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B, AR AR R R T L B AL, 58] 7R A AR 2R R AR FRUE N IE AR
Rz AF.

ABSEAE A — AR A DX, (RIS A R = A AR DR, X = A A= M R B E 57K Dirichlet 1 57 2%
PER I - R AR Ry

C1%
_Ax:x(al—x—bly—1jrgy),t€(2,
ng
—Ay=ylag—y+—22  Hyien,
y=ylo2—y (1+c:v)(1+dz)) )
bg.’E
—Ar=zlag—z24 —3T  Vien,
2= A ) T ey
r=y=2z=0,t € 0.

HNRRMFRIE FH X, LHONRNIEHE AK, AkLaplaceE F, o2 BIHAIEE, y& 58
—HEHENEL, 228 HEENEE, B rnEHENEKREE, RS —HEH s
B, as RN I EH R KERE, by, e IR — A i & R B EALE, by, b7y
Al S — R A WA IR, d, e A NER — UL i B FH LTI, &N |
YN AL T 1], R Xﬁ(l—l—cx)(l—i—dz)’ (1+w)(1+ey)ﬁ&ﬁ@£& BRI H 2 8a;, by, e1, ¢, d, e(F
Wi =1,2,3) 2 IESEE, ILRy = as + beay, Re = a3 + bzay.

§2 T KN

WER— Banach®[f], E = E; x By x By, XHE, = {z € C(2) : x(t) > 0,t € 0},
Ey(2)={2cC' () :2(t)=0,t € 2}; E=Eyx By x Ey; Dy = {x € C(2) : x < ay + 1},
Dy={ycC(2):y<Ri+1},D3={2€C(2):2< Ry +1}, D = {(x,y,2) € D;®Dy® D3},
S ={(z,7,0) € D1 ® Dy ® {0}}, Hrz, y it

— Az =z(a; —x — bry),t € 2,

2L
te 2
) te 0, @

—Ay=ylaz —y +
r=y=0,t€dn
I .
SIEE1I9L BN (p()) N FE—Ap 4+ plt)p = Xp, t € 2, ¢ = 0, t € ORI EFFALAY,
TN (p(t)) 75 FE B T BLAFAEAE, FLAFAEAEN (p(1)) 5% Tp(t) RIEBIG I . SEBAI AL, 12X (0) =
A1, ZITRENS BEHIRFIE R B o1, Hepr > 0, ¢ € 2, [Jo1]|oo = 1.
SI1¥R2P  p(t) € C(2), MAZAIEEE, Xt € 2, —p(t) + M >0, Nl
(1) =M(p(t) < Off, Hr[(—A+ M)~ (=p(t) + M)] > 1
(i1) #Ai(p(t)) > OB, Hr[(=A+ M)~ (—pt) + M)] < 1
(i) =M (p(t) = O, Hr[(=A+ M)~ (=p(t) + M)] =
313830 AT — G'(u), fEE, LRATHR, N
(1) HAG (u) BT, WA indexE(G, u) = 0;
(i) MG (u)BA o FmI, M indexE (G, u) = (—1)7, KA p2G (u) A KT 1HRHE
B ARBCE H e AL
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51340017 Az = 2(a —bx), t € 2 ;2 =0,t € 0R. Fa < Ay, Wiz RHF N
fifte = 0; #a > Ay, WIZTTREAFAEME—IEARO 40y, HO < 0rap) < §. b =1}, 120,,1) = ba.

RUAE—E 26T, RG (1) AT REAEAE L T AETRE, i@ “F MLAE(0,0,0); @ 551 ML
fi#t(x,0,0), (0,y,0), (0,0,2); ® #¥F  L#(z,y,0), (0,y,2), (x,0,2); @ IEfE(x,y, 2).

Mag > Ai, a3 > M, THE-Az = 2(ag — 2 + (1%02)0%), t€2;2=0,tc oNE
—IIERR, 1082, RIETE—Ay = y(ay —y + (Hd")fiH(,)) te Ry y=0,tecoNRMME—HIE
#, 18R, 1Ba2 = M (— i) @8 = M (— S i)

B9 B4, Gkl 45k,

SIE5M May > A\, ax > A, az > A B, RS (DAFET FF JLAE(0,,,0,0), (0,6,,,0),
(0,0,60,,).

136! (2, y, 2)RRG()MIEM, WHa, > M\, ag > ag, az > az.

W O (2, y,2) RGN IEME, WH()A-Ar < ayz, 7772 WL R KD, 3K
By, HGreen A X, W43 [, |[Vz|?dt < a1 [, |z[*dt, X HPoincare A% X, 13 [, |[Vz|?dt >
A1 fQ |z|2dt, Bl Fa; > Ay, XH(1)F

ng
<A — _
0= Aaz —y+ (1+ cx)(1+d2)

b20a1

<Mt G g 0T

)s
Hlas > ao. [FHas > as.
EE1 ¥ (2, y, 2) MR FYERIER, WZIEM#HEr <04, <a1,y <y < Ri, 2 < Rs.
W HO)PIE—NHE, o ABERRRERE, Ffillar > x4+ by +cz >z . X0, 87
FE—Az = x(a) — o) WIEAE, HACKMEE R, 5IEAR N7, We < 0, < ar.
Ry < as + ﬁ <ag+br < Ry, 3y <y < Ry. XN—Az < z(a3—z+bzay) =

(1+d=z)
Z(R3 — Z), CIEES <z< R,.

§3 EELEE SAUEW]

HEFLA, W (2,y,2) € DNRFEQ)FUERIENIE, £ (x,y,2) € D, X R KIIEREH M,
R x(ay —x—bry— fjryez)—kMx, ylaa—y+ %)—kM@/, z(az— 2+ 7(1+Cf§’(ﬁ+ey))+Mzi’;j
SRR

Xt €[0,1], G, : E — E, 52 LB

1Yz
lor — = by~ 22 ) 4 2
b
Go= (A4 M)~ | mylas —y+ ——2——) + My (3)
iz (1+cx)(1+d2) ’
b
uz(as — z + Ch )+ Mz

WG =Gy, HRGNEHE T, NG : D — ENESA I HE T
SIFR7 2 Hay > A\, ag > M\, WA
(1) degE(I —G,D)=1;
(i) Hay # M, HindexE(I — G, (0,0,0)) = 0;
(iii) Hay > /\1(—1122%;;), az > Al(—lbjfg;)aﬂ‘, #indexE(I — G, (04,,0,0)) = 0; May <
b6,

M (1) as < M= 1”;5;;1 )if, HindexE(I — G, (6a,,0,0)) = 1.
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iE (1) 00, BARGREAAI AN, SMERp, &G A RRITE

C1z
—Ax—,ux(al—x—bly—ﬁ),teﬁ,
bQSIJ
— Ay = - — ) te N,
v = myas y+(1+cx)(1—|—dz)) (4)
bgl‘
2= pzlas = (1+Cl‘)(1+€y))’te ’
r=y=2z=0,t€dN

ffg. tEBELEN, Xp e [0,1], G—Eilixr < a1, y < Ry, 2 < Ry, MG, AN b EVEEDN,
H B2 [ AR, degE(I — G ) AHRIR T 1o, R4 STHR[21] T8, Rtk
degE(I — G,D) = degE(I — Gy, D) = degE(I — G, D).
Mp = OFF, 772 (4) RAFFUAR, FrbldegE(I — Go, D) = degE(Go, (0,0,0)).
B (3)7E 1i(0,0, 0) A M Fréchet F4L, A

5 #E2-51 33, Al fHr(N) < 1, FTbAI — GTEE(0,0,0) L2, HNTEE(0,0,0) EHE Aotk
Ji,

indexE(I — G, D) = indexE(Gy, (0,0,0)) =1

(ii) HH(3)7EA5(0,0,0) 4 fFréchet 531, H

a1+M 0 0
G'(0,0,0) = (-A + M)~ 0 a+M 0 ,

0 0 as + M

N = G}(0,0,0) = (—A + M)~

o
= oo

NIEHETT - G'(0,0,0)7EE(0,0,0) b2 mrag ).

BBe(E,n,5) € E(0,0,0), 1G'(0,0,0)(&,m,6)" = (&n,9)", WH-AE = ai§, t € 2
fltcon = 0. HE # 0, Har = N1, Hay > MFJE, rbhe = 0. By =0, ¢ = 0,
I — G'(0,0,0)7EE(0,0,0) 2T .

May > My, B2, Bry, = r[(M — A)"Har + M)] > 1, Hro ZET(M — A)~Hay +
M) RGAE B, 1205 AIE 8 T 68 B2 B RS AT B8 20D 9o > 0, Mty = S, W20 < 1o < 10,
(I — toG'(0,0,0))(0,0,0) = (0,0,0) € S(0,0,0), H5IH3, AIEG(0,0,0) B atE R,

indexF(G, (0,0,0)) = 0.

(i) Hiay > M (— 1), as > M (—aeg=) M, H(3)%
ay — 29(11 + M —blﬁal 0
_ b2l
G’ (04,,0,0) = (—A + M)~* 0 az + i + M 0 . (5)
0 0 a5 + rig + M

B 5 B3, RBL( i) T3 TG (0,,,0,0)fEE(0,,,0,0) L&A1, H HG'(0,,,0,0)fEE(9,,,0,0) 1
AAH oM, MindexE(G, (6,,,0,0)) = 0.
[BBtas < M(—1o)s a3 < M(—1iggi). 184 = (=A+ M) as + g + M), 3|

240, r(A) < 1, ATLAG! (04,,0,0)7EE(6,,,0,0) EEAH o, MAFE < 7 < 1, &(o—l, 02,03) €
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E (0,0, 0)lEf3(1 =7 E(0ay,0,0) (01,0, 05)) € S(0a,,0,0), MH 02 —7(— A+ M)~ (as+ 10g+
M)oy =0, WL > VREFAM—MRHEE, N5r(A) < 17 &, BTG (0,,,0,0)7EE(6,,,0,0) |
AEBA o, E&mdexE(G, (64,,0,0)) = (=1)7, HH1BZG (0,,,0,0)FIFTA KT LHIRHEE 1A
HAn,
LG (04, , 0, 0) I —MRFEME, HoXS R RSIE R BN (€, n, )T, WA

— AL+ ME=1(a1 — 20,4, + M) — 1b104,1,t € 02,
— An+ Mn = 7(ag + 1129:0 + M)n,t € 0,

b30a1
1+ clq,

— Ac+ M¢ =1(as +

+ M), t € 02,

E=n=¢=0,t 0.
#in # 0, H(6)7T 15

0> M(M(1—7)—7(az + b20a,

e ) > Mt ) = s )
Fiblay > M (— i), Gas < M (-~ g ) FJE, Fibhn = 0. FEFS # 0, H(6)H
03 (M1 = 7) = oy + T2005) > Ml + 7)) = s + i~
Fblas > M (— gl ), s < M(—rieg ) T JE, Millis = 0.
N HEHA, 0,, < a1, WH(6)1F
0> MM —7)—7(ay —204,) > M(—7(a1 — b4,)) > A (— ( —04,)) =0,
FIE, WG (0a,,0,0)2 %A KT 1IRHRHAEE, FrllindexE(G, (0q,,0,0)) =
SIS (1) Yar > MBaz # Mi(—1201), a5 # B,
War > \8asz > A\, WHindexE(G, (6,4,,0,0)) = 0;
WHay < A1, az < Ay Has < A\, WHindexE(G, (6,,,0,0)) =
(ii) Wag > A1, a1 # A1(b104,), ag # A1.
#Fay > M Baz > A, MindexE(G, (0,6,,,0)) = 0;
#ar < A\, Haz < A1, WindexE(G, (0,60,,,0)) =1
EE2 (1) WRar > M\ (b16a,), a2 > A1, ag > Ay, WA (1) DAFFESLAF i
(i) Wia; > A1, @z < ag < A1, ag > A, AR (1) DAFESAFAR.
WE (1) BOsiERL (1) AR AA MR, W 51 BE7-5] B8] 15
1 =indexE(I — G, D) = indexE(G, (0,0,0)) + indexE(G, (0,,,0,0))+
indexF(G, (0,0,,,0)) + indexE(G, (0,0, 2)) = 0,
A G, B DALY (1) 44 58 A7 7 L A7 A
(i1) BB AL (1) A IEAF R, W B 5] #6- 5] 3715
1 =indexE(I — G, D) = indexE(G, (0,0,0))+
indexE(G, (04,,0,0)) + indexE(G, (0, 0,,, 2)) = 0,
RO G, BT DA (1) 40 58 A7 18 JE A7
EHE3 TERF()H,
(1) Bay > A1, a3 > A1, as < @z, WIZ RS A IEfF.
(i) %az > M\, @2 < ag < A1, FEFE G Ma; > a; > M, WZREZRDHE—AIE

b30a1
1+ clq,

);
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fift; Mar < ap < MBI, WZ ARG A M.

W (1) B RG()FEIER, HEl 6 Hay > a2, S5 CHas < ax A&, FILLRS(1)1%
HIEf#.

(i) HEH, May > ap > M B, HER2R S R4 (1) 2 /DA — A IEfE.

Yoy < ap < M, RE RS (DAL, HEIE6R Ha; > Ay, 58 Ma; < @y < M),
ARG (1) % A IEf#.

EH4 ERFA)TF, Waz < \i, a3 > A\, WRAFEe > 0, )\ < a1 < A\ +¢, ¢ > 0B,
Mz R G 2 DAFE— AN ER . PR, F208 I IEAR.

W HEE R, RFFIEZ RS RS dRR IR ZRPERIRIT]. Rz, BRIRIER
G i Ear,; — AT, ci — ¢ >0, ag; < A1, (F13(&, mi, o) MBI B R E [ IE AR, ) — &

F7tE;, Re(vi) < 0, (&, mir i) # (0,0,0), 16172 + lImall7e + llill7. = 1,

— A& — (a1, — 22 — by, — ffﬁ;i)& + (b + (1041_2:)2)771_ + ff;yy: G = Vi, t € 12,
- Ani = 1+ cl-xi);y(zl +dz; )f (a2 =2y + (1+ cszf)x(zl +dz;) Jnit

1+ clb;iaayjk de')ng =t € 4,

—Aa- (1+ cixlj;zél + eyi)& * (1+ cszgle)?lle— eyi)zmi

(a3, — 2z + i+ szbj)?l Few) )Si = iSist € 2,

&=m=q=0,t€0N

(7)
Lo, dEE LRI B3I RIO < ; < 0, ,, fa; — 0.

P _ b20a; ; lloo
ﬁﬂﬂ(l)ﬂﬁe‘yi <y < Op,, HPR, = az; + (1+C”6a12iIloi)(1+d‘|2‘lw). Ehyi # 0, ﬁaZi +

b2‘|0a1 ZHOO V=] bZHOa ”oc +
: . A, A8 — L.t . as; < A1 ar; — A
e, T > Ao TRA = e sty < e < e Xaw = A

Hi|0a, , lloc — 0, FTEhaz,; — A1, FFH R4 Fy; — 0.
R AT < 2 < Ory, 2 — 5, KRy = a5, + e,
X = o= RS (DA -AX; = Xi(ar; — 2 — by — Tl te 2, X, =0,t€00.
HiSoboleviik A\ i€ B kLAl i, 9X; — X > 0,# 0, HHarmack A%, X > 0, ¢t € 2.
ECHH, BRIR, 13 25— — vy AR S

Lx; = ni(vi+s;) cos By, yi = ni(v1+1;) sin 3;, HH 3, € (0, %), 8 —0,1; =0, (v1,84)2 =0,

— V1.

(v1,li)2 = 0, Hn; = ||UH1Z~£!1H2 + \lillﬁ‘ll:%ﬁz — 0%, 138G, mi, i3k §rﬁ¥/\%”jj€u i, Sir W
H(7)4%
C1Yi%i C1T;%;
v = /Q V& |12dt — /Q(au —2x; — b1y — 1:_ )|§z|2dt +/ (brz; + (1‘1*‘7@9)) ni&idt+

Y bez P

box; / badz;y; _ / 2
i — 2y + i|“dt + inidt + Ag|"dt—
/Q(az’ Y (1+Ci$i)(1+d3i))|n| o O+ )1+ dz)2 9| !
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bSZz b3€l‘iZi _
dt iGidt—
/Q (1+cz;)?(1+e )&qZ * / (14 ciz) (1 + eyz‘)zmgZ

b3l‘i
i — 2% ;| 2de.
(a3 z + (1+Cm)(1+6 1))|<|

%HRG( ) < 0. EELOOE/]'T$T+7 T{ﬂfhnhgﬂjﬁﬁ, T‘Lx& — &n — 0,6 — S, )I_I\IJXj‘( )Tﬂjm
U PR, AT 15

(8)

— AL =& =t e L2,
—An—Mn=n,t €,
— A¢ — (a3 — 22)s — b3z = 75, t € 02,
E=n=¢=0,t€ 0.
My L. #HE =0, H—As — (a3 — 22)s = s, Filly > Ai(az — 22) > 0, 5Re(y) < 0&F &
(¥, FTBAE # 0. Hy = OFF, H1(9)AI1FE = myvr, n = mavy, ¢ = (=4 — (a3 — 22)) 7!
Horbmy, mo NS H (my, ma) # (0,0).
H1(7) fKato's 145 5UF5
— Al < *R€(|m| An;) < (az; — 2y +

9)

(bgémlvl),

box;
(1 + Ci.’lﬁi>(1 + dZZ)

)nil + Re(vi)|nil+

b2yi dbgl‘iyi (10)

(1 + C'Ll'z) (1 + dZ»L) |§Z| B (]_ + szz)(l +dz )2 |§i|-
(1P e B, 508 (10) TP I - By, U1

ngz
bax;

i — 2y iy dt Dy di
/Q(az’Z vt (14 cizq) (1 + dz;) JImilysdt + /Q Re(vi)lmilyidt+
bay? dbox;y?
- <
/Q (14 cizs)?(1 + dz )|§Z|dt /Q (14 ciz)(1 + dz )2\§Z|dt
b2x7,

i — 2y; + iid+/Riiidt+/bz'2idty
[ (o= 2+ e+ [ ReCulndudt + [ bl

/ yZ|ni|dt < bz/ yZ|n:|dt + Re(%)/ |ni|ysdt < bz/ y7|&|dt, (12)
Q Q Q Q

HIES)

Hp

S o < [ (it
PRI IR, 73 [, v3 |n:|dt < by [, vE[&[dt, 2amy # OB, Hma| < ba|ma|, Emy =1, W& = vy,
n = hvy, ¢ — (7A ( asz — 22)) (b3zvl) = Rav;. —I/\fz = U +§z: i = hz(Ul +771)v i
Hi(v1, )2 = 0, (v1,7%i)2 =0, & — 0,7 — 0, by — h .
B (7) IS — N FE P I3 By, BURA 23

C1Yizi
—Ai dt = P i—b i — idt—
/Q( &)t /Q(al, 2z 1Y 1+6yi)v1§

C1T;Z; C12;Y;
bix; + ———= )n;v;dt —/ g;u;dt +/ & dt,
/(2(1 (1+€yz‘)2)n ol+tey 975 '

(13)
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JiTA

)\1/ det:au/ U%dt—l—’yi/ v%dt—
Q 10 2

(14)
C1Yizq C1T424 C1ZiY;
/Q( x 1y 14—eyi)v15 _Q( 1 (14—eyi)2)77 vl P 1+ey¢<v1
]
(al,i — )\1)/ U%dt + ’)/1/ ’U%dt =

C1Yizi C1T324 C1Z5Y;
2x; + biy; ;dt biz; + ————= )n;u1dt ;u1dt.
/Q( i + by + 1—|—eyi)vlgl +/Q( 1% + (1+eyi)2)77ﬂ)1 Jr/g 1+eyi§lvl

Frx; = ni(v1 + s;) cos Bi, yi = ni(vy + 1;) sin BARN L, BAER Chn,, FHERIR, 3, — B €
0,3], \ s
. ai; — A1 Yi 219, . e C1zsin
Zlilﬁlo(inl + nj) /Q vidt = /9(2 cos 3+ bysin 3+ [ps— enyor s

c1hzZcos B8 c1R3 cos Bsin B (16)

3
(I+envisinB)?  (ving)~ 1+ esinﬂ)vldt'
X TR (D)8 — A IR — Az = il — a0 — buys — S22 FTAIRE Ln, cos 3, T
Ploy, R, A
)‘1/ vidt = @1,1‘/ vidt — / (V1 + i) (2 + bryi + 101%‘21' Juidt. (17)
" @ 2 + ey,
A, = ni(v1 + 5:) cos Bi, yi = ni(v1 + ) sin By, ARNQT), PILFIE ER DAn, BUBBRAS

bihcos 3 +

. ,a15— A1 2 ) c12sin 3 3
1 ’ dt = b ————uydt. 1
zglc}o( n; )/Qvl /Q(C()Sﬁ—i— 1sin 3+ 1+ en;uy smﬂ) (18)
1 (16), (18)15
Yi 9 . c1hzcos 3 c1RzsinfBcosfB | 4
lim — dt = bih 1dt. (1
o0 n; /Q u1 /Q(Cosﬂ ouhsinf+ (I1+envysinB)?  (nv1)~1 +esin ﬂ)v (19)

FFH (D) -Ay; = yi(az, — vi + M%)E’JW? T [FIS B Bhng, sin 6;, B3 Loy, FE3R
B

29, ) 29 o bax; 9
A1 /Q vidt = ag /Q vide /Q(yl AT em)( T dzi))vldt' (20)
P RNk PAng, E&*&ﬁ)\ﬁf‘% b con
a2 — A1 24 . 2 COS
zljgo Con, / = (sinf = (14 cvin, cos B)(1 + d2) ) / vdt. (21)

n;
W Aas; < A1, #B # OFf, e # oo, Hh; — h = O, EE(19)H lim w Jouidt =
Jo(cos B+ M) 2dt > 0, HRe(y;) < 0FJ&, Arbhh # 0.

vin;)~l+esin g
XF(7 )B’Jkk*/\ﬁﬁﬁ’ﬁﬁlﬂﬁu\yu KR

bzy / bax;
/Qy 4 /Q(l—i—cixi)2(1+dzi)£ Q(“Z Y (1+cixi)(1—|—dzi))yn

dbzﬁﬁz‘?ﬁ /
L sdt + iYinsdt.
/Q 1+ ciz)(1+ dz)2” L

FEEI(L), PIIATRLL,, SR

baz;
/Qy n /Q(az, i + (1+Cixi)(1+dzi))yn (23)
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H1(22)-(23) 7] 15

/yzn'dtzf by &dt—
ot o (T+cx)2(1+dz) ™"

2
de/Q (14 cizi)(1 + dZi)zgldt % /Q yiridt.
PRI IFIEF B LA R (ng sin 3;)2, BUSERS, T4
1 VP “ 1
2dt < Re(+)b / : dt - / Tdt. 25
/Qvl _Re(h) ? Jo U+ enjuy cos B)2(1 + d2) +Re(ni) osinp ! (25)

H(19)A lim Re(2) [, ogzvidt > 0, 5FERe(y;) < 0. EEAFHE.
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N ERFRFF AR E 2R, SRR AR P EM AR T K4, X T =
TR - £ 1H R G AE ST X DirichletiH T, 7E3H & — & B N RER AN, E—E, 2
SEME ZEME A BEE N AR T AR, AR LR, ARSI R RR Y, RS (1)EH 2L
BT, BOFE—NERI . SR, Fos W IEE, SO =R A — AR — R RE
BAFENT TN E, AL KA.
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Stability of positive solutions for a class of three-species food chain

models
DONG Biao
(Department of Mathematics, Aba Teachers University, Wenchuan 623002, China)

Abstract: This paper studies the stability of positive solutions for a type of three-species prey-

predator model under homogeneous Dirichlet boundary conditions. Utilizing the Fréchet derivative,

the maximum principle, the method of upper and lower solutions, the fixed point index theory for

linear operators, compactness theory, and the homotopy invariance of degree, the paper discusses the

conditions required for the existence of positive solutions for this class of food chain models. It provides

the conditions under which the system has a linear, non-degenerate, and stable positive solution under

homogeneous Dirichlet boundary conditions.

Keywords: response function; fixed point index; stability; food chain model
MR Subject Classification: 35B35; 35K57



