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MATEMATHYECKASA MOAE/Ib H HCC/IEAOBAHHE
CHCTEMbI VIIPAB/IEHHA 3/IEKTPOITIPHUBO/IOM
ITOCTOAAHHOI O TOKA 9KCKABATOPA-/IPAI/TAHHA

T'prBesnieHpr MaTemaTH4YeCKHe MoOAe[H CHCTEM UIPaBACHHS 3/1eKTPOIPHBOAOM MHOIO-
MAaCCOBBIX 3/IKTPOMEXaHHYECKHX CHCTEM M CTPYKTYPHbIE CXeMbl pelleHHS AHpghepeH-
LIHa/IbHBIX YPaBHEHHF, TO3BO/ISIONIHe CHHTe3HpPOBAaTh rapaMeTpbl pery/IsTOpOB MpHMe-
HHUTE/IbHO K 3/IeKTPOIPHBOAY MOBOPOTa IKCKaBaTOpa-Apal/ladHa.

Krrouesbie c/10Ba: sKCKaBaTop-Apal/akiH, MHOTOMAacCOBas CHCTeMa, CHCTeMa YripaBs/ie-
HHS, MaTeMaTHYecKas Moaesb, rporpamma Matlab.

a N1 He/MTMHeMHBIX OJHOMACCOBBIX — 37IGKTPOMEXaHHUeCKHX CHCTeM U MHOTO-
MacCCOBBIX 3/IGKTPOMEXaHNYEeCKUX CHUCTeM aBTOMAaTH3WPOBaHHBIN BLIGOPD Ia-
pPaMeTpoB  IeKTPOIPHBOAOB C  CIOC/Ie0BaTe/IbHOM KOPPeKLKer palloHa/IbHO
BBITIO/IHAThL C MCIOnb3oBaHeM mporpammel Nonlinear Control Design, Bxonsiei B
MporpaMMHbIit Komrizieke Matlab. Vicrionsayst MeTon MOCTereHHOro YC/IOKHEHUST MO-
menupyeMmort cuctembl [l], paccMOTpuM BHauazie OAHOMACCOBYIO  3/ICKTPO-
MeXaHHUeCKYI0 CUCTeMYy C 3/IeKTPOIPUBOAOM TOCTOSHHOIO TOKa IO CxeMe THPU-
CTOPHBIN MpeobpasoBaTenb-ABHUrate/lb, B KOTOPOM Heo6XoarMMO BhIOpaTh MapaMeT-
pPbl PeryasTopoB TOKa M CKOPOCTH, OOecCreyuBarollve YCTaHOB/IGHHBIN YpPOBEHb
eMricprpoBaHYs KotebGaHUi TOKa SKOPHOM LIeNy U CKOPOCTH BpallleHUs ABUraTe/Is.

Kak m3BectHO [2], crcTeMbl TIOAYMHEHHOTO PeryMMpPOBaHUs TpeaHasHaYeHb! /1S T10-
MYYeHUs 3alaHHOTO TUIA TepexOAHbIX XapaKTepPUCTUK 3/IeKTPOMNPUBOAa ITYTEM KOM-
TeHCal MM MHEePIIMOHHOCTe!N (3aras/ibiBaHus) B MOC/II0BATE/IBHO BK/IOUEHHBIX pPery/is-
Topax. Kak mpaBw/io, 3To roc/iefoBaTe/bHO BRAIOUEHHBIC Pery/sTopbl CKOPOCTH U TO-
Ka, B KaXKIOM M3 KOTOPBIX CYIIECTBYET OTHOCUTE/ILHO HeOo/bllias HeKOMITeHCHpYeMasi

IOCTOAHHAA BpeMeH! T M W OCHOBHad KOMIIEeHCHpYeMasd INOCTOAHHAaA BpeMeHH. B raue-

CTBe Y4eBHOro NpUMepa BO3bMEM CHCTEMY, PacCMOTPeHHYIo B [1].
[as rontypa Toka 1, BbiGepem no dopmyne 7, = Tm/2=0,01/2 = 0,005 c,

rae Tm = 0,01 ¢ — nocrosiHHAA BpeMeHy TUPUCTOPHOTO rpeobpasoBatess. B kaue-
CTBE KOMITeHCUPYEMO¥ TMOCTOSHHOM BPEeMEeHW TOKOBOTO KOHTYpa IMPUMEM 3/1eKTPO-
MarHMTHYIO TOCTOSIHHYIO BpeMeHH anekTpornpuona 1,= 0,0364 c. Hactporiky
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41 TUPHUCTOPHOTO MpeoGpasoBaTteris; a = 2 — MapaMeTp HaCTPOMKU peryasiropa.

- MIOCTOsIHHAsA BPeMeH! perysitopa Toka, k, = 40 — koadduLmeHT nepesa-
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B utore nonyuaem ['IM1- perynsatop KoHTYpa TOKa C repeaaTouHor PYHKIIMEH

0,0364p +1
w =+
o (D) 04
T
Hactporiry I'l- peryasitopa ckopocTy BHIMOMHUM 10 popMyie ﬁ =a. Or-
0 p

Kyza crieayer
T, =k, T, 2a=147%0,05"4 = =,0294,

rae T, - MOCTOsIHHas BpeMeHH peryasropa ckopocty, k, = 1,47 — koadduLmeHt

repeaayu ABUrartesIsi Mo YrpasasiolieMy BO3AEHUCTBHIO, @ = 2 — MapaMeTp HacTpoi-
K1  peryaatopa. Koadpdpuiiment nepenaun [I-  peryastopa  ckopocTu

T
w == M = 3,27, T, = 0,09635 c - anekrpoMexaH14ecKas TOCTOH-
- T, 0,0294 ’

Hafd BpPEeMeHHU 3/1eKTPOIIpHBOAaA.
Ol"paHI/I‘-IQHI/IQ TOKa HKOpHOfI Lerii YaBOeHHbIM 3HadeHHeM HOMHWHa/IbBHOTI'O TOKa

meuratens 21 = 2%22 = 44 A obecrieurBaeTcsl BBeIeHHEM B Perynsarop CKOpo-

HOM
CTU HeMWMHEMHOro 3BeHa THIa ‘OrpaHhueHHe KoopauHaThl no Moaymo” . Mcnonbsso-
BaHue [I- peryastopa B KoHTYpe ckopoctu U [ 1M —perynaropa B KOHTYpe TOKa 03-
HayaeT, YTO KOHTYp TOKa ob/1asaeT acTaTU3MOM, a KOHTYP CKOPOCTH OCTaéTCs CTa-
THUeckuM. [l71s1 BBeileH sl acTaTu3Ma IO CKOPOCTH B KOHTYPe CKOPOCTH HeoGX0aMMO
vcnonb3oBath [ 1M peryasTop, rmpu 3ToM OOBEKT YIpaBAeHUs pacCMaTpHBaeTCs Kak

MHEePLIMOHHOE 3BEHO C TIOCTOSTHHOM BpeMeHHU T,w (SZIQKTpOMexaHI/ILIeCKaH TTIOCTOAH-

Hasl BpeMeHHM 3/1eKTPOTPUBO/IA).

[TockonbKY MTOCTOSHHBIE BpEeMEeHH Pery/asTOpOB PaCCUUTHIBA/INCH MPUMEHHTE b
HO K OZHOMACCOBOM 3/IeKTPOMEXaHWYEeCKOH CHCTeMe, BhIOOD MapaMeTpoB peryris-
TOPOB /1l ABYXMACCOBBIX CUCTEM MOZKHO BbINIO/IHWTH C NIOMOILBIO B aBTOMAaTHU3UPO-
BaHHOM pexuMe ¢ Momolisio nporpammel Nonlinear Control Design, npyuéM B Ka-
YeCTBe MCXOAHBIX NapaMeTPOB Pery/IaTOPOB MPHHATL YMC/IOBble [AaHHble TPUBe1eH-

Hble Bbillle. KoMrneHcalma 60/bl1oi MOCTOAHHOM BpeMeHH ', cO3MaéT HeycTOMuM-

BYI0O PaboTy TOKOBOTO KOHTYpa, YTO MPUBOAWT K HEOOXOAMMOCTU MCIIO/Nb30BaHMUS
T/IaBHOTO HapacTaHWs 3aJalolllero CUrHazia B KOHTYpe CKOPOCTHU C OrpaHHYeHHeM
PaBHBIM KelaeMOMY 3HaueHWIo CKopocTu asuratess. OaHUM M3 CrocoOOB pearnvsa-
LIMY 3TOTO SIB/SETCS HCIIO/b30OBaHWE HHTerparopa, pear3yiolero /IVMHEHMHYIO 3a-
BO/IKY 3ajalolllero CUrHaza, KoadpHlIMeHT Mepeaauy HMHTerparopa noadrpaeTcs
3KCIIepHMEHTa/TbHO.

MatemaTnyeckoe orrvcaHye MOAe/MMpPyeMor ABYXMacCOBOM CUCTEMbl MeeT BUA:
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9) X= @ — PP T 0,
rae t - Bpems; Uj- AMHEHHO pacTyIMI CUrHa/ Ha BXOJe peryaaropa CKOPOCTH;
()
k( - koadbduLmeHT, onpenensionMii CKOPOCTb HapacTaHus curHana Uy ; dt /g

d

P s

- TpebyeMoe 3HaueHHe CKOPOCTU ABUraTe/is; M = - ckopocTs aBurarens; U, ,

U, - curanbl Ha BeIXOZE PeryaaTOpOB TOKa M CKOPOCTH; m, N — MapaMeTphbl pery-

AsSTOpa CKOPOCTH , BeibrpaeMele rporpammoit NCD B aBTOMaTH3MPOBaHHOM PexXU-
Me [0 MeTOAMKE, U3/IOKEHHOM HUXKe; K, | - TapaMeTphl peryistopa CKOPOCTH , Bbl-
6upaemeie nporpammoii NCD B aBTOMaTM3MPOBAHHOM pexuMe; | - TOK CH/IOBOM

Lleny a71eKTprdeckux MaimH; £ - 9/IC Ha BbIXoZe TMPHCTOPHOro npeobpa3oBare-

as; k, - KoaddULIeHT Nepenayr THPUCTOPHOTO NpeobpasoBarens; Ry =R, + R, -
CYMMapHOe aKTMBHOE COITPOTHB/ICHHE CH/IOBOM LeMNU SeKTPUUYECKHUX MAallKH;
R,; R - aKTUBHble CONMpPOTHB/ICHUA CH/IOBBIX Lierleit ABUraTesii U TUPUCTOPHOIO

npeobpasoBarens; Ly =L, + L, - cyMMapHasd MHAYKTUBHOCTb CH/IOBOM LM 3/1eK-
TpU4ecKux MauvH; L ;L - WHAYKTMBHOCTM CH/IOBBIX Llerei ABWrartesss U THUPH-
cropHoro npeodpazoparens; Ce — KO3PPUITUEHT TPOMOPIIUOHATIEHOCTA MEKITY

OJIC nBuratens u CKOpOCTbIO; CM - KO3 (ULIMEHT TPOMOPLIMOHAIBHOCTH MeXKay
MOMEHTOM /BMraTesii U TOKOM; J, - MOMeHT MHepLMu poTopa asuratens; J, . -

mex

MOMEHT HMHePLIMN HUCTIO/THUTE/IbHOIO MeXaHu3Ma; (P B~ Yrori roBopoTa poTopa ABU-

k

rarterid, (PMex - Yros roBOpPOTa Ba/la HCIIO/THUTE/IBHOIO MeXaHH3Ma kpe() ="

p
MpYBeIeHHas K Ba/ly ABWraTels KECTKOCTh BaZIONPOBoaa; k — ysnueckoe 3Haue-
HHe KECTKOCTH BBIXOAHOTO (MeVIeHHOTrO) Ba/la PeayKTopa; p — MepeaaTodyHoe OTHO-
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lIeHHe PeayKTopa; O - MPUBEAEHHbIN K Ba/ly [ABUraTe/ls YI7IOBOM KMHEMATUUeCKUM 3a-
30p; M , - MOMEHT HarpyskH, MPH/IOXKEHHbIN K Ba/Ty UCTIO/THATE/IbHOTO MEXaHH3Ma.
Pusnueckas opMa YpaBHEHHH, COOTBETCTBYIOIAs MapamMeTpaM YueOHOH ABYX-

MacCCOBO¥ 3/IGKTPOMEXaHNYEeCKOM cHUcTeMbI[1]:
1] 053234+t £ 3234 ;

mp +1 kp+1

2) W-w) oy, (<44, 3) (U —D———=Uy;
ng Ip
D001 =L E —a0-u,, 5 B —0551+002% 4 058 %
) 001 +E. =40xUs: 5) E=0, Tdr T de !
d? d?
6) n,n5e%=n,esr—n,1zsoc; 7) 1n$=—mgnﬁm+mu;
da dg, AP,

8) It T d T2 a9 = g | 20¢,, TOL

[lpyBeaeHHbIM YpaBHEHUSIM COOTBETCTBYET CTPYKTYpHAas CXeMa pellieHUs], Mpu-
Be/leHHast HYXKe
B cTpyKTypHOM cXeMe IoKasaHbl pe3y/1bTaThl aBTOMAaTHU3HPOBaHHOTO BhIOOpa Mapa-
METPOB PeryiaTopoB CKOPOCTH U TOKa, 0OeCreurBalolMX MUHHUMa/IbHOR Tepepery-
MYMpoBaHKe MO TOKY U CKOpocTy asuratesns. OnTuMHsalivsa MapaMeTpoB Peryisito-
OB MpoM3BOAW/IACh B ABa 3Tara. Ha nepBom atane ontumusaiivv 610k NCD | 6bin
MOAKMIOUEH K BbIXOAY 6/10Ka, (DOPMUPYIOIIEro CUrHa/z Ha BbIXOZE peryistopa CKo-
POCTH; B KayecTBe CTapTOBBLIX 3HaueHMil MapaMeTpoB OOOUX PeryasaTopoB ObLIH
HCITIO/Ib30BaHbl Mpe/CTaB/IeHHble BhIllle 3HaYeHHs TapaMeTpoB, paCcCUUTaHHbIE PU-
MEHHTEe/IbHO K OAHOMAcCCOBBIM cHcTeMaM. Ha BTopoM 3Tame ontuMmusaiiviv 610K
NCD 6b1n1 NoAKMOYEH K BXOAY Peryistopa TOKa, a Ha peryastope CKOpOCTH ObIu
YCTAHOB/ICHBI 3HAUEHUS MapaMeTpoB M U N, MO/MydeHHbIe Ha [epBoM aTarle (m = 2;
n = 2,77). B pesynsrate BToporo sTama OblM IMOMYUeHbl 3HaueHs rapaMeTpoB kK u
|, obecrieurBinrie MUHUMA/IBHYIO aMIVIMTYAY KOMeOaHWM CHMTHazla Ha BXOJe peryris-
Topa ToKa (k = 0,654; [ = 1.7), uTo nosBoMUNO 06ECNeUrTh MUHHMMA/IBHYIO aMITIH-
TYay KorebGaHW TOKa SIKOPHOM LIenu M CKOPOCTH aBurartend. | lonyueHHble B pe-
3ynbTaTe MOAeMHMPOBaHWs HOBble 3HaUeHUs TNapaMeTPOB HACTPOHKHU PeryasaTopoB
obecrieunny MpreMZieMoe KadeCTBO MepexOaHbIX IMPOLIECCOB IO TOKY SKOPHOM
LIeli ¥ CKOPOCTH ABUraTesls, HO Tak XKe, KaK U B 3/1eKTPOIIPHBOAE C Tapasiiens-
HOM KOppeklueHr, He obecreurny HaaéXHOro AeMIHUpoOBaHUs KomebaHUil B
Ba/IOIIPOBO/IE.

[Tocne onpeneneHyst rnocneaoBaTenbHOCTH Olepalivil CHHTe3a CHCTEMBI YITpaB-
MIeHHsl 3M1eKTPOIPHUBOAOM MOCTOSTHHOTO TOKa C TOC/1e10BaTe/IbHOM KOppeKLvei Obl-
710 BBITMO/THEHO MOJeMUPOBaHUE 3/IeKTPOMEeXaHUUeCKOM CUCTeMbl TTOBOPOTa 3KCKa-
BaTOpa-AparaaiHa ¢ Y4éTOM HeMMHEMHOCTU XapPaKTePHCTUKU TUPHUCTOPHOTO Mpeos-
pasoBaTeris, COr7laCHO cxeMe Ha puc. 1.

MaremaTHueckoe OIMcaHHe 3/IeKTPOIpHBOAa MOBOPOTa Iaraloliero 3KCKaBaTopa
MpPY WIGHTUUYHOM paboTe UeThIpEX ABWraTesieil rmoBopoTa [1] v Hcronb3oBaHuN ABYX-
KOHTYPHOM CHUCTeMbl MOAYMHEHHOTO PeryMMpoBaHyis UMeeT BU:

dg .
1) U= kUt = ( d: )u-: 2) m% (Ui— d::“) + (Ui— d::5)=nﬂz;
B OIepaTopHON hopme
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Puc. 1. Cxema MoaeaHpOBaHHA CHCTEMbI

mp +1 d dU;
u, - —=U,; |U,| =< 21__..; - 1 _ny=7_3
E 1 m:' np 2 | _| EHOTM 3:] kd (U f:l (Uﬂ f;l -i.l

B OIepaToOpHOHN hopme
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) k dt '

75



dl dep A2 d
— - AB Lo _ &
5) E,r —fRE + LE dt + 4CE dt H 6) qu dt; = CMI - kpeq 4 _EPEAE H

2.

ik

de
7 IBKEF =4(1 = P )kpen & +46,,(1— ‘D”Exjﬁ_
8) x= Ppe — (1— po )¥+ 4.
rae E, - 9/IC Ha BbIXOZe THPHUCTOPHOTO NMpeobpasoBatesns; | - TOK cunoBoi Lenu

-1
arnekTpuueckrx Mamms; U, = [ (E| ) - Tekyllee 3HaueHHe YIPaB/IsoLero CHrHaza
Ha BXO/le TUPHCTOPHOro mpeobpasoBartess (PYHKIMS OOpaTHasi XapaKTepHCTHKe

E
.
E, =fU,)); k = cTaTMYecKMit KO3(hULIMEHT Mepesauld TUPUCTOPHOTO
3

npeobpasoBaresd M0 YNpaB/AolleMy CUTHany; Ry - CyMMapHOe aKTHBHOe COMpO-
THB/IeHHe CH/IOBOM LIeNU 3/1eKTPUYeCKUX MallkH; Ly - cyMMapHas WHAYKTMBHOCTb

CU/IOBOM LIel 37IeKTPHUeCcKUX MalvH; Ce — KO3(D(HLIMEHT MPOrOpLMOHA/IBHOCTH
Mexay O/IC mBuratens u ckopocThio; CM - KO3 HLIMEHT MPOIOPLMOHAIEHOCTH

MeXAy MOMEHTOM ABMUraresl U TOKOM; J,, -MOMEHT MHepLHU poTOpa ABHraTerls;
J .. - MOMEHT MHepLMH MOBOPOTHOM M/aTOpMbl 3KCKaBaTopa; @ B - Yrosa rnoso-

poTa poTopa aBuratess; ¢ - yroa roBOpOTa Ba/la WCIIO/MHHUTE/IBHOIO MeXaHH3Ma

kpeo - MpHBeseHHas K Ba/ly ABUraress XKECTKOCTb Ba/IONPOBOA; Bpe;[ - TIpUBeaeH-

HBIM K Ba/1y [ABUratTe/1d KOSCbeI/ILll/IeHT BASKOI'O TPEHUA B BA/IOINIPOBOAC; Ppex —

Npou3BeeHre KosPPULIMEeHTOB Mepeaadn CTyrieHei peaykTopa; O - MPUBeIeHHbIM
K Basly [ABUTaTe/Is YI/IOBOM KUHEMaTHYeCKuit 3a30p; M - MOMEHT Harpy3kH.
Uuncnossle 3HaueHus rapaMeTpoB [1] cuctemsl

- . Hm
Jze =78 kr-m7%; [, =601- 10% kr-m?%; p,., = —390; Kpey = 36260 —;

pan
Hm B
C,= 4414 ; C. = 4414 ; Ry = 0,083 Om; Ly = 0,045 I'my; Uy, — 225B;
A pazg/c
Hm
Luows = 1030 A; My,,, = 4546 Hi; Io; = 1450 A; I, = 1800 4; 8, = 64 /e
ob -
§, =38, =02pam R, =0,012 Om; n,,, = 460 p— (0o, = 48,17 c77);
1 ¢t .
ky= o= 0227 = k=40, T, = 005Gk =4 Us,,, = 2348

Pusnueckre YpaBHeHHs CUCTEMbl NMeIOT BU:
1) 0.8=234=t=< 3234;

+1 kp +1
2) (U —w) 2" —u,; U, =2060; 3) (Uy—1) d =u,;
TP Ip

0,05 dE.
4 dr'

4) AW, = fH(E) +
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Puc. 2. CtpykTtypHas cxeMa pelleHHs

df
5) E.=0083=1+ DJDJLSE— 4% 4,414

[ G Par, 1
=D
HC D Oulpar,

dqug .

dt
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d‘cpqg
dt?
LAY de
7) 601 10° —=4%391=36260a +4+64=391—— M_
dt? dt
8) x, = @, +391¢,.. T0.2.

[IpyBeneHHbIM YpaBHEHHAM COOTBETCTBYET CTPYKTYpHas cxema peiieHus (Puc.
2), B KOTOPO# TOKasaHbl Ppe3y/ibTaThl aBTOMATH3MPOBAHHOIO BbIOOpa apaMeTpoB
PerynsaTopoB CKOPOCTU M TOKa, OOeCreurBaloliiX MUHUMa/IbHOE TepeperyiipoBa-
HUe T10 TOKY ¥ CKOPOCTH ABHrarterns. B KauecTBe MOMeHTa Harpysky MPUHAT MTOCTO-
SIHHBIFT MOMEHT, COOTBETCTBYIOIIMI CYMMapHOMY HOMHHA/IBHOMY MOMEHTY YeThIPEX
[BUraTe/nier, MpHUBeAeHHOMY K OCHU BpallleHHsl TOBOPOTHOM /1aTPOPMbI 3KCKaBaTo-
pa. B KauecTBe MCXOAHBIX 3HAUEHHIT TAPaMETPOB PEeryiaTOpOB ObIIM MPUHATH UX
3HaueHusl, pacCUMTaHHBIe A7 OAHOMACCOBBIX cHcTeM. MToroBble 3HaueHWs Mapa-
MEeTPOB, MO/IYUeHHbIE C MOMOIIbIO MporpamMmbl NCD, ykaszaHBl Ha CTPYKTYPHOM CxeMe
peitietivist v coctaBim m = 96,8, n = 14,34; k = 1,08; 1 = 2,19. [lonyuentnie B pe-
3y/bTaTe MOAE/MUPOBAHMs HOBble 3HaAueHMsl MMapaMeTpPOB HACTPOMKH Pery/IsTopoB
obecrieunv NmpueMsieMoe KaueCTBO TepexOaHBIX MPOLIECCOB 10 TOKY SAKOPHOM LIenu 1
CKOPOCTH ABUIaTe/lsi, HO TaK e, KaK U B 37IeKTPOIPUBO/E C Mapa/i/Ie/IbHON KOPPEKLIH-
elt, He obecrieun/y HaZIéKHOTO 1eMIIOHPOBaHUs KorteGaHHH B BaviornpoBoze. [ loatomy
A71s1 pellleHys 3a7a4yu AeMITPUPOBaHKA YKa3aHHbIX KO/leGaHWi B MHOTOABUIATe/IbHOM
SMeKTPONPUBOAe, o0/1afaiolleM MeHbllel ([0 CPaBHEeHUIO C OAHOABUTATe/IbHBIM 3/1eK-
TPOIPHBOIOM ) AeMITPHPYIOIIEH CITIOCOBHOCTEIO HEOOXOAMMO MCIIONB30BaHKe A0/
HMTE/TBHBIX CPe/CTB (/IEKTPHUUECKHX W/TH MEXaHNUeCKHX).

B cxeme mpeaycMoTpeHO BapbHpoBaHKe KoadpHiivieHTa BA3KOTO TpeHHs Bpenv

dex
6) 78 —’1,’1191*'.{—36260“—6’15 ;

-
=

YTO T103BO/IA€eT IMPOM3BOAWNTb HaCTpOIley PerynaTropoB IPpHU HCIIO/Ib30OBAHKWK AOI1O/1-
HHTE/IbHBbIX ﬂeMl’ICbI/IpyIOH.II/IX 3BEHbEB.
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