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ENCKTPOMEXAHIYHE MEPETBOPEHHSA EHEPTIT

VIK621.313.17

AAAQomm, nokrrexn.nayk, MoBapaax. ek (TLlennmesiit moamrexu, nu-7, Hlewim. [oania)

MonennpoBanie MarHUTHBIX CHCTEM 3JIeKTpPOABHraTeneil ¢
MOCTOSSHHBIMH MATHUTAMH B POTOPE LILTHHAPHYECKO0il KoH(pHrypaumnm

ILTOCKUMH

Tpeacmueacter PEsVAnIRaninn UCCACOUSANUA MALHUMHHLY CUCIICM 2ACKIPUYCCRILY. GGUAMCACH € NOCIOAINBAMY Amai 6 pomope
A ceRon Koetpueypagin. Flpedaosceiot 4 npoauait3upoeanol PAsARHIBE Cnocodsl (hop upocauis KOJGRIEPOBAIHOLY S (HTHBLY
CULIICL A OCHOGE ILAOCKUN TOCHIOATITOIN HAHUINO6 MU ORCHIHO-0UPHCBOLY (HEPPUIIO6 U (PeP UM RUIIBLY KOUNCHIIPQINOPOE MACHUITHbLY
nonoRee. Fpuscdenio pesyvasnianib MO0CARPOSEHUR MAZHUNITHOLY CHCIIES! © PASAUMIOLN KOXNOFULUCH COCTAGHDIN JACHLTON0E U ROKA3aH0, 4110
6 KOMGUUUPOGRIIMDLY AG2HUTIHHX CHCIICNGX NOICHO TOGLICURTD, HAPAY € SQIHLUNIRGIMI, FIARNCC DTCKMPUNCCKUC HAZPNIRIL YN0 ACAACTICR

DCHOGENHLUCH O3 NPUNCHEHUA X pn /711."'[)(1(’70/’."\'0 GHICOKOUCRORLIVCNDIN DICKMPUMCCRILS MALUNIH.

TModaws pesyasmamu QOCAHONCCHHA HAHIMHIY CHCMEH CACKMPUYHIY  Q6UNHIE 3 nOCTUINILL NGUImQ:se ¢ pomopi Q. iHopeion
Konghieypauii. 3anponronosaio § npoaHaE06ano PIZHE CROCOBI HOPUVERINA KOMBINGGQININ HAHITIIUY CHCMEN 3 JQUETHIA Wapaiid 1Ha
QEHOGE CLZNCHINIE NOCTNIHIX MAZHONIE MUy OKCUAHO=-Gapiecus hepunie 5 pepostaznimmutitti KOHUCHNPAIMOPAIIE MAZHITHILY 1OTOKIE,
Hacederno pesyrsmamu 1o0e08QHNA MASHINHIY CUCINEM 3 PISHOIO KOMIOZUWIEI0 CRAAOOSUX CACHCHITNG ( TORKAZUNO, 10 6 KOMIHOGAHILY

SLAZHINTMILY CLCITICANAN MOJICHA ITHOBUIUML, PAZOM 3 MALHITHILHIL, NAKONC CACKIMPUUNT HABAHNTANCCIHA, W0 € NIOCINAGOIO OAA 3ACOCYBAHHA

£ np pospodyl GUCOKOBUROPUCITICEY GUHILY CACKNTPUMHIL MALUULH.

[Ipu pazpaboTKEe BLICOKOUCHONBL3YEMbBIX JIEK-
IPHUYECKUX MALIMI O/IHOM M3 OCHOBIBIX 3ajlad siBJjisi-
ercs 0beCIeUeHue BLICOKUX JMHEHHBIX DIIEKTPHUUC-
CKMX HAIpy30K MarHUTHOM MHAYKIUY B pado4eM 3a-
sope [2—06/]. OnuoBpeMeHHOE 0CTUKEHUE TPEDYEMBIX
MOKa3aTesiel ARIsieTes BechMa TPY/IHOM M He Bcerja
BBLITTOIIHM MO 3a/1a4€i, 1 ITIOTOMY LENH PA00ThI 3aKII0-
YANACH B NPEICTABACHNM PEIUCHUS JUIS BBLIODAHIILIX
HACTHBIX CIYUACE ACKTPUICCKUX MAILAH C ITTAJIKMM I
(0eCasoBbIMM) CTPYKTYPaMU CTaTopa.

B crarhe onucaHnl UPMHLMIILI, KOTOPbIE MOIYT
OLITH I10JIOXKENBI B OCHOBY pa3padoTKU M CO3JIaHHs
HOBOIO [OKOJICHHSH DIEKTPOMEXaHHYECKIX MPEeodpa-
sopareneit sueprun (IMIID) ¢ ynydinenubvIMU 110
CPaBHEHMIO ¢ U3BCCTHBIMU AHAIOTAMH U POTOTHIIA-
M1 SHEPIeTHUCCKMMHI MU BUOPOAKYCTHHECKMMI T10OKA-
sarensimi. [TpescrasiieHiblie pesybTaTbl OTHOCATCS K
DJICKTPOMEXAHHYICCKUM TIPE0Opa30BATENSIM 3UEPrUM
IUJIMHJIPITIECKO KON UTypamn.

Kax Marnurnas MHAYKIMA B BO3AYUIHOM 3a30pe
By, Tak mnnneiinas Tokosas HarpysKa skopaAd  sisisi-
10TCs BaAKHCATIIUMI AIEKTPOMArHUTHBIMM [1apamMet-
pantyt IMTID, onpejeasionmuMu CTelenh HCIOJIb30-
BaHIZ AKTHBHBLIX MaTEPHAIOB M PA3MEPBbl MAUTMHDLI
JAHHO HOMHHAILHON MOIMHOCTH, OPOM3BLICHME
A By Jutst pauMOHIbHO 3aMPOEKTUPOBANHOTO BLICO-
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KoucHolabzyemoro MITD noiskHO ObITh Kak MOKHO
OOIBITHM.

PasBuTue COBPEMEHHOTO SJEKTPOTIIPUBOJIA MMECT
TEHJICHIMK K MUHUMU3AImMU radapuToB M MOBBIIIE-
HUIO JIMHAMUYECKUX MOKa3aTesIeil pyu OIHOBPEMCH -
nom nopstennn KITI npeodpazosanust sHepruu B
cucreMe wiekrponpisofa. K OMIID see vae npe-
JUBABIAIOTCS TPeOOBAHUSA PEANTM3AIMN BBICOKOIO MO~
MEHTA, 11e3aBUCUMOI0 OT MacTOThI BpallcHus. Takne
SMITD 0BKHB! OBITH JIETKO YITPABIACMBIMU B LIMPO-
KOM JIMala30He CKOPOCTH NP BAPUALMI MOMEHTA Ha-
FPY3KH iHa Bady.

Bonbmme BO3MOAKHOCTH OTKPLIBAIOT HCCKORTAKT-
HBIC 2aekTpoaBMTaTeny (1) ¢ NOCTOANNBIMI Marin-
TaMH, UMEIOILNE O'CHb XOPOIIME MOKA3aTeIu, YT
O3 BOJISCT MCTTONB30BATL UX B PA3JIMTHOTO POA IPH-
BOJHBIX cucTeMax. JocTOMHCTBA OCCKOHTAKTHBIX D]
caeRyIonme: O0JIbUIAs TEePerpy3odunas cruocodHOCTn
110 MOMEHTY, BBICOKAsI HAJIGKHOCTL (MPEkKIC BCero
Biarojiapst OTCYTCTBII0 MEXAHNYECKOT0 KOMMYTATOo-
pa), a TAKXKE BLICOKHMIT VJIGNBHbBIN MOKA3aTEeNb 110 Mac-
CE, € KOTOPBIM TECHO CBSAZAHLI CPABUUTENLHO MAJBLIC
reoMerpudeckne passepsl. [IpuMenenme cpejicTn cu-
JIOBOI 3JIEKTPOIMKHU [TO3BOJISICT OCYILECTBISATE MR-
HOE PEryJIMpoOBaHNe CKOPOCTH B IIMPOKOM JIMANazone
IPU COXPAHEHHUM NOCTOAHCTBA MOMENTA HA BAIY LIPU
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PASTOHE 1 PeryitipoBaHui CKOPOCTH. BeckouTarTHbIC
1 HalL WHIPOKOC TPUMEHEHNE B PA3HBIX YCTPOIi-
CTBAX MEXATPOHITKM, OMCHL MACTO NPH MalbIX Co0CT-
BCHHBIX pa3Mepax (ICKTPONPUBOIL TBEPILIX JIHCKOL,
MHOTOCKOpOCTHBLIE HpHBojLl CD ROM wr.a.).

B CHCTENAN WICKTPHYCCKIX UPHBOAOB Handonee
PACTIPOCTPAHCTIBE ABA THITA DCCKONTARTHELIX ( BCHTILIb-
HBIN) JCKTPHICCKIX MAUTMIL € HOCTOSHULIMIT Mar-
HITTaMM:

— C TpANEHeHIaILIBIN PACHPC/EIENHEM VK-
I MATHITHOLO ITons B padouem 3asope — it BLDC
(Brushless Direct Current);

— € CHHYCOMUQIBLIDLIM PACTIPEACICTIMEM HIIYK-
LM MATHHTHOTO 110775 B padouem 3azope — tun PMSM
(Permanent Magnet Svnchronous Motor).

Ocuopnast 1183716 padoT bl 3AKIOMAIACE B pa3padnoT-
KE 11 HPE/ICTABACHMI CHIOCOOOR MOBLILETIS MHVKILIH
MArIHTHOTO 1o B padoueM 3a30Pe It MArHHTHBIX
CHCTEM  PASANUHON  KOIUIYPALMHY, JOCTHIEEMBIX
HOCPEACTBOM PEJIM3AIMK Pas3IHBIN KOMIIO3MLMIL ¢
neroguuranit MIC, B KauecTBE KOTOPBIX BLICTYTIAIOT
HOCTOSAHHBIC MATHITEL, M KOUIEHTPATOPOB MariuT-
11010 1015t 1a 6a3¢ heppOMarHUTHBIX MICMEHTOB Mar-
HUTOIPOBOOB.

MaremMariacckoe onucanue mpoduemst [S] noa-
HYMHEHO CJIEJIYIOUMM M3BECTHBIM 3aKOHOMEPHOCTAM.
DUIEKTPOMATHUT UL MOMCHT Ha Bajly 11PSIMO MPOHop-
IMOHAJICH BHYTpEHHEH Motoct OMITD

M=5 /o. (1)

BHYTpEHHSIS MOLLHOCTE BBIPAXKAETCST 3aBHCUMO-
croio S =m E I, rnem, — qucio gpas i )i I, —Toks
00MOTKaX CTaTOpa, OIPEACHSIEMBII 110 3aBUCUMOCTH
VTS Cpeitie IMNEHHON TOKOBOM HArpy3kn Ha BHYT-
PEHHEM JMAMETPE PACTOYKM CTATOPA (TOKOBAST Ha-
rpyska A ): [\ =A xD, /2m z,, z — 4NCI0 BUTKOB
00MOTOK  yrpapienust OfHOH  haspl  craropa;
Di5=D0+25 — JIMaMerp PacToOYKM NaKera cTaTopa; Da
— BHEUITHUIT InaMeTp poTopa.

Bripaketne juist anexrpousyoxkymieii st (J1C)
E | nmeer suj

E =4nfz.§ @, /2V7 (2)

rie f — JacTora MUTaHMUs,; (I>‘S — MarnuTibIi NOTOK B
pabouem 3azope; ¢ = 0OMOTOUHBL KOG UIIMEnT.
MaruuTiplii noToK, nujykrupyonwmii 21C El B

00MOTKAX AKOPA, ONPENENALTCHa COIJIAaCHO 3dBUCH-

MOCTH
T
] S
d)azl,efrs- —T_s ;E Ba(_x)d\:chTS-B

dRav’ (3)

re Lef — athdekrusnas pinna IL; 7, — nomocnoe
JeneHme.

CooTBETCTBYIOIIEE MPE0OPA30BAHUEC YPABHCHUA
(1) ¢ yuerom zasucumocteit f=pn/60 u t=1D./2p

PHBOJIMT K CHEYTOHIEMY BLIPDAARCHITIO JUTSE DICKTPO-
MArHUTHOUO MOMCHTHL
R —
BN

M=——"tA.Bin P

A 21 4
480 S aCora Mis by (4)

r

Kar caeityer n3 phipakcHist (4). SHCKrponar-
HHTHBIT MOMEIT 3aBHCHT OT KOHCTPYKTHBHBLIN HOCTO-
AUBIX: janeTpa D o, jutmnnt L L -1t 00MOTOUHOTO
KoaprmpenTal | A TAKKE OT TAKHX OCHOBHBIX 1iapa-
METPOB KAK JIMHCHIT TOKOBAs HArpy3ka A 1 cpeii-
1sis) BEAMTHHA MArHITHON MILYKIMH 8 3asope By, -
Ilist MOBBIIENTISE MOMCHTa HCOOXOMMMO HOBLICHTE
XOTA OBl QJUALL, & ere Jyaiie 0da M3 YIOMANYTLIN
OCHOBHBIX HAPAMETPOB. TTPIE YTON 1Y VICCT, 110
MOBBLITICHIE MOMCHTA ITOCPCACTBOM VBEIHMCTIHST /U~
bl 1w jiasMerpa 30 npuBojiT K pocTy radapiros, i.
caerosarennio, i Macesl 3. Mospinenne ske smneii-
HOIT TOKOBOH HArPY3KN A OFPAHIICHO TCPMITCCKOT
CTOMKOCTLIO W3 oOMoToK. K romy ke npy
MOBBIICHHILA  HCOOXOIMMO PEIATE 341"y Peasiisa-
WK COOTBCTCTBYIONICH BRICOROD(CKTHBIOIN cueTe-
MBI OXTKACHIS!, HOCKOJILKY TCIIOBLIC 1IOTCPY 15 00-
MOTKAX SIKOPs HPSIMO HPONOPIHOHAILHLL KBAjpaTy
IPOTEKAIOLIETO 10 TPOROAHMKAM 0OMOTOK TOKA.

[TepeneKTHBHLIM PCITCHUEM HPEACTABINHCTCH HO-
ATOMY PCAINBANMST TAKMX KOMILO3HILMI pOTOpa ¢ 1e-
ronpukamMy MIOC 1 KOHIEHTPATOPAMH MArHTHLIX
HOTOKOB, KOTOPLIC TO3BOIWIN OBl CHITCIUPOBATE
MPOrPECCUBHLIC MATHUTHBIE CUCTEMbBI HOBOTO TIIIA €
yayqamennsiMu mokasarensamu, [Mpu arom Baknnim
ISt CHMpKeH Mt crouMocTy DJI sigerest npuseneinme
OKCHJIHO-0apuenbIX GeppuToB MIOCKoiF Kotdurypa-
1. Takas MOCTAHOBKA 3a/1a v OFPAUIUBACT BESin-
TUHY MarHUTHOW MHAYKOUM B OTHOCHTEILIO (0=
HIMX paboMMX 3a30pax, XapaKTepHbIX JUIS KOHCTPYK-
I ¢ MIaIKUMK CTPYKTYPaMu ctatopa. B o xke spe-
Ms1, TTOCKOJILKY H3BECTHbLI Pa3NIMYHBIC CIOCODLI KOI-
HEHTPAIMM MarHUTHBIX ITOTOKOB U CPEICTBA MOBLITNE-
HMSE HHTCHCHBHOCTH MATHMTHBIX 1IIOJICH B 30HC 2HEP-
rotpeodpazosanisi | 1, 4], monpodyem BOCTIONL3OBATH-
st MU JUISt IOCTMAKEHUSA ITOCTABICH O 11611 0fectie-

deHHst Y/OBICTBOPHTENLHBIX 3Hadennii noust By, u

JIMHEHHOMA TOKOBOH Harpysku An B OTHOCHTENLIIO
OONLITNX padouMX 3a30pax, cBoicTeentnIx D11 ¢ rnaj-
KUM CTATOPOM.

Perenne nonesnix zapa4. g mopenuponaims
KOMOMHMPOBAHHLIX MArlmMTHBIX cHUcTeM potopa DI
NCTONbL30Banbl IporpaMMel MATIAB-FEMIAB. Ucc-
JIEIOBAHUST  BLIUTOJIHSJINCL B TUIOCKONAPWLIEIBHOM
HPUOIVIKSHUY JUISE MOJIeNIeS] C BHEIIHUM JIMaMEeTpoOM
poTopa (stkopst) D"= 350 mmMm.

MarunnTHas cucreMa cocrosiyia U3 nabopa mioc-
KUX HOCTOSIHUBIX MAarUTOB Ha 0a3e OKCHIHO-0apue-
BLIX (heppHTOB 1 HepPOMArIUTHBIX KOHLEHTPATOPOB
MariUTHBIX NOTOKOB, abCoMIOTHAS MarnuTias npo-
HUIE@EMOCTE  KOTOPBIX  COCTABNSIA  fiy = 1 =
=100()/(0 (#,:,=1000). Beanuniret  HEMArimTIbIx
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PUOOTIN 3230POB BLIOUPWIHCE  (DHKCHPOBAHIILIMIL,
COCTABISBITHME B HCCHEAYEMBIN MOJACHSN COOTBETCT -

—

Beuno d =5.0 mard, =7.5 Mm: 0= 10,0 Mn. Heese-

JOBAHHST  BBUHTOIHSITICH  JUTH nupll;m'run MOECTT.
S
i
PENSN, 00>
RN
a
6
b
)
1z =10004,
v . . il [TL:p =1.684,
a2 01 0 ot 22

PABIHUARULIINCS BLTIIIHINIL Tap nomocon (p=4,
P=5). HAPaAMCTPhE KOTOPLIX HORAZABI TAIEC B Tadil.
Ha puc. |-4 npejcrasicipl pesvibTaThl, 101v-
YOUHBIC Hd MOAMIN  IHUIMIAPHICCKO  Kowdury-
paumy ¢ BEXIHIoi padoucro 3azopa dl =35.0 mnr

Pirc. 1

ISSN 0204-3599, Texn. cacxmpodunasteka. 2005, Ne 2




[TpHsepLI HPEICTABACHEBIX HIIKE MOjICAe Mar-
HUTHBIX CHCTEM MTOCTPOCHB! 114 OCHOBE HOCTOSHHBIX
MAUHUTOB B BUJIE IJIOCKUX [IACTHH HA OCHOBE OKCH/I-
no-oapuesbix deppuron Tuna 28 BA19Y0, xapakrepn-
VIONIMXCS CHCHYIONTIMIL [TapaMETPaMu: OCTaTOMHOT
MAlHHTHOH HHAVKIMER BI-P.\1=O’3Q To KoopIMTHE-
HOFT CHI0T] 110 MarHUTHOR HHAYKIIn H = 185 kA /M
OTHOCHUTENLHOIT  MATHMTHOW  DPOHMITIEMOCTBIO
@, =1,68 (abcomoruas MariuTHas HPOHMIACMOCTL

HOCTOAHHOrO  MAar"HurTa panHa =4

~“P.\l (b
¢ =0,47-107° 'n/M — MarenTHas MPOHUIACMOCTD
O

e

pakyyma),  OCTAaToOuHOil  MaruuTHOIl

ll'm=Bd£-‘[d /2=14 kJIx/™m.

IHEPrUeH

nocpestnie  padouero zazopa U mojenei $1.5.0-
S$4.5.0 ¢ 4 napaMit 1oocoB (2 =8) NoRasanbl coorT-
BETCTBEUHO 1A puc. 2, a—2, 0.

Ha puc. 3 HOKa3aH0 PACUpPCJIEIcHie MariiTHoro
noiist (pue. 3, @). FeOMETPHst MariiTHOM CHCTCMR
(puc. 3, G) 1 KpUBBIE pacnpeesennd (puc. 3, 6) pa-
JIManLuoii BoR U TaurCHIMANOLHOIT Ba( KOMITOHEHT

MarHuTHOH HHYKITY BLOJL JUTHMM [I0CPEIUMIIE 3230~
pa g mogenn §3.5,0 ¢ 10 nomocamn (p=35):a= 10°,
L pp =100 MM, lopm =068 MM, b= 14 mm.

M3 paceMOTPEHUs pUC. 4, HA KOTOPOM HOKA3WIL]
PE3YALTATE! MCCHEAOBAIIMS PACCMATPHBACMBIX CTPYK-
TYP, MOKIO 3AKIIOMHTEL, UTO B 3a30PE MOKHO 110JIY-
SHTH HATOOABINYIO BEAHYMHY MAKCHMYMa HHIYKIUH,

Ba B, [T1]

o8 - . . v -

04

034 Boy,B, [T1)

Ha puc. 1, a—1, 2 nokasanbl KoHdurypanuu 4
moneneit ($1.5,0, $2.5,0, §3.5,0, §4.5,0) ¢ 8-nomioc-
HBIM BHYTPEHHUM POTOPOM (p=4) HMIMHIPUYECKOI
(hOPMBI, PA3TUIAIOIIUXCA FEOMETPHUCCKUMU pa3Me-
PAMM ¥ YITIAMM ¢ MEXJLY TIOCTOSHHBIMI MarHUTaMu
B hopMe Mapaieseuneios OIMHAKOBO! TONIMHDI
bpp= 14 MM C JUIMHAMH LEHTPAIbHBIX IcpM u Hoxo-
BbIX [, 1, CTOPOH, & TaKKe (heppOMarHMTHLIX CErMEH-
TOB-KOHIEHTPAaTOPOB MarHMTHLIX ITOTOKOB!
$1.5,0: @=10°, 1, =100 MM, /

bPM
52. 5,0

=96 MM,
S53.5.0:

S -

54.5,0: a=5", ICPM—.140 MM, [/JPM

VIO MEXJLY CPetHUMM U OOKOBBIMM HOCTOSSHHBIMMU
Marnuramn).
KpuBbi¢ pacipefesicHus pajuanbHoii B 4 W Tan-

=84 m™m ,
—c@ =
=57 lcPM—-100 MM, [

LPM
a=5"1_ =120mMm, I

¢PM ppm = 20 MM,

=96 MM, (a —

ICHIMAJLION Bér KOMIIOHEHT Mal'HUTHON MIJIVKIIMNA

40

KOTOpas MOKET OBITh BbILIE OCTATOMHON MalHUTHOH
MHJIYKIIHM TOCTOSTHHBIX MardnuTon. MOXHO TAKAKE M0~
JYMUTh CPETHME 3HAUEHMA MArHUTHON MHJAYKHUM B
3430pe 0ONbIUKE MO BEIUUUHE 110 CPABHCHMIO C OCTd-
TOYHOI MHJLYKIMES MOCTOSHHDIX MaruMToB

S4.5.0 _ .
(B =0,4181Tn >BrPM—O’3() Tu).
Cpennue BelInunHbl MArHuTHON nijtykuun (Ti)
B moaelsx 51.5,0-55.5,0 cocraBuiim:

8 =135"

1 =2 <

1.50_1 1.50 B .-
BiLS9=— [ Bj\3%(@,R=0,1775)d0=0,3626,
%0,=10°

e =13

552 so_ L
T

50
S

: B

SRay s S

. 5“(@, Rdz()’] 775)d©=0,386,
o, =90"

2
R
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IL:p =1000x,
1 =1.684,

T
05 : 4
TR | [ S gouante 2 R T SR
04 \suo -
035 > s'i'l's,o‘
03 N £
025 |- [ R P
02 | " §S.5.0
0.15
01+
005 Lo fiogflinacnifhsmmamibocnimemsia s S e
([ L YISO - JTTO | NS o (SN . S S
“005 b

©_=135
sg 12 3 5
3. 5Q 3.50, 0 -
B = fffm (©,Ry=0,1775)d0=0,4045,
e (—)]=00
](—>2=135”
$4.50_ ~ $4. 5.0 B Gy T .
By pn = Bsr (©,R,=0,1775)d6=0,4181,
@ =90"
1
l(’32=12()(I
§5.5.0__1 55.5.0 = o
B =1 J By Y(0,R=0,1775)d®=0,3791.
. 6)l=<)n”

Cpasnenne crpyxryp. Lius cpapucunst neenenye-
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MbIX CTPYKTYP € BHYTPCHHUM POTOPOM BBEICH KO-
a(hPUIUEHT UCITONL30BAHMST AKTHBHON 1aCTH 00BN
911 [3], suipakaemblit opmyioit C =M n/m  rneM,
— vtomenr I [H-m | — vpasuenne (4), 7 — KT, m
— macca akruBnoit wactu 9] (kr). Macca akTHBHOI
aCTH CTAaTOpa HPEACTABISICT cOD0M CYMMY Mace Me/In
i (hEPPOMATHUTHDBIX CCPAEHINUKOB CTATOPA N, .
Macea Meju 1, JUISE OT/RIIBHBIX CTPYKTYP pac-
cumrana no opmylic

InCLI

2 2 )
M™% (Rc('.u_RiCuJ Lyvedor (3)

e RU(:u MR, . — HAPYAHDBIIT 1 BHYTPEHIMI PAJINYyChI

HPOCTPANCTBA C MCJLLIO; 7('“ — YJieupnas rnjiorinocrn

41



MU A, — ROX(PDIIUCHT SAHOMICHISE MCBLIO TPOCT=
PAHCTEY OOMOTOK.

Macca (eppoMartirioro CepaciHiika paccii-
THEBACTCS CONIACHO (hOPALVIIC

2 2

Mg =E (R;Fc"R-r- )Lef Fe’ (6)

rie R‘,Fc, Rti — HAPYKRHBIA 1 BUYTPEHIUH PAfMAYChI
NPOCTPANCTRE, 3aHATOr0 (heppoMartuHTHLIM  cep-
JCTIMKOM; 7. — YACHLHAA 1I0THOCTL dheppomar-
HUTHONO MaTepyala, 1pu :»TUMR,(u =R

Buipaxkenue s o0uLeil Macehl aKTHBRON| 1acTH
SI1 MOKHO UPECTABITE 13 BAJE

2 2 - ,
’n_l”(fu+’”Fc_:ﬂ’c‘f|i (RL'CU RI'CU) /Cu/‘u+

(R;rg R:-l c) VFc] : (7)

C yuetom sapucumocteid (4) n (7), Boipaxenne
JUTs KO3 hHUIMEHTa NCITOIL30BAHMS AKTUBHOMI YacTn
ofbema D1 npruHUMAET BUJ

20
e

. - ¢ 2
(’mz 480) lAa B&Rm DiS L«.j/ i

=1
2 5 2 N
4 {HLC!'[ (RL *Cu RICLI\) /Cuku+ (Rd c Ril’c) l Fc] } :

(8)
Benminna ineiiHoi TOKOBOI HarpyskuA B )1
€ IIAKMM CTaTOPOM, HOCTPOESHHOM COTIIACHO NPeJIo-
AKCHHBIM MarHHMTHBLIM CHCTEMaM pOTOPa, OYiAET BbilIe
110 CPABHEHMIO C TPAAMLIMOHIIBIMUI CTPYKTYPAMU, MIpH
COXpaHeHMIt yeiaoBust obecnedeHus M0CTaTOYHOTO
POCTPAHCTBA JUI pa3MelleH st 0OMOTOK yIlpaBjieHust
fpU HATAYHA TEXHOMOTMICCKOTO 3a30pa M OCTOSIH-
CTBA ITOTHOCTY TOKA B OOMOTKAX YIIpaBJIeHmsi,
Jluueititast TOKOBast Harpy3ka B paccMarpHBac-
MBIX CITYIadX IIPOIOPUIOHANLHA IIOW@AN [orepey-
HOIO CCHEHIs MEAM

t ) O

rue I\A=Ab/5b =
HEIHOM TOKOBOM HArpy3KM K IJIOIIAJW MOIEPEYHOro

CeyeHMs MEIH.
Ypapuenue (8) HpuHUMAET BUJL

OoTHOLIeHME 043080 BEIMYMHbI JIN-

Re- *Cu Rl—

T 2()5
m 480 ”l A (

)Bdkav D Icf']x

10)

, -1
= {nLL’f[ (Rc(‘u Rl(‘u) yCuku (Rere erﬁ) 8¢ CJ } :

Mpurnmas, aro I umelor ojuitakosbie KITI u

RODGUIMCTTBL TTOMOCHOH JVITE 11 VUHTBIBAMA, 11O
BHYTPCHINIT PULIYC CTATOPA PaBeil R, =176 am (pa-
JULYC POTOpA YBEAUYMCH Ha BCITIHIN 3a30pa), T.L.
D, (=352 s, ppipakenne (10) nprmnact Bui

g =nil¥ (11)
70.3
& - 2
e a= 480 91/‘/1 DiS"
2 2
C IRL oCu 1Cu] Bél{m'

o 2 2
( eCu Rl(‘u)/(uku—i’( ¢Fe RITL) e

ITocKOALKY BeAMUMHA @ BO Beex Mopensx D1
HJEHTHUHA, CPABHEHME MOJICACH CHEAYET BECTH 110 KO-
atppsnmenty C 'm, BOIMMMHA KOTOPOTO CBMJICTEIBCT-
BYET O CTEHEH I HCHOIB30BA NS aKTHBHOIN HOBCPNHOC-
i Mostenei D, [TpH 3TOM CHERYET 3AMCTHTh, 1T 4eM
dosbiie peiiia kodhuimenta C' rem GOkt
WICKTPOMATHHUTHELI MOMEHT MOKHO HONYTUTh C G-
HUILL 00BEMA.

[ToMuMO TpedoBaHMs! JOCTUHKCHUA BLICOKOI 1ii-
AYKIM B padoHeM 3a30pe, He MCHEE BAKILIM ITOKa3d-
TEIEM SIBISIETCS PealiM3aliust BOIMUOKIIO OOJIBITUX Be-
JIAMMH paboUero 3a3opa, UCXos M3 HE00X0MMOCTH
ofecne e s I0CTATOMHO DMILILOIO PAdOUCIO NPOCT-
PAHCTBA JUTs PA3MELIEHNS B HeM DONBIION0 KOJAMIec-
TBA MEAM C TENbI0 JIOCTHXKCHMST BLICOKMX 3HAUENUIT
JIMHCH N0 TOKOBOI HAarpy3ku 0e3 yBeINICHUsT VT h-
HOM MIIOTHOCTY TOKA, KOTOPAs TPUBOAUT K POCTY OMU-
YECKMX 1OTEpPb M, BAISACTBIE 3TOr0, K cHkenmio KITJ
PICKTPOMEXAHMIECKOr0 NPEodpazoBaH s SHEPI UM,

PacripejiesieHie MarHuTHOTO O B MOJEISIX
$2.7,5 u §4.10,0 ¢ yBeJiMueHHBIMM PadO UMK 3430~
paMy MOKa3aHbl COOTBETCTBEHHO HA PUC. 5, 4 — ¢ Be-
JTUUUHOM 3a30pa o  =7.5Mm (52.7,5) n 5,6 — ¢ penu-
4yuuoii 3azopad,=10,0 mm (54.10,0).

Ha puc. 5, 6 nokasaHo cONOCTABICHME KPUBBIX
pacupeneneHmnst 1pOIOIALHLIX (PajitaibHbIX) M HOHE-
pPeUHBIX (TAHTCHIMAJIBLILIX) KOMIIOHEHT MarHUTHOI
MHAYKIIMH B HCCACAYEMBIX MOACHAX BIOIBL 00PA3yI0-
HIEH, BLIOPAHHOI HoCpeuHe padoYero 3a30pa.

Pe3ynbTarsl pacdeTa M CONOCTaBIeHMs napamer-
POB HOJIBEPTABIIIXCS MCCIE/IOBAHM IO MOJICJIEH IIpUBe-
jetsl B Tatumie (OTMETHM, HTO JUISl BCEX MOJeneit

Rio™ 176,0) mm). B 21011 ke Tabimie npuBeaeH TakxKe
OTHOCHTENLHBIH KOI(puLMeHT ¢’ , B KOTOpOM 3a Ga-

30BYIO Benuuuiy BeiGpan kosdduiment €' Bockmu-

noxocnoi mojiesn $1.5,0, nmerouieit enmuunny pabo-
ero 3a30pa d =35 MM.

Kak smumo u3 Tabamusl, Haubosnbmii koadgn-
LMEHT WCIIONL30BAMS AOCTUTHYT B Mojiesn S4.10,0,
MMCIONIEH BEAMYMHY padoUero 3asopa o =10 Mm.

Buisoasl. Clucuuaibnoe pasMenienmne nocrosii-
HBIX MAHUTOBR [O3BOJSICT CUHTCIMPOBATH Martnr-
HBIC CHCTCMDBE BOBOYRJICHTIS, O0CCHCUMBAIOTNE OIm3-
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LLCLT]

- LI

Lip =gy
Tl:u =1000u,
1L =1.68u,

! !
a2 o1 Q a1 Q2

a2 Ot 0 o 02
(e ——
BB, (1] £ svensd
0% "“-"“”"7‘ .........

oy

T w258 T

B.S275)

 B,(54.10,0)

1 I

@
=}
&)
W

us o

w4

Pie. 5

KHC K TPEOYEMBIN 11APAMCTPhI: 3aKOHOMCPHOCT]L pac-
pejelienst cocTapisiiomwei By, Bioiib JMUnu Bhi-
Opanioii Hocpenune
By =1y (r=ryg, ), cpenmme By

By punax BETMUMIDI DUTMATEHON KOMIOUEHTLI MArHHT-

padouero 3a30pd
M MaKCHMMallbHbIC

1011 MIJIVEITITN

Bean s, ety usMepenis
:L“:l :{. 1;’?]‘\,‘“,. Ui o=l B | €
[ Ta =R M Ty o T

ADM Kr
S1.5.0 | 5.0 10.3626]0.4281|180.0| 2100 | 5.27 1,00
S1.7.5 | 7.5 0314203669 182.5]|212.5| 7.02 | 133
SL L0 [10.0]02765103175]185.0]215.0 | S.10 1.54
S2.5.0 | 5.0 |0.3860 [0.4561{ 180.0 | 2100 | 562 1.06
$2.7.5 | 7.5 {03322 |0.3887 (1825 [ 2125 | 7.42 1.41
S2.10 [ 10.0]0,2900|0.3361 | 185.0 | 215.0 | 8.49 1.6
S3.5.0 | 5.0 [0.4045[0,4769 | 180.0 | 210.0 | 5.88 1,12
§3.7.5 | 7.5 |0.3464|0.4051 | 182.5 2125 | 7.73 1,47
S3.10 [10.0]0.30621 |0.3486|185.0|215.0| 8.85 1.68
S4.5.0 | 5.0 [0.4181]0,4916]180.0[210,0| 6.08 1.15
$4.75 | 7.5 | 03570 |0.4168 | 18252125 | 7.97 | L.5]
S4.10 {10010.3102 (03581 |185.0[2150| 9.09 | 1.72
S5.5.0 | 5.0 |0.3791 [0.4668 1 180.0(210.0 | 5.51 1.05
S5.7.5 | 7.5 10,3244 0.3952' 1825 212.5 | 7.24 | 1.37
SS10 1100102810 [0.3407 | 185.0 [ 215.0 | 8.23 1.56

ISSN 020:4-3599. Texn. cackmpodareaina, 2005 N 2

Fleeneronanms moKasaim, 4ro nyres KoHIeHTpa-
I MAUHHTHRIX [OJIEH ¢ NOBLILICHHEM HHTCHCHB-
HOCTH MArHUTHOI 2HEPIUM B 3aIalIHONI 00auacTH (BBE-
JCHME KOHLCHTPATOPOB MAI'ltUTHOIO MOTOKA) MOKIIO
JIOCTMTATh BEJIMY UL TI0JS B 3030pe OOJILINNX 110 cpaB-
HEHNIO C BEJIMYHMUIOI OCTATOUNON MArnHTHON MHAYK-
K HCHOIL3YEMBIX TIOCTOSANIIILIX MATHHTOR,

[Mockoubky koahhUIMEHT UCTIONL3OBAINS 00bLe-
Ma DI 1 BCAMTHHE YACHABHOIO SJACKTPOMUHUTIONO
MOMEHTa (MOMEHTA C eMHUIILI 00'BEMA) 3aBUCAT O
JIMHEHIOI TOKOBOI1 HAPY3KI, TO Y3KE 1A CTajUin 1pe-
BAPHTEILHOIO HPOCKTUPOBAIIS CHEJIVET HCKATH Ol-
THMYM MEAILY BEeJHYHHAMI padOvero 3a3opa, paju-
QAIBLION KOMITOHEHTBI MATHMTHON MIIYKILIN B 3a30pe
W AMHEHHOH  TOROBOI
HEPBUTKOB).

HArpy3ku  (MucioM  am-

1. Adponanr AA. Marnnrinie cnereMbl 9IeKTPoOsesatitec-
KX npeoGpasoparesiel aneprifin ¢ papiaitieli BEKTopons Hasari-
UCHHOCTH HOCTOMHLIX Mariirron // Texi elerTpoaiHamika, —
2004, — Ne L. — C. 47—55.

2. Mvackua B Pacuer sackrpunecknx mauimn, — M
Dueprinst. Jleunurpaickoe o, 1968, — 732 ¢.

3. Afonin A., Kramar= W,, Cicrznicwske P. Elektromechaniczne
przetworniki energii 2 komutacjy elektroniczna. — Szezecin:
Wydawnictwo Politechniki Szezecinskie], 2000, — 242 s,

4. Afonin A, Permanent Magnet Brushless Motors with
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ABSTRACTS

Theoretical electrical engineering and electrophysics

SHCHERBA AA. PODOLTSEV AD. KUCHERIAVAJA
LN (Kicev) The distribution of pulse-current density in the space
between electrodes filled with metal granules

A three-dimensional numerical model is developed to chiar-
acterize the electric field and current density in an active region ol
spark erosion apparatus. filled with meral granules and conainimg
vertical or horizontal current-carrying electrodes. The current
density distributions are studied for several apparatus arrangements
with different electrode configurations and dieleetric barrier he-
tween the electrodes. A number of construction designs are
examined with a view to localize erosion processes in the central
zone of granulated medium and thereby to reduce destructing the
surface layer of ¢lectrodes due to their erosion.

CHABAN V_ (I 'viv) A mathematical theory of Lorentz force

1t is shown that the known expression of Lorentz foice can
directly be achieved from the fevels m vectors or potentials of an
clectromagnetie field written for @ motionless medium if condition
of their time dependence will be superposed into space coordinates
as it 1s in a motion medium.

VOLOKHOV S.A. (Kharkov) Magnetic state estimation of a
ferromagnetic construction with the phase diagrams method

Possibilitics of phase diagrams for a magnetic state estimation
of & ferromagnetic construction and prediction of its changes at
magnetic fields and elastic mechanical loads influence on the
construction are considered with application of & phenomenological
model of ferromagnetism and probabilistic statistical account of a
magnetie structure.

Conversion of electric energy parameters

FEDIY V.S, NAMESTNIK S.G. (Kiev) Influence of Q(-factor)
on harmonic composition of a network current of a three-phase
monoharmonic active filter

Cireuits of active filters and electromagnetic processes in
them are investigated at losses account in power elements of the
filters.

YURCHENKO M M., SHEVCHENKO PM.. GUTSALIUK
VY. TVERDOKHLIB Yu.O. (Kiev) Commutation processes in
power modules of transistor converters of power supply systems of
airborne production equipment

Results of investigation of commutation processes in pulse
controllers at quantity transistor modules for power supply systems
of airbarne production equipment are given. Prospect of modules
application is shown on the basis of sectionalized structures at a
module construction in the form of a comb design.

KOMAROV NS MONZHERAN Yu.P. VOZNY VA (Kiev)
Normal and emergency maodes of a multiphase pulse current control-
ler which is loaded onto a powerful gas plasma generator

Voltages and currents distribution in @ multiphase transistor
current controller with high-frequency pulse modulation. which is
intended for power supply of powerful gas plasma generator. is
considered. Processes. which arise at a power transistor failor, are
analysed.

VELYKIY V.., ANDRUCHUK V.A. (Ternopil) Frequency
characteristics of an output stage of electronic start controllable units
(ESCU) for luminescent lamps. Normal operating condition

Frequency characteristics of an output stage (OS) of ESCU for
lummescent lamps in a normal operating condition are considered.
It is shown that a lamp current is prescribed with inductance of a
hallast throttle and supply voltage frequency which has to be equal
1o a resonance frequency of an output stage oscillatory circuit.

Electromechanical energy conversion

AFONIN A A VARDAKH M. (Szczecin. Poland) Simulation
of magnetic systems af electric motors with plane constant magnets
in a cylindrical shape rotor

Results of investigations of magnetic systems of electric
motors with planc constant magnets in a cylindrical shape rotor arc
presented. Different methods of combined magnelic systems
forming on the basis of plane constant magnets of oxide—barium
type ferrites and ferromagnetic concentrators of magnetic fluxes are
proposed and analysed. Results of magnetic systems simulation with
dilferent composition of components arc given. It is shown that
clectrie loads can also be increased together with magnetic ones in

Al

combined macnetic systems that is the basis for their application a
claboration ol eleetric motors of high application.

SHYMCHAK P. (Szezecin. Poland) Magnetic systems of a
mosaic structure of disk electric generators with constant magnets
with constant magnets

Results of investigations of magnctic ssstems of disk electric
motors with constant magnets are eiven. Different methods of
magnetic systems forming of a mosaice structure on the basis of phane
constunt magnets of different space ortentation and {eyromagnetic
concentrators of magnetic fluxes we proposed and andlysed
Results of systems simulanton with different  composition of
components are given. It is shown that increased values of an
clectromagnetic load can be obtamed in magnetic systems of 4
mosaic structure that is the basis of electrie generators designing of
high application.

SARATOV VAL (Kiev) Determination of a turbo-generator
TVF-120 parameters by estimated frequency responses
Frequency  responses  and  a  turho-generator FVE-120

parameters with different votor strudiures — a series rotor and i
rotor with damper systems are computated, It is shown thai
instailation of damper systems on o rotor leads to inductive
mpedances change of a turbo-generator in transient mocdes:
decrease of a transient impedance 13—29% and o supertransient
impedance 4%%.

Lleetric power systems and installations

VASYLIV KM (I'viv) A mathematical model of dynamic
processes of an autonomous electric power system on the basis of a
contactless asynchronized generator with a two-phase—three-phase
cascade modulated exciter

A mathematical model of an autonomous electric power
system on the basis of an  asynchronized generator with «
contactless  two-phase—threc-phuse  electric motor  cascade
modulated exciter is proposed. The maodel permits to investigated
static and dynamice processes caused by mstability of a rotor rate
speed. Possibility of the svstem behaviour ohservation is provided at
its operation in modes typical for practice inchuding the system
functioning of automatic stabilization of & generator voltage and
current both in normal and extreme conditions,

RAMAZANOVA  7Z.U.  (Smmferopol). REZISOV V..
SURZHIK TV (Kiev). KHADZHINOV AL, (Zaporozhjc) Analysis
of unsteady spatial inhomogeneous conditions in long lines at de-
pendence of leakage current conductance on voltage and temperature

Long lines with distributed parameters. which take into
account leakage curvent dependence on voltage and temperature,
are considered from the point of view of synergriie approach to
investigation of spatial inhomogeneous structures forming at
instabilities growth. The main factors, which determine instabilitics
stating and a character of their development in time. are analysed.

SHOSTAK \V.0.. SOKOLOVSKY S.A.. BRZIIEZITSKI V.O.,
BELYAEV VK. (Kiev). YANISCHEWSKYIW.L (Toronto, Canada)
Lightning overvoltage characteristics in a medium voltage
distribution line

An approach is developed for estimaton on lightning
overvoltage characteristies for surges from the medium voltage
distrihution linee. The analysis is performed for lightning striking
directly to the line and to the ground m its vicinity. The attenuation
of surges duc to effcets of corona and finite value of ground
conductivity is taken into account. Calculations are performed using
one-wire approach for a typical 10 kV line m Ukraine, Results are
presented mn terms of overvoltage amplitudes. therr front steepness
and period of appearance at a certain point of the line (end. middle).

PENTEGOV LV. (Kiev)., LARCHENKO B.B. (Chermgov)
Analysis of processes in hexagonal autotrasformer devices of high
current harmonics suppression

Analysis of processes in hexagonal suppression devices nf high
current harmonics of an autotransformer type with small mass and
relatively low level of high current harmonies in a network is made.

A new method of computation of this class devices is proposed
and formulae. which permit 1o determine all the parameters of these
devices, are obtained, The investigations being conducted permit to
create a classification of different types hesagonal transformers and
autotransfarmers with w vivtual neutral
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