Ha npaBax pykonucu

JIsax Tarbsina BukropoBHa

JTNHAMUNYECKA BEPUOUKATLIA
I[MTPOLECC-OPUEHTNPOBAHHBLIX I[TPOIT'PAMM VIIPABJIEHU A
KUBEPOU3NYECKMUMU CUCTEMAMMU

CrnermanbpaocTh 05.13.18 — Marematndeckoe MOICTTUPOBAHUE, YUCICHHBIE METOIbI
¥ KOMIUTIEKCHI IPOTpaMM

ABTOPE®EPAT
JIVCCEepPTALMY HA COMCKAHUE YYEHOHN CTEIIECHU
KaHAUaTa TCXHUYECKUX HayK

Hosocubupck — 2020



Pabora BeimonHena B degepasbHOM TOCYyIapCTBEHHOM OIODKETHOM YUPEKIACHUU
HayKu «IHCTUTYT aBTOMATUKHU U JieKTpomeTpumny Cubupckoro otaenenus Poccuiickoi
aKaJIeMUU HayK

Hayunsrit JNOKTOP TEXHUYECKUX HAYK
PYKOBOJIUTEIIb: 3106uH B. E.

OdunmanbHeie OxonvHuwnukoé Bukmop Bacunvesuu, -p TEXH. HayK,
ONITOHEHTHI: @denepanbHOE TOCYIaPCTBEHHOE OIOKETHOE HAYYHOE

yupexaeHne «dPenepanbHblii  UCCIIEIOBATEIbCKAN  LEHTP
WH()OPMAITMOHHBIX ¥ BRIYUCITUTEIBHBIX TEXHOJIOTHIN

(dULL UBT), BE. HayY. COTp.
(r. HoBocubupck).

becconos Anexceiti Braoumupoguu, K.T.H,

00O BDT (bromxernbie 1 @uHaHcoBbIe TEXHOIOTHH),
TJIaBHBIN MTporpamMMucT (r. MockBa)

Benymas OpraHu3aLus: QenepanbHOE roCyapCTBEHHOE OI0KETHOE
o0pa3oBaTeIbHOE YUPEKIECHUE BhICIIEr0 00pa3oBaHus « CHOMPCKUI TOCYIapCTBEHHbBIN
YHUBEPCUTET TEIEKOMMYHUKAIIUI 1 HHPOPMATUKK.

29

3ammTa coCTOUTCS 2020r.B 4acoB
Ha 3aceganuu auccepraunoHHoro copera K 003.005.02 B UHCTUTYTE aBTOMATUKU U
sanexktpomerpun CO PAH no aapecy:

630090, r. HoBocubupck, mp. ak. Konrrora, 1

C npucceprauueid MOKHO O3HAaKOMUThCA B OuOmuoreke MHCTUTyTa aBTOMAaTUKUA U
anexktpomerpun CO PAH.

ABTtopedepat pazocnan ” 2020 .
YueHslil cekpeTapb

AUCCCPTAIMOHHOI'O COBCTA



OBIIAA XAPAKTEPUCTUKA PABOTBI

AKTYaJIbHOCTb PadoThI U CTENEeHb €€ Pa3pad0TAHHOCTH

Ha cerogusimauii nenp kubepdusmueckue cuctembl (KOC) ¢ moBbilieHHBIMU
TpeOOBAHUAMU K HAJIKHOCTH TOJYYMIIM HIMPOKOE PacIHpoCTpaHEHUE Kak B 00JacTu
MPOMBIIICHHOCTH, TaKk © B o0OjacTu moJib3oBarenbekux ycrpouictB  (IJIK,
MPOMBIILICHHBIA WUHTEPHET BEIIEH, BCTPAUBACMBbIE CUCTEMBI, CUCTEMbI YNPABICHUS U
T.4.). Anroputmsl ynpasieHus (AY) KOC xapakTepu3yroTcss HEONPEAEICHHON
IPOAODKUTEIFHOCTBIO  pabOThl, B3aMMOJCHCTBHEM C  OKpYXKarolled cpenoi,
3aBUCUMOCTBIO pEaKIUi OT COOBITUH OKpyXaroled cpelbl, HEeOOXOAUMOCThIO
COTJIACOBBIBATh PEAKIUIO AJITOPUTMA C JUHAMUYECKUMH XapaKTEPUCTUKAMHU BHELIHEU
Cpellbl U JIOTUYECKUM MapajljieIu3MOM (HAJIMYUEe HE3aBUCHUMBIX U Cl1a00 CBS3aHHBIX
MOTOKOB YIIPAaBJICHUS B QJIroOpuTMe). JTa cHenuduka NPUBOAUT K MOSIBICHUIO
CIEIUAIM3UPOBAHHBIX SI3BIKOBBIX CPEJCTB U TEXHOJOTHUN MPOTPAaMMHUPOBAHUS (SI3BIKU
MD3K 61131-3, MATHLAB (Simulink), G (NI LabVIEW), s3bik [IpakoH, MOJEIBHO-
OpPUEHTUPOBAHHOE TMPOEKTUPOBAHUE), B YACTHOCTU, pa3BuBacMbix B MAuD B BuUIE
npoliecc-OpueHTUpOBaHHOro mporpammupoBanus (s3eiku Reflex wu  IndustrialC).
[Tpouiecc-opreHTUPOBAHHOE  MpOTpaMMHUpOBaHuE  Oa3upyercs Ha  KOHIEHNIHU
TUIEPIIPOIIECCA — MHOXKECTBA B3aMMOJECHCTBYIOIIUX IIPOLECCOB C BBINOJIHUMBIMU
COCTOSIHUSAMH.

[Tporpammuoe obecnieuenne (I10) coBpemennbix K®C mocturio Takoi
CJIO’)KHOCTHU, UTO €r0 BepudUKaLUs SIBISETCA OTACIbHONU 00J1acThiO HccienoBanus. Jlis
Bepupukanuu 110 pa3BuBaroTcs MeETOABl AMHAMUYECKONM M TaK Ha3bIBAEMOU
dbopmanbHoit Bepudukaiuu. [Ipumenenue hopmanbHbIX MeTOI0B K Bepudukaruu 110
K®C 3arpynHeHO SA3BIKOBOM reTepOoreHHOCTHI0, OOJIBITUM 00bEMOM PYUHBIX OIEpaIui,
a TAK)KE BO3PACTaHUEM CIIOKHOCTH CO3/1aBAEMBIX MOJIEIIEN.

HauGomnee pacnpocTpaHeHHBIN MOax0/] — nuHamuudeckas Bepudukarus [10 KOC.
[Ipu sTom mpeoOnamaer pyyHas NpOBEpKa Ha ATane MycKo-Hanaaku. Croenuanmcr,
MPOBOJSALIMN PYYHYIO NMPOBEPKY, MO CYTHU BBICTYNAET B KAYECTBE UMHUTATOpa OOBEKTA
VIOpABJICHMS: CHayala 3aJaeT 3HauyeHus Ha Bxojax ynpasmswoniero I[1O, a 3arem
KOHTPOJIUPYET 3HAUEHUSI BBIXOJHBIX CHUTHAJIOB. DTOT CIOCOO B CHIIy TPYIOEMKOCTH U
CJIOKHOCTH peaJIu3allii T03BOJISIET MPOBECTH BEPUPUKAIMIO TOJHKO MPOCTEUIINX
coiicts I10.

CBOWCTBO OTKPBITOCTH O3HA4aeT, uTo Bepudukamus cBoctB [10 KDC tpedyet
Hanuuusi oOobekTa yrnpasieHus. C apyroil ctoponsl, uccienosanue 10 Ha peasbHOM
OOBEKTE yIpaBiICHUS MOMXKET TMPUBECTH K KPUTHYECKOM cHUTyauuu (MOJIOMKE
o00Opy10BaHUsI, aBapUU U T. I1.).

CoBpeMeHHass TEHICHIMS JUIsi KOHTPOJISI KauyecTBa YMPABISIONIUX MPOTPaMm
npemiaraeT MHTETPAIMI0 METOJ0B JAUHAMHUYECKON BepUUKAIMH B UTEPAIIMOHHBIN

nporiecc pazpadotku 10 K®C (paspabotka, ymparisemas wmoaensmu — MDD,
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MOJIEJIbHO-OpUEHTHPOBaHHOE  mpoekTupoBanne — MBD, paspabotka uyepes
tectupoBanue — 1DD). AkTuBHO pa3BuBaroTcs moaxo/sl kK Bepudukanuu [10 KOC, B
KOTOpbIX  pasnuuHble Tumbl TectupoBanus (MBT, cucremHoe, MmoaynbHOE,
perpeccuoHHOe, HMHTerpanuMoHHoe, mnaccuBHoe, Back-to-Back) coueraercs ¢
UCITIOJIb30BaHUEM (DU3UYECKUX WIIM MPOTrpaMMHBIX Mojeneil oobekta ymnpasienus (E.
bpuarman, P. Uzepman, B. B. Kymsamun). JIpyrum mNepcreKTUBHBIM TOIXOIOM K
muHamudeckor Bepudukanuu 10 KDOC sBasercs MeToj MOHUTOPWHTA IOBEICHUS
CHCTEMBI B TIpoIiecce ee mraTHoi padboTsl (runtime verification) (3. baprouun). OgHako
OH HE MO3BOJISIET UccienoBaTh nopeAaeHue 110 npu pa3nuyHbIX yCIOBHSIX.

Ha ceroansiimauii aeHb c1ab0 H3y4yeHbl MOJAEIM M METOJbl JUHAMUYECKON
Bepu(dUKaAIMU MPOIECC-OPUEHTUPOBAHHBIX Tporpamm ympasieHuss KOC. OrcyrcTBue
KOHTPOJII KadecTBa CO3JaBaeMoro mnpoiecc-opueHtupopanHoro IIO  cepre3Ho
YBEIIMYMBACT PUCKW MPOEKTa Mpu pa3padborke kubOepdusznueckux cucteM. Takum
oOpa3omMm, wuccleI0OBaHHEe U pa3padoTKa MoOJAENe U METOAOB JUHAMUYECKOU
Bepudukaruu npouecc-opueHTupoBanHoro [0 K®C, o00beAUHSAIONMX METOIbI
TECTUPOBAHUS, MOHUTOPUHTA U MOJICIUPOBAHUS, SIBISIETCA aKTyalIbHON MPOOJIEMOH.

OO0bekT uccienoBanus — rporpammuoe ooecreyenue KOC.

IIpenmer uccieqoBaHus — MOJAEIUM M METOJABl JMHAMUYECKOW Bepu(UKaUu
IIPOLIECC-OPUEHTUPOBAHHBIX Nporpamm ynpasieHus KOC.

Heanb padoThl — pa3paboTKa METOMOB U MOJIeNIed TUHAMUYECKON BepuUKaIUN
IIPOLIECC-OPUEHTUPOBAHHBIX Nporpamm ynpasieHus KOC.

B cooTBeTCTBUM € TOCTaBICHHOW LIENbIO B pabOTe pelarTcs CiaeAyolme
OCHOBHBbIE 32/1a4M:

1. UccnenoBaTh CyHIeCTBYIOIIME MOAXOAbl K JWHAMUYECKOW BepuduUKanuu
nporpamm yropasieHuss KOC, chopmynupoBath TpeOoBaHUsS K pa3padaThIBaeMbIM
MOJEISM, BBIYUCIUTEIBHBIM METOJaM M KOMIUIEKCaM MporpaMM JIHHAMUYECKOU
BepHU((UKAMU TPOLECC-OPUEHTUPOBAHHBIX Mporpamm yrnpasiienus KOC.

2. llpennoxuts (HopMambHYIO MOJENb JUHAMHYECKON BepU(PHUKAIIMU TPOIeCC-
OPHUEHTUPOBAHHBIX Nporpamm ynpasieHus KOC.

3. OnpenenuTth YUCICHHBIN METO/I KOJIMYECTBEHHON OIL[EHKHU MEpbl COOTBETCTBUS
nporpamm yrpasieHuss KOC tpeboBanusMm.

4. Pa3paboTaTh TPOTrpaMMHBIM KOMIUIEKC JUIsl JAMHAMHUYECKOW BepuUKAIIH
IPOLIECC-OPUEHTHUPOBAHHBIX ~ mporpamMm  ympaBieHuss K®C  Ha  ocHOBaHUM
MPEIJIOKEHHBIX METOJIOB U MOJIEJIEH.

5. Ilpaktuyecku amnpoOupoBaTh pa3pabOTaHHBIM  MOAXOJ JAMHAMHUYECKOM
Bepupukanuu nporpamm yapasieHuss KOC B 06acTv npoMBILIIIEHHOW aBTOMAaTHU3aI[u1
Ha peajbHBIX TEXHOJOTHYECKIX O0BEKTaX.

OcHoBHass runore3a. [Iporpammer ympaBnenus KOC, cneuuduimpyemoie

MPOIIECC-OPUEHTHPOBAHHBIMU CPEJICTBAMH, OOpa3yloT OTAENBHBIN KJIacC MPOTpaMM,
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TUHAMHUYecKasi BepU(PHUKAIUs KOTOPhIX Ha MPOTPAMMHOM HMMHTATOpPE OKPY>KaIoIIeH
Cpellbl MO3BOJIUT MOBBICUTH KAYECTBO pa3padaThIBAEMbIX CUCTEM.

Hayunas HoBuM3Ha. B nuccepranmoHHON paboTe MpelsioKeH, pa3paboTaHbl U
UCCJIEIOBAHBl  MOJEIM M METOAbl  JUHAMHUYECKOW  BepU(PUKALMH  Tpolecc-
OPUEHTUPOBaHHBIX MporpamMMm ympasieHuss K®PC, koTopble HCHOJB3YET CpEACTBa
IPOLIECC-OPUEHTUPOBAHHOIO  MPOrPaMMUPOBAHUSA M KOHLENLIHIO  BHPTYaJIbHBIX
OOBEKTOB.

[IpyHUMNIMANBHBIA BKJIQJ B pPAa3BUTHE TEXHOJOTMU MPOLECC-OPUEHTUPOBAHHOTO
MIPOTPaMMHUPOBAHUS BHOCST CJIEAYIOIINE HAYUYHBIE PE3YJIbTAThI, TOJTYYEHHBIE aBTOPOM:

1. [IpensioxkeHa  4YETHIPEXKOMIIOHEHTHass  (opmaibHasi MOJEIb  CHUCTEMBI
JTMHAMUYECKON BepU(UKAIMU TPOILIECC-OPUEHTUPOBAHHBIX MPOrPAMM  YIIPABICHUS
K®C, cocrosimass U3 BepHUPUIMPYEMOTO alropUTMa YIpaBICHUS, MOJECIH OOBEKTa
YIPABJICHHUS], TUCIIETYEPA TECTOBBIX CIIEHapHUEB U OJ0ka Bepupukanuu. OTInuuTenbHas
0COOEHHOCTbh MOJIESIM B TOM, UTO KOMIIOHEHThI CIEUU(DULIUPYETCS] KaK TUIEPIPOLECCHI,
UMEIOIINE BBIJCICHHBIE KaHaJIbl COOOIIEHUN [JIi CUHXPOHU3ALMH M COBMECTHOIO
(YHKIIMOHHMPOBAaHUA MO BepU(UKALMU YHOPABIAIOIMKX Iporpamm. IIpu sTom mozens
OpeanoyiaraeT, YTO KOHEYHBIH MTOI BEpU(PUKAIMHM YNPABISAIOUIEH MNporpamMMbl
IIPEICTABIIEH BEKTOPOM PE3YJIbTaTOB UCIIOJIHEHHS TECTOBBIX CLICHAPUEB.

2. Pa3paboTaH YMCJICHHBII METOJA  OMpEAENICHUS BEKTOpa  Pe3yIbTaToOB
UCIIOJIHEHHUSI ~ TECTOBBIX  CIEHApHeB,  CHEUU(PUIMPOBAHHBIA 1  MOpoLecc-
opueHtupoBaHHbIXx [IO. OTnauuuTenbHas OCOOEHHOCTh METOAA 3aKJIOYaeTcsl B
MOCJIEIOBATEIbHOM aKTUBAIIMU TUIIEPIPOLECCOB “‘nucreryep”’, “oO0beKT yIpaBieHHS ,
“anroputm yrpasieHus” u “Bepudukarop”. [Ipu sTom runepmporecc “Bepuduxarop”
HAa OCHOBAaHMM COCTOSIHUM CBOUX IIPOLIECCOB BBIYUCIIIET PE3YJbTAaT HCIOIHEHUS
TECTOBOTO CIIEHApUs KaK BEKTOP BELIECTBEHHBIX uncel B nuamna3one [0,1].

3. Pa3paborana apxurekTypa MpPOrpaMMHOIO KOMIUIEKCa JIMHAMUYECKOU
Bepupukanuu Ha 6aze cpeapl LabVIEW, KOTOpBIN COCTOUT U3 KOMIIOHEHTOB “O0BEKT
yOpPABJICHUS W “aIrOpUTM yOpaBieHHs , cneuuuiuupoBaHHbIX Ha s3blke Reflex, u
A7ipa, TMPEIOCTABISIOIEIO MOJb30BATEIbCKUN MHTEpPENC U (PYHKIIMOHUPYIOLIETO IO
ArOPUTMY, 33J]JaBa€MOMY KOJIOM “‘Bepudukaropa” u “mucnerdepa’.

OCHOBHBIC 110JI0KEHNSI, BBIHOCUMbIC HA 3ALIUTY:

1. dopmanbHas MOJIETTb JTMHAMHUYECKOU BepuduKamm npoiecc-
OPUEHTUPOBAaHHBIX MporpamMMm ympasiaeHuss KO®C, koTopas BKIOYAET 4YEThIpE
B3aUMOJICUCTBYIOIIMX PaCIIMPEHHBIX runeprpoiiecca, cnenuGUIMPYyoUUX
BepU(DULIMPYEMBI  aITOPUTM  YIpaBJiCHUS, BUPTYalIbHbI OOBEKT YyIpaBJCHUS,
JUCTIIETYEep YIpaBJICHUS TECTOBBIMHM CIEHApUsIMU U OJOK BepudHKALMU, MO3BOJSET
OLICHUTh COOTBETCTBHUE NPOBEPSAEMON  MPOLECC-OPUEHTHPOBAHHOM  MPOrpaMMBbl
HAJIO)KEHHBIM Ha Hee TPeOOBaHMSIM M YUUTHIBACT CIEUU(UKY YNPaBISIOLUINX MpoIecc-
opueHTUpoBaHHBIX nporpamm KOC.



2. YucneHHbI METO] OTIpeieNIeHUs] BEKTOpa pe3yIbTaTOB BBITTOJIHEHUS TECTOBBIX
CILIEHApHEB, B KOTOPOM OJIOK «JIUCTIETUEP» YIPABISET MOPSAKOM MPOXOKICHUS TECTOB,
MO3BOJISIET C TMOMOIIBIO OJoKa «BepU(PHUKATOP» OLEHUTH MEpPy COOTBETCTBUS
MIPOBEPSEMON  IPOLIECC-OPUEHTUPOBAHHOM  ympaBisitomied  nporpaMmbl  KOC
TpeOOBaHUSIM B BUJIE BEKTOPA PE3yJIbTaTOB TECTOBBIX CIICHAPHUEB.

3. ApxuTeKTypa MporpaMMHOTO KOMITJIEKCa TUHAMUYECKON Bepudukaiim Ha 6aze
cpenst LabVIEW, koTopas coCcTOMT M3 KOMIIOHEHTOB “O0BEKT yHpaBlieHUs U
“aNropuT™M ympaBiieHus’, crienuuIupoBaHHbIX Ha s3bike Reflex, u sapa, mo3Bossier
OECIIOBHO MHTETpUpOBaTh Monaynu Ha s3bike RefleX u mpoBoauTh AMHAMHYECKYIO
BepHU(HKALINIO YIIPABIIIONUMX IporpamMm Ha si3bike Reflex.

Teopernueckasi 1 MPAKTHYECKA 3HAYMMOCTH Pe3yJbTATOB HCCIACAOBAHMS.
PaspabotanHpie MeTOA W MOAENb JAMHAMUYECKON BepuduKamuu  Mpolecc-
OpPUEHTUPOBAHHBIX Tporpamm ympasieHuss KOC ymnpoimarT mpoiecc pa3padoTKH,
Bepu(DUKAMU U COMPOBOXIEHUs Yyrpasistomero 1[I0 Ha MpoTSKEHUU >KU3HEHHOTO
nukia cuctembl ynpasieHuss KOC. [lpumeHuTenbHO K 00J1aCTH TPOMBIIUICHHON
aBTOMAaTH3allMM, IOJyd4aeMble IPEUMYILIECTBA JAIOT BO3MOXXHOCTb CHU3HTH CPOKH
pa3paboOTKH, COKPATUTh CPOKH IIyCKO-HAJIAQJOYHBIX pPaOOT M TMOBBICUTh KadeCTBO
CO3/1aBa€MOT0 IPOrpaMMHOro oOecreueHus. DTO HMMeEeT 0co0oe 3HaueHue Ipu
aBTOMATHU3aLIMHA TEXHOJOTMYECKHUX MPOLECCOB M HayYHBIX MCCIEIOBAHUM, a TAaKKe NPH
OTpabOTKE U BHEAPEHUH HOBBIX HAYKOEMKHX TEXHOJOTUH.

Petienue 6110 MpaKTUYECKH alTpoOUPOBAHO HA 3a/1a4€ aBTOMAaTHU3aluu boaboro
COJIHEYHOr'0 BaKyyMHOr0 Teneckona (roc. Jlucteauka, Upkyrckas 06:1.). B npoekre Ob11
BEPU(PUIIMPOBAH QJITOPUTM YIPABJICHUS MOJCUCTEMOM BaKyyMHUpoOBaHuUsA. Takxke
pemnieHre ObLJI0O MPAKTHYECKH arnpoOMpOBaHO TIpH  pa3pabOTKe BUPTYaIbHBIX
71a00paTOPHBIX CTEHJIOB, HCIOJB3YEMBIX JJIsi OOY4YEHHs] CTYJEHTOB TEXHMUYECKUX
cnermanbHoctel (DUT HI'Y) pazpabotke nporpamm ynpasnenus KOC. Pazpaborannbie
MEXaHU3Mbl OECIIOBHON MHTErpaluy aIfOPUTMUYECKUX OJIOKOB, OMMCAHHBIX Ha SI3bIKE
Reflex, B cpeny LabVIEW Obuin anpoOupoBaHbl Ha 3ajade aBTOMATH3AIUU
yriounsmeputensHor mammasl HOHUYC.

JIoKyMeHTanbHble TOATBEPKIAEHUS 3(P(PEKTUBHOCTH MOIYYEHHBIX PE3yIbTaTOB
IIPY PAKTUYECKOM HCIIOJIb30BAaHUH MTPUBEAEHBI B [ [puitoskeHnu K auccepTanuu.

Metogosnoruss m MeToAbl HMcc/aeA0BaHMUA. 3a/7ayu, MOCTaBJICHHbIE B padoTe,
peliajgnch C HCIOJIb30BAHUEM MPOLECC-OPUEHTUPOBAHHOIO MOAX0Ja K pa3paboTke
nporpamm ymnpasiieHuss KOC. [Toaxons! k Bepuduxanuu nporpamm yrpasieHus KOC
ObLIIM BBISBJICHBl Ha OCHOBE aHaJM3a JOCTYIHBIX HAYYHBIX MyOJUKAIMil PYyCCKUX U
3apyOeXKHBIX aBTOPOB. OMIUPUYECKUM TIyTeM Obula JokazaHa d(PQPEeKTUBHOCTH
pa3paboTaHHOTO MOJXOJa B 3aJadyax aBTOMATH3alMU TEXHOJOTWYECKUX IPOLIECCOB U
(U3UKO-TEXHUYECKUX UCCIIEIOBAaHUI.



JInuHbIi BKJIaJ aBTOpPa. BeiHOCHMMBIE Ha 3aIUTy PE3yJIbTAThl MOJYYEHBI IPU
HEIMOCPEICTBEHHOM Y4acTHH couckaTessi. B omy0iaMKkoBaHHBIX paboTax ydyacTue aBTopa
3aKJII0YAJIOCh B HAMMCAaHUUM TEKCTOB PabOT, CaMOCTOSATEILHOM MPOBEICHUU
UCCJIEIOBATENIbCKMX  padOT M HEMOCPEJACTBEHHOM  Y4YacTHH B pa3paboTke
KOHIIENTYaJIbHOTO NOIX0/a K Bepudukaiuu nporpamm ympasienus KOC. Takxe aBTop
CaMOCTOSITENILHO pa3palboTalia apXUTEKTYpy KOMIUIEKCOB aBTOMATH3MPOBAHHON U
aBTOMaTH4yecko Bepuukammu, peanuzoBana [0 komiuiekcoB BepuduKanuu U
BUPTYAJIbHBIX JIAOOPATOPHBIX CTEHIOB U MOo00pasia TECTOBBIE 3aJauM JJIsl KOMILIEKCa
BUPTYaJIbHBIX JJAOOPATOPHBIX CTEHJIOB.

BHenpenne mnoJiydeHHBIX Ppe3yJbTaToB. [lonydeHHble pe3ynbTaThl OBLIU
UCITI0JIb30BaHbI B padOTax MO CO3/IaHUI0 AaBTOMATU3UPOBAHHBIX IIUPPOBBIX KOMIIIEKCOB:

1) pa3paboTka u TecTupoBaHue ympasisiomiero 10 BakyyMHOH MOaCHCTEMOMN
BCBT;

2) pa3paboTka 1 TecTupoBanue ynpasisiromnero [10 yrionsMepuTenbHON MalIiHBI
HOHUYC.

AnpoGanus  padorel. Pesynbrarel  gucceprandd  JOKJIAABIBAIMCH  HA
MEXTyHapOJHbBIX U BCEPOCCUICKUX KOH(EPEHIHUAX, B TOM YHCIIE:

e Uunyctpuaneueie uHpopMannoHueie cucrembl — 2013 (r. HoBocuOupck,
Poccust, 24-28 centsi6ps 2013 1.);

® Bcepoccuiickas ~ HayyHO-TexHUYeckass  KoH(epeHuuss  «CoBpeMEHHbIE
po0JIeMbl paarolteKTpoHuKN» (T. KpacHospck, Poccus, 6-8 mas 2014 1.);

® Jleraras mexayHaponHas Epmosckas koHgepenuuss PSI-2014 (r. Cankr-
[eTepOypr, Poccusi, 24-27 utons 2014 r.);

e 17th International Conference of Young Specialists on Micro/Nanotechnologies
and Electron Devices (Opaaromn, Anrait, Poccus, 30 utons — 4 uronst, 2016 r.);

e V MmexayHapoaHas KoH(pepeHIus «MareMaTH4ecKoe U KOMIIBIOTEPHOE
moneaupoBanue» ( r. Omck, Poceus, 1 nexadps 2017 r.);

e International Siberian Conference on Control and Communications (SIBCON-
2019) (r. Tomck, Poccus, 18-20 anpens 2019 r.);

e International Multi-Conference on Engineering, Computer and Information
Sciences (SIBIRCON 2019) (r. HoBocubupck, Poccust, 21-22 oxtsi6ps 2019 1.).

IMyoaukamuu. [To Teme paboTel ony0auKoBaHo 15 paboT, U3 KOTOPBIX S cTaTei B
penieH3upyemsbix KypHanax u3 [lepeuns BAK u 5 myGnukaruii B Tpyzax 1 MaTepuaiax
MEXIyHApOAHBIX KOH(pepeHUni. 4 paboThl ONMyOIMKOBAHbI B PELIEH3UPYEMbIX HAyUHBIX
XKypHajax, MHIEKCUPYEMbIX B MEXIyHApOJHOU 6aze Scopus 1 2 paboThl 0ITyOJIUKOBAHbI
B Web of Science. IlonyueHo 2 cBuaeTenbcTBa O TOCYJApCTBEHHOM perucTpanuu
nporpamm it OBM.



O0beM u cTpykTypa padoThl. Jluccepramnmsi COCTOUT W3 BBEICHUS, YETHIPEX TJIaB,
3aKaoueHus U mpuwiokeHus. O0bem pabotrhl — 133 cTpaHMIlBI OCHOBHOI'O TEKCTA,
conepkuT 17 pucynkoB u 3 Tabmuibel. COUCOK JUTepaTypbl BiiItoyaeT B cedsa 106
HauMEHOBAHUM.

OCHOBHOE COAEP XAHUE PABOTHBI

Bo BBegeHuHM TpHBOAUTCS OOOCHOBAHHWE AaKTyaJIbHOCTH BBIOPAHHOW TEMBI,
dbopMmynupyeTcs 1enb W 3aadd  pabOThI, TPEICTABICHBI OCHOBHBIC IOJIOKEHUS,
BBIHOCHMMbIC Ha 3aIlUTY, HAy4YHas W MPAKTUYECKash 3HAYUMOCTh PabOThl U MPUBEICHA
uH(dopMaIus 0 BHEAPEHUHU MOTYYECHHBIX PE3YJIbTATOB.

B mnepBoii rnaBe oOcyxnaercs creuuduka aiaroputmoB yrpaieHuss KOC.
[IpuBOaUTCS CpaBHEHUE MPOTPAMMHBIX SI3BIKOBBIX CPEIICTB, HMCHOJIb3YIOLIUXCA IPHU
onucannu ynpasiasomux nporpaMmm  KOC. IIpoBoauTcs KpPUTHYECKUN AaHAIN3
CYILIECTBYIOIIUX TMOJAXO0J0B K Bepudukauuu mnporpammHoro ooOecreuenus KOC.
[IpuBOAUTCS KPUTUYECKUW aHalW3 MATEMATUYECKUX MOJICNICH, HMCIOJIb3YEMBIX IS
onucanusgs KO®OC. CdopmynupoBansl TpeOOBaHUS K pa3pabaTbIBAEMbIM MOJEISM,
BBIYHCIUTENFHBIM METOJaM M KOMILUIEKCAM IMporpaMM JIUHAMHYECKOW BepudUKAIIUU
MIPOIIECC-OPUEHTUPOBAHHBIX Mporpamm ynpasieHuss KOC.

Anroputwmsl yripapiienuss KOC 065anaroT psiaoM cienupuiaeckux CBOMCTB.

1) OTKPBITOCTh — QJITOPUTM YIPABJICHUS B3aUMOJCHCTBYET C OKpPY)KaIOIICH
Cpelou;

2) COOBITUHHOCTD — AJTOPUTM pearupyer Ha COOBITHS OKPYXKAroIIeH Cpeabl U
BO3J/ICHCTBYET Ha MPOUCXOJIAIINE B OKPY>KEHUU (PU3UUYECKHUE TPOLIECCHI;

3) IPOIOJKUTEIBHOCTh  (DYHKIIMOHUPOBAHUS ~ YIPABJISAIONICTO aJTOPUTMa HE
ONPEIEIIEHA;

4) CHHXPOHH3M — PEaKIMH yIPABJISIONIETO aJITOPUTM TOJKHBI CHHXPOHHU30BAThCS
C COOBITHSIMU OKPYXKAIOIEH CPEJIbl;

5) norudveckuii mapasieNiu3M — CTPYKTypa YIPaBIAIOIIETO ajJroOpuT™Ma OTpakKacTt
MapajiyIeIn3M MPOLECCOB, MPOUCXOAIINX B OKPYKAIOIIEH cpee.

Peanuzanusi aaropuTMOB yrIpaBJIeHHs] CPEICTBAMH S3BIKOB OOIETO HAa3HAUYCHUS
YpEeBaTO YPE3MEPHBIM YCIOKHEHUEM MPOTPAMMHOMN apXUTEKTYPHI IPU POCTE CI0KHOCTH
anroput™Ma. [loatomy B o6mactu KOC pa3BuBaroTCs CrelnualIu3upPOBAHHBIE SI3bIKOBBIC
cpeacTBa A pa3padoTku ympasisitoniero 110, Hanpumep, B o0j1acTi TpOMBIIILIICHHON
aBTOMaTH3alMKu HCmoib3yroTes s3piku MOK 61131-3, MATLAB (Simulink), G (NI
LabVIEW), Reflex. UccrnenoBarenu aabTepHATHBHBIX JTUHTBUCTHYECKUX CPEACTB IS
ormucanus ynpasisitonux nporpamm KOC npennararoT u mpakTUYECKd 000CHOBBIBAIOT
3 PEKTUBHOCTH MPEIMETHO-OPUECHTUPOBAHHBIX S3HIKOB HA OCHOBE MOJIEIN KOHEUHOTO



aBTomara. K TakuMm s3pIKaM OTHOCSTCSI TpOIleCC-OpHEHTHPOBaHHbIC si3biku Reflex u
Industrial C, ocHoBaHHBIC Ha MaTeMaTHYECKON MOJIEIH THIIEpIIpoIIecca.

[Ipy wncnonb30BaHWK MPOLECC-OPUEHTUPOBAHHBIX SI3BIKOB MpU  pa3pabOTKe
ynpasisiromux nporpamM K®C ornenbHyr0 3a1ady NPEACTABISIET J10KA3aTENIbCTBO
KoppekTHocTH paspabarsiBaemoro I10. Bepudukanus sBisieTcss OJHUM U3 OCHOBHBIX
MeTo0B  obOecrieueHust  koppektHoctu  [IO. Ilpu  pazpaborke  mpoiiecc-
opueHTtrpoBaHHoro [10 MeToapl, UCIONB3YyIOMKEC IS BEPUPHUKAIIMN TPOTPAMMHOTO
oOecnieueHnss 0OImIero Ha3HaueHus, cnabo mnpumMeHuMmbl. [losTomMy Hambonee
pacnpoCTpaHEHHBIN MOAXO0/1 — pyYHasl OTJIaJIKa Ha ATane MyCKO-HaIaIK|: MPOBEPAIOILNN
KOHTPOJMPYET PEAKLMIO aIrOPUTMa Ha pPa3IMYHbIE CUTYyallUH, TOCTEIIEHHO YCIIOMKHSS
tectbl. [logxon oueHp TpynoeMkuil. OH DPUBOAUT K CEPHE3HBIM IICHUXOJOTHYECKUM
Harpy3kam Ha pa3pabOTYMKOB, HE TapaHTUPYET MOJIHOTY BepU(UKAIUHU, 3aTPYAHSICT
KOHTPOJIb KadecTBa BEpU(PUKALMH H, B KOHEYHOM MTOrE, YCIOXHIET pa3zpaboTKy
ynpasisroniero [10.

[loaToMmy pa3paboTka Mozaened W METOAOB  BepUUKAIMM  IpoLEecc-
OPUEHTUPOBAHHBIX AJITOPUTMOB YIIPABIIEHUSI MHTEPECHA HE TOJIBKO C TEOPETHUECKOM, HO
U C TPaKTUYECKOW CTOpOHBI. Meroabl, pa3pabaTeiBacMble B 001acTu (opManbHON
Bepudukanuu KOC, Ha Tekyiem sTane conpsikeHbl ¢ CEpbe3HbIMU OIPaHUYCHUSIMU Ha
CJIO)KHOCTh BEpU(ULUPYEMBIX AJITOPUTMOB, KOTOpPBIE MENAIOT 3TH METOJbl TPYIAHO
MPUMEHUMBIMU ISl IPAKTUYECKUX 3a]1a4.

CoBpeMeHHass TEHJEHUUs 3aKJII0YaeTCsl B MHTErpallid METOIOB JUHAMUYECKON
Bepupukanuu ynpasistomux nporpamm KOC B urepanmoHHbIA Nponecc pa3padoTKu
[1O ¢ ucnosib30BaHUEM MPOTPAMMHBIX UMHUTATOPOB OKpYyXaromen cpeasl. OTHUM U3
KJIFOUEBBIX IPEUMYILECTB MPU HCIOIb30BAHUM IMPOTPAMMHBIX MMHUTATOPOB SIBISETCS
BO3MOXKHOCTh PETYJIUpPOBaTh (PU3MUECKHE MapaMeTpbl OKpYXarollel cpeibl, a Takxke
UMUTHPOBATh CUTYaIlMH, KOTOpPbIE OBLJIO OBl HEBO3MOXKHO WJIM ONAcHO IPOBEPSATh Ha
peanbHOM 00bekTe (K mpumepy, aBapun). CHHXpOHM3a1Us porpamm yrpasienuss KOC
C (pU3MYECKUMHU COOBITHSIMU OKPYXAIOLIEH Cpelbl MOXKET MPUBECTU K YBEIUUYECHHUIO
CPOKOB pa3pabOTKu mpu BepudUKalMU Ha peaqbHOM 00BekTe. [lpu nuHamuyeckon
BepU(UKAIMU UCTIOIb30BAHUE TPOrPAMMHOTO UMUTATOPA MO3BOJISIET MUHUMHU3UPOBATh
3TH 3aJEPKKHU.

[Iporpammer  ynpasienuss KOC pearupyroT kak Ha COOBITUS (HU3UUYECKOU
coctaBisironieit KOC, tak u Ha Bo3aeiicTBUs oT oniepatopa. [loaTroMy nipu TuHaMU4YEeCKON
Bepupuxaruu cBoictB [10 KOC tpebyeTcst MmonenupoBaTh:

1)noBenenue pusznueckoit cocrapistonieit KOC;

2)noBeneHue anropurma ynpasienus KOC;

3)noBenenue oneparopa KOC;

4) naHUpOBAaHKE CLIEHApUEB PabOTHI HA OOBEKTE YIPABICHUS;



S)MOHHUTOPUHI pEAKLUHM aJrOpUTMa YOPABJICHHS B KOHTEKCTE TEKYILIEro
CLICHapHsl.

B WHcTuTyTe aBTOMAaTUKM U 3JIEKTPOMETPUM OblIa pa3padoTaHa oOmias cxema
Bepudukanuu ynpasistonux nporpamm KOC (puc. 1), koTopast COCTOUT U3 CAEAYIOIUX
1aroB:

1)BepupuuupyemMblii  aIropuT™M  yopaBji€HHs (€ro 4acTh) peau3yercs
porpaMMHO U ohopmIsieTcst B 000COOTEHHBIN alrOpUTMUYECKUH OJIOK;

2)monens ¢usndeckoit BHemHed cpexpl KOC (ee wactm) peanmsyercs
IPOrpaMMHO U oopmiisieTcsi B 000COOIEHHBIN aJrOPUTMUYECKUI OJIOK, HAa3bIBAEMbIN
BUPTYyaJIbHBIN 00beKT yrpasieHus (BOY);

3) npoBOaMTCS BepU(PHUKALUSA YEPE3 CO3/JaHUE TECTOBBIX CUTYallUl (CLIEHApUEB) U
KOHTPOJIb PEaKLUU aIrOpUTMa YIPaBICHUS;

4)kon anropuTMa yOpaBieHUS W (WJIU) BUPTYaJIbHOrO OOBEKTA YIPABICHHS
KOPPEKTUPYETCS MO pe3ybTaTaM Bepu(UKaUu.

HauvanbHan HauvanbHan Bepcua
Bepcma AY BOY

Bepudunkayma, cosgaHmne TeCTOBbIX CUTYyaUUiA, KOHTPOb peakumnm AY

KoppeKkuusa Kopgg;u,mn
TpebyeTca Aa | ay (ownbkm Aa TpebyeTtca
(owmnbkmn
KOppeKumsa? nnu KOppeKumsa?
pa3BuTHE) M
Het passuTme) HeT
KoHeuyHasa Bepcusa KoHeuyHasa Bepcusa

Puc. 1. Obmas cxema AMHAMUYECKOHN BepuUKAIIMK aTOPUTMOB YIIPaBICHUS
TEXHOJIOTHYECKUM 00beKTOM: AY — anroput™m ynpasienus, BOY — BupryanbHbIi
OOBEKT yIpaBJICHUS.

CxeMa TO3BOJISIET UCIOJIB30BAaTh HWTEPAIIMOHHBIM TMOAXOA K pa3paboTke
IIPOMBIIICHHBIX aNropuTMOB yrpasienuss KOC.

HccnenoBanus mMoKa3bIBAIOT, YTO aBTOMAaTU3alMs AMHAMUYECKON BepupUKaLUu
ynpasisitoniero 110 KOC npuBoAUT K CHUKEHHUIO 3aTpaT HA MPOBEPKY KOPPEKTHOCTH
[1O. HccrnenoBaTeny TakKe€ OTMEYAOT, YTO S3bIKOBas I'€TEPOr€HHOCTh YBEIUYUBAET
Harpy3Ky Ha pa3pa0OTUMKOB U 3aTPYAHIET BHEAPEHHE HOBBIX METOJOB BEPUPUKALINH.
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boumn  chopmynupoBanel  TpeboOBaHHMA K  pa3pabaThIBAEMOMY  MOAXOAY
Bepudukanuu ynpapisomux nporpamm KOC:

1. Bepudukauuss nporpamm  ynpasienus K®OC  gomxkHa TPOUCXOIUTH
JTUHAMUYECKH Ha MMPOrpaMMHOM UMUTATOpe 00BbEKTa yIpaBIeHHUS.

2. Ilponiecc BepuuKanud JOHKEH OBITH WHTETPUPOBAH B HUTEPAIMOHHYIO
paspabotky [10O KOC.

3. IIpoBepka KOppeKTHOCTH pa3pabarbiBaeMoil mporpamMmbl ympasieaus KDC
JOJKHA TPOUCXOIUTh aBTOMATHYECKH.

4. Monenb JOJDKHA BKJIIOYATh MPOBEPKY KOPPEKTHOCTH PEAKUUNA alropuTMa
ynpasienus (AY), UMHUTAIMIO TOBEICHUS OOBEKTa YNpPaBICHUS U YIpaBICHUE
MIPOXOXKIEHUEM TECTOBBIX CLICHAPHEB;

5. Metoa nomxeH obecrieynBaTh BO3MOKHOCTh U3MEHEHH MaciTada BpeMEHH;

6.1lpy MomenMpPOBAaHWUU TECTOBBIX CHUTyallud JOJDKHA TPEAOCTaBISTHCS
BO3MOKHOCTh U3MEHEHUS napaMeTpoB BHeEIHEN cpeapl KOC u Bzaumopeiicteus 10 ¢
ONEPATOPOM;

7. Onucanue mnoBeneHuss AY, umuraropa OOBEKTa YNPABICHUS, a TaKKe
MOHMTOpPUHIa TMOBeJIEHUS AY U yNpaBiIeHUs TECTOBBIMHM CLIEHAPUSAMH JOJHKHO OBITh
YHUGULIUPOBAHHBIM.

Bo BTOpO# rjiaBe OMMCHIBAECTCS YETBIPEXKOMIIOHEHTHas (popMajibHas MOJEIb
JTUHAMUYECKON BEpU(PUKALIMH ITPOLIECC-OPUEHTUPOBAHHBIX Tporpamm ympasieHuss KOC
C HCIOJb30BaHWEM MporpaMMHON Mozaenu oObekta ynpasieHus (BOY). Taxxe
OMKCHIBAECTCS YUCJIECHHBIA METOJ ONPEIEICHUS BEKTOpa PE3YJIbTATOB HCIIOIHEHUS
TECTOBBIX CLIEHAPUEB.

JUIst MOJIETMPOBAHMSI IPOBEPKH KOPPEKTHOCTU PEAKLIUNA aJrOpUTMa YIIPaBIICHNUS,
UMUTAIMK MOBEACHUS OOBEKTa YIPABJICHUS M YIPABICHUS MPOXOXKIEHUEM TECTOBBIX
CIIEHapueB HCIOJIb30Balach MaTeMaTHYecKas MOJENb THIlepIpoleca, KoTtopas Obuia
pacuimpeHa TUNoM JaHHbIX «Odepenpr cooOmeHui». Takoil MoaxoJ TakXKe MO3BOJUT
obecnieunTh yHubukanuwo onucanus AY, BOY, MoHuTOpUHTa MOBEACHUSI U OTIMCAHUE
TECTOBBIX CLIEHAPHUEB.

YeTblpexKOMIOHEHTHast (opMaibHas MoOJelb JWHAMUYECKOW BepuUKaluu
nporpamm yrpasiieHusi KOC — 3To koprex:

DV = (Controller, Plant, Dispatcher, Verifier, AR, TS, Qm, rez(ts))

DV BkitodaeT yeTbIipe paclIupeHHBIX runepipoiecca (puc. 2):

Controller (1) - runepomporiecc, MOICIUPYIONIMNA AJITOPUTM  YIPABICHHS.
Bxonubie gannbie Controller — ympasnsromue koman bl oT onepatopa KOC (5), a Taxke
CUTHAJIBI OT OKpy)Karoumied cpeabl (CUTHAJIBI JaTYMKOB); BBIXOJHBIE JaHHbIE —
yhpasJsionme Bo3aecTBus Ha Qu3ndeckyto komrnoHeHTy KOC u auarHoctuyeckue
cooOrieHus s onepatopa (6).
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Plant (2) - runepompoliecc, MOACTUPYIOMINNA BHUPTYAIbHBIA  OOBEKT
ynpasienus (BOY). Bxoansie nannsie Plant — yrpasnsromue Bo3zaeicteus Controller, a
TaKXe KOH(QUTYPAIMOHHBIC COOOIICHHS, KOTOPhIC 3a/Ial0T PEXKUMbI pabOThl 00BEKTa U
ero usnueckue napametTpsl (7). BeixoqHble TaHHBIC — 3HAYCHUS CUTHAJIOB JIATYNKOB,;

Dispatcher (3) — rumepomnporecc, MOACIUPYIOMUN YIpPaBJICHUE CIICHAPHIMHU
TectupoBaHusi. Breixomneie gannbie  Dispatcher - ympaBnstomme cooOrieHus,
umutHpytonpe coodmenus ot onepatopa KOC mus Controller (5) u mactpoeunsie
coobmenus Plant (7). Dispatcher 3amyckaeT W OCTaHABIIMBAET BBIMTOJHEHUE TECTOBBIX
CIICHAPHUCB;

Verifier (4) — rumepomporecc, 00eCHEUMBAIOIIMA TMPOBEPKY peaKInii
Bepudunupyemoro IO B cooTBeTcTBUM C TpeOOBaHUSAMH. BXOaHbIC NaHHBIE —
ynpasjsitonue BozaerictBus ot Controller ma Plant, 3HaueHus cWrHaNOB JaTYUKOB,
nepenaBaeMbic oT Plant B Controller, u quarnoctuyeckue cooOImeHus s orepaTopa oT
Controller (6). BeixoaHble naHHBIE — OTYET O pe3yibTaTtax Bepudukammu (8).

(4)
Verifier
(o)
(2)

Controller

@ Dispatcher @

Puc. 2. O0mias cxema 4eThIpEXKOMIIOHEHTHOM (hOpMalbHON MOJIETTH TUHAMHYECKOM

Bepudukaiuu nporpamm yrpasieHus KOC.

AR € Py — mHOXecTBO TpeOoBanuii k Bepudunmpyemomy I1O, rone Py - Bce
MHOKecTBO nporeccoB Verifier.

A — MHOXECTBO BECOB TPEOOBaHMI, TJIe KKl 2JIEMEHT Q; dTOTO MHOXKECTBa
a;€[0, 1].

TS — MHOKECTBO TECTOBBIX CIICHAPHEB.

QM — BEKTOp pe3yIbTaTOB UCIIOJTHEHHS TECTOBBIX CIICHAPUEB.

res(ts) — QyHkKIMs, BBIYUCIIAIOMAS KOMIIOHCHTY BekTopa QM Juisi TECTOBOTO
cueHapus ts.

TecToBBIM CLIEHApUM — O3TO YHOPSAJOYECHHAS IMOCJIEA0BATEIbHOCTh BHEIIHUX
KOMaH/a Il oObekTa yrpaiieHus u yrpasistomiero 10, Bo3aeiictByromux Ha [10
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(Hampumep, KOMaHAa OT OIepaTropa), a TaKKe YMNPaBISIOMUX PEKUMaMU pabOThI
00BEKTA YIPABJICHUS.

Kaxxapiit TecToBbIi clieHapuii tS & TS — 310 KOpTEeX
ts = (nlDﬁC,AlDﬁP,ar}s),rae

M, . — xoprex cooluienuii, kotopeii momy4aer Controller or Dispatcher mpu

POBEPKE KOHKPETHOT'O CIICHAPHSL.
Mp_p - KOpTex cooOImeHui, KoTophlii moiydaer Plant ot Dispatcher mpu
POBEPKE KOHKPETHOTO CIICHAPHSI

arygs € AR - 3TH TpoIlecChl MOJCIUPYIOT MPOBEPSEMbIE HA TEKYIIEM IIIare
Bo3jeicTBUs Ha yrpasisironiee 110 u BOY. 1o 3amycky Tekyiiel TeCTOBOW CUTyalllH
9TH MPOIECCHI MEPEXOAAT U3 MACCUBHON (DYHKIIMM-COCTOSIHUS B HAYAJIbHYIO aKTUBHYIO
byHKIHIO.

Kpurepuem ycnentHocT mpoX0oKASHUS TECTOBOTO CIICHAPHS BBICTYIIAET (PYHKITUS
res(ts), Berumcisiemas 1Mo 3aBEpIICHAIO IPOBEPKH KAXKIOTO TECTOBOTO CIICHAPHSI.

BekTop pe3ynbTaToB UCTIOTHEHNUS TECTOBBIX CIIEHAPHEB OIMPEIesIeTCs Kak:

Qm = (res(tsy), ... , res(tsm))

UucneHHbI METOJ] ONpEIeNICHUsI BEKTOpa pe3yJbTAaTOB HCIOIHEHHUS TECTOBBIX
cueHapueB QM rmpenctaBieH Ha puc. 3-5 W 3aKiIOYaeTcsl B IOCIEAOBATEIILHON
akTuBanuu runepomnporieccoB Dispatcher, Plant, Controller u Verifier (puc. 3).
Dispatcher ympaBnsier mopsIkoM MTPOXOXKIEHHS TECTOB Yepe3 MeXaHH3M OOMeHa
coobmienusimu, a 6moku Plant, Controller u Verifier mocnenoBaTensHO aKTUBUPYIOTCS,
B3aMMOJICHCTBYSI Uepe3 BhIACICHHYIO 00J1aCTh TaHHBIX.

Dispatcher (puc. 4). ynpaBiaser 3amyCcKOM, OCTaHOBKOW M TMEPEKIFOUYCHUEM
TECTOBBIX CIICHApUEB, 3aJlaBasi UM HAOOpP CTPOTrO OMPEJCICHHBIX CIIEHAPUEB PAOOTHI,
WM peajn3ys CUCTEMY TeHEpaIliK ClieHapueB PabOThI, UIIH YK€ COBMEIIas 00e 3T POJIu.
Korna Dispatcher ucrosHsieT TeCTOBBIN CIICHApHi 1S, OH MOCIIE0BATEIBHO OTIIPABIISACT

coobwennss M | . v Mp_,p , COOTBETCTBYIOIIHME 3TOMY CLICHAPHIO, TEM CaAMbIM UMHUTUPYSI

-C
IIPUCYTCTBUEC OII€paropa MW HacCTpauBasd Plant. Hepe,[[aIOTCSI 3HAYCHUA (I)I/I3I/I‘{eCKI/IX
napamMeTpoB O Plant u KOMaHbI Ha IEPEKITIOUYCHUE PCKUMOB €T0 pa60TI>I — Harmpumep,
€CJIM B TECTOBOM cClieHapuu ucciuenytorca peakuuu [IO mpu mratHON pabore wiH
PEKUME HCUCITPABHOCTH.
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Havano

¥ _
3anyck TecToBbIX
cueHapues
Bei50B BbizoB Plant BbizoB Controller
Duspaltcher Ha4vano Ha4ano
y X '
Beizoe Plant CunoiBare BXOARBIX ||~ TbiBaHMe BXOOHbIX
I AAHHLIX (COOGILEHUN aHHbIX (cooOWweHnn
BblizoB ot Dispatcher, EMCerTHbIX C;I#Hano;a
Controller 'QMCerLHﬂ;;';'rHanos n ALMM)
) ) ) i
BbizoB )
Verifier LWar Plant War Controller
Kotew, Beprdpukamn?. ( : ] [ Banuce BJI;IXO HbIX
1 3anuncb BbIXOAHbIX ARBIX
aHHbIX (QUCKPETHbIX AaHHbIX (COOBLLEHNH,
BbluncneHue mepbl A AL AUCKPETHbLIX CUrHanoB
KoppekTHocTH MO | ceranoi mALN) JE n Ll,fﬂ) )
¥
KoHeL KoHeL KoHel

Puc. 3. YucneHusii MCTO OIIPCACIICHUA BECKTOPA PC3YyJIbTATOB UCIIOJIHCHUA
TCCTOBBIX CLCHAPHUCB.

Havano

Het

WMcnonHaetca ts?

OcTaHoB npoueccos

KOHell akTUBHOro ts?
H aKTUBHOrO TS

Oa

OcTaHoB Bcex
npoLeccos.
KoHeu Bepucmkauum

Bce TS
npoiaeHsbl?

Het

3anyck npoueccos,
YNpaBnsoLLmX
cnegywouwum TS

LLlar akTUBHOro
Tekywero TS

!

3anucb
BbIXOOHbIX
COOBLLEHNA
B ovepenb Ans
Plant 1 Controller

|

KoHel
Puc. 4. Uucnennsiit MeTO1 ONpeiesieHUs OMHAPHOTO BEKTOPA PE3yJIbTATOB MCIIOTHEHUS

TECTOBBIX clieHapueB: mar Dispatcher.
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Ha4ano
¥
CyuTbiBaHNE BXOAHbLIX W
BbIXOOHbIX OaHHbIX OT
Controller (cooBLieHunn,
UM pOoBbIX "
aHanoroBbIX CUrHanoB)

3anyck
HoBoro ts?

EcTb
aKTUBHbIN
ts?

Beluncnenune peaynstatal Oa
UCMOMHEHUA aKTUBHOIO
ts (KoMnoHeHTBl QM)

Het
, AKTBaUMA
OcTaHoB npoueccos ar ,
MPOLIECCOB ar
aKTMBHOrO ts
HoBoOroO ts
Ectb
LWar .
\ aKTUBHBIN
npoueccos ar ts?

l

KoHeL

Het

Puc. 5. UncrieHHbI# METOT ONpeieTICHUs OMHAPHOTO BEKTOpAa PE3yJIbTaTOB
WCIIOJTHEHUS TECTOBBIX clieHapueB: mar Verifier,

B nporecce padoter Controller renepupyeT mocienoBaTeIbHOCTh YIIPABIISFOIINAX
BO3eHcTBHUI Ha Plant, a Taxoke yropsiioueHHYO ITOCIEA0BATEIIbHOCTh TUATHOCTUYECKUX
BBIXOJHBIX cooOmennit mns omneparopa K®C. Iloeenenue ymnpasmstomero 1O nHa
TEKYIIIeM TECTOBOM CIICHAPHM CUYHMTAeTCs KOppeKTHbIM, eciu Controller renepupyer
KOPPEKTHYIO MOCIEA0BATEIbHOCTh BO3ICHCTBUN M JIMarHOCTHMYECKUX cooOuieHuil. B
MPOTUBHOM CJIy4ae, alifOPUTM YIIPABJICHUS CUMTAETCS HEKOPPEKTHBIM. Verifier (puc. 5)
no cpe3y maHHeix mexay Controller m Plant ma xaxmom mukiae aktuBaiun DV
orpeenseT KoppeKTHOCTh peakiuii Controller. ITo 3aBepiicHUIO TECTOBOTO CIICHAPHS
BBIYHCIIACTCS PE3YJIbTaT UCTIOJHEHUS TECTOBOTO CIICHAPHS:

Yiaj* (curr_state(p;) |= sERROR)
2ia;
p, € AR V n € [1, R], R — MOIHOCTb MHOKECTBA ATT¢

res(ts) = , THe

curr_state(proc) — ¢yHKIHS, KOTOpas BO3BpallaeT TEKYIIEe COCTOSHUE OT
mporiecca proc;

ERROR

s — BBIJICJICHHAS MMacCUBHAs (PYHKIHUSI-COCTOSTHUE «OCTAHOB TIO OIITHOKE).

a;€ [0, 1] — Bec kaxmoro TpeOOBaHMS.
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B ciyuae coGnronenus Bcex TpeOoBaHHWI TecToBOrO crieHapus rez(ts) paseH 1.
Bextop Qm = (res (ts1) , ... , res(tSm)) dopmMHupyeTcs HAa OCHOBAHUHU Pe3YJIbTATOB
MCIIOJIHEHUS TeCTOBBIX CLileHapUeB.

B Tperbeil riaBe onucaHa AapXUTEKTypa MPOTPaAaMMHBIX KOMIIJIEKCOB
aBTOMATU3UPOBAHHOM U aBTOMAaTUUYECKOW Bepudukammuu nporpamm ynpasiennss KOC Ha
s3pike Reflex B Bupe LabVIEW-npunokenus. [IpuBeneHsl pe3ynbraThl ampoOariuu
MpeaIaracMoro TMoaxXo/a MWHAMHYECKOW BEpU(PUKAUUA TMPOIECC-OPUECHTHPOBAHHBIX
nporpamm yrpasieHuss KOC.

[IpensioxeHHbIN METOJ JTUHAMUYECKOMN BepudUKaIu nporecc-
OpPUEHTUPOBAHHBIX MporpamM yrpasieHuss KOC ObL1 peann3oBaH B ABYyX BapHaHTaxX: B
KOMILJIEKCE aBTOMATHU3UPOBAHHOW BepU(UKAIMM M B KOMIUIEKCE aBTOMATUYECKOMN
BepHU(pUKAIIMU YITPABIISIOIIMX IIporpamMM Ha si3bike Reflex.

B komruiekce aBTOMAaTH3UPOBAHHOW BepU(PUKAIMU MPOrpamMM  YIPABICHUS
K®C (puc.6) ynpapieHue CcCLEHApUSIMH padOTbl U KOHTPOJIb PEAKIUU aJIrOpUTMa
MPOU3BOJIUTCST omepatopoM uyepe3 rpaduueckuid wuntepdeiic (1). I'paduueckuit
uHTepdeic MPenoCTaBIseT ONepaTopy BO3ZMOXKHOCTH OTIPABISATH IITATHBIE KOMAaHJbI
anroputMmy yrpasieHusi (6) depe3 odepenp cooOmieHuid (2) U KOHTPOJIUPOBATH
coobmienuss oT ymnpasisitoniero [1O uepe3 ouepenb coobmenuit (4), ympaBisTh
noBenenueM Plant (9) gepes odepens cooOmenuii (3) 1 KOHTPOJIUPOBATH COOOIICHUS OT
Plant uepes ouepenb coodmienwuii (5). Taxxe Ha GUI 0ToOpakaroTcsi COCTOSTHUS BXOTHBIX
(7) 1 BBIXOAHBIX (8) MMCKPETHBIX CUTHAJIOB AJITOpUTMa ympaBieHus. [ns umuranuu
BXOJHBIX AHAJIOTOBBIX CUTHAJIOB OT AaTuukoB/Allll, opraHu3oBaH AOMOJHUTEIbHBIN
kaHan cs3u Mexay Plant u Controller (10), a mas uMuTanMKU BBIXOAHBIX aHATOTOBBIX
curranoB (LIAIT) — xanan cBsizu (11).

Henocratku noaxona:

1) BUByanbHBIN KOHTPOJIb 32 peakiueit [10 u cioKHOCTh aHanm3a 0ToOpakaeMon
uH(pOpMaUU NMPUBOAUT K OMIKOKaM Bepu(pUKauu (BEpOSTHOCTh HE 3aMETUTh OLTMOKHU
B paboTe MPOrpaMMbi);

2) HA KaXJIOW HUTepaluM JIO0KHA OBbITh 3aHOBO mpoBepeHa peakuus [1O B
COOTBETCTBHH CO CIIMCKOM TECTOBBIX CHUTYyaIlui, 4TO O3HAYaeT OOJBIIOE KOJIUYECTBO
PYTUHHBIX IEUCTBUM U TAK)KE MPUBOJUT K OIMIMOKaM (IIPOITYCKY TECTOBBIX CUTYAIIHH).
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Jlns  ycTpaHeHHsT HEAOCTAaTKOB aBTOMAaTU3MPOBAaHHOM Bepudukanuum ObuI
pa3paboTaH KOMILIEKC aBToMaTudyeckoi Bepudukanuu ynpapistomux 110 (puc. 7). B
OTAMYME OT PYyYHOU BepUHUKAIMK YIpaBICHUE CLIEHAPHUSIMH PaOOTHI MPOU3BOIUTCS
AJITOPUTMHUYCCKUM OJIOKOM yrpasieHus crieHapusmu (Dispatcher) (9), a xoHTpoJb
peakiMy YNpaBIAOMIEH NPOrpaMMbl — aJTOPUTMUYECKUM OJIOKOM BepuduKanuu
(Verifier) (2). Dispatcher gepe3 mratHyo ouepeab cooOmieHn# (8) mochlIaeT KOMaH bl
s Controller (4), umuTupyst IEHCTBHsI OrepaTopa, a TAaKKe yIpaBisgeT MOBEICHUEM
Plant (7) uepe3 ouepens coobrmienuii (10). ITpu stom Plant smynupyer kak mratHyro
paboTy 00BeKTa YyIpaBJICHHs, TaK M OTKa3bl ero aneMeHToB. [lapamnensro Dispatcher
nepegacT HWHPOpPMAIMIO O 3amyckaeMbix creHapusx B Verifier yepes odepenp
coobmenuii (3). B cBoto ouepennr Verifier onpenenser xoppektHocts Controller na
OCHOBaHMM HH(MOpPMAIMK O 3alycKaeMbIX ClieHapusx, cooOmenuid ot Controller,
nepeaaBaeMbIx yepes 0ydep coobmienuit (1) u cocrosinus 6ypepoB BXOIHBIX/BBIXOIHBIX
curnaiio Controller (5, 6).

ABTOMaTHuecKas BEepU(PUKAIMK MMOCTPOCHA HA B3aMMOJICUCTBUH YIIPABISIONICH
IpOrpaMMbl, BUPTYaIbHOTO OOBEKTa YIpaBlIeHUs (KOMIIBIOTEPHOW MojeiH), Oioka
YIOPABJICHUS CLUEHAPUSIMU pabOThl U OJIoKa BepU(pUKALMHU. YTPABICHHUE CIEHAPHUIMU
paboThl, UMHUTALIUA ACHCTBHUI OMEpaTopa CUCTEMbI yMPABICHUS U KOHTPOJIb PEaKIUH
JIrOpUTMa MTPOU3BOIITCS aBTOMaTHuecku. [Ipu aToM aMynupyeTcs Kak mraTHas padboTa
Oo0OBEKTa YMpaBlieHWs, TaK M OTKa3bl €ro OJJIEMEHTOB. ABTOMAaTHYeCKas CXxema
Bepu(DUKAIIUU UCKITIOUAET OMUOKH OnepaTopa, MPOBOISIIETO BEPUPUKAIIHIO.
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Puc. 7. Cxema B3auMoaeiCcTBHUS MOAYJ el KOMIUIEKCA aBTOMATHYECKOM
JTMHAMUYECKON Bepupukaimu.

Anpolanus mpeiaraeMoro mojaxoja JWUHAMUYECKOW BepuU(UKAIMU Mpolecc-
OpUEHTHUPOBAHHBIX alropuTMoB yrpasiieHus KOC Obuta mpoBeneHa Ha CIEAYIOIIHMX
3ajJayax.

1. TecroBas 3aga4ya aBTOMATU3AIUN YICKTPOCYIIHIKHU IS PYK.

2. TecroBas 3aj1aua aBTOMAaTH3aIlMA CUCTEMBI YIIPABIICHUS YPOBHEM BOJIbI B OaKe.

3. IlporpamMma ympaBieHHST TOJCHCTEMOW BakyyMupoBaHusi  bombloro
COJIHEUHOT0 BakyymHoro teneckona bCBT.

B  3AK/IIOYEHHMM  moABOAATCSA UTOTU  JUCCEPTALIMOHHOM  paloThlI,
(OpMyJINPYIOTCS €€ OCHOBHBIE PE3YJILTATHI.
OCHOBHBIE BbIBO/JbI U PE3YJIBTATDBI
B nuccepranuy nosy4eHsl CIeAyOIKUE OCHOBHBIE HAYUYHBIEC PE3YJIbTAThI:
1. TlpennoxkeHa YeTHIPEXKOMIOHEHTHas (OpMasibHas MOJENb JAUHAMUYECKOM
Bepu(dUKaIUU MPOIeCC-OPUEHTUPOBAHHBIX MTporpamM ynpasieHuss KOC na umurarope
00beKTa yrpaBiaeHHUs.
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2. llpennoxeH 4YHCIEHHBIM METOJ IWHAMUYECKOW BepUUKAIIMN MPOIIECC-
OpPUEHTHUPOBAHHBIX Mporpamm yrnpasieHus KOC.

3. Pazpaboransl IporpaMMHbIe pelieHus, UCIIOJIb30BaHHBIC npu
MPOEKTUPOBAHUM KOMILIEKCOB aBTOMAaTU3UPOBAHHON U aBTOMATHYECKOM TUHAMUYECKON
BepuduKaIuy nmporpamMm Ha sizbike Reflex.

4. Tlomxom ampoOupoBaH Ha 3agadye BepUPUKANNHA BAKYyMHOW ITOJCHUCTEMOM
Bonpsmoro conneunoro teneckona (BCBT). MccnenoBansl CymecTBYOMUE NOAXOIbBI K
BepUPUKAIIUU TTPOLIECC-OPUCHTUPOBAHHBIX Mporpamm ynpasieHus KOC.

Pa3zpaboTanHbie METO/IbI JTUHAMHYECKOW BepU(UKAIIMM MOTYT HCIOJIb30BaThCS
IPU CO3/IaHUM TPOIECC-OPUEHTUPOBAHHBIX Mporpamm yrpasieHuss KOC, a takxe amns
MOJATOTOBKHU CHEIUATUCTOB B 00nacTu pazpadorku KOC.
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