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BJIUSAHUE MOJHOTHI UCIIOJB3YEMOM MOJAEJHA TEXHUYECKOHN
CUCTEMbI HA TOYHOCTb U JOCTOBEPHOCTD
OIEHKHU HAJIE?KHOCTH

PaccMoTpeH BONpOC yCTaHOBJIEHHUS 3aBHCHMO-
CTH TOYHOCTH M JOCTOBEPHOCTH OLICHKH HAJCKHOCTH,
MPOBEJCHHON S3KCHEPTHBIMH METOAAMH, OT IOJIHOTEI
JIOTHUECKOW MOJENH HAAEKHOCTH TEXHUYECKOH CH-
creMsl. [lonHOTa Mozenu ompezeneHa BUJAMHU TEXHU-
YEeCKOW COBMECTHMOCTH, HEOOXOAMMBIMH JJIsl BCECTO-
POHHETO aHajau3a CHUCTEMbl Ha CTaAMU NPOEKTUPOBaA-
nust. [To ananoruu ¢ ¢pynkuuer noreps Tarytu npen-

JIOKEHO OICHWBATh CpEIHEee KBaJIpaTHIeCKOe OTKIIO-
nenne (CKO) oKCIEPTHBIX OIEHOK HAIEXKHOCTH, HC-
MOJIE3YS TapaboIuIecKyto (QYHKIIUIO, KOTOpast TO3BO-
JSeT yuecTb nporpeccuBHocTs BeauuuHsl CKO npu
CHIDKCHUH OCTOBEPHOCTH OLICHKH.

KaioueBble cjioBa: HaJIe)KHOCTD, TOYHOCTb, J0-
CTOBEPHOCTb, TEXHHYECKas COBMECTHMOCTb, AEPEBO
HEHCHPaBHOCTEH, KauecTBO.

T.A. Eliseeva

INFLUENCE OF USE COMPLETENESS OF ENGINEERING SYSTEM MODEL UPON
ACCURACY AND ADEQUACY OF RELIABILITY ASSESSMENT

An overall purpose of researches — improve-
ment of assessment methods of engineering systems
reliability at the stage of design.

To achieve the end specified within the bounds
of the investigation there was established that aine
the most significant factors defining the effectiess
of the reliability assessment at the stage of aérsigis
the completeness of a model used. For the assessmen
of model completeness by the example of a failige t
it was offered to determine a correlation betwesells
of a logical model of reliability and kinds of engier-
ing consistency regulated by RSS 30709-2002 “Engit
neering Consistency. Terms and Definitions”. Within
the bounds of the paper there is analyzed a minimum
set of the sorts engineering consistency (dimemasion
consistency of system elements, compatibility &- el
ments according to reliability, interoperabilityjet ac-
count of which requires various degrees of detailed
elaboration of a model and supposes the existefice p
corresponding source data including those estaalish
at the identification of logic connections betwdait
ures and the analysis of possible failures caused b
common reason.

For the systematization of research results therg
is developed a matrix of correlation of analyzeddki

B Hacrosimiee Bpems CymiecTByeT 3Ha-
YUTEIBHOE KOJIMYECTBO METOJOB OIICHKU
HAJIEKHOCTH TeXHHYecKHx cucteM [1]. BsI-
00p HEOOXOIUMOT0 METOJa 3aBHCHUT OT psAa
(haKTOpOB: CIIOKHOCTH OOBEKTa OICHHWBAHMS,
HAJINYMS UCXOAHOM nH(popMmanuu 00 00beKTe,
TOYHOCTH pe3yJbTaTa OICHKH, KBaTH(HKa-
I[UY UCTIOJHUTEIICH U T.1.
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of engineering consistency with the levels of dufai
tree and the values of the assessment of a quadrati
means of deviation (QMD) of expected results. The
mathematical dependences allowing the definition of
QMD values at every level of the logic model ofiael
bility are developed. To account for the progressiv
ness of a QMD value at the decrease of assessment
reliability by analogy with Taguchi function of Iess it
is offered to use a parabolic dependence. The appro
offered is particularly urgent for methods where th
accuracy of results obtained determines the deafrae
risk of manufacturers caused by wrong or untimely
management or technical decision-makings. The trend
of risk changes for manufacturers depending on QMD
of a resultant value allows explaining diagrams- pre
sented in the paper.

The results obtained explain the dependence of
accuracy and reliability of a reliability assessimen
the completeness of use of the model and shownd tre
of the influence of parameters pointed out upok ris
probability of manufacturers at the decision-makatg
the stage of designing.

Key words: reliability, accuracy, adequacy, en-
gineering consistency, failure tree, quality.

bazoBeIM moOKazaTenem, OIpeNeNsIo-
MM Ka4eCTBO PE3YJIbTHPYIOUICH OLECHKU
HA/IOKHOCTH Ha JTare NMPOCKTUPOBAHUS, TJIe
MPUOPUTET TOJYUUIIA DKCIEPTHBIC METOIbI
OIICHKHU, SIBIIACTCS TOKa3aTenb 3(PQGeKTHBHO-
ctu. D¢pdekTuBHAs OLIEHKA — 3TO HECMEIICH-
Has OIEHKAa, HMMEIONass HAMMEHBIIYIO JHC-
MEPCUI0 U3 BCEX BO3MOXHBIX HECMEIICHHBIX
OLIEHOK JaHHOTO Mapamerpa [2]. Hanbombiree
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BIIMsHHE Ha 3()PEKTUBHOCTH OICHKH HAJICXK-
HOCTH TEXHHYECKMX CHCTEM OKa3bIBaeT TOY-
HOCTB HCIIOJIB3YEMOU JUIsl TIPOBEACHUS OICH-
KM JOTHMYECKOM MoJenu HaaekKHocTH. Tou-
HOCTb MOJIEJIM 3aBHCHUT KaK OT UCXOJHOM MH-
dopMaiuu 00 OTKa3ax OTAEIHHBIX DIIEMEH-
TOB, OOBEIWHSEMBIX B CHUCTEMY, TaK W OT
HaMH4us WHOOPMALIUY O BO3MOXKHBIX OTKa3ax
o o6meit mpuunne (OOII), T. e. oTKa3ax He-
CKOJIBKHUX 3JIEMEHTOB B CHCTEME, BO3HHKAIO-
IMX B pe3yJbTaTe€ OAHOro Bo3neucTBus. U

€CITU TIEPBYIO YacTh MHPOPMAIIUU MOKHO TI0-
Jy4UTh U3 COIPOBOJUTEIBLHOM OKYMEHTa-
U, TO UACHTU(PUIIUPOBATH OTKa3bl MO 00-
H.Ieﬁ NPpUYUHC MOXHO TOJIBKO ITYTCM B3aHUM-
HOM YBSI3KM (PYHKITMOHAIBHBIX CBOMCTB 00B-
CANHACMBIX JJIEMCHTOB, IIOCJICAOBATCIBHO
packpbiBasi JIOTHUECKHE CBS3M Ha KaXIOM
YPOBHE HCIIOJIb3YEMON MOJAENU HAAECKHOCTH,
HaIpUMEp JiepeBa HeUucnpaBHocTei (puc. 1), ¢
YYETOM IMPHUHIUIIA TEXHUYECKOH COBMECTH-
MOCTH.
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Puc. 1. lepeBo HeucnpaBHOCTEH

[TpUHIIMT COBMECTMMOCTU  SIBIISICTCS
OHUM W3 OCHOBHBIX NPUHIUIIOB TEOPUHU
cucreM [3; 4] u 3akimoyaeTcs B TOM, 4YTO 3a-
JTaHHbIE MHOXKECTBa 0a30BBIX JJIEMEHTOB W
CBsI3el MEXJy HUMH, 00pa3yIoIIHie CIIOKHYIO
CHCTEMY, TIPH CBOEM COBMECTHOM (DYHKITHO-
HUpOBaHMU (B3aUMOJICHCTBUHU) oOOecIeunBa-
I0OT JOCTH)KGHHE Ted WIH TpeOyeMbIxX
CBOWCTB M XapaKTEPUCTHK CUCTEMBI [5].

Knaccudukanuio BHIOB TEXHUYECKON
COBMECTHUMOCTH yCTaHABJIUBACT
I'OCT 30709-2002 ‘Kexnuueckas COBMe-
cTUMOCTbh. TepMuHbI 1 onpenencHus» [5].

Ha crammm mpoekTupoBaHUS K OCHOB-
HBIM BHJIaM TEXHHYECKOW COBMECTHUMOCTHU
MOJKHO OTHECTH:

- pa3MepHYK COBMECTHMOCTh, oOecrie-
YHBAEMYIO COOJIOJICHUEM COTPSATAEMBIX T'€0-
METPUYECKUX Pa3MEPOB OOBEAMHSICMBIX 3JIc-
MEHTOB,

211

- COBMECTUMOCTh IO HaJEXKHOCTH, KO-
TOpas 3aKjroyaeTcss B oOecrieueHuu Tpedye-
MBIX MOKa3aTeseil HaJIe)KHOCTU CUCTEMBI,

- (YHKIIMOHAJIBHYIO COBMECTUMOCTb,
3aKJIIOYAIOIIYIOCS B MPUTOJIHOCTH 3JE€MEHTOB
CHUCTEMBl K COBMECTHOMY B3aWMOJIEUCTBHUIO
mo BuAaM (YHKIHUNA W DKCIUTyaTal[MOHHBIM
XapaKTepUCTHKAM.

VY4yeT mnepevyucieHHbIX BHAOB COBME-
CTUMOCTH Ha 3Tare MpoeKTHUPOBaHUs TpeOyeT
pa3IMYHON CTEeNeHW JAeTalu3alud MOJENH,
WCIIONB3YEMOM NJIi OMMCAHUS TEXHUYECKOHN
CUCTEMBI, a TaKXe pa3JIMYHbIX HCXOJIHBIX
JAHHBIX.

JI1st yCTaHOBIICHUS HAJIMYUS Pa3MEPHON
COBMECTUMOCTH JIOCTaTOYHO CBEACHUMU, IPO-
MUCAHHBIX B TEXHUYECKOW JIOKYMEHTAIIUU.
Ora nHdopmanus anpuopu 3aJI0KeHa Ha Tep-
BOM YpOBHE JIOTMUECKOM MOJENH HaJeKHO-
cru (puc. 1), Tak Kak OTCYTCTBHE pa3MEPHOM
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COBMECTUMOCTH MEXIY JJIEMEHTAMU HE M03-
BOJISICT pAaCCMaTPUBATh MX COBOKYITHOCTH KaK
CIUHYIO CUCTEMY.

COBMECTUMOCTD JJIEMEHTOB CHCTEMBI
[0 MOKa3aTeNsIM HaJICKHOCTH TpeOyeT ydera
JIOTHYECKUX CBsI3el (<«a1»/ «@iu») MEKIy OT-
KazaMHi O0bEIUHSEMbIX 3JeMeHTOB. Kak u B
NpEAbIIYIIEM CiIydae, YCTaHOBUTH HaHUYHE
TAKOr'0 BHJAa COBMECTHMOCTH MOXKHO YK€ Ha
BepxHeM ypoBHe Mozenu (1- ypoBeHb Ha
puc. 1), HO mpu 3TOM CJIeAyeT MOHUMATh, YTO
Kbl OTKa3 OyJeT pacCMOTpEH Kak He3a-
BHUCHMOE COOBITHE, TaK KaK MPUYHHBI UX BO3-
HUKHOBEHHS TI0Ka HE OIPEIEIICHBI.

DOyHKIIMOHATBHYIO COBMECTUMOCTD
MOYHO HICHTU(PHUITUPOBATH TOJBKO B3aUMHOM
YBSI3KOW (DYHKIIMOHAJIBHBIX CBOWCTB O0BEIU-
HSEMBIX 3JIEMEHTOB (HE HIKE 2-TO YPOBHS).
AHanmm3 cucTeMbl 1Mo BUAY (YHKIIMOHATBLHOMN
COBMECTUMOCTH TO3BOJIIET OIPEACIUTD TPH-
YUHBI BO3HUKHOBEHHUS OTKa30B OT/ACIBHBIX
SJIEMEHTOB WM TPH HEOOXOAMMOCTH BBISBUTH
OTKa3bl Mo obriel mpuunHe (3-if ypoBCHB),
410, 0E3yCJIOBHO, MOBBIIMIAET TOYHOCTH HC-
XOJIHOU MOJIEIH.

Wcxoast W3 BBIIIECKA3aHHOTO KOJIHMYE-
CTBO BH/JOB TEXHHYECKOH COBMECTHMOCTH,
YUUTHIBAEMBIX TPH MMOCTPOCHUH JIOTHUYCCKOM
MOJICTTH HAJICKHOCTH Ha dTale MPOSKTHPOBa-
HUst, OyJeT BIMATH HA MOJHOTY MOJEIH C
TOYKHU 3PEHUS JOCTOBEPHOCTH UCXOJHOM HH-
dopmarim, a TakKe Ha TOYHOCTH PE3YIIbTH-
pYyIOIIEit OICHKH, B COBOKYITHOCTH OIPEICISIs
Ka4eCTBO pe3y/IbTaTa.

JInst  cucTeMaTH3aluyd  [PUBEACHHBIX
BBIIIIE PACCY)KICHUN Ha pUC. 2 MPEACTaBICHA
MaTpuia, pa3paboTaHHas C YY4ETOM B3aMMO-
CBSI3M BHJIOB TEXHHYECKOH COBMECTHMOCTH C
YPOBHSIMH JiepeBa HeucnpaBHocTel (puc. 1) u
MOKa3aTelieM PacCeUBaHUs 3HAUCHHM Pe3yiib-

212

THPYIOIIECH OICHKH OTHOCHTEIILHO e Mare-
MaTHYEeCKOTO OXKHJIAHHS - OIIEHKOW CpPEIHETO
kBaaparuueckoro otkinoneHus (CKO) SE :

I

Kak Bugno w3 rpaduka (puc. 2), mis
OMHUCAHUsl TEHACHIMM W3MEHEHUs 3HAYCHUS
CKO npu nepexojie OT ypOBHS K YPOBHIO JIO-
TUYECKON MOJIENHU MPEAJIONKEHO UCTIOIb30BaTh
napaboJIMYecKyl0  3aBUCUMOCTb,  KOTOpas
MO3BOJISIET YYE€CTh MPOTPECCUBHOCTH BEIUYU-
Hbl CKO mnpu CHMXKEHUH JDOCTOBEPHOCTH
OLIEHKH.

Hcnons3oBanne mapaboinyecKkon 3aBU-
CHUMOCTH peKOMeH10BaHO B pabortax I'. Tary-
TH, MOCBSIMIEHHBIX HCCIEA0BAHUIO TIOTEPH T1O-
TpeOuTesnei, CBsI3aHHBIX C PUCKOM OTKIIOHE-
HUSI peajbHBIX TMOKa3zaTenei kadectBa (B
HAIlleM cjlydJae - MoKa3aTess HaJCKHOCTH) OT
HOMHUHAJIBHBIX  3HAQUEHUH, CUYUTAIOIIUXCS
HAWTYYIIAMHU.

Hns pacuera 3HaueHnii CKO Ha kax-
JIOM YPOBHE JiepeBa HEUCIPABHOCTEN MOYKHO
HCIIOh30BaTh (hopmyiy

Sy =B’

S. — CKO pe3ynpTHpyromei OLEeHKH

3necn a
HAJIeKHOCTH HA COOTBETCTBYIOLIEM YPOBHE
JIepeBa HEUCIIPABHOCTEMN; N — YUCIO YPOBHEU
JiepeBa HEUCHPABHOCTEH; [ — MOPSIKOBBIN
Homep yposus, =0, 1,....,n-1; K — koo du-
IIUEHT MaciTaba, 3HAaYeHUE KOTOPOTO OyAeT
OMPENEHATHCS 3aBUCUMOCTBIO

k = CiOZ,
(n-B)

S. — CKO pe3ynapTupyrOnIeil OLEHKH,

Cio
rapaHTUPYEMOU HKCIIEPTHOM IPYIION Ha HY-
JIEBOM YpPOBHE J€peBa HEHCIIPABHOCTEH IIpU
OTCYTCTBUM MH(popMaIu 06 00beKTe uccie-
JOBAHHUS.

rIe
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Puc. 2. Matpuiia B3auMOCBSI3U BH0B TEXHUYECKOH COBMECTUMOCTH C YPOBHSIMH JepEBa

HEWCIIPABHOCTEH M 3HAYCHUSAMH OIICHKH CPETHETO KBaJPaTHIECKOTO OTKIOHEHHS SC
b

[IpennokeHHbI NOAXO0M ABJISETCA OCO-
OCHHO aKTyaJbHBIM JUIsl METOJOB, TJle TOY-
HOCTh TIOMYYEHHBIX PE3yJIbTATOB OIMPEACTSET
COBOKYITHOCTh JTAJIbHEHUIIIUX MEPONPUITHI MO
MOBBIIICHUIO HA/ICKHOCTH, HAIPUMED: BBEJIE-
HUE JIOMOJHUTEIBHOTO KOHTPOJIS, U3MEHEHUE
PEKUMOB TEXHUYECKOTO OOCITYKHBaHUs, BHE-
CEHUE U3MEHEHUHN B KOHCTPYKLHIO U Ap. Bee
MIEPEYUCIICHHbIE MEPONpPUATHS TPeOyIOT OT
MPOU3BOUTENICH 3aTpaT BPEMEHH U MaTepu-
QJIbHBIX PECYpPCOB, UTO, O€3YCIIOBHO, CBSI3aHO
C PHCKOM TpPU NMPHUHATHHA HEBEPHOTO WIIU He-
CBOEBPEMEHHOTO PEIICHHUS.

B kagectBe mpmMepa Takoro MeToja,
MO>KHO TPUBECTH METOJ «AHanu3 BUAOB, MO-
CIIEICTBUI U KPUTUYHOCTH 0TKa30B» (FMEA-
ananu3) [6]. CyTb yka3aHHOTO METOa COCTO-
UT B OLIGHKE HAJEKHOCTH OOBEKTa ITyTeM
pacuera KpUTUYHOCTU KaKJIOTO U3 BO3MOXK-
HBIX OTKAa30B M TMOCJEIYIOIIETO0 CpPaBHEHUS
MOJIYYEHHOM BEJIMYUHBI C MIOPOTOBBIM 3Haue-
HueM (Cyp), YCTaHOBJICHHBIM JI0 HPOBEICHHS
aHayu3a.

Kpurnunocts otkaza (Cj) B COOTBET-
CTBUU C MPUBEACHHBIM METOJIOM OIPEIeTseT-
cs Kak IpousBeleHue 3 MoKa3arenei, BbIpa-
kKeHHbIX B Oammax or 1 go 10: GamnbHOI
OICHKH BEPOSTHOCTH BO3HUKHOBEHHS |-T'O
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OTKa3a 3a Bpems dkcrutyatauuu (Bi) cucre-
MbI, OAJTBHOM OIEHKH TSKECTH €ro MoCye-
crBuii (B2) ¥ OaJUTBHOM OLIEHKU BEPOSTHOCTH
OOHapy)XeHHs I-T0 OTKa3a 70 MOCTABKU U3/Ie-
nust motpedutento (B3):

C=BBB.

Ecmu mo pesynpTaram aHayin3a IMOJTY-
yeHHOe 3HaueHHe KpuTHUHOCTH (Cj) TpEBBI-
maet noporosoe 3HaueHue (Cyp), TO 3agadeil
MPOM3BOUTENS SBJSICTCS IPUHSITHE PEIICHHSI
O BBCJICHHUH JIOTOJHUTEIBHBIX MEp, HaIpas-
JICHHBIX Ha CHW)KCHHE JaHHOTO 3HAYCHHS |
MOBBIIICHUE HAJCKHOCTH TMPOCKTUPYEMOM
KOHCTPYKIIHH.

Meron FMEA sBnsiercs 3KCEpTHBIM,
U B Clydae COITAaCOBAaHHOCTH MHEHHUH SKC-
MIEPTOB €0 PE3yJIbTaThl MOXHO MPEIICTABUTH,
[0 aHAJIOTHH ¢ MHOTOKPATHBIMH H3MEPCHUSI-
MH, B HMHTEpBaJbHOH (OpME C yd4yeToM IO-
IPEIIHOCTH OILECHKH [7].

B cinydae HOpManpHOTO 3aKOHA pacipe-
JICTICHUST BEPOSTHOCTEH OICHOK YHMClia KpH-

tianoctd (C| ) BU3yalnbHO OLCHUT BIMSHHE

CKO Ha BepOATHOCTb pUCKa NPUHATUS IIPO-
W3BOJUTENIEM HEBEPHOIO YIPABIECHYECKOTO
pemieHust (Ppucxq) MO3BOIAIOT TPAaUKH, IPEa-
CTaBJICHHBIC HA pHUC. 3.
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Puc. 3. 3aBuCHMOCTb pHCKa HPOU3BOIUTEIS (Ppyex,) HA KAXKIOM YPOBHE I€peBa

HeHCHpaBHOCTeﬁ OT 3HAUCHHA OLUCHKHU CPCAHCIO KBAAPATUICCKOT'O OTKIIOHCHHUA SC—

B cootBercTBUU ¢ MPUBEACHHBIMU T'pa-
¢ukamu (puc. 3) C yBeIHMUYCHHUEM KOJIMYECTBA
YpPOBHEHW JepeBa HEUCIPABHOCTEH pa3dpoc

XapaKTepUCTHK OHEeHKH KputuuHoctu Cig

YMCHI)I_HaeTCﬂ 3a CUCT yMeHBH_IeHI/IH OLCHKU
CKO:
S. >SS >SS >SS >S

Cio Ciy G, Cis Co"
C ymensmienueM CKO npu HeusmeH-
HOW MNPHUHSATON JTOBEPUTEIIBHON BEPOATHOCTH
(P-cons) U3MEHSIETCSI BUJI byHK-
unn C, (P, &CiB) , UTO TPUBOJUT K yMEHbIIIe-

HHUIO pUCKa HpOI/IBBOI[I/ITeH}I:
Pee > Pouera > Popuena > P P

0pucka 1pucka

[Ipepnoxennsiii noaxoxa k ouenke CKO
U, COOTBETCTBEHHO, PUCKOB MTPOU3BOIUTEIEH,
OCHOBaHHBI Ha WCIOJB30BAHUN (PYHKIIHH
norepb ['. TaryTu U yCTaHOBJIEHUH B3aUMO-

2pucka 3pucka >
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