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OBIIAA XAPAKTEPUCTUKA PABOTbI

AKTyanbHOCTB TeMbl HccjiefoBaHns. OHON U3 OCHOBHBIX 3a/lad COBPEMEH-
HOW TIPOMBIIUICHHOCTH SIBJISIETCS] TIOBBILIEHHE KayecTBa BBIITYCKAEMOW MPOIYKIUH C
LeNplo o0ecrieueHnsl ee KOHKYPEHTOCIOCOOHOCTH. Ba)KHBIM pe3epBOM MHOBBILIEHUS
Ka4ecTBa M yBEINYEHHS MPOU3BOJUTEIFHOCTH SBISIETCS] IPUMEHEeHNe NH(pOopMannoH-
HO-YTIPaBIAIOMIAX CUCTEM TEXHOJIIOTHYECKNMH oO0bekTamu. [Ipumepamu Takux oObek-
TOB SIBJIIOTCSI TETJIOBBIE aIlaparthl, B YaCTHOCTH, IIMPOKO HCIIONIB3yEeMbIC B Pa3iIid-
HBIX OTPACJISIX MPOMBIIIJIEHHOCTH MHOTOCEKIINOHHBIE CYITUIIbHBIE YCTAHOBKH.

MHOTOCEKIIMOHHBIE CYIIMIBHBIE YCTAHOBKHU SBJISIOTCS CHCTEMAaMH C pacIpese-
JICHHBIMH TIapaMeTpaMu U KaKk OOBEKTHI YIPABICHUS XapaKTEPU3YIOTCS CIETYIOINMHE
OCHOBHBIMH OCOOEHHOCTSIMH. BeKTOp YIpaBJICHUA COACPKUT JBa TUIIAa KOMIIOHEHTOB
— obuiero gedcTBUs (Ha BECh allapar) U 4acTHbIE (JIOKAIbHBIE); B KAUeCTBE BBIXOI-
HBIX IEPEMEHHBIX pacCMaTpUBarOTCA KOHTPOJIUPYEMBIC BCJIMYHMHBI B OTACIIBHBIX Yac-
TSAX anmapaTa; OCHOBHBIMH MOKazaTelsMU 3()(eKTHBHOCTH (DYHKIMOHHPOBAHHS CY-
LIMJIBHOW YCTaHOBKH SIBIISTIOTCSI KQUECTBO MOJIY4aeMOro HMPOIYKTa U MPOU3BOUTEIb-
HOCTb; YIPAaBISIONIEEe yCTPOWCTBO BBHIPAOATHIBAET BO3JCHCTBHS, KOTOPHIE IOJDKHEI
YYUTHIBATH BO3MOKHBIC M3MEHEHUS CUTYaIMi, 00YCIIOBICHHbIE HATMINEM BPEMEHHO-
TO 3ara3AbIBaHUs MEXTY YIPABISIONIMMHI BO3JICHCTBUSMH M BBIXOIHBIMHU IIEpEMEH-
HeIMH. [l ydera 3THX OCOOEHHOCTEH WH(OPMAIIMOHHO-YIIPABIIONIAs CHCTEMa
(MYC) nomxHa peann30BBIBATH AITOPHTMBL, TO3BOJISIOIINE ONEPATUBHO KOHTPOIIHPO-
BaTh BIArocojiepykaHWe MaTepHana, MIACHTH()UIMPOBATh TEKYyILEe COCTOSHHE (yHK-
IMAMOHHUPOBAHUA O6T>eKTa N CBOCBPEMECHHO pE€arupoBaTb Ha M3MCHCHUA OCHOBHLBIX PC-
JKUMHBIX IapaMeTpoB mnporiecca. [Ipu 3ToM He06X0AUMO TaKKe YUUTHIBATh HEMOIHO-
TY 1 HCTOYHOCTH JAaHHBIX, BIUAIOUINX Ha MPOLCCC CYIIKU B OTACIIBHBIX CCKIIUAX. Ilo-
9TOMY INIpH Pa3padOTKe MaTeMaTH4ecKoro M ajlropurMuueckoro obecrneuenus UYC
LIMPOKO TIPUMEHSIIOTCSI aJTOPUTMBI YIPABIECHHS, MCIIONB3YIOMINE METOJBI MCKYCCT-
BEHHOTO MHTEJUIEKTA.

TeopeTrndeckue BOIPOCHI aHANN3A U CHHTE3a ONTHMAIFHOTO YIPaBIEHHS IPO-
LIECCaMH CYIIKH C YI€TOM CMEHBI COCTOSHIH (JyHKIIMOHMPOBAaHMS 0OBEKTA B ITPOIIEC-
Ce peaJbHON SKCIUIyaTallMd TEIUIOBBIX aIllapaToB HCCIENOBaHbI HEIOCTaToyHo. B
CBSI3U C 3THM pa3paboTka Monenel, MeTooB 1 anroputMoB miusi MY C, pematormeii B
peanbHOM BPEMEHH 3a/1a4H TOBBIIICHHS Ka4eCTBa MPOILYKIUH U MPOU3BOIUTEIbHOCTH
MPOLIECCOB CYLIKH, SIBISIETCSI CBOEBPEMEHHON U aKTYaJIbHOW 3a1aduei.

Leas HAYy4YHOr0 MccaeJOBAHUS 3aKIII0YAETCS B NOBBIIICHUN Ka4yecTBa BhIITyC-
KaeMou MPOAYKIHHU U MPOU3BOAUTCIIBHOCTH MHOT'OCCKITMOHHBIX CYIIMJIBHBIX YCTAaHO-
BOK Ha OCHOBE pa3pabOTKH M BHeIpeHHs MH()OPMALMOHHO-YIPABISIOMIEH CHCTEMBI
MIPOLIECCaMU CYIIKH.

JUist TOCTHXKEHUsI TIOCTAaBIEHHOM e HeoOXOANMO PElINTh CIeIyIoIue 3a-
AaYu:

- chopMyIHMpoOBaTh 3aJaudl YIPABICHUS PEKAMAMH CYIIKA B MHOTOCEKIIHOH-
HBIX CYIIMIBHBIX YCTaHOBKAX;



- pa3paboTaTh MaTeMaTHYeCKHe MOJEIH Ul OTNEePaTUBHOTO IOJYYCHUs MH-
(dbopmanuu 0 BIarocoJepkaHuM Marepuaia, KoTopas HeoOXoquMa NP PEeIIeHUH 3a-
Jlad yIpaBieHHs CYIIIBHON YCTaHOBKOI;

- CO34aTh BUPTYaNbHBIM JATYMK BIArOCOAEPIKaHUS MaTepualla, MO3BOJIAIONINN
B PEaIbHOM BpEeMEHH, OECKOHTAKTHBIM CIIOCOOOM OMpEIENSATh BIarocoepkaHue Ma-
TepHana B CEKIIMAX MHOTOCEKIIMOHHBIX YCTaHOBOK;

- BBIJETHUTH JUMHUTHPYIOIIUE CEKINH, B KOTOPHIX MPOHCXOIUT Hanboiiee MH-
TCHCUBHBIA BJIArocheM M pa3paboTaTh MPOLEAYPHYIO MOJETb Ul MPOTHO3UPOBAHUS
Ka4eCcTBa KOHEYHOTO MPOAYKTa IO 3HAYEHWAM BJIATOCOJEPIKAHUSA MaTephalla B 3THUX
CEKIUX;

- pa3paboTaTh aNrOPUTM YIIPABIECHHS MIPOIECCOM CYIIKH, MTO3BOJIIONINI 00ec-
NEYUTh KAueCTBO BBITYCKAEMOH MPOAYKIUH HE XYK€ TpeOyeMOoro npu MaKCHMabHO
BO3MOYKHOH NMPOU3BOAUTENBHOCTH;

- pazpaborate MYC, ocymecTBISIONIYIO pelIeHHe 3a/1ad YIpaBJIeHHs IPOLec-
COM CYIIKH B MHOTOCEKIIMOHHOH YCTaHOBKE.

O0BbeKkTOM HCCIeTOBAHMS SBISIETCS HHPOPMAIIMOHHO-YIIPABIISIONIAs cUCTEMa
MIPOLIECCAMU CYIIKH B MHOTOCEKIIMOHHBIX amaparax.

IIpeqmeToM HcciIeNOBaHUSA SBISIOTCS MaTEMaTHYECKOE, AITOPUTMUYECKOE U
MIPOTpaMMHOE OOecTedeH!sT MH(GOPMAIIOHHO-YIIPABIIONINX CHCTEM MPOLECCaMH
CYIIKH B MHOTOCEKIIMOHHBIX aIlapaTax.

Metoas! ucciegoBanuii. B pabore ucmoas30BaHbl METOABI MATEMaTHIECKOTO
MOJIENIMPOBAHUS CIIOKHBIX CHCTEM, AHAIHM3a ¥ CUHTE3a ONTUMAIILHOTO yIPaBICHUS Ha
MHOXKECTBE COCTOSIHHI (DYHKIIMOHHUPOBAHWUSI, IOJIOKESHUSI CHCTEMHOTO aHallu3a, Teo-
PpUH HEYETKUX MHOXXECTB M HEHpOHHBIX ceTell, pazpabotrku NYC ¢ ncnonap3oBaHneM
CASE u CALS-rexnonoruii, ¢ynkuuonaisaoro (IDEF/0) u uHbOpManuoHHOTO
(IDEF1x) monenupoBaHus, 00bEKTHO-OPUEHTHPOBAHHOTO M BU3YaJbHOI'O MPOTpaM-
MUPOBaHUSL.

Hayuynast HoBH3Ha PadoThI.

1. CopmynupoBaHsI 0011ast ¥ YaCTHBIE 3aa4l ONTHMHU3AINN PEXXNMOB pabo-
ThI CyHIIMJIBHON YCTaHOBKH, IPEJIOKEH adrOPUTM YIPABICHHS MPOLECCaMH CYIIKU B
MHOTOCEKIIMOHHBIX CYINMIBHBIX YCTaHOBKAX, OCHOBAHHBIA HAa MIPUMEHEHUHN HEUYETKOU
JIOTUKH, OTJINYAIOIUICA OT CYyIIECTBYIOIIMX ONEPATUBHBIM YCTPAHEHHEM OTKIOHEHUS
BJIATOCOZAEPKAaHUs MaTepualla B pa3IM4YHBIX TOYKaX IO JUIMHE armapaTta OT JOITyCTH-
MBIX 3HAU€HMH, yUUTHIBAIOIINI BIMSHUE OOJBIIOTO YKCIa BOSMYIIAIOMINX BO3JIEHCT-
BUM, 00€CTIEUNBAIOIINIA MMOBBIIIEHUE KAYeCTBA BBHITYCKAEMOW MPOIYKIIUH U MPOU3BO-
JIUTENIBHOCTH IIpolLiecca.

2. Pa3paboTaHbl aHATUTHYECKUE MOJENIH, OCHOBAaHHbIE HA HEWPOHHBIX CETSX,
OTIMYAIOIIMECS OT CYLIECTBYIOIIUX OIMpEJeICHUEM BIaroCOAEp:KaHMUs ABUKYIIETocs
MaTepuasia B pa3IM4YHbIX TOYKAX MO JJIMHE CYIIWIBHOW YCTaHOBKH, IPUTOMAHBIE JUIS
pelIeHus 3a1a4 ypaBJIeHUs peKUMaMU CYIIKH.

3. PazpaboTana npoueaypHast MOJIENb ISl pacdyeTa Mephl JOBEPHs K JOCTHKE-
HHUIO TPeOYeMOTO BIIArocOJAep)KaHHWs MaTeprasia Ha BBIXOZE CYLIMJIKH IO 3HAYECHHSIM
BIIArOCOZIEPKaHUS MaTepuaa B JUMUTHPYIOIINX CEKIMAX, MPUTOIHAs I Kinaccudu-
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KallUd BO3MOXKHBIX CUTyallUd B MHOI'OCEKIIMOHHOW CYIIMJIbHOW YCTaHOBKE U BbIpa-
OOTKH YIPaBJIAIONIAX BO3IEHCTBHH, OTIMYAOMIAACS OT CYNIECTBYIOIIUX HCIOIb30Ba-
HHUEM HaKOIUICHHOTO OIBITa 3KCIIEPTOB M pUMeHeHneM Metosa Jlemncrepa-1lladepa.

4. BBeneHO MOHATHE CHUTyalluM MHOTOCEKLIIMOHHOM CYIIMJIBHOW yCTaHOBKH,
MIPUMEHUTEIBHO K pellaeMbIM 3ajadaM yYIpaBieHUus U c(HOPMHUPOBAHO MHOXKECTBO
CUTYyalluid, XapaKTePHU3YIOIMUX Pa3IM4YHBIE COCTOSIHMS amapara. BeIoeneHsl KiIacchl
CUTyalllii, KOTOPBIM COOTBETCTBYIOT OINPENEIECHHBIE BUIBI 3aJa4 yIPABICHUS PEXKH-
MaMH CYIIKH.

5. Co3pmaH BHPTyadbHBIN JAaTYUK, OTIMYAIOMIANACS OECKOHTAKTHBIM CIIOCOOOM
OIIEPATUBHOTO OIIPEENIEHUS BIATOCOAEPKAHUS MaTeEpUalla B IIPOLECCE CYLIKH.

6. IlpemiokeHa METOAMKA TOCTPOECHUS BUPTYAIbHBIX JAaTYUKOB BIIArOCOMEP-
JKaHUS MaTepuala B CEKLMAX CYIUMIBHON YCTAHOBKU Ha OCHOBE HEHPOHHBIX CETEM.

7. Pazpaborana Y C, ucnonb3ytomasi BUPTYaIbHBIH JaTYHK BIarocoAepiKaHus
MaTepHaja, OCYIIECTBIIAIONIas pelleHHe 3ajad YIpaBJIeHHUsA MpoleccaMH CYLIKH B
MHOTOCEKLIMOHHON CYIIMIIBHON YCTaHOBKE.

IIpakTHyeckass 3HAYUMOCTB. Pa3zpaboTaHbl MporpaMMHBIE MOIYJIH HHQOP-
MaIIOHHO-YIIpaBistomell cucreMel. Co3faH BUPTYalbHBIA JaTYMK, IO3BOJISIOLINIMA
OIpENENATh BIAroCcoAEpKaHUe IBIKYIIETOCs MaTepuana B peaabHOM BpeMeHH. Pas-
paboTaHO anrOpUTMHYECKOe obecreyeHne MH(OPMAIIOHHO-YIIPABIIONIEH CHCTEMBI
MPOLECCAMU CYIIKH B MHOTOCEKIIMOHHON YCTaHOBKE. BHenpeHne NaHHOW CUCTEMBI
MO3BOJIWJIO YBEJIMYUTH BEPOSITHOCTh BBIXOJA KadyecTBEHHOW mpoaykimu mo 0,98, a
TaKKe TMOBBICUTH ITPOU3BOANTEIBHOCTH ITPOIIECCOB CYIIKH Ha 5%.

Peanm3anus padorbl. Pa3paboranHas WHPOPMaIMOHHO-YIPABISIOMIAS CHUC-
tema BHeapeHa Ha OAO «TambGoBckuii 3aBoa «OKTAOpb». Marepuaisl HCCIleI0BaHUHI
UCTIONB3YIOTCS B yueOHOM mpornecce Kadenpbl «KoHCTpyrpoBaHue pagrodIeKTpOH-
HBIX M MHKporponeccopHsix cucrem» ['OY BIIO «TamOoBckuii rocynapcTBeHHbIH
TE€XHUYECKUN YHUBEPCUTET.

OcHOBHBIE I0105KCHHS, BBIHOCHMbIC HA 3aIUTY:

- TMIOCTaHOBKH 33Ja4 YTIPaBIICHHUs PEKUMAaMH CYIIKH, B KOTOPBIX YYUTHIBAETCS
MHOXKECTBO CHUTyallMii B MHOTOCEKIIHOHHOH CYIIMIBHON YCTAaHOBKE M MHHHUMU3UPY-
I0TCSL IOTEPHU OT CHIXKEHUS KauecTBa MPOAYKIUH U IPOU3BOAUTEIBHOCTH;

- AHAIUTUYECKUE MOJEIH, MO3BOJIAIOIINE ONPEIENATh BIArOCOIEPKAHNUE JBH-
JKYIIETocs MaTepHaja B Pa3sIMYHBIX TOYKAX IO JUIMHE CYIIWIKH, IIPUTOAHBIE AT pe-
LICHUS 337a4 YIPABICHUS PEKUMaMHU CYIIKH;

- MpoLeIypHasi MOJENb ONpPEIeNIeHNs] MEPhI JOBEPHs K JOCTIKEHUIO Tpedye-
MOTO BJarocojep>kaHus MaTepHaja Ha BBIXOJE CYIIMJIKM Mo MeToxy Jlemmcrepa-
ladepa, mpuroxHast st KiaccH(DUKAIMKA BO3MOXKHBIX CHTYallMid B MHOTOCEKIIHOH-
HOM CYIIMJIBHOM yCTaHOBKE U BHIPAOOTKM YIPABIISIOMINX BO3IEHCTBHI;

- BUPTYalbHBIM JaTUWK, MO3BOJIAIONINM B peaJbHOM BPEMEHHU MONydYaTh HH-
(bopMaIuo 0 BIarocoiepykaHuy Marepualia B JUMUTHPYIOIIUX CEKIHSX, KOTOpasi He-
obxoxanMma st pyHKmoHupoBanus MUY C;

- METOMKA MTOCTPOEHHS] BUPTYAIbHBIX JATYMKOB BIATOCOACP KAHUS ABHKYIIE-
rocsl MaTepHaga B MHOTOCEKIIMOHHBIX CYIIMIIBHBIX YCTaHOBKAX;
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- aJITOPUTM YIIPaBICHUS MPOIECCOM CYIIKH, TO3BOJUBIIUI ONEPaTUBHO yCTpa-
HATH OTKJIOHEHHS BJIAroCOAEp’KaHHs MaTepuana B JUMHUTHUPYIOIIUX CEKLIUAX CYIIMI-
KH, C y4ETOM MHOXXECTB COCTOSIHHI (D)YHKIIMOHMPOBAHHUS U BO3MYILAIOIINX BO3/IEHCT-
BUI;

- NVC, ucnonp3yomas BUPTyalbHBIN JaTUUK BIAarocoJAepXaHUsS MaTepuana,
MTO3BOJIMBINAS PEIIaTh 3a/la4 MOBHIMICHNS KadyecTBa KOHEYHON MPOIYKIUH U MPOU3-
BOJUTEIHHOCTH CYIIMJIBHON YCTaHOBKH.

Anpodanust pa6oTbl. OCHOBHBIE pe3yNbTaThl PAOOTHI MPEACTABISUIICE U 00-
CYXJaJHCh Ha CIEeAyIInX KoHpepeHIHAX: VI MexayHapomHOW Terumodu3nyecKon
mkone (MTOII-6) «Temnodusnka B sHEprocOEpeXeHUH M YHpPaBICHUW», TaMOOB:
TI'TY, 2007 r.; IV MexIyHapOZHOH 3a0YHONW HAYYHO-TIPAKTHYECKON KOH(EPEHINH
«['moGanpHbIl Hay4YHBIH TTOTeHIMam», Tam6oB: TI'TY, 2008 r.

Iy6auxanuu. OCHOBHBIE HAay4YHBIE PE3yJIBTATHl 10 TEME TUCCEPTAlUH OMyO-
JUKOBaHBI B 9 paboTax, UX HUX 2 CTaThU B JXypHasaX, pekoMeHayeMbix BAK PO mns
Ty OJIMKAY OCHOBHBIX PE3YJIBTaTOB AMCCEPTAINH, 5 cTareil u 3 mokiana.

CtpykTypa u 00beM padoTsl. [luccepTanyioHHasl paboTa COCTOUT U3 BBEJE-
HUSI, YETBIPEX TJ1aB, 3aKJIIOUYEHHS, CIIMCKA JINTepaTypsl U NpuiioxeHuil. Pabora nzio-
keHa Ha 112 crparumax, cogepxut 20 pucyHKoOB U 9 Tabmui. bubmmorpaduueckmii
CITUCOK JIUTEPATypPhl BKItO4YaeT 145 HauMeHOBaHUH.

OCHOBHOE COJEP)KAHUE PABOTBI

Bo BBeneHHH nokazaHa aKTyaJlbHOCTb PadOThI, C(HOPMYIHPOBAHEI LIENb U 3a-
Jadu UCCI€J0oBaHuA, OTMCUCHA HaydHas HOBU3HA, IMMPAKTUYCCKAA 3HAYUMOCTb U OJOC-
TOBEPHOCTH MOJYYCHHBIX PE3YyJIbTAaTOB, IMPUBCACHLI IMOJOXKCHUA, BBIHOCMMbBIC Ha 3a-
muTy. JlaHa anHOTanus paboTHI 1O TIaBaM.

B nepgoii rase «J/lutepaTypHBbIii 0630p U MOCTAHOBKA 321a4U HCCIe0BA-
HHUSD» PACCMOTPEHBI CYIIECTBYIOIINE NH()OPMALIMOHHO-YTIPABIISIIONINE CUCTEMBI SHEP-
TOeMKHMH 00BbekTaMu. OTMEUeHbl 0OCOOCHHOCTH YIPaBICHUS PEKUMaMHU pabOTHI Cy-
IIMIBHBIX YCTAHOBOK, IMPUMEHSIEMBIX Ul CYIIKHM MarepuaioB. [IpomsBeneH aHamms
CIIOCOOOB M CpPEACTB M3MEPEHHs BIXHOCTH. Ha OCHOBE MpOBENEHHOTO aHalk3a I10-
CTaBJIEHA LIENIb ¥ CHOPMYITMPOBAHBI 330a4UH AUCCEPTALIMOHHON pabOTHI

Bo BTOpOIi r1aBe «3afaaun ynpapJeHHsl M NPOLeIyPHO-aHAIMTHYECKOe MO-
JdeJIMpOBAHHE BJIATOCOJEP:KAHUS MaTEepPHAJIa» NPHUBEICHO OIHMCAHWE CYIIMIbLHOH
YCTaHOBKH, KOTOpasi PEJICTABISIET COO0M KOPUIOp, pa3/eieHHbIH Ha CEKLIUH, B KOTO-
poM pasMellleHa JIeHTa TpaHCIopTepa M Bopomurenb. IlacToobpasHblii Mmarepual,
YIJIO’KEHHBIHN Ha JICHTY U CYIIMJIBHBIN areHT (CYIIMIBHBIM areHTOM SBISETCS HarpeThIi
BO3/yX) IBIDKYTCSI B KOPHAOpPE MPOTHBOTOYHO, B KaXKAOH CEKIMH OOECIeUMBAETCS
MOJIOTPEB CYNIMJIBHOTO areHTa B MapoBBIX Kanopudepax. [Ipm momomm Bo3myxosza-
OOpHBIX OKOH PEryJHpyeTcs MPUTOK CYIIMIFHOTO areHTa B CEKIWH, a COPOCHbIE IIH-
Oepbl W BBITSDKHOW BEHTHIISITOP OTBEYAIOT 3a OTBOJ OTPAOOTaHHOTO CYLIMIBHOTO
arenTta. Mcxoas W3 KMHETHKH TIpoliecca CYIIKH, B YCTAHOBKE MOXHO BBIIEIHTH He-
CKOJIBKO CEKIIMH, B KOTOPBIX yJaJsIeTCsl OCHOBHAS YacTh BIIATH, COJEprKalueiicsa B Ma-
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tepuasie. Harmpumep, 18 NATHCEKIIMOHHON CYLIMIIKM 9TO BTOpas U TPETbs ceKuuu. B
HUX yaanseTcs okoso 73% OT HadaJbHOrO KOIMYECTBA BIATH @, COAEprKalllelcs Ma-
Tepuaie. OTH ceKunu OyJeM Ha3bIBaTh JIMMHUTHPYIOIIMMH, T.K. TIPOTEKAIONINN B HUX
IIPOLECC BO MHOTOM OIIPEJENSIET Ka4eCTBO KOHEYHOTO MPOAYKTA.

CchopmynupoBaHbl 3afadd ONPENCICHUS BIIATOCOAEPKAHUS M yNPABICHUS
MIPOIIECCOM B MHOTOCEKIIMOHHBIX CYIIWJIBHBIX YCTaHOBKaxX. Pa3paOoTaHbl aHaIMTHUC-
CKHE U IPOLEypHas MOAEIH ONpPEeIIEHHs BIaroCoAep KaHusl MaTepHralla B IIporecce
CYILKH, IO3BOJIIOIIME B PEAIbHOM BPEMEHHM DPEIIATh 3aJadyd IOBBILEHUS KadecTBa
IPOLYKIUH.

OO0mias 3aa4a yrnpasieHUs IPOIECCaMH CYIIKH (OPMYITHPYETCs CIIeTyIOIINM
obpa3oM. 3agaroTes:

- omepaTtop [, TMO3BOJAIOUIMI OMPENENATh BIArOCOAEpKaHUE MaTepHana B

JUMUTHPYIOIIMX CEKUUSIX W Ha BBIXOJIE CYIIWJIBHON ycTaHOBKH ) = (),..., V7 ) B 3a-
BHUCHMOCTH OT 3HaU€HHMH BEKTOPa YNpPAaBIIONMINX BO3ACHCTBUHA u = (U{,...,U p), BO3-
MYIIAIOMINX BO3ACUCTBUH X = (X{,...,Xg ) TPHU PA3IHYHBIX CUTYalUsIX (QYHKIHOHUPO-
Banus S={s;(), :1,_L} s
f:UxXxS—-Y, )
rme U,XY,S — MHOXecTBa 3HAaYEHHH YIPABISIONINX, BO3MYIIAIOINX BO3ICHCTBHIA,
BBIXOZHBIX NTEPEMEHHBIX 1 N3MEHEHHH CUTYyalllii COOTBETCTBEHHO;
- OTPaHWYCHUS HAa 3HAYCHMS BBIXOIHBIX TIEPEMEHHBIX ) W M3MEHEHHWE yIpaB-

JISTFOIINX BO3ACHCTBHH U , T.C.

y, €Y z=1,2; (2)
upeUf,OH,p:I,_P, 3)

e YU, U gon — 06J1aCTH IOy CTHMBIX 3HAYEHUH V. W U, COOTBETCTBEHHO; Z, P -

P
YHCIIO BBIXOJHBIX IEPEMEHHBIX U YIPABIIIIONINX BO3ACHCTBUI COOTBETCTBEHHO;
- KPUTEpUH ONTHMAJIBHOCTH, XapakTepu3yomui kadectBo npoxayknuu (K) u
nipousBoanTenbHOCTH (I1p) paboTs! 00BEKTa, BUia
0 = Q(AK, Allp,u) — min, “)
u
rae AK, Allp - norepu, BbI3BaHHbIE CHM)KCHUEM KayecTBa U IPOU3BOJUTEIIBHOCTH

COOTBETCTBEHHO.
Tpebyercst onpeaenuTh TAKOE 3HAUCHHUE YIIPABJISIONICTO BO3ACHCTBUS © ¥ , pu
KOTOPOM BBIMIONHSIOTCS orpanudeHus (2), (3) u xpurepuii (4) 1oCTUTaeT MUHUMAIb-
HOTO 3HAYCHUSI.
KomrmoHeHTaMH BEKTOpa BBIXOAA ) SIBISIIOTCS BIIArOCOJCPIKAHHUE MaTepHaa

Ha BBIXOJC JIMMUTHUPYIOIINX CGKHI/Iﬁ U caMou CYIINJIKH. HpI/IMeHI/ITeJ'II)HO K IIATUCCK-

LIMOHHOMN CyIMIBbHOI ycTaHoBKe (puc. 1) 9T0 BarocojiepxaHue B KOHIIE BTOPO ¢,
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TPeTbel @3 W IATOW (5 CEKIM, & BEKTOPBI YIPABISIONMX ¢ U BO3MYLIAIOIIMX X

BO3J€UCTBUHN 3aIIMCBIBAIOTCS B BUJIE

Cl1 B30 CIII B30 (911 BB\,
uz(uo sUuy L,upy Uz U3z LU, ), (5)

K TCa BCa BO] TCa BCa TOB BOB
X = (¢H9¢2 s X2 X Xy p9x3 s X3 Xy 5 Xy )’ (6)

e w3l us™,uz %, us™ - ynpasnenne Bo3ayxo3a0OpHBIME OKHAMH M COPOCHBIMH
wnbepamMi BTOPOH M TPEThel CEKUMl COOTBETCBEHHO; i, - yIpaBlIeHHE paboTON

BBITSDKHOTO BEHTHIIATOPA; U, - yIPABJIEHUE CKOPOCTHIO ABUKEHHS JICHTBI TPAHCIIOP-

Tepa; x5 0, x5 ¢ - TEMIIEPATypa U BIAKHOCTH CYNIMIBHOTO areHTa BO BTOPOH CEKIIMH
COOTBETCTBEHHO; x5 " TOJIOKEHHE BOPOIIUTENS HAa BXOJE BTOPOH CEKIMM;
%3, x5 - TeMmepaTypa M BI@KHOCTb CyNIMJILHOTO areHTa B TPEThEH CEKIUU COOT-
BETCTBEHHO; X, °,Xg ~ - TEMIEpaTypa M BJIAKHOCTb OKPYKAIOLIErO BO3AyXa COOT-
BETCTBEHHO.

OCHOBHBIM KOMIIOHEHTOM BEKTOpPa YNPAaBIAIOLIMX BO3JEHCTBUN u SIBIAETCS
CKOPOCTb JIBIDKEHHMS JICHTBI TpaHCropTepa. B ciydae HEOOXOIMMOCTH TakKe MOTYT
WCIIOJIB30BaThCA BO3/yX03a00pHBIE OKHA M COPOCHBIE IIMOEPHI COOTBETCTBYIOIIMX
CEKLUH CYyIIMIbHON YCTaHOBKHU.

(V)4 BB
Uo »to B30 e B30 cut
u, Uy Us Ll3
A 4 l h 4 l 1 A 4 1 A 4 A 4
Cekumsa 1 Cekuus 2 Cekuma 3 Cekuua 4 Cekumsa 5
K s
AN I IR AN
L] L] L] L]
-~ T _~ T T -~ T S PN
BOp TCa BCa TCa BCa
Xy " Xy X5 X3 X3
BOB TOB
xO >0

Puc. 1. CTpyKTypa NSATHCEKIMOHHOM CYIIWIKU KaK 00beKTa yIpaBJIeHUs
VY4uTbiBas, 4TO KOMIIOHEHTHI BEKTOPOB ¥ M U OTHOCSTCSI K Pa3HbIM CEKIUSIM

CYIIMIBHON YCTAHOBKH, JOTIONHUTEIBRHO K OOl 3amaue pacCMaTpUBAIOTCS BE Ya-
CTHBIC 3aJa4r YIIPABJICHUSA MpOoLeCCaM CYIIKH MPUMCHUTECIIbHO K OTAC/IbHBIM apTH-
SIM JIBIDKYIIIETOCS MaTepuana. B JaHHOM Ciiydae Mo MapTHeld MOHUMAETCST KOJIHYECT-
BO MaTepHaja HaxOJSIIErocs B OJHON CeKnuu. MareMaTHueCKu NepBasi YacTHas 3a-
Javya IPUMECHHUTEIBEHO K /1 -0 TTAPTHH MaTepraiia MOKET OBbITh 3allicaHa CIeayOInuM
o0Opa3oM. 3amarorcs:
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- MOJEJIb, TI03BOJIAIONIAs ONPENENIATh BIArocoAepKaHue MaTepuala B LIEHTpe
BTOPOM CEKIMH CYIIMIBHON YCTaHOBKH, T.€.

Pr(t7') = fup, %3, 4), (7
rae t5' - MOMEHT BPEMEHH OIPEJIENICHHUs BIArOCOAEPKAaHUs /71 - Oif TAPTHH MaTepUana
BO BTOPOH CEKLUU; Uy,X; - BEKTOPBI YNPABISIIONIMX M BO3MYLIAOIINX BO3ACHCTBUN
BO BTOpPOW CeKLUHU; A, - MAaCCUB NapaMeTPOB MOJENU I ONpPEAEICHUs BIAarocoaep-

JKaHU MaTepuajia B ICHTPC BTOpOﬁ CCKIIMH,
- OrpaHUY4CHUA HAa UBMCHCHHUEC Uy U Py

uy e U5, (8)
J10I1
9y €13, )
rae U, Y51 - obnactu 1o1yCTHMBIX 3HAYCHUH 1) U @]

- MUHUMH3HPYEMBIH (DYHKIMOHA
Q2 = CIAK(Mz) + CzAHp(Uz) —> min, (10)
up
TZe ¢|,Cp - BECOBBIE KOO (OUIIMEHTEI.

TpebyeTcst pu MPOXOXKICHUN 71 -0 MTAPTHH MaTepualia BTOPOH CEKIUH C TI0-
MoIIpI0 MojienH (7) OMPENENUTh BIaroCOAEpXKaHNuEe MaTepralla U €CIIM OHO BBIXOJIUT
3a Jomyctumble mpenensl (9), To BRIpadoTaTh ONTUMAbHOE KOPPEKTHPYIOIIEe BO3-
NEUCTBHE

% .
uy =argmin Q,(AK,Allp, ¢, cp,uy), (11)
)
TIPU 3TOM JIOJDKHO BBIMOJIHATHCS OrpanndeHue (8).
BekTopsl 1, U x, BO3NEHCTBHH COAEPIKAT CIEMYIOIIUE KOMIOHEHTHI

uy = (g u3™ g™ ug"); (12)
ca _BCa _BO o 0
Xy = (@, 03 157 5P 667 6. (13)

AHanornyao GopMyIupyeTcsi BTopasi YacTHas 3ajada Uil TPETheH CEKINH Cy-
LIWJIKY.

Hcxons 3 0coOEHHOCTEH MPOIECCOB B CYIIMIBHBIX YCTAHOBKAX, OPTaHU3AIHS
HEIMOCPEACTBEHHOIO U3MEPEHUS B pEAIbHOM BPEMEHH BIIArOCOAEpKaHUs MaTepuaia B
CEeKIIMSX TPEACTaBIACTCS BeChbMa 3aTPYJHHUTENBbHOW. J{sl pemeHus 3Toil mpoOieMsl
Ipyu MOACIIMPOBAHNUU TIPEAJIArac€TCsa UCIOJIb30BaTh UCKYCCTBECHHBIC HeﬁpOHHLIe CETH.
[TosydyeHHbIE ¢ MOMOIILI0 HEHPOHHBIX CeTel (MHOTOCIOWHBIN MEPCENnTpPOH), COnep-
JKamux B cebe 1Mo 3 ¢jI0s - BXOAHOM, CKPBITHIN U BRIXOAHOH. Hampumep, anamuTide-
CKUE MOJAENM Ul OIpENENICHHs] BIArocOAEp)KaHUs MaTepuala B KOHLE BTOPOH U
TpeThel CeKLUH, UCIOIb3yeMbIe IIPU pelIeHnH 00IIeH 3a1auu yIpaBIeHUs peKUMaMH
CYIIKU MEIOT BUJ



0

05 =| 1+exp| -Bik | = 1@“”@+wABQ)M?¢H wi) % +

)| (2) _rca
+ W5,j - X

Wg,Zj) BOB (2) . B

2 2
+wy + wg]) x5+ ng ul+ (14)

-1
2 2 2 2 2
f(ij) x2 P+W( ) 2 +W1(0,)j.u§m]_95'))) g}}x >

N3
3 3 3 3
o5 =| 1+exp| —BLlx - EIW_S' BL]X)‘(1+exp(—[3Fj)~[w1(,) @) +w() x % +

3) BOB 3) 1 (3)  .rca (3) . .Bca (3) ., BB
w3’j +w4j +w5’j X3 +W6,j X3 +w7’j u, + (15)

-1

1
O s u ). ] 49» _o®

+ W, BBIX ’

(2) W(?BLIX)

e w; 7w, - BecoBble KO PUIIMEHTHI CBs3el HEHPOHOB CKPBITOTO M BBIXOJHO-

IO CJIOEB HeHMpOHHOM ceTw mys pacuera @5, j=1,2,..,N5; N, - 9hCII0 HEHPOHOB B

CKPBITOM CII0€ CeTH Juis pacueta @5; wi) 5-3 BhIX)

i 7 - BecoBBIC K03(p(PUIIMECHTHI CBS3EH

HEHPOHOB CKPBITOTO W BBIXOJHOTO CIIOEB HEHPOHHOM CeTH IS pacdera @3,

j=12,..,N3; N3 - 4HCIO HEHPOHOB B CKDHITOM CIIOE€ CETH Ui Pacdyera ¢3;
BS?) (2) 9(2) 0

BEIX > beix - YDIBl HAKJIOHA M CIBUTH CHIMOMIANBHBIX AKTUBAILIMOHHBIX

(yHKIMIT HEHPOHOB CKPBITOTO M BBHIXOIHOTO CJIOEB HEWPOHHOMN CETH JUTS PacyeTa ¢ ;
[353) (3) 6(3) 0®)

BBIX ® ppix ~ YTJbl HAKJIOHa M CABHI'M CHUI'MOMJAJIbHBIX AKTHBALIMOHHBIX

(yHKIMI HEHPOHOB CKPBITOTO U BBIXOJHOTO CJIOEB HEHPOHHOMW CETH ISt pacueTa @3 .

AHAIOTHYHBIC MOJIEITN TTOCTPOSHBI ISl OTIPEICIICHUS BIArOCOACPKaHU MaTepHalia B
LIEHTPE BTOPON U TPETHEHN CEKIIHIA.

[TomydeHHBIC aHATUTHYECKIE MOJICIN TTO3BOJITIOT B pealbHOM BPEMEHH OTIpe-
JIeNIATh BIArocoAepkaHne MaTeprana B JIUMHTHPYIOUNX CEKIUAX CYIIMIBHOHN ycTa-
HOBKH. OTHOCHTENBHAS IOTPEITHOCTH OMPEIeTICHHS BIaroCOAEeP KaHUs HE MPEBHIIAET
2%. JIng OIeHKH aZeKBaTHOCTH Ha pHC. 2 IMOKa3aHa 3aBUCHMOCTH BJIAroCOepKaHHs

@3, paccuuTaHHoro no mMojenu (14), OT IKCIEPUMEHTANBHOTO (5 ., B BHE KOPPEs-

LIMOHHOW AUAarpaMMsl.
AHanu3 aHaJIMTHYECKOM MOIENH A MATONH CeKUUH CYHIMIBHON yCTaHOBKH
NOKa3aJl ee HeJAOCTATOYHYI0 TOYHOCTh BCJIEJCTBUE MAaloOro abCOJIOTHOTO 3HAYCHHMs
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BIIaroCcoZiepkaHus Marepuana @, . [loaromy B MY C mpezanaraercst HCHonb30BaTh UTe-
PAaLMOHHYIO NPOLEAYPY ONPEAEICHUS Mephl T0BepHsa m(¢p,) K IOCTIKEHUIO Tpedye-

MOTO BJIArOCOJEPIKaHMs MaTepuaia Ha BBIXOJE CYLIMIBHOW YCTAHOBKH, B 3aBHUCHMO-
CTH OT 3HAYE€HUH BJIaroCoJICpKaHusa Mar€purajia B JUMUTUPYIOIINUX CCKIUAX IO METO-
ny demmncrepa-1lladepa, a Takke 3KCOEPTHBIX OLICHOK, T.€.

K K
m(@) = AT (92593 ,9)s (16)
rae Anrpy - anroput™ merona Jlemncrepa-lladepa; 5 - BbICKa3bIBaHUs SKCHIEPTOB
B BHJIE YHCJIOBBIX OLEHOK PE3YyIbTATOB CYIIKH B 3aBUCHMOCTH OT BIArocOAEp:KaHUs
MaTepuaa B TUMUTUPYIOIINX CEKIUSX.
K o
Py,%
50 -

a6 2

42 0%

38

34 4
30 9//
” @@/

22 : ‘
22 26 30 34 38 42 46 50 @5 ,,%0

Puc. 2. Koppennunonﬂan AuarpamMma BJarocoep:kaHnvsi MaTepuaja Ha BbIX0A€ BTOpOi/'I
CEeKIIMHu

Pa3paboTaHHbIe MOJIENH MTOJIOKEHB! B OCHOBY BUPTYAJILHOTO IaTYMKA BJIAroco-
nepxanus marepuaia (B/IB).

B Tperpeli raBe «AJropuTMHYecKoe o0ecredeHne HWH(POPMALMOHHO-
yHpaBisiomeil CHCTEMbD» PAacCMaTPHUBAIOTCS AITOPUTMBI YIPaBICHHUS IIPOIECCAMH
CYILIKH, TIO3BOJISFOLIHE OOECIIeYNTh YPOBEHb KauecTBa MaTepuajia He XyKe 3aIaHHOTO,
TIPY MAKCHMAIFHO BO3MOXKHOW MPOM3BOIUTENHHOCTH YCTaHOBKH. OCHOBHBIM ITOKa3aTe-
JIeM KauecTBa MaTepuaa sIBJIIeTCsS €r0 KOHEUHOE BJIarocoJiepKanue ¢,. Jloctuxenue

HEOOXO0JMMOT0 YPOBHS KadecTBa MaTepHaia TpeOyeT HOCTOSIHHOTO MOHUTOPUHTA €T
BJIATOCOAEPKaHMs B JMMUTHPYIOIUX CEKLIUAX CYIIMIKU C UCIOJNB30BAaHHEM IOJTY-
YeHHOH MH(popManuu A1t BHIpaOOTKH YIPABISIOIUX BO3/ACHCTBUI 1 CBOEBPEMEHHOM
KOPPEKLUH MpoLecca CYIIKH.

B/IB paboraer ¢ BXOZHBIMH JaHHBIMH JBYX BHAOB CTaTHYECKHUMHU M JHHAMH-
yecknMH. K CcTaTHYeCKMM OTHOCATCS 3apaHee OIpeAeisIeMble TaHHBIE TAaKHe Kak:
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CTPYKTYPBI HEHPOHHBIX CETEi, MaCCHBBI UX MapamMeTpOB, aMIUIUTYAHbIE U O(CceTHbIC
K03(hULHEHTHI HOPMAIHM3AIMK BXOAHBIX M ICHOPMAITM3ALUH BHIXOHBIX JAHHBIX MO-
jenu. K nuHaMudeckuM OTHOCSTCA NaHHbIE, Monydaemble B/IB myrem omnpoca natuu-
KOB, YCTAaHOBJICHHBIX B CYIIMJIBHON YCTaHOBKE.

Pemate nocraBneHHy!o 3aauy ynpaBlIeHHs IPOLECCOM CYIIKH MPeJIaraeTcs ¢
WCIIOJIb30BAaHUEM MOAXOZa MOJHOTO aHAHM3a ONTUMAJIBHOTO YNPABICHUS HA MHOXeE-
CTBE COCTOSHMH (PyHKIMOHUpPOBaHMA. B COOTBETCTBHH € KiacCH(UKaIMEH CHCTEM Ha
MC®, cymmika ¢ yrpasiIsionM YCTPOHCTBOM OTHOCHTCS K YeTBEpTOMY Kiacey. Jlis
3¢ dexTHBHOTO HYHKIMOHHPOBAHUS TAKUX CHCTEM Ba)XKHYIO POJIb UI'PaeT BHIOJIHCHUE
YCIIOBUI BKJIIOUYAEMOCTH.

OCHOBHOE TOJIOKEHUE JAaHHOTO MOJXO0Ja PACCMOTPEHO Ha MPHMEpPE CYIIMIb-
HOW YCTaHOBKH C IATBIO CeKUUAMH (puc. 1). B 3TOM ciydyae BEeKTOp BBIXOIHBIX Iepe-
MEHHBIX UMeeT BUI ¥ = (¢, , @3, m(@p; ). B KauecTBe 3J€MEHTOB MHOXECTBA S BO3-

MO>XKHBIX TPAeKTOPHH M3MEHEHMS CUTyauud (cocTossHui (QyHKIMOHMpOBaHUA) s (-),
T.C.

S={s;(),[=LL}, 17
paccMaTpHBalOTCsl OTKIOHEHHsI 3HAYCHUH BIIarocofepkKaHusl MaTepraia B z -Od cek-
LUK OT TpeOyeMoro o perIaMeHTy 3HaueHHE BIarocojepxanus Matepuana y,. Ca-
MO MHOXECTBO S ynoOHO 3amaBath B (opme Mopdonaorundeckoii Tabmumsl. IIpeamo-
jaraercs, 4YTo 9JeMeHT s;()€S  3amaeTcss TpeMs  KOMIIOHEHTaMH, T.C.
s;(-)=(8;2,513,55), KOMIIOHEHTHI S§;5,5;3 MOTYT IPUHUMATh IISITh 3HAYCHUH, a KOM-
HIOHEHT §;5 TPU 3HAYEHUS:

HH, = 2
Sty IL: ec y, <(yz_5§ ))9

SII;UIa eciu y, e[)_}z _52(2)3yz _52(1))’
Siz = S[Zzls eciu yze[yz_é‘él)’)_)z"—é‘z(l)]’ (18)
s, ec y, € (3, +00.5, +5P)1,

SII;IBH, eciu y, >y, + 5§2)), z=23;

SII'SI, ecnu y5 <0,65,
S5 =182, ecnu ys €[0,65,0,8], (19)
SIBS, eciu ys > 0,8,

rae 52(1),5§2) — 3aJjaBaeMble OTKJIOHEHHA ), OT V., 59) < 5§2); L — 4ducno BO3-

MOXHBIX cutyanuit; HHJ{ — Bnaroconepxanie mMaTeprana HaMHOTO HIDKE JOITYCTH-
Moro; H/I — Bmaroconep:kaHue MaTepuaia HIDKE JIOITyCTUMOro; J| — BiarocoiepxaHnue
MaTepuana gomycrumoe; BJl — BrarocopepxaHue MaTepHaia BBIIIE JOIyCTUMOTO;
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HB/I — Bnaroconepxanue maTepualia HAMHOTO Bblle fgomyctumoro; H — Mepa nose-
pus Hu3kast; CP — mepa nosepus cpenusist; B — Mepa goBepus BeIcokas;

B stom ciyuae MHOkeCTBO S cozepxut L =75 pasnuuHsix cuTyarmid. ITo
pe3yibTaraM — aHaJM3a 3T CHUTyallud  pasfeiiloTcs Ha  IThb  KJIACCOB:

K,,Kp,K>,K3,K; 3. B 3aBHCHMOCTH OT TOr0, K KaKOMY KJIacCy MPHHAJICKUT CH-

Tyarus §; (-), peraercst o0IIasi WM YacTHasl 33a4a yIpaBICHHS.

Pabora anropurMma ympaBiieHHs] PeXIMaMHU CYIIKH C Y9€TOM BBEIECHHBIX KJIac-
COB CUTyallUH 3akjroyaercs B cieayioluieM. B MOMEHT BpeMeHM ¢ Uid pacyera
VIPaBJISIONNX BO3ACHCTBIIA UCTIONB3YyeTCS HHPOPMALIUS:

- 3HAUCHWSI BIIATOCOCPIKAHUS MaTepraja B IMMUTHPYIOMINX CEKIHAX, OMpee-
JICHHBIE 10 aHAIMTHYECKUM MOICIISIM;

- Mepa noBepus K TpeOyeMOMy KOHEYHOMY BIIArOCOICP)KaHUIO MaTepHaia,
paccuuTaHHas 10 MPOLEAYPHOU MOIEIH;

- 3HaYEHHUs] KOMIIOHEHTOB BEKTOpa YMNPaBISIOLUIUX BO3AEUCTBUNA u(f —Af), Ha
MpEeAbIAYIIEM 1Iare.

Kpome Toro, B mamMsTH yNpaBIsIONIEr0 YCTPOHCTBA COACPKATCS HH(DOpMAIIHS
0 MHOXECTBE BO3MOXKHBIX CHUTYaIlUi, KJaccaX CHUTyaluid, CHCTeME MPOIyKIIMOHHBIX
mpaBuiI U (QYHKIHUAX TPUHAUICKHOCTH JIMHTBHCTUYECKUX TMEPEMEHHBIX, B KaUeCTBE
KOTOPBIX PacCMaTPHUBAETCS BIArOCONEp)KaHWE MaTephalia B COOTBETCTBHU C (QOpMY-
namu (18), (19).

Ha mepBom sTame Ha OcHOBe MONy4YeHHOH mH(popMarmu (HopMUpYeTCs MOJ-
MHOXeCTBO cutyaruii S(f) = S.

Ha BTopom 3Tare omnpenensiercst Kilace CUTyaIui, YIUTHIBAIOIINN OCOOEHHOCTH
anropuTMa ympaBieHHus. Eciau Bce 3JeMEHTHI NMOAMHOXecTBa S(f) NpHHAIIEKAT

kaaccy K, , To COXpaHAETCs pexuM paboThl ¢ ynpasiaenueM u(t — At) . Eciu Bce ane-

MEHTBI TIOJIMHOKeCTBa S(¢) mpuHAmICKAT Kiaccy K, , TO perracTcs 3a1ava MOBHI-

p »
IIEHUA TMPOU3BOAUTEIBPHOCTH allllapara npu OTPaHMYCHHMN Ha Ka4Y€CTBO KOHEYHOTO
Marcepuajia. Ecnu Bce nim yacTh 3JIEMEHTOB IIOJMHOKECTBA S(t) OpUuHAJICKAT KIac-

caMm K,,K3 mm Kj3,TO PCIIAIOTCS YACTHBIC 3a1a4d YNPABICHHS PEXKUMAMU BO

BTOPOH U TPETHEMN CEKLUAX CYLINUIIKH.
Ha tpeTbem 3Tamne mpou3BOANTCS BHIOOP alrOPUTMA YIPABICHUS B 3aBUCHMO-
CTH OT KJIacca CUTYalUid, IPOU3BOIUTCS NEPECUET YIPABIISIIOIIMX BO3ACHCTBUI C yue-
TOM OTpaHUYeHHUH (3) MpHU MOMOIIM HEYETKOM JIOTHKH C MCIIONB30BaHUEM aJIrOpUTMa
Mawmpanu. IlpeoOpazoBanue (nedaszudukanus) HEYSTKUX MOAMHOMXKECTB B YHCIICH-
HBIC 3HAUYCHUS YITPABIAIOIIUX BOSﬂeﬁCTBHﬁ OCYIIECTBIIACTCA pa3JIMUYHbIMU METOJaMHU.
Ha yerBepToMm STane Ha OCHOBE MOJYYEHHBIX 3HAYEHHH (POPMHUPYETCSI UHTEP-

BaJl IONYCTUMOTO M3MEHEHHMs YIPaBISIOIUX BO3ACHCTBUI u;gn. Jnst naHHOTO WH-
TepBaja MPOU3BOIUTCS pacdeT (PYHKIHMOHANIA, YYUTHIBAIOIIECTO IOTCPH KayecTBa W
TIPOU3BOJIUTEIBHOCTH
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0 =ci(ag + ™) + ey (by + by @EEM?) > min . (20)
ClI Cl1
Uy, €Unoy

PaccMOTpeHHSBIH anropuT™ ynpaBieHUS IPOLIECCOM CYIIKH MTO3BONISET obecte-
YHUTh KAUeCTBO MPOIYKIUHU HE XYK€ 3a[JaHHOTO M MaKCHMMAJIbHO BO3MOXKHYIO IPOU3-
BOJIMTENLHOCTD NPH HM3MEHEHHSIX COCTOSIHUE (yHKIMOHUpOBaHus (curyauwmit). s
peanu3anuy anropuTMa HeoOXOIUMO co3/aHue HH(POPMAIIMOHHO-YITPABIISIONICH CHCTe-
MBI ITPOLIECCAMU CYIIKH.

B uetBeproii rnase «Peasu3anusa nHGOPMANMOHHO-YNIPABISIOIIEH CHCTEMBbI
MpouneccaMu CyIIKH B MHOTOCEKIIMOHHBIX aNMapaTax» ONKMChIBACTCS MPOLIECC MPO-
eKTHPOBAHMS M pean3aliy WHPOPMAIMOHHO-YIPABIISIONIEH CHCTEMBI MPOIECCaMH
CYIIKH B MHOTOCEKIIMOHHBIX anmnaparax. [IpuBeeHsl CTpyKTypsl 6a3bl 3HAaHUN 1 0a3bl
JaHHBIX cucTeMbl. [Ipennoxena Meroauka moctpoeHus B/IB, koTopast BKiIrouaer cire-
JYIOIINE JTaIbI:

1) bopmupoBanue TpeboBanuii k B/IB ucxons u3 3ama4 ynpasieHus; 2) Bblze-
JICHUE JIMMUTHPYIOIINX CEKLIUH CYIIMIBHON YCTaHOBKH; 3) OmNpeesieHHe mapaMeTpoB
npoliecca OKa3bIBAIOIIMX BIMSHHUE Ha BJIArOCOJEPKaHHE Marepualia B JIUMHTHUDPYIO-
HUX CEKIMAX U KOHCUHOC BJIAroCoOACpIKaHUE, 4) C60p CTaTUCTHYCCKUX JaHHBIX O 3HA-
YCHUAX BJIAroCoJACpKaHusA Marcpuajia B JIUMUTHUPYIOIUX CEKUHUAX, YIPaBJIAIOMINX U
BO3MYIIAIOIINAX BO3ACUCTBHIA, 5) pa3feiicHHE MHOXXECTBA JaHHBIX Ha OOydaroliee u
TECTOBOE IMOJMHOXECTBa; 6) BHIOOp apXUTEKTYphl HEHPOHHOI ceTn u ee o0ydeHHUe
JUISL KQKIOH JTMMUTHPYIOIIEH CeKIuHu; 7) MpOBEpKa aJeKBaTHOCTH IOJyYEeHHOH HeH-
POHHO# cetr; 8) BEIOOP MHUKPOIPOILIECCOPHOTO YCTPOHCTBA Aiisl peanuzanyn B/IB; 9)
pa3paboTka mpOTrpaMMHOTO U allTOPUTMHIYECKOT0 oOectiedeHnit B/IB.

Pazpaborka TYC (puc. 3)npousBoamiack B paMKax CIUPATBHON MOICTH KH3-
nennoro ukina MC B coorBerctBuu co crangaptom ISO/IEC 12207. Ipu npoexTupo-
BaHMU U pa3paboTke mporpammHoro obecneueHmss MYC wucnonszoBammcs CASE-
cpeactBa Erwin 4.0 u BPwin 4.0 (Computer Associates), a takxke RAD-cuctema
Borland Delphi 4 (Borland Software Corporation).

WHdopManmoHHO-yIpaBIIsIomas CUCTEMa COCTOUT M3 ABYX IOJCHCTEM: U3Me-
PHUTENBEHON ITOJCUCTEMBI, SBISIFOLICHCS BUPTYAIbHBIM JAaTYMKOM BIIAroCOJCpP KaHHs
MaTepuana B BHJE OTAEIBHOIO YCTPOWCTBa Ha OCHOBEe KOHTposuiepa Texas Instru-
ments cemeiictBa MSP430, ocymiecTBsIOIEN! MOHUTOPUHT BIarocOAEp:KaHUs MaTe-
pHana B JMMUTHPYIOIINX CEKIHIX W YIPaBISIOMIEH CHCTEMBI, CHHTE3UpYIOLIEH B pe-
QIFHOM BPEMEHH YTNPABILIONINE BO3ICHCTBIS, ONTUMHU3UPYIOMINE paboTy CyIIMIbHON
YCTaHOBKH. SIpoM M3MEpUTEIHHON 1 yIPABISIONMIEH MOJCHCTEM SIBIAIOTCS 0a3bl 3Ha-
HUll 1 6236l TaHHBIX.

M3mepuTenbHas moacucTeMa BKIIOYAET 1Ba OCHOBHBIX MOIYJIS.
1. Moayies ompoca JaT4YMKOB, KOTOPBIA NpeAHA3HAYCHHBINA aJ1s1 cOopa uHbpop-
Maluu 00 OCHOBHBIX MapaMeTpax Mpoliecca.
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2. Monyns pacdera BlarocojepaHus MaTepHaja, Iie MPOU3BOIUTCS HOpMa-
JIM3alus U3MEPEHHBIX 3HAYEHHM, pacyeT BIarocojJep)KaHus Marepuaia Mo aHaJIuTH-
YECKUM MOJIEISIM U IEHOPMAIHU3AIHsl MOJTYYSHHBIX 3HAUCHUH.

/ WudopMaLnoHHO-ynpaBsiolas CUCTEMa NPOLECCaMH CyLIKH \

VYnpasnsioas noacucremMa ‘

Moaynb cuHTE3a
<:> ONTHMANbHOTO Kanan ynpassenis

yTpaBJIeHUs!

basa 3nanuit
V11

@ j C Monyib H3smeputenbHas noacucrTema

JIOMMYECKOrO (BUPTYyasbHbIil JATYUK BIArOCOAEPIKAHUS)

basa faHHbIX BBIBOZIA

VI @ Hnrepoeiic \,/‘:‘>
(— <‘:’\‘/ Il Moayas
ii Moy s pacuera
HAeHTHDUKALINK @ Brarocoaep-

Monyns
onpezeeHus <:> CHUTYyallun JKaHHs

Mepbl I0BEpHst baza 3nanuit Matepuana
uIl

Hurepdeiic UYC @ II

Moaynb

Moayib ﬁ B
A M a3a JIaHHbIX
Wurerpuposannas /\_I\ KOPHUTHBHOH ;l’l omnpoca Kanan wsvepenns
cpena paspabotkn \—/]

rpaduku JIaTYMKOB

Oneparop ‘

CymmnbHas ycTaHOBKa

=

‘ Paspaborunk ‘ DKCNEePT-KOHCY IBTAHT

Puc. 3. CrpykrypHas cxema UYC

2. Moaynp TOTHUECKOT0 BBIBOJA, NIPEIHA3HAYCHHBIN TS OTIpE/IeNeHUs] yIpaB-
JISFOIIETO BO3AeHCTBUS. JIOrMYeCKuii BHIBO MPOU3BOAUTCS C UCIIOIB30BAHUEM HEYET-
KHX MHOYKECTB U aroputMa MamiaHu.

3. Moxysb WACHTH(QUKAIMK CHTYAIlMH, KOTOPBIA MMO3BOJSIET MACHTHPHITHPO-
BaTh TEKYIIYIO CHTYalHIO (YHKIMOHHPOBAHUS CYIIWJIKH W €€ MPUHAIIEKHOCTh K
KJIaccaM CHTYAIIHii.

4. Monysb ONpeAeICHAs] MEPhI JOBEPHs, TIC PEATH3yeTCs MPOLEILypHAs MO-
JIeJTb OTIPENENICHIST MEPhI JI0OBEpHs K TpeOyeMOMy BIIarocoaep>KaHui0 Ha BBIXOJE CY-
NIAIKA [0 3HAYECHHUSAM BJIArOCOJCP)KaHHUsS MaTepHayia B JIMMHTHUPYIOMIMX CEKIHAX H
pe3ynbTaTamM paboThl 3KCIIEPTOB.

Pesynbrarbl uMMuTanuMu padboThl MH(OOPMAIMOHHO-YNPABISIONIEH CHUCTEMBI
npoueccaMu CymKHU IMpUBCACHLI Ha pUC. 4, rA€ MOoKa3aHbl 3HAYCHUA BJIAroCoACpKaHuA
MaTepHuana Ha BBIXOJAE CYNIMIBHONW YCTAHOBKH M MPOU3BOJUTELHOCTU IpOIEcca
CyIIKHA 0€3 HMCIONb30BaHus HH()OPMAIHOHHO-YIIPABIISIIONIECH CUCTEMBI (a) U C €€ HC-
moJsik30BaHueM (0).

13



05 % o5 %
14

14
12 o 12
o K
o
1 5 non 1
o o o o
08 08 ol o o o o ©
° o e o o
06 e} o6 o
o
04 04
02 02
0 _ 0 _
4 2 4 6 8 0 12 1 6 8 20 [,CYT o 2 4 6 8 0 12 14 1 18 201,CYT
Ip, kr/4 Ip, kr/4
60 60
50 50
w 0
30 30
20 20
10 10
0 _ 0 _
10234 5678 9101121514151 17819 DFCYT 12 3 4 56 7 8 901 121 1451017 @ 19 20,CYT
a) 0)

Puc. 4. Pe3yabtarsl padorst UYC

WH}popmMannoHHO-yIpaBIIsAIOmas CHCTEMa MIPOLECCaMy CYIIKH, UCTIONb3YIOIas
BUPTYQJIIbHBIA JAaTYMK BJarocojepkaHus marepuana, BHeapeHa Ha OAO «Tambos-
ckuii 3aBos OkTA0pe». Ee nmprMeHeHne Mo3BOIMIIO YBEIHMYUTh BEPOATHOCTh BBIXO/A
KadecTBeHHOH mpoaykuuu a0 0,98, a Takke MOBBICUTH MPOU3BOAUTEIBHOCTD MPOLEC-
COB CcylIKd Ha 5%.

B npusio:keHusi BbIHECEHBI TaOIMIBI MaCCHBOB NMapaMETPOB aHAIMTUYECKHX
MOJIeNIe, TaHHBIE, UCIIOIb3yeMbIe PH 00y4YEHUH HEHPOHHBIX CeTel, TEKCT Mporpam-
MBI MHUKPOKOHTPOJUIEPa BXOJSIIIIETO B COCTAB BUPTYAILHOTO JaTYHKa, OIMCAHUE TeX-
HUYECKHUX CPEICTB MH()OPMAIMOHHO-YIIPABIISIIONICH CHCTEMBI, aBTOPCKHE CBHICTEIb-
CTBa Ha IporpaMMsl st OBM, akTsl BHEAPECHUSL.

B 3ak1104eHnH IpHUBECHBI OCHOBHBIE BBIBOJIBI M PE3YJIBTATHI PAOOTHI.

BBIBO/IbI

1. CopmynupoBaHsl 001I1ast ¥ YaCTHBIE 3a1a4d ONTHMHU3ALNN PEXKUMOB pabo-
TBI CYIIMJIBHOM YCTaHOBKH, NPEJJIOKEH aJTOPUTM YIPABJICHUs NPOLIECCAMH CYIIKU B
MHOTOCEKIIHOHHBIX CYIIWJIbHBIX YCTAHOBKAaX, YYHMTBHIBAIOIIUHA BIUSHUE OOJBIIOrO
YHcila BO3MYIIAIOMIMX BO3JCHCTBHH, OTIMYAIOUIMHCS OT CYLIECTBYIOIINX ONEpaTHB-
HBIM YCTpaHEHHWEM OTKJIIOHEHHS BIIArocollep)KaHHs Marephajia B pPa3iHuHBIX TOUYKaX
T0 JIIMHE anmapaTa OT JOMYCTUMBIX 3HaYCHHUH C UCIIOIb30BaHHEM HEYETKOH JIOTHKH,
00eCIeUnBAOIINI TOBBIIICHHE KayeCTBa BBIMYCKAaeMOH MPOIYKIWH U MPOU3BOAU-
TENBHOCTH MPOLIECcca CYIIKH.
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2. Pa3paboTaHbl aHAIMTHYECKUEC MOJICIIH, OCHOBAHHBIC Ha HEHPOHHBIX CETAX,
OTJIMYAIOIINECS OT CYHIECTBYIOIINX ONPEICICHUEM BIIAroCOCPIKaHUs ABHKYILETrOCs
MaTepuana B Pa3MYHbIX TOYKax MO JUIMHE CYNIMIBHOW yCTAaHOBKH, ITPUTOIHBIC IS
peleHus 3aa4 yIpaBieHUs! pSKUMaMH CYIIKH.

3. PazpaboTana npoueaypHasi MOJIENb ISl pacueTa Mephl JOBEpHs K JOCTHKe-
HHUIO TPeOYEMOTO BIIAroCOJCp KaHM MaTepHasa Ha BBIXOJE CYIIMJIKH 110 3HAYCHUSIM
BJIArOCOZIEPKaHUS MaTepuaa B JUMATHPYIOIINX CEKIMSX, MPUTOIHAs I Kiaccudu-
KAl BO3MOXKHBIX CHUTyallnii B MHOTOCEKIIMOHHOW CYIIMJIBHOW YCTaHOBKE M BBIpa-
OOTKH YIIPaBIAIOMINX BO3JEHCTBHH, OTIMYAIOMIAACSA OT CYIIECTBYIOIINX HCIOIb30Ba-
HHEM HaKOIUIEHHOTO OTbITA 3KCIEPTOB U IpuMeHeHneM merona Jlemncrepa-1lladepa.

4. Co3naH BUPTYaJIbHBIN JaTYHK, PEATH3YIOMIHNA OECKOHTAKTHOE OIpEaeIiCHIE
BJIaroCoJCpiKaHusa MaTepurajia B JUMUTHPYIOIMIUX CCKIUAX B ITPOLUECCC CYIIKU.

5. TlpennoxkeHa MeTOaMKa MOCTPOEHUS BUPTYalbHBIX JATYMKOB BJIArOCOJIEP-
JKaHU MaT€puajloB B MHOTOCCKIMOHHBIX CYIIMJIBHBIX YCTaHOBKAaX Ha OCHOBC HEil-
POHHBIX ceTeil.

6. Pazpaborana Y C, ucnonb3ytomniast BUPTyalIbHBIN JaTYUK BIarocoAepKaHus
MaTepHana, OCYIIECTBIIIONIAs pelIeHNe 3ajad YIPaBJICHUS INPOLECCaMU CYIIKH B
MHOTOCEKIIMOHHOM CYIIMIbHON YCTaHOBKE.
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