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HAT'PIBAHHS I 3BAXUCT OBMOTOK JOITIOMIDKHUX MAILINH
EJIEKTPOIIOI3/1IB 3MIHHOI'O CTPYMY IIPU KOPOTKOYACHUX

IHHEPEBAHTAKEHHAX

Beryn

[IpoBenenuii aHami3 CTATUCTHYHKUX JAHUX MOKa-
3ye, mo 0m3pko 20 % JOMOMIKHUX IBHUTYHIB eJie-
KTPOTIOI3/IiB 3MIHHOTO CTPYMY, B SIKOCTi SIKHX 3a-
CTOCOBAHO 3arajibHOIPOMHCIIOBI aCHHXPOHHI JBU-
rynu cepii AOM, AWP BuxoasTs 3 namy mo npuiu-
Hi TOmMKO/KEeHHsT 0oOMoTkm cratopa. Lleit dakr
TOBOPUTH TIPO T€, IO B peaTbHIX yMOBaX €KCILTya-
Talii eIeKTPOIOi3/iB 130l OOMOTOK cTaTopa
nieperpiBaeThCsl OUTbIIE BCTAHOBICHUX HOpM. Tomy
aKTyaJbHOIO € 3a/a4a JeTaIbHOTO IOCTIiIKEHHS
npoliecy HarpiBaHHsl i30Js1ii 0OMOTOK cTaTtopa 3
ypaxyBaHHsM CHeNU(]IYHUX YMOB eKCILTyaTarlii.
YMOBHU poOOTH TOTIOMDKHHUX IBHUTYHIB Ha PyXOMO-
MY CKJIaJl 3aJIi3HHUIb CYTTEBO OUIBII BaXKKi, HDK Y
MIPOMHKCIIOBOCTI, HAITPHUKIIA/A: 3HAYHO OUIbINA HECH-
METpisl KUBIYOT HANPYTH; 3HIWKEHHS HANpyrd B
KOHTAKTHIN Mepexi momyckaeTbes 10 19 kB mpu
HOMIHAJIBHOMY 3Ha4yeHHi 25 kB Ta iHie.

Lle Moxxe mpuBeCTH 10 KOPOTKOYACHHX Tepe-
BaHTKEHb 1 BIAMOBIMHO MO0 30UTBIIICHHS HArpi-
BaHH# 130JIs11ii 0OMOTKH cTaTOpa.

ITocTanoBka 3agaui

IToctae 3amava 3HAWTH 3HAYCHHS JOMYCTHMOT
TPUBAJIOCTI TEPEBAHTAXCHHS CTPYMOM II€BHOI
KpPaTHOCTi, 00 TEpPEBUIICHHS TeMIepaTypu 00-
MOTKH CTaTtopa He Oylio OUTBIIE JOMYCTHMOTO II0
crarnmapry [1].

Marepiaju i pe3yabTaTH A0CTiTKEHD

3 MeTor 301IbIIEHHS TOYHOCTI aHaJli3y MpoIie-
CiB HarpiBaHHs MpPH MYyCKY IOCIIIKyBaHI IBUTYHHU
MPOTIOHYETHCS PO3TIISAATH SIK HEOAHOPIAHE TiNo,
TaK SIK TEIUIOBI MapaMeTpu OOMOTKH Ta CTasli He
OJHAKOBI [2].

[Ip1 KOPOTKOYACHHX MEPEBAHTAKECHHSIX 3aB[Is-
KM TEIJIOBOMY OIIOPY 130ILii Ta MOBUIFHOMY Ha-
TpiBaHHI cTaii 4epes ii 3HAYHO OLTBITY Macy, HiXK
Maca OOMOTKH, HarpiBaHHSI 0OMOTKH BiOYBA€ThCS
130JIbOBAHO BiJl MIPOIlECY HarpiBaHHsS cTaji. Bruiu-
BOM HarpiBy OOMOTKH pOTOpa Ha HarpiBaHHs 00-
MOTKH CTaTOpa HEXTYEMO, TaK SK IIPOIEC KOpOT-
KOYAaCHUH, a TEIUIOEMHICTh TOBITPSIHOTO 3a30py
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3HAYHO MMOCabroe 1eit BIUMB. ToMy, 3BayKarOuH
Ha BHUIIE CKaszaHe, PO3MIAIaEMO OOMOTKY cTaTopa
SIK OKpEME OJHOPITHE TIJIO.

PiBHsSHHS HarpiBaHHS OOMOTKH 3aIHIIIEMO V Bi-
nomiit popwmi [3, 4]

APdt = aFtdt + cGdr, (D

ne AP - BTpaTH, 1O BUAUIAIOTHCS B 00MOTIII, BT;

o - koedimieHT TeroBigayi, Bt CM2 -Tpan;

¢ - IATOMA TEIUIOEMHICTB, BT - ¢/Kr -Tpan;

AP, o, ¢ BBAXXKaeMO TaKHMMH, III0 HE 3aJI€XKaThb
Bijl TemIiepaTypy OOMOTKH 1 ii IEpeBUILEHHS T Haj
TEMIIEpaTypOI0 HaBKOJIUIITHBOTO cepenoBHia Oy .

ITpu KOPOTKOYACHUX TIEPEBAHTAKECHHIX MOXKHA
3HEXTYBAaTH TEIUIOBIIavueo0, SKIIO 4Yac HaBaHTa-
xkeHHs t << T, ne T - craja dacy HarpiBaHHs 00-

MOTKH cTaropa. [Ipumyctumo, mo ABUTYH A0 Tie-
pPEBaHTaKEHHs MPALIOBAB 3 HABAHTAXKEHHAM Foy

npu BTpaTax B oOMOTKax AF;qy. Ilpu cramomy

pEXXUMI MEPEBUILIEHHS TEMIEPaTypH 0OMOTKH, sIKe
BiAnoBigae BTpataM AF;oy , AOPIBHIOE Tpoy. YCe

TENJ0, 3yMOBIEHE BTpaTtaMu B 0OMOTLI ARy,

BIIBOIUTHECS y HABKOJUIIHE CepeoBHIIE. Y MO-
MEHT 4acy, KOJIM 30UIbIIY€EThCS HABAaHTAKEHHS Ha
JIBUTYH, CTPYM B OOMOTIIi 30ULTBIIYETHCS i B pe-
3yJIbTaTi BTPATH MOTY>KHOCTI B 0OMOTIIi 3pOCTalOTh
1o 3HaueHHs AP . Ilpu npoMy J0AaTKOBE MiiBHU-
IIEHHSI TeMIlepaTyp Oyne BH3HAYaTHCS HE yciMa
BTpatamu AP, a pisHunero BTpaT AP — ARy . s

pI3HHISI BTpaT MOTYXXKHOCTI BUKIWYE 301TBITICHHS
TEMIIEPATYPH 3a Yac ¢ Ha BEIUYUHY
(AP — APy )t

cG ’ @

AT=T—Tqoq =

3BiAKK TIEPEBUINECHHS TEeMIIepaTypH OOMOTOK
IUIS 9acy ¢ (Big MOYATKy IepeBaHTAXCHH)

(AP—APHOq)t‘

G 3

T=Tgoy T

J171s1 HOMiHaNBHOTO HaBaHTaKEHHS [4]

ISSN 2307-4221 Enexmpudpixayis mpancnopmy, Ne 8. - 2014. 79



enexkTpopyxomui cknag / electric rolling stock

AP,
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THoM

[TincraBupmm (4) y (3) i mpuiiMarodu BTpaTH B
00MOTKax Ta MEePEeBUIIICHHA TEMIIEPaTypu OOMOTOK
MPONOPLIHHUMH KBaAPATy CTPYMY, OTPUMAEMO
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Tak gk 10 MepeBaHTAXKEHHS MPUUHATO CTAIAN
TEIUIOBHU peXHM, i3 (3) OTprMaeMo BiJIHOCHE Iie-
PEBUILIEHHS TEMIIEpaTypH 3a Jac t:
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[locriiiHa yacy niast MigHOT OOMOTKH JOpiB-
HIOE [4]
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TiICHEHHSI CTPYMY B OOMOTII;
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[Ta3zu 0OMOTKH cTaTopa JAOMOMIXHUX IBUTYHIB
CJIEKTPOIIOI3IB 3MIHHOTO CTPyMy HE € TITHOOKH-
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®opmyna (16) mae 3MOry BHUPILIUTH MTOCTaBIIe-
Hy 3ajady, T00TO 3HaliTH f;,; = f(k) npu 3ama-

HOMY AT;oq Yy 3arajbHOMY BHIAIKy, a hopmyia
(18) mae 3mory 3HaiiTH #;,; = (k) npu 3amaHoMy
ATjon > AKIIO JBHTYH [0 TEPEBAHTAKCHHS Mpa-

I[FOBaB 3 HOMIHAJIbHUM HAaBaHTaKCHHSIM.

3axMCT JONOMIKHHMX MAIlMH 3 JTOMOMOTOIO Te-
IJIOBHUX peie, IO 3MIHCHIOEThCS Y TEMEPINTHii Jac
Mae€ CyTTEBI Hemomiku. J{ist po3poOKku OLIBII BIOC-
KOHAJICHOT CHCTEMH 3aXHCTY AOMOMDKHUX MAllHH
EJIEKTPOIIOI3/[IB BaXXJINBO 3 BUKOpUCTaHHsIM (16)

3HAUTH BAIEKHICTD 14y = f (k) mpu pisanx 3Ha-

YEHHAX AT o Tif ac mycky (kyoy =0). Toni

Ha enextponoiznax cepii EPOM micns karmira-
JIBHOTO PEMOHTY B AKOCTI IIPUBOJIA BEHTWIALIIHNX
arperariB Maca>KUPChKUX CaOHIB BCTAHOBIIOIOTh-
ca nuryHu tuny AMP-80B4. Ilapamerpu nux
JIBUTYHIB TIPEICTABICHO B Ta0. 1.

I'yctuna ctpymy 0OMOTKH cTaTtopa JBUTYHA TH-
ny AMP-80B4, sika BUKoHaHa i3 KPYIJIOTO MpOBia-
HHKa TIPH HOMIHaJIbHOMY KOB3aHHI BU3HAYAETHCS

41 :
HOM 401 _js5a4 D

7dmy® 3,14-(0,71) e
B 3anexHOCTI Biji YMOB IpH MPSIMOMY IYCKY
ACHHXPOHHOTO JIBUI'YHA KPATHICTb CTPyMYy MOXeE
HaOyBaTH 3Ha4€Hb BiJ kyyjp =1 10 kpax =7 .

JS Hom =

BuxopucroByroun Bupas (19) pospaxyemo no-
MyCTUMY TPHBATICTh TEPEBAaHTAXKCHHSI OOMOTKH

A 1507400 Thnom  _ 1507 10y (19) cratopa asuryHa tumy ANP-80B4 mpu mycky B
mom — 5 . kz ) 2 Jliana3oHi 3HA4YeHb Koe(illieHTa TMepeBaHTaXKCHHS
/S wom  Trom 7S nom (kmin---kmax) . Pesysnbratu po3paxyHky mpuBe/ie-
Tyex . HO B TaOm. 2.
ne k= - KPaTHICTh ITyCKOBOTO CTPYMY. BanexHicTs 0 = f( k) JUIS JIBUTYHA THITY
HOM
AWP-80B4 nasegemo Ha puc.l.
Tabmuns 1
ITapameTrpu neuryna AUP-80B4
Fiom Usom Thom n Miion cos m dnp ) Knac."
kBT B A 00/xB KT MM 130JBILL
1,5 220380 | 6,1/3,5 1500 77.0 0,81 13,8 0,71 F
Taomurst 2
Po3spaxyHok 3anexnocti ;= f (k)
k 1,0 1,5 2,0 2,5 3,0 3,5 4,0 45 5,0 5,5 6,0 6,5 7,0
Tnom» C€K | 69,21 | 30,76 | 17,30 | 11,07 | 7,69 | 5,65 | 4,32 | 3,41 | 2,76 | 2,28 | 1,92 | 1,63 | 1,41
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Puc. 1. 3anexHicts 4y = f (k) quist iuryHa turry AMP-80B4 mix gac mycky
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Ha enektpomoizgax 3MmiHHOrO cTpymy cepii
EP9M 3axuct meuryHiB tamry AWP-80B4 3mitichHro-
€THCSI 32 JIOMIOMOTOI0 3aTIbHONPOMHCIOBHX €JIeK-
TporeroBux pene tumy TPT — 115 [6]. Tennose
pernie BUKOPHCTOBYETHCS JJISl 3aXHUCTy IBHTYHA Bill
neperpiBaHHsl MpU poOOTI B PeXUMi TepeBaHTa-
skeHHS. OCHOBHMMH NPHYMHAMH TIE€PEBaHTaKEHHS
ACMHXPOHHUX JIBUTYHIB Ha €JIEKTPOIIOi3/1aX MOXKYTh
OyTH 30UIBIICHHS TPUBAJIOCTI IMyCKY MOHAJ JOIyC-
TUMi 3HaueHHs, poOoTa mpu oOpuBi onHiel 3 ¢a3
KUBIITIOT HAPYTH Ta MMEPEBAHTAXKEHHS MPH POOOTI
BiJl MEpeXi 13 HU3BKOIO SKICTIO €JIEKTPOCHEPT .

['0J10BHOIO XapaKTEPUCTHKOIO TEIJIOBOTO pelie
SIK TIPACTPOIO 3aXHUCTY € 3aJIeKHICTh Yacy CIIPaIlfo-
BaHHS BiJl CTPYMY HaBaHTa)KEHHS (4aco-CTPyMOBa
XapaKTEPUCTHKA).

J7st y3roJKeHHS XapakTepHCTHK petie 1 00 €KTa,
SKAA UM pelie 3axXuIleHo, OyIyrTh iX dYaco-
CTpyMOBI XapaktepucTuku. [Ipu mpaBmiIsHOMY BH-
Oopi TEIIOBOTO pene XapakTepUCTHKU 00 €KTa i
perne MoBMHHI MpoxoauTH mopyd. [Ipu pomy Oyme
3a0e3MeYeHO PIBHICTH iX MOCTIHHUX Yacy HarpiBaH-
Hfl, IOCATHYTO YMOBH, KOMM [opp =1,2...1,31 6y - B

TaKOMY BHUIAJKy MONEpeIHbO Harpire HOMiHaNb-
HUM CTPYMOM pejie HaOiifHO CHpawlio€e i IIBUAKO
BiJIIMKHE 3aXHIMAEMHHA JBUTYH [7].

3 MeTOI TOpPIBHSHHS Yaco-CTPYMOBHX Xapak-
TEPUCTHK OyJI0 MPOBEIEHO JOCHi] 0 BU3HAUYCHHIO
Ha3BaHOI XapaKTEPUCTHKH U 5 3pa3KiB TENJIOBUX
pene turty TPT-115. Ha puc. 2 HaBeneHo peaibHy
YacOCTPYMOBY XapaKTepUCTUKY Ul CiMeWcTBa
temnoBux pene TPT-115.

Ha npexacraBieHOMYy pUCYHKY pO3MIILIEHO ABi
3aJIeKHOCTI: BEpXHA — OTPUMaHa EKCIIEPUMEHTa-
JIbHO, HW)KHSI — XapaKTepUCTUKA TEIUIOBOTO peJie
3a macnoptoM. Sk BUAHO i3 puc 2., 3HaYEHHS MO-
XHOKH Yacy CIpamfoBaHHS HE € CTaJuM i CTOXac-
TUYHO 3MIHIOETHCS TIPHU 3MiHI KPAaTHOCTI CTpyMy
HarpiBaJIbHOTO €JeMEHTa TeIJIOBOro peje. 3Ha-
YyeHHs O KOJMBAaeThbcsl B Mexkax Bim 20,7% mo
74,3%. CepenHe 3HaUCHHS MOXHOKH dYacy CIpa-
IOBAaHHSA JOCITI/KYBAaHOTO TEIUIOBOIO peJie THUITY
TPT-115 cranoButh 48,8%. Ilpu npomy Takmm,
110 33JJ0BOJIbHSIE YMOBaM HAaJIarOAKEHHS TEILUIOBO-
TO 3aXHCTy, BBAXKAETHCS peie, y SKOTo IMOXHOKa
copaioBanHs He nepebinburye 10% [8, 9].

Ak Bxe Oymo cKa3aHO, Ui HAAIHHOTO
CHpAIfOBaHHS TEIUIOBOTO 3aXHCTY YacOCTPYMOBI
XapaKTePUCTUKHU peJie 1 IBUTYHA TMOBHHHI MPOXO-
oty nopyd. IloObynyemo B omHiil cuctemi Koop-
JMHAT OTPUMAHY PaHIlIe 3AIEKHICTh 1oy = f (k)

s apuryHa tuny AWP-80B4 Tta t=f (k) JUIs

TerutoBux pene tTumy TPT-115. Sk BuaHo 3 puc. 3,
Yac CrIpamnboBYBaHHS 3aXUCTy Ha 0a3i TEIJIOBOTO
pene TPT-115 Bummii 3a AOMycTUMY TPUBANICTh
MePEeBaHTAKECHHS JBUTYHA. 3HAYNTH, MOXIIUBAM €
poboTa OBUryHa 3 TEpEeBAaHTAKEHHSM BIPOJOBXK
TPUBAIIOTO Yacy, HEOOXiMHOTO MJs CIpAIlOBaHHS
teroBoro pene. [Ipum mpoMy moxmOka crparto-
BaHHs TemioBoro pene TPT-115 3HaxomuTecs B
Mexax Big 69% mo 89% B 3aNeKHOCTI BiJ CTyIIe-
HIO TIEpEeBaHTAKEHHS IBUTYHA.

300 4 nacnopTHa 4acocTpymoBa xapakrepuctuka pene TPT-115
eKcnepuMeHTanbHa YacocTpyMoBa xapaktepuctvka pene TPT-115
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KpaTHiCTb CTpyMy HarpiBanbHOro enemeHTa I/IWM

Puc. 2. YacocTpyMOBi XapakTepHUCTHKH TEIIOBUX peiie tuiy TPT-115
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[AonycTuMa TpMBanicTb NepeBaHTaxeHHs AsuryHa AVP-80B4

300 eKcnepuMeHTarbHa 4acoCTpyMoBa XapaKTepucTuka Tennosoro pene TPT-115
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Puc. 3. [TopiBHAHHS Yaco-CTpyMOBHX XapakTepucTHk neuryHa AVP-80B4 Ta temmosoro pere TPT-115

BucHoBku

B yMoBax peanbHOI eKcIuTyarailii Ha eJIeKTPOIOo-
i3max 3MiHHOTO cTpymy cepii EPOM, nBurynu no-
noMixauX MamH Tuy AVP-80B4 B mepionun myc-
Ky Ta IpH HEBEIUKHUX NEpeBaHTaXeHHAX (k =>3,5)

HEJOCTATHBO 3aXMIIEH] IITATHUM TEILUIOBUM 3aXUC-
TOM Yepe3 Te, IO Yac CIpaIfOBaHHS TEILIOBOTO pe-
ge TPT-115 na 74%...89% Oinbplie IOMyCTUMOI
TPUBAJIOCTI MEPEBAHTAXKECHHS 32 YMOBAMH HATPiBy
OOMOTKH CTAaTOpa aCHHXPOHHOT'O JBUTYHA.
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IcHyrounit TemygoBUM 3aXUCT MPAKTUYHO HE
3MATHUH HAJIMHO BIJIMKHYTH ACHHXPOHHHH JIBHU-
TYH B pa3si, KOJHU BiH XHBHUTHCS BiJ Mepexi i3 He-
CUMETPUYHOIO HANpPyro, B pa3i 4oro MOXKJIHBI
TaKi peXXKUMH poOOTH BUTYHA KOJH JBi Horo (a3um
Malike He 3aBaHTaXCHI CTPYMOM, a OJIHA CIIOXKHU-
Ba€ cTpyM, Oinmpmmii 3a HoMmiHanbHHMH. CHcTema
TETJIOBOTO 3aXHUCTy HE CIIPAITIOE 1 MOXKe OyTH TO-
[IKO/DKEHO 130JIALiI0 HAWOUIBII 3aBaHTAXKEHOL
ctpyMoM (ha3u OOMOTKH.
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CTaTUCTUYHUIA aHani3 nokasye, wo 65m3bko 20% AOMNOMIKHUX MaluWH €SeKTPonoi3aiB 3MiHHOMO CTPyMy
(koMnpecop, MacnsHWN HAacoC OXONIOAXKEHHS TAroBOro TpaHcdopmaTopa, ABUINYHM BEHTUNALINHMX arperaTis) Bu-
XO0ASTb 3 Nagy WopiyHo. OYeBMAHO, WO NMUTAHHS NiABULWEHHS HaAiMHOCTI AOMNOMIKHUX MalUMH Ha eneKTpornois-
Aax 3MiHHOro cTpymy cepii EPO9M Hapasi € akTyanbHuUM. OCHOBHOIO NPUYMHOIO BUXOAY 3 Nlady UMX MaLIWH € NOLU-
KOOXKEHHS i30n5uii 06MOTKM cTaTopa enekTpuyHoro asuryHa. Ha enektponoiszgax cepii EP9M 3acTocoBytoTb 3a-
rasbHOMPOMUCAOBI aCMHXPOHHI ABUIYHU 3 KOPOTKO3aMKHeHUM poTopoM Tuny AOM Ta noaibHi Ao HuX, 6inbw cy-
yacHi Tuny AUP. ®akT BUXo4y 3 flady ABUryHa roBOpUTb MpO Te, WO i30/15Uis8 06MOTKM cTaTopa neperpiBaeTbcs
BULLE AONYCTMMMX TeMmnepaTyp. MNpUUMHOIO LbOMY CTaE Ton dakT, WO ABUINYH B PEXUMi peanbHoi ekcnayaTtauil
npauioe i3 KOPOTKOYACHUMU nepeBaHTaXeHHsMU. Lli nepeBaHTaxxeHHS 06yMOBNEHO TUM, WO ABUIYHW NpaLiooTb
B CYTTEBO 6iflbll BaXKMX YMOBaX, HiXX B MPOMWUCOBOCTi, A0 YOr0 MOXHa BIAHECTU 3HAYHI BiAXWUIEHHS XWUBNAYOI
Hanpyrun, aKi BNacTMBi pyXoMOMYy CKaAy enekTpu@ikoBaHOMY Ha 3MiHHOMY CTpyMi, poboTy arperaTtiB Npu HU3b-
KUX TeMnepaTtypax atMochepHOro nosiTps Ta iHwe. B poboTi noctaBneHo 3aaavyy BU3HAYUTU FPAHUYHO AOMYCTU-
My TpMBaniCTb KOPOTKOYACHWX MepeBaHTaXeHb, Mpu SKUX i30nauis ABUryHa He Byae neperpita Bulie A0ONYCTU-
MUX TeMmnepaTyp. 3anponoHOBaHO iHXEHEPHUA METOA BU3HAYE€HHS Ha3BaHOI XapakKTepucTtuku. EkcnepmmeHTans-
HO 3HATO YaCOCTPYMOBY XapaKTEPUCTUKY €NeKTPOTENI0BOro pene. BUKOHAHO MOPIBHAHHS OTPUMaHOI aHaniTn4-
HOT 3aNEeXHOCTi i3 eKCnepuMeHTanbHO OTPMMaHMMKU XapaKTepUCTMKaMU peanbHOro TEMJ0BOro 3axucTty Ha 6asi
TennoBoro pene TPT-115. Po3pobneHo pekoMeHAaalil Mo NigBULWEHHIO HAAIAHOCTI TEMIOBOr0 3aXUCTY aCMHXPOH-
HUX KOPOTKO3aMKHEHWUX ABUTYHIB, AKi NpaLoioTb B peXnMax KOPOTKOYACHMX NepeBaHTaXeHb.

KnrouoBi cnoBa: ONOMiXKHI MalMHW, eNeKTponois 3MiHHOro CTpyMy, i30M15Uisi, Nneperpis, KOpoTKo4YacHe nepe-

BaHTaXeHHSA, TeNnsi0BE pene.
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CTaTucTnyecknii aHanmns rnokasbiBaeT, YTo 0koo 20% BCnoMoraTesibHbIX MaluH 31eKTPOnoe3aoB nepeMeH-
HOro Toka (KOMMpeccop, MacasHbI HAaCOC OXJIaXXAEHUS TATOBOro TpaHcdhopmaTopa, ABMraTenn BEHTUNSLMOHHbIX
arperaToB) BbIXOASAT M3 CTPosi exerogHo. O4YeBMAHO, YTO BOMPOC MOBbIWEHUS HaAEXHOCTUM BCMOMOraTesbHbIX
MallWH Ha 3/1eKTponoe3aax NepeMeHHoro Toka cepmn P9M cenvac asnsaeTcs akTyasnbHbIM. OCHOBHON NPUYMHOWN
BbIX04a U3 CTPOS 3TUX MALUMH SABASIETCA NOBpPeXAeHWe n3onsaunm obMoTKM cTaTopa anekTpoasuratens. Ha anek-
Tponoesaax cepun DPI9M npuMeHsoT o6LEenpOMbILLSIEHHbIE aCMHXPOHHbIE ABUraTeNM C KOPOTKO3aMKHYTbIM poO-
TOopoM TMna AOM un nonobHblie UM, 6onee coBpeMeHHble Tuna ANP. ®akT BbixoAa M3 CTPOS ABUraTens ropopuT O
TOM, 4YTO M30159UMsa 0BMOTKM CTaTopa neperpesBaeTcs Bblle AOMNYCTUMbIX TemnepaTyp. [puYnHON 3TOMY CTaHo-
BUTCSA TOT aKT, YTO ABuraTeNb B peXwuMme peanibHOW 3Kcnayataumm paboTaeT ¢ KpaTKOBpPeMeHHbIMK neperpys-
KaMu. OTu neperpy3kn obycnoBneHbl TeM, YTO ABuUratenu paboTatT B CyLleCTBEHHO Honee TPyAHbIX YCNOBUSX,
YeM B MPOMBbILWIEHHOCTHN, K YEMY MOXHO OTHECTW 3HaYUTENbHble OTKIOHEHUS MUTAIOLEr0 HanpsXXeHUs, KoTopble
CBOMCTBEHHbI MOABWMXXHOMY COCTaBy 3/1EKTPUPULMPOBAHHOMY Ha NepeMeHHOM Toke, paboTy arperaToB Npw HU3-
KUX TemnepaTypax aTMochepHoro Bo3ayxa v npovee. B paboTe nocrtaBneHa 3agada onpeaenntb nNpeaenbHo Ao-
MyCTUMYIO MPOAOIKUTENBHOCTb KPaTKOBPEMEHHbIX Meperpys3okK, Mpu KOTOPbIX U30MSUna ABUraTens He byaet ne-
perpeTa Bbllle A0MYCTUMbIX TeMnepaTyp. MpeanoxeH MHXeHepPHbIN MeToh onpeaeneHns Ha3BaHHOW xXapaKTepu-
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CTUKU. DKCNEPUMEHTaNIbHO CHATa BPEMATOKOBAs XapaKTEpPUCTUKA 3NeKTPOTEN/I0BOro pene. BbiNoNHEHO cpaBHe-
HWe MONyYeHHOW aHaJNTUYECKOW 3aBUCMMOCTU C IKCMEPUMEHTasIbHO MOJSIyYEHHbIMWU XapaKTepucTukamu peanb-
HOro TennoBOW 3alWuThbl Ha 6a3e Tennosoro pene TPT-115. PaspaboTaHbl pekoMeHAaumMmn Mo MOBLILWEHWNIO HaAeX-
HOCTW TEnI0BOM 3alUnTbl aCMHXPOHHbIX KOPOTKO3aMKHYTbIX ABUraTenei, paboTaloWwmnx B pexumax KpaTKospe-
MEHHbIX Meperpysok.

KntoueBble cnoBa: BCMoOMoratesbHble MalluHbl, 371eKTPOnoess NepeMeHHOro ToKa, M30Mauus, neperpes, KparT-
KOBpPEMEeHHas neperpyska, TenjoBoe pese.
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HEATING AND PROTECTION THE WINDINGS OF AUXILIARY
MACHINES OF THE AC ELECTRIC MULTIPLE-UNIT TRAINS AT
SHORT-TIME OVERLOADS

Statistical analysis shows that about 20% of the auxiliary machines of AC electric multiple-unit trains (com-
pressor, oil pump for cooling traction transformer, the motors of ventilation aggregates) are fails every year.
Obviously, that the issue of increasing the reliability of auxiliary machines of AC trains ER9M series is now ur-
gent. The main cause of the failure of these machines is the insulation damage of the stator winding of the mo-
tor. On the trains ER9M series use the general purpose industrial induction motors with squirrel-cage rotor of
AOM type and the similar to them, more modern AIR type. The fact of the failure of the engine shows that the
insulation of the stator winding overheating above the allowable temperature. The reason of that becomes the
fact that the engine in a mode of real operation works with transient overloads. These overloads caused by the
fact that the engines are work in a much more difficult conditions than in industry, to which can be attributed
the significant variations of the supply voltage, which are characteristic of the AC rolling stock, operation at low
air temperatures and so on. In this paper it is set the task to identify the maximum permissible duration of
transient overloads, during which the motor insulation will not be overheated above the allowable temperature.
An engineering method for determining these characteristics is proposed. Experimentally obtained the time-
current characteristics of the electrothermal relays. The comparison of the obtained analytical dependence with
the experimentally measured characteristics of real thermal protection on the basis of the thermal relay TRT-
115 is done. Formulated recommendations to increase the reliability of the thermal protection of asynchronous
motors with squirrel-cage rotor, which are work in transient overloads modes.

Keywords: auxiliary machine, AC electric multiple-unit train, insulation, overheat, short-term overload,
thermal relays.
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