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ITPEOBPA3OBATEJIb YACTOTHI - ACHHXPOHHBIN IBUT'ATEJIb

AnHotamusi. B craree mpuBoanTcs 3aMKHyTas HelmHCEHHAs cucrema ympasiaeHus [TH — AJl, ee maremaTh-
YECKOE OTMCAHUE U pacdeT (a30BoH KpuBoi cucremsl B cpene MATLAB.
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OCHOBHOE YCIOBHE HOPMATIBHOTO (PYHKIMOHHUPOBAHMS CHCTEMBI ABTOMATHUYCCKOTO YIPABICHHS CO-
CcTOUT B TPeOOBAHMHU YCTOMUYUBOCTH ¢¢ mepexoanoro npouecca [1]. MccaeaoBanue HEMMHEHHBIX CHCTEM
VIPaBJICHUS CBA3aHO C MPCOXOJICHHEM 3HAYUTEIBHBIX MareMaTHYecKux TpyaHocted. OcHOBHasA Tpyn-
HOCTb COCTOHUT B TOM, YTO HE CYIIECTBYET CAMHOTO TOYHOIO METOAA PCLICHHS HCIUHCHHBIX YPABHCHHH U
JUTSE KQKJOTO BUAQ HEMMHCHHOCTH MHPUXOAMTCS H3BICKUBATh CICHU(BHYSCKUN dacTHBM merox [2]. B
JaHHOHW paloTe A OMPEACICHHs YCTOHYHMBOCTH 3aMKHYTOH CHCTEMBI NpeoOpa3oBaTellb YacTOTHI —
acuaxpoHHbld aeuratens ([TY — AJl), cTpykTypHas cxeMa KOTOpPOW MHPEACTABICHA HA PHCYHKE | B
MATLAB, BriOpan MeToa ¢azoBoro npoctpascTsa [3]. MeToa 1aet BOZMOKHOCTD HONYYUTh HATTISAHYIO
U TOYHYIO KAPTHHY NCPEXOAHBIX MNPOLECCOB CHCTEMbI VIPABJICHHS H TO (a30BBIM TPACKTOPHAM
OMPEIEIATh YCTOMYHUBOCTD W HEYCTOHYHBOCTD CHCTCMBI.

B ctpykrypHOIi cxeme mpeoOpa3oBaTeib YacTOThl MPEICTABICH OC3BIHEPLUUOHHBIM 3BCHOM C KO3(-
(HULICHTOM mepeaayun kpr, aCHHXPOHHBIH ABHUraTeib ¢ KOPOTKO3AMKHYTBHIM poTOpoM [4] mpeacTaBicH
JByMs AMHAMUYECKUMU 3BeHbsMU, (14))/s u b/(Tys + 1), oxBaucHHBIE €AWHUYHOM OTPHLATEIBHOU 00-
patHo# cBsa3pro. OOpartHas cBsa3p ¢ koddduumreHToM nepeaadn Ks, obpazosaHa CyMMHPOBAHHEM CHI-
HAJIOB C JATIYUKOB ckopocTH (ko3ddunuent nepegaun Cl) u curHanom ¢ BeIX04a HeTMHEHHOTro 3BeHa HZ.
CrpyxrypHas cxema (pucyHok 1) samxayTOH cucrembl [T — AJl saBnseTcs HETMHECHHOH CHCTEMOM, Tak
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Pucynok 1 — CtpykrypHas cxema 3aMKHyTO# cuctemsl [1H — AJ[

KaK B CHCTEMY YIPaBJICHUA BBEIACHO HEIMHEHHOE 3BEHO THIa orpanudeHue [5]. BeenenHoe HenmmHeHOE
3BCHO MPHUAACT CUCTEME KaK Obl CBOWCTBO CAMOHACTPONKH IO BSIHYHUHE OIIMOKH CHCTEMBI, BO3HUKAOLICH
B CHCTCMC B TPOLICCCE YIIPABICHUS [6].

MareMaruueckoe onucaHue 3aMKHYTOH HenuuehHoN cucrembr [TH — AJl mpu M, = 0 MoxHO mipea-
CTaBUTH C CICAYIOMECM BUIC:

do 1

L (M-M,); 1

dt J( C): ( )
ahd by O L i @
e T, 7, T,

UPc:Z‘x; x:UZ _KSUPC_KSCIwﬂ (3)

IJ€ @ — CKOPOCTh ABUTATENA;, M — 3IeKTPOMAarHUTHEIH MOMEHT ABUTATeNs;, Upe — HAPSKCHNE HA BBIXOJE

HeymHelHoro 3seHa HZ; U, — nanpsbkenne Ha Bxoae 3aMkHyTO# cuctemsl T4 — AJl; J — MoMeHT nHep-

UM POTOPA ABUTATEs; b — MOAYIb KECTKOCTH MEXaHHU4eCKoH xapakrepuctuku A/ll; 75 — smextpomar-

HUTHas [MOCTOSHHAS BPEMEHHM LIETIEH CTaTOpa M POTOpA; Z — XapaKTepHUCTHKA HEMMHEHHOTo 38eHa HZ.
IMoxcrasus x, BTOpoc ypasHeHue (3), B iepBoe (3) moryyumm:

Upe =2:(U,; —KUpe —K;Ci0). “4)
[Ipeobpazyem ypasrenue (4) npu Uz = 0 k caeayoomeMy BHAY
pc — KSCIZ a . (%)
(1+K,z2)
[Toxncrasnag BeipaxkeHue ypasHeHus (5) Bo Bropoe ypasHeHHE (3) Taxke npu Uz = 0, momyyaem
x=—(K,Ciz/(1+K;2)+K,C)) 0. 6)

XapakTeprucTrKa HETHHCHHOTO 3BCHA Z BRIPAXKACTCS YPABHCHUAMH [5]:
k-x npu |X| <X,
z, -sign(x)  npu |x| > X,
Jst yrodersa pacueTa Ga3oBOk KPUBOH JMHAMUKH CUCTEMBI Ha anroputMudeckoM s3eike MATLAB,

O BUAY KOTOPOU ONMpPEICTACTCS YCTOMYMBOCTD 3aMKHYTOH HennHerHon cuctemsl [TH — AL, HeoOxoammo
ypasaenws (1), (2) u (6), ¢ yuerom ypasHenui (7) npu M = 0, mpeoOpa3oBarh K BUAY:

(M

— ] ——
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da J i &
dy(2) Kpr-b K,z b 1
= ; D——y(1)—— (2
o~ T U+K.2) y(D) T ¥ T »2). ©)
x=—(K,Cz/(1+ K z)+K,C) y(l), (10)

rie YD=0, y2)=M.

Yucnennoe unTerpupoBanue muddepeHuuanpupix ypapuenuit (8), (9), ¢ yuetom ypasuenuit (7) u
(10), u ¢ BH3yanmM3aumei Pe3ysibTaTa PEUICHUS YPABHCHUU Ha (PA30BYIO MJIOCKOCTh, OCYIICCTBIISICTCS C
nomotpo nporpammsl B cpeac MATLAB [7]. Tlporpamma uncienHoro uHterpupoBanus guddepeH-
LUABHBIX YPABHCHHIM MTPSACTABICHA HA PUCYHKE 2.

B Editor - C:Program Files,MLAB71' work',portret_1.m
File Edit Text Cell Tools Debug Desktop Window Help N | A X
NEEH| i 2B ([ S(Hf 82 ARE B8 | s -] BHDBEEO
1 functicn poertret :
2- Y0 = [2;15];
3 - opticns = odeset ('COutputFen', @odephasZz)
4 - [T,¥] = odeds (@systm, [0.1 5],%¥0,opticens) ;
5- grid
) function dy = =systm(t, ¥)
7 - dy = zeroz(2,1);
il S =
9 - dy(l)=1.73%y(2);
10 - x=(—{0.03*z)/ (140.1*=z)4+0. 1) *y (1} ;
11 - if abs (x) <=1 =z=1.6A2Z*%x;end
12 - 1if abs=i(x)>1l z=5*=zignix);end
1LE = el (2 == 0L, D&t ¢ e, dlsm)) ) = (L) =alil==g (2) =S (L) 5
14 - end e
S g
| portret 1 aystm [tn 17 a1 [owR |,

Prcynok 2 — Iporpamma perrenust AuddepeHImanbHbIX Y paBHEHIH

B mporpamme (pucynok 2) xo3¢ddunueHTs AnddepeHINATBHEX YPABHCHUN PACcCUUTAHBI I ACHH-
xponHoro asurarens 4A132S6Y3 (5,5 kBr).
®dazoBas TpackTopus 3aMKHYTOM HenuHeHHON cucteMbl [TH — Al uzoOpaxkeHa Ha pUCYHKE 3.

<} Figure 1 =] B3
1
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Pucynok 3 — ®azopas kpuBas TMHAMUKH 3aMKHYTOU cucTeMbl [TH — A
25—
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Kak BugHO u3 pucyska 3, (a3oBast TPACKTOPHUS CTPEMUTCS K MOTOKCHHIO PABHOBECHS (3aTyXAROLIUI
mporecc). CoracHo [6], cuctema yCTOWYIHBA.
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ACHUHXPOH/1bI KO3FAJITKBILI - XKUUIKTI TYPJIEHAIPTTII SJIEKTP XXETETTHIH
T¥UBIKTAJIFAH BEUCBI3BIKTEI BACKAPY JKYWMECIHIH T¥PAKTBUIBIFbI

MATLAB 6araapiamacs! (ha3ajiblK >Ka3bIKTHIKTA JKYHCHIH Au(@epeHIHANIBK TCHACYICPIH OHTAMIIBI MICIIYTE
KOMEKTECEI].
Tipex ce3aep: *KULTIKTI TYpACHIIprim, OCHCBHI3BIKTHI )KYHE, TYPAKTBIIBIK.

Summary
Y. I Shadkhin, J. J. Toygozhinova, A.N. Besterekova

(Almaty university of Power engineering & telecommunications, Almaty, Kazakhstan)

STABILITY OF NONLINEAR CLOSED-LOOP CONTROL SYSTEMS
FOR ELECTRIC DRIVE FREQUENCY CONVERTER-INDUCTION MOTOR

This paper presents possibility of research of stability of motion of the «Frequency converter — Induction moton»
nonlinear feedback system in the MATLAB software.

In the intended nonlinear system entering of the nonlinear link of limiting which entered into the linear system
«Frequency converter — Induction motor», allows to reduce influence of disturbance on dynamics of system and
possibility of changing form of frequency characteristics depending on the size of amplitude of a signal.

Dynamics of the «Frequency converter — Induction motor» nonlinear feedback system is described and equi-
valent to system of the ordinary differential equations, on the basis of which the program was created, on MATLAB
algorithmic language, provides visualization of solution of these equations on the phase plane. In the program the
characteristic of the nonlinear link is described by two equations, taking into account the conditional operator of «ify.
Numerical integration of the differential equations is performed by Runge-Kutta method. Standard function of
MATLARB algorithmic language odephas2 of the program of the solution of the differential equations is intended for
plotting decision component in phase coordinates for two-dimensional process.

By resulting data it is possible to determine stability of the «Frequency converter — Induction motor» nonlinear
feedback system on the phase plane.

Keywords: converter of frequency, nonlinear systems, sustainability.
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