OT3bIB

obunmansHoro onnonexnta Basunosa Bayecnasa EBrenbeBrya Ha quccepTalHOH-

Hy10 paboty Partuesa SlpocnaBa AnexceeBuda Ha TeMy «JIMHeHHBIN IBUraTeb M0-

CTOSSHHOrO TOKa GOPTOBOrO 3/7IeKTPOTEXHHYECKOr0 KOMIIJIEKCA M METOIMKA €ro Ofl-

THMM3ALHOHHOTO NMPOEKTUPOBAHUs), MPEICTABIEHHYIO Ha COUCKAHHE YUEHOH CTe-

TNeHH KaHAKWaTa TEXHHYECKHUX HayK M0 crienuanbHocT 2.4.2 — « DNeKTpoTexXHu4e-
CKHM€ KOMILIEKChI H CHCTEMbI»

AKTya/IbHOCTB paboThl

JluneliHble 21eKTpHUYECKHE MaLlIMHBI C OFPaHHYEHHBIM XOIOM SKOPS HAXOIAT
NPUMEHEHHE B MEXaHM3MaxX, OCYLIECTBISIOIMX BO3BPATHO-IIOCTYNATEIbHOE [BU-
’KeHHe paboyvero opraHa WM CTaOMIM3ALMIO €ro MOJOXKEHHs B CIEAALIMX CHCTe-
max. Micnonb3oBaHne TMHEHHBIX 3JIEKTPOMEXaHHYeCKUX NpeoOpa3oBarenell BMECTO
JABUraTesieil BpallaTej]bHOIo ABHKEHMS C MEXaHHW3MOM B BHJI€ KPHBOILUITHO-IIA-
TYHHOTO npeoOpa3oBatesis, BAHTOBOH Mapbl WK JAPYTHX MOAOOHBIX MEXaHHYECKHX
CHCTEM, IPHBOIUT K CYLIIECTBEHHOMY YNPOILEHHIO KHHEMaTH4YeCKOH CXEMBI, MOBBI-
wenuio KITJl u, Kak npaBuio, MOBBILIEHUIO TOYHOCTH paboThl KOMILJIEKCA U €ro
HaJIeKHOCTHU. JIMHEHHbIE 3/IEKTPOMarHuTHBIE AeMI(EPh! CHCTEM MO3HMLIMOHHUPOBa-
HHSA, CTaOMIM3aUMH W BHOPO3AIUTHl NPELM3UOHHBIX OOPTOBBIX KOMILIEKCOB
JOJKHBI OTBe4aTh PsAAY CMNELHAIbHBIX TPeOOBAaHHMH, KOTOpble HE HALUIM JIOCTa-
TOYHO IOJHOIO OTpakeHMsi B paboTax OTEUECTBEHHBIX U 3apyOe)KHBIX YUYEHBIX.
HanpuMmep, BONpockl NapamMeTpU4eCcKOW ONTUMU3ALIMYM JIMHEHHBIX JIBUraTeel Mo-
crosiHHOro toka (JIAIIT), HanpaBieHHON Ha MUHUMM3ALMIO MacChl HCITOJIb3YyEMBIX
MarHWTOB H BeJIM4HHBI NOTPedIeMOH MOIIHOCTH, OCTAIOTCS OTKPHITHIMU BBU/LY CY-
1IECTBEHHBIX KOHCTPYKTHBHBIX OCOOEHHOCTEH 3THX JBUraTeneii.

[ToaTomy pa3paboTKa M HCCIIe0BaHHE YCOBEPIIEHCTBOBAHHBIX CIIELIMAIBHBIX
3NEKTPHYECKUX MALIWH C JUHEHHBIM NEpEeMELICHHEM HCIIOIHUTEIBHOIO 3JIEMEHTA,
00najalouX BbICOKUMH YAEIbHBIMM 3HEPreTHYECKHMMH M JKCIUTyaTalluOHHBIMA
MoKa3aTe/asiMH, ABJIAETCS BECbMa aKTyallbHOM 3ajadeli Ui Hay4YHBIX W MpaKTH4e-
CKMX LIeJIeH.

CooTBeTcTBHE NACNOPTY HAYYHOH CNENHAIBHOCTH

[To npeamery uccieoBaHMs M pelIaeMbIM 3aZiayaM JMCCEpTal|sl COOTBET-
CTBYeT cneuuanbHOCTH 2.4.2 - «DNeKTPOTEXHHYECKHE KOMIUIEKCHI U CHUCTEMBD) B
yacTH: . 1 «Pa3BuTHe o01Leli TeOpHH INEKTPOTEXHHYECKMX KOMIUIEKCOB . ..aHAH3
CHCTEMHBIX... CBA3€H... H KOMMNbIOTEPHOE MOJETHPOBAHUE 3JIEKTPOTEXHUYECKHX
KOMIUIEKCOB H CHCTEM, BKJIIOYasd... 3NMEKTPOMEXaHWYECKHe... npeodpaszosaresiu
sHepruu...», n.2. «Pa3paboTka Hay4HbIX OCHOB IPOEKTHPOBAHMUS. .. JIEKTPOTEXHHU-
YECKHX KOMILIEKCOB. .. H HX KOMIIOHEHTOBY, M.3. «OnTHMH3aLus JNEKTPOTEXHHYE-
CKHX KOMILIEKCOB).

Jucceprauus Patuesa S.A. cocTOMT U3 BBeleH s, NATH rnas, Gubnuorpadu-
4eCKOro CMHCKA, 3aKJII0YeHUS H NMPHIOKEHHH.
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Beenenue. Bo BerynutensHoll yacTu auccepraiuu 060CHOBAaHA aKTyas-
HOCTb NPOBEJICHHOIO UCCIIC/IOBAHNS, ONPE/EIEHbI €ro LeJH U 3aJjauk, yKa3aHo Te-
Kylliee COCTOAHHUE U3Y4YEHHOCTH TEMBI, @ TAKXKE IMPE/ICTaBICHbI 3JIEMEHThl HAYYHOM
HOBH3HbI ¥ NIPAKTHYECKOH LIEHHOCTH MCCIIeIOBAHMS.

[lepsas raasa. ['naBa coneput Hay4YHO-TEXHUYECKHI aHAIM3 CUCTEM MO-
3ULMOHMPOBAHMSI U CTAOMIM3ALMH ONTHKO-MEXaHWYECKUX KOMILIEKCOB BO3IYIL-
HBIX Cy/0B. B pesynbrate npoBesieHHOro aBTOpOM aHayu3a, IMHEHHBIH JBUraTeNb
[OCTOSIHHOT'O TOKA € [0JILIM IKOPEM U MarHUTO3JIEKTPUYECKUM BO30YKIeHHEM ObLI
BbIZIEJICH KaK NPe/NoYTHTENbHbII BapUaHT NPUBOJIA, TOCKOJIbKY OH yIOBJIE€TBOPAET
KJIO4YEBbIM TPEOOBAHUAM K CHIIOBOMY DJIEMEHTY 3JIEKTPOTEXHHYECKOH CHCTEMBI,
npeaHazHaYeHHOW 1J1s1 IAaHHOM LIeJH.

Bropas raasa. B 510ii riaBe aBTop npezicTaBiseT pacyeTHY0 MaTeMaTHye-
CKYI0 MOJI€JIb JIMHEHHOrO JABUraTels MOCTOSHHOTO TOKA C MOJIBIM SIKOPEM, ONUPasiCh
Ha U3BECTHbIE DJIEKTPOMArHUTHBIE COOTHOLIEHUSI M3 00JacTU 3JEKTPUYECKHX Ma-
IUMH W 001el 21eKTpoTeXHUKU. Bo Bpemsi paboTh! ABUraTens «Ha yrnopy rnoje3Has
MeXaHH4YecKas MOIHOCTh OTCYTCTBYET, YTO JieflaeT HENPUMEHUMOMN KJ1aCCHYECKYIO
(Gopmyiry ApHosibla JUisi pacueTa riaBHBIX pa3MepoB MalluHbl. OCHOBHOE ypaBHe-
HHe€, CBA3BIBAIOLIEE KIIIOYEBbIE pa3Mephl MAlIMHbI C JIEKTPOMarHUTHEIMHA Harpy3-
KaMHi W HOMMHAJIbHBIM ycCuiueM, ObUIO BBIBEIEHO HAa OCHOBE ypaBHeHHMH Makc-
Bes1a. Mozienb yuuThIBaeT crnequdpruecKue XapakTepUCTHKH MOJIOH KOHCTPYKIUU
skops. Kpome Toro, B IaHHOI riaBe npeaioXxeHa yrnpolieHHas MeTOJUKa U MaTe-
MaTU4ecKas MOZIeJIb TEIUIOBOro pacyera, OCHOBaHHAas Ha METO/Ie TETJIOBBIX SKBHBa-
JIEHTOB U JOIOJIHEHHAs] YMCICHHBIM MOJETUPOBAHUEM TEMIIEpaTypPHOro IMons Ma-
IIKHBIL.

Tperbs rinaBa. B Tperbeil rnaBe paccmaTpuBaercs 3aJadya ONTHMHU3ALIMH
JIATIT nocTOSIHHOrO TOKa C MOJIBIM SKOPEM U COOTBETCTBYIOILMH arOPUTM €€ pe-
weHus. ABTOP BbIOpas TpH KJIFOUEBBIX MapaMeTpa Jisi ONTUMHU3AIMK: MAcCy MOCTO-
SIHHBIX MarHUTOB, IPOU3BE/IEHUE PACUETHOIO JUaMeTpa K0P Ha aKTUBHYIO JIJTHHY
KaTyUIKH, 4 TAK)Ke MOLIHOCTb, KOTOPYIO YCTPOHCTBO MOTPEOISET NpH 3aJaHHOM HO-
MHHAJILHOM YCWIMHU. B kauecTBe orpaHMUYMBAIOIMX NapaMeTpoB OBUIH BBIENEHEI
JIBa MOKa3aTelisi: MaKCUMaJIbHOE MPEBbILLIEHUE TEMIIEPATyPbl OOMOTKH SIKOpS U Npe-
BBIIIEHHE MHAYKLMU B BHYTpeHHEM MarHuronpoBoje sikops. Ilposeas ananus no-
BEpXHOCTEH OTKJIMKA yKa3aHHbIX [1apaMeTPOB, aBTOP Npe/iaraeT NPUMEHUTh METO/
Bokca-YuncoHa (KkpyToe BOCXOXkIEHHE 10 MOBEPXHOCTH OTKIMKA Ha OCHOBE IOJI-
HOro ()akTOPHOro 3KCIEPUMEHTA), MOCKOJIbKY ONTHMAJIbHbIE 3HAYEHUS! YaCTHBIX
napaMeTpoB He COBMNAJAKOT, a CAaMHU TMOBEPXHOCTH SIBJISIFOTCS OTHOCUTEJIBHO IJIajl-
KUMH M HE UMEIOT «OBPAXKHBIX» U «XpeOTOBLIX)» JIOKALIUH.

Yersepras rinapa. B ueTB€pToil rnase npeacTraBieHbl UTOrM ONTUMHU3ALU-
OHHOTO NNPOEKTUPOBAHUS JABUraTeNs U UX nocienyowuii ananus. [ns qoctuxeHus
MOCTABIEHHON LENW aBTOP MCNONb3yeT 00OOLIEHHBIH ONTHMHU3ALMOHHbIM Mapa-
MeTp, npeobpa3ysi yacTHbIe NapameTpbl B Oe3pa3MepHbie ¢ MOMOIBIO (QyHKLMU
Xappunrrona. [Ipu noucke s3kcTpeMyMa NpUMeEHsITUCh WTpadHblie GyHKIUHU 110 1e-
perpeBy SKOpS M MPEBBILICHUIO AONMYCTUMONW WHAYKUWH B CIIMHKE BHYTPEHHETO
MarHUTONpoBOAa. YUYHTHIBasi AHCKPETHOCTh 3HAYEHUS YHCHa ClI0EB 0OMOTKH, Mpo-



BEJICHbI PACUETHBIE NOJIHbIE (PAKTOPHBIE YIKCIIEPHMEHThI H BOCXOKICHHS 110 OBEPX-
HOCTH OTKJIMKA, B pe3yjibTaTe KOTOpbIX Oblla nojyueHa 1o4Ka rjiodaabHoOro onTu-
myMa o6o0uiennoro napamerpa onTUMU3aLnK. PesyiibTarsl BLIYHCICHHH, BbINOJ-
HEHHbIE 110 AHAJTUTHYECKOH MOAeTH, ObUIM NMOATBEPAACHBI YHCICHHBIM METOIOM
MOJICJIHPOBAHHS.

[saras raasa paboTel NOCBsLIEHA pe3yabTaTaM MPAKTHYECKOH peain3alMi
W IKCTEepUMEHTANIbHBIM HCClieoBanuAM pa3paboTannoro asuraress. [lo pesysibra-
TAM MCCJIE/IOBAHMI XapaKTepPUCTHK CpoeKTHpoBaHHOro u uirotosiexnoro JIJIT
MOYKHO KOHCTaTHPOBATh, YTO OH MO OCHOBHBIM BBIXOJHBIM NapaMeTpam COOTBET-
CTBYIOT, @ 110 HEKOTOPBIM MPEBOCXOAT, AHATONH OTEHECTBEHHBIX H 3apyOekHbIX
npoussoanteneit. [To cpaBHeHHIO ¢ MPOTOTHIIOM, pa3paboTaHHblil oOpasell umeeT
Ha 35% MeHbliyl0 Maccy MOCTOSHHBIX MarHWToB, M Ha 36,5% — notpebasemyio
MOLIHOCTb NpH obecneueHnu TpedyeMoro yCHius.

Takum 06pazom, 11eJib, OCTaBlIeHHas B padoTe, aBTOPOM JAOCTHIHY Ta.

HoBu3na ueeie10BaHHil H MOJYYEHHBIX Pe3y/ibTaTOB

Hayunasn nosusna. K nanbonee cyniecTBeHHbIM H NPHHUMITHATIBHO HOBBIM
HAY4HBIM pe3yJibTaTaM, MoJy4eHHbIM B paboTe, cielyeT OTHECTH:

- MaremMaTH4ecKyl0 MoJelb JMHEHHOro aABHraress [OCTOSHHOIO TOKa
(JIATIT), yuursiBaromyo (yHKUHOHAIbHBIE COOTHOLUEHWH B OeCria3’oBOM KOH-
CTPYKUMH SIKOPSL YTOUHEHHYIO pe3yjbTaTaMH YHMCIEHHOIO MOJEIMPOBAHHA JJIeK-
TPOMArHUTHOTO U TENJI0BOrO MOJeH;

- QJITOPUTM U nporpammy ontumusanuonHoro pacyera JIIITT na ocHose me-
TOJAa KPYTOro BOCXOX/IEHHS M0 NMOBEPXHOCTU OTKJIMKA, MO3BOJIAIOLIME ONTHMH3H-
poBaTh MalLMHY MO Pa3IMYHBIM YaCTHBIM KPHTEPHAM U HX COBOKYITHOCTH.

3HAYMMOCTD /151 HAYKH H IPAKTHKH BbIBOJOB H PEKOMEH/IalHii.

Pe3ynbTarhl paboThl BHOCAT BKJIa/J| B pa3BUTHE TEOPHH U MPAKTHKH JIEKTPO-
MEXaHMKH, B YAaCTHOCTH B COBEpIIEHCTBOBAHHE JIMHEHHBIX ABHIraTesed MoCTOSH-
Horo Toka ¥ pa3Butue Teopuu JIJAIIT ¢ noCTOSHHBIMU MarHUTaMH.

OcCHOBHBIE MOJIOXKEHHUS, BHIBOABI M PEKOMEHAALMH HALUIH NPUMEHEHHE B
BHJI€ KOMITBIOTEPHBIX MOJieiel, METOUK pacueTa U peKOMEeHJalHi NpH NPOeKTH-
poBanuu ¥ u3rotosneHu JIJAIIT ¢ NOCTOSHHBIMM MarHUTaMH, YTO MOATBEPKAEHO
COOTBETCTBYIOLIMM AKTOM HCIO/B30BAHHS PE3YIbTaTOB PabOTHL.

JluccepTauuss UMeeT BHYTPEHHEE €AMHCTBO, HalMCaHa C HCIOJIb30BaHHEM
MPaBUJIBHBIX TEXHUYECKUX TEPMHHOB.

OcHoBHBIE pe3y/bTaThl AUCCepPTaLMK OMmyOinKoBaHb! B 8 neuaTHbIX paboTax,
BK/IIOYas 4 craThu B uzgaHusax no cnucky BAK, oaHo# craTey, HHAEKCHPOBAHHOMH
B 6a3e Scopus. AHanu3 nyOnuKalui aBTOpa NO3BOJIAET yTBEPKAaTh, YTO COAEpPXKa-
HHeE JAUCCEPTALIMU OTpakeHOo B HUX ¢ Tpebyemoii [Tonoxennem BAK nosnnoroii. Oc-
HOBHBIE Pe3yJIbTaThl Pa0OThI OTPAXKEHBI B H3JAHUSX, COOTBETCTBYIOLIHX PEKOMEH-
nyemomy BAK nepeunto uzganuit Ans ony6nMKoBaHus pe3yJbTaTOB KaHAWAATCKHX
aucceprauuii. Conepxanue aBropedepata COOTBETCTBYET AMCCEPTALIHH.

Crenenb 000CHOBAHHOCTH HAYYHbIX M0JI0KEeHHIi, BLIBOJIOB H PEKOMEH-
AAHH.



JlocToBepHOCTH NOJIy4eHHBbIX Pe3yJiIbTATOB MOATBEPHAAETCS UCII0/Ib30Ba-
HHEM CTPOrMX MaTEMaTHYECKMX METOOB aHaJIU3a, POBEAEHHEM IKCIIEPUMEHTAIIb-
HBIX MPOBEPOK U COMOCTABJIIEHUEM C TEOPETHUYECKHUMH U MPAKTHUYECKHMMH pe3yibTa-
TaMH, MOJyYEHHBIMH JPYTUMU HCcliefioBaTessiMU. TeopeTniyeckue ucciieqoBaHus,
npeacTaBleHHbIe B BU/I€ CTATHYECKUX M AMHAMUYECKHX MapamMeTpoB, ObLIN MpoBe-
peHbI Ha SKCTIepUMEeHTalIbHOM o0pasiie.

3ameuanns. B xozne o3HakomyieHHs ¢ paGoTOi BBIABIIEHBI ClIEAYIOLIHME 3aMe-
YaHUS:

1. B pabore couckarenb kaxaplii pa3 ccbuiaeTcss Ha TpebOBaHHMS, KOTO-
PBIM JIOJDKEH COOTBETCTBOBATh aBUAIIMOHHBIM JIMHEHHBIH JABUraTejib, HO IIPH 3TOM
NaHHple TpeOOBaHUs B IBHOM BHJE HE ChOPMYTMPOBaHbI, YTO 3aTPYAHAET OLECHKY
BBIBOJIOB O CPABHEHHE C APYTUMH TEXHUYECKUMH pelIeHHSIMH.

2. TlomMuMO MaccOBBIX XapaKTEPUCTHK MPH ONTHMHU3ALMHK U CPABHEHHSX
COMCKaTeNl0 CclefioBano Obl paccMOTpeTh BONMpOChl obecrieueHus TpeOOBaHHMHA K
aBUALMOHHBIM JIEKTPUYECKUM MallMHaM 110 BHEIIHWM BO3AEHCTBYIOIMM (aKTo-
pam (BUOpalMsAM, 31€KTPOMArHUTHOM COBMECTUMOCTH, 6€30TKa3HOCTH, HaIEXKHO-
CTH U T.1.)

3. B naToii rnaBe couckaTesib FOBOPUT O TOM, YTO Pe3yJIbTaThl HCCIIEI0-
BaHMH MOCITYXHJIM OCHOBOM Ul CHHTE3a CUCTEMBI YIIpaBJIeHHsI aBUaLIMOHHBIM JIU-
HEWHbIM JBHUraTesieM. [Ipu 3ToM He 5ICHO, MPOBOAMIUCH JIH UCCIIEOBAHKS B JIHC-
CepTaly ¥ CPaBHEHUE C aHAJIOraMH C Y4eTOM CUCTeMbl yIpaBiieHusi, B3aUMOBIIHs-
HUSA CUCTEMBI yIIPABJIEHUS U HCCIIEyeMOro JIMHEHHOro ABUraTes.

4. B pabore no4tu He yJeneHO BHUMaHHe pacyeTy U UCCIEeNOBaHUIO AU-
HaMHYECKUX IapaMeTpoB JBUTraTess, KOTOpPhle, OUEBUAHO, UIPAIOT BAXKHYIO POJIb
JUIsl CHHTE3a CUCTEMBI YIpaBJIeHHUS.

5.  Bo BTOpo#i r11aBe IIpH CPaBHEHUHU Pe3yJIbTATOB PACUETOB IO TETLUIOBOM
cXeMe 3aMeIleHHs U MEeTONy KOHEUHBIX 3eMEHTOB C TOTyYeHHBIMH B 9KCTIepHU-
menre npu 20°C (293K) pesysnsratamu, 661 nposené nepepacuér ua 40°C (313K)
0e3 060CHOBaHMS KOPPEKTHOCTU 3TOH OMNepalyy, YTO CTABUT MOJ BOMpoc 06 ajiek-
BaTHOCTH pPac4yETOB.

6. B ueTBEpTON IN1aBe NpH BBIOOpE 3HAYEHUI BECOBBIX KO3(D(MHUIHMEHTOB
MPUHATO, YTO OHU PAaBHO3HAYHEI U paBHEI 1. B 3TOM ciiyyae TepsieTcst CMBICI BBEie-
HUSI BECOBBIX K03()()HULIHEHTOB.

75 Pucynok 1.11 B auccepranuu nosTopsercs Heckonbko pas (Puc.2.3,
puc.2.4).
8. B nuccepraumu umeroTcs opdorpaduueckude, rpamMmaTH4ecKue
OLIMOKH.
3akirouenue

Yxa3aHHble 3aMeYaHusl HE CHUXKAIOT LIEHHOCTH BBIMOJIHEHHOW paboThl. B 1e-
nioM aucceprauus Paruesa S.A. npencTaBiseT 3aKOHYEHHYO Hay4YHO-KBalH(UKa-
LIHOHHYIO paboTy, B KOTOPOH Ha OCHOBaHHH BBINOJHEHHBIX aBTOPOM HCCIIe0BaHUH
CONEPXKUTCS pellieHHe HayYHOH 3a/1auk, MMEIOIeH BaXXHOe 3HAYEHUe ISl dIeKTPO-
TEXHHUYECKUX KOMIIJIEKCOB H CUCTEM, U COOTBETCTBYeT TpeGosanusim 1.9 [Monoxe-



HHSl O IPHCYXKIEHUH YHEHbIX CTeNeHeil, npeaAbsBiaseMbIM K KaHHIaTCKON Auccep-
TaluK B 001acTH TeXHHUECKHX Hayk, a Parues Spocnas AniekceeBuY 3acily)KuBaeT
NPUCYXKAEHHS eMYy YUEHOMH CTEeNeHH KaHIulaTa TeXHHYECKUX HayK I10 ClieluanbHO-
cTH 2.4.2 — «DNeKTPOTEXHUUYECKHE KOMIIEKChI U CHCTEMBI».
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