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On the Reduction of the Linear System of the Differential Equations to the
Bi-Diagonal Kind

Abstract: For the linear homogeneous differenrial system, whose coefficients are represented
as an absolutely and uniformly convergent Fourier-series with slowly varying coefficients and
frequency, the existence of the transformation which leads it to bi-diagonal kind, are proved.

Keywords: linear differential systems, Fourier series.
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Introduction. In the theory of linear systems of differential equations is well known problem
is a problem of the consruction for the linear homogeneous system of the differential equations

dx

— = A(t 1
%~ A, (1)
where z = colon(z1, ..., zn), P(t) = (pjk(t)); x—17 ,» Lyapunov’s transformation

z = L(t)y,
which leads the system (1) to the kind

dy

—= =A(t

- = Ay,

where A(t) = diag(A1(t), ..., An(t)) , means the problem of the full separation of the system (1)
[1-3].

In this paper, we assume, that matrix of the system (1) close to the Jordan block:

AXt) 0 0 .. 0 0

1 At 0 .. 0 0

0 1 At .. 0 0
g =\ . L,

O 0 0 .. 0 0

0 0 0 .. At 0

0 0 0 .. 1 Q)

and the coefficients of the system are represented as an absolutely and uniformly convergent
Fourier-series with slowly varying coefficients and frequency. We consruct the transformation of
the analogous structure, which leads the system (1) to the bi-diagonal kind:

du(t) 0 0o .. 0 0
don(t) dm(t) 0 . 0 0
" 0 dp(t) dss(t) .. 0 0
dt 0 0 0 . 0 0
0 0 0 o dy_rma(t) O
0 0 0 domr(t) dun(t)

Basic notations and definitions.

Let G(eg) ={t,e: 0<e<ey, tER, }.

Definition 1. We say, that a function p(t,e) belongs to a class S(m;eq)
34
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(m e NuU{0}), if
1) p:G(go) — C, ) p(t,e) € C™(G(ep)) with respect t¢;
3) d*p(t,e)/dtk = kpr(t,e) (0<k<m),

[T Per—— Z sup |pi(t,e)| < +oo.
k=0 G(c0)

Under the slowly varying function we mean the function of the class S(m;ep) .
Definition 2. We say, that a function f(t,e,6(t,¢)) belongs to a class F(m;ep;6) (m €
NU{0}), if this function can be represented as:

ft,e,6(t,¢)) Z fn(t,e)exp (inb(t, €)),

n=—00
and:
1) fa(t,e) € S(m;eo0);
2)
def >
”fHF(m;so;Q) = Z anHS(m;eo) < +00,

¢
3) 0(t,e) = [p(r,e)dr, p(t,e) € RT, p(t,e) € S(m;ep), Gi(nf)«p(t,e) =9 >0.
0 €0

State some properties of the functions of the classes S(m;ep), Fo(m;ep;0) (the proofs are
given in [4]). Let k= const, p,q € S(m;e0), u,v € F(m;ep;6). Then kp, p+q, pg belongs
to the class S(m;eg), ku, u+ v, uv belongs to the class Fy(m;ep;0), and

1) HkaS(m;eo) = |k| ’ HpHS(m;ao) :

) Hpi CIHS(m;ao) < HpHS(m;eo) + HQHSo(m,ao) .
3) 1Pl s(mico) < 2™ [Pl s(msco)llall 5o (mieo) -
) HkuHF(m;so;G) = ’k‘ ’ HUHF(m;Eo;G) .
) Hu + vHF(m;ao;O) < HUHF(m;Eo;G) + H’UHF(m;Eo;G) .
6) HU’UHF(m;Eo;@) < 2m||u||F(m;ao;0) : ||U||F(m;80;6) .
For f(t,e,0) € F(m;ep;0) we denote:

Ln[f] = ;ﬁ/f(t,e,e) exp(—inf)do (n € 7).
In particular
f(t,e,0) =To[f) = ;/f(t,a,e)de.

We denote for the matrix A = (aji); 75
(A)]k = ajk7j>k = 17N

Statement of the Problem. We consider the next system of differential equations:

d
— = (J(t,2) + pP(t,2,0)a, (2)
where = = colon(zy, ..., zy),
Ate) 0 0 .. 0 0 0
1 Ate) 0 0 0 0
0 1 Ate) .. 0 0 0
J(t,e) = ,

0 0 0 .. Mt,e) 0 0

0 0 0 .. 1 Ate 0

0 0 0 .. 0 1 Ate)

Bulletin of L.N. Gumilyov ENU. Mathematics. Computer science. Mechanics series, 2019, Vol. 128, Ne3
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A(t7€) € S<m;€0) ) P(t7€79) = (pjk(t7€7€))j,k:177na p]k(tvgae) € F(m7€079) (]7k: = 17777‘) y
w € (0, o) — the real parameter.
We study the problem of the existence of a transformation of kind

= (E+pU(te,0,p))y, (3)
y = colon(y1, ..., Yn) ,
0 Uu12 U3 e UL p—2  Uln—1 Ulp
0 0 U23 ... UIp—2  U2p-1 Uop
U3y 0 0 v UZp—2  U3n—1 U3p
U(t,e,0,u) = )
Up—21 Up—22 Up_23 .. 0 Up—2n—1 Un—2n
Up—1,1 Up—-12 Un-13 --- 0 0 Un—1,n
Unl Un2 Up3 oo Upp—2 0 0

ujp = ujk(t,e,0, 1) € F(my;er;0) (0 <mqp <m, 0 <e; <ep), which leads the system (2) to
kind:
dy _

Y (J(t,e) + uBt e, 0,10y, @
where

bu O 0o .. 0 0 0

bo1 by 0 ... 0 0 0
0 b3 b3z ... 0 0 0

B(t,e,0,u) = )

0 0 0 bp—2.n—2 0 0
0 0 0 ... bh—1pn—2 bp—in— O
0 0 0 0 bp—1n  bun

bjk = bjk(ta€7eau) € F(ml;gl;e) (jak = 17”) :
Auxiliary results.
Lemma 1. Let we have the system

‘C%” = (JN + ZDl(t,g,ew) z, (5)

=1

x = colon(x1,...,xN),

0 0 O 0 0 O
1 0 O 0 0 O
0 1 0 0 0 O
JN =
0 0 0 0 0 O
0o 0 0 .. 1 0 O
0o 0 0 .. 0 1 0

— (N x N)-matriz, ¢ € N, p € [0,u0], D; — (N x N)-matrices with elements from the class
F(m;eo;0). Then there exists pi € (0,p0), such that for all p € (0,p1) there exists the
Lyapunov’s transformation of kind

T = <E + zq: U (t, e, 9),ul> v, (6)

=1

where elements of matrices W; belongs to the class F(m;eg; ), which leads the system (5) to
kind

d q q
CTZZ = (JN + ) Ut e +e ) Vilt,e,0)ul + pd™ Wt e, 6, M)) v, (7)
=1 =1

where U; — the matrices with elements from S(m;eq), Vi, W — the matrices with elements from
F(m—Tie:6) (I=T,q).

JI.LH. 'ymuneB arsingarsl EYY Xabapmeicsl. MaTtemaruka. Komnbiorepiik reiabiMaap. Mexanuka cepusicel, 2019, Tom 128, Ne3

Becrauk EHY uMm. JI.H. I'ymunesa. Maremaruka. Komnbiorepubie Hayku. Mexanuka, 2019, Tom 128, Ne3
36



S. A. Shchogolev

Proof. We substitute the expression (6) into system (5), and require that the transformed
system has the kind (7). We obtain the next chain of matrix differential equations for detemining
matrices Wq,..., ¥,

% = Jy¥ — Wi Jn + Di(t,e,0) — Ui(t,e) — eVi(t, e, 0), (8)
@ = JyY, —\I’lJN—i-Dl(t € 9) —lziD v,_,—
dt ) — 14 14
-1 -1
Y UL (te) =Y B Vi (te,0) — Ul(te) — Vi(te,0), 1 =24 (9)
v=1 v=1

Then the matrix W at sufficiently small values g is determined from the equation:

q q—1
<E +)° qf,ﬂl) W= > (DeWs — WUs | i~
=1

s=0 | o+d=s+q+1

q—1
-3 S| (10)
s=0

= o+0=s+q+1
We consider first the equation (8). In the component form it looks like this:

% = _(\Ijl)l,k?-i-l + (Dl(t7€79))1kn k= 17N - 17

d(‘I’dlt)lN = (D1(t,e,0))1n,

(11)
d(¥1); .
Ak — (W) — (P0)jhgs + (Di(te,0))ji, =2 N, k=T, N1,
(1), o
(\delt)JN = (¥1)j—1n + (D1(t,€,0))j-1,n, j=2,N
Define the elements of the matrices W1, Uy, Vi by the following expression:
o0
LL[(D1(t, e, 0 ;
(V1)1n = Z all 1‘( €61 el
n=—o0 e
(n#£0)
(o9}
I'n|—(Pe(t,e,0 Dq(t,e,0 ,
(lpl)lk _ Z ( n[= (Y1 (e, ))1,‘k+1 + (D1(t, e, ))1k]> ezn@7 k=1,N—1,
2 ing
(n#0)
[e.9]
L.[(Yq(t,e,0)),— Dq(t,e,0)); )
(U1)1y = Z < n[(P1(ts e, ))J 1.7N+( 1(t, ¢, ))]N]> €m9,j =2,N,
n=—00 tny
(n+0)
(U1)1 = i (Fn[(q’l(tvgae))jl,k - (\I/l.(t, €,0))jh+1 + (Dl(tvé‘,@))jk]) ¢ind
W= ing
(n#0)
jZQ,N, k:17N>
(U1)jk = Lol(D1)jx], 4,k =1,N,
1 = L(Ti(te,0))in] .0 . _
n=—o00 ¥
(n#0)
The elements of the matrices W, ..., ¥, we define from equations (9) similar to formulas (12).

The matrix W at sufficiently small values p is expressed by the formula (10)
Lemma 1 are proved.
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On the Reduction of the Linear System of the Differential Equations to the Bi-Diagonal Kind

Consequence. Consider the next system

CZ (JBJrZthsH)) (13)

=1

where Jp has a block-diagonal kind:

Jv, 0 .. 0
S| 0 e o0 |
0 0 .. Jn,

N =N;+..+ N, R — (N x N)-matrices with elements from the class F(m;eo;0). Then
there exists po € [0, o) , such that for all p € (0, ug) there exists the Lyapunov’s transformation
of kind:

T = (E +) Pyt 9),#) Y, (14)

=1

where ®; — (N x N) -matrices with elements from the class F(m;eo;0) , which leads the system
(13) to the kind:

d
d:g (JB—I—ZUI t,e)ut —I—EZV} (t,e,0) ! + pattwt (ts@,u)) (15)
=1 =1

where UL — (N x N) -matrices with elements from the class S(m;eg), V', W! —the (NxN) -
matrices with elements from F(m — 1;e0;0) (I1=1,q).

Problem solving method.
Based on the type of system (4) we obtain the next matrix equation for defined of matrix U :

dUu
E = J(t’ 5)U - Uj(tv 5) + P(tv &, 0) + MP(t7 &, G)U - B(tv £, 0, :u) - :U’UB(tv g, 0, H)? (16)

where elements of the matrix B depends on U also and has the kind (function arguments are
omitted for brevity):

bi = —u12 +pu + MZPljujl —p21ui2 — uZpngﬂuw (17)
J=3 J=3

bek = Ugp—1k — Uk k1 + Pkk — MPk+1,kUkk+1+

n n
+u Z Pl — 41 Z Ph+1,jUjkUk k+1, k= 2,n—1, (18)
G r) GO )
n-1
bnn = Un—1,n + Pnn + 1 anjujna (19)
=1
n
bkt1,k = Pht1,k + 1 Z Ph+1,jUjk, k=1,n—1. (20)
=1

(G#kij#k+1)
Together with the system (16) we consider the auxiliary system

ot g)ig J(t,)U —UJ(t,e) + Pt,e,0) + pP(t,2,0)U — B(t, =, 0, 1) — pUB(t, 2,0, 1), (21)

where ¢(t,e) — the function in the definition of class F(m;e;0), and ¢, are considered as
constants.
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Having written the matrix equation (21) in the components, taking into account relations
(17)—(20), we obtain (function arguments are omitted for brevity also):

dulk "
$p = Tk + Pk +p Z P1jUjk — MPkkULk + UPk+1 kUK, K + Tuip—
i=1
(j25#3)
n
— (U1 e — Uk o 1)UTE — APRA1 kUL b1 — H Z D, jUjk UL | —
i=1
(k)
n n
1D PrrigUigtagar Y DUkt et E=2n—1,  (22)
i=1 i=1
R he) (g k)
du n—1 n—1
1
@Tgn = pin + 10 Zpljujn — [PpnUin — [ln—1pUin — 2 anjujnulm (23)
j=1 Jj=1
duyy, a
@W = U1k —ULk+1 TPk + 1 Z DijUjk — UPkkUilk + UPk+1,kUk k+1Ulk—
=1
(s kA1)
n
—p(up—1k — wk, k + Dwg — ptprs1 gt pr1 — 12 Z DhjUjk Uik —
i=1
(R he1)
n n
—H2 Z Pk+1,5 Uik UL k+1 + Mg Z DPlk+1,5 Uik Uk, k+1 Uik,
=1 =1
(k1) (k1)
1=2.n—2 k=I1+1n+t1, (24)
du n—1
k
¥ d@n =Uk—1n + Pkn + 1 Zpk:jujn — UPnnUkn—
j=1
n—1
—HUn—-1nUkn — ,U'2 anjujnukn7 k=1,n-1, (25)
j=1
dU31 n
@W =Dp31+ K ZPSjU]‘l — Hp11u31 + pui2u3l + up21uiz—
j=3
n n
— szjuj1u31 + 8 ZPQ]’UﬂUlZUSla (26)
j=3 Jj=3
dull "
SOW =Uj-1,1 — W2 +pn+ MZpljujl — up11 + puleuyn — up21u+

J=3

n n n
2 2 3
+up2ruiaup — p E P1jU UL — [ E P2juj1un + E D2 U1 UI2UIT 5

Jj=3 Jj=3 Jj=3
l=4,n-1, (27)
duyp, "
P = WLk Uik P+ p Z Ptk — H(Uk—1k — Uk oy 1) Utk —
Jj=1
(§#k;i#k+1)
n n
2 2
—HUPEkEUIE = UPk+1,k Uk E+1UIE — 1 Z PkjUjrtie — M Z Pk+1,jUjkULE+1+
j=1 j=1
(§#ksi#k+1) (j#kii#k+1)
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n
3
+1 E Ph41,jUjkUk k+1UE, | =4,n—1, k=21-3, (28)
j=1
(ki g#k+1)
n
dun—B,n—Z&
(pidQ =Pn-3n-3+tu g Prn—1,jUjn—3 — f(Un—a,n—3 — Un—3n—2)Un—1n—3—
Jj=1
(j#n—3;j#n—2)
n
2
—UPn—-3n—3Un—1n—3 — HPn—2n—-3Un—1n-2 — I § Pn—-3,jUjn—-3Un—1n—-3—

j=1
(j#n—3;j#n—2)
n
2
— E Prn—2,jUjn—2Un—1,n—2, (29)

j=1
(j#n—3;j#n—2)

duny -
W = Up—1,1 —Un2 +Pn1 + ; DnjUj1 + HU12Unl — HP11UR1+
(J#1:5#2)

n n
+up21U12Unl — UP21UR2 — H2 Z P1jUj1Unl — H2 Z D25 Uj1Un2+
i=1

J= J=1
(G713 #2) (7155 #2)
n
3
+u E P2jUj1U12UNT, (30)
Jj=1
(G#15#2)
n
dunk
Pp = Un—lk = Unjt1 + Dnk 4 E Prjtje — M(Uk—1k — Wk ot 1Unk—
j=1
(#RsiAk+1)
n
2
—UDkkUnk + UPk+1,kUk k+1Unk — UPEk+1,kUnk+1 — M E PljUjkUnk—
j=1
(#R5i#k+1)
n n
2 3 —
—H E DhA1,jWjkUn k+1 + [ E Pht1,jWjk Uk k+1Unk, K =2,n—3,  (31)
j=1 j=1
(j#R3i#k+1) (j#R3i#k+1)
dun,nf2 “
SDT =Pnn-2t+ U E Pnjljn—2 — M(Un73,n72 - uan,nfl)un,n72*
=1
(j#n—2;j#n—1)
n
2 § n) -
—UPn—2n—2Unn—2 + UPn—1,n—2Un—2n—1Unn—2 — U Pn—2,jUjn—27+
Jj=1
(#n=2;5#n—1)
n
3 s 32
+u Pn—1,jUjn—2Un—-2n—-1Unn—2- ( )
i=1
(j#n=2ij#n—1)

In vector form, the system (22) — (32) can be written as

d — - -
QO(t, 5)£ = A§ + f(tv g, 0) + //“:1(757 g, 07 5) + MZ‘:‘Q(t’ £, 9’ é-) + N3:‘3(t7 £, 97 5)) (33)
where £ = colon(ui2,u13,...,Upn—2), A —square constant matrix of dimension (n — 02, f

—_

vector of dimension (n —1)?, Z;, Z5, Z3 — vector-function of dimension (n —1)2?, dependent

on (t,e,0,¢).
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We seek an approximate solution of the system (33) according to the small parameter method
[4] in the form of a partial sum of a series in degrees of a small parameter p:

E(t,e,0,p) = 2‘12:16 )(t,e,0)p (34)
where vector-functions £°(t,e,0) are defined from the next chain of the differential equations:
ot >df;) ALY+ [ (t,2,0), (35)
olt, E)dfl(: = AW + 21 (t,,0,60), (36)
ot — 4 ¢ EEEOED) ) 2y g 60, 7

23

e o Ot e,0,0)
plt o) =g = AEH T + o€

where Fy,—1 — polynomial from &) ... ¢(2473) with coefficients from the class F(m;eq;6) .
For u =0 we get a generating system (35). In the component form it has a kind:

€272 ¢ Fyyi(t,e,0,0, . 27) (38)

du(o) (0) [
o(t, e) d¢19k = Uy} + p1x(t,e,0), k=2,n—1, (39)
du?
= n 4
Pt e) =gt = pin(t e, 0), (40)
duly) o) (0)
o(t, ) dlek = wy = Uy T ok(t6,0), 1=2n =2k =T+ 1,n—1, (41)
du(©

o(t,e) ZZ‘ = ul(g)lvn + pin(t,e,0), 1=2,n—1, (42)

duly () (0)
ptye) =M= = =y g+t 0), =40k =1,1-3, (43)

dé
(0)

du ’ -
o(t, e) d0 =pi-2(t,e,0), 1 =3,n. (44)
It is easy to see, that system (39) — (44) decomposes into two independent subsystems (39) —

(42) and (43),(44). The necessary and sufficient conditions for the existence of 27 -periodic in
0 solutions for the system (39) — (42) the the following conditions:

S
thkurn_s(t,s,@) =0, s=1,n—1. (45)

Under these conditions, system (39) — (42) has a (n — 1) -parameter family of 27 -periodic in
solutions:
uk,k+1(t7 & 9) = Ck,k:-i—l(tv 5) + Qpl(gol)g+1(tv &, 0)> k=1,n-1,
and the rest
i) (t,2,0) = o) (t,¢,0),
where cg41(t,e) (k= 1,n—1) — the arbitrary functions of the class S(m;ep), and the all

functions <p§?2 (t,e,0) — particular 2 -periodic in 6 solutions of it system, such that:

wg%)(t,&,g) :O, ]: 1771—17]{:]4_1’”

The necessary and sufficient conditions for the existence of 27 -periodic in 6 solutions for the
system (43),(44) the the following conditions:

pkyk_g(t,e, 9) = 0, k= 3,n. (46)
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Under these conditions, system (43),(44) has a (n — 2) -parameter family of 27 -periodic in 6
solutions:
Unk(t,€,0) = cpr(t,e) + goSQ(t,e, 0), k=1,n—2,
and the rest
ug.[,? (t,e,0) = goé(,? (t,e,0),
where cnk(t,i) (k = 1,n—2) — the arbitrary functions of the class S(m;eg), and the all

functions cpﬁ (t,e,0) — particular 27 -periodic in 6 solutions of it system, such that:

PV (t,e,0)=0, j=3mk=T17—2

For the determine the functions ¢y p11(t,€) (k = 1,n—1) and cu(t,e) (E=1,n—-2) we
obtain the next system of algebraic equations, which follows from the conditions of the existence
of 2w -periodic in 6 solutions of the system (36):

n—1 n—2

Zpss (tu g, 9) Cs,s+1 (t7 5) + Z (CS,S—H (ta 5) — Cs41,54+2 (ta 5))65,54—1 <t7 5)_
s=1 s=1

n n
- Zpss(ta g, 6) Cs—l,s(ta 5) + Zps,s—l <t7 £, 9) Cs—l,s(ty 5)05—2,s—l(t; 5)+

s=2 s=3
n
+ ZPS,Sfl(ta &, 0)90(3)71,5(75’ &, 9) 05*278*1(tv 5)+
s=3
n
+ Zps,s—l (t, g, 9)()08—273—1@7 g, 0) Cs—l,s(tv 5) - cfzzfl,n(ta 5) = fl (tv E)? (47)
s=3
n—(k+1)
Z ps,s+k—1(ta g, 0) Cs4+k—1,5+k (t, 6)"’
s=1
n
+ Z ps,s—l (t, g, 9)()02—375—1 (t7 g, 0) Cs—l,s(tv €)+
s=k+2
+pn—k,n—1(ta &, 0) cn—l,n(ta 5) = fk(t7 5)7 k=2n-2, (48)
pl,nfl(ta €, 9) Cnfl,n(tae) = fnfl(t75)> (49)
Prt2n(t,e,0) car(t,e) = gr(t,e), k=1,n—3, (50)

Pnn <t7 £, 9) Cn,n—Q(ta 5) - (cn—3,n—2(ta 5) - Cn—2,n—1(t7 5))Cn,n—2<t7 5)_

—Pn—2n—-1 (t, g, 9) Cn,n—2(t> 5) + pn—l,n—Q(ta g, ‘9)9091_2’71_1@7 g, 0) Cn,n—Q(ta 5) =
= gn-2(t,€), (51)
where fi(t,e) (k=2,n—1), gx(t,e) (k=1,n—2) — famous functions of the class S(m;e).
The system (49) — (51) can be written ih the kind:
Cj(t, £,C12,C23, ..., Cnan, Cnl,Cn2y ey Cn7n72) = 0, ] = 1, 2n — 3. (52)
We suppose that there exists a solution cg),jﬂ(t,s) (G=1n-1), e (k=1,n—-2)
of the system (52) that satisfies the inequality:

inf |det d(Cy,Cy, ..., Cop—3)
G(z0) (€12, <oy Cn—1m, Cnly -es Con—2)

>0 (53)

at cjp = c?k (t,e). Then, in accordance with the small parameter method [4] all vector-function
O (t,e,0),...,6R97D(t, ¢, 6) are defined and belongs to the class F(m;eg;6) .
Consider the system

d
d% = Az + f(t,e,0) + pZ1(t,e,0,2) + pEa(t, c,0, 2) + 1*Es(t e, 0, 2), (54)
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where z = colon(u12, w13, ..., Up—1,n, U31, Ud1, ..., Un n—2), and the other functions are the same
as in the system (33).
We make in the system (54) the substitution

2 =&t e, 0, ) + 2V, (55)

where z(1) — the new unknown vector-function. We obtain:

d=(1)
dt

= AzW 4 eg(t,e,0, 1) + p2Ih(t,e,0, 1) + ZVtEG PAREE

W (t,e, 0, 1) 2V 4z )(t,é,e,z( ), 1), (56)
where g € F(m — 1;e0;0), h € F(m;ep;0), V;,W € F(m;eo;0), ZM) belong to the class
F(m;ep;0) relatively t,e,0, and contains terms not lower than second order relatively the

A 0
A= (% )
where A, Ao — square constant matrices of orders (n_;)n and respectively. All
their eigenvalues are zero. An analysis of these matrices shows that the Jordan normal form
(JNF) of matrix A; consists of n—1 blocks of dimensions 1,2,...,n—1, and the JNF of matrix
Ay consists of n — 2 blocks of dimensions 1,2,...,n — 2. Each block of dimension [ (1 > 2)
has the kind:

components of vector z() |

Matrix A has a block kind:

(n—2)(n—1)

o 0 o0 .. 0 0 O
1 0 0 ... 0 0 O
o 1 0 .. 0 O O
(57)
o 0 o0 .. 0 0 O
o 0 o0 .. 1 0 O
o 0 o0 .. 0 1 O

(1 rows and [ columns in the matrix), and block of dimension 1 consists only of zero.
Therefore, the JNF J of the matrix A consists of 2n —3 blocks of kind (57). 2n—4 of them
have dimension 1,2,...,n — 2, and one block have dimension n — 1.
We denote H — non-degenerate matrix, reducing matrix A to JNF. We make in the system
(56) the substitution:

20 = g2, (58)
We obtain:
dz?) 2 1 2 2
W:Jz()+sg()(t,5,9,u)+,uqh()te&u ZV (t,e, )’ | 2P+

+ut Tt WO (e, 0, 1) + pz® ><t,e,97z< ) ), (59)

where ¢ € F(m — 1;e0;0), bV € F(m;ep;6), Vj(l), W e F(m;eo;0), Z® belong to the
class F(m;eo;0) relatively t,e,60, and contains terms not lower than second order relatively
the components of vector z(2 .

By virtue Consequence from Lemma 1 there exists non-degenerate transformation of kind:

2 = B(t,e,0, )2, (60)
where ® € F(m;ep;0), which leads the system (59) to kind:
q .
ZUj(t,s),uJ P ZV (te,0)pd | 2+
j=1
+eg Pt e, 0, 1) + p?h O (t,e,0, 1) + W (t,e,0, 1)z + n2®(t,e,0,29 1), (61)
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where Uj(t,e) € S(m;eo), g2 (t,¢,0,p), V (t e,0),
W(Q)(t,E,H,u) € F(m — 1;e0;0), h(2 (t,e,0,pn) € F(m;ep;0), Z®) belong to the class
F(m — 1;e0;0) relatively t,e,6, and contains terms not lower than second order relatively
the components of vector 23

Consider the matrix

q
Ult,e,p) = Z U,(t,e)p 1.
j=1

Lemma 2. Let the system (61) satisfy the next condition: for the matriz U(t,e, ) there
exists the matriz L(t,e, i) with coefficients from the class S(m;eo), such that:

1) inf inf |det L(¢, ¢, >0;
)“G(O’HO)G | (t,e, p)l

2) LWL = A(t, e, ) — diagonal matrix;
3) there exists qo € N (1 < qo <q) and v >0 such that

inf |Re;(t,e, p)] > yu® ™" j =1,2n =3,
G(eo)

where \;j(t,e,p) (j =1,2n—3) - the eigenvalues of the matriz U(t,e, p) .

Then there exists p2 € (0,10), K1 € (0,400) such that for all p € (0, u2) the system (61)
has a particular solution z®) (t,e,0, 1), belongs to class
F(m — 1;e1(p);0), where e1(p) = Kqpu?®-1.

Proof is similar to the proof in [5].

Basic result.

An immediate consequence of Lemma 2 is the next theorem.

Theorem. Let the system (2) satisfy the next conditions:

1) for the system (35) conditions (45),(46) are satisfied;

2) there exists solution of the system (52), which satisfied to condition (53);

3) all conditions of Lemma 2 are satisfied.

Then there exists s € (0, po), Ko € (0,+00) such that for all p € (0,us3) for the system (2)
there exists the transformation of kind (3) with coefficients from the class F(m — 1;e2(pn);0),
where e9(p) = Kou?®~1 (qo are defined in Lemma 2), which leads the system (2) to the kind
(4), and the elements of the matriz B(t,e,0, 1) are defined by formulas (17) - (20).

Conclusions.

Thus, for the system (2) the existence of the transformation with coefficients whose coefficients
are represented as an absolutely and uniformly convergent Fourier-series with slowly varying
coefficients and frequency, which leads it to bi-diagonal kind, are proved.
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H.U. Meuwnuxos amwvindaev, Odecca yammuk yrnusepcumems, Odecca, Yxpauna

Cpi3bIKTHI AuddepeHmanabIK, TeHAeyJIep »KYHeCiH eKiauaroHanabpl Typre KejaTipy TypaJibl

Annvoranusi:  Kosddunuenrrepi men xwuimiri Gasty esreperin abCOIIOTTI »KoHE OIPKAJIBIITHL KHHAKTAJIATHIH
ODypbe Karap/iapbIMeH OepiireH CbI3bIKTHI OipTekTi auddepeHnnaniblK, KyhejepiH eKiguaroHaj bl Typre KeJTiperiH
TYPJIEHAIPYAiH 6ap GOIATBIHABIFLL JOJIC/IICHIEH.

Tyitin ce3mep: cb3bIKTH AuddepeHnuaniabik regaeyinep, Pypbe Karapaapbl.
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Odeccruti HayuoHasvHull yrusepcumem um. U. U. Mevwnukosa, Odecca, Yrpaurna

O cBegeHuun nuHEHHON cucTeMbl AU PEPEeHINAIBHBIX YPABHEHUN K ABYXJUATOHAJIILHOMY BULY

Anvoranusi. [lna nuxeitnodt ogHOpomHON nuddepeHInaabHOl CHCTEMBI, KOIMDMUIUUEHTH KOTOPOH IIPEICTaBUMBI
abCoOJIIOTHO M PaBHOMEPHO CXOAAIUMECH psigamu Dypbe ¢ MeJIEHHO MEHSIONMMUCS KodduimenTaMu u 9acToTOil,
JIOKa3aHO CyIIEeCTBOBaHUE TPe0OpPA30BaHUs, CBOSAIIETO €€ K JABYXJHarOHAJBHOMY BHUJLY.

KurroueBble ciioBa: jmHelinble guddepennnanbabie cucreMsl, psagsl Pypbe.
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«JI.H. T'ymunes arbingarbl Eypasusi YIITTBIK, YHUBEPCUTETIHIH Xabapiibickl. MaTtemaTuka.
KowmmbroTepiik reumbiMaap. Mexanuka cepusicbl» >KypHaJIbIHA Kibepiserin >kyMbIicTapra
KOMBLIATBIH TAJIANITAD

Kypran pedaryuacs, a8mMopAaPed 0Cbl HYCKAGYADIKNEH MOABLE MAHICHN, HCYPHAA2G MAKAAQ d3IPAEY MEH
dativin MAKaLaHbL HCYPHasa dicibepy Kkedinde 6acwbavkKa aryovt yeomads. Bya wyckayavk masanmapoiro
OPBIHOAAMAYDL CI30TH, MAKAAAGHBL3OVH, HCAPUANAAGHYIH KiDipMEdi.

1. Asropapiy Ko/Ka3baHbl pefakiusra kibepyl Makaja aBTOPBIHBIH, 6acein mbrapymbl, JI.H. T'ymuies
aTpIHIarel Eypasust yITTHIK YHUBEPCHTETiHE MaKAJIaChbIH Oacyra KesiciMiH »KoHe Ke3 KeJIleH IIeTesl TijliHe
ayIapbLIbIN KaiiTa 6achLIybIHA KeJTiCIMIH Olmipeti.

2.  Bacnara (6GapublK >Kapusulaynibl aBTOPJADIBIH, KOJ KONBLIFAH KAFa3 HYCKACHL KOHE 3JIEKTPOHJIBI
HYCKACBIH/IA) JKYPHAJIbIH TYIHYCKAJIbI CTUIbAIK (daitnbiHbiy MiHgeTTi KosmansicbiMer LaTeX Gacna kyitecinme
navipiaganran Tex- men Pdf-dgaiinpiamarsr xkKymbictap yebiabuaabl.  CTuipaik daitaaer bulmathme.enu.kz
JKypHAJI CAalThIHAH YKYKTEIl aJIyFa OOJIaIbl.

3. Makasianbig, Kejiemi 6 GerTeH KeM KoHe 18 GerreH apThIK, O0o/Maybl Tuwic. Tasan JieHreifinen ackaH
JKYMBICTAp PEJAKIUSIIBIK, aJIKa OTBIPBICHIHIA KapaJibIll, baciara epekiie Karaaiiia raHa pykcaT eTiie/i.

4. Kywmbicreiy, morini XFTAP (XanblkapasblK FbUIBIMA-TEXHUKAJBIK, AKIApaT PYOPUKATODPDI) KOJBIHBIH,
KopCceTKinmiMen 6acTaJbll, Keilin aprop(ap)AblH aThl »KOHE Teri, »KYMBIC OPHBIHBIH TOJIBIK aTaybl, KaJachl,
memyekeTi, E-mail-bI, MakaJaHBIH TOJBIK aTaybl, AHHOTAIIUSICHI KOPCETIIe. Annoramust  150-200 ces
KeJieMiHsie 0OJIybl THiC, COHBIMEH KaTap MOTIHJE Kyp/esi ecenTik opmyrangap 060Maybl, MaKaJaHBIH TOJIBIK,
aTbl KafTaaHOaybl, >KYMBICTBIH MOTiHI MeH o/1ebueTTep Ti3iMiHIE KOpCceTiJeTiH ciiremesep O60JIMaybl Kepek.
AHHOTAIINS MaKAJAHBIH EPEKINEJIKTEPIH KOPCETETIH KOHE OHBIH, KyPbUIBIMBIH (KipiCrie, €CenTiH KOWBLIBIMBI,
MaKCaTbl, TAPUXbl, 3€PTTEY OJICTEpl, HOTHMKEIED 2KOHE OJIAPJBIH TAJKBLIAYJIAPBI, KOPBITBHIHJIbI) CAKTANTHIH
MaKaJIaHbIH, KBICKAIIIa Ma3MYHbBI OOJIybI THIC.

5. 2KyMBICTBIH MOTiHIHJE Ke3[eceTiH TabJuIajap MOTIHHIH IMIHAE >KEeKe HOMIPJIEHIN, MOTIH KeJeMiHJe
cisrremeniep Typinge kepcerinyi kepek. Cyperrep men rpadukrep PS, PDF, TIFF, GIF, JPEG, BMP, PCX
dopMaThIHIAFBI CTAaHIAPTTAPFa cail 601ybl Kepek. Hykresnik cyperrep keHeitriimi 600 dpi kem GosiMaybl KasKeT.
CyperTtepin 6apJIbIFbl Ja afKBIH 9pi HAKTHI OOTYHI KEPEK.

6. ZKymbIcTa KOJITAHBLIFAH 9JeOMeTTeD TEK JKYMBICTA CLITEME KacaJFaH TYIHYCKAJIBIK KODPCETKIIIKe cail
(cireme Gepy TopTibGiHe HeMece aFbLIIIBIH oJinbui TopTi6i HerisiHge TONTHIPBLIAABI) GOLybl KepeK. Bacragan
MIBIKITAFAH YKYMBICTAPFa CLITEME YKACAYFa TUBIM CAJIbIHAJIBI.

Cinremeni 6epyjie aBrop KoJimanran o1ebuertin 6eTinin HOMIpiH KepceTieil, Kejeci HycKara CyHeHiHi3 qypbiC:
Tapay/iblH, HoMepi, GesiiMHIH HOMepi, TapMaKThIH HOMepi, TeopaMaHBIH HOMepi (JeMMa, eckepry, (OpMyJIaHbIH
koHe T.6.) HOMEpI Kepcerimemi. Mpicanbl: «... Kapaubd . [3; § 7, memma 6]», «...kapaup3 [2; 5 Teopamasarbt
eckepry|». Byn Tasan opblHzasMaraH Karjaiifa MakajaHbl aFbUINIBIH TidiHE ayJapraHia ciaremesepie
KATeJIKTEP TYBIHIAYbl MYMKIH.
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IIpaBuiia npeacTaBiieHus1 paboT B >KYPHAJI
"Becmnux Eepa3ulicko20 HauuoHaavbHo20 yHusepcumema umerwu JI.H.I'ymuaesa.
Cepuss Mamemamuxa. Komnwvromeprnoie nayku. Mexanuxa"

Pedakxyus srcyprasa npocum asmopos 03HAKOMUMBCS C NPABUAAMYU U NPUIEPAHCUBATNDLCA UT NPU N0020MOsKe
pabom, Hanpasasemvir 6 otcypran.  OmKAOHEHUE OM YCMAHOBACHHVT MPABUA 3G0EPIAHCUBLEM NYOAUKAUUIO
cmamou.

1. OTnpasiienre CTaThu B PEJAKIHIO O3HAIAET coriacue aBropa (aBTopoB) Ha npaso Vzmarens, Espasuiickoro
HarpoHaJibHOro yuusepcurera umenu JI.H. TymuseBa, u3manus crarbu B 2KypHaJIe U HEPEU3aHNAs UX Ha JIIOOOM
WHOCTPAHHOM SI3BIKE.

2. B penaknuio (B GymMarKHOM Bre, MOJIIMCAHHOM BCEMU ABTOPAMHU U B SJIEKTPOHHOM BHJIE) IPEICTABIISIOTCS
Tex- u Pdf-caitinbl paboTsl, oAroToB/IeHHbIE B N31aTeNbCKON cucteMme LaTeX, ¢ 06s13aTeIbHBIM UCIIOJIB30BAHUEM
OPUTHHAJILHOTO CTUIeBOro aitma xypuama. CrumeBoit dailsi MOXKHO CcKadaThb CcO caiiTa KypHaja bul-
mathmec.enu.kz.

3. O6beM crarbu He JOJKEH HpeBblmaTh 18 crpanur (or 6 crpanun). PaGorbl, npesblnalomme yKa3aHHbIH
00'beM, IPUHUMAIOTCS K ITyOJIMKAINN B UCKJIIOYUTEIbHBIX CJIydasix 10 ocoboMy pemrenuio Penxosternu »kypunasa.

4. Tekcr paborsl Haunnaercs ¢ pybpukaropa MPHTU (MexayHapomabiit pyGpuKaTop HayIHO-TEXHUIECKOM
nHbOPMAIUY), 3aTEM CJIELYIOT UHUIMAJIL U (paMuIns aBTopa(oB), IOJHOE HAUMEHOBAHUE OPTaHU3AIMH, TOPOJ,
crpana, E-mail asropa(os), 3armaBue cratbu, aHHOTanms. AHHOTAIMs JOJKHA COCTOATh M3 150-250 cios, e
JIOJIPKHA COJIEPXKATH IPOMO3IKHE (POPMYJIBI, TI0 COAEPKAHUIO HE JIOJI?KHA [TOBTOPSITH HA3BAHHUE CTATHU, HE JOJIZKHA
COJIEPXKATDH CCBLIKM HA TEKCT PabOThI U CIHCOK JIMTEPATYPBI, JOJKHA ObITh KPATKUM H3JIOKEHUEM COJEDIKAHUS
CTaThU, OTParkas €€ 0COOEHHOCTH U COXPAHATH CTPYKTYPY CTaThU - BBeIEHNE, IIOCTAHOBKA 3aatH, 111, HCTOPHSI,
METO/Ibl UCCJIEJIOBAHUS, PE3YILTATBI C UX 0OCYXKJIEHUEM, 3aK/II0UEHNE, BBIBO/IbI.

5. Tabuauipl BKIIIOYAIOTCS HEIOCPEJICTBEHHO B TEKCT pPabOThI, OHHM JOJKHBI OBITH I[TPOHYMEPOBAHBI U
COTIPOBOYKTATHCST CCHIIKON HA HUX B TEKCTe paboThl. PucyHKH, rpaduKn JOIKHBI OBITH TTPEJCTABIECHBI B OJTHOM U3
crangaptabix popmaros: PS, PDF, TIFF, GIF, JPEG, BMP, PCX. To4yeunble pucyHKr HEOOXOAMMO BBIITOJIHATD
¢ paspemenneM 600 dpi. Ha pucyHkax goJI2KHBI OBITH SICHO IT€PEIaHbI BCE JIETAJIH.

6. Cnmcok JMTEpaTyphl JOJKEH COJEPKATH TOJBKO T€ HMCTOYHWKHA (IPOHYMEPOBAHHBIE B IOPSIIKE
[UTUPOBAHUS WJIA B MOPAIKE AHTIMHCKOro ajipaBuTa), Ha KOTOPBIE NMEIOTCS CCBIIKK B TeKCTe paboThl. CCbLIKU
Ha HeollyOJIMKOBaHHbIE PAOOTHI, PE3YJILTATHI KOTOPBIX MCIIOJIL3YIOTCS B JI0KA3aTEIbCTBAX, HE JOIYCKAIOTCS.

ABTOpam pekoMmeHryeTcst Tpu 0POPMJICHUM CCHIJIOK UCKJIIOYUTH YIOMUHAHUE CTPAHUI] U PYKOBOJCTBOBATHCS
caenyomuM 1mabJoOHOM:  HOMEp [VIaBbl, HOMep maparpada, HOMEp IIyHKTa, HOMED TeOpeMbl (JIEeMMBI,
yTBEP2KJIEHUs], 3aMeYaHusl K TeopeMe U T.IL.), HoMep ¢dopmyssl. Hampumep, "..., cm. [3; § 7, gemma 6]"; "...,
cM. [2; 3ameuanme K Teopeme 5|". B mpoTrmBHOM cilydae IpW MOArOTOBKE AHTJIOS3BITHOW BEPCHUHM CTATHLU MOTYT
BO3HUKHYTH HEBEPHBIE CCBHLIKH.
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