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AHAJII3 TEIIVIOBUX ITPOLECIB, 11O IPOTIKAIOTH B TAI'OBUX
EJJEKTPOMAIINHAX ITPU BUITPOBYBAHHI HA HAT'PIBAHHS

Mera. Bimomo, mo mix 4ac mpuiMaibHO-3aBATBPHUX BUIPOOYBAHB, SKi MPOBOJSATHCS BIAMOBITHO 0 BAUMOT
JCTY I'OCT 2582:2017, TeriioBe HaBaHTaXCHHsI 0OMOTOK JIBUTYHIB 1 TeHepaTopiB MOKE CYyTTEBO BiAPI3HATHUCS, IO
BIUTMBA€E HA TOYHICTh OTPUMAHUX pe3yibTaTiB. CaM XapakTep TEIUIOBOI0 HABAHTAXKEHHS 3HAYHOIO MIpOIO 3aJICKHUTh
BiJl CXeMH BHITPOOYBaHb Ta CIOCOOY IOKPHUTTS BTPAT MOTYKHOCTI B eNEKTpOMaIiHaX. J{OCIiIPKESHHS TEIJIOBUX IPO-
IIECiB, IO BiOYBAOTHCSA B OOMOTKAX TATOBUX €ICKTPOMAIIIHH ITiJT 9ac iX BUIPOOYBaHb Ha HATPIBAHHS € CBOEYaCHUMU
Ta aKTyaTbHUMH. METOr0 HayKOBOTO TOCTIKEHHS € po3po0Ka Ta HAYKOBE OOTPYHTYBAHHS METONY OIIIHKH CTYTICHS
PO3XO/KCHHS TEIUTOBUX HABAaHTAXKCHb OOMOTOK SKOPiB Ta 00MOTOK 30Y/PKEHHS ITApH B3aEMHO HABAHTAXKCHUX BUIIPO-
OyBaHHX TATOBHX eNEKTpoMainiH, MeTomu. AHaJi3 TEIUIOBUX MPOIIECIB B aKTHBHUX YaCTUHAX TATOBHUX CICKTPOMa-
LIMH M1/ 9ac iX BUMPOOYBaHHS HA HATrpiB BUKOHAHO 3 BUKOPUCTAHHSM TEOpii HarpiBaHHS OJHOPIIHOTO TBEPAOTO Tijla
Ta BiJOMHUX METOJIB PO3pPaxyHKY TEIUIOBUX cxeM. Pe3yabTaTH. BCTaHOBJICHO, IO TEIIOBHHA MTOTEHIiAI 0OMOTOK
CIICKTPOMAIIIH BU3HAYAIOTHCS K CICKTPHYHUMH BTpaTaMU MOTYKHOCTI B OOMOTKAaX, TaK i MarHITHUME BTpaTaMu
MTOTY>KHOCTI B MarHiTOIPOBOIi. ByiTo po3mIsiHyTO BILTMB KOXKHOTO BUAY BTPAT Ha IEepPerpiB 0OMOTOK, a TAKOXK 3aIpo-
ITOHOBAHO CIPOIIEHY TEIUIOBY CXEMY 3aMIlICHHs IS SAKICHOTO aHali3y WX IporeciB. J{ocmiHKeHHs oKa3alH, 110
CIICKTPUYHI BTPATH MAIOTh JOMIHYIOUHH BIUTUB Ha (DOpMYyBaHHS TEIUTOBOTO MOTCHITIATY OOMOTOK, TO/I SIK BIIHB Ma-
THITHUX BTPAT € 3HAYHO MEHIIIUM — BiTHOIICHHS BiJTHOCHOTO KoedillieHTa BIUIMBY €ICKTPUYHUX BTpAT 10 Koedirie-
HTAa BIUTUBY MarHiTHAX BTPAT JOPIBHIOE TPHOM. 3aIPOIIOHOBAHO METOTUKY BU3HAUCHHS CTYIICHS BIUIMBY IIpCBaHTa-
JKCHHS 200 HEJJOBaHTAXKCHHS 32 CTPYMOM i MarHiTHAM ITOTOKOM Ha TeMITEpaTypy OOMOTOK SKOpsi. MeToauka Bpaxo-
BYE MapaMeTPH BTPAT Y TOAMHHOMY Ta TPUBAIIOMY PEKAMAaX POOOTH TATOBHX eNEKTpoMaImiH. OKpeMy yBary mpui-
JICHO CKJIaTHOIIAM PO3PaXyHKY HECTaIllOHAPHUX TEIUIOBHX IIPOIIECIB Ta MOMXIIMBOCTI IX SIKICHOTO aHAITi3y 3a JIOIIOMO-
TOI0 criporneHux Mojeneii. HaykoBa HoOBH3HA. 3alpOIIOHOBAHO HAYKOBO OOTPYHTOBAHWIA METOH OIIHKU CTYIICHS
PO3XO/KCHHS TEIUTOBUX HABAaHTAXKCHb OOMOTOK SKOPiB Ta 00MOTOK 30Y/PKEHHS ITApH B3aEMHO HAaBAHTAXKCHUX BUIIPO-
OyBaHHUX TATOBHX €JEKTPOMAIINH, SIKE BU3HAYAE SKiCTh BUNpoOyBaHHs. OTprmano rpadivHi 3aIeXHOCTI TMTOMOTO
MIEPEBUIICHHS TEMIIEPATyPH SIKOPSI BUTIPOOYBAHOT'O JIBUTYHA BiJl MUTOMUX BTPAT Y Mifi Ta CTaji, 30KpeMa JUIsl TSATO-
Boro apuryna Hb-406. OtpumaHni pe3yibTaTs CBiq9aTh PO aICKBaTHICTh 3aIPOITOHOBAHOT METOIMKY Ta 11 BiIITOBII-
HICTh peaslbHUM yMOBaM BHUIpoOyBaHb. [IpakTuyna 3HauMMicTh. OTpuMaHi B poOOTI HAYKOBI PE3yJIbTaTH MOXYTh
OyTH BHKOPUCTAHi IIPH BJIOCKOHAICHHI METOJIiB TEIUIOBHX BUMPOOYBAHb TATOBMX €IEKTPOMALIMH. IX BUKOPHCTAHHS
JTO3BOJISIE MMiBUIIUTH TOYHICTH OI[IHKU TEIDIOBUX IIPOIECIB B €ICKTPOMAIIMHAX Ta 3a0€3MEUUTH iX BiIIIOBIIHICTH
eKCILTyaTaI[ifHIM yMOBaM Ta ITiABUIUTH SIKICTh BUPOOYBaHb. 3alIPOIIOHOBAaHY METOIUKY MOXKE OyTH BUKOPUCTAHO
SIK OJIMH 13 KPUTEPIiiB BHOOPY paIliOHATEHOTO BapiaHTy CXEMHU B3a€MHOT0 HaBaHTaKCHHSL.

Kniouoei cnosa: TAToBi eneKTpoMaIInHy, BUMPOOyBaHHS Ha HAarpiBaHHs, OOMOTKH, €IEKTPUYHI BTpaTH, MarHiTHi
BTpATH, CXeMa 3aMIIIeHH, TeTUIOBUH OITip.

Beryn SNICKTPOMAIINH BBXKAIOTh TIMCHUMH HE3BaXKalOUH
Ha Te, 110 TEIIOBE HABaHTAKEHHS iX 0OMOTOK MOXKe
Bigpi3HATHCA [2, ¢. 258-262]. CTyniHb BiIMiHHOCTI
TEIJIOBOTO HaBaHTAKEHHSI OOMOTOK BUIIPOOYBaHUX
CNEKTPOMAalINH OyAe BH3HAYATUCS NPUAHATHM
CIO0COOOM MOKPHUTTS BTPAT y CXeMi B3a€MHOTO Ha-
BAaHT&)KEHHA Ta CTYNEHEM 3aJIeKHOCTI TEIJIOBUX
MOTEHI[iaTiB 0OMOTOK BiJl BTpAT MOTYXHOCTI B pi3-
HUX aKTHBHUX YaCTHHAX elekTpoMainuH [3, c. 183-

CryniHp BiANOBIZHOCTI XapakTepiB TEIIIOBUX
MPOIIECIB, IO TPOTIKAIOTh B OOMOTKAaX TSTOBHX
ENIEKTPOMAIINH NpH iX BUMPOOyBaHHI, 1 B yMOBax
eKCIUTyaTamii 0araTo B YoMy BU3HAYA€ThHCS IPUHHS-
TOIO cxeMolo BulpoOyBanb. Bigmosinno no ACTY
I'OCT 2582:2017 [1, c. 19] npu npuiimansHO-31a-
BaJIbHUX BUNPOOYBaHHSIX METOJIOM B3a€MHOTO Ha-
BaHTa)KEHHS PSKUMH PoOOTH 000X BHIPOOYBaHHUX
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189]. Take po3xomKeHHS BILTUBAE HA SKICTh BUIIPO-
OyBaHb.

ITocTanoBka 3aBIaHHSA JOCJTIIUKEeHHS

OnHi€ro 3 BaXXITUBUX YMOB 3a0€31E€UEHHSI BHCO-
Ko1 iHpOPMAaTUBHOCTI pe3yJbTATIB Ta SIKOCTI TEILIO-
BHUX BHUIPOOYBaHb € OJHAKOBE TEIJIOBE HaBaHTA-
KEHHS JTIMITYI0uMX 0OMOTOK BUIIPOOYBAaHOTO JBU-
ryHa ta reHeparopa [4, c¢. 37-39]. TemoBe nepesa-
HTa)XXCHHS 200 HEJOBaHTaXCHHS JTIMITYFO401 00MO-
TKU OJHI€T 3 BUMPOOYBaHUX €JIEKTPOMAILINH HE A€
MOXIJIUBOCTI aJIeKBaTHOI OLIIHKH pe3yNbTaTiB BU-
npoOyBaHb Ha HATPiBaHHS y pa3i eperpiBy mnepena-
HTaXXCHOT OOMOTKM a00 HENOTpiBaHHS HElOBaHTA-
JKEHOI.

Buwmorn [1, c. 12-14] B yacTuHI CTPYMOBOT'O Ha-
BaHTa)KEHHA BHIIPOOYBaHWX JBUTYHIB 1 TeHeparo-
piB € popManpHUM, TaK K HE BPAaXOBYE Hi CXeMHU
BUNIPOOyBaHHs, HI Te, AKa 3 OOMOTOK eJIeKTpoMa-
LIMHY € JiMiTytodoro. Taka ¢opmanizarisi BUnpas-
JaHa caMHUM JEKJIapaTUBHUM MPUHIMIIOM oOMe-
KEHHS TeMIIepaTypH IeperpiBy 0OMOTOK 3a KJIacOM
1X 130JIA1i.

Marepian i pe3y1bTaTi A0CTiKeHb

Po3srisiHeMo BIUIMB KOXKHOTO BHTy BTPAT Y SIKOPi
Ha meperpiB Horo oOMOTKH. [ns cnporneHHs aHa-
mi3y OyaeMo BpaxoOBYBaTH TiIbKU E€NEKTPUYHI Ta
MarHiTHi BTpaTH B aKTUBHHX YaCTUHAX SKOPS €ICK-
TpoMamuau [5, c. 276-289]. 3arambHi 10DaTKOBI
BTpPaTH NpU LBOMY MOXYTb OyTH pPO3ZiJicHI Ha
BTpaTH B Mifi 1 CTalli, a OTXE BiTHECEH1 JI0 BTPAT,
IIO TPitOTh Mib 1 cTaib BianosinHo [6, c. 150-157].
Jnst BUpilIeHHs TOCTaBJIeHOT 3a1a4i Oy1eMo BHKO-
PUCTOBYBaTH CIPOIIEHY TEIUIOBY CXEMy 3aMi-
IIEHHS sKops [5, ¢. 284], HaBeneny Ha puc.l.

Puc. 1. CnpomeHa TCILIOBA CXEMa BaMiIHGHHSI SAKOpsA

VY cxeMi NpUHAHATO TaKi IO3HAYCHHS:

Ty — TIEPEBULICHHS TEMIIEPaTypy Mifi 0OMOTKU
SKOpA,

T. — NIEPEBUILECHHSI TEMIIEPATYPH CTalli SIKOPS;
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APy — cymapHi BTpaTH MOTYXHOCTiI B Miai 00-
MOTKH SIKOPS;

AP — cymapHi BTpaTH TOTYKHOCTI B cCTaii
SKOpA,

Riza — TETUIOBHIA OITip TOTOKY Risa KPi3h 130751110
aKTHBHOI YaCTUHU MPOBIAHUKIB SKOPS;

Risx — TeT10BUH OI1ip MOTOKY Risx KPi3b 130711110
J000BUX YaCTUH MPOBITHUKIB SIKOPS;

Rrox — TETIOBMIA omip MOTOKY P, KOHBEKTHB-
HOTO PO3CiIOBaHHS 3 MOBEPXHi JIOOOBUX YacTUH 00-
MOTKH SIKODS;

Ra — TemoBuit omip notoky P, KOHBEKTUBHOIO
PO3CilOBaHHS 3 MOBEPXHI CEPACUHUKA SIKOPS;

R« — TermoBuii omip moToky Px KOHBEKTHBHOTO
PO3CiIOBaHHS 3 MOBEPXHI BHYTPIIIHIX BEHTUJIISLIN-
HUX KaHAJIIB CeplICUHNKA SIKOPA.

3a 1onmoMOrolo TEmIOBOro MOTOKY Ris, BinOyBa-
€ThCSI KOHIYKTUBHUW TEIIOOOMIH MK MIiIFO Ta
CTaJUIIO SIKOPSI:

Pi3a = Yi3 (TM - Tc)' (1)

ne Yi; — TemIoBa MpOBiAHICTH mapy i307smii ooMo-
TKU SIKOPSL.

Vou = )

[lepenada Termia B HABKOIMUIIHE CEPEIOBHUIIE
BiJ1 TOOOBHX YaCTUH OOMOTKU SIKOPSI HOCUTh KOH/TY-
KTUBHO-KOHBEKTUBHUM XapakTep 1 Moxe OyTH OIu-
caHa BHpa30OM:

PJ'I = YJ'I TM ! (3)

ne Y, — eKBiBaJIeHTHA TEIUIOBa MPOBITHICTH J1000-
BHX YaCTHH, 00YMOBIICHA TEIUIONPOBIAHICTIO Ta Te-
TIOBIJIaYCI0, BU3HAYAETHCS 32 (POPMYIIOHO:

_ 1
! Ri3n + RTOJ‘I .

KoHBekTUBHUH TEIIOOOMIH cTami SIKOps 3 Ha-
BKOJIMIIIHIM CEpPEeIOBUILIEM MOXKE OyTH ONMHMCaHUi
PIBHSHHSMU:

Pa = Ya TC ! (4)
PK = YKTC ! (5)

ne Y, — TeroBa NPOBiAHICTE, 00yMOBIIEHA KOHBEK-
THUBHOIO TEIJIOBiJ1a4yelo 3 MOBEPXHi CTAIEBOTO Ia-
KeTa SIKopS,

Yx — TemoBa NpoBiAHICTE, 00YMOBJIEHa KOHBEK-
TUBHOIO TEIUIOBIIAYCI0 3 MOBEPXHI BEHTUIIAIIN-
HUX KaHAJIIB CeplICUHNKA SKOPA.

TemoBi MPOBiTHOCTI KOHBEKTUBHOI TEIUIOBII-
Jadi 3 MOBEPXHi MakKera sIKOpsl Ta BEHTHILALIMHUX
KaHaIIiB y HbOMY BU3HAYAIOThCS 32 GOPMYIIaMHu:



Y,=—; Y.=— (6)

Jlnsa TerutoBoi cxemu 3amirieHus (puc. 1) Oy-
JyTh CIIPaBEJIUBI BUpa3H:

AP, —P, —P. =0, ©)

13a

AP, +AP.—P, —P, =0. (8)

13a

B pesynbraTi CHiIBHOTO BUpILICHHS PIBHSHB
(1)—(8) micns psimy mepeTBOpeHb OTPUMAEMO BHpa3
JUTSL BU3HAYCHHS YCTAJIEHOI TeMIepaTypH Mini 00-
MOTKH SIKODSL:

AP (Y, +Y, +Y. ) +APRY,

T, = i3a 3a ) (9)
YnYi3a + (Ya + YK )Y1 + (Ya + YK )Yn

3a

Bupas (9) moxxe OyTH mpeacTaBiIeHO y BUTIISII
[9, c. 153-158]:

1, =K AP, + K AP, (10)

ne Kyi K¢ — BaroBi koediimieHTH, 110 BH3HAYAIOTh
CTYIIiHb BIIMBY KOXXHOTO 3 BUAIB BTPAT B SIKOPi HA
TeMIiepaTypy Horo oOMOTKH.

Y. +Y, +Y,

K, = . (11)
YnYi3a + (Ya +YK )Y1 + (Ya + YK )Yn

3a

K. = Vi 12
YnYi3a + (Ya + YK )Y1 + (Ya + YK )Yn

3a

VY BigHOCHHX mapamerpax Bupa3 (10) moxHa
MPEACTaBUTH y BUTIISL

TMOTH = kM : pM + kC : pC’ (13)

1€ Tyorn — BCTAHOBJICHA TEMIIEpATypa Mii OOMOTKH
SIKOpsI, BiJIHeCeHa N0 11 BCTAHOBJICHOTO 3HAYCHHS
Tvq IPH HOMIHATEHOMY PEXHM;

Pm Pe — MMTOMI 3HAUCHHS BTpAT y MiJli Ta cTaji, Bia-
HeceHi /10 BiAnoBimHUX BTPaT APwu, APecx B HOMiHAJIB-
HOMY peXuMi;Hampyra JKepena >KUBICHHS,

Ky, Kc — mTOMI O€3p03MipHi BaroBi KoedimieHTn
BILIMBY BTpAT y Mijli Ta CTalli BiAMIOBiTHO.

TMOTH_ TM ) (14)
AP

=—2N 15

Py AP (15)
AP

=—=c, 16

=P, (16)

, =K, 2o a7)
T

AP,

k, = K, =
T

MH

HCBEI)KKO HepeKOHaTI/ICH y CHpaBeZ{J’II/IBOCTi BU-
pa3sy:
k +k. =1.

M C

(18)

Cuin 3a3Ha4nTH, 110 KoedimieHT Ky, 1 K. BU3Haua-
IOTBCSI CAMHM BHUKOHAaHHSIM €IEKTPOMAIIMHU 1 110
cyTi € koHCcTpyKItiitHuMu [9, ¢. 188-196]. Bonu Mo-
KyTb OyTH PO3paxoBaHi Al KOXKHOTO TUIY TATO-
BOTO EJIEKTPOJABUTYHA 3a KPECISIPCHKUMHU PO3Mi-
pamu i JaHUMH KBani(ikaliiHUX BUIIPOOYBaHb.

Jnist IpaKTHYHUX PO3PaxyHKIiB CTYIEHS BIUIUBY
nepeBaHTaXeHHs a00 HEJOBAaHTAKEHHS 38 CTPYMOM
1 MarHiTHOMy IOTOKY Ha TeMIlepaTypy OOMOTKH
SAKOpsi BUIPOOYBAaHOI EIEKTPOMALINHH MOXYTh
Oyt BHKOpHCTaHi Bigomi popmynu [7, c. 183-186;
10, c. 105-126] s BH3HAYCHHS TEIIOBUX OIOPIB
CXEMH 3aMilleHHs], HaBeeHol Ha puc. 1:

b.

1371

kim !
AS

I

ne bz — ekBiBaJIeHTHA TOBIIMHA 1307ALHI JT0OOBHUX
YaCTHUH,

A — IMTOMA TEIUIONPOBITHICTh 130JIALLIT,

S; — IIomIa NOBEPXHi JTOOOBUX YaCTHH.

S, =nD,l

an!

(19)

ne D, — niamerp sxops,
|, — cymapHa HOB)KMHA BWJIBOTIB MEPEIHBOI Ta
3aJJHbOT YaCTUHU OOMOTKH.

RTOH = _’
aS

I

(20)

Jie o — Koeil[ieHT KOHBEKTUBHOT TEIUIOBIIayi.

a=a,[L+40v?+0?),

JIe 0O, — KOeiI[iEHT TEIIOBiadui y CIOKiHHIN at-
Mocdepi;
Uy — MBUAKICTh  OXOJOJPKYIOYOTO TIOBITPS B
OChOBOMY HaNpSMKY;
V, — JIiHIHA MBUIKICTH SKOPAL.
b.

— 13a , 22
221, p, 2

(21)

i3a

Ie bi;a — eKBiBaJIEHTHA TOBIMHA 130JIALIT AKTUBHUX
YaCTUH MIPOBIAHUKIB OOMOTKH SKOPS,

Z — YUCJIO Ma3iB SKOpS,

l. — MOBXHMHA aKTHBHOT YACTHHH SKOPS;

Pn — PO3paxXyHKOBUI MTEPUMETP Ta3y.

p, =1,33b, + 2h,, (23)
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ne by 1 h; — mmpuHa Ta rIMbuHa nasy BilNOBIIHO.

1
= 24
‘oD, (24)
2 (25)

K = !
am rd |,

II€ My — YMCJI0 BEHTUIALINHNX KaHAJIIB,

dx — AlaMeTp BEHTHIILIHOTO KaHATY.

HeoOxinHo Bim3HauuTty, mo Bupas (9), orpuma-
HUH B pe3yNbTaTi NPOBEJCHOr0 aHaMli3y, € BipHUM
JUTS PEXHUMY, IO BCTAHOBHUBCS, 1 HE MAXOAUTH IS
BU3HAYEHHS TEMIIEpaTypH MeperpiBy OOMOTKH
SKOpsl B TOAMHHOMY PEKUMI, SIKUH € HecTalioHap-
HuM. Bimnosimao mno JACTY 2582:2017 mpwuiima-
JbHO-3/1aBaJIbHI BUIPOOYBAHHS TATOBUX EJICKTPOI-
BUTYHIB €JIEKTPOPYXOMOTO CKJIa1y MPOBOJSATE CaMe
y TOAMHHOMY pEXHMi. BpaxoBylourn MOHOTOHHO
3pocrarounii xapakrep ¢yskuii t,=f(t) [5, c. 279],
MOYKHA 3pOOWUTH BUCHOBOK MO Te, 110 Bupas (13),
3allMCaHui y BiTHOCHUX OAWHUIX, Oyae cripasen-
JIUBUM 1 U HECTAL[IOHAPHOTO TOIUHHOTO PEXKHUMY.
[Ipu npoMy Bci mapaMeTpH, IO BXOAATH Yy BUPa3
(13), moBuHHI OyTH TPUBEACHI 10 TOJMHHUX 3HA-
YeHb BTPAT NOTYXHOCTI. [Ipu npaBMIIbHO BU3HAUe-
HUX TOOJUHHOMY Ta TPUBAJIOMY PEXKHMaX TATOBOTO
CNIEKTPOJIBUTYHA peajibHE MEpEBUIICHHS TeMIlepa-
TYpH Ty OyZe OJHAKOBUM i1 000X PEKUMIB 1 A0pi-
BHIOE JIOITyCTUMOMY 3HAYEHHIO MEpPerpiBy.

BusHauyeHHS MepeBUILEHHS TEMIIEPATypHU Ty HE
€ METOIO JaHOTO aHallizy, NpoTe HEOoOXiAHO 3a3Ha-
YUTH, 1110 BUPIIICHHS IIi€1 3a]]a9i MOXKIIUBE TUIBKH 3
ypaxyBaHHAM 3MiHH OMOPY OOMOTKH SIKOPS TIPOTSI-
roM yacy BunpoOyBaHHs. Brpatu AP, cami € Benu-
YMHAMHY, 3I©KHUMH BiJl TeMIIEpaTypH, a OTXKe, i
qacy BUNpoOyBaHHs [5, ¢. 278-279].

AP, =[1+0,004(t, +5°)]x

26
x[12r, + AP, ]+ AP, (26)

o’

ne la — ctpym sikops;

ra— omip OOMOTKHM SIKOpSl IpH TeMIeparypi
20°C;

AP\« — KOMyTaliiiHi BTpaTH,

AP\ — BTpaTu B Mifii SIKOpsI BiJf TOIOBHOTO Ta-
30BOT'O OIS,

Ctporo kaxyuu, koedirient Ky i K 17151 ronus-
HOTO Ta TPHUBAJOrO PEXHUMIB BiAPI3HATUMYTHCSL.
[Ipote, BpaxoByrOUM CYTTEBY CKIAAHICTh PO3paxy-
HKY HeCTal[iOHApHUX TEIJIOBHUX IMPOLECiB, AKICHUH
aHaJi3 BIUIMBY Pi3HUX BHIIB BTPAT HA 3HAUCHHS T1e-
PEBHIIEHHS TEMIIEPaTypu OOMOTKH SIKOPS y TOAWH-
HOMY PEKUMIi BUIIPOOYBaHHS MOke OyTH mpoBere-
HUA 3 BHUKOPUCTAaHHAM KoedimieHTiB Ky 1 K,
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OTPUMaHUX JIJIsI CTAI[iOHAPHOTO TPUBAJIOTO PEKUMY
HaBaHTaKCHHSL.

Po3po0nenuii MeTon OLIHKM CTYIEHS PO3XO-
JOKEHHSI TETJIOBMX HAaBaHTa)KEHb OOMOTOK SIKOPiB Ta
00MOTOK 30yDKEHHS Y B3a€MHO HaBaHTaKEHUX Ts-
TOBUX ENEKTPOMAIIMHAX J03BOJISIE OLIHUTH SKICTH
BUIIPOOYBaHHSI.

I'padiuHo 3aMEKHICTH TUTOMOTO MTEPEBHUILICHHS
TEeMIIepaTypH SKOPs BUMPOOYBAHOTO EJIEKTPOBU-
T'YHA BiJl MUTOMHUX BTPAT y MiJli Ta CTaJi JJIs TATO-
Boro nsuryHa HB-406 [8, c. 185], orpumana 3a
LI€I0 METOIUKOIO, HAaBeleHa Ha puc. 2. 3HAUYCHHS
Koe(iLi€HTIB, OTPUMaHi B pe3yIbTaTi PO3PaAXyHKY:
kv=0,76; k.=0,24.

Puc. 2. 3anexnicts T, ., = f(pP,;P,) 411 TArOBOro

MOTH

neuryna Hb-406

BucHosku

1. CtyniHp BiIMIHHOCTI TEILJIOBOT'O MOTEHITIATY
00MOTOK BUIIPOOYBaHUX €IEKTPOMAILIUH MPHU iX BU-
npoOyBaHHI BH3HAYATHUCS CIIOCOOOM TTOKPUTTS
BTPAT y CXeMi HaBaHTA)XCHHS Ta CTYIECHEM 3aJeXk-
HOCTI TETJIOBOI'0 HaBaHTa)KEHHS 0OMOTOK Bij BTpaT
MOTYXXHOCTI B PI3HUX YaCTHHAX €JICKTPOMAIINH

2. ®opMyBaHHS TEIUIOBOIO MOTEHIIaTy 0OMO-
TOK BUMIPOOYBaHUX €JIEKTPOMAIIWH 33 PUHLIUIIOM
Cymnepno3uLii Moxke OyTH PEeACTaBIICHO SIK Pe3yJIb-
TaT BIUIMBY JIBOX OKpeMUX (haKTOPIB: eNEKTPUIHUX
BTPAT MOTYXXHOCTI B OOMOTKaxX €JICKTPOMAIIWH Ta
MarHiTHHX BTpaT NOTY)KHOCTI B MarHiTOMPOBOII.

3. BiBII0r0 MipOTO TEIIOBHIA TTOTEHITIA)l 00OMO-
TKU KOs (OpMYy€eThCs ENeKTPUYHUMH BTpaTaMH
B Hiii 1 MEHILIOIO MipOIO MarHiTHUMU BTpaTtamu. Bi-
JTHOLICHHS BiJTHOCHOTO KOE(Qil[IEHTY BIUTUBY €JIEK-
TPUYHUX BTPAT A0 KOePillieHTY BIUIMBY MAarHITHUX
BTPAaT JOPIBHIOE TPHOM.
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0. SHAPOVALOQV, A. AFANASOVA, |. POTAPCHUK

ANALYSIS OF THERMAL PROCESSES OCCURRING IN TRACTION
ELECTRIC MACHINES DURING HEATING TESTS

Purpose. It is known that during acceptance tests, which are carried out in accordance with the requirements of
DSTU GOST 2582:2017, the thermal load of the windings of engines and generators can differ significantly, which
affects the accuracy of the results obtained. The nature of the thermal load itself largely depends on the test scheme
and the method of covering power losses in electric machines. Studies of thermal processes occurring in the windings
of traction electric machines during their heating tests are timely and relevant. The purpose of the scientific research
is to develop and scientifically substantiate a method for assessing the degree of difference in thermal loads of the
armature windings and excitation windings of a pair of mutually loaded tested traction electric machines, Methodol-
ogy. The analysis of thermal processes in the active parts of traction electric machines during their heating tests was
performed using the theory of heating of a homogeneous solid and known methods for calculating thermal schemes.
Findings. It was established that the thermal potential of electric machine windings is determined by both electrical
power losses in the windings and magnetic power losses in the magnetic core. The influence of each type of loss on
the overheating of the windings was considered, and a simplified thermal equivalent scheme was proposed for the
qualitative analysis of these processes. Studies have shown that electrical losses have a dominant influence on the
formation of the thermal potential of the windings, while the influence of magnetic losses is much smaller - the ratio
of the relative coefficient of influence of electrical losses to the coefficient of influence of magnetic losses is equal to
three. A method for determining the degree of influence of overload or underload by current and magnetic flux on the
temperature of the armature windings is proposed. The method takes into account the parameters of losses in hourly
and long-term operating modes of traction electric machines. Special attention is paid to the difficulties of calculating
non-stationary thermal processes and the possibility of their qualitative analysis using simplified models. Originality.
A scientifically substantiated method for assessing the degree of difference in thermal loads of the armature windings
and excitation windings of a pair of mutually loaded tested traction electric machines is proposed, which determines
the quality of the test. Graphical dependences of the specific temperature rise of the armature of the tested motor on
the specific losses in copper and steel, in particular for the NB-406 traction motor, are obtained. The results obtained
indicate the adequacy of the proposed methodology and its compliance with real test conditions. Practical value. The
scientific results obtained in the work can be used in improving the methods of thermal testing of traction electric
machines. Their use allows to increase the accuracy of the assessment of thermal processes in electric machines and
ensure their compliance with operating conditions and improve the quality of tests. The proposed methodology can
be used as one of the criteria for choosing a rational variant of the mutual loading scheme.

Keywords: traction electric machines, heating tests, windings, electrical losses, magnetic losses, equivalent circuit,
thermal resistance.
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