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CTOXACTUYECKAA 3AO0AYA O BOCCTAHOBIJIEHUA

M 3AMEHE OBOPYOOBAHUA
P.1O. lllapoe

STOCHASTIC PROBLEM OF THE RECONSTRUCTION
AND REPLACEMENT OF EQUIPMENT

R.Yu. Sharov

B cTaTbe onmuchbIBaeTcsl 3a71a4a 0 BOCCTAHOBJIEHHH W 3aMeHe oﬁopyﬂonalmﬂ MapKOBCKOf/i
nenbr ¢ AByMs COCTOSATHUSIMH. HpOBO).II/ITCﬂ aHaJIu3 (l)yHK].[I/Iﬂ oomero u CpeaHero aoxoaa 3a
BpeMsl KU3HU 060py)1013aﬂm[ U J1aeTcd  aJITOpUuTM pacdyeTra ONTHMAJILHOI0O BPEMEHHM 3aMeEHbI

o0opynoBaHusl.

Kniouesvie cnosa: cmoxacmuueckas Moaeflb, 3ameHa o6opydoganwz.

The problem of equipment reconstruction and replacement by Markov chain with two
states is described. The analysis of the functions of the general and average income for equip-
ment time life is given and an optimal time calculation algorithm of equipment replacement is

proposed.

Keywords.: stochastic model, replacement of equipment.

Brenenue

3azaga 0 BOCCTAHOBJICHHU M 3aMEHE 000py/10Ba-
HUSI pacCMaTpHUBaach B JI€TEPMUHHPOBAHHON MOCTa-
HoBke P.bennManoM M pemanack METOJOM AWMHAMU-
4yecKoro mporpammupoBanus [1]. B mpemmaraemoi
paboTe coCTOSHUE MPOMBIIUICHHOTO 000PYIOBaHHS B
mporiecce AKCIUTyaTallud M PEMOHTa OMMCHIBACTCS
MapKOBCKOH LIEMBI0 C JBYMS COCTOSIHUSMHU: COCTOS-
HHE | COOTBETCTBYET WCIPABHOMY O0OpYIOBAHMIO,
coctositnne 0 — 00OpYHOBaHHWIO, HAXOMASIIEMYCS B
PEMOHTE.

1. IlocTaHoBKa 3a1a4H

Bpemst mpeamonaraeTcst TUCKpPETHBIM ( Hampu-
Mep, eauHuna m3MepeHus — | u9). McmpaBHoe 3Kc-
IUTyaTHpyeMOoe 00OpYyJOBaHHE, C BEPOATHOCTBIO p,
OCTaeTCsl UCTIPaBHBIM Ha CIIEAYIOIIEM IIare U ¢ Bepo-
SITHOCTBIO 1—p, MEpexoAuT B COCTOSIHME peMOHTa. B
CBSI3U CO CTapeHHEM OOOPYNOBAHUS BEPOSITHOCTH P,
YMEHBIIIAETCS TI0 3aKOHY T'€OMETPHUYECKOI Iporpec-
CUM:

Pn = O(‘pn—l b
Po :13 (1)
O<oa<l,

¢ — BEPOSITHOCTh TOTO, YTO HEHCIPaBHOE 000pyIOBa-
HHMC Ha CIICAYIOLIEM Iare OCTAHETCSl B PEMOHTE.
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MOXHO BBECTH B MOJENb HM3MEHSIONIYIOCS BEPOST-
HOCTBH ¢, BO3PACTAIOIIyI0 C TEYCHHEM BpPEMEHH, UTO
MOJICTIUPYET YCIIO)KHEHHE PEMOHTa YyCTapeBaloLIero
obopynoBanus. J{i1st HEIPEPHIBHOTO BPEMEHH CTOXAcC-
THYeCKas TIIOCTaHOBKAa 3aJa4ll pPacCMaTpPHBAeTCS B
pabore [2].

Beeaém Benmunnbl Qq[n] u Qon]:

Qi[n] — BepoATHOCTH pabOYEro COCTOSHHS 000-
PYZIOBaHUSA Ha BPEMEHHOM IIIare 71;

Qo[n] — BeposiTHOCTH TOTO, YTO Ha IIare n 00o-
pyIOBaHUE HAXOJUTCS B PEMOHTE;

QOln]= (Ql [n],QO[n]) — BEKTOp pacmpejeneHus

BEPOSITHOCTEM.
Tornma onpenenum:
O[n] = 0[0]- A[1]- A[2]-...- A[n], (2)
| Pn l_pn
rae A[n]= — TepexomHas MaTpHIa
lI-q ¢
BEPOSATHOCTEN.

Jloxon, Mosly4eHHbI B TEYEHME 1Lara /1, MOXKHO
paccuyuTath o Gopmyiie:
Dln]=n0Q[n]-cQy[n], 3)
I — J0XOJ, MOJIydacMbIii OT paboTarolero 00opyo-
BaHUs B €JMHUIY BPEMEHHU, C — PACXOJl 32 PEMOHT B
SAMHUITY BPEMCHH.
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Cmoxacmuyeckasi 3ada4ya 0 80CCMaHOB8JIeHUU U 3aMeHe o6opydoeaHusi

Torma cpeanuii 10X0/1 3a BpEMsi )KU3HU 000py-
nosanus N:
’

P[N]

I3

1 N
= ﬁ 2 (nQ, [”] —cQ [n]) > 4
n=1

a 00U TOXOJ] BBIYHUCIISIETCS 110 (POpMYJIe:

N
BIN)= 3 (0 [n]-cgy[n]. ®)
n=1
B Takom ciryuae pemicHue 3a1a4n 0 3aMEHE 000-
PYJOBaHUS CBOAUTCS K HAXOMKACHHUIO Ny — TOUKH MaK-

cumyMa (DyHKIIAU P,[N ] CuuTaem, 4TO B MOMEHT

BpeMeHH N, 11e1ecoo0pa3Ho 3aMEHUTh 000py/J0BaHNE
HOBBIM.

2. AaroputM BbIOOpa 1 000CHOBaHUE MOIeTH

3aMeHbI 000py10BaAHUS

OYHKIUN O0IIETO M CPEeTHEro OXO0a HEIUHEH-
HbI U, IO-BUAUMOMY, HC BLIPpAXKAIOTCA B aHAJIUTHYC-
CKOM BHJIC M3BECTHBIMH MeTojaMu. OTBICKaHUE MO-
MEHTa 3aMEHbI 000pPy/I0BaHHS HETPYTHO PEaNTN30BaATh
YHUCJIICHHBIMHU METOAAMHMU. Hpe}alI/IMeM TNOMNBITKY aHa-
JIUTUYECKOTO HCCIIe/IOBAHMS:

po = 1; pys1 = aP, sHaumt, P, = a"; Otciona
momyyaem: A(n]= o 1-o . 13 BeIpaxkenus (2)
I-q¢ ¢
BBITeKaeT, uto Q[n] = Q[n—1]A[n].
BpruucninM  HadanbHBIE  3HAYCHHS ~— YICHOB
nocyenoBarenbHocTy Q[n]:
a l-o
QH=UN]{ }=Nﬂ—al
I-q ¢

2

o) =[os1-a]| & 1T* =
I-¢ ¢

=[o? +1-)1-gra(i-0) +(1-a)q .

W3 ycnoBus 3a1auu BBITEKAET, 4TO cymMa 1 u 2-i
KOMIOHEHTHI BekTtopa Q[n] paBHa enuHHIE (3TO

BEPOSTHOCTH  COCTOSTHHE, 0Opasyrolme MOJHYH0
CHCTEMY BEPOSITHOCTEH).
Toraa npumem:
o = 00y = o’ + (1-o)(1—-gq); ©)
1-o, = ol —a?) +(1-o)g.
3anuiieM
(x)‘l 1 _ an
QOln]= [(Xn—l ;1- Oy ] 1 =
I-q ¢

= 04,10 +(1=0t, )1 =) 1=, 104 +(1 =01, Y1) .

OTCIOI[a HaXOJHUM BBIpAXXECHUEC 1A O,

(Xn = O(‘nfla;l +(1_0Lnfl)(l_q)' (7)

Mycts limo, —b. ITo

n—o0

YCIIOBHIO

O<o<l= lima —0.

n—yoo

Torna Oyaem uckaTh 3HaueHHE b M3 ypaBHEHUSL:
b=(1-b)1-¢q).

1
momyyaem: b=1-——  wm
2-q

B wurore

lim o, —>1—L;
n—sc0 2—gq

W3 coorHowmenus (4) nosryyaem

. .
Alflgler [N]= ]&r}m N;an[n]—cQo[n] =

| &
= lim — ) no, —c(l-a,).
N%N; p—c(-0,)
Takum 00pazom,
lim Pr'[N]=n 1—; —c ! . (8)
N—eo 2—-q 2—-q

3Ha4nT, QYHKIHS CPEIHETO T0X01a UMEET TOpPH-
30HTAJIbHYIO aCUMIITOTY, C TCHCHUEM BPEMCHU CPEI-
HUH J0XO0JI OT KCIUTyaTaluu CTaOMIN3UpyeTCs, TpH-
4YeM ero InpejeibHas BeJIMYMHA 3aBHCHUT OT Hadallb-
HBIX ITapaMeTPOB I, ¢ ¥ ¢. OYeBUIHO, ITO MIPEeIIbHOE
3HAQUCHHE MOKET OBITh KaK OTPHULATENbHBIM, TaK U
TIOJIOKHUTEIBHBIM WM HyJEeBbIM. [lyTeM HeClOXKHBIX
BBIKJIQJ0OK MOYKHO BBIBECTH YCJIOBHE HYJIEBOI'O Ipe-
JETIBHOTO CPEeIHEro A0X0Aa:

£=1-g. ©

Mogens UMeeT CMBICI MPU YCIOBUH, YTO CPE-
HUH 10XOJ IPEBBIIIACT 3aTPaThl Ha peMOHT. TOJIBKO B
9TOM ClTydae CyHIECTBYET Mpejien ypaBHeHus (7).

[Tapametp o ompenenser JUIIb OBICTPOTY
cradwim3anuu  cpemHero Joxoxa (dem  OoJblie
3HAUEHHE 0, TEM MEJUICHHEE CTaOMIM3UPYETCs

JIOXOJ1), OT HEro 3HaueHHWE MPEJCNBLHOr0 J0X0Ja He
3aBHUCHT.

PaccmotpuM (hyHKIIHIO OOIIIETro 10X0/1a.

Tax xak Pr[N] = N-Pr’[N], yuntsiBas cooTHOIIE-
Hue (5), aemaeM BbIBO, YTO (DYHKITHS OOIIEro J10X0/1a
HUMEET HAKJIOHHYIO aCUMIITOTY':

Pr[N]= n(l—Lj—c !
2 2—gq

-N+m,
rje m — HEKoTopas KOHCTaHTa, ompeieiisiemMas mapa-
METPaMH II, ¢, ¢.

IIpu £+q —1<0 (B wacTHOCTH, TIpH ¢ > 1) 00-
n

M 10X0M, B KOHEUHOM cuére, Oyner yObiBaTh. Kak
CBHJETEIBbCTBYIOT pacyeThl, €CIM IPH 3TOM B3STh
mazoe o — 0 u 6onpoe ¢ — 1, IKCTpeMyMa BHYTpH
oTpe3ka He OyJeT, Tak Kak (yHKIUS HAauHET yObIBaTh
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P.1O. lLlapoe

¢ TepBoro ke mara. MHaue skctpemym OyJeT UMeETh
mecro. [Ipuuém uem Gonble ¢, Tem ObicTpee QyHKIUS
JOCTUTaeT IKCTPEMyMa.

c .
Ipu —+¢g—1>0 oOmwmii 70X0J, B KOHCYHOM
n

cuére, Oyner pactu. Ilpm 3TOM 3KCTpeMyM BHYTpPH
OTpe3Ka BO3MOXKEH JIMIIb B TOM CIy4dae, eciu (PyHK-
IIUST BO3pAcTaeT MEJICHHO M HMEET CYIIECTBEHHBIC
HavyaJbHble KosieOauus (mpu manmsix o — 0, mpum

c
—+¢g—1 — +0). B octanbHbIX ciIy4asx A0XOA MOHO-
n

TOHHO BO3PACTAaET, HAYMHASI C CAMOTO MEPBOTO IIara.

B 11en1x WILTIOCTpAIiK MOJIENTH Oblila COCTaBIeHa
nporpaMma ¢ HCIIOJB30BAHHEM MAaTeMATHYECKOTO
nakera Matlab. IIporpamMma pacCuMTBIBACT 3aBUCH-
MOCTh 3HAUEHHUN TOYKU OMTUMYMa OT HAYaIbHBIX Ma-
paMeTpoB.

Henocratok nanHO# MOAEIN COCTOUT B TOM, YTO
OHa JOMYCKAaeT BO3MOXKHOCTH OECKOHEYHOTO pOoCTa
Joxo7a 0T OECKOHEYHO CTaporo obopymoBaHui. Mo-
JIeTb MOKHO cJenaTh Oojiee pealMCTHYHOW, BB,
HanpuMep, KOIPQPUIMEHT yIOPOKAHHUS PEMOHTA WIIH
KOA(POUIMEHT MOHKCHUS MPUOBUTH (C KaKIBIM II0-
CIIEIYIOUINM IaroM). B TakoMm ciydae oOmuii 1oxox,
B KOHCYHOM CHYCTC, 6y£[eT najgaTtb JaxX€ MNpu CaMbIX
OJIAarONPUSATHBIX YCIOBUSX.
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