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CTPYKTYPHA HAJIMHICTb HAUITPOCTIIIOI MEPEXKI 3
TPHbOMA KLIbIISIMHA
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Ionmascvkuti HayioHanbHUl MexXHIYHUU YHIgepcumem
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Iliokpecneno, w0 OinaAHKU CMPYKmMYpu cucmem HaA RNPaKmuui
Maioms GUNAOKOBUIl pi6eHb HaldiuHocmi. Y peanvHiii cucmemi
HAOIUHICMb  GI000paAdCAEMbCA YMOBAMU 38’°A3HOCMI §T 6I0NOBIOHOT
cmpykmypu. L[a cmpykmypa cknadaemuca i3 napaieabHo20 NOEOHAHHA
waAxie po3e'azanna nocmaeiieHoi neped cucmemoro 3aoaui. Takoonc
MOMCHA 3ACMOCOBY8AMU eKBI8AIEHMHY CIPYKMYPY, W0 CKIA0AEMbCA 3
nOCNI006HO NOEOHAHUX 3anepe4yeHb MIHIMAIbHUX nepepizie. Y
OUIHIOBAHHI  CMPYKMYPHOI  HAOIIHOCMI  00°cKma  00CHI0HCeHHA
BUKOPUCHOBYEMBCA MEM OO NOBHO20 nepedopy 6cix cmauie cucmemu. 'y
UbOMYy Memooi CKIaA0arwmvca UMOBIPHOCMI CYMICHUX RNOOIl, AKI
MOOe0IOmMbCA  KOH'IOHKYIAMU YMO08 HaOiiHocmi cucmemu. Bonu
ORUCYIOMbCA 34  OONOMO20I0 HAUKOPOMUWIUX  WIAXIE YCHIWHO20
6UKOHAHHA 3a0aui, NOCMAaeieHoi neped cucmemor. /lna CKi1aoHux
cucmem po36’A3aHHA 3A0aui MOOEI06AHHA CMPYKMYPHOI HAOIIHOCMI
00CMamHb0 CK1a0He 4epe3 mpyoHOuli 3HAYHUX 00cA2i6 00YUcIeHb ma
BUKOPDUCMAHHA  3HAYHUX  pecypcié  KOMRN’IOmepHOoi  mexHIiKu.
Ilpeocmasneno  pesyromamu  onucy  UMOGIpHOCHMI  36’A3HOCHMI
HAUNpocmiwior pe3epeoeanoi CmpyKmypu mepexici 3 mpboma Kiibyamu,
W0 3aCMOCOBYEMBCA Y MOOCTI6AHHI HAOIUHOCMI PI3HUX MEXHIYHUX
cucmem. Ilpauezoammui cmanu yici cmpykmypu npeocmasenieHo y
cpaghiunomy euznadi. Buxonano noodin mooeneit npaye30amuux cmanie
Ha niozpaghu, w0 € HAOIUWIKOBUMU YMEOPEHHAMU Mma 0epesa, Wio €
2panuuyHumMu cmanamu. Buceimneno cnociéo noodyooeu pieHAHHA
HAOIIHOCMI CMPYKMYpU 3 MPbLOMA UUKIAMU, ceMU OUIAHKAMU Mma
n'amema eyznamu. Ha npuknadi Oexinbkox npaue3oamuux cmamie
CMpPYKmypu 3 mMpboMa UWUKIAMU HNOKA3AHO CYMb PIGHAHHA T
Haoitnocmi.  Po3zenaneni  ocodaueocmi  dazamonapamempuyHoi
3anexcHocmi  003601A10Mb  aHAXI3yeamu  UMOGIpHICIMb  36°A3HOCMI
cmpykmyp y po3e’azaunni 3a0au naoititnocmi. Ilpeocmaeneno ckopoueny
dopmy mounozo eupazy naoitinocmi mpuxinvyeeoi cmpyxmypu. Ilei
6UpPA3  OMPUMYEMbCA  NPUPIGHIOBAHHAM  MidC Cc000W0  3HAUEHb
napamempie HaodiuiHOCcmi O0inAHOK. Xoua maxke CHPOWEHHA pOoOumb



Mooeny Oinbwt  3pYyYHOW, OOHAK 3HuUMcye ii  adexeamuicme. Ile
HOACHIOEMbCA MUM, WO HA NPAKMUYI HAOIUHICMb e1eMEHmMI8 MoHce
Oymu o1u3bKomw, aie He pigHoI0.

Kniouosi cno6a: CMPYKmMypHe MOOENI06AHHA, UMOBIPHICHb
36’A3H0Cmi, HAOIUHICMb cucmemu 3 Pi3HOI0 HAOIHICHIO e/leMEeHmIs.

Ilocmanoséka npoonemu. BusHaueHHs WMOBIPHOCTI CTPYKTYpPHOI
3B’A3HOCTI € Ba)XKJIMBOIO 33/1a4€i0 B MPOIECI MPOEKTYBAHHS, EKCILTyaTalii
Ta PEKOHCTPYKIl PI3HUX MEpEeX 1HKEHEPHOI 1HPPACTPYKTYpH Ta 1HIIHMX
CTPYKTypHO-cKiaaHux cucteM [1, 2, 3]. IIpobGrema HaaIMHOCTI TEXHIYHUX
CUCTEM JOCUTh CKJIaJlHa Ta KOMIUIEKCHA. Y 3B'S3Ky 31 301IbIICHHAM
CKJIQJIHOCTI CTPYKTYp MEpEeXK, SKI TMOIIHUPEHI Ha TMPaKTUI[l ICHYE
HEOOX1THICTh HAYKOBHX JTOCIII/IKEHb 32 OKPEMUMHU HAyKOBUMHU HAIPsIMaMU
JUTst €EKTUBHOTO 11 BUPIIICHHS.

Ananiz ocmannix o0ocnioxcenv i nyonikauiu. Y nocmmkeHHi [1]
BUKJIAJIAIOTHCSI OCHOBU MOJICIIOBAHHS HAAIMHOCTI CKIIQJHUX CUCTEM, yBara
OPUAUIAETECS CTPYKTYPHUM KOHIeNIisiM. HamiliHicTh pI3HUX cHUCTEM 13
CTPYKTYpOIO, 1[0 ONHUCYEThCS TpadoM MEPEKEBOrO TUIY PO3IJISHYTO Y
po6oTi [2]. Po3risiiatoThest MPUHITUITN TPEICTABICHHS CTPYKTYP CKJIaTHUX
CHCTEM Ta TPOIECIB PO3B'SI3aHHS TMOCTABICHUX 3a/1ay BIIHOBIIOBAHUMU
cuctemMamu. [l CKIaJHUX CHUCTEM BHKJIAJEHO TpaHUYHI 3HAYCHHS
MOKa3HUKIB HamilHOCTI. Y myOmikamii [3] ompaiboBaHO OCHOBH TeOpil
Oe3neku Ta HaAlliHOCTI. BUKOHAHMI aHaMi3 CKIIAIHUX CHUCTEM 3aCTOCOBYE
OCHOBHM  JIOTIKO-WMOBIpHICHOI ~Teopii. Jlyig oOuMcieHb HaJIHHOCTI
pPO3MIISAAIOTHCS MUTAHHS TMOYATKOBUX JAHUX IO HAAIMHOCTI €JIEMEHTIB
CHUCTEM B YMOBaX HE3HAYHUX OOCSTIB CTAaTUCTUYHOI 1H(opmarii. Moneni
HAJIWHOCTI CHUCTEM BUKOPHCTOBYIOTH IEpPETBOPEHHS (YHKINN anrebpu
JIOTiKM y WUMOBIPHICHI (DYHKIIII.

Dopmynroeanna yinen cmammi. llpencraButu KOMIakTHy Ghopmy
TOYHOTO BHPA3y HAMIMHOCTI HAWMPOCTIMIOI TPUKUIBIIEBOI CTPYKTYpH IS
aHaI13y UMOBIPHOCTI 3B’ SI3HOCTI CTPYKTYD.

Ocnoséna uwacmuna. Ha mpakTull JUISHKH CTPYKTYpU CHCTEM
MalTh BHUIIAJKOBHM piBeHb mpane3natHocti. HaniliHicTh  peanbHOl
CUCTEMH BIJOOpa)KAa€TbCS yMOBaMM 3B S3HOCTI TE€BHOI  BIJMOBIAHOL
CTpykTypHu. Ll cTpykTypa cKIagaeTbcs i3 TapajelnbHOTO TOEIHAHHS
NUSIXIB  PO3B'A3aHHSA TOCTaBJIEHOI 3ajayi. 3 1HIIOro OOKYy MO’KHA
BUKOPHCTOBYBAaTH TaKOXX EKBIBAJICHTHY CTPYKTYpy, IO YTBOPIOETHCS
MOCIIIOBHUM TIO€IHAHHSAM 3arepedeHb MiHiManbHuX nepepisiB [3]. V
OLIIHIOBAHHI HMOBIPHOCTI 3B’ SI3HOCTI 00’ekTa TTOCJITIKEHHS
BUKOPUCTOBYETHCSI MeTOA ToBHOro miepebopy. Lleir merom 3acTocoBye
CKJIaJaHHs  WMOBIPDHOCTEH  CyMICHHX TMOJiH, SKI  BUPaXKaIOTHCA
KOH'IOHKIIISIMM yYMOB TMIPalle3aTHOCTI CHUCTeMH. BOHHM OMNHMCYIOThCS 3a
JIOTIOMOTO0 HAaHKOPOTHIMX NUBAXIiB ycmimHoro ¢yakmionyBanns [3]. s



CKJIQJHUX CHCTEM II¢ pO3B’S3aHHS 3a/adi TOB’s3aHE 13 CYTTEBUMU
TPYAHOIIAMH 3HAYHUX OOCSTIB OOYHMCICHh Ta BUKOPHCTAHHS BEIUKHUX
pecypciB KOMIT IOTEPHOT TEXHIKH.

Hexaii 3amano cucrtemy 31 CTpyKTyporo (puc.l), 110 Mae Taki YuCaoBi
XapaKTePUCTUKH: YHCIO BY3JiB S5, YHCIO MUISHOK 7, YUCIO Kineup 3.
CrpykTypa Mae | mpare3gaTHuUN CTaH 3 7-Ma MPAIlOIOYUMH JTUTTHKaMHU.
Horo HafiifHicTh 0GUYNCITIOETHCS

m
Ri=rixrpx..xrp=[]r, i=12..m m=7, (1)
i=1
Ie i — HaaliHICTh OUITHKH, M — YUCIIO JUISHOK.

v, d, v,
d4
d3 d1 dB v5
d
v, d, v,

Puc.1. PezepBoBaHa CTpyKTypa CUCTEMH 13 TPHOX KUIEIlb, I SITH BY3JiB Ta
CEeMU JUISTHOK

3a 0OOMEXKCHHS, IO HAIIMHOCTI BCIX OUISHOK OJHAKOBI, 3HAYCHHS

HAJIAHOCTI CTPYKTYPH JOPIBHIOE
Ri=r™ ri=r=,..,=rm,, mM=7. (2)

3 BIZIMOBOIO SIKOICh OJIHIE€I JUISHKM OTPUMAEMO 7 HEMOBTOPHUX
CTaHIB CTPYKTypHu 3 6 ninsiHkamu. Bupas HagiiiHOCTI AJig MEepLIoro CTaHy
Ma€ BUTTIS:

Ro=r1 Xry Xrg Xry Xrs Xrg X(l-ﬁ), (3)

ne 1-r;=q; — BigmMoBa 7-i muIIHKHA. 3a PiBHOI HAAIHHOCTI TUISHOK BUpa3
HAJIWHOCTI CTPYKTypH Takui (Tadm. 1):

Ro=r8(1-r)=rb-r’, (4)

e ' — HaIIiHICTh OUISHOK CTPYKTYpH 3a YMOBH [1=F2=,...,.=Iny,
m=7.

Jlist CTPYKTypu 3 M ginsakamu orpumaeMo Rp=r™1(1-r)=rm1-r™
be3 Tprox AiNSHOK CTpykTypa Mae 21 HEMOBTOPHUU CTaH 3 4 JUISHKaAMHU.
L1i cranu € rpaHUYHUMH (JIepeBamu), 60 3 BUITyYEHHSM 3 HUX OfHi€] Oyab-
SKOi JIJSHKA CTPYKTypa BTpaya€ 3B’S30K 3 OAHHUM 3 BY3JIB, SKUU CTae€
1301bOBaHUM Bif 1HIIMX. JlJI1 CTPYKTYpH 3 M AUISHKAMH B 3arajlbHOMY
BUIMAJKY BWJIYYEHHS BOX JIISHOK MOXE MPUBECTU JO 1HIIUX CTaHIB, L0
HE € TPaHUYHUMH, 200 € He Mpare3aTHUMHU.



Taomung 1
HermoBTopHi nparie3gaTHi CTaHH CTPYKTYpH

No 300pakeHHs Bupas HaniitHOCTI cTany
CTaHy CTaHy 32 YMOBU
CTPyXTYpH ST PTNCC ) r=rz=,...,=m
[Tinrpadu 3 ukIamMu
1.
M1 Xro X3 Xprg Xps Xre Xry r’
2.
M1 X1 X3 Xy Xrs Xrg X(l-ﬁ) r6-r7
27.
(1-r1) ><(1-r2) Xp3 Xpa Xrs Xpg Xry r6-r7
JepeBa
29. _
/ 1 Xry xrgx(1-rg) X (1-rs) X (1-re) Xr7 -r>+2r8-r?

48. | ™/ .
| I/ (1-r1) X(1-r2) X (L1-ra) xraxrsxrxry | -r>+2r%-r’

Bupas HamiiHOCTI CTPYKTypH OTPUMYEMO SIK CyMy BHUpa3iB 13
tabmuii 1. [Ticas npuBeaeHHS MOAIOHUX CKIIQJ0OBUX, OaraTormapaMeTpUIHE
PIBHSIHHS HAIMHOCTI CTPYKTYPH MIPEACTABISIETHCS

3
R=L(V + (X, +Xs + X, X5 ) O_ X; + E) + X, X5 + Xg%; +
i=1

+ E(Xg + (X + X, X+ X5) + X3X4)) + Xo (XgXs + E(X3 +X,)) +, (5)
+ X (X5 X5 + E(Xg + X4 + X5 ) + X,X3)
7 7
L =]]n, V=1+>r, E=x+X;, X =1/r-1.
i=1

i=1

0<R<1 0<r<1 sxmo R=0,Tor =0, axmo R=1, o r =1, (6)

Ae I — HamlWHICTh I-1 OUISHKH, M1#l#,..., 7 m. OaHomapaMeTpuyHe

PIBHSIHHSI HAIIMHOCT1 CTPYKTYpPH (32 YMOBH I1=I2=,...,=Iy) OLIbII 3py4HE Y
BUKOPHUCTAHHI:

R=-8r"+32r%-44r5+21r*. (7)



OpHak HWOTO HEAOJIKOM € Te, M0 yMoBa [I1=Ip=,...,=Iy 3HIKYE
BIIMOBIHICTD IIi€] CIPOIICHOI MOJENi, aJKe Ha MPaKTUIl 3HAYEHHS
HAJIIMHOCTI JUISHOK CTPYKTYPH 3 PI3HUX NMPUUYUH MOXKE OyTH OJIM3BKUM,
ajiec He PIBHUM.

Bucnoeku. OtpuMaHo BUpa3u WMOBIPHOCTI 3B’SI3HOCTI MEpEXkl SIK
byHKIIT oAHI€T, a TakoK 0araTbOX 3MIHHUX JUIS CTPYKTYPH, IO MAE TPU
IUKJIM, CIM JUISHOK Ta M'SATh By3/MiB. BOHM MOXYTh 3aCTOCOBYBaTHUCH Yy
MOJICTIOBaHH1 CTPYKTYPHOI HaIHOCTI PE3€PBOBAHUX 1HKEHEPHUX MEPEK.
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CTPYKTYPHAS HAJIEXKHOCTb TPOCTEMIIEM CETH C
TPEMS KOJIBIHIAMHU
Ycenko B.I'., [Toropensiit [I.®., Ycenko U.C.

Iloouepknymo, umo yuacmku cmpyKmypol cucmem Ha nPAKmMuKe
uMerom Cay4aiiHplii. ypo6eHb HaoledcHocmu. B peanvnoin cucmeme
HA0e CHOCMb omoobpascaemcs ycaosuamu CéA3HOCIU ee
coomeemcmeyouiell. Cmpykmypol. IJma cmpyKmypa cocmoum us3
napanienbHo20 COeOUHeHUs nymeil peuleHus NnocmaeileHHou nepeo
cucmemout 3adauu. Taxodice MONCHO RNPpUMEHAMb IKEUBAIECHMHYIO
CMpPYKmypy,  COCHOAWYYI0 U3  HOC/e006AMeNbHO  COCOUHEHHBIX
OMPUUAHUU MUHUMAIbHLIX cedyeHull. B ouenke cmpykmypnou
Haodej)IcHocmu 00veKma uccied06anus UCnOIb3yemca Memoo noJIH020
nepeoopa écex cocmoanuii cucmemol. B amom memode cknaovigaiomces
6EPOAMHOCMU  CO6MECMHBIX COObIMUIL, KOMOpble MOOEUPyIomcs
KOHBIOHKYUAMU YC106UTL Hadedychocmu cucmemol. Onu onucvigaiomces ¢
HOMOWbI0O Kpamuauuiux nymeil YCHEWIHO20 6blNOJHEHUA 3a0ayu,
nocmaegieHHol neped cucmemoul. /A CH0MNCHBIX cucmem peuieHue
3a0auu  MOOeaUPOBAHUA CMPYKMYPHOU HAOEHCHOCMU O00CMAMOYHO
CNLOMCHO U3-3a MPYOHOCHEN 3HAYUMENbHBIX 00bEMO6 GbIYUCTACHUN U
UCNOIb306AHUA 3HAYUMEbHBIX Pecypco8 KOMNbIOMEPHOU mexHuku. B
cmamove  NPeOCmasieHvl  pe3yibmamvl  ONUCAHUA  6EPOAMHOCHU
C6A3HOCMU RNPOCHMOU Pe3ePEUPOSAHHON CMPYKMYPbL CEeMu ¢ mpems
KOJbuamu, KOmopasa NPUMEHAEMCA 6 MOO0eIUPOSAHUU HAOEeHCHOCHU



PA3IUYHBIX mexXHuyeckux cucmem. Pabomocnocoonvie cocmoanusn
IMOU CMPYKmypvl npeocmasiieHvl 6 cpaguueckom eude. Bvinonneno
pazoenenue mooeneil mpyoocnocoOHbIX COCMOAHUIL HA noozpaghel, Ymo
AGNAIOMCA UOLIMOUHBIMU 00PA30EAHUAMU U Oepesbs, AGIAIOUUECcs
npedenvHvimu cocmoanuamu. Oceeuwien cnocod nocmpoeHus ypagHeHus
HAO0EHCHOCMU CMPYKMYPbl ¢ MPemMs WUKIAMU, CEeMbl) YUACHMKAMU U
namoeio y3namu. Ha npumepe neckonvkux padomocnocooHbIX
COCMOAHUI CMPYKMYPbL C MPeMA YUKIAMU NOKA3AHA CYMb YPAGHEHUS
ee Haoex)cHocmu. Paccmompennvie ocobeHHocmu
MHO20NAPAMEMPUUECKoll 3a6UCUMOCIU NO3601A10M AHAUZUPOGANb
6EPOAMHOCMb CEAZHOCMU CMPYKMYD 6 PeUeHuu 3a0a4 HA0EeHCHOCHU.
Ilpeocmaenena  cokpawennaa  gopma  MOUHO20  GbIPANCEHUA
HAOEHCHOCMU  MPEXKOIbUegoll  cmpyKkmypol. Imo  evipajrceHue
noayuaemcs NPUpasHUGAHUEM MeHc0y COOO0Ul 3HAUEHUIl napamempos
HAOEeCHOCMU YUacmKos. Xomsa maxoe ynpouieHue oendaem mooesb
O0onee yooOHOIU, O00HAKO CHUMcaem ee A0eKeamHocmvb. Mo
o0vACHAEMCA meM, UYMO HA NPAKMUKE HAOEHCHOCHb IJ1eMEHMO08
Moxcem 0bimb O1U3KOI, HO HE PAGHOIL.

Kniouegvie cnoea: 2eomempuuecKkoe Modenuposanue,
3A6UCUMOCIU MHO2UX NEPEMEHHDBIX.

STRUCTURAL RELIABILITY OF THE SIMPLESTEST
NETWORK WITH THREE RINGS
Usenko V.G., Pogorely D.F., Usenko I.S.

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,
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.



