179

YK 514.182: 514.185.2:519.873

CTPYKTYPHA HAJIMHICTb HAUITPOCTIIIOI MEPEXKI 3
TPHbOMA KLIbIISIMHA

Ycenko B.I'., K.T.H.,

[Toropimmii /{.®., k.T.H.,

Vcenko 1.C., x.T.H.

Tlonmascvkuti HayionanbHUul MexHIYHUU YHigepcumem
imeni FOpis Konopamioxka (VYkpaina)

Iliokpecneno, wo Oinauku cmpyKmypu cucmem Ha nPakmuyi Maroms
8UNAOKOBULl piBeHb HaOdiHOCmi. Y peanvHiii cucmemi HAOIUHICMb
gidoOpascacmvcs ymosamu 38 ’si3Hocmi il 8i0onosionoi cmpykmypu. 13
CMPYKMYypa CKAa0aemuvcsl i3 napaieibHo20 NOEOHAHHS ULIAXI8 PO38'a3aHHSA
nocmaseneHoi neped cucmemoro 3aoadi. Taxodc MOdiCHaA 3acmocogysamu
eKBIBAICHMHY CMPYKMYPY, WO CKIAOAEMbCA 3 NOCAIO08HO NOEOHAHUX
3anepeuenb  MIHIMAlIbHUX nepepisig. YV  oyinioganui  cmpyKmypHoi
HaoiuHocmi 00’ €Kma O0CNIONHCEHHS BUKOPUCTOBYEMBCS MEMOO NOBHO20
nepebopy 6cix cmauié cucmemu. Y yvomy memooi CK1a0aromvcs
UMOBIpHOCMI CYMICHUX NOOIl, AKI MOOenoomsvcs KOHTOHKYIAMU YMO8
HaoditHocmi cucmemu. Bouu onucyromoca 3a 00nomo2010 HAUKOPOMUIUX
WLTAXI YCNIUWHO20 BUKOHAHHSA 3A0ayl, NOCmMasieHoi neped cucmemoro. /s
CKIAOHUX CUCMEM PpO38 A3aHHA 3a0ayi MOOEN08AHH CMPYKMYPHOL
HaoiHocmi 00CMAamHb0 CKIAOHe uepe3 MpPYOHOWi 3HAYHUX 00cs2i8
oOuUCIenb MaA BUKOPUCMAHHS 3HAYHUX PecypCié KOMN 1omepHOi mexHiKuU.
llpeocmasneno  pesynomamu  onucy — UMOGIpHOCMI 38 SA3HOCMI
HAUNPOCMIWLOl pe3ep8oBanol CMpYKmMypu Mepexci 3 mpboma Kilbysamu, wo
3ACMOCOBYEMBCS Y MOOCNIOBAHHI HAOIHOCMI PI3HUX MEXHIYHUX CUCTMEM.
Ilpaye3oamni cmanu yiei cmpykmypu npeocmaeieno y 2pagiunomy
suensoi. Bukonano nooin mooenell npaye30amHux cmawuie Ha nioepagu,
WO € HAOTUWKOBUMU YMBOPEHHAMU ma Oepesd, W0 € 2PaAHUYHUMU
cmanamu. Bucsimneno cnoci6 no6yoosu pieHaHHA HAOIUHOCMI CIMPYKIMYPU
3 MpboMa YUKIamu, cemu OLIAHKamu ma n'smoema gysiamu. Ha npuxnaoi
0eKibKOX Npaye30amHux Cmauie CmpyKmypu 3 mpboMa YUKIamu
NOKA3AHO Cymb pIiHAHHA il  Haldiunocmi. Po3zensaneni ocobaueocmi
bazamonapamempudHoi  3anedcHocmi  00360JAI0Mb  AHANI3Y8AMU
UMOGIpHICMb 38 SI3HOCMI CMPYKMYP V PO38 S3aHHI 3a0ay HAOIUHOCHII.
Ilpeocmasneno  cxkopoueny  gopmy mouyHo20  upaszy  HAOIUHOCMI
mpuxinbyegoi cmpykmypu. Lleu eupaz ompumyemuvcs npupieHO8aHHAM
Midic cobol 3HaueHb napamempieé Haoliunocmi OiiaHok. Xouwa make
CNpOWjeHHs  poOums  Mooelb  Oilbui  3PYYHOI, OOHAK  3HUJICYE il



aoeksamuicmo. Lle noschioemvcs mum, wo HaA Npakmuyi HAOIUHICMb
enemeHmis modice Oymu OaU3bKOI0, ane He PIGHOIO.

Knouosi Cr08a: CMPYKMYpHE MOOeN08AHHS,  UMOBIPHICHb
38 ’S13HOCMI, HAOTUHICMb CUCMEMU 3 PI3HON HAOTUHICIO eJleMeHmIs.

Ilocmanoséka npoonemu. BusHaueHHsS WMOBIPHOCTI CTPYKTYpPHOI
3B’A3HOCTI € Ba)XJIMBOIO 33/1a4€i0 B MPOIECI MPOECKTYBAHHS, EKCILTyaTalii
Ta PEKOHCTPYKIIII PI3HUX MEpEX I1HKEHEPHO! 1HQPACTPYKTYpH Ta I1HIIUX
CTPYKTYpHO-CKJIaaHUX cucteM [1, 2, 3]. Hp06neMa HAJIAHOCTI TEXHIYHUX
CHUCTEM JIOCUTh CKJaJHAa Ta KOMIUIEKCHA. Y 3B'SI3Ky 31 301JbIICHHAM
CKIAIHOCTI CTPYKTYp MeEpeX, SKi TMOIIMPEHI Ha TMPAKTUINl 1CHYE
HEOOX1THICTh HAYKOBHX JTOCIIKEHBb 32 OKPEMUMHU HayKOBUMH HaIpsiMaMu
JUTsl €PEKTUBHOTO 11 BUPIIICHHS.

Ananiz ocmannix o0ocnioxcenv i nyonikauiu. Y nocmimkeHHi [1]
BUKJIAJIAIOTHCSI OCHOBU MOJICJIFOBAHHS HAJIMHOCTI CKJIQJHUX CUCTEM, yBara
NPUAUIAETECS CTPYKTYPHUM KOHIeNIisiM. HamiliHicTh pI3HUX cUCTeM 13
CTPYKTYpOIO, IO ONHUCYEThCS TpadOM MEPEKEBOIO TUIY PO3IISHYTO Y
po6orTi [2]. Po3risiiaroThCsl IPUHITUITH MPEICTABICHHS CTPYKTYP CKIIQTHHUX
CHUCTEM Ta MPOIECIB PO3B'SI3aHHS TMOCTABICHUX 3a/1ay BIJHOBIIOBAHUMU
cuctemMamu. J[Isl CKIQAHMX CHUCTEM BHKIJIAJEHO TpaHWYHI 3HAYEHHSA
MOKA3HUKIB HamiiHOCTI. Y myOmikamii [3] ompaliboBaHO OCHOBH TeOpil
Oe3neku Ta HaAlliHOCTI. BUKOHAHMI aHaNi3 CKIIAIHUX CHUCTEM 3aCTOCOBYE
OCHOBHM  JIOTIKO-WUMOBIpHICHOI Teopii. Jlig oOuMciieHb HaIldiHOCTI
pPO3MIISAAIOTHCS TUTAHHS TMOYATKOBUX JAaHUX IO HAAIMHOCTI €JIEMEHTIB
CHUCTEM B YMOBaX HE3HAYHUX OOCSTIB CTAaTUCTUYHOI 1H(opmariii. Moaeni
HAJIWHOCTI CHUCTEM BHUKOPHCTOBYIOTH IMEpPETBOPEHHS (YHKINN anrebpu
JIOTIKM Y WMOBIpHICHI (DYyHKIIII.

@Dopmynroeanna yinenu cmammi. llpencraButu KOMIakTHy Ghopmy
TOYHOTO BHUPA3y HAMIMHOCTI HAMMPOCTINIOI TPUKUIBIIEBOI CTPYKTYpH IS
aHaji3y UMOBIPHOCTI 3B’ SI3HOCTI CTPYKTYP.

Ocnosna uwacmuna. Ha mpakTuill JUISSHKHM CTPYKTYpPH CHCTEM
MalTh BUIAJKOBHM piBeHb mpaue3natHocTi. HanmiliHicTe peanbHOI
CUCTEMH BIJOOpa)Ka€TbCsl yMOBaMM 3B S3HOCTI TMEBHOI BIJMOBIAHOL
CTpykTypu. Ll cTpykTypa ckiagaerbcs 13 MHapajieJbHOrO IMOETHAHHS
HNUIAXIB PO3B'A3aHHS TMOCTaBieHOi 3ajgavi. 3 1HIIOr0O OOKy MO’KHa
BUKOPHCTOBYBAaTH TaKOXX EKBIBAJICHTHY CTPYKTYpy, IO YTBOPIOETHCS
TIOCJTIIOBHUM TIOE€THAHHSM 3alepeucHb MiHIMaIbHUX TepepiziB [3].
OLIIHIOBAHHI HMOBIPHOCTI 3B’SI3HOCTI 00’ekTa TOCIIIKEHHS
BUKOPHCTOBYETbCA METOJA TMOBHOro mnepedopy. lLleit meton 3acTocoBye
CKJIaJaHHs  WMOBIpHOCTEH CyMlCHI/IX Modif, SKI  BHPAKAIOTHCS
KOH'IOHKIIISIMH YMOB TpaIle3AaTHOCTI CUCTEMU. BOHU ONHUCYIOThCA 3a
JIOTTIOMOT'0F0 HAHKOPOTIIMX HUIAXiB ycmimtHoro ¢yHkiionysanns [3]. s
CKJIAHUX CHCTEM II¢ pO3B’s3aHHS 3a/Jadl TIOB’s3aHE 13 CYTTEBUMH
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TPYAHOIIAMH 3HAYHUX OOCSTIB OOYMCIICHh Ta BUKOPHCTAHHS BEIUKHUX
pecypciB KOMIT IOTEPHOI TEXHIKH.

Hexaii 3amano cucrtemy 31 CTpyKTyporo (puc.l), 110 Mae Taki YucaoBI
XapaKTePUCTUKH: YHCIO BY3JiB 5, YHCIO MUISHOK 7, YUCIO Kileup 3.
Crpykrypa Mae | mpane3gaTHHMiA cTaH 3 7-Ma MPAIIOIOYUMHU JUITHKAMH.
Horo HafiifHicTh 06UYMCITIOETECS 32 POPMYIIO:

m
Ri=rixrpx..xrp,=[[r, 1=12,..m m=7, (1)
i=1

Iie i — HaaliHICTh OUITHKH, M — YUCJIO AUISHOK.

v, d, v,
d4
d?: d1 dB v5
d
Vv, d, Vv,

Puc.1. Pe3epBoBaHa CTpyKTypa CUCTEMHU 13 TPhOX KIJICIb, IT’SITH BY3JI1B Ta
CEMU IUISHOK

3a oOMeXeHHs, 10 HAJIMHOCTI BCIX AUISHOK OJHAKOBI, 3HAYCHHS
HAJIHHOCTI CTPYKTYPH JOPIBHIOE:

Ri=r"™, ri=r,=..=r, m=7. (2)

3 BIZIMOBOIO SIKOICh OJIHIEI IUISHKH OTPUMAEMO 7 HEMOBTOPHHUX
CTaHIB CTPYKTypHu 3 6 ninsiHkamu. Bupas HagiiiHOCTI AJiA MEepLIOoro CTaHy
Ma€ BUTJISIA:

R2=r1 X9 XI"3XI”4XI’5Xr6X(1'r7), (3)

ne 1-r;=(; — BigmMoBa /-1 AiUISHKH. 3a PIBHOI HAIIWHOCTI MUISHOK BHpa3
HAJIWHOCTI CTPYKTypH Takui (Tadm. 1):

R=r®(1-r)=r-r’, (4)

Je I' —HaJIHHICTh JUITHOK CTPYKTYPH 32 YMOBH I1=I,=,...,.=I,, M=7.

Jlnst cTpyKTYpu 3 M minsHKamu otpumaemo R,=r™(1-r)=r""-r",
be3 Tpbox AISHOK CTpyKTypa mae 21 HEMOBTOPHUH CTaH 3 4 NUISTHKaMH.
i ctanu € rpaHUYHUMU (JepeBaMu), 00 3 BUITYYEHHSIM 3 HUX OAHIET Oy b-
SKOi JIJISHKA CTPYKTypa BTpaya€ 3B’S30K 3 OAHHUM 3 BY3JIB, SKUU CTae€
130J1bOBaHUM Bif 1HIIMX. 711 CTPYKTYpH 3 M AUISHKAMH B 3arajlbHOMY
BUIAJIKY BHJIYYCHHS JABOX JIJISHOK MOXE MPHUBECTH 1O IHINIUX CTaHIB, IO
HE € TPaHUYHUMH, a00 € HE Mpale3JaTHUMU.



Taomung 1
HermoBTopHI mparnie3gaTHi CTaHH CTPYKTYpH

No 300pakeHHs Bupas HaniitHOCTI cTany
CTaHy| CTaHy 32 yMOBH
CTPYKTYPH ST PTEL r=r=,..,.=ln

[Tinrpadu 3 ukIamMu

1.
[ XFy X3 Xpy Xrg Xrg Xry r7
2.
rlX}"ZX}"3><]/'4X}/‘5X}/'6X(1_r7) r6_r7
27.
(1'r1) X(l'rz) Xp3 X1y X1s Xrg X1y r.6_r.7
JlepeBa
29 |1 /.
‘ i | ryXrexrgx(1-r,) x(1-15) x(1-rg) Xr7 54215

48. — .
| I/ (1'r1) ><(1-|’2) X(l'rg) X¥y X15 XV X717 'r5+2r6'r7

Bupa3 HaniiHOCTI CTPYKTypH OTPUMYEMO SK CYMy BHUpa3iB 13
tabmuii 1. [licas npuBeaeHHs MOAIOHMX CKIIAJIOBUX, OaraTormapamMeTpUIHE
PIBHSIHHS HAJIMHOCTI CTPYKTYPHU MPEACTABISIETHCS:

3
R=L(V +(Xg+ X5+ X4X5 )( XX + E )+ Xy X5 + X3X; +

i—1
+ E(Xg + (X + Xp(1+ X5 )+ X3X4 )) + Xo( X3Xs + E( Xg + X4 ) + (5)

+ X1 (XsX3 + E( X3 + X4 + X5 )+ X5 X3 ),

7 7
L =]]r, V=1+>r, E=xs+X;, X =1/r -1
i=1 i=1

0<R<1 0<r<l sxmo R=0,tor =0, akmo R=1, o r =1, (6)
ae I — HamIMHICTh I-1 JOUISHKH, [#N#,....#Fn.  OJHOonmapaMeTpuuHe
PIBHSIHHSI HaJIIHHOCTI CTPYKTYpH (32 YMOBH [1=I,=,...,=I') OUIBII 3py4YHE Yy

BUKOPHWCTAHHI:
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R=-8r"+32r°-44r>+21r". (7)

Opnak #oro HETOJIKOM € Te, MO0 yMOBa Ii=Iy=,...,=Iy 3HUXKYE
BIJIMTOBITHICTD IIi€1 CIPOINEHOT MOMENI, a/Ke Ha TMPaAKTUIll 3HAYCHHS
HAJIMHOCTI AUISHOK CTPYKTYPH 3 PI3HUX HNPUYUH MOXE OyTH ONM3BKUM,
aJjie He PIBHUM.

Bucnosku. OtpuMaHo BUpa3u HMOBIPHOCTI 3B’A3HOCTI MEpEXi 5K
GbyHKINT O/1HI€ET, a TaKOXK 0araTbox 3MIHHHUX ISl CTPYKTYPH, IO Ma€ TPH
IIUKJIM, CiM JUISHOK Ta I'SITh BY3JiB. BOHM MOXYTh 3aCTOCOBYBATHCH Y
MOJICTTIOBaHHI CTPYKTYPHOI HaiHHOCTI Pe3epPBOBAHUX 1HKEHEPHHUX MEPEK.
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CTPYKTYPHAS HAJIEKHOCTDb NPOCTEWIIEN CETHU C
TPEMS KOJIBIIAMHU

Ycenko B.I'., IToropensiit JI.®., Ycenko N.C.

Iloouepknymo, umo yuacmxu cmpyKmypvl cCUcmem HA NPAKmMuke
uUMerom CIyYauHvlll Ypo8eHb Haodedchocmu. B peanvnou cucmeme
HAO0EeHCHOCMb omobpadxicaemcsi VCA08UAMU cesA3HOCmU ee
coomeemcmeyowel  Cmpykmypvl. Oma  cmpykmypa —cOCmoum — u3
napanienvbHo20 COeOUHeHUsi nymell peuieHus NOCMAGIeHHOU nepeo
cucmemou  3a0ayu. Takoce MONCHO NPUMEHAMb  IKEUBALEHMHYIO
CMPYKMYpy, COCMOAWYIO U3 NOCe008AMENbHO COCOUHEHHbIX OMPUYAHUL
MUHUMATILHBIX CeYeHUU.

B oyenxe cmpykmypHou HaoedxdcHoCmu 00beKma uUccile008aHus
UCNONIL3Yemcst Memoo NOIHO20 nepebopa 6cex COCMOSHUL cucmemvl. B
9MOM Memooe CKIAObIBAIOMCS BEPOSMHOCMU  COBMECMHBIX COObLIMUL,
KOmopvle — MOOeIUpYIOmcsi  KOHBIOHKYUAMU — YCAO0BUL  HAOEHCHOCU
cucmemol. OHU  ONUCHIBAIOMCA C NOMOWDBIO Kpamuauuwiux nymeti
VCNeuHo20 BbINOJHEHUsl 3a0a4u, NOCMAGNIeHHOU nepeo cucmemou. [{ns
CHIOJNCHBIX CUCMEM peuleHue 3a0adu MOOeIupo8aHus CmpyKmypHOU



HAOeHCHOCMU O0CMAMOYHO CIONHCHO U3-3a MPYOHOCMEU 3HAYUMENbHbIX
00beM068  GLIYUCICHUU U  UCNONb308AHUS  3HAYUMENbHLIX — Pecypcos
KOMNbIOMEPHOU MeXHUKU.

B cmamve npedocmasnenvi pezynvmamel Onucanus 8eposmMHOCMU
CBAZHOCMU NPOCMOU  Pe3ePBUPOBAHHOU  CMPYKMYPbl Cemu ¢ mpems
KObYaMU, KOMOpAas NpUMEHSAemcs: 8 MOOEIUPOBAHUU HAOEHCHOCHU
PA3TUYHBIX MeXHUYeckux cucmem. Pabomocnocobnvie cocmosinus 3mou
CcmpyKmypol npedcmasienvl 8 epaguyeckom suoe. Boinonneno pasoenenue
mooenetl mpyooCnOCOOHbIX COCMOAHUL HA Noo2paghvl, 4mo AGAAIOMCs
U3OLIMOYHBIMU  00PA30BAHUAMU U Oepesbsl, ABNAUWUECS NPedeslbHbIMU
cocmosnuamu. Ocseujen cnocobd nocmpoenus yYpasHeHus HAO0eHCHOCmU
CMPYKMypol ¢ Mpemst YUKIAMU, CeMbIO yuacmKkamu u namvio ysiamu. Ha
npumepe HeCKOIbKUX pabomocnoCoOOHbIX COCMOAHUL CIMPYKMYPbl C Mpems
YUKIAMU NOKA3AHA CYMb YpaBHeHus ee Haoexcnocmu. Paccmompennvie
0CODEeHHOCMU ~— MHO2ONAPAMEMPUYECKOU  3A8UCUMOCMU  NO380JISIOM
AHAUZUPOBAMb BEPOSIMHOCIL CEA3HOCIU CMPYKMYP 6 peuleHuu 3a0ay
HaoedicHocmu. Ilpedcmasnena coxpaujenHas popma mouHo20 8blpatceHUs
HAOEHCHOCMU MPEXKONbYEBOL CIMPYKMYpbl. DMO blpadiceHue noyuaemcs
NPUPABHUBAHUEM MeNHCOY COOOU 3HAYEHUL NAPAMempo8 HAOEHCHOCU
yuacmkos. Xoms makoe ynpoweHue oenaem Mmooeib 0Oolee YOOOHOL,
O00HAKO CHUJCAem ee aA0eK8amHoCmb. Mo 00bACHAEMCs meM, 4mo Ha
NpaAKmuKe HAOeHCHOCMb JJIeMEHMO8 Modxcem Ovlmb ONU3KOU, HO He
PAsHOLL.

Knrouesvie cnosa: eeomempuueckoe mooenupoganue, 3a8UCUMOCHU
MHO2UX NEePeMeHHDBIX.

STRUCTURAL RELIABILITY OF THE SIMPLESTEST
NETWORK WITH THREE RINGS

Usenko V., Pogorely D., Usenko 1.

It is emphasized that the structure areas of systems in practice have
an accidental level of reliability. In a real system, reliability is reflected by
the conditions of the connectivity of its corresponding structure. This
structure consists of a parallel combination of solutions to the task set
before the system. It is also possible to apply an equivalent structure
consisting of consecutively combined negations of the minimum cross-
sections.

In assessing the structural reliability of the research object, a
method is used to completely scan all states of the system. In this method,
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the probabilities of compatible events, which are modeled by conjunctions
of the conditions of the system's reliability, are formed. They are described
with the help of the shortest ways to successfully accomplish the task set
before the system. For complex systems, the problem of structurally
reliable modeling is quite complicated due to the difficulty of large
amounts of computing and the use of significant resources of computer
technology. The connection probability description results of the simplest
redundant network structure with three rings are presented, which is used
in modeling the reliability for various technical systems. The working states
of this structure are presented in graphical form.The division of working-
class models into subgraphs, which are redundant formations and trees,
which are boundary states, are fulfilled. The method of constructing a
structure reliability equation with three cycles, seven sections and five
nodes is highlighted. On the example of several functional states of a
structure with three cycles, the essence of the equation of its reliability is
shown. The considered features of multiparameter dependence allow us to
analyze the probability of connection for structures in solving problems of
reliability. Abridged form of the exact expression for the reliability of the
tri-ring structure is presented. This expression is obtained by equating the
sites reliability parameters values. While such simplification makes the
model more user-friendly, it reduces its adequacy. This is explained by the
fact that in practice the reliability of the elements can be close, but not
equal.
Keywords: geometric modeling, dependencies of many variables.



