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(
um

m
)t = uxx + k(un)x + ulf(u), (1)

���
m, n, l �u�u�u� 3 �u�u�u�u��� m < n. �u�u�u�u� xuyu�u� (A) �u�u�
(A) f : [0, 1] → R �u�u� f(0) < 0, f(1) = 0, f ′(1) < 0; �u� a ∈ (0, 1), �u�u� u ∈ (0, a)� � f(u) < 0; � u ∈ (a, 1)

� � f(u) > 0.~u�
(1)  u¡ |u} � zu{ �£¢u¤u¥u¦u§u�u¨u©uªu«u¬u­ � ¦u®u¯u� {u° �u�u«u±u²u³£´uµ x¶u·u¸u¹ �uºu»u�u¼u½u�u¾u¿uÀu�:¼u¢u¤u�:¼uÁuÂu¥u³:�u¤uÃuÄu«u�:ÅuÆu©uÇuÈuªu« zu{��ÊÉ ¦

®u¯ {u° ³�� (1)
� �uÁuÂuËu�uÌ ( Í k=0)

� ��ÎÐÏÊÑ [1] Ò vuwÔÓuÕuÖ �u×uØuÙuÚuÛuÜÔ�u�
�u�u¡uÝuÞußu³ M.A.Herrero ¡ J.L.Vazquez[2]

vuwuÓu~u�

ut = a(um)xx − bun, a > 0, b > 0 (2)

�u¦uàuáuÛu�u³ A.de Pable ¡ A.Sanchez[3] Ò vuwuÓu~u�

ut = a(um)xx + b(un)x + kup, x ∈ R, t > 0 (3)

�ãâãäãáãÛã�ã³ sãtãvãw�å (2),(3) æã�ãÞãçã� ~ã� (1). èãéã� Q = {(x, t) | −∞ < x < +∞, t > 0}ê ~u�
(1) ëu¦uìuí u(x, t) = q(x + ct) = q(ξ) �uâuäuáuÛu�u� ��� c �uáuÛu�uÛuîu³�¢ f(u)

� (−δ, 0)
êÊïuð �u�u�uñuòu���u�uµuóu� � áÔÛ ÕÔÖ �uôÔõ O(0, 0) �u�uöu÷u²u³��uøuùuµu½

úüû�ýÿþ
: 2003-08-20�������
: ������	�
���
���� (Y604359)
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���uy � sut ��� Óu~u� (1) �u×uØuÙuÚuÈuÙ��uÛuÜu�u�u�u¿uÝuÞu�uøuù���� �u� ³��u�u�u���vuwuÓ�� ×uØuÛuÜu�u�u�u�ußu³
2 �! !"!#!$!%'&)()*'+

,
u(x, t) = q(x + ct) = q(ξ) -�. (1) �

cqm−1q′ = q′′ + knqn−1q′ + qlf(q), (4)���
“′”  u§u� ξ /uá�0uÂu³1

q′ = p,(4) ªu� xuy óu� (1) �uáuÛu�u� ~u��2
{

q′ = p,

p′ = cqm−1p − knqn−1p − qlf(q).
(5)

3�4 ��� �u� (A) �u� � � O(0, 0), A(a, 0), B(1, 0)
É � (5) �uôuõu³
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2.1 áuÛ ~u��2 (5) ��6uõ�7�8u��9 5

(I) �Ôõ O(0, 0)(5) �;:ÔßÔª ÕÔÖ � Õ �;<;=Ô�;>;?;@ÔÌ;<;=Ô�BA;C;D;<;=Ô¦;E;FÔÌ;G;HI ³
¢ f(q) � O(0, 0) ��JuÞ�K�7�8�Lu�u�uñuò

f1(q) =

{
f(q), q ∈ [0, 1]

f(0) + f ′(0)q + f ′(0)
2! q2 + · · · , q ∈ (−δ, 0), δ > 0.

C � � (5) µuªu�
{

q′ = p,

p′ = −f1(0)ql
(
1 − f ′

1(θq)
f1(0) q

)
+ cqm−1p

(
1 − kn

c
qn−m

)
, 0 < θ < 1.

(6)
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P � −f1(0) = −f(0) > 0, A�C
(i) � l = 2N + 1(N ≥ 1 �u�u� )

� � O(0, 0) ��Quõ (
5

2.1(1)), �u�u��RuÞu�BS�Tuà��U ¦uÞ � ��Vu�u¤uìu¿uÞ � Vu�u¤uìu³BW�X�Yu� ï�Z�[ (F0) : q = q, p = η1q, (6) µuªu�
{

q′ = η1q,

η′
1 = −η2

1 − f1(0)ql−1
(
1 − f ′

1(θq)
f1(0) q

)
+ cqm−1η1

(
1 − kn

c
qn−m

)
.

(A1)

\uï�Z�[
(F1) : q = q, η1 = η2q, dτ1 = qdξ. �u��]�^�_u×�`�au�Bb , τ1 c � ξ � (A1) duªu�

{
q′ = η2q,

η′
2 = −2η2

2 − f1(0)ql−3
(
1 − f ′

1(θq)
f1(0) q

)
+ cqm−2η2

(
1 − kn

c
qn−m

)
.

(A2)

e C�f�g y�h � ï�Z�[ (F0), (F1), · · · , (Fr) : q = q, ηr−1 = ηrq, dτr−1 = qdτr−2. �u��]�^�_
×u�Bb , τr−1 c � ξ,(6) iuªu�

{
q′ = ηrq,

η′
r = −rη2

r − f1(0)ql−2r+1
(
1 − f ′

1(θq)
f1(0) q

)
+ cqm−rηr

(
1 − kn

c
qn−m

)
.

(Ar)

(a) � c = 0 j c 6= 0 � m − 1 > N
� �Bk r = N ,

P
(Ar) µu�

{
q′ = ηNq,

η′
N+1 = −Nη2

N − f1(0)q2
(
1 − f ′

1(θq)
f1(0) q

)
+ cqm−NηN

(
1 − kn

c
qn−m

)
.

(AN)

ÕuÖ
(AN) ��luß ~u� � G(θ) = cos θ[−f1(0) cos2 θ − (N + 1) sin θ] = 0.

P � f1(0) < 0, A�C
(AN ) ��m�n�ouµu½�p�q�F ~sr /�.uôuõ O, Í
θ =

π

2
,
3π

2
, arctan

√
f1(0)

N + 1
, arctan

√
−f1(0)

N + 1
+π, arctan

(
−
√

−f1(0)

N + 1

)
, arctan

(
−
√

−f1(0)

N + 1

)
+π.

t Au� θ = π
2 , 3π

2   G(θ) = 0 �u×�uu�
G′
(π

2

)
H
(π

2

)
= G′(

3π

2
H(

3π

2
) = −m(m + 1) < 0.

(
���

H(θ) �u��v�w�a t [4])
PÊt

[4] �u© 3.7 xu�Bp�y θ = π
2 ¿ 3π

2 , øu¦uÝuÞ�m�:�/�.uôuõ
O, ´u��du  x = 0, ηN > 0 ¿ x = 0, ηN < 0.

� Óuvuwu� ´�G�z ~sr � \ èué ÕuÖ (AN+1),





q′ = ηN+1q,

η′
N+1 = −(N + 1)η2

N+1 − f1(0)
(
1 − f ′

1(θq)
f1(0)

q
)

+

cqm−N−1ηN+1

(
1 − kn

c
qn−m

)
.

(AN+1)

�u  ÕuÖ (AN+1) � ηN+1 { Yu¦�E�Fuôuõ O1(0, k1) ¿ O2(0, k2)
���

k1 =

√
− ¯f(0)
N+1 , k1 = −k2.ÕuÖ

(AN+1) �uôuõ Oi(i = 1, 2) ��:ußuª ÕuÖ � Õ ��<�=u�
Mi(0, ki) =

(
Ki 0
Ei −(N + 1)Ki

)
,
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Ei �ÔóÔ�Ô�;|Ô�Ô³ P � detMi = 2f1(0) < 0(i = 1, 2).O1 ¿ O2

É � ÕÔÖ (AN+1) �;_
×�Quõu³Ê´u�u��E � ��}�:u¡ ηN+1 {�~�� ����E � ��}�:�p�y���: ηN+1 = E1

ki+2(N+1)ki
q ���

(i = 1) j�/�. (i = 2)Oi.P Z�[
(Fr)(r = o, 1, · · · , N +1) �uß��uÈ t [4] �u© 7.1 µ�xu� ÕuÖ (5) �uôuõ O, � c = 0

j c 6= 0 ¿ m − 1 > N
� ��RuÞ�S�Tuà�� U ¦uÞ � ��Vu�u¤uìu¿uÞ � Vu�u¤uìu³

(b) � c 6= 0 � m − 1 < N
� �Bk r = m − 1,

P
(Ar) �





q′ = ηm−1q,

η′
m−1 = −(m − 1)η2

m−1 + cqηm−1(1 − kn
c

qn−m)−
f1(0)q2N−2(m−1)+2(1 − f ′

1(θq)
f1(0)

q).

(Am−1)

3�4
2N − 2(m − 1) + 2 ≥ 4, A�C ÕuÖ (Am−1) ��luß ~u� �

G(θ) = − cos θ sin θ[m sin θ − c cos θ] = 0.

� xuÕuÖ
(Am−1) ��q�F�G�z ~sr �

θ = 0,
π

2
, π,

3π

2
, arctan

c

m
, π + arctan

c

m
.

A θ = π
2 , 3π

2   G(θ) = 0 �u×�uu�
G′
(π

2

)
H
(π

2

)
= G′

(
3π

2

)
H

(
3π

2

)
= m(m − 1).

PÊt
[4] �u© 3.7 xu�Bp�y θ = π

2 , 3π
2 øu¦uÝuÞ�m�:�/�.uôuõ Om−1(Om−1 ����� (q, ηm−1) �

6uõ�� ³�´u�u  x = 0, η > 0 ¿ x = 0, ηm−1 < 0.

� Óuvuwu� ´�G�z ~sr � \ èué ÕuÖ (Am)

{
q′ = ηmq,

η′
m = cηm

(
1 − kn

c
qn−m

)
− mη2

m − f1(0)q2N−2(m−1)
(
1 − f ′

1(θq)
f1(0) q

)
.

(Am)

3�4 ÕuÖ
(Am) ¦�E�Fuôuõ Õ1(0, 0), Õ2

(
0, c

m

)
. D ÕuÖ �uõ Õ2 ��:ußuª ÕuÖ � Õ ��<�=u�

M̃2

(
0,

c

m

)
=

(
c
m

0
E2 −c

)
.

���
E2 �uóu�u��|u�u³ P � detM̃2 = − c2

m
< 0,

� x
Õ2, � ÕuÖ (Am) ��_u×�Quõu³ ÕuÖ (Am)

�uõ Õ1 ��:ußuª ÕuÖ � Õ ��<�=u�
M̃1(0, 0) =

(
0 0
0 c

)
.

3�4
M̃1 �u�uÞuÌ�G�H I ³ \uï�Z�[ τ = cξ, b c τ � ξ,

ÕuÖ
(Am) µuªu�

{
q′ = ηm

c
q,

η′
m = ηm

(
1 − kn

c
qn−m

)
− m

c
η2

m − f1(0)
c

q2N−2(m−1)
(
1 − f ′

1(θq)
f1(0) q

)
.

(Ãm)
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1uÕuÖ
(Ãm)

� R�>�F ~u����� �uÌu��� ηm = ϕ(q). ´u�����uíu��RuÞuËu� f1(0)
c

q2N−2(m−1).,
ηm = ϕ(q) ��. ÕuÖ (Ãm) ��RuÞ�F ~u� � ��� � � ���uíu��RuÞuËu� f1(0)

c2 q2N−2(m−1)+1.
P

t
[4] �u© 7.1 �u� ÕuÖ (Ãm) �uôuõ Õm ( ��� (q, ηm) ��6uõ ) ��Quõu³ 3�4 ÕuÖ (Am) �uôuõ

Õ1 � ��Quõu³�A�C ÕuÖ (5) �uôuõ O ��RuÞu��S�Tuà�� U ¦uÞ � ��Vu�u¤uìu¿uÞ � Vu�u¤uìu³
(c) � c 6= 0 � m − 1 = N

� � 1 r = N = m − 1 �B� (Ar) ¦ euy ìuí
{

q′ = ηNq,

η′
N = −Nη2

N − f1(0)q2
(
1 − f ′

1(θq)
f1(0)

q
)

+ cqηN

(
1 − kn

c
qn−m

)
.

(AN)

� lÔß ~Ô� � G(θ) = cos θ[(N + 1) sin2 θ − c sin θ cos θ + f1(0) cos2 θ] = 0,
P � θ = π

2 , 3π
2  

G(θ) = 0 �u×�uu���
G′(

π

2
)H
(π

2

)
= g′

(
3π

2

)
H

(
3π

2

)
= −N(N − 1) < 0.

PÊt
[4] �u© 3.7 �u��p�y θ = π

2 , 3π
2 øu¦uÝuÞ�m�:�/�.uôuõ ON (ON ����� (q, ηN ) ��6uõ ), ´

��du  x = 0, ηN < 0 ¿ x = 0, ηN > 0.� c λ = c2 − 4(N + 1)f1(0),
3�4

(AN) ���u¦�q�F�G�z ~sr ³\uï�Z�[
(FN ) � , (AN) ªu� xuy ì

{
q′ = ηN+1q,

η′
N+1 = −f1(0)

(
1 − f ′

1(θq)
f1(0) q

)
− (N + 1)η2

N+1 + cηN+1

(
1 − kn

c
qn−m

)
.

(AN+1)

�u  ÕuÖ (AN+1) � ηN+1 { Yu¦�E�Fuôuõ Ô1(0, k̂1) ¿ Ô2(0, k̂2).
���

k̂1 =
c +

√
λ

2(N + 1)
, k̂2 =

c −
√

λ

2(N + 1)
.

ÕuÖ
(AN+1) �uôuõ Ôi ��:ußuª ÕuÖ � Õ ��<�=u�

M̂i =

(
k̂i 0

E3 −2(N + 1)k̂i + c

)
,

� �
E3 �ÔóÔ�Ô�;|Ô�Ô³ P � f1(0) < 0, A;C √

λ >| c |, � detM̂i < 0(i = 1, 2.). A;CÔôÔõ
Ô1, Ô2

É ��Quõu³ ö (a) µu�u� � c 6= 0 � m− 1 = N
� � ÕuÖ (5) �uôuõ O ��RuÞu��S�Tuà

� U ¦uÞ � ��Vu�u¤uìu¿uÞ � Vu�u¤uìu³� Y � · ��� l = 2N + 1
� � ÕuÖ (5) ��RuÞu�BS�Tuà���� U �u�uÞ � ��Vu�u¤uìu¿uÞ �

Vu�u¤uìu³�÷�� (i) ���uÇu���u�uµu��� euy�� Ç
(ii) � l = 2N(N ≥ 1 �u�u� )

� ��� c = 0 j c 6= 0 � m − 1 ≥ N , � O(0,0) �� uª�Quõ
(
5

2.1(2)), �u��RuÞu�BS�Tuà�� U ¦uÞ � ��Vu�u¤uìu¿uÞ � Vu�u¤uìu³
(iii) � l = 2N(N ≥ 1 �u�u� )

� �B� c 6= 0 � m − 1 < N , � O(0,0) ��Q � õ (
5

2.1(3)

j (4)), �u��RuÞu�BS�Tuà�� U ¦uÞ � ��Vu�u¤uìu¿uÞ � Vu�u¤uìu³
(II) �uõ A(a, 0)

ÕuÖ
(5) ��:ußuª ÕuÖ � Õ ��<�=u�

M(a, 0) =

(
0 1
−alf ′(a) cam−1 − knan−1

)
.
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3�4 � det(M(a, 0)) = alf ′(a) > 0, traceM(a, 0) = cam−1 −knan−1.

P ����¡uÄ ÕuÖ ©uÇuµ�xu�
(i) � c > 2

√
al−2m+2f ′(a) + knan−m

� � A(a, 0) � (5) �u��Vu� � õu³
(ii) � knan−m < c < 2

√
al−2m+2f ′(a) + knan−m

� � A(a, 0) � (5) �u��Vu��¢uõu³
(iii) � −2

√
al−2m+2f ′(a) + knan−m < c < knan−m

� � A(a, 0)
� � (5) ��Vu��¢uõu³

(iv) � c < −2
√

al−2m+2f ′(a) + knan−m
� � A(a, 0) � (5) ��Vu� � õu³

� A(a, 0) � � õ � � ÕÔÖ (5) /;.ÔôÔõÔ�;m;:Ô�;E;£;: ~Ô� � p = λiq(
� �

λi �;<;=
M(a, 0) ��E�G�H I (i = 1, 2)).

(III) �uõ B(1, 0)
ÕuÖ

(5) ��:ußuª ÕuÖ � Õ ��<�=u�
M(1, 0) =

(
0 1
−f ′(1) c − kn

)

�u u� detM(1, 0) = f ′(1),
P � f ′(1) < 0,

� x
B(1, 0) � (5) ��Quõu³ P ��:ußuª ÕuÖuÕ ��<

=u¢ { ��E�F�G�H�uu�
λ1,2(c) =

c − kn ±
√

(c − kn)2 − 4f ′(1)

2
.

¢�¤�¥u� c ∈ R, ��¦�8 Ω = {(q, p) | 0 < q < 1, p > 0}
� ¦uÞ � /�. B(1, 0) ��Vu�u¤uì Γ+

c :

p = p(q) �u�uõ B(1,0) ��£�:�§�¨u� tan θ+
c = λ2(c) < 0. ©�¥��

∂(tan θ+
c )

∂
=

1

2
− c − kn

2
√

(c − kn)2 − 4f ′(1)
> 0.

�u  tan(θ+
c ) §u� c ×uØuÚ�ªu�B«�¬�u�­�®�� ~u� � å°¯ �u©Ô��¢;¤;¥ c1,c2 ∈ R, � c1 > c2� � Γ+

c2 ± � Γ+
c1

.

3 ²!³! !´!µ!%'¶)·)*
¸ �;¹ xÔ�BºÔ� q(ξ) = (ξ = x + ct) »Ô� (1) �ÔÛÔÜÔ�Ô�B¼;� q(ξ) ½;g;�Ô� q(−∞) =

α, q(+∞) = β, α 6= β, Íu��9�����Yu¢ { ��Euôuõ�¾u��½ � m;nu³ s;¿�À;ÁuvÔw (1) �u×uØuÙ
�uÛuÜu�u�u�u�ußu� 4�Â�Ã �u×uØuÙ��uÛuÜu�u�u�u�ußu³Ä�Å

3.1 � c > m1

� � ~u� (1) �u��Æ�Ç �u� q(−∞) = 0, q(+∞) = a �u×uØuÙuÚu�uÛ
Üu�u� ��� m1

PÊxuy � (10) íuóu�u³È�É P
O(0, 0) �uôuõuß���xu��� Ω = {(q, p) | 0 < q < 1, p > 0}

� ¦uÞ ��Êsr /�.u´u�
��Vu�u¤uì Γ−

c .
P � (5) ��9���� (p, q) � � ì�¦�8 0 < q < a

ê�Ë ôuõu� P ®�� ~u� �ußu©
Ç�xu� Γ−

c Þu�u�u¡ q { � (0, a)
ê 9�Ìu³ P � q §u� � ¾u��RuÞ�Tuàu×uØuÚ�ªu�BA�C � Þu�

�u¡ p { 9�Ìu³xuy èué���: L1 : p = u0(q − a),
��� §�¨ u0 < 0 Íu�u���u�u� L1 Y ÕuÖ (5) ��vu� ~r�Î Æ�Ç

dp

dq
= cqm−1 − knqn−1 − qlf(q)

u0(q − a)
< u0. (7)

Í
(q − a)u0 − (q − a)(cqm−1 − knqn−1)u0 + qlf(q) > 0. (8)



1 � M�N�O � C�D�E�F�G�H�I�J�T�U�W�Q�[�\V] 135

3�4 ��¢u� (8) í�K�Ï � ��vu�u§u�u��>�Ð�ÑuËuíu�B¼��
{

(q − a)(cqm−1 − knqn−1) < 0,

(q − a)2(cqm−1 − knqn−1)2 − 4(q − a)qlf(q) > 0.
(9)

�u�u�B� (8) í�K�Ïu�u�uÞ�F Ê X�uu³Bd�k�C Ê X�u ï �u�Ô��Ò�ÓÔ� u0

I ³�¢u��C u0 Þu�u�
� ε > 0 �u� Γ−

c � U(O(0, 0), ε)
ê �u¡ L1 9�Ìu³ 3�4 � e�Ô �u¥uí

c > 2

√
ql−2m+2f(q)

q − a
+ knqn−m

Æ�Çu�B� (9) í�Õu�u�u³ � c
m1 = max

ε<q<a
(2

√
ql−2m+2f(q)

q − a
+ knqn−m). (10)

�u u��� c > m1

� � P Γ−
c , L ¿ q { �sÖ �u��Ñ�×uì�¦�8u�uáuÛ ~u��2 (5) �uÞ�Fu� r � Z

¦�8u³BA�C�Øu�uµu½u¡���: L1 9�Ìu� � �uµu½u¡�Ñ�×uìu��E���×�Ï (p { ¡ q { YuÞ�:�Ù ) 9
Ìu³ [�Ú�Û � Γ−

c Õu� r /�.�Vu� � õ A(a, 0). Ü�d�Ý�Ï Ó�Þ�� O(0, 0) ¡ A(a, 0) ��½ � m�n
�u�u�ußu³Ä�Å

3.2 � c > m2

� � ~u� (1) �u��Æ�Ç �u� q(−∞) = a, q(+∞) = 1 �u×uØuÙuÚu�uÛ
Üu�u� ��� m2

PÊxuy � (14) íuóu�u³È�É P � B(1, 0) ��Quõ��u�u� Ω
� ¦uÞ � /�.u´u��Vu�u¤Ôì Γ+

c ,
P �uáuÛ ~u��2 (5)

��9���� (q, p) � � ì�¦�8 a < q < 1
ê�Ë ôuõu� ö�ß P |�®�� ~u� �ußu©uÇ�x�à�xu� Γ+

c Þu��u¡ q { � AB
ê 9�Ìu� Γ+

c � �uµu½u¡ BC(BC ��áuõ B ��â��u� q { �uÞ � :�Ù ) 9�Ìu³xuy èué���: L2 : p = u1(q − a),
��� §�¨ u1 > 0 Íu�u���u�u� L2 Yu� ÕuÖ (5) ��vu�~sr�Î Æ�Ç

dp

dq
= cqm−1 − knqn−1 − qlf(q)

u1(q − a)
> u1, (11)

Í
u2

1(q − a) − (cqm−1 − knqn−1)(q − a)u1 + qlf(q) < 0. (12)

¢u� (12) í�K�Ï � ��vu�u§u� u1 ��>�Ð�ÑuËuíu�B¼��
{

(cqm−1 − knqn−1)(q − a) > 0,

(q − a)2(cqm−1 − knqn−1)2 − 4(q − a)qlf(q) > 0.
(13)

�u�u�B� (12) íu��K�Ïu�u�uÞ�Fu��X�uu�Bd�k�Cu��X�u ï �u�u��Ò�Óu� u1

I ³3�4 � e�Ô �u¥uí
c > 2

√
ql−2m+2f(q)

q − a
+ knqn−m

Æ�Çu�B� (12) í�Õu�u�u³ � c
m2 = max

a<q<1


2

√
ql−2m+2f(q)

q − a
+ knqn−m


 . (14)
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�u u��� c > m2

� � P ��: L2, AB ¿�á B â�� q { ����: �sÖ �u��Ñ�×uì�¦�8u�uáuÛ~u��2
(5) �uÞ�F Êsr � Z ¦�8u³�A�C Γ+

c Øu�uµu½u¡���: L2 9�Ìu� � �uµu½u¡�Ñ�×uìu��E��
×�Ï�9�Ìu³ [�Ú�Û � Γ+

c Õ Êãr /�.u��Vu� � õ A(a, 0). Ü�ß�d�Ý�Ï Ó�Þ�� A(a, 0) ¡ B(1, 0)

��½ � m�nu�u�u�ußu³ä�å
3.3 �u� c > 0, �u� ÕuÖ (5) �uõ B ��Vu�u¤uì Γ+

c � [0, a)
ê ¡ q { 9�Ìu³È�É � k < 0

� �Bæu� (12) �u�u�B��o�Ò
u2

1(q − a) − cqm−1(q − a)u1 + qlf(q) < 0. (15)

�u�u³B©�¥��u� c > 2
√

ql−2m+2f(q)
q−a

� � (15) ��K�Ïu¦uÞ�Fu��X�uu³ � c

S = sup
a<q<1

2

√
ql−2m+2f(q)

q − a
.

A�Cu�Bo�Ó�k c > S
� �Bçu­ 3.2 �u�u³�� k > 0

� �Bæu� (12) �u�u�B��o�Ò
u2

1(q − a) − (c − kn)qm−1(q − a)u1 + qlf(q) < 0. (16)

©�¥��u� c > 2
√

ql−2m+2f(q)
q−a

+ kn
� � (16) ��K�Ïu¦uÞ�Fu��X�uu³BA�CÔ�Bo;Ò�k c > S + kn� �Bçu­ 3.2 �u�u³� Y � · ��� c > S + kn+|kn|

2

� ��Þu�u¦ Þ�� A(a, 0) ¡ B(1, 0) ��½ � m�nu³� c I = inf
a<q<1

2
√

ql−2m+2f(q)
q−a

,W = {c | �u� Γ+
c

Êsr /�. A(a, 0).
P Ü · µ�xu��� c < I + kn+|kn|

2

� � Γ+
c ��è�« Êsr /�. A(a, 0). A�C W ¦ y }u³B«�¬

W∗ = inf W �u�u³3�4
W∗ ∈ W � W∗ ≥ I + kn+|kn|

2 > 0. A�Cu��� c > 0 � 0 < W∗ − c << 1
� � Γ+

c Þu�u¡ q

{ � [0, a)
ê 9�Ìu³

W�X�Yu�é� Γ+
c �u¡ q { � [0, a)

ê 9�Ìu³ P m�:u§u��wu�u��½�g ¸u¹ ß�x dp
dq ê�ë ¦�E�FÌuõ q1,q2. Í

0 = cqm−1
i − knqn−1

i − ql
if(q)

p(qi)
, i = 1, 2. (17)

P
(17) �

(cqm−1
i − knqn−1

i )p(qi) = pl
if(qi). (18)

A�Cu��� i = 1
� � P (18) µu�

k >
c

n
qm−n
1 . (19)

� i = 2
� � P (18) µu�

k <
c

n
qm−n
2 . (20)

P
(19),(20) � c

n
qm−n
1 < c

n
qm−n
2 . ì�í�î�ïu� � x çu­u�u�u³ä�å

3.4 � c < 0, | c |>> 1
� � ÕuÖ (5) �uõ B ��Vu�u¤uì Γ+

c � (0, a]
ê �u¡ q { 9

Ìu³
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È�É ð
c < 0,

e�Ô
q ≥ a �B� dp

dq
≤ cqm−1 − knqn−1. E�Ï�ñ��u�

p(1) − p(q) ≤ c

m
(1 − qm) − kn(1 − qn),

Í
p(q) ≥ − c

m
(1 − qm) + kn(1 − qn) > 0.

G U�ò p(a) ≥ − c
m

(1 − am) + kn(1 − an) > 0. A�Cu� Γ+
c � [a, 1)

ê �u¡ q { 9�Ìu³xuy èué���: L3 : p = u2q,
��� §�¨ b > 0 Íu�u�V�u�u� L3 Yu� ÕuÖ (5) ��vu� ~sr�Î Æ

Ç
dp

dq
= cqm−1 − knqn−1 − qlf(q)

u2q
< u2, (21)

Í
qu2

2 − (cqm − knqn)u2 + qlf(q) > 0.

P � q > 0, A�Cu��¢u� c < 0, | c |>> 1, �u�u� b > 0 �u� (21) �u�u³�ö � ¦
u2a < − c

m
(1 − am) + kn(1 − an),

Íu�uõ A ó Γ+
c ô�õ ± � L3 ��Y ~ ³ � x ��� c < 0 � | c |>> 1

� � Γ+
c � (0, a]

ê �u¡ q

{ 9�Ìu³ö�å
3.5 �u��÷u� c = c∗

� � ~u� (1) �u�uÝuÞ�Æ�Ç q(−∞) = 0, q(+∞) = 1 �u×uØuÙ
ÚuÛuÜu� (

���
c = c∗ � xuy Ý�Ï ��ø � ).È�É � c c̄ = {c | Γ+

c � [0, a]
ê ¡ q { 9�Ì }.

P �u© 3.3 xu� c̄
��ù ³ P �u© 3.4 x

(1) �u¢�J�F c < 0 � | c |>> 1, Γ+
c á O(0, 0) õu�B�u�u�ußu�u�u³

(2) �Ô¢ � ¦Ô� c < 0 � | c |>> 1,
� ¢ { � Γ+

c ú �;áÔõ O(0, 0), � c̄ ¦ y }Ô³ � c
c∗ = inf c̄.

P � n > m ≥ 3, l ≥ 2,
P m�:u§u��wu�u��½�g ¸u¹ ß�xu� c∗ ∈ c̄. �u  Γ+

c � [0, a]ê �Ô¡ q { 9;ÌÔ³B� Γ+
c � Êãr /;. O(0, 0), �;û ° çÔ­ 3.2

� ö;ßÔ� ~;ü µ;ÝÔ���Ô� c, �
0 < c∗ − c << 1

� � Γ+
c Þu�u¡ q { � [0, a]

ê 9�Ìu³BCu¡ c∗ �u��v�î�ïu³ � x Γ+
c Þu� Êsr

/�. O(0, 0).y ÝuÝuÞußu³� c ĉ = {c | �u� Γ+
c � [0, a]

ê �Ô¡ q { 9�Ì }.
P �u© 3.4 xu� ĉ � ù ³ P �u© 3.3

x ĉ ¦�Y�}u³ c c∗ = sup ĉ.
P � Γ+

c §u� c ×uØ y�ý �B� c∗ ≤ c∗. � c∗ < c∗, �u¢u��¤�¥u�
c:c∗ < c < c∗,

P
c∗ �u��v�x Γ+

c � (0, a]
ê ¡ q { 9�Ìu³ P c∗ �u��v�x Γ+

c � [0, a]
ê �u¡ q

{ 9�Ìu³Bì�í�î�ïu�BA�CuÞu�u¦ c∗ = c∗.
� x ÝuÞuß 3�4 �u�u³° ÷þ�ã� ~þü �ã�ãµþ�ãÇã×uØuÙþ�uÛãÜu�ã�u�u�ãßu� P � � ¦ � Ç ú µ ° Y��ã� ~�üþÿ �ã�

A�C�o ø ��9 {���Ô ³Ä�Å
3.1

∗ � c < m′
1

� � ~u� (1) �u��Æ�Ç �u� q(+∞) = 0, q(−∞) = a �u×uØuÙ��u�uÛ
Üu�u³ ��� m′

1 = infε′<q<a(−2
√

ql−2m+2f(q)
q−a

+ knqn−m) (ε′ ��¥�vuö�çu­ 3.1
� � ε).Ä�Å

3.2
∗ � c < m′

2

� � ~u� (1) �u��Æ�Ç �u� q(+∞) = a, q(−∞) = 1 �u×uØuÙ��u�uÛ
Üu�u³ ��� m′

2 = infa<q<1

(
−2
√

ql−2m+2f(q)
q−a

+ knqn−m

)
.
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3.3
∗ �u� c < 0 �u� ÕuÖ (5) �uôuõ B �u��Vu�u¤uì Γ−

c � [0, a]
ê ¡ q { 9�Ìu³ä�å

3.4
∗ � c >> 1

� � ÕuÖ (5) �uôuõ B �u��Vu�u¤uì Γ−
c � (0, a]

ê �u¡ q { 9�Ìu³ö�å
3.5

∗ �u��÷u� c = c′∗
� � ~u� (1) �u�uÝuÞ�Æ�Ç �u� q(−∞) = 1, q(+∞) = 0 �u×

ØuÙ��u�uÛuÜu�u³ ��� c′∗ = sup {c | Γ−
c � [0,a]

ê ¡ q { 9�Ì }.

4 ���! !´!µ!%'¶)·)*
Ä�Å

4.1 �u� c > 0, �u� ~u� (1) �u��Æ�Ç �u� q(−∞) = a, q(+∞) = 1 �����uÛuÜu�u³È�É P �u© 3.3 xu���u� c0 > 0 � c0 < W∗ �u� Γ+
c0
¡ q { � [0, a]

ê 9�Ìu� Γ−
c0

(Γ−
c0�uõ B �u��Vu�u¤uì ) ¦�Ñuùuµu½u�

(i) �u¡ q { � (0, a)
ê 9�Ìu³

(ii) ¡ q � (0, a)
ê Ì�9u���u¡ q { ���u��Ìuõ��u� Γ+

c0
¡ q { ���u��Ìuõu³

(iii) ¡ q { � (0, a)
ê 9�Ìu���u¡ q { ���u��Ìuõu�u� Γ+

c0
¡ { ���u��Ìuõu³

�u� (i),(iii) Euù ��� � � Γ+
c0
Õ 4�����	 �uõ A(a, 0)(t → −∞). C � çu­u�u�u³ �u� ��� (ii),P � Γ+

c ,Γ−
c

É §u��wu� c ×uØ y�ý ³ P m�nu§u��wu�u�;½;g ¸Ô¹ ßÔÈ��Ô© 3.4∗ xu��Þu�u�u�
c > c0, �u� (i) ��
u³ � x çu­u�u�u³
öu©uµu� euy çu­u�Ä�Å

4.2 �u� c > 0, �u� ~u� (1) �u��Æ�Ç �u� q(+∞) = a, q(−∞) = 1 �����uÛuÜu�u³Ä�Å
4.3 �u� c < 0, �u� ~u� (1) �u��Æ�Ç �u� q(+∞) = a, q(−∞) = 0 �����uÛuÜu�u³Ä�Å
4.4 �u� c < 0, �u� ~u� (1) �u��Æ�Ç �u� q(−∞) = a, q(+∞) = 0 �����uÛuÜu�u³

����
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Existence of Front Waves in a Reaction-Diffusion Equation

ZHANG Jian-ming
(Dept. of Math., Zhejiang Sci-Tech University, Hangzhou 310018, China )

Abstract: In the paper, we study the monotone and oscillatory front wave solutions in a set of reaction-
diffusion equations and obtain some sufficient conditions which guarantee the existence of the front wave
solutions.

Key words: reaction-diffusion equations; travelling wave solutions; the existence of front wave solutions.


