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Ha npaBax pykonucu
Xadwnzos 'neb Tarmposny
BEKTOPHOE YMNPABJIEHWUE BEHTU/1bHbIM 2NEKTPOMPVUBOAOM c perynnpoBaHWeM yrna KoMMyTaumm
CneuvanbHocTb 05.09.03 — «2NeKTpoTEXHUYECKME KOMMJIEKChI U CUCTEMbI>
ABTOPE®EPAT
AvccepTaumMn Ha COMCKaHne YYeHOM CcTeneHu
KaHanzaTa TEXHUYECKUX HayK
YensbuHck - 2017
PaboTa BbiImonHEHa Ha Kadeapax 3/EKTPOMEXaHUKWN U 3/1eKTPOMEXAHUYECKUX CUCTEM U NeTaTeNbHbIX annapaTtoB HOXXHO-YpanbCkoro rocyAapCTBEHHOr0 YHUBepcuTeTa.
HayuHbIli pykoBoaMTENb —
[OKTOP TEXHMYECKMX HayK, npodeccop
BopoHuH Ceprewi 'puropbesumy.
OdunumnanbHble ONMNOHEHTbI:
OOKTOP TEXHUYECKMX HayK, npodeccop
Myranvmos Pud Mapudosuny;
KaHAMAaT TEeXHUYECKUX Hayk, npodeccop
Haranues Banepwuii iBaHoBUY
Beaywiee npeanpuatmne -
QdefepanbHOEe rocyJapCTBEHHOE aBTOHOMHOe 0b6pas3oBaTenibHOe YyupeXxAeHue Bbicwero obpasoBaHusi <«HauuMoHanbHbIM UccieaoBaTeNbCKUIE  TOMCKMI  MOAUTEXHUYECKN A
YHVUBEpPCUTET>.
3awuTa coctomuTtesa _ _ Ha 3acefaHunu amccepTtaumoHHoro coeeta [212.298.05 npu HOXxHO-YpanbCKOM rocyAapCTBEHHOM YHUBeEpcUTETE
(KOYpIY) no agpecy: 454080, r. YenabuHck, np. uMm. B.W. JleHnHa, 76.

r., B __ 4acos, B ayA. ____
C anccepraumen MoOXHO 03HaKOMUTLCS B 6ubnnoteke OYplY, c aBTopedepatom — Ha oduLmnansHOM canTe OYpl'Y www.susu.ac.ru.

ABTOpedepaT pasocnaH «__» ______ _____T.

OT3bIBbl HA aBTOpedepaT B ABYX dK3eMMspax, 3aBepeHHbIX NeyaTblo YUYpeXxaeHus, NpocuM HanpasnsaTb no agpecy: 454080, r. YensabuHck, np. uMm. B.U. JleHnHa, 76, ra. kopnyc,
YueHbi# coseT KOYpIY, Ten./dakc: (351) 267-91-72,

YueHbIn cekpeTapb

AVccepTauLMoHHOro coBeTa

[OKTOP TEXHMYECKMX HayK, npodeccop

M.A. Tpuropbes

OBLLASA XAPAKTEPUCTUKA PABOTHI

AKTYyanbHOCTb paboTbl. BeHTWnbHbLIN 3nekTponpusos (B3IM) HaxoauT Bce 6onbluee NpUMEHEHWE B pas/UUHbIX cdepax AeAaTenbHOCTM 4enoBeka. OH MpUMeHseTcs W B
CTpouTenbCTBe (Hanpumep, NpMBOAblI CUOBbIX YCTaHOBOK 6€TOHOHACOCOB, MOLWHOCTLIO A0 150 KBT), n B pa3nnMuHbix npom3sBoacTBax (MpMBoAa 3anOPHOW apMaTypbl, MOLLHOCTbIO A0
5 kBT), n B MeanumHe (NpuBoAbl CUCTEM BEHTUNALMM NErKMX, MOLHOCTbIO A0 1 KBT), 1 B 66ITOBON M 060POHHON TeXHUKe (NpUBOAbI CTapTep-reHepaTopoB, MOLWHOCTbIO A0 1 MBT),
M T.4.. Moa B3N NpUMHATO NOHMMaTb BEHTU/IbHbIA 31EKTPONPUBOL, UCNOMb3YIOWNIA B KaYeCcTBe 3/1eKTPoMexaHn4yeckoro npeobpasosatensa (OMIMN) - CMHXPOHHbIN 3N1eKTPoABUraTeNb C
BO36y>XAEHMEM OT MOCTOSAHHbIX MarHuToB. C Kaxaor HoBoW obnacTbto NpumMeHeHmns K BIIN npeabaBnaoT Bce 6bonee xectkne TpeboBaHus:

- CHMXXEHWEe CTOMMOCTM BCEro NPMBOAA U €r0 KOMMIEKTYOLWMX;

- paclimMpeHune ananasoHa perynmpoBaHus;

- MOBbILWEHNE KayecTBa ynpaBieHus;

- MOBbILWEHNE SHEPreTUYECKON SKOHOMUYHOCTH;

- MOBbILWEHNE HAAEXHOCTN He TOIbKO BHOBb CO3aBaeMblX, HO U YK€ HaxoAsLWwmMXcs B 3KCryaTaunm 31eKTponpuBoAOB. ;

Cnucok TpeboBaHMin NPOAO/IKAET paclnpATbCA, @ TpeboBaHMS K 3HaUeHUAM MoKasaTenen — yXecrodaTbcs.
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B aTnx ycnosus Bo3HUKIa notpebHocTb 6onee rnybokoro aHanmsa npoueccos B B3N ¢ uenbo nomcka onTUManbHbIX NyTEN yAOBAETBOPEHUS pacTywmx TpeboBaHui. B yactHoCTH,
N3BECTHble Crnocobbl yBENMYEHUS AManasoHa perysvMpoBaHMs 4acToOTbl BpalleHWMs He MO3BOMST MONy4YuTb Tpebyemblit pe3ynbTaT. M3BecTHble MeToAbl OLEHKW HaAeXHOCTU
TEXHUYECKNX CUCTEM HE MO3BOMSIOT OLUEHUTb HaAEXHOCTb BIlN B yC/ioBMAX OAHOBPEMEHHOMO BO3AENCTBUSA pa3spyLlarowmx (akTopoB pa3Hon du3snyveckon npupogel. Ncnonblyemblie
OVHaMUyeckme mMaTemaTuyeckme MoAenn AaloT OWyTUMYIO MOrpelHOCTb onpeaeneHns YMCNeHHbIX nokasaTtenen npu pabote B3I Ha BbICOKMX W CyLLECTBEHHO MasblX YacToTax
BpaLleHus.

NccnepoBaHusM BIMN nocBsiLeHO MHOro paboT pasfiMyHbiX aBTOpoB. B obnactn cosgaHus anropMTMOB pacyeTa U MCMNoSIb30BaHUS UX B UCCIeA0BaHUAX MOXHO BblaenmTb paboTbl B.A.
HeraHoBa, f. Typosckoro, 2.A. MeepoBu4a, b.3. Meneposunuya, A.B. MBaHoBa-CMoneHckoro, P.A. JlioTepa. [MpakTuyeckn BCe aBTOPbl, 3aHMMaloOWMeECs aHaJM30M M pPacyeToM
3/1eKTPOMarHUTHbIX noneri B 3MM, 3anucbiBatoT anddepeHuManbHble ypaBHEHUS B WHepuUManbHOW cucTeme oTcdeta. Ho 3To gomycTMMo nuwb Ansl yCTaHOBUBLUErocs W
KBa3WyCTaHOBMBLUErocs pexxunmoB paboTel DMIM. OnmncaHne NpoLeccoB B AMHAMUUECKMX pexumax TpebyeT 6onee o60bLeHHOro noaxoaa M MCNonb30BaHMS MHbIX CUCTEM OTCYeTa.
KoppeKTHbIV aHanu3, 31eKTPOMarHMTHbIX NPOLLECCOB B ANHAMUUECKNX PeXUMax ABSETCS BaXXHbIM M HEOTBPATMMbIM 3TANOM aHann3a BEHTU/IbHbIX 3/1EKTPOMNpPUBOAOB.

Cpeay aBTOpPOB, 3aHMMAKLWMXCA BOMPOCaMM OMTUManbHOro ynpasneHns B3I, MOXHO HasaTb cneaytowmnx ydeHbix: C.I. BopoHuH, [.A. KypHocoB, A.C. KynbMmyxameTtoBa, A.b.
BuHorpagos, A.C. AHyunH, B.®. Camoceriko. Cpeaun 3apybexHbix aBTOpoB Bblaensetrcs Tomac A. Jluno. K coxaneHunto, ux nccnegoBaHmMsMmM oXBavyeHbl He BCE MPaKTUYECKN BaXKHble
pexuMbl paboTbl B3M. Kpome Toro, Anst BbINOIHEHMS NMOCTOSIHHO BO3HWKAKOLWMX HOBbIX TPeboBaHWUI NPUXOAMTCS UCMONb30BaTb U HOBbIE, ellle He U3YyYeHHble PeXUMbl yrnpaBieHus.
B yactHocTuM, cnabo nayyveH pexnM BEKTOPHOrO yrnpaBfieHUs C peryMpoBaHuUeEM yria KOMMyTauum.

Bonpocam npyMeHeHUs n cuHTe3a GUNbTPOB OLEeHMBaHMS NocesiweHbl paboTel A.A. Kpacosckoro. B aTom HanpasneHun pabotanu u B.C. Bynbirnd, M.®. PocuH, 3.M. Cenax, Ox. J1.
Menc, A. M'pon n ap. Yauwe Bcero 601bLWMHCTBO aBTOPOB BblGMPatOT roTOBbIV DUNLTP, KOTOPbIA MOXET 0Ka3aTbCs HEMOAXOASALWMM AN1s TUMna ypaBHEHU MaTeMaTU4ecKon moaenu,
MCNonb3yemMon anst onmcanms BOM. B 3Ton CBA3M BO3HMKIA 3a4aya co3haHmsa Hanbonee noaxoasuwero dunbTpa oLeHMBaHMA NMPUMEHUTENBHO K 3ag4ade MoaennpoBaHus B3l u ero
cucreMbl umdposon 06paboTkun ynpasnsoLlen MHbopMaL@u.

B TexHuyeckon nutepatype MMeITCA CBEeAEHUS MO OLEHKe HaAeXHOCTM B3l B yCnoBMAX HeraTMBHbLIX UMMYJbCHbIX BO3AENCTBMI. 3TO, Hanpumep, pabotel: [.A KypHocosa , A.A.
Koukaposa, .. ManuHeukoro, A.U. MNeppote, J1.M. JleoHTbeBa. Bce aBTOpbl paccMaTpuBalOT Cyyai, koraa Ha B3I npuxoaMT ogHO NMMB0 HECKONbKO UMMY/bCHbIX BO34ENCTBUM
0AHOW pur3nyeckor Npupoapl. Ha NpakTuKe e COBOKYMHOCTb BHELWHUX BO3AENCTBUIA Ha B3l nMeeT pasnnyHyio pursmyeckyto npupoay. Bonpoc oueHkn HagexHocTn paboTel B3N B
TaKUX YCOBUSIX NMOKa OCTAaeTCs HEeN3yYeHHbIM.

TaknM 06pa3oM, OCTaeTCs akTyallbHOM HEOBX0AMMOCTb peLleHns Ceayowmnx BONpPoCcoB Hay4YHOro nccnegosanmsa BIM:

- MOCTPOeHMEe ANHAMUYECKOW MOAENN U YTOUHEHWE aNrOPUTMOB pacyeTa 3/1eKTPOMarHMTHbIX NMPOLECcCOoB B AMHAMUYECKUX pexurMax paboTsl BIM;

- MOUCK N aHann3 ONTUMasbHbIX PeXWMOB ynpasneHus BIM, no3BonswWmMX ynyylnTe AMHAMMYECKMe nokasaTenu, paclmpuTb AManasoH peryMpoBaHuMs YacToTbl BpalleHus u
BpaLlatolero MoMeHTa, noeblcnTb KM 1 aHepreTnyeckyto 3pdeKTUBHOCTb;

- MOCTPOEHME OLEHMBAOLLNX YCTPONCTB W CO3a4aHMe anroputMoB paboTbl nporpammHoro AMP;

- MOWCK NYTeN CHUXEHUA CTOMMOCTU U MOBbIWEHNSA HageXHocTn BIM;

- pa3BUTME METOAOB OLLEHKN HaAEXHOCTU B YC/IOBUSX KOMIMIEKCHOrO BO3AENCTBUS BHELWHNX aKTOPOB pasiM4yHON duU3nMyeckon npupoasbl.

Ha ocHoBaHWM Bcero BbllE WM3MOXEHHOro uenbko paboTbl sABnseTcs: PasBuTne Teopuu BEHTUIBHOIO 3JIEKTPOMPMBOAA B YacTM: aHanm3a 3J1EKTPOMArHUTHbIX MPOLLEeCCOB B
OVHAMUYECKMX pexuMmax; pacliMpeHusl AvanasoHa perynMpoBaHMsl BbIXOAHbIX KOOPAMHAT; MOBbILWEHUS YHEpreTUyYeckux nokasaTenen; Co34aHus anropuTMOB BblUYMCIEHUS
NMOSIOXKEHUS poTopa MO KOCBEHHbIM AaHHbIM; METOAMKW MPOEeKTUPOBaHWUS MpMBOAA C MPOrpaMMHbIM AATUYMKOM MOJIOXKEHMS poTopa; Moucka nyTen obecrnieyeHUs 3aAaHHbIX
nokasartefiell HaieXXHOCTK NpuBoAa.

[Ons AOCTUXKEHUA NMOCTaBIEHHOW Lenn HeobxoaMMo 6b1N0 pelnTb creayoune 3agayun:

1. MpoBecTn aHanM3 U3BECTHbIX METOAMK pacyeTa 3/IeKTPOMarHMTHbIX MOMel B BEHTUI/IbHbIX ABUraTensax npyv AMHaAMUYECKUX peXUuMax; BbisiBUTb Haubonee obuime CBA3M MexXAay
3MEeKTPOANHAMUYECKUMN BEMYMHAMMU M MapaMeTpaMu B pas3HbiX CUCTEMax OTcYeTa BeHTUNbHOro asuratens (B[); NocTpouTb anropMTM pacdeTa M aHanu3a KapTUHbI
3N1eKTPOMarH1THbIX nonei MM Npu NpPoM3BOSIbHOM ABMXEHUW POTOpa; AaTb UHXXEHEPHbIE BblpaXXeHWsl, peKOMeHAauMn U METOANKWN ANsi NPUMEHEeHMs pa3paboTaHHOro anropmMTMma.
2. MNpoaHanu3npoBaTb M3BECTHble Crnocobbl U cpeacTBa ynpasneHus B3I npuMeHsieMble ANa pacliMpeHUs AvanasoHa peryMpoBaHWMs BbIXOAHbIX KOOPAMHAT W MOBbIWEHUSA
SHepreTUyecknx rnokasatenen, 1 HaMTU B HUX OrpaHUYEHUS U HeaoCTaTKU, B TOM YMCie OTCYTCTBUE perynMpoBaHms yrna KoMmmyTaumun. MonyynTb aHanMTUUecKne BblpaXkeHnsa ans
3HA4YeHWUI yrna KoMMyTauum, onTUManbHble ANS pa3HbiX pexnmos pabotbl BIMM.

3. Pa3zpaboTaTb UMdPOBYD CUCTEMY MPOrPaMMHOIO OnpeaeneHus YrioBoro nosoxeHus potopa Ml Ha 6a3e NpeanoXeHHOW AMHAMUYECKOW MOAENN 3N1IeKTPOMarHUTHBLIX MpPoL,eccoB
B HEM, CO3AaTb CTPYKTypy HabnioaaTens, UCcrnonb3yowero BO3MOXHOCTM oueHuBaowmx ¢dunbTpos (OP), NpeanoxunTb peanmsaumio HennmHenHoro Od.

4. OueHUTb BO3MOXHOCTU MOAM(UKALNUN U3BECTHbIE MOAEM B TEOPUM HaZexXHOCTU B3I c uenbk yyeTa BO3AEWCTBMW pasHOM MpUpoabl; MpoM3BecTn BbiGOp MaTeMaTn4yeckoro
annapata Ana pacliMpeHnst BO3MOXHOCTEN CyLLeCTBYKLWEN MOAeNnu; CUHTEe3MpoBaTb HOBYK MaTeMaTUMyecKyto Mogenb HaAeXHocTn B3I u npoBecT €€ MOnHbIA aHanus;
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nepeyncnnTb eé BO3MOXXHOCTU U paMKWU MPUMEHEHUS; AaTb NpaKTUYecKMe peKoMeHAaunmn Ansi NpUMEHEHUI0 AaHHOW Moaenu.
O6bekT uccnenoBaHmsa. B paborte mccneayetcss BEHTUbHbLIN 3/1EKTPONPUBOL C BEKTOPHbLIM yMNpaBfieHNEM U LM@POBbIM MPOrpaMMHbIM YCTPOMCTBOM BbIYMCIEHUS MH@OPMaUUK O
TEKYLLEM Yr/IOBOM MOJIOXKEHUUN POTOPa M O YACTOTE BpaLLeHUs.

MeToabl wccnepoBaHus. [ns peweHMs MNOCTaBfeHHbIX 3adad WCMOo/b30BajiIMCb TEOPETUYECKME W 3MMMPUYECKMEe MeToabl wuccnepoBaHus. WccneposaHust 6asupytoTcss Ha
dyHAaMeHTanbHbIX pasfenax @U3nKu, 31eKTPOTEXHUKWM 3NEKTPOAMHAMUKKN; obllein Teopuu OTHOCUTENbHOCTU; MexXaHUKW. Mcnonb3oBaHbl MeTOAbl CTAaTUCTUKM U Teopuu
HaZEeXHOCTU, a TaKXXe MeToAbl MaTeMaTUYeCKOro MoAeMpPOBaHUS C MPUMEHEHUEM BbIYNCANTENBHbBIX NakeToB Vissim.

O60CHOBaHHOCTb M AOCTOBEPHOCTb Hay4YHbIX MOJIOXXEHWUI U BbIBOAOB NMOATBEPXAAETCA CEAYHOLUM:

- MpUM MaTeMaTUYECKOM OMUCaHUM W MoZennpoBaHuu SMI1 ucnonb30oBaHbl Ob6WENnpUHATbIE AOMYLEHUS, CrpaBed/IMBOCTb KOTOPbIX MOATBEPXAEHA W TEOPETUYECKUMMU
nccneaoBaHUAMU, U NPakTUYeCcKnMK paspaboTkamu;

- aAeKBaTHOCTb UCMOJIb3yeMblX MaTeMaTU4eCKUX MoAenen, AOCTOBEPHOCTb MOJyYEHHbIX Pe3ynbTaTOB MOAEMPOBAHUSA U TEOPETUYECKUX BbIBOAOB MOATBEPXAEHbI MOSYyYEHHbIMU
aBTOPOM 3KCMepuMeHTaNbHbIMU AAHHbIMU.

- OCHOBHble MOJIOXKEHUSA Aucceptaunm 06CyXAeHbl Ha HAayYHO-TEXHUYECKUX KOHMEpPeHUMAX Ppas/IMYyHOr0 YpPOBHS, ONybnMKoBaHbl B MeyaTtw, B TOM 4UUCiIe B W3[AHUSX,
peKoMeHAoBaHHbIX BAK, n nonyunnm ogobpeHune cneumanmcros.

Hayu4Hoe 3Ha4deHune paboTbl:

Pa3BuTNE N OOMONHEHME TEOPUM, NMPAKTUKN, MPOEKTUPOBAHWUSA, aHanM3a U HageXHocTu B3I B yacTu: aHanM3a 31eKTPOMarHUTHbIX MPOLLECCOB NMpU AMHAMUYECKUX pexumax DM,
obecneyeHns 3agaHHOM HagexHoctu B3I, pacwwmpeHus avanasoHa perynvMpoBaHUS BbIXOAHbIX KOOPAMHAT, MOBbiWeHUs 3hMdOEKTUBHOCTM U 3HEpreTMyeckMx MokasaTtenen,
NnpoeKkTMpoBaHme 1 anpobaunsa HeNMMHENHbIX GUNbTPOB OLEeHMBaHUS Ana 6e3aaTunkosbix BIM.

Hay4yHble NoNoXeHns BbIHOCMMbIE Ha 3alUKnTY:

- METOA WM anropuTM pacyeTa KapTUHbI 3/1IeKTPOMarHUTHbIX nonei Bl npy Npov3BONbHOM ABMXXEHWUM poTopa.

- MoMHas 1 ynpolweHHas MaTeMaTMyeckas Moaesb oueHuBarwero duabTpa Ans NporpaMMHOro AaTymKa NosioXXEeHMst poTopa, MCNob3yoLWas MeToA NHBAPUAHTHOMO NMOrpy>XeHuns.

- aHaNMTUYECKNE BblpaXKeHUs A1 BblYMCIIEHUSA 3HAYEHUI yria KOMMyTaLMKW, ONTUMabHbIX MO Pas/IMYHbIM KPUTEPUSIM ONTUMU3ALUN.

- MoAesnb HazaexHocTu B3l pacnpocTpaHeHus Mo cMcTeMe pasHOTUIMHBIX MMMNYbCHbIX BO3AENCTBUIA M €€ npakTnyeckas peanvsauuns.

Hay4yHast HoBU3Ha paboTbl 3aK/OYaAETCS B CrieaytoweM:

- BNepBble NpeasioXeH MeToA, MO3BOoMsloWMe MNoyyaTb COOTHOLIEHWS MeXAY 3NeKTPOAMHAMUMUYEeCKMMU BeMYMHaMU M napaMeTpamm B MPOM3BOSIbHO ABMXKYLLMXCS CUCTeMax
oTcyeTa.

- laHa MeToaMKa No Bblbopy dunbTpa oLeHnBaHWUS AN NOCTpoeHmst 6e34aTYMKOBOro BEHTU/IbHOMO 3/1EKTPONpUBOAA.

- BMepBble MNojlyyeH GUIbTP MHBAPUAHTHOrO MOrPYXEHWS TMOHMXKEHHOr0o MOopsiika, KOTOpbI/ MO3BONSET MoflyyYaTbh OLEHMBaeMble 3HA4YeHUs HeHabnoaaeMblX MexaHWUYecKUX
BEJ/IMYMH, TAaKNX KaK CKOPOCTb, MOMEHT, Yrofl MOBOpOTa poTopa BEHTU/IbHOIO ABUraTess NyTeM Noy4YeHns UX n3s dasHblX TOKOB.

- NpefAsioXeHbl YTOYHEHHbIE BblpaXXeHUs AN BblYMCIIEHUS 3HAYEHWI yriia KOMMyTauMu, OoNTUMabHbIX MO pa3fIMyHbIM KPUTEPUAM, HarnpuMep, MakCMMyMa Bpallatollero MOMeHTa,
MWHMMYMa NOTEPb U T.M.;

- CMHTE3MpoBaHa MoAenb HaaeXHoCTU B[] pacnpocTpaHeHWs MO cUCTeMe PasHOTUMHbIX MMMYbCHbIX BO3AENCTBMI, MO3BONSOWAS YYMTbIBaTb CUTyauMW, KOraa Ha UCMbITyeMyto
CUCTEMY MPUXOAAT paspyLIUTeNbHbIE BO3AEACTBMSA Pa3HOW Npupoabl.

MpakTnyeckoe 3HavyeHMe paboTbl 3aKNOYAETCA B ClleyoLWeM:

- BbIBEZIEHHbIE CBA3U MeXAYy 3/IEKTPOANHAMUYECKMMM BENMUYMHAMM M NapaMeTpaMu B pasHbiX cucTeMax otcyeTa B[l no3BOAAT BbINTM Ha HOBbIA YPOBEHb TOYHOCTU MPU YUCIEHHbIX
pacyeTax Mnonsi u aHanvM3e BEHTU/bHbIX ABUraTenel; AaHbl NpakTuyeckne pekoMeHaaumnm UCrnonb3oBaHms v NpUMMeHeHUs BbiBeAEHHbIX COOTHOLWEHUN.

- WCNOJSIb30BaHWE MPeAsIOKEHHbIX OLEHMBaWMX (GUIbLTPOB MO3BONASET CTPOUTb CUCTEMbl MporpamMMHbiX AMP, oTanyatowmecs MOHMXEHHOW CTOMMOCTbIO MpY MOBbILEHHOW
TOYHOCTU U HAZAEXHOCTU.

- CMHTE3MpPOBaHHbIe BbipaXeHNsa AN ONTUMasbHbIX Yr/10B KOMMyTauun B[], NO3BONAOT peanv3oBaTh cfeayolne pexnmsl pabotsl B3MN: MakcMManbHOM CKOPOCTU, MakCMManibHOWN
CKOPOCTM XOJIOCTOrO X043, MaKCMMaslbHOrO 3/1eKTPOMarHMTHONO MOMEHTa, MUHMMYMa aKTUBHbIX MOTEPb, MUHUMYMa pPeaKTUBHbIX MOTEPb, MUHMMYMaA MOJIHbIX MOTEPb U T.4.

- paspaboTaHHasi MoAeNb pacnpocTpaHeHns no cucteme BIIM pasHOTUMHbLIX MMMYAbCHbIX BO3AENCTBUI, MO3BOMASET CTPYKTYpPUpPOBaTb MMMY/bCHbIE BO3AENCTBUS M paccMaTpuBaTth
pacnpocTpaHeHMe BO34ENCTBUS B CBOEN NpMpoae, HO U yCTaHaBIMBATb KOPPENSALUMOHHbIE CBSA3W Mexay oprpadamMn OgHOM CUCTEMbl HO Pa3HOM MpuUpoabl.

PaboTa BbiMonHsnacb MpU (WHaHCOBOM nopaepxke MuHuUcTepcTBa 0bpa3oBaHUs M Hayku Poccuiickor ®epepaumm B pamMkax CorialleHust 0 npefocraBfieHuMm cybcumamm N2
4.577.21.0154 ot 28 Hos16pa 2014 roga ( YHuMKanbHbIN naeHTudukaTop cornaweHns RFMEFI57714X0154)
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Peanusauwns pesynbtaTtoB paboTbl. CpoeKTUpPOBaHHbIM OLLeHMUBAOLWNIA GUILTP peann3oBaH Ha KCNEePMMEHTaNbHOM KOMMJIEKTE U ABUraTesie NpMBoAa NCKYCCTBEHHOW BEHTUNALMMU
nerknx Ab-72_40_1000. Ha 6a3e npomssoactBa OO0 "3eneHast aHeprusa" 6blna BHeApeHa CMCTEMA perynstopa yria KoOMMyTauuu. 3a CYET KOppeKLMU HOMWUHANIbHbIA MOMEHT
npueoga 6etoHoHacoca PC 907/612 nosbicunca Ha 80 Hm , uTo coctasnseT npumepHo 10%. Ha 6a3e npeanpusatusa CKB TypbuHa 6bin BHeapeH perynsTop yrfiia KomMmyTtauuu. 3a
CYeT KoppeKuMKn 6blna noBbiLLEHA CKOPOCTb X0NI0CTOro XoAa TypboreHepaTopa ¢ 30000 go 40000 06/MUH M YMEHbLUEHO BPEMSI pasroHa Ha NATb CeKyHJA, YTO COCTaBNASET NPUMEPHO
30%.

Anpobaumns paboTbl. OCHOBHbIE NONOXEHNS ANCCEPTALMOHHOM paboTbl AONOXKEHbI N 06CYXAEHbl HA KOHMepeHLMaX:

- VIII MexAyHapoAHON MOSIOAEXHON HayyHOW KoHdepeHUMN "TuHUypuHckne yteHns" (r. Kasanb 2013 r.)

- XXXIV Bcepoccnimnckorn KoHdepeHLumn nocesweHHon 90-neTmio co gHA poxaeHus akagemuka B.MN. Makeesa "Hayka n texHonorun" (r. Mmacc 2014 r.)

- LXVI Hay4yHOl KOHdepeHunn npodeccopcko-npenogaBaTenlbCKkoro coctaBa cekumn "TexHunueckmnx Hayk" (r. YenabuHck 2014 r.)

- LIII MexAayHapoaHOM HayyHoW KoHdepeHunn MHCK-2015 "MexaTpoHuka 1 asTomatmsaums” (r. Hosocmbupck 2015 r.)

- Hay4HO-TEXHWUYECKOM BbICTaBKE TBopYyecTBa Mosogexu (HTTM) msobpetatenei, paunoHanM3aToOpoB, KOHCTpykTopoB "EBpasuiickme BopoTa Poccum - Lar B 6yayuiee" (r.
YensbuHck 2015 r.)

Mybnnkauumn. Mo Teme ancceptaunmoHHON paboTbl onybAnMkKoBaHO 7 mevaTHbiX paboT, n3 Hux 3 paboTbl onyb6nnkoBaHbl B U34aHMSAX, peKoMeHAoBaHHbIX BAK, 1 cBMAaeTenscrBo o
rocyZ1lapCTBEHHOW perucrpaumm nporpamm ans 3BM.

CTpykTypa 1 obbeM AanccepTaumoHHON paboTbl. JuccepTaumsi COCTOUT U3 BBEAEHWS, MSATU FNaB OCHOBHOrO TekcTa o6beMoM 236 CTpaHWL, 3aK/It0YeHUs, CnMcka MTepaTypbl U3
6onee 200 HauMeHOBaHWUI, TPUHAAUATU NpunoxeHnn. O6wmnin obbem ancceptaummn 323 cTpaHuubl, BkaoYas 346 ¢opmyn, 58 pucyHkos 1 10 Tabnuu,.

COAEPXAHUE PABOTDI

Bo BBeAeHWM 06OCHOBaHa akTyalbHOCTb TEMbl W MOCTaBfieHa uenb paboTbl, onpeaeneHbl 06bEKT U MpeaMeT MCCNefoBaHWs, BblAeNeHbl 3a4ayn Heobxoanmble ANS AOCTUXKEHUS
Lenn, nokasaHbl Hay4yHast HOBM3Ha M NpaKTuyeckas 3Ha4MMocCTb paboThbl.

B nepeoli rnase «CocTrosiHue Bonpoca» nccneaoBaHbl U MpoaHanM3npoBaHbl BOMPOCkl BEHTU/IBHOIO NpMBOAA, YNpaBneHuns, HabnaeHna 1 ero HaaeXHoCTH.

CrpykTypHas cxema B3I, obbluyHO BKtoYaeT B ceba nonynposoaHukoBbl komMmyTaTop (MK), anekTpomexaHmyeckmii npeobpasosatens (3MM) n aatunk nonoxeHus potopa (AMP).
OpHako, B aaHHOM paboTe, Mbl byaeM paccMaTpmBaTb (hyHKLMOHaNbHYO cxeMy 6e3gaTumkosoro BIM:

PucyHok 1 - ®yHKUMOHaNbHble cxeMbl BII

Ha pucyHke N21: A) knaccmyeckas cxema Bll; B) cxema B/l ¢ perynmpoBaHmeM no yriy KoMMmyTauun. BeeaeHbl cneaytowme obosHaveHms: PYK - perynstop yrina kommyTtauum ; OTuH
- AaTumK PasHbIX TOKOB U HanpsxeHuh ; OD - oueHuBaowmn dunbTp. besgatumkoBasa cxema obnagaeT ABYMS CyLLECTBEHHbIMWU AOCTOMHCTBAMM Mo cpaBHeHuo ¢ B3N c AMP: oHa
MoXeT paboTaTb B 6e3aaTunkosoM pexunme; OD No3BONSET NOMNyYaTb 3HAYEHUS TakKMX HeHabnoJaeMbiX BEMUYNH Kak MOMEHT COMPOTUBIIEHUS , YTON U CKOPOCTb MOBOPOTa poTopa ,,
B YC/IOBUSAX MOMEX.

Bce maTemaTnuyeckne mogenun BJl, ocHoBaHbl Ha ypaBHeHUAX Makcsenna. Mpu pacyete KapTUHbI 31eKTpoMarHuTHoro (M) nons, HeobxoaAnMMo paccMaTpuBaThb NOMSA NpUHaAIexalme
pasnnyHbIM NOABUXHbLIM YacTam SMI, B 04HON cucTeMe oTcyeTa, CBA3aHHOW € kakoin nmbo yacteio SMM BA. Moa cuctemamm otcyeta (CO) NPUHATO NOHMMATb - COBOKYMHOCTb Tena
oTcyeTa, CBSA3aHHOW C HMM cucteMbl koopauHaTt ( CK) m cucrembl OTCYeTa BpeMeHW, MO OTHOLEHMUIO K KOTOPbIM paccMaTpuBaeTCA ABMXKEHMe Kakux-nmbo Ten. Wctopuuecku
CNOXWOCh Tak, YTo Npu pacyete DM nonen, TpeboBannCb BbICOKME BblUNCAUTENbHbIE PECYPCbl, U B METOAMKE pacdeTa 3aKkpenuaacb 0CO6eHHOCTb: pacyeT BefdeTcs no ¢gopmynam
BblBEAEHHbIM AN MOCTOSAHHOW CKOPOCTU BpaLLeHNsa nnn ABnxeHus skops SMM. U yxe B 3TV 3HauyeHus, He NpaBOMEPHO BBOAST MTHOBEHHOE 3HaYeHWe CKOPOCTU ABUXEHUS SKOps
SMI 1 Npou3BOAST pacyeT. B cBA3WM C pOCTOM AOCTYMHbIX BbIYMCINTENBbHBIX MOLLHOCTEN, CTana akTyanbHa 3agaadya o opManusauunm npoueaypbl pacdeta DM nons npu npovssBosibHO
ABMXYLMXCA vacTax DMIM n coctasBneHMn NoapobHOro anropuTMa NpUMEHeHMa npoueaypbl. Bca cnoxHocTb dopmannsaumm npoueaypbl 3ak/lo4aeTcs B onpeaeneHnn 3/1eMeHToB
MaTpuubl IKobu nepepacyeTa BenmunH n3s ogHon CO B gpyryto CO, ABMXKYLLYKOCS MO NPOM3BOSIbHOMY 3aKOHY.

Be3spaTumMkoBoe BeKTOpHOe ynpasneHne BOIM nogpasyMeBaeT cobon, CNOXHYIO 3aMKHYTY cuctemy (puc.16), koTopas MOXeT BbIMOMHATbL 3a4a4n NO3MLMOHUPOBaHNUSA, NoAAEPXKaHUSA
CKOpOCTM, 334aHHOr0 MOMEHTa, nnn apyrve. CMHTE3 BEKTOPHOro ynpasneHus, Ans CMCTeM C JaTYMKAMU - XOpPOLO NpopaboTaHHbIN BOMPOC, OAHAKO CMHTE3 6e34aTUMKOBbIX CUCTEM
BEKTOPHOro ynpasneHus B, aBnseTca OTKPbITbIM M KpalriHe BaXXHbIM BONMpPOCcOoM. B3I onwucbiBaeTcs HennHenHon cuctemoin anddepeHumnanbHbiX ypaBHeHW. [nga cnHTesa OO
BeMUnH B3I, ncnonb3yloTca MMHeapu3oBaHHble Mogenn B3M, 4To HeraTMBHO OTpaXKaeTca Ha UX TOYHOCTU NPU OLEEHWBAHMM B MepPeXoAHbIX npoueccax. B cBA3u ¢ 3TMM, BO3HUKaET
HeobXxoanMMoCTb NpoekTupoBaHuss O OCHOBAHHbLIX Ha WMCXOAHbIX ypaBHeHUsix BIM. Metoamka npoekTupoBaHuss OD Anst HENMHENHbIX CUCTEM OCHOBbLIBAETCS Ha YypaBHEHWUU
CTpaToHOBMYa AN anoCTEPUOPHON MIIOTHOCTU BEPOSATHOCTM, C MOMOLLbIO MHTErpanos UTo, BbIBOANTCA CUCTEMbI U3 KOTOPbIX CTPOATCA cybonTumanbHble OO ansa BIM.

K B3N npeabsBnserca TpeboBaHMe OpPTOrOHaNbHOCTW BeKTOpa Toka W noToka. OfHako HanoXus MHble TpeboBaHWSA, MOXHO U3MEHATb XapakTepucTtuku B3N, ¢ nomowblo yrna
KOMMyTauun - (a3oBoro cAapura mexay curHanamm HanpsbkeHust u C. B psae paboT yxe BbiBeAeHbl HEKOTOPblE€ TOYHbIE W MPUOBAMIKEHHbIE 3HAYEHUS Yrfa KOMMyTauuu, Ans
pa3sHbIxX pexunMoB paboTbl BIM. B cBS3M € 3TMM, 3agayeit CTaHOBUTCS BbIBOA U YTOYHEHUE aHaIMTUYECKMX BblpaXXeHWUIM ANs 3HaYeHWUI yrioB KOMMyTaunm, Kotopble obecneumBaoT
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peXnMbl MakKCMMasnbHOMW CKOPOCTU, MakKCMManbHOW CKOPOCTM XOSIOCTOro XOAA, MakKCUMMasnbHOro 3/1eKTPOMarHMTHOrO MOMEHTa, MUHMMYMa peakTMBHbIX MOTepb, MMHUMYMa MOJSHbIX
noTepb, MMHWUMyMa aKTMBHbIX MOTepb M T.A. BbiBOA M yTOUHEHWe, AO/MKEH OCHOBbIBAaTbCA Ha MeTodax AnddepeHunanbHOW reoMeTpuM, BapuauWMOHHOro MCYUCIEHUS W
3/1eKTPOMEXAHWNKN OTHOCUTENbHO BbllleyKa3aHHbIX pexnmos paboTel BIMM.

CoBpeMeHHbI B3I kak cucremMa, UMeeT OrpoMHOe KOMMYEeCTBO COCTaBHbIX 3/1eMeHTOB. B npouecce dyHKUMOHUpPoBaHua B3N, kaxAabli an1eMeHT NpuBOAA HaxoAUTCS B MOCTOSIHHOM
B3anMMoAenCcTBMM. HopMaTMBHbIE BO3AENCTBUSA HE AO/MKHbI Bbi3blBaTb CHUXEHWE HAAEXHOCTU 3/IEMEHTOB, TO/IbKO KPaTKOBPEMEHHbIE N MOLLHbIE BO3AENCTBUS NpUBEAYT K pPe3KoMy
CHWXXEHU0 HagexHocTn. NccneposaHne HagexHoctTn B3I B ycnoBMAX BHEWHWX paspylUTeNbHbIX MMMYJSbCHbIX BO3AENCTBMW - CPaBHUTENbHO HOBOE HarpasfieHWe B Teopuu
HagexHocTn. OgHaKo B WM3BECTHbIX MOAENSX HaAEeXHOCTU, paspylWUTeNbHble BO3AENCTBUS HE pa3fensioTcsa Ha KNacCbl M CUCTEMbl, OHW HE KOPpenupylT mexay cobor. Ha
npakTuKe, BO3HUKAIOT CUTyauun C HECKO/IbKMMW OAHOBPEMEHHbLIMU BHELWHWMU BO3AENCTBUSMU Ppa3HOM NMpuUpoabl HA OAMH 3/IEMEHT cucteMbl. Micxoas u3 3Toro CTaHOBMTCA 3a4ava:
«MOgMULMpPOBaTb METOAMKY MOAENMPOBaHUS HaaeXHocTu BIM ans yyeTa OAHOBPEMEHHbBIX, pPa3pyLlIMUTENbHbIX WMMYJbCHbIX BO3AEWCTBMI pa3HOW npupoabl». [pegnaraercs
MCNoNb30BaTb TEH30PHbIN MaTeMaTUYeCKMin annapar, 471 pacliMpeHns BO3MOXHOCTEN MCXOAHOW MOAENWN M y4yeTa NpeabsiBasieMblX TpeboBaHUN.

B BTOpoit rnaeBe «MNccnenoBaTenbckasi U MHXEHEPHbIE MOAENN BEHTU/IbLHOIO ABUIraTens» NpoBeAeHO UCCeA0BaHMe MeToanK pacdeta OM nonent MM B B AMHAMUYECKUX peXMMaX.
B n3BECTHbIX MeToAMKax MCnosb3ylTcs npeobpa3oBaHus JlopeHua, B OCHOBE KOTOPbIX JIEXWUT YC/I0OBUE, O MOCTOSHCTBE CKOPOCTM ABWXeHus skopsi B. Ho npu pacuetax 3To
yCnoBMe 3aBeOMO He BbIMONHAT. C MOMOLLbI0 3N1EKTPOAMHAMUKM U TEOPUU OTHOCUTENIbHOCTU, bblsla NolyyeHa yTOYHEHHas MeToAuKa pacdeTa KapTuHbl OM nonsa B B avHamuke,
Mo3BOJSIAKOWAA Y4YMTbiBaTb MMPOM3BOJSIBHOE [BMXKEHME €ero COCTaBHbIX 4YacTel. MeToamka MOBbIWAET TOYHOCTb pacyeToB DM nons B AMHAMUKE, OCHOBbIBasCb Ha 6onee
dyHAAMEHTaNbHbIX MOHATUAX U BK/IKOYAET B cebs 06LLENPUHSATYIO METOAMKY KaK YaCTHbIM Ciydai.

PaspaboTaHHas MeToanKka COCTOUT B CleayioleMm:

1) Mo Tononoruun B B COCTOSAHMM MOKOSI, OTHOCUTESIbHO KaXXA0M ero ABMXYLlencs Yyactu, Bbibnpaetca yagobHas CK n CO.

2) Mo Ttononorun B B BbibpaHHbIX CK, COCTaBNSAIOTCS KapTbl pacrnpeneneHnin a1eKTpU4ecKorn NpoHMLAeMOCTM , MarHUTHOM MPOHULAEMOCTU , SJIEKTPUYECKON MPOBOANMOCTU , ANS
KaXAoW TOUKM npocTpaHcTea BA.

3) Mo cocTaBneHHbIM KapTaM 3ano/IHATCA KapTbl TEH30pOoB OM NPOHMLAEMOCTN M NPOBOAMMOCTM , ANS KaXAOW TOYKWM npocTpaHcTea BA.

4) Bblbupaetcs CO, OTHOCUTENBbHO KOTOpOK ByaeT NponsBeAeH pacyeT BCcex TOKOB, nosnen un 3apsgos. Aonyctnm, CO poTtopa nnam CO craTtopa.

5) Onsa BbibpaHHoli CO, n Toi CK, KOTOpYto Mbl Bbibpanu, 3anmncbiBaloTcsl ypaBHeHUst MakcBesna, C HadyalbHbIMU JaHHbIMW KOWW U NoneBble ypaBHEHUS pacnpeaeneHHon cunbl (1),
TaKXe MexaHn4yeckme ypaBHeHUs AMHaMMKKN ABMXXEHUS poTopa B/.

(1)

rae -BeKTOp HaMarHWYeHHOCTW; - BEKTOP MarHUTHOM WMHAYKUMW BHELUHEro Moss; - BEKTOP MJIOTHOCTEN TOKa; - BEKTOP 3JIEKTPUYECKON MOoNspusauunmn; - BEKTOP 3/1EKTPUYECKOMN
WHAYKUWM BHELIHEro nons; - BEKTOP 3/IEKTPUYECKON Hanps>KeHHOCTU; - o6beMHasi NJI0THOCTb 3apsAo0B.

6) MNpon3BoaMTCS pacyeT METPUYECKOrO TEeH30pa , NCXOAS U3 MHBAPUAHTHOCTM MPOCTPaHCTBEHHO-BPEMEHHOro MHTepBana B pa3Hbix CO BA. MNpupaBHMBas KBagpaT uHTepsana B
pasHbix CO, cKkaxem HeABMXUMOM U ABMXYLLENCS, 3anncbiBas GYHKLMOHANbHYIO B3aMMOCBSA3b MEXAY HUMWN OMpeaenstoTCs KOMMNOHEHTbl TeH30pa .

7) Mpounssoantcsa pacyeT aguddepeHumanoB «CO6CTBEHHON A/IMHHbBI» U «COBCTBEHHOro BpeMeHu» onpeaeneHHon CO B[ no 3Ha4eHUSM KOMMOHEHT METPUYECKOrO TeH30pa .

(2)

rae - 3HadeHuns nsmepsiembie BHyTpu CO B/l, HabnopaTenem cBs3aHHbIM C He; - 3HayeHnsa usmepsiemMble 13 apyron CO B[], Habnoaatenem cBs3aHHbIM C HEN.

8) Ucxops n3 onpenenenns «anddepeHumnana cnoXxXHoW GyHKUMU» U aHANUTUYECKUX 3HauYeHWUI COBCTBEHHOM ASIMHBLI U BpeMeHM B pasHbix CO B[, npov3BoaMTCa 3anofiHeHne
mMaTpuu Akobu (3). MaTpuubl AKO6M 3aN0NHATCA YAaCTHbIMU MPON3BOAHbBIMU, KOTOPbLIE SBAKOTCS 3/1eMEHTAMM COXHbIX anddepeHunanos CO6CTBEHHOM ASIMHbI U BpeMeHu (2).
(3)

rae - 370 koopamHaTtel B CO ABMXYLLENCA YacTu; - 3TO KoopanHaTtel B apyron CO.

9) Onsa kapT TeH30poB 3M npoHuUaeMocTn u nposoanmoctu B[], oTHocmTenbHO pasHbix CO B/, Heob6xoanMo nNpom3BecTy nepepacyeT 3Ha4YeHUn TeH30poB B BbibpaHHyo CO B[ no
nosly4yeHHbIM MaTpmuam SKobu 1 ncxoasa M3 BblpaxkeHni (4). 3To HeobXxoaMMO, AN KOPPEKTHOrO yyeTa ABMXKYLLMXCSA YacTel NMpu pacyeTe noss B HMX, TaK KaK UX XapaKTepuCTUKU
MeHsTCA B BbibpaHHon CO.

 (4)

rae - o6bekTbl B CO B[l ABMXKYLLMXCS 3N1EMEHTOB; - 3/1eMeHThbl B To CO rae npom3soaMTcs pacdeT nons SMI.

10) MpousBoanTca nepepacyeT B BbibpaHHyo CO B[] co6CTBEHHbIX NONEN M TOKOB ABMXYLLMXCA YacTen us nx CO B. NpeobpazoBaHne Npon3BoAMTCSA MO 3HAYEHUAM MaTpul, Skobu
n BblpaxkeHusam (5).

. (5)

rae - TEH30p 3/1eKTPOMarHMTHOroO NOMSA BEHTU/IbHOrO ABUraTens; - TeEH30p MHAYKUMK BJl; - BEKTOp NAOTHOCTM Toka B[] nnn 4-Tok; 3neMeHTbl € nHAEKCOM «R» - 06bekTbl B CO B[]
OBVXXYLLUNXCS 3IEMEHTOB; 3/IEMEHTbI C MHAEKCOM «S» - 06bekTbl B Tori CO B[] rae npoussoanTcsa pacyet nons MM BA.
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11) Mpon3BoOANTCS UYMCNEHHbIA pacyeT NONEBOM 3afayM No ypaBHeHuMaAM Makceenna Bkyne ¢ (1), (4), (5). PekomeHayeTcs Mpou3BOAMTb pacyeT NM60 MHOrOMepHbIM MeToAoM
[anepknHa, MM60 MHOrOMEPHbIM METOAAMUN «B3BELUEHHbIX HEBA30K», TMb0 Honee MOLHbIMX MeTOAaMM A/ HeCTaLMOHapHbIX 3ajay.

Ha ocHOBaHWW MONyYeHHON METOAMKM, OblNIO0 BbIBEAEHO CEMENCTBO MHXXEHEPHbIX MoAenei B[l yunTbiBaowmx nonesble sddekTbl. MHXEHEepPHbIe MoAeNV BbiBEAEHbI MO NPpUHLMMY
OT C/TIOXXHOrO K MPOCTOMY - OT y4yeTa B AMHaMUKe MarHWTHbIX Lener n nonesbliX 3ddeKToB CBA3aHHbIX C ABMXeHueM poTtopa B[, no 6e3pasmepHori Mmogenv B[ ans Bpawatowierica
CK d-q B aomeHe Jlannaca.

B TpeTbei rnaBe «Habnwogatenn v onTUManbHble Yrfbl KOMMyTauuu» wuccnegoBaHbl O® npuMeHsieMble Ans nNocTpoeHus 6esgaTtumkoBbix B3M, Takke MoslydeHbl U yTOYHEHbI
Bblpa)XeHWUs A/ ONTUManbHbIX YrI0B KOMMyTauuu.

I) B anekTpoMexaHMKe B OCHOBHOM MpPUMEHSIOTCA NunHelHble O® nepBoro nopsiaka, Takue kak KanmaHa-Bbrocu, JlioeHbeprepa, w gp. OpgHako B3I npeacraensier coboi
HeNMHEeNHbIN 06beKT, N NpuMeHeHne NMHenHbIXx O HekoppekTHO. Mo3ToMy, 6bin Mpon3BeseH aHanu3 M3BecTHbIX O®, cnocobHbIX MPoOU3BOANTL MAEHTUDUKALUMIO B YCIOBUAX
nepexoaHbix npoueccos BIM. Cpean HenmvHenHbix O® 6bin BbibpaH cybonTUManbHbIM GUALTP MHBApUaHTHOro norpyxenus (®UM), Ha OCHOBaAHWUM HU3KOro Mopsiika ypaBHEHWUI U
BbICOKOM MpaKTUYECKON peannsyeMocTu.

OUMM B npMeHeHnn K MaT. mogenn BIIM ocHoBaHHOM Ha ABYX(ha3HOM CMHXPOHHOM ABurartesnie ¢ Bo36yXAeHMEM OT NOCTOSIHHbIX MarHMTOB NpeacTaBfeH B BbipaXeHunu (6):

. (6)

rae - oueHuBaeMble TOKWU, CKOPOCTb, Yros, MOMEHT conpoTuBieHns B2OIM; - Habnogaemble TOKW; - napamMeTpbl BA; - aMnanTyda HanpskeHus; - AMHammuveckme KosdduumneHTbl
dyHKUMKN WwTpada; - MaTpUUHOe ypaBHeHMe KO3 duruneHToB hyHKUMI WwTpada, coaepxalliee 15 ypaBHeHUN.

DUM nonyumnca ABaauaToro nopsiika, B CBsA3M C 3TMM OblI0 MPoOBEAEHO MOHMXeHWe nopsaka GpuabTpa. Ha OoCHOBaHMWM MpeanosioXeHUs, YTO M3MepsieMble TOKM OLEeHMBaTb He
HY>XHO, 6bl1 cMHTEe3MpoBaH HOBbIN O®. OUIM NOHMXKEHHOro Nopsiaka B NpUMeHeHUNn K AByxdasHon mMaT. mogenu B3l, npeacraBneH BblpaXKeHMeM:

A7)

rae -BeKTOp OLEHKW TOKOB, MOSly4YaeMblii M3 OLEHWBAEMbIX YI/I0B, CKOPOCTEl M MOMEHTOB; - AOMOMHUTENbHblE AMHaMM4yeckme KO3dDMdULMEHTbI; - MaTPUYHOE YypaBHEHWE
KoaddunumeHTbl DyHKUNK WwTpada, coaepxallee 6 ypaBHEHUN.

PenyunpoBaHHbii ®UM (7) nonyuynncs ogMHHapuaToro nopsiaka, Yto Ha 9 MopsiAKOB HUXXe yeM y cuctembl (6). MonyyeHHble cuctembl (6) n (7), a Takxke AOMONHUTENbHbIE,
No3BONAIOT peanun3oBbliBaTb 6e3aaTumkoBbIi B3N 1 onpenenate NonoXxeHwe poTopa, CKOPOCTb, MOMEHT COMPOTUBIIEHUSA B YC/IOBUSIX BHELWHWUX rayCCOBCKMX MOMEX, MO 3HAYEeHUSM
N3MepUMbIX PasHbIX TOKOB M HaMPSXKEHUN NUTaHus.

PucyHok 2 - OcumnnorpaMmbl BOCCTAHOB/IEHHbIX CKOPOCTE M MOMEHTOB conpoTueneHus: a,6 - ®UM oTHocuTenbHoO cuctemsbl (6); B, - peayumpoBaHHbii OUM no cucreme (7).
MpoeeneHo MoaenuposaHue paboTbl duabTpos (6-7) B coctase B3IM. ®UIM (6-7), paboTatoT 6e3 cratuyeckmx owmnbok (puc. 2a,8), 1 paboTaloT C ManbIM nepeperynmposaHunem (puc.
2a-r) npu nepexoaHbix npoueccax. OgHako, konebaTtenbHOCTb y peayumpoBaHHoro ®UM (puc. 2r) Bbilwe U HEMHENHO 3aBUCUT OT BXOAHbIX 3HAUYEHUNA.

IT) Ha ocHoBe CTpyKTypHOW cxeMbl (puc.3) B 6bi1v BbiBeAeHbl U MCCNeA0BaHbl BblpaXeHUs 3HAYeHU ONTUMabHbIX YI/I0B KOMMYyTaLuMKW, OTHOCUTENbHO PEXMMOB MaKCUMasbHOW
CKOPOCTU, MOMEHTA, MMHMMYMOB Pa3/IM4HbIX MOTEPb MOLLHOCTY.

PucyHok 3 - CTpykTypHas cxema BeHTUbHOro asurartens B CK dq.

Pexxnm MakcMManbHOM ckopocTu B npu Harpyske:

,(8)

rae - GyHKUMn 3aBucaLLME OT XapaKTeEpPUCTUK ABUraTens , a Takxe 6e3pasMepHbiX MOMEHTOB U HaMPsHKEHUs .

Pe>xxmum MakcMManbHOM CKOPOCTU X0N0CTOro xoaa BA:

(9)

Pexxnm MakcmManbHOro 3neKTpoMarHMTHOro MomMeHTa BA:

,(10)

rae - 6espasmepHasi CKOpoCTb BpalleHuns poTopa BA.

PexxuM MMHUMyMa akTUBHbIX noTepb B:

,(11)

Pe>xnMm MMHMMyMa peakTUBHbIX nNoTtepb BA:

A(12)

Pe>xxnm MMHMMyMa NoNHbIX noTepb BA:

,(13)

B cuny cnoxHocTtu BblpaxeHun (3-8) un ¢ yuyeToM 3akoHa Mypa, npeanaraeTtcsl ABa BapuaHTa NpUMEHEHUS ONTUMaNbHOro yrsa B NpakTuke:

- B cnyyae ynoBneTBopuTENbHOW BblUMCAUTENBHOM MOLLHOCTM MUKPOKOHTPOIIEpa, NpeanaraeTcs HenocpeACTBEHHbIN pacyeT 3HAaYeHMN ONTUMaNbHbIX Yr10B KOMMyTauum Bl camum
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MUKPOKOHTPOJI/IEPOM.
- B cnyyae Manov BblUMCIMTENBHOW MOLWLHOCTM KOHTPOJUIEPA 3/1EKTPOMNPUBOAA CTPOUTCA TpeX-MATUMEPHbIM TEH30p-MaccMB TuMNa , rAe WHAEKCbl 0603Ha4yalT KOOpAMHAaTbI-
napameTpbl, NO KOTOPbIM ULLETCA NpeaBapuUTeslbHO NOCYNTAaHHOE ONTMMAabHOE 3HaYeHWe yria KOMMyTauuu.

B yeTBepToi rnaBe «HaaeXHOCTb BEHTUNBHOIO 3/1€KTPONPMBOAA C BEKTOPHbIM yrpaBfieHMeM» Mpou3BeaeHo AOMOSIHEHWE Teopumn HaaexHocTy B3N,

MpunBOA KakK KOMMIEKCHOE M 3aKOHYEHHOe TeXHMYEeCKoe YCTPOMCTBO, MOABEPraeTCcsl pas/IMyHbIM pa3pyLmMTebHbIM MMMNY/bCaM, KaK CO CTOPOHbl OKpy>atolienh cpeapl, Tak U M3-3a
BHYTPEHHUX c60eB. B N3BECTHbIX MOAENSAX HAAEXHOCTU, pacCMaTpMBAIOTCS paspyLUMTEbHbIE MMMYJIbCHbIE BO3AENCTBUA OAHON MPUpPOAbl UM M3 OAHOIN0 3HEPreTUYecKoro AoMeHa
(3HA), 4TO He No3BONSIET paccMaTPMBaTb C/ly4an OAHOBPEMEHHbIX BO3AENCTBUI pa3HOW Npupoabl. OTa npobnema pellaeTcs BBEAEHMEM TEH30PHOro MaTeMaTUYEeCKOoro annapara, 4to
pacwmpsieT BO3MOXHOCTU CyLLECTBYHOLWEN MOAENN HaAeXHOCTU. Ha OCHOBaHUW BbilecKa3aHHOro 6bin pa3paboTaH «ANropMTM MOAENMPOBaHWUS PacrnpocTpaHeHUs Mo cucreme
Pa3HOTUMHbBIX UMMY/bCHbIX BO3AENCTBUN> .

PucyHok 4 - Oprpadbl pa3HbiX CUCTEM: a)OAHOW CUCTEMbl M3 TpeX 3/IEMEHTOB C ABYMS He B3auMoaencTeytowmmm SH/; 6) ooHa cucTema c B3avmogencTeytowmmmn dHM; B) oprpad
B3N c agByMsi B3aMMoaencTByOWMMN DH/, Yepe3 MUKPOKOHTPOJIIEP U/IN DNIEMEHT «4>»,

Ha pucyHke N° 4 crpenkamMm C HOMepamm 0603HayeHbl: 1 - 3nemMeHTbl NepBoro DH[; 2 - aneMeHTbl BToporo DH/; 3 - Ayrn CBA3er Mexay 3/eMeHTaMu nepsoro DH[; 4 -
KOppensLUMOHHbIE AYyrM CBSI3eM 3/IEMEHTOB CUMCTEM M3 pasHbiX DHA; 5 - Ayrn cBsiseli mMexay 3neMeHTamum BToporo SH/[. B yactu N° 3B BBeAeHbl cneaywwme obo3HayeHus: 1 -
cucTeMa BEpXHEro ypoBHS; 2- uHTepdeinc RS-485; 3 - ranbBaHMyeckas pa3Bsi3ka; 4 - MUKPOKOHTposnep; 5 -gpariBep; 6 - MoaynpoBOAHWKOBbIE KKOYWM; 7 - AaT4YMK Toka; 8 -
o6moTKa; 9 - potop; 10 - Harpy3ka; 11 -UCTOYHUKKN NUTaHMS; 12 - gaTumMK TemnepaTtypbl 06MOTKKM; 13 - AaTUYMK NONOXKEHUSA poTopa; 14 -ycunuTens Toka.

PaspaboTaHHbI anropuTM COCTOUT B CrieayoLeM:

1) 3apaetca «M» 6M04YHBIX CTPYKTYyp-cucTeM (pUC. 4@) C «N» 3/EeMEHTaMM B KaXAOW W MO HWUM CTPOSATCA «p» oprpadoB C N BEpWWHAMK , MPUYEM 3TU CTPYKTYpbl MOryT 6bITb
CBfI3aHbl Mexay cobol 1 6biTb 60NbLIOVM NOANCTPYKTYpPOK (puc 46).

2) 3apaeTca nonnnnHerHas gopMa C TEH30pPOM CMEXHOCTU :

. (14)

roe .

SneMeHTbl TEH30pa 3a4atTcs No rnpasuay NO1:

Mpaeuno N21: ecnn Ha oprpade B NOAUCTPYKTYype ecTb Ayra TO UM eCTb Ayra TO , eCiv Ayra OTCyTCTBYET TO UM eCiv Ayra OTCYTCTBYET TO , MpUYEM «j» -3eCb onpeaenser Homep
cucTeMmbl. B cnyyae yunTbiBaHUA MEXAOMEHHbIX B3aumogencTeuii (puc 46,8 4), ecnn ayra NoAMCTPyKTYpbl CyllecTByeT (MM eCTb KOppensauus) U eciv gyra oTCyTCTBYeT, npuyem
ans gyr obpaTHO HanpasfeHHbIX AEUCTBYET TO XXe NpaBuo. Ecnn KoppensiumoHHble 3/1EMEHTbI HE YUYMTbIBAIOTCS, TO .

3) 3agaeTca nonnanHenHasa ¢dopMa C TEH30pOM BECOB Ayr :

, (15)

roe .

DneMeHTbl TEH30pa 3a4at0TCA No cieaytoweMy npasuay Ne2 :

MpaBuno N2 2: 3kcnepT No (puU3MYeCKMM B3aMMOCBA35SIM BblbMpaeT [ON0 nepeaaBaeMoro BO3AEMCTBUSA OT BEPLWMHbI K BepwuvHe Ayrn , npy yem . B cnyvae yuuTbiBaHUSA
MEXAOMEHHbIX B3auMOAENCTBUIA aKCNepT BbiOGUpaeT AOMI0 NepeaaBaeMoro BO3AENCTBUS OT BEPLUMHbI CTPYKTYpbl Mnn oprpada «j» K BepwmHe oprpada «i» Ayrn noancrpykTypbl.
Mpuuem ans obpaTHO HanpaBneHHbIX Ayr AENCTBYET TO Xe npaBuio. Eciv kKoppensiuMoHHble anieMeHThbl (puc. 46,8 -4) He yunTbIBalTCS, TO ,.

4) PaccunTbiBaeTCa NonMAMHeNnHas GopMa C B3BELUEHHbIM TEH30POM CMEXHOCTM MO BblPaXXeHUI0:

. (16)

roe

5) 3apaetca nonunnHenHas opma C TEH30POM MMMYNbCHOrO BO3AENCTBUS :

»(17)

roe

Mpuyem nonunuHenHas dopma onpeaeneHa B AMCKPETHOM BPEMEHM U 3BOMOLMOHHAS 3aBUCMMOCTb ONpeaenseTcs BblpaXKeHneMm:

. (18)

Mpoueaypa n3MeHeHMs1 BECOB BepLUMH oprpada B ANCKPETHOM BPEMEHW Ha3blBaeTCs «PacrnpoCTpaHEHMSI MMMYNbCHOrO BO3AENCTBUS».

MpuyeM B HavaslbHbIi MOMEHT BPEMEHW TEH30pP NOANANHEHOW dopMbl 3aaaeTcst No npasuny N°4:

Mpaeuno N24: , ecnn B cucteme ¢ HoMepoM «f» Ha BeplWKHY oprpada NpuxoauMT UMNYJSbCHOE BO3AelrcTBue. M, ecnm B cMcTeMe C HOMEPOM «Ir» Ha BepliuHYy oprpada He npuxoauTt
UMMNYJSIbCHOE BO3AEeNCTBME.

6) OnpepensieTcs cBepTKa-BEKTOP NOUIMHENHON hOpMbI :
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,(19)

rae , a KoopavMHaThbl onpeaensieTcs Kak:

. (20)

roe

BbipaxxeHue (15) obo3HayaeT: cyMMMpoBaHMe BCEX MMMY/bCHbIX BO3AENCTBUIA Ha KaXXAyto BEPLIMHY B LLESIOM.

7) OnpenensieTcs BEKTOP BECOB BEPLUWH CUCTEMbI C KOOpAUHATaMK :

,(21)

roe

Mpuyem BeKTOp onpeaeneH B AMCKPETHOM BPEMEHU WM 3BOMIOLNOHHAsA 3aBMCMMOCTb OMNpeaenseTcs BblpaXeHneM:

. (22)

8) Npon3BoaMTCA pacyeT 3BOMIOLMN HAAEXKHOCTM CUCTEMbI B ANCKPETHOM BPEMEHM, COr/TACHO MOIyYEeHHbIM 3aBUCMMOCTAM (14-22) 1 npaBuiam.

JononHMM NpaBuna 3anosiHeHUs TEH30POB U , METOAMKOWN 3anofIHEHUA MO NpeaBapUTeIbHO 3a4aHHbIM MaTpULL@M CMEXHOCTU U BECOB Ayr:

Mpasnno N23:

Yactb 1: YeTbipexMepHble TEH30pbl B YC/IOBUSIX AAaHHOM 3a4ayu 3amnofIHSATCS OTHOCUTENIbHO 33aJaHHbIX MaTpul Kak: HOMep CTPOKW MaTpuubl MM 3anMCbiBAETCS B MHAEKC <M»
TeH30pa nan , Homep cTonbua MaTpuLbl 3aNMUCbIBAETCS B MHAEKC «K», HOMep DH/[] 3anu1cbiBaeTCs Cpasy B ABa UHAEKCA «j» U «i».

Yactb 2: OcTanbHble 3/1eMEHTbI SABNAAIOTCA /IeMEHTaMU KOPPEeNsLMOHHbIX CBSi3eW, 1 Bo3aehcTBue DHA ¢ HoMepoM «R» Ha DH[ c HOMepoM «L» 6yaeT BblpaxkaTbCs B 3/IEMEHTE C
MHAeKCaMu NPUHUMAKWMMK 3HavYeHus j=L, i=R, k=K, M=M, npuyemM «M» ByaeT BbipakaTb HOMep BepLlMHbl oprpada IHA «R» Ha KOTOpPYl MPUXOAUT UMMYSbLC B 3TOM AOMEHE, a
«K» 6yaeT BblpaxaTb HOMep BepLlMHbl oprpada JH/ «L» Ha KOTOPY AO/HKEH BO34ENCTBOBaTb MMMY/bC U3 AOMeHa «R», npMyeM B 0AHOCTOPOHHEM MopsiaKe.

Mo nonyyeHHOMy anropuTMy 6bina HanucaHa nNporpaMmMa Ha s3blike JavaScript U MonyyYeHO CBMAETENbCTBO O Perucrpaumun, Kotopasl NMo3BOSET NPOBOAUTb pacyeTbl HaAEXHOCTU
CNOXHbIX CUCTEM Takux kak B3I B ycnoBMsSX MHOXECTBA pa3HOAOMEHHbIX MMMYJMbCHbIX BO3AENCTBMI. BblNo npoBeAeHO YMCNeHHOe MoAenvpoBaHwe no CTpykType (puc. 3B), C
YYETOM MMMYJSIbCHOMO BO3AENCTBUSA Ha UCTOYHMK NMuTaHus (11 anemeHT). MNpn ogHOM goMeHe, 3a 10 eaMHUL, BPEMEHU, HAAEXHOCTb Npoueccopa BAM ynana ¢ 0.999 o 0.6998; npu
AByX goMeHax: ¢ 0.999 no 0.4814; npu AByX AOMEHAX M OAHOM KOppensiuMoHHOM 3neMeHTe 4-4: ¢ 0.999 po 0.4606. Pe3ynbtatbl MOAENMPOBAHUS MPU OAHOTUMHbIX BO3AEUCTBUAX
coBManu c pesynbTaTaMn Apyrux, paHee onybMKOBaHHbIX UCCNEAOBAHMA Moaenen HaaeXXHOCTU BEHTUIbHOMO NpMBoAA, CAENAHHbIX APYrMMM aBTOpaMu.

MpeacTaBneHHbIM anropuTM, He MMeeT aHasloroB Ha 3anage, OH MO3BOMSIeT MPOM3BOAMTbL pacyeT M3MeHEeHUs HaAEeXHOCTM MHOrO3/IEMEHTHOW CUCTEME, MpU PasHOTUMHbLIX
UMMNYJIbCHbIX BO3AENCTBUAX, YTO, B CBOIO O4epeab, M03BOSET 3abnaroBpeMeHHO BbIABASATL «Cnabble» Mecta n Npon3BoAanTb X Ayb6nvpoBaHue, AN NOBbILWEHNS UX HAAEXKHOCTU.

B natoi rnaee «[lpakTuyeckas peann3auns U dKCNepuMeHTasbHble UCCNef0BaHMSA» C UCMOMb30BAaHMEM TEOPETUKO-NPaKTUYECKNX MCCNefoBaHWN, NpoBeAeHHbIX B MpeablayLwmx
rnaeax, U NPUHLWUMOB OTHOCUTENIbHO HUX pa3paboTaHHbIX, OblN NpoBeAeHbl NMpakTUYecKas peann3aumnsa 1 SKCrnepuMeHTaNbHble NccneaoBaHus.

I) Ansa npakTnyeckon peannsaumm 6bia BbiI6paH CMHXPOHHbLIN ABUraTesb C BO36YXAEHNEM OT NOCTOSAHHbLIX MarHuToB [16-72 (puc. 5a), npomnssoactea OAO "Muaccanektpoannapat”.
Onsa peanusauun umndpoBoK cucTeMbl ynpasneHus, 6bin BbibpaH «KomnnekT paspaboTumka yCTpONCTB yrnpaBneHus anekTpoasuratensammu» (puc. 56) cnpoekTupoBaHHbI Ha OCHOBE
MUKPOKOHTponnepa STM32F303CBT6 c TakTOBOM YactoTon 72 MI'L, 4TO NO3BONSET Bbi6paTh Masnbli War ANCKpeTn3aunm.

PrcyHOK 5 - DkcnepuMeHTanbHbI KOMMAEKT

Ha pucyHke N95 a) [16-72; 6) KomnnekT paspabotumka; B) CTpyKTYypHas 3feKTpuyeckas cxema KomnsekTa paspaboTtunka. Ha puc 36 BBeaeHbl cneaytoune obosHayeHus: BK - 610k
cnnoBbixX kntoyer; BC - 610K BbixogHbIX curHanos; K - 6ok koHTponnepa; MK - nporpamMmatop kKoHTponnepa; bl - 6nok nutanua; AT - gatunkm Toka; OH - AaT4MKN HanpshkeHus;
CRS - 6510k cBsi3n RS-485; C -6/10k CMHXPOHU3aLMK.

II) B ocHosBe peanusauuu B3I 6bina B3ATa dyHKUMOHANbHasa cxema puc. 16. Ans peanusaumun OWUM, 6bian CcpaBHEHbl pas/MuHbie BUAbI €ro AWCKpPeTM3auMun, BKIO4Yas
npefnaraemyto paspabotumkom camoro dunbTpa. «lpeanaraemas» cxema AnckpeTnsaunm obnapaeT CylwecTBeHHbIM HeAOCTAaTKOM - OHa MMEET CTPYKTYPHYHO HeyCTOMYMBOCTb B BUAE
3HaMeHaTens, KOTOpblA MOXET MpUHUMaTb HyNeBble 3HAYeHMsi, YTO B CBOI oOyepedb MOXET MPUBECTM K HeucnpaBHocTv BIM. Bbin BbibpaH - MeTod Dinepa, Kak BuA
ANCKpeTm3aunm. 3To npmeeno K 20 pasHOCTHbIM ypaBHeHUsM, onucbkiBalowmx ®UIM (6), KoTopble CornacHo TeopeMbl KoTenbHMKOBA, YCTOMYMBLI MpU LLare AMCKpeTU3aumMm paBHOM
0.001c. Mo ypaBHEHUSAM OBblN1 HAaNMCaH NPOrpaMMHbI parMeHT Koga, Ana «KomniekTa paspaboTumka».

IIT) ina NnpoBepKU TEOPETUYECKUX MOSIOXKEHWUI Bbl/IN NOCTaBNEHbI SKCMNEPUMEHTbI, CHATbI MEXAHWUYECKME XapaKTEPUCTUKM U OCLMANOrpaMMbl MepexoaHblX MpPOLLEeCCoB.

1) Nposepka paboTocnocobHocTn B3I npu ncnonb3osannn OUM:

B 6e3paTtunkoBoM pexunMe, 6e3 KoppekuuM MO yriy KOMMyTauuu, anekTpornpusos Ha 6ase komnnekta v [AB-72 cnpaBnsetca C nocraBneHHOW 3agaderi. lNpu npsiMOM nycke
HabnopaeTcs mManas konebaTenbHOCTb (puc. 66), MO CpaBHEHUIO C TeopeTUYecKkon Moaenbto. Mpu nocnenoBaTeNlbHOM HarpyXXeHun HabnwoaaeTcs anepuoanyecKuii NepexoaHbli
npouecc (puc. 6r).

Mpv npoBeaeHNM CTAaTUCTUYECKUX 3aMepOoB, C/lydarHas NorpewwHoCcTb B cTaTudeckmnx pexunmax cocrasmna 0.008 o6/c. CpenHee oTkIOHEHMe cocTasnsieT 06/c, UTo Bbile npubopHoOM
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NOrpeLHOCTM U BbI3BAHO KaK Clly4aHbIMW MOMEXaMm, Tak U MOrpeLHOCTb0 NPy HacTpoike camMoro NpuBeoaa.

2) OnbIT N0 yBE/IMYEHMIO CKOPOCTM XOJI0CTOro xoaa BaMN Ab-72.

[Ona npoBepkyM MaKCMManbHOW CKOPOCTW XOMOCTOro xopa, 6bin namMeHeH napameTtp #define teta, Ha mocuMTaHHbIN ONTUManbHbIM yron no dopmyne (9), KOTOpbI B rpagycax
CcooTBeTCTBYEeT 3HaudeHuto 1.138. MUKPOKOHTPONNepoM 6biM 3anucaHbl BOCCTA@HOBMIEHHble 3HAYeHMS CKOPOCTU BpalleHWs poTopa, B ABYX PeXMMax Ha XOJIoCTOM xoay: C
Koppekuuen n 6es.

MpupalleHne ckopocTu, 3apMKCMPOBAHHOE MUKPOKOHTPOIIEPOM MPU U3MEHEHWUM Yra KOMMyTauWmK, COCTaBAsET:

. (23)

MyTem perucrpaummn 3HauyeHun ckopoctn dototaxomeTpoM DT3334B B TeueHun 100 cekyHA C WwaroM B 2 CeKyHAbl, 66111 3admMKCcMpoBaHbl ABa pexuma: ¢ koppekuuen n 6es (puc 6
B), TaKXe npeacraB/ieHbl TeOpeTMYeCcKne 3Ha4YeHns CKopocTei (puc 6a).

PucyHok 6 - OcumnnorpaMmbl cpaBHUTENbHbIE, CKOPOCTU BpalleHunsa B

Mo puUCyHKy 6B SIBHO HE BWAHO MpuMpalLeHUss CKOPOCTM xonoctoro xopa. OgHako ecnn onpeaenvTb cpeaHeapudMeTnyeckme 3HadveHus 3a 100 cekyHa, To 6yayT mnosydeHsbl
cnefyowme 3Ha4YeHns:

. (24)

CpepnHee kBagpaTUUYHOE OTK/IOHEHWE COCTaBNSAET:

, (25)

Toraa npupallieHne CKOpocTU NpU U3MEHEHUW yrfia KOMMyTaL MK, COCTaBNseT:

. (26)

NCTUHHOE 3HayeHne npupalleHmsi CKOpoCTM OnpeaeneHo B MHTepBasne cpeAHeKBaapaTMYHOr0 OTK/IOHEHUS C BEPOSATHOCTbIO 68 NMpoLEHTOB.

Kak BugHo mn3 (26) n (23), TeopeTnyeckoe U npakTUYeckoe npupalleHme CKOpOCTU OTMYaTCa Ha 6%, YTO C AOCTAaTOYHOM TOYHOCTbIO MOATBEPXKAAET MOSIOXKEHME O MOBbILEHUN
CKOpOCTM XOJIOCTOr0 XoAa. ManocTb npupalieHns CBsiaHa C MasnoCTbi0 , YTO 3HAYMTENbHO HUXE TEOpeTUYecKoro MakcMMmyma , HeobxoAMMOro Ansi yBenM4YeHUs npupawieHuns
CKOpOCTHU.

Ha 6a3e npeanpustus CKb TypbuHa paspabaTbiBaeTcs npusos TypboreHepatopa, KOTOpbI AO/MKEH OCYLLeCTBNATb ABe (PYHKLUMW: CTapTEepHYO M reHepaTopHyto. [ns yckopeHus
3anycka asuratens 6blila MCnosb3oBaHa KOPPEKLMS Mo ONTUMaSIbHOMY Yrjly KOMMyTauuu Ans A0CTUXKEHUS MaKCMMasIbHOW CKOPOCTM XOJI0CTOrO X0Aa. 3a CYET peryMpoBaHus yriom
KOMMyTauuu, yaanocb NOHU3NUTb BpeEMS pa3roHa Ha 5 cekyHa, n nobuntbcs ckopoctu xonocrtoro xoaa 40000 o6/MuH.

3) ONbIT NOBbIWEHNS NPUPALLEHNS 3NIEKTPOMAarHUTHOro MOMEHTa.

[ns npoBepkyM MakCMManbHOrO 3/1eKTPOMarHMTHOro MoMeHTa 6bin1 M3MeHeH napameTp #define teta Ha NnocunTaHHbI oNnTUManeHbIN yron no gopmyne (10).

WccnepoBaHa TeopeTnyeckas U aKCnepuMeHTanbHas 3aBMCMMOCTb NMpUpaLLeHUst MOMEHTa NpWU Harpy>XeHun asuraTtens, B 3aBMCMMOCTU OT CKOPOCTU BpalleHusl poTopa ABUraTtens.
PucyHok 7 - a) 'padumkn npupawieHns 31eKTPOMarHUTHOrO MOMEHTa Ha Basly ABWUraTens, B 3aBMCMMOCTM OT CKOPOCTU MpW ONTUMasbHbIX Y& @nax kommyTaumm 6) Ocumnnorpamma
rnepexoAHOoro npouecca CKopoctu Bl B pexxnme MakcC. MOMeHTa.

ABCONOTHAs MOrpewHOCTb NOYHYEHHbIX 3HaYeHn ans rpaduka (puc. 7a) byaet onpenenatbC MakCMMasbHbIM OTKJIOHEHMEM:

. (27)

Takxe HeobxoaAMMO 3aMeTUTb, YTO NepPeXoaHble MPoLEecchl CKOPOCTU (puc. 76) NponcxoasT HEeNMHEHO, NpU NEPBMYHOM Harpy>XeHumn HabnoaaeTcs nepeperynmpoBaHue, Korga npu
BTOPUYHOM HabnogaeTcs anepnoamyeckmii nepexoaHbl npouecc. ManocTb NpupalleHus CBsi3aHa C 3HaYEHMEM YTO 3HAUUTENIbHO HUXXE TEOPETUYECKOrO MakCuMyMa , HeobxoanMoro
ANsl yBEIMYEHUS MpUpaLLeHNs MOMEHTa.

Ha ocHOBaHMKW MpupalleHuin, NOoMyYeHHbIX TEOPETUYECKU U KOCBEHHO M3MEPEHHbIMW, TaKXe PacCMOTPEB aHaNU3 BEMUMHbI MPUpPALLEHMS KaK 3aBMCUMMOCTU OT XapaKTepucCTuUK
ABUratens, MOXXHO NPUATK K BbIBOAY: YTO MOJSIOXXEHWE, O NOBbILWEHWNWN 3/1EKTPOMAarHUTHOrO MOMEHTa - NOATBEPXAEHO

TeopeTnyeckne NONOXKEHWUS, CBSA3AHHbIE C YI/IOM KOMMyTauun ANs peXuma MaKCMMasbHOrO 3/1eKTPOMarHMTHOrO MOMeHTa, Obln BHeApeHbl B CUI0BOM NpuBog BeToHoHacoca, uTo
MO3BOSINIO MOBbICUTb HOMUHANbHbIN MOMeHT Ha 80 HM, 4yTo 6b1710 3adhnKCMpoBaHO Ha ncnbiTatenbHOM cteHae OO0 3eneHas aHeprus.

MpUNOXeHUs K AMCCepTauMoHHOW paboTe. B npunoxeHun A Haxomatca CBMAETENbCTBO perncrpauum nporpamMbl. B npunoxeHun B HaxoauTcs AMCTUHE MporpamMMbl MO
yrpaBneHuto 3neKTponpusogoM. B npunoxeHnn B n [ HaxogsaTcs cnpaBku O BHeAPeHUM pe3ysbTaToB paboTbl Ha npoussoacTBe. B npunoxeHusax ¢ [ no N pa3smeweHbl
3KCrMepuMeHTanbHble AaHHble, HeobXxoAnMbIe A1 CTaTUCTMYECKOr0 aHanm3a NpuBOAa B PasHbIX peXxmnmax.

3AKTHOYEHUE

B anccepraumoHHolr pabote aononHeHa Teopus B3I B yacTu: aHanusa 371€KTPOMarHUTHbBIX MPOLLECCOB B AMHAMUYECKMX peXuMax; pacluiMpeHus avanasoHa perynmpoBaHus
BbIXOAHbIX KOOPAWHAT; MOBbIWEHUA SHEPreTUUeCcKNX nokasaTtesieli; co3faHusa anaropuTMOB BblYMCIEHUS MOMOXEHUS pOTopa MO KOCBEHHbIM AaHHbIM; METOAMKM MPOEKTUPOBaHUSA
npuBoAa C NporpaMMHbIM AATYMKOM MOJIOXKEHUS poTOpa; Nomcka nyTeln obecnevyeHmns 3aaHHbIX NoKasaTenen HagexXHoCTM MNpuBoAa.
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KOHKpEeTHbIe Hay4YHblE U MpaKTUYECKME pe3ynbTaTbl paboThl BbipaXalTCs B C/ieAy L EM:

1. [lpoaHanuampoBaHbl cyllecTByowWmne cooTHoweHus CO B anekTpoMexaHuke. BbisiBneHo, uto CO B 351eKTpOMEXaHMKe WCMOJb3YITCS YCIOBHO, B3avMOCBSI3W MeXAy HUMU
yCTaHaBNMBAKOTCA U3 reoMeTpuyeckux coobpakeHui, u npocrenwer mexaHuku. OgHako ans pacdeta DM rnonen B AMHaMmKe, LenecoobpasHo yxectounmTb cBasn mexay CO.
CocTaBfieH anropMTM pacyeTa aHalIMTUUYECKMX BbipaxkeHu ans nobbix CK n nponssonbHoO aBmxywmnxcsa CO.

2. CocTtaBneHa yTOYHEHHas MeToAMKa pacdeTa MofieBOl 3ajayun, KOTopasi MCMob3yeT HOBble aHaNNTUYECKNe BblpaXXeHUsS COOTHOLIEHUI Mexay NMpoum3BonbHO Aswxywmmucs CO.
[aHHas MeToanKka No3BOSISIET KOPPEKTHO NMOCTaBUTb KpaeByto 3a4ady A5 HAXOXAEHUS rnonen B CNoXHbIX DMIM.

3. CuHTe3npoBaHa MeToaMKa npeobpaszoBaHuii cucteMbl anddepeHumanbHbiX YpaBHEHUI B YaCTHbIX MPOU3BOAHbLIX MakcBenna K cncreme 0bbiKHOBEHHbIX anddepeHumanbHbiX
YPaBHEHWUN.

4. UccnepoBaH cnektp O®, B Teopuu HabnwoaaTtenei. bbin BbibpaH onTuManbHbii O®, ANs BOCCTAHOBIEHUS HE M3MepPSIEMbIX KOOpPAMHAT M MapaMeTpoB C MOMOLLbI KOTOPbIX U
pelwaeTcs 3agadva cuHTe3a 6e3anatumkoBoro BII. BoeisiBneHO: Hanbonee onTUManbHbIM AN HEMHENHbIX, CTOXaCTUYEeCKUX, HeMpepblBHbIX, COCPEAOTOMEHHbIX ANddepeHuUnanbHbIxX
ypaBHEHUN CMHXPOHHOrO ABuraTens sBnsercs - duabTp UHBApPUAHTHOrO NOrpyxeHus. BoibpaHHbit ®UM okaszanca 20 nopsaka, No3ToMy 6bl10 NpoM3BeAeHO peayumnpoBaHue,
KOTOpOE B UTOre NpmMBENO K co3gaHuto dunbTpa 11 nopsaka.

MpoBeAeHO MaTeMaTMyeckoe MoaenvMpoBaHue paboT MonyyYeHHbIX GUIbLTPOB, NPOM3BEAEHO UX CpaBHEHUe. BbisiBneHo: OUIM NOAHOCTbIO CNpaBAsieTCsl C NOCTaBAEHHbIMKM 3aJavyamu
Kak B AMHaMWKe, TaK U B CTaTUKe; peayumpoBaHHbin OUM, yaOBNETBOPUTENBHO CMpaB/sSieTcs C 3a4a4aMn B AMHAMUKE U OT/IMYHO CNpaBfsieTcs B CTaTUKe.

5. Mpov3BeaeH aHaNMTUYECKUIW BbIBOA BblpaXXEHMI ONTUMabHbIX YI/I0B KOMMyTauuu Ans Ciefyowmx peXuMoB: MUHUMAaNbHbIE aKTUBHbIE MOTEPU; MUHUMAlbHbIE pPeaKTUBHbIE
noTepu; MMHUManbHble MOJMHbIE 31IeKTPUYECKME NOTepPU; MaKCMMasbHbI 3/1EKTPOMarHMTHbLIN MOMEHT; MakCMMarnbHasi CKOPOCTb BpalleHus Bana Asurartens. [laHbl pekoMeHaaunu
no peanusaummn NofyyYeHHbIX BblpaXXeHUN.

6. PazpaboTaH anropMTM MOAENMPOBAHUS PacnpoCTpaHEHUS MO CUCTEME Pa3HOTUMHbLIX MMMNYMbCHbIX BO3AEACTBUIA, OCHOBaH Ha TEH30PHO-AMCKPETHOM MaTeMaTM4yecKoM annapare,
KOTOpbIA MO3BOMISIET YYECTb KOPPENALMOHHbIE MEXAOMEHHbIE CBA3W, MEXAY 3/IEMEHTAMU CUCTEMbl B pasHbiX DHM. MeXAoMeHHble KOPPEeNsiUMOHHbIE CBA3N TEXHUYECKM MO3BONSIOT
paccunTbiBaTb HaAEXHOCTb CUCTEMbI, MPU B3aMMOAENCTBUM UMMYJbCHbIX BO3AENCTBUI pasHOW Npupoabl B OAHON cUcCTeMe.

[JononHeHa cooTBETCTBYOWAsa Teopusi U pa3paboTaHa MeToaMKa pacyeTa pacrpocTpaHeHWs Mo CUCTEME PasHOTUMHbIX UMMYJbCHbIX BO3AENCTBMIN, NPOBeAEeHbl pacyeTbl Ha OCHOBE
rpacda B3I c CMHXPOHHbBIM ABUTaTENEM.

Pa3spaboTaHa nporpaMma Ha s3blike JavaScript, no3sonsiowas NpovM3BOAMTbL pacdyeT MO anropuTMy MOAENMPOBAHWS PacnpoOCTPaHEHUs MO CUCTeMe Pas3HOTUMHbIX MMMYJbCHbIX
BO34ENCTBUN.

7. lNpoBeneH aHanM3 CyLecTBYIOWEro ANCKPETHOrO (uabTpa YHUBEPCASbHONO OTHOCUTENIbHO Mepuoja AWCKPEeTM3auuM, MOoKas3aHo: YTOo, Mpu npuMeHeHwuu K BIM, oH unmeer
CTPYKTYpHble HEYCTOMYMBOCTU, BbI3BaHHble TMOSIBIEHUEM HYNSl B 3HaMeHaTeNne MnepeMeHHbIX Ko3dhduumeHToB. Ha OCHOBaHWMM 3TOro, PacCMOTPEHbl pas3fiMyHbie BuUAbl
AVCKpeTM3aumn. BeisBneHo: 4To ans dunbTpa MHBaApMaHTHOro Norpy>xeHuns Hanbonee addekTmBeH MeToa dinepa.

8. PaspaboTtaH nporpaMMHbIv parMeHT Ha a3blke C , Ans NporpaMMHOro KOMMAEKCa KOMMJeKTa pa3paboTumka yCTPOMCTB ynpaBieHusa aneKkTpoaBuratensamm. [JaHHas nporpaMma
peanusyeT AMCKPeTHYH dopMynnpoky ®UM, KOTOpbIA MO3BONSET OLEHMBATbh TakMe He M3MepsieMble 3HauyeHWsl, Kak MOMEHT, CKOpOCTb, Yrofl BpalleHus Bana asuratens. Mpu
HanucaHWu NporpamMMbl UCMOMb30BaH LENOYNCTIEHHbIN cTaHdapT uncen 112Q20, no3sonswowmin 0TKasaTbCa OT YMCEN C MJaBalolen TOYKOW, YTo, B CBOK o4vepedb, YBenM4nBaeT
Npon3BOANTENBHOCTb MUKPOKOHTPOJIIEPa Ha KaXKoM Liare AMCKpeTU3aumu.

9. BblIM NpoBeAeHbl 3KCNEPUMEHTbLI MO npoBepke paboTtocnocobHocTn B/ Ha 6a3e [AB-72_40_1000 B ycnoBusax 3aMblkaHMs MO OLEHMBAEMOMY Yrfly MOBOpOTa poTopa. BbisBneH:
yBEpEHHbIV MyCcK M paboToCnocO6HOCTb anropuTMa B YC/IOBUSIX CINOXHOMO 33AaHus. Takxe npoBeAeH 3SKCMEepUMEeHT MO WCMOSb30BaHUKO OMNTUMAnbHOrO yria KoMMyTauuu,
NOoBbILLAIOLLEr0 CKOPOCTb XOSIOCTOr0 X04a. BbisiBNEHO: MOBbIEHWE CKOPOCTU XOJIOCTOrO XoA4a. 3HayeHne npupalleHmMs Mano B CBSI3WM C MaJibiM MO CPaBHEHUIO C MaKCUMMasbHbIMU.,
MpoBeAeH 3KCMNEPUMEHT MO TMOBbIWEHWUIO 3/IEKTPOMAarHUTHOrO MOMEHTa, 3adMKCMPOBaHO MpupalleHne MOMeHTa. BbisiBNeHO: MOBbllWEHWEe 3/1eKTPOMarHUTHOrO MOMEHTa,
npupaljeHmne Masno B CBA3M C MasibiM MO CPAaBHEHUIO C MaKCMMasibHbIMU TEOPETUYECKMM.
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Xacunzos neb Tarnposny

BEKTOPHOE YMNPABNEHWE BEHTUJIbHbIM 3NEKTPOMNPUBOM C perynnpoBaHneM yria KoMMyTaummn

CneuvanbHocTb 05.09.03

«INEeKTPOTEXHMYECKME KOMMJIEKChI U CUCTEMBI>»

ABTOpedepaT anccepraumnm Ha COMCKaHME YYEHON CTENeHn

KaHAMAaTa TEXHUYECKUX HayK

MN3paTenbcTBo HOXHO-YpanbCKOro rocyJapCTBEHHOr0

yHuUBepcuTETa

MopnucaHo B neyatb . Popmat 6084 1/16.MeyaTb odhceTHas.

Ycn. ney. n. 1,25, Yy.-u3a. n. 1. Tupax 80 3k3. 3aKkas

OtnevaTtaHo B Tunorpadum nsgarenscrea tOYpry. 454080, r. YensabuHck,
np. um. B.1.J1leHunHa, 76.
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