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Abstract: The method of formalization of probabilistic technological processes of production on the basis of
. construction of simulation model of the probabilistic network graph; the technology of the use of the automation design
- system of aggregate type for simulation models construction; the method of the use of the imitation complex for.the
. decision of tasks for research of probabilistic technological processes of production are offered.
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. Anomauin: [ponoHyemsca cnocié hopmanizauii IMOsIPHICHUX mexHOMo2iYHUX NPOoUecie 8UPOBHUUMEa Ha OCHOS
nobydosu  iMimauidHol  modeni IMOBIpHICHO20 Mepexeegozo zpacpika;, MexHonozia euKOPUCMaHHA  cucmemu
| aemomamusauil ModenoeaHHA azpeeaamHozo muny Ansa nobydosu iMimayitiHux modeneld; Memooduka sukopucmaHHA
xoMmnnexcy iMimauii 0na eupiueHHs 3a g0aHb OOCNIOKEHHA IMOBIDHICHUX MEeXHONO2IYHUX npeuecie supobHuymea.

Kniovoei cnoea: iMOIpHICHI MmexHonoziyHi npouecu supobHuymea, cucmema aemomMamu3sauil ModeseaHHs

azpezamHozo muny, iMosipHicHUl mepexeaull epacbik.

Mpednazaemcs cnocob  gopmanu3ayuy @EPOAMHOCIMHEIX, MEeXHOMo2UYECKUX  MPpoyeccos
umauyuoHHol  mModenu B8epORMHOCMHO20  Cemesozo zpachuka;
mu3aayuu ModenuposaHis agpeeamHozo muna dns nocmpoeHus
Mmriekca umumayuu dnsa peweHus 3adad uccnedoeaHus

AHHOMAaUURA:

Apouseodcmea Ha OCHO8E [OCMPOEHUA UM

MmexHOM02USA LCNONL308aHUA CUCMEeMb! asmoma

UMUMaUUOHHbIX Modenel; Memoduka UCNob308aHUS KO

| 8ePOAMHOCMHBIX MEXHON02UYECKUX NIPOUECCOE npouseodcmea.

. Knioyeeble cnoea: eepOAMHOCIIHLIE mexHoNozuYecKue MPOUeccsr pou3s
wodenuposaHua azpeaamHoeo muna, 66DOAMHOCMHbIT cemesoll 2pagux.

godcmea, cucmema asmomamu3sayuu

| 1. Beepenne

MareMaTUdeckux — Mogenei, nonydaemblx  C vcnonb3oBaHWem  0BbIMHOMO
CKMM npoueccam NpousBoacTea obycnoeuna
XHONOrMiA UX

HeapnexkBaTHOCTb
4 MaTemaTuyeckoro annapara (1], peafbHbiM TEXHONoru4e
HEOBXOAUMOCTb Pa3paboTki HOBLIX NOAXOAOB, NPOrPaMMHBIX CPEACTS aBToMaTM3auuu u Te
obnacTax WCCNeaoBaHus W NPOEKTHOM  MOAENVNpPoBaHM
(BTMM). Ha nepsbi# NnaH npu 3TOM

| npumeHennss B COOTBETCTBYIOWMX

| BEpOSITHOCTHBIX TEXHOMOMNYECKAX NpoLiECCOB NPON3BOACTBA

| BbiaBMraeTcs 3afgava crabunusaunm yposHA HAAEXHOCTV NPOEKTUPYEMON NPOW3BOACTBEHHOW CUCTEMBI B

L COOTBETCTBUN C 3348HHBIM KDUTEPUEM KauecTBa ee (PYHKUMOHWPOBAHWA. P
4 NPOM3BOACTBA VMEET Cepbe3Hylo TeXHU4ECKYIo NOAARCPXKY B obpase

eleHne AaHHOoW 3afayn Ha

| coBpemeHHOM 3Tane pa3suTu
| CNOXHBIX TEXHWYECKNX CUCTEM, KOTOpble BKNIOYAIOT B CBOW COCTaB W3MEpUTENbHbLIE KOMMNEKCHI,
| TexHonorn4yeckoe obopyaosaHne U obcnykuBarowmin - nepcoxan,

| cneunanucrtos, pabotaiolmx B 0bnact OUeHku Be3onacHoCT (YHKLMOHUPOBAHUA NPOMbILUNEHHbIX

M SBNSETCA akTyanbHbiM  AnAa

:;.npe.qnpnﬂmﬁ 1 NPOEKTUPOBAHWUA BLICOKOHAAEKHbIX NPOMIBOACTBEHHbIX CUCTEM.

- CneayeT NoAYepPKHYTb, YTO nonoBbHoro poaa pesynbTaToB uccneaoBaHnii Henbss A0CTU4b
MeToAamMu  WcCneaoBaHwuit  u3-3a  HEeBbINONHUMOCTY psna  OrpaHudeHwuin  npu
oBaHuu cnocoba dopmanusauwu Ha OCHOBE

aHanUTUYeCKUMM
| ucnonbaoBaHum Takux mogenei. OaHako npu MCnonb3
eteBbix rpacukoe (BCI'P) n arperaTtHoro cnocoba MmUTauMu C NOMOLLbI0 CUCTEMD
HwA [2] BO3MOXHO AOCTUYb CYLECTBEHHOI aBToMaTn3aunm

BEPOSATHOCTHLIX C
apTOMaTM3auMn UMUTAUMOHHONo MoaenvpoBa
] wccnepoeanun BTMM. Otcytcrene orpaHW{eHUit Ha vcnonb3oceaHne AaHHO
VMUTALMOHHON MOAENU RBNAIOTCA  ACNONHWUTENbHBIM NpenMyLLECTBOM

" meToguku W npocToTa

| nepexopa o1 BCIP «

WCNONb30OBaHMA UMUTaLNW.



2. OTnuunTenbHblie ocobenHocTu obbekTa nccnenoBanus

OCOBEHHOCTBIO PACCMATPUBAEMOrO  BEPOSITHOCTHOTO — TEXHONOrMYEeckoro  npouecca NpowusBOACTBE
aenalotcs  rpadoeas CTPYKTypa B3aUMOCBSA3eW  TEXHOMOrn4eckux onepauuit; Hanuyue OTKas3oB
obopyaoBaHns, NpUBOAALLMX K aBapuw; OrpaHUYeHHbll COCTaB Pecypcos NPEeAnpusTus, KOTOPbIN
APMBOAMT K KOHKyPEeHUMW 3a pecypcbl; HEOGX0AMMOCTL OUEeHKM npenasapuinHON U NOCTaBapuiHO
cuTyauni W nepesoga oBOpYAOBaHWA Ha Pe3epBUpOBaHME Wnu Nepexoq Ha npotnnakTuky cocTasa
060pyA0BaHNA TEXHOMNOMMYEcKoro uukna. B cnydae HeHanexHoro ¢yHKUMOHNpoBaHKUs 0BopyACBaHNA
HEOGXOAUMbI TakKe OLEHKa BNUAHWA XapakTepUCTUK HanexXHOCTU  Ha UHTErpanbHble OTKINKK
UMWTAUMOHHOW  mogenu  (MM) u  onpefeneHne  BEPOATHOCTY He30TKa3HOro  BbINOMHEHWUA

TexHONOrM4YeCcKoro npouecca 3a nHrepsan BpeMmeHu ero peanusayun.

3. Cnocob hopMann3auum TeXHONOrM4Yeckoro npouecca Npou3BoACcTBa

BaxHOW COCTaBNSIOWEA KOHUENTYanbHOn MOAEnW ABNATCH  HAAEXHOCTHBIE  XapaKTepuCTUKW

obopynosanna BTN, [luHamuka noBeneHUs Kaxaoro k -ro yctpoictea pecypcos Tuna R, u R,
onpegensetcs Habopom cneaytoLnx ANUTENLHOCTE# (hyHKLUMOHNPOBaHUS: 6e30TKa3HON pabotbl (T )
BOCCTaHOBNEHMA OTKa3a (Taw()- NWMKBMAALUKM NPOCTON asapum (7_43;(), NWKBMAAELIMN CNOXHON aBapuu
(T, 45c) - B 0buiem cryyae aTv XapakTepucTuku SBNAITCA ¢nyyanHbIMU BENMUMHAMMW, 3aAaBaemMbiM4 ANA
kaxaoro k -ro yctpoictea B Buge pyHKUWA pacnpefeneHns ij (z,), rae z, - HOMep ycTpoAcTBa
pecypca R, -ro Tuna. Kpome Toro, ANs Kaxaoro k -ro yCTpoucTsa onpeaenseTcs BekTop BEPOATHOCTEN
HaxOXAeHWs YCTPOINCTBA B COCTOSHUKM paboTocnocoBHOCTH (P, ), npocToOro oTkasa (P, ), npocToi
asapmut (P, ;). cnoxron asapwn’ (F.,). Takum obpasom k-e YCTPOWCTBO XxapakTepuayeTcs
muowecteom  {F, (2,)} - mroxectsom { By, P Pusic. Frapic), roTopble HasbiBaloTCs
HaAEXHOCTHLIMA  XapaKTepucTUkamn BTOporo Tuna. KoHKpeTHbie /-e peanusauum XxapaKkTepucTuk

napexHocTn k -x<yctponcts (Tgou, Tporr: Taski Teusig) NPW MCNONb3oBaHuM Npoueaypb! MoHTe-
Kapno B xoae umutauymun BCTP dhopmupyloTes no (yHkUMAM pacnpeaenesvs Bpemenn, a HafeXHOCTHbIE
XapakTepUeTUKW BTOPOro TUNa SBNAKOTCA AETEPMUHWPOBAHHBIMWA ANfA  KaXAOro k -ro ycTpoilicTea.

[loatomy B xoge umutauuu BCTP npu kaxaoMm ncnonb3osaHuu k -ro yctpoictea obopyaosaHus

MTXO, no xpebuio BTOPOro TUna pasbirpbiBatoTcs (Ans ykasaHHbIX BEPOATHOCTEW) COCTORHWA

ycTpoiicTBa S,, @ ANUTENbHOCTW HaxOXAEeHUs YCTPONCTBA B 3TUX COCTOAHMAX pasbirpbiBalOTca No
xpebuio TpeTeero Tuna [3].

CraTvcTvkamn umnTaLum B [ -it peanuaauum UM BCTP sensiotca MHoxecTBO {lp, Iy, Ry}

paHHMX, NO3AHUX CPOKOB W pe3epeoB BpemeHn cseplenus SOB;; MHOXeCTBO onts Lomgs troins

!HOW} cpokos BeinonHenns MTXO, . Onpenenexne ykasaHHbix CTATUCTUK NPUBEAEHO B pabote [4].




Takum 06pasom, Ha BXOAE «4EPHOTO ALIMKA» WMEKTCH MHOXEeCcTBa (X}, (Xomt, 1G,}. a na
BLIXOAE ONPeAenslTCs 3HaYeHna KOMNoHeHToB BekTopa Y, . B xone umutauun pukcupyeTcs MHOXEeCTB0

yCPEAHEHHBIX NO BCeM [ -M peanuaaLusm cTaTucTuk peanusauuu /1 -ro sapuaita BCI'P:

ST, = {¢ pins s Rin}

STE,? = {1 prsijy  r1Hijh s L POIRS E 04 } .
[ins onpeaenenns BeposTHOCTN Py, 6€30TKAa3HOro BLINONHEHWA h -ro BapuaHTa peanusauun
BTMMN B KkauecTee AONONHUTENLHOTC NapameTpa WMWTaunm HeobXoAUMO 3aaaTh 3KCMEPTHbIN nepuoa

spemeny ero BoinonHenms (7., ).

Lienbio uMuTauun SBnseTcs MUHUMU3aUUS dyHKuuoHana Y, oTkinkos UMUTELMOHHON Mopaenw

BCIP:
minY s = P({X 4 1o 1 X o} X3 LA (1)

OueHka % -x BapuaHToB opraHuaaiyuu BT npoussoantcs no ycpeaHeHHOMY BEKTOPY OTKNMKOB

13 Bcex | = i,_N peanusaunit BCTP (cornacHo npoueaype MowTe-Kapno).

4, MeTtoauka UCNONb30BaHUA NPOrpaMMHbIX CPEaAcTB aBTomaTu3auuu mogesrinpoBaHuna
ﬂpouecc wccnenoBaHua  BEPOATHOCTHOrO TEeXHOMNOrMYecKkoro LUMKna npous3BoAcTBa peanusyeTca

crneayloLweii nocneaoBaTeNsHoOCTbIO 3Tancs,
Ha samane 1 copmupyeTcs CTpykTypa WMUTALWOHHOW MOAEnu BCIP nytem npoctod 3ameHbl

MTXO,; wa AMTXO&. n SOB, wa ASOB,. Ha amane 2 Heobx0AMMO NOAFOTOBUTL NapameTpel

wanraumn ({X 5} A0 134 X5, ), 1G, }:T.,,) Ha oCHOBE HaTYpHbIX 3KCMEPUMEHTOB C NpoTOTMNaMM

BTN unu meToaom akcnepTHbIx oueHok. Ha amane 3 ocyulecTBNsSeTcs npouenypa «3anutkuy MM BCIP
3HauYeHWAMU NapameTpoB umuTauuu. [na 3TOA UEnn UMEelTCs COOTBETCTBYOLWME CpeacTBa BBOAA
uHdopmauumn B 6asy AaHHbIX UMUTALMOHHOW MOAEnu. Ha amane 4 npoBoguTCA WUCnbiTaHne ovepesHou
sepcun M, BCTP cornacHo MeToaukam, M3noxeHHeim B pabote [4]. Ha amane 5 ocyujecteBnaercs

npoBepka aaeksatHocT MIM BCIP peansHomy BTIM. Ha amane 6 onpefenaeTcs 3HayeHue oTKIMKa

TKPP: 1 onpeaenseTca BAWAHWE cocTaBa W pasMepos pecypcoB Ha KOMMOHEHTbl BeKTOpa OTKIWKOB

AMUTALMM NyTEM HaxoxaeHus 3asncumoctn V= @,(X;;,) npn oaHUX W TeX xe 3HaYEHWsX OCTanbHbIX
xapaktepncTuk {X 1 {X 20 1> 1G ) -
Ha cnepylowem smane 7 Onpeaensietcs BRMsHWE XapakTepucTUK HAAeXHOCTU Ha 3HaveHue

KoMnoHeHToB BekTopa oTknukos ¥ = ¢, (X, X,, ) npu dukcuposarkbix snavenmsax { Xy, },{G,}.



Ha 3aKniounTensHOM 3mane 8 onpeaenseTca BepOATHOCTL NOABNEH ws oTkasa 3a nepuoa T, . C

aTOW Uenblo Ana /1 -ro BapuaxTa opranw3aauuu BTIM sBoauTCA Gynesa NnepemeHHas, koTopas npw I-i
peanu3sauuu BCI'P npuHUMaeT sHa4erns
1, ecnu Py, > 0mpu Typy, < 15,

w, =
Il
‘ 0 B IIPOTHBHOM CJ1y4ac.
] o

Mocne nposefeHus cepun n3 N 9KCnepuMeHToB onpeaenseTcs BEPOATHOCTb OTkasa 3anepuoa

Figh }1 -M BapuaHTe peanuaalum BeposSTHOCTHOIO CETeBOM0 rpadouka.

5. BbiBOoAbl
B HacTosiwen paboTe npeanaraloTca cnocob opmanusaumy BEpOATHOCTHbLIX TEeXHONOrMYeCKnx
NpoLEeccoB NPOU3BOACTBA Ha OCHOBE NOCTPOEHUS UMUTALWNOHHOW MOAENN BEPOATHOCTHOTO CETEeBOro
rpacuka Ans OTOOpakKEHUA ANHAMUKA (PYHKUMOHMPOBAHMA TEXHONOMUHECKoro UMKna; TexHonorua
MCNONb30OBAHUA CUCTEMBbI @BTOMaTU3ALUN MOAENMpoBaHus_arperatHoro tuna  Ans NOCTPOEHWA
WMUTALMOHHBIX MOAENeid BepOsTHOCTHOrO CeTesoro rpachuka; MeToanka MCnonb3osanns KOMMNEeKca
AMUTAUMM  ANA  PeleHus 3ada¥  WCCneaoBaHus BEPOATHOCTHbLIX ~ TEXHONOTUHECKNX npoueccos
npovaeoacTea.

MNpeanoxeHHas  MeToAuKa UCNOfAb30BaHMS  NPOrpaMmHbiX  CPEeACTB aBTomaTnaauuu
MOAENUPOBaHMA Ha OCHOBE Yy4eTta ocoBeHHOCTEN BEPOATHOCTHOrO CETEBOrO rpacuka Ana AAHHOrO
cnyuas MMeeT NepcnekTuBy WCNonb3oBaHWA ANA WNPOKOro Knacca BEepOATHOCTHBIX TEeXHONOrM4ecKnx

NpoLLeccoB NPOM3BOACTBA.
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