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MOJAEJIUPOBAHUE HECTAIIUOHAPHBIX PEXKUMOB
INEPCIHEKTUBHOI'O MATUCTPAJIBHOI'O TEIIVIOBO3A

BukoHaHO KOMITIOTEpHE MOJIETIOBAHHS €JIEKTPOMEXaHIYHOI CHCTEMHU MaricTpaibHoro TertoBo3a 2TDO25K 3 iH-

JIUBIAyallbHUM PETyIIOBaHHIM OCEH, IPUBEIEH] pe3yIbTaTh PO3PaXyHKy PEKUMIB OyKCyBaHHS

BBINOTHEHO KOMIBIOTEPHOE MOJEIUPOBAHME 3IEKTPOMEXAHUYECKOH CHCTEMBl MaricCTPalbHOIO TEIIOBO3a
2T325K ¢ MHAMBUAYaIbHBIM PETryJIMPOBaHUEM OCEH, IPUBEICHBI PE3YJIbTAaThl pacueTa PeKUMOB OYKCOBaHHS.

The computer modeling of trunk diesel locomotive 2TE25K electromechanical system with separately axle regu-
lation is carry out, results of skidding modes calculation are present.

Poccuiickuii T0KOMOTHBHBIN TapK TpeOyeT Ka-
YECTBEHHOTO M KOJIMYECTBEHHOTO OOHOBJICHHUS.
Pa3pabarbiBacMble HOBBIE MAarucTpajbHblE U Ma-
HEBPOBBIE TEIUIOBO3bI JOJKHBI MMETh YITy4YIlIeH-
Hble TATOBBIE KadecTBa. [lOBBIICHHE TATOBBIX
CBOWCTB TpeOyeT peanu3aluu IpelesbHbIX TArO-
BBIX YCHJIMH JUIsl BCEX OCEH JIOKOMOTHBA. J[Buxke-
HUE Ha Mpejene Mo CUEIUICHUI0 KaXA0H OcH Joc-
TUTAETCS NPU MHIUBUAYAIBHOM YIPABICHUH MpPH-
BOJIOM OC€H 3a cueT (JOPMHUPOBAHUS TATOBBIX Xa-
PakTEepUCTHK C PEryJIupyeMoH  KECTKOCTBIO.
IIpoexTupoBaHuE HOBBIX MarucTPajIbHBIX MallluH
2TD25K ¢ TpaAMIIMOHHBIMU TATOBBIMHU JIBUTaTe-
nsamu noctosinHoro Toka (AIIT) SAY 133 u unau-
BUAYaIbHBIM (TIOOCHBIM) PpEryJUpOBaHUEM, IIO-
BBIIIAIONINM  KECTKOCTh  3JIEKTPOMEXAHUYECKHX
XapaKTEepPUCTUK JBHUTaTeNell IOCIIe0BaTENHHOTO
BO30YXK/ICHUS TNPU OYKCOBaHHHM, [ICJIaCT BEChMa
aKTyaJlbHBIM HCCJICJIOBAHUE BIMSHUSA JJIEKTpUYE-
CKOM M MEXaHMYECKOH MOJCHCTEM MarucTpaabHO-
rO TEIJIOBO3a Ha PeaHn3alyio MPEeAETbHBIX TATO-
BBIX YCHJIMH.

s ananuza HECTAIIMOHAPHBIX PEXKHUMOB pas-
paboTaHa SIEKTPOMEXaHHUYECKass MOJIEIh MarucT-
payibHOTO TeryoBo3a. MojenrpoBanne MexXaHude-
CKOW TIOJCHCTEMBI BBITIOJTHEHO B MPOTPaMMHOM
komiiekce (IIK) «YHuBepcanabHBI MEXaHU3MY
(UM) [1]. PacueTHas cxemMa MeXaHUYECKOW YaCTH
COCTaBJICHA C HCIIOJIb30BAaHUEM TIOJICUCTEM (KO-
JICCHO-MOTOPHBIN OJIOK, TEJEKKA W.T.JI.) U BKIIO-
yaer 85-90 cremneneii ¢cBoOOIBl. Moenpb 03BOJIS-
€T MPOM3BOANTH PACUYETHI C YIETOM AHHAMHUYECKO-
ro mepepacmpeneseHus] Harpy30K Mo OCSIM TEIUIO-
BO32 B HOPMAJIBFHBIX M HECTAIIMOHAPHBIX PEKHUMAX
TSITU JUISl Pa3IMYHBIX KOHCTPYKIMM X0J0BOM Yac-
Tu. TermoBo3 2TD25K nmeeT TpexocHbIE TEIEKKU
C OTMIOPHO-OCEBBIM IOJIBEIIMBAHUEM TSTOBBIX JIBH-
rarenei. J{7s OIEHKH TATOBBIX KauecTB TEIUIOBO3a
MIPU  Pa3TUYHBIX KOHCTPYKIUSAX XOJIOBOM HYacTH
pPacCMOTpPEHBI BapUaHTHI HKUIAXKaA C CCPUMHOU Te-
nexkoil TemnoBo3a 2T2116 u TenexkaMu ¢ AByX-
CTYTIEHYaThIM pPECCOPHBIM TOABEIINBAHUEM: C
HU3KO ONYIIEHHBIM IIKBOpHEM (puc. 1) mwin Ha-
KIIOHHBIMH TSATaMH.
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Puc. 1. Monenb moacucreMsl «reiiexxka» B 11K UM
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Mogenb 3IeKTpUYECKOW YacTH BKIIIOYAET MO-
JIeN KOHTPOJUIEpa MAIIMHKCTA; TATOBOTO arpera-
Ta; mectu HIIT ¢ yueToM BHXPEBBIX TOKOB; CHC-
TeMBl aBTOMaTHueckoro perynupoBanus (CAP), B
TOM YHUCJIE CHUCTEMBI IMOOCHOTO PEryJIHpPOBAHUS.
MoaenupoBaHue 3IEKTPUUECKON YACTH BBIMIOJIHS-
JIOCh B JIByX BapuaHTax: C UCIOJIb30BAaHHEM IIPO-
TpaMMBl pacueTa 3JIEKTPOMEXaHHYECKUX Mpoliec-

COB B TATOBBIX 3JEKTPONPUBOJAX JIOKOMOTHBOB
NpY  HECTAIMOHAPHBIX M aBAPUUHBIX PEXKHMaX
(ITPDIT) [2], pa3pabortanHoii B cpenae Delphi, u ¢
npumenenueM [1K MatLab/Simulink.

MopenupyeMasi IPUHIUHAATBHAS CXeMa CHJIIO-
BOM 3JIEKTPUYECKOM YacTH TEIJIOBO3a MpHUBEJCHA
Ha puc. 2.
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Puc. 2. CumnoBas snekTprudeckas cxema TeIUIoBO3a ¢ HHIUBHULYaJIbHBIM PETyIUpOBaHUEM Oceil

[Ipu ucnonszoBannu MatLab moxenupoBaHue
JU3eNb-TeHEepaTOPHOH yCTaHOBKM TEIUIOBO3a U
CHCTEMBI YIPaBJICHUS IBUTaTEISIMU BBIIOIHACTCS
Ha OCHOBE IPUBEIEHHUS AUHAMHYECKHX IIPOLIECCOB
B CUHXPOHHOM reHepatope I (puc. 2) u BbIIpsAMU-
TenbHBIX ycTaHoBkax (BY1-BY6) k 3Beny mocro-
STHHOTO TOKa (K BBIXOIY TATOBOTO MOIyJst). Jlmst
Ka)XI0M Mo3uuu KoHTposuiepa Mammancta (KM)
3a7aeTcsl BEIMYMHA MOIIHOCTY Au3ens Py, npuse-
JeHHAas K 3BEHy IMOCTOsiHHOro Ttoka. [lpum mepe-
KJIFOUEHHUH TO3ULMHA KOHTPOJUIEpa HHEPLIUOHHOCTb
MIPOIIECCOB B JU3€JI€ YUYUTHIBAETCS BBEJIECHUEM
MHEPLMOHHOTO 3BeHa IepBoro mnopsaka. [lanee
(bopMHPYIOTCSI BHELIIHUE XapaKTEPUCTHKHU Ie€HEpa-
TOpa, MPUBEACHHBIE K 3B€HY IIOCTOSTHHOTO TOKa, 110
YpaBHEHUSIM

1

Uy Zkl(lorp -2 1, )+FI(I°FP _ZIMn) dt,
1

ecmu (U, -ZIM”)<1 Py unave Uy, =

eclu Ud3 2 Ud max; TO Ud3 = Ud maxi;

1
2

rae Py — MOIMHOCTD qu3ens Ha i-i mosunun KM
(i=1...15), mpuBeneHHass K 3BEHY IOCTOSHHOTO
ToKa; Uy — 3aJjaHHOE BBIXOJHOE HANPSHKEHHE Te-

Pri
DL, (1)

Heparopa, MPUBEAECHHOE K 3BEHY MOCTOSHHOIO TO-
Ka; k; — K09)HUIHEHT yCcruiIeHus] TPOIOPLIUOHAIb-
Ho-uHTerpansHoro perymnstopa (IIW-perymsropa);
T; — nocrosiaHas Bpemenu IIM-perymnaropa; o, —
OTpaHUYCHHE IO TOKY Ha 3aJaHHON mo3uruu KM;
I,, — TOK JBUTaTens n-d OCH CEKIHUM TENI0BO3a

My
(n=1...6); U; — BBIXOIHOE HaIpsDKEHUE TeHepa-
TOpa, TPUBEJCHHOE K 3BEHY IOCTOSHHOTO TOKa;
T, — mocTOsIHHAsg BPEMEHU LIETIH T'€HepaTopa.

B cucreme (1) mepBoe ypaBHEHHE OTpa)kaetr
paboTy AIIEKTPOIPHBOJA B 30HE OTPAaHUYEHUS IO
TOKY (0 BBIXOJAa Ha 3aJaHHYIO JUII COOTBETCT-
Bytoriei no3unuu KM MOIIHOCTB), BTOPOE - COOT-
BETCTBYeT paboTe TEIIOBO3a NpPU IOCTOSHCTBE
MOIIHOCTH, TPEThEe — OMHCHIBAET PadOTy B 30HE
OTPaHUYCHHUS IO HANpsKEHU0. YeTBepToe ypas-
HeHHe cucTembl (1) ydYWTBHIBa€T WHEPIMOHHOCTh
MPOIIECCOB B CHCTEME aBTOMAaTHYECKOTO pEryIr-
posanus (CAP) reneparopa.

IIpu HOpManbHBIX YCIOBHSAX CLEIJICHUS Ha-
npsoxenue Uy, BBIYMCIEHHOE B cOOTBETCTBUM C (1),
MTO/IaeTCsl HeMTOCPEACTBEHHO HA MHEPIIMOHHOE 3Be-
HO NEpPBOTO MOPSAKA, BKIIOYEHHOE Mepes] KaXKabIM
JBUraTeJeM M YUYHUTHIBAIOIIEE TUHAMUYECKUE MPO-
[IECCHI B BBINIPSIMHUTEIIE, U JIAJiee - HA TATOBBIC JIBU-
rarenu. CrnemoBatensHo, HanpsokeHue Uy, nayiee
Ha HeOYKCYIOIIUil BUTaTesb, paBHo U, .

[Ipu yBenn4eHUH CKOPOCTH MPOCKAIb3bIBAHMS
KOJIEC BBINIE€ 3aJaHHOTO TIOPOTOBOTO 3HAUEHUS
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cpabarbiBaeT 3amIuTa OT OYKCOBAHUSI W HarpshKe-
HHE, TI01aBaéMO€e Ha 3BEHO, YUMTHIBAIOIIEEe HHEPILIH-
OHHOCTb BBIIPSIMUTENSA U IIOJBOAMMOE Jajiee K OyK-
CYIOLIEMY JBHUIaTEII0, PETYIUPYETCS MO 3aKOHY [3]

Ugo = Ugon — klb “AV,— kZb t Ay, (2)

rae Uy, — HampsbkeHue Ha OYKCYIOIeM JIBHUTaTelle;
Uy, — HampsbkeHHe Ha OYKCYIOIIEM JIBUTAaTelie B
MOMEHT, TpeAlIeCTBYIOIMA OykcoBaHUIO; kj, —
Kod(h(PUIHMEHT YCHIIEHUS 10 Pa3HOCTH CKOPOCTEH;
AV,=V,—V,— pa3HOCTb MEXIY JIUHEHHON CKOPO-
cThio 000112 Koeca Oykcytoriei ocu (V,) u ckopo-
cThio JokoMoTuBa (V,); a, — yckopenue oboa Ko-
nieca OyKCyrolie ocH; ky, — KOAQQHUIMESHT yCuie-
HUS TI0 YCKOPEHUIO.
Uccnenoanca Takke BapuaHT yIpaBiie-

Hus, Korna B Gpopmyny (2) BMecTo BenmndauHBI Uy,
MOJCTABISLIOCH HampshkeHne Uy, BEIYMCIEHHOE I10
BeIpaxenuto (1). Koadbdunumentsr k;, u kyp, Henu-
HelHo 3aBucsune or AV, u a,, 3a0ar0Tcsa Ta0IM4-
HO C MHTEPHOJALUEN NMPOMEXKYTOUHBIX 3HAYCHMIA,
WX BEIMYMHA TTOAOWPAETCs IPU MOJIEIIMPOBAaHUH.

J1 yTOUHeHHS MOAENN ABUTATEIS TTOCIIEA0Ba-
TEJILHOT'O BO30Y)KICHHUSI B HOPMAIIbHBIX, 1 0COOEH-
HO B aBapUIHBIX W HECTAIIMOHAPHBIX PEXKIMAX
CIIEAyeT, yYeCTh BIHUSHUEC BUXPEBBIX TOKOB, HABO-
JIUMBIX B MarHUTOIPOBO/IE TIPY U3MEHEHHUH TTOTOKA
neurarens. [Ipy MomenmpoBaHuy TSATOBOTO JIBUTA-
TeJIs C Y4eTOM BUXPEBBIX TOKOB B JaHHOW padoTe
MPUMEHEH YIPOLIEHHBIA noaxon [4, 5], mpu Koto-
POM pealbHBIH KOHTYp BUXPEBBIX TOKOB 3aMEHSIOT
(PUKTUBHBIM (C YHCIIOM BUTKOB W) M CONpPOTHBIIE-
HUEM R)), pacIoNoXeHHbIM 10 TIPOIOIBHON ocH [
0000mIeHHON MamuHbl (pUC. 3), U CBSI3aHHBIM C
noTokoM @ 1Mo AaHHOH ocu Kod(PuIUeHTOM CBSI-
3W, paBHBIM enuHHUIE. [Ipy 3TOM B (PUKTHBHOM
KOHTYpe TeueT TOK /), OOMOTKH SIKOpsi U BO30YXK-
JISHWsI TBUTATENsl OOTEKAOTCSI OMHUM W TEeM JKe
TokoM [, (ocmabiieHre TIOJISI B TAaHHOM CiIydae He
yuuThIBaeTcs). B 1enp sAKops BXOIAT cyMMapHas
WHAYKTUBHOCTb L, ¥ CyMMapHOE COIpPOTHBIICHUE
R,, BKIIIOYAIOIIE WHIYKTUBHOCTH M CONPOTHBIIE-
HUSI OOMOTOK SIKOPSI, JOTIOJTHUTENLHBIX TTOJIIOCOB
KOMIIEHCAIIHOHHON COOTBETCTBEHHO; COOCTBEHHAs
WHIyKTHBHOCTH OOMOTKHM BO30YKIeHUS L,; compo-
TUBJICHHE OOMOTKH BO30YXHeHUs R, W MPOTUBO-
O/IC nBurarens E,. Cucrema ypaBHEHUH IBUTATE-
TSl B HETIOABHXKHBIX OCSIX O, [3 MMeeT BUJ

dl, ary =

- (L, +LB(I“))+7LH =
=U~I,(R,+R)~c- &) 0 3)
dl dl',

i 4= =_['.R'

da @ r 070
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rne [, =1,+1') — TOK HaMarHMYMBAaHWS],
' WO ~ -

I'y =1,— — BUXpEBOH TOK, MPUBEACHHBIN K 00-
0="1o

WB

MOTKE BO30YXKJeHHusA; W, — 4nClI0 BUTKOB OOMOT-
2

WB
2
0

COIPOTHBJICHHE KOHTYPa BUXPEBBIX TOKOB; Ly (/) —

KU BO30yxknaeHus; R';=—2-R, — IpHUBEIEHHOE

WHAYKTUBHOCTh OOMOTKH BO30Y)KIEHHS, paccuu-
ThIBaéMass Ha OCHOBE KpHBOW HaMarHUYMBaHUS;
L, =L,(1,)-L; [IpUBEJICHHAsT B3aUMHas WH-

IYKTUBHOCTb OOMOTKH BO30YXIEHHS M KOHTypa
BUXPEBBIX TOKOB; L, — MHAYKTUBHOCTb PacCesHUs

TIIABHBIX TIOMIOCOB; D([,) — MarHUTHBIN IOTOK

JIBUTATEJSI, ONpEACNAeMbId IO XapaKTepUCTHUKaM
MAIITUHBI, ¢ — TIOCTOSTHHAS IBUTATEIS; (O — YTJIOBas
CKOpOCTb BparieHus poropa. [lapamerpsl KOHTYpa
BUXPEBBIX TOKOB W, , Ry YTOUHSIIOTCS IO JKCIIe-
PUMEHTATBHBIM JaHHBIM [4].
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—

Puc. 3. Ilpunnunuansuas cxema moaenu JAIIT

Bripaxkas u3 cuctems! (3) mpou3BOAHbIE TOKOB,
NojJy4aeM ypaBHeHHs ABHurarens B popme Komm.

dl; :{LM[U—IX(R;, +R) - ®(1,) 0]+

LTy R L, + L) - 1
ddif={—la-Ra<L,,+LB>— 4)
~L[U-1,(R, +RB)—C-®(IH)-(D]}/{L“(LE

+L(1,) - Lﬁ}

BrixomHBIME TIapaMeTpaMu IS DJIEKTpHYe-
CKOHM IIOJCHCTEMBI TEIJI0BO3a M BXOJHBIMH JJIA
MEXaHUYECKON SBIAIOTCA IIIEKTPOMArHUTHBIE MO-
MEHTEI IBUTaTEIEH



M=c- &) 1,.

CkopocTu poTOpOB @, BXOJAIINE B YPAaBHCHUS
(4), ompexmemnsrOTCA MpHU pacyeTe MEXaHUYECKOU
gacti B IIK UM. Kpuseie @(1,) u L,(/,) B Mat-

Lab 3apmatorcss TaOIIMYHO C WHTEPIIONALNUCH IPO-
ME)XXYTOYHBIX 3HAUYECHUH.

[Ipu wucmonp30BaHUU IS MOACTUPOBAHUS
anexTpuueckoi noacuctemsl [IPII1 Mmoxenupona-
HUE CHJIOBOM AJIEKTPUYECKOM YacTH BeIeTcs Ha
OCHOBE KOHTYPHBIX TOTIOJIOTHYECKUX YPABHEHUH B
MaTpu4HOH (hopMe ¢ y4eToM pabOThl TUPUCTOPOB
BhIIIpsiMUTENEH [3].

AJIeKBaTHOCTh MOJIENHM TIOJTBEP)KICHA yIIOBJIE-
TBOPUTENILHBIM COBIIQJICHUEM PE3yJITATOB pacdera
HECTAI[MOHAPHBIX PEXHMMOB TPH OYKCOBAaHHU BCEX
oceil ¢ ocIIUIorpaMMaM# JKCILTYaTallHOHHBIX HC-
neitanui, nomydenabiva BHUKTU MIIC [3]. Ko-
JIUYECTBEHHO PACXOXICHUE PACYETHBIX U IKCIIEPU-
MEHTAJIbHBIX JAHHBIX He MpeBbImaeT 15 %.

Jis wutroctpaiuu  pa0OThl  JIOKOMOTHBA
MIpU yXYAIIEHHBIX YCIOBUSIX CIETUICHUS MPUBEAEM
pe3yNbTaThl MOJIEIIMPOBAHUS Pa3rOHA TEIIOBO3A C
coctaBoMm 4000 T pu TMOHMKEHHOM TTOTEHITAATh-
HOM K03 durmente cueruienus: o = 0,2 (puc. 4).
ITocne BeIBOA 7-M MO3ULIMM KOHTPOJUIEPA MAaLIM-
HUCTA MPOUCXOAUT CPBHIB CLEIJICHUS, HAYMHAET
paboTarh cucTeMa IOOCHOTO pETyJIUPOBAaHUS U
nmosuninn KM manpire He BRIBOOATCS (TIPOIOIKA-
eTcs paboTa Ha 7-i MO3HIIUH).
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Puc. 4. Pe3ynbraTsl pacueTra pasroHa
cexuu termoBosa 2TO25K ¢ cocrasom 4000 T

Kak BumHO W3 TpadmKOB, PEryJHUPYIOTCS BCE
0OCH, M CyMMapHas CHUJIa TATU CHUYKAETCS MIPU 3TOM
Ha 20 %, HO TETUIOBO3 MPOAOKAET PA3TOHATHCS.
ITocTeneHHOE yBETUYEHHE CKOPOCTH BEAET K
YMEHBUICHUIO CUJIbI TSATH B COOTBETCTBUU C TSTO-
BOH XapaKTEepUCTHKOW, W mpumepHO depe3 10 c
OyKcoBaHHE MpeKparaeTcs.

BuiBoabl. 1. Pa3paGorana monenb, obecreuu-
BAIOIAsl BO3MOXHOCTh IIPOTHO3UPOBAHMS JUHA-
MHYECKUX PEKUMOB B DJICKTPOMEXAHHMIECKON CHC-
TeMe TEII0B030B Ha 0ase coBMerienus 11K UM c
[IK MatLab u ITPOII.

2. Ha remmmoBo3e 2TD25K ¢ TsaroBeIMu ABUTA-
texsimu D/1Y 133 npu OykcoBaHMM BCexX Oceit Jio-
KOMOTHBA OBICTPOJEHCTBHAE 3aMKHYTON CHCTEMBI
TSTOBOrO NMPUBOJA HEJOCTATOYHO AJISI OIYUYEHHUS
KO3 QUIIMEHTa HCIIOJIB30BaHUS CIEMHOr0 Beca
6ounee 0,8.

3. Ha BenuuuHy CUJIBI TSTH IPU MOOCHOM pe-
TYJUPOBAHUH OYEHb CYIIECTBEHHO BIMSIET WHEp-
IIMOHHOCTD BBITIPSIMUTEISI, XOTS OHa OoJiee, 4YeM Ha
MOPSIIOK HUXKE HWHEPLUHUOHHOCTH SIKOPHOH Ienu
TATOBBIX ABUrarenei. B nemoMm, MoaenupoBaHue
MMOKAa3bIBAET, YTO JUCKPETHBIC DJIEMEHTHI CUCTEMBI
pPEeryJaupoBaHUd OYEHb CYLIECTBEHHO BIIHAIOT Ha
KAauecTBO PEryJIHpPOBaHUs, TaK KaK JBUraTEllb, SIB-
JITIOIIMICS aHAJIOTOBBIM 3BEHOM, MOXHO (OpCH-
poBaTh, a HM3MEHEHHUE MaPaMETPOB IAUCKPETHBIX
3BEHbEB MMEET 3a/IEPKKY, KAK MUHUMYM, Ha HH-
TepBaJ IUCKPETHOCTH.

Pabota BeImonHeHa mpu noanepxkke POODU,
rpasT Ne 05-01-00756.
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