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AHAJIA3 DHEPTO3ATPAT HA OXJIA’KIEHUE TSTOBBIX
JIBUTATEJIEN TEILJIOBO3A C TIOMOIILIO TEIJIOBOM
MOJIEJIN

IlpoBenen aHanmu3 SHepro3aTpaT Ha OXJIXKACHHE TATOBBIX IBUTATeNled TEIUIOBO3a C
TIOMOIIBIO TEIUIOBOH MOJIEINH C y4eTOM YCJIOBHH IKCIUTyaTanuu. Ha ocHOBe aHanm3a ompeeneHsl
9HEPro3aTpaThl I pAa3IMYHBIX CHCTEM OXJIAXKIEHUS TATOBBIX JBHrateneil. IlomyueHHbIe
pE3yNbTaThl IO3BOJIIIOT pa3paboTaTh AITOPHTM (YHKIMOHHPOBAHHS CHCTEMBI YIPABICHUS
oxnaxkgenueM. Un.: 2. Tabun.: 1. bubmuorp.: 9 Ha3B.

KiroueBble cJI0Ba: 3HEPro3aTpaThl, TATOBBIH IBHIaTelb, TEIUIOBas MOEIb, CHCTEMa
OXJTKICHUS.

IHocranoBka mnpoOJjembl. B Hacrosiiee Bpems, Korza OCTpO BCTall
BOpoc 00 DHKOHOMHH JHEPrOHOCHTENEH, aKTUBHUPOBAHBI pabOTHI IO
TOBBINICHIIO JKOHOMHUYECKOH 3(dekTuBHOCTH TemioBo3oB. OmHUM U3
HaNpaBJICHUH TIOBBIMICHUS HSKOHOMHYECKOH 3()()EKTHBHOCTH  SBISAETCA
ONTHMU3AIMsI Pa0OTHl BCIIOMOTATEIBHBIX CHCTEM, KOTOpblE 00ECHEYHBAIOT
paboTy cuiaoBOro 00OpYyJIOBaHUS B 3aJaHHBIX peXHMax. B JaHHOW cTaThe
paccMaTpuBaeTCs BOIPOC TOBBINICHHS JKOHOMHUYECKOW 3(h(HEKTUBHOCTH
terioBo3a 219116 3a cueT CHHIKEHHUS IHEPro3aTpar Ha OXJIAKACHHE TATOBBIX
npurateneii  (TZ). B ocHOBY  pabGOTBI  MOJNIOKEHBI  PE3yJIbTATHI
MaTeMaTHYeCKOr0  MOJEIMPOBAHMS CHCTEMBI OXJIXKACHHS W  JaHHBIE
IKCIUTyaTaIum.

Ananu3  gurepatypsl. [IpobnemamMm  WCCeIOBaHUS — TEIUIOBBIX
MPOIIECCOB B TATOBBIX AIIEKTPHUYSCKUX MAIIMHHBIX 3aHUMAlUCh MHOTHE
yuenble, B ToM umcne. AunekceeB A.E., Kocmomammanckuii A.C.,
Hekpacos O.A., Llepbakos B.B., Skosmes AWM. u ap. [1 — 9]. Drumnu
Y4EHBIMH HCCIIEOBaHbI U MPEII0KEHBI METO/IbI aHATIM3a U PacyeTa TeIJIOBOTO
COCTOSTHUSI DJIEMEHTOB U BCEH KOHCTPYKIIMHU DJEKTPUUECKON MAaIUHBI KaK B
YCTaHOBHBIIIMXCS, TaK U B MEPEXOJHBIX PEKUMAx paboThl. B TO ke Bpems,
WCIONb30BAaHWE JTUX METOJOB Ha peaJbHOM OOBEKTEe CBSA3aHO C
OTIpeNIeNIEHHBIMH TPYIHOCTSIMH, ITOTOMY aBTOpaMH pa3padoTaHa yIpOIICHHAS
TEIUIOBasi MOJIENb, YYHWTHIBAIOIAs OCHOBHBIE Xapakrtepuctuku TJ u wux
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YCJIOBUA OKCILTyaTalliu, YTO IMO3BOJIACT MNPOU3BOJUTL aHAJIU3 3HEPro3arpar
Ha OXJIAXKJICHHE TATOBBIX JBUraTelIeii TEIIOBO3a.

Henab craTbum — CpaBHUTEIBHBIA aHAIW3 DHEPro3arpaT Ha OXJIAXKIACHHE
TATOBBIX JABUTATElCH TEIIOBO3a C UCIIOIF30BAaHIEM Pa3padOTaHHOU TETIIOBOH
MOJIEJIH.

Onucanve TeENJIOBOH MOAEJM TSArOBOro ABUIraTes sl TemjioBo3a. B
OCHOBY TEIUIOBOM MOJIeN cucTeMbl oxmaxaenuss T termoosza 2173116
MOJIO)KEHA TEOpHUsSl HAarpeBaHUsl JJIEKTPUUYECKHX MAlIWH, KOTOpas, B CBOIO
ouepenb, Oa3uWpyeTCss HA OCHOBHBIX MPHHIMIAX TEOPUH HArpeBaHUs
OJTHOPOJIHOTO TBepAOTro Tena [1].

TemsoBast oHeprusi, Bbigensiemass 1/J], oOyciioBieHa pa3iIUYHBIMH
MOTEPSIMU U BBI3bIBAET HArpeBaHWEe uacTedl nBuratenia. VIHTEHCHBHOCTh
HarpeBaHusi T/l 3aBHCHUT OT KOJMYECTBA BBIIEISEMON TEIIOBOM HHEPrUM 3a
€IUHUIY BPEMEHHU, U XapaKTEpU3YETCs MOIIHOCTBIO TEIIOBOrO IMOTOKAa M
TEMJI0EMKOCTBI0. MOILTHOCTh TEMJIOBOI0 NOTOKA IPONOPLUUOHAIbHA MOLIHOCTH
IBUTaTeNs1. THTEeHCHBHOCTB TEIDIOOTAadN 00YCJIOBJIEHA TEIUIOIPOBOIHOCTEIO
caMOro JIBUraTellss M OKpyXalolled cpeapl, TelIopacCceuBaIOUIUMHU
CHOCOOHOCTSIMH €T0 TIOBEPXHOCTH, & TaKKe CKOPOCTHIO JIBIKCHHS TEIUIOBO3A.
3a cuer TeruioeMkocTH TJI ¥ HE3HAUYMTENILHOW JIOJU MACCUBHOTO OXJIAXKICHUS
TeMmreparypa oOMOTOK u kKopryca TJ[ MOXeT CYIIECTBEHHO MOBBIIIATHCS, YTO
MOXeT mnpuBecTH K Bbixogxy u3 ctpos TJI. Kak mpaBumo, Temmeparypa
OKpy)Karwlieil cpenbl Huke Temmneparypsl T/, onxHako Temyioornaya,
00yCJIOBJICHHAS MPOIIECCAMH JTyYCHCITYCKAHUS U KOHBEKIUH, B MOJIHOW Mepe
Oyzet > peKTHBHA TONBKO MPH HATHYINH MPHHYAUTEIEHOTO OXJIAXKACHUS, KaK
3TO PEAIM30BAHO B CYLIECTBYIOLIUX KOHCTPYKIUIX TEIUIOBO30B.

B paspaboranHOil MaremMaTHYecKOH MOIENH OBUIO HCIOIB30BAaHO
ypaBHEHHE TEILIOBOTO OayiaHca

Adt = Cdt + Bt dt. (1)

JleBast wacTh TpeACTaBIsET COOOH TEIJIOBYIO SHEPrHIO, KOTOpas
BBIJICTISICTCS JIBUTATENIEM 32 OECKOHEYHO Malbli MPOMEKYTOK Bpemenu dt.
TemnoBoil MOTOK A TpencTaBiseT coOOW MOITHOCTh TOTEPh B OTAEITHHBIX
yactax gpuratens AP, B u C — COOTBETCTBEHHO TEILIOOTAAYa MU
TerutoeMKocTh T/1; t — mpeBBIIeHne TeMIepaTypsl.

CprKTypHaﬂ CXeMa MOJCIIH TATOBOT'O ABUIaTCIId MIPUBEACHA HA pHC. 1.

OnpeneneHne 3KOHOMHMHM JHepro3arpar. OKOHOMHS TOIUIMBA IIpH
UCTIONIb30BAaHUN CHCTEMBI PeryIHpyeMoro oxiaxaeHus TJ1 onpenensuiach Kak
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Pa3HOCTh MEXAY pacxo/ioM TOIIMBA Ha oxynaxjaeHue TJ[ and ciydast mratHou
cxemsl (Q,,, ) ¥ aHATM3UPYEMOi (Qp):

DQ =Quy - Q- )

CyTOuHBIi pacxoJl TOIJIMBAa ObUI MOJIYYEH MO JaHHBIM JKCILUTyaTalluu
TerioBo30B Nel — Ne3 2T3116 B aemo. B skcrutyaraiuu 105151 X0JI0CTOrO X0/
1 paboTHI An3eNs Ha HIBIMUX mo3unusax KM 1ocTaTodHo BenHKa, MOITOMY IS
OOBEKTHBHOTO aHAllM3a CHCTEMBI PETYIHPYEMOTO OXJIAXISHHs ObuIH
OTpeNeNIeHbl  MapaMeTpsl  CYTOYHOTO pacxoja TOIUIMBAa Ui CiIydas
PaBHOMEPHOTO HCIOJB30BAaHUS MOIIHOCTA JU3eNd M0 mo3ummsiM KM
(rermoBo3 Ne 4). Pacuer MOIIHOCTH, MOTPEOJIIEMOH IITATHOW CHCTEMOM
OXJIKIEHUsSI 110 TO3UIUAM KOHTpojiepa MamuaucTa (KM) nmpousBoguiics mo

bopmye:

.3

g O
Pi = PH(‘;_I _ ' (3)

nH ﬂ
rane; P — MomHocTth, mnoTpebisiemas cucteMoil Ha i-ii mosmmumn KM
(i =0, 15); P, — momHocTh, moTpednsieMas cucreMoil Ha 15-if mosuimm

KM; nj u h, —06opoTsl qu3ens Ha i-it u 15-i nosurusx KM coOTBETCTBEHHO.

A AP
_’
Pacuer TemoBoro o
P »
DHepreruyeckas » MOTOKA
MOJIENb Pacuer
TEIIOBO3a c TIPEBEIIICHUS
Pacuer p| TCMIIEPATYpbI T
TEIJI0EMKOCTH >
v

» Pacuer B

T ’_> TEII00T/AaYH ’

Puc. 1. CtpykTypHas cxemMa MallUHHOW MOJIETH CHCTEMbI oxJiaxaeHus T/]

CyMMapHBIIT  CyTOUHBIH pacxoJl TOIUIMBAa JU3€IeM M  PacxXon,
OpUXOJSIMCA Ha oxiaxaenue TJI BeimonHsuics o dopmynam (4) u (5),
COOTBETCTBEHHO:
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Qn:a. P;[itiq; (4)

Qu=a R ta, 5)

riue Pﬂi — MOIIHOCTB Au3ens Ha i-if mosuuuu KM; t; — Bpemst paboTsl ansens

Ha i-#f nosutuu KM; q — yaenbasiii pacxon torumsa (210 r/kBru).

W3 mpencraBneHHBIX (opMyn, moTpedisieMas MOITHOCTH M Pacxon
TOIUIMBA INTATHOW CHUCTEMOM oxnaxkaeHus TJI 3aBHUCAT TOJIBKO OT YacTOTHI
BpaIlleHUs N3N W HUKAK HE CBSI3aHBI C €r0 TEIIOBBIM COCTOSHHEM, T.C.
Harpy3koi, TeMIIEpaTypod OKpYXKAaloLIE cpeapl U Jp., YTO IMPUBOAUT K
HEOoTNpaBJaHHOMY MEPEPACXOy TOILIHBA.

HccnenoBanusi, IpoBeICHHBIC HA pa3paboTaHHOM TemioBoit momaenu T/I,
MOKa3aJik, 4To TerioBas nocrosiuuas T/l paBHa, npumepHo, 40 MuH., a Bpems
Harpesa ero 10 85 °C cocrasisier 120 muH.

Tennosoe cocrossuue TJI 3aBUCUT HE TOJIBKO OT HArpy3ku, HO U OT
TEeMIIepaTypsl OKpyXKaromei cpensl. IloaTomy, mpeaBapuUTENBHO, MOXKHO
CYMTATh, YTO Ha HU3KHUX Mo3uIusax KM cucrema oxnaxmenus T MOXeT OBITh
oTkioueHa (nnbO BKIIIOYATHCS KPATKOBPEMEHHO), Ha 0ojee BBICOKHX
MO3HIHUAX, C YUeTOM TeruioBoi moctossHHOW TJI, ee pabora MoxeT OBITH
COKpaIleHa 1o BpeMeHu, MuHUMyM Ha 20%.

CyTOUHBIH pacxol TOIJIMBA AWU3EJIEM, IUTATHOW CHUCTEMOM OXJIaXAECHUS
cekuuu TteruoBoza 2TE116 w mnpemmaraemoil Juist €ro MOJAEpHHU3ALNHU
CHUCTEMOU PEryJIMpyeMOro OXJIaXK ICHsI, IPUBEICHBI B Ta0OIHIIE.

Tabnuia

CyTOuHBII pacxoj TOIUTHBA

TemmoBo3
CyTO4HBIH Pacxo TOILIMBA, KT
Nel Ne2 Ne3 Ned
O6wmi 2648,21 | 2061,52 | 2517,07 | 4935,73
Co mTaTHON CUCTEMOM OXJIaXKICHUS 27,68 21,8 24,68 | 123,26
C mpeziaraemMoit CHCTEMOH OXJIaXKICHHUS 11,39 8,83 10,45 87,2
DKOHOMHS TOIUIMBA 16,29 12,97 14,23 36,04
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Ilpu mepecuere pacxofga TOILIMBA 3a TOJ U CTOMMOCTH AU3EIBHOIO
torumBa 10,00 rpH. 3a 1 kr, 3aTparhl Ha NPUOOPETEHUE TOIUIMBA MOT'YT OBITh
ymenbiieHs! ot 40,0 Teic. rpH. 10 120,0 ThIC. IpH. Ha CEKIHMIO.

BoiBoabl. B pesynbrare HpOBEACHHOTrO aHaiM3a C KCHOJIb30BAHUEM
TEIUIOBOW MOJIENIU TATOBOTO JIBUTATEJNsl ONpEeSicHa SKOHOMHUS TOILIMBA IS
ciydas TPHUMEHEHHs CHCTeMbl peryiupyemoro oxnaxiaenuss TJ s
pa3IMYHBIX YCIOBUH JKCIUTyaTallid TeruioBo3a, koropas cocrasisier ot 40.0
1o 120.0 TeIC. TPH. Ha CEKITUIO B TOJ.
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AHaJIi3 eHeproBUTPAT Ha OXOJIOKEHHS TArOBOI0 ABHUIYHA TEIUIOBO3Y 32 0NOMOIOI0
temaoBoi moxeri / Hockos B.I., 3anonoBesknii MLH., Jlimuancekuit M.B. // Bicaux HTY
"XTII". Cepist: Indopmaruka ta MozemtoBannst. — Xapkis: HTY "XIII". — 2013. — Ne 19 (992). —
C.128-133.

IlpoBeneHO aHa3 EHEProOBHTPAT HA OXOJOKCHHS TATOBHUX [BUTYHIB TEIUIOBO3a 3a
JIOTIOMOTOI0 TEIUIOBOI MOJIEINI 3 ypaxyBaHHSIM yMOB ekcrutyataiii. Ha ocHOBI aHaji3y BH3HA4YE€HO
CHEPrOBUTPATH I PIi3HUX CUCTEM OXOJO/DKCHHS TArOBUX JBUrYHIiB. OTpuMaHi pe3ynmbraTi
JIO3BOJISIIOTH PO3POOUTH aJITOPUTM (YHKITIOHYBAHHSI CUCTEMH YIIPaBIiHHS OXOJODKSHHAM. .. 2.
Tabm.: 1. Bi6miorp.: 9 Hass.

KirouoBi cjioBa: eHEproBuTpaTd, TATOBUH JIBUTYH, TEIUIOBa MOJENb, CHCTEMaA
OXOJIOJIKCHHSI.

UDC 629.42
Analysis of energy consumption for cooling traction engine locomotive with thermal
model / Noskov V.l., Zapolovskiy N.I., Lipchanskiy M.V. // Herad of the National Technical
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University "KhPI". Subject issue: Information Science and Modelling. — Kharkov: NTU "KhPI". —
2013. — Ne 19 (992). —P. 128—-133.

The analysis of energy consumption for cooling the locomotive traction motors with
thermal model taking into account the conditions of use. Based on the analysis, the power
consumption for any cooling of traction motors. The obtained results alow us to develop an
algorithm management system cooling. Figs.: 2. Tabl.: 1. Refs.: 9titles.

K eywords: power consumption, drive motor, the therma model, the cooling system.
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