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IMonraBcpkuii HalioHANBHKI TexHIYHMI yHiIBepcuTeT iMeHi FOpis Konnpatioka

CTPYKTYPHA HAQIMHICTH TPUKLJIBIEBOI MEPEXI 3 PI3HOIO
HAJIMHICTIO EJJEMEHTIB

Bucsimneno pezynemamu ananimuyHo20 ONUCYy UMOBIPHOCMI 38 A3HOCMI pe3ep8OoGAHUX CMPYKMYD 3
MpboMa KIIbYsMU, WO 3ACMOCOBYIOMbCA Y MOOEN0BAHHI HAOIUHOCMI PI3HUX CKAAOHUX cucmem. Pisnauns
CUCmMemMamu308ano 6 NOPsOKY 30inbuenHs CKIAOHOCME ma Yucia elemenmis. Ycmanosneno ocobaueocmi 6y0oeu
PiBHAHb, AKI 00360/10Mb CKAAOAMU BUPA3U UMOBIPHOCMI 36 SI3HOCMI cmpykmyp Vv npoyeci ix nobyooeu. Ha
NPUKIA0ax NOKA3AHO YMBOPEHHs OPMYI Ma iX CMPYKMYpPHUX YacmuH. Bukopucmano éenuyuny cnig8ionouleHHs
3HAYEHHS! HeHAOIUHOCMI eleMeHma CIMPYKMYpU Mepedci ma 1o2o HAOIIHOCMI, WO CKOPOUYE 2POMIZOKICIb MOYHUX
8UPA3i6 UMOBIPHOCMI 36 AZHOCME CIMPYKIYD Mepedc U CYMMEBO NiOSUULYE KOMNAKMHICMb PIGHAHD.

Kniouoei  cnosa: cmpykmyphe mooent08anHs, UMOGIpHICIMb 3 6a3HOCMI, HAOIUHICMb cucmemu 3 pi3HOIO
Haoitinicmio enemenmis.
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HAJIEJKHOCTH TPUKOJIBIIEBON CTPYKTYPBI CETU C PAZHOM
HAJTEXHOCTBIO 3JIEMEHTOB

Ompaoicenvt  pe3yiomamyvl  GHATUMUYECKO2O0 ONUCAHUSL  BEPOSIMHOCMU  CGAZHOCMU  Pe3ePEUPyeMblX
CMPYKMyp ¢ mpemsi KOIbYamu, KOmopwvle RPUMEHAIOMCA 8 MOOENUPOBAHUU HAOEHCHOCIU CNIOJCHBIX CUCTHEM.
Ypasuenus  cucmemamusuposano 6 nopsoke yeeauueHust CIONICHOCMU U HUCTA IIeMeHmos8. Ycmanoenenvl
0CObEHHOCMU CMPOEHUsA YPASHEHUTl, KOMOpble NO360AIN COCMABIAMb BbIPAICEHUS 8ePOAMHOCU CEAZHOCTU
cmpykmyp 6 npoyecce ux nocmpoenus. Ha npumepax nokazano obpasoeanue Gopmyn u ux cmpykmypHuix
uyacmeil. Hcnonv308ana 6enuduna COOMHOUEHUS 3HAYEHUSL HEHAOEICHOCTU dNeMEeHma CIMPYKMYypbl Cemu U €20
HAO0eJNCHOCMU, KOMOpAs COKpawjaem 2poMo30KOCHb MOYHBIX GbIPAICEHUN BEPOSIMHOCIU CEA3HOCMU CIMPYKMYP
cemell U CyuwecnmeeHHo Nogbluiaem KOMRAKMHOCb YPAGHEHU.

Kntouesvie  cnosa: cmpykmypHoe MoOenuposanue, 6eposmHOCHb CEA3HOCMU, HAOEHCHOCHb CUCHEMbL C
PA3HOU HA0EICHOCMbBIO 2NEMEHMOE.
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THE STRUCTURAL RELIABILITY OF THE TRICLE NETWORK WITH
DIFFERENT RELIABLE ELEMENTS

The results of the analytical description of the probability of the connection of redundant structures with
three rings, used in modeling the reliability of various complex systems, are described. The equation is
systematized in order of increasing the complexity and number of elements. The peculiarities of the structure of
equations are established, which allow us to conveniently formulate expressions of the probability of the
connectivity of structures in the process of their construction. The examples show the formation of formulas and
their structural parts. The value of the relationship between the unreliability of the element of the network
structure and its reliability is used, which reduces the cumbersomeness of the exact expressions of the probability
of the network structure's connectivity and greatly increases the compactness of the equations.

Keywords: structural modeling, connectivity probability, the reliability of a system with different reliability
of elements.
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Beryn. 3 poO3BHTKOM Cy4aCHHMX TEXHOJIOTIM HIMPOKO 3aCTOCOBYIOTHCS Pi3HI TEXHIYHI
CHCTEMH Y BCIX Tajy3sfX BHUpPOOHHMITBA. PiBeHb SKICHUX BIACTUBOCTEH CKJIAJOBUX YacTUH
TEXHIYHUX CHCTEM TIOCTiHHO minBHIIyeThcs. OpHak mpobiema iX HAAIMHOCTI CHOTOIHI
30CTA€THCS OJHIEIO 3 HAWOUIBII BaXKIMBHX. Y TPOIECi MPOEKTYBaHHS Ta OHOBJICHHS PI3HUX
KOMYHIKalii B MicTOOyayBaHHI, BOJOINpPOBITHHMX, TEIUIOBUX, Ta30BUX MEpeX Ta IHIIUX
IH)KCHEPHUX MEPEK 3HAXO/PKEHHS HMOBIPHOCTI 3B’ SI3HOCTI € aKTyaJIbHUM MHTaHHAM [1].

CknamHicTh Ta KOMIUIEKCHICTH MpOOJIEMH HAMIHHOCTI TEXHIYHMX CHCTEM BH3HAuae
HEOOXIIHICTh CHUTbHOI B3a€MOJii PI3HUX HAYKOBHMX HAIpPsMIB JJIS YCIIIIHOTO ii BUpIICHHS.
Pesynbrati mpoBemeHMX JOCTIDKEHb BKa3ylOTh Ha Te [2], mo0 OKpemi po3pi3HeHi 3acolw,
METOJH, MOJENi, aJrOPUTMHU HE JAIOTh MOXKJIMBOCTI CYTTE€BO MiJBHIIMTH PIBEHb HAIIMHOCTI
TEXHIYHUX CHCTEM.

AHai3 ocTaHHIX T0c/TiKeHb i myoaikamiii. HaykoBi [kepena BUCBITIIOIOTH [3] MeToun
00YMCIICHHST HAAIMHOCTI CTPYKTYp PI3HUX CHCTEM 3 JUISHKaMH, LI0 MAlOTh PIBHI 3HAYEeHHs
HaJalHOCTI. BiractMBOCTI HAMIMHOCTI Ta €KOHOMIYHOCTI [JIFOYMX TEXHIYHUX CHCTEM €
npotwiexxkHumu [1, 3]. [linBueHHs piBHA HAIIHHOCTI CKIAHUX CHCTEM MOTPeOYe JOAaTKOBHX
BKJIQJICHb KOIITIB 1 ITUM 3MEHIITYETHCS BIAMOBIAHO iX EKOHOMIUHICTD.

Y [7] mnoka3zaHO OCHOBHI NPUYMHU HEIOCTATHHOT'O OIPAIFOBAHHS 3ajlad HaJIHOCTI
pEe3epBOBAHUX IH)KEHEPHUX MEpPEeX. 3ampoONOHOBAHO TMOHATTA IHTEpPBAJy Ta TpaHUIb
e(eKTHUBHOTO MiJBUIICHHS PIBHA HAAIHHOCTI CTPYKTYpH Pe3epBOBAHOI IHXEHEPHOI Mepexi. Y
poboti [8] po3pobieHO MOmens HMOBIPHOCTI O€3BIIMOBHOI POOOTH TEXHIYHOI CHCTEMHU. Y
nyomikaiisx [5, 6] ompaipoBaHo crocid parioHaTbHOTO HOPMYBaHHS HAJIHOCTI B CUCTEMaXx 3
napaieIbHIUMHU Ta MapaebHO-TIOCIITIOBHUMHU CTPYKTYPaMHu.

IlocTtanoBka mnpodjieMu. IcHye HEOOXIHICT, TOYHOTO BH3HAYCHHS HAJIIHOCTI
CTPYKTYP CHCTEM 3 PI3HOIO HaJAIMHICTIO elleMeHTiB. ToMy € akTyalbHUM BUBEICHHS (hopmyn
HMOBIPHOCTI 3B’SI3HOCTI TPHUKUIBLEBUX CTPYKTYp MEpEeX 3 AUIHKAMH, IO MalOTh pI3HY
HajiiHicTh. Ha eramax mpoekTyBaHHS Ta PEKOHCTPYKIIl CKJIAJHUX PEe3epBOBAHUX CHUCTEM I
MojieNb Oy/ie KOPUCHOIO JUTS MPUHHATTS ONTHMAIbHUX PIlICHb.

BukJ/ageHHs1 OCHOBHOr0 Matepiajy gocjigxkeHHsa. dopMa Mepexi CYITEBO BIUIMBAE
Ha 1l CTPYKTYpHY HaJiliHICTb. BaXJIMBOIO € 3B’S3HICTH CTPYKTYpH fKa € TOIOJIOTTYHOIO
BJIACTUBICTIO MEpeXi K CKIaJHOI CHCTEMH. Y BH3HAYCHHI CTPYKTYpHOI HaIiifHOCTI
BUKOPUCTOBYETHCS MOHATTA [3] mpalre3naTHOro CTaHy, B SIKOMY yCi BY3JIM CTPYKTYpH 3’€JHaHI
MK coboro. CriIagHUM  MEpEeKEeBHMM CHUCTEMaM  BIIACTHBHI  CTPYKTYpHHMH  pe3epB
(HaITMIIKOBICTB), SIKUH YTBOPIOETHCS 3aMKHEHUMH 3B’ SI3KaMU MK 1X CKJIaJIOBUMHU YaCTHHAMH Y
¢dopmi mmkiiB (kiieus). IlopymieHHS mpare3faTHOCTI  MEPEXEBOi CHCTEMH BiIOyBa€eThCs
BHACIIZIOK BTPATHU 3B S3KY 3 OJJHUM 13 BY3JIiB CTPYKTYpH.

Po3rnsiHeMo MoneioBaHHA HAJIHHOCTI CTPYKTYPH 3 TpbOMa KilbLsAMU. BBakaTumemo,

JOUISSHKA ~ MalOTh PI3HY HAJIHHICTS! rld ;trzd £ A rr?, HAJIAHICTE BY3JIB BBaXXaTUMEMO

abcomoTHOr0 1Y =r) =..=r) =1. 3MiHHI BeJIMYMHHM HAIiHHOCTI €JNEMEHTIB YTBOPIOIOTH

0aratoBuj SIK T€OMETPUYHY MOJENb y MPOCTOPi CTaHIB 00’€KTa MOCITIIKEHHS. AHATITUYHUN
OMHKC LBOTO 0araTOBHY MPEACTABISIETHCS (YHKIIEI CTPYKTYPHOI HaTIMHOCTI KOKHOT OKpeMOi
CTPYKTYPU CHUCTEMHU.

[ToeqHaeMo 4OTHPH IUISTHKH TaK, 00 CTPyKTypa cucteMu Oyia 3aMKHEHOI0. CTPYKTypH
CHCTEM 3 MapajesbHO TO€AHAHUX E€JIEMEHTIB MalOTh CTPYKTYPHHI pe3epB Ta BUCOKY HAIIHHICTb.
31 30UTBIIIEHHAM YHCIIa AUITHOK y bOMY 3’ €JHAHHI HEJIHIIHO 30UThIIYEThCS PIBEHb CTPYKTYPHOL
HAJIHHOCTI cHUCTeMHU. Y 3aMKHEHOI B IMKI CTPYKTYpH [UISHKH MAalOTh CIUIbHI KIHIII.
VYTBOPIOETbCS CTPYKTYPHHUH pe3epB CHUCTEMHM, KOJIM BY3IM MOE€JHAHI YOTUPMA 3B'S3KaMHU.
PiBHSHHS HaAIHOCTI U1 pe3€pPBOBAHOT CTPYKTYPH 13 YOTUPHOX AUITHOK PI3HOT HaAIMHOCTI I #
I# r3# ry, 'y GopMi mapajaenbHOro 3'€THaHHS JBOX BY3JIIB Vi Ta V, Mae BUDIISL [2]
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R =1-T](1-r), i=12..4, (1)
i=1
a 7S N mapaenbHAX 3B’ I3KIB
n
R =1—H(1—ri), i=1,2,...n. (2)
i=1

Ha puc. 1 moka3aHo MHOXXHMHY HEMOBTOPHUX CTaHIB HaWMpoCTimoi pe3epBOBaHOI
CTPYKTYPH 13 YOTHUPHOX JUISTHOK Ta ABOX BY31iB. LIITpHxXOBi JiHIl MO3HAYAIOTh BTPATy 3B’ SI3KIB,

110 MAlOTh HATIHHICTH I, 1=1,2,3,4 Mk By3/1aMH.
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Puc. 1 IP’ssTHaauATh Pi3HUX NpaLe3IaTHUX CTAHIB Pe3epPBOBAHOI CTPYKTYPH S i3 4-X AUISIHOK I1,I2,13,14

PiBHAHHSA HMOBIPHOCTI 3°BSI3HOCTI CTPYKTYpH S* i3 4OTHPHOX MapagenbHUX AUISHOK Mae

BUTJISII
4 3 4 2 3 4 4
R=—[In+In+n]ln+nITn+IIn |-n2ni-n(s+u)-nu+3n @)
i=1 i=1 i=3 i=1 i=2 i=2 i=1
[To3HaunMo WMOBIpHI BIAMOBH IUISHOK CTPYKTYpH TOPSAKOBUMHU HOMEpaMH DIy
HaTypaJbHUX yucell. BukopucraeMo anropuTM rnoOyloBH MHOXHHHM CTaHIB CTPYKTYPH Mepexi
[4]. PiBHsSIHHS IMOBIPHOCTI 3B’ SI3HOCTI CTPYKTYPH MPEICTABIISETHCS:

4
R= M(1+Zei +(e,+e,)(e;+e,)+ee,(l+e,+e,)+ee,(1+e +e,)), (4)
i=1

ae i — HaaiiHICTh OUISHKU CTPYKTYpH, € =——" — BIJIHOLICHHS 3HAa4e€Hb HEHAAIIHOCTI
r
1
4
Ta HamilWHOCTI eneMeHnTiB, M = H I — 100yTOK HaIIHOCTI AUTSTHOK CTPYKTYPH.
i=1
36UILIIMMO CKIaAHICT CTpYKTYpr S’ Ta gomamo 10 Hei OJHY AUISHKY, IO Mae
HaiiiHicTIo s B mukn C' ta HoBMIt BY30J1 Cf ud, =C13. 31 30UIBIIEHHAM YKCJIa OUISHOK Ta
. . 4 5 i - . cas .
By3IiB y crpykrypi S°—S” 3 Tppoma muknamu C;,i=1,2,3 3MiHIO€ThCS 1i pIBHAHHS

HMOBIPHOCTI 3B SI3HOCTI:

4
R=M(1+> e +(e +e,)(e;+e,)+ee(1+e;,+e,)+ee(l+e +e,))+F, (5)
i=1
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ne F — anuTHBHaA CKJanoBa YacTMHA HOBOTO PIBHSHHS, LIO YTBOPIOETHCS IICIS

3
JoAaBaHHs HOBOI ninsHKY O3 Ta By3na Vs : F=e. (e, +(1+¢e, )( Zei +e,6;,+¢e(e,+¢e;))).
i=1

di g, di d,
V1 Vo V1 Vo

d3 d5 Vs d3
d4 ds

Puc. 2 YBeneHHs 10 eJleMeHTAPHOI pe3epBOBAHOI CTPYKTYPH S" izax JiJISTHOK HOBOT'O BY3J1a V3 Ta HOBOI JistHKH 5

3arasibHe piBHSAHHS HMOBIPHOCTI 3B’ SI3HOCTI AJISl pe3€PBOBAHMUX CTPYKTYP, L0 MAIOTh TPU

ki S < CP, 1=1,2,3 3 n piasHOK Ma€e BUTIISI;
n
R=M(1+% e +F), (6)
i=1
1-r, n )
e e=——, M :Hl’i, F — amuruBHa cximagoBa 3 Tabmuid 1, i — 3HAYEeHHS
f i-1

HaiiHOCTi i-i mimsHKK cTpykTypr S P, N — wmcno AiMAHOK B CTPYKTYpI, | — YHMCIO AUTAHOK y

.~ : . . .
nepwomy wukii C; , v — uneno uukmnis, | — uncno ainsaHoK y i-My nuki.
Jlo Tabnuii 1 3aHeceno pi3Hi rpadiuni Mozeni cTpykTyp 3 Tppoma mukiamu CP Ta 3

yucaoM aisHok N<10 ta BianmoBiaHi iM aAWTUBHI BUpa3u F, 1110 yTBOPIOIOTHCS 3 JOJAaBaHHAM 0
CTPYKTYPH HOBHUX BY3JIIB Ta JUISHOK.

®opmynu HMOBIPHOCTI 3B’ I3HOCTI CTPYKTYP MEPEX 3 TPhOMA KUTbLIIMU Tabnuusg 1

do 3
F= : 1
d a. . (e, +e+08) (D & +6, +6 )+ee +ey(e +o +6 )He +e,(1+6 )+ee, )@ +8 )+
d3

i=1

ds +6,(6(6; 16, 1€, )6, (& +€ )He(a(6 16 +6 ) He +6,) & +6 ) e,

dy
W F =(esee +e,((e5(e, +&5)+ese; ) +es(e(1+6 ) +e5+6 )+
reYeree +e,) e e +e))1a (Yo e +efe, e )+e(de))

F=eg +e(@(e+6)+e8)+e(e(l+g)+e 46 )+%(Z‘31 +6(6, 6, ) +e(& +))H

+6(28+6,2 8 +6(6, 16 )+ Q 8)1e (6 10) 66 ) H1He )@ +e +6,+8))

i=2




. " F=e(e,+6)+e(1+e)+e(1+6))(e +6 ) +e +(e,+€,)> &+

i=5

d ds 6 8
N +(e2(1+e4)+e4e6)§e, +e3(e4+e5)§ei+e3e4(1+e5)+ez(e4+e3(1+e4+e5))+
% +el(§e,(l+e3)+e4(l+e6)+e3(1+e4)+e2(1+e3+e4)
de F=elo(§,e1+§q)+e7(el+§ei+es+eg)+es(elo(eg+es)+el+%+e4)+
ddz d; |7 +(eg+es)(e,elo+§el+es(ge+es)+(eﬁ+ey)(es(es+eg)+e4(es+§,e))+
s dllo d;g o +%((g,e(e4+es+elo)+e4(1+es+em))+%((es+em)(es+eg)+(%+e4)(1+es+em)+

+6,(8;+6, +6; ))& ((6 +€,) (6, +6;+6 ) +6, +(€, +&; ) (L+€, +6 +&; ) +€5(6, +€ +€, )

BucHoBok. 3MiHHI TapamMeTpu HaJIHHOCTI €JIEMEHTIB YTBOPIOIOTh OaraToBHJ SIK
TEeOMETPUYHY MOJIEINb Y MPOCTOPi CTaHIB 00’ekTa AocuimkeHHs. OTpUMaHO BUPAa3H MMOBIPHOCTI
3B’A3HOCTI CTPYKTYpHU Mepexi K (yHKLIl 6ararboX 3MIHHHUX JJIsi CTPYKTYp, IO MAalOTh TPU
IUKIM. BOHM MOXYyTh BUKOPHUCTOBYBAaTHCH [UIi MOJEIIOBAHHA CTPYKTYPHOI HaIiiHOCTI
IH)KEHepHUX Mepex. BU3HAYCHO MOKIMBOCTI 3MIHU PO3MIPHOCTI CTPYKTYPH CUCTEMH Ta (QYHKITIT
CTPYKTYpPHOT Ha{IHHOCTI.
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