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AHAJII3 ITOBYA0OBU MOAEJII BESBIZIMOBHO CKJIAHZHOT'O TEXHIYHOTI'O OB'€KTA

Amnorargia. ¥V craTTi HaBeIEHO OIMC MAaTEMATHYHOI MOJEJI IIPOIleCiB BUTPAYAHHS Ta IOIMOBHEHHS pPecypcy
(IIBITIP) yrpymyBaHHS CKIaIHMX TeXHIYHHX 00'ekTiB. Ha momaTor 10 posriIssHyTOro aBTOpaMM PAHIIIE OIIHCY
MOJIeJIl BBeIeHO (popMaIi3zoBaHUM OIMNC YIPYIIYBAHHSA, SKUU BKJIOYAE O0 cebe 6e3Iiu TeXHIUHUX 00'€KTIB yIpy-
IIyBAHHS;, HOPMATUBHI IapaMeTPU BUTPAYAHHS TA IIOIOBHEHHS pecypcy 00'€KTiB 1 IOTOYHUHN CTAH YIPYILyBAHHSI.
CraH yrpynyBaHHS 3HAYHOIO MipOI0 BU3HAYAETHCS CTAHOM pecypcy 00 €KTiB, IO BXOASTE 10 Hboro. Pecypc okpe-
MOro 00'€KTa BUSHAYAETECS TPhOMa [IapaMeTPaMuU: BJIACHUM PeCypcoM (SaJII/IHIKOBe HAaIPaIOBaHHs), 3aJIAIIKO-
BUM TeleHOM CITY?KOM 1 3aJIUIITKOBOI KLIBKICTIO IIJIAHOBUX PEMOHTIB, SIK1 IIOBUHHI OyTH BUKOHAHI HA JaHOMY
o0'exti s1o #ioro crmcanHs. Beesena kiacugikaliis cTaHiB pecypcy yrpylyBaHHS, 0 BUSHAYAE TPU KJIACH CTa-
HIB: <HOBU, «BpIBHOBa:keHUID 1 «crapuit». Hasesenl npuknany peayabraris Mozemosants [IBIIP, mo Haouro
LTIOCTPYIOTh MOKJIMBOCTI 3aCTOCYBaHHS Po3podsienol mosesri. Ha mpuriagax mpogeMOHCTPOBAHO JIOIUIBHICTE
IIparHeHHs IPU OpraHisarii ekciryaralni 00'eKTiB yrpyIIOBaHHS 0 YPIBHOBAKEHOI'0 CTaHy ii pecypcy.

Knrouori ciiora: pecypc 1 TepMiH ciIy:k0M TeXHIYHOro 00'€KTa, CKJIA 1 pecypc yrpyIlyBaHHs TeXHIYHUX 00'€KTIE,
IJIAHU PEMOHTY, CITUCAHHS Ta ITOCTABOK HOBUX 00'€KTIB, 3aJIMIIKOBA KIJIBKICTD IJIAHOBUX PEMOHTIB.

Bondarenko Tetiana, Tkachenko Andrey,

Sovik Alexander, Poberezhets Tetiana
Scientific Center of Communication and Information
Military Institute of Telecommunications and Informatization

ANALYSIS OF CONSTRUCTION OF A MODEL FAILURELY COMPLEX
TECHNICAL OBJECT

Summary. The article describes the mathematical model of the process of resource consumption and replen-
ishment (PRVR) of the grouping of complex technical objects. In addition to the authors' description previously
described, a formalized description of the grouping was introduced, including: the set of grouping objects; nor-
mative parameters for the expenditure and replenishment of the resource of the objects and the current state
of the grouping. The grouping status is determined by the state of the resource of the technolo- gy included
in the grouping. The resource of an individual object is determined by three parameters: the actual resource
(residual operating time), the remaining service life and the remaining number of planned repairs that must
be performed at this facility before it is written off. Maintenance is a necessary component of the operation
process of a complex technical communication facility designed for long-term operation. The scope, content and
timing of maintenance should be fully determined by the reliable properties of the object, conditions and modes
of its application. Effective execution of any maintenance operation is possible only if the design of the object
provides specially designed for this purpose (for measuring the defining parameters) and ensures the availabil-
ity and convenience of the operation. Determining and optimizing the parameters of the maintenance system
is possible only on the basis of the application of mathematical models of maintenance processes. Such models
should be used in the design process at all stages as the composition, structure and construction of the object
are specified. Known analytical models of maintenance, unfortunately, are not very suitable for application
to real complex technical objects. A classification of states of a grouping resource has been introduced, which
defines three classes of states: "new", "balanced" and "old". Examples of the results of RVR simulation are pre-
sented, which clearly illustrate the possibilities of using the developed model. The examples demonstrate the
expediency of striving to organize the operation of the grouping objects to the balanced state of its resource.

Keywords: resource and service life of a technical object, composition and resource of technical objects
grouping, plans for repair, write-off and supply of new objects, residual number of scheduled repairs.

HOCTaHOBRa npooaemu. CriagHl TeXHIUYHL
00'eKTH 3B A3KY — Le 00'exTH, IO CcKIana-
I0TBCA 3 BEJIMKOI KIJIBKOCTI PI3HOTUIIHUX €JIEMEHTIB
(mecATKM, COTHI THCAY), KOYKEH 3 SKUX MOKE SABJISATH
c00010 TOCUTH CKJIATHUHN TeXHIYHuH mpucTpiii. [1pu-
YoMy €JI€MEHTH MOYKYTh OyTH paz[ioeneRTpOHHHMH
MEeXaHIYHUMH, eJIeKTPOMEXAHIIHNMH, TOLIIO. Ix p13-
HOTUIIHICTH 06yMOBJIIO€ Te, IO IS p13H1/1x TUIIB
1 I'PYII eJIEMEHTIB XapaKTepHi IIPUHITAIIOBO PisHi di-
3WYHI IPOIIECH TA IIBHUIKOCTI Jerpagaiii, Skl Ipu-

3BOIATSH 110 IX BlIl;MOB Cami mo cobl 00'eKTH MOKYTH
MAaTH JOBLUIBHY HAIINHY CTPYKTYPY (AK IIPABUIIO —
TIOCJIITOBHO-TIapaJieibHy). HOHCTpYKTHMBHA CTpPYK-
Typa Takux 00'eKTIB 3a3BWYAM lepapxivyHa, TOOTO,
00'eKT CKIamaeThesa 3 MIJACUCTEM, IIICUCTEMHU CKJIA-
Iai0ThCs 3 arperaTiB, arperaTu — 3 MPUCTPOIB 1 T.1.
Amnastia ocranuix gocaigskess i myoaikamii.
ImiTamiiina craTuCTUYHA MOIEJIb (ICM) npusHade-
Ha /I OTPUMAHHS OIIHOK IOKA3HUKIB HaJifHOC-
Ti 1 BApTOCTI eKCILIyaTalrii 00'eKTa 3 ypaxyBaHHIM

© Boumapenxo T.B., Tkauenxo A.JI., Cosix O.B., ITo6epeskerns T.B., 2020

(V)

BIMCBKOBI HAYKU



(V)

BIMCBKOBI HAYKH

224

HOro CKJIaNy, CTPYKTYPH Ta HaTIHHICHUX Xapaxre-
PHCTHK 1 3 yPaxyBaHHAM IIPOBE/IeHHS TO. V moneui
TIOBUHEH 1MlTyBaTI/ICH IPoIeC TeXHIYHOI eKCILIya-
Talii, AKui GopMAaIbHO OIUCYEThCA TPad)oM CTaHIB
1 IIepexodiB.

Bupginenns me BupimeHux paHimie 4YacTUH
3arasipHOI nmpooaemu. TexHIUuHe 00CIIyrOByBAHHS
(TO) e HE0OX1THOI CKJIAJOBOIO IPOIECY eKCILIyaTa-
Iii CKJIaTHOr0 TeXHIYHOro 00'€KTa 3B’ I3Ky, IIPU3HAa-
YeHOro IS TpuBaJiol ekcruryararni. O6csar, amict
1 Tepminu 1mpoBegeHHs TO IIOBHMHHI IIOBHICTIO BH-
3HaYaTHCA HAMIMHICHUMH BJIACTUBOCTSIMU 00'€KTa,
yMOBaMu 1 peskumamMu #oro 3acrocyBanHs. Kdex-
THUBHE BUKOHAHHS Oyab-sKol omeparrii TO moxxsu-
BO TLIBPKM B TOMY BHUIIQJKY, SKIIO B KOHCTPYKII
of'exTa mependadeHi CIeIiaTbHO NPUSHAYEH] /I
IILOTO KOIITHA (/I BUMIPIOBAHHS BH3HAYAJIBLHUX
mapaMeTpiB) 1 3a0e3mevyeHi JOCTYIHICTh 1 3PYYHICTD
BUKOHAHHS OIleparfii.

Hasemeni TBepxeHHS ITIJIIKOM OOIPYHTOBYIOTH
BHCHOBOK IIPO HEOOXI1THICTH BU3HAYEHHS OCHOBHHX
xapakrepuctTuk cuctemu TO Ha paHHIX CTamisAgX
HOro IPOEKTYBAHHS, KOJIX 1€ € MOKJIUBICTD BHE-
CEHHs 3MIH B KOHCTPYKITiIO 00'eKTa.

BusnavenHns Ta onTumisanis mapaMeTpis CHC-
Temu TO MOMKIMBI TIJIBKKM HA OCHOBI 3aCTOCYBAHHS
MaTeMaTudHUX Mogeseit mporecis TO. Taxi momesti
IIOBUHHI 3aCTOCOBYBATHCSA B IIPOIIEC] IPOEKTYBAHHS
HAa BCIX eTamax y Mipy YTOYHEHHS CKJIAIy, CTPYKTY-
pu 1 KOHCTPYKIIII 00'eKTa. Bi,uOMi AHAJITHYHI MOJIe-
mi TO, Ha sab, MaJIo IPUSATHI 15T 3aCTOCY BAHHS
JI0 peaJIbHUX CKJIQJHUX TeXHIYHUX 00'e¢kTiB. Tomy
BHXOJIOM 3 IIOJIOKEHHs B CHTYalli, II0 CKJIaIacs
€ poapobra moyesai TO Ha ocHOBI MeTOmy IMIiTAITIH-
HOT'O CTATUCTUYHOTO MOJI€TIOBAHHSI.

Meta crarri. 3 HaBeleHUX BU3HAYEHb PISHUX
mpuHIumiB opramisamii TO sunwo, mo TO sasmaou
TICHO IT0B'sI3aHe 3 KOHTpoJieM TexHigHoro crany (TC)
ob'exra. VY pasi crparerii TO "o pecypcy" KOHTPOJIb
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Puc. 1. ®parmenT iepapxiaaoi
KOHCTPYKTHBHOI CTPYKTYypPH 00'eKTa
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TIOTOYHOT'O PECypCy TAKOM MOKHA POSTJIANATH SK
omocepearoBauuii KouTposab TC, BBaskatouw, mo TC
3aBYKIM TICHO IIOB'sA3aHe (KOPeJIIeThCS) 13 3aJIHII-
KOBHM PECYPCOM.

Buxknan ocumosHoro marepiasny. IIpu pospo6-
ml matemaTtuuHux momesiein mporecie TOC mu 0Oy-
JIeMO BUKOPHCTOBYBATHA 1MOBIPHO-(PI3HYHI MOJIesI1
(I®-mozmes) BIIMOB, B SIKMX HAMOLIBII IIPHUPOIHO
3B'A3yI0THCS apaMeTpu (PI3UYHUX IMIPOIIeCiB Aerpa-
Jarnii eJIEeMeHTIB 3 MIMOBIPHUMH XapaKTePUCTUKAMU
B1IMOB. BI‘i,I[HO [6] mo ID-momeneit HaTexATh AJIb-
da-poamomi, I[I/Id)y:SHO MoHOoTOHHUY (DM) 1 nudpys-
uo Hemonotouuwut (DN) posmomiiu. Ha#binein yHi-
BepcasbHO0 3 1ux mojesei € DN-posmomia [6; 8].
Came 111 MOmesib B3ATA HAMHU 34 OCHOBY IIPH PO3-
poorri mogeneir TOC.

KoncrpyrruBHa CTPYyKTypa CRJIQJHOTO TEXHIY-
HOro 00'eKTa NIPAKTUIHO 3aBHKIM € 1€PAPXITHOMO.
ITpuuomy il eeMeHTH BiTHOCATHCS O PI3HOTO ie-
PapXIvYHOTO PIBHSI.

ITosnaunmo Euk k-i esleMeHT 1-TO KOHCTPYKTHB-
HOTO PIBHS, SIKUH BXOJUTD [0 CKJIA/Y j-TO eJIeMeHTa
(i-1)-ro piBusa. Iungexc 1jk B maHoMy BUIIAIKy BKasye
Ha JIaHII0YKOK HOMEPIB eJIEMEeHTIB CTapIINX PiBHIB
(BRJIFOUAIOUM TAHUHA) B HOCJ'IiL[OBHOCTi ix BXOJIsKEHHS
B eJIeMeHTH nonepeamx (6LyIBIIT BHMCOKMX) DPIBHIB.
Hymeparis piBHIB I0YMHAETEBCS 3BEPXY, HOYHHAIO-
un 3 piBHA 00'exTa (i=0). Hymepartiisa ejemMeHTIB 1-TO
PIBHSI, 110 BXOJSITH JI0 CKJIaay esemeHTa (i-1)-ro piB-
Hsl, € He3aJIesKHOK0 BeepeuHi 1poro esemenTa. Ta-
KAM YMHOM, KIZIBKICTh KIMHAT B HIKHBOMY 1HIeKCI
3aBKIM JIOPIBHIOE 3HAYEHHIO BEPXHBOTO 1HJEKCY
1 — HOMepy KOHCTPYKTHUBHOTO piBHsA. O0'eKT B IILJI0-
MY PO3TJIAIAEThCA AK eJIeMeHT HyJILoBoro piBHsa E°
BiH 3aBk Iy equHMUNA 1 He BXOOUTH Hi B K1 1HIII eJIe-
menTtu. Ha puc. 1 300paskenuit pparMmenT iepapxiy-
HOI KOHCTPYKTUBHOI CTPYKTYPH 00'eKTA.

KoseH KOHCTPYKTHBHMII €JIeMEHT OesSKOro 1-ro
piBHs Ej; Moe BKIOUATH B cebe KOHCTPYKTHUB-
Hi eJIEMEHTH HACTynHoro (i+1)-ro piBHA ELZ,T. Ha
puc. 1 eJIeMeHTH HUKHBOTO PIBHS o3HAYeH] KpYkK-
KaMWu, BCl 1HIII eJIeMEeHTH — IPSIMOKYTHUKAMH.

TepMiH «KOHCTPYKTHBHUI eJieMeHT» OyaeMo 3a-
CTOCOBYBATH B TOMY BUIAJKY, KOJH IIOTPIOHO 3BEP-
HyTH yBary Ha micile, 3afiMaHe B KOHCTPYKTHUBHIHN
CprRTypl o0'exra. KOHCprRTHBm €JIEMEHTH HIUK-
HBOTO PIBHS, CIIIYIOUH TePMIHOJIOTI, TPUHHSATOL B 7],
JIOMOBHMOCSI HA3WBATHA BUPOOAMHU HYJIBLOBOI'O PAHTY
(BHP). BHP mozke siBiisiTi cO00T0 SIK JTy#K€e CKJIIATHUHI
IPUCTPLH, TAK 1 CKJIAJATUCS 3 €AUHOTO IIPOCTOTO eJIe-
MeHTa (11e, HATTPUKJIIA, PE3UCTOP, MIKpOCXeMa, TPaHC-
dopmarop, tomo). BHP e HeposbipumMm esremeHTOM
1 3aBYKIM POSIJISIAETHCS SIK €IMEHE IILTE.

Hamitina crpyxTypa 06'ekTa Moske OyTH JOBLIIE-
HOI0 TIOCJIITOBHO-IIAapaJIeIbHOI CTPYKTYPOIO. ITe
03Hauae, 10 KOsKeH KOHCTPYKTUBHUH eeMeHT Ky ,
MOIKe 6yTn a6o ememenTom-BHP, a6o sBiaTu co6oo
HOCJIIIOBHE 3'€/IHAHHS €JIEMEHTIB, IO BXOAATH N0
HBOTO, 800 OyTH PE3epBOBAHOI0 TPYIION0. €JIEMEHTIB —
TPYIIOI0 eJIeMEeHTIB, 3'eTHAHUX B CEHCl HaTifHOCTI
mapaJieJibHO. KjeMeHTaMu pe3epBOBAHOI T'pyHu
MOYKYTH OyTH TLIBKM OJHOTHITHI ejeMeHTH. Pesep-
BYBaHHS B TPyIIax Moske OyTH HaBaHTaskeHUM (TI0-
CTIAHMM) a00 HeHaBaHTaxkeHuM (3amiae).

Bucuosku i npono3umnii. Mogenb 6e3B1aMOB-
HocTi (MB) m03B0JIsIE OTPUMYBATH OIIHKY ITOKA3HU-
kiB 6eaBimmoBHOCTI (ITB) okpeMux KOHCTPYKTHBHHUX
eJeMeHTIB 1 00'eKTa B IILJIOMY 3a 1H(OopMAIIEn Ipo
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IIB esneMeHTIB HMKHBOTO KOHCTPYKTUBHOTO PIBHS.
YV MB npencrasiserbesa iepapXiuHa KOHCTPYKTUBHA
crpykrypa ob'exra. KomcTpykTHBHI eleMeHTH Iesd-
KOTO U-TO KOHCTPYKTHBHOI'O PIBHSA € IIOCJIIIOBHUM
(B ceHCl HaAMIMHOCTI) 3'¢THAHHAM HA3B €JIEMEHTIB
(i+1)-ro piBHa. OxpeMi KOHCTPYKTHUBHI e€JI€MEHTHU
MOYKYTBb SBJIATHA CO00I0 pe3epByBaTu rpymy (mrapa-

Coucoxk jgireparypmu:
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JIeJbHE 3'€qHAHHS) OQHOTUIIHNX eJeMeHTIB. Takum
ymHOM, 3a soromoroio MB moemuyeTbest yABJIEHHS
lepapXIvYHOi KOHCTPYKTUBHOIL CTPYKTYPH 3 JIOBLJIB-
HOIO TIOCJI1IOBHO- TapasIeIbHO HaJIHHICHOIO CTPYK-
Typor0 00'eKTa, II0 € NPUHHATHAUM IOJAHHSM JJIs
O1IBIIOCT] TEXHIYHUX O00'€KTIB, IO 3yCTPIYalOTHCS
HA TPaKTHUIT.
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