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MOJEJIb HAJEXKHOCTU U3JAEJIUA
PAJIMODJIEKTPOHHOM TEXHUKH HA DTAIIE
HNPOJAJIEHUSA HASHAYEHHBIX CPOKOB CJIYXBbI (PECYPCOB)

C.A. ITacxun, A.A. 3BepeB
(XapbkoBckuit yanBepcuteT Bosgymuasix Cur um. M. Koxeny6a)

Paccmampusaemcest Mmodenb HA0EHCHOCMU U30ENUs. PAOUOINEKMPOHHOU MEXHUKU
¢ MUHUMANbHBIM 80CCMAHOBLEHUEM Oe30MKA3ZHOCMU U PEeMOHMONPUSOOHOCHU,
KOMOPYI0 npednazaemcs UCnoib308amb NPU peuleHul 3a0ay npooieHus HA3Ha-
YEHHBIX CPOKO8 CILYyAHCcObl (Decypcos).

PAOUOINEKMPOHHA MEXHUKA, MOOeb HAOEHCHOCMU, HA3ZHAYEHHbL CPOK
cayxcosl (pecypca), MUHuUMAnbHOEe G0CCMAHOBIEHUe, 0€30MKA3ZHOCMY, pe-
MOHMONPU2OOHOCH b

IMocTanoBka mpoduembl. B npornecce skcruryaTaluu paanodIeKTPOHHON
texuukn (POT) mpoucxoaur yxyzamieHne UX CBOHCTB: 0€30TKa3HOCTH, PEMOHTO-
MIPUTOAHOCTH, JOJITOBEYHOCTH M jp. st moamepxkaHus Tpedyemoil addeKTus-
HoctH (yHknroHnpoBanus POT mpousBoguTcs MX BoccraHoBieHue. Boccra-
HOBJICHHE OCHOBHBIX CBOWMCTB HaJIe)KHOCTH CHUCTEM B MpOIlecce IKCILTyaTaluu
TIPOM3BOJUTCS B PAa3IMYHOM OOBEMe, KOTOPBIH ONpeAessieTcs BHIOM IPOBOAH-
MBIX MEPOIPHUATUI TEXHHYECKOT0 00CTY)KMBaHUS U PEMOHTA, KAUECTBOM HX BBI-
TIOJTHEHUS U ApyruMu pakTopaMu. Hanmpumep, MOXXHO CUMTaTh, YTO TaKHUE CBOM-
CTBa TEXHWYECKOH CHCTEMBI, KaKk 0€30TKa3HOCTb M PEMOHTONPHTOJHOCTH BOC-
CTaHABJIMBAIOTCS B 00BbEME IOJIHOM HMJIM OJU3KOM K TIOJHOMY NPH KalUTaIbHBIX
PEMOHTaxX, B 3HAYMTEIHFHO MEHBIINX 00BEMax MPHU Pa3IHYHBIX BUJAX TEXHHUYE-
CKUX OOCITY)XMBaHMM M TPU TEKyIUX pemoHTax. [Ipum pemreHun 3amgad Boccra-
HOBJICHHsI CBOWCTB POT, 000CHOBAaHUM CHCTEMBI MEPONPHUATHH MO HX TOAJACP-
KaHMIO B pabOTOCIIOCOOHOM COCTOSTHMM BO3HHKaeT HE0OXOIMMOCTh B pa3pabor-
K€ COOTBETCTBYIOIIMX MaTeMaTHYecKux Mmojeneil. Huke paccMoTpeHsl Moeny,
OTIHCBIBAIONINE KAYeCTBO BOCCTAHOBJICHNSI OE30TKa3HOCTH M PEMOHTOIPHUTOTHO-
ctu POT. B crathe mpemiaraercsi u3MeHeHHe 0€30TKa3HOCTH W (WJIM) PEMOHTO-
npurogaoctd POT B mpomecce KcrIyaTaliyd XapakTepU30BaTh COOTBETCTBYIO-
M U3MEHEHHUEM WHTEHCUBHOCTH OTKa30B U (MJIM) BOCCTAHOBJICHHUH.

Anayn3 autepatypbl. Kak u3BecTHO, Uepe3 MHTEHCUBHOCTH OTKa30B U
(MIM) BOCCTAHOBJIEHWUH MOXHO OIICHWTh W JpYrue OCHOBHBIE IOKA3aTeNn
0€30TKa3HOCTH M PEMOHTOINPUTOJJHOCTH BOCCTaHABIMBAEMBIX cucTeM [1, 2].
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[Ipeanonaraercs, 4To 0€30TKa3HOCTh U PEMOHTOINPUTOAHOCTH TEXHHYeE-
CKOH CHCTEMBI MOXXHO BOCCTAaHaBJIMBaTh B MUHHUMaJIbHOM CTEIeHH, IPOU3Be-
I, HalpuMep, TEKYIIMH PEMOHT CHCTEMBl IYTEM PEryJIWpOBKH OJHOTO W3
rapamMeTpoB, ONPEASISIONINX pad0TOCIOCOOHOCTh CUCTEMBI, WM 3aMEHY Of-
HOTO U3 MHOTOYHCICHHOW I'PYNIBI ChEMHBIX 3JIEMEHTOB, PECypC KaXkJ0TO U3
KOTOPBIX HECYIIECTBEHHO BIMIET Ha TEXHHUYECKHI pecypc CHCTEMBI, WIIH,
MpOU3BEIs TEKYIIHH PEMOHT CPEACTB TEXHUYECKOTO OOCIYXHWBAaHHS H pe-
MOHTA.

[Ipu 3TOM BapuaHTe BOCCTAHOBJIEHUS, HA3BAHHOTO B [3] MUHMMAaNbHBIM
BocctaHoBieHneM (MB), Mo OKOHYaHMHM BOCCTaHOBIIEHHs cucTema pabdoTo-
crnoco0OHa, HO MHTEHCUBHOCTh €€ OTKa30B (BOCCTAHOBJIEHUH) TOUHO Takas xKe,
KaK M Iepea OTKa3oM, T.e. BiusHMe MB Ha 0€30TKa3HOCTh M PEMOHTOIPH-
TOJTHOCTH CUCTEMBI MPEHEOPEKUTETHHO MaJIO.

Mogenn MB He moiy4uian JODKHOTO Pa3BHUTHS, MPUBOAATCS TOJNBKO B OT-
JIENBHBIX MOHOTpadusIX M CTaThsIX NPUMEHHMTENBHO K Oe3oTkazHoctH [3 — 5].
Brimenmue B mocienHee BpeMs MoOHOrpaduu IO TEOPHUH 3KCIUTyaTallid W Ha-
JIeKHOCTH 3TH PA3HOBUAHOCTU BOCCTAHOBJIEHUI HE paccMaTpuBaroT [1, 2, 6, 7].

Hacrosimas cratbs sBiiseTcsl pa3BUTHEM HM3BECTHBIX Mojeneir MB 6e3-
OTKa3HOCTH U PEMOHTOIPHUTOAHOCTH.

Heas craTbu — pa3paboraTe Moaenb HagexHocTr u3nenus POT Ha sra-
e MPOJJICHUS HA3HAYCHHBIX CPOKOB CIIYkKOBI (peCypCcoB), 00eCIeUnBaIONIYIO
pemenne 3axad aHanuza POT, Hampumep, mpu OllEHKE IoKa3aTesel Halex-
Hoctu POT, ycTpoiicTBa KOTOPBIX BOCCTaHABIMBAIOT B MpOIEcCe IKCITyaTa-
UMW C pa3InYHOW TNTyOMHOMW, Tak W NMPHU pElIeHWH psAja 3ajad CHHTe3a, Ha-
pUMep, TpH 00OCHOBAHUM XapaKTEPUCTHK PA3JIMYHBIX CTpATErHil TeXHUYe-
CKOr'0 OOCIY)XMBaHHUSI MU PEMOHTa CHCTEM, B TOM YHCJE CTpAaTeruil 0OCIyXH-
BaHMS M PEMOHTA MO COCTOSHUIO.

OcHoBHbIe MOJOKeHUsI. PazpaboTka mMaTeMaTHYECKHUX MoJeNneil mpo-
neccoB MB ¢ y4eTroM KOHEYHOTO BpEMEHH BOCCTAHOBJIEHUsS TPeOyeT JO0IoJ-
HUTEIBHON OIEHKM KOMIUIEKCHBIX MOKazaTesiedl HagexHoctu. [Ipoumecc MB
SIBJISIETCSI HECTALIMOHAPHBIM, TIO3TOMY Ba)KHOW XapaKTEPUCTUKOW TaKUX CHC-
TEM SIBISIOTCS TaKHe MOKa3aTelM HaJeKHOCTH, KaK HecTallMOHapHbIE K03 (-
¢unuent roroBHocTH K (t) m ko3dpdummeHT onepaTUBHON TOTOBHOCTH
Ko.r.(t, z), HecTaumoHapHBI K03 (GGUIHEHT NPOCTOS U JIp.

Pa3paboTka MaremMaTHuecKUX MOJENEH I OLIEHKH ATUX IOKazarelen
npu MB 3asaua 3HaUNTENBHO CIOXKHAsA, YTO OOYCJIOBIIEHO TEM, YTO 3ajada
OIICHKM KOMIUIEKCHBIX IOKa3aTelied HaJe)XHOCTH cucTteM ¢ MB cBoaurtcs x
pemieHuo cucreM AuQdepeHINalIbHBIX YpaBHEHUI ¢ IepeMeHHBIMU KO3 H-
LIMEHTaMHU, YTO 3HAYMTEIbHO TpyIHee, dYeM penieHue auddepeHnnanbHbX
YpaBHEHUH C MOCTOSSHHBIMU Koddduurentamu [8].
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Paccmorpum o6miyro Mmozens MB 0e30TKa3HOCTH M PEMOHTOIPUTOHO-
ctu POT, 1.e. cucrem, 6e30TKa3HOCTh W PEMOHTONPHUTOJAHOCTh KOTOPBIX B
Hponecce KCINTyaTallud BOCCTaHABIMBACTCS B COOTBETCTBHH C COOTHOIIE-
HUSMU:

F(t+x)—F(t)

Ft(X): i(t) s (1)
Gt(x)=%, @)

rae F (X) — dyHknus pacupeaencHus HapaObOTKU JO 0TKa3a BOCCTAHOBICHHOM
POT; F(x)=1-F(x) — QyHKius pacmpeneneHus ciydaitHoil HApaGOTKH 10
OoTKaza X BBelIeHHOH B skcruryatanuio POT; F(t)=P(x < t), t>0; G((x) —
(GyHKIUS pacrpeieneHus MpoI0JDKUTEIbHOCTH BoccTanoBienus POT.

Bynem npm 3TOoM cuuWTaTh 3aJaHHBIMH 3aBHCHUMOCTH WHTEHCHUBHOCTEH
0TKa30B A(t) ¥ BoccTaHOBJIEHUI W(t) oT HapaboTku t. [Ipu maeanbHOU cucTe-
M€ KOHTPOJISI TEXHUYECKOTO COCTOSIHUS (T.€. OTCYTCTBYIOT OUIMOKH KOHTPOJIS
1-ro u 2-ro pona) noBeaeHue cucreMbl ¢ MB 0e30TKa3HOCTH M PEMOHTOIPH-
TOJTHOCTH MOYKHO OTHCaTh CHCTEMON ypaBHEHUI:

B0 A po() +(OP (V) )
Po(H+p1 (D=1, 4)
rae po(t), pi(t) — BeposITHOCTU MpeObIBaHUS CHCTEMBI B paOOTOCIOCOOHOM H
HepaboTOCIIOCOOHOM COCTOSIHUSIX COOTBETCTBEHHO.
Cucrema ypaBHeHui (3), (4) CBOIHTCS K HEOAHOPOJHOMY JTUHCHHOMY
nuddepeHIHATBPHOMY YPaBHCHHUIO MEPBOr0 MOPSAJKA C MEPEMEHHBIMU KO3 (-
¢dunueHTaMH

B0 —fh0) k(o (0 + (V). 5)

3anaaum HadanbHbIe yeaoBus po(0) =v; p1(0)=1—-vy;y < 1.

Pemenne ypaBHeHus (5) HalieM B BHJIEe NMPOU3BENCHHS NBYX (YHKIUN
oT t [9]: po(t) =u(t) - v(t). [IpuMeHssI U3BECTHBIN METOA PEIICHUS JHMHEHHOTO
nuddepeHnnaIbHOTO ypaBHEeHHs [9] mocie BBINOJHEHUS HECI0XKHBIX Mpeood-
Pa30BaHMI MOIYYUM pelleHrne cucTeMbl ypaBHeHui (3), (4) B Bume

t
po(t) = e A y+ju(x)eA(x)dX , (6)
0

t
rae A(t)= j[k(u) +up(u)ldu.
0
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BriBoasl. TakuM 00pa3oM, IOTy4eHBl COOTHOIIEHUS JJISI OCHOBHBIX I10-
kazareneil HanexHoctn POT, nedexkTsl KOTOPHIX YCTPaHSIOTCS MHUHUMAlb-
HBIMU BOCCTAHOBJIEHUSIMH, UTO, B II€JI0M, pacllupsieT KJIacC MaTeMaTHUYECKHUX
Mojeneld Teopuu BoccTaHOBIeHUs. Pa3paboTaHHBIE MOAEIH MOXHO HCIONb-
30BaTh KaKk NPU PEIICHUHU 3a/ad aHalIu3a CUCTEM, HalpUMep, NPU OLEHKE I0-
kazaTeneil HapexxHocTH POT, ycTpoilcTBa KOTOPBIX BOCCTAHABIMBAIOT B IIPO-
1ecce SKCIUTyaTaluu ¢ pa3IndHON ri1yOWHOM, TaK M IPH pElIeHUH psjia 3a7a4
CUHTE3a, HalpuMep, NpH 00OCHOBAHNH XapPaKTEPUCTUK PA3ITMYHBIX CTPATETHH
TEXHUYECKOTO o0cCimyxuBaHus u pemonta POT, B Tom 4ucne crpareruii 00-
CIy>KMBaHHS U PEMOHTA IO COCTOSHHUIO.
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