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I . Bse1'.\8HH.e 

JlJ.!H8~Hb!8 ,D;HCKp8THbl8 ,IJ.l'IH8.MH\!8CRI18 CJIICT8Mbl C nepeMeHHblMJII napa.M8T

pa.M11 COCTaBJIR!OT RJiacc J!11H8HHbiX aBTOMaTOB ( l'!JUi Jlli!H8HHbiX ITOCJI8,D;OBa

T8JlbHOCTHbiX Man!HH), nepeXO,D;Haf! fPJHRqHH COCTOHHJ.If! 11 BbiXOP,.'i08 OT06pa

JK8HH8 ltOTOpbiX M8HRlOTCf! BO Bp8M8HM. Om1 MOI'Y,T 6bl'rb ITOCTp08Hhl H8.,Jl; 6ec
KOH8\!Hb!M ITOJ!8M/l-3/ HJ!M KOH8\!Hb!M ITOJ!8M/4- 7/. B HaCTO~ee Bp8Mf! HC

CJI8,D;OBaHM8 JIMH8~HbiX ,D;l1CRp8THb!X ,ll,HHa.MHqeCKJIIX CI'JCT8M C nepeMeHHb!Ml1 

napa.MeTpaM11 npe,n;cTaBJIReT co6o~ cJIOJKHyiD npo6JieMy. CJie,n;osaTeJibHO, 

ROHCTpyff!p0BaHH8 CTaiJ,I'IOHapHOtl MO,D;8Jlli Jli'IH8tiHb!X ,Il;I'ICKpeTHb!X ,Il;HHa.Miflqe

CKHX CI'ICT8M C rrepeMeHHb!MI'I rrapaM8Tp8.MI'I, KOTOpaR JI8I'KO ITO,D;,D;aeTCf! HC

CJIS,D;OBaHI-!10, npe,D;CTaBJif!eT C060tl H8COMH8HHb!tl HHTepec. 

B npe,n;Jiai'a8MOtl pa60T8 C ITOMO!IIb!O ITOHf!THf! 0606lJI8HHOtl 6l'JJII'IH8il:J.!Otl 

,Il;HCKp8THOf.i ,ll,HHaMHqecKOV. CHCT8Mbl 6y,n;eT ITOKa3aHO, qTQ JI!06aH JIMH8f.iHaf! 

,Il;HCRp8THaH ,D;V!Ha.MM\!8CKaH CHCT8Ma C nepeMeHHb!MH rrapaM8'1'paM11 CBO,D;WrCf! 

K CTaqHOHapHOtl O,D;HOpO,D;HOM 6HJIHI-letl:HOH ,l\l1CKp8THO~ ,D;HHaMH\!8CKOM CHCT8-

M8, npo6JI8ibl CTpyRTypb! KOTOpOt\ ycrrernHO pema!OTCH EW1I'80pa11qecKHMH Me

TO,D;aM/8•9 • 

2, 06o6ryeHHaf! 6HJJHH8t\Haf! )J,l1CKpeTHaf! ,l\MHaMI1qecRaf! CliCT8Ma 

B 3TOM rraparpa¢e BBO,D;MTCH nOHRTHe o6o6lJieHHO~ 6HJIHHetl:Hoi1 ,D;MCKpeT

HOM ,D;HHaMHqeCKOtl CMCT8Mbl H JCTaHaBJIHBaeTCf! 88 CBf!3b C H3B8CTHblMH 

KJ!aCCaMH 6HJIHH8t1Hb!X ~CKp8THbiX ,D;HHaMHqecKHX CHCT8M. 

( 2. I) ~Jl,eJieHHe 

0606!J18HHOti 6HJIHH8tiHOM ,[\HCKp8THOi1 ,ll,HH8.MH'-!8CIWJ1 CHCT8MOH Ha,D; IIO

JI8M K Ha3b!BaeTCf! ,Jl;8BHTKa 

S =<T,K,X,U,Y,~,A,B,C> 

I',Il;8 T ={0,1,2, ... }; X =Kn, U = KP, Y = Kq - KOH8\!HOM8p!ib18 B8K·· 

TOpHb!8 npOCTpaHCT Ba Ha,D; ITOJJ8M K C cpHKCI'IpOBaHHb!Mli 6a3!1CaMH, Ha3h!Bae

Mhl8 ITpOCTpaHCTBOM COCTORHHH, BXOAHhlM ITpOCTpaHCTBOM H BbiXOAHhiM npo-
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CTpaHCTBOM COOTB8TCTB8HHO; ¢: V ~ YT - S~aHHOe OTo6pa~eHH8 
BXO,[(-Bh!XO,IJ;, Ha3J:ma8M08 ,[(HCRp8THhlM ,Il;HH8MHt18CI\HM npOL\8CCOM (V f, UT); 

A,B={B1 , ... ,B } H C- nOCTORHHH8 MaTpHL\H C R03~HL\H8HTaMH HS 
P n p 

nOJill K(A, s 1 , ... ,BPEKn,n H C.:;:K" ), IWTOpHe onpe,[(8Jlll!OT B 

npOCTpaHCTB8 X O,[(HOlliarOByiO nepeXO,[(HyiO ~JHRL\HIO COCTOllHHll: 

x(t+1) = Ax(t) + 2: vi(t)Bix(t) + Cv(t), 

i=1,,, 1 p I 

,[(Jill scex t E:T, x(t) Ex H VE UT (sgecb vi (t) - i -JI 
ROOp,[(HHaTa BXO,[(HOM B8JIMqHHH v(t) 

6H ,[(Jill S CYJq8CTBOBaJia peaJIHSyiOlljM napa 

HHH x E X H 6HJIHH8MHOPO Bh!XO,[(HOPO 

pegeJilleMoro BHpa*eHx.~eM 

). ilpH 3TOM Tpe6yeTCll, tlTO

(x, 2 ) HaqaJibHOPO COCTOll

OT06pa.JK8HHf! 2 : UxX - Y, on-

y(t) = 2(x(t),v(t)) Dx(t) + ~ vi(t)Eix(t) + Fv(t) 1 

i=1' .. ,p 

,[(JIH scex 
F<= Kqxp , 

T qxn tGT, x(t)EX, v<eU , P,[(8 D,E
1

, •.. ,E t,K H 

3TO 03HaqaeT, tlTO ,[(Jill JII06oro v E. V p J,[(OBJI8TBOp!1-
8TCJl paBeHCTBO 

S (v) = ¢(v) X? 
T T 

rge sx~' u - Y 
HblM COCTO.HHH8M X 

- OT06pa*8HH8 BXO,[(-Bh!XO,I\ CHCT8MH S 

1i Bh!XO,ll;HblM OT06pal!(8HH8M r 

(2.2) DIIPe.ue.n:eime 

c HatlaJib-

llepexo,JJ;Haff WYHKURff cocTORimJI 

Ime ). : XxUT x Tx _.,... x 
CHCT8MU S 8CT:b OT06paJJte-

(r,n;e Tx = fco,t): tET } ), 
RoTopoe orrpe.uarraeTCR HH,UyKqaeH no T: 

).(x,vi[O,O)) = x, 

A(x,v/[O,t+1)) =A).(x,vi[O,t)) +L,vi(t)Bi).(x,v([O,t)) + Cv(t)
1 

i=1, ... ,p, 

,il,Jill BC8X xt- X, vE UT H tE T . 

TaRHM o6pasoM,oTo6p~eHHe sxo.u;-Bh!XO.I\ 

p8)!(8HH8M 

sx'l(v)(t) =~( ).(x,vj(O,t)))= 

s xrz onpe,n;e;r.aeTc.a BN-

= D.A(x,v([O,t)) +L.vi(t)Ei).(x,v((O,t)) + Fv(t)1 
i=1 ' ... ,p. 

2 

(2.3) Onpe8eJieHHe 

06o6~eHHaH 6HJIHH8M~aff ,[(HCRp8THaJI ,[(HHaMHqecRaH CHCTeMa HaShlBa-

8TCH CHCT8MO~ C JlliH8~HblM B~O,[(HhlM OT06p~8HH8M HJIH ~80,[(HOpOW10~ 6H
JIHH8~HO~ CHCT8MOH, 8CJIH ee BhlXO,I\HOe OT06p~eHHe HBJIH8TCll JIHH8~HblM 

npeo6pasosaHHeM, T.e. 

y(t) = Dx(t) 

P,I\8 E1 = E 2 = •.• = Ep 0 H F 0. 

(2.4) Onpe8eJieHx.~e 

06o6~eHHaH 6HJIHH8MHa.H ,[(HCRpeTHaff ,[(HHaMHqecRaH CMCTeMa HaSbi:BaeT

Cll O,I\HOpO,[(HO~ 6HJIHH8~HO~ CHCT8MOH, 8CJIH C=O H ee Bh!XO,[(HOe OT06pa

*8HH6 HBJIH8TCH JIHH6MHbi:M npeo6paSOBaHH8M. 

(2.5) Onpe8eJieHx.~e 

ilycTb '7:- J..ieJioe HeOTPHL\aTeJibHOe qHc;ro. Tor,n;a T -C,ll;BMroM ,n;Hc

KpeTHoro ,n;HHaMHqecKoro npoJ..iecca ¢: v --uT HasNBaeTc.a oTo6pal!(e-

HHe '1::¢: V-...YT, TaROe, qTo 't"¢(v)(t) = ¢(v)(t-'Z:) ,[(Jill BC8X 
t ~ '(; K 'l::¢(v)(t) =0 ,n;JIH scex t < 't. 

(2.6) Onpe8eJieHHe 
T ilyCTb ¢: V- U - 3~aHHHH ,ll;HCKpeTHNH ,[(HHaMKqecRHH npOL\8CC, 

S - H8KOTOpaH ,[(HCKpeTHM ,I\IiHaMHqecKaH C"HCT8Ma H~ noJieM K H '"C -

H8KOTOpOe H80TPHL\aT8JlbH08 tlHCJIO, Tor,n;a CHCTeMa S Ha3bi:BaeTCH peaJIH

SaL\H8~ npOL\8CCa ¢ CO C,[(BHPOM Ha 'r: , 8CJIH OHa p8aJIH3J8T OT06pal!(8HH8 

'C ¢ , T.e. CYJq8CTBJ8T peaJIHSyiO~M napa (x, 2 ) TaKaH, qTo 
sx~(v) ='1:¢(v) ,I\Jili scex vEV. 

(2.?) ilp88ROJ!(8HH9 

~ll JID60~ o6o6~eHHOH 6HJIHH6AHO~ ,[(HCKp6THOA ,[(HHaMHqeCKO~ CHCT8Mbl 

S = <T,K,X,U,Y,¢,A,B,C > H~ nOJI8M K CYJq6CTBJ8T H€0,[(

HOpO,I\HaH 6HJIHH6~Hall ,[(HCKp8THaH ,[(HHaMHqecRall CHCTSMa S' = ( T, K, 

X' , U, Y, 1¢, A' , B ' , C '>, ROTOpaH peaJIHSJST CHCT8MJ S CO C,[(BHPOM Ha S,[(H-

HHL\Y ( T. e. S' p8aJIH3J8T K~Oe OT06p8)!(8HH8 BXO,[(-Bh!XO,[( CHCT8Mbl S 
CO C,I\BHPOM Ha 8,1\HHHI..\Y). 

,1!oKasaT8JlbCTBO 

~H o6o6~eHHoA CHcTeMN s nocTpOHM Heo,D;Hopo,IUIYID ORJillHefiHyro 
Cl!CTSM,Y 
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S' = .(TIK,X' ,UIY,1¢,A' ,B' IC' >I 

I'):\8 X' Kn+q I A'=[~ g] (
B. OJ 

Bj_· = E: 0 

(~H BC8X i =11···1P ) 11 C' = [~ J C Jli1H8tlHblM BbiXO):\HblM OT06pa-

lK8HH8M 2' : X'_..,.Y: x't---t--D'x' 

8,[\11HI1tiHaH Ma•rpH~a pa3M8pOM q >< q ) • 

' I'):\8 D' =[0, Iqq] ( Iqq 

IlOK8.llt8M, tiTO ,[\JIH K8.llt,[\OI'O x EX 

~etlCTBI1T8JlbHO, ,[\JIH llpDI13-[~] S'x•~·=1SX7 ' 
BOJlbHOI'O v E UT 

r.n:e x' 

npH t = o 

11 

npK t 

HM88M: 

X (x',vj[O,O)) x' =[~]= [>-(x 1 v/~0 1 0))) 

8 
1 

X 1 ~ o ( V) ( 0) = [ 01 I qq] [~ J = 0; 

)-'(x'~vi[0,1)) =[~ g] (~] +.L v1 (o)[:~ ~][~] +[~]v(O)= 
~=11 ••• ,p l. 

=(Ax \~-~ ~ ~~~ Bi X + Cv (0) l 
Dx + ~ v. (0) E.x + Fv(O) 
~ 1 ~ 

1=11 .. •IP 

=()_(x,v\[0,1))]. 

sx~ (v) (O) 

IlyCTh ,ll;JIH 11p0113BOJihHOI'O t > 0 >-' (x' ,vi (,O,t) )=[.>-<x,v I[O,t) >l Tor,n:a 
SXrt (v) (t-1) j· 

X (x',vl [o,t+1 ) >=(A 01 [ f_(x,vl [O,t) >] + ~ v. (t)[Bi 0] [>-<x,vl [O,t) >l [C]\I(t,l= 
D o s (v) (t-1) L J. E, 0 s (v) (t-1) J+ F xq ~ x7 

=(A ,\(x,vi(O,t)) +1~.~~~~~B1 /. (x,vj[O,t))+ C~(t) ~ = 

D }.(x,v/(O,t)) +L,. v
1

(t)E
1

).(x,vt(O,t))+ Fv(t) 1 
i=1 ' ... ,p 

4 

r A(x,vi[O,t+1))] 

lsx?(v) (t) 

TaKHM o6pasoM,no 11H.Jl:YK~I1H 

,[\JIR BC8X t ~ 1 • 

\' ( , I(O t))-[A(x,vl [O,t))J 
/\ x ,v ' - S (v)(t-1) 

xz 
0 

0TCIO,n:a s~,~1 (v) (t)= [o,Iqq] l),(x,v([O,t))]=s (v)(t-1)=1S (v)(t) 
sx~(v)(t-1) x~ xz 

CJie):IOBaT8JihHo, s~·~· =1Sx'1 

3YJOIIIM napa CHCT8Mbl S , TO 

VE V. 

• B traCTHOCTI1, eCJIH (x, ~ l - pea..rri1-

S', 1 (v) =1S (v)= 1¢(v) ,[\JIR K8.llt,[\OI'O 
X '1_ X~ Q 

(2.8) IlpegROlK8HH8 

~H JII06ot\ 06061118HHO~ 6HJIHHetlHOtl ,[IHCKp8THO~ ,[IHHaM11ti8CKO~ CI1CT8-

Mhl S= < T, K, x 1 u, Y 1 ¢ , A, B 1 c > Ha,Il, noJieM 

6HJIHH8tlHaH ,ll;HCKp8THaR ,ll,HHaM111!8CKaR CHC'1'8Ma 

KOTOpaR peaJIHsyeT CHCT8MY S CO C,ll,BHI'OM Ha 

syeT Kall(,ll,Oe OT06p8.llt8HH8 BXO,ll,-Bb!XO,[I CHCT8Mbl 

,[loKa3aT8JibCTBO 

K C~8CTByeT O,[IHOpO,D,HaR 

S'= < T,K 1 X' ,U,Y,1¢,A' ,B'), 

8,[1HHH~ (T.e. S' pea..rrH-

S CO C,[IBHI'OM Ha 8,[1HHH~). 

Hs (2.7) cJie.n:yeT, tiTO (2.8) 6y,[leT .z:IOKasaHo, ecJIH ~H JII06otl 

H80,[1HOp0,[1HOH 6HJII1H8HHOH ,[IHCKpeTHOH ,[\HHaMHti8CKOH CHCT8Mbl 

S= < TIKIX,U,Y,!Z)IA,B,C > C~8CTBY8T O,n:HOpO,[IHaR 6HJIHH8t\HaR CHCT8Ma 

S'=<T,K,X',U,Y,¢,A',B' > , KOTOpM pea.JIH3Y8T S • IlyCTh ~ ,

,[IOTIYCTHM08 JIHH8HH08 BbiXO,[\HOe OT06p8.llt8HH8 CHCT8Mbl S C COOTB8TCTByi0-

1118H MaTpH~et\ D • IlOCTpOHM O,n:HOpO,[\HYJO 6HJIHH8HHYJO CHCTeMy 

S' =(T,K,X',U,Y,¢,A',B' )' 

I' ,[IS X'= X 61 K A'=(A 0 ] B' =[Bi Ci] 
' 01' i 0 0 ,[\JIH BC8X 1=1 1 ••• ,p, 

c 1 - i -it CTOJI6e~MaTpH~bl C=(c1 , ... ~c1 , ... Cp]• IlOK8.llt8M, 'tlTO ~ 1 C 

MaTpHqet\ D'=[D,O] RBJIR8TCR ,n:onyCTHMbiM JIHH8HHYM Bb!XO,[\Hb!M OT06pa-

lK8HH8M CHCT8MH S' H ,[\JIR Kall(,[\0!'0 x E X S~, "/.o=Sx 'l , I',[\8 x' = ( ~] • 

~HCTBHT8JihHO, ,[\JIR npOH3BOJihHOI'O v E UT HM88M 

npH t=O )-.' (x' ,v([0 1 0) )=x•,;,(~) = [,>-(x,v~ (0 1 0) >J. 

IlyCTh ~R H8KOTOpOI'O t E T >-.' (x' ,v( [O,t)) = [>--<x~v~ (O,t) >J. 
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'I'or,D,a 

X (x' ,v 1 (O,t+1)) =(~ ~1 [ )..(x,~l [O,t) >J +.~vi (t) [~i ~i ](·\(x,v~ [O,t) >J ~ 
J.-1 1 • • o ,p 

=[A ,\(x,vi(O,t))] +[~ v 1 (t)Bi)..(x,v([O,t))+Cv(t)f= 
1 J.-1 1 • • • 1 P 0 ] 

[ ~(x,vj ;o,t+1)) J 

CJie,D,oBaTeJibHO, no H~KqHH [ 
).(x,vl [O, t))] 

)o.'(x',vi[O,t))= 1 ,D,J:U!JI!O-

TaK KaK ,D,JIR mo6oro v E. uT H 6oro tE T • Tor,D,a s•, , =S 
X Q X'/. 

tEo T HM88M 

s~, •l' (v) (tl=(o,o] [ A(x,v~·(O,t) >} = D ).(x,vl (O,t)) =Sx~(v) (t) 
B ~aCTHOCTH, 8CJIH (x, 2 ) - peaJIH3yiO~aR napa CHCT8MU S , TO 

s•, , (v)=S (v) = !ll(v) ,D,Jiff Bcex v ev. 0 
X ~ X~ 

3. BHJIHH8~Haff M088Jlb JIHHe~HhlK 8HCKp8TH~ 8HHaMHqecKHX CHCT8M 

c nepeMeHHNMH napaMeTpaMH 

B 3TOM naparp~ c noMo~biO pesyJibTaToB npe,D,~ero naparprupa 

6y,D,eT ;IJ;OKa3aHO, qTO JII06aR JIHH8~fiaff ,IJ,HCKpeTHaR ,D,HHaMHqeCKM CHCTeMa 

C nepeMeHH~ napaMeTpaMH CBO,D,HTCR K CTaqHOHapHO~ O,IJ,HOpO,Il,HOM 6HJIH

He~HOM ,D,IiCKp8THO~ ,D,HHaMHqeCKOM CHCT8M8. 

(3.1) OnpeneJieHHe 

]HH8~HO~ ,D,HCKpeTHOM ,D,HHaMHqecKO~ CHCT8MO~ C nepeMeHHHMH napa

M8TpaMH Ha,IJ, TIOJI8M K HasusaeTCff BOCbMepKa 

S = <:T,K,X,U,Y,!II,A,C> 

r,D,e T, x, u, Y, !II TaKHe, KaK B o6o6~eHHO~ 6HJIHHenHof.i ,IJ,HCKpeTHOtl 

,ll,l1HaMHqecKO~ CHCTeMe, A: T-+ Knxn H C: T___,.Knxp (3)l.8Cb Ki,j 

- llpOCTpaHCTBO MaTpHq pa3M9pOM i • j C K03ifxPiiqHeHTaMH li3 TIOJ!ff K ) , 

KOTOphle onpe)l.8JIR!OT O)l.HOmai'OBJID nepeXO,Il,HyiO ~yHKqHIO COCTOHHHR B npo

CTpaHCTB8 COCTORHHM X 

x(t+1) = A(t) x(t) + C(t)v(t), 

)l.JIIi BC8X t €- T, X ( t) t X H v E UT • IlpH 3TOM Tpe6yeTCff, ~T06H )l.Jiff 

s c~ecTsosana peaJIHSYKJ!llM napa (x, (' ) Ha~anbHoro cocTOiiHHff 

6 
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il 

X ~X 'H Bb!XO,IJ.HOI'O OT06paJK8HHii ~ : X x. U....,. Y , onpe)l.eJiaeMoro 

BhlpalK8HH8M 

y(t) = ?lx(t) ,v(tU = D(t)x(t) + F(t) v{~) 

,ll,Jlli BC8X tET, x{t)EX li VEU'r , I',Il.€ D: T~Kqxn H 

F: T --... Kq. P , T. e. ,ll,JIIi JII06oro v € v J,D,OBJI8TBOpii8TCii paseHCTBO 

S (v) = !ll(v) xoz 
I')l,€ SX'? UT- YT - OT06paJK8HH8 BXO,IJ,-Bb!XO)l, CHCT8Mhl S C HaqaJibHb!M 

X H B~O,Il,Hb!M OT06paJKeHHeM '( COCTOiiHI'I8M 

'I'aKHM o6pasoM,rrepeXO,D,HaR ~yHKqHii COCTOiiHHii J!HH8MHOM CHCT8Mhl C 

nepeMeHHb!MM rrapaMeTpaMH Ha,D, rroJieM K onpe,IJ;eJiaeTCR BhlpaJK9llliRMH 

>.tx,vf[O,O)) = x, 

)._(x,vi[O,t+1)) A(t) ).(x,vt [O,t)) + C(t)v(t) 

)l,JIIi BC8X X EX, VE UT M t ET 

Tor.n,a ee OTCl6paJKeHHe sxo,IJ;-Bb!XO,D, sx '7. orrpe,IJ,eJIHeTCff supaJKeHH-

eM 
Sx'l (v) (t) = D(t) >.lx,vl (O,t)) + F(t)v(t) 

B ,D,aJibHef.imeM ,D,JIH Jiro6of.i,pea.JIH3YIO~ef.i rrapu (x,z l MM 6y,D,eM 

HasuBaTb ~ ,IJ,OilJCTHMHM Bb!XO,IJ,Hb!M OT06paJKeHM8M. 

B JIHHe~r!O~ ,D,HCKpeTHOM ,D,HHaMHqecKol1 cHcTeMe c nepeMeHHb!MH rra-

paMeTpaMH K03ifxPMqH€HTbl MaTpl'lq A,C,D H F HBJIR!OTCR CB060,D,Hb!Mlll 

rrepeMeHHbiMH, 1'13M8HH!O~MMMCR BO Bp8M9HH, CJI8)l.OBaT8JlhHO, Mbl MOJK8M rrpH

HHMaTb HX sa HOBble BXO,IJ.Hbl€ nepeM8HHHe , KOTOphle MM Ha30B8M CTpJKTyp-

HbiMM BXO,IJ.Hb!MI'I nepeMeHHbiMM. Mbl 060sHaqHM ~epe3 G MHOJK8CTBO CTpyK-

TJpHb!X nepeMeHHbiX, T.e. 

G ={ A11 ,A, 2 I ••• ,Ann I c11 I c1 2' .•. 'cnp' n11 ' .•. ,Dqn' F' 11 ' .•• ,F qp' o(.} ' 
I',IJ.€ A. · , C . · , D. . H F .. - nepeM8HHb18, 0003Ha'ffi.KlllH8 ( i' j) - SJI€-

l.J l.J l.J l.J 
M8HTbl MaTpHq A, C, D H F COOTB8TCT~8HHO 1 a C>G - BCTIOMOI'aTe.nbHaff 

nepeMeHHaR. IlOCTpOHM iPYHKqHIO G: T- Kn +np+qn+qp+ 1 : t ,_..G (t) 

cJie,D,yiO~M o6pasoM: 

G(O) 

G(t) 

(0,0, ••• ,0,1), 

(A11 (t-1) , ••. , Ann (t-1) , c
11 

(t-1) , ••• , cnp (t-1) , o
11 

(t-1) , ••• , 

Dqn(t-1),F11 (t-1), ... ,Fqp(t-1), 0) 

,IJ,JIH scex t ~1 • 

OtieBH,IJ.HO, liTO ljJ;-rnK~ff G CO)l,epJK11T BCIO HHipopMruzyn:J o CTPYKType 

JIHHef.iHO!i ,ll,I'ICKpeTHOM ,Il,V.HaMU~8CKOf.i CHCT8Mbl C nepeMeHHb!MV. napaMeTpa.MH, 

7 



(3.2) Orrpe8eneHHe 

llyC'l'b S : UT-.- YT - OT06pal!teHH8 BXO,[I-Bb!XO,[\ nHH8MHOJ1 ,[\HCKpeT-

HOJ1 ,ll;l1HaMHq8CK~~ CliCT8Mhl C rre.peM8HHh!Mii rrapaMeTpB.ti!H S = ( T, K, U, Y, 

¢, A, C > H8,ll, rroneM K C ,ll;OllJCTl1Mh!M Bb!XO,[\Hh!M OT06pal!t8Hii9M ~ , 

Tor,I:~a ee CTpyKTJPHh!M OT06pal!t8Hii8M BXO,[I-Bb!XO,[I Ha3h!Ba8TCH OT06pal!t8Hii8 

I'.r\8 

- - T -s : v __,..y : v ~s {v) 
2 X? X~ 

V = { v f Kq+n +np+qn+qp+1 : vE[~J, v E UT, Z= GTp J 

(3,[18Cb GTp - TpaHCUOIDipOBa.IDJ:e G ) • 

(3.3) ]eMMa 

~H HID60I'O OT06p8*8Hl1H BXO,[I-Bb!XO,[I S : UT--yT Hl1HeJ1-
x1 

HOM ,[\liCKp8THOJ1 ,[\liHaMiiq8CKOM CliCT8Mhl S = <T,K,X,U,Y,¢,A,C > 
Ha,n, non8M K c n8peMeHHh!Ml1 rrapaM8TpaMii c~ecTsyeT o6o6~eHHaH 6HnliH8l1-

HaH ,[\liCKpeTHaH ,[\liHaMHqecKaH CliCT8Ma, peanli3yiD~afl CTpyKTJpHOe OT06pa-

lK8Hl18 BXO,[I-BbiXO,[I Sx~' v __ YT CO C,[IBiii'OM Ha 8,[\liHiiQy. 

).\oKasaTenbC'l'BO 

llycTb q8pes Ljh o6osHaqa8TC.fl MaTpV!L\a paaMepoM (n+p)x(n+p) 

TaKa.fl, qTo (Ljh>re = o ,tt,n.fl noqTii scex r,e., KpOM8 (Ljhljh=1, 

li q8p83 Mjh - MaTpliL\a paaMepoM qx(n+p) TaKaH, qTo (Mjh>re=O 

,n;nfl rroqTii BC8X r, e , KpOM8 (Mj h) j h = 1 , Mh! l1H,n;8KC1ipyeM MHO-

JK8CTBO CTpJKTJPHbiX IT8p8M9HHbiX G cne.r~yiD!IlliM o6pa30M If: G-- N (A
11

.,_..p+1 , 
2 2 2 2 

A12,__p+2, .•• ,Ann,_._p+n ,c11...-p+n +1, ••• ,cnp,__p+n +np,n
11

.--..p+n +np+1, 

2 2 2 
.•• ,Dqn,__ p+n +np+qn,F 11,___.. p+n +np+qn+1, ••• ,F qp,_.. p+n +np+qn+qp, 

d r-- p+n
2

+np+qn+qp+1 ) • 

llOCTpOiiM o6o6~8HHyiD 61inliH8MHyiD.,ll;l1CKpeTHyiD ,[\HHaMiiq8CKJID CliCTeMy: 

I',[\8 X' 

- I B' C' S' =<T,K,X',U',Y,1Sx'l'A, , > 

Kn+p,A'=O,C'=[~ g], B'=(Bi,B2•···· 8~+n2+np+qn+qp+1 ) ' 
PP 

DpH 3TOM s;=Bi= ••• =B~=B~+n2+np+ 1 =B'p+n2+np+2 = .•• =B~+n2+np+qn+qp=O, 

eCJIH 

TO 

()-1 (i)= Ajh 

B~ 
l. 

Lj(n+h) li 

Bj_=Ljh , ecnH (j-1 ( i) =Cjh 

=[:nn :J 
TO 

8 1 2 
p+n +np+qn+qp+1 

8 

v~ 

.i 

'"' 

. 
I 

l 

)· 
f'"' 

··, 

(s,n;ecb Irr - 8,ll;VIHMqHaH MaTpM!:Ia pasMepoM r,r ) ' 
;,! • 

U' = Kp+n +np+qn+qp+1 

!10KaJK8M, q•ro peanl'!3JID!Il8M rrapoJ1 CHCT8Mb! S' HBHH8TCH (x' , 'l') , 

rne x' = lx] rl' =(D' E' F') D'=O F'=O E'=E'= E' 2 = 
M Q I (. I t I I I 1 2 • • • p+n +np 

=E' 2 =0 9C.llli - 1 ( ·) -D 
p+n +np+qn+qp+1 ' 6 1 - jh' 

TO Ej_ = Mjh , l1 8CJil1 o--
1 

{i)= Fjh , TO Ej_ = Mj (n+h) 
06osHaqHM q8pes A1 

Tor,qa ,D;JI.fl JIID6oro v E v 
IT8p8XO,[\HJID tJiJHKL\1110 COCTO.flHMH Cl1CT8Mbl S 1

, 

liM88M 

Ilp!i t = 0 ).' (x' ,vJ[O,O)) = x' =[~] H 

s'x•rz• <v> <o> 
i=p+n

2
+np+qn+qp 

=~ vi<o> E~x• = 0 
l. 

i=p+n +np+1 

I1p11 t=1 

)..' <x' ,v(O, 1 > > B' 2 , -
p+n +np+qn+qp+ 1 x +C'v(O) 

=[Inn 0] tx1 + [0 0] [v(0)1 
0 0 0 IPP 0 Z(O) 

=[x 1= [)..(x,vi[O,O))] 
v(O) v{O) 

llpe.r~rronoJKiiM, qTo ,[\JIR HeKoToporo t )..' (x' ,vi (O,t)) = [ ,>-(x,vl [O,t-1) >J 
v(t-1) • 

Tor,n;a X<x',vi[O,t+1)) = L v.{t)B~ ).'(x',vi[O,t)) + C'v{t) 
i=p+1,. ~7 p+tt1r~p 

( L Vi(t)Bj_ 

i=p+1, •• ,p+n2 
+) ."·<t>a~ > l. l. 

. 2 1 2 J.=p+n + , .• , p+:' +np 

X (x' ,vj [O,t)) +C'v(t)= 
I 

j,h=n j=n,h=p 
( ~ A.h(t-1)L.h + ~ c. (t-1 )L. )(A(x,vi[O,t)1 

L...... J J ~ Jh J (n+h) t 
j,h=1 j,h=1 v(t;-1) 

+Gpp 
o][v<t>]= [A(t-1) 
0 z (t) 0 

= [).(x,vi[O,t))] 

v(t) 

9 

c(t-1)1 [>-<x,vt(o,t-1))] + ( o 1= 
0 v(t-1) v(t 



0Tc!D.n;a no JIIH,L\J'Kl11H-I .D;JIR JI!06oro t ~ 1 JIIM99M 

[
}-(x,vl (O,t-1) )] 

)_(x',v[(O,t)) = v(t-1) 

CJie.n;oaaTeJihHo, 

S' x'q' (v) (t) 
i=p:g;+n:+qn+qp 

i=p+n 2+np+1 
vi (t)Ej_ )..

1
(x' ,vi [O,t)) == 

i=p+n2+np+qn 
( ~ v.(tlE'. + 

2 1 1 

i=p+n2+np+qn+qp 
~ v.(t)E! , 
~21 1 

)\
1(x' ,vt (O,t) l= 

i=p+n +np+1 i=p+n +np+qn+1 

j=q,h=n 
~ Djh(t-1}Mjh 

j ,h=1 

j=q,h=p [>-(x,vi(O,t-1))1_ 
+ ~Fjh(t-1)Mj(n+h)) v(t-d-

j ,h=1 

=[D(t-1), F(t-1)] ~(x,v~[O,t-1))]== 
[ v(t-1 

SX? (V) (t-1) 1SX
7

(v) (t) fs (vl (tl 
x'l 

TaKJIIM o6pa3oM, s' , , (v) =1S (v) 
X '!.. X'( 

.D;JIR acex v e v 
(3.4) TeopeMa 

~R Jil060~ JIJIIHS~HO~ )J;JIICKpSTHO~ )J;JI!HaMJII~SCKO~ CJIICTSM~ Ha)J; ~JIIKCJII

poBaHHHM TIOJISM C rrepeMSHHNMJII napaMeTpaMJII C~SCTBYST O)J;HOpO.n;HaR 6Jil
JIJIIH9~HaR )J;JIICKpSTHaR )J;JI!HaMJII~SCKaR CJIICTeMa, KOTOpaR peaJIJII3Y9T 99 CO 

C)J;BJIII'OM Ha '1: = 2. 

,l.\OKa3aT9JihCTBO 

TeopeMa RBJIRSTCR o6oe.D;JIIHSHJI!eM (3.3) c (2.8). 
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Paape5oTaHa eMnMHe~HaA /cTaijMOHapHaA/ MOAen .. nMHe~HbiX AMCKpeTHWX AMHa
MM~ecKMx CMCTeM C nepeMeHHWMM napaMeTpaMM, aoKa3aHO, ~TO AnA nu5oA nMHeAHOA 
AMCKpeTHOA AMHaMM~ecKoA CMCTeMW C nepeMeHHWMM napaMeTpaMM C~ecTayeT a«aM
aaneHTH8R eA QAHO~HaA eMnMHe~HaA AMCKpeTHaA AMHaMM~ecKaR CMCTeMa, 

Pa5oTa .wnonHeHa B na6opaTOPMM BW~MCnMTenbHO~ TeXHMKM M aBTOMaTM88ijMM 
OMRM. 
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Belinear Model of Linear Discrete-T ime Dynamical Systems 
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The bilinear /stationary/ model of linear discrete-time dynamical 
systems with variable parameters is elaborated. It is proved that there 
exists equivalent homogeneous bilinear discrete-time dynamical system for 
any linear discrete-time dynamical system with variable parameters • 

The investigation has been performed at the Laboratory of Computing 
Techniques and Automation, JINR. 
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