B nuccepranmonnstii coser J1 002.075.02
rpu UucTuTyTE 11pobiieM MalluHOBEICHUS
PAH

OT3bIB

0(QULHATBHOIO OIIIOHEHTA Ha JIUCCEPTALMOHHYI0 padoty I'opiarosa IMuTpus
BiiasimmMupoBryda « AJITOPATMBI YIIPABJICHUS TUIIOBBIMH PEKUMaMU pabOTh
MEXaTPOHHBIX MHOTOPOTOPHBIX BUOPALIMOHHBIX YCTAHOBOKY, IIPE/ICTABICHHYIO Ha
COMCKAHKE YUEHOM CTENEHN KaHu/aTa TEXHUUECKUX HayK 110 crnenuanbHoctd 05.11.16
— UHpopMaIimoHHO-U3MEPUTEILHBIC U YIIPABJISIONME CUCTEMBI (B MAIMHOCTPOCHUH).

AKTyaJ]bHOCTb TeMbl JHUCCEPTALIHH.

MHOTropoTOpHbBIe BUOpPAIIMOHHBIE YCTAHOBKM IPUMEHSIOTCS B CaMbIX pPa3IMYHbBIX
oTpacisx TPOMBIIUICHHOCTH Ui OCYHIECTBJCHUS  TEXHOJIOTMYECKHMX — Olepanui
IPOCEUBAHUSI, U3MEIILUCHHS, TIepeMelMBaus, TpaHcnopTuposanus v T.1. [loBbrnenue
5O PEKTUBHOCTH pabOTHI TAKUX MAIIIMH CBA3aHO ¢ ONTUMU3AIUEH PEXKUMOB UX pabOThI 38
cueT BHIOOpPA COOTBETCTBYIOIIMX YIPABISIONIMX BO3JACHCTBUH. Ora 3aga4a HMMECT
0cOOYI0 aKTyalbHOCTh B CBS3M C IPOSIBICHHEM IIpU paborTe MalluH BbIPAKEHHbIX
HEJIMHEHHBIX YO (OEKTOB, OrpaHAYMBAIOIINX PEATU3aLMIO TPEOYEMBIX DKCILTYaTalHOHHbBIX
PEKUMOB.

Penensupyemass  padora JI.B. [T'opnarosa, mnocpsmiennas paspaborke U
MaTEMaTHYECKOMY MOJICIIMPOBAHUIO QJITOPUTMOB YIPABICHUS TUIIOBBIMU PEKUMaMU
paboThl BUOPAIIMOHHBIX YCTAHOBOK € YYETOM JMHAMMKM DJIEKTPONPUBOJIOB M YIPYTOCTH
KapJaHHbIX BAJIOB, SIBJISICTCS aKTyaJIbHbIM HayUHBIM MCCJIE0BAHUEM, UMEIOIUM BaXKHOC
MPAKTHYECKOE 3HAYECHHUE.

O06beKTOM  HCC/IEAOBAHHS  SIBJSIIOTCS ~ MEXATPOHHBIE  MHOIOPOTOPHBIE
BUOpAIMOHHBIE YCTAHOBKH.

OcHoBHON 1ebI0 pPadOTHl SABJISCTCS TOBBIIEHUE S(POEKTUBHOCTA padOThI
BUOPAIMOHHBIX TEXHOJOIMYECKUX MAIIMH 3@ CUET UCIOJIb30BAaHUS CUCTEM YIIPABJIEHMSI,
obecreunBalOIMX IMYCK, [POXOXKJJACHUE PE30HAHCA M YCTOHYMBYHO IIPUOJIMIKEHHYIO
YaCTOTHO-KOOP/IMHATHYIO CHHXPOHM3ALMIO POTOPOB TP  OIPAHMYEHHBIX CUIHAJIAX
ynpasiaeHus. Jlis JocTikeHus JlaHHOM 1ieau B pabore ObUIM pEIEHbl CIIEAYIOIIUe
OCHOBHBIE 3a/1a4H1:

- pa3paboTka MareMaTHYeCKUX MOJIeJieil HEeCTallMOHAPHBIX BUOpALMOHHBIX
YCTAHOBOK C YYETOM JIMHAMHKH DJICKTPOIIPUBOJIOB U YIIPYTOCTH MPUBOHBIX KapJaHHbIX
BAJIOB;

- pazpaboTka aJIrOPUTMOB YIpPaBJICHUS OCHOBHBIMM DPEXKMMaMU  paboOThI
BUOPAIIMOHHBIX YCTaHOBOK, PEAlM3yeMbIX B BHJC OOpATHOM CBSI3M MO H3MEPACMBIM
BEJMUMHAM, U OlICHKA WX d()HEKTUBHOCTH;



- MporpaMMHasl peaju3alusi CHUCTEMBl YIPaBJICHUsT BUOPAIIMOHHBIM CTEH/IOM Ha
6aze pa3pabOTaHHBIX aJrOPUTMOB.

Hay4yHast HOBH3HA M NPAKTHYECKAasi HEHHOCTH PabOThl COCTOUT B ONPEACICHUH
NPUOJIMIKEHHONW  KPaTHOM  YaCTOTHO-KOOPJ/IMHATHOM — CHHXPOHU3ALMK  POTOPOB
BUOPAIIMOHHON YCTAHOBKHU; B CO3/IaHMM QJITOPUTMOB YIIPABJIEHHMS MIPOCTOW M KPaTHOI
CHHXPOHM3AIMCH MHOTOPOTOPHBIX YCTaHOBOK, 00ECHEUMBAIONIMX Tpedyemyo (hopmy
TPACKTOPUI JIBUIKCHHUS paboyero oprana B yCJIOBHIX HECTAIMOHAPHON HArPY3KH.

PaspaGoranHble ¥ anpoOMPOBaHHBIC AJITOPUTMBI VIIPABJICHUS OOCCIICUUBAIOT
noBbieHAE  dQOEKTUBHOCTH  paboThl  BUOPAIMOHHBIX ~ YCTAHOBOK B OCHOBHBIX
IKCIUIYaTalMOHHBIX PEXUMAX.

MeTOlIH'leCKaﬂ HEHHOCTH JUCCCPTAITUU COCTOUT B BO3ZMOXKHOCTH UCTIOJIB30OBAHUSA
pa3pa60'1‘aHHb1x MCTOIUK JUIA pcajiM3aliuu aJIrOPUTMOB  YIIPpABJICHUS B HEJIMHEHHBIX
CUCTCMAX C JIDYT'MMH BO3MOKHbBIMHA TpeﬁOBaHI/lHMI/l, NPCABABISCMBIMHA K CHUCTCMC.

,HOCTOBepHOCTb [MOJIYUCHHBIX HaY4YHBIX PE3YIbTATOB MOATBCPIKIAACTCA
HCITIOJIL30BAHMEM  M3BECTHBIX  IOJOXKEHUMI TCOPpUU KOJle6aHI/Il7L BBIYUCIIUTEIHHOM
MATCMATHUKH H CONOCTaBJICHUCM paCUCTHBIX JaHHBIX C pe3ylibTaTaMH
IKCNICPUMCHTAJIIBHOI'O UCCIICIOBAHUS.

OcHoBHBbIE IOJIOYKECHH S, BLIHOCHMbBIC HA 3ALUTY:

- MareMaruyeckas MOJE/Ib BUOPALlMOHHBIX YCTAHOBOK C YYETOM JIMHAMMKH
SIICKTPOIIPUBOJIOB M YIIPYTrOCTH NPUBOJHBIX Kap/AHHBIX BaJOB I[PH HECTAIMOHAPHOM
HarpysKe;

- QITOPUTMBI YINPABICHHA OCHOBHBIMU pEKUMaMU pabOThl BUOPALMOHHBIX
YCTaHOBOK, pealiu3yeMbIX B BWJE OOpaTHON CBSI3M 10 HM3MEPSCMBIM BEJIMYMHAM, U
OLEHKa X 3 HEKTUBHOCTH;

- MpOorpaMMHas peaau3alys CUCTEMBbl YIIPaBJICHUS BHOPALMOHHBIM CTEHJIOM Ha
0aze pa3zpabOTaHHBIX aJTOPUTMOB;

= PE3YJILTATHI DKCIIEPUMECHTAIIBHOI'O UCCIIC/IOBAHUS.

Crpyktypa M o6bem paborbl. Jluccepralus COCTOMT W3 BBEIACHUS, ISTH IJIAB,
3aK/II0YEHUs, CIIMCKa JinTepaTypsl W3 61 HaumenoBanuii v 9 npuioxennit. OcHoBHAs
4acTh pabOTHI H3J10KeHa Ha 137 MAIIMHONMCHBIX CTPAHUIIAX M COAEPIKHUT 78 PUCYHKOB.

Copep:xanne padoThl.

Baejiene cojiepkuT 0OILYI0 XapakTepUCTHKY paboThi, 00OCHOBAHHE TEMbl M
aKTyalIbHOCTH juccepranuu. CHOpMyIUpOBaHBEI 1IE)b pabOThI U 3a/1a4U UCCIIEI0OBAHNS.

llepBasi riaBa mocpsiieHa 0030py CYIIECTBYIOIMX [OJAXOJA0B K YIIPABICHHIO
DJIEKTPOIIPUBOJIAMU  MHOTOPOTOPHBIX  BHOPAIIMOHHBIX YCTAHOBOK CHHXPOHHBIMH U
KpaTHBIMM CUHXPOHHBIMH PEKUMAMH, MPU IYCKE, MPU MPOXOXKJACHUU PE3OHAHCA, B
OKOJIOpE30HAHCHOW 0OjiacTu. Oco0oe BHUMAHHME TIPH TOM YJENSETCsl 00ecledeH IO




YCTOMUMBBIX PEIKMMOB B YCIIOBUSX HECTALIMOHAPHON HArpy3KH. 3JIeCh K€ HPUBOIUTCS
onucaHue JaboparopHbIX BHUOPOCTEHJOB M CHUCTEM WX YIpaBJIEHHs, CO3J@HHbIX
copmectHo MIIMam PAH u 3A0 «MexaHoOp HHKHHUPHHI», a TaKKe MPHBOIATCS
MaTeMaTH4YeCKUE MOJIC/IM, ONMCHIBAIONIME JIMHAMMKY MX paboThl, U GOpMYIHPYIOTCS
LIEJIM YIIPABJICHUS JUISL Pa3JINYHbBIX PEIKUMOB.

Ha ocHOBe BBINOJIHEHHOTO aHAIM3a JIMTEPATYPHBIX HMCTOUHUKOB daBTOPOM
chOpMyYJIMPOBaHbI [IEJIM U 33/[a41 JINCCEPTAIIMOHHON paboThI.

Bo BTOpoii ri1aBe onuchBaeTCs METOMKA MIOCTPOCHHS MATCMATHYCCKUX MOJEIICH

BUOPAlMOHHBIX YCTAaHOBOK C HCIOJIb30BaHWeM ypaBHeHuit Jlarpamka II-ro poja,
MOJIC/IEH JIMHAMUKUA CMCTEMBI DJICKTPOIPUBOIOB M WX YIPABJICHUHS C HOMOIILIO
nepesaTounblX  QyHKUMi. Mojenb  ONMCHIBACT IUIOCKOC JIBUOKCHHUE CHCTEMBI B
BEPTUKAILHOM IJIOCKOCTH. CyIIECTBEHHBIM SBJISIETCS YUET YIPYTOCTH Kap laHHbBIX BaJIOB,
CBSI3BIBAIONIMX DJIEKTPOJBUTATENM € POTOpPaMM BHOPAIMOHHBIX YCTAHOBOK, a TaKKe
MOJICNIb  HArpy3Kd, WMHUTHUPYIOUIAas TIEPEMEHHBIC BO BPEMEHU XapaKTECPUCTUKH
00pabaThiBaEMO Cpe/ibl.

JUis nmocjaeayromero YUCICHHOro peIlieHus Npe/IoKeHa METO/[UKa peau3aiiy
MOJIy4€HHBIX YpaBHEHUH B nporpaMmuoit cpene MATLAB (Simulink).

B _Tperbs rjiaBe paccMOTPEHBI BOHPOCHI CHHTE3a AJTOPUTMOB  YIIPABJICHUSI
OCHOBHBIMH ~ peKUMMaMu  paboThi BUOPALIMOHHBIX YCTAHOBOK Ha OCHOBE METOjd
CKOPOCTHOI'O TI'pajJiIi€HTa C 3aJaHHbIMU [IeJeBbIMUA (GyHKIUsIMHU. [lpuBojur cunres
QITOPUTMOB  YIPABJICHUS  CHHXPOHM3ALMEH  JBWKEHUH  JUIL  TPEXPOTOPHOId
BHOPALMOHHOM YCTAaHOBKM W IS €€ YaCTHOrO Cliy4ast - JBYXPOTOPHO BUOPALMOHHOM

YCTaHOBKH.
Ilpy cuHTe3e anroputma yNpapiIeHHS MYCKOM U HPOXOXKIACHHEM PE30HAHCHOI

30HBI BBOJIUTCS TOHATHE «BHYTPEHHENO MAasTHHMKa», YTO TMO3BOJSCT YMEHBIIATE

packauky Ipu NPOXONKJAECHUN PE3OHAHCA U CHU3UTH HATPY3KY Ha IPUBO/IBI POTOPOB.
Yersepras rjaBa MOCBSIICHA KOMITBIOTEPHOMY MOJICTTUPOBAHUIO

CHHTE3UPOBAHHBIX MOJENICH BUOPAIIMOHHBIX YCTAHOBOK W AJTOPUTMOB YIIPABICHUS UX
pabounmu pexkumamu. MojeupoBanie U uccleoBanke paboThi  BUOPAIMOHHEIX
YCTaHOBOK BbINOJHCHO B nporpammuoi cpenre MATLAB (MATLAB Simulink). ITpn
unrerpuposaruu B MATLAB Simulink ucniosns3oBasics meroj Jlopmana—IIpunna 4-ro
— 5-T0 IOPSJIKOB € [EPEMEHHBIM MIAIOM HHTErPUPOBaHMs. PaccMoTpeHsl ciryuyau
OJIMHAKOBBIX M Pa3jIMYalOUIMXCd Macc poTopoB. llocTpoeHsl TpaekTopuu KoseOGanuii
wiaThopmMbl B €€ PasIMYHBIX TOUKax. [[0KazaHo, 4TO NpU ONpPEIEICHHBIX YCIOBHSX
CHHXPOHHM3AIMU MOXKHO MOJIYYUTh HEOJHOPOIHOE 110Jie BUOpALMii 110 JUTHHE TUIATHOPMEI
¢ TpeOYEMBIMU XapaKTEPUCTUKAMHM JUTHIITHYECKUX TPACKTOPHIA.

Paspaborannbiii  aaroput™ ynpabieHHsi KpaTHOW CHHXPOHM3AIMENR POTOPOB
MO3BOJIACT CHHTEC3MPOBATH Pa3jIM4YHBIC BUOPALMOHHBIC MOJS 33 CUCT BAPLHPOBAHMS
HPUBEJICHHOTO caBura (a3 W 3aJ@HHOM KpaTHOCTH CKopocTed poropos. I[lokazana
YPHEKTUBHOCTD AITOPUTMA YIIPABJICHHS! IIYCKOM W POXO3K/ICHUEM PE3OHAHCHOM 30HBI B
YCIIOBUSIX HCTIOJHON U3MEPSEMOCTH NIPH YUETE TMHAMHUKH IIPUBO/IA.



B _1sTOM 1iaBe ONMCBHIBAIOTCS PE3yJIbTaThl BBIIOJHEHHBIX JKCHEPUMEHTAIBHBIX
UCCIICJIOBAHUI  CUCTEMBI  YIpaBJeHHUs JIBYXPOTOPHOIO  BUOPAIMOHHOIO  CTEH/A.
AJITODUTM YIIPABJICHUS IyCKOM M TIPOXOXJIEHUS PE30HAHCA M aIrOPUTM KpaTHOI
CHMHXPOHM3AIIMKM POTOPOB BUOpOCTEH/a ObLIM peain30BaHbl B MUKPOKOHTPOJIEpaX
cucteMbl ynpasienus. [lokazaHo, 4Tto Myck W IMPOXOXKACHHUE PE30HAHCHOW 30HBI C
MCTIOJIB30BAHUEM CHCTEMbl YIIPABJICHUS [MO3BOJIACT CHHU3UTH 3HAYCHUS YUPABJISAIOIIMX
CHI'HAJIOB 110 CPABHEHUIO CO CIIy4aeM I10/1auM ITIOCTOSIHHBIX CUIHAJIOB 0€3 MCIIOJIL30BaHUSI
yrpasiieHus. Kpome Toro, pazpaboTraHHbIe aJIrOPUTMBI [T03BOJISIIOT PACHIMPUTE JIMAIIa30H
CKOpOCTCH BpAIICHUS POTOPOB B CTOPOHY MEHBIIUX 3HAYCHMIA, NPUOJMIKCHHBIX K

PE30HAHCHOM 30HE.

B 3amoucHun chopMyJIMPOBaHbl OCHOBHBIC PE3YJIbTAThI M BHIBO/IBI.

OcHOBHbIE T0CTOHHCTBA JUCCCPTAllMM 3aK/IIOYaroTes B

- pa3paboTKe KOMIUICKCA MaTeMaTUYeCKMX Mojeleil (B mnporpaMmHoi cpeie
MATLAB) MHOropoTOpHbIX BHOpAIMOHHBIX YCTAHOBOK Kak OOBEKTOB YIIPABJIEHUS C
YYETOM HECTAIIMOHAPHOCTU XAPAKTEPUCTUK MOjien 00padaTbiBaeMOM Cpe/ibl, JMHAMUKK
AJIEKTPOIIPUBOIOB U YIIPYTOCTH IMPUBO/HBIX Kap/IaHHbBIX BAJIOB;

- B pa3paboTKe aJIrOpPUTMOB YIPABICHHUS MYyCKOM M HPOXOXKJICHUS PE30HAHCHOM
30HBI, 103BOJISIIOIIMX CHU3UTH 3HAYCHUS! YIIPABJISIIOIIMX CUTHAIOB;

- B pa3paboTKe aJrOPUTMOB YIIPABJICHUS IPOCTONM M KPATHOM CHHXPOHH3AIMEH
POTOPOB, OOECIICUNBAIONIMX BO3MOXKHOCTH YIIPABJICHUS [PUBEJACHHBIM CJABUIOM (a3 u,
COOTBETCTBEHHO, (pOPMOM M MapaMeTpaMu TPAaeKTOpUil KoieOaHWi Hecyliero Teja, B
YCJIOBUSIX HECTAIMOHAPHOCTH XapaKTEpUCTUK MoJiein o0padarhiBaeMoil Cpe/ibl IpU
OTpaHUYCHHUM BEJTUYHUHBI 2JICKTPOMEXaHUUECKUX MOMEHTOB.

3amMeuaHus 1o padore:

OcHOBHOE 3ameyaHue CBSI3aHO C  OTCYTCTBMEM 4YETKUX (HOpPMYIIMPOBOK,
KacarolUXCsl MPUHATBIX KPUTEPUEB KauyecTBa Ui aJiCOPUTMOB YIIpaBiicHUus. B cBs3u ¢
TUM YTBEPIKJECHUE, YTO «YBEJIUYCHUE BPEMEHU IEPEXOHBIX MPOLECCOB HE OKA3bIBACT
CYLIECTBEHHOIO BIIMSIHUS Ha padoTry BUOPANMOHHOM yCTaHOBKM» (Ha crp. 92)
NPE/ICTABIISECT HEYMECTHBIM.

J_Ipyme 3aMEYaHHsl OTHOCATCS K HETOYHOCTIAM PEAAKIIMOHHOIO XapaKTepa:

- BO BTOPOW IJIaBE€ M3JIMIIHE HOAPOOHO OINUCBHIBAECTCS [OJIyYECHUE YpPAaBHEHUM
Jlarpanxa II-ro pona;

= HPCACTABIISICTCS HCKOPPEKTHBIM PACHCTHBLIC CXEMbI BI/I6paIII/lOHHbIX YCTAHOBOK
Ha3bIBATb KKHHCMATHUYCCKHUMH CXCMaMMn»,

- HE BCE MCNOJIb30BaHHbIC 0003HAYCHMS TTOSCHCHBI, HAaNpUMeEp 0b03HaueHue Lsr B
dopmyiie (1.8);
- OTCYTCTBYIOT HEOOXOJMMBIC KOMMCHTApMU K HEKOTOpBIM pe3yJibTaTam

MOJICJIMPOBaHUsI, HAIIPUMED, K IIPEJICTaBIIEHHBIM Ha puc. 4.5, 6 (1I04eMy B OIpE/ICIICHHbIE
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MOMEHTBI BPEMEHHU YIJIOBAsi CKOPOCTh NIPUHUMAET OTPUIIATEIIbHBIE 3HAYEHUs ); TpapUKH
Ha puc. 4.21 u 4.22 upejcranieHbl 6€3 JOJKHOTO 00CYK/ICHHUS;

- UMEIOTCSl  ONevaTKu, Halpumep, puc. 2.9 10/KkeH uMeTh HoMep 2.8; B OIUCSX
K pUCYHKaM IJ1. 4 B psijie MECT BMECTO «i» Harucano «and»

JakioueHue.

B nenoM, HecMOTpsi Ha cJielaHHbIe 3aMevanusi, juccepranonnas padora J1.B.
['opnatoBa «AJNTrOpUTMBI YNPABICHUS THUIIOBBIMH PEKUMAMU PabOTbl MEXaTPOHHBIX
MHOTOPOTOPHBIX ~BHUOPALIMOHHBIX ~YCTAHOBOK» SBIJISCTCA 3aKOHYEHHBIM  HAyYHBIM
MCCJIE/IOBAHUEM, [IOCBSAIIEHHBIM PELIEHUIO aKTYAIbHOW Hay4YHOU 1poOJIeMbl YIIpaBJICHHUs
pexuMamMu  padOTbl  MHOTOPOTOPHBIX ~ BUOPALMOHHBIX  YCTaHOBOK. BpIBoabl M
3aKI0YEHMs,  CHOPMYJIMPOBAHHBIE  aBTOPOM, OOOCHOBAHBI M IPEACTABIAIOTCS
JIOCTOBEPHBIMH, 00J1a/1al0T HOBU3HON U MPAKTHUECKOH 1IeHHOCTBIO. [lyOnukanum aBropa
1 aBropedepaT  MOJHOCTBIO ~ COOTBETCTBYIOT — COJEPIKAHUIO  JIMCCEPTALMH.
Jluccepraimonnas pabora akkypaTHO OQOpMIIeHA, HalKUcaHa SICHBIM  SI3BIKOM,
IPUBEICHHBIC WIIJIIOCTPALIMKU JIOCTATOUYHBI JIUISl BOCIIPUATHUS U3JI0:KCHHOIO MaTepualla.

[lo crpykrype, coaepx)aHuio U 00BEMY paboTa COOTBETCTBYET TpeOOBaHUSIM
BAK, npenpaBiasieMplM K KaHJUJATCKUM JjUccepTanmsaM, a ee aprop Jlmurpuii
BragumupoBuu ['opaaToB 3aciiyKuBaeT MPUCYKJACHUS €My YUEHOU CTCNCHM KaHuaaTa
TEXHUYECKUX HayK no cuenuainbioctu 05.11.16 — UudopmanimoHHo-u3MepUTEIbHBIE U
YIPaBJISIIOUME CUCTEMBI (B MAIIMHOCTPOEHHUH ).

OduumaibHpIi ONTIOHEHT:
3aBeyomui naboparopueit Mucruryra
mMalrHoBeieHust um. A.A biiaronpasosa PAH

: .
/M/ [".S.ITanoBko

Ioanuck npodeccopa I'.S1.ITanoBko 3aBepsiio.
Hauvansauk Otaena kajgpos UMAILL PAH

3aciy>KeHHBIN Jieqarelib Hayku PO,
JOKTOP TEXHUYECKUX HayK, npodeccop

D.H.IletrokoB
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