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Abstract. A frequency diagnostic method is considered that allows
increasing the sensitivity when monitoring the windings of asynchronous
electric motors for turn-based short circuits.
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BBEJIEHUE

[ToBbIlIeHHE YyBCTBUTEIBHOCTH MIPU UCIIBITAHUH OOMOTOK CTaTOPOB ACUHXPOHHBIX
AIEKTPOABUTATEIEH HA BUTKOBBIE 3aMBIKAHUS MOKHO OCYIIECTBUTH IYTEM 3aMEHBI
MaJIO4UyBCTBUTEIIBHOW PETUCTPALIMM BPEMEHHBIX W3MEHEHUM I1apaMETPOB CUTHAJOB,
CHUMAaEMBbIX C TIOBPEKJIEHHON OOMOTKH, PETUCTpAIMe N3MEHEHUM aMIUTUTY/bI OJIHON
WIM HECKOJbKUX TapMOHMYECKHX COCTABIJIAIOIIMX, OOJAJaloIUMX MaKCUMaIbHON
YyBCTBUTEIBHOCTBIO K OTKJIOHEHUSM KOHTPOJIUPYEMOT0 TapaMeTpa OOMOTKH.

IIpu KoHTpose OOMOTOK ACHHXPOHHBIX DJIEKTPOABHUraTeNeil MPUMEHSIOTCS
PaMOUMITYJIBCHI, BBICOKOYACTOTHBIE VIMITYJIBCBI, 3aTyXarollne VIMITYJIBCBI.
D¢ (heKTUBHOCTh KOHTPOJII MOXKHO TOBBICUTH ITyTEM COTJIACOBAHUS CHEKTPAIBLHOTIO
COCTaBa HCIIBITATENIbHOTO CHUTHAJa C YaCTOTHOW XapaKTEPUCTUKOM KOHTPOJIUPYEMOTO
oobekTa. Co3gaHuMe  UCHBITATEIbHBIX CUTHAJIOB C  aMIUIMTYJOW W Hecylleu
YaCcTOTOM, KOTOpbIE COOTBETCTBYIOT PE30OHAHCHOM OOJACTH YacTOT KOHTPOIMPYEMOM
OOMOTKH, MO3BOJIIET CO3AATh MEXAY BUTKAMU KOHTPOJIUPYEMOM OOMOTKH MakCUMaJIbHbIE
UCTIBITATETIbHBIC HAMIPSKEHUS IPU PABHOMEPHOM pacipeieSIeHUH BJI0JIb OOMOTKH.

OCHOBHAA YACTb

VYBEenUYNTh YyBCTBUTEIHLHOCTh KOHTPOJISI Ha BUTKOBBIC 3aMBIKaHHMS B OOMOTKax
AJIEKTPOJBUTATEIC  BO3MOXHO  TyTeM  BbIOOpa  BPEMEHHBIX  IapameTpoB
VCIIBITATEIBHBIX CUTHAJIOB U 3aMEHBbI PETUCTPALIMM U3MEHEHUS [MApAMETPOB CUTHAJIA BO
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BPEMEHHOM 00JIaCTH HA PETUCTPALMI0 U3MEHEHHUS aAMIUIUTYAbl OJHOM MM HECKOJbKHUX

CHEKTPAIbHBIX COCTABJISIOIIMX BBIXOJHOTO CHUTHaNa, OOJAJAONIMX MaKCUMalbHON

YyBCTBUTEJIBHOCTHIO K OTKJIOHEHHSIM KOHTPOJIUPYEMOTO IapameTpa 0OMOTKH.
HcnbiTaTenbHbld CUTHAII MOXKHO NIPEACTaBUTH psasioM Dypbe [1]:

u(t)= 3 A, exp(~j2mnfor).

n=l1
rae A, — aMIUIMTy[a FTapMOHMKU C HOMEDPOM 71,

fo —4YacToTa cleJJOBaHUs UMITYJIbCOB UCIIBITATEIbHOTO CUTHAJIA.
[Tocne mpoxoxaeHus yepe3 0OMOTKY CUTHAJ MOKHO 3alUCaTh B BUJIC BBIPAKCHHUS:

)= SE(, /fo) Ay =210,

rne E(f,/fy) — KodppuuueHT nepenaun OOMOTKM Ha YacTOTE€ PErHCTPUPYEMOil
rapMOHUKHU C HOMEPOM
n: n=f,/ f, — HOMep perucTpupyemoii rapMOHHKH.

UyBCTBUTEIBHOCTh METOAA KOHTPOJISI MOXHO ONPENENUTh KaK OTHOIICHHUE
OTHOCUTEIBHOTO YBEIUYECHHUS PErUCTPUPYEMOro IapameTpa IMpU 3aMbIKaHUU K
OTHOCHUTEJIIbHOMY HM3MEHEHHUIO 3TOr0 K€ Napamerpa MpU MaKCUMAJIBHO JIOMYCTHUMBIX
OTKJIOHEHHUSAX TTapaMeTPOB OOMOTKH:

_Aéa/ﬁe _El[ia(fn/fO)_Ee(fn/fO)]Qn eXp(—]2Tmet)

CAAy /Ay

o : (1)
Y AE s (f! f0) U, exp(—j2mnfyt)

n=l1

rne £,(f,/ 1), Es(f,/fy) — xoapdunmentsl nepesaun UCIpaBHONH OOMOTKH C
HOMEpPOM 71, KOTOPBII COOTBETCTBYET 4YacToTe f, =nf, NpPH MaKCUMalIbHOM WU
MHUHHMAJIbHOM OTKJIOHEHHSIX TTapaMeTPOB OOMOTKH OT 00pa3IoBOM;

AE s (ful f0)=Eo(fn ! f0)=Ec(fn ] f0)

rne E;(f,/ fo) — kKod3hdHUIMEHT nepenadn oOMOTKH ¢ BUTKOBBIM 3aMbIKAHHEM LIS

rapMOHHKH C HOMCPOM 71,
U, —aMIUIMTyJa rapMOHMKH BXOJHOTI'O CUI'HaJIa C HOMEPOM 7,

A,

e
MaKCHMaJIbHOM OTKJIOHCHHUH MapaMeTPOB OOMOTKU;
AA; —a0bCoNMOTHOE  YBEJIUYEHUE KOHTPOJIMPYEMOrO IapaMeTpa BBIXOJHOIO

— KOMIITICKCHAs BCJIMYMHA BBIXOAHOI'O CHUI'HAJIa AJIsA HCHpaBHOﬁ 0OMOTKH Inpu

CUrHaJia I1pyu 3aMbIKaHUHW OAHOI'O BUTKA,



100

'

A

¢ — KOMIUICKCHAA BCJINYHWHA BBIXOJHOTO CHUraalia Ipu MHWHHMAJIbHOM

'
OTKJIOHEHUH OOMOTKH, Ady = A; — A;.

Bripakenue (1) mokaspIiBaeT, YT0O MAKCUMAIbHYIO YyBCTBUTEILHOCTh MOYKHO TTOJTY-
YUTh, €CJIU O COCTOSTHUM OOMOTKH CYIWTbH IO OJHOM, MJIM HECKOJIBKUM COCTaBJISIONIAM
CUTHaJa, TMOJBEPracMbIM HAWOONBIINM H3MEHCHHSIM IPH BO3HHUKHOBCHHH JIe(eEKTa.
HanbGonpmmM W3MEHEHHSIM TIOJIBEPTAIOTCS  COCTABJISIONINE BBIXOJHOTO CHUTHAJIA,
4acTOTa KOTOPBIX COOTBETCTBYET PE30HAHCHOH 00JIACTH KOHTPOJIMPYEMO OOMOTKH.

B obmem cirydae ycioBre TPEBBIICHHS] OTHOCUTEIBHOTO YBEIHUEHUS TTapaMeTpa
PETHCTPUPYEMOTO0  CHUTHaJIa TIPU  3aMbIKAHUM  OJHOTO BHUTKa OOMOTKH  Haj
OTHOCUTEIHHBIM YBEIIMYEHUEM DITOTO K€ TMapaMmerpa JUisi UCHPaBHOM OOMOTKH U TPHU
OJIHOBPEMEHHOM BO3JICHCTBUH JECTAOMIN3UPYIOMUX (GAaKTOPOB OyJAET UMETh BUI:

(Ad, = Ddg)/ As

Ci =
(Ads +AAds;)/ 4

2)

rne AA

aOCOJIFOTHOM TMOTPENTHOCTBI0O U 00pa3yloliuecs: 3a CYEeT BO3JEHCTBUSL JecTadu-
TU3UpYyoMuX (pakTopoB.;

4 g — KOMIIICKCHasA BCJIMYMHA BBIXOAHOI'O CHTHaJIa IIpM HaJIM4YMH BHTKOBOT'O

3aMbIKaHHS.

C mempr0 co3gaHUST HEOOXOAMMOTO YPOBHS ¥ CTAaOWIBHBIX TapaMeTpOB
MOJaBa€MOr0 HCIBITATEILHOTO HANPSKEHUS 1eJ1eCO00pa3HO MPUMEHSTh CUTHAJbI B
BUJIC€ TEPUOJU-YECKUX TMOCIEI0BATEILHOCTEH paguouMITyIbCoB. s ompeneneHus
CIEKTPAJIbHOTO COCTaBa MOCJIEIOBATEIILHOCTEN PalMOUMITYJILCOB, MOKHO MPEACTaBUTh
WX B BHUJIE CYMMBI U3 m, 3aJIep’KaHHBIX BO BpeMeHHM Ha T, OTHOCHUTEIBHO JIPYT ApPYyra,
MOJTHBIX TEPUOJIOB CHUHYCOHUIBI, KOTOPYID MOXHO KaK CyMMY IIOJOXKHTEIBHOU U
OTPUIIATEIFHON TONYBOJIHBI. KOMIUIEKCHAsT aMIUIUTYJia TOJYBOJHBI 7- TapMOHUKH,
COTJIACHO [2], omnpeiesiieTCs BhIpaKEHUEM:

oi» AAj;; — KOMIUIEKCHBIE NpHUpAIlEHHs BeJMYMH A; U A;, ABIAIOIIUECA

U 2U,, 05 mnT,
}’ll/2 T 22 2 cos 2T
nOz(1-n"TS /Ty) 0

exp[— junT, /2T, )],

rae T, — nmepuon ciie10BaHUS UMITYJIbCOB;
T, — nepuosa CMHYCOUIAIBHOIO 3aII0JIHEHUS.

Cnoxus MTOJIOKUTEIIBHYEO U 3a/IepKaHHY IO BO BPEMEHU Ha
tc =T/ 2 OTpHUILATENbHYIO IOIYBOJIHBI, B COOTBETCTBUM C TEOPEMOW O CMELICHWH,
MOJy4YUM KOMIUIEKCHYIO aMIUTUTYAY #-U TAPMOHUKU CYMMapHOI'O CUTHAJIA:

Upsipp =Up =U o exp— janT /T,
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CknagpiBas CUTHaJIbl, IPEACTaBISIONIME COOOM IOCIEN0BATEIBHOCTh OJHOIO
NEpUOAAa CHHYCOMJIbI C BPEMEHHOM 3aJ€pKKOM KaKJOM OTHOCHUTEIBHO KOOPJIMHAT
to = (m—1)T  H0oqy4nM BbIpAKCHUE KOMILICKCHON aMIuuTy sl U, .

OnpenenuB TMOJOKEHUE XaPAKTEPHBIX TOYEK (HYJH) OTHOAIONICH aMILIUTYIHOTO
CIIEKTpa MOCIIE0BATEIIBHOCTEN PAMONMITYIHCOB
ng =If. (fym),rne | = 1, 2,..., najsee MOXHO IOJY4YUTb BBIPAKEHUE IS

HaXO0XACHHUA HanOOJIBIIETO MaKCHUMyMa 0FH63IOHIGI>1 AMIIIUNTYAHOI'O CIICKTPAa CUT'HAJIOB
B BHAC HOCHGHOBaTeHBHOCTeﬁ PaaruOUMITYJIBCOB:

Upm :mUme/fC‘

rne f,=1/T,; f.=1/T,.
[ToaTomy jams  oOHapykeHHS  HePEKTOB  IeIecooOpa3Hee  HCIOIb30BaTh
CIIEKTPAJIbHBIE COCTABJIAIOIIUE C HOMEPAMHU, OMU3KUMU K [, / f, .

OKCHepUMEHTAIbHbIE HCCICAOBAHMS TOKA3bIBAIOT, YTO HAJUM4YME€ BUTKOBOIO
3aMbIKaHUSl TMPUBOJUT K H3MEHEHHUIO yrja HakJIOHAa AaMIUIMTYJHO-4aCTOTHOU
xapakTepucTuku (AYX) u3MepuTebHOM CUCTEMBI C 1e)eKTOM B OOMOTKE.

OTO HM3MEHEHHE C BBICOKOM TOYHOCTBIO MOXXHO 3a(pUKCHUpPOBATh, BBIICIAS U3
orubaromell aMIUIMTYAHOIO CIEKTpa BBIXOJHOTO CHTHajla, cpa3y JBe OJu3jexariue
TFapMOHMKH, COOTBETCTBYIOLIME [0 YacTOTe caMoMy KpyToMmy yyacTky AUX
U3MEPUTENBbHON cHUCTEeMBI ¢ AedekToM B 0OMoTke. CyMMO#l OIHM3ieKalINX TapMOHHUK
OyayT Ouenwusi, Mo opmMe KOTOPHIX MOXKHO CYJTUTh O PAaBEHCTBE aMILIUTY]] TAPMOHUK H
o coctossHud OOMOTKU. Ilpu Hammuumu nedexra Oyner HaOMIOJATHCS HEPABEHCTBO
aMIUTATY BBIAENSeMbIX TapmMoHuMK. [lpu otcyrctBum gedexta Takxke Oyner
HAOMIOAaThCS HE3HAYMTENBHOE HEPaBEHCTBO TAapMOHHMK, HO OHO MOXET OBITh
CKOMIICHCUPOBAHO HAaKJIOHOM COOTBETCTBYIOIIETO yYacTKa OTHOAIOIIeH aMILTUTYIHOTO
CIEKTpa MOAABAEMOI0 CHUTHajda. DTOT y4aCTOK CIIEIYeT OMNpENeisTh TaKUM 00pa3oM,
yTOOBl B €ro mpenaenax KacareilbHas K OrvOaroliei amIUIMTYJHOTO CIIEKTpa HMella
HYJIeBOW WM ONU3KUH K HEMYy YroJl HAaKJIOHA, YTO COOTBETCTBYET TapMOHHUKE
n=f./ f,. Torna 4acrtora 3aroJHeHUs] PaIUONMITYJIbCA:

fe =1+ 12)/2+Af,

rae fi ¥ f, — 4acToThl, COOTBETCTBYIOLME Hayaly U KOHIy majaaromero ydyactka AUYX
U3MEPUTEIIBLHON CUCTEMBI;
Af — TpUpalleHHe YacTOTbl, HEOOXOAMMOE JJisi KOMIIEHCAllMM HEpPaBEHCTBA

AMIUINTY O BBIACIIACMBIX I'aApMOHHK.
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VYBelnueHNEe 4acTOThl HA Af CKOMIIEHCUPYET HAaKJIOH YaCTOTHOM XapaKTEPUCTUKH
JUIsSL NCTIPAaBHOW OOMOTKH, T. €. Oy/IE€T BBINOJIHATHCSI PABEHCTBO

U

~ mnlé ‘

:‘Q

mn2¢ ‘

mnlé — AMINUIUTY bl T'AapMOHHK BBIXOAHOI'O CHI'HAJIA IJIA HCHpaBHOﬁ

, U

OOMOTKHU C HOMEpaMHU 1| U Ny, OJIM3KUMHU K 3HaYeHUI0 f,/ f,.

rnae ‘Q

mn2¢é ‘

[Ipu BBIOOpPE YACTOTHI CJEAOBAHHS PATUOUMITYJIHCOB HEOOXOIMMO BBITIOHHUTH
YCIIOBHE, YTOOBI 7y f, = f1 U n, fy < f>. AMIUINTY1a PaJUOUMITYJIbCOB U KOJIMYECTBO

MNepuogoB CHUHYCOHUABI PATUOHUMITYJILCOB BBI6I/Ipa€TC}I Tak, YTOOBI OBLI COo31aH
HCO6XO,Z[PIMBII>1 YPOBCHBb UCIIBITATCIIbHOTO MC)KBUTKOBOT'O HAIIPAKCHUS.

3AKJIFOYEHUE

YacToTHOE COBMEIICHHE BBIACISIEMBIX TapMOHHMK ¢ oOjacTbio AUX KOHTPOJH-
pyemMoil 0OMOTKH, TOABEpraromieiics HanOOIbITUM H3MEHEHUSM IPH BO3HHUKHOBEHHUH
BUTKOBOI'O  3aMbIKaHUs, T[O3BOJSET IMOJYYUTh IMPEBBIIIEHUE OTHOCUTEIBHOIO
YBEIIMYEHUSI PETUCTPUPYEMOTO CHUTHala OT 3aMbIKaHUS OJHOTO BHUTKA HAaJ
OTHOCUTEIHHBIM MU3MEHEHUEM ITOTO K€ MapamMeTpa JJjisi UCIPABHON OOMOTKHU C y4eTOM
pazbpoca ee TmapaMeTpoB M OJHOBPEMEHHOM BO3JCHCTBUU JIECTAOMITU3UPYIOITNX
(akTOpOB Ha CUTHAJ.

VYBeNIUUUTh UYYBCTBUTEIBHOCTh KOHTPOJS MOXHO MCIOJIB3YysS B KayecTBE
uH(pOpMaTUBHOTO NapameTpa HakIoH AUX 0OMOTKH.
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