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?#A5sWDM6´A^;9DM0K6:4@=�4aP¯A^;´G�<7t A^;´03ÒON�478�4c; L V1V�IK0KF7A^;´03DM/18 Ç43+5 IK476OF70K4J/1F74J8l4J;
8T47FHG1/�DMIKDMÎ50K4 Ç .�/10 n
2M4J698:03;´<l=14>?#AaB
DOFHG147I3IK4 Ç L 2M47/`N14�P�kWSU69<JV£47A5N Ç#Y[Z5\5\M\ ?#AaBEDOFHG147I3IK4 Ç Í 69A5/1FJ4
9Ñ0K/1Î Í A5G1= .�/10 2M4J69890 ;oÐCD5p 3 4J;969DMI347N1t A5/1=�PR03/14769A5IK8 Ç;: 47VÈA56�;´ta47/d;&D5pTP¯A^;9G147t A^;90KFXA^I%6�F70 n
47/�F7478 3 k=<�k%>UDXb YX]M]MÉ�Ç": GÈA^G16´A5/ Ç Å Y[_5É�Y5Ç 6�A5N�=10 L 69A5s10 A
?(@A	��CB(? ºD� E 4lFJDM/18903=1476j;9G14l/1DM/1I30K/147A56-GdÐOV£4J69sWDMIK03F�47Ò`NÈA^;90KDM/

utt − ∆u + Dα
+u = h(t, x) |u|p

VWDM894J=�0K/
Q := (0,∞) × R

N ,
hEG1476:4

Dα
+u
Ç
0 < α < 1

038�AC;´0Kta4Ñpr6´A5Fc;´03DM/ÈA5I#=14J69032^A^;903254 Ç
hE03;9G'ÎM032547/ 0K/�03;´0KA5I�V£D58903;90KDM/ÆA5/1='2M4JIKDOF70 ;oÐ

u(0, x) = u0(x)
A5/1=

ut(0, x) = u1(x).
E 4

F /1= ;´G14 Í NHG:03;´AJIm8�4Ïb�VWDM/14J/d;-hEG10KFHG�8947V1A56´A^;9478&0K/C;´476:t 8 D5p
p, α

A5/1=
N,

;´G14�FXA58:4�D5p%Î5IKDMsÈA^I
4cb�038:;´4J/1F74Ñpr6:DMt ;9G14ÑDM/14ÑD5pT/1D5/14cb�0K8�;´4J/1F74lD5pTÎMI3DMsÈA5I£89DMI3N�;´03DM/187kK8jG147/ Ç h&4l478�;HA5s1I30K8:G~89NJLQn
F70347/d;
F7DM/�=103;90KDM/18UDM/

u1(x)
A5/1=

h(x, t)
A58:89N16:0K/1ÎC/1D5/�no4Ïb�038:;947/1FJ4@D5p¶IKDOFXA^I�89D5IKN�;90KDM/18Jk

'M� � � Ã%�N*T½$Í 6´A^FJ;´03DM/ÈA5I£=ÈA5taV10K/�Î Ç /1D5/�no4Ïb�038:;947/1FJ4 Ç /1DM/1I30K/147A56-GdÐOV£4J69sWDMIK03FÑ47Ò`NÈA^;90KDM/�8
º�»«¼1½X½X¾À¿�ÁM¼�Â¬¾«ÃWÄ�Ì-Å ¹ ? _5\�Ç Å ¹ ? Z5\�Ç1_5É L ÅMÅ Ç Å ] L Y[_

O PRQTS�UKVXWZYZ[!S�\]VDQ

^o/~;9G10K8EVÈA5VW476 Ç h&4@FJDM/18903=1476j;9G14l47Ò`NÈA^;90KDM/

utt − ∆u + Dα
+u = h(t, x) |u|p _ Ea`cb

VWDM894J=R03/
Q := (0, +∞) × R

N ,
89N�s0G:47Fc;�;9DC;9G14l0K/10 ;´0KA5I£FJDM/1=10 ;´03DM/18

u(0, x) = u0(x) and u(0, x) = u1(x) _ Y b
hEG14J694

∆ = ∂2
1 + ...∂2

N

038 ;9G14Ñ?#A5V1IKA5F70KA5/ 03/ ;9G14�89V1A5F74�2^A56:0 A5s�IK4
x
A5/1=

Dα
+

prDM6
0 < α < 10K8-;9G14Ñ;´03t 4�pr69A5FJ;90KDM/1A5I�=14J690 25Ai;´03254Ñ=14 F /147=Rs`Ð

(

Dα
+f
)

(t) =
1

Γ(1 − α)

d

dt

t
∫

0

f(σ)

(t − σ)α
dσ.

_



8jG1038±pr69A5FJ;90KDM/1A5I�=14J690 25Ai;´03254 0K8~89A50K=�;´D sW4��������	��

���������5k 8jG14�������
�����

��������� pr6´A^FJ;´03DM/ÈA5I
=14J69032^A^;903254Ñ0K8j=14 F /147=RsdÐ

(

Dα
−f
)

(t) =
−1

Γ(1 − α)

d

dt

∞
∫

t

f(σ)

(σ − t)α
dσ

_ 8:474�� Y¬_�� A5/1=�� Y Å � prDM6jtaDM6:4�DM/±pr6´A5Fc;´0KD5/ÈA5I�03/d;´47Î56´A5I38jA5/1=ª=1476:032^A^;9032M4J87k b

^o/ ` Ò`NÈAi;´0KD5/ _ Ea`cb Ç ;9G14j;´476:t
Dα

+

694JV1694J8947/d;98UA5/aA^;:;´4J/ON1A^;´03DM/QD5p pr6´A5Fc;´03DM/ÈA5IO;oÐ�VW4 _ 8:474
� YX]�� Ç � Y¬¹�� Ç � YXÉ�� �! � b k >U4JprDM6:4 h&4 =10389F7N�898QDMN16>694J89N1I ;´8�03/Æ=14c;HA503I Ç IK4J;@N18�s�690K4#"1Ð =�h&47IKI DM/
89D5t 4ÑI303;´4J6´A^;9N1694�6947IKA^;´4J=~;´DC;´G14l47Ò`NÈAi;´0KD5/ _ Ea`cb k

^o/>;9G14�FXA58:4&D^p�V1N�6947I Ð�pr6´A^FJ;´03DM/ÈA5I^=1476:032^A^;9032M4�;90Kta4 t DO=14JIKIK03/1Î Ç 6�476:47=�ÐO/18%$^A�A5/1='&�A5/dÐOÎdA
� YX]�� FJDM/18903=1476:47=ª;´G14l/1DM/�IK0K/�4XA56-4JÒ`NÈA^;´03DM/

D2u + γD1+ηu + F (u) = 0

hEG14J694
D1+η hE03;9G 0 < η < 1

694JV1694J8947/d;98�;´G�4
(1 + η)

n DM69=�476-pr6´A^FJ;´03DM/ÈA5I�=1476:032^A^;´0 2M4Ñ03/±;9G14
894J/1894ED5p�S-A5V�N�;´D(� Y[_�� Ç A5/1=

γ
0K8·;9G14-;´G�4769taD^n 2�0389FJDMN18�FJD�4]L FJ0K4J/`;7k 8jG1038�47Ò`NÈA^;90KDM/Q8:476�2M478&A58

A taDO=147I%prDM6E;´G14�A5/1DMt A5I3DMN18EA^;:;´47/`NÈAi;´0KD5/�k <ÑN�6�4JÒON1A^;´03DM/¯F7A5/�sW4@2O0K4chU4J= A58�A^/¯0K/ F /103;94
=103t 4J/18903DM/ÈA5IW2M476:8903DM/RD^p¶;9G14l47Ò`NÈA^;90KDM/ªA5sWD¬2M45k

^o/~DM/14�D^p¶D5N16UV16:4J2O0KD5N18-VÈA5VW476:8 Ç 8:DMta4�F7DM/�=103;90KDM/18�h&47694ÑD5s�;HA503/147= prD56&;´G�4�D�FJF7N16:694J/1F74
D5p�s1I3D¬hE0K/1Î^n N1VªD5p�89DMI3N�;´03DM/18E;´D _ Ea`cb Ç hE03;´G

h(t, x) ≡ 1,
D5/�A�sWDMN1/1=�47= =1DMt A503/�k�PRDM694

V16:47F703894JI3Ð Ç 03/)�* � Ç 0 ;j0K8jV16:D¬2M47=±;´G1A^;E;´G14Ñ8:DMIKN�;90KDM/~038jN1/`s£D5N1/1=14J=�A5/1=±ÎM6:D¬hE8
N�VR4Ïb�VWDM/14J/�n
;´0KA5IKI Ð�03/a;9G14

Lp n /1DM69t prDM6�89NJLaF70347/d;´I ÐaI A56:ÎM4E0K/10 ;´0 A^I�=ÈA^;´A�k 8jG1038&V1A5V£4J6�GÈA58UsW474J/ prDMI3IKD¬h&47=
sdÐ@;oh&DÑD5;9G1476:8·sdÐD8¶A^;´A56+� Y[¹�� A5/1=,� Y¬É�� k1^o/,� Y¬É�� Ç ;´G14&894J;�D5p 0K/10 ;´0KA5IM=ÈA^;´A�GÈA^8�s£4J47/�FJDM/18:0K=14J6�n
A5s1I Ða47/1IKA569ÎM4J=�N18:0K/1Î�A�=10.-£476:47/d;jA^69ÎMN1ta47/d;UsÈA5894J=~DM/~A>/14Jh�?�ÐdA5V�N1/1D¬2�;oÐOVW4�prN1/1Fc;´0KD5/ÈA5I k
8jG14J/ A�s�IKD¬h N1V'0K/ F /�03;´4a;´03t 4 GÈA58QsW4747/'V�69D¬2M4J= N18:0K/1Î�A^/ A569ÎMN�t 4J/`;�8903t 03I A56Ñ;´D�;9G14
DM/14 N1894J='0K//�* � s1N�;�F7DMt�s10K/14J=�hE0 ;´G'A±;´47FHG�/10KÒ`N14 =�N14�;´D10l4JDM69Î50K4J2 A^/1= 8TD�=1D569D¬2^A2� ]��
;´D5ÎM4J;9G1476jhE03;9GªAC8:N103;´A5s1I Ð FHG1DM8:47/ªprN1/1FJ;90KDM/1A5I k

&�4J694 Ç 0K/�;´G14 F 6:8:;>VÈA56�;�D5p&;´G14CVÈA^V£4J6 Ç h&4a6947IKAib�FJDMt V�IK4J;947I Ð¯;´G�4 FJDM/1=10 ;´0KD5/18lDM/ ;9G14
=ÈA^;´A�A5/1=ÆV169D¬2M4±AR69478:N1I3;�D5pE=10�-�4J6947/d;3"ÈA¬25DM6�03/�;´G�4 894J/1894 ;9GÈA^;QARF7690 ;´03FXA5I�4cb�VWDM/14J/`;C038
prDMN1/�= hEG�0KFHG 8947V1A56´A^;9478Q;´G�4ªF7A5894±D5p�s1I3D[h-n N1V�pr69D5t�;´G�4ªF7A5894±D5p�ÎMI3DMsÈA5I 4cb�0K8�;´4J/1F74�4E;9G14
=14JF70K8:03254�V£D50K/d;�038
;9G147/ t A5=14�A5F7FJDM69=�0K/1Îa;´D�;9G14�8:0�574@D5p�=ÈA^;´A�0K/R89DMta4@prN�/1FJ;90KDM/ÈA^IT8:VÈA5FJ45k
8jG14�t 4c;´G1DO= D^p%V169DOD5p£hU4
prDMIKI3D[h�G1476:4�G1A58UsW474J/~A5IK6:4XA5=�ÐQN1894J= 0K/6� Z7� _ 894J4�A5I389D�� É�� b ;´D>/1D5;DM/1I Ð�Î5032M4EA�8:G1DM6�;�V169DOD5pWD5p�A5/Q0KtaV£D56:;HA^/`;·694J89N1I ;�0K/,� Y[Z�� s�N�; A5IK8:D�;´D>A5/18�hU4J6�V£DM8:03;9032M4JI3Ð@A5/
DMVW47/ªÒ`N1478�;´0KD5/¯6´A^0K894J=~;´G14J694>F7DM/1FJ476:/10K/1ÎC;´G�4@4JÒON1A^;´03DM/ _ Ea`cb hE0 ;´GªACIK0K/�4XA56-=1A5t V�0K/1ÎCD5p
;´G�4-prDM69t

ut
_ 6´Ai;´G14J6·;´GÈA^/CA�;´0Kta4&pr69A5FJ;90KDM/1A5I�=1A5t V�0K/1Î b k18jG�0K8�ta4J;9G1D�=QD^p£V�69DOD5pWA5V1VW4XA56:47=

F 6:8:;�0K/�;9G14jsWD�D8$@D5p:9�kd? kd?%0KDM/�8;�*< � prDM6·;9G14jG14XAi;�47Ò`NÈA^;90KDM/QhE03;9GQV£D5I3ÐO/1DMta0 A5I`/1D5/1IK03/14XA56:03;oÐ
A5/1=C;´G�47/�03/a;9G14EVÈA5VW476�D5p�>-A56´A^8&A^/1= 3 0K4J696:4'� _�� _ 89474�A5I389D(� Å � b k ^ ; 6947t A503/147=a=1DM6:t�A5/d; ;90KIKI;´G�4>8:476:0K478ED5pT2M4J6:Ð±03/`;9476:478:;90K/1ÎCVÈA^V£4J698EsdÐ>=Ñ0�6£k�?�GÈA5/1Î@� Y  � Ç � Y < � prDMI3IKD¬h&47=±sdÐ±Aa8:0�5J4XA5s1I34
/`N1t�sW476 D5pWA^6:;´03F7I3478�sdÐCPª03;´03=10K4J690 Ç 3 DMG1D857A54J2 Ç 9ÑN16:;´A Ç 8T47894J0 Ç ?#A5V�;94J2 Ç8A 476:DM/ Ç 0ÑN147=�=ÈAÑA5/1=
9Ñ0K69A5/14aF7DMI3IK47Fc;´4J=�0K/B� Y¬\�� k 8jG�4 t 4c;´G1DO=�038@69A^;´G14J6�8903t V�IK4aA5/1='FJDM/189038:;98�0K/ÆA7G:N1=103F70KD5N18
FHG1DM03F74lD5p#;´G�4l;9478�;
prN�/1FJ;90KDM/±0K/ ;9G14ÑhU47A�$�prDM6:t�N1IKA^;´03DM/ D5p ` Ò`NÈA^;´03DM/ _ Ea`cb A5F7FJDMtaVÈA5/10347=
hE03;9GªAC8:FXA5I347=±2^A5690KA5s1IK4J8jA56:ÎMN1ta47/d;Xk

Å



8jG14�;´G�47DM6:47ta8UhU4�hE0KIKI V16:478:47/d;EG1476:4lA5694�F7DM/�F7476:/147=~hE0 ;´G ;´G�4�/1DM/�n 4cb�0K8�;´4J/1F74�D^p#89DMI3N�n
;´03DM/18Jk ^o/¯F7A5894@D5p�;´G�4@4Ïb�038:;947/1FJ4�D5p�AaIKDOFXA5I�89DMI3N�;´03DM/ª;9G147/RDMN16
694J89N1I ;´8EhUDMN�IK=¯ta4XA^/R;´G1A^;
;´G�0K8j89D5IKN�;90KDM/~t�N�8:;
s1IKD¬h�N1Vª0K/ F /10 ;´45k

^o/ ;9G14ª8947FJDM/1= VÈA56:;CD^p�;9G14±VÈA5VW476 Ç hU4ª478�;HA5s�IK0K8:G A�8:NJLaF70347/d;�FJDM/1=10 ;´03DM/'DM/
h(t, x)A5/1= ;´G14�03/103;90 A5Ij=1A^;HA�A^8989N�690K/�Î�/1DM/�n 4cb�0K8�;´4J/1F74�D^pl89DMI3N�;´03DM/18 prD56�A5/dÐ ;´0Kta45k���4JF74J898´A^6:Ð

F7D5/1=103;90KDM/�8QA5694±A^IK89D 4J8:;´A5s1IK0389G14J='prDM6�;´G�4~4cb�0K8�;´47/�F74ªD5p
ÎMIKDMs1A5IU8:DMIKN�;90KDM/�87k 8¶D ;´G�0K8Q47/�= Ç
h&4±hE03IKIUA5=ÈA5V�;aA ta4J;9G1D�= N18:47= 0K/ >-A569A58CA5/1= 9Ñ476:89/14J6@� Y � Ç DM6903ÎM0K/ÈA^IKI3Ð�4J8:;´A5s1IK0389G14J='prDM6
VÈA569A5sWDMIK03F�V16:DMs1IK4Jt 8Jk ^o/2� Y � Ç ;´G�4lprD5IKIKD¬hE03/1Î�V16:DMs1IK4Jt _ 3 `cb GÈA58jsW474J/¯F7D5/18903=1476:47=

{

ut − ∆u = h(x)up, x ∈ R
N , t > 0

u(0, x) = u0(x) ≥ 0.

^ ;>h-A58>89G�D[hE/�;´GÈA^;@/1DRIKDOFXA5I·h&4XA�$ /�DM/1/14JÎdA^;´0 2M4a89DMI3N�;´03DM/ ;´D _ 3 `cb 4Ïb�038:;98@0 pU;´G�4 03/103;90 A5I=ÈA^;´AQ8´A^;90K8 F 478
lim

|x|→∞
up−1

0 h(x) = +∞,

A5/1=RA5/dÐ~VWDM898:0Ks1I34ÑIKDOFXA5IWhU47A�$~/1DM/�/147ÎdAi;´03254l89DMI3N�;´03DM/~s1IKD¬hE8
noN1VªA^;
A F /10 ;´4�;´03t 4�03p

lim
|x|→∞

up−1
0 h(x) |x|2 = +∞.

<�N16�V1IKA5/¯prDM6
;´G14@69478�;lD5p ;´G�4�VÈA5VW476�0K8�A^8�prDMIKI3D¬hE87e ^o/�;´G�4�/14cbO;l8:47FJ;90KDM/RhU4QV16:D¬2M4CA
F 6:8:;�69478:N1I3;�DM/R/1DM/�n 4cb�0K8�;´47/�F74�D^p 89DMI3N�;´03DM/18
A^pÀ;9476E89DMta4l;´0Kta4

T∗.
6O47FJ;90KDM/ Å FJDM/d;HA503/18
;9G14

8:;´A^;´4Jt 4J/d;´8-A^/1=�V16:D�D^pr8&D5p�D5;´G14J6&6:478:N1I3;98UDM/ /1DM/�n 4cb�0K8�;´47/�F74�D^p%IKDOFXA5I A^/1= ÎMI3DMsÈA5I18:DMIKN�;´0KD5/18
prDM6-;9G14l8´A5ta4ÑV169D5s1IK4Jt s1N�;jhE0 ;´GRAC8:VÈA5FJ4>=�47VW47/1=14J/d;�VWD5;´4J/`;90 A5I k

� � VCQ����	� \�
�S�� QZ[	� V�
����]V�������
�V��,Y�S�\]VDQ�


8jG14 prN1/1FJ;90KDM/
h(t, x)

0K8RA58:89N1ta47=�;9D�sW4�/�DM/1/14JÎdA^;´0 2M4ÆA5/1=�89A^;´038:pÀÐO0K/�Î
h(tR2, xR) =

Rρh(t, x)
prDM6-89D5t 4

ρ
VWDM890 ;´0 2M4ÑA5/�=

R
I A56:ÎM45k ?%4c;jN18jt A�$54ÑFJIK4XA^6 F 6:8:;jhEGÈA^;UhU4lta4XA5/ sdÐ

AR8:DMIKN�;´0KD5/�;9DRV�69DMs1I347t _ Ea`!b k
QT

G�47694ahE0KI3I =147/1D^;´4C;´G14a894c;
QT := (0, T ) × R

N A5/1=
Lp

loc(QT , hdtdx)
hE0KI3I%=147/�D5;´4�;9G14�8:VÈA5FJ4�D5p�A5I3I%prN1/1FJ;90KDM/�8

v : R
+ × R

N → R
89N1FHG ;9GÈA^;

∫

K

|v|p h(t, x) dtdx < ∞
prDM6EA5/dÐ~FJDMt V1A5FJ;

K
0K/

R
+ × R

N .

 (�d¿�ÄT¾rÂ¬¾«ÃWÄ������ 
 � ��� � �#�	�"!��
u ∈ L1

loc(QT )
�$# �)�$!%�����'& ���)(�#%!��*� �	�"!��+! � � 
 ��,��-!/. ���10

243�576 #1�8.:9 �;�#� �<! � 
 � � � � �	�	��� � ����� 2<=16 !��
(0, T )

2
0 < T < +∞

6 � �
u ∈ Lp

loc(QT , h dtdx)�������$#>#1�?� 
,� 

���
∫

Q

h(t, x) |u|p ϕ +

∫

RN

u1(x)ϕ0(x) =

∫

Q

(

uϕtt − u∆ϕ + uDα
−ϕ
) _ _ b


?!����)# �@!��'���?A
ϕ ∈ C2

0 (QT ), ϕ ≥ 0
�����B# ���	�$#���A�� ���

ϕ = 0, ϕt = 0
���

t = T
�����

ϕt = 0���
t = 0. C �#� ��& � 

�/D��E#7�#� ϕ(0, x) =: ϕ0(x).

]



B��0�Æ¼&��$ �?� 3 � 

�/D�� ��
 � �@!���0 ����� 2 � � � �����%���	�"!�� . A>,
���#� # 6 2 � � ����� =����
	 ,���
�� � 6

b
∫

a

f(x)(Dα
+g)(x)dx =

b
∫

a

g(x)(Dα
−f)(x)dx.

�#� !)� � ���)#7��& � ���8� �#���
u
. A

0
�@!��

t ≤ 0.

<�N16 F 698�;�6:478:N1I3;E6:4XA5=18
�D���`Ã%�H�0� �?��� #;#1� 0 �'� 

��� ∫

RN u1(x) > 0,
�����

1 < p ≤ 1 + 2α+ρ
2+N−2α

.
� 
 �#� 	 ,��-!/. ���10

243�576 � 2<=16 � !7�;# � !��+� �/0 � � ���$!/. ��� � !��1�	��� D7�	��� #%!��*�����"!��8# � �1�	� 0 ���
� �-!%! ��� 8jG14�V169DOD5p%038 sdÐ F7DM/d;96´A5=103FJ;90KDM/�k 6�D Ç h&4ÑA5898:N1ta4
;9GÈA^; ;´G14�89DMI3N�;´03DM/C0K8 ÎMIKDMs1A5I k¶?%4J;
ϕ0 ∈ C2

0(R), ϕ0 ≥ 0, ϕ0

=147FJ6947A58903/1Î�A^/1=R8:N1FHGR;9GÈA^;

ϕ0(y) =

{

1 if |y| ≤ 1,
0 if |y| ≥ 2.

E 4>FHG�D�DM8:4
ϕ(t, x) = ϕλ

0(ξ),hEG14J694
ξ = R−4(t2 + |x|4), R

0K8
AaVWDM8:03;´0 2M4Ñ6:4XA5I#/`N1t�sW476 Ç
λ
038EA5/dÐ±6947A5I#ÎM6947A^;´4J6E;9GÈA5/

p,A5/1=ª89N�FHGR;´G1A^;
∫

supp∆ϕ

|∆ϕ|q (hϕ)1−q +

∫

suppϕtt

|ϕtt|
q (hϕ)1−q +

∫

suppDα
−

ϕ

∣

∣Dα
−ϕ
∣

∣

q
(hϕ)1−q < ∞

hE03;9G
p+q = pq.

&
476:4EA5/1=C0K/�;9G14-hEG1DMI34-VÈA5VW476
supp

hE0KIKIO8:;´A5/1=�prDM6·89N1V1VWDM6�;Xk E 4-F7I34XA56:I3Ð
GÈAX2M4

ϕt(0, x) = 0.
8jG10K8EprN1/1Fc;´03DM/

ϕ
hE0KI3I%s£4Ñ;´A�$54J/ A58�AC;9478:;�prN1/1Fc;´0KD5/R03/ _ _ b k Í 0K6:8:; Ç I34J;N18jhE690 ;´4

∫

Q

uϕtt =

∫

Q

u(hϕ)1/p(hϕ)−1/pϕtt.

L 8
ϕ
0K8jD5p¶F7D5t VÈA^FJ;E89N�V1V£D56:; Ç N�890K/�Î�&��MIK=�476,I 8j0K/�47Ò`NÈA5I303;oÐ Ç hU4lDMs�;´A50K/

∫

Q

uϕtt ≤

(
∫

suppϕ

|u|p hϕ

)1/p(∫

suppϕtt

(hϕ)−q/p |ϕtt|
q

)1/q

. _ Å b

E 4>F7A5/RA5V1VW4XA5I�;9DQ;´G14
ε− � DMN1/1Îa0K/14JÒ`NÈA5IK0 ;oÐ ;9D Î54J;

∫

Q

uϕtt ≤ ε

∫

suppϕ

|u|p hϕ + Cε

∫

suppϕtt

(hϕ)−q/p |ϕtt|
q _ ] b

prDM6j8:DMt 4
ε > 0.

?%0.$54JhE03894 Ç hU4lGÈAX2M4l;´G�4>4J8:;90Kt A^;´4J8
∫

Q

u∆ϕ ≤

(∫

suppϕ

|u|p hϕ

)1/p(∫

supp∆ϕ

(hϕ)−q/p |∆ϕ|q
)1/q _ ¹ b

¹



A5/1=
∫

Q

u∆ϕ ≤ ε

∫

suppϕ

|u|p hϕ + Cε

∫

supp∆ϕ

(hϕ)−q/p |∆ϕ|q . _ É b

8jG14l8´A^t 4l0K8-;969N14ÑprDM6-;9G14Ñ;´G10369=~;´4J69t 03/ ;´G14l6:0KÎMGd;EGÈA5/�=R8:0K=14ÑD5p _ _ b
∫

Q

uDα
−ϕ ≤

(
∫

suppϕ

|u|p hϕ

)1/p
(

∫

suppDα
−

ϕ

(hϕ)−q/p
∣

∣Dα
−ϕ
∣

∣

q

)1/q

_ Z b

A5/1=
∫

Q

uDα
−ϕ ≤ ε

∫

suppϕ

|u|p hϕ + Cε

∫

suppDα
−

ϕ

(hϕ)−q/p
∣

∣Dα
−ϕ
∣

∣

q
. _  b

6�N1tata0K/1Î�N�V Ç _ ] b Ç _ É b A^/1= _  b Ç hE03;´G ε
89t A5IKI£47/1DMN�ÎMG Ç h&4@03/�pr476-;9GÈA^;

∫

Q

|u|p hϕ +

∫

RN

u1(x)ϕ0(x) ≤ C

∫

suppϕ

(hϕ)−q/p
(

|ϕtt|
q + |∆ϕ|q +

∣

∣Dα
−ϕ
∣

∣

q) _ < b

prDM6�8:DMta4 V£D58903;903254�F7D5/18:;´A5/d;
C.

Í 6:DMt�/1D¬h DM/�;9G14 FJDM/18:;´A5/d;
C
hE03IKI�=147/�D5;´4±A�ÎM4J/1476:0KF

VWDM890 ;´03254ÑF7DM/�8:;HA^/`;7k L ;
;9G10K8j8�;HA5Î54 Ç h&4@03/`;969DO=1N1FJ4�;´G14l89F7A5IK4J=ª2^A56:0 A5s�IK478

t = τR2, x = yR

A5/1=�894J;
Ω := {(τ, y) ∈ R

+ × R
N ; τ 2 + |y|4 ≤ 2}

k 8jG�47694cprDM694 Ç hE6:03;90K/1Î
ϕ(t, x) =

ϕ(τR2, yR) =: χ(τ, y),
h&4lGÈAX2M4

∫

Ω

(hϕ)−q/p |ϕtt|
q = R2+N−4q−qρ/p

∫

Ω

h−q/p |χττ |
q χ−q/p,

∫

supp∆ϕ

(hϕ)−q/p |∆ϕ|q = R2+N−4q−qρ/p

∫

Ω

h−q/p |∆χ|q χ−q/p,

A5/1=
∫

suppDα
−

ϕ

(hϕ)−q/p
∣

∣Dα
−ϕ
∣

∣

q
= R2+N−2αq−qρ/p

∫

Ω

h−q/p
∣

∣Dα
−χ
∣

∣

q
χ−q/p.

6�D Ç h&4lGÈAX2M4
∫

|u|p hϕ +

∫

u1(x)ϕ0(x) ≤ C
{

R2+N−4q−qρ/p + R2+N−2αq−qρ/p
}

. _ YX\ b

<�s1894J6:254�;´GÈA^;&hU4�GÈAX2M4�FHG1D58947/
ϕ0

0K/ 8:N1FHG±A@hUA¬Ða;´D�GÈAX2M4
|χττ |

q A5/1= |∆χ|q
A^;&;´G14�8´A5ta4

t A5ÎM/10 ;´N1=14�0K/
R
k'��D¬h�h&4l0KtaV£DM8:4�;´G14lFJDM/1=10 ;´0KD5/

1 < p ≤ 1 +
2α + ρ

2 + N − 2α
=: pα.

^o/±;´G14l478�;´03t�A^;94 _ YX\ b Ç h&4>GÈAX2M4l;´DC=10K8�;´03/1ÎMN10389G ;oh&D F7A5894J87e
` 03;´G�476

p < pα :

É



^o/ª;9G10K8jF7A5894 Ç VÈA5898:0K/1ÎQ;9Da;9G14ÑIK03t 0 ;-A58
R → ∞

0K/ _ Y¬\ b h&4@DMs�;HA503/

lim
R→∞

{
∫

|u|p hϕ +

∫

u1(x)ϕ0(x)

}

=

∫

h |u|p +

∫

u1(x) ≤ 0.

8jG1038
FJDM/d;´69A5=10KFc;´8-;9G14l6947Ò`N103694Jt 4J/`; ∫
u1(x) > 0.<�6

p = pα :^o/ª;9G10K8jF7A5894 Ç hU4lDMs�;´A50K/~pr6:DMt _ Y¬\ b
∫

h |u|p ϕ +

∫

u1ϕ0 ≤ C

A5/1=±;´G�47694cprDM694
∫

h |u|p ϕ ≤ C.

?%4J;:;´0K/�Î
R → ∞,

hU4>DMs�;´A50K/
∫

h |u|p ≤ C.

6�D
lim

R→∞

∫

CR

|u|p hϕ = 0, _ YMY b

hEG14J694
CR :=

{

(t, x) : R4 ≤ t2 + |x|4 ≤ 2R4
}

..�8:0K/1Î _ _ b A^/1=~;´G14l478�;´03t�A^;9478 _ Å b Ç _ ¹ b A5/1= _ Z b Ç h&4@t AXÐ�hE6:03;´4
∫

|u|p hϕ +

∫

u1(x)ϕ0(x) ≤





∫

CR

|u|p hϕ





1/p
{

(
∫

(hϕ)−q/p |ϕtt|
q

)1/q

+

(∫

(hϕ)−q/p |∆ϕ|q
)1/q

+

(∫

(hϕ)−q/p
∣

∣Dα
−ϕ
∣

∣

q
)1/q

}

.

_ Y¬_ b

3 A^898903/1ÎC;´DQ;´G14lI30Kta03;UA58
R → ∞

03/ _ Y[_ b A^/1=~;HA�$`0K/�Îa03/d;´DaA5F7FJDMN1/d; _ YMY b Ç h&4@D5s�;HA503/

lim
R→∞

{
∫

|u|p hϕ +

∫

u1(x)ϕ0(x)

}

= 0.

8jG1038
038EA5ÎdA503/~0K/±F7D5/`;96´A5=�0KFJ;90KDM/ hE0 ;´G ∫
u1 > 0.

8jG14lV169DOD5p¶0K8jF7D5t V1I34J;945k
B��0�Æ¼&��$�� ��� .1#7�#��D�� � 

���+� �)� 
 � � � 0 � �	� ��� ���)#7��& 
 �#�

α → 1,
� 
 �B�#��� ���"����� ����,?!��:�#� � �$#

pcwd = 1 + 2+ρ
N

.
� 
��$# �$# � ���7��� � �10 �#� � & � ��
@� 
 � !��:� �@!)������� � � =�� � ����� � � � �

B��0�Æ¼&��$�� �	� !����"� �3��

���;� 
 � ,�� �1D7�"!)� # �����/� 0 �#� � &	!��-(%# , �#� � �;�#�	�*A@�)# & �#� ���@!�� � 
 �����)#7�
1 ≤ α < 2.

���1��
��$# ���)#7�>& ��� #7� � 
 �'����
 � � �	�"!��8# 2 #7� ��� = 
 	 ,�� ��� � 6

(

Dα
+f
)

(t) =
1

Γ(n − α)

(

d

dt

)n
t
∫

0

f(σ)

(t − σ)α−n+1
dσ, n = [α] + 1

�����
(

Dα
−f
)

(t) =
(−1)n

Γ(n − α)

(

d

dt

)n
∞
∫

t

f(σ)

(σ − t)α−n+1
dσ, n = [α] + 1.

Z



� � � [ � 
7
��
U�� [ VCQZWZ\ S�\]VDQ�
 
HV U �]VX[ ��� �CQZW ���]V�� ��� 
�V��,Y��
S�\ VCQ�


^o/±;´G1038j8947Fc;´03DM/ªh&4>A5898:N1ta4l;9GÈA^;
inft∈R+ h(t, x) > 0

k
B��0�Æ¼&��$�������� �-!)0 � 
 � �@!��10 ����� 2 #7� ����� =�� �
	 ,�� � � � 6

(

Dα
−f
)

(t) =
1

Γ(1 − α)





f(T )

(T − t)α
−

T
∫

t

f
′

(σ)

(σ − t)α
dσ



 ,

2 �@!��>� .1#%!��*� � �#�*A �;!�� ��� �?�?!)� # ��� � �#�	�"!��8# 6 � � �$# �#�������@� 

��� � �
f(T ) = 0,

� 
 �#�B��
 �,������
��	�


��������� ���%� �#�	�"!������ ���#��� D������ D�� � ���/�?� �;# � !

(

Dα
−f
)

(t) =
−1

Γ(1 − α)

T
∫

t

f
′

(σ)

(σ − t)α
dσ.

� 
��$# �$# � !�.#� �;!)0 ,
��� ��� & � � 
,��
 � ���%� �#�	�"!������ ���#��� D������ D�� � � ��
 �>#7�#�8#7� ! �
	 �1, � � ! �
?%4J;

γ = q(q − 1)
Ç
L = 1

Γ(1−α)

[
∑2q

l=0 22q−lC2q
l Ml(6q − l − α + 1)

]q hE03;9G
C2q

l

;9G14
N18:NÈA5I%s103/1DMta0 A5IWF7DO4 LaF70347/d;´8�A5/1=

Ml =
∑l

n=0 C l
n

Γ(2q+1)Γ(n−α+1)
Γ(2q−α+n+2)

k
<�N16 F 698�;�6:478:N1I3;98
03/~;´G1038j8947Fc;´03DM/ªA5694Ñ;´G�4lprD5IKIKD¬hE03/1Î

�D���`Ã%�H�0� � ��� �#�
u
.#� �'�$!%����� #%!��*� �	�"!�� � ! 243�576 � 2<=16 & 
 �#� �

T < +∞
�����

p > 1.
� 
 �#� 	

� 
 �#� � ���8�$##� �;!��8##����� � #
γ
�����

L
#1�?� 
@� 

���

lim inf
|x|→∞

u1(x)hp/(p−1)(t, x) ≤
1

q

(

4

p

)q/p(
γq

T 2q−1
+ LT (1−α)q

)

.

� �-!%! ��� >&Ð ;9G14l=14 F /103;90KDM/±D5p·A�hU47A�$~89DMI3N�;´03DM/ Ç prDM6EA5/dÐ
ϕ ∈ C∞

0 (QT ), ϕ ≥ 0
89N1FHGª;´GÈAi;

suppϕ ⊂
{

x ∈ R
N : |x| > R0 > 0

}

,

h&4@GÈAX254
∫

RN

u1(x)ϕ0(x) +

∫

QT

h(t, x) |u|p ϕ

≤

∫

QT

(

|u| |ϕtt| + |u| |∆ϕ| + |u|
∣

∣Dα
−ϕ
∣

∣

)

.

_ Y Å b

.�8:0K/1ÎQ;9G14
ε− � DMN�/1Î 03/147Ò`NÈA^IK03;oÐ

ab ≤ εap + Cεb
q

_ hE0 ;´G Cε = 1/q(pε)q/p b h&4ªF7A5/ 478�;´0Kt A^;94 A5I3I&;´G�69474 ;9476:t 8�03/�;´G14~6:0KÎMGd;�GÈA5/1= 8903=14~D5p
_ Y Å b k ^o/1=�4747= Ç hE6:03;90K/1Î |u| |ϕtt| = |u| (ϕh)1/p(ϕh)−1/p |ϕtt| ,

h&4 F /1=±prDM6
ε > 0

∫

QT

|u| |ϕtt| ≤ ε

∫

QT

|u|p hϕ + Cε

∫

QT

|ϕtt|
q (ϕh)−q/p, _ Y7] b

 



hEG14J694
q
038�A5I h-AXÐO8@;9G14aF7DM/HG:N�ÎdA^;´4a4cb�VWDM/14J/`;�D5p

p
kR?%0.$54JhE03894 Ç h&4�DMs�;´A50K/�prDM6l;´G14aD5;9G1476

;oh&Da;94769ta8
∫

QT

|u| |∆ϕ| ≤ ε

∫

QT

|u|p hϕ + Cε

∫

QT

|∆ϕ|q (ϕh)−q/p _ Y¬¹ b

A5/1=
∫

QT

|u|
∣

∣Dα
−ϕ
∣

∣ ≤ ε

∫

QT

|u|p hϕ + Cε

∫

QT

∣

∣Dα
−ϕ
∣

∣

q
(ϕh)−q/p. _ YXÉ b

8¶A�$`0K/1Î
ε = 1/4,

hU4l=14J=1N1FJ4@pr69D5t _ Y7] b n _ Y¬É b A5/1= _ Y Å�b ;´GÈA^;

J :=

∫

RN

u1(x)ϕ0(x) ≤ C1/4

∫

QT

(

|ϕtt|
q + |∆ϕ|q +

∣

∣Dα
−ϕ
∣

∣

q)
(ϕh)−q/p, _ Y¬Z b

hE03;9G
C1/4 = 1

q

(

4
p

)q/p

.
L ;E;´G�0K8j8:;´A5ÎM4 Ç hU4>t�A�$54Ñ;´G14lFHG1D50KF74

ϕ(t, x) := Φ
( x

R

)

(

1 −
t2

T 2

)2q

hEG14J694
Φ ∈ C∞

0 (QT ), Φ ≥ 0
Ç
suppΦ ⊂ {x ∈ R

N : 1 < |x| < 2}
A5/�=

|∆Φ| ≤ kΦ.
^ ;�038

F7I34XA56E;´G1A^;�;9G14�6:47Ò`N10K6:47ta47/d;´8�V1694c2�03DMN18:I3Ðª894c;�prDM6
ϕ
A56:4�8´Ai;´0K8 F 47= _ ϕ(T, x) ≡ ϕt(T, x) ≡

ϕt(0, x) ≡ 0
b k ��4ÏbO; Ç h&4>4J8:;90Kt A^;´4�;9G14Ñ;´G16:474Ñ;´4J69ta8j0K/ ;9G14Ñ6903ÎMGd;jGÈA5/1=ª8903=14ÑD5p _ Y¬Z b k�?%4J;N18Ñt A�$54�;9G14CFHGÈA5/1Î54QD5p�25A^690 A^s1IK4J8

t = τT
A5/1=�V1N�;

γ = q(q − 1).
.�8903/1Î~;´G�0K8ÑA5/�=�;9G14

A58:89N1taV�;´03DM/18jDM/
ϕ,
h&4 F /1= Ç

∫

QT

|ϕtt|
q (ϕh)−q/p ≤ γqT 1−2q

∫

Q1

h1−qΦ, _ Y  b

A5/1=
∫

QT

|∆ϕ|q (ϕh)−q/p ≤ kqR−2qT

∫

Q1

h1−qΦ. _ Y < b

Í DM6-;´G�4l;9G10K6:= ;´4J69t Ç 03;j038j4XA58�Ð~;´DC894J4>;9GÈA^;
∫

QT

∣

∣Dα
−ϕ
∣

∣

q
(ϕh)−q/p =

∫

QT

h1−q

(

1 −
t2

T 2

)2q(1−q)

Φ

∣

∣

∣

∣

∣

Dα
−

(

1 −
t2

T 2

)2q
∣

∣

∣

∣

∣

q

. _ _^\ b

��D¬h�hU4>F7DMtaV1N�;94�;´G14l6:0KÎMGd;:n GÈA5/1=�47=~pr6´A5Fc;´03DM/ÈA5I£=1476:032^A^;´0 2M4

Γ(1 − α)Dα
−

(

1 −
t2

T 2

)2q

= −
d

dt

T
∫

t

(

1 − σ2

T 2

)2q

(σ − t)α
dσ = −T−4q d

dt

T
∫

t

(T 2 − σ2)
2q

(σ − t)α
dσ.

.�8:0K/1ÎQ;9G14 ` N�IK476 Im8EFHGÈA^/1ÎM4lD5p·2^A56:0 A5s�IK4

y =
σ − t

T − t

<



h&4@8:474Ñ;´GÈAi;

1 − y =
T − σ

T − t
and 1 − y2 =

T 2 − σ2

(T − t)2
− 2t

1 − y

T − t
.

8jG14J694JprD5694

I :=

T
∫

t

(T 2 − σ2)
2q

(σ − t)α
dσ =

1
∫

0

[

(1 − y2) + 2t
1 − y

T − t

]2q

(T − t)4q−α+1y−αdy

DM6

I = (T − t)4q−α+1

1
∫

0

y−α(1 − y)2q

[

(1 + y) +
2t

T − t

]2q

dy.

>&Ð ;9G14ls10K/�DMt 0KA5I prDM69t�N�I A�h&4>t AXÐ�hE6:03;´4

I =
∑2q

l=0
22q−lC2q

l t2q−l(T − t)2q−α+l+1

1
∫

0

y−α(1 − y)2q(1 + y)ldy

hEG14J694
C2q

l =
2q(2q − 1)(2q − 2)...(2q − l + 1)

l!
.

.�8:0K/1ÎQ;9G14ÑprDM69t�N�I A
1
∫

0

(1 − τ)u−1τ v−1dτ =
Γ(u)Γ(v)

Γ(u + v)
, u, v > 0

h&4@DMs�;HA503/
I =

∑2q

l=0
22q−lC2q

l Mlt
2q−l(T − t)2q−α+l+1

hEG14J694
Ml :=

∑l

n=0
C l

n

Γ(2q + 1)Γ(n − α + 1)

Γ(2q − α + n + 2)
.

&�4J/1F74

Dα
−

(

1 − t2

T 2

)2q

= −T−4q

Γ(1−α)

∑2q
l=0 22q−lC2q

l Mlt
2q−l−1(T − t)2q−α+l [(2q − l)T − (4q − α + 1)t] .

6�N1s�8:;´0 ;´N�;90K/1ÎQ;9G10K8j4Ïb�V�69478:8903DM/¯03/ _ _5\ b h&4>DMs�;HA^0K/ ;´G1A^;

∫

QT

∣

∣Dα
−ϕ
∣

∣

q
(ϕh)−q/p =

T 1−αq

Γ(1 − α)

∫

Q1

h1−q
(

1 − τ 2
)2q(1−q)

Φ

×
∣

∣

∑2q
l=0 22q−lC2q

l Mlτ
2q−l−1(1 − τ)2q−α+l [(2q − l) − (4q − α + 1)τ ]

∣

∣

q
.

YX\



^ ;
0K8j/1D^;E=10 LaF7N�I3;j;´DC8:474l;´GÈA^; Ç A58
l + 2 − α > 0,

hU4lGÈAX254>;9G14l478:;90Kt A^;´03DM/

∫

QT

∣

∣Dα
−ϕ
∣

∣

q
(ϕh)−q/p ≤ LT 1−αq

∫

Q1

h1−qΦ _ _OY b

hE03;9G
L := 1

Γ(1−α)

[
∑2q

l=0 22q−lC2q
l Ml(6q − l − α + 1)

]q
.��D¬h)D5s1894J6:2O0K/1ÎC;´G1A^;

inf
|x|>R

(

u1(x)hq−1
)

∫

RN

h1−qΦ ≤

∫

RN

u1(x)ϕ0(x) =

∫

RN

u1(x)Φ(x)

A5/1=ªÎdA^;9G1476:0K/1Î�;9G14l694JI A^;90KDM/18 _ Y[Z b n _ Y < b A5/�= _ _�Y b Ç hU4l0K/�pr476-;´G1A^;

inf
|x|>R

(

u1(x)hq−1
)

∫

RN

h1−qΦ

≤ [γqT 1−2q + kqR−2qT + LT 1−αq] C1/4

∫

Q1

h1−qΦ.

_ _5_ b

8¶A�$`0K/1Î¯;9G14
sup

hE03;9G�694J89VW47FJ;Q;9D
t
D5pEsWD5;´GÆ890K=�478�D5p _ _M_ b A5/1=�t A�$`0K/1ÎRN1894~D^pj;´G14~A^8�n89N�t V�;90KDM/

inf t∈R+ h(t, x) > 0
Ç hU4�F7A5/ =10 2�03=14�sdÐ ∫

RN

(inft∈R+ h)1−q Φ > 0 _ 694JFXA5I3IT;9GÈA^;

1 − q < 0
b k 8jG14J/ Ç IK4c;9;90K/1Î

R → +∞,
hU4>DMs�;´A50K/

lim inf
|x|→∞

(

u1(x)hq−1
)

≤

(

γq

T 2q−1
+ LT 1−αq

)

C1/4.
_ _ Å b

E 4lF7A5/R03t ta47=�0 A^;947I3ÐC=�47=1N1FJ4@;9G14�prDMIKI3D¬hE0K/1Î�6:478:N1I3;98
º@Ã%�iÃW»«»«¼J� � �?� � �#�

p > 1
� � #;#1� 0 � ��

���

lim inf
|x|→∞

u1(x)hp/(p−1)(t, x) = +∞,

� 
 �#��,��;!/. ���10 243 5�6 � 2<=16 

�)# � ! & ���)( �$!%����� #%!��*� �	�"!�� �@!��'���?A
T > 0.

º@Ã%�iÃW»«»«¼J� � � � � �%, ,?!%#7� � 

���
1 < p < 1/(1− α)

�����
u1(x) ≥ 0.

��� 243 5�6 � 2<=16 � �/0 � � # �
���$!/. ��� & ���)( #%!��*���	�"!�� 	 ��
 �#�

lim inf
|x|→∞

[

u1(x)

(

inf
t∈R+

h(t, x)

)q−1
]

= 0.

� �-!%! ��� 6�N1V�V£DM8:4>;9GÈA^; _ Ea`!b n _ Y b GÈA58
AQÎMIKD5sÈA5I�h&4XA�$�89DMI3N�;´03DM/±A5/1=±;´GÈAi;

P := lim inf
|x|→∞

[

u1(x)

(

inf
t∈R+

h(t, x)

)q−1
]

> 0.

Y5Y



8jG14J/Rpr69D5t _ _ Å b Ç 0 ;EA5V1VW4XA^698j;´GÈAi;

T ≤ max

{

(

γq + L

P
C1/4

)1/(αq−1)

,

(

γq + L

P
C1/4

)1/(2q−1)
}

.

8jG1038
038EAQF7DM/d;´69A5=103FJ;´03DM/�k
8jG14 /14cbO;T;´G14JDM694Jt�ÎM0325478¶A5/1D5;9G1476#/14JF7478:8´A56�Ð>F7DM/1=�03;´03DM/ÑprDM6%4cb�038:;´4J/1F74&D5p�A
ÎMI3DMsÈA5I^hU47A�$

89D5IKN�;90KDM/�k L ;E;9G14l8´A5ta4Ñ;´0Kta4Ñ03;EV�69D¬2O0K=14J8 _ 0K/±FXA^894 u1(x) ≥ 0
b AQ89NJLaFJ0K47/d;�F7DM/�=103;90KDM/~prDM6

s1I3D[h�N1Vª0K/ F /10 ;´4�;90Kta4�D5p·A5/dÐ±V£DM8:8903s1IK4�I3D�F7A5I�8:DMIKN�;90KDM/�k
�D���`Ã%�H�0� � � � �4, ,?!%#7��� 

���

1 < p < 1/(1 − α)
�����

u
�$# �>���$!/. ��� & ���)(�#%!��*� �	�"!�� �<!

243�576 � 2<=16 � � 
 �#� 	 ��
 �#� � ���8�$##� #'��,?!%##� �	� D�� �;!��8##� ��� �
K

#1�?� 
@��

���

lim inf
|x|→∞

(

u1(x)hq−1 |x|2(qα−1)/α
)

≤ K.

� �-!%! ��� L 8
p < 1/(1 − α),

hU4lGÈAX2M4
αq − 1 > 0

A5/1=~;´G�47/RprD56
T > 1

h&4lt�AXÐ hE6:03;´4

γqT 1−2q + kqR−2qT + LT 1−αq ≤
γq + L

T αq−1
+ kqR−2qT.

� Í 69DMt _ _M_ b h&4l894J4>;9GÈA^;

inf
|x|>R

(

u1(x)hq−1
)

∫

RN

h1−qΦ ≤

(

γq + L

T αq−1
+ kqR−2qT

)

C1/4

∫

Q1

h1−qΦ. _ _i] b

PR03/10Kta0�5J0K/1Î>;´G14lIK4cpÀ;EGÈA5/1=±8:0K=14l4cb�V16:478:890KD5/¯0K/ _ _^] b hE0 ;´Gª69478:V£4JFJ;E;´D T,
h&4@D5s�;HA503/

inf
|x|>R

(

u1(x)hq−1
)

∫

RN

h1−qΦ

≤ (kq + (γq + L)/K1) C1/4K
1/αq
1 R−2(αq−1)/α

∫

Q1

h1−qΦ

hEG14J694
K1 := (αq − 1)(γq + L)/kq k �
D¬h Ç N18:0K/1Î�;9G14�A5898:N1taV�;´03DM/18 DM/

Φ _ /1A5t 4JI3Ð Ç
R < |x| < 2R

b Ç hU4l894J4>;9GÈA^;

inf |x|>R

(

u1(x)hq−1 |x|2(αq−1)/α
)

∫

RN

h1−q |x|−2(αq−1)/α Φ

≤ (kq + (γq + L)/K1)C1/42
−2(αq−1)/αK

1/αq
1

∫

Q1

h1−q |x|−2(αq−1)/α Φ.

_ _5¹ b

8TDRFJDM/1F7I3N1=14a03;>89N;L FJ478>;´D±;HA�$^4a;9G14
sup

hE0 ;´G 694J89VW47FJ;@;´D
t
D5p&sWD5;´G�890K=�478>D5p _ _M¹ b A5/1=

=10 2�03=14ÑsdÐ ∫
RN

[inft∈R+ h(t, x)]1−q |x|−2(αq−1)/α Φ.

�����j����� �
!%����!#"$!%�&�
8jG14C894JF7DM/�=�A5N�;9G1DM6Ñ038�2M476�Ð�ÎM6´Ai;´4JprN�I·;´D~;´G�4A9Ñ03/1Î Í A5G1= .�/10 2M4J69890 ;oÐ D5p 3 4c;´69D5IK47N�t A5/1=
PR03/14769A5IK8-prDM6j0 ;´8 F /1A5/1F70KA5I�8:N1V1VWDM6:;7k

Y¬_
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