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NGHIEN CUU NGHIEM ON PINH TIEM CAN CUA HE PHUONG TRINH
VI PHAN TUYEN TINH CO HE SO TUAN HOAN BANG PHUONG PHAP PHO
* Nguyén Viét Khoa"

Tém tit
Trong bai viét nay, chiing t6i xét mét hé phwong trinh vi phdn tuyén tinh hé sé tuan hoan khéng
0-t6-nom dang:
)'C=A(t)x; x(O,g)zxo, (1)

rong d6 xeC"; A(r)= 4, +iAk (t)gk; € - tham s6 nho; A, (t) la cdc ma trgn vuong tron tudn
k=1

hodn c6 chu ky T: t €[0;+00). Nghién ciru va kién thiét phicong phdp dwa hé dang xét vé dang mot hé
phirong trinh vi phdn véi ma trdn cdc hé s6 gan nhw hang sé. Tir d6 ding phwong phdp phé va dinh 1y

Lyapunov dé nghién civu vé nghiém on dinh tiém cdn cia hé phwong trinh da cho.
Tur khoa: Nghiém on dinh tiém can; Phuong phap pho,; Hé phwong trinh vi phan tuyén tinh hé so

tuan hoan; Phwong phdp tach.

1. Mé dau

Xét h¢ phuong trinh vi phan:
dy
—=D(y,t 2
= @0) (2)

(y(to)zyo; yeCh tZtO).
Pinh nghia 1.1. Nghiém ¢(7) cua hé (2)
duogc goi 14 on dinh (theo nghia Lyapunov) néu
Ve >0,35(¢) >0 sao cho dbi véi nghiém y(¢)

bat ky cua hé d6 ma c6 gid tri ban dau thoa mén:

(1) -0 (1) < 5(2) 3)
thi V¢ >1, s&la nghiém dang ctia bt dang thc:
[y (6)=0(t)| <. (4)

Pinh nghia 1.2. Nghiém ¢(7) cua hé (2)

duoc goi la on dinh tiém cdn (theo nghia
Lyapunov) néu nhu ca hai didu kién sau day
duoc théa man:

i/ Nghiém ¢(¢) 1a 6n dinh.

y(t)—go(t)uzo, Vy(¢) thoa man

i/ lim
t—>+0
(3) tai t=1¢,.
Nhian xét 1.3. Biang cach d6i bién
x(t)=y(t)- (), thitirhé (2) ta duoc:
dx do

E:—;+<D(x+g0(t),t)zf(x,t), (5)

® Truong Cao dang Su pham Kién Giang.
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(£(0,)=0; £21,).

Nhu vay, viéc khao sat sy on dinh cua
nghiém (1) cta hé (2) duoc quy vé viéc khao
sat sy on dinh cua nghiém x(7)=0 cta h¢ (5).

Sau day 1a mot s6 ki hiéu duge dung trong
bai bao:

A zdiag{a”,... a }; :IZA—ZI, VOl A= {ajk}

\ A ~ e . dx
la ma tradn vudng cap n ; x= Z;
A" - ma tran Hermite (la chuyén Vi cua ma tran
¢6 phan tr lién hop v6i phan tir cia A);
Pho {/10]; j= l,n} cla ma tran vudng 4, 1a tap
cac gia tri riéng ciia ma tran do.

2. Noi dung chinh

Xét hé phuong trinh vi phan tuyén tinh
khong 6-t6-ndm dang:

X= A(t,g)x; x(O,g) = X,; (6)

(x eC";t> 0).
Trong d6 chudi ma trin A(t,£)=4,+) 4, (1)¢"
k=1
hoi tu tuyét dbi déu theo ¢ va &, voi tham sb & -
du nho; 4, 1a ma tran héng sb; cac ma tran

4, (¢) (k=1) 1a c4c ma trén vudng tudn hoan cé
chuky T; t €[0;+o0).
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Pinh 1y 2.1. Néu ma trgn A, c6 phé la
{/101.}:1 théa man diéu kién:
Oy =4y, = Aoy #i27qT™; (7
(j;tk;j,kzl,n; g=0, 1, i2,...)

th véi & dii nho, phép bién doi khong suy bién
tuan hoan chu ky T:
szoH(N)(t,g)z; (®)
N
(Hy(1.2) = E+ Y H, (1) s

k=1
Sy 4,y = Ny =diag{ Ay, ... A, }).

sé bién doi hé (6) twong dong véi hé phwong
trinh sau day:

z=0(t,€)z z(0,¢) =z,
Q(t,&‘):A( )( )+£N+1G N+1) (t 5);

A (¢)= ;Akg" = diag{ﬂ1 (£)eees

Gy (1:2)| £ C320; 9)

/1/1 (g)},
trong @6 A, la ma trdn chéo hang s6; H, (t) la

cdc ma trdn tudn hoan chu ky T.

Chirng minh:

Theo gia thiét ban dau ciia dinh 1y thi luén
ton tai [2], [6] phép bién doi khong suy bién
x =S,y , dua h¢ (6) vé dang don gian hon:

y=B(t,¢)y; ¥(0,&)=y,;

(B(t,g):A0+§Bk(t)g"J.

Sau do6 véi ¢ - du nhd, phép bién doi tuan

(10)

hoan chu ky 7, khong suy bién y = H(N) (t,g)z,
s& bién d6i hé (10) vé dang (9) dang can.
Néu cac ma trdn B(t,&), H, (t,€) va

0 (t, 5) théa man phuong trinh vi phan ma tran:

H,, ‘:B(t, g)H(N), (1, gﬂ)—H(N)‘(t,g)Qgt,g) (11) ’
thi bang phép bien doéi va dong nhat cac hé so
cua ¢, k=1, N tadugc:

H,=PB(1)-A +AH, (t)-H, (1)Ay; (12)
R(t)=B8,(1);
=

=B,(1)+ 2B (1) H () ~H () A, ), k=2.N.

Jj=

Sau d6 dung phuong phép tach “phan duong
chéo”, ta dugc phuong trinh ma tran duong chéo:

H, =P (1) A, k=1, (13)
va phuong trinh ma tran “duong chéo khong”
(Ttee 1a cac hé s trén dudng chéo chinh bang 0).

H =ANH (t)-H, (1)A,+P (1); (14
H, (1) ={hy (0)f: B (1) ={py (1)}s k=LN.

Mdbi mot hé phuong trinh dang (13) c6 mot
16p nghlem tuan hoan chu ky T duy nhét:

_j A)db, néu A, =— jp t)dt, k=1,N.

Cung nhu vay, mdi m(_)t hé phuong trinh
dang (14), duoc tach ra thanh (nz—n) phuong
trinh vi phan v6 hudng bac nhat dang:

fzijk(t) o, hl]k +pyk( )
(i;tj; i,J zl,n; kzl,N).

Theo cjliéu kién cua Pinh ly 1.1, thi phuong
trinh (15) ton tai duy nhat nghiém tuan hoan chu
ky T[1, tr. 361] c6 dang:

(15)

t+T

hy.k(t)zea”(”)(l—ea") J-e 7 py (s)ds. (16)

Viéc chirng minh HG(N“) t,& HSC voi

tham s6 ¢ - di nho, dugc suy ra bang cach dong

¥ & hai vé cua phuong

nhét cac hé s cua ¢
trinh (11).
G (6 B() Ei{ 1)+t By(0) H (1) +Bva (1.6 H{) At H 1) A
Dinh ly 1.1 da duoc ching minh.
Bo dé 2.2. Chuan Euclid cua nghiém cua hé

phirong  trinh  tuyén tinh  khéng  6-t6-ném
X= A(t)x luon thoa man phwong trinh vi phan:
d|xf :
7:2Re(x A(t)x). (17)
Chirng minh:

Theo dinh nghia Chuidn Euclid ta co
I = L R=xA (1),

Tir d6 suy ra
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—d ||x||2 =X x+x %
dt
=x A (t)x + x*A(t)x
= 2Re(x*A(t)x).

B6 dé duge chig minh.
Pinh 1y 2.3. Véi cdc gid thiét cia Pinh 1y

1.1, néu phcf {/lj(g); j=1,_n} cua ma tran
A(N)(g) trong h¢ phuwong trinh (9) thoa man
diéu kién:
Re k(&)< -0, <0;
(j=1,n; q=0,N)
thi nghiém tam thuong cia hé phwong trinh (9)
la 6n dinh tiém cdn.

Chirng minh:
Ap dung B6 d& 2.2 vao hé (9), ta c6:

(18)

2
S Rl (oo el 0012

<[-oie| +& G|
A

% (0<g<qy).

=(—608" +qu+')

<(-o’l4

Tu d6 suy ra: Hz(t)”S”ZO”eXp(—O']g"t)—>O,

(t — +oo). Piéu nay chimg té rang nghiém tam
thuong cua hé (9) 1a 6n dinh tiém can. Dinh 1y
2.3 da dugc chirng minh.

Nhan xét 2.4. H¢ phuong trinh (9) 1a twong
duong voi hé (6), vi viy nghiém tim thudng cua
hé (6) ciing 6n dinh tiém can.

Vi du 2.5. Phép quay dung cua con quay
hoi chuyén trong vat ly, dugc mo ta bé“lng hé
phuong trinh vi phan tuyén tinh sau day [9]:

i=(4,+c4 (1))x: (xe(Cz); (19)
i 0) _(—p(0) —r(2))
o5 o o3 )
p(1)=(1-x)Qsin® ot +0,5iw (& —1)sin 20t
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r(t)=p(t)-Qsin* ot y=1,/1; E=ay/ ay;
e=aH;/L>0;,Q=L/I,.

Trong d6: w13 tan sd dao dong cua tir truong;
H 1a bién 4 dao dong cua tir truong; Q la tan
s6 chuong dong trong dao dong cua vat thé; [ i
la md men quin tinh quanh mdi truc cua nd
(j = 1,2,3); L 12 m6 men dong lugng; & 1a dai
lugng dugc xac dinh boi cac phan cuc cua vat
thé twong ddi so vé6i truc cua nd; € >0 1a tham
s6 rat nho.

Trong truong hop khong cong hudng
(Q#2w). Phép bién dbi tudn hoan chu ky T
(T =/ a)) :

x=H(t,e)y (20)
H(t,e)=E+eH (1)
vao hé (19), ta duogc:
b :(AO + &N, +0(52))y, Q1)

1= Q (-1, 0
¢ T'([ (1) 213[ 0 —IJ

Cau tric pho cuia ma tran A, (4, =iQ va

A, =diag{4,,4,},

Q .
[ﬂﬂ =7(11—I3); Ay =—Qll/2l3j cho phép
3

ta két luan rang, chuyén dong dimg dang xét &

Ap,=0) va ma tran

trén 14 tiém can 6n dinh khi 7, > ..
3. Két luin
Nho phép bién dbi khong suy bién

x:SOH(N)(t,g)Z (véi ¢ - du nho), ta dua hé

phuong trinh tuyén tinh khong 6-t6-ném da cho
dang (6) vé dang hé phuong trinh tuyén tinh voi
ma tran cac hé sé gan nhu duong chéo va 1a cac
hang sb (9). Pay 1a két qua can thiét va thuan
loi dé nghién ctru nghiém on dinh tiém can. T
d6 nho Pinh 1y vé nghiém o6n dinh tiém cén
(Lyapunov [5]), ta c6 thé két luan dugc diéu
kién dé nghiém cua hé (9) khi nao 1a 6n dinh
tiém can.
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INVESTIGATING ASYMPTOTICALLY STABLE SOLUTIONS
OF THE LINEAR DIFFERENTIAL EQUATION SYSTEMS
WITH PERIODIC COEFFICIENTS BY SPECTRAL METHOD

Summary

In this article, we examine a linear differential equation system with periodically coefficients
non-autonomous form as follows:

x=A(1)x; x(0,6)=x,,
where x e C"; A(t)zAO+Z'O:A,c (t)g" ;  &- small parameter; Ak(t) are rather smooth T-
k=1

t €[0;400) . We come up with the method of making the current system

become the new one with a matrix of almost constant coefficients. Thereby, we use the spectral
method and the Lyapunov theorem to study asymptotic stable solutions of the given equation system.

Keywords: asymptotically stable solution, spectral method, linear differential systems with
periodic coefficients, splitting method.
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