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Abstract

The famous economic, exergic, thermoeconomic optimization methods do not take into account the changing
of heat accumulation capacity of power systems. This complicates the coordination of the production and energy
consumption and requires additional equipment. It was suggested to evaluate the changing of heat accumulation
capacity on the basis of the information as a measure of reflection ratio of energy production and consumption
in a single information space. This makes it possible to predict the change of the parameters of the technological
process and not to eliminate the effects of their changes. Methodological and mathematical explanations of expert
systems architecture were developed, using coordinated interaction of dynamic subsystem. Dynamic subsystem is
the energy system as the base and units that predict the main stages of the technological process. The methodology
of the mathematical formulation of the dynamics of power systems was worked out. The change of parameters is
presented in both time and space coordinate along the axis of the heat exchanger, which coincides with the direction
of flow. The graph of cause-and-effect relations was designed, to control operability and to identify the state of
power systems. The thermodynamic basis of admission, as the structure and the principle of intelligent control of
heat-mass exchanging processes, was formulated. The examples of the developed technologies and assessment of their
ef fectiveness were represented
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1. Benenue TIOBBINIIEHNUSI dHepreTu4deckoil 2 deKTUBHOCTH CHCTEMBI
B3aMMHOI HATPY3KH, TaK U IyTEM ONTUMHU3AIUH PEKIMA

HarpyXKeHud TATOBbIX SJIEKTPOMAIIINH.

CHUMKeHMEe PAacXo/la 2JIEKTPOIHEPIUM Ha TIPOBE/ICHME
NPUEMO-CAATOYHDBIX MOCJICPEMOHTHBIX MCIIBITAHUH TATO-
BBIX 3JIEKTPOMAIIMH SABJSAETCA OJHONH M3 aKTyaJbHBIX

npobseM Ha NPeANpUATUAX [0 PEMOHTY TITOBOIO TOJ-
BMJKHOTO cocTaBa. VcubplTaHus Ha HarpeBaHue TATOBBIX
9JIEKTPOMAIINH Ha CTEH/IC B3aUMHOI Harpy3KU ABJIAIOTCS
Hanbosiee 9HEProéMKOil 4acThio Beeil MPOrpaMMBbl HCIThI-
TaHWil. JHEPreTUYeCKue 3aTparsl HA NPOBEACHUE JTAHHO-
TO BUJA WUCTBITAHUS MOTYT OBITh CHYWJKEHBI KaK 3a CUET

2. IlocranoBka 3a/lauyy HCCIeJOBaHUA

B coorserctsun ¢ TOCT 2582-81 [1] TstroBsle atexTpu-
YeCcKHe MAaIIHBI HCTBITBIBAIOT MPH TPHUEMO-CIATOYHDIX
UCIIBITAHUAX B TEYCHHE OJHOTO 4Yaca NPU HOMHHATIHHOM
HaNpsUKeHUH U TOKe, JAOIleM IpeBBIIIeHIe TeMIlepaTy-




PBI, COOTBETCTBYIOIEE MPEBBIIIEHUIO TeMIIepaTypbl MpU
HOMUHAJbHOM peskuMe. DaKTHYeCKW ITO 3HAYEHNUE TOKA
COOTBETCTBYET YaCOBOMY PEKUMY.

O4eBUIHO, UTO B TEUEHHE BPEMEHU UCITBITAHUN Ha Ha-
IPEB, YacTh TENJIOBOI SHEPTUHU, BbIAEsIONEeiicsa B 06MOT-
KaX UCITBITYEMOT 3JIEKTPOMAIIMHBI, OTAAETCS B OKPY KO-
Y10 cpefy U He yJacTByeT B (POPMUPOBAHUY TETJIOBOTO
noreniuasa o6MoTok [2]. [lesibto jKe JaHHbIX MUCIbITAHIT
SBJIIETCS HarpeB 0OMOTOK TSTOBOW 3JIEKTPOMAIIUHBI /10
OTIpEe/IeJIEHHOTO TPEBBIIIEHUST TeMIIEPATYPhl 3a OIpeje-
JIEHHOE BpeMs TPHU 3aJaHHOU MOIIHOCTH TEIJIOOTAauM.
C 2TOlf TOYKU 3pEeHUs TOJIE3HOU SBJISIETCS Ta 4acThb Te-
MJIOBOM 9HEPIUH, BbIAEISIONEHcsa B 0OMOTKaX, KOTOpas
WJIeT Ha IOBbITIeHe UX TeMTepaTypbl. OHa onpeierseTcs
9KBUBAJICHTHON TEMJIOEMKOCTBIO U 33JlaHHBIM ITPEBbBIIIIe-
HUEM TEeMIIEPATY PbI, U HE 3aBUCUT OT PEKUMA UCTIBITAHUSI.
CrenoBaTesibHO, CHUKEHUE PACXOjla JIEKTPOIHEPTUU Ha
TEIJIOBbIE UCIBITAHUS MOKET ObITh HOCTUTHYTO IIYTEM
MUHUMHA3AIAN OOIIeN 9HEPTUM TEIJIOOTAAYN 32 BPEMS
HarpeBaHUs /10 3aIaHHOTO ITPEBBIIIEHUST TEMIIEPATY PbI.

[IpenBapuTenbHBIl KaUeCTBEHHBIN aHAJIN3 TEMJIOBBIX
MPOIECCOB, MPOTEKAIONUX TPU JAHHBIX HCIBITAHUSX,
MMOKa3bIBAET, UYTO IHEPTUS TEIMJOOTAA4M 3a BpPeMs Ha-
rpeBaHUs [0 3aJaHHOTO MPEBBINICHIST TEMITEPATypPbl 06-
MOTOK 3JIEKTPOMAIIUHBI C POCTOM TOKa, a, CJIe[0BATEJb-
HO, YMEHbIIIEHNEeM BpPEeMeH! HarpeBaHWs, YMeHbIIaeTcs.
CaeznoBaTesibHO, 4eM OoJibllie 3HaYeHHME TOKa HArpy3KH
HUCTIBITYEMO 9JIEKTPOMAIIUHBI, T€M, TIPU TPOUUX PABHBIX
YCJIOBUSIX, PACXOJ 3JIEKTPOIHEPTU U HA €€ HATPEB MEHbIIIe.

g 6Gojiee TOUHOI, KOJIMUYECTBEHHOMN, OLICHKU BJIU-
SHUS WCIBITATETbHOTO 3HAYEHWsSI CUJIBI TOKA HAa PacXojl
DJIEKTPOosHEprur Oosee MOAPOOHO PACCMOTPUM TEILIO-
Bbl€ MPOIECCHI, IPOTEKAOIIKe PU HarpeBaHUU 0OMOTKY
SIKOPST TATOBOM 3JIEKTPOMAIIUHBI BO BPEMST €€ UCITBITAHU S
C TIOCTOSTHHBIM TOKOM Harpysku. J[yist GONbUIMHCTBA Tsi-
TOBBIX 2JIEKTPOJBUTATEEH 9TEKTPONOIBUKHOTO COCTABA
UMEHHO 3Ta 00MOTKa SIBJISIETCS] JUMUTUPYIOIIEll 10 Ha-

rpesy [3].

3. Auepretnueckas 3¢pPEKTUBHOCTb HATPEBAHUSA OOMOTKI
SIKOPs

Juddepennuanpioe ypaBHeHe HarpeBaHus 0OMOT-
KW SKOPST UMeeT BUT [4]

AP dt=C, dt+B, t-dt, ¢))
rae AP, — mpuBeleHHBIE TOTEPU MOITHOCTH;
Cnp — IpUBe/IEHHAs TETJI0EMKOCTH;
B, — npuBejeHHas TEIJIOOTAAUA;

p
T — IIPEBbINIEHUE TeMHepaTypr;

t — Tekylee BpeMs.
PasmenuB seByto u npaByto yactu Bbipakenus (1) Ha
dt, moyunm ypaBHenue 6ajarca MOITHOCTEN B BUIE
dt
AP = Cnpa+ B,T. (2)
BBenem 0603HadeHUsI JIJIsT CJTaTAEMBIX TIPABOW YacTH
ypaBuenus (2):

dr

P=C_—;
c updt

Torna ypaBuenue (2) mpuMeT BUT
AP, =P +P . 3)

ITpounTerppoBaB MpaByio U JIEBYIO 4aCTH BbIPasKe-
Husg (1) mosyuyum ypasHeHue GajlaHCca TEIIOBbIX SHEPI Uil
B BUJIE

np np i

].AP dt=C, 1 +]B“prdt, 4)

rie t, — BpeMsi UCTIBITAHMUSE;
T, — [PEBbIIIEHUE TEMTIEPATYPbI HA MOMEHT BPEMEHH t, .
t\
Omnpe/esieHHBIN HHTETpaJl _[AP“pdt MIPeCTaBISET CO-
0
6Ol TIOJIHYIO TEIJIOBYIO 9HEPIUIO, BIACJUBIIYIOCS B 00-
MOTKe sikopst. Ha MOMEHT BpeMeHH t, OfHA YacTh 9TOMH
suepruu, papuas C, T, NOTpayeHa Ha MOBbIIIEHUE TeMIIe-

t

parypsl 0OMOTKH, a ApyTasi, paBHAsI B“p-[rdt , paccesina B
OKPYKaIOILyIO Cpefy. 0

IIpusesentbie oTepn MomHocTH AP~ MoryT 6biTh
npejacTaBJeHbl B Bue [4]

AP =IR, +I'Rot+k AP,

rae R, — conporuBienne 0OMOTKY SIKOPS DK TeMIIe-
paType OKpysKaloleil cpe/ibl;

0o — TeMTIepaTypHBIH K0P PUITNEHT COTPOTUBIIEHNS;

k, — koadduruent, yauTsBaommii BANUSHIE TIOTEPH
B CTAJIM Ha HArPEB OOMOTKH SIKOPST;

AP, — norepu MOIIHOCTU B CTaJIU.

B nesom morepn AP - moryT OBITH MPeJCTaBIEHD B
BHJIC

AP, =AP +AP,,

rie AP, =I'R +k AP. — sKxBUBajeHTHBIC OTECPU NPH
1=0;

AP =T'R 0T — 10N0JIHUTEbHbIE IIOTEPU, 3aBUCALIAE
OT IIPEBBILICHMS TeMIlepaTy Pbl.

Jlist ynoGeTBa BBe/ieM 0003HAYEH S J1J1s1 4JIEHOB Y PaB-
Henust (4) Gasarca TemIOBbIX SHEPTHIA:

Q,=[AP,dt;
Q.=C,t; %)

Q.= Bnp]tdt.

Torna ypasuenue (1) npumer Buj

Q,=Q.+Q,.

Ecan 1es1p10 TEnJIoBbIX MCIBITAHUE SBJAETCS HArpe-
BaHUe SKOPHOU OOMOTKM IIpU AaHHOM ToKe I u Terio-
ornaun B~ 10 mpesbllieHus TeMIepaTypbl T, 3a Bpems
t,, To sHepruss Q. — sABJsAeTCS IIOJE3HOI, TO ecTb pac-
XO/IyeMOH TOJIbKO Ha ToBBINeHHUe T. OTHOUIeHWe 3TOM



SHEPIUM K TOJIHONH aHeprun Q, Oyzer xapakTepnsoBaTh
9HEPreTnYecKyio 9GEeKTUBHOCTD UCIBITAHNS HA HATPEB.
HazoBéwm aT0 oTHOIIeHUEe K09 DUIIMEHTOM dHEpreTuye-
ckoii adpdexrusnoct k.

k — Q(‘, — QC
ab .
Qp Qc + Qn

)

Omn Oymer 1MOKa3bIBaTh, KAKasl 4acTh TEIJIOBOW dHEp-
I'UH, BBIAEJSAIONIENCS B 0OMOTKE SIKODPsI, UIET Ha TTOBbIIIE-
HUe e TeMIepaTyphl.

N Boimonenus ycnosus k,, —max npu Q= const
Heo6x0aMO cobuofenue yeaoBus Q — min .

Ha puc. 1 mpuBeieHbl KpUBble U3MEHEHUs TIPEBbIIIe-
HUSI TeMIlepaTypsl T u MomHocreit AP, P, P, Bxous-
mux B ypaBHeHue (3).

[Taomans ¢urypsr ABEO npencrasiaser coboil moJ-
HYT0 TENIOByo aHepruio Q = 3a Bpemsa t,. [laomans du-
rypol 0CE aBnserca sHeprueii Q,, koTopas paccesHa B
okpy:xkatomryto cpeay. [Tnomans urypsr ADEQ npepcras-
asteT coboif arepruio Q , KOTOpas MOIIA Ha HarpeBaHie
0 IIPEBBIMICHIIS TEMIIEPATYPLL T, .

[TpenBapuTenbHbIN aHAIN3 KPUBBIX Ha puc. 1 moka-

drt
3bIBAET, YTO C YBEJIUYEHUEM CKOPOCTU HarpeBaHUS o
npu (GUKCHPOBAHHOM 3HaueHuu T, sHeprus Q  Oyuer
YMeHBINAThCA. A, cefoBaTelbHO, C POCTOM ToKa | koad-
unment k,, Gyzaer ypeanuuparbes.

1, AP,
PP B

cxti By

AP,

R

0 4

Puc. 1. KpuBble n3MeHeHHs npeBbilleHHs TeMnepaTypbl T U
mownocren AP, P, P,

[l BO3BMOXKHOCTU TIPOBENEHUs] KOJIUYECTBEHHOTO
aHaJM3a BJIMSHUS BeJUUYMHBI TOKa | Ha pacxom aHep-
MU Ha NPOBeJEHME MCIbITAHWS HalijleM 3aBUCUMOCTH
k,, =f(I) Banamnruueckom suze no popmyue (6).

3aBUCUMOCTD ITPEBBITIIEHUS TEMIIEPATYPHI T OT BpeMe-
HM t MOKeT ObITh IIpeAcTaBjeHa B Bue [4]

T=TN(1—6_%‘), )

rjie T, — YCTAHOBHBIIEECs 3HAYEHHE IIPEBBIINICHUS
TeMIePaTy pbl;

T, — 9KBUBAJICHTHAs IOCTOSTHHASI BDEMEHU HarpeBa-
HUSL.

YeranoBuBIIEecs: MPEBBIIEHIE TEMIIEPATYPBI U 9KBH-
BAJIEHTHAS OCTOSIHHASI BDEMEHM MOTYT OBITh Hall/IeHbI B
Buze [4]:

C

T — np
’ Bup - IEROQ‘ (8)

ITpu m3BeCcTHOM 3HAUEHUM T, BpeMs HCHBITAHUA t ,
MOJKeT OBITH HaliieHo u3 hopmyrsl (7) B BUIE

T
t, =T, In—=—.
T.—T

oo 1

Haiinem Bbipaskenue nias Q,, B3sB olpele€HHbBII
HHTETrpa

Q,= Bnp}Idtz Bnpjrrm(l—ei%’)dt: B, (t.t,-7-T).(9)

[Moxcrasus Beipaskenust () u (9) st Q. u Q, co-
oTBETCTBEHHO B (opmyay (6), mocae mpeobpasoBaHuUit
MOy YnuM

(10)

Bnp o
Ornomenne —= HaligeMm u3 Boipaxenus (8) ausa T,

B BHJIE p

B
w_ 1 CAP, 1)
Cnp T:J Cnp

Otnomenue AP,/C, MoxeT ObITh Hail/IeHO U3 aHAIH-
3a ypaBHeHus (2) Oasanca MOIIHOCTeHl 17151 MOMEHTA Bpe-
Menn t=0. /{79 5TOoro MOMeHTa BPEMEHH CIPABE/INBEI
BBIPaKEHHS:

Torna Boipaskerue (2) MOKHO 3aluCcaTh B BUjIE

dt

APnp = Cnp E

t=0
dt
IIponsBonnas I B MOMEHT BpemeHu t=0 Moxer

ObITH HalieHa u3 Boipakenus (7) Kax
drf _1.
dtlo T,
Torza cipaBefBO PAaBEHCTBO

C.T.
AP =—2—=
T

E)

T

CiiejoBaTeIbHO, OTHOIIEHNE AP:,/CHP MOXKET ObITb
HaM/IeHo B BUIE




[Tocsie coOTBETCTBYIONNX TTPe0OpasoBaHmil BbIpaKe-
Hue (11) MoxkeT ObITh 3aIIMCAHO KaK

B 1+1_o
LA L 12
C T (12)

p

[Iyrém moxcranoBku (12) B BeIpaskenme (10) mocue
1peobpasoBaHmil MOJIYUYUM

k. = T
T (t+o(rt,-TT))

Benuwuuna, obparnas k_, , npexacrasiaser coOoil oT-

HoOmIeHune

ad

KOTOPOE TTOKa3bIBAET BO CKOJIBKO Pa3 MOJIHAS 9HEPTUS TI0-
TEePb B SIKOPE TATOBOTO 3JIEKTPOJIBUTATEJIS [IPH €TI0 UCTIBITAHNN
GOJTbIIIe SHEPTHH, 3ATPAYCHHOIT Ha HATPeBaHNE 0OMOTKH SIKOPSI.

B Tabsn. 1 npuBeseHbl pe3yJbTarTbl pacuyéra 3aBUCHU-
MocTeilt t = (1), kacp =f(I) u 1/k3¢ =f(1), MOy YeHHBIE
st tarosoro asektponsuratens HB-406 ¢ wmcnonbso-
BaHUEM TEIJIOBBIX XapaKTEPUCTUK €ro OOMOTKHU SIKOPs
(t,=120°C) [3].

Ta6bnuuya 1
1A 380 440 485 530 600
¢ 56,5 289 20,4 149 | 104
» MUH
k., 0,43 0,57 063 | 067 07
1/k,, 2,32 1,75 1,59 1,5 1,42

3. BoiBo1bI

W3 tabu. 1 BUAHO, 4TO [IPU MCIBITAHKUSAX HA HAIPeBa-
nue tsarosoro auratesns HB-406 ¢ cumoii Toka narpyskn,
6,1u3K0il K mycKoBoMY 3HaueHHUto (485 A), cymmapHbie
IIOTEepPH HHEPTUNU B SIKOPE NMOUTH B IIOJITOPA Pa3a HILKe, YeM
npu vacoBoM pexkume (380 A). IIpu aToM BpeMst TeNIOBBIX
UCIIBITAHUN YyMEHBIIAETCS OYTH B TP pasa. Heobxoaumo
OTMETHTb, YTO HJEKTPUUECKUE TOTEPHU B IPYTUX 0OMOTKAX
HCIBITYEMOH 3JICKTPOMAIIMHBL 1IPU YBEJUYCHUN MCIIbI-
TATEJIbHOTO 3HAUEHUS TOKA CHIKAIOTCS HEe B MEHBIIEH
CTENEeHH, YeM TI0TEPH B INMUTHPY 01N 0OMOTKE. [[atHble
BBIBO/IbI OY/AyT CHPABEAJUBBI U JJIsI APYTUX TUIIOB TSTO-
BBIX 2JIEKTPOJIBUTATEJIEN TATOBOTO MOJBUKHOTO COCTABA.
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Abstract

The research concerns railway transport and devoted to the analysis of heating processes during the testing
of the heating of dynamoelectric machines of rolling stock. The aim of the research is the decrease of power
consumption forthe after-repair acceptable tests of dynamoelectric machines by optimization of loading conditions.
The estimation method of power efficiency of heating tests with the help of the index is suggested in the work. It
represents the power relation, expended for the temperature increase of armature coil of electric machine, and
the relation to the full loss in armature during the testing. The result of the differential equation of armature coil
heating was the analytical formula for determination of the coefficient of the heating power efficiency according
to the thermal parameters of the tested electric machine. To decrease the total power expenditure it was suggested
to hold the test at load current higher than the watch value. It was shown that the increase of load current of tested
electric machines to starting value helps to decrease total costs in their armatures almost one and a half time in

comparison with the watch mode

Keywords: traction dynamoelectric machine, tests, heating, temperature excess, heat capacity, heat irradiation,

power efficiency



