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ABSTRACT

In this paper, we give some new explicit sufficient conditions for
exponential ultimate boundedness of a class of nonlinear
Volterra difference systems with finite delays. The obtained
results are generalizations of some existing results in the
literature as our particular cases. An example is given to
illustrate the obtained results.

TOM TAT

Trong bai bao nay, mot 56 diéu kién du moi cho tinh bi chan mi
16i han ciia mét 16p hé phwong trinh sai phdn Volterra phi tuyén
phu thugc thoi gian voi chdm hitu han dwoc dwa ra. Két qua dat
diege la mé réng tong qudat ciia mét sé két qua da cé trude ddy
nhu la trivong hop ddc biét ciua nghién cuu. Mot vi du duoc dua

Keywords:

Exponentially stable, exponentially
ultimately bounded, Volterra difference
systems

ra nham minh hoa cho két qua dat duoc.

Trich dan: Lé Trung Hié'u’ va Ha Mong Nhu Chi, 2019. Diéu kién bi chin cua hé ‘phuong trinh sai phan
Volterra phi tuyén v6i chdm hitu han. Tap chi Khoa hoc Truong Pai hoc Can Tho. 55(5A): 50-57.

1 MO PAU
1.1 Gi6i thiéu

Brunner and Houwen (1986) da trinh bay mot
phuong phap sb dé giai gin dung nghiém cua
phwong trinh vi tich phan Volterra, tir d6 dan dén
viéc nghién ctru tinh chit nghiém cta phwong trinh
sai phan Volterra, 1a dang roi rac héa cia phuong
trinh vi tich phan Volterra. Phuong trinh sai phan
Volterra c6 nhiéu tng dung trong cac mé hinh toan
hoc va mé hinh thyc té (Kolmanovskii ef al., 2003;
Elaydi, 2005). Bai toan vé tinh bi chan va 6n dinh
cua nghiém ddi véi cac hé dong luc nbdi chung va
phuong trinh sai phan Volterra noi riéng dugc sy
quan tAm nghién ctru trong sudt nhitng thap nién gan
day (Crisci et al., 1998; Aeyels and Sepulchre, 2000;
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Kolmanovskii, 2003; Elaydi, 2005; Ngoc et al.,
2009, Shen and Ian, 2018). Tuy nhién, bai han ché
ctia cac phwong phép tiép can thong thuong (phuong
phap dung ham Liapunov va cac bién dang ciia no),
nén bai toan vé tinh bi chin va 6n dinh coa nghiém
d6i v6i cac hé phuong trinh sai phan Volterra phi
tuyén, phu thudc thoi gian tong quat van con nhiéu
han ché va con nhiéu van d& mé can tiép tuc khai
thac (Kolmanovskii et al., 2003; Elaydi, 2005; Ngoc
and Hieu, 2017).

Nam 2015, Xu va Ge da phat trién cac két qua
trong Ngoc and Hieu (2013) vé tinh 6n dinh mii cua
hé phuong trinh sai phan phi tuyén c6 cham, tir d6
nghién ctru dua ra mot s6 diéu kién cho tinh bi chan
mil t6i han, mét dang suy rong cua tinh 6n dinh mii,
ctia hé phuong trinh sai phan ngau nhién c6 cham
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(Xu and Ge, 2015). Nam 2017, Ngoc va Hieu da
dung mot phuong phap tiép can méi dé nghién ctru
dura ra nhiéu diéu kién tuong minh cho tinh én dmh
mil ciia hé phuong trinh sai phan Volterra phi tuyén
phu thudc thoi gian (Ngoc and Hieu, 2017). Tuy
nhién, 16p hé nghién ciru trong Ngoc and Hieu
(2017) can phai c6 nghiém khong, diém can bang,
ma nhiéu md hinh thyc & dugc biéu dién dudi dang
hé phuong trinh sai phan Volterra khong c¢6 diém
can bang, ching han thuong gip trong nhiéu 16p hé
noron roi rac. Ngoai ra, nhu da néu trén, tinh bi chin
mil t6i han cua hé phuong trinh sai phan Volterra
chua duoc nghién ciru dy du trong céc tai li¢u trude
day. Nham gop. phan vao van dé& mo néu trén, trong
bai bao nay, vin d& phat trién ki thuat va két qua
trong Ngoc and Hieu (2017) cho 16p hé rong hon la
16p hé phuong trinh sai phén Volterra phi tuyén tong
quat, khong can c6 diém can bang duoc dat ra. Tu
d6, nhiéu diéu kién cho tinh bi chin mil téi han cua
16p hé nay dugc dua ra. Y tudng chinh ctia bai bao
1a dung nguyén 1y so sanh nghiém va tinh cht cua
ma tran khong am. K¥ thuat trong nghién ctru nay 1a
véan dung két hop dong thoi cac k¥ thuat trong Ngoc
and Hieu (2017) va trong Xu and Ge (2015), tur d6
xay dung va danh giad ham chan trén thich hop. Cac
két qua dat duoc 1 méi va ¢ ¥ nghia khoa hoc, 1a
mo rong tong quat ciia mot s6 két qua da co trude
day.

1.2 Ki hi¢u va quy wéc

Goi Z, R, C lan luot la vanh cac s6 nguyén,

truong cac sb thyc va truong cac sé phie. Goi R”
1a khong gian vécto thuc n chiéu va Z_ 1a tap hop
tit ca cac sd6 nguyén khong am. Vi
k., k, €Z, (k < k,),kihiéu Z; , 1atap hop cic
s6 nguyén thugc doan [k,,k,]. Véi hai sé nguyén
duong /,q, ki hiégu R, R"14n luot 1a tap hop
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cac ma tran thuc va tap hgp cac ma tran thuc khong
am ¢ Ixg. V&I hai ma trdn  thyc
A= (a ), B = (b )e]R] 9 ta qui udc bét dang thirc
gita 4= (aij) va B= (bij) dugc hiéu nhu sau
A 2 (£,%<99B tuong duong voi aj; > (£,>,<) bij , VOl
moi i GZ[IJ]’ Jj eZ[l’q] . Cach hiéu tuong tu khi so
vécto. Voi va

sanh  hai A=(a;)e R

x=(x,%,,...,x,)€R", ki hiéu gia tri médun cta

ma trdn va vécto baoi |A|:(a,.f)e]R’X" va

|x| =(|xl|,|x2 yeee X
A=(a;)eR™  dugc hiéu 1a chuin toan tir
(operator norm). Cho 4€R"™, BeR"™", néu
|[4|<B thi |4|<[B| (Ngoc and Hieu, 2013). Ki

hiéu 49 ,0

- lan luot 14 vécto khong trong RY va
ma tran khong trong R™ (1,4=1,2,...), twong tng.
Ki hi¢u I,
A= (a )eR”™" ban kinh phé (spectral radius) cua
A duoc dinh boi
p(4) = max{|4]: 2 €C, det(Al,, — 4) = 0} . Mot chuan

la ma trdn don vi trong R™" . Véi
xac

|||| trén R" dugce goi 1a don diéu néu |x| s| y| kéo

theo ”x” < || y” . Moi chuan p trén
(o, =] +[y]” o el 1 <p< )
va ||x|| max |xl~| la don diéu (Ngoc and Hieu,

i=1,2,...n
2013). Cho y =1, ta dat I”(R™") la ho cac day
ma tran thoa méan diéu kién nhu sau:

7 T {(B(k)) LB e’ ke +,k§0”B(k)” e +oo}.

2 TINH BI CHAN CUA HE PHUONG
TRINH SAI PHAN VOLTERRA PHI TUYEN

Xét hé phuong trinh sai phan Volterra phi tuyén
c6 dang

k
x(k +1) = F(k,x(k), .20 G(k,i,x(i))j,k >ky. (2.1
1=

trong  do F:Z, xR"xR" 5 K"

G:Z,xZL, x K" > R" 1a nhitng ham vécto cho
trude.

va
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Cho trudce s6 nguyén duong k, cb dinh, ki hi¢u
S, la tap hop nhing ham diéu kién dau
mbi dat

@il > R". Vi

ol =l <2 -

ky€Z,,p €S, hé phuong trinh sai phan (2.1) c6

¢€Sko’

Véi moi

duy nhat nghiém thoa mén diéu kién dau sau day

x(k) = op(k), k Z[O,ko] . (2.2)
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Ta ki hiéu nghiém nay la x(-,k,,®).

Pinh nghia 2.1. H¢ phuong trinh sai phan (2.1)
duoc goi 1a bi chan gm? 101 han (exponentially
ultimately bounded) néu ton tai K >0,Y >0 va
A €(0,1) sao cho

kg <2 ol +vovoes, ki @3

Khi bat dang thirc (2.3) ding v6i Y =0 thi ta
no6i hé (2.1) 1a on dinh mii toan cuc (Ngoc and Hieu,
2017).

Dinh li sau day la két qua chinh cta bai bao, cho
ta mot s di€u kién du vé tinh bi chdn mii t&i han cua
hé (2.1).

Pinh li 2.1. Gia st tdn tai cac ham ma tran
4:2, &, D:Z, —R"™,
B:Z xZ, —>R'"™, va cac ham véc to bi chdn
fiZ xZ xR" —>R",

g:Z, xZ, xR" - R", sao cho

k
sup Zohi(k,j,zj)<+oo, i=12,...m,

keZ+,zjeRm,]:
Vé’l l’l(k,j,Zj):ZD(k)g(k,j;Zj);

{IF(k,x,y)l < AR+ DU | |+ (hx,p),

2.4
|G(k.i,2)| < Bk,i)|| + g (k. i, 2), @9

véimoi X,y,z€eR", véimoi i,keZ, ,i<k.
Khi d6 hé (2.1) 1a bi chan md t6i han néu mot trong
cac diéu kién sau dugc thdéa man:

i) Tontai @ >1,peR”, p> 0 saocho

(A ko k—ij -1 .

(k)+D(k)_ZOB(k,z)a p<a p, VOl mol
1=

nez,. (2.5)

i) Tontai B#>1,4eR™", p(4) <1 khido

k .
(A(k) + D(k).goB(k,i),Bk_l j <4, véi moi
net,. (2.6)

iii) Ton tai » >1 khi d6

o (||A(k)|| . ||D<k)||i§0||3<k,i>||yk—fj 1. @7
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Neodi ra, khi £ (k,x,7) = g(k,i,z)=0,, voi

moi k,ieZ i<k, x,y,z€R" thihé (2.1)1aén
dinh mi toan cuc.

Sau day 1a mot s6 tinh chit quan trong ciia cac
ma tran khong dm dugc st dung trong chung minh
Dinh 1i 2.1.

B6 dé 2.1 (Ngoc and Hieu, 2013). Cho ma tran
AeR™" . Cac ménh dé sau 1a tuong duong

(i) p(4)<1;

(i) Ip e R", p>0: 4p <p;

(iii) (1, —4) ' 2 6.

Chung minh  BPinh I  2.1. (). Véi
ky€Z ,p €S, cb dinh, tir ddy vé sau, ta ki hiéu

x() =x(ky, 0) néu khong c6 sy nham 1an. Trude
tié‘n ta chirng minh h¢ (2.1) 1a bi chan mii t61 han néu
dicu kién (i) dugc thoa man.

That vay, tr didu kién dau (2.2) va do

1
|x|£||x|| .|, véimoi x € R™ néntacod
1
Wy
(o) =|eto)| <le] || voi moi
0 min p;
1<i<m
ke, . 2.8)
Voi a dugec xac dinh trong (i), ta dat
i=a le) va ham
el »
u(k)::/’tk %o .ko + Vp  keZ,,
minp;  min p;
1<i<m 1<i<m
trong do

1 k
M :=—— max sup [k, x, )+ X hi(k,j,z;) |¢r»
l_llélém{x,y,ZJER",jEZ'_( ! j=0 1 J

voi f;,h 1an luot 1a thanh phan thi i cia fva h,
va

h(k,j,z )= D)k, .2 ), ko jE Ly k2 o 2 eR".

Tir (2.8), ta co
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||(/,|| P Sau day, (2.9) dwoc chimg minh hoan toan bing
| x(k)| < <u(k),véimoi k e Z[O,ko] ) phuong phap quy nap toan hoc. Gia sir ¢6 sO nguyén
min p; duong k, € Z_, k, > k, sao cho
1<i<m

|x(k)| Su(k), véi moi keZ,,
(2.10)
Tir (2.1), (2.4) va (2.10), ta ¢6

Ta can chimg minh 1

(i) <u(k), voi moi k>0.
(2.9)
k

1
by + 1] = |F (kg xhy), 2 Gl x(0)

k

1 k
< A(ky) (k)| + DOk ) 2 Gl x(O) + £ 63tk 2 Gk i)

k k
1 1
< Ak |k)| + DUky) 2 1BO, D) + g0y (O] + f Gy x(hy ), 2 Gy x(00)

k k
1 1
< A0k uthy) + DOky) 2 (B () + gy XD+ 1k, 3ky), 2 Glky i ¥(0)

k—k ||¢’||k LY k i—k ”(/’”k LY

P00 D) 3 Bl 4 00 TP
min p;  min p; i=0 min p;  minp;
1<i<m 1<i<m 1<i<m 1<i<m

< A(kp)| 2

+D(ky) 2 glhkyuisx(i) + 1 Chyx(hy), 2, Gk x(0)

k

k 1
+D(k) 3 g(ky,ix(0)

—k k -
_,1 ”‘”"ko [A(k1)+D(k1)i§OB(k1’iMl 1}

min p;
1<i<m
k

M) 1
Lt flkyx(ky), 2, Glkpsi,x(@)

k

M 1
Dk X Blky.0)
min p; i=0 ;
I<i<m 1<i<m

+A(ky)

k : k
ky =g 1 by =i 1
=21 Vo], | Atk +Dky) 3 Blky.Dex +M| A(k)+ D(ky) 3. B(ky.i)
0 i=0 min p; i=0 min p;

1<i<m 1<i<m

+D(ky) 2 glhkyuisx(i) +  Chyx(hy), 2, Gk x(0)

k .
b=k 1 ki) p
<4 el 2 +M | A(ky) + D(ky) 3. B(ky.i)ex
k() ; 1 || .
i = min p;

(via>1nén @7 >1, ki)
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+D(ky) 2 gl isx(i) + Uy x(hy), 2, Glky i x(0)

@) g ol 22,

D A B U Rl Y V70 B
min p; min D; min D;
1<i<m 1<i<m 1<i<m

o 1—k ||¢’||k Pvia
a0 0 L PP L ya- a2
minp;  minp; min p;
1<i<m 1<i<m 1<i<m
ky+1—k ||¢’||k LAY/
P A R
minp;  min p;

1<i<m 1<i<m

= u(ky +1).

Theo nguyén Iy quy nap toan hoc, ta c6 bat déng
thirc vécto sau day
|x(k)| <u(k),véimoi k>0.

Do tinh chét don diéu cua chun vécto trén R”
nén suy ra ||x(k)|| < ||u(k)|| hay

oo Pl
- min p; min p;
1<i<m 1<i<m

k—k,
~i ol e,

LR
min p; min p;
1<i<m 1<i<m
hé phuong trinh sai phan Volterra (2.1) la bi chan
mil téi han.

trong d6 K := . Nhu vay,

Ngoai ra, khi f(k,x,y)=g(k,i,z)=0,, véi
moi k,ieZ i<k, x,y,ze R" thitaco Y =0.
Khi d0, hé (2.1) 1a 6n dinh mii toan cuc.

1
Y

1-2 keZ+,x,y,zje

Khi d6 tir (2.11gtbhb) ta c6

)] < wik) , véi moi & € Z[O;ko].

sup IVnym4pwm§Hakaﬂ
gl JolEH 7
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(i) Tiép theo ta chimg minh (2.1) 1a bi chan ma

to6i han néu (i) dwgc théa man. Vi
AeR™™, p(A)<1,néntheo B6 dé 2.1 (ii), ton tai

vecto p€R", p>0 sao cho Ap < p. Khi do,
ton tai 77 > 1 sao cho

-1
Ap<n p.
Voi S dugce xac dinh trong (ii) (cta Pinh li 2.1),
dat o, = min{ﬁ,n} ,taco o, >1 va

y k ki k k=i
(K)+D() 2 Bkt | <| 4G)+ D) X BB < A
i= i=
Do do6
k =
(A(k) + D(k).ZOB(k,l)ao )p<Ap<n
1=

Vay (ii) dugc théa man. Khi d6 (2.1) 1a bi chan
mil tdi han.

(iiii) Tir diéu kién dau ta c6

<ol =low] <ol . voi moi kezpg ;-
(2.11)

Tir (2.7), ton tai » > 1(da gan 1) sao cho

1

k .
lacio|| + | o) l_§0||B(k,i)|| H <N cvkez,.

Chon 72 =ML 715 4 06
o]+ Ioiw] £, o],
< o <o £ ek

<y <y, véimoi keZ,.

Pt A=py e va

Kk
wik)y=2 g o+ T trong 6

< +00.

Ta can ching minh ||x(k)||£w(k), vai moi
k>0 . Chimg minh diéu nay bing phwong phap
quy nap toan hoc. Gia sir ton tai k, >k, sao cho

||x(k)|| Sw(k), véimoi k € Zy, ;.
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Khi @6, ta co

k
ek + 1] < F(kl,x(kl),izljo Gk, (D))

k k
<l ack| ek + ek, )”é()"G(kl x|+ £k x ),éo Gk, x(i)))H

k
1
S (ky> x(ky ),IEO G (ky,1,x(1)))

k k
<[l <[] 2 s ol « o £ et o]

k k k
<[l ackp|werp) + e EIOHB(kl |+ [pa| igl()”g(kl )|+ | Ry xCy ), Elo Gy, (D))

_ k . k
<[lackp)| ko Il . 1)+ |k, )||i§10||3(k1, e ko ” (p”ko s+ D(kl)”é()" ety x|

k

1
Uy, 2 Gk, x(@)

ke —k k ik k
<21 0ol acp]+ foap] 2 B o2+ (||A<k1>|| + oy >||,.§0||B<kw>||}r

k
1
S (ky x(ky ), EO G (ky»1,x(1)))

k1 o
o] 2 s i.xn]+

B k i k —
sl [l o ™ | bl o B -

Pinh li 2.2. Gid su tdn tai cdc ma tran

ky =k -1 -1
sat el 727+ 72w+ -2 B ; o
0 A,DeR™™ va ham ma tran B:Z,6 - R7™",

4 mxm
L ﬂkl_ko ||¢”k A4 (T Bel”(R™™),y>1 sao ch(?
0 |F(k,x, )| < Alx| + D|y|+ £k, x, ) va
e ¢’||k LY |G(k.i,2)| < Btk —i)|o| + g(k.i.2), (2.12)
—w(k+1) voi moi k,ieZ k=i, Vx,y,zeR" trong
B ' d f, g la cac ham bi chan va
Theo nguyén ly quy nap toan hoc, ta co sup %Ogl-(k,j,zj)<+00, P=1.2,m

[x(®)] < wk), véimoi k20.Vay 2.1)1abichin  keZ,.z;eR™, /=
mil toi han. Khi f(k,x,y)=g(k,i,z)=0,, voi
moi k,i€Z,,i<k, x,y,ze R" thi Y =0. Khi
d6, hé phuong trinh sai phan Volterra (2.1) 1a 6n trinh (2.1) 1a bi chdn mi t&i han. Ngoai ra, khi
dinh mii toan cuc. DPinh 1i 2.1. duoc chimg minh fk,x,y)=g(k,i,z)=0, voi moi
hoan toan. kieZ, k>i, x,y,zeR" thi (2.1)1a én dinh

mil toan cuc.

’ +
Khi d6, néu p(Awki“; B(k))<1 thi hé phuong

55



Tap chi Khoa hoc Truong Pai hoc Can Tho

Chimg minh. Ta c¢6 Bel”(R"),y>1 va
+ 5
p(A N DkZO(:) B(k)) <1. Tir d6, do bén kinh phé cia

ma trdn la lién tuc (theo ma trdn) nén

+ 5
p(A + DkZO(:) B(k)}/lk) <1,voi y; >1 (dugan 1) nao

do. Khi do,

k k—i 20 k
A+DY B(k—i)y" ' |<|4+D T By |.keZ,
i=0 k=0

. Vay Dinh 1i 2.1 (ii) dugc thoa man. Do do, hé (2.1)
1a bi chan mi t&i han.

Nhén xét 2.1. i) Phuong phap tiép can trong
Ngoc and Hieu (2017) chi giai quyét dugc trong
truong hop hé (2.1) c6 nghiém khong, co diém can
bang. Trén co s& cai tién ki thudt trong Ngoc and
Hieu (2017), bai bao khéc phuc dwoc han ché nay,
giai quyét duoc dbi voi lorp hé téng quat hon 1a hé
phi tuyén, phu thudc thoi gian téng quat, khong co
diém can bang.

if) Khi D(k)=1,,
Slk,x,y)=g(k,i,z)=0,
kieZ, ,k>i, x,y,zeR" thi Dinh 1i 2.1 (vé
tinh bi chan mii t&i han ctia hé (2.1)) déc biét hoa tré

Yé Dinh 1i 3.2 trong Ngoc and Hieu (2017) (vé tinh
on dinh mii toan cuc cta hé (2.1)).

,VkelZ, va

voi moi

D=1

iii)  Twong  tw, khi m va

fk,x,y)=g(k,i,z)=0, véi
kyieZ, ,k>i, x,y,zeR" thi Dinh 1i 2.2 (vé
tinh bi chan mii t&i han ctia hé (2.1)) déc biét hoa tré

Yé Dinh li 3.4 trong Ngoc and Hieu (2017) (vé tinh
on dinh mii toan cuc cta hé (2.1)).

moi

Sau déy, mot vi du don gian dugc dua ra nhim
minh hoa cho két qua dat dugc.

Vi du 2.1. Xét phuong trinh sai phan Volterra
phi tuyén trong R nhu sau:

Sllp Z g(k,l,Zl)— su p
keZ ,z; eRi=0
Ta co
1 +0 1 1 2
A+DZB(k)<7+227 4 s
k=0 4 k=0Gk+DBk+4) 4 3

. Liy ye(;2), ta co k20|B(k)| ¥ <4 (tic 1a

Bel”(R). Vivay, tit ca gia thiét cua Dinh li 2.2
dugc théa man, do d6 phuong trinh sai phan
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2
x(k+1)= \/ek (%] + (2asin x(k))2

arctan(Zl

R o) b o2
k+1i20| (Gk—i)+ D)3k —i)+4) 2 ’

(2.13)

trong d6 a,be R, keZ, . H¢ (2.13) c6 dang
(2.1) voi cach dat nhu sau:

) v 2
F(k,x,y)=,le — | +(Q2asinx)” +——y,
4 k+1 (2.14)

k2= arctan(zi_k z) +ie_(zi)2

Jzp) ; ;

Bk =)+ 1)(B(k—-i)+4) 2.

trong d6 k,i€Z,,k>i va x,y,z,€e R.Luuy
ring, cic két qua trong Ngoc and Hieu (2017) 1a
khong ap dung dugc cho hé phuong trinh sai phan
Volterra (2.13).

Vitaco
2 1
e_k (Xj + (2asin lcx)2 < 7|x| + 2a|sin lcx|;
4 4
arctan(Z l k| | — _(Z ) i
2!
voimoi x,z, eR,i,keZ, , k=i .Dodo
|F(k,x,p)| < A|x|+ D|y|+ f(k,x,y) ~ va
|G(k,i,z)| < Bk —i)|z,|+ g(k,i,z,), voi moi
x,v,z,€R, i,keZ, k=i. Trong do,
1 (O.S)k ‘-
A=—,D=2,B(ky)=—————,keZ,, ngoal
4 Bk +1)(3k + 4)
ra f(k,x,y)=2asin(kx) va

—(z.)* 1s . \ . < A A
)" 13 cac ham bi chédn trén mién

b
ka.ai =47
g(k,i,z,) 216

xac dinh ctia chung va

§ b —(z)? k
keZ+,z eRi=0 72"

1
—e ) <b sup Z——2b<+oo
keZ, i= =07

Volterra (2.13) 1a bi chan mii t&i han. Khi a =b=0
thi (2.13) 12 6n dinh mii toan cuyc.

3 KET LUAN

Nghién ctru da céi tién ki thudt tiép can da co va
dua ra mQt vai di€u kién dd cho tinh bi chan ctua
nghiém doi voi h¢ phuong trinh sai phén Volterra
phi tuyén phu thudc thoi gian véi chdm hiru han. Cac
ket qua thu dugc 1a moi, gop phan lam phong phu



Tap chi Khoa hoc Truong Pai hoc Can Tho

thém tiéu chuin bi chin ctia nghiém dbi véi 16p hé
nay. Hudéng phat trién cta bai bao 1a khai thac, phat
trién ki thuat da co dé nghién ctru tinh chét bi chin
ciia nghiém d6i v6i hé phuong trinh sai phan
Volterra phi tuyén c6 yéu t6 ngau nhién, hé phuong
trinh vi tich phan Volterra trén khong gian R™ hay
trén cac khong gian Banach vo han chiéu.

LOI CAM TA

Bai béo dugc hd trg boi dé tai nghién ctru khoa
hoc sinh vién Truong Pai hoc Pong Thap, ma so
SPD2018.02.56.
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