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A SO FEUR 4% S I HE ) R A A

up — Au = au — buw, ref, t>0,

vy — Av = cu — duv — ev, ref, t>0,

0 0 (1.1)
—u:O, —v—i—av:O, x €I, t>0,

on on

u(z,0)=uo >, 0, v(z,0)=vo >, £0, z€Q

RESEMOFAELENET N, HP QR (n 2 1) P — MR EE KB HRA
C?t0 (0 € (0,1)) KEPDGIFIF 0. FEEFRHAS, Q ARFEHAAR. nhoQ EHH
frgbkia i, B R ¥ a,b,c,d, e Fl a ¥IRHIE. wo,v0 € C(Q) HHIGEFAF. Et 7 HREE 1
PHCG IR, AL (1.1) R T H Kastenberg 1 Chambrel') $2 H # JFARAL /5]
A3 2017 4F 7 H 12 Hig#E. 2018 4F 4 A 2 HUEIEUAE.
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SEMEA N T, RENREC w Ao 2 FR R TR E S AR R . (1.1)
WA BB R T I RE 2P A A BE H AL SOV 5 PR G B AcH:, Hr a >0
AR RE B, Bl F R AEE L T 52 bR i 18 TR

L4k, FE Dirichlet, Neumann SEAR[FERI N FRMAT, HA (1.1) KHABRGE
ZEAMUBIR, W [2-18] 4. [N, ZAFEBITUIR (1.1) B—4E2RURS, W
Lépez-Gémez!® 7, Lilt0], Wang'3=15] F1 Chen!'6-18] 2 iR 423 i K 2 H0Ct 3 B i
WHF Dirichlet IR AR, HA o HTEEBE 4, Arioli®! JEBA T Dirichlet #
FRM T AT LRI 2 /W5 T Y. Loper-Gomezl® FERFFUBAL TS
B, HIHE RS

—Au = au — buw, x €9,
—Av = cu — duv — ev, x €, (1.2)
u=uv=0, x € 8.

BTk,  Lopez-Gomez R T REE (1.2) IEMFHIFAEE R ME—YELER. S,
Antén FI Lopez-Gomezl) gE— R T (1.2) WM IR SIEE, FRELT 5 (6] KU
ik, VAR, ZALAFFERS [5-7) ARAIE T —2B 4 FEM5eE, (8, 9, 11, 18] 4%,
SR, FEFATIR, HIRGHF RO (1.1) MAREAHEI . IEWETSOE,
(L1) FRRGHFRMRR T EMZE LRI, F X T RS IER A e &
WATAT R T WA BE. X BEAESRANUT LA B A 220 i % S W A, i EL RS ik — 28
FE B HER A
BT, ASCHITRIHE RS

—Au = au — buw, x €9,

—Av = cu — duv — ev, x €, (1.3)
ou v

%_0, %jtav_o, x € 0fd.

T, FR(1.3) B — M (u,0) HIERE, #7 u o #2 Q B EREBFE LA v >0, v> 0.
FATREIZ 2 I PRI TIE B A SO TR B4
EE 1.1 R (1.3) A IEMY HAY

0<a< % (1.4)
=, FW o BB, WAFLE (1.3) MR ICHEE S ¢ CRx [CHQ)P%,
e

(a; U”U) = (07 07 O) € €+= ,Pa(’:+ = (O, %),
Hrh P, AECER T

TR, MR TR D C Q kT D Wi Vv, iL A(-A+V,D)
NET —A+V fEFK Neumann AF XA TR EFALE. B, M= A-A,92)=0.
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7 X Banach ZE[H] Y := C*(Q),

ou
E = {ueY.%(x):O, xeaQ},
ou
F:= {uEY.%(x)—I—ow(x) =0, 13689}.

AW FEE TR X = E x F.
2 FEANA
ARTTEIEL HRGE (1.3) FF4E LMY 46 BR .

513 2.1 fRi% (u,v) ARG (1.3) W— P IEM. HEWHE (u,v)
M w>0, v>0H

%
—~
“O
=)
~
—~
£
<
~
RIS
—~
“O
=)
~

a=A-A+bv), |Jv]lo := max |v(z)| < <. (2.1)
€0 d

BE—H, (1.4) BOL.
iE #Fouw=0, M (1.3) /) v- FFEFH

0
—Av+ev=0, T €, a—;}l—i—avzo, x € 01,

BT+ e >0 H —A 7£ Robin A& F A AREME, Fibv=0; 5—KiH, & v=0,
M (1.3) §9 v- FRETAE cu = 0, T v = 0. FJ&, RZ (1.3) ME—IEFLIERA R
(u,v) T Q B
w>0, #0, v>0, 0. (2.2)
HHh (1.3) B u— HREENTF

(—A+bv)u =au, x €, ?:O, x € 09,
n

JIrLLH (2.2), FRPAEE A E— DA FRAE R B SR IEPE TR v > 0 Hoa = A(—A+bo).

R 20 € Q 7 v(wo) = [[v]lo > 0, M —Av(zo) >0, FH (1.3) # v— FEAH

(¢ = dv(wo))u(zo) > ev(wo) > 0.

AT [[0]]oe = v(20) < §, XK (2.1) BLIL.

I (2.1) B ERAEE A AT

0=X <A—A+W)=0a<A—A+bc/d)=bc/d,

W (1.4) IREGL. &5, EAe>0H
{(—A+e)v_(c—dv)u>0, x € (),

@—i—avzo, x € 09,
on
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JIT LA e A T30 1 I R ) SR AR AL R R 0 > 0. JIEEE.

T, A1 HERE R 1.1 59 5T I R A LA T2

B3 2.2 a =0 RN FIUM (0,0) kb4r bk 258 (1.3) IE MM SCARAT it 22 g ME— 43
KSR

it B, (1.3) FhF

(—A+e+1lu=(a+e+1)u—buv, x €,

(—A+e+1)v=cu—duv+v, x €, (2.3)
ou Ov

- = - = Q.

n 0, on +av =0, x €

F A e > 0, JrlA it 4E Neumann IFFFHM4T, B2 Robin AKX MAFT, BT —A+e+1
#Holw, EXHTFT RxX XK

u) —(—A—|—e—|—1)1<

v

(a+e+1)u—buv

cu + v — duv

§la, u,v) ;_< > (w,0) € X.  (2.4)

NRE—BR, WA (-A+e+ 1)~ BERAR A+ e+ 1 £ Neumann HF KA TR
T, R Robin IR THER T B, T RIEMTH HwL

$F(a,0,0) =0, Va € R.

F A B IE U P §(a, u,v) = 0 HHALE (u,0) RARGE (1.3) —M#. dE—2,

v

w0 (1) (3)-canern (727 ) ()

R(a,u,v) = (~A+e+1)"! (buv> .

(a,u,v) = £(a) (“) +R(a, u,0),

Hrr

uv

BOHEIMEEN ccR A
,Q(a) = S(u,v) (av 0, O)

H Ascoli-Arzeld EFEFZ B Schauder fili 1 A] %I
R(a) (:) —(cAtet1) ! (‘”e“ 0> <“) (u,0) € X

c 1 v

" NREVAT, HIER L(a) = Ix — R(a) BH 0 FEHRHT Fredholm FF, Hrr Iy ¥
AN X B X BERE T

4
- _dag, 4 (1 0
L0:=20), L= (0)=~(-Ate+]) (0 0).
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A BLTH TR Lo YA ZETE] A

N(£) = span{(1, (—A + 6)71(0))},

Horf 1 BT A= 0 (HTEA A IEERHER R, (-A+e)™" & —A+e fE Robin i1
A TR
HATER

WAL v e B, f#15
—(-A4e+ )" ) =u—(—A+e+ 1) e+ 1)u].
H 6 [ LE U T %0 w € E N C249(Q) H
—Au = —1, x € Q.
M1 RLIBSERX, RIFE Q ERDFE [ 1de=0. FJg. AT (2.5) BAL.
HF £o & 0 845 Fredholm 7, #K

L1(N(£y)) ® R(£o) = X, (2.6)
X5 4fJ& Crandall-Rabinowitz 73 ¢ 8 P [19] BF 75 (UAEBUR . T, HiZEH I Ha=0
J AP FLAEE (0,0) &bk i R 5T (1.3) IEAR I SEREAT i 2209 — 0 B 220

THESHUH o = 0 FyME—HE.
OB RAAEZR a € R, F74E (2.3) BIIERTFH {(an; un, vn)}, B

lim (an;un,vn) = (¢;0,0) € R x X.

n—oo

Wi (2.3) B u— JrEETT 7

Un Un Un

(—A+e+1)—— =(ap+e+1) -b Uns x € 9,
oun,
— =0 oN
on s S R
S
Up

=(ap +e+1)(-A+e+1)7!

—b(~Ate+1)"" ( IIUQZTIOOU")

Un

[l oo

lln oo

:(e+1)(_A+e+1)*1”u“’|l| +(an —a)(~A+e+1)7"
Up, Up, )

a — buy,———

|l oo

+(-At+e+ )7
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HE (2.0) A (—A+ e+ 1)} EFFK Newmann R AT ER, TAGE () i
A (RIEH B ), BRI 6 € B ] = 1, BE

[

lim u——¢>>0

n—00 |[tp || o

FEHAF 4L n — oo AR
p=(e+1)(~A+e+ 1) +a(-A+e+ 1)1,

Ell
—AY = ar, x €, 2—1/:
M a =0, X5 a#0 FJE. IEE.

A (2.6) AT H [20] & XAARECEE (L] R x([L(a);0] = 1. H [20, i
12.3.1] MHSH o B 0 B, BEEL ind(L(a), 0) K= AE2RAL; FRE [21, @2 6.2.1] W1%
(2.3) FEF AR PHERSE Co, BWEE (0;0,0) € €. AR 4E Rabinowitz(22) (¥ B00 43 B FE A,
£ (0;0,0) AR €0 A THEE ¢ F1 ¢p AL, Hri o HIEMMA, ¢ H
R, SR IEGD [21, 23] 48 H 89, R4S ¢ 12 Rabinowitz 42 F4r I EH [22]
R, (HJ ¢ RUWER. FAEH (23, @8 11 R EMN —N2RERS X ¢, B
/2 (0;0,0) € €. THE, FITEHIIE (23, EH 1.1] B4

H5IHE 2.2 MR RE AT A (2.3) MR T § A, Bk

=0, x € 0f.

£(a) (Z) + R(a,u,0) = 0, 2.7)
. BLEH £(a) & 0 F84RH Fredholm FF-. #—H, HEHAT L(o) &5, BIER
dimN(£(a)) > 1 (2.8)

) a € R M BUA SR A RBHET. FEE,  (2.8) MOLE BAUAAFE (u,v) € X\{0}, 77
(—A+e+1lu=(a+e+1)u, x €,

(—A+e+1)v=cu+v, x €,
ou v
%—0, %—i-av—o, x € 0N.

HR u=0 T

0
(A +ev=0, =z, %—!—avzo, x € 09,

B v =0, ABLAH u# 0. AT (2.8) BOLY HALEY a & —A £ Neumann A F KM T H)
— AR, XRAME L(a) THH o € R MR HESREEL, B 23] & (HL)
WE. B, ReCRxXX)EAFEERRNA

lim R(a,u,v)

———— = 0.
() =0 [|ulloo + [|v]] oo
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T2, (23] (9fRiE (HR) Wi e, &5, SIFE 2.1 {R3F 732 [23] R (HP) 2% 2
By, FHE b, #FH Py M Pr 43 0lFER E A F PIEGARER R, W X B —NF
J¥ Banach %5|f], HFE&H P:= Py x P A5, W53 2.1 W04

(a,u,v) € [R x (P\{0})] N §~(0),

M uw>0 K v>0, M (u,v) € intP, RTTEE (HP) AN L.
ZRG M 2.2 EF T E X HET R(a), HEA A AMERIE o = 0 2HE 1 BCH
R(a) MFEME, EX R IERMERE M — S 80E. A,

N(Lo) = N(Ix —R(0)) = span{(1,(-A+e)"'(c))}.

A, R R0) £ RO)(P\{0}) C intP = intPy x intPr B X TFAEMRIEN (W [23,
(L4)]), (HRXEEA a > 0, A

R(a)([Pn\{0}] x [Pr\{0}]) C intP = intPy x intPg. (2.9)

FxEE, MEEWL o> —(e+1) B a € R(2.9) AL, FFHIHL, %4 a=0BITREAL.
R LAPRILE (23, 8 L1] ;AR &2, 4G (23, B 1.1] 553 2.2 3.

513 2.3 fA7E (1.3) IEMH— N TEAEE DL ¢y, R (0,0,0) € &, HFHIMER
() a#0, F (a;0,0) ¢ €.

& 2.1 EERAEME TR R REAT T BN, B [24-29] 4.

3 FELERMVIHA

AFE 1L IR BIEE 2.1 BAER T A&MF (14) BB, Bt E B IEm, 3
MTRTUE o = % JE A TCIE A =48 4 B M — 43 B S 400 (.

B (14) WA Py R, XHEN ¢ FRx X TR, Bl (2.1) RIEFAEIEfET 5
{(an,un,vn)} CRx X, ffif§

lim ||ty |leo = o0.
n—oo

BEAh, H (1.4) MAFAE {an} BELTS (HIE N E &), 77

b
lim a, = a* € [0, ﬂ (3.1)
ZS
u v
Uy 1= ——, Up 1= ——, n>1, (3.2)
i
(—A+e+1)u, = (an + e+ 1)u, — boyy, r €,
(—A+ e+ 1)v, = cu, — dvy Uy, + Uy, T €1, (3.3)
aU"—O, %+a@n:0, x € 0N.

On on
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B (2.1), (3.1) F1 (3.2) W40 (3.3) HEE—ANH A WA L°(Q) FAR, INH L it
[30] HIMHAEZ M p > 1, JFF) {0,.} £F

W2P(Q) = {u € W2P(Q) : %(m) -0, z¢ 59}

AR TR, FE () 75 e B &) k34U e B, 74 B oL

lim @, = a. (3.4)

n—oo

B2, MAEGR p > 1, 8 (2.1) TR {va} ££ LP(Q) FH, BFAEHE T (ThE A EH H)
B v e LP(Q), [HARLE LP(Q) HH7 21T S5 USSPk UL

lim v, = v, (3.5)

n—oo

T4 [31].
HHRLIR R o € C(Q). il ¢ Lk (3.3) HH{E—ATiR, I Q BRI

/ Vi,V —an / G — b / Onind
Q Q Q

:an/ ﬂn(b—b/ vnﬂd)—b/ U Uy, — )0, Vn>1.
Q Q Q

FEMR 4 n— oo, M (3.4) 1 (3.5) TT7%

/QVﬂngza*/Qﬂ(b—b/ﬂvﬂd).

X R u S E
—AU = a*u — buu, x €9,
o (3.6)
@ =0, x € 0N
on

f—A 5. B, il =1 HudER. mWEIERY, o W>P(Q) = (3.6) £ 5L
BCT iR, Ho AMRET p> 1 Bibue N WP(Q) & (3.6) (— 3R T2, i

p>1
FEAFEE A M — T 15

a* = AN—A+ ), u > 0. (3.7)
I, A8 (1, 1) AL
—Ap =np, x €Q,
{ a—<p+ag0:0, x € 09 (38)

on
M EFFEMES ERFEREL, HIFRE 01 >0, lloillo = 1, M (3.3) f58 ZAJ7 2 ] i

—/5nAcp1 :c/ Unp1 —d/ UnlnP1 —e/ﬁncpl
Q Q Q Q

:c/ Unip1 —d/ Vp 1 —d/ Un (Up, — )1 —e/ﬁncpl, Vn > 1.
Q Q Q Q
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A n—oo, HT lim v, =0 F Q E—H o, #

/ u(z)p1(x)(c — dv(x))dz = 0.
Q

ThE, 1 Q FILPLLELE v =g, X45E 3.7) 4& T

a*:)\(—A—I—%):%.

B ERRR, o= b B NTCEA A A B — B8, B PaCs = (0,1). JEHE.
4 IEfBRYEREITS

ARG o — % 0f, HERL (1.3) EMAHLT Y. EELRIT:
EE 4.1 IMEHH a € Paly, % (a5ua,va) A (1.3) B —A IR, 1T

lim ||ugl|oo = o0, (4.1)

a—a*

Heror = & WASGE=80% 1, WE Q@ LSS lim u, = oo, FFHMEHE
p> 1, 48 LP(Q) HA 21T S5 S A AL

I c
1m v, = —.
a—a* @ d

i R {(ansun,va)} C €4 04 (1.3) BIIEREITS, (E75

lim a, = a”, lim ||ty ||eo = o0.
n—oo n—oo

Midy (3.2) ARRMT 28 L1 PR BTN RE E F, F

u —~
lim —— =u>>0,

125 Tunll oo
I ELAE LP(Q) A7 8B IR A L

) c
lim v, = —,
n—oo d

Hor u BXTRF o = M- A+ %) (EFMERE, THEAER (). = 1. BHR LR
SRR T IMAL, e E b saL

. Uq, ~
lim =u,
a—a* |[uglfoo

HAE LP(Q) i 2 55 e S5 vk o -

I c
1m v, = —.
a—a* e d
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BIG, DUy =1 MY a—a B, — >0 MITH (4.1)5I95[]¥|a—>a* B, f7F
Q

#ﬁﬂ&EJL%MMMHamﬁﬁ-

41 EFE 41 REALERNHEARE o BT RE S B, RS ERS
KSR

& 4.2 HHFBEABRFDFARE R TAETRARENEE, NHEE%R
P EAT O 19 18 24 30 R A A 57 K Neumann 35 5% 4

ou v
S EEA S e 7, AR B F AT =45 FX T Neumann 71 555 (4 (1 AL
(1.3) {583
i 4.3 Biel'? BFFT T A
u — Au = au — buw, reN, t>0,
vy — Av = cu — duv — ev, reN, t>0, (42)
ou v 4.2
%:0:%, red, t>0,

U(%O):UO , §_£07 ’U(zao):vo >, §_£07 z € )

S, Ho
(u*,v*) = (u*(a),v*(a)) = (ﬁ7 %);
FEHY (14) B (07, 0%) BARWHEREN. &5HRiE

aiig/d(u*(a),v*(a)) = (00, ¢/d),

XA T R H 4.1 iR
2 F X MW
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Global Bifurcation of Positive Solutions of a

Mathematical Model Arising In Nuclear Engineering
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(College of Mathematics and Information Science, North Minzu University, Yinchuan 750021, C’hina)

(E—mail: ruipengchen@126.com; liwiaoyacrp@]t?f)’.com)

Abstract In this paper, we investigate the existence of positive solutions of a mathematical

model, which arises from nuclear reactor dynamics and has heat exchange with the outside.

The model is introduced to study the interactions between the density of fast neutrons and

the temperature in the reactor. From a mathematical point of view, the importance of this

model relies upon the fact that the associated variational systems are of non-cooperative

type and, consequently, the comparison techniques available for cooperative systems fail to

work out. By applying the bifurcation theory, a necessary and sufficient condition for the

existence of positive solutions is obtained, and the global bifurcation structure of positive

solutions is established. Meanwhile, the asymptotic behavior of positive solutions is analysed

carefully. Our results enrich and complement those available in the literature.

Key words nuclear reactor; positive solutions; existence; asymptotic behavior;

bifurcation theory
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