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3AJAYA O MAKCUMYME NPOU3BEJEHUSA IPUMEHUTEJIBHO K OHEHKE
HAJEXHOCTHU ®YHKIIMOHUPOBAHUA JIEKTPOHHbBIX CUCTEM

Annomayus. IIpeocmaegnensl pe3ynomamol GHATUMUYECKUX UCCIE008AHUL OYEHKU HAOEHCHOCIU U I pexmusHo-
CMU UCNONb30BAHUA KOHMPOIUPYIOUee—ynpasasioujell I1eKmpoHHOU annapamypbl KaK CIOXCHOU MeXHUYeCKOU 3600~
YUOHUPYIOWell CUCEMbL C UCNONb308AHUEM 3A0ayy 0 MaKCumMyme npousgedenus. Paccmompena knaccugpukayus gax-
mopos, onpedensiowux dPpekmusHocms GYHKYUOHUPOBAHUS INEKMPOHHOU ANNapamypbl pasiuiHo20 Ha3HAYEeHUSL.

Knrwouegole cnoea. Dnekmponnas annapamypd, CILONCHASL MEXHUYECKAs CUCeMA, 8epoamHOCHb, INEeKMPOHHAS
cucmema, MaKkCuMym npou3eedeHuss, noocucmema, dQPPeKmueHoCmy, HA0EHCHOCb, IBOTIOYUSL, PEHCUM IKCHIYAMAayuu

S. K. Meshaninov, ScD.

A TASK ABOUT A MAXIMUM OF A MULTIPLICATION APPLIED TO THE
RELIABILITY ESTIMATION OF ELECTRONIC SYSTEMS FUNCTIONING

Abstract. The are presented results of analytical researches of estimation the reliability and efficiency of the use
the control electronic apparatus as a difficult technical system evolving by the use of task about a maximum of product.
There are considered the classification of factors, qualificatory efficiency of functioning electronic apparatus in the

different setting.

Keywords. Electronic apparatus, complex technical system, probability, electronic system, maximum of product,
subsystem, efficiency, reliability, evolution, mode of exploitation

C. K. MemaHiHoOB, 1-p TEXH. HAyK

3AJAYA ITPO MAKCUMYM JIOBYTKY CTOCOBHO OILIIHKHA HAJIMHOCTI
OYHKIOIOHYBAHHS EJIEKTPOHHUX CUCTEM

Anomauin. Hageoeno pesynvmamu aHanimudHux 00C1iOdCeHb OYiHKY HAOIUHOCMI | egheKmusHOCmI 3aCmocy8an-
Hsl KOHMPOIbHO-KEPYIOUOi eJleKMPOHHOT anapamypu K CKIAOHOI MexXHIYHOT e8OoNOYIOHYIOUO0i cucmemu 3 6UKOPUCTIAH-
HAM 3a0ayi npo makcumym 006ymky. Pozenamymo riacugixayio axmopie, wo eusHauaroms egeKmueHicmo
@yuryionyeanns eneKmpoHHOL anapamypu pisHO20 NPpUHA4eHHS.

Kniwowuoei cnoea. Enexmponna anapamypa, ckiaona mexnHiuHa cucmemd, UMOSBIPHICMb, eleKMPOHHA CUCHEMA,
MAKCUMYM MHONCUHU, niOcucmema, eqheKmusHiCmb, HAOTUHICMb, eB0IIOYIsl, PEeXCUM eKCHIYyamayil

BBenenue. Ananuz paboThl COBpPEMEHHBIX
YIPaBISIONIE—KOHTPOIUPYIOIINX AIEKTPOHHBIX
cuctem (OC) moboro THma 1erIecooOpa3Ho
OCYIIECTBIISITh C HCIIOJB30BAHUEM 33Jaud O
MakcMMyMe TMpowu3BeAeHus. Ha ceromHsirHmii
JIEHb MPAKTUYECKH BO BCEX OTPACISIX MPOMBIIII-
JICHHOCTH OHHU HAaXOJSAT CBOE€ IUPOKOE MpUMe-
HeHue. B yacTHOCTH, MPU KOHTPOJIE U yIpaBJe-
HUU YPOBHEM MPOMBIIUICHHON 0E30MacHOCTH B
YTOJIBHBIX [IaXTaX U3BECTHBI U IUPOKO MpUME-
HAIOTCA cienywomue ux Tunbl:  «Trollexy,
«Transmitton» u apyrue [1]. U3BecTHO Ha cero-
THSIIHAA J1eHb OOJIBIIOE YHUCIO 3IEKTPOHHO—
YIPABISIONUINX CUCTEM JIsl YTOJIBHON MPOMBIIII-
JICHHOCTH, YaCTh U3 HUX OMHUCaHa B paborax [2
— 10] B cooTBercTBUM ¢ padoroii [11], 3agaua o
MakCUMyMe TMpowusBefeHus (popmynupyercs
CIEIYIOIUM 00pa3oM: Heobxooumo Havmu N
HeOmpu-yameibHbulX Yucel, CyMmMa KOMopuix He
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npesocxooum 3adanHoeo yucia a>0 u xomo-
pble umeom npu 3mom MaKCUMaibHoe npousee-
OeHue.

ITocTanoBka 3agauM uccjaenoBanum. s
OC xak onHOW M3 Hambosee TEXHOJIOTMYECKH
Harpy>KeHHBIX YIPaBJISIOMUX DJIEMEHTOB CO-
BPEMEHHOTO MPOM3BOJICTBA 3TA 3a/la4a MOXKET
ObITH chopMyTHpOBaHA CIECTYIOIIMM 0OpPa3OM.

ITycts 0 < a <1 — BeposATHOCTH Oe3aBapuii-
HO# pabotsl; A - P, -....- P, — Ipou3sBelicHUE Be-

n
poOsITHOCTEH 0e30TKa3HOW pabOTHI MOJICHUCTEM
9C; n —uucno noacucrem OC.

TOFI[a JOJIKHO BBIIOJJIHSATHCA yCJIOBI/Ie

(1
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n n
Bennuunsl ) P u [[ P, sBustores daso-

i=1 i=1
BBIMU KOOpAMHATAMH, a IPOU3BEACHUS BEIUUMH
B-P -...-P — ynpaBIsiOlUMU IapaMeTPaMH.

Ecnu Beimonusiercst ycnosue (1), To cooT-
HOILIEHUE MEXJy HAJEeKHOCTbIO U 3(hdexTus-
HOCThIO (pyHKIMOHMpOBaHUS DC ONTUMAIBHO.

Takum obpazom, yeavlo Hacmoswel pa-
bombl A615€mcA UCCIeA0BaHUE BO3MOXKHOCTEH
UCIIOJI30BaHUA 3aJa4d O MAaKCUMYME MpOM3-
BEJICHUSI IPUMEHUTENIBHO K OLIEHKE M pacyeTy
HA/IeKHOCTH (YHKIIMOHUPOBAHUS KOHTPOJIb-
HO—YIPaBJISIIOLUIUX 3JIEKTPOHHBIX CUCTEM.

OcHoBHasi yactb. J[Is1 onTHMaIbHOTO
pexuma ¢yHkuuoHupoBaHuss JC TOIKHBI BbI-
IIOJIHATHCS CIIEYIOIINE YCIOBUSA:

P < Blt) <1-P(t-1), -
R(t)elp.i1]=0
rae (O —obnacTh ynpaBieHUs.

Eciu B KaxJ1pli MOMEHT BPEMEHH BBIIIOJI-
HSETCS COOTHOLIEHHE (2), TO yNpaBiIEHUE CUU-
TaeTCsl TOMYCTUMBIM.

V3meHeHue ypoBHS HAACKHOCTH (PYHK-
monupoBanus OC 1menecoobpa3HoO paccmart-
pUBaTh Kak aJJWTHBHBIA CIIy4allHBIA MPOLIECC
U3MEHEHHS BEPOSATHOCTU O€30TKa3HOM paboThI:

P(t)=P'(t)+P"(t), (3)

rue P'(t) u P"(t) — COCTABIISIONIUE BEPOSATHO-
CTH 0€30TKa3HOH pabOThl COOTBETCTBEHHO CTa-
[MOHAPHASI U CTOXACTHYECKAs.

Jlrobast koHTposbHO—ympaBistomas IC
SIBIISIETCS CIIOKHOM TEXHMYECKOM CHCTEMOM,
KOTOpasi MOXKET OBITh YCJIIOBHO pa3jielieHa Ha 1
nojcucTeM, (QYHKIMOHHPOBAHUE  KOTOPBIX
MPOUCXOUT OJHOBPEMEHHO, MpPUYEM OHHU CO-
€MHEHBI TTOCJIC0BATEIBHO.

bynem cumtarh, 4TO BpeMsS ¢ MOXET IMpH-
HUMAaTh JIMIIb JUCKPETHOE MHOXXECTBO 3HAYE-
Huii: t=0; 1, ...,N, npuuem N — BpeMms He-
npepbIBHOH (0e30TKa3Hoil) paboTsr DC.

Torga ympaBieHHe MOXKET OBITH BBIpaXKe-
HO C TIOMOIMIBIO CJIEIYIONIEr0 COOTHOIICHUS:

B (), Pt).... B(2)}. (4)

B kaxnaplil MOMEHT BPEMEHU ¢ COCTOSHHUE
OC xapakrepusyercs n (a30BbIMU KOOPAHMHA-

TaMHU: X,,X,,...,X,, T. €. TO4koi X mpocTpan-

no

crBa E". WUtak, KaXIblii MOMEHT BpEMEHH f
dazosoe cocrosmue X(¢) umeer n KoopMHaT.
OyuknuonupoBanue IC ynoOHO paccMOTpETh
Ha TpUMEpe IKCIUTyaTallid OYUCTHOTO 3a00s
yroiapHOM mraxThl. OYUCTHOW 3a00#l sBIsETCA
OCHOBHOM IIPOU3BOJCTBEHHOM E€IMHHUILIEH CO-
BPEMEHHOM YrOJbHOW IIAXThI, OT HAJIECKHON U
3¢ deKkTuBHOI pabOTHl KOTOPOTO 3aBUCHT 3(-
¢dexTuBHAs paboTa BCEro yrieao0bIBAIOLIETO
npeanpusatus [1].

Takum 00Opa3oM, B KaXJblii MOMEHT Bpe-
MEHHU ! COCTOSIHME Ka)KJIOM U3 MOJCUCTEM OYH-
CTHOTO 320051 XapaKTepU3yeTcs COOTBETCTBEH-
HO Habopamu [,k,m,q ... koopauHar (mapa-
METpPOB).

Torma, OKOHYATEIbHO, I JIFOOOr0 MO-
MEHTa BpeMEHHU (a30BbI€ COCTOSHHUS TOJCHC-
TeM DC MOryT OBITh AHAJTUTUYECKU OINHCAHBI

R)=flalt)i={a,(c) a,(¢).....a,(e);;
P()=/{d();=1d, ()4, (¢)....d,();. (5)

e frenf, - byHKIMY;
a(t)....,d (t) — dysKumyM H3MeHeHHs Mapamer-
poB cocrosiHus noacucrem IC.

Jns kaxmaoi u3 nmoacuctem DC mocneno-
BaTEJILHOCTh

a(0),a(1) st O, B(1 ) B(t)..:
(0) (V) cl)ons (O d (1) d(t)os [

SABJISIETCA TpAacKTOpUen ee 3BoJronuu. Hagans-
noe cocrosuue {a(0),5(0),c(0)d(0)} momxmo
OBITh 3a7aH0, 3T0 cocTossuue DC 10 Hayana eé
(GYHKIIMOHUPOBAHUS TOCIIE€ CIAYM B JKCILIya-
TaIuIo.

Beipaxkenne (5) c¢ yderom ycioBus (1)
MOJKET OBbITh MEPENICaHO B MHOM BH/IE:

0<R(r)=ldr)}=Ala(t)a()...q ()<L
0<B(0)={ple)}=/: {05y (0)....he)}<L,

HEKOTOpbIE

JanbHeliee pa3BuTue (IBOMIOLMS) KOH-
TpoJibHO—YympaBisoomed JC OIHO3HAYHO OIl-
pEeleneHo, €eClIM CYHIECTBYET YIPaBICHHE
B(t)...,P,(¢), 3amaBaemoe ¢ mOMOmIBIO COOT-

n

HOILIEHUN
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B(t)=1,R(-1).B0)];
Py(1)= 1o, [Pt -1). P, ()],
B()=1,[P(t-1).B(t)].

J =2 R0). (7

rae f, — BeKTop-(QyHKIus.

Takum oOpazom, 3agaya ONTHUMAIBLHOTO
yIIpaBJICHUS HAIC)KHOCTHIO (DYHKIIMOHUPOBAHUS
OC 3akiro4yaeTcs B TOM, 4YTOOBI, 3HAs €ro Ha-
vamsroe cocrosuue {P,(0),P,(0),..., P,(0)}, BbI-

>T2 n

t)=
t)=

nt

Oparb  Takoe  JONYCTUMOE  yIpaBJCHUE
{P(t),B(t).... ,P,(t)}, xoTopoe mpumacT ¢yHK-
uroHany (7) MakcCuMaabHOE 3HAaYEHUE.

Bonee koppektHo cootHomeHue (7) 3anu-
IIEM TaK:

o (8)

PaccMoTpuM cTanmoHapHBIA Tporecc, Ko-
TOPBIN, MOJB3YSICh pe3ynbraTaMu padoTsl [12],
pa3oObeM Ha n:L MHTEPBAJIOB, T1E ¢ MpPO-

At
IOJDKUTENBHOCTL IIporecca; Af —
HOCThb uHTepBana. OOo3HauuMm P

JUIATENb-
— BEpOST-
HOCTb HE MPEBBILICHUSI YPOBHS X 3a Bpemsi At .
Torma MoXHO 3amucarh cienyrouiee NpHOIH-
KEHHOE BBIPAKCHHUE:

P(t)=P".

JU1g OueHKH BEpOSATHOCTH B
onenky [11 — 14]:
P(t)2 R~ N, (1), npu e < R[N ()], (9)

rac PO — BCPOATHOCTH HC MPCBBIIICHUA 3a-

UCIIOJIb3YEeM

AAaHHOTO YPOBHS B HavaJIbLHBIA MOMEHT BpEMC-
HH.

(10)

Nx(t)zinx(f)df

rae n, (T) — CpCAHCEC YUCIIO BI:I6p0COB B CIMHHU-

11y BPEMEHU 32 YPOBEHb X .
Torna

P(t)=(F, -

At)t/At (11)

rae F. — dyHKUus pacnpeaeneHus BETMUUHBL X .
ITonoxus At =1, noay4um

P(t)=(F —nAt).

X

(12)

JIist cTaloOHapHOTO Mpollecca BhIpaKeHUE
(12) MokeT OBITH TIEPENUCAHO B BHUJIE

P,(t)=exp[tIn(F, —n,)].

JIns HecTalMoHapHOTO Mpouecca —
)=l e)-n e (19
0

[Ipu 0OoCHOBAaHMM ATHX 3aBUCHMOCTEH He
JIeTIaJIOCh HUKAKUX MPEINOJIOXKEHUH O 3aKOHEe
pacripesiesieH|s] OpJMHATHI IIPOLIECCca U ero JIn-
tenbHOCTU. [loaTOMy BhIpaxenue (14) MoxxHO
UCIOJb30BaTh I MPOM3BOJBHOTO TIpoliecca
M000H UIMTENBHOCTH, YTO YJOBIETBOPSET YC-
noBusiM ¢pyHkunonuposanus IC.

Takum o6pazom, 3aBucumoctH (1) u (6) sB-
JSIOTCS. YCJAOBHSIMH ONITUMAJIBHOTO COOTHOIIIE-
HUSL MEXJY HAJCKHOCTHIO U 3()PEeKTUBHOCTHIO
(YHKIMOHUPOBAHUSA  KOHTPOJIHHO—YIIPABJISIO-
et OC.

BoiBoasbl. IlonydeHbl aHAaIUTUYECKUE BbI-
pa’keHHsl, TMO3BOJIAIONINE BHIOMPATh ONTHUMAIb-
HO€ COOTHOILIEHHE MEXIy Oe30MacHbIM M Hau-
6osee 3(EKTUBHBIM peKUMaMH HKCILTyaTalluu
9C.

(13)
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