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MATEMATHUYECKAA MOJAEJIb TEXHUYECKOI'O
OBCJHY/XKUBAHUA CJIOKHOT'O
BOCCTAHABJ/IMBAEMOI'O OBBEKTA
BE3 YUETA ET'O CTPYKTYPbI

N.B. ToJuaok

JlemapTaMeHT BOGHHOTO 00pa30BaHMs U HAYKU MUHHCTEPCTBA OOOPOHBI Y KpauHBI,
Boznymrodmorckuit p-T 28, 03049, . Kues, Ykpanna; e-mail: tolok@ukr.net

B cratee MMpUBCACH aHaln3 0COOEHHOCTH TEXHUYECKOIO 06CJ'Iy)KI/IBaHI/IH CJIO’KHOI'O
BOCCTaHABJIMBAEMOI'0 00beKTa 0e3 ydeTa €ro CTpYKTYpbl U pa3pa60TaHa COOTBETCTBYIOIIAsA
MaTreéMaTH4CCKass MOACIIb.

KaioueBble c/I0Ba: MaTeMaTHYeCKash MOJENb, TEXHHUECKOE OOCIyKHBAHME, CIIOMKHBIM
00OBEKT.

BBeneHue U IOCTAHOBKA 3aa4H

CroxHBIE BOCCTaHABIMBAEMbIE M3/IEIHUA U CHCTEMBl AKCIUTYaTUPYIOTCS B Pa3IHMUHBIX
oTpacisax u cdepax ACSITEIBHOCTH. DTO OBITOBBIE MPHOOPHI, KOMIBIOTEPHI, aBTOMOOWIIH,
IIPOM3BOJICTBEHHbIE TMHUU, CUCTEMBI CBS3H, DJIEKTPOCTAHLUH U T.I. DTH OOBEKTHI COCTOAT U3
OTJIEIbHBIX arperaTtoB, YCTPOMCTB, MOJCHUCTEM, OTIEIbHBIX KOMIIOHEHTOB, HOMEHKJIATypa U
KOJINYECTBO KOTOPBIX HACUUTHIBAET COTHH, THICAYM, MHOTJA MUJUTMOHBI Pa3HOOOPA3HBIX
COCTABJISIFOLIUX, U OATOMY CTPYKTYPY CUCTEMBI MO KJIACCUUYECKUM MOHSATHIM HE YUUTHIBATh
HE BO3MOXKHO.

ObecrnieueHne HaIEKHOCTU ITUX OOBEKTOB — OUEHb Ba)KHAs U CJIOXHAs 3aj7jada, KoTopas
pemaercs Kak IMpH MPOSKTUPOBAHMM, TaK W MPU IKCIUTyaTallMM IyTeM IUIAHUPOBAHUSA U
MPOBEICHUS TEXHUYECKOTO oOciyxuBanuss u pemonta (TOwuP). KonTpons HamexHOCTH, a
Takxke crpareruss U Taktuka TOuWP mpoBoauTcst ¢ yuetom psina (hakTopoB, B TOM YHCIIE,
HAJIeKHOCTHBIX [TOKa3aTeseil BceX COCTaBISIONINX KOMIIOHEHTOB 00BEKTa B MX B3aMMOCBS3H.

Bmecte ¢ Tem ObIBalOT ciy4yam, Korja JOCTaTodHas HH(OpMamus O CBOMCTBax
(Hame>)xHOCTH) O€30TKA3HOCTH OTMAEIBHBIX JJEMEHTOB O0OBEKTa OTCYTCTByeT. Kpome Toro,
KOHCTPYKTHBHAsI CTPYKTypa 0OBbeKTa ObIBae€T TaKOM, YTO MpPU IKCIUTyaTallMd HET JOCTyIa K
OTJICIbHBIM €€ DJIEMEHTaM, HEOOXOIMMBIM JUIsl 3aMEHbl WJIM TEXHHUYECKOTO OOCTYyKHBaHUS
(TO). IIpu pemeHnu 3a1a41 OLIEHKH HAJEKHOCTH 00bEKTa U TuiaHupoBanus TO He0OX01uMO
paccMaTpuBaTh OOBEKT 0€3 yueTa ero CTPyKTYphl. ITO XapaKTEepPHO ISl AJIEMEHTOB OOBEKTA,
CTPYKTYpa KOTOPBIX B LIEJIOM HM3BECTHA, HO MIPHU AKCIUTyaTallMd HET BO3MOXKHOCTHU MEHSTb
(BoccTaHaBIMBaTh) OTIENbHBIE €r0 COCTABIAIOIIME, TOTr/a MpU OTKa3e COCTaBHAs YacTh
MeHsieTcsl B iesioM. Kpome Toro, caM 00BbEKT MOKET BXOJHUTh B COCTaB KaKOH-THOO CUCTEMBI
U paccMaTpUBATHCS KaK 3JIEMEHT, BHYTPEHHSSI CTPYKTYpa KOTOPOTO HE BayKHA.

B Takom ciydae ocHOBHOM wuH(poOpMaimeidr o CBOWCTBaX HAAEKHOCTH OOBEKTa
(omemenTa) sBiseTcss (QyHKIUS pacrpenereHus HapaOboTku Ha ortkaz F(¢). Haxe ecnu

aHAJUTUYECKOE TpeacTaBieHne GyHKIUu F(¢) oTcyTcTBYeT, a cama (pyHkius F'(¢) 3amaHa

THCTOTPaMMOM. Il HIDKHUX YpPOBHEH KOMILIEKTYIONIMX JJIEMEHTOB: METH3bI, MPYKHHBI,
MPOKIJIAJIKH, TPYOKHU, PE3UCTOPBI, MUKPOCXEMBI, MUKPOIIPOILIECCOPHI U T.I. BUA GyHKIUU F(1)
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N.B. Tomok

MOJKET OBITh 33/1aH Ha OCHOBaHWMHU JAHHBIX, MTOJYYSHHBIX NPU alpHOPHBIX UCCIEIOBAHUAX H
UCIIBITAHUAX Ha HaAEKHOCTh. [l 31meMeHTOB OoJiee BBHICOKMX KOHCTPYKTUBHBIX YPOBHEH,
Hanpumep, Uid OJIOKOB, y3JI0B, arperaToB, M /Ui BCET0 00BEKTa aHATUTUYECKOE BBHIPAKEHHE
Ui (QYHKIMM MOXET OBbITh 3aJaHO TaKK€ HAa OCHOBAHMM JIaHHBIX, MOJYYEHHBIX Ha
UCTIBITAaHUAX. BMmecte ¢ Tem, 111 OOBEKTOB BBICHIMX KOHCTPYKTHBHBIX YPOBHEH M JUIs
00BEKTa B 1I€JIOM MOIYYUTh AHATTUTHUECKHUE MOJIETH OYEHb CII0XKHO.

B nmaHHONl cTaThe paccMaTpuUBAaeTCsd MMMTALMOHHAs CTaTHUCTUYECKass MOJEIb,
MPUTO/IHAS ISl IPUMEHEHUSs, KOTJJa CTPYKTYypa CJI0KHOT0 00beKTa He MOXKET ObITh yuTeHa. C
IIOMOUIBI0 3TOM MOJENM MOYKHO IOJYYUTh OLIEHKM OCHOBHBIX IOKa3aTesedl HaJeXHOCTH:
cpenHsisi HapaboTka Ha OTKa3, KOA(GOUIIMEHT TOTOBHOCTH, KOADOUIIMEHT TEXHHYECKOTO
ucnonp3oBanusg u T.1. [1]. PaccmarpuBarorcs Tonbko nepuoguueckue crpareruu TO 1o
pecypcy [2], XOTS HET HUKAaKUX OTPAaHMYEHUN HAa BO3MOKHOCTH NMPUMEHEHHUS MOJIEIU U B
ClIly4ae IPYTruX CTPaTerui.

AHaJIM3 nmpolecca TeXHUYECKOro 00CayKUBaHU S

[IpakTHyeckn Bce CIIOKHBIE BOCCTaHABIMBAEMBIE OOBEKTHI COJEPXKAT 3HAYMTEIHHOE
KOJIMYECTBO MEXAaHWYECKUX, JJIEKTPOMEXaHUYECKUX, JJIEKTPOHHBIX, TUAPABIUYECKUX U
APYTUX 3JIEMEHTOB. M3BECTHO, YTO MEXaHM3MBI MPOLIECCOB M3HAIIMBAHUS M CTapeHUs IS
Pa3HbIX TUIIOB 3JIEMEHTOB OBIBAIOT PA3TUYHBIMU. J[J151 MUKPOIIEKTPOHHBIX U3AETUN TUITHYHBI
TaKye MPOIECCHl: CKOIUIEHUS e()eKTOB M KPUCTAJUIMYECKHX AMCIOKalui, nud¢y3noHHbIE
MpoLeccsl B 00beMe M Ha MOBEPXHOCTSAX MaTepHalioB, COPOLIMOHHBIE U 3JEKTPOIUTHYECKUE
nporecchl U T.10. [3, 4]. g MexaHHueCcKuX 3JIeMEHTOB HauboJiee XapaKTepHbIMU IPUYUHAMHU
OTKa30B U CTapEHUS SABISETCS YCTATOCTh METAIJIOB, MUKPOTPEIIUHBI, KOPPO3HS, JECTPYKIIUSI
KepaMHUYEeCKHX, PE3MHOBBIX M TOJMMEPHBIX MaTepualoB U T.I. Bce 3TH aerpaganvoHHbIE
MPOLIECCHl UMEIOT CBOM BHYTPEHHHE MapaMeTpbl, KOTOPbIe, KaK MPAaBHIIO, XOPOIIO U3Y4YEeHbI U
YUUTBIBAIOTCS pa3zpaboTunkamu. boiblnas 4acTe M3 HUX HU3MepsieTcs (BBIABISAETCS) TOJBKO
MU CIeUUaIbHBIX JTAOOPATOpHBIX HcciaenoBaHusAX. [Ipy mpoekTHpoBaHUM TaKMX OOBEKTOB
BCErJa W3bICKMBAIOTCS KaKWe-IMOO BTOPUYHBIE MapaMeTphbl, TEXHUYECKOE COCTOSHHE
KOTOPBIX MOKHO KOHTPOJIUPOBATh.

[Ipu 5TOM ONpPEnENsIOTCS 3aKOHOMEPHOCTH 3TUX BHYTPEHHHX IapaMeTpoB, YTO
orpezensieT BEIOOp MOJIETN OTKA30B.

Mogens OTKa30B — 3TO MareMaThyeckas MOJeNb B BUAE (DYHKIMH pacIlpenesieHus
HapaboTku Ha oTKa3 [S]. [IpuHATO pa3nuyaTh «IMOCTETICHHBIC» W «BHE3AIHBIC» OTKa3bl [4].
HeB3upas Ha YCIOBHOCTh TaKOH KiIacCU(pUKAIMM, OIS TOTpeOuTens OTKa3bl BCeria
BO3HUKAIOT BHe3amHO. [lOHATHE «IIOCTENEHHBbI OTKa3» YacTo MCHOJb3YyeTCs, KOorjaa
HEOO0XOAUMO TOAYEPKHYTh, YTO NPUYMHOM OTKa3a SBJSIFOTCS IMPOLIECCHl W3HAIIMBAHUS H
crapenusi. llporecc nerpaganuu 3J€MEHTa OIMCHIBAETCS HEKOTOPHIM  OIpeAessONINM
mapameTpoM Xx(¢), B pe3yiabTare BIWSHUS BHEIIHUX (DAKTOPOB W BHYTPEHHHX (DHU3UKO-
XUMUYECKUX TPOLECCOB 3HAYEHUs ONpeNeNsIolero mnapamerpa x(¢) B mpolecce
OKCIUTyaTallil YXYALIAeTcs W B HEKOTOPbI MOMEHT BPEMEHH JOCTHraeT IpeleIbHOTO
3HAYeHHUs, B ITOT MOMEHT BpeMEHH U (QUKCHUpyeTcs OTKa3. Takas KapTWHa MeXaHU3Ma
OTKAa30B SBIISIETCS YNPOILIECHHOM, HO B HEl 0TOOpa)kKeHa IJIaBHAsl TMIIOTE3a, YTO OTKa3 — 3TO
coObITHE, TIOPOKIAEMOE BBIXOJOM OIpPEAENSIONIEr0 MapaMeTpa 3a MpeAesbl JOMYCTHUMBIX
HOPM.

XapakTepHOH 4epToil MOCTENeHHbIX (AerpalalliOHHbIX) OTKA30B SIBISETCS TO, YTO IS
HUX (QYHKIHSI HHTEHCUBHOCTH OTKa30B A(t) sBIsETCS pacTyiieid QyHKIIMEH BpeMeHU:

A =fO/A=-F(@),

rae F(t) — ynkmus pacnpeneneHus HapaOOTKH Ha OTKa3.
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3aKOHBI pacmpeeNieHuss HapaOOTKHM TIOCTENEHHBIX OTKAa30B YacTO HA3bIBAIOT
pacnpeneneHueM  pacTymux  (QyHKuid wHTEeHCMBHOCTH [3, 5]. [ng  smemeHTOB
DJIEKTPOTEXHUKUA U PAAMODICKTPOHUKN HauOoJiee aJeKBaTHON MOJENBI0O OTKA30B SIBISIOTCS
nuddy3noHHOE pactpeneneHue.

3aKkoHOM pacrnipezieneHus, TUISt KOTOpOTO A(t) = A =const , SIBIIIETCS
SKCIIOHEHIIMAIBHOE paclpe/elieHne, KOTOpoe, MO CYTH, SBISETCS MOJIEIbI0 «BHE3AMHBIX)
OTKa30B, T.€. OTKAa3aMH HECTaperOIMUX 3JIEMEHTOB. ECTECTBEHHO TO, YTO HECTAPEIOIINX
3JIEMEHTOB B MPHUPOJIE HE CYUIECTBYIOT, M MOTOMY IPUMEHEHHE MOJIENIN SKCIOHEHIIUATbHOTO
pacnpeneneHus AOMYCTHMO, JIUIIb KOTJa HYKHO TONYYHTh TpyOble OIEHKH MOKa3aTelei
HAJEKHOCTH WJIM B CITy4asiX OYeHb MEJUICHHOTO CTapeHusl.

TO B cootBerctBUM ¢ [l, 6] — »BTO KOMIUIEKC OMEpaluii MO MOAJEPKKE
paboTOCIIOCOOHOCTH WJIM MCIPABHOCTH OOBEKTA MPH HCIIOJB30BAHWU €T0 MO Ha3HAYCHHIO.
Ero cymHoOCTh 3aKiiouaeTcss B YACTUYHOM WJIM TOJTHOM BO30OHOBJICHHH OOBEKTA.
Bo3oOHOBNIEHNE 37€MEHTa — 3TO YacTUYHOE WJIM TOJIHOE BO30OHOBJIIEHHE €ro pecypca.
Conepxanue omnepanuii TO MokeT OBITH Pa3HbIM B 3aBUCHMOCTH OT THIIOB U KOHCTPYKIIUU
a7eMeHTOB. EcimM 3leMEeHT — 3TO CJOXHBIH (PYHKIIMOHATBHBIM Yy3€J, COCTOSHHE KOTOPOTO
XapaKTepU3yeTCsl OAHUM WU HECKOJIbKUMU TEXHUYECKUMU TapaMeTpamu, To omeparus TO,
BKJIIOUYAET JIBE€ COCTABIISIOIINE:

— W3MEepeHHe 3HAUCHUs apaMeTpa,

— YCTaHOBKY HOMHUHAJIBHOTO €r0 3HAYECHHUS.

YcTaHOBKa  HOMHHAQJIBHOTO  3HAUEHUs  IMapaMmerpa  sBISETCS  KOMIICHcaluen
NErpajlalliOHHBIX W3MeHeHHH. OHa MOXKET TPOU3BOAUTHCA PErYIMPOBKON WM IyTEM
YaCTHYHOW 3aMEHBl KOMIUIEKTYIOMIMX OJJIeMEHTOB. MHOTIa B KadyecTBe 3aMEHSEMBIX
3JIEMEHTOB MOTYT OBITh Macia WM Jpyrue TEeXHUYecKHe KHUAKOCTU. MHorma sneMeHTH
BOOOIIIE HE MMEIOT PETYIHPYEMBIX MapaMeTpOB U BOCCTAHOBJIICHHE WX pecypca BO3MOXKHO
TOJIKO ITyTE€M €ro 3aMEeHbI Ha HOBBIH.

s ompeneneHusl CTETIEHW BOCCTAaHOBIEHHS pecypca obOwvekra mpu TO mpuHAT
K03 duuneHT Bo300HOBIEHUs pecypca k,, . Ilpu nomHoll 3amene oOwekTa k, =1. Ecin

onepanuu TO 3aKIIIOYAOTCS B PETYIUPOBKE U (MIJIM) YACTUYHOW 3aMEHE COCTABHBIX YaCTEH,
t0 k,, <1. JIna TouHOro ompeneneHus koeduuueHra k,, ~HEOOXOIUMBl AIUTEIbHbIE

HCIIBITAHUA, CTOUMOCTHL KOTOPBIX MOXKCET MNPCBLIMIATE CTOMMOCTL ITOJIC3HOI'O 3(b(1)eKTa. C
NOMOIIBI0 KO3 ¢uirenta k,, MOXHO y4YUTHIBaTh YaCTUYHOE BO30OHOBIIEHHE pecypca IpHu

TO. HOnsa moxenmupoBanus mpoieccoB TO gocTaTtoyHO 3a/aBaTh MPUOIMKEHHOE 3HAYCHHUE
k ., Ha3HAYaEMOE IKCTIEPTOM.

wr
B ymporieHHOM BHJIE TIPOIIECC BOCCTAHOBIICHUS pecypca 00bEeKTa MPEICTaBIIeH B TAKOM
Buze. Ilpn noaHoMm BoccTaHoBieHUM o0bekTa (k,, =1) (QyHKUUSA IUIOTHOCTH BEPOSTHOCTH

HapaOOTKU Ha OTKa3 CMeEILIAaeTcsl «BIpaBo» Ha Bpems ¢ . [locne mpoBeaenus TO oxunaemoe
CpelHee BpeMs UCIIOJIb30BAHUS pecypca 00beKTa ONpeeNsieTCs BhIpaKEHUSIMU:

ZLTo +Tcp HpH kwr :1’ (1)

t,+T k, npu k, <1. (2)

cprwr

MaremaTudeckasi MOJeJIb TEXHHYECKOI0 00beKTa 0e3 yuyeTa ero CTpyKTypbl

IIponiecc TO obbekTa 6e3 yuera ero CTpyKTypbl MOXKHO OMHCATh rpad)OoM COCTOSHUIN U
nepexo1oB (puc. 1).
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N.B. Tomok

Puc.1. I'pa¢ cocrosinuii nepexonos nporecca TO oObekTa 0e3 ydera ero CTpyKTyphl

Ha rpade cocrosaue O — paboTocmocoOHOE COCTOSIHME, CocTosHuEe 1 —
HEpabOTOCIIOCOOHOE COCTOSIHUE T.€. OOBEKT BOCCTaHABIWBaeTcs. llepexompl MeEXIy
COCTOSIHUSIMU TIPOUCXOIAT B CHy‘IaﬁHLIe MOMCHTBI BPEMCHHU C MHTCHCUBHOCTSAMM, KOTOPBIC
UMEIOT Takue 0003HAUYCHHUS:

A(t) — UIHTEHCUBHOCTH OTKa30B;

M, (1) — IHTEHCUBHOCTb BOCCTAHOBJICHMSI;

M., (t) — uHTEeHCUBHOCTH nepexoaa ot coctosaHus TO B coctosiHue 0;

O(t—t,) — UHTEHCUBHOCTb IepexolloB B cocrosHue TO, KoTopas npeicTaBlieHa ¢
MOMOIIBIO O -PYHKIIUU:

oo, mpu x =0;

o(x) = 3)

0, mpu x =0,
[S(x)dx=1. “4)

3aTeM UMHUTHPYIOTCS I€TEPMUHUPOBAHHBIE TTepexoabl B coctossHue TO B HecnydailHbIe
MOMEHTHI BPEMEHHU £, C UCIOJIb30BaHUEM O -QyHKIMU O(f —1, ).

OtoT rpad CcoCTOSHUI U mepexofoB ompenenser ciaydaitHslii mporecc TO u TOuP
o0bekTa. Ha ocHOBaHMUM 3TOTO Tpada Mo W3BECTHBIM MpaBujaM [7] MOCTPOUM CIEAYIONIYIO
cucremy auddepeHnaIbHbIX ypaBHEHU]:

B0 =40+ 6 =t )R 0) + 1, (OB O) + 11, ()P, (1);
R() = AOF0) - 1, (O @),
P ()= 6(t =1, )R (1) = 11, (O F, (0);
RO+R@O+ P, () =1

)

rne F(t), B(t) n P (f) — 3TO BEpPOATHOCTU TOrO, YTO B MOMEHT BpPEMEHH ! OOBEKT

HaXOJUTCS COOTBETCTBEHHO B cocTosHMAX 0, 1 m TO.

Cucrema ypaBHeHU (5) NPaKTUYECKU U SBISIETCA MaTEMaTHUECKON MOJIENBIO IIpoLiecca
TO o0wekra. CrnemyeT OTMETHTh, YTO peIIEHHWE 3TOW cUcTeMbl auddepeHInaTIbHbIX
ypaBHEHUN HECKOJBKO 3aTPYIHEHO, MOCKOJIbKY HMHTEHCHUBHOCTH A(f) siBisieTcs (QyHKIHEH

BPEMEHU U €€ BUJ He Bcerza uzpecteH. To ke kacaercss GyHkuui g (¢) u u, (t), OAHAKO UX

BIIMAHHUE Ha OKOHYATCIBbHOC PCEHICHUE HE OYCHb BAXHO, IIOCKOJBKY CpPEAHEC BpeMs
BOCCTAHOBJICHUA U CPCAHAA NIIUTCIBHOCTD TO na MOpsAAKU MCHBIIIC, YEM CPCAHSAA Hapa60TKa
Ha OTKas.
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B npaHHON craThe mpennaraeTcsi HCIOJIb30BaTh HMHUTALMOHHYIO CTaTHCTHUYECKYIO
MOJieJIb U C €€ MOMOILBIO MOJTYYUTh OIEHKH TOoKa3aTelied HaJeKHOCTH OOBEKTa C Y4ETOM
npoBenenuss TO. 3agaB B KadecTBE HMCXOOHBIX JaHHBIX IS MOAETH HH(pOpMAIMIO 00
00BEKTE, COCTOSILEr0 W3 EIUHCTBEHHOTO 3JIEMEHTa, MOJYyYUM NpUOIMKEHHOE pEIIeHre
cuctembl ypaBHeHui (5). Kak pe3ynbTaT MomenupoBaHUs moiydaercs (yHKIUS Mapamerpa
MOTOKAa OTKa30B oOBbekTa (2(f) Ha 3alaHHOM MHTEpBaJIe BPeMEHHU dKCIutyatanuu. OyHKIus

Q)(¢) cBsi3aHa ¢ BEPOATHOCTBIO F (), BXoxsduie B (5), COOTHOIIEHUEM

(@) (t) ~ lim M ,
At—0 At

(6)

rne F(¢,t+ At) — BepOsSTHOCTb TOTO, YTO OOBEKT B T€UEHUE UHTEpBala BpeMeHU (Z,t+ Ar)
HaXOJIUTCS B COCTOSTHUU OTKa3a (B COCTOSTHUU 1).

OTO NO3BOJSAET KOHCTAaTHpoBaTh, uTo Q(¢)df= F(f), mnomydyaeMas C MOMOILBIO
MpeACTaBICHU HH(OOPMAIMU 110 aBTOMOOMIILHON TeXHHKE [8] M MOJEnu, MOCTPOCHHOM st
PaaNodIEKTPOHHBIX 00BEKTOB [9], pyHKIHsA ((¢) YIOBIETBOPSET CUCTEME YpaBHEHUH (5).

Cpennsis HapaboTka Ha oTka3 oOwbekrta mo ¢(ynkuuu Q(¢) [7] ompemensieTcs
CIEeIYIOIUM 00pa3oMm:

= 1

T;) - 5

(o 7

rae 7T, — oneHka cpeHell HapaOOTKH Ha 0TKa3 00beKTa Ha nHTepBaie sKkciutyaramuu (0, 7;);
1, — 3aaHHBIN IEPUOJ DKCIUTYaTalUH.
Onenka 7, B 3TOM ciydae mnonydaerca ¢ yderom mnposeneHus TO, HOCKOIbKY

UCIIONB3yeTCs QYHKIMS TapaMeTpa MoToka oTkazoB (1).
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To the article the analysis of feature of technical maintenance of difficult refurbishable
object is driven without the account of his structure and a corresponding mathematical
model is worked out.
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