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ITEHTU®IKAIIHNHA MOJEJIb HIBUJAKICHOI'O
EJEKTPOPYXOMOI'O CKJIAAY 3MIHHOI'O CTPYMY

BCTYII

Lt poboTa € IpOJOBKEHHSIM 1 PO3BUTKOM J10-
cmipkeHb [1,2] mo oOrpyHTyBaHHIO ieHTH(IKA-
HIMHUX MOJENeH MPHUCTPOIB 1 MACHCTEM CHUCTEM
€JIEKTPUYHOI TATH IIBUAKICHOT'O PYyXY MOi3iB.

Onniero 13 CKIAIHUX 3a7ad  JOCHIKEHHS
[IUISIXOM MaTeMaTUYHOTO MOJIETIOBAHHS EJIeKT-
POMArHITHHX IMPOIIECIB B CUCTEMAaX €JICKTPUYHOTO
TPaHCIIOPTY, IO OOCIYTrOBYIOTh IIBUAKICHUHA PyX
MO13/1iB, € TOOY/I0BA CXEM 3aMiIlEHHS €JIEKTPOPY-
xomoro ckiany (EPC). Lle oOymoBieHO ckiai-
HOIO CXEMOTeXHikor HaBiTh omuHulli EPC [3,4],
HE TOBOpSAYi HaBiTH MpO Te, IO 15 mpodiema ic-
TOTHO YCKJIQJHIOETHCS Yy BHUMAAKY HIBUAKICHOTO
PYXy, Koiu Ha (inepHii 30HI pyXaeTbCs MakKeT 3
5...7 moi3xiB. B mpoMy BUIIAQJKy HEMOXJIMBO IO-
OyanyBaTH TOYHY KIJIACHYHY MOJENb TaKOi Heli-
HilfHO1 AuHaMivHO1 mifcucremu sk EPC Ha ocHOBI
3aKOHIB TEOPETUYHOI €NEKTPOTEXHIKH. 3a HAIIOI0
IOYMKOIO, PO3B’SI3aTH II0 33]1a4y MOXJIMBO, i THM
caMUM [IOIIBHO, MeToAaMHu imeHTudikamii cuc-
Tem. Taka 3amava Bupimena B [1] musa EPC moc-
TIHHOTO CTPYMY LUISIXOM PO3B’S3aHHS 1HTETpajb-
Horo piBHAHHS Binepa-Xonda uyun ®Ppenrompma
MEPIIOTO POy 3 SAPOM THUITY 3rOpTKU. B 1it po-
00Ti 3HAXOMUTBCA MOJCNIb IS IIBHIKICHOTO
EPC.

CxeMoTexHiKa Ta HANIPYI4 i CTPYMH WIBUA-
kicHoro EPC

3rigHo [5], s 3a0e3neueHHs pyxy HOi3/iB Ha
3aNM3HUIX  YKpaiHW 31 mBuAKicTIO A0 160
KM/TOJl CTBOPEHO 1 pOo3MoYaTo BUPOOHHUIITBO ee-
KTpOBO3iB 3MiHHOro ctpymy tumy HC3. [ns 3a-
Oe3redyeHHsT TEpeBe3eHb 31 IIBHIAKICTIO [0
200xm/Tox mependavaeThes, Mo-Tmepiie, CTBOPEH-
Hs aBocuctemHoro (3xkB mocriiinoi Ta 25kB,
50I'y 3MiHHOT Hampyr) enekTpoBo3y Tumy EJI4 i,
mo-zpyre, TIHOOKAa MOJEpHI3aIis eIeKTPOBO3Y
JC3 y enektpoBo3 AC3M. Ioxanblie 3011bMICH-
HS INIBUAKOCTEH MEpPeBE3eHb MacaXUPiB y MIKOO-
nacHoMmy criosrydenHi 1o 200...220xkM/ron nepea-
0auaeTbcsa 32 paXyHOK BHKOPHCTaHHS JBOCHUCTE-
MHUX enekTpomnoizaiB Tumy EIT1 100.
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[Ipu upoMy BCi CHElialliCTH BBaXKarTh, IO
JUTSl BAKOHAHHS BUIIIE3a3HAYEHOTO MOTPIOHO 11100
TATOBUH TIPUBOJ] MEPCHEKTUBHUX EJIEKTPOBO3IB i
€JICKTPOITOI3/IiB /ISl MIBUAKICHOTO i BUCOKOIIBHU I~
KiCHOTO pyXy OyayBaBcsl Ha 0a3i 0€3K0JIEKTOPHUX
taroBux aBuryHiB (TE]l) i Haifuactimme — Ha oc-
HOBI aCHHXpOHHHX KopoTko3amkueHux TE/]. [1pu
npoMy i TEJl moBWHHI XMBUTUCH 4Yepe3 IMEeBHi
TATOBI IEPETBOPIOBAUi, 30KpeMa dYepe3 BXiTHHUH
BUTIPSAMIISY 4Q-S, IKUH CYTTEBO MOKPAIIYE SKICTh
BxigHoi 10 EPC enexkTtpoeneprii, 00yMOBIIOI0OYH
MaiiKe CHHYCOITHUH XapaKTep BXITHUX HANPYTH i
CTpyMy.

IlepenaTtHa Ta iMnmyJbcHA nepexiaiHa GyHK-
uii ax moxei EPC

Baratema mocnmikeHHAMH, 30Kpema B [6,7],
BCTAHOBJICHO, 1[0 B SIKOCTi XapaKTepUCTUK, TOOTO
imeHTUdIKAmHIX MoJIene, TiHiHHuX (4u JTiHea-
PU30BaHMX) AMHAMIYHUX CHCTEM MOXYTh BHCTY-
natu nepenatHa ¢yskuis ([1®) um immynbcHa
nepexigHa Qyukuis (II1D). Ilicns 3aminu B Kia-
CUYHOMY BHU3HA4YeHHI nepenatHoi QyHkuii [8]
oreparopa jo na omeparop P mepematHa QpyHK-
[ig JiHIAHOI (4K JiHEapu30BaHOI) TUHAMIYHOI
CHUCTEeMU MOXKe OyTH BH3HAUYCHA SIK BiIHOLICHHS
npsamoro neperBopenns Jlamnaca Y (P) Buxiguoi
(3 cuctemn) pynkuii (mpouecy) Y(t) mo Takoro x
nepersopenns Jlanmaca X(P) BxigHOi 10 cucTe-
Mu ¢yukmii (mporecy) X(t) (mpu HYJIBOBHX MO-
yaTKOBHX ymoBax). OcKiJIbKH B Halli#l 3a7adi cu-
cteMoro € mBuAkicauid EPC, BXigHMM mporiecom
€ Hanpyra Ha crpymonpuiimadi U(t) , a Buxignum
nporiecom — crpym I(t) EPC, Toxi mepenmatHa
¢dbynakuis EPC sBise coboro Bupas:

1)
G(p)=—=—, 1
®=Tep) ()

ac

()= [ivexp™P dt; @)
0
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U(p)= fu®exp P dt. 3)
0

Ax Bigomo [8], iMmmynbcHa mepexinHa (QyHK-
uis 9(t) saBase coboro peakuiro MiHiAHOT (4u Ji-
HEapu30BaHOi) CHCTEMHU Ha NPUKIAIEHY B MO-
MEHT 4acy t=0 Jilo, gKa MpeacTaBisie coOoIo
OIMHUYHY IMIyJIbCcHY §-QyHKUit0. OCKiIbKH
I[I® ta 1P genadroThCsa neperBopeHHAM Jlamna-
Cy OJHAa J0 IHIIOI, TOAI IMIYyJIbCHAa TepeXiTHa
¢dyukuis 9(t) moxe Oyt 3HaiineHa 32 BiTOMOIO
G(P) srigHo Teopii numok sk [9]:

g(t)=L_ch(p)exp‘IDt dt, mpu t=0 (4)
2mj

Je 1HTeTpyBaHHS 3AIHCHIOETHCS MO 3aMKHY-
TOMY KOHTYPY, IIIO CKJIaJa€ThCs 13 ySABHOI BICi Ta
HAIIBKOJIAa HECKIHUEHHO BEJHMKOTO pajiyca, po3-
TaIIOBAaHOI'O B JIB1M HAIBILIOIIMHI KOMIUIEKCHOT
TJTONUHH.

3rigHo Teopii JUIIOK, 3HaYCHHS iHTerpany (4)
JOPIBHIOE CyMI JIMIIOK MiJiHTErpaibHOr0 BUPA3y
y BCiX IMMONIOCax, [0 3HAXOJATHCS YCEPEANHI KO-
HTYpY, [IOMHOXXCHIH Ha 27j .

s BU3HAaYEHHS JTUIIOK HPUITYCTHUMO, IO BCi
MOJIIOCH TIPOCTi, ToAi 1pib (1) MOKHA po3KIIacTH
Ha TMPOCTI 32 METOJIOM HEBH3HAYECHHUX Koedirlie-
HTIiB TakK [8]:

I __ A A
Uco - —
(P pP-p P pnz (5)
+ A +ot #n => A
P P P—Pn 2P P
ne P1, P2, ..., Pk, ..., Pn — mpocti xopeHi

(nomrocu) pisusuus U(P) Bupasy (1).
Jlns BusHauenus koedimientis Ak momHo-
KHUMO 00uaBi yacTunu piBHAHHS (5) Ha P~ Pk i

Bi3bMeMO Mexy (lim) mpu P — Pk, tomi orpu-
Ma€eMo, 110

pe)
= 6
A= Up(pk) ©
Takum yrHOM, 3rigHO 3 (5) Ta (6), MaeMo
no |

U Ko p(pk) P - Pk

[lincraBuBmu (7) B (4), OTpUMaeMo IIyKaHy
dbynkuio g(t)

Doi(pk) 1 ¢ expt
gt)=>) ——-—q———dp=
ke Yp (Pk) 2ﬂJC§P—Pk £20 (8)

p(pk)

InenTudikauiiina Mmoxenb MBUAKICHOTO
eiaekTpososa JIC3IM

Sk 3a3HadeHo BuILE, enekTpoBo3 JC3M pos-
poO0JICHO HAa OCHOBI MOJIEPHi3allil ICHYIOUOrO eJIeK-
tpoBo3a JIC3, ToMy y mojaiblmioMy B Ifiii poOOTI
OyAyTb BHUKOPHUCTOBYBATHUCH €Ki MapaMeTpH i
XapaKTePUCTUKH IIHOTO JIOKOMOTHBA.

B enekrporosi JIC3M, sk 1 B IC3, B skocTi
BXIIHOTO TEPETBOPIOBAYa BUKOPHUCTOBYETHCS HO-
THPBOXKBAHAPAHTHUH BUIpamIsd 40 —S | Baxin-
BOIO OCOOJIMBICTIO SIKOTO € MOXJIHMBICTH 3a0e3rie-
YEeHHS Ha cTpyMonpuiiMaui KoedilieHTa NoTyXHO-
cTi ), O6muspkoro no ommuumui [10]. Lle minTBep-
JDKY€ETBCSl TaHUMU ), , OTPUMAHUMHU IPU TITOBO-
SHEPTeTHYHUX BHUIPOOYBAHHAX EJICKTPOBO3a IPH
HaBaHTaxeHHI Bix 25 mo 100% moTy»XHOCTI TpH-
BaJIOTr0 PEXUMY 1 IBUAKOCTIX 10 160 i mami 1o
200 km/rom: A =0,93...0,98.

Tum camum neperBoptoBau 40 —S 00yMOBIIIOE
ONMU3bKI 10 CHHYCOINMHMX BXiJHI 3MiHHI Hampyry
(1a crpymonpuitmaui) U(t) i ctpymy i(t) enexrpo-
Bo3a. [Ipo 1e cBiguaTh pe3ynbTaTu 4acOBOrO MOHi-
topuary mux U(t) Ta i(t) B peambhux ymonax
ekciuryaTanii emexktporosa JIC3 mpu pi3HHX 3Ha-
YEeHHSX CTPyMy HaBaHTaXeHHS | , piBHoro 10; 20;
50 Ta 100A [11, 12]. Pe3ynbraTn ocumiorpady-
Banns U(t) Ta i(t) moxasyrors (puc 1), mo, BHa-
CIIJIOK TOro, IO TATrOBI MiACTAHIMI,IKI >KUBIISTH
(himepHi 30HM i3 3a3HAYCHUMHU EIIEKTPOBO3aMH, €
JOCTaTHBO MOTYXHUMH JDKEpeJaMH eIeKTpoeHep-
rii, ToMy cuHycoigHa (gopma BXiIHOI Hapyrud He
croTBoproeThesl. [Ipudomy 1e crocrepiraerhbes
IIpH PI3HOMY HAaBaHTaXXEHHI: B MeXax [iI0Y0oro
3Ha4yeHHs cTpymy Bix 10 mo 100A.

[ama piy, mo BinOyBaeThes 3 HOPMOIO TATOBO-
IO €JEeKTPOBO3HOTO CTPyMy: BOHA IIOMITHO CIIO-
TBOPIOETHCS BHACIIIZOK TOrO, L0 CUJIOBI KOJla eJie-
KTPOBO3IB MICTSATh HOTYXHI HENiHIHHI peaKkTHBHI
eneMeHTH. ToMy y MoJajbIIOMy IMpOaHAIi3yeMO
TapMOHIMHMIA CKJIaJ Ta iHII BEIWYWHH JIHUIIE Ts-
roBoro ctpymy. Lle He 30BCiM BifmoBizae HOpMam
nitoyoro B Ykpaini [OCT13109-97, B sskomy HOp-
MYIOTBCSl TOKa3HUKH SKOCTI €JeKTpOeHeprii, BH-
XOIsiuM i3 (OpMH 1 3HAUCHH JIMINE HATPYTH, a
CTpyMy IIel cTaHAapT He TOpKaeTbes. OQHAK MiXK-
HapoJHI CTaHJapTH SKOCTI eleKTpoeHeprii (Ha-
npuknan, [EEE 519-1992) oOmexyroTe He muiie
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TapMOHIMHHMI CKJIaJl Hampyrd >KUBICHHSA, aje i Tabmus 1
CTPyMy, IO CIOXUBA€ThCs. [Ipu 1bOMY, 3TiTHO 3 — :

3a3nauennM crangaprom IEEE 519-1992, ocuos- 3mavenns | Koeiuient Ky rapmori,

HUM (aKTOPOM OIL[HKH CTPyMy € iHTerpajbHUi CprXy 1, % IrHp %
MOKAa3HUK  TapMOHIHHOTO  CKJIagy  CTpyMy 3 5 7 9

I7pp (%) [13]. Skuit BummMBae 3 TaGIHL, OCHOB- 1044 | 57,07 | 90 | 579 |286| 589

HHUIl BHECOK B CIIOTBOPEHHSI KPUBOI CTPYMY E€JIEKT-
POBO3yY pOOISATH HEMAPHI rapMOHIKH, 0CO0IHBO 3-
TS, aMIUTITyJU SIKUX Pi3HI IJIs1 pI3HOTO €NEeKTPOTA- 50,7 1428 | 2,02 | L17 | 0,79 14,2
TOBOTO HABAHTKEHHS. 30KpeMa, CTPYM EJIeKTPO- 100,2 472 | 031 | 048 | 04 5,0
BO3a MICTHUTh B OCHOBHOMY TapMoHiku 1, 3, 5, 7 1

21,79 26,55 | 2,79 | 2,69 | 1,28 27,2

Jlo mporo tpeba nomaTH, IO JEMI0 CIIOTBOpE-
9, 3HayeHHs KoedillieHTa 5 —] TapMOHIKH Kitky  wmit [P MajuX HaBaHTAXEHHSX (TOOTO, HECHHY-
SKUX, BH3HaueHo 3rigHo 3 ['OCT 13109-97 cOinHMI) TATOBMH CTpyM MOXe OyTH 3aMilleHHH

(Tabm.1). €KBIBaJICHTHHUM CHHYCOIJJHIM 32 METOJIOM E€KBiBa-
50 . JIeHTHHUX cuHycoin [8]. OTxke, MOXXHA BBa)KaTH, 110
e i,/ 7: a) ﬁ%@ ' o BXigHi (10 emekTpoBo3y) Hampyra u(f)Ta cTpym
30 f;ﬁ % D/%/ . ! Kii %% DD ! - i(f) ABNAIOTBCA CMHYCOITHUMM (DYHKIISMH 3 BHU-
P g g - T4 IKOBUMH aMILITITy/IaMH.

10§§ ' %Eﬂ # ' %?P ‘ T BpaxoByroun 3a3HaueHE BHIIE, OTPUMAEMO BH-
op % fﬁ ~ R f,u pa3 IMIyJIbCHOI mepexiaHoi QyHKIIil, sk ineHTHdi-
10 | % | ﬁ | OQ@ ‘5 KamiitHoi Moneni enekrpoBo3a JC3M, st Takux,
20 ; %D ﬁﬁﬁ@u | ‘ dgg fgg srigno puc.l, 3magenn: [=100A, U=28368B,
-30 | ‘ g%%g’ B | N f f=50Tu, W, =153, y; =0°. Tob6To, 3rigHO Teo-
40 ‘ . ‘ e PETHYHHX TIOJIOKEHb i/IeHTU(IKalil crucTeM, BBa-

'58,000 0,005 0010 0015 0020 0025 0030 0035 rc JKa€eMo, IO BX1IJHUM MIIPONCCOM UIA CJICKTPOBO3a €

100 - Hampyra
% u(f) =28368 -2 -sin(314¢ +15,3) =
60 =4-10%.sin(314r+15,3) B, a BuximHEM — cTpyMm

40

i(1)=100-2 -sin314t =141 -sin314t A.  306pa-
keHHs 3a JlarmmacoMm 1ux QyHKIIA MaloTh BUTIISIIN

[8]:

20

0

-20

U, (psind, +ocos¢ )

v L[”t}:Uﬁzm zuz —=
-60 p to

0 —— . _ 4.10% (psin15,3+314cos15,3)

| 0,000 0,005 0,010 0,015 0,020 0,025 0,030 0,035 tc p2 +3 142

200 ’(9)

i, A
150 : 1 sin0+ ®cos0
ﬁ‘“%/ ¢ f’“"“ L i) =1(p)="2? SRS )
100 « %
FoR 5% pmt+o
Q@ S Q
SOW:%/’B g _ 141314
0 Fx% § rwqg%% ol p2 + 3 142 10
A éf S f Tonai maemo nepenaTHy (HYHKIIIO €JIEKTPOBO3a:
100| e L I I ©Q
Wt Y4 G 1P 44274 o
4150 p)=—t2 =
U(p) 10554,9p +12,1-10,6

-2000,000 0,005 0,010 0,015 0,020 0,025 0,030 0,035 t,c . . . .
Puc. 1. OcumiiorpaMmu Hanpyru Ta CTpyMmy €J1eKTpoBO3a Bupas mykauoi imMmysibcHOT nepexinHoi gynk-

AC3 npu xirouoMy 3HAYCHHI CTPYMY HaBAHTAKCHHS uii & ! Bu3HAYaeMo 3a HOPMYIIO PO3KIIALAHHS

(A): a) 20; 6) 50; 6) 100 (8) i BOHA Ma€ BUTTISL:
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a(t)=4,19¢ 1481 oy (12)

Lleit Bupa3, Ak MoOJeNb €JIEKTPOBO3a, J103BOJISIE
BU3HAYATH CTPYM €JIEKTPOBO3a B HOrO yCTaJIEHOMY
Y1 NepeXiTHOMY peXuMi poOOTH MpH OyAb-SIKOMY
IMOBiIpHICHOMY 3HAa4YC€HHI HANpyrH Ha CTPYyMOII-
puiiMaui. Hanmpukman, BH3HAYMMO MaTeMaTHYHE
O4iKyBaHHSI CTpyMy M| B yCTAQHOBJICHOMY PEXH-
Mi pH HOMiHAJIbHIT Hanpysi
Unom =My =25000B. 3xiiicanmo 1e 3a popmy-
noto [14]:

t
mp(t)= [g(t-v)- My -dv
0

(13)

[lincraBuBmu (12) B (13), orpumaemMo mMaTema-
TUYHE OYIKYBaHHS IEPEXiJTHOT0 CTPYMY E€JIEKTPO-
BO3Y

t
my ()= [25000-4.19. ¢~ 48D
0
=91,25-91,25¢ 1487 7

(14)
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30BHINIHIN peneH3eHT Xeopocm M.B

Po3pobka i umcenbHi po3paxyHku iaeHTMdikauiriHOi Moaeni wBuakicHOro enektpopyxomoro cknagy (EPC)

3MiHHOrO CTpPyMy. BrvkopucTaHo MeToaAnKM i Npunaamn 4acoBoi peecTpauii BUNagKoBUX NPoOLECiB TAroBMX Hanpyr i
CTPYMiB €NeKTpoBO3Yy 3MIiHHOIMO CTPYMY Ha Ailounx AinsHKax, MeToAuM OUIHKM SKOCTi eneKkTpoeHeprii 3rigHo
[OCT 13109-97, MeToaM onepauiinHoro YNCNEHHs, Teopis NNWKIB i BUNaAKOBMX NPOLIECIB, a TaKoX cnocobu iMo-
BipHICHO-CTAaTUCTNYHOI 06pO6KM | peecTorpaM. 3AiIMCHEHO OUiIHKY FrapMOHIMHOro cknagy TAroBUx Hanpyr i cTpymiB
wBmAakKicHoro enekTposo3y [C3M, Wo Aano MOXAMBICTb NobyayBaTu i BUKOpPUCTATU nepeaaTHy yHKUIlO SK Moro
ineHTudikauiriHy mogenbs. MNMokasaHo, WO iMNynbcHa nepexigHa yHKLis 3HaxoANTbCS SIK 3BOPOTHE MepeTBOPEH-
HA Jlannaca nepefaTHOi PyHKUii. BUKOHAHO YMCenbHi PO3paxyHKM MaTeEMaTUYHOrO OYiKyBaHHS TArOBOro CTpyMy
enekTpoBo3a [C3M y nepexiaHOMY pexwuMi. MokasaHo, Wo weunakKicHi Tmnn EPC, ki MaloTb Ha BUMXOA4i nepeTBo-
ptoBadi Tuny 4g-s , 3abe3neuvyloTbCs BXiAHMMW FapMOHIHMMUK Hanpyrot i (B nepwoMy HabnuxeHi) CTpyMoM.
OpepxxaHo aHaniTUY4HWMIN BUpa3 iMNyNbCHOI NepexiaHoi dMYHKLIi Yepe3 3BOpOTHe NepeTBoOpeHHs Jlannaca nepeaa-
THOI (yHKLUii. 3anponoHOBaHO B SKOCTI iAeHTUdikauinHoi mogeni EPC BukopucTtoByBaTu iMMynbCHY nepexigHy
dyHKUito. OTpMMaHO aHaNiITUYHY 3aKOHOMIPHICTb 3MiHM MaTEMATUYHOIO O4iKyBaHHS TArOBOro CTpyMy LUBWAKICHO-
ro enekTpoBo3y.

MpoBeaeHWI At rapMOHiIYHMI aHani3 TAroBMX Hanpyr i CTpyMiB wBuakicHMx EPC 3 nepeTtBoptoBavamu 4g-s fae
MOXMBICTb NpW NO6YAOBI iAeHTUDIKALIMHNX MOAenel BUKOPUCTOBYBATM MeTo4 nepeaaTHuxX yHkuin. OTpumaHe
aHaniTM4yHe CniBBiAHOLWEHHSA IMMNYybCHOI NepexiaHoi dMYHKLUii A03BONSE BUKOPUCTOBYBATKM i K iAeHTUdIKaUiiHy
MoAenb ANA aHanily enekTpoMarHiTHoro npouecy B wenakicHUx EPC B nepexigHoMy pexuMi. BUKOHaHi uncenbHi
pO3paxyHKN A03BOJISIIOTb BCTAHOBUTU 3aKOHOMIPHOCTI TiCHOI (YHKLiOHaNbHOI B3aEMOMNOB’'A3aHHOCTI iMMYyNbCHOT
nepexiaHoi i nepeaaTHoi MYHKLIN AN KOXHOro Tuny weuakicHoro EPC.

KntouoBi cnoBa: WBWAKICHUA eNeKTPOPYyXOMUIN CKNaa; SIKiCTb eNeKTPUYHOI eHeprii; nepeTBoptoBay 4g-s.
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NIAEHTUOUKAIIMOHHASA MOJAEJIb CKOPOCTHOI'O
IJEKTPOIIOABHUKHOI'O COCTABA IIEPEMEHHOI'O TOKA

PaspaboTka 1 uncneHHble pacyeTbl UAEHTUPUKALNMOHHONW MOAENMN CKOPOCTHOMO 3/1eKTPONOABUXHOIO CoCTaBa
(3MNC) nepemeHHoro Toka. Metoanka. Micnonb3oBaHbl METOAMKK M NPMOOPLI BPEMEHHOW perncrpaumm ciydyanHbix
NpoLLeCCOB TAMOBbIX HAMPSXXEHWN M TOKOB 3/IEKTPOBO3a NepeMeHHOro Toka Ha AENCTBYIOWMX yvacTKax, MeToapl
OLEHKM KayecTBa aneKkTpoaHeprumn cornacHo NOCT 13109-97, meToabl ONepauMoOHHOr0 UCUYUCTIEHUS, TEOPUS Bbl-
YEeTOB M CNy4damHbIX MPOLECCOB, a TakXe Cnocobbl BEpPOATHOCTHO-CTAaTUCTUYECKOW o6paboTkmocumnnorpamm u
pernctporpamm. OcyllecTBfieHa OLEHKa rapMOHUYECKOro COCTaBa THArOBbIX HaMpPsSHKEHWN U TOKOB CKOPOCTHOrO
anekTposo3a JC3M, 4To NO3BOANNO NOCTPOUTbL U MCMOMb30BaTb NepefaTouHY0 PYHKLUMIO Kak ero naeHtuouka-
LMOHHYI0 MoAenb. MNMokasaHo, YTO MMNynbCHas nepexoaHas dyHKUMS HaxoaUTCcs Kak obpaTHoe npeobpasoBaHue
Nannaca nepeaato4yHon dYHKUUK. BbINONHEHbI YNCNEHHbIE pacyeTbl MaTEMAaTUYECKOrOTMUS TArOBOro Toka anek-
TpoBo3a IC3M B nepexoaHOM pexume. NokasaHo, YTO CKOPOCTHble Tunbl DMNC, KOTOpble UMEIOT Ha BbIXoAe npe-
obpaszoBaTtenun TMna 4qg-s, obecneunBaloTCs BXOAAWMMWN FAPMOHMYECKUMUM HaMps)KeHneM n (B nepsoM npubnu-
XKEHUWN) TOKOM. MonyyeHO aHanUTUYeCcKoe BbipaXeHne MMNYSIbCHOW NepexoaHon dyHKUMK Yyepes obpaTHoe npe-
obpaszoBaHue Jlannaca nepenatoyHoM GyHkuMK. MpeanoxeHo B KavecTBe maeHTUdMKaumoHHon mogenu IMC
MCMNoSb30BaTb MMMYbCHYIO NepexoaHyto dyHKUMIo. MNMonyyeHa aHanuTMyeckas 3aKOHOMEPHOCTb U3MEHEHUS Ma-
TEMaTMUYECKOro OXWAAHUA TArOBOro TOKa CKOPOCTHOrO 31eKTpoBo3a. [MpoBeaeHHbIi rapMOHMYECKMIA aHanu3 Ta-
roOBbIX HamnpshKeHW U TOKOB CKOpOCTHbIX IIMC npeobpasosatenaMm 4q-s AaeT BO3MOXHOCTb MPWU MOCTPOEHUM
MAEHTUDUKALUNOHHBIX ModeNnen MCNosb30BaTb METOA nepeaaTouvHbiX dyHKUWNiA. MonyyeHHoe aHanuTuyeckoe co-
OTHOLWIEHWEe MMMY/bCHOW MepexoAHOn (OYHKUMU MO3BONSET UCMOb30BaTb ee Kak UAEHTUDUKALMOHHYI0 MoAenb
ONA aHanmsa 31eKTPOMarHUTHbBIX NPOLLECCOB B CKOPOCTHbIX IMC B NnepexoaHOM pexuMe. BbINoNHEHbl YNCEHHble
pacyeTbl MO3BONSAOT YCTAHOBUTb 3aKOHOMEPHOCTU TECHOW (YHKUWMOHANbHOM B3aMMOCBA3aHHOCTU UMMYJSIbCHOM
nepexoaHon 1 nepeaaToyHoOn yHKUUKM AN Kaxaoro Tmna ckopoctHoro 3MMC.

KnroueBble cnoBa: CKOPOCTHOM 3/1€KTPONOABMXHOM COCTaB; KayecTBO 3N1eKTPUYECKOn aHepruun; npeobpasosa-
Tenb 49-s.
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IDENTIFICATION MODEL SPEED ELECTRIC ROLLING STOCK AC

Design and numerical calculations of the identification model of high-speed electric rolling stock (EPS) AC.
Methods. The procedure and equipment time regi-stration of random processes traction voltages and electric
currents on AC operating areas, methods of power quality assessment in accordance with GOST 13109-97,
methods of operational calculus, the theory of random processes and deductions, as well as methods of
probabilistic and statistical obrabotkiostsillogramm and corded . The estimation of the harmonic content of the
traction voltage and current high-speed electric DS3M that allowed to build and use a transfer function model
as his identity. It is shown that the impulse response function is as the inverse Laplace transform of the
transfer function. Numerical calculations matematicheskogotiiya electric traction current DS3M in transition
mode. It is shown that high-speed types of EPS, which have output the adjustable type pre-4g-s, members are
provided, and the harmonic voltage (in first approximation) current. An analytical expression of the impulse
response function by the inverse Laplace transform of the transfer function. It is proposed as an identification
model EPS to use the impulse response function. The analytical pattern of change of the expectation of a high-
speed electric traction current. Held fast Fourier analysis of EPS converters 4qg-s traction voltage and current
allows the construction of models of identification to use the method of transfer functions. The resulting
analytical relation impulse response function allows you to use it as an identification model for the analysis of
electromagnetic processes in high-speed EPS in transition mode. Numerical calculations allow us to establish
patterns of close functional interrelatedness of the impulse response and transfer function for each type of high-
speed EPS.

Keywords: high-speed electric rolling stock; quality of electrical energy; converter 4g-s.
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