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PABPABOTKA AJITOPUTMA PACYETA BEPOATHOCTHU
BE3OTKA3HOCTHU TEXHOJIOI'HYECKOI'O ITPOLUHECCA
C PEBEPBUPOBAHUEM
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Ilpu hopMHUPOBAHHMH YIPABICHYCCKUX PEIICHMi, CBI3aHHBIX C 00CCICYCHHEM HAICKHOCTH TEXHOIOTHYC-
CKOTO TIpOleCCa, OAHUM U3 Ba)KHBIX ATAIOB MPCACTABISCTCS PACYET BEPOATHOCTH OE30TKa3HON PaboThI ¢ y4eTOM
pesepBupoBaHus 000pynoBaHus. Llebio JAHHOTO NCCIIeIOBAHNS ABJIAETCS MOBBIIICHHE YIPABIIEMOCTH U o0ecIte-
YeHUsI CTaOMIBHOCTH TEXHOJIOTMYECKOTO Mpolecca IyTeM pa3pabOTKU alropiuT™a pacdera BEPOSTHOCTH 0e30T-
Ka3HOCTH IpoLiecca ¢ y4EeTOM pe3epBHpoBaHus obopynoBanust. [IpeacTaBieHHbIe B pabOTe MONIOKEHHUsT OCHOBAHBI
Ha KOHIIETIIINK TEOPHH HAJEKHOCTH, a JUIl pacuyeTa BEPOATHOCTH Oe30TKa3HOI paboThI Ipolecca ¢ y4eToM pe-
3ePBUPOBAHMUSI PACCMOTPEHBI U IIPOAHAIM3HPOBAHBI IBC THIIOBBIC CXEMbI PA0OTHI MOACHCTEMBI, @ TAKXKE (HOPMYJIBI
pacueta BeposiTHOCTel ux 6e30TkazHocTH. CHOPMYIMPOBAHBI M BBISBICHBI ACTIEKThI TEXHOIOIMYECKOTO Ipolecca,
BIIMSIONINE HA PacyeT ero 6e30TKa3HOH paboThI C y4eTOM pe3epBUPOBAHUS 000PYI0BAHHSA: MHOKECTBEHHOCTB I10-
CIIE/IOBATEIIBHBIX ONEPALNii TPOIIECCa, MHOKECTBEHHOCTh IPUMEHSIEMOTO B TEXHOJIOTHYECKOM Iporecce 000py/ao-
BaHUsI, allPHOPHAst BEPOSTHOCTh 0E30TKAa3HOH paboThl 00OPYIOBaHHs, AIOCTEPUOPHAS BEPOSITHOCTH OE30TKA3HOMN
paboThl 000PYOBAHMS, YTOYHEHHAS! BEPOSITHOCTH 0€30TKAa3HOM pabOTEl 000PYHOBAHHS C YIETOM PEe3ePBHPOBAHUSL.
Paspaboran aaroputm pacdera BEpOSITHOCTH GE30TKa3HOCTH MPOLECCa C PE3EPBUPOBAHUEM U TIPOAHATN3HPOBAHEI
€ro OCHOBHBIC 3Tanbl. Pa3padoTana opma (ukcanny pesyabTaToB pacyera BEpOSTHOCTH OE30TKa3HOCTH Mpolecca
¢ pesepBupoBanueM. [IpencTaBieHHbIe B pabOTe ITOJI0KEHUSI MOTYT ObITh UCIIOJIB30BAHbI IS ITIOCIIEYIOMel aBTo-
MAaTH3aLNK COOTBETCTBYIOIINX YIIPABICHUYSCKHUX U KOHTPOJIBHBIX IPOLECCOB C IEBI0 MOBBIEHNS (P ()EKTUBHOCTH
(hopMHUPOBAHMUS M TIPUHSTHS YHPABICHYCCKUX PEIICHUH.

KuroueBsbie ciioBa: OTKas3s, 0e30TKa3Has paﬁoTa, nmokasarTejan oﬁopy)lonamm, AJITOPHUTM pacuera, TEXHOJOTHYECKH I

npouecc, aBToMaTu3saluusd ynpaBjieHUs

DEVELOPMENT OF AN ALGORITHM FOR CALCULATING
THE PROBABILITY OF FAILURE-FREE
OF ATECHNOLOGICAL PROCESS WITH RESERVATION

Tikhonov M.R., Akulyonok M.V., Shikula O.S.

National Research University of Electronic Technology, Moscow,
e-mail: kurotenshi91@yandex.ru

When forming management decisions related to ensuring the reliability of a technological process, one
of the important stages is calculating the probability of failure-free operation taking into account equipment
redundancy. The purpose of this study is to improve controllability and ensure stability of the technological process
by developing an algorithm for calculating the probability of process failure-free operation taking into account
equipment redundancy. The provisions presented in the work are based on the concept of reliability theory, and to
calculate the probability of process failure-free operation taking into account redundancy, two typical subsystem
operation schemes, as well as formulas for calculating the probabilities of their failure-free operation are considered
and analyzed. The aspects of the technological process that affect the calculation of its failure-free operation taking
into account equipment redundancy are formulated and identified: multiplicity of sequential process operations,
multiplicity of equipment used in the technological process, a priori probability of equipment failure-free operation,
a posteriori probability of equipment failure-free operation, refined probability of equipment failure-free operation
taking into account redundancy. An algorithm for calculating the probability of failure-free process with redundancy
has been developed and its main stages have been analyzed. A form for recording the results of calculating the
probability of failure-free process with redundancy has been developed. The provisions presented in the work can
be used for subsequent automation of the corresponding management and control processes in order to improve the
efficiency of forming and making management decisions.

Keywords: failure, failure-free operation, equipment performance, calculation algorithm, technological process,

control automation

BBenenue

[Ipy NPUHATHH PEIIeHUsT 00 YIydIICHHH
TEXHOJIOTMYECKOTO Ipolecca, a TakkKe Juis
(bopMUpOBaHUS  yNPABICHYSCKOTO  BO3/ICH-
CTBUSI, TOMHMO pacyeTa alpuoOpHON U arnocTe-
PHOPHOI BeposTHOCTEH 0e30TKa3HOCTH pado-
T 00OPYIOBaHHs, HEMAJIOBAKHBIM SIBIISICTCS

yUYeT MPUMEHSEMOro AyONUpOBaHUS U pe3ep-
BUPOBAHUS JAHHOTO 000pPY/I0BaHUs. ANPHOP-
HOW BEpOATHOCTHIO 0e30TKa3zHOCTH 000pyHo-
BaHMs Ha3bIBACTCS €ro 0a3oBas BEPOSTHOCTH
paboThI O€3 EMMHUIHOTO 0TKa3a 3a paccMaTpH-
BaeMBIN TIEpPHO BPEeMEHH 0€3 ydeTa JacTOThI
€T0 UCNOJIb30BaAHMA B PA3JIMUYHBIX OIICpalusiax.
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B cBoto ouepens, anoctepropHasi BEpOSTHOCTb
MOApa3yMeBacT y4yeT KOJMYEeCTBA HCIOJIb30Ba-
HUI 00OpYIOBaHHS U SBISCTCS YTOUHCHHBIM
ITOKa3aTeJieM BEPOSTHOCTH 0€30TKa3HOH pado-
Tol. [log pe3epBUpoOBaHNEM TIOHUMAETCSl OJIMH
13 CrIoco0OB MOBBIIIEHNUS W 00€CIIEUeHHUs Ha-
JIGKHOCTH O0OpYIOBaHHs, a CIIeJOBATEIBHO,
U TEXHOJIOTMYECKOTO MPOoLecca B KOTOPOM OHO
HCTIONB3YETCS, 3a CYET UCTIONB30BAHUS €ro J0-
MOJHUTEIBHBIX YK3EMILUISIPOB, T.€., K MIPUMEDY,
SIIMHUYHOE HMJIM MHOXKECTBEHHOE JTyOIupoBa-
HUEe O00OpYyNOBaHMS IS JIOCTHKEHHUS IleJieit
olepaly B TEXHOJOTMYecKoM mporecce. Pe-
3epBUPOBAHKEC YACTO MPUMEHSETCS B BBICOKO-
TEXHOJIOTHYHBIX M CIIOKHBIX POIIECCaX, B KOTO-
PBIX 000pYI0BaHUE CHIBHO BIHAET Ha (OPMH-
pOBaHHE MX TPOAYKTOB, PU 3TOM alpUOPHAS
U aroCTEepUOpHAash BEPOATHOCTh OE30TKa3HOM
paboThl mporecca 1 000PyIOBaHUSI B HEM MO-
XKET OBbITh YTOYHEHA C Y4YETOM IMPUMCHEHUS
pesepBupoBanusl. J[Jst aBTOMATH3aIMU pacyeTa
HATOTOBOH BEPOSATHOCTH OE30TKAa3HOCTH pado-
THI TEXHOJIOTHYECKOTO TIpoIecca HeoOXOIMMO
NPOBECTH aHAJIM3 CIIOCOOOB TMapauIeIbHOTO
B3aUMOJICHCTBUSI TIOICHCTEM M pa3padoTaTh
QITOPUTM, YYUTHIBAIONIMI BO3MOXKHOE pe3ep-
BUPOBaHHE YYACTBYIOIIUX OOBEKTOB.

Llesib uccJieIOBaHUS: TIOBBIIICHUE YITPAB-
nseMocTH W o0ecmedeHWs] CTaOMIBHOCTH
TEXHOJIOTUYECKOTO Ipoliecca IyTeM paspa-
OOTKH alropuTMa pacueTa BEpOSTHOCTH Oe3-
OTKa3HOCTH TpOLIEcca C Y4eTOM pe3epBHpOBa-
HUST 000PYIOBAHUSL.

MarepuaJi 1 METOABI HCCIEOBAHUS

KoHmernus HaJIe)KHOCTH 3JIEMEHTOB, 3aJ10-
JKCHHAas B OCHOBY pa3pabOTaHHOTO aJITOPUTMA,
OIUPAETCsl Ha pacHpesie]ieHue CPOKa CIIyKObI
[1, 2], npeacraBneHHOE HA PUCYHKE 1.

(A

F(t) R(t)

Puc. 1. I'pagux pacnpedenenus
6EPOSIMHOCIU OMKA308 CUCTNEMbL

Otobpakennast Ha rpaduxe QyHKOHA f{f)
SBJISICTCA TUIOTHOCTBIO paclpeeieHus Be-

pOSATHOCTEM OTKa3za SJIEMEHTOB HWJIM CHCTe-
Mbl. [lockonbKy JIFOOOH AJIEMEHT CHCTEMBI,
KaK ¥ CHCTEMa B IIeJIOM, JIOJDKEH KOTHa-Iu-
00 0TKa3arh, YTO BHI3BAaHO BapHabEILHOCTHIO
U €e IPUPOJION, IUIOIIAAb MO KPUBOU paB-
Ha eJWHMIE, T.e. aOCOJIIOTHOMY 3HA4YEHHIO
BO3HUKHOBEHHs OTKa3a. Ha rpaduke och
abcuucc oroOpa’kaeT BpPEMEHHYIO IIKaY,
a paccMaTpuBaeMbli MOMEHT BPEMEHHU OTO-
Opa’keH Ha PHUCYHKE BEPTHUKAIBHON JTUHUEH
M pa3jenseT IIoaab Mo KpUBOM Ha JIBE 4a-
ctu. B cooTBeTcTBHU ¢ XpOHONOTHEH, cieBa
OT 3TOH JIMHUH HaXOQUTCA NpOoHICAIICS BPEMA
IKCIUTYaTUPOBAHUS DJIEMEHTA WM CHCTEMBI.
3HaHusg 00 OTKa3ax B HEM OCHOBaHHI Ha CTa-
TACTUYECKUX JaHHBIX, COOpPAaHHBIX B XOJe
JKCIUTyaTanuu, a Iwiomans F(¢) (byHKIms
pacmpe/ie’eHlsl MOMEHTOB OTKa30B) MO/ KpH-
BO# f(f) XapakTepusyeT 4YacThb I'€HEpaIbHOU
COBOKYITHOCTH, KOTOpas yxke oTkazana. Crpa-
Ba OT paccMaTpuBaeMOro MOMEHTa BPEMEHH,
BBIPAKEHHOTO BEPTHUKAJIBLHOM JIMHKUEHW Ha rpa-
(UKe, HaXOOUTCS paCIHpeAcliCHUE OYymIyIInx
BO3MOXKHBIX OTKa30B R(f) (pyHKuMsS Hamex-
HOCTH) IOl COOTBETCTBYIOIIMM YYacCTKOM
kpuBo# f{¢). UmeHHO 3Ta QyHKIUS NpeAcTaB-
JSeT WHTEpPEeC IPHU MEepPCHEeKTUBHON OICHKE
W aHaJI3e OTKAa30B CHCTEMBI IPH pa3paboTke
PEIICHHI 110 X MPETOTBPAIIECHHUIO.

ITockonbKy mIOmaab TOJ KpuBOH f{f)
paBHa C€AUHHUIEC, COBOKYNHOCTHL MHNPOLUIBIX
oTKa3oB F(f) u Oyaymux 0TKa3oB R(f) cucre-
MBI U €€ JJIEMEHTOB TOXXE paBHA EIMHHUIIC.
W3 sToro cnemyert, 9To 171 HAXOXKIEHUS JOTU
Oymymux OTKa30B R(f) HEOOXOOUMO HAWTH
Pa3HOCTh MEXIY €AUHULEH U MPOULIBIMU
oTkazamu F(¢f). B pazpabaTeiBaeMOM amiro-
pUTME MpeAroaaraeTcsi MOCTOSIHHAS WHTCH-
CHBHOCTh OTKa30B (paccMaTpwBaeMbIi Tie-
pHOJl BPEMEHH TaKOB, YTO JaHHBIN IMapaMeTp
HE W3MCHSIETCS), YTO OOYCIOBJICHO OTHO-
CUTEJIbHOM YCTOABIIEHCSA YIpPaBIIsiEMOCTbIO
TEXHOJIOTUYECKUX IPOIECCOB, OCTUTAaeMO
OTJIUYHBIMH OT OIKCHIBAEMBIX B JAaHHOU
pabore crocobamu m MeTomaMu obecrieue-
HUS HaJIeKHOCTH.

s pacueTa BEpOSTHOCTH OE30TKa3HOM
paboThI mporecca ¢ y4eToM pe3epBUPOBAHUS
BO3MOYKHO U HEOOXOAMMO PaccCMOTPEHHE JIBYX
TUTIOBBIX CXEeM pabOThl TOACUCTEMBI (Y4acTh
Tporiecca), mpeCTaBIeHHBIX Ha PUCYHKE 2.

CxeMa OTHOBPEMEHHOW pPabOTHI IOICH-
CTEM TMoJpa3yMeBaeT NPUMEHEHHE HECKOJb-
KHX (BCeX) IIOJICHCTEM paccMaTpUBaEMOTO
mpouecca. B Tako cxeme Kaxaoe Impen-
CTaBJICHHOEC OOOpYJIOBAaHHE JIOJDKHO OBITh
WCIIONIb30BaHO, M WX BEPOSTHOCTH OTKa3a
yuuTtbiBatotcs. [Ipr aToM BepoaTHOCTh 6€30T-
Ka3HOU pabOTHl BCEHW CHCTEMBI PacCUMTHIBA-
eTcs Kak MepeMHOKEHHE BeposiTHOCTeH 6e3-
OTKa3HOCTH KaXKJIO# MMOJICUCTEMBI TNOO Tiepe-
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MHOXKEHUE OOpaTHBIX BEPOSTHOCTEH OTKAa30B
KaX 10 MOJACUCTEMBI:

P=P*P =(1_‘1A)*(1_‘]B)9
rae P — BeposSTHOCTb 0€30TKa3HOCTH CUCTEMBI
(TEeXHOIOTMYECKOTO TpoIlecca), P, — BepOHT—
HOCTh O€30TKa3HOCTH HOZ[CI/ICTGMLI A, P
BEPOATHOCTh 0€30TKa3HOCTH HOIICI/ICTCMH B,
g, — BEPOATHOCTDL OTKa3a MOJICUCTEMBI A, g, —
BEpPOSITHOCTH OTKa3a MOJICUCTEMBI B.

A

B

a) cxema 0OHOBPeMeHHOU pabomvl NOOCUCTIEM

A

B

6) cxema 8b160PHOL pabombl NOOCUCHIEM

Puc. 2. Cxemwl napannenvnozo
83AUMOOeLCMBUsL NOOCUCHEM

Cxema BBIOOPHOH pabOTHI MOJCHCTEM TIOA-
pa3yMeBaeT NMPHUMEHEHHE OAHOM M3 BO3MOXK-
HBIX OACUCTEM paccMaTpuBaeMoro mpolecca.
Takast cxema IpUMEHsIETCS, KOTZIa AOCTaTOYHO
WCTIOTIb30BAHMS HE BCEX PACCMaTPHUBAEMBIX JK-
3eMIUIIPOB 0bopynoBanus. [Ipu sToM BeposT-
HOCTB 0€30TKa3HOM pabOThI BCEH CUCTEMBI pac-
CUUTBHIBAETCS KaK 00paTHOE OT MEePEMHOKEHHS
BEPOSATHOCTEH OTKA30B KaXK1A0H MOACHCTEMBI:

le—(l—PA)*(l—PB)zl—qA *q5,
e P — BepOosSTHOCTh OE30TKa3HOCTH CHCTEMBI
(TEXHOIOrMYECKOro mporecca), P, — BeposT-
HOCTh 0€30TKa3HOCTH HOI[CI/ICTGMLI A, P, —
BEPOSITHOCTh OE30TKa3HOCTH TOICUCTEMBI B
g, — BEPOATHOCTh OTKa3a MOJACHCTEMBI A, g, —
BEPOSITHOCTB OTKA3a MOACUCTEMEI B.

JlaHHBIE CXeMbI OCHOBaHBI Ha 0Aa30BBIX 3a-
KOHAax U (popMyIliax TEOPHH BEPOSTHOCTH U MO-
I'yT ObITh IPUMEHEHBI NIPU PacueTe UTOTOBOM
BEPOSITHOCTH  0€30TKa3HOCTH TEXHOJIOTHYe-
CKOT'0 Tpolecca, B TOM YHCIIe B paMKax pas-
pabarbpIBa€MOro aJIropuTMa.

Pe3yabrarhl Hcciie0BaHUSA
U UX 00Cy:KIeHne

Jis mocTpoeHus anropuTMa U JAO0CTHKE-
HUS [IE€JTH JAHHOTO MCCIIETOBaHMS HEOOXOINMO
paccMOTpeTh CIOCO0 pacdeTra BEpPOSATHOCTH
0C30TKA3HOCTU OTEPALUU U TEXHOJIOTHYECKO-
TO TIpoIlecca, a TAKXKe ero 0COOEHHOCTH.

BeposTHOCTh 0€30TKa3HOCTH TEXHOJIOTH-
YECKOTO TIPOIlecca MOXKET OBITh pacCuHhTaHa
MyTeM TEePEeMHOXXEHHS BEpPOATHOCTEH 0e30T-
Ka3HOCTH KaXXIOW OIepaliu paccMmarpuBae-
MOTO TPOIIECCa C YUETOM UX KOJIMYECTBA:

P11z,
i=1

rae P — BeposSITHOCTh 0€30TKa3HOCTH TEXHOJIO-
TUYECKOIO Mpolecca, P, — BEpOITHOCTh 0e30T-
Ka3HOCTH OTIE€paLUH i, 1 — KOJMYECTBO OIepa-
Ui B poLecce.

BepositTHOCTh  0€30TKa3HOCTH  Onepanuu
TEXHOJOTUYECKOTO MPOIIecca PACCUUTHIBACTCS
TI0 aHAJIOTUH C TIPEJICTABICHHOM BbITIE (hopMy-
JIOK C y4eTOM Ka)KJI0r0 MPUMEHSIeMOTo 000py-
JIOBaHHSI U €r0 aroCTEPHOPHON BEPOSATHOCTH
0e30TKa3HOI paboTHI:

m

J=1

e P, — BEPOSATHOCTh OE30TKa3HOCTH OIepa-
HH i, X; — AIOCTEPHOPHAs BEPOATHOCTH Oes-
OTKA3HOCTH PabOTHI 0OOPYIOBAHNS j B ONEpa-
IIUU [ C YYETOM Pe3epBUPOBAHUS, 1 — KOJIHYe-
CTBO EJIMHMII 00OPYIOBaHHS, UCIIOIB3yEeMOTO
B TIpo1riecce.

ANTOpPUTM pacyera BEpPOSTHOCTH 0€30T-
Ka3HOCTH TIpoliecca ¢ Pe3epBUPOBAHUEM JIOJI-
JKEH YYHUTHIBATh CIENYIOIIHE AacCHeKThl TeX-
HOJIOTHYECKOTO IIPOIlecca W COAEPIKAITUXCS
B HeM omepanuii [3—5]:

— MHOKECTBEHHOCTh IOCJIEI0BATEIBHBIX
omnepanuii npouecca. TeXHOIOTMYECKUM IPO-
1ecc B OOJBIIMHCTBE CITy4aeB COCTOUT U3 MHO-
JKECTBa TIOCIIEIOBATENFHBIX JCHCTBHUN, KOJIH-
YECTBO KOTOPBIX 3aBUCHUT OT CIIOKHOCTH TIPO-
LEIYPhl U HTOTOBOTO MPOAYKTA, IPUMECHIEMBIX
0OBEKTOB, 00OPYIOBaHHS W TIEpCOHANA. ATO-
CTEPUOPHBIC BEPOSITHOCTU OE30TKa3HOM pabOThI
000pYIOBaHMSI PACCUUTHIBAIOTCS JJIST KaKIOH
orepanuy, a CIeoBaTeIbHO, WX KOJIHYECTBO
JIOJDKHO OBITH MPEIYCMOTPEHO B pa3pabarbiBa-
€MOM aJITOPUTME U YUHUTHIBATHCS ITPU COOTBET-
CTBYIOIIMX pacyeTax 1 NpeoOpa3oBaHUsIX;

— MHOXECTBEHHOCTh NPHUMEHSIEMOr0 B
TEXHOJIOTHYECKOM IIpolecce 000pyaoBaHuUsI.
B 3aBucHMOCTH OT CIOKHOCTH TEXHOJIOTHYE-
CKOTO TIpOIecCCa B HEM MOTYT HPHUMEHSTHCS
JECSATKU DK3EMILISIPOB  Pa3iIMuHOro 000py-
JIOBaHUSI C Pa3IUYHBIMU 3HAUCHUSMU M TI0-
KazareJsiMud UX HazxexHoctu. OOopynoBaHue
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MOXET 6I)ITI> OPUCHTUPOBAHO HA BLIIIOJHCHHUEC
KaK CXOXHX, TaK U Pa3HOPOIHBIX (DYHKIUH,
YTO, B CBOKO 0Uepelb, 00YCIIOBIMBAET BOZMOXK-
HOCTH JAyONMpOBAaHHWS W PE3EpPBUPOBAHUS.
Bce 370 B uiTOTE BIMSET HA BEPOSTHOCTH 0€3-
OTKa3HOCTH BCEr0 TEXHOJIOTHMYECKOTO Mpo-
ecca B [eJIOM;

— anpUOPHYIO BEPOSTHOCTH OE30TKa3HOM
paboTsl 0bopynoBaHus. OHa pacCUYNUTHIBACTCS
JUTSE KaXK/IOTO DK3eMITIsIpa 000pynoBaHus. 3Ha-
YEHHsI allPHOPHOM BEPOATHOCTH HapPSIy C KO-
JIMYECTBOM OTIEPAIUI UCTIONB3YIOTCS MPH pac-
YeTe aroCTEPUOPHBIX BEPOSITHOCTEH Oe30TKa3-
HOCTH OOOpYIIOBaHHS B PaMKax Ka)JIOH orie-
pamuu mporecca;

— amloCTEePHOPHYIO BEPOSTHOCTH 0€30T-
Ka3HOU paboThl 060opymoBaHMs. Takas BeposT-
HOCTH SIBIISIETCS OCHOBOHM JUIS pacdera yTou-
HEHHOM BEpOATHOCTH O€30TKa3HOCTH C YUETOM
pe3epBUPOBAHMSI, & TAKKE MTOTOBOH BEpOST-
HOCTH 0€30TKa3HOW pabOTHI BCETO TEXHOJIOTH-
YEeCKOTo TpoIiecca Kak ¢ TyOnupoBaHueM 000-
pyAOBaHMs, TaK B 0€3 HETO;

— YTOYHEHHYIO BEPOSTHOCTh 0€30TKa3HOM
paboThl 00OPYIOBaHHS C YYETOM DPE3EPBHPO-
BaHus. Hanmuume pe3epBHpPOBaHUS B TEXHOJO-
THYECKOM TIPOIIECCE IMOBBIMIAET BEPOSTHOCTH
0€30TKa3HOCTH OIllepannd, B KOTOPOH TpH-
MEHSIOTCS HECKOJIBKO EIWHUI] OJHOTHITHO-
ro 00Opy/IOBaHMS.

Ha ocHOBe oOmnMCcCaHHBIX BBIIIE ITOJIOXKE-
HUH BO3MOXKHO IMOCTPOCHHE AJTOPUTMA, Ha-
MIPaBIEHHOTO Ha pacueT BEPOSATHOCTH 0e30T-
Ka3HOCTH TIpoIlecca C YYeTOM BO3MOXKHOTO
MIPUMEHEHUSI PE3epPBUPOBAHUS B OIEPALUIX
TEXHOJIOTUYECKOTO TPoIIecca, cXxeMa KOTOPOro
MpPEICTABICHA HA PUCYHKE 3.

JlaHHBII aNroOpUTM NPEAIIOIaraeT Cleayto-
Y10 MTOCJIEA0BATEILHOCTD ATAIOB!

1. YcraHoBiieHHE BPEMEHHOTO 3HAYEHUS
repeMeHHo P, oTBevarouei 3a BEpOsSTHOCTD
0€30TKa3HOCTH NPOIIECCa, PABHBIM EIMHHIIC.

2. TlocnemoBareNbHbI BBIOOP KauI0i
OIepaLyy | pacCCMaTpUBAEMOrO IpoLecca.

3. YcraHOBIEHHUE 3HAYCHUS! MEPEMEHHOU
BEPOATHOCTH O€30TKa3HOCTH omnepauuu i (P)
paBHBIM EIMHUIIE.

4. TlocnenoBaTenbHbI BBHIOOP KaXKIOTO
00BEKTa j, y4aCTBYIOIIET0 B PACCMAaTPUBACMOM
rporuecce.

5. YcTaHOBJNICHHE 3HAYCHHS TIPOMEKYTOU-
HOM BEpOSTHOCTH O€30TKa3HOCTH OTEpaIiH i
(P') paBHBIM €IMHULIE.

6. YcTaHOBIICHWE 3HAYCHUS TIEPEMEHHON
MIPOMEXYTOUHONH BEPOSITHOCTH OE30TKa3HO-
cru onepauuu i (P') ero mpeaplayneMy 3Ha-
YEHHWI0, YMHOXCHHOMY Ha Pa3HUILy CITUHUIIBI
W PACCUYMUTAHHOTO 3HAUEHUS aroCTEePHOPHOI
BEPOATHOCTH O€30TKa3HOH pabOTBI OO0BEKTa
(oOopynoBaHws) j B ONIEPALIHH i (xl_j).

( )
:

BeposTHOCTE 0€30TKa3HOCTH
npomuecca P =1

v

> i=1l.n.l
P;=1
> j=1l.m.l

(o )

Puc. 3. Cxema aneopumma pacuema 6epoammocmu
be30mKazHocmu npoyecca ¢ pe3epeuposanuem

7. Ilepexon k cnenyromeMy OOBEKTY U
MYHKTY 6 MPHU YCIOBHH TOTO, YTO CIEAYIOMUI
0OBEKT SIBIISIETCS PE3EPBOM TEKYIIETO.
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qbopMa mpeaACTaBJICHUA NPOMEKYTOUYHBIX U UTOTOBLIX JaHHBIX BepOHTHOCTCﬁ
0Ee30TKa3HOCTH onepaunﬁ 1 IPUMCHACMOI'O B HUX O60py,I[OBaHI/I$I

AnpropHas AmoctepropHast BEpPOSTHOCTb O€30TKa3HOH PaboTEI
OOBexT BEPOSATHOCTH 00BEKTa B ONEpaLyn X,
X 0€30TKa3HOM .
J Oneparus i
paboTsl X, ; 1 2 3 n
X, Xop 1 1 1
!
X ' 1_(1_x01)*(1_x01')
Xy, 1 1 1
(pe3eps X, )
'xm xOm 1 xOm 1 o xOm * xOm
B 6 - - - -
epOATHOCTE Oe30TKasHOCTH| p — [ [ | P = Hx P = Hx P=11lx
1 1| 12 2j 3 3 n nj
ornepanuu -1 71 j=1 J=1
UTOTOBAS P_T
BEPOSITHOCTb L
i-

B nporuBHOM cilydae yCTaHOBJICHHE 3Ha-
YeHHsI TTPOMEKYTOYHON BEPOSTHOCTH O€30T-
Ka3HOCTH onepaiuu i (P')) paBHBIM pasHHIE
€JIMHUIBI ¥ 3HAUCHUS MPOMEKYTOUHON BEpO-
ATHOCTH 0€30TKa3HOCTH onepauuu i (P');

8. VYMHOXKEHHE 3HAYCHHsI BEPOSTHOCTH
0e30TKa3HOCTH onepauuu i (P,) Ha 3HAaYEHUE
MIPOMEXKYTOIHON BEPOSTHOCTH OE30TKa3HOCTH
onepanuu i (P');

9. VYMHOXEHHE 3HaueHHUs BEPOSITHOCTH
0€30TKa3HOCTH Ipollecca P Ha 3HAYCHHS BEPO-
ATHOCTH 0€30TKa3HOCTH onepauuu i (P,).

AHanm3upys MaHHBIA aJITOPUTM, MOXKHO
BBIIETTUTh MHOXXECTBEHHOCTH BJIOYKEHHBIX IIH-
KJIOB, @ TaK)Xe OOJIBIIIOE KOJIMYECTBO PACUCTOB
npu OOJIBIIIOM YHCIIE OIepalluii B Tpoliecce
U TPUMEHSAEMOTO O00OpYIOBaHHMS, YTO J100aB-
NSeT psiA TpeOOBaHMIA K BRIOOPY S3bIKA €T0 pe-
aNM3aly TIPH HEOOXOIMMOCTH O0eCTICUSHHSI
BBICOKOTO ypPOBHS ONTHUMH3AIMHA KOJa W 3a-
TpPaYMBAEMBbIX IIPH €TI0 BBHITOJHCHUN BBIUNCIIH-
TEJIbHBIX MOIIHOCTEH.

IIpu BO3MOXHOW aBTOMaru3alMu U pas-
paboTke MH()OPMAITMOHHOW CUCTEMBI OLECHKH
Y aHAJIM3a HAJIe)KHOCTH OTIepaIliil TEXHOIOTH-
YECKOTO MPOIecca ¢ yIeTOM OITMCAHHBIX BhIIIIE
MOJIOKCHUH HEOOXOAMMO MPUMEHEHHE DIICK-
TPOHHBIX (POPM IPEJACTABICHUS TPOMEKYTOU-
HBIX U UTOTOBBIX JJAHHBIX BEPOSTHOCTEH 0€30T-
Ka3HOCTH KakK OIEepanui, Tak U IPUMEHIEMOTO
B HUX o0OopynoBaHus. Bo3sMoxkHast TaOnuyHast
(hopma, KoTOpas TMpeAroIaraeT oToOpaKeHUE
BCEX OINMCAHHBIX BBIIIC JaHHBIX U MOXET BbI-
CTyIaTh B Ka4eCTBE MPooOpa3a COOTBETCTBYO-
e AMEKTPOHHON (POPMBI MOJIB30BATEIILCKO-
ro uHTepderica 1100 AMEKTPOHHON TaOIUIIBI,
IIpeJICTaBIeHa B TaOIHUIIE.

Takast (hopma mpesicTaBieHus HHHOpMAIIU
MO3BOJISIET TMPOJEMOHCTPHPOBATh AHATUTHKY
BCIO MH(OPMAIIUIO O BEPOSITHOCTIX OE30TKa3-
HOCTH KaXJ0ro 000pYIOBaHUs B KaXJIOW OIle-
paluu ¢ y4eToM pPEe3epBHPOBAHUS, YTO YIPO-
IIaeT BO3MOXKHOCTh IPOCIICKHBAHUS U3MCHE-
HHSI BEPOSITHOCTEH OT OMepaluy K OMeparyy,
ot obopymoBaHus K 06opynoBanuio [6, 7].

BriBOABI

B xone uccnenoBanusi ObUTH PENICHBI Clie-
JIYIOIIHE 33/1a9H.

1. PaccMOTpeHBI OCHOBHBIE CXEMBI pacra-
pajUIeIMBaHusl U PE3EPBUPOBAHUS TIOICUCTEM
TEXHOJOTUYECKOTO MPoIecca, a UIMEHHO: CXe-
Ma OJTHOBPEMEHHOU pabOoThI MOJCUCTEM U CXe-
Ma BEIOOPHOU pabOTHI TTOICHCTEM.

2. Ilpoananu3npoBaHbl OCHOBHBIE (POPMY-
JIBI pacueTa BEPOSITHOCTH 0e30TKa3HOM padoThI
MOACUCTEM TEXHOJIOTHYECKOTO MpoLecca.

3. BBISBICHBI OCHOBHBIC ACMEKThI TEXHO-
JIOTHYECKOTO MPOoIlecca, BIMSIONINE Ha pacueT
ero 0e30TKa3HOCTH: MHOKECTBEHHOCTH IIO-
CJIEIOBATENILHBIX OMepalyii mporecca, MHO-
JKE€CTBCHHOCTb HNPHUMCHACMOTO B TCXHOJIOTU-
4ecKOM Hpolecce 000py0BaHMs, allpUOpHas
BEPOSITHOCTh 0€30TKa3HOW PaboThl 000pyHO-
BaHMs, all0CTEPUOPHAST BEPOSITHOCTH 0€30TKa3-
HO pabOTEI 000PYIOBAHNS, yTOUHEHHAS BEPO-
STHOCTh O€30TKa3HOW pabOThl 00OPYHOBaHUS
C Y4eTOM pe3epBHUPOBAHHSI.

4. PazpaboTaH aJroputM pacyera BepOsTHO-
CTH OE30TKa3HOCTH TPOIIECCa C PE3CPBUPOBAHH-
€M U TIPOaHATIM3UPOBAHBI €0 OCHOBHBIE ATAITBI.

5. Paspaborana dopma dukcanuu pe3yib-
TaTOB pacyera BEPOSTHOCTH O€30TKAa3HOCTH
nporecca ¢ pe3epBUPOBAHUEM.
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Lenb uccnenoBanus JOCTUTHyTa. Pesynb-
TaThl UCCIICJOBAHUS MOTYT OBbITH MPUMCHEHBI
mpu  pa3paboTke WHPOPMAIMOHHBIX CHCTEM
WM YacTe aBTOMATH3UPOBAHHBIX CHCTEM
yIpaBJICHNS, HATPABICHHBIX HA KOHTPOJIb TEX-
HOJIOTHYecKoro mporecca. I[IpeacraBieHHbIH
AJTOPUTM HE CONICPIKUT CIEIUPUISCKUX 0CO-
OCHHOCTEH U MOXKET ObITh PEAIM30BaH C IPH-
MEHEHHEM JIF000TO S3bIKa MPOTPaMMHUPOBAHUS
BBICOKOTO ypoBHS. OJHAKO pPEKOMEHIYEeTCs
MIPUMEHATH SI3BIK MporpammupoBanus Python,
MOCKOJIBKY OH B OOJIBIICH CTETEHH MO3BOJISET
3¢ dexkTuBHO 00padarhiBaTh OOJBIIOE YHCIIO
BIIOXKECHHBIX [UKIOB. Dopma Qukcanmu pe-
3yIBTATOB, IMPEJCTaBICHHAs B paboTe, MOXKET
OBITh peann3oBaHa OTIENFHO B BHUJE DJIEK-
TPOHHOU TaOIHUITEI JIMOO B COCTaBE pa3padaThi-
BaeMOW UH(POPMAIIMOHHON CHCTEMBI.
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