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CHUHTE3 CUCTEMBI BEKTOPHOI'O YIIPABJIEHUSA TAT'OBBIM ACUHXPOHHBIM
SJIEKTPOIIPUBOAOM JIOKOMOTHUBA

BucBiTiieHO nUTaHHS PO3POOKH MaTeMaTHYHOI MO Ta CHHTE3y Ha ii OCHOBI 3aKOHIB YIIPaBIIiHHS, sIKi JAIOTh MOXJIUBICTH (POPMYBAHHS CHIIH
TSTH JIOKOMOTHBA 3TiTHO 3aaHOMy KpHUTepiro sikocTi. IIpuBeneHo Mozemni 06’ €KTy yrpaBIliHHS Ta CIIBBiTHOIICHHS JUIS IPOBEJICHHS PO3PaxXyHKIB
3aKOHY 3MiHH MOZYJISl Ta apI'yMEHTY BEKTOpa CTPyMy CTaTopa TArOBOrO ABHIYHA Ta CHJIM TSTH JH3ENb-MOTAra.

The question of development of mathematical model and synthesis on her basis of laws of management which formations of force of draft of the
locomotive enable according to the set criterion of quality is considered. Models of object of management and a ratio for carrying out of
calculations of the law of change of the module and argument of a current of a stator of the traction engine and force of draft of a diesel engine -
train are resulted.

IMocranoBKka mpodyemMbl. Pa3BuTue TAroBOro aCHHXPOHHOTO JJIEKTPONPHUBOAA U BBITECHEHHE UM JPYTUX
TUTIOB YTPaBJSIEMBIX JJIEKTPONPHUBOJIOB, B TEPBYIO OdYepelb, CBSI3aHO C OKCIUTyaTallMOHHBIMU CBONCTBaMH
aCHHXpOHHOTO aBurarens. OJHAKO yNpaBlICHHE MM O HEJABHETO BPEMCHU BBI3BIBAJIO OoJjblIde mpobiemsl. B
Cly4ae 4acTOTHOIO yMpaBleHUs U3MEHEHHE CKOPOCTH BpAIEHHUs] POTOpPa OCYIIECTBISETCS ¢ MOMOIIBIO YaCTOTHI U
aMIUTUTYABI TpeX(a3HOTO HANPSDKCHMS, TI0aBaeMoro Ha apurareis [1]. JIpyruMm, Oonee mepceKTUBHBIM CIIOCOO0OM
VIOpaBJICHUs, SBISETCSA BEKTOPHOE ympaBieHHe. [Ipy BEKTOPHOM YIPaBICHHWH, B OTIHYHAE OT YacTOTHOTO,
yIpaBJIeHHE CKOPOCTHIO BpaIICHUS TATOBOro acwHXpoHHOro nBuratens (TAJ]) ocymecTBiseTcss ¢ MOMOIIBIO
PeTyIUPOBAHUS aMILTUTYABI M (pa3bl BEKTOpa IO ABUTATeNs. Takoe ynpaBieHHe sBIACTCS 00Jee SKOHOMHUYHBIM U
o0ecrieunBaeT JIydIIne XapaKTePUCTUKN IIPUBOJIA B CTATHICCKUX U JHHAMHUYECKUX PEKIMAX.

Kak npu gacToTHOM, Tak W IIPH BEKTOPHOM croco0e yrpaBieHHUs, HEOOXOIMMO OCYIIECTBIIATH yIIPABICHHE
MpoLIeCCaMH  JIBMDKEHHUSI JIOKOMOTHBA C Y4Y€TOM TMPOTEKAHUS DJIEKTPOMATHUTHBIX TMPOIECCOB U ONTHUMM3AIH
SHEPIreTHUCCKUX 3aTpaT, 4TO TPEOYeT, B CBOKO Oouepellb, Co3manus 3(G(PEeKTUBHBIX CUCTEM YIPABJICHHUS JIBUKCHUEM.
3amada CHHTE3a CHCTEMbI YIPABICHHS TATOBBIM JJICKTPOIPUBOJIOM SIBISICTCS COCTABHOW YacThiO OOMICH 3amaun
CO3/IaHHs ONTUMAJIBHON CUCTEMbI YIIPABJICHUS JIOKOMOTHBOM, 00OCCIICUMBAIOIICH BBITIOJHEHUE TpaduKa JBHIKCHHUS
MY 3aJaHHBIX OTPAHUYCHHUSX U B COOTBETCTBHM C 3aJaHHBIM KPUTEpHUEM ONTHUMAaIbHOCTH. B mocnenHue rofsl
pelIeHre 3THUX 3a/a4 MpeJylaraeTcs BBIMOIHATh C UCTIOIB30BAHUEM COBPEMEHHBIX TEXHOJOTHH, B OCHOBE KOTOPBIX
JIEXKaT METOBI aHAJIM3a U CUHTE3A CIIO)KHBIX TEXHUYECKUX CHCTEM.

Pemenuto momoOHOTO pona 3amad IMOCBSAIICHO 3HAYUTENbHOE Ywcio myonumkamuid [2 —5]. o mociemHero
BPEMEHH, B CBS3M C HEIOCTATOYHBIM Pa3BUTHEM CPEICTB MHUKPOIPOLIECCOPHON TEXHHKH, BO3MOXKHOCTH PEIICHUS
MOJOOHOTO poJa 3a/ad C WCIOJNB30BAaHHEM COBPEMEHHBIX METONIOB, OBUIO mpoOieMaTwdHbIM. OIHAKO CO3JaHHe
MEPBEIX YKPAMHCKHUX TU3ENb-TIOE3IOB C TATOBBIMH ACHHXPOHHBIMH JJICKTPOABHTATEISIMA U CHCTEMOH yIpaBICHHUS
Ha OCHOBE MHKPOKOHTPOJUIEPOB OTKPBUIO TMEPCHEKTHBEI CO3MaHUS M BHEAPCHUS CHUCTEM, B OCHOBE KOTOPBIX
3JI0)KEHBI COBPEMEHHBIE METO/IbI AHAIHM3a U CUHTE3a.

AHanu3 JuTeparypbl. V3BeCTHBI pe3yibTaThl aHaIW3a ONTUMAIBHBIX IPOLIECCOB B ACHHXPOHHBIX
3NIEKTPOIIPUBOJAX, ITOJYUYECHHBIE TPH PAa3NUYHBIX IIOJXO0JaX K IOCTAHOBKE M PEIICHMIO 33Jad ONTHMAaIbHOTO
YIIpaBJIEHUs], a TAK)Ke TIPH HEOANHAKOBOM CTETIEHH y4eTa OCHOBHBIX (pakTOpOB, Xapakrepusyrommux noseaexHue TA
B IuHaMUKe [2, 6, 7]. B psme paboT mccinenoBaHus MPOBEICHBI 0e3 ydeTa AJIeKTPOMarHUTHBIX SBJICHUH, BITUSHHC
KOTOPBIX OKa3bIBAETCS TOBOJHHO 3HAYMTENHHBIM HA JMHAMUKY IIPOLIECCOB pasroHa Jiokomorusa [7]. B mpyrux
Cily4asx ONTHMaJIbHbIE IMPOIECCH IMPOAHAIM3UPOBAHBI NP CYIIECTBEHHON W€alU3allii MAIIWHBI, YTO BHOCHT
OTIpEeZIETICHHYIO MTOTPEITHOCTh B Pe3yNbTaThl UccienoBanuii [2, 6]. [IpumeHeHe NpsIMBIX BapHAIllMOHHBIX METOJIOB
WIM TPUHIOWIA MaKCUMyMa JUIi OTBICKAaHUS 3aKOHAa ONTHMAJIbHOTO YIPABICHHS AaMIUIUTYIOM U YacTOTOH
HanpspkeHus: nutaHus TAJ] B mporecce IBIDKEHUS JIOKOMOTHBA HE MO3BOJISET MOIYYUTh PE3YNIbTaThl B HATJISIIHON
AHATTUTHYECKOH (OpMe M3-3a BEICOKOTO MOPSAKAa CUCTEMBI JU(PepeHINaNbHEIX YPAaBHEHNH, OIIICHIBAIONINX 00BEKT
YIOpaBIE€HUs, YTO CYIIECTBEHHO OTPAHMYMBAET MX OONACTh MpUMEHEHHUs [2]. DTo KacaeTcsi M HCCIEIOBaHUM,
CBSI3aHHBIX C IIOCTPOCHHEM CHCTEM YIPaBICHHUS CKOpPOCThIO BpameHus TAJ[ ¢ moMouisio peryanpoBaHus
aAMIUTUTYABI U (a3bl BEKTOpA ITOJIS ABUTATEIIS.

Kak cnenyer u3 [2 —4], npoGnema ONTHMHU3aIMM SHEPrETHYECKUX IIO0Ka3aTeliell 4acTOTHO-PEryJIMpyeMBbIX
anekTporpuBooB ¢ TA/l, He3aBUCHMO OT crioco0a ynpaBlieHHs, MOXKET OBITh pellleHa Ha OCHOBE HCIIOJIb30BAHUS
METO/1a aHAJIMTHYECKOT0 KOHCTPYHPOBAHUS PETYIIATOPOB 110 KpUTEpHUIo 00001meHHoi padoTs! (AKOP).

Heabio cTaTbu ABISIETCS CHHTE3 ¢ ToMOoIIbIo MeToga AKOP crucTemMbl onTHManbHOTO YIPaBIEHUS! CKOPOCTHIO
BpallleHHsI TITOBBIX ACHHXPOHHBIX JBUTATENEH, TATOBBII MOMEHT KOTOPBIX OOECIICYMBAETCS PETYIUPOBAHHEM
aMIUTATYABI ¥ (a3l BEKTOPA MOJISI IBUTATEIIS.



Peanu3zanus pemeHus 3aaaum cuHTe3a. Jlns omnwmcanus TAJl HCHONB3yeTcss cUCTeMa YpaBHEHHH,
OoTpakaromasi C YYEeTOM HACHIIIEHHS CTald OCHOBHOM JJIGKTPOMATHHUTHBIH MpOIlECC — H3MCHEHHE
[OTOKOCIEILIEH I poTopa asurareis [7]:
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TaHreHIMaJbHas JMHAMHYECKAs MHIyKTUBHOCTb MallUHBI [ 7], ABIsAtomascs QyHKIHeH MOTOKOCHEIIEHU Yy ; W, —

MOMEHT COTIPOTHMBIICHUS JBIDKEHUIO, 3aBUCAIINI OT CKOPOCTH NIBIDKEHUS JIOKOMOTHBA. B mporiecce pasrona 6e3
ydeTa MpoIeccoB OOKCOBaHUS €0 MOXHO MPEICTABUTh B BUJIC:

W, =Cw, (2)

rae ¢ — KOd(pQUIMEHT anmpoKCHMAaIMd KPHUBOH MOMEHTA CONPOTHBICHUS ABIXXEHHUIO, 3aBHCAIINI OT THIA
JIOKOMOTHBA.

B cucreme KoopaMHAT, )KECTKO CBSI3aHHON C BEKTOPOM IIOTOKOCHEIUICHUS pOoTOpa, ypaBHeHH (1) MoryT ObITH
MIPEJICTAaBIEHB! B BUIE:
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r1e Y, — MOIyJb BEKTOpa MOTOKOCLEIUICHHSI pOTopa V, ; is ,0 — MOAYy/s M yron BeKTopa TOKa cTaropa ig; ® —

CKOPOCTb BpalllCHUA pOTOpPA, (D‘ITr — CKOPOCTb BpalllCHHA BEKTOpaA VY .

3amava 3aKir09aeTcs B TOM, YTO IS 00BEKTa, OMMUCHIBAEMOTo ypaBHeHHAMH (3) — (5), TpeOyeTcs onpeaennThb
TaKMe 3aKOHBI M3MEHEHHWsI BO BPEMEHH YNPaBISIOIIMX Bo3nehcTBui is(t) m O (f), a Taroke (a3oBBIX KOOpIHHAT
(MOTOKOCIIETUIEHHUH, CKOPOCTH BpAILIEHUs] pOTOpa), KOTOPbIE COOTBETCTBOBAIN Obl MUHUMYMY SHEPIeTHUECKUX 3aTpaT
B IIPOIIECCE PAa3rOHa JIOKOMOTHBA IPH BBIIOIHEHHUH 33IJaHHOTO rpaduka qBrkeHHs. OCOOEHHOCTBIO TaHHOTO 00BEKTa
SIBJISIETCSL TO, YTO YIPABJSOIINE BO3ACHCTBHS BXOJAT B BUJE NMPOU3BEICHHs g COSO u K Tomy e yrnpasieHue 0

BXOJHWT TOJ] 3HAK TPUTOHOMETpUIecKor (QyHKImH. J{7s Takoro BUaa 0OBEKTOB YIIPABICHHUS aBTOPAMH IIPOBEACHA
amantamuss Meroga AKOP [8]. IlokazaHo, 4T0 I OOBEKTa, KOTOPBIA OIMCHIBACTCS CUCTEMOW HEIMHEHHBIX
JuddepeHnIraTbHBIX YpaBHEHUH
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rae V- peaieHue JIMHECHHOT'O YpaBHCHUS B YaCTHBIX IMPONU3BOJHBIX
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pH TPAaHUYHOM yCJIOBUH
V Xi(t), o X (o). ty =V, X)X (t), 8y (11)

3necs X (i =l,_n) — (asosbie KoOpauHaTHl 00beKTa ympasienus; fi, @y (i =1n, j =1,_m) — HemnpepbIBHbIE

3agaHHble QyHKIMY; V, )|( 1(6), ., X, (), 1, :— TI0JI0KUTEIBHO OIpeieJIeHHas: HelpepbIBHAsL (QYHKIIHS, 3a1aroiast
TOYHOCTh NPUBEACHHUSA OOBEKTAa YIPaBICHHSA B MOMEHT BpeMeHHM [, B 3aaHHYIO0 TOUKYy (ha30BOrO NPOCTPAHCTBA;
Q(Xq, ..., X, t) — IOJOXHUTENBHO ONpEJeICHHAs HENpEPhIBHAS (YHKIHS, 33/al0lasi TpeOOBaHHA K KaueCTBY
NEePEXOHBIX MPOIECCOB 00beKTa Mo (ha30BbIM KOOPAMHATAM B MHTEpBAlc BpeMeHH ympaeienus [ty, t]; p, q —

TOJIOKHUTENbHBIE YMCTA, yHOBJIeTBOpsiomme yciopuaM: 1/p + 1/qg = 1 u X P, X% — uetnsie Qynkuuu X;
k; (j =1, m) —3anannsie gncna [5].

Ucnonw3yst Beipaxenust (8) — (10) u ypaBuenus (3) — (4), omuchIBaroniye Mopeinb 00BEKTa, HECI0XKHO
MOJIyYHUTh aHATMTHYSCKHE COOTHOIICHUS [T OMpPEACNICHUs yIpaBISIFOUX Bo3ae#cTBuit is (t) u 0 (t). dis storo
ypaBHeHus (3) u (4) mpeodpasyem k Buny (12) — (13), kak Toro tpedyet Mmeron AKOP. B pesynprare npeobpa3oBanmii
TOJTyIHM:

dXx
d—t1+ale =byuy cos(u,) ; (12)
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rie Xi=V,; &=0a.; b=kr; Xo=0; b,= Zpkr/J ; a,=¢C/J; ¢ — KO3pOULUMEHT, NONYYECHHBIH U3
aIMpPOKCHMALMH KPUBOI MOMEHTA COTPOTUBIICHUS ABHKEHHIO; Uy =ig; Uy =0,
CornacHo metony AKOP ¢ynkuuro Q Ha3HauUM B BUJIE:

Q=BuX{ +B2 X3 +B1oX1 X5 - (14)
Penrenne ypaBuenus (10) Oynem uckath B BUIE:
V= AgXE + AR X X, + A X3 (15)

rie Ay, Ap Ay B ol0mem cioydae (yHKIMH BpEeMEHH, KOTOpble MOTYT OBITh ONpPEAENeHbl U3 CHCTEMBI
OOBIKHOBEHHBIX AU (HepeHIIHANBHBIX YpaBHEHUH [5]:
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B pesynerate, 1 onpeneneHus 3HaueHWH Aj;, mocie mojcTaHOBKM BhIpaxkeHus (15) B ypasuenue (10),
MOIyYUM cucTeMy JuddepeHnInanbHbIX YpaBHEHHUI:
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dﬁfz —28,Apn =Py (19)

Hcnonw3yst coorHomenus (8), (9) mnst ompenenenust ynpasineHuil, ypaBHenus (12), (13), omuceiBaromme
MaTeMaTHYecKylo Mojesib o0bekTa W muddepenumansusle  ypaBHenus (17) — (19) g onpeneneHus
ko3dduienToB Ajj, B pe3yibTaTe INOJIYyYMM BBIPAKEHHs JUI1 HAXOKAEHUS 3aKOHOB W3MEHEHUs BO BPEMEHM
yhpaBisironux BozaeicTeui is(t) u 0 (t):
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Cootnomrenust (20) u (21) ompenensioT CTPYKTYypY peryisaropa, ONTUMAaJIbHOTO B CMBICIE MHUHHMYyMa
¢dbynakumonana (7).

IIpoBepka CUHTE3UPOBaHHBIX 3aKOHOB YNpaBIEHUs, 3alaHHBIX cooTHOomeHuaMH (20) u (21), ocymecTBisnack
MyTeM MOJCIUPOBAHUS C HCIONb30BaHKeM makera MatlLab, rae B kauecTBe 00beKTa yHpaBieHHs paccMaTpPHBAIICS
TATOBBIM  JIEKTPOIIPUBOJ ~ AW3CNb-TIOE3/a. Pe3ynpTaThl  HMCCICNOBAHMH  MOATBEPOWIN  IEPCIEKTUBHOCTH
WCTIONB30BaHMS IAHHOTO IIOJXOJa K CHHTE3Y YHPaBIAIOMIMX BO3JCHCTBHH I paccMaTpHBaeMOTro crocoda
YNIPABIIEHUS C TIOMOIIBIO PETYINPOBAHUS aMILTUTY Il U (ha3bl BEKTOPA MO ABUIATENS.

BruiBoabl. Takum 006pa3om, OCyIIECTBIICH CHHTE3 CHCTEMBI YIPABIEHUS! CKOPOCTBIO ABHKEHUsI IOKOMOTHBA C
MOMOIIBIO PETYJMPOBAHUS aMIUTUTYIBl W (ha3bl BEKTOpa MOJIS ABHTaTeNs. JTO AaeT BO3MOXHOCTb ITOCTPOCHUS
Oosiee (G HEKTUBHBIX CHCTEM YIPABICHUS TATOBBIMH JIICKTPOIPUBOJAMH JIOKOMOTHBOB M JH3EJb-IIOE3/I0OB II0
CPaBHEHHIO C TPAAULIMOHHBIMU CUCTEMAaMU, TIOCTPOEHHBIMHU 10 MIPUHIUITY AMIUIUTYIHO-YaCTOTHOT'O YIPaBJICHUSL.

B nanpHeiimem mpenmosiaraetcsi 000OIIEHUE MOJYYEHHBIX PE3YJIbTaTOB M pa3paboTKa peasbHOM CHUCTEMBI
yIpaBIEHUs 3JIEKTPOIPUBOAOM AU3EIb-TI0€3/1a.

Cnucox sureparypsi: 1. IlepcrieKTHBEL ¥ IpOOIeMBI BHEPEHHS ACHHXPOHHOT'O 3JIEKTPOIPHBOAA Ha TeIioBo3ax. Hockog B.U., Mapuenko B.C.,
Muxnesuu I'A. u dp. // C6. nayu. tpynoB HUU 3aBoga “nexrporsvkmann” u MOTIL Beim. 1. — 1989. — C. 40-44. 2. Hockog B.U., J[mumpuenko
B/, 3anonosckuit H.H., Jleonog C.FO. MonenupoBaHue H ONTHMH3AIHS CHCTEM yIPaBIeHHsI H KOHTPOIIS IOKOMOTHBOB. — X.: XDU Tpancnopt
VYxpaunsl, 2003. — 248 c. 3. Jmumpuenxo B /1., 3anonoeckuit H.H., Hockos B.H. u Op. PaBHOBeCHbIE MaTeMaTHYECKUE MOJIEIH AUHAMUYECKUX
IPOLIECCOB  AIIEKTPONpHBOAa mepemenHoro Ttoka // Hayumeie Bemomoctu benl'V. Cepus "Uudopmarika, NpukiagHas MaTeMaTHKa,
ympasnenune". — T. 1. — Bem. 1 (19). — Benropon: benl'Y, 2004. — C. 52 — 64. 4. Janunenxo A.D., Jmumpuenxo B./., 3anonosckuii H.1.
MaremaTHyecKre MOJENH ONTHMAJIbHBIX CHCTEM yIpaBIEHHS TATOBEIM aCHHXPOHHBIM IIPHBOIOM TEIUIOBO30B // DIEKTPOHHOE MOACIHPOBAHHE.
—1991. — T. 13. — Ne 2. — C. 40 — 44. 5. Kpacosckuii A.A. CucteMbl aBTOMATHYECKOrO YIPABJICHUS MOJETOM H HX AHAIUTHYECKOE
KoHcTpynpoBanue. — M.: Hayka, 1973. — 560 c. 6. Canonep A.C., Capbamog P.C. ABTOMaTHYECKOE YAaCTOTHOE YIPABICHHE aCHHXPOHHBIMH
neurarensamu. — M.: Dueprus. — 1974, — 328 c. 7. llpeiinep P.T., Kpusuykuii M.A. OnTUMansHOE 10 MUHAMYMY ITOTEPh YaCTOTHOE YIIPABJICHHE
ACHHXPOHHBIM BJICKTPOIPUBOJIOM B  3IEKTPOMEXaHHYECKOM nepexogHoM mpouecce // M3BecTnst BBICHIMX Y4eOHBIX —3aBEICHHUM.
Onexrpomexanuka. — 1975. — Ne 1. — C. 75-81. 8. mumpuenxo B.J]., Hockoe B.U., Mesenyes H.B. Onrumusanus GHyHKIHOHATa 0000IIECHHOM
paboThI IPH HENMHEIHO BXOASIMX yrpasieHusix // Ipari JlyraHceKoro BijytisieHHs: MixkHapoaHoi akajgemii iHpopmatu3arii. — 2005. — Ne 1 (10).
-C.17-22.

THocmynuna ¢ peoaxyuio 29.10.2005



