
! "

!"#$ !""#$%!&'

!

("!"

"

"#$%"&'$%"

%&'( )*+,-.%&/0'(1!""#$%$$2

3456 789:&!'$(;<=<>?@A<BCDEFGHIJKLM

34FNO<)(*+,-F.,+/01.*2345267/P

基于 ()*+,-) 因果分析研究颞叶癫痫脑电的网络特性

789

"6$

<QRS

"6$

<N O

"

8

!!."#$%&'()$'*+',-"# &%%%'%./."#$%/'0$,123%-"# &%%%0/4

TU (V!"#$%&'(11()*+,-./01234*56789:;<=>?6@'*&34ABC WX!D !# $%

11(2 EFGH ()*+,-)12IJ7KLMNOPQR12S !

34

7TUVWX 567 SC YZ !

34

[\12347KL 89 6]S^

EF : US_`IJ7IJabcdeCKL<=>fgOP12hSijRk>l<=m>nDYOP*12hSCYZ!o

p:;<=>,]IqreGst " GuC " Gu 567 S!Rk>v '.&"% ")!.;#/ ;7<=m>v ".<'0 0)!.%0" !7<=>v

<.!'')!.#;' <7 wxDyzv /.!0; !)%.00# !C " GufgOP 89 6]S! Rk>v %.%"; ;)%.%!" ;7 <=m>v %.%"# ;)

%.%%; 07<=>v %.%<%)%.%/%C "Gu<=>fgOP12hSv %.#<# ")%.&%& '7Rk>l<=m>nDY*{H12hSv

%.!"; 0)%.!&0 <l%.!!'")%.%#"<C Y[!op:;z|wxDyz+,./}-~��op:;<=>fgOP 89 6]S|R

k>l<=m>~��op:;<=>fgOP��12�7�fgOP��12�C

\]^ op:;�&'�GH ()*+,-)12IJ�89 6]S�12h

_`abc ='"/.! !de8f *

!"#"$%&' () &*+#*, )"-.(%/ &'*%*&-"%0#-0&# (1 223# %"&(%40)5 (1 6$-0")-# .0-' -"76(%$, ,(8" "60,"6#9 89

4(7$0) 5%$)5"% &$+#$,0-9 $)$,9#0#

>?@ AB3$4C+

!D/

!9E1F AB3$4C*+

!D/

!6?GF H3+

!

"!.IJBKKL KM 83KN-O3J*L 1+,3+--)3+,!63*+43+ P-O3J*L @+3Q-)23RS!63*+43+ &%%%'%!9B3+*#/.5-T*)RN-+R KM F-C)KLK,S!(-+-)*L EK2T3R*L!

63*+43+ P-O3J*L @+3Q-)23RS!63*+43+ &%%%0/!9B3+*4

:8#-%*&- ;8<"&-0="> 6K *+*LSU- RB- -VJ-223Q- O32JB*),- KM -T3L-T2S WS MC+JR3K+*L JK++-JR3Q3RS *+O J*C2*L +-RXK)Y JB*)*JR-) KM NCLR3$

JB*++-L 11(2. ?"-'(4#Z 11(2 KM !# JB*++-L2 X-)- *+*LSU-O WS M)-[C-+JS OKN*3+ ()*+,-) J*C2*L3RS. 6B- !

34

KM J*C2*L Q*LC- W-RX--+ RXK

+KO-2 X*2 J*LJCL*R-OD *+O 567 Q*LC- X*2 KWR*3+-O WS *Q-)*,-. 9*C2*L +-RXK)Y X*2 WC3LR RK J*LJCL*R- RB- 89 N-*2C)-N-+R2. 89

N-*2C)-N-+R2 X-)- *+*LSU-O WS :$N-*+2 JLC2R-)3+, RK JKNT*)- RB- JB*+,- KM 89 N-*2C)-N-+R2. 9*C2*L MLKX Q*LC- KM 3JR*L T-)3KO2 X*2

J*LJCL*R-OD *+O J*C2*L MLKX Q*LC-2 KM RB- +KO- JK))-2TK+O3+, 3+ 3+R-)3JR*L *+O T)-3JR*L T-)3KO X-)- JKNT*)-O. !"#+,-#Z 6B- *OQ*+R*,- KM RB-

-+-),S O32R)3WCR3K+ 3+ 3JR*L T-)3KO KM 6\1 X*2 RB- O-LR* M)-[C-+JS. 6B- 567 Q*LC- KM O-LR* M)-[C-+JSZ 3+R-)3JR*L T-)3KO '.&"% ")!.;#/ ;D

T)-3JR*L T-)3KO ".<'0 0 )!.%0" !D 3JR*L T-)3KO <.!'')!.#;' <D RB- +K)N*L ,)KCT /.!0; !)%.00# !. GJR3Q- +KO-2589 N-*2C)-N-+R2 KM O-LR*

M)-[C-+JSZ 3+R-)3JR*L T-)3KO %.%"; ;)%.%!" ;D T)-3JR*L T-)3KO %.%"# ;) %.%%; 0D 3JR*L T-)3KO %.%<%)%.%/%. GJR3Q- +KO-52 J*C2*L MLKX Q*LC- KM

O-LR* M)-[C-+JSZ 3JR*L T-)3KO %.#<# ")%.&%& 'D 3+R-)3JR*L *+O T)-3JR*L T-)3KO KM RB- JK))-2TK+O3+, )-,3K+Z %.!"; 0)%.!&0 <D %.!!' ")%.%#" <.

@()&,+#0()Z 6B- JK++-JR3+, MC+JR3K+ KM 6\1 ,)KCT 32 23,+3M3J*+RLS -+B*+J-OD *2 JKNT*)-O RK RB- +K)N*L JK+R)KL ,)KCT. 89 KM *JR3Q-

+KO-2 3+ 3JR*L T-)3KO KM 6\1 23,+3M3J*+RLS 3+J)-*2-2D *2 JKNT*)-O RK 3+R-)3JR*L *+O T)-3JR*L T-)3KO. GJR3Q- +KO-2 3+ 3JR*L T-)3KO KM 6\1 *)-

RB- J*C2*L 2KC)J- XB3L- 3+*JR3Q- +KO-2 3+ 3JR*L T-)3KO KM 6\1 *)- RB- J*C2*L 23+Y2.

A"9 .(%4# R-NTK)*L LKW- -T3L-T2S] 11(] M)-[C-+JS OKN*3+ ()*+,-) J*C2*L3RS *+*LS232.8-RX--++-22 9-+R)*L3RS] J*C2*L MLKX

$%&'()*+,-./0123!456

789'(:;<=>?+@ABCDEFGH

I/JK!LMNOJPQRSTUVWXYZ[

^!_

\

]^$%_5`a/JK! Lb=ac " defg

hifVjifVk`fVIlf\ hifmjif

n5o]^!pqco]^f\rs87A"11(tu

v3iwxi]y.zw{zJ@!Lb|}~r

�7y\ ��7A&DE���-����!�]

^$%-��V��mJ1�������H�-

��\ !;#; � ()*+,-) �5�/����f�� 

¡¢£¤-¥¦§¨\ /%!"� IS2K-Q*

^/_

�5©�/

�ª«�f- ()*+,-) ¡¢¬)! ­v �®-¯

'JKomJK°!892±V89²³72±V³

7´- \1`2 µ¶·¸�[¹\ !;;! � :*N3+2Y3 m

8L3+KX2Y* �� º[»¥¼-�½ ()*+,-) ¡¢

a¾!¿ÀÁÂÃÄ¥"O3)-JR-O R)*+2M-) MC+JR3K+t!

LbÅÀºÆÇ¥¼�ÈÈÆÇ2±ÀÁÂÃ¬

天津医科大学学报
aKC)+*L KM 63*+43+ P-O3J*L @+3Q-)23RS

6 /%7 #8

("!"9 !!:

+,-. /%/ 0,. #

FKQ. ("!"

"&'



!" !"#! # $%

&'(

$%&'()*+,-./012

3456789:7;,<=>?67@ABCD

EFGHIJKLMN,CDEFIJOKL./

PQ-RSTFU )* VWXY)+,-++..+// *+.,012!

3,4Z[\]^_`abcdPefRgh5Mi[

\]bcjkPlm

&5(

U !"66n7328+ o

&9(

pqJr

34567stutvwPxy= @ABz )* V

WXP4{F|}~��E��F|���M��

������5U �>?����EOP�[5�

�R��bcP�V=���67H�B�@A�

B�@ABR��2 ¡EO¢>?2£=>?6

7@ABrV¤OPEbc¥¦ U

! !"#$%

6:6 !"#$ �>?1§¨©ª«¬­�®¯

¬°IJ±­U ��67¡Yn² 6;<5= ³´R��

2 ¡Yn² !5<'" ³´C > µ=��67:7;¶

<·��FY?=�?>́ U ��67¸¹º»¼67@A

½¾}¿ÀÁÂÃÄ 6;>; nÅÆÇ66ÈÉPÊ

Ëº»}4½º»U @A ÌÍÎÏÐÑÒÓÑÔÕ

Ö×����Øk;5@ÙÚvU BBC º»¼@AB

gÛ5@A ! Ü�ÝÞ�7ß¤Oàáâã ' / �

ÝP&HäH�Båæçaèr575¤Oä@A

�Båæ@A�Þ�éêO)ëTâã5ìíÒ

yîí¤OU ��67¡H�B�@A�B�@AB

�ï��2 ¡P 6D ð BBC/=C¡ 6E D BBC/ 1

§ñ=òD1§ñ¢ 6" /=óß� F/G96! HIU BBC/

1§ó%ôÅõzöYJ3KL2+,́ ÷�EOøùúû=

üÅÆ 6MN!"!ýþÿðÈ=�!"éêO)#ú=

$íP��%&¢ "O'"=M HIU

#:! %&

#:!:# BBC/ 1§Pu'( 2)*89'(=ó

% ?1/, P*Q +,= -§)./041CD4W=2

�$4W2345).U

#:!:! BBC/ &�41 å%6&78�9:2

BBC/ 89&�41= ;<=P=01¢ 9M R/=>

L?@¢ !9 R/=A+ BBC/ 1§P[W4{U A+

��67@AB[W4{PBC�D=2BC�D

8èE41�[��R��bc/5U

#:!:' �| C01.S+0 ��41 TU?YV30+K,+V ,01./!

F+0 F%.K,3L.́ F�A+���dGGEFGHlH

P.ð�!= ÞIJhèD�9W©KLM¾äG

DEFPlHGH���!PNOF��r TU?

XPzP89QË=z TU? XR<GDEFlHP

./Sa���!

&D(

U H+ TUo

&=(

ë@V�W +!

*L..+K,LR+ F�A+���!XYU

6:!:5 )* VWXR W ¶XZ½41 )* VWX

[41��bcdD\gh5PèD\1U èD_

`P )* RÏ]�_`�r^_`_6`ab1P

¯R=c�èD_`P )* d�=efÏgD_`a

��bcddghU��bcú¢ !GY"=#́ ="fÏ

_`PhÄ=# fÏ_`GH`ab1PhÄUic

bcdjkJrG` $=% GHP_6`ab1ú¢

!

$=%

=lm_6`adJr_` & Pb1¢ !

$=%

Y&́

&>(

=

)* ú¢¼

n )* VWX89 W oZ½41= C_`p4

qG½¼Kr_`RÚKr_`=st )* VWXa

H�B�@A�B}@ABPu×U

6:!:9 ��v ��vYK1%/12 F2L-=*?́ RÏa�

�bc8èD_`wxyz_`=Òy{y|_`

wxP}VU ��vX¢�^_`~^P����

1X}~¹^_`P����1XP�U c���

vX¢e1�1XtP=��_`¢���U c�

_`��vX¢�1�1Xtz=��_`¢��

�

&;(

U

6:' '()%& ��67¡H�B� @A�B�

@AB�ï��2 ¡ TU? XA¢��ß�=�%

Q�41=Ì�[�àáG¡�ýA®��=�G

GstU �p[�ÃÄ��4{=c1§ÃÄ��

4{=��ã89 ' Ì�=�ÚÃÄ=�89�$P

�\Ì�=st[�SaÎ���U ��67¡@

AHB� @A�BR@ABKr_`P )* VWX

A¢��ß�=89Ý�Ì�U

" &'

$%�| C01.S+0 ��41Q,= A+���

67¡H�B� @A�B� @ABR��2 ¡

BBC/ 1§= 4167rV¤OP�[��REb

c/5U

!:6 *+,-./0123.4 BBC/ 5678

2��67¡H�B�@A�B�@ABR�

�2 ¡ BBC/ 1§4�89&�41=�ø 6U

!:! (9 ! 6: BBC/ ;<=>?@ ��67

@ABBC�D4{a ! �ñ=2��67¡R�

�2 ¡P ! �ñ89 C01.S+0 ��41U 2��

67¡H�B� @A�B� @ABR��2 ¡

BBC/ 1§=4�A+ ! �ñP���!��XY=

�ø !U

ø !Y1́ ��67H�BP����ø=� U9

)*Y&́ G

!

!

$=%

Y&́

!

$=%

$"%"&#(

! !""天津医科大学学报5'>



!!" !""

!#" !$"

%&

'&

&

( )&

)

&

#
$
*
+
,

%
&
'
(
$

)**-

%&

./

&

( )&

)

&

#
$
*
+
,

%
&
'
(
$

)**-

%&

.&

&

( )&

)

&

#
$
*
+
,

%
&
'
(
$

)**-

%&

.&

&

( )&

)

&

#
$
*
+
,

%
&
'
(
$

)**-

!!"+,-.*/01)#2345672829:!""+,-.

;<=01)#23456728> !!01)2+,"? "!)%1.(+,"#@

AB3!#"+,-.;<0)#234567BCDE28> #!45(1

2+,"#@:!$"A 6 FGHIJK1)#234567DE28> !

#@

! ! ! "#$%&'()*+,-)*+,). ! "/01234

56789:!

"#$ ! %&' ()'*($' +#,'-.*'/0'123 (1(435#5 6. ! 2(5' 6. %78 #1+'*!

#2+(49 :*'#2+(49 #2+(4 :'*#6;59 (1; ! 2(5' 6. 16*,(4 261+*64

$*60:

!!" !""

!#" !$"

L 6M'M2M% NOPQRSTIUAL 6!67 VW!896589'5825

8%5:25:%5;25;%5<)5<.58=5805>25>%5>(5>7"

! < !8;4<=>?!@!ABC4>?6D "

#=

E>?@?AA

"#$ < %&' ;'4+( 5:'2+*0, .012+#61 2611'2+#61 ;#($*(,9 2611'2+#615

(*' 5&6B1 #1 +&' .#$0*' "

#=

> ?@?AA

XYQ 8%5:25;25>2:4 .!""+,-.;<=01

Z[\]45O 8% XYQ 8;)5:%5<)5>7:4 .!#"

+,-.;<01Z[\]45 Z[\]^_5B

CXYVWA :%5;%5<.:4 .!$"GHIJK1Z

[\]4580 XQ >%5>( XQ <)5XYVW29`

# #@+,-.K;<0Z[\]ab^_: +,

-.K*/0?;<=Tc5XYVWDE:GH

IJKZ[\]ab^d5XYVW29e +,-

.K*/0 ?>8 fgA =52%4 %")5@7. @:;<=0

?>8 fgA %50=( (")54(% ): ;<0 ?>8 fgA

05)==")57@= 0: GHIJK ?>8 fgA .5)(@ )"

45((7 )e hi ! jk5##@+,-.K*/0M;<

=0?;<0?>8 glGHIJK> "A454( mn

ofpqrste

.52 !"#$%&'()*+,-./01 V

i # #@+,-.K?GHIJK1 ?>8 23u

vwQ5xK1 ?>8gypqrz{|e

.525) +,-.K B: }7g1 C fg~�23

+,-.K*/0�;<=0?;<0����B:

}7g�� C fg~�235 ����2�x��

����?�����5 ����IU1 B: }7

g��5�����IU1 B:}7g��5�42e

# #@����5 */01 B: }7gA 454%@

@"4546% @M ;<=0����1 B: }7gA

454%="4544@ (M;<0 B: }7gA 45404"454.452

�h # jk5"#454(5�>qrz{|e ;<0��

��1 B: }7gpqrzs�5 Z[���z;

����e �T5;<=0�*/0l�5B: }7

g�pqr��e

.525. ��+,-.;<01Z[ g �;<

0 B: }7g C fg~�23wQ1����¡N

Z[ g��5�4 %e

;<0����1Z[ gD45(5 �����

1Z[ gA4e ;<0����Z[ gA 45707

%"45242 =5*/0Z[ gA 456%@ ("4562( 05;<

=0Z[ gA 4566= %"4547% 05 hik¢£¤¥

G¦285;<02��*/0�;<=0 ! jk5

"A454(5fpqrz{|e Z§5;<0����¨

©Z[ª5���«¨©Z[¬:;<0����

�*/0�;<=0­IU��l�5Z[ g®

qs�5I��E�¯��yp�°Z[±²e

456(

4564

454(

4544

B
:
g

?EFG!#@

���� �����

*/0

;<=0

;<0

! C !8;#$%&3'()*+,-).+,)FGHIDJFG

HI EFKLEMN9:

"#$ C EF,'(50*','1+ 26,:(*#561 (1(435#5 6. (2+#)'D#1(2+#)' 16;'5

#1 %78 #1+'*#2+(49 :*'#2+(49 #2+(4 :'*#6;5 6. +&' ;'4+( .*'/0'123

裘志军!等
5

基于
HI!JKEI

因果分析研究颞叶癫痫脑电的网络特性第
7

期
%2@



!"#

!"$

$%#

&%&

'&"#

!
"
#
$

()*+,%&

'()* +,()* -./ 012/

! ! "#$%&'()*+,-./*+,-01234.5(6

478*+,-9:;<=->?@ABCD

"#$ ! %&'() *+,- .&+') &/&+0(#( ,* &12#.) /,3)4 /,/ &12#.) )5#(,3)(

#/ #12&+ 5)6#,3(4 &/3 27) 1,66)(5,/3#/$ /,3)( #/ #/2)6#12&+4

56)#12&+ 5)6#,3(

8 EF

-%! !"#$%&' ./ ()*+,-. 34

56-./7 812/9:1/; ./ $<= 0 >

$?@ABC:1/,()D; ./ $EFGHIJ

KLMNO:1/,()* ./ $PQR;S T!

UVPW;XYZ[P\]^_`ab; 1223Ic

:1/ ./ $de 0 >$f@ABIghi2 # 415

j:1klm # 415 ; ./ $de 0 >$f@A

BnJopq_`\r]ast=uv; 2236Cc

-./w :12/9:1/; ./ $de 0 >$f

@ABS

-%7 /012345678 ox ! %y;zV

{`|I |}E~;{�>� "

18

$9$%$##�":

$%$##�� ����; " $I �����;zV{`

|� �� " $=�I��;zV{`|E~;{`

��I�V��3456��./w:12/w:1

/9��c��;zV{`��� �� " $=�I

��;zV{`|E~;{`��I�j��c�

��KE~{�I��� ¡�AB��;zV{

���S !¢�£¤¥; " $+�¦§Iox}It

=�¨pq©�¤¥; " $S

GHIJ9

;!< 2*=)> / 2? @)*46+,)A+)> /? 0B>+C)5 D% /C>E51F )G1*)G6H ,5A FE=51!

+1E5;I<" J,5F)+ K)B>E*? 7&&L? -M!!NOPP-

;7< QH6E)R, D S? Q1+51TER, 2? QH6E)R U S? )+ ,*% VGG*1F,+1E5 EW ,A,G+1R)

5E5*15),> 3>,5=)> F,B6,*1+HO A16F*E615= 5)+XE>T FC,5=)6 Y)WE>) ,5A

,W+)> ,Y6)5F) 6)1ZB>) E56)+ 15 , =)5)+1F >,+ 4EA)*;I<" I K)B>E6F1 D)+CEA6?

7&!L? 77PO--

;-< JB [ \? [,5= J? ]E>>)** 3 V? )+ ,*" Q)1ZB>) 6EB>F) 14,=15= YH 4),56

EW \UK2 6G,+1E '+)4GE>,* A1GE*) *EF,*1Z,+1E5 ,5A A1>)F+)A +>,56W)>

WB5F+1E5 15 G,>+1,* )G1*)G6H G,+1)5+6 ;I<" /*15 K)B>EGCH61E*? 7&!7?

!7-^_NO!7_#

;L< 31*615= S? KEE+)YEE4 .? S,5C,R)>Y)T) ]? )+ ,*" K)+XE>T )4Y)A!

A)A5)66 ,5A +C) )`G*E>,+1E5 EW 5ER)* +)FC5E*E=1)6O a)FC5E*E=1F,*

A16+,5F)? Y)+X))55)66 F)5+>,*1+H ,5A A)561+H ;I<" b)6 cE*1FH? 7&&d?

-_^!&NO!_!_

;#< ]1*T) /? (>E5=)*)5 ] S? 0EC>4,5 D" K)EFE>+1F,* 6)1ZB>) WEF1 *E!

F,*1Z,+1E5 YH 4),56 EW , A1>)F+)A +>,56W)> WB5F+1E5 4)+CEA ;I<"

2G1*)G61,? 7&!&? #!^LNO#PL

;P< .,Y1*E51 \? /15FE++1 \? .,Y1*E51 /? )+ ,*" 26+14,+1E5 EW +C) FE>+1F,*

WB5F+1E5,* FE55)F+1R1+H X1+C +C) 4B*+14EA,* 15+)=>,+1E5 EW C1=C'>)6!

E*B+1E5 223 ,5A WDbU A,+, YH A1>)F+)A +>,56W)> WB5F+1E5 ;I<" K)B!

>E14,=)? 7&&#?7L^!NO!!d

;_< @) .? [,T,5= (? J,B>, V" V DVaJV. +EE*YE` WE> 4,GG15= ,5A

14,=15= EW Y>,15 WB5F+1E5,* FE55)F+1R1+H;I<" K)B>E6F1)5F) D)+CEA6? 7&!!?

!e#^7NO7P!

;d< K)X4,5 D I" V 4),6B>) EW Y)+X))55)66 F)5+>,*1+H Y,6)A E5 >,5AE4

X,*T6;I<" QEF K)+XE>T6? 7&&#?7_^!NO-e

;e< [,4,6C1+, [? @,>,A, a? 0B51HE6C1 [" /,B6,* W*EX;I<" U222 a>,56!

,F+1E56 E5 DB*+14)A1,? 7&!7? !L^-NOP!e

�7&!L'&P'!_ª«�

! 7&"天津医科大学学报LL&


