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OBIHAS XAPAKTEPHCTHKA PABOTHI

AKTyaJIbHOCTL paboThi. B rofasnsromeM GOJBHIHHCTBE MEXaHH3MOB TODHO-
maxTHoro obopyznoBaHHS NpHMeHSeTCs ymbo HeperynupyeMuii aiekrponpusoz (OI1)
Ha 0a3e aCHHXPOHHOrO JBHMraTens C KOPOTKO3aMKHYTHM poTopoM (AJIK3P), miGo D1
CO CTYNEHIAThIM PeryJHPOBaHHEM CKODPOCTH, ITyTEM HepeKIoYeHHs JHUCIa map Hoiko-
coB AJIK3P. OfHnM H3 IIPHMEPOB TAKHX MEXaHM3MOB SIBISCTCS CAMOXOAHEIN IIHEBMO-
KOJIECHBIH BAaroH, OCYIIECTRISHOMMN HOCTaBKy IOpHOH Macchl u3 3a00eB [0 MarucT-
PanbHLIX KOHBeHepoB. M3-3a HM3KOro ManasoHa perynupoOBaNms 3a4acCTYI0 IPHXOJHT-
cs BRIOHpaTh MeXTy MAKCHMAJIBHOU CKOPOCTBIO /UL YMEHbLIICHHA BPEMEHH AOCTaBKH U
MHHHMMANBHOH CKOPOCTBIO IUIS KOM(POPTHOIO MaHEeBPHPOBaHUA ¥ 6e30MacHoi SKCitya-
Taimu. TTOBBIIICHHBIA yAeNBHBIA Pacxon 3JEKTPOIHEPTHH M HHU3Kas IPOHU3BOAUTEIb-
HOCTh BaroHOB (B HACTOSINEEe BPEMs HIDKE TIPOM3BOAMTENLHOCTH HPOXOLYECKO-
OYHCTHRIX KOMOAfoB) OTPAHHYMBAIOT B HENOM 3QGEKTUBHOCTD OTEUECTREHHBIX TOP-
HO-TIPOXOMYECKHX KOMIUTEKcoB. [lodToMy OCHanIeHHe CaMOXOAHOTO IOA3EMHOrO
TpaHcnopTa perynupyeMbiMu OI1 sBisercs akTyambHOH 3ajadeil, HanpasjeHHOH Ha
obecnieueHre GBHICTPOrO M TOYHOIO PEryIMPOBAHHS YCWIAH H CKOPOCTH MEXaHH3MOB, a
TaKKe pecypco-3HeprocObeperaroliix PeXHUMOB, KOTODhle ABNAIOTCA cefiyac HEOTHEM-
JIeMBIM TpeOOBaHUEM BCEX TEXHOJIOTHYESCKUX IIPOIECCOB.

YcnoBHS 3KCILUTyaTallHH TATOBBIX 3neKTponpusonos (TOIT) ropHo-maxTHOrO 060-
PYZAOBaHHA HMCIOT crieli(igecKkue ocoOSHHOCTH, IaBHBIM 00pa3oM CBA3aHHBIE C OF-
paHHUYEHHON MOIIHOCTEHIO H CIOKHOCTBIO CHCTeMBI JNIEKTPOCHabXEeH A, ¢ ANHAMHYHOM
Harpy3koi, H3MeHsromeics B CONBIIMX npefielax, ¥ ¢ OrpaHHYCHHBIMH rabapHramy,
NIPEIOCTaBIIIEMBIMHA I 3NEKTpoo0OpyIOBaHHS HA NOABIDKHEIX MEXaHH3MaxX. B cBsi3H
C 3THM pelleHHe yKa3aHHBIX BhIIe Mpo6iieM BO3MOXHO TOABKO C MPHUMEHEHHEM Yac-
TotHO-perynupyemMbix 31T ropusix Mexanw3MoB. CyIeCTBEHHBIX BKJIaJ B pasBuUTHe
3TOro HampasiieHus BHecan A.A. Bynrakos, .M. baGokus, ILJ1. I'aspunos, B.A. Hap-
tay, EK. Emms, AE. Kozapyx, B.A. Kmoues, B.A. Mumenko, A.C. Canmnep, A.C.
Capsapos, A.A. Yconsues, B.A. Hly6enxo u ap. Oxnako B ux TpyZdax noppobHO Hc-
crefyetcs paboTa DNEKTPONpPHBOJA NMPH HOMWHANBHOH HArpy3ske H MalnO BHWMAHHSA
YHASIAETCHA XapAKTEPHBIM LIS TOPHBIX MEXaHW3MOB peXuMaM Neperpy3Ku.

Bosiee 3ddexTHBHO Irponecc BHEAPEHUS MPOHCXOAHUT, KOrZa 3aMEHAIOT BCIO CHC-
Temy JI1 (B OONBIIMHCTBE CIydaeB Takoe OBIBAET, KOIAa MCHAETCS POJ TOKA Y JJEK-
TpoaBUTaTencH). 3a4acTyio, MO TEXHHKO-IKOHOMHHYECKMM ITPHYHMHAM NpPH BHEAPEHWH
YaCTOTHOTO PETYAHPOBAHHA B 3/IEKTPOMEXAHHUECKYIO CHCTEMY HHTEIPHDYIOT TOJBLKO
npeobpasosarens yactoThl (ITH), eciu o storo ucnoms3oBanuck AJIK3P. Koraa xe
pedb 3aXONUT O CIEIMANBHBIX ABHraTeNsX (HaIpHMeEp: B3PHBO3AINHINEHHOTO MCIIONHE-
HMS WIB WHIMBHAYaTPHOH pa3paboTKH), TO MX COXpaHEHWE SRISETCA OOA3aTenbHEIM
YCIIOBUEM MOJEPHHU3AIHH.

BOTBIMMHCTBO TEXHOJIOIHYECKOTO O0OPYNOBAHHS IMAXT H PYJHHKOB HMPOEKTHPO-
Banock 3040 ner Hazan. Tlpd NoBHIIEHHM NPOMIBOJUTENEHOCTH MOLIHOCTH paboumx
MEXaHK3MOB Hallle BCEero He YBENHYHBAIOT, BCIEACTBAE 9€r0 MexaHu3Mel paboTaor ¢
neperpy3kamMu. B pesyipraTe 9TO NPHBOOHT K HACTHIM OTKa3aM M BEIXOAAM M3 CTpOd
TEXHOJIOTHIECKOr0 00GOpYyAOBaHHA, T.K. KOHTPOJIbL NapaMeTpoB paboTH Heperyivpye-
Mmeix OI1, Kak IpaBHiIO, HE OCYIECTRIAETCS. N
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Buenpenue TOIT caMoXomHOro IHEBMOKONECHOrO BATOHA C YACTOTHRIM peryJiH-
POBaHHEM JUJIS MOBBIIICHUA €r0 3KCIUTyaTallHOHHON HAZEeXHOCTH H IIPOM3BOAHTENHHO-
CTH TpebyeT NpOBEACHHS NMOAPOOHBIX HCC/IenoBaHmii YCIOBMH €ro 3KCInyaTalud W
pa3paboTky 30 ¢eKTHBHOMN CHCTeME! yripapierus DL

Paborta nopepxana GoHZoM COAEHCTBHA PasBUTHIO MANLIX GOPM OPEANPHATHIL B
Hay4YHO-TEXHWYeCKOH cdepe B pamxax nporpammei « YMHUK» (npoekt Nel0224) u
YIAOCTOEHa JMIUIOMa 3aKOHOHATENRHOIO cobpanns YensGuuCKoH 06JIACTH B HOMHHA-
U «Jlyqmuii Hay4HO-HCCIEN0BATENbCKHI HpoeKT.

Ilear paboThl — HOBRIIEHHE SKCILTYATALMOHHON HANEXHOCTH H IIPOHU3BOIHTEb-
HOCTH TSTOBOTO 3JIEKTPOIPUBOJA CaMOXOJIHOTO BarOHa IPY Heperpy3Kax M OrpaHddeH-
HO#H MOITHOCTH NCTOYHHUKA SHEPrOCHAOKEeH s,

At A0CTHIREHUS HAMEUCHRO#H NEeJIH B IHCCEPTAIME NOCTABICHDLI W PEIIEHbI
caenyiomHAe 3aJaun:

— yCTaHOBJICHB! 0COGEHHOCTH OCHOBHEIX PEXHMOB pPaGOTHI TATOBOrO BIEKTPONpPH-
BOJla CAMOXO/THOTO BaroHa B YCHOBHSEX NCHCTBYIOIIErO PyIHHKA;

— ompeneseHH BO3MOXHOCTH DalOTBl HCHONB3YEMBIX ACHHXPOHHBIX TSMOBBIX
3JIeKTpOABHIraTeed C MOBBLUNEHHBIM CKOJIBXKEHHEM B  COCTaBé  YacTOTHO-
PEeryJIMpyeMOoro »IEKTPONPHBOLA;

— MCCIE/IOBAHBl XapaKTEPHCTHKH TATOBOIO ANEKTPONpPHBOJA CAMOXOIHOrO BaroHa
€O CTaHAAPTHEIMHM ANTOPUTMAaMH YIPABIE€HHS JBHTATENAMH IPH Neperpy3kax H orpa-
HHYeHHOH MOIIHOCTH HCTOYHHKA SHEPrOCHAGKEHHUS;

— IPOBEJEHHI pa3paboTka ¥ 000CHOBaHHE ANTOpHTMA DPEKTHBHOTO YACTOTHOrO
YIpaBiIeHHsA C YI€TOM KOHCTPYKTHBHBIX OCOOEHHOCTEH M yclIOBHMI pabOThl BaroHa u
HCTNONB3YEMBIX TATOBBIX 3IEKTPOABUraTEEH.

MeTtoasbl HeeaexoBaHUi.

B paborte MCIOIb30BANUCE METOOBl TEOPHH EKTPOIPHBORA, T€OPUH JaCTOTHOTO
YIpaBIeHHAsS ACHHXPOHHBRIMH 3JIC€KTPONABHIATEIIMH, METONE!I TEOPHH ABTOMATHIECKOro
yIpaBieHUsA, METOIBI MAaTEMATHIECKOro M Iu¢poBOTO MOAeNHpoBaHus Ha IBM. Oxkc-
MEepUMEHTANbHEIE HCCIISAOBaHUS IPOBOAMIIKNCH HA OIBITHOM 06pasle CaMOXOJHOTO
nHeBMOKOJIeCHOro Barosa «B17K» B ycnoBuax AeficTByromero pyaHyKa U Ha mabopa-
topuoM crersie ATV71-LEXTUMOS.

Hay4Hble M0/I0%KEeHHS H Pe3yJbTaThl, BHIHOCHMbI€ HA 3aIHTY:

— pe3yJbTaT aHalu3a BEKTOPHBIX JHArpaMM IPOLECCOB B YACTOTHO-PETY/IHPYEMOM
311 ¢ AJIK3P ¢ NOBBIIIEHHHIM CKOJBXEHHEM NIPH Harpy3Kax Bbillie HOMUHAIIBHOH, 005~
SICHUBIINH MPWYHHE] MOBLIIIEHHS CTATOPHAIX TOKOB IIPU YBEJIHYEHHH YaCTOTH! ITHTA0-
HIErO HaNIpSKEHHUS,

— IFOPUTM HYaCTOTHOT'C YIIPABJICHHUS aCUHXPOHHBIMH TATOBEIMH 3JIEKTPOIBHIaTe-
JIIMH ¢ NOBHILEHHEIM CKOMBLKECHHEM, UCHHITHBAIOUAMY GONBIINAE HAIPY3KH, NONTBEp-
WJCHHBIA 3KCIIEPHMEHTAIBHBIME HecaeaoBanmwsaMu TOII caMOXOAHOTO BaroHa, CHH-
3UBIIMH CTATOPHEIE TOKH Ha 20%;

— cOpMYTMPOBAHbI YCAOBHS COXpaHeHHs paboTOCIIOCOGHOCTH CHCTEMbI BEKTOD-
HOTO YIpaBJIeHUs [IpH H3MeHeHHH HapameTpoB Ol ropHO-TPaHCIIOPTHEIX MEXaHH3MOB.

Hay4Hoe 3Ha"IeHHe paGoThbi:

— BIIEPBLi€ HA OCHOBE DKCIECPHMEHTAIBLHBIX MCCJIENOBaHUN W C TOMOIIBIO paspa-
GoTaHHOI TPOrpaMMbl YTOYHEHHOTO pacdeTa CKOPOCTH JOKa3aHO, YTO peaNu3yeMble B
ITY anropHT™EI KOMITEHCAIHH CKOJIBKEHHS JUid aCHHXPOHHEIX TArOBBIX 3JEKTPOJIBHIa~
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Tefel ¢ MOBBIIUEHHRIM CKOJIBKEHHEM [IPH Harpyskax Gonsme 1,1 My (B 308e ckonmbxie-
Hu# 0T 15% 50 50%) HeaddexTHBHDI, YBeIHUCHHE 9aCTOTHI HTAIOMIETO HANPOKEHKS
OpH HEH3MEHHOM OTHOWEHHH aMILTATYAE! K HacToTe muTatoutero Hanpskenus {(U/f)
BBI3bIBAET POCT CTATOPHAIX TOKOB M yMeHbIICHAe (PaKTHYECKOH CKOPOCTH ABUTaTENCH;

~ BBISBJIEHO, YTO B ACHHXPDOHHOM TSTOBOM JIEKTPOABHIATEIIE C IOBLIIIEHHEIM
CKOJIbXEHHEM TIPH Harpy3Kax BbIIIE HOMHHAIBHOH CHHKAETCA CKOPOCTh M YBENUYHBE -
€TCs TOK CTATOpAa K3-33 CHIXKCHHS OCHOBHOIO MAarHWTHOTO IOTOKa, KOMIIEHCHPOBAThH
KOTOpPOE BO3MOXKHO ITyTeM YBENTHYEHHS HANPSOKCHHA NPH NOCTOSHCTBE YaCTOThL, €CIIH
CYNIECTBYET 3anac Mo HAMpPHKEHHIO, JIHOO IMyTeM CHIDKCHMS JacTOThl [TUTAOLIET0 Ha-
NpsHKEHAS TIPU OTCYTCTBHH 3aI1aca N0 HANPKEHHUIO;

~ BOEpBbIE€ pa3paboTaH arOPUTM CKAISAPHOrO YIPABIEHUS ACHMHXPOHHBIM TSATO-
BBEIM 3/IEKTPOABHUIATENIEM C TOBRINIEHHEIM CKOJIEKEHHAEM, OTIHYAIOIMHACA TEM, YTO MpH
YBENHYEHHH Harpy3Kd KOMIICHCHPYETCA CHIDKEHHE OCHOBHOI'O MAarHMTHOTO IIOTOKa,
obecneunBaroliee N0 CPaBHEHHUIO CO CTAHTAPTHHIMHU ATOPUTMAaMH CKAJSIPHOIO YIIPae-
JIeHHS CHIDKEHHE CTaTOPHEIX TOKOB Ha 20-30% u yBenudenne daxTHueckoll cxopoctu
naeuratens Ha 5—10% 3a paGounii UK 3a CUET NMOBHIIEHHS XKECTKOCTH MEXaHW4ecKoH
XapaKTepUCTHKH.

IlpakTayeckoe 3HaveHHe paGoThl:

— MPOBE/ICH KOMIUIEKC UCIBITAHUH TArOBOro SJIEKTPOIPUBOLA CAMOXOHOTO Barc-
Ha B YCHOBHAX JIEHCTBYIOIIETO PyAHAKA, AOKA3aBIIHMH He3Q(PEKTHBHOCT CYIHECTRYIO-
IMX QITOPUTMOB KOPPEKIHMH CHCTEM CO CKaJsPHEIM YTIpaBIeHHEM M Ierecoodpac-
HOCTh KOMTICHCAllHH CHIDKGHHS OCHOBHOTO MAaTHHTHOTO NOTOKa AJIA MOJJIepXKaHus
CKOPOCTH ACHHXPOHHBIX TATOBBIX 3JIEKTPOJBUTATENEH ¢ MOBBIIICHHBIM CKOJBXKCHHEM
1ipu GOJIBIINX HAarpy3Kax;

— TI0Ka3aHO, YTO JUIS JAHHOTO THIA MHOrOJBHIATENbHOTO 3MEKTPONPUBOAA NpH
KOHCTPYKTHBHEIX OcCOOeHHOCTAX Hauwbonee IenecooOpasHO IPHMEHATh CKAISPHOE
YIIPaBJICHHE;

— peanM30BaHHBIH ANTOPATM YOpaBICHWs NpeoOpa3oBaTeneM 4YacTOThl Vacsh
NXP 0261, koMIleHCHPYIOIIHii CHIDKCHHE OCHOBHOI'O MAarHMTHOTO TIOTOKA JBMIare:vi
OpH yBeNHYeHHH Harpy3KH, HO3BOMHI MOBBICHTH IPY30IONBEMHOCTE CAMOXOIHOTC Ba-
roHa 1o 14-16 T ¢ cOXpaHEeHMEM CKOPOCTH HpH yriax Bospbimends 10-13°, gro me
ofecrieynBany CTAHAAPTHEIC alrOPHTMEI CKANSIPHOIO YIpaBlieHHs, IPH KOTOPBIX Mp:-
IeJibHAs HarpysKa cOocTaBlsia 8-9 T, B pe3ynbpTaTe 4ero NpOM3BOAMTE/IBHOCTD BarcoHa
OBlna yBejiuyeHa IPaKTHIECKHU B 2 pasa;

— pa3paboTaHHas TporpamMma yTOYHEHHOIO pacyeTa CKOpPOCTH, GasHpylolascs na
CHTHAJIaX CyMMapHOTO TOKa CTATOpa, aMIUIMTYIBI H 4YaCTOTHI HAIIPOKEHHS ITHTAHES
Ipurareneil nosBonuna Ge3 YCTAHOBKH NOTOJHHTENHHOI0 00OpYHOBaHHUS IIOBLICHUTH
TOYHOCTL ONpeiEIeH!s CKOPOCTH NepeABHKEHHs CaMOXOJHOTO BaroHa.

OGOCHOBAHHOCTb H A0CTOBEPHOCTh HAYYHLIX MOJN0XKEHHI, BLIBOJOB H pEKo-
Menanmi MoATREPKIAeTCd KOPPEKTHEIM UCTONB30BAHHEM METOIOB OIUCAHMA CTaTH-
9eCKHX M JWHAMHYECKHX [IPOLECCOB B MAaTEMaTHYECKHX H KOMIBIOTEPHBIX MOIEIHX
IpH OOLIENPHHATHIX AOIMYIICHANX, pe3yIbTaTaMi BHeIPEHHS H SKCILTyaTaliii 9acTtol-
Ho-perymupyemoro TOIT caMoxoxroro BaroHa.

Peannzanua pesyabraToB paGoTnt:

Pa3paboTaHHEI AITOPHTM YIIPABIeHHA, KOMIICHCHPYIOUIHH CHH)KEHHE OCHOBHOTO
MAarHWTHOT'O ITOTOKA IIPH Harpy3Ke BBIIE HOMHHAIBHOM, peam3osad B TOII onsitaoro
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obpasna camoxogHoro Barosa «B17K» (3aBoackoii Ne 3) OAO «Kormeickuit MaIIHHO-
CTPOMTeNLHBIH 3aBof» (I. Konetick, Yemnburckas 061acTs), KOTOPEIH# NPOXOIHT NpO-
MBILJICHHBE ~ HCOBITAHMA HAa  KanmiiaoM  pyanuke OAO  «Ypankanui»
(r. ConuxaMck, Ilepmckuii kpait).

AnpoGanus pa6oTi. OCHOBHEIE NONOXKEHUS PabOTH PaCCMATPHBANMCE U 06CYX-
RATACh HA MEXXYHAPOAHBIX HAyYHO-TEXHHIECKHX KOH(epeHIMAX: «DNeKTpoIHEpre-
THKa H aBTOMAaTH3al¥s B METALTYPTHM H MalluHoCcTpoeHHw» (MarHutoropck, PYMI]
«Ilepconan», 2008), «IpobaeMEl ABTOMATH3ALMK U YIIDARJIEHHS B TEXHHYECKHX CHC-
Temax» (Ilensa, II'Y, 2009), I Beepoccuiickoli koH(epeHIIAE MONOIBIX yUEHRIX H
cnepuanuctoB «BY AYIEE MAITMHOCTPOEHUSI POCCUH» (Mocksa, MT'TY um.
H.3. Baymana, 2009), VI mexaynapomsoi (XVII Beepoccuiickoil) konbepenimu mo
ABTOMATH3MPOBAHHOMY 3NeKTponpuBoRy «ADI1-20i0» (Tyna, Tynl'V, 2010), XVII
MEXYHapPOJHON HayJHO-TeXHHYECKOH KOH(EPEHIMH CTYAEHTOB U acrupaHToB «PA-
JJAOBJIEKTPOHUKA, 3JIEKTPOTEXHUKA U DHEPIETUKA» (Mocksa, MDU,
2011), Hayyno-Texnudeckux koHdpepennuax IOYpl'Y s 2008-2011 rr.

Hy6anxaunn. OCHOBHEIE ONOXCHHS, BBIBOABl U MPAKTHYECKHE PE3YABTATH H3-
noxeHbl B 14 Hay4HBIX paboTax, BKIOYas 3 CTaThi B XKypHalaX, PeKOMEHIOBaHHBIX
BAK, oznxa H3 KOTODEIX BHINIIZ B OTpacieBoM xypHajne «[opHoe obopynoBaHue u
3nekrpomexaHuka» Ned, 2011, 10 MaTepHanoB Hay4yHO-TEXHHIECKHX KOH(epeHUui H
Te3HCoB JoKiIaoB. Ha opurnnaneHoe TEXHHYECKOE pelleHHe noiydeH | narent PO na
H300peTeHue.

CTpykTypa # 00bem paborThl. Juccepraiyst COCTOMT U3 BBEIEHHS, IIATH IJIaB OC-
HOBHOTO TeKcTa 00beMoM 114 cTpaHul, 3aKiIOYEHAA, CIMCKA HCHONb3YeMOM Jurepa-
Typs! u3 104 HauMenoBaHui ¥ 2 npunokennii. O6mmit 06peM IMCCEpTAIHY COCTABNAET
148 crpanun, Bkmodas 70 pUCyHKOB K 5 Tabaw.

OCHOBHOE COAEPXAHUE PABOTBI

Bo BBeaemHH OOOCHOBaHA AKTYAIbHOCTh BLIOPAHHOH TeMBI AHCCEPTALHOHHON
paboTsi, copMyTMPOBaHEI HENH U 3aJa4yd HCCIIEeNOBaHKH, H3TI0XXeHbI OCHOBHbIE T1OI0-
WeHHs, BHIHOCHMBIC HA 3alIUTY, yKa3aHbl HAyYHAas HOBH3HA H MPAaKTHYeCKas HeHHOCTh
pe3ynbTaToB paboThI.

B nepsoii raaBe npoBeieH aHANH3 COBPEMEHHOTO COCTOSHHA TATOBBIX 3IE€KTPO-
npuBozos (JI1) moa3zeMHOro caMOXOJHOIO TPAaHCIOpPTa Ha MPHMEPE CaMOXOAHBIX Ba-
TOHOB.

B HacTosImee BpeMst OTMeYaeTcs, 9T0 3(PEKTHBHOCTh OTEISCTBEHHRIX IPOXOI4e-
CKO-OYHCTHBIX KOMILIEKCOB OTPaHMYHBAETCH M3-3a HEAOCTATOYHOM [IPOU3BOJMUTENBHO-
CTH HIaXTHBIX CaMOXOJHBIX BAroHOB, KOTOpas B HACTOAIIEe BPEMs HUXKE MPOU3BOIH-
TENBHOCTH KOMOAIHOB, U M3-3a MOBHIIEHHOTO YAENBHOTO PacXOJd 3JE€KTPO3HEPTHH.
[ToBsimenne NPOU3BOAMTENBFHOCTH H 3HEPro3(EeKTHBHOCTH OTEYECTBEHHBIX NMPOXOA-
YECKO-OYHACTHBIX KOMILIEKCOB H CAMOXOIHBIX BarOHOB B JAaCTHOCTH MOXHO IOCTHYb
BHEJIPEHHEM PETYIIHPYEMBIX 3JEKTPOIPHBOIOR.

Ocob6ennocTrio pabotel D1 caMOXOJHOTO BaroHa ABIASTCS HEJeTEPMHHHUPOBAH-
Has Harpyska, M3MeHstomascs B 6onpnioM auanasoHe. Hannume HepoBHOCTEH Tpacchl
COBMECTHO C H3MEHAIOLIMMCA pelibehoM CNOCOOCTBYET MOCTOSHHOMY IPHCYTCTBHIO
NEPEXOAHBIX IIPOLECCOB B MeXaHH4eCKHX mepefnayax. CiencTpHeM 3Toro ¥ OJHOH H3
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OCHOBHBIX MPWYHH TOJIOMOK 3JIEMEHTOB TPAHCMHUCCHM CAMOXOJHBIX BarOHOB SIBIISETCS
HAaKOIICHHE B HMX yCTAllOCTHHIX NOBpexaeHuH. Ocobyo poilb IPH 3TOM HIpaeT HalU-
yue HeperynupyeMmoro Ol, KOTOpBIH CyINeCcTBEHHO YCKOpSeT HAKOILIEHHe YCTANOCT-
HEIX TIOBPEXICHHH JeTaneil B mpoliecce NMPAMOro ITycka 3IEKTPOABUrarerneif, pasHo-
CHJILHOTO yIAapHbIM HarpyskaM. K ToMy ke 5—7-KpaTHbIe ITyCKOBBIC TOKH COKpALIAroT
pecypc TATOBBIX 3NeKTpojaBuraTeneii m mpuBoAsT K 10-20% mpocagkaM NHTAIOLIETO
HaIPOKEHUA.

Jind NOBRIMIEHHA SKCILTYaTalMOHHBIX TIOKA3aTelleid HafexHoCcTH Ha CONMKaMCKOM
KalnMAHOM pynoynpasBieHnu Ne2 Oniia cobpana uHGopManus o Haubonee 4acTrX OTKa-
3aX ¥ HEHCHPAaBHOCTAX y3JIOB H obOpYNOBaHHMA CAMOXOAHHIX BArOHOB. 3a Iepuon c
01.01.2008 no 31.12.2008 B skcIuTyaTantud HaXOAMIOCH 20 CAMOXOIHBIX BaroHos. Ilo
NIPUYHHE CTYNEeHYATOrO PETYIHPOBAHHS CKOPOCTH B CPEJHEM Y OJHOTO OTEYECTBEHHO-
ro CAaMOXOJHOr0 BaroHa BEIXOIMT M3 CTPOA IOYTH 15 yacrteil TAroBOro npueona B rof,
ApHYeM 3aMeHa GONBIIHHCTBA M3 HUX (CTYTIHIE! Ha KOHHYECKOM pPeNyKTOpe, MePBoi U
BTOpPOH IllecTepHEeH YTIIOBOrO peAyKTOopa H Ip.) BRI3BIBAET JJIMTEIbHBIE IPOCTON U3-3a
00BEMHBIX PEMOHTHHIX paboT. Y CTAHOBJICHO, YTO OCHOBHBIMH BHIAMH [IOJOMOK TAO-
BBIX 3JIGKTPOABHTraTeNell SBISIOTCH NMpoboii 0O6MOTOK ¥ pacmaiixa Gamujaxkeil, BO3HU-
Kaloni¥xX B Pe3yJIbTaTe NOBLIECHHOIO HarpeBa. JTO CBHAETENLCTBYET O TOKOBBIX Iiepe-
rpy3Kax TATrOBBIX ABHratescH.

BriseneHs! OCHOBHEIE IpoONEMEl BHEXpPeHHS dacroTHO-perynupyemeix Ol rop-
HbIX ManmH. Ui caMOXOOHOIO BaroHa 3TH NMpPoOJieMEl 3aKiIoYaloTcs B o0ecledeHHH
TPeX CKOpOCTeH IepeABHKEeHuA NPH GoJblmX yKioHax | 3arpy3ske. IIpn 5ToM Heobxo-
AuMo 00ecTieuNTh IUIABHBIA IyCK W MTOBBICHTH HAJISKHOCTH pabOTH (YBENUIHTH pe-
MoHTHBIe cpokH). KoHcTpykips Barona 6nuta ompenenena, 1.e. TaroBui Ol gomxkeH
65T cCTpONTECA Ha 6a3e cIenHankHO pa3paboTaHHBIX MOTOp-Kojiec {AaCHHXPORHEBIN NBH-~
rarens AUVE225M ¢ HOBHMEHHBIM CKOJNBXEHHEM CarperaTHpOBAHHBIH C IBYXCTY-
TEHYATHIM IUIAHETAPHBIM PEIyKTOPOM), Ha KOTOPhIE HE BO3MOXHO YCTAHOBHTE JaTIHKH
CKOPOCTH 10 YCJIOBHAM B3pHIBOGE30HacHOCTH H KOHCTPYKIHA BaroHa. Tak ke HEoOxo-
IuMo OBUIO YIHTBIBAaTh OTPAHHYCHHEIE rabapHThI CTaHIMK yNpaBlIeHHs, HE TIO3BONSIO~
me ycTaHOBATH deTsipe ITU, M orpaHHYeHHY0 MOIIHOCTE MCTOYHHKA dHEprocHabxe-
gy, rae nabmonarorcs 10% nageHus HanpsDKeHHs Ha nyTaromeM kabeine orpaHHveH-
HOTO CeYeHHA. B CBS3M ¢ 3THM OBINO NPUHATO pelleHHe MHTErPHPOBaTh B MIEKTPOME-
XaHHYECKYIO CHCTeMy TONEKO ITY, 9T0 MO3BOJIMIO COXPaHHTHL KOHCTPYKIMIO XOJ0BOH
4acTH CAMOXOZHOTO BaroHa 6e3 H3MeHeHMH.

OAO «Komneiickuit MalmHHOCTPOUTENBHEIH 3aBog» B 2007-2011 rr. npoBoAHT pa-
60Tl IO OCHALICHUIO BHOBb CO34aBacMOTo MHeRMokoiecHoro aroa B17K gacrorHo-
peryIupyeMBIM TACOBBIM 3JeKTPOIPHBOIOM. B cBA3M ¢ TeM, 4TO M3BECTHBRIE Npeobpa-
30BaTe/ll YacTOTHl He NpelHa3sHadeHbl IS I'OPHO-IIAXTHEIX MEXaHW3MOB, H H3-3a OT-
CyTcTBHS HHGOPMALMH O pealbHBIX Harpy3kax M Mapamerpax NUTaomel CeTH HeobXo-
JUMO TIPOBEJeHNe TIOAPOOHBIX MccleoBaHHH ycloBuil ux paboTel ¢ mocnemyroomeit
pa3paboTKoil aNropuT™Ma ylipaBieHHs A1 pabOTHE B 3THX YCHOBHSIX.

Bo BTOpO# ri1aBe NpoBeA€H TATOBRIH pacyeT, YYHTHIBAIOIIUH YCIIOBHA 3KCINIYa-
TalHH [IOJ3EMHOI0 CAMOXOIHOTO TPAHCHIOPTA M IIPE/CTaBNeHn pe3yNbTaThl BHEAPEHUL
4acTOTHOro peryJjuposBanus Ha Barod B17K. Ha ocHoBe TeopeTHYECKHX ¥ 3KCIEpH-
MEHTANBHBIX MCCIeAOBARNH OblMK pa3paboTaHsl OCHOBHEE Tpebosanus k TOIT camo-
XOJHOTro BaroHa.
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CunoBo# npeobpasopaTellk JOMKEH PACTIONATaTHCA BO B3PHIBOZAIIMIEHHON 060~
JOYKe OrpaHHYEHHBIX [abapHTOB, B CBA3H C YEeM MO TEXHUKO-3KOHOMHYECKHM TPHUH-
HaM GBUI0 IPHHATO PellieHye B NONE3Y MHOTOABATaTE bHOMN cxembl TOII ¢ BapuanTOM
HHTaHHUA 4-X JBHraTeNiel, CeHHaNnbHO pa3paCoTaHHEIX I CAMOXOMHOIO BAaroHa, OT
omsoro ITH. U3-3a Tshxensix ycioeui paGOTE B OTCYTCTBHS KOHTpOJS 3aTPY3KH, A/iA
Boibopa ITH xoapduuuent, obecieqnBaiomyil 3anac MO TOKOBON HArpy3Ke, MPHHAT
paBHBIM 2,1 OT HOMHHAIBHOTO TOKAa aCHHXPOHHOTO ABuraress (AJ]) M ¢ yU4eTOM TOTO,
9gT00B IIpeobpasoBaTens JOIMycKain 2,5-KpaTHbie MEpPerpy3kd B TedeHue Oonee 45 c.
Hcxons u3 rabapuTHBIX M TEHOBRIX TOKa3aTenel, a Taxk jke ynobGCTBa DKCIUTyaTal[MH
65Ut BEIGpaH ITU NXP 0208 6 dunckoit ¢upMel Vacon. MHorogsararensHas cxema
MArKas MEXaHHYCCKAs XapaKTEPHCTHKA TATOBEIX ABHrareliell (KpUTHYECKOE CKOJBKE-
Hue cocraBiser 60%) Na0T BOZMOKHOCTD MOIYYHTH TAK HA3EBAEMBIH «3IEKTPHYECKHH
muddepernman», T.e. pasIHIHbIE CKOPOCTH KOJleC NpH ITPOXOKIEHUN 3aKPYTIeHud u
NIpH HepaBHOMEPHOH Harpyske M3-3a HEpOBHOCTE! TpacChl.

DKCHepUMEHTANLHEIE HCCNECAOBAaHHA TATOBOrO MEKTPONPHBOIA CAMOXOIHOTO Ba-
roHa nposogmwinck Ha CKPVY-2 OAQO «Ypanxamuii» (r. Conukamck). Ha puc. 1 npea-
CTaRIIEHEI Pe3YNbTATH IpOBeACHHBIX HcnkTagui TOII camMoxonHOro BaroHa B ycJOBH-
ax pedictsyromero pyaauka ¢ IT4 co craHmapTHBIMM HacTpOHKaMH (xapampncmxa
U/f — iiunetnan).
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Puc. 1. H3meHeHne HArPY3KH B IAPOKHX NpexeIax:
U (Motor Voltage) — nanpsoxenne nearareneit, B; I (Motor Current) — CyMMapHBIi [10JHbIA TOK JABH-
rateneit, A; M (Motor Torque) — cymmapaEif MOMERT JBurateneif, %; n (Motor Speed) — pacyernas
CKOpOCTH ppuraTesnel, o6/ mun; f (Output frequency) — SacroTa Ha BEIXOAC npeobpasosarens, ['u

Heo6x01uM0 OTMETHTH, YTO Rpu ucnbTaBusax 6e3 ITY naMepennii TOKa He NPOBO-
JIUNIOCH, a TIPOBEACHHBIe MCTILITAHWA MOKA3aJIH, YTO MpPH ABHDKCHHH BaroHa ¢ Makcu-
MaipHOlH Harpy3kol (15—17T) u yrnaMu BO3BBIIIEHHS Tpace 12—14°, TOKH ZOCTHralOT
2-2,5 HOMHHILHOIO TOKa. [IpH 3TOM H Ha IEpBOH H HAa BTOPOH CKOPOCTH PE3yJIbTaTh
pabotrt TOII yroBnerBopuTeNEHE], a Ha TpeTe Her. IIpuMensemsie [TH ¢pupmsl Vacon
MTO3BOJIAIOT PEATH30BKIBATE JBA PEXHMa YTIPaBIECHHS: «yNpaBieHHe JacTOTH TTUTAHHUs
IOBHIATEe/sD» U «YIPaBIICHHEe CKOPOCTHIO JBUTratTeNns». B npeoGpazopatenie pacCUMTHIBa-
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ercs o 10 xoHTpoNHpyeMsIx napamerpoB paGotsl OI1, HO B X0J€ SKCHEPHMEHTOB yC-
TAaHOBJICHO, YTO JIOCTOBEPHLIMH SBIIAIOTCA: CYMMAapHEIA TOK, HAalpsDKEHHE M 4acToTa
IIMTAHUs JBUTaTENEH.

B xone ucnbrranuii 0GHapy»XeHO, 4TO NPH JBHIKEHHH I'PYXXEHOTO BATOHa MO OXHOH
U TOH %e Tpacce nomHsil Tok ITY yBenuduBaetcs ¢ pocToM ckopocTH. Ocu@iorpam-
MEI CyMMApHOTO TOKa B 3aBMCHMOCTH OT TIPOXOAVMOIO PAacCTOSHMS! OPH ABMXKEHHUY
IPY’KEHOTO BaroHa (6—7 T) Ha pa3sHBEIX ckopocTAx npH pabote ITH B pexwume «ymnpasie-
HUSl YaCTOTOH IHMTaHUs JBHIATED NMpe/CTaBleHb Ha pHC. 2. CHavana ABMXEeHHe 1Ipo-
HMCXOMUT Ha YXJIOH 7-8°, a 3aTeM Ha YKIOH 6-7°.

Ilpu upeoxonenuu nepsoro yiona (ysactok 0~10 M puc. 2) 311 pabortaer B pe-
KHMME TOKOOTPaHMYEHHMS, IPH KOTOPOM HamnpsokeHue cHpkaetrcs go 600 B. Tok Ha sToM
y4actke 1ipu 50 ' Ha 40% sbiue, d9em npu 17 Ty u 35 ', OxHako, Npy ABIKEHKH [T0
BTOpoMy YKJIOHY (15—20 M) Tok Ha 10% Beilue, a HanpsOKEHHE MPH 3TOM COCTABIA
660 B. G

Tt
]

PaccToRHue, M
Puc. 2. 3aBHCHMOCTH TOKOB Ha PAa3HBIX CKOPOCTHX OT PACCTONHMSE B PEKHME «(YNPABJICHHS I80-
TOFOH NUTARNAS ABATATEID

{Ipu pabote ITY B pexuMe «yNPpaBIEHHS CKOPOCTHIO JBHraTesisD» NPH TOKOOrpa-
HUYCHHY HaNpsDKEeHHe CHIXKaercs Jo 645 B, a dyHkums nojgepkaHus cKOpOCTH yBe-
AMYKBAET YACTOTY NHUTAMOILETO HANpsDKeHus Ko 54 [, cyMMapHbIH TOK ABHraresnei
npu 3ToM — 203 A. Tlpu 3Tux ycroBrsx npesbilenne Toka cocTapmaet 23% no cpasHe-
uuio ¢ TokamH Ha 17 I'm u 35 I'm (168 A). ITpu neukeHHM Ha TPETEEH CKOPOCTH IO
BTOPOMY YKIOHY (OYHKUHA TOIEPXaHHS CKOPOCTH YBEIWYHBaeT dacTory mo 54 I'm,
OJIHAKO, COTJIACHO CTAHAAPTHBIM HacTpoikaM, IPH POCTE YACTOTEI BhILIKE HOMHUHATIBHO-
TO 3H3UEHHs HAUPHKSHUE HA CTATOPe OCTAeTCA HEM3MEHHRIM M PaBHEIM HOMHMHAILHOMY
3HAYEHHIO HalIpSKeHHs NUTaHRs asuraterd (660 B). Ilpu gsikeHnH no JaHHOMY yda~
CTKy Ha TpeTheil CKOPOCTH CyMMapHEIH TOK paBeH 180 A, a IpH ABH)XXeHMH Ha TIEPBOH K
BTOpOi#t ckopocTsxX — 155 A, T.e. npessumnedne cocrazmwio 17%.

YCTaHOBIIEHO, YTO KPOME TOMO POCT CTATOPHBEIX TOKOB BO3HMKAET M3-3a MafeHust
HalpsDKEHNs B NHTatollieM Kabene u u3-3a paboThl pexuma Tokoorpanudenns. CHrHa
NPEBBIIEHHSA TOKA CTATOpPa OAHOBPEMEHHO BO3JEHCTBYET KaK Ha KaHajl 3aJaHus am-
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TUTUTY B! ¥ 9aCTOTHl BRXOAHOro Hanpsxenns ITY, tax » ToNbKO Ha KaHai 3afafus aM-
IUIHTYABl BBIXOAHOrO Hampsokenus. M3-3a Toro, 4To aMIumMTya HalpsoKeHHS THTaHHA
AJl ymeHblIaeTca B GONMbLIEH CTENEHH, KECTKOCTh MeXaHHUECKOHM XapaKTepHCTHKH
CHH)KAETCH, YMEHBINAETCA OCHOBHON MarHNTHBIA TOTOK M MOMEHT JBHTATeNs, BbI3bIBAs
ONIPOKHABBAHAE MEXAHMYECKOH XapaKTepHCTHKH aCHHXPOHHOTO jBuratens. Toxu cra-
TOPa M POTOpPa Pe3KO BO3PACTAIOT, Bhi3hiBas IIEPErpeB ABHIaTelNs U NpeobpazoBaTe,
9T0 B HTOIE IPUBOAMT K aBapuiHOM cHTyanwy.

Takum o6pa3zoM, rnasHas npoGiemMa, KOTOPYI0 HEOGXONHMO PEUIATE — 3TO Orpa-
HHYEHHE CTATOPHEIX TOKOB (Toka [TH) Ha HOMHHAILHOM CKOPOCTH.

TpeThsl rNaBa NOCBANMICHA HCCNEAOBAHMAM RIHAHUA W3MEHEHHA napametpos AJl
(MHIYKTUBHOCTH HAMATHHIHBAHHUsA, CONPOTHRIACHUH CTaTOpa M poTopa U 1.1.) Ha pabo-
TY CHCTEMEI BEKTOPHOTO YIIPARNEHHS, 4 TAKXKE BOIMOKHOCTH ¢ QYHKIMOHAPOBAHUS B
myoroapurarensHoM Ol camMoXoHOro BaroHa, KOTOPbIA COCTOUT M3 YeTHIPEX ABHIA- -
TeneH napauieNnbHO MMTAOmMUXcsa oT ogHoro ITH.

B nureparype ykaseipaercs, 4TO BEKTOPHOE yIIpaRBileHHe sSBIseTCs caMbiM dddex-
THBHBIM, HO HepaboTOCTIOCOOHEIM B MHOTOABHIATEIBHBIX NPHBOJAX, 8 TAKKe B NPHBO-
Jax, rjae B 6ONbOIMX Ipefenax MEeHAIOTCH napaMeTphbl ABUraTens [P OTCYTCTBHH JaT-
YHKOB CKOpOCTH. OflHaKo He yKa3mIBaercd, 910 xke Oyner ¢ AJl, mapaMerpsl KOTOPOro
HE COBNAJa0T C MapaMeTpaMu MOJIENIH B CHCTeMe BEKTOPHOTO YIIpaBNeHHs. 3ajgada
6buTa pelieHa ¢ TOMOIIBI0 MATEeMaTHYECKOTO MOAETHPOBAHHUS B IPOrPAMMHOMN cpele
MATLAB npunoxerus Simulink ¥ HccneoBaHKi Ha 1a60paTOPHOM CTEH[E.

IIpM BEKTOPHOM YNpaBICHHM BBEJCHHEM [OMOIHHTENLHRIX KOMMEHCHPYIOIMX
cBs3eli MBITAIOTCA JIMHEAPU30BATE BCIO CTPYKTYpY OII ¢ BEIXOZOM MO NOTOKOCHETUIe-
HHIO WIH IO 3JIEKTPOMAarHHTHOMY MOMEHTY. IIpH MOZeNHpoBaHHH HCIIOIB30BANACh
CHCTEMa TOKOBOTO YIPAaBJIeHHS BO Bpamaionieics cHcTeMe KOOPAHHAT, NpeACTaBieH-
Has B MOHorpagpuu A.A. YconsiieBa. B KadecTBe yIpapifiOIMHX CHTHANOB TPHHSTHL
MpOAONBHAN COCTARIAIONIAs JIOTOKOCHEIUIEHHS POTOPa K YTIIOBas 4acToTa TOKa poTopa.

VYcrpo#icTso ynpaeneHus GopMHpyeTcs TakuM 00pa3oM, YTO MPOJONbHAs COCTaB-
JFOLIAN IOTOKOCLEIUICHHA POTOpa g 6yAET onpenensTees Kak

1+T2 P 9% —id m *
Woq =Woa - re e e = Ky - Wag, ey
re ky — nepeaTounas GyHKIHA 10 HPOIOBHOH COCTABIIOMEH IOTOKOCIENAEHAS PoTopa
_ 14T, p '9‘1 —j8y Lm 2
ky = Lin ei-e 14Ty p @

YI710Bas 4aCTOTa TOKa pOTOPa W2 GYET BEIHCIATHCA CIEAYIONIHM 00pa3oM:

v
w, = W Zdzel‘sl. —j01 . __k w' 3
2 27 ‘Pza 3 2 3)
rae ky — nepenatoynas GyHKIAs 110 YIJIOBO#H 4aCTOTE TOKa poTopa
Ky, = 22472, o8] . g0y, _tm 4

Lm W2aT2
Ipd TOYHOM H3MEpeHHH YTJIOBOH 9acTOThI BpAalleHHS pOTOPa, HEOOXO0ANMOH s
HepexoNa K HENONBIDKHOR CHCTEME KOOPIMHAT, M TOYHMX napametpax AJl (L', L', r'2),
BBOAMMBIX B CHCTEMY BeKTOPHOIO YIIPaBJICHHA, 3TH nepenarognsie GyHxuun ky, (2) u
ky (4) 6yayT paBHBI eAHHHIIE.

i) F RN e HECCSYIHARR Y
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B pesynbTaTe MofenHpoBaHBs yCTAHOBNIEHRO, 9TO MBKCHMANIBHAS TOYHOCTH TPely-
€TCsl JUsl M3MEPEHHUST CKOPOCTH Bayla BHTaTess. EciM B MOJes HCIIONB3YETCs TOYHOE
3HaYeHWe CKOPOCTH, TO APYrue NapaMeTphl He OKa3biBAlOT CYMIECTBEHHOIO BJIHMIHHA.
HpH ymeHBIIEHHH HHIYKTHBHOCTH KOHTYpa HaMarHHYMBaHUA L., B iBa paza obe nepe-
Rmatounsie GyHKIHHA (2) H (4) N0 KaHANaM 3aJaHHA DPMMYT BHA IPONOPLIACHAIBHOTO
3BeHa ¢ Koo duiMeHToM ycrueHus 2. B 31oM ciiydae yMEHBIIHIOCH BpeMs oTpaGoTKH
BO3MYILUAIOMIETO BO3ACHCTBHS, OJJHAKO, NOABIIIMCH KONEOAHHS H3-3a CHIDKEHHS 3amaca
YCTOHYHBOCTH. B 1esioM e creTeMa YIpaBieHHA yIOBIETBOPHTEIBHO paboTaer.

Ecnu xe ckopocTh H3MepAeTcs ¢ OMMHOKOM, TO B MEPERATOYHRX QYHKUHAX M09~
BUBIIAsICA 4aCTOTHAs COCTaBNAIONIas NPHBEJET K HANWIHIO HMITYILCHOH COCTABISIO-
e B nepexoqHbIX npoueccax (puc. 3). Ckopocts, IOCTYAIOMAsA B CHCTEMY YIIpaBiie-
Hus, Opia HIDKe JeficTBUTENLHOH Ha 10%.

100 Spead w, rad/s
j T T Spoed w, rad/s !

! { 1 L i L i
0 1 15 2 25 3

Teme . s

Pac. 3. Ilepexomusie nponeccht B cucreme ITY-AJT npa 10% ommbxe mo ckopecTH B ycTpoiicrse
yupanJieBng

Ha puc. 3 BuaHO, 9TO NpH BKIIOYEHUH B paboTy peryisropa CKOPOCTH CHCTeMa
YIpPaBlIeHHH BXOLHT B PEXHM aBTOoKoNeGanmil, 3ananre O CKOPOCTH He oTpabaTmiBa-
ercs, ommbKka cocrarnser Gonee 50%. CucreMa BeKTOPHOIO YIPABICHHS COXPaHSET
cBOIO paboTOCIOCOOHOCTD NpH MeHee YeM 5% ommubxax 1Mo CKOPOCTh BPAaLIEHHs Bajia.
ITosroMy Takoe ynpaBieHHe CUHTACTCH HEMPHEMIIEMEIM U1 MHOTOBHTaTensHoro OI1
IIpn xapaKTepHBIX Ul TOPHBIX MEXaHH3MOB CTATHYECKHX MPOCAAKAaX HANPMKEHHA U
Tieperpy3Kax CHCTeMa BEKTOPHOI'O YIPaBIEHHS He MOXeT obecredHTh NoAIepiKaHHe
CKOPOCTH HM3-33 HOHMKEHHOI0 YPOBHA HAIPKEHHUS B 3BEHE [IOCTOAHHOIO TOKA.

Pe3ynbTaTel MOAECIMPOBAHHS NMOATBEPIWINM HCILITAaHHA Ha 1ab0oparopHOM CTeHJe
ATV71-LEXTUMOS. ITpn BBeneHHH 3aBOJCKMX NapaMeTPOR JBUTATENS X IPOBEACHHH
aBTOHACTPOHKH, KOTOpas ONpPeneNfAeT HENOCTAIONINE IAPAMETPEL JBUTATENs JIIs CHCTE-
MBIl BEKTOPHOTO YNIDaBJICHHMA H pacyeTa CKOPOCTH BpallieHHA, BOSHUKACT PEKHM aBTO-
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KoneGaHWi B KOHTYpe CKOPOCTH, HE JOMYCTUMSIH /s pabotel npreoxna. TToaGopoM ma-
pameTpoB, Mcrnonb3yembix B ITH st cHcTeMBl yNpaBNeHHS, ¢ y4eTOM peanbHON Ha-
TPY3KH 3TH KOneGaHus HCKTIOYEHEL

ITpoBeneHo HccenpoBaHre MaTeMAaTHYECKOH MOAEIH MHOIOIBHTATEIBHOIO TOII,
COCTaBJIEHHOH Ha 6ase cTaHMapTHOH MOJeny BeXTOPHOTO yNpasiieHHs W Mojenn AJl.
Onu 68UIH COCTHIKOBAHBI ¢ MOZIENIBIO YETHIPEXIBUIATENBHON HArPY3KH ¢ YIETOM MeXa-
HUYECKHX YNPYroCTeH. YCTaHOBNEHO, YTO B MHOTOJBHIATENEHOM NPHBOAE s pabo-
TOCTIOCOOHOCTH CHCTEMBI BEKTOPHOIO YIPaBJIEHHS JOCTATOYHO TOYHO H3MEPSTEH CKO-
POCTE XOTsf OB OIHOTO U3 JABHraTelell, KOoTopble CBA3aHBI 00MmeH HArpy3KOoi.

Takum o6pa3oM, HECMOTPS HA TO YTO, IPMMEHEHHE BEKTOPHOTO YNPaBICHHS B
MHOTOABHIrarelbHOM Y] BO3MOXKHO NMPH TOYHOM H3MEHEHHH CKOPOCTH OJHOTO M3 IBH-
raTeneH, 3TOT BAPHAHT HE IOAXOIHT, T.K. HET JATIHKOB CKOPOCTH, M IapaMeTphl IBHra-
Telnel M3MEHAOTCA B GonplxX mpeAenax. [losroMy HcciieloBaHHS IIPOJOIDKAIHCH B
PaMKaxX CKaISAPHOTO YIPaBJICHHA, K KOTOPOMY, KaK IIOKa3ail IKCIHEPUMEHTBI, OTHOCST-
cs1 06a pexxnma ynparnenus B [TU Vacon.

YersepTas raaBa NOCBANIEHAa HCCISNOBAHHIO NPHYHH POCTa TOKA CTaTopa IpH
HOMHAHAJTLHOM HacTOTe NMHTaHHA B JACTOTHO-PErYIHPYEMOM 3IEKTPONPHBOLE C aCHH-
XPOHHBIM JBHIaTEIEM C TIOBLIIICHHBIM CKOJIBKCHHEM.

Ilpu cxamspHOM yIpaBleHHH UL pacuetTa MEXaHHIECKHX XapaKTepUCTHK NIPU H3-
MEHEHUH YacTOThl TPaJHWIIMOHHO TIONB3YrOTCH pacdeToM 1o T-o6pasHo# cxeme 3ame-
menud AJl. TIpu conocraBieHHH KaTATOXHOH (MOIy4eHHOH ¢ 3aBoJa W3TOTOBHTENS ~
OAO «HWUMBOMp», r. KeMepoBo) B paccauTanHo# 1o T-o0pasHo# cxeMe 3aMelenus
MexaHugeckux XxapakrtepucTuk Al AMVE225M mns 2p=4 BBIABIEHO, 4TO pa3iindus
XapaKTEepHCTHK CTAHOBATCA CYIIECTBEHHLIMH IIpH MOMeHTaxX 6onbumx 280 HwM (1,75 B
OTHOCHTENBHBIX efHHMIax). IIpa 2,5-KpaTHOM MOMEHTe PacYeTHOE CKOJIbXKeHue Ha
27% MeHbIHe KaTalmKHOTO.

Crieyet Taloke OTMETHTH, 9TO KPHBas HaMarHNIUBAHUSA TOXE HE YUHTHIBAET Mar-
HHTHBIX TIOTEPH B CeplieuHAKax MamuHLL. Ilpn Maneix ckonbxendsx (ot 0 go 0,05) oru
HE3HAYHTE IBHBI, B HX MOXHO HE YUMThIBaTh. Kak MOKa3kIBAIOT NPOBEACHHRIE JKCIIEPH-
MeHTHl (rasa 2), ABHraTeis paboTaeT B 30He GOMBIMX CKONbxeHHH oT 12 mo 45 %.
3Ha4T NpeHeOperars JaHHBIM BUJIOM [IOTeph HEKOPPEKTHO.

dopmyrnia KOMIUIEKCHOH aMIUTMTY ABI OCHOBHOTO MArHHTHOI'O MIOTOKA HMEET BUJ

O = g (B2 = P lm —j2 -7 Ly Lim), )
rAe Wi, — 9acTOoTa BpAlICHHAA JJICKTPOMarHHTHOrO OAd CTaropa, Q;m ~— KOMIUICKCHAasi aMIUIMTY 132 Ha-
npsHKeHHs NHTaHKS; f) — 9acToTa HANPSKEAUS TATARNS; 11y — KOMIUIEKCHAS aMIUTMTY /A TOKA CTaTopa;
[} — aKTHBHOE COIIPOTHBACHE CTATOpa, Lla ~ HHQYKTHBHOCTH pacCeaHHus CTaTopa.

Eciu B 2108 dopmyne mpuaaTe =0 u L;;=0, T0 aMIUIHTyAa OCHOBHOI'O MarHHT-
HOTO TOTOKa Oyaer mponopimoHanbHa orHomenuio Uy/f. IlostoMy B GonbplIInHCTBE
0011enpOMBINUIEHHRIX JaCTOTHO-peryaHpyeMbix Ol co cKaIpHBIM YTIpaBJICHHEM UIA
TIONAEPKAHMA TIOCTOSHHOIO OCHOBHOI'O MAarHWTHOTO TIOTOKa IPH HW3MEHEHUH YacTOTHI
nutagusd AJl onHOBpeMEHHO H3MEHSIOT HAPsHKEHHE ITUTAHUsL.

Onexrponsuratens AUVE 225 M H3HagasHO MPOEKTHPOBAJICSK AJIs NPSIMOro
MycKa, i MOTOMY €r0 HOMHHAJIBHOE CKOJIBKeHHe paBHO 12%, HHIYKTHBHOCTE pacces-
HHA cratopa — 3,1 MI'H, akTHBHOEe conpoTruBienue crtatopa — 0,6 OM. IToatoMy BTOpOE
H TpeThe cnaraeMble B dopMyne 5 6yAyT oxa3pBaTh BAMSHHAE HA OCHOBHOM MarHUTHBIH
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noTok A/Jl, CHHXad ero. 3T0 CHIKEHHE NMPOIIOPHHOHATEHO BETHIAHE TOKA CTRPOPA H
YBENUYUBACTCH IO MEPE YBEIHICHNA Harpy3ku AJ] B

®= (- k), (6)
rae k — ko>t dunment, onpenenseMeii napaMerpamu cratopa Al 7 9acToTOH HaUPMKEHRA MTATAHHA.

Hna nansnedinero ananusa paborsi AJl npy meperpysxax HCIONB3YETCS METOJ,
BEKTOPHEIX JHArpaMM, IpH TOM JONYWIEHHM, 9TO JUIi PacCMaTPUBAEMBIX PEKHMOB
crnpapemuBa I~ o0pasHas cxema 3aMmemeHHs ABuratens. YpasHeHnus Kupxroga B Bek-
TOPHO# (HOpMe I CTATHIECKOro PexxuMa paGoTsl AJ HMEIOT Cieayromumi BA/l

: n o, o .
Ul=E+I§-(rl+—:~+](x1+]x§)); :
U; =jx, i i e M
co s
Iy =1 +15
N3 TCOPUH NEKTPUICCKHUX MaMH U3BECTHO, YTO 3ne1crp0Mamn'mmifl MOMEHT Ha
Bay oOpa3yercs B pe3ylibTaTe B3aMMOJCHCTBAA MAarHRTHOTO MONS M TOKA, IMpOTeKalo-

mero B oOMoTKax cTaropa WiIH POTOpa, H MOXET OBITH NPEACTaBJICH B BHAE BEKTOPHOI'O
IPpON3BCACHHS

m * H m 3 H .
———2--zp-(‘PmX12)-—;-zp-l‘Pm|-|12|~sma, ®)
TAE m — 9HUCI0 (1)3.3 CTaTopa; Zp — YHCJIO Nap NOMOCOB ABHIaTENA; q’m — BEKTOp OCHOBHOTO MarHuTHO-
TO TIOTOKA; 1; — BEKTOP TOKa POTOPa; 0 — Yrod MEX Iy BeKTopaMH W, | 1.
BeKTop OCHOBHOI'O MarHHTHOTO IOTOKA COHAnpasiieH ¢ BEKTOPOM TOKa HaMarHU4MBa-
st W, 1 1, 3pa4nT, yron a asiserca yriaom mexy sexkropoM I, B Bektopom I;.

Ha pucysxke 4a mpejcTaBlieHa BEeKTOpHas auarpamma AJl Npd HOMMHAIBHOM pe-
xuMe paboThl, T.€. TOK cratopa I; pasen 25,4 A, ckonbxenne s — 12%.

Puc. 4. BektopHag muarpamma AJl nph AoMEBATLEOM pexXHMe PaboTnl (a)
u upa M=1,9M,, (6)

Ilpyu yBenudeHun Harpyska no 1,9M, (puc. 46) ckosibxeHHe S, ONPENEIHEMOe N0
KaTaJoXKHOH MeXaHH9IeCKOM XapaKTepHCTHKe, paBHO 24%, TOK CTaTopa COCTaBIIACT
50 A, 1.e. 21, NpH 3TOM YYTEHO CHIDKEHHE [IOTOKA Yepe3 CHIKEHUE TOKa HaMarHW9IM-
BaHus. ITo amarpamme BuAHO, 9T0 cornacHo (7) mpu Gombmol Harpy3ke BO3pacTaeT
NnaficHHe Hanps)KeHHS Ha aKTHBHOM COIPOTHBICHHHW CTaTOpPa H Ha HHAYKTHBHBIX CO-
NMIPOTUBIICHHUAX 110 CPABHEHUIO ¢ BEKTOPHOM JuarpaMMoi Ui HOMHHATBHOTO PEXHMa.
3TO0 NPUBOAHT K YMECHBIICHHIO YTIA & MEXJTy MOMEHTOO0Pa3yIOIHMMH BEKTOPaMH TOKa
HaAMarHH9MBaHUA K TOKa poTopa B (8) 10 61,6°.

Tlpu aBlOKeHHH Ha BTOPOH CKOPOCTH, cooTBeTcTBytomel 35 I'll, ¢ TakuM Xe Mo-
MEHTOM Harpy3KH Ha TAroBeEA MpuBOJA (pHC. 5a) TOk craropa cocraBuser 40 A (T.K.
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CyMMapHbIi TOK aBurateneil — 160 A), orHocHTenbHOE cKonbxenue — 26%. Tlpu cHu-
JKEHHUH YACTOTHl YMEHBINAIOTCS HHIYKTHBHEIE CONPOTHRIECHHS, IO3TOMY YIOll ¢ YBETH-
uuBaetes Ao 69,3°. B pesynbTare mus GOPMHPOBAHHS TOTO K€ CAMOTO MOMEHTA (dTo M
Ha 50 I'm) TpebyeTcsa MeHbIIHI TOK poTopa. B mrore Tox ctaropa npu 35 'l cHmxaercs
zo 1,6I;,. He cMOTpA Ha TO, YTO OTHOCHTENEHOE CKOJILXKEHHE YBEIHUMIIOCH Ha 2%, ab-
COJNIIOTHOE CKONBXCHHEe ABHTaTelld HpH 4dacrore muraHus 35 I'l 1 MOMEHTe Harpysk
1,93M,, cocraBuno 260 06/MuH, Torga Kak npu 50 I'u — 360 06/mun. Tpy noctpoenun
BEKTOPHOH JHarpaMMBEl JUIsl JAaHHOTO PeXHMa HeOOXOANMO y4eCTh, 9T0 TOK HAMATHH-
YMBaHHA B JBMraTesie cocraput npuMepro 0,91,. lanee Ha puc. 56 npescranneHa Bex-
TOpHasi AMarpaMMa NpH KOMIICHCALIHH CHIDKEHHS OCHOBHOTO MarHHMTHOIO HOTOKAa [0
HOMHHAJIbHOTO 3HAa4YCHHA. B 3TOM cilydae XeCTKOCTh MEXaHHYECKOH XapakTepHCTHKA
BO3pacTeT, 4TO TIPHBENET K CHHXXEHHIO CKOJMBXKeHHA 10 18% IpH MOMEHTE Harpy3kd
1,93M,. 3a cuer 3Toro Ajs JaHHOTO MOMEHTa CHHDKaeTCs TOK craropa Ao 1,6l;,, mo
cpasHenio ¢ 21y, npu cuuxensoM notoke. [Ipu atom yron o yBenuumsaercs go 72,8°.

83

a) 6)
Puc. 5. Bexropnas naarpamma AJl npa M=1,9M, u £;=35 I'n (a) » npz M=19M, 1 ;=50 I'n ¢
KoMIeHcanHeil CHIkeHHs OCHOBHOI0 MarHUTHOTO HoToKa (6)

OT™MedeHO, 9T0 B peXHMe «yMpaBlieHHe CKOPOCTHIO» IpH OONIBIINX TOKAX craropa
YBEJIMUUBAIOTCS aMILTMTY/Ia M 4acTOTa HANPSHKEHUA IMUTaHuA JBHTATENeH, HO cymecT-
BEHHO BO3PacTalOT TOKH CTaropa. I1Ipu sToM daxinyeckas CKOPOCTh, KaK MOKa3biBaAIOT
3aMepBl BpeMEHHU, He yBEeJIMIHBACTCH.

IIposeneHsl  SKCIIEPUMEHTHI Ha  BaroHe ¢  nporpammupyeMmoit  U/f-
XapaKTEPUCTHUKOM, ITOATBEPXKIAIOIHE TCOPETHYECKHe MPeIONONKEHHUS, T.€. KOMIICHCa-
UM CHHXKEHHUA OCHOBHOTO MAarHMTHOTO IOTOKA JIBUTATEs MPH NMPEBRIIEHUH HAarpy3Ku
BBHIIIE HOMMHANLHONW NO3BONMET CHU3UTH TOKM CTATOPa U YBENUYUTH (PAKTHUECKYIO
CKOPOCTh ABHKEHHS BaroHa /I JAHHOIO THITa acHHXPOHHBIX T/l

Ilaras riaBa TOCBAINEHa pa3paboTke aqropuIMa YHpaBlICHHs OBHIATENs, KOM-
MEHCHPYIOIUErO CHIDKEHAE OCHOBHOTO MarHHUTHOTO IIOTOKa NpH GoNbmol Harpyske Ha
HOMUHAJIFHOH CKOPOCTH JABUTATENSA.

B mpeobpaszosarene yacTroTei VACON NXP cHrHan, cooTBeTCTBYIONMH CKOPOCTH
JIBUratelis, NOAIEPKUBACTCA C JOCTATOYHO BHICOKON TOYHOCTHIO IpH JHOORIX H3MeHe-
HUSIX Harpy3kH. 10 TeXHHYECKHM NPHHYUHAM CKOPOCTH SBIISIETCS HEZOCTYHNHOH HpsMo-
My M3MepeHHIo BeTnYHHOA. OIHako BO BpeMs SKCHEPHMEHTOB PH OONBIINX Harpys-
KaxX BH3YyallbHO OBLIO 3aMETHO CHHXXEHHe CKOopocTH. L Gonee TowHOH OLeHKH ObuIa
HamicaHa mporpaMMa «YPC» ng yTOYHEHHOTO pacdera CKOPOCTH, HCHONB3YIOufas
IOCTOBEPHBIC CHIHAIBI TOKA CTATOPA, HANPSDKeHHA H YacTOTH ¢ mpeobpasoBartens. i
3TOro HCHoIB30BaHa paspaboranHada Ha Kadexmpe SITA «HOxHO-Ypansckoro rocymap-
cTBeHHOro ymusepcureray (HWY) nporpamma pans pacdera XapaxTepHcTHK A/l
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«haradkz.m». B nporpamMme Ijis 3aJaHHBIX 3HAYEHMNA YACTOTH ¥ HANPSKEHUS CTATOpa
KOMILUICKCHEIM METO/IOM DPacCUMTHIBAIOTCS CONPOTHRICHMH, TOKH, MOILHOCTD CETH,
MOIIHOCTh Ha Bay H noTepH AJl mit omHoit ¢a3sr Ha Gase T-o6pasHoit cxemsl 3aMe-
LIEHHS € y4€TOM KPHBOH HaMarvH4HBaHHA ABurarteini. [lo puarpamMmaM paboTsl TAro-
BOr0 NPHBOJA CaMOXOJHOTO BAroHa TPH H3MEHEHHH Harpy3kd B OIMPOKHMX mpeenax
(cM. puc. 1) BEAHO, YTO CKOPOCTH MOINEPXKUBAETCH C TOYHOCTBIO 10 3% MpH yBenHYe-
HHM CyMMapHOro Toka ot 32 A jo 145 A (T.e. OTHOCHTEIBHbIH TOK CTATOpa ABHUTATENS
usmensercs ot 0,3 mo 1,4). C nomomkio nporpammel «YPC» juis naHBOM MarpaMME!
651 npousBeneH pacuer 3HadeHU ckopoctH (pHc. 6). TIpoMsBeneHHbI! pacyeT 3Have-
HUH yTOYHEHHO} CKOPOCTH INOKa3all, YTO NpH 2,4-KpaTHOM TOKe CTatopa ommuika co-
craBiaeT e 5%, a okono 37%.

PO4600 e

n, o6/ Mnm

: : a_my
1200 /
»

800

609

206 -

01352 05.200 91050 00°'50,9 32.352 1c

PHc. 6. YTo9HeHHAS OCIIH/LIOrPAMMA CKOPOCTH s puc. 1

Hcxons u3 pe3yabTaToB HCCICAOBaHHH, ObUIO NPEANOKEHO YCTPOHCTBO yHpaBlie-
HHA DICKTPOINPHBOAOM C AITOPHTMOM ABTOMATHYECKOH KOMIICHCALMHM CHMKEHUA OC-
HOBHOTO MarHHTHOTO IIOTOKa Npu Golnbuioii Harpyske (pHc. 7), KOTOpEIH obecreunBaeT
paboToCnocO6HOCTE IPHBOAA B HCKIIIOYMTETBHO TAXKENBIX YCIOBHAX ¢ MAHAMAIEHBIMU
noTepaMu CKOPOcTH. JlaHHOe yCTpOHCTBO 3aiuIneHo naTeHToM Ne2412526 na n3obpe-
tenme «YCTPOMCTBO YACTOTHOI'O VIIPABJIEHHMS ACHHXPOHHbBIM
DJIEKTPOITPUBOIOM» [15].

IIpoBesieHbl HCHOBITAHMSA BaroHa ¢ AATOpHTMAaMH YIPaBJICHHA, DCANH3YIOIIHMH
YKa3aHHBIH METOJ, MOATBEPIUBLINE HX MPEUMYIIECTBO Nepel cTaHAapTHHIMH (puc. 8).
Taxum obpasom, B cymecTByIoeM Ipeobpa3oBareiie YaCTOTH MOXHO 00ecIey HTs pe-
3KUM pabOoTHI C HH3KUM CKOJIbXEHHEM H, COOTBETCTBEHHO, HH3KUM TOKOM CTaTtopa. J1o-
ro MOKHO ROOMTECS ITyTeM H3MeHEeHHs xapakrepuctuxy U/f B 38BHCHMOCTH OT Harpys-
KH WIH pexuMa paboThl (IpHHYAHMTENHHOE TIEPEKIIOUEHHAE C «TIKENOro» pekuMa pa-
GoTel Ha «OOBIgHBIN»). Ha mOBRIIIEHHON CKOPOCTH OCYHIECTBISTD NEPEXO] C PeXHUMa
«YTIPABJICHHS CKOPOCTHIO JNBHIATE/sD» HAa PEXHM «YIPABJICHHS 9acTOTOR IBHIaTelD»,
4TOo 6Bl YacTOTA 6OJBINE HE IOBHINANACE, 8 IOTOK 6yJeT YBENHICH IIyTEM PeryIHpoBa-
uus U/f. Jlanseii anropuT™ GsUT peanusoBaH B cymecTByromeM IT4, xors oH He mpe-
OYCMOTPEH CTAHAAPTHRIMH MaKponporpaMMaMH, YTO MOATBEPXKAAeT aKT BHEIPEHHU.
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Buenpense faHHOTO alropuTMa HA YaCTOTHO-PETYIMPYEMBI TSIOBb{H 3A€KTpO-
MPUBOJ CAaMOXOJIHOTO BaroHa MO3BONWIO 06ecneunTs ero paborocnocobHOCT Iph yK-
nonax mo 12° ¢ nomuoii 3arpyskoii Barona (14-16 T) co cpexunumM Toxom 150 A. Kak
65110 BRIABNEHO BO 2 TJiaBe, NPH CTAHAAPTHRIX AITOPHTMAX C NOJHOM 3arpysxoil npe-
OJI0NiEBaEMEI YKIIOH cOCTaBist 6—7°. B pesymbTaTe IPOM3BONHTEILHOCTh GBUIA TIO-
BHINICHA NPAKTHYECKY B 2 pasa.

L

b ﬁ;{g Uy LU 1 f’ Ta “}'
’ i, v
m ©
u, +Zy on Usz 453 u, a7, @
: —~ + 3
s Ugme tar A7 *
s A2 ,mw s
Ty P
E e &T
. Ad A3 N p : ¥
.. .,; ::i" A < Smax

Puc. 7. CxeMa onTEMU3HEPOBABHOI0 TACTOTHOr0 YIPABJ/ICHHS ACHHXPOHHBIM ABHIATEIEM:
AJl — aCHHXpPOHHBIH JBMTaTENb ¢ KOPOTKO3aMKHYTHIM potopoM; ITY — mpeoOpa3soparens 9actoTs;
HATau OTc — garuukd dazapix Tokos; PT - QyEKIHoHamBHbGE! TpeoGpa3sosatens Tokos; OIT — dyHk-
LFOHANLHBI IpeoGpa3oBatelb; X, Xa, X3 U X4 — CYMMHpYIOIIHMe d1eMenThl; Al U A2— crarudeckne
npeobpazopareny; A3 H A4 — HETMHEHHEIC 3N1EMEHTE
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Pric. 8. ABTOMATHIECKOE CHIIKEHHE CKOPOCTH OPH Gosbmolt Harpyske:
U (Motor Voltage) — HanpspxerHe gearareneii, B; I (Motor Current) — cymMMapHEEi IONHEIH TOK JBH-
rareneli, A; M (Motor Torque) — cyMMapHbIii MOMeHT aBHTareneii, %; n (Motor Speed) — pacuernas
cKopocTs asurareneit, o6/mun; f (Output frequency) — gacTora Ha BeIXoA€e Npeobpazosarens, I'n

Mpunoxkeuns k AAcceprauBonnoii paGore. B mpunoxennu | npHeemeH OoKy-
MEHT O BHEIpEHHH Pe3yNbTaToB paboThl Ha MPOH3BOACTBE. B mpuiloxkeHHH 2 NpHBeac-
Ha TporpamMma JJis YTOYHEHHOI'O pacieTa CKOpocTH asurarens « YPC», HanHcaHHad Ha
si3pIKe nporpammuposanus Delphi.
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SAKIIOYEHHME

B nuccepraudonHoif paboTe pemieHa akTyalbHas HaydHO-TEXHHYecKas 3amada —
TIOBBIIEHa SKCILTyaTal{HOHHAA HalleXkKHOCTh H IIPOM3BOIMUTENEHOCTS TATOBOTO 3IEKTpPO-
MPUBO/IA CAMOXOJHOIO BaroHa NpH Nieperpy3Kax H OTPAHHYEHHON MOUIHOCTH HCTOYHH-
Ka 5HeprocHaGxeHHs 3a cueT CHHJKEHHS TOKOB CTaTopa TITOBOr0 aCHHXPOHHOTO JBH-
rarens crabunnsanueil OCHOBHONO MarHMTHOTO MOTOKA. BEIOMHEHHEIE TEOpeTHYECKHE
H SKCIIEPHMEHTANBHbBIEC HCCIIEIOBAHHS TIO3BOMSIOT OTMETHTH CIIEAYIOIHE OCHOBHEIE pe-
3yNITATHI ¥ CHENATH BRIBOJBL

1) Ha OcHOBE 3KCIEPHMEHTANBHBIX HCCICAOBAHMN H ¢ HOMOWIBIO pa3paboTaH-
HOH NporpaMMmel YTOHUHEHHOIO pacyera CKOPOCTH JI0Ka3aHO, 4ro peanusyembie B 114
anropUTMBbl KOMIIEHCALHHA CKOJBXEHHS OIS ACHHXPOHHEBIX TATOBBIX 3JIEKTPOIBUraTe-
neli ¢ IOBBIIICHHEIM CKOJIbXKEHHEM TIpH Harpy3kax 6onsme 1,1My (B soHe cxonbxennit
or 15% no 50%) HeapdeKTHBHBI, POCT HACTOTHI IUTAIOIETO HATIPSKEHUS TNIPH HEW3-
MEHHOM OTHOLICHWH aMIUMTYAR K 4acTote nuTahiero wanpsokenus (U/f) seisnisaet
POCT CTATOPHBIX TOKOB H YMEHBINECHHE (PAKTHICCKOM CKOPOCTH ABHTaTeIeH;

2)  BBBIBIICHO, YTO B ACHHXPOHHOM TATOBOM 3JIEKTPOABUATATENE ¢ TIOBRIIICHHRIM
CKOJIBKCHUEM TIPH HArpy3KaxX BbIlie HOMUHANBHON CHIKAETCA CKOPOCTh H YBEIHYHBA~
€Tcq TOK CTATOpa M3-32 CHIDKEHMS OCHOBHOTO MAarHWPHOrO TOTOKA, KOMIEHCHPOBATh
KOTOpOE BO3MOXHO IIyTe€M yBeIHYEHMS HATIPSKEHHSA [IPY [IOCTOSHCTBE YacTOThI, eClH
CYIIECTBYeT 3anac [0 HATPSOHKEHUIO, MH60 IyTeM CHIOKEHUS JacTOThI MHTAIOIIETo Ha-
HpsKEeHUs IPH OTCYTCTBHH 3aM1aca o HaNpsKEeHHIO;

3) enepssie pa3paboTaH aNrOPATM CKANAPHOTO YNpAaBICHHA aCHHXPOHHBIM TH-
TOBBIM 3CKTPOMBHTATENEM C MOBHIINCHHBIM CKOIBKEHHEM, OTJIHIAIOMMHACA TeM, YT0
TIDM YBEIMYCHAY HATPY3Ku KOMIEHCHPYETCS CHIIKSHHME OCHOBHOT'O MArHRTHOTO ITOTO-
Ka, ofecrmeunBarOnuii 10 CPaBHEHHIO CO CTAHAAPTHHIMH AUITOPHTMAMH CKAJSPHOTO
YIpaBICHNS CHIDKEHUE CTATOPHEIX TOKOB HA 20-30% 1 yBenuueHue daxTHIecKoH CKO-
pocTH apurartesns Ha 5-10% 3a pabouuii HIUI 32 CHET NOBHIIICHAS KECTKOCTH MeXaHH-
YECKOH XapaKTepPUCTHKH.

4) mpoBemeH KoMmiutekc HemsITaHuii TOII caMOXOZHOro BaroHa B YCHOBHSAX
ACHCTBYIOLIETO PYAHUKA, HOKA3aBIIMX HEIPGHEKTHBHOCTS CYHIECTBYIOIHX AII'OPHTMOB
KOppPEKIHHA CHCTEM €O CKAIAPHBIM YNPaBI€HHEM H IelecooOpasHOCTh KOMIIEHCAllHH
CHWXKEHHS OCHOBHOTO MAarHHTHOIO MOTOKA JUIA TOANEPKAHUA CKOPOCTH ACHHXPOHHBIX
TATOBBIX 3TEKTPOJBHraTesiel ¢ NOBLIMEHHAIM CKONBXEeHAeM Npy GONBIINX HArpy3Kax;

5) mnoka3aHo, 9TO 4 AaHHOTO THNA MHOroaBHrarensaoro JI1 npu KOHCTPYK-
THBHEIX ocobeHHOCTAX Haubolee 11e1ecoo0pasHO NPUMEHHTH CKAIIPHOE YIPaBIICHHE;

6) peanuzosaHHbii B IT4 Vacon NXP 0261 anroput™ yipaBjicHHUs, KOMIICHCU-
pYIOLIAH CHEDKEHHE OCHOBHOIO MArHHTHOTO NOTOKA NBHMIATeNls NP YBEJMHYCHHH Ha-
I'PY3KH, MO3BOJIMI NOBBICHTH IPY30HONBEMHOCTD CAMOXOAHOTO BaroHa Xo 14-16 t ¢
COXpaHEHHEM CKOPOCTH IepeBHXEHUA PH yTriiax Bo3sbiuenus 10-13°, gro ne obec-
[€YMBAIH CTAHAAPTHHIE AJTOPUTMEI CKAISPHOIO YNpPaBIEHHs, NPH KOTOPBIX IIpefelb-
Has Harpyska cocrarisina 8-9 T, B pe3yipTaTe Uero HpOH3BOOUTENFHOCTL BaroHa Oblia
yBejH4YeHa IPaKTHYECKH B 2 pasa;

7)  paspaGoTaHHas nporpaMMa YTOYHEHHOIO pactera CKopocTH, 6asupyromascs
Ha CHrHajiaX CyMMapHOI'O TOKa CTaTOpPa, AMILUIATYAbl M 9aCTOTHI HAIIPKCHHA NHTaHMA
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JABHUTaTelieii nospoyia Ges YCTAaHOBKH AOMONHHUTEIIBHOIO 060pyzl03a}mz MOBBICHTH
TOYHOCTH ONPCACIICHUA CKOPOCTH NCPCABHIKCHHA CaMOXOAHOIO BaroHa.
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