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Tém tit

Trong bai bao nay, chiing téi mo rong khainiém co toan cuc thanh co suy rong ciia nghiém doivéi
mot l6p hé phuong trinh viphdn phi tuyén c6 cham, véi cac chdam la ham phy thugc thoi gzan T do,
chiing t6i trinh bay mét s6 diéu kién moi tu"o’ng minh cho tinh chdt co suy réng cia Iop hé nay. Chiing
16i dwa ra mét vi dy nham minh hoa cho két qua dat duoc.
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Chuyén san Khoa hoc Ty nhién

1. Mé diu

Nam 1998, bai toan co cua cac hé déng hec da
duoc Lohmiller va Slotine gigi thiéu tir viéc nghién
ciu mot s6 md hinh thyc té vé co hoc chat long
(Lohmiller va Slotine, 1998). Cac tac gia da trinh
bay mot s6 diéu kién cho tinh co ciia hé phuong
trinh sai phan va vi phan thuong. Xa hon, cac tac
gia con ap dung két qua vé tinh chat co vao nghién
ctru bai toan diéu khien va thiét ké quan sat ddi voi
mot sb hé dong hec. Gan day, bai toan co cua hé
phuong trinh sai phin, hé phwong trinh vi phén tiép
tuc dugc khai thac, mo rong va phét trién. Nam
2018, Ngoc va Trinh (2018) da dung mot phuong
phap tiép can khac dé nghién ctru va dwa ra mot sd
diéu kien cho tinh co cua céc hé phuong trinh vi
phan phiém ham. Nam 2019, Ngoc va cs. (2019) da
dua ra mot sb diéu kién du cho tinh co cua hé
phuong trinh sai phan phi tuyén phu thugc thoi
gian cé cham, vagi cac cham la cac ham phu thuoc
thoi gian va bi chan. Két qua dat duoc da ap dung
vao nghién cau diéu kién €0 cua mot I6p hé no ron
roi rac. Nam 2021, mot s6 diéu kién co cua cho 16p
hé dong huc co yéu t6 ngau nhién ciing dugc nghién
ctru trong (Ky, 2021) va (Ngoc, 2021).

Mot cach ném na, mot hé dong luc fa co néu
khoang cach giita hai quy dao cua hai nghiém bét
ky cua hé tién vé khong khi thoi gian du Isn. Tuy
nhién, ¢ mot sé truong hop, khoang cach gitra hai
quy dao bat ky khdng tién vé khong ma chi blet
rang khoang cach ay huon khong vuot qua mot s6
duong nhit dinh. Dang nay ¢ thé duoc goi la
epsilon-co, mot dang co suy rong. Nam 2020, cac
tac gia trong (Thuy va cs.,2020) da nghién ctru dua
ra mot s6 diéu kién cho tinh chat epsilon-co cua hé
phuong trinh sai phan véi bién lién tyc d6i véi hé
khdng chiu nhidu va c6 chiu nhiéu phi tuyén. Tiép
tuc ¥ tudng ndy, ching toi cai tién ki thuat ching
minh trong Ngoc (2015) va Ngoc va Trinh (2018)
dé chiing minh nhiéu diéu kién co suy rong cua
nghiém d6i véi mot lop hé phuong trinh vi phan
phi tuyén phu thudc thoi gian ¢d cham roi rac, voi
cham la cac ham phu thuoc thoi gian. Ching toi
néu ra mot vi dy ap dung cho két qua dat duoc,
dong thoi chi ra rang cac két qua da c6 vé diéu kién
6n dinh mil va co trude day dbi véi l6p hé phuong
trinh vi phan c6 cham la khéng &p dung dugc cho
I6p phuong trinh dwgc néu trong vi du nay.

Sau day [a mot s6 quy wéc va ki hiéu duoc sir
dung trong bai bao nay. Véi sé nguyén duong m, ki
hicu m, :={0,1,...,n}, m: £12.., I . Ki hi¢u
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N ={12,..} va goi R, C lan luot 14 truong cac sd
thuc va truong cac sé phuc. Vai hai sb nguyén
duong 1, g, ki higu R™*, R lin luot 1A tap hop
cac ma tran thuc va tap hop cac ma tran thuc khong
am c& Ixqg. Voi hai ma tran thuc
D=(d;), E=(g )eR"™, ta quy woc trj tuyét doi
cuaD la | D|=( d; ) e R". Bat dang thuc giira hai
ma tran D vA E duwoc hiéu nhu
D>(<,>>,<<)E duong voi
d; 2(<,>,<)e;, voi moi iel,] q . Ta c6 cach
hicu tuong tu, dugc ap dung doi voi cac vécto
trong R". Chuin cta ma tran D=(dij)e]R”X”
dugc hiéu & chuan toan tir, duge xac dinh boi
ID]:==mex [Dx|. Cho DeR™, EcR’™, néu

sau:
tuong

=
ID|<E thi |D|<|E|. Véi E:(eij) e R™, hoanh
d6 phd cua E duoc xac dinh boi
p(E)=max{ReA: 1eC, det(Al,—E)=0}.

Ma tran E duoc goi la ma tran Metzler néu tat ca
cac phan tir nam ngoai duong chéo chinh cua E déu
khéng am. Cho E la ma tran Metzler, khi d6
u(E)<0 twong duong véi ton tai vécto
peR",p>0 sao cho Ep<<0,
(2012), Theorem 1.2).

2. Pi¢u kién co suy rong ciia cac h¢ phuwong
trinh vi phin c6 chim

Xét hé phuong trinh vi phan phi tuyén co
cham co6 dang sau day

X(t) =
F(tx(t)) + G(t.x(t),x(t=h (1)),
X(t=hy (1)), x(t=h, (1)), t2t,,

Trong do, F (-, ) eC(RxR",R"),

xem (Ngoc

2.1)

G(-,...,-) eC(RxR"x...xR",R") la cac ham
lién tuc cho trude; h (-):R >R, kem, la cac ham
chiam lién tuc va bi chin, tirc 13 t6n tai cac s thuc
h, >0 saocho O<h (t)<h,, kem, Vvt>0.

bit h:=max{h,iem} va S:=C([-h,0],R").
Véi t,eR,cd dinh cho trudc va @eS, ton tai
nghiém dia phuong ctia h¢ phuong trinh (2.1), ta ky
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higu nghi¢m nay boi x(-t,¢). Nghiém x(-t,¢)
thoa man diéu kién dau

X(s+1))=0(s), vse[-h,0]. (2.2)

Nghiém nay duogc xdc dinh va liér} tuc trén
[-h,») vO1 y>t, va théa man (2.1), doi v6i moi
tet,»), xem (Hale va Lunel, 1993, trang 43).
Ngoai ra, néu khoang [t, —h,y) I khoang ton tai
nghiém 1én nhat cta nghiém x(-t),@) thi
X(+t,9) duoc goi ld nghiém khong thé kéo dai
(noncontinuable). Su ton t.:;li c‘ﬁa nghi¢m khong t}‘lé
kéo dai dugc suy ra tir BO d€ Zorn va khoang ton
tai nghiém 1om nhat phai la khoang mo.

Véi mbi peS, ta dat
|| := max{||p(s)]| :s €[-h,0] }. Sau day ching toi
trinh bay dinh nghia vé co suy rong.

Dinh nghia 2.1. H¢ (2.1) duoc goi la co suy
rong (generalizedly contractive) néu:

() Véi bit ky t,eR va bit ky peS,
X(t,,9) hoan toan xac dinh trén [~h+1ty,).

(i) Ton tai M >0, 1>0,7>0 sao cho
||X(t'to’¢7)_x(t1to"//)||

(2.3)
<Me oy +n,

voimoit>t,, i eS.

S6 n duoc xac dinh trong (2.3) dugc goi I
bién co cua hé (2.1).

Nhén xét 2.2. Chua ¥ rang, khi bat ding thirc
(2.3) dugc thoa man véi =0 thi hé¢ (2.1) dugc
goi la co toan cuc (globally contractive). Dinh
nghia va tinh chat v€ co toan cuc cua h¢ phuong
trinh vi phan phi€ém ham, hé phuong trinh sai
phian cé cham dd dugc trinh bay lan hrot trong
cac nghién ctiru cia Ngoc va Trinh (2018), Ngoc
va cs. (2019).

Hién nhién, néu mot hé dong luc co toan cuc
thi n6 co suy rong voi bién co 77>0 tiuy y, nhung
diéu nguoc lai ndi chung 13 khong dung.

Pinh i sau day cho ta mot diu kién du
tuong minh cho tinh co suy rong cua hé (2.1).

Pinh 1i2.3. Cho F(t,-) la hamkhavi lién tuc
voimoi teR. Gia swrang cac diéu kién sau ddy
duwoc thoa man

(i) Ton tai cac ham ma tran lién tuc
A (-):R —> R kem, va ham lién tuc, bi chan

v(-):R—>R, sao cho

|G(t,u0,...,um)—G(LWo--’Wm)|
Skzm(;'% (t)|u, —w, [+ v(t),

voi moi teR,u,,W, eR", kem,.

(2.4)

(ii) Ton tai B:=(b;)eR""va CeR]™" sao cho

Fi(tu)<b,, vien, [Fi(tu)
ou, au, (2.5)
<bj, Vi, jen,i=],
voimoi teR,ueR" va
> A(t)<C, vteR. (2.6)
k=0

Khi @6, néu u(B+C)<0 thi hé (2.1) 1a co
suy rong. Ngodi ra, néu v(-)=0 thi hé (2.1) 1a co
toan cuc.

Chirng minh. Tu (2.5), ta c6 B 1a ma tran
Metzler. Tu (2.6), ta ¢c6 C la ma tran khong am.
Do d6, B+C Ia ma trin Metzler. Vi x#(B+C)<0
nén ton tai vécto peR", p>>0 sao cho
(B+C)p<<0, xem (Ngoc, 2015, Theorem 1.2).
Khi d6, ton tai >0 du bé sao cho bat dang thirc
sau day dugc thoa man

(B+e”C)p<-2p,
voi h:=max{h, iem}.

Phép chimg minh phan con lai cia Dinh Ii 2.3
duoc chia thanh 2 budc nhu sau:

2.7)

» Budc 1: Véi peS tuy y, nghiém x(-t,,9)
hoan toan xac dinh trén [—h+t,,).
x(t)=x(t,t),0),
te[-h+t),7) Ia nghiém khong thé kéo dai cua
(2.1) va (2.2).

VéipeS, goi
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Gia str phan chimg ring y <o, Ta can chira
mau thuan. That vay, tir (2.4), ta c6

G (t,Ug,. Uy )| < Z'Ak )uy | +v(t)
|G t,0,...,0),te[-h+t;,7).
Vi G(t,0,..,0) lién tuc trén [-h+t,,»] nén
ton tai qeR" sao cho
G (t,Ug,.... Uy, )| < ZAk )uy] +v(t)+a, 28)
te[h+to,}/).
Xét phuong trinh vi phan
=Bz(t)+ y t)z(t—h (t
)+ 2 A (1)z(t-he (1)) 29
+V(t)+a+q, t=t,
trong d6, hy()=0; B va A(:), kem, V()

duoc xac dinh boi (2.4) va (2.5); q dugc xac dinh
tai  (2.8); a,) eR",
a =Sup{| f; t,O |,te[t0,}/)}, ien.
bat |¢|(s) ‘(p ‘ e[-h,0]. Goi z(-}::z(-,to,\g{)\)
1a nghiém duy nhat cua (2.9) voi ham dicu kién dau
lpleS. Vi B 1a ma tran Metzler va A (t) =0,
kem,, VeR, nén (2.9) Ia hé duong, xem (Ngoc
(2012), Theorem II.2). Do d¢6, z(t)>0, Vt >t,. Ly
£>0 tiy y va cd dinh & cac budc tiép theo. Ta co
X(t) << o(t)=2(t) +£p, Vte[-h+t,,1,).
Ta can chimg minh
X(t)| < o(t), Vte[-h+ty,7).

Vo1

(2.10)

Gia sir phan ching ring (2.10) khong duoc
théa man. Khi d6, ton tai t e(t;,,») sao cho
2(t")| £ e(t). Dat t=inf {t* & (ty,0): [2(t) £ a)(t*)}.
Do tinh lién tuc cua z(t) va o(t), tacod t >t, va
ton tai mot chi s6 i, €n sao cho

(2.11)

16

voi 7, e(t,t, +1/ j),jeN.

PatA, (t)=(a (1))

Vi sgn(x)y <|y|,vx,y e R, nén khi ap dung
(2.5), (2.7) va dinh I gia tri trung binh cho ham
vécto, ta 6 véimdi i en,

kem,.

nxn

& (0] =som(x ()5 (1)

=sgn(x ()| F (tx(t)) ]| +san(x ()=

|Gy () X(t =y (1)) -, x(t—hm(t)))]
=sgn(x (1)) F (t.x(t) - R (t.0)
+sgn(x (t))F (t,0)
+sgn(xI (1) LG,(t X(t), x h(t) ..... x(t— m(t)))J
=san(1 ()5 S L0, )
+sgn(x (t))F (t,0)
+sgn(x, (t))LG, t,x(0),x(t=h (1)) ... t= hﬂ(t)))J
=sgn(x (t) )jﬁ—)lj(t sx(t))ds x; ()

+i[ia§k) (t)‘xj (t —h, (t))U+vi (t)+a,

k=0\_j=1

ddi voi hau khip te[ty,»). Do do, véi te[t,,r),
ta co
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X (t)|

% (t+5) =[x ()|
—Ilmsup
50" 5

t+b d
_(!I_[P sup§ Jt‘ E|Xi (s)|ds

Zn: by [x; ()| +

j=1j=i

)Ix, (t-h, (t))‘]+vi (t)+q,

<b, |x, (t)+

3 S

k=0\_j=1

trong d6 D* la ky hi€u ctia dao ham Dini trén - phai.

Tir (2.7) va (2.11), ta ¢6
x, (t)|

<b, ‘xio (t)‘ + Zn: b.

o]

D+

X, (t)‘ +a,
§=1, j#i

+i(ia&> (O, (11, <t>>\]+vio (1)+q,

k=0\_j=1
n
)+ 2 byt

i=1 57

&Lz%ﬁ) (t)o, (1, -

k=0\_j=1

_ba)

lolp "t

h (tl))jwio (t)+a,

+ Z b'ol ZJ

i=1j#i

ZL > al) (4)z, (1, -1, (n))Jm (t)+q,

k=0\_j=1

+byep, + D bep, +ZLZa£? (ti)gij

j=1, j#iq k=0\_j=1

t1)+g£2n:bio,- P, +i[ia§3 (tl)pj]J

j=1 k=0\_j=1

>

<y, (t1)+5L b, P; +>.C,; ij
1 1

s, (t1)+gLibioj P; +eﬂ“i% ij
j=1 j=1

<Zi0 (tl)_‘?ﬁpio

<z ()=D"z (t).

Mit  khac, (211) kéo theo ditu sau
. (O] -, (4)
D [x, (t,)|= tlggjsupT
T %, (7, )‘— x, (t) 2 fim & (z;)-o, ()
s -1 joe T -1
; @O(T»)—a),o(tl) .
=lim ;,-—tl =, (t,)

=2,(t)=D"z (t).
Diéu nay 14 miu thuin voi két qua vira chimg
minh & trén. Do do,
|X(t)|£a)(t)=z(t)+sp, (2.12)
vtel-h+t,,7).

Do tinh don diéu cta chudn vécto, ta co
[x(®)] < [e®]<[z(t) +<p]
<[lz(t)]+<ll,
Vtel[-h+t,,7).

(2.13)

Vi (2.13) ding véi moi ¢ duong bé tuy y nén
khi cho ¢ — 0 trong (2.12), ta c6

Ol et

Do (2.14) nén x(-) bichan trén [t,,
ra, tir (2.1) va (2.4) suy ra rang X(-) bi chin trén
[to,7). Khi d6, x(-) lién tuc déu trén [to,7). Vi

vay, !I_[r) x(t) ton tai va X(-) co thé mé rong thanh

(2.14)

7). Ngoai

mot ham lién tuc trén doan [t,,7]. Ngoai ra, bao
doéng cua {Xt it e[to,y)} la tdp compact trong S,
do Dinh 1 Arzela - Ascoli. Ta c6,
{(t,xt):t € [to,y)} c['[o,;/)x{xt ‘te [to,y)}. Vi vay,
bao dong cua {(t,Xt):te[to,]/)} la tap compact
trong RxS. Vi (7/, ) thudc vao tdp compact nay,

ching ta co thé tim mot nghiém cua (2.1) di qua
diém nay dén bén phai cua y. Piéu niy mau thuin

voi gia thiét khong thé kéo dai cua nghiém x(-)
trén [t),»). Do d6, y phdi bang «. Vay nghiém
X(-) x&c dinh véimoi t>t,.

= Bwée 2: Ta chimg minh ring, ton tai
M >1,1>0,7>0 sao cho
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||X(t,t0,g/)) - X(t,to,t//)” <Me (70) ||¢J—l//|| +n, VoI
moi t>t,p=y;p,weS. Khido, (2.1)-(2.2) la co
suy rong véibién co 7.

Pheép ching minh cia Budc 2 la tuong tu
chung minh ctia Budc 1 voi mot s cai tién phu
hop.  That v6i @,y eS,|p-y|#0,dat
x(t)=x(t.t.0), y(t) =x(t.t,. ) t=t,—h,  va
z(t)=x(t)-y(t),t=t,—h. Véi g va p duogc
xac dinh trong (2.7), ta dat

u(t):=e "

vay,

- l//" P +u P 121,

pmm min

trong d6 p;, =min{p;,ien} >0 va

1
ﬂ=gg{zfgngvi(t)}

V61 cach  dat nhu  trén, ta ¢o
|Z(t)| <<u(t),vte[-h+t,t)]. Ta can chimg minh
rang,

|z(t)<u(t), vt=t,. (2.15)

Sau day, ta ching minh (2.15) bang phuong
phap phan ching. That vy, gia st ngugc lai rang

ton tai t*>t, sao cho ‘z(t*)‘ﬁ_u(t*). Dit

=it {1 e (t,00):[2(1) £u(t)}.

Do tinh chat lién tuc cta z(t) va u(t), taco
t, >t, va ton taichi sd i, en sao cho
[2(t) <u(t).vteftt),
2, ()] =u, (t),
2, (&)]>u, (4),
voi & e(t,t,+1/j),jeN. S dung (2.4) - (2.6)
va dinh li gia tri trung binh cho ham vécto, ta co,
vdi moi ien,

d

e (t)
=sgn(z(t))z (t)
=sgn(z,(1))(% (1) - ¥: (1))

(2.16)

18

=sgn(z LF (t.x(t))- F(t,y(t))J
irsgn (zi (t))x

(3 (1), (1)

1

=sgn(z (t))“%(t, y(t)+ sz(t))dsJ Z,(t)

+sgn(z, (t))j§¢i£i ZFJ( +sz(t))dst
+ g@ag”(t)\zj (t-n (t))\Jw (t)

Uﬁ(t y(t +sz(t))dsJ|z ®|

dsJ|zj (1),

Lj” al) (D)2, (t-h, (t))U+vi (t)

+1:1¢i[;[ 2_2('[ y(t)+sz())

d6i voi hau khap t >t,. Diéu nay kéo theo

+ Zn; b, |, (¢)

j=1, j=i

+§m;£ja§;>(t)\zj (t-h, (t))U+vi ()

k=0\_j=1
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VOl t>t,.

Vo pi=(p, Py pn)T ,p;>0,ien, dat

K:=|¢-w|pmn, >0. Tir (2.16), ta c6

z, (t)|<by,u, (t)+ > by u(t)

=1 j#i

Ju, (t,—h, (tl))J +v, (t)

n

b Ke /) p,+ 2, b,

ol

D+

+>1 > al
koo \ =1

—ﬂ t—t)
J
i=L g

+i(ia. ) () Ke P hr “pi]

+by, L p,+ 2 by L P;

min J=1,j#ig pmin

:Keﬁ(tlto)[znl e Z[Zal M) ]J
j=1

=1 k=0

e g

k=0

< Ke Pl LZb,JpJ +Z£Za,0J t)e’p JJ
j=1

k=0

bR ) e

k=0

min

<Ke /4w Lzbm P + e Zbioj ij
=1 =
+ pﬂ (Zbioj p, " 2.6, pj}fi P
min \_j=1 j=1

£ LZ% p; +e™ D cy; ij+L P
min \ J=1 =t min
< m@““°o+;l(ﬂmﬂh pp,

=—pKe " p, =u(t,).
Mit khac, (2.16) kéo theo diéu sau

D'z, (ti)‘—tllrtnsup (t)t‘::io (t))

il )~z (4)

s si—t
>WM

e gt

.U (fk)—ui (tl) -
=lim—_2*L g

i £t U, (t1)

=2 (,)=D"z (t).

bicu nay la mau thuan vai két qua vira dugce

chiing minh o trén. Do do,
2ty <e ) oy L+ P >,
min min

Do tinh don diéu ctia chuén vécto trong R" nén,
[2®)]=[x®) -y

< Me /%) ||g0 1//||+77, t>t,,
voi 7= pup|p|- Vay (2.1) 1a co suy rong.

Ngoai ra, khi v()=0 kéo theo x=0 va
n=up || p|| =0. Khido, hé (2.1) 1a co toan cuc.

Ta c6 hé qua sau day vé tinh co suy rong
cua hé phuong trinh vi phdn ntra tuyén tinh.

H¢ qua 2.4. Cho BeR™ la ma trdn Metzler
va F(t,x)=Bx, teR, xeR". Gia si ton tai

A eRY kem, va ham lién tuc, bi chan
V()R> R, sao cho
|G(t,u0,...,um)—G(t,wo..,wm)|

(2.17)

A Ju = w [+ v(t),

IA
I

véi moiteR,u,W eR" kem, Khi dé, néu
y[B+Z/—\(J<O thi hé (2.1) la co suy rong.
k=0

Ngodira, néu V(-)=0 thi hé (2.1) la co toan cuc.
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Xét h¢ phuong trinh vi phan tuyén tinh c6 cham

x(t)= A x(t) Z/x x(t=h (1)

+x(t), t>t,
trong do, A ():R—>R™ kem, la cac ham ma

(2.18)

tran cho trudc; y(-):R —R" 1a ham vécto lién tuc,
bi chan.

Véi D=(d;)eR™, ta ddt ma trdn Metzler
hda cta ma tradn D 12 ma trdn Metzler, ky hi€u boi
Met(D), duoc xac dinh nhur sau Met(D) = (d.,

ij )nxn !

voi d, =d, d =d;|, i#j,i,jen. Sau day la

ii?

diéu kién cho t1nh co cua (2.18).
H¢ qua 2.5. Gid sit ton tai ma trdn Metzler

BeR™ va cdc ma trgn khong dm
C,eR" kem, sao cho
Met(A, (t)) <B; t)[<C,,
AO=<BIAOKC, .0

Vkem,teR.

Khi d6, néu ,u(B +ZCkJ< 0 thi hé (2.18) la
k=0
co toan cuc.

Vi du 2.6. Xét phuong trinh vi phan v6 hudng
5 2X(t)
%(t) = (-1-e“)x(t)+e e
+ arctan [ésin (tx())x(t—hy ()

(A0}

+ 3acos(tx(t)),

—cos?(

(2.20)
voi teR,, h()), h(-):R, >R, i nhimg ham
lién tuc, bi chan cho trudc; a la héng sb.

~Ta thdy (2.20) 1 phuong trinh vi phan phi
tuyén phu thudc thoi gian c6 dang (2.1), voi ham

F(,),G(+...-) la cac ham lién tuc, duge xac dinh
boi

2 —cos? Zi)
F(tu)=(-1-e")u+e =,

teR,,uek;

G(t, %y, %, X, ) =arctan Lgsin (%)%

20

1
+———=X, |+3axCcos(tx, ),
5+ 2t2 ZJ (%)
teR,,x,X, eR
Ta c6,
oF 2t cos? (22
- t,u — e 1+t
au( ) 1+t? t)
<B:=-1,

véimoi t,ueR va
G (t %%, %, ) =G (t, Yo, Y, Yo )
e* 2
ST|XO_YO|+€|X1_y1|
1
5 t2|X Y,|+6]al,
voimoi teR Xy, %, X5, Yo, Yy, Yo €R.

_t2

Vay (2.4) duoc thoa man véi Ai(t):e—

3’
Az(t)—z A (t) = LIV V(t) =6 |, v&imoi
5' 5+ 2t I '
teR.
Mat khac, ta ¢o
1 2 1 14
D+AQD+AN<C==+—+==—
A +AM)+ A1) < AT
14 1
va u(B+C)=-1+—=-—<0
#(B+C) 15 15

Do d6, theo Pinh I 2.3, phuong trinh vi
phan (2.21) 1a co suy rong. Ngoai ra, khi =0
thi v(-)=0, khi d¢6 (2.21) la co toan cuc.

Nhén xét 2.7. Cac két qua trong (Ngoc, 2015)
va (Ngoc va Trinh, 2018) cling nhu trong cac tai
liéu tham khao trong bai bdo nay la khong ap dung
duoc dé kiém tra diéu kién co suy rong ctia phuong
trinh vi phan (2.20).

3.Kétluan

Bai bao da dua ra khai ni€ém co suy rdng, mot
khai niém tong quat hon cta khai niém co cia
nghi¢m d6i véi hé phuong trinh vi phan c6 chim
101 rac, cdc cham 1a ham phu thudc thoi gian. Bai
bao ciing dd phat trién ki thuat trong (Ngoc, 2015)
va (Ngoc va Trinh, 2018) dé chimg minh nhiéu

diéu kién cho tinh co suy rong cua h¢ phucng trinh
vi phan phi tuyén c6 chiam. Huéng phat trién cua
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bai bao Ia nghién ctru cac didu kién co suy rong ciia
16p hé phuwong trinh vi phan trong mdt s6 khong
gian triu tuong, diéu kién co suy rong cua 1op hé
phuong trinh vi phan dang trung hoa, h¢ phuong
trinh vi tich phén, h¢ co yeu t6 ngdu nhién. Tim
diéu kién cuc tiéu héa bién co cua 16p hé co suy
rong ciing 1a mot sb van d& mo can dugc khai thac
trong thoi gian tdi.

Loi cam on: Bai bao duoc hd tro boi dé tai
khoa hoc va cong nghé Cép bd cua Bo Gido duc va
Dao tao mi s6 B2020.SPD.04.
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