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OT3bIB
Benylleit opranuzauuu Ha aucceprauuto Cmora Mapuubl OJeroBHsl Ha TeMY
«YnpaBiieHHE TEXHOJOTMYECKUM OOBEKTOM C NPOCTPaHCTBEHHO-PACHPEIEICHHBIMU
rmapaMeTpaMyd Ha OCHOBE HEHpOCETEBBIX PEryJIATOPOB Ha INPHMEPE LEJUIIOJIO3HO-
OyMa)HOM MPOMBIIIJIEHHOCTH», NMPEACTABICHHYI0 HAa COMCKAHME YYEHOH CTEICHH
KaHAu[aTa TEeXHUYECKUX HayK Imo creudanbHoctd 2.3.3. «ABTOMaru3alus Hu

YIIpaBJICHHUE TEXHOJIOTMYECCKUMHU IIpoLeCCaMu U ITPOU3BOACTBAMMY

1. AKTYaJlbHOCTb T€MbI JHCCEPTALHH

AKTyalbHOCTb jucceprainoHHOM pabotel Cmora M. O. oOycnosiena
BO3PAcTAlOLIUMU TPeOOBaHUSMH K YNPABIEHUIO CJIOXKHBIMH TEXHOJOTHYECKUMH
0o0bekTaMy OOJBIIOW pa3MEPHOCTH Ha COBpPeMEHHOM mpousBoacTBe. OnuH u3
MPUMEPOB TaKOro IMPOU3BOACTBA MPEJCTAaBIAET COOOM MNpouecc H3roTOBJICHUS

6YMa}KHOFO IMIOJIOTHA Ha 6yMaFOﬂeHaTeHbHBIX MallluHax.
AT 3BIR
RX wu 40 o 1T

Y }) g



2

KayectBo Oymaru sBseTCs KIIOYEBBIM  (AKTOPOM, ONpPEAECISIOLIUM
CTOMMOCTD TpoAyKLUKU. HecTabUnbHOCTh TEXHOJOTMYECKUX NIApaMETPOB, TAKUX Kak
Macca KBaJpaTHOTO METpa, BJIaXXHOCTh U TOJILKMHA CHUXKAET BBIXOJA BbICOKOCOPTHOM
MPOAYKIIMK U MOXET BbI3bIBaTh OCTAHOBBI U ITPOCTOX 000Dy JOBAHHS.

OOGecrieyeHHe  BBICOKOM  TOYHOCTH  YIIPaBJI€HHS  TEXHOJOTHYECKHUMH
nmapaMeTpamd  TpeOyeT  HCIONb30BaHMA  MOJENEd ¢  BBICOKOM  CTEIEHBIO
alleKBaTHOCTH. TpaavllMOHHbIE MaTeMaTH4YeCKUe MOJEIHM TpeOyIoT IIOCTOSHHON
KOPPEKTUPOBKU M3-32 MEHSAIOUIMXCS YCIOBHH OKCIUTyaTallkd W AEMOHCTPUPYIOT
TEHJEHLMIO K HAKOIUICHHIO TOTpelIHOCTU. [IepCrneKTUBHBIM pelICHUEM SBIIACTCH
MCITI0JIb30BaHKHE HEMPOCETEBBIX TEXHOJIOTUH.

HacTosimee uccliefioBaHWe TIOCBSIIEHO pPa3pabOTKe CHUCTEMBI YIpaBJICHHUS
TEXHOJIOTUUECKUM ITPOLIECCOM MTPOM3BOJACTBA OyMaru 1o MKUpHHE MOJIOTHA Ha OCHOBE
HEHPOCETEBBIX PETYJIATOPOB.

TakuM o00pa3oMm, TeMaTUKa AUCCEPTAlMHd COOTBETCTBYET NPUOPUTETHBIM
HaNpaB/leHUsM  pa3BUTHS TEXHOJIOTMH B paMKaX chenuanbHoctd  2.3.3.
«ABTOMarM3alMs W yIOpaBleHUE  TEXHOJOIMYECKUMH  IIpoueccamMu |
NPOU3BOJACTBAMU» U SBIAETCS aKTyaJbHOW KaK B TEOPETHYECKOM, Tak U B

IMPUKJIaTHOM aCII€KTax.

2. HayuHnasi HOBH3Ha JHCCEPTALHH

Hayunas HoBM3HA auccepTaloHHOH pabGoTer Cmora M.O. 3akiiodaercs B
pa3paboTKe aJiropUTMOB IOBBILEHHS TOYHOCTH YIPABIEHHA pPacHpeleeHHbIM
06BEKTOM GOJBILON Pa3MEPHOCTH C IPHMEHEHHEM HEeHPOCETEBbIX TEXHOIOIUH.

B nuccepralivy MOTy4eHbl CIEAYIOLINe HayuHble pe3y IbTaThl:

-~ HayuHo 060CHOBaH Croco0 yIpaBieHHs TeXHOJOTMYECKUM 00BEKTOM C
MPOCTPAaHCTBEHHO-paclIpeie/leHHbIMKM  [IapamMeTpaMd  Ha ~ OCHOBE  CHUCTEMBI
HeMpOCeTeBbIX PEryJIsATOPOB.

- [TpenioxeHsl aJITOPUTMBI yIpaBJIE€HUs TEXHOJOTUYECKUMHU
mapameTpamu [0 LIMpHHE OymaroienarejbHOW MallMHBl C WCMOJNB30BAHUEM

CHCTCMBI HeﬁpOCGTeBBIX PEryJjsiToOpoB H peanmauneﬁ IporpaMMHOTI0 obecrnieueHus.



- Pazpabotan anroput™M QopMHUpOBaHUS YNPaBIAIOLUIMX BO3AEHCTBUH,
o0ecrieurBarOIi TOJ0XEHHE HCIIOJTHUTENbHBIX MEXaHHU3MOB C MHHHUMAJBHO
BO3MOXHBIM OTKJIOHEHUEM OT CPEQHEro 3HAYEHHUs U y4ETOM 3araca A0 IpeaesIbHBIX

3HaYeHUH YNpaBJIeHUS.

3. CreneHb 000CHOBAHHOCTH H [OCTOBEPHOCTH HAYYHBIX MOJIOMKEHHUI,
BbIBO/JI0OB H PeKOMEHIalH .

Teopetrueckoe  000OCHOBaHME W MAaTEeMAaTU4YECKOE  MOJEIMPOBAHUE,
MCIIOJIb30BaHHbIE B JHCCEPTALMU, OMUPAIOTCS Ha COBPEMEHHbIE Hay4HbIE ITOAXOBI.
PazpaboranHbie QITOPUTMBI BepU(ULIMPOBAHEI myTeM KOMIIBIOTEPHOTO
MOJIEJIMPOBAaHMS B CIIELIMAIBHOM pa3pad0TaHHOM MPOrpaMMHOM 00eCTIeUeHUH.

JloctoBepHOCTH moaTBepkaaeTcss akToM BHeapeHus oT AO «KoHaonoxxckui
LIBK».

KoppekTHOCTs UM 00OOCHOBAaHHOCTb BBIBOJOB JIOTMYECKH BBITEKAIOT U3
[OCTABJIEHHBIX 3a1a4 M OXBaTbIBAIOT BECh IIMKJI MCCJIEJOBAHHS — OT ITOCTAHOBKH
npobjieMbl W aHaiW3a CYLIECTBYIOIIUX peIIeHWH [0 pa3paboTKH METOIOB
yIpaBjeHWs] W MpaKTH4YecKoro nprMeHeHUs. CHUCTEMHBIH MOIXOA K CTPYKType
auccepTayy o0ecreyuBaeT METOANYECKYIO 3aBEPILIEHHOCTD KaXK10ro 3Talla.

[peiockeHHbIE METOJbl YNpaBJICHHs MOATBEPXKIEHBI Ha PEalbHBIX NaHHBIX
LEeJUTI0JIO3HO-0yMa)KHOrO  KOMOMHAaTa, 4TO OO0EeCHeuMBaeT BBICOKYIO CTENEHb
JOCTOBEPHOCTH HAyUYHBIX IOJOXXEHHUH M MX COOTBETCTBHE DEANBHBIM YCJIOBHUIM

9KCILTyaTalluu.

4. Hayunbie pesyibrarbl, 1X HEHHOCTD

Hayunas 3HaunMocts aucceprauuu Cimora M.O. moarBepxaaercs ee BKIaJoM
B pa3sBUTHE TEOPUM W MPAKTUKH YIPABICHUS TEXHOJOTUYECKUM OOBEKTOM C
MPOCTPaHCTBEHHO-PaCIpeAEIEHHBIMH [TapaMeTPaMHU.

PaspaGoraHHass cuCTeMa yINpPaBI€HHMs TEXHOJOTMYECKUMHU IapaMeTpaMH

6yMaFI/I M0 IIMPHHE MOJIOTHA, yBEJIWMYHBAIOLIas1 TOYHOCTH YIIPABJICHUSA MOXET OBITh
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UCIIOJIb30BAHA B KAueCTBE OCHOBBI AJIS MOCIEAYIOIIMX HCCICNIOBaHHN B 00acTh
pa3paboOTKU CHCTEM YNpaBIGHUH Ui CJIOXKHBIX TEXHOJOIMYECKMX OOBEKTOB C
pacrnpeereHHbIMH NapamMeTpamH.

Pe3ynbpTarel auCCepTallMOHHOTO HCCJIEOBaHUS B JOCTAaTOYHOH CTEIeHH
OCBEILIEHB! B 8 Ne4aTHBIX paboTax, B TOM YUCIE B 3 CTaThAX B U3AAHUAX U3 IEPEUHS
pELIeH3UpPYEMbIX Hay4yHbIX M3/aHUM, B KOTOPBIX JOJDKHBI OBITH OMyOJHKOBAHEI
OCHOBHbBIE Hay4Hbl€ pe3yJbTaThl AMCCEpPTAllMii Ha COHWCKAHWE YYCHOW CTENeHH
KaHauJaTa HayK, Ha COMCKaHHe Y4YeHOW cTemeHH MAokTopa Hayk. [lomydeno 1

CBHUJETEIBCTBO HA PErUCTPaLUIO ITporpaMmel st OBM.

S. Teopernueckass W NpaKTHYecKass 3HAYHUMOCTb Pe3yJIbTATOB
AHCCEPTALMU:

- Pemiena 3agaua peanu3aldd CHUCTEMBbl YIIPABJIEHHS pacHpeleIeHHBIM
O0BEKTOM ¢ OOJBIIMM  KOJMYECTBOM  B3aUMOCBS3aHHBIX TEXHOJIOTHYECKHUX
napaMeTpoB Ha OCHOBE HEHPOCETEBBIX PEryJIATOPOB.

- Pa3zpaboTtaH mnporpaMMHO-anmnapaTHbelii KOMIUIEKC, obecreunBaromui
BO3MOXXHOCTb 3()(heKTUBHOH MOJArOTOBKH OMEepaTopoB OymaroaenaTelbHbIX MallUH U
CO3JAIOUINH MPEANOChUIKY ISl YCIIEIIHOIO UMIIOPTO3aMELIeHUsI CUCTEM YIIPABIICHUS
TEXHOJIOTHYECKHUMH MPOLECCaMH B LIEJUTIOI03HO-0yMa)KHOW IIPOMBIILITIEHHOCTH.

-~ Pa3paboTaHa HHHOBAI[IOHHAS CHCTEMa yNpaBJIeHHs, CTAOMIN3UPYOLLas
C BBICOKOM TOYHOCTBHIO 3HaUEHHs TAPaMETPOB MAcChl | M2, BI@XHOCTH U TOJILIMHBI C
IeJIbIO PAlMOHAJLHOTO HCIOJIb30BaHUS CBIPBEBBIX PECYPCOB IPH COXPaHEHHH
BBICOKHX Ka4eCTBEHHBIX XapaKTEPUCTUK FOTOBOM MPOAYKLHUH.

- Pesynbrartel paboThl BHeApeHbl B AesATenbHOCTh AO «KoHmomoxckui

LIBK».

6. PekxoMeHIalHHU 110 HCIIOJIb30BAHUIO Pe3yJIbTAaTOB PpadoThI
Pe3ynpTaThl IUCCEPTAMOHHOM paboTBl MOTYT OBbITb PEKOMEHIOBAHBI JIIA
MOJICPHM3ALMHY  CYILUECTBYIOLIMX CHCTEM  YIpaBJICHHs OymarozenaresIbHbIMU

MallMHAMH, YTO ITO3BOJIMT YBEJIHWYUTH TOYHOCTHL YIIPABJICHH:A, a TAKXKEC pa3p2160TKI/I



OTEUCCTBEHHBIX CUCTEM YIIPABJICHHA IMPOLECCOM IPOU3BOACTBA 6}’MaFI/I 10 IIUPUHE

IMOJIOTHA.

7. 3ameyaHus M BoNpockl 1o padore

1. B paboTe paccMaTpuBaeTcs OrpaHHYEHHOE YHCIO TapameTpoB (Macca 1 M2,
BJIQXXHOCTh W TOJILIMHA), XOTs M3BECTHO, 4TO Oymara objafaeT MHOXECTBOM
OPYTMX BaXHBIX XapakTepucTWK. JKenarenpHO pacIIMpUTh IEpeYeHb
paccMaTpuBaeMBbIX MapaMeTpPOB.

2. W3 paboThl OCTaeTcsi HESICHBIM BO3MOXKHO JIM IPUMEHSTh JaHHBIE AJITOPUTMBI U
MPE/UIOKEHHYI0 CHUCTeMYy YIpaBieHHs Ha [Jpyrux OymarojenareibHbIX
MalllMHaXx.

3. B aBropedepate Ha puC.9 OTCYTCTByeT YyKa3aHHE MECTOIOJIIOXKEHHUS
HEHpPOCETEeBOro peryJsiTopa.

4. B paborte yka3zaHbl JIUIIb 00ure npuHIMIBEl 00ydyenus («Backpropagation»),
HO KOHKDETHBbIE THUIeprnapaMeTpbl, pa3Mepbl CIoEB, BbIOOp (yHKLIHMH
aKTUBALUU U T.II. OTCYTCTBYIOT. ClielyeT MOSCHUTH MOoApoOHee NpoLenypy
TECTHPOBAHHUS U MPOBEPKH TOUHOCTU HEMPOCETEH.

5. B paboTe UMEIOTCS ONeyaTKy U He3HaYUTEIbHbIE HETOYHOCTH.

BMecTe ¢ TeM yKa3aHHbIE 3aMe4yaHHsl, KOTOpbIE MOXHO PacCMaTpuBaTh U Kak
MoXeJlaHus B JanbHelineld pabore, He CHUXKAIOT OOLIEH IMOJIOKUTEIBHOM OLIEHKH,
MPOBEJEHHBIX aBTOPOM HCCIIEN0BaHUM B 001aCTH aBTOMATU3AlMA TEXHOJIOTHYECKUX
IMPOLIECCOB M Ppa3pabOTKH CUCTEMBI YIIPABJICHUS TEXHOJOTMYECKMM OOBEKTOM C

NPOCTPaHCTBEHHO-PACIIpeIe]IEHHBIMU NIapaMeTpaMH.

8. 3ak/l0ueHHe N0 AHCCEPTALMH

Jucceprauus «YpaBieHHe TEXHOJIOIHUYECKUM O0BEKTOM C MPOCTPAHCTBEHHO-
pacrpee/ieHHbIMUA T1apaMeTpaMd Ha OCHOBE HEMPOCETEBBIX pEryJiATopoB Ha
npyMepe  LEJUTFOJIO3HO-OyMaXXHOH  IPOMBIIUIEHHOCTHY, —TNPEACTaBIEHHas  Ha
COMCKaHHUE y4eHO CTeNneHr KaHIuaaTa TeXHHYECKHX HayK 0 CIENUanbHoCTH 2.3.3.

ABTOMaTH3aLUsA U YINpaBJI€CHUE TEXHOJIOTHUYECKUMH IIPOLCCCaMH U IMPpOU3BOACTBaAaMHU
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MIOJIHOCTBIO OTBeuaeT TpeboBaHusAM pazfena 2 «[1ooxeHus: 0 MPUCYXIEHUN YYEHBIX
cTeneHei» (¢eaeparbHOr0 TroCyAapCTBEHHOro OIOKETHOro 00pa3oBaTeIbHOro
yupexaeHus Bbicuiero obpazoBaHusi «CaHkT-IlerepOyprckuil ropHbI YHUBEPCUTET
umneparpuusl Exarepunsr [I», yTBepxkaeHHoro mpukazoM pektopa CaHKT-
[TetepOyprckoro ropHoro yuuepcurera Exarepuns Il ot 20.05.2021 Ne 953 agm, a
ee aprop Cirora Mapuna OuieroBHa 3aciy’KUBAaeT NPUCYXKACHUS YYCHOU CTEIIEHH
KaHIMJaTa TEeXHUYECKMX HayK Mo crneuuainbHocTH 2.3.3 ABTOMarusauus H
yIpaB/IeHUE TEXHOJOIMYECKUMH IPOLECCAMH U ITPOU3BOCTBAMM.

Ot3pIB Ha guccepralviio U aBTopedepar aucceprauuu Ciarora MapHHBI
OuneroBHbl 0O0CYXJIEHBI W yTBEpXKIEHBbl Ha 3acelaHUU Kadenpsl YIpaBieHUs B
TeXHH4Yeckux  cucrteMax DenepanbHOro  rocylapCTBEHHOI0O  aBTOHOMHOIO
00pa3oBaTeNIbHOr0 y4pexaeHus Boiciero obOpasoBanus «Cankr-IleTepbyprekuit

roCy1apCTBEHHBIH YHUBEPCUTET a3POKOCMUUECKOTro MpUOOPOCTPOEHUSD», IPOTOKOII

No 3 ot «19» HOs16ps 2025 T.

[Ipencenarens 3acenanus

3aBenyrommi kadenpoit

YrpaBieHUs B TEXHUYECKUX CUCTEMAX
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JOKTOp TEXHUYECKUX HayK,
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