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O MEXAYHAPOOHOW KOH®EPEHLUMN ICOSSAR 2013,
NMPOXOOMBLLEN B I. HbIO-MOPK C 16.06.2013 I. MO 20.06.2013 T.

Mexaynapoanas koHpepennus ICOSSAR 6bina co3nana
JUIst 00CYXJIeHUsl HAyYHbIX MpoOjeM B 00NacTH OLIEHKH PHUCKOB,
CTPYKTYpHOI Oe30macHOCTH 1 HasieskHOCTH. KoH(pepeHust oobeuHsieT
BEAYLIUX MH)KEHEPOB, YUEHBIX, IPEJICTAaBUTEICH aKkaJeMU4YeCKon
BBICIIEH IIKOJBI, HCCIIeIOBAaTeNed U MPAKTUKOB U3 pa3IMYHBIX
oTpacieil u chpep MHKEHEPHO-TEXHUUECKON NeATeNIbHOCTH IS
oOMeHa OMbITOM U BbIPAOOTKM HOBBIX MAEH M moaxonoB. JlaHHas
KOH(epeHIHs MPOBOAUTCS OJIMH pa3 B YETHIPE rojia, HauuHasi ¢ 1969t
KoHepeHnius npoBonuTcs Ha 6a3e BeAyIIUX YHUBEPCUTETOB CTPaH
—yuacTHUKOB I[ASSAR (MexnyHapoaHas accoluanus CTpyKTypHOI
0€301MacHOCTH U HAJC)KHOCTH):

CIIA (Bammnarron — 1969, Can-®pannucko — 1989, Hero-ITopt
Bua — 2001, Hero-Mopk — 2013);

I'epmanns (Mrouxen — 1977);

Hopgerus (Tponxeiim — 1981);

SAnonus (Ko6o — 1985, Kuoro — 1997, Ocaxka -2009);

Asctpus (MucOpyk — 1993);

Wramus (Pum — 2005).

B Hero-Mopke ICOSSAR 2013 nmpoxoania Ha 6a3e KomyMOHiickoro yHHBEpCHTETA, OTHOTO M3 CAMBIX KPYITHBIX
Y aBTOPUTETHBIX YHUBEPCUTETOB MHpa. Ha koH(epeHn Oblin paccMOTPEHBI BOIIPOCHI CTPYKTYPHON HaJIeXKHOCTH
u 0e30MacHOCTH B O0NACTH CEMCMOJIOTHH, MOPCKOTO TPAHCIOPTa, aBUAIMOHHOW M KOCMUYECKON OTpacisx,
TpyOONPOBOHOTO TPAHCIIOPTA, METO/IBI U TPUIIOKEHHS B 00JIACTH OLIEHKHU U aHAJIM3a PUCKOB, IPOOJIeMbI IPUKIATHON
TEOpUU BEPOATHOCTH, bailecoBCckue MeTOABI OLIEHMBAaHHUS, MPOOIEMbl IOCTPOCHUS HAJAEKHBIX M 0€30MacHBIX
HCKYCCTBEHHBIX COOPY’KEHHI, B TOM YHMCJIE MOCTOB, BOIIPOCHI CTOMMOCTH KM3HEHHOTO IIUKJIA, BAMSHUE KINMaTH4eCKUX
U3MEHEHU Ha HHPPACTPYKTYPY, FIKOJIOTHYECKHE ACTIEKThl MHKEHEPHO-TEXHUYECKOM JesATeIbHOCTH U T.1I.

Ha xoHdepennuu Ob1a opranuzoBaHa padora 14 cekuuil. 3aciaylaHo IIECTh IUIEHApHBIX U 645 CeKIMOHHBIX
noknanoB. Pabora mpoxoanna exenHeBHo ¢ 8.00 1o 18.00. B pabote koHpepeHIMH MPUHUMAIIN yYacTHE BeyIne
yuensle CIIA, Kananel, Kutas, fAnonun, IOxnoit Kopen, Uuaun, Mekcuku, Hopserun, [lanuu, Hunepnanaos,
[IBeiuapun, I'epmannn, ABctpun, Utanum, [lopryramun, Yexun, ['pertun, Erunra, Ynnm, Cunranypa, ABctpanuu,
ITakucrana. Ot Poccuniickoit @enepanyy NpucyTCTBOBAIM 3 yesoBeka. ClieyeT OTMETUTb, YTO ITPEICTaBUTENBCTBO
yueHnsbIx u3 FOro-Bocrounoit A3un 6b110 nogasistonM. O6pariaer Ha cebs BHUMaHUE TO 00CTOSTENBCTBO, UTO P
KUTAWCKUX, THIUMCKUX U SIITOHCKUX MPO(ECCOPOB MPEICTABIISIIN CBOM HayYHBIE IIKOJIbI Ha KOH(EPEHIIUH OCPEACTBOM
JIOCTATOYHO OOJIBIIOrO KOJIMYECTBA J0KJIAI0B CBOMX YUYEHUKOB HE MEHEE YPOBHSI MarucTpoB U aCUPAHTOB.

Bonbioit uHTEpEC MpeACTaBIsUIN TOKIA/bl IO OLIEHKaM pUCKOB 1 balieCOBCKMM MeTO/1aM OLIEeHUBAHHS.

JlBa BefylIuX eBpONENHCKUX U3/1aTenbeTBa B cepe TexHuueckoi mureparypsl: CRC Press u Springer pa3BepHyiu
Ha KOH(epeHIMK BbICTaBKy HanOoJjiee 3HaUMMBbIX MOCIEAHNX MOHOTpaduil Ha aHIIIUIICKOM S3bIKEe B 00JIaCTH aHAIM3a U
OLIEHKH PHUCKOB, YIIPABJICHUS HA/ICKHOCTBIO U BIMSHHS YEI0BEYECKOTO (DAaKTOpa Ha CIOKHBIE TEXHUUECKUE CHCTEMBI.

Cocrosuuch paboune KOHTaKThI ¢ OpraHu3aTopamu KoHdpepeniuu npodeccopamu Jxopmxem Jleonarucom, bprocom
OnnuruaBynoM, [Ipnom @panranonom, a Takxke ¢ npodpeccopamu Canr-Xao-Kum, Canexa Hampxmu Xa06uOynax u
PsIOM JpYTHX.

Ha xoHdepeHMn HamMu ObIIM NMPEe3eHTOBaHbI MOCIEHUE HOMepa KypHaia «HanexKHOCTh», KOTOpbIe BbI3BAIH
NPaKTUYECKUI HHTEpeC U XKeJTaHWe MyOIMKOBAThCS Y OPraHN3aToOpoB KOH(PEPEHIIMN 1 HAyYHOTO COOOIIECTBA.

I haenwiii pedakmop swcyprana «Haoedxcnocmovy, 0.m.H., npogeccop U.b. Ilyounckuii
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REPORT
ON THE INTERNATIONAL CONFERENCE ICOSSAR 2013
THAT TOOK PLACE IN NEW YORK FROM JUNE 16TH TO 20TH, 2013

The International Conference ICOSSAR was established to dis-
cuss scientific issues related to risk assessment, structural safety and
reliability. The Conference joins prominent engineers, scientists,
academicians, researchers and experts from various industries and
engineering fields to share experience and to elaborate new ideas
and approaches. The Conference occurs every four years since
1969. The Conference is held at leading universities of the mem-
ber countries of IASSAR (International Association for Structural
Safety and Reliability):

USA (Washington — 1969, San Francisco — 1989, Newport Beach
—2001, New York — 2013);

Germany (Munich — 1977);

Norway (Trondheim — 1981);

Japan (Kobe — 1985, Kyoto — 1997, Osaka — 2009);

Austria (Innsbruck — 1993);

Italy (Rome — 2005).

ICOSSAR 2013 in New York was held on the campus of Co-
lumbia University, one of the biggest and renowned universities in
the world. The Conference discussed the issues of structural safety
and reliability in relation to seismology, water-borne transportation,
aircraft and space industries, pipeline transportation, methods and
applications in risks assessment and analysis, applied probability
theory issues, Bayesian estimation methods, issues related to construction of safe and reliable artificial structures,
including bridges, life cycle cost issues, climatic influences on infrastructure, environmental aspects of engineering
and construction activities etc.

The Conference had 14 sections. Six plenary and 645 section reports were presented. The Conference sessions
were held daily from 8:00 to 18:00. The Conference gathered together leading scientists from USA, Canada, China,
Japan, South Korea, India, Mexico, Norway, Denmark, Netherlands, Switzerland, Germany, Austria, Italy, Portugal,
Czech Republic, Greece, Egypt, Chile, Singapore, Australia, Pakistan. There were 3 representatives of the Russian
Federation. It is worth to note that the number of representatives from Southeast Asia was overwhelming. It is of
interest that a number of Chinese, Indian and Japanese professors presented their scientific schools at the Conference
through a sufficiently high amount of reports delivered by their master and postgraduate students.

A huge interest was evoked by reports on risk assessment and Bayesian estimation methods.

Two leading European publishers of scientific literature, CRC Press and Springer, organized an exhibition at the
Conference to present the most important works published recently in English and related to risk analysis and assess-
ment, reliability management and human factor influences on complex engineering systems.

Working contacts were made with the organizers of the Conference professors George Deodatis, Bruce Ellingwood,
Den Frangopol, as well as with professors Sang Hao Kim, Saleha Nadgmi Habibullah and others.

At the Conference we presented the recent issues of the Dependability journal which roused some practical interest
and intentions to cooperate in the organizers of the Conference and the scientific community.

Dependability s editor-in-chief, doctor of technical sciences, professor I.B. Shubinsky



CTpyKTypHasa HageXHoCTb. Teopusa N NpakTuka

AHuynos A.B. , AHuynos A.B. (mn), AHuynos B.T1.

METOAOJ1IOrNd NPOrHO3NPOBAHUA HAOEXXHOCTU
SJIEMEHTOB MALLUWH NO PA3JIN4YHbIM KPUTEPUAM

lMpeanoxeH obLUMG METOAOI0MMYECKUI NMOAXOL K OLIEHKE HaAEXHOCTU HArPYXEHHbIX 371eMEHTOB MexaHu-
4EeCKMX CUCTEM Ha CTaauu rpoeKkTUPOBaHWS B BuAe MocaeA0BaTe/IbHOCTM 3TaroB rnpoLenypb! NoCTPOeHUs
dU3NKO-BEPOATHOCTHOM MoAEeAn npoLecca GOPMUPOBaHNS UX NaPaAMETPUYECKUX OTKA30B M0 Pas3/INYHbIM
kputepuam. lpeactaBieHa MeTono010rnsa rnporHo3npPoBaHWs 4OJrOBEYHOCTY AeTasiel Mo KpUTepuio KnHe-
TUYECKOV MPOYHOCTU U rokasaH rnpumMep ee peanusaLmu.

KnoyeBble cnoBa: MeTon0/10rvs, NPOrHO3MPOBaHNe, HafexHOCTb, 6e30TKa3HOCTb, 4OJIFOBEYHOCTb, OT-
ka3, rnoBpexaaemMoCTb, raMma-rpoLeHTHbIN Pecypc.

OpnHolt u3 Hanbosee BaKHBIX MPOOJIEM TEOPUU HA/IEKHOCTH SIBIISETCS MPOTHO3UPOBAHUE MOBEICHUS
(cMeHBI COCTOSIHUI) 1eTajeil U y3710B MEXaHMUYECKUX CHUCTEM B MPEANOIaraéMblX yCIOBUSAX BHEIIHETO
Harpy»eHHsl, KOT/ia elle Ha CTa|K MPOEKTUPOBAHNS CTAHOBUTCS BO3MOXKHBIM C HEOOXOIMMOM CTEIIEHBIO
JIOCTOBEPHOCTH OLIEHUTH MOKa3aTeNId UX 0€30TKAa3HOCTU U JA0NTOBeYHOCTH. OCHOBHBIM METOAOM IpO-
THO3MPOBAHUS SBIISIETCS MaTEMaTHUECKOE MOJIEIMpOBaHue. B aToM ciiyuae olieHKa HOBEEHUS SIIEMEHTOB
CUCTEMBI U U3MEHEHHE UX MapaMeTpOB BO BPEMEHHU Mpu Oyaylien 3KCILTyaTalluy OCYIIECTBISETCS Ha
JTUHAMHYECKHUX, (PU3UKO-BEPOSITHOCTHBIX MozAelsx [1, 2].

B nanHoi#1 paboTe Ha OCHOBE aHAIM3a U3BECTHBIX MOJIEJICH OIIEHKU HAJIS)KHOCTH TEXHUYECKUX OOBEKTOB
[1, 2], a Takxke 6a30BbIX OHATUN TexHMUYeckol auarHocTuku (I'OCT 20911-89), Teopun HaAEKHOCTH
(I'OCT 27.002-89) u Teopuu BEpOSTHOCTEN, CPOPMYIMPOBAH YHUBEPCAIbHBIN METOA0IOIMUECKHM TOA-
XOJ] K TIPOTHO3UPOBAHUIO HAJIS)KHOCTH DIIEMEHTOB MEXaHUYECKHUX CHCTEM.

[ToHnMast METOIONOTHIO KaK yYeHHE, COBOKYITHOCTh METOIUYECKHUX MIPUEMOB, MTPABHJI WX TTPHHIIU-
OB, B COOTBETCTBHHU C KOTOPBIMHU OCYIIECTBIISIETCS MTPOIIECC TTO3HAHMS OObEKTUBHBIX SIBICHHH IPHPOJIBI
[3, 4] (3nech — 00BEKTUBHOTO MpoIiecca GOPMUPOBAHUS OTKA30B TEXHUUECKUX U3IEITUI ITPU UX TTOBPEXK-
JTaeMOCTH (JIeTpasialiii) B MoJie BHEIIHUX BO3JEHCTBHI), IpeAsiaraeMbIii TTOIXO0]] MIPECTABISAETCS KaK
MOCIIEIOBATEIEHOCTh B3aNMOCBSI3aHHBIX U BBITEKAIOIINX OTHA U3 JPYTON OIepaInii.

B oOuiem Buze ero MoxHO c(HOpMyIHpOBaTh Kak IMOCIENOBATEIbHOCTh 3TANOB JIOTUYECKOM Mpo-
LEeAypbl JUIsl OLICHKH MOoKa3aTesiell 0€30TKa3HOCTH U JTOJITOBEYHOCTH — Mpolecca MOCTPOCHUS (PUHKO-
MareMaTU4eCcKON MOJIENN apaMeTPUUECKOI HaZIe)KHOCTH KaK JICHCTBYIOIIHNX, TaK U BHOBb IPOEKTHPYEMBbIX
TEXHUYECKUX OOBEKTOB MO Pa3IMUHBIM KPUTEPUSIM.
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31ech OH M3NaraeTcsl B BEPOSTHOCTHON (opMe M MPEeACTaBIseT cO00M COBOKYITHOCTh M3 CEMU TO-
CJIeJIOBATEIIbHBIX 3TAIOB [5].

1. BbiOOp 6a30BOro napameTpa COCTOSSHUA O0beKTa

Jlns mpoekTupyeMoro Buaa u3aeauil cornacHo crangaptHomy, nmo 'OCT 20911-89, onpenenenuro
HOHSATHS «COCTOSTHHE 00BEKTay, BIOUpaeTcs napamerp X, (Kak cilydaifHas BEIMYHMHA), M3MEHEHUE KO-
TOPOI MOAENUPYET €ro MoBeIeHNe (CMEHY COCTOSIHUIT) B T€UEHHE BCETO Meproaa paboThl B U3BECTHBIX
YCIIOBUSIX BHEIIHETO BO3/IEHCTBUSI.

2. dopmynupoBaHue ypaBHEHUS COCTOSSHUM OObeKTa

BriBog nitn BEIOOp City4yaiiHOM (PYHKITMU-3aBHCUMOCTH, ONMCHIBAIOIIEH BO3pacTaroliee (+) uiu yobI-
Barollee (-) BO BpEMEHU U3MEHEHHUE napamerpa X, , 1 MOJAEIUPYIOLIel CMEHY COCTOSIHUI M3JeIHs IPU
€ro CTapeHHH (JIerpaialiii) B MPOIIECCEe IKCILTyaTalluu:

t
X, =X+ [ X,-dt, (D)
0

rae X, — pacmpenenenue napamerpa X, B MOMEHT BpeMeHH T =, XapaKTEpU3YIOLIEE NCXOMHOE
COCTOSIHUE OOBEKTA;

X , =dX, /dt —Texyee pacnpeeeHNe CITy4aliHON BEIMYMHBI CKOPOCTH MOBPEKAAEMOCTH 00ObEKTa
B MOMEHT BpeMeHu 1 =1 .

Ecnu cnyuaiiHas BeIM4MHA CKOPOCTH MOBPEKIAEMOCTH OOBEKTa HE U3MEHSETCS] BO BPEMEHU —
X . = X = const , 10 ycnoBus (1) MOXKHO 3amucarh B BUJE:

X, =X, +Xt. (La)

VYpasuenus (1) MmogenupytoT porecc nerpaaanui 00beKTa BO BPEMEHH.

3. ®opmynupoBaHue ycnoBus padboTocnocoOHOCTU 0O0beKTa

B cootBercTBuu co crangaptheiM, o ['OCT 27.002-89, onpenenennem «padboToCIOCOOHOCTh 00b-
€KTa», MaTeMaTU4eCKH (POPMYIIUPYETCS YCIOBHUE €ro paboTOCTIOCOOHOCTH B BHI€ OHOTO M3 BOBMOXKHBIX
HEPaBEHCTB:

t t
X, =Xo+ [ X, -dt <x,um X, = X, — [ X,-dt>x,, (1)
0 0

IJe X, , — IPEAENbHOE 3HAUYCHUE [apaMeTpa X, yCTaHABIMBACMOE B HOPMATHBHO-TEXHHYCCKOM J10-
kymeHtauuu (HT/1) iy Ha3Hayaemoe U3 onbITa SKCILTyaTaluu MOA00HbIX 0OBEKTOB.
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Ecmu ciryqaiineie Benmm4uHbl B ycaosuu (1) pactipenenensl o HOpManbHOMY 3aKoHy, a X, = X = const,
TO ycnoBus paborocniocobnoctu (II) MoxkHO 3amucarh B BUAC:

X, =Xg+X1<x,uX =X,—X-1>x,, (IL.a)

LenTpupys u HOpMHUPYS BEIUYUHBI X, U X,,» HEPaBEHCTBA (II.a) MoXxHO 3amucaTh ¢ UCIIOJIb30BAaHUEM
COOTBETCTBYIOIINX KBAHTHIICH B BUJIE:

U, <ty v U, >u (IL.6)

np(t)

PackpbiBas Tekyllee 3Hau€HHE KBAaHTUJIM HOPMaJbHOTO HOpMHpoBaHHOro pacnpezaenenus (HHP)
napamerpa, yciosus (I1.6) MokHO npeacTaBUTh B BUJIE:

X, — (% +x-1) X, — (% —%-1)
> ) > ul’lp(l) NN 2 7 o < unp(l)’ (IIB)
1'Gx0+0x't GXO+Gxt

TIae u — TeKyllee npeaenpHoe 3HaueHne kpantuin HHP ciyualinol BeTnunHbI

0 R e Y

X, =X, X9 = (Xomax T Xomin)/ 25 G40 = (Xomax — Xomin)/ 0 — YMCIOBBIE XapPaKTEPUCTUKU (CpeHEE
U CTaHAapT) ciydaiiHoro mapamerpa X, = X, COCTOSHUS TPUOOCOMPSDKEHUs] HA Ha4aJIbHBI MOMEHT
BpeMeHU T =1y} Xgax> Xomin — MAKCHMaJIbHOE 1 MUHIMAJIbHOE 3Ha4eHHA Mapamerpa X, oObekra, 3a-
JlaBaeMbIe KaK HauaIbHbIe YCIOBHS; X M G, — YHCIIOBBIE XapaKTEPHCTHKH CITydaifHoro mapamerpa X .
VYpasuenus (II) oTpakaroT 001acTh BCEX BO3MOXKHBIX PAOOTOCTIOCOOHBIX COCTOSIHUI 0OBEKTA.

4. BbiBOA YypaBHEHUN AJ19 OLLeHKU noKa3aTteneun
0e30TKa3HOCTU OObLEeKTa

C ucnosb30BaHMEM OCHOBHOTO IMOHSATHS TCOPUHU BEPOSTHOCTEN — «(DyHKIMS pacupeneiacHus», Ghop-
MYJIUPYIOTCS 3aBUCUMOCTH JIsl OIIEHKH BEPOSITHOCTH 0€30TKa3HOU PaboThl 00BEKTa — BEPOSITHOCTH BbI-

MIOJIHEHHMSI yclioBuid padotocrnocooHocTH (I1) mytst mro6oro hrukcupoBaHHOTO MOMEHTA BpeMEHHU Oyay1ei
IKCIUTyaTallHu:

P(t)=P(X, <x,)= A(X, +f X, d < x,,) = F(x,,)wm
0
P(t)= P(X, >x,,) = 1= P(Xy— [ X,-df) <x,,)=1-F(x,,) (1I1)
0

Ecnn HOpMmanbHOE pacnpezeneHue nmapaMmerpa X, HEU3MEHHO BO BpeMeHH (X, = X = const ), TO
OCHOBHOI1 [T0Ka3aTeNb OC30TKAa3HOCTH BbIpaxxaeTes ¢ nomomsto pynkunn HHP F' (u,,, ) = F(x,,) nin
bynxumn Jlannaca @(u,,, ;) ):
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xnp—<f0 +;t)
P(t):P(Xt <xnp):F (unp(t)):@(unp(t)):@

- — |
\/Gxo +05%-1

xnp—(fo—; t)
\/GxO +05%-1

VYpasuenus (I11.a) onpenensroT 3akoH HAACKHOCTH O0BEKTa B HHTETpaIbHOU (1in quddepeHnmraib-
HOlt f(t)=—dP(t)/dt) bopme — 3aKoH GOopMUPOBAHUS MTOCTEIIEHHBIX OTKa30B 00BEKTA MPU PEHICHUU
NPSAMOM 3a/1a4u TEOPUH HaJIe:)KHOCTH. ComtacHo [2] OH aCUMMETPUYECH U HE MOAYUHSAETCSI HOPMAJIbHOMY
pacnpezeseHuIo.

5. ®opmMmynupoBaHue ypaBHEeHUS nepexona oobeKkTa B npepesibHoe
COCTOSIHME (COCTOSIHME napamMeTpu4ecKoro otkasa)

B cootBercTBUU co cranmaptHbiME, 110 [OCT 27.002-89, onpeneneHus MU «IPEACIBHOE COCTOSHHE)
U «TapaMeTPUIECKU 0TKa3», (QOPMYIHPYIOTCS YCIOBUS MEPEX0/1a CONMPSHKEHUS B COCTOSTHUE ITapamMe-
Tpnqecxoro OTKa3a B BUAC TJOCTHKCHUA napaMeTpOM X ¢ npenenbﬁoro 3HAYCHUA .

t
X, =Xo+ [ X,-dt=x,, 1A%
0

Ecin nopManbpHOE pacnpesieieHue napaMerpa X, HEM3MEHHO BO BpeMeHu X, = X = const, TO BbI-
paxenus (IV) npunumaror Bua:

X, — (% +x1) X, — (% —x-1)
o 5 5 wp(on WM == = Uy,
2 2 .2 2 2 2
Gx0+cxt 0x0+0x‘t

VYpasuenus (IV) orpaxator 001acTh BCEX BO3MOXKHBIX MPEACIBHBIX COCTOSTHUN 00BEKTA.

(IV.a)

6. BbiBOA ypaBHEeHUM AN OLLeHKU NoKa3aTenein A0NroBe4HoCTHn
(pecypcCHbIX XxapakTepucTmuk) oobekra

B cootBeTcTBHM C ONpEENCHIeM raMMa-TPoLeHTHOro pecypea £, o 'OCT 27.002-89, BeiBogsTest
3aBUCHMOCTH JUISL €r0 OLCHKH peleHneM ypasHerus (IV) oTHocuTensHoO ¢ = £, JUIs 3aJaHHOTO JOIIy-
CTHMOTO 3HAYCHHUSI BEPOSATHOCTH OE30TKA3HOU pabOTHI [P(t)] =Y W COOTBETCTBYIOILEIO €My 3HAYECHUs
KBaHTUIH [1,,, )| PACTIDEIICIICHNUS 10 H3BECTHOMY 3aKOHY CITy4aiiHo# BenuuuHbl X, . B obmem Buze o1y
3aBHCUMOCTH MOYKHO MPEICTABUTH HEKOTOPOH (pyHKIHMEH:

ty :f(YO)GxO’xTa Gxa[unp(y)])' (V)

Ecimn nopmanbHOE pacnpenenenue napamerpa X, HEU3MEHHO BO BpeMeHM — X, = X = const, TO
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raMMa-IpoLEeHTHBINA pecypc omnpenenseTcs pemenrneM ypasHenuit (IV.a) otnocutensHo ¢ = t, IpH 1oz

CTAaHOBKE B HEro X, = x,,, ¥ u,,,) = [u,,,,] B Buze:

(@ED) AT, (AT, F () I 0%~ F) () I 6% — ATE)

=2 2 2
X7 [ty I 0%

¢

¥ , (V.a)

r1e 3Ha4YCHNUE [u,,, ) ] OIPEIEICHO 3aJaHHBIM JOITYCTHMBIM 3HAYCHHEM BEPOSTHOCTH OC30TKa3HOI pa-
6otsl [P(1)]=17, a Bennunua AX,, = X,,, — X €CTb OIIEHKa MaTEMaTUYECKOTO OXKHUJIAHHUS IPENETHLHOTO
usmenenus A X, napamerpa X, .

7. BblBOA, KWNHETUYECKOro ypaBHEeHUs NOBPEeXa4aeMoCTH 00bekTa

Ha ocHoBe kakoi-mm00 Teopwu, KOHIETIIMH WU SKCIIEPUMEHTAJIBHBIX HCCIIEIOBAHHUM, BBIBOIUTCS
KHHETHYECKOE YPAaBHEHHE JIJIsl OIIEHKH CKOPOCTH X , TIOBPEIKAAEMOCTH 00OBEKTA B 3aBUCUMOCTH OT €I0
reOMETPUYECKUX U MUKPOT€OMETPUYECKHX d;, /A, XapaKTEPUCTHK, CBOICTB G; Marepuaa, CHJIOBBIX U
KHHEMaTHYECKUX MapaMeTpoB F', V' BHENIHETO BO3ICUCTBUS, BPEMEHU ¢ U APYTUX (PaKTOpOB.

B o6miem Bujie €ro MOXXHO MPEICTABUTh B BUAEC HEKOTOPOH CIIydaitHOW (PYHKITUU:

X, =f(d,A, F,V,c,1t..). (VI)

VYenosue (V1) siBasieTcss KHHETUYECKUM YPaBHEHHUEM TTOBPEXKIAEMOCTH 00BEKTA.

Nznoxennsii Boime metoponorudeckuit moaxon (1) — (VI) moxer ObITh chopMyIUpoOBaH B BUIE OT-
JIeIbHOM METOJI0JIOTUU OLIEHKH (IIPOrHO3MPOBAHMSI) HAJAECKHOCTH ONPEIEIICHHBIX TPYII TEXHUYECKUX
00BEKTOB IO OJTHOMY M3 BO3MOXKHBIX KpuTepueB — yciosuit (I1) padorocmocobnoctu [1, 2]:

- CTaTUYECKON WJIM KUHETUYECKON MPOYHOCTH;

- I3HOCOCTOMKOCTH;

- JKECTKOCTH;

- HeCyIlel CIIOCOOHOCTH;

- TEIJIOCTOMKOCTH U JIp.

ITpu BeIOpaHHOM MapaMeTpe X, COCTOSHUS KOHKPETHOTO M3JeNus (IeTalu, y3/1a) U U3BECTHBIX Clle-
IYIOIIUX JTaHHBIX:

- 0 3aKOHE €ro pacIpeeIeHUs;

- 0 TPAaHUYHBIX YCJIOBHSX, ONMUCHIBAIOIINX CXEMY HarpyeHus oObeKTa, ero CBOWCTBAa M Ha4YaJIbHOE
COCTOSIHHME B IPEAINOJIaraeMblX YCIOBUAX DKCILTyaTalluy;

- 00 ypasrenuu (VI) ero moBpe:KIaeMOCTH IS OLCHKH X /s

yKa3aHHas MOCJel0BaTeIbHOCTh 3TANOB BBHIPOXKIAETCS B MOCIEA0BAaTEIbHOCTh OmNepauuil (BeposT-
HOCTHYIO METOJIMKY) KOJMYECTBEHHOM OLICHKHU IoKa3aTesiell 0e30TKa3HOCTH P(t): P(X < xnp) WIH
P (t) =P (X ;> x,,,j H JIOJITOBEYHOCTH £, MCCIICAYEMOTo 00BEKTa JIM00 IPH ero MPOCKTUPOBAHUH, MO0
IIPU SKCIUTyaTaluH.

B wactHocTH, B paboTe [5] gaHHBIM MOAXO0 peaTn30BaH B BUIE METOAOJIOTHUN MPOTHO3UPOBAHUS T1a-
pamMeTpUYECKOW HaJeKHOCTU OOJBIION IpyNbl 0OBEKTOB — «CTALIMOHAPHBIX» TPUOOCOMPSIKEHUN 110
KPUTEPUIO U3HOCOCTOMKOCTH UX 3JIEMEHTOB.

Huxe Ha ocHOBe mpeayioKeHHOTO Mojixo/1a cPOpPMYIUPOBAHA METOOJIOTHS MPOTHO3UPOBAHUS Ha-
J€KHOCTH JIPYTOM IPYIbl 00BEKTOB — HArPY>KEHHBIX 3JIEMEHTOB MAIIUH U KOHCTPYKUUHN M0 KPUTEPUIO
KUHETUYECKON MPOYHOCTH.
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B nactosmiee Bpems npoOiema IpouHOCTH TBEP/BIX Tell MO HArpy3Koi pacCMaTpUBAETCs C MO3ULIUU
KMHETH4YeCcKoro noaxonaa [6-8]. C 3Toi TOYKM 3peHUs MPOLECC pa3pyILICHUS] MPEACTABIAETCS KaK pa3-
BHBAIOIIUICS BO BpEMEHU IPOLIECC HAKOIUICHUS MOBPEXKICHUI CTPYKTYphl Marepuana. [Ipu goctuxe-
HUU B KaKOM-JIMOO JIOKaJbHOM 00bEeMe TEKYIIeH MIOTHOCTHIO Ae(PEKTOB CTPYKTYphl MaTepuasa — ero
MOBPEKIAEMOCTBIO, IPECIbHOMN BETMYHHBI, IPOUCXOIUT BOSHUKHOBEHHE MUKPOTPEIIUHBI, KOTOPasi CO
CKOPOCTBIO 3ByKa paclpocTpaHseTcs 1o Haubosee HarpykeHHbIM 00beMaM BCEro MaTepHralia U IPUBOIUT
K pa3/IeJIeHUIO ero Ha YacTu (pa3pyiieHuto). CTerneHb NOBPEKICHHOCTH CTPYKTYPhI IOKAJIbHBIX 00BEMOB
Marepuana JAeTajiu B 1000l GUKCHPOBAaHHBIN MOMEHT BPEMEHH / KOJMYECTBEHHO OLIEHUBAIOT BETUUNHON
IUIOTHOCTH NOTEHIMAIBHOM SHEPTHHU Ne(PEKTOB U, (1) = u,, ,, KOTOpas ONpeJENsAeTCs yCIOBUSIMHU BHEITHETO
Harpy>keHHs U CBOMCTBaMHU Marepuaia [8].

VYuuThIBas BBILIECKAa3aHHOE, 3TAIlbl METOO0JIOTHH MPOTHO3UPOBAHUS MOKa3areael 6e30TKa3HOCTH U
JIOJITOBEYHOCTH HATrPY)KEHHBIX AeTaei, MOTYT ObITh chopmynupoBaHsl, coracHo (1) — (VI), B Buze no-
CJIEZIOBATEIBHOCTH CIICAYIOIIUX ONEpaLnid.

Ha nepsom smane B KauecTBe napamerpa X, COCTOSHUs J€Talld, B KOTOPOH 10J ACHCTBUEM BHEII-
HUX Harpy3ok npu temmneparype 7, BOSHHKAIOT BHYTPEHHHE HAIPsDKEHUS G, IPUHUMAaeM IUIOTHOCTH
NOTEHIMAJIbHON 3HEPruM Ae(PEKTOB U, ,, KOTOpasi XapaKTepU3yeT TEKYIYIO0 CTENEHb OBPEXKAEHHOCTU
CTPYKTYPHbI JIOKAJIbHBIX 00beMOB MaTepuaia aetanu [8]. [Ipu a3ToM pactpenenenne cirydaiiHON BeTMIUHbI
X, =u,, B 1000 MOMEHT BPEMEHHU {, KaK IlapaMeTpa, 3aBUCSILEr0 OT MHOKECTBA HE3aBUCUMBIX CIIy-
YaiHbIX (PaKTOPOB, Oy/IeM IMoJIaraTh HOpMaIbHBIM, COTTIACHO LIEHTPAJIbHO Ipe/IeNIbHOM TeOpeMe TEOpUH
BeposiTHOCTeH [2]. KpoMe Toro, mjist yrpoineHuss MaTeMaTHYeCKUX BBIpAKEHHUH, Oy/IeM OIepupoBaTh C
€C CPETHUM 3HAYCHUECM 1, ,.

Ha emopom smane chopmynupyeM ypaBHEHUE COCTOSIHUI HArpy>KEHHOTO AJIEMEHTA!

er

!
Uy =1y +f;’et'dta (1)
0

e U, — CpelHss IUNIOTHOCTh NOTEHIMAIbHON (CKPBITON) SHEPrUM Marepuaja JeTald B UCXOJHOM
coctostauu (ripu ¢ = (), KOTOPYIO, COMTACHO [8], MOXKHO ONpENeIuTh B (DYHKIIMH CPEIHETO 3HAYCHUS
tBepaoctu HV mo Bukkepcy:

(0.071- 17 )1’2)2

6-G(T)-(6,47:10°°- HV +0,12-10*2)2’

<

(1.a)

e0 —

u,, =du,, | dt — cpemHsisi CKOPOCTb MOBPEKIAEMOCTH (HAKOIICHHS OBPEXKICHHI) CTPYKTYpPBI MaTe-
pHaJa 3JIeMeHTa B MOMEHT BPEMCHH £ .
Ha mpemvem smane chopmyiupyem yciioBre paboToCIoCOOHOCTH HATPY>KEHHOM JIeTalli:

t
l’_let :ﬁeo+f;et'dt<ue*’ (2)
0

TO€ U,« = Usx — Up — KPUTHUECKAS TUNIOTHOCTb SHEPTUU J1e(DEeKTOB CTPYKTYPhI JOKaJIbHBIX 00bEMOB Ma-
Tepualia HarpykKeHHol netanu [8]; u«— KpuTHUecKas JIOTHOCTh BHYTPEHHEW HEepruu (KpUTHUECKast
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SHEPT OeMKOCTL) MaTtcpualia, paBHas SHTAJIBIIAN €TO IUIABJICHHUA B TBEPAOM AH 75 WIA XKUIAKOM AH S
T

COCTOSIHMH; U = f p - cdT — TerioBast COCTABISIFOIIAS IUIOTHOCTH BHYTPCHHEH SHEPT UK MaTepHalia Harpy-

0
KEHHOM JIeTaju Npu 3aJjaHHoN Temneparype 1, p , ¢ — IDIOTHOCTh U TEIUIOEMKOCTh MaTepuasa J1eTaju.

Ha uemseepmom smane 3anuiieM BbIpaKeHHUE JUIsI OEHKU 0€30TKa3HOCTU HArpyKEHHOT'O 3JIEMEHTA B
MOMEHT BPEMEHH [ , UICTIOJB3YS B KaUeCTBE MoKa3aress KodpPuImeHT 3anaca Haae:)KHOCTH (Koddpuiment
0€30I1aCHOCTH ), PACCUMTAHHBIN IO CPEAHEMY 3HAYEHUIO U, , TapameTpa coctosiHus [1, 2]:

t
By =ty [T, =t | Ty + [ 11, (3)
0

Ha namom smane chopmynupyem ypaBHEHUE NIEpeX0/1a HarpyKEHHOM JIETallu B IPEAETbHOE COCTOSIHNE
(cocTosiHME TapaMeTPUUECKOTO OTKa3a):

t
Eet:ﬁeo—l—f;let‘dt:ue*’ (4)
0

Ha wecmom smane, ucnons3yst BeipakeHue (5), GopMyanpyeM ypaBHEHUE, pEelIeHHe KOTOPOTo OT-
HOCHTENBHO / = {,,, TIO3BOJIUT ONPE/CIUTE CPEAHUI MPEICIbHBIN pecype 0 OTKa3a (paspyIICHH)
AIIEMEHTA!

t

np

[ di=u,. i1, (5)

Ha ceobmom smane B KauecTBe KHHETUYECKOTO YPaBHEHHUS MOBPEKAAEMOCTH AJIsl OLIEHKH CpeaHen
CKOPOCTH 1, , IOBPEKIAEMOCTH SIEMEHTA, HAXOMISIIEr0Cs B HArPyKeHHOM COCTOSHHH, KOTOPAs BXOIHUT
B ypaBHeHus (1) — (5) oOmieit cxeMsbl mpouecca (OpMUPOBaHUS €ro 0TKa3a, MOKHO HCIIONIb30BaTh 3a-
BucuMocTh B.B ®enopoBa, mocTpoeHHyto UM B padote [8] ¢ MCMOIB30BaHUEM TEPMOAMHAMUYECKOTO
KpUTEpUs JJTUTENbHON MpodyHOCTU. B 001ieM Buae 3T0 ypaBHEHUE MpPECTaBIseT cO00M HEKOTOPYIO
(GYHKIHIO BUAA:

i, = f(o,T,u,,t,..). (6)

IIpu BBINOIIHEHNH HHKEHEPHBIX PACUETOB MCIIOJIb3YyEM OIMH U3 YIIPOLUICHHBIX BAPUAHTOB 3TON 3aBU-
CHUMOCTH JUIs ONIPEJIEJIEHUS IOCTOSTHHOM BO BPEMEHH BEJIMYUHBI U, , = U, [8]:

U, =Mpg-kZ-6%-4,/(6-G-V), (6.2)

2 2
e M3 = ((1 + r) + (1 - r) )/ 4 — k03¢ HUIMEHT SKBUBAJICHTHOCTH HECTAITMOHAPHOTO HAIIPSKEHHOT'O
COCTOSIHUS (II€peBOAa HECTALHOHAPHOTO HAIMPSKEHHOTO COCTOSHHUA ¢ KOA3()(UIMEHTOM acUMMETpUU
¥ =0 in/Omax B YKBHBAJICHTHOE CTALIMOHAPHOE COCTOSIHHE C HANPSKEHHEM G = G ,);

G min > Omax » g — MUHUMAJILHOE, MAKCUMAJIBHOE U aMILIUTYJHOE HAIIPSHKEHUE [IUKIIA;
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METOA0J10rnsl NPOrHO3UMPOBAHUSA HAOEXKHOCTU SJIEMEHTOB MALLUWH NO PA3JINYHbIM KPUTEPUSAM

ks, = 1/ (6, 47-10°°-HV +0,12- 10_6) — KO3 PULMEHT MepeHanpsKEeHUsT MEKaTOMHBIX CBsI3€il;

G u v —Monyib cIBUTA U K03 (PULIMEHT HEPAaBHOMEPHOCTH paclpeeNeHUs BHY TPEHHEH SHEPTruH 110
00beMy Harpy>kKeHHOM JeTajH, 3HaueHHe KOTOPOro BEIOMpaeTcs O peKoMeHAalusM padboTsl [8].

Koadunuent 4, BnusHus ApOBOH YaCTU TEH30PA HAIPSKEHUI Ha SHEPTUI0 aKTUBALIUY PA3PyILEHUS
MEKAaTOMHBIX CBsI3eH cormiacHo [8]:

:v.U(G,T)eXp _U(G,T)’ (6.6)

5 h-N, R-T

rae h—mnoctosiHHas [Inanka; N,— uucino ABoraapo; R — yHHBepcabHas ra30Basi IOCTOSIHHAS,
U (G, T ) — DHEPrus aKTUBALMU [IPOLIECCA pa3pyLIEHHSI MEXKATOMHBIX CBA3€H IIPU TaHHOM HAIPSHKEHUN
c u temneparype 7:

U(o,.T)=Uy—AU(T)—(Mz-k2/(18-v-K)} o, (6.8)

U, — cBoOoaHas 3Heprus aktupanuu npoueccanpu I’ =0 u 6 =0;

3 _
AU (T ) = 3 oK LT — nons SHEPTUM aKTUBALMU, OTIpEesiemMasl TeMIeparypou;

K=E / (3 . (1 -2 p))— K03((UIIMEHT BCECTOPOHHETO C)KaTHs Marepuasa;
Oy, W, E— xoapduuueHt TMHeHHOro TemIoBoro pacmupenus, ko3ddunuent [lyaccona n moxyns
YOPYTOCTH MaTepuara.

CoBOKYITHOCTh ypaBHEHUH (6.a-B) IpeACTaBiIsieT co0OM MaTeMaTH4YecKyl0 MOAEIb Impolecca cTa-
LIMOHAPHOW MOBPEXKAAEMOCTH 3JIEMEHTOB MAIlIMH U KOHCTPYKIUi, B KOTOPBIX MOA JEHCTBUEM BHEIIHUX
Harpy3o0K U IOCTOSIHHOW TeMnepaTypsl 7 BO3SHUKAIOT BHYTPEHHUE CTaTUUYECKUE WU TMHAMUYECKUE Ha-
IPSDKEHUS © .

Jl1 cTalnOHApHOTO MPoLiecca MOBPEKIAEMOCTH Harpy>KEHHOTO AIEMEHTA (C IOCTOSIHHON CKOPOCTBIO
i, = 1, OTpE/Ie/IIEMOil BRIpAKEHUAMH (6.a-B)), Cpe/IHEe 3HAUCHUE 3aIaca HAIOKHOCTH HA TI000H MOMEHT
BPEMEHU / OIpEIeNseTCs M0 YIPOIIEHHOMY BhIpaykeHHIO (3):

nt:ue*/ﬂet:ue*/(ﬁeo—’—lje't)’ (3&)
a MpeAeNbHBIN PECYPC — PEIICHUEM YIIPOLIEHHOTO BBIPAKEHUS (5) OTHOCUTENBLHO { = Tnp B BUJIE:

by = Ux —Uyg)/ U, (5.a)

CoBokynHOCTh ypaBHeHu# (3.a), (5.2) — (6.a-B) mpeacTaBiseT co60i (GU3NKO-BEPOSTHOCTHYIO MOJIENb
nporecca GOpMUPOBAHUS TTOCTEIIEHHBIX OTKA30B JIEMEHTOB MAIIMH, B KOTOPBIX MO ACHCTBUEM BHEIII-
HUX HAarpy30K U IOCTOSSHHOW TemMneparypsl 7' 1eHCTBYIOT BHYyTPEHHHE CTAaTUYECKHUE WM JUHAMUYECKUE
HaIpsHKeHUs G .

[locnenoBarenbHOCTh MaTe€MaTUUECKUX ONEpaluid, TOCTPOCHHAsA Ha OCHOBE ATOW MOAENU s
OLIEHKH 03KHJAEMOTO CPeHEro pecypca Z,,, onpeaenseT MeTOAMKY IIPOTHO3UPOBAHUS UX JOJITOBEY-
HOCTH U SIBIACTCA TEOPETUUYECKUM OOOCHOBAHMEM H3BECTHOTO JKCIEPUMEHTAIBHOTO YpaBHEHUS
C.H. XKypxkosa [6, 7].
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[Tpumep peanuzanuu nNpeaIoKEHHOM METOIMKH TIOKa3aH Ha puc. 1. Ha Hem npencraBiena rpadudeckas
MHTEpIIpeTalysl pelleHns ypaBHeHus (5.a), ¢ yuetom (6.a-B) JUIsl CTEPXKHS U3 CTaIU 25 ¢ 3a/laHHBIMU
coracHo [8] hu3nKo-MexaHM4eCKUMU XapaKTepUCTUKAMHU, TIOABEPrHYTOTO CTATUYECKOMY OTHOOCHOMY
PACTSKEHHMIO IIPU Pa3IMyYHBIX TeMIieparypax. B wactaoctu, npu 6 = 125 MIla v remneparype T = 40°C
€ro MporHo3upyemast mpeiebHas MPOA0IKUTEILHOCTE — CPEIHUI MpeIeIbHbIN pecypc («BpeMsl JKU3HI )
B JJAHHBIX YCIIOBUSAX, COCTABIISIET Tnp =2,26 mec.

L
~3OO JCT—— 1010 T 3 : T
A — Cranb 25 (oTkur)
o T c=125MIla [
~30nmeT +— 10 B ‘-.“ S— T =40°C =
'I'l = ‘k‘\ HV =1393 MIla —
~3roma — 108 l.\: AN S tp=2,26 Mec |
| ‘\\ = ~ “\.__-\
¥ o=
~4mec — 107 B = S I
t =226 MecHEr——% T e
np X ~_ A= ~— 20°C——
~10eyT —+— , 10° Be== = —
5 | E— == =
% \ - \\ =~ ) '\-“
~30 yac § 10° \-‘ - - =~ 40°C
E “\‘\. = “‘\. - =
g \\ > - \-“\
~3 —~10* - ~L =
Hac == — =50"C
b ™
~ <~
~20MUH —— 103 \-%“‘ -~ . =
e ~+80°C
\L
~100cex— 102 \x\
—~=100°C—
~10
eek 10 50 100 150 200 250 300
Hanpsxenue o, MIla

Puc. 1. HOMOFpaMMa JUTA OLICHKU JOJITOBEYHOCTH HAI'PYKCHHBIX 3JIECMCHTOB
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METOA0J10rnsl NPOrHO3UMPOBAHUSA HAOEXKHOCTU SJIEMEHTOB MALLUWH NO PA3JINYHbIM KPUTEPUSAM

[IpennoxxeHHBIN MOAXOMA, HA HAIl B3MMISJ, MO3BOJSET MPOTHO3UPOBATH JIOJITOBEYHOCTh PA3IMYHBIX
HATrpY>KEHHBIX JeTallell 0 pacueTHbIM 3HAUYECHUSM MaKCUMaJbHBIX HANPSOKEHUH o, TeMieparypsl 1 u
(U3UKO-MEXaHMUYECKHUX XapaKTePUCTHK MaTepuaa, a TakKe aHaJTU3UPOBaTh BO3ZMOXKHBIE CIIOCOOBI TO-
BBIIICHHUS UX PeCypca Ha CTaIuy MPOESKTUPOBAHUS M DKCILTyaTanuu. Hanmpumep, U3 HOMOrpaMMbl BUJTHO,
YTO JIOJITOBEYHOCTh CTEPHKHS MOXKET OBITh CYIIIECTBEHHO MOBBIIIICHA CHUKEHUEM €r0 TeMIIepPaTyphl, U3-
MEHEHHEM (PU3HKO-MEXaHUYECKUX XapaKTEPUCTHUK, a TAKKe IPYTUX MapaMeTPOB, BXOASIIUX B YPAaBHEHUS
(5.a) — (6.a-B).
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Structural reliability. The theory and practice

Antsupov A.V., Antsupov A.V. (jr), Antsupov V.P.

METHODOLOGY OF MACHINE ELEMENTS’ RELIABILITY
PREDICTION BY MEANS OF VARIOUS CRITERIA

The paper offers a general methodological approach to reliability estimation of loaded elements of me-
chanical systems at the design stage in the form of sequence of construction procedure stages of a physi-
cal and probabilistic model for generating process of their parametrical failures due to various criteria. The
methodology of durability prediction of parts by criterion of kinetic strength is presented and the example
of its realization is shown.

Keywords: methodology, prediction, reliability, durability, failure, damageability, y-percentile life.

One of the most important problems of the reliability theory is behavior prediction (change of states) of
mechanical systems’ components and units in assumed conditions of external loading when parameters of
their reliability and durability is possible to estimate with necessary degree of validity at the design stage.
The basic method of prediction is mathematical modeling. In this case the estimation of system elements’
behavior and change of their parameters at the future operation is carried out on dynamic, physical and
probabilistic models [1, 2].

This paper defines the universal methodological approach to reliability prediction of mechanical system
elements on the basis of the analysis of known models for estimation of the reliability of technical systems.
The basic concepts of technical diagnostics (GOST 20911-89), reliability theory (GOST 27.002-89) as
well as the probability theory [1, 2] are used in this study for solving the stated problem.

Understanding “methodology” as the doctrine, set of methodical methods, rules or principles accord-
ing to which process of knowledge of objective natural phenomena is carried out [3, 4] (in these paper
an objective natural phenomenon is considered as the objective process of failure generation of technical
products at their damageability (degradation) in the field of external influences), the offered approach is
represented as sequence of interconnected operations.

In general the approach can be stated as sequence of logic procedure stages for estimation of parameters
of reliability and durability. This is the process of physical and mathematical model construction by vari-
ous criteria for parametric reliability of both operating and newly designed technical objects.

Here it is stated in the probability form and represents package of seven consecutive stages [5].
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METHODOLOGY OF MACHINE ELEMENTS’ RELIABILITY PREDICTION BY MEANS OF VARIOUS CRITERIA

l. The choice of base parameter of an object state

Parameter X, (as a random variable) is selected for product type being under development accord-
ing to the standard (GOST 20911-89) definition of the concept “object state”. Change of parameter X,
simulates product behavior (change of states) during the whole operation time in known conditions of
external influence.

Il. Formulation of an object state equation

Derivation or choice of random function that is the dependence describing increasing (+) or decreasing
(-) change of parameter X, in time and modeling state change of a product at its ageing (degradation)
while in service:

t
X, =X+ [ X,-dt, (D)
0

where X|, is the distribution of parameter X, during time point 7" =t¢,, describing initial state of an
object;

X , =dX,/dt is the urrent distribution of random variable of rate of object damageability during the
time point 7' =t¢.

If the random variable of rate of object damageability does not change in time, then X, = X = const
and therefore the expression (1) can be written down in the form of:

X =X,£Xt. (La)

The equation (I) models a process of object degradation in time.

I1l. Formulation of condition of object operability

In conformity with the standard (GOST 27.002-89) definition “object operability”, its condition of
operability mathematically is formulated in the form of one of possible inequalities:

t t
X, =X+ [ X, -dt<x, 00 X, = X, ~ [ X,-dt>x,, (I
0 0

where X is the limiting value of parameter X, specified in normative-technical documentation (NTD)
or set according to operating experience of similar objects.

If random variables in the expression (I) are distributed under the normal law, and X ;= X =const ,
then the conditions of operability (II) can be written down in the form of:

X, =Xg+X1<x,and X, =X,—X-t>x,, (ILa)

Aligning and normalizing quantities X, and X inequalities (II.a) can be written down with use of
corresponding fractiles in the form of:

U, <ty or U, >u (I1.6)

np (1)
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METHODOLOGY OF MACHINE ELEMENTS’ RELIABILITY PREDICTION BY MEANS OF VARIOUS CRITERIA

Developing the current value of reciprocal normal rated distribution (NRD) of the parameter, it is pos-
sible to represent the conditions (I1.6) in the following form:

X, — (% +x-t X, —(x,—Xt
t 2 (xo zx 2)>unp(t) or t (xo - 2)<unp(t)> (HB)
\/GxO +05-t \/G

2 2
o TO:1

X —(fo :I:xT't)

) R

Xo = (Xomax T Xomin)/ 25 010 = (Xomax — Xomin)/ 6 are numerical characteristics (mean and standard)
of random parameter X, = X, of tribological conjunction condition for the initial time point 7' = £;
Xgmax» Xomin ar€ the maximal and minimal values of object parameter X, set as initial condition; x and
G, are numerical characteristics of random parameter X .

The equations (IT) reflect area of all possible states of object operability.

where u is the current limiting value of fractile NRD of random variable X, = x

np>

IV. Derivation of equations for estimation of object
reliability parameters.
With use of the basic concept of the probability theory — “distribution function”, dependences for

estimation of probability of object operation reliability, i.e. probabilities of conditions’ fulfillment of
operability (II) for any fixed time point of the future operation are formulated:

P(t)=P(X, <x,)= R( X%+ [ X d)< x,)= Flx,)
0
or

(11T

P(t)= P(X, >x,,) =1=P(Xy— [ X,-df) <x,,) =1=F(x,,)
0

If the normal distribution of parameter X , isinvariable in time (X , = X = const ), the basic parameter
of reliability is expressed with the help of normal rated distribution (NRD) function F' (u,,,,) = F;(x
or Laplace function @(u

np(t)) :

Xpp — (fo +xT~t)

P(t) = P(Xt < xnp) =F (unp(t)) :cp(unp(t)) =@

or
Pt)=P(X,>x,,) =1=F (u,,)) = 1= D)) =1-P ) (IIL.a)
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METHODOLOGY OF MACHINE ELEMENTS’ RELIABILITY PREDICTION BY MEANS OF VARIOUS CRITERIA

The equations (Ill.a) define the law of object reliability in integral (or differential f(¢) =—dP(t)/dt)
form — the law of generation of gradual failures of object at solving direct problem in the reliability theory.
According to the expression [2], it is asymmetric and does not conform to normal distribution.

V. Formulation of the equation of object transition into marginal state
(state of parametrical failure)

In conformity with the standard (GOST 27.002-89) definitions “marginal state” and “parametrical
failure”, conditions of conjugation transition into the state of parametrical failure in the form of obtaining
limiting value by parameter X, are formulated:

t
X, =Xo+ [ X,-dt =x,, 1%

Ifnormal distribution of parameter X , 1s invariable in time that is X = X =const , then the expres-
sions (IV) look like:

X,—(fo+)'c~t)_u X,—(fo—fm)_u v
2 2 2 — “np(1) or 2 2 2 = “np(1) ( 'a)
GXO+G)'C.I GX0+Gxt

The equations (IV) reflect the area of all possible marginal states of object.

VI. Derivation of equations for estimation of durability parameters
(life-time characteristics) of object

According to the definition of y-percentile life 7, under GOST 27.002-89, dependences for its estima-
tion are derived by solving the equation (IV) relatlng t =t, forthe specified admissible value of reliability
probability [P(¢)]= vy and a corresponding value of fractlle [44,,, (] distributions of random variable X,
under the known law. In general this dependence can be presented by some function:

ty :f(Y()’Gx()axTa Gx;[unp(y)])' (V)

If the normal distribution of parameter X, is invariable in time that is X = X =const , then the
y-percentile life is defined by solving the equations (IV.a) relating # =¢, by substitution in it X, = x
and u,,,) =[u,,,,]in the following form:

np

(£%)-AT,, — (AT, % ([unp(y)] 103 =3 [ty P62 — AT )

Y b
[unp(v)] G

(V.a)

]is defined by the specified admissible value of reliability probability [P(t)]= v,
— X, 1s the expectation estimation of limiting change A X, of parameter X, .

where the value [u,,,,

and the quantity AX, , = x,,,
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VIl. Derivation of kinetic equation of object damageability

On the basis of any theory, concept or experimental researches, the kinetic equation is deduced for
object damageability rate estimation X, , depending on its geometrical and microgeometrical d,,A,
characteristics, properties ¢, of material, force and kinematic parameters, F', V' external impacts, time
¢t and other factors.

In general this equation can be presented in the form of some random function.

The condition (VI) is the kinetic equation of damageability of object.

Xt:f(diaAt’Fa Vasiat"")' (VI)

The methodological approach stated above (I) — (VI) can be formulated in the form of individual meth-
odology of reliability estimation (prediction) of specific groups of technical objects according to one of
possible criteria — conditions (II) of reliability [1, 2]:

- Static or kinetic durability;

- Wear resistances;

- Rigidity;

- Bearing ability;

- Heat resistance, etc.

At the chosen parameter X, of specific product (component, unit) state and at well-known following
data:

- about the law of its distribution;

- about the boundary conditions describing the scheme of object loading, its property and an initial
state in expected conditions of operation; )

- about the equation (VI) and its damageability for estimation of X, ,

the specified sequence of stages degenerates into sequence of operations (probabilistic technique) for
quantitative estimation of reliability parameters P (t) =P (X <X np) or P (t ) =P (X ;> X ,,p) and durability
parameters 7, of investigated object or at its designing, or at operation.

In particular, in the study [5] the given approach is realized in the form of methodology of prediction
of parametrical reliability of the big group of objects — “stationary” tribological assemblies, by criterion
of wear resistance of their elements.

Below the methodology of reliability prediction of other group of objects — the loaded elements of
machines and constructions has been formulated on the basis of the offered approach by criterion of
kinetic durability.

Nowadays, the problem of durability of solids under loading is examined using the kinetic approach
[6-8]. From this point of view a destruction process is represented as developing in time process of dam-
ages’ accumulation of material structure. When material structure current density of defects in any local
volume (its damageability) achieves limit value, a microcrack occurs which propagates with the speed
of sound on the most loaded volumes of the whole material and that leads to its break into parts (destruc-
tion). Damage level of local volumes’ structures of a component material during any fixed time point ¢
is quantitatively estimated by density value of potential energy of defects u,(¢) = u,, which is defined by
conditions of external loading and properties of material [§8].

Considering the above, methodology stages for prediction of reliability and durability parameters of
loaded components can be formulated, according to (I) — (VI), in the form of sequence of the following
operations.
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At the first stage we accept density of potential energy of defects u,, as parameter X, of a component
state in which under effects of external loadings at temperature 7', there are internal stresses G . Density
of potential energy of defects u,, characterizes the current level of structure damages of local volumes
of a component’s material [8]. In addition to that, distribution of a random variable X, = u , at any time
point ¢ as the parameter depending on a set of independent random factors, we shall assume as normal,
according to the central limit theorem of probability theory [2]. Besides for simplification of mathemati-
cal expressions, we shall operate with its mean value #,,,.

At the second stage we shall formulate the equation of the loaded element states:
t
I’Tet:b_leo—i_fuet'dt' (1)
0

where U, , is the mean density of the potential (latent) energy of a component material in initial state (at
t = 0) which, according to [8], is possible to define in function of mean value of Vickers hardness HV:

(0.071- 17 )1’2)2

6-G(T)-(6,47:10°°- HY +0,12-10*2)2’

e0 —

(1.a)

<

where 17” =du,, / dt is the average rate of damageability (accumulation of damages) of component
material structure during the moment in time point ¢.

At the third stage we shall formulate operability condition of the loaded component:
t
ﬁet:ﬁeo+fuet'dt<ue*’ (2)
0

where 1. = u, — u, is the critical density of defects’ energy of structure in local volumes of the loaded
component material [8];
U, is the critical density of internal energy (critical energy intensity) of material, equal to enthalpy of
its melting in solid AH; or liquid AH ¢ state;
T

ur = f p-cdT is a thermal component of internal energy density of material of the loaded component

0
at the set temperature T p, ¢ are the density and thermal capacity of a component’s material.

At the fourth stage we shall write down the expression for reliability estimation of the loaded element
during time point #, using safety margin (safety factor) as a parameter, calculated on mean value #,, of
state parameter [1, 2]:

t
By =ty [, =t | @y + [ 11, -l 3)
0
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At the fifth stage we shall formulate the equation of transition of the loaded component into limit state
(state of parametrical failure):

t
ﬁet:ﬁeo—’_f;et'dt:ue*' (4)
0

At the sixth stage, using expression (5), we formulate the equation, whose solution relating to 7 = t_np,
will allow to define average limiting life-time to failure (destruction) of an element:

Ly

fﬁet'dt:“e*_ﬁeo- )
0

At the seventh stage it is possible to use V.V. Feodorov’s dependence constructed by him in work [8] with
use of thermodynamic criterion of long-term durability. This dependence is used as the kinetic equation
of damageability for estimation of average rate #,, of damageability of the element which is being under
loaded state. This rate is a member of the equations (1) — (5) of general layout of process of the element
failure formation. In general this equation represents some function of the following form:

u, =f(o,T,u,,t,..). (6)

At performance of engineering calculations one of the simplified variants of this dependence for defini-
tion of time constant value u,, = u, [8] is used:

i, =Mz -k2-c*-4y1(6-G-V), (6.2)

e

where M Izg = ((1 + r)2 + (1 — r)z )/ 4 is a factor of equivalence of the non-stationary stress state (transfer
of the non-stationary stress state with factor of asymmetry 7 =0 . / O ..« 1nto equivalent stationary
state with stress 6 =06,); G,i. » O ax » O, are minimal, maximal and amplitude stress of a cycle;

ke =1/(6,47- 10°%- HV + 0,12- 107 ) is a factor of overstress of interatomic connections;

G and v are shear modulus and factor of non-uniformity of internal energy distribution over volume of
the loaded component which value is selected under recommendations of work [8].

Factor A4, of influence of spherical part of stress tensor on energy of activation of interatomic connec-

tions’ destruction according to [8]:

:v~U(c,T)eXp
h-N,

U(o,T)
R-T

, (6.6)

where £ 1s Planck’s constant; N, is Avogadro number; R is universal gas constant;
U (G, T ) is the energy of activation of interatomic connections’ destruction at the given stress ¢ and
temperature 7:
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U(o,.T)=Uy—AU(T)—(Mz-k2/(18-v-K))<”, (6.8)

U, — free energy of process activationat 7 =0 and ¢ =0;

3 _ .
AU (T ) = 5 oy K '.T _ a share of activation energy, defined by temperature;

K =E/(3-(1-2-p)) - Factor of all-round a material compression;

o,, W, E — linear thermal expansion coefficient; Poisson’s ratio and modulus of elasticity of mate-
rial.

Set of the equations (6.a-B) represents a mathematical model of process of stationary damageability
of elements of machines and constructions in which under effects of external loadings and constant tem-
perature 7 there are internal static or dynamic stresses c.

For stationary process of damageability of the loaded element (with constant rate ul, = 0'76, defined
by expressions (6.a-B), average value of reliability margin for any time point ¢ is defined under on the
simplified expression (3):

no=u, 0, =u,./ (W,,+1,-1). (3.a),
tnp, C
~300 rTeT—— 1010 : =
‘.“‘ N Steel 25 (anneal) E
30mer | 10° g - o =125 MPa i
(i X “\\ T=40°C E
U . HV = 1393 MPa u
<
~3 Foﬂa PR 108 \‘ Y = \ = t_np = 2,26 Mec. E
1 5% = ~ \\ -
A ~
1Y Ty
~4 mec 107 E=> - =
tnpz 2926 Mec "i ‘\‘ i < A\'\ = - - ZOOC
~10cyr ——  10° B ~~ =
‘.\\ = = \\\ —
Y
B0mac 107 e = =140°C
> N S =
r;: 4 \\% T T~ L \“\.
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~20muH —— 103 \n“_ i -
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Fig. 1. Nomograph for estimation of durability of loaded elements
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and limiting life-time is determined by solving of the simplified expression (5) in relation of 7 = t_np in
the following form:

by = (U —i1,)/ 1, (5.a)

Set of the equations (3.a), (5.a) — (6.a-B) represents a physical and probabilistic model of formation
process of gradual failures of machines’ components in which under effects of external loadings and
constant temperature 7 internal static or dynamic stresses ¢ take place.

The sequence of mathematical operations constructed on the basis of this model for an estimation of
the expected average life-time 7,, defines the technique of prediction of their durability and is a theoreti-
cal justification of a known S.N. Zhurkov experimental equation [6, 7].

The example of realization of the offered technique is shown in Fig.1. The figure shows a graphic
interpretation of the solution of equation (5.a), in view of (6.a-B), for a 25 steel rod with physical and
mathematical characteristics set according to [8], subjected to static one-axle stretching at various tem-
peratures. In particular, at 6 =125 MIla and temperature 7’ = 40°C its predicted limiting duration, i.e. an
average limiting resource (“life time’) in the given conditions, makes up t_np =2,26 mec.

The offered approach, in our opinion, allows to predict durability of the various loaded parts on values
of maximal pressure o, temperatures 7" and physical and mechanical characteristics of material, and as
well as to analyze possible ways of increase of their resource at the design and operational stages. For
example, the nomograph shows that the durability of a rod can be essentially raised by reduction in its
temperature, change of physical and mechanical characteristics, and also other parameters which are part
of equations (5.a) — (6.a-B).
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CTpyKTypHas HageXXHoCTb. Teopus u NnpakTuka

LWnwiknH B.B., PomaHoB I0.B., CteHiowkuH ..

PASPABOTKA CUCTEM FRACAS AJ19 BOPTOBOIO
OBOPYAOBAHUA C ABTOMATUSUPOBAHHDBIM
ONPEAENEHUEM UCTOYHUKOB CUCTEMATUHECKUX
OTKA30B

B crartbe npeactasieHa mMetoavka pa3paboTku SJIEKTPOHHOV CTPYKTYpbl 60OPTOBOro aBuaLMOHHOro 06o-
PYyAOBaHVsl B acriekte obecrneqyeHnsi HagexHOCTU Ha rNoCTIPOU3BOACTBEHHbIX 3Tanax XU3HEeHHOro LuKa,
ro3BosisoLLasi MoBbICUTb 3pdekTMBHOCTL cuctem FRACAS 3a cHeT aBToMarn3npoBaHHOro aHaam3a ooLyen
MPUYUHBI, HAMPAaBIEHHOro Ha ONpPeAeeHne NMCTOYHNKOB CUCTEMAaTUYECKUX OTKA30B v pa3paboTKy pe3ysib-
TaTtuBHbIX KOPPEKTUPYIOLLNX AEHACTBUM.

KnrodeBble cnoBa: 3/71eKTPOHHas CTPYKTypa U3aesinsl, CUCTEMATUYECKUY 0TKal3, MCTOYHUK 0TKa3a, KOppek-
TUpYIoLmMe OeVicTBuS.

CoBpeMeHHbIN pBIHOK aBHAIlMOHHOW TeXHUKH (AT) xapakTtepusyercsl NOBBIIIEHHEM TpeOOBaHMM
aBMAKOMIIaHUH K 00eCcleYeHHIo HaJeKHOCTU Bo3ayIHbIX cyoB (BC) n ux 6oproBoro obopynoBaHus
(BO). ITpu 3axiroueHNH KOHTPAKTOB Ha OocTaBKy bO 11 COBpeMEHHBIX BO3YIIHbIX CY/I0B, TAKHX, KaK
An-148, SSJ-100, Ty-204CM, MC-21, oco00oe BHUMaHHE B paMKax MOCIETPOAAKHOTO 00CITyKUBAHUS
yaensercs nporpaMMaM rapaHTUU Ha/IeKHOCTH U PEryJISIpHOCTH BbuleTa. HecriocoOHOCTh mocTaBIIMKa
AT npoieMOHCTPUPOBATh HAJTMUUE PECYPCOB AJIS peain3allii TaKoH IPOrpaMMBbl JIENIaeT €ro MPOAYKIIHIO
HEKOHKypeHTOocnocoOHO!. C pyroil CTOpOHBI, OTMEYaeTCsi HEMPEPbIBHBIN pocT ciokHocTtu bO, 00y-
CJIOBJICHHBIH paciupeHrneM (pyHKIIMOHAIBHBIX 33J1a4 U Juarna3oHa ycioBui skciutyarauuu. Kpome toro,
COXpaHsETCs TEHJCHIIMS K COKPAIIEHUIO BpEMEHH, OTBOAUMOTIO Ha IPOEKTUPOBAHUE U TEXHOIOTMUECKYIO
MOJATrOTOBKY Mpou3BojcTBa bO, uTo onpezensercs pocToM KOHKYPEHIIMH Ha pbIHKE MOCTaBIIUKOB BO.

B aTux ycrnoBusix BO3HMKaeT HEOOXOJUMOCTh B pa3pabOTKe HOBBIX METOAOB U MHCTPYMEHTAJIBHBIX
CPEICTB, MO3BOJISIOIINX:

- obecneunTh 3((HEKTUBHYIO peaTn3aliio IporpaMMbl FapaHTUX HAJEKHOCTH Ha ITOCTIIPOU3BOICTBEH-
HBIX dTarax M MpoJIeMOHCTPUPOBATh MoTpedutento AT BO3MOXKHOCTh TaKOM peannu3aiiui;

- UCTOJIb30BaTh MOITYYEHHYIO B pe3yibTaTe pea3aluy NporpaMmbl HHPOPMALIHIO 1Jis POEKTUPO-
BaHUS U TEXHOJIOTMYECKOH MOATOTOBKM HOBBIX MPoeKToB BO.

Haubonee apdexTuBHO /U1 pelieHus MOCTaBICHHOMN 3a/1a4d MOTYT IPUMEHATHCS CUCTEMBI, pealu-
3yIOIIME aHaJIu3 oT4eTa 00 0TKa3ax cucteMsl U kKoppekrupyromux neictuit (FRACAS). Oto cuctemsl
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OMNPEAEJIEHUEM UCTOYHUKOB CUCTEMATUYECKUX OTKA30B

3aMKHYTOTO ITUKJIa, KOTOPbIEe OOBIYHO BKJIFOUAIOT CIICIAYIOLIME ITAllbl: PETUCTPAIMsI OTKa30B — aHAIN3
OTKa30B — ONPEJICTICHUE HEOOXOIUMBIX KOPPEKTHUPYIOIIHX JICHCTBUN — OIICHKA PE3yIETATUBHOCTH KOPPEK-
TUPYIONIMX ICHCTBHIA. B HacTosIiee BpeMsi Ha PhIHKE IPOrPAMMHBIX KOMILICKCOB, PEATU3YOIUX IPHHITHIT
FRACAS, npencrasnensl cucteMsl Relex FRACAS (PTC) u FRACAS FavoWeb (A.L.D.) [1, 2].

Xots nmpeumyiectBa npuMeHeHus cucteM FRACAS sBISIOTCS OYEBUAHBIMHU, peain30BaTh d(-
(EKTUBHYIO CHUCTEMY, FapaHTUPYIOLIYI0 oOecrieueHue HaaeKHOCTH BO Ha MOCTIPOM3BOICTBEHHBIX
JTamnax >KU3HCHHOTO IUKJIA, JOBOJIBHO CIIOXKHO. [IpobiaemMa COCTOMT B TOM, YTO PE3yJIbTaTUBHOCTh
KOPPEKTUPYIOIIUX IEHCTBUIN 3aBUCUT OT TOYHOCTU M CBOEBPEMEHHOCTHU OIPEICICHHS TPUUUHBI OT-
Kasa, 4To SBIISETCS TPYAHO PopmanusyeMoit 3anaucii. Takke ocraercs TpyaHO GopMaIn3yeMou 3a1ada
MCIIOJIb30BaHUS TIOJIYUYCHHBIX 110 pe3yJIbTaTaM peajbHOW IKCIUTyaTalluy JaHHBIX [T aHAIN3a HAJeK-
HOCTH HOBBIX ITPOCKTOB.

B pesynbrare cyiiecTByIomue CUCTEMbI IPEACTABIAIOT COO0M CpesICTBa, TO3BOISIONINE aBTOMATH3HU-
poBaTh cO6op uH(popManuu 00 OTKa3axX U OLEHKY HaJIe)KHOCTHU (KOJIMYECTBEHHBIN aHanu3). OnpeneneHue
IPUYHH OTKA30B 10 JaHHBIM SKCIUTyaTalluy U UCTIOJIb30BaHUE NOITYYEHHOW HHPOPMAIIMK B HOBBIX IPO-
eKTax (KauyeCTBEHHBIN aHAJIN3) NO-IPEKHEMY MPEJICTaBIIsAET COO0H Tpyn0eMKuil mpouecc, Tpedyromuit
OO0JIBIIMX 3aTpaT U MOCTOSIHHOTO YYacCTHsI BICOKOKBAIM(UIIMPOBAHHBIX CHEIIMATINCTOB.

Jlig onpenenenus kpurepues pesynsraTuBHOCTU cucteMbl FRACAS paccMoTpuM n3MeHEHNe ypoBHS
Haze)kHOCTH bO Ha MOCIpOM3BOACTBEHHBIX dTanax. YUYUTbIBas CIOXKHOCTb coBpeMeHHoro bO u ero
’KM3HEHHOTO 1MKJIA, B HAaYaJbHBIN MepHuos 3kciutyaranui bO XapakTepHO Halu4Yhe CUCTEMaTH4eCcKUX
OTKa30B. DTO NMPUBOJIUT K CHI)KEHUIO HazlexHOCTH bO B sKCIulyaranuu Ha HEKOTOpoe 3HaueHue ARH.
Bennuuna ARH 3aBUCHT OT KOJIMYECTBA BUJOB J€(PEKTOB, MIPUBOAAIIMX K CUCTEMaTUYECKUM OTKa3aM U
oT kosimyectBa bO, BBIMYIIEHHOTO C TAKUMH Jie(peKTaMu.

HpI/I BBIABJICHHUHN HCCOOTBCTCTBUA Tpe6OBaHI/I}IM K HAAC)KHOCTH bOB MponecCe SKCIuTyaranuu mmpoBo-
AATCA KOPPECKTUPYIOIIUC HeﬁCTBHﬂ, HaITPAaBJICHHBIC HA U3KUTHUC NNIPUYUH CUCTCMATHYCCKHUX OTKA30B. B
PE3yJibTaTe 110 MEPEC YCTPAHCHUS IPUYNH CUCTEMATUYCCKUX OTKA30B U I[Opa6OTKI/I H3,Z[eJ'IHfI, HaXOJAIINXCs
B 3KCILTyaTalluy, IMIPOUCXOAUT MOBBIIICHHUEC HAACKHOCTU U JOBCACHNUC YPOBHA HAIC)KHOCTU O Tpe6ye-

R Koppexmupyrowue oelicmaia [loBpimeHne 3(1)(1)CKTHBHOCTH:

Atn, AtM — min

Cucmemamuyecxiie omxazol

ARM

Rr3 ARH, ARM — min

K

ARH

” » < r

Atn Atu

AfH- gpems dogedenita nokazamens HadeicHocH 00 MPebyeMo20 ¢ HauanLHLIfi NEPUOD FKCHAYAMAYUN;
AtM- apemsa dosedenun noxasamens Hade’cHoCmit 00 MPeGYemMo2o noce MOOePHUA N,
ARH- yposens uecoomaememens nokasamens HadexicHocmil 6 HAYaTbHoL NEPUOD SKCHAV AN UN;

ARm- YPOGeHb HeCOOMBEMCemas NOKA3aAMmens HAdeHCHOCINI NOCTe MOJepHUZ A,
R- noxazamens HadexcHocm, CMAMUCMUNECKAA OYEHKA KOMOPO20 3AGUCIUN OM KOMINECNEA OMKA306;
t- gpema.

Puc. 1. Kpurepun spdexrnBHOCTH 00ecTiedeHns HaaexkHocTr bO
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Moro. Bpems noBefieHHss HACKHOCTH 10 TpeOyeMoro ypoBHs AtH 3aBUCUT OT BPEMEHH ONpe/IeIeHUs
IPUYHMH CUCTEMAaTHYECKUX OTKa30B, BPEMEHH pa3pabOTKH pe3ynbTaTUBHBIX KOPPEKTUPYIOLINX ASHCTBHM,
BpPEMEHU OIpezeneHus 00beMa KOPPEKIUH U POBEACHHS JOPaOOTOK.

Yacro B mporecce skcmiyarauuu bO npoBoauTcs ero MoaepHu3anus, o0ycIoBIeHHas PaCIIUPEHUEM
criekTpa (pyHKIMOHANBHBIX 3a1a4. [Ipu npoBeneHNH CyIecTBEHHONW MOJEPHU3ALNHU TAKXKE BO3MOXKHO
MIOSIBJIEHHE CUCTEMAaTUUECKUX OTKAa30B M CHI)KEHHE YPOBHS HaJIS)KHOCTHU Ha 3HaueHue ARM, Ha 1oBe/ieHHe
KOTOPOTro J10 TpeOyeMOoro ypoBHs HE0OX0AUMO BpeMst AtM.

Takum o6pa30M, IOBBIIICHUC 3(1)(1)CKTI/IBHOCTI/I obecrnieueHUs HaaCKHOCTHU bO moxHO 0XapaKTCpHu30-
BaThb CJICAYIOIMIUMHU KPUTCPUAMMU:

AtH, Atm — min; ARH, ARM — min.

H3meHeHue YPOBHA HAAC)KHOCTH B Ha4daIbHbBIN nepuo dSKCIuIyatallu U Mocjie NpoOBCACHUA MOACP-
HHU3allMH I[IOKAa3aHO Ha pUC. 1.

Kak Op110 oka3zano B [3], Asis penieHus yka3aHHbIX 3a7a4 He00X0MMO CO3/IaHKe CTIeIIMATU3UPOBaH-
HBIX METOJIOB U MPOTPAMMHBIX MOAYJeH 00paboTKu JaHHBIX, (GYHKIIMOHUPYIOMIUX O] yIPaBICHUEM
PDM-cuctemsl. [Ipu 3ToM HEOOXOAMMO PEUINTh 3a7a4y pa3pabOTKU AIIEKTPOHHON CTPYKTYPBI U3IEIUS
(OCH) B ykazaHHOM acCIEKTe.

J1is mocTpoeHust Mojien OyeM OMUPAaThCs Ha CIAEAYIOIINe ONpee/ieHus, IPUBEICHHbBIC B [4].

[IpuunHa oTKa3a — 0OCTOATENHCTBA B XO/€ Pa3pabOTKH, MPOU3BOACTBA UM UCIIONB30BAHUS, KOTOPHIE
MIPUBENIN K OTKA3Yy.

Cucremarnyeckuii 0TKa3 — 0TKa3, OJHO3HAYHO BHI3BAHHBINM OAHOW MPUYMHOMN, KOTOpasi MOXKET ObITh
yCTpaHeHa TOJIbKO MoAu(UKaIHel MPoeKTa Wik MPOU3BOJACTBEHHOTO MPOIlecca, MPaBUII SKCIUTyaTalluu
U JIOKyMEHTAIIUU.

W3 ompenenenuit cnemayeT, YTO UCTOUHUKAMU OTKA30B SIBJISIOTCS MPOIECCHl pa3pabOTKU, IPOU3BO/I-
CTBa | dKcIUTyaTanuu. MlcrouHnKkamMu o0IIei MPUYUHBI OTKA30B AJIEMEHTOB MPHU 3TOM SIBISIFOTCS 00IIHe
peanuzauuu npoueccon XKII.

Taxum 006pazom, conepskarensHas yacte DCU, pazpadborannoii B acniekte cuctembl FRACAS, nomxkHa,
KpOMe JIaHHbIX 0 cocTaBe bO U CBsI35X €ro COCTaBHBIX YaCTEU, COAEPIKATh JAHHBIE O 3HAYUMBIX C TOUKH
3pEHUsI UICTOYHUKA OTKA30B MpPOLEcCaXx.

Crpykrypy BO MoxHO TipeAicTaBUTh B BUIE (DOPMYJIBI:

0=(K, Q,1), (D

rac K — MHOeCTBO 371€MEHTOB CUCTCMBEI,
Q — MHOYKECTBO CBS3€H MCKAY 2JICMCHTaMU;
t — MOMEHT BPEMCHH, K KOTOPOMY OTHOCHUTCS OIIMCAHUC BO.

Cpenu Bcero MHOXeCTBa 31eMEeHTOB bO MOXXKHO BBIAENINTD KJIACCHI YKBUBAJIEHTHOCTH 10 YPOBHIO
Ha/IKHOCTH (2JIEMEHTHI OJJHOTO THIa). M3 MHOXKECTBa 3JI€MEHTOB, UMEIOIIMX OJMHAKOBBIN YPOBEHb
Ha/IeKHOCTH, MOXKHO BBIJICJIUTH OJIMHOKECTBA 3JIEMEHTOB, UMEIOIIUX OJJMHAKOBbIE UCTOYHUKU OOIIeH
npuynHbl. Takum 00pa3om, GOpMHUPYIOTCS BapUAHTBI IPUMEHEHHs OHOTUIIHBIX 3JeMeHTOB bO oTHO-
CUTEJIbHO Ka)KJJOT0 UCTOYHHMKA CUCTEMATHYECKHUX OTKAa30B.
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[Ipu 3TOM HanMYUE CUCTEMATUYECKUX OTKA30B MO KAaKOMY-TH00 UCTOUHUKY OTKa30B BBI3bIBACT PE3KOE
yBEJIMYEHUE UHTEHCUBHOCTH OTKa3a OJHOTO U3 BAPUAHTOB IPUMEHEHUS U, KaK CJIe/ICTBUE, HATMYHE He-
OJHOPOIHOCTH CTATUCTUYECKUX OLEHOK, YTO MOXKET SIBJISITHCS KPUTEPUEM HEOOXOIMMOCTH pa3paboTKu
KOPPEKTUPYIOIIUX JEHCTBUH IO JAHHOMY IIPOILIECCY.

Taxum 00pa3zoM, BeipakeHue (1) He0OXOAMMO JOTIOTHUTH J0 BHJIA
O = (K’ Q) P’ R’ t)’ (2)

rae cuMBOJa P o3HauaeT mapaMeTpsl MPOLECCOB, XapakTepusyromue ueMenTsl bO ¢ Touku 3penust
MCTOYHHUKOB OOIIEH MPUUNHBI,

cumBoI R — mapameTpsl, onpenensomuye (akTHIecKyr0 HHTEHCUBHOCTh 0TKa3a 3J€MEeHTa WUJIH mapa-
MeTpa MOTOKa OTKa30B.

OneHka pe3ylnbTaTUBHOCTH KOPPEKTUPYIOIIUX NEHCTBUM BBIMOJIHSAETCA CPaBHEHUEM HAJIEKHOCTHU
AIIEMEHTOB, U3TOTOBJICHHBIX 0€3 yueTa KOPPEKTUPYIOLIUX ACUCTBUM, C SIEMEHTaMH, U3TOTOBJICHHBIMU C
YYETOM KOPPEKTUPYIOIMIUX JAeHcTBUMA. [ naeHTH(UKAMKE BHEIPSCHHBIX KOPPEKTUPYIOMIUX IEHCTBUM
BbIpakeHHE (2) HEOOXOAUMO JIOTIOJHUTH JI0 BHIA

0=(K,QPR,C1, 3)
rae cumBoi C — arpulyT, ONpeaeaoIuid TpU3HaK BHEAPEHHOTO KOPPEKTUPYIOIIETO ACHCTBUS.

Takum obpazom, s pazpadorku moaenu bO B acriekTe oOecriedeHuss HaAC)KHOCTH HEOOXOIUMO
OTIPE/ICITUTD:

- IepeYeHb ¥ 3HAYCHHS aTpuOyTOB, XapaKTePU3yIOUUX CTPyKTypy BO;

- IepeYeHb ¥ 3HAYCHHS aTpUOYyTOB, XapaKTePU3YIOUTUX HCTOYHUKHN OOIIEH TPUYHHBL;

- IepeYeHb ¥ 3HAYCHHS aTpUOYTOB JIJIS BHITTOJIHEHHS CTATUCTUYECKUX OIICHOK;

- IepeYeHb ¥ 3HAYCHHS aTpUOyTOB, ONPEACIISIONINX BHEAPEHNE KOPPEKTUPYIOIINX JEHCTBHIA;

- IOPSZIOK U3MEHEHHMS 3Ha4eHHM arpuOyToB B miponecce JKI1.

[Tporneccrr XKL BO sBisitoTcss 00BEKTOM HCCIIEIOBAHUS C TOYKU 3pEHUST POPMUPOBAHUS MTPOCSKTHBIX
penieHuit npu npoektupoBaHuu bO u pa3zpaboTku KOPPEKTUPYIONTUX JEHCTBHIA U OIIEHKH UX PE3yiIbTa-
tuBHOCTH Tipu 3kcmutyaranuu bO. B nponiecce XKL BO ¢opmupyercst COOBITHITHO-THHAMUYECKOE TTPO-
CTPaHCTBO, B KOTOPOM PEIIAIOTCS 3a/1a4H:

- OLIEHKHM HOBBIX MpOoeKToB bO mpH MpPOEKTUPOBAHUM MO PE3yJbTaTaM JKCILTyaTaluu H3IEIUi-
aHaJIOTOB;

- OIpeIesICHUs IPUYMH CUCTEMAaTHYECKUX OTKAa30B, pa3padoTKU KOPPEKTUPYIOIIUX IEHCTBUM U OLICHKU
UX PEe3yJIbTaTUBHOCTH.

Monens sxu3HeHHoro 1ukia bO B acrekTe o0ecriedeHust HaJeKHOCTH MPUBEICHA Ha PHC.2.

B 2011 roay paspabotansl: baza qaHHBIX )11 SKCIEPTHON CUCTEMBI JIsl aHaIn3a 0€30TKa3HOCTH aBHa-
IIMOHHBIX OOPTOBBIX HH(POPMAITMOHHBIX CHCTEM [S] 1 DKCnIepTHAs cUCcTeMa JIJTs aHaIu3a 0€30TKa3HOCTH
ABUAIIMOHHBIX 0OPTOBBIX HH(POPMAITMOHHBIX CUCTEM [6].

[Ipu ux pa3zpaboTke yYTEH OMBIT peaju3aiyy IporpaMm rapantuii HaaexkHoctu bO pasnuvHoro Ha-
3HAYEHUs, & UMEHHO: KOMIUICKCHBIX MH(OPMAIIMOHHBIX CHCTEM CUTHAJIM3AIIMU; CUCTEM AJICKTPOHHON
CUTHAJIM3AIMN; CUCTEM MIPEAYIPEKACHHS KPUTHUYECKUX PEKUMOB; KOMIUIEKCHBIX CUCTEM JICKTPOHHOM

27
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WHAMKAIUY U CUTHAJIM3allM1; CUCTEM aBapUITHON CUTHAIN3AI[MH; CUCTEM BHYTPUKAOMHHOTO OCBEIICHUS;
CUCTEM IpeoOpa30BaHus aHAJIOTOBOW U TMCKPETHOW MHGOpMAIIH; CUCTEM YIIpaBJIEHUs 00IIecaMoeT-
HBIM 00OPY/IOBaHUEM; CUCTEM OTPAaHUUUTEIbHBIX CUTHAJIOB; CUCTEM BO3AYIIHBIX CUTHAJIOB BEPTOJIETOB;
060pTOBBIX UHGOPMAIIMOHHBIX CUCTEM KOHTPOJISL; CHCTEM BOCIPUSTHS BO3YIIHBIX JAHHBIX, YCTAHOBJICH-
Heix Ha BC: Ty-204, Ty-214, Ty-334, 1n-96-300, U1-96-400, Nn-76, Nn-114, Aun-148, Ka-226, Ka-31,
Ka-32, Aucar u np.

WcTounnky 0TKa30B Ipolecca NpOeKTUPOBaHUS BEIOPAHbI B COOTBETCTBHU ¢ PyKOBOICTBOM 110 OLIEHKE
MPaBUILHOCTU MPUMEHEHHUS DJIEKTPOPATUOU3IECTUN, UCIIOIb3YEMbIM MPEANPUITUIMU MPOMbBIIUICH-
HOCTHU IPHU aHaAIM3€ NPUYMH OTKA30B 3JIEKTPOPAIUOU3IEINN B oOpasiax ammapaTypsl U BeIpabOTKe
MIPEIOKEHUH 110 TIOBBIIICHUIO €€ HaJIC)KHOCTH [ 7], ¥ kBanudukannoHHpiMu TpeboBanusmu KT-160D,
YCTaHABIMBAIOIIMMH YCIOBUS SKCIUTyaTallud U OKpY:Karouieil cpepl st 00PTOBOTO aBUALIMOHHOTO
obopynoBanus [8].

HcTounnku 0TKa30B Mpoliecca NpOr3BOICTBA BIOPaHbl B COOTBETCTBUU C Oa30BBIM IEPEUHEM CIICLIU-
anbHbIX TexHonoruueckux mnpouecco (CaTII), paspabarsiBaeMbiM [71sl aBUALIMOHHON IPOMBIIIIEHHOCTH
B 11€J10M, a Takxe nepeudeM CnTIl, cocraBnsieMbIM 1711 KOHKpEeTHBIX u3aenuii AT [9].
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Puc. 2. Mogzens xxu3aennoro uukia bO B acniekre oOecriedyeHust Hage)KHOCTH

Tak xak 6a30BbIi IEpEYCHb MPOIIECCOB CPOPMUPOBAH C TOUKHU 3PEHUS MPEANPUATHI-pa3padoTINKa 1
usrotoButens bO, neranu3zanyst OCTIPON3BOICTBEHHOTO 3Tala Ha MPOLECCHI IPOBOIMIACH C MEHBIIICH
crenenblo. [1pu 3Tom 1715t Mozenu cpopMUpPOBaHBI COBOKYITHOCTH MTPOIIECCOB, OCYIIECTBIISIEMBIX B paMKax
OJTHOTO IPEANPHATHS, TaKue, Kak MOHTax Ha BC, skcruryararysi, peMOHT, KOTOpBIE PacCMaTpPHBAIOTCS
KaK OTHEIbHBIE TPOLIECCHI.

Buemnuii Bun nHTEpEHCHON YaCTH MOIYIISL ONIPECTICHHISI NICTOYHUKOB CHCTEMATHYECKUX OTKAa30B U
OLICHKH pe3yJbTaTUBHOCTH KOPPEKTUPYIOLINX AEHCTBUIM MpeIcTaBIeH Ha puc. 3.

BepxHsis yacTb 9KpaHa COAEPIKUT CBEIEHHs 00 aHAIIM3UPYEMOM 3JieMeHTe ui y3ie bO u paccmarpu-
BaE€MOM IIpoLecCe.

B npaBoii yacTu 3KpaHa pacroyIoKeHO [10JIe BAPUAHTOB IIPUMEHEHU . BapruaHThl IPUMEHEHUS IOKa3aHbl
B BUjie rpada, BEPIIMHBI KOTOPOTO COOTBETCTBYIOT AaHATTM3UPYEMOMY 3JIEMEHTY, a y3JIbI — IIOIMHOKECTBAM
AIIEMEHTOB, PACIIPEACIICHHBIX IO UCTOYHUKAM OOIIEH MPUYUHBEI.
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Puc. 3. I/IHTep(i)efICHaﬂ 4acCcTb MOAYJIA OoNpEACTICHUA MMPUINH CUCTEMATUICCKUX OTKAa30B

B neBoii wacTu 3KkpaHa pacroyioKeHo Moje quarpaMmmbl. Kax il cronben auarpaMMbl PeACcTaBIseT
CO00 CTaTUCTHYECKYIO OIICHKY HAJIeKHOCTH OJTHOTO W3 BapUAHTOB MPUMEHEHUS C JIOBEPUTEIHHBIMU
rpaHunamMu mokasarens. CTonOmbl TuarpaMMbl, CTATUCTUYECKUE OIEHKHA KOTOPBIX HEOIHOPOJIHBI, BbI-
JIEJISIFOTCS LIBETOM.

B HmxHEl yacTu sKpaHa pacnoiokeH KOHCTPYKTOP, KOTOPbIi IO3BOJISIET BHOCUTh U3MEHEHUS B KOpTe-
KU, TIO KOTOPBIM (DOPMHPYIOTCSI BAPHAHTHI IPUMEHEHHUS. DTO MO3BOJISIET SKCIIEPTY PU HEOOXOAUMOCTH
BMEUIMBATHCA B IIPOLIECC aHAIN3A JUIsl peau3alii CBOUX CTpaTeruil.

Taxoke npeycMOTpeHa BO3MOXXHOCTb U3MEHEHHUS JaThl aKTyaJIbHOCTU MOZAEIH JJIs aHaJIn3a. JTO Mo-
3BOJISIET aHAJIM3UPOBATh IMHAMUKY YPOBHS HAJIE)KHOCTH.

3akJodeHue

B pabote pa3zpaborana snekTpoHHas cTpyKkTypa bO ¢ Touku 3penus anamuza nHGOpMaIuu o0 0TKazax
U pa3pabOTKH KOPPEKTUPYIOIUX JeicTBUI U paccMoTpera monenb bO B acniekre cuctemsl FRACAS,
MO3BOJISIIOIIAS B COOBITUIHO-TMHAMUYECKOM MpocTpaHcTBe arpulyToB mponeccos XKL perrars 3a1aun
OIpeIesICHHs] HICTOYHUKOB CUCTEMAaTHYECKMX OTKA30B € MOCIEeAYIONIEH pa3paboTKON KOPPEKTUPYIOIIUX
JICHCTBUM U OLIEHKON UX PE3yJbTaTUBHOCTH.
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Structural reliability. The theory and practice

Shishkin V.V., Romanov Yu.V., Stenyushkin D.|.

DEVELOPMENT OF FRACAS SYSTEMS FOR AIRBORNE
EQUIPMENT WITH AUTOMATED IDENTIFICATION
OF SOURCES OF SYSTEMATIC FAILURES

The paper presents a methodology for the development of the electronic structure of airborne avionics in
the aspect of dependability assurance in the post-production stages of the life cycle, allowing increasing
the efficiency of FRACAS systems by computerized analysis of common cause, aimed at identifying the
sources of systematic failures and the development of effective corrective actions.

Keywords: electronic structure of a product, systematic failure, source of failures, corrective actions.

The increased requirements of airlines for dependability assurance of aircraft (AC) and its airborne
equipment (AE) define the current market of aviation technology (AT). At the placement of contracts for
AE supply for modern aircrafts such as the An-148, SSJ-100, Tu-204SM, MS-21, a special focus within
after-sales service is given to programs of dependability assurance and regularity of flights. Inability of
an AT provider to demonstrate the availability of resources for the implementation of such a program
makes its products uncompetitive. On the other hand, there is a continuous increase in the complexity of
AE due to the expansion of functional tasks and the range of operating conditions.

In addition, the trend to a reduction of time allowed for the design and technological preparation of AE
production is retained, which is determined by increased competition in the market of AE suppliers.

Under these conditions, there is a need to develop new methods and tools that allow:

- to ensure the effective implementation of the program to guarantee the dependability at post-production
stages and to demonstrate to an AT consumer the possibility of such an implementation;

- to use the information obtained as a result of the program implementation for design and technologi-
cal preparation of new AE projects.

Systems implementing the analysis of a report about system failures and corrective actions (FRACAS)
can be applied as the most effective ones for the assigned task solution. These are closed-loop systems,
which usually include the following stages: failure registration — failure analysis — determining the
necessary corrective actions — evaluation of corrective actions’ effectiveness. Currently, the market of
software systems that implement the principle of FRACAS presents the systems Relex FRACAS (PTC)
and FRACAS FavoWeb (ALD) [1, 2].
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Although the advantages of using FRACAS systems are obvious, it is difficult to implement an effec-
tive system ensuring AE dependability at post-production stages of a life cycle. The problem is that the
effectiveness of corrective actions depends on the accuracy and timeliness of determination of failure
cause, and it is difficult to formalize the task. In addition, the task of using the results obtained from the
use of real data to analyze the dependability of new projects is also difficult for formalization.

As aresult, the existing systems represent means to automate the collection of information about fail-
ures and dependability assessment (quantitative analysis). Identification of failure causes according to the
operation data and use of the obtained information in the new projects (qualitative analysis) still represents
a time-consuming process, requiring costly and continuous participation of highly qualified experts.

To determine the performance criteria of FRACAS system, we shall consider the change of AE de-
pendability level at post-production stages. Taking into account the complexity of modern AE and its life
cycle, systematic failures are typical at the initial period of AE operation. This leads to reduction of AE
dependability in operation by a certain value ARn. The quantity of ARx depends on the number of types
of defects that lead to systematic failures and on the number of AE produced with such defects.

Corrective actions aimed at eliminating the causes of systematic failures are carried out at the detection
of discrepancy in dependability of AE during its operation. As a result, under elimination of systematic
failures’ causes and refinement of products in use, an increase of dependability and bringing its level
to the desired one take place. Time to bring dependability to the required level Atn depends on the time
needed for the determination of systematic failures’ causes, the time needed for development of effec-
tive corrective actions, and the time needed for determining the amount of correction and carrying out
improvements.

Often during the AE operation, its modernization is carried out due to expansion of the range of func-
tional tasks. Systematic failures’ occurrence and dependability decrease on the value equal to ARwm is
also possible at carrying out substantial modernization and bringing it back to the required level needs
time Atm.

Thus, the efficiency enhancement of AE dependability can be described by the following criteria:

Atn, Atm — min; ARn, ARm — min.

Change of dependability level at the initial period of operation and after the upgrade is shown in
Fig. 1.

As shown in [3], to solve these problems, it is necessary to develop special-purpose methods and data
processing software operating under the control of PDM-system. At the same time, in this aspect it is
necessary to solve the problem of developing an electronic product structure (EPS).

To construct the model, we shall rely on the following definitions given in [4].

Failure cause is the circumstances in the process of development, production or use, which has led to
a failure.

The systematic failure is the failure definitely caused by a cause, which can only be eliminated by
modification of the project or the production process, operating rules and documentation.

From the definitions, it follows that the sources of failures are the processes of development, production
and operation. Sources of common cause failures of elements in this process are the general implementa-
tions of life cycle processes.
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Fig. 1. Performance criteria of AE dependability

Thus, the EPS’ purposeful part developed in the aspect of FRACAS system, in addition to data about
AE structure and connection of its constituent parts must contain data about significant processes in terms

of source of failures.

The structure of AE can be represented by the formula:

0=(K,QW,

where K is the set of elements in the system;

Q is a set of connections between the system’s elements;
t is the time, to which the description of AE refers.

(1)

Among the total set of AE elements, it is possible to single out equivalence classes according to a de-
pendability level (the elements of the same type). Subsets of elements having the same common cause
sources can be distinguished from a set of elements having the same dependability level. Thus, alterna-
tives of applications of the same elements in AE with respect to each source of systematic failures are

generated.

At the same time, the presence of systematic faults in any source of failures causes a sharp increase of
failure rate of one of the application alternatives, and consequently, the presence of statistical estimates’
heterogeneity, which can be a criterion of the need for corrective actions of the given process.

Thus, the expression (1) must be completed to the following form

0=(K,Q,PR,1,

)
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where the symbol P means process parameters that describe the AE elements in terms of common cause
sources, the symbol R presents the parameters defining the actual failure rate of an element or a failure
stream parameter.

Evaluation of corrective actions’ effectiveness is performed by comparing the dependability of com-
ponents made without corrective actions, with elements made in view of the corrective actions. For the
identification of implemented corrective actions, the expression (2) must be completed as to the follow-
ing form

0=(,Q,PR,C,1), (3)

where the symbol C is the attribute that defines the indicator of implementation of corrective actions.
Thus, to develop an AE model in the aspect of dependability assurance, it is necessary to determine:
- a list and values of attributes that describe the AE structure;

- a list and values of attributes that characterize the sources of common cause;

- a list and values of attributes for statistical estimations;

- a list and values of attributes that determine the implementation of corrective actions;

- procedure of changing the values of attributes in the life cycle process.

Life cycle processes of AE are the subject of research in terms of the generation of the design decisions
in the design of AE and the development of corrective actions and the assessment of their effectiveness
during the operation of AE. In the process of AE life cycle, event-trigger and dynamic space is generated,
in which the following problems are solved:

- evaluation of new projects of AE during their design according to operation results of analogous
products;

- determination of causes of systematic failures, development of corrective actions and assessment of
their effectiveness.

The life cycle model of AE in the aspect of dependability assurance is shown in Fig. 2.

The database for the expert system for the analysis of reliability of aircraft airborne information systems
[5] and for the expert system for the analysis of dependability of aircraft airborne information systems
[6] were developed in 2011.

Their development has taken into account the implementation experience of programs assuring depend-
ability of AE for various purposes, such as:

- integrated information systems of signaling,

- electronic warning systems,

- critical behavior warning systems,

- the complex system of electronic display and signaling,

- alarm signaling systems,

- cockpit interior lighting systems,

- systems for converting analog and discrete information,

- control systems for general air-borne equipment,

- systems of limiting signals, systems of air signals of helicopters,

- onboard information systems of control,

- perception of air data systems that are installed on the following aircrafts: Tu-204, Tu-214, Tu-334,
11-96-300, 11- 96-400, 11-76, 11-114, AN-148, Ka-226, Ka-31 and Ka-32, Ansat etc.
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Sources of failure in the design process are selected in accordance with the “Guidelines for the assessment
of the correct application of electrical and radio products” used by industrial enterprises in the analysis
of causes of electrical and radio products’ failures in samples of equipment and in the development of
proposals to improve its reliability [7], and also in accordance with qualifying requirements KT-160D,
establishing operation conditions and environment for airborne equipment [8].

Sources of failures in the production process are selected according to the basic list of special processes
(SP), developed for the aviation industry as a whole, as well as a list of SP formed for specific products
of aviation technology [9].
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Fig. 2. The life cycle model of AE in terms of dependability assurance

Since the basic list of processes is generated from the point of view of the enterprise-developer and
manufacturer of AE, detailing of the post-production stage onto processes has been carried out with less
level. In this case, a set of processes implemented within an enterprise was generated for the model, such
as the installation on the aircraft, operation, repairs, which are treated as separate processes.

The appearance of the interface part of the module for identification of sources of systematic failures
and performance assessment of corrective actions are presented in Fig. 3.

The upper part of the screen contains information about the analyzed element or AE unit and consid-
ered process.

In the right part of the screen, there is a field of alternative applications. Applications are shown in the
form of a graph whose vertices correspond to the elements analyzed, and nodes — to subsets of elements
distributed by source of common cause.

On the left side of the screen, there is a diagram field. Each column of the diagram is a statistical as-
sessment of dependability of one of the applications with the confidence limits of indicator. The columns
of the diagram, statistical estimates of which are heterogeneous, are highlighted in color.
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Fig. 3. The interface part of the module for identification of sources of systematic failures

At the bottom part of the screen, there is a constructor, which allows making changes in the tuple, by
which application options are generated. This allows the expert, if necessary, to intervene in the process
of analysis to implement his strategies.

The possibility to change the date of the relevance of the model for analysis is also provided. This al-
lows us to analyze the dynamics of dependability level.

Conclusion

The paper developed the electronic structure of AE in terms of the analysis of information about fail-
ures and development of corrective actions. Besides the model of AE in the aspect of FRACAS system
was constructed, which allows an event-trigger and dynamic space of attributes of life cycle processes
to solve the problems of determining the sources of systematic failures and the subsequent development
of corrective actions and the assessment of their effectiveness.
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CTpyKTypHas HageXXHoCTb. Teopus u NnpakTuka

banneBa N./4., baiiHes B.B.

NCCJIEJOBAHUE N KOMINbIOTEPHOE MOAEJINPOBAHUE
HAAEXHOCTU TEXHUYECKUX OBBEKTOB

B ctatbe onuckIBalOTCa METOAMKU, MOAEN, nporpaMMHOe obecreqdeHne [y OLEeHKMN HaaexXHOCTU pas-
JINYHbBIX TEXHUYECKMX OOBbEKTOB.

KnoyeBbie cnoBa: HafexHOCTb, METOA, nporpaMmMa, pacrpeneneHne, 3akoH, UCTIbITaHNe, XapakKTepucTu-
Ka, BapuaunoHHbIVi psa, 6e30TKa3HOCTb, OTKa3, MHTEPIOSaLMS.

BeBepeHue

Pa3BuTHe COBpeMEHHOW TEXHUKU U TEXHOJIOTUH B MTOCIIETHIE AECATHIICTUS OCYIIECTBISCTCS OONBITNMHU
ckaykamu. [Ipu 3TOM 0COOEHHO aKTyalbHOH sBIsieTcs mpobieMa obecrieueH s U MOBBIIICHUST HAIEXK-
HOCTH TEXHUYECKHX 00BEKTOB (IMIpHOOPOB, anmaparoB, 000PyIOBaHUS, TEXHOJIOTHIECKUX KOMIUIEKCOB,
CTPOUTENBHBIX KOHCTPYKIUI U IIp.), KOTOpblE padOTal0T B YCIOBUSX MOCTOSHHON MUHHATIOpU3ALUN
3JIEMEHTOB U KOHCTPYKIIUH, pa3IMUHbIX Harpy30K (TeMIIEpaTypHBIX, MEXaHUUECKUX, XHMUYECKUX U TIP.).
HanexxHocTb, SBISSACH OAHUM M3 OCHOBHBIX IOKAa3aTeslel KauecTBa JII000ro u3Aenus, B 3HAYUTEIbHON
CTETICHH ONPEAEIIAeT SKOHOMUYECKYIO LIEIeCO00pa3HOCTh €ro MPOU3BOACTBA. Penienne 3aqaun noBsImie-
HUS HAJISKHOCTH YCIIOKHSACTCS TEM, UTO OHA SIBJISIETCS MHOTOTPAaHHOM 1 OTpakaeT crenuduky Bcex ¢a3
CYIIECTBOBAaHHUS TEXHHUECKUX 00BHeKTOB (TO) — OT cTamuu NpOEKTUPOBAHUSA 10 CTA UM SKCIUTyaTallHH.

TeopeTnyeckas 4acTb

1. AcnekTbl TEOPUU HAAEXHOCTHN

HayKa 0 HAaJIC’KHOCTH BO3HUKIJIA HA CTBIKE psiJia HAYYHBIX JUCHUIIINH, a UMCHHO: TCOPpUU BCPO}ITHOCTGI\/'I
u CJ'Iy‘l&fIHBIX mponeccos, MaTeMaTHU4€eCKOM JIOTUKH, TCPMOJAUHAMUKH, TEXHUYECKON JUarHOCTUKU U Aap.,
Pa3BUTUC KOTOPBIX B3aAUMOCBA3aHO U HAXOAUT CBOE OTPa’XCHUC B PA3BUTUU TCOPHUU HAICIKHOCTH. K qucity
AKTYyaJIbHBIX BOIIPOCOB TCOPUH HAACKHOCTU OTHOCATCA OLCHKA U obOecrieucHue HaACKHOCTH HE TOJIBKO
YKE YIIOMAHYTBIX TO, HO U COBPEMCHHLIX daBTOMATU3UPOBAHHBIX CUCTCM YIIPABJICHUA TO pa3jindHoro
Ha3HaA4YCHUA (TCXHOHOFI/I‘IGCKI/IM nponeccom, NpeaArpuiaATuCMm, IMpon3BOACTBOM, 06paSOBaHI/ICM u Hp)
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[IprurHaMu U3TOTOBICHUS HEHAICKHOW MPOTYKIIUU MOTYT OBITh: OTCYTCTBHE PETYIISIPHOUN TPOBEPKHU
COOTBETCTBHSI CTAHIapTaM; OIIMOKH B IPUMEHEHUH U HEMPaBUIbHBIA KOHTPOIb MATEPUATIOB B XOZE MPO-
M3BOJICTBA; OTCYTCTBUE UCIIBITAHUN MaTepUaJIOB Ha KX COOTBETCTBUE TPeOOBaHMIM KauecTBa U Oe3omac-
HOCTH; HETIPAaBWJIbHBIN YYET U OTYETHOCTD MO KOHTPOIIIO; HEBBITIOTHEHHE CTaHJAPTOB M0 MPUEMOYHBIM
UCHIBITAHUSAM; OTCYTCTBUE HHCTPYKIIMH U yKa3aHUH MO MPOBEACHUIO KOHTPOJIS.

B obnactu Hae)KHOCTH, KaK IPABUIIO, BEIICTISIOT TaKME HAPABICHUS KaK TEXHUUECKast HAJIe)KHOCTh U
AKCIUTyaTal[MOHHAS HAIKHOCTh. TeXHUYeCKasi HaIeXKHOCTD SBIISICTCSI HICXOIHOM 0a30ii 17151 OTlpe ieieH st
U pacyera nokasarenei padotocrnocodHocty TO u UX 31eMEHTOB, HaUWHAs C ATara MPOSKTUPOBAHUS U
3aKaH4YMBas MpoIleccoM U3roToBieHus. [Ipu 3ToM oOecrieunBaeTcsi pEMOHTONPUTOAHOCTh, 0OOCHOBBI-
BaeTCsl OJITOBEUHOCTh, YUYUTHIBAIOTCSA OCOOCHHOCTH MPOU3BOACTBEHHO-TEXHOJIOTHUYECKUX MPOIIECCOB
uTa. [1].

OcHOBHO# 3a1aueil IKCILTyaTalMOHHOM Ha/IeKHOCTH SIBIISIETCS pa3paboTKa U 000CHOBAHHUE KOMILIIEKCA
MepOnpUATUi 10 obecrnedeHuo HaexHocTh TO yxke HemoCpeICTBEHHO MPH MX AKCILTyaTauu (padboTe).
OTU MEPONPUATUS MOTYT IPUMEHITh METOABI OMpPEeICHUs ToKa3aTreneil HaAe)KHOCTH peanbHbIX TO,
OCYHIECTBIISATH MPOTHO3UPOBAHKE M HETIOCPEICTBEHHOE YIIPABIEHUE UX TEXHUUECKUM COCTOSIHUEM, 000-
CHOBBIBaTh 00BEMBI U MEPUOAMYHOCTH PEMOHTHBIX PabOT, BRICTpAUBaTh PallMOHAIBHYIO OpPTraHU3aIUI0
mpolecca TEXHUYECKON IKCIUTyaTaluy U JIp.

2. Llenu, meToabl U MOAENUN pacyeTa HafeXXHOCTHN

K ocHOBHBIM 11e71IM ompesieNieHus U pacyeTa HaJekHOCTH TO MOXKHO OTHECTH 0O00CHOBaHUE BBIOOpa
TOTO WJIM UHOTO KOHCTPYKTUBHOT'O PEIICHNUs, TOATBEPKACHNE HIIM HETPUSATUE BBIOOpA MaTEPUATIOB UITH
AIIEMEHTOB, BBISICHEHHE BO3MOXKHOCTEH U 11€J1eCO00Pa3HOCTH PE3EPBUPOBAHUS U T. 1.

Ouenp yacto npexacrapiaeHus o HagexHoctd TO dhopmupyroTes Ha GakTHUecKoM MaTepuaie jJabo-
PaTOpHBIX, CTEHJOBBIX U MPOU3BOACTBEHHBIX MCIBITAHHM, HAa pe3yibraTax JIMTEIbHBIX HaOTroneHUi
3a X paboToil B peanbHbIX yCIOBUAX. Ha OCHOBaHWHU ATHX OIIEHOK MOAOMpPAETCs] COOTBETCTBYIOIIEE
pacnpeziefieHue CIy4alHbIX BEIMYHH, KOTOpPOe U MPHUHUMAETCA 3a pacdeTHyIo Monenb. OOpaboTka u
00o00menne Takoil nHpopMaluu 0a3upyercs Ha TEOPUU BEPOSTHOCTEH, MaTeMaTHUECKOM CTaTHUCTHKE,
CHUCTEMHOM aHallu3e, TaKXKe MPHUBJICKAIOTCS METObl ONTHUMM3AINH, TPOTHO3UPOBAHHUS, OJ00HS, IKC-
MEPTHBIX OLIEHOK U JIp.

3. MokazaTenu HapEeXXHOCTU TEXHUYECKUX 00OBbEKTOB

[Ipu uccnenoBanuu HagexkHOCTH TO MPUXOAUTCS OMPEAENATh T€ WIM UHBIE TapaMeTphl M0 BeChMa
OTpaHMYEHHOMY 00BbEMY CTATUCTHUECKOTO MaTepuara.

KonmuecTBenHas XxapakTeprCTHKA OTHOTO WM HECKOJIBKUX CBOMCTB, COCTABIISIONIMX HA/IEKHOCTD TEX-
HUYECKOTo 00BEKTa, Ha3bIBAETCs MOKa3aTesneM HaJeskHocTH. K mokazaTensmM HaIeXKHOCTH OTHOCSITCS 6e3-
OTKa3HOCTb, JOJITOBEYHOCTh, PEMOHTOIPUTOAHOCTh U COXPAHSIEMOCTh. DKCILTyaTallMOHHAs HaJIe)KHOCTh
o0ycioBieHa 0€30TKa3HOCTHIO U JOJITOBEUYHOCTHIO HarOo0JIee YacTO BBIXOSIINX U3 CTPOSI AIIEMEHTOB, U
PEMOHTONPUTOTHOCTHIO C TOUKH 3PEHUSI yCTPAHEHHSI CITy4YalHBIX OTKa30B.

T.K. B HEKOTOPBIX CITy4asiX OTKa3bl OTJEJIbHBIX AIEMEHTOB OOBEKTOB HE 03HAYAIOT MOJTHON OTEPH UX
paboTOCTIOCOOHOCTH, TO XapaKTEPUCTUKH OE30TKa3HOCTH U PEMOHTONPUTOJHOCTH SIBISIFOTCS B 3TOM
clly4ae OAHOCTOPOHHHMH, a HAJIeKHOCTh JOJKHA OIEHMBATHCA OOOOIICHHBIMHU MOKa3aTeNsIMU (KOM-
TJIEKCHBIE TIOKA3aTeIl HaJIeKHOCTH).

Oo0111ee yuCII0 TaKUX MOKa3aTeNel, Moapa3iesieMbIX Ha OCHOBHbBIE U BTOPOCTEIEHHBIE U PETIIaMEHTH-
PYEMBIX rOCYJapCTBEHHBIMH CTaHAapTaMH, cocTapisieT 6osee 70. DTo CyliecTBEHHO 3aTpyAHsIeT Gpop-
MHUpOBaHUE TpeOoBaHUH K HaASKHOCTH TO M KOHTPOJIBb 3a UX YPOBHEM. B kauecTBEe KOMIIPOMHUCCHOTO
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BapHaHTa OTEUECTBEHHBIC MPEANPHUATUI-U3TOTOBUTENH 3aKIaBIBAIOT B pabouyto ToKymeHTanuto Ha TO
OYEeHb OIPAaHUYCHHOE YKCIIO0 OCHOBHBIX MOKa3aTesel HaJeKHOCTH. DTO:

1. ITokazarenu 6€30TKa3HOCTHU: BEPOATHOCTH O€30TKa3HOM pabOThI; BEPOSITHOCTh 0TKA3a; UHTEHCHBHOCTD
OTKa30B; CpelHsAs HapaOoTKa 10 0TKa3a; mapaMeTp MOTOKA OTKA30B; CPeAHss HapaOOTKa Ha OTKa3.

2. Ilokazarenu JOATOBEYHOCTH (pecypCHbIe MOKa3aTeNn): TaMMa-MPOLIEHTHBINA pecypc; CpeaHHid pe-
CYPC; CPOK CITYKOBI.

3. Ilokazarenu peMOHTONPUTOAHOCTHU: CPEAHEE BPeMsl BOCCTAHOBIICHUS; yAelIbHAsI CyMMapHas Tpy-
JIOEMKOCTh TEXHUYECKUX OOCTYKHBAHHI; yAelbHAs CyMMapHas TPYJOEMKOCTh HETJIAHOBBIX TEKYIIUX
PEMOHTOB.

4. Ilokazarenb COXpPaHIEMOCTHU: CPETHUI CPOK COXPAHSIEMOCTH.

5. KommnekcHblie mokasarenu: K03(h(UIMEHT TOTOBHOCTH; KOI(D(UIIMEHT TEXHUYECKOTO MCIIONb30BaHUSL.

IIpoGnema HaieKHOCTH JTIOOBIX 0OBEKTOB CBA3aHA C U3YUEHUEM ABJIECHUS OTKa3a. [Ipouecc pyHKIIMOHHU-
POBaHUs BOCCTaHABINBAEMOI0 00bEKTA MOYKHO IPE/ICTABUTh, KAK OCIIEI0BATEIIbHOCTD YEPEAYOLINXCS
MHTEPBAJIOB pab0TOCIIOCOOHOCTH M BOCCTAHOBJIEHHUS (TIPOCTOs) Mocie oTkaza (puc. 1).

Momok eoccmaHoeneHuUl
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Puc. 1. I'padux GpyHKIMOHMPOBaHUS BOCCTaHABIMBAEMOTO OOBEKTa!
t,...t, — MHTEpBaJIBI PAOOTOCTIOCOOHOCTH; T,...T, — MHTEPBAJIbl BOCCTAHOBIECHHUS
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Puc. 2. KpuBast 3aBUCHMOCTH HHTEHCUBHOCTH OTKa30B OT BPEMEHHU
I — naTepBan npupadotky, 11 — uHTEpBaNl HOpMaIBHOW 3KcIUTyaranuH, [11 — uHTepBan crapeHus
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Perucrpanus yncia u BpeMEHH OTKa30B MO3BOJISIET MOIYYUTh JUISI K&KIOTO U3 OJIOKOB 3aBUCHMOCTb
WHTEHCHBHOCTH OTKa30B A OT BpeMeHH t. Eciin ipu crartucTrudeckoii OlieHKe BpeMsi SKCIIEpUMEHTa pa30HUTh
Ha JIOCTaTOYHO OOJIBIIOE KOJIMYECTBO OJMHAKOBBIX HHTEPBAIOB At 32 JUTUTEILHBINA CPOK, TO PE3YIIETATOM
00pabOTKH OIBITHBIX JaHHBIX OyaeT rpaduk, n300paKeHHBIN Ha puc. 2.

4. XapakTepucTuyka UcrnbiTaHUN HA HAAEXHOCTb

HcnpiTanusg Ha HaJEKHOCTh MPOBOMASTCS MO ONpeAeIeHHON YHU(DUUHPOBAHHON HMporpaMme,
KOTOpas SIBJISIETCS MX OPraHU3alMOHHO-METOJMYECKONW OCHOBOM. [IporpamMmma ycraHaBiuBaeT
IIJIaH UCIBITAaHUN (HaONIOeHUIT), MEeTOABl 00pabOTKHU MOTYyYEHHBIX JAHHBIX, MpaBUJIa TPUHIATUS
pemenuit [3,4].

[1nan ucnibITaHMil ONIpeIEeNAET YUCIIO UCTIBITYEMBIX 0OBEKTOB (HauboIee OTBETCTBEHHAS 3aa4a), [IPo-
JOJDKUTEIIHOCTh M KPUTEPHUH MPEKPALIEHUS UCIIBITAHUI, YUCIIO CTYTIEHEN KOHTPOJIS, XapaKTep AEUCTBUI
C OTKa3aBIIMMH (JIOCTUTIINMU IPEIEIBHOTIO COCTOSTHUS ) 00bEKTaMH — 3aMeHa, BOCCTaHOBJIEHHE U T.I1. B
OOJIBIIMHCTBE CITy4aeB TaKHe IJIaHbl CTAaHAaPTU30BAHBI.

COop MCXOAHBIX JAHHBIX JJISl ONpeeIeHNs ToKa3aTeaeil HaJe)KHOCTH OCYIECTBISETCS] BU3YallbHO,
C MOMOUIBIO CIENMABHBIX CYETYMKOB HApaOOTKH, CUETYMKOB YMCIIa BKJIIOUEHUN U JIp., @ TAKXKe Ha
OCHOBaHUU JKypPHAJIOB T€XOOCTyKHUBaHHS U PEMOHTa, TpeOOBaHMI Ha 3alacHble YacTH, yyeTa paboThl
MEXaHHU3MOB, yyeTa HapaOOTOK U OTKAa30B U T.II.

[IpunsTHe peuieHuit Mo pe3ynbraTaM HCIBITAHUN OCYIIECTBIISIETCS MO ONpPEAEIEHHBIM MpaBUiiaM,
KOTOPBIE C MaTEeMaTHUECKOW TOYKHU 3PEHUS SBISIFOTCS MHIUKATOPHBIMU (PYHKIHSIMH, TIPHHUMAIOIIHMUA
3HaueHus 1 niu 0. [TonoxkutenbHoe pemienue (1) o3HauaeT cooTBeTCTBHE, a oTpunarensHoe (0) — Heco-
OTBETCTBHE KOHTPOJIUPYEMBIX ITOKa3aTesel 3aJaHHbIM TpeOOBaHUAM (HOpMaM).

B HacTosiiiee Bpems npu onpenesieHny nokasaresaei 6e30TkasHoCTH U JoaroBedHocTd TO ucnonb-
3YIOTCA TpHU UCTOUYHHKA I/IH(i)OpMaHI/II/IZ OIMPECACIUTEIIBHBIC UCIIBITAHWA,; KOHTPOJBbHBIC NCIIBITAHUA,; SKC-
ITyaTalMuOHHBIC UCIIbITAHUA B IIPOU3BOACTBCHHBIX YCIOBHUAX.

OHpe}IeHI/ITeHBHBIe HUCIIBITaAaHUSA TTO3BOJAIOT YCTAHOBUTH HOMHWHAJIBHBIC 3HAYCHUS mokasareneil Ha-
JCKHOCTHU HOBBIX O6p33HOB TEXHUKH, KOTOPBIC 3aKJIIaABIBAIOTCA B HOPMATUBHYIO JOKYMCHTAIIUIO.

KoHTponbHBIE HCTIBITAHUS MPOBOAATCS Ha 0a30BBIX CepUUHBIX TO M1 OIIEHKH COOTBETCTBUSA
(hakTUUEeCKHUX 3HAUYCHMH TOKa3aTesae HaJIeHOCTH TPEOOBAHUSM CTAHAAPTOB MU TEXHHUYECKUX
yCI0BHUM. MeTOoMKa KOHTPOJIbHBIX HMCIHBITAHUNA HAa HAJIEKHOCTh, MPOBOAUMBIX MEPUOIHUUYECKH,
B caMOM 00IIeM ciiydae JOJDKHA COJIepKaTh NepedeHb MoKas3aTeneld HaJleKHOCTH, MOIeKaIIuX
KOHTPOJIIO, a TaKXe€ CIEAYIOIHE JAaHHbIE MO0 KaXXJIOMY KOHKPETHOMY MOKAa3aTEeIl0 HaJEKHOCTH:
MPUEMOYHBIN U OpaKOBOYHBINH YPOBEHB; PUCK MU3TOTOBUTENSI U PUCK 3aKa3yMKa; YUCJIO UCTBITHI-
BaeMBIX 00Pa3IOB; BpeMs UCIIBITAHUS KaXKIOTO U3 HUX; JOMYCTUMOE YHCIIO OTKAa30B; METOJI IIPO-
BEJCHUSI UCIIBITAHUI; TIJIaH UCIIBITAHU; TIEpEYEHb TapaMETPOB, XapakTepusyromux coctosiaue TO;
YCJIOBHS UCTIBITAaHUM (YPOBEHD BO3JIEHCTBYIOIMNUX (PAKTOPOB M UX 3HAYCHUS, TTOCIEA0BATEIbHOCTD
1 MPOJIOJDKUTEIFHOCTh UX BO3JCUCTBUS U JIp.); peIIaroiiee MpaBmio (IpUeMKa I OTOpPaKOoBKa
MapTHU U3JENui).

[Ipy ucnpITaHUAX YCTaHABIMBAETCS PABUIIO, KOTOPBIM PYKOBOJACTBYIOTCSI HA KaXKJI0M CTaJMH JKCIIe-
PUMEHTA P NIPUHATHHA OJHOTO U3 TPEX BO3MOXHBIX PEIICHUN: IPUHATH OCHOBHYIO THIIOTE3Y, IPUHSATH
KOHKYPHUPYIOIILLYIO TUIIOTE3Y, TPOAOJKUTD UCTIbITaHUS. BBIOOp Tpex KpUTHYECKHUX 00acTel py NPUHATUN
pelIeHrs OCHOBAH Ha aHaJIM3€ MOCJIE0BATEIbHOIO KPUTEPHUS OTHOLLIEHUS IIPABIONIOI00US.
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5. MatemaTnyeckui annapart uccsiegoBaHUAa HafeXXHOCTU
TeXHU4YeCKnx o0 bLeKToB

[TockonbKy pacuéThl HaJEKHOCTH MPOU3BOASLTCS TIIABHBIM 00pa3oM Ha dTare MPOCKTUPOBAHUS,
3TO MO3BOJISIET BHIOpATh HAaMOOJIeE MOAXOMSIINI BaApUAHT KOHCTPYKIIMH M METOJIbI OOECTICUeHUS Ha-
JIeAKHOCTH, BBISIBUTH «cllabble MeCTa», 000CHOBAHHO HA3HAYUTH paboune pekuMbl, GOpMY U MOPSIAOK
obciyxuBanus TO.

PacueTr Hage)KHOCTH MOKET COCTOSITh U3 CIEAYIOMIUX ITAMOB:

1. Onpenenennie cocTaBa ONpeAeISIEMbIX TTOKa3aTeaei Hae)KHOCTH.

2. Beibop meTona pacyera HaIe)KHOCTH.

3. CocrapieHne MaTeMaTHICCKOM MOJCIIH.

4. BeimonHeHne pacueTra, aHaJIu3 MOJIYYeHHBIX PE3yIbTaTOB, KOPPEKTUPOBKA PACUETHON MOJIEIH.

Becbma oTBeTCTBEHHOU 3ajaueil sIBIsieTCS KOJMYECTBEHHAs OLIEHKA TMIIOTE3bl O MpPHUHAlI-
JEeKHOCTU PEe3yNbTaTOB HAONIOAEHUN K KakoMy-nOO 3aKkoHY pacupeneneHus. s npuHaTus
peUIeHHUs] MO 3TOMY BOMPOCY CIY)KaT KPUTEPUH corjiacusi, Haubojee pacnpocTpaHEHHbIE U
s dhexTrBHBIE U3 KOTOPHIX — KpuTepuu cornacusi [lupcona u Konmoroposa. B o6miem cinyuae
METO/JMKa OIpe/eeHHs MOJYyUeHHOTO 3aKOHA paclpelesieHUs] ucciaelyeMol XapaKTepUCTUKH
3aKJII0YAETCS B CIEAYIOLIEM.

1. OxcriepUMEeHTaJIbHBIM ITYTEM I0JIy4atoT HA0Op CTAaTUCTHUUECKHUX JTaHHBIX, 3aMMCHIBAIOT UX B BUJIE
BapHAallMOHHOTO Psijia.

2. DKcniepUMeHTaIbHbIE JaHHbIE HAHOCATCS Ha KOOPIAWHATHYIO CETKY paclpeneseHui (3KCIOHEeHIIN-
aJTpHOTO, HOpMaJIbHOTO, Beibyrta u ap.).

3. OnpenensitoT BO3MOXKHOCTD JINHEWHOW MHTEPIONSIIIMYA SKCIIEPUMEHTAJIbHBIX JTaHHBIX.

4. Haxonsat HanOoJblIee OTKIOHEHHE OT Hee SKCIIEPUMEHTANIbHBIX TOUEK U IPOBEPSIIOT 110 KPUTEPHIO
contacusa Konmoroposa.

MonenupoBanue Ha OBM sBnseTcs Haubonee 3G PEeKTUBHBIM CPEJICTBOM aHAIN3a HAJAEKHOCTHU
cioxHbIX cucTeM. lllupoko pacnpocTpaHeHsbl JBa aJITOPUTMa MOJIEIMPOBAHUS: MEPBbI OCHOBAH
Ha MOJAEIUPOBAHUU (U3MYECKUX MPOIECCOB, MPOUCXOISIIIUX B UCCIEIyEMOM O00BEKTe (OLEHKA
HaJIe)KHOCTH IIPU ATOM OIpeeseTCs 0 YUCIy BBIXOJO0B IMapaMeTpoOB 00bEKTa 3a MpPeAeabl 10My-
CKa); BTOPOM OCHOBAH Ha PELIEHUU CUCTEM YpaBHEHHUH, ONMCHIBAIOIINX COCTOSHUS UCCIEAYEMOT0
oOBeKTa.

Ananu3 GpU3NKO-XUMHUYECKUX MTPOIIECCOB TAKKE MO3BOJISIET MOTYYUTh OLIEHKY Ha/Ie)KHOCTH UCCIIETyeMO-
ro TO, T.k. yacTo ynaércs yCTaHOBUTh 3aBUCUMOCTh HaIeKHOCTH OT COCTOSIHUSL M XapaKTepa MpOTeKaHUs
(bU3MKO-XMMHUYECKUX MPOIIECCOB (COOTHOIIEHHUE MTOKa3aTesIel MPOUYHOCTH U Harpy3KHu, H3HOCOCTOMKOCTb,
HaJM4ue MpuMeceil B MaTepualnax, U3MEeHEHHE IeKTPUYECKUX U MAarHUTHBIX XapaKTePUCTHK, ITyMOBBIE
3¢ deKThl U T.1.).

MpakTuyeckaa peanusauus 3agayum

O0paboTka pe3yasTaTOB KOHTPOIBHBIX M ONIPEICITUTEIILHBIX UCTIFITAHUHA M pacyeT MoKa3aTeiel HaIexk-
HOCTH SIBJIIETCS TOCTAaTOYHO CJIOXKHOW U TpyloeMKoi 3anauedi. OnHUM U3 criocoO0B MpeIBapUTEIbHON
pa3pabOTKK MOJENH Uil OOJETYCHUSI BU3YyaIN3allil CTPYKTYPBI TaHHBIX SBISETCS MOCTPOCHUE (DyHK-
HHOH&HBHOﬁ AuarpamMmal € 0003HaYEHNEM BHEIIHUX CYHIHOCTCﬁ, IIOTOKOB JaHHBbIX U 0003HaYeHNEM BCEX
ocHOBHEIX TiporieccoB B AllFusion ERwin Data Modeler (puc. 3).
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0.03 PaspelwmTs Py4HOE NOCTPOEHKE
0.04
o 05 I CoXpaHuTh NoCTpoeHHe ]
0.07 [ CpaBHWTEL NOCTPOSHUA ]
0.1
0.2 4 AHanU3 pesynsTaTos
0.3 — p—— ABTOMETHYECKOE NOCTPOEHUE
—
0.4 L OTknoHeHwe 0.33
0.5 [———1] =
= Kputepuin  1.04
0.7
1 ;_'%\:'—_:—ET Pyutoe noctposHue
0 1 2 3 4 5 6 7 8 9 10 X OTknoHeHve 0,27
Kputepuii 0,86

Puc. 4. Pesynprar HHTEPIONAIINH (aBTOMAaTHYECKOTO U PyJHOTO TTOCTPOCHHUS)
JUTSL KCIIOHEHIINATIBHOTO 3aKOHA PACTIPEACIICHUS
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NCCNEOOBAHUE U KOMMNbIOTEPHOE MOAEJIMPOBAHUE HAOEXHOCTU TEXHUYECKUX OBbEKTOB

- IPOBEPATH AOCTATOYHOCTh JAHHBIX UCIIBITAHUNA TEXHUYECKUX (U HE TOJIBKO) OOBEKTOB;
- OIPENENATh BUJ 3aKOHA paclpeieIeHUsI.

Jliist omipeienieHust BUIa 3aKOHA PaCIPE/IeIICHUsT HY)KHO BBECTH KOJIMYESCTBO MPOU3BEICHHBIX HCIIbI-
TaHUH W JJaHHBIC, ITOJIYYCHHBIC YKCIICPUMEHTAIBHBIM IyTeM. [lociie 3TOro akTHBU3UPYETCS Mpoiiece
MHTEPIIOJISANNY BBEACHHBIX JaHHBIX MPUMEHHUTEIBHO K IEPBOMY BHy 3aKOHA pacpeesIeHUsI— dKC-
noHeHnuaasHoMy (puc. 4). Ecnu aBTOMarnyeckas MHTEPIOSAIUS HE YCTPAUBAET MOJb30BaTElIs MU
KpuTepuii cornacusi Kommoroposa He BBIITOJIHSAETCS, TO MOXKHO OCYIIECTBUTh HHTEPIOJISIIUIO TaHHBIX
«BpYUYHYIO» (pHuC. 4).

f ‘

CpasHeHue MHTEPNOAALMIA 33KOHOB pacnpeaeneHnA | J

JKCNOHEeHUMaNEHOE pacnpeneneHve PacnpeaeneHue

I-HifEni @ HopmansHoe

0.01 () NorapudruyeckH-HopMansHoe

() Bedi6ynna
0.02

0.03

0.04
0.05

0.07
0.1

0.2 1_'_‘_'_'_,_,_.—'-"
0.3 "
0.4 1
0.5
0.7
i —_—
0 1 2 3 4 5 5 7 8 9 10 X
Hl:lpMﬁ.l'lel:le paCanﬂeﬂEHHe

ey

I-HiEni
0.95
0.9
0.85

T

0.75 S~

0.65
0.55
0.45 4
0.35

0.25

0.15 \\«,

0.1

0 1 2 3 4 5 6 7 8 9 10 X

Puc. 5. Oxno JJI1 CpaBHCHUS pE3yJIbTaTOB aBTOMATHYECKOU HUHTCPHOJIALINN JaHHBIX

Pe3ynprarsl TMHENHON MHTEPHONSIUN pa3HbIMU 3aKOHAMU PACTPENETICHUS MOKHO CPABHUTH JJIA
BO3MOXKHOCTH CYOBEKTHBHOTO BBIOOpA HccienoBaresaeM onHoro u3 Hux (puc. 5). [locne onpenenenus
BH/JIa 3aKOHA pacIpeAesIeHHs] MOKHO pelliaTh MHOTHE 33J1aud M0 OLEHKE U aHAJIM3Y NTOKa3aresael HalexK-
HOCTH.

J111s1 TpOBEPKH TOCTATOYHOCTH PE3yAbTaTOB UCTIBITAHHUIA HCIIONB3YIOTCS CISIYIONINE NCXOIHBIEC TAaHHBIE
(puc. 6):
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WCCNEOOBAHUE U KOMMNbIOTEPHOE MOAEJIMPOBAHUE HAAEXXHOCTU TEXHUYECKUX OBBEKTOB

PUCK NOCTaBLUMKE
- puCK nocTaBuiyka o 0.1 v
Puok 3akasumka

- pHCK 3aka3uuka 3 0.1 v
MpHEMoYHBII YPOBEHE

- IPUEMOYHOE 3HAYEHUE CpeHel HapaboTku Ha oTKa3 T gq =8
BpaKkoBoYHbIi YPOBEHD

- OpakOBOYHBIN YPOBEHB CpeIHEN HApaOOTKH HA OTKa3 TB 30 v ;

DTrasbl
- YCEUEHHE PE3YJIBTATOB UCIIBITAHUH I10 KOJIMYECTBY OTKA30B m. 16 v ;
Hapatorka
- YCE€YEHUE PE3YyIbTaTOB UCIIBITAHUM 110 BPEMEHU tyc 11 =

Kpome Toro, BBOIATCS MOTy4YeHHBIE SKCIIEPUMEHTAILHO HHTEPECYIOINE UCCIIeA0BaTeNs MOKa3aTeln
(Harmpumep, YUCIIO0 OTKA30B 33 MEPUOl BPEMEHH ). 3apaHee MPUHUMAIOT pellieHre 00 yceueHUH (OrpaHu-
YEHUH) MTOCJIEI0OBaTEIBbHOTO aHaau3a. [Ipu 3ToM MeToaMKa MpeanoaaraeT OJHOBPEMEHHOE UCIIBITAHNE
BCeX 00pa3ioB ¢ ¢pukcanueil 0TKa30B B MOMEHTHI UX BO3HUKHOBeHHs. [lapameTphl yceueHus myc u tyc
omnpenensroTcs no Tadbaumnam, npuseneHHbIM B [OCT 27.410-83 wnu ycTaHaBIMBAIOTCS UCCIIEIOBATEIIEM.
[Tocne moctpoenus rpaduka mosiBiIseTcss HHHOPMAIIMOHHOE OKHO, B KOTOPOM BBIBOAMTCS COOOIIICHHE O
pe3yibTaTax MoCTPOSHUS TUIaHa MOCIIEA0BaTEIbHBIX UCIIBITAHUN (puc. 6).

.5 T
B8 DeviceTest L &=

®aiin  3akoH pacnpegenenna  Wcnbimanua go otkasa  Momowe

3aKoH pacnpefeneHis | McnbiTaHua ao oTkasa

PUCK nocTaBmKa

Tpadhik NOCNEA0BATENLHBIX HCNLITAHMI 0.1 -
R e e e e e S e S T T
i ' — HapafoTka PUCK 33Ka34MKa
B T ——— - & - = 1 | — Ortrasw 0.1 -

-
15 : : boosoes FEPR E— p
L . : : ! : : . b :

"""""" i MpUEMOYHBIA YDOBEHD
g e et e e, : &0 -

! : ! E ! ' ' ' ' BpaKoBouHbIil YpoBEHD
s I s e e e~ S D 4 -
) i 1 B ) H v H : 30 =

ER | ] | ; 3 ) : k e e 4 OTkaskl

g b4
DeviceTest u

PesyneTaTel MCNBITAHWI NPUHUMAOTCA ANA AaNEHERLLINK
WCCNELDBEHMI.

[ MNocTpoeHue rpadmka ]

Puc. 6. HpOBepKa JAOCTAaTOYHOCTH AAaHHBIX XpPOHOMETPAKa NOCICA0BATCIIbBHBIM METOA0OM
1— nuHusS HCCOOTBCTCTBUA, 2 — MUHUS COOTBETCTBUS
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Structural reliability. The theory and practice

Bayneva l.l., Baynev V.V.

STUDY AND COMPUTER MODELING OF DEPENDABILITY
OF TECHNICAL OBJECTS

The paper describes methodologies, models and software for dependability assessment of various techni-
cal objects.

Keywords: dependability, method, software, distribution, law, test, feature, variation series, reliability, fail-
ure, interpolation.

Introduction

The development of modern engineering and technology in the past decade is carried out by great
leaps. In addition to that, the problem of ensuring and improving the dependability of technical facilities
(devices, instrument, equipment, technological systems, building structures, etc.), which work under the
constant miniaturization of components and structures, different loads (thermal, mechanical, chemical,
etc.), is particularly urgent. Dependability, as one of the main indicators of the quality of any products,
largely determines the economic feasibility of its production. Solution of dependability problem is com-
plicated by the fact that it is versatile and reflects the specifics of all the phases of existence of technical
objects (TO) — from the design stage to operation.

Theoretical part

. Aspects of dependability theory

The science of dependability emerged at the junction of several scientific disciplines, namely, the theory
of probability and random processes, mathematical logic, thermodynamics, technical diagnostics, and
others, the development of which is interconnected and is reflected in the development of the theory of
dependability. Assessment and ensuring the dependability of not only the already mentioned TO, but of
modern and automated control systems for TO of various purposes (process, undertaking, production,
education, etc.) are among the urgent issues of the dependability theory.

The reasons for the manufacture of unreliable products can be such as the lack of regular compliance
checks, mistakes in the application and improper control of materials during production, the lack of test-

47



STUDY AND COMPUTER MODELING OF DEPENDABILITY OF TECHNICAL OBJECTS

ing of materials for their compliance with quality and safety; improper accounting and reporting about
controls, failure to comply with standards for the acceptance tests, the lack of instructions and guidelines
for control.

Such directions as the technical dependability and operational dependability are distinguished in the
area of dependability. Technical dependability is the starting point for the definition and calculation of
up-state indices of TO and their elements, beginning with the design stage and finishing with manufac-
turing process. This ensures maintainability, substantiates durability, takes into account production and
technological processes etc. [1].

The main objective of operational dependability is to develop and justify a set of measures to ensure
the dependability of TO directly in their operation (work). These activities can apply methods for de-
termining the dependability of real TO, to carry out forecast and immediate control of their technical
condition, justify the amount and frequency of repairs, build a rational arrangement of the process of
technical operation etc.

Il. Objectives, methods and models for calculating dependability

The main purposes of the definition and calculation of dependability can include justification for the
selection of a design solution, the confirmation or rejection of the choice of materials or elements, finding
out the possibility and suitability of redundancy, etc.

Very often the idea of the TO dependability is formed upon actual data of laboratory, bench and indus-
trial tests on the results of long-term observations of their operation in the real conditions. Based on these
estimates, an appropriate distribution of random variables is selected, which is taken as the calculation
model. Processing and generalization of this information is based on the probability theory, mathemati-
cal statistics, and systems analysis. Methods of optimization, forecasting, similarity, peer reviews etc.
are also involved.

I1l. Dependability indices of technical objects

In the study of dependability of TO, engineers have to define some parameters with use of very limited
amount of statistical data.

A quantitative characteristic of one or more properties constituting the dependability of the technical
object is called the reliability index. Indicators of dependability include dependability, durability, main-
tainability, and survivability. Operational dependability is conditioned by reliability and durability of the
most frequently failed components, and maintainability in terms of removal of random failures.

Because in some cases failures of individual components of objects do not mean a total loss of their
operating capacity, the characteristics of reliability and maintainability are one-sided in this case, and
dependability should be evaluated by overall indices (integrated dependability index).

The total number of such indices subdivided into the primary and secondary indices and regulated by
the state standards is more than 70. This greatly hinders the formation of the requirements for TO depend-
ability and their level control. As a compromise, domestic manufacturers embed a very limited number
of key dependability indices in technical documents for TO. They are:

1. Reliability indices: the probability of failure-free operation, the probability of failure, failure rate,
mean time to failure, failure stream parameter, mean time between failures.

2. Life characteristics (resource indicators): y-percentile life, mean life; lifetime.

3. Maintainability indices: the average recovery time, total unit man-hours of maintenances, total unit
man-hours of corrective maintenance.
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4. Survivability index: the average survivability time.
5. Integrated indices: availability factor, utilization factor.

The problem of dependability of any objects is associated with the study of the phenomenon of fail-

ure. The functioning process of the restored object can be represented as a series of alternate intervals of
operability and recovery after failure (Fig. 1).

Stream of recoveries

Failure Bl

T T T
b
Operation H t
- - - r
i1 tz ti tn
Stream of failures

Fig. 1. Diagram of functioning of the recoverable object:
tl ... tn are intervals of operability, t,...t, are recovery intervals

Registration of the number and the time of failures allows us to obtain for each of the units the de-
pendence of the failure rate A on the time t. If the statistical evaluation of the experiment is divided by

a sufficiently large number of equal time At for a long term, the result of processing of the experimental
data is a graph shown in Fig. 2.

M 4
— I —
_ MY r
S N ' B S
t t »
-.:&t;- ———————————— {At}~ —————————————— {&t}*
LoD I P 111

Fig. 2. The dependence of the failure rate on time
I is break-in interval, II is normal operation interval, III is aging interval

IV. Description of tests for dependability
Dependability tests are carried out using some specified unified program, which is their organizational

and methodical basis. The program establishes the test plan (observations), methods of processing data
obtained, the rules of decision-making [3,4].
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The test plan defines a number of objects being tested (the most responsible task), duration and termi-
nation test criteria, the number of levels of control, the nature of action with failed objects (which have
reached the limit state) — the replacement, recovery, etc. In most cases, these plans are standardized.

Collection of initial data to determine the dependability indices is carried out visually, using special
time meter of operating time, counters of the number of switching on, etc., as well as on the basis of
maintenance and repair register logs and logs of requirements for spare parts, the account of the mecha-
nisms’ operation and records of operating time and failures, etc.

Decision-making based on the results of tests is carried out by established rules that from a mathemati-
cal point of view are indicator functions taking the values 1 or 0. A positive solution of (1) is compliance,
and a negative one (0) is non-compliance of controlled indices to specified requirements (standards).

Currently, at the definition of dependability and durability of TO three sources of information is used:
definitive tests, routine check tests, operational tests in production conditions.

Definitive tests allow us to set the nominal values of the dependability of new equipment, which are
placed in normative documentation.

Routine check tests are carried out on the basic serial TO for the conformity assessment of the actual
values of dependability indices to standards’ requirements or specifications. The method of routine check
tests for dependability are carried out periodically, and in the general case it should contain a list of
dependability indices to be controlled, and the following data for each specific index of dependability:
acceptance and rejection level, the risk of a manufacturer and the risk of a customer, the number of test
specimens, the test time for each of them, the permissible number of failures, the method of testing, a
test plan, a list of parameters that characterize the condition of TO; test conditions (level of influencing
factors and their values, sequence and duration of their effect, etc.), the decisive rule (acceptance or re-
jection of a production lot).

There is a rule established at testing that must be followed at each stage of the experiment in taking
one of the three decisions: to accept the basic hypothesis, to accept a competing hypothesis, go on with
further tests. Choice of three critical areas in decision-making is based on the analysis of the sequential
likelihood ratio test.

V. Body of mathematics for the study of dependability of technical objects

Since the dependability calculations are mainly carried out at the design phase, it allows us to choose
the most suitable option of construction and methods to ensure dependability and to identify “trouble
spots”, reasonably assign operating modes, the form and the order of TO maintenance.

Calculation of dependability can consist of the following stages:

1. Determining a composition of defined dependability indices.

2. Selecting a method for the dependability calculation.

3. Working out a mathematical model.

4. Carrying out calculations, analysis of the results, and adjustment of the calculation model.

A very important task is a quantitative assessment of the hypothesis that observation results belong to
any law of distribution. To make a decision on this issue, there are fitting criteria, the most common and
effective of which the fitting criterion of Pearson and Kolmogorov. In general, the method of determining
the resulting characteristics of the distribution law under study consists in the following.

1. A set of statistical data is obtained by experimenting, and then it is written down in the form of a
variance series.
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2. The experimental data are plotted on the coordinate grid distributions (exponential, normal,
Weibull, etc.).

3. The possibility of linear interpolation of the experimental data is defined.

4. The maximum deviation of experimental points from linear interpolation is found out and checked
by fitting criterion of Kolmogorov.

Computer simulation is the most effective means of dependability analysis of complex systems. Two
algorithms for modeling are widely disseminated: the first is based on the modeling of the physical proc-
esses occurring in an object under study (dependability evaluation is then determined by the number of
parameters of the object going out of tolerable limits), the second is based on solving systems of equations
that describe the state of the object.

Analysis of physical and chemical processes also provides a possibility to obtain the estimate of de-
pendability of TO under test because it is often possible to establish a relationship between dependability
and the condition and the character of the physical and chemical processes (the relation of strength and
load, wear resistance, presence of impurities in materials, change of the electrical and magnetic charac-
teristics, noise, etc.).

Practical implementation of the task

Processing of the results of routine check tests and definitive tests and dependability indices calcula-
tion is a difficult and tedious task. One way of tentative model development to facilitate visualization of
the data structure is to construct a functional diagram indicating the external entities, data flows, and the
designation of all key processes in the AllFusion ERwin Data Modeler (Fig. 3).

USED AT: AUTHOR: DATE: | |WORKING READER DATE | CONTEXT:
PROJECT: UcnbiTaHusa REV: DRAFT
RECOMMENDED [ |
NOTES: 12345678910 PUBLICATION A-0
C1
[ ]Bosmomuocm [ [}l
Choice of uccneposatens Bpews
th thod (MaTepuansHsie 1 Mpasuna seoga
€ metho BpEMEHHbIE) AaHHbBIX
Tas}( e PekomeHaayum
definition Collect |
I experimental data [ ¢, cevamusaun
3KCNepUMEHTaNbHBIX
AaHHbIX

Input data into
the program

CoxpaHeHie KomnetoTepHble
BBEfIEHHBIX pecypcsl
[AaHHBIX ANs
pacueTa

Calculate
- P
indices vl
Analyze results Results and
acceptance of conclusions
results » 01
WUccnepoBatens
M1
NODE: TITLE: NUMBER:
Test the product )
A0 —

Fig. 3. Functional diagram
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Based on this diagram, the program “DeviceTest” was developed in rapid application development
environment Embarcadero RAD Studio XE3 for processing and interpretation of test results. [5] The
program allows us to carry out investigations and calculation of the following types:

- To check the sufficiency of test data of technical (and other) facilities;

- To determine the type of the distribution law.

To determine the type of the distribution law, it is necessary to enter the number of tests performed
and the data obtained experimentally. After that, we activate the process of input data interpolation for
to the first type of the distribution law, i.e. the exponential one (Fig. 4). If the automatic interpolation
does not satisfy the user or the fitting criterion of Kolmogorov is not met, it is possible to implement the
interpolation of data “manually” (Fig. 4).

B DeviceTest e s

®aiin  3akon pacnpegeneqna  Mcnemanwa go otkasa  lNMomolus

3aKoH PapeneneHid | icniiTaHua A0 oTKasa
Brifiop 3akoHa pacnpegensHUa
(@ JKCNoHEHUMANEHBIN
) HopransHeiii
THi/Eni () MNor apUPMUHECKH-HOPMANEHEI
() Behiynna
0.01
¥YnpaeneHue NocTpoeHUEM
0.02 Konu4ecTso ucneimanmii: 10
0.03 PaspelwnTb py4HOE NOCTPoSHHE
0.04
005 [ COXpaHuTL NOCTPOEHHE ]
0.07 [ CpaBHUTL NOCTPOEHUA l
0.1
0.2 4 AHanWs pesynsTaTos
0.3 "] ——— ABTOMETHYECKOE NOCTDOEHUE
——
0.4 " OTknoHeHwe 0.33
0.5 [———1] =
= Kputepuin  1.04
0.7
1 73 PyyHoe nocTpoeHue
0 1 2 3 4 5 6 7 8 9 10 X OTknoHeHwe 0,27
Kputepuit (.85

Fig. 4. The result of the interpolation (automatic and manual) for the exponential distribution law

The results of linear interpolation by different distribution laws can be compared for the possibility
of subjective researcher choice of one of them (Fig. 5). After determining the type of distribution, it is
possible to solve many problems for the evaluation and assessment of dependability indices.

To check the sufficiency of the test results, the following initial data is used (Fig. 6):

PucKk nocTaswmka
Supplier’s risk °-1 v
Puak 3akasumka
Customer’s risk 0-1 v
MpremMoYHBIN YPoBEHD
Acceptance value of MTTF T &0 - ;
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Fig. 5. The window to compare the results of automatic interpolation
BpaKoBOYHbIA YPoBEHD
Rejection level of MTTF T 30 sl
OTrasbl
Truncation of the test results by the number of failures myc 16 *|;
Hapatorka
Truncation of the test results by time tyc 11 v

In addition to that, obtained experimental indicators interesting for researchers are introduced (e.g., the
number of failures per time period). Decision to truncate (restrict) sequential analysis is made in advance.
In this case the method involves the simultaneous testing of all samples with the fixation failures when
they occur.

Truncation parameters myc and tyc are defined by the tables in GOST 27.410-83 or imposed by the

researcher. After plotting a message box, there appears a window that displays the message about the
results of the construction plan of successive tests (Fig. 6).
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.
B2 DeviceTest

= &

®aiin  3akod pacnpegeneHna  Meneimanua go otkasa  lMomows

3aKoH pacnpefeneHis | McnbiTaHua ao oTkasa

______________________________________________________________________________________

' - HapafoTka
el — OTrasnl

_________________________________________________________________________________________

-----------------------------------------------------------------------------------

-------------------------------------------------

_____________

PUCK nocTaBmKa
0.1 -
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TMpHEMOYHBI YPOBEHD
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OTkaskl

- g
DeviceTest

for further study

Results of tests are accepted

[ MNocTpoeHue rpadmka J

Fig. 6. Test data of sufficiency timing by sequential method
1 is the line of non-conformity, 2 is the line of conformity
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Ouunwenko 4.4.

SMIMUPUYECKAHA METOOVKA NPEOCKA3AHUYA
KONJIANCA HAFPY)KAEMOUW MHOIO3JIEMEHTHOM
CUCTEMbI

B paboTte npeanoxeHa MeToavka OLIEHKW pecypca HaAEXHOCTU HarpyXaemMol MHOro3/1€MEHTHOU cucTe-
Mbl, MPOU3BOAMMOV B PEXUME peasibHOro BpeMeHU o Xo4y paspyLueHuss cuctemsl. loctaHoBka 3a4a4v o
paspyLieHnn — KBasucTatnyeckasi, B ka4eCcTBe MOLE/IbHOro npumMepa UCrosib3yeTcs KacCu4eckui rny4yok
Jannarnca.

Mertoanka ocHoBaHa Ha CTaTtUCTUYECKOM aHasan3e rocsaen0BaresibHOCTeN eAnHOBPEMEHHbIX OTKa30B He-
CKOJIbKMX 3JIEMEHTOB (NakeToB pa3pyLueHuii). 1o mepe pa3BuTns rnpoLecca pa3pyLleHnss OTMeYarTcs MO-
MEHTbI ukcaumy HanboJbLLIEV YaCTOTbl NMaKeToB ONpenesEHHOro 06bEmMa (eanHUYHbIX, ABOVIHbIX U T.A.).
Ha ocHoBaHuy 3TOro rpy NOMOLLM YCPEAHEHWUS B paMKax «/1aBaloLLmMX OKOH» YTOYHSIETCS] CTaTtucTnyeckasi
oLleHKa BpeMeHU, OCTaBLUerocs 40 HacCTyrn/1eHus1 1aBUHbI U 10JIHOro KoJiiarca CUCTeMbI.

Jns nnnoctpaumn paboTel HOBOV METOANKN UCIMOJIb30BaHb! PEIY/ILTATbl KOMIMbIOTEPHOIO MOAENPOBAHUSI.
lMpoBoauTcs e€ cpaBHeHWe C noaxoAamu, npeasaaraBLUMMUCS paHee APYruMu aBTopamu, rokasaHbl eé
npevumyLecTBa.

KnroyeBbie cnoBa: kBa3ncTatMyeckoe paspyLueHne, MHOro31eMeHTHas cucTema, nyyYok Janvanca, Bpems
XU3HW, NTaBUHA, CTaTUCTUKA MaKeToB PaspyLUeHui, CKOJIb3SLLee OKHO.

BBepeHue

3azaua o MpeicKa3aHuy HACTYIUIEHUS KoJularca (IOJIHOTO pa3pylleHus ) Harpy>kaeMoi MHOT03J1EMEHT-
HOM CHCTEMBI BCTPEUACTCS B PA3IMYHBIX €€ BapUaIMAX BO MHOTHX 00JacTIX (PU3UKH (MOJIEIN pa3pyILICHUS
HEOJHOPOJHBIX CPEN), TEXHUKH U MH)KEHEPHOTI'O MOZICIIMPOBAHUS, IPUUYEM HA CYIIECTBEHHO Pa3INYHbIX
IIPOCTPAHCTBEHHBIX M BPEMEHHBIX MaclITabax (Harpumep, [1]). XapakrepHbIMU IpUMEPaMU MOTYT CITy-
KUTb CEiCMUYECKasl U ByJIKaHUYECKasi akKTUBHOCTb, Pa3JINYHbIE MOJIEIH IIEKTPOMEXaHUYECKHUX CUCTEM,
pa3pylieHre MaTepuajoB MPH KCIUTyaTallid WHKEHEPHBIX CUCTEM M KOHCTpyKumi [2-5]. Cutyanus,
KOIZ1a pedb UJIET O MPOrHO3MPOBAHUH PECYPCA CUCTEMBI HAa CTAUK €€ MPOEKTUPOBAHNUS, IIIMPOKO MpeE-
cTamiieHa B yTeparype [6-7]. OmHako 0coObIii HHTEpPEC MPEICTABISIFOT CIIy9Yan, KOTaa TpedyeTcs aarh
IIPOrHO3 BPEMEHU HACTYIUIEHHUS KOJUIAIlca HEMOCPEACTBEHHO M0 X0y pa3BUTHS IIpoLiecca pa3pylieHUs
Ha OCHOBE HAaOJI0/ICHUH 32 TIOBEJJCHUEM CUCTEMBI.

B o61iem cityuae kosancy npeaecTByeT Nepruo/ OCTENEHHON Ierpalaliii CUCTEMBI, BBIPayKAIOIH-
Cs1 B IIOCJIEZIOBATENIbHBIX pa3pyLIEHUSAX OTAEIbHBIX 3J1EMEHTOB. [Ipy 7TOM HMEIOT MECTO KaK OIMHOYHBIE
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paspyLIeHMs], TaK U I'PYNIIOBbIE. 3a/1aua JIOKaJIU3alui KPYIHbBIX TPYIIIOBBIX pa3pylIeHUH (KaKk IOTEH-
IIUAJIHBIX UCTOYHUKOB 3apOXKJICHUS JIABUHBI) B UCCIIEyEMOM CUCTEME MOXKET PeIIaThCsl, HapuMmep, ¢
IIOMOIIbIO Pa3HOBUHOCTEW MeToJa aKycTudeckor amuccui [8-9]. C 1pyroii CTOpOHBI, B pAJE CIIy4acB
(HanpuMep, MPH BBIIOTHEHUH KaKUX-JTHOO0 YCIOBUM OJJHOPOIHOCTH CHCTEMbI) MOYKHO IIBITAThCS /1€1aTh
BBIBOJI O €€ OJIM30CTH K KOJIJIAICy Ha OCHOBAaHMM aHAJIN3a OJITHOM JIMIIIb MOCIEe0BAaTeIbHOCTH HHTEHCHB-
HOCTEH OTJEJIBHBIX IPOMEKYTOUHBIX AKTOB OZTHOBPEMEHHOI'O pa3pyLIEHUs JIEMEHTOB, HE HHTEPECYACH
IIPU 3TOM NPOCTPAHCTBEHHBIMH XapaKTEPUCTHUKAMH 3THUX akToOB. bojbinoe unciao paboT mo JaHHOU
TeMe ObLIO MOCBAIICHO U3YUYCHUIO Pa3IMYHbIX TUCKPETHBIX BEPOSITHOCTHBIX MOJIeNeil, cpein KOTOPhIX
0a30BbIMHU SABISIOTCA MOAM(DUKALMK MOAEIH Iyuka BojokoH [10-12]. MccnenoBanucek Takxke Moaeau
HENPEPBIBHOIO paspyeHus [13].

B HacTosmei pa60Te npeajaaracrcsa MCToAuKa JTUHAMUYCCKOIO, T.C. B PEKUME PCaJIbHOTIO0 BPEMCHU,
npeacKa3anus MOMCHTA HACTYIJICHUS OKOHYATCIIbHOTO pa3pyHICHUA CUCTCMBI 110 JeHCTBUEM BO3pac-
Tarolen Harpys3ku. I[aHHaﬂ MCTOAHKA, OCHOBAHHA HA U3YUYCHUU PC3YJIbTATOB YN CJICHHBIX S3KCIICPUMCH-
TOB, WJUIFOCTPUPYCTCA HA TPUMEPC HCXOIHON MOJIEeIHU IMy4Ka [14], KOTOPYIO IIPUHATO HA3bIBATH ITYYKOM
I[aHI/IZ)JICB.. IloMuMO ommcaHus caMOM MOAEIU U €€ YMCICHHOM pcain3anu, NpUuBOAUTCA OIIMCAHUC
XapaKTCPpUCTUK, UCITOJIB3YCMbBIX U aHaJIM3a TCKYHWICIO COCTOSAHHA CHUCTCMBI (T.e. cTaauu, Ha KOTOpOfI
Haxo4uTCA Mpouecc paspyuiceHud, u OJIM30CTH CUCTEMBI K KOJIJIaHCY) " pe3yJibTaTbl KOMIIBIOTCPHOI'O
MOICJIMPOBAHHA. OCHOBHOE BHHMAaHHE YACJICHO aHAJIN3y U3MCHCHUA YaCTOThL (bI/IKCaI_[I/II/I TpYIIIOBBIX
paprmeHI/Iﬁ MaJIoro oobema. HpOBO,[[I/ITCSI CpaBHCHHC npenﬂaraeMoﬁ MCTOAUKH C MMOAXOAAaMHU, MPECI-
JIaraBIIMUCS paHEC APYTUMU aBTOpaMHU.

MocTaHoBKa 3apaun

Bnavane npuBenemM KpaTkoe OMHCaHUe pacCMaTpUBaeMOM KiacCHUeCKo Monienu — mydka Jlanunrca,
Jexaleil B 0CHOBE MHOTOUHCIICHHBIX 0oJiee CIIOXKHBIX Mozeneit. Peus naér o maremMaTrueckoil Moienun
My4Ka — CHUCTEMBI, COCTOAIEeH 13 N mapajjielIbHbIX BOJIOKOH, 3aKPEIUIEHHBIX ¢ 000MX KOHIIOB TaKUM
00pa3oM, YTO yAJIMHEHHUS BCEX BOJIOKOH IOJ JCHCTBHEM pacCTATUBAIOIIEH HArpy3Kd, IPUIOKEHHON K
My4YKy, OJMHAKOBBI. Ka)/10oMy BOJOKHY COMOCTaBIEHO MOJOXKHUTEIbHOE YHCIO — €T0 MPOYHOCTD, T.C.
MUHUMAaJIbHOE 3HaYEHHE PACTATHBAIOIIETO MPOAOIBHOIO YCHIIUSA, MO AEHCTBHEM KOTOPOTO BOJOKHO
paspyuiaercs. Bonokna Oynem cuuTaTh CTaTUCTHUECKH WICHTHUYHBIMH, T.€. TOJpa3yMeBaeTcs, YTo 3a-
KOH pacrpeiesieHus: MPOYHOCTH, KaK CIy4yailHOU BETMYHMHBI, OAWH U TOT K€ JJIS BCEX BOJIOKOH B ITyUKe
1 OTIMCBIBACTCS HEKOTOpOH (yHKIMEH pacnpeneneHus F(x), x > 0.

[Ipeanonaraercs, 4To Ha MMy4YOK JEHCTBYET MPOIOJIbHAS PACTATUBAIOIIAs Harpy3Ka, 3HAYCHUE KOTOPOU
MOHOTOHHO BO3pacTaeT OT HYJIEBOTO 3HAYCHHS. B CHiTy CIeIaHHBIX MPEANOI0KEHUN Harpy3Ka paBHO-
MEPHO pacIpeaesieTcss MEXIy BOJIOKHAMM.

ScHo, 9TO haKTHUECKH MBI UMEEM JICJI0 C a0CTPAKTHON MaTeMaTHYeCKOM MOJIEIbIO, B KOTOPOI BHEIII-
HsISL HAarpy3Ka pacrpeaenseTcs paBHOMEPHO MEXIy BCEMU PabOTOCIIOCOOHBIMU JIEMEHTAMU CHCTEMBI.
B nmanpueiimem Oynem s ynoOCTBa MCIOIB30BaTh TEPMHUH «ITyYOK BOJIOKOH» JUIsI 0003HAUCHUS yKa-
3aHHOU MOIENH.

BonokHo Ha30BeM neperpyeHHbIM, €CIIM YCUITUE B HEM PaBHO €r0 MPOYHOCTH WU MPEBOCXOIUT €€.
[Tpu MmoaenupoBaHuU Mpoliecca pa3pylieHus Mydka, Korja BOJIOKHO OKa3bIBAETCS MeperpyKeHHbIM, OHO
yaansercs u3 myuka (pa3pyIaercs), a cyMMapHas Harpy3ka Ha ITy40K paBHOMEPHO Mepepacipenensercs
MeX/1y OCTaBIIMMIUCS BolokHaMU. [Iporiecc HarpyskeHust paccMaTprBaeTcs B KBa3UCTaTHUECKO mocTa-
HOBKE: yJJaJIeHHE Meperpy>KEHHBIX BOJIIOKOH U NiepepactpeiesieHue Harpy3Ky Mpy HEM3MEHHOHN TeKyIIen
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o0111eit Harpy3Ke CYUTAETCS MPOUCXOSIINM MTHOBEHHO U 3aKaHYHUBAETCSI, KOT/Ia MePErPy>KEHHBIX BOJIOKOH
He oCTa€rcs. TONbKO MOCIE 3TOrO, €CIIA OCTAINCH HE YAAIEHHBIE BOJIOKHA, TPOJOJIKAETCI MOHOTOHHOE
YBEJIMUECHHUE HArPYy3KU HA IYUYOK.

[Tocnennuii OyneM Ha3bIBaTh pa3pylICHHBIM, KOT/Ia U3 HETO YAJICHbI Bce BOIOKHA. KpuTHueckoil Ha-
IPYy3KOM Ha30BEM TAKO€ 3HAYECHHE HArPYy3KHU Ha Iy4YOK, IIPYU KOTOPOM Pa3pyLIMIIOCH ITOCIIEIHEE BOJIOKHO.
BenuunHy KpUTHYECKON HArpy3KH, OTHECEHHYIO K UCXOAHOMY YHCIy BOJIOKOH N, Oy/ieM Ha3bIBaTh KPH-
THYECKOW Y/ICIbHOW HATPY3KOH ¢ .

Jlaniee Ha30BeM MAKETOM pa3pylIeHUH (MM MPOCTO MaKeTOM) HaOOp BOJIOKOH, Pa3pyIUBIIUXCS OJJHO-
BPEMEHHO, T.€ IIPU OJHOM U TOU K€ HArpy3Kke Ha Ny4OK. XapaKTEPUCTUKAMU MaKeTa SBISIOTCA €T0 I0-
PSAAKOBBIN HOMEp (B paMKaxX TEKYILEro mpoiecca pa3pyuieHus), 00béM (KOIHMYECTBO pa3pyLINBIIMXCS
BOJIOKOH) ¥ 3HAUYEHUE HATPY3KH, PU KOTOPOM MIPOUCXOUIIO pa3pyIlieHHnEe BOJIOKOH U3 JAHHOTO MaKeTa.
[Tocnenuuii maket (ocie KOTOPOro My4YOK MOTHOCTHIO pa3pylieH) OyJieM Ha3bIBaTh JIABUHOM.

Cdhopmynupyem ClIeAyIONIyO OO0 3a7a4y: OLICHUTh JUHAMUYECKH, T.€. [0 X0y pa3pyIlIeHUs myd-
Ka, BpeMsi, OCTaBIIeecs /10 HACTYIUICHUS JIABUHBL. boJiee cTporo, o HEKOTOPOMY Ha4ajJbHOMY yUaCTKY
npoiiecca pa3pyuieHus TpeOyeTCsl OLCHUTh MOPSIKOBBII HOMEP JIABUHBI B ITOCJICA0BATEIIBHOCTH ITAKETOB
U KPUTUYECKYIO YICIbHYIO0 HAarpy3Ky. SICHO, 4TO YeM JUIMHHEE 3TOT HaYallbHBIA yYacTOK, TEM, BOOOIIE
TOBOPS, TOUYHEE OYyIyT MOIyUYECHHBIE OIICHKH. B TO ke Bpemsi, CUTHAJI O IPUOIMKEHUH JTABUHBI XOTEIOCh
OBbI TIOJYYHUTh «HE CIUIIKOM IMO3IHO». [10CIeHIO XapaKTEpUCTUKY MOXKHO YTOUHSTH Pa3IMYHBIMU
crocodamu.

nJ'IaHI/IpOBaHMe YNCJIeHHOro 3KcnepumMmeHTa

JIBymsi mapameTpamu c(hopMyIIMPOBAHHOM 3a/1auu SBIAIOTCS 00beM Imyuka N U GyHKIUS pacipeieeHus
MIPOYHOCTH BOJIOKOH F(x). [lanee B paboTe MpUBOASATCS Pe3y/IbTaThl YUCIEHHOTO aHaIN3a paccMaTpuBae-
MO Moenu IJi pa3INYHbIX 3HaYeHU N U ABYX THUIIOB paclpeaeseHus] IPOUYHOCTH: a) pAaBHOMEPHOTO
Ha otpeske [0;1] (st KOTOpOro cpeaHee 3HAYCHUE MPOYHOCTU U €€ TUCTIEPCHs PaBHBI COOTBETCTBEHHO
1/2 m 1/12); 6) aByxXmapamMeTpu4ecKoro pacrpezencHus BeiOymia ¢ TeMu ke cpeHruM U TUCTIePCUeH.
OTu /Ba TUMA B JAalibHElIIeM OyJ1eM Ha3bIBaTh COOTBETCTBEHHO MEPBHIM M BTOPBIM.

B ocHoBomnomararorieit padore [14] monydeH ciaenyromuid pe3ysbTaT: aCUMITOTHYECKA Tpu N—>00
KpUTHYECKas yelabHas Harpy3ka eCTh HOpMaJIbHO pacipee€HHas ciyJyaiiHasi BeIMYUHA C U3BECTHBIMU
cpenHuM u qucnepcueit. [lepBoe paBHO MakCUMalbHOMY 3HAUEHUIO (DYHKIIUU

q(x)=x(1-F(x)),

a BTOpas acCUMNOTOTHUYECKH cTpeMuTcs kK 0. B yacTHOCTH, 1S IBYX YKa3aHHBIX THIIOB paclpeaeaecHus
IPOYHOCTU COOTBETCTBYIOIIME CPENHUE 3HAYEHUS KPUTHUECKOH YNENbHOM Harpysku cyTh q, = 0,25 u
d, = 0,23 COOTBETCTBEHHO.

Baxxnoe, X0Ts 1 371eMEHTapHOE, 3aMeUaHue COCTOUT B TOM, UTO ITPH U3BECTHBIX N U F(X) MOCTaBIeHHAs
3a/jaua O MpeICKa3aHNuU JaBUHBI CBOAUTCS K CTAaHAAPTHOMY MOCTPOEHHIO JOBEPUTEILHOTO MHTEpBaa.
OnHako Ha MPaKTUKE OCHOBHOM MHTEpeC MPEACTaBIsAET UCCIIEIOBAHUE CIIyYasi, KOTa OTCYTCTBYET BO3-
MO>KHOCTb H3MEPEHUS HArpy3KH, a GUKCUPYIOTCS JIUIIB aKThI IOKAIBHOTO pa3pyiieHus (maketsl). Kpome
TOT0, 0OBIYHO HEU3BECTEH U 00BEM MydKa.

[Ipu mpoBeneHnU YUCICHHOTO IKCIIEPUMEHTA OTPaHUYMMCS ClTydyaeM, KOrja BHEIIHSS Harpy3ka Ha
MIy4OK BO3pacTaeT MpONOPIUOHAIBEHO BpeMeHH. [Ipu 3TOM M3 JaHHBIX BBILIE OMpPENEICHUN BBHITEKAeT
ClIeqyIollee: B paccMaTpuBaeMoO MOCTAaHOBKE B Kau€CTBE JUCKPETHOTO aHAJIOTa BpEMEHH MOXKET OBbITh
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BBIOpaHO 3HAYEHHE MOPSIKOBOIO HOMEpa MMaKeTa Wik 3HaYeHUE Harpy3KH, COOTBETCTBYIOIIEE JAHHOMY
nakety. Boo0iiie npoiiecc pa3pylieHus MOJIHOCTHIO OMUCHIBACTCS IBYMSI TIOCIIE0BATEIbHOCTAMU: 00BEMOB
MOCJIEJIOBATENBHBIX TAKETOB U COOTBETCTBYIOIIMX UM 3HaYeHUI Harpy3ku. COOTBETCTBEHHO B XOJI€ YHC-
JICHHOTO MOJIEJIMPOBAHUS UMEHHO 3TH MOCJIE0BATEILHOCTH COCTABISAIOT BBIXOAHYIO MH(POPMAIIHIO IO
UTOraM Ka)JI0T0 OTAENIBHOro dKcrepuMeHTa. [1o HaKOIIeHHBIM JaHHBIM IPOU3BOAUTCS aHAJU3 CTaTH-
CTHUYECKHX XapaKTePUCTUK IPOIecca pa3pylIeHHs, OCHOBHOE BHUMAHHUE [IPH 3TOM Y/IEJISETCs U3yUEHUIO
M3MEHYMBOCTH J0JIEH MAaKETOB PA3IMYHOrO 00beMa M0 Mepe pa3BUTHS ITpoliecca Pa3pylIeHUs U TOUCKY
BO3MOKHBIX 3aKOHOMEPHOCTEH.

Peanunsauusa n aHanns pe3ynbTaToB

X0/ YUCIIEHHOTO MOJAETUPOBAaHUS MPEJCTABIsIET COOON CIEIyIONIYI0 JIOTHYECKYIO TOCIeA0BaTelNb-
HOCTb I1aroB.

1. lns 3aganHoro oobéMa myuka N u tuna mydka (I wnm I1) BookHaMm B myuyke NprUCBanBaroT ClIydai-
HbIE€ 3HAYEHHSI IPOYHOCTH.

2. Texyuiel NOJIHOW Harpy3Ke Ha IMy4OK NPUCBAaUBAIOT HYJIEBOE 3HaYE€HHE. MHOXECTBO pa3pyIIEHHBIX
BOJIOKOH TIOJIarar0T IyCTHIM.

3. Ecan B myuke MMEIOTCS Hepa3pylLIeHHbIE BOJIOKHA, YIIOPSIOYMBAKOT 3HAYEHHUS UX ITPOYHOCTH 10
Bo3pacTanuio. CKaukooOpa3HO YBEINYMBAIOT TEKYIIEE 3HAYEHHUE TIOJHOM HArpy3KH Ha My4oK JIO VG, ,
IJI€ vV — TEKYyIee YKUCIIO HEPA3PYIICHHBIX BOJIOKOH, G, — MUHUMAJILHOE M3 3HAYEHUI POYHOCTH HEpas-
PYLIEHHBIX BOJIOKOH.

Ecau Hepa3pylIeHHBIX BOJIOKOH B ITyYKE HET, MPOLECC MOJAEIUPOBAHUS Pa3pyILEHUs CYATAECTCS] OKOH-
YEHHBIM.

4. IToka cpeau Hepa3pyLICHHBIX BOJIOKOH HMEIOTCS ITEpErpyKEHHbIE, IOCIEAHUE YAAISAIOTCS U3 ITy4Ka
(T.€. MPUCOENUHSIOTCS K MHOXKECTBY Pa3pyLIEHHBIX ) C OTHOBPEMEHHBIM ITepepacy€ToM TEKYIIeH yaenbHON
Harpy3Ku Ha OCTaJbHbIe BOJIOKHA. [[oHas Harpy3ka Ha Iy4OK B paMKax 3TOTO LUKJIA OCTAETCS IOCTO-
aHHOW. Korma neperpykeHHbIX BOJIOKOH HE OCTa€TCsl, BO3BPAILIAXOTCS Ha mmiar 3.

[To uToram MozaenupoBaHus coxpaHseTcst THpopMaIus 0 KpHTUYECKON yIeIbHON Harpy3Kke, MoClIea0-
BaTeNIbHbIX 00bEMAX MaKeTOB, (POPMUPYIOUIUXCS Ha 1arax 4, ¥ COOTBETCTBYIOIIMX MaKeTaM 3HAYEHUSX
YIAEIbHON HATPY3KH.

Bynem rpaduuecku npeacTaBiaTh TPAeKTOPUIO BO3HUKAIOLIETO CIIyYailHOTO IMpoliecca, OTKJIaAbIBast
10 XOAy pa3pylLIeHHs IIyyka 3HaYeHHUsI 00bEMOB [TAKETOB 110 OCH OPHMHAT, & COOTBETCTBYIOIINE 3HAYCHUS
yIAEIBHOM Harpy3KH — IO OCH a0CITHCC.

B kauectBe mpumepa Ha puc. 1, a npuBeieHa TUITMYHASI TPAEKTOPHUSI BOZHUKAIOIIETO TOYEYHOTO CIIy-
4alHOrO npouecca Juisd My4Ka IepBoro Tuma (o ocu adcuucce — TeKylias yaeiabHas Harpys3ka, o ocu
opAHHAT — 00bEMBI PUKCUPYEMbIX MTakeToB). B nanHoM cinyuae npu oobeme myuka N = 10 000 BosiokoH
3HaYeHHE KPUTHUECKOH yaelnbHOI Harpy3ku okaszanoch paBHbIM 0,2535, a 00BbEM JaBUHBI COCTAaBHII
BoJIoKHO. Ha puc. 1, 6 npuBeneHa yacToTHas AMarpaMma Jjisi 0ObeMOB MaKeTOB, 3a(UKCUPOBAHHBIX B
IPOLIECCE Pa3PyLIEHHUS; UX OOIIEE YMCIIO B IJAHHOM DKCIIEpUMeEHTE cocTauio K, = 3056.

OrmeTumM, 4To oTHOIEHHE K, /N BO BCEX MPOBENEHHBIX IKCIIEPUMEHTAX OKa3bIBAIOCH C BECbMA MaJIon
M3MEHYHMBOCTHIO OJTU3KUM K ONIPEACIICHHOMY 3HaueHu0. Hampumep, 1u1st My4YKoB MEPBOTO THIIA TO 3HA-
yeHue coctaBmiio npudmmsutensHo 31 %. Ecau nmocneayromme uccienoBanus MOJIETH C pa3IMIHbBIMU
JIPYTUMU TUTIAMH PACTIPEACIICHUN MPOYHOCTH BOJIOKOH TPUBEAYT K aHAJTOTUYHBIM PE3yJIbTaTaM, TO COOT-
BETCTBYIOIINE SMITUPUICCKHIE OLIEHKH CYMMapHOTO KOJIMYECTBA ITAKETOB MOTYT OBITh UCIIOIH30BAHBI JIJIsI

58



3MMUPUYECKASI METOAUKA NPEOCKA3AHUS KOJIJIANCA HATPY)KAEMOW MHOTOQJIEMEHTHOW CUCTEMbI

a)100

80

60 :
Avalanche volurpe: 5161

| Spec. critical Io?d: 0.2535

40

20

0

6)
2500
2000

1500

A

=
1000

500

A
N=10000
Puc. 1. Pe3ynprarsl YUCIIEHHOTO MOAEIUPOBAHUS Pa3pyLIEHUS OAHOIO ITy4Ka!
00BEMBI ITOCIIEIOBATEIIFHBIX MTAKETOB (), KOJHMIECTBO 3a(hUKCHPOBAHHBIX MTAKETOB TaHHOTO 00BheMa (0)

TpeIcKa3anus OJM30CTH JIABUHBI B 33J1a4€ C U3BECTHOM (DyHKIMEH pacnpeeneHus mpodHocTH. Haitu
OIHCAaHNE COOTBETCTBYIOIIETO aHATUTUYECKOTO WIIM YHCIEHHOTO pe3ylibTara B JINTEpaType aBTopy He
yIaJ0Ch.

[IpencraBnenne yacToTHOM AUarpaMMel (puc. 1, 6) B torapuMudecKux KOOpAuHaTaX IeMOHCTPUPYET
XOPOIIIEE COOTBETCTBUE U3BECTHOMY aCUMITOTHYECKOMY COOTHOIIEHHUIO [15]

5
I’Z(A) o A_E .

N

rae n(A) — obriee unciio 3aUKCUPOBAHHBIX TI0 X0y Pa3pyIIeHUs MMaKeToB 00beMa A.

B pab6ore [16] npemaraercst cneay MM MOAX0 K TPOrHO3UPOBAHUIO BPEMEHN BOZHUKHOBEHUS JIa-
BHUHBI. ABTOpPBI OTMEYAIOT, YTO MPH MPUOIMKEHUH K KOJUTancy (T.e. Ha TaK Ha3bIBAEMOM IMPEIIaBUHHOM
y4acTKe) BBIIIEYKa3aHHOE aCUMITOTHYECKOE COOTHOIICHHE TPAaHCPOPMUPYETCS B

. 3
@(XA_E’
N

rne n(A) — obmiee yncino 3aUKCHPOBAHHBIX HA MPEIJIaBUHHOM yYacTKe MakeToB 00béMa A. OHu
MpeIaraloT CUUTaTh U3MEHEHHE OLEHKU MTOKa3aTelis CTeNEH! B BhIpaXeHUH A co 3HaAYCHHM, OIM3KUX
K a, = —(5/2), na 3sHa4yenus, 6nusKue K a, = —(3/2), ykazanuem Ha NPUOIVIKEHNE JTaBUHBI.

HeoOxomumo OTMETHTH, OIHAKO, YTO CTPOTO€ OIpe/eieHHe MPEAIaBUHHOIO y4YacTKa B YKa3aHHOM
paboTe OTCYTCTBYET, @ B CBOUX YHUCJICHHBIX pacueTax aBTOpbl OEpyT B Kau€CTBE ATOr0 y4acTKa TaKkoi, B
HayaJie KOTOpOro y/elbHas Harpy3ka coctanisuia 90 % ot kpurnueckoro 3HaueHus. [lockonbKy noHsTue
YIEJIBbHON Harpy3ku He OMpezesieHO B YCIOBHSIX, KOT/Ia 00bEM Myyka HEM3BECTEH, JaHHBIN MOAX0M He
MOYET OBITh HETIOCPECTBEHHO UCIIOIb30BaH JJISl KOJIMYECTBEHHOTO MPeACKa3aHNs MOMEHTA HACTYIUICHHUS
JIaBUHBI B 3a/1a4€ C HEM3BECTHBIM KOJIMYECTBOM 3JIEMEHTOB.
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a) Exp. estimate based on the entire current burst statistics
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Pyuc. 2. Orenka noka3saress CTCIICHH B 3aKOHE PAacIpeneeHus: 00beMOB IIAKETOB B OJJHOM KCICPUMEHTE:
MO BCeM 3a()MKCUPOBAHHBIM K TEKYIIIEMY MOMEHTY BpEeMEHH TakeTaM (), 1o TTOCIIeIHIM § 3apUKCUPOBAHHBIM MakeTaM (0)

TombITaeMcs MOTU(HUIMPOBATH STOT HOAXOJ, CIIONB3Ys OLEHKY 0 I10 CKOJIb3SIIEMY BPEMEHHOMY OKHY
(T.€. 1O § TOCJIETHUM IaKeTaM, I1e § — HEKOTOpOe Hamepe 3alanHoe 4ucio). Ha puc. 2 npuBeneHs! pe-
3yJbTaThl YUCIECHHOTO MOJIEIMPOBAHUS pa3pyLleHus My4yka Broporo tumna. [Tydok cocrout u3 N= 100 000
BOJIOKOH, IIMPHUHA OKHA HaOmoaenus coctasisieT s = 1000 makeTos.

[Tpu 5TOM Ha puc. 2, a OLIEHKA TIOKA3aTellsl CTETIEHH MOTyYeHa C y4eTOM CyMMapHOTO KOJIMYeCTBa MaKe-
TOB, 3a()MKCHPOBAHHBIX C CAMOT0 Havaja Mpolecca pa3pylieHus, a Ha puc. 2, 0 — ¢ y4eToM KOJIMYeCcTBa

a) Exp. estimate based on the entire current burst statistics
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Puc. 3. Ouenka nokasaress CTEIICHH B 3aKOHE PaclpeeieHNsi 00beMOB ITAKETOB B OJJHOM JKCIIEPHMEHTE:
10 BceM 3a(UKCHPOBAHHBIM K TEKYIIEMy MOMEHTY BPEMEHHU TIaKeTaM (a), TI0 TTOCISIHUM s 3a(pUKCHPOBAaHHBIM TTakeTaM (0)
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part{a

partiA=2)
partiA=3)

8.05 0.1 0.15 0.2 0.25 0.3

N=20000,s=1000
Puc. 4. Pe3ynbrarsl YHCICHHOTO MOJICIUPOBaHUs pa3pyiueHus 10 my4KoB ¢ paBHOMEPHBIM paclpeielieHueM
MIPOYHOCTH BOJIOKOH: OICHKA MTOKA3aTelsI CTETIEHH B pacIlipeelieHIH TaKeToB (a), 1o makeToB 00bpéMa 1 (6),
JIOJIsT TaKeTOB 00BEMa 2 (B), 1018 MakeToB 00béMa 3 (T)

MaKeTOB, 3aMKCUPOBAHHBIX B Mpe/ieax TeKyUIero okHa. BuiHo, 4yTo cTabuin3aius OlleHKH OKOJIO 3Ha-
YCHHSI ¢ TIPAKTHYCCKH OTCYTCTBYCT, PHUEM B IIEPBOM CIIy4ac CUTYAIHs CYIIECTBEHHO XyKe. Pesynbrarsl
YHCJICHHBIX SKCIIEPUMEHTOB ITOKA3bIBAIOT, YTO MPHU OOJIBIINX 3HAYCHUSIX 00bEMA IyYKa CTaOUIN3alINs €CIU
¥ MIMEET MECTO, TO MIPOMCXOMUT MeUIEHHO. Kpome Toro, mepexojt K 3Ha4eHUsM IoKas3aresis, OJUM3KUM K a,,
MIPOUCXOIUT 0€3 XapaKTEPHOTO CTYNEHYATOro CKauyka, KOTOPBIN MO3BOIMI ObI JIOKAIU30BaTh MOMEHT Ha-
yasa MpeyIaBUHHOTO y4yacTka. BaykHO, 4TO onucaHHasi KapTHHA HE 3aBUCUT OT pa3Mepa § UCIOJIb3yeMOro
okHa. Hanpumep, Ha puc. 3 npuBeeHbl COOTBETCTBYIONINE IpaduKu Ui TOM ke pealin3aliy mpoiiecca
pa3pylIeHHs], YTO U Ha PUC. 2, HO TIPU JPYrOoM 3HaYeHUH pazmepa okHa: s = 10 000.

ﬂpep.naraemaﬂ MeToAuKa npeackKka3aHusd JiaBUHbI

Bbonee a3 hekTHBHBIM 1 OAHOBPEMEHHO OO0JI€€ MPOCTHIM OKa3bIBAETCS CIEIYIOIINUN TOIX0/] K CTaTUCTH-
YeCKOMY aHaJIM3y Ipoliecca pa3pylleHus. 3aAaIuMCsl HEKOTOPbIM TOCTaTOYHO OOJBIINM 3HAYCHUEM §
IIMPUHBI CKOJIB3sIIIero okHa. HaunHas ¢ makera moj HoMepoM s uepes Kax/ible s/2 makeToB OyaeM BbIUHC-
JISTh 1OJIU MakeToB oobema 1, 2 u 3, puxcupyemsble B Tekyiem okHe. [lapannensHo OyzneM oTcieXnBaTh
OLICHKY BBILLIEYTIOMSHYTOTO [TOKa3aTelisl CTENEHH 110 TEM e MOCIeIHUM S TaKeTaM.

UucneHHbI aHaIN3 MOKAa3bIBA€T, YTO MoJyyarouuecs rpaduku (pojb BpeMEHH, KaK yIIOMHUHAJIOCh
BbIIIIE, UTPAET TEKyIllee 3HaU€HUE yIeIbHON HAarpy3Ky Ha Iy40K) 00IaJal0T CBOWCTBOM YHUBEPCAIBHO-
CTH B CJIEYIOIIIEM CMBICJIE: UX CTAaTUCTUYECKOE YCPEAHEHUE, T.€. TI0 UTOraM HE3aBHCHUMO MPOBEIEHHBIX
YHCJIEHHBIX SKCIIEPUMEHTOB, €CTh (IpU (UKCUPOBAHHOM THIIE ITyYKa) TPAEKTOPHS, HE 3aBUCSIAsl HU OT
o0beMa IyuKa, HM OT pa3Mepa UCIoIb3yeMOoro cKonb3siiero okHa. Ha puc. 4, 5 u 6 npuBeeHbl pe3yib-
TaThl PACUETOB 10 UTOTaM IATH YUCIEHHBIX SKCIIEPUMEHTOB JJIsl K&XKI0r0 U3 my4koB oobema N =20 000,
50 000 u 100 000 cootBeTcTBeHHO. Ha cooTBeTCTBYIOMMX pHUC. (@) MOKa3aHbI rpaMKK U3MEHEHUS To-
KazareJs CTeTIeHU a; Ha COOTBETCTBYIOUIUX pUC. (0) — rpa@uKu U3MEHEHUs J0JIH MaKeTOB €AMHUYHOTO
00beMa OTHOCUTENILHO 00111er0 yrciia 3a()MKCUPOBAHHBIX B TEKYIIIEM OKHE TAKETOB, HA COOTBETCTBYIOLINX
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a)Bponent of the burst volume dlstrlbuhon (by equal periods in burst volumes) 6) Part of unll bursts (by equal periods in burst volumes)
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Puc. 5. Pe3ynprarsl YUCIIEHHOTO MOIEIUPOBAHUS Pa3pyLIEHUS 5 IyYKOB C pABHOMEPHBIM paclpeaeiCeHUEM
MIPOYHOCTH BOJIOKOH: OIEHKA MTOKA3aTelIsI CTETICHH B PacIlpeeliCHHH TaKeToB (a), Tois makeToB 00béMa 1 (6),
JIOJIst TTaKeTOB 00BEMa 2 (B), 1018 MakeToB 00béMa 3 (T)

puc. (B) — rpadMKy M3MEHEHHUSI IOJIM TTAaKETOB 00beMa A=2 ¥ Ha COOTBETCTBYIONIUX pHUC. (T) — rpaduku
M3MEHEHHMS J0JTU TTakeToB 00bema A=3. Kaxaas Touka Ha puc. 4 — 6 IoTydeHa 1o pes3yjabraram GUuKcaruit
B «OKHE HaOMIONEeHUs», COOTBETCTBeHHO, 13 s = 1000, 2000 u 3000 mocnenoBareabHBIX MAKETOB, MPH
3TOM CIBUT MEXIy OKHAMHU COCTaBiseT s/2 makeroB. [1o ocu abciyce OTIIOKEHBI 3HAaUE€HUsI HArpy3KH,
COOTBETCTBYIOLIHE NMOCIETHUM MaKeTaM B TEKYIIEM OKHE.

a)Emonent of the burst volume dlstnbutlon (by equal periods in burst volumes] 6) Part of unit bursts (by equal periods in burst volumes)
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Puc. 6. Pe3ynbrarsl 4HCICHHOTO MOJICINPOBAHUS PA3PYIICHHS 5 TyYKOB C PABHOMEPHBIM PACIIPE/IeICHUEM
MIPOYHOCTH BOJIOKOH: OIICHKA MTOKA3aTells CTETIEHH B pacIipeelIeHHH TTaKeTOB (a), Tois makeToB 00bpéMa 1 (6),
JIOJIsT TTakeToB 00BEMa 2 (B), A0S MakeToB 00béMa 3 (T)
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Puc. 7. Pe3ysbraThl YHCICHHOTO MOJICITUPOBAHUS PA3PYIICHUS 5 MyYKOB ¢ BEHOYIJIOBCKUM pacipeieiCHUEM
MIPOYHOCTHU BOJIOKOH: OIICHKA [TOKA3aTelisl CTEIICHHU B paclipe/Ie/iCHHH TaKeTOB (a), 101 raketoB 00béMa 1 (0),
JI0J1s1 TIakeToB 00béMa 2 (B), 103151 akeToB 00bEMa 3 (T)

BuiHO, 94TO 710715 TAKETOB €MHIUYHOTO 00BEMA 3HAUUTEIHHO YOBIBACT CO BPEMEHEM, B TO BpeMs KaK
JI0JTM TIaKeTOB 00BhEMa 2 U 3 BO3pACTAIOT IO Mepe MPHUOIKEHUsT CHCTEMBI K Kosutarncy. OcoOeHHO xa-
pakTepHot npencrasisercs Gopma rpadukoB 1t A=2 (puc. (B)): HaOMIOMACTCS YCTORYMBOE HAINIHNE
BBIPXCHHOTO MAaKCHMYyMa JIOJIU TBOWHBIX ITAKETOB HE3a10JITO JI0 IJABUHBL. Bpemst 0T MPOXOKACHUS 3TOTO
MaKCUMYyMa JIO HACTYTIJICHUS JJAaBUHBI COCTABIISIET JUISI ITyYKOB TIEpBOTO TUTA B cpeaHeM 10 % oT momHoi
JUTUTENTFHOCTH TIPOLIECCa pa3pyIICHUSI.

BaxHO OTMETHTBH, UTO XapaKTepHbIE POPMBI COOTBETCTBYIOIIUX TPAEKTOPHA TUITMYHBI U JIJISI ITyYKOB
BTOpOro tumna. Ha puc. 7 nmpencrasiieHbl aHAJIOTHYHBIE 3aBUCUMOCTH JUIsl Cily4asl pacupenenenus Ben-
Oyma. CoXpaHsIOTCS KaK CBOMCTBA MOHOTOHHOCTH TPAeKTOPUH, TaK U OTHOCHTEIbHAS BETMUMHA Bpe-
MEHHOH Nay3bl MKy NMPOXOXKICHUEM MAaKCUMYyMa JOJIU JIBOMHBIX ITAKETOB U MOMEHTOM pPa3pyLICHUS
CUCTEMBI.

B cuny onucanHol yHUBEpPCaIbHOCTH, JAHHOE SMIIMPUYECKOE HAOIIOIEHUE MOXKET CITYKUTh OJHUM U3
KpUTEPHUEB MpeEJCKa3aHus JaBUHBI B pacCMaTpuBaeMon Mozeu nmyuka. [loigyyas B pealbHOM BpeMEHU
(10 X0y pa3pymIeHus1) MOCIeI0BaTeIbHBIC TOUKH JUCKPETHON TPACKTOPUH JUTst A=2, CUTHAJ O IPUOITH-
YKEHHH JIaBUHBI [TPEIIaraeTcs nNojaBaTh HEMEAJIEHHO MOCIIE MPOX0KIECHUS JIOKAIbHOIO MaKCUMYMa J0JIH
TBOWHBIX MTakeToB. [Ipy 3TOM aOCOMOTHYIO BETMUYMHY BPEMEHH, OCTABIIETOCS JI0 JJABHHBI, IPeJIaracTcs
OLIEHUBATH (B YCJIOBHUSX, Korja N HEU3BECTHO, U allpUOPH OLIEHUTH JUIUTENBHOCTD IIPOLIECCca pa3pyIIeHUs
HEBO3MOYKHO) C TIOMOIIBIO CPaBHEHUS POPMBI TpaeKTopuid i1st A=1,3, moiry4aeMbIX B peabHOM BpEMEHH,
¢ hopMOii TpaCKTOPHIT M3 MOJICITBHBIX MPUMEPOB. Ha OCHOBAaHUY 3TOTO CpaBHEHUS CIIEyeT MPOU3BOIUTH
MacITabupoBaHUE OCH a0CICC Ha 00CYKIaeMbIX rpadukax.

Uro kacaeTcst pe3Koro CKadka OICHKH a, KOTOPBI IeHCTBUTENIbHO HaOmonaercs (puc. 4, a; 5, a; 6, a),
TO OH IPOUCXOAUT HEMOCPEICTBEHHO NEPE]] JIABUHON M HE MOXKET IIOMOYb IIPEJICKA3aTh MOMEHT HacTy-
IUIEHHS KOJUIAIca CUCTEMBI C 3a11aCOM I10 BPEMEHH.

63



3MMUPUYECKASI METOAMKA NPEACKA3AHUSA KOJIJIANCA HATPY)KAEMOW MHOTO9JIEMEHTHOM CUCTEMBI

3akndeHue

B pa60Te Ha OCHOBE CTAaTHUCTHUYECKOM 06pa6OTKI/I PE3YyJIbTATOB YHUCICHHBIX S3KCIICPUMCHTOB 110
MOICIUPOBAHUIO ITpOOECCa pa3pylmiCHHUA ITyYKa Z[aHI/IBJ'ICS. BBISAABJICHBI HCKOTOPBIC 3aKOHOMCPHO-
CTH USBMCHCHHA BO BPCMCHHA (HO MEPC YBCIIMYUCHHUA Hany3KI/I) JOJIN IAaKECTOB pa3pymeHI/II71 Majaoro
o0bema B O6I_I_I€M KOJIMYCCTBC (I)I/IKCI/IpyCMBIX IIaKCTOB. 9MHI/IpI/ILIeCKI/I IMOKa3aHO, 4TO IIpHU A0CTa-
TOYHO OOJIBIIOM pa3Mepe IyvkKa rpa(bmcn N3MCHCHHUSA JOJH IMaKECTOB o0bema A=2 OTHOCHUTEIILHO
06]].[61“0 quciia MakCeToB, Sa(l)I/IKCI/IpOBaHHBIX B TCKYLICM OKHC Ha6J'IIOI[eHI/I$I, HUMCIOT BLIpa)KeHHLIﬁ
MAaKCHUMYM HE3aJ0JIT'0 A0 JIaBUHBI. HpeI[BapI/ITeJ'ILHBIe OLCHKHU IMOKA3BbIBAKOT, YTO YHACTOK OT TOUKHU
MakKCMMyMa 10 MOMCHTA HaydaJia JIaBUHBI COCTABJIACT OKOJIO 10 % ot JJIUTCIIBHOCTHU BCCI'O IIPO-
necca paspymcHusd. HpI/I O9TOM HMCIOTCA OCHOBAHMUA IPCAIIOJAraTb YHUBCPCAJIIBHOCTL JAHHOI'O
KpUTCPHUA ITPCACKA3aHUS JIAaBUHBI B MOJACIIN IYy4YKa, IOCKOJIBKY 3TO 3HAYCHHUC OKa3aJIOCh OAMHAKO-
BBIM 1JIA 000MX THUIIOB pPaCcCMOTPCHHBIX pacnpeﬂeneHHﬁ INPpOYHOCTH BOJIOKOH — PAaBHOMCPHOTO U
Beﬁ6ynHOBCKOFO, 1 OHO PCaJIN3yCTCA MJId MYUYKOB pa3JIMUHOTO oobeMa u IIpHU UCITOJIB30BAHUHN OKOH
Ha6J'IIO,Z[eHI/I$I pa3n1/1qH0171 JJIUHBI.

HNHuTepecHoOM 3aaueil NMpeacTaBisieTCs] POBEPKA TMIIOTE3bl O TOM, YTO NPU HEOIPAaHUUYEHHOM
pocTe 00bEéMa MyuyKka MaKCUMyMbl OyJyT BO3HHKATh TaKXe U Ha rpadukax aojeil maketoB oObéMa
A>2, npuuéMm TeMm ONMKe K MOMEHTY HACTYIUJICHUS JIaBUHBI, 4yeM Ooublie 3HaueHue A. [loarsepxk-
JIEHUE 3TOU TUMOTE3bl MO3BOJIMIIO ObI BEICTPAaUBaTh MOA00ME HEPAPXUUECKOT0 IIaHa MpeICKa3aHus
KOJLJIaIiCa CUCTEMBI.

Cpenu apyrux BO3MOXKHBIX HalpaBlIeHUH JajdbHENIeH pabOThl MOYKHO BBIJACIUTH IPOBEPKY HAINUHS
aHAJIOTUYHBIX 3aKOHOMEPHOCTEH B 6oJiee CIOKHBIX MOJIENAX, B YACTHOCTH, MOJEIAX Iy4Ka C JPyTUM
TUIIOM epepacipeiesieHus] Harpy3Ku, MoJIeIsiX HEOJHOPOAHOTO My4Ka (T.€. COIEpIKallero pa3iuyHble
10 CTaTUCTHUYECKUM CBOMCTBAaM BOJIOKHA) [17], nepapxuueckux MOJEIAX TUIIA JEPEBbEB.

Pa6ota Bbmonnena npu nogaepxke rpanra POOU 11 08-01243a.
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Structural reliability. The theory and practice

Onischenko D.D.

EMPERICAL TECHNIQUE OF FORECASTING OF LOADED
MULTI-ELEMENT SYSTEM COLLAPSE

The paper presents a technique of lifetime reliability estimation for a loaded multi-element system, with the
estimation being conducted during the failure of the system. The failure process is considered as quasi-
static, and as a model example, the Daniels fiber bundle model is used.

The method is based on statistical analysis of the burst sequence, where burst is a simultaneous failure of
a number of elements under current total load (package of destructions). As the destructions progresses,
we register maximum frequencies for bursts of successive sizes (i.e., single, double etc.). This data is
used (via “moving window” averaging technique) for the improvement of the statistical estimate of the time
remaining to the avalanche and full system collapse.

Computer simulation is used to illustrate the performance of the proposed procedure. A comparison of the
approach proposed with ones previously suggested by other researchers is presented, and the benefits
of the new technique are shown.

Keywords: quasi-static failure, multi-element system, Daniels fiber bundle, lifetime, avalanche, burst sta-
tistics, moving window.

Introduction

The task of forecasting collapse coming (full destruction) for a loaded multi-element system is faced
and found in its different variations in many areas of physics (models of non-uniform environments’
destruction), technical equipment and engineering modeling, and on essentially various spatial and time
scales (see, for example, [1]). Seismic and volcanic activity, various models of electromechanical systems,
destruction of materials at operation of engineering systems and designs represent characteristic examples
[2-5]. The situation when it is a question of forecasting a system resource at its designing stage is widely
presented in the literature [6-7]. However, special interest is represented with cases when it is required
to give the time forecasting of collapse coming directly in process of destruction progression based on
supervision over system behavior.

Generally, the collapse is preceded with the period of gradual degradation of a system, expressed in
consecutive destructions of separate elements. At the same time, there are both single and group destruc-
tions. The problem of localization of large group destructions (as potential sources of an avalanche origin)
in investigated system can be solved, for example, by means of diverse methods of acoustical emission
[8-9]. On the other hand, in some cases (for example, at fulfillment of any conditions of system uniform-
ity), it is possible to attempt making conclusions about its affinity to a collapse based on the analysis of
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only one sequence of separate intermediate events of simultaneous destruction of elements, not being
interested with spatial characteristics of these events. Many works relating to this subject has been devoted
to studying of various discrete probabilistic models, among which modifications of a fiber bundle model
are basic [10-12]. Models of continuous destruction [13] have been also investigated.

The present paper offers the technique related to dynamic, real time forecasting of the moment of a
system final destruction coming under effect of increasing loading. The given technique is illustrated
by an example of initial fiber bundle model [14], which is usually named as Daniels fiber bundle. The
illustration is based on results of study of numerical experiments. Beside the description of the model
and its numerical realization, the definition of characteristics used for the analysis of the system (current
condition during the process of destruction stages on which there is an affinity to collapse system) and
results of computer modeling are presented. The basic attention is given to the frequency change analysis
of fixing group destructions of a small volume. Comparison of the offered technique with the approaches
suggested earlier by other authors has been carried out.

Problem statement

First, let us give the brief description of considered classical model, Daniels fiber bundle, underlying
in numerous models that are more complex. It is a question of fiber bundle mathematical model — the
system consisting of N parallel fibers, fixed with both ends in such a manner that lengthening of all fib-
ers under stretching loading imposed to a bundle are identical. The positive number, which reflects fiber
strength, is appointed to each fiber. This number represents the minimal value of stretching longitudinal
load under which the fiber collapses. Fibers are considered statistically identical and it is assumed, that
the law of strength distribution as random variable is the same for all fibers in a bundle and it is described
by some distribution function Fx, x>0.

It is supposed that the stretching longitudinal load applied to the fiber bundle monotonously increases
from zero value. By virtue of accepted assumptions loading is evenly distributed between fibers.

Actually, we deal with an abstract mathematical model in which external loading is evenly distributed
between all efficient system elements. Further, for convenience we shall use the term “fiber bundle” for
the designation of the specified model.

We shall name a fiber as overloaded one if the load in the fiber is equal to its strength or surpasses it.
At modeling process of bundle destruction when the fiber appears overloaded, it is removed from the
bundle (it collapses), and the total loading on the bundle is evenly redistributed between the remained
fibers. Loading process is considered in quasi-static statement: removal of the overstressed (overloaded)
fibers and load redistribution at constant current general load is considered as instant event and comes to
an end, when there are no more overstressed fibers. Only after that, if there were not removed fibers, the
monotonous load increases continue at a bundle.

The latter we shall name as a collapsed bundle when all fibers are removed from it. We shall name
critical load a such value of bundle loading at which last fiber has collapsed. The value of critical load
related to initial number of fibers N, we shall name critical specific load gbr.

Next, we shall name a package of destructions (or simply a package) a set of the fibers, which have
collapsed simultaneously, that is at the same load applied to a bundle. Characteristics of a package are its
sequence number (within the limits of current process of destruction), volume (amount of the collapsed
fibers) and load value at which there was a destruction of fibers from the given package. Last package
(after which the bundle is completely collapsed) we shall name an avalanche.
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Let us formulate the following general problem: to estimate dynamically, i.e. on a course of a bundle
destruction, time which has remained before an avalanche. More strictly, it is required to estimate a se-
quence number of an avalanche in sequences of packages and critical specific load according to some
initial site of destruction process. It is evident, that the longer this initial site, then the obtained estima-
tions, generally speaking, will be more accurate. At the same time, the signal about avalanche approach
was to be received “not too late”. The latter characteristic can be specified in various ways.

Planning of numerical experiment

Bundle volume of N and strength distribution function of fibers Fx are two parameters of the formu-
lated problem. Further, results of the numerical analysis of considered model are presented in the work
for various values N and the two types of strength distribution: uniform on a segment [0; 1] (for which
average strength value and its dispersion are equal accordingly to 1/2 and 1/12); two-parametrical Weibull
distribution with the same average strength value and dispersion. In the, we shall name these two types
as the first type and the second type accordingly.

The following result has been obtained in the fundamental work [14]: critical specific load asymptoti-
cally at N —o0 normally represents distributed random variable with known average strength value and
dispersion. The first is equal to maximal value of function

gx=x1-Fx,

and the second one asymptotically converges to 0. In particular, for two specified types of strength
distribution corresponding to average values of critical specific load is an essence ql * = 0,25 and g2 *
~ 0,23 accordingly.

The important, but elementary remark consists in the fact that at known N and Fx the specified task
of forecasting of an avalanche is reduced to standard construction of a confidential interval. However in
practice the basic interest represents research of a case when there is no opportunity of load measure-
ment, and only effects of local destructions (packages) are registered. Besides, a bundle volume is also
usually unknown.

At carrying out of numerical experiment, we shall be limited by the case when external load onto a
bundle increases proportionally to time. At the same time we have the following from the given above
definitions: sequence number value of a package or the load value corresponding to the given package
can be chosen in considered statement as discrete analogue of time. In general, process of destruction is
completely described by two sequences: volumes of consecutive packages and values of load corresponding
to them. Accordingly, during numerical modeling these sequences make the output information on results
of each separate experiment. Te analysis of statistical characteristics of destruction process is made on the
accumulated data, and the basic attention is given to studying shares of packages’ variability of various
volume in process of development of destruction process and to search of possible regularities.

Realization and analysis of results

The course of numerical modeling represents the following logic sequence of steps.

1. Bundle fibers are bind with random strength value for the specified bundle volume N and bundle
type (I or II).

2. Zero value is bind to the current full load on a bundle. Set of the destroyed fibers is assumed empty.
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Fig. 1. Results of numerical modeling of destruction of one bundle:
volumes of consecutive packages (a), amount of recorded packages of the given volume (b)

3. If in a bundle, there are not destroyed fibers; values of their strength are ordered according to their
increase. Current value of full load on a bundle is increased abruptly up to v-om, where v is the current
number of not destroyed fibers, om is the minimal of strength values from not destroyed fibers. If not
destroyed bundle fibers are not present, process of destruction modeling is considered to be over.

4. While not destroyed fibers are available among overstressed ones, the latter are removed from a bun-
dle (i.e. they are joined to the set of destroyed fibers) with simultaneous recalculation of current specific
load on other fibers. Full load on a bundle within the limits of this cycle remains constant. When there
are no overstressed fibers, you should come back to the step 3.

On results of modeling the information on critical specific stress, consecutive volumes of the packages
formed on step 4, and values of specific load corresponding to packages are saved.

Let us represent graphically a trajectory of arising random process, setting aside on a course of bundle
destruction the value of packages’ volumes along Y-axis, and corresponding values of specific load along
abscissa axis.

As an example, the typical trajectory of arising point random process for a bundle of the first type (along
abscissa axis — current specific stress, and along Y-axis — volumes of registered packages) is shown in
Fig. 1, a. In this case the value of critical specific load has appeared equal to 0,2535 and the avalanche
volume has made 5161 fibers at bundle volume equal to N=10 000 fibers,. The frequency diagram for
volumes of packages recorded during destruction is presented in Fig. 1, b; their total number in the given
experiment has made Kb=3056.

It should be noted that relation KbN in all fulfilled experiments has appeared with rather small variability
close to the certain value. For example, for bundles of the first type this value has made approximately
31%. If the subsequent researches of model with various other types of strength distributions of fibers
lead to similar results, then corresponding empirical estimations of total amount of packages can be used
for forecasting of an avalanche affinity in the problem with known function of strength distribution. The
author of this paper could not find the description of corresponding analytical or numerical result in the
available literature.
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Representation of the frequency diagram (Fig. 1, b) in logarithmic coordinates shows good conformity
with known asymptotic relation [15]

n (A) N oc A--5/2,
where n (A) is the total number of recorded packages of volume A on a course of destruction.

The following approach to forecasting time of an avalanche occurrence is offered in the investigation
[16]. Authors mark that at approach to collapse (i.e. on the so-called prior to avalanche segment) the
above-stated asymptotic relation is transformed into the following expression

n (A) N o A--3/2,

where n (A) is the total number of recorded packages of volume A recorded on prior to avalanche
segment. They suggest to consider change of exponent estimation in expression Aa from values close to
al =--5/2, onto the values close to a2 =--3/2 as the indication of avalanche approach.

It is necessary to note, however, that strict definition of a prior to avalanche segment in the specified in
the mentioned above work is absent, and in the numerical calculations authors take as this segment such
a segment in the beginning of which specific load made 90 % from its critical value. As the concept of
specific load is not defined in conditions when the bundle volume is unknown, the given approach cannot
be directly used for a quantitative forecasting of the moment of an avalanche approach in any problem
with unknown amount of elements.

Let us try to modify this approach, using the estimation o on sliding time window (i.e. according to last
packages s, where s is some number set beforehand). Fig. 2 presents the results of numerical modeling
of bundle destruction of the second type. The bundle consists of fibers equal to N=100 000, the width of
a supervision window makes s=1 000 packages.
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Fig. 2. Estimation of an exponent in the law of distribution of volumes of packages in one experiment: on all
fixed {recorded} to a present situation of time to packages (), on the last s to the fixed {recorded} packages ()
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At the same time the estimation of an exponent shown in Fig. 2,a is received in view of total amount of
the packages recorded from the very beginning of destruction process, and in Fig. 2,b — in view of amount
of recorded packages within the limits of current window. It is obvious, that stabilization of estimations
near to the value al practically are absent, and in the first case the situation is essentially worse. Results
of numerical experiments show, that at larger values of a bundle volume the stabilization is going on
slowly if at all. Besides, transition to exponent values close to a2, occurs without characteristic step jump
which would allow to localize the moment of the beginning of prior to avalanche segment. It is important,
that the described picture does not depend on the size s of a used window. For example, corresponding
diagrams for the same realization of destruction process are shown in Fig. 3which are presented in Fig. 2,
but at other value of the window size: s=10 000.

Offered technique of an avalanche forecasting

The following approach to the statistical analysis of destruction process appears more effective and
simultaneously simpler. Let us set some sufficiently great value of width s for a sliding window. Begin-
ning with package under number s through every s/2 packages we shall calculate portions of packages of
volume 1, 2 and 3, registered in the current window. In parallel, we shall trace an estimation of above-
mentioned exponent according to the same last s packages.

The numerical analysis shows, that obtained diagrams (the role of time as it was mentioned above,
plays the current value of specific load on a bundle) possess feature of universality in the following sense.
Their statistical averaging, i.e. according to results of independently carried out numerical experiments,
(at the fixed bundle type) is a trajectory, not dependent neither from bundle volume nor from the size of
used sliding window. Results of calculations according to outcomes of five numerical experiments for
each bundle of volume N=20 000, 50 000 and 100 000 accordingly are shown on fig. 4, 5 and 6. Diagrams
of change of the exponent a are shown on corresponding fig. (a). Diagrams of change of packages’ por-
tions for individual volume concerning the total number of packages recorded in the current window are
shown in corresponding Fig. (b). Diagrams of change of packages’ portions for unit volume packages in
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Fig. 3. Estimation of an exponent in the law of distribution of volumes of packages in one experiment: on all
fixed {recorded} to a present situation of time to packages (), on the last s to the fixed {recorded} packages ()
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Fig. 4. Results of numerical modelling of destruction of 10 bundlees {beams} with uniform distribution of durability of fibres:
Estimation of an exponent in distribution of packages (),
Share of packages of volume 1 (), a share of packages of volume 2 (), a share of packages of volume 3 ()
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Fig. 5. Results of numerical modelling of destruction of 5 bundlees {beams} with uniform distribution of durability of fibres:
Estimation of an exponent in distribution of packages (),
Share of packages of volume 1 (), a share of packages of volume 2 (), a share of packages of volume 3 ()

relation of volume A=2 are shown in corresponding Fig. (c). Diagrams of change of packages’ portions
for individual volume packages in relation of volume A =3 are shown in corresponding Fig. (d). Each
point in Fig. 4 — 6 has been obtained by results of recording in “observation window” from s=1000, 2000
and 3000 consecutive packages accordingly, thus shift between windows makes s/2 packages. Values of
load corresponding to the last packages in the current window are put on X-axis.
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Fig. 6. Results of numerical modelling of destruction of 5 bundlees {beams} with uniform distribution of durability of fibres:
Estimation of an exponent in distribution of packages (),
Share of packages of volume 1 (), a share of packages of volume 2 (), a share of packages of volume 3 ()

It is visible, that portion of unit volume packages significantly decreases in due course while portion of
packages with volume 2 and 3 increase in process of system approach to the total collapse. The form of
diagrams for A =2 (Fig. (b)) is especially characteristic. One can observe steady presence of the marked
maximum of double packages’ portion shortly before an avalanche. Time from passage of this maximum
before an avalanche occurs makes on the average 10 % from full duration of destruction process for fiber
bundles of the first type.
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Fig. 7. Results of numerical modelling of destruction of 5 bundlees{beams} with Befi0ymnoBckum distribution
of durability of fibres: an estimation of a parameter
Degrees in distribution of packages (), a share of packages of volume 1 (),
Share of packages of volume 2 (), a share of packages of volume 3 ()
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It is important to note, that characteristic forms of corresponding trajectories are also typical for fiber
bundles of the second type. Similar dependences for the case of Weibull distribution are presented in
Fig. 7. Properties of trajectories’ monotony and relative size of time pause between passage of maximum
of double packages’ portion and the moment of system collapse are held true for fiber bundles of the
second type.

Under the described universality, the given empirical observation can serve as one of criteria of an
avalanche forecasting in considered bundle model. At receiving in real time (on a course of destruction)
points of discrete trajectory for A =2, it is offered to initiate warning about avalanche approach immediately
after passage of a local maximum of double packages’ portion. In addition to that, absolute size of time
which has remained up to an avalanche, is offered to estimate (in conditions when N is not known, and
estimation of destruction process duration a priori is impossible) by comparison of the form of trajectories
for A =1, 3, received in real time, with the form of trajectories obtained from modeling examples. Based
on the comparison it is necessary to make scaling of X-axis on discussed diagrams.

As to sharp jump of estimated value a, which is really observed (Fig. 4,a; 5,a; 6,a), it occurs directly
ahead of an avalanche and cannot help to forecast the moment of system collapse approach with reserve
of time.

The conclusion

The investigation based on statistical processing of numerical experiments’ results on modeling process
of Daniels fiber bundle destruction some regularities relating change in time (in process of load increase)
of destruction packages’ portion of small volume in total of registered packages have been revealed. It
is empirically shown, that at sufficiently big size of a bundle, change diagrams in packages’ portion of
volume A =2 in relation to the total number of packages recorded in the current observation window, have
the marked maximum shortly before an avalanche. Preliminary estimations show, that the section from
a point of maximum till the moment of avalanche beginning makes about 10 % of the total destruction
process duration. In addition to that there are bases to assume universality of the given criterion of an
avalanche forecasting in fiber bundle model as this value has appeared identical to both types of consid-
ered strength distributions of fibers — uniform and Weibull distributions, and it is realized for bundles of
various volume and at use of observation windows of various length.

An interesting problem consists in check of hypothesis that at unlimited growth of a bundle volume,
maxima will arise also on diagrams of packages’ portion of volume A> 2, and the bigger the value A is,
the closer we are to the moment of an avalanche. Confirmation of this hypothesis would allow building
similarity of the hierarchical plan for system collapse forecasting.

Among other possible directions of further work, it is possible to single out checking of similar regu-
larities in more complex models, in particular, bundle models with other types of load redistribution,
models of non-uniform bundle (i.e. containing fibers with various statistical properties) [17], hierarchical
models of tree type.
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CTpyKTypHas HageXXHoCTb. Teopus u NnpakTuka

AxpamoBun4 U.J1., Koryt C.A., TepewjeHko P.B.

METOAMKA ONPEOEJIEHUS OXKUOAEMOWA
CTOMMOCTU FAPAHTUNHbIX OBSA3ATE/IbCTB
NPEANPUATUS-U3TOTOBUTENS

PaspabotaHa meToavka OfpeneseHnst OXuaaeMblX U3LEPXEK NMPeanpusTUS-U3roToBUTENS HA rapaHTuii-
Hoe obcnyxuBaHne nsaenui. lokasaHo, Kak paccynTarb 3aTpartbl Ha rapaHTUVHbIF PEMOHT C Y4ETOM UH-
TEHCUBHOCTU OTKa30B Paano3/IEKTPOHHON arnaparypbl U3aesns Ha atane rpoekTUpPOBaHUS U 3a/10KUTb
UX B CTPYKTYPY LIE€HbI NU3AEJINSI, UCX0AS N3 MPOAOSIKNTEIbHOCTU rapaHTuiiHbIx 0653aresnbcTB. OLEHUB OXU-
AaeMy CTOMMOCTb PEMOHTOB U3AENS 3a Nepuos rapaHTUiiHbIX 0653aTesIbCTB, MOXHO COKpaTuUTb 3aTpa-
Thbl NPEeAnpPUSTUS-U3rOTOBUTESIS], CO3AaB PE3ePB CPEACTB HA rapaHTUiiHoe 0OCyXuBaHVE, MNO3BOJISIOLLN
COKOHOMUTb HA HaJIore Ha rnpubbliib.

KnrouyeBble cnoBa: rapaHTuiiHblie 006513aTe/1bCTBa, CTOMMOCTb PEMOHTA, 0TKa3, MHTEHCUBHOCTb OTKa30B,
pPaanNosNeKkTPOHHas annaparypa, pe3epB CpeacTB, HaJor.

BeBepeHue

Kak HN3BCCTHO, HA BBIITYCKACMYIO ITPEAIIPUATUAMU OTCUECTBECHHOM MPOMBIIIJIICHHOCTH PAAUO3JICKTPOH-
Hyto annaparypy (POA) ycraHaBinBaroTcsl onpeaeeHHbIE rapaHTHIHbIE 0043aTeIbCTBA, TO €CTh 3a
yCTElHOBJIGHHBIfI 9TUMH 00s13aTeJILCTBAMU nepuoa NpCAnpUuATHC-U3roTOBUTCIIb OOJIKHO OBITH TOTOBO
YCTPaHHTH 32 CBOM CUET HEIOCTATKU B Pe3yJIbTaTax BBHIIIOJHEHHBIX paHee padorT.

B coorerctBum ¢ I'OCT PB 15.306-2003 rapantuiinbie 00s3aTenbCTBa — 3TO 00s13aTENBCTBA IOCTAB-
KA, MOAPSTUNKA FapaHTUPOBATh 3aKa3UMKY (IOTPEOUTEII0) COOTBETCTBUE KaU€CTBA IIOCTABIISIEMbIX U3-
JIeJINH, BBIOJIHAEMBIX padoT (yCiIyT) HOpMaM, YCTaHOBJIIEHHBIM TEXHUYECKUMHU YCIOBUSIMU, CTaHAapTaMH
U (WJIM) yCIIOBUSIMU KOHTPAKTa B TEUEHUE ONPEAEIEHHOTO BpEMEHH (TrapaHTUIHOIO CPOKa, FrapaHTUIHHON
HapaOOTKH) U 0E3BO3ME3/IHO U B YCTAHOBJICHHBIC TapaHTHHHBIMU 00S3aTEIbCTBAMHU CPOKH YCTPAHATH
nedexTsl n3aenuit (paboT), BHISBICHHBIC B TAPAaHTUHHBINA TEPHOJ TIOCPEICTBOM PEMOHTA HITH 3aMEHBI
ne(heKTHBIX U3 (COCTaBHBIX YacTel) MpU COOMIOICHUN TTOTPEOUTEIEM OTOBApUBAEMBIX YCIOBHIMA
AKCILTyaTaluu (MCIOJIb30BaHUs ), XpaHEHUsI, TpaHCTIOpTUpoBaHus [1].

OnHako CTOMMOCTD 3TUX FapaHTHHHBIX 0053aTENBCTB 3a4aCTyI0 OTCYTCTBYET B CTPYKTYpPE IICHBI U3-
TOTaBJIMBAEMBIX MPEANPUATHIMH H31eIUN. B 3TOM ciryyae 1eHeXHbIe Cpe/ICTBa Ha TapaHTUIHOE 00CTTy-
YKUBAHWE N3TOTOBJICHHBIX PaHee U3/IEIIHI U COCTABHBIX YacTel OepyTcs U3 MpUOBUIH MPEIIPUATHS JTHO0
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U3 CPEJICTB, BBIJICIIEHHBIX Ha APYTHE 3aKa3bl, IPU TOM HEPEIKH CIIydau, KOrJa Ha OAHOTUITHBIC U3JeNINs
YCTaHaBJIMBAIOTCS pa3IMYHbIE FapaHTHUIHbIE CPOKU, TPUUEM 3TU CPOKH MOTYT MEHSTHCS B Pas3bl.

W3-3a OTCYTCTBHSI €AMHOM METOIMKY OLIEHKH CTOMMOCTH I'apaHTUHHBIX 0053aTE€IbCTB HUKTO 3apaHee
HE MOJICUMTBIBAJ 3aTPAThl NPEANPHUITUNH-U3TOTOBUTENIEH Ha rapaHTUHHOE 00CITy )KUBaHHE.

B Hacrosmieil pabote caenaHa MONBITKA OLEHUTh CTOMMOCTb I'apaHTUHHBIX 0053aTEIbCTB C YUYETOM
MHTEHCUBHOCTU OTKa30B COCTABHBIX YaCTEH M3rOTaBIMBAEMbIX U3AEIHHA U MPOAOIKUTEILHOCTH 3THX
00513aTeNbCTB, @ TAKXKE PACCMOTPEHBI BAPUAHTHI CO3JJaHUS HA MPEINPUATUSIX PE3EPBOB CPEIICTB Ha Ia-
paHTUIHBIC PEMOHTHI, IPUYEM CPE/ICTBA, HAXOAALIMECS B 3THUX PE3epBax, B COOTBETCTBUU ¢ HanoroBeim
Konexcom Poccuiickoit denepannu, He 001aratoTcsi HAJI0TOM Ha IPUObLIb.

1. OueHka CTOMMOCTM rapaHTUiHbIX 0093aTeNIbCTB NPU €ANHbIX
rapaHTMMUHbIX CPOKaX COCTaBHbIX YacTen uapenus

W3nenusi, BbITycKaeMble MPEANPUSTUSIMEU, COCTOAT, KaK MPAaBUIIO, U3 MOKYIMHBIX COCTABHBIX YacTel
(CY) u CY coOCTBEHHOTO M3rOTOBJICHHMSI, IIPH 3TOM TrapaHTHIHBIE CPOKH, YCTaHOBIEHHBIE Ha 3TH CY,
MOTYT KaK COBIAaJIaTh, TaK U OBITh PA3IUYHBIMU.

PaccMoTpuM nepBbIii BapHaHT, KOTra rapaHTHITHBIN CpoK Bblyckaemoro usaenus (T ) coBmamaer
¢ rapaHTUiHBIM CPOKOM MOKYIHBIX CH (T oy 1 )» BXOMALINX B U3IENHE.

B sTOM cnyuae oxxugaemasi CTOUMOCTh PEMOHTOB M3/1€THs (M3EPKEK MPEANPUATHS) 32 BpeMsl rapaH-
TUHHBIX 00s13aTenbCcTB (C ) onpeaensercs o Gopmysne (1):

I m3p

I'P usn
m

CFP wso ZCFPi '(rPAEi +rXPi) 'Truaa’ (1)
i=1

e Crp . (py0.) — CpeaHss CTOMMOCTB OHOTO TapaHTUHHOTO peMoHTa (3amenbl) CY coOCTBEHHOIO U3-
TOTOBJICHUS 1-TO TUIIA, OTIPEIETISAETCS SKCIIEPTHBIM METOIOM T10 pe3yabTaTaM dKCILTyaTalliy aHaIOTUYHBIX
CY (ucxons u3 nmpakTtuky, 3Ha4enne Cpp, . 00b14H0 cocrasnser 30 — 50% croumoctn CY i-ro Tuma);

T} .y (ICT) — rapaHTHHHBIN CPOK (FAPAaHTHIHBIA CPOK CITy)KOBI) H3ACIHS, 3aJaHHBII B TEXHAYCCKUX
yenosusx (TY);

T a6 M Ty — OKHIAEMOE 32 OZIHH IO/ rapaHTUIHBIX 0053aTENIbCTB CyMMapHOE KOJIM4ecTBO 0Tka3zoB CY
COOCTBEHHOTO U3TOTOBJICHUS 1-TO THUIA B MEPUOJ] paOOTHI U3JENHS U €r0 XPAaHEHHUSI COOTBETCTBEHHO.

3HaueHus Ia6i M Ty, § COOTBETCTBEHHO ONPEIEIIAIOTCS 110 dbopmynam (2) u (3):

P

rpaﬁi:A.Ni'A’i'Q5 (2)

=0,02-4-N, - A (1-0), (3)

rxpi

rae Q — koaGUIMEHT TeXHUUYECKOTOo HCTioNb3oBanus u3aenus. B coorBercteum ¢ [OCT P 27.002-2009
3TO A0S HAXOXKEHUS U3AENUsl B pa00TOCIIOCOOHOM COCTOSIHMM OTHOCUTEIBHO OOIIEeH MPOAOIKUTEb-
HOCTH 9KCIUTyaTallly B 33/IaHHOM MHTEPBaJie BpEMEHHU, BKIII0Yasi BCE BUAbI TEXHUYECKOTO OOCITYKUBaHUS
[2]. 3nauenue Q onpenensercs U3 3aAaHHbIX B T T3 TpeOoBaHUI Ha U3IEIUE, TUOO IO Pe3yJbTaTaM dKC-
TUTyaTaluy aHaJIOTOB;
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A, (1/9) — uaTeHCUBHOCTL 0TKa30B CYU COOCTBEHHOIO M3roTOBIECHMS 1-ro THHa. Onpenensercs pac-
4ETHBIM METOJIOM Ha dTanax TeXHUYECKOTo MPOeKTUpoBaHus uiu paboueii K/ u npusenena B pacuérax
Ha/IEKHOCTH (MOXKET TaK)Ke OIPEeIATHCS 110 TEXHUYECKUM ycioBusM Ha CYH);

N. — komuuecTBo CY cOOCTBEHHOr0 U3rOTOBJIEHHUS 1-I'0 THUIIA;

A — KOJIMYECTBO 4acoB B rofy, pasHoe 8760 u.

[Tpumeuanue: koaduument 0,02 B popmyie (3) nomydeH B pe3ybTare CpaBHEHUs 6a30BOH (A;) MH-
TEHCUBHOCTH 0TKa30B PDA M MHTEHCHBHOCTH OTKa30B XPaHECHHUS (Xxp), MPUBEIEHHBIX B CIIPABOYHHKE
22 THUMU MO P® 2006 1., 1 SsBISE€TCS OTHOIIIEHHEM MHTEHCUBHOCTH OTKA30B BBIKJIIIOUEHHON POA K
BKJIFOYEHHOU.

Bripaxkenue, npusenéuHoe B popmyre (1), MOKHO 3HAUUTENBHO YIIPOCTUTD, €CITU MPU pacyeTax MPUHSTH
JOTYIICHHUE, YTO CPEAHSSI CTOUMOCTh OTHOTO TapaHTUHOTO peMoHTa CU cOOCTBEHHOTO M3TrOTOBICHHS
ofnHaKoBa ais Bcex tunos CY.

B rakom ciyuae senuauny Cpp . MOXKHO ONPEIEIHTH 110 Gopmysie (4):

Crpwo =Crp Uogs + 1) Trope 4)

rac CTP — CpeaHsiAsd CTOUMOCTL OJHOIO I' apaHTHﬁHOFO PEMOHTA CY coOcTBEHHOTO HU3IrOTOBJICHHA,
I'p 26 ur p OXHUJaCMO€ 3a OAMH I'0/J FapaHTHﬁHBIX 00s13aTeILCTB CYMMAapHO€ KOJINMYCCTBO OTKAa30B BCEX
CY coOCTBEHHOIO M3rOTOBJICHUS B nepuon pa6OTLI " XpaHCHUA COOTBETCTBCHHO.

3HayeHUs I a6 1 Ty, OTIPEIEIIAIOTCS TIO dopmynam (5) u (6):
rpai}:A.}\’Z'Q, (5)
r, =0,02-4 -2 (1-0), (6)

Ay — CyMMapHas HHTEHCUBHOCTb 0TKa30B BceX CU cOOCTBEHHOro M3rOTOBIICHHUS, ONPENEIAETCA 110
dopmymne (7):

7")::27‘1"]\[[' (7

2. OueHKa CTOMMOCTM rapaHTUNHbIX 0093aTeNnbCTB NPU pas3nnyum
B rapaHTUMUHbIX CPOKaxX COCTaBHbIX YacTen usgenus

Terneps paccMOTPUM BTOPOW BapuHaHT — KO/ ApAaHTHIHHBIA CPOK Bbimyckaemoro maxenust (T )
Gosnbie rapanTUiHOrO cpoka MOKYNMHbIX CH (Tp. y ., )> BXOAAMIMX B COCTaB uzaenus. B stom ciyvae

OXKUIaeMasi CTOMMOCTh PEMOHTOB W3/IENHS (M3ACPIKEK MPEATIPUSATHS) 32 BPeMs TapaHTUHHBIX 00513aTeIbCTB
onpenensercs mo gopmyie (8):

m k
CFPusd = zcrpi'(rPAEi'i'rxpi) 'Tru3a+ ZCFPj'(rPA5j+rXPj) '(Tfugo_Tchnmc)’ (8)

i=1 Jj=1

rae Cpp i (py0.) — cpenmHsst CTOMMOCTh OJHOTO TapaHTUWHOTO peMoHTa (3aMeHbl) mokynHoi CY j-ro
THUTIA, OTIPENIENISCTCS SKCIIEPTHBIM METOJIOM TI0 pe3yJIbTaTaM dKCIUTyaTanuy aHanoruuueix CU;
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T} oy yox (VIET) — rapaHTHHBIN CPOK (TaPAHTUMHBIA CPOK CITyKOBI), 3aJaHHBIN Ha MOKynHY0 CU;

rpa6 i n rxp i OXKNJaeMoO€ 3a OHH I'OJ rapaHTHﬁHBIX 00513aTEILCTB CYMMApHO€ KOJIUYCCTBO OTKA30B

nokynHbIx CY j-ro Tuma B nepuoj] paboThl U XpaHEHUSI COOTBETCTBEHHO.

3HaueHus Iag j 1 Ty j OTIPEICTISIOTCSA 11O dbopmynam (9) u (10):
Fos; =A - N; -\ -0, 9)
=0,02-4- N, - A, (1-0), (10)

FXP J

e }\,J — MHTEHCUBHOCTD 0TKa30B MokymnHoi CY j-ro Tura, onpenensercs u3 TexHuueckux yciaosui (TVY);
Nj — Kon4yecTBO MOKyNHBIX CY j-ro Tuma.

[IpouienTHOE COOTHOIIEHUE BETUYUHBI C
nsierces o ¢popmyte (11):

I'p 3 K CTOMMOCTH H3roTOBICHHS H3nemust (Cpgp ) O1pesie-

C
A(%) =—2.100%. (11)

U3 uz0

IIpumep pacyéra 0knaaeMOIl CTOMMOCTH FTAPAHTHIHHOIO 00CIY;KUBAHUSA U31eTHS

3agava:

Omnpenennts 3HAYCHUST OKUAACMON CTOMMOCTHU TapaHTHIHBIX peMoHTOB m3nenust (Cpp . (py0.)) n
MIPOLIEHTHOE COOTHOILIEHUE ITON CTOMMOCTH K CTOMMOCTH M3roToBieHus uznenus (A(%)) uznenus npu
TpeOyeMOM 3aKa3uMKOM CPOKE FapaHTHHHOTO 0OCITyKUBaHUs, paBHOM T =1,2,3,4u5 ner.

Hcxonublie 1aHHbIC:

Koaddunment rexaudeckoro ucnoiabzoBanus uzaenus Q = 0,47 mo tpedoBanusam TT3;

Cpentsist croumocts nsrorosnenust usgeaust Cpsr . = 8632678 pyo.;

Cpennsisi croumMocTh u3rotoBienus ogHo CH uznenust paBaa 24317 pyo0.;

Bce CU, Bxoagiiue B COCTaB U3 — COOCTBEHHOIO U3TOTOBJICHHS.

Pacuér:

I m3p

Io popmyie (7) onpenensiercs Ay = 27‘1' - N, =2458,3864 - 10°°, npu pacuére Ay 3HadeHws A, i N,
i=l1
MIOJIy4Y€HBI U3 pacu€ra HaAEKHOCTH HA U3JETIHE.
ITo popmyitam (5) u (6) onpeneNArOTCS 3HAYCHUS

oo = A Ay - Q=8760 - 2458,3864 - 10 - 0,47 = 11

= 0,02 A2y (1-Q) = 0,02 - 8760 - 2458,3864 - 106 (1-0,47)=1.

3uauenue Cpp, ONpenenseTcs SKCIePTHRIM METOIOM KaK IIOJIOBMHA CPETHEH CTOMMOCTH H3TOTOBJIEHUS
oxaor CY uznenus:

Cpp=24317 py6.- 0,5 ~ 12160 py6.

3nadenust Cpp . 1 A(%) ONPENEISIOTCs COOTBETCTBEHHO 110 opmyiam (4) u (11)
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Crpuwo =CrpWpys +7yp) Tr,,, =12160 - T - (11 + 1) = 145920 T,

C :
A(%) = _IPu0 100% = % .100%.
Ciisruo 8632678

0 —
ITonyyennpie 3Ha4eHus Bemuunn Crp, . A(%) mns T, = 1,2, 3,4 u 5 ner npuBeneHs! B Tadmuie 1.

Taoauna 1
IMonyyeHHbIE 3HAYCHUSA
3anannbie 3navenus T o
C]—'P n3Jq (pyﬁ‘) A(OA))
1 rox 145920 1,69
2 roma 291840 3,38
3 roma 437760 5,07
4 roma 583680 6,76
5 ner 729600 8,45

3. NMapaHTuitHoe oo0cnyXXBaHMe C TOYKU 3PEHNS
HaNoOroBOoro 3aKoHopgaTtenbCcTBa

OneHuB 0XHM1a€MYI0 CTOMMOCTh PEMOHTOB M3JIEHsI 3a BpeMsl TapaHTHUHHBIX 0053aTelIbCTB, MOKHO
C/IeNaTh BBIBOJ O TOM, YTO MCIIOJHEHHE 3TUX 00S3aTeNIbCTB MOCJE CIaul U3/EIHs 3aKa3UUKy MOBIEUET
3HAYUTEIbHbIE MaT€pUAIIbHbBIE PACXOIBI.

UroObl COKpaTHTh 3aTpaThl HA TapaHTHITHOE OOCTYyXMBaHHE, COKOHOMHB Ha HAJIOTe HA MPHOBLIE,
IpeaNpUsATUE-U3TOTOBUTEND BIPABE CO3/1aTh PE3€PB CPEACTB Ha rapaHTHIHBIN peMOoHT [3]. JlaHHOE npaBo
3aKperuieHo B myHKTe 1 crarbu 267 «Pacxompl Ha popMHUpOBaHHUE pe3epBa 10 TAPAaHTUIHHOMY PEMOHTY
U rapaHTHiiHOMY o0cnykuBanuto» Hanorosoro Konexca Poccuiickoit ®enepaunu (HK P®), a Taxxke B
COOTBETCTBHH C MOAMYHKTOM 13 myHKTa 2 cTarbu 149 «Omeparuu, He MoJIeKaIire HaToroo0JI0KEHUIO
(ocBoOOXK MaeMble OT Hastorooonokenus)» HK PO He momiesxuT Ha1oroo0I0KeHUI0 peaan3als Ha Tep-
putopuu PO ycnyr, oka3piBaeMbIX 0€3 B3UMaHHS JOTIOIHUTENLHON TUIATHI IO PEMOHTY M TEXHHUECKOMY
00CITy’)KNUBAaHHIO TIPOAYKIIMU B TIEPUO] TAPaHTHIHOTO CPOKa e€ IKCIUTyaTalliy, BKIII0Yas CTOMMOCTD 3a-
MacHBIX YacTeu I Heé U JleTanei K Hel.

[TpaBuna popMupoBaHs pe3epBa yCTaHABINBAIOTCS CONIACHO MyHKTY 3 ctathkl 267 HK P®. Pacxomamu
Ha rapaHTuiiHOE O0OCITy’)KMBaHHE MPU3HAIOTCSI CYMMBbI OTYHCIIEHUH B pe3epB Ha JaTy pealu3aluu Mmpo-
TYKIUH TIPeANpUsTUA-U3roToBUTENS. Pazmep co3gaHHOro pe3epBa He MOXKET MPEBBIIIAThH PEEIbHOTO
pasmepa, oTpeeIsieMoro Kak Joist (PakTHIeCKH OCYIIECTBIEHHBIX HAJIOTOIUIATENILIIIMKOM PACXO0B MO
rapaHTUHHOMY PEMOHTY ¥ 00CITY’)KHBaHUIO B 00bEME BBIPYUKH OT PeasTM3alliy MPOILYKIMH 32 ITPEIbITY-
1€ TPH rofia, yMHO)KEHHAsi HA CyMMY BBIPYYKH OT peaan3aluy NpOIyKIUH 3a OTYETHBIN (HATIOTOBBIi)
MEPUOSI.

B cnyuae, eciin HajoromiarenbIiuK MEHee TPEX JIET OCYIIECTBISIET pealu3aliio U3TOTOBIEHHONW UM
MPOIYKIUH C YCIIOBUEM OCYIIECTBICHUS TapaHTUIHOTO PEMOHTA U 00CITYKUBaHHUS, JJIs pacuéTa rmpeaeib-
HOTO pa3Mepa CO3aBaeMOro pe3epBa yUUTHIBAETCA 00bEM BBIPYUKH OT peasi3aliuy 3TON MPOIYKIMH 3a
(haKTHICCKUN TIEPUOJT TAKOW pPeasTM3aIlnu.
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Hanoromiarenbiyk, panee He 0CYIIECTBIISIBIIMN peai3aliio CBOEH MPOIYKIIUH C YCIIOBUEM rapaHTHIA-
HOTO PEMOHTA U 00CTYKUBaHMUsI, BIIPAaBE CO3/1aBaTh PE3EPB M0 FrApaHTUIHOMY PEMOHTY 1 00CITYKHBaHUIO
B pa3Mepe, He MPEBBIIIAOIIEM 0XKHIaeMbIX PACX0/I0B Ha YKa3aHHbIC 3aTPaThl.

Kpowme Toro, cymma peseppa 1o rapaHTUHHOMY PEMOHTY U OOCITYKHBaHHUIO, HE TOJHOCTHIO UCIIOJb-
30BaHHAas HAJIOTOIUIATEIbIIMKOM B HAJIOTOBOM TIEpUO/IE Ha OCYIIECTBICHHE PEMOHTA U3TOTOBJICHHON UM
MPOAYKIIHUU, PEaTU30BAHHON C YCIOBHEM IPEIOCTaBICHUS TapaHTHH, MOXKET ObITh IIepeHeceHa UM Ha
CJIEAYIOIIUI HAJIOTOBBIN rof [4].

3akn4yeHume

Metoanka mo3BoJIsIeT:

— OTPEJCIIUTh OKHUIAEMYIO CTOUMOCTh PEMOHTOB (M3AEPKEK MPEIITPHUSTH) 32 BpEMs TapaHTUHHBIX
00513aTeNIbCTB U TIPOICHTHOE COOTHOIICHHE STOW CTOMMOCTH K CTOUMOCTH U3TOTOBIICHUS U3ICITHUS;

— apryMEHTHPOBAHHO 3aKJIaIBIBATh B CTPYKTYPY IICHBI H3/ICTHS ICHS)KHBIC CPEICTBA HAa TAPAaHTHITHOE
oOcCTyXKMBaHKe, a TIABHOE, 3aKJIa/IBIBATh 3TH CPEACTBA MCXOJS U3 MPOIOJDKUTEIIBHOCTH CpOKa TrapaH-
THHHBIX 0053aTEIIbCTB;

— OICHUB OXKHJIAeMbIC M3ICPKKHA HA PEMOHT 110 TapaHTHSAM, IOMOTAeT CO3/1aTh HA TPEATNPUITHN HE
oOnaraeMplii HAJIOTOM Ha MPUOBLTH PE3EPB CPEACTB HA TApAHTHUHHOE 00CTYKUBAHUE H3ICITHM.
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Structural reliability. The theory and practice

Akhramovich I.L., Kogut S.A., Tereschenko F.V.

METHODS FOR DEFINING OF A MANUFACTURER’S
WARRANTY EXPECTED COSTS

The paper presents the methods for defining a manufacturer’s expected costs for warranty mainte-
nance of products. It is shown how to calculate the cost of warranty repairs, with the failure rate of
radio-electronic equipment at the design phase taken into account, and put them into the structure of
a product’s price, with the duration of warranty borne in mind. Having estimated the expected cost of
warranty, a manufacturer can reduce costs by making a reserve fund for warranty service that allows
saving money on profit tax.

Keywords: warranty, repair cost, failure, failure rate, radio-electronic equipment, reserve fund, profit tax.

Introduction

It is known that some warranty has to cover radio-electronic equipment produced by the Russian industry,
so a manufacturer shall be obliged to eliminate drawbacks in previous services for the defined term.

According to GOST RB 15.306-2003, warranty is a supplier’s (contractor’s) obligation to guarantee
to the customer (consumer) that the quality of products (services) supplied is in compliance with the
standards, specified technical conditions and (or) contract’s provisions during the defined term (warranty
period), and the obligation to eliminate, gratis and within the term specified by the warranty, the defects
of products (services) revealed during the warranty period by repairing or replacing defective products
(components), provided that the consumer follows the specified conditions of operation (use), keeping
and transporting [1].

However, the cost of warranty obligations is often not included into the structure of the price of prod-
ucts produced by manufacturers. In this case the funds required for warranty repairs are taken from a
company’s profit or the funds allocated to other orders. On top of that, warranty periods can vary quite
significantly — sometimes radically — for products of the same type.

Since there are no common methods for estimating warranty expected costs, none has calculated a
manufacturer’s costs for warranty maintenance beforehand.

In this paper we have attempted to estimate costs of warranty obligations, with the failure rate of com-
ponents of manufactured products and the duration of these obligations taken into account. We have also
studied models for making reserve funds by manufacturers for warranty maintenance, referring to the
fact that according to the Russian Tax Code, funds put in these reserves are not taxable.
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1. Estimation of warranty obligations cost in case of common
warranty periods of a product’s components

Products generally consist of commercially available off-the-shelf (COT) items and locally produced
items, and their warranty periods can be either similar or different.

Let us study the first case when the warranty periods are similar.

In this case the warranty repair expected cost (a manufacturer’s expenditures) over the warranty period
(C pp s 18 defined by the following formula (1):

Crp o :[ZCFPi (Ppyp; + VXPi):| Troue (1)

i=1

where Cp, . (rubles) is the average cost of single warranty repair of the i-th locally produced item and
defined by the expert method upon results of operation of identical items (as practice shows, the value
C,p ; usually makes up about 30-50% of the cost of the i-th item);

Tp 5, (vears) is the warranty period (warranty service period) of a product specified by Technical
Conditions;

- and Lepi is the total number of the i-th locally produced item’s failures expected for one year of
warranty obligations during the operation and keeping of the item respectively.

Values of T a6 i B Ty, ; ATC defined by formulas (2) and (3) respectively:
rpa6i:A.Ni'7\‘i'Qa (2)
Fpi =0,02-4 - N, - A (1-0), (3)

Q is the coefficient of the technical use of the product. According to GOST R 27.002-2009, it is the pro-
portion of a product’s availability in relation to the total operation period within the specified time interval,
including all types of technical maintenance [2]. The value of Q is defined by the technical requirements
for a product fixed in the technical specification or upon results of testing analogous products;

A, (1/time) is the failure rate of the i-th locally produced item. It is defined by the calculation method
at the stage of technical design or technical specifications and specified in reliability calculations (can be
also defined by the technical conditions for items);

N. is the total number of the i-th locally produced item;

A is the number of hours in a year (equals to 8§760);

Note: The coefficient 0.02 in the formula (3) is a result of comparison of the basic failure rate (A;)
of radio-electronic equipment and the failure rate of storage (?»xp), specified in Guide 22 TSNII MO RF
dated 2006, and equals to the correlation between the failure rates of radio-electronic equipment in off
and on modes.

The expression in formula (1) can be significantly simplified if we assume for calculations that the
average cost of single warranty repair is similar for all types of locally produced items.
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In this case the value of C[;, . can be defined by the following formula (4):

Crpwo =Crp Uogs 1) Tropy 4)

where Cp, is the average cost of the warranty repair of a single locally produced item;
T a6 H Ty is the total number of a locally produced item’s failures expected for one year of warranty
obligations during the operation and keeping of the item respectively.

The values of I a6 M Ty, are defined by formulas (5) and (6):
rpa6:A.7\’Z'Q5 (5)
r, =0,02-4 -2 (1-0), (6)

Ay is the total number of a locally produced item’s failure rate which is defined by formula (7):

7")::27‘1"]\[5' (7

2. Estimation of warranty obligations cost in case of differences
in warranty periods of a product’s components
Now let us consider the second variant when the warranty period of a final product is longer than the

warranty period of its component parts. In this case the expected cost of repairs during the warranty pe-
riod is defined by formula (8):

m k
Crp o :[2 Crp; - (Fpup; +rxpi):|'Tru3() + |:Z CFPj '(rPAEj +rXPj):|'(ngo I (8)

i=l j=1

where Cp,;, i (rubles) is the average cost of a single warranty repair (replacement) of the j-th purchased
component part, which is defined by the expert method upon results of the operation of analogous
items;

TF CY ok
part;

(years) is the warranty period (warranty service period) specified for a purchased component

—y and Tepi is the total number of the i-th locally produced item’s failures expected for one year of

warranty obligations during the operation and keeping of the item respectively.

The values of T oagj M Iy Ar€ defined by formulas (9) u (10):
Toarj = A Ny - Ay - 0, )
=0,02-4-N, -\, (1-0), (10)

FXP J

where Xj is the failure rate of the j-th locally produced item, which is defined by the technical conditions;
Nj is the number of purchased j-th component parts.
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The percent correlation of Cpp, |- to Cppap o 18 defined by formula (11):

C
A(%) =—2.100%. (11)

U3 uz0

The example of calculation of the expected cost of the warranty service of an item

Task

To define the value of the expected cost of warranty repairs (Cp, . (rubles)) and the percent correlation
between this cost and the production cost (A(%)), with the warranty period required by a customer being
equal T =1,2,3,4 and 5 years.

I m3g

Source data

The technical use coefficient Q = 0.47 (according to specification requirements);

The average production cost Cy5p- . = 8632678 rubles;

The average production cost of a locally produced component part equals to 24317 rubles;
All the components of the item are locally produced.

Calculation

Using formula (7), we define A, = 2 A - N, =2458.3864 - 10°°, where the values A, and N, are defined
im1

by calculation of the reliability of an item.
Using formulas (5) and (6), we calculate

T = A Ay Q=8760 - 2458,3864 - 106 - 0,47 =~ 11
r,=002-A- Ay (1-Q) = 0,02 - 8760 - 2458,3864 - 10 - (1 -0,47) = 1
The value of Cp;, is defined by the expert method as the half of the average production cost of an item’s
single locally produced component part:
Cpp=24317 rubles. - 0,5 = 12160 rubles.

The values of C and A(%) are defined by formulas (4) and (11) respectively

IT'P u3n

=Cpp (T +7yp) Ty = 12160 - T+ (11 + 1) = 145920 T,

CF P uz0

C.p. )
A(%) = _IPu0 100% = % -100%.
[ 8632678

The values Cp, . and A(%) calculated for T =1, 2, 3, 4 and 5 years are shown in Table 1:

T u3n
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Table 1
Calculated values
Given values of T Co(rubles) A%)
U3
1 year 145920 1,69
2 years 291840 3,38
3 years 437760 5,07
4 years 583680 6,76
5 years 729600 8,45

3. Warranty service in terms of tax legislation

After having estimated the expected cost of warranty repairs, we can summarize that the fulfilment of
these obligations upon delivery of a product to the customer can cause significant material costs.

In order to decrease these costs and to save money on profit tax, the producer is in his right to establish
a money reserve fund for warranty repairs. This right is stipulated by Item 1 of Article 267 “Costs of
establishment of reserves for warranty maintenance and repairs” of the Russian Federation Tax Code,
as well as, according to Item 2.13 of Article 149 “Free-of-tax operations”, no taxes are imposed on war-
ranty services realized without extra payment related to maintenance and repairs of products during their
warranty period, including the cost of spare parts and components for them.

The rules of establishment of a reserve fund are specified by Item 3 of Article of the Russian Federation
Tax Code. Warranty costs are defined as allowances for reserve at the date of the sale of products by a
manufacturer. The size of allowances cannot exceed the limit defined as the percentage of expenditures
actually made by a taxpayer for warranty repairs and maintenance in the amount of revenues over the
previous three years multiplied by the total sales revenue for the reporting (tax) period.

In case the taxpayer sells his products for less than three years with warranty provisions, the amount
of revenues over the period of actual sales should be taken into account to estimate the limit of the re-
serve.

The taxpayer who has not previously sold his products with warranty repair services included is free
to establish a warranty reserve fund in the amount not exceeding the expected costs for warranty main-
tenance and repairs.

Also, the warranty reserve fund which is not fully used by the taxpayer during the tax period for war-
ranty maintenance and repairs of a product manufactured by him with the provision of warranty can be
transferred to the following tax year. [4].

Conclusion

The method offered provides the possibility:

- To determine the expected cost of repairs (company’s costs) during the warranty period and the cor-
relation between this number and the manufacturing cost;

- To reasonably build funds for warranty service in the structure of the price and, in the first place, to
do it according to the duration of the warranty period;
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- After estimating the expected cost of warranty repair, to help to establish the reserve fund for warranty
maintenance free from tax on profit.
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dyHKuMoHanbHasa 6e3onacHoCcTb. Teopusa U NpakTuka

KapmaHoB A.B., Temok A.C.

ONPEAEJIEHUE NPUEMJIEMbIX MOKA3ATEJIEN
BE3OINACHOCTU OJ14 MHOIOKAHAJIbHbIX CUCTEM
NMPOTUBOABAPUMNHOW 3ALLNTDI

B cratbe npeanaraercsi CTPyKTypa CTOMMOCTHOIO KPUTEPUsl, HA OCHOBE KOTOPOIro MOXET ObiTb OCYLLECT-
BJIeH pacdeT rnpuemseMsbiX 4acToT U rpuemMaeMbsiX KO3QOULIMEHTOB CHUXEHUS pUCKa A/ MHOroOKaHalslb-
HOU CUCTEMbI MPOTUBOABAPUIHOV 3aLLmTbl, 0OCYXXUBAIOLLEN rpyriny OrnacHbIX TEXHOJIOMMYECKUX OOBLEKTOB.
lMpuBoanTCs NpUMep pacyeTa ykasaHHbIX NPpUeMIEMbIX rnokasareseri 6e30nacHOCTY A1 TEXHOJI0MMYECKNX
0OBLEKTOB rpouecca rnoaroToOBKY rNpoayKUMn HEPTEraszoBbiX CKBAXWH.

KnoyeBbie cnoBa: 6e30M1acHOCTb, PUCK, CUCTEMA MPOTUBOABAPUIAHON 3aLLUNTbI, KOIPOULNEHT CHUXKEHUS
pucka.

BeBepeHue

Cucrema npotuBoaBapuitHoit 3amuTsl (ITA3) ucnons3yercs s obecriedeHus: 6€30MacHOro0 (QyHK-
IIUOHUPOBAHMS TEXHOJIOTMYECKUX 0OBEKTOB Ha OMACHBIX Mpou3BoACcTBax. Kak mpasuio, ITA3 Bxoaut B
COCTaB aBTOMAaTHU3UPOBAHHOM CUCTEMBI yIIPaBIEHUs TeXHOJIorndeckuM mpoueccom (ACY TII) u ciyxut
JUTSL aBTOMATUYECKOTO TIePEBO/Ia OMTACHOTO TeXHOIOrmueckoro 0obekTa (TO) mpu BOSHUKHOBEHUH HA HEM
MHIIUJICHTA, B 0€301acHOE COCTOSHIE, UMEHYEMOE «0CTaHOBOM». OObIYHO MHIMIEHTHI Ha TO BO3HUKAIOT
B TOM Clly4ae, KOIZla HEKOTOPbIE €r0 TEXHOJIOTMUYECKUE TapaMeTphl NONaAal0T B TaK Ha3bIBAEMbIE KpU-
tudeckue odnactu (KO). Ilpu 3TomM nanpHeimas skcItyaTaysi 00beKTa HEJOMYCTUMA, T.K. 9TO MOXKET
IIPUBECTH K Pa3JINYHBIM HEKEIATENbHBIM [TOCIIEICTBUSAM, HAIPUMEP, K IOTEPSIM IPOAYKIIUHU, aBaApUSIM U
T.11. [TapaMeTpsbl, 1711 KOTOPBIX OIpeesieHbl KPUTHYECKHE 00JIacTH, B TajbHEUIIEM OyayT UIMEHOBAThCA
«KPUTUYECKUMN» ITapaMETPAMHU.

Paccmotpum MHOTOKaHanpHy0 [1A3 [1], nMerolyto CTpyKTYpHYIO CXeMY, IPUBEICHHYIO Ha puc. 1.

B obmem crmywae mHOoTOKaHanbHast [IA3 o0cmyKUBaeT n TEXHOIOTHYECKUX OOBEKTOB, Tae n=>1.
Kaxnprii j-p1it TO numeer m(j) kputnueckux obnacteii (KO), mpu nonagannu B KaXIyro U3 KOTOPBIX CO-
OTBETCTBYIOILETO «KPUTUYECKOTO» TTapamMeTpa MPOUCXOAUT MHIMIEHT, rae m(j) = 1, j=1,..., n. Kaxmyto
s-y1o KO, rie s = 1,..., m(j), Ha j-om TO obcnyxuBaet onuH (j,s)-kanan [1A3, npencrapnstoniuii coooi
COBOKYITHOCTb IIOJICUCTEM: (Dj’s, IJIK, I/IYj). D, ; — moxcucTemMa 1aTynkoB (j,s)-xanana. ITJIK — mpo-
IrpaMMUPYEMBIN JIOTHYECKUN KOHTPOJLIEP, UMEIOLIUI YMCIIO0 BXO0B HE MeHblle m = m(1) +...+ m(n);
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Puc. 1. Crpykrypa MHOrOKaHansHOU ITA3

OH OCYIIECTBIISIET HIUKINYECKYI0 00pabOTKY BXOAHBIX JAHHBIX, C IIENIBI0 ONPEIEICHNUS MONATaHUs «KPH-
TUYECKHX)» MapameTpoB B coorBercTBytone KO. B Tom citydae, eciiv Ha j-oM 00BbEeKTe mapaMeTp Homnat
B S-YI0 KpUTHYeCcKyto obnacth, To IIJIK BeImaeT curnan (KoMaHay) Ha TOACUCTEMY MCIIOIHHUTEIbHBIX
YCTPOUCTB — I/IYj, KOTOpast OCYIIECTBISIET «OCTAHOBY» j-OT0 OOBEKTA.

OtmeTHM, 4TO KaXKJas MOICUCTEMA, BXOASIIAs B cOCTaB (j,s)-kaHamna [TA3, MOXET UMETh I0CTATOYHO
CJIOJKHYIO apXUTEKTYPY [2], HENOCPEICTBEHHO BIMSAIOLLYIO Ha HAIeKHOCTh KaHana. Hanpumep, nozncucre-
Ma JaTYUKOB Dj’ o B 00IIEM CiTydae, KaK u J1100as nHas MOJICUCTEMA, MOXKET HMETh apXUTEKTYpy MooN,
rae N — of1ee KOJMUeCTBO MapaljiebHO paboTaIOIUX JaTYMKOB (KaHAIOB MOJCUCTEMBI), M — KolH-
YEeCTBO JIaTYMKOB (KaHAJIOB MOJCUCTEMBI), KOTOPBIE JOJIKHBI OBITh B PA0OTOCIIOCOOHOM COCTOSTHUM ISt
TOTO, YTOOBI MOACUCTEMA IATYNKOB KaYECTBEHHO BBIMOJIHUIA (PYHKIMIO H3MEPEHUS 3HAYECHUS OITACHOTO
napamerpa, M <N. Takum 06pa3zom, 0TKa3 MOJCUCTEMBI HAacCTyMHaeT, eciiu otkazanu (N-M+1) mapannens-
HO paboTaIONIMX KaHAJIOB MojicucTeMbl. [IOHATHO, YTO mojcUcTeMa ¢ MpocTeieil apxuTekTypoit 1ool
MMEEeT HAIKHOCTh «HIKE», YeM MOJCHCTEMA C II000H HHOM apXUTEKTYPOii, OTHAKO €€ CTOUMOCTD Oy/IeT
HAauMEHBIIEH ITPU IPOYUX PABHBIX YCIOBHUSX.

KauectBo paboTsl MHOrokaHanbHOU I1A3 oneHuBaeTCs pa3iTu4YHbIMU NOKA3aTeNIMU 0€30MacHOCTH.
Onnum u3 BakHeHmmx nokasareneit sisercst KCP(j,s) — koadduiment cHkeHus prcka (j,s)-kaHana,
rne j = 1,...,n, s = 1,...,m(j). KCP(j,s) siBnsieTcss OTHOIICHUEM an(j,s) K Fp(j,s), e an(j,s) — 4acToTa
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(MHTEHCUBHOCTH) BO3HUKHOBEHHUSI HHIIUIEHTOB Ha j-oM TO mpu nonagaHuu COOTBETCTBYIOLIETO Omac-
Horo napamMerpa B s-yto KO, a F p(j,s) —y4acToTa (MHTEHCUBHOCTB) TaK HAa3bIBAEMbIX «HE OTPaOOTaHHBIX)»
MHIMJEHTOB. «He oTpaboTaHHbII HHIMICHT BO3HUKAET B TOM ClIydae, KOIJa MpOoU301Ies HHIUICHT U
ITA3 He ocymiecTBria «octaHoBy» TO, HarrpuMep, 110 IPUYMHE OTKa3a OJHOW U3 NOJCUCTEM, BXOIAIIUX
B COCTaB COOTBETCTBYIOLIETO (j,s)-kaHana [IA3. Takum oOpa3om, Kaxkablil MHIUAEHT, BOSHUKIIUI Ha
j-oM TO no s-oit KO, sBnsiercs 1m60 «oTpaboTaHHBIM» HHLIUACHTOM, T.€. Iipu 3ToM ITA3 nepesena TO B
«OCTaHOBY, JINOO «HE OTPaOOTAaHHBIM» UHIMIACHTOM, T.€. IIA3 He ocymecTBmiIa «octanoBy» TO.

VYKakeM clielyIollne CBOMCTBA, MPUCYIINE KaXI0MY (j,s)-kaHaiy [TA3:

1. BennunHa an(j,s) He 3aBUcHT oT Hanmuuus 11A3, a 3aBucur ot ¢pusnveckux cpoicts TO.

2. Yem BbllIe HAAECKHOCTH (j,S)-KaHala KaK BOCCTAHABJIMBAEMON CHCTEMBbI, TEM MEHbIIE BEITHYHMHA
Fp(j,s) u, cienosarenbHo, TeM Oonbine KCP(j,s). ¥V «abconroTHO HaaeKHOTO» (j,S)-KaHaia BelIUYHHA
Fp(j ,$) OJM3Ka K HYJIO, OTHAKO IPH 3TOM CTOMMOCTh TEXHUYECKHX CPEIICTB «aOCOIIOTHO HAJAEKHOI0»
(j,s)-xaHana OyzieT BecbMa BBICOKA.

3. KCP(j,s) > 1. Ecau KCP(j,s) paBeH euHuULIE, TO BHINOJIHACTCS paBEHCTBO

E (5,8) = F,,,(i.9)- (1

CrpaBemyiuBo 1 0OpaTtHoe yTBepxkaeHue. OTMETHM, YTO, €CJIU BBINOIHAETCS paBeHCTBO (1), TO MOXXHO
cuuTark, yTo I1A3 He o6cmyx)uBaet s-yto KO Ha j-om TO.

Koaddunment camxenus pucka KCP(j,s) MOXXKHO paccMaTpuBarh Kak OTHOLIEHHE MHTEHCHUBHOCTHU
an(j,s) MPOCTEHIIIero MOTOKAa MHIIMICHTOB, Bo3HUKatomX 1o s-oi KO Ha j-om TO, Kk HHTEHCUBHOCTH
Fp(j,s) MOTOKA «HE OTPa0OTaHHBIX» MHIUIAEHTOB. [Ipy 3TOM MOTOK «HE OTPabOTaHHBIX» WHIUACHTOB
MPEACTABISIETCS. HEKOTOPHIM MPOCTEHIINM MOTOKOM, TOMYYEHHBIM Olepaluell pa3peskeHus MOToKa
UHIUACHTOB [3, ¢.251]. OOBIYHO HHTEHCUBHOCTHIO Fp(j,s) OLICHMBAETCS MHTEHCUBHOCTH F (j,8) moToka
aBapuii Ha j-oM TO, BOZHUKAIOIIUX OT «HE OTPaOOTaHHBIX» UHIUAEHTOB 110 s-0i1 KO, T.K. BBITIOMHACTCS
HEPABEHCTBO

E,(,5) < F(i.9). (2)

ITA3 cuurtaercst KOppEKTHO CIIPOSKTUPOBAHHOM, €CITH KX/bIH ee (j,S)-KaHaJ MMeeT Takoh KOdpPULIUEeHT
camkenns pucka KCP (j,s), koTopslii 00ecrnieqnBaeT 3Ha4eH1e 4acToThl F p(j,s) He 6oJIbIIe, YeM HEKOTOPOE
npuemiemMoe 3Hauenue F(j,s). O60cHOBaHHBIA BHIOOp MpHEMIIEMOM 4acTOThI F (j,S) M COOTBETCTBEHHO
KCP (j,8) siBIsieTCS OTAENBHOM 3a/1a4€H, PELIEHHE KOTOPOH MOXKET OCYIIECTBIIATHCS HA OCHOBE Pa3IM4HbIX
kpurepues [4]. Hke nsnaraercs nocTaHoBKa U PEIICHHE 3a/1a4k onpeesenus 4actot F(j,s) u xkoad-
unmrentos camkenns pucka KCP(j,8), j=1,..., n, s = 1,..., m(j) mnsa MHorokananbHoii I1A3 Ha ocHOBe
MUHMMHU3ALUU CTOUMOCTHOTO KPUTEPUsl, YUUTHIBAIOLIETO 3aTPaThl HA CO3aHUE U SKCIuTyaTanuio [TA3,
a TaKk)Ke OXKUAAeMblil yiep0 OT aBapuil.

NMocTtaHoBKa u peweHne 3apa4ymn

[TycTtes mpenmnonaraercs sxcrutyarupoBarh [1A3 B Teuenne T net, Torna 3arpatel C(A,T) Ha co3manue,
skcrutyaranuio [TA3 u nukBUaaIMIO aBapHii 32 BpeMsl SKCILTyaTallii MOYKHO MPEACTaBUTh COOTBETCTBEHHO
CJIEYIOIUMU TPEMsI CIIaraeMbIMHU:

C(A,T) =C,(A) + Co(A) T+ C4(A, T). 3)
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PaccmoTpuM KOMIIOHEHTHI BhIpakeHus (3).
A — COBOKYMHOCTH JaHHbIX 0 [TA3, umeroias Bu:

A= {[Aj’s,jZ lL,...n,s=1,...mQG)], t}, 4)

— 1 2 3 V) — \% v v —
rae A = (A( )j,s Al )j,s Al )j,s), Al )j’S = [(M( )j7sooN( )j,s), s )j,s] ,v=1,2, 3, T nepuoj KOHTPOJIbHBIX
npoBepok padorocriocodnoctu I[TA3. [Ipu 3ToM ecnu v=1, TO TaHHBIE COOTBETCTBYIOT MOJICUCTEME JIaT-
yukoB (j,s)-kanana [1A3; v=2 — moacucreme I1JIK; v=3 — moacucTteMe MCHIOTHUTEIBLHBIX MEXaHHU3MOB
(j,s)-xanana. COBOKYIMHOCTh A(V)j o oie v=1,2,3, onpezenser s v-oi noacucTemsl (j,s)-kanana I1A3
CJIEYIOIINE CBECHHUS:
\ \ o o T
1.1. (MC )j7sooN( )j,s) — apXHUTEKTypa V-Oii IOICHCTEMBI, 1JIs KOTOPOH B COOTBETCTBUM CO CTPYKTYpOi
ITA3, npeacraBieHHOM Ha pUC. 1, BBIMOIHAIOTCA COOTHOIICHHUS:

@ ), =M® @ M3 3), =M® 3
M j,SooN s M&ooN, M j7SooN s M jooN ;- (5)

\'% — \% \% \% \% \% \%
1.2. & )j,s = )j,s’ ol )j,s’ B )J.’s), rie Al )j,s, ol )j,s’ B )j,s_ COOTBETCTBEHHO MHTEHCUBHOCTh OTKa3a, ypo-
BEHb CAaMOJIMarHOCTHKH, 3-(haKTOp OHOTO KaHaja V-ou rmojacucteMsl [S]. [Ipu 3ToM ¢ yueToM CTpyKTyphl

ITA3 umeror MecTo paBeHCTBa:
£ =E0)EO). =ED) (6)

XapaKTepuCTHKH X(V)j o a(")j +» YKa3BIBAIOTCS OOBIYHO 3aBOJOM-H3TOTOBHTEIIEM B I1ACTIOPTE HA TEXHH-
YeCKMe CPeiCTBA U CYILECTBEHHO BIMSIOT HA €10 CTOUMOCTD. B-(QakTop, KaK IpaBuiio [5], yl0BIeTBOPIET
COOTHOIIEHHUIO:

0 < B(V)j,s <0,3,v=1,2,3,j=1,...,n,s=1,....m(j). (7)

C yuetoM cootHomeHu# (5) u (6) COBOKYITHOCTh A MOYKHO IIPEJICTaBUTh CIETYIONIUM 00pa3oM: A =
{[(A(I)LS A® A(3)j), j=1,...,n,s=1,....m(j)], }. OTMETUM, YTO LIEJBIO IIPOBEPOK, OCYIIECTBIAEMBIX C
MEPUOIUIHOCTBIO T, ABJIACTCSI KOHTPOJIb paboTociocoOHOCTH Beex nojacucteM [TA3. Ilpu aToMm B cityuae
BBISIBJICHUS OTKa3a KaKOW-1100 MOICUCTEMBI TPOU3BOAUTCS BOCCTAHOBIIEHUE €€ pabOTOCIIOCOOHOCTH.

2. C,(A) — unBenrapnas crouMocThb [1A3, T.e. 3arparbl Ha co3nanue U BBOJ B dKcIuryaranuio 11A3.
OTu 3aTpaThl MOKHO MPEICTABUTH B BUJIE CICAYIOLIEH CyMMBI:

Cl(A) = C11(A) + C12(A) + C13(A) +Q(A), (8)
rae C,,(A) — cymmapnas crouMocThb Beex aardukoB [1A3, C(A) — croumocts noacucremsl I1JIK,

C,5(A) — cymmapHas CTOMMOCTb BCEX UCIIONHUTENBHBIX YCTPOUCTB ITIA3, Q(A) — cymMMapHbie 3arparhl
Ha NMPOEKTUPOBaHKE U BBOJ B dKcIUTyaranuio [1A3. B yactHocTH:

n m(j)
CiA) =YY aEl)) N, (9)

Jj=1 s=1

rie a(i(l)j .) — CTOMMOCTb OJTHOTO JaT4HKa (j,S)-KaHana, N(l)j ,— 9HCIIO IATIHKOB B [IEPBOM ITOJCHCTEME
(j,s)-xaHana;
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C,,(A) =b(MPo0oN®), £@) | (10)

rne b(M®ooN®, @) — croumocts TIJIK, umeromero apxutekrypy M@ooN® u xapakrepucTuky
§(2) = (}\’(2), 0,(2), [3(2));

Cu(A)= Y dED) N, (1)

J=1

e d(§(3) ) — CTOUMOCTB OJHOTO MCITOJIHUTEIILHOTO YCTPOMCTBA B TPEThel moacucTeme (j,S)-KaHaua,
N(3) _ qHCII0 HOONHUTEIHHEIX YCTPOMHCTB.

OTMETUM, 9TO CTOMMOCTH a(c’;(l)j,s), b(M@ooN®), £2)), d(§(3)j) CYIIECTBEHHO 3aBUCAT OT MOKa3are-
Jei HaIe)KHOCTH M YPOBHSI CAMOJMArHOCTHKH, KOTOPBIE MOTYT OTJIMYATHCA Y Pa3sIMYHBIX 3aBOIOB-
M3rOTOBUTENIEH.

3. C,(A) —ronoseie 3aTparsl Ha dKcILTyaTanuio [1A3. OcHOBHas CTOMMOCTB SKCILTyaTallMOHHBIX paboT
MPUXOAUTCS Ha MPOBEACHUE KOHTPOJIBHBIX MPOBEpoK padboTocnocobHoctu [1A3, koTopbie mpoBoOaATCS
C MEePUOAUYHOCTBIO T, [JI€ T — UHTEPBAJl BPEMEHHU, KaK MPaBUJIO, KPaTHBIM oqHOMY Mecsiy. [Ipu stom
KOHTPOJIbHBIE TIPOBEPKHU OOBIYHO OCYIIECTBISIOTCS CIELMATU3UPOBAHHON HHKEHEPHOUM OpraHu3aliei.
['onoBasi CTOMMOCTD TAKMX KOHTPOJIBHBIX POBEPOK 3aBUCUT OT 00beMa paboT U YaCTOTHI UX IPOBEJCHHUS.
Ora Bennunna C,(A) MOXKET ONPENETATHCS BHIPAKEHHEM:

12
C,(A)=| w (M(2)00N(2))+Z w(M P ooN ')+ Z w(M PooN) [ |- =, (12)
T

Jj=1 s=1

rie w (M®™. 00N, ) — cTonMOCTb O/1HO MPOBEPKH V-0t HO,I[CI/ICTCMBI MMEIOIEH apXUTEKTYpy
(M(V) ooN(V) ) v=1,2,3; T— HHTEpBAJL, HCYUCIAEMBIH B Mecsnax; 12+ 1 — YHCII0 KOHTPOIBHBIX PO~
BepOK B TO/I.

4. Cy(A,T) — oxunaemplii ymep6 or aBapuii Ha unTepsaie BpeMmenu [0, T], KoTOpbIH, ¢ yueToM He-
paBeHCTBa (2), MOXKHO OIIEHUTH CJICIYIONIAM 00pa3oM:

m(j)

C,(A) = ZY Y F,(4,,,0T, (13)

Jj=1 s=1

e Yj _ cpennuil ymep0 ot ogHoM aBapuu Ha j-om TO, F p(Aj ¢ T) - T —cpennee uncio «He OTPabOTaHHBIX)
(j,S)-xaHaIOM MHITMACHTOB Ha MHTEepBase Bpemenu [0; T]. OTmeTnm, 4To BeTM4nHa Yj cpemHero yiepoa ot
aBapuii Ha Ka)KJIOM TEXHOJIOTUUECKOM 00bEKTE PACCUMTHIBACTCS 10 CTaHIAPTHBIM METOJIMKaM, Harpumep [6].
Taxoxe orMeTuM, uTo cooTHoteHue (13) sBisiercs cnencteuem toro, uro ITJIK, Bxoasmmii B coctas [1A3,
paboTaeT B pexXrMe «PealbHOTO BPEMEHW», T.€. BpeMsi HE00X0IuMoe 11l OOHApYKEHHUSI U pearupoBaHUs
(j,S)-KaHaJIa HAa MHIIMJICHT MEHBIIIE BPEMEHH 0 TOSBJICHHS ONAacHOTO MocieacTBus (aBapun) [1].

IIpexne yem chopMyanpOBaTh 33124y HAXOKACHHUS IPUEMIIEMBIX BEJMYUH F(j,S) B COOTBETCTBEHHO
k02 dunrentos camkenus pucka KCP(j,s), j = 1,...,n, s = 1,...,m(j) yKaxem, 4T0 npu 10001 hukcu-
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pPOBaHHOM COBOKYITHOCTH A cymiecTByeT [ 1] anroputm G 1151 pacyeTa BeIUYUH Fp(Aj o0 Te F p(Aj )
= G(Ajjs, T, ®), TIC Aj,S KOMITOHEHTA COBOKYITHOCTH A, ® — COBOKYITHOCTb ITOKa3aTeseH, BIUSIOMIUX Ha
BEJIMUUHY Fp(Aj ;) U OLICHUBAEMbIX KOHCTaHTaMU. TakuMu MoKa3areaMu MOTYT ABJIATHCS: 1) npesenb-
HOE BpeMs BOCCTaHOBJICHHS oTkazaBiux aeMeHToB ACY TII, Bximrouast [TA3; 2) HHTEHCHBHOCTD an(j)
BO3HMKHOBEHHUS MHIIMJICHTOB Ha j-oM TO u .. Hanmpumep, B OAO «I"a3npom» npenenbHoe BpeMs BOC-
CTAHOBJICHHS HE JODKHO IPEBBIMIAThH 4 Yaca, an(j) < 1 [l/rox], j=1,..., n. B 3TuX ycnoBusx 3aaa4ya
HaXOXJIEHHS IPUEMJIEMBIX MHTEHCUBHOCTEN F (],5) M COOTBETCTBEHHO KOI()(HHUIMEHTOB CHIKEHHUS PUCKA
KCP,(j,s), Munnmusupyromux 3arparbl C(A,T), MoxHO chOpMyIHpOBATh CIEAYOUM 00pa3oM:
[ . _ t . _ . . _1 . .
Halith Takue Benuuunsl F(j,s) = G(A i ) u KCP(j,s)= an(],s) F7(.8),j=1,...n,
s=1,...,m(j), IIsI KOTOPBIX BHITIOJIHIETCS PaBEHCTBO:

C,(AYT)=min {C,(A,T)| Ac £}, (14)

rne C (A, T) = C(A,T) -T-! — 3arpaTsl B TOJ HAa CO3/IaHME, IKCILTYaTAlUIO M JIMKBUIALMIO aBapuii 3a T
set skcruryatauuu [1A3, E — MHOXKECTBO BO3MOXKHBIX COBOKYITHOCTEH BUa A.

B gacTtHOCTH B IMPUKJIAAHBIX pacdyeTax = MOKHO npe€aACTaBUTh KOHCYHBIM MHOXKCCTBOM BHAA:

[1]

= {A = { [(A(I)LS Ajvs(z) A(3)j7s )7_] = 1)"'7n> S= 1)" 'am(j)]a T} | A(V)j,se E(V)LSJ
v=1,2,3,1€ O}, (15)

tte AV, = [ (MY, 00NM, ), &V, 1, &0, = (AW, o, B, );

Jss

=0, = LAV, MO, = Lok N =1k K, Sk,

W, = EW, (1), ., €V (D)) ), (16)

e k,, k, — nenble uncna, onpenenseMple MHOKECTBOM HMCIIOJIL3YEMbIX apXUTEKTYP IJIS BCEX MOM-
cucTeM Kaxzaoro kanana [1A3, r(V)j  — KOJIMYECTBO Pa3IMYHBIX TUIIOB TEXHUYECKUX CPEJICTB, KOTOPHIE

MOTYT OBITh UCIIOJIb30BaHbI MPOEKTUPOBIIIMKAMH ISl IOCTPOSHUS V-0l MojicucTeMsl (j,s)-kaHama [1A3,
O ={l1,..., 12} [mec.] unmu {3, 6,9, 12} [mec.].
3amava (14) Ha MHOXKeCTBE E MOKeT ObITh penieHa Ha [IDBM meTogom nmonHoro nepedopa.

Mpumep pacuyeTa NnpuemMseMbiX NokKasartesieit 6e30NacHOCTU

PaccmoTpuM 9acTh TEXHOJIOTHYECKOTO TMpoliecca abCOPOIMOHHON OCYIIKH MOMYyTHOTO HE(MTIHOTO
rasza, KOTopasi peaju3yercs Ha 2-X TeXHOJIOrMuecKux Oiokax: abcopbepa, aerazaropa. «Kputuueckue»

Ta6a. 1. [lepeyeHb TeXHOJOrH4eCKHUX OJI0KOB M KPUTHYECKHUX 00JacTedl HA HUX

J | TexHosoruyeckue 0JOKH Kpurnueckue odj1acTu napamMmeTpon
[Tepenan nasnenusa. AP=0.02 [MIIa]

YpoBenb xuakocTy (HmkHuit). L =300 [mm]

1 |Brok abcopOepa (KomoHHa)

Vposensb xuakoctu (Bepxuui). L, =800 [Mm]
VYposenb TOT' (amxuuit). L =300 [Mm]
Yposens TOI' (Bepxnuit). L ;=750 [MM]

2 biok nerazaropa

N =] W N —| @
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napaMeTpsl 3TUX OJIOKOB UMEIOT KPUTUYECKHUE 00IacTH, mpuBeaeHHbIe B Tabmuie 1. [Ipeamonaraercs,
410 O110KH OyneT oOciyxkuBath MHOTOKaHanbHas [1A3 B Teuenue Bpemenu T =10 net.

Cpennuii ymep06 ot aapuii: 1) aus 6moka abcopoepa — Y, = 3 000 TeIc. p.; 2) a1 Onoka gerasaropa
—Y,= 13800 TbIC. D.

ITA3 Oyaetr uMeTh CTPYKTYpHYIO CXeMy, IpuBeIeHHYI0 Ha puc.l, rme n = 2, m(1) = 3, m(2) = 2,
m = 3 + 2 = 5. Kaxxoe MHOKECTBO E(V)j ¢ OIPETIENAEMOE JUIsl V-0 MOACHCTEMBI (j,s)-kanana I1A3, rne
v=1,2,3,j=12,s=1,..., m(j) 3anaercs CleAyIOIMNMU TapaMeTpamMHu:

k,=2,k,=3, é(l)u(l) =(8.3:10°[1/4], 0.6, 0.1),

5(1)1,1(2) =(6.7-10°[1/4], 0.7, 0.1), é(l)l’z(l) = 5(1)1,3(1) = é(l)z,l(l) = 5(1)2,2(1) =(10[1/4], 0.7, 0.1),

&b ,2)=&D, ()= &0, ()= &D, (2) = (12510 [1/u], 0.6, 0.1),

&b ,(3) =D, (3) =&, (3) = &N, (3) = (10°5[1/a], 0.4, 0.1),

EA(1) = (2:10°[1/u4], 0.8, 0.05), E@(2) = (2.5:10°[1/4], 0.8, 0.05),

§(3)1(1) = 5(3)2(1) =(1.42-10[1/4], 0.15, 0.1),

E3),(2) =3 (2) = (1.1-10° [1/a], 0.2, 0.1), E® (3) = £5,(3) = (8.3-10- [1/u], 0.1, 0.1).

3HaueHus 3aTpart, UCIONIb3yeMbIX IIpU GopMupoBaHUU (yHKLHOHANA (3), UMEIOT CIEAYIOIINE 3Haue-
HUS:

g(l)u(l) =17 THIC. P., a(i(l)u(l)) =20 ThIC. P.,

A& (1) = a@, 5(1) = a@, (1) = aE, (1) = 37 5 e, p,

a(M, 5(2)) =€, 5(2)) = €, ,(2) = aE", (2)) = 24.6 Teic. p.,

(&) ,(3) = (&, 53)) =&, (3) =a(€", ,3)) = 24 moic. p.

b(EP)(1)) = 96 ThIC. p., B(EP(2)) = 90 ThIC. p., BMP0ON®), £@) ) = H(EP) - NP,

d(ED, (1)) = dED,(1)) = 24 Toic. p., dED, (2))=d(ED,(2) = 33 Thic. P,

d(E®,(3)) = d(£®(3)) = 30 TbIC. P.

MmuoxectBo ® = {3, 6, 9, 12}[mec.], ® = { an(l,l) = an(1,2) = an(1,3) = 1/3 [1/rox], an(2,1) =
an(2,2) =1/2 [l/rox] , MTTR = 4[ugac] }, tne MTTR — cpennee BpeMs BOCCTaHOBIEHUS JFO00M MO-
cuctemsl [TA3.

CTOMMOCTb IIPOBEPKH KXk JOM MOICUCTEMBL WI(M(I)J-, SooN(l)j, J=W -N(l)j’S , W(M@0ooN®) =w -N©@),

W3(M(3)jOON(3)j) =w -N(3)j , tae w = 1 ThIC. py0.
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[IpoBeneHHBIN pacyeT pacueT JaeT clieAyrollee peuieHue 3aaauu (14):
A= {[AD, (AP AG). j=12,5(1)=1,2,3,5(2) = 1,2], 1}, =9 [mec],
AD, | =[(1002), &V, |1, &M, | =(8.3-10[1/u], 0.6, 0.1),

A, =[(1002), &M, ,], &V, , = (105[1/4], 0.4, 0.1),

A =[(1002), & ], €D, = (10°[1/4], 0.4, 0.1),

A, | =[(1002), &M, 1, €D, = (10°[1/4], 0.4,0.1),

A, =[(1002), &1, ,], €D, , = (10 [1/4], 0.4, 0.1),

A@ =[(lool), €], €@ = (2:10C [1/a], 0.8, 0.05),

A®) = [(1002), &3], &3, = (8.3-106[1/a], 0.1, 0.1),

A® =[(1002), E3,], &3, = (8.3:10-6[1/u], 0.1, 0.1).

[Ipu 3TOM MOTOK «HE OTPaOOTAaHHBIX» MHIUACHTOB IO Kaxjaomy kaHany [IA3 umeer cienyromue
MHTEHCUBHOCTH:

F(1,1)= 9-104[1/ron]; F(1,2)=F(1,3) = 1073 [1/ron]; F(2,1)=F(2,2) = 1.5-1073 [1/rox].
Kanaunsl ITA3 umeroT cienyroniue K03 PUIMeHTsl CHIKSHHSI pUCKa:
KCP(1,1)=390; KCP(1,2)=332; KCP(1,3)=332; KCP(2,1)= 332; KCP(2,2) = 332.

3arparsl C (A", T) = 72.7 Thic. pyo./rox.
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Functional safety. The theory and practice

Karmanov A.V., Telyuk A.S.

DEFINITION OF ACCEPTABLE SAFETY PERFORMANCE FOR
MULTI-CHANNEL EMERGENCY PROTECTION SYSTEMS

The paper offers the structure of a cost criterion that may be used as a basis for defining acceptable fre-
quencies and acceptable risk reduction factors for a multi-channel emergency protection system, which
maintains a group of hazardous technological objects. The paper also presents an example of defining
acceptable safety performance for technological objects involved in the process of preparing products of
oil-and-gas wells.

Keywords: safety, risk, emergency protection system, risk reduction factor.

Introduction

A system of emergency protection (EP) is used to ensure the safe operation of technological facilities
in hazardous industries. Typically, EP is part of a computer-aided manufacturing (CAM) system, and it
is intended for insuring automatic transition of a hazardous technological object (TO) into secure state,
referred to as “stop”, in the event of an incident on it. Generally, incidents arise on TO in case when some
of its process parameters fall within the so-called critical area (CA). In this case the further operation of
an object is inadmissible, as this can lead to various undesirable consequences, such as loss of products,
accidents, etc. Parameters, for which critical areas are defined, hereinafter will be called “critical” pa-
rameters.

Let us consider a multi-channel EP [1], with a block diagram shown in Fig. 1.

In general, a multi-channel EP maintains n technological objects, where n>1. Each j-th TO has m
(j) of critical areas (CA). In case when a corresponding “critical” parameter falls into any critical area,
an incident occurs where m (j) =1, j = 1, ..., n. Each s-th CA, where s = 1, ..., m (j), on the j-th TO is
maintained by one (j,s)-channel of EP, which is a combination of subsystems: D, , PLC and EU.. D, S is a
subsystem of sensors of (j,s)-channel. PLC is a programmable logic controller, which has the number of
inputs not less than m = m (1) + ... + m (n); it performs cyclic processing of input data to determine the
fall of “critical” parameters into the corresponding CA. In case if a parameter fall into the s-th critical
area on the j-th object, the PLC generates a signal (command) to the subsystem of execution units (EUj),
which performs “stop” of the j-th object.

Note that each subsystem integrated into the (j, s)-channel of EP can have quite a complex architecture
[2], directly affecting the channel reliability. For example, the subsystem of sensors D, in general, as
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Object 1

PLC

Object N

Fig. 1. The structure of multi-channel EP

well as any other subsystem that may have the MooN architecture, where N is the total number of paral-
lel operating sensors (subsystem channels) and M is the number of sensors (subsystem channels) to be
in upstate, so that the subsystem of sensors can successfully execute the function of measuring the value
of hazardous parameter (M <N). Thus, the failure of the subsystem occurs if (N-M+1) of parallel operat-
ing channels of the subsystem fail. It is clear that the subsystem with the simplest architecture 1001 has
“lower” reliability than with any other subsystem architecture, but its cost will be lower, all other things
being equal.

The performance quality of multi-channel EP is evaluated by various parameters of safety. One of the
most important parameters is RRF (j,s), a risk reduction factor of (j,s)-channel, where j=1, ...,n,s =1, ...,
m (j). RRF (j,s) is the ratio of an(j,s) to Fp(j,s), where an(j,s) is the frequency (rate) of incidents occurred
on the j-th TO when a corresponding hazardous parameter falls into the s-th critical area, and Fp (,s) 1s
the frequency (rate) of the so-called “not worked-out” incidents. “Not worked-out” incident occurs when
the incident took place but EP did not execute “stop” of TO, for example, due to the failure of one of
the subsystems that is a part of the corresponding (j,s)-channel of EP. Thus, each incident caused on the
j-th TO by the s-th CA is either a “worked out” incident, i.e. EP has brought TO to “stop” state, or a “not
worked out” incident, i.e. EP has not executed “stop” of TO.

We shall point out the following properties specific to each (j,s)-channel of EP:

1. The value an(j,s) does not depend on the presence of EP but it depends on TO physical properties.

2. The higher the dependability of (j, s)-channel as a recoverable system is, the smaller the value
Fp (j, s) and hence, the higher RRF (j, s) are. The “absolutely dependable” (j, s)-channel has the
value Fp (j, s), which is close to zero, however the cost of hardware of “absolutely dependable” (j, s)-
channel is very high.

3. RRF (j, s) > 1. If the RRF (j, s) is equal to unity, then the following equation is satisfied

F (5,8) = F, (i.9)- (1)
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The inverse proposition is also true. Note if the equation (1) is met, we can assume that EP does not
maintain the s-th CA on the j-th TO.

The risk reduction factor RRF (j, s) can be considered as the relation of the rate of Fop (j,s) simple stream
of incidents that occur on the s-th CA on the j-th TO, to the rate of F > (g, s) stream of “not worked-out”
incidents. In this case, the stream of “not worked-out” incidents is represented by a simple stream obtained
by operation of incident stream rarefaction [3, p.251]. Usually the rate of Fp (, s) is used to estimate the
rate of F_ (j, s) of the accident stream on the j-th TO arising from the “not worked-out™ incidents over the
s-th CA, as the following inequality holds true

F,(.s) < Fp(j,s). 2)

EP is believed to be correctly designed if each of its (j, s)-channel has such a risk reduction factor RRF
(j, s) that provides the frequency value F (J» s) not more than the acceptable value F, (j, s). Justified selec-
tion of the acceptable frequency F, (j, s) and, accordingly, RRF (j, s) is a separate task that can be solved
based on different criteria [4]. Below you can find the statement and solution of the problem of defining
the frequency F, (j, s) and risk reduction factors RRF, (j, s),j =1, ...,n,s = 1, ..., m (j) for a multi-channel
EP, based on minimizing the cost criterion that takes into account the costs of development and operation
of EP, as well as the expected damage from accidents.

Statement and solution of the problem

Let EP be supposed to be used for T years, then the cost C (A,T) for the development, operation of EP
and accident elimination during operation can be represented respectively by the following three sum-
mands:

CAT)=C(A)+Cy(A) T+ CyA,T), (3)

Let us consider the components of the expression (3).
A is a set of data about EP with the following form:

A= {[Aj,s,jZ I,....n,s=1,....mQG)], 1}, 4

where A; = A, = (A(l) A(z) A(3) B} A(V) [(M(V) ooN(V) B} ﬁ(") J.v=1,2,3,1is the time of EP
availability control check In th1s case, 1f V= 1 then the data corresponds to a subsystem of sensors of EP
(j, s)-channel; if v = 2 then the data corresponds to PLC subsystem; if v = 3 then the data corresponds to
the subsystem of executing mechanism of the (j, s)-channel. The set A(V)j,s, where v = 1,2, 3, defines the
following information for the v-th subsystem of EP (j, s)-channel:

1.1 (M®. s ooNM. . o) is the architecture of the v-th subsystem, for which, in accordance with the structure
of the EP shown in Fig. 1, the following relations hold true:

M(z)j,SOON(z)j,s = M(Z)OONQ), M(3)j,sOON(3)j,s = M(3)j00N(3)j . (5)
1.2. é(v) = (X(V) o (V) o B(V) J), where X(V) o (V) o B(V)J are a failure rate, the level of self-diagnostics

and the B- factor of one channel of the v-th subsystem respectively. [5] In this case, taking into account
the structure of the EP, the following equations take place:

£D, = ED, €D, = E0). (6)
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Characteristics AV, , al¥).  are usually provided by a manufacturer in the passport of facilities, and
they significantly affect its cost The B-factor, as a rule [5], satisfies the following relation:

0< B(V)j,s < 033 , V= 1, 2; 37_] = 1)"'7n> S = 1”m0) . (7)

In view of (5) and (6), the set A can be presented as follows: A = <{[(A(1)j,S A® A(3)j), j=1,...n,
s=1,...,m(j)], t}. It should be noted that the purpose of the checks carried out at intervals T, is the control
of availability of all EP subsystems, thus, should any subsystem fail, the recovery of its availability is
carried out.

2. C, (A) is the inventory value, i.e. costs of EP production and commissioning. These costs can be
represented in the following sum:

Cl(A) = C“(A) + C12(A) + C13(A) +Q(A), (8)

where C,, (A) is the total cost of all EP sensors, C, (A) is the cost of the PLC subsystem, C,, (A) is the
total cost of all EP actuators, Q (A) is the total cost of the EP design and commissioning. In particular:

n m(j)

CiA)=Y > aEh) N, (9)

Jj=1 s=1

where a(&. ) is the value of one sensor of the (j, s)-channel, N(l) , is the number of sensors in the
first subsystem of (j, s)-channel;

C,(A) =b(MPooN®), £@)), (10)

where b(M®00oN® £?)) is the cost of PLC with the architecture M®®0ooN® and the characteristic
(2(2) = (}\‘(2), (1(2), B(Z));

C(A)= Y dE) N, ()

where d(é’;(3)j) is the cost of one actuator in the third subsystem of (j, s)-channel, N(3)j is the number of
actuators.

Note that the costs of a(i(l)jys), b(M@ooN®@, £2)), d(§(3)j) strongly depend on the reliability parameters
and the level of self-diagnostics, which may be different for various manufacturers.

3. C, (A) are the annual operating costs of EP. The basic cost of field operations is due to carrying
out EP availability control checks, which are held at intervals 1, where 7 is the time interval, usually a
multiple of one month. In this case, control checks are usually carried out by a specialized engineering
organization. The annual cost of these control checks depends on the amount of work and the frequency
of their implementation. This value C, (A) may be defined by the following expression:

C,(A)= ( (M(2>00N(2>)+2[w(M(3>ooN<3>)+ > W(M(l)ooN(l)):D-%, (12)

Jj=1 s=1
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wherein w, (M™; 00N™, ) is the cost of one check of the v-th subsystem with the architecture (M)
i sooN(V) J» v=1,2 35 T s the interval calculated in months, 12-t ! is the number of control checks per
year.

4. C, (A, T) is the expected damage from accidents at the time interval [0, T], which, in view of inequal-
ity (2), can be estimated as follows:

m(j)

C,(A)= EY ZF(A“, T, (13)

where Y. is the average damage due to one accident on the j-th TO, F (A ,T) - T is the average number
of “not worked-out” incidents by (j, s)-channel at the time interval [0; T] Note that the value YJ of the
average cost of an accident on each technological object is calculated according to standard methods;
see for example [6]. Also note that the relation (13) is a consequence of the fact that PLC as a part of EP
operates in real time mode, i.e. the time required for detection and response of (j,s)-channel to an incident
is less than the time before occurrence of hazardous consequence (accident) [1].

Before stating the problem of finding acceptable values F, (j, s) and correspondingly risk reduction
factors RRF, (j,s),j =1, ...,n,s = 1, ..., m (j), we shall indicate that for any fixed aggregate A there is an
algorithm G [1] for computing the values Fp(Aj’s, 1), i.e. Fp(Aj,s, T) = G(Aj,s, T, ®), where Aj’S of G Fp
(Aj, s, 1),1.e. Fp (Aj, s, 1) = G (A}, s, T, ®), where Aj, is the component of the aggregate A, o is a set of
indices that affect the value F (A. ) and the set is estimated by constants. These indices can be:

1) the time limit for recovery of CAM failed elements, including EP,

2) the rate an (j) of incident occurrence on the j-th TO etc. For example, in JSC Gazprom the limit
recovery time should not exceed 4 hours; F_(j) < 1[1/year], j =1, ..., n. In these circumstances, the task
of finding acceptable rates F, (j, s) and, accordingly, risk reduction factors RRF (j, s), minimizing the cost
C (A,T), can be summarized as follows:

one shall find such values F (j,s) = G(Atjys, o) and RRT (j,s) = an(j,s) “FG,s),j=1,...n,s=1,...,m
(j), for which the following equation holds true:

C,(ALT)=min {C (A,T) | Ae E }, (14)
where C_(A,T) = C(A,T)- T-! is the annual cost for EP system development and operation and elimina-
tion of accidents during T years of EP operation, is a set possible aggregates of A type.
In particular, in applied calculations the set E can be represented as a finite set of the following form:
E={A={ [(A(l)j,s Aj’s(z) A(3)j,S ),j=1,....n,s=1,...m()], T} | A(V)j,se E(V)jﬂs,
v=1,2,3,1€ O}, (15)
where A, = [ (MY, 00N®™, ), &0, T EW, = (A, o, B0, );

20 = {AD, MO, =Tk NO =1k k< ks,

W, =EW, (1), ., EY, (W)} (16)
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where k|, k, are integers defining a set of architectures used for all subsystems of each channel of EP,
(V)J is the number of different types of technology that can be used by designers for construction of the

v-th subsystem of EP (j, s) —channel, ® = {1, ..., 12} [months] or {3, 6, 9, 12} [months].

The problem (14) for the set = can be solved on PC by the method of exhaustion.

An example of calculation of acceptable safety performance

Let us consider a part of the process of the absorption dehydration of associated petroleum gas, which
is implemented on two processing units: an absorber and a degasser. “Critical” parameters of these units

have the critical areas listed in Table 1. It is assumed that the units will be maintained by a multi-channel

EP system over a period of T = 10 years.

Table 1. The list of processing units and their critical areas

J Technological units Critical areas of parameters

Gas pressure loss J[P=0.02 [MPa]
Liquid level (lower) L; =300 [mm]
Liquid level (upper) L ;=800 [mm]

1 | Absorber unit (column)

TEG level (lower) L; =300 [mm]
TEG level (upper) L,;=750 [mm]

N[ — | W |IN |~ |

2 Degasser unit

The average damage due to accidents: 1) for the absorber unit amounts to Y, = 3000 thousand rubles,
2) for the degassing unit amounts to Y2 = 1800 thousand rubles.

EP will have the structural schematic shown in Fig. 1 wheren=2, m(1)=3,m(2)=2,m=3+2=35.
Each set H(V)J defined for the v-th subsystem of EP (j, s)-channel where v=1,2,3,j=1,2,s=1, ... m
(j) 1s defined by the following parameters:

k,=2.k,=3,&0, (1)=(8.3-10[1/h], 0.6, 0.1),

§<1> (2) (6710 [1/h], 0.7, 0.1), D (1) =ED (1) = &M, (1) =D, (1) = (10°[1/h], 0.7, 0.1),
«i(” Q) =80, ,2)=¢&D,,0) = 5(1)22(2) (1.25 105[1/11] 0.6,0.1),

&0 3) = &“)13(3) E01,3) = E0,5(3) = (10°[1/h, 0.4, 0.1),

£0(1) = (2-105 1/l 0.8. 0.05), E3(2) = (2.5-10° [1/h], 0.8, 0.05).

D), (1) =3 (1) = (1.42:10°[1/h], 0.15, 0.1),

§<3>1(2) = §<3>2(z) = (1.1-105[1/h], 0.2, 0.1), €, (3) = £®)(3) = (8.3-10° [1/h], 0.1, 0.1).

Cost quantities used in the formation of functional (3) have the following values:

&D, (1) =17 thousand rubles, a(§"), 1(1)) = 20 thousand rubles,

a(&d (1)) =a(E®, ()= a(é(l) (1) =aEm, (1)) = 37.5 thousand rubles,

a(Em, 2(2)) =a(gW), 3(2)) = a(é(l) [(2) =aEh, 5(2)) = 24.6 thousand rubles,

a(EM, ,(3) = a(i(l)1 S3)= at(é(l)2 1(3)) =a(eM, (3)) = 24 thousand rubles,

b(i(z)(l)) 96 thousand rubles, b(E?(2)) = 90 thousand rubles, b(M(z)ooN(z) E@ ) =b(EP) - NO),
d(E®, (1)) = d(§®,(1)) = 24 thousand rubles, d(§®,(2))= d(§(3)2(2)) 33 thousand rubles,
d(E_,(3)1(3)) = d(§(3)2(3)) = 30 thousand rubles.
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The set © = {3, 6, 9, 12} [months.], © = { F, (1,1) = F, (1.2) = F, (1,3) = 1/3 [1/ year] F, (2,1) =
F, (2 2)=1/2 [1/year], MTTR =4 [h]}, where MTTR is mean time to recovery of any EP subsystem

"The cost of cach subsystem control check: w (M(l)J ooN(l) DWW N(l) , W,(M@00N@) = w - N©@),
w (M(3) ooN(3)) w - N(3) , where w = 1 thousand rubles.

The calculation gives the following solution of the problem (14):
{[A(l) A® A(3)J j=12,s(1)=1,2,3,s(2)=1,2], 1}, 1= 9 [months],
(1) = ) (1) 6
Ay el asiet i g 0
A(l)lz—[(loo2) 0] E0 Z (105 [1/h]. 04, 0.1),
AD. = [(1002), &0, g<1>”_<105[1/h] 0.4.0.1)
AWM. = [(1002), &0 ], EV2) = (105 [1/h], 0.4, 0.1),
2,2 2215670 )
A® =[(1ool), @], €2 = (2-10[1/h], 0.8, 0.05),
(3) = 3) (3) = 6
o et 0 T
) , &9, &), . ,0.1,0.1).

In this case, the stream of “not worked-out” incidents per EP channel has the following rates:
F (1,1)=9 - 10*[1/year];

F (1,2)=F, (1,3) =103 [1/year];

F (2,1)=F (2,2)=1.5-103[1/year].

EP channels have the following risk reduction factors:
RRF(1,1) = 390;

RRF(1,2)=332;

RRF(1,3)=332;

RRF(2,1)=332;

RRF(2,2)=332.

Costs Ca(At, T) =72.7) = 72.7 thousand rubles / year.
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dyHKUuMoHanbHaga 6esonacHoCcTb. Teopus U NpakTUka

AkceHoB B.A., PaeHok [j.J1., 3aBbsinoB A.M.

COBEPWEHCTBOBAHUE CUCTEMDbI YINPABJIEHUA
PUCKAMMU 0N PELLEHUA 3AAAY NO OBECINEYEHUIO
BE3OMNACHOCTU NPON3BOACTBEHHbIX MPOLLECCOB
HA XEJIEBHOAOPOXHOM TPAHCIOPTE

B cratbe paccmatpuBaioTcsi BOrpochl GOpMUPOBaHUST CUCTEMbI YipaB/ieHUsl Npo@deccruoHasibHbIMU pUcka-
MU Ha Xene3HoA0pPOXHOM TpaHcropTe. [loka3aHa BO3MOXHOCTb MOAEPHUI3ALINN CYLLECTBYIOLLEN CUCTEMBI
yripasieHusi OXpPaHoU Tpyaa B TECHOV B3auMOCBSI3N C METOLOJIOMMEN yripaBJ/ieHns: pecypcamu v puckamm
Ha Bcex aTtarnax XU3HEHHOro uukia OObeKTOB 1 TEXHUKU HA OCHOBE aHanu3a HafgéxHocTtu (YPPAH).

KnioueBble cnoBa: yripas/ieHve puckamu, cuctema ynpassieHus oxpaHov Tpyaa, YPPAH.

B nacrosiee BpeMs Ha CETH K€JIE€3HBIX JOPOT BHEIPSETCS METOAOJIOTHUS yIpaBICHHUs pecypcamu
U pUCKaMU Ha BCEX 3Talax *KU3HEHHOTO IMKJIa OObEKTOB U TEXHUKU Ha OCHOBE aHAJIM3a HaEKHOCTH
(YPPAH) [1,2,3,4,5], xoTOpas siBIsieTCS 06a30BBIM AJIEMEHTOM YIIPaBICHUS SKCIUTyaTallMOHHON pabOTOM.
OpnHolt u3 3a1a4 BHEAPSAEMOUM METO/I0JIOTUH SIBIIIETCS YIIPABJIEHUE PUCKaMH OObEKTOB U TEXHUKH HKeJle3-
HOZIOPOXKHOM MH(PaCTPYKTYpHl, peLIEHHE KOTOPOH MO3BOIMUT 3HAUNUTENBbHO 3()(hEeKTUBHEE TPETYTIPEXKIATh
HACTYIUIEHHE HEeXeJaTebHbIX COOBITHH.

BaxxHoli cocTaBnstonieii cucremsl ynpasieHus oxpanoil pyaa (CYOT) spnstoTcst npogeccroHalbHbIe
pucku. B 2011 roxy B crarbio 209 TpynoBoro konekca P® Obuio BHECEHO MOHATHE MPOECCHOHATBLHBIN
PHUCK — 3TO BEPOSITHOCTh IPUYMHEHUS Bpe/ia 3710pPOBbIO B PE3y/IbTaTe BO3ACHCTBUS BPEAHBIX UIIH OMACHBIX
IIPOM3BOACTBEHHBIX (PaKTOPOB MPH UCIIOTHEHUN pAOOTHUKOM 003aHHOCTEH 110 TPYI0BOMY JIOTOBOPY MIIH B
UHBIX CITy4asix, ycraHoBlIeHHbIX TK PO u npyrumu denepanbabivu 3akoHaMu. C y4eTOM BBIIIECKa3aHHOTO,
st perenus 3aaad o moaepuuzamu CYOT npasnennem OAO «PXX]]» Obl10 MpUHATO pelIeHue 1o nepe-
xoxy ot peaktuBHOM CYOT Kk mpoakTHBHOI € y4ETOM aHaIn3a U OLIEHKU PO(PECCHOHATIBHBIX PUCKOB.

B pamkax npaktuueckoit peanuzainuu npuHsToro HarpasieHus moaepuuzanuun CYOT, OAO «PXI»
OCYIIECTBIISET PsiJi MUIOTHBIX MPOEKTOB Ha ojauroHax OKTa0pbckoil U [OpbKOBCKOI JKE€IE3HBIX 10POT,
B OKTA0pbCKOI TUPEKIUU 110 PEMOHTY IYTH, CTPYKTYPHOM mojapasfesneHnu LlenTpanbHoi qupexkuun
10 PEMOHTY ITyTH.

AHanu3 pe3yapTaToB pealu3aliy MWIOTHBIX MIPOEKTOB MOKA3bIBAET CYIIECTBEHHOE OTIMYHE B MOJ-
X0J1axX K OlLIeHKe MMpo(eccOoHaIbHBIX PUCKOB HAa YPOBHE CTPYKTYPHBIX HoapasaeneHnil. Kak nmokaspiBaer
B TOM 4YMCJI€ U aHAJU3 3apyOeHOW METOI0JIOTUH, OCHOBOM OIIEHKHU MPO(ecCHOHANbHBIX PUCKOB MPH-
MEHUTEJIBHO K pab0YrM MECTaM SIBJISIOTCS B OOJIBbIIEH CTENIEHH SKCIIEPTHBIE METO/IBI.
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COBEPLUEHCTBOBAHUE CUCTEMBbI YMPABJIEHUS PUCKAMM OJ191 PELLUEHUSA 3A4AY NO OBECMNEYEHUIO
BE3OMNMACHOCTU NPOU3BOACTBEHHbIX NPOLLECCOB HA XXEJIEBHOAOPO>XXHOM TPAHCMNOPTE

[Tocnennee cTaBUT 3a7auy yBA3KH METOJIOJIOTMUECKUX MOAXO0B, peannuzyeMbix Y PPAH, ¢ pe3ynbra-
TaM{ MUPOBBIX MPAKTHK ¥ HAPAOOTOK, UCIIOIB3YEMbIX B paMKaX peaau3aliy MUJIOTHBIX MPOEKTOB.

Mertononorust YPPAH B olieHKe pHCKOB IpeIIoaraeT OnpeneieHre noka3aresie HaaexKHOCTH IS
OIICHMBAEMOT0 OOBEKTa Ha OCHOBE MMEIOIIUXCS CTAaTUCTUYECKHUX JAaHHBIX O MPOU3OMISAIINX HeKena-
TeNbHBIX COOBITUAX [2]. OnHOIM U3 6a30BBIX KOIWYECTBEHHBIX XapPaKTEPUCTUK HAJE)KHOCTHU SIBISETCS
MHTEHCUBHOCTBH OTKa30B, KOTOPas ONPEAEISAETCS KaK:

- n(Af)
A = , (1)
N, At
N. +N. .
rae Ncp = ’T’“ — CpeJHEee YUCIIO UCIIPABHO PabOTAIOLMX U3AeIUi B uHTEpBane Af; N,— 4ucio

W3JIeTUH, UCTIPaBHO pa0OTAIOIINX B HaYayle MHTepBaja Af;
N, ,,— 4ncIo n3aenuii, ICIIpaBHO pabOTAIOIIUX B KOHLIE MHTepBana Af.

B cnyuae onenku npodeccrnoHaabHOTO pUCKa HHTEHCUBHOCTh BOBHUKHOBEHUSI HECUACTHOTO CITydast
OyIeT HaXOIUTHCA 10 hopMyIie:

}\,HC — l
N

p

IJI€ / — KOJIMYECTBO HECUACTHBIX CITy4Yaes,

AT — vuHTepBas HAOMIONCHNUS,

Ncp — CpeAHee KOIMYEeCTBO PAOOTHUKOB 32 MHTEPBAJ HAOIIOICHHUS.

Tak, nns OKTAOPbCKON AMPEKIUU 10 PEMOHTY IyTH WHTEHCUBHOCTH BO3SHMKHOBEHMS HECUACTHBIX
CIIy4aeB MO MOAPa3IeICHUIM 3a JECATUICTHUN IepUo/l ipeacTaBiena B Tabnuie 1.

b

AT

2

Tadauna 1. UHTEeHCMBHOCTh BO3HMKHOBEHUSI HECYACTHBIX CJIy4aeB
1o nojApaseieHusiM JUPEeKIHH

Cwmeprens- HUurencuBHocts |MIHTEHCHMBHOCTH BO3HUK-
Bcero ne- Cpennee xo-
[Tonpaznene- HBIX He- BO3HMKHOBEHUS HE- | HOBEHHS CMEPTEILHOTO
CUACTHBIX JINYECTBO pa-
HHE CUACTHBIX CYaCTHOTO CJIy4asi 10| HECUACTHOTO CIIyYas 1o
CIIy4aes,t OOTHHKOB, N
CJIy4aes, tc MOJIPA3/ICIICHHIO, A MOJIPa3ICIICHHIO, AC
OIIMC-1 0 0 357 0 0
OIIMC-8 0 0 247 0 0
[IMC-28 3 2 235 0,001160542 0,000773694
IIMC-29 0 0 308 0 0
IIMC-75 2 1 314 0,000579039 0,000289519
I[IMC-77 9 1 353 0,002317796 0,000257533
[IMC-82 6 0 273 0,001998002 0
IIMC-83 0 0 218 0 0
IIMC-88 8 0 338 0,002151694 0
TIMC-199 1 0 242 0,000375657 0
T1IMC-263 4 0 348 0,001044932 0
T1IMC-283 0 0 325 0 0
TIMC-292 1 1 157 0,000579039 0,000579039
Bcero: 34 5 4346 0,000711208 0,000104589
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IIpu 5TOM B nocieHEN CTPOKE MPENCTaBIEHA UHTEHCUBHOCTh BO3HUKHOBEHMSI HECUACTHBIX CIy4YacB
B 00LIEM 10 AMPEKIMH, a LBET SUYEEK MMOCIEAHUX JBYX CTOJOIIOB TOBOPUT 00 YPOBHE UX 3HAYECHHUS OT-
HOCHUTEJIHO CPEJHEN MHTEHCUBHOCTH BO3HMKHOBEHHMs HeCUacTHBIX ciydaeB. Ha puc. 1 npencrasiena
rpaduyueckas HHTEpIpeTalnus pe3yabTaToB pacyera.

0,0025
0,002
0,0015
0,001
0,0005

e AHTEHCUBHOCTD BO3HUKHOBEHUA HECHACTHOrO CAYHaa No NOAPaA3AeNeHuto, A
el | AHTEHCUBHOCTb BO3HUKHOBEHUA CMEPTENBbHOIO HECHACTHOrO CAY4an NO NOAPA3AENEHUID, Ac
----- MHTEHCUBHOCTb BOZHUKHOBEHUA HECYACTHOIO CAy4as B obuwem no Anpexkunn

=+ = WHTEHCUBHOCTb BO3HUKHOBEHUA CMEPTEABHOIO HECHACTHOrO CAy4an B obuwemno Anpexrunn

Puc. 1. IHTEeHCUBHOCTHh BOBHUKHOBEHHMS HECUACTHBIX CJIy4acB 110 NoApa3ACJICHUAM JUPCKIIUN

JlunaMyka U3MEHEHUS HHTEHCUBHOCTH BOSHUKHOBEHHSI HECUACTHBIX CIIy4YaeB 3a OAMHHAAIATUIICTHUN
MIEPHOJT IO TUPEKIUH mpejcTapieHa B Tabmure 2, a rpaduueckast HHTEpIpETaIs paciyera Ha puc. 2.

Taﬁ.mma 2. I[I/IHaMI/IKa N3MEHCHUA WHTCHCUBHOCTH BOZHUKHOBCHMS HECHACTHBLIX CJIy4YaeB

Cwmeprens- HNurencuBHOoCT, | IHTEHCUBHOCTH BO3HMK-
Bcero ne- Cpennee ko-
HBIX HECYACT- BO3HUKHOBEHUS HE- | HOBEHUS CMEPTEIBHOIO
Ton CYACTHBIX JINYECTBO pa-
HBIX CJIy4aes, CYACTHOIO CiIydYasi 10| HECYACTHOTIO Ciyyas Io
CIIy4aes, 00THHKOB, N
rc MOJIpa3ICICHUIO, A MOJIpa3ICIICHUIO, AC
2000 4 1 4339 0,000921871 0,000230468
2001 5 2 4111 0,001216249 0,0004865
2002 0 0 4318 0 0
2003 5 1 4442 0,001125619 0,000225124
2004 5 0 4395 0,001137656 0
2005 5 0 4471 0,001118318 0
2006 1 0 4463 0,000224065 0
2007 2 0 4512 0,000443262 0
2008 4 | 4670 0,000856531 0,000214133
2009 1 0 4176 0,000239464 0
2010 2 0 3908 0,000511771 0
Bcero: 34 5 4346 0,000711208 0,000104589

Kak nokasana npakTuka, pe3yabTaThl aHajau3a TpaBMaTH3Ma o0JIaAatoT KpaHe HU3Koi nH(popMaTuB-
HOCTBIO ISl BBISBJICHUS IIPUYMHHO-CIIECTBEHHBIX CBSI3€H HA YPOBHE CTPYKTYPHOIO IOJPA3JEICHMUS.
IToaTOMy B pamKax NUIIOTHOTO IIPOEKTA BO BCEX CTPYKTYPHBIX NOApa3aeneHusaxX LleHTpanbHol qupexkunn
10 PEMOHTY IIyTH ObLJ1 BBEJICH YUET MUKPOTPABM, YaCTOTa MOSBICHUS KOTOPHIX Ha NOPsiI0K Bbime. [1la-
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0,0015

0,001 /\ F I —&

0,0005

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
=——¢— VHTEHCUBHOCTb BO3SHUKHOBEHWA HECHacTHOro cay4as, A
=== \HTEHCUBHOCTb BOSHUKHOBEHWA CMEPTENbHOr0 HECHACTHOrO cayyas, Ac
----- MHTEHCUBHOCTb BO3HUKHOBEHMA HECYACTHOrO C/y4an B CPeAHEM 3a NpeACTaBAeHHbI nepuoa,
— « = WHTEHCUBHOCTb BOSHUKHOBEHWA CMEPTENbHOMO HECHACTHOrO CAYYan B CPeAHEM 3a

I'Ipe,QCTaBHEHHbII‘;I nepuoa

Puc. 2. I[I/IHaMI/IKa N3MEHCHUA MHTCHCUBHOCTU BOSHUKHOBCHUA HECYACTHBIX CIIyYacB

OJI0H JKypHaia JUIs yueTa MUKpPOTpaBM npezacTaBieH B Tabmuie 3. PacueT HHTEHCHBHOCTH TMOTyYEHUS
MHUKPOTPABM MPOU3BOAUTCS IO GOpMYIIE:
M= ®
cp
III€ m — KOJIMYECTBO ITOIyYEHHBIX MUKPOTPABM.
[lepBsie pe3ynbTaThl aHaIM3a NpeacTaBieHs! B Tabnuie 4 1 Ha puc. 3.

Tabauua 3. KypHan yyera MUKpPOTPaBM

o o ; [Mompo6HO 0
g 3 20| 8 2 = =
> S S g X| E (B COOTBETCTBHUH C KJIaCCU(UKATOPOM) ==
2| §E|28¢| 5 . . |2 AEEE
S E g | &g = 5 F |4 X b~ = E sl = | g2 2
NeNe| 2| 85 | 288 22 |[E28/2g586/83=%|58 Sls |28t
B =2 | 28E8| B3 RHER IR I R R
m| 8| 8% |2E85| 8z |[5ESE035|2x=3|x Eledls 2|88%E
/11 g o X = < = > o 80 agl s & = 2lo ol F| E F » Q
S| ZE|Eci| sF|sEgEESlEEEiE2EE Bl
= M S o . D = O
sE | 258|8 |BE5SSEEsc\Ey &5 |EeE
q N/ O > O = S = O = = m
1 2 3 4 5 6 7 8 9 | 10 [11] 12 13
Tabuuua 4. UHTEeHCMBHOCTH MOJIy4eHMs] MUKPOTPAaBM IO npodeccusim
[Tpodeccus Muxkpotpasm, m | UTHTEHCUBHOCTh BO3HUKHOBEHUSI MEKPOTPABM, A
MomnTep nyTn 92 0,053625554
ManuHHUCT 38 0,022149685
Crnecapp 10 0,005828865
Macrep 7 0,004080205
WNuxenep 7 0,004080205
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Boaurens 6 0,003497319
Hamaguuk 5 0,002914432
["a30a5exkTpocBapuK 3 0,001748659
Konnyxrop 3 0,001748659
bpuraaup 2 0,001165773
0,06
0,05 \\
0,04

0,03 \\
0,02 \
0,01

< & < o & e
A
2
'b°®‘\
@

Puc. 3. IHTeHCUBHOCTH MOTy4EHH MUKPOTPABM MO Tpodeccrsim

HpI/I 9TOM BaKHO OTMETHUTh HAJIMIUE IBHOM KOppeJ'ISIHI/IOHHOI\/'I CBA3U MCIKY TPDABMUPOBAHUEM U MUKPO-
TPpaBMHUPOBAHUEM, UTO ITO3BOJIICT HAa OCHOBC OoJIbIIIEro Ha MOopsA KU o0bema JAaHHBIX IO MUKPOTpPaBMHU-
POBaHUIO MPOTHO3UPOBATH, a4, CIICAOBATCIIBHO, IIPEAYIIPCIKAATH OoJiee TsoKeIble HeCUaCTHRIC ClIy4dau.

MHTEHCUBHOCTh BOBHUKHOBEHHUS HpO(l)eCCI/IOHaJ'ILHBIX 3a00JIeBaHUI pacCUUTHIBACTCA 10 (popMyne:

}\’HS d

=, 4
N_AT @

r1e d — KOMU4ecTBO MPpo(heCcCHOHATBHBIX 3a00JIeBaHUH.
B Tabnuie 5 v Ha puc. 4 peCTaBICHBI 3HAYSHUS HHTEHCUBHOCTH BOSHUKHOBEHUS TIPOECCHOHAITb-
HBIX 3a00JICBaHHUM 110 TAaHHBIM [6].

Tabmmua 5. UHTeHCHBHOCTH BO3HMKHOBEeHHsI NMPO¢)eCCHOHAJILHBIX 3200/1eBaHMI 10 npodeccusiv

MHTEHCUBHOCTH BOSHHKHOBCHHS
[Tpodeccus
npodeccuoHaIbHOro 3a00CBaHus, A
MamrHUCTHI TYTEBBIX MAIIMH 0,0000326
MoHTephI NyTH 0,00000279
JlexxypHbIe 1o epeesy 0,000000617
Oneparopsl 1e(hEeKTOCKOITHBIX TEJIEKEK 0,000000378
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0,000035
0,00003 \

0,000025 \
0,00002 \

0,000015 \
0,00001 \
0,000005 \

0 —— -
MaLwuHUCTBI MoHTepb! NyTH JexypHble no OnepaTopsl
NyTEBbIX MaLUWUH nepeesay 0ebeKTOCKONHbIX
TEeNeKeK

Puc. 4. IHTeHCUBHOCTH BO3HHKHOBCHUS HpO(l)eCCI/IOHaJ'H:HBIX 3a00J1CBaHMIT

VYiep0, momyueHHBIH B Pe3yJIbTaTe BOZHUKHOBEHUSI 0003HAYEHHBIX BBIIIE HEXKENATeIbHBIX COOBITUH,
MOJKET OBITh OLICGHEH 110 MeToauke [7].

[Tonyuennsie B pe3ynbraTe pacuera Ha 0aze metomonoruu YPPAH naHHble HCMONB3YIOTCS HA 1IEH-
TPaJIbHOM M PETHOHAIBHOM YPOBHE (puC. 5) A IPOBEACHUS aHATN3a U OLEHKU PHCKA.

KoppekTupytoLime un
npeaynpexaaowme MeponpusaTua

EeHTPaNbHbIN
YypOBeHb

)

peann3aumm MeponpuaTMin

MeTtogonorusa
YPPAH

PernoHanbHbIN
YPOBEHb

JKeneprHbie
meTozbl

JINHEenHbIN
YpPOBEHb

MOHUTOPUHT 3P PEKTUBHOCTM

AHanus 1 oueHKa ﬂpOdJeCCMOHaJ'IbeIX puckos

MepecmoTp onacHocTel

Puc. 5. Mopnenb ynpasieHus npohecCHOHANIBHBIME PUCKAMHU

Bwmecrte ¢ Tem, 3a1aun aHanu3a ycIoBHM Tpya Ha paboueM MecTe U aJipeCHOr0 IaHUPOBAHUS MEPO-
MPUSTHI [0 UX YIYUIIEHUIO, YYUTHIBAIOIIUX PEATbHO CYIIECTBYIOLIUE OMTACHOCTH Ha paboYuX MecTax,
MO’KHO Ka4€CTBEHHO BBINIOJIHUTD, UCIIOJIb3Ys SKCIIEPTHBIE METO/IbI, KOTOPbIE MO3BOJISIFOT UIEHTUDULIUPO-
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BaTh OMACHOCTH I KOHKPETHBIX MPOQeCcCcHii paOOTHUKOB B Tofipa3ieicHuu. [Ipu 3ToM Juist moydeHus
OoJiee Ka4eCTBEHHOTO pe3yJibTara B MPOIECC aHaln3a HeoOXOAUMO BOBIIEKATh M CAMUX PAOOTHUKOB U
CICHUATUCTOB MPEATPHUSITHS.

J1J1st IpOBEICHHUS SKCIIEPTHOTO aHAJIM3a B paMKaxX CTPYKTYpPHOTO mojipasenenus popmupyercs padbo-
Yasi rpyIia 3KCIEPTOB, B KOTOPYIO BXOST INIAaBHBIA WHXKEHED, MHXKEHEP M0 OXpaHe TPpyla, TEXHOJIOT U
JPYTHE CIEIHAIUCTBI M0 YCMOTPEHUIO PYKOBOIUTENS CTPYKTYpHOro mompasnenenusi[6]. Cocrasisito-
IIMMH DKCIIEPTHOTO aHAJIN3a SBJISIFOTCS aHKETUPOBAaHUE PAOOTHUKOB U TIPOTOKOJI HAOMIOICHUS pabouei
IPyIIbl. AHKETUPOBAHUE MTO3BOJISIET BOBJICYD B JJAHHBIC UCCIICIOBAHUS U YUECTh MHEHHUS U 0COOCHHOCTH
JMYHOCTHBIX XapaKTEPUCTUK paOOTHUKOB. OTMPOCHBIE TUCTHI (AHKETHI) COACPIKAT CICIYFOIIUE KATCTOPHH
COCTaBJISIFOIIUX MTPOU3BOJICTBCHHOM JCITEIIBHOCTH:

- IMYHOCTHBIC XapPAKTCPUCTHUKHU;

- MOJIBEPKEHHOCTh OIMACHBIM U BPEIHBIM ITPOU3BOJICTBEHHBIM (haKTOPaM;

- TPaBMbl, MUKPOTPaBMbI, 3a00JICBaHMSI,

- OpraHu3anus TPyJOBOTO MPOIecca, IICUXOIOTUIECKUE YCIOBUS;

- OpraHu3anus pabouero BpEMeHH;

- ICIIOJIHEHUE paboToaresieM padoT, Kacaroluecs OXpaHbl U 0€30IIaCHOCTH TPY/a,

- oOyueHue.

[Tpumep 00pabOTKH Pe3yJIbTaTOB aHKSTUPOBAHHUSI IIpecTaBliicH B Tabuuie 6.

Tadauna 6. Pe3yabrarbl aHKEeTHPOBAHMS

Cy1iecTBYeT JIM OMMaCHOCTh (PUCK) — ?
OnacHocThb Ouenb Memnee
OmnacHo He omacno
OITaCHO OTIaCHO
Henpumenenue CTIELIOACHK AL, cneno0yBHU, CPEICTB UHIUBU- 100 336 112 17
JyaJbHOU 3alUThI
OTtcyTcTBHE TIPEayPEKIAIOINX, 3aMPEIIAIOINX, 181 316 59 9
YKa3aTeJbHbBIX 3HAKOB
CocCTOsTHUE CITY)KSOHBIX IIPOXOJIOB 55 331 159 20
HewncnpaBHOCTh HHCTPYMEHTA, 000PYIOBAHHUS 227 264 63 11
MeTteoponoruueckue yCIIOBHS (cHeromag, TyMaH, J0X/Ib, 139 127 93 1
’apa, CUIIbHBII BeTep M T.I1.)
[Iym, BUOpammst 90 338 119 18
HemocTaTo4HOCTh OCBEIICHHUS] MECTa MPOU3BOICTBA padoOT 194 291 77 3
OtBiieyeHre BHUMaHUsA MpH padboTe (III0X0€ CaMO4yBCTBUE, 149 731 116 19
obuJa, cTpecc u T.11.)
YToMIEHUE OpraHu3Ma 128 290 120 27
CaMOBOJIbHOE TTPOU3BOJICTBO PAdOT, KOTOPOE HE MOpydanoch.| 177 237 126 25
HenoctaTounblil ONBIT BHITOTHEHHS IPOU3BOICTBEHHBIX OIle- 154 793 108 10

iaunﬁ

DopMHpOBaHKE ITPOTOKOIIA HAOTIONEHHUS TOMOTAeT BBISIBIIATH HA OCHOBE SKCIIEPTHBIX 3aKITF0YeHHH (paboTta
paboueii rpymmsl) NOTeHIUABHbBIE ONTACHOCTH, MOACTEpEraroine padoTHUKA Ha €ro padodueM MecTe.

Ha ocHOBe NOTy4eHHBIX pe3yIbTaToOB PadOTHI IPYIINa SKCIEPTOB (HOPMHUPYET PEECTp PUCKOB, KOTOPHIE
pamkupyrorces o ypossio (Tabmuua 7). s pucKoB, SBIASIOMIMXCS HEAOMYCTUMBIMH, pa3padaThIBAIOTCS
KOPPEKTUPYIOIINE U IPEAYIPEKIAIOLINE MEPOTIPUATHSI.
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PEECTP HEJJOITYCTUMBIX PUCKOB

Tabauna 7. Ilpumep peecTpa HeAONMYCTHMBIX PHCKOB

YTBEPXIAIO
JloJDKHOCTB:

O 1N.0.: /

« »

20 r

[Tpodec-
cust

OnacHOCTb

JeiicTByro-
LA PUCK

KoppexkTupytomirie MepornpusTis

[lnanupye-
MBI PHUCK

MonTtep
yTH

Haesx moasmxk-
HOTO COCTaBa

25

[Ipuobperenue u obopyaoBanue pponta padbot Ha
JIBYXITYTHBIX H MHOTOITYTHBIX Y4aCTKaxX CUCTEMa-
MH oroBenieHus (Turna MUHAMEN) U HOBEHIIIUMHU
cucremamu orpaxaenus (2JI0/-160). ITpuobpere-
HHE 3aIUTHBIX KACOK CO BCTPOCHHBIMHU B HAyIITHH-
KU TIEPErOBOPHBIMU paarocTanimsiMu. [Tpuobdpere-
HKe Mera(OHOB, PAIMOCTAHIINIA, AaBTOMATUYECKUX
OIOBECTHUTENLHBIX CUTHAM3AUH (B COOTBETCTBUU
C TEXHOJIOTHEH TIPOU3BOZICTBA PA0OT).
O6opynoBanue GppoHTa pabOT HA IBYXITYTHBIX U
MHOTOITYTHBIX YYaCTKaX BPEMEHHBIMH OTPaKIc-
HUSIMH 1 aBTOMAaTHYECKUMH MIPEIY TIPS IUTEIbHbI-
MU YCTPOHCTBAMH.

YBeMMUeHUE KOIMYECTBA CUTHAIMCTOB B IITATHOM
pacnucannu. OOydyeHrne CUTHAIUCTOB.

16

IToxxap B pa3b-
€3HOM (KHIIOM)
BaroHe

20

PeMOHT BaroHOB. Bki1toueHNe B MHBECTULIHOHHYIO
[porpaMmy NpUOOPETEHHS HOBBIX BarOHOB JIJIsI
MPOXKUBAHMSI U CONPOBOXKACHNUA MalyH. [TomHas
3aMEHa MapKa JKUJIbIX BATOHOB U BarOHOB, IIPEHA-
3HAYEHHBIX U1 «TypHOH e31b1» (1973-1974 ronst
noctpoiikn). [IprobpeTeHne ra30aHaaIn3aTopoB.
O06paboTka IPOTUBONOXKAPHBIM pacTBOpoM. OcHa-
[IICHWE BarOHOB CUCTEMaMHU 00bEMHOTO TYIICHHSL.

12

[IpnnaBnuBanue
PYK WIHM HOT IIPH
BBIITOJIHEHUH
IIOTPy304HO-
pas3rpy304HbIX
pabort

16

[IproOpetenue HeoOXonuMOro oorema rpy303axBar-
HBIX [IPUCIIOCOOIEHUH (TpaBepchl, YETHOUHbIE TIPU-
CHOCOOJIEHUS, CTPONBI U T.I1.) VIS yTEYKIaJOUHbIX
KPaHOB B COOTBETCTBHH C TPEOOBAHHUSAMHU K YCTPOUA-
cTBY U 6e3omacHoit Fkcrryararun (P 10-231-98)
[IpoBeieHne COBMECTHBIX MPAKTHUECKUX 3aHATUI
(mammHECT YK, MaImMHUCT KO3JI0BOTO KpaHa,
MOHTEP ITyTH-CTPOIAIBIIUK) 110 IPUMEHEHUIO

3HAKOBOU CUTAJIA3ALIUU.

10

Unensl paboueii TpymIibL:

JIOMKHOCTB

d.1.0. ITomamuce
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COBEPLUEHCTBOBAHUE CUCTEMbI YMPABJIEHUS PUCKAMM OJ191 PELLUEHUSAA SAAAY NO OBECMNEYEHUIO
BE3OMNACHOCTU NMPON3BOACTBEHHBIX MPOLLECCOB HA XXEJIEBHOAOPOXXHOM TPAHCNOPTE

Crnenyer OTMETUTD, YTO B PAMKaX IMWJIOTHBIX IIPOEKTOB TPAJUIIMOHHAS TEXHOJIOTUS IIPOBE/IECHUS BBO-
JTHOT'O, IEPBUYHOTO U LIEJIEBOTO MHCTPYKTAXKeH Obla TOMOIHEHA KapToil pUCKOB, c(hOpMUPOBaHHOI Ha
OCHOBE IIOJIyYEHHOTO PEECTPA HENOIY CTUMBIX PUCKOB.

ITogBoast uTOrM pe3ysbTaTOB IMPOBEACHHBIX MCCICHOBAHUM MOXHO CHENATh CIEAYIOLIUM BBIBOI:
metoposioruto YPPAH nenecoo0pa3Ho UCIOIB30BaTh KaK SAPO CUCTEMBI YIPaBICHHS TPO(PECCHOHAb-
HbIMU puckamu. OHa obecrieyuBaeT BO3MOXKHOCTb 3(()EKTUBHOTO PELICHUS 3a/1ay aHaJIu3a U OLEHKU
PHUCKOB JJIs1 TOCJIEYIOIIEro GOPMUPOBAHUS KOPPEKTUPYIOIIUX MEPOTIPUATHI U MOHUTOPHUHTA 3P Dek-
TUBHOCTH HX peanusauuu. [Ipu 35TOM B COYETaHUU C DKCIEPTHBIMU METOAAMU, KOTOPBIE IIO3BOJISIOT
BBISIBJISITh ONMACHOCTH M OLIEHUBATh PUCKH, MOACTEperanme paboTHUKOB KOHKPETHOTO CTPYKTYPHO-
ro MOApa3/JeJIeHns Ha ero paboueM MecTe, MOSBISIETCS. BO3MOXKHOCTh TOpa3io MIy0ike UCClIeI0BaTh
IPUYMHHO-CJIEICTBEHHBIE CBS3H, 00y CIaBIMBAIOIINE TE WM UHBIE PUCKHU [T aJPECHOTO IJIAHUPOBAHUS
NpeayNPEeKAA0IUX JCHCTBUN.
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Functional safety. The theory and practice

Aksenov V.A., Raenok D.L., Zavyalov A.M.

IMPROVING THE SYSTEM OF RISK MANAGEMENT
TO ENSURE THE SAFETY OF PRODUCTION PROCESSES

The paper discusses the issues related to development of the system of professional risks management
on railway transport. The possibility of modernizing the existing system of labour protection management
has been demonstrated in close relationship with the methodology of resource and risk management at all
stages of the life cycle of facilities and equipment on the basis of reliability analysis (URRAN).

Keywords: risk management, labour protection management system, URRAN.

Currently, the railway network witnesses the implementation of methodology for managing resources
and risk management at all stages of the life cycle of facilities and equipment on the basis of reliability
analysis (URRAN) [1,2,3,4,5], which is a basic for the management of the company’s operations. One
of the objectives of the implemented methodology is risk management of facilities and equipment of
railway infrastructure, and the realization of this objective will allow in a much more effective way to
prevent the occurrence of adverse events.

An important component of the labour protection management system (LPMS) is professional risks.
In 2011, Article 209 of the Labour Code of the Russian Federation adopted the concept of a professional
risk, i.e. the probability of causing harm to health from exposure to harmful or hazardous factors in the
performance of duties of the employee under an employment contract, or in other cases stipulated by
the Labour Code and other federal laws. With this in mind, to meet the challenges of modernizing the
system of labour protection management, the board of JSC “Russian Railways” has decided to move
from a reactive system to a proactive labour protection management system based on the analysis and
evaluation of professional risks.

As part of the practical implementation of this strategy of LPMS modernization, RZD is currently real-
izing a number of pilot projects on the sites of the Oktyabrskaya Railway and the Gorkovskaya Railway,
the Central Directorate for Track Repair, the branch of JSC “Russian Railways” in the Oktyabrskaya
Directorate for track repair.

Analysis of the results of the pilot projects shows a significant difference in the approaches to the as-
sessment of professional risks at the level of business units. As the analysis of foreign methodology also
shows, expert methods are to a greater extent the basis for assessment of professional risks in relation to
employment.
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The latter makes it important to coordinate the methodology implemented by URRAN with the results
of worldwide practices and developments that are used as part of pilot projects.

For risk assessment, URRAN’s methodology assumes defining the reliability parameters of the esti-
mated object on the basis of available statistical data on the occurrence of adverse events [2]. One of the
basic quantitative characteristics of the reliability is a failure rate defined as:

~ . n(Ar)
}\'(t) - NcpAt ’ (1)

N; + N,

where N, = itl js the average number of properly working products on the interval Az; N, is

the number of products in good working order at the beginning of the interval Az. N,,, is the number of
products in good working order at the end of the interval.
In the case of professional risk assessment, the rate of accidents will be calculated as follows:

t
7\_H6= , 2
N, AT @

&

where ¢ is the number of accidents, AT is the observation interval, Ncp is the average number of em-
ployees during the observation interval.

So, as for the Octyabryaskaya Directorate for Track Repair, the rate of accidents per business units
over ten years is shown in Table 1.

Table 1. Rate of accidents per the Directorate’s business units

Business | Total ac- | Fatal acci- | Average number | Rate of accidents | Rate of fatal acci-
unit cidents, t | dents, tc of employees, N per unit, A dents per unit, Ac
OPMS-1 0 0 357 0 0
OPMS-8 0 0 247 0 0
PMS-28 3 2 235 0,001160542 0,000773694
PMS-29 0 0 308 0 0
PMS-75 2 1 314 0,000579039 0,000289519
PMS-77 9 1 353 0,002317796 0,000257533
PMS-82 6 0 273 0,001998002 0
PMS-83 0 0 218 0 0
PMS-88 8 0 338 0,002151694 0
PMS-199 1 0 242 0,000375657 0
PMS-263 4 0 348 0,001044932 0
PMS-283 0 0 325 0 0
PMS-292 1 1 157 0,000579039 0,000579039
Total: 34 5 4346 0,000711208 0,000104589
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The last row shows the rate of accidents in general for the Directorate, and the colour of the cells of
the last two columns says about the level of their values in relation to the average rate of accidents. Fig. 1
shows a graphical interpretation of the results of the calculation.
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—&— The intensity of accidents on the subdivision, A
—ll— The intensity of a fatal accident on the subdivision, Ac

The average intensity of accidents on the Directorate

— - = The average intensity of fatal accidents on the Directorate

Fig. 1. The rate of accidents per the Directorate’s units

The dynamics of changes in the rate of accidents per the Directorate for an eleven-year period is shown
in Table 2, and the graphical interpretation of the calculation is shown in Fig. 2.

Table 2. Changes in the rate of accidents

Year Total Fatal Average number | Rate of accidents | Rate of fatal acci-
accidents, t |accidents, tc| of employees, N per unit, A dents per unit, Ac

2000 4 1 4339 0,000921871 0,000230468

2001 5 2 4111 0,001216249 0,0004865

2002 0 0 4318 0 0

2003 5 1 4442 0,001125619 0,000225124

2004 5 0 4395 0,001137656 0

2005 5 0 4471 0,001118318 0

2006 1 0 4463 0,000224065 0

2007 2 0 4512 0,000443262 0

2008 4 1 4670 0,000856531 0,000214133

2009 1 0 4176 0,000239464 0

2010 2 0 3908 0,000511771 0

Total: 34 5 4346 0,000711208 0,000104589
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Fig. 2. Changes in the rate of accidents

As the practice has shown, the results of injury analysis are not much informative to identify cause-
and-effect relationships at the level of structural units. Therefore, as part of a pilot project in all structural
units of the Central Directorate for Track Repair, it was decided to take into account minor injuries which
occur with a much higher frequency. The log template to register minor injuries is provided in Table 3.
The rate of minor injuries is calculated by the formula:

_ m
N, AT

M

3)

where m is the number of suffered minor injuries.
The first results of the analysis are presented in Table 4 and Fig. 3.

Table 3. Log of minor injuries

Detail
(according to the classifier)
Inury tpe s ez 13,]s e
. N
Posi. |Pateand| (bruises, |Circumstanc- S£25g |28 s spent on
Ne| . time of |cuts, burns,| es of getting | E 2| £ 3|2 | § 2| 2| »| Notes | P
tion | | . . . EZ|=E222s a 22 medical
injury | stretch, injured Sol==T S =l =2
<|E 88 =3|=|8 care
etC) %:—.EQHQOVQ
o 2S5 |SF|8
£ 2 x| = v gl =
£5%3 232
1 2 3 4 5 6 7 8 9 |10(11| 12 13
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Table 4. The rate of microtraumas suffered per occupations

Occupation Microtrauma, m Rate of microtraumas, A
railroad fixer 92 0,053625554
motorman 38 0,022149685
locksmith 10 0,005828865
master 7 0,004080205
engineer 7 0,004080205
driver 6 0,003497319
serviceman 5 0,002914432
welder 3 0,001748659
conductor 3 0,001748659
foreman 2 0,001165773
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0,05 \
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0,01 \

0 T T T | T T ¢
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Fig. 3. The rate of microtraumas suffered per occupations

It is important to note that there is a clear correlation between injuries and minor injuries (microtraumas),
which allows on the basis of much bigger amounts of data on minor injuries to predict and, therefore,
prevent more serious accidents.

The rate of occurrence of occupational diseases is calculated by the formula:

d
N AT’

p

A" =

“4)

where d is the number of occupational diseases.
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Table 5 and Fig. 4 show the rates of occupational diseases according to the data [6].

Table 5. The rate of occurrence of occupational diseases per occupation

Profession Rate of occurrence of occupational disease, A
Machinists of track machines 0,0000326
Railroad fixers 0,00000279
Operators of railway crossing 0,000000617
Operators of trucks defectoscopic 0,000000378

0,000035

0,00003 \
0,000025 \

0,00002 \
0,000015 \

0,00001 \
0,000005 \

0 I I | I g—l
Machinists of Railroad fixers Operators of Operators of

track machines railway crossing trucks
defectoscopic

Fig. 4. The rate of occupational diseases

Damage resulting from the occurrence of undesirable events mentioned above may be evaluated as
described in [7].

The data obtained as a result of calculation based on URRAN’s methodology are used at central and
regional levels (Fig. 5) for analysis and risk assessment.

However, the tasks related to analysis of working conditions at a workplace and addressed planning of
activities for their improvement, which take into account real-world dangers existing at a workplace, can
be qualitatively solved using expert methods that allow you to identify hazards for specific occupations
of workers within a unit. In order to obtain a better result, workers and specialists of a unit should also
be involved in the analysis process.

For expert analysis in the framework of a structural unit, one should form a working group of experts,
including a chief engineer, labour engineer, production engineer and other specialists at the discretion
of the head of a structural unit [6]. The elements of expert analysis are employee interviewing and sur-
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Corrective and preventive actions
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Fig. 5. Model of professional risk management

veillance protocols of a working group. Interviewing allows us to involve in these studies and consider
the views and features of the personal characteristics of workers. Questionnaires contain the following
categories of production activity components:

Table 6. Results of the survey

Is there some danger (risk) — ?
Hazard Very Danger- Less Not
dangerous ous dangerous | dangerous
Lack of work site protection
Nog-use of uniforms, footwear, personal protective 100 336 112 17
equipment
Lack of warning, protection signs 181 316 59 9
State of staff passes 55 331 159 20
Faulty tools, equipment 227 264 63 11
Weather conditions (snow, fog, rain, heat, high winds, etc.) 139 322 93 11
Noise, vibration 90 338 119 18
Bad lighting of work sites 194 291 77 3
Distractions at work (feeling sick, hurt, stress, etc.) 149 281 116 19
Fatigue 128 290 120 27
Unauthorized production work, which is not instructed 177 237 126 25

Not enouih eerrience in manufacturini oierations 154 293 108 10

118



IMPROVING THE SYSTEM OF RISK MANAGEMENT TO ENSURE THE SAFETY OF PRODUCTION PROCESSES

- personal characteristics;
- exposure to dangerous and harmful production factors;

- injuries, minor injuries, diseases;

- organization of labour process, psychological conditions;
- organization of working time;
-realization of activities by the employer relating to labour protection and safety;
- training.
The example of processing the survey results is presented in Table 6.

Table 7. The example of the inventory of unacceptable risks

INVENTORY OF APPROVED BY
UNACCEPTABLE Costtion:
Name: /
RISKS « » 20
Oc?upa- Hazard Cul.'rent Corrective actions Pla.nned
tion risk risk
Acquisition and installation of advanced warning systems (such
as Minimel) and protection systems (ELOD-160) on work sites
on double-track and multiple-track sections. Acquisition of
safety helmets with voice stations built in headphones. Acquisi-
Getting run tion of megaphones, radio stations, automatic warning systems
over by rolling (25 (in accordance with the technology of production works). 16
stock Equipment work sites on double-track and sections and mul-
tiple-track sections with temporary protections and automatic
warning devices.
Increasing the number of signalmen in the unit. Training of
signalmen.
Track re- To repair of cars. To include acquisition of new cars for staff
. . living and following vehicles into investment programs.
pairman |Fire in the . .
. . Complete replacement of the fleet of residential cars and cars
traveling (resi- |20 . « - . 12
dential) car des1gpe§ for “tour trips” (1973-1974 years. of constructlo.n).
Acquisition of gas analyzers. Treatment with fire-protection so-
lutions. Equipping cars with total fire-extinguishing systems.
Acquisition of necessary amounts of hoisting equipment
Crushing hands (yokes, shuttle devices, slings and the like) for track-laying
or feet when cranes in compliance with the requirements for safe operation
performing 16 of the devices (RD 10-231-98). 10
loading and un- Conduction of joint workshops (track-laying machine driver,
loading gantry crane driver, sling operator) related to use of signs and
signals.
Members of the working group:
Position Name Signature
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Preparation of a surveillance protocol helps to identify on the basis of expert opinions (the work of a
working group) of the potential dangers lying in wait for the worker at a workplace.

Based on the results, the group of experts creates an inventory of risks, which are ranked by level (Ta-
ble 7). For risks that are unacceptable, corrective and preventive actions shall be developed.

It should be noted that as part of the pilot projects, the traditional technology of introductory, primary
and targeted briefings has been complemented with a map of risks formed on the basis of the obtained
inventory of unacceptable risks.

To sum up the results of the researches made, we can conclude that the URRAN methodology should
be used as the nucleus of the system for managing professional risks. It provides the possibility to ef-
fectively address the problems related to risk analysis and assessment, for subsequent development of
corrective activities and monitoring of the effectiveness of their implementation. Also, combined with
expert techniques that identify hazards and assess risks that await employees of a particular structural
unit at their workplaces, it provides the opportunity to explore in a much deeper way cause-and-effect
relationships stipulating some or other risks, in order to plan specific preventive activities.
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NMpepucnoeue A3upkana 3.B. k ctatbe Aemuposuya H.O.

[TocnenoBaTenbHbBIN KOHTPOJIb HAAEKHOCTH (M APYTHUX MOIOOHBIX TAPAMETPOB) CBOJUTCS K TOMY, UTO B
Ka)XJIbIii MOMEHT HaOJIOICHUI HEKOTOpasi BEIMUMHA IPUMEPSETCS K IByM I'paHHULIaM: IPUEMKH 1 OpPaKOB-
Ku. Mex Iy rpaHuiiaMu — 001acTh HeoNpeeIEHHOCTH (TP MOTMAJaHNH Tyl UCIIBITAaHHS TIPOJOJIKALOT).
Krnaccuueckuit mocnenoBatenbHblii MeTon A.Banbna He mpeanonaraeT Kakux-1u00 OrpaHUYEHUH 10
BpeMeHH ucnbiTanuii. Kak Tonbko o0nacTs HeonpeaenéHHOCTH Babia ycekaroT — 3aMeTHO BO3pacTaroT
PHCKH IOCTaBIIKKA U OTpeOuTeNns. M Hen3BecTHO, Ha KAKOM YPOBHE 3Ty 00JIACTh YCEKaTh — TYT HOJIHBIH
npousBoi. Hanpumep, 3apatorcs pucku no 0,1, a nonyuatorcs 0,13 (a 4To nmomyyaeTcss — KOe-KTO MOXKET
OIIEHUTH, B T.4. 1 JlemugoBuy H.O. cBouM MeTo10M).

Hemunosud H.O. pazpaboTan MeTon, MO3BOJSIOMNI T0100paTh IPaHUIIbI TaK, YTO MOCIIEI0BATEIbHbIH
KOHTPOJIb C UX UCIOJIb30BAaHUEM 00ECIICUNT TOUHbIC 3HAUCHHS 3alaHHBIX PUCKOB. [ paHUIIBI 110 METOY
HemunoBuda H.O. MoryT 06pa3oBEIBaTE 00JIaCTh HEOMIPEACIEHHOCTH JIF000H ()OPMEIL, B T.4. 3aMKHYTYIO, HE
TpeOyIoIIyI0 yceueHHs (CaM OH MPUHSLII TP pa3paboTKe TPEyroibHyI0). MeToa Npu3HaH CrelualucTaMu
NCO/MDK, y3akonen B PO cranmaprom [OCT P 27.402-95 u BomIEn BO BTOPYIO PENAKIIMIO MTPOEKTA
MexayHapoaHoro cranaapra IEC 61124, noaroraBianBaeMyo K BBITYCKY.

OtmeruMm, uto emwé panpuie lemunosuua B CCCP nossunucey nmnanslSIpasikoBa H.E. ¢ Temu xe
IIPEUMYLIECTBAMHM.

ScHo, yTo muaHel JleMu0BHUYa 3aBEOMO JIyUllle «KJIAaCCHUYECKHUX» IUIAaHOB Banbna, u nmocinenHue
CJIelyeT 3aMEHUTh BO BCEX CTaHAApTax M ydeOHuKax. Hike nmpuBoasaTCs 1Be NMepBhIX cTarbu Jlemuao-
Brua H.O. u3 xypnana «HanéxHocTb 1 KOHTpOJb KauecTBay 3a 1990 u 1991 rr.

C. 26 TOCT 27.410—87
Ta6anuma 17
a=p=0,1;T/Ty=2;1y,/T, =591 ty/T, =500

r o/ Ty, b/ Ty r I/ Ty by/T, r o/ Ty /Ty
0 1,907 - 14 11,884 7,140 28 20,413 17,766
1 2,860 | 0,015 15 12,513 7,854 29 21,006 18,563
2 3,695 | 0,183 16 13,137 8,577 30 21,598 19,363
3 4473 | 0,507 17 13,758 9,309 31 22,188 20,166
4 5217 | 0,929 18 14,376 10,049 32 22,775 20,973
5 5,936 1,417 19 14,990 10,796 33 23,363 21,781
6 6,636 1,953 20 15,602 11,549 34 23,949 22,594
7 7,322 | 2,525 21 16,211 12,309 35 24,533 23,408
8 7,997 | 3,128 2 16,817 13,074 36 25,117 24,227
9 8,663 | 3,755 23 17,422 13,846 37 25,699 25,045

10 9,319 | 4,401 24 18,023 14,621 38 - 25,699

11 9,969 | 5,065 25 18,624 15,400

12 10,612 | 5,744 26 19,223 16,186

13 11,251 6,436 27 19,818 16,975

1. M. b. ®ap6epman, P. 1. Bepmrun, C. C. Imatpayenko «[naHupoBaHue 00eMOB ITOCIICIOBATEIBHBIX UCIIHI -
TaHWIA JeTajcii MalllMH Ha JOJITOBEYHOCTh». BecTHHK MammHocTpoeHus, Ne 8, 1987, C. 3—6.

2. Harter H. L., Moore A. H. An Evaluation of Exponentiol and Weibull Test Plans IEEE Transactions on
Reliability, Vol R—25, N 2, June 1976, p. 100—104.

3. Hagexuoctp texumueckux cucrem: Crp. lO. K. Bensies, B. A. Borateipes, B. B. Bomoran u np. Ilox pen.
N. A. YmakoBa. M.: Paguo u cBa3b, 1985.
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Ilnanbl KOHTPOAA cpedHMX MOKA3aTeleld HANEKHOCTH N0 MOCAEA0BATENLHOMY
MeTony JJisl S3KCMOHEHNMAILHOIO pacnpeneneHus

Tadonuma 5

T/ T|5 a 7 T 4/ T, ty/T,
oa=p=0,10
21,70 6,74 0,713 1 0,106 0,099
7,30 3,17 1,110 2 0,349 0,408
5,00 2,49 1,370 3 0,549 0,735
4,83 2,43 1,400 3 0,574 0,780
4,00 2,16 1,590 4 0,732 1,090
3,83 2,11 1,640 4 0,776 1,180
3,50 2,00 1,750 5 0,879 1,410
3,29 1,92 1,850 5 0,960 1,600
3,00 1,82 2,000 6 1,100 1,960
2,94 1,80 2,040 6 1,130 2,040
2,70 1,71 2,210 7 1,290 2,480
2,53 1,65 2,380 8 1,440 2,940
2,50 1,64 2,400 9 1,460 3,010
2,39 1,60 2,520 9 1,580 3,380
Ilpodoaxcenue maba. 5
To,/T[i a A T t/T, /T,
2,28 1,55 2,660 10 1,710 3,840
2,19 1,52 2,810 11 1,840 4,310
2,12 1,49 2,930 12 1,970 4,780
2,06 1,47 3,050 13 2,080 5,240
2,00 1,44 3,160 15 2,190 5,690
1,96 1,42 3,280 15 2,310 6,200
1,79 1,36 3,770 20 2,770 8,420
1,67 1,31 4,270 25 3,270 11,100
1,60 1,28 4,660 30 3,650 13,400
1,50 1,23 5,420 40 4,390 18,600

2.0,0,1=0,1, 1,44 n 3,16, npuémxka 1,44x — 3,16 = 1,44*10 — 3,16 = 11,24, 6pakoBka 17,56
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' Alemungosuy H.O.

KPUTEPUU KAYECTBA NJIAHOB KOHTPO4
NMOKA3ATEJIEN BEBOTKA3HOCTHU

JIJist KOHTpOJISl TaKUX TOKa3aTeseld 0€30TKa3HOCTH, KaK HapabOOTKa Ha OTKa3 BOCCTAaHABIMBAEMBIX
WIM CpeHsisl HapaOoTKa 10 OTKa3a HEBOCCTAaHABIMBAEMbIX M3/IEIHI, B HOpMAaTUBHOM nuteparype [1,2]
perIaMEeHTUPOBaHBI JIBa OCHOBHBIX BH/IA IUTAHOB, IPUMEHSEMbIX OOBIYHO B MIPETOIOKEHUH 00 3KCTIO-
HEHIMAJIBHOM pPacIpe/leIeHUH COOTBETCTBYIOIINX CIIy4allHbIX BETUYHUH — HApaOOTOK MEX]y OTKa3aMHU
WIM 0 OTKa3a: IJIaHbl OTPaHUYEHHON MPOAOKUTEIBHOCTH WM C OFPAaHUYEHHBIM YKCIIOM OTKa30B
(Buna I) u yceuenHnsle nocnenoBaTenbHble maanbl Banpaa (Buaa I1).

Janee OynyT paccMaTpuBaThCs IUIaHbI C 3aMEHOM WIIM BOCCTAHOBJICHHEM OTKA3aBIINX U3/1EIIH, OTHAKO
pe3yJIbTaThl MOTYT OBITH OTHECEHBI U K TIaHaM 0€3 3aMeHbI (BOCCTAHOBJICHUS ).

B xauecTBe kpuTepueB Mpu BEIOOPE MIIAHOB PYKOBOJICTBYIOTCSI MAKCUMAJIbHOM MPOIOJIKUTENEHOCTHIO
UCIbITaHu# (y TJIaHOB BHJIa | OHA SIBJISIETCS MUHUMATHHOW ) HITA CPETHEN MPOIOJDKUTEIFHOCTRIO (Y T1a-
HOB Buja Il oHa 65r3Ka K MUHUMAQJIBHOW «C TOYHOCTBIO JI0 YCEUCHHS).

[Ipn ycedeHun mocienoBarelbHBIX IUIAHOB BO3PACTAIOT 3HAUYECHHs PUCKA CTOPOH II0 CPABHEHMIO C
HOMMHaJIbHBIMU. Takoe yBennyeHne MoXKeT ObITh cyiiecTBeHHbIM (110 30 % u Oonee) U UM He Bceraa
clelyeT mpeHeoperarsb.

Hapsiny ¢ ykazaHHBIMU pacCMOTPUM TaKKe IPYTrUe KpUTEPUN KaueCTBa IJIAHOB UCIIBITAHUN, KOTOPbIE
YIIYCKarOT U3 BUJLy IPH TEOPETUYECKUX UCCIIEIOBAHUSAX, HO OHU 3HAYKMMBI JUIs TPAKTUKU. [ IpenBapurenbHo
OTMETHUM, UTO U3 COMOCTaBIeHUs rpaHull Iu1aHoB BUJIOB | u 11 (puc. 1), MOXKHO cenaTh BBIBOA O HAJTUYUU
B IUT1aHax Buja [ «mmycThix» obnacreit, ci1ado BAusSonmx Ha GOpMUPOBAHKE ONTHOOYHBIX pereHni. Takue
oOnactu (BEpXHsS U HUXKHSS) HA pUCYHKE 3alITpUXoBaHbl. OHU XapaKTepU3yIOTCA T€M, YTO CTyIleHYa-
ThI€ JIMHUU peau3aliy Ipolecca 0TKa30B, MOMAaBIINE B 3TH 00JACTH, BBIXOAST Ha COOTBETCTBYIOLIHNE
rpaHuIbl [1aHa BUja | ¢ BEposATHOCTHIO, ONM3KOM K €AMHMUIIE, TIPU JTF0O0N U3 THIIOTES.

Haubosnee cymecTBeHHOE 00CTOSITENLCTBO, TPEOYIOIIEe yueTa P MOCTPOSHUH TIJIAHOB UCTIBITAHHM,
COCTOUT B TOM, YTO INPAKTUICCKU BCC BUIbI HSIICJII/II\/’I, Hapa6OTKI/I MCKAY OTKa3aMHu WJIA 10 OTKa3a KOTOPBIX
anMnpOKCUMHUPYIOT SKCIIOHEHIIMAJIbHBIM pacIipe/ielIeHueM, UIMEIOT iepuosi npupadboTku. B ctangapTuso-
BAaHHBIX IJIaHAaX 9TO HC YUHUTBIBACTCS. Hepno;l HpI/Ipa6OTKI/I MOXCT MCHATBHCA KaK 110 IPOAJOJIKUTCIIBHOCTH,
TaK U IO XapaKTCPy B 3aBUCUMOCTH OT COCTOAHUA TEXHOJIOIMYCCKOro 1mponecca u 1p. Hannune npu-
pa60TKI/I IMPUBOAMUT K TOMY, YTO MOMCHTEI BOSHUKHOBCHHA OTKA30B PACTIPCACIIAOTCA HEPABHOMEPHO 110
MPOAOJKUTCIIBHOCTHU I/ICHBITZlHI/IfI, KaK 3TO JOJI’)KHO OBITE B CJIy4ac SKCIIOHCHIMAJIBbHOTO paCipeaciCHus,
a B OOJIBIIIEN CTEIIEHU KOHICHTPUPYIOTCA HAa HAYAJIbHOM OTallc HUCHEBITAaHUI. HpI/I 9TOM JIMHUM pCain3allun
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nponecca OTKa3oB BMCCTO HpHMOHHHCﬁHOFO XapakrTepa an/I06peTa10T TCHACHIINIO K I/I3FI/I6y, BBIHyKJ'IOfI
YaCTbIO HAIIPABJICHHOMY K I'PAHUIC HECCOOTBCTCTBUSA IJIaHA BHUA H, MEpeCCKar0T €€, a BIIOCICACTBUN
BBIXOAT HAa I'paHULy COOTBCTCTBUS IIJIAaHOB BUIOB Iull TaK, KaK 9TO IIOKAa3aHO Ha pUC. 1.B pe3yibTare
HCKOHTPOJIUPYCMBIM o6pa30M YBCIMYNBACTCA PUCK U3TOTOBUTCIIA, KOTla ITpUCMIIEMas 110 HaJIC)KHOCTHU
MMPOAYKIUA MOKET OBITh 3a6paKOBaHa. VYkazanHoe 00CTOATEIBCTBO NPCIITCTBYCT HIMPOKOMY IIPUMCHC-
Huto naanoB Buja I Ha IMMPAKTHUKE, HCCMOTPA Ha UX 9 KOHOMHUYCCKYIO BBII'OJHOCTb.

[1 -
(_) Sug:’-;l ( )

rh

== ()

!
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lnaH
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peanu3sayuu fpouyecca
0MmKa308

Puc. 1. ConocraBienue T'paHull IUIaHOB HCIBLITAaHUI Ppa3IMYHbIX BUIOB. 3aHITpI/IXOBaHI)I o0nacTu 1iaHa BUaa I,
HE3HAYUTCJIbHO BJIUAIOIINE HAa 3HAYCHUS pPUCKA CTOPOH. 3HaKOM (+) 0003HaYEHBI I'paHUllbl COOTBETCTBUA,
I'paHULlbl HECOOTBETCTBUS IJIAHOB

[Tnansl Buja I sBiIsIOTCSA HEUYBCTBUTEIIBHBIMU K BO3MOXKHBIM ITPUPa0OTKaM, TaK Kak rpaHuIa HECOOT-
BETCTBHUS B HUX IIPEJCTABISIET NPSAMYIO, TApaslIeNIbHYI0 0cH adciucc. J[pyrumMu cioBaMu MOXKHO CKa3aTh,
YTO U3 JIBYX 3alITPUXOBAHHBIX Ha pUC. | o0nacTeil HIKH:SA 001aCTh BCETIa OCTASTCsI MyCTOM, @ BEpXHSA
B ClIydae MpUpaObOTKH TAKOBOI HE SBIISETCS.

[IpuBeneHHbIe paccyx1eHHus 000CHOBBIBAIOT LIEJIECO00PA3HOCTh PACCMOTPEHHUS AJIFTEPHATUBHO IJIaHAM
Buja Il HOBBIX oceoBaTenbHbIX I1aHOB (BUAa I1I), KOTOpBIE MOMYyYarOT HE MyTEM yCEUEHUS BaJIbJJOB-
CKHX IUIAHOB, @ 3@ CYET UCKIIFOYECHHs U3 COOTBETCTBYIOIIMX IUIAHOB BUJA | HMKHEN 3alITPUXOBAaHHOMN
obnactu. OOmuit XapakTep rpaHuIl TAKUX IJIAHOB MOKa3aH Ha puc. | mTpuxoBoii nuaueit. OHu, Kak Oynet
MIOKA3aHo JlaJIbllle, COYETatoT B cede JocToMHCTBA M1aHoB | u Il 1 He MMeroT UX HEJOCTAaTKOB.

CoxpaneHue BepxHei 001acTH 10 CyIIECTBY O3HAYaeT 3a/laHie OJHON U3 TPaHMUI] IJIaHa (HECOOTBET-
CTBHS), YTO IPUBOJUT K HEOOXOAUMOCTHU 00Jiee IeTaNbHOTO OCMBICICHHUS TAKOW XapaKTEPUCTHKH, KaK
CPEIHss IPOIOJIKUTEILHOCTD UCIIBITAHUI. B 3TOM OTHOLIEHUH CIIEyeT NIPEACTABIIATh PEAIIBHOE OTHO-
LICHUE CTOPOH K IPOJOJIKUTEIBHOCTU UCIBITAHUM, UMES B BUJY UX BO3MOYKHOE 3aBEPILICHUE C IByMs
IIPOTHUBOIIOJIOKHBIMY UTOTaMHU.

M3roToBUTENIO HE CBOMCTBEHHO CTPEMIIEHHE OBICTPO 3aBEPIIATh UCIIBITAHUS C OTPUIATEIBHBIM UTO-
r'OM, B TO BpeMsl KOT/ia IpeyCMOTpeHa UX 0oIblasi HpOJOIKUTEIEHOCTD U MOYKHO OXKU/IATh YITyUICHUS
PE3YIBTATOB, T.€. OH HE CKJIOHEH “IPEXAEBPEMEHHO” IPUHUMATD PELLIEHUE O HECOOTBETCTBUU, HECMOTPSI
Ha TO, YTO HECET PacXojibl O NPOBEICHHUIO UCIBITAaHUH. IHTEepechl moTpeduTens B 3TOM OTHOLICHUU
OKa3bIBAIOTCS Yallle BCEI0 HEUTPaJIbHBIMU, JTMOO OH TAK)KE HCIIBITHIBAECT HEYA0OCTBA, CBA3aHHBIE C MIPU-
HATUEM OTPULATEIILHOTO PELICHUs, TaK KaK 3TO MOXKET IIOBJIEYb 3aJCPXKKY IIOCTaBKHU U T.I1. [loaTomy
BMECTO CpeTHEN MPOIOIKUTEIBHOCTH 10 BCEM (TIOJIOKUTEIILHBIM M OTPULIATEIEHBIM ) PELLICHUSIM CIICTyET
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paccMaTpuBaTh TAK)KE B KAU€CTBE XapaKTEPUCTUKH IJIaHA M CPEIHIO0 MPOJIOKUTEIbHOCTD UCIIBITAHUH
TOJIBKO MO MOJIOKUTEIBHO NPUHUMAEMBIM PELICHUAM (0O COOTBETCTBUM). Takasi XapaKTepUCTHKA IJIaHa
B OOJIBLIIEH CTENEHU OTpaXkaeT peabHbIe HHTEPEChl CTOPOH.

IIpumeneHue ee BMECTO OOBIYHOI cpeiHElN POAOKUTEIBHOCTH UIMEET €111e U TEXHUUECKOE ITpenMyIiie-
CTBO, TaK KaK BC€ CIIO)KHOCTH BBIYHUCIUTEIBHOIO XapaKTepa MPpH ONpeesIEHUH CPeIHEH TPOIOIKUTENb-
HOCTH IUJIaHA CBSI3aHbl UMEHHO C OTPULIATEIbHO IPUHUMAEMBbIMU pelieHUAMU. DyHKIMY pacrpeieneHus
IPOJIOJDKUTEIBHOCTH UCIIBITAHUM 10 IPUHATHS OTPULIATEIBHOTO PEIICHUS CIOXKHBI, 8 MPUOIMKEHHbIE
¢bopmyiel Mano3pPEeKTUBHBI.

B ciydasix mpUHATHUS MOJIOKUTEIBHOTO PEILICHUs CPEeTHS IPOAOIKUTEIbHOCTh UCIIBITAHUM onpeie-
JsieTcs IpoCcTo

<Y

p
D;

T =

cp L

r, L
i=0 N~

2 Di

i=0

rac p,— BCPOATHOCTb OKOHYAHU HUCIBITAaHUH C i OTKa3aMu,

ti — OPpOHOJLKUTCIIBHOCTD HCIIBITAHUH npu I OTKa3ax,

rnp — OpCACIIbHO AOIIYCTUMOC YHUCJIIO OTKA30B, MO0 JOCTHXXCHHUU KOTOPOI'0 MPUHUMAIOT PCIICHUEC O HC-
COOTBCTCTBHUHU.

Wnes noctpoenus 60koBoil rpanuis! iana suja Il cocrout B cnenytomeM. JIxo60i npon3BoabHOM
ee (opme (HabOpy 3HAYEHMH {Z;}) COOTBETCTBYET CBOM HAOOP BEPOATHOCTEH {p;} M HAOOOPOT, COBO-
KYIIHOCTb YMCJIEHHBIX 3HAYE€HUH BEPOSATHOCTEH {p,}, 3aJaHHBIX IPU MPOM3BOJLHOM (HDUKCUPOBAHHOM
3HAYE€HUH HapabOTKU Ha OTKa3 T, 0HO3HAYHO ONpeneNnseT GOKOBYIO IPaHHUIlY IJIaHA — COBOKYITHOCTb
3HAYEHUH {7} .

IIpu cnpaBenmBoCcTH OCHOBHOM runotesbl (7, = 7)) cyMMa BEPOATHOCTEH paBHA JOMOJIHEHHIO JIO
€IMHULbl PUCKA U3TOTOBUTEIIS:

Ty -1

2 pi(T)=1-0a,

i=0
a MpM CIIPaBETMBOCTHU anbTepHatuBbl (1, = T, ﬁ) CyMMa 3THX BEpPOSITHOCTEH paBHA PUCKY MOTPEOUTENS:

r -1

np

Z pi(TB)zl—B.
i=0

Ecnu nonoxuts 3Ha4eHne HapaOOTKU Ha 0TKa3 (cpeiHel HapaOoTKU JI0 0TKa3a) paBHbIM OPaKOBOYHOMY
YpOBHIO T’y M paCCMOTPETh 11 HAOOPOB BEPOATHOCTEH {p;};, k=1....n, TAKKX, 4TO X CyMMa PaBHa 3aJ1aH-
HOMY 3HaYEHHIO PUCKA ITOTPEOUTEIA B, TO KaXKIbIi HAOOP ONPENEUT OOKOBYIO IpaHuIly Iana {7} ,. Bee
7 TUTAHOB ¢ TAKUMH OOKOBBIMH I'PaHUIIAMH COOTBETCTBUS U OJJHOM M TOM k€ IPaHULICH HECOOTBETCTBUSA
,p OYAYT HMETh OJIMH H TOT K€ PHCK MOTPEOMTENLs!, HO Pa3HbIC APYTHE NaPAMETPhI: PUCKH H3TOTOBUTEIIA,
MaKCHMaJbHbIE ¥ CPEIHUE IPOJOKUTEILHOCTHU U Jp. YNCIIO0 TaKUX MJIAHOB SBJISIETCS HEOTPAaHUYEHHBIM
U Cpelli HUX HAaXOJUTCS TaKKe HEOrpaHMYEHHOE YUCIIO IJIAHOB, UMEIOIINX OJIMHAKOBBIE PUCKU M3TOTO-
BHUTEII, T.6. MHOXCCTBO [UIAHOB, OTBEYAIOIIMX OAHOMY Habopy ncxonubix AaHubix T /Ty, o, f.
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W3roroBuresto A1 BHIOOPA U3 3TOT0 MHOXKECTBA KOHKPETHOTO IJIaHa, MOXO/ISIIETO [0 COBOKYITHOCTH
KaueCTBEHHBIX XapaKTePUCTHK, HEOOXOAUMO pacroiaraTb KaKuM-11u00 CiocOOOM UX YIOPSIIOUEHHOTO
nepedopa. B ocHOBY mepebopa MOKeT OBITh MOJIOKEH HEKOTOPBIA MPUHITUI pacrpeacsieHus (pa3gadn
«KBOT») pUCKa MOTpeOuTens £ mno 7,,p BO3MOXKHBIM IPOJIOIDKUTEIBHOCTSM ucnelTaHui. PaninoHanbHbIi
Croco0 TaKoro MOCTPOEHUS U aJIrOPUTM pacueTa IJIaHOB TPeOyeT OTAEIBLHOTO0 CaMOCTOSTEIILHOTO U3-
JIOKEHHS.

Ha puc. 2 u B Tabnuiie, ¢ 1eibio 1ajabHEeHIIero paccCMOTPEHHsI KpUTEpUEB KaueCcTBa IJIAaHOB, IaHbI 1Ba
npumepa ianoB Buja Il ¢ ucxoqHpIMu JaHHBIMU, COOTBETCTBYIOLIMMH UCXOAHBIM JaHHBIM Haubosee
4acTo MPUMEHAEMOTO CTaHIapTu3oBanHoro miana puna Il: 7 /T, 5= 2,0 ==0,128 (pucku riana Buaa
II Gonpire HomuHANBHBIX 0. = B = 0,1 BcaencTBUe yceueHus).

Ha puc. 3 npuBenensl rpadguku cpeaHeit mpoaoHKUTEIIBHOCTH HCTIBITAHUM J10 TPUHSATHUS ITOJOKHUTEITb-
HOTO PEIlEHUS 110 CPaBHUBAEMBIM IUTaHaM. M3 rpauKkoB BUAHO, YTO B pabouyeM Auana3oHe BO3MOXKHBIX
3HaYEHUW HApaOOTKW Ha OTKa3 (0T OpakoBOYHOTO 7 j 10 TIPHEMOYHOTO T, ypOBHEN) HOBBIE ILJIAHBI B
CpEIHEM CYIIECTBEHHO MEHEee MPOJOHKUTEIbHBI 10 MPUHATHUS MOJIOKUTEIBHOTO PEIICHUs, YeM CTaH-
JApTU30BaHHBIN M1aH — Ha 14-27%. B yacTHOCTH, BCsl OOKOBas IpaHulla IJIaHa @ PacIoioXKeHa JieBee
OOKOBOM I'paHUIIbl CTAHAAPTUIOBAHHOTO TJIAHA.

F 3

r
151

10

>

Puc. 2. CranmapTHSIii 1u1ad Bua /7 11st AICXOAHBIX HaHHBIX T /T =2; a =f=0,128 (uTpuxoBas JIUHU)
¥ IBa COOTBETCTBYIOIINX eMy IutaHa Bupa [lla u 1116 (CTIIONIHEIC THHUH)

I'panuns! rranoB BuaoB 11 u 111

Yucio oTka3zoB IT (cormacHo [1]) ITa 11117
(6bpakoBka) | (+, T.e. mpuémMKa) (+) )

0 — 2,20 2,03 2,27
1 — 2,89 2,78 3,03
2 — 3,59 3,47 3,69
3 0,35 4,25 4,13 4,31
4 1,04 4,97 4,77 4,90
5 1,74 5,67 5,40 5,47
6 2,43 6,36 6,02 6,02
7 3,12 7,05 6,64 6,56
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I'panuumt mmanos BuaoB 11 u 111
Yucno oTka3zos IT (cormacno [1]) ITa 11117
(ObpakoBka) | (+, T.e. npuéMKa) +) +)
8 3,82 7,75 7,27 7,09
9 4,51 8,44 7,89 7,62
10 5,20 9,13 8,51 8,13
11 5,90 9,83 9,14 8,64
12 6,59 10,30 9,76 —
13 7,28 10,30 — —
14 7,97 10,30 — —
15 8,67 10,30 — -

[Ipu Hanmuuuym nepuona NpUpPabOTKU MPEUMYIIIECTBO HOBBIX TJIAHOB 3aKJIIOYAETCS TAK)KE B TOM, YTO
M3MEHSIOTCS 3HAYCHHS BEPOATHOCTEH OKOHYAHMS UCIIBITAHUHN TIPH i 0TKa3ax (10 CPaBHEHHUIO CO 3HAUE-
HUSMH BEPOSATHOCTEH, COOTBETCTBYIOIIUX IKCIOHCHIIMATHFHOMY PacIpeesieHHI0) TaKUM 00pa3oM, 4TO
BO3pacCTaeT JI0JIsI UCTIBITAHUH, 3aKaHYMBAIOLTUXCS TIPH OOJIBINMX 3HAYCHHUSIX OTKA3aBIIUX U3/IEIH, KOT/Ia
JIMHUS peali3aliy mpolecca 0TKa30B MepeceKaeT OOKOBBIE IPAHMIIBI IIJIAHOB B MX BepxHeW yactu. Ha
puc. 2 3Ta 00JacTh TPaHUIl OTMEUEHA BOJHUCTOM JIMHUEH, U TUIaH, 0OecIednBalomui 0oee ObICTpoe
OKOHYAHHWE HUCTIBITAHUHA UMEHHO B 3TOM YacTH OOKOBOW I'PaHUIIBI, MOKET OBITh ISl HU3TOTOBUTENS HAU-
Oonee npeanouTuTenbHBIM. Ha prc.2 Takum miaHoM siBisietcs miiaH 6. CTaHIapTH30BaHHBIN IJ1aH BUIA
II B 3TOM OTHOIIIEHUHU OKa3bIBACTCS HAMXYAIIMM — OOKOBAs TpaHUIIA €ro HauboJiee yaaieHa BIPaBo.

Puc. 3. 3aBUCUMOCTD CpeHel MPOIOKUTENBHOCTH UCTIBITAHUHN 10 IPUHSTHUS OJIOKUTEILHOTO PEIICHHS
(o cootBeTcTBHN) T, » OT HapabOTKH Ha OTKa3 UCTIBITYEMBIX M3/IeNHi 7)) ITAHOB ¢ HCXOHBIMH JIAHHBIMH
T/Tﬂ: 2; 0= =0,128 B macmrabe T,

AHaJIOTHYHBIE PE3YJbTaThl MOIYYalOTCS U MPU APYTUX UCXOAHBIX JaHHBIX. [loBOIS HTOT paccMoTpe-
HUS KPUTEPHEB (XapaKTEPHUCTHUK) Ka9eCTBa MJIAHOB KOHTPOJIS TTOKa3aTee 0€30TKa3HOCTH, HE00X0IMMO
C/eJNaTh CJEIYIONINE BHIBOJIBI:

- M3TOTOBHTEIISA, YUUTHIBAIOIIETO Crieln(pruieckne 0COOEHHOCTH UCTIBITAHUN Ha 0€30TKa3HOCTh, MH-
TepecyeT psll XapaKTePUCTHUK IUIAHOB: MaKCHMasbHas MPOAOIKUTEILHOCTh, YCTOWYUBOCTh PHCKA K

127



KPUTEPUN KAYECTBA MNJIAHOB KOHTPOJ151 NOKASATEJIEA BESOTKA3HOCTU

BO3MOXHBIM TPUPAOOTKaM, CPEIHSS MPOIOJDKUTEIBHOCTD A0 MPUHATHS TOJI0KUTEIBHOTO PEIICHUS,
0COOCHHO B 00J1aCTH OOJIBIIMX 3HAYEHUH JOIYCTHUMOTIO YKCJIa OTKA30B;

- CpEIHSS IPOIOJDKUTEIILHOCTD UCTIBITAHUI IO IPUHITHS OTPULIATEILHOTO PEIIESHUS HE TPECTABIISAET
peaspHOTO MHTEpECa JAJI CTOPOH, U KaK CIICJICTBUE, TaKasl paclpoOCTpaHEHHAs! B TEOPETHUCCKUX UCCIIe-
JIOBAaHUSAX XapaKTEPUCTHKA, KaK 00Ias CpEeIHsS MPOJOIKUTEIHHOCTD, JUIsl MPAKTUKHU MPECTABIAETCS
HalMEHee Ba)KHOM,

- 33/1a4a BHIOOPA ONITUMAJIBHOTO TUIaHA TT0 COBOKYITHOCTH YKa3aHHBIX XapaKTEPUCTUK MAaTEMaTHYECKU HE
dhopMyupyeTcs, T.€. ONTUMAIILHOTO PEIISHUS B IAHHOM CJTy4ae HE CYIIECTBYET, B CBA3H C UEM 3Ty 3a7a4y
CJIEyeT peliaTh IyTeM MPEI0CTABICHHS H3TOTOBUTEIO BO3MOXXHOCTH BBIOUPATH IO CBOEMY YCMOTPEHHIO
HY)KHBI €My TUTaH U3 MHOXKeCTBa Tu1aHoB Bujaa 1l ¢ oguHakoBBIMM HCXOAHBIMH JIAaHHBIMU U BapbUpye-
MBIMH, TIPE/ITOJIOKUTEIILHO PAIIMOHAIBHBIMUA COOTHOIICHUSMHU Ka4€CTBEHHBIX XapaKTEPUCTHK;

- utanbl Buja 11 coueraror B cebe mpenmMyIiecTBa CTaH1apTU30BaHHBIX IJ1aHOB BHIOB | v I1 v mummenst
HUX HETOCTATKOB;

- ¢ mo3uIMi moTpedurens Bee manbl Buaa Il ¢ oqmHakoBBIME MCXOTHBIMU TAHHBIMU SIBJISIFOTCS DKBH-
BaJICHTHBIMH, 00ECIIEYMBAIOIIUMH ITPOBEPKY 3aJaHHBIX THIOTE3 C 3aJJaHHBIMH PUCKAMHU CTOPOH.

W3 noxxeHHbIN moaxona ¢ HGO6XOI[I/IMI)IMI/I M3MEHEHHSIMU MOJKET OBITh IIPUMEHCH TAKXKEC U K IIJIaHaM 0e3
3aMCHBI (BOCCT&HOBJ’ICHI/IH) OTKa3aBIIUX H3,Z[CJ'IPII>1 WJIK K BUJaM paCHpC,I[CHCHI/II;'I, OTJIMYHBIX OT 3KCIIOHCHII M-
aJIbHOI'O, U (B HECKOJILKO MEHBIIIEH CTeHeHI/I) K ITaHaM KOHTPOJIA MoKa3arese TUIa «BEPOATHOCTHM.

Jintepartypa

1. [yonuxauust MOK 605-7. UcnbiTanue annapaTypbl Ha HajexHOCTh. Y.7. [1maHbl KOHTPOIBHBIX
WCIBITaHUH [Tl OTIpeIeNICHUS] HNHTEHCUBHOCTH OTKA30B U CpeHEN HapaOOTKU Ha OTKa3 MpH JOMYIIEHUH
ITOCTOSITHHOW MHTEHCUBHOCTH 0TKa30B. — M.: M3n. BHMM-3nexrtponcranaapr, 1980.

2.TOCT 27.410 — 87. Hane:xHOCTH B TEXHUKE. METOIBI KOHTPOJIS MOKa3aTeNIeld HaIeKHOCTH U TITaHBI
KOHTPOJIbHBIX HCIBITAaHUI Ha HAJEKHOCTb.
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FOREWORD BY DZIRKAL E.V.

Serial control of reliability (and other similar parameters) boils down to the comparison of some value
at each moment of observation with two boundaries — acceptance and rejection. Between the boundaries
there is a region of uncertainty (testing continues when in there). The classical Wald approach does not
imply any restrictions for testing time. As soon as the region of the Wald uncertainty is truncated, risks
for a supplier and a customer grow considerably. And it is unknown at which level this region should be
truncated, with decisions made in a completely arbitrary way. For example, risks are set to 0.1, but the
outcome is 0.13 (and this outcome can be evaluated by some experts, including Demidovich with his
method).

Demidovich N.O. developed a method that makes it possible to set boundaries in such a way that serial
control using these boundaries will provide precise values of specified risks. Boundaries as to the Demi-
dovich method can create an uncertainty region of any form including a closed one that does not require
truncation (Demidovich himselfused a triangular form for development). The method was acknowledged
by ISO/IEC experts, adopted in Russia as the GOST R 27.402-95 standard and became part of the second
version of the IEC 61124 draft standard to be issued.

It is worth noting that plans of N.E. Yarlykov with the same advantages appeared in the USSR before
Demidovich.

It is obvious that the Demidovich plans are definitely better than the “classical” Wald plans, and the
latter should be replaced in all standards and textbooks. Below you can find two first papers of Demi-
dovich N.O. published in the journal Reliability and Quality Control in 1990 and 1991.

C. 26 TOCT 27.410—87
Ta6anuma 17
a=p=0,1;T/Ty=2;1y,/T, =591 ty/T, =500

r o/ Ty, b/ Ty r I/ Ty by/T, r o/ Ty /Ty
0 1,907 - 14 11,884 7,140 28 20,413 17,766
1 2,860 | 0,015 15 12,513 7,854 29 21,006 18,563
2 3,695 | 0,183 16 13,137 8,577 30 21,598 19,363
3 4473 | 0,507 17 13,758 9,309 31 22,188 20,166
4 5217 | 0,929 18 14,376 10,049 32 22,775 20,973
5 5,936 1,417 19 14,990 10,796 33 23,363 21,781
6 6,636 1,953 20 15,602 11,549 34 23,949 22,594
7 7,322 | 2,525 21 16,211 12,309 35 24,533 23,408
8 7,997 | 3,128 2 16,817 13,074 36 25,117 24,227
9 8,663 | 3,755 23 17,422 13,846 37 25,699 25,045

10 9,319 | 4,401 24 18,023 14,621 38 - 25,699

11 9,969 | 5,065 25 18,624 15,400

12 10,612 | 5,744 26 19,223 16,186

13 11,251 6,436 27 19,818 16,975

1. M. b. ®ap6epman, P. 1. Bepmrun, C. C. Imatpayenko «[naHupoBaHue 00eMOB ITOCIICIOBATEIBHBIX UCIIHI -
TaHWIA JeTajcii MalllMH Ha JOJITOBEYHOCTh». BecTHHK MammHocTpoeHus, Ne 8, 1987, C. 3—6.

2. Harter H. L., Moore A. H. An Evaluation of Exponentiol and Weibull Test Plans IEEE Transactions on
Reliability, Vol R—25, N 2, June 1976, p. 100—104.

3. Hagexuoctp texumueckux cucrem: Crp. lO. K. Bensies, B. A. Borateipes, B. B. Bomoran u np. Ilox pen.
N. A. YmakoBa. M.: Paguo u cBa3b, 1985.
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Tadnuma 5
Ilnanbl KOHTPOAA cpedHMX MOKA3aTeleld HANEKHOCTH N0 MOCAEA0BATENLHOMY
METOAY AJifi IKCHOHEHNUATBHOIO pacnpeneieHns

T/ T|5 a 7 T 4/ T, ty/T,
oa=p=0,10
21,70 6,74 0,713 1 0,106 0,099
7,30 3,17 1,110 2 0,349 0,408
5,00 2,49 1,370 3 0,549 0,735
4,83 2,43 1,400 3 0,574 0,780
4,00 2,16 1,590 4 0,732 1,090
3,83 2,11 1,640 4 0,776 1,180
3,50 2,00 1,750 5 0,879 1,410
3,29 1,92 1,850 5 0,960 1,600
3,00 1,82 2,000 6 1,100 1,960
2,94 1,80 2,040 6 1,130 2,040
2,70 1,71 2,210 7 1,290 2,480
2,53 1,65 2,380 8 1,440 2,940
2,50 1,64 2,400 9 1,460 3,010
2,39 1,60 2,520 9 1,580 3,380
Ilpodoaxcenue maba. 5
To,/T[i a A T t/T, /T,
2,28 1,55 2,660 10 1,710 3,840
2,19 1,52 2,810 11 1,840 4,310
2,12 1,49 2,930 12 1,970 4,780
2,06 1,47 3,050 13 2,080 5,240
2,00 1,44 3,160 15 2,190 5,690
1,96 1,42 3,280 15 2,310 6,200
1,79 1,36 3,770 20 2,770 8,420
1,67 1,31 4,270 25 3,270 11,100
1,60 1,28 4,660 30 3,650 13,400
1,50 1,23 5,420 40 4,390 18,600

2.0, 0.1=0.1, 1.44 and 3.16, acceptance is 1.44k — 3.16 = 1.44*10 — 3.16 = 11.24, rejection is 17.56
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Demidovich N.O.

QUALITY CRITERIA FOR PLANS OF FAILURE-FREE
PERFORMANCE CONTROL

In order to control such parameters of failure-free performance as TTF of recoverable products and
MTBF of non-recoverable products, the standards [1,2] specify two basic types of plans applied usually
with the assumption of the exponential distribution of random values, i.e. times between failures and
times to failures — plans with limited duration or with a limited number of failures (type 1) and Wald’s
truncated serial plans (type II).

Further on we’ll consider plans with replacement or recovery of failed products, although the results
can refer to plans without replacement (recovery) as well.

As criteria for selecting plans, we use maximum duration of testing (for plans of type I, it is minimal)
or average duration (for plans of type II, it is close to a minimal one “with precision up to truncation”).

When truncating serial plans, values of parties’ risks increase compared to the nominal values. This
increase can be substantial (up to 30 per cent), and it should not be always neglected.

Besides the abovementioned criteria, we’ll also consider other criteria of testing plans that are overlooked
in theoretical researches but are still important for practice. Let us tentatively note that when comparing
the boundaries of plans of types I and II (Fig. 1), we can conclude about some “empty” regions in plans
of type I, which faintly influence generation of wrong decisions. Such regions (upper and lower ones) are
lined in the figure. It is characteristic of them that stepwise lines of failure process realization occurred
in these regions come out on the corresponding boundaries of type I plan with the probability close to
unity for any of hypotheses.

The most important thing that should be taken into account while preparing plans of testing is that
there 1s a break-in period practically for all types of products whose MTBF or TTF are approximated
by an exponential distribution. The standardized plans do not take this into account. A break-in period
can vary both in terms of duration and character depending on the state of technological process etc. A
break-in factor results in that moments of failure occurrence are distributed not evenly as per duration
of testing as it should be in case of exponential distribution but are more concentrated at the initial stage
of testing. While the lines of failure process realization instead of a lineal character take on a tendency
to a curve that by its convex part points to the boundary of non-conformity of type II plan, crosses it and
then come beyond the boundary of conformity of plans of types I and II, as shown in Fig. 1. As a result,
a manufacturer’s risk increases uncontrollably when products acceptable in terms of reliability can be
rejected. This circumstance prevents from wide application of type II plans in practice, in spite of their
economical benefits.
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Plan (-)

Plan w

of type lll

gy
/ Lines tucn

of failure process
realization

Fig. 1. Comparison of the boundaries of testing plans of various types. The regions of type I plan that feebly influence the
values of risks are lined. The symbol (+) denotes the conformity boundaries, the non-conformity boundaries of plans

Type I plans are not sensitive to possible break-in factors, as the boundary of non-conformity there is a
right line parallel to the X-axis. In other words, of two regions lined in Fig. 1 the lower region is always
empty, and the upper one is not in case of break-in.

The above arguments justify the reasonability of considering, as an alternative to type II plans, new
serial plans (of type III), which are obtained not by truncating Wald’s plans but excluding a lower lined
region from the respective plans of type I. The general character of the boundaries of such plans is shown
in Fig. 1 as a dash line. As it will be shown further, they combine the advantages of plans of types I and
IT and are free from their disadvantages.

The retention of an upper region in fact means setting one of the plan boundaries (non-conformity),
which leads to the necessity of more detailed consideration of such characteristics as an average dura-
tion of testing. In this respect we should present the actual attitude of the parties towards the duration of
testing bearing in mind their possible completion with two contrary outcomes.

A manufacturer does not tend to quickly complete testing with a negative outcome, while there is a
longer duration provided for and one can expect better results, i.e. he is not inclined to make a “pre-
mature” decision about non-conformity, notwithstanding the costs that testing incurs. The interests of a
consumer are more neutral in this respect, or he also suffers from some inconvenience related to making
a negative decision, as it can lead to some delay of delivery etc. That’s why instead of average duration
as to all (positive and negative) decisions one should also consider average duration of testing only for
positive decisions made (about conformity) as a plan characteristic. This parameter more reflects the real
interests of the parties.

Its application instead of a traditional average duration also has some technical advantage, since all
calculation difficulties in defining a plan’s average duration are related to negative decisions. Functions of
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distribution of testing duration till negative decision making are complicated, and approximated formula
are not so efficient.
In cases when positive decisions are made, the average duration of testing is defined in a simple way

where p. is the probability of testing completion with 7 failures; 7, is the duration of testing with i failures;
Fop is the ultimate acceptable number of failures when reaching this, a decision about non-conformity is
made.

The idea of forming a side boundary of type III plan consists in the following. For any of its arbitrary
forms (a set of values {z,}) there is its own set of probabilities {p;}, and vice versa, a set of numerical
values of probabilities {p,} specified for an arbitrary fixed value of time to failure T, unmistakably defines
a side boundary of a plan, i.e. a set of values {7 }.

If the main hypothesis (T, = T ) is true, the sum of probabilities is equal to complement up to unity of
a manufacturer’s risk:

Ty -1

2 pi(T)=1-0a,

i=0
and if the alternative (7, = T ﬂ) is true, the sum of these probabilities is equal to a consumer’s risk:

7,—1

Z pi(TB)zl—B.
i=0

If we assume the value of time to failure (mean time to failure) equal to rejection level 7, and consider
the n sets of probabilities {p;} , k = 1....n, such that their sum is equal to the set value of a consumer’s
risk B, then each set will define a side boundary of the plan{z,},. All n of plans with such side boundaries
of conformity and one and the same boundary of non-conformity Top will have the same consumer risk
but different other parameters: a manufacturer’s risks, maximum and average durations etc. The number
of such plans is unlimited, and among them there is also an unlimited set of plans with the identical risks
for a manufacturer, i.e. a set of plans corresponding to one set of initial data T a/Tﬁ’ a, B.

To select among this set of plans a particular plan appropriate in terms of a set of quality character-
istics, a manufacturer shall have some way of searching them in some order. The basis for this search
can be some principle of distribution (“quota” allotment) of a consumer’s risk f as to the Top of possible
testing durations. The rational way of such construction and the algorithm of calculation of plans require
a separate exposition.

For further consideration of quality criteria of plans, Figure 2 and the Table provide two examples of
type III plans with initial data complying with the initial data of the most widely used standardized plan
of type Il: T, /T/), =2, a = f=0.128 (the risks of type II plan are higher than the nominal ones oo = =0.1
due to truncation).
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Fig. 3 shows graphs of average testing duration till making a positive decision as to the compared plans.
The graphs show that within a working range of possible TTF values (from rejection level T 5 up to ac-
ceptance level 7)) new plans on the average are considerable less longer till making a positive decision
than the standardized plan by 14-27%. In particular, the entire side boundary a is positioned to the left
of the side boundary of the standardized plan.

r
16

10

>

Fig. 2. The standard plan of type II for initial data T, /T, ¥ =2; a=f =0.128 (dash line)
and two corresponding plans of types /lla and I1Ib (continuous lines)

No. of Boundaries of plans of types IT u II1
failures II (accord. to [1]) IIIa I11b
(rejection) |(+, i.e. acceptance) (+) ()
0 — 2,20 2,03 2,27
1 — 2,89 2,78 3,03
2 — 3,59 3,47 3,69
3 0,35 425 4,13 4,31
4 1,04 4,97 4,77 4,90
5 1,74 5,67 5,40 5,47
6 2,43 6,36 6,02 6,02
7 3,12 7,05 6,64 6,56
8 3,82 7,75 7,27 7,09
9 4,51 8,44 7,89 7,62
10 5,20 9,13 8,51 8,13
11 5,90 9,83 9,14 8,064
12 6,59 10,30 9,76 —
13 7,28 10,30 — —
14 7,97 10,30 — —
15 8,67 10,30 — —

In case of break-in period, the advantage of new plans also consists in that the values of testing comple-
tion probabilities for i failures (compared to the values of probabilities corresponding to an exponential
distribution) are changed such that there is an increase of a testing share coming to completion with high
values of failed products when lines of failure process realization cross side boundaries of plans in their
upper region. In Fig. 2 this region is marked by a wavy line, and the plan ensuring a quicker completion
of testing in this particular part of the side boundary can be mostly preferred by a manufacturer. In Fig.2
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such plan is plan b. The standardized plan of type II in this respect seems the worst one, since its side
boundary is away to the right to the maximum.

/" ' Standard plan
6 f" \ © oftypell
]
Plan of type lllb
3
2 ___T::::]_—:E:—:—:E:—:—:E:-:—:E_‘-:
1 L | |
| | 1 1
»
1 2

Fig. 3. Dependency of the average duration of testing till making a positive decision (about conformity)
T, on time to failure of tested products 7, of plans with initial data T,/ Ty= 2; a=B=0.128 inscale T,

Analogous results are also obtained for other initial data. Summing up the consideration of quality criteria
(characteristics) of safety performance control plans, it is necessary to make the following conclusions:

A manufacturer who takes into account the specifics of failure-free performance testing is interested by
anumber of characteristics of plans: maximum duration, risk immunity to possible breaks-in, average du-
ration till making a positive decision, in particular in the field of high values of acceptable failure rates;

The average duration till making a negative decision is not of interest for the parties, and therefore, such char-
acteristic wide spread in theoretical researches as total average duration is the less important one for practice;

The task of selecting an optimal plan as to a set of specified characteristics is not stated mathematically,
1.e. there is no optimal solution in this case, so the task should be solved by providing a manufacturer an
opportunity of selecting at his discretion a required plan among a set of plans of type III with identical
initial data and varying, presumably rational correlations of quality characteristics;

Type 111 plans combine benefits of standardized plans of types I and II and are free from their drawbacks;

In terms of a consumer, all plans of type I1I with identical initial data are equivalent and ensure check-
ing the set hypotheses with specified risks of the parties.

The presented approach with necessary changes can be also applied for plans without replacement
(recovery) of failed products or for types of distribution different from an exponential distribution and
(in a slightly lesser degree) for plans of controlling parameters like “probability”.
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PeueHn3usa Yenypko B.A.
Ha yyeOHoe nocobue AHToHOBa B.A., Hukynuua M.C.
«CTaTncTuyeckue Moaenm B TEOpUU HapeXXHOCTU»

Buumanuto yurarens npeanaraercs kHura aBropoB AHtoHosa A.B. n Hukynuna M.C. «Cratu-
CTHYECKHE MOJICITU B TEOPUH HAJCKHOCTHY. Y4yeOHOoe nocodue, mpeaHa3HaueHHOe CTy/IeHTaM, 00y4Jaro-
IIMMCS 110 HanpasieHuto «HpopMaTKa U BEIYMCINTENbHAS TEXHUKA», Oy/IeT Takke BecbMa IOJIe3HO
acTMpaHTaM ¥ HHXEHEpaM, Ubs Hay4yHasi paboTa TECHO CBsI3aHa C MaTeMaTU4eCKOi Teoprel HaIeKHOCTH
Y IIPUMEHEHUEM CTaTUCTUYECKUX METOJIOB.

Hukynun M.C. 3Hakom poccuiickomy untareinto 1o kaure Bounos B.I., Huxynun M.C. «Hecme-
IICHHBIE OLIEHKU U UX MPUMEHEHHs». MHOXECTBO pabOT aBTOpa CBSI3aHO C TIOCTPOSCHUEM U PA3BUTHEM
KPHMTEPHS THIIA > B CITydae MPOBEPKH CIOKHBIX CTATHCTHYECKHX THIIOTES, KOTJIa TapaMeTphl pacrpeere-
HUSI OLIEHHUBAIOTCS 110 BhIOOPKe (kputepuii Hukymuna). ITo kpurepuro x B CIIIA uznana 3amedarenbHast
kuura aBropoB P.E. Greenwood, M.S.Nikulin «A Guide to Chi-Squared Testing» [6], siBstOIIa5ICS, IO CYTH,
HauOOJIEE MOIHBIM HCCIIEN0BAHUEM KPUTEPHEB TUMA ¥ 2. JKaJlb, 4TO STa KHUIa [OKa EIIE HE TIEPEBEIeHa
Ha pycckuil s3bIK. COBpeMEHHbIE Hay4HbIe Pa0OThl aBTOpPA CBSI3aHBI CO CTAaTUCTUYECKUMHU MOJACIISIMH,
PUMEHSIEMBIMH MTPH TUIAHUPOBAHUU M OPTaHU3aLMU YCKOPEHHBIX MCIIBITAHUH, @ TAK)KE METOAAMU aHa-
nr3a HH(GOPMALIKH 110 UCCIIEAOBAHHIO JeTPaJallMOHHBIX IpolieccoB. YueOHoe mocodue AnToHoBa A.B.
«CHCTeMHBIN aHaTU3» MEPEKUII0 yKe HECKOJIBKO MEePEeU3JaHui U MO-TIPEKHEMY MOJb3YEeTCsl OOBIION
nomnyisipHocThio. Hayunsle untepecsl AHTOHOBa A.B. oTpakeHbl BO MHOXKECTBE MyOnukanuil. 31ech
IPUCYTCTBYIOT MapaMeTPHUUECKUE U HEeMapaMeTPUIeCKHe METO/Ibl 00paboTKH SKCIIEpUMEHTAIBLHON HH-
¢dopmanuu, OyTCTpEn-MeTo/, a TAK)Ke MaTeMaTHYECKUE MOJICNIN yUeTa CTapeHHs..

K HecomHeHHBIM npenmMyIecTBaM «CTaTUCTUYECKUX MOJIEIEeH B TEOPUU HAJISKHOCTI) HE0OXO-
MO OTHECTHU KaK JIOCTYIHOCTh, TaK U MaréMaTU4ecKyl0 CTPOrOCTh M3JIOKEHHUsI Marepuana. B 6oib-
IIMHCTBE CIy4aeB Il MTOHUMAaHUS HEOOXOIMMBI JIMIIL OCHOBHBIE CBEACHUS U3 TEOPUH BEPOSITHOCTEH 1
MaTeMaTU4eCKOM TEOPUU HAAECKHOCTH. DTOT (aKT SABISIETCS CYLIECTBEHHBIM, TOCKOJIBKY B HACTOSIIIEE
BpeMs KpaiiHe MaJio JOOPOTHBIX y4eOHUKOB 10 TEOPUH HaJIe)KHOCTH. ViMerommuecs: yueOHbIe TocoOus 1o
IIPEAMETY B HEKOTOPBIX pa3esax 3a4acTylo IPOCTO ycTapeau. B nepByro ouepenb 3TO OTHOCUTCS K IIPU-
MEHEHUIO PAa3JINYHBIX CTATUCTUUECKUX MOJENIEH U METOIOB IIPU IPOBEAECHUH BEPOATHOCTHOIO aHAJIN3a
HA/IKHOCTH U O€30MaCHOCTH CIOKHBIX TEXHUYECKUX CHCTEM.

Pa36epem 3aTpoHyTbIe OCHOBHbIE HAy4YHbIe BONPOCHI Y4eOHOI0 OCO0Hs 10 INIaBaM.

B nepBoii maBe Jat0TCs OCHOBHBIE IOHATHS TEOPUHN HAEKHOCTH, OIIPEIEIISIFOTCS II0KAa3aTeIu BOC-
CTaHaBJIMBAEMBIX U HEBOCCTAHABIMBAEMBIX CUCTEM M IIPUBOJATCS KJIACCUUECKHE CTIOCOOBI MX OLCHUBA-
Hus. PaccmarpuBatoTcs pa3iinyHble BUbI HCXOIHBIX CTATUCTUYECKUX IAHHBIX, B YaCTHOCTU IPUBOAUTCSA
KJaccu(uKaius crnoco0oB EH3ypPHUPOBAHUSI.

Bropas miaBa nocssiieHa OCHOBHBIM MaTeMaTU4YE€CKUM CBOMCTBAM IIOKa3aTelel HaJeKHOCTHU He-
BOCCTAHABJIMBAEMbIX U BOCCTaHABIUBaeMbIX cucTeM. [IpuyemM HEOOXOIMMO OTMETUTH, YTO BO BTOPOM
cllyyae MpUBEACHHBIN MaTepral J0CTaTOYHO MOAPOOECH, COAECPIKUT CBEACHUS O PSIMOM U 00OpaTHOM OCTa-
TOYHBIX BPEMEHAX, U3BECTHbIE OLCHKH /7151 ()YHKIIMU BOCCTAHOBIICHHS M BaXKHBIC ITPECIbHBIC TEOPEMBI.
[Tpu 3TOM opMynUpyEeMbIe TEOPEMBI, B OCHOBHOM, IIPUBEACHBI 0€3 10KAa3aTeNbCTB, YTO CYIIECTBEHHO
obneryaer 4reHue MaTepuaia.

B cnenyromem pasaene aBTopbl ocoOusi MPUBOAAT METOAbI CTPYKTYPHOTO aHANIN3a HAJeKHOCTH
cucteM. K HUM OTHECEHBI JIOTUKO-BEPOSITHOCTHBIN METOJl aHAJIN3a HAJAEKHOCTH, METOABI IOCTPOCHUS
CTPYKTYpPHBIX (DyHKIIMI, yTeil 1 CEYeHU 1 METOI IEPEBBhEB OTKA30B. B riaBe paccMoTpeHb! BOIIPOCHI 3Ha-
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YMMOCTH AJIEMEHTOB, ONpEEIIAeTCs 3HaUMMOCTb 110 bapioy-IIpomany u Becensi-®dacceny. /1 pa3nuuHbIx
cTpareruii 00CIy>KMBaHUs1 BOCCTaHABIMBAEMbIX CUCTEM MPUBEICHbI OAPOOHBIEC AaHATUTUYECKUE PACUETHI
HECTAI[IOHAPHOTO U CTALIMOHAPHOT0 K03((HUIIMEHTa TOTOBHOCTH. J{y1s KayK10¥ CTpaTeruy NpUBeIeHBI IO~
POOHBIE PUCYHKH, YTO €CTECTBEHHO YIy4YIIaeT KaueCTBEHHOE BOCIPHUATHE MTOTYYEHHOIO Pe3ynbTaTa.

YerBepras U nsATasi MIaBbl IOCOOMS MOCBAIIEHBI 0030py MPUMEHSIEMbIX B TEOPUHU HAJICKHOCTH
CTaTUCTUYECKUX METOJIOB OLIEHUBAHUS U IPOBEpKU runore3. BHauasne aBTopamu 00cykaaeTcs MOHITHE
BEPOSTHOCTH KaK (pyHJaMEHTAJIbHOTO, MOCKOJIbKY Haubosiee 3Ha4YMMble pe3yibTaTbl MaTeMaTHueCKON
TEOPUH HAJISKHOCTH CBSI3aHbI B IIEPBYIO OYEPEb C BEPOSITHOCTHBIM OAX010M. OIPENeIIsitoTCsl OCHOBHBIE
BEPOSITHOCTHBIE paclpe/ieIeH s, IEPBUUHBIE CTATUCTUYECKUE XapaKTEPUCTUKH BBIOOPKH. [lanee nmpuBo-
JSATCSL OCHOBHBIE CBOMCTBA M METO/IbI IIOJIYYEHHS TOYEUHBIX OLEHOK. K HEOCTIOpUMBIM IIPENMYyILIECTBAM
yueOHOro ocoOusl B 3TOM 4aCTH HEOOXOAMMO OTHECTH Pa3BUTHE METOa MAKCUMAJIbHOTO MPaBI0IIoA00Us
IUIsL pa3IM4YHbIX Mojenel neH3ypupoBanus. CoOpaHHbII Marepuan o0aaeT OYeBUIHOW HayqHOH HO-
BU3HOM 1 IyOJIMKOBAJICSI BOCHOBHOM B CTaThsAX WJIH 3apyOexHOM HayuHOH KHUre. K peako myoaukyemoin
MOXHO OTHECTH HENapaMeTpUUecKyto OleHKY (yHkuuu HaaexHoctu Kamnana-Meiiepa. [Iatyro raBy
MOXHO OTHECTHU K Hanbosee CI0KHBIM B MaTeMaTH4eCKoM cMbIciie. M 3TO BBI3BaHO, B IIEPBYIO OUEPEb,
HEOOXOIMMOCTBIO OCBETUTD BCE HIOAHCHI IIPMMEHEHHs KpuTepus [Tupcona 2. XoTenoch 6bl OTMETHTB, UTO
U 3/1eCh 00BbEM MPEICTABICHHOIO MaTepHalla MOJHOCTHIO ONPABAAH U HE 3arPOMOXKAEH U3JIUIIHUMU 115
MH)KEHepa JJ0Ka3aTeJIbCTBAMU TEOpeM. 3aMeuaTelIbHO, YTO 371ECh K€ MIPUBEACH Pl PEIKO MyOINKyEeMbIX
KPHUTEPHEB ITPOBEPKHU HOPMAIIbHOCTH, SKCIIOHEHIINATBHOCTH HapaOOTKH; MPUHAICKHOCTH €€ pacipese-
nenuto Beiibymia. Kak HekoTopoe 3aMedaHue 1o Coep:KaHUIO0 X04y OTMETUTh, YTO HelapaMeTPUUYECKYIO
oueHky Karutana-Meiiepa cienoBasno Obl, Ha MO B3IVISLI, IOMECTUTH B LLIECTYIO TJIABY.

B cnenyromieii (mectoil) raBe yaensieTcss BHUMaHUE OCHOBHBIM HeNapaMeTpUYECKUM METoJaM
aHanu3a craructuueckoi nHdopmanuu. [IpuBoasTcs cBOMCTBa 3MIIUpUYecKoll (GyHKIMU pacrpenene-
HUs, TUCTOTPAMMBI, AIEPHOM U NPOEKLMOHHON OLICHKHU IIJIOTHOCTU pacupelneiacHus. SnepHas oLeHKa
BBIBOJIMTCS JUUISl Pa3JIMYHOIO BUA LIEH3YPUPOBAHHBIX JaHHBIX, & TAKXKE JJIA [IapaMeTpa IIOTOKA OTKa30B.
PaccMoTpeHsl paznuyHble HEmapaMeTpUUECKUE TECThI poBepkH runores: Koamoroposa, CMHUpHOBa,
Museca, KpuTepuil 3HaKOB.

CenbMoil pa3zen sBISETCSI BBEJICHUEM B TEOPUIO YCKOPEHHBIX UcnbITaHui. Heobxoaumo otme-
TUTh, YTO B PYCCKOSI3BIYHOM JINTEpaType MOCOOMI 10 3TOI AOCTATOYHO HOBOM TEMAaTHUKE MPAKTUYECKH
He cyuiecTByeT. Kak M3BECTHO, MOZENIb YCKOPEHHBIX UCIBITAHUNA MIPUMEHSETCS B TEX Cllydasx, Koraa
HEOOXOIMMO OLIEHUTh HAJIeKHOCTb CHUCTEMBI, OTKa3bl KOTOPOH 3a HabiIroqaeMoe BpeMsi upe3BbIUaiiHO
penku (BBICOKOHAIeXKHas cucTeMa). B 3ToM citydae npoBoAsT (YCKOPEHHbIE ) UCIIBITAaHUS IPU HArpy3Kax,
MPEBBIIIAIOIINX OOBIYHBIE SKCILTyaTallMOHHBIE. YTOOB! yMeTh 00pabaThiBaTh TaKy0 HH(OPMALIHIO, HAT0
MMETh COOTBETCTBYIOIIME MOJENIU JOJTOBEYHOCTU. B CBs3M ¢ 3TUM M3jararorcs aBe mozaenu Jlemana
IPOBEIEHUsS] YCKOPEHHBIX HcIbITaHuil (B yactHocTU Mozaenb AFT), monens CenskuHa U psia JpyTux.
Brauaie onpenenstorcss HECKOJIBKO BaXKHBIX MOHATUN MOJEIU YCKOPEHHBIX UCIBITAHUM TakKue, Kak
BEKTOP KOBapUaHT, CTpeCC, PyHKIMS CBsI3U, 6a30Bas (YHKUUS HAJAECKHOCTH (MHTEHCUBHOCTH) U T.Il. B
paMKax MpeUI0KeHHbBIX MOJIENIel CTPOSATCS NapaMeTpUUeCKHe OLIEHKH MaKCUMaJIbHOTO PaBAONOoA00Hs
nokasaresieil HaJexHOCTH (B yacTHocTH BBP) npu nmpousBonbHOM Harpyske Ajisl pa3ivyHbIX 3aKOHOB
pacrpeneneHus.

BocbMmas miaBa nocBsilieHa MOZIENSAM y4eTa cTapeHus B pabote o0opynoBanus. B ormuuue ot Mmopenu
YCKOPEHHBIX UCTIBITAHUM, /1€ OKA3aTeJId HaJe)KHOCTH OOBbEKTOB Ha 3Tare yCKOPEHHbBIX UCTIBITAHUA MEHS-
FOTCSI CKaUKOOOPa3HO, B MOZIEIISIX yUeTa CTAPEHUS M3MEHEHHUE ITUX MTOKa3aTesIel MPOUCXOAUT HETIPEPHIBHO
BO BpeMeHHU. B mi1aBe paccmMarpuBaroTCs JBE OCHOBHBIE MOJEIIA HEOJHOPOAHBIX IIOTOKOB OTKa30B — MOZIEIIb
¢ K03(PHULMEHTOM U3HOCA (TEOMETPUUECKHI OTOK OTKA30B) M MOJIENTb HOPMAIM3YIOLIEeH (DyHKIIMU ITOTOKA.
B pamkax nocnenHei Moaeau npeajokeH crnocod pacuera ko3 uireHTa roTOBHOCTH IS IBTEPHUPYIO-
IIMX HEOTHOPOJIHBIX IMOTOKOB OTKa3 — BOcCTaHOBIeHUE. Ha MOl B3I, AaHHBIM pasaen ciienoBaio Obl
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pacIIMpuTh JPYTUMH UHTEPECHBIMU MOJICJIIMUA HEOHOPOAHBIX mpolieccoB. K nmpumepy HEOTHOPOIHBII
nmyaccoHoBckui iporiecc (NHPP) [1], ramma-tiporiecc [2], 06001eHHBIE MOIETH C KOADGUITUSHTOM U3HOCA
[3-4] u npouiecc BoccranoBinenus ¢ TpeHaoMm (TRP) [S]. Bnonre Bo3M0OXKHO, aBTOpPBI OBLIIM OTPaHHYEHBI
BpEMEHEM U 00bEMOM MaTepuasa, YTo He MO3BOIMIIO UM paccKazaTbh 00 ITUX MOJEIISX.

[Tocnenuss rmaBa nocoOus COAEPKUT 0030p CBOMCTB pa3INYHBIX MOJIENIeH JOITOBEUHOCTH B YaCT-
Hoctu Mozenu ['ymbens u MoprenmrepHa. MaTepecen maparpad, MOCBSIIEHHBIH IByMEPHOU KOITyJIe,
HeoObIUHa, Ha MEePBbIi B3NS, IPUBEACHHAS IIPOCTas CBI3b MapaMeTpa aCCOLUATUBHOCTHU C K0P PHIIH-
€HTOM paHroBoi koppessiuuu Kennamna. [{nst AByMepHBIX Mozenell JOITOBEUHOCTH PEIIaeTCsl BOIIPOC
OlleHHBaHUs (YHKIIMH HaJCKHOCTH.

HeoOxoaumo oTMeTHTh 0OJIBIIION 00BEM MepepadOTaHHOTO JINTEpAaTypHOTo MaTepuasia. B koHIe
ocoOus MpUBEICH OOMUPHBIA OMOIHOTrpadUIeCcKrud CIIMCOK, BKIIFOUAOIMNNA B ce0s1 155 MCTOYHMKOB,
CpeIy KOTOPBIX KJIIACCUYECKUE, U, UTO IPUMEYaTeIbHO, B OCHOBHOM COBPEMEHHBIE ITyOIMKAIH B 3apy-
0exHbIX U3AaHugx. K coxxaneHuto, CTOUT NpU3HaTh, YTO COBPEMEHHOE COCTOSIHUE TEOPUH HAJIEKHOCTU
Y MaTeMaTU4eCKOW CTATUCTHKU cI1ab0 OTpaXKeHO B POCCUNCKUX U3laHusAX. TeM He MeHee, 3a peenaMu
Poccun craructudeckue MOJENU U METOJbI Pa3BUBAIOTCS JOCTATOYHO MHTEHCUBHO. JlJIs Kenmaroumx
MIPOJIOJKUTH 3HAKOMCTBO € paboTaMu aBTOPOB B OMOIHOrpaduu MpUBEACH CITMCOK CTaTel U KHUT [7-26],
BBIMYILICHHBIX YK€ MOCJIE BBIXOa KHUTH.

Xouercs HazesaTbesl, yTo KHUra aBropoB AHToHOBa A.B. m Hukymuna M.C. «Cratuctuueckue
MOJIEJIM B TEOPHH HAJCKHOCTH» OYIET HE TOJIKO 3aMeyaTrelIbHbIM yU4eOHBIM MOCOOHeM Uit OyayLIuX
CIIEIIUAJIUCTOB 110 ABTOMATU3UPOBAHHBIM cCHUCTeMaM 00paboTku nHpopmManuu 1 ynpasieHnus (ACONY),
HO OKa)KEeTCsl MIOJI€3HBIM MO/ICTIOPbEM ISl ACTIUPAHTOB U MHKEHEPOB, YbM HAyYHbIC MHTEPECHI CBSI3aHBI
C MaTeMaTU4eCKON Teopuen HaJeKHOCTH.
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The reader is presented with the book written by Antonov A.V. and. Nikulin M.S and called
Statistical Models in the Reliability Theory. This textbook written for students specialized in Computer
and information Sciences will be also helpful for postgraduate students and engineers whose research is
closely linked with the mathematical theory of reliability and application of statistical methods.

The Russian reader knows Nikulin M.S. due to the book Unbiased Estimations and their Application
by Voinov V.G., Nikulin M.S. A lot of works of this author is related to construction and development
of %% criterion in case of checking complicated statistical hypotheses when distribution parameters are
estimated by sampling (Nikulin criterion). In USA the authors Greenwood P.E., Nikulin M.S. published
a wonderful book on y? criterion A Guide to Chi-Squared Testing [6] which in fact is a complete research
of y? type criteria. It is a pity that this book has not been translated into Russian yet. Current research
works of the author are related to statistical models applied for planning and making accelerated tests,
as well as methods for information analysis in researching degradation processes. The textbook System
Analysis by Antonov A.V. has survived several issues and is still very popular. The scientific interests of
Antonov A.V. have been reflected in a lot of publications. Here we can see parametric and non-parametric
methods of experimental information processing, bootstrapping, as well as mathematical models of ageing
calculations.

The unquestionable benefits of Statistical Models in the Reliability Theory are the comprehensibility
as well as the mathematical precision of material treatment. In most cases the reader should have only basic
information about the theory of probabilities and the mathematical theory of reliability to comprehend
the exposition. This is very important since nowadays there are just few good textbooks on the reliability
theory. The existing textbooks in this field are often out of date in many sections. In the first place, it
refers to application of various statistical models and methods for probabilistic analysis of reliability and
safety of complex technical systems.

Let us consider the main scientific issues dwelt upon in the textbook as per chapters.

The first chapter provides the basic concepts of the reliability theory, defines parameters of recoverable
and non-recoverable systems and presents classical methods of their estimation. The chapter studies various
types of initial statistical data, in particular providing the classification of censoring methods.

The second chapter is about the major mathematical properties of reliability parameters of non-
recoverable and recoverable systems. It is worth to note that in the latter case the presented material is
very detailed and contains information about direct and reverse residual times, known estimators for
recovery function and important limit theorems. The stated theorems are generally presented without
proving, this making it easier to read the material.

140



HALEXXHOCTDb Ne3 (46) 2013

In the next section the authors present methods of structural analysis of systems reliability. They
include logical and probabilistic methods of reliability analysis, methods of construction of structural
functions, paths and sections and failure tree method. The chapter considers the issues related to the
importance of elements and defines the importance according to Barlow-Proshan and Vesely-Fassel. For
different strategies of maintaining recoverable systems, the authors provide detailed analytical calculations
of non-stationary and stationary availability factors. Detailed figures are provided for each strategy, which
of course improves the quality of perception of obtained results.

The fourth and fifth chapters of the textbook provide an overview of statistical methods of hypothesis
evaluation and check used in the reliability theory. First the authors discuss the concept of probability
as a fundamental concept, as the most important results of the mathematical theory of reliability are in
the first place related to a probabilistic approach. The authors define major probabilistic distributions,
primary statistical characteristics of sampling. Later the basic properties and methods of obtaining point
estimations are provided. One of the unquestionable advantages of the textbook is the development of
maximum likelihood estimation for various censoring models. The collected material has an obvious
scientific novelty and has been generally published in papers and in foreign scientific editions. The
Kaplan-Meier nonparametric estimation of reliability functions is among those that are seldom published.
The fifth chapter can be considered as one of the most complicated chapters in mathematical terms. And
this is mainly caused by the necessity to cover all the nuances of application of the Pearson criterion 2.
It should be mentioned that the volume of the presented material is again justified and not overloaded
with proofs of theorems unnecessary for engineers. It is remarkable that here we can find a number of
seldom published check criteria for normality, exponentiality of time to failure, its belonging to the
Weibull distribution. As a kind of comment on the contents, I would like to note that the Kaplan-Meier
nonparametric estimation should have been inserted, in my opinion, into the sixth chapter.

The next (sixth) chapter is focused on the major nonparametric methods of statistical data analysis.
Here you can find the properties of an empirical distribution function, histogram, nuclear and projective
estimation of distribution density. The nuclear estimation is derived for various types of censored data, as
well as for the parameter of failure flow. The chapter considers different nonparametric test for checking
hypotheses — Kolmogorov, Smirnov, Mises tests, and sign criterion.

The seventh chapter is an introduction to the theory of accelerated testing. It should be noted
that there is practically no textbooks in such new enough are in the Russian literature. As we know,
a model of accelerated testing is used in case when we have to evaluate the reliability of a system
whose failures occur very seldom at the observation time (highly reliable system). In this case
(accelerated) testing is made with loads exceeding the standard operational loads. To process such
information, we should have corresponding models of durability. That’s why the authors propose
two Leman models for making accelerated testing (in particular AFT model), Sedyakin model and
others. First one should define several important concepts of accelerated testing model such as
covariance vector, stress, correlation function, basic function of reliability (intensity) etc. Within the
framework of the offered models, we construct parametric estimations of maximum likelihood of
reliability parameters (in particular, failure-free performance probability) in case of arbitrary loads
for various laws of distribution.

The eighth chapter is devoted to models of considering ageing in performance of equipment. Compared
with the model of accelerated testing where parameters of equipment reliability at the stage of accelerated testing
change spasmodically, in the models of ageing calculation these parameters change continuously during the
time. The chapter studies two main models of non-homogeneous failure flows — model with a wear coefficient
(geometric glow of failures) and model of normalizing flow function. As part of the latter model, the authors
offer a way of calculating an availability factor for alternating non-homogeneous failure-recovery flows. To
my mind, this section should have been extended by other interesting models of non-homogeneous processes.

141



HAAEXXHOCTbDb Ne3 (46) 2013

For instance: the non-homogeneous Poisson process (NHPP) [ 1], gamma process [2], generalized models with
a wear coefficient [3-4] and trend recovery process (TRP) [5]. It is very likely that the authors were restricted
by the time and the volume of material preventing them from telling about these models.

The last chapter gives an overview of the properties of various models of durability, in particular the
Gumbel-Morgenstern model. Of interest is a paragraph about the bivariate copula, and the presented simple
relation of the associativity parameter with the Kendall rank correlation coefficient seems strange at first glance.
For bivariate models of durability, the authors solve the problem of estimating a function of reliability.

It is worth to note a big amount of processed literature materials. At the end of the textbook
there is a long list of references comprising 155 sources, among them classical ones and, remarkably,
generally recent foreign publications. Unfortunately, it should be admitted that the current state of the
reliability theory and the mathematical statistics are faintly reflected in Russian editions. However,
beyond Russia statistical models and methods are developing intensely enough. For those who want to
know more about the works of the authors, there are references to papers and books [7-26] published
after the issue of the textbook.

I hope that Statistical Models in the Reliability Theory by Antonov A.V. and Nikulin M.S. will be a
wonderful textbook for future specialists in automated systems of information processing and management
as well as a helpful support for postgraduate students and engineers whose scientific interests are related
to the mathematical theory of reliability.
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Mncbmo OT opraHnzauum, roe pabotaeT aBTop(bl), NMMOO
JINYHO OT aBTOPa(0B) C NPeaIoXeHNEM O Nybankaumm
CTaTbW HANPaBASETCS B PpeAakLmIo XypHana no gaxktu-
yeckomy agpecy: 107078, rMocksa, Opnnkos nepey-
nok, Aa.5, opuc 755, 000 «KYPHAJT «<HAOEXXHOCTb»
mnn no agpecy e-mail: E.Patrikeeva@gismps.ru

(B OTCKaHMpPOBaAHHOM BUAE). ng XXypHanoB 13-
patenbckon rpynnel IDT PUBLISHERS no agpecy:
105005, r.MockBa, HabepexHas akagemMuka Tynone-
Ba, O.15, kopn. 29 000 «MN3paTenbckuin Aom «Tex-
Honoruw» unu no agpecy e-mail: knstas@yahoo.com
(B OTCK@HMPOBaAHHOM BUAE).

K nucbmy npunaraetcs B 91eKTpoHHOM Buae (Ha CD
W1 No NpuBeaeHHOMY Bbiwe E-mail) Tekct ctatbn €
aHHOTaUMen v KIto4EBLIMU CloBamMu, HGOPMaUmreEn
00 aBTOpax, ¢ npMucTaTelriHbiM 6nbnnorpaduyHeckmm
CMMCKOM, NPefoCcTaBnAseTcs ¢ O4HMM KOMMIEKTOM
PUCYHKOB

BHumanue! HaseaHusa ctatbn, PUO aBTOpPOB, aH-
HOTaLMs 1 KIOYEBbLIE CNI0Ba 006593aTENbHO NPeaCcTaB-
NA0TCS B COOTBETCTBMU C TpebosaHnamu BAK Ha
PYCCKOM M aHMINIACKOM S3bIKax.

MHdopmaums 0 Kaxaom aBTope A0/MKHA coaepXaTtb
cneaylowme ctaHgapTHble CBEAEHNS:

e damunus, Mms, 0THECTBO;

® YyeHas CTeneHb, yHeHOEe 3BaHNe, NOYETHOE 3BAHUE;
® YneHcTBO B 00OLLECTBEHHbIX COO3ax U T.A.;

* MecT0 paboTbl, AOJIKHOCTb;

¢ [MepeyeHb n Homepa xypHanos IDT Publishers, B
KOTOpPbIX paHee nNybankoBannchb CTaTb aBTOPA;

e CBefeHus ol KOHTaKTOB.

TekcT Heobxoammo HabupaTtbk B peagaktope Word 97-
2003 wpudTom Ne 12; TekcT He popmaTupyetcs. Ab-
3aLbl OpraHM3yloTcsa NyTeM HaxaTua knasumwn Enter.
TekcT cTaTbm HabrpaeTCs Yepes ABa MHTepPBasia Ha CTpa-
HuLe dopmaTa A4; cnesa AOMKHO ObITe None 4 cMm; cTpa-
HULbI HYMEPYIOTCS, «KpacHas CTpoka» oba3aTtesibHa.
Bce 6ykBeHHble 0603Ha4YeHns, NpUBeAeHHbIe Ha
puCyHKax, He06X0ANMO MOSICHATL B OCHOBHOM WA

noapuCcyHO4HOM TekcTe. HegonycTumMbl OTinyYma B
00603HavYeHNsIX Ha pUcyHKax 1 B Tekcte. HymepoBaTtb
crnenyeT TONbKO Te GOopPMYIibl U YyPaBHEHUS, HA KOTO-
pbl€ eCTb CCblJIKa B TEKCTE.

HenocpencTeeHHO B TEKCTE HabMpatoTCs NPOCThie
dopmynbl (Hanpumep, m2; n%t, C=1+DDF - A,),
rpeyeckme 6ykBbl 1 CUMBOJIbI, HANPUMEP, B, © —
wpudTomM Symbol. To, 4TO HEBO3MOXHO HabpaTb
HENnocpeacTBEHHO B TEKCTOBOM peaakTtope, — C
ncnosib3oBaHuem pegakrtopa dopmyn Microsoft
Equation (Bxoasiiero B komnnekT noctaBsku Microsoft
Office) nnu pepaktopa dopmyn Mathtype.

He ponyckaeTcs npeacTaBfieHne TEKCTA, B KOTOPOM
dopMynbl NpeacTaBneHbl B BUAE N3006paxeHus.
doTorpadum 1 puCyHKM K cTaTbsiM NPeaoCTaBNAOTCS
oTaensHbiMu danamum ¢ pacumpenvem TIF, nnn EPS
nnn JPEG c paspeluieHnem He meHee 300 dpi .
Cnmncok Ncnosib3oBaHHOM NnTepaTypbl COCTaBNSETCS
B NOpPSiAKe UMTUPOBAHUSA N JAETCH B KOHLE CTaTby.
Ccbliku Ha NMTEpaTypy B TEKCTE OTMEYaloTCs Nopsa-
KOBbIMU LMdpamMu B KBagpaTHbIX CKOOKax.

BHMMaHUIO aBTOPOB, NYOJINKYIOLWMXCS B XXYpHa-
nax IDT Publishers.

MpepctaBneHHasa MHpopMaLms 0 KaxaoM aBTope
NoMMMO XypHana 6yaeT pasmMeLlaTtbCcs Ha canTe
techizdat.ru B pasgene “ABTOpbl” HA OTAENBHOM
VHTEPHET-CTPaHuLLE.

ABTOpaM TakxXe NpeaocTaBAsgeTcsd BOSMOXHOCTb NMpu
nyéamnkaumm CBOUX cTaTel HanpaeuTb B peaakuuio
CBOIO 9NIEKTPOHHYI0 doTorpaduio n ONOAHUTENbHbIE
Martepuanbl 4N Ppa3MeLLLEHNS X HA 3TON MHANBUAY-
anbHom NHTepHeT-BM3nTKE. 10 CBOEMY YCMOTPEHUIO
aBTOP MOXET pacckasaTtb 6onee noapobHo o cebe,
00 MHTEepPECHbIX NpUMepax N NCTOPUAX pPeLLleHns
TEXHNYECKMX NpobnemM, 0 COBPEMEHHbIX 3afa4ax - B
COOTBETCTBUM C TEMATUKOM COOTBETCTBYIOLLLENO XYP-
Hana - 1 1.n. XXenatenbHbl1 06beM 3TOro martepmana
— He 6onee 1000 3HakoB ¢ Npobenamu.

NoANMUCKA HA XYPHAJN «<HAAEXXHOCTb»

Moanucartbes Ha XypHan Ha 2014 rog MOXHO:

e Yepes areHTcTBO «PocneyaTtb» — nHaekc 81733;

¢ Mo kaTtanory «[Mpecca Poccum» areHtctea «KHura-Cepsuc» — niaexkc 11804

e Yepes pepakumio Ha fitloboi Cpok

Ten.: 8-916-105-8131

e-mail: E.Patrikeeva@gismps.ru
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Jloporue kojaern!

B 2005 romy Obuta ocHoBaHa HedopMaabHas AcCOUHMANMs CICHHAIACTOB IO
HaJeKHOCTH, TIpuKIaanoi BepostHocTu U cTtatucThke (I.G.O.R.), koTopas umeeT cBOi caliT B
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XKypHuan 3apeructpupoBan B buOmmoreke Konrpecca CHIA (ISSN 1932-2321). Bcee
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Dear colleagues!

In 2005 the informal Association of Experts in Reliability, Applied Probability and
Statistics (I.G.O.R.) was established with its own Internet website GNEDENKO FORUM. The
site has been named after the outstanding mathematician Boris Vladimirovich Gnedenko (1912-
1995). The Forum’s purpose is an improvement of personal and professional contacts between
experts in the mathematical statistics, probability theory and their important branches, such as
reliability theory and quality control, the theory of mass service, storekeeping theory, etc.

Since January 2006, the Forum has published a quarterly international electronic
magazine

“Reliability: Theory and Applications”.

The magazine is registered with the Library of Congress in the USA (ISSN 1932-2321).
All rights reserved for authors so that articles can be freely published in any other publications or
presented at conferences.

l‘ ! ﬂ : ' I' * Join Gnedenko Forum!
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REQUIREMENTS OF EDITION ON EXECUTION OF PAPERS

IN JOURNALS OF PUBLISHING GROUP OF IDT PUBLISHERS

A letter from the organisation where the author (s)
works or from the author (s) personally with the paper
offered for publication should be sent to the de facto
editorial office address: 107078, Moscow, 5 Orlikov
lane, Office 755, LLC JOURNAL DEPENDABILITY” or
e-mail: E.Patrikeeva@gismps.ru (in scanned form).
For journals of the publishing group of “IDT PUBLISH-
ERS” the paper offered for publication should be sent
to the address: 105005, Moscow, 15 Quay of Aca-
demician Tupolev, building 29, LLC “the publishing
house Technology» or e-mail to: knstas@yahoo.com
<mailto:knstas@yahoo.com> (in scanned form).

The letter should be attached to a paper text containing
the summary and keywords, information on authors,
bibliographic list, and one complete set of figures. All
listed items are to be presented in an electronic form
(on CD or via the e-mail address provided above).
Attention! Titles of papers, names of authors, sum-
mary and keywords must be presented, in Russian
and English languages, according to the requirements
of the Higher Attestation Commission. The information
on each author should contain the following standard
data:

e Surname, name, patronymic;

e Scientific degree, academic status, honorary title;

e Membership of relevant public unions, etc.;

¢ Place of employment, position;

¢ The list and numbers of Journals of IDT Publishers
in which papers of the author have been previously
published;

e Contact information.

Texts should be presented in Word 97-2003 format

in a 12-point typeface; the text should not be format-
ted. Paragraphs should be arranged by pressing the
“return” key. The text of the paper should be double-
spaced on pages of A4; on the left there should be a
margin of 4 cm; pages should be numbered, the «first
line indent» is obligatory.

All alphabetical designations represented in figures
should be explained in the body text or in a legend.
Inconsistencies between designations in figures and
in the text are inadmissible. Numbering should only
be applied to those formulas and equations that are
referred to in the text.

Simple formulas appearing directly in the text (for
example, m?, n%t, ¢ = 1+ DDF - A,), and the Greek
letters and symbols, for example, 3, © may be typed
using the Symbol font. When it is not possible to type
directly in the text editor, use the “Microsoft Equation”
formula editor (available with the complete installation
of Microsoft Office) or the “Mathtype” formula-editing
program. Representation of formulae in the text in the
form of images is not admissible. Photos and figures
for papers should be provided in individual files with
extension TIF, EPS or JPG with a resolution of not less
than 300 dpi. The list of literature referred to in the
paper (bibliography) is presented according to order
of citation and provided at the end of paper. Refer-
ences to the literature in the text are marked by serial
numerals in square brackets.

To authors that are published in journals

of “IDT Publishers”.

In addition to the journal, information on each author
will be presented at the techizdat.ru site in the «Auth-
ors» section on the individual web page.

Authors of papers for publication have the oppor-
tunity to send an electronic photo and additional
material to appear on this individualised Internet-
business card. At their own discretion, authors can
present more details about themselves, interest-
ing examples and stories of solutions to technical
problems, about contemporary problems according
to subjects of corresponding journal, etc. This ma-
terial should not exceed 1000 characters including
spaces.

SUBSCRIPTION TO THE JOURNAL «RELIABILITY»

It is possible to subscribe to the journal for 2014:

¢ Through the agency «Rospechat»

— for the first half of the year: an index 817383;

¢ Under the catalogue “Press of Russia” of the agency «Books-services»:

— for half a year: an index 11804

e Through the editorial office:
— for any time-frame

tel.: 8-916-105-8131; e-mail: E.Patrikeeva@gismps.ru
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KYPHAA HSOAETCS IIPH YYACTHH U ITIOOOAEPKKE

OTKPBITOI'O AKILIMOHEPHOT'O OBIIECTBA (HAYYHO-UCCAEOOBATEABCKUM U ITPOEKTHO-
KOHCTPYKTOPCKUM MHCTUTYT UHOGOPMATUSAIIMN, ABTOMATU3AILIUU U CBA3U HA
KEAEBHOAOPO2KHOM TPAHCIIOPTE»

(OAO <HMHAC»)

OAO «<HHHAC» — Benyuiee npearpuarre OAO «P2K/I»

B 00AaCTH CO3AaHHS KOMIIAEKCOB M CHCTEM ObOecIlleYeHNs
0€e30IIaCHOCTH [BUIKEHUs, VIIPABAEHUS [IBUKEHHEM,
reonH(OPMAIIIOHHOTO  O0eCHedYeHus, MOHUTOPHHTA
COCTOSIHUS IIOABHKHOIO COCTaBa U HHQPPACTPYKTYPHI
3KEeAE€3HBIX I0POT

IIean:

U s¢dppexkTuBHOCTD,
U Ge3ommacHOCTDb

U HamexXHOCTH
IIepPEeBO30K

OcHOBHEIE HaIIpaBAC€HHS OECATEABHOCTH

ellHTEeAAEKTYaABHBIE CHUCTEMbI YIIPABACHUS !
*TeXHOAOTHH YIIpaBAEHUS II€PEBO3KaAMU T NWAVANT ST
U TPAHCIIOPTHOTO O0CAYKUBAHUSI d ——
*CucTeMbl aBTOMATHKH U TEAEMEXaHUKU '

*[leHTpPBI aBTOMATH3UPOBAHHOIO VIIPABACHUS

s HOpMAaITOHHBIE CUCTEMbI
*l'eouH(pOPMAIIOHHbIE CUCTEMBI U CIIyTHHUKOBBIE
TE€XHOAOTHH

*CucTeMbl TPAHCIIOPTHOMH 6€30I1aCHOCTH
*CucTeMbl yIIpaBA€HUS HHPPACTPYKTYPOH
*CucTeMbl yIIPABACHUS TOIIANBHO-
SHEPreTHYEeCKUMH pecypcaMu

elcnbITaHus, cepTU(UKAIIN U 9KCIIePTH3a
*MudopmariionHast 6e3011acCHOCTD
*HopmaTuBHO-1IpaBOBOe obecriedeHe
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OCHOBHbIE HANMPABJIEHUA

NYBJIMKALLUW B XXYPHAJIE «<HABEXHOCTb»

Il CTPYKTYPHASA HALEXXHOCTb
TEOPUA N MPAKTUKA

e MeToapl pacyeTa, TEXHONOMMN 1 MeToapl MOAENMPO-
BaHWS, NakeTbl NPUKNaOHbIX NPOrpaMm, NpakTuyeckmne
pacyeThl HAAEXHOCTU CNOXHBIX CUCTEM.

* Maremarunyeckas Teopua TEXHNHECKOro 00CNyXMBaHW4,
npakTUYEeCKne pesynsTarel SKCnayarauyi CAOXHBIX CUC-
TEM, XMBHEHHbIN LMK CUCTEM, ONTUMM3ALNS HAOEXHOC-
T U CTOUMOCTM Ha BCEX aTanax XMU3HEHHOMO LMKNa.

e MeTtoap! UCMbITaHNA, KOUTEPW MOUHATAS DELLEHWI NO pe-
3ynbTaram UCNbITaHWM, YCKOPEHHbBIE NCMbITaHMA, MeToabl
OLEHKN HaAEXHOCTU CUCTEM MO PE3yAbTaTam UCTBITaHNIA,
NPaKTUYECKMn ONbIT UCMBITAHWI Ha HAOEXHOCTb.

Il ®YHKUUOHAJIbHASA HALEXXHOCTb
TEOPUA N NMPAKTUKA

e OObEeKT, NPeAMET 1 LENN UCCNeaoBaHns, nokasarenm
QYHKLUMOHANBHOM HAAEXHOCTH, TEPMUHONOMA, MPUHLIM-
Nbl 1 METOAOB pacyeTa.

* MeToapl OLEHKN 1 MPOrHO3MPOBAHUA HAAEXHOCTU NPO-
rpamMMHOro obecnedyeHns, METOAR! pacyeTa HaaeXHOCTH
BbINOAHEHUS MHPOPMALMOHHBIX MPOLLECCOB B NPOrpam-
MHO — annapartHblX KOMMAIeKcax ¢ y4eToM COOMHBbIX,
NPOrpaMMHbIX OLIMOOK, OLMBOK ONepaTopos, OLWNOOK
BO BXOOHOW MHPOPMALMN.

® TexHONorM 1 MetToasl 0becneyeHma GyHKUMOHaNbHOM
HaOEXHOCTU — TEXHONOMMK MOCTPOEHUA PYHKLMOHANBHO
HaOEXHOMO NPOrPaMMHOr0 06EeCneYeHnst, MeToabl NOCT-
DOEHNST HEYYBCTBUTENBHBIX K COOMHBLIM OLUMOKaM 1 OG-
Kam onepaTtopoB anroputMoB 00paboTKM UHPOPMALIN I
yNpaBAEHNs, METOObI U CNOCOOb! 3aL/Thl OT OWNOOK BO
BXOOHOW MHGOPMaLWMK, NpakTU4eCKne PesynsTarsl.

Il PYHKUUOHAJIbHAAA BESBONMACHOCTb CUCTEM
TEOPUA N NMPAKTUKA

e QOObeKT, NPegMeT 1 LENN NCCNepoBaHua, nokasaTenm
OYHKLMOHANBbHOM 6830MacHOCT; GYHKLMN 6830NacHOC-
TW, NONHOTa 6e30MacHOCTM, TEPMUHONOIUS B 06NacTu
DYHKUMOHaNBHOW 6E30NaCHOCTY.

® PyicKu, NOCTYNaThl M IPUHLUMALI 6€30MaCHOCTY, OCTaTOu-
Hbl& DVCKM, METOAbI OLEHKI PUCKOB, A0Ka3aTeNbCTBO Oe-
30MacHOCTW. INpakTUiecKne pesynsTarsl PaHXMpPOBaHNA
OMNAaCHOCTEN 1 OLEHKM PDUICKOB.

® MaTtemarnyeckme MeToabl M MOAenu 3anaHns TpeboBa-
HWUIA K NONHOTE 6830NaCHOCTY 1 OONYCTUMOMY BPEMEHU
OBHapyXeH1sa 0nacHOro 0Tkasa, Moaen GyHKUMOHab-
HOW 6e30MacHOCTY MHOFOKaHaNbHbIX 1 MHOMOYPOBHEBBIX
CUCTEM.

e TexHonorum obecneveHa GyHKUMOHaNneHoM 6esonac-
HOCTWN CNCTEM Ha BCEX 3Tanax XM3HeHHOro uxkna.

Il OTKASOYCTOMYMBOCTb CUCTEM
TEOPUA N NMPAKTUKA

® MeToasl NaCCUBHOM 3aLUMTHI OT OTKa30B, MaremMatunyec-
Kne Moaenv CTPYKTYPHOMO PE3EPBMPOBaHNS, NOCTENEH-
HOW Oerpagaumm 3ObITOYHBIX CUCTEM, MaCKMPOBaHKS
HencnpaBHOCTEN, NPaKTUYECKNe Pe3ynsTaTbl NpUMeHe-
HWSI NaCCYBHOWM 3aLLMTbl OT OTKa30B.

e MeToabl akTUBHOM 3allnThl OT CTPYKTYPHbBIX OTKA30B U
OLWNBOOK B BBINOAHEHWM MHPOPMALIMOHHBIX MPOLECCOB,
MNPVHLMML! 1 CNOCOObI akTMBHOW 3alUMThl, TEOpEeTMdeC-
K1e OCHOBbI aKTVBHOW 3aLUMThl, TEXHNYECKNE peLleHs,
OLEHKN 3P DEKTUBHOCTU aKTUBHOW 3aLUNTHI.

Il CEPTUDPUKALLUA
TEOPUA N MPAKTUKA

e AKKpeauTauma opraHoB No ceptudurkaumm 1 ncnelta-
TeNbHbIX NabopaTopu — COCTOSIHWE Npobnemel B Poc-
cun 1 3a pybexom. Kak 0obuTbCsa B3auMONPU3HaHNS
PEe3yNbLTAaTOB UCMBITaHWU B Poccumn n 3a pybexom? MyTu
ceptTndumKaumm NPOrpaMMHO — annaparHbiX KOMMAEKCOB
no TPeboBaHUAM MEXOYHAPOAHbIX CTaHAAPTOB N0 PYH-
KUMOHaNbHOM 6e30NacHOCTA.

e (ObgazarensHas 1 40O6POBONBHaS cepTudurKaLym — OnblT,
MHEHUS, NPEeANOXEHNS.

® CeptndurkaLma B 061aCTy Ka4eCTBa U HaoexXHOCTN CUC-
Tem — TpeboBaHMA CTaHAaPTOB, METOAVIKA NCMbITAHNIA,
NpakTN4eckmne pPesynsTarhl.

o Ceptudukauysa GyHKUMOHANBHOM 6E30MacHOCTM CUCTEM
Ha OCHOBE V-TEXHONOMN — PUNOCOdUs, CNOCOOLI CEPTU-
duKaummn, NpakTMYeckme pesynsrarel BhIOOPOYHbBIX My00o-
KVIX MPOBEPOK J0Ka3aTeNbCTBEHHOV Ba3bl pa3paboTyvika.

Il CTAHAAPTU3ALUS B OBJIACTU HALEXXHOCTHU
U ®YHKLMOHAJIbHOW BE3OMNACHOCTU

® BavaHue 3akoHa «O TEXHUYECKOM PerynmpoBaHnm» Ha
Pa3BUTME TEOPUM U NPAKTUKA HAOEXHOCTN 1 QYHKLUMO-
HalbHOW 6€30MacHOCTU.

e CranpapTtel RAMS (IEC 62278, EN 50126 u ap.) v unx
oTpaxenue B ctangaptax FOCT P. passuTune ctaHgapTa
FOCT 27.002-89 ¢ y4eTOM TEPMWHOB U ONpeneneHui
cTtaHpapToB RAMS.

e COCTOSHME 1 NepCNeKTBLI CTaHOapTU3aummn B 06nactu
HaOEXHOCTU.

e (OCHOBHbIE NPUHLMNLI 1 6a30BbIE NONOXEHUA CTaHdap-
TOB NO PyHKUMoHanbLHon 6esonacHocTn FTOCT P /M3K
61508, IEC 61511, EN 50126, IEC 62278, IEC 62280,
EN 50128, IEC 62279, EN 50129, EN 50159 (1.2) n gp.

e COCTOSHME 1 MepCNeKTBLI CTaHOapTM3aummn B 06nactu
DOYHKUMOHaNBHOM 6e30MacHOCTH.



GUIDELINES FOR PUBLICATION IN THE JOURNAL

«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.

e 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.

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

Il FUNCTIONAL RELIABILITY
THE THEORY AND PRACTICE

e Qbject, 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.

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

[l FAULT TOLERANCE OF SYSTEMS
THE THEORY AND PRACTICE

e 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.

¢ 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.

[l STANDARDIZATION IN THE FIELD OF RELIABILITY
AND FUNCTIONAL SAFETY

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

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

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

* Main principles and basic regulations of standards on
functional safety GOST R/MOK 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.



