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Aunnomayus. PaccMoTpeH MeToJ BbIYMCICHHS (YHKIUMM paclpeneieHusi BpPEeMEHH
OecriepeboiiHOi  pabOTHl  ammapaTypsl Ha TIPOU3BOJACTBE C y4YETOM BOCCTAHOBJICHHS WX
(GbyHKIIMOHUPOBaHMS. 3a/1a4a CBEJeHa K PEIICHUI0 HHTETpaJIbHOTO ypaBHeHUs Bonbrepps! I pona ¢
YHCIIEHHOW peanu3ainueil B Marematnueckom makere MathCad.

Abstract. The method of calculating the distribution function of the uninterrupted operation
time of the equipment in production, taking into account the restoration of their functioning, is
considered. The problem is reduced to solving a Volterra integral equation of the second kind with a
numerical implementation in the mathematical package MathCad.

Knrouesvle cnosa: wHTerpanpHoe ypaBHeHHe Bousbreppsl II poma, MeTron MeXaHHYECKHX
KBaJlparyp, MaTeMaTHYeCKH MMaKerT.

Keywords: Volterra integral equation of type II, mechanical quadrature method, math
package.

B cratbe paccMaTpruBacTCdA 3aaa4a O HAXOXICHUU (1JYHKI_II/II/I pacnpeaciicCHud BPEMCHHU

OecriepeOoiiHON paloThl ammapaTypbl C Y4eTOM BOCCTAHOBIIEHHS UX (yHKuHOHMpoBaHus. Kax
u3BecTHO [1], manHas mpoOGiieMa CBOIUTCS K PEIIEHUI0 MHTErpalibHOrO ypaBHeHUsi Boasrepps! 1

pona.

P, (6) — fot{(q —w)e M=) 4 we=F1lt=9) 4 e =Bt [y sin(yp,) (t — (1)
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s) = q cos(o) (t — )1}
Y, (D)dt = de™H,
rae Yp(t) — QyHKIUSA pacmpeneneHus BpeMEHH O€30TKa3HOW paboThl Mpubopa ¢ yd4eToMm
BOCCTAHOBJICHHsI pab0OTOCIIOCOOHOCTH C TIOMOIIBIO PEMOHTA; t — BpeMsi paboThl mpubopa o

OTKa3a; S — BpPeMsl BOCCTAaHOBJIEHUsI pabOTOCIOCOOHOCTH MpUOOpa; A — MHTEHCUBHOCTH OTKa30B
(4MCcI0 U3BECTHO U3 OIBITOB).

Teopust unterpansubix ypaBHeHuit Bonsrepps! 1 poxa xopomio paspaborana [2]. U3BecTHO,
YTO TOYHOE aHAIUTUYECKOE pelleHHe JUIs MOJ00HBIX 337a4 MOKHO HAalTH JIUILIb B PEIKUX CIIydasX.
[TosToMy NpUMEHMM METOJl MEXaHWYECKHX KBajaparyp (M. M. K.) Ul pELIeHHMs HHTErpajbHbIX
YPaBHEHUU.

PaccMOTpuM BBIUMCIUTENBHYIO CXEMY M.M.K. JUIsl ypaBHeHHUs (1):

t
WO - [ K@t Dp@dr = £()
0
Ucnonb3yem kBagparypHyto Gopmysy Tpanenuin:

t
Jy ¥@dr = X7, A (),
rae A1=An=h/2; A=As=...=An-1=h; t=h(j—1); j=1,2,...n; h=0,1

[Tony4yaem cucTeMy JTHHEHHBIX anreOpandecKux ypaBHEHHIA:

i _ )
lpl_zA]Kl,jwj =fi' i = 1,n,
j=1
3/1€Ch IPUHSTHI CIEAYIONTNE 0003HAYCHHMS:
Kij = K(t;, t)=(q — w)e 2675) 4+ we=Fr(tit)) 4 =Folti=t) [ sin(yy) (£ — t;) —
q cos(o) (t; — tj)],
fi = f(t;) = Ae™ i,
Kpome Toro nu3BecTHBI BETUYUHBI:
_ AQyYo—P(A-Py)). — M A(Q(A+Bo)+Ppg)
9= Geprrene W T A @Y T g
3aj1aqy paccMarpruBaeM C HCXOIHBIMH JIAHHBIMH:
2=0,5; B0o=0,4054; B1=0,5568; y0=0,8523; Q=—0,3283; P=—0,7242; M=0,7244.
Cucrema (2) MOXXeT OBITh CBEJIEHA K BUY:
i-1
j=1
Ortcrona nony4yaem NpUOTUKEHHOE PEIICHHE M0 PEKYPPEHTHOH dopmyrie:
h i h
i = (fi + 5 Kus + hYih Kijw)/(1— > K, ()

HpI/IBeIleM YHUCJICHHYIO pC€ajin3alnuro IMOCTaBIICHHOM 3a7a4u.
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ITocne BBCACHN BBIIICTICPCUNCIICHHBIX JaAHHBIX UMECM:

w=10343 q=-0.068 v =-0.622

Be16uparoTcst paBHOOTCTOSIIIME Y371l CETKH U BBIYUCISIFOTCSI 3HaueHust siapa K (t, T) u mpaBoit
vacty f(t) ypaBHeHwUs (2).
hi=1 n:=10 i=1.n jr=1.n t=h-(i-1)

()= x-e N

SNt BT (BT

k(t,) =(q-w)-e [v - sin(p0) - (t— 1) — g cos(P0) - (t—T)]

fo= f(ti) k= k()

Maremarnueckuii naker MathCad mno3BosisieT B pexuMe pealbHOro BpPEMEHU BUIETh
MIPOMEKYTOUHBIE PE3YJIbTaThI:

fT:(O.S 0.303 0.184 0.112 0.068 0.041 0.025 0.015 9.158 x 10_3)

1 2 3 4 5
1 -0.062 0.15 0.16| 8.314'10-3 -0.319
k=2 -0.575 -0.062 0.15 0.16| 8.314'10-3
3 -1.57 -0.575 -0.062 0.15 0.16
4 -3.341 -1.57 -0.575 -0.062 0.15
5 -6.361 -3.341 -1.57 -0.575

Cq)opMI/IpyeM BBIYUCIICHUE Koa(i)(l)HuHeHTOB KBaL[paTypHoﬁ (bopMyan Tpaneui:
9= 2.n—1

h

2

Haiinem pemenne cuctemsl (3), KOTopas JaeT NpUOIMKEHHbIE 3HAYEHNUS HUCKOMOH (DYHKITHH B
y3Jax ti:

-1
k n
by = [l_h' %] e 2 i(i 2 1.0.4 -k, ;- )

1|;T:(0.5 0.287 0.167 0.116 0.118 0.127 0.124 0.109 0.087)

[IpuBeneM rpaduyecKyro HHTEPIPUTALIUIO PEIICHUS 3aJa4u:
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Maremarndeckuii maker MathCad mo3Bonmi B pexxuMe peaabHOro BPEMEHHU PelaKTHPOBATh
MIPOrpaMMy, BUJIETh IPOMEKYTOUHBIE PE3YIbTaThl, CTPOUTH TPapUKU.
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