3 cuctemam, CBA3aHHbIM C 6E30MacHOCTbIO, OH MOXET Talkke NpefocTaBnsATb 06-
LUMIA NOAX0A, B pamMKax KOTOPOro pacCMarpuBaloTCs CUCTEMbI, CBA3aHHbIE C 6€30NacHOCTLIO, 6asupyomecs
Ha ApYyrux TEXHOMOIUSIX.

Mpu3HaHHBLIM haKTOM SBMSIETCA CYLLECTBOBAHME OFPOMHOIO pasHoobpasus ucnonbsoeanus 3/3/M3 cu-
CTEM B Pa3nnyHbIX 06NACTAX NPUMEHEHUSA, OTNUYAIOLLMXCA PA3NUYHON CTENEHbIO CAOXHOCTW, BO3MOXHBIMU
pucCKaMu 1 ONacHOCTAMU. B KaXk10M KOHKPETHOM NpUMEHEHUHU HeobxoamMmble mepbl 6esonacHocTu GyayT 3a-
BMCETb OT MHOTOMUCHEHHBIX (hakTOPOB, cneundUYHbLIX AN KOHKPETHOTO NpUuMeHeHus. Hacroawumn cranaapr,
ABNAACL 6a30BbIM, NO3BONUT (hopMYyNUPOBaTL Takue Mepbl Ansa obnacren npumeHeHus ByayLmx mexayHa-
POAHBIX CTAHAAPTOB, a TaKXe A4S NOCNeAYIOWNX PeAaKLMIA yXe CyLLeCTBYIOLLMX CTaHAapTOB.

Hacroawun cranaaprt:

- paccMaTtpuBaeT BCE COOTBETCTBYIOLLUE CTaAWUM XU3HEHHOTO uukna 6e30nacHOCTU CUCTEM B LIENOM,
a Take nogcuctem 3/3/M3 cuctemsl M NporpamMmHoOro obecnedveHus (OT NepBoHa4anbLHON KOHUEeNUUu, Ye-
pe3 NpoeKTUPOBaHME, BHEAPEHUE, JKCMyaTaumio U TexHu4eckoe obecneveHne 40 CHATUA C dKkcnayaTauum),
B X0A4e KOTopbix 3/3/M3 cuctembl UCNONbL3YIOTCA AN BbINONHEHUA yHKUUIN 6e30nacHOCTY;

- BbIn 33yMaH € y4ETOM OLICTPOro PasBUTUA TEXHONOTMIA; €0 OCHOBA ABMNAETCA B 3HAYUTENBHON MEpe
YCTOMUYUBOI M MONHON ANnA Byaywmx pa3paboTok;

- Jenaetr BO3MOXHON pa3paboTKy CTaHAapToB o6nacren NpUMEHEeHUsi, B KOTOPbIX WUCMOMNb3YIOTCA
3/3/N3 cucremsl, CBA3aHHLIE C 6e30NACHOCTLIO; pa3paboTka cTaHaapToB ANa o6nacrel NPUMEHEHUs B pam-
Kax obLuen CTPYKTYpbl, BBOAMMOI HACTOALUMM CTaHAAPTOM, AOMKHA NPUBECTU K Gonee BbICOKOMY YPOBHIO
COrnacoBaHHOCTU (HanpUMep OCHOBHbIX NPUHLMNOB, TEPMUHOMNOMMKU U T. 4.) KaK AnA OTAeNbHbIX obnacrten
npUMeHeHus, Tak U 4SS UX COBOKYMHOCTE, YTO AaCT NpeuMyLIecTBa B nraHe 6e30nacHOCTU U 3KOHOMMUKK;

- npegocraBnaeTr Meroa paspabotku cneuudmkaumum TpebGosaHui k 6e3onacHOCTU, HEOBXOAUMbBIX
AN AOCTWXKEeHUs 3aAaHHON DyHKUMOHanNbHOU 6e3onacHocTn 3/3/M3 cucrem, cesi3aHHbIX ¢ 6e30NacHOCTbIO;

- Ucnonb3yeT Ansa onpeaeneHus TpeboBaHuii K YpOBHAM NOMHOTLI 6€30NacHOCTU NOAX0A, OCHOBAHHbIV
Ha OL|EHKE PUCKOB;

- BBOAMT YPOBHMW MONHOTbI 6€30NacHOCTN AN onpeaeneHns UeneBoro ypoBHs NonHoThl 6e3onacHo-
cTu ans pyHKUmit 6e30nacHoOCTU, KOTOpble A0MKHBI ObITh peanu3oBanbl 3/3/MN3 cucremamm, CBSI3aHHLIMU
¢ 0e30MacHOCTbIO.
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MpuMeyaHune — HacToAwMmiA cTaHAapT He ycTaHaBnwBaeT TpeGoBaHWi K YPOBHIO MOMHOTEI Ge3onacHoCTy
AN no6oii pyHKUMM Ge30MacHOCTY U He ONpeAensieT To, Kak ycTaHaBNMBaETCs ypoBeHb NONHoTLl GesonacHocTu. OfHako
HaCTOSLLWIA cTaHAapT POPMUPYET OCHOBaHHbINA Ha pUCKe KOHLIENTYarlbHbIA NOAX0A W NPUBOAUT NPUMepsl METO/0B;

- —yCTaHaBNMBAET LieNeBble Mepbl 0TKA30B ANs PyHKUMI 6ezonacHocTu, peanusyemsix 3/3/M3 cucre-
MaMM, CBA3AHHbIMU C 6E30MAaCHOCTbIO, U CBA3LIBAET 3TU MEPbI C YPOBHAMU NOSHOTLI 6€30MacHOCTH;

- YCTaHaBNUBAET HWXKHIOK rpaHuLy AN LeneBbix Mep 0Tka3oB Anst dyHKUMU B6esonacHoCcTu, peanu-
3yemoii oguHouHon 3/3/MNI cuctemon, cBsa3aHHOW ¢ 6esonacHocTbio. Ana 3/3/MN3 cucrem, CBA3AHHLIX
¢ 6e30MacHOCTbI0, paboTaKoLWMX B PEXUME:

- HWU3KOW MHTEHCMBHOCTW 3aMpOCOB HA OOCMYXUBAHUE: HWKHASA rpaHuLa ANSA BbIMNONHEHUSA PYHKLUU,
NS KOTOPOW cucteMa npeaHasHadeHa, yCTaHaBMMBaeTCA B COOTBETCTBUM CO CPeAHEei BepOATHOCTLIO onac-
HOro 0TKasa no 3anpocy, paBHON 10'5,

- BbICOKOW MHTEHCMBHOCTM 3anNpOCOB Ha 06CNY>XMBAHWE UIN B HEMPEPLIBHOM PEXUME: HMKHASA rpaHuua
yCTaHaBNMBAETCA B COOTBETCTBMM CO CPeAHEen YacToTON OnacHbIX OTKa30B 1079 B vac.

MpumeyvyaHun

1 OpuHouHasa 3/3/T3 cuctema, cBaAsaHHasa ¢ H6e3onacHoCTbIO, He 0bA3aTenbLHO npejnonaraeT ogHOKaHamnbHyo
APXUTEKTYPY.

2 B npoekTax cucteM, cBA3aHHbIX ¢ 6e30MacHOCTbIO Y MMEIOLLUX HU3KWIA ypOoBEeHb CIIOXHOCTU, MOXHO OCTUTHYTh
Gonee HU3KMX 3HaYeHWiA LieneBoit NonHoTLI 6e3onacHoCTH, HO NpeanonaraeTcs, YTo B HACTOALEe BpeMs yKasaHHble npe-
JenbHble 3Ha4YeHWs LieneBoil NonHoTel 6e30nacHOCT MOryT GbITb AOCTUTHYTHI Af1si OTHOCUTENBHO CNOXHBLIX CUCTEM (Ha-
npMMep NporpaMMmUpyemMble 3rIeKTPOHHBIE CUCTEMBI, CBSA3aHHbIe ¢ 6€30MacHOCTbIO),

- ycraHaBnuBaeT TpeboBaHuA NO NPEAOTBPALLEHWIO U YNPABIIEHUIO CUCTEMATUYECKUMKN OTKa3aMu, Oc-
HOBaHHbIE Ha OMbITE U 3aKIMIOYEHMSAX U3 NPAKTUYECKOIO ONbITa. YUNTbIBasA, YTO BEPOATHOCTb BOSHMKHOBEHUS
CUCTEMAaTUYECKUX OTKA30B B 0BLLEM Cryvae, He MOXET ObiTb OnpeAeneHa KONUYECTBEHHO, HAaCTOALLMIA CTaH-
4apT NO3BOMSET yTBEPXKAATL ANA cneyuduumpyemMoii pyHkumumn 6e30nacHoCTH, YTO Lienesas mepa OTKasos,
CBA3AHHBIX C 3TO (PYHKLMEN, MOXKET CYUMTATLCA AOCTUTHYTON, ecnu Bce TpeboBaHuA cTtaHaapra Obinu Bbl-
MOSHEHbI;

- BBOAUT MOHATME «CTOMKOCTb K CUCTEMATMHECKMM OTKa3am», MPUMEHAEMOE K 3MEeMEHTY, XapaKTrepusy-
loLee YBEPEHHOCTb B TOM, YTO NonHoTa 6e3onacHoCTu, KacalLwascs CUCTEMaTUYECKUX OTKa30B AMEeMEHTa,
COOTBETCTBYET TPEBGOBAHUSIM 3a4aHHOIO YPOBHA NOMHOTLI 6€30MacHOCTH;

- NMPUMEHSIET LUMPOKUIA ANanasoH NPUHLUMNOB, METOAOB U CPEACTB ANS AOCTWKEHUS (DYHKLIMOHANBbHON
BesonacHocTu 3/3/M3 cucteM, CBsA3aHHbIX C 6830MacHOCTLIO, HO HE UCMONb3YET SIBHO NOHATHE «6e30nacHbI
0TKa3». B To »e BpeMs noHATUS «Be3onacHsblii oTkasy u «6e3onacHblii B CBOEN OCHOBE OTKa3» MOryT ObiTb UC-
Monb30BaHhbl, HO NS 9TOr0 HeoGXxoANMO 0becneynTs COOTBETCTBYIOLLME TPEOOBAHMA B KOHKPETHLIX pasaenax
cTaHgapTa, KOTOPbIM 3TU MOHATUS AOMXKHbI COOTBETCTBOBATb.
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YacTtb 7
MeTtoabl u cpeacTea

Functional safety of electrical electronic programmable electronic safety-related systems. Part 7.
Techniques and measures

Dara BBegeHusa — 2013—08—01

1 O6nactb npuMeHeHus

1.1 Hacrosimii ctangapt cogepxut obLiee onmcaHue pasnuyHbiX METOAOB U CPEACTB, 0B6ecnevnBatoLLmx
BbiNosiHeHWe Tpebosanuii MOK 61508-2 u MOK 61508-3. Ccbinkn JOSMKHLI paccMaTpuBaTeCs kak 06a3oBble
CCbINTKM HA METOAbI U MHCTPYMEHTbI NGO Kak NPUMEPLI, U OHU MOTYT HE OTpaXKaTb COBPEMEHHOE COCTOSHME
obnactu.

1.2 MOK 61508-1, MOK 61508-2, MGK 61508-3 n MOK 61508-4 apnsatoTca 6a30BbIMN CTaHAapTaMm
no 6e30nMacHOCTU, XOTSA ITOT CTATYC HE NPUMEHUM B KOHTEKCTe 3/D/IM3 cuctem, cessaHHbIX ¢ 6e3onac-
HOCTBH, UMEIOLLNX HUSKYIO CNOXHOCTb (CM. NyHKT 3.4.3 M3K 61508-4). B kauecTBe 6a30Bbix CTAaHZAPTOB
no 6e30nNacHOCTU, JaHHbIE CTAHAAPTHI NPEAHa3HaYEeHbl AN UCNOMb30BAHUA TEXHUYECKMMU KOMUTETAMM
npu NOArOTOBKE CTAHAAPTOB B COOTBETCTBMM C NPMHUMNAMM, N3NOXKEHHBIMU B pykoBogcTee M3OK 104 n py-
kosoactee MCO/M3K 51. M3K 61508-1, M3K 61508-2, M3K 61508-3 n M3OK 61508-4 npeaHasHaveHbl
AN UICNOMb30BaHMA B KAYECTBE CAMOCTOATENbHbIX CTaHAAPTOB. PYHKLMA 6E30NaCHOCTM HACTOSAILLETO CTaH-
Aaprta He npuMeHuMa K MEAULMHCKOMY 000pyZ0oBaHWIO, COOTBETCTBYIOLLEMY TPEGOBAHMAM CEpUM TOPU3OH-
TanbHbIX cTaHaapToB M3K 60601 [4].

1.3 B kpyr o6A3aHHOCTEN TEXHUYECKOro KOMUTETA BXOAUT UCMONb3OBaHWE (Tam, rae 3TO BO3-
MOX>HO) OCHOBOMORAarawLuX cTaHAapToB NO 6€30MaCHOCTY NPU NOAroTOBKE COGCTBEHHbLIX CTaHAApPTOB.
B aTom cniyvyae TpeboBaHuA, METOABI MPOBEPKM UIN YCNOBUA NPOBEPKM HACTOSALLET0 OCHOBOMNONAratoLero
cTaHgapra no 6e30nMacHOCTU HE NPUMEHSIOT, ECIIN HA HUX HET KOHKPETHOM CChISIKU UAIN OHWN HE BKIIOYEHbI
B CTAHAAPTbl, NOATOTOBMEHHbLIE 3TUMMN TEXHNYECKUMU KOMUTETAMMN.

1.4 Ha pucyHke 1 nso6paxeHa obLyan CTpykTypa ctaHaapTos cepum M3OK 61508 n nokasaHa posb, KOTO-
PYIO Mrpaet HacTosILLMiA CTAHAAPT B AOCTWKEHUU (DYHKUMOHanNbHON 6esonacHoctn 3/3/M3 cucrem, ceAsaH-
HbIX C 6830MaCHOCTLIO.

Uspanune ocdpuumanbHoe
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TexHn4yeckne TpeboBaHUS

[Mpoune TpeboBaHUS

M3K 61508-4
OnpefeneHns 1 cokpaleHus

M3K 61508-1
JokymeHTaums.
Pa3gen 5 v npunoxeHue A

M3K 61508-1
YnpasneHue pyHKL1OHaIbHOW
6€e30MacHOCTbI0.
Pazgen 6

M3K 61508-1
OueHka hyHKLMOHaNbHOM
6e30MacHOCTH.
Pazgen 8

PucyHok 1 — O6Laa cTpykTypa ctaHgapTos cepun M3K 61508
2 HopmaTuBHbIE CCbIIKA
B HacTosilem cTaHgapTe UCMNo/iIb30BaHbl HOPMAaTUBHbLIE CCLIIKA Ha cnegyloline ctaHgapTbl:

NMCO/M3K PykosoactBo 51:1990 AcnekTbl 6e30nacHOCTU. PyKOBOAALWME YKa3aHUA MO BKIHOUEHUIO
B cTaHaapThl (ISO/IEC Guide 51:1999, Safety aspects — Guidelines for their inclusion in standards)
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M3K PykosoactBo 104:2010 MoarotoBka nyGnukauuit no GesonacHOCTU U UCnonb3oBaHWe 6a3oBbIX
nybnukaumit no 6esonacHocTu U nybnukauuit no 6esonacHoctu rpynn (IEC Guide 104:2010, The preparation
of safety publications and the use of basic safety publications and group safety publications)

MOK 61508-1:2010 dyHKUMOHANbLHasi 6e30MacHOCTbL CUCTEM JNEKTPUYECKUX, SMEKTPOHHBIX, NporpamM-
MUPYEMBIX 3MEKTPOHHBIX, CBA3AHHbIX ¢ BesonacHocTbio. YacTtk 1. O6wue TpebosaHua (IEC 61508-1:2010,
Functional safety of electrical/electronic/programmable electronic safety-related systems — Part 1: General
requirements)

M3K 61508-2:2010 PyHkumoHanbHass 6€30NaCcHOCTb CUCTEM 3NEKTPUYECKUX, ANEKTPOHHBIX, Nporpam-
MUPYEMbIX 3NEKTPOHHbIX, CBA3AHHbIX C 6e30MacHOCTLI0. YacTb 2. TpeboBaHUA K CUCTEMAM 3NEKTPUYECKUM,
3MEKTPOHHLIM, NPOrPAMMUPYEMBIM 3MEKTPOHHLIM, CBSI3aHHbLIM ¢ 6e3onacHocTbio (IEC 61508-4:2010, Func-
tional safety of electrical/electronic/programmable electronic safety-related systems — Part 2: Requirements for
electrical/electronic/programmable electronic safety-related systems)

M3K 61508-3:2010 ®PyHkumOHanNbLHasi 6€30NacCHOCTbL CUCTEM BMIEKTPUUYECKUX, SNEKTPOHHBIX, Nporpam-
MUPYEMbIX 3NEKTPOHHbIX, CBSI3aHHbIX ¢ 6e3onacHOCTLIO. YacTe 3. TpeboBaHusa Kk nporpaMmHoMy obecneve-
Huto (IEC 61508-3:2010, Functional safety of electrical/electronic/programmable electronic safety-related sys-
tems — Part 3: Software requirements)

M3K 61508-4:2010 dyHkumoHanbHass 6€30NaCHOCTL CUCTEM INEKTPUYECKUX, SNMEKTPOHHBIX, MpPo-
rpaMMUpPyEMbIX 3NEKTPOHHLIX, CBSA3aHHbLIX C Oe3onmacHoCcTblo. YacTb 4. OnpeaeneHuss U COKpaLEHUS
(IEC 61508-4:2010, Functional safety of electrical/electronic/programmable electronic safety-related sys-
tems — Part 4. Definitions and abbreviations)

3 TepMMHBLI U onpeaeneHus

B HacToAwem ctanaapTe npMMEHEeHbl TEPMUHBI, onpeaeneHns u cokpawieHmns no MIK 61508-4.



FOCT P M3K 61508-7—2012

MpunoxeHue A
(cnpaBoyHoe)

AHanu3 meTtonoB u cpeacts ans 3/3/MI cucrem, cBA3aHHbIX ¢ 6€30NaCHOCTbLIO. YNpaBneHue
CJ/lyYalHbIMMK OTKa3aMu TeXHU4eckux cpeacts (cm. MIK 61508-2)

A.1 OneKkTpuueckue

MMaBHas Lenb. YNpaeneHne oTkasaMu B 31eKTPOMEXaHNYECKNX KOMMOHEHTaX.
A.1.1 O6HapyxeHUe OTKa30B NyTEM MOHUTOPUHIa B peXMUMe OHMNAIH

MpumeyaHune— Ccbifika Ha AaHHbIA MeToa/cpefcTBo npusefeHa B MOK 61508-2 (cM. npunoxeHue A,
Tabnuybl A.2, A.3, A7 nA.13 —A.18).

Llenb. OBHapyxeHUWe 0TKa30B NyTeM KOHTponsi noseaeHns 3/3/T13 cucteMsl, cBA3aHHOM ¢ 6e3onacHoCTbIo, B Npo-
Liecce HOpMaribHOTO (B peXuUMe OHMaiH) hyHKLMOHUPOBaHUSA ynpaenseMoro obopyaosanus (aanee — YO).

Onucaxue. [Mpu onpeaeneHHbIX YCoBUAX 0TKa3kl MOryT BbITb 06HapyXeHb! ¢ MOMOLLbIO MHGOPMALMK, HanpUMep, O Mo-
BeAeHuu Bo BpemeHu YO. Hanpumep, ecnu koMMyTaTop, KOTopbIi sBnsieTcs YacTbio 3/3/M3 cuctemel, cBs3aHHoi ¢ 6esonac-
HOCTbHO, HOPMarbHO aKTUBU3UPYETCA CO CTOPOHBLI YO 1 €Cnu Npu 3TOM KOMMYTATOpP He U3MEHSIET COCTOSIHUA B NpeAnonarae-
MOe BpeMsi, TO STOT 0TKa3 MOXET BbiTb 06HapyxeH. OBbl4HBIMU criocofamMi HEBO3MOXHO NOKaNU30BaTb Takoil oTKas.

A.1.2 MOHUTOPUHI KOHTaKTOB pene

MpumedaHune— Cchbifika Ha AaHHbIA MeToA/cpelcTBO npuseaeHa B MOK 61508-2 (cM. npunoxeHue A,
Tabnuybl A.2 n A.14).

Llenb. O6HapyxeHue oTkasoB (Hanpumep nankn) KOHTaKToB pere.

OnucaHne. AKTUBM3NPYEMbIE KOHTaKTHbIE perie (MM MOMOXMTENbHO ynpaBnseMble KOHTaKThl B perne) CnpoekTu-
POBaHbI TakK, YTO UX KOHTaKThl XXeCTKO CBA3aHbl Mexay coboil. PaccMOTpuM fBa nepekniodaeMblX KOHTakTa a u b. Ecnu
HOPMasibHO PasOMKHYTLIA KOHTaKT @ oKa3ancs crasHHbIM (3anunwnm), TO HOpManbHO 3aMKHYTBIA KOHTaKT b He MOXeT
3aMKHyTbCs, ecnu obMmoTka pene obecTounBaeTca. CriefoBaTenbHO, KOHTPONb 3aMblKaHUA HOPMarbHO 3aMKHYTOTO KOH-
TakTa b npu o6ecToueHHOn 06MOTKe pene MOXeT ObITe MCNONL3OBaH ANA MNOATBEPKASHUA TOrO, YTO HOPManNbHO pPa3om-
KHYTbI/i KOHTaKT @ pasoMkHyT. OTCYTCTBME 3aMblKaHWS HOPManbHO 3aMKHYTOrO KOHTaKTa b yKa3blBaeT Ha OTKa3 KOHTaK-
Ta a, No3TOMY CXeMa KOHTPOIS JoMmkHa 0BecneunTb HafexHoe OTKIoYeHne Unu obecneynTb NPOAOIIKEHNE OTKIIOYEHNS
npu ntobom ynpaeneHun obopysoBaHns KOHTaKTOM a.

Jlutepatypa:

Zusammenstellung und Bewertung elektromechanischer Sicherheitsschaltungen fur Ver-riegelungseinrichtungen.
F. Kreutzkampf, W. Hertel, Sicherheitstechnisches Informations- und Arbeitsblatt 330212, BIA-Handbuch. 17. Lfg. X/91,
Erich Schmidt Verlag, Bielefeld. wvw.BGIA-HANDBUCHdigital.de/330212.

A.1.3 Komnaparop

MpumeyvyaHune — CcbiNka Ha JaHHbIl MeTon/cpeacTBo npuBeaeHa B MOK 61508-2 (cMm. npunoxeHue A,
Tabnuupl A2, A3, A.4).

Llenb. OnepatuBHoe o6HapyeHWe (He ofHOBpEeMeHHOe) OTKa3oB B He3aBMCMMOM Moayre obpaboTkvm unu B KOM-
naparope.

OnucaHne. CurHanbl He3aBUCHUMBIX Mogyreit 06paboTku cpaBHUBAKOT LIMKITMHYECKN WM HEMPEPLIBHO KOMMNaparto-
poM annapaTHblX cpeacTB. CaM KoMnapaTop MOXET ObiTb BHELUHE TeCTUpYeMbIM UK Xe MOXET MCMosSb3oBaTb camo-
KOHTponupyemyto TexHonorno. O6HapyXuBaeMble KOMNapaTopoM pasfinyns B NoBefeHUN NpoLieccopoB He3aBUCUMBIX
MOAYrein chopMUpyroT MHdOpMaLuto AnsA coobLyeHnmii 06 oTkasax.

A.1.4 Cxema ronocoBaHUA N0 MaXopUTapHOMYy NpUHLUMNY

MpumevyaHune — CcbiNka Ha JaHHbIA MeTon/cpeAcTBo MpuBedeHa B MOK 61508-2 (cM. npunoxeHue A,
Tabnuusl A.2, A.3 nA.4).

Llenb. OGHapy»eHWe 1 NapupoBaHne 0TKa3oB Mo MeHbLUe Mepe B OHOM U3 TpeX annaparHbIX KaHanos.

Onuncanue. Mogyrb roniocoBaHus, UCNONb3YOLWUIA MaXXopUTapHbIA NPUHLMA (2 13 3, 3 13 4 UnNu m u3 n), UCNonb3y-
eTcs ANns oBHapyXeHUs 1 NapupoBaHua oTkasoB. Cama cxema roniocoBaHus MOXET BHELLHE TeCTUPOBaTLCA UMW UCNOSb-
30BaTb CaMOKOHTPOSNPYHOLLUE TEXHONOrUMN.

JluTepatypa:

Guidelines for Safe Automation of Chemical Processes. CCPS, AIChE, New York, 1993, ISBN-10: 0-8169-0554-1,
ISBN-13: 978-0-8169-0554-6.

A.1.5 OTcyTcTBME NUTaHUA (OTKNIOYEHNE SHeprum)

MpumevyaHmne — CcbiNka Ha JaHHbIA MeTog/cpeacTBo npuBedeHa B MOK 61508-2 (cM. npunoxeHue A,
Tabnuua A.16).
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Llene. BuinonHeHve dyHKUMKU 6€30NacHOCTU NpK BLIKITIOYEHUN UITM OTCYTCTBUN NUTaHMA.

Onuncanune. OyHKLUA 6e30MacHOCTYU BLIMOMHAETCS, €CNIU KOHTaKThI perne pasoMKHYTHI U TOK He MpoxoauT. Hanpumep,
npy MCNONb30OBaHUM TOPMO30B M5l OCTAHOBKM OMacHOro BpalleHUs ABUratens TOpMo3a OTMyCKaloTCH 3aMblKaloLumu
KOHTaKTaMu B cucTemax, cBsisaHHbIX ¢ 6e30MacHOCTLIO, U BKITHOYAIOTCS pasMblKatoWwUMU KOHTaKTaMmn B cucTeMax, CBa3aH-
HbIX ¢ 6e30nacHoOCTLI0.

IutepaTypa:

Guidelines for Safe Automation of Chemical Processes. CCPS, AIChE, New York, 1993, ISBN-10: 0-8169-0554-1,
ISBN-13: 978-0-8169-0554-6.

A.2 dneKkTpoHuKa

MaeHas Uesb. YnpaBneHue oTkasamu B TBEPAOTENbHLIX KOMMNOHEHTaX.

A.2.1 TecTupoBaHMue U36bLITOUHLIM 06opyAOBaHMeM

MpuMevaHune — Cchinika Ha AaHHbIl MeToa/cpeacTBo npuBefeHa B MOK 61508-2 (cM. npunoxenue A,
Tabnuybl A.3, A.15, A.16 n A.18).

Lienb. O6HapyxeHM1e 0TKa3oB C UCMONb3oBaHUEM U3BLITOYHLIX annapaTHbIX CPEACTB, TO eCTb C UCNONb30BaHUEM
JOMNONHUTENbHLIX annapaTHbIX CPefiCTB, He TpebyloLmxes ANa peanuaauumn dpyHKUmnii 06paboTku.

OnucaHue. MabbiTouHbIe annapaTHble cpeficTBa MOryT BbiTh UCMOMbL30BaHLl ANA TECTUPOBAHUS Ha COOTBETCTBYIO-
el YacToTe 3afaHHbIx pyHKLMIA 6esonacHocTU. Takoi nogxon obbi4HO TpebyeTea ANa peanusaunn NONOXEHWIA NYHKTOB
A11vnnA22.

A.2.2 TpUHLUNBLI AMHAMUYECKOTO ynpaBreHns

MpuMeyaHue — Cchinika Ha faHHbIiA MeTof/cpeacTBO npuBefeHa B MOK 61508-2 (cMm. npunoxeHue A,
Tabnuya A.3).

Llenk. OBHapyxeHuWe cTaTU4eCKUX OTKa3oB NyTeM AUHaMM4Yeckoi obpaboTkn curHanos.

OnucaHue. MpUHYAUTENBHOE USMEHEHNE APYTUX CTAaTUMECKUX CUrHanNoB (FeHepUpyEMbIX N3BHE WU BHYTpU) NOMO-
raet obHapyxuBaTbk cTaTMYeckne oTkasbl B KOMNOHEHTax. OTOT METOA YacTo acCoUMMPYETCH C ANeKTpoMeXaHNYeCKUMM
KOMFMOHEHTaMMU.

IluTepatypa:

Elektronik in der Sicherheitstechnik. H. Jirs, D. Reinert, Sicherheitstechnisches Informations- und Arbeitsblatt
330220, BIA-Handbuch, Erich-Schmidt Verlag, Bielefeld, 1993, http:/Amww.bgia-handbuchdigital.de/330220.

A.2.3 CTaHgapTHbI TeCTOBbIN NOPT AOCTYNAa M apXMTEKTypa rPaHUYHOro CKaHUPOBaHUA

MpumedaHune— Ccblifika Ha AaHHbIl MeToa/cpeacTBo npusegeHa B MOK 61508-2 (cM. npunoxeHue A,
Tabnuuybl A3, A. 151 A.18).

Llenb. YnpaBneHue u HabniogeHue 3a NPOCXOAALMM Ha KaXAoM KOHTaKTe uHTerpansHoi cxembl (UC).

Onucanue. TeCTUpOBaHMUE rPaHUYHOrO CKAHMPOBaHUA NpeacTaBNAeT coboit MeTog nocTpoeHns UC, KoTophlii NOBbI-
LaeT TecTupyemoctb MC, paspeluas npobneMy AOCTyna K BHYTPEHHUM TOMKaAM TeCTUPYEMOMN CxeMbl. B TUNMYHOW ckaHm-
pyeMoii No rpaHnLam UHTErpanbHoON cxeme, cofepxallei BHYTPeHHNE NOrMYeckue CXeMbl, a Taloke BXOAHLIE U BLIXOAHbIE
6ydepbl, MeXAY BHYTPEHHUMU FTOMUYECKUMU CXEMaMU U BXOAHBLIMW/BbIXOAHBIMU Bydepamn, COeAUHEHHBIMUA C BHELLHUMM
KoHTakTamu MC, pasmellaeTcs cTyneHb cABUroBoro pernctpa. CogepXxuMoe Kaxaoro cABMIoBOro permcTpa HaxoguTtcs
B SYelike rpaHWYHOro CKaHUpoBaHWUA. Fl4Yelika rpaHUYHOro CKaHUPOBAHUA MOXET ynpasnATb U HabniogaTb 3a NPOUCXo-
OALMM Ha KaXgoMm BXOAHOM U BbIXOAHOM KoHTakTe UC vepes cTaHfapTHbIA TecToBLIA NopT gocTyna. TecTupoBaHue
BHYTPEHHUX Norndecknx cxem UC npoBoagnTCA NyTEM OTKMIOYEHNS pa3MeLeHHbIX Ha Ynne BHYTPEHHUX JTOMUYECKNX CXeM
OT BXOAHbIX CUrHaroB, NONy4yaeMblX OT OKPYXAIOLWWUX KOMNOHEHTOB, U NOCNEAYIOLWEro BbINONIHEHNS BHYTPEHHErO TeCcTu-
poBaHUs. 3TW TecTbl MOFYT BbITE NCNONbL30BaHLI ANA 06HapyXeHUsa oTkasos B UC.

INutepatypa:

IEEE 1149—1:2001, IEEE standard test access port and boundary-scan architecture, IEEE Computer Society,
2001, ISBN: 0-7381-2944-5.

A_2.4 (He ncnonbayetcs)

A.2.5 N36LITOYHbIW KOHTPONb

MpuMeuvaHue — Cchinka Ha AaHHbIN MeToa/cpeacTBO NpuBefeHa B MOK 61508-2 (cMm. npunoxeHue A,
Tabnuua A.3).

Llenb. O6HapyxeH1e 0TKa3oB NyTEM CO3AAHUA HECKONbKUX (PYHKLIMOHANBHLIX MOAYNEN, KOHTPONS NOBEeAEHMUS KaX-
[0ro U3 H1UX AN obHapyXeHWs OTKa3oB U NOCNeAYIoLWero MHMLUMpoBaHus nepexoga B 6e3onacHoe cocTosiHue npu obHa-
PY>XeHUU Kakoro-nubo HeCOOTBETCTBUA B NOBEASHUN.

Onucanune. OyHKUNMA 6e30MacHOCTM BLINONHAETCA NO MeHbLUEW Mepe ABYMS annapaTHbIMWA kKaHanamu. Beixogbl
3TUX KaHaroB KOHTponupytoTcs U 6e3onacHoe cocToAHNe UHULMMpYETCS Npu oBHapyXeHUn oTkasa (B crydae, ecriv Bbl-
XOAHbIE CUrHanbl M3 BCEX KaHanoB HE WAEHTUYHbI).

INutepatypa:

Elektronik in der Sicherheitstechnik. H. Jurs, D. Reinert, Sicherheitstechnisches Informations- und Arbeitsblatt
330220, BIA-Handbuch, Erich-Schmidt Verlag, Bielefeld, 1993, http:/imww.bgia-handbuchdigital. de/330220.

Dependability of Critical Computer Systems 1. F.J. Redmiill, Elsevier Applied Science, 1988, ISBN 1-85166-203-0.
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A.2.6 AneKTpuueckne/aneKkTPoHHbIe KOMMOHEHTLI C ABTOMAaTUYECKOW NPOBEPKOA

MpumedaHune — Cchinka Ha JaHHbIA MeToh/cpeacTBo npuBeaeHa B MOK 61508-2 (cM. npunoxeHue A,
Tabnuua A.3).

Liene. OBHapyxeHWe 0TKa3oB NMyTeM NepuoanNYeCcKoi NpoBepKN cnocoBHOCTM BbINMOMHEHUA (yHKLMM 6e30MacHOCTH.

OnucaHve. AnnapaTHble CpefcTBa TECTUPYIOTCA A0 3anycka npoLecca 1 3aTeM TeCTUPYHOTCS NMOBTOPHO Yepes CooT-
BeTCTBYIOLME UHTepBansl. YO npofonmxaeT paboTy TOMbKO NpK YCIOBUKU YCNELLHOMO MPOXOXAEHNSA KaxX4oro TecTa.

JluTepaTypa:

Elektronik in der Sicherheitstechnik. H. Jurs, D. Reinert, Sicherheitstechnisches Informations- und Arbeitsblatt
330220, BIA-Handbuch, Erich-Schmidt Verlag, Bielefeld, 1993, http://www.bgia-handbuchdigital.de/330220.

Dependability of Critical Computer Systems 1. F.J. Redmill, Elsevier Applied Science, 1988, ISBN 1-85166-203-0.

A.2.7 TeKyLiMit KOHTPONb aHaNoroBbIX CUTHaNoB

MpumeyvyaHune — Cchinka Ha AaHHbIR MeTog/cpefcTBo npuBefeHa B M3K 61508-2 (cMm. npunoxeHue A,
Tabnuubl A.3 1 A.13).

Lienk. MoBbIWeHNe JOCTOBEPHOCTU PE3yrnETaTOB M3MEPEHMIA @aHanoroBeIX CUrHasos.

OnucaHve. Besge, rae BO3MOXHO, UCMONb3YIOTCA aHanoroBblie Npubopsl, a He UudpoBLie. B aHanorobix npubopax
OTKNIoYEHKe unu 6esonacHble COCTOAHWUSA NPEACTaBMATCA YPOBHSMU aHaNoroBbIX CUrHanoB 06bIMHO C KOHTPOMNEM YCTO-
YMBOCTM YPOBHS STOr0 curHana. 3T1o obecneunBacT HeMnpepbIBHLIA KOHTPOrb U BBICOKYIO CTeMNeHb LOCTOBEPHOCTH nepe-
Jauu curHana, CHUXaeT YacToTy Heobxo4MMOoro rapaHTUAHOTO TECTUPOBaHNUSA yHKLMM YYBCTBUTENBHOCTM NepegaTtyuka.
BHeLUHWe HTepdeAChl, HanpUMep UMMYNbCHBLIE NIMHWK, TakKe HYX4aroTcA B TECTUPOBaHUM.

A.2.8 CHMXKEeHne MakCuManbHbIX 3HaYEeHUM

MpumedaHune—Ccbinka Ha faHHbIR MeToa/cpefcTBo npmBeaeHa B MOK 61508-2, nognyHkT 7.4.2.13.

Lle]'lb. [NoBbILWEHWE HaAeXHOCTU KOMIMOHEHTOB afnnapaTHbIX CPEeACTB.

Onucarune. KoMMOHEHTBI annapaTHbIX CPEeACTB YCNELIHO BbIMOHAT CBOW (PYHKUUW Ha YPOBHAX HaNPsHKEeHUN,
KoTopble onpefeneHbl NpW NPOEKTUPOBAHWM CUCTEMbI U ABMAIOTCA Goriee HUIKUMKU, YeM UX MaKCUManbHble 3Hade-
HWS, onpefdeneHHele B cneludukaumn. CHKEHNE 3TUX 3HaYeHWin ABnAeTcA oObIMHON NPaKTUKOW, rapaHTUpylowen,
YTO MPMW BCEX HOPManbHbIX YCIOBUAX SKCMyaTaLun KOMNOHEHTHI ByayT ycnewHo ¢dyHKLUUOHUPOBaTL NPU YPOBHSAX Ha-
NPSHKEHNIA HKE UX MAKCUMarbHBIX 3Ha4EHUIA.

A.3 Mopynu o6pa6oTku

MMaeHas Lenb. PacnosHasaTb 0TKa3sbl, KOTOpbIE NPUBOASAT K HENPABUNbHLIM pesynsTataM B MoAynsx obpaboTku.

A.3.1 MporpaMMHOe camMoTecTUpOBaHWe: NpeAenbHoOe KONUYECTBO KOMOUHALIMIA (OAHOKaHaNbHoe)

MpumedyaHune — CchiNka Ha AaHHbIW MeToa/cpeacTBo npuBedeHa B MOK 61508-2 (cM. npunoxeHue A,
Tabnuua A.4).

Llenb. OnepaTtuBHOe obHapyXeH1e 0TKa3oB B MOAynsAx o6paboTku.

Onuncanue. AnnaparHble cpeficTBa CO3faloTCA C UCMOMNb30BaHUEM CTaHAApTHLIX METOA0B, HE YYUTLIBAIOLLMX Cre-
LuanbHbIx TpeboBaHuii k 6e3onacHocTn. O6HapyXeHne 0TKa30B peanuayeTcs LefIMKOM AONONHUTENbHBIMW NPOrpaMMHbl-
MU PYHKLMSAMU, KOTOPLIE BLINONHAIT CaMOTECTUPOBAHUE C UCTIONbL30OBaHNEM NO MEHbLUEW Mepe ABYX AOMNONHUTENbHBIX
KoM6uHauuiA AaHHbIX (HanpuMep 55hex u AAhex).

A.3.2 lporpaMmMHOe caMoTecTUpoBaHue: Gnyxaatowwmin 6uT (oaHOKaHanbHoe)

MpumeyvaHune — Cchbinka Ha AaHHbIl MeTog/cpeacTBo npuBefeHa B MOK 61508-2 (cM. npunoxeHue A,
Tabnuua A 4).

Llenb. OnepatusHoe o6HapyxeHue oTKa3oB B pm3nmyeckoil namsTu (Hanpumep B peructpax) u gewmndparope Ko-
MaHZ npoueccopa.

OnuncaHue. OBHapyxeHne OTKa30B MOSIHOCTLIO peann3yeTcsi AOMONMHUTENIbHBIMU NPOrpaMMHBIMU PYHKLUSIMK, KO-
TOpble BhIMOMHSIOT CAMOTECTUPOBAHWE C UCMONb30BaHWEM KOMOUHALIMK faHHbIX (Hanpumep KomBuHauuun GnyxaatoLwmx
6uToB), KOTOpast TECTUPYET (DU3NYECKYIO MamATb (PEMMCTPLI AaHHBIX U afpecHble perncTpbl) n agewwmndparop KOMaHA.
OpHako AUarHOCTUYECKUIA OXBaT COCTaBnAEeT Tonbko 90 %.

A.3.3 CamotecTupoBaHue, obecneunBaemoe o6opyaoBaHMeM (OgHOKaHanbHoe)

MpumeyvaHune — Cchinka Ha AaHHbIl MeTof/cpeacTBo npuseaeHa B MOK 61508-2 (cM. npunoxeHue A,
Tabnuua A 4).

Llenb. OnepatmBHOe 06HapyxeHMe 0TKa30oB B MPOLiECCOpe C UCMONb30BaHWEM CneLuanbHbIX annapartHbIX CPeacTs,
KOTOpble YBENUYMBAIOT CKOPOCTb U pacLUMpsIoT obnacTb 06HapyXeHUs 0TKa3os.

Onucanue. [JononHutensHble cneyuarnbHble annapaTtHble cpeacTea obecnevnBatoT PyHKLMM caMOTeCTMpOBaHMst
Ansi obHapyXeHuWs oTka3oB. HanpuMep, Takum cpefiCTBOM MOXET GbiTb annapaTtHbIi MOAYNb, KOTOPbIA LIMKITMYECKN KOH-
TPONUPYET BLIXOA Ha Hanuune KOHKPETHON 6UTOBOI KOMBMHALMM, NCNOSMB3YS MEXAHU3M CTOPOXEBOW CXEMbI.

A.3.4 3anporpamMmupoBaHHas o6paboTka (oAHOKaHanbHas)

MpumeyvyaHune — Ccbinka Ha AaHHLIA MeToA/cpeacTBo npuseaeHa B M3OK 61508-2 (cM. npunoxeHue A,
Tabnuua A.4).
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Llenb. OnepaTtuBHOE 0bHapyxeHUe 0TKa30B B MPOLECCOpE.

Onucanue. Mpoueccopbl MOTYT BbITb CNPOEKTUPOBaHbI CO BCTPOEHHBIMM cheLuanbHbIMU QYHKUMAMU pacnosHa-
BaHWUSA UNKW ucnpaeneHnsa oTkasoB. [lo cux nop STW yHKUUM NPUMEHANUCE TOSIBKO B OTHOCUTENBLHO MPOCTBIX CXeMax
1 He NONYYUNK WUPOKOTo pacnpocTpaHeHus. OgHako Takme YHKLWUKU He AOMKHbI MCKIioMaThes B Byaywmx paspabotkax.

NuTepatypa:

Le Processeur Codé: un nouveau concept appliqué a la sécurité des systémes de transports. Gabriel, Martin,
Wartski, Revue Générale des chemins de fer, No. 6, June 1990.

Vital Coded Microprocessor Principles u Application for Various Transit Systems. P. Forin, IFAC Control Computers
Communications in Transportation, 79—84, 1989.

A.3.5 MNporpaMmMmHoe o6HapyXeHue HecoBnaaeHUi

MpumevaHmne — Cchinka Ha AaHHbI MeTog/cpeacTBo npuBeAeHa B MOK 61508-2 (cMm. npunoxeHue A,
Tabnuua A.4).

Llenb. OnepaTtuBHOE 06HapyXeHUe 0TKa3oB B NpoLieccope NyTeM AUHAMUYECKOro NMPOrpaMMHOro CpaBHEHUS.

Onucanue. [lsa Mogyns B3auMHO 06MeHMBAaKOTCA AaHHBIMK (BKITIOYas pe3ynbraTthl, MPOMEXYTOYHbIE pe3ynbTaThl
1 TecTUpyeMble AaHHble). Ecnn npu cpaBHeHUN faHHbIX, BbljaBaeMbIX C UCMONb30BAHUEM NPOrpaMMHbIX CPEACTB B KaX-
AoM Moayne, o6HapyXX1BaloTCS pasnuyuus, To 3TO MPMBOAMT K Bblgadye cooblyeHnit 06 oTkase.

A.4 MocToAHHasA NaMATb

MasHas uenb. BuiaBneHne Moandgukaymnin MHopMaLumn B NOCTOAHHOW NaMATK.

A.4.1 CoxpaHeHue cnoB ¢ MHOrOGUTOBOM M3bbITOYHOCTbIO (HanpuMep KoHTponb ROM ¢ moauduumupoBaH-
HbIM KOAOM X3MMMUHra)

MpumedaHue—CwMm. Tarke A5.6 n C.3.2. Ccbinka Ha AlaHHLIA MeToa/cpefcTBO NpuBegeHa B MOK 61508-2
(cM. npunoxexue A, Tabnuua A.5).

Llenb. OB6HapyxeHune Bcex 0fHOOUTOBLIX OTKa30B, BCeX ABYXOMTOBLIX OTKA30B M HEKOTOPbIX OTKa30B BO BCeX BUTax
B 16-6uTOBOM CnoBe.

Onucanue. Kaxzoe croBo B NamsaTh pacLUMPSAETCH HECKONbKUMU U3BLITOMHBIMKA BuTamu Ans hopMUpOBaHUS MOAU-
huULUMpoBaHHOro Koga XaMMUHra ¢ paccTonHueM, paBHbIM 4 (Mo MeHbLueid Mepe). [1pu KaxaoM cuMTbIBaHMKU cnosa npo-
BepKa M3BLITOYHbIX GUTOB MOXET yKasbiBaTk, NPOU3OLLINIO NN UcKaxXeHUe. [pn obHapyXeHun pasnuyus BolpabaTeiBaeTcs
coobLeHune o6 oTkasee. OTa npoLeaypa MOXET Takke UCMonb3oBaTbes ANA obHapyXeHus olwmnboK agpecauyuun nytem
BbIYWUCMEHNS U3OBITOUHBIX BUTOB ANsi 06beAMHEHNS CrloBa AaHHbBIX C €70 afpeCcoM.

IuTepartypa:

Prifbare und korrigierbare Codes. W.W. Peterson, Minchen, Oldenburg, 1967.

Error detecting and error correcting codes. R. W. Hemming, The Bell System Technical Journal 29 (2), 147—160,
1950.

A.4.2 Moauduuupyemas KOHTpofibHas CyMMa

MpumeyaHune — Cchilka Ha AaHHbIl MeToa/cpeacTBO NpuBeaeHa B MOK 61508-2 (cMm. npunoxeHue A,
Tabnuuya A.5).

Lienb. OBHapyxeHWe BCcexX OTKa3oB HeYETHbIX BUTOB, TO ecTb NpubnuanTensHo 50 % Bcex BO3MOXHBIX BUTOBBIX
0TKa3oB.

OnucaHnue. KoHTpornbHas cymma brnoka namMaTu ob6pasyeTca COOTBETCTBYIOWMM anropuTMOM, KOTopblih obpabaThi-
BaeT BCe croBa B 6noke naMaTu. 3Ta KOHTPOrNbHAA CyMMa MOXET XpaHUTLCS Kak fononHuTenbHoe cnoso B ROM, nu6o
MOXeT BbiTb fo6aBneHa Kak [OMNoSIHUTENBHOE CnoBo B 6nok naMaTn Ansa Toro, YTobbl anropuTM KOHTPONBHOW CYMMBbI
BbipaboTan 3apaHee 3afaHHoe 3HavyeHue. B nocnegHem TecTUpOBaHUU NaMSATWU KOHTPOMbHAA CyMMa CO3AAaeTCA CHoBa
C Ucrnons3oBaHMeM TOro Xe ariropuTMa, U pe3ynsTaT CpaBHUBAETCA C 3aNOMHEHHBIM UNW 3agaHHBIM 3Ha4YeHneM. MNpu o6-
HapyXeHuu pasnuyuii BolpabatbiBaeTcsi coobLyeHne 06 owunbke.

A.4.3 CurHatypa u3 ogHoro cnoga (8 6uT)

MpumeydyaHune — Cchbinlka Ha AaHHbl MeToa/cpeacTBO npuBeaeHa B MOK 61508-2 (cMm. npunoxeHue A,
Tabnuua A.5).

Llenb. OBHapyeHue Bcex 0f4HOBUTOBBIX OTKa30B U BCEX MHOrOBUTOBLIX OLWKMGOK B CNoBe NPU AOCTUXEHUW NpU-
onuanTensHo 99,6 % Bcex BO3MOXHBIX OMTOBLIX OTKa30B.

Onucanue. Coaepxumoe broka naMsATH CXUMAETCA (C UCNONb30BaHUEM annapaTHbIX UNK NPOrPaMMHBIX CPEACTB)
B OAHO CrlOBO MaMsTWU C UCMOSIb30BaAHUEM anropuTMa KOHTPONA C MOMOLLbI0 U3BGLITOMHOro Uuknudeckoro koga (CRC).
TunuuHblid anroputm CRC paccmatpuBaeT Bce cofepxuMoe 6noka naMsAT kak nobanToBbin Mnu NnobutoBbIN Nocneao-
BaTeSbHbIA MOTOK AjaHHbIX, B KOTOPOM BbINOMHAETCA HENPepLIBHOE MONTMHOMWANbHOE AefeHne C UCNONb30BaHWEM NO-
NUHOMUWanbHOro reHeparopa. OCTaToK OT JeNeHNn COXpaHSeTCA N NpeacTaBnsaeT cobol cxaToe cogepX umoe NaMaTn —
«curHatypy» namsitu. CUrHatypa BLIMUCINISETCA KaXAbli pa3 nNpu nocneayoliem TeCTUPOBaHUM U CPaBHUBAETCA C YXe
3aNOMHEHHbLIM 3Ha4eHueM. [Npu oGHapyXeHUn pasnnu4unii Boigaetca cooblyeHmne o6 owmnbke.

A.4.4 Curnarypa u3 aByx cnoB (16 6uT)

MpumeuaHune — Cchbiika Ha AaHHbIl MeToa/cpeacTBO npuBefeHa B MOK 61508-2 (cMm. npunoxeHue A,
Tabnuuya A.5).
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Liene. O6HapyxeHne Bcex 0fHOBUTOBLIX OLUIMGOK U BCceX MHOTOBUTOBLIX OLLMOOK B CMOBE COCTaBMSET NPUMEPHO
99,998 % BCexX BO3MOXHbLIX OUTOBLIX oWNOOK.

Onwvcanve. [laHHasa npouesypa BbIYUCASET CUTHATYpy C MCMOMNb30BaHWEM anropuTMa KoHTpons ¢ nomouysio CRC,
OfHaKo AMMHAa pe3ynsTUPYIOLLEero 3Ha4eHWs CoCcTaBmnsAeT Mo MeHblLUed Mepe AiBa croBa. PaclumpeHHas curHatypa 3aHo-
CUTCA B NaMATb, NOBTOPHO BLIYUCIIAETCA U CpaBHUBAETCS Kak OHO croso. [pn oBHapyXeHUn pasnuumnii Mexay coxpa-
HEHHOI 1 NOBTOPHO BLIYUCNEHHON CUrHaTypaMm BbigaeTcs coobuleHue o6 ownbke.

A.4.5 Nly6nupoBaHue 6noka (Hanpumep ay6nuposaime ROM B annapaTHOM M NPOrpaMMHOM UCNONTHEHUM)

MpumeyvyaHune — CcbiNka Ha faHHBIA MeToa/cpeAcTBOo npuBefeHa B MOK 61508-2 (cM. npunoxeHue A,
Tabnuua A.5).

Llenb. OGHapyxeHue Bcex BUTOBLIX OLLNGOK.

OnucaHnve. AapecHoe NpocTpaHcTBo AybnupyeTcs B AByx obnacTtsax namsTu. [epsas obnacte namsaTtu pabotaet
B HOpPMaInbHOM pexuMe. BTopasa copepXuT Ty e uHdopMaLMio u JOCTyMNHa napannenbHo ¢ NepBoi. MX BbIXoAbl cpaBHU-
BakoTCA, U Npu 0BHapyXeHUn pasnudnii Boigaetca cooblyeHne o6 owmbke. [Ana obHapyXeHns HEKOTOPLIX BUA0B BUTOBLIX
OLINBOK AaHHble AOMKHbBI 3aNMOMWHATLCA UHBEPCHO B OLHOW M3 Byx obnacTeil namsiTu M MHBepTUpOBaTbcA 06paTHO
npy YTEHUW.

A.5 NamMATb ¢ NPoU3BONbHLIM AOCTYNOM

MaBHas Lyens. O6HapyXeHne 0TKa3oB BO BpeMs agpecaLjum, 3anucy, 3anoMUHaHUs N CHUTbIBaHUS.

MpumMedaHune— CnydvaiiHble cboun, nepedncneHHsble B MOK 61508-2, Tabnuua A. 1, aBNsloTca oTKasamu, Ko-
Topble JOMKHbI ObITb 06Hapy»KeHbI B NpoLiecce SKcnnyarauuy unu AomkHb 6bITb MpoaHannanpoBaHbl NpU BeIBOAE 40K
6e3onacHeIx 0TKasoB. [puyunHaMu cnydvaiiHelx owmnbok aensatotes: (1) anbga-vyactuubl, obpa3oBaslunecs B pesynsraTte
npouecca pacnaga, (2) HeTpoHbI, (3) BHELLHWA UCTOYHUK 3MEKTPOMAarHUTHOIO M3Ny4YeHus U (4) BHyTPEHHUE NepeKpecT-
Hble NoMexu. BHELUHWIA UCTOYHMK areKTPOMarHUTHOrO M3yYeHUsi AOMKeH COOTBETCTBOBaTh APYrMM TpeboBaHuAM Ha-
CTosALLlero cTaHaaprTa.

Pesynerathl Bo3geiicTBuA anbda-4yactuy u HeWTPOHOB MOryT 6bITb 0bpaboTaHbl (PYHKLMOHUPYIOLWLMMKA CpeacTBaMm
obecne4eHns nonHoTel 6esonacHocTy. Ho Takue cpencTtsa obecneveHns NonHoTL 6esonacHocTU 3 eKTUBHBI 4NA cnyvai-
HbIX OTKa30B annapaTHbIX CPEeACTB M He apeKTUBHLI AN cryYaidHbix cboeB, Hanpumep TecTbl AnA O3Y, Takue kak «6nyx-
Jatowasn Tpaektopusy, GALPAT U T. 4., He ABMATCA 3 EeKTUBHBIMK, TOrAa Kak METOb, UCTONb3YIOLLIUE KOHTPOMb YETHO-
CTW 1 KOAbl C UCTIPaBReHWEM OLIMOOK, BO3BpaLLatoLne CofepXMMoe sueek naMsaTu, ABnsoTes agpdekTuBHLIMU.

CnyuaiiHelii cBoli NpOUCXOAUT, Korga ManyveHue Bbl3biBaeT TaKoil 3apsifi, KOTOPbIA MOXET U3MEHUTb COCTOSHUE
UMK NEPEKITIOUUTL C HU3KOFO YPOBHS HaMPSPKEHWUA Ha BLICOKUIA SiMEiKy NONynpoBOAHWUKOBOW NaMSITW, PErucTp, 3alienky
unu Tpurrep. Takyto CnyYaiiHyto oLWGKY HasblBaOT «MCNpaBUMOR», NOTOMY YTO cCaMma cxema U3NyYeHneM He nospexaa-
eTcA. Takve oWwnBKM pa3gensioT Ha ogHoBUToBLIe HapyLweHus (SBU) unu ogHocobbITuitHbIE HapylweHus (SEU) n MHoro-
GuToBble HapyLeHus (MBU).

Ecnu cxema, B KoTopoW npowusoluen c6oil, ABNSETCA 3anoMUHaOWWUM 3NEeMEHTOM, TakuM Kak AYeilka namsTy
WNU TPUITep, TO ee COCTOSTHWE COXPaHUTCA A0 criefyroLleii (HameveHHo)) onepauun 3anucn. Hosble faHHble ByayT Xpa-
HUTbCA NpaBWUNbHO. B KOMBUHATOPHOW cxeMe 3TO NPUBEAET CKopee K HE3HAYUTENbHOMY c6010, NOTOMY YTO CyLlecTBYeT
MOCTOSAHHLIA MOTOK SHEPrUKN U3 KOMMOHEHTA, YpaBnsaoWero aTUM ysnom. Bnuadue Ha coeguHuTensHble nposofa U nu-
HWM CBA3KN Takke MOXET BblTb HeaHaumTenbHbIM. OfHako 13-3a Gonblueid eMKOCTU BO3AENCTBUE Ha HUX anbda-vyacTul
U HEUTPOHOB CHUTAKT HE3HAYUTENBHLIM.

Takue cnyvaiiHele cGon MOTyT NMPOUCXOAWUTL B NepeMeHHoMN namsATu noboro suga, To ectb B DRAM, SRAM, peru-
cTpoBoi namaTh B MP, KaLL-namsaTy, KoHBelepax, peructpax KoHpurypauum ycTpoincTts, Takux kak ADC, DMA, MMU, koH-
Tponnep npepeuiBaHWi, CroxXHble TaiiMepbl. YyBCTBUTENBHOCTL K anbga-yacTuuam u HeTpoHaM 3aBUCUT OT HaNpsPKEHUA
nUTaHusA u reomeTpun. Hebonblune KoHUrypaLuu ¢ HanpsbkeHmeM nutaHus 2,5 B n ocobeHHo Huxe 1,8 B notpebyior
Gonee cepbe3Hoii OLUEHKN U Bonee ahEKTUBHLIX MeP 3alLLUTHI.

MHTeHCHBHOCTD cnyYaiiHbix cboeB ANs (BCTPOEHHOIA) MamMsaTh HaxofWTCA B AuanasoHe ot 700 Fit/MBit o 1200
Fit/MBit (cM. nepeyucrneHns a) u i) HUXKe). OTO STanoHHOE 3HaYeHWe ANA CPaBHEHUA C AaHHLIMW, MOMYyYEeHHLIMU
LN YCTPOICTB, peann3oBaHHbIX Ha OCHOBE KpeMHUeBOW TexHororuu. [lo HeflaBHero BpeMeHu nonaranu, yro SBU 6binu
LOMUHUPYHOLLMMU, HO MNOCHEAHUIA NPOrHO3 (CM. NepeyncreHne a) HKe) nokasbiBaeT pacTywuin npoueHT MBU B obLeit
MHTEHCMBHOCTW crnyYaitHbix c6oeB (SEP) Ansi TexHonoruii MmeHee 65 HM.

Bonee nogpo6Hasn HdopMaums o criydaiiHbix cbosix flaHa B crnefyoLunx NCTOYHUKaX:

a) Altitude SEE Test European Platform (ASTEP) and First Results in CMOS 130 nm SRAM. J.-L. Autran, P. Roche,
C. Sudre et al. Nuclear Science, IEEE Transactions on Volume 54, Issue 4, Aug. 2007 Page(s):1002—1009;

b) Radiation-Induced Soft Errors in Advanced Semiconductor Technologies, Robert C. Baumann, Fellow, IEEE,
IEEE TRANSACTIONS ON DEVICE AND MATERIALS RELIABILITY, VOL. 5, NO. 3, SEPTEMBER 2005;

c) Soft errors’ impact on system reliability, Ritesh Mastipuram and Edwin C Wee, Cypress Semiconductor, 2004,

d) Trends And Challenges In VLSI Circuit Reliability, C. Costantinescu, Intel, 2003, IEEE Computer Society;

e) Basic mechanisms and modeling of single-event upset in digital microelectronics, P. E. Dodd and L. W. Massengill,
|EEE Trans. Nucl. Sci., vol. 50, no. 3, pp. 583—602, Jun. 2003,

f) Destructive single-event effects in semiconductor devices and ICs, F.W. Sexton, IEEE Trans. Nucl. Sci., vol. 50,
no. 3, pp. 603—621, Jun. 2003;

g) Coming Challenges in Microarchitecture and Architecture, Ronen, Mendelson, Proceedings of the IEEE, Volume
89, Issue 3, Mar 2001 Page(s):325—340;
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h) Scaling and Technology Issues for Soft Error Rates, A Johnston, 4th Annual Research Conference on Reliability
Stanford University, October 2000;
i) International Technology Roadmap for Semiconductors (ITRS), several papers.

A.5.1 TecTbl «WwHaxmMaTHaA AOCKa» WU «Mapu» ansa naMATu ¢ Npou3BoJibHbIM AOCTYNOM

MpumeyvaHune — Ccbinka Ha JaHHblili MeTof/cpeacTBo npuseaeHa B MOK 61508-2 (cMm. npunoxeHue A,
Tabnuua A.6).

Lienb. OBHapyxeHWe NpeuMyLLeCTBEHHO CTaTUYECKUX BUTOBLIX OLLINGOK.

Onucanue. PacnonoxeHHas B LLaxmMaTHOM nopsgke 6utosasi KOMOMHaLWA HyNel 1 eAuHUL, 3anuckiBaeTCs B S4eiiku
namsaTu ¢ GUTOBON opraHusaLuein. 3aTem 3TU AYEAKN aHanM3npyTCa NONapHoO € TeM, YToObl YOeAUTLCA B X OfMHAKO-
BOCTU U NpaBUnbHOCTU. Apec NepBoi AYeiKU TaKoi nNaphbl ABNSETCA NepeMeHHbIM, a afgpec BTOPOR A4elku 3ToW naphbl
obpasyeTca nyTeM GUTOBOrO WHBEPTUPOBAHWUA NepBoro agpeca. [pu NepBoM NPOXOXAEHUN AUana3oH aApecoB NaMsTu
MPOXoAAT B HanpaeneHun 6onee BbICOKUX afpPecoB NepeMeHHbIX aApecoB, a Mpu BTOPOM NPOXOXKAEHUW — B Hanpas-
neHun Gonee HU3KMX agpecos. [Nocne aToro oba NpPoXoXAeHUa NOBTOPAIOTCA C 3apaHee 3afaHHbIM MHBEPTUPOBaHUEM.
Mpu o6HapyxeHUn kakoro-nnbo pasnu4yna Belfaetca cooblyeHne ob oTkase.

Mpn «MapLIeBOM» TECTUPOBaHWM NaMATU C NPOU3BONIBEHBEIM AOCTYNOM SYeiikn namaTh ¢ BuToBoW opraHusauumei
VHULManu3npyrTes YHUPULIMPOBaHHLIM NMOTOKOM BUTOB. Mpu NEPBOM NPOXOXAEHUN AYEAKU aHaNU3UPYIOTCA B HUCXOAS-
Leil nocneaoBaTenbHOCTH; NPOBEPAETCHA NPaBUMBbHOCTE COLEPXKUMOrO KaX ol AYEenkU U ee cofepXUMoe UHBEPTUPYET-
ca. OcHoBa, co3faHHas B NepBOM NPOXOXAEHUWU, paccMaTpuBaeTca Npu BTOPOM NPoxoxaeHun B ybuiBaoLem nopagke
1 TaK xe obpabaTeiBaeTcs. epBble NPOXOXKAEHWS MOBTOPAIOTCA C UHBEPTUPYEMbIMU NPEABapUTENBHLIMUA 3HAYEHUAMU
B TPETLEM U YETBEPTOM NPOXOXAeHUsAX. [pn oBHapyxeHun paznnynin BeigaeTca coobuieHne o6 otkase.

A.5.2 Tect «BnyxaaloLWas TpaeKTOpPUA» Ans NaMATU ¢ NPOU3BONbHLIM BOCTYNOM

MpumeyvyaHune — CcbiNka Ha AaHHblil MeTog/cpeacTso npuseaeHa B MOK 61508-2 (cMm. npunoxeHue A,
Tabnuya A.6).

Liens. O6HapyxeHune cTaTu4eckuX U JUHAMUYECKUX OLUMBOYHBIX BUTOB U NePEeKPeCTHBIX NOMeX Mexay sHernkamm
naMmsTy.

Onucaxue. TecTupyemas obnactb NaMATU UHULMANU3UPYETCH YHUPULMPOBAHHBIM NOTOKOM 6UTOB. 3aTem nepeas
fYeiika NHBEPTUPYETCH, 1 oCTanbHas YacTb NaMATU aHanu3npyeTcs Ha NpaBUNbHOCTL. MNocne 3Toro nepeas AYeika no-
BTOPHO WHBEPTMPYETCSA ANS BO3BpaTa B UCXOAHOE 3Ha4YeHue, W BCs npoueaypa NOBTOPSETCA ANA cnepytowein sqeiiku.
BTopoe npoxoxaeHue «mogenu bnyxpatoLlero 6uta» ocyLLEecTBNAETCA NPU UHBEPCUN BCEX NEPBOHAYASIbHO Ha3HA4YeH-
HbIX 3Ha4YeHuWit namATy. MNpu oBHapyXeHUN pasnnuuil Bolgaetcst coobeHne o6 ownbke.

A.5.3 Tect «GALPAT» unu «lpo3pauHbiit GALPAT» ana naMaTy ¢ Npou3BONbHbIM AOCTYNOM

MpumedyaHue — Cchifika Ha AaHHbIA MeToa/cpeacTso npueegeHa B MOK 61508-2 (cM. npunoxeHue A,
Tabnuuya A.6).

Lienb. O6HapyxeHWe cTaTnyecknx GUTOBLIX OTKa3oB 1 BONLLLON YacTh AUHAMUYECKUX CBA3EN.

Onwucanue. [pu TECTUPOBAHUW NAMSATU C NPOU3BONBHBIM JOCTYNOM «MOMAPHON 3aNUCbIO-CHUTLIBaHUEM» BbIGpaH-
Hasa obnacTb MamsaTW CHayana WHULManuanpyeTcs YHudguumpoaHHo (To ecTb Bce O unu Bce 1). Mocne atoro nepsas
AYvelika NaMATU TECTUPYETCA W 3aTeM MHBEPTUPYETCS, U BCE OCTallbHbIE AYEKN aHaNM3NpYIOTCS Ha NpaBUNBHOCTL coaep-
Xumoro. [Nocne Kaxgoro 4ocTyna rno YTEHWIO K OAHON U3 OCTaBLLUMXCH SYeeK MHBEPTUPOBaHHas Aqeiika Takke NpoBepseT-
cA. 3ta npoueaypa NoBTOpAeTCA ANSA KaxA0N A4eiikn B BeIGpaHHoi obnactv naMatu. BTropoe npoxoxaeHue BuINONHAETCA
MPOTMBOMOMOXHO NepeoMY. JTtobble pasnnuua NpUBOAAT K Belgade cooblyeHns o6 owmnbke.

TecTupoBaHWe «NpPo3padyHoil NonapHOW 3anucbio-cHUTBIBAHWEMY» MpeAcTaBnseT coboil Bapuauuo onucaHHo
BblLLEe MNpoLefypbl: BMECTO WHULManu3aLum Bcex s4yeek B BbIGpaHHOR obrnacTn namMsaT cyLlecTByoLLee cofepXKuMoe
OCTaeTCs HEU3IMEHHbIM, @ A CPaBHEHUS COLEPXKNMOro Habopa s4Yeek NCMONb3YIOTCA KOHTPONbHbIe CyMMBI (CUTHaTy-
pbl). Belbupaetca nepsasa TecTupyemas sdeiika obrnactv naMaTu U BLIMUCIAETCSA U COXPaHAeTesa curHatypa S1 Bcex
OCTaBLUMXCHA sAveeKk obrnacTu. 3aTeM TecTupyeMmble SYeiku UHBEPTUPYIOTCS, U NMOBTOPHO BLIMUCNAETCS curHatypa S2.
(Mocne kaxpgoro gocTyna No YTEHWIO K OAHOW M3 OCTaBLUMXCA AYeeK WHBEpTUpyemas sdveiika Takke npoBepsieTcs.)
CurHatypa S2 cpaBHMWBaeTCA ¢ curHatypoit S1 v npu nwbom pasnuuun BbigaeTcs coobuleHne o6 ownbke. TecTupye-
Masi Aveiika NOBTOPHO MHBEPTUPYETCH ANSA MOBTOPHOIO YCTAHOBIIEHUS UCXOAHOIO COAEPXMMOro U curHatypa S3 Bcex
OCTaBLUMXCA A4Yeek MOBTOPHO BLIYUCISAETCA U CpaBHUBAETCH C cUrHatypoi S1. Jiobble pasnuyma NpUBOASAT K Bblaade
coobueHns o6 owmbke. Bece Ayeiikn namsTu B BeibpaHHOIA obriacTv TecTUpyloTCcs TEM Ke cnocobom.

A.5.4 Tect «ABpaam» ANs NaMATU C NPOU3BOSIbHbLIM JOCTYNOM

MpumeyaHue — Ccbinka Ha AaHHbll MeTof/cpeacTBo npuseeHa B MOK 61508-2 (cM. npunoxeHue A,
Tabnuuya A.6).

Ll,enb. O6Hapy>KeH|/|e BCeX NOCTOAHHbIX OTKa30B U OTKa30B B COEAUHEHUAX MeXay AYeikamMyn NaMaTu.

Onucanune. [lnarHoCcTUYECKUn OXBAT BblLLE, YeM npu TecTe «nonapHas 3annce-cHUTbIBaHMe». Yucno OﬂepaLWIVI, He-
00X0AMMbIX A1 BEINOSHEHWUST BCEro TeCTUpoBaHUA NaMATU, COCTaBAET NPUMEPHO 30 n, rae n — 4ncno sYeek NamsATw.
TeCTI/IpOBaHI/Ie MOXET 6bITb «npo3padvHbiM» NpU BbINOJTHEHUWN 3aNOMUHaHNA U TeCTUPOBaHUA B PasfmNYHbIX BPeMEHHbIX
CerMeHTax B nepuoge pa6oqero LuKna.
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IutepaTtypa:

Efficient Algorithms for Testing Semiconductor Random-Access Memories. R. Nair, S.M. Thatte, J. A. Abraham,
|IEEE Trans. Comput. C-27 (6), 572—576, 1978.

A.5.5 OnHOGUTOBAs U3GLITOYHOCTL (HanpuMep KOHTPOMb NaMATH C MPOU3BONbHbLIM AOCTYNOM C MOMOLLbIO
6UTa YeTHOCTH)

MpumedvyaHune — Cchinka Ha JaHHbIl MeTon/cpeacTBo nMpuBegeHa B MOK 61508-2 (cM. npunoxenue A,
Tabnuua A.8).

Liens. OBHapyxeHne 50 % Bcex BO3MOXHbLIX BUTOBLIX OTKa30B B TECTUpYyeMoii oBnacTu naMsaTy.

OnucaHune. Kaxpgoe cnoBo B MaMATU paclUMpseTca Ha OgUH OUT (BUT YeTHOCTH), KOTOPLIW LOMOSHSAET Kaxaoe Cro-
BO 40 YETHOrO UMM HEYETHOro Yncna NorMYecknX efuHnL, YeTHOCTb croBa AaHHbIX NMPOBEPSETCH MNPU KaXAO0M YTEHWUU.
Mpu 0BHapyxeHUN NOXHOro YMcna eauHNL, BbigaeTcsa cooblyeHne o6 olwnbke. BeiGop YETHOCTM UMW HEYETHOCTM [ OMKEH
OCYLLEeCTBNATLCSA TaK, YToBbl BCAKMIA pa3 B criydae oTkas3a He BblgaBarnock HU4ero, kKpome Hynesoro (0) u eguHuyHoro (1)
cnoBa, BblpabaTbiBanocb YBEAOMIEHNE O TOM, YTO 3TO CMOBO HENPaBUMbHO 3aKOAWPOBAHO. KOHTPOMNE YETHOCTU Takke
MOXET BbITb MCMONb3oBaH AN 0OHapyXeHust ombok agpecauuu, ecrnu YeTHOCTb OnpegenseTcs AN o6beanHeHNs cro-
Ba JaHHbIX C ero afpecom.

A.5.6 KoHTponb namMsaTu ¢ NpoU3BOSIbHbLIM AOCTYNOM C NMOMOLUBLIO MOAUMULMPOBAHHOrO Koga XaMMUHra
unu obHapyxeHue oWMBOK AaHHbIX C NOMOLLbLIO KOAOB OGHapYyXeHUs n ucnpasneHus ownbok (EDC)

MpumeyvyaHune—CwMm Takke A4.1 1 C.3.2. Ccbinka Ha faHHbI MeTod/cpefcTeo npueegeHa B MOK 61508-2
(cM. npunoxexue A, Tabnuya A.6).

Lienb. OBHapyxeHne Bcex HeHETHbIX BUTOBLIX OTKa30B, BCeX [BYXOUTOBBIX OTKa30B, HEKOTOPLIX TPEXBUTOBLIX OT-
Ka30B U HEKOTOPbLIX MHOrOBUTOBBIX OTKa30B.

OnucaHve. Kaxgoe croBo B NamsaTh pacLUMpsieTcsl HECKOMbKUMMW N3GbITOYHBEIMW BuTaMu Ans BelpaboTkun Moangu-
LiMpOBaHHOro Kofia XaMMUHra ¢ paccTosiHueM XaMMUHra, paBHbIM Mo MeHbLUel Mepe 4. Mpu KaxaoM cHUTbIBaHUM cnosa
npoBepKa U3BbLITOYHBIX BUTOB MOXET yKasbiBaTb, MPOWU3OLLMO NN UCKaxeHWe. [pu oBHapyXeHUW pasnudunii Beligaetca
coobLeHune 06 oTkase. 3Ta npoLeaypa MOXeT BbiTb Taloke UCMonb3oBaHa 41A oBHapyXeHus owmnbok agpecalumn npu Bbi-
YncreHnn N3BeIToMHBIX BUTOB 4NA 06befWHEHUSA AaHHLIX C ero agpecom.

IutepaTtypa:

Prifbare und korrigierbare Codes. W. W. Peterson, Mlnchen, Oldenburg, 1967.

Error detecting u error correcting codes. R. W. Hamming, The Bell System Technical Journal 29 (2), 147—160, 1950.

A.5.7 lybnupoBaHue co cpaBHEHWEM NaMATHU C NPOU3BOSIbHLIM IOCTYNOM C annapaTHbIMU WK NPOrpaMM-
HbIMWU CpeACTBaMu U TECTUPOBaHUE YTEHMEM/3aNUCbIo

MpumedvyaHune — Ccbinka Ha AaHHbIA MeToa/cpeacTBo npuBeaeHa B MOK 61508-2 (cM. npunoxeHue A,
Tabnuua A.6).

Llenb. ObHapykeHue Bcex 6UTOBLIX OTKA30B.

OnucaHue. AgpecHoe NpoCcTPaHCTBO COAePXUT ABe YacTu. MNepBas YacTb NaMATU PyHKLMOHUPYET B HOPMarbHOM
pexume. Bropas 4yacTb NamMsiTM coaepxuT Ty e UHPopMaLMIo U AOCTYNHA NapansenbHo ¢ NepsBoi. Buixoakbl aTux YacTeit
namsaTh cpaBHuBaloTcsA. [pu obHapyxeHun pa3nuyuii BelfaeTca cooblyeHne o6 owmbke. [AnA obHapyXeHUs1 HEKOTOPbIX
BWUAOB GUTOBLIX OLIMBOK AaHHbIe JOMKHBI COXPAHATLCA MHBEPCHO B OAHON U3 ABYX YacTeil namMsiTU u obpaTHO MHBEPTU-
poBaTLCA NPU YTEHUW.

A.6 YctpolicTBa BBoAa-BbiBoAa U MHTepdreAChl (BHELWHNIA OGMEH)

MasHasa uenb. ObHapyXeHWe OTKa3OB Ha YCTPOICTBax BBOAA M BbiBoAa (LUMdpoBLIE, aHanoroBble, NocnefoBa-
TenbHbIe UMK NapanmnenbHble) U NpefoTBpalleHne fanbHeiwel nepegadn HeAoNyCTUMBIX BbIXOAHBLIX JaHHbIX.

A.6.1 TecTupylowaa kombuHauus

MpumedvyaHune — Cchinka Ha AaHHbI MeToa/cpeacTBo npuBeaeHa B MOK 61508-2 (cMm. npunoxeHue A,
Tabnuubl A.7, A 13 nA.14).

Llenb. OBHapyxeHue cTaTMYECKUX OTKa30B (KOHCTaHTHbIE OTKa3sbl) U NEPEKPECTHBIX NOMEX.

OnucaHue. OTOT MeTof pearnusyeT He3aBUCUMOE OT NOTOKa AaHHbIX LMKIMYECKOe TECTUPOBaHWUE BXOAHLIX U Bbl-
XOAHbIX 3NeMeHTOoB. B HEM uUcMonb3ytoTcs onpefeneHHble TecTupytowue KoMBGUHaUUM ANS CpaBHEHUA C COOTBETCTBYIO-
WMMK STUM TecTUpyloLWMUM KoMBUHaUUAM npegnonaraeMbiMi 3HavyeHUsAMU. MHdopmauua TecTupytolleid kombuHauum,
BOCNPUATUE U OLieHKa TeCTUPYIoLLei KOMOBUHaLMK AOMKHBI BbITb He3aBMCUMBI APYT OT Apyra. TecTupyowue kKoMbuHaLmm
He JOMKHbI HebnaronpusaTHo BNUATL Ha onepauun YO.

A.6.2 KopgoBasi 3awura

MpumeyvyaHune — Cchbinka Ha AaHHbIA MeToA/cpeacTBo npuBeaeHa B M3OK 61508-2 (cMm. npunoxeHue A,
Tabnuybl A.7,A.15, A.16 nA.18).

Llenb. O6HapyxeHue criydaiiHbIX 0TKa30B annapaTHbIX CPEACTB M cUcTeMaTu4eckux owmbok B NoToke BBoAa/Bbl-
BOAla AaHHbIX.

Onucanue. MNpoueaypa, peanusyiollasi KOAOBYIO 3aLUTY, 3alLuULLaeT BBOAUMYIO U BLIBOAUMYIO UHOPMaLUIO OT CH-
CTEeMaTUYECKUX M CIyYailHbIX OTKa30B annaparHbiX cpeacTs. Kogosas 3awuTa obecnevnBaet 3aBUCMMOE OT NOTOKA fAaH-
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HbIX 0BHapyXeHWe 0TKa3oB BXO4HbIX U BEIXOAHEIX MOAYMEA, OCHOBBIBASACH HA U3BBITOYHOCTU MHAOPMaLUK U/ BpeMeH-
HOM N36bITOMHOCTW. OBbLIMHO U3BLITOYHaA MHPOPMaLMA HanaraeTcs Ha BXOAHbIE W/WUNK BbIXOAHBIE faHHbIE; TeM CaMbiM
obecneunBatoTes cpefcTBa 41 MOHUTOPUHIA NPaBUiTbHOCTU onepaLumMil BXOAHBIX U BbIXOAHBIX cXeM. Bo3MOXHO npume-
HEeHWe MHOMMX METOZ0B — HarnpuMep, CUrHan HecyLLeil HacToTbl MOXKET HanaraTbCsA Ha BbIXOZ4HOW curHan gatyuka. MNocne
STOrO NIOrMYECKUIA MOLYMb MOXET NPOBEPUTE HalnM4Me YacToThbl HecyLlel, Nubo Ha Beixode KaHana MoryT 6blTb fobaBne-
Hbl M30bITOUHBIE KOZOBLIE BUTLI A4S KOHTPONS AEACTBUTENBHOCTU NPOXOXKAEHWUA CUrHana Mexay norndeckum Mogyrem
U OKOHEYHbLIM UCMOSTHATESBHBIM MEXaHU3MOM.
A.6.3 MHorokaHanbHoe napannenbHoe BbIXoAHOe YCTPOWCTBO

MpumedvaHune — CcbinNka Ha fJaHHbIl MeToa/cpeacTso npusefeHa B MOK 61508-2 (cm. npunoxeHue A,
Tabnuya A.7).

Llens. OBHapyxeHuWe cryvaiHblX OTKa30B annapaTHbIX CPedcTB (KOHCTaHTHble OTKasbl), OTKa3oB, 0OyCMOBMEHHbIX
BHELLUHMMM BO3JEWACTBUAMM, BPEMEHHbIX cB0eB, 0TKa30B agpecaLy, NocTeNeHHbIX OTKa30B M CaMOYCTPaHSIOLLUXCS OTKa30B.

OnucaHune. 3TO 3aBMCMMOE OT NOTOKA AaHHbLIX MHOroKaHarbHoe naparnnensHoe BLIXOAHOe YCTPOWCTBO C He3aBu-
CMMbIMW BbIXOAaMK ANA oBHapyXeHWs crydYaiHbix annapaTHelX oTka3oB. OBHapyXeHWe 0TKa3oB OCYLLECTBIIAETCA C No-
MOLL{bIO BHELLHUX KOMMapaTopoB. [1pu noasneHnmn otkasa YO HeNnocpefcTBEHHO OTKITOHaeTCs. 3TO YCTPOWUCTBO AeiicTByeT
TOMBKO B TOM cry4Yae, ecnu NoToK AaHHbIX M3MEHAETCH B MHTEpBare ANarHocTU4ECKoro TeCTUpoBaHus.

A.6.4 CpencTBO KOHTpPONSA BbIXoAos

MpumedvaHune — CcbiNka Ha fJaHHbll MeToa/cpeacTso npusefeHa B MOK 61508-2 (cMm. npunoxeHue A,
Tabnuya A.7).

Lienb. OBHapy&eHWe cry4aiiHblX 0TKa3oB, 0TKa3oB, 06YCNOBMEHHbIX BHELLHUMMW BO3AEACTBUAMU, BPEMEHHbLIX cBo-
€B, 0TKa30B afpecalu, NOCTENEHHbIX 0TKa3oB (411 aHaNoroBLIX CUrHANoOB) U CaMOYCTPaHSOLLMXCS OTKa30B.

OnucaHue. 3TO YCTPOWCTBO, 3aBMCUMOE OT NOTOKa AaHHbLIX, CpaBHWUBAET BbIXOAHbIE JaHHblE C He3aBUCUMbIMU
BXOAHBIMU AaHHLIMU 4N o6ecneyeHns COBMECTUMOCTI ¢ 0BMacTbIo JOMNYCTUMBIX 3Ha4YeHUI (BpeMs, Anana3oH). ObHa-
PYXEHHbIA 0TKa3 He Bcerga OTHOCUTCA K HenpaBUIIbHOMY BbIXOAHOMY CUrHany. 3TO YCTPONCTBO LeACTBYET TONbKO B TOM
crny4ae, ecnu NoToK JaHHbLIX U3MEHAETCA B MHTepBane [UarHoCTUYeCKoro TeCTUPOBaHUS.

A.6.5 CpaBHeHue/ronocoBaHne BXOAHbIX AaHHbIX

MpumedvaHune — Ccoinka Ha fJaHHbll meToa/cpeacTBo npusefeHa B MOK 61508-2 (cM. npunoxeHue A,
Tabnuybl A.7 n A.13).

Llenb. O6HapyxeHWe cry4aiHblX 0TKa30B, 0TKa30B, 06yCrnoBNeHHbIX BHELLHUMK BO34eACTBUAMM, BPEMEHHLIX cbo-
€B, OTKa30B agpecaLyui, NOCTENEHHbIX OTKa30B (415 aHaNnoroBbIX CUFHAMOB) U CaMOYCTPaHSAIOLLUXCA OTKa30B.

OnucaHue. 3To YCTPOIACTBO, 3@BUCUMOE OT MOTOKA AaHHbIX, CPaBHUBAET BbIXOAHbLIE AaHHbIE C HE3aBUCUMbBIMU
BXOAHbIMU LaHHbIMK NS oBecrie4eHns COBMECTUMOCTH ¢ 0bnacTbio AONYCTUMBIX 3HAYEHUIA (Bpems, Auana3oH). Peanu-
3yeMas U3bbITOYHOCTE MOXET BbiTh 1 U3 2, 2 U3 3 unun 6onee Bbicokan. 3TO YCTPONCTBO [EACTBYET TOMNBKO B TOM Criyyae,
€CNN NOTOK AaHHbIX U3MEHAETCA B UHTepBane AUarHoCTUHMECKOro TeCTUPOBaHUs.

A.7. MapuwpyTbl AaHHbIX (BHYTPeHHUI OBMeEH)

MaeHasa yenb. O6HapyxeHWe oTKa3os, 06yCNOBNEHHbIX UCKaXXeHUAMU NpU Nepegade UHopMaLmu.

A.7.1 OgHobuTOoBaA annapaTtHan U3bbITOYHOCTb

MpumeyvaHue — CcbiNka Ha AaHHbIA MeToa/cpeacTBo npuBefeHa B MOK 61508-2 (cMm. npunoxeHue A,
Tabnuua A.8).

Llenb. OBHapyxeHWe BCeX HEHETHO-BUTOBLIX OWNBOK, To ecTb 50 % Bcex BO3MOXHBIX BUTOBLIX OLUMBOK B NOTOKE
AaHHbIX.

Onucanue. LLInHa paclumpaeTea Ha oaHy nNuHuio (6UT) 1 sTa gononHUTeNnbHas NMHKUA (6UT) ncrnonbayeTes ans obHa-
pYyXeHWS 0TKa3oB NyTeM NPOBEPKN Ha YETHOCTb.

A.7.2 MHoro6uToBasa annaparHaa U3bbITOYHOCTb

MpumMeuvaHune — Ccbinka Ha faHHbIl MeToa/cpeacTBo npuBeseHa B MOK 61508-2 (cMm. npunoxenue A,
Tabnuua A.8).

Llens. O6HapyxeHWe 0TKa30oB B Npouecce Nepegayu no LWKHE M B NocnefoBaTebHbIX KaHanax CBssu.

Onucahue. LLInHa paclumpaeTca Ha ABe unu 6onee nuHUIA (BMTOB) U 3TU JONONHUTENBHBIE NTMHUK (BUTEI) UCNONB3Y-
HOTCA ANs 0OHapyXeHNUA 0TKa30B METOAOM KoAa X3MMUHra.

A.7.3 NonHaa annapatHaa U36bITOYHOCTb

MpumeyvaHune — CcbiNnka Ha AaHHbIA MeToa/cpeacTBo npuBegeHa B MOK 61508-2 (cM. npunoxeHue A,
Tabnuuya A.8).

Llenb. OBHapyeHWe 0TKa30B B Npouecce Nepefaqn AaHHbLIX MyTeM CPaBHEHWUS! CUTHANOB ABYX LUNH.
Onucanue. LLuHa ayBnupyetca U AONONHUTENbHLIE IMHUK (BUTI) UCTIONBL3YIOTCH AN 06HaPYXEHNA OTKa30B.
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A.7.4 AHanu3 ¢ Ucnornb30BaHMEM TECTUPYIOLIMX KOMOMHaLUMIA

MpumevaHune — Cchinka Ha AaHHbll MeToA/cpeacTBo npusefeHa B M3OK 61508-2 (cM. npunoxeHue A,
Tabnuua A.8).

Llenb. O6HapyXeHne cTaTUYeCcKUxX OTKa30B (MOCTOSIHHBLIX OTKA30B) U NEPEKPECTHLIX NOMEX.

OnucaHue. OcqueCTBﬂHETCH He3aBUCUMOE OT NOTOKa AaHHbIX LUKIU4ecKoe TeCTUpoBaHne MapLUpyToB AaHHbIX.
Mcnonb3yeTca onpegeneHHas TecTupylowas KombuHaumsa Ans cpaBHEHUA HabnogaeMblx 3Ha4EHWIH C COOTBETCTBYIOLLU-
MU npegnonaraemMbiM1 3Ha4EHUAMMU.

Bocnpuatue uHdopmaLum o TecTUpytoLeid KOMBUHaLMKU U ee oLieHKa AOMKHbI 6biTb He3aBUCUMBI ApYr OT Apyra.
TecTupytowue kKoMGUHaLMKM He AOMKHEI HeGMaroNnpMATHO BNUATL Ha onepauun YO.

A.7.5 N36bITOYHOCTb NpW nepepaye

MpumeyvyaHune — CcbiNka Ha AaHHbIl MeTof/cpeAcTBO npuseaeHa B MOK 61508-2 (cM. npunoxeHue A,
Tabnuuya A.8).

Llenb. O6HapyxeHne caMoyCTpaHAIOLMXCH OTKa3oB B 06MeHe Mo LUnHe.

Onucanne. UHpopMaLua nepefaeTca nocnefoBarTeribHO HECKONbKO pas. [MoBTopeHue OCyLUeCTBRSAETCA TONMbLKO
Ans o6HapyXeHNs CaMOyCTPaHSIIOLLIMXCA OTKa30B.

A.7.6 UndopmaumoHHasa U3BbITOYHOCTb

MpuMedaHune — Cchinka Ha AaHHbll MeToa/cpeactso npusegeHa B MOK 61508-2 (cMm. npunoxeHue A,
Tabnuuya A.8).

Llenb. O6HapyxeHune oTka3oB B 06MeHe Mo LUMHE.

Onwucanve. JaHHble nepefatotcs 6riokaMm Hapsay € BEIYUCIIEHUSAMU KOHTPOSIbHON CyMMbI ANst kaxgoro 6noka. Mo-
cre 3Toro NPUEeMHUK NMOBTOPHO BLIYUCIISIET KOHTPOMNBHYIO CYMMY MONyYeHHbIX AaHHbIX. Peaynsrat cpaBHUBaeTcs ¢ nony-
YeHHOW KOHTPOMbHOK CYMMOIA.

A.8 ICTOUYHUK NUTaHKUA

MaeHas yenb. OBHapyXeHue UNn ycToMuMBOCTb K 0TKasaM, 06yCnoBneHHbIM UCTOYHUKOM NUTaHUS.

A.8.1 3awmTa ot 6pocka HanpsiKeHUsi C NOMOLLbIO 6€30NaCHOro BbIKNIOYEHUS

MpumedyaHune — Cchinka Ha AaHHbIA MeTog/cpeacTBo npuBeaeHa B MOK 61508-2 (cMm. npunoxeHue A,
Tabnuua A.9).

Llenb. 3awmTa cucTeM, CBA3aHHbIX ¢ 6€30NacHOCTLI0, OT BpocKa HaNPAXEeHUA.

OnucaHne. Bpocok HanpskeHWUs obHapyXuBaeTCa AOCTAaTOMHO paHo € TeM, YTobbl Bce BbIXoAbl Mormnu 6bITe nepe-
KrtodeHel B 6e3onacHoe cocTosHWe NpouUeaypoit OTKNYEHUA NUTAHUA WU NEPEKITIoNNNUCL Ha BTOPOIA GroK NUTaHus.

JluTepatypa:

Guidelines for Safe Automation of Chemical Processes. CCPS, AIChE, New York, 1993, ISBN-10: 0-8169-0554-1,
ISBN-13: 978-0-8169-0554-6.

A.8.2 YnpaBneHue HanpsikeHUeM (BTOPUUYHbLIM)

MpumeyvyaHune — CcbiNka Ha AaHHbll MeToa/cpeacTBo npuseaeHa B MOK 61508-2 (cM. npunoxeHue A,
Tabnuvua A.9).

Llenb. KoHTporb BTOpUYHBIX HANPSXXeHUA U MHULManu3saLmsi 6e3onacHoro COCTOAAHUSA, €Clu 3HaYeHWe HanpsHkeHUst
He HaxoAWTCs B 3aflaHHOM JuanasoHe.

OnucaHue. BTopuyHoe HanpsxxeHne KOHTPONMUPYETCA W NUTaHWe OTKIIoYaeTcs], MO0 NPOUCXOAUT NMepekiiodeHne
Ha BTOp0I7I 6nok NUTaHUA, eCnn HanpAXeHne He HaxoauTca B 3ajlaHHOM Ainana3oHe.

A.8.3 OTKnioyeHue cucteMbl 6€30NacCHOCTU NPU CHWKEHUM NUTaHUSA

MpumeuvaHune — CcbiNka Ha AaHHbIl MeToa/cpeacTBo npusefeHa B MOK 61508-2 (cM. npunoxeHue A,
Tabnuua A.9).

Llenb. OTknoueHWe NUTaHUA ¢ CoOXpaHeHMeM cucTeMol 6esonacHoCTU UMetoLeics uHpopmMaLui.

OnucaHue. 3apaHee BLISBNAETCA GpOCOK HANPSKEHUS] UMK CIIMLLKOM HWU3KOe HanpshkeHWe MuTaHus Ans Toro,
yTo6bl Mpouefypa OTKMIYEHUS NUTAHWUA ycnena coXpaHUTb BHYTPEHHEe COCTOAHWE B HEe3Hepro3aBUCUMON MaMATU
(Npu HeOBXOAMMOCTH) M TEM CaMblM YCTAaHOBUTL BCe BbIXOAbI B 6e3onacHoe coCTOAHUE, UIN e BCE BLIXOAbI Mepeknio-
4YnUTb B Ge3onacHoe cocTosiHue, NGO NPOUCXOAUT NepeKioYeHne Ha BTOPOil BnoK nuTaHus.

A.9 BpeMeHHOM 1 NOrMYecKknil KOHTPONb NOCNeA0BaTENbHOCTU BbINOAHEHUS NpOrpaMMm

MpumeyaHue— Ha 3Ty rpynny MeTOA0B UNU CPeACTB AaHbl ccbinkn B MOK 61508-2 (cMm. npunoxeHue A,
Tabnuusl A.15, A.16 nA.18).

MaBHas uenb. OBHapyxeHne UCKaXeHHbIX NPOrpaMMHbLIX nocnejoBaTensHocTel. MckaxeHHasa nporpaMmHas no-
criefoBaTeflbHOCTb MOSIBIISIETCS, €CNW OTAENbHbIE SMIEMEHTLI MporpaMmMbl (HanpuMep MporpaMMHble MOAYNW, NOANPO-
rpaMmel UM KomaHgbl) o6pabaThiBaloTcs B HENPaBUbHOW NOCNeAoBaTeNbHOCTH, UMW B HECOOTBETCTBYIOLMIA Nepuos
BpeMeHu, unu ecnu cbunacek TakToBasi YacToTa npoueccopa.
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A.9.1 KOHTpOnbHbI AaTYMK BPEMEHU C oTAENbLHON BpeMeHHoM 6a3oil 6e3 BpeMeHHOro okHa

MpumeyaHune — Ccebifika Ha JaHHblil mMeTof/cpeacTso npusefeHa B MOK 61508-2 (cMm. npunoxeHue A,
Tabnuubl A. 10 nA.11).

Lienb. KoHTponb noBefeHus U NocnesoBaTenbHOCTU BbINOMHEHWSA Nporpamm.

OnucaHnue. BHellHWe cpefcTBa onpefenieHns BpeMeHWU C OTAernbHOW 6a3oit BpeMeHu (HanpuMep KOHTPOSbHbI
JaT4uK BpeMeHn) nepnoduyeckn nepekntodaroTes Ansa KOHTPors NoBeAeHnss KoMNbTepa U nocrnefoBaTensHOCTU BbIMon-
HeHus nporpamm. BaxHo, 4ToBbl MOMEHTLI NepekodeHnst Obinu NpaBUbHO pacnonoXeHsl B nporpaMme. KOHTPOIbHEIi
[aT4uK BpEMEHU He NepeknodaeTesa ¢ HEKOTOPLIM (PUKCUPOBAHHBIM NMEPUOAOM, OfHaKO 3afaeTcs MakCUManbHbIi UHTEp-
Barn.

A.9.2 KoHTporbHbIil AaTYMK BpeMeHU ¢ oTAeNnbHON BpeMeHHoN 6a30oi U BpeMeHHbIM OKHOM

MpumeyaHue — Ccbinika Ha gaHHblil MeTof/cpeactBo npusegeHa B MOK 61508-2 (cM. npunoxeHue A,
Tabnuysl A.10 nA.11).

Llenb. KoHTporb noBeAaeHWs U NocrneaoBaTeribHOCTU BbIMOMHEHNS NPOrpamMMm.

OnucaHue. BHellHWe cpefcTBa onpefenieHnsa BpeMeHU ¢ OTAenbHON 6a3oit BpeMeHu (HanpuMep KOHTPOMbHbIA
AaTYuK BpeMeHW) Nepuoaunyeckun nepekntodaroTes Ans KOHTPOons NoBeAeHNs KOMNbOTepa U NocrnefoBaTenNsHOCTU BbINOS-
HeHus nporpamm. BaxHo, 4ToBbl MOMEHTLI NepeKoYeHsa BbINu NPaBUbLHO PacnonoXeHsl B Nporpamme. KOHTPONbHLIN
[ aT4nK BpEMEHU He NepeKrTodaeTes ¢ HEKOTOPLIM (PUKCUPOBaHHLIM NEPUOLOM, OAHEKO 3afaeTcs MakCUMarnbHbIA UHTEp-
Ban. Ecnv nocrnefoBaTensHOCTW Nporpamm BeIMONHAKTCA BonbLue N MeHbLUe 0XWAAeMOoro BPEMEHU, TO BLINOMHAETCA
JeNcTBMe UpesBbIYaitHoro crydas.

A.9.3 Jlornyeckuit KOHTpPONb NocrefoBaTeNbHOCTU BbINMONHEHUS NporpamMm

MpumeyaHue — CcbiNika Ha JaHHblil MeTof/cpeactBo npuseaeHa B MOK 61508-2 (cMm. npunoxeHue A,
Tabnuusl A.10 nA.11).

Llenb. KoHTporb npaBunbHo NocnesoBaTesisHOCTM BhINOHEHWS OTAEMNBHBIX YacTel NporpaMmsi.

Onucanue. MpaBubHasa NocrneLoBaTenbHOCTL BEIMOMHEHUS OTAENbBHbLIX YacTel NPorpaMMbi KOHTPOMUPYETCA ¢ No-
MOLL|bI0 MporpaMMHbIX CPeACTB (NpoLeayp y4eTa, KoueBbiX NpoLeAyp) Ui ¢ UCMONb30BaHUEM BHELLUHUX CPEACTB KOH-
Tpons. BaxHo, YToBbl TO4KM NPOBEPKM pacronaranucs B NporpaMmMe npasusibHo.

A.9.4 KoMGMHauuMsi BPEMEHHOIo U NTOTMUYECKOro KOHTPOs NocNeA0BaTeIbHOCTU BLINOMHEHUSI NPOrpaMM

MpumeyaHune — Ccbinka Ha AaHHbll MeTof/cpeacTBo npuBeaeHa B MOK 61508-2 (cMm. npunoxeHue A,
Tabnuuysl A 10 nA.11).

Llene. KoHTponb noBefeHnsa n NpaBunNbLHOM NOCNEA0BATENBHOCTU BLINOSTHEHUA OTAENbHBIX YacTel nporpam-
Mbl.

OnucaHne. CpeacTBo onpeAeneHnsa BpeMeHu (HanpuMep KOHTPONbHLIA AaTyMK BpeMEHW), KOHTponupytoLlee npo-
rpaMMHyt0 NocrnefoBaTeNlbHOCTb, BHOBb 3amnyCcKaeTcs TONbKO B CRy4Yae, ecrnu nocrefoBaTteflsHOCTb MOAyrel NporpamMmMbl
BbINOSHAETCS NpaBMUIbHO.

A.9.5 NepBoHaYanbHLIN TECT NPU BKAIOYEHUN

MpumeuaHue — CcbiNka Ha AaHHLIN MeToa/cpeacTBo npuBeaeHa B MOK 61508-2 (cMm. npunoxeHue A,
Tabnuusl A.10 n A.11).

Llens. ObHapy»xeHWe 0TKasoB Npu NepBoHavanbLHOM TecTe.

OnucaHue. [Npu 3anycke NpoBOAUTCA NepBOHaYarbHbIN TecT. 3anyck BO3MOXEH TONBKO B CrlydYae, ecriv nepBoHavarnb-
HbliA TECT NpoLlen ycnelwHo. Hanpumep, AaT4nk TemnepaTtypbl MOXET ObITb NPOBEPEH HarpeTLIM PE3UCTOPOM MNpU 3arycke.

A_10 BeHTMRAUMA U TeMneparypa

MpumeuaHune — Ha aTy rpynny MeToaoB U cpeAcTB AaHa ccbirika B MOK 61508-2 (cM. npunoxeHue A,
Tabnuubl A.16 nA.17).

[MaBHas Uenb. YNpaBneHne oTkasaMu B cUCTeMax BEHTUNALMKU U TeMnepaTypHBIX npubopax u/unm ux KoHTponb,
€CIn OHM cBAA3aHbl ¢ 6€30NacHOCTLIO.

A_10.1 laTumnK TeMnepartypbl

Llenb. ObHapyxeHne TeMnepaTypHOro neperpeBa Unn Heforpesa Ao TOro, Kak cMCTeMa HavyHeT AeilcTBOBaTb BHe
3aflaHHbIX TpeboBaHWiA.

Onucanue. [latink TemnepaTypbl KOHTPONUPYET TeMnepartypy B Hanboree Kputuiecknx ToMkax 3/3/M3 cuctembl, cBs-
3aHHoM ¢ 6esonacHocTbio. [pexae Yem TemnepaTypa BoIRAET U3 3aaHHOMo Auana3oHa, MPOMCXOAUT aBapuitHoe fielicTBME.

A.10.2 YnpaBneHue BeHTUNAUMnEN

Llenb. O6HapyxeHue 0Tka3oB B paboTe BeHTUNATOpPA.

Onucanue. PaGoTa BEHTUNATOPOB KOHTponupyeTcs. Ecnn BeHTUNSATOp HaxoauTcsl B HepaboveM COCTOSHWM,
TO NMpefnpUHUMaloTCA AENCTBUSA NO BOCCTAHOBNEHUIO €ro paboyero coCTosiHMSA (MK ero aBapuitHOMY OTKITIOYEHMUIO).

A.10.3 be3sonacHoe BblKNoYeHUe ¢ UCNOoMb30BaHUEM NMAaBKOro npeaoxpaHuTens

Llenb. BuiknioveHue cucteMbl, CBA3aHHOM ¢ 6e3onacHOCTLIo, 0 TOro Kak napaMeTpbl CUCTEMbI BLIRAYT U3 3afjaH-
HbIX TEMMNepPaTypHbIX PEXUMOB.
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OnwucaHnwve. lMNnaBkuii NpefoxpaHWTenb UCNOMb3YeTCA ANS BLIKMIOYEHUA CUCTEM, CBSA3AHHBIX C 6e30MacHOCTbLI.
B M3 cucTeMe BhIKIIOYEHWE OCYLLECTBNAETCS NPpoLefypoi OTKIIOHEHNUSA NUTaHUS, KOTopas XpaHUT UHdopmaLuio, Heo6-
XOAUMYIO NPU aBapUiitHbIX AeACTBUSX.

A.10.4 NMoporoBble coobLieHna OT TEpPMOAATUMKOB U YCIOBHasA TpeBora

Llenk. Moka3aTb, 4To cucTema, cBA3aHHas ¢ 6e30nacHOCTLI0, paboTaeT Taloke 3a npeAenamu JonycKoB No Temneparype.

OnucaHune. MamepseTca TeMnepaTtypa, a Npu ee BLIXOAE W3 3aaHHOro Juana3oHa BbIAAETCA aBapuinHbIA curHan.

A.10.5 CoeamHeHune ycTpoiicTBa NPUHYAUTENbHOIO OXNaXAeHUA BO3A4yXa M UHANKAaTOpa COCTOAHMUI

Llenb. He gonyctutsb neperpesa nyTeM UCKYCCTBEHHOMO BO3AYLLUHOTO OXNaxeHus.

OnucaHue. NamepseTcs TemnepaTtypa. Ecnv Temnepatypa npeBbilaeT 3agaHHbIi Npefen, To BKIKYaeTcs UCKyC-
CTBEHHOE BO3fYLUHOE oxnaxaeHune. [NonsaoBaTens MHHOPMUPYETCS 06 N3MEPEHHOM 3HAYEHUUN TEMMNepaTypsbl.

A.11 O6MmeH 1 3anoMuHaloLlee YCTPONCTBO GoNbLUOK EMKOCTU

MaBHas Uenb. KoHTponb oTkasos B npoLecce obMeHa Mexy BHELLHUMU UCTOMHUKaMMW U 3anoMUHaoLWUM YCTPOiA-
cTBOM 6OnbLUON €MKOCTH.

A.11.1 PasgeneHue NuHWI aNeKTPMYECKOro NMTaAHUA 1 NTUHUIA Nepedayun uHdopMaLnm

MpumedvaHune — Ccbinka Ha AaHHbIR MeToa/cpeacTso npusefeHa B MOK 61508-2 (cMm. npunoxeHue A,
Tabnuua A.16).

Llenb. MrHUMU3MpoBaTh NepeKkpecTHbIe MOMEXN MH(POPMAaLMOHHBIX NTUHUA, MHAYLWPYEMbl€ CUNBHBIM TOKOM CUCTE-
Mbl MATaHUSA.

OnwucaHnwve. JluHum, obecneynBaroLle sneKTpuYeckoe NUTaHne, OTAEMAIOTCA OT MMHUW, NepeHOCAMX MHdopma-
Luto. SneKkTpu4eckoe nore, KOTopoe MOXET MHAYLMPOBaTb Ha MUHPOPMALMOHHBIX MTUHUAX BCNNECKU HAaNPSHKEHWUN, YMEHb-
LLIaeTCs € yBeNMYeHWeM pacCTOAHNS.

A.11.2 NpocTpaHcTBeHHOE pa3AeneHue rpynnoBbIX IMHUMA

MpumedyaHune — Ccbinka Ha AaHHbIA MeToa/cpeacTBo npuBeaeHa B MOK 61508-2 (cMm. npunoxeHue A,
Tabnuua A.16).

Llenb. MMHUMUM3NpOBaTL NepeKpecTHbIE MOMEXH, UHAYLMPYEMbBIE TOKOM CUCTEMBI MUTAHUA B FPYNNOBLIX NUHUAX.

OnucaHue. JInHUM ¢ AyGNUPYIOLLUMKU CUTHaNamm OTAENATCA Apyr OT Apyra. OnekTpu4eckoe none, KOTopoe MoryT
MHAYyLUMpoBaTh BpoCKM HampsiXXeHUA B rpynnoBbIX JIMHUSX, YMEHBLIAETCA C YBEMUYEHWEM PacCToAHWA. 3To oTAaeneHue
TIVHWIA CHUXaET Takke oTKa3sbl No obLLeil NpuynHe.

A.11.3 MNoBbileHWe yCTOWYUBOCTU K MEKTPOMArHUTHLIM BO3AEHCTBUAM

MpumedvyaHune — Cchinka Ha AaHHbIA MeTog/cpeacTBo npuBeaeHa B MOK 61508-2 (cM. npunoxeHue A,
Tabnuusl A.16 nA.18).

Llens. MUHUMU3NPOBATL SMEKTPOMAarHUTHLIE BANSHUSA Ha CUCTEMY, CBA3aHHYI0 ¢ 6e30MacHOCTbIO.

Onucanune. CosgaHue Takux METOAOB, KaK 3KpaHUpOBaHWe W pUnbTpaUusi, AN YMEHbLIEHUA YyBCTBUTENBHOCTH
CUCTeM, CBA3aHHbIX ¢ 6e30MacHOCTbIO, K 3MIEKTPOMArHUTHLIM MONAM, KOTOPble MOMYT HABOAWUTLCA HA NUHUM MUTAHUA
UNK CUrHanbHble NWHUK, NGO BO3HWKATL B pesynbraTe 3NeKTpocTaTudeckux paspsiaos.

MpumedyaHue — TpeGoBaHMA K YCTOWYMBOCTU CUCTeM, CBA3aHHbLIX ¢ BesonacHocTblo, W obopyaoBaHUs
npu BbINMOMTHEHUN (PYHKLMIA, cBA3AHHBLIX ¢ 6e3onacHOCTLIO (PYHKLUMOHanbHasa 6e3onacHocTb), AN NPOMBILUNEHHBIX NPK-
MEHeHWA cM. B [5] u [6].

JluTepatypa:

IEC/TR 61000-5-2:1997, Electromagnetic compatibility (EMC) — Part 5: Installation and mitigation guidelines —
Section 2: Earthing and cabling.

Principles and Techniques of Electromagnetic Compatibility, Second Edition, C. Christopoulos, CRC Press, 2007,
ISBN-10: 0849370353, ISBN-13: 978-0849370359.

Noise Reduction Techniques in Electronic Systems. H. W. Ott, John Wiley Interscience, 2nd Edition, 1988.

EMC for Product Designers. Tim Williams, Newnes, 2007, ISBN 0750681705.

Grounding and Shielding Techniques in Instrumentation, 3 edition, R. Morrison Wiley-Interscience, New York, 1986,
ISBN-10: 0471838055, ISBN-13: 978-0471838050.

A.11.4 Nepepaya He3KBMBaNEHTHbIX CUTHaNoB

MpumedaHue — Cchbifika Ha AaHHbIA MeToa/cpeacTBo npuBeaeHa B MOK 61508-2 (cM. npunoxeHue A,
Tabnuusl A.7 nA.16).

Llenb. O6HapyKeHue ogWHaKoBbIX UHAYLMPOBaHHBIX HANPSIKEHWA B rpynnoBbIX NMHUAX nepefaqu cUrHanos.

OnucaHune. Bes gyGnupyemasi nHhopMaLus nepegaeTcs ¢ HeSKBMBANIeHTHBIMW CUrHanamm (Hanpumep norudeckue
11 0). OwuBku No obLelt NpUUnHe (HaNPUMEp BbI3BaHHLIE ANEKTPOMAarHUTHBIMU U3NYyYEHUSMI) MOTYT BbiTh 06GHapyXeHb!
He3KBMBaNEHTHLIM KOMMNapaTopoM.

JluTepatypa:

Elektronik in der Sicherheitstechnik. H. Jurs, D. Reinert, Sicherheitstechnisches Informations- und Arbeitsblatt
330220, BIA-Handbuch. 20. Lfg. V/93, Erich Schmidt Verlag, Bielefeld. http://www.bgia-handbuchdigital.de/330220.
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A.12 OaTtumku
MMaBHas Uenb. YnpaBrneHue oTkasaMu B AaT4MKax CUCTEM, CBA3aHHbBIX C 6e30MacHOCTbIO.
A.12.1 STanoHHbIN gaTYmK

MpunmeyvyaHune — Cchilka Ha AaHHbIA MeTog/cpegcTBo npuBegeHa B M3K 61508-2 (cMm. npunoxeHue A,
Tabrmuya A.13).

Llenb. OBHapyxeHWe oTKasa faTduka.

OnucaHve. Ons KoHTpons paboTocnocoBHOCTM AaTuuKa MCMoSib3yeTcsl He3aBUCUMbIA 3TasflOHHLIA AaTyuk. Bee
BXOZHbIE CUrHanbl B NOAXOASLUME BPEeMEHHbIE UHTepBalbl NPOBEPSIOTCA STANOHHLIM AaTYMKOM A7 oBHapyXeHus oT-
Ka3oB B paboTe npoBepseMoro garyuka.

IuTepartypa:

Guidelines for Safe Automation of Chemical Processes. CCPS, AIChE, New York, 1993, ISBN-10: 0-8169-0554-1,
ISBN-13: 978-0-8169-0554-6.

A.12.2 MonoxutenbHo ynpaBnsieMblii nepekntovyarens

MpumeyaHune — Cchbifika Ha AaHHblil MeToa/cpeacTBo npuBegeHa B MOK 61508-2 (cMm. npunoxenue A,
Tabrnuvuya A.14).

Lienb. PasoMKHyTb KOHTaKT C NMOMOLLbIO HENOCPEACTBEHHOTO MEXAHUYECKOTO COSAUHEHNS MEXAY KYNavkoM nepe-
KrtodaTens U KOHTaKTOM.

Onucaxue. MonNoXWUTENbLHO yNpaBnseMblil NepekniodaTent pasMblkaeT CBOWU 0BbIMHO 3aMKHYTbIe KOHTaKThl Hemo-
CpeaCTBEHHBIM MEXaHWYECKUM COSUHEHNEM MEXAY KyNavKoM Nnepeksiioyarens U KOHTaKTOM. Pa3oMKHYTOCTb KOHTaKTOB
nepekntodaTens obecnevnBaeTcs BCAKWIA pas, KOrAa Kynadvok nepekrodartensi HaxoguTca B pabovem NonoxeHUu.

IuTepartypa:

Verriegelung beweglicher Schutzeinrichtungen. F. Kreutzkampf, K. Becker, Sicherheitstechnisches Informations-
und Arbeitsblatt 330210, BIA-Handbuch. 1. Lfg. IX/85, Erich Schmidt Verlag, Bielefeld.

A.13 VcnonHutenbHble 3NeMeHTbI (MpUBOAbLI)

MMaBHas Uenb. YnpasreHne oTkasaMu B UCMOSNTHUTESNBHEIX SfIeMEHTaxX CUCTEM, CBA3AHHLIX C 6e30nacHOCTLIO.

A.13.1 MoHUTOpPUHT

MpumeyvyaHune — Ccbinka Ha AaHHbIA MeTop/cpeacTBo npuBefeHa B MOK 61508-2 (cMm. npunoxenue A,
Tabnuua A.14).

Llenb. OBHapyxeHuWe oTkasa npuBoAa.

Onucanue. Onepalum NpuBoAa KOHTPONUPYIOTCA (HanpuMep NONOXUTENBHO yNpasnAeMbiMU KOHTaKTaMu pene; cm.
KOHTpoOnb KoHTakToB perne B A.1.2). N36bITOMHOCTb, BHOCUMasA STUM KOHTponeM, MoxeT BbiTb ucnonb3oBaHa Ans nepe-
KIOYeHUS Ha aBapURHbBIA PEXUM.

JlutepaTypa:

Guidelines for Safe Automation of Chemical Processes. CCPS, AIChE, New York, 1993, ISBN-10: 0-8169-0554-1,
ISBN-13: 978-0-8169-0554-6.

Zusammenstellung und Bewertung elektromechanischer Sicherheitschaltungen fur Ver-riegelungseinrichtungen.
F. Kreutzkampf, W. Hertel, Sicherheitstechnisches Informations- und Arbeitsblatt 330212, BIA-Handbuch. 17. Lfg. X/91,
Erich Schmidt Verlag, Bielefeld.

A.13.2 NepeKpeCTHbIA KOHTPOAb FPYNNOBbLIX NPUBOAOB

MpumeyaHue — Cchbifika Ha AaHHbIN MeToa/cpeacTBO npuBefeHa B MOK 61508-2 (cMm. npunoxenue A,
Tabnuua A.14).

Llenb. O6HapyxeHne 0TKa3oB B NpUBOAAX NYTEM CPaBHEHUS pe3yrnbTaToB KOHTPONA.

Onucanue. Kaxgblid rpynnoBoii NpUBOA KOHTPONUPYETCA CBOUM anmnapatHbiM kaHanom. Mpu o6HapyXeHun pasnu-
Ynii BelpabaTbiBaeTCs aBapuitHoe AeiicTBue.

A.14 CpeacTBa NpoTUB (hU3NUYECKOro BO3AENCTBUA OKpYKalollei cpeabl

MpumedaHune — Cchiika Ha AaHHbIA MeToa/cpeacTBo npuBedeHa B M3OK 61508-2 (cM. npunoxeHue A,
Tabnuusl A.16 1 A.18).

Llenb. MpepoTBpatuTh BNusiHe OU3UYECKOI OKpYyxXatoLen cpefbl (BNaXXHOCTK, NblNKU, KOPPO3UNHLIX cy6cTaHLui),
Bbl3blBalOLLei OTKa3bl.

OnucaHxue. MokpbiTUe 06opyaoBaHUA AOMKHO NPOTUBOCTOATL YpEe3MEPHbLIM BHELLHUM BO3AENCTBUAM.

Jlutepatypa:

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code).
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Mpunoxexue B
(cnpaBouHoe)

AHanus metoaoB u cpeactTe ana 3/3/MN3 cucrtem, cBA3aHHbIX ¢ 6e3onacHocTbIO. MpeaorBpaweHe
cuctemMaTuvyeckux orkason (cM. MOK 61508-2 n MOK 61508-3)

n puMmMedaHne — MHorne metoabl, npeacTasneHHble B AaHHOM NPUNOXEeHUU, OTHOCATCA U K NnporpaMMHbIM
cpeacTBam, HO B NPUNOXeHUN C OHU He onucaHbl.

B.1 O6wme MeToabl U CpeacTBa
B.1.1 YnpaBneHue npoekrammn
MpumedaHune—Ccbinka Ha aHHbI MeToa/cpeacTBo npuseaeHa B MOK 61508-2 (Tabnuupl B.1 — B.6).

Llenb. YcTpaHeHune 0TKa3oB ¢ UCNONb30BaHUEM OpraHU3aLMoOHHON MoAEenu, NpaBun U CPEeACTB No paspaboTke 1 Te-
CTUPOBaHUIO CUCTEM, CBA3AHHLIX ¢ 6e3onacHoOCTbIO.
OnucaHnne. Hanbonee 3Ha4MMbIMU U NYYLWUMU CPEACTBaMU ABMNAIOTCA:
- co3AaHue opraHU3aLMOHHON MOAENW B OCHOBHOM ANS obecneveHus kadecTsa, onUcaHHOe BO MHOrUX paboTax
no o6ecneveHunio ka4yecTBa, u
- yCTaHOBNEHMWE NMpaBun u onpeaeneHne CpeacTs ANA co3faHnsa U NOATBEPXAEHUA COOTBETCTBUS CUCTEM, CBA3AH-
HbIX ¢ 6€30NacHOCTLIO, B PYKOBOACTBAX MO B3aUMOCBA3AHHBIM U OTAENBbHBIM NPOeKTaM.
[nsa ynpaeneHus npoekTaMmn yCTaHOBNEHbI cnejylowue BaxHble 6a30Bble NPUHLMNGI
- Npw BLIGOpE NPOEKTHOW OpraHU3aLun onpeaensoTcs:
- 3afja4un U OTBETCTBEHHOCTW NoApasAeneHnit KOHKPETHOW opraHn3aumu,
- NONHOMOYMS AlenapTaMeHToB No obecneveHno KavecTsa,
- He3aBUCMMOCTb rapaHTUK kadecTBa (Npu BbINOMHUM BHYTPEHHEI NpoBepku) oT pa3paboTky;
nnaH nocnefoBaTeNbHbIX ASUCTBUIA (MOAENb AeiicTBUIN) POPMUPYETCA KaK:
- onpeaeneHune AelACTBUIN NO BLINOMHEHWIO NPOEKTa, BKNIOYasA BHYTPEHHME NPOBEPKU U rpadpuk X NpoBefeHUs,
- obHoBRneHWe npoekTa;
CTaHAapTHasi NocneAoBaTeNbHOCTL ANA BHYTPEHHEN NPOBEPKU ONpefensaeTcs Kak:
- NraHupoBaHue, NpoBefeHUe U KOHTPONb NPOBEPKU (TEOPUS MPOBEPKN),
- Ucnonb3oBaHWe pasnnyHbIX MEXaHU3MOB MPOBEPOK ANA COCTABHLIX YacTen,
- COXpaHeHue pe3yrnsTaToB NMOBTOPHLIX NPOBEPOK,;
yrpaBneHue KoHgpurypauuen peannusyetca Kak:
- ajMVHUCTPUpPOBaHMWE N MpOBepKa BEPCUN,
- BbISIBNIeHWe pe3ynsraTtoB MoguduKauum,
- MPOBEpPKM COrNacoBaHHOCTU Mocne MoOAUMDUKaLMIA,
BBOASATCS KONMMYECTBEHHbIE OLIEHKM ANS cpedcTB obecneveHuns kadecTsa B Buae:
- ycTaHoBneHusa TpeboBaHuiA,
- CTaTUCTUKMN OTKa30B;
- BBOAATCS aBTOMaTU3UPOBaHHLIE YHUBEpPCarbHbIe METOA LI, UHCTPYMEHTHI U cpecTBa 06y4eHua nepcoHana.
JlnTepatypa:
ISO 9001:2008, Quality management systems — Requirements.
ISO/IEC 15504 (all parts), Information technology — Process assessment.
CMMI: Guidelines for Process Integration and Product Improvement, 2nd Edition. M.B. Chrissis, M. Konrad,
S. Shrum, Addison-Wesley Professional, 2008, ISBN-10: 0-3212-7967-0, ISBN-13: 978-0-3212-7967-5.
Guidelines for Safe Automation of Chemical Processes. CCPS, AIChE, New York, 1993, ISBN-10: 0-8169-0554-1,
ISBN-13: 978-0-8169-0554-6.
Dependability of Critical Computer Systems 1. F.J. Redmill, Elsevier Applied Science, 1988, ISBN 1-85166-203-0.
B.1.2 lokymeHTauusa

MpuMevyaHuna
1 Ccbinka Ha AaHHblii MeTog/cpencTBo npuegeHa B MOK 61508-2 (Tabnuuel B.1 — B.6).
2 CuM. Takke MOK 61508-1 (pasgen 5 u npunoxexue A).

Llens. MpegoTapalleHne oTKa3oB M yNpoLLeHne NpoLeaypsl OLEHKM 6e30nacHOCTHU C MOMOLLBIO CUCTEM [JOKYMEHTU-
pOBaHMs Kaxzoro Luara npolecca paspaboTku.

Onucanune. Bo BpeMsi npoLeypbl OLUEHKW, Hapsgy CO BCEMU COCTaBMSIOLMMU, BKIIOYEHHBIMU B paspaboTky, He-
06X0QMMO Takke yAensaTb BHUMaHWe SKChnyaTaLyoHHLIM XapakTepucTkam 1 GesonacHocTW. B npouecce paspaboTku
u obecnedeHnss B Noboii MOMEHT BpeMeHW NpoBepKu 4oKasaTenbCcTe GesonacHocTW oco6Goe BHUMaHWe yaenseTcs Jo-
KYMEHTaLMU Ha CUCTEMY.

OCHOBHbIMU OBLLIMMU NOAXOAaMU K [LOKYMEHTUPOBaHUIO SBMSIOTCA BBEAEHUE PYKOBOAALLMX MPUHLMMOB CO34aHus
LOKYMEHTOB M UCMONb3oBaHWe aBToMaTusaLmu, B TOM Yucre:
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- pyKoBoASLME NPUHLMMLI
- OMNpeAensoT CTPYKTYPY [OKYMEHTa,
- UCNONb3YHT Tabnunubl KOHTPOMNBLHEIX MPOBEPOK ANA (POPMUPOBAHUS COLEPKAHUA LOKYMEHTa U
- onpegensT hopMaT JOKYMEHTS;
- aBTOMaTW3auus ynpaBnseT JOKYMEHTUPOBaHWEM W CO3[aeTCa CTPYKTypUpoBaHHan 6ubnuoteka npoexra.
K KOHKpeTHbIM METOAaM CO3L,aHNsA AOKYMEHTOB OTHOCATCS:
- pasgerneHve B JOKYMEHTaLMWKU OrnucaHuii:
- TpeGoBaHwiA,
- cuUcTeMbl (AOKYMEHTaLusa nonb3osaTtens) u
- pa3paboTky (BKItoYas BHYTPEHHIOK MPOBEPKY);
- rpynnupoBaHue paspaboTaHHOW AOKYMEHTaLMWN B COOTBETCTBUM C XU3HEHHBIM LiknoM 6esonacHocTy,;
- onpeaeneHue cTaHAapTHLIX MoZynel JOoKyMEHTaLUum, N3 KOTOPbIX MOTYT GbiTe CKOMMUIUPOBaHbLI JOKYMEHTbI,
- SiCHas MaeHTUdMKaLNUA COCTaBHbIX YacTei AOKYMEHTa,
- copmanusoBaHHoe 06HOBMEHNE BEPCUiA;
- BbIGOpP ACHbIX U NOHATHLIX CPEACTB ONUCaHUS:
- dopManusoBaHHasa HoTaLua AN onpefeneHuii,
- eCTeCTBEHHbIN A3bIK ANA BBeLeHU, 060CHOBaHWUIA 1 NPeACTaBIEHNS HAMEPEHUH,
- rpadpmyeckoe npegcrasneHue ANs ONUCaHUs NPUMEpPOB,
- CeMaHTU4ecKoe onpegeneHune Ansa rpaduyecknx aremMeHToB U1
- TEePMUHOMNOrMYeckne CrpaBOYHUKN.
IuTtepatypa:
IEC 61506:1997, Industrial-process measurement and control — Documentation of application software.
Guidelines for Safe Automation of Chemical Processes. CCPS, AIChE, New York, 1993, ISBN-10: 0-8169-0554-1,
ISBN-13: 978-0-8169-0554-6.
B.1.3 PasgeneHue cuctem, cBa3aHHbIX ¢ 6€30MacHOCTbIO, U CUCTEM, HE CBAI3aHHbIX C 6e30MacHOCTbLIO

MpuMeyaHune— Cchinka Ha AaHHbIR MeToa/cpescTBo nNpuegeHa B MOK 61508-2 (Tabnuubl B.1 1 B.6).

Llenb. MpeaoTBpalleHne BIUAHUA CUCTEM, CBA3AHHBIX ¢ 65€30MacHOCTLI0, Ha CUCTEMBI, He CBA3aHHbIE ¢ 6e3onacHo-
CTblO, B HeMpeABUAEHHbBIX CUTyaLUsaX.

OnucaHuve. B cneundurkaLmm omKHO OblTe onpeaeneHo, BO3MOXHO N pasfieNeHne CUCTeM, CBA3aHHbIX U He CBs-
3aHHbIX ¢ 6esonacHocTbio. [JomkHbl ObITb YCTaHOBMEHB! YeTkUe creludurkaLmn B3aumMofencTBua Mexay cuctemamu,
CBA3aHHLIMU U HEe CBA3aHHLIMU ¢ Be3onacHoCThio. YeTkoe UX pasferneHne CHUXaET 3aTpaTbl Ha TeCTUPOBaHUE CUCTEM,
CcBA3aHHbIX ¢ 6e30MacHOCThH.

Jlutepatypa:

Guidelines for Safe Automation of Chemical Processes. CCPS, AIChE, New York, 1993, ISBN-10: 0-8169-0554-1,
ISBN-13: 978-0-8169-0554-6.

B.1.4 PazHooGpa3ue annapaTHbIX CpeacTs

M pumMeyaHune— Ccbinka Ha JaHHbIW MeToa/cpeacTso npusegeHa B MOK 61508-2 (Tabnuubl A.15, A.16 nA.18).

Llenb. OGHapyxeHUe cucteMaTu4ecKux 0TKa3oB Npu BbINOIHEHUW onepauuii YO ¢ ncnonb3oBaHWeM pasHoobpas-
HbIX KOMMOHEHTOB € PasfNYHLIMK YacToTamMu U TUNaMKU OTKa30B.

Onucanue. inA pasHoo6pasHbIX KaHanoB CUCTEMBI, CBA3aHHOW ¢ 6€30NacHOCTLIO, UCNONB3YIOTCA pasfUYHbIe TUMbI
KOMMOHEHTOB. OTO CHWKAET BEPOSTHOCTb OTKa30B NO obLen NpuinHe (HanpuMep yBenuyeHue HanpskeHus rno cpasHe-
HUIO C HOMWHaNOM, 3NEeKTPOMarHUTHLIE BANAHUA) U NOBLILLAET BEPOSTHOCTb OGHaPYXKEHUS Takux OTKa3oB.

CyllecTBOBaHUE pa3NUYHbIX CPEACTB BLINONHEHUA TpebyeMoi dyHKUWUKN, HanpuMep, NpUMEHeHne Apyrux gu-
3M4EeCKMX NPUHLUMNOB, NpeanonaraeT BO3MOXHOCTb UCNONBL30BaHUA APYrux cnocobos pelwenus npobnemsl obHapy-
XEHUS cucTemMaTudeckux oTkasoB. BosHukaeT pasHoobpasne TUNoB MCNonbsyemblix cnocobos. OTo yHKLUOHaNbLHOe
pasHoobpa3une gaeT BO3MOXHOCTb MCMONBb30BATL PasnuUYHble NOAXOAbLI ANSA AOCTUXEHNSA OAHOMO U TOrO Xe pesynbrara.

JlutepaTtypa:

Guidelines for Safe Automation of Chemical Processes. CCPS, AIChE, New York, 1993, ISBN-10: 0-8169-0554-1,
ISBN-13: 978-0-8169-0554-6.

B.2 Cneuundukauma rpeGoBaHui kK npoektupoBaHuio 3/3/M3IJ cucremnbl

MasHas uenb. CosgaHne cneuudukaLymmn, koTopas nNo BOZMOXHOCTU Gbina 6bl nonHa, ceob6ogHa oT owmnboK, npo-
TUBOPE4UIA N NPOCTa ANSA NPOBEPKH.
B.2.1 CtpykTypupoBaHue cneuundmnkaumm

MpwuMeyaHune—Ccbinka Ha AaHHbLIN MeToA/cpeacTBO NpueegeHa B M3K 61508-2 (Tabnuusl B.1 1 B.6).

Llenb. YMeHblEHNe CNOXHOCTH NYTEM CO3AaHWUS MepapxXU1eckoi CTPYKTYpbl YacTU{HbIX TpeGoBaHuid. MpegoTpa-
LWeHne oLWMBOK B3aMMOCBA3N Mexay TpeGoBaHNAMN.

OnucaHue. [JaHHbl MeTog pasaenseT dyHKUMOHanNbHYI0 cnelnduKkaLnio Ha YacTUiHble TpeGoBaHWA Tak, YToGhl
MEXAY HUMMW CyLLecTBOBanW Mo BO3MOXHOCTW NPOCTeilne OTHOLWEHWUS. 3TOT MeToa NPUMEHSETCA NocnefoBaTensHO
[0 Tex nop, noka He GyayT nonyyeHbl HeGONbLWKUE YETKUE YacTUYHbIe TpeGoBaHUA. B pesynsTaTe nony4vaeTcs uepapxu-
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Yyeckasi CTPyKTypa YacTUYHbLIX TpeboBaHMiA, KoTopas co3flaeT OCHOBY ANS cneuudukaLmum nofHbiX TpebosaHuin. [aHHbINA
METOA BblAENAeT B3auMOCBSI3U MeXAY YacTUYHBIMU TpeboBaHUAMU U 0coBeHHO addekTUBEH NpU ero Ucnonb3oBaHUu
ANA UCKITIOYEHUS OLUIMOOK B 3TUX B3aMMOCBA3SX.

Jlutepatypa:

ESA PSS 05-02, Guide to the user requirements definition phase, Issue 1, Revision 1, ESA Board for Software
Standardisation and Control (BSSC), ESA, Paris, March 1995, ftp://ftp.estec.esa.nl/pub/wm/wme/bssc/PSS0502.pdf.

Structured Analysis and System Specification. T. De Marco, Yourdon Press, Englewood Cliffs, 1979, ISBN-10:
0138543801, ISBN-13: 978-0138543808.

B.2.2 ®opmanbHble MeToAbl

MpumevaHunsa
1 MoppobHble cBeeHUsi 0 KOHKPETHLIX hopMarnbHBIX MeTogax npuBeAeHsl B C.2.4.
2 Ccbinka Ha AaHHbIi MeTof/cpeacTBo npusefeHa B MK 61508-2 (Tabnuubl B.1, B.2 n B.6).

Lienb. dopmanbHble MeTofbl NO3BOMSAOT CTPOUTH cneyuuKaLuu U peanu3aumn TEXHUYECKUX CUCTEM Ha NPUHLK-
nax MaTeMaTU4ecKoro paccyXieHus, YTo NoBLILLIAET 3aBePLUEHHOCTb, HEMPOTUBOPEUMBOCTL UMK KOPPEKTHOCTL crieludu-
Kauuu unu peanusauuu.

Onucanue. ®opmMarbHble MeTofbl 06ecneyYnBaloT cpefcTBa pa3paboTk ONMcaHUs CUCTEMBI HA KOHKPETHOM aTarne
ee cneuudmKaLuu Unu NpoeKkTUpoBaHus. Takue dopmaribHele ONUCaHUs SIBMSIOTCA MaTEMaTUYECKUMU MOAENSIMU (DYHK-
LWK U/ NN CTPYKTYPbI CUCTEMBI.

MoaToMy MoxeT GbITb 06ecnedeHo oHO3Ha4YHOe ONUCaHNe CUCTeMbI (HanpumMep Noboe cocTosAHNe aBToMaTa onu-
CaHO €ro Ha4asrlbHBIM COCTOSIHMEM, BXOJaMU M YpaBHEHUSIMU Nepexofa aBToMaTa U3 OfHOTO COCTOSHWUS B ApYroe), KoTo-
poe yBenuuuBaeT NoHUMaHUe OCHOBHO CUCTEMBI.

Bbi6op nogxoasiero ¢popMansHOro MeToAa SBrsieTes TPyAHOW 3aaadeil, TpebytoLeid NONHOrO NOHUMaHUS cUCTe-
Mbl, ee npoLiecca pa3paboTKu U YPOBHS UCTIONb3YEMBIX MaTeMaTUYECKUX Mo erneil (CM. MpUMedaHust).

MpumevaHus

1 TeopeMbl Mogenu (oNUckIBaloOLLME CBOWCTBA) rapaHTUPOBaHHO MPEACTaBNSIOT OnucaHue cucTemel, kotopoe obecne-
unBaeT ropaszo borbluee foBepue, YeM MOAENMPOBaHKe, 3aKiiovatolleecs B HabriofeHUn oTAenbHbIX AeWCTBUIA CUCTEMBI.

2 HepocTtatkamu popManbHbIX METOAO0B MOTYT BbITh:

- (OUKCUPOBaHHLIA YpoBeHb abcTpakumu;

- OrpaHu4eHust B noryyeHun Bcei yHKLMOHaNbLHOCTK, KOTOpas OTHOCUTCS K fJaHHOMY aTany;,

- TPYAHOCTb MOHUMaHNA MOAENU UHKEeHepaMK, KOTOpbIE ee peanusyior,

- 3HauuTenbHbIe yCunus, Heobxoaumele Ans pa3paboTku, aHannsa n NoAAepXKA MOAENU Ha BCEM XU3HEHHOM Lu-
Krne cucTemsl

- HepocTaTok 3 MEKTUBHBIX UHCTPYMEHTOB, KOTOPbIE NOAASPXUBAIOT CO3AaHNE U aHaNN3 MoAenu,

- HefjoCTaToK nepcoHana, cnocobHoro paspabaTeiBaTh U aHANU3UPOBaTL MOAENb.

3 WHTepec cooblyecTsa, 3aHMMatoLwerocs hopmasbHbIMU MeTOgaMK, 66N ABHO HaNpaBfeH Ha MoAenupoBaHue Le-
NeBO YHKLUMU CUCTEMBI, HYaCcTO NPEYMeHbLIas ponb NPoBnembl OTKA30yCTORYMBOCTU CUCTEMbI. [10ITOMY AOMKHB! BbIGK-
paTbCs COOTBETCTBYOLLUE POPMAsbHBLIE METOALI, BKNIOHAIOLLME BO3MOXHOCTL PeLLeHNs NPpoBnemMbl yCTOMUMBOCTU CUCTEMBI.

Iutepartypa:
Formal Specification: Techniques and Applications. N. Nissanke, Springer-Verlag Telos, 1999, ISBN-10: 1852330023.
B.2.3 NonydopmanbHbie MeToAbI

MpumedaHune—B otnuyne oT npusegeHHoro Huxe B MOK 61508-3, Tabnuua B.7, npeactaBneH cnucok nony-
dopMarnbHbIX METOL0B, PacCLUMPEHHbIA METOAaMN, CBA3AHHBIMU C NPOrpaMMHbLIM obecneveHnem:

- Noruyeckue guarpammel/guarpammel OyHKLUMOHaNbHBLIX 6NOKOB onucaHbl B [7];
LMKnorpaMmMbl onucaxsl B [7];
Anarpammbl NOTOKOB AaHHbIX: cM. C.2.2;
KOHeYHble aBTOMaThl/gnarpamMmMel nepexoaos cMm. B.2.3.2;
BpeMeHHble ceTu Metpu cMm. B.2.3.3;
MoAenu faHHbIX CyL{HOCTb-CBA3b-aTpUbyT cm. B.2.4.4;
- Bnarpammel nocregoBaTefibHOCTH coobLeHnii cm. C.2.14,
Tabnuupl pelueHnit/Tabnuybl ICTUHHOCTU cM. C.6.1.
Lienb. Co3paHue HeBYCMBICAIEHHBIX W COrNAcoBaHHLIX YacTei cneundukauun B Lensx obHapyxeHUs owmnbok,
MPOMYCKOB W HENPAaBWUIILHOTO MOBEASHUS.

MpumedaHue— Ccbinka Ha AaHHbIA MeTog/cpeacTBo NpuBegeHa B MOK 61508-2 (Tabnuybl B.1, B.2 1 B.6)
n B MOK 61508-3 (Tabnmubl A1, A2, A4,B.7,C.1,C.2, C.41n C.A17).

B.2.3.1 O6Lwime nonoxeHuA

Llenb. Y6eauTbesi B TOM, YTO NPOEKT COOTBETCTBYET CBOEN cneLudukalun.

Onucanue. MNonydopmanbHble MeToAbl 06ecneynBaloT cpeacTBa CO3faHUA ONUCAHNA CUCTEMbl Ha CTafusaX ee
pa3paboTku (HanpuMep cneyudbuKaLumn, NPOEKTUPOBAHUA UNKU KogupoBaHKUsa). OnucaHne MOXET BbITb B HEKOTOPLIX CRy-
Yasx npoaHanusupoBaHo Ha OBM unu gnsa oTobpaxeHns pasnuyHbIX acNeKToB NOBEAEHUS CUCTeMbl UCMONb3oBaHa
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aHUMauma. AHUMaUUa MOXET npuaaTh AONONMHUTENBHYIO YBEPEHHOCTL B TOM, YTO CUCTEMA COOTBETCTBYET KaK peanb-
HbIM, TaK 1 cneumduuupoBaHHbIM TpeboBaHMAM.

B cnepytolwmMx nyHKTax HacToALLEro NMpUnoXXeHUa onucaHsl Asa nonydgopmaneHbix MeToaa:

B.2.3.2 KoHeuHble aBTOMAaTLI/ANarpaMmMbl nepexonoB

M puMedyaH une—Ccblnka Ha AaHHbIA MeTog/cpefcTBo NpuBeaeHa B MOK 61508-3 (Tabnuupl B.5, B.7,C.151 C.17).

Llenk. MNpoBegeHne mogenupoBaHus, cneumduumupoBaHue unu peanusaynsa CTpyKTypbl yNpaBneHs CUCTEMBI.

Onucanue. MHorMe cucTeMbl MOTYT BbITb ONMUcaHbl B TEPMUHAX UX COCTOSHWIA, BXOAO0B W AeWUcTBUA. Takum obpasom,
HaxoAscb B COCTOAHUMM S1 W NpU NonyyYeHWn Bxofa /, cucTemMa MOXET BLINONHUTL AeicTBUE A U NEpeiTU B COCTOSHUE
S2. [yTem onucaHna AERCTBUIA CUCTEMBI AN KaX40ro BXoAa B KaX0M COCTOAHUA MOXHO NONHOCTLIO ONUCaTb CUCTEMY.
Takas Mogenb CMCTeMbl Ha3blBAeTCA MaLUWHON C KOHEMHBIMU COCTOSIHUSAMM (MU KOHEYHbIMW aBToMaTamu). Ee vacto
nsobpaxatoT B BUAE TaK Ha3biBaeMOI JuarpaMMbl NepexofoB, KOTopas NOKasbiBaET, Kak cMcTemMa NepexoanT U3 OfHOro
COCTOSIHUS B APYroe, Uin B BUAE MaTpuLbl, B KOTOPOI A5 KaX[Oro COCTOAHWA U BXOAa 3a4at0TCA AEUCTBUA NO nepexoay
B HOBOE COCTOSIHUeE.

B crnyyae ecnu cuctemMa yCroXHSAETCA UK UMEET eCTECTBEHHYIO CTPYKTYPY, TO 3TO MOXET ObITb OTPaXXEHO B YPOB-
HeBOW CTPYKTYpe KOHeYHOro aBTomara. [JuarpamMma coCTOsSHUA — TUN AuarpaMMbl NEPEXOA0B, B KOTOPON paspelueHbl
BITOXEHHbIe COCTOAHMA (CocTosiHWe obbekTa pasfensdeTca Ha ABa unu Gonblle NoACOCTOAHWIA, KOTOpble MOMYT pa3Bu-
BaTbCs NapansenbHo, U, BO3MOXHO, B HEKOTOPLIA MOMEHT MOTYT ONsiTb 06beANHUTLCA B O4HO COCTOAHUE); 3TO obasnseT
BblpasuTenbHble BO3MOXXHOCTU HOTaLMM NEpPEXofoB, HO A06aBNAET U AONONHUTENBHYIO CAIOXKHOCTb, KOTOpPas MOXET 6biTb
HexenaTenbHOW 45 CUCTEMBI, CBA3AaHHON ¢ 6e3onacHoCTblo. JuarpamMmbl COCTOSHUI UMeIoT dbopMarsibHYHo (MaTemaTu-
Yeckyto) cneyudurkaumio. [lnarpaMmbl NEpExXooB MOTYT NPUMEHSTECA KO BCEN CUCTEME UMK K €€ HEKOTOPOMY OBbeKTy
UK 3IEMEHTY.

CneuundukaLlnsa N NpoekT, BbipaXeHHbIE B BUAE KOHEMHOrO aBToMaTa, MOryT 6biTe NPOBEpPEHbI Ha:

- MOMHOTY (cMcTeMa Unm obbeKT AOIMKHEI UMETb AeCTBUE U HOBOE COCTOSIHUE ANSA KaXA0oro BXoAa B KaXaoM co-
CTOSIHUW);

- COrMacoBaHHOCTb (BO3MOXHO TONBLKO OHO COCTOAHWE ANA KaXA0W Nnapkbl cocToaHne/Bxon),

- OJOCTWXUMOCTb (BO3MOXHO WUIN HET NEPENTN U3 OQHOTO COCTOAHUSA B APYroe ¢ NOMOLLbIO HEKOTOPOW NocnepoBsa-
TeNbHOCTU BXOA0B) U1

- OTCyTCTBME BECKOHEYHBIX LIMKMOB M TYNMUKOBBIX COCTOAHUA U T. 4.

OTK CBOWCTBaA ABMNSIOTCA BaXHbIMMW 4SS KPUTUHMECKUX CUCTEM, TaK Kak nerko paspabortate UHCTPYMeHTH Ansa obec-
NeYeHns Takux NPOBEpPOK, UCMOMb3Ys PasfyYHble MOAENN, OCHOBaHHbIE HA TEOPUU KOHEYHbLIX aBTOMaToB ((hopMmanbHble
A3bIKK, ceTn MNeTpu, rpadsl Mapkosa U T. 4.). CywecTByOT TakKe anropuTMbl, NMO3BONAIOWME aBTOMATUYECKN reHepUpo-
BaTb TECTOBbLIE NPUMEpPLI AN BEpUdmMKaLun peanusaumnii KOHEYHbIX aBTOMaTOB UKW aHUMaLU MOAENN KOHEYHOro aBTo-
maTa. JuarpamMMbl NEpexofoB W guarpamMMbl COCTOSIHUIA LUMPOKO NOAAEPXUBAIOTCA WHCTPYMEHTaNbHBIMA CPeAcTBamMMu,
KOTOpble Mo3BOMSAT COOPMUPOBATE W NPOBEPUTL AUarpamMmmel, a Takke CreHepupoBaThb NPOrpaMMHbIA KoA ANs peanusa-
LiM onucaHHOro KOHEYHOro asTomara.

OHM MOTyT TaKkKe UCNonBL30BaTLCA ANA BLIMUCIEHUA BEPOSTHOCTU OTKasa, cM. B.6 n C.6.

IuTepatypa:

Introduction to Automata Theory, Languages, and Computation (3rd Edition). J. Hopcroft, R. Motwani, J. Ullman,
Addison-Wesley Longman Publishing Co, 2006, ISBN: 0321462254.

Sécurisation des architectures informatiques. Jean-Louis Boulanger, Hermés — Lavoisier, 2009, ISBN:
978-2-7462-1991-5.

B.2.3.3 MogenupoBaHue Bo BpemeHu ceTamu lMNetpu

MpuMedaHune— Ccblfika Ha faHHbIA MeToa/cpeacTso npusefeHa B MOK 61508-3 (tabnuywl B.5, B.7, C.15
n C.17).

Llenb. MogenupoBaHe COOTBETCTBYIOLIMX aCMEKTOB MOBEAEHUS CUCTEMBI, OLEHKa W, BO3MOXHO, MOBLILUEHME
6e30MacHOCTM U BKCMNyaTaLMoHHbIX TpeboBaHuiA NyTeM aHanmaa u NOBTOPHOrO NPOEKTUPOBaHMS.

OnucaHune. Metog ceTeii [NeTpu ABNAETCA YaCTHBLIM CrydaeM MeTofa KOHeYHbIX aBTomaToB. CeTu [eTpu oTHocATCSA
K Knaccy Mogenei, onuceliBaeMelx Teopueit rpadoB, U UCNONbL3YIOTCH AN NPeACTaBnNeHUs UHoPMaLUKU U ynpaeneHus
NOTOKaMW B CUCTEMEX, B KOTOPbIX NPOLECCHI KOHKYPEHTHBI U aCUHXPOHHBI.

CeTb [MNeTpu — 3TO ceTb No3nuUMiA U NepexofoB. Mo3uUMKM MOTryT BBITb «MapKUPOBAHHBIMUY UMW «HeMapKupo-
BaHHbIMU». [epexo] CHUTaOT «aKTUBM3WPOBaHHLIM», €CIM BCE €ro BXOAbl MapKMpoBaHbl. B akTMBM3MpOBaHHOM co-
CTOAHWM NO3ULUMKN paspellaeTca (Ho He TpebyeTca) ObiTh «BO3BYXAeHHON». Ecnu no3nynsa «Bo3byxaeHay, To BXof,
NoCTYNaloLWMUiA Ha nepexod, CTaHOBUTCH HEMaPKUPOBaHHbLIM, @ BMECTO HEro Kaxbli BbIX0 U3 Nepexofa oKasbiBaeTcs
MapKUPOBaHHbIM.

MoTeHUWanbHble ONacHOCTU MoryT ObITe MpeAcTaBneHbl B BULE KOHKPETHBIX COCTOSAHWUIA (MapKUpOBOK) B MoZenu
ceTu MeTpu. Mogenb MOXeT BbITb paclumpeHa ¢ TeM, 4Tobbl 06ecneunTs BOSMOXHOCTA MOAENMPOBaHUA CUCTEM BO Bpe-
MeHW. M XoTa «knaccuyeckne» cetn MNeTpu KOHLEHTPUPYIOTCA Ha MOAENMPOBaHUW MOTOKOB YNPaBMeHUs, CYyLUeCTBYHOT
HeKoTopble pacluMpeHns Mogenu cetu MNeTpu, B KOTOPLIX MOAENUPYIOTCA MOTOKW JaHHbIX.

IluTepatypa:
Timed Petri Nets: Theory and Application. Jiacun Wang, Springer, 1998, ISBN 0792382706.
Sécurisation des architectures informatiques. Jean-Louis Boulanger, Hermés — Lavoisier, 2009, ISBN:

978-2-7462-1991-5.
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B.2.4 ABTOMaTU3UpPOBaHHbIe cpeAcTBa pa3paboTku cneumdunkauum

MpumedaHue — CcbiNka Ha JaHHbI MeToa/cpeacTBo npuBefeHa B MOK 61508-2 (tabnuusl B.1 v B.6)
n B MK 61508-3 (Tabnuusl A1, A2, C.1n C.2).

B.2.4.1 O6wme nonoxeHus

Llenk. VMcnonb3oBaHue opManbHbIX METOAOB cnelndukaluu ans ynpoLjeHUs aBToMaTU4eckoro obHapyXeHus
HEeOAHO3HaYHOCTEN W MOMHOTHI.

OnucaHune. JaHHblii MeTog cosgaeT cneyudukaumio B Buae 6asbl JaHHbBIX, KOTOPas MOXET aBTOMAaTUYECKN aHanu-
3MpoBaTLCA ANA OLIEHKW COrMacoBaHHOCTU U MOSHOTEl. MHCTPYMEHT cneuudunKkaLm MOXET B UHTepecax nonb3osaTena
Ucnone3oBaTh aHUMaLMIo pasnuYHbIX acneKkToB cneLuduLmMpoBaHHoi cuctemel. B obLiem cryyae AaHHbLIA MeToh noa-
LepXuBaeT cosfjaHne He TonbKo cneuyudukaLmii, Ho U aTan NPOeKTUPOBaHWSA, a TakKe Jpyrve aTanbl XU3HEHHOro Lukna.
NHCTpyMeHThI cneumduKkaLmii MoryT BbiTe KnaccuduuMpoBaHsl B COOTBETCTBUM CO CMEAYIOLMMU NYHKTaMW HacTosLLero
NPUMOXEHNS.

B.2.4.2 IHCTpYyMeHTbI, HEOPUEHTUPOBAHHbIE HA KOHKPETHbIN MeToA

Llenb. Momolyb nonb3oBaTento B COCTaBMNEHUN NpaBUnbHOR cneuudukaumm, NpUMeHsas NoLCKaskn U hopMUpys
CBAI3WN MeXJY COOTBETCTBYIOLMMMU YacTAMMU.

OnwncaHune. MHCTpPYMeHT cneuudukaymii oceoboxgaeT nonb3oBaTens OT HEKOTOPOW PYTUHHOR mMpoueaypsl,
nogAepX1BaeT ynpaBrneHue NpoeKkTOM U He npegcTaBnseT coboii kakyo-nubo KOHKPETHYO MEeToh0M0ruo pa3paboT-
Kn cneundmrkaumin. OTHocUTENbHaA He3aBUCMMOCTL NoNb3oBaTenei oT MeToga no3ponsAeT ObiTb Gonee cBOGOAHLIMM
npu BbiBope KOHKPETHOro MeTofa U JaeT HEMHOrO crieyuarnbHON NogLepXKkn, Heo6X0AUMMON Npu co3faHum cneludu-
KaLMWi, YTO YCNOXHSAET OCBOGHWE CUCTEMBI.

B.2.4.3 Mpoueaypa, opueHTUpOBaHHAA Ha MoAerb ¢ UepapXMUYECKUM aHanu3om

Llenk. MpegoTBpaTuTb HEMOMHOTY, HEOAHO3HAYHOCTL U MPOTUBOPEHUBOCTL B CreLmdukaLmmn, Hanpumep, noMoras
nonb30BaTenNto B CO34aHMN NpaBuIbHON cneuudmrkaumi, obecnedeHnn cornacoBaHHOCTU MeXAY ONMCaHUAMU NpoLieccoB
W AaHHBIX Ha Pa3nuyHbIX YPOBHSX abecTparnpoBaHus.

OnucaHue. JaHHbIN MeToA faeT YHKUMOHANBHOE NpeAcTaBneHne o HeobxoaUMOoR cucTeme (CTPYKTYPHBIA aHa-
1N3) Ha pasnuYHbIX ypoBHSAX abcTparnpoBaHus (cTeneHb ToMHOCTH). CyLecTBYET OrpOMHBINA apceHar Takux Mogenei: Ko-
HeYHble aBTOMaThl — Kflacc Takux MoAenen, LWMPOKO UCNosb3yeMblX AN ONUCaAHMS MOCTPOEHUS AUCKPETHLIX/ LM POBLIX
cucteM. AudbdpepeHuymnansHble ypaBHEHUS MOAOBHEI MO SyXY M LEeNnsMm Ans ONUcaHWs HenpepbIBHbIX/aHarnoroBblX CUCTEM.
CTPYKTYPHbIA aHanus NpoBOAUTCA Ha pas3nnYHbIX YPOBHAX abcTparnpoBaHWa Kak ¢ npoLieccami, Tak U ¢ aHHbIMU. OLeH-
Ka HeOJHO3Ha4YHOCTW U MOSHOTEI BO3MOXHa MEXAY UepapXud4eckummn ypoBHAMMU, a Taloke Mexay ABYMS (PYHKLMOHArbHbI-
MU eanHUL@aMK (MOZYNAMMW) Ha O4HOM U TOM Xe ypoBHe (Hanpumep ntoboe cocTosHne MOAEN CUCTEMBI OMNUCHIBAETCA ee
HayanbHbIM COCTOSHUEM, BXOZ,aM/U U YpaBHEHUSIMU NEPEX0Aa aBToMaTa U3 OfJHOro COCTOSIHUA B ApYroe).

MpumeyaHue — MpobnemaMu Npu onNUcaHUU, OCHOBAHHOM Ha MOZErsIX, MOTyT GbiTh. ypoBeHb abeTpakuyuy;
orpaHu{eHns Ans noryveHua Bcell yHKUMOHANLHOCTH, OTHOCALLEACS K JaHHOMY aTany; TPYAHOCTW NOHUMaHWA MOZenu
npakTUKamu (OT YTeHUsI CUHTaKcuca 0 ee NPaBUIBHOI MHTEPNpETaLWK); 3HaUYUTENBHBIE YCUIUS], 3aTpavnBaeMble Ha pas-
paGoTKy, aHann3 u NogAepXKY MOAENM Ha BCEM XM3HEHHOM LMKIE CUCTEMBI; LOCTYMHOCTb 3h(heKTUBHLIX MHCTPYMEHTOB,
NOAAEPKMBAIOLMX CO3ZjaHne U aHanms Mogenu (paspaboTka Takux MHCTPYMEHTOB, KOHe4Ho, TpeGyeT Gonblumnx ycunuit);
W Hanu4ne cneunanncTos, CNocobHLIX paspabaTbiBaTb U aHANIU3NPOBaTL MOAESU.

Nutepatypa:

System requirements analysis. Jeffrey O. Grady, Academic Press, 2006, ISBN 012088514X, 9780120885145.

B.2.4.4 Mogenu paHHbIX CYWHOCTb—CBA3L—AaTPUOYT

Lienb. MoMoLyb nonb3oBaTento B CO3aHUK NpaBUbHON cneLuduKkaLum Ha OCHOBE UCTIONbL30BaHUSA NpU onMcaHum
CUCTEMbI CYLLIHOCTE U OTHOLLEHWUI MeXAY HUMW.

OnucaHue. OnucaHne NpoeKTUPYEeMOil CUCTEMbI B BUAE COBOKYMHOCTU OOBLEKTOB U OTHOLLEHUI MEXAY HUMU MO3BO-
NAeT onpefenATb, Kakue OTHOLIEHUA MOTYT MHTEPNPETUPOBaTLCH CUCTEMOIA. B 0bLeM cnyyae 3T OTHOLLEHMS NO3BONSIOT
onucblBaTb MEpPapXUYecKyto CTPYKTYPY OGbeKTOB, MOTOK aHHbIX, OTHOLUEHUS MeXAY AaHHLIMU U AaHHble, 3aBUCUMblE
OT KOHKPETHBLIX NPOU3BOACTBEHHBIX NPOLECCOB. JTOT KMNacCU4eCKUid Noaxos pacluMpeH NPpUMEHEHWEM ynpaBrieHUs nNpo-
yeccamu. BoaMoxHocT obcnegoBaHua U noagepxkka Mnosb3oBaTens 3aBUCAT OT pa3Hoobpasusi MpouSIloCTPUPOBaHHLIX
OTHOLIEHWIA. HO MHOXeCTBO BO3MOXHOCTEW NPeACTaBNEHUS YCINOXHAET NPUMEHEHUE 3TOrO MeToAA.

Jutepartypa:

Software Requirements: Practical Techniques for Gathering and Managing Requirements Throughout the Product
Development Cycle. Karl Eugene Wiegers, Microsoft Press, 2003, ISBN 0735618798, 9780735618794.

B.2.4.5 Ctumyn u orBet

Llenk. MoMollb nonb3osaTtento B co3aaHMKU NpaBuibHONA cneuudurkauun nyteM WaeHTUgMKaLMn B3IauMOOTHOLLE-
HUW «CTUMYN — OTBET».

OnuncaHue. B3auMOOTHOLWEHNUA MexAy obbeKTaMn CUCTEMBI OnpeaeneHbl B HOTaLWUN «CTUMYMbI» U «OTBEThI». Uc-
NoNb3yeTcA NPOCTON U FNErko paclMpAEMblil A3bIK, KOTOPLIA COAEPXKUT ANEeMeHTbl A3blka, NpeacTaBnsiowme o6LeKTHI,
B3aWMOOTHOLLEHUS], XapaKTEPUCTUKN U CTPYKTYPbI.

B.2.5 Tabnuua KOHTPONbHbLIX NPOBEPOK

MpumeyaHune— Ccbinka Ha AaHHbIA MeTog/cpeficTBO NpuBegeHa B MOK 61508-2 (Tabnuybl B.1, B.2 1 B.6)
n B MOK 61508-3 (Tabnuuybl A.10, B.8, C.10 n C.18).

20



FOCT P M3K 61508-7—2012

Llenb. PaccmoTpeHUe U ynpasereHne KpUTUYECKUMI OLIeHKaMM BCEX BaXXHbLIX aCMEKTOB CUCTEMbI Ha 3Tane XU3HeH-
Horo uukna 6esonacHocTu, obecneunBas ucyepnbiBaloLLMii 0xBaT 6e3 ycTaHOBNEHWUSA TOUHBIX TpeBoBaHWiA.

Onucanue. Cneuuanuct, 3anofHAIoWUA TabnuLy KOHTPONBHLIX NPOBEPOK, AOMMKEH faTb OTBET Ha pAA BONPOCOB.
MHorue Bonpockl HOCAT 06LLMIA XapaKkTep, U OH JOIKEH UHTEPNPETMPOBaTh UX Kak Haubonee NoaxXoAALNE K KOHKPETHON
oueHuBaeMol cucteMe. Tabnuubl KOHTPOSbLHBIX MPOBEPOK AOMNyCcKaeTcsA UCNoNb3oBaTh Ha BCEX 3ranax NONHOro XU3HeH-
Horo uukna 6e3onacHoCTH, XKU3HEHHOTo Lmkra 6esonacHocTi 3/3/M3 cUcTeMbl U XKU3HEHHOTO LMkna 6e3onacHocT npo-
rpammHoro o6ecneverus. Takvue Tabnuupl, B YaCTHOCTU, NOME3Hbl B KaYeCTBE MHCTPYMEHTA ANs OLIeHKU (DYHKLMOHANBHO
6esonacHoCTy.

OnA cokpalyeHusn WMpoKoro pasHoobpa3us NpoxoasLux NOATBEPXAEHUE COOTBETCTBUS CUCTEM GONLLINHCTBO Ta-
6nuL KOHTPONBHLIX NPOBEPOK CoAepXaT BOMPOCH], KOTOpbIE NPUMEHUMBI KO MHOTUM TUMaM cuctem. NosToMy B Ucnone-
3yemol Tabnuue KOHTPOSIbHBLIX MPOBEPOK MOXKET OKa3aTbCs MHOXECTBO BOMPOCOB, KOTOPLIE HE YMECTHLI ANA KOHKPETHOW
CUCTEMbI U AOMXHBLI MrHOpUpoBaTbcA. Kpome Toro, MOXeET Talke BO3HUKHYTb HEOOXOAMMOCTb AONONHUTL CTaHAAPTHYIO
Tabnuuy KOHTPONbHLIX NPOBEPOK BOMpPOCaMM, cneLuanbHO OPUEHTUPOBAHHLIMUA Ha KOHKPETHYIO CUCTEMY.

Ucnonb3oBaHune Tabnuibl KOHTPOMbHLIX NPOBEPOK B 60MBLLLIOI CTENEHN 3aBUCUT OT 9KCNEPTHOW| OLEHKU U CyXaeHNS
cneyunanncTa, KoTopbli BLIGUpaeT U NpUMEHAET TabnuLy KOHTPONLHLIX NPOBEPOK. MNPUHATLIE UM PELUEHNA OTHOCUTENLHO
BblGpaHHbIX(0l) Tabnuu(bl) KOHTPONBHLIX NPOBEPOK U Nt0bbIE AOMNOMHUTENBHLIE UM UTHOPUPYEMbIE BOMPOCHI AOMKHbI
6bITb NONHOCTLIO AOKYMEHTarNbHO 0opMIIeHbl U 060cHOBaHbl. Heo6X0AMMO CTPEMUTLCSA K TOMY, YTO €CNK NPUMEHEHNe
Tabnuy KOHTPONbHLIX NPOBEPOK MepecMaTpuBacTCs, TO rapaHTUPYeTCs MOSlyYeHNne OfHUX U TeX Xe pesyneratos, ecnu
TONBKO HE UCMONb3YIOTCA PasfuyHble KPUTEPUN.

OnucaHne cucTeMbl B 3anOSIHEHHOW Tabnuue KOHTPONbHLIX NPOBEPOK AOMKHO BbITh Kak MOXHO 6onee KpaTKUM.
Mpu HeobxoauUMocTU UcHepnbiBatoLLero 060cHOBaHUSI OHO AOMKHO BbITb fJaHO B BUAE CChINTOK Ha AONONHUTENbHBIE AOKY-
MeHTbI. NS AOKYMEHTUMPOBAHUA pe3ynbTaToB KaXjoro BONpoca AOIKEH UCTIONb30BaTbCH OTBET «YCMNELWHO», «HeycneLwl-
HO» WNK «He 3aBepLUeHO», NM60 aHanorMyHbIl Habop oTBETOB. OTa NAaKOHMYHOCTL 3HAYMTENBHO ynpolwaeT npoueaypy
ochopMneHus obLuero saknio4eHNs1 pesynsraTtoB OLEHKU B BUAE TabnuLibl KOHTPOMbHLIX MPOBEPOK.

NuTepatypa:

IEC 60880:2006, Nuclear power plants — Instrumentation and control systems important to safety — Software
aspects for computer-based systems performing category A functions.

The Art of Software Testing, Second Edition. G. Myers et al., Wiley & Sons, New York, 2004, ISBN 0471469122,
9780471469124.

Software Quality Assurance: From Theory to Implementation. Daniel Galin, Pearson Education, 2004, ISBN
0201709457, 9780201709452.

IEC 61346 (all parts), Industrial systems, installations and equipment and industrial products — Structuring principles
and reference designation.

Guidelines for Safe Automation of Chemical Processes. CCPS, AIChE, New York, 1993, ISBN-10: 0-8169-0554-1,
ISBN-13: 978-0-8169-0554-6.

Risk Assessment and Risk Management for the Chemical Process Industry. H.R. Greenberg, J.J. Cramer, John
Wiley and Sons, 1991, ISBN 0471288829, 9780471288824.

B.2.6 3kcneprusa cneuudunkauumn

MpumeyaHune— Cchifika Ha flaHHbIl MeToA/cpeAcTBo NpueegeHa B M3K 61508-2 (Tabnuusl B.1 1 B.6).

Llenb. NckmnouuTe HEKOMMMEKTHOCTb U NPOTUBOPEYMBOCTL CrieLudukaluu.

OnucaHne. OBwuii MeTog aHanusa cneyudukalmMm Ana ee oLeHKU ¢ pas3nuyHbIX CTOPOH HE3aBUCUMOW KOMaHA oM
aKcnepToB. Takas KoMaHAa 3ajaeT BOMPOChHl paspaboTyuKy, KOTOPLIA JOMKeH AaTb el yAOBMETBOPUTENbHLIE OTBETHI.
AHanu3 formkeH (No BO3MOXHOCTU) NPOBOAWUTECA KOMaHAOW 3KCMepToB, KOTOpas He NpUHUMana y4acTus B co3flaHum
cneyndgpukayuu. Tpebyemas cTerneHb HE3aBUCUMOCTW OLIEHKN OMpefensdeTcs YpoBHAMU NOnNHOTHI 6e3onacHocTw, 3afa-
BaeMbIMU ANSA cucTeMbl. KoMaHAa He3aBUCUMbIX 3KCMEPTOB [OMXHa BblTb cnocobHa peKoHCTpyUpoBaThb aKcnnyataum-
OHHyt0 chyHKLMIO cucTeMbl GeccrnopHbIM cnocobom 6e3 cebinok Ha Ntobble nocrneayrowue cneyudukaymm. Cneynanmerbl
KOMaHz bl He3aBUCUMMBIX SKCNEPTOB AOMKHBI Takxe yoe[nTbCA B TOM, YTO OXBaYeHb! BCe YMECTHbIe acnekThl 6esonacHocTn
N TEXHUYECKME acmeKTbl B SKCyaTaUMoHHbIX M OpraHM3alunoHHeIX cpegcteax. O6LWuii MeToga aKkcnepTu3bl cneyudukaumm
JloKasan CBOH BbICOKYH 3peKTUBHOCTb Ha NpaKTuke.

JluTepaTypa:

IEC 61160:2005, Design review

The Art of Software Testing, Second Edition. G. Myers et al., Wiley & Sons, New York, 2004, ISBN 0471469122,
9780471469124.

Software Quality Assurance: From Theory to Implementation. D. Galin, Pearson Education, 2004, ISBN 0201709457,
9780201709452.

B.3 MNpoekTupoBaHue n paspaborka 3/3/M3 cucremsl

MaBHan Uenb. Co3fjaHue yCTOWYMBOro MpoekTa CUCTEMBbI, CBA3aHHOW ¢ 6e3onacHOCTbiO, B COOTBETCTBUU
co cneymndukalmei.
B.3.1 CobniogeHne pykoBOAALMX MaTepuarioB U CTaHGapToOB

MpunmeyaHune— Cchifika Ha faHHbIA MeToA/cpeAcTBo NpuBegeHa B MOK 61508-2 (Tabnuua B.2).

Llenb. PaccMoTpeHue cTaHgapToB cekTopa NMpUMeHeHUs (He paccMaTprBaeMblX B HaCToALEM CTaHAapTe).
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OnucaHue. Bo BpeMs NPOEKTUPOBaHUS CUCTEMbI, CBA3aHHOW ¢ 6€30MacHOCTbIO, AOMKHLI COCTaBMNATLCS PyKOBOASA-
Lune maTepuarsbl, KOTOPbIE JOMKHbI, BO-NEPBLIX, MPUBOAMUTL K CO34aHUI0 CUCTEM, CBA3AHHLIX ¢ 6e30MacHoCTbIo, U BbIThb
npakTu4eckn cBoBogHbl OT OLIMBOK W, BO-BTOPLIX, YNpoLaTk NocfieayroLliee nogTBepXjeHne cooTBeTCTBUS Be3onacHo-
ctu. Takne pykoBoAsLiMe maTepuansl MoryT BbiTb YHUBEpPCanbHLIMU, CnelnanbHbIMIA 418 NPoeKTa Wnu cneunanbHeIMA
TONBKO ANSA OTAENBHOrO 3Tana NpoekTa.

JlnTepatypa:

Guidelines for Safe Automation of Chemical Processes. CCPS, AIChE, New York, 1993, ISBN-10: 0-8169-0554-1,
ISBN-13: 978-0-8169-0554-6.

B.3.2 CTpyKkTypHOE npoeKkTupoBaHue

MpumedaHue— Cchinka Ha JaHHbIi MeTog/cpefcTeo npuseaera B MOK 61508-2 (Tabnuupsl B.2 1 B.6).

Lienb. CHMXEHUe CNOXHOCTW NPOEKTUPOBaHUS NYTEM CO3LaHUA MepapXMYecKon CTPYKTYpbl YacTUYHbIX Tpebosa-
HWIA. UckntodeHne owmnbok B3anMocBsideil Mexay TpeboBaHWAMU. YnpoLlueHne BepudukaLmu.

OnucaHue. MNpW NPOEKTUPOBAHUW annapaTHLIX CPEACTB AOMKHLI UCNOMNb30BaTLCA KOHKPETHLIE KPUTEPUN MNN METO-
Abl. Hanpumep, moxeT notpeboBaThCes:

- NPOEKTUPOBaHNE NepapXU4ecku CTPYKTYPUPOBAHHBIX CXeM;

- MUCMONb3oBaHWE N3roTOBMEHHLIX U MPOBEPEHHBIX YacTel CXEM.

Mpu NpoeKTUpoBaHUM NPOrpamMMHbIX CPEACTB UCMONB30BaHWE CTPYKTYPHBIX CXEM TakKe MO3BOMSET co3faTb OfHO-
3HaYHYI CTPYKTYpY MporpaMMHbIX Mofynei. [aHHas cTpyKTypa nokasbiBaeT B3aMMOCBS3b MOAYNEN ApYyr ¢ APYroMm, KOH-
KpeTHble faHHble, KOTOpbIe NepeAatoTcs MEXAY MOAYNSMU, U KOHKPETHOE ynpaBrieHue, CyLLECTBYIOLLEE MEXAY MOLYNAMU.

IutepaTtypa:

IEC 61346 (all parts), Industrial systems, installations and equipment and industrial products — Structuring principles
and reference designation.

Software Engineering for Real-time Systems. J.E. Cooling, Pearson Education, 2003, ISBN 0201596202,
9780201596205.

Software Design. D. Budgen, Pearson Education, 2003, ISBN 0201722194, 9780201722192.

An Overview of JSD, J.R. Cameron, |IEEE Trans SE-12 No. 2, February 1986.

Structured Development for Real-Time Systems (3 Volumes). P. T. Yourdon, P.T. Yourdon Press, 1985.

Structured Development for Real-Time Systems (3 Volumes). P.T. Ward, S. J. Mellor, Yourdon Press, 1985.

Applications and Extensions of SADT. D.T. Ross, Computer, 25—34, April 1985.

Essential Systems Analysis. St. M. McMenamin, F. Palmer, Yourdon Inc, 1984.

Structured Analysis (SA): Alanguage for communicating ideas. D.T. Ross, IEEE Trans. Software Eng, Vol. SE-3 (1), 16—34.

B.3.3 Ucnonb3oBaHWe 4OCTOBEPHO UCMbITAHHbLIX KOMMOHEHTOB

MpuMedaHune— Ccollka Ha AaHHbIR MeToa/cpeacTBo npuegeHa B MOK 61508-2 (tabnuuel B.2 n B.6).

Llenb. CHuXeHne pyvcka MHOTMX OPUrMHANbHBLIX M HEOOHapyXMBaeMblX OTKa30B NyTEM UCNONb3OBAHUSA KOMMOHEH-
TOB C KOHKPETHLIMU XapaKTepuUcTUKamu.

OnucaHue. BbIGOp JOCTOBEPHO UCMBITAHHLIX KOMMOHEHTOB ANs Lienei 6e30macHOCTH BLINONHAETCA NPOU3BOAUTE-
1leM B COOTBETCTBUU C HAAEXHOCTLIO KOMMOHEHTOB (HanpyvMep UCMonb3oBaHWe SKCnnyaTaLuuoHHO-TECTUPYEeMbIX husnde-
CKUX MOZynei Ana yAoBnNeTBOPEHUSA BLICOKUX TpeboBaHUi 6e30MacHOCTU UMK XpaHeHWe OTHOCALLMXCA K Ge3onacHoCTU
nporpamm Tornbko B 6esonacHoit namsaTn). OB6ecneveHne 6e3onacHOCTU MAMATU MOXET KacaTbCA YCTPaHEHUA HeCaHKLM-
OHMPOBAHHOrO JOCTYNa, BIWAHUIA HECaHKLWOHMPOBaHHOW cpefbl (ANeKTPpOMarH1THas CoOBMECTUMOCTb, pagnaumna uT. 4.),
a Takxe OTKINKa KOMMOHEHTOB B Cryvae 0GHapyXeHUsi OTKa30B.

JluTepaTypa:

IEC 61163-1:2006, Reliability stress screening — Part 1: Repairable assemblies manufactured in lots.

B.3.4 MoaynbHoe npoeKkTupoBaHue

MpumedaHune— Ccbifka Ha AaHHbI MeToa/cpeacTBo npusegeHa B MOK 61508-2 (Tabnuubl B.2 n B.6).

Llenb. CHMXEHNE CMOXHOCTU U UCKITIOYeHWe OLLUMBOK, CBA3AHHbBIX C UHTepdeiicaMu Mexay nogcuctTemamu.

OnucaHune. Kaxaas nogcuctemMa Ha BCexX YPOBHSX MPOEKTUPOBaHUS YETKO onpefienieHa U orpaHudeHa no pasmepy
(Tonbko HebonbLUMM HABOPOM YHKUMA). NHTepdenchl Mexay NoAcUCTeMaMm BhIMOMHATCA MaKCUManNbHO NPOCTLIMU
W nepeceveHus (pasgensemMble gaHHble, 06MeH MHdopMaLeir) MUHUMU3NPOBaHbl. CROXHOCTL OTAENbHBIX NOACUCTEM
TaKKe orpaHnyMBaeTcs.

IutepaTtypa:

The Art of Software Testing, Second Edition. G. Myers et al., Wiley & Sons, New York, 2004, ISBN 0471469122,
9780471469124,

Software Engineering for Real-time Systems. J.E. Cooling, Pearson Education, 2003, ISBN 0201596202,
9780201596205.

Software Reliability — Principles and Practices. G.J. Myers, Wiley-Interscience, New York, 1976, ISBN-10:
0471627658, ISBN-13: 978-0471627654.

B.3.5 CpeacrtBa aBTOMaTM3UPOBAHHOIO NPOEKTUPOBaHUA

MpuMeyaHue — Cchifka Ha AaHHbIA MeTog/cpefcTBo npuBefeHa B MOK 61508-2 (Tabnuuel B.2 u B.6)
n B MK 61508-3 (Tabnuua A.4).
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Llenk. Bonee cuctematuyeckoe BLINONHEHWE NpoLeAypLl NPOeKTUpoBaHUs. BrtoueHWe B NpoeKT NogxoasLwmX as-
TOMaTUYECKN CKOHCTPYUPOBaHHLIX 31IEMEHTOB, YXe CO3faHHbIX U NPOBEPEeHHbIX.

OnucaHue. NHCTpyMeHTBI aBToMaTUanpoBaHHoro npoektuposaHua (CAD) AOMXHLI UCMONb3oBaTbCA B npouecce
NPOeKTUPOBaHUS Kak annapaTHbIX, Tak U MPOrpaMMHbIX CPeacTB, €C OHWU JOCTYMHBI M UX UCNONb3oBaHWe 060CHOBaHO
CNOXHOCTLIO cUCTEMEIl. KOPPEeKTHOCTE MCMOMb30BaHUA TakMX WHCTPYMEHTOB AOIMPKHa ObiTb NpOfEeMOHCTpUMpOBaHa KOH-
KpeTHbIM TeCTUPOBaHWEM, OBLLUMPHON NPeLbICTOPUEN YAOBIETBOPUTENBHOMO UCNOMNb30BaHWA, MO0 He3aBUCMMON BepU-
hmKaLmein nx pesynsraTta 417 KOHKPETHON NPOEKTUPYEMOW CUCTEMBI, CBA3AHHOW ¢ 6e30MacHOCTLIO.

MHCTPYMEHTLI NOAAEPKKN AOSMKHBEI BT BEIGpaHbl B COOTBETCTBMU C UX YPOBHEM UHTerpupyemoctu. MHCTpy-
MEHTbI CUUTAKOTCA MHTErPUPYEMbIMU, ECIIN OHW COBMECTHO paboTaloT Tak, YTO BLIXOAHbIE faHHbIe O4HOr0 MHCTPYMEH-
Ta no cogepxxaHuto n hopmMaTy NoAXOo4AT ANSA aBTOMAaTMYEeCKOro BBOAA CIefyoWwero MHCTPYMEHTanbHOro cpefcTea,
Takum o6pazoM, MUHUMU3NPYSA BO3ZMOXHOCTE BHECEHUS OLUIMOKN YenoBeKOM B npouecce ero paboTkl ¢ NPOMEXYToY-
HbEIMUW pesynerartami.

Ilutepatypa:

Overview of Technology Computer-Aided Design Tools and Applications in Technology Development, Manufacturing
and Design. W. Fichtner, Journal of Computational and Theoretical Nanoscience, Volume 5, Number 6, June 2008,
pp. 1089—1105(17).

The Electromagnetic Data Exchange: Much more than a Common Data Format. P. E. Frandsen et al. In Proceeding
of the 2nd European Conference on Antennas and Propagation. The Institution of Engineering and Technology (IET), 2007,
ISBN 978-0-86341-842-6.

Software engineering: Update. lan Sommerville, Addison-Wesley Longman, Amsterdam; 8t ed., 2006, ISBN
0321313798, 9780321313799.

Software Engineering. lan Sommerville, Pearson Studium, 8. Auflage, 2007, ISBN 3827372577, 9783827372574.

B.3.6 MogenupoBaHue

MpuMedaHune— Ccblfika Ha aHHbIA MeTod/cpefcTBo nNpueegeHa B MOK 61508-2 (Tabnuupl B.2, B.5 u B.6).

Llens. MpoBeaeHne cucTeMaTUHECKUX U NOSTHLIX NPOBEPOK Kak (OYHKLMOHUPOBaAHUSA 3eKTPUYECKUX/aneKTPpOHHBLIX
CXeM, Tak 1 4R KOPPEKTHOro 3afaHuns 3HayeHnin napamMmeTpoB X KOMMNOHEHTOB.

OnuncaHune. OYHKLMIO CXeMBbI, Peann3yoLyo cucTeMy, CBs3aHHyHo ¢ 6e30MacHOCTbIO, UMUTUPYIOT Ha KOMMbIOTEpe
€ NOMOLLbIO 3anporpaMMUpOBaHHOR MoAenu ee nosefeHuns. MNoBefeHne Kaxaoro OTAENLHOro KOMMOHEHTa CXeMbI Mofe-
TNIUPYHOT OTAENBLHO, U OTKIUK CXEMBI, B KOTOPYHO OH BXOAMUT, aHANU3NPYIOT NpuU 3alaHumn npeferbHbIX 3Ha4eHuin napame-
TPOB ANA KaM[oro KOMMOHEHTa.

B.3.7 MNpoBepka (0630p u aHanus)

MpuMedaHune— Ccblfika Ha AaHHbI MeToa/cpeacTBo npveegeHa B MOK 61508-2 (Tabnuuel B.2 n B.6).

Llenb. BeisiBneHWe paccornacoBaHus Mexgy cneuudukaumeid u peanusaumen.

OnucaHue. MpoBepstoTes 3afaHHble PYHKLUU CUCTEMBI, CBA3aHHO ¢ Be3onacHocThIo. OLeHMBAETCA COOTBETCTBUE
CUCTEMBI, CBA3aHHON ¢ 6e30nacHOCTLIo, TpeboBaHUAM, NPUBELEHHLIM B cneLjudukaLi. Bee Bhi3biBatoLwie COMHEHNE CH-
Tyauuu npu peanusauum u UCNonNb3oBaHWM M3enunid JOKYMEHTUPYHOT B LENSX UX nocnegyoLlero paspeLleHus. B otnuune
OT CKBO3HOIO KOHTPOMNSA BO BPeMS NpoLeAypbl NPoBepku pa3paboTynK CUCTEMbI NacCUBEH, @ 3KCMepT aKTUBEH.

IuTepatypa:

IEC 61160:2005, Design Review.

Software engineering: Update. lan Sommerville, Addison-Wesley Longman, Amsterdam; gth ed., 2006, ISBN
0321313798, 9780321313799.

Software Engineering. lan Sommerville, Pearson Studium, 8. Auflage, 2007, ISBN 3827372577, 9783827372574.

The Art of Software Testing, Second Edition. G. Myers et al., Wiley & Sons, New York, 2004, ISBN 0471469122,
9780471469124.

ANSI/IEE 1028:1997, IEEE Standard for software reviews.

Dependability of Critical Computer Systems 3. P. G. Bishop et al., Elsevier Applied Science, 1990, ISBN 1-85166-544-7.

B.3.8 CkBO3HOW KOHTpOnb

MpuMeyaHune— Ccblfika Ha AaHHbIA MeToa/cpeacTBo NpveegeHa B MOK 61508-2 (Tabnuua B.6).

Liens. BeisiBneHune paccornacoBaHua MeXAy cneundukaumeit n peanusaymei.

Onucanue. MNpoeepstoTcs 3afaHHble YHKLUMKU CUCTEMBI, CBA3aHHOW ¢ GesonacHocTblo. OUeHMBaETCA COOTBET-
CTBMWE CUCTEMBI, CBA3@HHOI ¢ 6e3onacHOCTLI0, TPeOoBaHNUAM, NpUBELEHHLIM B cneludukadmun. Bee BeisbiBatoLue COMHe-
HWe cUTyauuu Npu peanusaumMn U UCNONb3OBaHWUK U3JeNUN OKYMEHTUPYIOTCA B LieNsX UX NOCMeayowero paspeLleHus.
B oTnu4dne oT npoueaypel NPOBEPKU BO BPEMSI CKBO3HOTO KOHTPOMS aBTOpP AOMKEH ObITb akTUBEH, @ SKCMepT — NaccuBeH.

Iutepatypa:

Software engineering: Update. lan Sommerville, Addison-Wesley Longman, Amsterdam; gth ed., 2006, ISBN
0321313798, 9780321313799.

Software Engineering. lan Sommerville, Pearson Studium, 8. Auflage, 2007, ISBN 3827372577, 9783827372574.

ANSI/IEE 1028:1997, IEEE Standard for software reviews.

Dependability of Critical Computer Systems 3. P. G. Bishop et al., Elsevier Applied Science, 1990, ISBN 1-85166-544-7.

Methodisches Testen von Programmen. G.J. Myers, Oldenbourg Verlag, Minchen, Wien, 1987.
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B.4 MNpoueaypbl akcnnyatauum n TexHUYeckoro obcnyxmusaHua 3/3/M3 cuctembl

MaBHasA uenb. PaspaboTka npoueayp, KOTopble UCKIIoYaloT OWMBKM BO BpeMs SKCMyaTauum u oGCryXuBaHus
CUCTEMbI, CBA3@HHON ¢ 6e30MacHOCTLIO.
B.4.1 UHCTpYKUMK MO IKCNMyaTauumn U TeXHUYeCcKomy obcnyKuBaHUIo

MpumedyaHune— Ccbinka Ha faHHbI MeToA/cpedcTBO NpvBeaeHa B MOK 61508-2 (Tabnuua B.4).

Llenb. NckntodeHne owumbok BO Bpems IKCniyataLun u TeEXHUYecKoro obcnyXuBaHus cUCTeM, CBA3aHHbIX ¢ 6e3-
OMaCcHOCTLIO.

OnucaHue. MHCTpyKUMK Nonb3oBaTensa Cofepxar BaXHyo MHdpopMaLmio o crnocobax NCnorb30BaHWsA 1 NOLSepXKKM
cnucTeM. B ocobbix cryvasx 3T UHCTPYKUUM MOTYT cofepXaTb Takke npuMepbl obLmnx cnocoboB YCTaHOBKU CUCTEM, OT-
HocsLmxcs kK 6e3onacHocTW. Bce MHCTPYKLMM [OMKHEI NIETKO BOCNPUHUMATLCA. [nNs onMcaHnsa CrioXHbIX NPoLeayp U 3a-
BUCUMOCTEN AOMKHbI UCMOMB30BaTLCA PUCYHKU U CXEMB.

IutepaTtypa:

Guidelines for Safe Automation of Chemical Processes. CCPS, AIChE, New York, 1993, ISBN-10: 0-8169-0554-1,
ISBN-13: 978-0-8169-0554-6.

B.4.2 Yno6¢cTBO OOLIEHUA € NoNnb30oBaTenem

MpumedaHue—Cchinka Ha faHHbIi MeTog/cpefcTBo npuBegeHa B MOK 61508-2 (Tabnuua B.4).

Llenb. CHMXeHWe CroXHOCTW BO BpeMS 3KCMnyaTaluu CUCTEM, CBA3AHHLIX ¢ 6e30MacHOCTbLHO.

OnucaHve. MpaBUbHOCTL 3KCMNyaTaLun CUCTeM, CBA3aHHLIX ¢ 6e30MacHOCTLIO, B ONpedeneHHol CTeneHn 3aBu-
CUT OT onepaTopa. PaccmaTpuBas KOHKPETHBIA NPOeKThl cUCTEMbI U pabodero MecTa, pa3paboTiMK CUCTEM, CBA3AHHLIX
¢ 6e30MacHOCTLI0, AOMKEH NPeyCMOTPETE:

- HeoBXxo4MMOCTE MUHUMANBHOTO BMELLaTENbCTBa YeroBekKa;

- HeoBxo4MMOoe BMeLLaTensLCTBO Hanbonee NpocTsIM cnoco6oM;

- BO3MOXHOCTb MUHWManbHOro yuep6a oT owmnbok onepaTopa;

- 3proHomu4eckue TpeboBaHUsA Npu NPOEKTUPOBaAHUM CPELCTB BMeLLaTeNsCTBa M UHAUKaLUWMY,

- NPOCTbIE, UMetoLLMe YETKYO MapKUPOBKY U ya0BHbIe ANS UCNONb30BaHUA CPeACcTBa onepaTopa;

- HenepeHanpsXeHHOCTb onepaTopa Aaxe B 3KCTPEMaribHOW CUTyaLuu,

- afjanTMpoBaHHOCTL 0By4YeHUst NpoLUeAypaM W CPpeACTBaM MpoLecca BMELWaTENbCTBA K YPOBHIO 3HaHWIA U MOTUBa-
Lum oby4aemoro nonbL3oBaTens.

B.4.3 Ygo6cTBO 06LeHus ¢ o6cnyKuBatoWwmM nepcoHanom

MpumedaHune— Ccbinka Ha JaHHbIi MeTog/cpescTBo npuBeaeHa B MOK 61508-2 (Tabnuua B.4).

Llenb. ¥YnpoleHue npoueaypbl 06cnyXmBaHUa cUCTeM, CBA3aHHbIX ¢ 6€30MacHOCTLIO, U NPOEKTUPOBaHWE HEOBX0-
OUMBIX cpefcTB AN 3pdeKTUBHON ANArHOCTUKU U PEMOHTA.

Onucanue. MNpodunakTnyeckoe obcnyxuBaHMe U PeMOHT YacTO MPOBOAATCS B CNOXHBIX YCNOBUAX AaBNeHWUA npe-
LenbHbIX cpokoB. MoaToMy paspaboTunk cucTeMm, cBsi3aHHBIX ¢ 6e30MacCHOCTLIO, 0SMKEH NPEeAYCMOTPETb, YTOObI:

- CpeAcTBa, oTHocsLMecs K o6cnyxuaHuto 6esonacHocTH, TpeboBanuck Kak MOXHO pexe unu soobe He Tpebo-
Baruch;

- UCMonb30Banuch 0CTATOMHO YyBCTBUTENbHBIE U FIErKO yrpaBnsieMble AnarHocTUpYIoWme UHCTPYMEHThI ANS He-
N36eXHbIX PEMOHTOB; 3TU MHCTPYMEHTbI AOMMKHEI BKIoUaTh B cebs Bce HeobxouMble UHTEpdechl;

- BbINO JOCTATOMHO BPEMEHU (eCcnu oTAeNbHbIE MHCTPYMEHTHI AUarHOCTUKN HeobxoauMo paspaboTtaTtb unm npmob-
pecTw).

B.4.4 CokpaleHue paboT Ha cTaguMM aKcnmyarauum

MpumedaHue— Ccbinka Ha jaHHbIil MeToa/cpecTBo npuBegeHa B MOK 61508-2 (Tabnuupl B.4 n B.6).

Llenb. CHM3UTb aKcnnyaTauuoHHble BOSMOXHOCTHU A58 06bIMHOro NoNb3oBaTens.

OnucaHue. OTOT NOAXOA CHUXAET SKCNyaTaLMoHHbIE BO3MOXHOCTU NyTEM:

- orpaHuyeHus onepauuit B pabounx pexumax, Hanpumep, KOMMyTaTopaMun KNovei,

- OrpaHW4eHUs YUCra UCorb3yeMbiX B paboTe aneMeHTOB;

- orpaHuyeHus Yucrna BO3MOXHbIX B 0bLLeM criyyae pabounx pexnmos.

Ilutepartypa:

Guidelines for Safe Automation of Chemical Processes. CCPS, AIChE, New York, 1993, ISBN-10: 0-8169-0554-1,
ISBN-13: 978-0-8169-0554-6.

B.4.5 Akcnnyaraums TonbKko KBanudULMpoBaHHbLIM onepaTtopom

MpumMedaHune— Cchinka Ha jaHHbIil MeToa/cpescTBo npuBeaeHa B MOK 61508-2 (Tabnuupl B.4 n B.6).

Lienb. UcknioveHne oTka3oB, 06YCNOBMNEHHLIX OLLIMGKaMu onepartopa.

OnucaHue. OnepaTop cUCTeMbl, CBsi3aHHOW ¢ Ge3onacHOCTbIo, 06y4YeH [0 CTEeNneHW, COOTBETCTBYIOLW|EN YPOBHIO
CNOXHOCTU U YPOBHIO MOSHOTHI 6e30MacHOCTU CUCTEMEI, CBSI3aHHOW ¢ GesonacHocTblo. B obyveHne BXoguT usydeHue
OCHOB npoLjecca NPOU3BOACTBa U B3aMMOCBS3eil MeXAy cucTeMamMu, CBA3aHHLIMK ¢ 6esonacHocTbio U YO.
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IuTepatypa:

Guidelines for Safe Automation of Chemical Processes. CCPS, AIChE, New York, 1993, ISBN-10: 0-8169-0554-1,
ISBN-13: 978-0-8169-0554-6.

B.4.6 3awuTa ot owmbok oneparopa

MpuMedaHne— Ccbinka Ha gaHHbIN MeTog/cpefcTBo npuBeaeHa B MOK 61508-2 (Tabnuubl B.4 1 B.6).

Lienb. 3awuTa cuctemsl OT BCeX BUA0B OLLIMBOK oneparopa.

Onucanue. JloxHble BxogHble cooblyeHns (3HadeHue, BpeMs, M T. A.) obHapyxXuBaloTcA NpoBepKaMu JOCToBEp-
HOCTU Unu koHTponeM YO. nsa Toro, 4Tobbl 06LeUHUTE 3TU CpeACcTBa B NPoeKTe, He06X0AUMMO Ha CaMOM paHHeM 3aTane
onpeaenuTb, Kakne U3 BXOAHbIX COOBLLEHUIA BO3MOXHBI U Kakue AONnyCTUMBI.

B.4.7 (He ucnonbayetcs)

B.4.8 3awmTa ot moaudukaumm

MpuMeyaHne— Ccbinka Ha aaHHbLIA MeTog/cpefcTBo npuBeaeHa B MIK 61508-2 (Tabnuubl A.17 n A.18).

Llenb. 3awuTta cucteMsl, cBA3aHHOW ¢ 6e3onacHoCTLI0, OT MoAUdUKaLMiA annapaTHbIX CPEACTB TEXHUYECKUMMU Cr1o-
cobamu.

Onucanue. Mogudukayum unu MaHunNynsAuMn obHapyXXmBaloTC aBTOMaTUYECKW, Hanpumep, NpoBepKkamn JocTo-
BEPHOCTU CUrHanNoB fartdynukos, oBHapyXeHWeM TEXHUYECKUM MPOLIECCOM U aBTOMAaTUYECKUM 3anyckOM TEeCTMPOBaHUA.
Mpu o6HapyxeHnn moauduKaLum BuIAAETCA aBapUitHbIA curHann.

B.4.9 NoarsepxaeHne BBoaa

MpuMedaHune— Ccbifka Ha aHHLIN MeToa/cpeacTBo nNpuBeseHa B MOK 61508-2 (Tabnuusl A.17 n A.18).

Llenb. OBHapyxeHue owmnbku Bo BpeMs paboTel caMum onepaTtopoM Ao akTususauum YO.

Onucanue. Nndopmauyus, seogumas B YO vepes cucteMy, casisaHHylo ¢ 6e3onacHOCTbIO, NpefcTasnaerca onepa-
Topy A0 Nepeaayn B YO ¢ TeM, 4Tobbl onepatop WMen BO3MOXHOCTb OGHapYXUTb U UcnpaBuTb ownbku. MpoekTupyemas
cucTeMa [OMKHa pearMpoBaTh Ha HeNnpaBUIibHbIE, CAMONPOU3BONbHEIE AENCTBUSA onepaTopa M yYUTbiBaTh HUXHUE/Bepx-
HWe npefensl CKOPOCTU U HanpaBfeHWe peakuuu onepaTtopa. OTO NO3BONUT UCKNIOYUTL, Hanpumep, Gonee GbicTpoe,
YeM MpejrnonaraeTcs, HaxaTue KnaBuLL ONepaTopoM, U HACTPOUTb CUCTEMY BOCNPUHUMAaTb ABONHOE HaXaTue KrasBu-
LUK KaK ofUHapHOe WNu ABOWHOE 3a CYET TOro, YTO cUcTeMa (M3obpaxeHUe Ha SKpaHe) CIIULIKOM MeANEeHHo pearupyeT
Ha pa3oBoe HaxaTue knasuwu. MocnegosaTenbHOe HaXaTUe OfHOW M TOW XKe KNaBuLIW NP BBOAE KPUTUHECKUX JaHHbIX
ZOIMKHO BOCNPUHUMATLCA CUCTEMON Kak O4HOPa30BOoe; HaXaTue KnaeuLl «BBog» (enter) unu «aa» (yes) HeorpaHuieHHoe
YWCIIO pas He JOSKHO NPUBOAUTE K HapyLleHuo 6e30nacHOCTU CUCTEMBI.

JorxHbl GbITb NpegycMoTpeHbl Npoueaypbl OPMUPOBaHUA BPEMEHHBIX May3 C BO3MOXHOCTLIO BbIGOpa pa3sHbIX 0TBe-
TOB (Aa/HET U T. N.) ¢ TeM, YTOOBI 06ecne|YnTE BO3MOXHOCTL AfNA Pa3MbILLNEHUA ONepaTopy, @ CUCTEME — PEXUM OXUAAHUA.

JTiobasi nepesarpyska M3 cucTeMbl, cBSA3aHHOW ¢ B6e30NacHOCTLIO, AenaeT 3Ty CUCTEMY YSA3BUMOMI, €Cnun npo-
rpaMMHble/annapaTHble cpefcTBa He CNPOEKTUPOBaHLI C Y4ETOM AaHHO| CUTyaLun.

B.5 UHTerpauua 3/3/MN3 cucrembl

[MaBHas uenb. MckniodeHne oTKkasoB CUCTEMbI Ha CTaZuK UHTErpauum u obHapyxeHue nobbix 0TKa3oB BO BpeMS
3TOW W NpeablayLei cTagunia.

B.5.1 ®yHKUMOHaNbHOE TeCTUpoBaHue

MpumeyvyaHune — Ccbinka Ha AaHHblil MeTon/cpefcTBo npuefeHa B M3OK 61508-2 (tabnuubl B.3 n B.5)
n B M3K 61508-3 (Tabnuuybl A5 —A.7n C.5—C.7).

Lienb. OBHapyeHue OTKa3oB Ha CTafgusiX cosfjaHusi cneuudukaunn u npoekTupoBaHus. MckrodeHne oTkasos
BO BpeMsi peanu3auuu 1 MHTerpauuu nporpaMMHeIX 1 annapaTHelX CpefcTB.

OnucaHue. B npouecce yHKLMOHANBHOMO TeCTUPOBAHUSA ONpeAenseTcs, AOCTUMHYTEl N 3afaHHble XapakTe-
PUCTUKM cuCTeMbl. B cuctemy noctynatoT BXOAHbIE JaHHble, KOTOPbIE afeKBaTHO XapakTepusyrT 06bl4HOe BbiMOMHe-
HWe onepauwit. Habniogaemble BbIXOLHbLIE Pe3yrnbTaThl CPaBHUBAIOTCA € 3ajaHHbIMU B cneuudunkaumn. OTKINOHEHUs
OT crieyndrKaLmMn 1 yKazaHUs Ha HEMOMHOTY cneumdukaumn LOKyMeHTanbHO oopPMITISAIOTCS.

®yHKUMOHaNbHOEe TECTUPOBaHUE 3NEKTPOHHBIX KOMMOHEHTOB, NPeAHasHa4YeHHbIX AN MHOTOKaHanbHOW apXuTek-
Typbl, 06bI4YHO BKIIOYAET B ce65 NMPOMBILLMEHHBIE KOMMOHEHTbI, KaXAblii U3 KOTOPbIX MOCTaBLUMK YXe MpoTecTupoBsan
¥ NpeABapuUTENbHO MOATBEPAUIT COOTBETCTBUE. [TOMUMO STOrO pekoMeHAyeTcs, YToBObl MOKYMNHbIE MNPOMbILLNEHHbIE KOM-
MOHEHTbI BbINKU NPOTECTUPOBAHLI B COMETAHUMN C LPYrUMU KOMNOHEHTaMK NOCTaBLLMKa U3 TOI e NapTuu, 4Tobbl BEISBUTL
HeWCnpaBHOCTU rPyNMNoBOro TUNa, KOTopble B MPOTUBHOM Cllyyae ocTanuch Obl HEeBbIABNEHHbIMM.

Takke 0 AOCTATOYHLIX Pabo4Mx BO3MOXHOCTSAX CUCTEMBI CM. PyKOBOASALME MaTepuansl (npunoxeHue C, C.5.20).

Jlutepatypa:

Software Testing and Quality Assurance. K. Naik, P. Tripathy, Wiley Interscience, 2008, Print ISBN: 9780471789116
Online ISBN: 9780470382844.

The Art of Software Testing, Second Edition. G. Myers et al., Wiley & Sons, New York, 2004, ISBN 0471469122,
9780471469124,

Practical Software Testing: A Process-oriented Approach. |. Burnstein, Springer, 2003, ISBN 0387951318,
9780387951317

Dependability of Critical Computer Systems 3. P. G. Bishop et al., Elsevier Applied Science, 1990, ISBN 1-85166-544-7.
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B.5.2 TectupoBaHue MeTOAOM «YEPHOTO ALLMUKA»

MpumMmedaHue— Ccbinka Ha AaHHbLIA MeTOA/cpedcTBO NpuBegeHa B MOK 61508-2 (Tabnuubl B.3, B.5 n B.6)
n B MOK 61508-3 (Tabnnupl A5 —A7un C.5—C.7).

Llenb. MpoBepka gUHAMUYECKOro NoBeLeHNA CUCTEMEI B pearibHbIX YCroBUsAX pyHKLUOHWPOoBaHWS. BuisBreHune He-
COOTBETCTBUSA (PYHKLMOHANBHOW cnelndmrKkaymm U oLeHKa ee None3HoCTH U YCTORYMBOCTY.

Onucanune. OyHKUMM CMCTEMBI MW NPOrPaMMel BEIMOMHAIOTCA B 3a4aHHOM OKPYXEHUU C 3ajaHHbIMU JaHHbIMU
TECTUPOBaHWs, KOTOpbIe cucTeMaTnyeckn PopMUpYrOTCS U3 cneyudukaLmi B COOTBETCTBUU C YCTAHOBINEHHBIMW KpUTe-
pYsiMW. BTO MO3BOSAET CpaBHUTL NOBeLEHWE CUCTEMEI C ee cneyudukaumeid. [Npu NpoBeAeHUU TECTUPOBaHUSA HUKaKue
CBeAEHUA 0 BHYTPEHHEN CTPYKType cucTeMbl He UCNonbaykTeA. OCHOBHaSA Liefb COCTOUT B TOM, YTOGLI onpeaenuTs, npa-
BWINBHO JIM BBINOMHAET PYHKLUMOHAMNbHBIA MOAYNb YHKUMK, Tpebyemble cneundmkauymnein. Metoa hopMUPOBAHNUA SKBU-
BaNeHTHbIX KNaccoB CRYXUT NPUMEPOM KPUTEPUS TECTUPOBaHMS AaHHBLIX METOAOM «4EePHOro Awmka». Maccus BXOAHBLIX
JaHHbIX NofpasfenseTcs Ha KOHKPETHbIE uana3soHbl BXOAHbIX 3Ha4E€HWIA (SKBUBaNEHTHLI® KNacchl) Ha OCHOBE cneuudu-
Kauuu. Mocne 3Toro popMUpyIoTCa TeCTOBLIE NPUMEPHI U3;

- BaHHbIX 13 AONYCTUMBIX Lana3oHoB;

- BaHHbIX 13 HefoNyCTUMEIX LWana3oHoB;

- BaHHbIX NpeAenbHbIX 3HaYeHW ManasoHoB;

- BKCTpeMarnbHbIX 3Ha4eHUi 1

- koMBUHaLWA U3 NepeYnCneHHbIX BblLLE K1acCcoB.

MoryT okasaTbca ahpeKkTUBHEIMU TakKe Apyrue KpuTepuun Belbopa TECTOBLIX NMPUMEPOB B PasNUYHbLIX peXumax
TEeCTUPOBaHMA (MOAYMA, MHTErpaLmMm u cuctemMbl). Hanpumep, KpUTEPUA «3KCTPEMASTEHBIE 3KCMNYaTaLUMOHHBIE YCNOBUSA»
MCnonb3yeTcs Npu TECTUPOBAHWUN CUCTEMbI B NMpoLiecce NoLTBEPXAEHNSA COOTBETCTBUS.

IuTepartypa:

Software Testing and Quality Assurance. K. Naik, P. Tripathy, Wiley Interscience, 2008, Print ISBN: 9780471789116
Online ISBN: 9780470382844.

Essentials of Software Engineering. Frank F. Tsui, Orlando Karam. Jones & Bartlett, 2006. ISBN 076373537X,
9780763735371.

The Art of Software Testing, Second Edition. G. Myers et al., Wiley & Sons, New York, 2004, ISBN 0471469122,
9780471469124.

Systematic Software Testing. Rick D. Craig, Stefan P. Jaskiel. Artech House, 2002. ISBN 1580535089,
9781580535083.

B.5.3 CtaTuctuyeckoe TectTupoBaHue

MpwumedaHune— Cchifika Ha AaHHbIR MeToa/cpeacTso npuBegeHa B MOK 61508-2 (Tabnuubl B.3, B.5 1 B.6).

Llenb. MpoBepka MHaMUYECKOTO NOBEAEHUA CUCTEMbI, CBA3AHHOW ¢ 6€30NacHOCTLIO, U OLieHKa ee NoMe3HocTy
W YCTOWYUBOCTU.

OnwucaHue. Mpu 3TOM Noaxofe TECTUPYETCA CUCTEMA UMW NPOrpaMMa ¢ BXOAHBIMU AaHHLIMU, BLIGpaHHLIMUY B COOT-
BETCTBUW C NpejnonaraeMbiM CTaTUCTUHECKUM pacnpeaeneHnemM peanbHbiX aKCNNyaTaunoHHBIX BXOAHBIX A@HHBIX — 9KC-
nnyatayuoHHbIA Npodunb.

Ilutepartypa:

A discussion of statistical testing on a safety-related application. S Kuball, J. H. R. May, Proc. IMechE Vol. 221
Part O: J. Risk and Reliability, Institution of Mechanical Engineers, 2007.

Practical Reliability Engineering. P. O’Connor, D. Newton, R. Bromley, John Wiley and Sons, 2002, ISBN 0470844639,
9780470844632.

Dependability of Critical Computer Systems 3. P. G. Bishop et al., Elsevier Applied Science, 1990, ISBN 1-85166-544-7.

Dependability of Critical Computer Systems 1. F.J. Redmill, Elsevier Applied Science, 1988, ISBN 1-85166-203-0.

B.5.4 lNoneBble ucnbiTaHua

MpumeyvaHunsn

1 Cchbinka Ha gaHHbIi MeTog/cpeacTBo npuseaeHa B MOK 61508-2 (tTabnuuysl B.3, B.5 n B.6).

2 Cwm. Takke npunoxeHue C, C.2.10 — aHanorudyHble cpeacTsa, a B NpunoxeHun D — ctaTucTudecknin nogxon —
TO W pyroe B KOHTEKCTE NporpamMmMHoro obecnedeHmns.

Llenb. Mcnonb3oBaHne pe3ynsratoB NONEBbLIX UCNbITAHWIE U3 pa3nUYHbIX 0BNacTel NPUMEHEHUA B KaHeCTBE OJJHOro
M3 cpefCTB UckItoueHusA cboeB Bo BpeMaA UHTerpauyuu 3/3/T3 cuctembl M/unu B npouecce NOATBEPKAEHUS COOTBET-
ctBusa 3/3/T13 cucteMbl BezonacHoOCTU.

OnucaHue. Micnonb3oBaHWe KOMMNOHEHTOB WNWU NOACUCTEM, KOTOPbIE NPU UX NCNONB3OBaAHWKN NOKa3anu NyTeM UCrbl-
TaHWiA OTCYTCTBUE UIMN HATIMYME TOMBKO HECYLLECTBEHHBIX OLLUMBOK W CYLLIECTBEHHO HE U3MEHANWCH B TEYEHNE OCTAaTOYHO
ANWTenbHOro nepuofa BpEMeHU BO MHOTUX PasnNYHbIX MPUMEHeHUsX. B 4acTHOCTK, ANA CNOXHBIX KOMMOHEHTOB C MHO-
XecTBOM PyHKUMIA (HanpuMep onepaLMoHHON CUCTEMbI, MHTErpanbHbIX cxeM) pa3paboTumnk gonmkeH obpaTuTb BHUMaHWUE
Ha (yHKUMK, KOTOpble BbINU haKTUYECKN NPOTECTUpPOBaHbLl METOAOM MONEBLIX UCNbITaHUA. Hanpumep, AomkHEl GbiTb
paccMoTpeHbl NOAMNPOrpaMMbl CaMOTECTUPOBaHUA AN o6HapyxeHua c60eB: Npu oTCyTCTBUM cBoeB annapaTHLIX CPeACTB
B Nnepuopj aKcrnyaTauyuu o nognporpammax Henb3s cKasaTb, YTO OHU NPOTECTUPOBAaHbI, MOCKOMNbKY OHU HUKOMAA HE Bbl-
nonHsANM yHKUMiA o6HapyxeHusi cBoux c60eB.
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Mpu ncnonb3oBaHMK NoreBbLIX UCMBITAHUIA JOMKHBI BbITb cobntogeHbl creaytome TpeboBaHuna:
- HEeN3MeHHOCTb crneLludukaLum;

- Hanu4ue 10 cucteM B pasnuYHbIX NPUMEHEHURAX;

- ANUTeNbHOCTb paboTbl 10° 4 ¥ No MeHbLLeil Mepe OAUH rof CepBUCHOM NoAAEPXKKU.

MpuMeyaHue— B craHgapTe cekTopa NPUMEHEHUS MOTYT GbITb ONpeAerieHbl Apyrue 3HauYeHUA STUX napa-
MeTpoB.

MoneBble UCNBITAHNS AOKYMEHTUPYIOTCA MOCTaBLYMKOM W/WNKU 3KCNSTyaTUpyIoLeid opraHu3aLuuneit; AoKyMeHTaLms
JAOrXKHa No MeHbLUEeA Mepe coflepXaTb:

- TOvHOe 0603Ha4YeHne CMCTEMbI U ee KOMMOHEHTOB, BKIIlOYas ynpaBneHue BepcusiMi annapaTHbiX CPeAcTs;

- CB&AeHUA O Nonb3oBaTensx U BpeMeHU NPUMEHEHUS;

- oTpaboTaHHOe BpeMs B yacax;

- npoueaypbl Boibopa cMCTEMbI U NPUKaAHLIE NPOrpaMMbl, UCMIONb30BaHHLIE NPU UCTILITAHUAX;

- npoueaypbl obHapyXeHUs n pernctpauum cboeB, a Takke npouefypbl YCTPaHEHUA UX MOCNEACTBUA U MPUUNH
BO3HWKHOBEHWS.

IutepaTtypa:

IEC 60300-3-2:2004, Dependability management — Part 3-2: Application guide — Collection of dependability data
from the field.

Guidelines for Safe Automation of Chemical Processes. CCPS, AIChE, New York, 1993, ISBN-10: 0-8169-0554-1,
ISBN-13: 978-0-8169-0554-6.

B.6 MoareepxaeHue coorBercTBusa 3/ /M3 cucrembl 6e3onacHocTn

MmasHas uenb. MNoaTBepauTb, YTo 3/3/TO cucTeMa, cBA3zaHHaA ¢ 6e30NacHOCTBI0, COOTBETCTBYET cneyudukaLmm
TpeboBaHumii kK 3/3/T13 cucteme 6esonacHoCTU U cneumdukayun TpeboBaHuii NpoekTupoBaHust 3/3/M3 cuctemsl.

B.6.1 ®dyHKUMOHaNbHbIe UCNbITaHUSA B YCIIOBUSIX OKpYXalowelh cpefbl

MpwumeyaHue— Ccbifnka Ha iaHHbIM MeToa/cpeacTBo NpuBeeHa B MOK 61508-2 (Tabnuua B.5).

Lienb. OueHKka 3alyuLLEHHOCTU CUCTEMBI, CBsi3aHHasi ¢ 6e30MacHOCTLIO, OT TUMOBLIX BO3AEWUCTBUI OKPY’KaloLLEen
cpeabl.

Onucanue. CucTeMy NoMeLLatoT B pasfMyHble YCNOBUsI OKpyXKatoLleil cpefibl (HanpuMep B COOTBETCTBUM CO CTaH-
Japtamu cepun MOK 60068 unn cepun M3AK 61000) 1 oleHMBaloT cnocoBHOCTU cUCTEMBI BLINOMHATL PyHKLUMKN Gezonac-
HOCTU (Ha cooTBeTCTBUE TpeboBaHUAM CTaHAAPTOB, YKa3aHHbIX BbILLE).

IuTepartypa:

IEC 60068-1:1988, Environmental testing — Part 1: General and guidance/Amendment 1(1992).

IEC 61000-4-1:2006, Electromagnetic compatibility (EMC) — Part 4-1: Testing and measurement techniques —
Overview of IEC 61000-4 series.

Dependability of Critical Computer Systems 3. P. G. Bishop et al., Elsevier Applied Science, 1990, ISBN 1-85166-544-7.

B.6.2 licnbiTaHUA Ha yCTOWYUBOCTb K NMKOBLIM BLIGPOCaM BHEWHNUX BO3AEHCTBUIA

MpwnmeyaHune— Cchirka Ha AaHHbIN MeToA/cpeacTBO NpueegeHa B MOK 61508-2 (Tabnuusl B.5 n B.6).

Llenb. MpoBepka cnocobHOCTU cucTeM, CBA3aHHbLIX C 6e30NacHOCTLIO, CNPaBAATLCS C MMKOBLIMU BeIbpocamu BHeLU-
HUX BO3OEUCTBUNA.

OnucaHune. B cuctemy 3arpyxaeTtca TUNUYHAA NpUKNagHan nporpaMMa u Bce nepudepuitHble nuHuK (LudpoBsble,
aHanorosble ¥ nocnegoBaTterbHble UHTEPENCH], WUHBI, UCTOYHUKN NUTAHWA U T. A.) NojBepralTcs BO3AeACTBUIO CTaH-
LapTHbIX LUIYMOBbLIX curHanoB. [nsi Toro, 4Tobbl NoAyYnTb UX KOMUYECTBEHHYIO OLIEHKY, Lieriecoobpa3Ho BHUMATENBHO
NoaXoAMThb K NpefenbHbIM 3Ha4YeHMSIM BbIGPOCOB BHELHUX BNUAHUIA. Knacc nomMex cuuTaeTcs BbibpaHHBIM HEBEPHO, ecrnn
PYHKLUSA CMCTEMBI HE BBIMOITHSETCS.

Jlutepartypa:

IEC 61000-4-5:2005, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement techniques —
Surge immunity test.

C37.90.1—2002, IEEE Standard for Surge Withstand Capability (SWC) Tests for Relays and Relay Systems
Associated with Electric Power Apparatus.

B.6.3 (He ncnonb3ayetcs.)

B.6.4 Ctatnuyeckuit aHanus

MpuMmeyvyaHmne — Ccbinika Ha gaHHblii MeTog/cpeacTeo npuseaeHa B MOK 61508-2 (tabnuuybl B.5 n B.6)
1 B MOK 61508-3 (Tabnuuybl A.9, B.8, C.9 1 C.18).

Llenb. UcknioueHne cuctematudeckux AedekToB, KOTOpble MOryT NPUBOAUTL K OTKasam B TECTUPYEMOI cucteme
BHayane nubo nocre NPoAOINKUTENBHOW JKCNyaTauuu.

OnucaHue. 3TOT cUcTEMaTUUECKUIA WU, BO3MOXHO, aBTOMaTMSMPOBaHHbIﬁ MeTOo[ NO3BOJIAET UccneagoBaTb KOHKpET-
Hble CTaTu4veckne XapakrtepUCTUKN ONbITHbIX 06p63LlOB CucTembl anAa obecneveHus NOJNHOTHI, COrracoBaHHOCTU, OTCYT-
CTBUSI HEOAHO3HAYHOCTEH OTHOCUTENBHO CpopMynUpoBaHHBLIX TpeboBaHU (HampuMmep B PYKOBOASALLMX MaTepuanax
MO KOHCTPYMPOBaHMIO, CUCTEMHBIX CNeLndUKaLmUax U MHCTPYKUMAX O NpuMeHeHun). CTaTuieckuii aHanms AomkeH 6biTb
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BOCMNPOWU3BOAUM W NPUMEHWUM K OMBITHOMY 06pasLly, KOTOpbIA joBEeAEeH A0 YETKO ONpeAeneHHON 3aBepLualoLen cTanu.
Huxe npuBegeHbl HEKOTOpbIe NMPUMEpPLI CTAaTUMECKOTO aHanusa annapartHbIX U MPorpaMMHbIX CPeacTB:

- aHanu3 cornacoBaHHOCTM NOTOKa AaHHbIX (HanpUMep Npu TeCTUpPOBaHWUK, €Chn AaHHble 06 06bekTe UHTepnpeTu-
pyIOTCA KakK UMetoLwune o0fHO 3HaYeHue);

- aHanus ynpasneHUs NoToKoM (HanpuMep onpejerneHne MapLUpyToB, Koja HeAoCTYNHOCTH),

- aHanu3s uHTepdeiicoB (Hanpumep uccriefoBaHWe Nepefadn NePEMEHHBLIX MeXAY pasnUYHbIMU NPOrpaMMHLIMU
MOoAynaMn),

- aHanu3 NoToka AaHHbIX ANs o6HapyXeHWs BbI3bIBaKOLMX COMHEHUS MOCNeAoBaTeNbHOCTeH ANA NepeMeHHbIX:
cosfaHne — Ucnonb3oBaHWe AN obpallyeHnss — yaarneHue,

- TECTUPOBaHWE CTPOroro cobmniofeHNs1 KOHKPETHLIX PYKOBOASLLMX MaTepuarnos (Hanpumep no Bonpocam: ArfnHa
NyTU YTEUYKN TOKa U 3a30pbl, pacCTOSIHUE MeXay rpynnaMu Mogyneii, uamyeckoe pacnonoxeHue Mogynei, MexaHN4ecku
YyBCTBUTENBHBIE PU3NUECKUE MOZYNU, UHAUBUAYANBHOE UCMONb30BaHUe U3NYECKMX MOAYIeN NPU UX BHEAPEHUN).

Nutepatypa:

Static Analysis and Software Assurance. D. Wagner, Lecture Notes in Computer Science, Volume 2126/2001,
Springer, 2001, ISBN 978-3-540-42314-0.

An Industrial Perspective on Static Analysis. B. A. Wichmann, A. A. Canning, D. L. Clutterbuck, L. A. Winsborrow,
N. J. Ward and D. W. R. Marsh. Software Engineering Journal., 69—75, March 1995.

Dependability of Critical Computer Systems 3. P. G. Bishop et al,. Elsevier Applied Science, 1990, ISBN 1-85166-544-7.

B.6.5 AuHaMuueckuit aHanms n TecTupoBaHne

MpuMevyaHune — Cchinka Ha AaHHbI MeTog/cpeacTBo npuBeaeHa B MOK 61508-2 (tabnuubl B.5 u B.6)
n B MOK 61508-3 (Tabnuupl A5, A9, B.2, C.5, C.9u C.12).

Llenb. OBHapyxeHue ownbok B cneumdukaLmu nytem UccriefjoBaH1si AUHAMUYECKOTO NOBEAEHNUSA ONbITHBIX 06-
pas3uoB Ha 3aBepLIaloLUX CTafUsX.

Onuncanue. [InHaMU4YeCKnil aHanus cUCTeM, CBsi3aHHBIX ¢ 6e30MacHOCTLIO, MPOBOAMTCS MpU NogaYe Ha BXOA ONbIT-
Horo obpasua cucTemsl, cBA3aHHO ¢ 6e30MacHOCTbIO, BXOAHBLIX AaHHbIX, KOTOpble TUMUYHLI A4S 3afaHHOro aKcnnyarta-
LIMOHHOrO OKpYXXeHUa. AHanus 6yaeT yaoBNeTBOPUTENLHLIM, €CNU HabrnioaaeMoe noBefeHNe CUCTEMbI, CBA3AHHON ¢ 6e3-
OMacHOCTLIO, COOTBETCTBYET Tpebyemomy noBepeHuio. J1loboi oTkas cucTeMbl, CBA3aAHHON ¢ 6e30nacHOCTLIO, AOMKEH
ObITb YCTPaHeH, Noce Yero HoBbIe BapUaHThl aKCNyaTayuu cUcTeMbl JOMKHLI ObITb NpoaHanuaupoBaHbl.

IutepaTtypa:

The Concept of Dynamic Analysis. T. Ball, ESEC/FSE 99, Lecture Notes in Computer Science, Springer, 1999,
ISBN 978-3-540-66538-0.

Dependability of Critical Computer Systems 3. P. G. Bishop et al., Elsevier Applied Science, 1990, ISBN 1-85166-544-7.

B.6.6 AHanu3 oTKa3oB

MpumedaHune— Ccbinika Ha JaHHbIN MeToa/cpeacTeo npuseaeHa B MOK 61508-2 (Tabnuupl B.5 n B.6).

B.6.6.1 AHanu3 BMOOB U nocneacTBUN OTKa3oB

Llenb. MpoBeaeHne aHanmaa nNpoekTa CUCTEMbI C CUCTEMATUHECKUM UCCNEA0BAHUEM BCEX BO3MOXHbLIX NMPUYUH OT-
Ka30B KOMMOHEHTOB CUCTEMbI U ONpeferieHneM BIUAHUS STUX OTKa3oB Ha noBeaeHue n 6e30nacHOCTb CUCTEMBI.

OnucaHne. AHanua obblMHO MPOBOAMTCA BKCMEPTHBIM MeTofoM. Kawablii KOMMNOHEHT CUCTEMbI aHanu3upyeTcs
No o4epenm ¢ TeM, YTOObI BEISBUTE HAGOP PEXUMOB OTKA30B ANSA KOMMOHEHTa, UX NPUYNHLI U pe3yneTaThl (Ha JIoKarnsHOM
YPOBHE U Ha YpOBHe BCeil cucTeMbl), Npolefypbl oBHapyxeHus n pekoMeHaauuu. MNpu Bbigade pekoMeHaaLuuin oHn Jo-
KyMeHTansHo opopMmsoTCs B BUAE KOPPEKTUPYHOLLMX feACTBUN.

JluTepatypa:

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

Risk Assessment and Risk Management for the Chemical Process Industry. H.R. Greenberg, J.J. Cramer, John
Wiley and Sons, 1991, ISBN 0471288829, 9780471288824.

Reliability Technology. A. E. Green, A. J. Bourne, Wiley-Interscience, 1972, ISBN 0471324809.

B.6.6.2 NMpuunHHO-cneacTBeHHble AMarpaMMbl

MpumedaHue— Ccbinka Ha fJaHHbIA MeToa/cpeacTso npueefeHa B MOK 61508-3 (Tabrunuel B.3, B.4, C.13 1 C.14).

Llenb. MogenuposaHue ¢ NOMOLLbIO NPUHMUHHO-CNEACTBEHHBIX Anarpamm, KoTopble MOryT NpefcTaBuTb MPOEKT CUC-
TeMbl B BUAE NOCNeAoBaTeNlbHOCTU KOMOWHaLuii 6a3oBbIX COOBITHIA.

OnucaHnve. [JaHHOe CpeACTBO MOXET paccMaTpuBaTbcA Kak KOMBUMHaLUMA npoueayp aHanusa ¢ NoMoLlblo gepe-
Ba OTKa30B W fjepeBa coObITUIA. HauynHaa ¢ KpUTUYECKoro (Ha4anbHoro) cobelTus, rpad nocnefcTBuil npocMaTpusaeTcs
B NPsIMOM HanpaereHum, cnonbays norudeckue snemedtel JA/HET, onuckiBatowme yecnex u Heygady HeKoTopbIX onepa-
Luid. 3To no3BonseT chopMUpoBaTh NOCNEA0BaTENBHOCTE COBBITUI, BEAYLLYIO UMK K @BapUN UIU K KOPPEKTHOW CUTYaL|uu.
3aTeM AnsA Kax[oro otkasa CTposTcsi rpadobl NPUYKH (TO eCTb AepeBbs 0TKasoB). MpoxoxgeHne B 06paTHOM Hanpaene-
HUW SKBUBAIEHTHO AepeBy OTKa30B, rAe KpMTUYecKoe cobbiTue NPeAcTaBneHo B BUAE COBLITUSA, ONUCAHHOrO Ha BepXHEM
ypoBHe. [poxoxaeHune B NpssMOM HanpasneHUt NO3BONSAET ONPefenaTb BO3IMOXHbIE NMOCMNeCTBUA, BO3HUKaKLLWe U3 co-
6bITuA. B y3ne rpacha moryT 6biTb CMMBOSEI, ONUCLIBAKOLLME YCMOBUS pacnpocTpaHeHWs MPUYUH Mo pasnnyHbIM BETBAM
OT 3TOro yana. BpeMeHHEIe 3afiepxKn Takke MOryT YYUTbIBaTLCA. OTW YCNOBUS pacnpoCTpaHeHUsa NpUYMH Takke MoryT
6bITb ONMCaHbl C MOMOLLbIO AepeBbEB 0Tka3oB. [nsa Toro 4Tobbl Anarpamma Beirnsgena 6onee KOMNaKTHoOA, NyTH pacnpo-
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CTPaHEHUs NPUYKUH MOTYT BbITL 0BbeANUHEHbI ¢ NornveckuMn cumeonamu. JomkeH GblTe onpegeneH Habop cTaHAapTHLIX
CUMBOMNOB ANS1 UCMONb30BaHNUA B MUYUHHO-CNEACTBEHHBIX AUarpamMax. Takne guarpaMmbl MOTYT 6GbiTb MCMONb30BaHSI
ANSA reHepauun ilepeBbEeB OTKA30B U AN BbIYUCNEHWUS BEPOATHOCTU NOSBRNEHNS onpeaeneHHbIX KpUTUYECKUX nocnefosa-
TenbHocTel. OHM TakkKe MOryT BbITb MCMONb30BaHbl ANA reHepaUun AepeBbeB COBbITHIA.

IuTtepatypa:

IEC 62502:2010, Analysis techniques for dependability — Event tree analysis (ETA).

The Cause Consequence Diagram Method as a Basis for Quantitative Accident Analysis. B.S. Nielsen, Danish
Atomic Energy Commission, Riso-M-1374, 1971.

B.6.6.3 Ananus gepeBa co6bITUI

MpumMeyaHune—Ccbinika Ha AaHHbIN MeToa/cpeacTeo nNpueegeHa B MOK 61508-3 (Tabnuua B.4 u C.14).

Llene. MogenmpoBaHue ¢ NOMOLLBIO AnarpaMm NocneaoBaTeNbHOCTU COOLITUIA, KOTOPast MOXET BO3HUKHYTb B CUC-
TeMe nocne NosBNEHUS UHULIMANMU3UpyoWwero cobbiTUS U yka3aTb Ha BO3MOXHblE onacHble nocnefcteus. epeso cobbl-
TWSA TPYAHO CO34aThb C Hyrs, NOSTOMY MOME3HO UCMONb30BaTh CXEMY NOCNEA0BaTENIbHOCTU COBLITUIA.

OnucaHue. B BepxHeil YacTu gnarpamMmMbl 3anUcbIBAaETCA NOCNEAO0BATENBHOCTL YCIOBUMA, OTHOCALLMXCA K hopMUpo-
BaHWIO NOCNEAO0BATENBLHOCTM CODLITUIA, CReayoWwmX 3a UHULManu3npyowmmM cobeitnemM. HaunHas ¢ nHuUmuannsnpyioLero
cobbITUsA, ABNAIOLLIErocs Lenbio aHannsa, NpoBoAUTCA NpAMas NIMHWUA K NEPBOMY YCMOBMIO NocnefoBaTefbHOCTU. Hanuuue
BETBEW «Ja» U «HET» AUarpaMmbl yKasblBaeT Ha 3aBUCUMOCTb ByayLiero cobuiTusa ot ycrnosuid. Kaxgas us AByx BeTBEIN Npo-
Jomxaetca Ao cnegyiollero ycnoeus. OfHaKo He BCe YCNOBUSA BBINOMHAKOTCA Ha 3TUX BETBAX. Kakas-To U3 HUX Npogonxurcs
[0 OKOHYaHWA MOCNefoBaTENbHOCTU YCIIOBUIA, HO KaXaas BETBb AepeBa, NOCTPOEHHasl TakuM cnocobom, npeacrasnaer
BO3MOXHYIO NOCNEeAoBaTENbHOCTL. Ecnu ycnoBus B NocnefoBaTenbHOCTAX He3aBUCUMEI, JepEBO CODLITUIA MOXET GbiTb UC-
Nofib30BaHO ANS BLIMUCIIEHUS BEPOSITHOCTEN pasnnYHbIX NOCNefoBaTelIbHOCTEN, OCHOBLIBAsCH Ha 3HAYEHUSX BEPOATHO-
CTell ycnoBuiA M UX Yucrie B NocrnefoBaTenbHOCTU. NocKosbKy yCrnoBus pegko GbiBaloT NOMIHOCTLIO HE3aBUCUMBIMK, Takue
BblMUCNEHUA HeOBX0ANMO TLLATENbLHO PAaCCMOTPETL U 3TO AOMKHbBI BLINOMHATE KBANMMULMPOBaHHbIE aHANUTUKN.

NuTepaTtypa:

IEC 62502:2010, Analysis techniques for dependability — Event tree analysis (ETA).

Risk Assessment and Risk Management for the Chemical Process Industry. H.R. Greenberg, J.J. Cramer, John
Wiley and Sons, 1991, ISBN 0471288829, 9780471288824.

B.6.6.4 AHanu3 BUAOB, NOCNEeACTBUA U KPUTUYHOCTU OTKA30B

MpumeyaHune— Ccbinka Ha AaHHbIR MeToa/cpefcTBo npusegeHa B MOK 61508-3 (Tabnmuesl A.10, B.4, C.10
nC.14).

Llenk. PaHxupoBaHe KPUTUYHOCTU KOMMOHEHTOB, KOTOPbIE MOTYT BbI3BaTb HapyLUEHUS, MOBPEXAeHUA UNn yxya-
WeHne paboTel cUCTEMBl MPU OAUHOYHLIX OWKUBKaxX B LUeNax onpeaenuTb, KakuM KOMNOHEHTaM MOXeT notpebosaTbea
ocoboe BHMUMaHUe W kaK1ue CpeacTBa ynpaBneHus HeobxoanMbl B NpoLecce NPOEKTUPOBAHUA UK JKCNNyaTauuu.

OnucaHue. 3T0T MeTOg conocTaBuM ¢ FMEA, Ho 0TNUYaeTeca HanMunmem OfHOro UNKU HECKONBKKUX CTONGLOB ANA onu-
CaHWUs KPUTUYHOCTH, KOTOPas MOXET ObiTb paHXupoBaHa MHOrMMU MeTogaMun. Hanbonee cnoxHulil metog onucan ObLue-
CTBOM aBTOMOGUNBHEIX UHXeHepoB (Society for Automotive Engineers — SAE) B ARP 926. B atom meToae 3HaveHue
KPUTUYHOCTW AN5 NoBoro KOMMNoHeHTa oNpeaenaeTca YNCIOM OTKa30B KOHKPETHOro BUaa, npegnonaraeMelM B npouecce
BbIMOSTHEHUA KaX4oro MUMNIMOHa onepauuii, peanusyembliX B KpUTUHECKOM pexuMe. KpUTUYHOCTb ABRSAETCS PyHKUMEN
[ eBATU NapameTpoB, GONbLUMHCTBO M3 KOTOPLIX AOMKHLI BbITb U3MepeHbl. O4YeHb NPOCTOR MeTo  onpefeneHns Kputud-
HOCTM COCTOMT B YMHOXEHUM BEPOSITHOCTU OTKa3a KOMMOHEHTa Ha BeNnnYuHy yllepba, KOTOpLIA MOXET ObiTe NPU STOM
HaHeceH; 3TOT MeTo4 aHanorMyeH NpocTon OLEHKe noKasaTens pucka.

Ilutepatypa:

IEC 60812:2008, Analysis techniques for system reliability — Procedure for failure mode and effects analysis
(FMEA).

Software criticality analysis of COTS/SOUP. P. Bishop, T. Clement, S. Guerra. In Reliability Engineering & System
Safety, Volume 81, Issue 3, September 2003, Elsevier Ltd., 2003.

Software FMEA techniques. P.L. Goddard. In Proc Annual 2000 Reliability and Maintainability Symposium, IEEE,
2000, ISBN: 0-7803-5848-1.

SAE-ARP-926—1997 Fault/failure analysis procedure.

B.6.6.5 AHanu3 nepeBa OTKa3oB

MpuMedaHue— Ccolfika Ha AaHHbIA MeToa/cpeacTso npvBegeHa B MBK 61508-3 (Tabnuua B.4 1 B.14).

Llenb. MNMomolub B aHanmae cobbITUIA UK KOMBUHaL MK COBLITUIA, KOTOPLIE BbI3bIBAKOT Yrpo3bl UNK onacHble nocnea-
CTBWS, ¥ B BLINOSTHEHWUMN BbIMUCNEHNSA BEPOATHOCTU MaBHOMO COBLITUS.

OnucaHue. HaunHasa ¢ rmaBHoro cobbITUS, KOTOpoe MOXET HenmocpeACTBEHHO BLI3BATL Yrpo3y UMM onacHele no-
cnepacTeus («cobbiTUe BEPLUMHLI AepeBay), BEINOMHASTCA aHanna, YTobbl M4eHTUULMPoBaTEL NPUYNHEI 3TOMO COBLITUS.
KomBrHaLumu npuynHel onucbiBatoTcs norndeckumm oneparopamu («M», «ANA» n T g.). 3aTemM aHanM3npyoTca NPoMexy-
TOYHLIE MPUYMHBEI TEM Xe CnocoboM U T. 4., Bo3Bpallasch k 6a3oBbIM COBLITUAM, F4e aHanus npekpaljaeTcs.

LaHHblih MeTog ABNAeTcs rpaduyeckuM, U Ans naobpaxkeHns JepeBa OTKa30B UCnonbayeTes Habop cTaHaapTU3o-
BaHHbIX CUMBOSI0B. B pesynkraTe aHanuaa fepeBo oTkasa npefcrasnseT coboil norndeckyto dyHKUU0, 06beaUHSAIOLLYIO
6asoBble cobbITUA (0OLIMHO OTKa3kl KOMMNOHEHTOB) € MMaBHbIM COBbITUEM (MOMHLIA OTKas cucTembl). PaccmaTpusaemeilit
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MeToh NpefHasHayeH B OCHOBHOM AN aHanuaa annapartHbIX CPpeficTB, HO A0MNYCKaeTCA Talke NPUMEHATL ero K aHanuay
owmbok nporpamMMHoro obecneveHus. ITOT METO/, MOXET UCTONb30BaTLCS AN KAYECTBEHHOrO aHanu3a oTKasos (UAeHTK-
hrKaLusa cueHapueB OTKasa: MUHUMAarbHBIE CEHEHUS UMK NPOCTHIE UMIITUKAHTLI), NONYKONUYECTBEHHO (OLieHNBAs cLeHa-
PUN UX BEPOATHOCTSIMU) U KOSTMYECTBEHHO ANS BLIMMCIIEHUIA BEPOSITHOCTU MMaBHOro cobbiTus (cM. C.6).

Nuteparypa:

IEC 61025:2006, Fault tree analysis (FTA).

From safety analysis to software requirements. K.M. Hansen, A.P. Ravn, A. P, V Stavridou. IEEE Trans Software
Engineering, Volume 24, Issue 7, Jul 1998.

B.6.6.6 Mopenu MapkoBa

M puMmedyaHne — KpaTKoe CpaBHeHWe AaHHOro Metoga ¢ METo4OM, OCHOBaHHbIM Ha 6rok-cxemax HaleXHO-
CTW, NPU aHanu3e MornHoTLl 6e3onacHoCcTU annapaTHbIX cpeacTs cM. B MOK 61508-6 (npunoxenue B.1).

Llenb. MogenupoBaHue NoBeAEHUS CUCTEM, UCTIONb3YA rpad COCTOAHUA-NMEPEXOAOB, U OLeHKa 06LLEeCUCTEMHBIX
napaMeTpoB (HEHafeXHOCTb, HErOTOBHOCTbL, 6e3onacHocTn MTTF, MUT, MDT u ap.) cuctembl.

OnuncaHue. 9To — KOHeuYHbI aBToMaT (cM. B.2.3.2), npeacTaBneHHbIM HanpaBneHHbIM rpadoM. ¥Yane! (Kpyru) npea-
CTaBMAT COCTOAHUA, a pebpa (CTpenku) mexay ysnamMu NpeacTaBnAloT nepexofbl (OTKasbl, PEMOHTHI U T. [1.), MPONCXoas-
Lmne Mexay cocTosHuaMKn. Pebpa nmetor BecoBble KOIPPULUUEHTLI, COOTBETCTBYIOLLIME YacToTaM OTKa30B UMK YacToTam
BOCCTaHoBIeHUid. DyHaamMeHTanbHOe CBOMCTBO OQHOPOAHLIX NpoueccoB MapkoBa 3akiovaeTcs B TOM, YTo byayuiee co-
CTOSIHWE 3aBUCUT TONBKO OT HACTOSLLEro COCTOSIHUSA, TO €CTb Nepexoa n3 coctonaHua N K nocnegytowemy coctosiHmio N+1
He 3aBUCUT OT NpeAblayLero coctosiHUa N-1. OTO 03HAYAET, UTO BCE BEPOATHOCTHLIE 3aKOHBI MOAENel 3KCNOHEHLNanbHb.

CnegyeT 3aMeTUTb, YTO COBLITUS, COCTOAHUA W YaCcTOTbl OTKA30B MOryT 6biTb A€Tann3npoBaHbl TaK, YTO MOXET
6bITb NONYYEHO TOYHOE ONUCAHWE CUCTEMBI, HaNpUMep, oGHapyXeHHble UNKW HeobHapyXeHHbIe 0TKa3sbl, 0GHapyxeHWe
HauGonbllero oTkasa 1 T. N. MHTepBaribl KOHTPONBLHLIX NPOBEPOK Takke MOryT GbITb CMOAENUPOBaHbLI AOMKHLIM 06pasom
npu NoMoLM Tak HasbiBaeMblX MHorodasHblx npoueccos Mapkosa, rae BEpOATHOCTU COCTOAHUN B KOHLIE OAHOW dhasbl
(Hanpumep Kak pa3 nepej KOHTPOSbHLIM UCMbITAHWEM) MOMYT WCMONL30BATLCA ANA BbIMUCNEHUA HaYanbHLIX YCNOBUIA
NS cnegytowei dasbl (HanpUmMep BEPOATHOCTU PasfUYHbIX COCTOSAHUIA NOCNE TOro, Kak KOHTponbHan nposepka Gbina
BbIMNOSIHEHA).

MeTog MapkoBa NoAxXoAMT AN MOAENUPOBAHUS MHOMMX CUCTEM, YPOBEHb WU3GBLITOMHOCTU KOTOPbLIX W3MEHSeTCA
CO BpeMeHeM BCIeACTBUE HaXOXAEHUS1 KOMNOHEHTa B COCTOSTHUM OTKa3a WIn BOCCTaHOBNEHUA. [lpyrue knaccuyeckue
meTogbl, Harnpumep, FMEA u FTA, He MoryT 6bITb aianTupoBaHbl K MOAENUPOBAHUIO BAUAHUIA OTKA30B B TEHEHNE XU3HEH-
HOro L{MKNa CUCTEMbI, MOCKONBKY He CYLLIECTBYET NPOCTOW KOMBUHATOPHOW hopMynbl ANA BEIMUCIEHNS COOTBETCTBYIOLLNX
BEPOSTHOCTEN.

B npocTellmx cnydasx Takyio popmyny, ONUCLIBaIOLWLY0 BEPOSTHOCTU CUCTEMBI, MOXHO HaWTW B nuTepartype
UNK BbIBECTU camocToATenbHO. B 6onee CnoXHbIX cnydvasx CyWwecTBYOT METOAbI YNPOLLEHUS (TO €CTb COKpaLLeHne Ynuc-
na COCTOAHWNA).

TeM He MeHee, oHOPOAHLIN rpad MapkoBa onUCLIBAETCA CUCTEMOI NUHENHBIX AndpdepeHUUanbHbIX YpaBHEHUN
C MOCTOAHHLIMUA KoadbduLMeHTamMn. Bbin NpoBeAeH CepbesHbil aHann3 Takux CUCTEM, B pesyneraTte ANA WX pelueHus
6b1nK pa3paboTaHbl MOLLHbIE anrOPUTMBbI, KOTOPbIe AOCTYNHBI. [103TOMY C yBEenU4eHWeM pasmepa Moaenu o4eHb adpdex-
TUBHO WCMONb30BaTHL BhILLEYNOMSAHYTHIE anropuTMbl, KOTOpbIe peanu3oBaHbl B BUAE PasnnyHbIX NakeToB NPOrpaMMHOro
obecneyeHus.

HyXHO 0TMeTUTb, YTO pa3mep rpada pacTeT IKCNOHEHLMANBbHO C YACNOM KOMNOHEHTOB, 3TO — TaK Ha3blBaeMblii
KOMBUHaTOpPHLIN B3pbIB. [10STOMY AaHHbIA MeToa NpUMEHUM 6e3 anpokcUMaLnii ToNbKo ANA HeGONbLINX CUCTEM.

Ecnu 3akoHbl pacnpegeneHnst HeaKCnoHeHUManbHble (NonymMapKoBcKMe NPoLecehl), TO He06XoAUMO UcnonbL3oBaTh
MeToA MoaenupoBaHust MoHTe-Kapno (cm. B.6.6.8).

Iutepatypa:

IEC 61165:1995 Application of Markov techniques.

The Theory of Stochastic Processes. R.E. Cox and H. D. Miller, Methuen and Co. Ltd., London, UK, 1963.

Finite MARKOV Chains. J. G. Kemeny and J.L. Snell. D. Van Nostrand Company Inc, Princeton, 1959.

The Theory and Practice of Reliable System Design. D. P. Siewiorek and R.S. Swarz, Digital Press, 1982.

Sécurisation des architectures informatiques. Jean-Louis Boulanger, Hermés — Lavoisier 2009, ISBN:
978-2-7462-1991-5.

B.6.6.7 CTpyKTypHbIe cxeMbl HafieXXHOCTH

MpumeyvyaHus
1 OaHHbli MeTon/cpeacTBo ucnonbsyetca B MOK 61508-6 (npunoxerune B).
2 CM. Takxke C.6.4 « CTpyKTYpHbIE CXeMbl HaAEXHOCTM Y.

Llenb. MogenuposaHue B hopMe fuarpamm Habopa cobbITUiA, KOTOPbIE AOMKHBI MPOUCXOAUTL, U YCIOBUI, KOTOpbIe
LOMXKHBI BbITb YAOBNETBOPEHLI, AMA YCMNELLUHOro BLINOIHEHUS onepauuii cucteMbl Uy 3agady. JaHHblil MeTog B Gonblueit
CTeneHu SBNSETCA METOAOM NPEACTaBMNEHNUs, YeM METOL0M aHanusa.

OnucaHue. JaHHbIN METOA MO3BONAET chopMUPOBaTL YCMELUHLIA MapLUpyT, COCTOALWMA U3 GrOKoB, TMHUA U Nno-
rMYeckux nepexoaoB. Takoi ycrnellHbId MapLUpyT Ha4MHaeTCs OT OAHOW CTOPOHbI AUarpaMMbl W MPOXOAUT Yeped Brioku
1 noruyeckue nepexofbl 4o ApYroi CTOPOHLI AnarpaMmel. Briok npegctaenser coboll ycroBue unu cobeitue, MapLupyT
MPOXOAMUT YEpPE3 Hero, ecrn yCroBUe UCTUHHO MW cobbiTue npousowwno. Korga MapLupyT NOgX0AUT K NOrM4eckoMy nepe-
XOAY, TO OH NPOAOIMKAETCS, €Cr KpUTEpUiA nmormyeckoro nepexofa BeinonHaeTcA. Ecnv MapLupyT gocturaet kakoin-numbo
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BEPLUNHBI, TO OH MOXET MPOAOIIXaTLCA MO BCEM UCXOAALMM U3 Hee MyTAM. Ecnu cyuwlecTByeT No MeHbLUER Mepe OAWH
yCrneLHbI MapLUpYT Yepes BCIO AnarpamMy, TO Liefb aHanu3a cHuTaeTcst JOCTUTHYTOM.

[aHHbI MeToa No3BoONAET chopMUPOBATL CTPYKTYPHOE NpeACTaBneHne MoaenupyeMon CUCTEMBI. 3Ta CTPYKTypa Ha-
NOMWHAET SNeKTPUYECKYIO CXEMY, B KOTOPOI TOK NPOTEKaET OT BXoAa K BbIXOAY, YTO 03HaYaeT, YTo Mogenupyemas cuctema
paboTaeT gonxHbIM obpasoM. Ecnu B cxeme ecTb pa3pbiB, TO 3TO O3HAYaEeT, YTO B MOAENUPYEMOI CUCTEME NPOU3oLLen oT-
Ka3. B pesynsraTe nosBnsieTcs KOHUENUMS HABopPOB MUHUMasIbHBIX CEYEHMIA, KOTOpbIE NPEACTaBNSAOT KOMOUHALMK OTKa30B
(T.e. MecTa, Ifje CTPYKTypHasa cxema HafIeXXHOCTU UMEET «pa3pbiBy), NPUBOASALLNX K OTKa3y MogenupyeMon CUCTEMBI.

MaTemaTudeckn faHHbIi MeTop noaobeH AepeBy oTkasoB. OH NpeAcTaBNAET NOrMHECKY0 (OYHKLIMIO, CBASLIBIOLLYIO
COCTOSIHWA OTAEMbHBIX KOMMOHEHTOB (OTKasaBLUMX UK paboTalowmnx) C COCTOAHWEM BCel CUCTeMbl (OTKasaBLUEeN Unn pa-
6oTatoleit). MoaTomy BelMUCEHUA NOAOOHLI TEM, KOTOPLIE ONUCaHbI AN ilepeBa OTKa30B.

InTepatypa:
IEC 61078:2006 Analysis techniques for dependability — Reliability block diagram method.
Sécurisation des architectures informatiques. Jean-Louis Boulanger, Hermeés — Lavoisier 2009, ISBN:

978-2-7462-1991-5.
B.6.6.8 MoagenuposaHue metogom MoHTte-Kapno

MpwnmeyaHune—Ccbinka Ha faHHbIN MeToa/cpeacTBo npuBeaeHa B MOK 61508-3 (Tabnuua B.4) n ucnonbay-
etca B MOK 61508-6 (npunoxeHue B).

Llenb. MofenvpoBaHue cuTyauuii peanbHOro MUpa METOAOM reHepauuu cnydaiHbIX YUcen, Korga aHanuTudeckne
MeToAbl HE NMPUMEHUMBI.

Onucanve. MogenuposaHue metofoM MoHTe-Kapno ncnonb3yetcs Ana peleHns AByX Knaccos npotnem:

- BEPOATHOCTHOrO, B KOTOPOM A1 FeHEpaLUmn CTOXacTUMECKUX CUTYaLMn UCNONB3YIOTCA CNyYaiiHble Yucna,

- [,eTepMUHUCTUYECKOTO, KOTOPLI MaTtemaTU4eckn npeobpa3yeTcs B SKBUBANIEHTHYIO BEPOATHOCTHYIO hopMy.

MpuHUMn MofenupoBanus MoHTe-Kapno ncnonb3ayeT cnydaiiHble Ynucna Ans aHUMauuu mogenu noseaeHua npa-
BUIBHO W HEMpPaBUIbHO (OYHKLMOHMPYIOLLEN Uccnegyemoi cuctembl. Takue noBegeHYecKne Mogenu peanusyroTcs Moge-
nsAMK cocTosiHuA-nepexofbl (rpad Mapkosa, ceTu MeTpu, popmanbHble A3bikM U T. 4.). MogenuposaHue MoHTe-Kapno
MO3BONSET NOMYy4UTh BOMbLLYIO CTaTUCTUYECKYHO BLIGOPKY, U3 KOTOPOW (hOPMUPYIOTCS CTaTUCTUMECKNE pe3ynbTaThl.

Mpw ucnonb3oBaHun MoaenupoBaHUa MoHTe-Kapno Heobxogumo 3aboTuTbcs O TOM, 4TOGblI rapaHTUpOBaTh,
YTO CMELLEHUS, JOMYCKN UNK LIYM BbINiK B NpUEMNEMbIX AnanasoHax. 3TUM HeobXxoauMo ynpaBnaTh Yepes foBepuUTErb-
Hblii MHTepBan, KOTOPLIWA NIENKO MOXET BbITb NONYYEeH N3 MOAENUPOBaHWIA. Bonpekn aHanMTU4ecKUM MeTogaM MOAENMpPO-
BaHWe MoHTe-Kapno aenaetca camoannpakcuMupyrowumcsa. nsa ynpoLueHsa MoAenn HesHavuTenbHble cobbiTUA NpoCTo
He nosiBngAoTcs 63 HeoBXOAVMOCTHN UX AEHTUDUKALMN.

O6wwue NpuHUMNEl MogenupoBaHua MeTogoM MoHTe-Kapno 3akntodatotca B nepecopMynupoBaHmm npobnemsl Tak,
YToObl NOMy4YeHHbIe pe3ynbraThl Obin Kak MOXHO 6ornee TOUHBIMK, YTO MO3BONIAET OTKA3aTbCA OT peLleHns Npobnemel
B €€ UCXOLHON NOCTaHOBKeE.

B KoHTeKcTe HacTosllero cTaHaapTa MogenvpoBaHue MoHTe-Kapno MoxeT ucnonb3oBarhes s BoiuucneHui Yrb
W YYUTLIBATL HEOMNpPEAENEHHOCTN AaHHLIX O HAAEXHOCTU. Mcnonb3ys COBpEMEHHbIE KOMMBIOTEPLI, MOXHO NErko BbINOA-
HUTb MoAgenupoBaHue cuctemsl ¢ YIb 4.

NuTeparypa:
Monte Carlo Methods. J. M. Hammersley, D. C Handscomb, Chapman & Hall, 1979.
Sécurisation des architectures informatiques. Jean-Louis Boulanger, Hermeés — Lavoisier 2009, ISBN:

978-2-7462-1991-5.
B.6.6.9 Moaenu aepeBa oTKa3oB

MpumeuvaHunsn

1 O npuMeHeHUM JaHHOrO MeToAa AN aHanu3a nofHoThl H6esonacHocTu annapaTtHoro obecneveHns cm. B MOK
61508-6.

2 lNpuUMeHeHWe lepeBa OTKa30B B KauecTBe CPeACTBa MOATBEPXAEHUS COOTBETCTBUS 6e30nacHOCTU yxe 6bino
onucaHo B B.6.6.5. [JaHHbI# MeToA TaloKke LUIMPOKO UCMONb3yeTcs AN aHanu3a oTKasoB U BePOATHOCTHLIX pac4eToB.

Llenb. MNpu nomoLum cucTeMaTU4ECKOro HUCXOASALLEro rpaduyeckoro (crneacTsne — nNpuYnHa) Nogxoaa NOCTPOUTL
riormdeckyto yHKUMIO, CBA3LIBatOLLYHo 6a3oBble coBLITUA (BUALI OTKA30B) C IMaBHLIM COGLITUEM (HexenaTenbHoe cobbiTue).

OnucaHue. 3TO OHOBPEMEHHO U METO/, aHanusa, NoMoratoLLuii aHanuTUKy Lar 3a warom paspabotatb Mogensb,
M MaTeMartuyeckas MOAernb AN BEPOSATHOCTHLIX pacyeToB. [laHHbIA METOA NO3BOMAET BLINONHATD!

- Ka4eCTBEHHbI aHanu3 NyTeM BbISIBIIEHUS U COPTUPOBKU CLiEHapUeB OTKa3oB (MUHUManbHbIE CEYEHUA UNKU Npo-
cTelume UMIITMKaHTHLI);

- nOHyKaHeCTBEHHbIﬁ aHanus nytemM paHXupoBaHUA CLieHapUeB B COOTBETCTBUN C UX BEPOATHOCTAMU BOSHUKHOBEHUA,

- KONMUYECTBEHHLIA aHanu3 nyTemM pacyeTta BEpOATHOCTU MMaBHOIo cobbITUSA.

MoaobHo Gnok-cxeMam HafleXHOCTH, 1EPEBO OTKA30B MpefcTaBnsieT norudeckyto (bynesy) yHKUMI0O, CBA3LIBalO-
LLIYIO COCTOSIHUSI MHAMBUAYaNbBHLIX KOMMNOHEHTOB (OTKa3an unu paboTaeT) ¢ cCOCTosiHUEM BCE CUCTEMBI (OTKa3ana unu pa-
6oTaeT). ECnu KOMNOHEHTHI ABMSAOTCA HE3ABUCUMMBIMU, TO BEPOSTHOCTHLIE pacqeThl ANA NOMMHECKOi PyHKUMKU MOTyT
6bITb BbINOMHEHBLI TOMBKO C Y4€TOM BEPOATHOCTHBLIX CBOUCTB 06a30BbIX KOMMOHEHTOB. 3TO He TaK NPOCTO, NOCKOJIbKY 3TO
cTarun4yeckaa moaesib B OCHOBHOM pa60TaeT TONbKO € NOCTOAHHBIMU BEPOATHOCTAMMU. Pacuer BepOFlTHOCTeﬁ, 3aBUCUMbBIX
OT BpEMEHMU, AOMKeH BbITk NpoBefieH ocobeHHo BHUMaTenbHo. Hanpumep, PFDavg cuctem 6e3onacHoCTH, BKITOYAIOLLMX
nepnognyeckoe KOHTpoJibHoe TeCTUpoBaHUEe KOMMNOHEHTOB, HE MOXET ObITb paccHuTaH HenocpeaCTBEHHO, KpoMe Toro,
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elle Gonee crnoxHo paccunTaTe PFH ans cuctem 6esonacHocTy, paboTatolnx B HEMpepbIBHOM pexume. Mostomy ¢ no-
MOLLIbIO AaHHOrO MeTofa TONbKO MHXEeHepbl Mo HageXHOCTH C My6oKMM NOHUMaHMEM MaTeMaTUKuW, nexalleih B 0cCHoBe
[laHHOro MeToAa, JOMMKHbI MPOBOAUTL PacHeThl 3Ha4eHUA HeroToBHOCTL/PFD 1 HeHagexHocTs/PFH.

[ns oueHb NPOCTLIX fepeBbeB 0TKa30B pacyeTbl MoryT 6biTe NpoBeAEeHbl BPYYHYLO, 0OAHaKo 3a nocnegHue 50 neT
6bino paspaboTaHo U peanu3oBaHO 40BOMBHO GOMbLUOE KOMMYECTBO anropuTMOB AN PELUEHUS CROXHBLIX NOrM4ecKux
ypaBHeHUiA. Hanbonee coBpeMeHHBIM Ha TeKyLWUA MOMEHT SIBNAETCA METOA ABOWYHBLIX AuWarpaMm peleHuin (Binary
Decision Diagrams, BDD), KoTophklii OCHOBaH Ha TEXHUKE KOMMAaKTHOro KoLWpOBaHUA NOrMYECKNX YpaBHEHWA B NamMATH
KomnbtoTepa. B HacTosLiee BpeMS STO €4MHCTBEHHBIA METOZA, CNOCOBHLIN BLINOMHATE BEPOATHOCTHBIE pacqeThl 6e3 npu-
BGNUXEHUA ANa CUCTEM MPOMBILLNEHHbIX pasMepoB. OH Takke A0CTaToMHO addeKTUBEH Ans obpaboTkn HeonpeaeneH-
HocTel npu MogenuposaHun MetogoM MoHTe-Kapro.

JluTepatypa:

IEC 61025:2006, Fault tree analysis (FTA).

B.6.6.10 O60611eHHble cTOXacTMYyeckue Mogenu cetei MNetpu

MpuMevyaHunsn

1 O NpMMeHeHWU JaHHOro MeToda AN aHanuaa NonHoTel 6e3onacHocTW annapaTHoro obecnedeHnsa cM. B MOK
61508-6.

2 MeTog ceteli [MNeTpu yxe Gbin onucaH B B.2.3.3 kak nonydopmarnbHelii MeTog. JaHHblii MeTog Takke MOXET BbITb
3¢ppeKTMBHO MCMONbB30BaH AN aHanusa nonHoThH 6e30nacHoCT annapaTHoro obecneyveHus.

Llenb. Mpaduyeckun nocTpouTb Mogenb NoBeAEHUS NPaBUMbHO U HEMPaBUBHO (OYHKLUOHUPYIOLLYIO CUCTEMBI Ha-
CTONbKO BNM3Ko K pearnbHHOW MOAENWU CUCTEMbI, HACKOMBKO 3TO BO3MOXHO, B Lienax obecneveHus addekTusHol noa-
fepXKn mogenuposaHua metogom MoHTe-Kapro.

Onucanue. MNpUMeHSIeTCH aCUHXPOHHbIA KOHEYHbIA aBTOMAT, oNncaHHbIi B B.2.3.3, 3a UCKMIOYEHNEM TOro, YTO XOPO-
LLilee CBOMCTBO, OTCMeXUBaeMoe npu nonydopmansHOM NOATBEPXAEHUN COOTBETCTBURA, HE CYLLECTBYET, Koraa MoAEnNupy-
€TCA NoBefeHNe HenpaBuUnbHO YHKLMOHUpPYLoLel cucTemel BesonacHocTu. Tak HasblBaeMble Nosnuyumn (u3obpaxatorcs
Kpy>XO4KaMu) NpesCTaBsoT BO3MOXHbLIE COCTOAHWS, @ TaK HasblBaeMble nepexofbl (M306paxatoTcs NPAMOYrofibHUKamu)
NpeACTaBnsT COObITUS, KOTOPLIE MOTYT NPOU30UTU. KpoMe MapkupoBaHua noanumit (cm. B.2.3.3) moryT 6bITb Ucnonb3o-
BaHbl COOBLLEHNS NN NpeAnKaThl AN NOATBEPXKAEHUS COOTBETCTBUS (aKTUBMU3aLIMKU) NEPEXOA0B, a NPOACIKUTENBHOCTL
3afepXKn Mexzay akTuBu3aLuei nepexoga u ero «Bo3byxAeHUEeM» MOXET OblTb 4eTEPMUHUPOBAHHOW UMK CTOXacTUYe-
CKOW BeNuU4YMHoiA. MoaToMy Takue ceTv MNeTpu HasbiBatoTCA «060BLIEHHBIMW CTOXacTU4YECKUMUY ceTamu MeTpu.

Cetu MNeTpyn SBNAOTCA TMOKMMU NoBefEeHYECKUMU MOAENAMU, KOTOPbIE NMOATBEPXAAIOT CBOIO BBICOKYIO adpdekTnB-
HOCTb ANA NogAepXkn MogenupoBaHmsa MetogoM MoHTe-Kapno (cMm. B.6.6.8). Kpome TouHOCTU camoro metoaa MoHTe-
Kapno, koTopasi, Tak Wiu WHade, BCerga W3BECTHa, BCe OrpaHWYeHWUs APYruX MeTofoB (3aBUCMMOCTHM, KOMOUHATOPHBLIN
B3pPbIB, HE3KCMOHEHLUWAaNLHOCTL 3aKOHOB pacnpefeneHna v T. A.) npeogonesalotcs. [N coBpeMeHHbIX KOMMLIOTEPOB
GonbLe He sABnseTcA npobnemoii gaxe oueHkn ansa YIE 4.

IutepaTtypa:
IEC 62551:2012, Analysis techniques for dependability — Petri net modeling.
Sécurisation des architectures informatiques. Jean-Louis Boulanger, Hermés — Lavoisier, 2009, ISBN:

978-2-7462-1991-5.
B.6.7 AHanu3 HauxyaLlero cnyvas

MpumMedaHue— Ccbinka Ha AaHHbIA MeTo/cpecTBO NpuBefeHa B MOK 61508-2 (Tabnuupl B.5 n B.6).

Llenk. UcknioveHmne cuctemaTuieckmx oMboK, BOZHUKaIOLWMX B pesyrnsraTte HebnaronpusaTHLIX coMeTaHUi YCNoBUIA
OKpy»aloLeit cpeabl U JONYCKOB Ha NapamMeTpbl KOMMOHEHTOB CUCTEMBI.

OnucaHue. GKCI'IJ'IyaTaLWIOHHbIe BO3MOXHOCTU CUCTEMbI U pa3Mepbl KOMIMOHEHTOB UCCIEAYIOTCA UITU BbIYUCIIAKOTCA
TeopeTudeckn. MNpu 3TOM ANA YCNOBUIA OKpy>KaloLLeil cpefbl 3afaloTcs UX JOoNyCTUMbIE NpefenbHble 3Ha4YeHUs. AHanmaun-
pYyIOTCA M CONOCTaBNSATCA CO cneyndukaLmein Hanbonee cylecTBEHHbIE XapaKTEPUCTUKUA CUCTEMBI.

B.6.8 PacwumpeHHoe ¢pyHKUMOHaNLHOE TeCTUpOBaHue

MpumedaHune— Ccbinka Ha JaHHbIA MeToa/cpeacTBo NpuBeaeHa B MOK 61508-2 (Tabnuupl B.5 u B.6).

Llenb. O6HapyxeHWe OTKa3oB Ha CTagusax creuudukalmmu, NpoekTMpoBaHusa U paspabotku cuctemsl. [poBepka
noBeAeHNA CUCTEMBI, CBA3AHHOIW ¢ 6e30NacHOCTbIo, B Criydae pefkux Unu HecneundguumupoBaHHbIX onepawuii BBoAa UH-
chopmMayum.

Onucanue. PaclumpeHHoe dyHKLMOHanbHoe TecTupoBaHue nposepsieT (yHKLMOHaNbLHOe NoBefeHUe CUCTEMBI, CBS-
3aHHOIN ¢ 6e30NacHOCTLIO, Kak peaKLMio Ha BXOAHLIE YCIIOBUS, KOTOPLIE OXUAAIOTCA TONMbKO B PeAKUX criydasx (HanpuMep
rnobanbHOro oTkasa) WM He oxsaTbiBaloTCsA crieLymduKaLmein cucTemsl, cBsi3aHHON ¢ 6e3onacHoCTLIo, (Hanpumep Hekop-
peKTHble onepauun). [na peako BCTpeYaloLUXcs YCroBuid HabnofgaeMoe noBefieHne CUCTEMBI, CBsI3aHHOW ¢ 6esonacHo-
CTbiO, CpaBHUBaETCA cO cneyndukaLueid. B Tex cnyyasix, Korga peakyuss cucTeMebl, CBA3aHHOM ¢ 6e3onacHoCTbIo, He creL-
nduymposaHa, cneayert ybeauteca B TOM, YTO 3aaHHas 6e3onacHoCTb coxpaHeHa B HabniofaeMoi peakLyun cucTemsl.

Nutepatypa:

Functional Program Testing and Analysis. W. E. Howden, McGraw-Hill, 1987.

The Art of Software Testing. G.J. Myers, Wiley & Sons, New York, 1979.

Dependability of Critical Computer Systems 3. P. G. Bishop etal., Elsevier Applied Science, 1990, ISBN 1-85166-544-7.
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B.6.9 UcnbiTaHUA B HauXyaLwmnx cnyvasax
MpuMeyaHune— CchiNka Ha AaHHbIA MeToa/cpegcTo npusegeHa B MOK 61508-2 (tabnuubl B.5 n B.6).

Llenb. TecTupoBaHue cuTyaLuid, cneyuduLMpoBaHHbIX BO BpeMsl aHanusa HauxygLumx crny4vaes.

OnucaHne. SkcnyaTauuoHHbIe BO3MOXHOCTU CUCTEMBI U pasMepbl KOMMOHEHTOB TECTUPYIOTCA ANS HauxyaLumx
cnyyaes. [Mpy STOM 4N YCNOBUIA OKpYXatoLel cpefbl 3afatoT UxX AONyCTUMbIe NpefenbHble 3HadeHus. AHanuanpyotes
¥ conocTaBnsATCA co cneludukalen Hanbonee CyLIECTBEHHbBIE XapaKTepPUCTUKN CUCTEMDI.

B.6.10 NcnbiTaHus c BBeAeHUeM HeucnpaBHOCTEN

MpunmeyaHune— Cchifika Ha fjaHHbI MeTOA/cpeAcTBo NpuBefeHa B MOK 61508-2 (Tabnuupl B.5 n B.6).

Llenb. BHeceHue unm uMUMTaLWA HeUcnpaBHOCTE B annapaTtHble CpeAcTBa CUCTEMbI U OKYMEHTUPOBaHNE peaKLym
cucTeMmsl.

Onucanue. MNpeacTaBneHHbI METOL OLEHKU 3aBUCUMOCTEN SBNAETCA KadeCcTBeHHbIM. [ns onucaHWsa MecTonorno-
XKEHWA M TWUNa HeucnpaBHOCTeW, a Tawke crnocoba WX BHECEHUS NPEANOYTUTENBHO UCNONL3YHTCA AeTanusnpoBaHHble
hYHKUMOHarbHbIE BITOKW, CXEMBI U CXEMHBIE UarpaMMbl; HANPUMEp, NMMTaHne MOXET He MOCTYNaTb Ha pasnuyHble MOAY-
TV, NIUHUW NMUTAHWSA, NIMHAW OBLLE LUWHEI UK agpecHble NIMHUU MOTYT BbITb Pa3OMKHYTHI/KOPOTKO 3aMKHYThI; KOMMOHEHTHI
UMK UX NOPThI MOTYT BbITh PAa3OMKHYTHI UMW 3aKOPOYEHEI; pene MoryT ObiTb 3aMKHYThI UM PA3OMKHYTbI, NGO UX AeicTBUA
MOTYT BbINOMHATLCA B HECOOTBETCTBYOLLIME MOMEHTLI BPEMEHW U T. . BosHuKaloLLe B pesyrnsTaTe 0TKa3bl CUCTeMb kKiac-
cnucpmumpytrotes, Hanpumep, Tabnuubl 1 u 2 B [8]. O6bIYHO BBOASATCA O4UHOYHBIE HEUCNPABHOCTU B YCTONYMBOM COCTOSIHUK
cucteMbl. OfHaKo B criydae, ecriv HeucnpaBHOCTb He 0BHapyXMBaeTCs TEeCTOM BCTPOEHHOM JWarHoCTKM U oKasbiBa-
€TCH He 0YEBU/HOW, OHa MOXET COXPaHWUTLCH B CUCTEME U BbI3BaTb CEfYIOLLYH0 HEUCTNPaBHOCTL. MpU 3TOM KONUYecTBO
HeucnpaBHOCTEN MOXET BLICTPO BO3pacTu MHOFOKpaTHO.

Takue WCMNbITAHUA NPOBOASATCS MHOrONPOMUMLHBIM KONMEKTUBOM crieuyymanuctoB. MocTaBluUK cMCTeMbl AOMKeEH
npu 3TOM NPUCYTCTBOBATL U NonyYaTb peKoMeHgauun. [na oTkasos, NpUBOASLLMX K ONAcHLIM NocrnefCTBUSM, BEIYUCISAIOT
¥ oLEeHMBAaLOT cpefHee BpeMsi HapaboTku Ha oTka3. Ecrnn aTo BpeMs mano, Heobxogmuma MogudmuKaLms cCUCTEMBI.

Jlutepatypa:

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

IEC 61069-5:1994, Industrial-process measurement and control — Evaluation of system properties for the purpose
of system assessment — Part 5: Assessment of system dependability.
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MpunoxeHune C
(cnpaBouHoe)

AHanus MeToaoB U CPEACTB AOCTMXKEHUA MOMHOTLI 6€30MaCHOCTU NPOrpaMMHOro obecneyeHus
(cm. MK 61508-3)

C.1 O6Lume nonoxeHus

AHanua MeToAOB, COAEPXaLUMACA B HACTOALLEM NPUMOXEHUU, HE CREAYeT paccMaTpuBaTb Kak MOMHbIA UK WUc-
YepnblBaOLUA.

C.2 TpeGoBaHUA U AeTanbHOE NPOeKTUpPOBaHue

MpuMeyaHune— CooTBETCTBYIOLME METOALI U CPEACTBA NpUBeAeHbl B B.2.
C.2.1 CTpyKTypHble MeTOoAbI
MpumMedyaHune— Ccbinka Ha gaHHblil MeToa/cpefcTao npusegeHa B MOK 61508-3 (Tabnuubl A.2 n A.4).

C.2.1.1 O6wme nonoxeHus

Liene. OcHOBHasA Lenb METOAO0B aHanmaa CTPYKTypbl (CTPYKTYPHBIX METOLOB) COCTOUT B obecneyeHun kadectsa
pa3paboTkn nporpaMMHOro obecneyeHus. JaHHble METOAEI B OCHOBHOM WCMOMNb3YHOTCA Ha paHHUX CTaAUsAX XXKU3HEHHOIO
Lukna cosfaBaemMoil cucteMbl. CTPYKTYpHbIE METOA bl UCTIONB3YIOT Kak TOYHbIE, TaK U UHTYMTUBHbBIE NPOLEAYPLl U HOTaLuu
(nopaepxvMBaeMble KOMMbIOTEPaMM), @ TakKe ONPEAENSIOT U NO3BOISHOT JOKYMEHTanbHO odopMnATe TpeboBaHUs U BO3-
MOXHOCTMW peanuaauun B Nornyeckoi NocnesoBaTenbHOCTU U CTPYKTYPUPOBAHHBIM COCOBOM.

Onucaxue. CyLiecTBYeT 40CTaTO4HO MHOMO CTPYKTYPHLIX METOA0B. HekoTopble U3 HUX CO3faHbl ANs BbINOSHEHUSI
TPaaULMOHHBIX MYHKLUA 06paboTkn faHHbBIX U TpaH3aKUuid, Apyrue B Bonblueil cTeneHn opMeHTMPOBaHbl Ha NpoLecchl
ynpasfeHus 1 3afa4un peanbHOro BpeMeHu (4N cMCTEM, peanusyioux Takue 3agaydun, Xxapakrepuctmka 6esonacHocTm
aBnseTca 6onee KpuTu4HOM, Yem Ans apyrux cuctem). UML (cm. C.3.12) cogepXUT MHOro NpuMepoB CTPYKTYpUpOBaH-
HbIX HOTaLMA.

CTPYKTYpHblE METOAbLI MOXHO CUMTaTh «UHTEMNEKTYyanbHLIMU UHCTPYMEHTaMU», NpefHasHavyeHHbIMU Ansi 0606-
LLIEHHOro BOCTIPUSATUSA U CTPYKTYPU3aLMi KOHKPETHOW npobnemel unu cuctemMsl. K MX OCHOBHBIM CBOWCTBAM OTHOCSTCS:

- MCMonb30BaHWe JOrMKW B pacCyeHusix U BbiBogax, €KOMMNO3ULMUS CrOXKHO NpoBneMbl Ha ynpaBnsieMble CTaguuy;
aHanua v JOKyMeHTUpoBaHWe BCEN CUCTEMBI, BKITFOYAs OKPYXaIoLLYIO cpefy, a Takke paspabaTbiBaeMylo cuctemy;,

- LEKOMMO3MUMA faHHbIX U PYHKUMIA B paspabaTbiBaeMoi cucteme,;

- MCronb3oBaHMe KOHTPOSbHbBIX TabrnuL, To eCTb CNUCKOB TUNOB OGBLEKTOB, HYXAAIOWWUXCA B aHanuse,

- Manas UHTenneKkTyanbHas neperpyska — npocTota, UHTYUTUBHOCTb U NPaKTUYHOCTL NPU NpeACTaBneHUn Npo-
6nemMbl UnNK cUCTEMBI;

- aKkueHTMpoBaHWe Ha paspaboTke CTPYKTypHO MOAEnu cosfaBaeMoil cucTeMbl ¢ nogaepxkoit CASE cpeacts
ANSA NonHOTLI MeToga.

HoTauuu, ucnonbsyemble ANa aHanusa n JoKyMeHTMPOBaHUA NpobneM n o6LeKToB cUCTEMBI (HaNPUMEp Ha OCHOBE
NpoLIECCOB W MOTOKOB faHHbLIX), OPUEHTUPOBAHbLI Ha CTPOroCTh, OfHAKO HOTaLMK ANS BbpaXeHUs dyHKUU o6paboTk,
BbIMNOSHAEMbIX 3TUMU 0BbeKkTaMu, SBRSAOTCA Gonee HedopMarnbHeIMU. B TO e BpeMs HEKOTOpble MeTOoAbl YacTUHHO
UCNonb3ytoT hopMarbHble HoTaLuK (HanpuMep perynspHble BblPaXeHWa UK KOHeYHble COCTOSIHUA aBTOMaToB). YBenu-
YeHWe TOYHOCTU HOTaUMK He TOMNBKO MOBLILIAET YPOBEHL MOHUMaHWS, HO U 06ecrneynBacT BO3MOXHOCTb aBTOMaTU3NPO-
BaHHoW o6paboTku.

OpyrM NnpenmyLLecTBOM CTPYKTYPHBIX HOTaLWi SBNSAETCA UX HAarMAAHOCTb, KOTOpas No3BOMNSET NoMb30BaTENto UH-
TYUTUBHO NPOBEPATb BO3MOXHOCTM creLndrKkaLmm unm npoekTa npyu HemnomnHow nHeopmMaLuu.

[aHHbIA KpaTknil 0630p ONUCLIBAET HECKOMBKO CTPYKTYPHBIX MeTogoB 6onee nogpobHo.

IutepaTtypa:

Software Engineering for Real-time Systems. J.E. Cooling, Pearson Education, 2003, ISBN 0201596202,
9780201596205.

Software Design. D. Budgen, Pearson Education, 2003, ISBN 0201722194, 9780201722192.

C.2.1.2 YnpaBnsaemoe npeacraBneHune TpeGoBanuit (CORE)

Llenb. OBecneveHune TpeGoBaHuit, onpegeneHniti 1 popmyrMpoBOK.

Onucarue. [laHHbI METOA [OMKEH yCTpaHWTbL Npoben mexay noTpebutenem/KoHeYHbIM NONbL3OBATENEM U aHa-
NUTUKOM. OH He OCHOBaH Ha MaTeMaTU4YecKn CTPOroi Teopuu, a ABnsAeTcs CpeacTBoM KoMMyHukauunm. Metoq CORE
cosfaH Ansa npeacrasneHnsa TpeboBaHUi, a He Ans cneyudmkaunii. JaHHblii METOA ABNAETCA CTPYKTYPUPOBaHHbLIM, BCE
ero npeAcTaBneHnsa NPOXoAAT Yepes pasnnyHble ypoBHU yTodHeHWn. MeToa CORE ucnoneayeTes Ans LWMPOKOro Kpyra
npobnem, y4uTbiBaeT cBefeHUst 06 OKpyxatoLei cpefe, B KOTOPO cucTemMa OYHKLMOHUPYET, a Takke pasinyHble ToY-
KW 3peHWA pasHbix TUNoB nonb3osatenen. Metogq CORE cofgepxuT pykoBoasALMe MaTepuansl 1 TaKTUMECKUE nogxodbl
L1151 TOro, YTo6bl YNPOCTUTE CIIOXHBIA NPoekT. Takoe ynpoLeHne MoXeT BbITb CKOpPpPEKTUPOBaHO NGO ABHLIM 06pa3oM
UAEeHTUPULMPOBAHO U OKYMeHTaNbHO odhopMIeHo. Takum obpasom, cneundukalmm MoryT BbiTb HeMOMHBIMMK, OfHaKo
BbISIBNEHHbIE HepelleHHble NpobneMbl U 06racTu BLICOKOrO puUcka JOSKHbl BbiTe paccMOTPEHbl NpU NocneayoLem
NpoeKTUpOBaHUH.
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INuTepartypa:

Software Engineering for Real-time Systems. J.E. Cooling, Pearson Education, 2003, ISBN 0201596202,
9780201596205.

Requirements Engineering. E. Hull, K. Jackson, J. Dick. Springer, 2005, ISBN 1852338792, 9781852338794.

C.2.1.3 Metop pa3paboTkn cucteMbl no [hxekcoHy (JSD)

Llenb. Paspa6oTka MeToga, oxBaThIBalOLLEro Co3faHne NPorpaMMHEIX CUCTEM OT cTagun dhopMupoBaHus Tpebosa-
HWUIA A0 CTaAK KOAMPOBaHUS, cneLuansHo AN CUCTEM peanbHOro BpEMEHM.

Onucanne. Metoa JSD npefcraenser coboit No3TanHylo nNpoueaypy paspaboTku, B KOTOpOW pa3paboTunk mope-
TNUPYET NoBefEeHWE pearbHOr0 MUpa, KOTOpoe NMpeAcTaBnAeTca PyHKUMAMM CUCTEMBI, ONMPEAENSAET 3TU PYHKUWUK, BBOAUT
uX B MoZienb U npeobpasyeT o6pa3oBaBLUylocs B pesynsraTe cneyudukaLuio, Kotopas peanusyema B NNaHUpyemoii cpeae.
MoaToMy faHHbIl MeTof OXBaTbIBAET TPaAULMOHHbIE STanbl, TakMe Kak cosfaHue cneumdukaLnii, NpoeKTUpoBaH1e 1 pas-
paboTka, HO HECKOSBKO OTIIMHAETCA OT TPaAMLIMOHHBIX METOAO0B U He ABMAETCA METOLOM HUCXOAALLEro NPOEeKTUPOBaHUA.

HaHHblii MeToa yaensieT 6onblioe BHAMaHWE BbISBNEHWIO Ha paHHel CTaAWun CYLLHOCTeW peanbHoro mupa, oT-
HOCALLMXCA K Co3laBaeMoii CUCTeMe, a Takke MOAENUPOBAHUIO STUX CYLLHOCTER U TOro, YTo MOXET C HUMU NPON3OATH.
Kak Tonbko aHanua «peanbHoro Mupa» 6yfer BbINOMHEH W CO3jaHa ero MoAenb, aHanU3upylTea QyHKUUN CUCTEMBI
C TeM, 4ToGbl onpefennTb, Kak OHW BNUCHIBAIOTCA B MOAENb «pearibHoro mupa». Mogenb pesynsTUpylowen cucteMbl
ZONOIHAETCA CTPYKTYPHLIM ONUCaHWEM BCEX NPOLECCOB MOAENK U 3aTeM npeobpasyeTcs B Nporpammel, KOTopble MOryT
paboTtaTtb B 3agaHHoOi1 NporpaMmMHo-annapaTHoil cpege.

JlutepaTtypa:

Systems Analysis and Design. D. Yeates, A. Wakefield. Pearson Education, 2003, ISBN 0273655361, 9780273655367.

An Overview JSD. J.R. Cameron. IEEE Transactions on Software Engineering, SE-12, No. 2, February 1986.

C.2.1.4 Metop NopaoHa (Yourdon) AnAa cucteM peanbHOro BpeMeHU

Lienb. Cneyudukaymsa n NpoekTupoBaHe CUCTEM peanbHOro BpEMEHH.

Onucanue. [laHHbIl MeTOA peanusyeT npouecc pa3paboTku CUCTEMBI, COCTOSALLMIA U3 Tpex aTanos. Ha nepsom 3Ta-
ne NPOWCXOAUT CO34aHNe «CYLHOCTHOW MOAENU», KOTopas ONUCLIBAEeT NoBEAEHWEe cUCTEMBI B LienoM. Ha BTopoM aTane
CTPOWUTCA MOAENb peanusauum, onucbiBatoLan CTPYKTYpy U MexaH3Mbl, KoTopble, Oylyun peannaoBaHHLIMKY, OTpaxaloT
Tpebyemoe nosegeHne cucTeMsbl. Ha TpeTbeM atane NpoUcXoauT hakTUYecKoe NOCTPOESHUE annapartHbIX U NPOrpamMMHbIX
CpeacTB cucTeMbl. TpU aTana CTPOro COOTBETCTBYIOT TPaAULMOHHBIM crieyuduKkaLmn, NpoeKTUpoBaHuio U paspabotke,
HO rNaBHOe, YTO pa3paboTyMK Ha KaxgoM aTane [OMKeH akTUBHO 3aHUMaThLCA MOAENUPOBaHNEM.

CyLlHOCTHast MOAENb COCTOUT U3 BYX YacTeil:

- Mogenv oKpyxatoLLeii cpeabl, cogepalleii onvcaHne rpaHnL Mexay CUCTEMOIN U ee OKPYXXEHUEM, a TakkKe BHeLL-
HUX COBLITWIA, Ha KOTOpPbIE JOMKHa pearnpoBaTb CUCTEME;

- Mopenu NoBeLEHNRA, KOTOpas COLEPKUT CXEMbI, OMUChIBatoLMe Mpeobpa3oBaHus, BLINOMHAEMblE CUCTEMON B OT-
BET Ha CobObITMS, U OMUCaHWe AaHHbIX, KOTOpLIE CUCTEMa [OIKHa CoAepXaTk ANS Bblavn OTBETOB.

Mogernb peanuaauum nogpasaensieTcs Ha ABe NoAgMOog ey, onuckiBatoLue pacrpegenerne oTaenbHbIX NpoLeccoB
B npoLeccopax 1 AEeKOMMNO3ULMIO MPOLECCOB Ha NporpaMmMHbIe MOgynu.

Ona cosgaHua cywHOCTHOW MOAenu U Mojenu peanu3auuu AaHHbll METOA UCMOMb3YEeT MHOXECTBO XOPOLLO
M3BECTHbIX MOLXOAOB: NMOCTPOEHME AMarpamMm NOTOKOB AaHHbIX, NpeobpasoBaHue rpadoB, CTPYKTYPUPOBaHHLIA aH-
FIUACKUIA A3bIK, Anarpammbl NepexofoB COCTOSHUIA U ceTu MeTpu. Kpome Toro, AaHHbIA METOA COAEPXUT METOAUKK
L4Ns MOAENMPOBaHMWs NpesCTaBlIEHHOTO U3 Yxe ChopMUPOBaHHBIX MOAENEH NpoeKTa CUCTEMbI UM BPYYHyto (Ha Byma-
re) UM aBToMaTUYECKK.

IuTtepatypa:

Real-time Systems Development. R. Williams. Butterworth-Heinemann, 2006, ISBN 0750664711, 9780750664714.

Structured Development for Real-Time Systems (3 Volumes). P.T. Ward and S.J. Mellor. Yourdon Press, 1985.

C.2.2 inarpaMMbl NOTOKOB AaHHbIX

MpumeyaHue—Cchinka Ha faHHbLIA MeToa/cpefcTBO nNpuBeaeHa B MOK 61508-3 (Tabnuusl B.5 u B.7).

Liens. MporpamMmHan nogaepxKka onucaHns NoToka AaHHbIX B BU4e gnarpamMm.

Onucanue. AnarpaMmel NOTOKOB AaHHbLIX ONWCHIBaLOT NpeobpasoBaHne BXOAHbBIX AaHHbIX B BbIXOAHbIE A5 KaXA0ro
KOMMOHEHTa CXeMbl, NPEACTaBNAOLLEro pasnuyHbie npeobpa3oBaHus.

[narpaMmel NOTOKOB JaHHbBIX COCTOSAT U3 TPEX KOMMOHEHTOB!

- aHHOTUpoBaHHbIe CTpenkn — 0603Ha4YaroT NOTOK JaHHbIX, BXOASLMUX U NCXogALLmMX 13 BriokoB npeobpa3soBaHus,
C KpaTKUM OMUCaHWeM STUX JaHHBbIX;

- aHHOTUpoOBaHHbIe KPYXKkW — oBo3HaqatoT Brioku npeobpasoBaHns ¢ KpaTKUM onucaHueM npeobpaloBaHmii;

- onepaTopbl (and, Xor) — 3TW onepaTopbl UCNOMbL3YIOTCA AN CBA3M aHHOTUPOBAHHLIX CTPEMOK.

Kaxablii aHHOTUPOBaHHBIA KPYXOK Ha AuarpaMme NoToKa AaHHbIX MOXET paccMaTpuBaThCs Kak CaMmoOCTOATENbHbINA
GnoK, KOTOpbI/A NPW NOSBMEHWN Ha ero Bxogax AaHHbIX NpeobpasyeT ux B BbIXOAHbIe. OAHWUM U3 OCHOBHbLIX NPenMyLLecTB
ABNAETCA TO, YTO OHU NoKa3biBatoT Npeobpa3oBaHus, He Npeanonaras, kak oHu peanuaytotes. Yuctas gnarpamMma noto-
KOB AaHHbIX He BKIoYaeT B cebs ynpaBnstoLLyo MHGopMaLUio Unu MHdopMaLmIo 0 Nocref0BaTENBHOCTH NpoLecca, Tak
KaK yripaBneHue peanusyeTcs B pacluMpeHusix ANA peanbHoro BpeMeHu, kak B MeToae MopgoHa Ans cucTeM peasisHoro
BpemeHu (cm. C.2.1.4).

CosflaHune guarpamm noToka AaHHbIX ABMAETCA Hauny4LwmnM NoaxXoA0M Npu aHanuse CUCTEM B HanpasneHum oT BXO-
[0B K BbIxofam. Kaxablil KpyXoK Ha guarpamMme JormkeH o6o3HavaTb pasHoe npeobpasoBaHue — ero BbiIXoAbl JOMXKHbI
OTNIMYaTbCA OT ero BXofoB. He cylecTByeT npasun onpegeneHus obLleit CTPyKTypbl AuarpaMmMbl, U co3gaHue guarpammel
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noToKa AaHHbIX SBMSIETCA OfHUM U3 TBOPYECKUX acneKkToB CO3f4aHNs NpoekTa CUCTEMbI B LienoM. MNogo6Ho BceM npoek-
TaMm, npoueflypa, yTOUHSIoWas HadanbHylo guarpamMy Ans co3gaHnusa KOHEHHOW, SBMAETCA UTepaTUBHOW.

Jlutepatypa:

Software Engineering: Update. lan Sommerville, Addison-Wesley Longman, Amsterdam; gth ed., 2006, ISBN
0321313798, 9780321313799.

Software Engineering. lan Sommerville, Pearson Studium, 8. Auflage, 2007, ISBN 3827372577, 9783827372574.

ISO 5807:1985, Information processing — Documentation symbols and conventions for data, program and system
flowcharts, program network charts and system resources charts.

ISO/IEC 8631:1989, Information technology — Program constructs and conventions for their representation.

C.2.3 CTpyKTYypHbIE AUarpaMmbl

MpumedaHune— Ccbinka Ha AaHHbI MeToa/cpeacTeo npuseaeHa B MOK 61508-3 (Tabnuua B.5).

Llenb. MpeactaBneHne cTpyKTypbl NPOrpammel B BUAe CXeMbI.

OnucaHue. CTpYKTYpHblE AnarpamMmmMbl AOMOSHSAIOT fUarpaMmbl NOTOKOB AaHHbLIX. OHW ONUCLIBAIOT NPOrpamMMupye-
MY CUCTEMY M UEPaPXMIO €€ KOMMNOHEHTOB, a Takke oTobpaxaltoT ux rpacuqeckn B Buge gepesa. CTpyKTypHble guarpam-
Mbl ONUCLIBaOT cnocob peanusayuun aneMeHTOB AUarpaMMbl NOTOKOB AaHHbLIX B BUAE UepapXumn NporpaMmHbIX MOAynei.

CTpyKTypHaa auarpamma noKasbiBaeT B3aMMOOTHOLWIEHUS MeXAYy NpPOorpaMMHbIMU MOAYNAMMW, He YKasbiBas
npyu STOM NOPAAOK aKTMBU3ALUKW NporpaMMHbIX Moayneil. CTpyKTypHble guarpaMmel n3obpaxatoTca ¢ MCNonb3oBaHUEM
crieayoLwWwmnx YeTblpex CUMBONOB:

- NPAMOYrofibHUKa C UMEHEM MOAYNS;

- NNHUK, COEAUHAIOLLEH 3TU NPAMOYIONbHUKK, HOPMUpPYIOLLUE CTPYKTYPY,

- CTPenku, OTMEeYEHHON He3alTPUXOBaHHLIM KPYrOM, € UMEHEM AlaHHbIX, NepefaBaeMblX B HanpaBNeHUN SnNeMeH-
TOB CTPYKTYPHOIA gnarpaMmel n o6paTHO (0BbIMHO Takas cTpenika usobpaxaerca napannensHo IMHUAM, COEANHSAIOLUM
NPAMOYFrOnNbHUKN CXeMBbI),

- CTpesikn, OTMEYEHHOW 3alTPUXOBaHHBLIM KPYTOM, C UMEHEM CUrHana ynpaBneHus, NPOXoAsLLero B CTPYKTYpHO
AvarpaMme OT 04HOro MOAYNA K Apyromy, U aTa cTpernka Takke nsobpaxaerca napannenbHo NMUHUW, CoefuHAKLWEeH aBa
MOAYNS.

W3 ntoboii HeTpuBManbHOW AnarpaMMbl MOTOKA JaHHBIX MOXHO CO3AaTb MHOXECTBO PasfUYHbIX CTPYKTYPHbIX gua-
rpamm.

[narpammel NMOTOKOB faHHbIX OTODpaXKaloT B3aMMOOTHOLEHUe MeXay WHdopMauuein U pyHKUUAMU CUCTEMBI.
CTpYKTYpHLIe guarpammbl oToBpaxatoT crnocob peanusauyun aneMeHToB cuctembl. Oba MeToga npeacTaBnAloT coboit
060CcHOBaHHbIE, XOTA U pasfNYHbIE TOUKM 3PEHUS HA KOHKPETHYIO CUCTEMY.

Iutepatypa:

Software Design & Development. G. Lancaster. Pascal Press, 2001, ISBN 1741251753, 9781741251753.

Software engineering: Update. lan Sommerville, Addison-Wesley Longman, Amsterdam; 8th ed., 2006, ISBN
0321313798, 9780321313799.

Software Engineering. lan Sommerville, Pearson Studium, 8. Auflage, 2007, ISBN 3827372577, 9783827372574.

C.2.4 dopmanbHble MeToAbl

MpuMedaHue—Cchinka Ha AaHHLIA MeToa/cpencTso npusegeHa B MOK 61508-3 (Tabnuupi A.1,A.2, A4 uB.5).

C.2.4.1 O6wHe NonoxeHns

Llenb. PaspaboTka nporpaMMHbIX CPefCTB, OCHOBaHHLIX Ha MatemaTuieckux npuHuyunax. K sTum cpeacteBam oT-
HOCATCA MeToAbl hOPMaribHOro NPOEKTUPOBaHWUA U HOPManbHOrO KOAMPOBaHWS.

OnucaHue. Ha ocHoBe dopmMaribHbIX METOLOB paspaboTaHkl CpeAcTBa ONMcaHus CUCTEMbI ANS PELUEHUS OTAeNb-
HbIX 3afa4v Ha aTanax cneuudukalmu, NPoeKTUpoBaHus unu peanuaayun. CosfaBaeMoe B pesynsrate ornucaHue npea-
CTaBnsieT coboil cTporyo HoTauuto, MaTeMaTUYeCckn aHanusupyemyro Ansi obHapyXeHWs pasnuyHbIX BULOB Hecornaco-
BaHHOCTEN UNK HeKkoppeKkTHocTel. Bonee Toro, Takoe onncaHMe MOXET GblTe B HEKOTOPLIX Cry4asx NpoaHanu3mpoBaHo
aBTOMaTWU4ECKU MO aHanorMm ¢ NPOBEPKOA KOMMUMATOPOM CUHTaKCMca UCXOAHOW NporpamMMbl UM UCNOSb30BaHa aHuMa-
LMsA B Lensx nokasaTk pasfyHble acrekTkl MoBeAeHUsi onuceiBaeMoi cucTeMbl. AHUMaLUUs MOXET AaTk LOMNONHUTENbHYIO
YBEPEHHOCTL B TOM, YTO CUCTEMA COOTBETCTBYET Kak pearibHbIM, Tak U hopMareHo cneludrLupoBaHHsiM TpeboBaHUAM,
MOCKOSIbKY 3TO YNydLUaeT BOCNPUSTE YeSIOBEKOM CreLludULMpOBaHHOIO NOBEAEHUS CUCTEMBI.

QopmaneHbli MeTog 0BbIMHO MpeffaraeT HoTaLuio (Kak npaBWno, WCMONb3yeTcs OAMH U3 METOAOB AUCKPETHOW
MaTeMaTWKu), MeToZ BblBOAA OMUCAHWA B AaHHOW HOTaLuu U pasnuyHble METOA bl aHanusa onucaHusa Ans NpoBepKu Kop-
PEKTHOCTW pasfnYHbIX CBOWACTB CUCTEMBI.

Pag dopmansHsix MeTogos CCS, CSP, HOL, LOTOS, OBJ, BpemeHHas norvka, VDM 1 Z onucaH B nognyHKTax
HacTosiLwero nyHkTa. CrneayeT 3aMeTuTb, YTO ApYrne METOALI, HanpuMep, METOL KOHEYHbIX aBToMaToB M ceTu [eTpu (cM.
rpunoxexHue B), B 3aBUCUMOCTU OT KOPPEKTHOCTU UCMONb30BaHUA METO4aMW COOTBETCTBYIOLLEro CTPOroro MatemaTuye-
CKOro annapara, MOryT paccMaTpuBaTbCs Kak popmaribHble.

IutepaTtypa:

Formal Specification: Techniques and Applications. N. Nissanke, Springer-Verlag Telos, 1999, ISBN-10: 1852330023.

The Practice of Formal Methods in Safety-Critical Systems. S. Liu, V. Stavridou, B. Dutertre, J. Systems. Software
28, 77—87, Elsevier, 1995.

Formal Methods: Use and Relevance for Development of Safety-Critical Systems. L. M. Barroca, J.A. McDermid,
The Computer Journal 35 (6), 579—599, 1992.
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How to Produce Correct Software — An Introduction to Formal Specification and Program Development by
Transformations. E. A. Boiten et al., The Computer Journal 35 (6), 547—554, 1992.

C.2.4.2 CCS — pacueT B3aMMOAeHCTBYIOLUX CUCTEM

Llenb. OnucaHne n aHanus NoBe4eHNS CUCTEM, peanu3yoLmx napannesibHble KOMMyHUKaLUOHHbIe NPOLEeCcChl.

OnucaHue. CCS — 310 MatemaTuyeckuii annapat, onuckIBaloLLMil noBefieHne cucteM. NpoekT cUcTeMbl MOAenu-
pyeTcsa B BUAE CETU HE3ABUCMMBIX NPOLIECCOB, Peanu3syloWwmnxcs nocrneqoBarenbHo nu napannensHo. MNMpoueccbl MoryT
B3aumopgeicTBoBaTh Yepe3 NopThl (aHanorudHele kaHanam CSP), n B3aumofeiicTBUE OCYLLECTBNAETCA TOMBKO NPU rOTOB-
HocTu 0bomx npoueccoB. MoxeT BbITb cMOASNUPOBAHO OTCYTCTBUE AieTepMUHU3Ma. HaunHaa ¢ onucaHna Bceil cUCTeMbI
Ha BbLICOKOM ypoBHe abcTparnpoBaHus (TpPaccMpoBaHUe), MOXHO BbIMOIMHATL MOLLAroBoe YTOMHEHUe CUCTEMBI (CTpaTerus
CBepXy BHU3) B paMKax KOMMO3ULIMK B3aUMOAENCTBYIOLLMX NPpoLeccoB, obLee NoBefeHne KOTOpLIX POPMUPYET TakKe No-
BefleHUe Bceil cucTeMbl. B paBHOiA cTeneHn MOXHO BBINONHATL U CTpaTernio CHU3Y BBEpX, KOMOGUHUPYA Npouecckl U Nony-
Yyas B pesynbrare Heobxogumble cBoiicTBa POPMUPYEMOI CUCTEMBI, UCTIONbL3YS MpaBua BbLIBOAA KOMNO3ULMOHHOMO TUNA.

Iutepatypa:

Communication and Concurrency. R. Milner, Prentice-Hall, 1989, ISBN 9780131150072.

C.2.4.3 CSP — B3aumopeicTByIOWME NocneAoBaTenbHbIe NpoLecchl

Llens. CneyndukaLms KOHKYPUPYIOLWUX NPOrpaMMHBIX CUCTEM, TO €CTb CUCTEM, MPOLECCHI KOTOPLIX peanusylotcs
OfHOBPEMEHHO.

Onucanue. Metog CSP obecneunBaeT A3bIK 4NA cneuyudukaLmii NpoLeccoB CMCTEMBI U NOATBEPXKAEHUA COOTBE-
CTBMSA peanusauummn npoLeccoB UX cneyndukaumsamM (ONUCaHHbLIM Kak Tpacca, TO €CTb JOoMycTUMasn NocneqoBaTenbHOCTb
cobbITuin).

CucremMa MofenupyeTcs B BUAE CETU HE3aBUCUMbIX NPOLIECCOB, COCTaBIEeHHbIX NOCNeAoBaTENbHO UNKN Napannens-
Ho. Kaxa bl He3aBUCMMBIiA MPoLiECC ONUCLIBAETCSA B TEPMUHAX BCEX €0 BO3MOXHbIX NOBEAeHWA. He3aBucumble npoyecebl
MOryT B3aMMOAeWCTBOBaTb (CMHXPOHHO UNU 06MeHUBaTLCA AaHHLIMU) Yepe3 KaHanbl, U B3auMOAeWCTBUE NPOUCXOAUT
TONbLKO NPW roTOBHOCTU 060Ux NpoleccoB. MoxeT 6bITb NpoMoAenMpoBaHa OTHOCUTENBHAA CUHXPOHU3ALMNA COBLITUNA.

TeopeTudeckue nonoxeHusa metoga CSP 6blnn HeNocpeaCcTBEHHO BKNIOYEHEI B apXUTEKTYpPY TpaHcnbioTepa INMOS,
a A3elk OCCAM nossonun HenocpeAcTBEHHO Peanu3oBbIBaTh Ha CETAX TPAHCMNBLIOTEPOB CUCTEMBI, cneuMduUMpoBaHHbie
B sA3bIKe CSP.

Ilutepatypa:

Communicating Sequential Processes: The First 25 Years. A. Abdallah, C. Jones, J. Sanders (Eds.). Springer, 2004,
ISBN 3540258132, 9783540258131.

C.2.4.4 HOL — noruka BbicLlero nopsgka

Llens. Cneundumkayma n BepudunkaLus annapaTHelX CPeacTs.

OnucaHue. HOL npepcTaBnser coboii pazpaboTaHHyto B KOoMMbOTepHON nabopatopun KemBpuaxckoro yHuBep-
CUTETa KOHKPETHYIO JTIOrMYECKYIO HOTaLMIO U CUCTEMY, KOTopas ee aBTOMaTu4eckn nogpaepxusaet. Jlornieckas Hotauums
B3ATa B OCHOBHOM W3 MPOCTON Teopun TUMOB Yepda, a MalLMHHasA peanusauusa ocHoBaHa Ha Teopun LCF (noruke Bbl-
YUCTTUMBIX PYHKLUK).

Ilutepatypa:

Higher-Order Computational Logic. J. Lloyd. In Computational Logic: Logic Programming and Beyond, Lecture
Notes in Computer Science, Springer Berlin/Heidelberg, 2002, ISBN 978-3-540-43959-2.

C.24.5L0TOS

Llene. OnucaHune 1 aHanus NoBe4eHUs CUCTEM, peanu3yoLmMx napanieneHbleé KOMMYHUKaLOHHbIE NPoLEecChl.

OnucaHune. LOTOS (A3bIk Ana cneuudukaLmm npoUeccos, YNnopsagodeHHbIX BO BpeMeHn) ocHoBaH Ha CCS ¢ go-
MONMHUTENBHLIMW BO3MOXHOCTAMU 13 6rmn3kux anrebpaundveckmx Teopuit CSP n CIRCAL (Teopus ueneit). LOTOS npeogo-
nesaeT HegocTaTkn CCS B ynpaBneHUn CTPYKTYpPamMu LaHHbIX W NpefcTaBieHn 3Ha4eHnin BelpaXKeHUin, obbegnHasa ero
C acnektamMu asbika abcTpakTHbix TMNoB AaHHbeiX ACT ONE. lMpouecc onucaHus acnektoB B LOTOS MoXeT ObITb 0fHaKko
MCMonb3oBaH AN APYrux dopMaribHeIX METOA0B NPU ONUcaHWU abCcTpPaKTHBIX TUMOB AaHHbIX.

Ilutepatypa:

Model Checking for Software Architectures. R. Mateescu. In Software Architecture, Lecture Notes in Computer
Science, Springer Berlin/Heidelberg, 2004, ISBN 978-3-540-22000-8.

ISO 8807:1989, Information processing systems — Open Systems Interconnection — LOTOS — A formal description
technique based on the temporal ordering of observational behavior.

C.2.46 OBJ

Llene. OBecneyeHune TouHoOW cneuudmKaLMn cucTeMbl B NpoLecce guanora ¢ nonb3oBaTerieM U NogTBEpXAeHNe
COOTBETCTBUSA CUCTEMBI O €€ peanuaauum.

Onucanune. OBJ npeactaenseT coboii anrebpanyecknii A3blk cneundmkaymii. Mone3osaTtenu onpegenstoT Tpebo-
BaHWA B TepMWUHax anrebpanyeckux BelpaxeHWid. CUCTEMHbIE acnekThbl (MoBeAeHWe Ui KOHCTPYKTMBLI) cneyuduumpy-
FOTCA B TepMUHax onepauuii, AeicTByroWwnx Hag abeTpakTHeIMU TUNaMu ganHelX (ADT). ADT nogobeH asbiky ADA, rge
noBefeHue onepatopa Habnogaemo, ogHako NOAPOBHOCTU peanuaalnmn CKpbIThI.

Cneumndukaunsa OBJ n nocnegytollas nowiarosas peanusauusi Nogsepratotcs TeM xe opMarnsHbIM MeTogam npo-
BEPKU, YTO 1 Apyrue dopMarbHble MeTogbl. bonee Toro, NOCKONbKY KOHCTPYKTUBHEIE acnekTel cneuudukadmum OBJ aBTo-
MaTUYEeCKM CNOMHUMBI, CYLLECTBYET HenocpedCcTBEHHAs BO3MOXHOCTb NOATBEPXKI EHWNA COOTBETCTBUSA CUCTEMbI HA OCHO-
Be camoii cneumdukaymmn. McnonHeHne — 3TO MO CYLLUECTBY OLEHKa yHKLUUIA CUCTEMEI MYTEM MOLCTAHOBKW BbIpaXeHWi
(NepesanuceiBaHneM), KOTopas NPoJoKaeTcs A0 Tex Nop, noka He BygyT NonyYeHbl KOHKPETHLIE BLIXOAHbIE 3HAYEHUS.
OTa MCMOMHUMOCTL NO3BOMSET KOHEYHBLIM NOMb30BaTeNsIM paccMaTpMBaeMol CMCTEMbI NoMy4aTb «0BMMK» NnaHMpyemoi
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CUCTeMbl Ha aTane ee cneuyundukalmn 6e3 Heo6xoAUMOCTU 3HAKOMCTBA C METOflaMK, NeXallUMK B 0CHOBE POpManbHBLIX
cneyudukaumin.

Kak u Bce apyrne metoanl ADT, Metog OBJ NnpUMeHUM TONbKO K NnocriefoBaTeflbHblM CUCTEMaAM UMW K NOCNeao-
BaTeNbHLIM acnekTam napannenbHbiX cucteM. Metog OBJ npuMeHsioT Ans cneyudukauum Kkak MarnblX, Tak U KpYnHbIX
NPOMBILLNEHHBIX NPUMEHEHWA.

Nutepatypa:

Software Engineering with OBJ: Algebraic Specification in Action. J. Goguen, G. Malcolm. Springer, 2000, ISBN
0792377575, 9780792377573.

C.2.4.7 BpemeHHAan noruka

Lienb. HenocpeacTBeHHOE BipaxeHue TpebGoBaHWii kK 6e3onacHOCTU U aKkcnnyaTaunu, a Takke popManbHoe npea-
CTaBneHne COXPaHEHWUs 3TUX Ka4eCTB Ha Nocneayowux atanax paspaboTku.

Onucanue. CTaHfapTHas npeaukaTHan noruka Nepeoro Nopsijika He ColepXXNUT KOHLIENLUMiA BpeMeHU. BpemeHHasn
NornKa pacliMpseT Noruky nepsoro rnopsigka ao6asneHneM MoganbHbIX ONepaTopoB (HanpuMep «C 3TOr0 MOMEHTa»
N «CNy4aitHo»). 3TN onepaTopbl MOryT UCTIONBL30BATLCA ANA YTOMHEHUS CYXIEHWIA 0 cucTeme. Hanpumep, cBoicTBa 6e30-
nacHOCTU MOryT NoTpeboBaTb UCMNONBb30BaTb MOAASbHbLIN ONEPATOP «C 3TOr0 MOMEHTa», HO MOXeT noTpeboBaTbes, YTOObI
N Apyrne HeobxoauMble COCTOAHUA CUCTEMbI BbINN AOCTUMHYTHI «CITy4alHO» U3 HEKOTOPOro ApYroro HayarbHOro cocTo-
AHUA. BpeMeHHble hopMynbl UHTEPNPETUPYIOTCA NOCEA0BaTENbHOCTAMU COCTOSIHUWIA (noBeaeHusiMu). MNpeacTaeneHue
COCTOAHUA 3aBUCHUT OT BbIGPAHHOTO YPOBHSA onucaHus. OHO MOXET OTHOCUTLCS KO BCE CUCTEME, CUCTEMHBIM 3fIeMeHTam
UNN KOMNBIOTEPHOI NporpaMme.

KBaHTUUUMpOBaHHbIE BpeMEeHHBIe UHTepBanbl U orpaHUYeHUs1 BO BpeMEHHOIN Nnoruke sBHO He obpabaTbiBatoTcs.
ABcontoTHoe Bpemsa obpabaTbiBaeTca nyTeM o6pasoBaHNA AONONHUTENBHBIX BPEMEHHBIX COCTOSIHUMA, YTO SBNSIETCH Ya-
CTbIO ONNCAHUS COCTOSHUA.

Iutepartypa:

Mathematical Logic for Computer Science. M. Ben-Ari. Springer, 2001, ISBN 1852333197, 9781852333195.

C.2.4.8 VDM, VDM++ — meTtop, paspaborku Vienna

Llene. CucteMatudeckan cneundmkayma u peanusauua nocnegosatencHelx (VDM) u napannenbHbix (VDM++)
nporpaMm pearnbHOro BpeMeHW.

OnuncaHne. VDM — 3T0 MaTeMaTUYecKuih MeToa cneundukauun u yToHHEHUs peanusauuii, KOTopblid No3BonseT
[oKasaTb UX KOPPEKTHOCTb OTHOCUTESbHO cneludukalymun.

B aToM ocHOBaHHOM Ha MoAenu MeToae cneyndukaLumn CocToOHUE CUCTEMbI MOAENUPYETCH B TEPMUHAX TeOpeTH-
KO-MHOXECTBEHHbIX CTPYKTYP, B KOTOPbIX ONMCaHbl UHBApUaHTbI (NpegunkaThl), @ onepaLun Hag STUM COCTOSIHUEM MOAENU-
pyrOTCA NyTem onpefeneHns ux nped- u NocTycnoBuil B TePMUHAX CUCTEMHBIX COCTOAHWIA. OnepaLin MOryT NpoBepATLCA
Ha CoxpaHeHWe CUCTEMHbLIX MHBapWaHTOB.

BeinonHeHWe cnelndukaumii ocyLecTsnaeTca NyTeM peanusaumn COCTOSIHUA CUCTEMBI B TEPMUHAX CTPYKTYpP AlaH-
HbIX B 3alaHHOM $A3bIKe W YTOMHEHWS onepauuii B TEpMUHAX MPOrpaMmMbl Ha 3ajaHHOM A3blke. OTanbl peanusauun u yToud-
HEeHWs NO3BOMSIOT NIOMMYECKN BLIBECTU CBOWCTBA, YCTaHABMMBAIOLLME KOPPEKTHOCTb STUX 3TanoB. BuINONHAOTCS Mnu HeT
3TU CBOWCTBA, onpeaenseT pa3paboTyuk.

B npuHuune VDM ucnonb3yeTca Ha aTane co3faHus cneuudukanmm, Ho MoOXeT Takke UCNOoNb30BaThCA Ha aTanax
NpoeKTUpoBaHUA U peanunsauuu ucxogHoro koga. VDM MoXeT BbITh Taioke NpUMEHEH K NOCNeA0BaTeNbHO CTPYKTYPUPO-
BaHHbIM NporpamMMam Unu K nocriefoBarternbHBIM NpoLieccam B napanenbHbIX cucTeMax.

OBbeKTHO OPUEHTUPOBAHHOE U NapannensHoe A peansHoro BpeMeHu pacwuperna VDM, VDM++ npegcTaBns-
toT cobolt A3bIK hopManmaoBaHHbIx criemduKaLmii, ocHoBaHHbI Ha si3blke VDM-SL, cosaaHHoM B UICO, 1 Ha 06beKTHO-
opueHTMpoBaHHOM A3blke Smalltalk.

VDM++ UMeeT LUMPOKWIA Anana3oH KOHCTPYKLMIA, YTO MO3BONIAET nonb3osaTento dopmanbHo cneyuduuymMpoBatb
napannesibHble CUCTEMbI pearibHoro BpeMeHu B 06beKTHO-OopueHTUpoBaHHON cpeae. B VDM++ nonHaa dopmManbHas
cneLmnduKaLmsa cofep UT COBOKYNMHOCTE cneLmduKaLmii KnaccoB M OTAENMbHBIX XapaKTepUCTUK paboyvero NpocTpaHeTBa.

K cpefcTBam onucaHusa peansHoro BpeMeHU Ha sisblike VDM++ oTHOCATCA:

- BPEMEHHEIe BblpaXeHus, NpeaycMoTpeHHble AN NpeACTaBeHns Kak TEKYLLEro MOMeHTa, Tak U MOMEHTa Bbi3oBa
MeToAa BHYTPU Tena MeToaa;

- BblpaXeHue, OnuckbiBalLlee CUHXPOHU3UPYIOLUA CcUrHan, Kotopoe MOXeT 6biTb AobaBneHo Kk MmeToay
4NSA cneuudmKaLum BepXHUX (MU HUXKHMX) NPeAenoB BpEMEHU UCTONHEHWUA AN KOPPEKTHOCTM peanun3aLuid;

- nepemMeHHbIe HemnpepbLIBHOrO BpEMeHU, KOTopble OoSKHbI ObiTb BBEAEHb. C YyCNOBHEIMM onepaTopamu U one-
paTopamu AeACTBUA [onycKaeTca cneyuduLupoBaTh OTHOLEHUS (Hanpumep AuddepeHumnansHbie ypaBHEHUS) MexXay
3TUMW BpEMEHHEIMU YHKLMAMU, 4TO OKasanocb OYeHb MonesHo npu cneyndukaumn TpeboBaHuil K cuctemam, aen-
CTBYIOLLMM B Cpefe C HeMpepbIBHbIM BpeMEeHEM. YTOYHSIOLWWME Lari NpuBoaAT K AUCKPETHLIM NPOrPaMMHBLIM PeLUEHUAM
A4NA nporpaMMm pearnbHOro BpeMeHu.

IutepaTtypa:

ISO/IEC 13817-1:1996, Information technology — Programming languages, their environments and system software
interfaces — Vienna Development Method — Specification Language — Part 1: Base language.

Systematic Software Development using VDM. C. B. Jones. Prentice-Hall. 2nd Edition, 1990.

Conformity Clause for VDM-SL, G.I. Parkin and B.A. Wichmann, Lecture Notes in Computer Science 670, FME'93
Industrial-Strength Formal Methods, First International Symposium of Formal Methods in Europe. Editors: J. C P. Woodcock
and P. G. Larsen. Springer Verlag, 501—520.
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C.249Z7

Llenb. Z — aT0 HOoTauus sA3bIka cneuudukaumii Ans nocnegoBaTenbHbIX CUCTEM U METOA NPOEKTUPOBAHUS, NO3BO-
nawLwmii paapaboTunKy BLINOMHATE paboTy, HaYMHas co cneumduKkauumn Ha A3bike Z A0 UCNONHUTENbHBIX anropuTMOB,
obecneunBas Npu 3TOM J0Ka3aTeNIbCTBO UX KOPPEKTHOCTU NO OTHOLLEHWUIO K crieLuduKaLun.

FA3bIK Z B NpUHLMNE UCNosb3yeTcs Ha aTane cneyudurkauum, ogHaKo AaHHbIi A3blk 6bin paspabotaH Ans ucnonb-
30BaHUA OT 3Tana CocTaBNeHus cneumdukalmmn 4o NPOeKTUPOBaHUA U peanusauyum cuctem. Bonee Bcero oH nogxoguT
Ans pas3paboTku nocnepoBaTenbHbIX CUCTEM, OPUEHTUPOBAHHBIX HA AaHHbIE.

Onucanue. Kak n 8 VDM, B peanu3oBaHHOM B A3blke Z MeToA€e cneuvdukaLum coOCTOAHWE CUCTEMbI MOAENUPYETCA
B TepMUHaX TEOPETUKO-MHOXECTBEHHLIX CTPYKTYP, B KOTOPLIX ONUCaHbI UHBapUaHThl (MCNOoNb3ya NPpeaunKaThl), a onepauuun
Hajl STUMU COCTOSSHUAMMW MOAENUPYIOTCS MyTEM ONpeAeneHns ux Npea- U NOCTYCNoBUI B TEPMUHAX CUCTEMHBIX COCTOS-
HUi. Onepavuun AoNycKaeTcst NPoBEpSATb HAa COXPaHEHWe CUCTEMHBIX MHBapWUaHTOB ANA AEMOHCTpaLMKU UX corflacoBaH-
HocTu. PopManbHasa YacTb cneluduKaLumn NojpasfenseTca Ha CXeMbl, KoTopble 06ecnevnBaloT BO3MOXHOCTb CTPYKTYpH-
poBaHuA crieuuduKkaumin NyTeM NX yCoBEPLUEHCTBOBAHUS.

OB6bIuHO cneundukauusa Z npegcrtaBnseT coboi codeTaHne hopManbHOro TekcTa Ha A3blke Z U HedopMarbHOro
NOACHUTESIbHOrO TEKCTa Ha ecTeCTBEHHOM fA3blke. dopManbHbLIN TEKCT caM No cebe MOXET 0KasaTbCA CAULLKOM CXaTbiM
ANSA NPOCTOro BOCNPUSATUS U YacTo ero CMbICI HEOGXOAMMO MOACHATL, Torga kak HechopManbHbIN, €CTECTBEHHbIN A3bIK
MOXET OKa3aTbCsl HEOAHO3HAYHBIM U HETOYHBIM.

B otnuune ot VDM sa3blk Z npeacTaensaer coboit ckopee HOTaUuio, YeM 3aBepLueHHbIn meTod. OaHako bbin pas-
pabotaH 6nuskuii MeToa (MeTog B), KOTOpLI MOXET GbiTb UCMONB30BaH B COMETaHWU ¢ A3blkoM Z. MeTog B ocHoBaH
Ha NPUHLUMNE NOLAaroBoro yTOYHEHHUS.

NuTepatypa:

Formal Specification using Z, 2nd Edition. D. Lightfoot. Palgrave Macmillan, 2000, ISBN 9780333763278.

The B-Method. S. Schneider. Palgrave Macmillan, 2001, ISBN 9780333792841.

C.2.5 NporpammMupoBaHue ¢ 3alMUTON

MpwuMeyaHune— Cchinka Ha aHHbLIA MeToa/cpeacTBo NpuegeHa B MOK 61508-3 (Tabnuua A.4).

Lienb. CosfaHne nporpamm, BbISIBIISIOLUX BO BPEMSA WX UCTIONHEHUA aHOMasbHble MOTOKWU YNpaBneHus, AaHHbIX
1NN 3HAaYEHUA faHHbIX U pearmpyroLLUxX Ha HUX 3apaHee onpeaeneHHbIM U NPUEMNEMbIM CNOCOGOM.

Onucanue. B npouecce pa3paboTku NporpaMM JONYCKAETCA UCMONb30BaTb Pa3Hble METOABI AN NPOBEPKA aHOMa-
NV B NOTOKaX yNpaBneHnsi UK faHHbIX. OTU METOALI MOTYT NPUMEHATLCA CUCTEMATUYECKU B NpoLiecce NporpammupoBa-
HWSA cUCTeMbl AN CHUXKEHUS BEPOSITHOCTM OWKNG0o4HOW 06paboTku AaHHbIX.

CylLecTBYIOT fjBa NepeceKaloLUXcs MHOXECTBa METOAO0B 3aLUTLl. BHyTpeHHWe MeToAbl 3aluThl OT OWKNBOK Npo-
eKTUpYIOTCS B NporpaMMHOM obecrie4eHnn AN NpeofoNeHNs HEAO0CTaTKOB B NpoLiecce CO3AAHUA STUX NPOrpaMMHbIX
cpefcTB. 3TU HeJoCTaTKN MOryT ObiTb 06yCnoBneHsb! OWMBKaMN NPU NPOESKTUPOBAHNN MM KOAUPOBaHUW NUGo ownbod-
HbIMK TpeboBaHUAMU. Hike NepeuncrneHbl HEKOTOpLIe M3 peKoMeHAauui no saluTe:

- npoBepka fuanasoHa 3Ha4YeHWh NepeMeHHbIX;

- NpoBepKa 3Ha4YeHNit NepeMeHHbIX Ha UX JOCTOBEPHOCTb (€CMU BO3MOXHO);

- NpoBepka TUNa, PasMepHOCTU U Anana3oHa 3Ha4YeHU NapaMeTpoB NpoLeayp Ha Bxoae npoueayp.

MpeacTaBneHHble TPW PeKoMeHAauuWM MOMOralT rapaHTUpoBaTh [OMYCTUMOCThb 3Ha4eHuid, obpabaTbiBaeMblxX
B NporpaMmax, Kak ¢ TO4KW 3peHUs TEPMUHOB NPOrpaMMHbIX PYHKLMA, Tak U PU3NYHECKUX 3HAYEHMNIA NMEePEMEHHbIX.

MapaMeTpbl «TOMBKO AMA YTEHWSI» U NapaMeTPbl «ANA YTEHWUSA-3anMeu» AONXHbI ObiTb pasgeneHsl, 1 AOCTYN K HAM
JomkeH nposepsTbes. MNporpamMmMHble dYHKLMK LOSDKHLI paccMaTpuBaTh BCe NapameTpbl B Ka4ecTBe NapamMeTpoB «TonNb-
KO ANA YTeHUs». CUMBOMNbHbLIE KOHCTaHTbI He JOMXHbI ObiTb JOCTYMHEI 418 3anUcK. 3TO NOMOraeT oBHapyXuBaTb cry4van-
Hble nepesanncy U owmnboYHoe Mcnonb3oBaHUe NePeMEHHBIX.

YcTonuunBoe Kk owmnbkam nporpaMMHoe obecrnedeHne NpPOeKTUPYETCA B «NPefnoSioXeHnny, Y4To owmnbKky cyLlecTBy-
IOT B ero COBCTBEHHOM OKPYXEHWUU NGO NCMONb3YHOTCA BLIXOASALLME 32 HOMUHATBI 3HAYEHWUS UNK NpearnonaraeMble ycro-
BUS, HO NporpaMMHoe obecneveHue BegeT cebs 3apaHee onpegeneHHbIM cnocoboM. B aToM criyqae nNpuMeHsIoT cregy-
foLL{e NPOBEPKN:

- NPOBEpKY Ha J0CTOBEPHOCTb HU3NHECKUX 3HAYEHUN BXOAHBLIX 1 NPOMEXKYTOUHBLIX NEPEMEHHbIX;

- NpOBEPKY BAUAHWS BLIXOAHLIX NepEMEHHbIX, MPEANOYTUTENEHO NYTEM NPSMOro HabniogeHUst COOTBETCTBYIOLLMX
U3MEHEHWUI COCTOSHUA CUCTEMBI;

- NPOBEepKy caMuUM MporpaMmHelM obecneveHreM CBOEA KOHDUIypaLum, BKITOYasa Hanu4me u JOCcTYNHOCTb Npea-
nonaraeMblX annapaTHbIX CPeACTB, a Takke 3aBepLUEHHOCTb CaMOro NMPOrpaMMHOro obecrneveHus, YTo 0cobeHHO BaXHO
ANSA NoAAEPXKKA NOMHOTLI B MpoLecce ero aKkcniyarauuu.

HekoTopble U3 METOAOB 3aLMTLI MPOrpaMm, Hanpumep, NPOBEPKU NOCIIe]0BaTENbHOCTH NOTOKa YrpaBrieHus, Tak-
Xe CNpaBnsroTCs U C BHELUHUMU OTKasamu.

IuTtepatypa:

Software Engineering for Real-time Systems. J.E. Cooling, Pearson Education, 2003, ISBN 0201596202,
9780201596205.

Dependability of Critical Computer Systems: Guidelines Produced by the European Workshop on Industrial Computer
Systems, Technical Committee 7 (EWICS TC7, Systems Reliability, Safety, and Security). Elsevier Applied Science, 1989,
ISBN 1851663819, 9781851663811.
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C.2.6 CtanpgapTbl NO NPOEKTUPOBAHUIO U KOQAUPOBaHUIO
MpuMeyaHue— Ccbiflka Ha AaHHbIA MeToa/cpeacTBo NpuBegeHa B MOK 61508-3 (Tabnuua A.4).

C.2.6.1 O6LMe nonoxeHusa

Llenb. YnpoweHhue sepudukaumu, ¢ Tem 4tobel nogaepaTe rpynnoBoil 06bEKTUBHBLIA NOAX0A U YCTaHOBWUTL CTaH-
JapTHbIA MeTof NPOEKTUPOBaHUS.

OnucaHue. B camom Havane Mexay ydacTHUKaMW NpoeKTa AOMKHbI ObITb cornacoBaHbl HeobxoaUMble Npasuna,
oxBaTbIBalOLNE PACCMOTPEHHBIE HUXE METOAbI NPOEKTUPOBAHUA U pa3paboTku (Hanpumep JSP, cetu MeTpu n T A4.),
a Takxe COOTBETCTBYIOLWUE CTaHAapThl kogupoBaHus (cMm. C.2.6.2).

[aHHble npaBuna cospaotca ana obnerdyeHusa paspaboTku, BepuduKaumK, OLEHKU W aKkcnnyaTauuu. Mpu sTom
LOSMKHBI YYUTHIBATBLCA AOCTYMHbIE MHCTPYMEHTarbHble CPeACTBa, B YaCTHOCTW, ANA aHanWTUKOB, a Takke passuTue
CpeacTB NPOEKTUPOBaHMS.

IutepaTtypa:

IEC 60880:2008, Nuclear power plants — Instrumentation and control systems important to safety — Software
aspects for computer-based systems performing category A functions.

Verein Deutscher Ingenieure. Software-Zuverlassigkeit — Grundlagen, Konstruktive Mass-nahmen,
Nachweisverfahren. VDI-Verlag, 1993, ISBN 3-18-401185-2.

C.2.6.2 CtaHpapThbl KogUupoBaHUA

MpumedaHune— Cchinka Ha faHHblil MeToa/cpeacTeo npuseaeHa B MOK 61508-3 (Tabnuua B.1).

Llenb. CokpaTuTb BEPOATHOCTL OLWMBOK B paspabaTbiBeMOM KoAe, CBA3aHHOM € 6e30nacHOCTbLIO, U YNPOCTUTL ero
Bepudukayuio.

OnucaHue. CneaytoLme NPUHLMNEl YKasbiBatoT, Kak cBA3aHHbIe ¢ 6e30nacHOCTLIO MpaBua KoAUpoBaHuA (4NA nio-
60ro A3blKa NporpaMM1MpOBaHNUs) MOTYT MOMOMb B BLIMOMHEHUU HOPMaTUBHLIX TpeGosaHuit MOK 61508-3 U B gocTuxeHUN
MHOPMaTUBHLIX «TPebyeMbIx CBOWCTB» (CM. NpunoxeHue F). Heobxoaumo yaenuTb BHUMaHue JOCTYNHBIM MHCTPYMEH-
TaMm NOALEPXKKU.

TpeGOBaHMH 1 PEKOMEHAaLN YkasaHua CTaHAapTOoB KOAUpOBaHUA
M3K 61508-3

MogynbeHbId noaxoa (Tabnu- OrpaHuyeHve pasmepa nporpammHoro Moayns (tTabnuua B.9-1) n ynpasneHue

ua A.2-7, Tabnuua A.4-4) CINOXHOCTLIO NporpaMmHoro obecnedeHus (Tabnuua B.9-2). MNpumeps!:
- onpejeneHne «noKasbHbIX». pa3Mepa, METPUK CIIOKHOCTU U NpeAenbHbIX pas-
MepoB (a4ns mogynen),
- onpegeneHue «robanbHbIX» METPUK CII0XKHOCTU W NpefesbHbIX PasMepoB
(ans Bcelt cTpyKTYypbl Moaynen);
- OrpaHu4eHHoe YUCNo NapamMeTpoB/UKCMPOBAHHOE YNCMO NapaMeTpoB Noj-
nporpammel (Tabnuya B.9-4).
OraHu4eHuWe gocTyna/uHKancynauus uHdopmauum (tabnuuya B.9-3), Hanpumep,
CTUMYTbI ANs TOro, 4To6b! Mcnonb3oBaTk onpefeneHHbIe hyHKLUUN A3biKa.
MonHocTblo onpefeneHHblid nHTepdeiic (Tabnuya B.9-6). MpumMepbi:
- TouHas cneundukauna curHatypbl yHKUUK;
- NporpaMMupoBaHue ¢ NpoBepKoi oWMBOK (Tabnuuya A.2-3a) n Bepudukayuma
AaHHbIX (7.9.2.7) ¢ ABHOW cneyudukalmein npeaBapUTeNbHbIX YCNOBUIA U NOCTYC-
nosuii Ans yHKUWNA, yTBEPXKAEHUA, UHBApMaHTOB TUMOB AaHHbIX

MoHATHOCTL KoAa CornalueHusa o NPUCBOSHUN UMEH, NPOABUraloLLMe 3Havalme, OfHO3HaYHbIe

- cofieicTBME MOHATHOCTM Kofa | WUMeHa, HanpuMep, NPpeAoTBpaLleHNe UMEH, KOTopble MOXHO nepenyTaTh (Hanpu-

(7.4.4.13), mep 10 n 10).

- YATaeMbli, MOHATHLIA U TecTU- | CUMBOMBHLIE UMEHA ANSA YUCNOBLIX 3HAYEHMWNA.

pyeMblit ko (7.4.6) Mpoueaypbl M pyKOBOACTBA AN JOKYMEHTUPOBAHUSI UCXOAHOTO Koaa (7.4.4.13).
Hanpumep, B Hux:
- 06bACHUTL, NOYEeMy W 3a4eM (a He TOMLKO YTO) KopupyeTcs,
- onucaTb NpeaocTepeXeHNs;
- onucarb nobo4Hble apdeKThI.
[Ae 370 BO3MOXHO, B UCXOAHOM KOAE A0IDKHA cofiepXaTtbesa cneayowasn nHdop-
Mauua (7.4.4.13):
- lopuanyeckoe NUUO (Hanpumep KoMnaHus, asTop(bl) U T. 4.);
- OnucaHue Kopa,
- BXOAHbIE U BbIXOAHbIE AlAHHbIE;
- UCTOPUA ynpaBneHNAa KOHpUrypaLuen.
(CM. Taoke MoaynbHbIl noaxoa.)
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Tpe6oBaHWA N pekoMeHAaLmn
M3K 61508-3

YKkasaHuAa cTaHAapToOB KOAUPOBaHWUA

BepunumMpyeMocTs U TeCTUpY-
€MOCTb!

- cnocobcTBoBaTL Bepuduka-
UMK U TecTupoBaHuto (7.4.4.13);
- cnocobcTBoBaTL 06HapYKe-
HWIO OLUMGOK NP NPOEKTUpO-
BaHWU UK NPOrpaMMUpoBaHum
(7.4.4.10);

- chopmManbHas BepudmkaLus
(Tabnuua A.5-9);

- thopMarnbHoe foka3aTensCTBo
(tabnvuya A.9-1)

- OKpYXeHUS ANsl «KKpUTUYECKUX» BUBNUOTEUHBIX OYHKLUUA 4TS NPpOBEPKK
npea/nocTycrioBUi;

- CTUMYNbI ANA TOro, YTo6bl UCNOMb30BaTh (OYHKLUN A3bIKa, KOTOPLIE MOTYT
BbIPa3sUTbL OrpaHUYEeHNs Ha UCNonb3oBaHUe onpeAerneHHbIX ANEeMeHTOB AaHHbIX
WU dYHKUWIA (HanpuMep KOHCTaHT);

- ANSA MHCTPYMEHTOB, NOAAEPXMBAIOLMX BepudmrkaLuio: npasuna BbiNonHeHUs
orpaHuyeHuii Ansa BolbpaHHbLIX MHCTPYMEHTOB (ecnu 3T0 He BpeauT Gonee cylue-
CTBEHHbLIM LIENsIM);

- OrpaHu4eHHoe Ucnornb3oBaHue pekypcuu (Tabnuua B.1-6) n gpyrue dpopmbl
LIMKNUYECKNX 3aBUCUMOCTEN.

(CM. Tarke MogynbHBIA NOAXOA.)

CraTuyeckas BepudukaLms co-
OTBETCTBUA CreLnnLMpoBaH-
HOMY npoekTy (7.9.2.12)

YKa3aHua no KogMpoBaHMWIo AN peanusaumm cneundunumpoBaHHbLIX B NpoekTe
KOHLienumia unu orpaHnyeHmnii. Hanpumep:
- YKa3aHWs Mo KoAMPOBaHMUIO LUKIIOB C rapaHTUpYeMbiM MaKCUManbHbIM 3HaYEeHU-
eM BpeMeHu Lukna (Tabnuuya A.2-13a);
- YKasaHWuA No KofWpOoBaHUIO apXUTEKTYPLl C BpEMEHHLIM pacnpefieneHneM (Ta-
6nuua A.2-13b);
- YKasaHWs Mo KoLMPOBaHUIO apXUTEKTYPbI, yNpaBnseMoii cobbITuIMI, C rapaHTu-
pyembiM MakcumanbHbIM BpeMeHeM oTBeTa (Tabnuua A.2-13c),
- LMKl CO cTaTUYeCcKu onpefeneHHbIM MakcMMarbHbIM YNCIIOM UTepaLuin
(32 nckntodeHneM 6eCKOHEMHOro LuKna, NpefycMoTPEHHOrO B NPOEKTE);
- YKasaHWA Mo KoAMPOBaHMUIO CTaTUHYECKOro pacrnpefeneHus pecypcos (Tabnu-
La A.2-14) n npepoTepaLyeHne gAuHaMu4ecknx obbekTos (Tabnuua B.1-2);
- YKasaHua no KoAWPOBaHUIO CTAaTUHECKON CUHXPOHU3ALIMK OCTYMNa K COBMECTHO
uenones3yemelM pecypcaM (Tabnuya A.2-15);
- YKasaHuA Nno KojMpoBaHuWIo, N0 cobnoAeHUIo orpaHnyeHnii Ha Ucrnonb3oBaHue
npepeiBaHuii (Tabnuua B.1-4),
- yKasaHus no koanposaHuto, YTobbl He NCMONb30BaTb MHAMUYECKUE NepeMeH-
Hble (Tabnuua B.1-3a);
- NpoBepKa yCTaHOBKN ANHAMUYECKUX NEPEMEHHBIX B HEAaBTOHOMHOM pexume
(Tabnuua B.1-3b);

yKasaHus no KogupoBaHuio, YTobbl rapaHTMpoBaTh COBMECTUMOCTL C APYTUMU
ncnonb3yemMbiMu sidbikaMmu nporpaMmupoBaHuns (7.4.4.10).
YkazaHusa, cnocobCcTBylOLLUE OTCRIEXMBAEMOCTU NpoeKTa

MoaMHOXeCTBO A3bIKOB (Tabnu-
ua A.3-3):

- 3anpeT onacHbIX YHKLWA
A3blKka (7.4.4.13);

- UCMosb30BaHNe TOrbKO
onpegeneHHbIX PyHKLUIA A3blka
(7.4.4.10),

- CTPYKTYypHOE nporpaMMupoBa-
Hue (Tabnuuya A.4-6),

- CTPOro TUNU3NPOBaHHBLIA A3bIK
nporpammuposaHus (Tabnu-

ua A.3-2),

- OTCyTCTBUE aBTOMATU4ECKOro
npeo6pasoBaHna TMNOB (Tabnu-
La B.1-8)

WckntoveHne yHKLUIA si3blka, NPUMBOASLLMX K HECTPYKTYPUPOBaHHBLIM MPOEKTaMm.
Hanpumep:

- orpaHWYeHHOe Ucnonb3oBaHue ykasateneii (Tabnuya B.1-5),

orpaHU4eHHOe Ucrnonb3oBaHue pekypcum (Tabnuua B.1-6),

- OfpaHUYEeHHOEe ucnornb3oBaHue obbegUHeHWUI Nogo6HLIX B C;

- OrpaHWYEeHHOE UCMONb30BaHUE UCKIIOMEHUN, NoJo0HLIX B Ada unu C++,

- Heucnonb3oBaHUe HECTPYKTYPUPOBaHHOrO NOTOKa yrpaseHUsa B NporpaMMax
Ha A3blKax BbICOKOro ypoBHsi (Tabnuuya B.1-7),

- OfiHa ToYKa Bxofa/ofjHa TouYKa BbIxoAa B noAgnporpamMmmax U ¢pyHKUusx (tTabnu-
ua B.9-5),

- Heucnonb3oBaHWe aBTOMaTMYECKOro npeobpasoBaHNUs TUNOB;

- orpaHu4eHHoe ucnorb3oBaHue NoboYHbIX 3PHEKTOB, CUrHATYpP PyHKUWIA (Ha-
npuMep CTaTUYECKUX NepeMEHHbIX).

He ponyckaTb no6o4Hble aghdeKThl B OLEHKe YCNOBUI U BO BCEX (hopMax yTBepX-
AeHWi.

OrpaHu4eHHOe Mnu TonbKo AOKYMEHTarnbHO 0popMrieHHOe Ucnofnb3oBaHne
crneynduyHbIX Ana kKomnunsaTopa gyHKUUNA.

OrpaHn4yeHHoe UCcnonb3oBaHUe KOHCTPYKLUIA A3bIKa, KOTOPbIE MOTYT BBECTU B 3a-
bnyxaeHue.

[omkHel NnpUMEHATLCA NpaBuna, Korja STW BO3MOXHOCTM A3blka TEM He MeHee
UCMONb3YIOTCA
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OkoHYaHuUe mabnuupl

Tpe6oBaHuA n pekoMeHAaLMN

M3K 61508-3 YKkasaHusa ctaHAapToB KOANPOBAHUA

Xopowag npakTuka nporpammu- | Korga npumeHsioTcs:

posanus (7.4.4.13) - yKa3aHusi 0 KOMPOBaHUIO, rapaHTUpYyloLWme, YTo, B Cny4ae Heo6xoquMocTH,
BblpaXKeHWs C MnasBaloLei TOMKON oLeHUBaIOTCA B NPaBUNLHOM Mopsake (Hanpu-
Mep «a-b+c» He Bcerga paBHO «a+c-by),

- B CpaBHEHUSX C MiaBatoLLeil TOHKON: MCNONb3oBaTb TONBLKO HEpaBeHCTBa
(MeHbLUe YeM, MeHblUe Unu pasHLIl, Gonblue YeMm, GonbLue UNKU paBHbIR) BMECTO
CTPOroro paBeHCTBa; YKasaHUs, OTHOCALYMECS K YCNOBHON KOMNUNSALMKN 1 «Mpe-
npoLieccopHoii o6paboTke»;

- cucTeMartuyeckasl nposepka ycnosui Bosspara (ycnex/oTkas).
[okyMeHTUpOBaTL M NO BO3MOXHOCTU aBTOMATU3NPOBaTL CO3AaHUe UCTIONHAEMO-
ro koga (make-caine).

MpepoTBpaLyaTb Nobo4HbIe 3PP EKTHI, HE O4YEBUAHBIE U3 CUrHATYP (OYHKLMIA.
Korpa Takue noboyHble achdeKThl CyLECTBYIOT, B COOTBETCTBUN C YKasaHUAMUN

MX HEOBXOAUMO OKYMEHTaNbHO 0POPMUTD.

Baknioyatb B ckobkm, Korga NPMOpUTET ONEpaTopoB He abCoNOTHO O4EBUAEH.
MckaTb NpefnonoxuTensHo HEBO3MOXHbIE CUTYaUun (HanpuMep cuTyauus

«N0 YMOM4YaHuIo» B «nepekniodaTenax» assika C).

Mcnonb3oBaTb «OKPYXEHUA» ANA KpUTUHECKUX Moaynei, B 0COBEHHOCTU YTOOI
NpoBEPUTL NPeAN NMOCTYCMOBUSA U YCNOBUS BO3BpaTa.

Cobrnitoaarh ykasaH1s No KOQUPOBaHUIO B YCNOBUAX M3BECTHBIX OLLMOOK KOMMUMSA-
Topa U B npepjernax, yctaHoBNeHHbIX OLEHKON komnunsaTopa

C.2.6.3 OTKa3 oT AMHaMMYEeCKUX NepeMeHHbIX UNKU ANHaAMUYECKUX OO BbeKToB
MpuMedaHune—Ccolrka Ha AaHHbIA MeToa/cpeacTBo nNpuBeaeHa B MOK 61508-3 (Tabnuust A2 n B.1).

Llenb. cknounTb:

- HexenarenbHble UMW HeoBHapyXMBaeMble HaNoXeHUs B NAMATH;

- Y3Kue MecTa pecypcoB B npouecce (cBA3aHHOM ¢ 6€30NacHOCTLIO) BLINOMHEHUA NPOrpaMMbl.

OnucaHue. B cny4Yae npyMeHeHUs 3TOro MeToga AMHaMUYeCKe NepeMeHHbIE U AnHaMUYeckne obbeKTbl nonyyarot
onpegensieMble BO BpeMs BbINOSIHEHUS NporpaMMel orpeaeneHHele n abconioTHele agpeca B namaTtu. O6bem (pasmep)
pacnpefenseMon NamMaTh 1 ee agpeca 3aBUCAT OT COCTOSHUS CUCTEMblI B MOMEHT pacnpefieneHus naMsaTh U He MoryT
6bITb NPOBEPEHbLI KOMMUMNATOPOM UMK APYTUM @BTOHOMHBIM UHCTPYMEHTOM.

TaK Kak 4YMcrno fuHaMUYecKUX nepeMeHHbIX M obbekToB U cylyecTByloWee cBOGOAHOE MPOCTPAHCTBO MaMATU
NS pasMeLLeHUst HOBbIX WHaMUYECKUX NEPEMEHHbIX UM OGLEKTOB 3aBUCUT OT COCTOSHUS CUCTEMbI B MOMEHT UX pas-
MELLEHWS, TO MPU pasMeLLeHU UK NpW UCMONb30BaHUN NepPEeMEHHBIX UNKW 06bEeKTOB BO3MOXHEI cbon. Hanpumep, ecnu
o6beM cBOGOLHO NamATH, pacnpeensieMblii CUCTEMON, HEAOCTATOMEH, TO COAEPXKUMOe MaMsATU ApYro NepemMeHHON
MOXET ObITb HeyMbILLNEeHHO cTepTo. Ecnn guHaMuyeckne nepemeHHble N 06beKTbl HE UCMOMBL3YIOTCA, TO NosSBNEHUE
3TWX OLUMBOK UCKNHOYEHO.

HeobxogMMbl orpaHU4eHns Ha Mcnonb3oBaHue AUHaMUYECKUX OBBEKTOB, €CNKU AWHaMUYECKOE NOBEAEHUE HE MO-
XeT ObITb TOYHO MpefcKasdaHo ¢ NOMOLLLIO CTAaTUYECKOro aHanmsa (To eCTb Nepes BbINOMIHEHWEM NPOrpamMmbl), U NO3ITOMY
He MOXeT 6bITb rapaHTMpPOoBaHO NpefckalyeMoe BhINONHEHWE NPOrpaMMbl.

C.2.6.4 MNpoBepka co3aaHUA AUHAMMYECKUX NepeMeHHbIX U AUHAMNUYECKUX OOGBHEKTOB NpU BbINOMHEHUU
nporpaMmsil

MpumMedaHune— Ccbinka Ha AaHHbIA MeToa/cpeacteo npuseaeHa B MOK 61508-3 (Tabnuuya B.1).

Liene. Y6eauTtbes B TOM, YTO NamMsiTb, B KOTOPOW AOMKHbI ObiTb pasMellieHbl AUHaMUYeckne nepeMeHHble n 06b-
eKTbl, cBOOOAHA 0 ee 3arpysku, a pasMelleHne B Hell AMHaMUYECKUX NepeMeHHbIX N 06BEKTOB BO BPEMSA BbINONHEHUSN
nporpaMMbl He MOBAUSIET Ha YKe CYLLECTBYIOLLME B Hell NepeMeHHbIe, faHHbIe UNU KOAbI.

OnucaHnve. B criydae NpUMEHEHNUs 3TUX CPEACTB K AUHAMUYECKUM NEePEMEHHBIM OTHOCAT Te NepeMeHHbIe, KOTOo-
pble UMEIOT CBOU KOHKPETHbIE U abcornioTHLIe agpeca B NaMATH, yCTaHaABNMBaeMble BO BPEMs BLINOIHEHUSA NPOrpaMMbl
(B 3TOM CMBICNE AUHAMUYECKME NepEeMEHHbIE SABMAOTCA Takke aTpubyTamu 3k3emnNapos o6bLEKTOB).

AnnapartHbiMu NGO NPOrpaMMHEIMW CPEeACTBaMM NaMsATb NPOBEPSETCA Ha TO, YTO OHa cBoboAHa A0 pa3MeLleHUs
B Heil ANHaMUYECKMX NepeMeHHbIX UM 0ObeKTOB (HanpuMep ANSA Toro, YTo6bl UCKNOYNUTE NepenoriHeHne cTeka). Ecnn
pasMelLeHWe He paspeLlaeTcs (Hanpumep ecriv NamaTh Mo KOHKPETHOMY afpecy HeA0CTaTOuHO), AOMKHLI 6bITb NpeanpU-
HATLI COOTBETCTBYIOLLME AeiCTBUSA. [Tocne MCNONb3oBaHUA AUHAMUYECKUX NEPEMEHHBLIX UNKU 06beKToB (Hanpumep nocne
BbIXOA4a M3 NoAnporpamMmMbl) BCA UConb3yemasi UMM NaMATb JonxHa BbiTb ocBoboXaeHa.

MpwuMeyaH N e — AnsrepHaTMBHBEIM METOAOM SABNSAETCA AE€MOHCTPALMUA CTaTUYECKOro pacnpegeneHns NamMsaTu.
C.2.6.5 OrpaHuyeHHOe Ucnonb3oBaHUe NpepbiBaHUi

MpumedaHune— Cchinka Ha faHHbI MeToa/cpeacTBO npuBeaeHa B MOK 61508-3 (Tabnuua B.1).
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Llenb. CoxpaHeHue BepudULIMPYEMOCTU U TECTUPYEMOCTH NporpammHoro obecrnedeHmns.

Onucanue. Vcnonb3oBaHWe npepbiBaHnii 4OMKHO BbITh orpaHndeHo. MNpepelBaHWs MOryT UCMOMB30BaTLCS, €CIM
OHM ynpoLyatoT cuctemMy. Micnonb3oBaHne nporpaMmHbIX CPefCTB A5 06paboTku npepbiBaHuiA OMKHO GbITb 3anpeLyeHo
B KPUTUYECKUX CUTYaLMSAX ANSA BLINONHAEMBIX OYHKUUA (HanpuMep KpUTUYHOCTL MO BPEMEHU, KPUTUYHOCTE UBMEHEHUIA
AaHHbIX). Ecnu npepbiBaHWsA NCNONb3YHOTCS, TO HenpepbiBaeMble dparMeHThbl JOMKHLI UMETb cneuuduLupoBaHHoe MakK-
CUMarnsHoe BpeMs BEIYUCTIEHNS € TEM, YTOObI MOXHO GbINIO BLIMUCNIUTE MakcUMarnbHoe Bpems, B TEYEHUE KOToporo npe-
pbiBaHue 3anpeLyeHo. Mcnonb3oBaHre npepbiBaHWii U X MackupoBaHUe LOIMKHbl MOAPOGHO AOKYMEHTMPOBaTHCS.

C.2.6.6 OrpaHuyeHHoOe Ucnonb3oBaHue yKasartenei

MpumeyaHune—Ccbinka Ha flaHHbIl MeToA/cpeAcTBO NpuBeaeHa B MOK 61508-3 (Tabnuua B.1).

Lienb. UckntodeHne npobnem, cBsizaHHbIX ¢ AOCTYNOM K faHHbEIM 6e3 npeABapWTenbHO NpoBepkW Tuna W Aua-
nasoHa ykasartens. OB6ecnevyeHne MOAYNbLHOrO TECTUPOBaHWA U BepudmKaLmn nporpamMmMHeIx cpeacTs. OrpaHuyeHmne no-
CrnefCcTBMUSA OTKa30B.

Onwucanue. B npuknagHbiX NporpamMMHbIX CpeAcTBax apudmMeTuka ykasaTenei MoxeT ObiTb Wcnonb3oBaHa
Ha YpOBHE MCXOAHOro KoAa TOMbKO B cryyae, ecrnv TUN U fnanasoH 3Ha4eHWi ykasaTensa AaHHbIX (4718 rapaHTuum Toro,
YTO CChIfKa yKasaTens HaxofWuTcs BHYTPU KOPPEKTHOro afpecHoro npoctpaHcTea) ByayT npoBepeHbl nepes AOCTYNOM.
MexnpoLeccHoe B3auMoAeicTBre B NpUKNagHbIX NporpaMmmax He JOKHO OCYLLEeCTBNATLCA NPAMBIM AOCTYNOM MeXAy
3afja4amu. OBMeH AaHHBIMU JOMKEH OCYLLECTBNATLCSA Yepes onepaLoHHYo CUCTEMY.

C.2.6.7 OrpaHuyeHHOe UCnonb30BaHNe peKypcuii

MpunmeyaHUne— Cchifnka Ha faHHbIN MeTOA/cpeAcTBo NpuBefeHa B M3K 61508-3 (Tabnuua B.1).

Llenb. UckntodeHWe HeBepUULIMPYEMOTO 1 HETECTUPYEMOrO UCTONb30BaHWUA BLI3OBOB NOANPOrpaMM.

Onucanue. Ecnu ncnonbayeTcst pekypcus, To fommkeH BbITb onpeaeneH YeTkuil KpUTepuid, KOTopbIi AenaeT rmy6uHy
pekypcum npeackasyemMoil.

C.2.7 CTpyKTypHOe nporpaMmmmupoBaHue

MpwnmeyaHune— Cchifika Ha faHHbIA MeToa/cpeacTBo nNpusegeHa B M3K 61508-3 (Tabnvua A.4).

Llenb. MpoekTupoBaHue 1 peanuaaLumsa NporpaMmmbl ¢ UCMONb30BaHWEM NMPaKTUYMECKOro aHanuaa nporpaMmel 6es ee
BbINONHEHWA. MNporpaMMa MOXET cofepxaTb TONbLKO abCONOTHLIA MUHUMYM CTaTUCTUHECKN HETECTUPYEMOTO NOBEAEHNS.

Onucanue. na MUHAMW3aLWU CTPYKTYPHON CROXHOCTU MPOrpamMMbl criegyeT NPpUMEHATb CriefyioLLme NPUHLMNGI:

- pas3gensTb NporpaMMmy Ha nogxoasiume, Hebonbwmne, MUHUManNbHO CBA3aHHbIE NPOrpaMMHbIe MOAYIH, BCE B3au-
MOJeACTBINSA MeXAy KOTOPbIMUA TOYHO crneludULMpoBaHbI;

- COCTaBnsATb NOTOK YNpaBreHWsi MporpaMMHbLIMA MOAYNAMW C UCNONb3OBAHUEM TakUX CTPYKTYPUPOBAHHBLIX KOH-
CTPYKLMIA, Kak nocrefoBaTensHOCTH, UTepaumu U Beibop;

- obecneunBaTtb HeboMbLLOE YMCIO BO3MOXHLIX NMyTei Yepes NporpaMMHbLIE MOAYNM U BO3MOXHO 6onee npocTble
OTHOLUEHUA MeXY BXOAHBIMU U BEIXOAHBIMM NapameTpamu;

- WCKMIoYaTh CIOXHble BETBNEHWUS U, B YacTHOCTH, 6e3ycnoBHble nepexopbl (goto) npu UCNONBL3OBAHUU A3LIKOB
BLICOKOIO YPOBHS;

- M0 BO3MOXHOCTU CBSA3bIBaTb OrPAHUYEHUS LKA U BETBAEHWE C BXOAHLIMU NapaMeTpamy,

- WCKIoYaTb UCMOSIb30BaHUE CrOXHBIX BLIYUCIIEHWIA B BETBNEHUN U LiUKIe.

CrnepyeT MCMoNb30BaTh CBOWCTBA A3bIKOB NPOrpaMMUPOBaHUS, KOTOPbIe CNOCODCTBYIOT YKa3aHHOMY Bbille METOAY,
npegnovnTas Ux 4pyruM cBolcTBaM, KoTopble (kak yTBepxaatoT) 6onee adpdekTBHBI, 32 UCKITIOMEHNEM CnyYaes, Koraa
athpekTMBHOCTE NpUOBpeTaeT abCoNIOTHLIA NPMOPUTET (HaNpUMep HEKOTOPble KPUTUYHBIE K 6e30NacHOCTU CUCTEMBI).

JlutepaTypa:

Concepts in Programming Languages. J.C. Mitchell. Cambridge University Press, 2003, ISBN 0521780985,
9780521780988.

A Discipline of Programming. E. W. Dijkstra. Englewood Cliffs NJ, Prentice-Hall, 1976.

C.2.8 OrpaHuyeHue gocryna/uHkancynauusa nHgopmaumm

MpumeyaHune— Cchinka Ha faHHbIA MeToa/cpefcTBo NnpuBeaeHa B MOK 61508-3 (Tabnuua B.9).

Llenb. MpegoTBpalleHue HenpedHaMepeHHOro AocTyna K JaHHbLIM iU npouesypaM U obecneveHne TeM caMmbiM
Ka4eCTBEeHHOW CTPYKTYpbl MPOrpaMMHbLIX CPEeACTB.

OnwncaHue, OBLLEAOCTYMNHLIE ANS BCEX NPOrPaMMHBLIX KOMMOHEHTOB JaHHbIe MOTYT GbITb CRyYaiHO UNKU HeKOppPeK-
THO MOZAWMULMPOBaHbI MoBLIM U3 STUX KOMMOHEHTOB. JltoGble U3BMEHEeHUsT 3TUX CTPYKTYP AaHHbIX MOryT notpeGoeaTb
noApo6HO NPOBEPKM NPOrPaMMHOro Kofja U Cepbe3HbIX UCTIPaBMEHNA.

OrpaHuyeHue gocTyna npeacTaBnseT coboi o6LWMiA MeToa K MUHUMU3aLMKM yKasaHHbIX Beilwe npobnem. Kniove-
Bble CTPYKTYPbl A@HHbBIX «CKPbLITHI», U C HUIMU MOXHO paboTaTb TONBKO Yepes KOHKPETHLI HaGop npoLeayp A0ocTyna, 3TO
No3BoNseT MOAUMULMPOBATE BHYTPEHHUE CTPYKTYPLI AaHHBIX Unu fobaBnsTe HOBbIe NpoLeaypbl U NpU STOM He oKa-
3bIBaTh BMUAHUA Ha (PYHKLMOHaNbHOE MOBELEHWE OCTarnbHbIX NMPOrPaMMHLIX CpefcTB. Hanpumep, UMA SUPEKTOPUM
MOryT UMETb NPOLEAYPLl AOCTYNa «BCTaBUTbY, «yAaNUTL» U «HalWTUy». Mpoleaypbl JOCTYNa U CTPYKTYPbl BHYTPEHHUX
JaHHbIX MOTYT GbiTe M3MeHeHbl (Hanpumep Npu UCMONb3OBaHUU Pa3fUYHBIX METOAOB MPOCMOTPa UMW 3anoMUHaHUK
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UMEH Ha XeCTKOM JMCKe), He OKasbiBasi BIUSHUA Ha Norndeckoe noBefieHne ocTanbHbIX NPOrpaMMHLIX CPEacTs, Uc-
Nonb3yLMX 3TKU NpoLeaypbI.

B naHHOM cnyyae cnegyert UCNonb3oBaTh KOHLENLUMIo abCTpakTHLIX TUMOB AaHHbIX. Ecnn HenocpeacTBeHHas nposep-
Ka He NpeAycMOTpeHa, MOXET OKasaTbc HeobX04MMbIM NMPOBEPUTL, He 6bINo nNu abecTparMpoBaHue criyHainHoO paspyLUeHo.

Iuteparypa:

Concepts in Programming Languages. J.C. Mitchell. Cambridge University Press, 2003, ISBN 0521780985,
9780521780988.

On Design and Development of Program Families. D.L. Parnas. IEEE Trans SE-2, March 1976.

C.2.9 MoaynbHbI#i noaxon

MpumedaHune—Ccbinka Ha faHHbIil MeToa/cpefcTBo NpuBefeHa B MOK 61508-3 (Tabnuupl A.4 u B.9).

Llenb. [lekoMmno3upoBaHWe NporpaMMHON CUCTEMbI Ha HebomnbluMe 3aKOHYEHHLIE MOAYNU B LENAX COKpalleHUs
CNOXHOCTU CUCTEMBI.

OnucaHue. MoaynbHbIiA nogxod, Unu Mogynsipu3auus, BKIo4aeT B cebst HECKOMNBKO pasnuyHbLIX NpaBu 4ns sTanos
NPOEeKTUPOBaHUS, KOQUPOBaAHUA W SKCNIyaTauuu NpoekTa NporpaMMHLIX CPEACTB. 3TU MpaBuiia MEHSIOTCA B COOTBET-
CTBUU C peanusyeMbiM METOAOM NPOEKTUPOBaHUsL. BOMBLUMHCTBO METOZA0B NOAYMHSIIOTCA CrEAYIOLUM MpaBunam:

- MporpaMMHblii MOAYNb (UNKU NoANPOrpaMMa, YTO OAJHO U TOXE) AOIMKEH BLINOMHATL O HY YE€TKO chOPMYNUpPOBaH-
Hyl0o 3agaJy unu yHKLWIO;

- CBSI3U MeXy NporpamMMHbLIMU MOAYNSIMUA AOMMKHbI BbITE OrpaHUYEHbl U CTPOro onpefierieHbl, YpoBeHb CBA3HOCTH
Ka)xgoro nporpamMMHOro Mogynsi AOrKeH OblTb BLICOKUM;

- COBOKYMHOCTMW MOANPOrpamMM AOMKHbI CTPOUTLCA Tak, YTobbl 06ecnednBaTh HECKONBKO YPOBHEH NporpamMmHbIX
Mogaynen;

- pasmepbl NOANPOrpaMM CriefyeT orpaHuYuTb HEKOTOPLIMU KOHKPETHBIMU 3HAa4YeHUsIMU, OBLIYHO OT ABYX A0 Y€Tbl-
pex pa3aMepoB IKpaHa;

- MOAMNPOrpamMmmMbl AOMMKHBI UMETL TOSNBKO OfMH BXOZ W OfWUH BbIXOA;

- MporpaMMHble MOAYNM AOMKHEI B3aMMofeNCcTBOBaTL C APYrMMU NPOrpaMMHEIMA MOAYISIMU Yepe3 CBOU UHTEp-
cheiickl, rae ucnonbaytotes rmobaneHbie Unu obLyue nepeMeHHble, KOTopble JOMKHBI BbiTb XOPOLLIO CTPYKTYPUPOBaHHI;
JOCTYN K HUM JOMKEH HaxoAUTLCA NOA KOHTPONEM, U UX WUCMONb30OBaHWE B KaXAOM KOHKPETHOM Criydae JOIDKHO ObiTb
060CHOBaHO;

- BCe UHTepdeickl NporpaMMHbIX MOAYNEA AOMKHLI BbITb MOMHOCTLIO JOKYMEHTanbHO 0hOpMIEHb!;

- BCe WHTepdpeiickl NporpaMMHBIX MOAYNEN JOIMKHBI CofepXaTb ToNbKO Heobxoaumele Anst uX dyHKUMOHUpOBa-
HWs napameTpbl. OfHaKko 3Ta pekoMeHAauUus YCIOXHEHa TeM, YTO A3bIK NPOrpaMMUPOBaHUA MOXET UMETb NapaMeTpbl
Mo YMOMYaHMWIo UK UCnosb3yeTcs 0OGbEKTHO-OPUEHTUPOBaHHbIA NOAXO04.

Jluteparypa:

The Art of Software Testing, second edition. G.J. Myers, T. Badgett, T. M. Codd, C. Sandler, John Wiley and Sons,
2004, ISBN 0471469122, 9780471469124.

Software Engineering for Real-time Systems. J.E. Cooling, Pearson Education, 2003, ISBN 0201596202,
9780201596205.

Concepts in Programming Languages. J.C. Mitchell. Cambridge University Press, 2003, ISBN 0521780985,
9780521780988.

C.2.10 Ucnonb3oBaHue AoBepUTENbLHBLIX/MPOBEPEHHbIX NEMEHTOB NporpaMMHoro obecneyeHuna

MpunmedaHne—Ccblflka Ha faHHbli MeToa/cpefcTBo NpuBeaeHa B MOK 61508-3 (Tabnuupl A.2,C.2, A4 C.4).

Llenb. VckntodeHne Takoro NPOEKTUPOBaHUS NPOrpaMMHBLIX MOAYIEN U SNEMEHTOB, KOTOpoe Bbi3biBano Gbl He-
06X0AMMOCTb UX MHTEHCUBHEIX NMOBTOPHLIX NPOBEPOK UMK NEPENPOEKTUPOBAHUSA ANSI KaXA0ro HOBOro NpuMeHeHus. Uc-
nosib3oBaHune NpenMyLLeCTBa NPOEKTOB, KOTOpbIE He BbinKu hopMansHO UK CTPOro NPOBEPEHLI, HO ANSA KOTOPLIX UMEETCA
MPOAOMKUTENBHBIA OMbIT 3KCMnyaTaumu. Micnonb3oBatb NpeMMyLLECTBA yXKe CYLLEeCTBYIOLLUX NPOrPaMMHbIX 3NeMEHTOB,
KoTopble Bk NpoBepeHbl ANA Pa3fUYHbIX MPUMEHEHWUIA U ANS KOTOPLIX CYLLECTBYET COBOKYNHOCTb foKa3aTensCcTs noa-
TBEPXAEHUS COOTBETCTBMS.

OnucaHue. JaHHblil METOS NPOBEPSIET HANUYKUE B NPOrpamMMHbLIX arleMeHTax cucTeMaTuIecknx oLIMGoK NpoekTMpo-
BaHWSA U/UnK aKkcnnyaTaLnoHHbIX OTKa30B.

CTpOUTE CrOXHYH CUCTEMY, UCMOMb3Ys arleMeHTapHble KOMMOHEHTHI, HellenecoobpasHo. Kak npaBuno, UCMosb3yoT
OCHOBHbI€ y31bl («3aneMeHTbl», cM. MBK 615084, nyHkThl 3.2.8 1 3.4.5), koTopble 6binn paspaboTaHbl paHee Anst obecrneveHns
HEKOTOpPLIX MOME3HBLIX (PYHKLMIA U KOTOpble MOTYT GbiTh UCMONB30BaHbI A4S peanv3alyun HEKOTOPOiA YacT HOBOM CUCTEMBI.

lpaMOTHO CNpPOEKTUPOBaHHLIE U CTPYKTYpUpOBaHHbIe MO CUCTeMBbI COCTOAT U3 psAa NPOrpaMMHBIX SIEMEHTOB,
KoTopble pasnuyaroTes Mexay coboii YeTkum o6pa3oM M B3auMoAelcTByOT Apyr C pyroM BrOSIHe onpegeneHHbIMU crio-
cobamu. dopmupoBaHme GUONMOTEKN Takux 0BLLENpUMEHUMEIX MPOrPaMMHbLIX 3MIEMEHTOB, KOTOpPbLIE MOXHO MOBTOPHO
MCronb3oBaTh B HECKOSbKUX NPUMEHEHUsX, No3BonseT Gonbluylo YacTe pecypcoB, HeOBXo0AUMLIX ANsl NOATBEPXAEHUA
COOTBETCTBUSI MPOEKTOB, pacrnpefensiTe N0 HECKONBKUM NMPUMEHEHUSIM.

OpHako ANs NpUMeHEeHWiA, cBA3aHHLIX ¢ 6e30NacHOCTLI0, BaXXHO UMETb JOCTAaTOYHYHO YBEPEHHOCTL, YTO HOBas CH-
CTeMa, BKIKoYatoLLas STU yxKe CyLIeCTBYHoLLUe SrIEMEHTEI, UMeeT HeobxoaMMyto NonHoTY 6e3onacHoOCTH, a Takke, YTo 6es-
OMNacHOCTb HOBOW CUCTEMbI HE HapYLUIAETCH HEKOTOPLIM HEKOPPEKTHBLIM MOBEAEHUEM YXKE CYLLECTBYIOLLIMX AMEMEHTOB.

CyluecTBytOT iBa NoAxozAa, Kak 0bpecTn yBepeHHOCTb B TOM, YTO NMOBEAEHUE YXKe CYLLECTBYIOLMX STIEMEHTOB TOMHO
U3BECTHO:
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- MPOBECTN BCECTOPOHHUIA aHanu3 onbiTa 3KcnnyaTauuu snemeHTa, 4Tobbl NPOAEMOHCTPUPOBATL, YTO AMEMEHT
Obin «NpOBEpPEH B 3KCMyaTaLumny,

- OLeHUTb COBOKYMHOCTb JlOKa3aTenbCTB NOATBEPXAECHUA COOTBETCTBUS, KoTopas bbina cobpaHa Ans noeeaeHUs
aneMeHTa, 4Tobbl onpeAenuTb, COOTBETCTBYET /N 3TOT 3nNeMeHT TpeboBaHUAM HaCTOALLEro cTaHaapTa.

C.2.10.1 NpoBepka B aKcnnyaTauum

Tonbko B pefiKux criyuasix «NpoBepku B akcnayaTtauuny (cM. MOK 61508-4, nyHkT 3.8.18) 6yaet goctatouHo B Kade-
CTBE €JMHCTBEHHOrO CPEACTBA, rapaHTUPYIOLWEro Ans AOBEPUTENBHOIO ANeMeHTa NporpaMMHoro obecneyeHns focTuxe-
HWe UM HeobXoAUMOro YPOBHS NOMHOTLI 6e3onacHOCTU. NS CNOXHBIX 3NE€MEHTOB CO MHOTUMW BO3MOXHBIMU (DYHKLUAMU
(Hanpumep onepaLMOHHOW CUCTEMbI) BaXKHO YCTAHOBUTb, Kakas U3 pyHKUMIA 4OCTAaTOMHO MPOBEPEeHa NMpu ee UCnorb3o-
BaHWW. Hanpumep, npoueaypy caMoTeCTUpoBaHWUA ANna oBHapyxeHnsa ownbok, ecrn B Nepuos ee aKkcnnyarauumu He no-
SIBUINOCb OTKa30B, HEMNb3si pacCMaTpUBaTh kak NPOBEPEHHYIO B 3KCMnyaTaluu.

MporpaMMHbIiA 3aNeMeHT MOXET ObITb NPOBEPEHHBLIM B KCMNyaTaLum, €Cfii OH COOTBETCTBYET CREAYIOLLIUM KPUTEPUSAM:

- crneumdukaLmsi He MeHANacs;

- Mcnonb3oBarcs B cUCTeMax B pasnunyHbIX 06nacTax NpUMEHeEHNS,

- NPOAOIMKUTENBHOCTL CPOKa ero 3KCNNyaTauun He MeHee roaa,

- MPOAOIPKUTENBHOCTL 3KCMMyaTaLUu COOTBETCTBYET YPOBHIO NOMHOTHI 6e30MacHOCTUM UNM COOTBETCTBYIOLLEMY
YKCny 3anpocoB; AN AEMOHCTPaLMKN 4acTOThl OTKA30B, He CBA3AHHLIX ¢ 6€30NacHOCTLIO, MeHee:

- 1072 Ha oguH 3anpoc (B rog) ¢ 95%-HbiM ypoBHeM foBepus Heobxogumo 300 akcnryaTaLMOHHBIX MPOXOXAEHUIA
(Brop);

- 10° Ha ofuH 3anpoc (B rog) ¢ 99,9%-HbIM ypoBHEM AoBepus Heobxoaumo 690000 akcnnyaTaLMOHHLIX NPOXOX-
JeHuii (B rog).

MpwnmeyaHne—MaTemaTudeckuii annapart, o6ecneqnsaloLnii YACNOBbLIE OLIEHKMN JaHHOrO MeToAa, NpuBeAeH
B NpunoxeHun D. AHanorMYHbI METOA U CTAaTUCTUHECKNIA NOAXOA U3NOXeHbl Takke B B.5.4;

- BECb OMbIT 3KCMIyaTalui CBA3aH C U3BECTHBIM NPOdUNeM 3anpocoB dyHKLUKA NporpaMMHOro MORYNs AN ra-
paHTUM TOTO, YTO YBENUUMUBAIOLMIACA ONBIT AKCANYaTaUMn 4eNCTBUTENBHO NPUBOAMT K YBESTUYEHNIO 3HAHWIA O NOBEAEHUN
NPOrpaMMHOr0 MOAYISA, CBA3AHHOTO C COOTBETCTBYIOLMM NPOdUNeM 3anpoca;

- ero oTKas3bl He cBs3aHbl ¢ 6€30MNacHOCTbIO.

MpumMedaHune— OTKas, HEKPUTUYHBIN NS 6e30NacHOCTM B 04HOM KOHTEKCTE, MOXET ObiTb KpUTUYEH ANs Ges-
OMacHOCTU B APYTrOM KOHTEKCTe, U HaoGopoT.

[ns npoBepK1 COOTBETCTBUSA KPUTEPUIO NPOrPAMMHOr0 Sf1ieMeHTa AOMKHO BbiTb JJOKYMEHTanbHO 0gpOPMAEHO:

- TOYHas MAeHTUUKALUA KaxXaoh CUCTEMEI U ee ANEeMEHTOB, BKNoYan HoMepa Bepcuid (Kak 4N NporpaMmMHbIX, Tak
W Ans annapaTtHbIX CpeacTB);

- WheHTUdMKaumsa nonb3oBaTtenei U NPOAOIPKUTENBHOCTL UX paboThi;

- NPOAOIMKUTENBHOCTL IKCNyaTauunu CUCTEMSI,

- npoueaypa Bbibopa cuctem, MPUMEHAEMbIX MOMNb30BaTENSIMU, U CIlyYaeB ee NPUMEHEHUS,

- npoueaypbl 06HapyeHUsi U perucTpaLum oTKa3oB U ycTpaHeHus cb6oeB.

C.2.10.2 OueHKa COBOKYNHOCTU JOKa3aTeNnbCTB NOATBEePXAEHUSI COOTBETCTBUSA

Yxe cyllecTByioLWuiA arneMeHT nporpammHoro obecneyvenunsa (cM. MOK 61508-4, nyHkT 3.2.8) — 3TO TOT, KOTOpbLIA
yXe cylwecTByeT U He 6bin paspaboTtaH cneynanbHoO ANs TeKyLero npoekTa unm SRS. Yxe cyllecTBytollee NporpaMmmMHoe
obecneveHne MoOXeT OblTb KOMMEPYECKUM AOCTYMHBLIM NMPOAYKTOM, UM OHO MOXET ObiTh pa3paboTaHo Kakoil-To opraHu-
3auneil AnA NpeabiayLLero usgenusa unu cuctemsl. MNpeaBapuUTensHO CyLLeCTBYOLEe NporpaMMHoe obecnedeHne MoxXeT
WU He MOXET BbITb paspaboTaHo B COOTBETCTBUM ¢ TpeboBaHUAMU HACTOSILLEro CTaHAapTa.

[ns oueHKU NoNHOTL 6e30MacHOCTU HOBOW CUCTEMBI, BKIIOYAIOLLEN YXe CyLLeCTBYIOLLME NporpaMMbl, Heobxoguma
COBOKYMHOCTb J0Ka3aTenbCTB NOATBEPXKAESHUA COOTBETCTBUA ANA ONpPeAeneHns NoBefeHns NpeaBapUTENbLHO CYLLECTBY-
towjero anemeHTa. OHa MoXeT 6biTb nonyyeHa (1) U3 cobcTBEHHOW AOKYMEHTaLMKU NocTaBLUMKa SreMeHTa U onucaHus
npouecca paspaboTku aneMeHTa unu (2) MoxeT 6biTb co3gaHa MM JonofHeHa AONONHUTENbHBIMUA KBanudULMpoBaHHbI-
MU MepPONPUATUSIMU, BLINOITHEHHLIMU pa3paboTUUKOM HOBOW CUCTEMEI, CBsI3aHHOW ¢ Ge30MacHOCTbIO, UNU TPETEUMU K-
yamu. Bo3MOXHOCTU U OrpaHUYEHUsi NOTEHLUANbHO NMOBTOPHO UCMOMb3YEMOro NporpaMMHOro arieMeHTa onpeaenstoTca
B «PykoBogcTBe no 6e3onacHoOCTU ANA NPUMEHAEMbIX U3 enuit».

B niobom crnyyae AOMKHO cyllecTBOBaTb (MMM AOIMKHO GbITb CO3[1aHO) PYKOBOACTBO Mo 6e3onacHOCTU AN npu-
MEHSIEMbIX U3[eNuUiA, KoTopoe obecneunBaeT afekBaTHYIO BO3MOXHOCTb BbIMOMHUTE OLEHKY NMOTHOTHI 6€30MacHOCTH KOH-
KpeTHoW yHKLMUM Be3onacHOCTU, KOTopas NOMAHOCTLIO UITU YaCTUYHO pearm3yeTcsl NOBTOPHO MCMOSb3yeMbIM 31IEMEHTOM.
Ecnu ero HeT, To fonmkeH 6bITb cAenaH KOHCEPBATUBHLIA BLIBOZ, O TOM, YTO ANS SreMeHTa He NoATBepX4eHa BO3MOXHOCTb
€ro NoBTOPHOIO UCMOSL30BaHUsA B cUCTEME, CBA3aHHOM ¢ He3onacHoCThLIo. (OTO HE O3HaYaeT, uTo ANs rieMeHTa BoobLe
He noATBepXKeHa BO3MOXHOCTL €ro NoBTOPHOro UCMONbL30BaHUs, NPOCTO B JaHHOM KOHKPETHOM criyvae He 6bino Haige-
HO ,0CTaTOMHO JOKa3aTenbCTB.)

HacTosiuii crangapt npegbsBnsieT ocobble TpeboBaHust K cofepXKaHuio pykoBoAcTBa no 6esonacHocTy Arist IPUMEHSI-
embIx nsgenuii, cM. MK 61508-2, npunoxexune D, MOK 61508-3, npunoxeHue D n MOK 61508-3, nyHkTol 7.4.2.121 7.4.2.13.

B «PykoBogcTBe no 6e3onacHocTU ANA NPUMEHSAIEMbIX M3Aenuit» ByaeT pacCMOTPEHO, YTo:

- NPOEKT arneMeHTa U3BECTEH U AO0KYMEHTanbHo opopMIIEH;

- 3rneMeHT 6bln 06LEKTOM NPOBEPKU U NOATBEPXKAEHUS] COOTBETCTBUS HA OCHOBE CUCTEMATUYECKOro NOAXoAa C A0-
KyMeHTansHo opopMIieHHO NpoBepKoW U aHanNM3oM Bcex YacTel NpoeKTa areMeHTa U Koaa;
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- Heucnonb3yeMble U HeHyXHble (hyHKLUU 3rieMeHTa He MoMeLLatoT HOBOW cucTeMe BBINOSTHEHUA CBOUX Tpeboba-
HWii kK BesonacHocTy;

- BCE BEPOSATHbIE MEXaHU3Mbl OTKa3a afleMeHTa B HOBOW cucTeMe Obinn BbiSBNEHb! U ObINO BBIMOMIHEHO MX COOT-
BeTCTBYtOLWEe ocnabnexue.

OueHka yHKLMOHaNbHON 6e30MacHOCTU HOBOW CUCTEMBI AOIMKHA YCTAaHOBUTbL, YTO MOBTOPHO UCMOMb3yeMbli are-
MEHT NPUMEHSETCA CTPOro B Npefenax BO3MOXHOCTEH, KoTopble ANsi 3Toro anemeHTa Gbinn 0060CHOBaHLI AoKasaTenb-
CTBOM W NPEANONOXEHNAMU B «PyKoBOACTBE No 6€30MacHOCTW ANS NPUMEHSAEeMbIX U3Aenuiy.

IutepaTtypa:

Component-Based Software Development: Case Studies. Kung-Kiu Lau. World Scientific, 2004, ISBN 9812388281,
9789812388285.

Software Reuse and Reverse Engineering in Practice. P.A. V. Hall (ed.), Chapman & Hall, 1992, ISBN 0-412-39980-6.

Software criticality analysis of COTS/SOUP. P. Bishop, T. Clement, S. Guerra. In Reliability Engineering & System
Safety, Volume 81, Issue 3, September 2003, Elsevier Ltd., 2003.

C.2.11 MNpocnexuBaeMocTb

Llenb. O6ecneynTb cormacoBaHHOCTbL MeXay aTanaMu XU3HEHHOro Lukna.

OnucaHue. [ns Toro, 4ToObl rapaHTMpoBaTh ANS NporpaMMHoro obecneveHusi, YTo pesynsraTbl AENCTBUIA Ha 3Ta-
Mnax W3HEHHOro LMKNa COOTBETCTBYIOT TpeboBaHWAM KOPPEKTHOW paboThl CUCTEMBI, CBA3AHHOW ¢ 6€30NacHOCTLIO, Kpaii-
He BaXXHO rapaHTUpoBaTh obGecrnedeHne COOTBETCTBUA MEXAY dTanamu XWU3HeHHoro Lukna. KrioyeBbiM NOHATUEM 34eCb
ABNAETCH «NPOCNEXNBAEMOCTbY MeXAY AeACTBUAMU. B CyLHOCTH, 3TO BLINOSIHEHUE aHanu3a BMAHUSA, NPOBEPAIOLLEro
(1), 4UTO pelLeHUs, NMPUHATLIE Ha paHHel cTaguK, afeKkBaTHO peanu3oBaHbl Ha Gonee No3gHUX cTaguax (NpamMasn npocne-
XKUBAEMOCTb), 1 (2), YTO peLleHus, NpUHATLIe Ha Boree No3aHeM aTane, AeUCTBUTENBHO HEOBXOAUMBI U CaHKLMOHNPOBa-
Hbl paHee NPUHATLIMU peLlleHnMK (oBpaTHas NPOCNeXMBaeMocTb).

Mpsimasi NpocnexnBaeMocTb B OCHOBHOM CBAi3aHa ¢ NpoBEpKoi afiekBaTHOCTU TpeboBaHuiA Ha 6onee No3gHUX Tanax
XU3HEHHOro Lykna. MpaMasn npocnexvwsaeMocTb BaXHa B HECKOIBKUX TOMKaX XU3HEHHOO LMKIa cucTeMbl 6€30nacHoCcTu:

- Mexay TpeboBaHusAMU K cucTeMe GesonacHoCcTU U TpeboBaHUAMU K NporpaMMHoMy obecrniedeHmnto cuctembl 6es-
onacHocCTH,

- Mexay cneuudmrkaumsam TpeboBaHUin K NporpaMMHOMY obecnedeHnto cucTeMbl 6€30MacHOCTU U K apxXUTeKType
nporpammHoro obecneyeHus;

- Mexay crneyudukaymaMm TpebosaHmii K NnporpaMMHOMY obecnedeHunio cucTtemMesl 6e30NacHOCTU U K NPOEKTY Npo-
rpammHoro obecneveHus,

- Mexay cneuudukaLlmeil npoekTa nporpaMmMHoro obecnedeHns n cneyudmrkaLmusaMn UCTIbITaHWA MOAYNA U UHTe-
rpauuu;

- Mexgy TpeboBaHWAMU K WHTerpauuu annapaTHbiX cpefcTs/nporpaMMHOro obecrnedyeHus npoekTa CUCTEMbI
U nporpaMmHoro obecneveHns U cneundukaumamMn UCNbITaHUIA MHTErpaLuKU annapaTHbIX cpeacTs/nporpaMmmHoro obe-
creyeHus;

- Mexay cneuudukauvein TpeboBaHU K NporpaMMHOMY obecneyeHuio cuctembl 6€30NacHOCTU U MNaHoM Mog-
TBEPX4EHUA COOTBETCTBUA NporpammHoro obecneveHus 6€3onacHoOCTU CUCTEMB,

- Mexay cneuundukalmein TpeboBaHuin K nporpaMmHoMy obecneyeHuio cuctembl 6€30NacHOCTU 1 NaHoM Moaudu-
KaLumn nporpamMMHoro obecrneqeHns (B TOM YMCNE NOBTOPHOI NPoBepKOiA U NOBTOPHOTO NOATBEPXKAEHUS COOTBETCTBUSA);

- Mexay cneundmKalueii npoekra nporpaMmMHoro obecnevyeHunsi U nrnaHoM sepuduKkalum nporpammHoro obecre-
YeHus (BKNKoYan BepudnKaLmio JaHHbIX),

- Mexay TpeboBaHusaMu MOK 61508-3, pasaen 8, u nnaHoM oLeHKM GyHKUMOHanbHoW 6esonacHoCT nporpaMM-
Horo obecrne4eHus.

OBpaTHasi NpocnexuBaeMoCTb B OCHOBHOM CBA3aHa C NPOBEPKOWA, HACKOIbLKO KOppeKTHO NiobeiM TpeboBaHnem o6o-
CHOBLIBAETCH Kaxoe peanvsaLmoHHOe pelleHue (peanusaLunsi NOHUMAETCS B LUMPOKOM KOHTEKCTE, @ He TONbKO peanusaums
kopa). Ecrnin Takoe 060CHOBaHME OTCYTCTBYET, TO peanusaums GyaeT cofepXarb YTo-TO He CToMNb HeobxoanMoe, YTo npuseaeT
K YBENWYEHUIO CIOXHOCTM, HO He 0653aTenbHO YA0BNETBOPUT NtoboMy peanbHoMy TpeboBaHUIo K cucTeMe, cBsizaHHol ¢ 6e3-
onacHocTeto. OBpaTHas NPOCNEXMBaeMOCTb BaXHA B HECKONBKUX TOMKAX XU3HEHHOTO LMKNa cucTeMbl 6e3onacHocTu:

- Mexay TpeboBaHMsAMM k cucTeme Ge3onacHOCTM U NpegnonaraeMbiMu NoTpebHocTAMK BesonacHocTy,

- MeXay apXuTeKTypol nporpammHoro obecneyenmnsi u cneyndukaumein TpebosaHuin kK nporpaMmHoMy obecnedye-
HUWIO cuCcTeMbl BesonacHocTy;

- MexXay feTanbHbIM NPOeKTOM NPorpamMMHoro obecneyeHust U apxMTEKTYpoid NporpaMmHoro obecneveHus,

- MeXay NporpaMMHBIM KOAOM U AeTanbHbIM NMPOEKTOM MPOrpaMMHoro obecneveHus,

- MeXay nnaHoM NoATBepAeHUA COOTBETCTBUSA NporpaMmHoro obecneveHnst 6€30NacHOCTU cucTeMbl U crieyyudu-
Kalueit TpeBoBaHUi K NporpaMMHoMy oBecneveHuto cucteMbl 6ezonacHocTy;

- MeXgy nnaHoM MogudukaumMn nporpaMmHoro obecriedeHust U cneuudukaymeint TpeboBaHuit K NporpaMMHOMy
obecneyeHunto cucteMbl GesonacHocTy;

- MeXay nnaHom Bepudukaumm nporpaMmMHoro obecneveHus (Bkntouwasi BepudUKaLuio AaHHbIX) U cneuudurkaumen
npoekTa nporpaMMHoro obecneveHus.

JluTepaTypa:

Requirements Engineering. E. Hull, K. Jackson, J. Dick. Springer, 2005, ISBN 1852338792, 9781852338794.

C.2.12 MpoeKTUpoBaHue nporpaMMHOro obecneyeHus, He CoOXpaHsloLWEero COCTOHUE (UNKU NPOEKTUpPoBa-
Hue O, coxpaHAIOLEro orpaHuYeHHOe ONMUCaHUe COCTOAHUSA)

Llenb. OrpaHW4uTh CNOXHOCTL NOBEAEHNS NporpaMmHoro obecnedeHus.
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Onucanune. PaccmoTpum nporpaMmy, kotopasi obpabartbiBaeT nocriefoBaTeflbHOCTb TpaH3aKkLWii: oHa nony4aeT no-
Crefo0BaTeNbHOCTb BXOAHBIX faHHbLIX U AN KaXA0ro U3 HUX BbIMUCIISET BbIXOAHbLIE AaHHble. [TporpaMMa MOXET Takke
3aMoMuHaTh HEKOTOpLIE UMK BCe COCTOSHUSA B NPOLIECCE BLIYUCIIEHNS U MOXET TakXe YYUThIBaTb 3TU COCTOSIHUS NPU Bbl-
YUCIIEHUN pe3ynbTaTta AN CNeAYIoWUX BXOSHbIX AaHHbIX.

Ecnu BbixogHbIe AaHHble NporpamMmmbl MOMHOCTBIO OMNPEAENSATCA TONMbKO BXOAHbLIMMW, TO FOBOPSAT, YTO Takas npo-
rpamMma pabotaeT 6e3 3anoMUHaAHWA WK SIBNSAETCA MPOrpaMMOi, He coxpaHsioweil cocTosiHue. Kaxpgasa TpaHsakuus
BXOAHbIX/BbIXOAHbBIX A@HHBIX NOSIHA B TOM CMbICIE, YTO Ha Niobylo TpaH3aKUuMio HUKaK He BnuseT niobas, bonee paHHssA
TpaH3aKUWs, U KOHKPETHbIE BXOAHLIE AaHHbIe BCerga NpUBOAAT K TEM Xe CaMblM CBSA3aHHLIM C HUIMU BbIXO4HbLIM AaHHbIM.

Ecnu nporpaMma npu BbIMMCNIEHUN BXOAHBIX JaHHbLIX YHUTBIBAET, KPOME BXOAHLIX A@HHbIX, TakKe U COCTOSIHUE, KO-
Topoe OHa 3anoMHWNa B pesynsrare NpefbigyLLuX BLIMUCIIEHUIA, TO Takas nporpaMma obnagaet 6onee cnoxHeIM nosege-
HWeM, NOTOMY YTO B Pa3fIMYHbIX CIly4asX OHa MOXET [aBaTb pasfinyHbIe BEIXOAHbIE faHHbIe AT OfHUX U TeX XKe BXOAHbIX
AaHHbIX. Pe3yneraT ANA KOHKPETHBIX BXOAHBIX AaHHBIX MOXET 3aBUCETb OT KOHTEKCTa (TO €CTb OT NpeAblayLuX BXOAHLIX
1 BbIXOAHBIX AaHHbIX), B KOTOPOM OHU obpabaTbiBatorcs. HeobxoguMo Takke OTMETUTh, YTO B HEKOTOPLIX MPUITOXKEHMUSX
(06bIMHO KOMMYHUKALMOHHBIE CUCTEMbI) NOBEAEHUE MPOorpaMMbl MOXET BbiTb 0COBEHHO YYBCTBUTENBHO K U3MEHEHUSIM
B COXPaHEHHOM COCTOSHUM, KOTOpPbIE MOTYT NPOU3OWTU UMK HeNpegHaMepeHHO UMK 31T0HaMepPEHHO.

MpoekTUpoBaHUe ¢ HECOXPaHSIOLLMMUCS COCTOSIHUAMM (USIU C COXPaHEHUEM OrPaHU4EHHOIO ONUCaHWUS COCTOSIHUIA) SiB-
naerca obWuM noaxoAoM, HanpaBneHHbIM Ha MMHUMU3aLMIO BO3MOXHOW CIIOXHOCTM NOBEAEHUA NporpaMMHOro obecrneyeHus,
UCKMtoMas UK YMEeHbLUIAs UCNOoNb30BaHUe MHGOpMaLMKU O COCTOSIHUM NPU MPOEKTUPOBaHWK NPOrpaMMHoro obecrneyeHus.

IutepaTypa:

Introduction to Automata Theory, Languages, and Computation (3rd Edition). J. Hopcroft, R. Motwani, J. Ullman,
Addison-Wesley Longman Publishing Co, 2006, ISBN:0321462254.

Stateless connections. T. Aura, P. Nikander. In Proc International Conference on Information And Communications
Security (ICICS’97), ed Yongfei Han. Springer, 1997, ISBN 354063696X, 9783540636960.

C.2.13 YucneHHblit aHanuM3 B aBTOHOMHOM pexume

MpwuMedaHune— CcbiNika Ha AaHHbIA MeToa/cpeacTBo NpuBegeHa B MOK 61508-3 (Tabnnua A.9).

Llens. MapaHTMpoBaTk TOMHOCTE YUCNOBLIX BLIYUCITEHWUHA.

OnuncaHune. YncnoBasn NorpellHOCTb MOXET BO3HMKHYTb NPU BBIMUCIIEHUU MateMatuyeckor (YHKUMKU Kak cnep-
CTBME UCMNONBL30BaHWUA KOHEYHBIX NpefcTaBneHnin ngeansHblx GyHKUUA U yncen. Ownbka yceveHnsa nosenseTcs, Kkoraa
OYHKLUMA annpoKCUMUPYETCH KOHEYHLIM YMUCITOM YrieHoB 6ecKoHeYHoro psga, TakuM Kak pag Oypee. [na npegcraBneHus
B peantHOM KOMMbIOTEPE BELLECTBEHHbLIX YMCEN C KOHEYHOW TOYHOCTBIO, BBOUTCA UX NOTPELUHOCTL OKpyrneHus. Ecnun
BBINOMHAOTCA Kakne-nubo, KpoMe caMbiX MPOCTEMLLKX, BEIMMCIIEHUA C MnaBatoleid TOUKOMR, To forkHa ObiTb NpoBepeHa
060CHOBaHHOCTb BbIMYUCTEHUS, YTOBLI rapaHTUPOBaTh, YTO TOUHOCTb, TpebyeMas NnpunoxeHnem, hakTUYECcKn OCTUrHYTA.

Ilutepatypa:

Guide to Scientific Computing. P.R. Turner. CRC Press, 2001, ISBN 0849312426, 9780849312427 .

C.2.14 Auarpammbl nocnefoBaTenbHOCTU COOBLIEeHU I

MpuMedaHune— Ccolfika Ha aHHbIA MeTog/cpencTeo npueegeHa B MOK 61508-3 (Tabnuupel B.7 n C.17).

Llenb. Momoub nony4veHuto TpeboBaHWi K cUCTEME Ha paHHUX CTafWsAX NPOEKTUPOBaHUA NPOrpamMMHOro obecnede-
HWSA, BKMoYan cTagum popmmnpoBaHnsa TpeboBaHmWii U NPOeKTUPOBaHUA apXUTEKTYpPEI NporpaMMHoro obecnedeHus. B UML
3T0 HasbiBaeTcs «[uarpamma nocnefoBaTensHOCTU cuctembl» (System Sequence Diagram).

Onucaxne. dnarpamma nocriefoBaTeNbHOCTU CoobLeHUA — rpadudeckuii MexaHW3M gna onucaHua nosefe-
HUSA CUCTEMbI C TOYKU 3PEHUS KOMMYHWUKALUA MEXAY areHTaMu CUCTEMbI (areHTOM MOXET OblTb YenoBeK, KOMNbTep-
Has cucTema WK arneMeHT nNubo obObeKT nporpaMMHoro obecnevyeHns, B 3aBUCUMOCTU OT CTagun NPOEKTUpOBaHUS).
[ns Kaxgoro areHTa Ha cxeme nNpeAcTaBneH BepTUKaNbHbIA «KU3HEHHbIA NyTb», a CTPENK1 MEXAY HUMU NCNONb3YIOT-
¢, 4To6bl NpefcTaBUTL coobLleHus. JdeicTBUSA NO NonyYyeHUn coobLLEeHWH MOXHO AONONHUTENBHO NOKAa3aTk Ha cxeMax
B BUAe npsmMoyronbHukoB. Habop cueHapueB (onuckiBatowux u Tpebyemoe U HexenaTenbHoOe NoBedeHUe) cosfaeTcs
Kak cneundukaums HeobxogMMoro NoBeAeHUA CUCTEMbI. OTU CLEHapPUN UMEKOT HECKOMNbKo NpUMeHeHWd. MoxeT 6bITb
npoBefeHa UX aHMMaums, 4Tobbl NPoJeMOHCTPUPOBaTL NOBEJEHUE CUCTEMbI KOHEYHbIM Mofib3oBaTensM. OHWU MoryT
6bITb NpeobpasoBaHbl B UCMOMHUMYO peanu3auunio cuctemel. OHU MOTYT chOPMUPOBATL OCHOBY TECTOBBIX JaHHbIX.

UML cogepxuT paclunpeHmnst obbIYHOR KOHLUeNLMu guarpaMmbl NocrefoBaTenbHOCTI COOBLLEHM B BUAE KOHCTPYK-
Lnii BeIBOpa U UTepaumu, KOTOpbIE NO3BONSAOT CLIEHAPUAM BLINOMHATL YCMOBHLIE Nepexobl U Luknbl, obecne4vunsas bonee
KOMMaKTHYI0 HoTaumio. MoryT ObiTk Takke onpefeneHsl NoAcXeMbl, Ha KOTOpble MOXHO COCMNaTbCs U3 HECKOMbKUX Aua-
rpamMm nocnefoBaTenbHocTel Bornee BLICOKOro YPOBHSA. Takke MOryT 6biTk NpefcTaBneHsl TalMep 1 BHELLHWE cobbIThs.

Ilutepatypa:

«Message Sequence chartsy», D. Harel, P. Thiagarajan. In UML for Real: Design of Embedded Real-Time Systems.
ed. L. Lavagno. Springer, 2003, ISBN 1402075014, 9781402075018,

ISO/IEC 19501:2005, Information technology — Open Distributed Processing — Unified Modeling Language (UML)
Version 1.4.2.

C.3 ApXUTEKTYypHOE NpoeKTUupoBaHue
C.3.1 O6HapyxeHue u guarHocTuka c6oeB

MpuMedaHune— Ccolfika Ha faHHbIA MeTog/cpencTeo npueegeHa B MOK 61508-3 (Tabnuua A.2).
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Liene. OBHapyxeHue cb6oeB B cUCTEME, KOTOPble MOMYT MPUBECTU K OTKasam W TeM caMblM oBecneunTe OCHOBY
LNS KOHTPMep, HanpasneHHbIX Ha MUHUMKU3aLMIo Yicna nocneaytoLmx cboes.

OnucaHne. OBHapyxeHue cboeB NpeAcTaBnseT cobol AeiicTBUE MO NMPOBEPKE CUCTEMbI Ha Hanu4ue omnbou-
HbIX cocTossHMI (0BycnoBneHHbIx cb6osiMu B nMpoBepsaemMoli (nog)cucteme). OcHoBHas Lenb obHapyxeHus cboes cocTouT
B TOM, YTOGLI NpefoTBpaTUTL NOSIBNEHWe HEBEPHbLIX pedynsratoB. CucTeMa, AeNCTBYLLasA B COMETAHUM ¢ napannensHo
paboTatoLMMmu KOMNOHEHTaMU, OCTaHaBNMBAIOLLMMI yrIpaBrneHne, B cry4ae, ecrim oHa oBHapyXuBaeT, 4To ee cobCTBEH-
Hble pesyneTaThl HEKOPPEKTHbLI, HaskbiBAaETCA caMonpoBepseMOii.

OBHapyxeHue c60eB OCHOBLIBAETCH Ha NPUHLMMIAX M3BBITOMHOCTM [B OCHOBHOM Npu 06HapyxeHWn cboes annapat-
HbIX cpeacTB (cM. MOK 61508-2, npunoxeHne A)] n pazHoobpasus (MporpammHbele owndkm). Heobxoamm oguH M3 cnoco-
60B rorocoBaHuUA A1 onpeAeneHns KoOppekTHOCTU pe3ynsTaToB. [pUMeHUMBI crieLnansbHble METOAbI, K KOTOPLIM OTHOCAT-
cA MporpaMMUpoBaHue YTBEPXAEHWIA, NporpammupoBaHue N-Bepcuii U pasnnyHble METOALI KOHTpons. s annapaTtHbIX
CpeACTB: BBeLleHWe AOMOMHUTENbHLIX CEHCOPOB; KOHTYPOB PEryrmpoBaHus; KofoB, MPoBEPAOLLMX OLnBKM, U ap.

OBHapyxeHune cboeB MOXeT obecnevnBaTbCs NPoBEpPKaMy B 06nacTu 3Ha4YeHWn U BpeMeHHoW obnactu Ha pas-
TINYHBIX YPOBHSAX, 0COBEHHO Ha PU3NYECKOM YPOBHE (TemnepaTypa, HanpskeHue U T. N.), TorM4eckoM (KoAbl, 0BHapyxu-
BaloLMe oWnBKM), yHKLMOHANBHOM (YTBEPXIEHUSA) UMW BHELLHEM (MPOBEPKW AOCTOBEPHOCTU). Pe3ynbratsl aTUX Npo-
BepOK MOryT BbITb cCOXpaHeHkl U CBA3aHbl C AaHHbIMUW, Ha KOTopble NoBnusAn cboii, ¢ Tem YToObLI 06ecnevnTb BOSMOXKHOCTb
OTCMEeXWBaHUA OTKa30B.

CrnoxHble cUCTEMbI COCTOAT M3 nogemcTeM. SEKTUBHOCTL 0GHapyYKeHNSA OLLIMBOK, ANArHOCTMKM U KOMMeHcaLmn
OLUMBOK 3aBUCUT OT CIIOXKHOCTU B3aUMOAENCTBUA MEXAY NOACUCTEMaMK, BIUSAIOWMUMU Ha pacnpocTpaHeHue oLLnbokK.

[narHocTuKy owmbok crefyet NPUMEHSATb Ha YPOBHE caMblX MaribiX MOACUCTEM, MOCKONBKY MOACUCTEMBI MEHBLLMX
pa3mepoB fornyckatoT 6onee AeTanbHyo AUarHocTUKy oGOk (0BHapyeHUe OLIMBOYHbLIX COCTOSTHMUIA).

NHTerpnpoBaHHble MHPOPMAaLMOHHBIE CUCTEMBI YPOBHSA NPEANpUATAS MOryT 06bi4HBEIM cnocobom nepefasartb Co-
CTOAHMS 6e30NacHOCTM CUCTEMEI, B TOM Y1cre MHOPMaLMIo fUarHOCTUHECKOro TECTUPOBaHUS, APYIUM YMpaBnsiowmm
cuctemam. Mpu oBHapyXeHU HEKOPPEKTHOIO NOBEAEHUS OHO MOXET BbITb BbIJEMEHO U UCNONbL30BaHO ANs 3arycka Kop-
PEeKTUPYHOLMX AEACTBIIA [0 BOZHUKHOBEHUS OMACHOR cuTyaumun. [py NosBNeHUN MHUMAEHTa JOKYMEHTUPOBaHNE Takoro
HEKOPPEKTHOro NOBEAEHUS MOXET CrocobCcTBOBaTL ero nocrneayoLeMy aHanuay.

IutepaTtypa:

Dependability of Critical Computer Systems 1. F.J. Redmill, Elsevier Applied Science, 1988, ISBN 1-85166-203-0.

C.3.2 Koabl o6HapyxeHusa u ucnpasneHus owmnbokK

MpumedaHune— Ccbinka Ha faHHBI MeToa/cpecTBo npuBefeHa B MOK 61508-3 (Tabnuua A.2).

Llenb. OB6HapyxeHue n ucrnpasneHne olwnboK B YyBCTBUTENBHO K HUM MHDOPMaLN.

Onucanve. Ana nHdopmaLmu, cocTosLeN U3 n BUTOB, reHepupyeTcs 3aKoAUPOBaHHbLIA 6ok u3 k 6UToB, KOTOPLIN
no3BonseT oGHapyX1BaTb U UCNPaBNATL r oWMBOoK. MpuMepaMn MOryT CRYXUTb KOg XSMMUHIa U NONMHOMUAsbHBIE KOABI.

CnepyeT OTMETUTb, YTO B CUCTEMAX, CBA3AHHBIX C 6€30MacHOCTLI0, Yalle HeoBX0AUMO YHUHTOXUTL OLUMGOYHBIE AaH-
Hble, YeM MbITaTLCS UCTIPaBMNATL UX, NMOCKOMNBKY MULLb 3apaHee onpefeneHHasn YacTb oWKnBok MoxXeT BbiTb cnpaeneHa.

Iutepatypa:

Fundamentals of Error-correcting Codes, W. Huffman, V. Pless. Cambridge University Press, 2003, ISBN
0521782805, 9780521782807

C.3.3 MNporpammupoBaHmne ¢ NpOBEPKOii OLIMGOK

MpumMmedaHue— Cchinka Ha JaHHbIi MeTog/cpeacTBo npuBeaeHa B MOK 61508-2 (Tabnuua A.18) u B MOK
61508-3 (Tabnuua A.2).

Lienb. O6HapyxeHue ownbok, 0CTaBLUUXCS NPU MPOEKTUPOBAHUMN NPOrPaMMHbBIX CPeACTB, B NPOLECCe BbIMONHEHUS
nporpaMm B Liensx npejoTBpalLeHns KpUTUYHBIX Anst 6e30MacHOCTY OTKa30B CUCTEM, W NMPOAOIMXEHWE NPaBUIIBHOMO Bbl-
NONHEeHUsA NporpaMmmebl.

Onuncanue. B MeToge nporpaMMUpoBaHUs YTBEPXKAEHUN YKe 3anoxXeHa naes NpoBepku Npeaycnosuii (4o BbINOM-
HEHUSA MOCMNeA0BaTENbLHOCTM ONEPATOPOB HaYarbHbIe YCroBUs NPOBEPSIOT Ha COOTBETCTBUE) M MOCTYCNOBUIA (NpoBepsItoT
pesynkraThl NOce BeIMONHEHUA NocneoBaTenbHOCTU onepaTopos). Ecnu npeaycnoBusa nnmM NnocTycnoBus He cobrofa-
toTCS, TO BblfaeTcsa coobLyeHne o6 owmbke.

TMpumep —

assert < pre-condition>;
action 1;

action x;

assert < post-condition>;

Iutepartypa:

Exploiting Traces in Program Analysis. A. Groce, R. Joshi. Lecture Notes in Computer Science, vol. 3920, Springer
Berlin/Heidelberg, 2006, ISBN 978-3-540-33056-1.

Software Development — A Rigorous Approach. C. B. Jones, Prentice-Hall, 1980.

C.3.4 Metoabl KoHTponA

MpwuMedyaHue— Ccblfka Ha AaHHbI MeToa/cpeacTBo npuegeHa B MBK 61508-3 (Tabnuua A.2).
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Llenb. 3awuta oT HeobHapyeHHbIX Ha aTanax crneLudukaLmm u peanusaLui oLNBoK B NporpaMMHbIX cpefcTBax,
KoTopble HeBNaronpUATHO BRUAIOT Ha UX 6e30NacHoCTb.

Onucanue. PasnuyaroT ABa nogxofa peanusaumu KOHTpons: (1) NpoLecc KOHTPONS W KOHTponupyemas hyHKLMS
peanusoBaHbl Ha OJHOM KOMMbIOTEPE C HEKOTOPOW rapaHTUel He3aBUCUMOCTU Mexay HUMU; U (2) npouecc KOHTpons
W KOHTponupyemas yHKLUS peannsoBaHbl Ha pa3HbIX KOMMbIOTEPaX.

MeTog, B KOTOPOM MPOLIECC KOHTPOSS U KOHTpONUpyemas dyHKLMS peannaoBaHbl Ha pasHblX KOMMbloTepax (MMe-
IOLMX pasHyto cneLndukaLuio), HasbiBaeTCs METOAOM BHELLHEro KOHTpons. JaHHbl MeTof HamnpaBneH TOoNbKo Ha To,
YTOObI rapaHTUpoBaTk, YTO OCHOBHLIM KOMMLIOTEPOM BLINOMNHSAIOTCS 6e3onacHble, HO He 06583aTenLHO KOppeKTUpyoLLne
feiicTBns. MeTog BHeLLHero KoHTporns obecneynBaeT HerpepbiBHbIA KOHTPOMb OCHOBHOMO KOMMbIOTEpa W NpeaoTBpaLlaeT
BXOX[ €HNe cUCTeMbl B onacHoe cocTostHue. KpoMe Toro, ecrnin oBHapyXuTcsA, YTO OCHOBHOW KOMMbIOTEP BOLLEN B NO-
TeHLManbsHO onacHoe coCTOsHWe, cucTemMa AorkHa Bo3BpaTUTLCH obpaTHo B Ge3onacHoe COCTOsSHWE ¢ MOMOLLbIo Nn6o
CPEACTB BHELUHEro KOHTPOoss, MMbo 0CHOBHOMO KOMMbIOTEpa.

AnnapaTHble cpefcTBa M nporpaMmMHoe obecnedeHne cpefCcTB BHELLHEro KOHTPONS CreayeT Knaccuduunposats
1 KBanuuumMpoBaTb B COOTBETCTBUM ¢ nogxoasawum YIBb.

Jlutepatypa:

Requirements based Monitors for Real-Time Systems, D. Peters, D. Parnas. IEEE Transactions on Software
Engineering, vol. 28, no. 2, 2002.

C.3.5 MHoroBapuaHTHOe nporpaMmmMmupoBaHue

MpwnmeyaHune— Ccbifika Ha fJaHHbIA MeTOA/CpeAcTBO NpuBegeHa B MOK 61508-3 (Tabnuya A.2).

Llenb. O6HapyxeHUe U HanoxeHWe Macku npu BLINOMHEHUW NPOrpaMM Ha HEBbIsIBIeHHble Ha 3Tanax MpoeKkTu-
poBaHus U peanusauun oLnBKW NporpaMMHLIX CPEACTB ANA NPefoTBPaLLEeHWUA KPUTUYHLIX ANs 6e30nacHOCTH 0TKa3oB
CUCTEMbI M MPOLOMKEHUS ee NpaBubHOW paboThl.

Onucaxue. Mpn MHOroBapWaHTHOM NPOrpaMMUpOBaHUW 3afgaHHas nporpaMmHas cneuudukaLms NpoeKTupyercs
W peanusyeTcs pasnuuHelMK cnocobamu N pa3. OfHW 1 Te Xe BXOAHble 3Ha4YeHust nocTynatT B N Bepcuii U cpaBHUBa-
toTCs pesyneraTsl, BblaHHele N BepcusaAMU. Ecnin peaynstaT onpefenserca Kak npaBunbHbIA, OH NOCTYNaeT Ha BLIXOAbI
KoMmMbloTepa.

BaxHbiM TpeboBaHUeM SBRSIETCA TO, YTO B HEKOTOPOM cMbicrie N Bepcuii HesaBUCUMbI ApYr OT Apyra, NOSTOMY
OHW He BCe OHOBPEMEHHO MepeCcTaloT NpaBunbHO paboTaTh no obwen npuynHe. HezaBMCUMOCTb BEPCUIA, ABNSIOLLYIOCA
OCHOBOW A1 MHOTOBapUaHTHOro MPOrpamMMUPOBaHUS, Ha NpakTUKe A0BOMbHO TPYAHO AOCTUYL W MPOAEMOHCTPUPOBATh.

N Bepcuit MOTYT BLINOMHATLCA NapasnienbHO Ha pasnuyHbIX KOMNbloTepax, NMMBo BCe BEPCUU MOTYT BBIMOMHATLCA
Ha OfJHOM KOMMbIOTEPE € NOCNEAYIOLLMM CPaBHEHNEM NOMNYYEHHBIX PE3YNETaTOB Ha TOM Xe KoMnbloTepe. Ana atux N pe-
3ynbratoB MOryT ObiTb WCMONb30BaHbl PasfnYHble CTpaTeruu CpaBHEHUSA, U B 3aBUCMMOCTU OT 3afaHHbIX TpeboBaHui
NPUMEHAKTCA CneayoLLne cTpaTermu:

- eCcnu cucTeMa HaxoguTcs B 6e3onacHoOM COCTOSIHUM, MOXHO noTpeboBaTk nonHoro cornacus (Bce N pesynsraTos
OfiMHaKoBbI); B MPOTUBHOM Crlyyae UCNonb3yeTcs BbIXOJHOE 3HaYeHWe, KOTOpoe 3acTaBUT CUCTEMY NepeiiTn B 6esonacHoe
cocTosHWe. [Ans NpocThiX NOLWAroBLIX CUCTEM CpaBHEHWE MOXET obecneunTb 6e3onacHocTb. B aTom criyyae 6esonacHoe
JeiicTBre MoxeT ObITb pa3buTo Mo waram, ecnu kakas-nmbo Bepcusi peanuayeT noliaroBble onepauuu. STOT NOAXOA
06bI4YHO MCNONBL3YEeTCA TONbLKO ANA ABYX Bepcuid (N = 2);

- ANA CUCTeM, HaXOAALMXCA B ONAacHOM COCTOSIHUM, MOTYT 6bITb peann3oBaHbl CTpaTermm MaxopuTapHOro cpas-
HeHusA. B cnyvasnx, ecnu oTcyTcTByeT obLee cornacue, MOTyT UCNONb30BaTbCA BEPOSTHOCTHBIE NMOAXOALI C TEM, Y4TOOb!
MaKCUMU3NpOoBaTb BEPOATHOCTL BbIGOpa NpaBUIbHOMO 3HA4YEHUS, HarNpUMep, NPUHATL CpefiHEE 3HAa4YeHNE, BPEMEHHO 3a-
hnKenposaTh BbIXOAbI, MOKa He ByAeT AOCTUIHYTO cornacue U T. .

HaHHbI MeToA He YCTpaHseT oLMGOoK, He BLISSBIIEHHBIX NPU MPOEKTUPOBAHUM NPOrpaMM, a Taioke OLUMGOK B UHTEp-
npeTauum cneyudmKkaLmn, ofHaKo OH SBMSETCA CPEefCTBOM AN 0OHapyXXeHMsl U MackupoBaHus oLUMOOK, Npexae YeM OHN
CMOryT MOBNUSATL Ha 6e30NacHOCTb.

JlutepaTtypa:

Modelling software design diversity — a review, B. Littlewood, P. Popov, L. Strigini. ACM Computing Surveys,
vol 33, No. 2, 2001.

The N-Version Approach to Fault-Tolerant Software, A. Avizienis, |IEEE Transactions on Software Engineering,
vol. SE-11, No. 12, pp.1491—1501, 1985.

An experimental evaluation of the assumption of independence in multi-version programming, J.C. Knight,
N. G. Leveson. IEEE Transactions on Software Engineering, vol. SE-12, No. 1, 1986.

In Search of Effective Diversity: a Six Language Study of Fault-Tolerant Flight Control Software. A. Avizienis,
M.R. Lyu and W. Schutz. 18th Symposium on Fault-Tolerant Computing, Tokyo, Japan, 27—30 June 1988, IEEE Computer
Society Press, 1988, ISBN 0-8186-0867-6.

C.3.6 BoccraHoBneHue npeabiayLiero COCTOAHUSA

MpwuMeyaHune— Ccbirka Ha ilaHHbI MeToa/cpeacTBo npuBeseHa B MOK 61508-3 (Tabnuua A.2).

Llens. OBbecnedeHne ncnpasneHns yHKLUOHAMNBHLIX ONepaLnii Npyu Hanu4uMn of4HON UNKU HECKONBbKNX OLLNBOK.

Onucanue. MNpun o6HapyxeHUn owmnbKM cucTeMa Bo3BpaLlaeTcs B NepBOHaYanbHoOe BHYTPEHHeEEe COCTOsIHUE, Npa-
BUJIBHOCTb KoTOporo 6bina noaTeepxaeHa paHee. [aHHblil METOA NpeanonaraeT YacToe COXPaHeHUe BHYTPEHHEro CoCTo-
SIHUSA B TaK Ha3blBaEMbIX YE€TKO OMpeAeNneHHbIX KOHTPONbHbLIX Toukax. CoxpaHeHne MOXET 6biTb BLINOMHEHO rmobanbHo
(ans Bceit 6a3bl AaHHbLIX) UK YACTUYHO (AN U3MEHEHUIA TONBLKO MeXAY KOHTPONbHbIMU TodKaMmu). Mocne aToro cuctema
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JOMKHa YCTPaHUTb U3MEHEHUS], NPOU3OLLEALLINE 3a 3TO BPEMS MYTEM 3aHECeHUs B XyPHan (ayAUTOpCKoe oTcnexusaHne
JeicTBUin), KOMNEHcaUmMK (BCe pesynbTaThl STUX USMEHEHUI aHHYNUPYIOTCA) UK BHELWWHEro (py4Horo) cnocoba.

Nuteparypa:

Looking into Compensable Transactions. Jing Li, Huibiao Zhu, Geguang Pu, Jifeng He. In Software Engineering
Workshop, 2007. SEW 2007. |IEEE, 2007, ISBN 978-0-7695-2862-5.

Software Fault Tolerance (Trends in Software, No. 3), M.R. Lyu (ed.), John Wiley & Sons, April 1995, ISBN
0471950688.

C.3.7 MexaHu3Mbl NOBTOPHbIX NONbLITOK NapUupoBaHuA c6on

MpwuMeyaHue— Ccbifika Ha AaHHbI MeToa/cpeacTBo npuBeaeHa B MOK 61508-3 (tabnuua A.2).

Llens. MapupoaHue obHapyxeHHOro c60a ¢ NOMOLLIbIO MEXaHW3MOB NMOBTOPHLIX MOMbLITOK.

OnucaHue. B criydae o6HapyxeHus cb60oa Unu owMBoYHOro yCnoBuS MpefnpUHUMAlOTCA NOMbITKW NapupoBaHWs
¢609 UM BOCCTAHOBMNEHMUS CUTYaLMK MyTEM MOBTOPHOIO BLINOSTHEHUSA TOO Xe Kofa. BoccTaHoBNEHWE C NOMOLLbIO NOBTOpP-
HOI NONbITKM MOXET GbITh MOMHLIM B BUZLe NEpe3arpy3ku U NOBTOPHOTO Nycka npoueaypbl, nnbo HeGonblwnM B BUAE Nepe-
NNaHWpOBaHUs U NOBTOPHOTO Mycka 3aAaqu Nocne BbINONHEHMS BNIOKMPOBKM N0 BpeMeHU NPOrpaMMbl UNKU yNpaBnsatoLwero
AeicTBusA 3aga4u. MeToabl NOBTOPHOW NOMBITKUA LUMPOKO WUCMOSbL3YHOTCS NMPU KOMMYHUKaUUOHHBIX c60AX Unu npu BOC-
CTaHOBIEHMU OT OLWKNBOK, U YCNOBMS MOBTOPHOM NOMNLITKA MOMYT BbITh OTAENeHb! driaxkaMun oT ownbKU NpoToKoNa cBA3N
(KOHTpONbHas cyMMa U T. [i.) UNK OT NOATBEPXAaloLLero oTBeTa GOKMPOBKM N0 BpeMeHN KOMMYHUKaLUH.

Iuteparypa:

Reliable Computer Systems: Design and Evaluation, D.P. Siewiorek and R.S. Schwartz, A K. Peters Ltd., 1998,
ISBN 156881092X.

C.3.8 MNocTeneHHoe oTKNIoYeHUe pyHKLUN

MpwumedaHue— Ccblfika Ha AaHHbIA MeToa/cpefcTBo npuBeaeHa B MK 61508-3 (Tabnuua A.2).

Llenb. OBecnedeHne npurogHoCcTU Hanbonee KPUTUYHBIX CUCTEMHBIX PYHKUWIA, HECMOTPA Ha OTKa3bl, NyTEM UrHO-
pupoBaH1sA HauMeHee KpUTUYHBIX YHKLUA.

OnucaHwe. [aHHbIi MeTOZ, yCTaHaBNUBaET NMPUOPUTETHI ANA pasnuyHbIX YHKLMIA, BLINONHAEMbIX cUucTeMon. MNpo-
€KT cOo3jaBaeMOil CUCTEMbI rapaHTUPYET, YTO B CrlyYae HE[OCTAaTOYMHOCTU PeCcypCcoB AN BLINONHEHUSA BCEX CUCTEMHBIX
PYHKLMIA DYHKUMM BLICLLEro npuopuTeTa ByAyT BINOMHEHbLI B NpegnovTeHne yHKUusM 6onee HU3KOrO npuoputeTa.
Hanpumep, dyHKUMM pernctpauum olwmbkn u cobbITusi MOTyT oka3aTbesl 3afjadeil bonee HU3KOro NPUOPUTETA, YEeM CK-
CTEeMHbIe PYHKLMU YNpaBreHnus, U B 3TOM crlyyae ynpasrneHue cucTeMoin GyAeT NpofomnxaTkes, Aaxe ecnu annapaTHble
CpeAcTBa 13-3a perncrpayuv ombkmn okaxyTtcs HepabotocnocobHbIMuU. Bonee Toro, ecrnu annapaTtHele cpeAcTBa ynpas-
NeHUsA cucTeMol oKaxyTcs HepaboTocnocobHLIMK, @ annapaTHble CPeACcTBa PErncTpaLum oLWNGOoK ocTaHyTea paboTocno-
COBHBIMM, TO annapaTHble CPEACTBA PErucTpaLMn oGOk BO3bMYT Ha cebs hyHKUUIO ynpasneHus.

JaHHble coobpaxeHns OTHOCATC B OCHOBHOM K annapaTHbIM CPeACTBaM, HO OHW NPUMEHUMBI TakKe U K cucTeme
B LieNOM, BKNtovas nporpamMMHoe obecnedenune. [JaHHble coobpaxeHns AOMKHBI YYUTLIBATLCSA, HAYUHAsA C CaMbIX PaHHNX
3TarnoB NPOEeKTUpPOBaHuWS.

Iutepatypa:

Towards the Integration of Fault, Resource, and Power Management, T. Siridakis. In Computer Safety, Reliability, and
Security: 23rd International Conference, SAFECOMP 2004. Eds. Maritta Heisel et al. Springer, 2004, ISBN 3540231765,
9783540231769.

Achieving Critical System Survivability Through Software Architectures, E.A. Strunk. Springer Berlin/Heidelberg,
2004, ISBN 978-3-540-23168-4.

The Evolution of Fault-Tolerant Computing. Vol. 1 of Dependable Computing and Fault-Tolerant Systems, Edited by
A. Avizienis, H. Kopetz and J. C Laprie, Springer Verlag, 1987, ISBN 3-211-81941-X.

Fault Tolerance, Principle and Practices. T. Anderson and P.A. Lee, Vol. 3 of Dependable Computing and Fault-
Tolerant Systems, Springer Verlag, 1987, ISBN 3-211-82077-9.

C.3.9 UcnpaBneHue oIMO60K METOAaMN UCKYCCTBEHHOIO MHTENNEKTa

MpumedaHue— Cchinka Ha fjaHHbIin MeToa/cpeacTBo npuBegeHa B MOK 61508-3 (Tabnuuya A.2).

Llenb. CnocobHocTb rMbKko pearpoBaTbh Ha BO3MOXHbIE Yrpo3bl 6e30nacHOCTH, UCNONb3ys COMETaHWs METOA0B
1 Mofeneii npoLeccoB, a Takke HeKoTopble cnocobbl 6e30MacHOCTU B PEXUME OHMaNH U aHann3a HageXHoOCTU.

Onucanue. [N pasnuyHbIX KaHanoB CBA3U CUCTEMbI NPOrHO3UMpOBaHUE (BbIMUCNEHNE TEHASHUWIA), UCTIpaBneHune
ownbok, obcnyxmBaHue U KOHTPONUpyloLLMe AeWCTBUSE MOTYT AOCTaTOMHO 3 PEeKTUBHO NOAAEPXKUBATLCA CUCTEMaMM,
OCHOBaHHbIMU Ha MeToZlax UCKycCTBEHHOro UHTennekra (Al). Mpasuna Ana Takux cuctem MoryT 6biTb co3aaHbl Henocpea-
CTBEHHO M3 crneyudukaLmii U NpoBepeHbl Ha cooTBeTcTBME. C NMOMOLLbIO METOA0B UCKYCCTBEHHOTO UHTENNEKTa HEKOTo-
pble owmnbku oblero xapakTepa, nonagatolme B crieyndukaLmi, Ana YCTpaHEHUA KOTOPLIX YXKe CYLLECTBYIOT HEKOTopble
npasuna NpoeKTUpOBaHWUs 1 peanu3aLum, MoryT ObITb UCKITIOMEHBI, 0COGEHHO NpU NpeacTaBneHun kKoMbuHauuii Mogenei
n MetTogos beHKLWIOHaJ'IbeIM UK onucarternbHBIM CnocoboMm.

MeToabl BbIGUpatoTcs Tak, YToObl OLUIMGKU MOMMU GbiTh YCTPaHeHbl U BIIUSHUE OTKA30B MUHUMU3UpOBaHO Ans obe-
cneyeHnn Tpebyemoid NonHoTL 6e3onacHoOCTU.

MpumedaHue—TlpegynpexaeHue o6 ucnpasneHun ownGoYHbIX AaHHbIX ¢M.C.3.2 n 06 oTpuyaTenbHbIX pe-
KOMeHAaUUAX NpMMeHeHus1 AaHHoro Metoga — MOK 61508-3 (Tabnuua A.2, nyHKT 5).
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JNuTepartypa:

Fault Diagnosis: Models, Artificial Intelligence, Applications. J. Korbicz, J. Koscielny, Z. Kowalczuk, W. Cholewa.
Springer, 2004, ISBN 3540407677, 9783540407676.

C.3.10 AuHamuueckan peKkoHdpurypauua

MpunMedaHune— Ccbinka Ha gaHHbIN MeToa/cpeacTBo npuBegeHa B MOK 61508-3 (Tabnuua A.2).

Lenb. ObecneyeHne PyHKUNOHANBHOCTU CUCTEMBI, HECMOTPA Ha BHYTPEHHUI OTKa3.

OnucaHnue. Jlornyeckas apxuTekTypa CUCTEMbI AOMKHa ObITb Takol, YTobbl ee MOXHO 6bINo peanusoBaTb Ha NoA-
MHOXECTBE AOCTYMHLIX CPEACTB CUCTEMBI. Jlormdeckas apxuTekTypa AoskHa 6biTb crocobHa k 06HapyXeHuio oTkasa
B pU3NYECKUX cpeficTBaxX U AanbHeWLWen NOBTOPHON peanuaaLumn Noruvyeckon apxXMTeKkTypbl Ha ApyromM NojMHOXeCTBe
LOCTYNHbIX CPEACTB, OCTaOLWMXCA (PYHKUMOHUPYIOWUMU. HecMoTps Ha TO, YTO aHHbIA METOA B OCHOBHOM TPagULIMOHHO
OrpaHW4eH TONBKO BOCCTAHOBNEHUEM OTKa3aBLIMX MOAYNel annapaTHbIX CPEACTB, OH MPUMEHUM Takke K owmbkam B Npo-
rPaMMHBIX CPEACTBax NPU HaNU4YUN JOCTaTOMHON «U3BBITOMHOCTM BPEMEHWU NporoHa» Arisi MOBTOPHOIO BLIMOMHEHUA Npo-
rpamMmbl UNK NPU HANUYUKU AOCTATOYHBIX U3BLITOMHBIX AAHHBIX, KOTOpblE 06ecneyaT HesHa4YUTeNbLHoe BNUAHUE OTAENBLHOIO
1 N30NUPOBAHHOIO OTKasa.

JaHHbll MeToa AOMKEH paccMaTpuBaTbCA Ha NEPBOM STarne NPOEKTUPOBAHWUSA CUCTEMBI.

NuTepatypa:

Dynamic Reconfiguration of Software Architectures Through Aspects. C. Costa et al. Lecture Notes in Computer
Science, Volume 4758/2007, Springer Berlin/Heidelberg, 2007, ISBN 978-3-540-75131-1.

C.3.11 BesonacHocTb U paboTa B XXeCTKOM pearibHOM BpeMeHU. APXUTEKTYpa C BpeMeHHLIM pacnpeaeneHuem

MpwnmeyaHune— Ccbifika Ha AaHHbIN MeToa/cpeacTBo NpusegeHa B MOK 61508-3 (Tabnuua A.2).

Lienb. KomnoHyemMocTb M npocTasn peanusayus obecneveHnsi 0TKasoyCTOMYUBOCTU B KPUTUHECKMX K 6E€30NacHOCTM
CUCTEMax XeCTKOro pearnbHoro BpeMeHH.

OnucaHue. B apxuTekType cucTeMbl ¢ BpeMeHHbIM pacnpeaeneHueM (TTA) Bce AENCTBMA CUCTEMbl UHULIMNPYIOTCA
W BLINOMHATCA Noj ynpasneHneM rnobansHoi ((KeCTKON) CMCTeEMbl CUHXPOHU3aUUKU. KaxaoMy NpUnoXeHuto NpucBoeH
PMKCUPOBAHHbI# BPEMEHHOR CNOT Ha LUWHE C BPEMEHHEIM pacrpefieneHUeM, BO BPeMs KOTOPOro npoucxogut obmMeH co-
o6LLEeHAMM ¢ APYTMU NPUNOXKEHWUAMU, NOSTOMY KaXA0e MPUNOXKEHUE MOXET BbINOSHATL 06MEH TONBKO COMMacHoO XecT-
KO onpeAeneHHOMy pacnucaHuto obMeHa. B ynpasnsemMbix cOOLITUSIMUA CUCTEMAX CUCTEMHbIE AEACTBUS MHULMMPYIOTCS
cryYaiiHelMM coBbITUAMM B HenpegckasyeMble MOMEHThI BpeMeHW. [MaBHbIe NpenMyLLiecTBa apXMTEKTYpbl C BPEMEHHEIM
pacnpegeneHuem (cM. Scheidler, XailHep 1 gp.) cnegyroLime:

- KOMMOHYeMOCTb, KOTOpasi 3Ha4MTeNbHO YMeHbLUaeT ycunus, Tpebyemble gns TeCTUpOBaHWUA U cepTudUkaLmm cu-
CTEMB,

- npocTas peanusauus obecnevyeHnst OTKa3oyCTOYMBOCTY, KOTOpasi AenaeT apXUTEKTYpy o4eHb BoCcTpeboBaHHON
ANA KPUTUYECKUX K 6e30MacHOCTU NPUIOXKEHWI;

- NMPUMeHeHWe rnobanbHO CUHXPOHU3UPYEMOro BpeMeHU obrnerdaeT NpoekTMpoBaHWe pacnpefeneHHbIX CUCTeM
peanbHOro BpeMeHM.

Mepenada Mexay yanamu BbINOMHAETCS B COOTBETCTBUU C MPOTOKOSIOM BPEMEHHOr0 pacnpefeneHun pecypcos
(TTP/C) (cm. Kopetz, Hexel n ap.) cormacHo ctatuieckoMy pacnucaHuto obMeHa, B paMKax KOTOPOro pellaeTcs, Koraa
nepepatb COOBLLUEHNe U ABMAETCA NN NoNy4YeHHoe coobLLeHne BaXHbIM A5 KOHKPETHOrO 3NeKTpoHHOro Moaynsa. floctyn
K LUMHE peanunsyeTca no cxeme ¢ onpefenieHHbIM NepuoandYecknM pacrnucaHuem B pexume MHOXECTBEHHOro AocTyna
¢ pasgeneHunemM BpemeHu (TDMA), cBA3aHHO ¢ rmobanbHeIM BpeMEHEM.

Mpotokon TTP/C rapaHTupyet (cM. Rushby) YeTbipe 6azoskle yenyru (6asoBile cnyx6bl) B ceTh y3nos TTA cucte-
Mbl (cM. Kopetz, Bauer):

- [eTepMuHupoBaHHas nepegaya coobLUeHuii B CTPOro onpegerieHHsle MOMeHTH BpeMeHu. [Nepegada coobuieHuii
OT BLIXOAHOrO nopTa rnepefaroLlero aneMeHTa K BXOAHLIM NnopTam MonyYalolmx SNeMeHToB B npefenax anpuopHo nss
€CTHOro BpeMeHHoro uHTepaana. OTkasoycToilumBas TpaHcnopTHasa cnyxba, npeanaraemas KOMMYHUKaLMOHHON yCny-
ro ¢ BpEMeHHEIM pacnpefeneHnem, Kotopas AOCTYMNHa Yepes BPeMEHHOW UHTepdelc ¢ ceTeBLIM 3KpaHOM, YCTpaHAeT
nepegavy ownbok ynpaBneHus NpoekToM U MUHUMWU3MPYET CBS3b Mexay aneMeHTamu. Mepepaya cooblueHuit B cTpo-
ro onpegeneHHble MOMeHTbl BpeMEHW, C MUHUManbHON 3afepXKol U ¢ MUHUManNbHLIMU PryKTyaLusaMK, KpaiHe BaxHa
AN AOCTUXEHUSA YCTONYMBOCTU YMpaBlieHUs B NPUMOXEHWSX peallbHOro BpeMeHM.

- OtkasoycToi4mBasn cMHXpoHU3aumsa. KoMMyHUKaLMOHHbLIA KOHTponnep (a He LieHTpanbHbIi cepBep) reHepupyeT
OTKA30YCTONUMUBLIA CUHXPOHU3UPYIOLWMIA rnobanbHbli BpeMEHHOW CUrHar (C TOYHOCTBLIO 10 HECKONBbKMX TaKTOB), KOTOPLIM
obecrneyeHbl NOLCUCTEMBI Y3M0B.

- KoHTpork LenocTHOCTU AaHHbIX Npu cbosx B yanax (cnyx6a LenoctHocTi). KOMMyHUKaLMOHHEIA KOHTpoOIep
coobaet kaxgomy SRU («MUHMManNbEHOMY 31eMeHTY 3aMeHbI») 0 COCTOSIHUM ocTanbHbiX SRU B KracTtepe ¢ BpeMeHHOA
3afepXKoi MeHbLUe ofHoro payHaa TDMA.

- Ctporas usonsayma cbos. 3noHamepeHHo aedeKkTHasa nogcucteMa yana (BKiodas ee nporpammHoe obecneve-
HVe) MOXET chopMUpOoBaTb OLUMBOYHBIE BLIXOAHBIE AaHHBIE, HO HUKOTZja HE CMOXET BMeLLaThbCsl Kakum-nu6o cnocobom
B KOppeKTHyto paboTy ocTanbsHoii Yactu knactepa TTP/C. HeBocnpuHuMaeMocTb c60s1 BO BpEMEHU rapaHTupyeTcs no-
BefeHNeM KOMMYHUKaLIMOHHOMO KOHTpONNepa, peanunsytoLwero BpeMeHHOe pacnpeerneHue.

MpumMedaHune— CywecTsyiloT Apyrne NPOToKorbI ¢ BpeMeHHEIM pacnpegeneHuem: FlexRay u TT — Ethernet
(Ethernet ¢ BpeMeHHEIM pacnpegeneHuem).
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Jlutepatypa:

Time-Triggered Architecture (TTA). C. Scheidler, G. Heiner, R. Sasse, E. Fuchs, H. Kopetz, C. Temple. In Advances in
Information Technologies: The Business Challenge, ed. J-Y. Roger. IOS Press, 1998, ISBN 9051993854, 9789051993851.

A Synchronisation Strategy for a TTP/C Controller. H. Kopetz, R. Hexel, A. Krueger, D. Millinger, A. Schedl. SAE
paper 960120, Application of Multiplexing Technology SP 1137, Detroit, SAE Press, Warrendale, 1996.

The Time-Triggered Architecture. H. Kopetz, G. Bauer. Proceedings of the IEEE Special Issue on Modeling and
Design of Embedded Software, October 2002.

An Overview of Formal Verification for the Time-Triggered Architecture. J. Rushby: Invited paper, Oldenburg,
Germany, September 9—12, 2002. Proceedings FTRTFT 2002, Springer LNCS 2469, 2002, ISBN 978-3-540-44165-6.

C.3.12UML

MpumedaHune— Ccbinka Ha flaHHblil MeToA/cpeacTBO NpuBeaeHa B MOK 61508-3 (Tabnuua B.7).

Llens. O6ecneunTs ucHepnbiBatoLLuili Habop HoTaumii Anst MogenupoBaHus TpebyeMoro noBeAEHUS CITOXHBLIX CUCTEM.

OnucaHue. UML, B COOTBETCTBMU C HasBaHWeM, — 3TO Habop TpeboBaHWit U HOTaLMIA NPOEKTUPOBaHUsI, KOTopbie
npegHa3HaveHbl 06ecnevnTb BCECTOPOHHIOK NoaAepXKy npoueccy pas3paboTku nporpammHoro o6ecnedeHus. Hekotopble
yactn UML ocHoBaHbl Ha HOTaLusIX, BriepBbie NOSBUBLUMXCH B APYrUX MeTofax (Takux Kak AuarpaMma nocrefoBarerb-
HOCTel 1 Auarpammbl NnepexofoB), a Apyrne HoTauun yHukansHsl B UML. UML oveHb 6nu3ok kK 06beKTHO-OpMEHTUpOBaH-
HOMY £13bIKY, XOTSl HEKOTOPbIE U3 HOTaLUi MOryT He MCNOMb30BaTLCA B 06LEKTHO-OPUEHTUPOBAHHOM NPOrpaMMUpPOBaHUH.
UML noaaepxuBaeTcsi MHOrMMMU KOMMepYeckn A0CTynHbIMUM CASE MHCTpYMeHTaMu, MHOTUE U3 KOTOPbIX CNOCOGHLI aBTO-
MaTuyecKu reHepupoBaTh NporpaMmuble KoAbl 3 mogenein UML.

Hotauun UML, koTopble 0BbIMHO NMPUMEHSIOTCA Ansi creyudukayMn U NpoeKTUPOBaHUSI CUCTEM, CBSA3aHHBLIX
¢ 6e3onacHoCTLIO, creayloLue:

- JuarpaMmbl KIaccos;

- npeueaeHTH;

- AnarpamMmbl AeCTBUN,

- Anarpammbl NepexofoB (guarpaMMbl COCTOSHUIA);

- Anarpammbl nocrnenoBaTenbHOCTEN.

Opyrue HoTaumun UML oTHOCATCA K NpeACcTaBNeHNIO NpoeKTa apXUTeKTypbl NporpaMMHoro obecneyeHust (CTpyKTypbl
nporpaMmmHoro obecrneqeHus), Ho B AaHHOM NYHKTE HE paccMaTpUBaloTCs.

Hvarpamma nepexogos onucana B B.2.3.2 u gnarpamma nocriegoBarensHocteit — B C.2.14. OcTanbHble HoTauuu
onucaHbl B CNeAYIoWmUX Tpex nojnyHKTax.

C.3.12.1 AnarpamMMbl KnaccoB

Hnarpammel Knaccos onpeaensioT Knacckl 06LEKTOB, KOTOpbIE AOMKHBI MCNONBL30BATLCA B NpOrpaMMHOM obecne-
YeHUn. OHM OcHOBaHbLI Ha bBornee paHHWX cxemax aTpubyT-CBA3bL-CYLLHOCTb, HO aganTUpoBaHbl K 06bEeKTHO-OpUeHTUpo-
BaHHOMY MpoeKkTuposaHuto. Kaxabli knacc (M3 KoToporo oauH unu 6onee skseMnnapos GyayT MCNONbL3OBATLCA B Kade-
cTBe OOLEKTOB BO BpeMS BLIMOMHEHUSA) NPeACTaBNEH NPSIMOYTONIbHUKOM, a pasnuYHble OTHOWEHUS Mexay Knaccamu
rnokasaHbl NUHUAMK Unu cTpenkamu. Onepauun Unu MeToabl, NpeanaraeMble KaxablM Knaccom, U aTpubyTbl AaHHbIX
Kaxgoro Knacca moryT 6biTe fobaBneHbl kK cxeme. [NpeacTaBNAeMble OTHOLEHNS COCTOAT KaK U3 CCbINOYHBLIX OTHOLUEHWIA
C yKaszaHWeM UX KpaTHOCTM (3K3eMnmsAp krnacca A MoXeT obpaTUTbCA K OAHOMY WUNKN HECKOSIbKUM 3K3eMnnapaM knacca
B), Tak 1 13 oTHOLEeHWIA cneluanmaanmm (knacc X — yTOuHeHWe knacca Y) ¢, BO3MOXHO, AONONMTHUTENBHBIMWU METoAaMN
n atpubytamu. MoxeT BbiTb M306paKeHO MHOXECTBEHHOE HacnegoBaHue.

C.3.12.2 MNMpeueneHThl

MpeLeneHTs obecnevnBatoT TEKCTOBOE OnMcaHne Tpebyemoro NoBeAeHNA CUCTEMbI B COOTBETCTBUM C ONpeaeneH-
HbIM cLieHapueM, 0BblMHO C TOYKW 3PEHWS BHELLHWX areHToB, BKIIoYas Nonb3oBaTenell CUCTEMbl U BHELUHUX CUCTEM.
0nsa npeacTaBneHns AONONHUTENBHOIO NoBefeHUs, 0COBEeHHO B cryvasix oLUMBOYHBIX OTBETOB, BHYTPU AaHHOMO npeue-
LleHTa MOryT UCnonb3oBaTbCs ansrepHaTuBHbIe nofcleHapun. Ytobbl obecnevnTb JOCTaTOMHO MOAHY cneyudukauuio
CUCTEMHbIX TpeboBaHWii, paspabaTbiBaeTcst Habop NpeleneHToB. NpeLeAeHTbl MOTyT 6bITb Ha4anbHOW TOYKON ANSA pas-
paboTku Gonee cTporvx MoAenen, Takux Kak guarpaMmmel nocriefoBaTenbHOCTEN U AnarpaMmbl AeUCTBUN.

Aunarpammel NpelieseHToB obecneynBaroT MUKTOrpaduieckoe npefcTaBrneHne CUCTEMbI U @areHTOB, KOTOPbIE BKIO-
YeHbl B MpeLefeHThl, HO OHO He CTporoe, Tak Kak ANns crneuvdukalmn BaXHbIM SBNSETCS TONMbKO TEKCTOBOE OnucaHue
npeLeaeHTa.

C.3.12.3 Auarpammbl gencTBum

Anarpammel AeACTBUI NOKa3bIBAKOT HAMEYEHHYO NOCNefoBaTeNnbHOCTb AeACTBUN, BLIMOMHAEMbIX 3MIEMEHTOM NpOo-
rpaMMHoro obecrneveHus (4acTo 06bEKTOM B 0OBEKTHO-OPUEHTUPOBAHHOM NPOEKTE), BKIIOYas NOCNIEf0BaTeNbHOE U UTe-
paTuBHOe MoBefeHWe (HeKOTOopble acnekThl 04eHb MOXOXW Ha Griok-cxemy). [uarpammel JEACTBUIA OfHAKO NO3BONSAIOT
onucaHue napannensHbIX JENCTBUIA AN HECKOMBKUX SMeMEHTOB, YKa3blBasi B3aUMOAEHCTBUS MEXAY 3TUMU SrieMeHTaMu
CTpenkaMun Ha anarpamme. TOYKNM CUHXPOHWU3aLMK, B KOTOPLIX AeACTBUE, NPEXAE YEM HAYHET BbINOMHATLCSA, JOIMKHO OXU-
faTb OfWH UM HECKONBKO BXOAHBIX MOTOKOB OT APYrUX AeiicTBUIA, 0603HaYaloTcs CUMBONOM, NOA06HLIM y3ny ceTtn MeTpu.

Iutepartypa:

ISO/IEC 19501:2005, Information technology — Open Distributed Processing — Unified Modeling Language (UML)
Version 1.4.2.
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C.4 NHCTpyMeHTbI pa3paboTKu U A3bIKU NPOrpaMMUpOBaHuUs
C.4.1 Ctporo TUNU3UPOBaHHbIE A3bIKM NPpOrpaMMUpPOBaHUSA
MpumeyaHune— Ccbinka Ha fJaHHbIN MeTOA/cpeAcTBO NpuBegeHa B MOK 61508-3 (Tabnuua A.3).

Llenb. CHuXeHne BEpOATHOCTM OLIMBOK NyTEM UCMONBL30BaHUSA SA3blKa, KOTOPLI KOMNUNATOPOM obecnedYnBaeT Bbl-
COKMIA ypOBEHb NMPOBEPKM.

OnucaHne. Ecnu ckoMnunupoBaH CTPOro TUMU3MPOBaHHbINA A3bIK MPOrpaMMUpPOBaHNUSA, TO NPOBOAUTCA MHOMO MpPo-
BEPOK MO UCMONBL3OBaHNIO TUMOB NEPEMEHHLIX, Hanpumep, B Bbl3oBax Npoueayp U A0CTyNe K BHEWHUM AaHHbIM. KoMnu-
NALMA MOXET okasaTbes 6e3ycnellHoln n 6yaeT BelAaHo cooblyeHne o6 owmnbke npu nobom Ucnonb3oBaHUM TUNa nepe-
MEHHbIX, KOTOPOE He COOTBETCTBYET 3apaHee YCTaHOBMEHHbLIM Npasunam.

Moao6Hble A3bIkM 0OLIMHO NO3BONAOT ONpeAENnsATh YCTaHOBINEHHbIE Nofb3oBaTenem TUMbl 4aHHbLIX Ha OCHOBE TUMOB
JaHHbIX 6a30BOro A3blKa (HanpuMmep Lienoe Yueno, peasibHoe Yncno). 3atem STU TUNbI MOTYT BbITb UCTIONb30BaHbI TakK Xe,
Kak 1 6a30BbIil TUN. BBOAATCA CTpOrne npoBepku, YTobbl rapaHTUPOBaTh UCTIONL30BaHWE NPaBUBHOMO TUNa. 3TN NpoBep-
Kv NpoBOAATCA AN BCeW MporpaMMbl, axe eCri oHa NocTpoeHa U3 oTAerbHbIX CKOMAUMPOBaHHLIX Moaynen. [laHHble
NPOBEPKU rapaHTUPYIOT TakKe, YTO YUCIIO U TUM apryMeHTOB KOHKPETHOW NpoLeAypbl COOTBETCTBYIOT YMCITY W TUMY apry-
MEHTOB B €€ Bbl30Be, iaXe ecrun K Heli obpaLlaloTcs U3 OTAENBHO CKOMMUNUPOBAaHHLIX NPOrPaMMHbLIX MOAYNEN.

CTporo TUNM3npoBaHHbIe A3bIkM 06bIMHO 0becneynBaloT Apyrue acnekTbl NPOBEPEHHON Ha NpaKTUKe TEXHUKN Npo-
rpammHoro obecnedeHus, HarnpuMep, fnerko aHanuaupyemble CTpyKTypbl ynpasneHnus (if... then... else..., do... while...
W T. N.), KOTOPbIE€ MPUBOAAT K YETKO CTPYKTYPUPOBAHHLIM MporpaMMam.

TUNUYHBIMK MpUMepaMmn CTPOro TUNM3NPOBaHHbLIX A3bLIKOB ABnsAloTcA Pascal, Ada n Modula 2.

IutepaTtypa:

Concepts in Programming Languages. J.C. Mitchell. Cambridge University Press, 2003, ISBN 0521780985,
9780521780988.

C.4.2 NogMHOXeCTBO A3blKa

MpumeyaHune— Ccbinka Ha faHHbIA MeTog/cpefcTBo npuBeaeHa B MOK 61508-3 (Tabnuua A.3).

Lienb. CHuxXeHWe BepOATHOCTU BHECEHUS NMPOrPaMMHbIX OLLMOOK M NOBLILLEHNE BEPOSITHOCTU 0BHapYXeHUsi ocTaB-
LuMXcs OLLUNBOK.

OnucaHue. 7A3blk UccrneayeTcs ANA ONpeAeneHUs NporpaMMHbIX KOHCTPYKLUMIA, noaBepXeHHbIX owwunbkam nubo
CINOXHBIX AN aHanusa, HanpuMep, Npu UCMONb30BaHUM METOAOB CTaTMyeckoro aHanusa. lNocne atoro onpegensiercs
A3LIKOBOE NMOJMHOXECTBO, KOTOPOE WUCKIIOYAET TaKUe KOHCTPYKLMK.

IuTepartypa:

Practical Experiences of Safety- and Security-Critical Technologies, P. Amey, A.J. Hilton. Ada User Journal, June,
2004.

Safer C: Developing Software for High-integrity and Safety-critical Systems. L. Hatton, McGraw-Hill, 1994, ISBN
0077076400, 9780077076405.

Requirements for programming languages in safety and security software standard B.A. Wichmann. Computer
Standards and Interfaces. Vol. 14, pp. 433—441, 1992.

C.4.3 CepTucduumnpoBaHHble CpeacTBa U CepTUPULUPOBAHHBIE TPAHCAATOPLI

MpwumeyaHune— Cchifika Ha faHHbIl MeToa/cpeacTBo nNpusegeHa B MOK 61508-3 (Tabnuua A.3).

Liens. Momolyb paspaboTynky Ha pasnuyHblX 3Tanax paspaboTkn NporpaMMHbIX CPEACTB B UCMOMb30BAHUU He-
06XOANMBIX MHCTPYMEHTaMNBHBIX CPEACTB, KOTOPLIE, IAE STO BO3MOXHO, AOMKHE! BbITb cepTUdhULMPOBaHL! C TeM, YTOObI
obecne4nTb KOHKPETHYIO CTEMNeHb YBEPEHHOCTU B KOPPEKTHOCTH pPe3ynbTaToB.

OnwncaHue. CepTUdUKaLMIO UHCTPYMEHTANBHBIX CPEACTB B 0BLEM cnyvae AONYCKaeTCa NPOBOAUTL HE3aBUCUMO,
KaKk npaBuno, B HaLMoHarnbHbIX opraHax no ceptudukaLlmu, No HesaBUCUMOMY Habopy KpUTepueB, HaxoaALwemycs obbiv-
HO B HaLWOHanbHbIX UM MEXAYHapPOAHbIX cTaHhapTax. B ngeansHoM crnydae UHCTPYMEHTanbHbIe CPeAcTBa, NPUMEHS-
eMble Ha BCeX CTagusix paspaboTku (cneuudukauus, NpoekTMpoBaHWe, KOAUPOBaHUE, TECTUPOBaAHUE U OLiEHKa COOTBET-
CTBWSA), U T€ U3 HUX, KOTOPbI€ NCMONB3YHOTCA B yNpaBeHu KOHUrypaLuein, 4omkHbl 6biTb cepTUdMLMpOBaHbI.

B HacTosiLee BpeMsi perynsipHelM npoueaypaM cepTudnKkaLmi NogBepPraroTca TONbKO KOMAUNSATOPLI (TPaHCNSATO-
pbl); cepTUdMKaLMs NPOBOAWUTCA HaLMOHaNbHEIMU OpraHamm Mo cepTUdUKaLMK U 3aKIio4aeTea B NPoBEPKE KOMNUAATO-
pOB (TPaHCNATOPOB) Ha COOTBETCTBUE MEXAYHAPOAHBIM CTaHAapTaM, Hanpumep, Ans s3sikos Ada unun Pascal.

BaxHo 0TMeTUTb, YTO CepTUPULMPOBAHHLIE MHCTPYMEHTalbHbIE CPEAcTBa U CepTUMULMPOBaHHbIE TPAHCNATOPLI
06bLIMHO CepTUULMPYHOTCS TOMNBKO Ha COOTBETCTBME CTaHAapTaM Ha COOTBETCTBYIOLMIA A3bIk Mnu npoLecc. OBbIMHO OHU
HUKaK He cepTUPULMPYIOTCS Ha COOTBETCTBUE CTaHAapTam no 6e3onacHocTy.

IuTepaTypa:

The certification of software tools with respect to software standards, P. Bunyakiati et al. In IEEE International
Conference on Information Reuse and Integration, IRI 2007, IEEE, 2007, ISBN 1-4244-1500-4.

Certified Testing of C Compilers for Embedded Systems. O. Morgan. In: 3rd Institution of Engineering and Technology
Conference on Automotive Electronics. IEEE, 2007, ISBN 978-0-86341-815-0.

The Ada Conformity Assessment Test Suite (ACATS), version 2.5, Ada Conformity Assessment Authority, http:/
www. ic.org/compilerstesting.html, Apr. 2002.
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C.4.4 HcTpyMeHTanbHbIe cpeACTBa U TpaHCNATOPLI. MoBbllWeHne YyBEPEHHOCTU Ha OCHOBaHUM ONbITa UC-
Nonb3oBaHuA

MpumedaHune—Ccbinka Ha flaHHbIil MeToa/ cpeicTBO npuBeaeHa B MOK 61508-3 (Tabnuua A.3).

Llene. UcknioueHue niobbix npobneM, 06ycnoBneHHbIX olubKaMu TpaHCNATopa, KOTopbie MOryT NOSIBUTLCA BO Bpe-
Ms pa3paboTku, BepudmKaLmm 1 aKkcnryaTalyum nporpaMMHOro nakeTa.

OnuncaHue. TpaHCNATOp UCMONBL3YETCA B TEX criyvasix, [Ae He ObINo AoKa3aTenbCTB HeHaaneXallero UCNONHeHUs
MHOMUX MpeabIAYLLUX NPOEKTOB. ECrn oTCYTCTBYET ONBLIT SKCMIyaTaumu TPaHCASTOPOB UK B HUX OGHapyXHbI Mobble u3-
BECTHbIE Cepbe3Hble OLUMGKU, TO OT TaKMX TPaHCMATPOB CrieAyeT 0TKasaTbCs, €CNKN TONbKO HET Kakux-nnbo Apyrux rapaH-
TWiI KoppeKTHOIA paboTkl TpaHcnsTopa (cM. C.4.4.1).

Ecnn B TpaHcnaTope BbiSBMeHbl He6onblUNMe HEAOCTATKM, TO COOTBETCTBYIOLLUE A3LIKOBbIE KOHCTPYKLUKN (OUKCUPY-
10TCA U B NpoeKTaXx, cBsA3aHHbLIX ¢ 6€30MacHOCTLIO, HE MPUMEHSIIOTCA.

[pyrum BapmaHTOM McKIiodeHus npobnem, ob6ycrnoBrneHHbIX oLIMBKaMmn TpaHCNSATOpa, ABNSETCS OrpaHuYeHne A3bl-
Ka Ao ero obLiencnonbayemblX KOHCTPYKLWIA.

HacTosiLyue pekoMeHAaLMU OCHOBaHbI Ha OrbITe MOCTPOEHUS] MHOrMX NpoekToB. [lokasaHo, 4To HeaopaboTaHHble
TpaHCNATOPLI CyXaT cepbe3HbIM NpensaTcTBueM B Mtoboii nporpammHoi paspaboTke. Takue TpaHcnaTopbl B obuiem cny-
Yae fenatoT HEBO3MOXHON pa3paboTKy NporpaMMHOro obecnevyeHusl, CBA3aHHOro ¢ 6€30NacHOCTLIO.

B HacTosiLee BpeMS He CyLEeCTBYET METOA0B NMOATBEPXKAEHUS KOPPEKTHOCTU BCErO TPAHCAATOPa UMM OTAENbHbBIX
ero Jacreil.

C.4.4.1 CpaBHEHMe UCXOAHbIX NPOrpaMM U UCNONHUMbIX KOAOB

Llenb. Y6eauTbCA B TOM, YTO MHCTPYMEHTHI, UCMONb3yemble AN co3faHusa obpasa PROM, He BHOCAT B HEro Huka-
KWX OLWKNGOK.

OnuncaHue. Obpaz PROM obpaTtHo npeobpa3syeTcs B COBOKYNHOCTb «OOBLEKTHBLIX» Mofyneid. 3T «0ObeKTHLIE»
mMoaynu obpaTtHo npeobpasylotcs B dailnbl accembriepa, KOTopble 3aTeM, ¢ MOMOLLbIO COOTBETCBYIOLLMX METOA0B, CpaB-
HUBaKOTCA C PaKTUHECKUMU UCXOAHBIMU dhaiinamMm, ucrornb3yemMbiMU NepBOHaYansHo Ans paspabotkn PROM.

OcHOBHOE NpenMYLLECTBO JaHHOMO METoAa COCTOUT B TOM, YTO MHCTPYMEHTLI [KOMNUNATOPLI, peAaKkTopbl CBA3EH
(KOMNOHOBLUMKK) W T. N.], Ucnonb3yeMble Ans paspabortku obpasa PROM, He TpebyloT noaTBEPXKAEHUS COOTBETCTBUS.
3TUM MeTo40M NpOBEpSIOT NPaBMIIBHOCTL Npeobpa3oBaHus MCXofHOro dhaiina, Mcnornb3yemMoro Ans KOHKPETHOI cucTe-
Mbl, CBAI3aHHOW ¢ 6e30NacHOCTLIO.

IutepaTtypa:

Demonstrating Equivalence of Source Code and PROM Contents. D.J. Pavey and L.A. Winsborrow. The Computer
Journal. Vol. 36, No. 7, 1993.

Formal demonstration of equivalence of source code and PROM contents: an industrial example. D.J. Pavey and
L.A. Winsborrow. Mathematics of Dependable Systems, Ed.C. Mitchell and V. Stavridou, Clarendon Press, 1995, ISBN
0-198534-91-4.

Assuring Correctness in a Safety Critical Software Application. L.A. Winsborrow and D.J. Pavey. High Integrity
Systems. Vol. 1, No. 5, pp. 453—459, 1996.

C.4.5 BbiGop cooTBETCTBYIOLLEro A3blka NporpaMMupoBaHusa

MpumedyaHune— Cchinka Ha aHHbIi MeToa/cpefcTBO NpuBeaeHa B MOK 61508-3 (Tabnuua A.3).

Llenb. OBecneveHne B MakcumaribHOM cTeneHn TpeboBaHnil HacTosALLEro cTangapTta Ans cneLuanbHOro 3aLluLLato-
LL{ero NporpaMMUpPOBaHWs, CTPOroi TUNU3aLuK, CTPYKTYPHOTO NporpaMmMUpOoBaHns U, BO3MOXHO, CyXeHuWiA. BeibpaHHbI
A3bIK NPOrpaMMUPOBaHNA JOMKeH o6ecnevnTb ferko BepuduLmpyemMslil kog U npocTele npoueaypbl paspaboTku, Bepu-
duKaummn 1 akecnnyaTalmm nporpamMm.

OnucaHve. F3bIK NporpaMMUpoBaHNsa AOSIKEH ObITe MOMHOCTBIO U OAHO3HAYHO onpefeneH. FAsbik AomkeH bbiTb
OpPUEHTUPOBaH Ha nonb3oBaTens unu Npobnemy, a He Ha npoLleccop unu nnatdopmy. LLinpoko ncnoneayemslie S3bIKU NPo-
rpamMMmmupoBaHnUA UNn X NoOAMHOXeCTBa 40JKHbI ObITb npegnovTuTenbHee A3bIKOB crneynaribHoro npuMeHeHus.

F3bIKM NPOrpaMMUPOBaHUs Takke LOSKHLI obecneymsaTb:

- BroYHYI0 CTPYKTYpY OpraHusauuu nporpamMm;

- NpOBepKy BPeMeHU TpaHCNALuK;

- NpoBepKy BO Bpemsi paboTbl NporpaMMel TUMOB U FpaHnL, MaccuBoB.

FA3bIK NporpamMMMUpoBaHUs JOIKEH BKITo4aTh B cebs:

- MCcnonb3oBaHMe HeGOoMbLUMX U YNpaBnseMslX NPporpaMmMHbIX MOAYNeENR;

- orpaHu4YeHue focTyna K faHHbIM B KOHKPETHBIX MporpaMMHbIX MOAYNAX;

- onpegerneHve nNoaananasoHoB NepemMeHHbIX;

- ntobble fpyrne TUMbl KOHCTPYKLUKW, OrpaHnyvBatoLLMe OLWnOKU.

Ecnun onepauun cucteMbl 6€30MacHOCTU 3aBUCAT OT OrpaHUYeHunii peanbHOro BpeMeHU, To sA3bIK NporpaMMmMpoBa-
HUS fomkeH obecneyunBaTh Takke o6paboTKy UCKMIOHEHUIA UMK NpepbIBaHUNA.

YKenatenbHo, YTOCbLI A3bLIK NporpaMMUpoBaHus obecnevmBarncs COOTBETCTBYIOUM TPAHCMATOPOM, NOAXOAALLMMN
6ubrnnoTekamm ¢ 3apaHee co3faHHbIMU NPOrPaMMHLIMU MOAYNSAMU, OTNaAYUKOM U UHCTPYMEHTaMK Kak Ansa ynpaeneHus
BepCcUsiMU, Tak n Ans paspaboTku.

B HacTosiLee BpeMs elle He ACHO, BYAYT N 06LEKTHO-OPUEHTUPOBAHHBIE A3bIKW MPOrpaMMUPOBaHUSA NPeLNoYTH-
TenbHee Apyrux obLEenpUHATLIX S3bIKOB.

K cBoiicTBaM, KOTOpbIE YCNOXHSIHOT BEPUUKaLMIO U MOSTOMY [OSMKHBI ObITb UCKITOYEHBI, OTHOCATCS:
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- Be3ycnoBHble Nepexofbl (3a UCKMIOYEHWEM BbI30BOB MOAMNPOrpamMm);

- pekypcuu,

- yKasaTenu, AuHamudecku pacnpepensieMble obnactu naMAaTh unu ntobble TUNBI AMHAMWYECKUX NepeMeHHbIX
UNn 0ObEKTOoB;

- obpaboTka npepbiBaHWiA Ha YPOBHE UCXOAHOMO KOAA;

- MHOXXECTBO BXO[OB UM BbIXOAOB B LiuKnax, brnokax unv nognporpammax;

- HesiBHas nHuLManuaaumsa unu obesaBrneHne nepemMeHHslX;

- BapuaHTHbIe 3an1cK U SKBUBAIIEHTHOCTS;

- NpouedypHas nepemMeHHas B Ka4ecTBe napameTpa.

FA3bIKM NPOrpaMMUpPOBAHWUA HU3KOrO YPOBHSA, B YacTHOCTM accemMbriepbl, oBnagatoT HegocTaTkaMmu, CBA3aHHBIMM
C UX KECTKOI opueHTaLueil Ha npoLeccop MallyHel UKW Ha ONpeAeneHHyo nnatgopmy.

XenaTenbHbIM CBOWCTBOM fA3blka NPOrpaMMUpOBaHNS SBMSETCA TO, YTO €ro NPOEKTUPOBAHUE U UCMOMb3OBaHWe
LOIMKHO NPUBOAUTBL K CO3LaHWI0 NporpaMM, BhINOMHEHNE KOTOPbLIX Npeackasdyemo. Ecnu ucnonb3yeTcs NogXogAaLmid KOH-
KPETHbIA A3bIK NPOrpamMMmMpoBaHus, TO B HEM AOMKHO CYLLECTBOBaTL NOAMHOXECTBO, KOTOPOE rapaHTUPYET, YTO BLIMNONHe-
HWe nporpamMmel NpefckasyeMo. 3TO NOAMHOXKECTBO He MOXET ObIThb (B 06LLeM criyyae) cTaTudecku onpegerieHo, HecMo-
TPS Ha TO, YTO MHOrMe cTaTU4Yeckue orpaHMYeHUa NOMOoratoT rapaHTMpoBaTh NpeackazyemMoe BbinosiHeHne, OBbIMHO 3TO
MOXeT noTpeboBaTb AEMOHCTPAL|MW TOTO, YTO MHAEKCH MacchBa HaXogATCS B YCTAHOBMNEHHbLIX NPEAenax U YTo YUCIOBOE
nepenorHeHNe He MOXET BO3HUKHYTb, U T. M.

PekoMeHaaLn Mo KOHKPETHbIM A3blkaMm NporpaMMupoBaHus npueegeHsl B Tabnuue C.1.

Jlutepartypa:

Concepts in Programming Languages. J.C. Mitchell. Cambridge University Press, 2003, ISBN 0521780985,
9780521780988.

IEC 60880:2006, Nuclear power plants — Instrumentation and control systems important to safety — Software
aspects for computer-based systems performing category A functions.

IEC 61131-3:2003, Programmable controllers — Part 3: Programming languages.

ISO/IEC 1539-1:2004, Information technology — Programming languages — Fortran — Part 1: Base language.

ISO/IEC 7185:1990, Information technology — Programming languages — Pascal.

ISO/IEC 8652:1995, Information technology — Programming languages — Ada.

ISO/IEC 9899:1999, Programming languages — C.

ISO/IEC 10206:1991, Information technology — Programming languages — Extended Pascal.

ISO/IEC 10514-1:1996, Information technology — Programming languages — Part 1: Modula-2, Base Language.

ISO/IEC 10514-3:1998, Information technology — Programming languages — Part 3: Object Oriented Modula-2.

ISO/IEC 14882:2003, Programming languages — C++.

ISO/IEC/TR 15942:2000, Information technology — Programming languages — Guide for the use of the Ada
programming language in high integrity systems.

Tabnunya C.1— PekoMeHgaunn No KOHKPETHBIM A3bIKaM NPOrpaMMUPOBaHNA

FA3bIK NporpamMMupoBaHna YNbB1 YNB2 YNB3 Yrb4
1 ADA HR HR R R
2 ADA ¢ NnoiMHOXeCTBOM HR HR HR HR
3 Java NR NR NR NR
4 Java c nogMHoXecTBOM (6e3 BKntoveHus c6opku mycopa R R NR NR

unu ¢ BrNoYeHnem cbopku Mycopa, koTopasi He ByaeT Bbi3bl-
BaTb OCTAHOBKY NPUKINAaAHOA NporpaMMbl B TEHEHUE 3HaUUTENb-
HOro NPoMeXyTKa BpeMeHun). PykoBoasaLue ykasaHua no nuc-
Nonb30BaHUIO 06BLEKTHO-OPUEHTUPOBAHHBIX CPEACTB

CM. B NpunoxeHun G.

5 PASCAL (cMm. npumedanue 1) HR HR R R
6 PASCAL ¢ nogMHOXeCTBOM HR HR HR HR
7 FORTRAN 77 R R R R
8 FORTRAN 77 ¢ NOAMHOXeCTBOM HR HR HR HR
9C R — NR NR
10 C ¢ NoAMHOXECTBOM U CTaHAAPTOM KOAUPOBAHUSA, a TakKe HR HR HR HR

ncnonb3oBaHUe MHCTPYMEHTOB CTaTUYECKOro aHanunsa
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£A3bIK NporpaMMUpoBaHnA Yne1 YMB2 YB3 YNb4

11 C++ (PykoBogsLUMe yKaszaHUs No UCTONb30BaHWI0 06beKTHO- R — NR NR
OPWUEHTUPOBaHHbLIX CPEACTB CM. B npunoxeHun G.)

12 C++ c NogMHOXECTBOM U CTaHAAPTOM KOLUPOBaHMSA, a TakkKe HR HR HR HR
UCnonb3oBaHE UHCTPYMEHTOB CTaTUYECKoro aHanumaa (PykoBo-
AALMe yKkasaHUs Mo UCMoNb3oBaHWI0 06bEeKTHO-OpUEeHTUPOBaH-
HbIX CpeacTB CM. B NpunoxeHun G.)

13 Accembnep R R — —
14 Accembnep ¢ NOAMHOXECTBOM U CTaHJapToOM KOAUPOBaHUS R R R R
15 MHorocTyneH4aTble guarpammel R R R R
16 MHorocTyneH4yaTas guarpamma ¢ onpeaeneHHbIM NogMHOXe- HR HR HR HR
CTBOM Si3blKa

17 Onarpamma pyHKLWOHaMBHEIX 6nokoB R R R R
18 Onarpamma dpyHKLWOHaNBHEIX 6nokoB ¢ onpegeneHHbIM Noa- HR HR HR HR
MHOXECTBOM 5i3blKa

19 CTpyKTYpUpOBaHHbLIN TEKCT R R R R
20 CTpyKTYypUpOBaHHbIA TEKCT C onpeaeneHHbIM NOAMHOXe- HR HR HR HR
CTBOM 5i3blKa

21 MocnegoBaTensHan QyHKUMOHaNbHaA gnarpaMma R R R R
22 MMocnegoBaTensHan QyHKUMOHaNbHaa gnarpaMma ¢ onpeje- HR HR HR HR
NeHHbIM NOAMHOXECTBOM SA3blKa

23 Cnuncok komaHz R — NR NR
24 Cnuncok koMaHg ¢ onpegeneHHbIM NOAMHOXECTBOM A3blKa HR R R R

MpumeyvyaHunsa

1 MNosicHeHus K pekoMeHaaumaM R, HR, NR cm. B MOK 61508-3, npunoxeHue A.

2 CucteMHoe nporpammHoe obecnedeHue BKIoHaeT B cebsa onepaluoHHyio cucTemy, apaiBepbl, BCTPOEHHbIE
hyHKLMM 1 NporpamMMHBIe MOAYIN, SBNSAOLLMECS YacTblo cucTeMbl. [NporpammHsle cpecTea 06bI4HO 06ecneumnsaloTcs
cucTemoii 6ezonacHocT Npu noctaeke. [TOAMHOXECTBO si3blka criefyeT BbiGUpaTb 04eHb BHUMATENBHO € TeM, YTo6b!
UCKIIOYNUTE CROXHBbIE CTPYKTYPLI, KOTOpLle MOryT obpasoBaTbesl B pesyneraTte ownbok peanusayun. Cnegyer Bhinon-
HATb NPOBEPKM A1 TOro, 4Tobbl yOeAnTLCH B MPaBUbHOM UCMONB30BaHWA NOAMHOXECTBA S3blka NPOrpaMMUPOBaHUS.

3 MpuknagHaa nporpamma npefcTasnser coboit nporpamMmy, paspaboTaHHylo AnNs KoHkpeTHoro 6esonacHoro
npUMeHeHus. Bo MHOMMX cnyyasix Takas nporpamMa paspabarbiBaeTca KOHeYHBIM Nonb3oBaTeneM NMbo nogpsagqnKom,
OpWEeHTWPOBaHHLIM Ha pa3paboTky NpuknagHbLIX NporpaMm. B Tex cnyvasx, korga psg A3bIKoB NporpaMMUpoBaHUsA Mog-
AEepXWUBAET OAHU W Te e pekoMeHAaLunm, pa3paboTyuky cnefyeT BelibpaTb TOT, KOTOPLIA NOBCEMECTHO UCMONbL3YeTCA
MepcoHarnom B KOHKPETHOW NPOMBILLIIEHHOCTM Unu oTpacrnu. NoAMHOXECTBO S3blka NPOrpaMMUPOBaHUsA creayeT Bbiou-
paTb ¢ 0cobbIM BHUMaHNEM, YTOObl UCKITHOHYNTL CRIOXHBIE CTPYKTYPLI, KOTOPLIE MOFYT NPUBECTU K owmbkam peanusaumu.

4 ECnv KOHKPETHBI A3bIK NPOrpaMMMpPOBaHNS He MPefCTaBeH B HacTos el Tabnuue, To 3To He 03HaYaEeT, |TO OH
NCKITtodeH. OTOT KOHKPETHBIN A3bIK MPOrpamMMUpoBaHust 4OIMKEH COOTBETCTBOBaTb TpeboBaHNAM HacTosALLero ctaHaapTa.

5 CyuwjecTtayeT psj pacluMpeHuin asbika MNackans, Bktodaa ceobogHo pacnpocTpaHsiemblid Mackans. Cebinkn
Ha [Nackanb BKIIOMAlOT 3TN pacLLMPEeHus.

6 Java nmMeeT cO0pLLMK Mycopa BpeMeHM BbINONHEHWS. [ogMHOXeCTBO Java MOXET He uMeTb cBopliuka Mycopa.
HekoTopble peanusauumn Java obecnedmBatoT MporpeccuBHyto cGopKy Mycopa, KoTopas BoCCTaHaBfIMBaET CBOGOAHYIO
naMsATb B NpoLecce BLIMONHEHNA NporpaMmel U NpeaoTBpaLlaeT BhiNONHEeHe OCTaHOBKM, KorAa ucHepnaHa focTynHas
namMATb. MPUNOXKEHNS XECTKOro peanbHOro BpeMEHW He AoMKHBI UCnone3oBaTh Nobbie cpeactsa c6opku Mycopa.

7 Ecnu npumeHeHue Asbika Java TpebyeT UCMONb30BaHUA UHTEPMpeTaTopa BpeMeHW BbINOMHEHUS 4 Npo-
MeXyToYHOro kofa Java, To MHTepnpeTaTop AOMKEH paccMaTpuBaThLCs, Kak 4acTb NporpaMMHoro obecnedeHus,
CBA3aHHOro ¢ 6e30nacHOCTLIo, U YA0BMNETBOPATL TpebosaHnaM M3K 61508-3.

8 O nyHkTax 15—24 cwm. [7].
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C.4.6 ABTOMaTnueckasi reHepauusi nporpaMMHoro obecneyeHus
MpwnmeyaHune— Cchifika Ha faHHbIA MeToA/cpeAcTBo NpuBegeHa B MOK 61508-3 (Tabnuya A.2).

Llenb. ABToMaTuanposaTe Hanbonee NoABepXXeHHbIe olwmnbkaM 3ajaqun peanusayum nporpaMmMHoro obecneyeHus.

OnucaHue. MpoeKT CUCTEMBI ONUCLIBAETCA MOZESbIO (UCMONMHMMONR cneundmnKkaLlmeir) Ha 6omnee BLICOKOM YpOBHe
abcTpakuyum, Yem TpaguLUMOoHHBIA ucnonHsemsblin kog. Mogenb aBTomatudecku npeobpasyeTcs reHepaTopoM Koga B Uc-
noSiHUMyto cpopMy. Llenb cocTouT B TOM, 4TOObI YNy4dLIUTL Ka4ecTBO nporpamMHoro obecneyeHus, ycTpaHas noasep-
XeHHble ownbkam pydHble 3agaqn KogupoBaHus. HanbHeliwlasa Bo3MOXHas BeIroga B TOM, YTo Bonee crnoXHble npoekThl
MOFYT BBIMOMHATLCA Ha 6onee BLICOKOM abCTpakTHOM YPOBHeE.

IuTtepatypa:

Embedded Software Generation from System Level Design Languages, H. Yu, R. Domer, D. Gajski. In «ASP-DAC
2004 Proceedings of the ASP-Dac 2004 Asia and South Pacific Design Automation Conference, 2004», IEEE Circuits and
Systems Society. IEEE, 2004, ISBN 0780381750, 9780780381759.

Transforming Process Algebra Models into UML State Machines: Bridging a Semantic Gap? M. F. van Amstel et al.
In Theory and Practice of Model Transformations: First International Conference, ICMT». Ed. A. Vallecillo. Springer, 2008,
ISBN 3540699260, 9783540699262.

C.4.7 YnpaBneHue TeCTUpOBaHUEM U CpeaiCTBa aBTOMaTuU3aL U

MpumeyaHune— Cchifka Ha faHHbIA MeToA/cpeAcTBO NpuBegeHa B MOK 61508-3 (Tabnuua A.5).

Liens. OBecneunTts cucTeMaTU4ecKnii 1 BCECTOPOHHWIA NOAX0A K TECTUPOBAHWUIO CUCTEMbI U NporpamMHoro obe-
crneYeHus.

OnucaHxue. Vcnonb3oBaHWe NOAXoAsLLMX CPeCTB NOAAEPXKN aBTOMaTU3NpyeT Gonee TpyaoeMKUe N NOABEPXKEH-
Hble olWwunbkaM 3afadn npu paspaboTke cUCTeMbl U [JaeT BOIMOXHOCTb CUCTEMATUHECKOrO NOAXOAA K YNpaBneHuto Te-
cTMpoBaHueM. JocTynHocTb nogaepxku obecnednsaet 6onee BCECTOPOHHUIA NOAXOA U K OOBIMHOMY U PErpecCMOHHOMY
TECTUPOBAHWUIO.

JlnTepartypa:

Managing the Testing Process: Practical Tools and Techniques for Managing Hardware and Software Testing.
R. Black, John Wiley and Sons, 2002, ISBN 0471223980, 9780471223986.

C.5 Bepudoukauus u moauncmkaumsa
C.5.1 BepoAATHOCTHOE TecTupoBaHue

MpumMmeyaHune — Ccbinka Ha faHHbIA MeToa/cpeacTBo npuBegeHa B MOK 61508-3 (Tabnuuysl A.5, C.15, A7
n C.17).

Llens. MonyyeHne Konu4yecTBEeHHLIX NokasaTenei HageXHOCTU UccreyeMoi NporpamMmmei.

Onucanue. Konu4ecTBeHHbIE NokasaTenM MOryT ObiTb MOMNyYeHbl C YYETOM OTHOCUTENbHBLIX YPOBHEW fOBEPUS
¥ 3HAYMMOCTU U JOSIKHBI UMETL CriefyoWwnii Bua;:

- BEPOSTHOCTb OWMBKK Npu 3anpoce;

- BEPOSITHOCTb OLWMBKM B TEYEHWE ONpEAENEeHHOTo NEPUOAA BPEMEHM;

- BEPOSITHOCTb NMOCNEACTBUIA OLLNGKA.

N3 sTux nokasatenei MoryT GbITb NOMyYeHbl Apyrue nokasarenu, Hanpumep:

- BeposTHocTb BesowmboyHoit paboThl;

- BEPOSITHOCTb XWUBYYECTH;

- BOCTYMHOCTb;

- MTBF vnu yacTtoTa 0TKa30B;

- BEPOSITHOCTb 6€30MacHOro UCMOMHEHUSI.

BeposaTHOCTHbIe coobpaxeHUsi OCHOBLIBAOTCA MO0 Ha CTATUCTMYECKMX UCTIBITaHMAX, NGO Ha onbiTe aKcnnya-
Tauuu. OBLIMHO KONMYECTBO TECTOBLIX NPUMEPOB UMK HabnogaeMblx NpaKTUMECKUX NpUMepoB o4eHb Benuko. OBbIMHO
TECTUPOBaHWE B PeXUME 3arnpoCcoB 3aHUMAaET 3HAa4YUTENBHO MEeHbLLE BPEMEHM, YeM B HEMPEPLIBHOM pexume paGoTbl.

Ansa opMUpoBaHUA BXOAHBIX faHHbBIX TECTUPOBAHUA U YNPaBieHUs BEIXOAHBIMM AaHHBIMUA TECTUPOBAHNUS O6BIMHO
MCMOMb3YIOTCA UHCTPYMEHTBI aBTOMaTUYeckoro TecTupoBaHusl. KpyrHele TeCThbl NPOroHs0TCA Ha GoNbLUMX LieHTpanbHbIX
KOMMblOTEpax ¢ UMUTaLMEN COOTBETCTBYOLLEN Nepudepun. TecTupyeMble aHHble BeIOMPAIOTCA C yHETOM Kak cucTema-
TUYECKUX, TaK U crnyyaitHbiX oInBok annapaTHbIX cpeacTs. Hanpumep, obluee ynpasrieHue TeCTUPOBaHUEM FrapaHTUPYeT
npocunb TeCTUPYEeMbIX faHHbIX, TOrAa Kak cryvaiHblil BeIGOp TeCTUpYeMbIX AaHHbIX MOXET YNpaBnsaTb OTAENbHEIMU Te-
CTOBLIMU NpUMepamu Gonee AeTansHo.

Kak ykasaHo BbllLe, MHAMBUAYaMNbHBIE CpefcTBa ANA TECTUPOBaHUSA, BbINOMIHEHNE TECTUPOBAHUSA U yNpaBneHune Te-
CTUPOBaHWEM OMNpenensoTes AeTann3MpoBaHHBEIMU LIENaM1 TeCTUPOBaHUS. [lpyrie BaxHble YCNOBUSA 3a4atoTest Matema-
TUYECKUMU NpesnockIfikaMu, KOTopble AoMKHbI GbiTb cobrniogeHbl, eCNu OLeHKa TECTUPOBaHMWS YLO0BNETBOPSET 3a4aHHbIM
Liensim TeCTUPOBaHMS.

M3 onbiTa sKcrnyaTalun Takke MOryT ObiTb NoryyYeHbl BEPOATHOCTHbLIE XapaKTepucTUkU noBegeHus noboro Te-
CTMpyeMoro obwvekTa. Ecnn cobniofarTca ogMHakoBble YCIOBUS, TO K OLiEHKaM pe3ynsTaToB TECTUPOBaHUA MOXET BbiTb
NPUMeHeH OAWHaKOBEI MaTeMaTUYeckuWii annapar.

Mcronb3aysa s METoAbI, AOCTATOMHO CIOXHO NPOSEMOHCTPUPOBATE Ha NpaKTUKe CBEPXBLICOKWE YPOBHU HAAEXKHOCTH.
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Nuteparypa:

A discussion of statistical testing on a safety-related application. S. Kuball, J. H. R. May, Proc IMechE. Vol. 221.
Part O: J. Risk and Reliability, Institution of Mechanical Engineers, 2007.

Estimating the Probability of Failure when Testing Reveals No Failures, W.K. Miller, L.J. Morell et al. IEEE
Transactions on Software Engineering, Vol. 18, No.1, pp. 33—43, January 1992.

Reliability estimation from appropriate testing of plant protection software, J. May, G. Hughes, A.D. Lunn. |IEE
Software Engineering Journal. Vol.10. No. 6. pp. 206—218, Nov., 1995 (ISSN: 0268—6961).

Validation of ultra high dependability for software based systems, B. Littlewood and L. Strigini. Comm. ACM 36 (11),
69—80, 1993.

C.5.2 Peructpaumsa 1 aHanus gaHHbIX

MpunmedaHune—Ccbinka Ha faHHbIl MeTof/ cpeficTBO NpuBefeHa B MOK 61508-3 (Tabnuusl A.5 n A.8).

Liens. [lokyMeHTMpoBaHUe BCEX AaHHbLIX, PELUEHN A U pasyMHOro 060CHOBaHWS NPOrpaMMHbIX MPOEKTOB B LiENsAX
obecneyeHnsa BepuukaLmm, NoaTBEPXKAEHNA COOTBETCTBUSA, OLIEHKW U 3KCTnyaTaLum.

OnucaHue. B npoLecce Bcero NpoekTupoBaHus paspabarbiBaeTcs NogpobHas AoKyMEHTaUuUs, B KOTOPYHO BXOAAT:

- TeCTUpoBaHWe, BbIMOSTHAEMOE Ha KaX oM NporpaMMHOM MOAYTe;

- pelleHns 1 ux pasymHble 060cHOBaHMS;

- NpobneMsbl U UX peLleHuns.

B npouecce 1 no 3aBeplUeHUM NPOEKTa 3Ta JOKYMEHTaLuUsi MOXET 6biTb NpoaHannanpoBaHa Ha Hanu4ue LWNPOKoro
Habopa uHdopmauun. B yacTHOCTH, Takasa WHOPMaLWMs, UCNONbL30BaBLUAACA B KadecTBe 0O0OCHOBaHUA NpU NPUHATUN
KOHKpeTHbIX peLUeHUi B npoLecce pa3paboTku NpoeKTa U o4eHb BaxHas ANA 06CcnyXuBaHUs BbIMUCAUTENBHBLIX CUCTEM,
He BCerja M3BecTHa MHXeHepaMm Mo aKcrnyaraluu.

Ilutepatypa:

Dependability of Critical Computer Systems 2. F.J. Redmill, Elsevier Applied Science, 1989, ISBN 1851663819,
9781851663811.

C.5.3 TectupoBaHue nHTepdeliica

MpumedyaHune— Ccbinka Ha faHHbIA MeToa/cpeAcTBO NpuBegeHa B MOK 61508-3 (Tabnuuya A.5).

Llenb. O6HapyxeHue owmbok B MHTepdencax NognporpaMmm.

OnucaHne. BoaMOXHbI HECKOIMLKO YPOBHEN AieTanunsaLmmn unu NonHoTel TecTUpoBaHua. K Hanbonee BaXHbIM ypoB-
HSIM OTHOCUTCS TeCTUPOBaHUE:!

- BCEX MHTepdeNCHbIX NepeMeHHbIX C UX NpeAernbHbIMUA 3HAa4YEHUAMMY;

- BCEX OTAENbHbIX UHTEPPENCHBIX MEPEMEHHBIX C UX NPeASnNbHBIMUA 3HAYSHUAMU C APYTUMU UHTepdeRCHBIMU Ne-
pPEMEHHBLIMU C UX HOpMarbHBIMW 3Ha4YEeHUAMM;

- BCEX 3HadeHWii npeaMeTHOW 0B6nacTu Kaxaoi UHTepdelcHOn nepeMeHHon ¢ ApyruMn UHTepdeircHEIMU nepe-
MEHHBLIMU € UX HOpMarnbHbIMU 3Ha4YEeHUAMY,

- BCEX 3Ha4YeHWil BCeX NepeMeHHbIX B Pa3HbiX KOMBUHAaLMAX (BO3MOXHO TOrNbKO AN HebonblunMx uHTepdgeiicoB);

- Mpu cneumduLUpoBaHHbIX YCIOBUSX TECTUPOBaHUA, YMECTHLIX ANA KaX40ro Bbi30Ba Kaxaon nognporpaMmsbl.

OTU TeCcTnpoBaHUsA 0CoGEHHO BaXHbI, €CNN UHTEpPdEChl He MMEIOT BO3MOXHOCTW 06HapyXuBaTb HenpaBuUIbHblE
3Ha4YeHuA napameTpoB. Takne TECTUPOBAaHUSA TakKe BaXHbl NMPU reHepaLun HOBbIX KOHUrypauuin paHee cyLLiecTBOBaB-
LUKX nognporpamm.

C.5.4 AHanus rpaHNMYHbIX 3HaYeHU M

MpunMedyaHune—Ccbinka Ha faHHbIil MeToa/cpeacTBO NpuBefeHa B MOK 61508-3 (Tabnuuel B.2, B.3 1 B.8).

Liens. OBbHapykeHWe nporpaMMHbIX oLIMGOK Npy NpeAenbHBIX M IPaHNYHBIX 3Ha4YeHUAX NapaMeTpoB.

Onucanue. lNpeamMeTHas BxogHas obnacTb NporpaMMbl pasfensercs Ha MHOXECTBO BXOAHbIX KNaccoB B COOTBET-
CTBUM C OTHOLIEHMAMU 3kBUBaneHTHocTu (cM. C.5.7). TecTupoBaHne AOMKHO OXBATbLIBATb MPaHULbl U 3KCTPEManbHble
3Ha4YeHus Knaccos. [laHHoe TeCcTMpoBaHWe NpoOBEpPSIET CoBMaZeHne rpaHuLbl NpeAMETHON BxogHoW obnactu B cneyudu-
Kauuu ¢ rpaHuLamu, ycTaHOBNEHHbIMU NPOrpaMMoid. Micnonb3oBaHue HYNeBOro 3Ha4eHns Kak B HeNoCcpeacTBEHHbIX, Tak
N B KOCBEHHbLIX Npeobpa3oBaHusAX 4acTo NpUBoAUT K olumbkaMm. Ocoboro BHUMaHUs TpebytoT:

- HYNeBoOW AenuTtens;

- 3Haku npobena ASCII;

NYCTON CTEK UMW ANEMEHT CMUCKa;

- 3anonHeHHasi MaTpuua;

- BBOA HyneBoii Tabnuupbl.

O6bI4HO rpaHnLbl BXOAHLIX 3HAYEHUWIA HANpsIMylo COOTHOCSTCS C rpaHULiaMU BbIXOAHBIX 3Ha4YeHUn. Ons ycTaHoB-
NeHUA BbIXOAHLIX NapameTpoB B WX NpefenbHble 3Ha4eHns1 HeobxoAMMO 3anuckiBaTh cneluanbHble TECTOBbIE NPUMEpHI.
CnepayeT TaKkke N0 BO3MOXHOCTU pacCMOTPETL cneLpdmrKaLmio Takoro TECTOBOro Npumepa, Kotopblii NobyxaaeT BbIXOA-
HO€ 3HaYeHWUe NMpPeBLICUTL YCTaHOBIIEHHbIE crieLduKaLueil rpaHnYHbIe 3Ha4YEHMS.

Ecnu BbixoAHble 3HaYEHUA ABNSAIOTCA NOCNEA0BaTeNbHOCTLIO AaHHbIX, Hanpumep, Tabnuua, To ocoboe BHUMaHUe
cnepayeT yAenuTb NepBOMY W NOCMNEAHEMY areMeHTaM, a Takke crnuckam, cofepkalym nubo Hu ogHoro, nubo oguH, nubo
ZiBa aneMeHTa.

Nutepatypa:

The Art of Software Testing, second edition. G.J. Myers, T. Badgett, T.M. Codd, C. Sandler, John Wiley and Sons,
2004, ISBN 0471469122, 9780471469124.
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C.5.5 NpeanonoxeHune owmnbok
MpuMedaHue— Ccolfika Ha AaHHbIA MeToa/cpeacTso npueegeHa B MOK 61508-3 (Tabnuubl B.2 1 B.8).

Llenb. UckntoveHmne oLLMBKM NporpaMMUpOBaHHS.

Onucanue. ONbIT TECTUPOBAHUA U UHTYULUA B COMETAaHUN CO CBEJEHUAMMN U 3aUHTEPECOBAHHOCTLIO OTHOCUTENBHO
TECTUPYEMON CUCTEMBI MOTYT [06aBUTE HEKOTOpbIe HeKnaccudULuMpoBaHHEIE TECTOBbIE NPUMEpLI K Habopy 3afaHHbIX
TECTOBbLIX NMPUMEPOB.

CneymnanbHble 3HaYeHUst UNU KOMBUHaLMKU 3Ha4YeHniA MoryT BbiTh noaBepKeHbl owmnbkam. HekoTopble Bbi3biBalo-
LMe UHTEpPEC TECTOBbIE MPUMeEpPLl MOTYT ObITh NOMyYeHbl M3 @aHanu3a KOHTPOMbHBIX cNUckoB. CnefyeT Takke paccMmo-
TpeTb, ABNAETCH N CUCTEMa JOCTaTOMHO YCTOUMBOW. Hanpumep, crneayet N HaXXuMaTb KNaBuLWKN Ha NepefHein naHenun
CrMLIKOM ObICTPO UMM CRULLKOM YacTo. YTo NnpousoigeT, ecnu ABe KNaBULWIN HaXaTb O4HOBPEMEHHO.

Ilutepartypa:

The Art of Software Testing, second edition. G.J. Myers, T. Badgett, T.M. Codd, C. Sandler, John Wiley and Sons,
2004, ISBN 0471469122, 9780471469124.

C.5.6 BBegeHue owmbok

MpwumedaHwne— Cchbifika Ha AaHHbIR MeToa/cpeacTso npuseaeHa B MOK 61508-3 (Tabnuua B.2).

Llenb. MoaTBepxaeHUe agekBaTHOCTU Habopa TECTOBLIX NPUMEPOB.

OnucaHue. HekoTopkle N3BECTHLIE TUMBI OLUMGOK BBOASATCS (NOACEUBAIOTCS) B NpOrpaMMy, W NporpaMma BbINon-
HSIETCH C TECTOBLIMU NPUMepamMi B pexxmme TecTupoBaHus. MNpu o6GHapyXeHUU TONBKO HEKOTOPLIX NOACEAHHBIX OLUMGOK
TECTOBbI NMPUMep CTAHOBUTCH HeafekBaTHbIM. OTHOLLEHWE YNUCNa HalWeHHbIX NofCesiHHBIX OWKUBOK K obLwemy uucny
MOZCEeAHHbIX OLUMGOK OLIEHMBAETCA Kak OTHOLLEHME YUCTa HateHHbIX pearnbHbIX olWKUGoK K obLeMy Ynucny peanbHbIX
owmnGok. 3T AaeT BO3MOXHOCTb OLEHUTb KONMMYMECTBO OCTaTOMHbLIX OLUMGOK, U TEM CaMbiM, OCTanbHylo paboTy no Te-
CTUPOBaHWIO.

HaiigenHbie noaceaHHbie owmbkm  Haligennsie peanbHbie owmbkm
O6LLee UMCNO NOACEAHHBbIX OWMBoK  OBLee YNCHO pearbHbIX OWNBoK

OBHapyxeHUe BCex MOACESHHbLIX OLIMBOOK MOXET yKasbiBaTb MO0 Ha afjekBaTHOCTL TECTOBOro npumepa, nuéo
Ha TO, YTO nofcesHHble OWMBKA GbINO CAWULWIKOM ferko HanTu. OrpaHMYeHUsiMU JaHHOro MeTofa SBRAITCA. NOPAAoK
nofly4yeHns NiobbiX NONesHbIX pe3ynsraTos, TUMbl OLWMBOK. Takke Heobxo4MMO, UTODLI NO3ULIMKU MOACEUBAHNUA OTpaxanu
cTaTUCTUYeCcKoe pacnpegenerHne peanbHbIX OLUOOK.

JluTepatypa:

Software Fault Injection: Inoculating Programs Against Errors. J. Voas, G. McGraw. Wiley Computer Pub., 1998,
ISBN 0471183814, 9780471183815.

Faults, Injection Methods, and Fault Attacks. Chong Hee Kim, Jean-Jacques Quisquater, IEEE Design and Test of
Computers, vol. 24, No. 6, pp. 544—545, Nov., 2007.

Fault seeding for software reliability model validation. A. Pasquini, E. De Agostino. Control Engineering Practice,
Volume 3, Issue 7, July 1995. Elsevier Science Ltd.

C.5.7 PaspeneHune BXoAHbIX AaHHbIX Ha KNaccbl 9KBUBaNeHTHOCTH

MpwuMedaHune— Ccblfika Ha faHHbI MeToa/cpeacTBo NpuBegeHa B MOK 61508-3 (Tabnuuel B.2 n B.3).

Llenb. AgeksaTHoe TECTUPOBaHWE NPOrpaMMHLIX CPEACTB C UCMONb30BaHUEM MUHUMYMa TECTUPYEMBIX AaHHbIX. Te-
CTUpyeMble AaHHble 06pa3ytoTes nyTem Beibopa YacTeil BXoAHbIX JaHHbIX NpefMeTHoi obnacTtu, Tpebytowmxea Ana aHa-
nM3a nporpaMMmHbIX CPeAcTB.

OnucaHue. [JaHHbIA METOA TeCTUPOBaHUSA OCHOBLIBAETCA HA OTHOLLEHUM SKBUBANEHTHOCTU BXOAHBIX flaHHbIX, Onpe-
JensioleM pasbueHne BXoAHbIX AaHHbLIX NpefMeTHOW obnacTu.

TecToBble MpuUMepbl BblBupatoTcd B LENsSX OXBaTa BceX MPeABapUTENbHO crnelyuduunpoBaHHbIX pa3GueHuid.
M3 kaxxgoro Krnacca aKBUMBaNEHTHOCTM BbIbMpaeTca No MeHbLUER Mepe OfUH TECTOBLIA NpUMep.

CyllecTBYIOT crefytoLLne OCHOBHLIE BO3MOXHOCTU pasbueHus BXoAHbIX AaHHbIX:

- Kracchl 3KBUBaNeHTHOCTU, obpa3oBaHHbIe U3 cneludukaLmn, — UHTepnpeTauus cneuudukalm MoxeT 6biTb opu-
eHTUpoBaHa NMBo Ha BXOfHbLIE 3Ha4YeHWs, HanpuMep, BeIBpaHHbIe 3HAYEHNUS CUMTAIOTCA OfUHAKOBLIMU, NGO OpPUEHTUPO-
BaHa Ha BbIXOAHbIE 3Ha4YeHWUs, Hanpumep, Habop 3Ha4YeHNiA MPUBOAUT K OAHOMY W TOMY e (DYHKLUOHANBHOMY pesyneraTy,;

- Kracchl 3KBMBaNEeHTHOCTW, 06pa3oBaHHble B COOTBETCTBUM C BHYTPEHHEN CTPYKTYPOM NporpaMmMbl, — pesynsraThl
Knacca SKBUBaNeHTHOCTU ONpPeenstoTCa U3 CTaTMHECKOro aHanusa nporpamMM, Hanpumep, Habop 3Ha4eHuin o6pabatbiBa-
€TCA OHUM U TeM Xe crnocobom.

IluTepatypa:

The Art of Software Testing, second edition. G.J. Myers, T. Badgett, T.M. Codd, C. Sandler, John Wiley and Sons,
2004, ISBN 0471469122, 9780471469124.

Software engineering: Update. lan Sommerville, Addison-Wesley Longman, Amsterdam; gth ed., 2006, ISBN
0321313798, 9780321313799.

Software Engineering. lan Sommerville, Pearson Studium, 8. Auflage, 2007, ISBN 3827372577, 9783827372574.

Static Analysis and Software Assurance. D. Wagner, Lecture Notes in Computer Science, Volume 2126/2001,
Springer, 2001, ISBN 978-3-540-42314-09.
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C.5.8 CTpyKTYypHOe TecTupoBaHue
MpuMedaHue— Ccbinka Ha AaHHbI MeToa/cpeacTBo npuegeHa B MOK 61508-3 (Tabnuua B.2).

Llenk. MpuMMeHeHWe TeCTOB, aHanM3npyoLLWX onpefeneHHble NogMHOXKEeCTBa CTPYKTYpbl NPOrpaMmel.

OnwucaHve. Ha ocHoBe aHanuaa nporpamMbl BeIGUpaeTcs Habop BXOAHLIX JaHHbIX Tak, 4To6bl Mor 6biTb NpoaHa-
Nn3npoBaH focTaToqHo BonbLUOiA (4acTo ¢ 3apaHee 3afjaHHbIM 3Ha4YeHneM) NpoLeHT nporpaMmHbIX koaos. Mepbl oxBaTta
nporpaMmel, B 3aBUCUMOCTM OT CTeneHu TpebyeMoil CTPOrocTu, MOryT BbITh pasnuyHbIMU. B nioBoM cnyyvae Lenbio Aonx-
Hbl ObITe 100 % BbIGpaHHOK METPUKM OXBaTa; ecnu HeBO3MOXHO JocTUrHyTe 100%-Horo oxeaTta, TO NPUYUHBI, NOYEMY
100%-Hblit 0xBaT He MOXET BbITb 4OCTUMHYT, AOMKHBI BbITh JOKYMEHTaNeHO 0POPMIIeHkEl B OTYETE O TECTUPOBaHUU (Ha-
rpuMep ecrnv BO3HWUKaeT annapaTHas npobnema, To MOXeT ObiTb BBefJEH TOMNbKO KOA 3aluThl). [epBble YeTbipe MeTofa
B criefyloleM Crucke cneLuansHo yNoMaHyTEl B pekoMeHAauusx B Tabnuue B.2 MOK 61508-3 u wumpoko noaaepxusa-
FOTCA MHCTPYMEHTaMU TECTUPOBAHWS; OCTaBLUMECA METOALI MOTYT BbITb Takxe pacCMOTPEHbI:

- OXBaT ToMeK BxoAa (rpad BbI30BOB) — rapaHTUPYET, YTO kaxaas NognporpamMmMa (CTaHaapTHas nofnporpaMmma unmn yHK-
LWs1) No KpaliHei Mepe oHaXabl AOMmKHa ObiTh Bbi3BaHa (STO — HaMeHee CTPOroe CTPYKTYpHOE M3MEPEHWE OXBaTa).

MpuMedyaHne — B 0GbEKTHO-OPUEHTUPOBAHHLIX A3bIKaX MOXET ObiTb HECKOIBKO MOZMPOrpamMM C OAHUM
U TEM Xe UMeHEM, KOTopble NPUMEHAIOTCA K pa3nuyHLIM BapuaHTam nonumopdusmMa (nepeonpegensiojue nognporpam-
Mbl), KOTOpble MOMYT BbI3bIBATLCSA AMHAMUYECKON JucneTdepusaleit. B Takux crnyyasx AorkHa ObiTb MpoTecTUpoBaHa
Kaxaas Takas nepeonpegereHHas nognporpamma;

- onepaTopbl — rapaHTUPYET, YTO BCE OnepaTtopkl B KoAe Gbin BeINOMHEHB! NO KpalHel Mepe ofHaXAb;

- YCroBHbIEe Nepexoabl — JOMXHb! GbITb NpoBepeHEl 06e BETBU KaXoro YCroBHOro nepexofa. OTo MOXET oKasaTb-
cA HelenecoobpasHblM AN HEKOTOPLIX TUMOB KOAOB 3allUThI;

- COCTaBHbI€ YCNOBUSA — aHanuanpyeTcs Kaxjoe yCroBme B COCTaBHOM YCNOBHOM nepexoae (cBs3aHHOe oneparo-
pom U/ANA). CM. MCDC (oxBaT yCrnoBHOrO MOANPULMPOBAHHOrO pelleHns, AokymeHT DO178B),

- LCSAJ — nocneaoBaTenbHOCTL IMHEHOro KoAga M NepexoaoB npeacTaBnsaeT coboit niobyio NuHeiiHylo nocnepo-
BaTeNbHOCTb 3aKOAUPOBaHHbLIX YTBEPXAEHWUN, BKINHOYasA YCMOBHLIE YTBEPXASHUA, 3aKaH4uBaowueca nepexoqomM. MHorne
rnoTeHUMarnbHele NognocrnefoBaTeNEHOCTU MOMYT OKa3aTbCs HEBBINONHUMBLIMU U3-3a OFpaHUYEHUNR, KOTOpLIE HanaratoTcs
Ha BXOAHblE AaHHble B peaynbsraTe BbiNONHEHUs NpeabigyLwero Koaa;

- MOTOK Aa@HHbIX — BbIMOMHAKOLWMECs NOCnefoBaTenbHOCTU BbIOUPatOTCA Ha OCHOBE UCMONb3yeMblX AaHHbIX; Ha-
npumep, NOCNeAoBaTENbHOCTb, [Ae O4Ha U Ta Xe NepeMeHHasa 1 3anUCbIBAETCH, U CHUTLIBASTCS,

- GasoBas nocnefoBaTeNbHOCTb — OfHa M3 MUHUMaNbHOTO Habopa KOHEYHbIX NocneaoBaTeNnbHOCTEN OT Havana
[0 KOHUa, Korja Bce Ayru oxBadeHsl (NepekpbiBarolmecs koMbuHaumu nocnegosarensHocTel B 3Tom 6azoBom Habope
MoryT ccpopMupoBaTh ftobyto NocrefoBaTeNbLHOCTL Yepes 3Ty YacTb NporpaMmbl). TecTsl Bcex 6a30BbIx nocrnegoBaTenb-
HoCTei nokasanu cBoto aPdPeKTUBHOCTL NpU 0BHapyxXeHnn oLmMboKk.

IutepaTtypa:

The Art of Software Testing, second edition. G.J. Myers, T. Badgett, T. M. Codd, C. Sandler, John Wiley and Sons,
2004, ISBN 0471469122, 9780471469124.

Software engineering: Update. lan Sommerville, Addison-Wesley Longman, Amsterdam; gth ed., 2006, ISBN
0321313798, 9780321313799.

Software Engineering. lan Sommerville, Pearson Studium, 8. Auflage, 2007, ISBN 3827372577, 9783827372574.

RTCA, Inc. document DO-178B and EUROCAE document ED-12B, Software Considerations in Airborne Systems
and Equipment Certification, dated December 1, 1992.

C.5.9 AHanu3 NOTOKOB ynpaBneHus

Mpumeyanune—Ccbinka Ha flaHHbIil MeToa/cpeacTBO NpuBefeHa B MOK 61508-3 (Tabnuua B.8).

Llenb. O6HapyxeHue HU3KOKaYeCTBEHHLIX U NOTEHLMUANIBHO HEKOPPEKTHBLIX CTPYKTYP NpOrpaMm.

OnuncaHue. AHanu3 noToka ynpasneHus npeacraBnsaeT coboii MeTof, cTaTUYecKoro TECTUPOBaHNA ANA HaXOXAEeHUS
nopgo3peBaeMblx o6nacTeil NporpamMMbl, KOTOpblE HE COOTBETCTBYIOT OMnpaBgaBLluei cebs npakTuke NporpaMMUpOBaHMS.
Mporpamma aHanusmpyeTcs, OpPMUPYS HanpaeneHHblii rpad, KOTopbliA MOXET GbiTb NPOaHanNM3MpoBaH Ha Hanuyue:

- HefoCTYNHLIX (hparMEHTOB NporpamMMel, HanpuMmep, 6e3ycrnoBHLIX NepexoaoB, KOTOpLIe AenakT dpparMeHTsl NPo-
rpaMMbl HEAOCTUXNUMBIMMU;

- 3anyTaHHbIX KOAOB. XOPOLIO CTPYKTYPUPOBaHHLIA KOJ MMEET ynpaBnatowuin rpad, gonyckaloLnii cokpalleHme
nyTeM nocsriefoBaTenbHOro cokpalleHus rpada Ao ofHoro yana. B oTrimuMe oT 3T0ro NAOX0 CTPYKTYPUPOBaHHBIA KOf MO-
XeT BbITb COKpaLLeH TONbKO A0 rPynMbl, COCTOSILEH N3 HECKOSbKUX Y3roB.

Jlutepatypa:

Software engineering: Update. lan Sommerville, Addison-Wesley Longman, Amsterdam; gth ed., 2006, ISBN
0321313798, 9780321313799.

Software Engineering. lan Sommerville, Pearson Studium, 8. Auflage, 2007, ISBN 3827372577, 9783827372574.

C.5.10 AHanu3 noToKa AaHHbIX

MpumeyaHune— Ccbinka Ha flaHHbIil MeToa/ cpeficTBO npuBeaeHa B MOK 61508-3 (Tabnuua B.8).

Lienb. OBHapyXeHWe HU3KOKaYeCTBEHHbIX M NOTEHLUAaNbHO HEKOPPEKTHBLIX CTPYKTYP NporpaMm.
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OnucaHue. AHanu3 noToka AaHHbIX NpeAcTaBnsAeT coboil MeToa CTaTUHEecKoro TeCTUpoBaHUsl, OGbeAUHSIOLLNA MH-
dopMauuio, MOMyYeHHyo U3 aHanusa notoka yrnpaereHus, ¢ UHpopmaymnein 0 TOM, Kakne nepeMeHHble CHUTLIBaloTCs
WK 3anucbiBaloTCA B pasnUYHbIX YacTax kKoga. [aHHbI METOA MOXET NpoBepATh:

- NepeMeHHbIe, KOTOpble MOTYT BbITb CUMTaHbI 4O NPUCBOEHNS UM 3HaYeHUI. Takylo CUTYaLMIo MOXHO UCKITIOMUTD,
€CNnu Bcerga npuceauBaTh 3HaYeHUe npu o6bABNEHUU HOBOI NEpeMEHHOWN;

- NepeMeHHble, 3anncaHHble HECKOMBKO pa3, HO He cUUTaHHbIe. Takaa cUTyauusa MOXET yKa3bliBaTb Ha NponyLleH-
HbIW KOA,

- NepeMeHHbIe, KOTOpLIE 3anucaHbl, HO HUKOIZIa He CHUTLIBaIOTCS. Takas CUTYaLMsa MOXET yKasbiBaTb U3GBITOUHBIA KOA.

AHOManbHbI NOTOK AaHHBIX He BCErfa HeMocpefCTBEHHO COOTBETCTBYET NPOrpaMMHbIM oLuMbkaMm, HO ecnn aHoMa-
JINN UCKNIOYEHDI, TO MaNoBEPOSATHO, YTO KoZ ByfeT cogepxaTb OLLIUOKH.

INuTepartypa:

Software engineering: Update. lan Sommerville, Addison-Wesley Longman, Amsterdam; gth ed., 2006, ISBN
0321313798, 9780321313799.

Software Engineering. lan Sommerville, Pearson Studium, 8. Auflage, 2007, ISBN 3827372577, 9783827372574.

C.5.11 TectTupoBaHue Ha CUMBOJILHOM ypOBHe

M puMeyaHune— Cchinka Ha aHHbI MeToa/cpeacTBo nNpusegeHa B MOK 61508-3 (Tabnuua B.8).

Llenb. Moka3saTb COOTBETCTBUE MEXAY UCXOAHBIM KOAOM U crieLudunKkaynei.

OnucaHue. [NepeMeHHble NporpaMMbl OLIEHUBAKOTCS MOCe 3aMeHbl BO BCEX onepatopax npucsavuBaHus eBoi ero
YacTW Ha npaByto. YCNOBHbIE BETBM U LMKITbI peobpa3sytorcs B byneBckue BolipaxeHUs. OKoHYaTenbHbIA pesynsraT npeg-
cTaBnsAeT coboii CUMBOMbHOE BhipaXeHue AA KaxAoh NnepeMeHHol nporpamMel. 3TO BbipaXeHWe SBnseTca dopmynoit
AN 3HaYeHus, KOTopoe MporpaMma Bblumcnuna 6bl, ecnu 3agatb peanbHble gaHHble. OHO MOXET ObiTb NPOBEPEHO OT-
HOCUTENbLHO NPEANONaraeMoro BblpaxeHus.

Takoe UCronb3oBaHWe CUMBOMLHOIO BLIMOMHEHWS ABMAETCA CUCTEMATUHECKUM CNOCOBOM reHepupaLMmn TECTOBbIX AaH-
HbIX AN BETBEA NOrukv nporpammbl. CUMBOSIbHOE CPEACTBO BEIMONHEHUSI MOXKET ObiTb BKIOMEHO B UHTEMPUPOBaHHLIN KOM-
nneKkc NHCTPYMEHTasbHbLIX CPEACTB ANA BLINOMHEHWUA TECTUPOBAHWSA 1 aHanusa koaa aneMeHTa nporpaMMHoro obecneveHus.

JluTepaTypa:

Using symbolic execution for verifying safety-critical systems. A. Coen-Porisini, G. Denaro, C. Ghezzi, M. Pezzé.
Proceedings of the gth European software engineering conference, and 9th ACM SIGSOFT international symposium on
Foundations of software engineering. ACM, 2001, ISBN:1-58113-390-1.

Using symbolic execution to guide test generation. G. Lee, J. Morris, K. Parker, G. Bundell, P.Lam. In Software
Testing, Verification and Reliability, vol. 15, No. 1, 2005. John Wiley & Sons, Ltd.

C.5.12 dopmanbHoe AoKasaTenbCTBO (Bepudpmkaums)

MpumeyaHue—Cchinka Ha faHHbIN MeToa/cpeacTeo NpusefeHa B MOK 61508-3 (Tabnuupl A5 u A.9).

Llenb. [lokasaTe npaBunLHOCTL MPOrpaMMbl OTHOCUTENBLHO HEKOTOPOIA abCcTpakTHOW Mogenu NporpamMMmel, UCToNb-
3ys TEOPETUYECKME U MaTeMaTUYECKUE MOLENUN U NpaBuna.

OnucaHne. TecTupoBaHWe — pacnpocTpaHeHHbI cnocob uccnepoBaTh NpaBUNLHOCTE NporpaMmMel. OfHako Uc-
YeprnbiBatoLLee TeCTUpoBaHUe 06bIMHO HEJOCTUXMMO BBUAY CIOXHOCTU NpOrpamMM, UMEIOLUX NMpaKTUYeCcKoe 3HavyeHue,
NO3TOMY TakuM cnocoBoM MOXET BbITb UccnefgoBaHa TONbKO YacTb BO3MOXHOMO NoBefieHUs nporpaMMbl. Hanpotus, dop-
MarnbHaa BepuukaLms NpUMeHaeT MaTeMaTuyeckue onepauum K MaTeMaTU4eCKOMy NMpez cTaBNeHmnio NporpaMMbl, YToObI
yCTaHOBUTb, YTO NporpaMma BefeT cebs, kak onpegeneHo Ansi BceX BO3MOXHbLIX BXOAHBLIX AaHHBIX.

Ina dopmManbHoi BepuduKaLmmn cucteMbl Tpebyetca abeTpakTHaa MoAenb NporpaMMbl U ee 3aflaHHOE MoBeAeHNe
(To ecTb cneyudmkaLys), NpeacTaBreHHbIe Ha hopManbHOM sA3bike. CneynduKkayus MOXeT BbiTb NOMHOW WU OHA MOXET
6bITb OrpaHnyeHa onpeeneHHbIMM CBOWCTBaMU NPOrpammbl:

- cBoiicTBamMK (hYHKLIMOHANBHON KOPPEKTHOCTH, TO €CThb NporpaMMma JofmkHa NPOAEMOHCTPUPOBAThL ONpefeNieHHYH0
PYHKLUUOHANBHOCTD;

- cBoWcTBaMM 6e30MacHOCTM (TO €CTb HenpaBUNbHOE NoBefeHWe Hukoraa He OyleT NMpPOMCXOAUTL), U XUBYYECTU
(To ecTb B KOHe4HOM cueTe ByaeT BecTu cebs NpaBUNLHO),

- CUHXPOHM3MPYIOWUMN CBONCTBaMU, TO €CTb cOOLITUSA, peanusyloLlue noBefeHne, NPousonayT B onpeaeneH-
Hoe BpeMs.

PesynetaToM cdhopmanbHol BepudukaLmm SBNAETCA CTPOruili BbIBOA O TOM, 4To abcTpakTHas Mogenb NporpaMmel
KOppeKTHa OTHOCUTENBLHO cneuyndUuKaLmn Ana BCeX BOZMOXHBIX BXOAHLIX JaHHbIX, TO €CTb MOAENb YAOBNETBOPSET 3a-
AaHHBLIM CBOWCTBaM.

OpHako NpaBUNbLHOCTL MOAENN HEMOCPEACTBEHHO HE [oKa3biBaeT NPaBUIbHOCTL (haKTUYECKOW Nporpammel, No-
3TOMY Aanee HeobXoANM LUar, KOTOPLIA AOMKEH NOKa3aTk, YTO Mofenb — TouHasi abeTpakums akTUYeckoil NporpaMmel
ANA MoaenupyeMblx cBONCTB. HekoTopble CBOWCTBA NpOrpammel, NPeACTaBNSIOLWME NPaKTUYECKUA UHTEPEC, HE MOTyT
6biTb PopManbHO onucaHbl (Hanpumep GONBLMHCTBO NPOGREM CUHXPOHWU3ALMU W MIIaHUPOBaHUS UNK CyBbeKTUBHbIE
CBOWCTBA, Takne Kak «AACHLIN N NPOCTON» Nofb3oBaTeNbCkuii UHTepdeiic, unu, Ha camoM gerne, noboe CBOUCTBO UNKU LeNb
NpoeKTa, KOTopble He MOryT BbIThb Nerko NnpeacTaeneHsl Ha opManbHOM A3blke). [MosToMy dopManbHas Bepudukaums
He MONHOCTLIO 3aMeHAET MOAENUPOBaHUe U TECTUPOBaHWE, HO 3aTO OHa AOMOJSHAET 3TW METOALI, oBecnevnBas X foKa-
3aTenbCTBOM KOPPEKTHOCTU paboThl NporpaMMbl ANA BCEX BXOAHLIX AaHHbIX. dopmMarnbHas BepuduKaLma MOXeT rapaH-
TUpOBaTb KOPPEKTHOCTL abCTPaKTHON MOAENU NporpamMMbl, a TECTUPOBAHWE rapaHTUPYET, UTo hakTUYeckasi nporpamMma
BefeT cebs, kak oXuaanocs.

61



rOCT P M3K 61508-7—2012

MUcnonb3osaHne dopmanbHOi BepuduKkaLMu Ha CTagun NpOEKTUPOBaHNS MOXKET 3HAYUTENbHO YMEHbLUUTE BpeMs
pa3paboTku, 06HapyXnBas CyLecTBEHHbIE OLLMOKM U YNYLLEHNS Ha paHHUX CTaAUSIX NPOEKTUPOBaHUS, U TakuM obpa3om
COKpaTUTL BpeMs, HeobXoaUMOoe Ha UTepaLum MeXay NPOEeKTUPOBaHUEM N TECTUPOBaHNEM.

Paa dpopmanbHbIX METOA0B, NPUMEHSIIOLLMXCA Ha NpakTuke, onucaHbl B C.2.4: Hanpumep, CCS, CSP, HOL, LOTOS,
OBJ, BpeMeHHasa noruka, VDM u Z.

C.5.12.1 Nposepka moaenu

MpoBepka Moaenn — MmeTon AnA dopmanbHoi BepudukaLun peakTUBHLIX U KOHKYPEHTHbIX cucTeM. 3ajaBas Ko-
HeYHoe COCTOSIHUE CTPYKTYpPhI, KOTOpas ONUChIBAeT NOBEAEHWE CUCTEMELI, NPOBEPSIETCA CBOMCTBO, 3aMUCaHHOE B Buje
chopMyribl BO BpeMEHHOIA 1ToruKe, yAOBMNETBOPAET OHO UNWN HET CTPyKType. [N aBTOMaruieckoro U ucdeprnbiBatoLlero
npoxofa BCeX COCTOAHMNIA CTPYKTYpbI UCNONb3yioTea addekTuBHbIe anroputMel (Hanpumep SPIN, SMV u UPPAAL). Ecnu
CBOICTBO He Y/IOBINETBOPSIETCS, TO FEHEPUPYETCA KOHTpNpUMep. OTa npoleypa NokasblBaeT, Kak CBOMCTBa HapyLLaloTcs
B CTPYKTYPE, U COAEPXMUT OYEHb MOMe3Hyo UHdopmaLuuio 4Na UCCNEAOBaHUA cucTeMbl. MeTos NpoBEPKM MOZENU MOXET
0b6HapyxuTb «rnybokue oMbk, KOTopble MOryT BbITb He 06HapyXeHbl NMpU 0BLIMHOM KOHTpPOSEe U TECTUPOBaHUH.

HeobxoaMMO OTMETUTb, YTO METOA NPOBEPKU MOAENN MNofie3eH MNpyu aHanu3e HI0aHCOB CIIOXHOW CTPYKTypbl. OTO
MOXET ObITb MONEe3HO AN HEKOTOPLIX NPUNOXEHWIA ¢ HU3KUM YTIB, HO HeobXxoAMMO BbITE OYEHb BHUMATENBHBIM, €Crn
HI0@HChI CNIOXHOM CTPYKTYpPhI CYLLECTBYIOT B NPUNOXEHUAX ¢ BbicokuM YTB.

IlutepaTtypa:

Is Proof More Cost-Effective Than Testing? S. King, R. Chapman, J. Hammond, A. Pryor. IEEE Transactions on
Software Engineering, vol. 26, No. 8, August 2000.

Model Checking. E. M. Clarke, O. Grumberg, and D.A. Peled. MIT Press, 1999, ISBN 0262032708, 9780262032704.

Systems and Software Verification: Model-Checking Techniques and Tools. B. Berard, M. Bidoit, A. Finkel,
F. Laroussinie, A. Petit, L. Petrucci, Ph. Schnoebelen, and P. Mckenzie, Springer, 2001, ISBN 3-540-41523-8.

Logic in Computer Science: Modelling and Reasoning about Systems. M. Huth and M. Ryan. Cambridge University
Press, 2000, ISBN 05216520086, 0521656028.

The Spin Model Checker: Primer and Reference Manual. G. J. Holzmann. Addison-Wesley, 2003, ISBN 0321228626,
9780321228628.

C.5.12.2 (He ucnonb3ayetcs.)

C.5.13 MeTpukM CnoOXXHOCTN NporpaMMHoro o6ecrneyeHus

MpwumeyaHune— Ccbinka Ha gaHHbll MeToa/cpeacTeo npuegeHa B MOK 61508-3 (Tabnmysl A.9 n C.19).

Llensb. MNporHoavpoBaHne xapakTepucTUk NporpaMm UCXoAs U3 CBOWCTB caMUX NMporpamm uinm ux paspabotku, nméo
npeabICTOPWiA TECTUPOBaHNS.

Onucanve. [JaHHble MeToAbl OLEHWBAIOT HEKOTOpLIE CTPYKTYPHbIE CBOCTBa NPOorpaMMHbLIX CPEACTB U UX OTHOLUEe-
HUA K TpeByeMbIM XapaKTepUCTUKaM, Hanpumep, HaaeXHOCTb UMK COXHOCTL. NS oLeHKK GonblwKUHCTBa CpeacTs Tpeby-
FOTCSA NPOrpaMMHbIE MHCTPYMEHTbLI. HeKOTOpLIe NPUMEHSIIOLLIMECS METPUKU NEPEYUCTIEHBI HUXKE:

- TeopeTuyecKasi CNOXHOCTb rpadha. 3Ta MeTpuka MOXET ObITb MPUMEHEHa Ha paHHEM 3Tane XU3HeHHOro Lukna
JNSA OLEHKU KOMMNPOMUCCHBIX peLleHUiA U OCHOBaHa Ha BENUYMHE CROXHOCTY rpada ynpasrieHWs Nporpammbl, NpeacTas-
NeHHo ee LMKIIoMaTUYeCKUM YACTIOM;

- Yucno cnocoboB akTUBU3ALMU HEKOTOPLIX MPOrPaMMHBIX MOAYNEN (4OCTYNHOCTL) — YeM Gonblue NporpaMmHbIX
mogynen MoxeT BbITb JOCTYNHO, TeM AoMxHa GbiTb Gonbluas BEPOSTHOCTb UX OTNAAKK;

- Teopusa MeTpuk Xonctega. Npu NOMOLLM STUX CPEeACTB BBIYACNAIT ASIMHY NporpamMmMbl NyTem NogcyeTa Konu-
YecTBa OMepaTopoB U ONEPaHAOB; AaHHAA MeTpUKa AaeT Mepy CIOXHOCTU U pa3Mepbl, KoTopble hOpPMUPYIOT OCHOBY
LANA cpaBHeHWi Npu oueHke ByayLmx paspabaTeiBaeMblX pecypcos,

- YUCMO BXOAOB U BEIXOA0B Ha NporpaMMHbIil Mogynb. CBefAéHNe K MUHUMYMY YKCIia ToYeK BXOA0B/BLIXOA0B ABNA-
eTcs KIo4eBoii 0CO6eHHOCTLIO METOL0B CTPYKTYPHOIO NPOEKTMPOBaHUS U NMpOrpamMMnUpoBaHUs.

Iutepatypa:

Metrics and Models in Software Quality Engineering. S.H. Kan. Addison-Wesley, 2003, ISBN 0201729156,
9780201729153

C.5.14 dopmanbHble NPoBepPKK

MpuMeyaHune— Ccbiflka Ha AaHHbI MeToa/ cpeacTBo npuBegeHa B MOK 61508-3 (Tabnuua B.8).

Llenb. O6HapyxeHue owmbok B aneMeHTe nporpamMMHoro obecneyveHus.

Onucanue. GopManbHbIil KOHTPONb — CTPYKTYPUPOBAHHbIA NpoLiecc NPOBEPKU MaTepuanos 0 NporpaMMHoM obe-
CNeveHNn, KOTOpLIi BHIMOMTHAETCA KonneramMu paspaboTynka STOro Marepuana B Liensx HaiTv ownbkn W NoMoYb pas-
paboTunky yny4wnTe Matepuan. PaspaboTunk He AOMKeH NpUHUMaTL y4acTue B npoLecce KOHTPONA, KpoMe UHgopMu-
poBaHUs NPOBEPSIOLLUX Ha aTane WX 03HAKOMMEeHUA ¢ MaTepuanamu. dopmarbHble NPOBEPKU MOMYT GbiTb BLINOMHEHI
AN KOHKPETHLIX ANEMEHTOB NpOrpaMMHoOro obecneveHuns, cosgaHHbIX Ha Noboii CTaaumn XKM3HEHHOTO LKna pa3paboTku
nporpaMmHoro obecrieyeHus.

MpoBepsioLme [oMmKHbI 03HaKOMUTLCSA C NPOBEPAEMbIMWU MaTepuanamu [0 BbIMONHEHUs nposepku. Ponun npose-
PAOLMX B NpoLiecce NPOBEPKU AOMKHbI 6bITb ACHO onpefeneHbl. [JomkHa 6biTb NOAroToBIEHa NporpaMma NpoBepKy.
JonxHbl 6bITe onpeAeneHbl BXOAHLIE U BLIXOAHLIE KPUTEPUM, OCHOBaHHbIE Ha TpebyeMbiX XxapakTepucTukax anemeHTta
nporpamMmHoro o6ecneveHusi. BxogHele KpUTepUN — 3TO Takne KpuTepun unu TpeboBaHusl, KOTopble AOMKHbI GbITh Y0B-
neTBOpPEHb! A0 BLINOMHEHWUS NPOBEPKU. BhIXOAHBIE KPUTEPUN — 3TO Takue KpUTepumn unu TpeboBaHNs, KOTOPLIe AOIDKHbI
6bITb Y0BNETBOPEHbI, YTOGBI CUMTaTHL NPOLIECC NPOBEPKN 3aBEPLUEHHBIM YCNELHO.
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B npoLecce npoBepku ee pesynsraThl AOMKHBI GbITb hopManbHO 3achUKeMpoBaHbl MOAEPATOPOM, POrb KOTOPOro AOSK-
Ha ynpocTUTL NpoBepKY. o pesynsTaTaM BCEMU NPOBEPAIOLLIMMM JOMKHO BbITb AOCTUrHYTO cornacue. Ownbkn 4OMKHLI ObITb
pasgeneHbl Ha: a) TpebytoLne UcnpaBneHna 40 NPUHATUA aneMeHTa nporpamMHoro obecneqeHus U b) TpebyroLume ucnpasne-
HUs1 K 3ajaHHOMY MOMEHTY BpeMeHU unu atany. Mocne 3aBepLUeHNs NPOBEPKU BbIABMEHHBIE OLUMOKM JOMKHBI ObITb NepefjaHbl
pa3spaboTunky AN NocneayoLLero UCNpaBneHns. B 3aBUCUMOCTI OT KONUYECTBA U KOHTEKCTa BhISIBNEHHLIX OLLMGOK Moepa-
TOp MOXET peLUnTb BONPOC 0 HEOOGX0AMMOCTHU MOBTOPHOM NPOBEPKA MaTepUasioB 0 NPOrpaMMHOM obecneveHnn.

JlutepaTtypa:

Software engineering: Update. lan Sommerville, Addison-Wesley Longman, Amsterdam; 8t ed., 2006, ISBN
0321313798, 9780321313799.

Software Engineering. lan Sommerville, Pearson Studium, 8. Auflage, 2007, ISBN 3827372577, 9783827372574.

The Art of Software Testing, second edition. G.J. Myers, T. Badgett, T.M. Codd, C. Sandler, John Wiley and Sons,
2004, ISBN 0471469122, 9780471469124.

Fagan, M. Design and Code Inspections to Reduce Errors in Program Development. IBM Systems Journal 15, 3
(1976): 182—211.

C.5.15 CKBO3HOM KOHTpONb (NporpaMMHoro obecneueHus)

MpumeyaHune— Ccbifika Ha AaHHbIN MeToA/cpeAcTBo NpueegeHa B MOK 61508-3 (Tabnuua B.8).

Lienb. O6HapyxeHWe HeCOOTBETCTBUI MexXAY cnelymdukalmeint u peanusaynei.

OnucaHune. CKBO3HON KOHTPONb SBNAETCA HedopMarbHbLIM METOAOM, BLINOMNHAEMBIM pa3paboTYMKOM aneMeHTa
nporpaMmHoro o6ecneveHus B NpUCYTCTBUK ero Korrer B Liensx obHapyxeHus ownbok B aneMeHTe nporpamMmHoro obe-
cnevernn. OH MOXET ObiTb BbINONHEH ANA KOHKPETHBLIX 3MIEMEHTOB NPOrpaMMHOro obecneqeHns, co3aHHblX Ha noboii
CTaAun XW3HEHHOTO Lukna pa3paboTku nporpamMMHoro obecneyveHus.

Utobbl rapaHTUpoBaTb, YTO CUCTEeMa, cBA3aHHas ¢ 6e3onacHOCTblo, cooTBeTcTBYeT TpeboBaHUAM, 3ajaHHbIM
B cneuncukaumu, HeobxoaMMO MCCNEefoBaTb U OLEHUTb 3aAaHHble B cneuyndukauun pyHKUMKW CUCTEMBI, CBSI3aHHOIA
¢ 6esonacHocTbto. JTlobble COMHEHURA, CBSI3aHHbIE C peanusauymei U UCNONb3oBaHWEM CO3[aBaeMoil CUCTEMBI, JOKYMEH-
TanbHO 0POPMNAKTCA B LIENAX UX AanbHelilero pelueHuns. B otnnumne ot hopmanbHO NpoBepku B NpoLielype CKBO3HOro
KOHTponsi pa3paboT4nk NpUHUMAaET aKTMBHOE ydacTue.

JluTepartypa:

Software engineering: Update. lan Sommerville, Addison-Wesley Longman, Amsterdam; 8™ ed., 2006, ISBN
0321313798, 9780321313799.

Software Engineering. lan Sommerville, Pearson Studium, 8. Auflage, 2007, ISBN 3827372577, 9783827372574.

The Art of Software Testing, second edition. G.J. Myers, T. Badgett, T.M. Codd, C. Sandler, John Wiley and Sons,
2004, ISBN 0471469122, 9780471469124.

C.5.16 AHanus npoekTa

MpuMmeyaHune—Ccebinka Ha faHHbIA MeToa/cpeAcTBo NpuBeaeHa B MOK 61508-3 (Tabnuua B.8).

Llens. BoisiBneHve gedeKkToB B NpoeKTe nporpaMMHoro obecrneyeHus.

Onucaxue. MNog aHanu3oM NpoekTa NOHUMaEeTCs hopMarbHoe, JOKyMEeHTanbHO 0hOPMITEHHOE, BCECTOPOHHEE U CU-
cTeMaTn4eckoe uccriefoBaHue npoekTa nporpaMmMHoro obecrnedeHnst B LensxX oLeHKU TpeboBaHUid K NPOEKTY U BO3MOX-
HOCTU NpOeKTa YAOBINETBOPUTE STUM TpeBOoBaHUAM, a Talkke ANS onpefeneHns npotnemM U NPeAnoXeHUA No NX peLLEHUto.

AHanua npoekTa ABMAETCA CPEACTBOM OLIEHKU COOTBETCTBUS COCTOAHUSA MPOeKTa BXOAHLIM TpeboBaHuAM, a Takke
CpeacTBoM MAeHTUUKaLMM BOZMOXHOCTEN ANA ero AanbHellero ycoBeplleHCTBOBaHNUA. Jaxe ecnu pa3paboTka npo-
eKTa Ha aTanax XW3HEeHHOro LMKra BbIMOMHAETCS YCMNELHO U OCHOBHbIE KOHKPETHLIE NMPOeKTHbIe TpeboBaHUs yi0BneTBO-
peHbl, TO aHanus npoekTa JormkeH BbiTb BbINOMHEH, YToObl ccnefoBaTh BCe MHTePdENCHbIe acnekThl; rapaHTUpoBaTh,
YTO MPOEKT MOXET BbITb BepuduLmpoBaH, YTobbl BbITb YBEPEHHEIM, YTO OH YAOBMNETBOPSET NPOEKTHEIM TpeboBaHUAM,;
¥ rapaHTWpoBaTb, YTO NPOEKT B HaubonbLUel cTeneHu yaoBneTsopseT TpeboBaHuAM GesonacHocTy. Takoil aHanums, npe-
X[e BCero, NpefHa3Ha4YeH AN NPOBEPKU peaynsTaToB paboThl pa3paboTHMKOB U JOMKEH paccMaTpUBaTLCA Kak feicTBUA
Mo NOATBEPXAEHNIO N COBEPLUEHCTBOBAHUIO STUX PE3YILTaToB.

UToObl 0BHapYXUTb HenpaBuUnbHOE NoBeAeHNe nporpaMmHoro obecneyeHns, Takoe Kak HenpeaBuieHHble nocrne-
[0BaTeNbHOCTM BbINOMHEHUA ONEPaTOPOB UM NOMUKW, HenpeaHamepeHHble BLIXOAbI, HENPaBUNbHas CUHXPOHWU3aLMS, He-
XenaTenbHble AENCTBUSA, MOXET UCMOMb30BaTLCA CTPOrMA METOA NPOBEPKU, TAKON KaK «aHanma CKpbITbIX CXeM».

IuTtepatypa:

Software engineering: Update. lan Sommerville, Addison-Wesley Longman, Amsterdam; gth ed., 2006, ISBN
0321313798, 9780321313799.

Software Engineering. lan Sommerville, Pearson Studium, 8. Auflage, 2007, ISBN 3827372577, 9783827372574.

The Art of Software Testing, second edition. G.J. Myers, T. Badgett, T. M. Codd, C. Sandler, John Wiley and Sons,
2004, ISBN 0471469122, 9780471469124.

IEC 61160:2005, Design review.

Space Product Assurance, Sneak analysis — Part 2: Clue list. ECSS-Q-40-04A Part 2. ESA Publications Division,
Noordwijk, 1997, ISSN 1028-396X,

http:/Amww.everyspec.com/ESA/ECSS-Q-40-04A_Part-2_14981/.

C.5.17 MaketupoBaHue/aHumMauumsa

MpunmeyaHune—Ccbinka Ha flaHHbIn MeTOA/cpeacTBo NpuBeeHa B MOK 61508-3 (Tabnuupl B.3 u B.5).
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Llenb. MNMpoBepka BO3MOXHOCTU peanusaLuu CUCTEMbI MPU HaNUYMKU 3ajaHHbIX OrpaHUYeHWii. YBA3Ka UHTepnpeTa-
Lun paspaboTtymka cneuyndukaLum cucTembl ¢ ee notpedbutenemM AnsA UCKMIOYEHNA HENOHUMAHUA MEXAY HUMMN.

OnucaHve. BblgenstoTcss NOAMHOXECTBO CUCTEMHBIX (DYHKLMIA, orpaHu4eHns u TpeboBaHus Kk pabouum napame-
TpaM. C NOMOLLbI MHCTPYMEHTOB BLICOKOFO YPOBHS CTPOUTCA MakeT. Ha gaHHOM atane He Tpebyetca paccmaTtpusaTh
orpaHuYeHns, HanpuMep, UCMOMb3yeMbI KOMMNLIOTEP, A3bIK peanusauum, o6bem nporpaMM, o6cnyxuBaHue, HaAEXHOCTb
W JOCTYMHOCTb. MakeT OLeHUBaETCs Mo KpUTEpUsiM NoTpebuTensi, u cucteMHble TpeboBaHus MoryT 6biTe Moguduuympo-
BaHbl B CBETE 3TOW OLEHKM.

JluTepatypa:

Software Engineering for Real-time Systems. J.E. Cooling, Pearson Education, 2003, ISBN 0201596202,
9780201596205.

C.5.18 MogenupoBaHue npouecca

MpwumMeyaHune— Cchinka Ha AaHHbIN MeToa/cpeacTeo npuBeaeHa B MOK 61508-3 (Tabnuubl A.7, C.7,B.31n C.13).

Llenb. TecTupoBaHue yHKLMM NPOrpaMMHOA CUCTEMbI BMECTE C ee MHTepdencaMn BO BHELUHEM OKPYXEHWUM,
He fonyckas MogMUKaLMK peanbHOro OKPYXeHUs.

OnucaHue. Co3gaHue cMCTEMbI TONBKO ANS LiENei TeCTMpoBaHUs, UMUTUpYIOLLE NoBeaeHWe ynpaBnsemoro obo-
pygosaHusa (YO).

NMuTauma MoxeT oCyLLeCTBAATLCA TOMBKO MPOrpaMMHLIMI cpeAcTBamMn nmbo coyeTaHneM nNporpaMMHbLIX U anna-
paTHbIX cpeacTB. OHa fomnxHa:

- obecneynTb BXOAHbIE AaHHbIE, SKBUBANEHTHbIE TeM, KOTOpblE peanu3yloTcs Ha pearnbHoi ycTaHoBke YO,

- pearvpoBaTb Ha BbIXOAHbIE pe3ynbTaTbl TECTUPOBAHWUS NPOrPaMMHBIX CPEACTB Cnocobom, TOYHO oTpaxaloLuM
0BbeKT ynpaBneHus;

- MMeTb BO3MOXHOCTb AJS OnepaTopa BBOAWTE BXOAHEIE JaHHbIe, YToObl 0becneqnTb niobble BO3MYLLEHUS, C KOTO-
pbIMW [OMXHa cnpaBuUTLCS TecTUpyeMas cuctema.

Koraa TecTupyeTcs nporpaMMHoe obecredeHune, TO MOLENUPYIOTCS 3aiaHHble annaparHbie CPefCcTBa C UX BXOAHbI-
MW U BBIXOLHBLIMU AAHHBIMU.

JlnTepatypa:

EmStar: An Environment for Developing Wireless Embedded Systems Software. J. Elson et al. http://cens.ucla.
edu/TechReports/9_emstar.pdf.

A hardware-software co-simulator for embedded system design and debugging. A. Ghosh et al. In Proceedings of
the IFIP International Conference on Computer Hardware Description Languages and Their Applications, IFIP International
Conference on Very Large Scale Integration, 1995. IEEE, 1995, ISBN 4930813670, 9784930813671.

C.5.19 TpeGoBaHUA K peanusauum

MpumedyaHune— Ccbinka Ha AaHHblil MeToa/cpeacTeo npuseaeHa B MOK 61508-3 (Tabnuua B.6).

Llenb. YcTaHoBNeHne AeMOHCTPUPYeMbIX TpeboBaHuii K pyHKLMOHUPOBAHWUIO CUCTEMBI NPOrPaMMHbIX CPEACTB.

OnucaHune. BbINONHAETCA aHanM3 Kak CMCTeMbI, Tak U cheumcukaunii TpeboBaHUil NnporpammHoro obecnedeHns
B Liensix creumdukaumm Becex obLnx 1 KOHKPETHBIX, SBHBIX U HEABHBLIX Tpe6oBaHUi K (hyHKLIMOHMPOBAHMIO.

Kaxpoe TpeboBaHne K (OYHKLMOHUPOBaHWIO aHaNU3npyeTcs no odepean Ans Toro, 4Tobbl onpeaenuTsb:

- KpUTEpUM YCNELUHOCTU pesynbTaTa, KOTOpbli CneayeT nonyynTs;

- BO3MOXHOCTb NOMYYEHUA MEPbI KPUTEPUS YCNELLHOCTH;
NoTeHLUarnbHy TOYHOCTb TaKUX Pe3yrnbTaToB U3MEPEHMUST;

- 3Tanbl MPOEKTUPOBAHUSA, HA KOTOPbLIX 3TU PE3ynbTaThl U3MEePEHNUS MOTYT BbiTb OLIEHEHb!, U

- aTanbl MPOEKTUPOBAHUA, Ha KOTOPLIX MOTYT BbITb NOMYYeHbl 3TN pe3ynkTaThl U3MepeHUid.

3aTtem aHanuaupyetcs uenecoobpasHocTb Kaxaoro TpeboBaHUs K (yHKLIMOHMPOBaHMIO AN MOMyYeHUs Cnucka
TpeboBaHWiA K PyHKLMOHNPOBAHUIO, KPUTEPUEB YCNELLHOCTU pesyrkraTa U BO3MOXHBIX pe3ynsraToB u3mepeHuidi. OcHoB-
HBIMU LiensiMy SBASIIOTCA:

- cBSI3b Kaxaoro TpeboBaHUA K (YHKLIMOHWPOBAHMIO MO KpaiiHeil Mepe C 0fjHOi Mepoi;

- BbIGOP (rAe 3TO BO3MOXHO) TOYHLIX M 3(hPEKTUBHBIX MEpP, KOTOPLIE MOTYT GbITh MCMONbL30BaHbl HA CaMblX paHHKUX
cTaausx paspaboTku,

- cneumduKkaLus BaxHbIX U haKyrnsTaTUBHbIX TpeboBaHUil K (yHKLMOHUPOBaHUIO U KPUTEPUEB YCMELLHOCTU pe-
3ynerara,

- UCnosnb3oBaHue (No BO3MOXHOCTW) NPeNMYLLECTB NMPUMEHEHUSI ORHON Mepbl ANl HECKOMNBKNX TpeBoBaHMiA K hyHK-
LMOHNPOBAHMUIO.

Jlutepatypa:

Software Engineering for Real-time Systems. J.E. Cooling, Pearson Education, 2003, ISBN 0201596202,
9780201596205.

C.5.20 MogenupoBaHue peanusaummn

MpumeyaHune—Ccuinka Ha faHHbIA MeToa/cpecTBO NpuBeaeHa B MOK 61508-3 (Tabnuupbl B.2 n B.5).

Llenb. MapaHTupoBsath, YTo pabovas NPpOU3BOAUTENLHOCTL CUCTEMbI JOCTATOMHa ANS YAOBNETBOPEHUSA cneludu-
LipoBaHHbIX TpeboBaHuit.
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Onucanue. Cneyndumkaumsa TpeboaHuil BktodaeT B cebst TpeboBaHMS K NPOMYCKHON CNoCcoBHOCTU U peakLum KOH-
KPEeTHbLIX (YHKLMIA, BOZMOXHO, 06beAUHEHHBIX C OFPaHNYEHNAMMW Ha Ucnonb3oBaHue oBLLMX CUCTEMHBIX pecypcoB. Ipea-
TOXEHHBIA NPOEKT CUCTEMBI CPAaBHUBAETCS C YCTAHOBIIEHHBIMU TPeOOBaHMAMMW NYTEM:

- co3faHnsa MoJenu NpoLeccoB CUCTEMbI U UX B3aUMOLENCTBUA;

- onpeaeneHus UCMonb3yemblX KaxKblM NPOLECCOM pecypcoB (BpemMs npoLeccopa, nonoca nponyckaHus kaHana
CBA3M, 06beM NaMATU U T. N.);

- onpegeneHus pacnpegerieHWs 3anpocoBs, BblaBaeMbIX CUCTEME MPU CPEAHUX U HAUXYALLUX YCNOBUAX;

- BbIYMCIIEHNS CPEAHUX U ANA HAaUXYALUUX CIlyYaeB 3HaYeHW BENWYMH MPOMYCKHOW CMOCOBHOCTU U BpEMEHU OT-
BeTa AN KOHKPETHLIX PYHKLWIA CUCTEMBI.

[nsA nNpocTbiX CUCTEM MOXET OKasaTbCs JOCTaTOMHBEIM aHanuTU4ecKoe pelleHue, TorAa Kak ANs bonee CroXHbIX
cucteM Gonee NOAXOASALLMM AN NMOMYYEHWUA TOUHBIX pe3ynbTaToB ABMAETCA CO3faHne Mofenv CUCTEMBI.

Mepen AeTanbHBIM MOAENUPOBaHWEM MOXET BbITh Ucnons3osaHa 6onee npoctasn Nposepka «broKeTa pecypcosy,
KoTopasi cyMMupyeT TpeboBaHuWs K pecypcam Bcex npoLeccoB. Ecnu cymma aTux TpeboBaHuin K cucteMe npeBbILLAET BO3-
MOXHOCTM CMPOEKTUPOBAHHOK CUCTEMBI, MPOEKT CHUTAETCA HepeanuayeMbiM. [axe B criyyae, ecrim NpoeKT NpoxXoauT 3Ty
MPOCTYO MPOBEPKY, MOJENMPOBaHUE BbIMOITHEHNS MOXET NoKasaTk, YTO CIULLIKOM GomnbLUMe 3aepXKU U BPEMEHA OTBETOB
NPOUCXOAAT U3-3a HegocTaTka pecypcoB. [na UCKIOYEHUSA Takoi CUTyauUn UHXEHepbl YacTo NPOEKTUPYHOT CUCTEMbI,
ucnonb3aytoLue ToNbKo YacTb (Hanpumep 50 %) oBLmMx pecypcoB ANA YMEHbBLUEHUA BEPOATHOCTU HEXBATKUN PECYPCOB.

IuTepartypa:

Software Engineering for Real-time Systems. J.E. Cooling, Pearson Education, 2003, ISBN 0201596202,
9780201596205.

C.5.21 MNpoBepKa Ha KPUTUYECKUE HArpPy3KU/cTpecc-TecTupoBaHue

MpunmeyaHue— Cchiflka Ha faHHbIn MeToa/cpeacTBo npueeaeHa B MOK 61508-3 (Tabnuua B.6).

Llenb. MogBeprHyTb TECTUPYEMBI OBGBEKT NCKIMHOUMNTENBHO BEICOKOW Harpyake, YTobbl MoKasaTk, YTO TEeCTUPYEMbIN
o6bekT ByaeT nerko BblgepxuBaTb HOpMansHyr pabodyto Harpysky.

OnucaHue. CyLlecTBYeT MHOXECTBO TECTOB /15 NPOBEPKN Ha KPUTUYECKNE Harpy3ku Unn cTpecc-TecTupoBaHue,
HanpumMep:

- ecnu paboTa o6beKkTa NPOUCXOAUT B PEXMME YNOPSAOHEHHOIO onpoca, To 06beKT TeCTUpoBaHWUA NofBepraeTcs
B €AWHWLY BpeMeHM ropasgo 60onbLUUM BXOAHBIM U3MEHEHUSAM, YeM Npu HopMarbHbIX YCIOBUSX;

- ecnu paboTta o6beKTa NPOUCXOAUT NO 3anpocam, TO YUCIO 3anpPOCcoB B eJMHULY BPEMEHM AN TECTUPYeMOoro o6b-
eKTa yBEenu4MBaeTCs OTHOCUTENBHO HOPMaribHLIX YCIIOBWIA;

- ecnu obbeM 6a3bl AaHHBIX UrpaeT BaXHY pofb, TO 3TOT OObLEM yBENUYMBAETCA OTHOCUTENLHO ee obbema
npu HopMarnbHbLIX YCIIOBUSX;

- UMeloLLMe pellatoLlee BIUSHWE YCTPOINCTBA HACTpauBaloTCA Ha CBOM MaKcUManbHble CKOPOCTU UNKN caMble Ma-
nble CKOPOCTU COOTBETCTBEHHO;

- 4NA 9KCTpeMalnbHbIX TECTOB BCe (hakTopbl, UMeKoLne pellaoliee BNUSHUE, No BO3IMOXKHOCTU BBOAATCA OAHO-
BPEMEHHO B rpaHuYHbIe YCIOBUS.

[ns ykasaHHbIX BblLLE TECTOB MOXET ObITb OLIEHEHO NoBeAieHMe BO BpEMEHU TecTUpyemoro obbekTa. MoxXHO Takke uc-
crnefoBaTk U3MEHEHUS Harpy3Kku 1 NPOBEPUTL pasMep BHYTPEHHUX BychepoB NN ANHAMUYECKUX NEPEMEHHBIX, CTEKOB U T. M.

C.5.22 OrpaHMyeHunsi Ha BpeMs oTBeTa U o6bLeM namaTu

MpuMeyaHne— Cchifika Ha JaHHbI MeToa/cpeacTBo nNpueegeHa B M3K 61508-3 (Tabnuua B.6).

Llens. OBecneveHue COOTBETCTBUS CUCTEMBI TPEGOBaAHUAM K NapaMeTpaM BPEMEHU U NaMATH.

Onucanue. Cneundukauusa TpeboBaHUin K cucTeMe U NporpaMMHOMY obecnedeHuto Bko4aeT B cebsi TpeboBaHWS
K MaMSATU U BPEMEHU BHINOMHEHUSA CUCTEMOMN KOHKPETHBIX (PYHKLMIA, BOZMOXHO, 06beAUHEHHBIX C OrpaHU4YEeHUAMU Ha UC-
nonb3oBaHue o6LLUX CUCTEMHBIX PECYPCOB.

[aHHbIiA MeToa BLINOMHSAETCA ANSA onpeferneHns pacnpeaeneHun 3anpocoB NPpU CPEAHUX U HaUXYALUMX YCIOBUSX.
PaccmatpuBaemblii MeTO TpeDbYeT OLIEHKN UCMONb3yEMbIX PECYPCOB W 3aTPavYeHHOro BpeMEHN Kaxaoi yHKUMen cucte-
Mbl. Takue oLeHKU MOryT ObITh MONMyYeHbl pasnuUHbLIMU cnocobamMu, HaNpUMep, CpaBHEHWEM C CyLLecTBYIOLLIEH cucTeMOW
WU MaKeTUpOBaHWEM U AanbHEALLUM CpaBHEHUEM BPEMEHU peakLUUKn ¢ KPUTUHECKUMU CUCTeMaMMU.

C.5.23 AHanus BNnuaHus

MpunmedaHune— Ccbinka Ha faHHbIA MeToa/cpefcTBo npuBeaeHa B MOK 61508-3 (Tabnuua A.8).

Llenb. OnpeaeneHve BNUSHUSA, U3MEHSIIOLLIETO UMW PACLUMPSIOLLEro NPOrpaMMHYI0 CUCTEMY, KOTOPOMY MOTYT Nog-
BepraTbCsl Takke W Apyrie nporpaMmMHbIe MOAYIN B JaHHOW NporpaMMHON CUCTEME, a TakKe Apyrue CUCTEMBI.

OnucaHnue. MNMepep BbINONIHEHMEM MOAUUKALIMM MU pacLUMpeHeM NporpaMMHoro obecrniedeHus cnegyer onpe-
AenuTb BNUsiHWE MopaMUKaLMA NN pacluMpeHuil Ha NporpaMMHoe obecneveHne, a Takke onpeAenuTb, Ha Kakue npo-
rpaMMHble CUCTEMbI U NporpaMMHbIe MOAYITU 3TO NOBIUAET.

Hanee npmHuMaeTcs pelleHne 0 NOBTOPHOIN BepudMKaLmMu NporpaMmMHOA CUCTEMBI. OTO 3aBMCUT OT Yucna nog-
BEprHyBLUUXCS BO3EACTBUIO NPOrpaMMHBIX MOAYNER, UX KPUTUMHOCTU U XapakTepa U3MeHeHUn. Bo3aMOXHLIMU pelLle-
HUSAMKW MOTYT BbITh:

- NOBTOpHas NpoBepKa TONbKO M3MEHEHWUIA NpOrpaMMHOro MOAYNS,

- NOBTOpHas NpoBepKa BCceX NoABEPrHYBLUUXCHA BO3EUCTBUIO MPOrpaMMHbIX Moaynel,
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- NOBTOPHAaA NpoBepKa BCEe CUCTEMBL.

Nutepatypa:

Requirements Engineering. E. Hull, K. Jackson, J. Dick. Springer, 2005, ISBN 1852338792, 9781852338794.
C.5.24 YnpaBneHue koHdurypaumei nporpaMmHoro obecneveHus

MpumedyaHune— Ccbinka Ha AaHHbI MeToa/ cpeacTBo npusegeHa B MOK 61508-3 (Tabnmuya A.8).

Llenb. ObecnevyeHne cormacoBaHHOCTU pe3ynkratoB paboTbl rpynn NocTaBLUMKOB NPOEKTa, a Takke U3MEHEHW
B 3TUX NocTaskax. B o6wem criyyae ynpaBsneHue koHdurypavmeid npuMeHMmo k paspaboTke Kak annapartHblX, Tak U Npo-
rPamMMHBIX CPEACTB.

OnucaHue. YnpaeneHue koHUrypayueit nporpaMMHbIX CpeACTB NpeAcTaBnaeT coboit MeTog, MCMOSb3yeMbIii B Te-
YeHue Beeit paspaboTku (cM. MOK 61508-3, nyHkT 6.2.3). B cyliHOCTH OH TpebyeT AoKyMeHTanbHOro opopmneHus paspa-
6OTKM KaXXAOoN BEPCUK, KadK 0/ 3HAYUMON ee NOCTaBKN U KaxA 0N B3aUMOCBA3U MeXAY pasnuyHLIMU BepcusMu pa3paboT-
KW pasnu4HbIX NOCTaBLUMKOB. [onyyeHHas JOKyMEHTaLWs NO3BONSAET pa3paboTynky onpeaensTb, Kak BAWSET Ha Apyrve
NocTaBKN U3MEHEHWE B NepBOii nocTaske (0COGEHHO OQHOrO U3 ero aNeMeHToB). B 4acTHOCTU, CUCTEMBI UMM NOACUCTEMBI
MOryT HageXHO KOMNOHOBATLCS (KOH(PUIYpUpPOBaTLCS) U3 cormacoBaHHbLIX HAbopoB BEPCUiA 3NeMeHTOB.

Nuteparypa:

Software engineering: Update. lan Sommerville, Addison-Wesley Longman, Amsterdam,; 8t ed., 20086,
ISBN 0321313798, 9780321313799

Software Engineering. lan Sommerville, Pearson Studium, 8. Auflage, 2007, ISBN 3827372577, 9783827372574.

Software Configuration Management: Coordination for Team Productivity. W.A. Babich. Addison-Wesley, 1986,
ISBN 0201101610, 9780201101614.

CMMI: guidelines for process integration and product improvement, Mary Beth Chrissis, Mike Konrad, Sandy Shrum,
Addison-Wesley, 2003, ISBN 0321154967, 9780321154965.

C.5.25 PerpeccnoHHoe noATrBepxaeHue CooTBETCTBUSA

MpumedaHune— Cchinka Ha flaHHbIN MeToa/cpecTBO npuBeaeHa B MOK 61508-3 (Tabnuua A.8).

Llenb. MapaHTupoBaTh, UTo 060CHOBaHHLIE BLIBOALI CAENAHBI U3 PErPECCUOHHOTO TECTUPOBAHUS.

OnucaHue. onHoe perpeccoHHoe TecTUpoBaHUe GONbLLOW MW CROXHOW cucTembl 0BbIMHO TpebyeT Gonblunx
yCUnuii 1 pecypcoB. 1o BO3MOXHOCTU XemnaTernbHO OrpaHU4UTb perpeccuoHHoe TeCTUPOBaHUe, OXBATUB TOMBbKO CUCTEM-
Hble acrnekTbl, MpefCTaBnALmMe B AaHHLIH MOMEHT OCHOBHOW UHTepec Ansa paspabaTtbiBaeMoi cucTeMbl. B TakoM va-
CTWYHOM PErpecCHOHHOM TECTUPOBAHUN BaXHO UMETb YETKOE MOHUMaHWe 06nacTu NPUMEHEHUS 3TOMO YaCTUYHOTO TeCTU-
poBaHNA U caenaTtb CTPOro 000CHOBaHHbIE BblIBOAbl O TECTUPYEMOM COCTOAHUN CUCTEMBbI.

Ilutepartypa:

Managing the Testing Process: Practical Tools and Techniques for Managing Hardware and Software Testing.
R. Black, John Wiley and Sons, 2002, ISBN 0471223980, 9780471223986.

C.5.26 AHMMaLuA cneunduKaLmm U NPoOeKTUpoBaHuUsA

MpumMmedaHune— Ccbinka Ha faHHbIA MeToA/cpeacTBo npuBeaeHa B MOK 61508-3 (Tabnuua A.9).

Llenb. MposoguTb BepuduKauuio nporpaMMHoro obecrnevyeHus MOCPeACTBOM CUCTEMAaTUYECKOW MpOBEpPKU
cneyudukaLuum.

OnucaHue. MNpoBepseTca npefcTaBneHne nporpaMmmHoro obecneveHus (cneyudukalms unm onnucaHne NpoekTa),
sBnsAoleecs 6onee abcTpakTHLIM, YeM UCMONHAEMBIA KoA, YTOObl onpefenuTe NoBeAeHUe BO3MOXHOMO UCNONHUMOro
nporpamMmHoro o6ecnedeHus. MpoBepka [0 HEKOTOPOW CTeneHN aBTOMaTU3NpPOBaHa (B 3aBUCUMOCTH OT BO3MOXHOCTEN,
o cBoeii Npupoae 1 yposHeM abcTpakLmu npegcTaBiieHuns), YTobbl NpoMogenmpoBaTh NOBeAEHUe U NOSYYUTb pesynkTa-
Thl UICMOMHUMOTO NporpamMmmHoro obecneveHns. OfHUM U3 pe3ynsTaToB 3TOrO MOAX0Aa SABMSIOTCA CreHepUPOBaHHbIe TeCThI
(nnn «opakynbl»), KOTOpbIe MOTFYT BbITh NMo3Xe NMPUMEHEHbI K UCMOMHUMOMY NporpaMmMHoMy obecnedeHuto, Takum obpa-
30M, aBTOMaTU3NPYS, B HEKOTOPOW CTEMNEHN, NPOLIeCC TECTMPOBaHUS. [pyrim pesynsraToM SBMSETCA aHMMauus nons3o-
BaTeNbCKOro MHTepdeiica Ansa Toro, YTobbl KOHEYHBIE MONb3oBaTenu, He ABNAOLMEC TEXHUYECKUMU creLlmanucTamu,
cMornu noapo6Ho paszobpaTbes B cneuudukaLmm, ¢ kotopoit 6yayt pabotaTs pazpaboTunku nporpamMHoro obecneqeHus,
41O 0becrnednBaeT LEHHbI METOA B3aUMOASNCTBUS MEXAY STUMK ABYMS rpynnamu.

JluTepatypa:

Supporting the Software Testing Process through Specification Animation. T. Miller, P. Strooper. In Proceedings
of the First International Conference on Software Engineering and Formal Methods (SEFM'03), ed. P. Lindsay. IEEE
Computer Society, IEEE Computer Society, 2003, ISBN 0769519490, 9780769519494.

B model animation for external verification. H. Waeselynck, S. Behnia, In Proceedings of the Second International
Conference on Formal Engineering Methods, 1998. IEEE Computer Society, 1998, ISBN 0-8186-9198-0.

C.5.27 TecTupoBaHue, OCHOBaHHOe Ha MOAENMU (reHepauus TeCTOB)

MpumedaHue— Ccbifika Ha AaHHbI MeToa/cpeacTeo npuBegeHa B MOK 61508-3 (Tabnuua A.5).

Llenb. ObecneunTb adhheKTUBHYO aBTOMaTUHECKYH0 reHepaLmio TECTOBLIX NPUMEPOB U3 MOAENE CUCTEMbI U CO3-
flaBaTb Habopbl TECTOB C BLICOKOW BOCMPU3BOAUMOCTLIO.

OnucaHue. MeToa TeCTMPOBaHWUS, ocHOBaHHbIA Ha Mogenu (MBT), ucnonb3yeT NOAXOA «YEPHOro ALMKay, B KOTO-
pom obLne 3agaqu TECTUPOBaHUS, Takne Kak reHepauus TecToBoi komGuHauum (TCG) 1 oleHKa pesyrsTaToB TeCTUpOBa-
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HUSA, OCHOBaHbI Ha MOJlEeNKU TeCcTUpyeMon (NpuknagHoi) cuctembl (SUT). Kak npaBuno, Ho He Bcerga, AaHHble 0 CUCTEME
1 nosejieHne Nonb3oBaTens CMOASNUPOBaHLI C UCMONbL30BAHUEM METO,0B KOHEYHBIX aBTOMATOR, MapKOBCKUX NPOLIECCOB,
Tabnuy peluenunit u T. n. (El-Far, 2001). Kpome Toro, TecTupoBaH1e, OCHOBaHHOE Ha MOAENU, MOXET BblTh 06beLNHeHO
C U3sMepeHneM TeCTOBOTO OXBaTa Ha YpOoBHE UCXOLHOro Kofa, a hyHKUMOHankbHbIe MOAENKU MOTYT BblTb OCHOBaHLI Ha Cy-
LLIeCTBYIOLLIEM UCXOAHOM KOAE.

TecTupoBaHue, ocHoBaHHOe Ha Mofenu, obecnevnBasT aBTOMaTUYECKYHO reHepaLmio 3PP EKTUBHBIX KOHTPOMbHBIX
npumMepoB/npoLeayp, MCNonL3ya Mogeni cucTemHelx TpeboBaHuii n 3agaHHoi dyHKUMoHanbHocTH (SoftwareTech, 2009).

Tak Kak TecTMpoBaHWe — OYeHb JOporoii npouece, cylecTByeT BonbLUOi CNpoc Ha aBTOMaTU4eCcKUe CpencTBa
reHepavuu TecToB. [108TOMY HanpaBneHne TECTUPOBAHUS, OCHOBAHHOE Ha MOLESM, B HACTOSALLMA MOMEHT OYeHb aKTUBHO
uccneayetca U cosgaetca 6onbLIOe YMCNo JOCTYNHBIX CPeACTB reHepauumn TectoB (TCG). 3Tu cpefcTBa 066I4HO POPMU-
PYIOT TECTOBLIA Habop 13 MO ENU NoBeLeHNs CUCTEMBI, FapaHTUPYs NPpU 3TOM, YTo TpeGoBaHWs AUarHoCTUYECKOro OXBaTa
6yayT yAOBMNETBOPEHSI.

Mogaenb sBnseTca abcTpakTHbIM YacTUYHBIM MpefcTaBneHneM TpebyemMoro noBeAeHUs TECTUPYEMOW CUCTEMBI.
M3 aToit Mogenun chopMUpyoTCa MOAENN TECTOB, co3faBas abeTpakTHLIA TecToBbIA Habop. M3 aToro abeTpakTHOro TecTo-
Boro Habopa BLIBOAATCA KOHTPOMbHLIE MPUMeEphl U NPOBEPSIOT CUCTEMY, KPOME TOrO, 3TW KOHTPOIbHLIE NPUMepPbl MOTyT
NpoBepsATL TaKke 1 Mofernb cucTeMbl. MeTog TeCTUPOBaHWSA, OCHOBaHHLIA Ha MOAENH, C reHepaLmeil TectoB BasnpyeTcs
M TECHO CBsi3aH C WCMONb3oBaHWeM opMarbHbIX METOAO0B, MOSTOMY MOHATHBI PEKOMEeHAAauUMn ANs YPOBHEW MOMHOTHI
6e3onacHocTu (YI1B): KP (KpaiiHe pekoMeHAO0BaHHbIR) Ans 6onee Boicokux YIB u He TpebyeTcs ana Huskux YIB.

B ob6Lem cnyyae meTog cOCTOMT U3 Habopa crneaytoLmnx aeicTBuil;

- co3sfaHue Mofenu (M3 CUCTEMHbIX TpeboBaHuii);

- reHepauusa oXWAaeMblX BXO4 0B,

- reHepauusa oXWAaeMblX BbIXOLOB;

- BbIMNOSIHEHWE TECTOB;

- CpaBHeHWe hakTUYeCcKMX pesynsTaToB C OXUgaeMblMU BbIXOgamu,

- Bblbop AanbHeNWnx AeACTBUIA (M3MEHeHWe Mogenu, reHepaumsa AanbHellunx TeCTOB, OLeHKa HagexXHocTu/Ka-
YecTBa nporpaMmHoro obecne4eHus).

Onsa nonyyYeHns TecToB MOryT BbITb UCMOMNb30BaHbLI Pa3nuYHbIe METOLbl U CPEACTBa NpefcTaBneHns Mogenei no-
BefeHWA nonb3oBaTens/cucTemsl, Hanpumep:

- Tabnuubl peLueHuii;

- KOHeYHble aBToMaTh!;

- thopmarnbeHbIe rpamMMaTukm;

- Uenu MapkoBa;

- Auvarpammbl COCTOAHNI;

- JOKa3aTensCTBO TEOPEM;

- INIorMyeckoe nNporpaMMnpoBaHne ¢ orpaHUYeHUAMK;

- MoAenb NpoBepKy;

- MOAenupoBaH1e Ha CUMBOSIBHOM YPOBHE;

- ucrnonb3oBaHne Mofenu NoToka cobbITuiA;

- napannenbHble nepapxuyeckne KOHeYHble aBToMaThl 4115 TECTUPOBaHMWSA PEaKTUBHBIX CUCTEM U T. 4.

TecTupoBaHue, OCHOBaHHOE Ha MOAENW, C HeAaBHUX NOp LieneHanpaBiieHHO UCMoNb3yeTcsl B 06nacTsx, KpUTude-
ckux k 6e3onacHocTU. OHO MO3BONSET Ha PaHHUX CTaWsX BLISBUTE HEOAHO3HA4YHOCTM B cneuudukayum U npoekte, obe-
crneynBaeT BO3MOXHOCTb aBTOMaTUYECKN reHepUpoBaTb MHOTO HEMOBTOPSAEMbIX 3P EeKTUBHLIX TECTOB, OLEHUTL perpec-
CMOHHbIV Habop TeCTOB M OLIEHUTb HaAEeXHOCTb U Ka4eCcTBO NporpaMmMHoro obecneveHmns, a Takke obnerdaet obHoBNeHWe
HabopoB TeCTOB.

MonHblin 0630p aaH B El-Far (2001) n SoftwareTech (2009), fpyrne nogpobHocTy, a Takke npobnemsl, 3aBucAme
OT NpeAMeTHO 0bnacTu, pacCMOTPeHbl B JPYrMX UCTOYHUKAEX.

Ilutepatypa:

T. Bauer, F. Béhr, D. Landmann, T. Beletski, R. Eschbach, Robert and J. H. Poore, From Requirements to Statistical
Testing of Embedded Systems Software Engineering for Automotive Systems — SEAS 2007, ICSE Workshops,
Minneapolis, USA.

Eckard Bringmann, Andreas Kramer; Model-based Testing of Automotive Systems In: ICST, pp. 485—493, 2008
International Conference on Software Testing, Verification, and Validation, 2008.

Broy M., Challenges in automotive software engineering, International conference on Software engineering (ICSE
‘08),Shanghai, China, 20086.

I.K. EI-Far and J.A. Whittaker, Model-Based Software Testing. Encyclopedia of Software Engineering (edited by
J.J. Marciniak). Wiley, 2001.

Heimdahl, M.P. E.. Model-based testing: challenges ahead, Computer Software and Applications Conference
(COMPSAC 2005), 25—28 July 2005, Edinburgh, Scotland, UK, 2005.

Jonathan Jacky, Margus Veanes, Colin Campbell, and Wolfram Schulte, Model-Based Software Testing and Analysis
with C#, ISBN 978-0-521-68761-4, Cambridge University Press, 2008.

A. Paradkar, Case Studies on Fault Detection Effectiveness of Model-based Test Generation Techniques, in ACM
SIGSOFT SW Engineering Notes, Proc. of the first int. workshop on Advances in model-based testing A-MOST ‘05,
Vol. 30, Issue 4. ACM Press, 2005.
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S.J. Prowell, Using Markov Chain Usage Models to Test Complex Systems, HICSS ‘05: 38 Annual Hawaii,
International Conference on System Sciences, 2005.

Mark Utting and Bruno Legeard, Practical Model-Based Testing: A Tools Approach, ISBN 978-0-12-372501-1,
Morgan-Kaufmann, 2007.

Hong Zhu et al. (2008). AST ‘08: Proceedings of the 3rd International Workshop on Automation of Software Test.
ACM Press. ISBN 978-1-60558-030-2.

Model-Based Testing of Reactive Systems Advanced Lecture Series, LNCS 3472, Springer-Verlag, 2005, ISBN
978-3-540-26278-7.

Model-based Testing, SoftwareTech, July 2009, Vol. 12, No. 2, Software Testing: A Life Cycle Perspective, http://
www.goldpractices.com/practices/mbt/.

C.6 OueHka ¢yHKUMOHaNbHOW 6e3onacHocTn

MpumedaHune— CooTBeTcTBYIOWNE METOALI U CpeficTBa CM. Takxke B B.6.

C.6.1 Tabnuubl pelweHunin (Tabnuubl MICTUHHOCTH)

MpumedaHune—Ccbinka Ha AaHHbIl MeToa/cpecTBO NpuBeeHa B MOK 61508-3 (Tabnuusl A.10 n B.7).

Llenb. ObecneyeHne ACHBIX U cornacylolmxcs cneuuduKkaumii 1 aHanusa croXHbIX Normyecknx KoMouHaLuin
N UX OTHOLLEHUIA.

Onucanue. [laHHbIR MeToa Mcnonb3yeT GUHapHbIe Tabnuubl AN TOYHOTO ONUCAHUS FTOTUYECKUX OTHOLLIEHUIA MeXay
6ynesbIMU NepeMeHHLIMW NPOrpaMMmbl.

MUcnonb3oBaHWe Tabnuy 1 TOMHOCTb METoAa NO3BONWUIMN NMPUMEHUTL €ro B KayecTBe CpeficTBa aHanuaa CroXHbIX
TIOrn4ecknx KOMOGMHaLUMIA, BbIpaKeHHbIX B GUHaPHBIX KoAax.

PaccmaTpuBaeMblil METOA AOCTaTOMHO NErko aBTOMarusupyeTcsi, NOSTOMY €ro MOXHO MCMornb3oBaTb B KavyecTBe
CpeAcTBa crieyudurkaummn cuctem.

C.6.2 ViccnepoBaHue onacHocTu u pa6orocnocobHocTn nporpaMMHoro o6ecneyenus (CHAZOP, FMEA)

Llenb. OnpegeneHune yrpos 6e3onacHoCTH B NpeaniaraeMoi UMK CyLLECTBYIOLLEH CUCTEME, UX BO3MOXHbBIX NPUYUH
W NOCneAcTBUN U peKOMeHIYeMbIX AeWCTBUIA NO MUHUMU3ALIMN BEPOSTHOCTU UX NOSIBIEHUS.

OnucaHue. pynna cneyuanuctoB B obnactu cosfaBaemMoii CMCTEMbI NPUHMMAET yYacThe B CTPYKTYPHOM aHanuse
NpoeKTa CUCTEMEI MyTeM psAa 3annaHupoBaHHbIX coBelyaHnii. OHW paccMaTpUBaloT Kak peanuaauuio yHKLUIA NpoekTa
CUCTEMEI, TakK U cnocobbl paboTel cMCTEMBl Ha NpakTUKe (BKNOYas AeWCTBMS MepcoHana U npoueaypbl aKcryaTauuu
cucTembl). PykoBoguTens rpynnbl cneuuanucToB UHULMUPYET ee y4acTHUKOB co3fjaBaTb NoTeHLuaribHble OnacHoOCTU
¥ ynpaBnseT SToN npoLefypoii, onuckiBas Kaxaylo YacTb CUCTEMbl B COMETAHUU C OTAEMbHLIMU KITHOYEBLIMU CNOBaMU:
«OTCYTCTBYET», «Boneey, «MeHee», «4acTb Lenoro», «5onblle YeMy (UNKU «TakK Xe, Kak U») N «UHade YeM». Kaxpoe
NpUMEHUMOe YCNOBUE UMW PEXWUM OTKasa paccMaTpuBaETCA € TOYKU 3peHUs peann3yemocTh, NPUYNH BO3HUKHOBEHNS,
BO3MOXHbIX NOCNEACTBMIA (MOSIBIIAETCS M ONACHOCTL), cnocoba yCTpaHeHus u, B cnyvae ycTpaHeHus, Bblbopa Haubonee
LienecoobpasHoro MeToAa.

WMcenepoBaHue onacHOCTEN MOXET BLINMOMHSATLCS Ha pasHbIxX CTaausx pa3paboTku npoekTa, ofHaKko Haubonee ad-
(heKTUBHLIM Takoe UccrefoBaHne MOXET BbiTb Ha Ha4anbHbIX CTaAUsAX C TeM, YTOBbI Kak MOXHO paHblLUe NOBAUATE Ha OC-
HOBHbIE peLLeHUs MO NPOEKTUPOBaHNUIO N paboToCNOCOBHOCTMW.

MeTtog HAZOP cospaBarcs Ans NPOM3BOLCTBEHHBIX MpoleccoB M TpebyeT Mogudukaummu npu ero npumeHe-
HWM K nporpamMMHoMy obecriedeHuto. Bbinn npefnoxeHsl pasnuyHele npoussogHble metogbl (Computer HAZOPs —
«CHAZOPs»), KoTopble COMPOBOXAANUCH HOBBIMU PYKOBOASLMMI MaTepuanamu U/unu peanusoBbiBany cnocobbl cu-
CTeMaTU4eCcKoro oxeara CUCTEMHOMN W MPOrPaMMHOIN apXUTEKTYP.

JlnTepaTtypa:

OF-FMEA: an approach to safety analysis of object-oriented software intensive systems, T. Cichocki, J. Gorski. In
Artificial Intelligence and Security in Computing Systems: 9th International Conference, ACS “2002. Ed. J. Soldek. Springer,
2003, ISBN 1402073968, 9781402073960.

Software FMEA techniques. P.L. Goddard. In Proc Annual 2000 Reliability and Maintainability Symposium, IEEE,
2000, ISBN: 0-7803-5848-1.

Software criticality analysis of COTS/SOUP. P. Bishop, T. Clement, S. Guerra. In Reliability Engineering & System
Safety, Volume 81, Issue 3, September 2003, Elsevier Ltd., 2003.

C.6.3 AHanus oTKa3oB no obLei npuynHe

MpumevaHus
1 Cchblnka Ha faHHbli MeTog/cpeacTso npueefeHa B MOK 61508-3 (Tabnuua A.10).
2 Cwm. Takke MOK 61508-6 (npunoxeHue D).

Llens. OnpegeneHne BO3MOXHbLIX OTKa30B B HECKOMBKUX CUCTEMAX UMK HECKOMbKUX MOACHUCTEMaX, KOTopble MOryT
CBECTU K HYIO MPeuMyLlecTBa U3GLITOMHOCTU U3-3a OJHOBPEMEHHOIO MOSIBMEHUS OLHUX U TEX Xe OTKa3oB BO MHOTUX
YacTsX CUCTEMBI.

OnucaHue. CUCTeMbl, OPUEHTUPOBaHHble Ha Ge30nacHOCTb 06beKTa, YacTo WCMomnb3yT M3BBITOYHOCTE anna-
paTHLIX CPEACTB U MaxopUTapPHBIA MPUHLMM roNocoBaHNs. 3TOT NOAX0A UCKMIOYaeT cryyaiHble oTKasbl B KOMMOHEHTax
UMW NogcucTeMax anmnapaTHbIX CPeACTB, KOTOpLIE MOTYT NoMeLlaTh KOppekTHoW o6paboTke AaHHbIX.
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OpHako HeKoTopble 0TKasbl MOTYT OKa3aTbCs OBLUMMM ANSA HECKOMBKUX KOMMOHEHTOB MW nogcuctem. Hanpumep,
€CIn cucTeMa yCTaHOBMEHa B O4HOM MOMELLEHUW, TO HEAOCTaTKU BEHTUNALMKU MOTYT CHU3UTb NpenmyLiecTBa N3bbITou-
HOCTU. OTO MOXET OKasaTbCA BEPHbIM U ANS APYrUX BHELIHUX BAUAHUA Ha cucTemy (HanpuMep noxap, 3aTonneHue,
3r1eKTPOMarHuTHble BAUAHUA, TPELWHbI B NaHensX U 3emneTpsiceHne). Cuctema MoxeT BbiTb Taloke nogBepXKeHa Bo3gein-
CTBUSIM, OTHOCALLIMMCS K €€ (PYHKLIMOHWPOBaHUIO U SKCrnyaTaLuu. NoaToMy BaxHo, 4ToObl B paboumnx MHCTPYKUUAX Gbinu
npeaycMOoTpeHbl afieKBaTHbIe W XOPOLLO 3af0KyMEHTUPOBaHHbIE MPOLEAYPLI MO PyHKLMOHMPOBAHMIO U 3KCnNyaTaLun cu-
CTeMbl, a ob6cnyxusaroLuii nepcoHan Geln xopoLlo oby4eH.

BHyTpeHHWe NpuynHbI Takke BHOCAT GonbLUON BKNag B obLee YACNo 0TKa30B. VX OCHOBOI MOryT ABRATLCS OLWKWGKK
NPOEKTUPOBaHNA OBLUUX UM MAEHTUYHBLIX KOMMOHEHTOB U UX WHTEPEeiicoB, B TOM YMCIE U YCTapeBLUNX KOMMOHEHTOB.
AHanua oTkasos no o6LLei NpUYUHE AOMKEH OTBICKUBATL Takke obLme AedekTl B cucTeme. K MeTogam aHanusa oTkasos
no obLuel Npu4nHe oTHOCATCS: obLLee yrnpaBrieHe KayecTBOM; aHann3 NPoeKkToB; BepudmrkaLms u TecTupoBaHue Hesa-
BUCWUMOIA rpynnoit; aHanus peanbHbIX CUTYaLWiA, NONy4eHHbIX U3 OnbiTa paboTbl aHaNorMyHbIX cuctem. OgHako obnacTb
NMPUMEHEHUA TaKkoro aHanuaa BbIXOAWT 3@ paMKi TOMbKO annapaTHbX cpeacTs. [laxe ecnu pasHble NporpaMMbl UCNONb-
3yIOTCA B pasHbIX KaHanax M3BbITOMHbIX CUCTEM, BO3MOXHa HekoTopas OBWHOCTb B MporpamMMHbIX NoaxoAax, Kotopas
MOXET NPUBECTU K POCTY OTKa30B Mo obLuyeil npuynHe (Hanpumep owmbku B o6Lweit cneyudmrkaLin).

Ecnu oTkasbl no obLieit npuymHe He NOSBASIOTCA TOYHO B OAHO U TO e BPeMs, TO JOMKHbI BbiTb NPpeANPUHATLI
Mepbl NPEAOCTOPOXHOCTU MyTEM CpaBHEHUS METOAO0B, MPUMEHSAEMbIX B PasnuUyHbIX KaHanax. MNpu 3ToM npuMeHeHue
Kaxzoro Metofa AOMMKHO oBbHapyuBaTb OTKa3 [0 TOro, Kak OH okaxerca obum Ana BCcex KaHanos. AHanu3 oTkasos
no obLyeit MpUYMHe AOMKEH NCNONb3oBaTh 3TOT NOAXOA.

JlutepaTypa:

Reliability analysis of hierarchical computer-based systems subject to common-cause failures L. Xing, L. Meshkat,
S. Donohue. Reliability Engineering & System Safety Volume 92, Issue 3, March 2007.

C.6.4 CTpYyKTYpHbIe CXeMbl HaAEXKHOCTU

MpumevaHus

1 Ccbinka Ha faHHblil MeTof/cpencTo NpuBefeHa B MOK 61508-3 (Tabnuua A.10) 1 MeToa Takke UCNONb3oBaH
B M3OK 61508-6 (npunoxeHue B).

2 CM. Takxe B.6.6.7 « CTPYKTYpHbIE CXeMbl HaAEXHOCTUY.

Lienb. MogenupoBaHue B dhopMe gnarpamMm Habopa cobbITUiA, KOTOPbIE AOMKHBI NPONCXOAUTD, U YCNOBUI, KOTOPbLI
LOMXKHbI BbITh YAOBIETBOPEHLI AN YCNELWHOro BLINOMHEHNS onepaLuii CUCTEMbI UNK 3afaq.

Onucanue. JaHHblA MeTOg No3BonseT chopMUpoBaTh YCMELUHbIA MapLUpyT, COCTOALLMIA U3 6NoKoB, NUHUIA U No-
rMYecKUX nepexofoB. Takoi yCneluHbli MapLIpyT Ha4UHaeTca OT O4HOW CTOPOHLI AWarpaMMbl U NPOXOAUT Yepes Gnoku
W Nnormyeckne nepexonbl 40 ApPYroil CTOPOHbI fuarpaMmel. Brnok npegctasnset coboii ycriosue unu cobbiTue, MapLUpyT
MPOXOAMUT Yepes HEro, ECNU YCIOBUE UCTUHHO UMK cobbITe npounsoLuno. Korfa MapLipyT NOAXOAUT K NOrMyeckoMy nepe-
X0y, TO OH MPOJOMKaAETCA, ECNU KpUTEPUIA NIOrMYEcKoro nepexofa BeinonHsaeTces. Ecnu MapLupyT gocturaet kakod-nubo
BEPLUMHbI, TO OH MOXET NPOAOMKaTLCA MO BCEM UCXOASALMM U3 Hee nyTaMm. Ecnu cylecTByeT no MeHbluei Mepe ofuH
yCneLUHbIi MapLUpYT Yepes BClo Anarpammy, TO Lefb aHanuaa cHuTaeTes JOCTUTHYTON.

IuTtepartypa:

IEC 61025:2006, Fault tree analysis (FTA).

From safety analysis to software requirements. K.M. Hansen, A.P. Ravn, A. P, V Stavridou. IEEE Trans Software
Engineering, Volume 24, Issue 7, Jul 1998.

IEC 61078:2006, Analysis techniques for dependability — Reliability block diagram and boolean methods.
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Mpunoxexue D
(cnpaBouHoe)

BepOoATHOCTHLIN NOAXO0/ OnpeaerieHnsa NONHOTLI 6€30NacHOCTY NPpeaBapUTesibHO pa3padoTaHHbLIX
NporpaMMHbIX CpeacTs

D.1 O6wme nonoxeHun

HacTosiliee NpUnoXeHNe COAEPXUT UCXOAHLIE PYKOBOASLUME MaTepuansl Mo UCMONb30BaHWIO BEPOSTHOCTHOMO
noaxoAa K onpefeneHuto nosHoTel 6e3onacHoCTU NporpaMMHbLIX CPEACTB ANA NpeaBapuTentHo paspaboTaHHbIX npo-
rpamMMm Ha OCHOBE WX OfbiTa SKCriyaTaLun. BeposTHOCTHBIN Noaxoa ABnsieTcA HaubGonee NOAXOAALMM ANA OLEHKU one-
PaUUOHHBIX CUCTEM, KOMMOHEHTOB BUBNMOTEK, KOMMUISITOPOB U APYrUX NPOrpaMMHbLIX cUcTeM. HacToswee npunoxeHue
TalKke COAEPXUT ONMcaHne BO3MOXHOCTEW BEpOSITHOCTHOTO MOAXOAA, OAHAKO ero cnefyeT UCNOoNb3oBaTh TOMLKO TeM che-
unanucTam, KTo KOMMETEHTEH B CTATUCTUHECKOM aHanmse.

MpuMeyaHne — B HacToALWEM MPUNOXKEHNA UCMONbL3YETCA TEPMUH «YPOBEHb A0OBEpPUSI», KOTOPbLIA ONUCaH
B [9]. OKBUBaANEHTHBIH TEPMUH «YPOBEHb 3HAYUMOCTM» npusefeH B [10].

MpeANOXeHHbIe B HACTOSALLEM NPUIIOXKEHUU METOALI MOTYT BbIThb Takke UCNONb3oBaHbI AN AEMOHCTPaLMK pocTa
YPOBHS NMOMHOTLI 6€30MacHOCTU NPOrpaMMHBIX CPEACTB, KOTOpble HEKOTOPOE Bpems YCMEeLWHo aKcniyaTtupoBanuck. Ha-
npvmep, NporpamMMHble cpefcTBa, co3faHHble B cOOTBETCTBUM ¢ TpebosaHuamn M3IK 61508-3 ans YIb1, nocne coot-
BETCTBYIOLLEro nepuofa ycrnewwHon paboThl B 60MbLIOM YUcie NPUMEHEHUA MOTYT NPOAEMOHCTPUPOBATL COOTBETCTBUE
YPOBHI0 nonHoTkl 6ezonacHocTn YINB2.

Yuneno sanpocos 6e3 0TKa3oB NpU UCNBITAHUKA UK YUCAO YacoB, Heobxoaumoe aAna paboTel 6e3 oTka3os, AN onpe-
[ eneHns KOHKPETHOro ypoBHS NonHoTH 6esonacHocTh npeacTasrneHo B Tabnuue D.1. B Tabnuue D.1 Takke 0606LLeHbl
pesynerathl, NpueedeHHsle B D.2.1 1 D.2.3.

OnbIT 3KernnyaTauun MOXeT ObiTb BhIpaXKeH MaTteMaTuyeck, Kak nokasado B D.2, AnA AONOMHEHNs] UNKU 3aMeHbl
CTaTUCTUYECKOTO TECTUPOBaHMWS, @ OMbIT AKCMIlyaTaLum, NoryYeHHbIA M3 HECKOMbKUX MECT 3Kcryatauum, MoxXeT 6biTb
obbefnHeH (NyTeM Jo6aBneHns KOHKPETHOro Yncna o6paboTaHHBIX 3anpocoB MK YacoB paboThl B TE4EHNe aKennyaTa-
Liumn), HO TONLKO B cryyae, ecrnu:

- nporpaMMHas Bepcus, nognexaiyas ucrnonbsosaHuio B 3/3/T13 cucteme, cesizaHHol ¢ 6esonacHocTlo, byaeT
WAEHTUYHa BepCcum, 4118 KOTOPOI NpeabaBneH pesynsraT onbiTa ee akennyatauuu,

- 3KCnryaTaLWOHHbIA NPodunb BXOZHOTrO NPOCTPaAHCTBa 04eHb BNU3OK ApYyr ApYrY;

- cyllecTByeT adhpeKTUBHAA cucTemMa yBeAOMNEHNA N AOKYMEHTUPOBAHUA OTKa308,

- cnpaBeanuebl NpuHATbie B D.2 npeanonoxeHuns.

Ta6nuuya D.1 — Heobxoguman npeabICTopua ANs onpeaeneHnsl ypoBHSA NomnHoTE 6esonacHocTy

Pexum paGOTbI C HU3KOM KonuyecTtso peanbHbIX PeXWUM C BbICOKO 06u.|ee Konn4yecTso vacos
MHTEHCUBHOCTBIO 3aMpocoB sanpocos WHTEHCUBHOCTBIO skennyatatin
YrB (BepoATHOCTb 3anpocoB NN B peXxume
oTKasa npu BbINOITHEHUM C HenpepbIBHLIM 3anNpPocom
nnaHupyembix yHKLUA 1—o = 0,99 1 =095 (BEpOATHOCTL ONACHOTO 1o = 0.99 10 =095
no 3anpocy) ’ ’ oTKasa B 4Yac) ’ ’
4
>10° go<107* 4,6-10° 3.10° 210 po<107® 4,6-10° 3.10°
3
>10* po <107 4,6-10* 3.10* 21078 po <1077 4,6-108 3-10%
2 >1072 go <1072 4,6-10° 3.10° 2107 go<107® 4,6-107 3.107
! >102 30 < 107" 4,6 102 3.10 210 go <1075 4,6-10° 3.10°
MpumeuvaHuns
1 BenuunHa 1—a npeacTaBnseT coboin ypoBeHb J0BEpUs.
2 [NpeanochiNKA U OnNUcaHue Npoueayp NONyYeHUs YUCNOBLIX 3HAYEHWA B HacToswew Tabnuue cm. B D.2.1
nD.23.
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D.2.1.1 UcxogHble NpeanochIsiku
a) Pacnipefenexune TecToBbIX faHHbLIX paBHO pacrpeAerieHu o 3anpocoB NPpU BEIMONIHEHUW onepaLyii B peXuMe OHNawiH.
b) MpoxoxaeHns TeCTOB CTAaTUCTUHECKN HE 3aBUCHAT APYr OT ApYyra B OTHOLUEHWW NMPUYUHBI OTKa3a.
c) [Ans oBHapyxeHns Nobbix 0TKa3oB, KOTOPbIE MOTYT NOSBUTLCA, CYLLECTBYET afeKBaTHbI MEXaHu3aMm.
d) Yucno TectoBbIX Npumepos n > 100.
e) Bo Bpems nporoHa n TeCTOBLIX MPMMEPOB OTKa3bl OTCYTCTBYHOT.
D.2.1.2 Pesynerathl
BepoaTHocTb oTKasa p (Ha ouH 3anpoc) Npu ypoBHe [0BepUsA 1— o ONPEAENSETCS U3 BblpaXeHWs
ps1—% unn nz—ln—a.
D.2.1.3 Mpumep p

Tab6nuuya D.2— BepoAaTHOCTU OTKa3a pexumMa paboTbl C HU3KOW MHTEHCUBHOCTLIO 3aNpocoB

1-a P
0,95 3/n
0,99 4,6/n

[na BepoATHOCTM OTKa3a nNpw 3anpoce AN YpoBHA nonHoTel 6esonacHocTu YIB 3 npu 95%-HoM ypoBHe AoBepusa
npuMeHeHune ykaszaHHon opmynsl JaeT 30000 TecToBbIX MPUMEPOB MPW BLINMONIHEHUW YCIOBUIA NPUHATHIX NPEANOCHINOK.
PesynbraThl 4ns KaXA0oro ypoBHsS NOMHOTLI 6e3onacHocTh obbefuHeHbl B Tabnuye D.1.

D.2.2 TecTupoBaHue BxoaHOro MaccuBa (NpeaMeTHol obnactu) ang pexmumMa paboTbl ¢ HU3KOW UHTEHCUB-
HOCTb}O 3aNpoCcoB

D.2.2.1 VcxogHble Npefnochiniku

EAvHcTBEHHasA nexoaHas NpeAnockiika COCTOUT B TOM, YTO TECTUpyeMble AaHHble Bbibupatotes Tak, 4Tobbl 06e-
cnevnTb cnyyvaHoe YHUULMpoBaHHOE pacrpeeneHne no BXOAHOMY MaccuBy (NpeaMeTHOR obrnactu).

D.2.2.2 Peaynerathl

HeonxoamMmo onpeaennTs KONMYecTBO TECTOB 17, KOTOpble TpebyloTcs, UCXOASA U3 Nopora TOYHOCTU & BXOA0B ANA Te-
CTUPYEeMON PYHKLUMK C HU3KOA UHTEHCUBHOCTHLIO 3anpocoB (Hanpumep 6e3onacHoe OTKMoYeHue).

Tab6nuya D.3— CpeaHue pacCcTORHUSA MeXAY ABYMS TOYKaMM TECTUPOBaHUSA

PasMep NpeAMETHOMD MPOCTPaHCTES CpefaHee paccTosHue Mexay nszlaw:p';c;;fmv; TeCTUPOBAHUSA B NPOU3BOMNLHOM
1 d=1n
2 3=\1n
3 5=3n
K 5= i§/1/_,,

MpumMeyaHune—K MoxeT 6biTb NOGLIM NONOKUTENBHBLIM LiENLIM YUCNOM. 3HayeHus 1, 2 n 3 npuBegeHb
TOfMLKO B Ka4eCcTBE NMPUMEPOB.

D.2.2.3 lNpumep

PaccmoTpum Ge3onacHoe OTKNOMEHWE, KOTOPOE 3aBUCUT TONbKO OT ABYX NepeMeHHbiX A n B. Ecnn npoBepkoit
ObINO yCTaHOBMEHO, YTO MOPOroBble 3HAYEHUS, KOTOpbIE pa3fensioT BXOAHYIO napy nepeMeHHbIXx A u B, onpegeneHbl
C TOYHOCTBIO 10 1 % OT Anana3oHa uaMepeHus A unu B, To Yncno paBHOMEpPHO pacnpefeneHHbIX TECTOBLIX NPUMEPOB,
Tpebyemoe B obnactu A u B, 6yaet pasHo

n=182=10%.

D.2.3 MpocToi cTaTUCTUYECKUI TECT AN PeXUMMa C BbICOKOW MHTEHCUBHOCTbLIO 3aNpOCOB UNN B peXume
C HenpepbiBHbIM 3anpocomM

D.2.3.1 NcxopHble nNpeanochinku

a) PacnipeieneHune aaHHbIX Takoe Xe, KakK U pacnpefeneHne npu BLIMOIMHEHUN onepauuii B peXume OHNaiH.
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b) OTHOCKTENbHOE YMEHbLLEHUE BEPOATHOCTW OTCYTCTBUS OTKa3a NponopLMoHansHo ANUTENBHOCTU paccmaTpusa-
eMoro UHTepBana BpeMeHW U NOCTOSIHHO B MPOTUBHOM Cry4ae.

c¢) Ans oBHapyxeHus NobbIX 0TKa3oB, KOTOpblE MOTYT NOSBUTLCSH, CYLLECTBYET afieKBaTHbIA MEXaHU3M.

d) TecT BLINOMHAETCA B TE4EHUE BPEMEHU TECTUPOBAHUA £.

e) Bo BpeMs TecTUpoBaHUA t HUKaKUX OTKA30B HE NPOUCXOAMUT.

D.2.3.2 Peaynrathl

CoOTHOLLIEeHUE MeXAY UHTEHCUBHOCTLIO OTKA30B A, YyPOBHEM AOBEPUA 1— o U BpeMEeHeM TeCTUPOBaHUS t UMeeT BUg

Ina

A=——
t

MHTEHCMBHOCTb OTKa30B 06paTHO NPOonopLUUoHarieHa cpefHeMy BpeMeHU HapaboTkn Ha oTkas

1
MTBF’
MpumeyaHune—HacToawuii cTaHLapT He AenaeT pasnu4nii Mexay MHTEHCUBHOCTbLIO OTKa30B B Yac M 4acTo-
Toll oTKa3oB B 4Yac. CTporo roBopsi, BEepOATHOCTb OTKa3a F CBA3aHa ¢ YaCTOTON OTKa30B f BhipaxeHuem F =1- e ogHako
obnacTb NPUMEHEHWs HacToALLEero cTaHaapTa OXBaThiBAET YacTOTY OTKA30B MeHee 107° 1/4, a ANs HeBonbLUNX 3HAYEHUIA
YyacToThbl cnpaseanueo F = f-f.

D.2.3.3 Mpumep

Tabnwu ua D4 — BepOHTHOCTVI OTKa3a AnA pexumma ¢ BbICOKOW MHTEHCUBHOCTLIO 3anNpoCcoB UMK AN pexunma c Henpe-
PBIBHBIM 3a2MpOCOM

1-a v
0,95 3t
0,99 4,6/t

[ns noaTBEpPXAEHUs TOro, YTO cpefHee BpeMs Hapa60T|<|/| Ha oTKa3 cocTaBnseT No MeHblwei Mepe 108 U ¢ ypos-
Hem foBepus 95 %, TpeGyeTcA BpeMs TecTpoBaHua 3-10% 4 1 JOmkHbl GbiTb COBMIOAEHEI UCXOAHBIE MPEAMOCHINKA.
Yuneno TecTos, Heo6xo,qV|M0e ONA KaXaoro ypoBHs NOMHOTE 6e3onacHocTh, — B cOOTBETCTBUM € Tabnuuei D.1.

D.2.4 NonHoe TecTUpOBaHUe

MporpamMmy MOXHO paccmaTpuBaTh Kak ypHy, cogepxallyro N wapos. Kaxabli Wwap npeacraBnsaeT coboit KOHKpeT-
HOe CBOCTBO nporpammbl. LLlapsl n3BnekatTes cnyYyaiHo U 3aMeHsTCs nocne nposepku. MNonHoe TecTupoBaHue A0-
CTWUraeTCs, €CNU BCE LUapbl N3BMeYeHbI.

D.2.4.1 VicxoaHble NnpeanockIsnku

a) Pacnpenenexune TecTUpyeMbIX AaHHbIX TaKOBO, YTO Kaxgoe U3 N CBOICTB nporpaMMmbl TECTUPYETCS C paBHOW
BEPOATHOCTbIO.

b) TecTbl NpoBOAATCA HE3ABUCUMO APYr OT Apyra.

¢) Kaxgablil nossnstowniics otkas obHapyxuBaeTcs.

d) Yucno TecToBEIX NpUMepoB n > N.

e) Bo Bpems nporoHa n TecToBbIX MPUMEPOB OTKa3bl HE MOABMSAIOTCS.

f) Kaxpgblih NpOroH Tecta KOHTPONMMPYET OfHO CBOWCTBO NpOrpaMMel (CBOWCTBO MporpaMMbl — 3TO TO, YTO MOXET
6bITb NPOTECTUPOBAHO BO BpeMs OAHOI0 NMPOroHa TecTa).

D.2.4.2 Peaynrathl

BeposATHOCTL TECTUPOBaHUA BCEX CBOWCTB NpOrpaMMbl p ONpefenseTcs BblpaXeHnem

N1 N-j N
p=}§)(—1)’(9’)(T’j MnMp—1+Z( 1)101,\,( ij’

me Gy = N(N—1)..j.|(N—/+1).

lMpu oLeHKe 3TOro BhlipaXeHUs 0ObIYHO TONBKO NepPBLIe €ro YneHbl UMEOT 3HaYeHWe, MOCKOMbKY B pearbHbIX YCro-
BUAX BLINOMHAETCA COOTHOLLEHNE n >> N, 4TO fenaeT Bce YneHbl 3TOro BbIPaXXeHUs Npu GOMbLIOM j HECYLLECTBEHHBIMU.
3To0 BUAgHO 13 Tabnuyel D.5.

D.2.4.3 Mpumep

PaccmoTpum nporpammy, KOTOpaﬂ “Mera HecKoMbKO MHCTanmAaLUMiA B TEYEHWEe HECKObKUX NeT. 3a 3To Bpems oHa
BLINOMHANACK MO MeHbLLei Mepe 7,5-10° pas. MNpeanonoXuM, 4To Kaxaoe CoToe BbINOMHEHWe NporpaMMbl COOTBETCTBYET
nepevncnerHHsbIM Bellle NcxofHbLIM npeanockikam (M. D.2.4.1). MosToMy ANS CTAaTUCTUYECKON OLIEHKW MOTYT BbITh NpK-
HATbI 7,510 BBINONHEHWA Nporpammbl. Ecnu npeanonoxuTs, 4to 4000 TeCTOBLIX NPOXOXLEHUIA NporpaMMel MOTYT Bbl-
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MOSIHUTE UcHepnbIBaloLLee TECTUPOBaHWE, CHUTaA TaKyto OLEHKY KOHCepBaTUBHOW, TO B COOTBETCTBUM ¢ Tabnuuei D.5,
BEPOSTHOCTb TOrO, YTO He Bce ByAeT MpoTecTMpoBaHo, cocTaensaeT 2,87 1075,
Mpu N = 4000 3Ha4eHWs1 NepBbIX YIEHOB B 3aBUCMMOCTU OT n NpeAcTaeneHsl B Tabnuue D.5.

Tabnunya D.5— BeposaTHOCTb TeCTUPOBaHUA BCEX CBOWCTB MNporpammel

n P
5.10* 1-19-1072 4110107 —...
7, 5-10* 1-2,87-107°+4.10710_
1-108 1-5,54-1078 +1,52.10715 —
2.10° 1-7,67-1071%+2, 9.10°%7 - .

Ha npakTuke Takue oLeHKU AOMXKHbl ObITb KOHCEPBATUBHLIMM.

D.3 Nutepatypa

Bonee nogpo6Hyro MHDOPMALIMIO NO YKa3aHHbBIM BbilE METOAAM MOXHO HaiiTu B [9] — [13].
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MpunoxeHue E
(cnpaBouHoe)

KpaTkuit 0630p meToaoB u mep ana npoektupoBanus CUC

MpumeyaHune—B aaHHOM NpUNOXeHUn JaH 0630p METOLOB U Mep, Ha koTopble cebinaeTcs MOK 61508-2.
[aHHoe npunoxeHne He JOMMKHO paccMaTpuBaThCs Kak NMoSTHOE UMK UcHeprbiBatoLLee.

E.1 Onucanue npoekra Ha siabike (V)HDL

Llens. ®yHKUMOHaNBHOE ONMMCaHUe Ha BbICOKOYPOBHEBOM Si3blKe OMMUCAHNSA TEXHUYECKUX CPpeAcTB, Hanpumep, VHDL
unu Verilog.

OnucaHnve. BbicokoypoBHeBoe abcTpakTHoe (PyHKLMOHaNbHOE OnucaHWe NpoekTa Ha A3blke OnucaHWusA annapat-
HbIX cpeacTs, Hanpumep, VHDL unu Verilog. Mcnonkayemblil S3bIK onncaHus annapaTtHbIX CPefCcTB AOMKEH MO3BONMUTL
bYHKLMOHaNLHoe N/Unm opueHTUpoBaHHoe Ha NpUMeHeHne onncaHne n AomkeH ObiTb abeTparnpoBaH oOT NocnesyoLmx
petanei peanusauuun. MoTOKM AaHHBIX, YCOBHbIE Nepexofbl, apudMeTudeckne n/unu norudeckme onepauuy SOmKHbI
6bITb peanuaoBaHbl NpUcBaMBaHWEM U onepaTopamu si3blka oNMcaHus annapaTtHbIX cpeacTs 6e3 pyyHoro npeobpasosa-
HWS B NOrMYECKUe BEHTUMW U3 NPUKIaaHON BubnuoTteku.

MpuMeyaHWe—[nsa NpocToThl «PYHKLMOHANBHOE OMUCaHNE Ha BbICOKOYPOBHEBOM A3bIKE ONMUCAHUSA TEXHM-
Yecknx cpegcTsy Byaem aanee obosHavats (V)HDL.

IutepaTtypa:
IEEE VHDL, Verilog + Standard VHDL Design guide.

E.2 BBog onucaHuil cxem

Llenk. ®yHKUMOHanbHoe onvcaHme KOMMNOHYEMOIA CXeMbl NpU ee NPeACTaBNeHNN Ha YPOBHE NIOrMYECKUX SNIEMEHTOB
n/unm makpocoB 6UGNNOTEKN NOCTaBLLMKA.

Onuncanune. OnucaHue OyHKLMOHANBLHOCTI KOMMOHYEMOIM CXeMbl (DOPMUPYETCS NPU BBOLE OMUCAHUIA CXEM U CBSI-
3el Mexay HuMun. yHKUmMA, koTopasa AomkHa BbiTe peannaoBaHa, KOMMNOHYeTCA (cobupaeTcs) U3 aneMeHTapHbIX nornye-
CKUX cxeM, Takux kak U, NI, HE, a Takke MakpocoB, COCTOALLMX U3 CIOXHBIX apUdPMETUYECKUX U NOrMYECKUX OYHKLUNA,
KoTopble 3aTeM coefuHATCA Mexay coboit. CroxHble dyHKLUMOHamNbHbIE CXeMbl AOMKHbI ObITh UEpapXUYECKn 4eKoMo-
3MpOBaHbl U MOryT BbITh NPefCTaBNeHbl Ha pPasnnYHbIX MepaPXUYECcKU CBA3AHHBIX pUCYHKax. MexcoeanHeHns AoMKHbI
ObITb YHMKanNbHO onpefeneHbl U UMETb KOHKPETHLIE MMEHa CUrHarIoB Mo Bceill nepapxun. Hackonbko 3TO BO3MOXHO, He-
obxoaumo nsberats UCNONbL3OBaHUA rMoGanbHbIX CUrHAMOB (METOK).

E.3 CTpyKkTypHOE onucaHue
MpumedaHune—CM. Takke C.2.7 «CTpyKTypHOe NporpaMMupoBaHune» n E.12 «Pa3buenue Ha mogynuy.

Lienb. OnucaHnne tyHKLMOHANBHOCTM CXEMbl JOMKHO BbITb CTPYKTYPUPOBAHO TakMM cnocoboM, 4Tobkl 0HO Bbino
Nerko BOCMPUHUMAEMO, TO eCTb PYHKLMS CXeMbl AOIKHA ObiTb MHTYUTUBHO NOHSTA U3 ONUCaHWA 6e3 NPpUBNeYeHUA Mo-
[ ennMpoBaHus.

OnucaHue. OnncaHve yHKUMOHaANbHOCTU cxeMbl popMupyeTca Ha asblke (V)HDL unu BBOAOM ONUCAHUA CXEM.
PekomeHayeTca nerko yaHaBaemas MoAynbHas CTpykTypa. Kaxablii MoAynb Takke AOMKeH ObiTb peannsoBaH OfHUM
U TeM xe cnocoboM U formkeH ObiTb onucaH Tak, YTobbl MOXHO 6bINO Nerko NoHSATL Bce ero NoadyHKuMKU. PekoMeHay-
€TCA CTPOro pasnuyarb onucaHue peanusyemMoil yHKLUKU OT ONUCAHWUA CTPYKTYPBl Ha YPOBHE MEXCOSAUHEHUI, TO eCTb
MOZYNb, peanunsyemelii U3 HECKONBKUX APYrMX NOAMOAYNEH, LOMKEH COAEpKaTh TONBKO ONUCAHUE MEXCOEAUHEHNIA STUX
nogmogynei n He JOMKEH COAEPXaTb ONMCaHNE NMOrMKA CXEMbI.

E.4 CpeactBa, npoBepeHHbIe B 3KCnnyaTauum

Llenk. MNpumeHeHne cpeacTs, NPOBEPEHHLIX Ha NpaKTUKe, ANA NPEAOTBPaLLEHUS CUCTEMATUYECKUX OTKa30B NpU yc-
TI0BWU, YTO 3TW CPeACTBa AOCTAaTOMHO AOAMO U YCNELUHO NPUMEHSANNCH B Pa3NUYHbIX MPOEKTaXx.

OnucaHve. BonbWMHCTBO UCNONb3yeMblx CpeacTs Ana paspabotku ASIC n FPGA Bknto4aeT cnoxHoe nporpaMm-
Hoe o6ecneYeHue, KOTOPOE He MOXET cHUTaTbCA paboTatowmm 6e3 kakux NMbo oLMBOK, a TakKe AOBONBHO YacTo OWINGKN
MOTYT BO3HWKHYTb BCIieCTBUE HENpaBUIIbHOM JKchyaTauun Takux cpeacTs. MoatoMy ans paspabotkn ASIC u FPGA
HeoBxo4MMO UMNOMbL30BaTh TONBKO CPEACTBa € aTpMBYTOM «NPOBEPEHO Ha NpaKTUKe». 3TO NoApasymesaerT:

- NPUMEHEHWE CPEACTB, KOTOPbIE UCNONb30BaNUCh (B CONOCTaBUMOI BEPCUU NPOrpaMMHOro obecneyeHus) B Tede-
HWe ANWUTENBHOro nepuoaa BpEMeHU U 6onNbLUMM YUCTIOM Nofb3oBaTeneil B pasnuyHbIX NPoeKTax Takoi Xe CnoXHOCTH;

- Hanuudune y kaxgoro paspabotynka ASIC/FPGA onbiTa paboThl ¢ 3TUMM CPeACTBaMU B Te4eHUe ANUTENbHOMO
rnepuoga BpeMeH!;

- NpUMeHeHWe obLencnonb3yeMblX CPeaCTB (COOTBETCTBYIOWUM YACIIOM Monb3oBaTenei) Tak, 4tobel Obina fo-
CTyMHa MHgopMaLnsa o6 M3BEeCTHBIX 0TKasdax OT BCex Mnonb3oBaTeneil (B npouecce ynpasneHnsa sepcuamu ¢o «Cnmckom
owmnBoKy»). 3Ta MHopMaLms JomkHa BbiTe GbICTPO MHTErPUPOBAHA B MPOLIECC NMPOEKTUPOBAHUA, YTOOLI NOMOYb U3be-
XaTb CUCTEMAaTUYECKMUX OTKa30B;
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- NpoBEpKY HENPOTMBOPEYUBOCTU BHYTPEHHWUX CPEACTB 6a3bl AaHHLIX U NPOBEPKY AOCTOBEPHOCTU AaHHLIX, 4TO NO-
MOXeT n3bexarb oWMBOoK AaHHBIX, NofydaeMblX U3 6asbl faHHbIX. HenpoTuBOpeHnBOCTb AaHHLIX BHYTPU 6a3sbl faHHbIX
JAOIMKHBI NPOBEPATL CTaHAapPTHLIE CPEACTBA, KOTOpble, YTOOLI paboTaTb € YHUKaNbHEIMU AaHHBIMU, NPOBEPAIOT HENPOTK-
BOPEYMBOCTb AaHHBIX, NONYyYEHHLIX B pe3ynkrate paboThl cpeficTB CUHTe3a, pasMeLLeHns U TPacCUpPOBKU.

MpumMmedyaHune — [poBepka HENPOTUBOPEUMBOCTU — oBszaTenbHas (YHKUMS UCMOMb3yeMoro cpeacTsa,
1 pa3paboTunk Ha Hee BNUSIET criabo. MoSTOMy, €Cin CYLLECTBYET BOSMOXHOCTb PYUHOI NPOBEPKA HENPOTUBOPEYNBOCTH,
pa3paboTumK JOMXeH ajjeKkBaTHO ee UCMONb3oBaTh.

E.5 MogenupoBanue Ha a3bike (V)HDL
MpumeyaHune—CM. Takke E.6 «DyHKLMOHarNbHOE TECTUPOBaAHWE HA YPOBHE MOAYIEel».

Llenb. ®yHKUMOHanNbHasn NpoBepka cxeMebl, onucaHHol Ha asbike (V)HDL, cpeacTBamMu MoAenupoBaHus.

Onucanue. lNMpoBepka YHKLMA C NMOMOLLbIO MOAENNPOBaAHUA BCEN CXeMbl UNKU Kaxgoro nogmogynsa. Cpeacrso
mMopaenuposaHua (V)HDL nossonser nony4nTts NocnefoBaTenbHOCTb BbIXOAHLIX CUMHANOB, OTpaXaloLmx BHyTPEHHNE U3-
MEHEHUs1 COCTOSIHUIA CXeMbI, BbI3BaHHbIE NOAAHHBIMU BXOAHBIMU curHanamu. MpoBepka nony4yeHHOW BLIXOAHON nocne-
J0BaTenNLHOCTM MOXET ObITh BhINOMHEHa MU Mo NpeABapUTeNbHO M3BECTHOMN NOCNe0BaTENbLHOCTU BLIXOAHbIX CUrHanoB
(«dopme curHana»), UnNu Ha crneynansHOM UCTIBITAaTENBEHOM CTEHAE, KOTOPLIA CO3fjlaeTca BO BpeMs npoLiecca NpoeKTupo-
BaHus. BelbpaHHoe cpeiCTBO MOAENUPOBaHUS AOMKHO UMETL CTaTyC «NPOBEPEHO B IKCMNyaTaLumny, YTobbl o6ecneuntb
KOppeKTHbIe pe3ynbrathl U 3abnoKkMpoBaTh HENpaBUIIbHOE NOBEAEHUE CUTHANOB CUHXPOHU3aLMKU (MMMYITbCHLIE NOMEXH,
oTCrneXuBaHue TPOUUHLIX COCTOSIHUI), KOTOpble MOTYT 6biTh Bbi3BaHbl CaMUM CPEACTBOM MOZAENMPOBaHUst U oLumMbKoi
MOZAENUPOBaHUS.

E.6 ®yHKUMOHaNLHOe TeCTUpPOBaHMe Ha ypoBHe Moaynei

MpumeyaHune—Cwu. Take E.5 «MoagennpoBaHue Ha sasbike (V)HDL», E.13 «OxBaT cueHapusaMmn Bepuduka-
LK (McnblTaTenbHblid CTEHA )».

Llenb. ®yHkumoHanbHan nposepka «CHU3Yy BBEpX»

OnucaHue. MNpoBepka peanuayemMoin yHKLUN — HanpuMmep MofenupoBaHueM — Ha ypoBHe moayns. TecTupye-
MbIil MoAYyrb By eT 3arpyxaTbcs B TUMUYHYIO BUPTYanbHYIO Cpefly TECTUPOBaHUS, Ha3biBaeMYIo «UCTbITaTernbHbIi CTEHA»,
W TecTUpYeTCa coaepxaluMmncs B cpefie Habopamu TecToB. [nA ykasaHHOR pyHKUMKU TpebyeTca Mo KpaiHei mepe fo-
CTaTO4YHO BLICOKUIA OXBAT TeCTaMM, BKIlloYasi Bce ocobble criyyaun, ecfiv OHW CcyLecTByloT. ABTOMarnyeckas npoBepka Bbi-
XOAHbIX CUrHamNoB cpeCTBaMU «MUCTLITAaTENLHOrO CTeHAa» AomKHa 6Tk 6onee NpUOpUTETHa NO CPaBHEHUIO C UX PYHHOMN
NPOBEPKOM.

E.7 ®yHKuMOHanbHOe TeCTUPOBaHUe Ha BePXHEM YPOBHe
MpumeyaHue—Cu. Tarke E.8 «DyHKUNOHANbHOE TECTUPOBaAHUE BO BHELLUHEW CUCTEMHOI cpeae.

Llens. MNpoeepka CUC (Bceit cxembl).
OnucaHne. 3agaqa sToro Tecta — npoBepka Been cxemel (CUC).

E.8 ®dyHKuMOHanbHoe TeCTUpPOBaHWe BO BHELLUHEW CUCTEMHOI cpefe
MpumeyaHune—CwMm Tarke E.7 «DyHKYMOHaNBHOE TECTUPOBAHUE Ha BEPXHEM YPOBHEY.

Liens. Mposepka 3agaHHOR dyHKLUW, BCTPOSHHOW B CUCTEMHOE OKPYXeHMe.

OnucaHne. 3TOT TeCT NPOBEpPSAET BCo yHKLUMOHaNsHOCTL cxeMbl (CUC) B ee cucTeMHON cpefie, HanpUmep co Bce-
MW BPYrMMU KOMMOHEHTaMM, KOTOpble pacronoxeHbl Ha neyYaTHbIX nnartax unu B gpyrom Mecte. MogenupoBaHue Bcex
COOTBETCTBYIOLLMX KOMMOHEHTOB Ha NeYaTHoi nnate u MoaenuposaHne CUC, Ha ocHoBe ee Modenu, AN NpOBEPKU Kop-
PEKTHOIN hYHKLMOHANBLHOCTW PEKOMEHAYETCS NPOBOAUTE C Y4ETOM CUrHaroB CUHXpoHM3aLuu. [NonHoe dyHKUMoHansHoe
TeCTUPOBaHWE BKITHOYAET TakKe TECTUPOBaHNE MO YNei, KOTOpble CTaHOBATCA aKTUBHLIMU TONBKO BO BPEMSA OTKasa.

E.9 OrpaHuuyeHHoOe ucnonb30BaHMe aCUHXPOHHbLIX CTPYKTYpP

Liene. MpepoTepalleHne TUNUYHBIX NPObneM CUHXPOHU3ALMMU B NPOLIECCe CUHTE3a, NpeoTBpalleHne HeoqHo3Hau-
HOCTU B NpoLecce MOAENMPOBaHWUSA U CUHTE3a, CBSA3aHHBIX C TPYAHOCTAMU CO3A4aBaeMON Mofenu, NPoeKTupoBaHue Te-
CTUPYEMOCTH.

OnuncaHue. ACMHXPOHHEIE CTPYKTYpLI, dhopMmupytome Takue curHansl, kak YCTAHOBKA n CEPOC, nocTpoeHHble
Ha KOMBUHALMOHHHO Noruke, YyBCTBUTENBHbI K NpoLiedype cuHTesa. B pesynsrate MoryT hopMUpoBaTbLCA CXeMbl, cO3gato-
LLjie UMNynbCHbIE NOMeXM Ui cpabaTbiBatoLLme OT MHBEPCHOM| CUHXPOHU3ALIMM, U MOSTOMY UX HeobxoanMo usberatb. Takvue
npobnemMbl Npu co3gaHUM MOAENMU He MOryT GbiTb MHTEPMPETUPOBAHEI JOMKHEIM 06pa3oM cpeAcTBamn CUHTE3a, YTO Npu-
BOAWT K HEOAHO3HAYHLIM pe3yrsrartam npu MOAENUPOBaHUA aCUHXPOHHBLIX CTPYKTYP. Tak Kak aCUHXPOHHbLIE CTPYKTYPbI SB-
NAKTCA MIOX0 TECTUPYEMBIMU UM HETECTUPYEMBIMU BOBCE, TO 9PdEKTMBHOCTL OXBaTa TeCTaMu MpU 3aBOACKUX UCTbITa-
HUSX UK TECTUPOBAHUSA B PEXMME OHNAaWH CHKaeTcs. [T03TOMY peKOMeHAYeTCA peann3oBLiBaTh MOMTHOCTLIO CUHXPOHHYO
CUCTEMY C OTpaHWYeHHLIM YUCITOM CUHXPOCUTHamnoB. B cucTeMax ¢ MHOrohasHoi CUHXPOHU3aLMeR BCe CUHXPOCUrHamMbI
JOMKHbI (POPMUPOBATLCS U3 OAHOMO LIEHTparibHOro reHepatopa CMHXpocurHanos. CUHXpOHU3aLMS Ha BXoAe nocrefoBa-
TEeNbHOCTHOW JIOTMKM BCErAa JOMKHA OCYLLEeCTBAATECA TONBKO CUHXPOCUTHANOM, KOTOPLIA He COepXUT KOMOUHaLMOHHON
TorvK1. Bxogbl nocrefoBaTenbsHOCTHBLIX Sueek acHXPOHHBIX cTpykTyp YCTAHOBKA n CEPOC Bcerpa AomkHel obecneyu-
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BaTLCSA CUHXPOCUrHanaMu, KOTopbIe He COAepPXKaT KOMOWHALMOHHON NoruKky. YeTpoiicTsa, 3afatowme curHans YCTAHOBKA
1 CEPOC, fomkHbI CUHXPOHU3UPOBATLCA € MOMOLLbIO ABYX TPUITEPOB.

E.10 CMHXpOHU3aLMA OCHOBHbIX BXOAOB U yNpaBneHne MeTacTabunbHOCTbIO

Liene. MpepoTBpalleHne HeOQHO3HaYHOro NoBejeHUA CXeMbl B pesynsTaTe HapylleHUsi BpeMeH YCTaHOBKM U Npo-
MEXYTOYHOrO XpaHEHUS.

OnucaHve. BxogHble curHansl OT BHELHWX NepudepuitHbiX YCTPONCTB ABMSAIOTCA 0ObIYHO aCUHXPOHHBIMU U MOTYT
NpPOU3BONEBHO U3MEHATL CBOE COCTOsHWE. HenocpeacTeeHHas obpaboTka TakuX CUrHAMOoB BbIMOMHAETCA CUHXPOHHBIMU
aneMeHTamu nocregoBaTenbHOCTHBIX cxeM ASIC/FPGA. Hanpumep, ucnons3oBaHue TPUITEpoB BEAET K HapyLleHuto
BPEMEHMN YCTaHOBKU U NMPOMEXYTOMHOIO XpaHeHUs, YTo NPUBOAUT K HENpeackasyembelM HapyLUeHWAM B CUHXPOHU3aLMn
U pyHKUMOHanbLHOM noBegeHun ASIC/FPGA. 3To MOXET NpUBeCTU K MeTacTabunbHOCTU aneMeHTa namaTu. [osTomy,
4yTo6bl M3bexaTh (PYHKLMOHANBHOW HEOAHO3HAYHOCTH, KaX bl aCUHXPOHHBIA BXOAHON CUrHaN AOMKEH CUHXPOHWU3UPO-
BaTbCA CUCTEMON cUHXPOHU3aLUmun ASIC. PekoMeHaytoTca cneayroLme Mepbi:

- BXOfHble CMrHamnbl AOMKHbI CUHXPOHM3MPOBATLCA 4BYMA NOCNeAoBaTeNbHbIMU fieMeHTaMn namMaTu (Tpurrepa-
MW) MU HEKOTOPOI SKBUBASEHTHOR CXeMOiA, 4TOBbBI OCTUIHYTL NpeAcka3yemMoro yHKLMOHansHoro noBeAeHns;

- KaXabliA aCUHXPOHHBIA BXOAHOW CUrHan JomkeH oba3aTensHO CUHXPOHU3UPOBAaTLCS crnocobom, onpeaeneHHbIM
BhILLE, TO €CTb KaX bl @CUHXPOHHbLIA CUrHan CoeMHAETCA TONBKO C OAHON TaKoi CXeMO CUHXPOHW3aLmKn. B crnydae He-
06X0AMMOCTM BBIXOA CXEMbl CUHXPOHU3ALMU MOXET UCTIONb30BaTLCA A8 MHOXECTBEHHOro A0CTYNa;

- Takasi cxeMa CUHXPOHU3aLUMW JOIKHa WCMonb3oBaTbCs N5 MPOBEPKW YCTOWYMBOCTU CUrHANoB napannensHown
LUWMHBI U YNpaBnsTb COrNacoBaHHOCTLIO faHHbIX B TOYKE BbIGOPKN.

E.11. MNpoeKTUpoBaHne TeCTUpPYEMOCTH
MpumedaHune—CMm. Takke E.31 «PeanusaLua TecToBbIX CTPYKTYp»

Llenb. MNpepoTBpalleHne HETECTUPYEMBIX UMW MIIOXO TECTUPYEMBIX CTPYKTYP, 4TOObI 06ecneunTb BLICOKUIA YpOBEHb
TECTOBOro oxBaTa NpMW 3aBOACKUX UCMBITAHWUSAX WM TECTUPOBAHUSA B PeXMME OHMNaMH.

OnucaHue. MpoeKToM Mo TECTUPOBaHMIO HeOBXOAMMO YNPaBNATh B LENsAX NpeAoTBpaLLeHus:

- @CUHXPOHHBIX CTPYKTYP;

- 3allerioKk U CUrHanoB C TPEMS COCTOSTHUAMU Ha MUKPOCXEME,

- MOHTaxHoro M/MoHTaxHoro MJTM 1 n3beITo4uHON NOrmKu.

KomBunHaunoHHas rmy6uHa NoACXemM UrpaeT BaXKHYIO pofb B NpoLiecce TECTUpPOBaHUS. TecToBhIA Npumep, Heobxo-
OVMBbIA LN NMOMHOTO TECTUPOBAHWS, 3KCTMOHEHLalnkbHO BO3pacTaeT ¢ rry6uHoi KOMBUHaLMOHHOI cxeMbl. [T03TOMY cxembl
C BLICOKOW KOMBUHaLMOHHOM rnyBuHOA AOBOMEHO NNOXO TECTUPYIOTCA CYLUECTBYIOLLUMU CPEACTBaMU.

Moaxof, OpUeHTUPYEMBIN Ha NPOEKTUPOBaAHNE TECTUPYEMOCTH, rapaHTUpyeT, |YTo TpebyeMblit TecToBbLI oxBaT J0-
CTUrHYT. MoCKONBKY (haKTUHYECKNA TECTOBLIN oxBaT MOXET BbITb onpeAeneH Ha OveHb No3gHel cTagumn npoLecca Npoek-
TUPOBaAHUS, HEAOCTAaTOYHOE BHUMaHMWE MpobriemMaM «NpoeKTUPOBaHNUA TECTUPYEMOCTU» MOXET CYLECTBEHHO YMEHBLUUTL
LOCTWXUMbI TECTOBLIN OXBaT, NPUBOASA K JOMOMHUTENBHOMY 06beMy paboT.

MpumedaHune— TecToBbll oXBaT 06LIMHO onpefensieTca NPoLEeHTOM 06HaPYXXEHHBLIX KOHCTAHTHBIX OTKA30B.
E.12 PasbueHune Ha moaynu

[MpuMeyaHune—CwMm. Takke C.2.8 «OrpaHuyeHune goctyna/uHkancynaumsa uHgopmauum», C.2.9 «MogynbHIid
nogxod» u E.3 «CTpykTypHOE onucaHune».

Llens. Onucaxnne mogynen, peanunayowmux pyHKUUN CXEMbI.

OnucaHue. CTporoe pasfeneHne norHon MyHKLUOHaNLHOCTU NO pasfnyHbLIM MOAYISAM C OrpaHUYeHHBIMU (PYHKLK-
AMK. Takum cnoco6oM ycTaHaBnmBaeTcs Npo3pavyHoCcTb MOAYIE € TOUHO onpefeneHHbIM nHTepdeiicoM. Kaxaas nogcu-
CTeMa Ha BCeX YPOBHSX MpoeKTa SAIBHO onpefeneHa u orpaHnyeHa no pasMepy (Tornbko HeCKomnbKo yHKUMA). UHTepdei-
Cbl MEeXAY NofcUcTEMaMmn CoXpaHeHbl HaCTONBKO MPOCTLIMU, HACKOMBKO 3TO BO3MOXHO, U NepeceveHne Mo ynen (To ecTb
COBMECTHO UCMONb3yeMble AaHHble, 06MeH nHdopMaLMeir) MUHUMU3MpoBaHO. Takke orpaHMyYeHa CroXHOCTb OTAENbHBIX
nogemcrem.

E.13 OxBat cueHapuamu Bepudpukaumm (McnbiTarenbHble CTeHAbl)

Llenb. KonnyecTBeHHasa 1 Ka4yecTBEHHas OLEHKa NPUMEHsiEMbIX CLieHapueB Bepudmkaumm B npouecce yHKUWo-
HansHOro TecTUpoBaHWS.

OnucaHne. KayecTBo cueHapueB BepuduKkauum onpefenserca B npouecce (PYHKUMOHANbHOTO TECTUPOBaHMS,
TO €CTb NPUMeHAEeMbIA TeCTOBbIA Habop ANS BepudUKaLMN KOHKPETHON DYHKLMK, BKITOYas Bce ocobble cnyyaun, ecrnu
OHU CYLLECTBYIOT, AOIKEH ObITb KA4ECTBEHHO W/UMN KONMYECTBEHHO AOKYMeHTansHo odopmreH. MNMpu Konu4ecTBeHHOM
noaxofe AOMKHbI GbiTe AOKYMEHTanbHO oopMIeHbl JOCTUHYThIA TECTOBBIA OXBaT U rMyBrHa NpUMeHeHHBIX yHKLMO-
HanbHbIX TecToB. MNMonyvatoLLmiica oxBaT [OMKEH YAOBMNETBOPATE YPOBHAM, YCTAaHOBNEHHLIM ANSA KaXAoh U3 METPUK OX-
BaTa. Jlioboe uckrtodeHne AOMKHO BbiTb AOKYMEHTaNbHO OopMIeHo. B cnyvae Ka4ecTBEHHOro Nogxoda AOMKHO ObiTh
OL|eHeHO HY1CIOo NPOoBepPeHHbIX CTPOK KoAa, UHCTPYKUMIA unun nyTen («OxBaT Kogar) NpoBepseMoro Koga cxemsl.
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MpumeuvaHue — Ocobblii MeTog aHanm3a «OXBaT Kofa» MMEeT OrpaHWYEHHOE MPUMEHEHNE W3-3a BbICOKOTO
napanfenuama onucaHus annapartHbiX CPeacTB U HEO6XOAMMOCTM 060CHOBAHKS MCYEPMbIBAIOLLMMN MpoBepKamm. «OX-
BaT Kofa» OObIYHO CAYXWT A1 AEMOHCTPALMM HEOXBAUYEHHOTO (PYHKLMOHAILHOTO KoZa.

E.14 CobntofeHne pyKoBOACTB MO KOANPOBaHUIO

Llens. Ctporoe cobnogeHne CTUAA KOAMPOBaHUA MPUBOAMT K CUHTaKCUYECKM W CEMaHTUYECKN KOPPEKTHOMY Kogy
CXEMbl.

OnucaHve. CUHTaKcMyeckue npasuna KoAUPOBaHWS MOMOralT CO34aTb /IeTKO YMTAeMbIA KOA, M NyYLlyto AOKYMEH-
Taumto, BKNOYas ynpasneHue sepcusamm. O6bIYHO PYKOBOACTBA COAEPXAT NpaBuia no opraHnsaumn n KOMMEHTUPOBaHMIO
6/10KOB UM MOAYNel CXEMbI.

CemMaHTM4eckne npaswia KoAMPOBaHWA NOMOrawT NpefoTBpaTuTh TUMMYHbIE NPOGMEMbI peanm3auuy ¢ NOMOLLbIO
YyCTpaHeHus CTPYKTYp, KOTOpble NPUBOAAT K OLUMOKE CUHTE3a — HEeOAHO3HAYHON peanu3aunn yHKLUN cXeMbl. TUMUYHbI-
MV NpaBuiaMn SBASKOTCS, Hanpumep, NpefoTBpaLleHne aCMHXPOHHBLIX CTPYKTYP WU CTPYKTYP, KOTOpble NPOM3BOAAT He-
npeackasyemyto nocnefoBarelbHOCTb CUHXPOCUIHaN0B. OB6bIYHO K TakuM HEOAHO3HAYHOCTAM MPUBOAUT UCMONb30BaHve
3aLlesioK WM B3avMOAeiCcTBME AaHHbIX C CUHXPOCUTHAIaMK.

PykoBOACTBa MO MPOEKTUPOBaHUIO PEKOMEHAYHT m3beratb CUCTEMaTUYECKMX OTKa30B NpPOeKTa BO Bpems npolecca
pa3pabotkn CUC. CTunb KoaMpoBaHWs B ONpeaesieHHOM CMbIC/le orpaHnyvBaeT 3a(pdeKTUBHOCTL NPOEKTa, OAHAKO, B CBO
ovepefb, faeT NperMyLLecTBO B NpeoTBpaLleH 0TKasoB BO BpeMs npouecca pa3paboTkm CYC. OH B 4aCTHOCTU:

- npegoTBpallaeT TUNUYHbIE HEJOCTATKN KOAMPOBAaHWSA WM OTKasbl;

- OfPaHWYEeHHO WCMOJbL3YyeT NPOo6/IeMHbIE CTPYKTYPbl, KOTOPbIE NPUBOAAT K HEOAHO3HAYHBIM pe3y/sibTaTam CUHTEe3a;

- NMPUMEHSsIeTCA AN NPOEKTUPOBaHNA TeCTUPYEMOCTH;

- obecneymBaeT NpPo3payHbIin 1 yao00HbIN Kop,

MpvmMep CcTUIA KOAMPOBaHMS.

1 Kop ponxeH cofepxaTb CTO/IbKO KOMMEHTapueB, CKOJIbKO 3TO HEO6XOAVMMO AN1S MOHUMaHWuA feTtanein peanvsa-
U 1 PyHKUMK. Mcnosb3yemble cornalleHns Oo/mKHbl ObiTb onpegesieHbl nepes HayasloMm npoekta. B TeyeHune cragmu
NPOEKTUPOBaHUA AO/HKHO ObITb NPOBEPEHO COOTBETCTBME ONpefe/eHHbIX CornalleHui.

1.1 CraHfapTHble 3arosIoBK1 BKOYAKT UCTOPUIO, NEPEKPECTHbIE CCbIIKMA Ha cneuudukaumio, nHpopmaumio 06 oT-

BETCTBEHHOCTW M [aHHble, COMPOBOXAAaloLLmMe MPOEKT, TakMe Kak HoMep Bepcuu, 3anpochbl Ha U3MEHEHWe UT. 4.

1.2 Jlerko umTaemble WAOGAOHbI: 3KBUBAIEHTHbIE MPOLECCHl AO/MKHbI OblTb OMMCaHbl OAMHAKOBOW nNpoLeaypon,
TO ecTb WCMoMNb30BaHWe npegonpefeneHHbiX LWabioHOB A1 NOBTOPSIOLWMXCA MPOLECCOB (ECAn-To-uHauve,
ansa UT. a.).

1.3 ToyHOEe M yMTaemoe corfalieHme O NPUCBOEHUW WMEH, Hanpumep, nponucHas/cTpoyHas Oykea, npedivikc
N NOCTAUKC, TOUHOE AndphepeHUnpoBaHme Mexay UMEeHeM MopTa, BHYTPEHHWMU CUTHaiamMu, KOHCTaHTamu,
NepemMeHHbIMU, HU3KUIA aKTVBHBIA YPOBEHb (XXX_M) UT. [,

1.4 [lo/mkHbl 6bITb BBEAEHbI OrPaHUYEHNA Ha pa3Mep MOAY/IA W YUC/I0 MOPTOB Ha MOAyNe ANA yBeMYeHns yutae-
MOCTV Kopa.

1.5 CTpykTypupoBaHHas U 3almllieHHas paspaboTka koga, HanpumMep, MHQopMaumns O COCTOAHUM AOJDKHA MHKan-

cynupoBatbca B FSM (CokpbITMe nHopMaumm), 4Tobbl obecneunTs fierkoe U3MeHeHUe Koaa.

1.6 [JomkHbl 6bITb peasiM3oBaHbl NPOBEPKN AOCTOBEPHOCTH, TakMe Kak NpPOBepka AuanasoHa U T. 4.

1.7 MpepoTBpalleHne cneayowmx CTPYKTyp/KomaHs,:

- 1Ccnosib30BaHe NPocMoTpa AvanasoHa Mo MHAEKCY B Nopsiake BO3pacTaHus knouva (0T X Ky ) AN CUrHaoB
LUMHBI

- KoMaHAbl «OTKNunTb» B Verilog (COOTBETCTBYET KOMaHAe goto);

- MHOTOMEpHbIX MaccuBoB (> 2), 3anucei;

- CcO4YeTaHus TUNOB JaHHbIX 6e3 3HaKa ¥ CO 3HaKOM.

2 3aBepLUeHHbI NPOEKT CUHXPOHU3aLUN (JONyCKaeTCs NoNyYeHne TakTOBbIX MMMY/IbCOB TO/IbKO OT LEHTPasIbHbIX
TaKTOBbIX reHepaTopos).

2.1 BbIxofbl MOAYNSA AO/MKHbI BbITb CUHXPOHU3MPOBAHbI, 3TO Takke obecneunT TeCTUPYEMOCTb U CTaTUYeckuii aHa-

I3 BPEMEHHBIX AnarpaMm.

2.2 YnpaBnswowme umnyabCbl AO/MKHbI 6bITb 06paboTaHbl CO cneLnanbHON NPefoCTOPOXHOCTLIO.

3 lNpepgoTBpalleHne CBA3W CUTHaNO0B AaHHbIX C CUHXPOCUTHaIaMX NOBbIWAET TECTUPYEMOCTb, BOCMPOU3BOAMMOCTb
MeXy AaHHbIMU [0 1 Noc/ie KOMMOHOBKN M YPOBEHb COOTBETCTBUS NMOBEAEHUS Ha YPOBHE MEXPErnCcTPOBLIX Mepechlok.

4 V36bITOYHAsA NIOTVKA He ABNSETCA TECTUPYEeMOW 1 ee HeO6XoauMO usberartb:

D
>C1K
CBA3b CUrHAMIOB JaHHbIX C CUHXPOCUTHaUIAMM M36bITOYHas forvka
5 Heobxoanmo n3beratb 06paTHble CBA3M B KOMOGUHALMOHHOWM MOrMKe, NMOTOMY 4YTO 3TO BEAET K HecTabuibHOCTU

NpoeKTa, U OH He ByAeT TECTUPYEMbIM.
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6 PekomeHayetcs, UTO6bI NPOEKT GbiN NONHOCTLIO NpOCcMaTpuBaeMbIM (MPOrOHAEMbIM NPU MOAENUPOBaHUN).

7 TMpepoTepallieHne 3aLlenoK yBenMinuBaeT TeCTUPYEMOCTb U COKpaLLaeT orpaHU4eHUsi CUHXPOHM3aLMK B NpoLec-
ce CuHTesa.

8 CurHan ocHoBHOro cbpoca 1 BCe aCUHXPOHHbIE BXOAHbBIE CUrHaNbI JOMKHBI CUHXPOHU3UPOBATLCA ABYMS Nocre-
AoBaTenbHbIMU ANeMeHTaMu NaMATH (TpUIrepamn) UnNu IKBUBaNEHTHON(bIMU) cxeMo(aMun) (MeTacTabUnbHOCTD).

9 PekomMeHayeTca n3beratb aCMHXPOHHBLIX CUrHanoB ycTaHoBkM/cOpoca, 3a WCKMIOYEHWEM CUrHara OCHOBHOMO
c6poca.

10 CurHansbl Ha ypoBHe NopTa MOAYNA AOMKHLI UMeTb TUN std_logic unu std_logic_vector.

E.15 MNpumeHeHue cpeacTs NpoBEPKU Koaa

Llens. ABTOMaTyeckas npoBepka nNpaBun KoaupoBaHus («CTUMb KORUPOBAHUS» ) UHCTPYMEHTamNbHLIMUA CPeACTBa-
MW NpOBepKYU Koaa.

Onucanue. MpuMeHeHne CPeACTB NPOBEPKU KOAA NOMOraeT B 3HAUYNTENBHON CTeNeHU aBToMaTuyeckn cobnioaatb
CTUNb KOAUPOBAHUSA U FeHEPUPYET AOKYMEHTALMIO B peXume oHnaiiH. OfHako aBToMaTu{eckoe CpefiCTBO NpoBepku koga
MOXET NPOBEPUTL CUHTAKCUC U CEMAHTUKY Kofa B LieNoM. MNo3ToMy NpUMEHEHUe TakuxX UHCTPYMEHTOB JOMKHO CONPOBO-
XAATbCS pacluMpeHneM obLMX NpaBUn KOAUPOBAHUA («KOHKPETHBbIA UHCTPYMEHT») C NOMOLLbIO NPOEKTUPOBAHMWA CneLu-
anbHbIX NPaBUN KOAWPOBAHUA, KOTOpble pa3paboTUUK AOMKEH peanu3oBLIBaTL U OLEHUBATb OTAENBHO.

E.16 NporpammupoBaHue C 3alUTON
MpumevyaHne—Cm C25.
E.17 OJokyMeHTanbHoe opopMneHue pesynsratoB MOAeNMpoBaHusa

Lenb. [lokyMeHTanbHoe oopMNeHne BeeX AaHHbIX, HEOOXOAUMBIX ANA YCNEWHOro MOAENUPOBaHUs, YTo6kl Npo-
BEpUTL YKa3aHHY0 (PYHKLIMIO CXeMb.

Onucanue. Bce aaHHble, HeobxoauMble AN YHKUMOHANBHOTO MOAENUPOBAHUS Ha YPOBHE MOAYNSA, MUKPOCXEMBI
UMW CUCTEMBI AOMKHBI BbITb NPaBUMBLHO AOKYMEHTaNbHO 0hOPMMEHE U 3aapXUBUPOBAHL! ANA TOrO, YTOOLI:

- NOBTOPUTbL MOAENMPOBaHWe Ha Noboit Gonee NosgHel cTagun, NOOYEPEAHO U3MEHSS NapaMeTpbl MOAENM;

- NPOAEMOHCTPUPOBATL NPaBUNILHOCTb WU NOMHOTY BCEX ONPEAENEHHbIX (YHKLMIA.

[JomxHa GbITb 3aapxuBupoBaHa 6asa AaHHbIX, XpaHsLLas:

- cpeAcTBa MOAENMPOBaHWUS, BKNOMAKOWWe NoMHoe nporpammHoe obecnedeHne UCNONb3yeMblX UHCTPYMEHTOB,
HanpumMep, cpeAcTBa MOAENNPOBaHUS, CUHTE3a C YKasaHWeM BePCHit U HeobxoauMoil GUBNUOTEKN MOAENNPOBaHNS;

- chaiin ¢ XypHaroM MOAEeNUPOBaHMUSA, KOTOPbI BKNIOHAET NOMHYI0 MHGOPMALMIO 0 BpEMEHWU MOAENUPOBAHUS, NpU-
MEHEHHbIX UHCTPYMEHTOB C ykasaHUeM BEPCUIA U MOMHbIA TEKCT oT4YeTa 0 Beell paboTe, ecriv 3To HeoBXoAUMO;

- BCEe COOTBETCTBYHOLLME pe3yrbTaThl MOAENMPOBaHUs, BKIOYast NMOCNef0BaTeNbHOCTH CUrHaNoB, ocobeHHo B Crly-
Yae py4HOIi NPOBEPKM, U JOKYMEHTALMIO MOMyYEeHHBIX PE3YNETaToB.

E.18 NMpoBepka koaa
MpuMeyaHune—CMm. C.5.14 «DPopMarnbHble NPOBEPKNY.

Llenb. AHanus onmcaHus cxembl.

OnucaHne. AHanua onucaHnsa cxeMbl AOIMKEH ObIThb BLINOMHEH B LENAX NPOBEPKU:
- CTUNS KOAUPOBaHWUS,

- COOTBETCTBUSA CO crneLmdmrkaLmen onmcaHHon PyHKLNMOHANbHOCTH;

- KOAMPOBaHWSA ¢ 3aLuToil, 06paboTku ombok u 06paboTkn UCKOHEHWA.

MpumeyaHune — Ecnu mogenuposanne Ha asbike (V)HDL He BBINONHEHO, Y NOMHOTHI NPOBEPKU Kofda U A0-
CTUTHYTBIX Pe3ynsTaToB [JOMKHO ObITh 3KBUBANEHTHOE Ka4yecTBO, KOTOPOE MOXET ObiTb AOCTUIHYTO MOAENUpPOBaHUEM
Ha a3blke (V)HDL.

E.19 CKBO3HOW KOHTpOIb
MpumeyvyaHune—Cm. C.515 «CKBO3HON KOHTPONbY.

Llenb. MpoBepka onucaH1si cxeMbl ¢ MOMOLLbIO CKBO3HOMO KOHTPONSA.

OnucaHne. CKBO3HOW KOHTPOIb BLIMOMHAETCH Crieqyowmm o6pa3soM: KoMaHaa CKBO3HOM KOHTPOMs BbiGUpaeT He-
GonbLLoii HABOP TECTOBEIX NPUMEPOB — MPefCTaBUTENbHbLIE HABOPLI BXOAHLIX 1 COOTBETCTBYHOLLMX OXUAEMBIX BBIXOLHBIX
JaHHbIX 4115 NporpamMel. 3aTeM Bpy4HYHO MPOCEXNUBaETCA NPOXOXAEHUE TECTOBLIX AaHHLIX Yepes forvky NporpaMMbi.

MpunMeyaHune— Kak camocToAaTensHOe CPEACTBO OHO AOMKHO NPUMEHSATLCA TONBKO K CXeMaM C 04€Hb HU3KOM
CNOXHOCTLI0. B cnyyae cbos npu mogenupoBaHun Ha asbike (V)HDL y NONHOTLI CKBO3HOMO KOHTPOIS U KayecTBa JOCTUTHY-
ThIX Pe3yrnkTaToB AOMKHO ObITh 3KBMBaNIEHTHOE KayecTBo, KoTopoe 6yaeT AOCTUrHYTO MogenupoBaHueM Ha asbike (V)HDL.

IutepaTtypa:
IEC 61160:2005, Design review.

E.20 MNpumeHeHne npoweawnx noaATBEePKAEHNME COOTBETCTBUA NpPOrpaMMHbIX 6nokos, cneunduumpoBaH-
HbIX Ha A3bIKe ONUCaHUA annapaTHbIX CPEACTB, ANA NPOEKTUPOBAHUA MUKPOCXEM
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Llens. MNpepoTepalleHne oTkasa B npoLecce aKCmnyarayum nporpaMMHoro 6noka npuMeHeHMeM NpoLLEALLIEro Noa-
TBEPXAEHUE COOTBETCTBUA NpOorpaMMHoro broka.

Onucanune. Ecnn nocTaBWMK NOATBEpPXKAAET COOTBETCTBUE MPOrpaMMHOro 6noka, To AOMXHb! ObiTb BLIMOMHEHbI
cnegytoume TpeboBaHua:

- BOMKHO 6bIThb BBINOSIHEHO NOATBEPXAEHNE COOTBETCTBUSA NPOrpaMMHOro Gnoka Ans ero UCnonb3oBaHUs B cUCTe-
Me, cBAi3aHHOl ¢ 6€30MacHOCTLIO, U OHO [JOMKXHO UMETL MO KpalHE Mepe 3KBUBaNEHTHLIW unu 6onee BbICOKUIA ypoBEHb
NosIHOTH 6e30NacHOCTH, YeM NNaHnpyemas cUcTema;,

- [OIMKHBI BbITb BEINOMNHEHLI BCE NPEANONOXEHNS U OrpaHUYEHUs, KOTOpble HeobxoAuMbl ANS NOATBEPKAEHUA CO-
OTBETCTBUSA NporpaMMHOro 6noka;

- BOIMKHBI BbITb NErko AOCTYNHLI Bce HEObX0AMMbIE AOKYMEHTbI A1151 NOATBEPXKAEHNS COOTBETCTBUS NPOrPaMMHOr0
6noka, cM. Tarke E.17 «[JokyMeHTanbHoe odpopmneHne pe3ynsraTtoB MOAENUPOBAHUSY,;

- JofmKHa cTporo cobnioaaTtbea Kaxgas cneuudukauma nocTaBLUMKa U [0Ka3aTeNbCTBO COOTBETCTBUSA JOSMKHO
6bITb JOKyMeHTansHo opopMneHo.

E.21 NoarBepxaeHne COOTBETCTBUA NPOrpaMMHbIX 6rokoB, cneumnduunpoBaHHbIX Ha A3bIKe ONUCaHNA an-
napaTtHbIX CpPeACTB, AnS NPOeKTUPOBaHUA MUKPOCXEM

MpumedyaHune—CM. E.6 «DyHKUMOHaNbLHOE TECTUPOBaHWE Ha YPOBHE MOAYNEn».

Liens. MpegoTepallyeHne oTkasa B NpoLecce aKCnyaraluum nporpaMMHoro Gnoka NnoaTeepXaeHUemM COOTBETCTBUS
nporpamMmHoro Grnoka B Npouecce ero Co3faHusi.

OnucaHue. Ecnn nporpammHblii 6nok He paspaboTaH KOHKpeTHO ANsi 3KCRfyaTauyuu B CUCTEMe, CBA3aHHOW
¢ 6e30nacHoOCTLIO, TO AN CreHepUpPOBaHHOIO KoAa AOIMKHO 6bITh NPoBeAeHO NOATBEPXKAESHUE COOTBETCTBUA B TEX Xe
caMblX YCNOBUSIX, KOTOpbIE NMPUMEHSIOTCS ANSA NPOBEAEHUSA NOATBEPXAEHUS COOTBETCTBUA NOGOro UCXOAHOTO KoAa.
OTO 03HayaeT, YTo JOMKHbI ObITh ONpeAeneHbl U BINOMHEHBI BCE BO3MOXHbLIE TECTOBbIE NPUMeEpbl. 3aTEM C NOMOLLbIO
Mo enupoBaHns fofxHa GbITb BbINONHEHa (PYHKLUOHaNbHas NpoBepka.

E.22 MogenupoBaHue fnoru YyecKoM cXeMbl Ha OCHOBe CNUCKa coeAMHeHui AnA NPOBEPKU orpaHu YeHWUI CUH-
XpOHU3auuun

Llenb. HesaBncumas nposepka 4OCTUraeMOro orpaHuYeHUss CUHXpPOHU3aLUun BO BpeMSA CUHTEe3a.

Onucanve. MogenupoBaHue NOrM4eckoin cxembl Ha OCHOBE CrMCcKa COSAMHEHUI, CO3QaHHOro Ha 3Tane cuHTesa,
C Y4&TOM peansHoi ANWHEI COEANHEHUI MPU pacyéTe BpeMEHU 3a[iepXXKu B JIMHNAX CBA3N U 3afiepXeK B NOrMYeckux ane-
MeHTax. [JomxHbl 6bITb ChOPMUPOBaHEI Takue BXOAHbIE CUTHArbI, C MOMOLLIbIO KOTOPLIX GyAeT oxBaqeH BbICOKMIA NPOLEHT
orpaHuYeHunii CUHXpoHM3aLmu 1 BygyT BKIOYEHbI BCE HaUXyALIne criyqaun Ans CMHXpoHusauuu. Boobuye BxogHble curHa-
bl OMKHBI BbITh TaKUMU, YTOBLI BLINONHANCA « DYHKLWOHANBLHBLIA TECT Ha ypoBHe Mogyns» (E.6) unu « PyHKUUoHanbHbINA
TecT Ha BepxHeM ypoBHe» (E.7), nogxogsawime kputepun agns seibopa koToporo obecneyeHsl Npyu ycrioBUM, YTo Bo Bpe-
MS PYHKLMOHaNbHOro Tecta MoXeT TpeboBaTeCcA JOCTATOUHBIA TeCTOBbIN oxBaT. Cxema JorkHa ObiTb NpoTecTUpoBaHa
NpU HaUMyYLWnX U HauXyALLIUX YCIIOBUSAX NPpU YKa3aHHOW MakcUManbHOW TaKToBOI YacToTe.

MpoBepKka CUHXPOHU3ALMN MOXET ObiTb BEIMOSTHEHA C NOMOLLBIO ABTOMAaTUYECKOA NPOBEPKA BPEMEHMN YCTaHOBKU
¥ BPEMEHW NPOMEXYTOYHOMO XPaHEHWs AN SNIeMeHTOB NamsTh (TPUITepoB) LieneBoi 6ubnmnoTteku, a Takke ¢ NOMOLLBIO
byHKUMOHaNBLHOW NpoBepku cxeMbl. yHKLMOoHansHas NnpoBepka B OCHOBHOM [ OMKHa OCYLLECTBIIATLCA C MOMOLLbIO aHa-
1n3a BbIXOAHBIX CUrHaNoB MUKpocxeMbl. OHa MOXeT ObiTb BEIMOSIHEHA @aBTOMaTMYECKU, NyTEM CPaBHEHUS! BBIXOAHbLIX CUT-
HanoB CXeMbl C COOTBETCTBYOLLEN 3TaNOHHOW MOAENbIO MU C UCXOAHBIM KOAIOM cxeMbl Ha sidbike (V)HDL. 31oT TecT us-
BECTEH Kak «PerpeccuoHHbIA TECT» U ero BbiNoNHeHNe JOMKHO ObITb 6onee NpeanoYTUTENBHLIM MO CPaBHEHMIO C PYyYHOIA
NPOBEPKON BBIXOAHbBIX CUrHANOB.

MpuMeyaHue— [JaHHbli MeTog NO3BOMSAET NPOBEPUTL paGoTy CUCTEMBbI CUHXPOHU3aLMK TONMbLKO ANs TexX ny-
Tell crnncka coefUHEHNIA NOrMYECKUX SNEeMEHTOB, KOTopble (haKTU4ECKN aKTUBHLI BO BPeMS MOAENTMPOBAHUS U NO3TOMY
TaKoil crneumanbHo popMUPYEMbI METOS HE MOXET 06ecnednThb NOSHLIA BpeMEeHHOW aHarnua cxeMbl B o6LLeM criyyae.

E.23 CtaTuueckuit aHanus sagepxKu pacnpocrpaHeHus curiana (STA)

Llenb. HesaBncumas nposepka orpaHMYeHUin CUHXPOHU3ALIMK, OCYLLIECTBAEMas BO BpeEMs CUHTesa.

OnucaHue. CtaTuyeckuit BpeMeHHoW aHanua (STA) aHanuaupyeT Bce NyTH CNUCKa COeAUHEHUIA (CxeMbl), nony-
YeHHOro cpeAcTBamMu CMHTE3a, C Y4ETOM pearnbHOA ANMHBI COeJUHEHNIA NpN pacyéTe BpeMeHU 3alepXXKu B JIMHUSIX CBA3U
W 3afepxeK MOormyecknx afieMeHTOoB, He BHIMOMNHAA peanbHoe MogenupoBaHue. OTo No3BoMseT B obLieM cryyae BbINOM-
HWTb NONHBLIA @Hanu3 orpaHMYeHnin CUHXPOHU3ALIMK ANs BCeil cxeMbl. TecTupyemas cxema AormkHa 6bITb NpoaHanusnpo-
BaHa B HaunyvWwmx W HauxyALume ycrnoBusiX aKCniyaTauuy, Ha MakcumarbsHO 3ajlaBaeMoil TaKTOBOW YacToTe, ¢ y4eToM
BO3MOXHOI HeyCTOW4MBOCTU CUHXPOHM3aLUMKU U pacdas3mpoBku ee paboyero yukna. Yucno nyTteid, He COOTBETCTBYIOLLUX
CUHXPOHWU3aLUN, MOXET ObITb OrpaHUYeHo onpeAeneHHbiM MUHUMYMOM, B 3@aBUCUMOCTM OT UCNIb3yeMOro MeTofa npo-
eKkTupoBaHus. [Nepea Ha4anom NpoeKTMpoBaHUA peKOMEHAYETCA UCCNEeAoBaTb, aHanu3nMpoBaTh U ONpeAensTb NPUMEHS-
eMblii MeTof}, KOTOpLIA JoMmKeH obecnevmnTb Nerko YnTaemele pesynsrarhbl.

MpumeyaHUue— MOXHO NpeanonoxuTs, YTo STA SIBHO OXBaTbIBaeT BCE CYLUECTBYIOLUE CUHXPOHU3UPYe-
Mble MyTH, ecru:

a) orpaHm4eHnA CUHXpoHu3auun A0IMKHbIM 06paaoM onpegenetHbl;
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b) TecTupyeMas cxema cofepXuT TONBKO Takne CUHXPOHU3UPYEMble MyTHU, KOTOpble MOryT ObITb NpoaHanu3npoBa-
Hbl cpegcTBaMm STA, To ecThb B 06LUeM criyyae NMOMHOCTLIO CUHXPOHHbBIE CXEMBbI.

E.24 NpoBepouHoe cpaBHEeHMe CMUCKA COeaNHEHMIi TOrMUYECKUX INEeMEHTOB C 3TaNOHHON MoAenbIo cpeq-
cTBamu MoaenupoBaHus

Lienb. MpoBepka yHKUMOHANBHOW SKBMBANEHTHOCTU CUHTE3UPOBAHHOIO CNUCKa COEAUHEHNIA NOrMHECKNX ANEMEHTOB.

Onucanune. MogenupoBaHue cnucka coefMHEHWIA NIOrMYECKUX ANEMEHTOB, CTEHEPUPOBAHHOMO CPEACTBaMU CUHTE-
3a. Micnonbayemble BXOAHBIE CUrHanbI 4515 NPOBEPKN CXEMbl MOAENMPOBaAHNEM TOMHO COOTBETCTBYIOT BXOAHLIM CUrHanam,
NPUMEHEHHBLIM B npoLecce BbIMONoNHeHUss «PyHKLMOHANBLHOTO TeCTUPOBAHNUA Ha ypoBHe moayna» (E.6) n «PyHkymno-
HarbHOro TeCTUPOBAaHWUA Ha BepxHeM ypoBHe» (E.7) Ans yHKUUOHANBLHONW NPOBEPKA Ha YypoBHE MOAYNA W Ha BEPXHEM
YPOBHe COOTBETCTBEHHO. DyHKLMOHaNbHasi NpoBepka B OCHOBHOM [OSMKHA OCYLLECTBAATLCA C MOMOLLBbIO aHanusa Bbl-
XOAHbIX CUrHanoB Mukpocxembl. OHa MOXET ObiTb BbINONIHEHA aBTOMAaTUYECKW, NYTEM CpaBHEHUSA BLIXOAHbLIX CUrHaNoB
CXEeMbl C COOTBETCTBYHOLLEI ITANOHHOW MOAENBLIO UITN € UCXOAHBLIM KOAOM cxeMbl Ha Asbike (V)HDL. 3ToT TecT uasecTeH
KaK «perpecCuOoHHbIA TeCT» U ero BbiNOSIHEHWEe JOIMKHO BbiTb Bonee NpeanoYTUTENBHBIM NO CPABHEHWUIO C PYYHOW NPO-
BEPKOW BbIXOLHbIX CUrHaroB.

MpwnMedaHwne— [daHHblii MeTOg NO3BONSET NPOBEPUTL PYHKLWUOHANBHOE NOBEAEHNE TONBLKO ANA Tex nyTen
CnucKka CoefMHEHMUI NOrMYeCcKMX aNneMeHToB, KoTopble dhakTU4YeCckn akTUBHBI BO BpeMsa MogenuposaHus. MoatoMy TecTo-
Bbl/i 0OXBaT MOXET BbITb TOMBKO TakUM e, Kak U BO BpeMS! UCXOAHOTO PYHKLUMOHANBHOMO TECTUPOBAHUSA Ha YPOBHE MOAYNSA
WNK Ha BEpXHEM YypOBEHE COOTBETCTBEHHO. MOXHO AOMOMHUTL STOT METOA PopManbHbLIM TECTOM Ha 3KBUBANEHTHOCTb.
Bo Bcex cnydasax dyHKLMOHanLHasa nposepka UcxofHoro koga Ha asbike (V)HDL agomkHa BEINONHATLCA ¢ OKOHYATENbHLIM
CMNWCKOM COeAWHEHUI, CreHepupoBaHHbLIM CPefCTBaMU CMHTE3a.

E.25 CpaBHeHMe cnucKa coeAMHEeHUIH NTOrMYECKUX SNEeMEHTOB C 3TanoHHoW moaensbio (popManbHbIi TecT
Ha 9KBUBaNEHTHOCTb)

Liens. HesaBucumas oT mogenupoBaHus nNpoBepka yHKUMOHANBHON 3KBUBANEHTHOCTH.

OnucaHue. CpaBHeHUe PYHKLUOHANBbHOCTU CXEMbI, ONUCaHHON B UcXoaHbIX Koaax a3bika (V)HDL ¢ dpyHKunoHans-
HOCTbIO CXeMbl, OMUCAHHOW CMUCKOM COEAWHEHUW NOMMYECKUX 3fIEMEHTOB, CreHEepUpPOBaHHBIM CPEeACTBaMU CUHTE3a.
CpeacTsa, B OCHOBE KOTOPbLIX NEXWUT NPUHLMN (dOpMarbHOW 3KBUBASIEHTHOCTU, MOMYT NPOBEPATE DYHKLNOHANBHYIO 3K-
BUBareHTHOCTb CXeMbl, ONUCaHHON pasnu4HLIMU popmaMn ee npeacTaBreHus, Hanpumep, Ha assike (V)HDL unu B Buae
ee crnvcka coeguWHeHWA. Ecnu npuMeHsAeTcA STOT METOA, TO HET HEOBXOAMMOCTU B PYHKUMOHANBHOM MOAENUPOBaHUN,
HO He3aBMCcKUMas PYHKLMOHaNbHaa NpoBepka BO3MOXHA. YcnewHoe NpuMeHeHWe SToro MeToga MoXeT BbITb rapaHTUpo-
BaHO, €Cfn TONbKO UCMOofMb3yeMblii MHCTPYMEHT ByAeT cnocobeH AokasbiBaTb NOMHYIO 3KBUBASIEHTHOCTL, a BCe coobluye-
HWS 0 HECOOTBETCTBUAX OLIEHMBAIOTCH aBTOMAaTUYECKWU U NPOBEPAIOTCSA BPYUHYHO.

MpumMedaHune — [aHHblil MeTog BbIrofgHO 00beanHUTL ¢ MeToaoM E.24 «[poBepodHoe cpaBHEHWE crnucka
COEAVHEHMIA NOrMYECKNX SNEMEHTOB C STaNIOHHON MOAENbLIO cpeacTBaMKU MOAENUpoBaHus». B ntobom criydae dyHKUU-
OHarnbHasa npoBepKa UexofHoro Kofa Ha A3bike (V)HDL gomkHa BEINOMHATLCA C OKOHYATENBHLIM CMTMCKOM COEAUHEHUN,
CreHepUpOBaHHEBIM CPeACTBaMMN CUHTE3A.

E.26 NMpoBepka Tpe6oBaHMii N orpaHMuYeHuit nocTaBlmMka CUC

Llens. MpeaoTBpalleHne oTKasos B NpoLecce paspaboTku NpoBepKkoi TpeboBaHWi NocTaBLLUKa.

OnucaHue. TwaTenbHasa npoBepka TpeboBaHUA 1 orpaHUYeHWi NocTaBLyuka (HanpuMep MUHUMAarbHOE U MaKCH-
ManbHoe pa3BeTBNeHUe Ha BXofe U pa3BeTBMeHWe Ha BbixoAe, MakcumarnbHas ANuHa coefUHeHUs (3agepXKa NUHUK
CBA3M), MaKcUMarbHas CKOPOCTb (OPOHTa BLIXOLHLIX CUrHanoB, pacta3upoBKa TaKTOBLIX CUrHamnoB W T. f.) cpeacTea-
MW CMHTe3a ynydllaeT HafeXHOoCTb uagenus. TpeboBaHWs NocTaBLUMKa K NpoLeccy pa3paboTku oYeHb BaXHbl, NOSTOMY
UX HapyLleHWe oKasbiBaeT OrpOMHOE BNUSHUE Ha 060CHOBaHHOCTL NPUMEHSAEMBIX Mo eneld, MCNONb3YIOLWUXCA ANA Moge-
nuposaHusA. MosTomy noboe HapyLleHne TpeboBaHUil U orpaHUYeHUA NOCTaBLLUMKa BEAET K HEKOPPEKTHLIM pesynsTaTam
MOZeSMpoBaHNS, LatoLMM HexenaTenbHyo OYHKUMOHaNbHOCT.

E.27 flokymeHTanbHoe odopmMmIeHUe orpaHuiIeHui, pesynkTaTtoB U CPeACTB CUHTEe3a

Llenb. JokyMeHTanesHoe ocdopmreHne Beex cchopMUPOBaHHbLIX OrpaHUYeHWi, KoTopble HeobXxoauMbl ANA ONTHU-
ManbHOro CMHTE3a NpU reHepaLMy oko4aTeNbHOro Cnucka coeHeHNA NOrMYeckUX SrIeMEHTOB.

OnucaHue. [lokyMeHTansHoe ohopMIIEHNE BCEX OrpaHUYEHNA U pe3ynsTaToB CUHTe3a Heobxog Mo, YTobhI:

- BOCMPOU3BECTU CUHTE3 Ha Nniobol Bonee nosgHel cTaguu;

- He3aBMCWUMO reHepupoBaThb pe3yrLTaThl CUHTE3a A NPOBEPKM.

BaxHEIMW JOKYMEHTaMU SBNAIOTCS:

- OMMCaHWe HacTPOeK CUHTE3a, BKIOYAA NPUMeEHSEMbIE MHCTPYMEHTAalbHbIE CpefcTBa U NporpaMMHoe obecrneye-
HWe CUHTe3a C yKazaHWeM hakTUYeCcKUX BEPCUA, UcnonbayeMble BUBNNOTEKN CUHTE3a U 3afiaHHbLIe OrpaHWYeHus U cue-
Hapuu;

- XYypHan BbINONHEHUs cuHTe3a (nor-haiin) c ykazaHmemM BpeMeHU, UCMonb3yeMoro cpefcTBa ¢ ykasaHWeM Bepcun
U NOSHYIO JOKYMEHTaLMIO ANS CUHTE3a;

- CreHepupOBaHHLIA CMUCOK COEAMHEHWNIA € NpeanonaraeMelMU 3agepxkamu (aiin B popMate SDF).

E.28 MNpumMeHeHMe NpoBepeHHbIX B 3KCMNyaTauum cpeacTB CUHTE3a
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Lienb. MpuMeHUTL cpeacTBo, BbINOMHsOLWEe NpeobpazoBaHne onucaHnusa cxemel Ha s3bike (V)HDL B cnncok co-
e,D,I/IHEHI/IVI NOrnyecKnux aneMeHToB.

OnucaHnue. CpeacTBo, oTobpaxatoLlee dyHKLMOHANBHOCTL CXeMBI, ONUCaHHOW Ha McxofHOM Koae Asbika (V)HDL,
B COeJUHEHUSA COOTBETCTBYLLMX JTOrMYECKNX SrEMEHTOB U NMPUMUTUBLI CXeM U3 Lienesoil 6ubnuotekn CUC. Bribop pea-
NN3aLMn 13 MHOXECTBa BO3MOXHbLIX peanu3aunii, BeinonHsoLeh TpebyeMyto dyHKLUMOHANEHOCTb, 3@BUCUT OT CaMoro
onTUManbHOro pesynerata, KOTOprI7I nonyyeH ana 0FpaHI/IHeHI/II7I CUHTEe3a, TaKNUX Kak CUHXPOHN3aLUuA (TaKTOBaH HaCTOTa)
¥ nnowjagb Kpuctanna.

E.29 MpuMeHeHMe NpoBepeHHO B SKCNnyaTauum Leneson 6UbnuoTeku
MpuMedaHune—CuMm. Takke E.4 «CpeacTtBa, NnpoBepeHHbIe B 3KCNnyaTauumy.

Lienk. MpepoTBpalleHne cucTeMaTUYECKUX OTKa30B, Bbi3BaHHLIX oLUIMBKaMu B Lienesoii 6ubnuoteke.

OnwcaHue. LieneBble GUGNMOTEKN CUHTE3a U MOAENUpoBaHust Ans paspaboTku CUC dopmupytotes U3 obieit 6asbl
[aHHbIX U NOSTOMY He ABMATCA He3aBUCUMbIMU. TUNUYHEIMU NPUMepaMu CUCTEMATUHECKUX OTKa30B ABNAIOTCA:

- HEO4HO3Ha4YHOCTb MEXAY pearibHbIM U MPOMOAENNPOBaHHBIM MOBEAEHUEM 3NEMEHTOB CXEMDI,

- HEKOppeKTHOe MOAENUPOBaHNe, HanpuMep, BpEMEHU YCTaHOBKU U BPEMEHU XPaHEHUSs.

MoaToMy npu npoektupoBaHun CUC, BbIMOMHAKOLWMX YHKLUUM 6€30MacHOCTH, AOMKHBI UCNONBb30BATLCSA TOMBLKO
«MPOBEPEHHLIe B 3KCMyaTaLmmn» TEXHONOrMK U Lienesble 6ubnmotekn. 3To 03HaYaeT:

- NMPUMEeHeHWe LenesbiX BUBIMoTeK, NCMONb3YHIOLMXCA B TeHeHWe AOCTaTOMHO ANUTENBHOMO BPEMEHU B NpoeKTax
C COMOCTaBUMOM CIIOXHOCTLIO U TAaKTOBOW YacTOTOM;

- [OCTYMHOCTb TEXHOMOMMMN U COOTBETCTBYIOLLEH LieneBoii GUONMoTekn B TeHEHUE AOCTAaTOMHO ANUTENLHOIO Nepuo-
Za, Mo3TOMY MOXHO cYuTaTh, YTo Bmubnunoteka obecneunBaeT 4OCTATOMHYIO TOMHOCTL MOAENUPOBAHNUA.

E.30 MNpoueaypbl, OCHOBaHHbIE Ha CLLeHapum

Llens. BocnpoussoguMOoCTb pesynsTatoB U aBTOMaTM3auus LUUKIOB CUHTe3a.

OnucaHne. ABTOMaTU4YeCKoe U OCHOBaHHOE Ha CLEeHapuu ynpasneHue LMKNnamMu cCMHTe3a, BKNKOYasa onpeaeneHue
NPUMEHSAEMbIX orpaHnyeHmnidi. [TIoMUMO TOUHOW JJOKYMEHTaLUW Ha BCe OrpaHUYEeHUs1 CUHTe3a, 3TO NOMOraeT Bocnpousse-
CTMW CNUCOK COeAUHEHUI Nocne M3MEHEHUA ucxogHoro koga Ha Asbike (V)HDL npyu naeHTUYHBIX YCNOBUAX.

E.31 Peanusauus TeCTOBbIX CTPYKTYP

Llens. MpoekTupoaHue TectupyeMbix CUC, rapaHTUpyOLWMX 3aknioUUTENBLHOE UCTIbITaHUE.

Onucaxue. MpoeKkTUpoBaH1e TECTUPYEMOCTHU C MOMOLLBIO CO3faHUS pa3fYHbIX TECTOBLIX CTPYKTYp obecneqnsaet
cOo3faH1e CXeM, KOTOpble Nerko TECTUPYIOTCH, HanpuMep:

- cKaHupoBaHuWe nyTu. B sTom MeToge Nubo BCe (NONHoe ckaHUpoBaHWe NPoEKTa) UK YacTb TPUITEPOB (YacTUYHOE
CKaHUpOBaHWe NpoeKTa) CoeAHeHbl B €4UHYIO LIieNb UNKU HECKOMNBLKO Lieneid, co3palowmx Lenoyky CABUroBbIX PerucTpos.
MeToa ckaHWUpoBaHUsA MyTW aBTOMaTUYECKU FreHepupyeT TeCcToBbLIN NpUMep ANs BCel NOTUKN cxeMbl. UHCTpyMeHTansHoe
CpeAcTBO, reHepupyloLLiee TECTOBLIW NPUMEpP, Ha3bIBAKOT « ABTOMaTu4eCcKUM reHepaTtopom TecToBoro npumepa» (ATPG).
Peanusauus meToAa cKaHWpOBaHMS NYTWU CYLIECTBEHHO yry4luaeT TeCTUPYEMOCTb CXEMbl U NO3BONAET Nony4uTh Gonee
98 % TecTOBOro oxBaTa Npu pasyMHbIX yeunusx. MosToMy pekoMeHAYyeTCsi pearn3oBLIBaTh NONHOE CKaHMpPOBaHUe, ecnu
3TO BO3MOXHO;

- HE—MW-gepeBo. B HE—W-aepeBe Bce 0CHOBHbIE BXOALI CXEMbI COeMHEHBI KacKagHO U CO3AatoT Lenouky. Mpu-
MeHSA MOAXOASLLWIA TecToBEIA Npumep («Bnyxaatowmii 6UT») MOXHO NPOTECTUPOBaTL NOBEAEHWE CXEMbI MPU Nepeknto-
YeHUMU (CMHXPOHU3aLMIO M YPOBEHL 3anycka). HE—WM-aepeBo ABNAETCA CPEACTBOM, HEMOCPEACTBEHHO XapaKTepu3y LM
nepBuYHble BXOAbl. Ero pekomeHAyeTCA NPUMEHSATb, €Cnu NMoBefeHNe CXeMbl NPU NepekrioYeHU He MOXET BbiTb Npo-
TEeCTUPOBaHO WHaYe;

- BCTpOeHHoe camoTecTupoBaHue (BIST). CamoTecTupoBaHue cxeMbl U B 0COBEHHOCTU caMOTECTUPOBaHUe BCTPO-
€HHOW NaMsATh MOXET GbITb BbINOMHEHO 04eHb 3PPEKTUBHO, €CMN Ha KpUCTarsle peanu3oBaTb reHepaTop TECTOBLIX Npu-
MepoB. BIST BbINOMHAET aBTOMaTUYECKYHO NPOBEPKY CTPYKTYPhl CXeMbl, MPUMEHSIS MCEBAOCIyYailHble TeCTOBbIE NpUMe-
pbl M OLiEHWBAsA CUTHATYpPY pearnin3oBaHHOR CTPYKTYpbl cxeMbl. BIST pekoMeHayeTcA Kak A0NofHUTENbHasA Mepa oco6eHHO
ANs TecTUpoBaHUA NaMaTh. TecT « CKaHUPYOLUA NYTb» MOXET 6biTb 3amMeHeH Ha BIST,

- TecTMpoBaHuWe cTaThdeckoro Toka noTpebnerus (IDDQ-TecT). Ctatudeckass KMOI-cxema noTpebnsieT Tok, rnas-
HbIM 06pa3oMm, B npoLecce nepekniodeHns. 1o3ToMy abconioTHO ucnpaBHas cxeMa noTpebnaeT ovyeHb HeGonbLuyto Be-
TINYMHY TOKa (TOK yTeukn < 1 MA) fo Tex nop, Nnoka He 3anyckaercsa TecToBblil NpumMep. IDDQ-TecT oueHb 3 hekTUBEH
n obecne4vBaet Gonee, YeM 50%-HbIl TECTOBLIA OXBaT cpasy Xe Nocne NpUMEeHeHUA Heckosbkux TecToB. IDDQ-TecT
MOXeET ObITb MPUMEHEH Ha (OYHKLMOHaMNbHLIX TECTOBLIX NpUMepax, Tak Xe, Kak U Ha CUHTE3UPOBaHHLIX TECTOBLIX NpUMe-
pax, creHepupoBaHHbIX cpeacTBamMu ATPG. 3TOT METoA TeCTUPOBaHWA Ha NpakTUKe okas3ancs caMbiM NOMe3HbIM 1 06Ha-
pyxuBan oTKasbl, KOTOpble Apyrie TecTbl PefKO UMK faxe COBCEM He MOMMU BbiSBUTL. MO3TOMY AaHHLIN METOA AOMKEH
NPUMEHATLCA AOMNONHUTENbLHO, BMECTE C PerynsapHbIMU UCTLITAHUAMUW MPOEKTa;

- nepudepuitHoe ckaHMpoBaHue. TecToBaa apxuTekTypa ANSA NPOBEPKU COeAMHEHWNIA KOMMNOHEHTOB Ha nevaTHoi
nnarte peanunayetcsa B COOTBETCTBUU €O cTaHAapToM JTAG. ToT xe caMblil NOAX0A MOXET ObITb MPUMEHEH ANA NPOBEPKN
coeANHeHWA MoAyneii Ha ypoBHe kpucTanna. MNepudepuitHoe ckaHMpoBaHne B OCHOBHOM PEKOMEHAYETCA AN yrydlle-
HUSI TECTUPYEMOCTU NeYaTHbIX Nnart.
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E.32 OueHKa TecToBOro oxsata MoAenupoBaHuemM

Llenb. OnpegeneHve AocTUraemMoro TECTOBOrO OXBaTa, peann3oBaHHOroO apxXUTeKTYpoil TeCTOB BO BPEMS WUCMbITa-
HWUI NpoeKTa.

OnucaHue. TecToBbIA OXBAT, fOCTUraeMblil TecToM «CKaHupoBaHue nyTuy», BIST, pyHKUMOHANBHEIM TECTOBBIM NpU-
MepPOM UnKn nobbiMK ApyrMU MeTofaMun, MoXeT ObiTb onpegeneH MoAenpoBaHMeM oTkasa. Bo Bpems MogenupoBaHus
0TKa3a TeCTOBbI MPUMEP NPUMEHSAETCH K CXEME, B KOTOPYIO BKITHOMEHbBI 0TKa3kbl. Peakuus cxembl Ha oTkas npu 3anycke
TeCTOBOIo NpuMepa COOTBETCTBYET BKIMHOYEHHBIM OTKa3aM WU, TakKuM o6paaoM, BHOCUT BKIaj B TECTOBbLIA OXBaT. Mo,qenm-
poBaHWe OTKasa Mo3BoNsAeT 06HapPYXUTb KOHCTAHTHbIE OTKasbl, KKOHCTAHTHLIA 1» U «KOHCTaHTHbIR O», a JocTuraeMblit
TECTOBbIA OXBAT NPE/CTaBMAET Ka4eCTBO NPUMEHEHHOrO TECTOBOrO NpuMepa. Booble MogenupoBaHue oTkasza MOXET UC-
rnosib3oBaTbCs o4eHb 3 PEKTUBHO AMA 06HapYKEHWUSA O0TKa3oB, CBA3AHHLIX C JTOFMKOW, KOTOpasi He OXBaTkIBAETCA TECTOM
«CKaHnpoBaHuWe NyTu», Hanpumep, B criyvae YacTUMHOrO CKaHUPOBaHMS.

E.33 OueHka TecTtoBoro oxsara cpeacresamm ATPG

Llene. OnpefenerHne oxmaaeMoro TeCTOBOrO oXBaTa AN CUHTE3MPYEMbIX TecToBLIX NpuMepoB («CKaHupoBaHue
nyTuy, BIST) B npoLiecce ncnbiTaHnii npoekTa.

OnucaHne. B HacTosilee BpeMs CYLLECTBYIOT pa3Hble Mpoueaypbl, KOTOpble FeHepUpyT MceBhocnyYaiHble
Uy anropuTMUYecKkne TecToBble NMpUMEpPhLl A4S CXeMbl, peanusoBaHHble B MeToge «CkaHupoBaHue nyTuy». CpefcTsa
CUHTe3a, Takue kak ATPG, co3fatoT B npoLecce cuHTe3a KaTanor HeBbIABNEHHbIX 0TKa3oB. Takum crnocoboM MOXHO oLie-
HWUTb TECTOBELIV OXBaT 1 ONpeAennuTb HUXHWIA Npeaen 4OCTUraeMoro TECTOBOrO oXBaTa 4SS NPUMEHSEMOro TECTOBOro Mpu-
Mepa. BaxHo 3aMeTUTb, YTO TECTOBbLIN OXBaT OrpaHnUYeH NOrMKoi cxemsl, KoTopas oxBaveHa MeTogoM «CKaHupoBaHue
nyTuy». Mogynu, Takue Kak namsaTb, BIST unu 4acTe cxeMm, KOTopble OKasanucb He oxBadeHHbIMU MeTogoM «CkaHmpoBa-
HWe NyTu», He paccMaTpmMBaloT NpU OLieHKe TEeCTOBOro oxBarTa.

E.34 O6ocHoBaHMe npoBepKoi B 3Kcnnyatauuu npumeHsieMbix 6nokos CUC Ha du3myeckom ypoBHe pea-
nusauuu

Llenb. MpepoTBpalleHne cucTeMaTUYECKUX OTKa30B B NpuMeHsieMblx 6riokax CUC Ha dusnyveckom ypoBHe peanu-
3ayuu.

Onucanue. bnok CUC Ha duranyeckoMm ypoBHe peanusaumn obblYHO paccMaTpUBAETCA KaK «YEepHbIA AWUKY, KO-
Tophblii obecnevnBaeT Tpebyemyto PyHKLMOHaNBLHOCTE U COCTaBMSAET OCHOBHbIE AaHHbIE NO pasMELLEHN0 B 3a4aHHON
TEXHOMOMMK, U KOTOPLIA NOAAEPXKUBaAET HEOOXOAUMBIA KOMNOHEHT CXeMbl. BO3MOXHbIA yHKLUNOHANBHLIA OTKa3 MOXET
TpaKToBaTbCA MO aHanorum ¢ AUCKPETHLIMU KOMMOHEHTaMK, TAKUMU KaK CTaHAapTHbIE MUKPONPOLIECCOpbl, NaMATb U T. 4.
OkennyaTaunsa Takux 6nokos 6e3 NpoBepKu KOPPEKTHOCTU PYHKLMOHUPOBaAHUA BO3MOXHA, €CNKN AN NPUMEHSAEMOi 3a-
[aHHOMN TEXHOMOrMK UCMonb3oBaHue Gnoka MOXHO paccMaTpuBaTh Kak NPOBEPEHHbINA B SKCMyaTaLyMm KOMMOHeHT. B Ta-
KOM cry4ae ocTaribHas 4acTb CxeMbl JoMmkHa 6biTb 0653aTeNbHO NpoBepeHa.

E.35 NMpumeHeHune 6nokoB CUC (Ha pn3nyeckom ypoBHe peanu3sauuu), npoluewmnx noarsepXXaeHme coor-
BETCTBUA

Mpumeyanune—CM. Tarke E.6 «PyHKUMOHaNBHOE TECTUPOBAHME Ha YPOBHE MOAYNA».

Llenb. MpepoTepalleHne cucTtemMaTUYeckux 0Tkasos B NpUMeHsieMblX B6rokax CUC Ha hU3NHecKoM ypoBHe peanu-
3ayuu.

OnucaHnue. Beugy cnoxHoctu 6rioka CUC u npuHATLIX orpaHudYeHuidi nogTeepXaeHne cootBeTcTeus 6noka CUC
[OMKHO BBINONHATHCA NOCTABLUMKOM Ha CTafWUKU NPOEKTUPOBAHUA C UCNONb30BaHNEM UCXOAHOrO Koaa Ha sa3blke (V)HDL.
MoaTBEpPXASHWE COOTBETCTBUA MOXET 6bITb 060CHOBAHO TONLKO ANSA KOHKPETHON KOHMUrYpaLMu U 3aaHHON TEXHONOTUK
NPUMEHAEMOro KOMNOHEHTA.

E.36 TectupoBaHue 6nokoB CUC (Ha ¢hu3nyeckoM ypoBHe peann3auuu) B HEAaBTOHOMHOM peXxume
MpumeyaHune—Cwm. Takke E.13 «OxBaT cueHapuammn sepudunkayumn (McnbiTaTenbHbie CTEHAb!)».

Llenb. MNpegoTBpalyeHne cuctemaTu4eckux oTkasoB B NnpuMeHsiemMbix 6nokax CUC Ha dusnyeckom ypoBHe peanu-
3auuu.

OnucaHue. Nposepka TeCTaMU B peXuMe OHNaH KOPPEKTHOCTN PYHKLWOHMPOBAHUA U peanusaLmmn UCNonb3yemMblX
6nokoB CUC. ins npumeHeHUs sToro cpeacTBa Tpebyetca adhpekTUBHAA KOHUENUUS UCTILITAHUA, @ OLEHKa NpUMeHse-
MOW KOHUEeNUUM AomkHa GbiTb AOKYMEHTanbHo odpopmneHa.

E.37 NpoBepka npasuna npoekrnposanua (DRC)

Lienb. MNpoBepka NpaBun NPOEKTUPOBaAHNA NOCTaBLUUKA.

OwucaHue: MpoBepka creHepUpoBaHHOTO pasMeLLeHNUs B COOTBETCTBUM C NpaBUNaMu NPOEKTUPOBAHUA NOCTaBLUUKa,
Hanpumep, MUHUMasbHbIE ANUHBI MPOBOAHWUKOB, MakCUManbHble ANMWHBI NPOBOAHUKOB W psj NpaBuil, CBA3AHHBIX C KOM-
NOHOBKOW pasMellaeMblX CTPYKTYp. [MonHoe n koppekTHoe BbinofiHeHne DRC gomkxHo BbiTb NogpobHO AOKyMeHTarbHO
odopMneHo.

E.38 lNpoBepka cooTBETCTBUA TONONOrUU cxeme (LVS)

Llenb. HesaBucumasa nposepka pasMeLLeHus.
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Onucanue. LVS opMunpyeT hyHKLUOHANBHOCT CXEMbI U3 fJaHHbIX O pasMeLLEHUU U CpaBHUBAET NOMYYEHHbIE ane-
MEHTbI CXEMbI, BKITHOMasA COEAUHEHNUS C BXOLHbLIM CMIMCKOM COEAMHEHUIA. DTO rapaHTUPYET 3KBMBANEHTHOCTb pa3MeLLeHuUs
CXeMbl CO CNUCKOM COEAMHEHUI, onpeaensaownm PYHKLUUOHANBHOCTL CXeMbl. [1onHoe U KoppeKkTHoe BbinonHeHWe LVS
JOIMKHO BbITh NogpoBHO JOKYMEHTaNbHO 0popMIIEHO.

E.39 lononHuTenbHbI# pe3epB BpemeHu (> 20 %) AnA TeXHONOrMYeCKUX NPoLEecCcoB, KOTOPblEe NPUMEHAIOT-
cAl MeHee Tpex ner

Llenb. ObecneveHne ycTo4YMBOCTU peanunsyeMolt PyHKLIMOHANBHOCTU CXEMbI JlaXe NpuU cepbe3Hoi nyKTyauun
npoLecca v napameTpoB.

OnucaHune. PeanbHoe noBefeHne cxeMbl onpeaeneHo psaomM ogHOBPEMEHHO BIIUSAIOLLUX Ha Hee pU3NYeCcKux dax-
TopoB, 0COBEHHO Ha ee Marnble CTPYKTypbl (Hanpumep MeHee 0,5 Mk). dakTuuecku, U3-3a OTCYTCTBUSI NOAPOGHLIX 3HaHWIA
1 HeoBXo4WMbIX YMPOLUEHWUIA, TOUHYIO MOAENb 3NIEMEHTOB CXeMbl NOCTPOUTL Henb3as. C yMeHbLUEHUEM reOMeTPUHECcKNX
pasMepoB CTPYKTYP CXEMbI 3af€PXKN B COEAMHEHNSX UrpatoT Bce 6oree BaXKHYyo porb. 3afiepXKu curHana B COeuHEeH!-
AX MEXJY aNeMeHTaMn U eMKOCTU NepeKPeCTHLIX CBA3EH Mexay NPOBOJHUKAMMW pacTyT HENWHelHo. 3agepXKn curHana
B NPOBOAHMKaX CTAHOBSATCA CPaBHUMBIMU C 3afilepXKaMun B norudecknx anemeHTtax. OLEHKN 3afiepXeK B COeUHEHNAX
NPy YMEHbLLEHUW FreOMETPUHECKMNX Pa3MepOB CTPYKTYP yKa3sbiBalOT Ha YBENUYUBAIOLMIACS pUCK nosiBNeHus c6oes.

MosToMy peKkoMeHAyeTCcsA 3anfaHupoBaTb HEOOXOAUMBIN pesepB BpeMeHun (> 20 %) OTHOCUTENBHO MUHUMAaNbHBIX
¥ MakcMManbHbIX OFpaHUHMEHUIA CUHXPOHK3ALMK AN cXeM, B pa3paboTke KOTOPLIX UCMONb30BaNUCh NpoLiecchl, OnbIT Npu-
MEHEeHUS KOTOPLIX COCTaBMNSAET MeHee TPeX NeT, YToObl rapaHTUpOoBaTh KOPPEKTHOE BhIMONHEHNE (PYHKLIMOHANBHOCTU CXEMBbI
B YCIOBUSAX CEPLEIHO UIMEHSAIOLLMXCHA NMPOU3BOLCTBEHHLIX MApaMETPOB UITN U3-3a OTCYTCTBUSA TOYHOTO MOAENUPOBaHUSI.

E.40 OT6pakoBOYHOE UCNbITaHue

Llenb. OBecneyeHne X1MBY4ECTU N3roTaBNMMBAaEMON MUKPOCXEMBI. YCTpaHEHUe OTKa30B Ha paHHUX cTtagusix. Uspae-
NusA ¢ gedekTammn Ha KpucTarnne He JOoMKHbI J0Ka3biBaTb CBOIO XUBYHECTb BbKUraHMEM e eKToB, a JoMKHbLI, HarnpuMep,
MCnonbL3oBaTh CTPECC-MeTOA LI Ha YPOBHEe NNacTUHbI.

Onucanune. OTOpaKkoBo4HOE UCTbITaHNE JOMKHO GbiTh BLINOTHEHO NPK CaMOIA BbICOKOW NpuemMrieMoi paboyeil Temne-
patype (06b14HO 125 °C). MpoaomMmKUTENBHOCTL TECTUPOBAHKUA 3aBUCUT OT Lenesoro YTB unu ot 3afaHHbIX pekoMeHaaumii
Mo BbIXUraHWio fedeKkToB, Hanpumep, npoussoguteneMm CUC. BobkuraHne aedeKToB MOXET ObITb MCMONb30BaHO, YTOObLI:

- YCTPaHWTb OTKa3bl Ha paHHUX CTaauAX (YMEHbLUEHWE UHTEHCMBHOCTM OTKa30B B Havarne BaHHOO6pa3HON KpUBOiA
pacnpefeneHns oTKasos);

- [0OKa3aTb, YTO OTKa3bl Ha paHHUX CTaAUsX yXe YCTpaHeHbl B NpoLecce Npou3BoACTBa M TeCTUpOBaHUSA (TO eCcTb
YTO YCTPOWCTBA, BbILLEALLNE U3 NMPOU3BOLCTRA, YXKe HaxofAaTcA B 06nacTu NOCTOAHHOA MHTEHCUBHOCTU OTKa30B BaHHO-
o6pasHoii Kpusoi).

E.41 NpumeHeHne cepuniiHbIX YCTPOWCTB, MPOBEPEHHbIX B 3KCNnyaTauuu

Llenb. OBecneveHune 6e30TKa3HOCTU N3rOTOBNEHHLIX KPUCTANIOB.
OnucaHue. Y npouaBoguTens cucteMbl 6e30nacHoCcTh JomkeH ObiTb JOCTaTOYHbLIA OMBLIT NMPUMEHEHUS TEXHONOrMn
nporpaMMupyemelx yCTPOCTB, a Takke cpefCcTB pa3paboTku.

E.42 MNpouecc npou3BoAcTBa, NPoBEpPeHHbIN B dKcnnyarauum

Llenb. O6ecneyeHne 6e30TKa3HOCTM M3rOTOBNEHHBIX KPUCTAIMOB.
OnwucaHue. MpoBepeHHbI B aKcryaTauun NpoLecc NpoU3BOACTBa XapaKkTeprusyeTcsl 40CTaTOMHO BbICOKUM Kade-
CTBOM CEpUiAHOro NMPOKU3BOACTBA.

E.43 KoHTponb KayecTBa Npon3BOACTBEHHOroO npouecca

Mepbl ka4ecTBa ¥ MexaHW3Mbl yripaBrneHus NPoM3BOACTBEHHOrO NpoLecca YyCTPONCTBa rapaHTUPYIOT HernpepbiBHOE
ynpasneHue npoueccoM. Hanpumep, onNTUYECKoe UMK ANeKTpuYecKoe ynpasreHne TECTOBLIMA CTPYKTypamu, TeMnepa-
TYPHbI€ UCTIBITaHWSA C UBMEHEHWEM NapameTpoB BIIaXXHOCTU UNU LIUKNNYECKUIA TemnepaTypHbIi TecT (cM. [14], [15]n T. 4.).

E.44 MNepenaya Ka4yecTBEHHO U3rOTOBIIEHHOTO YCTPOWCTBA

KavectBo ycTpoicTBa obecnevmBaeTcs BbINOMHEHNEM BLIGpPaHHON rpynnsl CTPecc-TecToB, Hanpumep, Temnepa-
TYPHBIMU UCMBITAHUAMM C UBMEHEHUEM NapaMeTPOB BAXHOCTU UMK TECTaMu ¢ U3MEeHeHneM Temnepatypbl (cM. [14], [15]
uT g.). MpoussoguTens YCTPOMUCTBa NPefoCTaBUT Takue JoKasaTenbCcTea.

E.45 Nepenaya kauecTBeHHO (PYHKLMOHUPYIOLLIETO YCTPONCTBA

Bce ycTpoiictBa GYAYT (yHKUMOHANEHO NPoTecTMpoBaHbl. [Mpou3BoAUTENb YCTPOCTBA NPefoCcTaBUT Takve Ao-
kasaTensCcTBa.

E.46 CtaHpapTbl KayecTBa

Mpouasogutens CUC gorkeH npeaycMoTpeTb 4OCTATOMHbIA YPOBEHb YNpaBneHns Ka4ecTBOM, Hanpumep, UMeTb
odpopmneHHoe «PyKoBoACTBO MO KadecTBy U HafeXHOCTU», B KOTOPOM [OKYMEHTanbHO MOATBEPXAEHO BbIMNOMHeHue
ceptucukaymm no 1ISO 9000 N OLEHKW KavecTBa cTaHAapTHoro nocTasluka (SSQA — Standard Supplier Quality
Assessment).
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MpunoxeHue F
(cnpaBouHoe)

OnpepeneHue CBOMCTB CTaAUMN XXM3HEHHOrO LIMKIAa NPOrPaMMHOro obecneyeHus

Tabnuya F.1

Cneuudukauns TpeboBaHUA K nporpaMMHoMy obecneveHuio cucteMbl HeszonacHocTu

(cMm. MOK 61508-3, nogpasaen 7.2 u Tabnuya C.1)

CBouneTBO Onpepaenexve
1.1 MonHoTa oxBaTa Cneuudmkauyus TpeboBaHuii kK nporpaMmMHoMy o6ecnedeHunto cuctemel 6e3o-
notpebHocTel MacHOCTMW oxBaTkIBaeT BCe NOTpebHOCTU U orpaHndYeHNUsa cucteMel 6esonac-
6e30MnacHoOCTH HOCTM, NosiBUBLUMECS Ha Bonee paHHUX CTafUsAX XNU3HEHHOrO LiUKIa cUCTEMBI
nporpaMmHbIM 6e3onacHOCTH 1 onpeaeneHHble AN NporpaMMHOro obecneveHus.
obecnedeHnem MoTpebHocTU 1 orpaHnyeHns cuctemel 6ezonacHOCTU o6bIYHO ycTaHaBNMBa-
KOTCA Nepef Hadvanom paspaboTtku cneyudukaummn TpebosaHuit K nporpamm-
HoMmy oBecnedeHuto cuctemel 6esonacHoCTU. OHU MOTYT BKIKOYATL CreLm-
dukaLuto Toro, YTo NporpaMmMHoe obecnedeHne He AOMKHO BbIMNOSHATE
Unu gornxHo naberatb
1.2 KoppekTHoCTb Cneuudukauusa TpebosaHuii K nporpaMMHOMY o6ecnedeHnto cuctemel 6e3o-
oxsarta ro- MacHOCTW afeKBaTHO OTBEYAET NOTPEBHOCTAM M OrpaHUYEHNUSIM CUCTEMbI
TpebHocTei GesonacHocTH, KoTopble BbiNW onpeaerneHsl Ans nporpaMMHoro obecneve-
6e30nacHOCTH HuUs.
nporpaMmHbIM Llenbto siBNSETCS YBEPEHHOCTL B TOM, YTO BCE, YTO ONpefeneHo B cneuudu-
obecneyeHnem Kauuu, AeCTBUTENBHO rapaHTUpyeT Be3onacHoCTb ANs Bcex HeobxoaMmblx
ycrnoBuit
1.3 OtcyTtcTBMe BHYTpeHHSAS NOMHOTa U cornacoBaHHOCTL cneLmdukaLum TpeboBaHmii K npo-
owmnbok B camoit rpamMHoMy obecnedeHuto cucteMbl besonacHOCTU: NpefoCTaBMNeEHUE BCEW
cneumdukaLmu, HeobxoguMol nHopmaLmm Ans Bcex PYHKUMIA U cuTyaumid, KoTopasi fomkHa
BKItOYas OTCyT- 6bITe NoNy4YeHa 13 cnelnduKaLmm; oTCYTCTBUE B HEl NPOTUBOPEUUBBLIX
CTBUE HEOAHO- UNKU HecornacoBaHHbIX MOMOXEHUN.
3Ha4yHOCTK MpoTuBOpPEUYME NONHOTE U COMMAcoBaHHOCTU NOTPeBHOCTAM cucTeMbl 6e3o-
NacHOCTM, BHYTPEHHE MONMHOTE U COrNacoBaHHOCTUA MOXET GbiTb OLEHEHO
TONBKO Ha OcHoBe creLudurkauun TpeboBaHuii K nporpaMMHoMy obecneve-
HUIO cucTeMbl 6esonacHocTh
1.4 AcHocTb Tpebo- Cneumndukaums TpeboBaHUi K NporpaMMHOMY o6ecneveHnto cuctemel 6e3o-
BaHWil kK 6e3onac- | NacHOCTU AOMXHA ObITb NOMHOCTLIO NOHATHA 6€3 U3NULIHUX YCUNWA TeM cne-
HOCTH LuanucTam, KoTopble JOMKHBI €€ YUTaTb, faxe eCnn OHW He NPUHUManu
y4acTue B ee paspaboTke, Npu yCnoBuu, 4To 3TW cneunanucTel obnagaior
HeoBXxo4NMbIMU 3HAHUAMM.
OfHa BaXHas Lienb COCTOUT B TOM, 4T0ObI 06nerynTs NpoBepKy W, BO3MOXHO,
MogudukaLmu
1.5 OTcyTcTBUE He- Cneumdukaums TpeboBaHUi K NPOrpaMMHOMY 06ecneveHnto cuctemel 6e3o-
GnaronpuATHOro MacHOCTW He CofepXuUT TpeboBaHN, KOTOpLIE He HYXHbI ANa obecneveHns
B3aMMOBMUA- 6e3onacHocTh YO.
HUS PYHKLMA, Lienb cocTouT B TOM, YTOGbI HE YCNOXHATL paspaboTKy U peanu3aumio npo-
He CBA3aHHbIX rpaMmHoro obecneveHnss U COKPaTUTL PUCK OTKa30B N PYHKUUN, He CBA3AH-
¢ 6esonacHo- HbIX ¢ 6€30MacHOCTLI0, HO BIUAIOLUX WK CO3AAIOWNX ONAcHbIE YyCNoBUS
CTbIO, M PYHKUMIA | ANs OTKa30B U YHKUWIA, BaxHbIX Ans 6esonacHocTy
©e3onacHocTH,
peanuayembix
nporpaMmHbIM
obecneyeHneM
cucTembl 6e3-
OMacHoOCTH
1.6 CnocobHocTb Cneumdurkaums TpeboBaHUi K NPOrpaMMHOMY 06ecneveHnto cucTembl
obecneyeHuns Ge3onacHOCTH ABNSETCA NEPBOUCTOHHUKOM HeobXoaUMOii nHdopMaLum
nposefeHns JNA BBINOMHEHNSA TECTOB M UCCNEAO0BaHWIA, KOTOPLIE B pe3ynksrare UX BeINON-
OLIeHKV 1 nog- HeHWs popMUpYIOT 0OBEKTUBHOE NOATBEPXAEHWUE O TOM, YTO MPpOrpamMMHoe
TBEPXAEHUA obecneyeHmne yaoBneTBopsieT cneyndukauumn TpebosaHuit K NporpaMMHOMyY
COOTBETCTBUSA obecneyeHunto cucTeMbl H6e3onacHoOCTh
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Tabnuya F.2 — lpoekTupoBaHWe U pa3paboTka NporpaMMHOro obecnevyeHus — NpoeKTUpoBaHne apXUTeKTypbl Npo-
rpamm (cM.M3K 61508-3, nyHkT7.4.3 1 Tabnuua C.2)

CBOUCTBO

OnpepaeneHue

21

MonHoTa cneuumndmrkaLun
Tpe6oBaHWit K NporpaMMHO-
My o6ecneyeHuto cucTemsl
6esonacHocTH

MpoeKT apxUTekTypbl NPorpaMMHoro obecneveHUs1 oxBaTeIBacT BCe
NoTpeBGHOCTU U OrpaHNYEHUs cUcTeMbl He3onacHoOCTH, NosBMBLLUKMECS
B creyynduKaymn TpeboBaHuii K nporpaMMHOMY obecneyeHunio cucTe-
Mbl 6e3onacHoCcTH

22

KoppekTHoCTb crnieuudu-
Kauuu TpeboBaHuUii K Npo-
rpaMMHOMY obecneveHuio
cucteMbl 6e3onacHoOCTU

MpoekT apxuTekTypbl NporpammHoro obecnedeHuss ageKkBaTHO COOT-
BETCTBYET crieuymdurkaumm TpebosaHuit K nporpaMmMHoMy obecneve-
HUO cucTembl He3onacHoOCTU

23

OtcyTcTBUE COBCTBEHHBIX
oLmnBoK NpoekTa

MpoeKT apXxUTeKTYpbl NPOrpaMMHOro o6ecneveHns n NpoeKTHas AoKy-
MeHTaLUA He MMeIoT OWNBOK, KOTopble MOryT 6bITb UAEHTDULMPOBa-
Hbl, He3aBMCMMO OT NBOro ykasaHHoro TpeboBaHUA K NporpaMMHOMY
obecneyeHunio cucteMbl 6e3onacHocTy.

MpuMepbl: 3aBUCAHUS, ROCTYM K HECAHKLMOHUPOBAHHBLIM pecypcam,
YTEYKU pecypcoB, BHYTPEHHSA HENONHOTA (TO €CTb, oWnbKu nNpu 06-
paLleHUM KO BCEM CUTYaLUAM, KOTOpbIE YCTaHaBNMBaKOTCA Henocpea-
CTBEHHO B MpoeKTe)

24

MpocToTa U NOHATHOCTL

lMpexckasyemMocTb NoBe-
JAeHus

MpoekT apxuTeKkTypbl NporpaMMHoro obecneveHus, oGecnevmnsaroLmnii
KOPPEKTHBIA 1 TOYHBIA NPOrHO3 (hYHKLMOHNPOBAHNA NPOrpamMMHOro
obecrnieveHust Ansi BCeX YKaszaHHbIX CUTYaLUid.

B yacTHOCTH, 3T CUTYaLMK BKNIOYAIOT CUTYauun ¢ owmbkamun u ¢ oT-
Kasamu.

MpeackasyeMocTb Nogpa3yMeBaeT, B HaCTHOCTH, YTO PYHKUMOHMPO-
BaHUe He 3aBUCUT OT 3NEMEHTOB, HEKOHTPONUpPYeMbIX paspaboTinka-
MW UNK Nornb3oBaTensaMmn

25

Bepuduuympyemoctb 1 Te-
CTMPYEMOCTb NpoeKTa

MpoeKT apXUTeKTypbl MPOrpaMMHOro obecneveHUs U NPOeKTHasA [OKY-
MeHTauwus obecnevmnsatoT u obrnervyatoT popmuposaHue ybegutenobHo-
ro 4oKasaTensCcTBa, YTo BCe 3afaHHble TpeGoBaHUA K NporpaMmMHOMY
obecne4yeHuno cucTeMbl 6€30MacHOCTU NPaBUNBHO YYTEeHbI B NPOeKTe
W YTO NPOEKT NULLEH BHYTPEHHUX OLLUMBOK.

BepudnumpyeMocTb MOXET NogpasyMeBaThb Nony4eHne Takux
CBOWCTB, KaK NpoCToTa, MOAYIIbHOCTb, ACHOCTL, TECTUPYEMOCTb,
[OKa3yemMocTb U T. 4., B 3aBUCUMOCTU OT UCMONb3YeMbIX METO0B
BepUdUKaLum

26

OTKa30yCTON4YMBOCTb

MpoeKT apXUTeKTyphl NporpammHoro obecnedeHuns AaeT yBepeH-
HOCTb, YTO NporpammHoe obecnedeHne byneT BecTn cebsa GesonacHo
B NPUCYTCTBUM OLUMBOK (BHYTPEHHUX OLWNGOK, oLIMBOK onepaTopos
Unn BHELLHUX CUCTEM).

MOXHO CrMpOeKTUPOBaTL aKTUBHYIO UMW MaCCUBHYIO 3aLLuTy. MpoekTbl
aKTMBHOW 3aLLWTLl MOTYT BKIOYaTb Takne YHKLMW, kak oBHapyxe-
HWe, cosgaHne coobLyeHNi 1 NoKanmaaymto ownbokK, NocTeneHHbIi
BbIBOZ M3 3KcnnyaTauuu n oceoboxgeHune oT Nnobbix HexenaTenbHbIX
No6oYHbIX 3 PEKTOB 40 BO3OOHOBNEHNSA HOPMaSBHOMO OYHKLMOHK-
poBaHusi. MpoeKTbl NacCUBHOM 3alUThl BKITHOYAKT (YHKLMK, KOTO-
pble rapaHTUPYIOT HEMPOHUKHOBEHWE OMNpezeneHHbIX TUMNOB OLWMBOK
Unu onpeAeneHHbIX YCNoBUiA (NaBMHOOBpa3sHbIX MOTOKOB Ha BXOAAX,
0cobeHHO aaT 1 BpeMeHW) 6e3 npuBrieYeHust nporpammHoro obecne-
YeHud

2.7

3alyuTa OT 0TKa30B Mo 06-
Lel NpuyMHe, BbI3BaHHOM
BHELUHUM COBbITUEM

MpoeKT apxuTeKTyphl NporpammHoro obecnedeHuns obneryaeT uzeH-
TUUKaLMIO BU OB OTKa30B Mo obLLei npuinHe 1 ahheKTUBHBIX
CPEACTB NpefoCTEPEXEHNS OT OTKa30B
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Tabnuya F.3 — T[lpoekTupoBaHue W paspaboTka nporpaMMHOro obecneveHns: MHCTPYMEeHTanbHLle CpeacTsa Noa-
LepXKU 1 A3blkM NporpamMmMupoBaHus (cM.MIK 61508-3, nyHkT 7.4.4 u Tabnuua C.3)
CBoIcTBO Onpeaenexue
3.1 Mopaepxka pa3paboTku Nporpamm- CpeactBa, obecneunsaioLe obHapyxeHne ownbok
Horo obecrneyeHuns ¢ TpebyembiMU UNK ycTpaHeHue NofBepXeHHbIX owmnbkaMm CTPYKTyp
CBOWCTBaMM NporpaMmMHoro obecne-
YyeHus
3.2 YeTkocTb paboTbl U yHKUWOHANL- ObecnevyeHne BCECTOPOHHEro oxBaTa U OTBETHOM pe-
HOCTb UHCTPYMEHTaNbHLIX CPEeACTB aKuWK ANA BCEX acnekToB paboThl UHCTPYMEHTarbHbIX
cpeacTs
3.3 KoppeKkTHOCTb 1 BOCNIpOM3BOAUMOCTb | HenpoTMBOpPeYnBOCTL U TOYHOCTL pesynkrarta paboTb
pesynsrata WHCTPYMEHTanbHOro cpeactea Ans Noboro BXoAHOro
3afaHua

Tabnuuya F.4 — [lNpoekTupoBaHue n paspaboTka nporpaMMHoOro o6ecneveHns: AeTanbHoe npoekTuposaHue (cmM.MIK
61508-3, nyHkT 7.4.5 n Tabnuya C.4)

CBONCTBO Onpegenexue

41 MonHoTa cneyuduka- MpUHATEI METOALI AETaNBLHOrO NPOEKTUPOBaAHNUA U paspaboTku NporpaMmmHo-
uum TpeboBaHuii K Npo- ro obecneyeHns, KOTOPLIE rapaHTUPYIOT, YTO NonNy4atoLeecs NporpaMMHoe
rpaMMHoMy obecnedeHuto | obecneveHune oxBaTbiBaeT BCe NOTPEGHOCTU U OrpaHUYeHUs cucTeMbl bes-
cucreMbl 6e3onacHoCcTu onacHocTU, copMUpOBaHHbIE ANA NporpaMMHoro obecneveHus

42 KoppekTHoCTb cneLudun- CyLecTBYyeT KOHKpETHOe 10Ka3aTenbCTBO, NO3BONSIOLLEe YTBEpXAaTb,
Kauuu TpeboBaHuii K Npo- | yTo TpeboBaHUA K cucteme 6esonacHOCTU, cpoOpMUpPOBaHHLIE AN Npo-
rpaMMHoMy obecnedyeHuto | rpamMHoOro obecneveHus], BuINOMHATCA pa3paboTaHHbIM NPOrpaMMHbIM
cucTeMbl besonacHoCTH obecneveHnemM

43 OtcyTcTBUe cobeTBEH- PaspaboTtaHHoe nporpaMMHoe obecneyeHune NULLEHO BHYTPEHHUX OTKa30B.
HbIX OLUIMBOK NpoekTa MpumMepkl: 3aBUCaHUSA, AOCTYN K HECaHKLUMOHUPOBAHHEIM pecypcaM, yTeuku

pecypcoB

4.4 [MpocToTa U NOHATHOCTb. MoseaeHue paspabaTbiBaeMoro nporpaMMHoro o6ecneveHns npegckasyemMo
[MpeackasyemocTb no- 06beKTUBHLIM U Y6eAUTENbHLIM TECTUPOBAHUEM U aHANU3OM
BefeHuna

45 BepuduympyemocTe n Te- | PaspabotaHHoe nporpaMmHoe obecneveHmne SBnAeTcA nogaarowumMcs npo-
CTUPYEeMOCTb NpoeKTa BepKe U TeCTUpyembiM

46 OtkasoycToumneocTb/O6- | MeToabl U pa3paboTku galoT rapaHTuio, 4To paspaboTaHHoe nporpaMMHoe
HapyxeHue Heucnpas- obecneveHue 6yaet BecTn ceba GesonacHo B NpUcyTcTBMU OLINGOK
HoCTen

4.7 OtcyTCcTBUE OTKA30B MeToabl U NPOEKTbl AEHTUNLUMPYIOT BUALI OTKasa no obLei npu4nHe
no obuyei npu4nHe n obecneunBaloT apheKTUBHbLIE CPEACTBA NPEefOCTEPEXEHNSA OT OTKA30B

nporpammHoro o6ecneveHns
Ta6bnuya F.5 — TllpoekTupoBaHue u paspaboTka nporpaMmMHoro obecrneueHUs: TeCTUpOBaHUE W UHTerpauus npo-
rpaMMHbIX Mogyren (cM.M3K 61508-3, nyHkTbl 7.4.7, 7.4.8 n Tabnuya C.5)
CBoWcTBO OnpepgeneHve

5.1 MonHoTta TecTUpoBaHUA TecTupoBaHue nporpammHoro obecneyeHns uccneayeT nosejeHune npo-
W UHTErpauuu B COOTBET- | FpaMMHOro obecneveHns ¢ 4OCTaTOMHOMN NOSTHOTOW, YTOBLI rapaHTUpoBaTh,
cTBUM co crnieyudpukauymsa- | 4To Bce TpeboBaHUA cneyndukaLum NnpoeKTUpoBaHus nporpammHoro obe-
MW NpoeKTa NporpaMMHoO- | cnedeHua Gbinn ya0BNeETBOPEHHI
ro obecneyeHus

52 KoppekTHoCTb TecTu- Ecnun 3agava TecTUpOBaHWA MOAYNS 3aBepLUEHa, TO CYLLECTBYET KOHKpeT-

poBaHWs U UHTErpaunn
B COOTBETCTBUM CO cneum-
duKaumamMmn npoekTa Npo-
rpammHoro obecnedeHus
(ycneluHoe BLINOMHEHUE)

HOe [loKka3aTenbCTBO, NO3BoNsioLLee YTBEPXKAATh, YTO TpeGOBaHUS K cUCTe-
Me GesonacHoOcTH GbINU Y 0BIETBOPEHLI

86




FOCT P M3K 61508-7—2012

CBoUcTBO Onpepgenexuve
53 BocnpownasogmocTb K cormacoBaHHbIM pesynsrataM NpuBogMT NOBTOPEHWE OTHENbHbLIX OLEHOK,
BbIMOMHAEMbIX Kak 4acTb TECTUPOBaHWA U UHTErpaLu Moayns
5.4 TouHo onpegeneHHas Te- | Jns HagnexallMx Bepcuil aneMeHToB 1 NporpaMMHOro obecne4eHus Bbl-
CTUpyemas KoHpUrypaums | NOfHSOT TECTUPOBaHNEe W MHTErpaLmio MOLYMs, NofyYeHHbli Tpebyembli
peayneraT CBA3LIBAKOT C KOHKPETHON KOHUrypaLuei «kak — nocTpoeHo»
nporpaMMHoro obecne4eHus
Tabnuya F.6 — WHTerpayus nporpaMmmMpyemelx SNeKTPOHHLIX YCTPOWCTB (NporpaMMHoe obecneveHune u annapar-
Hble cpegcTBa) (cM.M3K 61508-3, nogpasgen 7.5 n Tabnuua C.6)
CBolicTBO OnpeaeneHve
6.1 MonHoTa uHTerpa- MHTerpauus obecriedmBaeT COOTBETCTBYIOLLYIO IMyBUHY U OXBaT 3rIEMEeHTOB
LMK B COOTBETCTBUU cucTeMel, YToBbl NPOJEMOHCTPUPOBATD, YTO CUCTEMA MOXET BbINOMHUTE GYHK-
co cneyudmrKaLuaMm LMW, ANS KOTOPLIX OHa NpefHasHa4YeHa, U He BbINOMHAET HeNpeAyCMOTPEHHbIe
npoekTa YHKLMM NpU BCEX BOZMOXHbLIX YCMOBUAX SKCNyaTaunu U Npu oTkase CUCTEMBI.
NHTerpauus BKIHOYaET NPUHLUMLI, UCMONb3YEMbIe ANS NPOBEPKH, LieneBble
YPOBHU NPOEKTa U acneKThl MHTerpaLumn (Hanpumep NpoBepKy NONHOTLI B3aUMO-
JeNCcTBUA Mexay MOAYNAMK)
6.2 KoppeKTHOCTb MHTerpaLns ocHoBaHa Ha KOPPEKTHbIX MPEANoNoXeHUsX.
WHTEerpayum B cooT- Hanpumep, npaBunbHOCTb OXUAAEMbIX Pe3ynbTaToB, pacCMaTpUBaEMbIX YCO-
BETCTBWM CO crieLu- BUWIi UCTIONB30OBAHMUS, @ TaKXKEe Penpe3eHTaTUBHOCTb TECTOBLIX CPEA.
du1KaumsamMu npoekTa Ecnv 3agada nHTerpaLum saBeplueHa, To CyLLEeCTBYET KOHKPETHOE floKas3a-
(yeneLuHoe BbINonHe- TenbLCTBO, MO3BONSAKOLLES YTBEPXAATL, YTO TpeboBaHus k 6esonacHocTh Gbiu
Hue) YO OBMNETBOPEHbI
6.3 BocnpounssognmocTs K cornacoBaHHbIM pesynsrataMm NPUBOAWUT NOBTOPEHWUE OTAENBHbIX OLIEHOK, Bbl-
NOMHAEMBIX, KaK 4acTb UHTerpauun Moayna
6.4 To4HO onpegeneHHas MHTerpauua gaeT cooTBETCTBYIOLLYIO rapaHTUIo, YTo oHa bbina addeKkTuBHO
KOHbUrypaLus nHTe- nNpUMeHeHa B COOTBETCTBUU C OKYMEHTaMU K NpaBUMbHOW BEPCUMN 3NEMEHTOB
rpayuu 1 nporpaMmHoro o6ecneqeHns, a Nony4YeHHbIN Tpebyemblil pe3ynerar cBA3bIBa-
IOT C KOHKPETHOW KOHUrypaLueid «kak — NocTpoeHo» nporpaMmmHoro obecne-
YeHus
Tabnuya F.7 — TlloaTBepxAeHWe COOTBETCTBUSA AN aCNEKTOB NPOrpaMMHOro obecneveHns cuctemel 6eaonacHoCTm
(cM.M3K 61508-3, nogpasgen 7.7 u Tabnuua C.7)
CBoICTBO Onpeaenexuve

71 MonHoTa noaTBEpX- MoaTBEpXAEHME COOTBETCTBUA NpPOrpaMMHOro o6ecneveHns oxsaTbiBaeT Bce
JleHUs COOTBETCTBUSA TpeboBaHWa cneyudmrKaLum NPoekTMpoBaHNA NporpaMMHoro obecneveHust
B COOTBETCTBUN
co cneyudukalmei
npoekTa nporpamMHo-
ro obecneyeHus

7.2 KoppekTHoCTb Nnog- Ecnu sapaqa noaTBepXAeHUA COOTBETCTBUA NporpamMMHoro obecneveHus Bbl-
TBEpPXEHUSA COOTBET- NofiHeHa, TO CYLWeCTBYET KOHKPETHOE A0Ka3aTeNnbCTBO, Mo3BonsioLee yTBepX-
CTBUS B COOTBETCTBUN AaTb, 4To TpeboBaHUA K 6€30nNacHOCTU GbiNK YAOBNETBOPEHbI
co crieuudukaymei
npoekTa NporpaMMHoro
obecneveHuns (ycneLwu-
HO€ BbINOMHEHNE)

7.3 BocnpounasogumMocTb K cornacoBaHHbIM pe3ynsTaTtaM NPMBOAUT NOBTOPEHNE OTAENbHBIX OLEHOK,
BbIMNONHAEMBIX KaK YacTb NOATBEPXAEHUA COOTBETCTBUA NporpamMMHoro obe-
cneveHns

7.4 MoaTeepxaeHne YeTkoe n KpaTKoe onpegeneHue:

COOTBETCTBUS TOYHO - CUCTEMBI,
onpefeneHHon KoH- - TpeboBaHUi,
durypauun - OKpyXatoLleii cpeasbl
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Tabnunya F.8 — Moandukauyusa nporpaMmmHoro obecnevenus (cM.MIK 61508-3, noapasgen 7.8 u Tabnuua C.8)

CBOWCTBO Onpepenexve
8.1 [TonHoTa Mogudukauum B co- Mogudukauma 6uina 4omkHbIM 06pa3om ogobpeHa aBTopM3oBaH-
OTBETCTBWM C TPeboBaHUSAMM HbIM MepPCOHarnom, ¢ COOTBETCTBYIOLUM NOHUMaHUEM ee PyHKLMO-
K MogudpmkaLum Hana, nocrneacTBuid Ana cucteMbl 6€30MacHOCTH, a TakKe TEXHUYe-
CKUX W 3KCMNyaTaLMOHHLIX NOCNEACTBUNA
8.2 KoppeKTHOCTb MogudukaLmm Mogaudukauus goctTuraer cBoOUX 3agaHHbIX Lenein
B COOTBETCTBMU C TpeboBaHUSAMM
K MoaundurkaLmm
8.3 OtcyTcTBME COBCTBEHHLIX OLW- MoandurkaLms He BHOCUT HOBbLIE CUCTeMaTHYecKne onGKu.
60K npoekTa [MpuMepsbl: feneHune Ha Horb, BLIXOA MHAEKCOB UMW yKasaTenewn
3a rpaHuLbl CBOUX 3Ha4YeHUI, UCNONb30BaHUE HE UHULNANU3NPOBaH-
HbIX NepPeMeEHHbIX
8.4 MpepoTBpalleHne HexenaTtenb- Mogudukayms He BHOCUT kakoe-nnbo noseaeHne, KoTopoe, cornac-
HOro noBefeHust HO OrpaHUYeHUsM, YCTaHOBNEHHLIM B cneyvdurkaummu TpebosaHuin
K NporpaMMHOMY oBecnedeHnto cucTemel 6€30NacHOCTU, AOIMKHO
ObITb NpefoTBpaLleHO
8.5 BepuduuympyemocTtb u Tectupye- | MpoekT nporpaMMHOro o6ecneveHuns SBNAETCA TakuM, YTO BAUSHUE
MOCTb NpoekTa MOAWMKaLIM NONHOCTLIO U BCECTOPOHHE OLeHUBaeTCA
8.6 PerpeccuoHHoe TecTupoBaHue MpoekT nporpaMMHoro o6ecneveHns ABNSAETCA TakuM, YTo adpdek-
1 oxBaT NpoBEpPKON TUBHOE 1 MOIHOEe perpeccuoHHoe TeCTUpOBaHWe NO3BONISAET Npo-
[leMOHCTpUpOBaTh, YTO NporpammHoe obecneveHune nocrne mMoau-
crKaLMm npoformKaeT ya0BNETBOPATL cneyudukaLum TpeboBaHui
K nporpaMMHoMy obecneyeHuto cuctemsl 6ezonacHocTu

Tabnunya F.9 — Bepudukaumsi nporpaMmHoro obecneveHuss cucteMel (cM.MOK 61508-3, nogpasaen 7.9 u Tabnuua C.9)

CBoWcTBO OnpepeneHune
91 MonHoTa BepuduKaLum B COOT- Bepudukayums cnocobHa ycTaHOBUTb, YTO NporpamMHoe obe-
BETCTBUM C NpeAbiayLLeit cTagueil | cnedeHne yaoBneTBOPSAET BCEM COOTBETCTBYIOWMUM TpeboBaHMAM
cneundukayun TpebosaHuit K nporpaMmMHomy obecnedyeHuio
cucTeMbl 6e3onacHoCTU
9.2 KoppekTHocTb Bepudukaumm Ecnu 3agava Bepudukaymmu nporpammHoro obecredeHus 3aBep-
B COOTBETCTBUU C NpeAbiayLLe LWeHa, TO CyLeCTBYeT KOHKPETHOE oKa3aTenbCTBO, No3sonsioLlee
cTagueil (ycnewuHoe BbINONHe- yTBEpXAaTh, 4To TpeboBaHuA K cucteme 6esonacHoCTU GbInu ya0B-
Hue) NeTBOpEHHI
9.3 BocnpoussogumMocTb K cornacoBaHHbIM pesyrnsrartaM NpUBOAUT NOBTOPEHWE OTAEMNbHBIX
OL|eHOK, BLINOSHAEMBbIX KaK YacTb BepuduKaLmm
9.4 BepudukaLms TodHO onpeaeneH- | Ons Hapgnexalymx Bepcuii aneMeHTOB M NporpamMMHoro obecneve-
HOW KOHUrypauum HWUSA BIMOMNHAIOT BepudukaLuio, NonyyYeHHblil TpebyeMblil pesynesrat
CBA3bLIBAIOT C KOHKPETHOW KOHUrypauuein «kak — nocTpoeHo» nNpo-
rpammHoro obecrneyeHus
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Tabnuuya F.10 — OueHka pyHKLUMOHaNEHOI GesonacHocTu (cM.M3K 61508-3, paspen 8 u Tabnuua C.10)

CBoncTBo OnpepgeneHue

10.1 MonHoTa OLEeHK PyHKLN- OueHkKa hyHKUMOHanNbHoi Ge3onacHoCTU NporpaMMHoro obecneveHns
oHasbHol besonacHocTH copmupyeT AcHOe yTBEepXAEeHUEe O CTeNEeHN HaWAEHHOTo COOTBETCTBUS,
B COOTBETCTBUM C HACTOS- caenaHHbix 060CHOBaHUAX, Mepax Mo yCTpaHeHWUIO HEA0CTaTKOB C pe-
UM CTaHaapToOM KOMEHZyEeMbIMU CPOKaMU UX YCTPaHEHUs, NOMyYeHHbIe BEIBOALI U PEKO-

MeHZaLun No UX NPUHATUIO, KBANMMULIMPOBAHHOMY NPUHATUIO, UNK OT-
KIMOHEHUIO C yKkasaHueM ntobbix BpeMeHHbIX OrpaHUHeHnin ANa 3TUX
pekoMeHzaLuii

10.2 KoppeKTHOCTb OLeHKU (hyHK- | 3aaada oueHKM hyHKUMOHanbHo 6e3onacHoCTU NporpaMMHoro obecne-
LuoHanbHol 6esonacHocTu YeHUs 3aBepLUeHa, U CYLLECTBYET KOHKPETHOE J0Ka3aTeNbCTBO, NO3BO-

B COOTBETCTBUU C NPOEKT- nslowee yTBepXaaTh, YTo TpeboBaHUsA kK cucteMe 6e3onacHocTn Gbinu
HbIMU cneuynduKaLmamm YA, 0BINETBOPEHbI
(ycneluHoe BbINONHEHUE)
10.3 HocTtynHoe ana aHanuaa CyLLEeCTBYET AICHOE YTBEpXAeHUe 0 TOM, B KakoM o6beMe 6binu paccmo-
pelleHne BCeX BbISIBMEHHLIX | TPeHbl NpobrneMbl, BO3HUKAIOLWME BO BpeMs OLISHKN (PYHKUMOHANbHOM
npobnem 6e30nacHOCTU NporpaMMHOro obecneveHus.
10.4 Bo3MoxHoCTb MoaUdmKa- Pe3ynkraThl OLieHKW (hyHKLMOHaNbHON 6e3onacHocTh NporpaMmMHoro obe-
LM oUeHKU pyHKLMOHanb- cneyeHust MoryT 6bITb NepepaccHUTaHbl, NpUYeM Npu NOBTOPHON OLEHKe
Hoi GesonacHocTu nocne yHKUMOHanNbHo 6e3onacHOCTU YacTel NnporpaMmMHoro obecneveHns
n3MeHeHUs npoekTa 6e3 He- | Mocre Ux U3MeHeHUs He BbINOSHAETCA NMOBTOPHAs oLeHKa hyHKLUUO-
06xoanMMocTH NpoBeAeHns HanbHoiA 6e3onacHOCTN BCero NporpamMMHoro obecneveHuns, oHa nuib
cepbesHoi nepepaboTku KOpPEeKTUPYeTCH C YH4ETOM U3MEHEHHBIX YacTel
OLeHKN
10.5 BocnpounssogmmocTb OueHka yHKLMOHanbHOW 6e30NacHOCTU BLIMOMHAETCA KaK cornacoBaH-
HbIW, 3anNnaHUPOBaHHbIA W OTKPLITLIA NPOLIECC C KOHKPETHLIMU NepCco-
HarnoM U JOKyMeHTaMm, KOTOPLIA peanunsyeT pacCMOTPEHNE OCHOBaHWUA
ZNs1 BbINOSTHEHUS OLIEHOK U peLUeHUs], KOTopble BLIMOIHSAIOT BCe Te,
Ha KOTOPLIX BIIMSAIOT 3TU peLUeHUs, BKoYas NOCTaBLUMKOB CUCTEMBI,
nornb3oBarternei, cneumanncToB No o6CNYXUBaHNIO U PYKOBOACTBO
OueHKa hyHKLMOHanbHON 6e30nacHOCTU NO3BONSET HE3AaBUCUMOMY KOM-
NeTeHTHOMY NepcoHany NoBTOPSTb OTAENbHbIE OLUEHKHN, BEINONHEHHbIE
KaK YacTb BCEM OLEHKM

10.6 CBoeBpeMeHHOCTb OueHKa pyHKLMOHanbHO 6e3onacHOCTU BLIMOMHAETCA ¢ COOTBETCTBY-
toLLieV YacTOTOMN, CBA3aHHON CO CTagMsAMMU XUIHEHHOrO LiKkna rnpo-
rpamMmMHoro obecrneveHunsi cucteMbl 6€30MacHOCTU U NO KpaliHei Mepe
[0 OMNpeAeneHuns CyLLecTBYIOLLMX onacHoCTel. Takke oHa obecnednsaet
CBOEBPEMEHHOE CO3jaHne OTHETOB O HECOOTBETCTBUAX
Pe3ynTaThl TECTOB, NPOBEPOK, MCCREA0BAHUA U T. [. haKkTUYecKm
JOCTYMHbLI, €CrN OHU TpebyloTCA B Ka4ecTBe BXOAHOW MHopMaLun
ANs OPMUPOBaHUA peLleHns o6 oLeHKe

10.7 To4HO onpefeneHHas KoH- PesynkTaThl OLEHKM (yHKLMOHaNbHOK 6e30nacHoCTH NporpaMmHoro obe-
durypauua CNeYeHUs CBA3LIBAKOT C KOHKPETHON KoHUrypaLmein cucTemMsl, AN KoTo-

pOI pesynkTaThl OLeHKN (yHKLMOHanLHOW 6e30nacHoCTH JOMKHEI ObiTb
060oCcHOBaHbI
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Mpunoxexue G
(cnpaBouHoe)

PyxoBoacTBO NO pa3paborke CBA3aHHOIO ¢ 6€30NaCHOCTLI0 OO0 BLEKTHO-OPUEHTUPOBAHHOTO
NPorpamMMHOro oéecnevyeHus

Bce pekoMeHAaLMKU HACTOSALIEroro craHgapTa NO NPOEKTUPOBAHWUIO NporpammHoro obecneveHUss NPUMEHSTCA
K 06BbEKTHO-OpPUEHTUPOBAHHOMY NporpaMMHOMYy obecneveHunio. Mockonbky 06bEeKTHO-OpUEHTUPOBaHHLIA Noaxoa npea-
CTaBnsieT MHPOPMaLMIO B OTNNYUE OT MPOLIEAYPHBIX UKW DYHKLUWOHANbHBLIX NOAXO0A0B NO-APYromy, To Aaree faHbl peko-
MeHAaLnn, ANs KOHKPETHOro PaCCMOTPEHUA KOTOPbIX HEOGX0ANMO:

- MOHUMaHWE nepapxuil KNaccoB U NASHTUMUKaLUN PyHKUMK(A) NporpammHoro obecneyeHuns, kotopble ByayT Bbl-
NOMHATLCA NPU BbI30BE 33JaHHOMO METoAA (BKIOYas CyLecTByoLLylo GUBNNOTeKy KnaccoB, ecrniv OHa UCMONL3yeTcs);

- CTPyKTypHOe TecTuposaHue (MOK 61508-3, Tabnuua B.2 n MOK 61508-7, nogpasaen C.5.8).

Tabnuupl G.1 n G.2 coaepxar crnpaBoyHble PyKOBOAALLME YKazaHUs N0 UCNONb30BaHNIO 06LEKTHO-OpMeHTUpOBaH-
HOro NporpamMMHoro o6ecnedeHus, KoTopble ononHAKT 6onee obLme HOpMaTUBHbLIE PYKOBOAALLME YKa3aHWS, NpefcTaB-
neHHble B MOK 61508-3, Tabnuubl 2 1 4.

Tabnuya G.1 — ApxuTekTypa 06beKTHO-OpUEHTUPOBAHHOIO NporpamMmmHoro obecneyeHus
PexoMeHgauuu Mogpo6- YMNB1 YMNB2 YB3 YIrb4
HOCTU

G1.1 | MpocnexunsaeMocTb NOHATUA NpUKNagHoin obnacTtn Mpume- R HR HR HR
€ Knaccamu apxuTeKTypbl YaHue 1

G1.2 | Ucnonb3oBaHue nogxoaswmx ppeimos, obLyencnorns- Mpume- R HR HR HR
3yeMbIX KOMBMHaLMIA knaccos U WabnoHoB NPOeKTUpo- YaHue 2
BaHWA

MpumMmedaHune—IpumcnonbaoBaHum cy-

LecTayroLMX dpeliMoB U LWabnoHoB NpoeKTUpoBaHUsA
K HAM NpUMeHsItoTCs TpeboBaHWS, Kak 1 K npeaBapu-
TenbHO padpaboTaHHOMY NporpaMMHOMY obecnedernto

MpumMedaHus:

1 TMpocnexuBaemMocTb NpUKNagHoi 06nacTu ¢ apXUTEKTYPON Knacca MeHee BaxHa.

2 lMpumepsbi

1 Ons Hekomopoli Yacmu, npedHa3HavYeHHolU 0511 nNpoekma, ces3aHHo20 ¢ 6e30MacHOCMbIO, MOXem
cywjecmeoeams ¢hpeliM U3 npoekma, He cesizaHHO20 ¢ 6e3onacHocmbio, Komopwild ycnewHo pewaem fo-
do6Hyr0 3adayy, U 3Mo XopouWo U38eCMHO yYacmHuUKam npoekma. B amom criyyae pekomeHOyemcs1 UCNoJsib-
30eamb makoli ¢ppelim.

2 Mozym noHadob6umicsi pa3fiuyHble anaopummbi 0517 peuleHUs mecHo cesidaHHbIX nod3aday nNpoex-
ma, cefizaHHO20 ¢ 6e3onacHocmsio. [Toamomy moxem 6bimb eblbpaH WabrioH cmpameauu docmyna K anzo-
pummam.

3 Yacmb npoexkma, cesizaHHO20 ¢ 6@30MacHOCMbIO, MOXem COCMOosMb U3 ebifayu Hadnexawux npead-
ynpexdeHuli HympeHHUM U 6 HeWHUM 3auHmepecoeaHHbIM cmopoHam. [Jna opaaHu3ayuu amux npedynpex-
deHull Moxem 6b1mb ebibpaH wabnoH Habnrodamens. 3mo mpeboesaHue He NpuMeHsemcs 0ns 6ubnuomex.

3 Kak npaeuno, abcTpakTHblil 6a3oBbIf Knacc obecneynBaeT AOCTYN K NPOW3BOAHLIM KOHKPETHBIM Kraccam.

Tabnuya G.2 — OOGbeKkTHO-OPUEHTUPOBAHHbIA pabo4nii npoekT

PekomMeHaaummn YMB1 YNB2 YMNB3 YIrb4
G2.1 Knacchl 4OmKHbI UMETb TONbLKO 04HY Lenb R R HR HR
G2.2 HacnegosaHue ncnonb3yeTcst, TONBKO €Crv NPOU3BOAHbIN Kace HR HR HR HR
ABMNSAETCH YTOYHEHWEM CBOETO OCHOBHOTO Kracca
G2.3 [My6uHa HacnefoBaHUs orpaHUYeHa cTaHgapTamu KogupoBaHus R R HR HR
G2.4 MepeonpeaeneHne onepauuii (METOAOB) CTPOrO KOHTPONUpyeTes R HR HR HR
G2.5 MHoxecTBeHHOE HacrefoBaHWe UCNOMb3YETCH TONBLKO ANSA UHTEP- HR HR HR HR

heiicHBIX KnaccoB

G2.6 HacnepoBaHne oT HEU3BECTHbLIX KNaccoB — — NR NR
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OkoHyaHue mabnuupi G.2

PekomeHpaavLmn YNb1 YNB2 YB3 YIb4
G2.7 MoaTBepXaeHUe Toro, YTo NOBTOPHO UCMOSb3yeMble 0ObEKTHO- HR HR HR HR
OpWeHTUpoBaHHbIE BUBNMOTEKN OTBEYAIOT peKOMEeHAaUMSAM AaHHOW
Tabnuuybl

MpumevyaHus:

1 Op,VIH Knacc XxapakTtepusyeTtcad Hanm4mem OAHOﬁ OTBETCTBEHHOCTU — HeOGXO,[l,MMO OblTb BHUMATENbHBLIM
npu onucaHMn TeCHO CBA3aHHbIX AaHHbIX U onepaqwﬁ Haj 3TUMU AaHHbIMWU.

2 HeobxogMMo BHUMATENBHO CIEAUTD 3a TeM, YTOObI He AONYCTUTb LIMKITUYECKUX 3aBUCUMOCTeH Mexay obb-
eKTamum.

Hanee HeogopmMarbHO onpeaerneHbl TEPMUHLI, UCMONb30BaHHbLIE BhILLE.

Tabnuya G.3 — HekoTopble 06LEKTHO-OPUEHTUPOBAHHBIE TEPMUHBI

TepMuH HedopmanbHoe onpeaeneHne
OcHoBHoOI1 knacc Knacc, y koToporo ecTb nponssogHble knacchl. OCHOBHOIA Knacc UHorja HasblBaloT Hagknac-
COM, UMK POAUTENBCKUM KNaccoM
[Mpon3BogHbLIN Knacc (coBokynHocTb aTpubyToB 1 onepaumii), KoTopbli HacregoBan atpubyTel u/unu onepa-
Knacc Liu OT Apyroro knacca (0OCHOBHOro knacca). [Mpon3BoAHbIi Krnace UHorjga HasbliBaloT nofkniac-

COM, WM LOYEPHNUM KITaccoM

DOpsitm CTpyKTypa nporpaMMel, kak Npasuno, NnpegBapuTersHo paspaboTaHa ANs 3anonHeHUs! JaHHbI-
MW KOHKPETHOro NpUMEHeHNUS

MMepeonpeaeneHne | 3ameHa onepauuun (MeToaa, NoaNporpaMmel) Apyroi onepavuei (MeTogoM, NoAnporpaMMoii)
C TOW e camoii curHaTypoW u nepapxueii HacrneoBaHUs BO BpEMsI BBINOMHEHUS; CBOWCTBO
06BEKTHO-OPUEHTUPOBAHHBIX A3LIKOB MIW NMporpamm, peanuayloLee nonMMopcnam

CurHaTypa onepa- | MMs onepauuu (NognporpaMmbl, METOf @) BMECTE C ee NapaMeTpamu (aprymeHTaMu)

Lmu W UX TUMbI, MHOTAA TaKKe WX Bo3BpaLlaeMble TUMbI. [Be CUrHaTypbl paBHbl, €CIU Y HUX OfHU

U Te Xe UMeHa, YMCIO U TUMLI NapameTPoB; B HEKOTOPLIX A3blKax AOMKHb! GbiTb 04UHAKOBLIMK
TakKe Bo3Bpallaemble TUMbI

91



rOCT P M3K 61508-7—2012

Mpunoxexune AA
(cnpaBouHoe)

CBeZieHnA 0 COOTBETCTBUU CCbISTOYHbIX MEXAYHAPOAHbIX CTAHAAPTOB CCbINIOYHbIM HALMOHANBLHBLIM
ctaHgaprtam Poccuiickon ®eaepauum

Tabnuya OAA1

Ob6o3HayeHmne CCbINTOYHOTO MEXAY- CreneHb Obo3HayeHne U HaMMeHOBaHWe COOTBETCTBYIOLLIErO HaLuo-
HapoAHOro cTaHaapTa cooTBeT- HanbHoro ctaHaapta Poccuiickoit degepaumn
cTBUA
MUCO/MO3K PykosogcTteo 51:1990 IDT MOCT P 51898—2002 «AcnekTbl 6e3onacHocTu. [Mpasuna
BKITIOYEHMS B CTaHAAPTHI»
M3K Pykosogctso 104:1997 — *
M3K 61508-1:2010 IDT FOCT P M3K 61508-1—2012 «PyHKumoHanbHaa 6esonac-

HOCTb CUCTEM 3MNEKTPUYECKNX, 3NEKTPOHHBIX, NPOrpamMupy-
€MbIX AMEKTPOHHBLIX, CBA3aHHLIX ¢ 6e3onacHoCTbIO. YacTb 1.
O6ume TpeboBaHUs»

M3K 61508-2:2010 IDT FOCT P M3K 61508-2—2012 «DyHKUmoHaneHan besonac-
HOCTb CUCTEM 3NEKTPUYECKUX, ANEKTPOHHBIX, NPOrpamMmMupy-
€MbIX aNEKTPOHHbIX, CBSA3aHHLIX ¢ 6e3onacHocTbio. YacTb 2.
TpeboBaHua kK cucTemMam»

M3K 61508-3:2010 IDT MOCT P M3K 61508-3—2012 «DyHKyMoHanbHas besonac-
HOCTb CUCTEM 3MEKTPUHECKUX, BNEKTPOHHBIX, NporpamMupy-
€MbIX 3MEKTPOHHBIX, CBA3aHHLIX ¢ 6e3onacHocTbio. YacTb 3.
TpeboBaHusi K NporpamMHOMy obecneveHnio»

M3K 61508-4:2010 IDT FOCT P M3K 61508-4—2012 «DyHKMoHanbHasa 6esonac-
HOCTb CUCTEM 3MNEKTPUYECKMX, ANEKTPOHHBIX, MPOrpamMupy-
eMbIX NEKTPOHHLIX, CBSA3aHHLIX ¢ B6e3onacHoCTbIo. YacTe 4.
TepMuHbI U onpefeneHus»

* COOTBETCTBYIOLMI HaLWMOHasbHbIA CTaHAapT oTCyTCTBYET. [lo ero yTBepXaeHUs pekoMeHAyeTcs Ucnonb3o-
BaTb NepPeBO Ha PYCCKUiA A3bIK JaHHOMO MEXAYHapoAHOro cTaHgapTa. [lepeBoa AaHHOrO MeXAyHapoHOro cTaHaap-
Ta HaxoguTesi B PeaeparnbHOM WHGOPMaLUOHHOM hoHAE TEXHUYECKUX PErflaMeHToB U CTaH[apTOB.

MpuMeyaHUe— B HacTosLeN TabnuLe UCNonb3oBaHo crieaylolee yYcnoBHoe 0603HaveHne CTeneHn co-
OTBETCTBUS CTAHAapTOB:

- IDT — naeHTUYHbIE CTAaH[aPTHI.
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KnioueBble cnosa: yHKUMOHANbHasA 6e30NacHOCTb, XU3HEHHbIN LMKIT CUCTEM, SNEKTPUYECKNE KOMMOHEHTBI,
3NEKTPOHHbIE KOMMOHEHTbI, NPOrpaMMUPYEMbIE INIEKTPOHHbLIE KOMMOHEHTbI U CUCTEMbI, CUCTEMbI, CBA3AHHbLIE
¢ 6e3onacHOCTbIO, CryYaliHbie 0TKa3bl 060pPyAOBaHUA, CUCTEMATUYECKUE OTKa3bl, NNaHUpoBaHME (PyHKLIMO-
HanbHOM 6e3onacHOCTU, METOALI M CPEACTBA, NnonHoTa 6e3onacHoOCTH
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