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TOM TAT

Trong bai bao nay, h¢ Lotka-Volterra (LVS) dwoc nghién ciru.
Dudi mét s6 diéu kién rang bugc khong gian, cac tinh chdt
dinh tinh cua cac diém cdan bang va kiém tra cac diéu kién cho
sw cung ton tai cia hai lodi qua cdc phwong trinh vi phan
thwong doi véi LVS dwoc trinh bay. Hon nita, cdc yéu to anh
huong dén su ton tai hodc tuyét chung cua hai loai duoc kiém
tra va cho cdc vi du s6 dé lam sang t6 cdc két qua Iy thuyét dat
dwrgc thong qua quy dao cua dwong cong nghiém va hinh dnh
clia truong vector xung quanh cdc diém can bang.

Tir khoa: Qiém cdn bang, hé Lotka-Volterra, 1y thuyét dinh
tinh, cung ton tqi

ABSTRACT

In this paper, the Lotka-Volterra system (LVS) is studied .
Under some conditions of space forcing terms, the qualitative
properties of equilibrium points was stated and the conditions
for the coexistence of the two species of the ordinary
differential equations for LVS are examined. Furthermore, the
factors that influence the survival or extinction of the two
species are examined and the numerical running examples are
given to elucidate the theoretical results obtained through
visualization of trajectory of the solution curve and the
surrounding vector field balance points.

Keywords: Coexistence, equilibrium points, Lotka-Volterra
system, qualitative theory

1. GIOI THIEU

Trong thé gidi tu nhién, van dé s lugng ca thé
ludn 1a sy quan tdm hang dau cia cic nha nghién
ctru voi rat nhidu mé hinh toan hoc dwgc dua ra. Mot
trong nhitng van dé d6 1a bai toan mé hinh Lotka-
Volterra, mot mo hinh toén hoc dugc sur dung dé mo
ta sy twong tac gitra hai loai trong mot h¢ sinh thai,
duoc dat tén theo hai nha toan hoc-sinh hoc ngudi
Anh-Y Alfred Lotka va Vito Volterra. M hinh nay

dugc phat trién doc 1ap boi ho vao nhiing ndm 1920.
Su quan tdm duoc dat vao ca quan thé cua con mdi
va dong vat sin moi (an thit). Trong bdi canh cua
moi trudng tu nhién va chudi thirc an sinh thai, mat
d6 quéan thé ciia con moi dang co6 thé anh huong den
s6 lugng dong vat san moi hién dién. Nguoc lai, 50
luong ke san mdi ciing tac dong dén su ton tai cia
con moi trong khu vye. Vi vy, cac phuong trinh vi
phan mo ta quan thé ciia con mdi hodc dong vat san
mdi lién quan mét cach chit ché dén quén thé cua
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loai kia. Dé giai quyét van dé nay, can phai giai ddng
thoi mot h¢ hai phuong trinh vi phan aé xac dinh
quén thé ctia ca con mdi va dong vat sin mdi, vi du
nhu dugc minh hoa ¢ (Cushing, 1980; Langa et al.,
2003; Carvalho et al., 2013; Zhao, 2020; Guo,
2023).

Mb hinh Lotka-Volterra cung cdp mét cach tiép
can don gian nhung manh mé& dé hiéu qua trinh bién
dong s6 lwong ca thé giita cac loai san mdi va con
mdi. Céc gia dinh chinh ciia mé hinh bao gom:

S6 lugng ca thé khong gidi han, diéu nay co
nghia 12 néu khéng co tac dong tir loai khac, s6
luong ca thé cua mdi loai s& tang vo han theo mét
toc do cb dinh.

Tu:ong tac an thit la s6 luong cé thé cua loai san
mdi gia sur giam véi toc do ty 1¢ thuan véi s6 lugng
tho sén va nguoc lai, s6 luong ca thé cta loai tho sin
gia dinh tang véi tée do ty 16 thuan véi sé luong loai
san moi.

Hé sb sinh san 1a s6 lugng c4 thé ting véi toe do
ty 18 thudn voi s6 lugng ca thé hién tai cia loai do.

Tac dong ty nhién c6 nghia s lugng ca thé gia
st gidm v&i mot tdc do cb dinh, dai dién cho céac yéu
td nhu kém chat dinh dudng, bénh tét, hay sy canh
tranh v&i loai khac ngoai tuong tac an thit.

Trong bai bao nay, tinh chat dinh tinh quanh cac
diém can bang ctia hé LVS duoc tap trung nghién
clru, dic biét xay dung diéu kién dé hai loai cing ton
tai va 6n dinh, dong thoi phan tich tinh 6n dinh tai
cac diém can bang ma ca hai loai cung tuyét ching
hay tai diém can bang ma mét trong hai loai bi tuyét
chung. Bén canh d6, vi du cu thé dugc dua ra dé
kiém ching cac két qua 1y thuyét da duoc chimg
minh. Mot h¢ cac phuong trinh vi phén dugc xem
xét nham mo ta tuong tac phuc tap gitta con mdi va
d6ng vat san moi voi sau tham sd

d _ 1 b,

Zx(©) =y <1 SRiCh ay(t))x(t)
= f@y),

d 1 b

=y =5, (1 Y- a—jx(t)) y(©)

=g, y),
X(O) = xO'y(O) = yO't € ]R+’

(1

trong d6 x(t)va y(t) 1a cac ham s theo t thé
hién mat do cta hai loai canh tranh va chung ta co
thé gia sir rang x(t)va y(t) 1a quan thé loai khong
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am. Cac hang sb a;, b;, B;, (i = 1,2) déu duong. O
day B, B, dai dién cho téc do ting truong cua hai
loai va by, b, do luong tac dong cla sy twong tac
giita hai loai. Cac hé sb a;, a, 14 strc chiu dung cua
hai loai d6i v6i tac dong tir moi truong.

Pinh nghia 1.1. Néu f(x, y)=gxy)=0ta
diém (x,, yo), thi (xo, yo) 14 diém cin bang. D6i khi,
n6 ciing c6 thé duge goi 1a diém ky di hodc diém toi
han.

Gia sir (xo,¥,) 12 diém can bang cua hé (1), va
ton tai cic dao ham riéng cua f(x,y), g(x,y) tai
0(0,0). Ching ta c6 thé st dung phép tinh tién vé
goc toa do va ap dung khai trién Taylor cta ching
gan gbc toa do nhu sau:

6] d
F) =x 2L 00) +y5 00

+2(x 2"”°(00)+2xyﬁ(00)+
2L 00) +.. @

0
963 =x 5200 +75200)
+2 (2?2 22 9(00)+2xy—(00)+
y? 22 (0,0)) + 3)

Két hop (1), (2) va (3) ta dugc ma tran jacobian

L0 oo
J=\ 2 ol : 4
>, (0,0) Fm (0,0
Tu (1) va (4) ta suy ra
T
(Geoay) =T, teR. ()

Bay gid chiing ta giai (5), gid st nghiém c6 dang
(x@®),y(®) = C(e*,e™), (©6)

& day C, A 1a cac hang sb, khong mit tinh tong
quat, trong ndi dung bai bao, cac gia tri riéng A chi
xét 1a so thue.

teR,,

Thé (6) vao (5) ta dugc phuong trinh dic trung
char(2) =] =241 = 0, (M

Z 1a ma tran don vi, va 0 = (0,0). Giai phuong
trinh (7) ta dugc hai gia tri riéng cua J 1a

__trace())+y/(trace()))?—4det())
2 .

A1z ®)
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Gia st (trace(J))? — 4det(J) > 0, khi do, hai
gia tri riéng A; va A, 1a thuc, khac khéng. Hon nira
chung ta co hai vector riéng 1,1, ng voi hai gia
tri riéng A, va A, 1a doc lap tuyén tinh. Suy ra ton tai
mot ma tran khong suy bién M = (Y, ¥,)7. Ap
dung phép bién ddi tuyén tinh

X =Mmye, )

trong d6 X = (x,v),Y® = (x%,y9), khi do (5)
trd thanh
=MW1, Y)Y (D)
= M (A1, 22P2) YO (8)
=Dro(¢t),t € Ry, (10)

v6i D 1a ma tran duong chéo véi cac phan tir 1a
Al va /‘{2.

Nhan xét 1.2. Phép bién doi tuyén tinh ciia
phirong trinh (9) khéng lam thay déi tinh chdt dinh
tinh cua nghiém, vi vdy chung ta sé xem xét nghiém
cua phwong trinh (10) thay vi phuong trinh (5).

M-1JMY® (£)

Chung ta viét phuong trinh (10) lai nhu sau
() = Ay(0).  (11)

Néu (x§,y§), 1 céc gia tri ban dau cua (x°, y®),
thi nghiém cuia cac phuong trinh (11) lan Iuot la

x°(t) = x§ (H)eM®, y° (£) = y§ (e (12)

Tt (12), chiing ta ¢6 nhén xét sau:

d d
Exg(t) = A1x@(t);ay9

Nhan xét 1.3. Gid sur Ay va A, la hai gia tri riéng
thuc phdn biét, ta co ba truong hop sau:

i) Néu cd hai Ay va A, déu am, thi x® (t) va y° (t)
tien vé goc toa do khi ttien vé duong vo cing. Khi
do, diem can bang X la mot nut on dinh tiém cdn.

ii) Néu ca hai A, va A, déu dirong, thi x°(t) va
yO(t) tién tdi vé ciing khi t tién ti dwong vo ciing.
Khi @6, diém cdn bang X la mot mit khong on dinh.

iii) Néu Ay va A, trdi ddu thi khi t tién t6ivé ciing
thi x®(t) tién dén vé cing trong khi y (t) tién dén
goc toa dé (hodc ngueoc lai). Khi do, diém can bang
X la diém yén ngwa va khéng on dinh.
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2. PIEU KIEN TOI UU CHO HAI LOAI
CUNG TON TAI

2.1. DPiém can bang ciia h¢
Pé tim diém can bang cua (1), ching ta giai
f(x,y) =0 va g(x,y) =0, ta dugc tdp cac diem
can bang
S =
0 = (0,0),E; = (a1,0), E; = (0,ay),

az—aib, ai;—azb
E*=(2 12,1 21),b1b2¢1
1-b1by; * 1-bqb,

(12)

Trong bai bao nay, tap hop cac diém cén bing
& c R2 dugc xem xét. Tai O = (0,0) thi ca hai loai
didu tuyét chung, con tai E; = (a;,0)va E, =
(0, a,) thé hién sy tuyét ching cua it nhat mot trong
hai loai. Trong ndi dung bai bao nay, chung ta xay

dung diéu kién dbi v6i b; va b,sao cho diém cén
az—aib,; aj;—azb
bangE—(z 1bz 417azby
1-b1by ’ 1-byb,
cung ton tai 6n dinh cua hai loai.

) c6 thé dan dén su

2.2. Phén tich tinh 6n dinh tai diém cin bang

Tinh chat dinh tinh duoc kiém tra tai cac diém
can bang cua hé (1)

Pinh 1y 2.1. Cho a;,a3,by,b, ld nhing s6
dwong va by, b, khdc 1, ta co nhitng khang dinh sau
day.

) Piém cin bang 0 = (0,0) luén la niit khong
on dinh.

ii) Néu b, > % thi diém cdn bang E; = (ay,0)
. 1
la nut on dinh tiém can.
iii) Néu by > % thi diém cdin bang E, =
. 2
(0, ay)la nut on dinh tiém can.

Pinh 1y 2.2. Cho a;,a5,by,b, ld nhing s6
dwong va by, b, khac 1, ta co nhitng khang dinh sau
day:

i) Néu b,
diém yén ngwa khéng on dinh.

< % thi diém can bang E; = (ay,0) ld
1

i) Néu by <
la diém yén ngwa khong én dinh.

% thi diém can bang E, = (0, ay)
2

binh ly 2.3 (Diéu kién t6i wu cho hai loai cung

ton tai dn dinh). Gid sir a,, a,, by, b, ld cdc hang SO
az—aiby a;—azby
1-byb, ' 1-byb,

dwong va E, = ( ) ta ¢6 cdc két

lugn sau
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. A a N a \ <R A N
i) Néu b, >a—1 va by >a—2 thi diém cdn bang
2 1
az—aib; aj;—azb
EZ(Z 1b2 a;—azb;

la diém yén ngwa khéng on
1-biby, ’ 1—b1b2) Y &t g

dinh.
i) Néu by < % va b, < % thi diém cdn bang
2 1

E = (az—a1b2 ai—azby

, ) 14 nait én dink tiém cén.
1-biby ’ 1-byb;

T Dinhly 2.3 ta thiy, dé hai loai trong quén thé
cung ton tai va on dinh thi ta can diéu khién tham s6
ai, a,, by, b, thod man ii) cua Dinh ly 2.3.

3. CHUNG MINH PINH LY

Chirng minh Dinh 1y 2.1. Tai gbc toa do 0 =
(0,0) ta thuc hién tuyén tinh hoa theo cong thirc

x*=x —0, y*=x -0
ta suy ra ma trén jacobian
_ (B 0)
1=(5 p)
Khi do, gia tri riéng cua J 1a 4, = By, 4, = B,

déu duong, vi vay 0 = (0,0) 1a nut khong 6n dinh.
Tur d6 ta dugce chiing minh i).

Tai diém can bang E; = (ay,0), st dung phép
bién doi

x*=x — a,, y*=x -0

ta duoc

d 1 b,

A — 1__ * I

(zr©=p(1-56 +a)-2)
(x* + ay),

d * t) = (1 1 * bz *+ ) *

|dty()—ﬁz 5’ az(x a) |y’

teR,,

suy ra
_ﬁl _ﬁlbl
J= ( a1b2>
1—
0 A(1-—

Khi do, cac gia tri riéng la A, = —f, 4, =
b .o T ’ A

B, (1 -4 2), theo gia thuyet ii) ta c6 b, > ﬁ nén

1-

A, Ay deu am, diéu do ching to diém can bang E, =
(a4, 0) 1a nit 6n dinh ti€ém can, ta suy ra dugc ii).

a1b2

<0, ma f, >0suy ra 1, <0. Do do,

Tai diém can bang E, = (0, a,), ta c6 phép bién

ddi sau

x*=x — 0, yr=x — a,

Tép 60, S6 44 (2024): 99-106

ta dugc

d 1 b
G O=p (1 o ra)r,

d . by N\ .
Gy 0=p(1-70 e - 2x) 0"+ e,
t ER,,

suy ra

a,b,
(-0 o)
—B2b; —B;
Tur J ta gidi phuong trinh déc trung va suy ra
duge cic gia tri rieng A; = B, (1 —azbl) Ay =

] =

—B,. Néub; >% suyra 2201 5 {pen 1 — 22 <
az ,a1 . a
O,ma B; >0 do do A, A tat ca dicu am, ta duoc
chimg minh iii). O
Churng minh Dinh 1y 2.2.
Chtrng minh tuong tu nhu Pinh 1y 2.1 ta co:
Khi b, < % tai diém can bang E; = (a;,0) ta
1 4
suy ra ma trén jacobian c6 hai gid tri riéng trai dau,
diéu do chung to E; = (a,,0) la diém yén ngua
khong 6n dinh, tir day c6 duoc §).
Khi b; < =* tai diém can bing E, = (0, a,) hai
2 4
gia tri riéng cua ma trén Jacobian trdi dau, suy ra
E, = (0,a,) 1a diém yén ngua khong on dinh, tir
day suy ra ii). O

Chitng minh Pinh 1y 2.3.

az—aib; ai;—azby\ _
1-bib, ' 1-byb, ) -
(x¢,¥e), trong d6 x,va y, khong dm. Ta thuc hién
bién doi theo cong thirc

Tai diém can béng E, = (

* L
XT=x — X, yi=x — x,

thé vao (1) ta duoc

d « _ al_(x* +xe)_b1(y*+ye))
Zx' @ = =
(x* + x),
1d a—-O"+ ye)—bz(x*+xe))
=7 © =B »
O +ye)
t €R,.
(13)
Bién d6i (13) ta suy ra
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]
/ B a; — a,b, _ bia,(a;, —aiby)
_ t1- byb, ! a; (1 = byby)
B bya(a; — azby) P! —ayb,
% a,(1—byb,) 21— b,b,
Khi do, cac gia tri riéng 1a
_ trace()) £ 4/ (trace()))? — 4det(])

12 =
2

Bang 1. Tinh chiét dinh tinh cia cic diém cin bang

Tép 60, S6 44 (2024): 99-106

Ta ¢, néu by < % va b, < % thi tht ca A, A,
2 1
d€u am, tr day suy ra di€ém can bang E. = (x, y.)
la 6n dinh tiém cén, ta dugc ching minh 7).
Nguoc lai néu by > % va b, > %, cac gia tri
2 92 1 N
riéng 44,4, trdi dau nén diém can bang E, =
(x.,¥.) la diém yén ngua khong on dinh, do 1a
chiing minh ). O
Nhan xét 3.1. Tir céc két qua cia Dinh ly 2.1,
binh ly 2.2 va Dinh ly 2.3 ching ta c6 bang tong

hop vé tinh chat dinh tinh tai cac diém can bang nhu
sau:

a \ a
b1 <_1Va b2 <_2
ap a

Diéu kién
Pieém can ban

a \ a
bl >_1Va b2 >_2
ap ag

0 = (0,0) Nt khong 6n dinh Nt khong on dinh
E; =(a;,0) Diém yén ngya khong 6 on dinh Nt 6n dinh tiém can
E, =(0,a,) Diém yén ngua khong 6 6n dinh Nt 6n dinh tiém can
E, = (Xg,Ve) Nt 6n dinh tiém can Diém yén ngya khong 6n dinh
4. MO PHONG BANG SO KET QUA LY Bay gio ta phan tich tinh qhe‘it on dinh tai diém
THUYET can bang ma ca hai loai (con moi va thu an thit) cung

4.1. Trwong hop by < Mva b, < 2
az aq

Xét trudng hop by < % va b, < 22 khi cho cac
2 1
gid tritham s a, = 2,a, = 1,b; =3, b, = 7,1 =

B =1

Trong Hinh 1, ta c6 cac dudng x-nullclines va y-
nullclines cit nhau tai 0 = (0,0), E; = (2,0), E, =
(0,1) va E, = (1.739,0.783). O mdi diém cit tao
thanh bén ving mit phang. D& dang quan sat dugc
tai gbc toa d6 0 = (0,0) quy dao cac dudng cong
nghiém cua hé tai cac vang (I1, 111, VIII, IX) déu
huong ra khi t = 40, do d6 diém can bang 0 =
(0,0)1a nat khong 6n dinh.

Tai E; = (2,0), ta c6 tai vung (I) quy dao duong
cong nghiém di chuyén tir phai sang trai rdi 1én trén,
ving (I1) quy dao dudng cong nghiém di chuyén tir
trai sang phai roi 1én trén, ving (11T) quy dao dudng
cong nghiém tir trdi sang phai r6i di xuong, vung
(IV) di tir phai sang trai r6i di xuong, diéu nay cho
thdy diém cén bang E; = (2,0) 1 diém yén ngua va
khong 6n dinh.

Phén tich tuong tu E; = (2,0), ta cling 6 diém
can bang E, = (0,1) 1a diém yén ngya va khong on
dinh.
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ton tai. Ta co, tai E, = (1.739,0.783), tit ca bén
vang (I,I1,V,VII) quy dao nghiém cua hé déu hudng
vé diém can bang E, = (1.739,0.783) tir moi
huéng, diéu d6 chimg to diém cén bing E, =
(1.739,0.783) 1a nat 6n dinh tiém cén.

Trong Hinh 2, quy dao cia truong vector quanh
céc diém can bang dwoc mo ta. Ta thdy, tai diém can
bing 0 = (0,0) cac vector trong ving
(IL 1L VI, IX) déu hudng ra, nén tai O = (0,0)
ciing thé hién tinh chét 1a khong 6n dinh.

Tai E; = (2,0) cac vector trong viung (/) hudng
tr phai sang trai va di 1én, vung (II) cac vector
hudng tir trai sang phai va di 1én, vung (/1I) cac
vector hudng tir trai sang phai va di xuéng, con tai
vung | (IV) hudng tir phai sang trai va di xuong. Didu
d6 dan dén tai dlem can bang E; = (2,0) 1a diém
yén ngya va khong on dinh.

Phan tich tuong ty E; = (2,0), tai diém cén bang
E, = (0,1), ta cing ket luan la diém yén ngua va
khong on dinh.

Trong khi d6, tai diém can bing E, =
(1.739,0.783) hinh anh truong vector tai cac ving
(I,I1,V ,VII) déu huéng vé E, = (1.739,0.783), diéu
d6 c6 nghia la khi t — +oo thi x(t) — 0va y(t) -
0, suy ra diém cin bang E, = (1.739,0.783) 1a nut
6n dinh tiém can.
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!
|

(1-2/2-y/6)*z, §=(1-y—z/8+y

System: &

—
Il
Sl
Il
oy
— | <f
Il
on <V
n -
e — |
=
=
S
—
Km Il
- p—
=
= =
= o
=
= Il
=2 —
Qe 3
M a2_7a1
=]
< V
E <
= o o«
o a_ S
=
=
[0
=
vy
=
o
—
=
=
-
=

Két qua thwc nghiém cho truong hop b <

g=Q1Q-y—z/4*y

= ((1—xz/2—1y/6) * T,

System :

/////,,,ﬁﬁ___f,
R R b L 4B
SRR L U b
A ALY J Rt
a0
E— A S O B A
onen S BV E YR L
ol et 28 BT
il it {0 KOG Lt
Samsessmrrldtl T 24
Sgssssanrl Al 19 1
Susemand PELYA VA 123
causmard 17181 %2 1
seseamard LH YR A A 1
camemeyd BUVIRS YYD 14
sassFmit WUNTYA] 12
et | ik SR Ne b o
lu...\\\.\.\_f//fff/ \ o
I.;IJ#J/?\\\\\ / f NN
s L PRl d F ] S
1 b, G W0 VL W 5 I O AL AN (0 AN A (1 J AN
© ~ 0 - © o
o by o
fi

25

1.5

0.5

ang

b

A

1€m can

2
e R

g vector quanh d

won

a0 cua tr

Hinh 2. Quy d

1
Zaﬁl :62 =1

7b2 =

— | ™

:17b =

0, =2,a

2

Q.
a.

1

b, <

aQ,

&
2

Két qua thwc nghiém cho truong hop b <
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4.2. Trwong hop by > Mva b, > 2

ay ay

Ta xét truong hop by > =2 va b, > 22, khi cho
2 1

4

:;)ﬁl =

cac gia tri tham sba, =a,=1,b, =b,
ﬁz = 1

Hinh 3. Ta c¢6 cac duong x-nullclines va y-
nullclines cat nhau tai 0 = (0,0), E; = (1,0), E, =
(0,1) va E, = (0.4,0.4). O mdi diém cit ciing tao
thanh bén ving mat phing. D& dang quan sat dugc
tai gdc toa 46 0 = (0,0) quy dao cac dudng cong
nghiém cia hé tai cac vung (V,VI,VII,IX) déu
huoéng ra, hay t — +oo, thi x(t) — o vay(t) — oo.
Do d6, diém cén bang 0 = (0,0)6 trang thai khong
6n dinh.

Tai E; = (1,0), ta c6 quy dao duong cong
nghiém cia hé trong vang (1,11, VIII, IX) tit ca
hudng vao E; = (1,0), Do d6, néu t — +oo thi
x(t) = 0 va y(t) = 0. Suy ra diém can bang E; =
(1,0) 1a nat 6n dinh tiém can.

Tai E, = (0,1) quy dao cac duong cong nghiém
cua hé trong cac vung (I1,111,1V,1X) cling giong

N
Y
3

g}ystem re=(1—z—(4/3)*y)
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nhu tai E; = (1,0), tire 1a déu hudng vao E, = (0,1)
nén E, = (0,1) 1a nat 6n dinh tiém can.

Tai E, = (0.429,0.429), ta c6 quy dao cac
duong cong nghiém cua hé trong cac vung
(11,1V,VI1II, IX) nhu sau:

Trong vung (II), quy dao cac duong cong
nghiém ciia hé di tir phai sang trai rdi di 1én, ving
(IV) quy dao cac dudong cong nghiém cua hé di tu
trai sang phai ri xoén 1én, ving (IX) thi chia lam
hai mién, mot mién quy dao cac dudng cong nghiém
ctia hé di tir trai sang phai rdi xoan 1én, va mot mién
quy dao cac duong cong nghiém cua hé di tir trai
sang phal 10i x0én xudng. Piéu d6 ching t6 diém
can bang E, = (0.429,0.429) 14 diém yén ngya va
khong on dinh.

Hinh 4. Qua hinh anh trudng vector ta c6 cach
giai thich twong tu nhu cach giai thich trong Hinh 2.
Tur @6 dan dén keét luan sau:

Tai diém can bang 0 = (0,0)nat khong 6n dinh,
tai E; = (1,0) va E, = (0,1) nat 6n dinh tiém can,
con E, = (0.429,0.429) 1a diém yén ngya va khong
6n dinh

xx, y=(1—y—(4/3)*xz)*y
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Hinh 4. Quy dao ciia trudng vector quanh diém cin bing

Két qua thue nghiém cho truong hop b >
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5. KET LUAN

Su hinh thanh quan thé va sy ton tai lau dai cia
chung bang cach nao d6 c6 lién quan dén cac nhan
t6 gitip chiing 6n dinh. Trong bai bao nay, mot md
hinh dong vat an thit-con mdi duge xem xét voi
nhitng ké san mdi tong quat c6 kha nang thé hién on
dinh sau tham s6. Céc trudng hop 6n dinh dugc phan
tich twong ddi day du tai cac diém can bang ma ca
hai loai cung tuyét ching, ciing nhu tai diém can
bang ma chi mot trong hai loai ton tai. Dic biét, cac
tham sb dugc diéu khién trong mo hinh mét cach toi
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uu dé ca hai loai cung ton tai. D6 1a co so dé nghién
ciu quan the trong thé gidi tu nhién, giup cho quan
thé ton tai on dinh. Cac vi du cu thé dugc sir dung
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ching minh dugc qua hinh anh quy dao nghiém va
hinh anh trudng vector.
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