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OduupansHoro onmonenta 3y6kosa FOpust Baentunosrya Ha qucceprarmio Ba-
BuyoBa B.E. "Meroznonorust co3nanus CHCTeM IeHepHpOBaHHUs SJIEKTPOIHEPIUHU JeTa-
TEJIbHBIX allapaToB C MarHATORJIEKTPUYECKMMHM TIpeobpa3oBaTessiMi SHeprun'”, mpej-
CTaBJIEHHYIO HAa COMCKaHUE yYEHOW CTENEHHU JOKTOpA TEXHHYECKHMXK HAyK I10 CIIEIHalb-
HocTH 05.09.03 «DnexTpoTeXHUYeCKHUe KOMILIEKCH U CUCTEMBIY.

AKTYaJIbHOCTb TeMbI

Huccepranuonnas pabora Basunosa B.E. nocpsimena co3qaHuio MeTOmIOIOIH-
YECKUX NPUHIMIIOB aHAHM3a U CHHTE3a 3HEProdh(EeKTUBHBIX, OTKA30yYCTONYMBBIX
CHCTEM TIe€HEpUPOBaHUs dIIeKTpUuecKod sHepruu (CI'D) mns paspabaTeiBaeMbIX B
HaCTOsIII€e BPEMs U NEPCIEKTUBHBIX JIETATENbHBIX anmnapatos (JIA), MO3BONSIOMUX
OCYHIECTBIIATE UX IIPOCKTUPOBAHUE U AKTyalIM3aLUIO B KpaTYa#llke CPOKU ¢ MUHHU-
MYyMOM 3atpar.

CI'S JIA B o61em citydae BKIIIOYAEeT CHIIOBOM 3/IEKTPOMEXaHUYECKHM npeobpa-
30BaTeNb, NMpeodpa3oBaTeN Poja M YaCTOTHI 3JIEKTPUYECKONW JSHEPrUH, CHCTEMBI
YIPAaBIICHUS, 3AIIMTEI, aKKyMyIHpoBanus. Kaxaoe U3 mepedncieHHbIX 3BeHbEB Gop-
ToBOHM CI'D M BCsl CHCTEMa B IIETIOM JOIDKHBI COOTBETCTBOBATh PSIIY TpeboBaHui 1Mo
Macco-rabapuTHBIM, SHEPreTHIECKUM M HaIeXHOCTHBIM TTOKA3aTe M.

IToMHMO MHHHMAJIBHOM TONETHOW MacChl ¥ MaKCHMAJIbHOM YAEIBHON MOIIHO-
ctu k OMII, paboraromeMy B pexumax craprepa u reHepaTopa NpeAbABISIIOTCS Tpe-
OOBaHMs MHTErpalMy B CHJIOBYIO SHEPreTHYECKYIO ycraHoBky JIA 6e3 penykropa,
HTO IpPEANONaracT B 3aBUCUMOCTH OT €¢ THUIIA (Basl aBMAMOHHOTO JABUIATeNs, Typ-
OnHa BCIIOMOTaTeNbHOM CHIIOBOH YCTAHOBKH) JOCTATOYHO BBICOKHE 9ACTOTEI Bpaie-
Hust OMIN. Hanbornee nepcrneKTHBHBIMH 111 COOTBETCTBHS YKa3aHHBIM TpeOGOBaHUAM
saBrsioTcst SIMIT ¢ Bo3GyxIeHHEM OT BEICOKOKOIPLUTHBHEIX TOCTOSHHBIX MATHUTOR.
Takue MaMHBI 061A1AI0T PATOM CYILECTBEHHBIX AOCTOMHCTB, CPEM KOTOPBIX IPH-
MEHHUTENBHO K JIA cnenyer oTMeTHTB: BEICOKHE YAEIBHYIO MOIIHOCTb, KO3 GHUIIMEHT
TIOJIE3HOTO JICUCTBYS, HAJIEXHOCTh BBHIY OTCYTCTBHS OOMOTOK H IIOJIYIIPOBOTHHUKO-
BBIX BEHTHJIEW Ha BpaIAIOLIENHCS YaCTH.

Cospanue Bricokosbextunrpx OMIT ¢ TIM 1 CI™D Ha uX OCHOBe IIPY MUHH-
MANbHBIX BPEMEHHBIX M MaTepPHallbHbIX 3aTPaTax HEBO3MOXHO OCYILIECTBHTH 6e3
Pa3paboTKK METONONOrMH MPOEKTUPOBAHHS U PEIICHHUS 3a/1a4 CHHTE3a U MHOTOKpH-

TEPUATBHOW NapaMeTpUYecKol onTuMusanun IMIT ¢ IIM, B TOM YuCIlle U BBICOKO-

1 BX. W 05-19/1- 327
0T D304, 20211



00OpOTHBIX, a TaKkXke CTPyKTypHOro cuHTe3a cucteM CI'D, co3aHUsl HOBBIX, HAYYHO
0DOCHOBaHHBIX KOHCTPYKTHBHBIX cxeM DMII ¢ IIM u apyrux snementoB CI'D, KoH-
nernmui nmoctpoenus CI'D JIA Ha ux ocHoBe. Taxke BechMa Ba)XKHOM 3aiaveil sBIIs-
ercs pa3paboTka METOJIOB ydeTa B3aMMHOIO BIMSAHHs MPOIeccoB Kak B camoil CI™D,
TaK U B €€ 3JIEMEHTax, B YUCII€ KOTOPBIX MarHUTHBIE, TEIJIOBBIE U MEXaHUYECKHEe
npoiieccel, nporekaromue B OMII ¢ ITM.

Benencrsre u3noxenHoro, pa3paboTka HayYHO-METOAMIECKHX OCHOB MPOEKTH-
pOBaHMsI, B TOM YHcle U onTumusanmonHoro, CI'D JIA ¢ MarHUTORJIEKTPHIECKUMH
npeobpasoBaTesIMA, CO3JaHHE MOIIHBIX, SHEProd(GGEKTUBHEIX U OTKAa30yCTOMYM-
BbIx CI'D Ha ocHoBe DMII ¢ IIM cOBpeMeHHBIX U MEPCNEeKTUBHEIX JIA HpH MHHH-
MaJIbHBIX 3aTpaTax BPEMEHH M CPEJCTB, a TaKKe PellieHHe KOMILUIEKCA BOIIPOCOB II0
MX MPaKTUYECKOW peau3allii U BHEJPEHHIO, SBISIETCS aKTyaJlbHOW HAydHOM Mmpo-
Gremoli, UMeroLIel BayKHOE HApOJHOXO3IHCTBEHHOE 3HAYEHHE.

AKXTyaJIbHOCTL pabOThI OATBEPKAAETCS TEM, YTO OHA BBIMOJHSIACH B COOTBET-
CTBMH C TEMAaTUKOH roCyJapCTBEHHOTO 3aKa3a (eIepalbHBIX OPraHOB HCIIOIHUATEE-
HOM BractTi: Muno6opons! Poccry (mpoextsr 8.1277.2017/4.6 «Hccnenosanmus, paz-
PpaboTKa 1 BHEAPEHUE MEPCIEKTUBHBIX IEKTPOMEXaHMYECKIX IIpeobpasoBaTeiei i
aBTOHOMHBIX OOBEKTOB ¢ MMOPHUIHOM CUIIOBOM YCTAaHOBKOIMY, 8.287.2014/K «Mccie-
JIOBaHUsl U pa3paboTKa BBICOKOA(hHEKTUBHOIO SHEPreTHYECKOro KOMILIEKCA JUIS TI0-
BBIIICHUs SHEPrOBOOPYIKEHHOCTH M SHEProdh(HeKTUBHOCTH KOCMUYECKUX ammapa-
T0B»); Poccuiickoro HayuHoro doHma (mpoexts 17-79-20027 «O6061meHHas TEOpHs
OCHOBOIIOJIArarONIMX (H3MYECKMX TPOLECCOB B BBICOKOTEMIIEPATYPHBIX 3JIEKTpOME-
XaHMYECKHMX TPeoOpasoBaTeNsIX SHEPIUd, MHTErPUPOBAHHBIX B ABMAIMOHHBIA razo-
TypOUHHBIH JIBUTaTelb) U PAIOM JPYTHX TOCYJapCTBEHHBIX M XO30TOBOPHEIX KOH-
TPaKTOB.

Tema muccepraimmu Basunosa B.E., mocesimenHol pa3paboTKe MeTOHOJIOrHU
CO3/laHMA CHCTEM I'€HEPUPOBAHMS JIIEKTPOSHEPIUH JIETATebHBIX alllapaToB ¢ Mar-
HUTOSIIEKTPUIECKUMH NIpeoOpasoBaTesiMy, Ge3yCIIOBHO, aKTyalbHa U COOTBETCTBY-
et cnenranbHocTH 05.09.03- «DeKTpoTeXHUYECKHe KOMILIEKCHI i CHCTEMBD).

HoBu3Ha ucenenoBanuii 1 noy4eHHbIX pe3yIbTaTOB
Hayunas HOBU3Ha ompenensercs Tem, 4To B paboTe pacHmpsIOTCs U yriTy6Is-

IOTCA TCOPETUYECKUE IIPEACTABJICHUA O METOHOJIOTMM CHHTE3a CHCTEM Ir€HEpHUpOBa-
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HMSI JIEKTPOSHEPTUM aBUALMOHHEIX JIA ¢ y4eToM B3aMMO3aBUCHMMOCTH 3JIEKTpOMar-
HUTHBIX M TEIIOBHIX IPOLECCOB BXOIAIIMX B HEE arperaroB; pa3paboTaHbl 0600-
meHHbIe cTpyKTypHBle Mojenu CI'™D JIA nHa ocHoBe DMII ¢ [IM; npeasioxkeHs! HO-
BBl MeToz obecnieuenus 3amuThl IMIT ¢ [IM 0T BUTKOBBIX KOPOTKMX 3aMBIKAHUM
cnoco6 rubpumHoi crabummsarmu HanpspkeHus DMII ¢ TIM; paspaGoran MeTox
KOMITIBIOTEPHOI'0 MOJAEIMPOBaHUs KOpoTkuX 3aMbikanuii DMII ¢ I[IM, orimugaroruii-
Csl OT U3BECTHBIX YYETOM MEXaHHUUYECKMX IPOLIECCOB, B3aMMHOTO BIIMSIHUS T€OMETPHU-
yeckux pasmepoB OMII ¢ IIM u napamMeTpoB 0OMOTKH ¥ MO3BOJIFOIIMIA TPOBOIUTE
MCCIIEIOBaHUSA, KaK OTHEIBHBIX TUIIOB KOPOTKMX 3aMbIKaHWH, TaK U WX Pa3IMYHBIX
KOMOMHALIUH.

B niepBoii riaBe BBINOMHEHBI 0030p U aHamu3 pabor mo cosmanuro CI'D JIA u
OMII HOBOro MHOKOJNEHMs, HA OCHOBE KOTOPOro C(HOPMYJIMPOBaHEI TPeGOBAHMS K
cucTeMaM 3JieKTpocHabxenus JIA, paspaboTana KiaccuUKalms BEICOKOOGOPOTHBIX
3JIEKTPOMEXAaHUYECKUX IpeoOpazoBaTeNiell SHEPrMd M PacCMOTPEHBI OOJACTH HMX
IIPUMEHEHUS], BBISBJIEHBI KOHCTPYKTUBHBIE CXEMBbI, KOTOPEIE HAauOOJIee TIOJIHO OTBE-
YaroT 3aJa4aM co3anus nepcrnekTuBHbx CI'D JIA.

Aot passutust eopumu CI'D JIA ¢ ydetom TpeGoBaHMit K COBPEMEHHBIM 1 TIEp-
creKTUBHBIM JIA TpeOyerca cosnanue 0606menHo# cTpykTypHO# Mozemn CI'D Ha
ocHoBe DOMII ¢ IIM, MHTErpHpOBaHHOTO B CHJIOBYIO YCTaHOBKY, YUMTHIBAIOLIEH
MHOToBapuaHTHOCTh noctpoerust CI'D JIA. TlokasaHo, 4T0 HEOGXOAMMO PELIUTh PSII
TEOPETUYECKHX 3a1a4 B obnactu OMII ¢ [TM, Takux kak: co3maHue 0606IIEHHOM Ma-
TEMaTHYECKON MOZIENH, ONUChIBaonIel rpoueccsl B IMII ¢ ITM B ycTaHOBHBIIMXCS
1 NICPEXONHBIX PEXMUMAX, YUYUTBIBAIOIIEH B3aMMHOE BIIMSHUE TEIUIOBBIX, MEXaHUYE-
CKMX M 3JICKTPOMArHATHBIX MPOLIECCOB, a TAKKE MPOLECCOB B IOAIIMITHAKOBEIX y3-
J1aX ¥ BIMSHUE SKCLICHTPUCHUTETA POTOpa Ha napameTpsl DMIT ¢ BITM.

Bo Bropoii rmaBe aBropom paspaGorana 06o6LieHHAs CTPYKTypHasi MOJEINb
CI'> JIA na ocHOBe DMII ¢ IIM ¢ yuyerom TeHmeHImii Pa3BUTHS COBPEMEHHBIX JIA,
KOTOpad IIO3BOJIACT BBINOJIHATE MccnenoBanus CI™D mpu ycnoBur MHOrOBapHaHTHO-
CTH UX MOCTPOEHHS M OOECledrBaeT MUHAMH3ALMIO BPEMEHHBIX ¥ MaTePHABHBIX
3aTpat NpH coznanuy nepcnektuBHeIX CID JIA. Tlpemnoxena o606menHas MHOTO-
AUCHUIUTMHApHAs MareMaTudeckas Mozaeib OMII ¢ [IM, otimuaromascs oT u3BeCT-
HBIX y4ETOM B3aMMHOIO BJIMSHHS TEIUIOBBIX, MEXAHUYECKUX M SJIEKTPOMArHUTHBIX
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MPOLIECCOB, a TAKKE MPOLECCOB B MOMIIMITHAKOBBIX y3J1aX U BIMSHUSA SKCLEHTPUCH-
TeTa poTopa Ha napameTpkl. IIpencraBnena Metomonorus cosmanus CI'D JIA, mo3Bo-
JSOIIAs BBINOJHATH MPOLIECC MHOIOJUCUMIUIMHApHOTO npoekTupoBanus CI'D JIA
Ha ocHoBe DOMII ¢ TIM. [lanHas MeTOMOJIOrHs BKJIFOUAET OHOBPEMEHHOE MHOIO-
JAACLIMIUIMHAPHOE IIPOEKTUPOBAHUE BCEX KOMIIOHEHTOB, Bxomsammx B CI'D u mo3Bo-
JISIET OCYIIECTBUTH UX COBMECTHYIO ONITUMU3ALIHIO.

B TpeTheii rnaBe pa3paboTaHO ONMUCAHKE IEPBUYHOIO MATHUTHOT'O TIOJIS B BO3-
AyuiHoM 3a3ope OMIT ¢ BIIM B unnunaprdecKkux (AByXMepHas 3aa4a) U JeKapTo-

BBIX KOOpJMHATAX (TpeXMepHas 3a/jaua), Ha OCHOBE UCCIIeJOBAHUM KOTOPOTO YCTa-
. )
HOBJICHBI: PallMOHAIbHBIE BEIMYMHBI OTHOCHTENBHOM [UIMHBI pOTOpa A = 5 OMII ¢

IIM, ipu koTOopOM paccerBaHUe MarHUTHOI'O MIOTOKa MUHUMAaIIBHO. IToka3aHo, 4yTo

mis ITM mapku NdFeB ¢ poctoM Temnepatypsi ¢ 70 1o 140°C paguansHas cocTas-
JISFOIIAs MArHMTHOTO ITOTOKA CHIXKaeTCs Ha 25-35%, mostomy Takue ITM Heneneco-
00pa3sHO HCTIONB30BATH MPH BEICOKKMX TEMIIEPaTypax cpelbl. B sToM ciydae npes-
no4yTeHHe N0/KHO oTaaBatkes [IM SmCo, kak Gosee TeMnepaTypHO cTaGHIIBHBIM.

Cospnan MaTeMaTHYECKHit alapar, MO3BOJISIONIHIA IPOBOLUTE MCCIIE[0OBAHHIE
OKCHEHTpUCHTETa poTOpa. I[IpH BOSHUKHOBEHHM SKCIIEHTPUCHTETA POTOPA B CITydae
AMHAMUYECKUX HATPY30K IMPOMCXOAUT UCKAKEHUE MarHUTHOTrO mojs IMII ¢ ITM,
4TO TpeOyeT pa3spabOTKM NOMOIHUTENBHBIX Mep M YBEIUIEHUH IHANA30Ha peryinu-
POBaHHUA MOJISA IS IOANEPIKAHUS CTaOMIBHOTO HAIIPSKEHUS.

Pa3paboTanbl HOBBIE CTIOCOGBI YIPaBeHHs POTOPOM HA MArHWTHBIX TIO/IIIMIL-
HUKaX, NHarHOCTUKU coctosiHud DMII ¢ IIM. TMoka3aHo, 4TO METOMOIOrHs KOM-
IJIEKCHOrO aHa/i3a MAarHUTHBIX M TEIUIOBBIX MOJIEH, C y4eToM TpeGoBaHUHi MeXaHu-
YECKOH MPOYHOCTHU TO3BOJIIET IPUMEPHO B [Ba pasa CHU3UTh BpeMsi, He0OX0oaUMOE
At ipoektupoBanus OMII ¢ IIM, kak arperara CI™D JIA.

B geTBepToii riaBe mpoBeneHbI HCCTEOBAHMS PEKIMOB paboter OMII ¢ [IM
COBMECTHO C perynsatopoM HampspkeHus B coctaBe CI'D. IIpemioskeH HOBBIA METON
rUOPUIIHON CTAOMIIM3ALMK HANPSIKEHHS, KOTOPBIA OTJIIMYaeTCs OT M3BECTHBIX TEM,
TO MarHUTONpPoBo. cTatopa IMII BHINONHSAETCS HACHILIEHHBIM B PEXKHME XOJIOCTO-
'O XOla M B TIPOLIECCE SKCIUTyaTalliM K3-3a TeMIIepaTypHOi HeCTaOHIbHOCTH IIOCTO-

SAHHBIX MarHuTOB U PasMarHMYMBAOIIErO IEHUCTBUS MAarHUTHOIO TIOJIS PECaKIMU SAKO-
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psl IPOUCXOJUT YMEHBIIIEHHE CTEIIEHU €r0 HACHIIIEHHUA, YTO IO3BOJIIET CTaOWIIN3HU-
posats Hanpspkenre IMII ¢ [TM 6rarogaps COBOKYITHOCTH TEOPETHUECKUX U TEXHH-
YECKUX PELICHUI B YaCTH MarHMTHOM CHCTEMBI POTOpAa U MArHUTOIPOBOJIA CTATOpa-
0e3 yXymeHus MaccoraGapuTHBIX IOKa3aTellel MallMHbEl B OTJIMYHE OT U3BECTHBIX
apaMeTPUYECKHUX CIIOCOOOB CTaOMIIN3AIIMN HAIIPSHKEHHS.

Y CTaHOBJIEHO, YTO HAUMEHBIIEH MacCoi NPU MaKCHUMANIbHBIX (yHKIMOHAIBHBIX
BO3MOXKHOCTSIX (CTapTepHBIM MyCK, OTKa30yCTOWYMBOCTH, CTAOHMIIM3AIUA HAIpsKe-
uust OMII ¢ I1M, obecneueHue kadecTBa 3nekTposHeprud Ha Beixoge CI'D) obnama-
ot CI'D ¢ mocrenoBaTensHBIM HHBEPTOPOM M BEICOK0060poTHEIM DMIT ¢ ITM. Hc-
CJIeZI0BaHbI OCOOEHHOCTH CO3aHUsl peryiasTopos HampsukeHus SMII ¢ TIM ¢ nog-
MarHMYMBaHMEM MAarHUTOIIPOBOA CTATOPA.

B nsAToii riaBe paspaGoTaHBl M UCCIIENOBaHbI CIOcO6H! 3amuTsl DMII ¢ IIM ot
BUTKOBBIX KOPOTKMX 3aMBIKQHUM, YYMTHIBAIOLINE IallbBAHUYECKYIO, TEPMUYECKYIO U
3JIEKTPOMAarHUTHYIO CBSI3W MEXy KaTylIKaMW CHUJIOBOM OOMOTKM. Jloka3zaHa BO3-
MOXHOCTh obecnedenus 3aumtbl DMII ¢ [IM (6e3 HOmONHUTENbHEIX OGMOTOK Ha
POTOpE) OT BUTKOBBIX KOPOTKUX 3aMBIKaHHI B Pa3iM4HBIX pexuMax pabotsr. [Ipes-
JIOXKeHa M pa3paboTaHa METOAMKAa KOMIIBIOTEDPHOTO MOJETUPOBAHHS KOPOTKHX 3a-
meikaHuit OMII ¢ IIM ¢ y4eToM MexaHHYEeCKUX MpPOIECCOB POTOpA, MO3BOJSIOMIAS
NPOBOJIUTE MCCIIEIOBAHHUA HE TONBKO OTAENBHBIX THIOB K3, HO M MX pa3sIMYHBIX
KoMOuHauuid. PaspaGoTaHsl crioco6bl M yCTPOMCTBA 3aIATH OT da3neix K3 ¢ nomo-
IIBIO TIOJYIIPOBOAHUKOBBIX Pa3sMbIKaTeNeH.

IIpoBenennl sxcnepuMenTanbHble ucctenoBanus K3 B DMIT ¢ IIM B «XO0NoJ-
HOM» M «TOpAI€M» COCTOAHMM W YCTaHOBIIEHO, YTO NPH YBEIUYEHUH TEMIEPATYPh
OOMOTKM CYIIECTBEHHO CHHKAETCS TOK BHE3aIIHOTO tpexdasHoro K3 DMII. Hccne-
AloBaHEl 0TKasoycToruuBeie OMII ¢ [IM u noka3aHo, uTo 3¢)GeKTUBHEIM BapHAHTOM
C TOYKM 3peHHs Obecreyenus Hale)HOCTH, yBenudenus KITJ] u cHwkeHns IIyJbca-
LA MOMEHTA SIBIISIETCS HCIIONb30BaHue MEOroGbasHbsx DMIT ¢ TIM.

B 1miecroii rnaBe npemnoxeH anroput™ npoektrupoBanus OMII ¢ I[IM ¢ maruau-
TONPOBOJIOM CTaTOpa U3 aMOP(HOro Kele3a, YIUTHIBAIOLUIAN €ro HeJIMHEHHBIe Mar-
HWUTHBIC W TEMIICPAaTyPHbIE CBOKCTBA, OCOGEHHOCTH M3rOTOBJEHUS U K0dhdHIHeHTa
3aII0JIHCHHS CEpACYHUKOB cTaTopa. [IpoBeseHBl MccnenoBanus MOTEPh B MarHUTO-

npoBoziax arperaTo CI'3 JIA Ha rucTepesrc U BUXpeBble TOKH B Pe3yJbTaTe KOTO-



PBIX YCTAHOBJIEHO, YTO MCIOJNB30BaHME U3BECTHBIX BRIDAKEHUM I MX pacyera IpH
4acToTax NepeMarHiuuBanus cepaedHukoB O6onee 400 ' npUBOAUT K 3HAYUTEIHHOM
MOTPEeIIHOCTH. Mccre10BaHbl yembHbIE TIOTEPH B CTAIX MarHMUTOIPOBOJOB CTATOPA,
M3TOTOBJIEHHBIX C TIOMOLIBIO PA3IMYHBIX TEXHOJIOTHH M YCTaHOBJIEHBI HPENOYTH-
TeIbHBIe CIIOCOOBI M3rOTOBNEHHUS JIMCTOB CEPAEYHMKA CTATOpA IS MHHAMU3ALUHU
IIOTePh B HUX B 3aBUCUMOCTH OT YaCTOThI [IEpEeMarHAYMBAHHSL.

CdopmrpoBana METOAONOTHS CO3AHHS CHCTEM T€HEPHPOBAHHS IIEKTPOIHED-
THH JIETATENbHBIX alllapaToOB C MarHATOSJIEKTPUYECKUME [IpeobpasoBaTeNsiMu 3Hep-
TMH, KOTOpas NPeACTaBisieT coboi Habop MeTORHK, 06OGIIEHHBIX MAaTPUIl U 0606-
IUCHHBIX MaTeMaTHYECKUX MOJIeNeH, pa3paboTaHHbIX B IVaBax AuccepTaiuu. IIpen-
JIOXK€Ha METOJIONIOTUs NIpUBEIEHa B BUJE CTPYKTYPHOU CXEMBI, YUUTHIBAIOIIEH BCe
B3aMMOCBsI31 Iponecca npoektiuposanus CI'D JIA, 4o mo3BosnsieT MUHMMH3MPOBATh
BPEMEHHBIE U MaTepPUalIbHbIE 3aTPATHI P UX CO3JaHUH.

B cenpMoli raBe npecTaBIeHBI Pe3yIbTaTEl 3KCIEPUMEHTAIBHBIX MCCIIEI0Ba-
HUH CepUIHBIX U dKcrepuMeHTabHBIX DMII ¢ IIM 1 arperatoe CI™D JIA (amexTpo-
ABATATENel A TOIUIMBHBIX HACOCOB, TPaHC(OPMATOPOB TPaHCHOPMATOPHO-
BBIIPSIMHUTENBHBIX YCTPOUCTB M T.A.). [IpHBeeHbI MCCIeIOBaHUS TONMHOM MOIENH
CI'D, copepxkarneit DMIT ¢ [IM, TPaHC(OPMATOPHO-BBIIPSIMUTEIILHOE YCTPOHCTBO
Harpy304HbIe MOAYNHU. JlaHO CpaBHEHME CO3JAHHBIX BHICOKOOGOPOTHEIX IMII ¢ TIM
1 CI'D Ha UX OCHOBE /IS KOPOTKOPECYPCHBIX OGBEKTOB C BBIITyCKAEMBIMUA CEPHIHO
BBICOKOOOOPOTHBIMH DMIID ¥ moKasaHel MpenMyIecTBa NIEPBEIX, MOATBEPXKIAIO-
1€ HAYYHBIE TTOJIOXKEHUS! IUCCEPTALIUOHHOM PabOTHL.

Ha ocHoBe n3noxeHHON B [piccepTalliyi TEOPUM, METOMMK M HOBBIX TEXHMUE-
CKMX pelieHui paspaboransl IMIID ¢ I[TM U ux cucTeMEl YIPaBJIEHUs AJIsl pa3jivy-
Heix CI"D JIA. Bee npuBenenHbie BbICOKOOOOPOTHEIE IMIT ¥ peanr3oBaHHbBIE HA UX
ocHoBe CI'D mponum CTeHIOBBIE UCOBITAHHS Ha NPOQHUIBHBIX TPEANPUATHAX, YTO
TMOATBEPKICHO aKTaMU BHEJPEHMS M MPOTOKONAMH UCTILITAHMM, TIPUBEIECHHBIMU B
NPUIOKEHHUSAX K JUCCEPTALIUH.

BaxxHO OTMeTHTB, YTO SKCTIEpHMEHTANbHBIE HCCIeI0BAHMS CO3/1aHHBIX 0Opa3-
1oB OMIID u snemento CI'D mokazam BBICOKYIO CXOJMMOCTb C TEOPETUYECKHUMHU

MOJEIIAMH, IIPUBENCHHEIMHU B AUCCEPTALIAM, U TTO3BOJIMIA CO3IATh o6pa3u1>1 TEXHUKHU,



KOTOpBIE MPEBOCXOMAT MO CBOMM MacCOrabapUTHBIM XapaKTepUCTUKAM M SHEPreTH-
YECKUM II0Ka3aTelIsIM 3apyOeskKHbIe aHAJIOTH.

HoBusHa pa3paboTaHHBIX TEXHUYECKHX PELICHHUH 3alUIIEHA TATEHTAMH.

Taxum obpazom, nocraBeHHas B paGoTe Lesb - pa3paboTKa U CO3IaHHE MOII-
HBIX, 5HEPro3(GPeKTUBHBIX U oTKazoycTohumBbix CID Ha ocHoBe IMII ¢ TIM co-
BPEMEHHBIX U NEPCTIEKTUBHBIX JIA Mp¥ MMHMMAaJIBHBIX 3aTpaTax BpEMEHH U CPEJICTB
AaBTOPOM JOCTUTHYTA.

K Hanbosee cymecTBEHHBIM U IPUHIMIMAILHO HOBBIM HAYYHBIM pe3yJbTa-
TaM, TOJTyYEHHEIM B paboTe, CiieyeT OTHECTH:

1. Merononoruto cozmanus CI'D JIA, OTIIMYAIOIIIYIOCS OT M3BECTHBIX YYETOM
B3aMHOM 3aBHCHMOCTH TEIUIOBBIX M SJIEKTPOMArHUTHEIX Hojlei arperatoB CI™D JIA,
BO3MOXHOCTBIO COBMECTHOM KOMIUIEKCHOW ONTHMU3ALMY XapaKTEPHCTHK arperaToB
CI'S JIA 1 no3BOJSIONILYIO BBINOJHATE IIPOLECC MHOT'OJUCLUIUIMHAPHOTO TPOEKTH-
poBanus CI™D JIA Ha ocHose DMII ¢ [TM.

2. ObobwenHy0 cTpyKTypHYIo Mozenb CI™D JIA, momydeHHyo ¢ Y4YETOM TEH-
ACHLMHA Pa3BUTUs COBPEMEHHBIX JIA, OTIIMYAIONIYIOCS BO3MOXKHOCTBIO napajuieJIbHOM
peammsauyy Heckonbkux CI™S JIA u npsivoit maTerpamu SMIT ¢ [IM B cuiosyio yc-
TaHOBKy JIA, a Taioke MHOrodasHOCTBIO M Jy6IMPYEeMOCTBIO 3JIEMEHTOB B OTKA30-
ycroruuBeix DOMIT ¢ ITM CI™ JIA u TO3BOJIAIOLLYIO BBEIIOJHATE HccienoBanusi CITD
TpHY YCIIOBUM MHOTOBapMAHTHOCTH MX MOCTPOEHHS.

3. Hoseiit MeTon obecniedenus 3ammrsl IMITD ¢ BIIM or BUTKOBBIX KOPOTKHX
3aMbIKaHUH, OTJIMYAIOIIMNCS TEM, YTO OH YIHTHIBAET raJIbBAHUYECKYIO, TEPMUYECKYIO
1 SNCKTPOMArHUTHYIO cBsi3b Katymek SMII ¢ [IM u no3Bosnsier coxpansTs paGoro-
criocobHocte OMIT ¢ TIM npu BHTKOBBIX KOPOTKHMX 3aMBIKaHUSAX C KyIHUPOBAaHUEM
onHOM M3 (a3 mmm Karyiek IMII ¢ [IM

4. MeToz KOMITBIOTEPHOTO MOZICTIMPOBaHKs KOPOTKHMX 3aMbIkanuii DMII ¢ ITM,
OTJIMYAIOLIMACS OT U3BECTHBIX YUYETOM MEXAHMYECKHX NPOIIECCOB, B3aUMHOIO BJIMS-
HHA (POPMBI M FEOMETPUYECKIX PasMepoB aKkTUBHBIX 3ieMeHToB OMIT ¢ M u mapa-

METPOB OOMOTKM ¥ TIO3BOJISIOLIMI HCCIIEN0BATE KAK OTIC/IBHLIE BHJIbI KOPOTKHX 3a-
MBIKaHW#, TaK U X pa3iM4Hble KOMOMHAIMH.



Crenennb 060CHOBaHHOCTH M JAOCTOBEPHOCTH HAYYHBIX NOJIOXKEHHH,
BbIBO/IOB H 3aKJIIOYEHHH.

JIOCTOBEPHOCTE  TIONyYeHHBIX PE3YIIBTATOB 0OECIEUUBAECTCS IIPUMEHEHUEM
CTPOTHX MaTCMaTHYECKMX METOJOB HCCIIEOBaHUs, SKCIIEPUMEHTAIBHOMN IIpOBEp-
KOH, CDaBHEHHEM C TEOPETHYECKHMHU M SKCTICPUMEHTATHHEIMHU pe3ysbTaTaMu apy-
TUX aBTOPOB. Pe3ysbTaThl TEOPETUUECKUX MCCIIEN0BAHUIA TIOJITBEPXKAEHBI TIPAKTH-
KO MX WCIIOJIB30BaHMA B HpOLECCe IIPOEKTUPOBaHM, Pa3pabOTKH, MCIIBLITAHUN |
BHeApeHus: DMIT ¢ [TM.

3HAYMMOCTD /15l HAYKH W NPAKTHKH BHIBOJAOB H PEeKOMeHJAIHIA.

Pe3ynbrarer paboTsl peicTaBAIOT BecoMBbIiA BKIA B Pa3sBUTHE TEOPUH M TIPaK-
THKH CUCTCM I€HEPUPOBAaHMS JIETATENbHBIX aNmapaTtoB. Pa3spaGoTaHHass METOIOIIO-
T3 POCKTUPOBAHMS, MaTEMaTUIECKUE U KOMITBIOTEPHBIE MOJENM MCIIOIB3YIOTCS B
OpraHM3aLysX, BEAYIIUX pa3paboTKy, MPOU3BOACTBO U o6cimyxuBanue IMIT ¢ TIM
B cocTaBe CI™D, a Takoke B yuyeGHBIX MporpaMmax NPO(ECCHOHANBHBIX YYEOHBIX Y-
PEXICHUH, 3aHUMAIOIIMXCS IOJTOTOBKOM CICLUATIMCTOB-3JIEKTPOMEXaHMUKOB, YTO
TMOATBEPHEHO COOTBETCTBYIOIIMMHU aKTAMHU MCTIOJIB30BAHKS PE3YIIBTATOB PaGOTEL

Jluccepraims MMeeT BHYTpEeHHee eIMHCTBO, HAMMCAHA SICHBIM S3BIKOM C MCIIO/h-
30BAHMEM NPABUIIbHBIX TEXHHYECKUX TEPMUHOB. OCHOBHBIE PE3YIIbTaThI JUCCepTaLN
ory6irKoBaHk! B 205 neyaTHBIX paGoTax, BKIIOYAs 5 MOHorpaduii (B cOaBTOpCTBE),
60 crareii B m3manmsIx no crmcky BAK, 60 CTaTeH, uHIeKcHpyeMbIx B BT Scopus,
6onee 40 maTeHTOB Ha M306peTEHUs. AHAMM3 TyOJMKaLuii aBTOpa II03BOJISIET yTBEp-
KIATh, YTO CONCPHKAHUE UCCEPTALMM OTPaXKEHO B HUX ¢ TpeOyeMoit [ToNoxkeHreMm
BAK nonHoToit. OcHoBHBIE pe3ynbTaTh paboThl OTpaXKeHbI B M3JAHUSX, COOTBETCT-
Bylolmux pekomengyeMomy BAK nepeunro usmanmii s OmyOJIMKOBaHUsI pe3yibTa-
TOB MOKTOpCKkuX muccepranuid. Conepxanne aBTopedepara COOTBETCTBYET auccep-
TaIl}H.

Ces3b 1uccepTanuu ¢ rocynapersennbIMa NpPOrpaMMaMH HAay4YHbIX
HCCIIe0BAH M

PaGota man muccepranmeit nposogunace B paMKax rocyfapCTBEHHOI'O 3aKa3a
(henepanbHBIX OPraHOB MCHONHUTEIBLHOIM BJlacTH: MuHoGopons! Poccuu (mpoekTsi
8.1277.2017/4.6 «Hccnenosanus, pa3paboTka M BHEIpEHHE MEPCHEKTHUBHBIX SIIeK-

TPOMEXaHUYECKHX Ipeobpa3oBaTeiell sl aBTOHOMHBIX OOBEKTOR C TUOPUIHOM CcH-
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TOBOH ycTaHOBKOWY», 8.287.2014/K «MccnenoBanus u pa3paGoTka BbICOKOd( (ek-
THBHOTO 3HEPreTHYECKOro KOMIUIEKCA Uil MOBHIIIEHHUS SHEPrOBOOPYKEHHOCTH M
SHeproo(GHpeKTMBHOCTH KOCMHUYECKHX AammaparoBy); Poccuiickoro Hay4HOro ¢oHa
(mpoekter 17-79-20027 «OGOGIIEHHAs TEOPHS OCHOBOIONATAIOIINX bu3HYeCcKrx
IPOLIECCOB B BBICOKOTEMIICPATYPHBIX 3JIEKTPOMEXaHUYECKUX MpPeoGpa3oBaTelIax
OHCPruM, MHTCTPUPOBAHHBIX B aBUALIMOHHBIA ra30TypOWHHBIM ABHrarenb», 16-19-
10005«Co3nanme BEICOKOOGOPOTHBIX ¥ CBEPXBBICOKOOGOPOTHBIX 3JIEKTPOMEXaHUYe-
CKMX npeobpa3oBaresiell SHEPTHH CpeHel U Malol MOIIHOCTH HA THGPHIHOM Mar-
HHUTHOM IOJIBECE JIJIsl a9POKOCMUYECKON OTpacim»); Poccuiickoro dhouga Gpynnamen-
TaJlbHBIX MCCenoBaHui (mpoekt 16-38-60001 «MccnenoBanus OCHOBOIIOJIAr a0 X
(hu3MUECKHUX TIPOILIECCOB, NIPOTEKAIOIMX B THOPHIHBIX CHCTEMAX MATHUTHOM JIEBUTA-
LM SHEPrOBBIPAOATHIBAIOIIETO 060PYIOBaHMS aBTOHOMHBIX CHCTEM 3JIEKTPOCHA6-
KEHUN» ).
Bueapenue pe3ynbTaToB paGoThl

Pe3ysbrartbl IMCCepTalOHHOTO MCCIE0BAHMS BHEAPEHB! B BH/E peKoMeH1a-
LMK, METOJMK PAacyeToB, MAaKETOB IPUKIAHBIX POrPaMM, IPOMBILLIEHHBIX obpas-
OB Ha IPEANpPUATUIX W Hay4dHBIX OpraHusaunuax Poccuiickoit ®enepanum: AO
«YAIIO» (Yda), AO «OKB Kpucramm» (Mockea), AO «YHITIT «Mosus» (Ya),
OI'VII «ILTUAM» (Mocksa), OO0 «Anstal'unpo» (Cankr-Ilerep6ypr), 000 «Ip-
ra» (Kamyra), AO «VIIIIO» (Yba) u B Buze aJITOPUTMOB U IIPOrPaMM ONTUMH3ALIAH
¥ MOZCJIHPOBAHM MAarHUTOIIEKTPUYECKHUX SIIEKTPOMEXaHHIECKHX Tpeobpa3oBaTe-

JIel 3HEPruH B yuyeOGHOM nponecce PI'BOY BO «YI'ATVY», uro IO TBEPXKAAETCS
COOTBETCTBYIOLIMMU aKTaMH.

Ilo paboTe nmeroTes coreyiomue 3aMedaHus:
1. B nucceprarmm yTBepkKIaeTcs, 94To TOYHbIN pacuer SMIID ¢ BIIM HeBo3mo-
KEeH 0e3 ydeTa BIMSHHS TeMIIEpaTypsl Ha CBOMCTBA MaTepralioB Ha CTaIWH pacdeTra
SJICKTPOMArHUTHBIX, MEXaHUYECKHMX MPOLIECCOB M yYeTa BIMSHMS BHEIIHHX MAIHNT-
HBIX TIOJIe# (CTp.86), ofHAaKO, O BO3NEHCTBIM BHEIHUX MOTeH Ha paboTOCIOCOOHOCTH

CI'3 JIA B mpencTaBieHHOM HCCIIEIOBAHMH He YIIOMUHAETCH.
2. B BBIBOJIAX K IiiaBe 2 yKa3aHO, YTo TPE/UIOKeH 000OIEHHBIH KPUTEPHH ONTH-
Musanuy arperatoB B cocraBe CI™D JIA, npencrasnstommii co6oit IIPOU3BENICHHE TEIl-

JoBOrO (akTopa U Macchl renepartopa, TBY u cTaTHueckoro npeobpazoBaresis. He sicen



NPUHLIAI HOPMUPOBAHHUS JAHHOTO KPUTEPHS, a B MaTepuanax JUCCEPTAUH ero Coziep-
KaHUEe He MOSICHSIETCH.

3. Pexomennyercs BeiGupats mis SMIT ¢ BIIM OTHOCHUTEJIBHYIO JUIMHY A >3 Hc-
XOZS M3 yBEJIMICHHSI COCTABIIIONIEH HAIPSHKEHHOCTH MarHUTHOIO TIOJS 110 OCH Z, Ofi-
HaKo He yka3aH NManasoH MouHocTeii SMIL, mis KOTOpOro CrpaBe;IMBEI 3TH peKo-
MEH/IAIMHK M HE OLICHEHO BIMAHME YBEIMYEHHMS A Ha TEIUIO M MEXaHHKY POTOpa, YTO
HEOOXOIMMO JIJIsl BBICOKOHCIIONB3yEeMBbIX, BBICOKO0OOPOTHEIX DMIT.

4. B yeM HOBM3Ha METOIMKH MOJEITMPOBAHHS MATHUTHOTO TIOJIS peaKuu SKops

(.4.2.1)?

5. Ilpu uccnenoBanyy BIMSHAUS XapaKTepa HATPY3KH Ha paboty OMII ¢ BeIIpsiMu-
TEJIEM ClIeNIaH BBIBOJ| O TOM, YTO CaMBIM TSDKENIBIM BAPHAHTOM SIBJISieTCs paboTa Ha ak-
THBHO-CMKOCTHYIO Harpysky. Kakue ycTpolicTsa B pealbHBIX yCIOBUAX SKCILTyaTaly
CI'D na 6oty JIA MoryT co3pmaBats HarpysKy Takoro xapakrepa?

6. B pabote Gonblioe BHUMaHKE yIeneHo H3MEHEHHMIO YAEIBHBIX IIOTEPh B CTAJIU B
3aBHCHMOCTH OT PA3JIMYHBIX (DAKTOPOB: YACTOTHI, TEMIIEPATYPHI H T.X., OIHAKO HE HC-
CIICOBAHO BIMAHHUC Ha yZEbHBIE IIOTEPH ITOJAMATHUYUBAHMSA MArHATOIPOBO/A IOCTO-
SHHBIM II0JIEM, YTO B YaCTHOCTH BECbMa aKTyaJIbHO [IPH PeaM3aLiy Criocoba cTabuTH-
3auuy HanpspkeHuss SMIT ¢ BIIM nocpeacTBoM moaMarduuMBasus CIIAEKY craropa.

Cnemyer oTMETHTh HEBBICOKOE Ka4eCTBO HEKOTOPBIX PUCYHKOB, 3aTPYAHSFOLIIX

BOCIIPUATHE MaTepHana JUCCEPTAIMOHHOM PaGoThl ¥ HAIMYME rpaMMaTHYECKUX U CTH-
JIMCTUYECKUX OLIMOOK.

3aknouenue
Huccepranus Basunosa B.E. Ha couckanue YYCHOW CTeNeHM JOKTOpa TeXHUYe-
CKHX HayK BBIIOJIHEHA B COOTBETCTBUH C TPEGOBAHUSMM, TIPEABSBISEMBIMU K auccep-
TallAOHHBIM ~ HUCCJIEIOBAHKSAM, COOTBETCTBYET IO COZIEP)KaHMIO  CIEeLMAIbHOCTH
05.09.03.-  «OnekTpoTexHUYECKHE KOMILIEKCH M CHCTEMBID», SBISETCS HAYYHO-
KBaJIM(UKAIIMOHHON paboTOi, Tiie M3IOIKEHEI Hay4YHO-0OOCHOBAHHBIE TEXHUYECKHE
PCIICHHS, BHEPEHUE KOTOPHIX BHOCUT 3HAYUTENBHBIM BKIA/ B Pa3BUTHE CTPaHEI.

Jlucceprauus cooTBETCTBYeT TpeGOBaHHMAM I 9 [TonoxeHust o npucyxaeHun
YYEHBIX cTeneHel YpdV.
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Bagunos Bsiuecnias EBrenpeBud 3acity:kiBaeT NpUCYKICHHS My YUEHOM CTETICHH

MIOKTOpa TeXHHYECKHX Hayk 1o creuuanbHocTd 05.09.03 «DnekTporexHudeckme

KOMIIJIEKCBI U CUCTEMBED.

OdunmansHeli ONIMOHEHT:

Ipodeccop kadenps "DiekTpoMexaHHKa 1 ABTOMOBHIEHOE
3JIeKTpoobOpyHoBaHKe"

DenepanbHOro roCyAapCTBEHHOIO GIOKETHOTO
06pa3oBaTeNbHOTO yUpe K IeHHUs BEICIIEr0 06pa3oBaHus
«CamMapckuii rocy1apCTBEHHbIN TEXHUUECKHM YHUBEPCUTETY,

AOKTOP TEXHUYECKHUX HAYK,

= U
JIOLIEHT \ a0 3y6xoB HOpwit Banentunosuy
e
1.09.2021
[Moamuce FO.B. 3yGkoBa 3aBepsiro
VY4eHslli cekpera
«CaMapckuii ¢
I.T.H.
7 *
Cryxe6HbIit anpec: 245700, Camapa, Monoznorsapaeiickas yiL., 244,
CamI'TY, xadenpa "DnexrpoMexaHuka W aBTOMOGHIBHOE 3JIEKTpO0OOpyHOBa-
Hue".

Cityxe6nblit Tenedon: 8 (846) 242-37-90, e-mail: zub577@mail.ru
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