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«DEPENDABILITY»

[l STRUCTURAL RELIABILITY
THE THEORY AND PRACTICE

e Methods of calculation, technologies and methods of
modeling, packages of applied programs, practical
calculations of reliability of complex systems.

® The mathematical theory of maintenance service,
practical results of complex system operations, life cycle
of systems, optimization of reliability and costs at all stages
of life cycle.

® Test methods, criteria of decision-making by test results,
accelerated tests, methods of reliability assessment of
systems by test results, practical experience of reliability
tests.

[l FUNCTIONAL RELIABILITY
THE THEORY AND PRACTICE

e Object, subject and purposes of research, parameters of
functional reliability, terminology, principles and calculation
methods.

e Methods of assessment and forecasting of software
reliability, methods of calculation of information processes
reliability performance in software-hardware complexes
taking into account faulty program errors, errors of
operators, errors of input information.

e Technologies and methods of ensuring functional
reliability — technologies of functionally reliable software
development, methods of construction of algorithms of
information processing and management tolerant to
faulty errors and to errors of operators and methods and
ways of error protection in input information, practical
results.

Il FUNCTIONAL SAFETY OF SYSTEM
THE THEORY AND PRACTICE

e Object, subject and the purposes of research,
parameters of functional safety; functions of safety,
completeness of safety, terminology in the field of
functional safety.

® Risks, postulates and principles of safety, residual risks,
methods of an estimation of risks, the proof of safety.
Practical results of ranging of dangers and estimations
of risks.

e Mathematical methods and models of the task
of requirements to completeness of safety and
admissible time of detection of dangerous refusal,
model of functional safety of multichannel and multilevel
systems.

e Technologies for ensuring functional safety of systems at
all stages of life cycle.

[l FAULT TOLERANCE OF SYSTEMS
THE THEORY AND PRACTICE

® Methods of passive protection against failures,
mathematical models of structural redundancy, gradual
degradation of redundant systems, fault masking, practical
results of application of passive protection against
failures.

® Methods of active protection against structural failures and
errors in performance of information processes, principles
and methods of active protection, theoretical bases of
active protection, technical decisions, estimations of
active protection efficiency.

Il CERTIFICATION
THE THEORY AND PRACTICE

e Accreditation of certification bodies and test
laboratories — a problem state in Russia and abroad. How
to achieve mutual recognition of test results in Russia and
abroad? Methods of certification of software — hardware
complexes under requirements of international standards
on functional safety.

e Obligatory and voluntary certifications — experience,
opinions, offers.

e Certification in the field of quality and reliability of
systems — requirements of standards, techniques of
tests, practical results.

e Certification of functional safety of systems on the basis
of V-technology — philosophy, certification methods,
practical results of selective deep checks of a developer
evidentiary base.

Il STANDARDIZATION IN THE FIELD OF RELIABILITY
AND FUNCTIONAL SAFETY

e |nfluence of the law «Of technical regulation» on
development of the theory and practice of reliability and
functional safety.

e RAMS standards (IEC 62278, EN 50126, etc.) and their
reflection in standards of GOST R, development of the
standard GOST 27.002-89 in view of terms and definitions
of RAMS standards.

e States and prospects of standardization in the field of
reliability.

e Main principles and basic regulations of standards on
functional safety GOST R/M3K 61508, IEC 61511, EN
50126, IEC 62278, IEC 62280, EN 50128, IEC 62279,
EN 50129, EN 50159 (1.2), etc.

e Condition and prospects of standardization in the field of
functional safety.
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KAK HAM OMPEJEJINTH 4TO TAKOE «HALEXXHOCTb»

HOW WE SHOULD DEFINE WHAT “DEPENDABILITY” IS

0 MOKASATENIAX HALIEXXHOCTW TUMA CPEOHAA HAPABOTKA
DEPENDABILITY INDICES OF MEAN TIME TYPE

AHAIW3 MPOEKTHOI HALLEXXHOCTY OTBETCTBEHHbIX Y3/10B APQYHOI0 MPOIETHO O
CTPOEHWA NMELLEXOOHOr O MYTEMPOBOAA HA 0CHOBE YNCITEHHBIX U UMUTALIOHHBIX
METO/10B

ANALYSIS OF DESIGN DEPENDABILITY OF CRITICAL UNITS OF ARCH SPANS OF PEDESTRIAN
OVERPASSES BASED ON NUMERICAL AND SIMULATION METHODS

METO[] YCTPAHEHISA B3AUMHOI O MEPECEYEHISA OLEEHOK 33APU-TPOLLIAHA B 3ALIAHAX
AHAT3A CBA3HOCTIA IBYXMOMOCHBIX CETEN

METHOD FOR ELIMINATION OF MUTUAL CROSSING OF ESARY-PROSCHAN ESTIMATES IN TASKS
OF ANALYSIS OF BIPOLAR NETWORKS CONNECTIVITY

MPUMEHEHWE TAKTVKIA NOCNELOBATENBHbIX KOHTPOMbHBIX UCMLITAHVIA HA
HAZIEXXHOCTb QNEMEHTOB ACY T M ABTOMATWUYECKOI MPOTUBOABAPUIHOM 3ALLATHI B
YCJ10BUAX SKCTITYATALNN A4 EE YHETA NP FMEA-AHATIU3E

APPLICATION OF THE TACTICS OF DEPENDABILITY CONSECUTIVE CHECK TESTS OF CAM
ELEMENTS AND AUTOMATED SIS UNDER OPERATING CONDITIONS FOR USE OF RESULTS IN
FMEA ANALYSIS

METOLb! OBECMEYEHNS OYHKLIMOHANBHON HAOEXXHOCTIA MPOTPAMM
METHODS OF SOFTWARE FUNCTIONAL DEPENDABILITY ASSURANCE

FEHETUYECKI AITOPUTM L1151 ONTUMMW3ALIAN APXUTEKTYPHI BOPTOBOMO
MPOTPAMMHOrO OBECTIEYEHNA

GENETIC ALGORITHM FOR OPTIMIZATION OF ONBOARD SOFTWARE ARCHITECTURE

MPOLIECC NPUHSATUS PELLIEHWI MPY CO3LAHUN CIIOXHbBIX TEXHUYECKWX CUCTEM U
3ALIAYA BbIBOPA ANTbTEPHATVB

PROCESS OF DECISION-MAKING IN DEVELOPMENT OF COMPLEX TECHNICAL SYSTEMS AND
THE TASK OF CHOICE OF ALTERNATIVES
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OCHOBHbIE HAMNMPABJIEHUA

NYBJINKALLUN B XXYPHAJIE «<HAOEXHOCTb»

Il CTPYKTYPHAA HAAEXXHOCTb
TEOPUA U MPAKTUNKA

e MeTtopl pacyeTa, TEXHONOMMM U METOALI MOAENNPO-
BaHVIA, NakeTbl NPUKNaaHbIX NporpamMm, npaxkrmyeckme
pacyeTbl HAAEXHOCTU CIIOXHbBIX CUCTEM.

® Maremarmyeckan Teopusd TEXHNHECKOro 0OCTyXBaHNS,
NpakTn4eCcKne pesynsTaTbl 3KkCnyaraum CIOXHbBIX CUC-
TEM, XNBHEHHBI LMK CUCTEM, ONTUMU3ALIMA HAOEXHOC-
TV 1 CTOMMOCTM Ha BCEeX aTanax X1M3HeHHOro Lumkia.

e MeToap! VICMbITaHNIA, KPUTEPUM NMPUHATUA PELLEHNIA MO pe-
3ynsraram UCnbITaHni, YCKOPEHHBIE UCTIbITaHNS, METOAb
OLEHKM HAEXHOCTM CUCTEM MO Pe3y/ibTaraM UCMbITaHNN,
NPaKTNYECKUI ONbIT NCMbITAHWM Ha HAAEXHOCTb.

Il PYHKUUOHAJIbHAA HAAEXXHOCTb
TEOPUA U MPAKTUKA

e OObeKT, NPeaMET 1 Lenn NcCnefoBaHng, nokasarenm
OYHKUMOHAIbHOW HAAEXHOCTY, TEPMUHONOI S, NPUHLN-
MNbl U METOABI pacyeTa.

® MeToap! OLEHKU 1 MPOrHO3MPOBAHWA HAOEXHOCTN MPO-
rpaMMHOro obecneyeHVs, METOAbI pacHeTa HaaeXHOCTH
BbINONHEHNS HOOPMAaLMOHHBIX NMPOLLECCOB B NMPOrpam-
MHO — annaparHbix KOMMIeKcax ¢ y4eToM COONHbIX,
NporpaMMHbIX OLKMOOK, OLWMBOK ONeparopoB, OLWMBOK
BO BXOAHOW MHMOPMALIMNA.

e TexHoNnorum 1 Metodpl obecnedeHna GyHKLUMOHaTbHON
HaOEXHOCTY — TEXHONOTUW MOCTPOEHUA DYHKUMOHANBHO
HaOEXHOro NPOrpPaMMHOro 06ecnedeHns, MeToabl NOCT-
POEHUST HEYYBCTBUTENBHbBIX K COOMHBLIM OLLMOKAaM 11 OLLNO-
Kam 0nepaTtopoB allrOPUTMOB 00Pab0TKM MHDOPMALIAN U
yMpaBneHns, MeToapl 1 Cnoco0kl 3aLMThl OT OLWWOOK BO
BXOOHOW MHGOPMaUMK, NPaKTUYECKNe Pe3ysTaryl.

Il PYHKUUOHAJIbHAAA BEBOMNACHOCTb CUCTEM
TEOPUA N MPAKTUKA

e OObeKT, NPeaMET 1 Lenn NccneaoBaHng, nokasarenm
DYHKUMOHaNBbHOM 6€30MacHOCTY; PyHKLMM 6e30MacHOC-
TV, nonHota 6e30nacHOCTU, TEPMUHONOIMS B 06nacTu
DYHKUMOHaNBHOM 6e30MacHOCTA.

® PuCKK, MOCTyNaThl U MPUHLUMMLI 6€30MacHOCTY, OCTaTou-
Hbl€ PUCKM, METObI OLEHKM PUCKOB, 10Ka3aTeNbCTBO Oe-
30MacHOCTU. [pakT4eckme pesynsTarhl PaHXMPOBaHNSA
OMAacHOCTEW 1 OLEHKM DUCKOB.

® Maremarundeckue MeToasl 1 MOAENU 3aaaHnsa TpeboBa-
HUIA K NONHOTE 6€30MacHOCTM 1 A0NYCTVIMOMY BDEMEH
0BHapyXeHVa 0nacHOro 0Tkasa, MoAeNy MYHKLMOHab-
HOWM 6€30MacHOCT MHOTOKaHabHBIX V1 MHOMOYPOBHEBbIX
CUCTEM.

e TexHonorum obecnedveHnsa GyHKUMOHaNbHOM 6e3onac-
HOCTW CUCTEM Ha BCEX 3Tanax XU3HEHHOrO LVKa.

Il OTKA30YCTOM4YUBOCTb CUCTEM
TEOPUA N NPAKTUKA

e MeToapl NacCyBHOW 3all/Thl OT OTKa30B, MaremMarTn4ec-
Kre MOoOeNn CTRYKTYPHOIO PE3EPBNPOBAHUS, MOCTENEH-
HOW Aerpagaumm n3obITOYHbIX CUCTEM, MaCKMPOBaHWA
HEVCNPaBHOCTEW, NpakTN4eckye pesysbsrarsl NprMeHe-
HST NACCYBHOW 3aLLUMTLl OT OTKA30B.

e MeTonbl akTVBHOW 3alyThl OT CTPYKTYPHbIX OTKA30B 1
OLWNOOK B BbINOMHEHWM MHPOPMALIMIOHHBIX MPOLECCOB,
NPVIHUKMMBI U CNOCOObLI aKTUBHOW 3aLU/TLl, TEOPETUYEC-
Ke OCHOBbI aKTVBHOW 3aLLUUTHI, TEXHUHECKME PEeLlEHNs,
OUEHKNM 3DDEKTUBHOCTM akTUBHOW 3aLLATHI.

Il CEPTUDUKALINSA
TEOPUA U MPAKTUNKA

® AkkpeauTauma opraHos no ceptudbunkaumn 1 nenolta-
TeNbHbIX 1TabopaTopurt — COCTOsIHNE Npobnemsl B Poc-
cum 1 3a pybexom. Kak gobutbca B3anmMonpraHaHus
PEe3yNbTAaTOB UCMBbITaHi B Poccuun 1 3a pyeexom? [Nytu
cepTrdUKaLmn NPOrpaMmmMHO — annaparHbiX KOMMIEKCOB
no TPebOoBaHNSAM MEXOYHAPOOHbIX CTAHOAPTOB MO MyH-
KUMOHanbHOM 6e30MacHOCTU.

e O6azarensHas 1 406POBONbHAA CEPTUDUKALIN — OMbIT,
MHEHUS, MPEANIOXEHVIA.

e Ceptundukaumsa B 00n1acTi Ka4ecTsa U HaaeXHOCTH CUC-
Tem — TpeB0BaHKA CTaHOAPTOB, METOAVKMN NCMbITAHWN,
npakTu4ecKne pesynbrarhl.

o Ceptudukaums GyHKUMOHANbHOM 6€30MacHOCT CUCTEM
Ha OCHOBE V-TEXHONOMI — PrUIocodust, Cnocobbl CEpTU-
duKaumm, NPakTNHecKme pesynsratel BbIOOPOUHbIX My060-
KVX MPOBEPOK 10Ka3aTeNbCTBEHHOM 6a3bl pa3paboTyvika.

Il CTAHOAPTU3ALIUS B OBJIACTU HAOEXKHOCTU
U ®YHKLUMOHAJIbHOU BE3OMNACHOCTU

® BryaHue 3akoHa «O TEXHUYECKOM PEeryivpoBaHnin» Ha
pasBUTUE TEOPUN N NPAKTUKK HAOEXHOCT 1 PYHKLMO-
HaNbHOM 6e30MacHOCTH.

e Cranpaptel RAMS (IEC 62278, EN 50126 v ap.) v unx
oTpaxeHune B ctangaptax FOCT P. passutne ctangaprta
FOCT 27.002-89 ¢ y4eTOM TEPMUHOB W ONpeaeneHum
ctaHpapToB RAMS.

e COCTOSIHVME M NepCNeKTVBLI CTanaapTV3auUmm B 06nactu
HaOEXHOCTU.

e (OCHOBHblE NPUHLMMEI 1 6a30BbIEe NOIOXEHWA CTaHaap-
TOB MO pyHKUKMOHaNbHOW 6e3onacHocT TOCT P /M3K
61508, IEC 61511, EN 50126, IEC 62278, IEC 62280,
EN 50128, IEC 62279, EN 50129, EN 50159 (1.2) n gp.

e COCTOSIHME M NepCneKTBLI CTanaapTV3auUmm B 06nactu
DYHKUVOHANBHOM 6e30MacHOCTA.
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CTpyKTypHas HageXxHoCcTb. Teopus 1 NpakTuka

: A { - A
Hetec B.A., TapacsbesB IO.U., LLinep B.J1.

KAK HAM OMNMPEAEJINTb YTO TAKOE «HAOEXHOCTb»

B HacTosijee Bpemsi B TEXHNYECKOM KOMUTETE M0 cTaHgaptudaumn «HagexHocte B TexHuke» (TK 119)
vaet paboTa ro co3aaHu HOBOIr0 MEXIrocyaapCTBEHHOro crtaHaapTa «HagéxHocTe B TexHuke. TepMuHbI
n onpeaenenvs» B3ameH FOCT 27.002-89. 3ta Tema yxe rnogHManacb Ha CTPaHuLAax HaLlero XypHasna.
B Ne 2 3a atoT roa 6bii1 onybmKoBaH OTYET O 3acefaHuy rMoCTOSIHHO AEVICTBYIOLLEero Hay4Horo ceMmmHapa
«HagéxHocTb n Ka4eCcTBO PYHKLUMOHUPOBaHUS cuctem», coctosisuemcss 30 sHBaps 2014 roga, Ha KOTOPOM
obcyxxnaamcb OCHOBHbIE rPobieMbI, CBSI3aHHbIE C Pa3paboTKOM 3Toro ctaHaapTa. B Tom xe Homepe Obiia
onybsmkoBaHa CTaTbsl aKTUBHbIX YHaCTHUKOB 3Tok paboTtel B.A. Heteca, 10.U. TapacbeBa v B.J1. LLnepa
«AKTyasibHbl€ BOIMPOChl CTaHAapTU3aLmnum TePMUHOIOMM B 06/1aCTN HaAEXHOCTU», B KOTOPOW Obl/10 Ha4aTo
bosiee getasbHOe PacCMOTPEHNE ITOV BaXHON TEMBbI.

Certvac Mbl nybmKyemMm CcTaTbio 3TUX Xe aBTOPOB, MPOAOIKAKLLYI0 00CYyXXAeHMe nMpobaeM TepMUHOIO N
B 061aCTN HaAEXHOCTM.

Penakums obpatlaeTcss KO BCEM 3aMHTEPECOBAHHbIM YUTATEJIIM C MPOCbOOV Bbicka3aTb CBOE MHEHUE 10
nogHSATBIM B 3TUX CTatbsx Boripocam. CBOU nUCbMa MOXHO HanpasJ/isiTb B PEAAKUMIO MW HENOCPELCTBEH-
Ho B TK 119.

Korpa 51 ucrosib3yr C/10BO, OHO 3HAYUT MMEHHO TO, 4TO s XO4YYy, 4TOO OHO
3Ha4Yu10 — HU 6osblue, HM MeHbLue, — cka3an Lllantav-bonTtai Anvce.
Jlbtonc Kapponn «Anvca B 3a3epKkasibe»

1. BBepeHuve

B cratee [ 1] MbI kpaTko pacckazanu ucroputo orMensl crangapra 'OCT P 27.002-2009 [2] u Bo3Bpata
k [OCT 27.002—-89 [3] — cranaapty 25-neTHel JaBHOCTH, a TAK)KE O Havasie paboThl HaJl HOBOW pefak-
LMel OCHOBOIIOJIATAIOIIEr0 TEPMUHOIOIMUECKOT0 CTaH1apTa U TPYJAHOCTAX, C KOTOPBIMHU CTOJIKHY/IACh
pabouas rpymma (PI'), B3sBmasics 3a 3ty padoty. Tam jke oTMe4anoch, 4YTO OJHA W3 TJIaBHBIX MpoOiieM
— 3TO BOMPOC O TOM, KaKO€ oIpeiesieHue 0a30BOro TepMUHA «HA/IEKHOCTb) MOJIOKUTh B OCHOBY HOBOT'O
crangapra: crapoe u3 ['OCT 27.002—-89 unu HoBoe u3 noarororienHoro MOK (IEC) mexaynaponHoro
crangapra (MC) [4] (ero myOmukarus oxuaaetcs B aprycte 2014 r.). B qanHO# cTaThe MBI TOMBITAEMCSI
W3JI0KUTh CYTh BO3HUKIINX cpeau uieHoB PI” pa3Horiacuii 1 mpuYuHBL, IO KOTOPBIM Mbl CUUTaEM 3TOT
BOIIPOC IPUHLIUITNATIBHO BaXKHBIM.

Ho npexne, uem nepeiTu K AUCKYCCUH, MbI CUUTAEM LeJIeCO00Pa3HbIM KPATKO HAIIOMHUTh UUTATENISM,
KaK ONpEIeIIsiICs TEPMHUH «HAJIKHOCTb» BO BCEX MPEAbLAYLINX OT€UECTBEHHBIX TEPMUHOJIOTHUYECKUX
CTaH/JapTax, U KaK OH OIpEeIeNsieTcsl B MEXIyHApOIHbIX TOKYMEHTaX, B TOM YHCJIE U B MOCJeIHEN pe-
naknuu MC MODK.
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2. OnpepeneHue TepMMnHa «<Ha[EXHOCTb» B CTaHAapTax
COBETCKOro nepuopa

B Tabn. 1 npuBeneHs! Kak caMu OIpe/ieieHHs OCHOBHOTO TEPMUHA B CTapbIX JOKYMEHTaX, HaulHas
co Coopnuka pexkomeHnayembix TepMuHOB AH CCCP, BoimymieHHoro B 1962 roay, Tak U mpuMedanusi 1
MOSICHEHHUS K 3 TOMY TepMHHY. OnipeieNieHust Mbl IPUBEIH NOTHOCTHIO, a MOSICHEHHS M IPUMEUYaHUS 1aHbI
B TOW YaCTH, KOTOPasi CBA3aHa C MOCIEAYIOMIECH TUCKYCCUEH.

Ta6auna 1. OnpenesieHusi TepMUHA “HAIEKHOCTH” B COBETCKHX JIOKYMEHTAaX

No
w/n HUctounuk Omnpenenenue IIpumeuyanue K onpeaeIeHHI0
CBOHCTBO CHCTEMBI (DJIEMEHTA CHCTEMBI), 00Y-
COOpHHUK pe- | CIOBICHHOE IMIaBHBIM 00pa3oM e€ 0e30TKa3HO-
KOMEH/IYEMBIX | CThIO U PEMOHTOIIPUTOHOCTHIO M 00ECIIeunBat0-
1 TEPMHHOB. | Il[e€ BBIMOJIHEHHE 3aJ[aHUsl B YCTAHOBJICHHOM JUJIsI
Brmm. 60. 1962 | cuctemsl (3neMeHTa) 00bEME; KOJTHUYECTBEHHO
[5] OTIPEACIACTCS BEPOSATHOCTHBIMH XapaKTePUCTH-
KaMH 1 apameTpamu
CBOICTBO CHCTEMBI WIIN U3/EIHs, 00yCIOBICHHOE
nX 0€30TKa3HOCTHIO, IOJITOBEYHOCTHIO M PEMOHTO-
COopHUK pe-
MIPUTOAHOCTHIO M 00eCIIeYNBalOIIee HOPMAIEHOE
KOMEHIYEMBIX N
) TEDMUHOB BBINOJTHEHHE 3a/IaHHBIX (DYHKIMH CHCTEMBI (H3-
anp 67 1 9'6 4 JICTIVS); KOJTMYECTBEHHO OLICHUBAETCSI, HAITpUMep,
' [ 6]. MIPOM3BEACHUEM BEPOSITHOCTH OE30TKa3HOH pado-
THI Ha KOA(Q(UIIEHT TEXHNIECKOTO HCTIOIh30Ba-
HUsE (MM Ha KOO QUITHEHT TOTOBHOCTH)
CBOICTBO M3/I€JIHs BBHITIOJIHSATD 33/IaHHBIC (PYHK- HanexxHocTh n3zenust 00yciaBinBaeTcst ero
3 I'oCT I[M, COXPaHsIsi CBOM IKCILTyaTallMOHHbIC TIOKa3a- | «0€30TKAa3HOCTHIO», «PEMOHTONPUTOHOCTHION,
13377-67 [7] |Tenu B 3alaHHBIX TIpeJiesiax B TCUCHHE TPEOYEeMOTO | «COXPAHSIEMOCTBIO», & TAKIKE «JIOJITOBEYHO-
MIPOMEKYTKa BpEeMEHH WK TpeOyeMoi HapaOOTKu CTBIO» €T0 YacTeil
HanexxHoCTb SIBIISIETCS KOMITIIEKCHBIM CBOH-
CTBOM, KOTOPOE B 3aBUCHMOCTH OT Ha3HAYCHUS
00BEKTA M YCIOBUH €T0 3KCILTyaTaIlH MOXKET
BKJIFOYATh OE30TKa3HOCTb, JOJITOBEYHOCTD,
PEMOHTOIIPUTOAHOCT M COXPAHSIEMOCTh B OT-
CBOCTBO 00BEKTA BBIMOIHATH 3a/laHHbIE (DYHK- | ICIBHOCTH WU OTIPE/CICHHOE COYETaHHE STHX
IIUH, COXPaHsIsi BO BPEMEHH 3HAUCHHS yCTAHOB- | CBOWCTB KakK JUIs OOBEKTa, TaK M IS €r0 YacTel
rOCT JICHHBIX SKCIUTyaTallMOHHBIX TIOKa3aTelnel B 3a- | «OKCIUTyaTal[MOHHBIE TTOKa3aTeII» — IT0Ka3a-
4 13377-75 [8] JTAaHHBIX TIPEJIeNIax, COOTBETCTBYIOMINX 3a/IaHHBIM | TEJIN TPOM3BOIUTEIBHOCTH, CKOPOCTH, Pacxo/a
peXUMaM U YCIOBHUSM HCIOIB30BAHUS, TEXHH- NIEKTPOIHEPTUH, TOIIINBA U T.II.
YECKOTo 00CITy)KNBaHHS, PEMOHTOB, XpaHEHUS U U3 noscrenus k mepmuny:
TPaHCIOPTHPOBAHUS «ITon KauecTBOM MPOTYKINU TOHUMAETCS CO-
BOKYITHOCTB €€ CBOMCTB, 00yCIIOBIMBAIONIAs
TIPUTOAHOCTH MPOTYKINH ISl YAOBICTBOPCHHUS
OTIpe/IeTICHHBIX TTOTPEOHOCTEN B COOTBETCTBUH C
e€ HazHaueHueM. OJTHUM U3 CBOMCTB 3TOW COBO-
KYITHOCTH SIBJISICTCS HAJICKHOCTD)
CBOHCTBO 00BEKTa COXPAHATH BO BpEMEHH B yCTa- .
HanexHOCTb SIBISIETCS CIIOYKHBIM CBOMCTBOM,
HOBJICHHBIX TIpEZIeiax 3HAYCHHUs BCeX MapaMeTpoB,
KOTOpPOE B 3aBUCUMOCTHU OT Ha3HauYeHHs1 O0bEKTa
Iroct XapaKTEePHU3YIOIINX CIIOCOOHOCTH BBITIONHATH Tpe- .
5 W YCIIOBHUi1 €ro NPUMEHEHHUSI COCTOUT U3 CoueTa-
27.002-83 [9] | Oyemble DyHKIMHU B 3aaHHBIX PEIKUMAX H YCIIO- o .
HUI CBOMCTB: 0€30TKa3HOCTH, JI0JITOBEYHOCTH,
BUSIX IPUMEHEHHUsI, TEXHUUECKOTO 00CITyKUBAHUSI,
PEMOHTONPUTOIHOCTH U COXPAHIEMOCTH
PEMOHTOB, XpaHEHHsI U TPAHCIIOPTHPOBAHUS
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HanexxHOoCTh SIBIISICTCS. KOMILIEKCHBIM CBOM-
CTBOM, KOTOPOE B 3aBUCHMOCTH OT Ha3HAYCHUS
00BEKTa ¥ YCIOBHI €ro MPUMEHEHHUS MOXKET
BKJTIOYATh 0€30TKa3HOCTh, JOJITOBEYHOCTD,
PEMOHTOIPUTOTHOCTh ¥ COXPAHIEMOCTh HJIH
OIIpE/ICIICHHBIC COUCTAHUS ITUX CBOMCTB
U3 nosicnenus Kk mepmuny:
TepmuHOIOTHA 110 HAJEKHOCTH PACIIPOCTpa-
HSIETCS Ha JIFOOBIE TEXHUYECKHE OOBEKTEI — U3-
JICITUSI, COOPY>KEHHSI K CHCTEMBI, 8 TAKKE X
MOJICUCTEMBI. .. B KauecTBe MOACUCTEM MOTYT
paccMaTpuBaThCsi COOPOYHBIC SAMHUIIBI, ICTAIIH,
KOMIIOHEHTBI HJIH 3JIeMeHThI. [Ipu HeoOxo1umo-
CTH B [TOHATUE «OOBEKT» MOTYT OBITh BKIIIOUCHBI
uH}opMaLus U €€ HOCUTEIH, a TAKXKE YeJIOBe-
yeckuii (hakTop (HarmpuMep, Ipu pacCMOTPEHHUH

CBoIiCcTBO 00bEKTa COXPaHSITh BO BDEMEHHU B yCTa- | HAJIS)KHOCTH CHCTEMBI «MaIllMHA-0IIEPaTOP»).

HOBJICHHBIX MpeJieNax 3Ha4eHHUs BCeX 1apaMeTpoB,
6 IocCTt XapaKTepHU3YIOIUX CIIOCOOHOCTH BBINOJIHATH Tpe- | paHuUIL MOHSTHS «HAJIGKHOCTBY HE U3MEHSIET Clie-
27.002—-89 [3] | Oyemblc (pyHKIMU B 3aIaHHBIX PSIKUMAX M YCIO- | IYIOIEE ONpe/eieHre: HaeKHOCTh — CBOMCTBO
BUSIX IIPUMEHEHUsI, TEXHUUECKOTO 00CIy)KUBaHUs, | OOBEKTa COXPaHSITh BO BPEMEHH CIIOCOOHOCTB K
XpaHEeHUs U TPaAaHCIIOPTUPOBAHUSA BBITIOJIHEHUIO TpeOyeMbIX (DYHKIMI B 3a/IlaHHBIX
PexKHUMax U yCIOBUAX MPUMEHECHU S, TCXHUYECKOT'O
00CITy)KUBaHUSI, XPAHEHHS! U TPAHCTIOPTUPOBAHMSI.
DTo omnpeeneHue NPUMEHSIOT TOTa, Korjaa
rapamMeTpu4eckoe OnucaHue HeleaecooopasHo
(HanpuMep, I IPOCTEHIINX 00BEKTOB, Pado-
TOCIIOCOOHOCTH KOTOPBIX XapaKTePU3YeTCs 110
TUIY «JIa-HET)», WK HEBO3MOXKHO (HaIpumep,

JUIS CUCTEM «MallliHa-0Meparopy, T.e. TAKUX

CHCTEM, HE BCE CBOMCTBA KOTOPBIX MOTYT OBITh
OXapaKTepU30BAHbI KOJTMYECTBEHHO).

K napamerpam, XapakTepu3youmm crocoo-
HOCTb BBINOJHATH TpeOyemble (PyHKIMH, OTHO-
CAT KUHEMAaTUYC€CKNE U ATMHAMHWYCCKUC IMapaMe-
TPBI, I0KA3aTEJIU KOHCTPYKLIMOHHOM IIPOYHOCTH,
MOKa3aTeJId TOYHOCTH (PyHKIIMOHUPOBAHUS,

MMPOU3BOAUTEIILHOCTH, CKOPOCTH U T.II.

W3 tabn. 1 BuaHO, 4TO ONpeeneHre HaJeKHOCTH U3MEHSIOCH C TPUHATUEM Ka)KI0TO HOBOT'O JIOKyMEH-
Ta. B pe3ynbprare numeem cieayolyto nocie10BaTeIbHOCTh TpaHchopMaliil onpeieseH s HaIeXKHOCTH
(MBI yriporiaeM GOpMYITHPOBKU, OCTABIISASL CMBICH):

1962 Tom — CBOMCTBO CHCTEMEI BBITIOIHSITE 3aJaHNE;

1964 ron — cBOMCTBO CUCTEMBI (M3/1€JTHs) BBHITOIHATE 3ajaHHbIE (YHKIINH;

1967 ron (nepssiit [OCT) — cBOMCTBO U3/1€HsI BBIMOIHATD 3a1aHHbIe (QYHKIIMH, COXPAHSIsl CBOU I10-
Ka3arejH B 3a/IaHHBIX Ipeenax;

1975 rox — cBOMCTBO OOBEKTA BBIMOJIHATH 3a/1aHHbIE (PYHKIIMU, COXPaHsIsl yCTaHOBJICHHbIE ITOKAa3aTeIu
B 3aJIaHHBIX Mpezenax;

1983, 1989 rr. — cBOIICTBO 00BEKTA COXPAHAThH B yCTaHOBIIEHHBIX IpeJIeiax 3HaYeHHsI BCEX TapaMeTpOB,
XapaKTEepU3YIOLIUX CIIOCOOHOCTH BBINOJIHATH TpeOyeMble (PyHKINY;

1989 rox (mpunokeHne) — CBOMCTBO 0OBbEKTA COXPAHATH CIIOCOOHOCTD BBITIONIHATH TpeOyeMble (PyHKIIHH.

Taxum o6pazom, B 'OCT, nHaunnas ¢ 1983 roma, cnocoOHOCTH BBITIONHSATH 33a/IaHHbIE (PYHKITUH, CTaJIa
TPaKTOBAThCS KaK COXpaHEHHE B 3aJJaHHBIX IIPEIENIaxX BCEX YCTAaHOBJIEHHBIX B HOPMATUBHO-TEXHUYECKOM
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U (MIM) KOHCTPYKTOPCKOM (ITPOEKTHON) TOKYMEHTALUH MTapaMeTpoB. B 1emsix KpaTkocTH Mbl anee Ha-
3bIBAEM TAKO€ OINPEAEIECHUE TAPAMETPUUECKHUM.

OtmetuM, yto B HbIHe aelicTByomeM ['OCT 27.002—-89 ectb ¢akTHUecKH ABa ONpPEEsICHUs Ha-
NEKHOCTU: B OCHOBHOM TEKCTE CTaHJApTa U B CIIPABOYHOM IIPHUIIOKEHHUH, COAEPIKAIIEM MOSICHEHUS K
tepmMuHaM (Tadm. 1, m. 6). [Ipu sTOM yKa3aHo, 4TO BTOPOE ONpeNieIeHne He U3MEHSAET I'PaHMIl TOHITUS
«HAZCKHOCTBY» U €T0 «IIPUMEHSIOT TOI/Ia, KOT/Ia MapaMeTpHUeCcKOe ONMCaHNE HEeLEIecO00pasHo ... HIU
HEBO3MOXKHO ...».

B cBs13u ¢ 3THM, TIpecTaBIIAETCS 1IeTIeCO00Pa3HbIM 0OCYANUTH BOIIPOC O TOM, KAKOE OIpeIe/IeHHE CTOUT
HUMETh KaK OCHOBHOE, 8 KAKOE MOKHO OCTaBUTh B KaU€CTBE BCIIOMOTaTeabHOr0. MBI BEpHEMCS K ATOMY
BOIIPOCY MO3XKe, a MOKa MPOIOJIKUM UCTOPUUECKHH 0030D.

3. OnpepeneHve TepMMHA HAJEXHOCTb B M@XAYHAPOAHbIX CTaHAapTax
M OTE4YEeCTBEHHbIX CTaHAapTaX, OCHOBAHHbIX HA MeXAYHapOaHbIX

Brnots 10 1984 rona B MC He ObL1o 0011€T0 TepMUHA, YKBUBAJIEHTHOTO PYCCKOMY «HA/I€KHOCTDHY.
boutn nuine TepMHUHBI IS OTJENBHBIX Oosiee Y3KUX CBOMCTB: Ge3oTka3zHocTH (reliability), roroBHOCTH
(availability) u np. B wactaoctu, Texuuueckuit komurer (TK) 56 MOK, nassiBaemblii ceiiuac «Ha-
nexHocThy (Dependability), HaseiBancs «be3orkazHocts u pemonronpuronnocts» (Reliability and
Maintainability). Bo3nukanu u Gonee anuHHBIE cloBocoueTaHus, Harpumep, Reliability, Availability,
Maintainability and Safety (6e30Tka3HOCTb, TOTOBHOCTb, PEMOHTOIIPUTOJHOCTh U 0€30MaCHOCTh) — KOH-
LEMNIUs, IUPOKO UCTIOIb3yeMasi, B YaCTHOCTH, Ha KEJIE3HOAOPOXKHOM TPAHCIIOPTE, ISl KOTOPOil OOBIYHO
npumensiercst abopesuarypa RAMS.

[IpaBna, eme B 1960 rony amepukanckuii uccnenosarens [x. Xochopa BBen tepmun dependability
U cooTBeTCTBYIOMIME Moka3atenu [10]. B o0miem ciydyae oHM ONpeesisiiuch Kak BEPOSTHOCTh TOTO, YTO
cuctema Oyaet cnocoOHa (hyHKIIMOHUPOBATh, Korna 3To Tpedyercs. OH mucall, 4To 3TO OJIHA U3 BaXKHEH-
IIMX XapaKTePUCTUK JIIOOBIX CUCTEM, B KOTOPBIX MOTYT IPOUCXOJUTH OTKA3bl. B 4aCTHBIX cllydasx 3TH
rokasatenu ObLUTH KO3 PUIIMEHTaMH TOTOBHOCTH (MTHOBEHHBIM UJIM YCPEAHEHHBIM WHTEPBAIBHBIM) U
BEPOSATHOCTHIO O€30TKAa3HON pabOTHI.

C xonna 1970-x ronoB XK.-K. Jlampu u3 Jlemapramenta nHGOPMAIMOHHBIX U MH)KEHEPHBIX HAyK
@paHIly3cKOTO HAIMOHAJIBHOTO LIEHTpa HAay4YHBIX HccienoBaHuil B Tymyse cTan NpUMEHSTh TEPMUH
dependability mst Beruncnutenbabix cucteM [11, 12 u ap.]. OH TpakTOBajCs A0BOJBHO IIUPOKO U MPH-
MEHUTEIIbHO K 3TON 001aCTH CTaj MePEBOIUTHCS Ha PYyCCKUI S3bIK KaK «rapaHTocrnocoOHoCcTh» [13]. 310
MIOHATHE OTIPEIENSIIOCH KaK CBOMCTBO CUCTEMBI, IIO3BOJISAIOIIEE 0O0CHOBAHHO MOJIAraThCs Ha BHITOTHEHHE
YCIIYT, 7151 KOTOPBIX OHA MpeHa3HaueHa.

B 1984 rony MexxayHapoaHblii KOHCYIbTaTUBHBIN KoMHTET 110 Tenedonuu u tenerpadpuu (MKKTT)
pu MexayHapoaHoM corose 31ekTpocBsa3u (MCD) npunsin Pekomennanuto G.106 [14], conepxkariyto
TEPMUHBI U OTIPEICTICHNUs B 001aCTH KaueCcTBa 00CITY>KUBAHHSI M HAJIS)KHOCTH, B KOTOPOU MOSIBIIICS OO
TEPMUH «HaAeKHOCTHY (dependability). BBeneHHble B Heil OHITHS BCKOPE CTalM aKTUBHO UCIOJIB30-
BaThCs CIICIIMAIMCTaMH OTPACid, B TOM YKCJIE U B Haliel ctpane [15].

Taxum oOpa3oM, paclIupeHne MOHATHS «HAAEKHOCThY» MPOU3OIILIO 10 UHUIIMATHBE HauboJee nepe-
JIOBBIX U JJUHAMHYHO PA3BUBAIOIIUXCS OTPACIICH: BBIYMCIUTEIBHON TEXHUKU U DJICKTPOCBS3H.

3arem TepmuH dependability Bomen B mpunsaThIi B 1990 rory MC MOK 50-191, xotopsiit MOK pas-
pabotan coBmectHo ¢ MCD. BriocneacTBuu B CBSI3U ¢ U3MEHEHHEM cucTeMbl 0603HaueHuit MC oH mo-
ayuust Homep 60050-191. ITockonbky Bee octanbablie TK MCO n MOK npusHarot Benyyto poias MOK/
TK 56 B Bonpocax HaJIexKHOCTH, 3TOT CTAHJIAPT SBJISIETCS KTOPU3OHTAIBHBIMY (MEKOTpaciieBbIM, 001I1e-
TEXHUYECKUM), U OTIPEIeNIEHHBIE B HEM TepMUHBI UCTIONIB3YIOTCs BO Bcex MC MCO u MOK, B KOTOpBIX
YIOMUHAETCS Ha/IeKHOCTh. DTO 00eCleunBaeT coracoBaHHOCTh Bcex MC B TpPaKTOBKE OCHOBHBIX I10O-
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HATHH HaIeKHOCTH. B 3TOM 1i1aHe OHM, Kak 3TO Oy/eT BUIHO U3 JalIbHEHIIEro, OTIINYA0TCA B JIyUIIYIO
CTOPOHY OT OTEUECTBEHHBIX CTaH/IapTOB.

B Tabn. 2 npuBeseHbl BapuaHTHI IEPEBO/Ia HA PYCCKHUM A3bIK ONpPEAeNeHUs TEPMUHA “HAaJIe)KHOCTD U
IIPUMEYaHUs K HeMY U3 O(pHUIIHATBHBIX TOKYMEHTOB: pycckux Bepcuii Pexomennarmu G.106 [14] u MC
MD3K 50-191 [16], poccuiickux crannaptos [17, 18] u MmexrocynapctBeHHOro cranaapra [19].

Ta6auna 2. IlepeBoabl onpeaeneHus HAAEKHOCTH U3 MEKIYHAPOAHBIX JTOKYMEHTOB
B OT€YeCTBEHHBIX JTOKYMEHTAaX

Ne
n/n

Hcrounuk Omnpenesienue IIpumeyanue K onpeneseHUI0

CobuparenbHblii TEPMHUH, UCTIOIAB3YEMBIH JIst
PexomeHmanmsi | XapakTepHCTUK TOTOBHOCTH U (haKTOPOB, €€

1 |MKKTT G.106| o6ycnaBnuBarommx: 0€30TKa3HOCTH, PEMOHTO-
[14] MPUTOAHOCTH ¥ 00CCIICUEHHOCTH 00OBEKTA TEX-

HUYECKHUM O0CITYy)KHUBAaHHEM

CobOuparenbHbIi TEPMUH, TPUMEHSCMBIN IS
MC MDK | Ormcanns claoﬁCTBa TOTOBHOCTH U BIUSIOLIUX
2 Ha HEro CBOMCTB 0€30TKa3HOCTH, PEMOHTOIPHU-

JlaHHBI TEPMHUH UCIIOJIB3YETCS
TOJILKO TSI OOIITUX OTIMCAHHMA
0€3 KOJIMYECTBEHHBIX BbIpaxe-

HUH

JlaHHBI TEPMUH NPUMEHSAETCS
TOJILKO JUIsL OOIIIEro HeKoInye-

50-191 [16] CTBEHHOT'O OTMTMCAaHMs CBOMCTBA
TOTHOCTH M 00€CIIEYEHHOCTH TEXHUYECKOTO
TOTOBHOCTHU
00CITy’)KUBaHHS M1 PEMOHTA
TepMuH «HAAEKHOCTBY MPU-
FOCT IS0 MGIE}ICTCH TOJIBKO ISl 06mpero
3 90002011 To xe
[19] HEKOJIMYE€CTBEHHOT'O OITMCAHUS
CBOMCTBA
I'OCTP CBOICTBO FTOTOBHOCTH U BIUSAIOIIME HA HETO | /laHHBIN TEpMUH pUMEHsETCS

51901.3-2007 | cBoiicTBa 0€30TKa3HOCTH, PEMOHTOIIPUTOIHO- | TOJBKO JIJIsi OOIIETO HEKOJIMYe-
(MDK 60300- | cT 1 00eCTIe4eHHOCTH TEXHHYECKUM 00CITy- | CTBEHHOTO OTHMCaHUS CBOMCTBA
2:2004) [17] JKMBAaHUEM U PEMOHTOM TOTOBHOCTH
TOCT P CBOE/'ICTBO TOTOBHOCTH U BIUAIOIIME HAa HErO | JlaHHBIA TEPMUH UCTOJIb3YIOT
5 | 270000009 | CBOHCTEA 0€30TKa3HOCTU U PEMOHTOIPUTOA- | TOJIBKO JIJIsl OOILIEro HeKoIuye-
18] HOCTH, U TIOJIEP>KKAa TEXHUYECKOTo 00CIYKHU- | CTBEHHOIO ONMHUCAHUS HAIEK-
BaHUs HOCTH

[To cpaBHeHHUIO C oTeuecTBEeHHBbIMU cTaHAapTaMu B MC no0aBieHa elle olHa COCTaBJIsIOIIas Ha-
JEKHOCTU: 00€CIIEYeHHOCTh TEXHUYECKOTO OOCTYKHBAHHUSI U PEMOHTA — CIIOCOOHOCTh OpraHH3aIlHH,
OCYUIECTBIIAIONIEH TEXHUYECKOE 00CITyKMBaHNUE U PEMOHT, MPH 3aJlaHHBIX YCIOBUAX IO 3arpocy oode-
CIIEYMBaTh PECYpPChl, HEOOXOAUMBIE I TEXHUUECKOTO OO0CIYy)KMBaHUS U PEMOHTa OObEKTa, B COOTBET-
CTBUH C 33JJaHHBIMH MPaBUJIAMH TEXHUUECKOTO 00CITY>KUBAHUS U PEMOHTA. DTO CAENAHO ISl TOTO, YTOOBI
MMOMHMO PEMOHTOIPUTOAHOCTH, XapaKTepU3yIOIIe BHYTPEHHUE CBOMCTBA COOCTBEHHO TEXHHYECKOTO
00beKTa, OTPA3UTh XapPAKTEPUCTHUKU CUCTEMBbI TEXHUYECKOTO 0OCTYKUBAHUS U PEMOHTA, OTHOCSIIEHCS
K 3TOMY 00BeKTY. BooO111e, cricTeMy TeXHUYEeCKOTro 00CTyKMBaHHS M PEMOHTA B HACTOALIEE BPeMsI 4acTo
paccMaTpHUBaIOT KaK HEOThEMJIEMYIO YacTh 00BEKTa, KOTOPHIN OHa oOcyx)uBaet [19].

CMbICH TpUMEYaHUs K ONIPEIeJICHHIO COCTOUT B TOM, YTO HE CYIIIECTBYET IMOKa3aTeaei, KOMM4eCTBEH-
HO XapaKTePHU3YIOIIHUX HAJIEKHOCTD B IIEJIOM, a BCE MTOKA3aTeNu XapaKTepU3yIOT TOJIBKO COCTABISIOINE
HaJEKHOCTHU: TOTOBHOCTb, 0€30TKa3HOCTD U JP.

N3 Tabn. 2 BumHO, uto ompenenenue HaaéxkHoctu B [OCT P 27.002—2009, koTophlii OCHOBaH Ha
MDK 60050-191, conepXuT cepbe3HbIC OMTUOKU: B HEM yIyIIeHa 00eCIeYeHHOCTh TEXHUYECKOTO 00-
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KAK HAM ONPEJEJINTb HYTO TAKOE «<HAOEXHOCTb»

CJTy’)KUBaHMs, BIUSIONIAs HA TOTOBHOCTb, 3aTO MOSBUJIACH HE OINpee/EHHAs B CTAaHAAPTE «IOAJIEPIKKa
TEXHUYECKOTO 00CTyKMBaHUS». B pesynbrare cMbICT TEpMHHA MCKA3WJICS, a ONpEAESICHHE CTalo He
BITOJIHE MOHATHBIM. Kak yxxe ormeuanocs [20], 3TOT cTaHaapT coepKall 1 MHOXKECTBO JIPYTHUX OIINOOK
Y HETOYHOCTEH, YTO U MOCIYKUJIO OCHOBAHUEM [l IPUOCTAHOBKHU €T0 JIEHCTBHS U BOCCTAHOBJICHUS
npumenenus ['OCT 27.002—-89 [21].

Amnanu3z Tabi. 2 mo3BOJISET CAEIaTh TAKXKE CIEAYIOIINE BBIBOBL:

— pa3pabOTYMKHU OTEYECTBEHHBIX CTAHAPTOB, K COXKAJICHHIO, HE BCET/Ia yUYUTHIBAIOT CYIIECTBYIOIINE
CTaHJApThl M MHOT/IA TAIOT CBOU ONPEACTICHUS y)Ke UMEIOIIMMCS B HUX TE€PMUHAM;

—HECMOTPS Ha HaJIMYKe JEHCTBYIOLIETO OTEYECTBEHHOTO TEPMUHOIOIMYECKOTO CTaH1apTa, IPH CO3/1a-
HUM CTaHAapTOB, rapMoHu3upoBaHHbIX ¢ MC MCO nu MOK, kak 1 Moja0KeHO, UCTIONIb3YIOTCSI TEPMUHBI
u onpenenenus usz MC.

Takum 00pa3oM, BO3HUKAIOT PACXOXKIECHUS B ONPEICICHUAX OJHUX U TeX )K€ TEPMHHOB B pa3IMYHBIX
CTaHJapTax, YTO HE MOXKET HE CO3/1aBaTh TPYAHOCTEH B MX MCIIONB30BaHUU. bonee Toro, 310 Booo11IE Mo-
POXKIIAaeT HEJOBEPHUE U HUTWIIM3M 10 OTHOIICHHUIO K CTaHAapTaM. B camoM Jferne, cTanaapTsl IPU3BaHbI
o0ecrneynBaTh COBMECTUMOCTD, COTNIACOBAHHOCTh M T.II., HO KaK OHM MOTYT pelllaTh 3TH 3a7a4d, €CIIU
CaMM HECOITIAaCOBAaHHbI MEX Ty c000ii?! DT0 00CTOATENBCTBO ABISETCS HEMATIOBAYKHBIM JI0BOJIOM B MOJIB3Y
rapMOHU3AIMH CTaHAAPTOB, IOCKOJIBKY OHA MOXKET €CJIM HE COBCEM YCTPaHUTh, TO, 110 KpaiiHel Mepe,
CYIIECTBEHHO YMEHBIIUTh PACXOKICHUA MEXy CTaHIapTaMH.

4. NApmoHunsaumsa ¢ MC: 3a u npoTus

@dopmalibHbIE OCHOBaHHS FrapMOHU3AIIMU CTaHIapPTOB:

— B COOTBETCTBUHU CO CT. 12 @enepanbHoro 3akoHa PO «O TexHUUECKOM perylInpoBaHUN «CTaHAapTH-
3a1us OCYIIECTBIIACTCS B COOTBETCTBUM C MPUHIUIAMHU: <...> IPUMEHEHUS MEXTyHAPOJHOTO CTaH1apTa
KaK OCHOBBI pa3pabOTKu HAIIMOHATBHOTO CTaHAPTA. . .»;

— npaBuiia BTO TpeOyroT npu cocTaBieHUN HAIIMOHAIBHBIX CTAaHAAPTOB U TEXHUYECKUX HOPM OpaTh
32 OCHOBY MEXIyHAPOJIHBIE CTAHAAPTHI.

[To cymecTBy rapMoHu3alys CTaHAAPTOB:

— o0ecrneurBaeT TEXHUUECKYI0 U HH(OPMAIIMOHHYIO COBMECTUMOCTH;

— obneryaeT B3aMMOIIOHMMAHKE U B3aUMOJICHCTBHE C MOCTABIIMKAMU, TAPTHEPAMU, KITUEHTaMH, KOJI-
neramu (0COOEHHO, 3apyOeKHBIMU);

— TIO3BOJISIET UCIIOJIB30BATh OIBIT U 3HAHUS BCETO MUPOBOTO MPO(eCCHOHATBHOIO COOOIIECTRa;

— CHIDKAET PUCK BO3HUKHOBEHUS PACXOXKACHUN MEXTy CTaHAaPTaMU, TOCKOJIBKY, KaK YK€ yKa3bIBaJIOCh
BBIIIIE, PYTHUE CUCTEMBI CTAHAAPTOB (HAPUMEP, 0 CUCTEMaM MEHEDKMEHTa KaueCTBa, MEHEPKMEHTY
PHUCKA) UCIIONIB3YIOT TEPMUHOJIOTHIO U METOI0NIOTHIO Han&xkHocTu MOK.

Bwmecre ¢ TeM rapMoHM3a1IMs CTaHAAPTOB MOPOXKIAET U HEKOTOPBIE MTPOoOIeMbl. Bo-niepBhIX, OHa MOXKET
oTpe0oBaTh JIOMKH CTEPEOTUIIOB, OTKa3a OT CTApbIX B3MIAIOB U MpencTaBieHuii. OQHaKo U B MPOILLIOM
HAIlIY TIPEJICTaBICHUS HE pa3 MEHSUIHCH (CcM. Talm. 1). Bo-BTOphIX, MOTYT BO3HUKATh TPYIHOCTH MIEPEBO/IA,
0COOEHHO MPUMEHUTENHHO K TEPMUHOIOTHUECKUM cTaHaapTaM. OHU U CTaIM OTHOW U3 MPUYMH HEYIa4H C
I'OCT P 27.002-2009. OgHako npeooaeBaroT ke KaK-TO 3TH TPYAHOCTHU B IPyruX cTpaHax. B aToii cBsa3u
CTOUT coclathes Ha moprai «Anekrponeaus» (Electropedia), mpencTapisitoniuii co00i OHIAIHOBYO BEPCHIO
MesxayHapoHOTO AIeKTPOTeXHUYecKoro cinoBaps. Ero yacts 191 [22]u ecte MC MOK 60050-191 (1990).
Tak BoT, B Hell mpuBeieHb TePMUHBI Ha 10 s13bIKaX (PYCCKOTO CPEH HUX, K COXKATICHUIO, HET).

Koneuno, nanexo He Bcerna MeKIyHapOIHbIE CTAHIAPThI COTIACYIOTCS C OMBITOM U B3IVISIAAMH OTede-
CTBEHHBIX CHEIHMAIMCTOB U HALTUMU PEausiMU, TO3TOMY HEOOXOAMM TIATENbHBIH, HEMIPEIB3ATHIN CO-
MIOCTaBUTENIbHBII aHATTU3 OCHOBHBIX MOJIOKEHUI MEKIYHAPOAHBIX U OTEUECTBEHHBIX CTAHAAPTOB B TEX
CIIy4asiX, KOTrJia MKy HUMU BOSHUKAIOT PACXOXKICHHUS.
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5. OnpepeneHue HapEeXXHOCTU B HOBOM cTtaHaapTe M3K

Co BpeMeHeM CTaJIo MOHATHO, 4To onpeaenenue HaaexHoctu B MOK 60050-191:1990 umeer onpene-
JICHHBIE HEIOCTAaTKU. A UMEHHO:

— HOCHUT «II€PEYUCIUTEIBHBINY XapaKTep, T.€. He 1aeT COOCTBEHHOT'O ONPEIEICHUS TOHATUS «HAICXK-
HOCTbB», @ JIIIb MIEPEUNCIISIET COCTABIISIIOIINE ITO CIOKHOE TOHATHE Oosiee MPOCThIe CBONCTBRA;

— HE OXBaThIBAE€T HEKOTOPHIE JIPYTHe BaKHBIE CBONCTBA, TAK)KE OTHOCAIINECS K HAJECKHOCTH, HAIIPH-
Mep, TOJITOBEYHOCTb.

[Toaromy xorma B TK 56 MOK nauanack pabota no nepecmorpy MC 60050-191:1990, Gbiio permieHo
OOHOBUTH U OMpeeNieHHue HaJAe)KHOCTU. BHavyane nmpeanonaranoch, 4To OyaeT mpuHATa 2-1 peaakius
TOTO K€ CTaH/AapTa, HO 3aTeM OH MoIy4rs HOBBIM HOMep 60050-192. Bes ata pabora nuia 10CcTaTouHO
JIOJITO ¥, HAKOHEII, BBIIIJIa Ha 3aBEPIIAIONIYIO cTauio: B aBrycte 2014 r. oxxunaercs opuiranpHas my-
omukarus atoro MC [4].

[Tocne monrux cnopoB U 00CYXJIeHUN B HEM ObUIO CPOPMYIHPOBAHO CIEAYIOILIEE BechMa OOIIee
onpenenenue Haaexuoctu (dependability):

«ability (of an item) to perform as and when required».

DTO MOXKHO MEPEBECTH KaK «CHOCOOHOCTH (0OBEKTAa) BBIMOIHATH KaK U KOTa TpeOyeTcs» WM, YTO
MpesICTaBiIsIeTcsl 00Jiee TOYHBIM MO CMBICITY, «CIIOCOOHOCTH (00beKTa) (PyHKIMOHUPOBATH KaK U KOTAa
Tpeldyercs».

BTopoii BapraHT nepeBoia sBsieTcs 00yiee MPaBUIIBHBIM ¢ TOUKH 3pEHUS IrpaMMaTHKU. [1aroi «BeI-
TIOJTHSTHY SIBJISETCA MIEPEXOAHBIM, T.€. TpeOyeT mocie ce0st OTCYTCTBYIOIIEE B 3TOM OIPEICICHUU MPSIMOE
JIOTIOJIHEHUE — OOBEKT AEHCTBUS (BBIMOIHATH UTO?), a TIaroi «(yHKIIMOHUPOBAThY — HEMEPEXOAHbIH.
OTMeTuM, 4TO aHTIIMHCKUN Ty1arolt to perform, BooOIIe roBopsi, MOXET OBITh KakK MEPEXOIHBIM, TaK U
HENEPEXOIHBIM, HO B JIAHHOM CJIyYae OH ABISAETCS HEMEPEXOAHBIM! .

[TepBblii e BapuaHT crI0COOEH UCKA3UTh CMBICT OTIPEIETICHHUS, TOCKOIbKY OTCYTCTBYIOLIEE, HO Harpa-
IIMBAIOIIEECs] TIOCIIE MEPEXOTHOTO IVIaroyia «BBIMOIHIATEY MPSIMOE JIOMOJIHCHHE MOXET JOMBICITHBATHCS
YUTAIOMKM (HAIpUMEp, BBITIOJIHATD 3a7aHue), PUJIaBasi ONMPEACICHHIO CMBICI, KOTOPBIM B HETO HE 3a-
JIOJKEH.

Ha niepBaiii B3m1s11 onipenenenue HajesxkHocTH B MC 60050-192 kaxxeTcst COBCEM HEMOX0KUM Ha MpHU-
BBIYHBIC OIPECIICHHS U3 HAIIUX CTAaHJApPTOB, MpHUBeAcHHBIC B Ta0On. 1. OxHako 6onee BHUMATEIbHBIN
aHaJIU3 MOKA3bIBAET, YTO OHO JOCTATOYHO OJIM3KO K OCHOBHOM YaCTH HEIapaMeTPUUICSCKOTO ONPECIICHHS
u3 'OCT 27.002—89 (tabm. 1, m. 6).

[Tpexne Bcero, ormetum, uto B 'OCT 27.002—89 HanexxkHOCTh — 3TO cBOMCTBO, a B MC 60050-192 — 310
crocoOHocTh. OHAKO, eciii 00paTUThes K TOTKOBOMY CIIOBapIO pyccKoro s3bika o pea. JI.H. Yinakosa
[23], MBI YBHIIUM, UTO «CIIOCOOHOCTBH — Ka4€CTBO, CBOWCTBO, COCTOSIHUE, JTAIOIIEE BOSMOXKHOCTh MPOU3-
BOJIUTH T€ WM UHBIC JEHCTBUS, UCTIOTHATH Ty WU UHYIO paboTy», a «CBOHCTBO — Ka4yeCTBO, MPU3HAK,
CHOCOOHOCTH, XapaKTEPU3YIOIINE KOTO/9TO-HUOY/Ib, COCTABIISIONINE OTIMYUTENIbHYI0 0COOCHHOCTH KOTro/
4yero-Huoyapy. Takum 0Opa3oM, B 4KCIie 3HAYEHHI CII0Ba «CIIOCOOHOCTHY €CTh «CBOWCTBO» M HA00OPOT,
CJIOBO «CBOWCTBO» MMEET 3HAYCHHUE «CITOCOOHOCTY. HO He 3TO ceMaHTHYECKOE pa3IndKe BhI3BAJIO CITOPHI
cpeau uieHoB PI. CyTh BOSHHKIINX pa3HOITIACHIA B CIEIYIOIIEM.

OpHa U3 CTOPOH CUUTAET, YTO «CIIOCOOHOCTH K BBIITOIHEHUIO TPeOyeMbIX (PYHKIUN» — 3TO MpaKTHYe-
CKH TO € CaMOe€, UTO «CIIOCOOHOCTh (DYHKIITMOHUPOBATH, KaK. .. TPEOYETCs», a «COXPaHITh BO BPEMEHI
O3HAYaeT «Koraa TpedyeTcs». Jpyras CTOpOHa CUUTAET, YTO ATO JAJEKO HE OYEBUJIHO, U IIpe/iaracMas B

1 Cne,uyeT 3aMCTHUTDh, YTO O(bI/IIII/IaJ'II)HOI‘O PYyCCKOro nepeBoga 3Toro 10KyMeHTa emé HET, IO3TOMY MbI CTOJIb HO,HpO6H0
00BSCHSIEM CBOI BapHUaHT IepeBoaa.
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MC ¢popmynrpoBKa MOXKET IOHUMATHCSI TAKUM 00pa3oM, 4To OHa Oy/IeT ONpeesaTh BOBCE HE CBOMCTBO
Ha/IeXHOCTH, a CIIOCOOHOCTh 0OBEKTA BBIIIOJHUTH TPEOyeMyto 3a/1a4y.

[To MHEHHUIO MEPBOI CTOPOHBI, B oNpeeseHne Haae:kHOCTH B MC TONBKO /U1 KpaTKOCTH HE BKIIIO-
YeHbl HEKOTOPbIE YTOUHEHUS, IIpe/rosaras NOHATHBIM, YTO KPUTEPHI CIOCOOHOCTH (DyHKIITMOHUPO-
BaTh Kak TpeOyeTcs (MJIM CIOCOOHOCTH K BBIOJHEHHUIO TpeOyeMbIX (yHKLIMN) H0JKEH ObITh 3a/1aH
B HOPMATUBHO-TEXHUYECKON M (MJIM) KOHCTPYKTOPCKOM (IIPOEKTHOI) JOKyMEHTAIuu (Kak 3TO ObLIO
ykazaHo B [OCT 27.002-89). B wacTHOCTH, 3TO MOXET OBITH CIENIAHO 3aIaHUEM MPEIeNOB IS 3Ha-
YeHH BCeX MapaMeTpOB, XapaKTEPU3YIOIIHUX CIOCOOHOCTH BBIMOIHATH TpeOyeMble PyHKIIHH, T.€. BO3-
MOKHOCTbH ITapaMeTPUUYECKOro MOJX0/1a B T€X CIy4asxX, KOrja OH IPUMEHUM, He UCKItouaeTcs. Taxke
B JIOKYMEHTAIIMH OOBIYHO 33/1a10TCSI PEKUMBI U YCIOBHSI IPUMEHEHU S, TEXHUYECKOTO 00CITy)KUBaHHUS,
XpaHEHUsl U TPAHCHOPTHUPOBAHUS, B KOTOPBIX TOJIBKO U PACCMATPUBACTCS CIIOCOOHOCTh (DYHKIIMOHHU-
poBath Kak Tpedyercs.

Kpome Toro, B8 MC o01iee NOHATHE «HAAEKHOCTh» TPAJAMIIMOHHO paccMaTpuBaeTCs KaK YHCTO
KOHIIENTyallbHOE, coOMpaTebHOe, HE MUMEIoIlee KOJIMYECTBEHHOTO onucanus (cm. tadm. 2). s
MIPAKTHYECKOTO K€ MPUMEHEHHsI BaXKHbI OTAENIbHbIE COCTABISAIONINE HAJAEeKHOCTh CBOMCTBA (06€30T-
Ka3HOCTb, PEMOHTOIPUIOJHOCTh, JOJITOBEYHOCTH), KOTOPbIE XapaKTEPU3YIOTCS KOJIMYECTBEHHBIMU
nokaszatesnsaMu. B onpenenenusx 3Tux cBoiictB B MC oroBopka «Ipu JaHHBIX YCIOBHUSIX» HEITPEMEHHO
MPUCYTCTBYET.

Ecnu cornmacutecs ¢ nepBoii TOUKON 3peHHsI O MPAKTUYECKOM TOXIECTBEHHOCTH JIBYX «(DyHKIIMOHAIb-
HBIX» ONpeAeTIeHUN HaZIe)KHOCTH, TO 00a 3TH OIpeieNIeHus He OyayT BBIXOAUTH 33 TPAHUIIBI TApAMETPH-
yeckoro onpeaeneHus Hagexunoctu no 'OCT 27.002—89.

[To MHEHUIO BTOPOIl CTOPOHBI, «CIIOCOOHOCTh (PYHKIIMOHUPOBATH Kak... TpeOyercs» mo MC MBOK
NPUHIUIHATBHO OTIMYAETCS OT «CIIOCOOHOCTH K BBIMOJIHEHHIO Tpedyembix pyHkuuit» mo I'OCT
27.002—-89, MoCKoJIbKY B IOCJIEIHEM €CTh SIBHOE yKa3aHUE Ha «YCIOBUS U PEXKUMBI IPUMEHEHU,
YCTaHOBJICHHBIE B TEXHUYECKOU TOKyMeHTaluuu. [1o3ToMy, MOXKHO yTBEpKIaTh, UTO cTapas GopMyiu-
POBKa B OTJIMYME OT HOBOM HE yUHUTHIBAECT BHELIHHE BO3CHCTBHS, HE MPEAYCMOTPEHHBIE «YCIOBUIMHU
U pe)KUMaMH IPUMEHEHUS», T.€. XapaKTEePU3yeT TO, YTO MOXKHO HA3BATh «COOCTBEHHOI HAJIEKHOCTHIO
o0beKTa.

Tak, aBTOMOOWIIb, CTOSIIIINI B «IIPOOKE» (MM MO JIFOOBIM IPYTUM NPUUMHAM, HE CBSI3aHHBIM C €ro Xa-
PaKTEepUCTUKaMMU) HE TIOTEPSII CBOMCTBO «COXPAHSTD. .. CIOCOOHOCTH K BBIIIOJHEHUIO TPEeOyeMbIX (DYHKIHHA
B 33/IaHHBIX PEeXKHUMaX U YCIOBUSAX IPUMEHEHUS. ..». C APYTroi CTOPOHBI, MOCKONBKY B onpenenenud MC
HET YIOMHUHAHHUS O «33JJaHHBIX PEKUMAX M YCIOBUSIX MPUMEHEHHUS. ..», TO «CIIOCOOHOCTh (DYHKIIMOHH-
pOBaTh, KaK... TpEOYETCs» MOXKET CUMTAThCS 3aBUCSIICH, B TOM YHUCIIE, U OT HATMYUS «IIPOOKN» (T.€. B
3THX YCIIOBHSIX aBTOMOOMJIb 3Ty CHIOCOOHOCTH TEpsET, €CIM Mbl TaK MOHUMAEM CMBICH “CIOCOOHOCTH
(YHKLIMOHUPOBATh Kak Tpedyercs”).

WHbIMU c1T0BaMH, CTOPOHHUKH 3TOU TOUKHU 3pEHUs ToNararoT, uto orcytcTBue B MC MOK ynomunanus
0 «PEeKUMAX U YCIOBUSX...» CO3AaeT BO3MOKHOCTb PACIIUPEHUS MOHITHUS «HA/IEKHOCTh», KOTOPOE MPU
3TOM OyJeT BKIIIOYaTh B ce0s HE TOJBKO JKECTKO PErIaMEHTHPOBAHHYIO «COOCTBEHHYIO» HAJEKHOCTh
00beKTa, HO 00JIee HIMPOKYIO CIIOCOOHOCTH (PYHKLIMOHUPOBATh, «KaK HaJl0, KOT/1a Ha/10», T.€. BHITIOIHUTh
3aJa4y, B KOTOpOi 0OBEKT yYacTBYET.

B sToM ciyuae, peub MOJKET UATH O TOM, YTOOBI pacCMaTpHUBaTh PELICHUE KOHEYHOH 3a]1a4H, KOTOPYIO
JIOJIKEH BBITIOJHUTH OOBEKT (BBIIOJIIHUTE pacueT — IBM, obecneunTs yCTOHUMBYIO CBA3b — CUCTEMA CBSI3H,
OCBEI[aTh TEMHBIN MObE3]] — AEKTPUUYECKas JaMIouka U T.11.). [TockonbKy nmorpedurens, noiabp3oBaTe-
7151, 3aKa34MKa HHTEPECYEeT TOJBKO KOHEUHBINH pe3ynbTar, BHE 3aBUCUMOCTH OT IPUYHH, IO KOTOPHIM OH
MOXeET ObITh HE IOCTUTHYT (I/le «COOCTBEHHAs» HAJIe)KHOCTh OOBEKTA SBISETCS TOJIBKO OJHON U3 HUX),
takas uHTeprperanuss MC MOXET MpeaCTaBIsAThCS BIIOJHE ONPABAAHHONW C TOUKU 3PEHUS KOHEUHOTO
norpeluTens, He pa30uparoiierocs NyooKko B mpodiemMax HaJeKHOCTH.
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6. MapameTpunyeckoe n pyHKUUOHaANbHOE onpeaeneHus
TepMUHa “HapeXHOCTb”

Kak y»e roBopusocs, OyzieM Ha3bIBaTh onpeaeneHue u3 . 6 Tabn. 1 — mapameTpudeckum, a ornpese-
JICHHE U3 TOTO K€ IyHKTa, HO B CTOJI0IIEe MPUMEYaHH — (PYHKIIMOHAIBHBIM (OHO BBIZECIEHO KYPCHBOM).
Taxoke pyHKIIMOHATBHBIM sBIsieTCs onpeaeneHue MC MOK, paccMoTpeHHOE B HpebIaYIIEM pa3iee.
B urtore mbl uMeeM Tpu onpeneneHus:

1) mapaMeTpUUYECKOe: HAOEHCHOCHL — IO CEOUCMBO 00BEKMA COXPAHAMb 80 8DEMEHU 8 YCMAHOB]IeH-
HbIX npedenax 3HaueHus: 6cex napamempos, Xapakmepuzyiouwux cnocOOHOCMb 8bINOIHAMb Mpedyembie
dyHKYUU 8 3A0AHHBIX PENCUMAX U YCLOBUAX NPUMEHEHUS, MEXHUYECKO20 OOCIYHCUBAHUS, XPAHEHUs U
MPancnopmupo8anusL,

2) pyHKUIHOHAIBHOE (OTEUECTBEHHOE): HAOEHCHOCHL — MO CEOUCMBO 00BbEKMA COXPAHAMb 80 8peMe-
HU CNOCOOHOCMb K 8bINONIHEHUIO MpebyemMblX QYHKYUL 8 3A0AHHBIX PENCUMAX U YCI08UAX NPUMEHEHUS,
MeXHU4ecKo20 00CIYHCUBAHUSL, XPAHEHUSI U MPAHCNOPMUPOBAHUS,

3) pynkumnonanbHoe onpenenenrne MC MOK: nadescnocms — smo cnocobnocms odvexkma ¢ghynkyuo-
HUPOBAmMb, KAK U K020d mpeoyemcsi.

JIBa (hyHKIIMOHATBHBIX OMPEACNICHUS] CPABHUBAIKUCH MEKIY CO0O B MPEbIIyIIEeM pa3zele, a 31ech
cpasauM napamerpudeckuit (OCT 27.002-89) u ¢pynkumnonansusiii (MC MOK) nmoaxoas! k onpese-
JICHUIO HAJIeKHOCTH.

[Tpexxne, ueM mepeTu K 00CYkACHUIO IUTI0OCOB U MUHYCOB Ka)KJIOTO U3 HHUX, MBI XOTeNIU OBl C/IeNIaTh
OJTHO OTCTYIIJICHHE U HAIOMHUTB YUTATEIISIM O YPE3BbIUAHO BAYKHOM MOHITHH, KOTOPOE PEIKO 3BYYHT B
PYCCKOSI3bIUHOM TEXHUYECKO InTepaTrype. Mbl TOBOPUM O TaK Ha3bIBAEMbIX «OIEPALIMOHAILHBIX OIIpe/e-
aenusix» (OO) — TepMuHe, BBEACHHOM B HAyYHO-TEXHMUYECKYIO JuTeparypy XX BeKa BBIIAIOIIMMHUCS
aMmepukaHckuMu cratuctukamu Y. [lyxaprom u E. Jlemunrom [24] . OnepanuoHaabHbIM Ha3bIBAKOT
Takoe OMNpe/esieHne, KOTOpoe:

a) TIOHSITHO;

0) I KOTOPOTO YKa3aH npakmuyecKkuti Criocod ero 00HO3HauHoU peannu3alun/mpoBepKU.

HeobxomumocTts BBezieHust OO BbI3BaHA TeM MPOCTHIM (PAKTOM, UTO B THOOOM SI3BIKE CYIIECTBYET MHO-
YKECTBO HEOJTHO3HAYHBIX CJIOB, KOTOPBIE Pa3HbIC JIOM MOHUMAIOT MO-Pa3HOMY, UTO, €CTECTBEHHO, MTPH-
BOJIUT K Pa3HOM peakliy Ha OJJHU U T€ K€ CJIoBa. ECTeCTBEHHO, UTO B TEPMUHOJIOTHYECKOM CTaHapTe
UCIIOJIb30BaHKE HE ONepaIloOHAIbHBIX OMPEIEICHUH 0COOCHHO OMAaCHO: pa3HOe MOHUMAaHHE OCHOBOIIO-
JIAraroLIMX TEPMUHOB MOKET PUBOINUTH K CAMBIM HENIPEACKA3yEMBIM MOCIIEICTBHAM?.

Wrak, Bo3BpalaeMcs K HallluM OTIpeIeTICHUSIM TepMUHA «HAAS)KHOCTHY. [lapamerpudeckas popmynu-
POBKa ONpeeNsieT HaIe)KHOCTh Uepe3 HaXOKISHHE BCeX TapaMeTpOB 00bEKTa B 3a/IaHHBIX IMana3oHax. B
CHUTYallUH, KOT/Ia MapaMeTpbl 00bEeKTa BCETia epeYrciieHbl B COMMy TCTBYIOIIEH HOPMATHBHO-TEXHUUECKOM
JOKYMEHTAINH, ¥ TMaNa30Hbl UX U3MEHEHUS B 33/IaHHBIX PEXKUMaX YKa3aHbl, 3TO ONPEIEIICHUE YIOBIET-
BopseT TpeboBanuio k OO. JleiicTBUTENBHO, IPOBEPUTH MPAKTHUECKH, HAXOASITCS JIU TapaMeTpbl 00b-
€KTa B YCTAHOBJICHHBIX TpeJiesiaX, MOKHO BCETIa, M OTBET Ha ATOT BOIIPOC OYJET BCEra OJHO3HAYHBIM:
napaMeTpsl 1100 BHYTPU HEKOETO JIMana3oHa, JM00 CHapyx Hu.

C npyroii cTopoHBl, Kak yxe orMevanoch 1 B camoM ['OCT 27.002—-89, napameTrpuueckoe onpeaerne-
HUE HE BCEr/a MPUroHO, 0COOEHHO, €ClIi MPUMEHSTh €T0 HE B TEOpHUH, a Ha MpakTuke. YTOObI MOHATH
3TO, AOCTATOYHO MOMBITATHCS COCTABUTH MIEPEUEHB «BCEX MAPAMETPOB, XapaKTEPU3YIOIIUX CIIOCOOHOCTh
BBITNOHSTH TpeOyemble (PyHKIUN» U YCTAHOBUTH JOMYCTUMbIE MPeIeiibl UX 3HAYCHUN, HapuMep, AJs

! Cama xonienius Bocxoaut K padoram I1.Y. Bpumkmena — cm. [25].
2 Mbl HAMEPEHHO BBIIEIMIN KyPCHBOM CIIOBA «IIPAKTHYECK» U «OIHO3HAYHOY» MpH (HopMymupoBke noustus 06 OO B
CUITy UX NPUHIUIHNAIBHON BaKHOCTH.
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TaKHUX IIMPOKO UCTIONB3YEMbIX U3IENINN, KaK TeIEBU30D, KOMITBIOTEP, TeIeOH, aBTOMOOWIb U T.11. Cre-
JaTh 3TO OYJET BeChMa CI0XKHO Jake CIEIHAINCTaM COOTBETCTBYIOIINX OTPACIIeid, a YK pa3o0parbcs B
ATOM TIOJIH30BATENSAM Oy/IeT MPAKTUYECKH HEBO3MOXKHO.

C ¢byHKIIMOHATBHBIM OTIPEICTICHUEM, B OTHOIIICHUH ONEPAIIMOHAIBHOCTH, BCE TOPA3I0 XYXKE, TOTOMY
YTO CBOMCTBO 00BEKTa «(YHKIIMOHUPOBATh, KaK M KOTJa TPeOyeTCs», MOTYT MO-pa3HOMY WHTEPIPETH-
pOBaTh, HAPUMEP, U3TOTOBUTENH OOBEKTA U €ro MoTpeduTenb. [IeHCTBUTENBbHO, TSl U3TOTOBUTEINS 9TH
CJIOBA O3HAYAIOT TO YK€ CaMOe, UTO H CIIOBA MPO MapaMeTphl: paboTaTh KaK MOJI0KEHO MPH YCTAHOBICHHBIX
orpanndeHusx. Ho morpedurenb HUYETo Mpo YCTAHOBJICHHBIE MTApaMETPhI U UX IUANIa30HbI, KaK MTPABUIIO,
HE 3HaeT U, 4TO elI¢ BaKHEe, 3HATh He X04eT. J[Jist Hero cinoBa «pyHKIIMOHUPOBATh, KAK U KOT/Ia TpeOyeT-
CsD» MOTYT O3HA4arTh, 4YTO OH MOJIY4YaeT OT 0OBEKTa TO, Ha YTO OH PACCUUTHIBACT, T.€. OOBEKT BBIMOIHSIET
HEKOTOPYI0 (DYHKIHIO B MHTEPECYIOIIUX MOTpeduTens ycnoBusx. M 31ech Hen30eXkHO BO3ZHUKAET KOH-
(IUKT, CBSA3aHHBIN C TEM, YTO BBIIIOJHEHUE HEKOEH (PYHKIIUHU, YIOBIECTBOPSIOMICH MOTPEOUTENS, MOXKET
BO MHOTHX CTy4asiX OTJIIMYaThCsl OT TOM (PyHKIINHU, KOTOPYIO MMOIpa3yMeBaeT U3roTOBUTENb. PaccMoTpum
MPOCTEUIITHNI TPUMED, YTOOBI TOSCHUTH 3TU OOIITNE PACCYKICHUS.

Y Bac Ha JIeCTHUYHOM KJIETKE €CTh OCBETUTEIBHOE YCTPOHCTBO, OcBetatoniee kopuaop. [lapamerpu-
YecKoe ompe/eieHrue HaAe)KHOCTH TpeOyeT 3aJaHusl CIUCKA TEXHUYECKUX MapaMeTpOB YCTPOUCTBA C
yKa3aHUEM MPEJIEIOB, BHYTPU KOTOPBIX KaXIbI U3 TAPaAMETPOB JOJKEH HAXOAUTHCs. DYHKITMOHAb-
HOE OIpeAeIICHHE HAEKHOCTH JIJIsi HK3TOTOBUTENS 3TOTO YCTPOMCTBA COBMAAAET C MapaMeTPHUECKUM:
o GYHKIIMOHUPOBAHUEM, KaK M KOTJ[a HaJl0 OH OyJeT MOHUMAaTh MMEHHO Takoe GyHKIIMOHUPOBAHHE,
MIPU KOTOPOM TMapaMeTpPhl, XapaKTepu3yroiiue paboTocnocoOHOCTh YCTPOMCTBA HAXOIATCS B 3a1aHHBIX
nuana3zoHnax. Ho morpebutens uMeeT coBceM MHOE MpecTaBleHne o pabore qaHHoro npudopa. Emy
HY>KHO, YTOOBI OHO BBITIONHSIIO CBOO (DYHKIIHIO — OCBelIaio Kopuaop. Ho ocBenienue kopuuopa 3aBUCHT
HE TOJBKO OT COOCTBEHHO OCBETHTEIIBHOTO YCTPONCTBA, HO U OT MHOTHUX JAPYTUX (PaKTOPOB, HAIIPH-
Mep, OT JEKTPUKA, KOTOPBIH 00CTyKHUBAaeT JaHHBIN 10oM, oT JKDKa, KOTOophIil OTBEHaeT 3a OCBEIICHHE
noxbe3na, u T.1. SICHO, 4To Bce 3TU (aKTOPhl HE UMEIOT HUKAKOTO OTHOIICHUS K HAJE)KHOCTH CaMOTO
ycTporicTBa. Ho Kak ObITh C BBIIOTHEHUEM UM CBOeH QyHKIMU? Eciii MBI TOBOPHUM, YTO HA/I€KHOCTD
— 3TO CMOCOOHOCTH JAHHOTO 00BheKTa «(PYHKIIMOHUPOBATH, KaK M Korna Tpedyercs», TO MOTPEeOUTENb
MOJKET TOHSITh 3TO KaK «CIIOCOOHOCTh OCBEIaTh KOPHUAOP, KaK U Korna TpedyeTcs», 4To Ha jaene OynaeT
3aBUCETH U OT HAIIIETO YCTPOUCTBA, U OT MHOTHX APYTUX (PaKTOPOB, HEMOCPEACTBEHHO HE CBSI3aHHBIX
¢ ocBemaromuM npudopom. Hampumep, 3neKTpUK CTAaHOBUTCS (PAaKTOPOM, BIUSIOIIUM Ha BBHITIOTHEHUE
(YHKIIMY HAIIUM YCTPOMCTBOM — OH BXOJIUT B CUCTEMY €TI0 0OCITYKUBAHUS, U, CIIEJIOBATEIILHO, BIUSIET,
HarpuMmep, Ha BpeMs ero peMoHTa. Jlpyrumu cioBamu, GyHKIIMOHATHHOE ONpEeIeHHe HaAe)KHOCTH
MOKET IPUBOIUTH K PA3MBIBAHUIO TPAHUIIBI MEXKAY HAJEKHOCTHIO 00BEKTA U BO3MOKHOCTHIO BBITIOJ-
HEHUS 3a7a4u.

Uto06b! n30eKaTh 3TOM HEOMHO3HAUHOCTH, TPEOyeTCs, YTOOBI CIIOBA «DYHKYUOHUPOBAMb KAK U KO20d
mpebyemcsiy COMPOBOKAAIUCH ONEPAIIOHATHLHBIM OMMMCAHUEM TOTO, B UM COCTOUT HYKHas (DYHKIIHS,
Y Kakas CUCTeMa OTBEYaeT 3a e€ BBIMOJIHEHHE. Bo3Bpaiasch kK HalieMy MpUMepy: Y OCBETHTEIBLHOTO
YCTPOICTBAa HE MOXKET ObITh (DYHKIIMH «OCBEIIATh KOPUIOP» — OHO M3TOTABIMUBACTCS HE JIJISI KOPUAOPA
WJIM KOMHATHI, a C IEJIbI0 CO3/1aBaTh ONPEIeTICHHBIN CBETOBOW MOTOK IMPH OTMPEACIICHHBIX YCIOBUSX, & YK
MMOBECUTH €r0 MOTYT T1e yroaHo. Eciau morpedurens TOBOPUT, UTO €My HYKEH CBET B KOPUAOPE, TO OH
JOJDKEH TIOHUMATh, YTO PEeYb UIET O CUCTEME, B KOTOPOI CaMO yCTPOMCTBO, JAtoIIee CBET — TOIBKO OfHA
13 TIOJICUCTEM, U (DYHKIIUS «OCBEIIaTh KOPUAOP» OTHOCHUTCS K 3a]jaue, PEIIaeMoil CUCTEMOM, B KOTOPYIO
BXOJIST U YCTPOUCTBO, U AneKTpuK, U JKIK. CoOTBETCTBEHHO, €CIIM CBETa HET, TO HYKHO pa30oupaThCs,
o Kakoi mpuunHe. Eciu 3Ta mpuunHa He IMEeT OTHOIIICHUS K CAMOMY YCTPOMCTBY, TO €T0 HaJIEKHOCTh
371€Ch HE IPUYEM.

WNHuaue roBops, CBOMCTBO COXpaHATh MapaMeTphl B KAKOM-TO JHANa30He — 3TO BHYTPEHHEE CBOMCTBO
00BEKTa, 3aBHUCSIIEE OT €T0 COCTOSIHHSI B JAHHBI MOMEHT, & CIIOCOOHOCTH BBITIOJIHATH HEKYIO (PYHKIIHIO
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MOJKET IOHUMATHCA U KaK €r0 BHYTPEHHEE CBOMCTBO, M KaK PE3yJbTaT €ro B3aMMOACHCTBHSI ¢ BHELIHUM
MHPOM — BCE 3aBUCHUT OT TOT0, KEM U KaK OIPEIEJICHO, YTO MOAPA3yMEBACTCS O] CJIOBAMU «DYHKYUOHU-
Po6amu Kax u koeoa mpebdyemcsy». YKa3aHHOU BbIIIE HEOJHO3HAYHOCTH MOYKHO OBLIIO OBl H30€KaTh, €CIU
OBl CyIIECTBOBAJIO OTJIEIbHOE MOHATHE «CIIOCOOHOCTh BHIMOMHUTSG 3aaa4y» (CB3) u 6bu10 ObI Onpese-
JIEHO, KaK OHO COOTHOCHUTCSI C HaIKHOCTBIO, 0€30MacHOCTbI0, 3((EeKTUBHOCTHIO U T.1. K coxarnenuto,
aBTOpPaM TaKOE€ MOHATHE, KaK OOLIETIPUHSTHIN MEXKIyHapOAHbIH TEPMUH HE U3BECTHO.

Takum 006pazoM, Mbl UMEEM CIIEAYIOIIYIO JUIEMMY: MO0 OCTaBUThH 0ojiee y3KOe mapaMeTpuiecKoe
ornpeneneHue HaaexHocTd u3 ctaporo [OCT u nmomyuuTh MaTpHIly €ro CUIBHBIX U C1a0BbIX CTOPOH, MO-
Ka3aHHYI0 B Ta0I. 3, mubo cormacuthbes ¢ 6onee 00muM (PyHKIIMOHAIBHBIM OIPEeICHUEM, U OTYYUTh
MaTpHily, NoKa3zaHHyO B Ta0. 4.

Ta6imua 3. IlapameTrpuyeckoe onpeaeneHue: MJINCbl 1 MHUHYChI

ILirocekl MuHycbl
He oxBarbiBaeT cuTyanuu, Koraa
YA0BIETBOPSIET YCIOBUIO OIlE-
BryTtpennne (hakTopbl apaMeTpUIeCcKoe ONKUCaHNE Helle-
paloHaIbHOCTH

J1ec000pa3HO WU HEBO3MOXKHO
YBenMuuBaeT pa3phiB MEKIY POC-
Bremane gaktopbl XOpoI110 3HAKOMO M MPUBBIYHO | CHUUCKUMU U 3apyOeKHBIMH CTIe-
IUAIMCTAMHU U CTaHJIapTaMHU

Tadnuna 4. @yHKIUOHAIBHOE ONpeaeJeHne: MIKChl U MUHYChI

ILirocel MuHnycsl
Toputes muist Goree MUPOKOTO
KpyTra CUTyaluii, B TOM 4HUCIIE,

He ynoBneTBopseT yClnoBuUIO onepa-
LIMOHAJILHOCTH, T.€. MOXKET IIPHUBO-

BuyTtpennue pakTopsl KOTJ[a apaMeTpUudecKoe omnpe- .
AUTH K HCOAHO3HAYHOU UHTCPIIPC-
JIeJIeHUe Heresecooopa3Ho Win
Talluy HAaJACKHOCTHU
HEBO3MOYKHO
Tpebyet 6osee BHICOKOI rpaMOTHO-
Buemnue gaktopsl I"apmonuzuposano ¢ MC peby P

CTH B OTHOILICHUHN HAACKHOCTHU

[Toyemy MbI Hamucanu B Tall. 4 PO TPaMOTHOCTH B OTHONICHWH HaxexHocTH? [IpmumHa mpocra:
HYXXHO, 4TOOBI BCE, KTO, TaK WJIM HHAYe, MOTYT COTPHKACATHCS ¢ TIpoOIeMaMy HaIeKHOCTH, HAyIHIIHCh
pasnenath QpyHKUMU (3a7a4u), BBIIOJIHSAEMbIE (peIIaeMble) CUCTeMOM, U (YHKIIMH, BBIIIOJHSAEMBbIE €€
4acTsAMU W/uiH dneMeHTamu. [Ipu 3Tom ycinoBum 06a 3TH ONpeiesieHns TT0 CBOCH CYyTH COBIAAIOT — TaK
CUMTAET O[HA rpyIIa cenuanucToB. Jpyras rpymnmna nonaraet, yto onpeaenenue B MC MOK nonyckaer
MHTEPIIPETAINIO, OIPEEIISIONIYI0 BOBCE HE HAAC)KHOCTh, a CB3, mo3TOMy HY)XHO COXpaHUTh CTapoe
onpenenenue HaaexuHoctu mo 'OCT 27.002—-89, a nepeson MC MOK m3narh kak MpoeKT CTaHAapTa,
onpenenstomero noustue CB3.

Hamu n3n05xeHbI TOBOIBI, OTPaKaroIIUe MTO3UINN AUCKY TUPYOIINX CTOPOH. MBI CO3HATENILHO YKIIOHH-
JIMCh OT TIOTIBITKH JIaTh KAaKHE-TO OKOHYATEIbHbBIC PEKOMEH IAINH, C TEM, YTOOBI CTICIINAIMCTHI B 00JIACTH
HA/IKHOCTH, TIPOCKTUPOBAHMUSI, SKCIUTyaTaIllH, PEMOHTA JIEMEHTOB, CUCTEM, OOBEKTOB BBICKA3JINCH 32
TOT WJIM MHOW BapHUaHT OMpEICIICHHs HaJIe)KHOCTH U CBSI3aHHBIX C HEI0 TepMUHOB. EMHCTBEHHOE, YTO
CTOMJIO OBbI JOOABHUTH: MBI IOHUMAEM, YTO MOHATHE HAJIS)KHOCTH SIBIISIETCS] OYSHB ITUPOKUM, U KaKyFO OBl
CTOPOHY B ITAHHOH TMCKYCCUH HE 3aHSATh, (POPMATBHBIN 1OIX0/] HE OyeT padboTaTh B KAKHX-TO CITyJasx
mpu Jiro0oM BbIOOpe. [loaToMy, B 11000M citydae, MbI IOJKHBI YIIOBATh HA TPAMOTHOCTH T€X, KTO OyJeT
MPUMEHSTh TEPMUHBI TIO HAJIC)KHOCTH HA TIPAKTHKE.
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Structural reliability. The theory and practice

Netes V.A., Tarasyev J.l., Shper V.L.

HOW WE SHOULD DEFINE WHAT “DEPENDABILITY” IS

Currently, the Technical committee for standardization “Dependability in equipment” (TC 119) is develop-
ing a new interstate standard “Dependability in equipment. Terms and definitions” that will replace GOST
27.002-89. The issue was already discussed at the pages of our journal. In Issue 2 this year there was a
report about the meeting of a permanent scientific seminar “Dependability and quality of system function-
ing” that took place on the 30" of January 2014 and was devoted to discussion of key issues related to
the development of this standard. In the same issue there was a paper by active participants of the work
V.A. Netes, J.I. Tarasyev, V.L. Shper Current issues of terminology standardization in dependability where
the authors started a detailed consideration of this important topic.

Now we offer a new paper by the same authors that further discusses terminology issues in dependability.
The editors invite all involved readers to express their opinions about issues put forth in the paper. Letters
can be sent to the editors or directly to TC 119.

“When | use a word,” Humpty Dumpty said to Alice, “it means just what
| choose it to mean — neither more nor less.”
Lewis Carroll “Alice in Wonderland”

1. Introduction

In the paper [ 1] we briefly told the history of cancellation of GOST R 27.002-2009 [2] and return to GOST
27.002-89 [3] —to the standard of 25-year remoteness, and also about the beginning of work on the new version
of'the fundamental terminology standard and difficulties the working group (WG) faced when undertaking this
work. In the same work it was marked out that one of the main problems is a question about what definition of
the fundamental term “dependability”” should be taken as a basis of the new standard: the old definition from
GOST 27.002-89 or the new one from the international standard (IS) prepared by IEC [4] (its publication was
expected in August, 2014). In this study we shall try to state the essence of disagreements which have arisen
among WG members and the reasons, which forced us to consider this issue as fundamental.

But before to proceed to discussion proper, we believe reasonable to briefly remind readers how the
term “dependability” was defined in all previous domestic terminological standards and how it is defined
in the international documents including the last edition of IEC IS.

2. Definition of the term “dependability” in standards of the Soviet period

Table 1 presents definitions of the fundamental term in old documents issued in 1962 and notes with
explanations as to this term beginning from the Collection of recommended terms of the USSR Academy
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of Sciences. We have cited definitions completely, and explanations and notes are given as pertaining to
the subsequent discussion.

Table 1. Definitions of the term “dependability” in the Soviet documents

No. Source Definition Note to the definition
System attribute (system element attribute),
The Collec- conditioned mainly by its reliability and
tion of recom- | maintainability and providing task perform-
1 | mended terms. |ance in the volume established for the system
Issue 60.1962 | (system element); it is quantitatively defined
[5] by probabilistic characteristics and param-
eters
System or product attribute, conditioned by
The collection tl.leir reliability, .durability and maintainabil-
ity, and providing normal performance of
of recom- . . .
the specified system (product) functions; it
2 |mended terms. | . o .
is quantitatively estimated, for example, as a
Issue 67.1964 o . .
(5] product of probability of non-failure operation
by utilization factor use (or by availability
factor)
Product attribute to perform the specified | Dependability of a product is conditioned
GOST 13377- | functions, retaining the operational param- | by its “reliability’, “maintainability”, “stor-
67 [7] eters in the set limits during a required time ageability”, and also “durability” of its
or required non-failure operation time parts
Dependability is complex property, which
depending on object purpose and condi-
tions of its operation can include reliability,
durability, maintainability and storageability
separately or a certain combination of these
Product attribute to perform the specified properties both for the object and for its
functions, retaining in time values of the parts. “Operational parameters” are param-
4 GOST 13377- | established operational parameters in the set | eters of productivity, rate, consumption of
75 [8] limits corresponding to the specified modes power, fuel, etc.
and conditions of use, maintenance, repairs, | From the explanation to the term: “Qual-
storage and transportations ity of production is understood as the
aggregate of its properties conditioning
production suitability for satisfaction of
certain needs according to its purpose. One
of properties of this aggregate is depend-
ability”.
Object attribute to retain in ti in th - .
Ject alttibuile 1o retan In Hire in the ©s Dependability is a complex property which
tablished limits the values of all parameters dependine on obiect purbose and condi
GOST 27.002-|  describing an ability to perform required | . P & Ot ODJECt PUIPC :
5 . . . " tions of its application consists of combina-
83 [9] functions in specified modes and conditions . . e .
. . . tions of properties: reliability, durability,
of application, maintenance, repairs, storage o . .
. maintainability and storageability
and transportation
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Dependability is complex property, which
depending on object purpose and condi-
tions of its operation can include reliability,
durability, maintainability and storage-
ability separately or certain combination of
these properties.

From the explanation to the term. Terminol-
ogy on dependability is applied to any tech-
nical objects — products, constructions and
systems, and also to their subsystems ... As-
sembly units, parts, components or elements
can be considered as subsystems. If necessary
the information and its carrier and also the
human factor can be included in concept “ob-
ject” (for example, in case of dependability
consideration of the system “machine — op-

Object attribute to retain in time in the es- erator”).

tablished limits the values of all parameters

6 GOST 27.002-| describing ability to perform required func-

89 [3] tions in specified modes and conditions of

application, maintenance, repairs, storage
and transportation

The following definition does not change
boundaries of the concept “dependability”:
Dependability is an objects attribute to re-
tain in time an ability to perform required
functions in specified modes and conditions
of application, maintenance, repairs, stor-
age and transportation.

This definition is applied when the parametri-
cal description is unreasonable (for example,
for the elementary objects, whose operability
is characterized as “yes —no”), or it is impos-
sible (for example, for systems “machine

— operator”, i.e. for such systems, in which
not all properties can be characterized quan-
titatively).

Kinematic and dynamic parameters, param-
eters of structural strength, parameters of
functioning accuracy, productivity, rate, etc.
are applied to the parameters describing abil-
ity to perform required functions.

From table 1 it is evident that dependability definition has changed with acceptance of each new docu-

ment. As a result we have the following sequence of transformations of dependability definition (we
simplify formulations, retaining the sense):

1962 — system attribute to perform the task;
1964 — system (product) attribute to perform specified functions;

1967 (the first GOST) — Product attribute to perform specified functions, retaining its parameters in
the specified limits;
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1975 — object attribute to perform specified functions, retaining the specified parameters in in the set
limits;

1983, 1989 — object attribute to retain in the established limits the values of all parameters describing
an ability to perform required functions;

1989 (appendix) — object attribute to retain ability to perform required functions.

Thus, in GOST, since 1983, the ability to perform required functions began to be interpreted as retention
in the specified limits of all parameters established in normative and technical and (or) design (engineer-
ing) documentation. For the sake of brevity, we shall further on name such a definition as parametrical
definition.

It should be noted that in currently acting GOST 27.002-89 there are actually two definitions of depend-
ability: in the basic text of the standard and in the reference appendix containing the explanations to terms
(table 1, clause 6). At the same time it is indicated that the second definition does not change boundaries
of the concept “dependability” and it is “applied when the parametrical description is unreasonable ...
or it is impossible ...”

In this connection, it is expedient to discuss the issue on what definition should be used as the funda-
mental one and what can be retained as auxiliary definition. We shall return to this issue later for now we
shall continue the historical review.

3. Definition of the term dependability in the international standards
and the domestic standards based on international ones

Right up to 1984 in IS there was no general term equivalent to Russian “dependability”. There were
only terms for separate and narrower properties: reliability, availability etc. In particular, IEC Technical
committee (TC) 56, named now “Dependability”, referred to as “Reliability and Maintainability”. There
were also longer word-combinations, for example, Reliability, Availability, Maintainability and Safety
(non-failure operation, readiness, maintainability and safety) — the concept widely used, in particular, on
railway transport to which abbreviation RAMS is usually applied.

To tell the truth, in 1960 the American researcher J. Hosford introduced the term dependability and
corresponding measures [10]. Generally they were defined as the probability that the system will be able
to function, when it is required. He wrote that it is one of the important characteristics of any systems in
which failures can occur. In special cases these measures were availability factors (instant or averaged
interval) and probability of non-failure operation.

From the end of 1970th J.C. Laprie from the Department of information and engineering sciences of
the French national center of scientific researches in Toulouse began to apply the term dependability to
computing systems [11, 12, etc.]. It was interpreted rather widely and with reference to this area began
to be translated into Russian as “ability to guarantee” [13]. This concept was defined as system property,
allowing to rely on performance of services for which it is intended.

In 1984 the International advisory committee on telephony and telegraphy (IACTT) of the International
Telecommunication Union (ITU) adopted Recommendation G.106 [ 14] containing terms and definitions in the
field of service quality and dependability in which the general term “dependability”” appeared. The concepts
introduced in it soon began to be used actively by branch experts, including experts in our country [15].

Thus, expansion of concept “dependability” happened under the initiative of the most advanced and
dynamically developing branches: computer facilities and telecommunication.

Then the term dependability was introduced in IEC IS 50-191 accepted in 1990 which IEC developed
together with ITU. Afterwards, in connection with the change of IS notation system it received number
60050-191. As all others TCs of ISO and IEC recognize the leading role of IEC /TC56 in issues of de-
pendability, this standard is “horizontal” (inter-branch and inter technological), and the terms defined in
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it are used in all ISO and IEC standards where dependability is mentioned. It provides coordination of
all ISs in interpretation of the dependability fundamental concepts. In this respect, as it will be obvious
from the further, they differ on the positive side from domestic standards.

Table 2 presents Russian translation alternatives for “dependability” term definition and notes to it from
official documents: Russian versions of Recommendation G.106 [14] and IEC IS 50-191 [16], Russian
standards [17, 18] and the interstate standard [19].

Table 2. Translations of dependability term definition
from the international documents in domestic documents

No. Source Definition Note to the definition

The collective t d for character- . .
Recommenda- © COTICCHIVE TeTm USed foT Characiel™ |y o given term is used only for the

1 [tion of IACTT lcs‘(::;ig(f)r?ivrfuﬁ?lliggi;rtld f?l:;(r)li:i(r)lfe‘ﬂztislit general descriptions without quantita-
G.106 [14] & Y Yltive expressions

and ensuring of object maintenance

The collective term used for the de-
scription of availability attribute prop- |The given term is applied only to the

IEC IS 50-191 . o . o -

2 [16] erty and influencing it properties of general not quantitative description of
reliability, maintainability and ensuring |availability property

of maintenance and repair

The term “dependability” is applied
GOST ISO P Y 15 app
3 The same only to the general non-quantitative de-
9000-2011 [19] 7
scription of property

GOSTR Property of availability and influencing The given term is applied only to the

51901.3-2007  |it properties of reliability, maintainabil- o .
4 . . . general non-quantitative description of
(IEC 60300- ity and ensuring of maintenance and availability propert
2:2004)[17]  |repair ty property
Property of availability and influencing |The given term is used only to the
GOST R 27.002-|. . . . o .
5 it properties of reliability and maintain- [general non-quantitative description of
2009 [18] = . o
ability and maintenance support dependability

In comparison with domestic standards one more dependability component was added in IS: ensuring
of maintenance and repair — the ability of the organization which is carrying out maintenance and repair,
under the specified conditions on demand to provide the resources necessary for object maintenance and
repair, according to the given rules of maintenance and repair. It is made in order to reflect the character-
istics of maintenance and repair system, concerning to this object in addition to maintainability describing
internal properties of a technical object proper. In general, a maintenance and repair system nowadays is
frequently considered as integral part of an object which it maintains [19].

The sense of the note to definition consists in the fact that there are no measures quantitatively describ-
ing dependability as a whole, but all measures describe only components of dependability: availability,
reliability, etc.

It is evident from table 2 that dependability definition in GOST R 27.002-2009 which is based on
IEC 60050-191 contains serious mistakes: insuring of maintenance influencing availability is missed,
but “maintenance support” appeared, which is not defined in the standard. As a result, the sense of the
term was deformed, and its definition became not quite clear. As it has been already noticed in [20], this
standard contained also a number of other mistakes and discrepancies that caused the suspension of its
use and restoration of application of GOST 27.002-89 [21].
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The analysis of Table 2 also allows us to draw the following conclusions:

- developers of domestic standards, unfortunately, not always take into account existing standards and
sometimes give their own definitions to terms already available in them,;

- despite of presence of domestic terminological standard currently in force, at creation of standards
harmonized with IS ISO and IEC, terms and definitions from IS are used the way it should be.

Thus, there are disagreements in definitions of the same terms in various standards that should create
difficulties in their use. Moreover, in general it generates mistrust and nihilism in relation to standards.
Really, standards are intended to provide compatibility, coordination, etc. but how can they solve this
problem if they are unmatched among themselves?! This circumstance is an important reason for the
benefit of harmonization of standards, as it can if not absolutely remove, at least essentially reduce dis-
crepancies between standards.

4. Harmonization with IS: pro et contra

The formal bases of standard harmonization:

- According to item 12 of Federal laws of the Russian Federation “About technical regulation” “stand-
ardization is put into practice according to principles: <...> applications of the international standard as
the bases of the national standard development ...”;

- WTO rules require taking for a basis the international standards at preparation of national standards
and technical norms.

- Standard harmonization in essence:

- Provides technical and information compatibility;

- Facilitates mutual understanding and interaction with suppliers, partners, clients, colleagues (particu-
larly with foreign ones);

- Allows using of experience and knowledge of all world professional community;

- Reduces a risk of discrepancy occurrence between standards as it has been already specified above,
other systems of standards (for example, systems of quality management, risk management) use termi-
nology and methodology of dependability from IEC standard.

At the same time harmonization of standards generates also some problems. First, it can demand destruc-
tion of stereotypes, refusal of old convictions and conceptions. However even in the past our conceptions
also changed from time to time (see Table 1). Second, difficulties of translation can occur, especially with
reference to terminological standards. They just became one of the reasons of unsuccessful introduction of
GOST R 27.002-2009. However these difficulties somehow are overcome in other countries. In this con-
nection it is necessary to refer to portal “Electropedia” representing an online version of the International
electrotechnical dictionary. Its part 191 [22] is just IS IEC 60050-191 (1990). So it should be noted that
it presents terms in 10 languages (unfortunately, Russian among them is not present).

Certainly, the international standards not always coordinate with experience and convictions of domestic
experts and our realities; therefore it is necessary to carry out a careful, unbiased comparative analysis of
international and domestic standards fundamentals when there are disagreements between them.

29 ¢¢

5. Dependability definition in a new IEC standard

Over time it became clear that dependability definition in IEC 60050-191:1990 has certain shortcom-
ings. Exactly it:

- has “enumerative” nature, i.e. does not provide its own definition of concept “dependability”, and
only lists more simple properties making up these complex concept;
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- does not cover some other important properties also concerning dependability, for example, du-
rability.

Therefore, when work on revision of IC 60050-191:1990 began in IEC TC 56, it was decided to up-
date also the dependability definition. In the beginning it was supposed that the 2-nd edition of the same
standard would be accepted, but then it received new number 60050-192. All this work was carried out
for long enough and, at last, came into a finishing stage: in August, 2014 the official publication of this
standard is expected [4].

After long disputes and discussions the following rather general dependability definition has been
formulated:

“an ability (of an item) to perform as and when required.”

It can be translated as “an ability (of an object) to perform as and when it is required.” Or, what seems
more exact by implication, “an ability (of an object) to function as and when it is required.”

The second translation version is also more correct from the point of grammar. The verb “to perform”
is a transitive verb, i.e. it demands after itself the direct object absent in this definition — an object of
action (to perform what?), and the verb “to function” is an intransitive verb. It should be noted that an
English verb to perform, generally speaking, can be both transitive and intransitive, but in this case it is
an intransitive verb.!

The first translation version is able to distort the sense of definition as the absent but suggesting itself
direct object after the transitive verb “perform” can be thought up by a reader as missing (for example,
to perform a task), giving to the definition a sense which is there.

At first sight, the dependability definition in IS 60050-192 seems absolutely unlike usual definitions
of dependability in our standards, presented in Table 1. However, a more attentive analysis shows
that it is close enough to the basic part of nonparametric definition in GOST 27.002-89 (table 1,
item 6).

First of all, we shall note that in GOST 27.002-89 dependability is an attribute, but in IS 60050-192
it is an ability. However, if to address to the Explanatory dictionary of Russian under the editorship of
D.N. Ushakov [23], we shall see, that “ability is a quality, property, condition giving an opportunity to
make some actions, to execute this or that work™ and “attribute is a quality, feature, ability, describing
somebody/something, making up a distinctive feature of somebody/something”. Thus, among word
meanings of “ability” there is “attribute” and on the contrary, the word “attribute” means “ability”. But
not this semantic distinction has caused disputes among members of WG. The essence of the arisen
disagreements is in the following.

One of the parties considers that “ability to perform required functions” is practically the same
as “ability to function as ... it is required”, and “to retain in time” means “when it is required”. The
other party considers that it is not obvious, and the offered formulation in IS can be understood
in such a manner that it will define not dependability attribute, but an object ability to perform a
required task (job).

In the first party’s judgment, the dependability definition in IS only for the sake of brevity does not
include some refinements, assuming understandable that the ability criterion to function as it is required
(or abilities to perform required functions) should be given in normative-technical and (or) in design
(engineering) documentation (as it is specified in GOST 27.002-89). In particular, it can be made by
specifying limits for values of all parameters describing the ability to perform required functions, i.e.
possibility of the parametrical approach when applicable is not excluded. Also, as a rule, the documenta-
tion should have modes and conditions of application, maintenance, storage and transportation in which
only the ability to function as it is required is considered.

I'Tt should be noted that the official Russian translation of this document is still not available, therefore we explain our
version of translation in such details.

21



HOW WE SHOULD DEFINE WHAT “DEPENDABILITY” IS

In addition to that, the general concept “dependability” in IS it traditionally considered as only con-
ceptual, aggregative, not having the quantitative description (see table 2). For practical application indi-
vidual properties making up dependability are important (reliability, maintainability, durability), which
are characterized by quantity measures. Stipulation “under the given conditions” certainly is present in
definitions of these properties in IS.

If we agree with the first point of view about practical identity of two “functional” definitions of de-
pendability, then both of these definitions will not overstep the boundaries of the parametrical definition
of dependability in accordance with GOST 27.002-89.

In the second party’s judgment, “ability to function as ... it is required” in IS IEC essentially differs
from “ability to performance of required functions” in accordance with GOST 27.002-89 as in the latter
there is obvious indication on “conditions and modes of application” established in technical documenta-
tion. Therefore, it is possible to assert that the old formulation as opposed to new one does not take into
account the external influences, which have not been specified by “conditions and modes of application”
i.e. it characterizes what can be named as “own” dependability of an object.

So, the automobile standing in “traffic congestion” (or for any other reasons not connected to its char-
acteristics) has not lost the attribute “to retain ... ability to perform required functions in specified modes
and conditions of application ...”” On the other hand, since in the international standard definition there
is no reference to “specified modes and conditions of application ...” then “ability to function as ... it
is required” can be considered dependent, on the presence of “traffic congestion” inclusive (i.e. in these
conditions the automobile loses this ability if we understand the meaning of “ability to function as it is
required” as mentioned above).

In other words, supporters of this point of view believe that the absence in IEC IS of reference to “modes
and conditions ...” creates an opportunity of expansion of the concept “dependability” which in this case
will include not only rigidly regulated “own” dependability of an object, but also a wider ability to func-
tion “as it is necessary, when it is necessary” i.e. to perform a task, in which the object participates.

In this case, discussion can lead to consideration of a final task solution, which should be performed
by the object (to execute calculation — computer, to provide steady communication — communication
system, to light a dark entrance — an electric bulb, etc.). As a consumer, a user, a customer is interested
only in a final result, without dependence from any reasons, due to which the result can be not achieved
(where “own” dependability of an object is only one of them), such interpretation of IS can be repre-
sented quite justified from the point of view of the end user who does not understand deeply problems
of dependability.

6. Parametrical and functional definitions of the term “dependability”

As it was already said, we shall name the definition from clause 6 of table 1 as a parametrical definition,
and the definition from the same clause, but in column of notes — a functional definition (it is highlighted
in italics). The definition in IS IEC considered in the previous section is also functional. As a result, we
have three definitions:

- parametrical: dependability is an attribute of an object to retain in time in the established limits the
values of all parameters describing ability to perform required functions in specified modes and condi-
tions of application, maintenance, storage and transportation;

- functional (domestic): dependability is an objects attribute to retain in time ability to perform re-
quired functions in specified modes and conditions of application, maintenance, repairs, storage and
transportation;

- functional definition in IS IEC: dependability is ability of an object to function as and when it is
required.
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Two functional definitions were compared among themselves in the previous section, and here we
shall compare parametrical (GOST 27.002-89) and functional (IS IEC) approaches to dependability
definition.

Before to switch over to discussion of advantages and disadvantages of each of them, we would like to
make one back-off and to remind readers of an extremely important concept, which is seldom presented
in the Russian technical literature. We mean so-called “operational definitions” (OD) — the term intro-
duced into the scientific and technical literature of XX century by distinguished American statisticians
U. Shuhartom and E. Demingom [24]'. Definition is named as a operational definition, which:

a) is understandable and;

6) for which the practical way of its unambiguous realization / check is specified.

Necessity of OD introduction is caused by a simple fact that in any language there is a lot of ambiguous
words, which various people understand differently, that, naturally, leads to different reaction to the same
words. It is natural that in the terminological standard use of operational definitions is especially dangerous:
the different understanding of fundamental terms can lead to the most unpredictable consequences?.

So, we come back to our definitions of the term “dependability”. The parametrical formulation defines
dependability through the finding of all object parameters in the specified ranges. In a situation when
object parameters are always listed in the accompanying normative-technical documentation, and ranges
of their change in modes are specified in the set modes, this definition meets requirement for OD. Indeed,
it is always possible to check up practically whether these object parameters are in the established limits,
and the answer to this question will be always unambiguous: parameters are either within a certain range,
or outside.

On the other hand, as it was already mentioned in GOST 27.002-89, a parametrical definition is not
always suitable, especially if we apply it not in theory, but in practice. To understand it, it is enough to
try to make a list of “all parameters describing an ability to perform required functions” and to establish
allowable limits of their values, for example, for such widely used products, as TV, a computer, a phone,
an automobile, etc. It is rather difficult to make it even by experts of corresponding branches, and to
understand it by users will be practically impossible.

With a functional definition, in relation to an ability to operate, everything is much worse, because an
object’s attribute “to function, as and when it is required” can be interpreted differently, for example, by
the manufacturer of an object and its consumer. Indeed, for the manufacturer these words mean the same,
as words about parameters: to operate as it is necessary within the established limits. But the consumer,
as a rule, does not know anything about the established parameters and their ranges, and what it is even
more important, he does not want to know. For him words “to function, as and when it is required” can
mean that he receives that from object what he expects, i.e. the object performs functions in conditions
interesting to the consumer. Here again there is inevitably a conflict connected with the fact that perform-
ance of some functions, satisfying the consumer, can differ in many cases from the function which the
manufacturer means. Let’s consider the elementary example to explain these general reasoning.

You have on your staircase the illuminating device lighting a passage. A parametrical definition of
dependability demands the assignment of a list of unit technical parameters with indication of limits
where each of the parameters should belong to. Functional definition of dependability for the manu-
facturer of this device coincides with a parametrical definition: the manufacturer will understand under
the meaning of functioning “as and when it is required” such a functioning when parameters describing
device operability are in the specified ranges. But the consumer has an absolutely different idea about
operation of the given device. He wants that the device performs its function to illuminate a corridor. But

' The concept itself goes back to studies of P. U. Bridgman — see [25].
2 We deliberately have italicized the word “practically” and “unambiguous” in the formulation of OD concept because of
their fundamental importance.
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illumination of a corridor depends not only on a lighting device itself, but also on many other factors,
for example, on the electrician who serves the given house, on Housing office, which is responsible for
entrance illumination, etc. Clearly, all these factors have no any relation to device dependability. But
should we do with its performance of a function? If we say that dependability is an ability of the given
object “to function, as and when it is required”, the consumer can understand it as “ability to illuminate
a corridor as how and when it is required” that will depend actually on our device as well, and on many
other factors which directly are not connected with an illuminating device. For example, the electrician
becomes the factor influencing performance of a function by our device — it is included into the system
of his service, and, hence, influences, for example, the period of its repair. In other words, a functional
definition of dependability can lead to the blurring of boundaries between dependability of an object and
an ability of performance of the task.

To avoid this ambiguity, it is required, that words “fo function as and when it is required” should be
accompanied by the operational description of what the necessary function consists, and which system
is responsible for its performance. Coming back to our example: the illuminating device cannot have a
function “to illuminate a corridor” — it is made not for a corridor or a room, but it is made with the pur-
pose to create a certain light stream under specified conditions, and it can be installed anywhere. If the
consumer says that he needs light in a corridor he should understand that it is addressed to the system
where the device giving light presents only one of the subsystems, and a function “to illuminate a cor-
ridor” concerns the task solved by a system which includes both the device, the electrician, and Housing
office. Accordingly, if there is no light, it is necessary to understand due to what reason. If this reason
has no relation to the device, then its dependability here should be ignored.

In other words, a property to retain parameters in some range is the internal property of an object de-
pendent on its condition at present, but an ability to perform a certain function can be understood both as
its internal property or as a result of its interaction with an outside world —all depends on the fact who and
how has defined what words “to function as and when it is required” means. The ambiguity mentioned
above could be avoided if there would be a separate concept of “ability to perform a task” (APT) and it
would be defined how it correlates with dependability, safety, efficiency, etc. Unfortunately, such concept
as a standard international term is not known to authors.

Thus, we have the following dilemma: either to retain a narrower parametrical definition of depend-
ability from the old GOST and to receive a matrix of its strong and weak sides, shown in Table 3, or to
agree with a more general functional definition, and to receive a matrix shown in Table 4.

Table 3. Parametrical definition: advantages and disadvantages

Advantages Disadvantages
Meet the condition of an | Does not cover a situation when the parametrical
Internal factors - e . . )
ability to operate. description is inexpedient or it is impossible.
o Increases disparity between Russian and foreign
External factors Well familiar and usual. partty £
experts and standards

Table 4. Functional definition: advantages and disadvantages

Advantages Disadvantages
Suits a more broad range of situations, in-| Does not meet the condition of an ability
Internal factors |cluding those when a parametrical defini- | to operate, i.e. can lead to the ambiguous

tion is inexpedient or it is impossible. interpretation of dependability.
. . ) Requires higher competence concernin
External factors 1t is harmonized with IS. 1 & P . g
dependability.
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Why did we write in table 4 about competence concerning dependability? The reason is simple: it
is necessary that everyone who can anyhow deal with problems of dependability has learned to divide
functions (task), performed (solved) by a system, and functions, which are performed by its parts and/or
elements. In this conditions both of these definitions inherently coincide. This is what one group of experts
believes. The other group believes that the definition in IEC IS admits the interpretation determining not
just dependability, but APT; therefore, it is necessary to keep the old definition of dependability in ac-
cordance with GOST 27.002-89, and the translation of IEC IS to issue as the draft standard determining
the APT concept.

We have stated the arguments reflecting positions of the discussing parties. We have consciously
avoided the attempt to give any final recommendations so that experts in the field of dependability,
designing, operation, repair of elements, systems, and objects will support this or that version of a
dependability definition and terms related to it. The only thing that it would be necessary to add:
we understand that the concept of dependability is very wide and whatever side in the given discus-
sion we take, the formalistic approach will not give the correct answer in some cases at any choice.
Therefore, in any case we should hope for competence of those who will put dependability terms
into practice.
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CTpyKTypHas HageXxHoCcTb. Teopus 1 NpakTuka

BuktopoBa B.C., CrenaHsiHy A.C.

O NOKASATEJIAX HAAEXHOCTU TUNA CPEAHAA
HAPABOTKA

O6cy>/<aaforc;7 marematnyeckme ornpeneseHvs nokasaresnaer cpenHss HapaéoTKa A0 oTKasaa, CcpefjHss Ha-
p360TK3 Mexnay otkasamu i CcpenHss Hapa5OTK3 Ha oTkas, rnpuBeaeHHbIE B OCHOBHOW HOPMAaTVBHOU U
TEOPETUYECKON smreparype rno HaaexHocCTu. OnucbiBaloTCS METoAbl MPakTUYECKOro BbIYUCIEHUS M0Ka-
3aresnev rnpu rnPOEKTHOM aHasan3de HaaexXHoCcTu cuctemM. lNokazaHa HEKOPPEKTHOCTb OMpenesieHns u u1c-
r0/s1b30BaHus rnokasaresisi cpeaHemn Ha,Oa6OTKM Ha 0oTKas.

Knio4yeBble cnoBa: nokasaresiv HageXHOCTU, CPEeaHSss Hap36OTKa A0 oTKasa, cpefHss HapaﬁoTKa mexny
oTkasamwu, cpeaHss Hapa60TKa Ha 0TKas, MapKoBCKue mMoaesin.

[Toxa3zarenb HaIEKHOCTH — TEXHUUECKAsl XapaKTePUCTHUKA, KOTMYECTBEHHBIM 00pa30M OIpeIestoIas
OJTHO WJIM HECKOJILKO CBOMCTB, COCTABIIAIOIINX HAJEKHOCTh 00bekTa. [lokazarens HaieKHOCTU KOJIH-
YECTBEHHO XapaKTepU3yeT, B KAKOW CTETIEHU TaHHOMY OOBEKTY WM JaHHOW rpymnie 0ObEeKTOB MPHUCYIIH
orpesieNieHHbIEe CBOMCTBA, 00ycIaBIMBaOIINe HaIe)KHOCTh. [lokazarenu HaleXKHOCTH MOTYT UMETh pa3-
MEpHOCTh WM ObITh Oe3pa3MepHbIMU. Mccnenyemblie B paMKax T€OpUU HAIEKHOCTH OOBEKTHI MOYXKHO
paszenuTh Ha JBa OOMBIINX KJAcCa — BOCCTAHABIMBaeMble U HEBOCCTaHaBNuBaeMble. [lokazarenu Ha-
NEKHOCTU TaK)Ke MOXKHO Pa3/IeNTh Ha JIBa Kjacca — MOKa3aTeNI HaJIeKHOCTH HEBOCCTAHABINBACMbIX
Y BOCCTaHABIIMBAEMbIX O0OBEKTOB.

Bonpocs! BEI60pa 0CHOBHBIX MTOKa3aresiei HaJJeKHOCTH JUTsl pa3IMUHBIX 0ObEKTOB B JOCTATOYHON Mepe
npopabotansl U pertamerTupytores B [OCT 27.003-90.

BaxHbIM OHSATHEM, IPUCYTCTBYIOIIMM BO MHOTUX ()OPMYIUPOBKAX MOKa3aTesiel Ha/Ie)KHOCTH, SIBIISIET-
cs1 Hapabomxa. HapaGoTka 3To IPOAOIKUTEIIBHOCTD WITH 00beM pabOThl 00BEKTa, T.€. HapaObOTKa MOXKET
M3MEPATHCS HE TOJIBKO B €UHHIIAX BPEMEHHU, HO M B €IMHUIAX BBHIPAOOTKH MPOAYKIIUU, MPOIIEHHOM
paccTosiHuM U np. Hampumep, B 0JTHOM 13 3apyOeKHBIX CTAaHAAPTOB IO pacUyeTy HAJCKHOCTH YCTPOICTB
BOCHHO-MOPCKOW TEXHUKH YaCTOTHBIE TTOKA3aTeNu UMEIOT pa3MEpPHOCTh 1/MUITIO.

Llenbto cTaThu ABISETCS:

® aHANIM3 MaTeMaTUYEeCKUX OMpEeeICHU MoKa3aTenel cpeaHssi HapaOoTka A0 O0TKa3a, CpelHss Ha-
paboTKa MeXIy OTKa3aMHU W CpeIHssl HapaOoTka Ha oTka3 [1-8];

® BLISIBJICHUE JIOMYIICHHON OIKUOKK B MAaTeMaTHYECKOM OIpeIeIICHUH T0Ka3aTelsl cpeHsAss HapadoT-
Ka Ha oTKa3 (3710 omnpezaenenue chopmyaupoBano B ocHoBomnonarawmem ['OCT 27.002-89 u apyroit
JUTEPATYPE);
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e 00CYXXJIEHIE METOIOB MPAKTUICCKOTO BHIYMCIICHUS ITOKA3aTENsI CPpEAHEeH HapaOOTKH Ha OTKAa3 MPH
IIPOEKTHOM aHAJIU3E;

® CpaBHEHHE BCEX TPEX MoKa3arelei Mex Iy coO0H.

[IpuBenem maTemMaTHUECKUE OTPENEICHHUS MoKa3arenell cpeaHsist HapaboTKa 10 OTKa3a, CpeIHss Ha-
paboTka MEX Ty OTKa3aMHu M CpeaHssl HapaOoTKa Ha OTKa3.

1. Cpeansisa Hapa6oTka o0bekTa 10 otka3a (T,)
Cpennsisi HapaOoTKa 00bEKTa 10 OTKa3a OMpeAeisieTcss KaKk MaTeMaTuieckoe OKUIaHue CIydaiHOM
HapaOOTKH JI0 IEPBOTO OTKa3a

1= M[§ 1= [1/(@dc=[tdQ(0) =] P)d. ()

rae & — ciryyaiiHas HapaOoTKa 0OBEeKTa 10 IEPBOTO OTKA3a,

P(t)=P(0,t)=Prob(§, 2t)=1-F,(t) - BeposaTHocTs 6e30TKa3HOI paboTsl Ha uHTEpBae (0,t),

F(t), f(t) — dyHKIMS ¥ IUIIOTHOCTH pacTpeeeHus CTyJYailHON BETUYUHBI &;.

Beipaxxenue (1), sBisieTcsi HE TOJIBKO MaTEMaTHIECKUM OIPEACICHUEM, HO U PEaIbHOM BHIYMCITUTEIb-
HOM (hOPMYIIOH MOTyYeHHS 3HAUCHUSI TOKa3aTesl.

DTOT MoKa3aTeslb MOKET XapaKTepU30BaTh KAK HEBOCCTAHABIMBACMBIC, TAK M BOCCTAHABIMBACMbIC
OOBEKTHI.

2. Cpenusist Hapa6oTka Mexay oTkazaMu (Ty,euqy)

HapaboTka Mex 1ty oTka3aMu (Kak ciydaifHasi BEIMYMHA) ONpeAessieTcss 00beMoM paboThl (BpeMeHEM
pabotsl) oowekTa ot k-ro 10 (k+1) — ro orkasa, rme k = 1,2, ... . OT™MeTuM, 9TO, BO-TIEPBBIX, 37€Ch TO-
BOpHUTCS O padoTe 00BEKTA, T.€. BPeMsI BOCCTAHOBJICHHSI TIOCIIE K-TO OTKa3a He yUHUTHIBACTCS (TI0ITOMY
MOYXHO TOBOPHTB Tociie k-ro BOCCTaHOBJIEHUS ), @ BO-BTOPHIX, HApafOTKa 10 MepPBOro 0TKa3a He y4H-
THIBAETCS B JAaHHOM IIOKa3aTelie.

[ponecc HhyHKIMOHUPOBAHUS BOCCTAHABIMBAEMOTO OOBEKTA HA CTAllMOHAPHOM y4YacTKe Mpe/ICTaB-
JISIeT COOOM TTOCIIEOBATEIEHOCTE YePEAYIOIINXCS CITy9aliHbIX HHTEPBAJIOB padboThI () ¥ mpocTos (6y)
(puc. 1). IIpocTon HACTYMAIOT TOCIE OTKa3a 00BEKTa, KOrJa HaJl HUM MPOBOJISTCS BOCCTAHOBUTEIHHBIC
ornepauuu. BoccranoBnenne paboTocrnocoOHOCTH MOXKET OBITh KaK MOJTHBIM (3aMeHa Ha aHAJIOTMYHBIN
HOBBIN O0BEKT), TAK U YACTUYHBIM (HAIIPpUMEp, PEMOHT TOJIHKO HEUCTIPABHOW YaCTH).

OTKa3 OTKa3 OTKa3s
Y N/ s VD ¥s VD
oo o o —— 00"
\/ el 92 93
paboTta npocTomn paboTa npocTomn paboTta npocTomn

Puc. 1. CrammoHapHbIii y4acTOK (QyHKIIMOHHPOBAHUS BOCCTAHABIMBAEMOTO 00BEKTa

B o6miem cirydae, mpu HETIOJTHOM BOCCTaHOBIICHUH CITyYaifHBIE BpeMeHa \, paboThI mocie k-1-ro Boc-
CTaHOBJICHUS U 10 k-TO 0TKa3a UMEIOT pa3Hoe pacnpeaeneHue ¢ miotHoctsamu fi(t). Ecim Ty — cpenusis
HapaboTka OT MOMeHTa okoH4YaHus k-ro Boccranorienus 1o (k+1) —ro oTkasa, To

. I
TMeoia)y :lézzM[Tk] ZI{Z’jo;ZI,T,s ()

TJIe KaXKJ1as U3 CPeTHUX HapaboToK 00BEKTa OT MOMEHTa OKOHYaHUs K-1-ro BoccTaHOBIIEHUS 10 K-rO
OTKa3a OIPEEIIAeTCs KaK
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T, = M[y, ] = [tf(t)dr. (3)

Boipaxxenus (2), (3) siBIAIOTCS JMILIb MaTEMaTHUECKUM ONPEEIIEHUEM, pEalbHbIE BBIUYUCIIEHUS T10-
Kaszaress 10 HUM He IPOBOJATCS (Aa 3TO NPAKTHUECKH M HEBO3MOXKHO). PacueTHble BbIpakeHUsI OCHO-
BBIBAIOTCSl HA BBIYMCIICHHBIX 3HAUEHHSX CTalMOHapHOTO Kod(h¢uimenta roroBHoctH (K,) u cpeanero
BPEMEHU BOCCTAHOBICHUS (Tyocer) (ECIM €T0 MOXKHO OTPEICIHTH), TUOO CTAIMOHAPHBIX 3HAUYCHUSIX
k03¢ (uIeHTa TOTOBHOCTH M TapaMeTpa MoToKa 0Tka3zoB (). [Tokazarenu K. 1 © npuHIMIIHAIBEHO BBI-
YHCIsieMbl MHOTHMHU METOJIaMH, HanpuMmep, (GopMyliaMH, UCIIOIB3YIOUIMMH TEOPEMBI JIJIsl BEPOATHOCTH
CYMMBI, IPOU3BEACHUSI COOBITUI U TEOPEMY MOJHOW BEPOSITHOCTH, JIOTMKO-BEPOSITHOCTHBIMH, MAPKOB-
CKMMH, aCUMIITOTUYECKUMU. [IpuBeieM 3TH BBIpAKECHHUS.

T
W3 U3BECTHOTO BBIPAXKEHHUs IS CTAIIHOHAPHOTO KO3 (HIMeHTa roToBHOCTH K . = - MERY
10 BBIYHUCIICHHBIM 3Ha4eHUAM K| U T, OTydaeM ey + T pocer
K.t
I BOCCT .
T ; (4)

TR,

W3 u3BECTHBIX BBIPAKEHUU UIS CTAIMOHAPHOTO KOA(PQPHUIIMEHTAa TOTOBHOCTH M MapaMeTpa MOTOKa

1
OTKAa30B O = , 110 BBIYHMCJICHHBIM 3HAYCHUAM Kr o nonyqaeM
MEXKIY +T socer
K
_r
T MEXJY — ? (5)

®opmyina (5) COBMECTHO C TIPUOTMIKEHHBIM (TIPH Tyyepeny >> Tooeer) BRIPAKEHHEM (6) 17151 BEPOATHOCTH
6e30Tka3HON paboTsl P(t) BoccTaHaBiMBaeMbIX cucTeM 0000IIAET 3HAUUTENbHYIO YacTh PE3YJIbTAaTOB

ACUMIITOTUYECKON TEOPHUH
t

P(t)=~exp M (6)

OtmernM, 9T0 Ty < T}, Tak Kak 10 oOmpeseNeHnsM ist okasaresieii 6ezorkazoctu P(t) u T,
CHUCTEMAa HAYNHACT (1)YHKIII/IOHI/IpOBaTB N3 UCITPABHOI'O COCTOSIHUA.

DTOT OKa3arellb OTHOCHUTCS TOJBKO K BOCCTaHABIIMBAEMBIM 00bEKTaM.

3. Cpenusisi Hapa0oTka Ha otka3 (7,,)

B nopmarusnoii (nanpumep, 'OCT 27.002-89, TOCT 27.003-90) u cnpaBouHoii tureparype [1] npu-
BOJIUTCSI OTIPENICICHNE eIE OIHOTO TOKa3aTellsi, OTHOCSIIETOCS K YCPETHEHNUI0 HapaOOTOK, a UMEHHO
cpenHss HapaOOTKa Ha 0TKa3, KOTOPHIN periaMeHTHPYETCs KaK OJIMH M3 OCHOBHBIX TOKa3areleit 6e30T-
Ka3HOCTH ]I BOCCTaHABINBAEMBIX 00OBEKTOB,

=W

M{n(1,)}

T.€., OTHOIIIEHHE CyMMapHOW HapaOOTKH 00beKTa (t,;) K MaTeMaTHYeCKOMY OXKHMJIaHUIO YHCIIa OTKA30B
n(t,) 3a ATy HapabOTKY.

DTOT OKa3aTellb BHECEH B HOPMATUBHYIO TUTEPaTypy B Hadase 80-X roioB HE B KaUECTBE TOKa3aTels,
JIOTIOJTHSTFOIIETO CITMCOK OCHOBHBIX MOKa3aTelell HaIe)KHOCTH M XapaKTEePU3YIOIIEeTo KaKyo-In00 0co0eH-
HOCTb IPUMEHEHHUS 00BEKTa, KOTOPYIO HE OTPAXKAIOT JAPYTHE TIOKa3aTeln, a B3aMEH CpeIHel HapaOoTKU
MeXy oTKa3aMu. [IpuBeném pesynbraTbl KpUTHUECKOTO aHaJIM3a rmoka3areist T ,.

T.(1,) (7)
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[Mokazarens T, sBsieTcs GpyHkuneit HapabOTKH, TO3TOMY HOPMHPOBATH U BEIYUCISATH €0 HEOOXOAUMO
Ha 3a/1aHHON HapaboTKe, T.e. MpaBMWIbHO 0003Ha4YaTh ero He T, a T ,(t,).

CpaBHUM HapabOTKy Ha OTKa3 C APYTMMHU HapaboTKaMu, GUTypUPYIOLIMMHU B OIIPE/ICTICHUSAX ITOKa3are-
neit. Cpennsist HapaboTka 10 otkasa (T) xapakTepu3yeT ToIbKO HapaOOTKH /10 EepBOro oTkasa. Tak kak
BCE MOKa3aresu (B HOPMAaTUBHOM JOKYMEHTAIIMN ) OIIPEeNICHbI JIs TOTHOCTHIO HCIPABHOTO HAYaJIbHOTO
COCTOSIHUSI 00BEKTa, TO JUIsl pacpeieleHnii ¢ HeyObIBarolel (yHKIMEeH HHTEHCUBHOCTH OTKa30B CPe/l-
Hsist HapabOTKa JI0 TIEPBOTo OTKasa OyzeT Hanbonbiel. Cpennss HapaboTka MeKILy OTKa3aMH (Tyeyery) HE
OXBAaThIBAaET HApAOOTKH /10 IEPBOTO OTKAa3a, a ycpeAHsaeT (Ha O0eCKOHEUHOCTH ) HapaOOTKH MOCIe IEPBOrO
otkaza. J[ns pacnpeneneHuii ¢ HeyObIBaromel (QyHKIMEH NHTEHCUBHOCTH OTKA30B CPEIHsAsA HapaOoTKa
MEXJy OTKa3amMM OyJeT HauMeHbled. OTMEeTHM, U4TO BCE PEe3epPBUPOBAHHBIE CTPYKTYpPBI UMEIOT BO3-
pacrarolryo (QpyHKIMIO MHTEHCUBHOCTH OTKa30B. CpenHsis HapaboTka Ha oTka3 (T,,(t,)) BKiIO4aeT B
o01ieM cirydae 1 HapaboTKy 0 0TKa3a M HapaOOTKH MEX Ay oTKazaMu. Takum 00pa3oMm, U3 MPUBECHHBIX
OOBACHEHUH JTOJDKHO CIIEN0BATH CIIEAYIOIEE COOTHOIIEHHE MeX Yy TToKa3areaMu T = Ta(ty) = Tyepeny-
Ho nanHOe HepaBEeHCTBO HE BBIMIOIHAETCS, YTO Oy/IeT NPOAEMOHCTPUPOBAHO HA MPUMEpax.

MetonoB BbruucieHus T,,(t,) HET HU B OHOM M3BECTHOW HaM (M YaCTUYHO NMPHUBEICHHOHN B KOHIIE
KHUTH) auteparype. imeeTcs B BUILy, YTO HET YETKO C(OPMYIUPOBAHHOTO CIIOCOOA MOTyUSHHs 3HAUE-
HUU TI0Ka3aTess U IPUMEPOB €r0 BBIYUCIICHUS I PE3E€PBUPOBAHHBIX BOCCTAHABIMBACMBIX CTPYKTYP.
CBs13aHO 3TO € T€M, UTO HapabOTKa Ha 3a/JlaHHOM KaJEeHJapHOM BpeMEHHU (DYHKIIMOHUPOBAHUS 00bEKTa
SIBJISICTCS CIIy4YalHOM BEJIMYUHOM.

IIpakTruecku Becerga, KOrna HOpMUPYETCsl MU BBIYUCIISETCS MoKa3aTensb T, UMeeTcs B BULy IT0Ka3a-
T€Nb Tyyepny — CPEMHAA HAPAOOTKA MEKTY OTKA3aMHM, & MHOTIA — CPEHss HapaboTka 10 oTkasa T;.

pw t,—00 Tya(ty) = Tyescny» AIMEHHO MO3TOMY (BO3MOKHO U HE TIOHMMAasT) TOBOPSAT M MUILYT Ty, XOTS
ONPENENAIOT €10 ACUMITOTUYECKOE (CTALIMOHAPHOE) 3HAYEHHUE, PABHOE Tyepcrny-

[Tpu t,—0 moxazarens T,,(t,) pacTet, B TOM 4ncie 10 6E6CKOHEYHOCTH.

[okazarens cpennsist HapaboTka Ha oTka3 (T,(t,)), €Clu U AOMHKEH MPUCYTCTBOBATH B HOPMATUBHOM
JUTEpaType, TO TOJIBKO B KAUECTBE CIIEIMATBHOTO MTOKa3aTeNs A5l 00bEKTOB, (DYHKIIMOHUPYIOIIUX CTPOTO
OIpeAeEHHYI0 HapaboTKy (110 UCTEUEHUN KOTOPOI OOBEKT CHUMAETCS C HKCILTyaTallly, 1aXe eCIIM He 3a-
KOHYEHO BBIITOJTHEHUE UM OIpeAeIEHHOr0 3a/1aHus). M3 0CHOBHBIX ITOKa3aTesel OH JJOIKEH ObITh yOpaH, a
MOKa3aTenb CpeHss HapaOoTKa MEX/y OTKa3aMH BBEICH B CIIMCOK OCHOBHBIX IOKa3aTeei HaIe)KHOCTH.

Emé pa3 noguepkHeM, YTO NMPAKTUYECKU BCET/Ia 3aIUCBHIBACTCS B TPEOOBAHUIX U OLIEHUBACTCS MPHU
MIPOEKTHOM aHaJIu3e Cpe/iHss HapaboTKa MEKIy OTKa3aMH, @ Ha3bIBAIOT €€ cpeiHel HapaOoTKOM Ha OTKa3!
Huxorna He yka3pIBaloT HapadOTKY, Ha KOTOPOil He00X0AMMO ONpeNeTUTh CPeIHIOI HApaloTKy
HA 0TKa3.

B 3apy0exHOl HOPMATUBHOM M TEXHUYECKOW JIUTEpaType MokKaszaress aHanorudHoro T,,(t,) HeT. B
cranpaprax, iureparype CIIA, Aurumn, ['epmanun npucyrcrByrot nokasarenau MTTF — cpennee Bpems
710 0TKa3a, KOTOPBIN ompesessieTcs Takke Kak U T — cpenHss HapaOoTKa 10 OTKaza (IJIs Mmokas3arenen
0€30TKa3HOCTH, ONpPEAEIsIeMbIX 10 MEPBOr0O OTKa3a, T.€. C MOMIOMIEHUEM B COCTOSIHUSAX, COOTBETCTBYIO-
IIMX OTKa3y, HapaOOTKa, €CJIM OHa BhIpa)keHa B €IMHUIIAX BPEMEHHU, COBMAIAET CO BPEMEHEM JI0 0TKa3a),
u nokasarens MTBF- cpennee Bpems mexny orkazamu. Ilokasarens MTBF paBen cymme cpennen Ha-
paboTKu MEXy OTKa3aMu U cpenHero BpeMenu BoccTanoBIeHUss MTBF = T, ¢y + Tooeer Y HAC 4acTO
B JIUTEpaType, B MPOCKTHBIX Marepuaiax, TpeboBanusx 3anucsiBaioT MTBF, Ho nonpasymeBaercs u
BBIYHMCIAETCA Tyepny> YTO HEBEPHO!

[IpuBenem mpuMepbl BBIYUCICHUS CpeHeN HapaOOTKM Ha OTKa3.

Ilpumep 1

PaCCMOTpI/IM IIy6J'IHpOB8.HHLII>i OJIOK ¢ BOCCTAHOBJICHUEM, MApPKOBCKasA MOACJIb HAJICKHOCTU KOTOPOT'O
MPUBCACHA HUIKC.
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Puc. 2. MapkoBcKkasi MOJIeJIb Ha/IEXKHOCTH J{yOJIMPOBAHHOTO OJIOKA C BOCCTaHOBJIEHUEM

Cocrosinue 1 — 06a 6;10ka pabOTOCIIOCOOHBI; COCTOSTHUE 2 — OJIUH U3 OJIOKOB OTKa3all, APyroi pado-
TOCIIOCOOEH; cocTosiHME 3 — 00a 6moka oTkazanu. CocTosHus | 1 2 COOTBETCTBYIOT paboToCIOCOOHOCTH
PEe3epBUPOBAHHON CTPYKTYpPbI, COCTOSIHUE 3 — OTKa3 Pe3epBUPOBAHHOMN CTPYKTYpbl. IHTEHCUBHOCTD
OTKa30B KaKIOTO M3 OJOKOB paBHA A, HHTEHCHBHOCTh BOCCTAHOBIJICHHUS OIHOTO JIF0OOOTO OJI0OKa M3 CO-
CTOSIHHSA 2 paBHA |l;, @ U3 COCTOSHUS 3 — ).

Crnioco6 Berancnenus T,,(t,) cocrout B creaytromeM. [lomyunm aHaIUTHYECKOE BEIPAYKEHHE JIJISl CPETHE-
ro yucna otka3zoB Nj(t) ¢ HCIIOIB30BaHHEM MAPKOBCKUX MPOIIECCOB € J10X0aMu (t KaJICHITapHOE BpeMsi
(YHKIIMOHUPOBAHUS CTPYKTYPBI, KOTOPOE COCTOMT U3 O€30TKa3HON HApabOTKH t, 1 BpeMEHH NPeObIBaHUS
B HEpabOTOCIIOCOOHOM /IJIsl CTPYKTYpPbl COCTOSIHMM 3). YCTpEMUM [, B OECKOHEUYHOCTh, TOI/la BOCCTa-
HOBJIEHHE U3 COCTOSIHUS OTKAa3a CTPYKTYpbl Oy/1leT MTHOBEHHBIM U BPEMS, IPOBEIEHHOE B COCTOSIHUU 3,
Oyznet paBHO Hym0. [ToaToMy BCE BpeMsi MOJICIIMPOBAHHS t OKAXKETCS paBHBIM 0€30TKa3HOW HapaOOTKe
t,. Janee npoBenem Boruucienus mo (7), pazaenus t Ha Ny(t).

B KOHIEC CTATbU B IMIPUJIOKCHHUU KPATKO U3JI0KCHBI OCHOBHBIC COOTHOIICHUA 110 MAPKOBCKHM ITpOLICCCaM
¢ noxoxamu. Hanbosee morHo MEeTO0I0THSI MApKOBCKUX IPOIIECCOB C JI0Xofamu rnpuseaeHa B [9,10].

Cucrema muddepeHnuanbHbpIX YPAaBHCHHMA TSI CPSTHETO YHCIa OTKA30B UMEET BH/I

N, (t) = =2AN, (t) + 2N, (1)
N, () = W N, (1) = (L + 1N, () + AN (0) + A (8)
Ns (t) = MzNz (t) - M2N3 (t)

Hanomuum (cMm. mpuinokenue), uto N;(t) — cpeHee unciio 0Tka3oB (onpeaeisieMoe BBIOOPOM MaTPHUIIbI
JI0XOJIOB C €MHMIIEH HAa MECTE MEPEX0/a U3 COCTOSIHUSA 2 B cocTosiHME 3 (B Marpulie W a11eMeHT Wy3=1,
ocTasibHbIe Wij = 0)) IPH yCIIOBUM HAYAIBHOTO COCTOSHUS 1.

Pemrast cucremy ypaBuenwuii (8), momydanm HeoqHOponHOE AU (HepeHInaIbHOEe YPAaBHEHNUE TPETHETO
opsiAKa

Ny(1)+ (304, + W, )N (1) + (2K + 20, + W, )N (1) = 2071, )

o0111ee perieHrne KOTOPOTo UMEET BUJT
2N, t
20+ 2ML,

N,(t)=C,+Ce" +C,e™ + (10)
TJIe TIEpBBIE TPU ClIaraeMbIX ¢ KOHCTaHTaM# C; M KOPHSIMHU XapaKTEPUCTHUECKOTO ypaBHeHHS Xy=0, X1,

X, MIPEACTABIIIIOT CO00# 0011Iee penieHne OMHOPOAHOTO A HEepeHINATEHOTO YPaBHEHHSI, COOTBETCTBYIO-

niero cucteme (§), a 4eTBepToe cllaraeMoe — 4aCTHOE pelieHrue HEOJHOPOAHOTO ypaBHeHUs (9).
Uccnenys pemenne (10), koncrantsl C; u KOPHU X; IPH y —> 00 TIOJIYYUM MPEAEIBHOE PEIEHNE

2Nt 2N _ 2N
N,(t)—> + S (S
o= (2 +1,)  (2h+W,) (2h+u,)
[IpuBenem BbipakeHuUs (OHU MOTYUYEHBI pEIIEHUEM alreOpandeckiux ypaBHEHUH 0OOBIYHOTO MapKOBCKOTO
npoiecca) Juist Bbraucienus nokasarenen Ty u Tyeery 110 MOZETHM pHC. 2:

(11)
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3+, 2, g,
Ii=—p Kr=75 ’

2\ 2\ +27\,u2+u1u2 (12)
221, C2h+p,

- 27\’2 +27\.I.,L2 + “]“2 ’ meacdy 27\’2

I[TIpoBeneM HEKOTOPBIE YUCIIEHHBIE pacdeThl s T y,(t,). [Tycts A =0,001 wac™! (cooTBeTCTBYET CpeaHen
Hapabotke 10 otkasza T,,=1000 gac), pt; = 0,1 gac™! (cooTBETCTBYET CpeHEMY BPEMEHH BOCCTAHOBIICHHS
1,=10 yac). B tabnuie 1 npuBenens! 3naueHus (B yacax) T,,(t,,) 1 pa3HbIX t,,, cCpeHss HApaOOTKa MEKTY
oTKa3aMH Tyeyqy M CpENHsA HapaboTKa 10 oTKasza T.

Tabanua 1. Pesyabrarsl pacueroB nmokasaresei T,,(t,), Tyexay Ti

t,=0,1 t,=1 t,=10 t, =100 t, = 2000
T,u(t,) 14285714,3 1030927,8 136680,8 56543,2 51252,2
Tencay 51000

T, 51500

Ilpumep 2

PaccMoTpuM oMH BOCCTaHABIMBAEMBIN AJIEMEHT € SKCIIOHEHIMAIBHO PacHpeeIEeHHBIMU HapadoT-
KO 710 0TKa3a (C MHTEHCUBHOCTBIO A) U BPEMEHEM BOCCTAaHOBJIEHUS (C MHTEHCUBHOCTHIO |L). [IpuBenem
(hopMyJIbl 1J1 BBIYUCIICHHUS] OCHOBHBIX TOKa3aTeseil Ha1e’KHOCTH.

BeposaTHOCTh 6e30TKa3HOM PaboThI P(t) = e™
Cpennsist HapabOTKa 710 0TKa3a Ti:=T,=1/A
CranoHapHBIN KOA(QPHUIUEHT TOTOBHOCTH K, = w(+p)
CranuoHapHbIif TapamMeTp MOTOKa OTKAa30B ® = WA (At+p)
Cpennsist HapaOOTKa MEXKIy OTKa3aMHu T = Tyeuny = /A
CpeiHee 4uCI0 OTKA30B N (1) = [wAt/(A +p)] + A2+ p)?] [l —e®*
Cpennsist HapabOTKa Ha OTKa3 Tha(t) = /A, T.K. ipu p— o0 Ny(t) — At

Jnst nannoro nmpumepa (omHoro anementa) Ty = Ty,(ty) = Tyexeny-

Ilpumep 3
PaccmoTpuM nyOnmupoBaHHBINH ONOK, aHAJIOTUYHBIM OMUCAaHHOMY B NpuMepe 1, HO B JTaHHOM Cllydae
MIPEIOIIOKUM HEBO3MOKHOCTh BOCCTAHOBIIEHHS B IIpoliecce (YyHKIMOHUPOBAHUS. A UIMEHHO, CUCTEMa

Puc. 3. MapKOBCKaH MOACIIb HAACKHOCTHU ,Hy6J'H/IpOBaHHOFO 0JI0Ka ¢ BOCCTAHOBJICHUEM M3 COCTOSIHHS OTKa3a
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paboTaeT 710 0TKa3a, Iocje Yero BOCCTAHABIMBAETCS B TIOJIHOCTHIO UCIIPABHOE COCTOsTHUE. Mozienb n3o-
OpakeHa Ha puc. 3.

[Tpusenem BbIpaKeHus IS BbIYMCIICHUS MOKa3aTeNed Ty U Tyeyqy IO MOZETH PHC. 3:
3 3 2\ 3

K u e

- = T O=———7 " Twem'() = 50 (13)
©T 20+ 30 2h+3u e T o

]—:)o — an
2\

B

T.€. Tyexny COBIANAET ¢ T o, YTO U JIOIKHO OBITH, TaK KaK BCE CPEHUE HAPAOOTKU MEKILY OTKa3aMH U
cpenHsis HapaboTKa J0 MEPBOr0O OTKa3a OIMHAKOBBIE (CHCTEMa TOCie BOCCTAHOBJICHHSI HAYMHAET (DYHK-
[IMOHUPOBAHKE BCETIAa U3 COCTOSHUS 1).

s onpenenenus T,,(t,) caemaem To e, uto U B ipumMepe 1. Crucrema ypaBHEHHUI MapKOBCKOTO MIPO-
1ecca ¢ I0XoJaMu JJisl ONPEIeNIEHUs CPEAHET0 Ynciaa OTKa30B UMEET BU/I:

N, ==2A-N,+2\-N,
N, ==A-N,+\-N, +A. (14)
Ny=u-N,—p-N,.
HpI/IBe)IeM KOHCYHBIN pe3ysibTar oe3 MMPOMECIKYTOUYHBIX BBIKJIAIOK, TEM 60J'Iee, YTO MBI €TO IIOJTYYUM U
IpyruMm criocodbom. Perrast ypaBHEeHHS U YCTpeMIISIs [L K O6CKOHEUHOCTH, TIOITy4YUM

2 2, 2
N(t)——=e ™ + S0 -=. 15
()= MY (15)

[IponeMoHcTpupyeM enié oauH crnocod BerurcieHus. Beipaxkenue (15) MoxeT ObITh MOTYYEHO U
JIPYTUM CIIOCOOOM, €CITU MPUMEHHUTH Pe3yJIbTaThl TEOPUM BOCCTaHOBIEHUA. M3BecTHa Takast Mozienb
KaK npocmoii npoyecc goccmanosienus. CyTb 3TOTO Ipolecca 3aKJI4acTcs B TOM, YTO HOBBIH
9JIEMEHT, HauaB (PYHKIIMOHUPOBATH B MOMEHT t=0, Mpu 0TKa3e B MOMEHT t; MTHOBEHHO 3aMEHSETCS
HOBBIM, KOTOpPBIi, mpopaboTaB BpeMs t, U OTKa3aB, TAKKE€ MTHOBEHHO 3aMEHSETCS CIEAYIOIUM U
T.1. [ImoTHOCTH pacmpeneseHus] BpeMeHH 0€30TKa3HON paboThl 371€MEHTOB OJAMHAKOBBI U PAaBHBI
f(t). Ans GyHKIIMU BOCCTAaHOBIEHHUS — CPEIHEr0 YUCiIa BOCCTAHOBICHHII 32 BpeMs t — H3BECTHO BBbI-
paxeHue (AJ11 MPOCTOTO IMpoliecca BOCCTaHOBIEHU) B (hopme npeodpazoBanus Jlamnaca [11]. Oto
BBIPAKEHHUE UMEET BUJ!

)
M= a=ss

rae N(s) — mpeobpazoBanue Jlamnaca ot pyHKIUHM BoccTaHOBIeHuUS; f(s), s — mpeobpazosanue Jlamiaca
OT TJIOTHOCTHU PacHpeeieHNs U MepeMeHHas MpeoOpa3oBaHus, COOTBETCTBEHHO.

(16)

OTmeTuMm, 4To, BO-TIEPBBIX, BCE BpeMs t IBJISIETCSI CyMMapHO HapaOOTKOM, T.K. BpeMs BOCCTAHOBJICHUS
PaBHO HYIIIO, U, BO-BTOPBIX, YHCJIO BOCCTAHOBJICHUN PABHO YHCITY OTKA30B, T.K. MOMEHT t=0 He cunTaercs
BOCCTAHOBJIEHHEM, @ MOMEHT IOCJIETHET0 0TKa3a (B MOMEHT t) SIBJISIETCSI © MOMEHTOM BOCCTAaHOBJICHHUS
13-32 MTHOBEHHOT'O BOCCTAHOBJICHHUS.

Haiinem mioTHoCTh pacnpeaenenus 1yt npumepa 3. Tak kak 3To o0bIyHOE 1yOnupoBaHue 6e3 BoccTa-
HOBJICHHUS U3 Pa0OTOCIIOCOOHOTO COCTOSIHUS C OTHUM OTKa30M, TO MOYKHO HE peliaTh cucteMy nuddepen-
LIUAJIBHBIX YPABHEHUH JUIsI MOJIENIN PUC. 3 C «IOIVIOMIAIONIUM SKPaHOM», & HEIMOCPEICTBEHHO HAITUCATh
bopmyny i GyHKUMHU U TUIOTHOCTH pactipenenenus F(t), f(t):

F(f)=(]_e-7\-r)z | (17)
F(t)=F(t)=20-(1-e")-e™
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[Ipeobpaszosanue Jlannaca ot f(t) umeet BuI:

2\ 21
§)= - 18
J(s) S+A  s+2A (18)
Ioncrasmnss B (16) u nenast obparHoe nmpeoOpazoBanue Jlamnaca, momydaem
2
N(s):ZLﬁz-e”“+£-kt—£:N(t), (19)
sT(s+3L) 9 3 9

4dTO COBIIAAacT C (15) W TOBOPHUT O MIPABUJIIBHOCTHU IMOAXOAA C UCIIOJIb30BAHUCM Mojenen MapKOBCKHX
IpoHeCcCoB € JOXOAaMHU.
OxoHYaTEIBLHO IJI TIpuMEpa 3 umeeM:

t
T

Ha

= . (20)
2 ey 22
9 3 9

OueBnaHO, 40 IpU t — 00 Ty — (3/24) = Tyyepny = Tho- A ipu t — 0, Ty, — o0 (IpeBAPUTENBHO 11O

npasuiy Jlonurtans nponudpepeHpoBaB YUCIUTEIb U 3HAMEHATED).

IIpuinoxenune A

B Uncrtutyte [Ipobnem Ynpasnenus PAH B na6oparopun Ne5 B cepennne 80-X rogoB OblIH pa3pado-
TaHBbI I MOJEIMPOBAHHSI MHOTOYPOBHEBBIX CUCTEM METOJ] U aITOPUTMBbI BBIUNCIICHUSI [TOKa3aTellel Ha
OCHOBE MapKOBCKHX MpoIieccoB ¢ qoxonamu [9,10]. MeToa MapKoBCKHX TporieccoB ¢ qoxonamu (MIT/]
—METO/]) B HEKOTOPOM CMBbICIIE 00001IaeT KIIACCUYECKUI METO MAPKOBCKHUX MPOIIECCOB C HEMTPEPHIBHBIM
BPEMEHEM U AUCKPETHBIM IPOCTPAHCTBOM COCTOSIHUNA. Ero nprMeHeHue Mo3BoIIsieT BBIYNUCIATH Psif M10-
Kazatesieil, BBIUMCIEHUE KOTOPBIX B OOBIYHBIX (KJIACCHUECKUX) MAPKOBCKHX MPOLIECCaX HE MOXKET OBbITh
OCYILECTBIICHO BIIPSIMYIO.

[IpuBeaemM OCHOBHBIE COOTHOILICHUSI [UTS BRIYKMCIICHHUS TTOKa3aTesiel Hale)KHOCTH, TEXHUUECKOU 3(h(eKTHB-
HocTH. Matemarndeckoe oxxuanue noxona H(t) ynoenerBopsier cucreme muddepeHaibHbIX YpaBHEHHI:

dH(t)
dt

e H(t) — BekTop-crosber MareMariyeckux oskuaanuii goxona; HI(t) = (H,(t), Hy(t), ..., Hy(t)) — Tpanc-
MTOHUPOBAHHBIN BEKTOP CTOJOEI; N — YKCIIO COCTOSIHHM cucTembl; H;(t) — Maremarnueckoe OXKugaHHe
JI0XO0JIa CUCTEMBI 32 BpeMsl PyHKIIMOHUPOBAHUSA t, €CTi B MOMEHT t=(0 crcTeMa HaXOAWIach B COCTOsIHHH i;
A — MaTpuIia HHTEHCUBHOCTH TEPEXOJI0B U3 1-TO COCTOSTHUS B j-€.

R — BekTop cTonber cBOOOIHBIX UICHOB:

=AH(1)+R, (A1)

R;=w; + Zkij w3 (A.2)
J.J#i
wij (1) — 0X0[1, TIOJTyYaEMBIi B CHCTEME NPH MIEPEXOJIE U3 i-TO COCTOSHUS B j-€;
W; — JIOXOJl B €IMHUILY BPEMEHH, €CIIM CUCTEMa HaXOAUTCS B COCTOSIHUH 1.
CranoHapHble 3HaYSHHS MToKa3aTese (ecau OHM CYIIECTBYIOT) MOIYy4aloT U3 CUCTEMBI YPaBHEHUH
A-H+R=0 (A.3)
CnenpanbHbIM BEIOOPOM MaTpHIlbl 10X010B W=(Wj;) 1OCTUraeTCss BO3MOXKHOCTh BHIYMCIIEHHUS OOJIb-
IIOT0 CHEKTpa MoKa3areiei HaJe)KHOCTH U A3PPEKTUBHOCTH (MPAKTHUECKU JIFOOBIX BCTPEUAIOLINXCS B
HOPMAaTUBHO-TEXHUYECKUX JTOKyMeHTax). [lepeuncisTte 31ech BCce BUABI MATPHIbI TOXOIOB JJIS BCEX
rokaszatenieil Mbl He OyieM, 3TO MOXKHO TOCMOTPETH B [9].
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Jlis mpuMepa yKaskeM JIMIITb HEKOTOpbIE:

1. Beposamnocms omkasza Q cucmemvl 3a 8pems t

[Tpu Beruncnennn Q(t) HEOOXOAUMO B3SITh MATPHILY 10X010B W, y KOTOPOU JI€MEHTHI CTONIOMA (CTON0-
IIOB), COOTBETCTBYIOIIUE COCTOSHUIO (COCTOSIHUSM) OTKa3a CUCTEMBI, PaBHBI €IMHHUIIC,  BCE OCTAIILHBIC
AIIEMEHTHI paBHBI HYIHO. [Ipy 3TOM COCTOSIHMS OTKa3a HaJa0 ClIeNaTh MOTIOMIAIIIUMEU, TIOCKOJIBKY JaH-
HBIM MOKa3aTellb XapaKTepu3yeT MOBEICHNUE CHCTEMBI JI0 MEPBOTO MOMAaJaHus €€ B COCTOSIHHE OTKa3a.
Brruucnenust nposogstes no (Al).

2. Cpeousia napabomxa 0o omkasa Icp

Marpuna W noiKHa UMETh AMAaroHaJIbHBIC YJIEMEHTHI W;;, COOTBETCTBYIOIINE PA0OTOCTIOCOOHBIM CO-
CTOSTHUSIM, PaBHbIE €IUHUIIE, OCTaNIbHBIE — HYTI0. COCTOSHUS O0TKa3a HEOOXOIMMO ClIeNaTh MOTIONIA0-
mME. Tak Kak 3TOT mokasarens onpenensiercs Ha (0, o), To pacueT BbInonHseTcs 1o (A3).

[TepBrie nBa MOKa3aTeNs BHIYUCISIOTCS U B OOBIYHBIX MAPKOBCKUX MPOIECCAX C HEPEPHIBHBIM BpEeMe-
HeM, a clieAyroluii mokaszareib (N(t)) HemocpeACTBEHHO Oe3 JOMOIHUTEIEHOTO HHTETPUPOBAHUS MOKHO
BBIYHCITUTH TOJIBKO C UCIIOIB30BAHUEM MOJCIH C «IOXOJAMUY.

3. [lapamemp nomoxa omxazoe o(t) u cpeonee uucio omkazos N(t)

[TapameTtp nmoToka oTka3oB ®(t) sBisieTcs AU depeHInaTbHBIM TOKa3aTeNIeM 110 OTHOLIEHUIO K HHTE-
rpansHOMY TIokazarento N(t) (cpeanemy urcny otkaszoB Ha (0,t)). To ectb o(t) = dN(t)/dt u onpenensiercs
B MOMEHT t. Berancnenue w(t) mpousBoautcs B aBa 3tana. CHauana no (Al) onpenensercs N(t). B ma-
Tpurie W ISl 3TOTO HEOOXOIUMO TOJOKUTH AIEMEHTHI Wij PaBHBIE €IIMHULIE (i#)), ecnu 1 — cocTosTHUE
paboToCOCOOHOCTH, a ] — cOCTOSIHUE 0TKa3a. OcTanbHbIC AIIEMEHTHI PaBHBI HYJIO. 3aTeM MMOTYYeHHBIN
BekTop N(t) moacrasnsiercs B (Al) 1 HAXOIAT MPOU3BOIHYIO, PABHYIO B 3TOM CITydae mapaMmeTpy MoToKa
OTKAa30B.

dH(1) dN(t)
e dt

B monenu MII/] pazpaboTaHo Tak:ke BBIYMCICHUE CIEeTYIOIINX OKa3aTeel HaleKHOCTH U 3P PEeKTUB-
HOCTH (B TOM YHCJI€ B MHOTOYPOBHEBBIX MOJIEIISIX CUCTEMBI):

e cpesiHee BpeMs BOCCTaHOBIICHUS;

® MHTEHCUBHOCTH OTKAa30B CUCTEMBI B MOMEHT t;

e ucriepcust (M Bce Apyrue MOMEHThI) BpeMEeHH 0€30TKa3HOU paboThI;

® BEpOATHOCTD MPEOBIBAHUS B MOMEHT BPEMEHH t Ha 1-OM YpOBHE ()YHKIIMOHUPOBAHUS (B IBYXypOB-
HeBoW Mojienu (paboTocrnocoOHOCTH/0TKA3) ITOT MOKa3aTesb SBIAETCS KOA(PPHUINEHTOM TOTOBHOCTH/
IPOCTOs);

® BEpOSATHOCTh 3aCTaTh CUCTEMY B MOMEHT BPEMEHH t Ha 1-OM YpOBHE (PYHKIIMOHUPOBAHUS U HE OITy-
CTUTCSI HWXKE 3TOTO YPOBHS 3a BpeMs T OT MOMEHTa t (B IByXypOBHEBOM MOJENIM 3TOT MOKa3aresb Ha-
3bIBaeTCs KO3((UIIMEHTOM ONEepPaTUBHON TOTOBHOCTH);

® CpelHee YUCIIO TIEPEXO/IOB C 1-T0 Ha j-bIi YPOBEHb pabOTOCTIOCOOHOCTH (B IByXYpPOBHEBOW MOJIEIH
CpeIHee YUCIIO OTKAa30B/BOCCTAHOBIICHUN);

® cpesiHee CyMMapHO€e BpeMsi MpeObIBaHUs CUCTEMBI Ha 1-OM ypOBHE (PyHKIIMOHUPOBAHMS HA UHTEP-
Bane (0,t);

® MaTeMaTH4YecKoe OxkuIaHue 3PPeKTUBHOCTH (YPOBHS (YHKLIMOHUPOBAHHS) B MOMEHT BPEMEHU t;

® MaTeMaTHYECKOE OXKUJIaHUE UHTErpalbHON 3P PEeKTUBHOCTH QYHKIIMOHUPOBAHUS HA UHTEP-
Baze (0,t);

® yCpeAHEeHHOE 3HaueHne YPPeKTUBHOCTH (PyHKIIMOHMpOoBaHus Ha uHTEepBase (0,t);

e k03 PumeHT coxpaHeHus 3PPEeKTUBHOCTH HA UHTepBaje GpyHkiroHuposanus (0,t);

e [10Ka3aTesu, ycpeqHEHHbIe Ha nHTepBaje Bpemenu (0,t).

w(t). (A.4)
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Structural reliability. The theory and practice

Viktorova V.S., Stepanyants A.S.

DEPENDABILITY INDICES OF MEAN TIME TYPE

The paper discusses mathematical definitions of such dependability indices as mean time to failure, mean
time between failures and mean time before failure introduced in basic standards and theoretical literature
related to dependability. The paper also describes methods for practical calculation of indices for design
analysis of system dependability. It is demonstrated that the definition and use of such parameter as mean
time before failure are incorrect.

Keywords: dependability, mean time to failure, mean time between failures, mean time before failure,
Markov models.

The dependability index is a technical parameter that quantitatively determines one or several prop-
erties making up an object’s dependability. The dependability index quantitatively describes to what
degree certain properties specifying dependability are inherent in the given object or given group of
objects. Dependability indices can have dimensions or can be dimensionless. Objects studied within
the dependability theory can be divided into two large classes — recoverable and non-recoverable types.
Dependability indices can also be divided into two classes — dependability indices of recoverable and
non-recoverable objects.

Issues of the selection of basic dependability indices for various objects are sufficiently elaborated and
regulated in GOST 27.003-90.

The important concept presented in many formulations of dependability parameters is operation time.
Operation time is duration or volume of object work, i.e. operating time can be measured not only in
time units but also in units of output, traveled distance and so forth. For example, in one of the foreign
standards related to calculation of dependability of naval technical equipment, frequency parameters
have dimension of 1/mile.

The purpose of the paper consists in the following:

e analysis of mathematical definitions of such indices as mean time to failure, mean time between
failures and mean time before failure [1-8];

¢ identification of a mistake made in the mathematical definition of the index mean time before failure
(this definition is offered in the generic GOST 27.002-89 and other literature);

* discussion of practical methods for calculation of mean time before failure index at the design analysis
stage;

e comparison of all three indices among themselves.
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Let us introduce mathematical definitions for such indices as mean time to failure, mean time between
failures and mean time before failure.

1. Mean time to failure (T,)

An object’s mean time to failure is defined as expectation of random mean time to the first failure

1= M[§ 1= [1/(@ds=[tdQ(0) =] P)d. ()

where &, is an object’s random mean time to the first failure, P(7)=P(0,t )= Prob(§, >t)=1—-F,(t)
is the probability of mean time to failure in the interval (0, t),

F (1), f (t) is the function and density of random distribution &;.

Expression (1) is a mathematical definition as well as a real computing formula for obtaining a param-
eter value.

This parameter can characterize both recoverable and non-recoverable objects.

2. Mean time between failures (Tpetween)

Mean time between failures (as a random variable) is defined by a volume of object work (operating
time) from the k-th up to (k+1)-th failure, where k= 1,2, ... It should be noted that, first, here the definition
says about object operation, i.e. recovery time after the k-th failure is not taken into account (therefore,
it is possible to say “after the k-th recovery”), and second, mean time before the first failure is not taken
into account in the given parameter.

Process of recoverable object operation on a stationary section represents a sequence of alternating
casual intervals of work () and downtime (fig. 1). Downtimes take place after an object’s failure when
it undergoes recovery work. Recovery of operability can be complete (replacement by a similar new
object) or partial (for example, repair of a faulty part only).

Failure Failure Failure
¥, N/ Y, VD ¥, \Va
" o o —— 00"
\/ 91 92 93
Work Downtime Work Downtime Work Downtime

Fig. 1. Stationary section of recoverable object functioning

In general, in case of incomplete recovery, random times \y, of work after the 4-1-th recovery and up
to the k-th failure have a different distribution with densities fi(t). If Ty is mean time from the moment of
termination of the k-th recovery up to (k+1)-th failure, then Tyyeen Can be expressed as follows

. 1

where each of mean times of an object from the moment of termination of the k-1-th recovery up to
the &-th failure is determined as follows

T, =My, ] = [tfi(t)d. (3)
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Expressions (2), (3) are just a mathematical definition, real calculations of an index as per them are
not carried out (it is practically impossible). Estimated expressions are based on the calculated values
of stationary availability (K,) and mean time to recovery (T,o,) (if it can be determined), or stationary
values of availability and parameter of failure rate (®). Parameters K, and o are in essence computable
by many methods, for example, by formulas using theorems for the probability of the sum, product of
events and the theorem of total probability, and also using logical and probabilistic, Markov and asymp-
totic techniques. Let us introduce these expressions:

. . e T :
From the known expression for stationary availability K, = BETWEEN , by using calculated
values of K, and 1,..,, we obtain the following: serween U recor
K,
T serween = —4 _REOV 4)
1-K,
. . S . 1
From the known expressions for stationary availability and parameter of a failure rate ) = ,
by using calculated values of K, and o we obtain the value of Tyeqyeen: T serween +7 recor
K
T serweeny = — Q)
)

Formula (5) together with approximated (for Tpeiween >> Trecov) €Xpression (6) for the probability of
non-failure operation P (t) of recoverable systems generalizes a significant part of results in asymptotic
theory.

t

P(t) ~ eXp_TBETWEEN . (6)

It should be noted that 7' .y < T}, as by definitions for reliability parameters P (t) and T, the system
starts to function from the state of operability.
This parameter applies only to recoverable objects.

3. Mean time before failure (Tpefore)

Normative (for example, GOST 27.002-89, GOST 27.003-90) and reference literature [1] introduces
the definition of one more parameter related to the averaging of operating time, namely mean time before
failure which is regulated as one of the basic parameters of dependability for recoverable objects,

tt
Min(t,)}

i.e., the relation of an object’s total operating time (t;) to expectation of the failure number n(t;) for this
operating time.

This parameter was brought in the normative literature in the beginning of 80th not as a parameter
supplementing the list of the basic parameters of dependability and describing any feature of object ap-
plication which is not reflected by other parameters, but instead of mean time between failures. Let us
present the results of the critical analysis of parameter Ty .

a) Parameter Ty, 1S a function of operating time, therefore it should be normalized and calculated
for the time, i.e. it would be more correct to designate it as Ty.g,.(t;) rather than Ty gore-

b) Let us compare mean time before failure with other operating times appearing in definitions of
indices. Mean time to failure (T;) describes only operating time to the first failure. As all parameters
(in normative documentation) are determined for completely operable initial state of an object, then mean

Thefore (tt ) = (7)
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time to the first failure will be maximal for distributions with the non-decreasing function of a failure
rate. Mean time between failures (Tyqyeen) dO€s not cover operating times to the first failure, but aver-
ages (on infinity) operating times after the first failure. For distributions with the non-decreasing function
of a failure rate, mean time between failures will be the smallest one. Note that all reserved structures
have the increasing function of a failure rate. Mean time before failure (Ty..(t;) includes generally both
mean time to failure and mean time between failures. Thus, the given explanations should result in the
following relations between the considered parameters T; > Ty (t) > Tpeween- Bt it is not fulfilled and
that will be shown by examples.

There are no methods for calculation of Ty.¢. (t;) in any literature known to us (and referred to partially
in the end of the paper). It means that there is no precisely formulated method for obtaining parameter
values and examples of its calculation for reserved recoverable structures. It is related to the fact that
operating time for specified calendar time of object operation is a random variable.

c) Practically always when parameter Ty, is normalized or calculated, one keeps in mind Tyeqyeen,
i.e. mean time between failures, and sometimes T}, i.e. mean time to failure.

d) For t—, Tyetore(t)) = Thetweens fOT this reason (probably even not understanding) one says and writes
Thefores though an asymptotic (stationary) value equal to Tygyeen 1S defined.

e) For t—0, parameter Ty.s.o(t) grows, to infinity as well.

f) If should be, mean time before failure index (Ty.p(t) should be present in normative literature
only as a special parameter for objects, functioning strictly over certain operating time (after which the
object is removed from operation even if it does not finish certain task performance). It should be removed
from the basic parameters, and the mean time between failures index should be included into the list of
the basic dependability parameters.

Once again it is necessary to emphasize that practically always mean time between failures is speci-
fied in requirements and estimated at the design analysis, but it is named as mean time before failure!
You never specify any operating time where it is necessary to define mean time before failure.

In the foreign normative and technical literature there is no parameter similar to Ty .g.(t;). In standards
and literature of USA, England, Germany there are such parameters as MTTF — mean time to failure
which is defined in the same way as T — mean operating time to failure (for the parameters of reliability
determined up to the first failure, i.e. with absorption in states corresponding to failure, operating time if
it is expressed in terms of time, coincides with mean time to failure), and parameter MTBF — mean time
between failures. Parameter MTBF is equal to the sum of mean operating time between failures and mean
time of recovery MTBF = Ty ween T Trecov- 10 OUT literature, in design materials, requirements MTBF is
often specified, but Tyycen 1S meant and calculated, and that is incorrect!

Let us consider the examples of calculation of mean time before failure.

Example 1
Let us consider a redundant unit with recovery, whose Markov model of dependability is presented
below

2\ A
> > > >
0=0-=—0
K4 Kp

Fig. 2. Markov model for dependability of a redundant unit with recovery

State 1 — both units are in upstate; state 2 — one of the units fails, and the other one is in upstate; state
3 — both units fail. States 1 and 2 correspond to operability of a redundant structure, state 3 — failure of a
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redundant structure. Failure rate of each unit is equal to A, repair rate of any unit in state 2 is equal to p,,
and repair rate of any unit in state 3 is equal to ,.

The method of calculation of Ty.z(t;) Will consist in the following. First, we shall obtain an analytical
expression for the mean number of failures Ny(t) using Markov income processes (t is the calendar time
of structure operation, which consists of non-failure operating time t, and time of being in nonserviceable
state 3). Let us head p, for infinity, then recovery from a structure failure state will be instant and time of
being in state 3 will be equal to zero. Therefore, all modeling time 7 will appear to be equal to non-failure
operating time t,. Further we shall carry out calculations as to formula (7) dividing ¢ by Nj(t).

The basic ratios for Markov income processes are briefly stated in the appendix of this paper. In the
most detailed way, the methodology of Markov income processes is given in [9,10].

The system of differential equations for the mean number of failures has the following form:

N, (t) = =2AN, (t) + 2AN, ()
N, (6) = 1N, () = (k4 )N, (0 + AN (0 + 4 (8)
Ny(0) = W, N, (6) — 1, N5 (0).
It should be reminded (see Appendix) that N; (t) is the mean number of failures (determined by a choice
of the gain matrix with unit at the point of transition from state 2 into state 3 (in W matrix, element wp3=1,
others w;; = 0)) for the initial state 1.

By solving the system of equations (8), we shall obtain a non-homogeneous differential equation of
the third order

Ny(1)+ 3N+ W, +W)N (1) + (2N + 20, + 11, )N (1) = 2K, )

whose common solution has the following form
2K, t

N/(t)=C, +C,e"" +C,e™ +
1() i 2 3 27V2+27VHZ+M1H2,

(10)

where the first three summands with constants C; and roots of the characteristic equation x,=0, and X,
X, represent the general solution of the homogeneous differential equation corresponding to the system
of equations (8), and the fourth summand is the partial solution of heterogeneous equation (9).

By studying solution (10), constants C; and roots of the characteristic equation x; for pu, — oo we shall
obtain the finite solution

2 2 2
o= (20 +W,)  (2h+1,) (2 +u,)

(11)

Now we shall give expressions (they are obtained by solving algebraic equations of typical Markov
process) for calculation of parameters T and Tyqyeen USing the model presented in fig. 2:

_3h+u, 2, g,
Ii=— 0 Kr=77 ’
2\ 2\ +27\,u2+}l]u2 (12)
221, . C2h+p,

= 27\,2 + 27\,”2 + u]uz ’ mexncoy 27\’2
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Let us make some numerical calculations for Ty (t,). Let =A = 0,001 hour! (it corresponds to mean
time to failure T,,=1000 hour), p; = 0,1 hour ! (it corresponds to mean time to repair t, =10 hour.). Values
(in hours) of Ty.p,.(t;) for different t;, mean time between failures Ty iycen and mean time to failure T,
are presented in table 1.

Table 1. Results of calculation of parameters Tyerore (t)s Thetween aNd Ty

t,=0,1 =1 t,=10 t,= 100 t,= 2000
Thetore(ty) 14285714,3 1030927,8 136680,8 56543,2 51252,2
Thetween 51000

T, 51500

Example 2
Let us consider one recoverable element with exponentially distributed time to failure (with A rate) and re-
covery time (with p rate). Now we shall give formulas for calculation of dependability basic parameters.

Probability of non-failure operation |P(t) = e™

Mean time to failure T;:=T,=1/A

Stationary availability K, = WA t+p)

Stationary failure rate parameter o = PN (Atp)

Mean time between failures T = Tyetween = /A

Mean number of failures N (1) = [wAt/(A +p)] + [A2 (A + p)?] [l — et
Mean time before failure Thefore(t) = 1/A, as for p— oo Ny(t) — At

For the given example (one element) T = Tyerore(t) = Thetween-

Example 3

Let us consider a redundant unit similar to the unit described in example 1, but in this case we shall
assume impossibility of recovery during functioning. Namely, the system operates before fails, and then
recovers into completely operable state. The model is represented in fig. 3.

Fig. 3. Markov model of dependability for the redundancy unit with recovery from failure state

Let us give expressions for calculation of parameters T; and Ty,.qween according to the model in fig. 3:

3 3u 221 3

7;)0 = 5 Ke = 5 ®O=———"") Twewcdy =5
2\ 20+ 31 20+ 31 ’ 2N

; (13)

1.€. Thetween cOINcides with T, as it should be, since all mean times between failures and mean times
to the first failure are identical (the system after recovery always begins operating from state 1).
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To define Ty.g,(t) we shall make the same, as in example 1. The system of equations of Markov in-
come processes for definition of the failure number has the following form:

N, ==2A-N,+2\-N,
N, ==A-N,+\-N, +A. (14)
N, =u-N,-u-N;,.
Let us introduce the final result without intermediate calculations, since we shall obtain it by another
way as well. By solving the equations and heading p for infinity, we shall obtain the following:

2 2, 2
N(t)——=e ™ + SN -=. 15
()= MY (15)

Now we will show one more method of calculation. Expression (15) can be obtained by another
technique if to apply results of renewal theory. There is a model known as simple renewal process. The
essence of this process consists in the fact that a new element that started to function at the moment t=0,
and if failed during the moment t;, then it is instantly replaced by a new one, which having worked dur-
ing the time t, and failed, is also instantly replaced by the following new one, etc. Density function of
time for elements of non-failure operation is identical and equal to f (t). There is a known expression for
renewal function — mean number of recoveries over the time t — (for simple renewal process) in the form
of Laplace transform [11]. This expression has the following form:

ACV
s-(1-f(s)’

where N (s) is the Laplace transform from renewal function; f (s), s is the Laplace transform from
density function and a variable of transformation, accordingly.

It should be noted that, first, the entire time ¢ is total operating time since recovery time is equal to
zero, and, second, the number of recoveries is equal to the number of failures since the moment t=0 is
not considered as recovery, and the moment of last failure (during the moment ¢) is also the moment of
recovery because of instant recovery.

Let us find density of distribution for example 3. As this is usual redundancy without recovery from
operable state with one failure, we may not solve a system of differential equations for the model shown

in fig. 3 with “absorbing screen” and directly write the formula for the function and density of distribu-
tion F (t), f (t):

N(s)= (16)

F(f)=(]—e-7\-r)z | (17)
F(t)=F(t)=2h-(1—e*). e

The Laplace transform from f (t) has the following form:

2\ 2\
s)= - . 18
J(s) S+A  s+2A (18)
By substituting in (16) and making an inverse Laplace transform, we obtain the following
28 2 2 2
N(S):#z—~e_3“+—~7ut——:N(t), (19)
sT(s+3N) 9 3 9

and that coincides with (15) and indicates the correctness of the approach using Markov income proc-
ess models.
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Finally, for example 3 we have:

t
T;ia_z
9

: (20)
e+ 2. At — 2
3 9

It is obvious that for t — 00, Ty,eore — (3/2A4) = Tietween = Lio- And for t — 0, Tyepore — o0 (differentiating

the numerator and the denominator before it by L’Hospital rule).

Appendix A

Laboratory No.5 in the Institute of Management of the Russian Academy of Science in the middle of
80th developed the method and algorithms of parameters’ calculation for modeling multilevel systems
based on Markov income processes [9, 10]. The method of Markov income processes (MIP method)
somewhat generalizes the classical method of Markov processes with continuous time and discrete space
of states. Its application allows us to calculate a number of parameters, which computation cannot be
carried out directly in usual (classical) Markov processes.

Now we shall give the basic relations for calculation of dependability parameters and technical ef-
ficiency. The expectation of income H (t) satisfies to the system of differential equations:

dH(t)
dt

where H (t) is the column vector of income expectation; HT (t) = (H, (t), H; (), ..., H, (t)) is the trans-
posed column vector; n is the number of system states; H; (t) is the expectation of income of the system
during the operation time # if during the moment t=0 the system was in state i; A is the matrix of transfer
rate from the i-th state into the j-th state.

=AH(1)+R, (A.1)

R is the column vector of absolute terms:

R;=w; + 27\,,-]- Wi (A.2)
JoJ#i
wj; is the income received in the system at transition from the i-th state into the j-th state;
w; is the income per unit of time if the system is in state i.

Stationary values of parameters (if they exist) are obtained from the system of equations
A - H+R=0. (A.3)

The possibility of calculating the large spectrum of dependability parameters and efficiency (practi-
cally any parameter, which is met in normative and technical documents) is achieved by a special choice
of income matrix W = (wj;). We shall not list here all types of income matrixes for all parameters; it can
be found in [9].

As an example, we shall note only some parameters:

1. Probability of system failure Q over the time t

For calculation Q (t) it is necessary to take a matrix of incomes W whose elements of columns, cor-
responding to system failure state are equal to unit value, and all other elements are equal to zero. And
failure states should be made absorbing as the given parameter characterizes system behavior to its first
failure. Calculations are carried out as to formula (A1).
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2. Mean time to failure Tm

Matrix W should have diagonal elements w;;, corresponding to operable states, equal to unit, and other
elements are equal to zero. Failure states should be made absorbing. As this parameter is determined by
(0, ), calculation is carried out as to formula (A3).

The first two parameters are also calculated in common Markov processes with continuous time, and
the following parameter (N(t)) can be calculated directly without additional integration only with the use
of «income» model.

3. Failure rate o(t) and mean failure number N (1)

Failure rate o(t) is a differential parameter in relation to integrated parameter N(t) (to mean failure
number for (0, t)). That is w(t) = dN (t)/dt and it is determined during the moment ¢. Calculation of o(t)
is carried out in two stages. First, N(t) is determined as to formula (A1). For this purpose we should put
in W matrix elements wj; equal to unit (i#)), if i is operable state and j is failure state. Other elements are
equal to zero. Then, the obtained vector N(t) is substituted in (A1) and a derivative is defined, which in
this case is equal to failure rate.

dH(1) dN(1)
i dt

o(t). (A.4)

In MIP model, calculation of the following dependability and efficiency parameters is also developed
(including multilevel models of a system):

e mean time of recovery;

e system failure rate at the moment ¢

e dispersion (and all other moments) of time of non-failure operation;

e probability of being at the i-th level of functioning at the moment of time # (in two-level model (oper-
ability/failure) this parameter is availability/unavailability (downtime));

e probability to find a system at the i-th level of functioning at the moment of time # and not to step
down below this level in time t from the moment ¢ (in two-level model, this parameter refers to opera-
tional availability);

e mean number of transitions from the i-th onto the j-the level of operability (in two-level model, this
parameter refers to mean number of failures /recoveries);

e mean total time of a system being at the i-th level of functioning on the interval (0, t);

e expectation of efficiency (level of functioning) at the moment of time #;

e expectation of integral efficiency of functioning on the interval (0, t);

e value of functioning efficiency averaged on the interval (0, t);

e factor of efficiency retention on the interval of functioning (0, t);

e parameters averaged on the interval of time (0, t).
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CTpyKTypHas HageXxHoCcTb. Teopus 1 NpakTuka

Maiictpenko U.10., Ocynos U.N., 3nHHypoB T.A.

AHAJIN3 NPOEKTHOW HAAEXXHOCTU OTBETCTBEHHbBIX
y3J210B APO4YHOI'O NPOJIETHOIO CTPOEHUA
NMELWEXOAHOINo NYTENPOBOAA HA OCHOBE
YUNCJNIEHHBIX U MMUTAUUOHHBIX METO40B

B npaHHom paéoTe paccmaTpuBaeTcs aHasina rpPoeKTHON HaaeXHOCTH y3Js1a COrpsi>keHus «apka — 3arsxka —
JAOMKparHasi basnka» B rPOJZIETHOM CTPOEHVN TPOEeKTUpPyemMoro rneLiexoaHoro ryrernposoa. lpn oueHke Ha-
JEXHOCTH, I'IOTpe6OBaﬂOCb BbIlNOJIHEeHne psfa OTAeJIbHbIX rpouenyp MMnTaumoHHOro 3KCriepuMeHTa, KOTOpPbIV
BKJTIOYAET B CEOSI MsiTb OCHOBHbIX cryneHeﬁ. Kputepuem npuHaTUs peLueHusl 006 oTkase §IB/IsI/I0Chb uncydepriaHmne
yﬂeanoFl rNpPoOYHOCTV B O4AHOM U3 3JIEMEHTOB OTBETCTBEHHOIO y3J1a «apka — 3arsXXka — AOMKparHas basnka».

Knro4yeBbie cnoBa: npoekTHasi HaAEXHOCTb, UMUTALIMOHHbIV 9KCEPUMEHT, NMELUEXOAHbIV rnyreripoBo4, Ha-
rpy3kuv, AoBepuTesibHble NHTepBalibl.

BeeneHue

YpoBeHb Ha/IeKHOCTH KOHCTPYKTUBHOM CUCTEMBbI OOBIYHO BBIOUpAETCs HAa CTaIuU KOHLIETILIUU U (op-
MUpOBaHus TpeOoBaHM K TpoayKuuu. [ Ipy mpoeKTHpoBaHNN MOCTOBBIX KOHCTPYKIIMH B UepPTE KPYIHBIX
rOpo/I0B KOHCTPYHUPOBAHUE, KaK MPABUIIO, BELYT C YUETOM CO3[aHMsI apXUTEKTYpPHOU BbIPA3UTEIbHOCTH
COOPY>KEHHUH, UTO HEU30€kKHO MPUBOAUT K HAMEPEHHOMY YCIOKHEHUIO Y3JIOB CONPSDKEHUN OTAENbHBIX
3JIEMEHTOB. JTO 00CTOATEILCTBO BI€YET HEOOXOAUMOCTh BCECTOPOHHETO O0OCHOBAHUS IPUHATHIX MPO-
€KTHBIX PEHICHH, TaK KaK OIINOOYHbIE KOHCTPYKTUBHBIE PEIIEHUSI MOTYT IPUBOAUTD K KaTacTpoduye-
CKUM MOCJIEJCTBHUAM C OOJIBIIMM YUCIIOM MOCTPAIaBIIUX.

B nanHoit paboTe nmpuBeieHbl pe3yJIbTaThl aHaIN3a HAaJIS)KHOCTU HA CTaIud KOMIIOHOBKH OTBETCTBEH-
HOTO Y3J1a CONPSDKEHUS «apKa — 3aTsKKa — TOMKpaTHasi 0ajika» B MPOJIETHOM CTPOCHHUHM MEIIEXOJHOTO
MyTENpoBOa Ha jopore [-oif TexHudeckoi kareropur B MockoBckoi o0macTtu. [1o0 KOHCTpYKTHBHOMY
PELICHUIO MPOJIETHAS YacTh MEIEXOAHOr0 MEePexo/ia BhIIIOJHEHAa B BUJE OJHOIPOJIETHON HAKJIOHHOM
apKu MepeMEeHHOT0 Kopooduaroro ceueHus pazmepom ot 1600x500 mm 1o 1000x500 MM ¢ mogBecKkamu U3
TpyOb! &203x10 MM, B ITOTIEPEIHOM CEUCHHH JIBE IDIOCKOCTH apOK MMEIOT HAKJIOH BHYTPbh Ha 14 rpay-
COB K BEPTHKaJIH, JOMKpaTHas 0aika kopobuaroro ceueHus pazmepom 750x1000 mm. Jlyimaa apodHoro
MpoJieTa MEeMIEXOIHOro Mepexoaa CoCTaBisieT 77 M, IMPUHA IPOXokKer yacTu 4 M. /{1 u3roToBieHus
KOHCTPYKTHBHBIX AJIEMEHTOB y3JIa CONPSKEHUS «apKa — 3aTshKKa — JOMKpaTHas 0ajika» MCIOJIb3yeTcs
cranb 15XCHJI mo 'OCT 6713. [IpoekTHBIH cpok ci1yKObI coopykeHust He MeHee 100 meT.
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AHAJIN3 NPOEKTHOW HAOEXXHOCTU OTBETCTBEHHbIX Y3J10B APOYHOIO MPOJIETHOIO CTPOEHUA
NELWWEXOAOHOro NYyTENPOBOAA HA OCHOBE YUACJIEHHBIX U UMUTALUMUOHHBIX METOA40B

Jlnst aHanmM3a MPOEKTHOW HANEKHOCTH y3J1a CONPSDKEHHS «apKa — 3aTshKKa — JIOMKparHasi Oanka» B
MIPOJIETHOM CTPOEHUH MPOEKTUPYEMOTO MEMIEXOIHOTO My TEMPOBO/a MOTPEOOBATIOCH BBHITIOIHEHUE Psiia
OT/IETBHBIX MPOIIETYP, BKIIOYAIOLINX TSITh OCHOBHBIX CTYTICHEH.

Ha nepBoii cTyneHu, ¢ MCTIONB30BaHUEM JIETCPMUHUPOBAHHBIX XapaKTEPUCTHK BXOIHBIX ITAPAMETPOB,
BBITTOJIHEHA OIIEHKA O’KUIAEMBIX TPAHUI] M3MEHUYUBOCTH HArpy30K Ha OCHOBE METOJa JJOBEPHTEIBHBIX
MHTEPBAJIOB ¢ Hale)HOCTHIO B = 0,995. CraTrcTiieckne XapakTepUCTHKH OTIEIbHBIX KOMIOHEHT Ha-
IPYy30K TOJIy4eHbl Ha OCHOBE CTaTHCTUYECKO MHpopMarn, 06001meHHoi B padorax [1, 2], n odumx
MIPaBUJI IPUMEHEHHS HOPMATHBHBIX 3HAUCHUI U CUCTEMBI KOA((HUIIMEHTOB B Pa3pEIIAIONINX YPABHEHHIX
METO/Ia MPEACTBHBIX COCTOSIHHIA, U3JI0KECHHBIX B paboTax [3, 4].

JUist mosTydeHusi TpaHull U3MEHYMBOCTH CyMMAapHOH TMOCTOSTHHOM HAarpy3KH aBTOPaMHU IPOBEIEH KOM-
TUIEKC UMUTAIMOHHBIX SKCIIEPUMEHTOB. B X016 MHOTOKpPATHBIX IPOTOHOB MMHTAITMOHHOW MOJIENHN ISt
CO3JaHMs BEIOOPOK M3 peai3aluii CIyJyailHbIX BEJIMYMH OT/AEIBHBIX KOMIIOHEHT MIOCTOSTHHON Harpy3Ku
MCTIOJIb30BaHbl TeHEPATOPHI CIYYalHBIX YMCcel BbruncauTenbHoi cuctemsl MathCAD u paspaboranusie
aBTOpaMH MPOTrPaMMHBIE MOAYJIH BO B3aWMOJICHCTBUU C PAllMOHAIFHBIMU QJITOPUTMAMH MOCTPOYHOMN
TpaHCHOpPMAITUH YHCIOBBIX MHOXKECTB, PEUMYIIECTBA KOTOPHIX JIOKa3aHkI B padore [5]. Ha ocHoBaHUM
MIPOBEIEHOTO KOMIUIEKCA MMUTAIIMOHHBIX SKCTIEPUMEHTOB, K JaJIbHEHUIIIEMY pacueTy MPUHATHI Hanboee
HEBBITO/[HIC TPAHUIIbI U3MEHYMBOCTH CYMMAPHO! MOCTOSIHHON HArpy3KH [qs inf; Js,sup] ~ Fgs [60,69;
83,91] kH/m.

OsxuaeMble TpaHUIbl K3BMEHUYNBOCTH BPEMEHHOM HArpy3KH OT MENIEX0I0B MPEeACTaBICHbl HHTEPBa-
TOM [Ping; Psupl ~ Fp [3,15; 28,85] kH/M. Oxkunaembie rpaHuIIbl H3MEHYUBOCTH TIPOYMX HArPY30K [6, 7]
OLICHCHBI UHTEPBAIIAMH: BETPOBOC JABJICHHUE ISl PalOHA CTPOUTEILCTBA [Wo inf; Wosup] ~ Fy [0,000;
1,581] kH/m?; Bec CHEroBoro mokpoBa — [S inf; So,sup] ~ Fs [0,096-1; 1,864-] kH/M2, p — koo dunuent
IIepexo/ia OT Beca CHErOBOI'O ITOKPOBA 3€MJIM K CHETOBOW Harpyske.

Ha BTOpOIii cTynmeHu, ¢ UCMOIB30BAHUEM OXKHAEMBIX TPAaHHIl W3MEHYUBOCTH HArpy30K, MOITy4eH-
HBIX Ha MIEPBOH CTYNEHU, METOIOM KOHEYHOTO AJIEMEHTA B MEPEMEIIECHUSIX B TPOTPAMMHOM KOMILIEKCE
«JIPA», BBITTOTHEH KOMILUIEKC CTATUYECKHX PACYETOB MPOJIETHOTO CTPOSHHS MEIIEXOAHOTO Ty TEeTpo-
Bona. [Ipu onenke HanpspkeHHO-AehopmupoBanHoro coctosHust (HAC) y3ma conpspkeHust «apka — 3a-
TSDKKA — JIOMKpaTHasi 0ajka» yUYUTHIBAINCH KOMIIOHEHTHI HAIPSHKEHHOTO COCTOSTHUS B CAMUX 3JIEMEHTaX
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a) Uzonons nanpsoxkenui mo Ty, B AManazone 6) M3omons Hanpspxkernit o Ny B Auana3oHe
ot —71 mo +68,4 MIla ot —82.,4 no +306 MIla

Puc. 1. ®parMeHTH! OTAETBHBIX BAPHAHTOB 3arPyKeHUN C H30IOISIMU HAMIPSDKEHUH B 3JIEMEHTAX y3J1a CONPSKCHUS
«apka — 3aTsDKKa — JOMKpaTHas Oanka»
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AHAJIN3 NPOEKTHOW HAAEXXHOCTU OTBETCTBEHHbIX Y3J10B APOYHOIO MPOJIETHOIO CTPOEHUA
MEWEXOAHOro NnYyTeENPOBOAA HA OCHOBE YACJIEHHBIX U UMUTALIMOHHbLIX METO40B

COINPSKEHHS U B IPWIETAIOIINX K HUM YYaCTKax: BEpXHUN U HUKHUH I0sICA apKU, BEPXHUM U HUKHUI
T0sICa 3aTSKKH, HYKHHUHN MOSIC ¥ CTEHKA (Tradparma) TOMKpaTHON OAJIKH, 37IEMEHTHI TIONEPEUHBIX CBA3EH
B OIIOPHOM CEUEHUU. B KOMIUIeKce cTaTHUeCKUX pacueToB 3aaeicTBoBaHO 138 Hanboee XxapaKTepHbIX
KOMOMHAIUH 3arpy>KeHUsI, KaK OTJEIbHBIMU BUAAMHU HArpy30K, TaK U UX BO3MOXXHBIMH COUYETAHUSIMU B
IpeJienax 0KHUAaeMbIX IPaHUL] U3MEHYUBOCTH.

Ha puc. 1 npuBenens! hparMeHTbI OTAEIBHBIX 3arpy>KEHHNA ¢ U30TIOISIMUA HANPSHKCHUN B AJIEMEHTax
y3J1a CONPSKEHUS «apKa — 3aTshKKa — JJOMKpaTHas 0ajikay.

Ha Tpersbeii cTymenn npoBeieH cTaTUCTUUECKUI aHann3 pe3ynbTaroB onieHku HJIC y3mna conpsixe-
HUS «apKa — 3aTsDKKa — TOMKpaTHasi 0ajka) Ha OCHOBAHWHU BBIOOPOYHBIX JAHHBIX, MIOJYYEHHBIX B XOJI€
3aJIeiICTBOBAHHBIX HAa BTOPOM CTYIEHN KOMOMHAIINI 3arpyKEHUSI.

Tabauna 1. CratucTHyecKne XapakTePHCTHKHU OTAebHbIX kKommoneHT H/IC
B y3JIaX CONPSIKEHHMs «apKa — 3aTsKKa — JOMKpaTHas 0ajikay

CrarucTuyecKue XapaKTepUCTHKH

; g |
] ) o
=3 2 £ 38 | = o ) )
= qa 9 = L = o o
Ne KoMnoHeHThbI S8 = S|l go=z|=E5|g¢8 E= g 2
AR IR 2 = 2 =
ILII. HAC 2l 2S99 = Z E el g o 3 = o
2 X T QB Q | &E|Q % = S I
SO B COSE|ZE0E 5 | B
2 o s 5| ” = s
2 < 2 Z = =
=) s

HOpMaJ'ILHBIe HaIIpsKCHUA

. 138 1122,4 MIla|23,9 MIla|0,195 |-0,857| 90,0 MIIa |155,6 MIIa
BJI0JIb BEPTUKAJIBbHOW OCH

HOpMaJ'IBHBIe HaIps’KCHUA
BI0OJIb FOpH?:OHT&J'IBHOﬁ ocu

3. | Kacarenbnsle Hanpsoxenus | 138 | 82,3 MIIa | 17,3 MIla|0,210 |-0,838| 58,0 MIIa | 90,4 MIIa

138 130,1 MIla|27,1 MIIa|0,208 |-0,832{102,0 MIIa|174,9 MIIa

OOuuii B3I HA MOJYYEHHBIE CTAaTUCTHYECKHE XapaKTePUCTUKH OTAEIbHBIX KoMrmoHeHT HJIC
(Tabm. 1) mokassIBaeT, 4TO UMEET MeCTO AehopMalius GopMbl UTOTOBOTO pacpeIeICHUSI BEPOSITHOCTEH B
4yacTH €€ CPaBHEHUS CO CTAaTUCTUYECKUMU XapaKTePUCTUKAMH JIJIsl HOPMAJIBHOT'O 3aKOHA pacIpe/leIeHUs
CIIy4ailHOM BEJTMYUHBI.

J17151 OLIeHKH BEpOSTHOCTH BO3MOYKHBIX «BBIOPOCOBY CITy4aitHOM BETMYMHBI KQXKI0T0 K-T0 IMpOMeXyTOuHO-
ro napametpa (otnenpHoi kKomnoneHTsl HIIC) 3a ypoBeHb HEBBITOTHOM IPAHUIIBI SHTPOMTUITHOTO MHTEPBAJIA
HEOIPEAETICHHOCTH, aBTOPaMHU pa3paboTaHbl JOTMYECKUE U aHATMTUYECKUE TPOrpaMMHbIE MOTYIIU B Cpejie
MathCAD. [lyis1 aToro paccuntana yactora @y |N 0KHUIaeMbIX «BBIOPOCOBY CITyYaifHON BETUYHUHBI K-T0 ma-
pameTpa, KoTopasi OIpeIesisiiiach MyTeM PErUCTPaLU CITy4aeB OTACNbHBIX MPEBBIIICHUH 1-bIX peanu3anuit
k-ro mapameTpa oy ; (N) ypoBHs BEpXHEH TPAHUIIBI SHTPONMHHOTO HHTEPBAJIA HEOTIPEIEIEHHOCTH Oy gy, LIS
TOTO K€ MapaMeTpa B TEUCHHE UMUTAIIMOHHOTO SKCIIEpUMEHTa 00beMoM N:

1y ‘(Gk,i(N) > Gk,sup)
0,|N = N ; (1)

Oty =0k +€, 5 ()

Iac Sk,B — TOYHOCTDb OLICHKH k-ro mapameTpa, pacCuuTanHasd ¢ 10CTOBCPHOCTBIO B
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AHANN3 NPOEKTHOMN HALEXXHOCTU OTBETCTBEHHbIX Y3J10B APOYHOIO MPOJIETHOIO CTPOEHUA
NELWWEXOAOHOro NYyTENPOBOAA HA OCHOBE YUACJIEHHBIX U UMUTALUMUOHHBIX METOA40B

C ucnonp30BaHUEM CTaTUCTHUECKHUX XapaKTEPUCTUK OTAENbHBIX KoMIToHeHT H/IC B y3nax conpsixe-
HUS «apKa — 3aTsDKKa — JIOMKpaTHas Oanka» (Taln. 1) mpoBeeHbl TECTOBbIE IPOrOHBI UMUTAIIMOHHBIX
MoJeneit U1t onpeaenaeHus TpedyeMoro oobemMa MOJCIMPOBAHMSI HAPSYKEHUH B PACUETHBIX CEUCHUSX.
O0beM MCXOIHBIX YHUCIOBBIX MHOKECTB (0oTaebHbIX KomnonenT HJ[C) 3anan Ha yposue N ~ 10%4...107
peanmzanuii. B kadecTBe KpuTepHsl, IOATBEPKIAIOLIETO a1€KBATHOCTD NPUHATON UMUTALMOHHON MOJIEIH,
NPUHSATA CXOIMMOCTH [0 BEPOSITHOCTH Pp:

(I)k |Ni>Qk,lim (t), (S T@, (3)

rae Qym(t) — mpenenbHOE 3HaUeHKE (paKTopa pUCKa, OLIEHHBAEMOE UCXO/1s U3 TPEOOBAHUM K COXpPAaHEHUIO
HA/IeKHOCTU CUCTEMBI 32 BpeMsl SKCILTyaTalluy / B Tpeieax 0’KUAaeMOro IMPOEKTHOIO CPOKa CITYKObI
coopyxenus Tg.

TecToBble MPOrOHBI UMUTALIMOHHBIX MOJEJIEH MOKa3ajiH, YTO JUIsl YIOBIETBOPEHHs TpeOOBaHUH K
aJIeKBaTHOCTH IUIaHA UMMTALMOHHOTO HKCIIEPUMEHTA TpeOyeTcs MCKYCCTBEHHO PEryIHpoBaTh 00beM
MCXO/IHBIX YHCJIOBBIX MHOXKECTB N, 3aBUCALINIA OT MPUHUMAEMOTO YPOBHS IOCTOBEPHOCTH PACUETHOTO
napameTpa. B pamkax pelieHus 3a1auu UCCIEAOBaHMs K JajbHENIIel pa3paboTke MPUHAT IJIaH UMH-
TAIOHHOTO SKCIIEPUMEHTA C 00BEM HCXOHBIX YUCIOBBIX MHOXECTB N = 107 peanusaruii mpu ypoBHe
nocroepHocTH B = 0,995, npu 3TOM TpeboBaHME K MPEAETbHOMY 3HaU€HHIO (PaKTOpa pUCKa Ha ypOBHE
Qjim(t) = 5-107° cobmonaercs.

Ha yeTBepToii cTyneHu MpoBeIeH KOMITJIEKC MMUTALMOHHBIX SKCIIEPUMEHTOB IO OLIEHKE MPOEKTHOM
Ha/IKHOCTH y3J1a CONPSKEHMS «apka — 3aTsKKa — IOMKpaTHas 0alikay 1o KPUTEPHIO OTKa3a BCIIEICTBHE
UCUepIraHusl yAenbHOW Mpo4yHOCTH. [Tox 0TKa30M MOHMMAETCsl COOBITHE, COCTOSAIIEE B MPEBBIILICHUH
3HAUEHUs CITy4yailHOM peanu3anuy OTAeIbHBIX UM COBMECTHO ACUCTBYIOIIMX HAMPSDKEHUH B pacueTHBIX
CEUCHMSIX HaJl CIyyailHOH peann3anueil 3HaYeHus yJIeIbHOM MPOUYHOCTH MaTepuania.

[IpenBapuTenbHO, MOCIE U3YUCHHs PE3YIbTATOB CTATUCTHUECKUX HCCIIEJOBAHMM MEXaHUYECKHX
CBOMCTB MCIIOJIb30BAHHOTO KOHCTPYKIIMOHHOTO Marepuaia, K JaJbHeHIeMy NCIOIb30BAaHUIO TIPUHSTHI
CTaTUCTUYECKHUE JaHHbIE 969 KOHTPOJIbHBIX UCIIBITAHUM Ha pacTsHKEHUE CTAaHAAPTHBIX 00pa3LoB, Ipe-
CTaBJICHHBIX B padore [8]. B koMIIekce HMUTAIIMOHHBIX SKCIIEPUMEHTOB I10 OL[EHKE HAJEKHOCTH y3J1a
CONPSDKECHUS «apKa — 3aTsDKKa — JOMKpaTHas Oajika» ucnonbs3zoBanHas cranb 1 5SXCH/I npencrasnena cie-
TYIOIIMMH CTaTUCTHUECKUMHU XapaKTepUCTHUKAMU: TIpeieNl TeKy4ecTH — BbiOopouHoe cpeanee 386,9 Mlla,
ko3¢ ¢urment Bapuanuu 0,0835, crannaprHoe orkinonenue 32,4 MIla; BpeMeHHOE COPOTUBIIEHUE — BbI-
6opounoe cperanee 558,5 Mlla, koadduruent Bapuaruu 0,0745, crangapraoe otkiaonenue 41,7 Mlla.

Tabumna 2. PacyeTHble HHTepBaJibHbIe OLeHKH 11 kKoMnoHeHToB H/IC y3ia conmpsikeHust

0 acYyeTHbIe HHTEPBAJIbHbIE OLEHKH
Ne P p
Komnonentsr HJC :
ILIL Hwxnsas rpanuna (inf)| Bepxusisi rpanuna (sup)
HopmasbHble HampsKEHUsE BIOJIb BEPTUKATb-
1| P e Hanp AOT> BEP 90,0 MTTa 280,9
HOU OCH’ Gx ~ f[Gx,inf’Gx,sup]
HopmaitbHble HAMPSKEHHS BOJIb TOPU30HTAb-
2. |7OP o Hatp AOTE TOP 102,0 MITa 590,6
HOH OCH, Gy -~ f[Gy,inf ’Gy,sup]
3. |Kacarensubie Hanpskennst, T,, ~ /1T, 03T, o] 58,0 MIIa 183,5

s peneHnst 3a1a4 3T0M CTYTIEHH C UCIIOJIB30BAHUEM PE3YIbTaTOB CTATUCTUYECKOTO aHAJIN3A PE3YIlb-
taroB orieHku HJIC paccmarpuBaemMoro y3iia CONpspKEHUs, MOJIyYeHHBIX Ha TPEThEW CTYNEHU pacyuera,
COCTaBJICHbI pacueTHbIE MHTEPBAJIbHBIC OLICHKHU 711 kommoHeHToB H/IC B coOTBeTCTBHE MPUHSATOTO
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MEWEXOAHOro NnYyTeENPOBOAA HA OCHOBE YACJIEHHBIX U UMUTALIMOHHbLIX METO40B

IJIaHa IMUTAIIMOHHOTO SKcriepruMenTa (Tabdm. 2). [Ipu 2ToM HIDKHSAS TpaHHIIa PUHSTA [0 HANMEHbBILIEMY
3HaYeHHUIO cooTBeTCTBYIOMEH KomnoHeHTsl HIIC (cM. Tabim. 1), KOTopoe MONMy4eHHO MPU 3arPyKEHUH
TOJIbKO TIOCTOSIHHBIMU Harpy3kKamH, a BEpXHssl I'PaHUIIA pACCUMTAaHA MCXOAS U3 XapAKTEPUCTHUK IJIaHA
MMUTAIMOHHOTO YKCIIEPUMEHTA (110 BEpXHEW TpaHHIIe JOBEPUTEIHLHOTO HHTEPBaIa C 00€CIIEYCHHOCTHIO
0,995 npu o6beme BrIOOpKHU 138, kBaHTUIB 2,853, ynciio mporonoB moaenu 400).

VYcnoBHe OLIEHKH IO KPUTEPHUIO OTKAa3a BCIIEICTBUE UCUEpPIaHUsl yACIbHONW MPOYHOCTH:

R,())<0.())
R,())<5,())
% =1R ()<1,())

R()<

e R (), R (j) =0,58- R (/) — MaccuBbl CilydaliHbIX peanu3aiuii npejena TeKy4eCTd U CONpOTHB-
nenus cranu casury; 6, (j), 6,(j), T,,(/) — MaccuBbl Clly9allHbIX peanu3aluii OTACIbHBIX KOMIIOHEHT
HJIC (HopManbHBIX U KacaTelbHbIX HAMPSDKCHUN).

B pesynbrare npoBeeHUs] UMUTALMOHHOTO SKCIIEPUMEHTA MO OIIEHKE NMPOEKTHON HAIeKHOCTH y3J1a
COTIPSDKCHUS «apKa — 3aTshKKa — JOMKpaTHas Oalika» Mo KPUTEPUIO OTKas3a BCIEICTBUE MCUYEPIIaHUs
yAETBHOM MPOYHOCTH HE BBISBICHO CIIy4aeB MPEBBILICHUS 3HAYCHNUH CITy4YalHBIX pealn3aiuil OTAeIbHO
MOJICTHPYEMBIX HOPMATbHBIX U KacaTeIbHBIX HAMPSDKEHUH Ha/I CIyYailHBIMU pealln3alusMy 3HAYCHHHA
yAETBHON NMPOYHOCTH MaTepHaja. YCTaHOBJICHO, YTO MPHU y4eTe COBMECTHOTO ACHCTBUS HANPSKCHUN
B XOJI€ OIICHKH 10 YETBEPTOM MOzenH B yciaoBuu (4), HaOmoaeTcsl ycTolYMBas perucTpanus 0TKa3oB
¢ HaubobIIEel YacToToM nostByieHus 2,4-10, 4To He MPOTUBOPEUHT TPENETLHOMY 3HAYEHUIO (DaKTOpa
pucka Ha ypoBHE Qjip(t) = 5-107°.

Takum 006pazoMm, ¢ MO3ULIKHU JOCTATOYHOCTH MOKa3aTeNeil HaeKHOCTH JUIs CTa Ul IPOCKTHPOBAHUS,
MOYXHO OCTaBUTh NPHUHSTHIE KOHCTPYKTHBHBIE pEeIlIeHHs 0e3 N3MEHEHU.

Ha nsiToii cTymeHu mpoBefeH KOMIUIEKC UMHUTALMOHHBIX SKCIIEPUMEHTOB 10 OLIEHKE BO3MOXKHOU
M3MEHYUBOCTH MOKA3aTeNel HAJSKHOCTH y3Jla COMPSIKEHUS «apKa — 3aTsDKKa — IOMKpaTHasi 6alika» Ha
CTaINM HKCIUTyaTallHH.

OueBHIHO, YTO MPH HKCILUTyaTallMU TEXHUYECKOM CHCTEMbl HEM30€KHO BIMSIHUE pa3IMYHbIX HeOua-
TONPUSATHBIX MPOILIECCOB (HApUMep, JIerpaaius IEMEHTOB, HEAOCTaTOYHO KaYeCTBEHHOE W/WIIN He-
CBOEBPEMEHHOE BBINOJIHEHHE PEMOHTHO-BOCCTAHOBHUTENBHBIX MeporpuaTuil). Kak npasuso, Ha sTamne
MIPOEKTUPOBAHUS KOHCTPYKTOP CTAJIKUBACTCS C HEKOTOPHIMH BHEIIIHE HEMPEOAOIUMBIMU CIIOKHOCTIIMH,
B YAaCTHOCTH, C CAMHM OTCYTCTBHEM IIPOEKTHPYEMOU KOHCTPYKIIUH, @ UHOT/JIA M C OTCYTCTBHEM €€ aHaJo-
roB. B Takux ycloBUsX JaTh WeadbHBINA IPOTHO3 U3MEHEHUS HA/IEKHOCTH CHCTEMBI 33 IPOEKTHBIN CPOK
CIIy>KOBI 3aTPYAHUTENIBHO, a TIOPOH U HEBO3MOXKHO. J[JIs1 pereHns 3a1ad 3TOi CTYNEHH UCTIOIb30BaHbI
aHaJUTHYECKUE MOJIeNN (popManu3anuy mporecca M3MEHUNBOCTH ITOKa3aTee Hale)KHOCTH, U3JI0KEeH-
HbIE B paboTe [9], a Takyke MOAETH OMUCAHMS MPOLIECCOB U3HOCA CTATIBHBIX KOHCTPYKLUN B CMEXKHBIX
o0nacTax Hayku, Harpumep, B padore [10].

[Tpu pazpaboTke MO U3MEHYUBOCTH TIOKA3aTeNei Ha/le)KHOCTH B TEUEHHE IPOEKTHOTO CPOKA IKC-
IUTyaTalUK BaXKHBIM [IOKA3aTelIeM SIBJISIETCS] KOHEUHOE 3HaYEHHE ONPEAEIISIONIETo MoKa3aTess HaAeKHOCTH
(HampuMep, BEpOSTHOCTh 0TKa3a) K MOMEHTY UCUEepIIaHus pecypca 6e30MacHOM IKCIITyaTalyu. 3amuiemM
yCIIOBHE, IPH KOTOPOM TEXHHUECKasi CUCTEMa He McUepIialia CBOM pecypc 3a BpeMsl SKCIUTyaTaluH f:

O, <[oM]. t<T,, (5)

rie Qq(t) — BEpOATHOCTH OMACHBIX OTKA30B I10 MPEACIHBHOMY COCTOSTHUIO C yeinoBueM Q; [Qq(t)] — mo-
MTyCTUMOE 3HAYEHHE BEPOSITHOCTH PACCMAaTPUBAEMOTO OTKa3a.

, mpu j € [L;N], (4)

6.(j) =0,(j)-0,()+0,(j) +3-1,()|
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C yueroMm ycnous (5) hopMyna orieHKH (4) MO0 KPUTEPHUIO OTKa3a BCIEACTBUE UCUEPIIAHUSI YICIbHON
MIPOYHOCTH NEPEMUIIETCS B BUJIE:

R,())<0,())

Rt(j)<o,())
{0, }< 0, ()= R,())<T,,()) ’ ©

R,(N<\lo. ()} =6,())0,()+6, () +31,,()]
rne R, (j), R, (j)— obnactu cmydaiHpIX peanusamuii mpesiea TeKy4eCTH M COMPOTHBICHHS CTajH
CIBUTY C pa3BepTKoii Bo Bpemenu t; 6 ,(j), 6,(/), T, (j)— Toxke, ornensHpix komnonent HJC.
PaccMoTpuM mpoCTyr0 THHEHHYIO MOJIEINb, XapaKTePU3YIOIIY0 H3MEHUYUBOCTh OTIEIBHOIO 1-T0 pac-
YEeTHOTO MapamMeTpa, BXOJAIIEro B GopMyIIsl (4):
D ()=, (1+1-4,), (7)
rae @; () — 3Ha4eHHE OTAENBHOIO i-r0 PacuyeTHOro MapaMeTpa B HavyaubHbI MOMEHT BpeMeHu (t=0);

d

A, = ;(Di (7) — KOMITJIEKCHBIH TIOKA3aTellh, YYUTHIBAIOIINI BAMSHHUE Pa3IMYHBIX HEOIArOMPUATHBIX ITPO-
t

IIECCOB BO BPEMEHH ¢ B Mpe/iesiax 0KUAaeMOro IIPOEKTHOTO CPOKA CITY>KOBI COOPYKEHHUSL.

Ha npumepe paccMarpuBaemMoro y3ia COnpsKeHHs «apka — 3aTskKa — JOMKparHasi 0ajaKay B IPOJIETHOM
CTPOEHUH NEIIEXO0IHOrO MyTENPOBOJa, PACCMOTPEHBI Pa3IMUHbIE 3HAUEHUSI KOMIUIEKCHOTO ITOKa3aTess
A, IpUHATHIE B nana3oHe 3Hauenuii 1:104...5- 10, ¢ uCnoab30BaHMEM KOTOPBIX, BBIITOIHEH KOMILIEKC
MMUTALUOHHBIX SKCIEPUMEHTOB JUIsl ONIPEEICHNUs N3MEHUYMBOCTH BEPOSATHOCTH OTKA30B CHUCTEMBI BO
BpeMeHH (puc. 2).

12510 ° .
1-10 ° //
Qu - /
—75.10 -
Qu
Qn 510 —
2510 ©

0 20 40 60 80 100

T
Puc. 2. IpaduKM U3MEHUYHMBOCTH BEPOSTHOCTH OTKA30B CUCTEMBbI BO BpeMeHH T B 3aBMCUMOCTH OT IIPMHATOIO 3HAYEHMUS]
KOMILIEKCHOTO MOKaszaTens A, ipu A,; = 5-10 BeposaTHOCTS 0TKa30B Q, pr Ay = 2,5-10* — Quu npu Az = 1:104 — Qps

[TonmydenHble pe3ynpTaThl MOKa3alid, YTO AJI COXPAHEHUS MOKa3aTeNlel Hae)KHOCTH Ha CTaJUU dKC-
TUTyaTaluy MPYU HEM3MEHHOCTH IPUHATHIX KOHCTPYKTUBHBIX PEIICHUH, U3MEHYHBOCTh PACUETHBIX Mapa-
METPOB BO BpeMeHU (yBEeIMYEHUE HANPSHKEHUI) HE TOJDKHO IpeBbimarh A, = 2,5-10 * B roz.

BbiBOAbI

1o pesynpraram NpoOBEIEHHOTO aHAIM3a HaIEKHOCTH OTBETCTBEHHOTO Y3JIa CONPSKEHUS «apKa — 3a-
TSKKA — JOMKpaTHas 0ajkay B [IPOJIETHOM CTPOEHUU MEIEX0IHOTO My TENPOBO/Ia YCTAaHOBIEHO, YTO MPU
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AHAJIN3 NPOEKTHOW HAAEXXHOCTU OTBETCTBEHHbIX Y3J10B APOYHOIO MPOJIETHOIO CTPOEHUA
MEWEXOAHOro NnYyTeENPOBOAA HA OCHOBE YACJIEHHBIX U UMUTALIMOHHbLIX METO40B

YPOBHE IOCTOBEPHOCTH PACUETHBIX OIeHOK B = 0,995, BHI 0TKa3a 1O KPUTEPHIO HCUEPIIAHUS yACTbHOI
IIPOYHOCTH OJHOTO U3 FEMEHTOB XapaKTEepPU3yeTCsl KaK NMPAKTHUECKN HEBEPOSTHEII OTKa3.

JIns KpuTepHus MCUYepraHus yAeNbHOH MPOYHOCTH OT COBMECTHOTO JEHCTBHS HANPSIKEHMi B y3/max
COTIPSDKEHHMS «apKa — 3aTsKKa — JOMKpATHas 0aikay NMPHM MMHTAIMH MX 3arPyKEHHs XapaKTePHBIMH
KOMOMHAILMSMHU BHEITHUX BO3JCHCTBHIN HAOMIONAETCS YCTOMYHMBAS PETHCTPAIMS OTKA30B C HAKOOMbIIEH
yacToToil mosiBeHns 2,4-10°6, 4T0 He MPOTUBOPEUNT TIPEIeTLHOMY 3HAYEHNIO (paKTOPA PHCKA HA YPOBHE
Qiim(t) = 5-10°°.

JI7151 OIIeHKHM HaJEKHOCTH aBTOPaMH OBITH pa3paboTaHbl M alpOOUPOBAHbBI Ha KOHKPETHOH MHKEHEPHOH
3ajaue CreIMANbHEIE aITOPUTMBI, OCHOBAHHbBIE HA CTPYKTYPHBIX, CTATHCTUYECKHX M MMHTAIIMOHHBIX
MeTOZIax, a TAKXKE Ha IPHEMAX PErpecCHOHHOTO aHAJIHN3a, TIO3BOJISIONIHE OIIEHHBATH KAK IIPOSKTHYIO Ha-
JIeKHOCTb, TAK U POTHO3HPOBATh JOMYCTHMEIH YPOBEHb H3MEHUHBOCTH TTOKA3aTel el Hale)KHOCTH Ha
CTaIMH SKCIUTyaTaIllH CHCTEMBI B 3aBHCHMOCTH OT OTBETCTBEHHOCTH PEIIAEMOil 3a/1auH.
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Structural reliability. The theory and practice

Maystrenko 1.Y., Zinnurov T.A., Yusupov I.1.

ANALYSIS OF DESIGN DEPENDABILITY OF CRITICAL UNITS
OF ARCH SPANS OF PEDESTRIAN OVERPASSES BASED ON
NUMERICAL AND SIMULATION METHODS

The paper deals with the design dependability of the grip-arm interface “arch — bowstring — jack beam” in
spans of pedestrian overpasses. Dependability estimation required the performance of a number of simula-
tion procedures that include five basic steps. Exhaustion of weight strength in one of the critical element
of the arch — bowstring — jack beam joint was the criterion of making a decision about failure.

Keywords: design dependability, simulation, pedestrian overpass, load, confidence interval.

Introduction

The level of constructive system dependability is usually selected at the concept and requirements
specification stage. Designing bridges for large cities generally involves the requirement of aesthetic
expressiveness that inevitably leads to the intentional complication of junctions. That, in turn, requires
comprehensive substantiation of the adopted design decisions, design flaws can lead to catastrophic con-
sequences with large casualties.

This paper presents the results of dependability analysis at the stage of arrangement of the critical joint
“arch — bowstring — jack beam” in spans of a designed pedestrian overpass on a road of the first engi-
neering category in the Moscow Region. According to the construction solution, a span of the pedestrian
overpass is implemented as a single-span inclined arch of variable box-shaped section with dimensions
from 1600x500 mm to 1000x500 mm with pipe hangers of 203x10 mm. In cross-section, the two planes of
arches have an inward tilt of 14 degrees to vertical. The jack beam is box shaped and measures 750x1000
mm. The length of arch span of the pedestrian overpass is 77 m, the walking part is 4 m in width. Struc-
tural components of the critical joint “arch — bowstring — jack beam” are made of 1SHSND steel as per
GOST 6713. The designed service life of the structure is not less than 100 years.

The analysis of the design dependability of the critical arch — bowstring —jack beam joint in spans of a designed
pedestrian overpass required the performance of a number of procedures that included five basic steps.

At the first step, using determined input parameters, an estimation of expected boundaries of loads’

variability was carried out based on the method of confidence intervals with validity = 0,995. Statistical
characteristics of individual load components were obtained based on statistical information generalized

54
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in studies [1, 2], as well as the general rules of application of normative values and system of factors in
the allowing equations of the limiting conditions method stated in studies [3, 4].

In order to identify the boundaries of variation of the total constant load, the authors carried out a
series of simulations. Over a number of repeated simulations, in order to create samples of realizations
of random variables of constant load components, MathCAD random numbers generators and program
modules developed by the authors were used along with rational algorithms of line-by-line transforma-
tion of numerical sets the advantages of which are outlined in [5]. Upon the performance of the series of
simulations, the most disadvantageous boundaries of variation of total constant load [qs inf; s sup] ~ Fqs
[60,69; 83,91] kN/m were chosen for subsequent calculation.

The expected boundaries of variation of live load from pedestrians are presented by an interval [p;,
Psupl ~ Fp [3,15; 28,85] N/m. The expected boundaries of variation of other loads [6, 7] are estimated
within the following intervals: wind pressure in the construction area [Wo inf; Wo sup] ~ Fy [0,000; 1,581]
kN/m?; weight of snow [Sg inf; Sosup] ~ Fs [0,096-; 1,864-p] kN/m?, p being the factor of transit from
weight of snow cover to snow load.

At the second step, using the expected boundaries of variation of loads obtained at the first step, as
well as finite element displacement method in the LIRA software system, a set of static calculations
of spans of pedestrian overpass was executed. In order to evaluate the stress-strain state (SSS) of the
arch — bowstring — jack beam joint, account was taken of stress components in elements of the joint and
in adjacent elements: top and bottom booms of the arch, top and bottom chords of the bowstring, bottom
zone and the wall (diaphragm) of the jack beam, elements of bowstrings in the supporting section. 138
most typical combinations of loading are involved in the set of static calculations, both individual loads,
and their possible combinations within the limits of expected boundaries of variation.

Fig. 1 shows fragments of individual loadings with stress izofields in elements of the arch — bowstring —
jack beam joint.

At the third step, a statistical analysis of SSS estimation results of the arch — bowstring — jack beam joint
is carried out based on the selective data obtained from the loading combinations at the second step.
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Fig. 1. Fragments of individual alternative loadings with stress izofields in elements
of the arch — bowstring — jack beam joint
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Table 1. Statistical characteristics of individual components
in the arch — bowstring — jack beam joint

- Statistical characteristics

[<P]

2 | SSS components @ g S £ 5% gé S g S 2

g S | £§ |2%%Z| %8| < z R

8 = L9 S 23 ez 2 > -

— @ < g | S -

| Normalstressalong | 2¢ 1y55 4 \1pal3 o mpal 0195 | —0.857 | 90,0 MPa |155.6 MPa
vertical axis

p, | Normalstress along |30 1y 30 ) \ipalo7 | MPa| 0208 | —0.832 |102,0 MPa|174.9 MPa
horizontal axis

3. Shear stresses 138 MPa| 82,3 MPa |17,3 MPa| 0,210 | —0,838 | 58,0 MPa | 90,4 MPa

The general view of the obtained statistical characteristics of individual SSS components (table 1)
shows the deformation of the form of final distribution of probabilities regarding its comparison with
statistical characteristics of random variable for the normal distribution law.

The authors have developed logic and analytical MathCAD program modules in order to estimate the
probability of a possible «surge» of the random variable of each k-th intermediate parameter (individual
SSS components) beyond the level of disadvantageous boundary in uncertainty entropic interval. For
this purpose, the frequency ¢,|N of the expected “surge” of k-th parameter random variable, which was
determined by registration of cases with individual excess of i-th realizations of k-th parameter oy ; (N)
in the level of the upper boundary of uncertainty entropic interval oy, for the same parameter during
simulation of volume N:

nk (Gk,i(N) >Gk,sup)
0, |N = N ; (1)
Gk,sup = (_Sk +8k,[3’ (2)

where g g is the estimation accuracy of k- th parameter calculated with confidence f.

Test runs of simulation models were carried out for definition of the required amount of stress simula-
tion in calculated sections using statistical characteristics of individual SSS components in arch — bow-
string — jack beam joints (table 1). The volume of initial numerical sets (individual SSS components) is
specified at the level of N ~ 10% ... 107 realizations. As the criterion confirming the adequacy of accepted
simulation model, convergence by probability Py is accepted:

0N =250, (0. 1< T, 3)
where Qj;,,(t) is the limit value of the risk factor, estimated based on the requirements of system depend-
ability during operation ¢ within the limits of expected designed service life Tg of construction.

Test runs of simulation models have shown that meeting the requirements to adequacy of the simula-
tion plan, it is required to artificially regulate the volume of initial numerical sets N that depends on the
accepted confidence level of the calculated parameter. For the purpose of the research task, the plan of

simulation featured the volume of initial numerical sets N = 107 realizations at confidence level = 0,995.
The requirement to the limit risk factor of Qy;,(t) = 5-107° is observed.
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At the fourth step, a set of simulations to estimate the design dependability of an arch — bow-
string — jack beam joint was carried out according to the criterion of failure due to exhaustion of
weight strength. Failure is the event consisting in the excess value of random realization of individual
or simultaneous stresses in design sections over the random realization of the weight strength value
of the material.

Initially, after studying the results of statistical research of the mechanical properties of the used
structural material, it was decided to further use statistical data regarding 969 control tensile tests of
standard samples presented in study [8]. In the set of simulations aimed at estimating the dependability
of the arch — bowstring — jack beam joint, the used 15 HSND steel features the following statistical char-
acteristics: selective average yield stress of 386,9 MPa, variation coefficient of 0,0835, mean difference
of 32,4 MPa; selective average breaking strength of 558,5 MPa, variation coefficient of 0,0745, mean
difference of 41,7 MPa.

Table 2. Calculated interval estimates for joint SSS components

Item SSS components Calculated interval estimates
number P Lower boundary (inf) | Upper boundary (sup)
. Normal stresses along vertical axis, 90.0 MP £30.9
’ Gx ~ f[cx,inf;cx,sup] ’ a ’
5 Normal stresses along horizontal axis, 102.0 MP 590.6
’ Gy ~ f[Gy,inf;Gy,sup] ’ a ’
3. Shear stresses, T, ~ /1T, 15Ty cup ] 58,0 MPa 183,5

Solving the tasks of this step with the use of the results of statistical analysis of junction SSS evalu-
ations obtained at the third step involved the generation of interval estimates for SSS components
according to the accepted simulation plan (table 2). The lower border is specified as the least value of
the respective SSS component (see table 1) that corresponds to constant loads only, while the upper
boundary is calculated based on the characteristics of the simulation plan (at the upper boundary of
the confidential interval with the probability of 995, sample size of 138, quantile of 2,853 and number
of model runs of 400).

The condition of estimation according to the criterion of failure due to exhaustion of weight strength
is follows:

R,())<5.())
R,())<5,())
% =R (j)<1,())

R()<

, for je[I;N], (4)

6.(j)’=6.(j)-6,()+0,(j) +3-1,())’|

where R (j), R,(j) = 0,58 R (/) are sets of random realizations of yield point and shear resistance of
steel, 6.(/), 0,(J), T,,(/) are sets of random realizations of individual SSS components (normal and
shearing stresses).

Simulations of design dependability of the arch — bowstring — jack beam joint according to the criterion
of failure due to exhaustion of weight strength did not identify the values of random realizations of indi-
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vidually simulated normal and shearing stresses to exceed random realizations of values of material weight
strength. It was established, that subject to composite action of stresses during the estimation according
to the fourth model in condition (4), there was a consistent registration of failures with the maximum
frequency of 2,4-10°6 that does not contradict the limiting value of risk factor at Qj;,,(t) = 5-107°.

Thus, from the standpoint of sufficient dependability parameters for the design stage, the accepted
design solutions can be left unchanged.

At the fifth step, a series of simulations was carried out to estimate the possible variability of depend-
ability parameters of the arch — bowstring — jack beam joint at the stage of operation.

Obviously, in the course of systems operation, the effects of various adverse processes are inevitable
(i.e. deterioration of elements, substandard and/or untimely maintenance). As a rule, at the design stage,
the designer has to face certain seemingly insurmountable difficulties that are caused, in particular, by the
fact that the designed structure or sometimes even comparable projects are nonexistent. In this situation it
is difficult or even impossible to provide an accurate assessment of system dependability evolution over
the course of design life time. In order to solve the tasks of this step, analytical models for formalization
of variability process of dependability parameters outlined in [9] and the model for description of dete-
rioration processes of steel structures from allied sciences (for example, [10]) were used.

In the development of the variability model of dependability parameters during designed operation life
time one of the more important indicators is the final value of dependability determinative parameter (for
example, failure probability) by the moment of exhaustion of safe operation life. Let’s write down the
condition at which the technical system has not exhausted the life during operation time #:

O, (<[00]. t<T,, (5)

where Qq(t) is the probability of hazardous failures according to limiting state with the condition Q;
[Qq(t)] is the acceptable value of probability of the failure in question.

In view of condition (5), the formula of estimation (4) by failure criterion due to exhaustion of weight
strength is rewritten as follows:

R, () <0,())

R(j)<o,())
19O} 0, ()= R,())<T,,(j) ) (6)

R, ()<

6., () =0,()0,(N+0, () +3T,,()]

where R, (j), R, (/) are the areas of random realizations of yield point and steel shear resistance with
time-base sweep ¢, 6 ,(/), 6,,(J), T,,(/) are the same for individual SSS components.

Now let’s consider a simple linear model describing variability of individual i-th calculated parameter,
included in formulas (4):

D,()=D,,-(1+1-A,), (7)

d
where @,  is the initial-time value of an individual i-th calculated parameter (t= 0);A, = E@i (¢)is the

composite indicator that takes into account the effects of various adverse processes in time ¢ within the
limits of expected designed life time of a structure.
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Various values of a complex parameter A, adopted in the range of 1-104 ... 5 - 10 are examined us-
ing the example of the arch — bowstring — jack beam joint in spans of pedestrian overpasses. The values
of the composite indicator A, were used in simulations to define the variability of probability of system
failures in time (by a fig. 2).
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Fig. 2. Variability diagrams of probability of system failures in time T depending on the accepted value of the composite
indicator A,, for A,; = 5-10* the probability of failures is Q;, A, = 2,5-10%, the probability of failures is Q,
and for Az= 1-10* the probability of failures is Q3

The obtained results show, that in order to retain the dependability parameters in operation, provided
that the accepted design solutions remain unchanged, the variability of calculated parameters in time
(increase of stresses) must not exceed A, = 2,5-10 per year.

Conclusions

According to the results of dependability analysis of the critical arch — bowstring — jack beam joint
in spans of a designed pedestrian overpasses, it was established, that subject to confidence level of cal-
culated estimations = 0,995, a failure under criterion of one of the elements exhaustion appears to be
practically improbable.

For the criterion of weight strength exhaustion from cumulative action of stresses in the simulation of
typical combinations of external loadings in the arch — bowstring — jack beam joint, there was a consist-
ent registration of failures with the maximum frequency of 2,4-10°¢ that does not contradict the limiting
value of risk factor of Qy;,,, (t) = 5-1079.

The authors have developed and practically tested special dependability estimation algorithms based
on structural, statistical and simulation methods, as well as regression analysis techniques that allow both
estimating design dependability and predicting the acceptable level of dependability parameters variation
over the course of system operation subject to the criticality of the function.
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CTpyKTypHas HageXxHoCcTb. Teopus 1 NpakTuka

Hocos M.B.

METO[ YCTPAHEHUA BSAUMHOIO NEPECEYHEHUA
OLEHOK 33APU-MNMPOLWWAHA B SAAA4YAX AHAJTIU3A
CBA3HOCTU ABYXMNOJIIOCHbIX CETEU

PaccmatpuBaetcs cogepxaHvue MeTona, 00ecriedMBalollero ycTpaHeHue B3aWMHOIM0 [1epeceyeHus
M YMEHbLLIEHNE 3HaYeHWi MorpeLHocTel oueHok 33apu-poluaHa.

Knio4yeBble cnoBa: BEPOSITHOCTb CBSIBHOCTU, BEPOSITHOCTb HECBSI3BHOCTU, JABYXIOJ/IlOCHas CeTb, Cﬂy‘-IaIZHbIVvI
rpag ,ﬂByXI'IOﬂIOCHOﬁ cetu, npocTas uerb, NpPoCTON paspes, BEPXHSIS OLEHKA, HVXXHSIS OLEeHKa, TOYHOoe
3Ha4vyeHue, oLeHku 33apu-lipoLuaHa, JABYXCTOPOHHUWE OLIEHKW, 3JIeMeHTapHbIe KOHCTPYKLUNN.

1. 06u.w|e MnoNIoXXeHns U NnoCTaHoBKa 3aaa4uumn

B nacrosiiiee Bpemsi Hanbosee U3BECTHBIMH OLIEHKaMH BEpOsITHOCTH cBsi3HOCTH (BC) ABYXMOMIOCHBIX
cereit (IC) sBastores onenku I3apu-IIpomana(O3II). [1,3,7,8,9].

B OOII B kavyecTBe OIIEHOUHBIX CiTy4aiiHbIX TpadoB aByxmoitocHbIX ceTeid (CI7 JIC) ucnomb3yrores [3]:

- JUIsl pacyeTa BepxHel rpaHuiibl orieHoK — onieHouHbld CI' JIC, cocTosinuii 13 MOJTHOIO MHOKECTBA
napaijiesibHO coeTuHeHHBIX MpocThiX nemnei (I1L) ¢ yuerom Toro, uto B3auMHasi 3aBUCUMOCTb MEXTY
[11] He yunThIBaeTcH;

- ISl pacueTa HWKHEH rpaHulibl olieHOK — orieHouHbld CI' JIC, cocTosmmil U3 MoJIHOTO MHOKECTBA
MOCJIEIOBATENBHO COSAMHEHHBIX MPOCThIX pa3pe3oB (IIP) ¢ yuerom Toro, 4ro B3aumMHasi 3aBUCUMOCTD
mexay [P He yuuTsiBaeTcs.

Opnnako Hanuyue 3aBucumocter mexay [ wiu 1P B coorBeTcTByromumx onenounsix CI' JIC yBenu-
yuBaeT norpemHoctb ODI1 otHOcuTEeNnsHO TouHoro 3HaueHust BC JIC [2, 3].

Kpome Toro O9I1 npu HEMOJIHOM MCIIOJIB30BAHUHU TEOPETUYECKH BO3MOKHOTO MHOXecTBa 111 u ITP
B otieHOuHbIX CI' JIC B3auMHO mepeceKaroTcs, YTO TaK»Ke SBIISIETCS CyIIECTBEHHBIM HegocTarkoM OOI1
[3,6] (cm. puc. 6).

Bcenenctue atoro ODI1 coxpaHSIIOT «ACTOPUIESCKUN U METOAMUECKUN HHTEPEC, HO HE BOCTPEOOBAHBI
JUISL IPAKTUYECKOTO TpUMEHeHus [9].

[ToaTOoMy HMKE paccMaTpUBAETCs METO/I, TO3BOJISIFOIINI YCTPaHUTh B3aMMHOE IEPECEUCHHUE U TOTyYUTh
MOHOTOHHYIO0 cxonuMocTh OJII k Tounomy 3HaueHuto BC CI' JIC, a Takyke cHU3UTh norpemHocts OII1.

Homyctum, uto anammsupyemasi JIC Oyner npencrasiena B Bujae CI' JIC, B KOTOpoM MeXTy BEpIITHHAMH-
noJirocaMu S U t mepeiaeTcs HEKOTOpoe COOOIICHHE.
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Bynem monarars, yro Mmaremaruyeckas moaens CI' JIC ¢opmanbHO 3a1aHa, €CIM TOMUMO BEpIIHH-
IIOJIFOCOB S U t ONPEAEIEHO U OTPAHUYEHUE HA YHUCIIO () TPAH3UTHBIX BEPLIUH B MY TSIX CBA3H MEXAY S U
t Takoe, uro 0<@<(m,-2), rne m, =V = Vi:M | - MmomHOCTH MHOkECTBA BepuH CI' JIC.

JU1st NpUHATHIX yCIOBUI TpeOyeTcsl MPEeICTaBUTh TEOPETHUECKOE 000CHOBAHUE METOA, 00eCTIEYHBaIO-
IEr0 MOHOTOHHYIO (He mepecekaemyro) cxonumoctb ODII k Tounomy 3Hauenuto BC CI' IC, a Taxxke
cHIKeHue norpemHoctd OOI1.

2. ConepxaHue metopa

JIJist pacKphITHsI COJEPKaHUSI METO/Ia BOCIIONIB3YEMCSl HEKOTOPBIMU TEOPETUUECCKUMU TONOKEHUSIMU
pabot [10,11] u chopmynupyem cIeayIoIIyo TeoOpemy.
Teopema. Ilyts cTpykrypa ananuzupyemoro CI' JIC cocTout u3 MHOXKECTBa BepHmH V={9},

i= |m,| — mommocTs MHOKecTBa BepumH, n MHOKecTBa pebep L ={L.}, & = m, |-
MOIITHOCTh MHOYKECTBA pedep, B COCTaBe KOTOPBIX UMEETCs MOIMHOKECTBO OOIINX (MOCTI/IKOBBIX) pe-

Gep L' = {1}, €=1|m
MOCTHKOBOTO pedpa l XapaKTEPHU3yeTCsl IByMsI COCTOSTHUSMH: pabOTOCIIOCOOHBIM — l WM HepaboTo-

CIIOCOOHBIM /; , COOTBeTCTBeHHO ¢ BepoaTHOCTsIMH P (/ uq(l) 1- p(l) C yueTom 3TOFO IOJIOKEHUS,
YHUCJIO0 BCEBO3MOXKHBIX COCTOSTHUM (TUITOTE3) MOCTI/IKOBBIX pebep onpenenuM Kak:

0
, L" € L. loryctum, uro Beprmasl CI' JIC abcomroTHO HaiexHbl. HagexHocTh

0

=" ={r°}, i=

(1)

rae |m FO| — MOIIIHOCTh MHOXKECTBA COCTOSIHHH (TUTIOTE3) 00IIuX pedep.

M| — MOII-

Anamasupyemsiit CI' [IC xapakrepusyercst maoxectsom [IIIM ={p, }, n=1|m,,

HocTh MHOXKecTBa [1LI, m mHOXecTBOM IIP R = {rn},n =1, |m | — MOIIHOCTH MHOKecTBa [1P,
KOTOPBIE COOTBETCTBEHHO 00Pa3yIOT CTPYKTYPY OIIEHOYHOTO CF JAC mo I -G H U CTPYKTYpPY OLIEHOY-
noro CI' JIC mo ITP — GSZP.

11 1P 0
Ouenounsre CI" JIC G, H u G ., TIpU HaXO)KJICHUU MTOIMHOXKECTBA UX MOCTI/IKOBLIX pebep L= {l } B
1P
coctostHuu [} Hp606p8.3}IIOTC${ COOTBETCTBEHHO B ycnoBHbIe onieHouHbIe CIT JIC GY W Ha G, iy T

G”” /T =G™
s,t(i) (2)
17P np
G, /=G,
B pa6orax [3,4] moka3aHo, 4To ajist pacuera BepxHed ODI1 momKkHO OBITH TPUMEHEHO PABEHCTBO:
P = |- pI© 3)

HO
e P; — HIDKHSIS OLICHKA BEPOSITHOCTH HecBsi3HOCTH BepiuH s Ut B CI' JIC.

Jls yKazaHHBIX yCIOBUi TpeOyeTcst ToKa3aTh CPaBeAIMBOCTh MPUMEHEHUS ISl pacyeTa BepXHel u
HwkHel orieHok BC ananmusupyemoro CI' JIC cooTBeTCTBEHHO (hOpMYJI CIETYIONIETO BUIA!

PP =] PHO_zPHO_zP(F )P(G /T’ ) (T. 1)

5.t
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P = zPHO = zP(r VPG /T (T.2)
e P(I")) — BepOSTHOCTD i-r0 COCTOSIHUS OJMHOKECTBA MOCTUKOBBIX pebep
=1k }.&=

P (G”U /r’ ) ycioBHas BeposiTHOCTh HecBsi3HOCTH BepiuH S 1 ¢ CI' J1C o [111, cooTBeTcTBYyIOIIAs
runorese /. JI1s KpaTKOCTH HAMMCaHUs 0603HAYUM 3Ty BEPOATHOCTD Kak P (G ”) e G™ =G™ /T,

LO’

(G_ZP /T ,.) — ycJ0BHas BepoATHOCTh cBsizHOCTH BepuinH S u ¢ CI' JIC no I1P, cooTBeTcTBYIOMmIas

0 IIP 0
runorese 1. Ity ouenky o6osnaunm kax P (G ), e G = G™ / I'';

p=p(r’) PG4 /) (T.3)

- BEpPOATHOCTb HECBSI3HOCTH BeplnH S U ¢ aHanmzupyemoro CI' JIC no I npu ycnosuu, uro CI' JIC
HaXOIHUTCS B COCTOSHMH [ .

JoxasareabeTBo. Tak Kak MHOXKECTBO TUIIOTE3 (COCTOSHMN) [ = {F 7 } = E MMOJAMHOKECTBA MO-
CTHKOBBIX pebep L' = {l 0 } E=1 ,1M ,, 00Pa3yIOT MOJIHYIO IPYIILY HECOBMECTHBIX COOBITHI, @ YCIOBHBIC
CI" IC (2) MOTyT GbITH 00Pa30BaHbI TOJILKO B COOTBETCTBHH C OJHOM U3 THIIOTE3 [ |yi = 1 M., TO COITIACHO
coneprxkanus GopmyIibl mostHOM BeposatHOCTH [2], paBeHncTsa (T.1) u (T. 2) onpenenensl BepHo. Teopema
J0Ka3aHa.

Caexcreme. Ipu =1, I’ =2'=2: "=, ') =1,

Torza:
P = 1-[1}{ =SP1=3P(r" )P(G—/F)] “
rne P20 = P(I7 )P(G " /r’), (5)
P =SPI=SP(I)P(GH /) ©
Py uy

Mpu& =2, I"=2=4:7"=1-1,; I''=1-1,; I''=1-1; I''=1-1,.

Jnst aTOTO BapnaHra:
gin:]—[P_”ozi "= sP(r)PGl /T )] 7

rie P70 = iPHO = zP (r)rm/r). (8)

U T.J.
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BepOﬂTHOCTL TUITIOTC3bI Fio OIIPCACIINM KaK:

0 0 0
P(r f):HP(la)Hq (lé ) ©)
EeB, EeB,
rae f; u i, — 0003HaYCHHSI COOTBETCTBEHHO TTOAMHOKECTB pab0OTOCTIOCOOHBIX M OTKA3aBIIUX MOCTH-
KOBBIX pedep, COCTABISIONIUX TUIIOTE3Y F ;

P(Z ) — BEPOATHOCTH HAXOKICHHUS 06mero pebpa [ B paGoToCiocoGHOM COCTOSHHH, g (l 0) =1- P(l 0)
Pacuer ycioBHbIX BeposTHOCTel P(G.' ) u P(G ) BBIIIOJIHUM CONNIACHO CTPYKTYP YCJIOBHBIX OLICHOY-
ueix CI' JIC mo ITI1 — Gf u o [IP — G”P

., » IOTYYCHHBIX COOTBETCTBEHHO 3 oreHouHbIx CI' JIC GV m
G mpu yCIOBHH, UTO MOAMHOKECTBO L' = {IQ } 00muUX pedep HAXOAUTCS B COCTOSHUMH .

[TokaxkeM, 4TO MpUMEHEHHE KOMOMHATOPHOTO METO/A YCTpaHseT B3auMHoe nepecedenue OI1. C atoit
LENBI0 CHOPMYIIUPYEM U TIOKaKEM CIIEYIOIee YTBEPKICHHUE.

YrBep:xknenue. Jlano: ucxogusiii CI' JIC (puc. 1) u ero oueﬂquHe CI" AC (puc. 2a u puc. 20) mist
pacyera COOTBETCTBEHHO BEPXHEH OLIEHKU Pf v HKHel ouenku P ) BEPOATHOCTH CBA3HOCTH. Ecim
JUIs pacyeTa Psﬁa u Psﬁo pUMEHSIETCS MPEIOKEHHBII KOMOMHATOPHBIN METOT, TO OIYYaeMbIe IPH 3TOM
IByXCTOpoHHHE o1ileHKH BC Ha i-X UTEpalMOHHBIX [Iarax He MepeceKaroTCs.

TpeOyeTcst 1oka3arh:
P (r?)> P, (V. 1)

s Beex 3Havennit 0 < p(/.) <1.
0 0

Jloka3arejibCTBO. HOCKOJ‘IBKy BCEBO3MOXKHBIE THITOTE3bI [ = {I; }, ICIIOJIb3yeMBIE JUIs OIPEICIICHUS

BepxHel u HikHer O], sIBISIOTCS OJMHAKOBBIMU U COCTABJISIOT MOTHYIO TPYIIITY, TO COITIaCHO (POPMYITBI
BO HO 0

pasnoxenns Mypa-llleHnona a1 KaX 101 i-i TMIOTE3bI CIIPABEAINBO HEPABEHCTBO £, (F ) >P ()
s Beex 3Hauennit 0 < p(l) <1[12]. YTeepxkaenue nokasaso.

Jlist wiimrocTpaluy cofepkaHus MpeiioKeHHOTo MeTo/1a aHaimu3a AByxcropoHHux OOI1 Bocnions3yemcst
nByxMocTtukoBbiM CI' JIC, co ckBO3HOM HyMepanuen 31eMeHToB, puc. 1. [3]

2 10 4

3 11 5

Puc. 1. IByxmoctukosslii CI' JIC co ckBO3HOI Hymepalueil 31eMEHTOB

CTpyKTypHBIE 2JIEMEHTHI Ha pUC. | IMEIOT TOJBKO UG poBbie 0603HaueHus. Itot CI' JIC xapakrepu-
3yetrcs MHOXkecTBOM I1L] (puc. 2a) Buna:

=(7,10,13),M,_, = (8,11,14),M,_, = (7,10,12,14), M,_, = (7,9,11,14),

= ,(10
M, =(8,9,10,13), M,_ = (8,11,12,13), M,_, =(7,9,11,12,13), M,_, = (8,9,10,12,14) (10)

omnpenesstoniee BepxHioto OO, a Taxxe mHOXecTBOM I1P (prc. 26) Buza:
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7 _ 10 _ 13
8 ; 11 ; 14
L. — o1 o
S 7 Py 9 Py 11 . 14 t,
8 ° 9 ° 10 o 13
8 ~ 11 ° g. L)
7 ° 9 ° 11 ° 12 13
8 ° 9 o 10 ° 12 o—

Puc. 2. Cxemsl onienounsix CI' JIC gyt ODI1: a) — mo I111; 6) - mo ITP

o {rﬂzl =(7,8),r,_, = (10,11),7,_, = (13,14),7,_, = (8,9,10), r,_, = (11,12,13), } an

Vg = (7,9,1 1), Vg = (10,12,14), Vg = (8,9,12,13), Vg = (7,9,12,14)

omnpeaenstoiee HkHI00 OOI1.

Ha puc. 2a u 26 mocTukoBbie pedpa 9 u 12 BbiIel€Hbl TOHKUMU ABOWHBIMH JTUHUSMU.

[Tockombky B cTpykType ucxonnoro CI'JIC (puc. 1) umeercs 1Ba MOCTUKOBBIX pedpa (9 u 12), To monHas
rpymnma HECOBMECTHBIX COCTOSIHUM (TMIIOTE3) 3TUX pedep NpUMET BUJL:

r’={r/=0-12); r{=(9-12); 1= 9-12); 1;7=(9-12)}. (12)

C y4yeToM NoiaHOM rpynibl HeCOBMECTHBIX cocTosiHui (10), mponsBeneHo npeodpazoBaHUe HCXOAHOTO
11
ouenounoro CI" JIC G™ (puc. 2a) B ycnosubie onenounsie CI' IC G " mpencrasinennble Ha prc. 3, a

s.t; 0
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Taxke ucxoanoro orneHounoro CI' JIC GS'?ZU (puc. 26) B ycnoBHble oneHounbie CI' JIC Gf,” , IpeJICTaB-
JIEHHBIE Ha puc. 4.

Ha npencrasnennsix ycnoBubix CI JIC (puc. 3 u puc. 4) TeMHbIE KPYKKH 03HAYaIOT COSUHEHUE CMEX-
HBIX BEpIIMH B OOIIYIO TOUKY 110 0cOOBIM pedpam 9 u 12, korna 3tu pedpa HaxoasaTcs B paboToCcnocoOHOM
COCTOSIHUY; €CJIH TU pedpa HaXOAATCA B HEPAOOTOCTIOCOOHOM COCTOSIHUH, TO B COOTBETCTBYIOIIUX 3JI€-
MeHTapHbIX KoHCTpyKuusax (I u ITP) oOpa3yroTcst pa3pbIBbl, KOTOPBIE HAa YKa3aHHBIX BBIIIE PUCYHKaX
M300paKeHbI IITPUXOBBIMU JIMHUSMHU.

CdopmynupoBaHHBIE U JOKa3aHHBIE TTOJIOKEHUSI OTHOCUTEIHHO CIIPABEVIMBOCTH MPUMEHEHUS KOM-
OMHATOPHOTO METO/A Ui yCTpaHeHHs B3auMHOTO rnepecederns ODIl moaTBepauM CIEIyIONUM BBI-
YUCIIUTENBHBIM 3KCIIEPUMEHTOM.

1 ! L 1 : = :
| Ak SGE o (02) -6l
: SN i S B
i 7 10 1 7 10 1 :
: o o < ® 1
; 8 11 14 8 11 14 :
: O o o ® :
i 7 10 14 7 10 14 :
: . @ . @ .
i 7 14 7 11 14

S & — QI e et
i 8 . 10 PY 13 ___8__. .___19_..-.13--

i 11 13 8 11 13 i
: . o 'l' O ‘l' i
i 7 11 13 7 11 13 i
i > O et O D e :
H—e—e- a Do m
i a) 6) !
; o) e ()~
| AR | o L
i 7 10 13 7 10 13 :
: o o o o :
! 8 11 14 8 11 14 )
! @ ® @ O 1
i 7 10 14 7 10 14 :
| (e ®----- ° o-----% R----- ®--—--- ° ®----- !
i 7 11 14 7 11 14

:S @ < tS ----- ° ®----- o----- t
; 8 10 13 8 10 13

! @ —8 Qg - ® C== ®-----

i 8 11 13 8 11 13 !
Rk ®----- ° C=3=o | | === CotS ° C=E= '
] 7 11 13 7 11 13
CORg------ O ------ ° ®---- ----0 o----9 ®----

i 8 10 14 8 10 14

| | (=== ®------ ° - - ----0 ®----0 ®---

Puc. 3. [peoGpasosanue ouenouanoro CI' JIC G npu npunsituu i-oif runotesst
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Puc. 4. TIpeo6pazosanue onenoynoro CI" JIC Gftp TIPU MIPUHATHH i-Of THIIOTE3BI

BbruuciuM BepXHIO0O Psﬁo Y HUKHIOKO Psffo ouenku BC CT" IC (puc. 1) st ClieayrOIMX UCXOIHBIX
nauabix (M]1) mo mHamexHoctu pedep P = 0,5.
Jus mpunsiteix U/, onenky (5), ¢ yuetom paBeHcTBa (7) ompenennm CiaeayonM 00pa3om:

P10 =0,_,+0,085902228 . +0,14654541,_, +0,14654541,_, +0,19140625,_, = 0,570399298  (13)

BO
Torpa, cornacHo (13) MOHOTOHHYIO CXOAUMOCTh " K P, , onpeaenuM B CleayIoleM BUJe:

P¥ P, =1 — (1- 0,085902228 - = 0,914097772) 7

i=0,1

— (1-0,232447638 5 =

i=0,1

1

=0, 767552365) _ = (1—0,3789930481.:ﬁ =0, 621006952) _ - (1—0,570399298,&0,4 =

—0,429600702 = P%°) (14)
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P, > P, <P,

N
10 T
0.9 f{ o,914097772 Lo BOBCInG
0.8 ¢ e
0,767552365 L
0.7 %
06 ¢ 0,621006952
0.5 +P,  =0,509783201
0.4 1 * R.::l = 0,466173643 0,429600702
03 + =
P, =0422564022% P, 29328125
0.2 oo M L L x*- - >
P. =0,336246482
01 % Lt
0.22412002 0,242892263
I 0,164794921 DR
0,10546875 Bl HO BC AAC
} } i —> 1
0 1 2 3 4

Puc. 5. Unmoctpanust MOHOTOHHOM cxomumoct ODII K TOUHOMY 3HAUEHUIO
Jst mpunsaTeix U/ Pani = 0,5= e HO BC anamusupyemoro CI' JIC (puc. 1) cormmacuo (8) Oynet
paBHa:
pHO _ 0,0 +0,10546875,_; +0,059326171,_, +0,059326172,_; +0,018771171,_, =

s,

=0,_, — 0,10546875 [ 0,164794921 _ — 0, 224121092__73 — 0,242892263 - (15)

= =1,2 1, =1,

Pl ()P (D)2

1,00
0,90
0.0 P,=0,330922703
g A,=0,113573249
0,70 - e 6,,=0,009097703 <
o)) N
N o D D a
= = < Q ~ 3
0,50 % 3 a g < S P%,=0,44495954
(6, bex) o O- o 2
N 0 e
0’40 -- : .
B3anmHoe nepecedyeHue
030 I - ¢ ¥ Ps:=0,328125
, S °
I < ] o
0,20 in R 5 N N o o
~ ©0 o 9 I ) - Ho_
010 9 N N £ 5 5 N P".+=0,2173494
! n Q Q “ N w o 3
S = N c @ ® o & n=mg
0,00 = . 2 : . 2 . : : =
0 1 2 3 4 5 6 7 8 9 n=my

Puc. 6. Mnmoctpanust nepecedenust 6azoBbix OOI1
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Ha ocnose pasencts (14) u (15) na puc. 5 noctpoens! rpaguku MOHOTOHHOH cxomumocTr OJII
H B )
TouHOMY 3Hauenmio Buaa P'C — P, < P”° nusa ucxommoro CT JIC, puc. 1. Ha puc. 5 «3Be3109K0ii» TI0-
. ’ ’ BO HO
Ka3aHa [OLIAroBasi CXOAUMOCTb norpemHocty Bua P, = (P," + P,”)/2 x TounoMy 3HadeHuo P .

Ha puc. 6 npencrasnena rpapuueckas uareprperanus 6azobix OOI1 B tuHaAMMKe MX MOIIArOBOTO
n3MeHeHus1, npumenutenbHo k ananusy CI' JIC (puc.1) u U/ Buga: Pé:m =0,5= /AT [3].

AmHanus, mpeCTaBICHHBIX B BUJIE PUC. 5 PE3yJIbTAaTOB BHINOJIHEHHOTO YUCIIEHHOTO SKCIIEPUMEHTA M UX
cpaBHenue ¢ 6azoBsiMu OO (puc. 6) mOKa3bIBaeT, YTO MPEATOKEHHBI KOMOMHATOPHBIN METO/] aHATN3a
o0ecrieyrBaeT JMKBUAALMIO B3aUMHOTO nepecedeHus u cokpauienue norpemnocreii ICO BC CI' J1IC
oTHOcUTeNbHO 6a30BbIx OOII.
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Structural reliability. The theory and practice

Nosov M.B.

METHOD FOR ELIMINATION OF MUTUAL CROSSING
OF ESARY-PROSCHAN ESTIMATES IN TASKS OF ANALYSIS
OF BIPOLAR NETWORKS CONNECTIVITY

The paper presents the method for elimination of mutual crossing and reduction of Esary-Proshan esti-
mates errors.

Keywords: probability of connection, probability of discontinuity, bipolar network, random graph of bipolar
network, simple path, simple cut, upper bound, lower bound, exact value, Esary-Proshan estimates, bilat-
eral estimates, elementary designs.

1. Generalities and problem definition

Today the most known estimations of connectivity probability (CP) of bipolar networks (BN) are
Esary-Proshan estimates (EPE) [1, 3, 7, 8, 9].

As estimated random graphs of bipolar networks (RG BN), EPE graphs offered in [3] use:

* For calculation of the upper bound of estimations — estimated RG BN, consisting of a full set of simple
paths (SP) connected in parallel without the interdependence between circuits taken into account;

* For calculation of the lower bound of estimations — estimated RG BN, consisting of a full set of seri-
ally connected simple cuts (SC) without the interdependence between simple cuts taken into account.

However, the presence of dependences between SS or SC in corresponding estimated RG BN increases
EPE errors in relation to the exact value of CP BN [2, 3].

In addition, EPE at incomplete use of a theoretically possible set of SP and SC in estimated RG BN
mutually cross, that also being an essential disadvantage in EPE [3,6] (see fig. 6).

Owing to this, EPE retain “historical and methodical interest” but are not used for practical applica-
tion [9].

Therefore, below we consider the method that allows us to eliminate mutual crossing and to receive
monotonous convergence of EPE to the exact value of CP RG BN, and also to lower EPE errors.

Let us suppose that analyzed BN will be presented in the form of RG BN in which some message is
transferred between vertices-poles S and t.

Let us believe that the mathematical model of RG BN is formally specified, if besides vertices-poles
S and t, the restriction for the number of ¢ of transit vertices is also defined in connection paths between

S and t as such that 0<¢<(m,-2), where m, =|V = {vl_:m }| is the power of a vertex set RG BN.
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For the accepted conditions, it is required to present a theoretical justification of the method providing
monotonous (not overlapped) convergence of EPE to the exact value of CP RG BN, and also decrease
of EPE errors.

2. The method’s essence

In order to disclose the method’s essence, we shall use some theoretical proposition in studies [10,11]
and formulate the following theorem.

The theorem
Let the structure of analyzed RG BN consist of a vertex set V' ={9,},i = L,|m, |,

|m . | is the power of an edge set, in whose struc-

|mV | is the power

of a vertex set, and an edge set L = {Ii}, =1,

ture there is a subset of shared (bridge) edges L’ = {l 0} E=1Ljm, ‘, L’ € L. Let us assume that vertices of
RG BN are absolutely dependable. Dependability of a brldge edge/; ? is described by two states: operable
state /. ? or down state l., with corresponding probabilities. In view of this condition, we shall define the

number of all possible states (hypotheses) of bridge edges as:

r'=2"={r'}, (1)
where |m FU| 1s the power of a state set of shared edges.
Analyzed RG BN is characterized by SPsetM = {p }, n= ,andSCsetR ={r },n= ,[m, |,

where |m | is the power of SP set, and |m R| is the power of SC set which accordingly form the structure
of estimated RG BN under SP — GHU and the structure of estimated RG BN under SC — GHP .

Estimated RG BN G”U and G” when finding a subset of their bridge edges L’ = {l } in state /7 will
be transformed accordmgly into conditional estimated RG BN G’?H and G{YP 1e.

s,t(i)

1P mnp -
G /I, =G",

G/ r,=c"
{ ()

In studies [3,4] it was shown that in order to calculate the upper bound of EPE, the following equality
should be applied:

P =1-pX° 3)

s’

where PHols the lower bound of discontinuity probability of vertices s and t in RG BN.
For the spec1ﬁed conditions, it is required to prove the validity of application formulas of the following
form for calculation of CP upper and lower bounds of analyzed RG BN:

s,t

Pl = | pro= z z (re)e@m™/re )] (T. 1)
PHO_zPHO gP(r VPG /1), (T. 2)

where P(I"’) is the probability of the i-th state of a subset of bridge edges L= {IO } E=

L() 9
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P(G /r’ ) is the conditional probability of discontinuity of vertices S and ¢ of RG BN under SP,
corresponding to hypothesis I°\. For the sake of brevity of notation, we shall designate this probability
as P (GSHtU ), where G/ = G T py

(G”P /I 0) is the conditional probability of connection of vertices S and t RG BN under SC, corre-
sponding to hypothesis I"’. This estimation shall be designated as P (G”P ) where G = G, / I'};

p=pP(r) PG /1) (T.3)

(T3) is the probability of discontinuity of vertices S and ¢ of analyzed RG BN under SP provided that
RG BN is in state 17/

The proof o o

As the set of hypotheses (states) /'={I"},i= 1,m_, of a subset of bridge edges L’ = {lg },2’; =1,m,,
form a full group of disjoint events, and conditional RG BN (2) can be formed only according to one of
the hypotheses /”,i = 1,m,., then according to the contents of the formula for full probability [2], equality
(T.1) and (T. 2) are determined correctly. The theorem has been proved.

The consequence

For&=1, I’ =2"=2: 1=l I'! =1

Then:
2 2
aﬁozz—[Ps_fO SP7=3P (e /r ] (4)
where P2 = P(I'! )P(G! “r’), (5)
2
Py’ =%P, —zP(r”)P(G?f/r (©6)
AtE=2 I'"=2"=4:T"=1-1,; IV =1-1,; I =1-1; I''=1-1,.
For this alternative:
4 4 —_— <
P =1- [P”O: PO= r’)p /T’ ] 7
=3P = 3P(T)PEG/TY) ™
where P = zPHO = zP (r')p(Gr/r’). (®)

etc.
The probability of hypothesis /"’ we shall determine as follows:

P(r)=TTP ()T (2), ©)

EeB, EeB,
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where f; and B> are designations according to subsets of operable and failed bridge edges forming
hypothesis 77;;
P([) is the probability of finding the shared edge /{ in operable state, ¢ (lg) =1- P(lg0 )

Calculation of conditional probabilities P(G”” )and P(G”P ) is also feasible according to the structures of

conditional estimated RG BN under SP — GXJ and under SC — G!”", obtained accordingly from estimated

S,t; 2

RG BN G/ and G provided that the subset L’ = {lg} of shared edges is in [ state.

Let us show that the application of a combinatorial method eliminates mutual crossing of EPE. With
this purpose we shall formulate and prove the following statement.

The statement

It is given: initial RG BN (fig. 1) and its estimated RG BN (fig. 2a and fig. 2b) for calculation of the
upper estimate P and the lower estimate P of connection probability accordingly. If the offered com-
binatory method i is applied to calculation of PBO and Pffo, then bilateral estimations of CP received at the
i-th iterative steps do not overlap.

We need to prove:

P (r?)> PO, (U. 1)
for all values 0 < p(/;) <1.

The proof

As all the possible hypotheses 1™° = {I"’} used for definition of the upper and lower bounds of EPE
are identical and make up a full group, then according to a Moore-Shannon decomposition formula the
inequality PBO (F ) > P{fo (I'?) is true for each i-th hypothesis for all values 0 < p(l.) <1. The statement
has been proved

To illustrate the content of the offered method for analysis of bilateral EPE, we shall use two-bridge
RG BN with continuous numbering of elements, fig. 1 [3].

2 10 4

3 11 5

Fig. 1. Two-bridge RG BN with continuous numbering of elements

Structural elements in fig. 1 have only digital designations. This RG BN is characterized by a set of SP
(fig. 2, a) of the following form:

M, =(7,10,13),M,_, = (8,11,14),M,_, = (7,10,12,14),M,_, = (7,9,11,14),
M, = (10)
"M, =(8,9,10,13), M, = (8,11,12,13), M,_, =(7,9,11,12,13), M,_, = (8,9,10,12,14)
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determining the upper bound of EPE and also by a set of SC (fig. 2, b) having the following form:

o {rn=l =(7,8),7,_, = (10,11),r,_, = (13,14),7,_, = (8,9,10), r,_, = (11,12,13), } an

rs=(7,9,11), r,_, = (10,12,14), r,_, = (8,9,12,13), ,_, = (7,9,12,14)

determining the lower bound of EPE.

Bridge edges 9 and 12 presented in fig. 2, a and 2, b are marked by thin double lines.

As the structure of initial RG BN (fig. 1) has two bridge edges (9 and 12), then the full group of disjoint
states (hypotheses) of these edges will take the form:

r’={r/=©012); r{=(9-12); 1= 9-12); 17=(9-12)}. (12)

____________________________________________________________________

7 10 13
8 11 ) 14
7 10 PY 12 PY 14
S 7 ° 9 ° 11 14 t
8 ° 9 PY 10 13
8 11 - 124' 13
7 PY 9 PY 11 ° 12 ° 13
8 FQ _o 10 o— 121 14

Fig. 2. Diagrams of estimated RG BN for EPE: a) under I1L1; b) under ITP

In view of the full group of disjoint states (10), transformation of initial estimated RG BN G‘ft”
(fig. 2, a) in conditional estimated RG BN Gf]f[ , presented in fig. 3 was carried out. And also, transfor-

mation of initial estimated RG BN Gft” (fig. 2, b) in conditional estimated RG BN GSH,H , presented in
fig. 4 was made.

On presented conditional RG BN (fig. 3 and fig. 4) dark circles mean connection of adjacent vertices
in the shared point over special edges 9 and 12 when these edges are in upstate. If these edges are in
down state, then breaks are formed in corresponding elementary constructions (SP and SC) which in the
mentioned above figures are represented by dashed lines.
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10
11

a)

3]

10

10

7

7

11

11

7

- ®------»

at acceptance of the i-th hypotheses

my

8,0

Fig. 3. Transformation of estimated RG BN G

/1 at acceptance of the i-th hypotheses

Fig. 4. Transformation of estimated RG BN G,
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The formulated and proved statements concerning validity of a combinatory method application for
elimination of EPE mutual overlapping shall be confirmed by the following computing experiment.

Let us calculate upper Rﬁo and lower Psffo bounds of CP RG BN (fig. 1) for the following initial data
(ID) on dependability of edges Pegm = 0,5.

For accepted ID, estimation (5), in view of equality (7), shall be determined in the following form:

P =0,_,+0,085902228 _ +0,14654541,_, +0,14654541,_, +0,19140625,_, = 0,570399298. (13)

Then, according to (13), we shall determine monotonous convergence Rio to P, as follows:

PY P, =1, —(1-0,085902228  =0,914097772)

st 8,t et
i=0,1

. (1— 0,232447638 - =0, 767552365)_

. (1— 0,378993048 —

—0, 621006952) -

— (1— 0,570399298,_, , = 0,429600702 = PSB,O) . (14)
i=0,3 T e ’

i=0,4
For accepted ID P = 0,5= 9 the lower bound CP of analyzed RG BN (Fig. 1) according to (8)
will be equal to:

PH? =0,y +0,10546875_; +0,059326171,_, +0,059326172,_5 +0,018771171,_, =

=0, —0,10546875 —0,164794921 _

- =12

—0,224121092 _ —0,242892263 _. (15)

On the basis of equality (14) and (15), fig. 5 presents graphs of EPE monotonous convergence to the
exact value PSO - P, « Psﬁo for initial RG BN, fig. 1. In fig. 5 “asterisk™ shows step-by-step convergence
of the following error £, = (PS]?,I_O + P:;_O) /2 to the exact value P, ,.

P, =P, P
1.0

0.9 0,814087772 % Upper bound RG BN

s
s
’

0.8 e
0,767552365 L

07
0.6 0,621006952
0.5 1P, =0,509783201
04 ¥ p —0466173643 0,429600702
03
P =0,422564022% P, =0,328125
02 oo Ry S x- - >
P, =0,336246482
0.1 —
I 0,22412092 0,242892263
I 0,164794921 AR
: : - —> |
0 1 2 3 4

Fig. 5. Illustration of EPE monotonous convergence to the exact value
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Fig. 6 presents graphic interpretation of basic EPE in dynamics of their step-by-step change, with regard
to RG BN analysis (fig. 1) and ID of the following kind P&,,:m =0,5= 9515 [3].

The analysis of the results of the executed numerical experiment presented in fig. 5 and their comparison
with basic EPE (fig. 6) shows that the offered combinatory method of the analysis provides elimination
of mutual crossing and reduction of CP RG BN errors in relation to basic EPE.

Pl ()P (D)

1,00

0,90 A

P-,=0,330922703

0,80 -
A,,=0,113573249
0,70 - e 6,,=0,009097703 2
(o))
N o [ <] 2
N ) [Tp} ~ <
= 2 < 0 ] <
0,50 3 8 3 g = S P%,=0,44495954
2 o0 o N
0’40 - : O
mutual intersection
030 | . Ms,t=o,328125
o E
0,20 - © S S ‘3 o
2 e 3 8 @ Y 2 o
@ N S © 8 R N PY=0,2173494
0,10 - < N ® ] 3 @
’ n 9 % g N et o %
9 o S @ © x ® n=mg
0,00 - . . , . ; , . , .
0 1 2 3 4 5 6 7 8 9 n=mp

Fig. 6. Illustration of basic EPE crossing
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CTpyKTYypHasi HaAeXHOoCTb. Teopusa 1 NpakTuKa

Merywwun C.J1., LUymuxuH A.T.

NMPUMEHEHUE TAKTUKU MNOCJIEAOBATEJIbHbIX
KOHTPOJIbHbIX UCMbITAHUA HA HABEXXHOCTb
3JIEMEHTOB ACY TN U ABTOMATU4ECKOM MNA3
B YCJTOBUAX SKCIJIYATAULUU ANA EE YHETA
NPU FMEA - AHAJIN3E

B cratbe paccmoTpeHa MeToavKa MPUMEHEHUsI B YCJIOBUSIX JKCrislyataumm /11 TEXHUYECKUX CPEACTB
ACY TI1 n aBTOMaTn4eckou npotmBoaBapuiiHon 3awumntsl (MMA3) HepTenepepabarbiBaoLLmX MPON3BOACTS,
OCHOBaHHasi Ha TakTUKE OC/1eA0BaTe IbHbIX KOHTPOJIbHbIX UCMbITAHWIA Ha HaAEXHOCTb, U y4eTa pe3ysb-
TaroB UCMbITAHWV MPU aHaanm3e 0TKa30B U WX MOCAEACTBUNM B COOTBETCTBUM C metogosorneri FMEA —
aHanmsa. lpeanonaraeTcsi, 4TO yC0BUS SKCryataumm pasinyHbIX TUMOB TEXHUYECKMX CPEACTB COOTBET-
CTBYIOT PEXUMY «HOPMAasIbHOr0» QYHKLUMOHNPOBAHNS CUCTEMbI 1 3KCIMOHEHLMAIbHOMY (roka3aTtesibHOMY)
3aKOHy pacrpenesneHns BpeMeHn 6e30Tka3Hov paboTtsl. B HoTtaumn IDEF3 CTPyKTYpHOro MoaenpoBaHus
npuBeAEeHO onuMcaHue rnpoLecca UCMbITaHWA, aHaam3a npuYnH oTka3oB, Pa3paboTku MepOorpusITUL 1Mo mx
npegoTBpalleHnto. BeneHne eanHovi 6a3bl AaHHbIX M0 KOHTPOJIbHbIM WUCMbITAHUSIM Ha HaAeXHOCTb OCYy-
wecrtsasercsa B PDM-cucteme.

Knio4yeBbie cnoBa: Hequenepepa60TKa, aBTomMartn3npoBaHHasl cucremMma yripaBJieHns, Haae>XXHOoOCTb, pu-
YYHbI N NOCJ/1Ie4CTBNsS OTKa30oB, aHallns.

[Tpu skcrmyaranuu komruiekca cpenctB ACY TII u aBromarnueckoit [IA3 Bo3HMKaeT HEOOXOIUMOCTh
B KOHTpPOJIE IPUMEHSAEMbIX TEXHUUYECKUX CPEACTB HAa COOTBETCTBHUE MOKa3aTesel UX HaJAeKHOCTHU 3Ha-
YEHUSIM, MPEyCMOTPEHHBIM HOPMAaTUBHOW M KOHCTPYKTOPCKO-TIpoekTHOU nokymenTanuu (HTI). s
OpraHu3allMi TaKOTO KOHTPOJIS pacCMaTPUBAETCSA MPUMEHEHHE B YCJIOBHSIX IKCIUTyaTallud TaKTHKU
MOCJIEIOBATENBHBIX KOHTPOJIbHBIX HCIBITAHUI Ha HAJAEKHOCTH JJIs SKCIIOHEHIIMAJIBLHOTO 3aKOHA pac-
MpeaeeHUs BEPOSITHOCTH OTKa30B [1].

[TpumeHeHue 3Tol METOIUKH PACCMOTPEHO Ha MpUMepe JaTdyukoB AasieHus neuu [1-2/3 ycranoBku
CeJNIeKTUBHOM ouncTku Macen 37-10 HedrenepepadaTbIBaOIEro MPOU3BOACTBA AJS CIACAYIONINX HC-
XOJIHBIX JaHHBIX:

— o0lIIee KOJIMYECTBO JAaTYMKOB naBiaeHus N=14;

— Hapabotka ¢ = 4392 4aca;

— puck norpedurens o = 0.05;

— puck noctaBmuka § = 0.05;
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1 ABTOMATUYECKOW MA3 B YCIOBUAX 3KCMNJTYATALIUM ANS EE YYETA MPU FMEA — AHAJIUSE

— OpaKOBOYHOE 3HAYEHHE KOHTPOIMPYEMOTO MOKA3aTeNs — BpeMeHu 0e30TkasHoi paboter 73=10000 va-
cOB (IPUHUMAETCS HA OCHOBE TEXHUYECKOH IOKYMEHTALMU Ha 000PYAOBAaHHUE UJIH 110 COIIACOBAHUIO C
3aKa3YMKOM M3/ICIIUN);

— NPUEMOYHOE 3HaYeHHE KOHTpoiupyemoro nokasarens 7,=20000 yacoB (mpuHUMAETCs] Ha OCHOBE
TEXHUYECKOW JOKyMEHTAIMK Ha 000pyI0BaHHE WM TI0 COTTTACOBAHMUIO C 3aKa3YUKOM);

— ornowmenwue (7, / Tp) = 2.

B cootBercTBHEN ¢ MeTOnMKOM [ 1] onpenenstoTcs rpaHUIbl COOTBETCTBUS:

rr=a(ts /| Ty—t,/ Ty),

¥ HECOOTBETCTBHSA

r=ats/ Ty+r,,

IJie o — TAaHTEHC yIJIa HaKJIOHA MPSIMOM; 7 — YUCIIO OTKA30B MJIM YHCIO OTKA3aBIIMX OOBEKTOB; 7, —
TOYKA TIepECEUSHHsI JINHUM HECOOTBETCTBHS C OCHIO OPAMHAT; fy — OKUAaeMasi CyMMapHasi HapaboTKa 70
MIPUHATHUS PEIICHUS; {, — TOYKA NMEPECEUCHNUs JIMHUU COOTBETCTBHUS C OCBIO abCIuCC.

B cooTBeTCTBHM € TIIAHOM KOHTPOJIS CPEIHUX TOKa3aTeNei HaeKHOCTHU IO TTOCIIeI0BAaTEIbHOMY Me-
TOJLy JUIsl 9KCTIOHEHIIMAIILHOTO Pacipeesenus, npuseiennom B [1] ns ciyyas 7,/ Ty =2 u o= B = 0.05
HAXOZATCs 3Hadenus: a = 1.44; 1, =425, 1,/ T, = 2.94; ts | T, = 8.64; 1y, = 25 (1} — IPENENBHOE YUCIIO
OTPHILIATEIFHBIX UCXOA0B TPU YCEUEHHOM IOCIIEA0BATEILHOM KOHTPOJIE).

Osxuaemasi cymMmMapHasi HapaboTKa 10 IPUHSTHS PELISHHUS O COOTBETCTBHH (HECOOTBETCTBUH ) OTIpEIe-
asieTcst mo popmyiie

ty=Nt=Y1, (1
J=1

TJ€e {,; — IVIATENBHOCTD BOCCTAHOBIIEHUs PA0OTOCTIOCOOHOTO COCTOSHUS TIOCIIE j-TO U3 7' OTKAa30B WU
JUTUTENTEHOCTD 3aMEHBI j-TO U3 7 OTKa3aBIIMX 00pa3I[0B HOBBIM; f — HapaOOTKa, M3MepsiemMas B 4acax.
3a uHTEepBan HapaboTKku ¢ = 4392 yaca OTKAa30B JATYMKOB JIaBJICHUS B DKCIIEPUMEHTE 3a(pUKCH-
poBaHO HE OBUIO M OXHJaeMas cCyMMapHas HapaboTka, BeruuciieHHas o ¢opmyie (1), cocraBuia
-

ty = Nt— 2 1, =14-4392 = 61488 1, COOTBETCTBEHHO, OTHOIIEHHUE f5 /T;, = 61488/20000 cocrasuio 3.0744.

J=1

Ipadhmk nocnegoBaTenbHbIX KOHTPOSBbHBIX UCTbITAHWUI

14 30Ha HECOOTBETCTBUA

TR

30Ha ucnbiTaHumn

KonuuyecTBO OTKa3oB

30Ha COOTBETCTBMSA

Bpemsi KOHTPOSILHbLIX UCMbLITAHWUIA

—e— JIMHUA HECOOTEETCTBMA
—a— [IMHUA COOTBETCTBMA
Fpachuk KOHTRONBHOMO NOCNef0BaTeNbHOro UCNBITaHWA

Puc. 1. l"paq)mc NOCJICA0BATCIIbHBIX KOHTPOJIBbHBIX HCTIBITAaHUA JJIA JaTYUKOB JTaBJICHUA
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NMPUMEHEHUE TAKTUKWU NOCNEQOBATEJIbHbIX KOHTPOJ1IbHbIX UCMbITAHUA HA HALEXXHOCTb 3JIEMEHTOB ACY T
M ABTOMATUYECKOM MA3 B YCNIOBUAX 3KCMNNYATALMM ONS EE YYETA MPU FMEA — AHAJIUSE

I'padwik KOHTPOIBHBIX TIOCIIEAOBATELHBIX UCIIBITAHUH TSI SKCTIOHEHITMATBHOTO 3aKOHA pacIpeesie-
HUS, TIOCTPOCHHBIN B COOTBETCTBUU C METOJIMKOM [1], mpencrasnen Ha puc. 1.
[IpencraBneHHbIN PUCYHOK WIUTIOCTPUPYET, UTO JATUYUKHU JIABJICHUS B PacCMAaTPUBAEMOM MpPUMEPE

MIPOILJIM KOHTPOJIbHBIE UCTIBITAHHS MTPU IKCIUTyaTalluid ¥ MOTYT UCIIOJIB30BaThCsl Ha Hedrenepepadarsi-
BAIOIIEM MPEIIPUATHH.

Nudopmanus mo pesynbraraMm KOHTPOJIBHBIX HAOIIOJACHMIA, HAKOTUICHHAS B €AMHON 0ase JaHHBIX,
MO3BOJISIET MCIIONB30BAaTh JaHHBIE MPU BBIOOpE 000pYyHOBaHUS JJIs1 BHOBH IMPOCKTHPYEMBIX U PEKOH-
CTPYUPYCMBIX TCXHOJOTHUYCCKHUX YCTAHOBOK He(bTeHepepa60TKH, CHU3UTH BHCIINIAHOBBIC OCTAHOBKU B
pe3yabrare 0TKa3a 3JIEeMEHTOB KOMIUIEKCA TEXHUYECKUX CPEJICTB 33 CUET COOTBETCTBYIOIIETO TEXHUYE-
CKOTO OOCITY)KHBaHHUS.

B cnygae, ecnu 00opynoBaHKie HE MPOILIO KOHTPOJIbHBIC HCIIBITAHHS, HEOOXOIMMO TPOAHATU3UPO-
BaTh IPUYMHBI OTKA30B U BEIPA0OTATh MEPONPHUATHS 10 UX YCTPAHEHHUIO. B KauecTBe METONOIOTHH 1151

aHaJM3a MPUYMH OTKA30B U UX MOCIEACTBUI BO3MOxHO npumeHenne FMEA-merononoruu. Tabnuma
FMEA-ananu3a umeeT cieayonui BUu/I;

Tabauna 1. Ilpumep Tadanust FMEA

IMapa-
Ilorenum-
Bua norenum-| Ilocaen- |3unaum- Bo3nuk-| Mepsbl no |O0Hapy-| Pexomen- MeTp
Bua 060- ajbHbIE
AJILHOTO OT- | CTBHS OT- | MOCTh HOBEHHE| O0HApY)Ke- | JKeHHE | JaTeJIbHbIE | PUCKa
py1oBaHuUsI NPUYAHBI
Ka3a Ka3a 0TKa3a 0TKa3a | HMIO 0TKa3a | 0TKa3a Mepbl nmorpe-
oTKa3a
ouTesst
N3yuenue
MPUYIHHBI
Busyans- p
. 00priBa. Bo3-
HBI OCMOTP
Hewncmpag- OOpbIB TEp- MOKHO, TTPH-
OTtcyTcTBHE TEepMOIIaphI,
OTka3 nat-| HOCTH YyB- MOTIapFl, YUHBI OOPBI-
JAHHBIX Ha MIPO3BOHKA
YUKa TEM- | CTBUTEILHOTO 4 TepMOMETpa 2 1 Ba CBSI3aHBI C 8
MOHHUTOPE TEPMOTIapHI,
MepaTypsl | dIEMEHTa U3- COIIPOTHBIIC- MOHTa)KHBI-
oreparopa HU3MepeHue
MEpECHHUS HUS MU paboTamu
COTIPOTHBIIE-
Ha TEXHO-
HUSA
JIOTHYECKOM
o0BeKTe
BusyanbHblii
OCMOT
Heucnpas- | OtcyTcTBHE P,
Ortkas mar- OTxka3 mpe- JTMarHOCTHKA
vocth HART | maHHBIX Ha Hanuuue
YHKa TEM- 10 obpasoBa- 3 HART- xom- 2 60
npeoOpas3oBa- | MOHHUTOpPE 3UIT
TepaTypol TeNs MYyHHKAaTO-
Tems oreparopa
pOM HITH
AMS

3nauenue kodpdunmenrta «I[lapamerp puck norpedutens» B TabIUIE ONpenesieTcs Kak Mpou3Bee-
Hue Ko3(pPuurenToB «3HaUUMOCTh», «Bo3HUKHOBeHHE OTKa3a» U «ObOHapyxeHue». KosdduureHnTs

Ui Toniel «3HaYMMOoCThy», «Bo3HHKHOBeHHE OTKaza», «OOHapyKeHHe)» YCTaHABIMBAIOTCS Ha OCHOBE
SKCHEPTHBIX OIECHOK [2].

Omnucanne mpouecca KOHTPOJbHBIX I/ICHBITaHI/Iﬁ, dHaJIn3a IIpUYIUH OTKAa30B U pa3pa60TKH MGPOHpI/IHTI/Iﬁ

0 WX MPEIOTBPALICHUIO cXeMaTu4HO, B HoTauuu IDEF3 cTpykTypHOro MoaenupoBaHus MpeacTaBIeHO
Ha puc. 2.
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NPUMEHEHUE TAKTUKWU NOCNEAOBATEJIbHbIX KOHTPOJ1IbHbIX UCMbITAHUA HA HALEXXHOCTb 3JIEMEHTOB ACY TN

M ABTOMATUYECKOW MA3 B YCIOBUAX 3KCMNJTYATALIUM ANS EE YYETA MPU FMEA — AHAJIUSE

USED AT: AUTHOR: MerywwH CTaHKucnas DATE: 27.07.2009 .WORKING READER DATE [CONTEXT:
PROJECT: Data base REV: 27.07.2009 DRAFT -
—
RECOMMENDED —
NOTES: 12345678910 PUBLICATION A5 —
p. -
AHanu3 KonuyecTea ™
OTKa30B
p.
AHanu3 NPUIKH
0TKa308 060PYA0BAHUA
i
PaspaboTka MeponpuATHiA No
YCTRAHeHUIo 0Tka308 0B0pyAoBaHNA
Hop.
AHaNU3 COOTBETCTBMA TEXHUIBCKUM CMELMBUKaLMAM

¥ NPOEKTHON AOKYMEHTALMKM 0TKa3aBLWero 06OPYA0BaHUA
Hop.

MpoBeAeHUe KOHTPONbHLIX UCMLITAHUIA

-~
NODE: TITLE: MpoBeaeHne aHanusa AaHHbIX NUMBER:

Puc. 2. Cxema IDEF3 npoiiecca KOHTPOJIbHBIX TOCIEA0BATENbHBIX UCITBITAHUN

Pe3ynbrarel mpoBeneHNsi KOHTPOJIBHBIX UCTIBITAHUN XpaHATCS B €IMHON 0aze gaHHbIX. [[puMenenue
ennHOW 0a3bl JaHHBIX MO3BOJISIET UCIOIB30BATH OOJIBIIEE KOJINIECTBO BEIOOPOK ISl IPOBEACHUS KOH-
TPOJIBHBIX UCIIBITAHHUH, YTO YMEHBINAET BEPOSTHOCTH COBEPIIUTH OMMOKY 1-T0 mim 2-10 poja mpu mpH-
HSITUM PELIEHUs O COOTBETCTBUU (HECOOTBETCTBUM) 10 KaXKJIOMY THUILy 00OpY/I0BaHUSI.

Jli1g co3nanus v BBEICHUsI €IMHOM 0a3bl JaHHBIX BO3MOYKHO HcToiib3oBaHue PDM-cuctemsl, pparMeHT
«OKHa» KOTOpPO IPEJCTaBIEH Ha puc. 3.

#--[Z} Moi paboumi cTon

H.

=1 [ Mankw
- [C3) Mpoekt NA3 37-10
= ) Jkcnnyatauma
= [|f)| KOHTpOAbHbIE HCMbITaHHS 0B0pYAOBaHHS |

K.OHTPOMEHEIE MCMBITaHWA BAPEEPOB MCKPO3ALWMTE! ¢ <THn 000pY A0BaHHA>
KOHTPONBHBIE MCMBITAHMSA A3TUMKOB AAENeHHE ¢ <Tkn npubiopa>

I---- () » KoHTpOnbHbIE MCMBITaHWA ATHMKOE PacxoAa : <THn Npubopas

- [ » KoHTponbHbIE MCMbITaHKS AATHHKOB TEMNEpaTYPE! : <Thn nprfiopa

- [ » KoHTpOnbHbIE MCMBITEHHS KOHTPONNEPOE CHCTEMB! YNIPABNEHHS : <THN 00CPY ACBEHHS >
- [ » KoHTponbHbie McnbiTaHka MoAy el EB0AA/BLIB0AA | <THN 0BopY ACBaHNA >
-~ [ » KoHTponbHele MonbITaHMA NpHBOpOB KauecTsa @ <Thn nprBopa >

E) OTueTbl no TO

[C3) MnaHbi MEpONPHATHIA

[C3) Pexnamaumm no obopy AGBaHHH

[C3) CrarkcTHka oTkasos

o[

Puc. 3. ®parmMeHT KOHTPOIBHBIX UcTbITaHni B PDM-cucteme
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NMPUMEHEHUE TAKTUKWU NOCNEQOBATEJIbHbIX KOHTPOJ1IbHbIX UCMbITAHUA HA HALEXXHOCTb 3JIEMEHTOB ACY T
M ABTOMATUYECKOM MA3 B YCNIOBUAX 3KCMNNYATALMM ONS EE YYETA MPU FMEA — AHAJIUSE

[TpoBeeHne KOHTPOJIBHBIX UCTIBITAHUHN TO3BOJISIET B PEAIbHBIX YCIOBHSIX OLEHUTh HAJICKHOCTh IKC-
IUTyaTHPYeMOTO 000py/I0BaHUs cucTeM aBromMariueckoii [TA3, pa3paborarh MEpOIIPUATHS [0 YCTPAHCHUIO
BBISIBIICHHBIX HEHUCIIPABHOCTEH M BHECTH COOTBETCTBYOIIUE H3MEHEHHSI B TIPOCKTHYFO M SKCILTyaTallMOH-
HYIO TOKYMEHTAIIHH, C [IEJIbI0 COBEPILICHCTBOBAHUS KOH(PHUTYPALIUU CHCTEM U PETVIAMEHTOB TEXHUYECKOTO
00CITyKHBaHHUS.
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Structural reliability. The theory and practice

Pegushin S.L., Shumikhin A.G.

APPLICATION OF THE TACTICS OF DEPENDABILITY
CONSECUTIVE CHECK TESTS OF CAM ELEMENTS

AND AUTOMATED SIS UNDER OPERATING CONDITIONS
FOR USE OF RESULTS IN FMEA ANALYSIS

The paper considers the technique based on the tactics of consecutive check tests of dependability and
applied for the equipment of computer-aided manufacturing (CAM) and automated safety instrumented
systems (SIS) of oil refineries under operating conditions, with subsequent use of testing results in failure
mode and effects analysis (FMEA). It is supposed that operation conditions for various types of equipment
correspond to a mode of system “regular” functioning and to the exponential law of distribution of mean
time to failure. The IDEF3 notation of structural modeling describes the testing process, analysis of failure
causes, and development of measures to prevent them. A common database on dependability check tests
is kept in PDM (Product Data Management) system.

Keywords: oil refining, automated control system, dependability, failure causes and effects, analysis.

The maintenance of CAM and automated SIS technological complexes brings necessity in control of
engineering means as to compliance of their dependability parameters to the values stipulated in regula-
tory documents and specifications. To establish such control, application of the tactics of dependability
consecutive check tests under operating conditions is considered for the exponential law of failure prob-
ability distribution [1].

Application of this technique is considered using the example of P-2/3 furnace pressure sensors of the
37-10 oil refining installation for selective oil cleaning for the following initial data:

- total of pressure sensors;

- lifetime ¢ = 4392 h;

- consumer risk o = 0.05;

- producer risk = 0.05;

- rejection value of the controllable parameter — time to failure 75=10000 hours (accepted on the basis
of specifications for equipment or as agreed with the customer of products);

- acceptance value of the controllable parameter 7,=20000 hours (accepted on the basis of specifica-
tions for equipment or as agreed with the customer);

- ratio (7, / Tp) = 2.
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AND AUTOMATED SIS UNDER OPERATING CONDITIONS FOR USE OF RESULTS IN FMEA ANALYSIS

Boundaries of compliance are determined according to technique [1]:

r=a(ts /| Ty—t,/ Ty),

and boundaries of discrepancy are determined as follows

r=ats/ Ty+r,,

where a is the tangent of inclination of line; » is the number of failures or failed objects; 7, is the point
of discrepancy line crossing with ordinate axis; # is the expected total time to failure before decision-
making; ¢, is the point of line compliance crossing with abscissa axis.

According to the plan of control of average dependability indices by a consecutive method for expo-
nential distribution presented in [1] for the case 7,/ Ty = 2 and a. = = 0.05, the values are determined as
a=144;r,=4.25,1,/ T,=2.94; ts/ T, = 8.64; r,. = 25 (1), is the limiting number of negative outcomes
at the truncated consecutive control).

The expected total time to failure before decision-making about compliance (discrepancy) is determined
under the following formula

ty=Nt=Y1, (1)
j=1

where 7,; is the recovery time of upstate after the j-th failure from  failures or duration of the j-th speci-
men replacement from 7 failed specimens by new ones; ¢ is the time to failure measured in hours.

For the interval of time to failure # = 4392 hours, there have not been registered any failures of pressure
sensors in the experiment, and the expected total time to failure calculated under formula (1), has made up

t, = Nt— 2 1, =14-4392 = 61488 and, accordingly, the ratio /T, = 61488/20000 has made up 3.0744.
j=1
The diagram of consecutive check tests for the exponential law of distribution, constructed according
to technique [1], is presented in fig. 1.
The presented figure illustrates that pressure sensors in the example under consideration have passed
check tests at operation and can be used at an oil refining enterprise.

The diagram of consecutive check tests

Compliance area

10

eI

Testing area

Number of failures
(=]

Discrepancy area

Duration of consecutive check tests

—e—Discrepancy line
—a— Compliance line
The diagram of consecutive check test

Fig. 1. The diagram of consecutive check tests for pressure sensors
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The information about the results of control observations accumulated in the common database allows
us to use the data to select equipment for newly designed and reconstructed technological installations
of oil refining, to reduce off-schedule stops as a result of technological complex element failure due to
respective maintenance.

In case the equipment has not passed check tests, it is necessary to analyze failure causes and to develop
actions for their elimination. It is possible to use FMEA-methodology as a methodology for failure causes

analysis and their effects. The table of the FMEA-analysis has the following form:

Table 1. Example of FMEA table

Equip- | Potential . Failure | Potential |Failure . .. | Failure Consumer
awp . Failure A . Actions of fail- Recommended .
ment failure signifi- failure occur- . detec- . risk pa-
effects ure detection . actions
type mode cance cause rence tion rameter
Studying the
Failure Visual survey causes of break-
Tem- Absence Thermocou- of the thermo- age. Probably,
of mea-
perature surement of data on 4 ple break of ) couple, thermo- | causes of break- 3
transduc- operator resistance couple ringup, age are connect-
. compo- . . .
er failure nent monitor thermometer measurement of ed to installation
resistance works on techno-
logical object
Tem- | Malfunc- | Absence . Visual survey,
. Conversion . .
perature | tion of | of data on 10 device fail 3 diagnostics by ) Presence of spare 60
transduc-| HART | operator ure HART- commu- parts
er failure | converter | monitor nicator or AMS
USEDAT:  |AUTHOR: Pegushin S. oaTe: 27.07 2008 [ workine READER DATE | CONTEXT:
PROJECT: Data base REV: 27.07.2008| |DRAFT -
RECOMMENDED —
NOTES: 12345678810 PUBLICATION A5 —
p. Analyses of |y
failure quantity b
p. Analyses of
equipment
failure causes
n.
Development of actions for
elimination of equipment failure
.
lnAnaIyses of compliance with specification
and design documentation of failed equipmen
(On. Check testing
of failed equipment A
NODE: TITLE: i NUMBER:
A51.1 Data analysis
. ,7

Fig. 2. IDEF3 scheme of consecutive check test process
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AND AUTOMATED SIS UNDER OPERATING CONDITIONS FOR USE OF RESULTS IN FMEA ANALYSIS

The value of the factor “Consumer risk parameter” in the table is defined as product of factors «Im-
portancey, “Failure occurrence” and «Failure detection». Factors for the fields «Importance», “Failure
occurrence” and «Failure detection» are established based on expert estimations [2].

The description of the check test process, the analysis of failure causes and development of actions on
their prevention, schematically is presented in fig. 2 in the IDEF3 notation of structural modeling.

Results of check tests are stored in a common database. Application of a common database allows us
to use a lot of samples for carrying out check tests, which reduces a probability to make a mistake of the
1-st or 2-nd kind at decision-making on compliance (discrepancy) for each type of equipment.

For creation and introduction of a common database it is possible to use PDM-system, whose «win-
dow» fragment is shown in fig. 3.

#--[Z} Moi paboumi cTon

= [C3) MNankw

- [C3) Mpoekt NA3 37-10

= £ Ikcnnyatauma

= () [ KoHTponsHele McnbiTaHka obopyaosaHks |

: [) » KoHTponsHbIE HCMbITaHMS 6APEEPOB HCKPO3AWHTE | <THN 0B0PY A0BAHHA

- [ » KoHTPORbHBIE MCMBITAHMA AATUHKOE ASENEHWE | <Thn npuBopa>

- [ » KoHTponbHbIE MCMbITAHMA ASTHHKOE pacxoaa @ <Thn npubopas

KOHTPONbHEIE HCMEITAHKA AATYMKOE TEMNEpPaTYpR! ¢ <Twn npubopa
- [ » KoHTPORbHEIE HCMBITEHMA KOHTPONNEPOE CHCTEMBI YNPABNEHHS | <THN 0B0pY A0BaHHAS
- [ » KoHTponbHbIE MCMBITaHMA MOAYNEH BBOAAJBLIBOAA | <THN ofopy ACBaHKAS
-~ [ » KoHTponbHele MonbITaHMA NpHBOpOB KauecTsa @ <Thn nprBopa >

------ Iy CTueTeina TO

- E) MnaHbl MEPONPHATHA

[+ [[f) Pernamaumm no obopy 40BaHMHD

- ) CTaTHCTHKA OTKAZ0B

-

Fig. 3. A fragment of check tests in PDM-system

Carrying out control tests allows us to estimate in real conditions the dependability of operating equip-
ment in automated SIS, to developing actions for elimination of revealed malfunctions and to bring
appropriate alterations to designing and operational documentation with the purpose of perfection of a
system configuration and maintenance regulations.
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dDyHKUMOHaNbHAA HAAEXHOCTb. Teopus U NpakTUKa

LWybéunHckwnii N.B.

METOAbl OBECMNEYEHUSA ®YHKLUOHAJIbBHOMN
HAOEXHOCTU NPOIrPAMM

B cTatbe paccmatpuBaloTCs OCHOBHbLIE aCIeKTbl MOCTPOEHUS HaAEXHOro rnporpamMmmMHOro obecredyeHus.
O6cyxaaTcss MeToabl U Criocobbl NMPeaynpexmneHns olwmnbok Ha OCHOBE 3alLMTHOIO M MHOMOBEPCHUOHHO-
ro nporpaMmupoBaHus, CPEACTBa NacCUBHOIMrO U aKkTUBHOIO OOHaPYXeHWs OLLUMOOK, NPUHLMMILI U METOLb!
ucnpas/ieHns: OLLINOGOK Ha OCHOBE ANHAMMWUYECKON N36bITOYHOCTU 1 pecTapTa. bosibiioe BHUMaHWe B cTaThbe
yAEeNAaeTcs PeLIeHuio 3a4a4 MoCTPOEHUS MPOrPaMM yCTONYMBLIX K OLUMOKAM C MTOMOLLbIO MEeTOA0B OTCTY-
M/1eHUS, METOLO0B N30JISLMN OLLIMOOK M NOCTPOEHUS U3OLITOYHBIX aJIFOPUTMOB HE KPUTUYHBIX K Pa3/INYHOMo
poaa HapyLIeHUaM MHOOPMAaLIMOHHOro npoLecca.

Knro4yeBble cnoBa: nporpamma, oLumbka, HaaexHoCTb rnporpamMmm, ripeayripexaneHme OLLMOOK, 06Hapy)Ke—
Hue oLmnbok, ucripasJjieHne OLLMNOOK, )/CTOIZLIMBOCTb K olumbkaMm, 3alymTHoe rporpammrpoBsaHue, MHOIro-
BEepPCUOHHOE TriporpamMmMmupoBaHve, pectapt, AnHamMun4eckas M306bITOYHOCTb, aJiropyuTMmmny4eckas n36bITOY-
HOCTb, M30J1LUMST OLLUMOOK.

1. BBepeHue

@OyHKIMOHAIbHAS HaJIS)KHOCTh NHPOPMAIIMOHHBIX CUCTEM B 3HAUUTEIBHONU MEPE 3aBUCUT OT HA/I€XK-
HOCTH IPOTrpaMMHBIX cpeACTB [1]. Bce mpuHIumel 1 MmeTos! oOecnedeHus: GyHKIIMOHATBHOM HAICKHO-
CTH MPOTpamMM, B COOTBETCTBHH C UX LEJIbIO, MOKHO Pa3/IeIUTh Ha YEThIPE TPYIIILL: npedynpexcoenue
OMUO0K, 00HapysceHue ouudoK, ucnpasienue OuudoK U obecnedyenue yCmouuueoCmu K OuuodKam
(puc. 1). K nepBoii rpyIine OTHOCATCS MPUHIMUIIBI U METOAbI, O3BOJISIOLUINE MUHUMHU3UPOBATh MK BO-
o011e UCKIIOUUTh OINOKU. MeTO/bI BTOPOI IPyIIIbl COCPEIOTOUMBAIOT BHUMAHKE Ha (PYHKLIUSAX CAMOTO
[IPOrpaMMHOT0 00€CIIeUeHNs, TIOMOTalOIINX BhISBIATH olIMOKU. K TpeTheil rpyne oTHOCSTCS GyHKIMU
[IPOrpaMMHOr0 00ecredeHus, IpeAHa3HaueHHbIE /U1 HCIPABICHUS OIIMOOK UITH KX OCIEeICTBUI. YCTOM-
YUBOCTH K OIITMOKaM (Y4eTBepTasi rpymnma) — 3TO Mepa CIOCOOHOCTH CUCTEMBI IPOTPAMMHOTO 00 CIICUCHHUS
MIPOAOIIKATh (PYHKIIMOHUPOBAHUE MPU HAIUYUH OIIHOOK.

2. NMpepynpexapeHue owndok

K aT0ii rpynme oTHOCSTCS TPUHITUIIBI U METO/IBI, 1IEJIh KOTOPBIX — HE JOIYCTUTD MOSBICHUS OIHOOK
B rOTOBOM TIporpamme. JIoJKHO OBITh OYEBHIHO, YTO MPEAYIPEIKICHIE OMTMOOK — ONTUMATBHBIN MTyTh
K JJOCTH)KCHHIO HAJISKHOCTU MpOorpaMMHoro obecrneuenus. Jlydmmid cnocod o0ecrnednTsh HaleKHOCTh
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MeTtoabl o0ecniedeHust
(GyHKUMOHANBHOI HAEKHOCTH

NnporpamMm
IIpexynpexaenue Oo0HnapyxeHue Hcnpasiaenune VY CTOIYNBOCTD
omuooK omuooK omudoK K OIIMGKaM
S3auwumnoe Ilaccusnoe Hunamuueckasn H3onauusn
npozpammu- u306tmouHocmep ouud0K
posanue
Axkmuenoe Pecmapm
Mnozosepcuonnoe Ancopummuuecxas
npozpammuposarnue uzoblmouHOCMb

Puc. 1. OcHOBHBIC aCIIEKTHI MOCTPOCHUS apXUTCKTYPhI HA/ICIKHOT'O IPOrpaMMHOIO obecrnieueHus

— TIPeXJIe BCEro He JOMYCTUTh BOSHUKHOBEHUS OIMOOK. C 3TOH 1eNbI0 IMIUPOKO MPUMEHSIOT CIIOCOOBI
TaK Ha3bIBAEMOIO 3QU{UMHO020 (06€30nacH020) nPOPAMMUPOEAHUA, HATIPABICHHOIO HA YMEHBILICHHE
BEPOATHOCTH OLIMOOK B IIPOrpaMMax, a TAKXKe MHO208EPCUOHHOE NPOZPAMMUDPOBAHULE.

[lon 3amummnvim npozpammuposanuem NOHUMAIOT OTPAHUYEHUE HETIPABUIILHOTO UCIIOIb30BAHMS IIPO-
IpPaMMHBIX 00BEKTOB. J{pyrumMu c10BaMH, BbIIBUTAETCsI TpeOOBaHUE IPOESKTUPOBATH U TPOTPAMMHUPOBATH
TakuM 00pa3oM, 4TOOBI HE TOJIBKO rapaHTHPOBATh OKHMAEMOE UCIOIb30BaHUE IPOTrPAMMBI B CTPOTOM
COOTBETCTBUH CO CIELU(PHUKALNUAMHU, HO U CIeNaTb HEBO3MOXKHBIM €€ HENPAaBUIBHOE HCIIOIb30BAHHUE.
Harpumep, nipu npoeKTUpOBaHUU CUCTEMBI, B KOTOPOM B3aUMOJIEUCTBYIOT MHOIO MOAYJIEH, MBI MOXKEM
noTpe0oBaTh, YTOOBI KAKME-TO B3aUMOJICHCTBUS MEXK/1Yy HUMH Pa3peLIaIiCh JIUIIb B ONPEICICHHBIX CH-
Tyarusx. Takum oOpa3om, BbI30B MojylieM A Moayiisi B MoxkeT ObITh pa3pelieH Bceraa, B OnpeaeeHHbIX
CUTYaLUsIX UJIM K€ HUKOIJa, HECMOTPSI Ha TO, YTO MOAYJIHU A U B HaxonsaTcs B TaKMX OTHOILIEHUSX, YTO
BbI30B BO3MOXKEH.

3awumnoe npoepammuposarue — TEXHOJOTHUS MPEAYNPEKICHUS MOTEHIIUATBHBIX OMMOOK ITyTeM
MIPOBEPKHU B KAXKJIOM MOJIyJI€ MHOXKECTBA JIOIYCTUMBIX YCIOBHIL. Bo Bpemsi mporpaMMupOBaHUsI MOKET
OBITh UCIIOJB30BAHO MHOTO TEXHUYECKUX MPUEMOB, YTOOBI TPOBEPUTH AHOMAIMH B YIIPABICHUH WU B
TaHHBIX. HuXe mepeuncienbl HeKOTOPhIe U3 METOI0B O€30MaCHOTO MPOTPAMMHPOBAHHS:

- QaHAJIM3UPYIOTCS TPAHUYHBIEC 3HAUCHUS IEPEMEHHBIX;

- IPOBEPSIIOTCS pa3MeEPbl, TUI U IUAINA30H MapaMeTPOB IPOLIEYPhl BBO/IA JAHHBIX;

- TapaMeTpPBI ““TONBKO ISt AOCTYT K HUM YTCHUS | “‘CUMTHIBAHHME-3aIUCh” TOJKHBI OBITH pa3/IeICHbI,
U JIOJDKEH OBITh MPOBEPEH JOCTYI K HUM;

- CUMBOJIbHBIE KOHCTaHTBI HE JIOJKHBI OBITh JIOCTYIIHBI JIJIS 3aITHUCH;

- BXOJIHBIC MTEPEMEHHBIC U TPOMEKYTOUHBIE (BCIIOMOTATENIbHBIC) TEPEMEHHbBIE C (PU3MUSCKUM 3HaUe-
HUEM JIOJDKHBI OBITh IPOBEPEHBI HA MPEAMET JOCTOBEPHOCTH;
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- BO3/ICHCTBUE BBIXOIHBIX IIEPEMEHHBIX JOJDKHO OBITH TPOBEPEHO, IPEAIOYTHTEIHHO HETTOCPEACTBEH-
HBIM HaOJIIOIEHUEM CBSA3aHHBIX ¢ HUMH U3MEHEHUN COCTOSHUS CUCTEMBI H T.JI.

[Ipocreiimmii MeTO/ 3aIUTHOTO MPOTrPAMMHUPOBAHUS 3AKJIIOYAETCS B UCIOIb30BAHUM CIELIMAIBHBIX
JIOBYIIEK OMIMOOK, PACCUNTAHHBIX Ha OIIMOKH THIIA HETIPABUIILHOTO MCIIOIB30BaHM MOTyel. Pa3pabot-
YHKa IPOTPaMMBbI HE HHTEPECYET, YTO Oy/IeT JIe1aTh MOIb30BaTelNb MOCIIE TOTO, KaK MOIyYUT COOOIICHHE
0 HeTPaBWJILHOM HCIIOJIb30BAHUN MOJYJISI, HO TIPH 3TOM OH 00513aH CIIPOEKTUPOBATH MOIYJIb TaK, YTOOBI
OLIMOKHM IOJTb30BATEIISI HE BBI3BIBATIM HEOOPATUMBIX H3MEHEHUH B Moayie. Takum o0pa3om, MmojIb30Ba-
TEJb, TOWMaHHBIN Ha HETIPABHJILHOM YIOTPEOJICHUN MOYIIS, IPUHUMAET KOPPEKTUPYIOIINE NeHCTBUS
Y CHOBA BBI3BIBAET MOJYJIb, HE OCTaBJIsAs HUKAKUX CJIEI0B OMIMOOYHBIX BBI30BOB. lHaue roBops, peub
UJET O TAKOM IIPOrPaMMHMPOBAHHUH, KOT/Ia IPOTPaMMHBIN MTPOAYKT OUYEHb TPYIHO WJIM HEBO3MOXKHO MC-
NI0JIH30BATh 3a MpeesaMu 00IacTH IEHCTBHSA ero criel(uKannm.

MHuozosepcuonnoe npozpammuposanue (N-BepCHOHHOE TIporpaMMupoBanue). Llens: oOHapykHUTh
¥ 3aMacCKUpPOBATh OCTAaTOYHbBIC OLIMOKM MPOEKTa MPOrPaMMHOI0 00ECTIeYeHUsI B TEUCHHUE BBITIOTTHEHUS
IporpamMm, 4TOOBI MPEIOTBPATUTh KPUTHUECKHU OMACHBIE OTKA3bl CUCTEMBI, U MPOAOIDKATh paboTy ¢
BBICOKOH HAJIe)KHOCTHI0. B MHOTOBEpCHOHHOM MPOTPaMMHUPOBAHHUHU JaHHAS CIICHU(PHUKAINS TPOTpaM-
MBI peanusyercs no-pasHomy N pa3. Te jxe camble 3HaU€HUs BXOAHBIX JaHHbBIX 3a/1at0Tcsa N BepcHsM, U
pe3yabTaThl, Ipou3BeieHHbIe N BepcrusMHU, CpaBHUBAIOTCS. Eciiu pe3ynbraT cunTaeTcsi J0CTOBEPHBIM, TO
OH II€pPEeIaeTCsl KOMIIBIOTEPY B KAUECTBE BBIXOAHBIX JaHHBIX. N BEpCHUH MOT'YT BBIIIOJIHATHCS apAJIIETBHO
Ha OT/EJIBbHBIX KOMIIBIOTEpaX, aIbTEPHATUBHO BCE BEPCUU MOTYT BBIIIOJHATHCS HA OJHOM KOMIIBIOTEPE.
BoixoHbI€ pe3ynbTaThl HOABEPIalOTCS BHYTPEHHEMY I0OJI0COBaHMIO. Pa3nuyHble cTpaTeruu roiocoBaHus
MOTYT OBITh HCIIOI30BaHbI HAa N BEpCHSX B 3aBHCUMOCTH OT TPeOOBaHUM MpuMeHeHusl. [ KpUTHYecKu
BXHBIX WH(OPMAITMOHHBIX CHCTEM HEOOXOAMMO MOJTHOE coracue Bcex N Bepcwid. J{ns npyrux uadop-
MAaIMOHHBIX CUCTEM MOXKET OBITh HCIIOIb30BaHa CTPATETUsl TOJIOCOBAHHUSI ITyTEM ITPOCTOTO OOJBIINHCTBA.
Jlia ciayvaeB, rie He MMEETCs KOJUIEKTUBHOIO COIVIACHS, MOTYT OBITh MCIIOJIb30BAHBI BEPOSITHOCTHBIE
TIOAXO/IbI, YTOOBI MAKCHUMHU3UPOBATh IIAHC BHIOOpA MPAaBMIIBHOTO 3HAYEHUS, HAIIPUMED, B3sIB Cpe/IHee
3Ha4YE€HHE, BpEMEHHO 3aMOPO31B BBIXOJIHBIE JaHHbIE /10 BO3BPAILEHUS COIVIACHS, U T.1.

[Ipu ayanbHOM MPOrpaMMHUPOBAHUU (€CH pa3padaThIBalOTCs ABE BEPCHU MIPOTPaAMMBI) B CiIydae 00-
HApYXXECHUSI PACXOXKJICHHS B pe3ysIbTarax, HEOOXOIUMO OINPENeNIUTh MO AOMOTHUTEIBHBIM KPUTEPHSIM,
KaKOH pe3yNbTaT MPaBUIIbHBIA U OTOPOCUTH IpyToii pe3ynbrar. [Ipu N-BepcHOHHOM POrpaMMHUPOBAHUT
IPAaBWIBHBIM Pe3yNbTaT ONPEAEIAETCS 10 MaKOPUTAPHOMY MPU3HAKY, T.€. BHIOMPAETCS TOT PE3YJIbTAT,
KOTOPBI HaOIIOaeTCst B OONBITMHCTBE BAPUAHTOB IPOTPAMMBI.

PaccmotpenHnsie criocoOb! pesepBrpoBanusi TpeOytoT B 2 uiu N pa3 00J1bIie BpeMEHH JUTs BBIYACICHHUH
U yBeIH4YeHHe 00beMa TpyAa MPOrpaMMECTOB BO CTOJIBKO XK€ pa3. B CBS3M ¢ 3TUM IpeACTaBIsIeT HHTE-
pec MoIMGHUIMPOBaHHOE AyaJbHOE IPOTrPAMMHUPOBAHKE, IPH KOTOPOM HApSIy € TOCTATOYHO TOYHOM,
HO CJIOKHOW OCHOBHOM NMPOrpaMMON UCIIOJIB3YETCsl MEHEE TOYHAs!, HO MPOCTasl pe3epBHas MporpaMmma.
Ecnu npu oMHAKOBBIX MCXOIHBIX JAaHHBIX PE3YJbTaThl pa0OTHl MPOTPaMM OTINYAIOTCS Ha BEITHUUHY
OO0JIBIIYIO, YEM JOITyCTUMAsi TIOTPEIIHOCTb, JENIAeTCs MPEANOI0KEHUE, YTO OTKa3ajla OCHOBHAS MPO-
rpamMma, Kak MEeHee Ha/Ie)KHast, ¥ B KaYeCTBE MPAaBUIIBHOTO Pe3ybTaTa MPUHUMACTCS PE3yNbTaT padoThI
pe3epBHON NIPOTPaMMBI.

l'apanTupoBarh OTCYTCTBHE OMIMOOK, OJHAKO, HEBO3MOXKHO HHUKOT/AA. /[pyrue TpH rpymiibl METOIOB
OTMPAIOTCS HA MPETIONIOKEHHE, YTO OIIUOKH BCE-TaKH OyIyT.

3. OGHapyxeHue onbok

Ecnu npenmnonarars, 4To B IPOrpaMMHOM 00€CIIEUEHUH KaKUe-TO OIMOKH Bce e OyayT, TO JIydiiast
(moce npeaynpeskaeHus OINO0K) CTPATETUsl — BKIIIOYUTh CPEICTBA OOHAPYKEHUS OLTMOOK B CaMO Mpo-
rpaMMHOE oOecreueHue.
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BonbIIMHCTBO METOIOB HAIIPABIICHO 1O BO3MOXKHOCTH Ha HE3aMEAIUTENIbHOE OOHapyKeHUE cOOeB.
Hewmennennoe oOHapykeHHE UMEET JIBa MPEUMYIIECTBA: MOKHO MUHHUMH3UPOBATh BIUSHHUE OMIMOKH
Y MOCJIEAYIOIINE 3aTPYIHEHUS IS YeI0BeKa, KOTOPOMY MPHUAETCS U3BJIeKaTh HH(OpMAIIUIO O HEel, Ha-
XOJIUTh €€ U UCTIPABIIATS.

Mepsl 110 0OHAPYKEHHIO OIITMOOK MOYKHO Pa30UTh Ha JBE MOATPYIIIIBI: 1ACCUBHbIE TIONBITKA O0HAPYKHUThH
CUMITOMBI OIIMOKH B MPOLIECCE «OOBIYHOW» pabOThI MPOTPAMMHOTO O0ECTICUCHUS U aKMUEHbIe TIOTIBITKA
MIPOrPaMMHOM CHCTEMBI IEPUOANYECKH 00CIeI0BaTh CBOE COCTOSHUE B MOMCKAX MPU3HAKOB OIITHOOK.

Ilaccusnoe obnapyscenue. Mepbl IO 00HAPYKEHUIO OMIMOOK MOTYT OBITH IPUHATHI HA HECKOIBKUX
CTPYKTYPHBIX YPOBHSIX MPOTPAMMHOMN CUCTEMBI. 37IECh MBI Oy/IeM paccMaTpUBaTh YPOBEHB MOJICUCTEM,
WM KOMIIOHEHTOB, T.€. Hac OyIyT MHTEpecOoBaTh MEphl O OOHAPYKEHUIO CUMIITOMOB OLIMOOK, Tpe-
MIPUHUMAEMBIE ITPH TIEPEXO0/Ie OT OTHOTO KOMIIOHEHTA K IPYrOMY, a TaKKe BHYTPU KOMIIOHEHTa. Bee 3T1o,
KOHEYHO, IPUMEHUMO TAK)Ke K OTJEIBHBIM MOAYIISIM BHYTPH KOMIIOHEHTA.

PaspabarbiBast 5T Mepbl, MBI OyZIeM OITUPATHCS Ha CIEAYIOIIee.

1. Bzaumnoe nedosepue. Kaxapiit 3 KOMIIOHEHTOB JIOJDKEH MPEIONarath, 4To BCE IPYTHe COAepKaT
ommOku. Korga oH moiyyaer kakue-HUOY[b JaHHBIE OT APYroro KOMIIOHEHTA WM M3 UCTOYHUKA BHE
CUCTEMBI, OH JIOJKEH MPEANoararh, YTo JaHHbIE MOTYT OBITh HEMPABUIBHBIMH, U MBITATbCS HAWTH B
HHUX OIIHOKH.

2. Hemeonennoe obnapysicenue. Ommbku He0OX0AMMO O0OHAPYKUTH KAK MOXKHO PaHBbIIE. DTO HE TOJIBKO
OTPAaHUYMBAET HAHOCUMBIN UMU y1IepO, HO U 3HAUUTENHHO YIPOIIAET 3a/1a9y OTJIAIKH.

3. U36vimounocmys. Bee cpencta oOHapyKeHUs OMIMOOK OCHOBAaHBI HA HEKOTOPOH (hopMe U30BITOU-
HOCTH (SIBHOHM WJIA HESIBHOM).

Korna pa3pabatsiBatoTcs Mephbl 110 OOHAPYKEHUIO OMIMOOK, BAXKHO MPUHATH COTJIACOBAaHHYIO CTpare-
THIO JJIsl Bcel cucTembl. JlelicTBus, MpenpuHIMaeMble ocie OOHapyKEHUs! OIIUOKH B TPOrPaMMHOM
o0ecredeHnu, TOMKHbBI ObITh eAMHOOOPA3HBIMH JJI1 BCEX KOMITIOHEHTOB CUCTEMBI. TO CTaBUT BOIIPOC O
TOM, KaKM€ IMEHHO JICHCTBHSI CIIEyeT MPEANPUHSTH, KOT/a olnoka ooHapyxeHa. Hannmydiee perenue —
HEME/JIEHHO 3aBEPIINTH BBITOIHEHUE TPOTPAMMBI WM (B CIy4Yae ONEparoOHHON CHUCTEMBI) IEPEBECTH
LEHTPAJILHBIA TIpoleccop B cocTosiHUe oxuaanus. C TOUKH 3peHust MpeAoCTaBIeHHUS YeIOBEKY, OTa-
KHUBAIOIIEMY MPOTpamMMy, Hal[PIMeP CUCTEMHOMY IMPOTPAMMHUCTY, CAMBIX OJarONPHUSITHBIX YCIOBUH JUIS
JMArHOCTUKHU OMMOOK HEMEUICHHOE 3aBeplIeHIe PeCTaBIIeTCS HauIydlneil ctparerueii. Koneuwo,
BO MHOTHX CHCTEMax IMOJ00Has cTparerus ObIBaeT Helenecoo0pa3sHou (HarpuMep, MOXKET OKa3aThCs,
YTO MPUOCTAHABIUBATH Pa0OTy CHCTEMBI Hellb3s1). B TakoM ciyuyae UCTONBb3yeTCs METOIl pecucmpayuu
owubok. OnucaHne CUMIITOMOB OITUOKU 1 «MOMEHTAJIbHBIN CHUMOK) COCTOSIHHSI CHCTEMBI COXPAHSIOTCS
BO BHEITHEM (haiijie, TToclie Yero CUCTEMA MOXKET MPOIONIKATh paboTy. DTOT (haiin mo3aHee OyneT u3ydeH
00CITYKHBAIOIINM MIEPCOHATIOM.

Bcerna, korna 3To BO3MOXKHO, JIy4Ille TPHOCTAHOBUTH BHITIOJTHEHHE IPOTPaAMMBbI, 4€M PETUCTPUPOBATH
omnOKku (60 00eCTIeYnTh KaK JOTOTHUTEIBHYIO BO3MOXKHOCTh PabOTy CHUCTEMBI B JIFOOOM M3 ATHX
pexxuMoB). Paznuune MeXIy STUMHU METOAAMU MPOWIUTIOCTPUPYEM Ha CIOCO0aX BBISBICHUS MPUYUH
BO3HHUKAIOIIIETO MHOT/IA CKPEXKeTa Balllero aBToMoOmisl. Eciii aBToMexaHrK HaXOMUTCS Ha 3a]JHEM CHUJIe-
HbE, TO OH MOXET 00CIIeZIOBaTh COCTOSTHUE MAIIMHBI B TOT MOMEHT, KOT/Ia CKpEeKeT BO3HUKAET. Eciu BbI
BBIOMpAETE METOJ PETUCTPAIIMU OIIUOOK, 3a/jaua JUArHOCTUKH CTaHET CIIOKHEE.

Axmusnoe obHapysicenue ouubok. He Bce OIMOKH MOYKHO BBISIBUTH TACCUBHBIMHU METO/IaMHU, IOCKOJIBKY
9TH METOJIbI OOHAPYKUBAIOT OLITUOKY JIHIIIb TOT/IA, KOTa €€ CUMIITOMBI IIOIBEPTal0TCS COOTBETCTBYIOMIEH
npoBepke. MOXKHO J1efaTh U JTOTOJHUTEIbHbIE IPOBEPKHU, €CIU CIPOEKTUPOBAThH CIICLUAIbHBIC MPO-
IpaMMHBIE CPEJICTBA AJIsl aKTUBHOTO IMMOMCKA IPU3HAKOB OIIMOOK B crcTeMe. Takue cpeicTBa Ha3bIBAIOTCS
cpedcmeamu aKmu8HO20 0OHAPYHCEHUsL OUUDOK.

AKTHBHBIE CPEICTBA OOHAPYKEHUS OMHUOOK OOBIYHO OOBETUHSIOTCS B OUACHOCIMUYECKULL MOHUMOD:
napayieNbHbIN Mpoliecc, KOTOPBIA MEPHOANYECKH aHATM3UPYET COCTOSIHUE CUCTEMBI, C IEbI0 O0Hapy-
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XKHTb OIIMOKY. bonbire nporpaMMHbIe CUCTEMBI, YIIPABISAIOIINE PECYPCaMHU, YaCTO COAEPKAT OLIMOKH,
MIPUBOAIIME K IIOTEPE PECYPCOB Ha JIIUTEIIBHOE BpeMsl. Harpumep, ynpaBieHUe MaMATbIO OIIEpalliOHHON
CHCTEMBI CAAeT OJIOKU MaMATH «B apeHAY» MporpaMMaM I0JIb30BaTeNIed U JPYyTUM YacTIM ONepalioH-
HOM cucTeMbl. OmunOKa B 3THX CaMBIX «JIPYTUX YACTIX» CUCTEMbI MOXKET MHOT/Ia BECTH K HETIPaBUIIbHON
pabote Gy10Ka yrpaBieHUs TaMAThI0, 3aHUMAIOIETOCs BO3BPATOM CIAHHOM paHee B apeH 1y MaMsATH, 4TO
BBI3BIBACT MEJUICHHOE BBIPOYKIECHUE CUCTEMBI.

JIMarHoCTUYECKUI MOHUTOP MOXKHO PEaTU30BaTh KaK EPHUOIMUECKH BBITIOHAEMYIO 3a1a4y (Harpumep,
OHa IJTAaHUPYETCsI Ha KaX/IbIi yac) 1100 Kak 3a/1a4y ¢ HU3KMM IPUOPUTETOM, KOTOpast IIIAHUPYETCS AT
BBITIOJTHEHMSI B TO BPEMsI, KOIJIa CUCTEMA NIEPEXOANT B COCTOSIHUE OkuaaHus. Kak u mpex e, BbIIOIHe-
MbI€ MOHUTOPOM KOHKPETHBIE MPOBEPKH 3aBUCAT OT CIIEUU(PUKU CUCTEMbI, HO HEKOTOpbIE Uaeu OyayT
MOHATHBI U3 PUMEPOB. MOHUTOP MOXKET 00CIe0BaTh OCHOBHYIO MaMsTh, YTOObI OOHAPYKUTH OJIOKU
IIaMSATH, HE BBIJCIICHHbIC HU OAHOW U3 BBINOJIHACMBIX 3a/1a4 U HE BKIIOYCHHBIC B CUCTEMHBIN CIIUCOK
cBOOOAHOM maMsaTu. OH MOXET MPOBEPSTh TAK)KE HEOOBIYHbIE CUTYallMH: HAlpUMeEp, Mpolece He IIa-
HUPOBAJICS Ul BBIIIOJHEHUS B TEYEHUE HEKOTOPOIO pa3yMHOI'0 UHTEpBaia BpeMeHU. MOHUTOP MOXKET
OCYILECTBJIATh MOUCK «3aTEPSIBIIUXCS» BHYTPH CHCTEMBbI COOOIEHHUI MM onepalnuii BBO/IA-BBIBOJIA,
KOTOpBIE€ HEOOBIYHO J0JITO€ BPEMsI OCTAIOTCSI HE3aBEPILICHHBIMH, YUYACTKOB MAMSITH Ha TUCKE, KOTOphIE
HE NTOMEUEeHBI KaK BBIJICJIEHHBIE U HE BKITIOUEHBI B CIIUCOK CBOOOHOM MaMsITH, a TAKXKe Pa3IMYHOrO poja
CTpaHHOCTEH B (paiinax TaHHBIX.

WHoraa xenarenbHO, 4TOObI B Upe3BbIYAHBIX OOCTOSTENBCTBAX MOHUTOP BBIOIHST TUATHOCTHYECKUE
TeCThl cucTeMbl. OH MOXKET BBI3bIBATH OIPEIEICHHbIE CUCTEMHBIEC (DYHKIIMU, CPABHUBAsI UX PE3YyJIbTaT C
3apaHee OIPENEIIEHHBIM U IIPOBEPssl, HACKOIBKO Pa3yMHO BPEMs BBINOJIHEHUA. MOHUTOP MOXKET TaKKe
MEPUOUUECKU MTPEIBIBIATH CHCTEME KITYCTBIC» UIIH «JIETKUE) 3aJaHUs, YTOObI yOeAUTHCS, UTO CUCTEMA
(YHKLIHMOHUPYET XOTsl ObI CAMBIM TPUMHUTHUBHBIM 00PA30M.

4. UcnpaBneHue owmnobokK

Crnenyrouuii mar — MeTobl ucrpasieHus omubok. [locne Toro kak ommudka oOHapyxkeHa, 1100 oHa
cama, JTu0O e¢ MOCJICACTBUS JTOJKHBI OBITh MCIIPABIICHBI MPOTPAMMHBIM oOecrieueHreM. VcrpaBieHue
OImMOOK CaMOW CUCTEMOM — IJIOJOTBOPHBIN METO MPOSKTUPOBAHUS HAJCKHBIX CUCTEM amllapaTHOIro
obecrieuenus. Hekotopeie ycTpoiicTBa ciOCOOHBI OOHAPYKUTH HEUCIIPABHBIE KOMIIOHEHTHI U MIEPEUTH
K MCTOJb30BAHUIO MICHTHYHBIX 3allaCHBIX. AHAJIOTUYHBIE METO/bl HEIPUMEHUMBI K MPOTrPAMMHOMY
00eCIeueHHnI0 BCIEACTBHE ITyOOKUX BHYTPEHHUX Pa3inuuil Mexay cOOSMU anmapatypbl U OMIMOKaMu
B IIporpaMmax. Eciiu HEKOTOPBIN MPOrpaMMHBIN MOIYJb COAEPIKUT OMIMOKY, HICHTUYHBIE «3alacHbBIE
MOJIYJIH TaKkKe OyIyT COZepkKaTh Ty e OIIHOKY.

Jpyroii HoAX0A K UCIIPABIICHUIO CBSI3aH C MOMBITKAMU BOCCTAHOBUTH Pa3pyIlIEHUs, BEI3BAHHBIE OLITHO-
KaMHU, HallpUMep MCKaXeHHUs 3anucei B 0a3e TaHHBIX WU YIPABISIONIMX Tabnuiax cucteMsl. [loiab3a oT
METOZI0B OOpBOBI ¢ UCKAKEHUSIMU OTPAHUYEHA, TIOCKOJIBKY MPEIOoIaraeTcs, 4To pa3padoTUHK 3apaHee
MpeyrajgaeT HeCKOJIbKO BO3MOXKHBIX THUIIOB MCKKEHUU U MPEIYCMOTPUT IPOrPaMMHO peain3yeMble
(GYHKIMH A7 UX yCTpaHeHus. DTO MOX0XKE Ha MapaJoKe, MOCKOJIbKY, €CIIM 3HATh 3apaHee KaKue OMUOKU
BO3HUKHYT, MO)KHO ObLITO ObI IPUHATH JOMOIHUTENBHBIE MEPHI 110 UX MpeaynpexaeHuto. Eciu Metoms
JMKBUIAIUH TTOCJIEACTBUI cO0EB HE MOTYT OBITH 0000IIIEHBI 7151 PAOOTHI CO MHOTUMH TUIAMH UCKAKEHU,
Jyd4llle BCETO HAMpaBJIsTh CUJIbI U CPEACTBA Ha MpeAyIpexaeHue omudok. BMmecto Toro, utodsl, paspa-
0aTbIBasi OTMIEPAIMOHHYIO CUCTEMY, OCHAIIATh €€ CPECTBAMH OOHAPYKEHUS U BOCCTAHOBIICHUS LIEMOYKU
MCKQXCHHBIX TAOJIUIl WM YIPABISIOUMX OJIOKOB, CIE0BAIO ObI yUllle CIIPOSKTHUPOBATh CUCTEMY TaK,
YTOOBI TOJBKO OJMH MOAYJb UMEI JOCTYI K 3TOH 1IeTI0UKe, a 3aTeM HAaCTOWYUBO MBITAThCA YyOCAUTHCS B
MIPaBHJIBHOCTHU 3TOTO MOJIYJISI.
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5. YCTOMYMBOCTb K oOLLMOKaM

OcHOBHOE IOy LIEHUE POTPAMMUPOBAHUSL, YCHIOUYUBO20 K NPOZPAMMHBIM OUIUOKAM,, 3AKITFOUACTCS B
TOM, YTO KaK ObI XOpOII0 HU ObLIa CIIPOEKTUPOBAHA U Pealu30BaHa porpamma, B Hell 00s13aTenbHO OyIeT
COZIEPKaThCs HECKOJIBKO OCTATOYHBIX OIMMOOK. A pa3 Tak, TO MOIYJIH MPOrpaMMbl, KOTOPbIE MOTYT JaTh
c0O0i1, JOIKHBI UIMETH ““pe3epBHBIH 3anac”. C 3TOH 1eIbI0 MOLYIIb IPOSKTUPYETCS B BUIE O/I0KO8 80CCMA-
Hoenerus. Kaxapiilt 60K BOCCTaHOBJICHUS COAEPIKUT MPOITYCKHOM TECT M OJIMH UM HECKOJIBKO BAPHAHTOB
peanmzaiui. OCHOBHOM BapHaHT UHUIIMUPYETCS TIPU BHI30BE OJI0Ka BOCCTAHOBIICHUS, U KOT/IA €0 BBIIOJI-
HEHHE 3aBEepIIAeTCs, IPOUCXOAUT MPOBEPKa 3HAYCHUS MPOIYCKHOTO TecTa. Ecimu oH gaeT «uctuny», TO
CUMTAETCS, YTO BBIIIOTHEHHE OJTI0KAa BOCCTAHOBJICHUS YCIICIITHO 3aBepileHO. Ecu ke TeCT JaeT «IOokKb», TO
WHUIMHAPYETCS IPYroi BapUaHT, 32 KOTOPBIM CJEIyeT ONpeeNieHre 3HaueHHs! MPOITyCKHOro TecTa u T.1I.,
Y TakK JI0 YCIIEIIHOTO BBIMOJHEHUS OJI0Ka BOCCTAHOBJIECHUS. Eciu *e HU OfIMH BapHaHT HE MpOoIIes mpo-
ITyCKHOT'O TECTa, TO OJIOK BOCCTAHOBJICHUS pACCMATPUBAETCS KaK OIIMOOYHBIN U HAYMHACTCS UCTIOIIHEHHE
JPYTOro BapuaHTa BbI3bIBAEMOT0 MOIYIIA. [IprMeHsieTcs Takke U APYroi TEXHUYECKUI MpUeM: HaIllUCaHBbI,
4acTO HE3aBUCHMO, HECKOJIBKO Pa3IMUHBIX CETMEHTOB ITPOrPaMMBbI, KX IbIi 3 KOTOPBIX IPEIHA3HAYEH JIJIS
BBIMOJIHEHUSI OHON QyHKIMH. [IporpaMma cTpouTcs U3 3Tux cerMeHTOB. [IepBblii cerMEHT, Ha3bIBAEMBIii
MIEPBUYHBIM, BBITIOJIHIETCS MEPBBIM. 32 HUM CJEIyeT IPUEMOYHOE UCIBITAHNUE PE3yJbTaTa BIUYUCICHUN
nepBoro cermenTta. Eciiu ucnpiTaHue MpoIUIo YCIEUTHO, TOTIa pe3yibTaT MPUHUMAETCS U MepeaaeTcs K
MOCTIETYIOIINM YacTsM cucTeMbl. Ecii ucnpiTanne Ob1U10 HeyJaqHbIM, JTF00bIe TOOOUHBIE 3P (EKTHI IEPBOTO
cerMeHTa cOpachIBatOTCs, M BBIITOJIHAETCS BTOPOI CErMEHT, Ha3bIBAEMbIH IEPBBIN AIBTEPHATUBHBIN. 32 HUM
TaKXe cJeayeT MPUEMOYHOE UCIIBITAHUE, PE3YIbTaThl KOTOPOTO pacCMaTPUBAIOTCS KaK B TIEPBOM CIIydae.
Ecnu HeobxoanMo, MOTYyT ObITh peaar30BaHbl APYTHE aNbTEePHATUBHBIC IPUEMBI.

[IpuBeneHHsbI crioco6 mapupoBaHKs OCTATOYHBIX OIIMOOK B IPOrpaMMe IyTeM MTPOESKTUPOBAHUS MO-
IyJnist B BUze OJI0Ka BOCCTAHOBIICHUS TPEOyeT MOPOM HEONPaBAAHHBIX YCUITUI, CBA3aHHBIX C MPOEKTHPO-
BaHUEM HECKOJIbKMX OJIOKOB BOCCTAHOBIICHUS, KaXIbIH U3 KOTOPBIX COIEPKUT MPOIYCKHOM TECT U OAMH
WJIM HECKOJIBKO BAPUAHTOB peasin3aluu. B nemnsx npakruyeckoro odecneueHus GyHKIMOHUPOBAHHUS ITPO-
IrpaMMHOM CHUCTEMBI IPU HAIMYUH B HEH o1TMOOK pazpadoTaHa rpyria MeToJI0B, KOTOpas pa30rBaeTcs Ha
YeThIpe MOATPYIIIbL: OUHAMUYECKAs U30bIMOUHOCb, MEMOObl OMCMYNIeHUS, MeMOObl U30IAYUU OUUOOK
U nocmpoenue aieopummo8 HeuyeCmeumenbHuIX (Uil He KPUMUYHBIX) K PA3IUYHO20 POOA HAPYULEHUSIM
UHOpMayuoHHo20 npoyecca (UCNONb308aAHUE ANCOPUMMUYECKOU U30bIIMOUHOCTL).

1. VICTOKY KOHLICTIIINK OUHAMUYUECKOU U30bIMOYUHOCHIU JISKAT B IPOCKTUPOBAHKH aIlllapaTHOro 00e-
cneuenust. OJIMH U3 MOIXOIOB K JUHAMHYECKOM H30BITOUHOCTH — MAXNCOPUMApPHOe pe3epsuposariue (METOx
rosiocoBaHusi). Jlanueie 00pabaThIBalOTCS HE3aBUCUMO HECKOJIBKUMH UICHTHYHBIMU yCTPOMCTBAMU, U
pe3yabTaThl CpaBHUBAIOTCA. Ecu GOIBIIMHCTBO YCTPOICTB BBHIPA0OTANO OJMHAKOBBIM Pe3yNbTaT, 3TOT
pe3yabTaT U CYUTAeTCs MPaBUIbHBIM. M onsiTh, BelieACTBHE 0CO00M MPUPOABI OIUOOK B IPOTPAMMHOM
oOecrieyeHnu omuOKa, UMEIONIAsICs B KOMUK IPOrPaMMHOTO MOAYIs, Oy[eT TakKe MPUCYTCTBOBATh BO
BCEX JPYTHX €ro KOMUAX, MO3TOMY HJes TOJI0COBaHMS 31€Ch, BUIUMO, Henmpuemiema. [Ipennaraemsiii
WHOT/IA MOAXOJ] K PEHICHUIO ATOW MPOOJIIEMbl COCTOUT B TOM, YTOOBI HIMETh HECKOJIBKO HEHIEHTUYHBIX
KOTHIA MOAYISA. DTO 3HAYMT, UTO BCE KOMHHU BBIMOIHSAIOT OAHY U Ty ke (YHKIIHIO, HO JINOO peaanu3yroT
pa3IMYHBIC AITOPUTMBI, JIMOO CO3AaHbI Pa3HBIMU Pa3pabOTUNKAMHU. DTOT MOAXO] OCCIEPCIIEKTUBEH 110
CJIEYIOIIUM MTpHYrMHAM. YacTo TPYIHO MOIYYHUTh CYIIECTBEHHO Pa3HbIe BEPCUH MOJYJISl, BBIMOIHSIOIINE
onuHakoBble GpyHKIHH. Kpome Toro, Bo3HuKaeT Heo0X0JMMOCTh B JOTIOJIHUTEIIBHOM TPOrpaMMHOM 00e-
CIICUCHHUH JIJISl OpTaHU3allMHY BBITTOJIHEHHUS 3THX BEPCHUH MapalIeIbHO WITH TIOCIICI0BATEILHO i CPABHEHHMSI
PE3yABTATOB. ITO JOMOTHUTEIHLHOE TPOrPaMMHOE 00€CIIeYeHHE TTOBBIIIAET YPOBEHD CIOKHOCTHU CHUCTE-
MBI, YTO, KOHEUHO, TPOTUBOPEYUT OCHOBHOM HJiee MPEIYNPEKICHUS OIMIMOOK — CTPEMHUTHCS B MEPBYIO
ouyepeib MUHUMHU3UPOBATh CIIOKHOCTb.
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Bropoit moaxoa kK AMHAMHYECKOW M30BITOUHOCTH — BBIMIONIHATH 3TH 3allaCHbIe KOMUHU TOJBKO TOT/A,
KOTJIa Pe3yJbTarhl, MOJYYEHHBIE C TOMOILbI0 OCHOBHOM KONWH, MPU3HAHBI HENPABMWIbHBIMU. Eciin 310
MIPOUCXO/INT, CHCTEMA AaBTOMATUYECKH BBI3bIBACT 3alIaCHYIO KONHIO. EClin U ee pe3y/bTaThl HelpaBUIbHbI,
BBI3BIBAETCS JIpyras 3anacHasi KOmusi 1 T.11.

2. Bropas moarpymnmna MeTooB 00ecrnedeHus yCTOMYMBOCTH K OITHMOKaM HA3bIBACTCS MEMOOAMU OMm-
CHIynjleHUA VTA COKPAIICHHOTO 00CITyKUBaHUSI. DT METO/IbI PHUEMIIEMbI OOBIYHO JIUIITH TOT/IA, KOT/Ia JUIst
CUCTEMBI IPOrPAMMHOTO 00€CTIEUeHHSI CYIIIECTBEHHO BaXKHO KOPPEKTHO 3aKOHYUTH padboTy. Hampumep,
€CJIH OINOKa OKa3bIBACTCS B CUCTEME, YIIPABISIONIEH TEXHOIOTHUECKIUMH MIPOIIECCaMU, U B pe3ylibTare
9Ta CHCTEMa BBIXOJIUT U3 CTPOS, TO MOXKET OBITh 3aTPYKEH U BBIIOJIIHEH 0COOBIN ()parMeHT MPOrpaMMBlI,
MIPU3BAaHHBIN MOACTPAXOBATh CUCTEMY U Oo0OecrednTh Oe3aBapuifHOE 3aBEpIICHHE BCEX YIPABISEMBIX
CUCTEMOH MPOIIeCCOB. AHAIOTUYHBIE CPEICTBA YaCTO HEOOXOAMMEBI B OMIEPAIIMOHHBIX cucTeMax. Eciu
oTiepaIlioHHasi CUCTeMa OOHAPYKUBAET, YTO BOT-BOT BBIMIET U3 CTPOSI, OHA MOXKET 3arpy3UTh aBApUHHBIN
(hparMeHT, OTBETCTBEHHBIN 3a OMOBEIICHHE IMOJIb30BaTeNiel Y TEPMUHAJIOB O TMpEACTOsIeM cOoe 1 3a
COXpaHEHUE BCEX KPUTHUECKUX JJISI CHCTEMbI JaHHBIX.

3. TpeTbs noarpyImna — memoovt uzonayuu ouiudox. OCHOBHAsI UX UJEs — HE JaTh MOCJIEACTBUAM
OIIMOKY BBIMTHU 32 Mpeesibl KaK MOKHO MEHbIIIEH YaCTHU CHCTEMBI MPOTPAMMHOI0O O0eCTieueHus, TakK,
YTOOBI, €CJIM OIMOKA BOSHUKHET, HE BCS CHCTEMa OKa3alach HEpaOOTOCOCOOHOM; OTKIIIOYAOTCS JTUIIIb
OT/IeIbHBIE (PYHKIMH B CUCTEME JIO0 HEKOTOPBIE €€ Mob30BaTenu. Hamprumep, BO MHOTHX OTIEpaIIMOHHBIX
CUCTEMaX M30JUPYIOTCS OMIMOKH OTJENBHBIX MOIb30BaTeNeH, Tak 4TO cOO0l BIUSET TUIIh HA HEKOTOPOE
MTOJIMHOKECTBO TMOJIH30BaTENEH, a CcTeMa B IIeJIOM IPOI0JIKaeT (PYHKIIMOHUPOBATh. B TeneoHHBIX mepe-
KITFOYaTeTbHBIX CUCTEMAX ISl BOCCTAHOBIEHUS MTOCIIE OLMTUOKH, YTOOBI HE PUCKOBATH BHIXOJIOM U3 CTPOS
BCEU CHCTEMBI, IPOCTO Pa3phIBAIOT TeNE(HOHHYIO CBsI3b. J[pyrue METONbI N3OSN OIINOOK CBSI3aHBI C
3aIUTON KaXI0H U3 MPOTrpaMM B CHCTEME OT OIIMOOK Apyrux nporpamm. Omudka B MPUKIATHON TPO-
rpaMme, BBIIOJIHAEMOM O] yIPABICHUEM ONEPALlMOHHOM CUCTEMBI, TOJIKHA OKa3bIBATh BIUSHUE TOJIBKO
Ha 3Ty nporpammy. OHa HE JOJIKHA CKa3bIBATHCS HA ONEPALIMOHHON CUCTEME WM IPYTUX MPOrpaMmax,
(YHKIIMOHUPYIOIIUX B 9TOU CUCTEME.

B undopmanmonHoi cructeMe U30JISIHs IPOrpaMM SIBISIETCS KIIFOYEBBIM (PAKTOPOM, TapaHTHUPYIO-
IIMM, YTO OIIMOKH B MIPOTPaMMe OJTHOTO TIOJIh30BaTeNsl HE MPUBEIYT K OMIMOKaM B IIporpaMMax APyrux
MOJIb30BaTeNel MU K MOJIHOMY BBIBOAY CHCTEMBI U3 CTposi. OCHOBHBIC MPaBUJIa U3OJSIIIMKA OIIUOOK B
MpOrpaMMax COCTOSIT B CIEAYIOILIEM:

1) IlpuknanHas nporpamMma He JOKHA UMETh BO3MOYKHOCTH HETIOCPEACTBEHHO CChUIATHCS HA IPYTYIO
MPUKJIAHYIO IPOrpaMMy WK JaHHBIE B IPYTOM MpOrpaMMe U U3MEHSTh UX.

2) [lpuknagHasi mporpamMma He JOJKHA UMETh BO3MOXXHOCTH HEMOCPEJICTBEHHO CChLIAThCS HA MPO-
rpaMMbl WIH JaHHbIE ONIEPALIMOHHON CUCTEMBI U U3MEHSTh UX. CBs3b MEKY ABYMsI TporpaMmmMaMu (Uin
MIPOrPaMMO¥ U OTIEPAITMOHHOM CUCTEMOI ) MOXKET ObITh pa3pelieHa TOIbKO MPH YCIOBUU UCTIOIH30BAHHS
YETKO OMpPEIEICHHBIX COMPSIKEHUI U TOJIBKO B CiIy4ae, Korjna o0e MporpaMMbl TAlOT COITIacHe Ha 3Ty
CBSI3b.

3) llpukiiagabie TPOrpaMMBbl U UX JTAHHBIC JOKHBI OBITh 3aIUIICHBI OT OTIEPAIIMOHHON CUCTEMBI 10
TaKOW CTETMEeHH, YTOOBI OIIMOKHU B ONIEPAITMOHHOM CUCTEME HEe MOTIIU IIPUBECTH K CITyYaiiHOMY U3MEHEHUIO
MPUKJIAHBIX TPOTPaMM WM UX JaHHBIX.

4) OnepanroHHas CUCTEMA JI0JKHA 3allUIIATh BCE MPUKIIAIHbIE IPOTPaMMBbI U JaHHBIE OT CIIy4aitHOTo
WX U3MEHEHHUS OTIepaTOpaMH CUCTEMBI UM 0OCITYKHBAIOIIUM TIEPCOHAIIOM.

5) Ilpuknaanbie NporpaMMbl HE JOJKHBI UMETh BO3MOKHOCTH HU OCTAHOBUTH CUCTEMY, HU BHIHYIUTh
€€ U3MEHUTH JIPYTYIO MPUKIAAHYIO IPOrpaMMy WJIU €€ TaHHbIE.

6) Korna mpukiagnas mporpaMma oOpaiaercs K OnepanroHHON cucTeMe, J0KHA TPOBEPSITHCS J10-
MMyCTUMOCTB Bcex napameTpoB. [Ipuknannas mporpamma He 10J5KHa UMETh BO3MOXXHOCTH U3MEHUTh 3TU
rapaMeTpbl MKy MOMEHTAMH MPOBEPKH U PEATBLHOTO UX HUCIIOJIb30BaHUS ONIEPALIMOHHON CUCTEMOM.
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7) Hukakue cUCTEMHBIEC JaHHbBIE, HEIIOCPEACTBEHHO JIOCTYMHbIE NMPUKIATHBIM IPOrpaMMaM, He
JIOJKHBI BIUATH HA (PYHKIIMOHUPOBAHKE ONEPAIMOHHON cucTeMbl. Ommbka B IPUKIIAAHOM Iporpamme,
BCJIEJICTBHE KOTOPOU COAEPKHUMOE ATOM MaMATH MOXKET OBITh CIy4yaifHO H3MEHEHO, IPUBOMT, B KOHIIE
KOHIIOB, K COOIO0 CHCTEMBI.

8) IlpuxmnagHble MPOrpaMMbl HE JAOJDKHBI MMETh BO3MOXKHOCTH B 00XOJ ONEPAL[MOHHON CHCTEMBI
IPSIMO MCIIOIB30BATh YIPABJIsIEMbIE €10 anmnaparHbie pecypcebl. [IpukiagHbie mporpaMmbl HE JOTKHBI
MIPSIMO BBI3BIBATh KOMIIOHEHTHI ONIEPAIIMOHHON CUCTEMBI, IpeIHa3HAYCHHBIE 1715l UCTIONIb30BaHUS TOJIBKO
€€ MOJCUCTEMAMH.

9) KoMIOHEHTHI ONEepalmoOHHON CUCTEMBI JIOJKHBI ObITh M30JIMPOBAHbI APYT OT Jpyra Tak, 4TOOBI
omKOKa B OZIHOM U3 HUX HE MpHBEJa K U3MEHEHHIO IPYTUX KOMIIOHEHTOB MJIU MX JIaHHBIX.

10) Ecnu onepanonHast cucteMa oOHapykHMBaeT OIIMOKY B ceOe caMmoil, OHa J0JIKHA MOIBITAThCS
OTPAaHUYUTH BIUSHUE STON OIMIMOKU OAHOM MPHUKIIAIHON MPOrpaMMoi U B KpaifHeM cilydae NpeKpaTuTh
BBINOJIHEHHE TOJIBKO 3TON MPOTrPAMMBI.

11) OnepannonHas cuctemMa J0KHa 1aBaTh MPUKIIAIHBIM IPOrpaMMaM BO3MOXHOCTH 110 TPEOOBaHUIO
UCTPABIATH OOHAPYKEHHBIE B HUX OIIMOKH, a HE 0€30r0BOPOYHO MpPEKpaliaTh UX BHINOIHEHHE.

Peanu3anus MHOTMX W3 3TUX MPUHLMUIIOB BIMSET HA apXUTEKTYpPYy JIEKAIIETO B OCHOBE CUCTEMBI all-
napaTHoro ooecredyeHus. Xots B JOpMYyIMPOBKE MHOTUX M3 HUX YIOTPEOISIOTCS CIIOBA «ONEepalliOHHAs
cucTeMay, OHM PUMEHUMBI K 110001 mporpamme (Oyab TO onepalvoHHas CUCTEMa, MOHUTOP Tesieo0pa-
OOTKM WJIM MOJICHCTEMa yIpaBieHus Qaiiamu), KoTopas 3aHsaTa 00CITy>KUBaHUEM JPYTUX IPOTPAMM.

4. YetBepras NOArpYIA — 66€0eHUE ANIZOPUMMULECKOU U3DOBIMOYHOCHUL.

6. SaknwuyeHue

B crarbe paccMoTpens 3¢ (heKTUBHBIE METO/IBI U CIIOCOOBI ITOCTPOCHUS APXUTEKTYPhI (PYHKITMOHATHHO
HAJEKHBIX MPOTPAMMHBIX CPeACTB. VICTONb30BaH €BPONEHCKUIl OMBIT Pa3pabOTKH MPOTrpamMM Jis CBsI-
3aHHBIX ¢ 0€30MaCHOCTHIO CUCTEM [2], a TakKe pekoMeHaanuu cranaapta [3]. O0ecnieueHue HaIeKHOCTH
MIPOrPaMMHBIX CPEJCTB HE OTPAHUYUBACTCS dTAaNaMu pa3pabOoTKU MX cHelu(HUKAINN U KayeCTBEHHOM
apXUTEeKTypbl. {7151 pereHus Kio4eBoii 3aa4u MOCTPOSHUS HAJeKHON HH(OPMAIIMOHHON CHCTEMBI He-
00XOIMMO CIIPOEKTUPOBAThH HAJIEKHOE MPOrPaMMHOE 00eCIIeueHUE, PEaTn30BaTh €ro, MHTETPUPOBATH C
anmapaTHBIMU CPEICTBAMU, 00ECIeUUTh HA/IeKHOCTh MPOTPAMMHBIX CPEJICTB B IIPOIECCE aTTeCTAIlHH,
3KCIUTyaTallly U COITPOBOXKACHMS. DT TaAIlbl HOCTPOEHUS HAJIEKHON IPOrPAMMBI SIBIISIFOTCS TPEAMETOM
JaNbHENIIEro 00CyKICHUSI.
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Functional reliability. The theory and practice

Shubinsky I.B.

METHODS OF SOFTWARE FUNCTIONAL
DEPENDABILITY ASSURANCE

The paper considers the basic aspects of the construction of reliable software. It discusses methods and
ways of error prevention based on protective and multiversion programming, tools of passive and active
detection of errors, principles and methods of error correction based on dynamic redundancy and restart.
Some emphasis is made on solving the tasks of construction of error-tolerant programs with the help of
digression methods, techniques of error isolation and construction of redundant algorithms not critical to
various types of information process violations.

Keywords: a program, an error, software dependability, error prevention, error detection, error correction,
error-tolerant software, antibugging, multiversion programming, restart, dynamic redundancy, algorithmic
redundancy, isolation of errors.

1. Introduction

The functional dependability of information systems substantially depends on software dependability
[1]. All principles and methods of software functional dependability assurance in accordance with their
purpose can be divided into four groups: error prevention, error detection, error correction and error
tolerance assurance (fig. 1). Principles and methods allowing to minimize or completely exclude errors
belong to the first group. Methods of the second group concentrate on the functions of software itself
that help to reveal errors. The third group includes the functions of software intended for correction of
errors or their consequences. Error tolerance (the fourth group) is a degree of software system ability to
continue functioning in case of errors.

2. Error prevention

This group includes principles and methods, whose purpose is to prevent from occurrence of er-
rors in the ready-made software. It should be obvious that the error prevention is an optimal way to
achieve software dependability. The best way to provide dependability is in the first place to prevent
from occurrence of errors. To that end, developers widely apply methods of the so-called antibugging
(safe programming) designed to reduce the probability of errors in programs, and also multiversion
programming.
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METHODS OF SOFTWARE
FUNCTIONAL DEPENDABILITY
ASSURANCE
Error Error Error Error tolerance
prevention detection correction assurance
Passive Dynamic Error
Antibugging redundancy isolation
Active Restart
Multiversion Algorithmic
programming redundancy

Fig. 1. The basic aspects of construction of the architecture of reliable software

Antibugging is understood as a restriction of misuse of program objects. In other words, the require-
ment is put forward to designing and programming in such a way that would insure the expected use
of the program in strict conformity with specifications, as well as to make its misuse impossible. For
example, when designing a system in which many modules interact, we can demand that some interac-
tions between them should be allowed only in certain situations. Thus, module A can request module B
always, in certain situations or never in spite of the fact that modules A and B are in such relations that
the request is possible.

Antibugging is a technology of potential errors’ prevention by checking a set of allowable conditions
in each module. During programming many techniques can be used to check up anomalies in control or
in data. Some of antibugging methods are listed below:

- boundary values of variables are analyzed;

- the sizes, type and range of parameters of data input procedure are checked;

- parameters “access only to read” and “read-write” should be divided, and access to them should be
checked up;

- symbolic constants should not be accessible for writing;

- input variables and intermediate (auxiliary) variables with physical value should be checked up for
authenticity;

- influence of output variables should be checked up, preferably by direct observation of changes of a
system state connected to them, etc.

The elementary method of antibugging consists in use of special traps for errors intended for errors
such as misuse of modules. The developer of the program does not concern about what the user will do
after receiving the message on misuse of the module, but he is obliged to design the module so that user
errors will not cause irreversible changes in the module. Thus, the user caught on misuse of the module
makes adjusting actions and again activates the module, not leaving any traces of erroneous calls. In other
words, it implies such programming when it is not so easy or impossible to use the software product
outside the scope of its specification.

Multiversion programming (N-version programming). The purpose of this method is to find out and
mask residual errors of software design during execution of programs, to prevent critically hazardous
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system failures, and to continue operation with high dependability. In N-version programming the given
specification of the program is realized differently for N time. The same values of input data are given
to N-versions, and then the results made by N-versions are compared. If the result is considered cred-
ible, it is transferred to computer as output data. N-versions can be carried out in parallel on separate
computers or all versions can alternatively be executed on one computer. Output results are exposed
to internal voting. Various strategies of voting can be used on N-versions depending on requirements
of application. For critical information systems, the full consent of all N-versions is necessary. For
other information systems, the strategy of voting by a simple majority can be used. For cases where
there is no collective consent, probabilistic approaches can be used to maximize the chance of choos-
ing a correct value, for example, by taking an average value, temporarily freezing output data before
the consent returns, etc.

For dual programming (if two versions of the program are developed), in case of detection of divergence
inresults, it is necessary to define by additional criteria what result is correct and to reject any other result.
For N-version programming, the correct result is defined according to a majority criterion, i.e. we select
the result which is observed in the majority of program versions.

The considered ways of redundancy demand twice or N as much time for calculations and increase in
labor volume of programmers by as much time. In this reference, of interest is modified dual programming
where a sufficiently exact, but complex basic program is accompanied by a less exact, but simple backup
program. If for identical initial data the results of programs’ execution differ by the value which is higher
than the allowable error, the assumption is taken that the basic program has failed as a less dependable
one, and the result of backup program execution is accepted as the correct result.

However, it is never possible to guarantee the absence of errors. Other three groups of methods rely
on the assumption that errors will nevertheless take place.

3. Error detection

If we assume that any mistakes will nevertheless take place in software, the best strategy (after error
prevention) is to include tools for error detection in software itself.

The majority of methods are designed whenever possible for immediate detection of failures. The
immediate detection has two advantages: it is possible to minimize error influence and the subsequent
difficulties for the person who should extract information about it, to find and to correct it.

Measures related to error detection can be divided in two subgroups: passive attempts to find out er-
ror symptoms in the process of “usual” execution of software and active attempts of program system to
periodically survey its own condition in search for an error flag.

Passive detection

Measures related to error detection can be accepted at several structural levels of a program system.
Here we shall consider a level of subsystems, or components, i.e. we shall be interested in measures on
error symptoms’ detection undertaken at transition from one symptom to another, and also symptoms
inside a component. Certainly, all this applies also to individual modules inside a component.

Developing these measures, we shall rely on the following.

1. Mutual suspicion. Each of the components should assume that all others contain errors. When it
obtains any data from another component or from a source outside of the system, it should assume that
the data can be wrong, and try to find errors in them.

2. Immediate detection. 1t is necessary to detect errors as soon as possible. It limits damage inflicted
by them as well as considerably simplifies the problem of debugging.

3. Redundancy. All means of error detection are based on some form of redundancy (explicit or
implicit).
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When measures on error detection are developed, it is necessary to accept the coordinated strategy
for the whole system. The actions undertaken after error detection in software should be uniform for all
system components. It brings an attention to the question as to what actions should be taken, when an
error is not detected. The best decision is immediately to end the program execution or (in case of an
operating system) to put a central processor in wait state. From the point of view of granting the most
favorable conditions in error diagnostics for a person debugging the program, for example, a system
programmer, the immediate end offers the best strategy. Certainly, in many systems a similar strategy
appears unreasonable (for example, it can appear that it is impossible to suspend system operation). In
this case a method of error registration is used. The description of error symptoms and “snapshot” of
system state is saved in an external file, and then the system can continue operation. This file will be
investigated by maintenance staff later.

Always, when it is possible, it is better to suspend program execution than to register errors (or to
provide system operation in any of these modes as an additional opportunity). The difference between
these methods will be illustrated by ways of revealing causes for a grinding sound sometimes arising in
your car. If the car mechanic is on a back seat, he can survey a car’s state at that moment when a grind-
ing sound arises. If you choose a method of error registration, the problem of diagnostics becomes more
complex.

Active detection of errors

Not all errors can be revealed by passive detection methods as these methods detect an error only when
its symptoms are exposed to appropriate checkup. It is possible to make even additional checkup if to
design special software for active search for error attributes in a system. Such means refer to as tools for
active detection of errors.

Tools for active detection of errors are usually combined in the diagnostic monitor: parallel proc-
ess, which periodically analyzes a system’s state with the purpose to detect an error. The large-scale
program systems managing resources frequently contain errors that lead to resource loss for long
time. For example, running of an operating system’s memory hands over blocks of memory “in rent”
to programs of users and other parts of the operating system. An error in these very “other parts” of
the system can sometimes lead to erroneous operation of the memory control block as the memory
engaged in return of memory handed over earlier in rent, which causes slow degeneration of the
system.

The diagnostic monitor can be realized as a periodically executed task (for example, it is planned
for each hour) or as a task with a low priority, which is planned for execution when the system
switches over to wait state. As before, concrete checks carried out by the monitor depend on system
specificity, but some ideas will be understandable from examples. The monitor can examine the
basic memory to detect memory blocks, not dedicated to any of tasks carried out and not included
in a system’s list of free memory. It can check also unusual situations: for example, a process was
not planned for performance during some reasonable interval of time. The monitor can carry out
search for “mislaid” messages inside the system or operations of input-output which remain uncom-
pleted for unusually long time. The monitor can also search for sites of memory on a disk which are
not marked as allocated and are not included in the list of free memory, and also a various sort of
strangeness in data files.

Sometimes it is desirable that under emergency the monitor should execute trouble-shooting testing of
a system. It can activate certain system functions, comparing their results with beforehand determined
ones and checking them as far as the execution time is reasonable. The monitor can also periodically
submit “empty” or “easy” tasks to the system to make sure that the system functions at least in some
primitive mode.
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4. Error correction

The following step consists in methods of error correction; when the error is detected, either it or its
consequences should be corrected by the software. Error correction by the system is a fruitful method of
dependable hardware. Some devices are capable to detect faulty components and switch over to use iden-
tical backup components. Similar methods are inapplicable to software due to deep internal distinctions
between equipment failures and errors in programs. If some program module contains an error, identical
“backup” modules will also contain the same error.

Another approach to error correction is connected to attempts to recover the destructions caused by
errors, for example, distortions of records in databases or control tables of a system. The advantages of
methods used for struggle against distortions are limited, as it is supposed that the developer beforehand
will foresee some possible types of distortions and will provide software functions for their elimination.
It is similar to paradox as, if to foreknow, what errors will arise, it would be possible to take additional
measures for their prevention. If methods of failure consequence elimination cannot be generalized to work
with many types of distortions, it will be the best way to direct efforts and means for error prevention.
Instead of equipping an operating system under development with its tools of detection and restoration of
a chain of distorted tables or control blocks, when developing an operating system, it is better to design
a system in such a way that only one module will have access to this chain, and then persistently try to
receive evidence of this module correctness.

5. Error tolerance

The basic assumption of software error-tolerant programming consists in the fact that it does not matter
how good the program has been designed and realized, it will still contain some residual errors. And if that’s
the case, then modules of the program which can fail, should have “a buffer stock”. With this purpose the
module is designed in the form of recovery blocks. Each recovery block contains a pass-through test and
one or several alternatives of realization. The basic alternative is initiated by activation of the recovery
block and when its execution comes to the end, the checkup of a pass-through test value is carried out. If
it makes “true”, it is considered that the execution of a recovery block is successfully completed. If the
test makes “false”, then another alternative is initiated and after that the definition of a pass-through test
value is carried out again, etc. and so on till the successful execution of a recovery block. If any alternative
has not passed the pass-through test, the recovery block is considered as erroneous and the execution of
another alternative of the activated module begins. Other technique is applied as well: various segments
of the program are written, frequently independently, each of which is intended for execution of one
function. The program is made up of these segments. The first segment named primary is executed first.
It is followed by a pass-through test of the calculation result of the first segment. If the test has passed
successfully, then the result is accepted and transferred to the subsequent parts of the system. If the test
has been unsuccessful, any side effects of the first segment are reset, and the second segment named as
the first alternative is executed. It is also followed by a pass-through test whose results are considered as
in the first case. If it is necessary, other alternative techniques can be realized.

The introduced method of parrying software residual errors by designing the module in the form of
a recovery block sometimes requires the unjustified efforts connected to designing of several recovery
blocks, each of which contains the pass-through test and one or several alternatives of realization. For the
purpose of practical support of program system functioning at presence of errors, the group of methods
which is divided into four subgroups has been developed: dynamic redundancy, back-off methods, methods
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of error isolation and construction of algorithms immune (or not critical) to various sorts of information
process violations (use of algorithmic redundancy).

1. The dynamic redundancy concept roots in designing of hardware. One of the approaches to dynamic
redundancy is the majority backup (a method of voting). The data are processed independently by several
identical devices, and obtained results are compared. If the majority of devices have produced an identical
result, then this result is considered as correct. And again, as a result of special nature of errors in software,
the error presented in a copy of the program module will be present also in all its other copies; therefore,
in this case the idea of voting probably is unacceptable. The approach sometimes offered for the solution
of this problem consists in having some not identical copies of the module. It means that all copies execute
the same function, but either they realize various algorithms or are developed by different authors. This
approach is unpromising for the following reasons. It is frequently difficult to receive essentially differ-
ent versions of the module which executes identical functions. Besides, there is a necessity in additional
software for the execution of these module versions in parallel or serially and comparisons of obtained
results. This additional software improves the level of system complexity that certainly contradicts to the
basic idea of error prevention — first of all to aspire to minimize software complexity.

The second approach to dynamic redundancy consists in execution of these backup copies only when
the results received with the help of the basic copy are recognized wrong. If it occurs, the system auto-
matically activates a backup copy. If its results are also wrong, another backup copy is activated etc.

2. The second subgroup of error tolerance assurance methods refers to as back-off methods or methods
of reduced service. These methods are acceptable usually only when the most important thing for soft-
ware system is to end an operation correctly. For example, if an error turns out in the system controlling
technological processes and as a result this system fails, then a special fragment of the program designed
to secure the system and to provide accident-free end of all processes controlled by the system can be
loaded and executed. Similar tools are frequently necessary in operating systems. If an operating system
detects that it is just about to fail, it can load the emergency fragment responsible for notification of users
at terminals about a forthcoming failure and for saving of all system critical data.

3. The third subgroup consists of error isolation methods. Their basic idea is to prevent error conse-
quences from going outside the boundaries of the smallest possible system software part, so that if an error
arises then not the whole system will fail; some system functions or some of its users are shut down. For
example, in many operational systems errors of some individual users are isolated, so failure influences
only some subset of users, and the system as a whole continues to function. In telephone switching systems
for recovery after an error in order not to risk the whole system failure, telephone connection is simply
cut. Other methods of error isolation are related to protection of each of system programs from errors
of other programs. An error in the applied program which is executed under operating system control,
should affect only this program. It should not affect an operating system or other programs functioning
in this system.

Isolation of programs in an information system is the key factor ensuring that errors in a single user
program will not lead to errors in programs of other users or to a complete system failure. Key rules of
error isolation in programs consist in the following:

1. The applied program should not have any opportunity to refer directly to another applied program
or data in other programs and to change them.

2. The applied program should not have any opportunity to refer directly to programs or a operating
system and to change them. Communication between two programs (or the program and the operating
system) can be allowed only under the condition of usage of precisely defined interfaces and only in case
when both programs agree to this communication.

3. Applied programs and their data should be protected from the operating system to a point that errors
in the operating system could not lead to casual change of applied programs or their data.
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4. The operating system should protect all applied programs and data from their casual change by
system operators or maintenance staff.

5. Applied programs should not have any opportunity either to stop a system, or to compel it to change
another applied program or its data.

6. When the applied program addresses the operating system, the acceptability of all parameters should
be checked, the applied program should not have any opportunity to change these parameters between
the moments of check and their real use by the operating system.

7. None of system data directly accessible to applied programs should influence the functioning of an
operating system. An error in the applied program owing to which the contents of this memory can ac-
cidentally be changed, leads eventually to system failure.

8. Applied programs should not have any opportunity to bypass an operating system to directly use
hardware resources controlled by it. Applied programs should not call directly the components of an
operating system intended for use only by its subsystems.

9. Components of an operating system should be isolated from each other so that an error in one of
them should not lead to changes of other components or their data.

10. If an operating system detects an error in itself, it should try to limit influence of this error by one
applied program and as a last resort to stop execution of only this program.

11. An operating system should give applied programs an opportunity to correct errors detected in them
on demand, instead of unconditionally stopping the execution of applied programs.

Realization of many of these principles influences the architecture of system underlying hardware.
Though we use the term “operating system” when defining many of them, they are applicable to any
program (whether it is an operating system, teleprocessing monitor or file management subsystem) which
is engaged with service of other programs.

4. The fourth subgroup is introduction of algorithmic redundancy.

6. The conclusion

The paper considers effective methods and ways for construction of the architecture of functionally
dependable software. The European experience in development of programs for safety related systems [2]
is used, and recommendations of standard [3] are also applied. Ensuring software dependability is not
limited by development stages of their specification and qualitative architecture. To solve the key task of
reliable information system construction, it is necessary to design the dependable software, to implement,
to integrate it with hardware, to provide dependability of software during certification, operation and
maintenance. These stages of construction of dependable program are the subject of further discussion.
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dyHKUMOHaNbHaA HaAEXHOCTb. Teopua U NpakTuKa

‘.

TepckoB B.A., LLleeHok [].A., KapuaH U.H.

FrEHETUMECKUW AJITOPUTM AN19 ONTUMU3ALUN
APXUTEKTYPbI BOPTOBOIO NPOrPAMMHOIO
OBECIMNEYEHU4A

OnucbiBaeTcs MoAesib apXUTEKTYPbl GOPTOBOIo rNpPorPamMmmMHOro 06ecrneqyeHus, rno3BossaLLAas OLEeHUTb Ha-
ZEXHOCTb MPOEKTUPYEMOV NporpamMMHON CUCTEMbI 1 TPYA03aTparkl Ha ee peanunsaumio. OnuceIBaloTCs rna-
pameTpbl 1 0rnepaTopbl reHeTUYECKOro aaropuTMa, rMo3BOJISIOLIero HanTU ONTUMAaTIbHbIE XapakTepuCTUKU
apXUTEeKTYpPbl BOPTOBOro MNPOrPaMMHOro 0becriedeHus.

Knio4yeBble cnoBa: reHeTu4eckunii aaropuTM, 60,0TOBOG rnporpamMmmvHoe obecrie4yeHue, rnporpamMmmHas n3-
ObITOYHOCTb, HaAEXHOCTb rnporpamMmmHOro obecrieqdeHus.

BoproBoe nporpammuoe odecneuenue (bI10) aBTomMaTu3npoBaHHBIX CHCTEM YIPABICHUS CITyTHUKO-
BBIMHU CUCTEMaMHM CBSI3U HCIIOJNHACTCA Ha pa3lnyHbIX THHaxX DBM, xapakTepuCTUKH KOTOPBIX OMpee-
JISIOTCS Ha3HaueHueM cucteM [1]. Dtu (akTopbl BIUSIOT HAa pallMOHATIbHBIA YPOBEHb aBTOMATH3AIUN
MIPOEKTHUPOBAHUS, HAa TPYAOEMKOCTh U JUTUTEIBHOCTD CO3/IaHMsI POrpaMMHOro odecrieueHus u T.4. OaHako
MIPUHIIMIIBI U METObI TTpoekTupoBanus [1O mpu 5TOM MEHSIOTCS OTHOCUTENBHO Mallo.

BITO, ucnonp3yromieecss B ACY CIIyTHHKOBBIMH CHCTEMaMHU CBSI3H, 00J1alaeT BCEMH CBOWCTBaAMU
CIOXHBIX cucTeM [2]. OHO comepKUT OONBIIOe KOJIUYECTBO MOMAYJICH, TECHO B3aUMOJICHCTBYIONINX B
mpolLecce pereHus o0miei 1eneBon 3aaaquu.

BITIO umeet enunyto 1enb (GyHKIMOHUPOBAHUS — 00paboTKy MHGOPMALIMU U MIPUHATHE PELICHUN ISt
ynpaBlieHUs] 00BbEKTaMH, BILIOTh /10 (POPMUPOBAHUS COOTBETCTBYIOIIMX YIPABIISAIOINX Bo3aeiicTBUi [3].

Jlnsa obecrieueHns B3aMMOACHCTBUS MOYJIeH B €IMHOM KOMILIEKCE IIIMPOKO UCTIONIB3YIOTCS UepapXu-
YEeCKUEe CTPYKTYPhI C HECKOJBKUMHU YPOBHSIMHU TPYNIHUPOBAHUSA U MOJYMHEHHOCTH Moaynei. Kaxpii
MOJTyJIb UMEET CBOIO LIENIEBYIO 3a/1auy U crieln(puIecKuil YaCTHBIM KPUTEPUI KauecTBa, Kak MPaBUJIO, HE
coBmajarouil ¢ kpurepreM 3(h(HEKTUBHOCTH BCEr0 KOMILIEKCa MPOrPaMM.

[Tpu BIOOpE TOTO MIIM HHOTO BapuaHTa MoCTpoeHus apXuTeKTypbl BI1O pyKoBOACTBYIOTCS KpUTEPUSIMU
HaAEKHOCTH U 3aTpaT Ha peau3alliio CUCTEMBI C 3aJaHHON HaIEKHOCTHI0. OYEBUAHO, YTO MOJIOKEHUS
3TUX KPUTEPUEB MIPOTUBOPEUAT APYT APYTY, TaK Kak CUCTEMa ¢ 0oJbIel HaAEKHOCThIO TpeOyeT 3aTpaT
OOJBILINX PECYpPCOB.

[Toxa3zaTteneM HaaE&KHOCTU CUCTEMBI B UCXOIHOM MOJIENN apXUTEKTYpPhI IPOrPAMMHOMN CUCTEMBI SIB-
nsieTcs 3HaueHne Kod(uiieHTa roTOBHOCTH CUCTEMBI, POTHO3UPYEMOTO Ha CTaJAUU MPOEKTUPOBAHUSI.
HanéxHocTp Bceil cuctemMbl MOXKET ObITh TIOCTUTHYTa BBEIEHUEM MPOTPAMMHON M30BITOYHOCTH B OT-
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JieNTbHBbIE KOMIIOHEHTHI €€ apXUTEeKTyphl. OCHOBHBIM pecypcoM mipu paspadboTke BIIO sBustoTcs Tpymo-
3aTpaThl CHENHAINCTOB Pealn3yIoMmuX cuctemy. Jlis pacuera 3TUX MoKa3aresiei B MOieIn HeoOX0auM
y4YeT JAONOJHUTENIBHBIX TaPAMETPOB.

B KOMITOHEHT POrpaMMHO apXUTEKTYPBI, QYHKITHOHUPOBAHUE KOTOPOTO 0COO0 KPUTHIHO 110 HATEK-
HOCTH, MOXKET OBITh BBEJICHA ITPOTpaMMHast U30BITOYHOCTH METOJIOM N-BEpCHOHHOTO IPOrPaMMHUPOBAHHUS
ni 6J10Ka BoccTaHOBIIEHHsL. O4eBUIHO, YTO HAJEKHOCTh KOMITOHEHTOB C IIPOTPAMMHOM H30BITOYHOCTHIO
MIPSIMO MPOTIOPIIHOHATBHA TTyOUHE N30BITOYHOCTH (WIJIH KOJIMYESCTBY PA3IMUHBIX €ro Bepcuid) [4] u Ha-
JNEKHOCTBIO CPEJIbl UCIIOJIHEHUS BEPCUM (AJITOPUTMA FOJI0COBAHUS WJIM IPUEMOYHOTO TECTA).

HanéxHocTh MyIbTUBEPCUOHHOIO KOMIIOHEHTA [ HA apXUTEKTYPHOM YPOBHE j, IOCTPOCHHOIO U3 K
BEPCHIL METOJIOM MYJIBTUBEPCHOHHOIO ITPOrpaMMHUpPOBaHus Ui Jrodoro K paBHa [5]:

K
R,=p: | 1-TT0-p) |,
J k=1

IJie p;’ — BEPOATHOCTH 6€30TKa3HOI paGOTHI AIrOPHTMA TOI0COBAHNS, ;X — BEPOATHOCTH GE30TKA3HOM
pabotel Bepcun ke Z;;.

HanéxHocTs MyIbTUBEPCUOHHOIO KOMIIOHEHTA [ HA apXUTEKTYPHOM YPOBHE j, IOCTPOEHHOIO U3 K
BEPCHIA METOJIOM OJIOKAa BOCCTAHOBIICHUs 1Jis1 JTF00oro K paBHa [S]:

K k-1
R, = Z(pfj p;T)H @-ppp)” +p,a-p"),
k=1 ? =1

e p,-jAT — BEpOSATHOCTH 0€30TKa3HON paboThl MPHEMOYHOTO TECTa JUIsi KOMIIOHEHTa i, i=1, .., N Ha
ypoBHe j, j=1,..,M, p,-jk — BEPOATHOCTH OE30TKa3HON paboThl Bepcuu ke Z;;.

BepositHOCTh cO0s1 KOMITOHEHTA i HA YPOBHE j paBHa:

PF;j=1-R;.

TpynoeMKocTh pa3pabOTKH CUCTEMBI paBHA CYMME TPYAOEMKOCTEH BCEX KOMIIOHEHTOB apXUTEKTYPHI
cuctemsl. [Ipu pacuere TpynoeMKOCTH pa3paOOTKM KOMIIOHEHTOB € IMPOTPAMMHOM H30BITOYHOCTBIO
JIOJDKHBI YYUTBHIBATHCS 3aTPAThl HA peaH3alio Cpeabl NCoTHEeHus Bepeuii Mmoayns (NVXij) u 3arparsl
Ha peajn3aIuio K10l BepCHH i-TO KOMIIOHEHTA Ha YPOBHE | (Tlf ) [6]. TpymoeMKoCTh pa3paboTKu BCei
cuctemsl Ts paccUMTHIBAETCS CIEAYIOLUM 00pa3oM:

M N K .
T = ; 2 B,T, +(NVP, +RB,)| NVX, +k§; T ||,

rae NVXj; — TpymOoeMKOCTb pa3pabOTKH CPE/Ibl UCTIONHEHUS BEPCUH (IPUEMOYHOTO TeCTa Uit RB uin
anroputma rosocosanus wist NVP) (N-version execute environment); B;; — OuHapHast lepeMEHHas!, PH-
HuMaroas suadenue 1 (torma NVP;=0, RB;=0), eciti B IpOrpaMMHOM KOMIIOHEHTE HE UCHOJIL3YETCs
porpaMMHasi H30bITOYHOCTh, MHAue paBHa (;

NVP;;—OunapHas nepeMeHHasi, npuHuMaromias suauenue 1 (torna B;=0, RB;=0), eciu B porpaMMHOM
KOMIIOHEHTE BBE/ICHA MPOrpaMMHasi u30bITOYHOCTh MeTofioM NVP, nHaue paBHa 0;

RB;;— buHapHasi iepeMeHHast, IpuHuMaronas suasenue 1 (torna B;=0, NVP;=0), eciu B IporpaMMHOM
KOMIIOHEHTE BBE/ICHA MMPOrpaMMHasi U30BITOYHOCTh MeTOZOM RB, nHaye paBHa 0.

B ciiydae eciiu npou3BoguTCs MOJAEIMPOBAHKE YKE CYIIECTBYIOLIEH CUCTEMBI, KOTOPYIO IIAHUPYETCS
MOJEPHU3UPOBATh, TO Ul T€X apXUTEKTYPHBIX KOMIIOHEHTOB, KOTOPBIE YK€ CYILIECTBYIOT B CUCTEME,
3arparsl paBubl 7;=0.

[IporpamMMHBIi1 KOMITOHEHT, Y4aCTBYIOLIHMI B KpUTHUECKHU BaKHBIX LIMKJIAX YIIPABICHUS], JOJKEH BBIIION-
HHUTb BBIYMCIICHUS 32 TAKOE BPEMsI, YTOOBI BpeMsI BCETO IMKJIA YIIPABJICHUS HE PEBBIIIANI0 KPUTUYECKOE
3HaueHHe. Eciii KOMIIOHEHT HE yCIEBaeT BbIATh YIPABISAIOLIEE BO3AEHCTBUE IPYyroMy KOMIIOHEHTY, TO
HPOUCXOTUT COOH.
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Cpennee BpeMsl BBITIOJIHEHUSI TPOTPAMMHOTO KOMIIOHEHTA i Ha YPOBHE j BBIYMCIISIETCS KaK CyMMa
BpEMEHH pabOThI KOMIIOHEHTA 0€3 COOEB M CPEIHEr0 BPEeMEHU MTPOCTOSI KOMITOHEHTA:

RT, =TU,-Nu,-|1-| PF,+ Y, (PL}-PF,,-PU,,)| |+

abeky;

+(T4, - Nta, + TC, - Nic, + TE, - Nte,)-| PF,+ Y, (PL; - PF,,-PU,, )}

abek;

rae PL,;,-“” — YCJIOBHASI BEPOSITHOCTB TOTO, YTO B KOMITOHEHTE i Ha YPOBHE j BOSHUKHET COOMH, eciu cOoi
BO3HUKHET B KOMIIOHEHTE @ Ha ypoBHE b, ae {1,..,N,}, be{l,..M}, ie {1,.,N;},je{l,.,M}; PU,, — BEpo-
STHOCTB TOTO, YTO KOMIIOHEHT @ Ha ypOBHE b OyJeT UCIIOJIb30BaThCS;

PF,;, — BepOSATHOCTb TOTO, YTO B KOMIIOHEHTE @ HAa YPOBHE b BO3HUKHET COOM;

Nta;; — uncno cOOMHBIX KOMIIOHEHTOB Ha 0OJIEC HU3KUX APXUTEKTYPHBIX YPOBHSIX BO BPEMS 0CTYTIA
K KOMIIOHEHTY i Ha YPOBHE J;

Nic;; — uncno cOOMHBIX KOMIIOHCHTOB HA BCEX apXUTEKTYPHBIX YPOBHSX, aHAIM3UPYEMBIX B OJJHO U
TOXE BpeMsl C KOMIIOHEHTOM i Ha YPOBHE J;

Nte;; — uncio cOOMHBIX KOMIIOHEHTOB HA BCEX YPOBHSX apPXUTEKTYPbI, B KOTOPBIX TPOMCXOJUT yCTpa-
HEHHe cO0eB BO BpeMsl yCTpaHEeHHUs1 cOOsl B KOMITOHEHTE i Ha YPOBHE J;

Ntu;; — 4nuCI0 KOMIIOHEHTOB Ha BCEX YPOBHAX apXUTEKTYPbl, UCHOJIB3YEMbIX B OJIHO U TOXKE BPEMS C
KOMITOHEHTOM 7 Ha YPOBHE j.

JHanee npencrapieHbl 0003HaUCHUSI MTapaMeTpoB Mozenu apxutekrypst BI1O [7]:

M — KONM4YECTBO apXUTEKTYPHBIX YPOBHEUN B IIPOIPAMMHON apXUTEKTYPE;
N; — KonMYeCTBO KOMIIOHEHTOB Ha YPOBHE /, j€ {1,...M};

Dj; — MHOXECTBO UHJIEKCOB KOMIIOHEHTOB, 3aBUCHMBbIX OT KOMIIOHEHTa [ Ha YpoBHE /, [ € {1,...N;},
je{l,..M};

E;;— MHOX€CTBO MH/IEKCOB KOMIIOHEHTOB, OT KOTOPbIX 3aBUCUT KOMIIOHEHT [ Ha YpOBHE /, i € {1, ... N},
je{l,..M};

Fjj — coObITre 005, BOSHUKIIETO B KOMIIOHEHTE I HA YPOBHE /, [ € {1,...N;},j € {l,...M};

PUj; — BEpPOATHOCTB, TOTO YTO KOMIIOHEHT i Ha yPOBHE j Oy/IET UCTIONIb30BAThCS,

PF;; — BEpOSTHOCTb, TOTO, YTO B KOMIIOHEHTE [ Ha YPOBHE j BOSHUKHET COOMH;

R;; — BEPOSTHOCTB TOTO, YTO B KOMIIOHEHTE i HA YPOBHE j COOM HE MOSBUTCS,

PL,,,7 — yciioBHasi BEPOSITHOCTh TOTO, YTO B KOMIIOHEHTE /1 HA YPOBHE 71 BO3HUKHET COOM, €Cii BO3-
HUKHET OO B KOMIOHEHTE i Ha ypoBHE j, [ € {1,...N;},j € {1,... M}, n € {1,...N,,},m € {1,...M};

TA;; — oTHOCHUTENBHOE BPEMs JI0CTyIa K KOMIIOHEHTY i Ha ypoBHe j, i € {1,...N;},j € {l,...M},
OIpEeAeNsieMOEe OTHOLIEHUEM CPEIHET0 BPEMEHU JOCTyNa K KOMIIOHEHTY I Ha YpOBHE j K UMCIY
COOIHBIX KOMITOHEHTOB Ha 00Jiee HU3KUX YPOBHSIX apXUTEKTYPbI BO BpeMsI 1I0CTyIa K KOMIIOHEHTY;
napameTp TA;; UMEET CMbICI UCIIONB30BaTh, €CJIM KOMIIOHEHT pabOTAET Ha YAaJE€HHBIX UK U30JIU-
POBaHHBIX CHCTEMAX;

Nta;; — uncno cOOMHBIX KOMIIOHEHTOB Ha 00JICe HU3KUX YPOBHSIX apXUTEKTYPbI BO BPEMs JIOCTyIA K
KOMITOHEHTY [ Ha YPOBHE J;

TCj;— oTHOCHTENLHOE BPEMS aHaN3a COOsl B KOMIIOHEHTE [ HA YPOBHE /, ONPEENSIEMOE OTHOIIEHUEM
CPEIIHETO BPEMEHH aHamM3a cO0st B KOMIIOHEHTE [ Ha ypoBHE j, I € {1,...N;},j € {1,...M}, x uuciy c6oii-
HBIX KOMIIOHEHTOB Ha BCEX YPOBHSX apXUTEKTYpPbl, aHAJTU3UPYEMBIX B OHO U TOXKE BpEMs; K aHAJIU3y
OTHOCUTCS BPEMsI Ha BOCIIPOM3BEJICHUE OIIMOKU U €€ JIOKAIU3alHIo;
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Nic;;—ancno cOOMHBIX KOMITIOHEHTOB Ha BCEX YPOBHAX aPXUTEKTYPbI, aHAIM3UPYEMBIX B OJIHO U TOKE
BpEMS C KOMIIOHEHTOM i Ha YPOBHE J;

TE;; — OTHOCUTENBHOE BPEMsI yCTpaHEeHHUst cOOsl B KOMIIOHEHTE [ HA YPOBHE j, ONPENETAEMOE OTHO-
IIEHUEM CPEJIHETO BPEMEHU BOCCTAHOBJICHHS B KOMIIOHEHTE i Ha ypoBHE /, i € {1,...N;},j € {l,...M},
K 4HCITy COOMHBIX KOMIIOHEHTOB Ha BCEX YPOBHIX apXUTEKTYpPbI, B KOTOPBIX MPOUCXOAUT YCTPAHEHHE
cO0€B B O/IHO U TOXKE BPEMS;

Nie;; — uncio cOOMHBIX KOMIIOHEHTOB HA BCEX YPOBHSX aPXUTEKTYPbI, B KOTOPBIX IIPOMCXOUT yCTpa-
HeHHe cO0eB BO BpeMsl yCTpaHEeHHUs1 CO0s1 B KOMITIOHEHTE i Ha YPOBHE J;

TU;; — oTHOCHTENBHOE BPEMsl MCTIOJIb30BAHKS KOMIIOHEHTA [ HA YPOBHE /, ONpPEeNsieMOe OTHOIICHH-
€M CPEJIHETO BPEMEHHU UCIIONb30BAHUS KOMIIOHEHTA I HA ypoBHE j, [ € {1,...N;},j € {l,...M}, k uuciy
KOMITOHEHTOB Ha BCEX YPOBHSIX apXUTEKTYPBbI, UCIOJIb3YEMBIX B OTHO U TOXKE BPEMS;

Ntu;; — 94uCII0 KOMIIOHEHTOB Ha BCEX YPOBHSAX apXUTCKTYPbl, HCIOIb3YEMbIX B OJHO M TOXKE BPEMs C
KOMIIOHEHTOM I Ha YPOBHE J;

K;; — yGuna nporpaMMHON U30BITOYHOCTH KOMIIOHEHTA £, HA YPOBHE J;

Z;; — MHOYKECTBO BEpCUI KOMIIOHEHTA i, Ha YPOBHE J;

RT); — cpeiHee BpeMsi BBITIONHEHHUSI MOJLYJIsl { HA YPOBHE J;

T;; — TpynoeMKoCTh pa3pabOTKK KOMIIOHEHTA [ Ha YPOBHE j;

T%;; — TPIOEMKOCTb Pa3paboTKu BepPCHH k KOMIIOHEHTA [ Ha YPOBHE /, ke Z;, B yen-uacax;

NVXj;— TpynoeMKoCTb pa3pabOTKH CPE/Ibl UCTIONHEHUS BEPCUI (IPUEMOYHOTO TecTa 1ist RB (recovery
block, 6110k BOCCTaHOBJICHHS) WM alropuT™Ma rosnocoBanus nias NVP (N-version programming,
N-BepCHOHHOE IPOrpaMMHUPOBaHKE);

B,;— Gunapuas nepemenHasi, npuHumMaronias snadenue 1 (rorna NVP;=0, RB;=0), eciui B porpaMMHOM
KOMIIOHEHTE HE MCIIONIb3yeTCs MporpaMMHasi U30bITOYHOCTh, HHAYe paBHa 0;

NVP,;;— Gunapnas nepemMeHHas, npuHuMaronias suauenue 1 (torna B;7=0, RB;=0), eciu B porpaMMHOM
KOMITOHEHTE BBEJICHa IPOTrpaMMHasi H30BITOUHOCTh MeTojioM N VP, unave pasna 0;

RB;;— GunapHas nepemMeHHas, IpuHuMaromias suauenue 1 (torna B;=0, NVP;=0), ecii B pOrpaMMHOM
KOMITOHEHTE BBEJICHA IPOTrpaMMHasi H30bITOYHOCTh METOJI0M RB, nHaue paBHa 0;

TR — cpeanee BpeMs IPOCTOS CUCTEMBI, KOTOPOE ONPEAEIIAETCS KaK CpEHEE BPEMS, B TEUEHHE KOTO-
poro nporpaMMHoe o0ecriedeHre He MOXKET BBIMOIHATh CBOM (DYHKIINH;

MTTF — cpenHee BpeMsi BOSHUKHOBEHUS ¢00s1 B CHCTEME, KOTOPOE OIPEeIsieTCs KaK Cpe/IHee Bpems,
B TEYEHHE KOTOPOro cO0EB B MPOrpaMMHOM 00ECIIEYCHUH HE BO3HUKACT;

S — k03P PULIUEHT TOTOBHOCTU MPOTPAMMHON CHCTEMBI;

T; — ob1ast TpyI0EMKOCTb PeaTu3aliy MPOrPaMMHOM CHCTEMBI.

Cpennee Bpemst 0051 B IPOrpaMMHOM crcTeMe paBHO [8]:

M Nj
MTTF =Y Y {PU, x(1- PF,)X[TU, +

j=1 =l

Nm
f Sia-prr x| TU,, + ((l—P ';;)xTU,m) +

(m=1)&(m#j) n=1 leD,,,

+Y | (1=PLYx| TU, + f“ 2 (-PLIYX| TU,, + ¥, (1= PLYXTU, )| | | I}

ke D (m=1)&(mj) n=1 leD,,
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CpenHee BpeMs IPOCTOSI IPOrPaMMHOM CUCTEMBI paBHO [8]:

M M
TR=Y 3 {PU, x PF, x[(T4, +TC, +TE,)+

j=1 =l

N
+ f 3| PL, x| (T4,,+TC,, +TE, )+ Y (PLy X (T4, +TC,, +TE,))| |x

(m=1)&(m#j) n=1 leD,,,

X Y [PLy X[(TA, +TC, +TE,)+

keDy

Nm
+ i S| PLY,| (T4,,+TC,, +TE, )+ > (PLy X (T4, +TC,, +TE,))| [11]}.

(m=1)&(m#j) n=1 leD,,,

Koa¢durmeHt roroBHOCTH MPOrpaMMHOM CUCTEMBI PAaBEH:

_ MTTF
MTTF + TR’

Tpyno3arparsl Ha pa3pabOTKy CUCTEMBI PaBHBI:

N.
i 2{ B,T, +(NVP,_./. +RB,)-| NVX, +é T
Jj=l = &L

<

T
s

Jl71s KOMIIOHEHTOB, B KOTOPBIX BO3MOXKHO BBEJCHHE MPOTrPAMMHON M30BITOUHOCTH, MOTYT OBITH U3-
MEHEHBI CIEYIOIINE XapaKTEPUCTUKH [9].

Meron peanusanun nporpaMMHOM U30BITOYHOCTH: MyJIBTHBEPCHOHHOE IporpamMmMupoBanue (NVP;=1,
RB;=0) nmu 6ok Boccranosnenust (NVP;=0, RB;=1). Ecnn BeiOpan Meton NVP, TO yCTaHaBIHBACTCA
3HaueHue rena pasroe 0, ecau RB, To paBHoe 1.

Howmep Bapuanra (asieTepHaTuBbl) Var,; — «BepOSTHOCTH cOO0s1/Tpyno3arparsl». Bo3mMokHble BapraH-
ThI 3aJIAK0TCSl AHATMTHKOM JUIs Kak10ro Komnonenta (1<Var,<V;). V;; — Konu4ecTBO anbTepHATUBHBIX
BapHUaHTOB Pa3pabOTKH I KaX10r0 KOMIIOHEHTA.

Howmep Bapuanta Var,,...Var, ;) — BepoSTHOCTH cOOs JUIsl KaX/10i BEpCUU KOMITOHEHTA, aHAJIOTUYHO
nyHkry 2 (0<Var,, ;o<Vj;, 0 —Bepcuu HeT). IIpenenbHoe KOMMIeCTBO BEPCUI POrPAMMHOIO KOMIIOHEH-
Ta, €cau OyAeT MpUMEHEHa M30bITOYHOCTh, 3apaHee 3aJaeTCs aHATUTUKOM M HE MOXKET OBbITh OoJbIle
10 Bepcwit, T.k. 60JIbIIIEE KOTUYECTBO BHOCUT B KOMIIOHEHT JOMOJTHUTENIBHYIO CI0KHOCTD U CTOUMOCTb,
HEOIPABJaHHYIO YBEIMYCHUEM HaIEKHOCTH.

Ecnu renst Var,,..Var,;, npuaumarot 3Hauenue 0, TO CYUTAETCS, YTO MPOrpaMMHast H30BITOYHOCTD HE
BBOJIUTCS B IAHHOM KOMIIOHEHTE (B;=1).

Jls1s KOMITOHEHTOB, B KOTOPBIX HE MPEIyCMaTpUBAETCS BBEJCHUE MPOTrPaMMHON M30BITOYHOCTH, U3-
MEHSIeTCS TOJIBKO BapUaHT Var BEpOSITHOCTH COOS1 KOMITOHEHTA U COOTBETCTBYIOIIECH TPYIOEMKOCTH ISt
JOCTHKEHUs 3Tol BeposTHOCTH c60s1 (1 < Var < Kos-Bo BapuaHTOB AJIsl JaHHOTO KOMIIOHEHTA).

Takum o6pazoM, peHotun ocodu (perieHus ) GopMupyeTcs U3 NePeMEHHBIX XapaKTePUCTUK POTrpaMM-
HbIX KoMTOHEHTOB [10]. B Tabnuie 1 npeacrasnen oOmuii BUI (eHOTHUIIA C IPUMEPOM aJJIeNIeH.
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Taoauna 1. denorun ocoon

I'pynna KoMIOHEHTOB, ¢ BO3MOKHOCTHIO I'pynna koMnoHeHTOB, 0€3 BO3MOKHO-
NMPOrpaMMHOI U30BITOYHOCTH CTH MPOTrPAMMHOI H30bITOYHOCTH
Kommonenrt 1 Komnonent N Kommnonenr 1 Komnonent M
NVP/RB| Var, Vary, | .. |[NVP/RB | Var Var,s Var . Var
1 300 0 1| ] o 2 3

Ckpewusarnue BEBIOPaHHBIX 0COOCH MPOMCXOIUT C 3apaHee 3aJaHHON BepOSITHOCTRIO. Ecin ponuTenn
HE CKPEeIMBAIOTCA, TO MPOUCXOIUT UX KIOHUPOBAHUE.

CkpeuBaHue MpOUCXOIUT MOCPEIACTBOM pa3pbiBa XPOMOCOMBI POAUTENEH B 3aJaHHOM KOJIMYECTBE
TOYEK, MPU ITOM IMOTOMKH MOJYUYaIOT pa3InyHbIe TPU3HAKU O00UX POAUTENCH.

B npupoze cymiecTByeT orpoMHOE KOJTMUYECTBO MPU3HAKOB M CBOMCTB JKUBBIX OPTaHU3MOB, KOTOPHIE
OTIpeNIeNIIOTCS IBYMS U O0Jiee mapaMu T€HOB, U HA00OPOT, OIMH I'eH YacTO KOHTPOJIUPYET MHOTHE PU3Ha-
ku. Kpome Toro, neficTBue reHa MOXeT ObITh I3MEHEHO COCEJICTBOM APYTHX FE€HOB U YCIOBUSAMHU BHEUTHEH
cpenbl. Eme B omHo#t u3 padot 1928 1. FO.A. ®dunumyenko, ObII0 T0Ka3aHO, YTO HAPSIAY C «OCHOBHBIM»
TeHOM, ONPEEIIAIONINM IPU3HAK, CYIIECTBYET Psiji FTeHOB-MOAU(PUKATOPOB 3TOro npu3Haka. [1omoOHbIi
TUI HacJleI0oBaHMsI BCTpeyaeTcs yacto. Takum oOpa3oM, (peHOTHII, KaK MPaBUIIO, MIPEICTABISIET CO00i
pe3yabTaT CIOKHOTO B3auMOAEHCTBUS TeHOB [11].

Taxum oOpa3oM, BBeJIeM MOHSITHE «CBSI3aHHbIE TeHbD». CBSI3aHHBIE T€HBI — 3TO TE€HBI, B3aUMHAas KOM-
OMHALIMS KOTOPBIX OCYLIECTBIISIET BIMSHUE Ha ONpeAeIEHHbIA MPU3HAK 0COOH.

HanéxHocTth u Tpynos3aTparsl AJisi KOMIOHEHTOB C BO3MOXKHOW MPOTrpaMMHOI HM30BITOYHOCTHIO
OTIPEIeIISIIOTCS B3aUMOAEHCTBYIOIIMMHU FeHaMH BEPCUM U MeTo/1a U30bITOYHOCTH. Pa3pbIiBel Xpomo-
COMBI MOTYT IPOMCXOIUTH KaK MEXJy I'€HaMHU OJTHOTO MPOrPaMMHOIO KOMIIOHEHTa, TaK U MEXIY
reHaMH pa3HbIX KOMIIOHEHTOB. [Ipruem BeposTHOCTH BHIOOpPA TOUKHU pa3pbiBa XPOMOCOMBI MEXKIY
reHaMH OJTHOTO MPOrpaMMHOT0 KOMIIOHEHTa (CBA3aHHBIMHU T'€HaMu) 3apaHee 3anaHa. [Ipu paBHO-
MEpPHOM CKPEIIMBAaHUU Pa3pbiB MOXKET MPOUCXOJUTH JUOO0 BO BCEX TOUKAX WIIU TOJIBKO MEXIYy He-
CBSI3aHHBIMU T€HAMU.

Mymayus ocoOeit TOMYISIIIMN TPOUCXOIUT € 3aJaHHOU BEPOSTHOCTHIO. KpoMe BeposITHOCTH pUMEHE-
HUS MYTallUU K KaKJ0i 0cOOU, UCTIOIb3YETCSl BEPOSTHOCTh MPUMEHEHHSI MyTallUH K KaXJI0My €€ TeHy,
BEJIMUMHY KOTOpO 00b1YHO 3a1a10T 0T 1 10 10%. IIpu myTanmu OuHapHBIX T€HOB METO/Ia U30BITOYHOCTH
MIPOUCXOIUT UHBEPTUPOBAHUE 3HAUCHUSI.

AJnenau reHOB allbTEePHATUB «BEPOATHOCTH COOS/TPYIOEMKOCThY» XapaKTePHU3yIOTCs IIKaIoH mo-
psAnka, TakuM o0pa3oM, 4TO KaXKIbIi CIEQyIOUMi BapUaHT, JIydlle Mo HaA&KHOCTU, HO XyKe IO
Tpyno3arparaMm. Takum oO6pa3om, 3apaHee 3a/laHHble aJbTePHATUBHBIC BAPUAHTHI 1711 KOHKPETHOTO
MPOTPAaMMHOI0 KOMIIOHEHTa ONTUMabHbI 1o [lapeTo. MyTtanus Takux reHOB MOXET MPOUCXOIUTh
JIBYMsI CITOCOOaMH:

1. Bei6op m1000i1 anbTepHATHBBI «BEPOSITHOCTH COOS/TPYAOEMKOCThY PAaBHOBEPOSTEH.

2. Bribop mr060ro BapruaHTa «BEPOSTHOCTH COOS/TPYIOEMKOCTEY» MPOUCXOIUT BEPOSITHOCTHIO pac-
MPEICJICHHOW IO 3aKOHY HOPMAaJbHOTO PacHpelesi€HUs] BEPOSITHOCTEN ISl TUCKPETHOM CIIydailHOM
BesimunHbI [12]. [Ipu 3TOM BBIOOp TEKyIIero 3Ha4eHUs BapuaHTa HEBO3MOXeH. [Ipu MmyTaruu reHoB
BEepCHUI MPOTPaMMHBIX KOMITIOHEHTOB, /11 KOTOPBIX BO3MOXKHO 3HaueHue O (OTCYyTCTBUE BEPCUH ), TAKOE
3HaYeHue 100aBiseTcs Kak TONOJHUTEILHOE BO3MOXKHOE 3HaueHue. B Tabnuie 3 mpuBeeHbl BEPOSIT-
HOCTH BbIOOpa BapHAHTOB IIPU MyTallMH T€Ha BEPCUU MPOTPAMMHOI0 KOMITIOHEHTA, TEKYIl[ee 3HaUCHHE
KOTOPOTO paBHO 4, a 00111ee KOIMYECTBO 3aJaHHBIX BApUAHTOB PaBHO 7.
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Tabauna 3. Pacnpenenenne BeposiTHOCTell BbIOOpa BapuaHTa

OtcyrcTBHE Bap. 4
BepcHn Bap. 1 Bap. 2 Bap. 3 (Texymumii) Bap. 5 Bap. 6 Bap. 7
0.015625 0.09375 | 0.234375 | 0.3125 0 0.234375 | 0.09375 | 0.015625

leneTnueckuii anropuT™M OCHOBAH Ha UIESIX METO/IA ¢ He3aBucuMou cenekiueit [laddepa mpu mHOTO-
kputepuanbHoii ontummau VEGA (Vector Evaluated Genetic Algorithm) [13].

Cenexyusi TPOUCXOAUT C BEPOSTHOCTHIO, IPOMOPIMOHATIBHON 3HAYEHUIO KpUTEpHs. BeposTHOCTh
MH/IMBUA OBITH OTOOPAHHBIM 10 KPUTEPUIO S paccuuThiBaeTcs 1o Gpopmyse [14]:

b= fi o _
i N f . N >
2/
j=1
_ 1 N
IJI€ f; — IPUTOIHOCTD UHAWBHA @5 [ = ﬁz J; — cpenHsas MPUroaHOCTh MomyJisuu; N — pa3mep T10-

N j=1
NyJISILNY; Z p; =1
j=1
BepositHocTh MHIMBHA OBITH OTOOPAHHBIM [10 MUHUMU3UPYEMOMY KPUTEPHIO 1 pacCUUTHIBAETCS 110
dbopmyne [15]:
—@+C
b=—""7%
ve-Y s,
Jj=1

e f; — MPUTOTHOCTHh MHANBHAA I; C — KOHCTAHTA, ONPEICIISIFOIIAas MUHIMAIIbHYIO PUTOTHOCTH TI0-

N
myssiuy; C p; >0,Vi; N— pa3mep momyJisium; Z p; =1
j=1

B paccmarpuBaemoM anropurme koHcTanTa C paBHa MaKCUMaJIbHON IPUTOTHOCTH OCOOH B TOITYJISILIUH.
Taxkum 00pa3om, MUHUMaJIbHAS BEPOSITHOCTh OBITH OTOOPaHHBIM MHAMBHUJIOM 110 KpuTeputo 7, paBHa 0.

[Ipu onpenenennyn npurogHOCTH 0coOU 3HaYEHUS S U T, paCCUNTHIBAIOTCS IO AJITOPUTMY, H300pakeH-
HOM Ha puc. 1.

Kaxxnast ocoOb ¢ paccuMTaHHBIMU KPUTEPUSIMU 3alluChIBaeTcs B MaccuB. [lepen TeM Kak paccuuThIBaTh
KpUTEpUHU JJIs CIEAyIoIeld 0COOM MPOUCXOAUT MOUCK aHAJIOTMYHOM y)Ke PacCUMTAaHHOM paHee 0coou
[10]. DT0 meiicTBHE LeTECOOOPAa3HO U MO3BOJSET CIKOHOMUTH BpeMsl pabOThl aaropuTMa, T.K. pacuer
KpUTEPUEB 3HAYUTEIBHO JIOJIBbIIIE TOMCKA UIEHTUYHON 0COOM B MacCUBE PELLEeHUH.

Jlnst pemieHuss MHOTOKpUTEPHAIBHON 3a/1a4 YCIOBHOM ONTUMM3AIMU HEOOXOIMMO HCIIOJIb30BATh
MO/IXOJ, OCHOBAaHHBIM Ha CBEIICHUM YCIIOBHOM 3ama4yu kK Oe3yciioBHOU. [lonck IlapeTo-onTumManbHBIX
perieHuit ocymecTBiseTcs mo cxeme merona VEGA. Pemenus 3amadqn ¢ OTpaHUYCHUSIMUA JTOJIKHBI HE
TOJILKO MpUHAJIekaTh MHOXKeCTBY [lapeTo, HO 1 HaxoAUThCs B TomycTuMoit odnactu. [losTomy k npen-
JIOKEHHOMY aJITOPUTMY JONOJHUTEIBHO BBOAUTCS MPOIENypa, MO3BOJISIIOIIAS CTSITUBATh PEILECHUs B
JOTYCTUMYIO 00nacTsb [ 14].

UToOBI cTallo BO3MOXKHBIM pELICHUE 3aJa4d YCIOBHOM ONTHMH3ALMUM, KaKJ0€ OTpaHUYECHUE
paccMmaTpuBaeTcsi Kak OTAelbHas LejeBas QyHKIHS, U [MO3TOMY HM3HadaJlbHO YCJIOBHAas 3ajada c
HECKOJIbKUMH L[eJIeBBIMU (PYHKIIUSAMU CBOAUTCS K 0€3yCIIOBHOM MHOTOKPUTEPUANIbHOM 3a/1a4e ONTH-
muzanuu. [Ipeobpa3oBanre NCXOIHOM 3a/1a4K yCIOBHON MHOTOKPUTEPUATIBLHON ONTUMHU3AIIMN HMEET
cnenyrommui Bup [14]:
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CunTbiBaHME ¢ eHoTMNa ocobu ans

‘ « | KaXZOoro KOMMOHEHTA UM ero BEPCUii:
7 BEPOATHOCTU c60A, TPYA0EMKOCTU
pa3paboTku

Hauano pacueta Kputepves
ONTUMAaIbHOCTU A1 0CO6M

v v

(" Pacuer BEPOATHOCTU cboA Pacuet Tpygoemkoctn )
[O/19 KOMNOHEHTOB, pa3paboTku
y4yactsyowmx B A KOMMOHEHTOB,

S yyactsyowmx B A )

Pacuet BepoaTHOCTUN ) (" Pacuer TPYAO0EMKOCTH
c60A AN KOMMNOHEHTOB, pa3paboTku
He y4yacTeyowmx B A 1/ KOMMOHEHTOB,

He yyacTeytowmx B A

J | | &

(

Bbluncnerue S 1 [ Pacuet Ts 1
|

‘ 3aBeplueHuMe pacyeTa Kputepres
ONTUMANbHOCTU ANA 0cobM

Puc. 1. AnropuTtm pacdera KpUTeprUeB ONTHMAILHOCTH

LeneBbie pyHKIMU UCXOnHOW 3ana4un — F(X) — opt, orpaHrueHHs HCXOAHOH 3anaun — G(X)< B.

enersie GpyHkmmuu npeodpazoBanHOU 3a1a4un — F(X) — opt, orpaHudeHus mpeoOpa3oBaHHON 3a/1a-
un — |G(X) — B|— opt.

B nepByto ouepenp HECKOIBKO UTEpALIUMil aJITOPUTMA PEIIAETCsl UCXO/IHAsl yCIIOBHAs 3aj1a4a, HO 0e3
ydeTa orpaHudeHui. 3aTeM, YTOObI OTYYHUTh OOJbIIEe YHCIIO PEIICHHN, TPHHAIIICKAIIIX IOy CTUMON
00JIacTH, TIOUCK TPOJOIKAETCS yrKe 0e3 yueTa 1eseBbIX (PYyHKIUI UCXOIHOH 3a/1auu, a TOJIBKO 0 OTpa-
HUYEHUSAM. TakuM 00pa3om, MOUCK PEIICHUH MTPOU3BOTUTCS TOIBKO 1O (PYHKIUSIM-OTPAHUICHHUSM, YTO
MPUBOAUT OOJIBIIYIO YAaCTh MOMYJSUHN B JOMYCTUMYIO 001acTh, HO C NMOTEpEN KayecTBa PELICHUN 1O
KpUTEpUSIM onTUMH3aIuu [ 14].

I'eneTnyeckuii anrOpuT™M MHOTOKPUTEPHUAIBHON YCIOBHOW ONTHUMM3ALUN IPOTPAMMHON APXUTEKTY-
poI [16] Taxke ocHoBaH Ha unesx merona VEGA (Vector Evaluated Genetic Algorithm) ¢ He3aBUCHUMOM
ceneknueit [lladgdepa mpu MHOTOKpUTEPUATBHON ONITUMHU3AIINH.

OTtnnune anroputMa ot ['A 6e3ycliOBHON ONTUMH3AIMHA COCTOUT B TOM, YTO B HEM KaXKI0€ OTpaHU-
YEHHUE PACCMATPUBAETCS KaK JOMOJHHUTENbHBIN KPUTEPUA ONTUMH3ALMKU. HYacTh MMOKOJIEHUI alrOpUTM
pabotaet 0e3 yueTa I0NOTHUTEIbHBIX KPUTEPUEB ONTUMU3ALINH, @ 3aT€M OCTABIIYIOCS YaCTh TOKOJIEHUIN
QITOPUTM PaOOTAET 1O ABYM KPUTEPHUSM HapyIIeHUs orpaHudeHus Ha S, T;, 1 KpUTEPHUIM HapyIICHUS
orpannycHus RTj;.

Bxoanble mapametpsl ['A crenyromue:

— pa3mep nonyasuuu (N);

— BEPOSITHOCTh CKpeIMUBaHus (prob_cross);

— BuA ckpeuuBanus (1,2,3-ToueyHoe, paBHOMEPHOE);

— BEPOSITHOCTh pa3pbIBa CBA3AHHBIX T€HOB (prob cross_inter);

— BEPOSITHOCTh MYTAallMK 0CO0U (prob_mutate);

— BEPOSITHOCTh MYTalllK reHa (prob_mutate gen);

— KpUTEPHUH OCTaHOBA (MaKCUMaJIbHOE BpeMsl pabOThI fime _ga, KOIUYECTBO MOMYJIALUI 0e3 yIydlleHns
pelieHus (cTarsauus) stagnancy, KOIM4ecTBO MOMYJISALUN pop count),
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— MPOLIEHT MOMYJALMI Ha 00pabOTKy orpaHuueHuil percent bound;

— KOJIMYECTBO OIPaHUYEHHUI Ha BPEMsI BBIIIOJIHEHUS KOMIIOHEHTOB B.

ANTopuTM peanusyercs ciaelyrolel MociIeJ0BaTeNbHOCTHIO JEHCTBUI:

1. 'eneparus poautenbckoi nmonyssiuu P pazmepoM N ciydaitHBIX 0COOEH.

2. Pacuer kputepueB sl Bcex ocodeit momynsuuu P.

3. IIponopunonansHas cenekius N/2 ocoOeit u3 P 1o Kputepuio S B IPOMEKYTOUHYIO MOMYJISILUI0 P

4. ITponopunonansHas cenekius N/2 ocobeit mo kputepuio 7; B IPOMEXYTOUHYIO MOMYIISIHIO P .

5. CkpelmBaHue ¢ BEPOSTHOCTBIO prob cross N/2 ciyyailHO BBIOpaHHBIX Map 0coOeil u3 MpoMexy-
TOYHOH nomynsiuu P’. @opMupoBaHHe OCHOBHOW Nomyisiiiu P u3 N BEIOpaHHBIX 0co0eii.

6. Beimonnenue oneparopa MyTalMy ¢ BEPOSITHOCTBIO prob mutate Ha Kax10i 0coOOM OCHOBHOM MO-
NOyJIAUnU P U KaXI0My TeHy 0COOM ¢ BEpOSITHOCTBIO prob_mutate gen.

7. PacueT 3Haue€HUI KpUTEpUEB ONTUMHU3ALIUY JUIs BceX 0coOei momyssiiuu P.

8. Be16op u3 nomymsiuuu P HeIOMMHUPYEMbIX perieHui. Eciy B HalileHHBIX paHee pelIeHusX ecTh
pellIeHNns1, KOTOpPBIE UX TOMUHUPYIOT, TO stagnancy = stagnancy+1.

9. Ecnn cpabotain XoTs Ob OAMH KPUTEPHUI OCTAaHOBA, TO OCTAHOBKA aJITOPUTMA.

10. Ecnu HOMep nomysisiiuy MeHblie, 1100 paBeH percent_bound*pop count, TO mepexon Ha mar 3.

11. ITponoprimonansHas cenekuus N/(2+Q) ocobeit u3 P 1o KpUTepHIo HapyLIEHUs: OTpaHUYEeHUS Ha S
B ITPOMEXKYTOUHYIO MOMYJIALNI0 P’

12. IIponopunonanbHas cenekuust N/(2+0) ocobeit o KpUTEepUIo HApyIIeHHs OrpaHnyYeHus Ha T; B
IIPOMEKYTOUHYIO MOMYJIALNI0 P’

13. IIponoprmonansHas cenekuus N/(2+Q) ocobeil o KaxxJoMy KpUTEPUIO HapyILIEHHs OTpaHHYCHHS
Ha BPEMsI BBIIIOJIHEHHUsI KOMIIOHEHTA RT}; B IPOMEKYTOUHYIO MOMYJIAIUIO P,

14. CxpeuBanue ¢ BEpOSTHOCTBIO prob cross N/(2+(Q) ciny4aiiHO BBIOpaHHBIX Map 0cobeit u3 mpo-
MeXyTouHOU nomyssinuu P’. @opmMupoBaHrne OCHOBHOM momysiuu P u3 N BBIOpaHHBIX 0COOEH.

15. BeinonHeHue onepaTopa MyTallMy ¢ BEpOSITHOCTBIO prob mutate Ha KakJJ0i 0COOM OCHOBHOM TO-
OyAunu P 1 KaXI0My TeHy 0COO0M ¢ BEpOSITHOCTBIO prob _mutate gen.

16. PacueT kpuTepreB MO OrpaHUUEHUSIM [T BceX ocobel momymnsauuu P.

17. Be160p 13 nomy sty P JTydniux perieHuil o Kpurepusm orpannueHnid. Eciu B HaliIeHHBIX paHee
pELIEHUsAX €CTh JIyulle, TO stagnancy = stagnancy+1.

18. Ecnu cpabGotan XoTst Obl OMH KPUTEPHI OCTAHOBA, TO OCTAHOBKA aJITOPUTMa, MHAYE MEPEXO
Ha mar 11.

Henomunupyemsle perieHus, noyuyeHHbIe Ha KaX /101 utepaiuu, oTouparorcst B MHOkecTBO [lapero.
Pemenus muoxxectBa [lapeTto He MOTYT OBITH IPEANIOYTEHBI JAPYT JIPYTY, IO3TOMY IOCIIE ero (POPMHPO-
BaHUs 33J]a4a MOXKET CUMTATHCS MaTeMaTUYECKH perieHHon [17].

Pa3paboTanHblif TeHETHUECKUI alIrOPUTM ObUT IPOTECTUPOBAH HA CHEIMAIBHO MOATOTOBICHHBIX 3a-
Jlavax, a Takyke ObLI UCTIONIb30BaH MPH pa3zpadoTKe MPOrpaMMHOro 00ecredeHus! KOPIOPAaTUBHBIX CUCTEM
ynpasnenusi, 1 BIIO. C nomomkio pazpadoranHoro I'A Bce 3a1aun ObIIIM PELICHBI, @ TAKXKe Hal1eHbI
3G PEeKTUBHbIE APXUTEKTYPHBIEC PELICHHUS.
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GENETIC ALGORITHM FOR OPTIMIZATION
OF ONBOARD SOFTWARE ARCHITECTURE

The paper describes the model of onboard software architecture that allows us to assess the dependability
of a designed program system and labour efforts spent on its realization. The paper defines parameters
and operators of the genetic algorithm that makes it possible to find optimal characteristics of onboard
software architecture.

Keywords: genetic algorithm, onboard software, program redundancy, software dependability.

Onboard software (OSW) in automated control systems to control satellite communication
systems is implemented on various types of computers whose characteristics are defined by the
purpose of systems [1]. These factors influence a rational level of designing automation, labor
input and duration of software development, etc. However, principles and methods of SW design-
ing vary relatively little.

OSW used in automatic control systems to control satellite communication systems possesses all prop-
erties of complex systems [2]. It contains a large quantity of modules closely interacting during common
target task solution.

OSW has the common objective of functioning — information processing and decision-making to control
objects, right up to generation of corresponding control actions [3].

Hierarchical structures with several levels of grouping and subordination of modules are widely used
for ensuring interaction of modules in an integrated complex. Each module has the target task and spe-
cific individual criterion of quality, as a rule, not corresponding to the efficiency criterion of the whole
system of programs.

It is believed that choosing this or that alternative of construction of onboard software architecture
(OSW), one should be guided by dependability criteria and costs for realization of a system with specified
dependability. It is obvious that statements of these criteria disagree with each other as a system with a
greater dependability demands larger resources.

The dependability index of a system in the initial model of program system architecture is the value of
system availability predicted at the design stage. The dependability of the whole system can be achieved
by introducing program redundancy in separate components of its architecture. The basic resource in
OSW development is labor expenditures of experts implementing the system. To calculate these indices
in a model, it is necessary to take into account additional parameters.
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In a component of program architecture, whose functioning is especially critical for dependability,
program redundancy can be introduced by the method of N-version programming or by recovery block.
It is obvious that dependability of components with program redundancy is directly proportional to the
depth of redundancy (or to the number of its various versions) [4] and dependability of the environment
of versions’ execution (algorithm of voting or acceptance test).

Dependability of multiversion component i at the architectural level j constructed of K versions by the
method of multiversion programming for any K is equal to [5]:

K
R,=p; (I—H(l—pif)}
J k=1

where p;” is the probability of non-failure operation of a voting algorithm, p;/* is the probability of
non-failure operation of the version keZ;.

Dependability of the multiversion component 7 at the architectural level j constructed of K versions by
recovery block method for any K is equal to [5]:

K k-1
R, = Z(pfj p;T)H @-ppp)" +p;,a-p"),
k=1 ? =1

where p;#7is the probability of non-failure operation of the acceptance test for a component 7, i=1.., N
at the level /, j=1.., M, p,#is the probability of non-failure operation of the version ke Z;.

The probability of failure of the component i at the level j is equal to:

Labor input of system engineering is equal to the sum of labor inputs of all components of system
architecture. During calculation of labor input of components’ development with program redundancy,
the costs for implementation of versions’ execution environment of the module (NVX;) and the costs for
implementation of each version of the i-th component at the level j (Tl-j") [6] should be taken into account.
Labor input of the whole system development of 7; is calculated as follows:

Nf
T = f Z[BUT,j +(nvp, +RBij)(NVXij + i T n

j=1 =l kez;

where NVXj; is the labor input of versions execution environment development (the acceptance test for
RB or voting algorithm for NVP) (N-version execute environment); B;;is the binary variable accepting the
value 1 (then NVP;=0, RB;=0) if the program component does not use program redundancy, otherwise
it is equal to 0;

NVP;; is the binary variable accepting the value 1 (then B;=0, RB;=0) if program redundancy is intro-
duced in the program component by NVP method, otherwise it is equal to 0;

RB;; is the binary variable accepting the value 1 (then B;=0, NVP;=0) if program redundancy is intro-
duced in the program component by RB method, otherwise it is equal to 0.

In case if we model an already existing system, which is planned to be updated, then for those archi-
tectural components which already exist in system, costs are equal to 0 (7;=0).
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The program component participating in critical control cycles should execute calculations in such
time that the time of the whole control cycle should not exceed the critical value. If the component is not
in time to give out control action to the other component, then a failure occurs.

The average time of the execution of the program component 7 at the level j is calculated as the sum of
the component operating time without failures and the average idle time of the component:

abek;

RT,=TU, N, - 1—(PFZJ+ D (PLj}b-PF;b-PUab)J +

+(T4, - Nta, + TC, - Nic, + TE, - Nte,)- [PE.j + Y (L} -PF,-PU, )]

abek;

where PL; is the conditional probability of a failure occurring in the component i at the level ; if a
failure occurs in the component a at the level b, ae{1,..,.N,}, be{l,..M}, ie{1,..N;}, je{l,..,M};

PU, is the probability that the component a at the level b will be used;

PF, is the probability of a failure occurring in the component a at the level b;

Ntaj; is the number of faulty components at lower architectural levels during access to the component
i at the level j;

Nic;; is the number of faulty components at all architectural levels analyzed at the same time with the
component i at the level j;

Ntey; is the number of faulty components at all levels of architecture in which there is an elimination
of failures during the elimination of a failure in the component i at the level j;

Ntu,; is the number of components at all levels of architecture used at the same time with the component
i at the level ;.

Below the designations of parameters of OSW architecture model [7] are presented:

M — the number of architectural levels in program architecture;

N;— the number of components at the level j, je {1,...M};

D;; — a set of indexes of components dependent on the component i at the level j, i € {1,...N;},
j e {l,...M};

Ej; — a set of indexes of components on which the component 7 at the level j depends, i € {1,...N;},
j e {l,...M};

F;;— a failure event occurred in the component 7 at the level j, i € {1,...N;},j € {1,...M};

PUj; — the probability that the component i at the level j will be used,;

PF;; — the probability of a failure occurring in the component i at the level j;

R;;— the probability of a failure not occurring in the component i at the level j;

PL,,,7 — the conditional probability that a failure will occur in the component m at the level n if there
is a failure in the component i at the level j, i € {1,...N;},j € {1,...M},n € {1,...N,,}, m € {1,...M};

TA;; — relative access time to the component i at the level j, i € {1,...N;},j € {1,...M}, determined by
the ratio of the average access time to the component i at the level j to the number of faulty components at
lower levels of architecture during access to the component; parameter 74;; can be used, if the component
operates on the remote or isolated systems;

Nta;;— the number of faulty components at lower levels of architecture during access to the component
i at the level j;

TCj;—the relative time of failure analysis in the component i at the level j, determined by the ratio of the
failure analysis average time in the component i at the level j, i € {1,...N;},j € {1,...M}, to the number
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of faulty components at all levels of architecture analyzed simultaneously (time for error reproduction
and its localization relates to the analysis time);

Nta;; — the number of faulty components at all levels of architecture analyzed simultaneously with the
component i at the level j;

TE;; — the relative time of failure removal in the component i at the level j, determined by the ratio of
restoration average time in the component 7 at the level j, i € {1,...N;}, j € {1,...M}, to the number of
faulty components at all levels of architecture in which removal of failures occurs at the same time;

Nte;; — the number of faulty components at all architecture levels in which removal of failures occurs
during removal of failure in the component i at the level j;

TU;; - the relative time of use of the component 7 at the level j, determined by the ratio of average use
time of the component i at the level j, i € {1,...N;}, j € {1,...M}, to the number of components at all
levels of architecture used simultaneously;

Ntu;; — the number of components at all levels of architecture used simultaneously with the component
i at the level j;

K;; — the program redundancy depth of the component i at the level j;

Z;;— the plurality of versions of the component i at the level j;

RT; — the average time of execution of the module i at the level j;

T; — the labor input of the development component  at the level ;;

T%; — the labor input of the development version k of the component 7 at the level /, k€ Z;, in man-hours;

NVX;;— the labor input of development of versions’ execution environment (the acceptance test for RB
(recovery block) or voting algorithm for NVP (N-version programming));

B;; — the binary variable accepting value 1 (in this case NVP;=0, RB;=0) if the program component
does not use program redundancy, otherwise it is equal to 0;

NVP;; — the binary variable accepting value 1 (in this case B;=0, RBij=0) if program redundancy is
introduced in the program component by NVP method, otherwise it is equal to 0;

RBij — the binary variable accepting value 1 (in this case B;=0, NVP;=0) if program redundancy is
introduced in the program component by RB method, otherwise it is equal to 0;

TR — the average idle time of a system which is defined as the average time during which the software
cannot carry out its functions;

MTTF — the mean time to failure in system which is defined as the average time during which failures
in the software do not arise;

S — the availability factor of a program system;

T;— the general labor input of program system realization.

Mean time to failure in a program system is determined as follows [8]:

N

M
MTTF = 2 Y {PU, x(1- PF,))x[TU, +

j=1 =l
(m=1)&(m#j) n=1 leD,,,

f %[(I—PLZ,”)X[TUW+ Y ((l—P ;’,Z’)XTU,m)n+

) a—PLi,)x[TUw > ﬁ{a—m’z;,»x[wmﬁ2((1—P7,:">xrvw)m ¥

keD; (m=0)&(m#j) n=1 leD,,
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Average idle time of a program system is equal to [8]:

M M
TR=Y 3 {PU, x PF, x[(T4, +TC, +TE,)+

j=1 =l

Nm
+ f Z(PLZ," x[(TAnm +7C,, +TE, )+ ¥, (PLy x(T4,, +TC,, + TE,m))D X

(m=1)&(m#j) n=1 leD,,,

X Y [PLy X[(TA, +TC, +TE,)+

keDy

+ i Z[PL"’M ((TAM +7C, +TE )+ Z (P i X (TA,, +TC,, + TElm))D]]]}.

(m=1)&(m#j) n=1 leD,,,

The availability factor readiness of a program system is determined as follows:

_ MTTF
MTTF + TR’

Man-hours for system engineering are equal to:

N,
T = f Z[BHTU. + (NVE/ +RB, -[NVXﬁ + i T;D.

j=1 =l kez,

For components in which introduction of program redundancy is possible, the following characteristics
[9] can be changed:

1. A method of program redundancy implementation: multi-version programming (NVP;=1, RB;=0)
or recovery block (NVP;=0, RB;=1). If the NVP method is chosen, then the gene value is established as
0, if the RB method is chosen, then the gene value is established as 1.

2. The variant (alternative) number Var,1 is “failure probability / man-hours”. Possible versions are set
by the analyst for each component (1<Var,,<V};). V;; is the number of alternative versions of development
for each component.

3. The variant number Var,,...Var,,, is the probabilities of failure for each version of a component,
similar to the above point 2 (0<Var,,_;o<V};, 0 — there is no version). The limiting number of program
component versions if redundancy will be applied, is set beforehand by the analyst and there cannot be
more than 10 versions since a larger quantity brings additional complexity and cost in a component,
unjustified by increase in dependability.

If genes Var,,..Var,, take on the value 0, it is considered that program redundancy is not introduced
in the given component (B;=1).

For components in which introduction of program redundancy is not provided, only the version Var
of the component failure probability and corresponding labor input for achievement of this failure prob-
ability changes (1 < Var < the number of versions for the given component).
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Thus, the phenotype of an individual (decision) is formed from variable characteristics of program
components [10]. Table 1 presents the general type of a phenotype with an example of alleles.

Table 1. Phenotype of an individual

Group of components with the possibility Group of components with no possi-
of program redundancy bility of program redundancy
Component 1 Component N Component 1 Component M
NVP/ NVP/
RB Var,, Vary | . RB Var; ) Var,s Var . Var
1 3 0 0 1 0 2 3

Crossing of the chosen individuals occurs with the predetermined probability. If parents are not crossed,
their cloning takes place.

Crossing occurs by break of parents’ chromosome in the set number of points, and descendants receive
various attributes of both parents.

In nature there is a huge quantity of attributes and properties of live organisms which are defined
by two and more pairs of genes and, on the contrary, one gene frequently supervises many attributes.
Besides, action of a gene can be changed by the neighborhood of other genes and environment condi-
tions. In one of studies as early as in 1928 J.A. Filipchenko proved that alongside with the “basic”
gene determining an attribute there is a number of genes-modifiers of this attribute. The similar type
of inheritance is met frequently. Thus, the phenotype, as a rule, represents the result of complex inter-
action of genes [11].

Thus, let us introduce the concept “related genes”. The related genes are genes whose mutual combina-
tion influences a certain attribute of an individual.

Dependability and man-hours for components with possible program redundancy are defined by in-
teracting genes of versions and redundancy method. Breaks of a chromosome can occur both between
genes of one program component, and between genes of different components. And the probability
of choosing a chromosome break point between genes of one program component (related genes) is
predetermined. At uniform cross breeding break can occur either in all points or only between unre-
lated genes.

The mutation of individuals of a population occurs with the specified probability. In addition to the
probability of mutation application to each individual, the probability of mutation application to its each
gene is used with the size usually set from 1 up to 10 % [42]. At mutation of binary genes of redundancy
method a value invert conversion takes place.

Alleles of genes of alternatives “failure probability / labor input” are characterized by a rank scale in
such a manner that each following version is better in relation to dependability, but it is worse in relation
to man-hours. Thus, predetermined alternative versions for a specific program component are Pareto op-
timal. The mutation of such genes can occur in two ways:

1. The choice of any alternative “failure probability / labor input” is equiprobable.

2. The choice of any version “failure probability / labor input” occurs with the probability distributed
under the law of normal distribution of probabilities for a discrete random variable [12]. And the choice
of the version current value is impossible. At the mutation of genes of versions of program components,
for which the value 0 is possible (absence of any version), such value is added as an additional possible
value. Table 3 presents probabilities of versions’ choice at mutation of a gene of the program component
version, whose current value is equal to 4, and the total number of specified versions is equal to 7.
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Table 3. Probability distribution of a version choice

Absence. of Var. 1 Var. 2 Var. 3 Var. 4 Var. 5 Var. 6 Var. 7
the version (current)
0.015625 | 0.09375 | 0.234375 0.3125 0 0.234375 | 0.09375 | 0.015625

The genetic algorithm is based on ideas of a method with independent Shaffer’s selection for multi-
criterion optimization VEGA (Vector Evaluated Genetic Algorithm) [13].

Selection occurs with the probability proportional to criterion value. The probability of an individual
to be selected under criterion S is calculated by the formula [14]:

fi o _
N N
2

J=1

pi=

b

~I

_ 1 &
where f; is the suitability of the individual i; f = NZ /; is the average suitability of the population; N
N j=1
is the size of the population; Z p; =1
j=1
The probability of an individual to be selected under minimized criterion 7; is calculated by the fol-
lowing formula [15]:
—@+C
Pl- = Q7 >
ve-Y s,
j=1

where f; is the suitability of the individual i; C is the constant determining the minimal suitability of

N
the C': p; >0, Vi population; N is the size of the population; z{ p; =1
J=

In the considered algorithm the constant C is equal to the maximal suitability of an individual in popu-
lation. Thus, the minimal probability of an individual to be the selected under criterion 7; is equal to 0.

When defining the suitability of an individual, the values S and 7; are calculated under the algorithm
represented in fig. 1.

Each individual with calculated criteria is recorded into data array. Search of similar calculated earlier
individual is carried out before criteria calculation for the following individual [ 10]. This action is reason-
able and allows saving an operating time of algorithm since calculation of criteria is much longer than
search of an identical individual in data array of decisions.

For the solution of the multi-criterion task of conditional optimization, it is necessary to use the ap-
proach based on conditional task reduction to the unconditional one. Search of Pareto optimal solutions
is carried out under the design of VEGA method. Task solving with restrictions should belong to a Pareto
set, as well as it should be in a legitimate range. Therefore, in addition to the offered algorithm, we should
introduce an additional procedure that allows us to bring solutions into a legitimate range [14].

To make it possible to solve a conditional optimization task, each restriction should be considered as a
separate criterion function and consequently, an initially conditional task with several criterion functions
is reduced to the unconditional task of optimization. The transformation of an initial task of conditional
multi-criterion optimization has the following form [14]:
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Individual phenotype reading for each
component or its versions: failure
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Fig. 1. Algorithm of optimality criteria calculation

End of optimality criteria calculation
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Criterion functions of an initial task are F(X) — opt, restrictions of the initial task are G(X) < B.

Criterion functions of the transformed task are F(X) — opt, restrictions of the transformed task are
|G(X) — B|— opt.

For the first several iterations of the algorithm, the initial conditional task is solved, but without tak-
ing into account restrictions. Next, to receive a greater number of solutions belonging to the legitimate
range, search proceeds this time without taking into account criterion functions of the initial task, but
restrictions only. Thus, search of solutions is made only as to functions — restrictions, which brings the
most part of the population into a legitimate range, but with loss of solutions’ quality under criteria of
optimization [14].

The genetic algorithm for multi-criterion conditional optimization of program architecture [16] is also
based on ideas of VEGA method (Vector Evaluated Genetic Algorithm) with independent Shaffer’s selec-
tion at multi-criterion optimization.

The difference of VEGA algorithm from GA (genetic algorithm) of unconditional optimization consists
in the fact that each restriction in it is considered as additional criterion of optimization. With the part
of generations, the algorithm works without taking into account additional criteria of optimization, and
then with the rest of generations the algorithm works as to two criteria of restriction violation on S, T;,
and criteria of restriction violation RT};.

Input parameters of GA are the following:

- population size (N);

- probability of crossing (prob_cross);

- type of crossing (1,2,3-point, uniform);

- probability of related genes break (prob_cross_inter);

- probability of individual mutation (prob_mutate);

- probability of gene mutation (prob_mutate gen);

- halt criteria (the maximal operating time time ga, the number of populations without solution im-
provement stagnancy, the number of populations pop count);
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- percent of populations for processing of restrictions percent bound;

- number of restrictions for the period of components’ execution 5.

The algorithm is implemented by the following sequence of actions:

1. Generation of parental population P with size N of casual individuals.

2. Calculation of criteria for all individuals of population P.

3. Proportional selection N/2 of individuals from P under criterion S in intermediate population P".

4. Proportional selection N/2 of individuals by criterion 7} in intermediate population P’.

5. Crossing with probability prob _cross N/2 of casually chosen pairs of individuals from intermediate
population P’. Generation of basic population P from N chosen individuals.

6. Execution of the mutation operator with the probability prob_mutate on each individual of basic
population P and on each gene of an individual with the probability rob_mutate gen.

7. Calculation of optimization criteria values for all individuals of population P.

8. Selection from population P of undominated solutions. If there are solutions in the decisions found
earlier which dominate them, then stagnancy = stagnancy+1.

9. If even one criterion of halt works, then the algorithm stops.

10. If the number of population is less, or equal to percent bound*pop count, then move to step 3.

11. Proportional selection of N/ (2+Q) of individuals from P under criterion of restriction violation on
S in intermediate population P’.

12. Proportional selection of N/ (2+Q) of individuals under criterion of restriction violation on 7 in
intermediate population P".

13. Proportional selection N/ (2+Q) of individuals under each criterion of restriction violation for the
period of RT; component implementation in intermediate population P,

14. Crossing with probability prob_cross N/ (2+Q) of casually chosen pairs of individuals from inter-
mediate population P’. Generation of basic population P from N chosen individuals.

15. Execution of the mutation operator with the probability prob_mutate on each individual of basic
population P and each gene of an individual with the probability prob_mutate gen.

16. Calculation of criteria under restrictions for all individuals of population P.

17. Selection from population P of the best decisions under criteria of restrictions. If there are better
solutions in the decisions found earlier, then stagnancy = stagnancy+1.

18. If even one criterion of halt works, then the algorithm stops, otherwise move to step 11.

Undominated decisions obtained for each iteration are selected in a Pareto set. Decisions of a Pareto
set cannot be preferred to each other, therefore after its generation the task can be considered mathemati-
cally solved [17].

The developed genetic algorithm has been tested on specially prepared tasks and has also been used
in development of the software for corporate control systems and OSW. With the help of the developed
GA, all tasks have been effectively solved, efficient architectural decisions have been found.
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dyHKuMoHanbHasa 6e3onacHoCcTb. Teopus U NpakTUKa

CemenoB C.C., Nontascknii A.B., Maknakos B.B.

NMPOLLECC NPUHATUA PELLEHWUM NPU CO30AHUU
CJTOXXHbIX TEXHUWHECKUX CUCTEM U SAOAHA
BbiBOPA AJIBTEPHATUB

Co3spnaHuvie BbICOKOKOHKYPEHTHOM NMpoAYyKUNN CBSI3aHO C MPUHATMEM 0O60CHOBAHHbIX U MPaBuibHbIX Pe-
LLIEeHWUI, 4TO MOXET ObITb 06eCcrne4eHo NPUMEeHeHNeM CUCTEMHOIO rnoxoaa K co3gaHuo HOBOW NMpoayK-
Lnn U COBPEMEHHbIX MeTOoA0B U3 00acT Teopun rnpuHSATUS pelueHnii. OAHUM 13 BaXXHENLLINX MOoHS -
TUV CUCTEMHOro aHasn3a sIB/SIeTCS MOHATUE «MPUHSATUE pelleHuii». B naHHOVW cTtaTtbe pacCMOTPEHbI
OCHOBHbIE CTaanm XM3HEHHOIro LUuKJa C/I0XHOV TexHudeckor cuctembl (CTC), matemarnyeckas ro-
CTaHoBKa 3afayqun rnpuHSaTus peLueHui npu cosgaHun CTC mn ycnoBusi no BblIOOPY METOAOB PEeLUEHUs
3aza4u npuv aHanam3e aabTepPHaTUBHbIX pelueHui. oka3zaHo 3Ha4YeHue rnpouecca NMPUHSITUS PeLLIeHUs
Ha pa3/INYHbIX CTaaAnSIX, NP 3TOM Ha OCHOBE COBPEMEHHbIX NpeacTaBeHunii noapobHO onvucaHa rnpo-
ueaypa fnpuHSTUS PELUeHW, KoTopasl BKJIYaeT CeMb 3TarnoB — OT LieJsied pelueHus npobsiemMsl n g0
ee peanusaumn.

Knro4yeBble cnoBa: c/i0XHasi TeEXHMYeckasi cucTtema, MHOIMoOYypPOBHEBbLIE CJ/IOXHbIE TEXHUYECKUE CUCTe-
Mbl, CUCTEMHbIV aHaan3, XU3HEHHbIVI LMKI1, CTaans XU3HEHHOIrO LKA, MPOLECC MNPUHSTUS PELUEeHWN,
JINLO TMPUHUMAIOLLIEE PeLUeHne, aslbTepPHaTUBHbIV BapuaHT (albTepHartvBa), rokasaresii v Kputepuun
appekTuBHOCTN.

BeBepeHue

Teopus npuHATHUS pellIEeHUH JaeT PeLenT BbIOOpa JIMHUY [TOBE/ICHUS Y€I0BEKa B Pa3IMYHBIX CUTYalU-
ax. [lo mepe pa3BuTus obuiecTBa 1 HUHGOPMAIIMOHHBIX TEXHOJIOTUN YCIIOKHSIIOTCS YCIOBHS, B KOTOPBIX
OKa3bIBAETCSI YEJIOBEK.

PannonanbHas Teopusi NpUHATHS PELLIEHUN NpU3BaHa JaTh OTBETHI HA J1BA BONPOCA!

1) Kakue cBeneHus CcymecTBEHHBIC 7151 JAHHOTO BHIOODA;

2) Kak conoctaBUTh UX APYT C IPYroM, YTOOBI IPUNTH K IPABIIIBHOMY 3aKJIFOUEHHIO.

OcCHOBHOE CBOMCTBO PAllMOHATILHOTO PEUICHUS — 3TO ONTUMAJIbHOCTD, T.€. IPU MPOUYUX PaBHBIX YCIIO-
BUSX BBIOpaHHBIN BapUaHT JIOJKEH UMETh CAMYI0 BBICOKYIO OLICHKY.

DTOT MPOCTON NPUHLMUII CTPEMJICHUS! K MAaKCUMU3AlMK BBIMTPHIIIA U MUHUMU3ALUN [IOTEPh Mpe.-
CTaBJsieTcs HanboJiee pasyMHBIM B TPOCTHIX cuTyanusx [1]. B ciydae, korga Mbl uMeeM J1€710 C TEXHU-
YeCKUMHU 00bEKTaMU (TEXHUYECKUMH CHCTEMaMH), HAllll HEeNpaBUIbHbIC IEHCTBUS MOTYT IIPUBECTH K
HEBBINOJTHEHHIO UX OCHOBHOT'O Ha3HAuEHMUsI, TOTepsM (PHHAHCOBOTO M BPEMEHHOTI'0 Xapakrepa. B ycioBusix
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Hay4YHO-TEXHUYIECKOTO ITPOTpecca, CTAHOBIEHHUI HOBOTO TEXHOJIOTHYECKOTO YKJIaaa, OCHOBAHHOTO Ha HO-
BBIX U, IPEXK/IE BCETO, NH(POPMALIMOHHBIX TEXHOJOTHIX, BEIOOP MPaBHILHOTO U HAYYHO-000CHOBAHHOTO
peleHus MpruoOpeTaeT NepBOCTEIIEHHOE 3HAYCHHE.

Kak B Hamieit crpane, Tak 1 3a pyOexoM pazpaboTaHa mejasi CHcTeMa Mep o YIPaBIeHHUIO U obectie-
YEHHUIO BBITyCKa KaYeCTBEHHOM MpOoayKIMy. Bo3HUKIIA JaXke HOBast HayKa — KBAJIUMETPUS, 11O KOTOPOU
MOHUMAIOT HayKy 00 M3MEpEHHH KauecTBa pa3InyHbIX 00BbEeKTOB [2, 3]. JlaHHast Hayka OCHOBaHA Ha CO-
BPEMEHHBIX METOAaX M MOJIEIISIX OLIEHKH KadecTBa M TexHuueckoro yposHs (TY) coznaBaeMoii mpomyKiun
M YCIICIITHO PAa3BUBACTCS, O YEM CBUICTEIILCTBYET MHOYKECTBO OITYyOJIMKOBAHHBIX CTATEH B IEPHOINIECKUX
U3/IaHUSX U BBITYCK Y4€OHBIX TocoOmii 1 MoHOTpadwuii [4-8].

[IpumeHuTENEHO K MPOAYKIUM CHEUAIbHOrO HazHaueHus B 1990-e roxbl ObUT IPEIIOKEH METOJ
ornieHku TY oOpa3uoB BoopykeHus: 1 BoeHHOU TexHuku (BBT) ¢ npuBnedeHnemM MaTeMaTHuecKux Me-
TOZOB TEOPHUU MPUHATHUS PEIICHUH M SKCIIEPTHBIX OICHOK [9], KOTOPHIiA 3aTeM MOTyYnII TPUMEHEHHE U
npoIén anpobaruio Ipu oLeHKe KOHKpeTHBIX oOpasioB BBT [10-12]. JlanHblil MeTO/, peasn3oBaH-
HBII Ha KOMITBIOTEPHBIX TEXHOJOTHAX, BBI3BAJ IIUPOKOE OOCYKIEHUE CPEAN YUCHBIX U CIICIUANCTOB
00OPOHHO-TIPOMBIIIIEHHOTO KOMITJIEKCA B CHITY TIPOCTOTHI, IOCTYITHOCTH, HaZIe)KHOCTH M ONIEPAaTUBHOCTH
HoJy4yeHus pe3yapraros [13].

B nanHO# cTarbe paccMOTpEeHBI 0COOEHHOCTH M YTOYHEHBI OCHOBHBIEC TIOHSATHS CHCTEMHOTO aHAN3a,
KOHIIETIIIMS K TOCTAHOBKE 3a/1a4W MPUHATHS PEIICHUH U BRIOOPY aIBTEPHATUB MIPU CO3IAHUH CIOKHBIX
TEXHUYECKHUX CHCTEM, a TAK)KE OCHOBHBIE JTAllbI POLIECCa MPUHSTUS PELICHUH.

1. Oco0GeHHOCTU COBPEMEHHbIX TEXHUYECKUX CUCTEM

B HacTod11€€ BpEMSI TEXHUUECKUE CUCTEMBI, KaK IIPaBUIIO, SIBJISIIOTCS CI0KHBIMH, I103TOMY Clle-
nyet roBoputh 0 CTC, onpeneneHue KOTOPIM MOXKHO AaTh CIACAYIOIUM 00pa3oM: CUCTEMa — ATO
BHYTPEHHE OpraHM30BaHHAas, HA OCHOBE TOT'O WJIM MHOTO MPUHIUIIA, LIEJTOCTHOCTh, B KOTOPOH BCE
3JIEMEHTBI HACTOJBKO TECHO CBSI3aHBl APYT C IPYTOM, YTO BBHICTYIAIOT IO OTHOIIEHUIO K OKPYXkato-
UM YCIIOBUSIM U IPYTUM CUCTeMaM Kak HeuTo efauHoe [14]. [loka He cymecTByeT (hOpMaIbHOTO H
CTPOTOro ONMpEeAeCHUS MOHATHS CI0KHON Uiu Oonbinoi cuctemMbl. OTMETUM OCHOBHBIE CBOMCTBA
CUCTEMBbI, KOTOPBIMH JOJDKEH yHaoBIeTBOPATh 00beKT kak CTC [15, 16]. D10 npu3Haku 1eI0CTHO-
CTH ¥ MOJYJIbHOCTH 00BEKTA, HaIMYUE O0JIee WIN MEHEee YCTOMUMBBIX CBSI3el (OTHOLICHUI) MEXIY
9JIEMEHTaMHU CHCTEMBI, IIPU 3TOM C CHUCTEMHBIX MO3UIUN ONpPEAESIOIMUMH SBISIOTCS HE JII0ObIe
CBSI3H, a TOJBKO JIUIIb CYIIECTBEHHbIE CBSI3U (OTHOIICHHS), KOTOPBIE ONMPECISIIOT HHTETPAaTUBHbIE
CBOWCTBA CHUCTEM, HAJIMUNE MHTEIPATUBHBIX CBOMCTB (Ka4e€CTB), NIPUCYIIUX CUCTEME B IIE€JIOM, HO
HE NPHUCYIIUX €€ 3JIEMEHTaM B OTACJIBHOCTH, U OpraHu3anus (OpraHu30BaHHOCTH) Pa3BUBAIOIINXCS
CUCTEM, KOTOpas MPOSIBISIETCS B CTPYKTYPHBIX OCOOCHHOCTSIX CUCTEMBI, CIIO)KHOCTH, CIIOCOOHOCTH
COXpPAHEHUS CUCTEMBI U €€ pa3BUTHS.

CucTeMHBIN aHaIU3 PEKOMEHAYET HAaYMHATh IIPOLECC IPUHATHS PEIIECHUN C BBISIBICHUS U YETKOIO
(opMynTupoBaHHU KOHEUHBIX IIEJIEH, paccMaTpuBaTh NMpoOJIeMy KakK €IHHYI0 CUCTEMY U BBISBIATH BCE
MOCIIE/ICTBUS. U B3aUMOCBSI3M KaX/I0T0 YaCTHOTO PEIICHHsI, COIIaCOBBIBATh LEJIN MOJICUCTEM C OOIIeH
LIEJIBIO CUCTEMBI, BBISIBIIATH U aHAJTM3UPOBATh BO3MOXKHBIE ITyTH JOCTHXKEHUS 1IETM U BHIOUPATh U3 HUX
Haubomnee 3¢ (heKTUBHBIE.

[Ipunumares penieHuss NpuxoauTcs Ha Bcex crafausx kuzHeHHoro nukina CTC. CormacHo Ha-
LUOHAJIBHOMY poccuiickomy ctanaapty «MHpopmannonnas rexuonaorus. CuctreMHasi HHXEHEPHSL.
IIponeccrl xxuznennoro nukiaa cucrem ISO/IEC 15288:2002» pa3nuvaroT ceMb CTaJAHI KU3HEH-
Horo nukia (tabn. 1) [17]: cragus 3ambicna; ctaaus pa3paboTKu; CTaaus IPOU3BOJACTBA; CTAIUs
IIPUMEHEHUS; CTAIUs YIIPABIECHUS B IOAAEPKKUA IPUMEHEHUS; CTAUsI IPEKPAILEHUs IPUMEHEHUS
U CIIMCaHHUS.
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Ta6auna 1. dransl xku3HeHHoro mukiaa CTC, meap U BapUAHTHI pellleHUi
Ha yranax B coorBerctBuu ¢ OCT UCO 15288-2002

9Tanbl ;KU3HEHHOI'0

Heanb BapuanTbl pemennii
HMKJIA
— Onpenenenue NOTPEOHOCTH 3aKA3YMKOB — HUcnonnenue cnenyo-
1 3ambicen — HccnenoBanue KOHUENIUN LIEro 3Tarna
— ®opmupoBaHHe MIPETIOKEHUN 10 )Ku3Hecnocob- |— [Ipogomkenue craauu
HBIM PELIECHUSIM — Ilepexon k nmpeabiay-
— YTouHeHue TpeOOBaHUI K CUCTEME iemMy 3Tary
2. Paspabora — Co3nanue MpoeKTa peleHus — 3azepxKa B UCIIOJIHE-
— IlocTpoenue cucremsl HUU MIPOEKTA
— IIpoBeieHre Bepu(pUKAIIIN 1 BATUAAINHA CUCTEMBI | — OCTaHOBKA MPOCKTA

— [Ipoun3BoacTBO CUCTEMBI
— MHCIeKTUpOBaHWE U TECTUPOBAHUE
— Wcrionp30oBaHUE CUCTEMBI JIJIS1 YAOBIETBOPEHUS
HY’KJT 3aKa34YUKOB
— ObecrnieueHne MOAAEPKUBAEMBIX CUCTEMHBIX BO3-
MOXXHOCTEH

3. [IpousBoacTBO

4. DKcrutyaramus

5. ConpoBoXkacHHE

6. CHsiTHE C DKCIUTya-
Taluu
7. Yrunusanus

Ilpumeuanue x maon. 1

Bepugukayusn (verification) — noomeepoicoenue Ha ocHoge npedcmasieHus 00beKMUBHbIX CeUude-
menbema mo2o, Ymo yCmanosienHvle mpebosaHnus Ovliu 8blnoaHeHbl. Bepugurayus 6 Konmexcme Hcu3-
HEeHHO20 YUKA CUCTNeMbl ABJIeMCsl COBOKYNHOCHbIO OeUCMBULL N0 CPABHEHUIO NOTYYEeHHO20 pe3yIbmamad
HCUSHEHHO20 YUKIA CUCNEeMbl ¢ mpebyeMblMuy Xapakmepucmukamu 0isi 3moeo pesyivmama. Pe3ynb-
mamamu HCUBHEHHO20 YUKILA MO2YM ABIAMbCA (HO He 02PAHUYUBAIOMCS MONLKO UMU) YCINAHOB/IeHHble
mpebo6aHus, onucanue npoeKma U HenoCPeoOCmMEeHHO CUCTEMA.

Banuoayusa (validation) — noomeseporcoenue na ochose npedcmasienuuss 00beKMUBHbIX CBUOEMENbCME
mo2o, umo mpebosanus, NpeOHA3HaUeHHble 01 KOHKPEMHO20 UCNONb308AHUSL UL NPUMEHEHUSL, BbINONHEHDbL.
Banuoayus 6 konmexcme scuzHenHO20 YUKIA cucmembl A8IAEmcs COBOKYNHOCIbIO OetiCmBULL, 2apaHmupyio-
WUX U 0Oecneyusaroux yY8epeHHOCMb 8 MOM, Ymo CUCIeMa CNOCOOHA 8bINONIHAMb 3A0AHHbLE PYHKYUU 8 CO-
0mMeemcmeuU ¢ YCMaHo8LeHHLIMU YelaMU U HA3HAYeHUeM 8 KOHKPEMHbIX YCI08UAX (DYHKYUOHUPOBAHUS.

— XpaHeHue, apXuBUPOBAHUE WU CIIMCAHUE CUCTEMBI

Craguy MOTYT PUMEHSTHCS I IOCTPOCHUS CTPYKTYP, MIPU MOMOIIU KOTOPBIX MPOILIECCHI KUZHEH-
HOTO IIUKJIa UCIOJB3YIOTCS JUIsl MOJCIUPOBAHUS HEMOCPEACTBEHHO XKU3HEHHOTO IMKIa. MaciuTadbl 1
TOYHOCTb MPUMEHEHUS MPOIIECCOB B paMKaX OMMCAHHBIX CTAJIUN U C YUETOM HX MPOJOKUTEILHOCTH
3aBHUCST OT U3MEHSIOIIUXCS TEXHUUECKUX U J1enoBbiX norpednocteit CTC (mpoekra), onpeaesironmx 1
HCIIONB3YFOIIMX kKM3HEeHHbIN UK. [Tpumep nundopmanmonnoit nogaepxku (MIT) CTC npumennTensHO
k oopazuam BBT noxkazan Ha puc. 1 [18].

2. KoHuenuusa K noctTaHOBKe 3a4a4v NPUHATUSA peLueHnn
M BbIOOpPY anbTepHaTuB

Crparerus BbI0Opa MOXKET ObITH OCHOBAHA Ha MPEIJIaraéMbIX KOMILIEKCAaX METO/I0B, CO3/IaHHBIX MO/Ie-
JIeH ¥ aITOPUTMOB, B KOTOPBIX 3aa4a MPUHATHS PEIICHUH O/THA U3 CAMBIX PAaCIPOCTPAHEHHBIX B JIFO00M
npeameTHoi obmactu. [lpu coznanun 06vexkroB CTC nuio, npuaumaromiee pemenue (JITIP) crankua-
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Puc. 1. Peamuzammsa UII-Texnonoruii Ha sTanax »ku3HeHHoro nukina CTC:
EUII — emunoe nndopmarmonnoe npocrpanctso, MW — undopmannonnast noanaepsxka naennii, BT — BoeHHast TexHHKa

eTCs ¢ 3aJlayaMM MPUHATHUS PEUIEHUH Ha 3Tamnax CTPaTernyeckoro MpOorHO3MPOBAHMS, MJIAHUPOBAHUS,
pacnpezienieHus: pecypcoB U GOpMUPOBaHUs (CHHTE3a) aTbTePHATUBHBIX pelieHHi U TIp. PemeHune Takux
3a/1a4 CBOJUTCS K BHIOOPY OTHOTO MM HECKOJIBKUX JYUIIUX aIbTePHATUBHBIX BAPUAHTOB U3 33/1aHHOTO
Habopa MHOXkecTB [19]. [I7s1 TOro 4TOOBI CcaenaTh Takol BHIOOP, HEOOXOAMMO YETKO OMPEACIUTh b,
3a/laud U KPUTEepUHU (COBOKYMHOCTH MOKa3aTeNell KauecTBa), M0 KOTOPHIM OyJeT MPOBOAUTHCS Ta WIIH
WHAas OILICHKA ISl HEKOTOPOTO Habopa aIbTepPHATUBHBIX BAPUAHTOB.

Cy1iecTByeT MHOXKECTBO Pa3IMUYHBIX MOIXOI0B K MOCTAHOBKE 3a/1aud Jisi BEIOOpa 000CHOBAaHHBIX
pemtenuii ipu Beibope 00bexToB CTC [20]. MBI IpuBeneM OJUH U3 albTePHATUBHBIX MOIXO/I0OB MPH-
MEHUTENBHO K KPUTEPUATBHO-IKCTPEMHU3AIIMOHHOMY BBIOODY.

[lycTh X — HEKOTOpOE pelIeHHE, BO3MOXKHBIE BapUAHThl KOTOPOTO OINPENENICHbl Ha JOIYCTUMOM
MHOKecTBe X. KauecTBo npuHumaemoro pemenus JIIP oneHuBaercs n CKalsApHbIMU KPUTEPUAMH R;,
j =1,2,...,n, OIICHKH 110 KOTOPHIM 00pa3yIoT BEKTOP Y3PHEKTUBHOCTH ' = 7, ...,F,,. DTOT BEKTOP U CBS3aH
C aJIbTePHATUBOM X (DYHKIIMOHATLHBIM OTOOpaXkeHUuEM F. X — R, KOTOPOE MOXKET ObITh 33]JaHO aHATTUTH-
YEeCKH, CTATUCTUYECKH WX dBpUCTHYECKH. Heo0XommMo HallTH TaKoe MHOKECTBO M3 JIyUILIUX BAPUAHTOB
Y, ynoBnetrBopsitoniuii TpeboBaHUsAM (3KETaHHUSIM) CIETYIOIIEeTo BUA:

Y,={VyelaxXeX:rxtrm).

[Ipu nanHOI MOCTaHOBKE MPEANoIaraeTcs, 4YTo KpuTepruanbHas OlleHKa 7 (X) 0/11 BAPUAHTA X 3aBUCUT
TOJIbKO OT 3TOT0 BapHaHTa U COBEPIIEHHO HE 3aBUCUT OT TOTO, KaKH€ JPYrue BO3MOXHBIE BapUAHTHI
BKJIFOYEHBI B MHOKECTBO X.

TexHoNMOTUs MOCTAaHOBKHU 3aJIauMl YIIPABJICHUs B IPUHATUH perieHus npu papadborke CTC cocTout u3
TpEeX ATAIOB: 33/1a4a aHAIM3a U TEOPETUUECKUE HCCIIEIOBAHMS K TOCTAHOBKE 3a/1a4H, Pa3padOoTKa KOHIIETIIIUT
Y OCTPOEHUE KOMILIEKCA METOJIOB M MATEMAaTUYECKUX MOJIENIEH, HEMTOCPEICTBEHHO OPraHU3alluIi0 CaMOro
MpoIecca UCTIbITAHUN U BOBMOXKHOCTH WX BHeIpeHus. CofieprkaHue STarnoB MPeICTaBlIeHO B Ta0l. 2.

Br160p TOro unm HHOTO MeTo/a (UM KOMILIEKCa METO/IOB) [T PEIICHUS 3aja4K 3aBUCHT OT KOJTMYECTBa
Y KauecTBa AOCTYMHOHN nHpopmanuu. Takue maHHble, HEOOXOAUMBIE ATl OCYIIECTBICHUS KOHIICTIIHH
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Tabnuna 2. TexHonorusi MOCTAaHOBKM 3aJa4M yIPaBJIeHHSA
U NpuHATHSA pemienuii npu co3nanun CTC

ITanbl Conepixanue 3TanoB
Onucanue cucteMsl u nocrpoenue moaeneit CTC
Otamn Ne 1. Teoperuueckue | Ananuz moaeneit CTC

HCCIIEN0BaHUs 3angava cuaTe3a ynpasnenus (ontumuzanus) CTC
HccenenosaHue yCTOMYMBOCTY PELICHUM

Oram Ne 2. [TocTpoeHue WNnentudrkamnms Mmoxenei

Mojeneit HiMuTanmoHHbIE SKCTIEPHUMEHTBI

Ortan Ne 3. BHenpenue Ananns 3pQeKTUBHOCTH IPOESKTA U BHEAPCHHE

Hay4YHO-000CHOBAaHHOTO BBHIOOpA, KOTOPYIO MOXKHO Pa3/IelIUTh Ha YEThIpEe Kareropuu: nHpopmarms oo
aJbTEPHATUBHBIX BapuaHTax, HH(GOpMAIUs 0 KPUTEpUSAX BbIOOpa, HHGOpMAIUS O MPEANOUYTeHUAX, UH-
(hopMarusi MHOXKECTBA peIIaeMbIX 3a/1au.

CrnenyeT yTOUHUTb, UTO MOKa3aresb 3pGEKTUBHOCTH OLIEHUBAET KOJTMYECTBEHHYIO CTENEHb JOCTHKEHHS
L[eJH, a KpUuTepuii 3pHEKTUBHOCTH ABISETCS HEKOTOPHIM MPABUIIOM, C TIOMOIIIBIO KOTOPOTO IO JAHHOMY
nokasaresnto 3 PeKTUBHOCTH BBIOMpaeTCst HanOosee npeanodarutenbHbiil BapuanT CTC.

[Tpu BBIOOpE aNbTepHATHB Ba)KHBIM 3TAIllOM SBIISIETCS MPOLECC MPUHATUS pelieHui. DTOT mpoliecc
SIBIISIETCS CIIOKHBIM, COCTOSIIUM M3 Psifa ATAoOB U HEAOCTATOYHO OCBEILEH B JIUTEPAType MO MPUHSATHIO
[S11(S31%078

3. NMpoueaypa NpnHATUS peLwieHu npu paspabotke CTC

PaccmoTpuM HemocpeicTBEHHO caM MpoLece NPUHATUS pelIeHUH pu GOPMUPOBAHUH TEXHUYECKOTO
pemenusi. B coorBerctBun 'OCT MCO 15288-2002 panee BBEAEHO TaKOE MOHSITHE KAK IIPOIIECCHI
MIPOEKTa», KOTOPbIE BKIIOYAIOT:

— IPOIIECC MJIAHUPOBAHUS IIPOEKTA;

— MPOLIECC OLEHKU MTPOEKTa;

— MPOLIECC KOHTPOJIS IIPOEKTa;

— MPOUECC NPUHATHUS PEIICHUH;

— IPOIIECC YIPaBIIEHUSI PUCKAMU;

— TIpOIeCC YIpaBlieHUsl KOH(PUTypaluen;

— TpoIlecc yIpaBiieHus: HUHPopMaIie.

[Iponiecchl npoekTa UCMONB3YIOTCS ISl YCTAaHOBJIEHUS U BBINIOJHEHUS IJIAHOB, OLIEHKU (aKThue-
CKMX JIOCTH)KEHUU U MPOJBMKEHUH MPOEKTa B COOTBETCTBUM C TUIAHAMH U JJII KOHTPOJISI BBITIOJIHE-
HUS IPOEKTa BIUIOTH 110 €ro 3aBepuieHus. OTaeabHbIe MPOLECChl MPOEKTa MOTYT OCYIECTBIATHCS B
00011 MOMEHT JKU3HEHHOTO LMKJIa U Ha JIIOOOM YPOBHE HE€pApXHUH MPOEKTOB KAK B COOTBETCTBUU C
MPOEKTHBIMH IJIAaHAMH, TaK ¥ C YUYETOM HENPEABUACHHBIX 00CTOSATENHCTB. YPOBEHb TOUHOCTH U (HOp-
MaJiu3alum, ¢ KOTOPOi OCYIIECTBIISIIOTCS MPOLECCHI MPOEKTA, 3aBUCUT OT CII0KHOCTH CaMOT0 MMPOEKTa
U IPOEKTHBIX PUCKOB.

[InanupoBaHue vccaen0BaHUS ONEpaliy, OLEHKAa U KOHTPOJb SBJISIOTCS KIIIOUEBBIMHU IpOLECCaMU
MIPAKTUYECKH ISl BCEX BUJIOB YIIPABIEHUS.

Lens nponecca ynpapiaeHHs OLIEHKOM POEKTa 3aKII04aeTCs B ONPEeIeHUH cTaTyca poekTa. B xone
3TOTO Mpoliecca NEPUONUECKU WIH ITPU BOSHUKHOBEHUN BaXKHBIX COOBITUI TPOBOAUTCS OILICHKA Pa3BUTHSI
MIPOEKTA U IOCTH)KEHUI OTHOCUTENBbHO TpeOOBaHUil, IIaHOB U Liefieli Ou3Heca. B ciydyae oOHapyxeHus
CYLIECTBEHHBIX OTKJIOHEHUH HH(pOpMaIus 0 pe3yIbTaTax OLIEHKH COOOIaeTCs 3aMHTEPECOBAaHHBIM CTO-
POHAM JUIsl OCYIIECTBICHMSI aIEKBAaTHBIX YIIPABJISIOMINX BO3IEHCTBUH.
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B pesynbrare ycnenHoro ocyIecTBIEHUs IPOLecca OLEHKH TPOEKTa:

— CTAHOBSTCS JOCTYITHBIMU ITOKA3aTEIN UM PE3YJIbTAThl OLIEHKU pabounX XapaKTepUCTUK ITPOEKTa;

— OLICHMBAETCS aJIEKBaTHOCTH POJICH, 00SA3aHHOCTEN U MOJTHOMOYHM YYaCTHUKOB MTPOEKTA;

— OLICHMBAETCS aJIEKBaTHOCTh PECYPCOB M YCIIYT, HEOOXOAUMBIX JUISl peau3aliiy IPOeKTa;

— QHAJIM3UPYIOTCSI OTKIIOHEHUS OT IUIAaHUPYEMbIX 3HAUSHHUH MoKa3aresiel pabourx XapakTepUCTHK MPOEKTa;

— 3aMHTEPECOBaHHbIE CTOPOHBI HHPOPMUPYIOTCS O CTAaTyCe MPOEKTA.

B cucremHOM aHanm3e 0OBIYHO CUUTAIOT, UTO BBIOODP — 3TO YXKe MpUHATHE perieHni. OqHaKko u3 npen-
CTaBJICHHBIX IEMEHTOB MPOIECCa IPOEKTa Mbl BUAUM, YTO MEXKY JIEMEHTAMH «OLICHKA IIPOEKTOB» U
«TIPUHATHE PELICHUIH» BKIIIOUYEH U 3JIEMEHT IIPOLIECC KOHTPOJISI IPOEKTa.

Lenb mporecca KOHTPOJISI MPOEKTA 3aKITIOUACTCS B OpraHU3aliy UCTIOIHEHHSI IIJIaHa IPOeKTa 1 00e-
CTMEYECHUH TapaHTHH peaqu3aluy MPOeKTa B COOTBETCTBUHU C IIJITaHaMU M rpadukaMu B pejienax Oropkera
IIPOEKTA U TAPAaHTHH yOBJIETBOPEHUS TEXHUUECKUX LIETIEH.

B pesynbrare ynpasiieHus: IpoLeccoM MIPUHSTHS PEILICHU:

— OIPEIENSIFOTCS U COBEPIIAIOTCSI KOPPEKTUPYIOIIME AEUCTBHS, €CIM PE3YNIBTAThl IPOEKTA HE COOT-
BETCTBYIOT 3aIlJIAHUPOBAHHBIM 33/IaHUSM;

— UHULUHPYETCS MEPEIUIAHUPOBAHNUE NIPOEKTA, €CIIN LIEJIN MPOEKTa WU OIPAaHUYEHUS W3MEHUINCH,
WM JOMYLIEHMs], CAEJIaHHbIE ITPH IJIAaHUPOBAaHUH, OKA3aJIMCh HEBEPHBIMY;

— CaHKIMOHHUPYIOTCS JEMCTBUS MO MEPEeXoLy OT OJHOTO 3allIAaHMPOBAHHOIO 3Tama MU COOBITHS K
cieayromeMy (Ipy yCJIOBUU YCHEIIHON peau3aliy IpeabAyIIero 3Tamna uik CoOObITUs);

— JIOCTUTAIOTCSI LIETHU MPOEKTA.

B cootrBerctBum ¢ TOCT MCO 15288- 2002 nenb nporecca NpUHITHS PELICHUH 3aKITI0UaeTCs B BBIOO-
pe U3 CyIIECTBYIOIIUX aJIbTePHATUB HAaNOOIIee MPEANOUYTUTEILHOTO HAlTPaBIEHHs IPOEKTHBIX AEHCTBUM.
OTOT npo1ecc ABIAETCS peaklMeld Ha BOZHUKAIOIUE B ITPOLIECCE )KM3HEHHOTO LIMKJIA CUCTEMBI 3alIpOChI
O MPUHATHH PELICHNN, HAaIPABJICHHBIX HA JJOCTHKEHHE 3a/1aHHBIX, )KEJIAEMbIX MJIU ONITUMAJIbHBIX PE3Ylb-
TaTOB BHE 3aBUCHMOCTH OT XapakTepa WM MCTOUYHUKOB TAKMX 3allpOCOB. AJIBTEpHATUBHBIE AEHCTBUS
aHAJM3UPYIOTCS, U BEIOMpaeTCs HanpaBiieHue JeiicTBuil. Perenus 1 ux 000CHOBaHUE TOKYMEHTHPYIOTCS
JUISL TIOAJICPKKU MPUHATHS PELIeHUH B OyTy1eMm.

B pe3synbrare ycnenHoro ocyiecTBIeHUs IPOLECCa IPUHATUS PELLIEHUI:

— OIIpPENENAETCS CTPATErus IPUHATUS PELLIEHUM;

— OIIPENENAIOTCS albTEPHATUBHBIE HANIPABIICHUS I€HCTBUI;

— BeIOMpaeTcs Haubosee MpeanouYTUTEeIbHOE HallpaBlieHHe JeCTBUI;

— MPUHATOE pellIeHHe, ero 000CHOBAaHUE U JOIMYIEHHS JOKYMEHTUPYIOTCS U JIOBOAATCS /10 CBEICHUS
3aMHTEPECOBAHHBIX CTOPOH.

[Ipornecc npuHSATHS pereHus — 3TO MPOLIECC, B pe3y/IbTaTe KOTOPOTo MOCTaBIEHHAs TpodiemMa noiyvyaeT
paspernienue. Teopuu NpUHATHS PELICHUI OCBAIIEHO I0CTaTOYHO MHOTO padoT. B 001ieM Buze nporecc
MIPUHATHUS PELICHUS ¢ TEXHOJOTHUECKOW TOYKHU 3PEHHUsI XOPOILO M3JI0KEH B METOANYECKOM pazpaboTke
HoBocubupckoro rocy1apcTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA, KOTOPBIM MOXKHO MTPEACTABUTH B BUJIE
3TanoB peueHui [21]:

Ortan 1. leneBbisiBieHHE.

Oran 2. PopMHUpOBaHUE LIEIEH.

Oran 3. BeipaboTka perieHuii.

Ortan 4. Be16op peeHui.

Oran 5. OueHka peneHui.

Oran 6. [Ipunarue pemenus.

Oran 7. Peanuzanust pemieHusl.

Otan 1 ABisieTCs BaYKHBIM M OIPEJISIISIOIINM, TaK KaK JaeT OTBEThI Ha BOIPOCHI: KAKYIO IIPOOJIEMY U B KAKHX
YCIIOBUSIX HYXKHO PEIlaTh; KOIJia € Hy)KHO PellaTh; KAKUMH CHJIAMH U CPeJICTBAMU OHA OyZIeT perarhesl.
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Ha Bropom starne ¢popMyaupyroTcs nenu cucteMsl. Yem Tounee OyayT cpopMyIMpoBaHbI €T CHCTe-
MBI, TEM JIeTue BBIOpATh CPEACTBA UX JOCTHKEHUSA. MeTOo100rHuecKoi 0CHOBOH 3Tana (hopMUpOBaHHUS
LieJIeH ABIIAETCS CUCTEMHBIN aHAIN3 C UCTIOIb30BAHUEM SKCIIEPTHBIX METO/IOB.

Ha Tperpem sTare BbIpabaThIBAIOTCS albTEpHATUBHBIE BAPUAHTHI PEILICHHUH, OCYIIECTBISETCS MTOUCK
Pa3NUYHBIX MyTeH AOCTH)KEHHs MOCTaBICHHBIX Lieneid. dopMaMu reHepUpOBaHUs aIbTEPHATHB MOTYT
OBITH MO3TOBOH IITYPM, pa3paboTKa CIIEHAPHEB U JIEJIOBbIE UTPHI.

Bri0op pemiennii 13 MHOXeCTBa ajabTepHATUBHBIX Mpou3BoauTcs JIIIP Ha yeTBepToM 3Tare Ha OCHOBE
c(OPMUPOBAHHOTO KPUTEPHS, [10 KOTOPOMY CYJIST O CTETICHH JIOCTHXKEHHSI HaMedeHHOH 1enu. Kpurepuem
TMIOJIE3HOCTH aJIBTEPHATUBHOTO PEILICHUSI MOXKET OBITh JIF000M ee MpU3HaK WM MHOXECTBO MPU3HAKOB, U3-
MEpEeHHBIE Ha KAYECTBEHHOM JINOO KOJTMYECTBEHHOM YpOBHE. 17151 OnrcaHus EeJH YacTO BBOASATCS HECKOIIb-
KO KpUTEpUEB TaKMM 00pa3oM, 4ToObl OHU OoJiee TMOTHO XapakTepu3oBanu 1enb. Kputepun 1iis Beioopa
pELIEHUI ONPENENAIOTC METOAAMHU KCIIEPTHOTO aHaJIM3a U aliapaToM MaTeMaTHYeCKOM CTaTUCTHKH.

Ha nsiToMm aTane Ha 0CHOBE MOJIENN OLIEHKH AJIbTEPHATUBHBIX PELICHUH, YUUTBHIBAIOLIEH CIIOKUBIIYIOCS
CUTYAaLHIO, LIEJIU, MHOKECTBO OTPAHUUYEHU, BAPUAHTBI PELIEHUN IPOU3BOJUTCS OLIEHKA PELIEHUH uepe3
cucremy npeanoutenuid JIIP nisa BeiGopa Hawmyuiero pemenus. JlaHHas 3ajjaqa MOXKET pelaTbes B
YCIIOBUSIX HEOIIPENEIECHHOCTH, TOPOKIEHHON BIMSHUEM BHEIIHEN CPellbl HA OLIEHKY albTEPHAaTUBHBIX
peleHuii, KoTopast MOJKeT OBITh yYTeHa C MOMOIBI0 W3BECTHBIX MPUEMOB U3 TEOPHH BEPOSTHOCTEH.
[Ipu oTCyTCTBUU HEOIPEAEIEHHOCTH (B Cllyyae OINpeeIeHHOCTH) MHOTHE 3a7a4M IPUHATUS PELICHUN
pEIIaoT U3BECTHBIMU METOIAMU ONTUMU3ALINH.

Tabimua 3. Uepapxusi ypoBHeil NPUHATHSA pPelIeHU

Tloka3aresn
YpoBuu npunstusi| O0bekT nc- Heanb
. Monennb U KpUTEepHH
peuieHmi cJieJI0BaHMsI HCcJIeI0BaHMS

3¢ PeKTUBHOCTH
AHanu3 KOHLETIIHHI MpoBe/Ie- CrerneHp JO0CTH-
Hus oneparuu. OnpenerneHue YKEHUS TIEJH OT1e-
Crcrena nepeyHs noauenei v 3agad, | Axanuruue- |pauuu. Kpurepuii

MOJICUCTEM, YCIIOBUH MX (YHK- cKast MIPUTOTHOCTH.
_ nuroHuposanus. ®opmupona- Kpurepnii anan-

KowyenryanHbi HHE «O0JIMKa» CHCTEMBI. THUBHOCTH.

AHanm3 cnoco0OoB BBITIONHE- CreneHb BBINOJ-
HHUS 33124 TOJICUCTEMaMH. HEHMS 33/1a4 TOJI-
Mocncrema Omnpenenenue 0600menHoro | Mmuramumon- |cuctemamu. Kpu-

ﬂeTaanbW] 06.]-H/IKa IIOACUCTEM U Cpe,ﬂCTB, Has TepI/H\/'I HpI/IFOH‘
obmue TpeOoBaHMS K KaYeCTBY Hoctu. Kpurepuit
WX DJIEMEHTOB. ONTUMAJIBHOCTH.
. JleTanbHbIl aHa-

JeranbHbIil aHanu3 kadectBa | Craructude-
DJeMEeHT JIM3 KauecTBa dJj1e-
3JIEMEHTOB. cKast
MEHTOB.

Ipumeuanue. [{na 0ocmudicenus NOCMasieHHoU Yeau HeodXo0UuMa YeleHanpasieHHas 0esimeibHOCHb —
onepayus. Onepayus ecms cucmema yeleHanpasieHHuix 0eiucmeautl, 00beOUHEeHHbIX 0OUUM 3AMbICTIOM
u eounoti yenvio. [lonamue onepayuu exnouaem mpu onpeoensowux movmenma [22]: 1) ynpaenarowas
OdesamenvHocmb uenosexa (JIIIP), opeanusyroujeco onepayuio Ha 0CHO8e 8b160PA PAYUOHATLHO20 UCTIONb-
308aHUL AKMUBHBIX CPEOCME OJis1 00CMUIICEHUSL Yelu onepayuu, 2) akmusHvle cpeocmed (mexHuyeckue
cucmembl, pecypcul), HAX00AWUECs, 8 PACNOPANHCEHUU YAPABTIAIOW €20 OP2aHA U UCHONb3YeMble 8 Onepayuu
6 COOMBEMCMBUU C BLIOPAHHBIM CNOCODOM (cmpameauu ynpasienus); 3) opyeue cpeocmasa (cucmemsi),
HEenocpeoCcmeeHHO 63auUMO0eUCmeyIouue ¢ aKmueHbIMU CpeoCcmeamu.
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CaMbIM Ba)KHBIM SIBJISIETCS LLIECTOM 3Tar, Ha KOTOPOM HEOOXOMMO BBIOpATh pelIeHHe IS €ro Mmocie-
JyIOLIel peanu3aiy Mo ONpeieIeHHOMY alrOpUTMY, BHIOMPAIOIEMY OJHO €IWHCTBEHHOE pelleHHE,
Jy4llIee [0 HEKOTOPOMY KPUTEPUIO WU MPUHIUILY ONTUMAIBHOCTH.

[Ipu npuHATHM pEeIeHH IO MHOTUM YaCTHBIM KPUTEPHUSIM (BEKTOPHBIX 3314 ONTUMU3ALINN ) BO3ZHUKAIOT
JIOTIOJIHUTENBHBIE TPYAHOCTH ONPEEIIEHU JTydllero ¢ Touku 3penus JIIIP komnpoMuccHoro pemeHus
13 MHOXECTBA JIOMYCTHUMBIX IO JIOKaJIbHBIM KpuTepusiM. Ecin Tpebyercs: onpenesinTh eqUHCTBEHHOE
HauIy4lllee pEIeHHEe, TO MHOXKECTBO JOIYCTUMBIX PELIEHUI CBOOUTCS K MHOXECTBY IlapeTo u B HEM
IIPOUCXOUT MOUCK PEIIECHUS HA OCHOBE HEKOTOPOW CXEMBI.

CenpMoit 3Tan peanusyeT COOCTBEHHO TOCTUTHYTOE perienue. [lnan peanuzanuy BBIOpaHHOTO peltie-
HUS I0JDKEH JaTh OTBETHI HA BOIPOCHL, KTO U YTO JOJDKEH JI€aTh, KAKUMU CPEICTBAMU U B KAKHUE CPOKH.
KonkpeTru3zanus penenus 1o UCIOJIHUTENSAM MOKET IPOU3BOJUTHCS IIOCPEACTBOM 3aa4k O HA3HAUEHUSX
WCTIOJIHUTEIIEH Ha BBITIOJIHEHUE KOMILIEKca padoT, o cpokaM U 00beKTaM paboT — METOJJaMH CETEBOTO
IJIAHUPOBAHMSI U YIIPABICHUSL.

[Ipouece mpuHATHS peLeHNIT MOKET IIPOXOAUTH HA PA3JIMUHbIX HEPAPXUUECKUX YPOBHSX. Pasnmyaror koH-
LEeNTyaIbHbIN, ONlepalliOHaIbHBIN U IeTaIbHbIA YPOBHHU NPUHATHSA perenyii [22]. B tabn. 3 npruBeneHb ocoOeH-
HOCTH KaKJIOTO YPOBHSI 0OIIEH HepapXUX MPUHATHUS pelIeHUH 1 MX B3auMOCB:3b 1pu uccnenoBanuu CTC.

Taxk, ipy McCIeN0BaHNH OCHOBHBIX KOHLETILIMI IIPOBEIEHMUS OIIEPALIU, ONPEIETICHUN TIPEABAPUTEIBHOIO
TIepEeYHs1 MOJILIEIIel OTIePALMH U 33184 ITOICHCTEM CII0KHOM TEXHUUECKOH CUCTEMBI, (POPMHUPOBAHHH €€ «KOHIIET-
TyaJIbHOTO» 00JIHMKa HEOOXOAMMO MHOTOKPATHO U OTIEPATUBHO PEIIATh 3a/1auy CHHTE3a Yepe3 aHaIIH3, C LIETbI0
OTOPAKOBKH 3aBEIIOMO «XYJIIINX» AJIBTEPHATHB. 31€Ch UCHIONB3YIOTCS KOHIENTYaIbHbIE MOIEIH.

Ha onepanonaisHOM ypoBHE UCCIIEIOBaHUMN, KOT/Ia OTIPEIENIeHBI 1IeTH, 3aa41 1 yCI0BUS (PyHKIHO-
HUPOBaHMsI IOJICUCTEMBI, BbISIBIIEHA PALIMOHAJIbHAS JIOTUKA PA3BUTHS ONIEPALIUH, MOYKHO Y4€CTb JOIIOJIHU-
TeJIbHBIE (DAKTOPBI M IOCTPOUTH 00JIEe CIIOKHYIO MOAEIH ISl OLIEHUBAHUS (P PEKTUBHOCTH BHITIOTHEHUS
3aj1a4 MOJICUCTEMAaMH CIIOKHON TEXHUYECKON CHCTEMBI. Pe3ynbTaTtom 3Toro srarna sBisitoTcst 00001IeHHBIN
OOJIMK TOJCUCTEM U CPEICTB JOCTHKEHMS LIeH, (GopMyIHpoBKa OOIUX TpeOOBaHUN K KayeCTBY MX
2J1eMEHTOB. lcnonb3yemble Ha ONEpallMOHATIEHOM YPOBHE MOJIENH, KaK IIPABUIIO, PEATU3YIOTCS B BUAE
CJIO’KHBIX UMUTALIMOHHBIX CUCTEM.

YpoBeHb IeTaNbHOIO UCCIEA0BAaHUS MPEATIONAraeT Co3AaHNe MOAPOOHBIX MATEMAaTHUECKUX, (PU3MUECKUX 1
HaTYpPHBIX MOJIEJIEH 2JIEMEHTOB IIOICUCTEM JUIs aHAJIM3a MX KaUeCTBA. Tak Kak Ha 3TOM 3Tarle ONEPUPYIOT, KaK
MPaBUIIO, (PaKTHIECKMM MaTepruasioM, UCTIONb3ys METOIbI INTAHUPOBAHMS SKCIIEPUMEHTA, MATEMATHIECKOM CTa-
TUCTUKH U APYTHE, TO MOZIENIU 3TOTO YPOBHS SIBIISIIOTCS B OCHOBHOM CTaTUCTHYECKUMU. Takasi TpeXypOBHEBas
JIEKOMITO3UIIMS OOILIeH 331a4K TPUHSTHS PELIEHUI O3BOJISIET YCTAHOBUTD KHU3HECTIOCOOHOCTD BBIIBUHYTON
KOHILICTILIMH IPOBEJICHUS OTIEPALMH U TIOPOXKIAET €IMHBIN (CUCTEMHBIH) B3IVIS] HA OTEPALMIO U ITPOLIECC PH-
HATHS PELIEHUN KaK C TOUYKU 3PEHUsI €€ LIENH, TaK U ¢ YYETOM BO3MOKHOCTH JIPYTHX MOJICUCTEM U CPEZCTB.
Ona no3BoJIsIET MPOBOANUTH OLIEHKY IPUHUMAEMBIX PEIICHHUH HA HIDKEIIEKAIMX YPOBHSX C UCIIOJIB30BaHUEM
W3BECTHBIX METOIOB UCCIIEIOBAHUS OTlepaliuii (YCIOBUS U LI TOYHO OIIPENIENICHBI).

BbiBOAbI

1. [Tpouenypa NpUHATHS PEUICHUI SBISETCS CIOKHBIM COOBITHEM U OJJHUM M3 OCHOBHBIX IIPOIIECCOB
npu cozpannu 00bekToB CTC Ha Beex aTanax >KM3HEeHHOro IuKiIa. [IpuHsATHE pereHus npu 3TOM Mpo-
HCXOJUT B pe3yabTare HAOMIOEHUS EeJI0T0 [IUKIIA COOBITU: 1IeNIeBhIBICHUS, (HOPMUPOBAHUS HOBBIX U
aNbTEePHATUBHBIX UJIEH BRIPAOOTKH, 000CHOBAHHBIX PEIICHUH, TTOTY4YeHHE OIIEHKH BO3MOXKHBIX PEIICHHH,
COOCTBEHHOE MPUHSATHS PEIICHUN pealn3aluy PeleHuH.

2. Pemenue 3aaaun no coznanuio 3pdextuBHbIx 00bekToB CTC cBOIUTCS, KaK MPaBUIIO, K BEIOOPY
OJTHOM MJTM HECKOJIbKHX allbTePHATUB U3 YMCIIA 3aJaHHbIX. J{J151 Toro 4T0OBI 000CHOBAHHO CAENATh TAaKOH
BBIOOP, HEOOXOIMMO YETKO OIPENIEIUTh 11eJIb, 33/1a41 U KpUTepuH (TI0Ka3aTeIu KayecTBa), Mo KOTOPHIM
OyZeT MPOBOAUTHCS CaMa OlLIEHKa HEKOTOPOTo Habopa albTepHATHBHBIX BAPUAHTOB.
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Functional safety. The theory and practice

Semienov S.S., Poltavsky A.V., Maklakov V.V.

PROCESS OF DECISION-MAKING IN DEVELOPMENT
OF COMPLEX TECHNICAL SYSTEMS AND THE TASK
OF CHOICE OF ALTERNATIVES

Developing highly competitive products involves making well-grounded and correct decisions which can be
ensured by a systemic approach to the creation of new products and advanced decision-making methods.
One of the primary concepts of system analysis is the concept of decision-making. The paper considers
the primary lifecycle stages of a complex engineering system (CES), the statement of the decision-making
problem in respect to CES development and conditions of selection of solution methods as part of alterna-
tive solutions analysis. The authors demonstrate the significance of the decision-making process at various
stages. From the standpoint of state-of-the-art concepts, the paper provides a detailed description of the
decision-making procedure proper that involves seven stages — from the purpose of problem solution to
its implementation.

Keywords: complex engineering system, multilevel complex engineering systems, system analysis, lifecycle,
lifecycle stage, decision-making process, decision-maker, alternative, efficiency indicators and criteria.

Introduction

The decision-making theory provides the recipe for the choice of human behavior in various situations.
As the society and information technology develop, the conditions in which people find themselves get
more complex as well.

The rational decision-making theory is to answer two questions:

1) What information is relevant to this choice;

2) How to compare them in order to come to the correct conclusion.

The main property of a rational decision is its optimality, i.e. other conditions being equal, the chosen
alternative must have the highest rating.

This simple principle of maximized gain and minimized loss appears to be the most reasonable in simple
situations [1]. In case of technical objects (engineering systems) our incorrect actions can cause them to
not perform their main functions, as well as financial and time loss. In the age of scientific and technical
progress, the advent of the new era of innovation based upon new and, first of all, information technolo-
gies, the choice of the correct and scientifically grounded decision becomes more and more relevant.

Both in Russia and abroad, a whole system of product quality assurance has been developed. A new
science, qualimetry, has emerged that deals with the measurement of the quality of various objects [2, 3].

131



PROCESS OF DECISION-MAKING IN DEVELOPMENT
OF COMPLEX TECHNICAL SYSTEMS AND THE TASK OF CHOICE OF ALTERNATIVES

This science is based on state-of-the-art methods and models of quality and performance evaluation of
developed products and is successfully developing as evidenced by a multitude of articles in periodical
publications, as well as a number of educational books and monographs [4-8].

In 1990s, with regards to special-purpose products, a method of performance evaluation of weapons
and military equipment (WME) using mathematical methods of decision-making and expert evaluation
theory [9] was suggested and later tested and used for the purpose of WME evaluation [10-12]. This
computer-assisted method was widely discussed in the defense systems engineering community due to
its simplicity, affordability, dependability and quick delivery of results [13].

This article analyzes the distinctive features and specifies the primary concepts of system analysis,
concept of goal setting for decision-making and choice in the development of complex engineering sys-
tems, as well as the main stages of decision-making.

1. Distinctive features of state-of-the-art engineering systems

Most state-of-the-art engineering systems are complex, therefore we should focus the discussion on
CESs that can be defines as follows: «System is an entity internally organized one the basis of a certain
principle, in which all the elements are so closely related that they act as an integral whole towards
the environment and other systems» [14]. No formal and strict definition of a complex or large system
exists yet. Let us note the primary system properties a CES must have [15, 16]. Those are the integrity

Table 1. CES lifecycle stages, goal and alternatives at stages as per GOST ISO 15288- 2002

Lifecycle stages Goal Alternative solutions

— Customer requirement definition
1. Design — Concept study
— Development of proposals for viable decisions

— Next stage execution

— Resumption of stage

— Transition back to the pre-
vious stage

— Project execution delay

— Project interruption

— System requirements specification
— Design of draft decision

— System construction

— System verification and validation

2. Development

— System production

3. Production ; )
— Inspection and testing

. — Use of the system for satisfaction of customer
4. Operation

requirements
5. Maintenance — Maintenance of system capabilities
6. Decommissioning|— Storage, archiving and decommissioning
7. Disposal
Notes.

Verification is the evidence-based confirmation of the fact that the specified requirements have been
met. In the context of system lifecycle, the verification is a package of measures aimed at comparing
the results of a system lifecycle with the respective required values. The lifecycle results (without limi-
tations) are the specified requirements, project description and system itself.

Validation is the evidence-based confirmation of the fact that the requirements specified for a certain
use or application have been met. In the context of system lifecycle, validation is a package of meas-
ures that guarantee and ensure that a system is capable of performing the specified functions in ac-
cordance with the specified goals and purposes in specific operational conditions.
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and modularity of an object, presence of more or less stable connections (relations) among the system
elements, though not any connections are considered defining from the system point of view, but only
significant ones that define the integrative properties of systems, presence of integrative properties
intrinsic to the system as a whole, but not to individual elements, and organization of evolutionary
systems that manifests itself in the structural features of the system, its complexity, ability to preserve
itself and develop.

The system analysis recommends beginning the decision-making process with the identification and
clear definition of the ultimate goals, considering the problem as an integral system and identifying all
consequences and connections of each specific solution, coordinating subsystems goals with the com-
mon system goal, identifying and analyzing possible ways of reaching the goal and choosing the most
efficient ones.

Decisions have to be taken at all stages of CES lifecycle. According to the national Russian standard
«Information Technology. System Engineering. System life cycle processes ISO/IEC 15288:2002», there
are six lifecycle stages (table 1) [17]: design; development; manufacture; application; application support
management; decommissioning and disposal.

The stages can be used to design structures that help use lifecycle processes in modeling the lifecycle
itself. The scale and accuracy of process application within the described stages and subject to their du-
ration depend on the changing engineering and business requirements of the CES (project) that define
and use the lifecycle. An example of information support (IS) of CES in the area of WME is shown in
fig. 1]18].

CIS based on ISP technology

]
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Fig. 1. Implementation of IS technologies at WME lifecycle stages: CIS — common information space,
ISP — information support of products, ME — military equipment

2. Concept of goal setting for decision-making and choice

The choice strategy can be based on the suggested suites of methods, developed models and algorithms.
In the process of development, the decision-maker has to solve decision-making tasks at the stages of
strategical forecasting, planning, resources distribution, generation (synthesis) of alternatives, etc. The
solution of such tasks comes down to choosing one or more best alternatives from defined sets [19]. In
order to make such choice, it is required to clearly define the goal, tasks and criteria (a whole set of qual-
ity indicators), that will be used in evaluations for a certain set of alternatives.
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There is abundance of various methods of specifying the task for making substantiated decisions while
choosing among CES objects [20]. We will consider one of the alternative methods as applied to criteria
extremalization choice.

Let x be a solution whose alternatives are defined within the allowable set X. The quality of decisions
made by the decision-maker is defined by 7 scalar criteria R, j = 1, 2,...,n, the evaluations based on which
form the efficiency vector » =r,,...,r,. This particular vector is connected to the alternative x by the func-
tion F: X — R that can be defined analytically, statistically or heuristically. It is required to find a set of
best alternatives Y that meets the following requirements:

Y,={VyelaXeX:rx trm).

In this case it is assumed that the criterial evaluation 7 (x) for the alternative x depends only on this
alternative and does not depend at all on any other alternatives in the set X.

With respect to CES development, the procedure of control task definition in decision-making consists
of three stages: the task of analysis and theoretical research for task definition, development of a concept,
suite of methods and mathematical models, organization of the testing process and implementation ca-
pabilities. The content of the stages is given in table 2.

Table 2. Technology of task definition of management
and decision-making as part of CES design

Stages Stages content

System description and CES models construction
CES models analysis

CES management synthesis (optimization) task
Decision stability study

Models identification

Simulation experiments

Stage No. 1. Theoretical research

Stage No. 2. Models construction

Stage No. 3. Implementation Project efficiency analysis and deployment

The choice of a specific method (or suite of methods) in order to solve a problem depends on the quantity
and quality of available information. Such data are required for the implementation of the scientifically
substantiated choice concept. It can be divided into four categories: information on alternatives, informa-
tion on choice criteria, information of preferences, and information of the multitude of solvable tasks.

It should be specified that the efficiency indicator identifies the quantitative degree of attaining the goal,
and the efficiency criterion is a certain rule that helps choose the most preferable CES variant based on
the efficiency indicator.

The decision-making itself is an important stage of the choice process. This process is complex and
multi-staged. It is though poorly covered in papers dedicated to decision-making.

3. Decision-making procedure used in the development
of complex engineering systems

Let us consider the decision-making process involved in the development of engineering solutions.
GOST ISO 15288-2002 has introduced the concept of «project processes» that include:

— project planning process;
— process evaluation process;
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— project control process;

— decision-making process;

— risk management process;

— configuration management process;

— information management process.

Project processes are used for establishment and implementation of plans, evaluation of project progress
as compared to plan and project execution control up to its completion. Individual project processes can
be performed at any point of the lifecycle and at any level of project hierarchy both in accordance with
project plans, and in emergency mode. The level of accuracy and formalization of project processes de-
pends on project complexity and project risks.

The planning of operations research, evaluation and control are the key processes for practically all
types of management.

The purpose of the project evaluation management process is defining the project status. In the course
of this process, on a regular basis or concurrently with important events, project progress evaluation and
performance assessment are performed. In case of significant irregularities, evaluation results are brought
to the attention of stakeholders in order to ensure adequate administrative action.

As a result of successful project evaluation:

— project performance indicators and evaluation results become available;

— project parties’ roles, duties and authority adequacy is evaluated;

— adequacy of the resources and services required for project implementation is evaluated,

— project performance irregularities are analyzed;

— stakeholders are informed of the project status.

In system analysis, it is normally believed that choice itself is decision-making. However, having
analyzed the project process elements, we can see that between the “project evaluation” and “decision-
making” there is the “process control process” element.

The purpose of the project control process is to organize project plan performance and assurance of
project performance according to plans and time schedule within the project budget and guaranteed en-
gineering purposes implementation.

As a result of control, the following happens in the decision-making process:

— corrective actions are defined and performed, should project results not correspond to respective
planned tasks;

— project replanning is initiated, if project goals and restrictions have changed, or assumptions made
at planning turned out to be wrong;

— transition from one planned stage or event to another is authorized (provided the previous stage or
event was successful);

— project goals are reached.

According to GOST ISO 15288-2002, the purpose of the decision-making process is to choose the alterna-
tive that most suits the project goals. This process represents the reaction to decision-making requests that
arise over the course of the system’s lifecycle. Those requests aim to reach specified, desirable or optimal
results regardless of the nature or source of such requests. Alternative actions are analyzed and the direction
is chosen. The decisions and their substantiations are documented for future decision-making support.

As a result of successful decision-making:

— the decision-making strategy is defined;

— possible alternative actions are identified,

— the most preferable action is chosen;

— the decision taken, its substantiation and assumptions are documented and brought to the attention
of stakeholders.
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The decision-making process is a process that results in the solution to the defined problem. A sig-
nificant number of scientific papers is dedicated to the decision-making theory. In general, from the
process point of view, the decision-making process is well analyzed in a guidance paper published
by the Novosibirsk State Technical University. The process can be represented as a series of decision
stages [21]:

Stage 1. Goal identification.

Stage 2. Goal development.

Stage 3. Decisions generation.

Stage 4. Choice of decision.

Stage 5. Decisions evaluation.

Stage 6. Decision-making.

Stage 7. Decision implementation.

Stage 1 is important and determinant as it answers the following questions: what problem and in what
conditions must be solved; how it should be solved; what assets will be used to solve it.

At the second stage, system purposes are defined. The better the system purposes are defined, the easier
it will be to choose the means to achieve them. The methodological foundation of the goal definition stage
is the system analysis with the use of expert methods.

At the third stage, alternatives are generated, various ways of reaching the goal are found. Alternatives
can be generated by means of brainstorming, scenario generation and business games.

The choice of solutions from a number of alternatives is made by the decision-maker at the fourth stage
based on the generated criterion that helps judge if the goal has been met. The criterion of an alternative’s
usefulness may be any of its properties or a set of properties measured qualitatively or quantitatively. In
order to describe the goal, several criteria are often introduced in such a way as to describe the goal as
completely as possible. The criteria for solution selection are defined using expert analysis and math-
ematical statistics.

At the fifth stage, based on the alternatives evaluation model, that takes into account the current situa-
tion, goals, a multitude of restrictions, alternative solution, the available solutions are evaluated based on
the decision-maker’s preferences. This task can be completed under the conditions of uncertainty caused
by the influence of external factors on the alternatives’ evaluation that can be taken into account using
well-known probability theory methods. If uncertainty is absent (in case of certainty) many decision-
making tasks are solved through well-known optimization methods.

The sixth stage is the most important one, when it is required to choose the solution for its subsequent
implementation using a certain algorithm that chooses the only solution that is superior in terms of a
criterion or the optimality principle.

In case of decision-making based on many partial criteria (vectorial optimization tasks), additional
difficulties arise in the identification of the best, from the decision-maker’s point of view, compromise
solution out of a number of allowable ones based on local measures. If it is required to identify the only
best solution, then the set of allowable solutions comes down to a Pareto set and the search is made within
it based on a certain scheme.

The seventh stage implements the achieved solution. The plan of solution implementation must answer
the question as to who and what should do, by what means and within what timeframe. Responsible par-
ties can be specified by means of work package performer appointment task, while the timeframes and
work objects are specified by means of network planning and management.

Decision-making can be performed at various hierarchical levels. There are the conceptual, op-
erational and detailed decision-making levels [22]. Table 2 sets forth the distinctive features of each
of the levels of the overall decision-making hierarchy and their connections with regards to CES
research.

136



PROCESS OF DECISION-MAKING IN DEVELOPMENT
OF COMPLEX TECHNICAL SYSTEMS AND THE TASK OF CHOICE OF ALTERNATIVES

Table 2. Decision levels hierarchy

.. Object Goal Efficiency indica-
Decision levels of study of study Model tors and criteria
Analysis of operations execution Operation goal at-
concepts. Identification of the list tainment ratio. Suit-
System of subgoals and tasks, subsys- | Analytical | ability criterion.
e tems, their operating conditions. Adaptability crite-
System «image» generation rion
oper'a'tional Analysis of methods of task per- Ratio of task per-
formance by subsystems. Definition formance by sub-
v Subsystem |of the general images of subsystems | Simulation | systems. Suitability
Detailed and devices, general requirements criterion. Optimality
to the quality of their elements criterion
Element Detailed analysis of the quality of] Statistical Detail(?d analysis of
elements the quality of elements

Notes. In order to reach the set goal, a purposeful activity, an operation, is required. An operation is a system
of purposeful actions that share a common design and a common goal. The concept of operation includes three
defining factors [22]: 1) human control activities (decision-maker) that organize the operation by choosing a
rational way of using active means in order to achieve the operation’s goals; 2) active means (engineering sys-
tems, resources) at the disposal of the managerial body and used in the operation in accordance with the chosen
method (management strategy); 3) other means (systems) that directly interact with the active means.

Thus, in the course of research of primary operation performance concepts, definition of the prelimi-
nary list of subtasks of operations and purposes of subsystems of a complex engineering system and
development of its conceptual design, it is required to repeatedly and promptly solve the synthesis task
trough analysis in order to eliminate the demonstrably worse alternatives. For that purpose, conceptual
models are used.

At the operational level of research, when the subsystem goals, tasks and operating conditions have
been defined and the rational logic of operation progress has been identified, additional factors can
be taken into consideration and a more complex model can be designed in order to evaluate the per-
formance of subsystems of a complex engineering system. The result of this stage is the consolidated
concept of subsystems and means, as well as the general requirements to the quality of their elements.
The models used at the operational level are usually implemented as complex simulation models. At
the detailed research level, elaborate mathematical, physical and full-scale models are created in order
to analyze the quality of subsystem elements. As this stage is normally evidence-based and uses the
methods of experiment design, mathematical statistics, etc., this level’s models are predominantly
statistical. This three-level decomposition of the overall decision-making task allows establishing the
viability of the suggested procedure performance concept and generate an integrated (systemic) vision
of decision-making operation and process both in terms of their goal, and subject to the capabilities of
other subsystems and assets. They enable the evaluation of the decisions taken at lower levels using
well-known methods of operations research (conditions and goals are well defined).

Conclusions

1. The decision-making procedure is a complex event and one of the main processes of CES design at all
lifecycle stages. Decision-making is the result of a series of events: goal identification, generation of new and al-
ternative ideas, grounded decisions, evaluation of possible solutions, decision-making and implementation.
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2. The development of efficient CES objects normally comes down to choosing one or more alternatives
out of a number of specified ones. Making grounded decisions requires a clear goal, tasks and criteria
(quality indicators) that are used for the evaluation of a set of alternatives.
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KoHcTaHTH Hukonaesuy Ctacb

Ha 79-m rogy xu3Hu, He JOKUB OJHOIO JIHS 0 CBOETO JHS POXKIACHMS, yiiena u3 ku3Hu Koncran-
TuH HukonaeBuu CTtach — OpraHu3aTop W IVIaBHBIM pPEAaKTOp KypHasa «SIaepHble U3MEpUTEIbHO-
MH(POPMALIMOHHBIE TEXHOJIOT UMY, U3AATENb )KypHaia «HaaekHOCTEY.

Cgoro TpynoByto aestenbHocTh Koncrantun HukonaeBud Hayan B 1958 rogy B Coro3HOM Hay4yHO-
HCCIIE0BaTeNbCKOM HHCTUTYTE pubopoctpoenus (CHUMIIe) MunucrepcTBa cpeiHero MalimHOCTpoe-
Hug (3ateM MUHHCTEpPCTBA IO aTOMHOM »HEepruu, a Tenepb [ockopnopanuu «Pocarom»). B 1960 roxy
K.H.Cracp 3akoHums1 MOCKOBCKHI MHXEHEPHO-(PpHU3HUecKuil HHCTUTYT (hakynasreT «Teoperndeckoit n
HKCTIEPUMEHTATBHOMN (HU3NKm» 10 Kadeape «Jlo3umeTpust 1 3amuTay, NoTy Il 3BaHNEe HHKEHEP-(PU3NK
1 HadaJl akTUBHO ydacTBoBarh B padorax CHNUMNIIa o pa3paboTke METOI0B paiuOMETPUH Ira30B U KU~
KOCTEH. YKke B CKOPOM BpeMEeHH OH Bo3rtaBuil JIJabopaToputo 1o pa3paboTke METOIOB U ammaparypsbl 1Jis
KOHTPOJISI paAMOaKTUBHBIX Fa30B B [IIAXTaX. Y YaCTBOBAJ B KCIIEAMNLIMAX HA YPaHOBBIE IaXThl B CpeiHIO0
Aszuto. [log ero Hay4HbIM pyKOBOACTBOM JlabopaTopus crana JIUAEepoM B CTpaHE MO JaHHOMY HaIlpaB-
JIEHHIO, @ METO/BI U IIpuOOopBI, npeasokeHHble Koncrantnnom HukonaesuueM ¢ KoieraMmu, yCreuHo
MPUMEHSUIUCH U JIO CUX MOp MPUMEHSIIOTCS Ha NPEAIPUATUAX aTOMHON OTPACIIM, aTOMHBIX CTAHIUAX U
JPyTUX paguallMoOHHBIX 00bekTax Poccun.

I'my0Ookue Hay4YHbIe 3HAHUS, TBOPUYECKAs aKTHBHOCTB, Tpynoatooue u sHeprus Koncrantuna Hukomae-
BHUYA HE OCTAJINCh He3aMeueHHbIMU PykoBoacTBoM MHcTuTyTa 1 MuHuctepersa. OH ObL1 BHIABUHYT Ha
JOJDKHOCTh 3aMECTUTENS TeHepallbHOTo aupektopa MHcTuTyTa, a 3aTeM Ha JOHKHOCTh IEpBOro 3ame-
CTHUTENs TeHepasibHOTo nupekTopa. Ha atux nomxnoctax Koncrantun Hukonaesny npopaboran nouru
18 ner. imeHHO 37€Ch B TIOJIHOM Mepe pacKpBUINCH €ro opraHu3aropckue cnocobnoctu. B UncturyTte
OH PYKOBOIIWJI pab0TaMu, CBSI3aHHBIMH C IIPEANIPUATUSIMEI aTOMHOU oTpaciu. B cdepy ero nesrensHOCTH
TaK)K€ BXOJIWUIM KOHCTPYHUPOBAHUE, TEXHOJIOTUS M3rOTOBICHUS M CTaHIAPTU3ALMSI U3AEIUI SAEpHOro
pruOOPOCTPOEHUS.

Pa3zpaboranHbie UM METOABI ¥ TPUOOPHI JIETIH B OCHOBY €r0 JWCCEPTAIlMH HAa COMCKAHWE yUEHOU
CTENEHM KaHJuAaTa TEXHUYECKUX HAYK, KOTOPYIO OH yCHelHo 3amuTui B 1974 rony. B 1984 rony emy
OBLIO MPHCBOEHO YYSHOE 3BAaHKE CTAPIINK HAyYHBIH COTPYIHUK (JIOIICHT).
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Koncrantun HukonaeBuy akTHBHO y4acTBOBal B paboTax MO JMKBHUIALUU MTOCIEICTBUN aBapuy Ha
YepHoObuibckoit ADC, ObUT OTHUM M3 UHULIMATOPOB pa3pabOoTKH HOBOTO Kjacca MpUOOpPOB — OBITOBBIX
JO3UMETPOB ISl HaceIeHHsl. MaccoBbIi BBIMYCK U IIUPOKOE UCTIOIb30BaHKUE ITUX MPUOOPOB IIPUBEIIO K
CYIIIECTBEHHOMY YMEHBIIIEHUIO paarodooun B cTpane. B mociemHue roibl moiaeM ero IesTeIbHOCTH ObLITH
anmaparypa pajualloOHHOTO KOHTPOJIS U A€PHbIE U3MEPUTEIbHO-MHPOPMAIIIOHHBIE TEXHOJIOTHUH.

K. H. Cracs — aBTOp Oonee 150 moHorpaduii, crareid, n300peTeHUHN U TOKIA0B Ha OTEYECTBEHHBIX
U MEXIYHapOoAHbIX KOoH(pepeHusax. Merton onpeaeneHus pajaoHa o ckpsitoit sneprun K.I1.Mapkosa,
H.B.Psa6oBa u K.H. Cracs nomyuns mupoxoe npu3HaHue, Kak B Halllel cTpaHe, Tak 1 3a pyoexoM. boib-
1I10€ BHUMAaHKE OH YJEJISUT TOITOTOBKE KaJpOB, ObUT HAyUHBIM PYKOBOJIUTEIEM HECKOIBKUX ACIIMPAHTOB,
KOTOpbIE YCHEIIHO 3alIUTUIN CBOU AUCCEPTAIIIH.

bonee 20 ner Koncrantun HukonaeBuu 6bu1 pykoBonuteneM Poccutickoii yactu Texunueckoro Ko-
mureta 45 «SnepHoe nmpubopocTpoeHue» MexayHapogHOU deKTpoTexHndeckoit komuccnu (MOK),
Bo3miaBisl Poceuiickue neneraunu Ha ceccusx TK45 MOK. Pykosonctso TK45 MOK u 3apy6exHbie
skcneptsl HeHw i Koncrantruna Hukonaesuya 3a €ro mupoKyro 3pyAULIKIO B 00JaCTH SEPHOTO proo-
POCTpPOEHUSI, BBICOKUI MHTEIUIEKT, IPYKET00HNE, OTKPBITOCTD, dKU3HEPATOCTHOCTh U YMEHUE OTCTaUBaTh
CBOIO mo3unuio. brnarogaps ero ycwnusam Poccuiickast nenmeranusi mojib3oBaiack aproputetom B TK45
MO3K. OH OblT ”HUIIMATOPOM ITpaKTHUECKH Beex cTannaproB TK45 MOK, pazpaboTaHHBIX pOCCHUICKUMHU
SKCIEPTAMHU.

Kypnain «SnepHbie n3MepUTENbHO-UH(DOPMALIMOHHBIE TEXHOJIOTUNY, KOTOPBIN CO3/1aJ1 U BO3IVIABIISLI
KoncranTun HukonaeBud, BKIIFOUEH B IEPEYEHB BEYIIMX )KypHAIOB U n3nanui BAK, a Taxke sBisieTcst
xypHanom MOK/TK45 «Sneproe npudopoctpoenuey». B HeM BenyIine oTeuecTBEeHHbIE U 3apyOeKHbIE
Y4EHbIE U CHEIHAINCThI MyOIMKYIOT CBOU CTaThU MO MpobIeMaM U TOCTUKEHUSIM B 00JIaCTH sIIEPHON 1
paaranoHHON 0e30MacHOCTH, CO3/JaHMsl COBPEMEHHOM amnmapaTypbl paAHallMOHHOTO KOHTPOJIS, MaTe-
puansl utoroB 3acenannii TK45 MOK, pa3paboTku cTaHIapTOB IO SASPHOMY TPUOOPOCTPOSHUIO.

Koncrantun Huxonaesuu 6w11 opranuzaropom u npesuaenroM AHO «M3UHTEX», koTopslit mpoBo-
JIJT CEMUHAPBI [T CTIELIUAIMCTOB B O0JIACTH SIIEPHBIX U3MEPUTENBHO-MHPOPMAIIMOHHBIX TEXHOJIOTHH.
OH Taxcke Obu1 pykoBoauTeneM uzaarenbekoro OO0 «'pynmna UAT». M3natenbcTBO BRITYCTHIIO LETBIN
PSI MHTEPECHBIX HAYYHBIX U HAYYHO-MOMYJIIPHBIX KHUT OTEYECTBEHHBIX U 3apyOeKHBIX aBTOPOB.

3a ycrnenrnyto paboTy U Bbicokui mpodeccnonannM Korncrantun HukonmaeBuu OB yIOCTOEH TIO-
YETHBIX 3BaHUH «3acCiTy>KeHHBIH ManHOCTpouTellb Py, «3acmykeHHbIN paOOTHUK aTOMHOM OTPACITH,
OBLIT WICHOM-KOPPECTIOHACHTOM MeXTyHapoIHOM akageMun nH(opMaTu3auy. 3a BRICOYANIIINe Hayd-
HbI€ U MPOU3BOJACTBEHHBIE JOoCcTHKeHUsI KoHcTanTuH HukonaeBuy ObL1 HarpaxJieH AByMsl OpA€HAMU U
MHOTOYHMCIIEHHBIMHU MEIAJISIMU.

Koncrantun HuxonaeBuy ObL1 YECTHBIM, AYLIEBHBIM M OT3bIBUMBBIM YEJIOBEKOM, BCErZa FOTOBBIM
OKa3aTh IOMOIIb B PEUICHUH BOZHUKIIUX MPOOIEM.

[TaMATH 0 HEM HAJOJITO OCTAHETCS B HALIUX CepJILax.

3amecmumens 2n1aeH020 pedaKmopa yxcypnana «foepuvie uzmepumensbHo-uHpoOpmayuonHvle mex-
Honozuuy, 0.m.H., npogheccop bopuc Ilonenos

140



HALEXXHOCTDb N24 (51) 2014

21.09.1935 20.09.2014

Konstantin Nikolayevich Stasj

In his 79th year, one day before his birthday, died Konstantin Nikolayevich Stasj, the founder and
editor-in-chief of Nuclear Measuring and Information Technology journal, the editor of Dependability
journal.

In 1958 Konstantin Nikolayevich began his career in the Union R&D Institute for Instrumentation
Manufacturing (SNIIP) of Ministry of Middle Engineering (further on Ministry of Nuclear Energy,
now State Corporation Rosatom). In 1960 K.N. Stasj graduated from Moscow Engineering and Physics
Institute, Theoretical and Experimental Physics faculty, chair of Dosimeters and protection with a degree
of engineer-physicist and started to actively participate in the works of SNIIP as to development of
methods of gas and liquid radiometric measurement. Very soon he became head of the Laboratory of
methods and equipment for monitoring gases in mines. He took part in expeditions to uranium mines in
Central Asia. Under his scientific guidance, the Laboratory became a leading unit in the country in the
scientific area, and methods and equipment offered by Konstantin Nikolayevich and his colleagues have
been successfully applied and are still used at the enterprises of nuclear industry, nuclear power plants
and other radiation objects of Russia.

Profound scientific knowledge, creative activity, diligence and energy of Konstantin Nikolayevich
didn’t go unnoticed by heads of the Institute and the Ministry. He was promoted to the position of
Director General Deputy of the Institute, then to the position of First Director General Deputy. In these
positions Konstantin Nikolayevich worked for 18 years. It was here that his administrative talents revealed
themselves fully. At the Institute he was in charge of works related to nuclear industry enterprises. The
sphere of his activity also included designing, construction technology and standardization of products
for nuclear instrumentation manufacturing.

Methods and instruments developed by him provided the basis for his PhD engineering thesis that he
defended with success in 1974. In 1984 he was awarded a scientific degree of senior researcher (professor
associate).

Konstantin Nikolayevich actively contributed to liquidation of consequences caused by the Chernobyl
NPP accident, and he was one of the scientists who initiated the development of a new class of equipment
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— consumer radiation dosimeters. Mass production and application of these instruments have radically
reduced the radiophobia around the country. For the last years he specialized in radiation controlling
equipment and nuclear measuring and information technology.

K.N. Stasj authored over 150 monographs, papers, patents and reports made at domestic and international
conferences. The method of radon detection with latent energy by K.P. Markov, N.V. Ryabov and K.N.
Stasj was widely accepted both locally and abroad. He paid much attention to the training of researchers,
and he was scientific teacher for several postgraduate students who defended their theses with success.

For more than 20 years Konstantin Nikolayevich headed the Russian part of Technical Committee Nuclear
Instrumentation Manufacturing of International Electrotechnical Committee (IEC), led Russian delegations
at IEC TC45 sessions. IEC TC45 heads and foreign experts esteemed Konstantin Nikolayevich for his
broad erudition in nuclear instrumentation manufacturing, intelligence, friendliness, open-mindedness,
cheerfulness and capability to hold his ground. Thanks to his efforts, the Russian delegation had authority
with IEC TC45. He initiated practically all the standards of IEC TC45 developed by Russian experts.

Nuclear Measuring and Information Technology journal that was founded and headed by Konstantin
Nikolayevich was included in the list of leading journals and editions of State Commission for Academic
Degrees and Titles, and it is also an official edition of IEC TC45 Nuclear Instrumentation Manufacturing.
It publishes papers by major domestic and foreign researchers and experts about issues and achievements
in the field of nuclear and radiation safety, development of advanced radiation control equipment, IEC
TC45 meeting reports, and draft standards in nuclear instrumentation manufacturing.

Konstantin Nikolayevich was founder and president of ANO IZINTECH which held seminars for
specialists in nuclear measuring and information technology. He was also head of the publishing house
IDT Group Ltd. The publishing house issued a number of interesting scientific and popular scientific
books by domestic and foreign authors.

For his successful work and high professionalism, Konstantin Nikolayevich was awarded honorary
titles Honored Engineer of Russian Federation, Honored Worker of Nuclear Industry, was member of
International Academy of Informatization. Konstantin Nikolayevich was awarded two orders and many
medals for great scientific and industrial achievements.

Konstantin Nikolayevich was an honest, sincere and sympathetic man who was always ready to give
a helping hand in case of troubles.

Memories of him will for long stay in our hearts.

Deputy of editor-in-chief of Nuclear Measuring and Information Technology journal, doctor of
technical sciences, professor Boris Polenov
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CTPYKTYPHOMN HafIEXHOCTN MHPOPMALIMOHHBIX CUCTEM, NOKa3aHa
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1

LLly6uHckuit Uropb Bopucosiy

OYHKLMOHANbHAA HAIEXXHOCTb MIHOOPMALIMOHHbIX CUCTEM
MeTogbl aHanmsa

PepakTop: Matpukeesa EBreHns BnagummnposHa
KomnbiotepHaa BepcTka: Kyptui Bopuc Cepreesuy

.B.lWLy6uHcKkunn
«PYHKUMOHaNbHaA HAQEXHOCTb
MNHPOPMALNIOHHbIX CCTEeM»
2012r.

B KHWre Bnepsble NpeacTasneHa Teopusa GyHKUVOHaNbHOM
HaLeXHOCT MHOOPMALIMOHHBIX CUCTEM Kak COCTaBHas YacTb obLei
TEOPUN HaleXXHOCTU. OHa BKIIOYAeT NOHATHA 1 OnpefieneHus;
OCHOBHbIE Yrpo3bl HapyLWeHUs GpyHKUMOHANBHOM HALeXHOCTH
NHHOPMALIMOHHBIX CUCTEM; CUCTEMY MOKa3aTenel; METOAbl OLIEHKM
dYHKLMOHANBHON HAAEKHOCTN LUMGPOBBIX YCTPOWCTB; METOABI 1
MOZEM OLEHKM GYHKLMOHANBbHOM HAfEXHOCTU NPOrPaMMHOTO
obecneueHus. B otaenbHOM r1ase paccMoTpeHa dyHKLMOHanbHas
HaLIEXHOCTb KPUTUUECKM BaXKHBIX MHDOPMALIMOHHBIX CUCTEM,

B TOM UNCIIEe MOHATHE KPUTUYECKI BAXHOM CUCTEMBI, OCOGEHHOCTY
OLEHKM COOMHbIX OLUMOOK, OLIEHKM GYHKLMOHANBHOM HAAEXHOCTY
OMepaTopPO., OLIEHKM OMACHBIX OTKA30B U PUCKOR, TPeGOBaHNS
K GYHKLMOHANBbHOM HAAEXKHOCTI U K apXUTEKTYPE NMPOrpaMMHOTO
0becneyeHmn KpUTUUYECKH BaXKHbIX MHGOPMALIMOHHbBIX CUCTEM.

B KOHLIE Kaxk/J0M raBbl COAEPKATCA KOHTPOSbHbBIE BOMPOCH
o Havbonee CIOXHOMY 1 3HAUMMOMY MaTepuay rasbl.

KHura paccumtaHa, B nepByto ouepesb, Ha CreumnanicTos,
3aHUMAIOLLIMXCA MPAKTUYECKOMN paboTol Mo pa3paboTke,
MPOW3BOACTBY, SKCMYyaTaLUMmn ¥ MOANGUKALMN MHGOPMALIMOHHBIX
TEXHOMOTWI 1 MHPOPMALIMOHHBIX cUcTeM. OHa NpeaHa3HayeHa
Hay4HbIM PabOTHMKaM B 0611aCTN HAAEXKHOCTV NPOrPaMMHO —
annapaTtHbIX CPeACTB MHOOPMALIMOHHBIX CUCTEM,
NpenoAaBaTebCkoMy COCTaBY, aCnMpPaHTam U CTyAEHTaM,
cneunanu3npyowmnmca B 061acT MHGOPMALIMOHHbIX TEXHOMOTUIA,
a TakKe B 06/1aCTV aBTOMATV3MPOBAHHbIX CUCTEM YNPaBeHWs.
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Ha3Banmue paziena, craTbu ABTOpPbI
n/n HaJIa
CTpykTypHasi Haie:KHOCTh. Teopusi U MpakTHKA
1 OueHKH XapaKTepUCTHK HAICKHOCTH B NPEAII0N0KeHUH Yymaros U.A., Aumo- 1
HEeINoJIHOT0 BOCCTAHOBJICHUS Hos A.B.
MaremaTtu4deckasi MOJeJIb HATEKHOCTH KOMILTEKCA K00beKT
2 |3amuUThI — cucTeMAa 0e30MaCHOCTH» NPH HeUeTKOIl UCXOIHOI Ilepezyoa A.U. 1
HHpopmanun
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4 A > m A Traues O.A. 1
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5 PBHp P 5 Deoomosa I’ A. 1
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9 - 8 8 ABEp Ilepezyoa A.U. 2
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10 pocy ! (bopman P ! Bonooapckuii B.A. 2
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n/n HaJIa
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MM 1714 ee yueTa npu fmea-anaju3se
q)yHKIII/IOHaJIbHaﬂ HaJACKHOCTbD. Teopnﬂ H MPpaKTHKAa
20 Metoabl obecnedennsi PyHKIMOHATbHONH HATEKHOCTH [y6uncruii 1.5, 4
1porpamMmm
21 I'eneTH4eckuii aAropuTM AJI51 ONTUMHU3ALMH APXUTEKTYPBhI Tepckos B.A., [lleenox 4
00pTOBOI0 MPOrpPaMMHOI0 odecreyeHust N.A., Kapyan U.H.
O030p MeTOI0B NPUHATHSA PELIeHUH MPU Pa3padoTKe CI0KHBIX Cemerios C.C., Ilormas-
22 p p p pu pasp ckuui A.B., Maxnaxos B.B., 3
TeXHHYeCKHUX CHCTEeM
Kpsnes A.B.
23 CucremaTnyeckuii MOAX0/ K 3allUTe MPOrpaMMHoOro odecneue- |/[lyounckuii U.b., 3
HHA OT c00eB AaNNapaTyphbl Lllebe X.
CucremaTn3anusi KpuTepreB U 3HAYMMBIX (paKTOPOB 151
n pHTEp b POB /L Abpamosa H.A., Maxa-
24 | OlleHKH IOJBEPKeHHOCTH CJIO0KHBIX CHCTEM JecTadnIu3upyIo- enico JLI 2
MM BO3eHCTBHAM p o
OCTOBEPHOCTH MepeJav OTBETCTBEHHBIX COOOIIEHHUI ¢ HC-
25 1I1[0J11>3OB£HueM CXCII\)/I )rllo OroBoii ¢ arMeHTauunH:[ 1noMexoyc- Adadypos C.E., Aoadypos 1
- p p Y A.C., Manvyes I'H.
TOWYMBOI0 KOAMPOBAHUSA
DOyHKUMOHAJbHAs 0e30macHOCTh. Teopus n npakTHKa
26 OueHka pUCKOB, CBSI3AHHBIX € H3JIOMaMHu 00KOBBIX paM Tese- | Epuaxos A.O., Hosoorcu- 1
’KeK I'PY30BbIX BATOHOB n06 E.O.
Mogesb 1 MeTO[ IJIfl OTpe/iesieHusl MoAcucTeM, HauboJiee Moa-
27 |Be 2:lcelml)lx neCZIT:ﬁmm:sl:d . IOLIUM BOCZSIZ[eﬁCTBI/;ﬂM B Hepa xlllzm Abpanosa H.A., Maxapen- 1
p Py ’ pap xo J.U., Tenuyvina T.A.
COCTABHOI0 00bEKTA 3l ThI
Tananosuu B.A., Po-
HexoTtoprble mosoxkeHnsi 0TKa300e30MaCHOCTH N KuOepoe3omnac-
28 senbepe E.H., [1Iyoun- 2
HOCTH CHCTeM yNpaBJIeHUs .
cxuut U1.B.
Brui10op u onpenenenne GpyHKuuM 6€30MaCHOCTU NPHU Bepupuka-
29 | UM MHKPOIIPOLIECCOPHBIX CHCTEM KeJIe3HOAOPOKHOI aBTOMa- | boukos K. A., Cusko b.B. 2
THKHU U TeJJeMeXaHHKHU
Mopeus on JIEHHS 11 JIBHOT! TOSIHUS KeJIe3H K-
30 ojen onpenene peneJbHOro coCTo €J1e3HOJ0PO Epmaros A.0. 3
HOW TeXHUKH
31 IIpouecc npuHATHSA pelIeHUT NPU CO3IAHUH CJIO0KHBIX TexHU- | Cemenos C.C., Ilonmas- 4
YeCKHX CHCTEeM H 3a/1a4a BbI0OOpa aJIbTePHATHB ckuil A.B., Maknaxos B.B.
Cranpapruzanus
AKTyaJIbHbI€ BONPOCHI CTAHJIAPTU3ALUMN TEPMHHOJIOTUH B Hemec B.A., Tapacves
32 .. 2
00/1acTH HAAEKHOCTH 0.1, llinep B.JL
Xopouo 3a0bITOC
33 |Metoa nociaenoBareabHoro anaausa H.O.lemugoBuua I3upxan 3.B. 3
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| As§essment of reliability performance under the assumption Chumakov IA., Antonov A.V. 1

of incomplete recovery
Mathematical model of dependability for a complex “facility
2 | of protection — safety system” in case of fuzzy initial infor- Pereguda A.1 1
mation
Quality assurance and reliability analysis of information Nikitaev V.G., Pronichev
3 . L A.N., Viasov V. A., Vlaso- 1
measuring systems exeplified by the system atlant v SV
4 Reliability analysis of networks consisting of identical Thachev OA. 1
elements
5 Redunt.iancy as part of the reliability problem in electric- Fedotova GA. 1
power industry
Assessment of reliability, causes and consequences of fail-
6 |ures of reﬁnery al.ltomated syste.ms based on appll?atlon qf Pegushin S.L., Shumikhin A.G.| 2
a common designing and operational data base of industrial
control systems
7 |Printed circuit boards. Reliability of interconnections Medvedev A.M. 2
8 |Reliability study of car tires Damzen V.A., Yelistratov S.V. 2
9 Mathematlcal model of the reliability of a product subject to Pereguda A.IL 2
impact stress
10 Th? issue of accuracy of information assignment for optimi- Volodarsky V.A. )
zation of preventive replacements
1 Slml.llatlon .model of military aircraft depen.dable structure Khakhulin G.F., Titov Yu.P )
and its use in the research of after-sale service processes
12 | Equipment dependability test management Rusin A.Yu., Abdulhameed M. 2
13 | Fluctuation nondestructive testing of solid materials Yakubovich B. 1. 2
Quality improvement of products made of highly rigid Dushko O.V., Mishlinskaya
14 ; . . 2
ceramics for heavy-loaded friction pairs LH.
R Netes V.A., Tarasyev J.1.
[13 29 ’ ’
15 |How we should define what “dependability” is Shper VL. 4
ey ey . Viktorova V.S., Stepan-
16 |Dependability indices of mean time type yants A.S. 4
Analysis of des1gn dependability of critical un1t§ of arch Maystrenko LY, Zin-
17 |spans of pedestrian overpasses based on numerical and 4
. . nurov T'A., Yusupov I.1.
simulation methods
Method for elimination of mutual crossing of esary-pro-
18 |schan estimates in tasks of analysis of bipolar networks Nosov M.B. 4
connectivity
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Item . . Issue
No. Section, paper title Authors No.
Application of the tactics of dependability consecutive check
19 |tests of cam elements and automated sis under operating Pegushin S.L., Shumikhin A.G.| 4
conditions for use of results in fmea analysis
Functional reliability. The theory and practice
20 |Methods of software functional dependability assurance Shubinsky 1.B. 4
Genetic algorithm for optimization of onboard software Terskov V.A., Sheenok D.A.,
21 . 4
architecture Kartsan I.N.
2 Overview of decision-making techniques used in the develop- | Semenov S.S., Poltavsky A.V., 3
ment of complex engineering systems Krianev A.V.,, Maklakov V.V.
23 | A systematic approach to protection against glitches Shubinsky 1.B., Schibe H. 3
24 Systematization of criteria and significant factors for evalua- | Abramova N.A., )
tion of exposure of complex systems to disturbances Makarenko D.I.
25 Accuracy of vital messages transmissiom using threshold Adadurov S.E., Adadurov A.S., 1
fragmentation methods and antinoise coding Maltsev G.N.
Functional safety. The theory and practice
26 Model and method for definition of subsystems most exposed | Abramova N.A., Makaren- 1
to disturbances as part of a complex facility of protection ko D.1, Telitsyna T A.
27 Assessement 'of risks rela.ted to fractures and defects of side Ermakov A.0., Novozhilov E.O. |
frames of freight car bogies
23 Some concepts of fail-safety and cyber security of control Gapanovich V.A., Rozen- 2
systems berg E.N., Shubinsky 1.B.
Selection and definition of safety function when verify-
29 |ing railway signalling and remote control computer-based Bochkov K.A., Sivko B.V. 2
systems
30 |Identification of railway equipment’s limit tolerance state Ermakov A.O. 3
31 Process of decision-making in development of complex tech- |Semenov S.S., Poltavsky A.V., 4
nical systems and the task of choice of alternatives Malklakov V.V.
Standardization
Current issues of terminology standardization in depend- Netes V.A., Tarasyev Y.I.,
32 o 2
ability Shper VL.
Well-forgotten old
33 |[N.O. Demidovich's sequential control method Dzirkal E.V. 3
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