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Ocwl JCEMBICA  CHISHIRTIEL  EMeC CUHIVIADALN OJemEpMUMAHOWE JCPUe  ChiHbIOb
rapacmuipeiiadel. P.C.Cydaxosmuiy Xcaizan—scapmuinal Mampuya Hesizinde Maceneni
WEULY Ot FCAHA FCOTH KAPACTBIPLLIZAH.

B dawnoli  pabome  paccMampusaemci  KiAce  HEWHEUHLIX  CUHIYLAPHBIX
demepMuUHUposanielx  cucmeM. Ilpednoacen Hoswll nodxod 4dns pewenus npobremb
peanzayuu Ha ocHose ncesdo —noTyobpamusix mampuy P.C. Cydaxosa.

In the device psendo invers Moore— Penrose's matrixes is presented. In definifion 15
given fo a floor of the return matrixes and S L. Sobolev's theorem for the decision of systems
of the algebraic equations which was also used in. In the theory psendo for the first time was
submitted to a floor of the return matrixes of B S. Sudakov and her application to problems of
an assessment of reliability of systems. In the remark 15 made that psendo the return matnxes
it 15 difficult to vse the theory i a number of tasks from linear algebra. In [1-4) definition of
matrixes of Drazin, a milpotent class of matrixes contaming in the structure 1s given and their
annex to the decision of systems of the nonlinear singular differential equations with use of
the theorem of S L Sobolev is given. If 15 necessary to notice that the class of matrixes of
Drazin is very narrow class of matrixes that 15 their properties of a commutatively, but some
remarks from for psendo invers matrixes here nevertheless were allowed. From [5] came a
great idea "to formmlate the realization theory of stochastic processes in the same natural way
as it 13 done in the case of deterministic systems." In this direction, one of the most profound
studies of linear discrete stochastic implementation problem was done in. The first stage of
the algorithm for soling this problem is to solve the well-known problem of linear
deterministic implementation for the case when parameters are set in ‘weightmg function." In
the second step we solve the problem of spectral factonzation, which completes by solution of
algebraic Riccati’s; equation. You can specitfy a number of papers have used flus idea.
However, in the above-mentioned studies, for example, was not considered a concept of
stochastic systems state, 1.e. no ngorous mathematical application of stochastic analysis has
been done.

State Problem/Consider.
Class of Nonlinear Deternumistic System
J:u:{t} = flxity)+ glxetnlit, x(0) = X,
k(b= flxity)+ gxaylity, x(0) = X, %)

ey = aleto); yiey = aledo;
(2)

where X1 e R"x(t1e R"
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! T
fal= Zfl‘-.ﬁ;'ﬂ, gir) = Z B; 7,
=1 J= (3)

B
Ry = 3 Cpxli,
k=1

xl = yexi-t xlFl = yxgxi-2 Kronecer Product.

Problem 1. We must construct of Volterra's series for system (1) — (3).

Solution of Problem 1. We can give following theorem

Theorem 1. For Nonlinear Determunistic System (1) — (2) there exists equivalent
singular bilinear systems.

E.xx)=Axt) 4+ BxUD), o) = X3, (@)
yit) = Cxin), (5)

Where det (E}=0, I=|x, B, x ﬂ“]T T=|x,xB . x ﬂ“]T

(1 D0 - © (Ai A, - AL, A,
ovo ol fo a8 Lok
E=l: = & i, A=1: 7 : :
001 -~ 0 0 0 A[r?-_lﬂn—i Aﬁfl.ﬂ
k»u 00 - n} kﬂ 0 0 0 j
B, B, - By, By
o o - E‘J‘T—_ij:.]ﬂ—l E-:T_Il.ﬂ
0 0 o o /7, (6)
Proof: Applying formmlas
d. . dx_.eiedx
EJ:EJ:T—EJ.\, dtrj.,'
d.p x@dx-1 dr _
Bl L P ieb N Wl 374 [ |
ar” i @t
and
bed = ¢, (Teb) ®
BeA = CErtm@E}Es m
where vectors @ € R, E'ERE- matrixes-f"'lERﬂIE- E ¢ R™™,

We obtain (4), (5) and (6).
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TheoremZ. For Smgular Bilinear Systems (4) — (6) there exists equivalent
Bilinear Systems.

ty= AT+ BiU+ BV(E) (9)

yie) = Cxit), (10)
where

A, =Ec-4, B, =E°c.B, B,=I-E°.E, (11)

EcEc _ pseudo-semi- inverse Sudakov’s; matrix,
Vgl — constant vector,

If
E-E“(Axity4 B,xU)) = Ax(ty+ BxUr) (12)

Proff: Suppose that condition (12) is troe. Multiplying of both parts equation (9) in lefi
on matrix E, we have

EI(E}=EHLIH:‘+ BII(E}UfE}}-I- Ed - E°E) {13}

or

Exi)=F -E°Ax@ 4+ BxUn+ E -EE°E

since

E -FEE°E,

then

Ex() = Ax(t) 4 Bx@)U«)

Consequently, we obtamn equation (4).

Theorem3. For Singular Bilinear Systems (9) — (11) there exists Volterra series.

: T TSy 'E'.';:—l. L
Y= 11T W, B, e, 80 | Wit - 6,0Vd8,,

(14)
where
Wt 8y, .8} = CoAlt-04). B o050 B .. oM Oulyr;,

Wit - 6,)= Ce®-4). B,
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Theoremd. Volterra series (14)-(13) converging uniformly on to solution of (4)-
(3) 1of parr (A. B) 15 nilpotent pair from Lie algebra.

Proff: See Brokett B.W. “Volterra series and Geometric Control Theory™ 1971 year,
Preprints [FAC, Philadelphia USA, vsing the Baker — Cambell - Hausdorf formmla and
nilpotent property of Lie algebras.

Problem 2. (Problem realization).
Let we kmow U0 Map (14)-(15). We must defind matrixes A1 By By A1, By By foy

systems (9)-(10).
Solution of Problem Eealization.

Realization algorithms. Let
| r
nt :J"ﬂﬂkSMM (15}
where SMM SMM - Isidon’s matrix

PART TWO.

and find matrix P and Q such that
Q-P=Sym an
Write the bilinear realization
A=(QT-Qy*Q7S;,,PTP - Py
B, = (QT- Q)" QTS3,PT(P-PT]
(18)

C — First row of Q.

Applying B. Ho algonthm we obtain matrix B, B: . If =1 formula (16), we obtain algonthm
by names Alberto Isidory. Consequently, we obtain block algornthm A Isidory. Using
formulas (11) we have A, B and £°. E°.

Example 1.

=g, 400 4 (byx + by )ity ¥ = a0 + a1 + (byx + bl

(19)

I=2xi=z2x@,x +a,x*)+2x(bx + bx®)lt) = (20)
1o ok Gy @z 0 \/X by b: o0 \sx
(n 1 u) i =(u 20, za,)(x=]+ 0 2b, 2D, (xi]U{EL
00 0f\i® o o0 0 /M3 0 0 0 /N
(21)

where

1 0 0 1 0 0
E:(ﬂ 1 n], dEt{E}=D_E=(ﬂ 1 n], dedE) = 0.

o 0 0 o0 0
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Applying theorem 2, we have
T=A, %+ BEUM + ByV{E)L X = A,X + BRUL) + BVIE),

(23)
N @y, @, 0 by b 0
x=(:’t’=). 14.1:((] 2&-1 Eﬂ:)l Bi:(u Ebl Eh:)
x* o o 0 0 0 ]
(24)
100 000
EC=(n 1 u). E==(u 0 )
000 0 0 1/[6-14]
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