MUCCJEJIOBAHUE
CTPYKTYPHOM HAJEKXHOCTH II-CETEN
C HE3BABUCUMBIMHU M 3ABUCUMBIMHU OTKA3ZAMMU
3JIEMEHTOB
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Iaenos A.H. Ucciienopanme cTpyKTypHoii HajeskHocTH Il-ceteii ¢ He3aBHCMMBIMH M 3a-
BHCHMBIMH 0TKa3aMH 3JIEMEHTOB.

AnHoTanus. B 1aHHO# cTaThe NMPOBEACHO MCCIE0BAaHUE CTPYKTYpHOU HajexxHocTH T1-ceTeit
Ha OCHOBE JIOTUKO-BEPOSITHOCTHOI'O M HEYETKO-BO3MOKHOCTHOT'O MOIXOA0B JIi MOHOTOHHBIX
OJTHOPOJHBIX M HEOJHOPOIHBIX CTPYKTYp. OnpeneneHbl BEpXHUE U HU)KHHE OLCHKU CTPYKTYp-
HOI HafesxHOCTH [1-ceTell ¢ 3aBUCHMBIME M He3aBUCUMBIMH OTKa3aMH DIIEMEHTOB.

KiroueBble cj10Ba: HE3aBUCHMbIE U 3aBHCHMBIE OTKa3bl 3JIEMEHTOB, CTPYKTYPHas HaJlex-
HOCTb, [I-ceTh.

Paviov A.N. Investigation of structural reliability of P-networks with independent and
dependent elements failures.

Abstract. In this paper we study the structural reliability of P- networks on the basis of logical-
probabilistic and fuzzy-possibilistic approaches for monotone homogeneous and heterogeneous
structures. Identifies the upper and lower bounds on structural reliability of P-networks with
independent and dependent failures elements.

Keywords: independent and dependent elements failure, structural reliability, P-network.

IIpoBeneM wuccaenoBaHUE CTPYKTYPHOM HAIEKHOCTH MOHOTOHHBIX
[1-cereii (mapanaeabHO-MOCIEIOBATENBHBIX CTPYKTYP) C HCIOJIB30BAHUEM

JIOTUKO-BEPOATHOCTHOTO [1—3] M HEUeTKO-BO3MOXKHOCTHOTO [4—6] moaxo-
noB. JIrobass moroTonHas [I-ceth [7, 8] oOpa3yercs myTeM CYIEpPIIO3UIINN

IpoCTeHIMX Hepasnoxkumbix cereit 15 u T4 (puc. 1), KOTOpbIE SBISIOTCS
CKUPIUYUKAMI» HapalljieIbHO-TI0CIeA0BaTeIbHBIX MOHOTOHHBIX CTPYKTYDP.

H

i
Puc. 1. IlpocTsle Hepaznoxumsle [1-ceTu.

HauneMm aHanm3 CTPYKTypHOH HAIEXKHOCTH C 3THX «KHUPIHYHKOB).
[TonMHOMBI CTPYKTYPHOTO OTKa3a (HaZEXHOCTH), BHIYUCISIEMBIE C HCIIONb-
30BaHUEM JIOTHKO-BEPOSITHOCTHOTO U HEYETKO-BO3MOKHOCTHOTO TTOJIXOJI0B,
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TIOJIY4arOTCs U3 MPEATIOJIOKECHUSA He3asucumocmu OTKa30B DJIEMEHTOB. HpI/I
JaHHOM IPCAOJIOKCHUN TOJIMHOM OTKa3a AJid CTPYKTYPhI F; mpeacTaBJid-

er coboit T1(q,95)=¢;+95 —¢19, (unu pand BO3MOMKHOCTEH OTKa3a

T (i, i) = g + py — i My ). TlonuHoM oOTKa3a Uit CTPYKTYpBI Fé’ —

T5(q1,92) =019 (ama T, (44, 1) = ph iy ).
PaccMOTpEM CHTyamuio, KOTZa OTKa3hl (HAJEXKHOCTh) OSIIEMEHTOB

CTPYKTYpbI 3aeucumsie. Jlias ctpykrypsl 175 (v*,v") mommuHOM CTpYKTYp-
HOM HaJeKHOCTU C KCIHOJB30BAaHUEM YCIOBHOW BEPOSTHOCTH UMEET BH[
R (py,py) = P(x; Axy) = P(x, |xl)-P(x1) . YcroBHasl BEpOSATHOCTb HaJleXK-
HOH paboThl 37IEMEHTa X, IPU YCIOBHU O€30TKa3HOI pabOThI 2IeMEHTa X;
MO>KeT ObITb 160 P(x, |x1) < P(x,),mubo P(x, |x1) 2 P(xy).

PaccmoTpuM mepBbli ciry4daid P(x2|x1) < P(x,). Benem napametp
A€[0,1], u mycTs

P(x;|x)) = AP(x;) = Ap; .
B orom cnywae R5(py,py)=Ap;py. s CTPYKTYphl C HEUETKUM

ONKMCAHKEM 10 aHAIOTHHU Oy/IeM CYUTAaTh, uTO R (4, My) = Aty 1, . TIpous-

BEleM pacueT MHTErpalbHBIX MoKasaTenelt cTpykrypsl 5 (v, v7) B pac-
CMaTpPHBAEMOM ClTydae.

A
Frieomiop (R3(p1,p2)) = _U Ap\pydpydp; = 1
[0.1]

2
Fouop RS (p1op2)) = [ ApPdp ==

[0.,1] 3
2A+1-+1+44
FoI{HopA BO3M (R2? (s 1)) =1— s = T >

TaK Kak Aud =1— .

3HaueHUsA HUHTCTPAJIbHBIX noKa3aTeiaen JJI pa3iiIndHbIX 3HAYEHHH Ta-
paMeTpa A mpuBeneHBI Ha puC. 2.

Taxkum 06pa30M, HUHTErpaJibHasgd BO3MOKHOCTHAA OILICHKA CprKTypHOﬁ
HAJCKHOCTHU B YCJIOBUAX HE3aBUCHUMOCTHU 6€3OTK33HOﬁ pa6OTI)I 3JIEMCHTOB
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(A=1) sBusiercss BepxHEHl OLECHKOM CTPYKTYPHOM HAJEKHOCTH CETH
S+ -
2(\/ »V )
Paccmorpum  BTOpOii  cayuaili  P(x, |x1) = P(x,). Ilockomneky
0<P(x, |x1) <1, To BBeJIeM 0003HaUEHHE
Pr=P(x|x).
~ S .t —
Toraa nmomuHOM CTPYKTYpHOH HagexHoctH I'5(v', v') Oyzer umers
BU/JI
s L
Ry(p1,p2) = P13 -
JUIi CTPYKTypBl C HEYETKHM ONHCAaHWEM  IIOJMHOM HMEET BHJ

RS (1, 1) = il . VIuTerpanbHble MOKasaTenmn CTpykTyphl [5(v, v7)

OyZyT MMeeT 3HAueHHs COOTBETCTBYIOIIME 3HAYEHHSM, ITOJYYECHHBIM IS
nepsoro ciydast npu A =1. CrienoBaTensHO, HHTErPpabHAS BO3MOKHOCT-
Hast oneHka (mpu A = 1) sBisieTcss HAUOOIBIIEH OLEHKOM CTPYKTYPHOU Ha-

+ —_
nexuoctn cetn [5(v7, v7).

WHTerpanbHble OLEHKU CTPYKTYPHOMU HageHOCTH

0,45
0.4
0,35 T
03 — =
025 —7 b
0.2 / = Pl = s — —HeoaHopoAHaA
0,15 / - —_ ====0[HOpOAHAA
01 // — /—" - BO3MOKHOCTHAA

b
005 A ozz

0 01 0.2 0.2 04 05 0.6 07 0.8 09 1

A

CTPYKTYPHaA HageXHOCTD

MapameTp saeucumoctu ( 0 -HecoemecTHble, 1 -HesaBuck mbie]

Puc. 2. UHTerpabHbie OICHKH CTPYKTYpHOi Hagexwuoctn 15 (v, v7)

(nepBbli cayyait).

[TonMHOM CTPYKTYpHOM HaE€KHOCTH CETH Fé’ (v",v") mpu ycnosuu
3aBUCHMOCTH 0€30TKa3HOW pabOThI AIEMEHTOB MPEACTaBISIET cOOOH
P _ - — — = _
RY(p1.p2) =1-P(X A%y) = 1-P(%,|%) - P(%)) .
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Jna cnydas P()_c2|)?l) < P(x,) NOIMHOM CTPYKTypHOM HaJ€KHOCTH

paBeH
RY (py, py)=1-A(-p)(d-py),

Ry (p1,pp) =1=A+AUp +pr)—Apips -
Ecin cobsrtust HecoBmectheie (A =0), To Ry (p;, p,)=1. Ecmu co-

bt Hesasucumble (A=1), 0 RY(py, p,)=p +pr— pip,. Yxe D10

COBMNAJAECT C MpaBWJIaMH MpPeoOpa3oBaHMs KOHBIOHKIWN W AW3BIOHKINI
TIPH TIOCTPOSHUH TIOJIMHOMA HAaIEKHOCTH (0TKa3a) [9]. AHANOTHYHO 3amu-
[IeM MIOJIMHOM HaJIS)KHOCTH IS CTPYKTYPBI C HEUSTKUMH JIEMEHTaMH:

Ry (1, pp) = 1= A+ Ay + 1) = Ayt -
Torza HHTErpalIbHbIC IOKA3aTeNIH CTPYKTYphl ') (v*, V"), BBeneHHBIE
BBILIIE, PACCUNTHIBAIOTCS 10 CIIEAYIONIMM (hOpMyJIam:

A
Frcomop (B3 (P1, ) = J._[ (=A+A(py + py) = Apy py)dpydpy = 1= 4
[0.1]

A
Fomop R (P p2) = | (1=A+24p=ApPdp=1-.

(0.1]
JT+44 -1
Fom—[op. BO3M (Rf (/ul %) N=1-pp =——71—,
24
Tak Kak 1— A+ 240 — Apd =1— e .
3HauYCHUsI HHTETPAIBHBIX MMOKa3aTeNlel ISl pasiMdIHBIX 3HAYCHHN Ta-
paMeTpa A TIpuUBeIEeHBI HA puC. 3.
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MHTerpanbHaa oueHKa CTPYKTYPHOW HaAeKHOCTU

0,95 OFs
; N
3 09 S~

e —
2 0ss Tl e
=4 \ ~~ ~,
o bl [~
z 08 - S S = — =HeoaHopogHaA
g \\ -_.._-‘ ~ »
2 075 ~ = ====oaHopogHan
Suy

g ~~
= 0,7 o BO3MOKHOCTHaAA
E‘ “‘-..,__\ ---.._

0.65 —

n—

0,6

[ 01 0,2 03 0,4 0.5 0,6 07 0,8 0,9 1

Napamerp 3aBMcMMocTH | 0 -HecoBMecTHbIe, 1 -HeaaBHcHMble)

Puc. 3. HTerpanbHble OLEHKH CTPYKTYPHON HaEKHOCTH Ff o, v).

Taxum 00pa3om, HHTETpaIbHAs BO3MOXXHOCTHAS OIEHKA CTPYKTYpPHOH
Ha/Ie)KHOCTH B YCJIOBHAX HE3aBUCUMOCTH 0€30TKa3HOW paboThbI 3JIEMEHTOB
(A=1) sBusercs HWKHEH OLECHKON CTPYKTYpPHOM HAIEKHOCTH CETH

Pt oy
5o ,v).

B 3akmrodueHne npoBefeM UCCIEN0BaHHE MHTErPAIbHBIX BO3MOXKHOCT-
HBIX TTOKa3aTeyied CTPYKTYpHOH HaJeXHOCTH (OTKas3a) JJIsl HEOTHOPOIHBIX

TI-ceTeif. BBIYuCIUM BO3MOKHOCTHBIE OIEHKH ist cTpykTyp ['5 (v, v7) m

Fé’ (v+, V"), COCTOSIIIMX M3 HEOTHOPOIHBIX 31eMeHTOB. O003HAYMM HHTE-

TPaJIbHYI0 BO3MOXHOCTHYIO OLIEHKY HEOJHOPOJHOM CeTH Yepe3 Fio nosy -

Jnst cetn T5(v",v7).

FHCOD,BOSM(RS(IUIB/M2)) = J‘j (R;(,ul,,uz)opl)opz =

[0.1]
3-45

- .[ (.[ Ry (g, i) o B)o Py = >

[0,1] [0,1]

_[ Ry(uy, i) P =1- 4 1 2,
[0.1] T

TaK Kak ,ul*,uz :1—,ul*.
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3-45

u *
e, BTl

TaK Kak
ﬂ* * * \/g—l
o=l =y =
1+ 4, 2
Jost cetn TH (v™, v7)

FHGOH. BosM(RﬁU(/ulnuZ)) = II (Rip(/'ll’/u2)°Pl)°P2 =

[0.1]
J5-1

2

* 1
f R (s pip)o B =1-py =——,

[ REGu,m)oR)<P, =
[0,1] [0,1]

TaK Kak ﬂr+%_ﬂfﬂ2=l_ﬂl*.

J5-1

j 01)2 zl—ﬂ;:—’
02~ 2
TaK KakK
+ o« 3-45
——=l-m=>n ==
2- 1

HOJ'Iy‘-IeHHI)IC PE3YIbTATBI COBIAAAIOT C BO3MOXKXHOCTHBIMU OLCHKAMH

OJTHOPOJHOM CEeTH:
2A+1-/1+44
Fo;[Hop. BO3M (Ri (44, 1)) = T 5

N1+44

-1
p - -
FOI[HOpBO3M (Rz (,ul M )) = 21 (HpH A=1 )
YuuteiBas TOT (akT, 9to ro0as [1-ceTh sBIIIETCS CyIepIio3unuei ce-
teii T v m ry (v, v7), MOXKHO MPETONOKHTh, YTO JAHHBIE CBO¥-

cTBa OyayT coxpaHsTbes U A Beex Il-cereif. IlpoBepum manHOE mpenro-
JIO)KEHHE Ha cliefymoleM npuMmepe. Paccmorpum pasnuunblie II-cetu, co-
CTaBJIEHHBIE U3 IIecTH ayT (puc. 4, a, 0).
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P
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D

c

5 5,

0

Puc. 4. Il-ceTn, cocTaBiaeHHBIC U3 IICCTH YJICMEHTOB.

Pe3ynbraTel BBIMMCIMTENBHBIX AKCHEPUMEHTOB IPEJCTABICHBI Ha
puc. 5.
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88

FHEUEHME HHTEFPANLHOFD NOHATATEAR

HHTErpanbHbie NOKA3aTENW OTHA3ZA CTPYHTYR

o= OTHAS DAHOPOAHOR CTPYRTYPBI = DITHAS HEOIHOPOIHOR CTRYKTY S ==BOSMOKHOCTE OTRAS O4HOD. CTRYRTYPB

Puc. 5. Pe3ynpTaThl BBIYMCICHUS HHTETPAIbHBIX OLIEHOK OTKa3a

CTPYKTYD.

3akJjioueHue. HOJ’Iy‘lCHHLIC PE3YIbTATHI MMO3BOJIAKOT IMPOBECTHU CpPaB-
HUTEILHBIA aHAJIN3 TOIIOJIOTHI CTPYKTYpP CHUCTEM. TaK, Hanmpumep, 1Jisd pac-
CMaTpHUBAaCMBbIX II-ceTeit MOXXHO BEISIBUTH CJICAYIOMINE 3aKOHOMEPHOCTH.

1.

[Tomy4yeHHbIC UHTETPANTBHBIC OIIEHKHA BO3MOXKHOCTH OTKa3a OJ-
HOPOJHON U HEOJAHOPOIHOW CETH B YCIOBHSX HE3aBHUCHUMOCTH
OTKa30B AJIEMEHTOB CTPYKTYPHI SIBIITIOTCS BEPXHUMH W HIXK-
HUMH TpPaHUIIAMHA WHTETPAIBHOTO IIOKa3aTeNsl CTPYKTYPHOM
HaJIeKHOCTH (OTKa3a) CUCTEMBI.

HuTerpanbHble BEPOSTHOCTHBIC OICHKH OJHOPOTHON CTPYKTY-
PBI PACIIONIOKEHBI MEXY MHTETPATIbHOM BEPOSITHOCTHOW OIICH-
KOl HEOTHOPOAHOI CeTH U MoKa3aTeseM BO3MOXKHOCTH CTPYK-
TYPHOM HaJIe)KHOCTH (0TKa3a).

[pu mpubmmkennn paccmaTpuBaeMbix [1-cereit k cBomM mpe-
JEIBbHBIM COCTOSHUSIM S| (caMasi HaJle)KHasi U3 paccMaTpHUBae-

MBIX ceTel) U S5, (camas HEHaJeKHas U3 PacCMaTPUBAEMBIX

ceTel) HaOJI0JAaeTCsl PACXOXKIACHUE 3HAYCHUN HHTETPaTbHBIX
mokaszarenei. DTO MO3BOJIAET BBECTU IIKATy JId CpaBHEHMA
CTPYKTYp IO UX MECTY MOJIOXEHHSI OT CBOMX KpPalHUX COCTOSI-
Huit S, S5, , KOTOpas OTpa)kaeT HaJM4KE B CTPYKType HyOnu-

PYIOLIMX CBS3EH.
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PE®EPAT

Ilasnos A.H. MicciienoBanue cTpykrypHoii Hage:xxknoctu Il-cereii ¢ He3a-
BHCHMMBIMH M 32aBHCHMBIMH 0TKAa3aMH 3JIEMEHTOB.

JIro6as MmonoToHHas [1-ceTh (mapauieabHO-TIOCIEeN0BATENbHAS CTPYKTYpa) 00-
pasyercsl MyTeM CYHEpIIO3UIMU MPOCTEHINX Hepas3IoKUMBIX CEeTel, KOTOphIe SB-
JISIFOTCSL KUPIMYMKAMUY MapauieNIbHO-I0CIIeJOBATEIbHBIX MOHOTOHHBIX CTPYKTYP.
[TonMHOMBI CTPYKTYPHOTO OTKa3a (HaJEKHOCTH), BEIYHUCIISIEMBIE C HCIOJIB30BAaHUEM
JIOTHKO-BEPOSITHOCTHOTO M HEYETKO-BO3MOKHOCTHOTO TOJXOOB, MOTYy4aroTCsl U3
MIPEANONOKEHHS He3agucumocmy 0TKa30B 311eMeHToB. IIpoBoauTcsa aHanmu3 CTpyk-
TYpHOH HaJEeKHOCTH NMPOCTEHIINX HEPA3TOKUMBIX CeTeH IS CIydasi 3a6UcUMocmu
OTKa30B 3JIEMEHTOB NPU YCJIOBUU OJHOPOJHOW M HEOJHOPOAHOM CTPYKTyphl. BbI-
CKa3aHO MPEAIOJIOKEHHE O TOM, YTO IIOJIyYEHHBIE COOTHOIICHUS MEXTy WHTe-
TpaIbHBIMH BO3MOXKHOCTHEIMH M BEPOSITHOCTHBIMH OIIEHKAMH OJHOPOIHBIX U HEO[-
HOPOJHBIX MPOCTEHIINX ceTeil OyayT COXpaHsThCs M st Jo0bx I1-cereit. IIpuBo-
JUITCSL pe3yJbTaThl MCCIEOBAaHMSI MHTErPAJbHBIX IIOKa3aTeled CTPYKTYpHOW Ha-
nexHocTH 1is [1-ceTeld, COCTaBICHHBIX U3 LIECTH YJIEMEHTOB.

JInst mapanienbHO-TOCIeA0BATENbHBIX CTPYKTYP MOXHO BBISBUTH CIEAYOLINE
3aKOHOMEPHOCTH:

— TIOTy4YeHHBIC MHTETPAIbHBIC OLEHKN BO3MOXXHOCTH OTKa3a OJHOPOAHON 1
HEOJHOPOJHOW CETH B YCJIOBHSIX HE3aBHCHMOCTH OTKAa30B 3JIEMEHTOB CTPYKTYPBI
SIBISTIOTCST BEPXHUMH W HIDKHHMH TPaHUIIAMH HMHTETPAIBHOTO IOKa3aTelsl CTPYK-
TypHOH HaJeKHOCTHU (OTKa3a) CUHCTEMBI;

—  HHTErpajJbHbIE BEPOSTHOCTHBIC OILEHKH OJHOPOJHOM CTPYKTYpBI pacro-
JIO)KEHBI MEXJy HWHTErpalbHON BEpOSTHOCTHOW OLIEHKOH HEOTHOPOJHOW CETH H
MOKa3aTeNeM BO3MOXKHOCTH CTPYKTYpPHOH HaJeKHOCTH (0TKa3a);

— IIpu NpUONMKEHUH paccMaTpuBaeMbIX II-ceTelf k CBOMM NpeAenbHBIM CO-
CTOSTHHSAM (caMasi HaJeXHas M camas HeHaaexHas [I-ceTp) HaOmromaercss pacxox-
JICHHE 3HAUCHMII MHTETPabHBIX ITOKa3aTelel, 9TO MO3BOISIET BBECTH IIKATy CpaB-
HEHUSI CTPYKTYP, OTPAXKAIONIYIO HAJIMUIHE B CTPYKType TyONUpYIOMUX CBA3CH.
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SUMMARY

Paviov A.N. Investigation of structural reliability of P-networks with
independent and dependent elements failures.

Any monotone P-network (indecomposable-parallel structure) is formed by the
superposition of the simplest indecomposable networks, which are the “building
blocks” of indecomposable-parallel monotone structures. Polynomials of structural
failure (reliability), calculated using the logical-probabilistic and fuzzy-possibilistic
approaches, derived from the assumption of independence of elements failures. The
analysis of structural reliability of the simplest indecomposable networks for the
case of dependence of elements failure by condition of homogeneous and heteroge-
neous structure is carried out. It is conjectured that the obtained relations between
the integral possibilistic and probabilistic estimations of homogeneous and hetero-
geneous networks will be kept for any P-networks. The results of the study of inte-
gral indicators of structural reliability for the P-networks composed of six elements
are given.

It can reveal the following patterns for the indecomposable-parallel structures:

— obtained integral estimates of a failure of homogeneous and heterogeneous
networks in terms of independence of failures of structures elements are the upper
and lower boundaries of the integral index of structural reliability (failure) of the
system;

— integrated probabilistic assessment of a homogeneous structure situated
between the integrated probabilistic assessment of heterogeneous networks and in-
dex of the possibility of structural reliability (failure);

— when approaching considered P-networks to their limit state (the most re-
liable and most unreliable P-networks) values divergence of integral parameters is
observed that allows us to introduce scale of structures comparison, reflecting the
presence in the structure of duplicate links.
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