YK 621.313

10.B. lllypy6

MOAEJIMPOBAHUE ACUHXPOHHBIX JIEKTPOIIPUBO/10B

IPU CJIYUYAUHOM HAT'PY3KE

Hagedeno memoouxy mooenioeanns ma eudopy napamempie ACUHXPOHHUX e1eKMPOnRPUBOOi6, U0 NPAUIOIOMy ¥ HeCUMempuy-
HOMY pesitcumi, npu pooomi i3 HABAHMAHCEHHAMU, AKI MAIOMb UNAOKOBUIL XapaKmep.

Ilpuseoena memoouxka modenuposanus u 6vlOOpa NAPAMempos8 ACUHXPOHHBIX INEKMPONPUBOO08, PAOOMAIOWUX 8 HeCUMMEN-
puunoM pedcume, npu padome c HAZPY3KOIl, KOMOPAs UMECH CLYYalinblil XapaKmep.

BBEJIEHUE

ACHHXpOHHBIN 3JIEKTPONPUBOJ] 3HAYUTEIBHOM yac-
TH CEIbCKOXO3SHCTBEHHBIX, CTPOHTEIbHO-OTACIIOUHBIX
MAaIlliH 1 MEXaHU3MOB, HMEIOLINX CIy4JaiHyI0 Harpysky,
JIOJDKEH PACCUUTBHIBATHCSA C YUETOM TPEOYEeMBIX ITUHAMH-
YECKUX W DHEpreTHYeckux mokaszatenei [1, 2]. Bo mHo-
IHX CIy4asX NHTaHue Tpex(}azHOro IBHUraTelss Mallon
MOIIHOCTH OCYIIECTBIISIETCS OT OJHO(A3HOW ceTH —
TpexdazHo-ogHO(]A3HBIN 3IEKTPONPHBOA, a B KadecTBE
(ha30CaBUraIoMIero 3JE€MEHTa MCIOIB3yeTCs KOHJICHCa-
TOp, PeXe MONYyNpPOBOIHUKOBBIE 3MEeMEHTHL. IIpu 3TOM
HEOOXOMMO YUHTHIBATh CIIEIYIOMINE 0OCTOSTEIbCTRA.

B nHacrosiiee BpeMs IPOSKTUPYIOTCS U BIITYCKAIOT-
Csl BBICOKOMCIIONB3YyEMBIE ABUraTe€Id C MEHBIIUM 3ama-
COM 10 HarpeBy U Ieperpy304Hoii criocodHocTH. B To *xe
BpeMs Ka4eCTBO HAIPsDKCHHS IMHUTAIOIIEH CeTH 4acTo He
COOTBETCTBYET HOopMe. B o01ieM ciaydae Ha BXoJe JABHra-
TeNsd MMeEEeTCd HECUMMETPHUYHas CUCTeMa HampsKeHUI.
IIpn ciaywyailHOM XapakTepe Harpys3Kd JIBMUraTessd U Ha-
MPsDKEHUS CeTH BBIOOp U MpOBEpKa IMapaMeTpoB JIBUTATE-
751 1 a30CIBUTAIONINX JIEMEHTOB MPEACTABISIOT CIIOXK-
HYIO 33Ja4y.

INOCTAHOBKA 3AJJAYN
WzBectHO, uyTO cuMMeTpust (Da3HBIX TOKOB acHH-
XPOHHOTO JIBUTATeNs C MOCTOSHHBIMHU IapaMeTpamu ¢a-
30CIIBUTAIONINX 3JIEMEHTOB BO3MOXHA IIPU OJHON KaKOM-
mbo Harpyske. MaTeMaTH4ecKHu Takoe COObITHE — IOTIa-
JTaHWE B TOYKY TPEXMEPHOTO MPOCTPAHCTBA — MMEET Be-
POSATHOCTH, paBHYIO HymO [3]. B mpakTHueckux pacuerax
PEKMM CUMTAIOT CHMMETPHUYHBIM, €ClU (ha3Hble TOKH

OTJIMYAIOTCS Ha ONPEEICHHYIO BETUIHHY.
BeposTHOCTh TOSIBIEHUS TaKOTO peXUMa, KOTAa
3HaueHMs (a3HBIX TOKOB 3aKJIIOUYEHBI B IIpejenax

‘]AIIAZ HIB1 Ip, H]C1 ICZ‘ , MOIy4MM B BHJE TPOHHOIO

HHTCrpaJia
Ly I, I
p= j I If(IAJBJC)dIAd[BdIC- (D
Ly Isy T,
HOpMaﬂLHOe COBMCCTHOC PACIIPCACIICHUC TPEX CIIy-

YalHBIX BEJIUYUH [y, Ip, I- XapakTepu3yeTcs MIOTHOCTHIO
BEPOSATHOCTH
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rae my, my, cuz, 6,> — MaTeMaTHYECKOE OKMIAHHE H JIC-
nepeust Cay4aiHoi BENUYUHEI 1, I, COOTBETCTBEHHO; D —
OTIPEICTINTEIb TPETHETO MOPSAKA, COCTABJICHHBIN U3 3Ha-
YEHUII HOPMHPOBAHHBIX KOX(P(UIMEHTOB KOppENsHun
npu T=0:
I Ryp Ryc
;D =|Rpy 1 Rpcl

Reqy Rep 1

Jnst ananu3a Tpex¢azHo-onHO(Da3HBIX AIIEKTPOIPH-
BOJIOB MOTYT OBITH HCIIOJIH30BaHbl MaTEMaTHYECKHE MO-
JIETN CITyYaiHBIX TPOIIECCOB U3MEHEHHMS Harpy3KH JIBUTa-
TeJIsl P CUMMETPUYHOM HOMHHAIIBHOM HAIPSDKEHUH.

B pexume Harpy3ku JUHEHHbIN TOK /(f), moTpebse-
Masi MOITHOCTE Py(f) 1 MOMeHT M(f) ABASFOTCS (PYHKIAAME
BpeMeHH. Ecny, Hampumep, CTaTUCTHYECKUE XapaKTepH-
cTuKd (GyHKIUH /(f) M3BECTHBI, T.e. M3BECTHA IUIOTHOCTH
BEpOATHOCTH f{]), MaTeMaTHIECKOE OXKUJIAHUE 71; U KOppe-
nAuuoHHas GyHKUMS R/t 1), TO MOTYT ObITh OILIpEE/IEHBI
COOTBETCTBYIOILIEE CPEIHEKBAIPATUYECKOES OTKIOHEHUE W
CpeIHEeKBaIpaTHIECKOe 3HAYEHHE TOKA Harpy3KkH [3].

B ciydae, xorna mpuiioKeHHas K JBUTATeNIIO Ha-
rpy3Ka MoJYMHEHa HOPMAJIbHOMY 3aKOHY paclpeleleHus
U CTallMOHapHa, T.€.

Ky (0)

R, =R, =
uv = vy
GOy

o —’”1)2
f=—t—e
o 2n (3)
my (t)= mj = const,
(5% (7:) =R, (tl .t ) = R;(0) = const,
MaTeMaTHYecKoe OXKUIaHUE U JUCTIePCHs KBaJgparTa TOKa:

mp =m12+0%; “)

ciz =267(2m? +07). (5)
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MOJIEJINMPOBAHUE ITPOLIECA HATPYXXEHU A
JABUT'ATEJIA B HECUMMETPUYHOM PEXXUME
PABOTBI

Hanuuune cBeneHuil 0 CTaTUCTHYECKUX XapaKTepHU-
CTHKaX TOKa, MOITHOCTH WJIM MOMEHTA IO3BOJIACT Pacipo-
CTPaHUTh METOJI SKBUBAJIIECHTHBIX BEJIMYUH Ha CHMMETPHY-
HBIE COCTaBIJIIONINE TOKA M HaNpsDKeHHS HpsAMOH, obpar-
HOW M HYJEBOW MOCJIEIOBATENLHOCTEH. DTH COCTaBJIAIO-
e EHCTBYIOT HE3aBICHMO ¥ BBI3BIBaeMBbIC HMU (P eK-
TBI MOTYT OBITH CYMMHUPOBAHBI TI0 METOAY CYNEPIO3UIINH.
Ecnyu m3MeHeHMe Harpy3Kd XapaKTepH3yeTcs Kak CIyvaid-
HBIH CTaIlMOHAPHBIN Mpolecc, TO TpoIecC N3MCHEHHS Be-
JMYUH CUMMETPUYHBIX COCTAaBJIIOIINX OMMCBHIBACTCS CTa-
IUOHAPHBIMA CITyYalHBIMU (YHKIHAMHU. Takum oOpaszom,
3a7aqa CBOJUTCS K ONPEICICHUIO YHCIIOBBIX XapaKTepH-
CTHK CJIyYailHbIX BCIIMYWH, UMCIOMIHX (YHKIHOHATIbHYIO
3aBUCUMOCTD OT APYTOH CIydailHOM BETMYUHBI.

[Ipy HecTamMOHAPHOCTH TMpOLEcca HArPyKCHHS
MOJXHO OOBIYHO BBIIEIHUTH JOCTATOYHO IMPOIOJIKUTEIh-
HBIE 30HBI CTAllMOHAPHOCTH, T.€. IMOCTPOUTH KYCOYHO-
CTallHOHAPHYIO BEPOSATHOCTHYIO MOJENb Iporecca M Ha
ATOH OCHOBE IOJB30BATHCA IS pacdyera METOIaMH Teo-
PHUH CTAaIIMOHAPHBIX CIyYaiiHBIX MIPOIECCOB.

BenmunHa MaTeMaTHYECKOTO OKHIAHUS KBaJApara
TOKa B TaKOH e Mepe SBIACTCA OOBCKTUBHON OICHKOM
YCIIOBHH HarpeBa, Kak M CpeIHEKBaJApaTHYecKoe 3Haue-
HUE TOKa I 3JCKTPOJBUTATENCH C NETePMHHHPOBAH-
HBIM pPEXHUMOM paboThl. [IpaBOMEpHOCTh SKBHBAJCHTH-
POBaHUS HAarpy3KH Ha 3TOH OCHOBE O6a3upyeTcs Ha crnaboit
KOPPETUPOBAHHOCTH IIpOIlecca U3MEHEHHsI Harpy3KH, T.€.
MaJIoil BeJIMYMHE BPEMEHU T = f, — {1, IPU KOTOPOU aBTO-
KOPpENIAIIHOHHAs CBS3b SBIAETCS CYIIECTBEHHOIN IO
CpaBHEHMIO C IOCTOSIHHOM HarpeBa nBuratens [4].

OOBIYHO TIPU KCCIICOBAHUH TPOIECCOB H3MCEHEHHS
Harpy3KM pacrojlaraioT 3aBHCHMOCTBIO IOTPEOIIeMOro
Toka I(¢) wu MourHOCTH Pi(f). [Ipr HEM3MEHHOM HarpshKe-
HUM TUTAIOIIEH CETH W TOCTOSHHBIX MapaMeTpax Qasoc-
JIBUTAIONINX DJIEMEHTOB BEIMYUHBI TOKOB W HANPSIKEHUMA
MPsSIMON W 0OpaTHOH MOCIIEI0BATEIBHOCTEH OIPEIEeIIOTCS
OITHO3HAYHO Yepe3 MapaMeTphl IBUTATEIS IPH CHMMETPHY-
HOM TWTAHWU. 3Has 3aKOH pacIpeseNieHns] CIIydailHOi Be-
JIMYMHBL /, MOJKHO OIPEENIUTh YHCIOBBIE XapaKTEPUCTUKU
cydaHpIX BenmmuuH 1, = @y(1), U; = @3(/). MaremaTmde-
CKO€ OKHIaHHE W IUCIEpCHs, HampuMmep, TOKa MpsAMOit
MIOCJIEI0BATENIHHOCTH, OTIPECTACTCS BRIPAKCHUAMHU

mp = I¢1(1)'f(1)'d[; (6)

o2 = [lo(n)-m P ry-ar. ™

rae ¢(/) — 3aBUCUMOCTh COCTABJISIOIIECH TOKa MPSIMOMN
MIOCTIEIOBATENBHOCTH OT PEaJbHOrO0 TOKa B (haze (CHUM-
METpUYHOTO pexuma); f{/) — IIOTHOCTE pachpeneIcHUs
BeMUYHHEI (£).

OTMeTuM, 9TO IUIOTHOCTh pacHpeesieHus Harpy3Ku
MPSMOTOYHOW JPOOMIIKK 3epHA XOPOIIO ANIPOKCHMHUPY-
ercs 3akoHoM ["aycca [2].

Ecnu ¢ynkuust [} = @(/) mnocrarouHo Onu3ka K Ju-
HEWHOU B 00JACTH MPAKTUYECKH BO3MOXKHBIX 3HAUCHHU
ClTydaiiHbIX HArpy30K, TO MPHOIMKCHHBIC 3HAYCHUS OIle-
HOK MaTeMaTH4eCKOT0 OXKHMIaHHWS U AMCICPCHH BBIpaXka-
I0TCSI DJIEMEHTAPHBIMU (DOpMyIamH.

Jus nuneitHolt pynkumu Buna I, = b + a-I, noguu-
HEHHOU HOPMATbHOMY 3aKOHY, MAaT€MaTHUECKOE OXKH/a-
HHE U CPEIHEKBAPATUYECKOE OTKIOHEHUE OMPEeIIIOT-
Csl BBIPOKCHHUAMU

my =a-ml+b; ®)

1
Gp=a’0). 9)

Eciu xe 3TH QyHKIMU 3HAYUTEIBHO OTKJIOHSIOTCS
OT JTUHEUHBIX, TO (popMyIsl (3) U (4) IPIMEHUMBI TOJIBKO
MPU MaJbIX JUCHEPCHSX CITyYaiHBIX HArpy30K.

IMocne ompeneneHus NOINYCTHMOW BENMYHMHBI TOKA
OpsIMOM TOCIIEAOBATEIBHOCTH HPOU3BOAUM COIOCTABIIC-
HHSI €r0 CO 3HAa4YE€HHEM SKBHUBAJICHTHOM BEJIMYHMHBI TOKa
OpsIMOM TIOCIIeA0BAaTEILHOCTH. [IpH 3TOM IOJKHO OBITH
COOJIIOZICHO YCIIOBHE:!

’ 2 2
113: mll +G[ SII[OI'I’ (10)

T.€. DKBUBAJCHTHBIH TOK IPSIMOW IOCIIEA0BATEILHOCTH
JIOJDKEH OBITh MEHBIIE WIM paBeH Jomyctumomy. Ecim
OKa)KeTCs, 4TO ycjoBHe (5) He BBIIOIHAECTCSA, TO HE00XO-
JIUMO M3MEHUTH 3HAYCHHE PACUETHON HArpy3KH.

C yderoM CKa3aHHOTO, pacueTHas BeJIMYMHA Ha-
TPY3KH Ul BbIOOpa mapaMeTpoB (ha30CIBHTAIOIINX HiIe-
MEHTOB MOXET OBITh IIPECTaBICHA KaK

Ip=m1+B-GI. (11)

3navyeHne ko3ddunuenHra f 3aBUCUT OT "pacTIHyTO-
CTH" 3aKOHa pacrpeieIeHUs] ToOKa Harpy3KH M0 OCH BEIH-
YAH M YCTAQHOBJICHHOW MOLIHOCTH jaBuratens. Ecmm
IUIOTHOCTH BEPOATHOCTH f{/) M3BECTHA, TO BEPOSTHOCTh
MIPEeBEIIICHAUS OpArHATON GyHKIUU f{]) ypoBHS m; + B-0;

E= T F(dl .

mr+3-6;

(12)

N3 (12) mMoxeT OBITh ¢ HEOOXOJUMOW TOYHOCTBHIO
ompeeneHo 3HaueHue kodddummenta . s HOpMaIbHO
pacrpeneneHHoN ciiy4aliHOM BeJIMYKMHBI TOKA BCE pacceu-
BaHKe (C TOYHOCTHIO JI0 JOJIEH MPOIIEHTa) YKIIAJAbIBACTCS
Ha y4yacTke m; + 3-0;.

PE3YJIbTAThI UCCJIEJIOBAHUI

ITo mpemnoxeHHOMY METONy TPOBEACH BBHIOOp TMa-
pameTpoB (Pa30CABHTAIONINX 3IEMEHTOB U JBHUTraTelst
NPSIMOTOYHOW NIPOOMIIKM 3€pHa, IMpoBepeHa paboTocro-
COOHOCTB 3JIEKTPONpPHBOJIA MPH Tpexha3zHOM U oJHOPA3-
HOM nuTaHuu. OnpenerneHsl OIEHKH Ipoliecca Harpyke-
HUS KaK B CTaTHKE (MaTeMaTH4ecKoe OXXKUIaHHE, AUCTIep-
cus), TaK U B JWHAMUKe (KOppENsMOHHAs (GYHKIHSA,
CHEKTpanbHas IUIOTHOCTH). [y yCTaHOBJIEHHUS 3aKOHA
pacmpesieneHus CIy4alHbIX BEIMYUH TOKAa M MOIIHOCTH
MIOCTPOEHBI COOTBETCTBYIOIINE THMcTOrpaMMEl. [IpoBepka
pu nomouu kpurepus Ilupcona Ha ypoBHE 3HAYMMOCTH
0,05 moxazana, 94TO IJIOTHOCTH PAaclpeeieHUus] Harpy3Ku
NPSMOTOYHON NPOOHMIIKK 3€pHAa XOPOLIO ANNpPOKCHMHUPY-
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eTcs. HOpMallbHbIM 3akoHOM. KoadduuueHT Bapuanuu
Harpy3ku (OTHOIICHHE CPEAHEKBAIPATHYECKOTO OTKIIO-
HEHUSI K MaTeMaTHYeCKOMY OXKWJIAHHIO) AJISI HCCIeaye-
MBIX AuarpamMm Haxonutcs B npeaenax 0,17 go 0,36.

KoppensinuonHas (yHKIMS ¥ CHEKTpaibHas ILUIOT-
HOCTh PaccMaTpUBAEMbIX JHarpaMM XOpPOIIO AIMpPOKCH-
MUPYIOTCS BBIPAKESHUSIMU BHA

R(t) = Gze—a\r\ cosPt,
2

s(w)="— - -

+

T o +(0+B) o +(0-B)
rae o — KO3(QQUIMEHT, XapaKTepHU3YIOUIMH HHTCHCHB-
HOCTB 3aTyXaHHs KOPPEILIUOHHON (QYHKIHK; f — KO-
(UIUEHT, ONPEENSIOMNUN YTIOBYIO YaCTOTY KoJjeOaHuH.

B atom cmbiciie k03¢ dHULIMeHTH 00 U B XapakTepu-
3YIOT TEXHOJIOTMYECKHH Ipolece, BHIOIHAEMBIN Mallu-
HOMW, a ¢opMa U BHJ KOPPEIALMOHHOW (YHKIUU — CTa-
IIHOHAPHOCTh M JPrOAMYHOCTh MpOIlecca HATPyKEHUS
MamuHbl. CIIeKTpanbHBII COCTaB Ipoliecca Harpy>KeHHs
IPSIMOTOYHON IpOOMIIKN 3epHa MOYTH PABHOMEPEH.

PesynbraTel 00pabOTKH HArpy304HBIX JHarpamMm
MOATBEPKIAIOT THIIOTE3Yy, YTO NPH IMOCTOSHHOW IPOM3-
BOJIMTEJILHOCTH HAarpy3Ky HCCIIEIyeMbIX MAIlUH MOKHO
CUMTATh CTALIMOHAPHOM ciydaifHON (yHKIMEH BpeMeHH,
o0Jaaronet S3proanuecKMMy CBOMCTBaMU.

MaremaTHyecKylo MOJENb Tpolecca HarpyKeHHs
OIHOTUIIHBIX MAIINH C MEPEMEHHOM IPOM3BOIHUTEIBHO-
CTBHIO MOYKHO IIPEJCTaBUTh KaK CTAI[HIOHAPHYIO HEIProIu-
4ecKylo (yHKIHMIO, comepXkallylo CIydalHYyl0 COCTaB-
JSIIOIIYI0, OOYCJIOBICHHYIO HPOU3BOJUTENBHOCTBIO Ma-
IIMHBL, ¥ CIy4YalHYyI0 CTalMOHAPHYIO 3PrOAUYECKYIO
(byHKIMIO, 00YCIIOBICHHYIO TEXHOJIOTHEH Tpoliecca:

Z()=y+x(1), (15)

rie y — ciiyyaiiHas BeJMYMHaA ¢ aucnepcueil o,; x(f) — ap-
ro/inuecKasl CTalliOHapHas ciiydaifHas QyHKLUs C Xapak-
TEPUCTUKAMU M, U R,.

(13)

. (14

[IpunsB, uto x(f) M y HE KOPPEIUPOBAHHBI, MOXKHO
HalTH MaTeMaTH4eCKOE OXHMJAHUE U KOPPEISLMOHHYIO
(GYHKIMIO Tpollecca HarpyXeHWs MaluHel. B manbHeil-
IIeM IO CTENEeHU pa3dpoca Harpy3KH U 10 XapakTepy 3aTy-
XaHUs KOPPEISIMOHHON (PYHKIIMN MPOM3BOIUTCS] KOPPEK-
THPOBKa IIapaMeTPOB (ha30CIBHUTAIONIUX IJIEMEHTOB B 3a-
BHUCHMOCTH OT M3MEHEHUS NIPOM3BOAUTEIIHHOCTH MAIIIHBEI.
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Yu.V. Shurub
Simulation of induction electric drives under random load.

A simulation and parameter choice technique for phase shifting
elements of induction electric drives in an asymmetrical operat-
ing mode under random loads is given.

Key words — induction motor, electric drive, asymmetrical
mode, random load.
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