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Ipoéaema wuccnenoBanmii: [lapamienbHas obOpa-
00TKa JaHHBIX B BBIYMCIHMTENBHBIX TPAKTaX IO MOAYJISIM
CHCTEMBI TOJMHOMHAIBFHONH CHCTEMBI KJIaCCOB BEIUETOB
(TICKB) MoeT cinyuTh 0a3uCcOM B peau3aluy mpole-
Iyp Koppekiuu ommubok. Pa3zpaboTaHHBIE anTrOPHUTMEI
MMOWCKAa M HWCIPABJICHUS OIMIMOOK IMO3BOJSIIOT ITOBBICHTH
3¢ PEKTHBHOCTE (YHKIMOHUPOBAHHS CIICIIIPOIIECCOPOB
(CII) IICKB.

Pemienne npodJembl ucciaenoBanuii: Ilpu pemre-
HUM MHOTHX IMPaKTHYECKHX 3a/1ad HudpoBoi 00paboTKu
curanoB (IJOC) HeoOXO0AMMO OCYHIECTBISATH OPTOTO-
HaJbHBIE TpeoOpa3zoBaHus. M3BECTHO, YTO HCIMOJIB30Ba-
Hue mateMatuueckoid mojenu LHOC monst KOMITJIEKCHBIX
YrceN XapaKTepU3yeTcs LENBIM PSIoM HEeIOCTATKOB, OC-
HOBHBIE M3 KOTOPBIX MpHUBeaeHbI B padote [1]. B paborax
[2,3] npemioxkena peanuzaiys OPTOrOHAIBHBIX Mpeodpa-
30BaHM CHUTHAJIOB B IOJIMHOMHAIBHOW CHCTEME KJIACCOB
BbiuetoB ([ICKB) pacmmpennsix noneit Tanmya GF (2.
OCHOBHBIM JIOCTOMHCTBOM TaKOH HETIO3UIIMOHHOHN apud-
METUKH SIBJISIETCS. BO3MOXKHOCTh OpraHW3allly I1apaj-
JIETIbHBIX BBIYHCIICHUH M, CIIEJ0BATENIbHO, 3HAUYUTEIHbHOE
MOBBILIEHHE OBICTPOACHCTBUS BEIYMCIUTEIBLHOTO YCTPOHi-
ctBa LIOC. Kpome toro, npumenenue IICKB no3somnser
COKpaTUTh ammnapaTypHble 3aTpaThl HEOOXOAMMBI Ha pea-
JIM3AIHMI0 BEIYHUCITUTENbHON crucTeMsl [3].

Ecmu BeiGpats K m3 N ocrosanmit TICKB (K < n),
TO 3TO IMO3BOJIUT OCYIIECTBUTH pa30MEHHE IOJIHOIO Jua-

nasona P (Z) pacumpennoro nons F'aya GF(p")

nonn
Ha JBa HENCPECCKAOIMNXCA MOAMHOXKECTBA. HepBoe
IIOJMHOKECTBO HA3bIBACTCA pa60q1/1M JuarrasoHoM " OIl-
PEACIIACTCS BhIPpAKCHUEM

&
P.(2)= O p(2), (1)

Muorounen A(Z) ¢ xodbdummentamn u3 mons

GF(p) 6yner cuutathes paspelieHHBIM B TOM U TOJBKO
TOM CJIydae, €CIM OH NPHHAIIEKHT Ppa6(Z). Bropoe moz-

MHOKECTBO, OHPEACTIACMOC IIPOU3BCACHUCM r=n- k
KOHTPOJIbHBIX OCHOBaHI/Iﬁ,

k&r
PKOHm (Z) = O pi (Z) ' (2)
i=k+1
3aJ]aeT COBOKYITHOCTh 3amlpeIleHHbIX KoMOuHaIuii. Eciu
A(Z) sBnsieTcs SIEMEHTOM BTOPOTO MOJMHOXECTBA, TO
CUMTAETCS, YTO JaHHAss KOMOMHAIMS COAEP)KUT OLIMOKY.
Takum 06paszom, Mecrononoxenne noiuHomMa A(Z)

OTHOCHUTCJIBHO JBYX JdHHBIX ITOJAMHOXXCCTB II0O3BOJISACT
OAHO3HAYHO ONpCACIINTb, ABJACTCA JIH KOM6I/IH3L[I/I$I

A(2) =(a,(2),K,a,(2) paspemennoii, wm conep-

JKUT OIMOOYHBIE CHMBOJIEL.

Ocoboe MecTo cpean METOAOB IMOUCKA U KOPPECKIHNHU
OIIIHMOOK B nporecce BBIYHMCIICHHUI OTBOAUTCA UHTCPBAJIb-
HOMY HOMEPY IOJIMHOMA COTJIACHO BBIPAXKCHUS.

L. (2 =|A@) /P, (2)]. (3

B paborte [4] mpeacTaBieHO yCTPOUCTBO, OCYIIECTB-
JSTIOIIEe OOHAPY)KEHUE W KOPPEKIMIO OIIMOKH B MOAY-
JIAPHOM KOA€ Ha OCHOBE BBIYUCJICHUSA HWHTCPBAJIBLHOI'O
HOMepa. B OCHOBY JI@HHOTO alropuT™Ma IIOJIOKEH ajro-
puT™

2 a,(QR(@+K*(2)

qum (Z) = 1 (4)
i= Pooun (2)
rae paHr OHpe):leHﬂeTCﬂ Bl:.lpa)KeHl/IeM
K (Z) @ a; (Z)B (Z) pab (Z)u (5)

6j=1 a

Ecmu |,,,,(2)= O, To ncxoausiit noauaoMm A(Z) exur
BHYTpH pabodero nuama3oHa M He SBISETCS 3alpelieH-
HbIM. B npoTtuBHOM cityuae A(Z) — ommbouHass KOMOUHa-
sl

Awnanu3 Boipaxkenus (4) mokaspiBaeT, YTO MPUMEHe-
HHE COCTABHOTO MOAYNS P,y,,(Z), ¢ TOUKM 3peHust amma-
paTypHBIX 3aTpaT, SIBISETCS HE CaMbBIM OINTHMAJILHBIM.
Hcnonp3oBanue wusomopdusma, mnopoxaernoro KTO,
MO3BOJISIET MEPEUTH OT OJJHOMEPHOW 00pabOTKM K MHO-
romepHoi. IIpupaBHUBas COOTBETCTBYIOLIME 3HAUYECHUS

Pum(2 w ocHOBaHmit pk+1(Z), pk+2(z),..., Pyr (Z) ,
HonyqaeM r Hpeo6pa3OBaHI/If/'1

| I k+1(Z)

a 2, (DR +K'(2]

Pr+2(2) (6)
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P (2) =

f

22 @R@+K @

i= Pysr (2)

OCHOBHBIM HEIOCTaTKOM MNPEATI0KEHHOTO alrOpHT-
Ma sBisieTcsl BerauciieHue panra K(z). Pemmrs naHHyro
npobiieMy MOXHO 3a cuéT Moaudukanuu aaroputma (6).
B ocHOBY maHHOW MOTU(HKAIMH TIOJOKEHO CBOMCTBO —
OTCYTCTBHE TIEpPEHOCA €IVHUIBI M3 MIAJIIETO pa3psiia B
CTapIIMi TPH BBIMOJHEHUH apu(pMETHYECKOIl onepaun
CJIOKEHUS JIBYX OIEPaH/IOB B PacUIMPEHHBIX mojsix [anya
GF (2"). Takum obpasom, Bemmunna panra K (Z) 6e3us-
obrrounoit cuctemsr [ICKB py(2),..., p(2) ompenensiercs

3HAUEHHEM a; (Z) u BI* (Z) , 1 HUKOUM 00pa3oM He 3a-

BHCUT OT IepenojHeHus jauanazoHa P,.;(2). Torma (6)
NPUMET BUJI;

i 4 @28 (2) mod P, (2) +

Tk — —1
||w;n()_ K+t

i +aa (dR(2
i=k+1 R+1(2)

(")
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a @(2)B/(2) mod P,,;(2) +
|k+r(z) - '—1k+r
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Takum 006paszoMm, TpUMeHeHHe BbIpaxkenus (7) 1mo-
3BOJISIET OCYINECTBUTH BBIUMCIICHHE WHTEPBAIBLHOTO HO-
mepa l,,,(2) Ha OCHOBE TOIBKO MOYJIBHBIX TPOLEIYD.

BoiBoanl: B xoie BBIMOJTHEHUS paboThl OBIT paspa-
6otran anroput™ Bbruucienus |l,,,(2), xapakrepusyio-
MIAACA MHHUMAJIbHBIMA CXEMHBIMH 3aTpatamu. Kpome
TOTO, MPOBEJICHHBIE MCCIIEAOBAHUS MMOKA3aJIM, YTO C YBe-
JIMYEHUEM Pa3PSIHOCTH BBIYUCIUTELHOTO yCTPOUCTBA
s¢dexTuBHOCTD anroputma (24) Bo3pacraer.
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ADAPTIVE ALGORITHM OF ROBUST CONTROL
FOR NONLINEAR NONSTATIONARY SYSTEMS
Krasnov 1.Y.

Tomsk polytechnic university;

Tomsk

Essentially important desirable property of adaptive
methods of synthesis of control agorithms is robustness,
which, in this case, is understand as tolerance of results to
changes of conditions of measuring. Robustness of algo-
rithms is achieved by means of indemnification of distur-
bances to which influence the object of control is ex-
posed. In the present paper the synthesis algorithm of
robust control for nonlinear non-stationary systems with
compensation of influence of disturbances and noises is
offered by parametrical adaptation of a regulator and res-
toration of the current condition on previous.

Assume, that the mathematical model of functioning
system is described by the system of nonlinear non-
stationary difference equations of akind [1]:

x(k +1) = &bk, x(k)) (k) + Bk, x(K)) u(k), x(0) = X, 1)

where x(k) — the m-dimensional vector, which compo-
nents define a state of the system in a step k; u(k) —

X"(j-1)=2%"(j)- Ak x(k)x"(j)-

u (- 2) = A" (k,x(K)ou, (1) +D0Q, X" (1) - Xue (K)),
(i)+DeR, u(k),

Uy (i-2)=u,(i)+B" (kx(k),
j=k+Ip, k+lp-1,.. k+1.

dimensional vector of control influences; Z\(k) — the
matrix of parameters of object of control with (n" n) di-

mension, 6(k) — the matrix of influence of control with
(n” m) dimension; X, — the initia condition of the sys-
tem at the moment of time t,; (t,, N) — the period of

simulation; the step k corresponds to the moment of time

=1, +
b =t +loDL, Dt — the period of quantization of a

signal ontime.
The cost function is[2]:
i Hpb
J= 0 gx )5, Ax(t) - % (t)) +
U ()R u(t) + " () Ry () Bk
2
where [tk’tk +|p>Dt] — dliding interval of optimization

of predicting model of akind:
X"(j +1) = Ak, x(K)) %" (j) +B(k, x(K)) k),
j=k k+1.. k+Ip- 1.

In (2) QC'- — nonnegative matrix(n n), a R?'- — posi-

tive matrix (m” m) ; Kaes _ desired state of the system;
oPt- _ optimum control, minimizing (2).
The length of the interva of optimization is calcu-
lated asfollows [3]:

Ip =1+ ceil gnorme(A(k) - k) +norme(B(k) - &),

where ceil — the function of a rounding off of value up to
an integer, norme — Euclid’'s norm of a matrix; matrixes

y)
Ak, g((k))’ é(k’ g((k)) are calculated on a condition
k(k) found in result of "run" of predicting model for
one step
L(k) = Atk - L k(K- 1) %k(k- 1)+ég< LX(k- 0)(k- D),
(0 = x(0), A0.k(0) = #0,x0), B0, 4(0) = B0.x0).
k=12,..

We synthesize the controller providing tracking
property of the system to the set condition and a minimum
of cost function (2). Control K(K) is defined as:

K(k) =R, w1, (K),

where U, (k) — the solution of system of difference equa-
tionsin back time:

(k x(K))>u(k), x™(k+Ip)=x(k+lp),
U (k+1p) = e (k+1p),
u, (k+Ip) =
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X"(j =k) = x(k),



