
基于改进型
!"#$%&'

振子模型的变压器局部放电信号检测方法

!"#

!

! $%&

"

! '()

!

! *+,

!

! - .

!

! /01

!

!

2 3

!

! 456

!

!

!#

!"#$%&'()*&'" +,

$!%%%%

#

"#

!-./012345670829" -.

&!%!!&

$

!"! 789:

'())*+,

";<=>?@ABCDE<FGHI!JKLMNOPQ6R

'())*+,

";S=>

TU?@AVFWXY"Z[\]^_G`ab?@FAVcdefg?@FABhi!jkl6R

'())*+,

";Fmnopqrstu";Svwxyz{|xySl]j}~)���! ������L9�

'())*+,

";��A��x?@SGHI" �����)!<������!OPl6R

'())*+,

";S�^_

G�ab=>TU?@SABXYs�����S�����I!jk���� SAB��!<�^_

G�a¡?@AB¢£¤�:¥¦S§¨©r"

#$%! l6R

'())*+,

";# G�a¡# =>?@AB# �^_

()*&+$,)-.) /! 0%'&*1 !.2.32%,& 4.25,6 7*+.6 ,& 8-9),:.6 !"$$%&' ;+3%11*2,) 4,6.1

-./0 123+4(5+

!

! 16/0 1237258

"

! 09 :*;*+,

!

! <9/ =3*>(+

!

! 1?9 @*+

!

!

A6 B*+C*5+

!

! DE./0 F258

!

! F?6/ D*5+>*+

!

"!# <G5G3 0H*I 123>*5+, 6J3KGH*K L8M3H F8;N5+4 B5*+G3+5+K3 @H5+K2! ?5+,728( $!%%%%! F2*+5# "# F8JJ3,3 8) 6J3KGH*K5J 5+I

E+)8H;5G*8+ 6+,*+33H*+,! F25+,O25 9+*P3HO*G4 8) <K*3+K3 Q R3K2+8J8,4! F25+,O25 &!%!!&! F2*+5$

<=+2)*32> R8 SH35T 8(G 8) G23 J*;*G5G*8+O 8) 3U*OG*+, '())*+, 8OK*JJ5G8H *+ M35T O*,+5J I3G3KG*8+!M3 NH8N8O3 5 +3M

;3G28I )8H I3G3KG*+, M35T N(JO3 O*,+5J S5O3I 8+ G23 *;NH8P3I '())*+, 8OK*JJ5G8H#@3K5(O3 G23 I3G3KG*8+ 8) GH5+O!

)8H;3H N5HG*5J I*OK25H,3 %L'& I3G3KG*8+ *+P8JP3O G23 I3G3KG*8+ 8) SH85I ON3KGH(; O*,+5JO!5+I G23 *;NH8P3I '())*+,

8OK*JJ5G8H'O KH*G*K5J 5;NJ*G(I3 8) K258O I83O +8G K25+,3 M*G2 G23 3UK*G5G*8+ )H3C(3+K4 8) 8OK*JJ5G8H 5+I G23 O5;NJ*+,

)H3C(3+K4!G23 J*;*G5G*8+ G25G G23 3U*OG*+, '())*+, 8OK*JJ5G8H *O 8+J4 5NNJ*K5SJ3 G8 I3G3KG*8+ 8) J8M!)H3C(3+K4 O*,+5JO

*O SH8T3+# <*;(J5G*8+ O28MO G25G *+ OGH8+, +8*O3 S5KT,H8(+I!G23 *;NH8P3I '())*+, 8OK*JJ5G8H S5O3I M35T L' N(JO3

O*,+5J I3G3KG*8+ ;3G28I )8H GH5+O)8H;3H 25O ,88I +8*O3 *;;(+*G4 5+I 2*,2 5KK(H5K4#

?.@ A,)6+> *;NH8P3I '())*+, 8OK*JJ5G8H# N5HG*5J I*OK25H,3# M35T O*,+5J I3G3KG*8+# GH5+O)8H;3H

%

&'

:;3<=>?@ABCDEF@GHI$

JKLMNOPQRP" EF@3<STUV"W

XYZ[\]^

V!W"X

% _`"abc>dGeI3f

ghi=>dVjk$<STlmnop@qr

st% :;uv@GeI36wxyz{"|}~

k��������(bz�@GeI36w~

���mn���@��"_`��n�(b��

v@Ge�36w�;3<=>?qr����

mnop@/�Q��st

V$W!"X

%

�T@c>?GHI3z�6w(b� ¡

pn¢£¤¥¦� §¨©ª«¬­® §¯°±

² ³"´µ� ¶·k(b¸¹º»"¼½¾¿

(b6�ÀÁn

W!% I@

V!$W!YX

"ÂÃÄÅ(b­>?

uv@Ge�$z�6w%

ÆÇ"È;

'())*+,

ÉÊ@z�6w(bËÌÍ

ÎÏÐ;Ñ6&Ò2&ÉÓbÔ&3<STVjÕÖ

³×¬

V!ZW![X

%

'())*+,

ÉÊkGe�36w(bln

第
Y$

卷 第
!!

期
(%!Z&W%!Z[

"%!\

年
!!

月
!Z

日
?*,2 ]8JG5,3 .NN5H5G(O

]8J#Y$!/8#!!(%!Z&W%!Z[

/8P# !Z! "%!\

'^E_!%#!$"[Z`>#!%%!W!Z%[#2P5#"%!\#!!#%"\

()*+!

"%!\!%Y!!!

# ,-*+!

"%!\!%\!%[

./01!Ø./012Ù�ÈÚÛÆ%

LH8>3KG <(NN8HG3I S4 G23 ^N3+ a3O35HK2 b(+I 8) F25+,O25 9+*P3HO*G4 8) <K*3+K3 5+I R3K28+J8,4#



!"#$%&'(!)*

!"#$

+(

%&''()*!+,-.

,

-./01234"56789:;<=>?@A

BCDEFGHIJK! LM:;<=ABEFN

OPQR# )*

!"/$

S+(TUV

%&''()*

./01

WXYZ[\]^_`aMbcdef=g:;

<=ABEFhijklmnJKopq!jkr

stuvwx]:<AB!yz{:<ABEF]

jk|}~$ )*

!0$

T�����

%&''()*

./�

p@l���!jk����$ ��)jk:;<

=EFS�mEp�)

1"2 34

I���m��j

kn&!�L��jkS��r�Ep���]:

;<=EF!L��m

%&''()*

./����V�w

x>?�3>?EF]jk!M�#$z���>

?EF]jk I¡�$ ¢�\£¤]:;<=A

BEF�¥¦EF!§�¦�¨©ª«¬z�]­

®¦!L�^�¯°]pq�±S!Ep�²�!�

m`a Ijkr<=EF!³´)�pqµ¶"

M\£¤:;wx<=wx�>?EF]jky

r{·¸¹!º¸»¼·]_½`a$¾{mn¿À

�m]_½`aÁ)]:Â@!*Syr{#ÃÄ

�Åh�

%&''()*

./��]wxEFjk`a!Æ

`aÇ

+,5-.6

�

%&''()*

./hi¥ÈÉÊË~\

Ì!Í«{Åh�

%&''()*

./jk��!ÎÏ1]

��Ð�! Æ��ÑÒ�(��>?EF]jk!

L�ÓÓÔÕ{ÖjkEF]�×ØÙ!¾\£¤

:;<=wxEF]jkÚ�{��]_½ÄÛ$

/

!"#

%&''()*

$%&'()*+,-.

¢*

!""$

2Ü !Ï1]

+,5-.6!%&''()*

./�

�¾

!

!

7"!

"

1!7!

8

9#:,6;!$<

$

;=<

Ý

;=<

S%

"

¾Þß0à&

1!7!

8

¾�á@â¯ã&

#

¾01äåst&

!

¾äå�×!§t¾

= >?3@6

&

$

¾¥ÈÉÊ\æ&

#:,6;!$<

¾01>?çèã$Ï1

]

%&''()*

./`é�mêë]�á@ì@!�»¼

,-_½�(]��í#$ ,-01]ì@í#�

01MîïðX]}ñ@! ò01]îïðX]w

ó\ôÇõö÷01¢,-ðX�ÓË~>?ð

Xø\!ùú�Ï1

%&''()*

./wxEFjk]û

¸,-ì@$

=A/

/0

%&''()*

$%&123

Ï1

%&''()*

./)wxEFjkSÁ)!"

ü`ý]:Â@%

/<

þÖkEF]�×

!9/ >?3@6

É!01�m�

�]èXì@�jkn&$ �L)¡ÿ!éS!=

ã\£¤:;<="#$]wx<=EF]�×#

%�&Ü!³´² 4�01>?çè�×!¨LN

aÍ«'(st&

"<

01)ó�×)à*+"l,mn7jkr

ÖkEF!¢�Ï1]

%&''()*

./Ñ�V�>?E

F]jk! L:;<=#$]<=EF2l�¨©

ª«¬z�]¥¦EF

;

ò�>?EF

<

!)-�.

*+"!01]èX��R'²/01«QR!2û

QRjk01]34~&

8<

)45§67àÑ\]89"!:;+(<

=

B&)*.!C&DD?

a>?Z@

;

òÖkEFABZ@

<

Å

\!ÇõCD'(stE$Å\!FGö÷pqHI

ì@\J$

Ä��K"yr]Ï1

%&''()*

./]wxE

Fjk]:Â@! *SL;¥ÈÉÊË~\ÌÍ«

Åh�

%&''()*

./��!mnMH�K"yr]:

Â@$

=A"

!"#

%&''()*

$%4#

ÇÏ1

+,5-.6!%&''()*

./��

;=<

hi¥ÈÉ

ÊË~\Ì!\Ì;é!"$

N

$9!"

!O%!

"

9

3!

3$

9

=

!

3!

3"

!Y_2Í%!

!

9

=

!

"

3

"

!

3

"

"

!YÉÇ¥È]ÉÊ\æ

"

Ì%

$

!¢`é

;=<

P

_2Í

!

!

9!

"

E"

/

!

!

"

7!E!

8

7#:,6;!$

! "

<

$

;"<

¾{Q�R(<=

B&)*.!C&DD?

`ahi¹

¿!N

!

/

9!

!!

"

/

9!!

"

!O`é

;"<

2ÅS¾

!

"

/

9!!

"

!

"

"

9!!E"!

"

7!

/

E!

8

/

7#:,6;!$<

#

$

$

;8<

T�! :;¥ÈÉÊË~\ÌU!

%&''()*

./

äåV�×¢WX

/ >?3@6

\Ì¾OYV�×

!

$ ¢

�W01L\ÌUÑõÅ\01]ì@!³´!)"

m7à*+IZAB�×[ÐY]89"! \ÌU

]äåV�×¾

!

]01,-\tÎW01]ä

åV�×¾

/ >?3@6

],-\tÐY$

/A8

!"#

%&''()*

$%5367

/<

01çèãst}ñì@$ ]^v_S!`A

B�×¾

%

6

9/2

F

+G

!O>?Z@¾

=#

EF

6

!`Þß7

à

"9#AF

!îïðX¾

!;#<9!

"

;#<9#

!R(<=

B&)*.!

C&DD?

`ahi¹¿!>?aà¾

&9=## ###

!G¢U

F ###

bacr01]Ðde$ þ01äåV�

×¾

=# ### >?3@6

É! L;]^>?24�Åh�

%&''()*

01]'(,-st

#

3

9#AH"F #=8

" '(Ó

研究与分析 杨振源
!

曾
f

昭
!

顾黎明
!

等
A

基于改进型
%&''()*

振子模型的变压器局部放电信号检测方法
=0F

' '



!"#$

年
##

月 第
%&

卷 第
''

期

!"#$%&'(

!

(

)"*+!% "',

! )*+,-./

0123

'-./

"+,4!"#$/0123

#-01

! 5

3

'

67"89'(:;

'"

23

<=>?@ABCD

EFG

4566789

HI%&<JK?@"LMNOPQ

<9&RSTU!

!1

)*VWXYZTU![\

:&1

]")*^_O

`abcdefghijWXhik"lm-.%

&"no`aV"p

"

<

;.5<<

qWXhi

#-$1

"M

%-$1)=

k" rkWXYZTUst)*up

&

!

'

)!&

!

&

!

!

)!>2'&

!

?&

'

2&

&

'

?!@A<:!$1?#:$1

!

B

!

:,1

^vwxyz{|?<}~�"������

!)#= === C.DE<

" p���WXhi<����"�

�EFG

4566789

HI#$89hi<'(

!

��

p�m+,'(

!

D

! ��)*[\

:,1

<89hi

'(5

!

D

)=*+!% ='&

Ep

!

D

)=*+!% =='

"rk)*

<89'(�-.%&<+,'(�O��<�

"!n`aWXhip

")=*'

<�V"

;.5<<

�W

Xk"EFG

4566789

HI)*��lm^-.%&"

�MNOPQ<9&RSTU" �aWX�EF

G

4566789

HI)*%&23

!

! 53

!

67"EF

G

4566789

HI�s)*NO V<WXYZTU!

&1

+,'(

!

D

|¡TU! p��¢^|£��

��}~�EFG

4566789

HI-.+,'(<|

?U"�¤¥��

(

<

)'== === FG

"^¦

#

§¨<�

����k"/S<+,-.'(©ª«¬23

#

!

5¦

#

67"+,-.'(<­�(®

=*+!% =#= H

"

­¯(®

=*+!% =#& H

! J�/°oO

=*=== ==& H

"

^

I I==J'" '"" C.DE<

±²³<�����89�"

o´�+,-.'(��p

!

D

)"*+!% "'" H

k"EF

G

4566789

H I µ l m + , - . % & # n

!

D

!

"*+!% "'& H

k "¶lm¯·"#$¸9%&! J

�"EFG

4566789

HI<+,-.'(|¹���

�¡@L¡@<JKTUº»�¼*

4566789

H

I<|½!

'*,

!"#$%

4566789

&'()*+,-./0

1234

v¾xyz{¿À|¡"^)*[\

:&/

]Á#

$89Â+,'(

!)!

D

"�Ãsfghi

%:$/

ÄÅ

OWXV"p

"

<

;.5<<

�WXhi

#:$/

<ÆÇh

i

%:$/?#:$/

�p#$89Â<È9`aÉ)*

:&/

]"

¶ÊmEFG

4566789

HI<Ãs=>fghi�

s)*p

&

!

'

)!&

!

&

!

!

)!>2'&

!

?&

'

2&

&

'

?!@A<:!$/?%:$/?#:$/

!

B

!

:%/

hWË�Ì��$

)*+)'"K9

,

!

,"

" #

"

,

pÃsf

ghi<'("

"

®WXV"! 5ÍÎÏ¡Ð67"

Ñ"p

"

"'"p

,

<fghi"x�Òp

-:L!/)

5

!

6789:;<=>(?@ABCD

"#$%& ! "'& #()%*+,-& ./ 0'#.1 #+ -*//&2&3+

&40*+#+*.3 /2&5,&306 ./ 02*+*0#%

!E:C.D

%

<

2'

/ I I""JI I%" I I%"J'" """ '" """J'" '""

!

D

EH "*+!% +"' " "*+!% +"' ! "*+!% "'& "

z{ {(

E

7

FGHIJ#$%

8,//*39

&'KLMN

:*9; 7 "'& 1+#+,1 ./ *()2.<&- 8,//*39 .10*%%#+.2

161+&( #/+&2 #--*39 3.*1&

E

!

#$%

8,//*39

&'?@OPQ

:*9; ! "'& 02*+*0#% )'#1& +2#0=1 ./ *()2.<&-

8,//*39 .10*%%#+.2

'33

% %



!!"!!"!"#$

!!"#$%&

"!%#&'()*#"#

!'()*+

,

#"!#!"!

!-.'(/0123,"

+

#$ 45

,-.

6789:;<=>?@ABC*,

!'#/+ "(

B

DEFCG@A!H78

"'0+ +++ 123"(

$ IJ!!

KL

$%"$!!04560!0+

78

!4MNOPQRS

0+

7-

B

TU9VWXYZ[\]

9:;;)*<

^_`aBbc

9V!deKLP+fghiM

0+

7-

!4J6j%k

lmnop9:;<=>?CG@AqrPQ,

!'0+

7-

"!04560!0+

78

&!= >?

$ !KLB'()*+,

#"!#+ 5++ 123"(

! 4MstuKv

"'0+ +++ 123"(

.kld78B'()*/01!IJklBwo

TUCG@ABKvxyzkl{|st@A}

2~�!��YZkl{|NO�PQ��!�-

��NO�PQ�p���2fKv�Bi�+

{|�O`aB��PQ

%

@

�!kl

%=&

B���

�`a�9,i�+{|`a!�no�woCG

TU@A$

#

!"#$%&

.����"!����&

&'+4=

!��`a

#%+&'#

!

%+&'+

!

A2:((

�� ¡+

''+40

!¢£¤$Kv

(

(

'0+

=

BC

!¥¦§¨©

)

(

'0!0+

7=

(

!�klBNOs

tuKv,

"'0+ +++ 123"(

! ª«p� B¬­®

¯! H°±kl²� ¬­³´µ¶·8B¸+!

.TU@Anokl¹º

%=&

"7»����PQ

%

3

'+4/#= ++0

!¼½¯¾¿

D:*<E"F:GG2

¹À\ÁÂ

Ã!¦§ÄÅÆÇ

#

$

<=>?CG@AB=xnoÄÅÆÈ

H

!4

Ç

#

ÉÈ

H

6Ê!@�ËÌÍ

78+48= 3I

�![\]

9:;;)*<

^_Îm¶ÏnopTUB<=>?CG

@A$

����ÄÅÇÐ! [\]

9:;;)*<

^_Ñ].

<=>?CG@A

%

ÒÓ{|@A

$

no¹Ô!µ¶

ÕÖBÏÅ$ �-bc×ØÙ� BÚÛFmÉT

U@ABnoÜ+! .@�ËÌÍ

78+48= 3I

�!Ý

Þµ¶ßÖB<=>?TUCGnoÏÅ$

H

'(

àá.

BJK>E(

]

9:;;)*<

klâãä! å¯

æç�è�+9é½êlB

9:;;)*<

^_9ë[\

]

9:;;)*<

^_Ñ]! ì�����xíÙg^_

kl.ØKstKv�B��îFÉÚÛîF!

�±Ù.ØKstKvB{|NO�ï! gkl

ð�µ¶ßÖBOaîF! �-µ¶ñ¡B� 

ÚÛFm&45

,-.

6Ê!ròóQô�À'&õö

òÀ' ÷øùKú9éÀûü¯BTU@Ano

¹Àdm�pBqÌno@�Ë,

70+ 3I

& ýþ

ÿ!"#$%

9:;;)*<

^_� ÚÛFmñÖ!µ

¶ñÖBOa´fîF!H-.@�Ë�p

7#+ 3I

eä�!ÝÞµ¶ÕÖBn&ÏÅ$ '(?�9:

;�|<=>?@A)xTU! *¶Bno¹À

+eno�g@A$ 5"×�Bno¹À¶ÏÃ

,Ùg-.!��ÄÅÇÐ!5"¹À.@�ËÌ

Í

78+48= 3I

�ÝÞµ¶ßÖBnoÄÅ!�-6

no�

- >?

BTU>?@A!bÞ!5"¹À¶

Ï×ØÙ?�9:;/0noÜ+! µ¶ÕiB

f¯1Q$

)

!

*+,-./012345

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

)/23#% 0&+&1+/,3

>?CG@APQ

">?

@�Ë

"3I

kl`a

-+4++ 7#+48-

{|`a

=+4++ 7##4+8

{|`a

H+4++ 7#-48/

{|`a

0=4++ 7H#4=+

{|`a

-4++ 78+48=

{|`a

=455 78+486

��`a

6

4

23789:;<=>?@A

5/26 7 "'& )+#+*) ,- 0&+&1+/,3 )8)+&9

#+ 0/--&(&3+ #9.%/+*0&)

研究与分析 杨振源
!

曾
2

昭
!

顾黎明
!

等
4

基于改进型
9:;;)*<

振子模型的变压器局部放电信号检测方法
0-6

( (



!"#$

年
##

月 第
%&

卷 第
''

期

!"#$!

(') *+,-. /0 12 +34 564 78 9:;<=:> ?=6@3:;A4 B4:65;4B4C<6

<7 :66466 <34 @7C?=<=7C 78 ;7<:<=CA B:@3=C4 =C65>:<=7C(D)2

E... .>4@<;=@:> EC65>:<=7C F:A:G=C4

!

#HHI

!

#!JKL

"

!&!!$2

(!) 0MN*OE .2 17BB4C< :C? ?=6@566=7C 7C ?=A=<:> 9;7@466=CA 78

P/ 95>646(D)2 E... +;:C6:@<=7C6 7C /=4>4@<;=@6 :C? .>4@!

<;=@:> EC65>:<=7C

!

'HH%

!

KQ!R

"

IS%!IHH2

(&) DM// F /

!

TU-0 N

!

VM-+.W N X X" P:;<=:> ?=6@3:;A4

B7C=<7;=CA 87;97Y4; <;:C687;B4; 56=CA MVZ 64C67;6 P:;< !

"

Z=4>? 4[94;=4C@4(D)" E... .>4@<;=@:> EC65>:<=7C F:A:G=C4

!

!""%

!

!'J&R

"

%!'&2

(K)

!"#!$%&

"

'()*+,-./0123456

7189:;

(D)"

1<=>!

!""I

!

&"J'&R

"

$I!S""

/M X7[54

!

\.E 057G37CA2 P:;<=:> ?=6@3:;A4 @>:66=8=@:<=7C

]:64? 7C Y:^4>4< :C? 8;:@<:> <347;_(D)2 P7Y4; *_6<4B +4@3!

C7>7A_

!

!`"I

!

&"Q'&R

"

$I!S"2

(%) XUW+-EOU* W2 P:;<=:> ?=6@3:;A46 <34=; B4@3:C=6B

!

?4<4@!

<=7C :C? B4:65;4B4C<(D)2 E... +;:C6:@<=7C6 7C /=4>4@<;=@6

:C? .>4@<;=@:> EC65>:<=7C

!

!""!

!

HQ%R

"

$I&!S"S2

(I)

?@A!BCD!E%F

"

'(GH

/588=CA

IJ056

71KLMNOPQR

(D)"

S.#T!

!"'&Q'&R

"

'&!!'&H"

\M T7CA84CA

!

VMU-0 *3:79=CA

!

DE- 057]=C2 *<5?_ 7C

9:;<=:> ?=6@3:;A4 6=AC:> ?4<4@<=7C ]_ @759>4? /588=CA 76@=>!

>:<7;6(D)2 U@<: P3_6=@: *=C=@:

!

!"'&Q'&R

"

'&!!'&H2

($)

UVW!XYZ![CA!\

"

]^_`abcd5671

ef:;g0hi

(D)"

X1c=>!

!""H

!

&%Q!R

"

!$$!!S'"

VM \4C<:CA

!

0U, *34CA_75

!

TM *3:784CA

!

4< :>2 U99>=!

@:<=7C 78 6<:<=6<=@ 9:;:B4<4;6 =C ;4@7AC=<=7C 78 9:;<=:> ?=6!

@3:;A4 =C <;:C687;B4;6(D)2 V=A3 a7><:A4 .CA=C44;=CA

!

!""H

!

&%Q!R

"

!$$!!S'2

(S)

jkl!mno!pq*

"

rXcbcd5671st,

u

(D)"

X1c=>!

!"'"

!

&IQ'R

"

%K!I'"

\M b3=;7CA

!

-E. /4[=C

!

1V.- D=:CA]72 UC:>_6=6 78 9:;<=:>

?=6@3:;A4 <46< 78 MVa <;:C687;B4;(D)2 V=A3 a7><:A4 .CA=!

C44;=CA

!

!"'"

!

&IQ'R

"

%K!I'2

(H)

vwx!y z!{ |!\

"

}~��bcd5671

�X�a��N�]

(D)"

X1c=>!

!"'"

!

&IQ$R

"

'IH!!

'IH$"

bVU-0 c=:7[=CA

!

\U-0 b34C

!

+U-0 D5

!

4< :>2 0E+ 9:;!

<=:> ?=6@3:;A4 MVZ 7C!>=C4 B7C=<7;=CA 6_6<4B(D)2 V=A3 a7><!

:A4 .CA=C44;=CA

!

!"'"

!

&IQ$R

"

'IH!!'IH$2

('")

y%�!���!���

"

12bcd5671MN=>

0�����

(D)"

1�1��=>!

!""'

!

!"Q!R

"

%!!%$"

\U-0 057>=

!

VU, T:C94CA

!

NE T:CB=CA2 P;464C< :C? 85!

;5<4 ?4^4>79B4C< 78 9:;<=:> ?=6@3:;A4 ?4<4@<=7C =C 97Y4;

<;:C687;B4;6 (D)2 U?^:C@4? +4@3C7>7A_ 78 .>4@<;=@:> .CA=!

C44;=CA :C? .C4;A_

!

!""'

!

!"Q!R

"

%!!%$2

('')

� �!?��!v��!\

"

5671MN=>0��

���

(D)"

1�=>#T!

!""%

!

!"Q!R

"

!H!&%"

0M, D5C

!

\M 05:CAC=CA

!

bVU-0 c=4d=C

!

4< :>2 +34 :@<5!

:>=<_ :C? 94;694@<=^4 78 9:;<=:> ?=6@3:;A4 ?4<4@<=7C <4@3!

C=d546(D)2 +;:C6:@<=7C6 78 13=C: .>4@<;7<4@3C=@:> *7@=4<_

!

!""%

!

!"Q!R

"

!H!&%2

('!) XUWWT V \

!

NE-/0W.- *2 U 65;^4_ 78 ?4^4>79B4C< 6

=C =C>65<:=7C B7C=<7;=CA 78 97Y4; <;:C687;B4;6 (1)ee17C82

W4@7;? 78 E... EC<4;C:<=7C:> *_B976=5B 7C .>4@<;=@:> EC!

65>:<=7C2 UC:34=B

!

1U

!

M*U

"

E...

!

!```

"

!S!!2

(#&)

� @!B��!p p!\

"

�)*� ¡Pa567

1MNg0hi

(D)"

g%1¢�£#T !

!``$

!

!$QIR

"

SH!H%"

fEU- T7CA

!

VMU-0 134CAg5C

!

1V.- 134C

!

4< :>2 U99>=!

@:<=7C 78 B5><=!Y:^4>4< ]:64? 7C ?4C7=6=CA :>A7;=<3B =C

9:;<=:> ?=6@3:;A4 ?4<4@<=7C (D)2 P;7@44?=CA6 78 <34 1*..

!

!""$

!

!$QIR

"

SH!H%2

('K)

¤ ¥!B��

"

5671¦§¨©ª«g¬­®¯°

±²b³�´µ¶¡P0QR

(D)"

1<=> !

!""K

!

!S

Q'&R

"

S"!S&"

cM D=:C

!

VMU-0 134CAg5C2 W464:;@3 7C =B9;7^4? 8:6<

Z75;=4; <;:C687;B :>A7;=<3B :99>=4? =C 6599;466=7C 78 ?=6!

@;4<4 694@<;:> =C<4;84;4C@4 =C 9:;<=:> ?=6@3:;A4 6=AC:>6 (D)2

P7Y4; *_6<4B +4@3C7>7A_

!

!""K

!

!SQ'&R

"

S"!S&2

('%)

·¸¹!·ºH!U)»!\

"

)*µ¶¼ ½`0¬­

OP,u

(D)"

X1c=>!

!""$

!

&&Q'"R

"

%H!I&"

NEM \4=?7CA

!

NEM *3:CA34

!

VM c=:784CA

!

4< :>2 UC:>_6=6 78

B7?=8=4? B4<37?6 78 Y:^4>4< <3;4637>? ?4!C7=6=CA 85C@<=7C6

(D)2 V=A3 a7><:A4 .CA=C44;=CA

!

!""$

!

&&Q'"R

"

%H!I&2

('I)

� ¾!¿À�!ÁÂÃ

2

Ä ÅÆÇÈÉÊËÌKL0Í

ÎMN

(D)2

S.#T!

!""&

!

%!Q&R

"

%!I!%&"2

NE T54

!

TU-0 X:7g5C

!

*VE T:7Y52 13:76!]:64? Y4:h 94!

;=7?=@ 95>64 6=AC:> ?4<4@<=7C :99;7:@3 5C?4; @7>7;4? C7=64

]:@hA;75C?(D)2 U@<: P3_6=@: *=C=@:

!

!""&

!

!%Q!R

"

'H%!'HH2

('$) cEU-0 c

!

*VE X2 \4:h 6=AC:> ?4<4@<=7C ]:64? 7C <34 =C87;!

B:<=7C 856=7C :C? @3:7<=@ 76@=>>:<7;(D)2 13:76

!

!"'"

!

!"Q'R

"

"'&'"K2

('S)

ÏkÐ!ÑÒÓ!ÔÕÖ!\

"

'(

/588=CA

IJ0b×Ø

ÉÊrÙKLMNOPQR

(D)"

S.#T!

!"'!

!

I'Q%R

"

I"!IS"

NUE b3=35=

!

N.-0 T7CAA:CA

!

*M- D=:Cd=:7

!

4< :>2 \4:h

@3:;:@<4;=6<=@ 6=AC:> ?4<4@<=7C ]:64? 7C 6@:>4 <;:C687;B:!

<=7C 78 /588=CA 76@=>>:<7;(D)2 U@<: P3_6=@: *=C=@:

!

!"'!

!

I'

Q%R

"

I"!IS2

('H)

{k%!ÚÛÛ!·ÜÝ!\

2

X�1ÞPMN1ßd5

6710à¨©QR

(D)2

121ßd+áâãä!

!"'I

!

&$Q%R

"

I$!$!2

+U-0 b3=A57

!

DEU-0 +7CA<7CA

!

NEM 13:CA]=:7

!

4< :>2 UC!

'IS

# #



!"#$ %&'()*%'+,(& ,

!

-./01&- 2

!

/.&,(& 3

!

45 678 ,97!

:;<7<5= 9> ?6@;9A=7<? 6?<BC <D E6E4@ FG@6>5H!9<7 <DC:765<9D

C=C54IC!J$KKLMMN .DD:67 *4E9@5 J9D>4@4D?4 9D (74?5@<?67

%DC:765<9D 6DB -<474?5@<? OP4D9I4D6" !,878$

"

%(((

!

LMMN

"

LQR!LQS8

!LM$ T/U1 V:6DA<6DW

!

3.&' V:DCP6D

!

0% ':6DW>6D

!

45 678

,E6?4 ?P6@W4 EP4D9I4D6 <D 9<7!E6E4@ <DC:765<9D I654@<67C

:DB4@ P<WP X9756W4 B<@4?5 ?:@@4D5!Y$8 Y9:@D67 9> (74?5@9C565!

<?C

!

LMMZ

!

[S\L!R]

"

N"S!N^_8

!^_$

!"#!$%&!'&(

"

)*+,-./012345

6789

!Y$"

:*;+!

^MMQ

!

N_\_]

"

[`![Z"

-U&' )6<B9DW

!

-(&' a6D7<6DW

!

0% 0<6DWb:D8 +4?PD979W=

6DB E@6?5<?4 9> 9D!7<D4 I9D<59@<DW I9<C5:@4 ?9D54D5 <D 5@6DC!

>9@I4@ 9<7!Y$8 /<WP c9756W4 .EE6@65:C

!

^MMQ

!

N_\_]

"

[`![Z8

!^^$

<=>!?@A!B C

"

,DEF,GHIJKLMN

OPQR8STU

!Y$"

:*M+!

^M_N

!

QM\Q]

"

__M!__N"

3.&' ,P<d<6DW

!

/1 /6<=6D

!

e%.U *:<8 (AE4@<I4D567 C5:B=

9D 9<7 6W<DW (>>4?5C 9D 5<I4!B9I6<D B<474?5@<? ?P6@6?54@<C!

5<?C 9> 9<7!E6E4@ <DC:765<9D !Y$8 /<WP c9756W4 .EE6@65:@4

!

^M_N

!

QM\Q]

"

__M!__N8

!"#

\_ZSZ

!

]

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

2/345%6$

5<!<D54@>4@4D?4 C5:B= 9> E6@5<67 B<C?P6@W4 9> ?6E6?<59@ ;=

P<WP >@4d:4D?= ?:@@4D5 B454?5<9D I45P9B!Y$8 O9f4@ J6E6?!

<59@ g *46?5<X4 O9f4@ J9IE4DC65<9D

!

^M_[

!

hSFQ]

"

[S!S^8

!^M$

VWX!'YZ![\]

"

^_`abcRdefMVg

Ohijklcmn

!Y$"

MWopqrE!

^MMN

!

^`F_Q]

"

ZM!ZN"

T/U1 0<P6DW

!

0% 34<W:9

!

J/(& V:DE<DW8 ,:EE@4CC<DW 5P4

E4@<9B<? <IE:7C4 <D E6@5<67 B<C?P6@W4 B454?5<9D ;6C4B 9D

?P695<? ?9D5@97!Y$8 .:59I65<9D 9> (74?5@<? O9f4@ ,=C54IC

!

^MMN

!

^`F_Q]

"

ZM!ZN8

!^_$

V s!tuv

"

wxyz{M|defMhi:}~

���mnTU

!Y$"

:*M+!

^M_h

!

NZFQ]

"

^[!hM"

T/U1 +69

!

T(&' e<6DWb:D8 ,5:B= 9D P<WP C4DC<5<X<5= B4!

54?5<9D 9> E6@5<67 B<C?P6@W4 E:7C4 <D e0O( ?6;74!Y$8 /<WP

c9756W4 .EE6@65:C

!

^M_h

!

NZFQ]

"

^[!hM8

!^^$ /U02(, O8 . D9D7<D46@ 9C?<77659@ f<5P 6 C5@6DW4 655@6?59@!Y$8

OP<79C9EP<?67 +@6DC6?5<9DC 9> 5P4 *9=67 ,9?<45= ) )<979W<!

?67 ,?<4D?4C

!

_ZSZF.^Z^]

"

N_Z!NN`8

789

F_Z`Z

!

]

":";<="()*+014>?0@

ABC;<%6$

DEF

F_Z[h

!

]

"$"GH"IJ"()K+LM5NOL

MPQR;<%6$

STU

F_Z[S

!

]

":".V%W'"K+20XYZ[\

]%6$

^_`

F_ZSQ

!

]

":"%W'"*+20XYZ[\]%6$

a b

F_ZSN

!

]

":"%W'"K+20XYZ[\]%6$

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

F

cde

_[h

f

]

研究与分析 杨振源
!

曾
�

昭
!

顾黎明
!

等
8

基于改进型
-:>><DW

振子模型的变压器局部放电信号检测方法
_[Z

# #


