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O01mas xapakTepucTuka padoThl.

AKTYaJIbHOCTH NPO0JIeMbI

B Hacrosiee BpeMs NuileBas MPOMBINIIEHHOCTh Poccuu mpencrasiseT coOoit
OJIHY M3 CTPATETHYECKUX OTpacieli SKOHOMHUKH, KOTOpas Mpu3BaHa 00ECIEeYNTh HACe-
JICHUE CTPaHbl HEOOXOIUMBIMU TI0 KOJIMYECTBY M KAUECTBY MPOTYKTAMH ITUTAHHUS.

Konpurepckas oTpaciib 1o CBOMM pa3MepaM 3aHUMAET YETBEPTOE MECTO CpeIu
MUIIEBBIX OTpaciel (ciemys 3a xjeOorekapHoi, MOJIOYHOM U phIOHOM). PocT mpous-
BOJUTEIBHOCTU B KOHJIUTEPCKON MPOMBIIIJIEHHOCTH CIIOCOOCTBYET POCTY IPOU3BOAM-
TEJIbHOCTA BCEH MHUILEBOW MNPOMBIIIJIEHHOCTH, 4, CJIEAOBATEIbHO, W ITOBBIIICHUIO
YPOBHSI 5KOHOMHUYECKOTO Pa3BUTHUSA CTPAHbI, U YPOBHS KU3HHU HACEJICHUS.

OcHoBHas 3a/laya yNpaBlIeHUsS Ka4eCTBOM KOHAMTEPCKOW MPOIyKUIUH— obecrie-
YUTHh CTAOUIILHOCTH TIPOU3BOJICTBEHHBIX MIPOIIECCOB, HE JOMYCTUTh MOSIBJICHUE Opaka u
JPYTUX HECOOTBETCTBUI BBITYCKAEMBIX KOHAUTEPCKUX U3/ICIINN YCTAHOBICHHBIM Tpe-
ooBanusM. [losaTomy 1t 3(pPEeKTUBHOrO ympaBieHHsS MPOU3BOACTBOM HEOOXOAMUMO
HaJM4usl JTOCTOBEPHBIX JIAHHBIX O MOKA3aTEeIsX KayecTBa ChIPbs, MOIYy(PadpUKaTOB U
rotoBoil mpoaykiuu. [Ipu 3ToM BakHO, 4TOOBI TaHHBIC OBUIA MOJYYEHBI B KpaTdaii-
[IM€ CPOKH, TaK KaK ONEPATUBHOCTH, JOCTOBEPHOCTh U CBOEBPEMEHHOCTh MOJTYyUYEHUS
JTAHHBIX 3HAYUTEJIBHO BIIUSIET HA CKOPOCTh U MPABUJILHOCTh MPUHSATHS PELICHUIM.

AHaIIN3 COCTOSIHUSI aBTOMATH3alMM TEXHOJOTHUYECKUX MPOLIECCOB KOHAUTEPCKUX
MIPOU3BOJICTB MOKA3bIBAET, UTO HA JACHCTBYIOIIMX MPEANPUATUAX U3-32 YACTON CMEHBI
ACCOPTUMEHTa KOHJUTEPCKUX H3JCIIU, MHOTOMEPHOCTH, OOJBIIUX OOBEMOB MPOU3-
BOJUMMOW MPOAYKUUH, HEIUHEWHOCTH, MHOTOKAHAJIbHOCTH MPOHM3BOJCTBEHHON WH-
dbopmaluu OTCyTCTBYIOT 3(P(hEeKTUBHBIC COBPEMEHHBIE aBTOMATHYECKUE CUCTEMBI KOH-
TPOJISL U YIPABJICHUS KaY€CTBOM MPOU3BOAUMBIX M3AENUU. M3-3a OTMEUEHHOU CIIOXK-
HOCTH TPOU3BOJICTBA KOHAUTEPCKON MPOAYKUHH U HEOJHOPOJHOCTH MOCTYHAOLIETO
CBIPbsI, CYIIECTBYET OIPOMHOE KOJIMUECTBO PA3IUYHBIX KOMOWHaIMKM (HhakTOpOB, BIIU-
AIOIIUX HA XOJI 3TUX MPOIECCOB, HO IIPU 3TOM BEChbMa OTPAHMYEHHOE YUCIIO UX OINTHU-
MaJIbHBIX BapuaHTOB. [lonck 1 000CHOBAaHME TaKHUX COUYETAHUM CIIOCOOCTBYET B JaJlb-
HeliieM Ha 0a3e MOJIyYEHHBIX pe3yJIbTaTOB MEpedTH K pa3paboTKe WHTEIUICKTyallb-
HBIX CHUCTEM KOHTPOJS M yIPABIICHUS, MO3BOJISIIOIINX OCYIIECTBIISITh CBOEBPEMEHHOE
ABTOMATUYECKOE U3MEHEHUE TEXHOJIOTHUUYECKUX MapamMeTPOB IMpolecca U PEKUMOB pa-
O0TBI HCTIOB3YEMOT0 000PYI0OBAHUS.

Jliist pa3paboOTKH TaKUX CUCTEM HEOO0XO0auMa, B TIEPBYIO OYEPE/lb, aBTOMATH3AIUS
KOHTPOJISI B TOTOKE OCHOBHBIX OPTaHOJIEITUYECKUX MMOKa3aTelield KaueCTBa ChIphbs, MO-
Ty(pabprKaTOB U TOTOBBIX M3JEIWN, U CO3/IaHMsI, HA ATOW OCHOBE, aBTOMATH3UPOBAH-
HBIX CUCTEM KOHTPOJIA U YHPABJIEHUS C UCIOIb30BAHUEM TEXHOJIOTUN UCKYCCTBEHHO-
ro UHTEIJUICKTA.

Ha ceromusminuii neHb HAKOIUIEH MPAKTUYECKUM M TEOPETHUYECKUN 00BEM HH-
dbopmaluu Mo aBTOMaTU3aIlMK TEXHOJOTUUECKUX MTPOIIECCOB MUILIEBBIX MPOU3BOACTB C
WCIIOJIb30BaHUEM COBPEMEHHBIX UH(POPMAITMOHHBIX TEXHOJIOTHH, KOTOPBIE MMPOBOAMIH
A.H. AscrpueBckux, C.1. Ananacenko, B.K. butiokoB, M.M. bnarosenieHckas,
N.T". bnarosemenckuid, }0.1O. I'pomoB, M.B. XKupos, A.®. Eropos, FO.A. MBaiikus,
C.A. KpacuukoB, A.E. KpacuoB, A.b. Jlucuusia, B.B. Mutun, K.C. MbleHKoB,



M.A. Hukutuna, C.B. Hukomaesa, B.O. HoBuukuii, H.B. Ocranuyk, C.M. Iletpos,
A.1O. TIpocekos, I'.B. CemenoB, C.I1. Cepnoounnie, A.B. Tarapunos, E.N. Turtos,
B.A. Yepnsbix, E.JI. Ueptos, A.B. IllaBepun u Jp.

B Hacrosimieit pabote yuTreH U mpopadOTaH OMBIT MPEABIAYIIUX HCCIIeTOBAHUMH,
MCIIOJIb30BaHbl PEKOMEHIALINH, IPUBOIUMbIE IIEPEUYNCICHHBIMA ABTOPAMHU.

BaxnelmuMy mokaszaTeas MU IIPU OLIEHKE KayecTBa KOHIUTEPCKUX MPOAYKTOB
SBJIAFOTCS OPTraHOJIEITUYECKHE MOKa3aTean (BKYC, IIBET, 3alax, BHEIIHUN BUI U JIp.).
O1neHKy 3THX CBOMCTB B HACTOSIIEE BPEMS OCYIIECTBISIOT B Ja0OpaTopusx KOHIHU-
TEPCKUX NPEANPUITUN OPraHOJENTHUUYECKUM MYTEM SKCHEPThI- AETyCTaTophl. Takoit
KOHTPOJIb HE TMO3BOJSIET peajn30BaTh (QYHKIUH MO aBTOMAaTHYECKOMY YIMPABICHHIO
KaueCTBOM TOTOBOM KOHAMTEPCKOU MPOIYKIIMHA U UMeeT (DAaKTOp CyOBEKTHBHOCTH.

Pemenne nanHoil mpoOiieMbl TpeOyeT HalIM4Yusg COBPEMEHHBIX CPEICTB HEMpe-
PBIBHOTO aBTOMAaTHYECKOT0 KOHTPOJISI B OTOKE OPraHOJIENTUYECKUX MOKa3aTeIeh Ka-
YeCTBa ChIPbs, M0JTy(HaOpPUKATOB U TOTOBOM KOHJIUTEPCKON MPOAYKIIUU 32 CUET BHEI-
peHus BbICOKOA((PEKTUBHBIX MHTEIIEKTYAJIbHBIX TEXHOJOTUM B MPOU3BOJICTBEHHBIN
MPOIIECC U CO3/IaHUSI HA 3TOM OCHOBE MHTEJUICKTYalbHbIX aBTOMATU3UPOBAHHBIX CH-
CTEM yIIPaBJICHUS.

TpyIHOCTh pemieHus 3aja4y aBTOMAaTU3alul KOHTPOJIS B IOTOKE JAHHBIX OPraHo-
JIENITUYECKUX TMOKAa3aTeNel 3aKI04aeTcsl B TOM, YTO KOHAUTEPCKUE MACCHl IPEACTaB-
JSI0T cOOOM CIIOXKHBIE U HEOJTHOPOJHBIE MHOIOKOMIIOHEHTHBIE CMECH, COCTOSIHUE KO-
TOPBIX 3aBUCUT OT MHOTUX (PaKTOPOB (COCTaBa ChIPbS, PEKUMOB pabOThI 00OPYAOBa-
HUS, CTPYKTYPHO-MEXaHUYECKUX CBOMCTB M T.1.). Bce 3TO BhI3bIBaeT yacTblie Kojebha-
HUS MApaMeTPOB MPOLECCOB MPUTOTOBJICHUS MHOTOKOMIIOHEHTHBIX KOHJIMTEPCKUX
Macc, 4TO OTPAXKAETCS Ha KayecTBe Moty (haOpruKaToB U TOTOBOM MPOAYKIUH.

VYcnenrHoe penieHre 3Tol NpoOieMbl BOZMOXKHO JIMIIb MPU CO3JaHUU U BHEApE-
HUU B TPOU3BOJICTBEHHBIN MPOLIECC AaBTOMATU3UPOBAHHBIX NHTEIJIEKTYAJIbHBIX CUCTEM
KOHTPOJISI W YIPABICHHUS C HCHOJb30BAHMEM HCKYCCTBEHHBIX HEUPOHHBIX CETEH
(MHC), cucrem xommbtoTepHoro 3penus (CK3), MynbTHAreHTHBIX WMUTAIMOHHBIX
TEXHOJIOTUI MOJACIUPOBAHUS, ITUMPOBBIX JBOMHUKOB, BUPTYAJIbHON U JOMOJTHEHHOM
PEaTbHOCTU U APYTUX UHTEJUIEKTYaIbHbIX TEXHOJIOTHMA.

Co3ganue Takol CHCTEMBbI MO3BOJIUT: HEMPEPBHIBHO, B MOTOKE KOHTPOJIHPOBATH
OpraHoOJICTITUYECKUE TIOKA3aTeNM KAa4eCTBa ChIPhs, MOTy(padpUKaTOB U TOTOBOM KOH-
JUTEPCKON MPOAYKUMHU B TEYEHHE BCETO TEXHOJOTMYECKOIO Mpollecca; 00ecneunuThb
CTaOMJIBHOCTh ITPOU3BOJICTBA KOHAUTEPCKUX M3JIENUH; MPOTHO3UPOBATH KAUYECTBO TO-
Ty (pabpuKaTOB M TOTOBOM MPOIYKLHMHU; CYIIECTBEHHO YMEHBIIUTh YPOBEHb Opaka,
CHU3HUTH MOTEPU pabouero BPEMEHH, ChIpbS M IHEPTHUH, MOBBICUTH KaY€CTBO IOTOBOM
MPOAYKITUH.

Pemenne 3TuX akTyalbHBIX 3a4a4 SBISIETCS KPYIIHOW TEOPETUUYECKOM U MPAKTH-
YECKOW MPOOJIEMOM, TTO3BOJIAIONICH 3HAYUTEIILHO MOBBICUTH 3((HEKTUBHOCTH CIIOKHBIX
MHOTOCTaIMHHBIX T1I KOHIUTEPCKUX MTPOU3BOJCTB.

Hcxons u3 BBIMIEU3IIOKEHHOTO, TeMa JAUCCEPTAIMOHHON paboThl «MeTomooru-
YECKUE OCHOBBI aBTOMATHU3AIIMKM KOHTPOJISI OPraHOJIENTHYECKHUX MMOKa3aTelie KauecTBa
KOHJUTEPCKON MPOIYKIIMU U CO3aHNE HA WX 0a3e MHTEIIEKTYATbHBIX CUCTEM YIIPaB-



JICHUSD SABJISIETCA AKTyalbHBIM HAIIPABICHUEM PAa3BUTHS KOHIUTEPCKON MPOMBIIILICH-
HOCTH, UMEIOIIMM Ba)XHO€ HApOJIHOXO3AMCTBEHHOE 3HAYEHHE, a TAKXKE aKTyaIbHOU
Hay4YHO- TEXHHUUYECKOH 3a/1aueil cnenuanbHOCTh 2.3.3 — ABTOMAaTU3alus U YIIPABICHHUE
TEXHOJIOTUYECKUMU MPOLECCAMU U IPOU3BOJACTBAMM.

Jluccepranusi COOTBETCTBYET MACHOPTY CHEUUAIBHOCTH 2.3.3, a UMEHHO IyHK-
TaM: «2. ABTOMAaTH3alMsl KOHTPOJIS U UCHBITaHUW», «3. MeTronoyiorusi, Hay4yHble OcC-
HOBBI, CPEJICTBA U TEXHOJOTUU MOCTPOCHUS aBTOMATU3WPOBAHHBIX CUCTEM yIpaBJe-
Hus TexHosorndeckumu mnporeccamu (ACYTII) u npousBoacteamu (ACVYII), a Takxe
TexHU4Yeckoil nmoaroroBkoi npousBoacTsa (ACTIIII) u T. 1.», «4. TeopeTuyeckue oc-
HOBBI ¥ METOJbI MOJICTTUPOBAHMS, (HOPMAITM30BAaHHOTO OMMCAHUS, ONTUMAIBLHOTO TIPO-
EKTHUPOBAHUSI U YIPABJICHUS TEXHOJOTMYECKUMHU MPOILIECCaMUd U IPOU3BOJICTBAMUY,
«5. HayuyHble OCHOBBI, aJITOPUTMUYECKOE 00ECIICYEHNE U METO/Ibl aHAIN3a U CUHTE3a
CUCTEM aBTOMATHU3WPOBAHHOTO YIIPABJICHUS TEXHOJIOTUYECKUMH OOBEKTaMu», «O.
HayuyHble OCHOBBI M METOHBI MOCTPOCHUS MHTEIJIEKTYAJIbHBIX CUCTEM YIIPABIICHHS
TEXHOJIOTUYECKUMU IPOLIECCAaMU U MIPOU3BOJACTBAMU», «8. HayuHble OCHOBBI, MOAEIH
U METOJbl UICHTU(PUKAIUYA MPOU3BOJICTBEHHBIX MPOIIECCOB, KOMIUIEKCOB U MHTETPU-
POBAHHBIX CUCTEM YIPABJICHUS U UX UDPOBBIX JBOMHUKOBY, «10. dopmaiin3oBaHHbIC
METOJbl aHaJn3a, CUHTE3a, UCCIEAOBAHUS U ONTUMHU3ALNS MOMYJIbHBIX CTPYKTYp CH-
cTeM cOopa, XpaHeHus, oopadoTku u nepenaun naHHbIX B ACYTII, ACYII, ACTIIII
ap.», «11. Metonbl co3nanust, 3pHEKTUBHON OpraHU3alMKU U BEJICHUS CTICIIUATU3UPO-
BaHHOTO HMH(pOpMAMOHHOTO H TnporpammHoro obecneuenus ACYTII, ACVII,
ACTIII u ap., Bxiaovas 0a3bl JAaHHBIX W METOABl UX ONTUMU3ALUN», «12. MeToss
CO3/IaHUSI CIEIMATBLHOTO MAaTeMaTHYECKOr0 W MPOTrpaMMHOT0 OOECIEeUeHHUs, MaKeTOB
MPUKIIAJIHBIX MPOTPAMM U TUIIOBBIX MOJY-JI€H (PYHKIIMOHAIBHBIX U 00ECIIEUNBAIOIIUX
noacucteM ACYTII, ACVYII, ACTIIII u ap., BKIro4dast yrnpaBJI€HUE UCIOJTHUTEIbHBI-
MU MEXaHU3MaMU B PeajibHOM BpeMeHn», «15. TeopeTnyeckre 0CHOBbI, METOABI U aJl-
TOPUTMBI IHArHOCTUPOBaHUS (OTmpesesieHus: paboToCOCOOHOCTH, TIOUCK HEUCITPABHO-
cteit u npornozupoBanus), ACYIIL, ACTIIII u np.».

N3noxenHoe Mo3BOJIAET clieNaTh BBIBOA 00 aKTyaJdbHOCTH TEMbI JUCCEPTAIIMOH-
HOU paboTHI.

e padoThl 1 3a1a4M UCCIACAOBAHUS.

[enpro nuccepTanmOHHOM pabOTHI SABJISIETCS TTOBBINICHHUE YPPEKTUBHOCTU TPOU3-
BOJICTBA KOHJIUTEPCKOM MPOAYKIIMU U pa3pabOTKa HAy4YHO- MPAKTUUYECKUX OCHOB CO-
3IaHUSl TUIIOBOW HWHTEJJICKTYaJIbHOW aBTOMATU3UPOBAHHOMW CHUCTEMbI KOHTPOJS H
YIIPABJICHUs KAY€CTBOM KOHAUTEPCKUX U3IAEIUN C Pa3JIMYHOU CTPYKTYPOM.

Jlns peanu3anyy yKa3aHHOMW 11e1M ObLIM MOCTaBJEHBI U PEIIEHBI CIICIYIONIHNE 3a-
A4 UCCJIEIOBAHUM:

1. CucreMaru3aius U aHallu3, Kak 00bEKTOB aBTOMATU3alIUU, PAa3HBIX [0 CTPYKTYpE U
BuA0B TII npon3BoACTBa KOHAUTEPCKON MPOIYKIUHU C LEIBIO OLIEHKU MPOTEKAOIINX B
HUX WH()OPMAIMOHHBIX MPOIECCOB; BHISBICHUS OPTaHOJENTUISCKUX MOKa3aTeleil Ka-
YECTBA CHIPhs, 0Ty (HaOPUKATOB ¥ TOTOBOW MPOAYKIIMH, KOHTPOJIUPYEMBIX Ha KaXKIOM
CTaJIMM TIPOU3BOJICTBA; 0000IIEeHNsS U aHAMKM3a (PAKTOPOB, HAPYMIAIOIIUX YCTOWUHUBOE
(GyHKIIMOHUPOBAHUE CUCTEMBI, U pa3pabOTKX HOBOTO MOAXOJa K aBTOMAaTH3aIMN KOH-



TPOJISI U YIIPABJICHUSI KAUECTBOM ATOM MPOAYKIHMH C UCIOJIb30BAHUEM UHTEIJIEKTY AJIb-
HBIX TEXHOJIOTHIA.

2. CUCTEMHBIN aHaJINU3 METOJIOB, aJTOPUTMOB U TEXHOJOTUN MCKYCCTBEHHOTO MHTEI-
JIeKTa It 00OCHOBAaHUS MX HCHOJIB30BAHUS TIPU pa3pabOTKe MHTEIICKTYalbHBIX aB-
TOMAaTU3UPOBAHHBIX CUCTEM KOHTPOJISA U YIIPABICHUS Ka4€CTBOM KOHIUTEPCKOW IpO-
TYKIIAH

3. Pa3paboTka WHCTpYMEHTapHUs UIsi aBTOMATHYECKOTO KOHTPOJII B MOTOKE OpPraHO-
JENTUYECKUX TTOKa3aTelield KadyecTBa ChIPhs, MOTy(HaOpHUKaTOB U TOTOBBIX KOHIUTEP-
CKHMX M3JENHI, C yUeTOM 00JIacTell UX UCHOJIb30BAHUS U NMPUMEHSIEMbIX UHTEIUICKTY-
aJbHBIX METOJIOB U TEXHOJIOTH.

4. Co3naHue CTPYKTYpHO- IMAapaMETPUUECKUX, MATEMATUYECKUX, CUTYallMOHHBIX M
MMUTAIMOHHBIX Mogzesier TII mpou3BoACTBAa KOHIUTEPCKOW MPOAYKIMHU Pa3IMYHON
CTPYKTYpPBI Il MOJCIUPOBAHUS, MPOTHO3ZUPOBAHUS U YIIPABJICHUS KAa4€CTBOM ATOMU
MIPOAYKIIMU HA BCEX CTAIUIX IPOU3BOJICTBA.

5. Pa3paboTka METOAMKU CO3/IaHUS U UCTIOIb30BaHUS HU(PPOBBIX JBOMHUKOB B IPO-
1eccax IMpPOM3BOACTBA KOHAUTEPCKUX W3ACIUM, MO3BOJSIOLIUX MPOTHO3UPOBATH XOJ
ATUX MPOLIECCOB U OMPEACIATh HEOOXOAUMBIC TIPH ATOM PEKUMBI PAOOTHI UCIIOJIb3Ye-
MOTO 000PYIOBaHUSI.

6. Co3nanue HOBOM JIMHEMKHM OPUTMHAIBHOW MEPCOHAIM3UPOBAHHONW KOHJIUTEPCKON
MPOAYKIIMK HOBOT'O MOKOJICHUS Ha OCHOBE MCIIOJIB30BAHUSI TEXHOJIOTUM BUPTYaJIbHOM,
JIOTIOJTHEHHOM PealbHOCTEN U KACTOMU3ALINY.

7. Pa3paboTka TUNIOBOI MHTEIIEKTyaJIbHOW aBTOMAaTU3HPOBAHHOM CHCTEMBbI KOH-
TPOJISI M YIIPABJICHUS] KAY€CTBOM KOHIUTEPCKOU MPOLYKIIHAH.
8. [IpoBeneHune mpakTUYECKON anpoOauy pa3padOTaHHBIX MOJENEH, alrOPUTMOB,

Croco0OB U pe3yJIbTATOB MOJIEIUPOBAHUS, a TAKKE pa3paOOTaHHBIX MPUHIIUIIOB U Me-
TOJOB CO3/aHMs ITUGPOBBIX JBONHUKOB, HOBOM JMHEHKHA OPUTMHAIBHOW KOHIUTEP-
CKOM TIPOAYKLUMH, THUIIOBOM WHTEJUIEKTYaJIbHOM aBTOMAaTU3UPOBAHHOM CHUCTEMBI
YIPABJICHHS Ka4€CTBOM ATOM MPOIYKIIMU HA NEUCTBYIOIIMX KOHJIUTEPCKUX MPEIITPUSI-
THUSX, C IIEJIbIO MOBBIIEHUS YD (HEKTUBHOCTH pabOTHI TMHUI 3TUX TIPOU3BOJICTB.
9. Bueapenue pe3yibTaTOB JAMCCEPTAIMOHHON paOOTHl B YUEOHBIN MPOIIECC U HAYY-
HbIE UCCIIEAOBAHUA.

O0BbeKTOM HCCIeT0BAHMS SIBIISIIOTCS TEXHOJOTHYECKUE IMPOIECCH MPOU3BOI-
CTBa KOHAUTEPCKOW MPOIYKIHUH U IpoLecchl cOopa, aHanu3a u o0paboTKu HHPpOopMa-
IIMU, B 3aJ]a4aX HEMPEPHIBHOTO KOHTPOJISI MOKa3aTeel KauecTBa 3TOM MPOAYKIIUH.

IIpeameTrom HcciieqoBaHusl U pa3pabOTOK SIBISIOTCS COBOKYITHOCTh T€OPETH-
YECKHUX, METOJIOJOTUUECKUX U MPAKTUYECKUX MPOOJIeM, CBS3aHHBIX C CO3/JaHUEM HH-
TeJUICKTYaJlbHOM aBTOMAaTU3UPOBAHHOW CHCTEMBI KOHTPOJISI U YIIPABJICHUS Kaue€CTBOM
KOHJIUTEPCKON MPOJAYKIMH B PEXKUME PEaTbHOTO BPEMEHH U COOTBETCTBYIOIIEE WH-
dbopManoHHOE, MAaTEMATHIECKOE, AITOPUTMUYECKOE U TIPOrPaMMHOE 00ECTICUCHNE.

MeTtoabl u cpeacTBa ucciaenoBanmii. [locraBnenneie B paboTe 3a1a4 peIICHBI
C UCTOJIb30BAHUEM METOJIOJIOTUYECKUX U MAaTEMATUYECKUX OCHOB MOCTPOCHUSI UHTE-
JICKTyaIbHBIX CHCTEM MOJIACPKKH U MPUHSATHS PEIICHUN; METOJUKUA TTOCTPOCHUSI Pe-
JSMOHHBIX 0a3 aHHBIX U 0a3 3HAHWI; TEOPUH HEHPOHHBIX CETEl; TeOpHH ITU(PPOBOM



00paboTKN M300pa)KEHUM; TEOPUH KACTOMHU3ALMM;, OONIMX MPUHIIMIIOB MaTeMaTH4e-
CKOr0, IMUTAllHOHHOTO W MYJIbTUAr€HTHOTO MOJEIUPOBAHUSA; 3JIEMEHTOB TEOPUHU HC-
KYCCTBEHHOI'0 MHTEJUIEKTA; METOJIOB CUCTEMHOI'O aHAJIN3a U MATEMAaTUYECKOW CTaTH-
ctuku. YucnenHas u rpaduueckas o0padoTKa pe3yJbTaTOB HCCIEIOBAHUN MPOU3BO-
nunachk ¢ npuMmeHeHueM MatlLab u Anylogic.

Hay4Hasi HOBM3HA U TeOpeTHYECKAS 3HAYMMOCTD IMCCEPTANMM 3aKIIOYA0T-
csl B pa3pabOTKe MEPCTIEKTUBHOTO HAYYHOT'O HAIpaBJICHUS B 00JACTH aBTOMATHU3AIUU
TII KOHIUTEPCKUX MPOU3BOJICTB, CBA3AHHOIO C IIMPOKHUM HUCIIOJIb30BAHUSA METOHOB U
TEXHOJIOTUM MCKYCCTBEHHOTO MHTEJUIEKTA JJI1 KOHAUTEPCKOW MPOIYKUUH PAZIAYHON
CTPYKTYpPBI, CO3JJaHUEM HOBBIX WHTEJUICKTYaJIbHBIX CPEICTB ABTOMATHYECKOTO KOH-
TPOJISL B PEXKUME PEATTBHOTO BPEMEHU OPTAHOJIENTUYECKUX MOKA3aTEJIE KauyeCTBa Chl-
pbs, MOTy(PadpUKaTOB U FOTOBBIX KOHAUTEPCKUX U3JIENNN, COBPEMEHHBIX PEIICHUM B
YIIPaBICHUH KaYECTBOM.

1. Pa3zpaboTanbl METOAOIOTUYECKUE OCHOBBI CUCTEMHOT'O aHaJIN3a MOJrOTOBIEHHOCTH
TII mpou3BoACTBa KOHAUTEPCKOW MPOAYKIHUH K BHEIPECHHUIO MHTEJUIEKTYyaJbHBIX aB-
TOMAaTU3UPOBAHHBIX CHUCTEM KOHTPOJISI M YIPABJICHUS OPraHOJIENTUYECKUMHU IOKa3a-
TEJISIMU KauyeCTBa KOHAUTEPCKUX U3IEIHI.

2. Ionyyensl GyHKIHUOHATBHO - CTPYKTypHbIE cxeMbl (PCC) BnusiHUS MOKa3aTesen
HCXOJTHOTO CBIPhSl U IIPOMEKYTOUHBIX Omepalnuii Ha (OpMUPOBAHHE KaueCTBa KOHJIU-
TEPCKOM MPOAYKIHMHU PA3HOW CTPYKTYpPbI HA BCEX CTAAUAX MPOU3BOACTBA C YKA3aHUEM
HEOOXOJIMMBIX TOUEK KOHTPOJISI U PETYyIUPOBaHUSA,

3. Paspaborana MeETOMOJIOTHSI CO3JAaHUS HOBOTO TOKOJICHUS WHTEIICKTYaTbHBIX
CPEACTB ABTOMATU3AIIMM KOHTPOJIA B PEKUME PEaTbHOIO BPEMEHU OCHOBHBIX OPraHoO-
JICTITUYECKUX TOKa3aTesie KauecTBa ChIPbs, MOIy(dadprUKaTOB U TOTOBOM KOHJIUTEP-
CKOU MPOAYKIIHH.

4. Pa3zpaboTaHa KOHIICTIINS TOJOKEHUI METOJ0B M CIIOCOOOB, OTPAKAIONIUX CO3/IaHUE
BUPTYaJbHBIX MOJAYJIEH aBTOMATHYECKOTO KOHTPOJS BKyca W 3amaxa KOHJIUTEPCKUX
MAaCC C UCIOJIb30BAHUEM HEUPOCETEBBIX TEXHOIOTHM.

5. PazpabGotana MeTO00THS CO3AaHUS MHTEIJIEKTYaIbHOTO MOIYJIS aBTOMATHYECKO-
ro KOHTPOJIA 1IBETA KOHAUTEPCKUX MACC C UCIOJIb30BAHUEM CUCTEMBI KOMITBFOTEPHOTO
3pEHUS U HEUPOCETEBBIX TEXHOJIOTHUM.

6. Pa3zpaboTan KOMIUIEKC CTPYKTYpPHO — MapaMETPUUYECKUX, MATEMATUYECKUX, CUTya-
IUOHHBIX U UMHUTALMOHHBIX MOJEIEH MPOLECCOB MPOU3BOJACTBA KOHAUTEPCKON MPO-
IYKUWH, SBISIOIIMKACS OCHOBOM CO3JaHUS MHTEJUIEKTYaJbHOM aBTOMATU3UPOBAHHOMU
CHUCTEMBI KOHTPOJISI, TPOTHO3UPOBAHUA U YIIPABJICHUS KAUYECTBOM KOHJIUTEPCKOU MPO-
JTYKIIMA B TIPOIIECCE MPOU3BOJICTBA.

7. Pazpaborana meTroAuka co3jaHus IU(POBBIX MoJeNield MPOU3BOACTBA KOHIUTEP-
CKOM IIPOAYKLIHMH.

8. Pa3zpaboran anropuT™M cO3/1aHUSI HOBOW JIMHEWKH TMEPCOHAIM3UPOBAHHOW KOH]IU-
TEPCKOM MPOIYKIIMU HOBOrOo MoKojeHus. [IpuBeneHbl OCHOBHBIE 3Tanbl KaCTOMHU3a-
i (popMbI, BKyca W IIBETA CO3/IaBAEMbBIX OPUTHHAIBHBIX KOHIUTEPCKUX W3JCIUH.
[IpencraBnena mMeromuka mporecca pa3paboTku IUGPOBBIX TPEXMEPHBIX MOjeNeH



KOH(eT, momMorarIas OnpeaesuTh KIIOUEBbIE 3JIEMEHThI TU3aiiHa HOBOIO W3/EIHS,
Takue Kak Gopma, pazmep, TEKCTypa U IIBET KOHEYHOTO MPOAYKTA.

9. Ilpennoxxkena metoauka GopMUpoBaHuUsl 0a3bl 3HAHUN MHTEIUICKTYyaJIbHOW aBTOMa-
TU3UPOBAHHON CHCTEMBI KOHTPOJIS U YIIPABICHUS KAY€CTBOM KOHJUTEPCKON MPOIyK-
LIMU B MPOLIECCE €€ IPOU3BOCTBA.

10. IlpencraBnena moaudukanus QyHKIIMOHAIBHBIX CXEM aBTOMATH3allMM OCHOBHBIX
ATANoOB MPOLECCOB MPOU3BOJACTBA KOHAMTEPCKOW MPOAYKLIHWHU PA3HOM CTPYKTYpPBI C
BKJIFOYEHUEM B 3TH CXEMBbI Pa3pa0OTAHHBIX MHTEIUIEKTYyalIbHBIX CPEJICTB aBTOMAaTHUYe-
CKOTO KOHTPOJISI OPraHOJENTUYECKUX TOKa3aTeIe KadecTBa ChIphs, MoTyhadpuKaToB
Y TOTOBBIX U3JECIUH.

11. Pa3paboTaHo mMeToau4YecKoe oOecredeHre MOCTPOSCHUS MHTEIUIEKTYaIbHON aBTO-
MaTU3UPOBAHHOM CHCTEMbI KOHTPOJS M YIPABJICHHUS Ka4eCTBOM KOHJUTEPCKOH Mpo-
OYKIUH ¢ QYHKUIUSAMU IPOTHO3UPOBAHUS, OJJIEPKKU U TIPUHATHUS PEILICHUI.

12. Pa3paboraHa KOHIENUMs CO3JaHUSI THUIOBOM HHTEIUIEKTYaJbHOW aBTOMAaTH3UPO-
BaHHOU CUCTEMBI KOHTPOJIS U YIIPaBJICHUS Ka4€CTBOM KOHIUTEPCKOM MPOAYKIUH.
IIpakTH4Yeckas 3HAYMMOCTb Pe3yJIbTATOB HCCJIEI0BAHMS.

OcCHOBHBIE TTO3ULNH, ONPENEIAIONINE MTPAKTUUECKYIO LIEHHOCTh pabOThI, 3aKII0-
YaKTCS B CIAEAYIOIIEM:

1. Pa3paboTka HOBOIO MOKOJIEHHSI MHTEIIEKTYaIbHBIX CPEJICTB KOHTPOJIS B PEXU-
M€ peajbHOr0 BPEMEHU BAKHEWILIMX OPraHOJENTUYECKUX MOKa3aTesield KauecTBa Chl-
pbs, T0JTy(HaOpUKATOB U TOTOBOM KOHIUTEPCKON MPOIYKIHUH.

2. Co3nanue M MCHoNb30BaHUE HMU(PPOBBIX MOJENEH JTBOMHUKOB IPH MPOEKTHPO-
BaHMUU U dKciuryataunu T1I mpon3BoacTBa KOHAUTEPCKUX U3AEIIHMN.

3. Pa3paboTka HOBOM JIMHEMKN OPUTMHAIBLHON MEPCOHATU3UPOBAHHON KOHAUTEPCKON
MPOAYKLMU C UCTIOJIB30BaHUEM TEXHOJIOTUNA BUPTYAIBHOM, TOMTOJIHEHHON PEAIbHOCTEN
Y KaCTOMU3ALIHH.

4. Coznanue 6a3nl 3HaHu UACKuYK xoHANTEPCKOI MPOTYKIINH.

5. Pazpabotka 3(hPexkTHBHOTO aNTOPUTMUIECKOTO, MATEMATUIECKOTO U TIPOrPaMMHO-
ro obecnieuernss MACKuYK koHnutepckoit mpoyKiuu ¢ (GyHKIHUSIMU TPOTHO3UPOBa-
HUS, TOAJEPKKU U IPUHSTHS PELICHUN.

6. Paspabotka texuumueckux pemeHud ans peanusanuun MACKuYK xonautepckoi
OPOAYKIMH B Ipolecce Mpou3BoacTBa. [10100p TeXHUUECKUX CPENCTB U peanu3a-
L[UY UHTEJIEKTYaJIbHON CHCTEMBI.

Pa3paboTanHbpie MeTOABI, MOJIENH, AITOPUTMBI, CIIOCOOBI, CTPYKTYpbl U MPO-
rpaMMbl TIPOLUTH anpodanuio U ObuiM BHeApeHbl B KoHpeTHOM 1exe OAO «Pot-
®pout» Xonauara «O0beAMHEHHbIE KOHAUTEPbI», & TAKKE HA APYTHX KOHAUTEPCKUX
dadpukax Xomauara OO0 «O0weauHeHHbIe KOHAUTEpb»; Ha OA «HaydHo- uccie-
JIOBATEIbCKUA WHCTUTYT BBIYMCIUTENBbHBIX KomruiekcoB umeHu M.A. Kapuesa», B
pa3IMyYHBIX MPOPMIBHBIX (UPMAX, YTO MOJITBEPXKIAETCS COOTBETCTBYIOLUIMMH aKTaMU
BHEIPCHMS HAayYHO-TeXHUUecKo# mpoaykuuu ([Ipumokenus 1 —4).

[TomyyeHHBIE B paMKax HACTOSALIErO MCCIEIOBAaHUS HAay4HbIE M MPAKTHYECKHUE
pe3ynbTaThl TUCCEPTAIMOHHON PabOThI BHEAPEHBI B YUEOHBIN mporiecc kadeapsl mpo-
meiieHHoi nHpopmatuku ®I'BOY BO «MUPDSA — PTVY», a takke Ha Kadeape



«ABTOMaTU3UPOBAHHBIE CHUCTEMBI YINPABIEHUS OMOTEXHOJIOTMYECKUMHU MPOLIECCAMI)
OI'bOY BO «POCBUOTEX» ni1d CTyA€HTOB HallpaBJICHU MOATOTOBKH «ABTOMAaTH-
3a1Usl TEXHOJOTHYECKUX MPOLECCOB U MMPOU3BOJACTBY U «YTPABICHUE B TEXHUUYECKUX
cucreMax». FIMeroTcst cooTBeTCTBYONIME akThl BHeApeHus ([Tpunoxenus 5 u 6).

JIoCTOBEPHOCTD TIOJYUYEHHBIX B pab0Te Pe3yJIbTaTOB MOATBEPKIAETCS UCIIOJIb-
30BaHUEM METOJOB CUCTEMHOI'O aHAJIN3a U TEOPUU NPUHATUS PEUICHUM, SKCIEPUMEH-
TaJIbHBIMU HccneqoBanus MU TII Mpou3BOACTBA KOHIWTEPCKOW MNPOJYKIWH, MPOBE-
JEHHBIMHU B MPOU3BOJCTBEHHBIX YCIOBUAX OAO «Por-®ponT», «KpacHbiit OKTAOpH»
Xonaunara «OObEeIUHEHHBIE KOHIMUTEPHI», a TaKKE OOECIEUMBAECTCS COBIAJCHUEM
pPACUYETHBIX JIAHHBIX U PE3YJHTATOB SKCIIEPUMEHTA.

IHon0xeHus1, BLIHOCUMbIE HA 3AIIUTY
1. MeToaoorM4ecKue OCHOBBI CUCTEMHOTr0 aHanu3a noarotoBieHHocTtu TII mpous-
BOJICTBA KOHJUTEPCKOUN MPOIYKIIMU PA3HOU CTPYKTYpPbI K BHEAPEHHUIO HHTEIUICKTYallb-
HBIX aBTOMATHU3UPOBAHHBIX CUCTEM KOHTPOJISI U YIIPABICHUS.
2. Metononorust pa3pabOTKA CTPYKTYPHO- MapaMeTPUUECKUX, MATEMAaTUYECKUX, CH-
TYallMOHHBIX U UIMUTAIMOHHBIX MOJIEJIEN OCHOBHBIX 3TanoB TII mpou3BoACTBa KOHIU-
TEPCKON MPOAYKIIMH C PA3IUYHON CTPYKTYpOH, SBISIFOIIUXCS OCHOBOW pa3paboTKu
NACKuY, no3Bojisionux MporHo3upoBaTh X0 3TUX MPOIECCOB U OMPEAeIsiATh HE00-
XOJIMMBIE TIPU 3TOM PEKUMBI pabOThI UCIOJIB3YEMOTO 000PY10BAHHS.
3. MeTtoaomorus co31aHusi HOBOTO IMOKOJCHUS HHTEIICKTYJIbHBIX CPEJICTB aBTOMATH-
3allMd KOHTPOJISI BaXHEWUIIMX OPTraHOJIENITUYECKUX TMOKA3aTEIEH KauyecTBa ChIPbs, MO-
nyhadpuKaTOB U TOTOBON KOHJIUTEPCKOW MPOIYKIIMHU B PEKUME PEaTbHOTO BPEMEHHU.
4. MeToA0JIOTMYEeCKHE OCHOBBI CO3/IaHUs TU(PPOBBIX MOJIeeH JBOMHUKOB MPOU3BO/I-
CTBa KOHJUTEPCKUX U3ACIUN JIsl UX UCIOJIb30BAHUS MPU MTPOCKTUPOBAHUM U IKCILTY-
atauuu TII mpon3BOICTBA KOHAUTEPCKUX U3ACITUM.
5. MeTo010rnYecKie OCHOBBI CO3/IaHUSI HOBOM JIMHEHKH OPUTHHAIBHOW TepCOHATIH-
3UPOBAHHON KOHIAUTEPCKOM MPOAYKLUHH C UCIIOJIb30BAHUEM TEXHOJIOTUM BUPTYaJIbHOU
Y JIOTIOJTHEHHOM PEAIbHOCTEN U KACTOMH3AIANH.
6. Hay4Ho- 000CHOBaHHBIE MTOXO/IBI K pa3pab0OTKe KOMILIEKCA METOJIOB, aJITOPUTMOB,
MoOJelIeli M TporpaMm, oOecrnedMBapIIMX pPaboTy CO3daHHOM HEHpoceTeBOi
NACKuYK xoHauTepCKOW MPOAYKIMUA C MHTEIIEKTYaTIbHBIMA (DYHKIIUSIMU TPOTHO-
3UPOBaHUS, TOAACPKKU U IPUHATHS PEILICHUIA.
7. Moaudukanuss GpyHKIMOHAIBHBIX CXEM aBTOMATH3AllMUM OCHOBHBIX 3TANOB MpOLEC-
COB MPOMU3BOJCTBA KOHAUTEPCKON MPOAYKIIMU PA3HOW CTPYKTYPhl C BKIKOUYCHHEM B
ATU CXEMbI pa3paOO0TaHHBIX WHTEJJIEKTYaJbHBIX CPEJACTB aBTOMATHYECKOTO KOHTPOJIS
OpraHOJICNTUYECKUX TOKa3aTesied KauecTBa ChIphs, MOJTy()aObpUKaTOB U TOTOBBIX H3-
JEIUH.
8. Konmenuus co3maHusi MHTEUICKTYadbHOM aBTOMATHU3UPOBAHHOM CHUCTEMBI KOH-
TPOJISI ¥ YIIPABJICHUS] KAU€CTBOM KOHJIUTEPCKOM MPOIYKIIHUH.
9. TexHu4YecKue peIICHUs JUIsl peaTu3alii UHTEIUICKTyaIbHOW aBTOMATHU3UPOBAHHOMN
CUCTEMBbI yNPaBJICHUS KAYECTBOM KOHJUTEPCKOW MPOIYKIHMH B MPOLIECCE MPOU3BOJ-
ctBa. [Togbop TeXHUYECKUX CPEACTB ISl PeaIU3aIliy dTON WHTEIUICKTYalIbHON CHUCTe-
MBI.



Anpobanusi padboThbl.
OCHOBHBIE TIOJIOKEHUS TUCCEPTAIMOHHON pabOThI OBLITU 0OCYKIEHBI U OJ0O0PEHBI Ha:
koHpepenimu " 21 Bek: dyHIaMeHTanbHas Hayka W TexHosoruu " (« 21 century:
fundamental science and technology V») ,10-11 nos6pss 2016 r., North Charleston,
USA ; xonbepeHIun «ABTOMaTH3aIUS U YIIPABICHUE TEXHOJIOTMUECKU-MU U OU3HEC —
MpoleccaMy MUILEBOM MPOMBIIIICHHOCTHY, 18 — 20 mas 2016 r., MI'VIIII; V mexnay-
HApOJHON Hay4dyHO-TIpaKTU4Yeckoi koH(epeHIH «21 Bek PyHIamMeHTanpHas HayKa U
texHonorum» («21 century: fundamental science and technology V») , UucTHTYT BBI-
yucnautenbHbix TexHonoruid CO PAH; MexayHapoqHO HayYHO-TIPAKTUYECKON KOH-
depenuu «HTEIEKTyaJIbHBIE CHCTEMBI M TEXHOJIOTHH B OTPACIISAX MHIIEBOW IPO-
meinuieaHocTy, MITYIIIIL. 2019; Conference Series. Cep. «Inter-national Meeting —
Fundamental and Applied Problems of Mechanics», Bauman Moscow State Technical
University. 2019; IT mexayHapoIHOW HaydHO- MpakTHYecKor kKoHbpepeHimn «L{ud-
poBu3alys ArponpoMBIIIIEHHOTO KoMmruiekcay, Tamb6oB. 2020; 1 mexmyHapoaHOM
cCrieruannu3upoBaHHON KoHGepeHIMu- BbicTaBke «®abpuka Oymymiero», MIVIIIL
2020; «['mobanbHbIN MPOI0BOILCTBEHHBIN Dopym», Mocksa, 2021; «udposuzanus
MUILIEBOM MPOMBINUIEHHOCTH M MPOJOBOJBCTBEHHBIX cucTeM», Mocksa, 2021; «Mn-
dbopmaTu3alysa U aBTOMaTU3aIMs B MUIICBON IMPOMBINIIIEHHOCTH», MockBa, 2022; 111
MexayHapoIHOHM crieluaaIu3upoBaHHON KoH(pepeHlnu — BhicTaBku «Dabpuka Oymy-
niero», Mocksa, 2022; Y MexnyHapoJHO cHeUaIM3UPOBAHHON KOH(PEPEHIIMH —
BbIcTaBKkU «Dabpuka OyIyIIiero: nepexoj K nepeoBbiM MUGPOBLIM, HHTEIUICKTYalIb-
HBIM ITPOU3BOJACTBEHHBIM TEXHOJOTUAM, pOOOTU3UPOBAHHBIM CHCTEMAaM JJIsl OTpaciien
MUIIEBONM MPOMBIIIIIEHHOCTH», MockBa, 2023; Hay4yHO- MpakTUYeCKasi KOHPEPEHIUS C
MEXAYHapOaAHbIM yyacTueM «CoBpemMeHHbIe MpobaemMbl apToMatuzanuu TII u mpous-
BOJCTB», nocBsAueHHas 100-neturo co nus poxaenus MUrops Koncrantunosuya llet-
poBa, Mockga, okTs0ps, 2023.

Ha pa3nuynbIX 3Tanax BBINOJIHEHUS COAEPKaHUE OTACIbHBIX Pa3esioB, PE3yJib-
TaThl UCCJICIOBAHUN U IUCCEPTAIUS B IIEJIOM OBUIM JOJIOKEHBI U MOTYUYUIIN 0J100pe-
HUE Ha PACIIMPEHHBIX 3aceIaHmsIX Kadenprsl «ABTOMATU3UPOBAHHBIE CUCTEMBI YIIPaB-
neHust buorexHomornyeckumu mporeccamu» OI'bOY BO «Poccuiickuii 6M0TEXHOIO-
THYeCKuil yHUBEpcUTET». HayuHo- nccienoBaTenbCKux padoT.

Yacth nuccepTallmoHHONW pabOThI BBHIMOIHIIACH B paMKax Hay4HOW TemMbl PH®
Ne 23-79-10162 «MatemaTudyeckoe MOACIUPOBAHUE W YMpaBIICHUE MpoliieccoM (op-
MUPOBaHUS TPOPECCUOHATIBHBIX HABBIKOB y TEXHOJIOTOB MHIIEBBIX MPOU3BOJICTB HA
OCHOBE KOMITbIOTEPHBIX TPEHAKEPHBIX KOMILJIEKCOB» B KAUE€CTBE UCTIOTHUTEIS.

Hyoankanmuu. OCHOBHOE coJiepKaHUe AUCCEPTALUOHHON pabOThl OTPaXEHO B
160 meuatHbix pabotel. M3 HuX 3 MoHorpaduu, 1 nateHT Ha uzo0pereHue, 1 cBuue-
TEJIbCTBO O perucrpaiuu nporpammsel 1jist IBM, 13 crareil B )KypHanax, BXOISIIUX B
criucok BAK u 7 - B Scopus, 6 — B Apyrux usganusx, a Takxke 129 goxmanos B cOop-
HUKaX HAyYHBIX JIOKJIAJ0B MEXKITYHAPOIHBIX KOH(EPEHIIHIA.

Crtpykrypa u 00bemM padoThl.
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Huccepranrionnas paboTa COCTOUT U3 BBENEHHUS, 7 TJIaB, 3aKJIIOUEHMS] U CIIHCKA HUC-
nosib3yemoi smrepatypbl (280 ucrounukoB). PaGorta mznoxena Ha 507 cTpaHuUIax
MAIIIMHOIIUCHOTO TEKCTAa, COASPKUT 295 pUCyHKOB, 38 TaOIUIl U 5 NMPUITOKECHUH.

KPATKOE COAEPKAHUE PABOTbBI

Bo BBeieHUM 000CHOBBIBACTCS aKTyallbHOCTh TEMbI TUCCEPTALIMOHHON paboTHl,
bopMyIHMpYIOTCS €€ LEeNH U 33a4i, HOBU3HA U MPAKTUYECKasi 3HAYMMOCTh IOJy4EH-
HBIX PE3yJIbTATOB, & TAK)KE€ OCHOBHBIE HAy4HbIE MOJIOKEHUS, BBIHOCUMbIE Ha 3aILHUTY,
OLICHUBAETCS CTENEHD JTOCTOBEPHOCTH MOJYYEHHBIX PE3YyJIbTATOB, IPUBOAUTCS CIIUCOK
KOH(EpeHIIUH, T/Ie anpoOUPOBAIUCH PE3YIbTAThl PAOOTHI.

IlepBasi ri1aBa moceslleHa METOMOJOTMYECKMM OCHOBAM aHAIM3a IOJArOTOB-
JIEHHOCTH TexHosoruueckux mpoueccos (TII) mpousBoacTBa KOHAUTEPCKON NPOAYK-
IIMH Pa3InYHON CTPYKTYpBI (TBEpIoi, *keaeoOpa3Hoil, aMOp(hHOI) U pa3IMYHBIX TH-
noB (TUTUTOYHOTIO MIOKOJaa; TIIa3MPOBAHHBIX TMOMAJIHBIX W MPAJIMHOBBIX KOH(ET;
cOMBHBIX KOH(ET cy(ie; XaJlBbl; MapMenaaa; Kapamenu; 3edupa; KO3MHAK; APaxe;
UpHCa) K BHEJPCHHUIO UHTEIUICKTYAIbHBIX aBTOMATU3UPOBAHHBIX CHCTEM, TIOCTAHOBKE
3a/1a4 UCCIIETOBAHMUS.

B pamxkax 3Tol I1aBel NpOBeNEHBI nccienoBanns U anan3 T1I konauTepckoro
IIPOU3BOJICTBA KaK OOBEKTOB aBTOMATH3allMU, JAaHAa XapaKTEPUCTHUKAa OCHOBHBIX CTa-
JTUH U MaTepHAJIbHBIX MMOTOKOB. PaccMOTpeHbl 0COOEHHOCTH M 3aKOHOMEPHOCTU ITHX
TII. BeiOpansl (hakTopsl, onpeaenstonye 3pHEeKTUBHOCTh ITUX ONEpaluii, Bcex cTa-
A ¥ KaXI0TO NPOU3BOACTBA B LesoM. IIpoBenen ananu3 mapaMeTpoB, OKa3bIBaro-
IIMX BJIMSHUE HA KaueCTBO CBIPbS, MOIy(HaOpUKATOB U TOTOBOM KOHIUTEPCKOU IMPO-
nykiuu. Ha OoCHOBaHMHM NOJyYEHHBIX pPE3yJbTaTOB pa3paboTaHbl (yHKIHMOHAIBHO-
ctpykTypHble cxembl (PCC) BiusgHUA (HAKTOPOB UCXOAHOTO CBIPBS, MPOMEKYTOUHBIX
OIepalunii Ha Ka4eCTBO FOTOBOW KOHAUTEPCKOM MPOAYKIMHU B IPOLIECCE MPOU3BOJICTBA
(pHcyHOK 1.1).
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Yarox l lu"‘ F 20 e Gat. Ao | = Y2omf 19 Pt Too Wil Prg) t T 1 | ~
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t”lt"’lydml l"-w L“ﬂ’ * [ ———_— Y21 | Ooswpocarme ¥z = G
parerme oro omoap F L1 Y2100 Yoor 7250 Towe fou Wi £ Oan 25 Blhner. 1)
= e 1 - W
petsveteny LI B VR P P T
Gira L Fso, + for Yaa &b & xansue MoOTOBMIE K 338ePTKE U YIBKOBKE KOHpeT !
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Pucynok 1.1 - ®CC BnusHUS TOKa3aTeIel KaueCTBa ChIPhsl U IPOMEKYTOUHBIX
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oreparuii Ha KaueCTBO XaJIBbl Ha BCEX ATanax
BrisiBnenbl HeoOxoaumble s ctaduiau3anuu TII mpon3BoACTBa KOHIUTEPCKOM
MPOAYKIIMK TOYKH KOHTPOJISI U PErYJIMPOBAaHMS Ha BCEX 3Tamax Ux mpou3BojicTBa. Ha
pucyHke 1.2 B kauecTBe mpuMepa nokaszana paszpadorannas @CC TII nmpousBoacTBa
XaJIBbI Ha BCEX ATallax €€ MPOU3BOJICTBA C YKa3aHUEM HEOOXOIUMBIX TOUYEK KOHTPOJIS

U PEryJIUpOBaHUS.

YcTaHOBIEHO, YTO MPUMEHSAEMbIE B HACTOSIIIEE BPeMsI METO/IbI OLIEHKH OpTraHo-
JENTUYECKUX MOKA3aTeNIe KauecTBa ONPENEISIOTCS dKCIepTaMU- JEryCTaTOpaMHy ITy-
TeM jnabopatopHOro KOHTpossi. OTMedeHa HEoOXOIUMOCTh Pa3paboTKH METOJOB U
CPEICTB aBTOMATUYECKOTO KOHTPOJISI B MOTOKE 3TUX OPTaHOJICITUIECKUX MOKa3aTesei
KauyecTBa. [IpoBeieHbI SKCIIEpUMEHTANIbBHbBIE UCCIEAOBAHUS U TOCTPOCHBI OPTraHOJIeTI-
TUYECKHUE MPOPUIH UCCIETYEMbIX KOHAUTEPCKUX M3aenui (tadbmuua 1.1).

YBIApHBAHHE M NOMHMEHWE Woee
HANAMENLHA MANTH
1 e Hae

B\ P e

Tum

FOTOBLIE K 3ABEPTHE M YNIAKOBKE KOHDETH

!
|
oy
Pucynok 1.2 - @CC TII npou3BoicTBa XaJIBbl HA BCEX 3TAaax €€ NPOU3BOICTBA C
yKa3aHueM HEOOXOIUMBIX TOYEK KOHTPOJIS U PETYIUPOBAHUS

BrinonHeHHble MCcIeA0BaHUS TO3BOJWIN MOMYy4YUTh Tadbnuiy 1.1, B koTopoit
MPE/ICTABIICHBI BBISIBJICHHBIC HAanOOJiee BaKHBIC OPraHOJICITUYECKHE MOKa3aTenu Ka-
YeCTBa ChIPbSA, MOTY(HaOpPUKATOB U TOTOBOM KOHAUTEPCKOW MPOAYKIIMH, KOHTPOJIUPY-
€MBbIC Ha KKJIOW CTaAuu MPOU3BOICTBA KOHAUTEPCKON MTPOAYKIIHH.

Tabnuma 1.1.
Onpe):[enﬂ}omne OCHOBHBIX OPTaHOJICIITHYCCKHC ITIOKA3aTCIN Ka4CCTBA KOH(I)GT
Ne HaumenoBanue OCHOBHBIE OPTaHOJIENITUYECKHE IT0KA3aTEIN KaueCTBa
I/ | MPOU3BOJICTBA KOHUTepcKo nmpoaykunuu B cootBeTcTBUM ¢ ['OCTamu n HT/]
2 | [IpousBoactBo | Bkyc; 3amax, ¢opma; LBET; CTPYKTypa, COCTOSIHUE .A;'-'s_-'-'%ﬂ;-
HIIK IIOBEPXHOCTH U3EIN; KOHCUCTCHIUA. i
3 | [IpousBoactBo | @opma; I[BET; KOHCUCTEHIIUS; COCTOSIHHE MOBEPX- i,;l—~ S
COMBHBIX HOCTU COMBHBIX KOH(ET, IJIa3upOBaHHBIX IIOKO- -/’*\\-_/ ‘
KOH(peT JIaIHOM TIa3ypblo; BKYC, 3alax.
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4 [IpousBoacTBo | [IBeT; KOHCUCTEHILIMS; COCTOSIHHUE IOBEPXHOCTH;
XaJIBbI BKYC; 3amax; CTPYKTypa; Yrojl €CTECTBEHHOTO OT-
KOCa HCIIOJIh3YEMOTO ChIPbS.
5 | [IpousBoactBo | LIBeT; KOHCHUCTEHLIMS; COCTOSIHUE ITOBEPXHOCTH;
Mapmenaaa dbopma; BKyC; 3amax.
6 | IlpousBoactBo | LIBer; cocTosiHEie OBEPXHOCTH; (hopMa; BKYC; 3a-
KapaMmelu 1ax; KOHCUCTCHITHUS.
7 | lIpousBoactBo | LIBeT; cocrosiHMe MOBEpXHOCTH; (PopmMa; BKYC; 3a- N
3edupa ax; KOHCUCTCHITHUA. - \\ A
8 | [IpousBonctBo | Dopma; BKycC; 3amax; KOHCHUCTCHIIMS, BHEIIHHMA ;
KO3WHAK BH/I. |
9 | [IpousBoactBo | popma, BKyC, 3amax, KOHCHCTEHIIHS, IIBET, COCTOSI- K </' -
Jpake HUE TTOBEPXHOCTH, Pa3Mephl, OJIECK TOBEPXHOCTH. 4
10 | [IpomssouctBo | Dopma, BKyC, 3amax, KOHCHUCTCHIIHS, COCTOSIHHE T \},
upuca MOBEPXHOCTH, CTPYKTYpa. e —

AHanu3 nony4yeHHoi Tabnuipl 1.1 mo3BonmI BEIOpaTh 1 000CHOBATH HauboJEe
MH(OPMATUBHBIE OPraHOJIENTHYECKUE MMOKA3aTENH KOHTPOJIS KaYeCTBA ChIPhS, MOJY-
(abpHuKaTOB ¥ TOTOBOM KOHAMTEPCKOW MPOIYKIMHU, KOTOPbIE HEOOXOANMMO KOHTPOJIU-
pOBaTh B PEKMME OHJIAMH B IpOLECCe MPOU3BOACTBA: KOAP(MULIMEHT U3BJICUEHUS MIPU-
MeCel; YyroJl ECTECTBEHHOIO OTKOCA ChIIyYMX Macc; BKYC; 3allax; LIBET, BHEIIHUN BUJI,
pa3Mep u3AeNus, COCTOSIHUE MOBEPXHOCTU TOTOBBIX KOH(ET, B TOM uucie OJEeCK WU
TEKCTypa MOBEPXHOCTH, KOHCUCTEHLUS U BA3KOCTh. 1IpoBeneHHbIE HCCIIeI0BaHuUs T10-
Ka3aJii HeoOXOUMOCTh pa3pabOTKU U BHEJIPEHUSI MHTEIUIEKTYalIbHBIX CPEICTB aBTO-
MaTHYECKOI'0 KOHTPOJISI B PEXKUME PEaJTbHOTO BPEMEHU BBIOPAHHBIX OpPTraHOJICNITHYE-
CKHUX TOKa3aTeJiell KauecTBa ChIpbs, M0y PaObpHUKaTOB U TOTOBBIX U3/EJINUN, U CO3/IaHUS
Ha UX 0a3e MHTEJUIEKTyaJlbHON aBTOMATU3UPOBAHHON CHCTEMbI KOHTPOJI U YyIpaBiie-
HUS Ka4€CTBOM ITPOU3BOACTBA KOHIUTEPCKOU MPOLYKIIMH.

OcymiecTBIIEH CUCTEMHBIN aHalu3 U chopMyarpoBaHa MPoOJIeMbl JaHHOTO HC-
cnenoBanus. s nmonumanus uenend cosganus MACKuY kaduecTBOM KOHIUTEPCKOM
MPOAYKIIMU OBLIO pa3padoTaHO IEPEBO LIeJIeH, MpeCTaBICeHHOE Ha pucyHke 1.3.

Acres
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Pucynok 1.3 - JlepeBo ueneit cozganus MACKuYK
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Pa3zpaboTana cTpykTypa 1iesei, co3/laHa CUCTeMHasl 1uarpamma pelieHus mpo-
O5ieMbl, pazpaboTaHa KOHLENTyalbHasi CTPYKTYPHO- JTMHAMHYECKAs MOJENb CUCTEMbI
YIIPaBJICHUS] KAUECTBOM Pa3IMYHON KOHJIUTEPCKON MPOAYKIMHU B IPOLIECCE TPOU3BOI-
CTBA.

[TocTaBnena 3amaya uudpoBoil TpaHchopMaluKu OTpacie KOHAUTEPCKOM Mpo-
MBIIJIEHHOCTH 32 CYET Pa3pa0O0TKU METOJIOJIOTMYECKUX OCHOB aBTOMATH3AlMM KOH-
TPOJSL B MOTOKE OPraHOJENTHYECKUX IMOKa3aTeNlel KayecTBa KOHAUTEPCKOM MPOIYK-
IIUU ¥ CO3JaHMs Ha MX 0a3e MHTEJUICKTYAJIbHBIX CUCTEM KOHTPOJISI M YIIPaBJICHUSI.

Bropas riiaBa nocBsieHa HHTEUICKTYbHBIM HH()OPMAITMOHHBIM CHCTEMaM U
aHAJIN3y BO3MOYKHOCTH HMX MCIIOJb30BAHUS JJISI aBTOMATH3AIlMM KOHTPOJS KadecTBa
KOHJAUTEPCKON MPOAYKIIHH.

B pamkax 3TOi riaBbl MPOBEAEH CUCTEMHBIA aHAIN3 METOJIOB, AJITOPUTMOB U
TEXHOJIOTUI C TOUKH 3pEHHUS BO3MOKHOCTU U 3((DEKTUBHOCTH UX UCIIOJIBH30BAHUS MPU
pa3paboTKe MHTEIUICKTyaJIbHOW aBTOMATHU3UPOBAHHOM CHUCTEMBI YIIpaBJICHUS Kade-
CTBOM KOHIUTEPCKOW MPOAYKIIMU. PaccMOTpeHbI poOiaeMbl yIpaBiIeHUs] TEXHOJIOTHU-
YECKUMH IPOLIECCAMU MPOU3BOJICTBA ITOM MPOAYKUMU U IIyTH UX npeononenus. [Ipo-
BEJICHA OLICHKA BO3MOKHOCTEH ITPAKTUYECKOTO IPUMEHEHHUS PAa3JIMYHbIX METOIOB, all-
TOPUTMOB U KJIACCOB aJalITUBHBIX CUCTEM JJIsl YIIPABJIEHUSI I TUMU [IPOU3BOJICTBAMMU.

PaccMmoTpenbl 0co6eHHOCTH, TPU3HAKHY, (PYHKIIMHU U clielu(UKa UCTIOIb30BAHUS
MHTEJJIEKTYaJIbHBIX UH(POPMAIMOHHBIX cucTeM. [IpoBeneH aHann3 BO3MOXKHOCTU HC-
MOJIb30BAHUSI METOJIOB MCKYCCTBEHHOI'O MHTEJUIEKTA JIJI PEIIECHUS 3aa4 UHTEIIJIEKTY-
anu3alyy yIpaBJiIEHUsS Ka4eCTBOM IMPOU3BOJCTBA KOHAUTEPCKUX m3aenuid. [IpoBeneH
aHAJIN3 TEPCIEKTUBHOCTU MCIMOJIb30BaHUA HEHPOCETEBBIX TEXHOJIOTHUM, TEHETUYECKUX
aJITOPUTMOB, JKCIIEPTHBIX CHUCTEM, CUCTEM TEXHHUYECKOrO 3PEHHS, OHTOJIOTUYECKUX
TEXHOJIOTUM U MYJIbTUATC€HTHBIX UMHUTAIMOHHBIX MOJEJEH B PEUICHUM 3a/1a4 WHTEI-
JIEKTyaJIu3alyy YIIPABJICHUS KA4€CTBOM MPOU3BOJICTBA KOHAUTEPCKON MPOLYKIIUU.

[TokazaHo, 9TO TpaKTUYECKON 0a30i JIsl peann3aluu dTO MPoOJIeMBbl, B yCIIO-
BUSIX HECTAOMJILHOCTH KauyeCTBa MOCTYMAIONIEr0 Ha MPOU3BOJICTBO CHIPHs, BIUSHUS
MHOTOYHUCJICHHBIX ()aKTOPOB M PEKUMHBIX MMApaMETPOB HCIHOIB3YEeMOIro 000pyI0oBa-
HHUS HA TIPOLIECC IPOU3BOACTBA KOHAUTEPCKOU MPOAYKIIMHU, MOXKET CTATh CO3JAHUE aB-
TOMAaTU3UPOBAHHOW CHCTEMBI YIIPABICHUS KAYECTBOM JSTOW MPOAYKIHUU C IMPUMEHE-
HHUEM HCKYCCTBEHHOI'0 MHTEJUJIEKTa, BKJIKOYAIOLIETO B CBOM apCEeHall HEUPOCETEBBIE
TEXHOJIOTUU, CHUCTEMbI KOMIIBIOTEPHOTO 3PEHUS, UMHUTALIUOHHOE MOJICIUPOBAHUE U
a(PeKkTUBHOE COUETaHUE ITUX METOJIOB.

Tperbsl rj1aBa TMOCBSIICHA ABTOMATH3ALMM KOHTPOJISI B PEXKUME PEATBLHOIO
BPEMEHHU OPraHOJICITUUECKUX IMOKa3aTesied KauecTBa ChIpbs, Moy(padpukaToB u ro-
TOBOM KOHJUTEPCKOW MPOIYKIUU C UCITOIB30BAHUEM UHTEIUIEKTYAJIbHBIX TEXHOJIOTHM.

B pamkax maHHOM r1aBbl paCCMOTPEHO COBPEMEHHOE COCTOSIHUE METOJI0B U CH-
CTEM KOHTPOJISI M YIIPABJIEHUSI KAYECTBOM IPOAYKIHMHU HA MPOMBILUICHHBIX MPEANpPHUs-
TUsIX. PaccMOTpeHbl nMerolurecs: Ha KOHAUTEPCKUX npeanpustusx cucrembl ACYTII,
ACYVII. IIpoananu3npoBaHbl CYIIECTBYIOIINE B HACTOSIIEE BPEMS HHCTPYMEHTHI KOH-
TPOJIS OPTaHOJICTITUYECKUX TOKAa3aTeNiel KauyecTBa ChIPbs, Moy(hadpukaToB U ToTo-
BBIX M3JEJUN, UCTIOJIb3YEMBIE B MPOLIECCE MTPOU3BOACTBA KOHAUTEPCKON TPOAYKIIHH.
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AHanu3 mpeacTaBleHHBIX B paboTe MCCIeIOBaHUM, a TaKXkKe MOJyuYeHHBIE TPO-
¢utorpaMMbl OpraHOJIENTHYECKONW OIEHKH MCCIIEAYEMBIX 00pa3loB pa3iMyHOW KOH-
IUTEPCKON MPOAYKIIUH TTO3BOJIMIN BBIOpaTh M 000CHOBATh Hanboee HHPOpPMaTUBHBIC
OpTaHOJIENTUYECKHE MOKA3aTeId KauecTBa ChIPbs, MOIyPadpuKaToB U TOTOBBIX KOH-
TUTEPCKUX H3AETUH, MOAJIEKANMX aBTOMATHYECKOMY KOHTPOJO: K03(pduuueHT us-
BJICUCHHSI TIPUMECEH; YroJl eCTECTBEHHOTO OTKOCA CHIMYYHMX Macc; BKYC; 3arax; IIBET,
BHEIITHUIA BUJ, pa3Mep U3AETuUs, COCTOSHUE MOBEPXHOCTU T'OTOBBIX KOHAUTEPCKUX HU3-
TN, B TOM YHcIie OJIECK MOBEPXHOCTH, a TAK)KE€ KOHCUCTEHIIUS U BA3KOCTb.

Tabmuua 3.1.
ABTOMaTH3aIUs KOHTPOJIS B PEKUME PEeaTbHOTO BPEMEHH OPTraHOJECNTHIECKIX
noka3zareneit kauectBa (OIIK) cbipbs, momypabpukaToB 1 TOTOBOM KOHIUTEPCKOMN
OPOAYKIIMH C UCTIOIB30BAHUEM HHTEIUICKTYaIbHBIX TEXHOJIOTHIA.

Ne | Haumenoanwue | Mcrionb30BaHHbIE UITH pa3paOOTaHHBIE METO/IbI, AITOPUTMBIL, TPOrPAMMBI U
n/n | OIIK TEXHOJIOTUH JUIsl CO3/IaHUS CPEJCTB AaBTOMATU3aLUU KOHTPOJIS B PEKUME
peanbHoro Bpemenu OIIK cbipbs, monygabpuKkaToB ¥ TOTOBBIX U3CIUN.

1 | Kosddumument | Meroa 00BEKTHO- OPUEHTHPOBAHHBIX SI3BIKOB IIPOTPAMMHUPOBAHHUS C HC-
W3BJICYCHUS nonb3oBanueM CK3 u HeiipocereBbix TexHomnoruil. [Ipu pazpaboTke mpo-
npumMecein IpaMMBI JIsl 3TOTO JIATYHKA KCIOIb3oBasiack oubaroreka OpenCV (Open
Computer Vision) 11s si3pIka porpaMMHpOBaHus Java.

Pazpaborana nporpamma /it aBTOMaTHYECKOTO KOHTPOJISI B pEeXKUME pe-

BJIICUCHU A an/IMeceﬁ.
Common

Daate iterat s

®dparMeHT nIporpamMmbl

Kinacc Mat ucnionb3yeTcst [uist XpaHEeHUsI M300paskeHHI.
S . e

e T~ 5 =

. |
—_—
bunapuzaius nzodpaxenus. [1on6op noporoBsIx 3HaUEHUH.
[ moarizaton_

PesynbTar npumenenus meto1oB Erode u Dilate
J71s1 KOHTPOJI IPUMECEH B CHIPHE UCIOJIb30BANIACh CBEPTOUYHAS HEUPOHHAS
CEeTh
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Cxema pacnoJioxkeHusi Bujieokamepa | HaJl KOHBellepHOU JuHueH 3.

Buemmnuii Bug
CBIpbSI U TOTO-
BBIX U31€EIUI

CK3, HelipoceTeBble TEXHOJIOTHH.

Pazpabotan anroputm pacnoznaBanusi CK3 BHENIHETro BU/a ChIPbs Kak
MHO>KE€CTBEHHOT'0 KOJIMYeCTBa 00BEKTOB PACTUTEIHHOIO TPOUCXOKICHHUS.
Paspaboran HelipoceTeBoOl KiIacCHPUKATOP O PACIIO3HABAHUIO THUIIOB H
BUJIOB CEMSH IO/ICOJIHEYHUKA C PeKUMOM 00YyUEHHUS C UCTIOJIb30BAHUEM
MCKYCCTBEHHBIX HEHPOHHBIX CETEH, a TAKIKE C UCIOJIb30BAHUEM CTATUCTHU-
yeckux MeTo/10B. MccnenoBanuch 3D — muHamMuueckue n300pakeHus Chl-
pbs C JIEHTBI KOHBENEpA.

VYuer uadopmanum, nocrynarouiei ¢ Heckosbkux CK3.
PazpaboTan GyHKIMOHATEHBIN OJIOK MOAYJIS aBTOMATHYECKOTO KOHTPOJIS
OIIK

Vron ecTe-
CTBEHHOI'O OT-
KOocCa CI)IHyLII/IX
Macc

CK3, pa3paboTana 6J0K-cxema aJiropuTMa padoThl TpudOpa i aBTOMa-
TUYECKOTO OMPEIEICHUS yTiia €CTEeCTBEHHOTO OTKOCA ChIMYYUX MUIIEBBIX
Macc B peXKUME PEATbHOTO BPEMECHH
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W3roToBiieH MakeT mpubopa v MPOBEICHbI YIKCIIEPUMEHTAIBHBIC HCCIIEI0-
BaHUsI €ro paboTOCIIOCOOHOCTH
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biieck mosepx-
HOCTH
KOHJUTEPCKOTO
u3zenus

CK3, ¢oToanexkrpuueckuii MeTo1, METOIbl MAaTEMAaTHUYECKOTO MOJICINPO-
BaHUs ONTHYECKON CHCTEMBI.

Pa3pa0orana npuHIMIUaIbHas cxemMa (OTOIEKTPUYECKOT0 1aTYNKa aB-
TOMAaTHYECKOTO KOHTPOJISI B PEXKUME PEaTbHOTO BPEMEHHU OJIECKa IMOBEPX-
HOCTHU KOHJMTEPCKHUX U3/EI1i pa3HON reoMeTpuu.
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~
/
/

/
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HonyquH JaHHBIC MATCMAaTUYCCKOI0 MOJACIMPOBAHUA OITHYECKOM CH-
CTEMBbI, UCXOOA U3 KOTOPBIX ObLIa pacchTaHa OCBCTUTCIIbHaA CUCTEMA.

) Y

CwmonenupoBana 3D Mozenp naTynka aBTOMaTUUECKOTO KOHTPOJIs Ojiecka
MOKPBITUI KOHTUTEPCKUX U3EIUN.

[IpencraBnena coopounas 3D mMozaens natunka 6yecka Ha 2 yria (c reo-
meTpueit 45/0/45) B pazpese

dopMa U KO-
JINYECTBO  U3-
JIEJU Ha

TpaHcIoprepe

Ha ocnoBe CK3 u HCT OblIi HCIIONB30BaHbl: MUKPOTIPOLIECCOPHBIH JaT-
YUK TEXHUYECKOro 3peHus ZFV; unremnexkryanbusiii fatuuk F160; cucre-
Ma TexHU4eckoro 3peHus F210; ckopocTHas cucteMa TEXHUYECKOTO 3pe-
Hus F250; CK3 F500 u F210ETN; ycTpoiicTBa CUNTBIBaHUSI IByMEPHOTO
koga V400 nV530-R160. beut ncnonp30BaH S3bIK TPOrpaMMUPOBaHUS
Python u ero 6ubnuorexa nporpammuoro obecneuenust OpenCV.

ﬂ - - ik ~"' Ny - I 5 -9 -8 - - = --

BHyTpeHHsIs1 apXUTEKTypa cBepTOUHON HelipoHHOM cet YOLOv3.
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Jlnst TecTHpOBaHMSI HEUPOHHOM CETH, B KAYECTBE IPUMEPA, OBLIIO B3STO
N300paXK€HUE IJIMTKU OPUCTOrO HI0OKOIa1a

| | 1] '

O6pabotaB nanHoe n300paxxenne o6udmorekorr OpenCV, mosry4aem BbI-
XOJTHOE N300paXCHHE C BBIICTICHHBIMU KOHTYPaMH U 3HAYCHUSMU JJTMHBI U
HIMPHUHBI IUTUTKH TI0KOJIA1a

Koncucrennusa
U TEKCTypa
U30eIIus

WNudopmManroHHbIe TEXHOJIOTHHN U IUPPOBBIE TOAXO/IBI K OIIEHKE KOHCH-
CTEHLUH.

CrpykTypHast cxema [i(ppOoBOro KOHCUCTOMETPA

Sato P Meuy e oA Me e B B e hAace K B
Pl 258 B A B T B L, B
T e A S MeaeparmaeugeHme WD, e
I S Pt e L B DT RS T N S e
N & e P e LLLE - e T = o= Pt = LLL = 1 e
g.>. BRSO E MO RS il
| BBanwyCr OTOCARIe TS <’ e —— ‘D
O A T _ o -
e — -_;“*a____k
.h‘__‘_‘l—.* Looes F ))__d_,_——'—‘"
— —
L e
Ca >

AJnroput™ paboThl HU(PPOBOro KOHCUCTOMETPA

Tews -

a

RO
’

@®parMeHTsl NPOrpaMMHOTO KO JJISl peaIi3allii ajJropuTMa padboThl
1M (POBOro KOHCUCTOMETPA
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. Cxema nojaxitoueHuid 0;10ka uGpoBOM MHIUKAIIMU U aBTOMATHU3aINH

Bkyc

> Tenczitn
ik
X _qual

MO,I[GJ'H) aBTOMATU3allM MOHHUTOPUHI'A BKYyCa

? = F()?tecr‘)?labryqual); Xqual = const ; ? = F(}?teoglab)

ITANBI PEANN TAUM
ENPTYANGHOM0 O aTyHKa

i

| Ananu3zACY TN |

PaszpabomkaHC M I

TexHueCcHOe peweHIe

Anadin OF ma ApaEMeTeaRanne

Maabep AL i dbplivipaanneg

oo ol oTHa T NPIPe CORIX
P R L T DL
BURTYRARMOTS aTaIEn

SETOAETIPGG Smmix 13 1A PR minl] . BT Ry B S SR 4T
MAPBIE T B TE N MOASTEME TR &
ApouR<in
—F-I Bwbop aaropirtran obysiamin HC I
OnpefeNenie NEPLima
AR RS TROE CEpeal i Cocranmerine olymoas® i
NenyaBpIRTTON, RITERE LOIYT |} TecTonoi b opon BuoENME
Bai i A8 [ i B PPOLLECEE AapasTpon HE
ASBSPATEPNETS BrSAMSTS
o1 Mpeoeatmee obyaenmnn
Apomuodl cam nog TRAL
ONpaasALHNE YARSANA0EE 5 = P;. .ﬂ_-‘ P'l'ﬂ.!“
] o0 R OICTENA M DRPYAREY 20T oL op e
o AN P sy RAFOpRTRR

AR AR RERTROITI
HATPEoaTE Bed Mo g An
ACCPERCTReL b hphern g
cdoprnpommmai TecTosol
S pan

VinTerpaugs pas palorasmons
BIAPTY AT G QAR B O

CTa)II/II/I MOCTPOCHUS BUPTYAJIbHOTIO JaTYMKa MOHHUTOPHUHI'a BKyCa

Iapasterput, :;":’:::L *'IM::‘“' X Cxpurrnit caoiit HC, Brxoanoft Texkyumee
MOABACMIIS 1A o o7 A caoft HC. SHACCHIE
:\xoa HC. SETPOR — “/(l o) Popryupyer BEIIIHHBL
RICMATINOCTN AETOMBTIHES I = BRIXOANOC e
€ IIMEpes HIMepeIs 1t NeG 7 oot BRYyca
ame a0 DMK BXOAWOTO KOMI, L.
- BN
BX. KOWTPOIN TN BRyCH
Antosari 3
secKie
wamepot’ "’
AT X
Bxoamon xgl |
KONIPOIN ] 43 Yy
on
KaeCTIAY |
Bxoanoiy 18
KOWTPOIT,
p Peon. 11"
X24
l'!xonu‘or
wouTpoith 25
oxn aab
X31["
MHorocnoitasie HC npsiMoro pacrnpocTpaHeHus
LT o6y e
NPOUWECC OBYYEHMA 3 E ‘

PRINAPOCTREHERME CAMHANS HERDOCETIH I

m
x,-----------j@w

HacTpofies ceTv
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MMOTOKE BKyca KOHAUTEPCKOH mpoaykiuu. [Ipomemypa paboThl.
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Crpykrypnas cxema mogenu CAK 3anaxa
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TIT nponssoacTsa Konmrepekie | Iludposas bl 3a.1a¢ HHBIX
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Crpyktypa [TAK AK niBera KOHIUTEPCKUX U3IETUNA

G

madposodi BITeMENEPL

Momesme inodpauesnt ¢ Ja

Wy Ka9ec T Mo0paneE

Tlepeson mobpanesa & IPATaNSs EETHOMD

Bagensme oduesTa KOHTpORT
EPETE ECKIN oYK

[Messmesme weRocTH obparemse

I

OTowosemae
IEETA B Opegenax
BOpoMBl

Bueom momyaemmod
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b3
AICEK
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He0DTa T il HECTPVEIBS!
il TEHA

Cpassese JTAR0EE0N0 IS00pEemEE ¢ TEKyIIRM

Cnpegeneine BEEBMIHLE 0TI0BLE
EPETRHECERT TOHLE 0T STANHHOND H0Gpai e

>

biok - cxema AJITOpUTMa NPUHATHA PCHICHUSA Ha COOTBCTCTBHUEC LIBECTA
KOHAWUTCPCKUX H3)1€J'IPII>1 OTAJIOHHOMY 3HAYCHHIO

Bsaskocts

(2]

Cxema KOHCTPYKIIMH U MakeT HUu(POBOro POTAIMOHHOTO BUCKO3UMETPa
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[M9C natymka BA3KOCTH POTAIMOHHOTO IU(PPOBOTO BUCKO3UMETPA
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CxeMma YCTaHOBKH aBTOMATHUYCCKOI'0 BUCKO3UMETpA
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Ha TEMIEPUPYIOLIEH MaIlIMHE

g

_

MakeT poTallMOHHOI'O 1aT4YuKa BA3KOCTH bnok ungpoBoii nHANKAIUT

Muxpokontposuiep Arduino Uno Hucmeit LCD 1602

#include <LCO_1602 RUS._n>

#define CNT_IMP_INPUT E]
#define BTN_START_INPUT s
#darfine BTN_STOP_INPUT €
#define BTHN_MENU_INPUT b

wvoid lcd_inict() {
lcd.init ()
lcd.pkacklight{) s
lcd.sestCursor(0, 0);

#dafine POW_IR_OUTPUT £l lcd.print (™ Bucxo=mnie TP o 2
#define UPR_MOTOR_OCUTPUT 10 lcd.setCursor(0, 1);:
fdefine UPR_MUFITA OUTPUT iy =S
- - lcd.print (™ sepcua 2.0 bl 2
#define REG_ADC Ao }
volatile long counter = 07
long counter_last = O; int change_delav () {
boolean flag_delay = Toues int delay_s = O;
String stos int val = analcogRead(REG_ADC)

LD 1602 RUS loed (027, 1€, 2);
delay s = map(val, 0, 1023, 0, S00):;
woid init_pins{} { delay s = delay_s * 1000;
PinMode (CNT_IMP_INPUT, INPUT_ PULLUPR) ;
PinMode (BIN_START_INPUT, INPUT_PULLUP) 5

PinMode (BTN_STOP_INPUT, INPUT_PULLUP) ; return delay_s;
pinMode (BTH_MENU_TINPUT, INPUT_PULLUR) 5 }
PinMode (POW_IR_OUTITPUT, COUIPUT) . -
PinMode (UPR_MOTOR_OUTPUT, OCUTPUT) ; void cnt_isr() {
PinMode (UPR_MUFTA OUTPUT, OUIPUI) counter++;
YacTe UCXOIHOTO KOJa aliropuT™Ma Ha sa3bike C
HenpepbiBEHBLIMA Permcrpanmsa
KOoOHTPOME NapamMmeTpPpa nNnaSoparTopHbBIX
aaHHbIxX (J1 MC)
daTuUmKy Ha N AmarHocTmKa M1
nMpom3IBOoaACTEBEeHHOM | E—— PatorTocriocoSHoOoCTE
nHMM J (TOumP)
l \&

| %2 | HTer paums S
cmcTemy APLLIVH
Bo3MoxxHOCTH aTYMKOB Ha 0a3e WHTEPHETA BEIICH, padOTAIOIINX B
peXHMe peabHOTO BPEMEHHU Ha JIMHUSAX MPOU3BOJICTBA KOHAUTEPCKOM
MIPOYKIINH

Burncxkoammerp

e o
umMmnynscos (YnpasneHue
(D1 —3V) Asuratenem DC) Moayne Ethernet
“ W5500
LCD Moayns KHONOK (sen
gz (DL=3V) Moapyne WIFI
(SPI, UART)

Moayne pene
(DO — 3V)

. CprKTypa BUCKO3UMCTPA C KOMMYHUKAITHOHHBIMU MOOYJIAMHA
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Raspberry Pl
Pico Zero

BuckoanmeTp RP2040
Apansep L298 PWM GP4 Gh4
| Dol [ Gps Gops
Do2 | cP6 GP6
Monyns pene | o3 [ Gp7 Gp7

DO4 GP8 GPe
Monynb KHONoK pn GP9 GP9

DI2 GP25 GP25
DI3 GP24 GP24
CuUeTUMK MMNYNBCOB Dl4 GP23 GPp23
DOS cP22 GP22
PerynaTap ckopocti ADC ADC2 GP28

asuratens

LcD 12C SDA 12C15DA GP4
12CSCL 1zc1scL GP15
‘W55001 SPICS SPI0CSn GP1

SPISCK SPI0SCK GP2
SPIRX SPIORX GPhO

SPITX SPIO TX GP3

W55002 | SPICS [ SPINCSn GP13
| SPISCK [ SPNSCK GPI10

SPIRX [ SPITRX GP12

SPITX [ SPNTX GPn

Tabnuua noAKIFOUSHUH JOMOIHUTEIbHBIX NePU(EPUITHBIX MOITYICH K
MUKpokoHTposuiepy Raspberry PI Pico Zero.

Coznanne MACKuY BO3MOKHO JIMIIb MPU HATUYUKA MAaTEMATHYECKUX MOJEIEH

TII npon3BOACTBA KOHAUTEPCKON MPOLYKIIUH.

[ToaToMy YeTBepTas rjiaBa MOCBAIICHA ONMCAHUIO KOMIUIEKCHBIX SKCIIEPUMEH-
TAJIBHBIX UCCJIEAOBAHUM, MO3BOJUBIINX pa3padoTaTh METOJOJIOTHIO TTIOCTPOCHUS CTPYK-
TypHO — napameTpudeckux mozenen (CIIM) oCHOBHBIX CTaauil MPOU3BOJICTBA KOHAUTEP-
CKOH MpOoIyKIuu, Ha 0a3e KOTOPOH MOJY4YEHBl CTPYKTYpHO — MapaMeTpUYecKue U Marte-
MaTHYECKUE MOJENM OCHOBHBIX 3TanoB TII mpou3BoacTBa mOKONana, IJIa3UPOBAHHBIX
MOMA/HBIX M TPAIUHOBBIX KOH(ET, COMBHBIX KOHPET (Ccydie, mTHYbE MOJIOKO U [Ip.),
XaJBBI, MapMenaaa, kKapamenu, 3edupa, Ko3uHaK, aApaxe, upuca. B Tabnuue 4.1. mpuse-
JIEH IIPUMEP MOJIYYEHHBIX CTPYKTYPHO — NApaMETPUUYECKUX U MATEMaTHYECKUX MOJEIEH
OCHOBHBIX 3TanoB TII mpon3BoaCTBA XaNBBHI.

Tabmuma 4.1
Cragus TII CrpyKTypHO-nIapaMeTpuyeckas u [Tpumep nosyuyeHHBIX TpaduKOB
MaTeMaTH4ecKas MOJIeNIn
IMoxroroBka X
X
CBIPbsI K —
X, — Yim
POU3BO/I- ’ .
CTBY XaJIBBI X Yo
TXB sz
Yik.uze.np (X7) =-0,43 X2+ 0,13 Xs
Y2 6n.6u0 c.n. (Xg) = 0,16 X3
IIpuroros-
XlS XlB
JIeHue ca- ™ |
XapHOTO CH- X — — Y
X9 ——»] > Y,
porma

ol D,
Ysucc =0,18 X13+0,44 X14
Y 4sce =0,18 X13 - 0,52 X315 - 0,64 X16
Ysw =0,74 X12 + 0,82 X5

f(X,, X,5); X,= const
f(Xa. X7):; X15= const

25



[Tpurortos-
JICHMC Kapa- lx” f(x3,x4) x1=60; x2=0,003
o .
MEJIBHOTO Xn Vipe L
cuporia I o F
Xo; I 4\";‘ 100 ll
]‘xy Ix;s il
Yee = 0,42 X22+0,53 X23+0,48 Xo6
= + : =
Y7u = 0,81 Xo5 +0,43 Xo6 f(X,g X,3); X,e= CONst
COupanue B
KapaMellb- Xoq , —>Ysu| 180.00 ?;——:Fﬁj
o X30 > Yot . ...-"*
HOU MACCBI JRCA-~ 1 S Iponecc conBanus 140,00 | -
X31 KapaMeJbHbIX Macc Yion 138’88 ~ ___ 4.5
I . .
Y114 110,00
BNM 4
TTTTTTQ 4950 e0 .5
X32 1X33 |X34 | X35 1X36 1X37
Ysw (X38) = 0,36 X9+ 0,87 Xa3
Yot (X3g) =0,31 X33 + 0,82 X35 +0,49 X3¢
YlOM (X4o) = 0,47 X30+0,55 X34+0,73 Xs6
Y11 (Xa1) = 0,86 X31+0,52 Xs7
Yi2s (Xa2) =0,56 X32 + 0,41 Xss
Brivernm-
A IIpouecc BeIMEIIMBaHUS > Y1zt
BaHHUC Xaa MAacChl XaJIBBI [ Yiaw
MAacCcChl Xas . f{lf:ﬁ
XaJIBbI te o
Y13t (X48) =0.54
X +0,16 X
a4 46
dopmoBa- o
HHEC KOpHy- . U N Yi7h
)(534. Ilponecc popmoBanmst |
COB KOH(]ET | ., anmnt Vise
XaJIBBI > Vi
Xss
Y17h (X56) = 0,32 Xss5
Y1ss (X57) = 0,51 Xs4
Y194 (Xsg) = 0,24 Xs3

JIns pelieHus 3aauyd aBTOMaTU3aluK yIIPaBICHUSI Ka4YeCTBOM MPOU3BOACTBA
KOHJUTEPCKON MPOIYKIIMA HEOOXOJAMMO HAIMYUE HE TOJBKO CTPYKTYpHO- Tapa-
METPUYECKUX U MaTeMaTUYECKUX MOJIeNIe KOHIUTEPCKOW MPOIYKIMU, HO U CHUTY-
AllMOHHBIX MOJENEH, KOTOPhI€ MO3BOJIAIOT HAIISJHO H3YYUTh BIUSHUE BXOJHBIX
KOHTPOJIUPYEMBIX U PETyJIHPYEMbIX NapaMeTpOB, BO3MYIIAIOMINX BO3ACHCTBUNA Ha
BBIXOJHBIE MOKAa3aTeM KayecTBa, MPOCIEAUTh B MPOILIECCE MPOU3BOACTBA NPUUYNH-
HO - CJI€JICTBEHHbIE BIUSIHUS MapaMeTpOB ApYyT HA APYra, Aat0T BO3MOXKHOCTh MPO-
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rHO3UpPOBaTh X0 uccienyembix TII u onpenensTh HEOOXOAUMBIE MPU ITOM PEKHU-
MBI pa0OThI UCMOJIB3YEMOTO 000PYIOBAHUS.
Ha ocHoBe cTpyKTypHO-TIapaMeTpUUECKUX MATPHUIl COMTOCTABUMBIX B3aMMOCBSI-

seit Cij rmeij=1, ..., N, ¥ BEKTOpa KOHTPOJIUPYEMbIX OTKJIOHCHUHN IOKa3aTeseH co-
crosiaus AXi popmupyercs cutyannonnas mogens TII (cuTyannoHHas MaTpuna):
AX, CLAX,, ..., C,AX,
C,, A, AX,, oy G AX
(4.1)
C1 A%, CL,AX,, ..., AX,
Xj — x?
rac AXj = A—O — BCKTOp TCKYIIHUX OTHOCHUTCJIbHBIX OTKHOHGHHﬁ;
X -

i
Xi, X — (haKTHUECKOE M DTAJOHHOE 3HAYEHHE I-TO TIAPaMETPa;

AXiO — IPEACIIbHO JOITYCTHUMOC OTKIIOHCHHUEC OT HOPMEIL.

[Ipouenypa aAuarHosa cBoAMJIaCh K HAXOKACHUIO IPUYUH, TOBJIEKIIUX 3a cO00i
OTKJIOHEHHE COCTOSIHHSI TEXHOJIOTMYECKOW CUCTEMBI OT HOPMAJIBHOTO IOJIOXKEHUS ITy-
TEM aHalW3a U CPaBHEHHUS AJIEMEHTOB CTPOK CHUTYallMOHHOW MaTpHIbl C BHIOOPOM
MAaKCUMAJIBHOTO 3JIEMEHTA. AJITOPUTM ITPOTHO3UPOBAHUS 3AKIIOYAJICS B ONPEIEICHUN
AHOMAJIBHOTO COCTOSIHMSI CUCTEMBI MPU M3MEHEHHHM KaKOoro-mbo mMapaMerpa Wid
TPYIIBI TAPAMETPOB MpoLEcca.

Ha ocHoBaHMU OLIEHOK pe3yJbTaTOB OMPOCa IKCIEPTOB-TEXHOJIOIOB OTOOPAHBI
HanOoJiee MHPOPMATUBHbBIE MTAPAMETPHI KAYECTBA ChIPhS, MOIY(HAOPUKATOB U TOTOBBIX
uznenuit TI1 nmpou3BoCcTBA KOHAUTEPCKOW MPOAYKIUHU, U COCTABIIEHBI TaOIHIIbI B3au-
MOCBSI3€ MEXAY HUMU JUJIs KaXI0M CTaIuM UCCIEAyeMOro npousBoacTsa. [lomyuyen-
ueie nanubie CIIM monenupoBanust TII mpon3BoacTBa KOHAUTEPCKUX U3ACIUNA OBLITN
CPAaBHEHBI C JJAHHBIMH, [TOJYYEHHBIMU B PE3YJIbTATE ONPOCA HKCIIEPTOB. AHAIU3 MOy~
YEHHBIX JAHHBIX MTO3BOJIWII MTOIY4YUTh cuTyarmonHuslie Moaemu (CM) TII npousBoacTsa
KOHJUTEPCKON MPOAYKIMH Pa3JIM4YHOIO arperaTHOrO COCTOSIHUS M Pa3HbIX THIIOB. B
tabnumax 4.2 — 4.11 npencrasnens pazpadorannsie CM B dopme kBagpaTHOU 0000-
HIEHHOW MaTpulbl (DYHKIIMOHAJIBHBIX B3aMMOCBSA3€EH MTOKa3aTelield KauecTBa KOHIUTEp-
CKUX W3JENHM, T/I€ YMCIIOBbIE 3HAYEHUS, 3alMCAHHBIE OOBIYHBIM KYPCHBOM IOKa3bl-
BAIOT XapakTep cBs3er ((«+» - MOAUYEPKHYTHIM MOKA3bIBAIOT HAXOXJACHUE HOBBIX CBS-
3ed, a cuMBos (&) O3HA4YaeT ONPOBEPIKEHHUE OICHOK »JKcrepra). [lomydeHHbIe
CUTYaLIMOHHBIE MOJEIH AAl0T BO3MOKHOCTh MPOCJIEAUTh NIPUYUHHO - CJEICTBEHHBIC
BJIMSIHUA [TApaMETPOB JAPYT HA JIpyra U Ha MOKa3aTeau KayecTBa MpoayKTa ¢ popMau-
3alMel alrOpUTMOB JTUArHOCTUKH U TporHo3upoBanus coctosHur TII u kauecTBa roro-
BOI MpOIyKIUH, MOy (}HaOpUKaTOB U CBHIPhS HA KaKJIOW CTaJAMM MPOU3BOJCTBA MHILIE-
BBIX IPOAYKTOB.

CtpykTypHO-TIapaMeTpruyeckasi MaTpuia (yHKIIMOHAIBHBIX CBsI3el
noKasareliel KauecTBa MOMaHbIX KOH(ET Ha OCHOBHBIX CTAAMUSIX MPOU3BOJICTBA
Tabnuua 4.2
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OcCHOBHBIC CTaIUHU

TII

MOATOTOBKA ChipbA
K MPOM3BOACTBY
NpUroTOBAEHME

caxapHoro cuponn
NpUroTOBAEHME

NOMagHOro cMpona

cbuBaHue
NOMaSHO Macchl

NpUroToBNEHKe
KOHGETHOW Macchl

a 5
@ g ¢ e
@ I I
£ |38
m = S o
g2 |28
5§ |58
o
= = o
o = g9
= x

BbIXOAHbIE NapameTpsbl

7 x28 |x38 x39 x40 x41 x42 x56 x57 x58 |x69 x70
TIOATOTOBKA CBEIPBS K|x7 (BennunHa KpueTuanos caxapa ) 1
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Tabmauma 4.3

CTpyKTypHO-TIapaMeTpuyecKasi MaTpuiia GyHKIIMOHAIBHBIX CBSI3eH

ToKa3aTeIel KaueCTBa XaJIBbl HA OCHOBH

pIX cTagusx TII

Ocnosuste cramin TIT TomroroBka TIpurorosnenna u cOusmue POpMOBaHHE XATBB
NPOH3BOACTEA XATBH CHIpBA K caxapHoro
npOoM3BOACTY aipona
Buixogusie Y Y2 Y: | Ys Ys Yn Y12 Y 1 Yis Y
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CHPBAK H3BA. NPHM
APOMIBOCTSY [R5 pm Z 1 ® ® ® ®
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Tab6muna 4.4

CtpykTypHO-TIapaMeTpudeckas MaTpuila QyHKIIMOHAIBHBIX CBA3EH
MMoKa3aTeJIeld KauecTBa II0KO0JIa4a Ha OCHOBHBIX cTagusax T11



OCHOBHBIC CTAMH 1 n 11} 1y Y Y1 |¥n yiu 1X X X1
TTI nponssoacrsa
lnokoaana
BHX. YI Y] YJ Yd YS Yb YT YI Yv YlD YlIY]: YI! Y]l Y]i Y]O YET YIS YI'; YIB YZ] YZZ Y:! YZ! YI} Y]b
Iap.
1. TIl Yiws 1
XpaHeHHs
kakao Go- | Yiu 1
Bor (k6 @lo| 1
n m Yius @@ | @ 1
OYMMCTEH |
copTi- Y5 a6 ale| e |a]|l
poBKH K.6.
L. TIT [Yeus ® | @ @l @] 1
oGmapku
K.G. L& ele|le |la|le] @ |1
I¥VTIl |Yies ®| @ @l®| ® a1
oxXJ1aane-
Hua k.6, [Yous le|e |v|le|e |e| 2 1
VTN [Yiuw ele|le |e|lo| @ |e| @ | o |1
napobne-
A k6. [Y . ole|le |lea|le|leo ||l | @|a |1
¥1 T |Yoa elo|le |a|le| @|lo| |2 |® |@|]
l'lD.T)f‘-lEll.i[c
KaKao Tep- [Y i ser 2l ®|le |gle| o || a ® | ® ® | ®|1
TOIO
VIT T | Y 1
NOTYSCHHS] gl @ | @® |g|le| | @| @ | @|e |&|e|e®
K.Mmacna
VIIL TIT | Yis ele|le® |@|e @ ® |@|e|le® |@ 1
CMCILIH-
— b ™ ele|o |a|le @® ® |o|e|l® @ @1
Youn |@|®|® |@| @ ® ® |® |®|®|e |@ |®|le |1
XLTH | Yiews ® | ®|® el ®| @ 2 ® @ | ®|® ® ®| @® ®| 1
PaiBOmIc,
rosorerst- | Yisaw 2| ® |2 ) @ | ®|® |8 ®| @ @|®] 1
JAUHH H
xorumpo- | Y20 2l @@ 0] @ ® | @@ |@ ® |@ 1
BaNHA
LI M.
X Tres| Yuu |[@|@|@ |a]|e ® ® |® |@e|l®|e® @ |[@|® |@|®|o 1
nepiposa-
MR M.
XL |[Yue |@|@|o |&@|® ® ® ple|le | |e|le |&@|® @ |1
s | Yom | 2] 0| @ P P 2 |e ® | @ e 2 |1
TOK MIOKO-
naga Yisw ela| e ® ® @ |e |® e | ® @ |e|e @ |1
Yisw ®@| @& ® | @ ® ® 1
Yiom ®| @ ® ® ® ® ® ® ® ® ® ® ® ® ® ® 1
Tabauma 4.5
CTpYKTypHO'HapaMeTpI/I‘-IeCKaH Ma,TpI/II_Ia q)YHKHI/IOHaJ'IBHBIX CBJ3CHU
MoKa3aTesiel KayecTBa Apake Ha OCHOBHBIX cTaausx TII
OcHoOBHEIC CTAIHE 1 II Iix
TII np-Ba XxapanieIa
Berx Y1 | Y2 | Ys Y4 s Ye Y7 Y= Yo Yio | Y11 (Y12 | Yis| Yais
IIapaxeTrp
1. T1II Yie 1
OPHITOTOBJICS, Y ac 1
HEA CIT Y 1
cHpOIa
Yac @ [C] ® 1
sc ® @ | e| e 1
Ion. Ysaoe o ® | @ @® @ 1
TII Y oroe o | eo|le|e|ee| e e| = 1
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o = Y10 ® ® | | e ® ® ® 1
Cy TE 1 1ame ® oo o |= @ = 1
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Y120 o | ® || @ | @ ® 1
Y1300 ® | ® o | @ ® 1
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Tabnuua 4.6
CtpykTypHO-TIapaMeTpruyecKkasi MaTpuiia (yHKIIMOHAIBHBIX CBsI3el
nokasaTesiel kauecTBa cOUBHBIX KOHGET (cydie) Ha ocHOBHBIX cTanusax TII

QOCHOEHEIE CT2IHH 1 i} I 1¥ v

TII op-ea cOmEHEIX

rKoHbper
Bro Y1 | Ya| Ys| Yaf Ys| Ye| Y7 Y Yo | Yo [Yu|[Yi2 [Yiz| Y |Yis| Yie | Y17 |[Yiz | Yie| Yoo Yu| Y2
mapanerp|

1. T Yie 1
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e S T ®|® e |e ® ele|o 1
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Tabnuua 4.7

CTpyKTypHO-TIapaMeTprudeckast MaTpuiia (PyHKIIMOHAIBHBIX CBsI3eH
IOKa3aTesen KayecTBa MapMenaa Ha OCHOBHBIX cTtaausax T11

OcHOBHBIE CTATHH 1 11 118 1v
[TTI rip-ea MapMenaaal
Berx Y | Yo Y3 | Y| Ys| Y| Y7 Ys Yo | Y |Yu[Yi2 [Yi3| Yie |Yis| Yise [ Y7 ([Yie | Yie| Yool ¥ | Y2
mapamMeTp|
1. TII Y 1
HpHI OTOEIC Y:C 1
S [ i
Ve e |log|le|1
Yse o | e|le|e|1
I0. TII Yo @ @@ 1
INPpHIOTOBE Y'hu( ® e @ @ l
HHA Y s @ 1
MapMeTaTH
off MacCEr Youn e | e|lo|le|le|d || o 1
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Vil e | e|e® |l e o & ® 1
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Tabnuua 4.8
CtpykTypHO-TIapaMeTpudeckas MaTpuila (QyHKIIMOHAJIBHBIX CBA3EH
MOKa3aTesier KauecTBa KapaMeiln Ha OCHOBHBIX craausax T1I

OCHOBHEIE CTAIHE 1 I jiil} 1¥
TII np-ea KapameTH
Brx. Y| Y2| Y3 Ye| ¥s| Ye| Y7 Y3 Yo | Yo | Yu[Yiz (Y| Y |Yis| Yis | Yir[Yie [ Yio| Yao| Y| Yz | Y3
napaMerp
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NPHTOTORNE Yoo ® ®| ® 1
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Ta6nuna 4.9
CTpyKTypHO-TIapaMeTpruyecKast MaTpuiia (PyHKIIMOHAIBHBIX CBsI3eh
moKasareJjiel KauecTBa 3e(1)1/1pa Ha OCHOBHBIX CTaaUsIX TII
OCHOEHEIE CTAIHHA 1 i I 1¥
[TII mp-ea zedupa
Brrx. Y | Ya| Y5 | Ya| Ys| Ve | Y3| Y Yo | Yo | Yu Y | Y| Yie |Yis| Yie | Yir|[Yis | Yie| Yoof ¥
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1. T Yic 1
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Y
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MACCHI - Yo ® |l o|lo|le|® | @ 1
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@:ﬁ@npa Yizg ® ®|® o | @ 1
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Ta6muma 4.10
CtpykTypHO-TIapaMeTpudeckas MaTpuila (QyHKIIMOHAJIBHBIX CBS3EH
oKa3aTeJied KadyecTBa KO3MHAK Ha OCHOBHBIX ctaguax 111

OcHOBHBIE CTAIHH 1 II I 1y h g

T1I mp-ea xapaMem
BEIX. Y| Y2| Ys| Ya| Ys| Yo Yol Ys | Yo Yo | Yuu[Yiz2 |Yis| Yis [Yis| Yie | Y17 (Yis
mapamMerp

1. TII1 Yic 1
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Tao6muma 4.11
CTpyKTypHO-TIapaMeTpudecKast MaTpuiia (yHKIIMOHAIBHBIX CBsI3eH
MoKa3aTesiel KayecTBa upruca Ha OCHOBHBIX ctaausax T11

O cHOBHBIE CTagHH 1 I mI
T1I np-ea BpaCca
Berx. Y, | Yo | Ys| Ya| Ys| Yo | Yol Y| Yol Yo [ Yuu[Yi2 | Y| Yie |Yis| Yie | Yi7[Yis | Yo
napaMerTp
1. TT1 Yie 1
OPHTOTOEIS Yll: ® 1
*:‘”frg Yie | @ | @] 1
P Yac @ logl®e| 1
Ysc o |e|le|la|l
II. TII Yo ® |8|le| e 1
OPpHTOTOBIIS Y?m ® ® @ ]_
HEA Yaune e oo ® 1
HPHCHOH
Macchl — Yo e | e|lo |l g|le| d ®| @ 1
Ysapn Y Yiee e |[e|le|e|le| e || e @ |1
PXTLKACHHE Yy e | e|le|lo|e|l o | @ e | ® |1
Y iz e o|le|leo|e| @o|e| & @ |® ® |1
II. TII Y1 ® [e|lo|lo|eo| @ |0 o e|l® |®e|®|1
3:{;“““ Yux | ® | ®|@|®|@®|@ |®| @ | ©|® |@|o|e®|1
obpaboriil” Yim | @ | @ | ® | @ ® @ | o [0 |[e|e|e]|e |1
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MAaCCEI
Yirre ® | ®|a ® ® ® ®|®|le|® 1
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[TonydenHsie pe3yabTaThl MO3BOJSIOT TEPEHTH K MyJIbTHAareHTHOMY WMH-
TAlIMOHHOMY MOJIEIMPOBAHUIO MPOIECCOB MPOU3BOJICTBA KOHIUTEPCKOU MPOAYKIIWH,
HEOOXOIMMOMY IS PEIICHUSI TTOCTaBJICHHON eI - CO3JaHUs MHTEJJICKTYaJIbHOU aB-
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TOMATU3UPOBAHHON CHUCTEMBbI YNPAaBJICHUS KA4YE€CTBOM KOHAUTEPCKOM MPOAYKIMHU B
nporuecce ee npousBoacTsa. [Iposenen ananus TII nmpousBoacTBa METOAOM MYJIbTHA-
TEHTHOTO MMHUTALMOHHOTO MOJIEIUPOBAHUS, SBISIONIETOCS OJHUM U3 caMbIX 3¢ dek-
TUBHBIX UHTEJUIEKTYaJIbHBIX METOJIOB UCCIIEI0BAHMS, TTO3BOJISIIOIINX CO3AaTh 101001
pEAIBHOTO MPOoLIECCa IPOU3BOACTBA KOHAUTEPCKOU IPOAYKIHMHU C BO3MOKHOCTBIO IPO-
THO3UPOBAHUS U UICHTU(PHUKALUUA BCEX BXOMAIIUX B 3TO MPOU3BOACTBO MPOIIECCOB.

beimn pazpabotanbl HHPOPMAITMOHHO-AHATMTUYECKAE MYJIbTUAT€HTHBIC CHUCTE-
MBI IMUTAIIIOHHOTO MOJEIUPOBaHUs ¢ moMoIsio cpeabl 110 AnyLogic nns uaeHTH-
duKkanuyu TUHUI MPOU3BOJCTBA KOHAUTEPCKOW mponaykiuu, Ha pucynke 4.1 mpen-
CTaBJicHA pa3pabOTaHHAs WMHUTAIMOHHAS MOJENb IPOIlecca MPOU3BOJCTBA XalBhI C
UCIIOJIb30BaHueEM porpammHuoro odecreuenus (I10) AnyLogic.

CeMeHa OUHIICHHBIC
IenooGpasosarens Tankd
14375

am,  PPOCESS
processTank3 88375 {4y T
e 1 D
sl 7Y E(@|
@ pipelined vaned i

IMatoxa 01
precessTank1 ﬁmﬂ_’u\
0.5 grort
|2|ch Tl -
E pipelined valve!

0.1
[ ﬁ“ﬂ lo‘

Hamenmpanrens

Kapamenusarop
10.35
Caxap oceseranc
70‘ \'—. 10
LS o
08
s

[id o

PI/ICYHOK 4.1. I/IMI/ITaHI/IOHHaﬂ MOJCIJIb ITPOLCCCa ITPOU3BOACTBA XaJIBbI
Ha PUCYHKC 4.2 npcacTraBjiCHa pa3pa60TaHHa>I MOACJIb IIPOU3BOACTBA XaJIBLI B

HKamner

PucyHnoxk 4.2. Monens mpon3BOACTBa XaJIBBI B (hopMaTe IBYMEPHOU rpaduKu

Ha 6a3e noixyyeHHONH MMUTAIIMOHHON MOZENN ObUIH MPOBEIECHBI SKCIIEPUMEHTHI,
HaIIpaBJICHHBIE HA COBEPLIEHCTBOBAHUE MCCIIEAYEMOr0 IPOU3BOIACTBEHHOTO IIpolecca
U €r0 BUPTY&JIbHOE TECTHUPOBAHME, IOCKOJIbKY IIOJyYEHHAss MOJEIb IT03BOJIIET CO-
3/1aTh BU3yaJIbHOE OTOOpaKEHUE UCCIIEyEMbIX ITPOLIECCOB.
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Pa3paboranHas B JaHHOW paboTe BUpTyaibHas MOJENb BCEX 3TAIOB Ipolecca
IPOM3BOJCTBA XaJIBBl JAET OMNMCAHWE PEATU30BAHHBIX AareHTOB C IOMOIIBIO CPEJIbI
UMUTAIMOHHOTO0 MoJenupoBanust AnylLogic, Mo3BoJisieT BOCIIPOU3BECTH aBTOMATU3H-
POBaHHBIN MPOLIECC MPOU3BOJICTBA XaJBhl. /[aeT BOZMOXXHOCTB IIPOBECTHU JajbHEMIINE
UCCIJIEIOBaHMsI, HAIIPaBJIICHHbIE Ha JIE€TalbHBIA Pa300p OCHOBHBIX ATAlOB IPOU3BOI-
CTBa XaJBbl; 1aTh OLIEHKY (YHKI[MOHAJIBHOCTHU CYIIECTBYIOLIEH aBTOMaTU3UPOBAHHOM
CUCTEMBI MPOM3BOJICTBA XaJIBBI, PEAIN3YEMON B HACTOSILIEE BPEMsI HA KOHJIUTEPCKUX
NPEANPUATHUSAX.

[IpoBeneHHBIE HAMH HCCIIEAOBAHUS C UCIIOJIB30BAHUEM METOJOB MYJIbTUArEHT-
HOTO MMUTALMOHHOTO MOJEJIMPOBAaHUS MO3BOJUIN CIIPOTHO3MPOBATH BBIXOJHBIEC IMa-
paMmeTpsl IMpolecca MPOU3BOJICTBA XalBbl, a TaKKe HUACHTHU(PHUIMPOBATH BHYTPEHHHUE
MPOLIECCHI MTPU MOJEIMPOBAHUU CHUCTEMBI, YTO MO3BOJSET MOBBICUTH 3(PPEKTUBHOCTH
MCCJIENYEMOTO MPOU3BOJCTBA U YJIYUIIUTh Kauye€CTBO MPOU3BOJMMOM MPOAYKIMHU —32
CUET IIPOBEICHHUS IIPENBAPUTEIBHBIX BUPTYAJIBHBIX HKCIIEPUMEHTOB C BApbUPOBAaHUEM
napaMeTpoB 3TOro MpousBoacTBa. IIpu 3ToM OyaeT mojyueH TOUHBIM KOHEUHBIH pe-
3yJbTaT B KOPOTKUE CPOKHU U O€3 JUIIHUX 3aTpaT. Kpome TOoro, BO3M0OXXHO Takxe Io-
JYYUTh PEKOMEHJALMU 110 aKTyaJIu3aluy [apaMeTpoB, HANPABICHHBIX HA ONTUMHU3a-
LU0 TPOM3BOJICTBEHHOIO mpouecca. [lomyueHHsle pe3ysbTaTbl MOAEIUPOBAHUS IPO-
1ecca MpoU3BOICTBA XaJIBbl MOTYT ObITh UCIIOIb30BaHbl TAKKE KaK OCHOBA JJIsl aHAJIH-
32 aKTyaJbHOCTH MOJAOOPAaHHOTO TEXHOJIOTMYECKOr0 000pYyIOBaHUs, ONTHMHU3ALUU
TEXHOJIOTHYECKUX W PEKHUMHBIX MMApaMETPOB, BIMSIONIMX HAa XOJ IMPOU3BOJICTBA HC-
CJIelyeMOU MPOAYKIMH, OLEHKU (P(PEKTUBHOCTU pean3alli UMEIOIINXCS PECYPCOB,
pEeHTA0EIBHOCTH U U3/IEPKEK POU3BOICTBA.

Jlist 6onee neranbHOro aHanusa TII mpou3BoacTBa MapMenagHbIX KOH(ET Oblia
MOCTPOEHA MYJIbTUAr€HTHAas UMUTALMOHHAs! MOJIEIIb, TPEICTABIICHHAS] HA pUCYHKE 4.2.
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Pucynox 4.2 - MynpTuareHTHasi UMUTAIMOHHAS MOJIEIh TIpoliecca MPOu3BOACTBA
MapMenaHbIX KOHPET

CrannmapTHbiil popMaT BOCIIPOU3BEACHHON MOJIEIH MPECTaBICH Ha PUCYHKE
4.3.
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Pucynok 4.3 - CtanmgapTHbiii (hopMaT BOCTIPOU3BEIACHHON MOJICITH
Monens mpou3BoACTBa MapMenaza B popmaTe IByMEpHOM rpa@uKku mpeacTaB-
JieHa Ha pUCyHKe 4.4.

Pucynok 4.4 - Mozgens mpou3BoJCTBa MapMenana B oopMare IByMepHOH rpaduku

Pa3paboTanHbie B JaHHOW IJ1aBe CTPYKTYPHO- MapaMeTpUUYECKHUe, MaTeMaThue-
CKH€, CUTYallUOHHBbIE 1 HMMMTAIIMOHHBIE MOJIEJIH SIBJSIOTCSI OCHOBOM CO3/1aHUSI MHTEI-
JIEKTYaJIbHOW aBTOMAaTU3HPOBAHHOM CHCTEMBI YNPABJICHUS KAa4€CTBOM XaJIBbl B IPO-
1[ecCce IPOU3BOJICTBA.

IIaTas riaaBa MOCBsIIEHA METOAMKE CO3JaHUS UQPPOBBIX TBOWHUKOB MPOU3-
BOJICTBA KOHIUTEPCKON MPOAYKIMU HA OCHOBE CTPYKTYPHO — ITAPAMETPUUYECKUX, Ma-
TEMaTUYECKHUX, CUTYallHOHHBIX 1 UMUTALMOHHBIX MOJIEIIEH.

obyuyennue HeripoHHoU ceThto YOLO st aBTOMaTHYECKOTO paclio3HaBaHUS
KayecTBa TOTOBOTO IIOKOJIAJa MNPy NIPUMEHEHUHU JAHHBIX, TIOJYYEHHBIX U3 LUPPOBOIi
CHUMYJISILIMM MIPOU3BOACTBEHHOTO IPOILIECca.

B pamMkax naHHOI riaBbl MPEACTaBIEHBI 3a/1a4d, KOTOPBIE CIOCOOHBI PEIIaTh
uudpossie nBoviHuku (L[/1). [Tokazanel BO3MOXXHOCTH Hcnoyib3oBanus [/ B xoHAM-
TEPCKOM MPOMBIIIJICHHOCTH.

[IpoBeaen aHanu3 mnpoOjeM pa3pabOTKM U HUCIOJIb30BAHUS B KOHIUTEPCKOM
MPOMBIIIUIEHHOCTU UU(POBBIX NTBOMHUKOB. [IpencraBieHbl OCHOBHbBIE MOAXO/AbI K CO-
3/1aHUIO U MCTIOb30BAHUIO U(POBHIX IBOMHUKOB B MPOIIECCaX MPOU3BOJCTBA KOHIU-
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Tepckux uznenui. [lokazano mMecto MUGPOBBIX NBOMHUKOB B MUGPOBU3AIMN KOHIHU-
TEPCKON MPOMBIIIUIEHHOCTH, TPOJEMOHCTPUPOBaHbl HanOonee 3PPEeKTUBHBIE TEXHO-
JIOTUM UX pa3paboTku. PaccMOTpeHbl M IPOaHAIM3UPOBAHBI BO3MOKHOCTH HCIIOJIB30-
BaHUS ITM(POBHIX JIBOMHUKOB B IMPOW3BOACTBE KOHJIUTEPCKUX H3JEIUN Ha pPa3HBIX

ATanax Ux KU3HEHHOTO IUKIIA.

[IpensioxkeHbl HAYYHBIE OCHOBBI CO37]aHUs IU(PPOBBIX IBOWHUKOB IIPOU3BOJICTBA
KoHauTepckux m3menuid. [lokazana oOmas cxema ucciaenoBanuii mo paspadorke 11J]
IIPOU3BOJCTBA KOHAUTEpCKUX u3nenuil. IlpencraBiena Ha pucyHke 5.1. aumarpamma
co3manusi V- oOpasnas nuarpamma co3ganus [[/] kauecTBa mpou3BoACTBa KOHIUTEP-
CKOW MPOIYKIIHH.

Ynoenerso-
peHue Tpe-
6oBaHue 3a-
YposHu Kasuuka
1. Tpe6osaHua sakasumka

) 1 DO

[llexomnosuuma

2. Tpeb kTN
21 .
2.2.
3. Onncanne CBOMCTB KOHAWUTEPCKOM NPOAYK-
ymm
31
3.1.1.
Onwucanue craguii Tl npoussogcrsa Ki
4.1.1.
4.1.2.
Mogenuposanue Tl npoussogcrsa Kil
5.1.1.
6. TpebosaHue K Tex. xapakrepuctukam TI
6.1.1.
6.1.2.

»

L

Pucynox 5.1 - V- o6paznas quarpamma cosznanus L[/ kauectsa
KOHIUTEPCKOH MTPOAYKIIUU
B pamkax nmaHHOU riaBbl ObUT peann3oBaH IU(POBON JBONHUK MPOU3BOICTBA
1I0KOJIA1a, neILCTaBneHHLIH Ha PUCYHKE 5.2.

Pucynok 5.2 - Hudposoit neoitnuk TII npousBoacTBa mokoiana
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Ha npumepe nuHMM NMpOU3BOJCTBA 1IOKOJIaAa MOKa3aHO MPUMEHEHUE pa3pado-
TaHHOTO B pab0Te KOMIUIEKCa MHCTPYMEHTAIBHBIX CpelicTB aiist coznanus L/ mporec-
COB MIPOU3BOJICTBA KOHIUTEPCKON Npoaykiuu. s onucanus udpoBoro ABOMHUKA B
paMKax eAMHONW TEXHOJOTUYECKON CHCTEMbI MPEICTABICH Obljla UCIOJIb30BaHa pa3pa-
O0oraHHasg 1 o0ydeHHas HeiipoHHas ceTb Y OLO it aBTOMaTH4ecKoro pacro3HaBaHUs
KauecTBa rOTOBOIO IIOKOJIAJla IPU MPUMEHEHUH JTaHHBIX, MOJYYEHHBIX U3 IUGPOBOH
CUMYJISIMA TPOU3BOACTBEHHOrO Imporecca. VMcXOmHbIMM [TaHHBIMHM JUIA CO3JAHUSA
1 pOBOro IBOMHUKA CTAIH MapaMeTphl pealbHOrO 000PYI0BaHUs, BXOISIIETO B JIU-
HUIO MPOM3BOJACTBA IIOKOJIAAA, a TAK)KE CTAHAAPTHI KavyecTBa [l IIOKOJIaAa U IIOKO-
JaaHbIX u3nenuil. Pesynbrarel padotsr 11J] ¢ nconp3oBannem CK3 u HElpoHHOI ceTH
Yolo npencrasnens Ha pHCYHKe 5.3.

—

Pucynok 5.3 - PesynbraThl pabotsl CK3 u Heliponnoi cetu Yolo

B mecroil riiaBe pacCMOTPEHO HCHOJIb30BAHUE TEXHOJIOTMUA BUPTYAIBHOM M
JIOTIOJTHEHHOM peaibHOCTEeH U KaCTOMHU3ALUU )i pa3pab0TKU HOBOM JIMHEWKH MEepPCo-
HAJIM3UPOBAHHOM OPUTMHAIBHON KOHIUTEPCKOU MPOAYKIUA HOBOT'O MOKOJIEHUS.

PaccMOTpeHO M mpoaHaIrM3upOBAHO COBPEMEHHOE HCIOJIb30BAHUE TEXHOJIOTUU
KaCTOMHM3AIIMU B OTPACIISIX KOHIUTEPCKOW MPOMBIIIICHHOCTH. [lokazaHo, 4To mpume-
HEHHUE UHTEJUICKTYAJIbHBIX TEXHOJIOTHH KaCTOMM3AIMKU OTpa)kaeT OOl TPeH mepe-
X0/1a K IEPCOHAIM3UPOBAHHOMY MOTPEOICHUIO KOHAUTEPCKON MPOAYKIIMA HOBOTO TO-
KOJICHUSI. DTU UHHOBAIIMKM HE TOJBKO CIIOCOOCTBYIOT Pa3BUTHUIO OTPACIIH, HO M CO3/1a-
IOT HOBBIC BO3MOKHOCTH JUISl BBIPAKEHUS WHAWBUAYAIBHOCTA U MPEANOYTEHUN TO-
TpeduTenel, aenas Kaxablii IpoyKT MO HACTOSIIEMY YHUKAIbHBIM, OPUTUHAJIBHBIM U
3aIIOMHUHAOIIUMCH.

[IpuBeneHb OCHOBHBIEC ATallbl KACTOMHU3aIMK (HOPMBI, BKyca U I[BETa CO3/1aBae-
MBIX OPUTMHAIBHBIX KOHAUTEPCKUX u3aenui. [lokasaHo, 4TO TEXHOIOTHS KaCTOMU3A-
IIMU JTa€T BO3MOXKHOCTh MOTPEOUTEIIO0 BIUATH Ha PSAJl XapaKTEPUCTUK MPOIYKTa B CO-
OTBETCTBUU C JUYHBIMU TpearnodTeHusiMu. [loTpedurens MOKeT caMOCTOATEIEHO Me-
HATH (opMy U3eNusl, BHEITHUHN BU/I, IIBET U BKYC HAUMHKU - OJHOU WK OoJiee, BHIOU-
paTh YKpaIieHus U3Aeus, a TAK)Ke YIaKOBKY CO3/IaBaeMbIX HOBBIX KOH(ET.

[IpencraBiieHbl OCHOBHBIE IIaTH TpoIecca pa3paboTKU MUPPOBBIX TPEXMEPHBIX
Mojieiell KOH(ET, MOMOorarne Onpeae/IuTh KIOUEBbIE 3JIEMEHTHI JIU3aiiHa HOBOTO
u3JeNusl, Takue Kak opma, pazmep, TEKCTypa U IIBET KOHEYHOT'O MPOIyKTa.

Ocy1iecTBiieH BBIOOP MPOTPaMMBI JJIs CO3AaHMS TPEXMEPHBIX MOesieid KOH(ET.
[TokazaHo, 4YTO BayKHBIM IIAaTOM SIBJISIETCA CO3JJaHHE ICKU30B HOBBIX M3JCIHUHN U Tepe-
BOJI UX B IIU(PpOBYIO (hOPMY C MOMOIIBIO CIIEIMAITM3UPOBAHHOTO TTPOTPAMMHOTO 00ec-
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neyeHus st 3D-monenupoBanusa. Ha atom sTane mpensaraercst UCHOJIb30BaHUE IS
nu3aiiHa Takux mporpamm, kak Autodesk 3ds Max, Maya umu Blender, [Ipoumto-
CTpUpOBaHa HauOoOJIbIIasl MEPCIEKTUBHOCTh MPUMEHEHHs iporpaMmbl Blender st co-
31aHMsI TOYHBIX [UGPOBBIX TPEXMEPHBIX MoJieNiel co3aaBaeMbix kKoHpeT. Ha ocHoBe
peabHBIX IEPCOHATU3UPOBAHHBIX KOH(PET co3/1aHbl IIUGPOBBIE TPEXMEPHBIE MOJIEIH.

PaccMmoTpeHbl BO3MOXKHBIE BApUAHTHI CO3/IaHUs TUIAT(HOPMBI ISl KACTOMU3AIUU
dbopMmBI, 1IBETa ¥ TEKCTYPhl KOHIUTEPCKUX M3aenuid. Beiopan Hanbosee 3 PpexkTuBHBIN
METOJ peaju3anuu, Ha 0aze KOTOporo paspadoTaHa ruiatdopma I KaCTOMHU3AIUN
KOHAUTEPCKUX m3nenuit [IpuBeneHbl npuMepsl U ONMUCaHbl JSHCTBUS Tako miaTdop-
MBI 110 TEHEPUPOBAHUIO TT0100pa (HOPMBI, HAUNHKH, JEKOPATUBHBIX YKPAIICHUH, 1IBE-
Ta, TEKCTYPhl ¥ YITaKOBKU HOBBIX KOHIUTEPCKUX H3ICITHM.

UccnenoBana cTpykTypa padoTsl (periMBopka django u ero oCOOEHHOCTU MpU
co3/1aHuu 0a3bl JaHHBIX U BeO-TIpuiiokeHusl. Ha ocHOBe aHanmm3a OCyLIECTBIIEH BBIOOD
kpoccruiargopmennoit b/ SQLite. Pazpaborana ER-muarpamma, uiuirocTpupyromas
CTPYKTYpY CBsizeil 0a3bl JaHHBIX JJII 00JIaYHOM TIATPOPMBI XpaHEHUS U PEAAKTUPO-
BaHUs TPEXMEPHBIX Mojeneil koHdpeT. Pazpaborana pensuuonHas 06a3za JaHHBIX IS
co3faHus 00JIauHOM TIaTHOPMBI XpaHEHUS U PEaKTUPOBAHUS TPEXMEPHBIX MojIelei
koH(er. [Ipennoxxena cucrema yrpaniaeHus: pazpadbotanHoit 6azoii qanubix (CYB/).

BriOpana nogxopsmas cpena s pa3paboTku 00s1auyHOM miatopmel s Xpa-
HEHUS U PEJaKTUPOBAHUSI TPEXMEPHBbIX Mojened kKoHper. [ns co3zganus obiadyHOM
aTgopMbl BEIOpaH PpeiiMBopk Django, mpenocTaBisomuid BO3MOKHOCTb OBICTPOTO
CO3/IaHUSI AJIMUHUCTPATOPCKON MaHEeIn U MOAKIIOUCHUS JTI000M 0a3bl JaHHBIX, a TaK-
e MMEIOIIUN pa3NIuyHble MIA0JIOHBI W TUTATUHBI IS aBTOMATH3aIlMi paboThI IjaT-
dopmbl. Co3gaH npoToTUn padouelt 001auHOM MWIATHOPMBI JJI1 XPAHEHUS U PEAAKTH-
pOBaHMSI TPEXMEPHBIX MOJENCH KOH(PET M TPOABMKECHUS KOHIUTEPCKHUX HW3ACITIHI.
Pazpaboran unTepdelic miatdopmbl, MO3BOJAIONINN JIETKO MEPEXOJIUTh OT OIHOU
omepanuu K apyroi. Pazpaborannas oOnaunas miatdopMa MOXKET ObITh HHTETPUPO-
BaHa ¢ paznuyHbiMu CAD-niporpamMmmamMu U cuCTeMaMH YIIpaBJICHUS TPOU3BOJICTBOM.
[Ipennaraemas obmayHasi ruiargopmMa OMMpPaeTCS Ha TEXHUYECKUE CPENICTBA, KOTOPHIE
MO3BOJISIIOT PEIINTh MOCTABIICHHBIE TEXHUYECKUE 3aJa4M, SIBJISIOTCS JTOCTYIMHBIMUA U
UMEIOT JOCTYIHOE MPOrpaMMHOE 00ecrieYeHHUE.

IToarorosieH MakeT BeO-caiiTa, IpeaCTaBICHHBIN Ha pUCYHKE 6.1.

I’Ca.ﬂllBalll{ﬂ KacrToMH3IaAIHMHM IIPH ITOMOIULH BeOcauTa

Pucynok 6.1 - JIu3aiin riaaBHbIX CTpaHUIl BeOcaiiTa
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Omnupasice Ha MakeT, ObLJI COPOEKTHUPOBAH MPOTOTHUI caiiTa B rpadyuyeckoM pe-
naktope Figma. [lapainensHo ¢ 3TuM OblT pa3paboTaH MepBOHAYANIbHBIN TU3aiiH BeO-
caiita, mocie anpodalnuu KOTOporo ObUT CIPOEKTUPOBAH U pa3paboTaH BeO-callT Ha
ocHoBe HTML, CSS u Python koja ¢ BO3MOXXHOCTbIO KaCTOMHU3UPOBATh KOHJUTEP-
CKHE U3/IETUSI HOBOTO MOKOJICHHUS.

Pa3zpaborano unpopmatuBHoe BebO-npunokenue st MPOJBHKEHUS] KOHAUTEP-
CKUX W3JICTUH C y4eTOM yI0OCTBa MOJIb30BATENICH, MPEICTABICHHOE HA PUCYHKE 6.2,
KOTOPBIN JOMOTHEH WH(GOPMATUBHBIM M JIETKO OCTYITHBIM KOHTEHTOM. [Ipeacranie-
HBI KJIFOUEBBbIC (DYHKIIMHA TAKOTO MPUJIOKEHUS. PacKphIThI TEHACHITMN KAaCTOMH3AIUN
KOHIUTEPCKOU MHAYCTPUHU B OYIYIIEM.

HMHCTpYKIHA a0 norpedurens

Jns obneryeHua HCNnoIL30BAHUA I'CHEPaTOpa, I ero i ICTBCHHBIM HCNOILIOBAHMEM NOTPeOHTENE HAGIIOAACT HHCTPYKLIMIO.

1POCTad PErucTPALIMA.

Pucynox 6.2 - UadopmaruBHOEe BeO-npuiokeHne 1isi MpOABMKCHUS U3ICTII

B ceabMoii riaBe npeacTaBlieHbl TEXHUUECKUE PELICHUS I peain3aluy UH-
TEJUIEKTYaJlbHOM aBTOMAaTU3HPOBAHHON CHUCTEMBI KOHTPOJISI M YIIPABICHUS Kau€CTBOM
(MACKuVYK) xonautepckoi MpOAYKIIMH B IpoIlecce Mpou3BojicTBa. [lokazaHbl oc-
HoBHbIE 3a7aun MACKuYK u obmue TpeboBanus k pazpadbarbiBaeMoit cucteme. JlaHbi
OCHOBHBIE JTAllbl €€ peAIN3aLUU.

Ha ocHoBanuu mpoBeAeHHBIX HCCIEIOBaHMM ObUTa pa3paboTaHa 00O0OIIECHHAS
dbynkunonansHas crpykrypa MACKuYK xonaurepckoi npoayKiuu, IpeicTaBIeHHast
Ha pucyHke 7.1.
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Pucynox 7.1 - O606mennas ¢pynknmnonanpHas ctpykrypa MACKuYK konaurepckoit
MIPOTYKITUH
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[IpeacTaBieHsl OCHOBHBIE JTallbl peaju3alluyd YIpaBiIeHUS KauyeCTBOM KOHU-
TEPCKOM MPOYKIMHU B MIPOIIECCE MPOU3BOICTBA.

Pa3zpabortansl ocHoBHble Buibl oOecrieueHuss MACKuYK: undpopmanmonutoe,
MaTeMaTUYECKOE U MPOTPAMMHOE.

Ha ocHoBanuu aHanu3a pe3yJbTaTOB MPOBEACHHBIX UCCIECIOBAHUM JJIsl OCTPO-
€HUS HEUPOCETEBOUM CHUCTEMBbI KOHTPOJS B MOTOKE, MPOTHO3UPOBAHUS U YHPABICHUS
KaueCTBOM KOHJUTEPCKOU MPOAYKIIMU B MPOLIECCE MPOU3BOICTBA PEKOMEHIOBAHO HC-
MOJIb30BaHUE HEHPOPETYIISITOPOB, BHITIOTHEHHBIX Ha 0a3¢ MHOTOCIONHBIX HEUPOHHBIX
ceteil. OcymiecTBieH MoAOOp KOMILUIEKCA TEXHUYECKUX cpencTB. Pa3pabortan cocTtaB
ocHOBHBIX d71eMeHTOB b/l MACKuYK.

Cdopmupoana 6a3a 3Hanuii MACKuYK konaurepckux msnenuii. PaspaboTa-
Ha apxutekTtypa cucteMbl b3 MACKuYK koHauTepckoil npoayKuuu, mpeAacTaBICHHAS
Ha pucyHke 7.2. bbu1 npoBejieH BBIOOp MHCTpYMeHTapus. B pe3ynbrare aHanusa pas-
JUYHBIX BapuaHToB Ob1a BeiOpana MVC (Model, View, Controller) B mpumeHneHuu
WEB-pa3zpabortke.

Mone saHaHniA 3KCNepTHOW
CcUucTemMbl

PparmMeHTbl CTpyKTYpa
MonsA 3HaHWIA MNonNsA 3HaHWA

Cpe.qcraa masnedeHnn q)parMBHTbl

3HAaHWA N3 aKCnepToB nonsA 3aHaHWA

KnuneHTcKkana YacTe NoAgCUCTEMbBI N3BneYeHmMsa 3aHaHunn

wv3 B
Mpasuna wn BeiGopka AaHHbIX,
Crpyxtypa BN non. nHd. napameTpbl aHanuaa

M AaHHblIe

— =
y

Pucynok 7.2 - Apxutektypa cucremsl b3 MACKuYK xonauTepckoii mpoayKimu

Aapo noacuMcTemMbl M3BNeYeHuns sHaHui s B0

IIpencrasnena crpykrypa nuHamudeckori MACKuYK koHautepckod mpomayk-
uuu (pucyHok 7.3).
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Pucynok 7.3 - Ctpykrypa quaamudeckoit MACKuYK koHauTepckoit mpoaykuuu




Ha pucynke 7.4 mnoka3aHbl OCHOBHBIC J3Tamlbl Pa3padOTKU JAMHAMUYECKOM
NACKuYK KOHIUTEPCKON MPOIYKIIMUA B TPOIIECCE MPOU3BOJICTBA.

1. Amamus mpoSIeMHOH 2. OmpefaelcHHAS TeTH 3. PazpaGoTkaBJl H
obmacTH B pa3zpadoTkH IMTACKHEYK [ OnpeneiaeHHe
KOHIHTEPCKHX H3IeTH HCXOIHBIX JAHHBIX

L il

A

6. BeISop cpeasl 5. Paspa8oTka CIPYKTYPBL 4. @opManuzamaa B3 1
pa3paboTkH ITACKHRYK NPpOTOTHIIA H B3aHMOCBA3H Jg 8 OIpeOdelIeHHEe MeTOOdOB j—
KOHIHTEPCKHX H3IeIHE ] VIacTHHKOB IIOCTPOCHHT npeacTraBICHHA IHAHHIT

ITACKHEYEK

.

7. Pa3zpaboTKa aIropHTMOB 8. PaspaboTka 9. TecTHpOoBaHHe
thyVHKITHOHHPpOBaAHHAA HHTEeIUIeKTYAIbBHBIX N nporpaMMbl
HHTeIUIEKTYATbEHBIX ™ MOIyIeH CHCTEeMEL

MOIyIIeH

IsMeHeHHS alTropHTMa

10. ITporpaMMHAS -
peammsaitaa ITACKHEY K
KOHOHTSPCKHX H3IeTHi

Pucynox 7.4 - OcHoBHbI€ 3Tanbl pa3padotku auHamudeckoit MACKuYK
KOHJUTEPCKOMN MPOAYKIIUU

Kaxxtomy 3Tary COOTBETCTBYET peanm3anusl OonpeleiaeHHbIX 3a1ad. Ha nepsom
JTane Npoucxoaut ¢popMupoBanue U HakoruieHue bJl o0vekra. Bropoii stan — Moze-
JUpoBaHuEe pabOThl HEMpocUCTEMBI. TpeTuit 3Tan — co3/jaHue MPOTPaMMHBIX (HJIH arl-
napaTHbIX) HEHPOCETEBbIX PEIICHUN NMPUKIAJIHON 3aaaun U 3kcruryarauus MACKuY
KOHTpOJISI B IIOTOKE IOKAa3aTesel KadecTBa KOHAUTEPCKOM mponaykuuu. Ha manHOM
JTamne MOCTPOEHHAs HMHTEIUIEKTyalbHash MOJENb CHOCOOHA CaMOCTOSITENIbHO KIIACCH-
¢dbunmpoBats nocrynawily B b/[ undopmanuio. CBs3yommUM 3B€HOM BCEH CUCTEMBI
Oyner OubnuoTeka 3a1ad, cogepsxamas b3 mo nmoayyeHHbIM pelIECHUSM.

Jnst pusnueckon peanuzanuu paspadoranHon cTpykTypel ADCKK IIK ocy-
IIECTBJIEH 000 KOMILJIEKCA TEXHUUECKHUX CPEACTB, MO3BOJSIOUINX pealn30BaTh BCE
ONKCaHHbIE (YHKIMH TPUMEHUTENIBHO K JMHHUSM IPOU3BOACTBA KOHAMTEPCKOM Mpo-
OYKIUU ¥ JaHbl PEKOMEHJAlUU Mo uX noaoopy. Pa3paborano cnernuanu3upoBaHHOE
IporpaMMHOE OOecrieueHue, COoCTosllee U3 MHPOPMALMOHHOM 4YacTH; KOMIIOHEHTa
UMITIOPTUPOBAHUSA TAHHBIX (MHTErPATOp) U MOMIYS pabOTHI C UCKYCCTBEHHOW HEHPOH-
Hoit cetpto (MHC). MupopmanmonHas gacTs obecrieunBaeT HaKOIUICHUE, XPAaHCHHUE H
npenocTaBiieHus: HH(GOpPMAIK, a TAKXKE peanu3yeT uHTepderc KOHEYHOro MoJjb30Ba-
TEJIs.

Pazpaborannas MACKuVYK konauTepckoil MpOayKIMK MPEACTaBIsSET COOOi
CJIIOXHYI0 HUH(POPMALIMOHHYIO CUCTEMY, B COCTaBE KOTOPOM, KpPOME CIEeMAIM3UPOBAH-
HBIX MOJIyJIell KOHTPOJIA BKyca, 3amaxa, [[BeTa U JPYruX OpraHOJIENITUYECKUX MOKa3a-
TeJell KadyecTBa KOHJUTEPCKUX MAcC, MPUMEHSETCS KOMIUIEKC YHUBEpPCAJIbHBIX HMH-
CTPYMEHTAJIbHBIX CPEJICTB.

Uccnenosansl u moaepHu3upoBanbl PCA MOTOYHBIX JUHUM MOPOU3BOJICTBA
KOHJAMTEPCKOM MPOIYKIMH MMOMAJHBIX TJIAa3UPOBAHHBIX KOH(ET, MOACOIHEUHON Xall-
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Bbl, MapMmenaaa u Apyrux KoHautepckux uzaenuil. IIpencraBnenst ®CA 0CHOBHBIX
CTaJIul TPOU3BOACTBA ITUX KOHAUTECPCKUX H3AECIUN C HOBBIMHU PEIICHUSIMU MO aBTO-
MaTH3alid KOHTPOJISI OCHOBHBIX OPTraHOJICNTUYECKUX IMOKa3aTeIeld KayecTBa ChIPbS,
o1y pabpuKaTOB M TOTOBBIX KOHJUTEPCKUX H3JCIIUA C UCIIOJIb30BaHUEM HEHpoceTe-
BBIX TEXHOJIOTHMH M CHCTEM TEXHHUYECKOI'O 3PEHHS, YTO IO3BOJIUT MOBBICUTH 3PheK-
TUBHOCTh PA3JIMYHBIX OTpaciael KOHAUTEPCKOTO MPOM3BOJICTBA, MUHUMHU3UPOBATH KO-
JUYECTBO Opaka, UCKIIOUUT JOMOJTHUTEIBLHBIE PACXOIbI U TPYA03aTPAThI, a TAKXKE T10-
BBICUT KQYE€CTBO MTPOU3BOIUMBIX TIPOTYKTOB.

OCHOBHBIE BbIBOJIbI U PE3YJIBTATHI PABOTHI

B pabote perieHsl Bce MOCTaBICHHbBIC 3a/1a4H.

OCHOBHBIE BBIBOJIBI U PE3YJIBTATHI 3AKIIOYAIOTCS B CIETYIOIIEM.

1. Nzyuensr TII pazHo0Opa3HOl MO CTPYKTYpEe KOHAUTEPCKON MPOIYKIIUH.
BrIsiBIIEHBI, CUCTEMATU3UPOBAHBI M MPOAHATU3UPOBAHBI OCOOCHHOCTH HCCIIEyEMBIX
IPOLIECCOB, MPEACTABICHO OINMCAHUE OCHOBHBIX CTaAWW U MAaTEPUAIIBHBIX IMOTOKOB
IIPY MPOU3BOJICTBE ITUX KOHAUTEPCKUX U3JICITUM.

2. [Tonyuensl GyHKIMOHATBHO-CTPYKTYPHBIE CXEMbl BIUSHHS TOKa3aTenel Ka-
YeCTBa UCXOJHOIO CBIPbS, MPOMEKYTOUYHBIX ONEpPalMii HA KaYECTBO TOTOBOM KOHJIU-
TEPCKOM MPOJYKIMH Ha BCEX CTAIUAX MPOU3BOJICTBA C YKa3aHUEM HEOOXOJIUMBIX TO-
YEK KOHTPOJIS U PETYJIUPOBAHUSL.

3. YCTaHOBIIEHO, UTO MIPUMEHSIEMBIC B HACTOSIIEE BPEMS METObI OIICHKH Opra-
HOJICNITUYECKUX MOKa3aTesiel KauecTBa CYOBEKTUBHBI U OMPEACISAIOTCS, B OCHOBHOM,
AKCIEpPTaMU- JETYCTaTOpaMu MyTeM J1a00paTOpHOTO KOHTPOsl. OTMEUEHbl HEJOCTaT-
KM OPTraHOJIENTUYECKUX METOJIOB.

4. TIpoBeneHbl IKCIEPUMEHTAIBHBIE UCCIICIOBAHUSI U TIOCTPOEHBI OPTaHOJIEI TH-
YecKre MpoQii UccaeayeMon POy KIIUH.

5. Pazpaborana cTpykTypa 11ejeil, BhIsIBJICH OCHOBHOM CIIEKTp pPEIIaeMbIX 3aj1ad,
co3JlaHa CHCTEMHasl JAuarpamma pelieHds MmpoOjieMbl, pa3padoTaHa KOHIIETITyajlbHas
CTPYKTYPHO- JUHAMHUYECKAsA MOJEIb CO3/IaHUS MHTEJUIEKTYaJIbHOM aBTOMATU3UPOBAaH-
HOW CHUCTEMBI YIIPABJICHHS Ka4€CTBOM PA3JIMYHOM KOHIWUTEPCKOW MPOAYKLUHMH B MPO-
1ecce MpOU3BOACTBA.

6. OnpeneneHa MEPCIEKTHBHOCTh MCITONIB30BAHUS HEHPOCETEBBIX TEXHOJOTHA,
F€HETUYECKUX aJITOPUTMOB, SKCIEPTHBIX CUCTEM, CHUCTEM KOMIIBIOTEPHOTO 3pEHUS,
MYJIbTHAr€HTHBIX UMUTAIMOHHBIX MOJIeJIed W THOPUIIHBIX METOJOB U TEXHOJOTUU B
pelIeHUN 3a7ad CO3JaHHUsl MHTEIUICKTYaJlbHOW aBTOMATHU3UPOBAHHOW CHUCTEMbI KOH-
TPOJISl ¥ YIIPABJICHUS KAYE€CTBOM.

/. Pa3zpaboTaHbl CTPYKTYypHO- NTapaMeTpUUYECKUe, MaTeMaTUIeCKue, CUTyal[uoOH-
HbIC€ U UMUTALlMOHHBIE MOJIEJIM OCHOBHBIX 3TanoB TII mpou3BoACTBa KOHIUTEPCKOU
MPOIYKIUU PA3IMYHON CTPYKTYpOH, sIBIsiFOIUXCsl ocHOBOM pazpabotku MACKuVYK,
MO3BOJISIONINX MPOTHO3UPOBATH XOJ ATHUX MPOILIECCOB M OMPENENsATh HEO0OXOIUMbIE
TIPY 3TOM PEKUMBI PAOOTHI UCTIOIB3YEMOTO 000PYAOBAHHUS.

8. PaszpaboTrana MeTO0JIOTHSI aBTOMATH3AIMM KOHTPOJS B MOTOKE OCHOBHBIX
OpPTraHOJICTITUYECKUX TMOKa3aTeIe KadecTBa ChIPbs, MOy(HaOpHUKAaTOB M TOTOBBIX H3-
JETUN.
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9. Coznanbl METO/BI, CIIOCOOBI, aJTOPUTMbI, MATEMATUYECKOE U MPOrPaMMHOE
oOecrieueHue Cpe/ICTB aBTOMATHYECKOTO KOHTPOJISI B MOTOKE OPraHOJENITUYECKUX MO-
KazaTesell KauecTBa ChIphs, MOy (HaOpUKATOB U TOTOBBIX KOHIUTEPCKUX U3JEIUN Ha
0a3e THOpUAHBIX METO/IOB U TexHoJorui. Ha aToit 6aze pazpaboTaHOo HOBOE MOKOJIE-
HUE€ WHTEJUIEKTYaJbHBIX CPEJICTB aBTOMATH3aLMM KOHTPOJS BaXXHEWUIIMX OpraHoJeMN-
TUYECKUX IOKa3aTeled KayecTBa ChIphs, MOIy(HaOpUKaTOB U TOTOBOM KOHAMTEPCKOU
IPOIYKLUUHU B PEKUME PEATTLHOTO BPEMEHHU.

10. IlpencraBieHbl METOIOJIOTUYECKHUE OCHOBBI CO3TaHMs UGPOBBIX MOJEIeH
JIBOMTHUKOB MPOW3BOJICTBA KOHAUTEPCKUX U3AECTUN.

11. IlpeacTtaBiaeHbl METOAOJOTHUECKUE OCHOBBI CO3J[aHUsI HOBOW JIMHEUKHU OpHU-
TMHAJIBHOM TNEPCOHAIM3UPOBAHHOM KOHAUTEPCKOM TPOAYKLIHH C HCIOJIb30BAHUEM
TEXHOJIOTUI BUPTYaJbHOM, TOMOJHEHHON peanbHOCTEW M KacTomuzauuuu. Paszpabo-
TaHbl OCHOBHBIE 3TAlbl KACTOMU3AIMHU (OPMBI, BKYCa U 1[BETa KOHJIUTEPCKUX U3IEITH.
[TpencraBiensl ciocoObl pa3pabOTKU TPEXMEPHBIX MO/IEIEH HOBOM JIMHEHKN KOHQET.

12. Pa3paboranbl HayyHO- OOOCHOBAaHHBIE MOJXOJbl K CO3/JaHUI0 KOMILIEKCA
METOJIOB, aJIrOPUTMOB, MOJIENICH U mporpamm, oOecrneynBaroMX padoTy CO3AaHHON
HEUPOCETEBOM MHTEIUIEKTYalbHONM aBTOMATU3HPOBAHHOM CHUCTEMBI KOHTPOJIA H
YIPABJICHUS KAYECTBOM KOHAMTEPCKOW MPOIYKIUHA C UHTEIUICKTYaTIbHBIMU (yHKIIHS-
MU MIPOTHO3UPOBAHUS, OJJIEPKKHA U TIPUHSITUS PELICHUN.

13. TlpeacraBneHsl MOAUGPUIIMPOBAHHBIE (DYHKIIMOHAIBHBIE CXEMbl aBTOMATH-
3allMM OCHOBHBIX 3TAIOB MPOLECCOB MPOU3BOACTBA KOHIUTEPCKON MPOAYKIIUU Pa3HON
CTPYKTYpPBI C BKIIFOUEHHUEM B 3TH CXEMbI pa3pa0OTAHHBIX UHTEIUIEKTYaIbHBIX CPEICTB
aBTOMATHYECKOTO KOHTPOJISl OPraHOJIENTUYECKUX IMOKa3aTesied KauecTBa ChIPbs, MO-
Ty (paObpUKaTOB M TOTOBBIX M3/ENHI, YTO MO3BOJIUT MOBBICUTH 3()PEKTUBHOCTH pa3-
JUYHBIX OTpacyieil KOHIUTEPCKOTrO MPOU3BOICTBA.

14. Pazpaborana konnemnuus co3ganus MACKuYK koHIuTepCcKOil PO TyKITUH.
Pa3zpabotansl ocHoBHBIE Bubl obecnieuenns MACKuYK: undpopmanmontnoe, Marema-
TUYEeCKoe U nporpammHoe. [IpencraBnens 06001eHHas yHKIIMOHAIbHAS CTPYKTYpa,
apXUTEKTypa U OCHOBHBIE 3Tanbl peanuzanuu MACKuYK.

15. IlpencraBnensl Texuuueckue pemenus s peannzanuun NMACKuYK konam-
TEPCKOW MPOIYKIUHU B Ipolecce Npou3BoAcTBa. OCyIIecTBIEH N0100p TEXHUYECKUX
CPEACTB ISl ITOM UHTEIUICKTYaJIbHOU CUCTEMBI.

16. IIpoBenena MpOW3BOACTBEHHAs MPOBEpPKa PE3yJIbTATOB HCCIIECIOBAHUS Ha
MPOMBIIIUIEHHOM 00OPY/IOBaHWU JTMHUM MO MPOU3BOJICTBY KOHIUTEPCKON MPOAYKIIUU
Xonaunra «O0beAMHEHHBIE KOHIUTEph». PazpaboTaHHble METObI, CIIOCOOBI, aJro-
PUTMBI U TPOrPAMMBI MPOIILUIK arpoOaliio U BHEAPEHbI B YUEOHBIX IMpolieccax Kadea-
pBl “ABTOMAaTHU3MPOBAHHBIE CUCTEMbI YIPABJICHUS] OMOTEXHOJIOIMUYECKUMU Ipoliecca-
Mu» POCBUOTEX u kadenpst «IIpombinuiennas napopmarukay MHCTUTYTa UCKYyC-
ctBeHHOro uHTesekra @PI'bOY BO "MUPOA - Poccuiickuil TEXHOIOTMYECKUI YHH-
BepcuteT", a Takke Ha psaae HUU u npodunsubix dupm

Cnucoxk 0CHOBHBIX padoT, OIMy0JMKOBAHHBIX 10 TeMe IUCCePTAIUN:

Ilyonuxkayuu 6 uzoanusnx, eéxnwuennvix ¢ Ilepeuenvs BAK P®:
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