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C. ®©. KYPAUIKHWH, unxenep
P. B.TEJIIOTA, umxenep
TaBpuueckuii rocy1apcTBEHHBIN arpOTEXHOJIOTUYECKUI YHIBEPCUTET, T. MeIUTONOb

JUATHOCTUPOBAHUE DKCIINIYATAIIUOHHOT' O PEX KUMA
MHOT'PYKHOI'O QJIEKTPOABUTI'ATEJIA

Ilposedeno  uccnedosanue  npesviuieHUs — memMnepamypvl  OOMOMKU — HOSPYHCHOSO
aeKkmpooguzamensi KAk cucmemsl mpex mei. YcmanosieHo nusanue Kpamnocmuy moxka 08ueamelis
Ha K03 puyuenmsl nomepv 21eKMPULECKOL IHEPSUU U PACX00ad pecypca U30IAYUl.

Knrouesvie cnosa: sxeusanenmnas mennogas  cxema — 9AeKmMpoosucamens,  Hacpes
INleKmpoosu2amens, npeoopasosanue INeKMpU4ecKol OSHEpP2Ul, CKOPOCHb Meni08020 UHOCA
uzonAyulY, Kodppuyuenm nomepv 31EKMPUYECKOU dHepaul, Kodghduyuenm pacxooa pecypca uso-
JAYUU.

Ilposedeno  oocniddicenHsi  nepesuwyeHHs — memnepamypu — OOMOMKU  3A2AUOHO20
eIeKMpOOBUSYHA SIK CUCmeMU mpbox min. Becmanoenenuii éniue kpamuocmi cmpymy 08ueyHa Ha
Koeghiyienmu empamu eleKmpudHoi enepeii ma eumpamu pecypcy i301Ayii.

Knrouogi cnosa: exsisanenmna meniosa cxema eiekmpooOsicyHa, HA2pie eeKmpoOosucyHa,
nepemeopeH s eleKmpiuHoi eHepeii, WeUOKICmb Menio8o2o 3HOCY I301ayil, Koegiyienm empam
eleKmpiuHoi enepeii, koepiyicum eumpamu pecypcy i301AYii.

ITocranoBka npodJieMbl
DKcIUTyaTallMOHHAs HaJIe)KHOCTh MOTPYXKHBIX AJIEKTPOABUraTENIed 0CTAeTCsl HEBBICOKOM, YTO
BEIeT K T1epedosM  TEXHOJOTMYeCKOro Iukia mnoaayud Bonabl. [lostomy Tpebyercs
COBCPHICHCTBOBAHUE CUCTEM AMATHOCTHUPOBAHHUA JKCILNTyaTalMOHHBIX PEKHMOB pa6OTI)I C LCJIBIO
CHIDKEHUSI aBapUITHOCTH 3JIEKTPO/IBUTATENEH.

AHaJIU3 NOCJeTHUX UCC/IeI0BaAHUI

CymiecTByromye METOIbl UCCIICIOBAHUS PEKUMOB PabOTHI MOTPYKHBIX 3JIEKTPOABUTATEICH,
KaK MPaBUJI0, B KAYECTBE KPUTEPHS OIEHKH MCIOJIB3YIOT CHITY JIEKTPHUYECKOTO TOKA, HE UCIIONB3YsI
TaKOM MoKa3aTesb, KaK pacxo/ pecypca U30JAIUA 0OMOTOK 3JIEKTPOABUTATEIIS.

dopmy/IMpoBaHue 1eJieil CTaTbu

[lenpro cTaThy SIBISIETCS YCTAHOBJICHHE 3aBUCUMOCTH pacxojia pecypca u30JsIIuu OOMOTKH

MOTPYKHOTO JICKTPOABUTATEINS B QYHKIIUUA KPATHOCTU CHJIIBI AJICKTPUIECKOTO TOKA.
OcHoBHasl YaCcTh

K oCHOBHBIM 3KCIUTyaTallMOHHBIM BO3JCHCTBUSM, BIUSIONIUM Ha TEMIIEpaTypy OOMOTKH
cTaropa TMOTPYKHOTO SJIEKTPOJBUTATENSI U TPHUBOIIMM K BBIXOAY €€ W3 CTPOs, OTHOCSTCS
JUINTENIbHASL TIeperpy3ka IO TOKY W HECHMMETpUs HaNpsDKCHUsS MUTaHUS, B TOM 4YHCJE He-
MOJTHO(A3HBII PEXKUM.

DJEKTPOIBUraTeNbh C KOPOTKO3aMKHYTHIM POTOPOM SIBJISIETCS CIIOYKHBIM COYETAaHUEM PAa3HOPOIHBIX
TeN, OONAArOIIMX Pa3HBIMU TETUIOPH3HUECKUMHU CBOMCTBaMHU. C TOUKHM 3pEHHs] HarpeBa OOJBIITMHCTBO
cxeM (yHKIMOHATBHOW TMAarHOCTUKHU TIOTPYKHBIX JIEKTPOJIBUTATENCH, T/Ie YIUTHIBACTCS HArPEB JIBUTa-
TEJsI, OCHOBAHO HA MPECTABJICHUU €r0 TEIJIOBOM CXEMBI TEJIOM C OJJHUM MCTOYHHKOM TETUIOBBIJICIICHUS
[1, 2] wim cucrembl aByx Ten [3]. Uem Oombliee YHCIO SKBUBATCHTHBIX JIEMEHTOB MOXKET OBITH
MIPEJYIOKEHO IS 3aMEHBI OT/ICIBHBIX YaCTel AIIEKTPUUECKON MAllTUHBI, TEM TOYHEE OKAKETCS PE3ybTaT
MoiemmpoBadus. OTHAKO YCIIOKHEHUE TETIIIOBOM CXEMBI JIOJDKHO COUETaThCS C JIOCTHKUMOW TOYHOCTHIO
pE3yIBTATOB.

VYuuThIBas, YTO OCHOBHAS JI0JI1 CYMMApPHBIX NOTEPH B HOTPYKHOM a3nekTposurarerne tuna [13/1B
TIPUXOJIUTCSI HA OOMOTKH CTaTopa v poTOPA, a TAKKE MAKET CTATopa, TEIIOBas MOJIEIb MEKTPOABUTATEIIS
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(puc. 1) paccmaTpuBaeTCsl Kak CHCTeMa Tpex Tell: oomMoTka craropa (1); oomMoTka potopa (2); MarHUTOIpoO-
BOJI cTatopa (3).

G, n,P Ci, i, P G, 13, P3

AN A ) A

2 \J LI LI
A3 Cop f o
— 9., = const
LI

Puc. 1. Temoas cxema 3amernienus aiektpoasuratess [13/1B:

Ci, G, Gs—  TemnoéMKocTu cooTBeTCTBYIOMUX Tel, JIx/°C; Az, A3, A, A —TemnoBsie
MIPOBOAMMOCTH MeXTy Tenamu, B1/°C; Py, P, P; — IOTepy aKTHBHOM MOIIHOCTH B
COOTBETCTBYIOIINX Telax, BT; 71, 7, 73 — MPEBBIICHHS TEMIIEPATYP COOTBETCTBYFOIIMX TEI HA
Temreparypoi okpyxaromei cpensl, °C; Cy,— TEINI0EMKOCTb OKpY»Karomiel cpeapl, JLx/°C;
3, — TeMneparypa okpyxatorei cpenpl, °C.

Ha ocHoBanum ypaBHEHHMI TeIIOBOTO OajaHCa, COCTaBIECHHOTO JUISI KaKIOTO W3 TEJ, C
MMOMOIIBIO  OTIEPATOPHOTO METOJa pacuera Obla TOJIyueHa 3aBUCUMOCTH  IPEBBIMICHHS

TeMIiepaTypbl OOMOTKHU CTaTopa:

/T' " t/T"_

1 t " t/T"'
(1) =715-T15¢ " —T14€ Tige (1)

o

i€ 7j, — YCTAHOBHBIIIEECS MTPEBBIIICHNE TEMIIEPATYPbl OOMOTKH CTaTOpa HaJl TEMIIepaTypoit
okpyxatomiei cpeasl, °C;

7'y, Ty, T""1y — 3HaYEHUS YCTAHOBUBLIMXCS MAPIHAIbHBIX IPEBBIIICHUH TEMIIEpaTypsl
oboMoTkH, °C;

T', T", T"' — napunaibHble TOCTOSIHHBIC BPEMEHH HarpeBa 0OMOTKH, C.

B cBoro ouepenp

. d, .
10 d (2)
. b pl+c +d
Ty - 1P i 1P 1 (3)
p1(3ap1 + 2bp, +c)
" b p? +c +d
s = 172 172 1 4)

B p2(3ap% + 2bp, + c),

" b]p32 tepy+d
T16 = (3 2 4 0p )
p3\apsy + 2bp;3 +C)

3nech
dy = MoK (Pry+ Pou)(A + Ars + M3) + K Prudos(A + 13) + ©)
+ k" PruA13423 + P3(A13412 + A13423 + A12423);
d = A1pA23A + AjpAdi3A + A3 — akZPIH(AIZA + Appd13 + )
+ A12423 + Apd + A13423);
by = C:C3k* Py (8)
1= Col*P1(A + A1z + Ap3) + C3k* P A1z + Ax3) + C3k*Pa, A1y + CoP3dys; ©) 61



a= C1C2C3; (10)

b=CiCy(A+ A3+ A23) + C1C3(A12 + Ap3) TCrCs(A12 + A1z — akZPIH); (11)
c=A1(Cy + C)( A+ A13+ Ap3) + C1/1223(/1 + A13) + CoAdi3(A + Ap3) +
+ C3(A13412 + A13dx3 + A12423) — 0k Pr(Codiz + Codoz + CiAip + (12)
+ C3/123 + CZA);
S R T I
AL L I L (13)
Py P> D3

P1, P2, p3 — KOPHHU XapaKTESPUCTUUCCKOI'O YpaBHCHHUS 3 pza +2pb+c;

k — KXpaTHOCTH TOKA 3JIEKTPOABUTATEIIS.
Ha ocHoBaHnuM pe3ynbTaToB pacyeTa NaplUaIbHbIX COCTABIIIOIINX HCCIEAYEMOTO
anekrpoasuraresns [19/1B 2,8-140 Obuta momydeHa 3aBUCUMOCTH JJI1 HOMUHAJIBHOTO PEKUMA:

T (l) — 62,8 o 44,86(7 t/1136) . 9,76(7 t/146) . 8,36(7 1/43)’ (14)

KOTOpas MpuBezieHa Ha puc. 2. BUIHO, 4TO MapimaibHbIe COCTABIISONIHIE C MOCTOSTHHBIMEA BPEMEHH
T', T'" 0Ka3bIBAIOT BIMSIHUE TOJIBKO HA HAYAIbHOM CTa X HArpeBa.

°C |t 71()
60 \ e e S
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Puc. 2. IMapumnansusie coctapistomue 71(¢), 7'1(¢), 7" 1(f) kpuBoii HarpeBa 7i(?)

[TonyuenHast KpuBasi HarpeBa AEKTPOABUraTENsI KaK CUCTEMBI TPEX Tel 71(f) MOXKET ObITh
anIPOKCUMHPOBAHA JBYMS IKCIIOHEHTAMH.

[lepBas sKCHIOHEHTa MOJIEIUPYET OBICTPBIN MPOLECC HArPEBa B HAYAJIbHOM CTaJluu C
XOJIOJTHOTO COCTOSIHMSI U XapaKTepHU3yeTcsl MOCTOSAHHOM Bpemenu 37"

/37"
Tl.l(t):z-lo’(l_et ) (15)
NI 1J11 HOMUHAJIBHOT O pe)KI/IMa
£ = 62.8(1— ¢/ +¥), (16)

Bropas skcrioHeHTa MOJIeIUpyeT MIPOLECC HarpeBa ¢ TOPSIYero COCTOSHUS U XapaKTepu3yeTcs
MIOCTOSIHHOM BpemeHnu 7":

Tl.z(t):Tlo’(l_e_t/T’)_'_Tz’d%e_t/T” (17)
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WJIN 1JI1 HOMUHAJIBHOI'O PEXKUMa
720 =628(1-¢ 1 )18, (18)

TA€ Tyqy — HAYAJIBHOE 3HAYCHHE MPEBBIIIIEHUS TeMIiepaTypbl 0OMoTKH, °C.
[Tocnennee MOXKET OBITH OTIPEACIICHO CIEAYIOIIUM 00pa3oM:

Tiae =T16—T16 =T16 T 145 (19)

Pesynprar annpokcumanuu npeAcTaBiIeH Ha puc. 3.
Kak Buano u3 (2) — (9), (11) — (13) napuuaibHble COCTaBIISIONINE, 8 COOTBETCTBEHHO U

YCTAaHOBHBIHICCCS IMMPEBBIILICHUEC TEMIICPATYPbL 00MOTKH cTaTropa 3aBUCAT OT KPpaTHOCTH TOKa
AJNIEKTPOJIBUTATENS K.

°Clr
Tl'l(t) —— = — =
—\ — —_——— — - -
X, L | R
5 4 o il
4 o}
—
o
4
40 // /II/
/X
30 e
& 712(7)
7/

20 7 PN

o / 71(7)
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/ t
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Puc. 3. Annpokcumariys 3aBUCUMOCTH T ()

[IpeBbIIeHne TOKa BBIIIE HOMUHAIBHOTO BEJIET K PACXOAY peCypca N30IISIIUN
AIIEKTPOIABHUTATEIIS, KOTOPBIA XapaKTEPH3yeTCs] CKOPOCTHIO PacXoJia pecypca U30JSALIUH & KOTOpast
MOKa3bIBAET, CKOJIBKO 0A30BBIX YACOB PACXOIyETCs 32 OJMH Yac paOdOTHI AIIEKTPOABUTATEIS H

paccuuThIBAETCS MO BBIPAXKEHUIO [3]:

Bl "o (20)
E=¢;e ,
r7€ & — HOMHUHAJIBHAS CKOPOCTh TEIUIOBOTO M3HOCA M30JISIUH, 04/4;
61, —abcoroTHAs HOMUHATIBHAS TEMIIEpaTypa H30JLIIHH JaHHOTO Kiacca, K;
01, — (akTrueckast abCOJIIOTHASL YCTAaHOBUBIIIAACS TeMIlepaTypa u3ossiuuy, K;
B — noxka3areinp, XapakTepHU3yONIMN N30JIUI0 TaHHOTO Kiacca, K.
B cBoro ouepertp, abCoMOTHAS YCTAHOBUBILIASICS TEMITEPATypa W30 SN

910':T10'+‘9ﬁ6+273‘ (21)
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Brenem nonsitue kordduirieHTa IOTeph NEKTPHUIESCKON SHEPTUH B ACHHXPOHHOM
AJIEKTPOJIBUTATENE, KOTOPBIN MPECTaBIsAEeT COO0M OTHOMIEHNE (DAKTUUECKUX IMMOTEPh aKTHBHOM
MOIITHOCTH AP K HOMUHAJILHEIM AP,

ky =——. (22)

B cBo10 0uepenp, HOMHUHAIBHBIE TOTEPU COCTOST U3 HOMUHAIBHBIX MOTEPH B cTanu AP,, 1
HOMMHAJIBHBIX OTEPH B Meu AP,,,;:

APZ’ = APﬁz’ + APiz’ . (23)

dakTHyeCKUe MOTEPH AKTUBHOM MOIIIHOCTH MPEACTABIIAIOT COOON CyMMY HOMUHAJIBHBIX
MOTEPh B CTAJIM U (PAKTUYECKUX MOTEPH B MEJIU, KOTOPbIE MPONOPLIMOHAIIbHBI KBAJIPaTy KPaTHOCTU
CHJIBI JIEKTPUYECKOTO TOKA MIEKTPOABUT aTEIIA:

AP = AP, + k*AP, . (24)

Takum o6pazom, K03 (HULIUEHT NOTEPh SHEPTUU:

AP, + k*AP;
=P vAP, *)
il + i
HNJIN B )IperM BH]IC
2
a+k
ke =——, (26)
a+1
TIC a — OTHOIICHHUCEC IIOT CpI) B CTAJI1 K HOTepﬂM B M€ HpI/I HOMHMWHAJIIBHOM pe>1<1/1Me;
a =2 27)
AP,

l
BBeneM Takxke noHsTue KodppuIMeHTa pacxoia pecypca 30, KOTOPOEe MPeICTaBIsIeT
co00i1 OTHOILIIEHUE CKOPOCTHU TEIIOBOTO U3HOCA U30JISLIMU &€ K HOMUHAJIbHOMY 3HAUEHUIO &,

ky=-. (28)

Ananu3 nporecca npeoOpa3oBaHus MEKTPOIHEPTUN B IIEKTPOABUraTesIe NOKa3bIBAET, YTO C
IIOMOIIBIO KOAPPUIIUEHTOB k), U k, BO3MOKHO (DyHKIIMOHAJILHOE TMArHOCTUPOBAHUE JJIEK-
Tpoasurareseit. [Ipu 3ToM HEOOXOIMMO YUUTHIBATh HENPEPHIBHO TEKYHINH KO3 (UIIMEHT pacxoia
pecypca 1o TeKyneMy IpeBbILICHUIO TEMIIEPATYPhl 301U HaJl TEMIIEPATYPOU OKPYKAKOIIEH
cpenpl:

1 1

017 t1+9;5+273 (29)
kd =e )

/1€ 7] — TEeKyIlee MPEBBIIICHNE TEMIIEPATypbl M30JISILIUM eKTpoaBuraTens, °C.
YcrmoBue HOPMAJIbHOTO pEKUMa TPEOOpa3oBaHUS  DIEKTPOIHEPTHH B MOTPYKHOM
ANIEKTPOJIBUTATEIIC €CTh:
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BrIBOABI
Takum o0pa3zoM, (YHKIMOHAJIBHOE IMArHOCTUPOBAHUE SKCILTyaTALIMOHHOIO pEeKUMa padOThI
MIOTPYXHOTO JIEKTPOJBUraTeNsl BO3MOXKHO IO TEKYLIEH KpaTHOCTU TOKa, OT KOTOPOM 3aBUCUT
IIPEBBILLICHNE TeMIepaTypbl 0OOMOTKH cTaropa. Kpurepuem pexrima paboThI 31€KTpOABUraTelIs Mpei-
JIOKEHO CUUTATh KOA(PPHULMEHTHI TOTEPh SJEKTPUIECKOM SHEPTUH U pacxo/1a pecypca U30JIALUH.
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PUMP ELECTROMOTOR MODE DIAGNOSTIC

S. Kurashkin, engineer, R. Telyuta, engineer

There was researched the wiring temperature of pump electromotor which is presented as a
system of three heating bodies. The influence of electromotor current ratio upon factors of electric
energy losses and consumption of insulation resource has been defined.

Keywords: equivalent thermal chart of electric motor, heating of electric motor,
transformation of electric energy, speed of thermal wear of isolation, coefficient of losses of electric
energy, coefficient of expense of resource of isolation.
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