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a #�$&%('*)+$-,.'*/0)(132&154�$6,87:9<;=$6,>/@?BAC1ED�FHGJI6KL15MONP/@1<QONR1EDS1B,�TO1UN<7&QO'*KV'RW*/@1<F�X YZ1BQCA[1\4�]_^�)U9a`[1U$*A�Fcb:dfeBg[h
#�$jiJ'kNB7:1<K8KL1EFmlH)U$*QnNR1
b l�$-NPA�KV,o9p2&1EDqMHNB/@1BQnNR1EDEFsr�9o`:$6)<,o1<;t1<Qn,=2&1u4v$6,87:9<;=$6,>/@?BAC1EDRFxw�QC/8YZ1<)EDE/>,o9y2�1qX QCQn$&%U$*F"z{G
bZh6F
h&|�e&e-ejX QCQn$&%U$*F�X K W&1B)E/@$

}�~±¼JÁ6�[»ÇÀ5Á
�Å4�478:;ÓA5s1I30K89G F7DM/1=�03;Ó03DM/18
;ÓGÇA^;�47/18:N1694�;9G14QA5s�8947/�F74CD5p�ÔMI3DMsÇA5I#89D5IKN�;90KDM/18E;ÓD ;9G14�/1D5/�n

IK03/14XA^6-G Í VW476:sÎD5IK0KFÏ4JÐ`NÇA^;Ó03DM/~hE03;9GRA�;90Kta4cno8:VÇA5FJ4�pr6ÓA5Fc;Ó0KD5/ÇA5I�=1A5t V�0K/1Ô1e

utt − ∆u + (−∆)β/2Dα
+u = |u|p,

hEG14J694
(−∆)β/2

Æ
1 ≤ β ≤ 2

8�;HA5/1=�8-prDM6U;ÓG�4
β/2

pr6ÓA^FJ;Ó03DM/ÇA5IWVWD[h&476jD^pT;9G14Ï?#A5V1IKA5F70347/~A^/1=
Dα

+

0K8�;ÓG�4�BE0K4Jt�A^/1/�n?%03DMN�2O0KI3IK4�� 8%;Ó03t 4-pr69A5FJ;90KDM/ÇA^I�=14J69032^A^;9032545kJ��N16 6:478:N1I3;98 03/1F7I3N1=14j/1D5/14cb`n
0K8�;Ó4J/1F74~6:4789N�I3;Ó8�A58�hU4JIKIUA58�/14JF7478:8ÓA56 Í F7DM/�=103;90KDM/18>prDM6�;9G14 IKDOFXA^IUA5/�='ÔMIKDMs1A5I&8:DMI32^A5s�0KIK0 ; Í k
�jG14lta4J;ÓG�D�=~N18:47=R0K8-sÇA^8947= DM/ AQ=1NÇA5I303; Í A569Ô5N1t 4J/d;-hE03;9GRA^/RA^V1V169D5V1690KA^;Ó4�FHG�DM0KFJ4ÏD5p±;9G14
;Ó4J8:;EprN1/1Fc;Ó03DM/ A5/1=RAC8:FXA5I30K/1ÔCA^69ÔMN1ta47/d;7k

�q���&�\�&�<�&�Z� Ì
Í VW4769sWDMI30KF�4JÐON1A^;Ó03DM/�Ñ18:VÇA5F74 n ;90Kta4�pr6ÓA5Fc;Ó0KD5/ÇA5I�=1A5t V�0K/1Ô1Ñ�Õ�DM/�4cb�0K8�;Ó47/�F745k

���=� ÃÎÁ*�iÂ_�c�TÀ5Á[½rÂÎÃ
�o/ ;9G10K8QVÇA^VÎ4J6 Æ h&4 =10K8:F7N18:8 ;ÓG�4 /�DM/14cb�038:;Ó4J/1F74RD5p
hU47A�� 89DMI3N�;Ó03DM/18�;ÓD ;9G14R/�DM/1IK03/14XA^6

hUA®254@4JÐ`NÇA^;Ó03DM/«hE03;ÓG A�;Ó03t 4 no8:VÇA5F74�pr69A5FJ;90KDM/1A5I�=ÇA^t V103/1Ô1e

utt − ∆u + (−∆)β/2Dα
+u = |u|p, � Y-�

VWDM894J=R03/
QT = R

N × (0, T ), 0 < T ≤ +∞,
89N1sC�:47FJ;
;ÓDQ;9G14l0K/10 ;Ó0 A^IÎFJDM/1=10 ;Ó0KD5/187e

u(0, x) = u0(x), ut(x, 0) = u1(x), x ∈ R
N , � _:�

hEG14J694
∆ = ∂2

∂x2
1

+ ... + ∂2

∂x2
N

038l;9G14CN189N1A5I I A5V�I A5FJ0K47/ 03/ ;ÓG14C89V1A5F74C2^A5690KA5s1IK4
x, ut

0K8�;9G14
;Ó03t 4R=1476:032^A^;9032M4 D5p

u
Æ

(−∆)β/2
038�;ÓG14

β/2
pr6ÓA5Fc;Ó0KD5/ÇA5I
VÎD®h&476«D5pl;ÓG14 IKA5V1IKA5F70347/

(0 <
β ≤ 2)

hEG�0KFHG´8:;HA^/1=18QprDM6�V16:DMVÇA5ÔMA^;Ó03DM/�0K/ ta47=10KARhE03;9G 0KtaV1N1690 ;Ó03478@A5/1= 0K8Q=14��Ç/14J= s Í
(−∆)β/2v(x) = F−1(|ξ|βF(v)(ξ))(x),

hEG1476:4
F
=14J/1D5;Ó4J8Q;ÓG14x�ÇDMN16:0K4J6@;Ó69A5/18�prDM69t A5/1=

�E�������a <¡o¢���£�¤6¥¦£&§\¨�©6ªa«-�f�E¬�n R®8¬�¯{°�°Z±P²f³�²Z±�´�°�µf°-¶B·¸¨k¹:¬º¯»°�°3± ²f³k²*±5´Z¼ ²fµ-½¾�¿@À3ÁPÂLÃHÁ�Ä�ÄkÅaÆ(Ç�Ç ¬�ÈSÉ*¥Ê��¨�£- BËc©-£&¥¦ÌZÍ>®¦�<½ ·Î�
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F−1
=14J/1D5;9478>03;Ó8l03/`25476:8945Ñ

Dα
+

0K8Ï;9G14aB
0347t A5/1/�no?#03DMN�2O0KI3IK4lpr6ÓA5Fc;Ó03DM/ÇA5I±=1476:032^A^;Ó0 2M4C=14��Ç/147=
s Í e

Dα
+u(x, t) =

1

Γ(1 − α)

d

dt

∫ t

0

u(x, σ)

(t − σ)α
dσ, � Ä �

hE03;9G~;ÓG14lVÇA569A5ta4J;Ó4J6
0 < α ≤ 1.

�U4JprD5694�h&4Q8:;ÓA^;Ó4�D5N16�694J89N1I ;Ó8 Æ IK4c;�N18�=�hU4JIKI D5/ 4cb�0K8�;Ó0K/�Ô IK0 ;Ó4769A^;ÓN�694>F7DM/1FJ476:/10K/1Ô~4JÐ`NÇAin
;Ó03DM/18jFJIKDM8:4�;ÓDy��Ð©k � Y6� k�jG14U;90Kta4 pr69A5FJ;90KDM/ÇA^Id=1476:032^A^;Ó0 2M4&GÇA58 I3DM/1Ô�sÎ4J47/�prDMN�/1=�;ÓD�sÎ4UA
2M4J6 Í 4��Î47FJ;903254-t 47A5/18T;ÓD
=14J89F76:0KsW4 ;ÓG14 A5/1D5t�A5I3DMN18%Ai;9;Ó4J/`NÇA^;Ó03DM/ÏsW47GÇAX2O0KDM6:87k{�©D56�4cb�A5taV1IK4 Æ Ì A5/ Í ÔdA
A5/1= ! 476:47= Í /18E�iA
� YMY�� 8�;ÓN1=10347=«;ÓG14lDM6:=10K/1A56 Í =10��Î476:47/d;Ó0KA5I�47Ð`NÇAi;Ó0KD5/

D2u + γD1+ηu + F (u) = 0, � ]C�
hEG14J694

D1+η, 0 < η < 1,
6:47V16:47894J/d;Ó8�;ÓG14

(1+η)
n DM69=�476±pr69A5FJ;90KDM/1A5I�=�47690 2^A^;Ó0 2M4j0K/�;9G14j894J/1894

D5p>S-A^V1N�;ÓD hEG10KFHG�t DO=147I38Q;ÓG14RA5/1DMt A5I3DMN18aA^;9;947/`NÇA^;90KDM/ Æ A5/1=
γ
0K8Q;ÓG�4R;ÓG�4769taD®2O0K89FJDMN18

F7DO4��aFJ0K47/d;7k&BE47FJ47/d;ÓI Í Æ SUG14J/�A5/�= Ì DMIKt � ]�� 8:;ÓN�=10K4J= ;9G14l47Ð`NÇA^;90KDM/

∆v =
1

c2
0

vtt +
2α0

c1−γ
0

(−∆)y/2vt, � ¸:�
hEG103FHGÅÔMD®2M4J69/18>;ÓG14aV16:DMVÇA5ÔdAi;Ó0KD5/ D5p-8:DMN1/1= ;ÓG16:DMN1ÔMGÅA«2O0K8:F7DMN�8
	ÇN�0K= Æ

c0

0K8Ï;9G14 03/d2�0389FJ0K=
V1GÇA^894Ï2M4JIKDOF703; Í Æ

2α0

038j;ÓG14lF7D5IKIK4JFJ;9032M4�;ÓG14J69taD[2O0389F7D5N18EF7DO4��aF70347/d;Xk
�o/ � ¸��ÒÆ ;9G14 Í 4cbO;Ó4J/1=14J=�;9G147036�8:;9N1= Í ;ÓD ;9G14�hUA®254C47Ð`NÇA^;90KDM/�taDO=147I#prDM6�pr6:47Ð`N14J/1F Í =�4cn

VW47/1=14J/d;�I3DM898 Í t 4J=10 A
∆P =

1

c2
0

Ptt + γ
∂η

∂tη
(−∆)s/2P, � È[�

0 ≤ s ≤ 2, 0 < η ≤ 3, η 6= 2,
hEG1476:4

γ
038-A@2O0389F7D5N18jF7DM/�8:;HA^/`; Æ

s
A5/1=

η
FXA5/�sÎ4ÏA^69s10 ;Ó6ÓA^6 Í

6947A5I%/`N1t�sW476:8EhE0 ;ÓG103/ ;ÓG14J0K6j69A5/1ÔM4ÏD5p±89VW47FJ00�ÇF7A^;Ó03DM/�k�� Ð`NÇA^;90KDM/18 � ¸:� A5/1= � È[� F7A5/«sÎ4l8:4747/A58 A�Ô547/14J6ÓA5I30�XAi;Ó0KD5/�D5pÇ;9G14j4XA56:IK03476T0KtaVÎDM6�;HA5/d;±hUDM6E�@D^p��Ï694J47/`sW4769Ô Æ P A5F
S-A5t Í A5/1=aP 0�74JI
� È�� hEG1DaF7DM/�890K=�47694J=R;9G14l47Ð`NÇA^;90KDM/

ρ0utt = uxx + λuxtx + g(x, t)hE03;9G
x ∈ R, t > 0

Æ A5/�=
ρ0, λ

A56:4U8:DMt 4&F7DM/�8:;HA^/`;98�;ÓGÇAi;�FHGÇA569A5FJ;9476:0�74 ;ÓG14Ut 4J=10KN1t Ñ
g(x, t)0K8EAQÔM0 2M4J/ prN1/�FJ;Ó03DM/«694JV1694J8947/d;90K/1Ô A5/ 4cbO;Ó4J69/ÇA5I�prD569F74^k

L 8>47Ð`NÇA^;90KDM/�8 � ¸:� A5/1= � È[� t�A Í sW4Q2O0K4Jh&47=�A58�A^V1V169DXb�0Kt A^;90KDM/18�D5p-/1D5/1IK03/14XA56Ï4JÐ`NÇAin;Ó03DM/18 Æ ��Ð©k � Y-� FJDM/d;HA503/18>A~/1DM/1I30K/147A56�;Ó4J69t ;9GÇA^;>0K8lA~V16:D5;ÓD^; Í VW4CD5p&/1DM/1I30K/147A5690 ;Ó0K4J8�;ÓG1A^;
t A Í D�FJF7N16E03/ V�6ÓA5Fc;Ó0KFJ45k

?%4J;*� 8
/1D5;Ó4lA^IK89DQ;9GÇA^;E0K/ � Ä �Æ SUG1DMIK4ch-ACA5/�=�S-A56�2^A5IKG1DC=147A5I3;UhE03;ÓG~;9G14l47Ð`NÇA^;90KDM/

utt = ∆u + (−∆)α ut + |u|p

hEG103FHGR038"��Ð©k � Y6� hEG147/ α = 1
k

Ä



� p
β = 0

A5/1=
α = 1

03/ � Y-�cÆ ;9G147/�h&4 DMs�;HA503/�;ÓG�4�h-AX254~47Ð`NÇA^;90KDM/ hE03;ÓG�;ÓG14 I30K/147A56=ÇA5taV103/1Ô
ut.

�o/a;ÓG1038�FXA58:4 Æ �±DO=1DM6:D[2^A>A5/1= � DM69=ÇA^/1D®2 � YX]��ÒÆ �Ï0K69A5/14
A5/1=��lAipr8ÓA5DMN�0 ��� �Æ A5/1=
��A5/1Ô � Y[¸ � 89G1D®h&47= ;9GÇA^;Q;9G14x�ÇN&�:03;ÓA 4cb�VWDM/147/d; 0K8�4JÐ`NÇA5I-;ÓD

1 + 2/N
hEG103FHG 038�;ÓG14~DM/�4

D5p�;ÓG�4�G14XAi;l47Ð`NÇA^;90KDM/
ut − ∆u = |u|p

k �jG�4�2M476 Í 03/`;9476:478:;90K/1Ô«A^6:;Ó03F7I34�D5p5�TD�=1D569D®2^A A5/1=
� DM6:=ÇA5/1D®2a0K8&0K/ pµA^FJ;UA��JF7D5t V1I34J;94��
8�;ÓN1= Í D5p ��Ð©k � Y6� hEG14J/ β = 0

A5/1=
α = 1

k Ì D[h&4J25476 Æ
hEG14J/

β = 0, α 6= 0,
�Ï0K69A5/14 A5/1= �±A^;HA^6 �	� � A5/1=Å;9G147/ � A^;ÓA56 � Y[_ ��Æ � Y Ä � 8:G1D®hU4J= ;9GÇA^;

N1/1=�476�F74J6:;HA^0K/CF7DM/�=103;90KDM/18 Æ 89D5IKN�;90KDM/18 t A Í sW4j4cb�VWDM/147/d;90 A5I3I Í N�/OsWDMN1/�=147=a0K/Q;ÓG�4
Lp n /1DM69tprDM6@89N �aF70347/d;ÓI Í I A56:ÔM4 03/103;90 A5I =ÇA^;HA�k �jG14 Í t A50K/�I Í N18:4�;ÓG�4p�ÇDMN16903476l;Ó69A5/18:prD569t�A5/1=Å;9G14

Ì A^69= Í n?%0 ;9;ÓI34Jh&D�DO=�n ! DMsWDMIK4c2 03/147Ð`NÇA^IK03; Í k
� ;
0K8-;ÓG�4>V�N169VWDM894lD5pT;ÓG�0K8EA56�;Ó0KFJIK4�;9D V�69D®2O0K=14^e
Y k ;ÓG14=�ÇN&�:0 ;HAO� 8j4cb�VWDM/14J/`;
prDM6"� Ð`NÇA^;90KDM/ � Y6� Ñ
_ k-/14JF74J898ÓA^6 Í F7DM/1=�03;Ó03DM/18jprDM6E;ÓG14>IKDOFXA^I%A5/1=RÔMIKDMs1A5I%/1DM/R89DMI 25A^s10KI303; Í D5pJ� Ð`NÇA^;90KDM/ � Y-� k�jG14J894l694c2M4XA^IK8-;ÓG�4Ï4��Î47FJ;ED^pT;9G14�sW47GÇAX2O0KD56-D5p#;ÓG14Ï03/103;90 A5IÇ=1A^;HAQA^;-0K/O�Ç/�03; Í DM/ ;ÓG14ÏI3D�F7A5IWDM6

ÔMI3DMsÇA5IÎFHGÇA56ÓA^FJ;Ó4J6ED5p h&4XA���89DMI3N�;Ó03DM/187k
�jG14Ct 4c;ÓG1DO=�h&4ChE03IKI±N1894C0K8�sÇA5894J=�D5/�;ÓG14aA56�;Ó0KFJIK4J8�D5p �-A569A58lA5/1=�
 0K4J69694 � Y��Æ �-A569A58

A5/1=��Ï476:89/14J6 � _ � A5/�=��lA5IKA589G�/108�^D[2 � Z�� k
�_� É »�Á�����Å»�Á[½ÀM»1º ~T»ÇÀ����º�[Âº�TÃc�£»ÇÃ � ����¼Z�±º¿Á[¼

! DMI3N�;Ó03DM/18U;9D V16:DMs1I347t � Y-� n � _:� A5694lta4XA5/d;E0K/~;9G14ÏprDMIKI3D[hE03/1Ô�8:47/18:45k
� �d¾�ÃT½rÁ®½µÂWÃ ���o� L prN1/�FJ;Ó03DM/

u ∈ L1
loc(Q)

038UA>IKDOFXA5I1h&4XA��a89D5IKN�;90KDM/C;ÓD � Y-� 89N1sC�:47FJ;U;ÓD � _:�=14��Ç/147=RDM/
Q, 0 < T < +∞,

0 p
u ∈ Lp

loc(Q)
0K8j8:N1FHGR;9GÇA^;

∫

RN

u0(x)ϕt(x, 0)dx −

∫

RN

u1(x)ϕ(x, 0)dx +

∫

Q

u ϕtt dxdt =

∫

Q

u ∆ϕ dxdt +

∫

Q

u (−∆)β/2Dα
−ϕ dxdt +

∫

Q

|u|pϕ dxdt

prDM6EA5/ Í ;9478�;
prN�/1FJ;90KDM/
ϕ ∈ C∞

0 (Q), ϕ ≥ 0.

�jG14
V1694J8947/�F74
D5pÎ;9G14j;Ó03t 4 n pr6ÓA^FJ;Ó03DM/ÇA5I`=14J690 25Ai;Ó03254
Dα

−ϕ
0K/Q;ÓG14E=14��Ç/10 ;Ó0KD5/Q0K8 =1N14j;9Dl;9G14

prDM6:t�N1I A�D^p 03/`;947ÔM69A^;Ó03DM/ s Í VÇA56�;Ó8jprDM6-pr69A5FJ;90KDM/ÇA^I�=14J69032^A^;9032545Ñ103/«pµA^FJ; Æ 03p

(Dα
+f)(t) =

1

Γ(1 − α)

d

dt

∫ t

0

f(y)

(t − y)α
dy, 0 < α < 1,

(Dα
−f)(t) = −

1

Γ(1 − α)

d

dt

∫ T

t

f(y)

(y − t)α
dy, 0 < α < 1,

;ÓG�47/
∫ t

0

f(x) (Dα
−g)(x)dx =

∫ T

0

(Dα
+f)(x) g(x)dx.

]



Õ�D®h Æ hU4>A56:4l0K/~VWDM890 ;Ó0KD5/ ;ÓDaA5/1/1D5N1/1F74>DMN16j6:478:N1I3;987k

�  �`Â������ � ?#4c;
p > 1.

L 898:N1t 4l;ÓG1A^;

lim inf
|x|→+∞

u1(x) = +∞,

;ÓG�47/ V169DMs�IK47t � Y-� Æ � _:� =�D�4J8
/�D5;
A5=1ta03;EA�h&4XA��~I3D�F7A5I�8:DMIKN�;Ó0KD5/ prDM6EA5/ Í T > 0.

L 8�0 ;±hE03IKI`sW4UF7I34XA56#pr69D5t ;9G14-V16:D�D^p Æ
u(x, 0)

hE03IKIdV1IKA Í /�D�0KtaVÎD56:;HA^/`;T6:DMIK4^ÑM89D�0 ; t A Í sÎ4
;HA��547/ 47Ð`NÇA^I�;ÓD �74J69D1kJ�o/~;9G10K8jF7A5894 Æ ;ÓG14lBE0K4Jt�A5/�/�n?%0KD5N�2O0KIKI34�� 8�;Ó03t 4 n pr6ÓA^FJ;Ó03DM/ÇA5I©=14J690 25Ai;Ó03254
hE0KI3I�FJDM0K/1FJ0K=14�hE0 ;ÓGRS-A5V1N�;ÓDH� 8�D5/145k
� �iÂ�Â�� � �ÇDM6EA5/ Í

0 ≤ ϕ ∈ C∞
0 (RN × (0, T ))

89N�FHGR;ÓG1A^;

supp ϕ ⊂
{

x ∈ R
N/|x| ≥ R0 > 0

} � supp
8�;HA5/�=18
prD56j89N1V1VWDM6�; �cÆ hU4>GÇAX2M4^e

∫

RN

u1(x)ϕ(x, 0) dx +

∫

Q

|u|pϕ dxdt

≤

∫

Q

|u| |∆ϕ| dxdt +

∫

Q

|u| |ϕtt| dxdt +

∫

Q

|u| |(−∆)β/2Dα
−ϕ| dxdt

� Í ;9G14
ε
n � DMN1/1ÔO�m8j03/147Ð`NÇA5I303; Í Æ hU4lt A Í 478�;Ó0Kt A^;94

∫

Q

|u| |ϕtt| dxdt =

∫

Q

|u|ϕ1/p |ϕtt|ϕ
−1/p ≤ ε

∫

Q

|u|p ϕ dxdt + Cε

∫

Q

|ϕtt|
p′ ϕ−p′/p dxdt,

hEG1476:4
p + p′ = pp′, ε > 0; Cε

0K8EAQFJDM/18:;ÓA5/d;�=�47VW47/1=103/1ÔCDM/1I Í DM/
ε
k

! 0Kta0KIKA569I Í Æ h&4>G1A®254
∫

Q

|u| |∆ϕ| dxdt ≤ ε

∫

Q

|u|p ϕ dxdt + Cε

∫

Q

|∆ϕ|p
′

ϕ−p′/p dxdt

A5/1=
∫

Q

|u| |(−∆)β/2Dα
−ϕ| dxdt

≤ ε

∫

Q

|u|p ϕ dxdt + Cε

∫

Q

|(−∆)β/2Dα
−ϕ|p

′

ϕ−p′/p dxdt.

! DC03p
2ε = 1,

hU4Ï;ÓG�47/ FJIK47A569I Í GÇAX254

I =

∫

RN

u1(x)ϕ(x, 0) dx ≤ C
(

A + B + C
)

¸



prDM6j8:DMt 4ÏFJDM/18�;HA5/d;
C
Æ hEG�47694

A : =

∫

Q

|ϕtt|
p′ϕ−p′/p dxdt,

B : =

∫

Q

|∆ϕ|p
′

ϕ−p′/p dxdt,

C : =

∫

Q

|(−∆)β/2Dα
−ϕ|p

′

ϕ−p′/p dxdt.

L ;E;ÓG1038j8:;ÓA5ÔM4 Æ h&4lt�A��54Ï;ÓG14\�:N1=�0KF703DMN18jFHG1D50KF74

ϕ(x, t) = Φ
( x

R

)(

1 −
t2

T 2

)2p′

hEG14J694
Φ ∈ W 1,∞(RN), Φ ≥ 0, suppΦ ⊂ {|x| ≤ 2}

0K8j89N�FHGR;ÓG1A^;
|∆Φ| ≤ kΦ.

� ;
0K8jFJIK4XA^6 Æ pr6:DMt DMN�6jFHG1DM0KFJ4lD5p
ϕ
;ÓG1A^;j;ÓG14l6:47Ð`N10K6:47ta47/d;Ó8

ϕ(x, T ) = ϕt(x, T ) = ϕt(x, 0) = 0
A56:4>89A^;Ó038E�Ç4J=�k

Õ�D®h Æ hU4l4J8:;Ó03t�Ai;Ó4
A
Æ
B
A5/1=

C
03/«;9476:t 8ED5p

T
A5/�=

R
k

� 03698:; Æ 03p#h&4@8:4J;
t = τT, γ = p′(p′ − 1), A

hE03IKI�sW4ÏhE690 ;9;Ó4J/

A = γp′T 1−2p′
∫

Q1

Φ dxdτ

! 4JF7DM/1= Æ N�890K/�Ô
|∆Φ| ≤ kΦ,

h&4>D5s�;HA503/

B ≤ Tkp′R−2p′
∫

Q1

Φ dxdτ

� h&4>GÇAX2M4lFHGÇA5/1Ô547= x/R
03/`;9D

x
� k

�jG10369= Æ h&4>FXA5/«hE690 ;Ó4
C =TR−pp′Λp′

α,p′T
−4p′2

∫

Q1

Φ dxdτ,

hEG14J694
Λp′

α,p′ =
(4p′ − α)

2

Γ(1−α
2

)

Γ(1 − α)

Γ(1 + 2p′)

Γ(2p′ + 3−α
2

)
.

Õ�D®h Æ DMs�89476�2M4>;ÓGÇA^;

inf
|x|>R

u1(x)

∫

RN

Φ(x) dx ≤

∫

RN

u1Φ(x)dx ≤ � Z:�
{

γp′T 2−2p′ + T 2kp′R−2p′ + R−pp′Λp′

α,p′T
2−4p′2

}

∫

RN

Φ(x)dx.

È



L 8 ∫

RN

Φ(x)dx > 0,
hU4@=1032O03=14 � Z:� s Í

∫

RN

Φ(x)dx
A5/�= IK4c;

R
ÔMD�4J8�;9D�0K/n�Ç/103; Í ÑÇh&4

DMs�;ÓA50K/�e
lim inf
|x|→+∞

u1(x) ≤ γp′T 2−2p′ . � � �
�jG14l478�;Ó03t�A^;94 � � � I34XA5=�8E;9DQ;ÓG16:474lF7DM/�8947Ð`N14J/1F74J87e
��� L 8

T < +∞,
03p

lim inf
|x|→+∞

u1(x) = +∞,
hU4>A56:4lIK4XA^=«;9DaACFJDM/d;Ó69A5=10KFc;Ó03DM/�k

�_� �jG14l;Ó03t 4�D^p I3D�F7A5I�4 b�038:;947/1FJ4@F7A5/RsW4l478�;Ó0Kt A^;947=~2O0 A � � � A^8EprD5IKIKD®hE8Je

T ≤

(

γ−p′ lim inf
|x|→+∞

u1(x)

)− 1
2(p′−1)

�_� �jG14>IK03t 0 ;
lim inf
|x|→+∞

u1(x) = 0

0K8
/14JF7478:8ÓA56 Í prDM6
V16:DMs1IK4Jt � Y-� n � _:� ;ÓD A^=1t 0 ;�A ÔMI3DMsÇA5I�h&4XA�� 89D5IKN�;90KDM/�k �&N�; Æ A58�0 ;
FXA5/�sW4894J47/ Æ ;9G10K8jFJDM/1=10 ;Ó0KD5/~0K8j/1D5;
8:N �aF70K4J/d;Xk

� ���Å»H��� � ��N16�A^/ÇA5I Í 8:0K8l0K8>F74J6:;HA^0K/1I Í 69DMs�N18:;>prDM6lt D5694aÔM47/14J6ÓA5I�/1D5/1IK03/14XA56�hUAX2M4 4JÐ`NÇAin
;Ó03DM/18Jk{� ; FXA5/C8:N1694JI Í sW4EN1894J= Æ prDM6 4cb�A5taV1IK4 Æ prDM6�;ÓG�4EprD5IKIKD®hE03/1Ô�G103ÔMG1I Í /1DM/�IK0K/�4XA56�4JÐ`NÇA^;Ó03DM/

Dρ
+u − ∆|u|m−1u + (−∆)β/2Dα

+|u|
l−1u = h(x, t)|u|p + g(x, t),

hEG14J694
1 < p, 1 < ρ ≤ 2

Æ
1 ≤ m, 1 ≤ β ≤ 2, 0 < α < 1

A^/1=
h(x, t) ≥ tσ|u|γ

prDM6
|x| >> 1.

�jG1038E47Ð`NÇA^;90KDM/«0K/d;94769VWDMIKA^;Ó4J8-;ÓG14lG147A^;E47Ð`NÇA^;90KDM/RA5/1=~;9G14Ïh-AX2M4@47Ð`NÇA^;90KDM/�k

�������	�
��������

� Y�� 
±k��-A569A58±A5/1=CP�k�
 0K4J696:4 Æ SU6:03;��7694&=_� 4cb�0K8�;Ó47/�F74-=14 89D5IKN�;90KDM/18TVWDM890 ;Ó0325478TVÎD5N16±=�478 <JÐ`NÇAin
;Ó03DM/18&8947ta0 n IK03/1<XA503694J8�/1DM/ taDM/1D^;ÓDM/14J8 Æ L /1/�kO�o/18�;Xk Ì k 
±DM03/1FXA56:<cn L /ÇA5Ik`/1DM/~?%0K/�<XA503694 Æ
_ � Y � � ¸:�cÆÎY � ¸ n _�Y[_ k

� _ � 
±k��-A56ÓA^8lA5/1=�
±k��l4J698:/1476 Æ ?%DOFXA5I A5/1=�ÔMI3DMsÇA5IT89DMI 2^A5s10KI303; Í D5p&A FJI A58:8ÏD5p 8947ta0 n IK03/14XA56
VÇA569A5sWDMIK03F�47Ð`NÇA^;90KDM/�8 Æ�� k���0 ��4J694J/`;90 A5I�47Ð`NÇA^;90KDM/18 È � � _:�cÆ � Y � � Z��cÆ©_ Ä � n _M¸5_ k

� Ä � L kOÕ>kOS-A56:2^A5I3G1D>A5/1= � k:� kOSUG1DMIK4ch-A Æ L ;:;Ó69A5FJ;9DM698�prDM6 8:;969DM/�ÔMI Í =1A5t VW47=QhUAX2M4�4JÐ`NÇAin
;Ó03DM/18-hE0 ;ÓG F7690 ;Ó03FXA5IÎ/1DM/1I30K/147A5690 ;Ó0K4J8 Æ 
 A5FJ00�ÇF � k1D^p P Ai;ÓG�k ÆW_5\dZ � _�� � _5\M\M_:�cÆ©_ � Z�� Ä YX\ k

� ] � � k5SUG147/QA^/1= ! k Ì D5IKt Æ 
 G Í 8903FXA5I�0K/d;Ó4J69V16:4J;HAi;Ó0KD5/@D5p�pr6ÓA5Fc;Ó0KD5/ÇA5Id=10 ��N18:0KDM/On hUA®254&4JÐ`NÇAin
;Ó03DM/~2O0 AQIKDM8:8 Í ta47=�0 A�DMsW4 Í 0K/�ÔCpr6:47Ð`N14J/1F Í VWD®hU4J6�IKA®hlk 
�6:47V16:0K/d;Xk

� ¸ � � k�SUG147/ A5/�= ! k Ì DMI3t Æ �Ç69A5FJ;90KDM/ÇA^I�I A5V�I A5FJ0K47/ Æ ?#4c2 Í 8�;HA5s1I34 =�0K8:;96903s1N�;Ó03DM/{A5/1=
;Ó03t 4 no8:VÇA5F74ataD�=14JIK8lprDM6lIK03/14XA56>A5/�=�/1DM/1I30K/147A56Ïpr694JÐON�47/1F Í =14JVÎ4J/1=14J/`;CI3DM898 Í t 4J=10 A�k

 694JV16903/`;7k

Z



� È�� � kÎP�k �l6:474J/OsW476:Ô Æ B>kWPRA5F®S-A5t Í A5/1=���k � kWPR0�J47I Æ �Ï/«;ÓG�4@4 b�038:;947/1FJ4 Æ N1/10KÐ`N14J/1478:8 Æ
A5/1= 8:;ÓA5s103IK03; Í D5p&89D5IKN�;90KDM/18�D5p&;9G14C47Ð`NÇA^;90KDM/

σ′ (ux)uxx + λuxtx = ρ0utt

k � k#P A^;9G�k
PR4JFHG�k ÆTY[Z � Y � ÈdZ f Y � È � � Æ1Z5\MZ���ZM_ � k

� Z � L k ! kJ�lA5I A58:G1/100�5D®2 Æ ��/ L G14XAi; FJDM/1=1N�FJ;Ó03DM/ 47Ð`NÇA^;90KDM/'prDM6�A�ta47=�0KN1t�hE03;ÓG /1D5/�n
N1/10 prDM69taI Í =10K8�;Ó6:0Ks1N�;947=R/1DM/�n IK0K/�4XA56jG147A^;�89DMN16:F74�D56�A^s189DM6:sÎ4J698 Æ �UN1I3IÒkÇ.
/1032WkÎPRDM8:F7DMN
P A^;9G�kWPR4JFHG�k Ä � Y � � Ä � ÆÇ_5\ n _^] k

�	� � P�k �Ï0K69A5/14aA5/1=�Õ@km�±A^;HA56 Æ � b�VWDM/147/d;90K47I�ÔM6:D®hj;ÓG�prD56@A~pr6ÓA^FJ;Ó03DM/ÇA5I3I Í =ÇA5taVW47=�h-AX2M4
47Ð`NÇAi;Ó0KD5/ Æ ��470 ;Xk L /ÇA5Ik L /1Ô^h ÆW_M_ � Y-� � _5\M\ Ä � Æ�Y®ÈdZ n Y[ZMZ k

�	� � P�k �Ï036ÓA5/14�A5/1= P�k �ÏA^pr8ÓA5D5N10 Æ �©N-�:03;HAn�m8
4cb�VWDM/147/d;ÏprDM6�A�894Jt 03IK0K/�4XA56Eh-AX254a4JÐ`NÇA^;Ó03DM/
hE03;9GRI30K/147A56-=ÇA^t V103/1Ô1k L =�2Wk©Õ�DM/1I30K/147A56 ! ;9N1=�k _ � _5\5\d_:�cÆ /1D1k YMÆ�]1Y �O] � k

� Y®\�� ! k �Ck ! A5t �5D Æ L k L kH�Ï03IKsÇA58&A5/1=p�Qkn�HkÇP A^690KFHG�4J2 Æ �Ç6ÓA^FJ;Ó03DM/ÇA5I©03/`;947ÔM69A5IK8UA5/1= =�47690 2^Ain
;Ó0 2M4J8 Æ �jG147D56 Í A5/�= L V1V1IK03FXA^;90KDM/�8 Æ �ÏDM6:=1DM/ A5/1= �U47A5FHG ! FJ0K4J/1F74 
 N1s1I30K89G�47698 Æ%Y � � Z k

� YMY�� P�k ! 4J6947= Í /�8<�iA�A5/1= L k Ì A5/ Í ÔdA Æ Õ�DM/1I30K/147A56 Ì A5t 03I3;9DM/10 A^/�47Ð`NÇAi;Ó0KD5/18%hE03;ÓGlpr6ÓA^FJ;Ó03DM/ÇA5I
=ÇA5taV103/1Ô Æ � k©PRA^;ÓG�k 
 G Í 8 Æ©]1Y � _^\M\M\[�j_�Y Ä ¸ n _OY[¸5È k

� Y[_ � Õ@kn� Ai;HA56 Æ L s1I3D®h-noN1V 6:478:N1I3;&prDM6jA@pr69A5FJ;90KDM/ÇA^IKI Í =ÇA5taVÎ4J=�h-AX254Ï47Ð`NÇA^;90KDM/ Æ ;ÓDQA^V1VÎ47A56
0K/ Õ�� ��� L k

� Y Ä � Õ@k{� A^;ÓA56 Æ L h-AX2M4 47Ð`NÇAi;Ó0KD5/ÅhE03;9G A pr6ÓA5Fc;Ó0KD5/ÇA5I =ÇA5taV10K/1Ô Æ ��470 ;Xk L /ÇA5Ik L /1Ô5h Æ&_M_
� _^\M\ Ä �-ÈM\ � n È�Y®Z k

� YX] � �Qk �TDO=1DM69D®2^A>A5/1= ��k � D569=ÇA5/�D[2 Æ SU690 ;Ó0KF7A5IÇ4cb�VWDM/14J/`;&prDM6 A@/1D5/1IK03/14XA56�hUAX2M4�4JÐ`NÇA^;Ó03DM/
hE03;9GR=1A5t V�0K/1Ô Æ � k���0 ��4J6947/d;90 A5I�4JÐ`NÇA^;Ó03DM/18 Æ%Y[Z^] � _5\5\�Y-�&]dÈ^] n ] � � k

� Y[¸ � ��k ��GÇA5/1Ô Æ L s1IKD®h-noN�VR6:4789N�I3;EprDM6
Aa/�DM/1IK03/14XA^6-h-AX2M4@47Ð`NÇA^;90KDM/«hE03;9GR=1A5t V�0K/1Ô1e�;9G14
F76:03;90KFXA^I�FXA58:4 Æ S�k©Blk L FXA5=�k ! F70k 
 A56:0K8 Æ ��DMIÒk ÄMÄMÄ Æ Õ
D _�Æ � _5\5\�Y-� V1V�k Y®\ � n YMY7] k
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