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Tém tit
Trong bai bao nay, ching t6i gidi thiéu bai toan co suy rong cia hé phuong trinh sai phdn phl
tuyen phu thuée thoi gian c6 chdm. Tir d6, ching t6i phdt trién ki thudt di c6 dé chirng minh mot so
diéu kién mai cho tinh chat co suy rong cua I6p hé nay. Cac két qua dat dwoc la mo réng tong qudt
ctia mot sé két quad da co gan ddy cua cdc tdac gia khac. Mot vi du dwoc dwa ra nham minh hoa cho

két qua dat dwoc.

Tir khéa: Co suy rong; co toan cuc; phwong trinh sai phén phi tuyén phu thudc thoi gian cé chim.

1. Mé dau

Phuong trinh sai phan c6 nhiéu Gng dung
trong cac md hinh toan hoc va thyuc té ([2], [3]).
Céc bai toan vé tinh chat dinh tinh cua nghiém cua
cac hé phuong trinh sai phan nhu tinh chét 6n
dinh, hut, diéu khién duoc, bi chin, co... di va
dang thu hut cic nha nghién ctu trong sudt nhiing
thap nién vira qua (xem [1], [2], [3], [4], [S], [6]
va mot sb tai liéu tham khao trong cac bai bao).
Hé phuong trinh sai phan c6 tinh chit co néu
“khoang cach” giira cac nghiém bat ky cua hé dan
vé khéng khi thoi gian dan ra dwong v6 han ([6]).
Nam 1998, Lohmiller va Slotine [4] da dua ra mét
s6 mo hinh thyuc t& vé& co hoc chét long dan dén
viéc nghién ciu bai toan vé tinh chit co cua cac
hé dong luc. Trong do, cac tac gia da dua ra nhidu
diéu kién cho tinh co ciia hé phuong trinh sai phan
thuong va hé phuong trinh vi phan thuong. Céc
két qua nay sau d6 dwoc ang dung vao mot sé mo
hinh bai toan diéu khién va thiét ké quan sat ddi
v6i mot sb hé dong lyc.

Cac bai toan vé tinh chit co cua hé dong luc
sau d6 duoc tiép tuc nghién ctu, phat trién boi
nhiéu nhém tac gia (xem [1], [6], [7] va mot sb
tai liéu tham khao trong d6). Gan day, bai toan
vé tinh chat co cho hé phuong trinh sai phan phi
tuyén c6 cham voi bién roi rac ([6]) va hé
phuong trinh vi phan phiém ham ([7]) lan luot da
dugc nghién ctu. Trong d6, nhom tac gia da dua
ra nhiéu diéu kién du, twdng minh cho tinh chat
co cua hé phuong trinh sai phan phi tuyén va hé
phuong trinh vi phan phiém ham. Tuy nhién, c6
mot s6 16p hé phuong trinh ¢6 cac nghiém chi

) Truong Pai hoc Ddng Thép.
™ Truong Pai hoc Thiy Loi - Co s 2.

gan nhau véi mot khoang cach nao d6 ma
khoang cach khdng dan vé khdng khi thoi gian
dan ra vo han. Do vay, cac Iop hé nay khong ap
dung duoc cac két qua vé tinh co di duoc cong
bé trong nhiéu tai liéu trude day, chiang han [1],
[4], [6], [7]. Bai bao nay dong gop mot phan vao
giai quyét vin d& mé néu trén.

Trong bai bao nay, chdng téi m¢ rong khai
niém co thanh khai niém tong quat hon 1a co suy
rong, tir 4o chung toi cai tién ki thuat chang
minh trong [6] dé ching minh nhiéu diéu kién co
suy rong caa nghiém ddi véi mot 16p hé phuong
trinh sai phan phi tuyén phu thudc thoi gian c6
cham, vai cham la cac ham phu thudc thoi gian.
Céc két qua dat duoc 1a mé rong tong quét cua
mot s két qua da co trude day.

Sau déy chung toi trinh bay mot s quy wdc
va ki hiéu dugc st dung trong suét bai bao nay.
Goi Z la tap hop tt ca c4c s6 nguyén va ki hiéu
Z,={keZ: k=0}. Vdi k, k, €Z,,k <k,, ki
hieu Zy \, =[k.k,]"Z,. Goi R,C lan Tuot
1a truong cac sé thuc va truong cac sé phuc. Véi
hai s6 nguyén duong |, g, ki higu R"®, R lan
luot la tap hop cac ma tran thuc va tap hop cac
ma tran thuc khéng am cd I xq. Vi hai ma tran

thuc Az(aij), Bz(blj)e]R'xq, ta qui udc bat
dang A=(3y). B=(by)
A>(<>>,<<)B tuong duong voi a >(<,>, <)b

thac gitra nhu sau:
ij?

v6i moi iel,jeq. Cach hiéu twong ty khi so

sanh  hai vécto. Chuan cua ma tran
Az(aij)e]R”X“ dugc hidu 1a chuan toan tu
(operator norm) va dugc xac dinh boi

59



TRUONG DAI HOC DPONG THAP

Tap chi Khoa hoc s6 37 (04-2019)

|A| = ma})x'ix = TH&E(HAXH Cho AeR™, BeR"",
néu [A<B thi |A|<[B]. V&i A=(a;)eR™,
ban kinh pho (spectral radius) cia A duoc Xac
dinh bai p(A)=max{|2|: 1eC, det(4l,—A)=0}.

Tinh chat sau day cia ma tran khong am
dugc su dung trong phép chitng minh mét trong
cac ket qua cua bai bao:

Bo de 1.1 ([5, Lemma 1.1]). Cho ma tran
AeR™. Céc khang dinh sau 1a twong duong

(i) p(A) <%

(i) IpeR", p>>0: Ap<< p;

(i) (1, —A)" >0.

2. Piéu kign cho tinh co suy rgng ciia hé
phuwong trinh sai phén phi tuyen c6 cham

Trong muc nay chiing t61 nghién ctru diéu
kién co suy rong cua 16p hé¢ phuong trinh sai
phan phi tuyeén phuy thudc thoi gian ¢6 cham dudi
dang sau

x(k +1)

= H (ks x(K), x(k =7, (K)o X(k = 7, (K))), k2o, (2.1)
trong do, H(......):Z, xR"x..xR" > R" 13
ham cho trude va 7;(k):Z, > Z,,i€Z,,, I

m]
cdc ham cham cho trudc théa diéu kién
0< 7,(k) <7, véimoi ke Z,, v6i € Z,7>0.
Xét hé phuong trinh sai phan phi tuyén phu
thudc thoi gian (2.1). Goi S 1a tap tat ca cac ham
¢:Z g >R va

+1

diéu  kién  dau
[ = max{Jp(K)|: k2 , |, véi mdi pes.

Véi k, € Z, c6 dinh vaham geS, hé (2.1)
c6 duy nhdt nghiém, ky hiéu 1a x(.;ky,¢),
nghiém nay théa man diéu kién dau

x(i+k)=g(i) i g (22
Dinh nghia 2.1 H¢ phuong trinh (2.1) dugc
goi la co suy rong (generalized contractive) néu
tontai M >0, £>0, 1€[0,1) sao cho
"X(k;ko,(p)—x(k;ko,l//)" <M Ao ||g0—y/||+g, (2.3)

moi k>ky,p,p €S, trong  do,
((p—l//)(k) = (p(k)—z//(k), ke /e

vol
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Khi bét dang thirc (2.3) ding véi £=0 thi
hé (2.1) duoc goi 1a 1a co (contractive). Nhiu
diéu kién cho tinh chit co cua cic hé phuong
trinh sai phan da dugc nghién ctru trong [4], [6].

Sau ddy chung t6i trinh bay diéu kién cu thé
cho tinh co suy rong cua hé phuong trinh sai
phén (2.1).

Pinh 1i 22
A():Z, >R ieZ

Gia sit  ton  tai
2 . n(2m+2) n
om VA 912, xRCM) SR,

n(2m+2)

véi g bi chan trén mién Z, xR sao cho

|H (K;Ugyeers Upy ) = H (K Vg eny Vi )|

< iAi (K)|u; =]+ 9 (K;Ugy ey Uy Vg Vi ) (2.4)

voi moi KeZ, véi moi U,V eR”,ieZ[Oym].
Khi @ (2.1) la co suy rong néu ton tai
vécto peR”,pz(pl,...,pn)T >>0 va 0<pB<1
sao cho diéu kién sao day dwoc thoa man
AK)p+D> Ak Wp<pp, vkeZ,. (25)
i1
Chitng minh. V&i moi @,y €S, ta can ching
minh tontai M >0, £>0, 4<[0,1) sao cho
Hx(k;ko,(/))—x(k;ko,V/)H <Mt lo—w|+e, vk =k,
voi moi kK eZ,k>k,,p, iy €S. Tu diéu kién ban
déu (2.2), ta co
‘X(j+k0;ko,g0)—x(j+ko;k0,l//)‘=‘g0(j)—l//(j)‘,Vje[-T,O].
Khi do, tir cach xac dinh cta ||(p—t//||, tacod
|X(j+ko;k01€”)_x(j+k0;k01§//)|
=lo(3)-v(J)
<le-vle.
voi & =(1L..,1)" €R",Vj e[-7,0]. Hay
[x(kikor) =x(Kiko y)| <l —wllen vk € 2y
Suy ra
IX(k;ky, @) = X(K;ko, )|
P
<lo-vil

min p,

; i
I<i<n

voi p dugce xac dinh trong (2.5).

kofz',ko]’
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bat u(k) +K——, trong do

=2 p-v] i p

min
1<i<n p

A=p (B dugc xac dinh trong (2.5)) va
K= ]-].ﬂTax{ ST va,?.l,.\]h?)el,xnk"‘z'“”){gi (kvuv""un'vl""’vn )}} =
Tiép theo, ta can chirng minh
X (K;ky, @) = X(K; ko1 )| <u(k), VK 2k, —7. (2.7)
Tur (2.6), tacod
Ix( k;ko,go)—
min p

<lp-vl
1<i<n

< u(k),Vk e Z[krr,ko]'

Tiép tuc, bang phuong phap quy nap toan
hoc, ta ching minh (2.7) ding véi moi k >Kk,.

X(k;ko"//)|

Pat x(\)=x(-ky, @), X(.) = X(:;ko,¥). Gia six
(2.7) dng voi k, €Z,, tuc la
[x(k)=x(k)| <u(k), vkeZ, .. (28)

Tiép theo, ta chang minh
‘x(kl +1)—x(k, +1)‘ <u(k, +1).
That vay, tir (2.1), (2.4) va (2.8) ta ¢o
[x(k, +2) = x(k +2)|

_ K k—kq p
AD( )[/1 H(D WH mlnp +Km|n p':l-'-
1<i<n 1<i<n

+i'°ﬁ (kl)[ﬂ'

“lo-vl +K .p]
min p min p;

1<i<n 1<i<n

gy
min p

I<i<n

<A p-y|p

+
min pI

I<i<n

o

< gl ko”¢ w|—P—+Kp _p 4
min p min p,
I<i<n B I<i<n
+9 (kX (ky ) x(k1 7 (k1)) X(Ky ), X (k= 70 (1))
<A oyl min p KA mls P, +K(-75) mirF:
1<i<n 1<i<n 1<i<n
= A5 o -y P p +K m|rF1) -
1<izn 1<i<n !
=u(k, +1).

Theo nguyén 1y quy nap toan hoc, ta co
[x(k)=x(k) <u(k), vk 2k, 7.

Suy ra
HX( ( HSHu(k H S M Ak ||g0—l//||+g,
voi M = ||p|| va ¢ =K ” p|| . Vay hé (2.1)
{gléq i L|<n
la co suy rong. . 0

HE qua 23
A():zZ, >RMie Ziom)

véi g la ham bi chan trén mién 7, xR
sao cho (2.4) duwoc thoa man. Khi do, (2.1) la co
suy rong néu mot trong cdc diéu kién sau duoc
thoa man:.

(i) Ton tai peR", p>>0Vva 0<5<1 Sao cho

Gia sw ton  tqi
Vél g :Z+ ><]Rn(ZerZ) N RE,
n(2m+2)

Zm:A(k)p§5p,VKEZ+. (2.9)
i=0

(i) Ton tai mét ma trgn M eR™",

(M) <1 sao cho

S AK)<M,vkez,.  (210)
i=0

(iii) EuZpZ||A(k)||<1. (2.12)

€4, =0

Ching minh. (i) Gia su (i) duoc thoa man,
ta can ching minh (2.1) l1& co suy rong. Dat

By =75 <1, khido &= va (2.9) tré thanh
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p+ZA < Btp, VK eZ,. (2.12)
Vi OSTi(k)<T VkeZ NVieZ
hai vé (2.12) cho S, thi ta duogc

Ay (K)pBy? +ZA
Vi g >1ﬁ-fz

trd thanh
k)p +ZA

Do vay, dleu kién (2.5) dugc thoa man véi
B = ,. Vay theo Dinh i 2.2, h¢ (2.1) 1a co suy rong.

(i) Gia str (ii) dugc thoa man, ta chimg minh
(2.1) 1a co suy rong. Sau day ta chirng minh (ii) kéo
theo (i) va do d6 (2.1) 1a co suy rong theo chiing
minh & trén. That vay, do M e R™", p(M ) <1,
nén theo B6 dé 1.1, ton tai peR", p>>0 sao
cho Mp << p. Khi dé, ton tai &< (0,1) sao cho
bat ddng thirc sau ddy duoc thoa man

Mp <<op << p. (2.14)

Nhan hai vé cua (2.10) bi p va 4p dung
(2.14) ta c6 (2.9). Vay (i) dugc théa man. Do d6
(2.5) 1a co suy rong. )

(iii) Cudi cung, ta chirng minh néu (iii) duoc
thoa man thi (2.1) 1a co suy rong. Lay ¢,y €S
va dat x(.)=x(.ke,9);¥(.)=x(..ky,%). Theo
diéu kién dau (2.2) ta co

[x(k +ko) =Yk + ko) = o ()~ (k)]
< ||¢)—1//||,Vk eZ

e €N nhan

pﬂaf S,BO p, vk cZ,. (2.13)

) vk €Z,, nén (2.13)

<ﬂ0p VkeZ,.

\ , [-z.0]
Tir (2.11), ta c6
i”A K)|<LvkeZ,. (2.15)
i=0
Tir (2.15), ton tai y € (o, 1) sao cho
ZIIA(k)Ilr e (2.16)

bat w(k) = k ko 1||(0 l//||+8, keZ,, voi
n(m'{ (K, Ugyerns Uy, Vg, ooy vm)}}.

1
£=—""—max sup
1- Ve kezZ, (K,Ug sevsUpy Vg 1ee1 Vi JEZ, X IR

Taco
[x(k+ko) =y (k+ko)| <[ —w] <7 o-v]

< a)(k + ko), vk e Z[%O].
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Hay

Ix(k)=y(k)| < @(k),Vk e Z . (2.17)

[~7+kg.ko ]

Ta can ching minh

[x(k) =y (k)| < o(k),Vk e Z, k 2k,.(2.18)

Giasutaco k €Z, ,k >k, sao cho
Ix(k)=y(k)| < o(k),Vk /S

Tu (2.1), (2.4), (2.16), (2.18), véi 7, =0,

keZ, taco
H x(k +1)—y(k +1)H
<ZHA1 H‘ 17T (k (k _Ti(kl))“*'Hg(k;uo ----- uerov---Vm)H
< 2 JA (k=7 (k) + o (Kt thy Voro-v )
Hay
Hx(k +1)-y(k +1)H
=§.“HA‘ H( Attt V/H+g)+Hg(k;uo,...,um.vo,...vm)H
=}/krkrl§HA(kl)H},’ﬁ(kl)ng—yjH+gHA(kl)Hé‘+Hg(k;UO,...,Um,VD,...Vm)H
=P A G ol SIA () [0t . )
<yl ngo y/H+75+ (1-7)e.
Do do
||X(k1 +1)—y(k, +l)|| <o(k+1)=y""|p-y|+e.
Vay (2.1) la co suy rong.
Khi  g(k;Ug,...;Up, V...V, ) =0, Vk € Z,,
u,v, eR"i=0,m thi ta c6 £=0. Khi d6 hé
(2.1) la co. Pinh li dugc chitng minh. U

Nhin xét 2.4. (i) Trong bat dang thic (2.4),
Khi ham g =0 thi két qua Pinh 1i 2.2 va H¢ qua
2.3 trd vé trudng hop dic biét trong tmg 12 Pinh
li 2.2 va Hé qua 2.3 trong [6].
(i) Ky thuét chirng minh trong Pinh i 2.2
[6] cAn dung tinh chat tuyén tinh cia hé phuong
trinh sai phan tuyén tinh (hé chin trén) va can
qua hai budc. Tuy nhién, trong chiing minh cua
Pinh 1i 2.2, ching t6i khong dung tinh chit nay
va phép chung minh khong phai qua hai budc.
Vi du 2.5. Xét phuong trinh sai phan vo hudng
x(k+1)
:%x(k)—arctan[ésin(kx(k))x(k—rl(k))+5+1k2

rl(.),rl(.) :Z, — 7, la nhitng ham

cham cho trudc, a 1a hang so.

x(k—rz(k))]+3acos(kx(k)) (2.21)

voi keZ,,
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Ta thdy (2.21) la phuong trinh sai phan phi
tuyén phu thude thoi gian c6 dang (2.1), véi ham
H(.;.....) dugc xéc dinh boi
1
Nt xz]

(k;YOvY1aY2)|

—_k?

H (K; X, %, %, ) = %XO —arctan(gsin(kxo)

+3acos(kxy ),k € Z, , Xy, X, X, € R
Ta co,
H (ki X, %, %, )= H
e 2
S7|Xo—}’o|+§|>(1—y1|+
+3| al| cos(kx,) —cos(ky,) |
voi moi KeZ, Xy, %, %, Yo, V1, Y, €R. Vay (2.4)

_Kk2

e
Ak) ==,

5 kz|xz Y,

duoc théa man voi

A1(k)—— A(K)=— va

5+ k2
9(K, X0, X0, X5 Yo Y1, ¥2)
=3]a|| cos(kx,) —cos(ky,) |
<6|al|,

voi moi (K, Xy, X, %, Yo, ¥y, ¥,) € Z, xR®. Mt
khac, ta co
2 1 14
su kK)+ A (K)+ A (k = —=—x<1
IO('%() A (k) +A (k)= 3 T

Do d6 theo Hé qua 2.3 (iii), phuong trinh
sai phan (2.21) 1a co suy rong. Ngoai ra, khi
a=0 thi (2.21) 1a co. Chu ¥ ring, cac két qua
trong [6] khong &ap dung duoc cho phuong trinh
sai phan (2.11).

3. Két luan

Bai bao da gidi thi¢u khai niém co suy rong,
mot khai niém tong quat hon cua khai niém co.
Bai bdo ciing d3 phat trién ki thuat trong [6] dé
chtng minh nhiéu diéu kién cho tinh co suy rong
cua h¢ phuong trlnh sai phan phi tuyén c6 cham.
Hudng phat trién ctia bai bao 1 nghién ciru cac
diéu kién co suy rong cua 16p h¢ phwong trinh sai
phan trong mot s6 khong gian triru tuong, diéu
kién co suy rong cua l6p h¢ phuong trinh vi
phan, vi tich phéan./.
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SUFFICIENT CRITERIA FOR GENERALIZED CONTRACTION
OF NONLINEAR TIME - VARYING DIFFERENCE SYSTEMS WITH DELAY

Summary
In this paper, we introduce the problem of generalized contraction of nonlinear difference systems
with delays. Thereby, we improve the existing approach to prove some new sufficient criteria for
generalized contraction of the mentioned system. The obtained theorems generalize some existing results
recently reported by other authors in the literature. An example is given to illustrate the obtained results.
Keywords: Generalizedly contractive; globally contractive; nonlinear difference systems with delay.
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