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110kV 1000kV ±400kV ±800kV  

 
GB/Z 24842 1000kV  
GB/T 50064-2014  
GB 50545 110kV 750kV  
GB 50665 1000kV  
GB 50790 800kV  
DL/T 815-2012  
DL/T 1293  
Q/GDW 1779.2-2013   
Q/GDW 11007-2013 500kV  
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0.78 / km2 a 15d  

0.78 / km2 a 2.78 / km2 a 15d
40d  

2.78 / km2 a 7.98 / km2 a 40d
90d  

7.98 / km2 a 90d  

 

 

-
 

 

kA  

/ 100km a  

/ 100km a  
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100km 200km
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1MHz

 

A.1  
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B.2  

B.3
 

1600 1200
C  

 

 

10MHz  

 

 

90%  
85% 1 s 5 s 2.6 s  

20 s 100 s
50 s 50 s 18% 30%  

1  

 Ia ã    1  
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a  �� kA/ s  
I �� kA  
  �� s  

2.6/50 s  
 

2  

 baI
P

)/(1
1

õ
ã              2  

 
P �� I  
I �� kA  
a �� 50% kA  
b ��  

a b D.1 D.1
2013 2014 a b  

GB/T 50064-2014
3 4  

 lg
88
IP ã ó     3  

 lg
44
IP ã ó   4  

 
P �� I  
I �� kA  

 
a  

D.2 D.3 D.2
2005 2014

D.3 2013  
b  5  

 Ng=0.023Td
1.3    5  

 
Ng �� /(km2·a  
Td �� d  
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2.78 / km2·a S� 1 1000kV
S� 0.14 / 100km·a  

 
kV 

S� 
/(100km·a

110 0.525 

220 0.315 

330 0.2 

500 0.14 

750 0.1 

1000 0.1 

±400 0.15 

±500 0.15 

±660 0.1 

±800 0.1 

 
S 6  

 78.2/'
gavNSS ã      6  

 
Ngav �� /(km2·a  

 
D  

5 1
E  

            
                                                                 

F.1  
a  
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Rri �� i 100km

/(100km·a  
i �� i GB/T50064-2014 D.1.8  
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P(I) �� 5.1  
Imaxi �� i kA

G.1  
Iminri�� i kA

G.3  
I �� kA I 1kA  

 �� 1  
f( ) �� GB/T50064-2014 D.1.5-4  

Dci(I ) �� i m
G.1  

Rfi �� i 100km
/(100km·a  

Iminfi �� i kA
G.3  

Dsi(I, ) �� i m
G.1  

Ri �� i 100km
/(100km·a  

Li �� i m  
L �� m  
M ��
Rf �� /(100km·a  
Rr �� /(100km·a  
R �� /(100km·a  

7 8 Imaxi Dsi(I Dci(I
G.2 60m

7 8
13 14  
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 I II III IV 

 Ri S×0.5 S×0.5 Ri S×1.0 S×1.0 Ri S×1.5 Ri S×1.5 

 R S×0.5 S×0.5 R S×1.0 S×1.0 R S×1.5 R S×1.5 

 

 

 
110kV 2.8mm 220kV

3.0mm  

 

 

 
 

 
10kA 20kA 30kA

2

 
50%

50%
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DL/T 815-2012 4  
3 110kV 500kV DL/T 

815-2012 2 3 1000kV Q/GDW 1779.2-2013 1
±500kV Q/GDW 11007-2013 1  

kV  

  

110 108 90 6 

220 216 180 6 

330 312 288 12 

500 444 396 12 

1000  768 3 

500  571  

3

 

 
a                  b  

 
3

220kV DL/T 1293 B.2 B.4
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500kV DL/T 
1293 110kV 220kV 500kV 4  

110kV 220kV 500kV

 
Z0 

mm 
Z 

mm 
Xc 

mm 
Xp 

mm 
Yc 

mm 
Yp 

mm 
Z/Z0 

500kV
 

  700 700   
0.85
2.5%

220kV
2  

146 17 146 15 490 570 219 73 0.882 

146 16 146 14 490 570 219 73 0.875 

146 15 146 13 490 570 219 73 0.867 

146 14 146 12 490 570 219 73 0.857 

146 13 146 11 490 570 219 73 0.846 

220kV
2  

146 17 146 15 490 570 146 146 0.882 

146 16 146 14 490 570 146 146 0.875 

146 15 146 13 490 570 146 146 0.867 

220kV
2  

146 14 146 12 490 570 146 146 0.857 

146 13 146 11 490 570 146 146 0.846 

110kV
1.5  

146 10 146 8.5 400 450 146 73 0.850  

146 9 146 7.5 400 450 146 73 0.833 

146 8 146 6.5 400 450 146 73 0.813 

110kV
1  

146 7 146 6 400 450 73 73 0.857 

110kV
1.5  

146 10 146 8.5 400 450 146 73 0.850  

146 9 146 7.5 400 450 146 73 0.833 

146 8 146 6.5 400 450 146 73 0.813 

110kV
1  

146 7 146 6 400 450 73 73 0.857 

 

 

110kV 220kV ±400kV
 

 



Q/GDW  

12 

 

        
a                         b  

 
c                    d  

220kV

 

GB/Z 24842 GB/T 50064-2014 GB 50545 GB 50665
GB 50790 DL/T 436
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I II III IV
kr,f

H  
GB/T 50064-2014 GB 50545

220kV
5  

    

III 

220kV   10% 15% 

220kV  
 10% 15% 

 15%  

IV 

220kV   20% 

220kV  
 20% 

 15%  

 

krf  0.8 6
5  

 
kV  

 
 

110 
 10 

 5 

220 330 
 10 

 0 

500
 5 

 0 

 

krf  1.2
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7 /
 

 
·m 100 100 500 500 1000 1000 2000 2000 

 7 10 15 20 25 

 

 
a  krf  0.8  
b  krf  1.2  

 
a  6 krf  1.2  
b  7 krf  0.8  

 
a  220kV  
b  330kV  

I II
III IV

H  

III IV 500kV
10% 15% 20%  

krf  0.8 8
5  

 
kV  

 
 

110 750 
5 

0

1000 
-4 

-5 
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kV   

 

400 5 

500
5 

0 

660  0 

800  -10 

7.2.2.4  

 
a  krf  0.8  
b  krf  1.2  
c  4 krf  1.2  
d  5 krf  0.8  

 
a  220kV  
b  330kV  
c   

 

2.78 / km2 a 6.1 1

III IV
H  

krf 1.2
7
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a  IV  
b  III  

1  krf 1.2 600m  
2  krf 1.2  
3  krf 0.8  

c  7.2.2.5  

 

 
a  220kV krf 1.2 7

600m  
b   

1   
2  2m  

III IV
H  

7.3.2.2  

 
a  D  
b  C  

1  krf 1.2 600m  
2  krf 1.2  
3  krf 0.8  

c  7.2.3.5  
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330kV krf 1.2 8 600m
7.3.2.5  
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A 
 

 

A

A

A.1 A.1a

A.1b 0
360  

A.1c  
 

  

a  b  c  

A

A.1b E S W N 4 A HNS HWE

A.1c S1 S2 S3 3
1 2 3 3 P  

A

A.2 A B C P P  

 
A
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A

 

A

 
a  

150km 100km  
b  1 2  
c  H L

L:H 30 A.3
 

d  mV 10%  

 
A
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B 
 

 

B

B

20 s
20 s B.1  

0 10 20 30 40 50 60
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-1000

0

1000

2000

3000

4000

5000

6000

  us  
B

B

/
/ /

 

B.2  
 

0 10 20 30 40 50 60
-1250

-1000

-750

-500

-250

0

250

500

  s  
0 10 20 30 40 50 60

-2000

0

2000

4000

6000

8000

10000

  s

B
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B

B

15 s
30 s

B.3a  

B

500A B.3b
 

B.3c
B.3d  

0 20 40 60 80 100
-180

-160

-140

-120

-100

-80

-60

-40

-20

0

20

0 20 40 60 80 100
-8000

-6000

-4000

-2000

0

2000

4000

  s

0 20 40 60 80 100
-700
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-500

-400

-300

-200

-100

0

100

  s
0 20 40 60 80 100

-500

-400

-300

-200

-100

0

100

200

300

400

500

  s

B

B

B

B.4 M N M N C  
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C v M N
tM tN  

 ( ( )) / 2M M NL L v t tã õ ó     B.1  

 ( ( )) / 2N M NL L v t tã ó ó      B.2  

B.1 B.2  
LM �� M m  
LN �� N m  

L ��M N m  
v �� m/s  

tM �� M s  
tN �� N s  

 
B

B

v B.5
B.6 C M  

 
B

B.5 C M  

 vttL ó
ã

2
)( 23           B.3  

 



Q/GDW  

23 

 
B

B.6 C A  

 vttL ó
ã

2
)( 12       B.4  

B.3 B.4  
L ��M N m  
v �� m/s  
t1 �� 1 M s  
t2 �� 2 M s  
t3 �� 3 M s  

B

 
a   
b  

 
c  B.1  

B

  

0km 20km 1  

20km 50km 2  

50km 80km 3  

80km  30km 1  
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C

 

C.1  
 

  

C
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D 
 

 

D

D

D

NT I kA  (0, I] ( I, 
2 I] (Im- I, Im] (Im, Im I N0 N1 Nn-1 Nn

D.1 I 0 I Im- I Im P(>I 0, P(>0 I, P(> I
Im- I, P(>Im- I Im, P(>Im 5.1 2 a b

NT Im I
Im

Im=400 I =2  

 
T

n

IIk
k

N

N
IP Üããâ /)(      D.1  

D.1  
P(>I �� I  

I �� kA  
I �� kA  

Nk ��  
NT ��  

D

2013 2014 a b D.1  

D 2013 2014 a b

a b 

 

35.962 2.816 

39.488 2.939 

34.855 2.506 

37.738 2.801 

36.217 3.141 

35.977 2.839 

 
18.727 1.722 

25.210 2.237 
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D

a b 

 

28.140 2.251 

32.389 2.501 

23.643 2.374 

 

36.127 2.840 

34.118 2.667 

35.546 2.744 

30.547 2.363 

 

30.485 2.767 

25.799 2.503 

27.708 2.717 

33.693 2.757 

 

39.422 2.944 

35.202 2.557 

45.277 2.961 

24.298 2.253 

29.148 2.739 

 

38.679 2.607 

39.798 3.115 

25.240 2.102 

 

D

D

D.2.2.1  
a  NL

NL 2000  
b  1

NL 2000  
c  

D.1.1.1  
d  NL<2000

D.1.1.1  
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D

500kV D.1 2005 2010
a b D.2  

 
D kV

D 2005 2010 a b

 a b 

1 35.8 2.9 

2 24.2 2.2 

3 17.2 1.8 

D

D

D

n
D.2 D.3

 
S1 S2 � Sn Sa S1 S2 � Sn

N1 N2 � Nn Na N1 N2 � Nn  
k k=1 2 n Ngk D.1  

 
k

k
gk TS

N
N ã   D.1  

Ngav D.2  

 
a

a
gav TS

N
N ã       D.2  

D.1 D.2  
Ngk �� k /(km2·a  
Ngav �� /(km2·a  
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T �� a  
Sk �� k km2  
Nk �� T k  
Sa �� km2  
Na �� T  

 
D

D

  

 0.2 0.2 20km 20km  

 0.05 0.05 5km 5km  

 0.02 0.02 2km 2km  

 0.01 0.01 1km 1km  

 

D

2005 2014 D.4  

D 2005 2014

/ km2·a  

 

1.81 

1.82 

2.56 

2.75 

2.12 

2.23 

 

7.06 

6.75 

5.19 

4.74 

4.60 
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D

/ km2·a  

 

2.67 

4.51 

2.19 

2.54 

 

0.45 

1.59 

0.75 

0.35 

1.08 

0.19 

0.23 

0.16 

0.02 

2.33 

3.36 

0.19 

 

D

D

D.3 D.3
 

D.1 D.2  

 
D
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D

  

 0.06 0.06 6km 6km  

500kV  0.06 0.06 6km 6km  

220kV 330kV  0.04 0.04 4km 4km  

110kV  0.02 0.02 2km 2km  

D

2014 - 1000kV D.4 D.6  

 
D 2014

D 2014

Ng 
/ km2·a  

Ng 
/ km2·a  

1 1#-5# 2.92 35 111#-113# 11.21

2 6#-7# 1.59 36 114#-119# 8.67

3 8#-10# 3.65 37 120#-121# 5.72

4 11#-15# 1.39 38 122#-124# 3.58

5 16#-20# 2.27 39 125#-127# 4.25
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D

Ng 
/ km2·a  

Ng 
/ km2·a  

6 21#-23# 1.80 40 128#-132# 5.48

7 24#-28# 1.57 41 133#-135# 13.89

8 29#-31# 1.28 42 136#-139# 9.97

9 32#-33# 1.87 43 140#-141# 5.33

10 34#-37# 2.03 44 142#-146# 4.95

11 38#-40# 2.63 45 146#-150# 10.11

12 41#-42# 1.75 46 151#-155# 8.60

13 43#-45# 1.85 47 156#-160# 4.09

14 46#-46# 2.80 48 161#-163# 6.66

15 47#-49# 3.56 49 164#-165# 6.66

16 50#-51# 5.12 50 166#-166# 9.35

17 52#-54# 5.26 51 167#-168# 8.14

18 55#-56# 4.37 52 169#-169# 8.65

19 57#-58# 3.24 53 170#-171# 8.47

20 59#-60# 4.86 54 172#-173# 7.65

21 61#-62# 4.26 55 174#-175# 7.29

22 63#-70# 3.45 56 176#-176# 7.76

23 71#-73# 5.72 57 177#-177# 6.64

24 74#-76# 3.85 58 178#-179# 7.85

25 77#-79# 4.89 59 180#-181# 10.84

26 80#-86# 6.00 60 182#-183# 9.37

27 86#-90# 5.83 61 184#-185# 12.27

28 91#-92# 8.94 62 186#-188# 13.18

29 93#-96# 11.12 63 189#-189# 11.34

30 97#-101# 8.46 64 190#-190# 12.45

31 102#-104# 9.41 65 191#-192# 16.35

32 105#-106# 8.52 66 193#-193# 11.19

33 107#-107# 9.25 67 194#-198# 10.40

34 108#-110# 13.22  6.67 

 

D

D

D.7
 

D.7 R G B 0 255 0
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255  

D

  / km2·a   

 A <0.78 R=204 G=204 B=204  

 
B1 0.78 2.0 R=60 G=130 B=255  

B2 2.0 2.78 R=0 G=255 B=255  

 
C1 2.78 5.0 R=255 G=255 B=0  

C2 5.0 7.98 R=255 G=170 B=0  

 
D1 7.98 11.0 R=255 G=0 B=255  

D2 11.0 R=170 G=0 B=0  

 

D 2013

2013 D.5  

 
D
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E.1 O O

100m E.2 25m 1 8 O 9
1 8 i (i=1 2 3 4 5 6 7 8 E.2 O

 

 
E

 
E

| | E.1  

 
ã

ã
8

88
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i
i     E.1  

E.3 h1 h2

h2 h1  

  

E
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50m 3 6 E.4  
 

  

 

 

E



Q/GDW  

35 
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F

F

F.1  

F

   

   

 °  

 °  

 m  

 m  

 m  

A  m 

 

 

B  m 

C  m 

A  m 

 
B  m 

C  m 

  
ABC

ABCCBA  

 m  

 m  

   

·m  

F

F.2  

F
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F

  

  

 mm 

  

 

F

F.3  

F

   

A  

  

   

 mm  

  
I V V

 

B  

   

   

 mm  

  
I V V

 

C  

   

   

 mm  

  
I V V
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F.4  
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F

F.5  

F

 

A  

F.1  

B  

C  
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G 

 

G

EGM

 
G.1 ABCE rs

rc rg AB
AB BC BC

CE CE BC
Imax BC 0  

DS AB A'B' DC

B'C' B'C'
DS A''B'' DC

B''C''  

 
G

rs rc rg G.1 G.2  
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0.65

0.578 1.125

0.65
. .

0.65
.

10

1.63(5.015 0.001 )

[3.6 1.7 ln(43 )] ( 40 )
5.5 ( 40 )

s

c ph

c av c av
g

c av

r I

r I U

h I h m
r

I h m

ã

ã ó

õ ó ä
ã

�  

G.1  

ãã

ã

ãã

)(7.0
)(8.0

)(8.0

72.610 8.065.0

gsgg

sc

ss

rr

rr
IrIr

 

G.2  

 
I �� kA  

rc �� m  
rs �� m  
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2015
[2015]4  

 
110kV 1000kV ±400kV ±800kV

 

 
a   
b  

 
c  IEC  

 
GB/T 50064 

 
DL/T 1293

500kV  
110kV 750kV GB 50545 110kV 750kV

 
1000kV GB/Z 24842 1000kV

800kV GB 50790 800kV
 

GB 50545 110kV 750kV
 

 

2015 1
 

2015 2  
2015 4
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2015 6

 
2015 9  
2015 11 TC04

 
2015 11  

4
 

 

3.14 /

 
3.15

 
4.1.1 /

 
5.1

GB/T 50064  
6.1 110(66 kV 500kV

 
6.3

7 8

7 8
 

7.1.3
 

7.1.4
( 2014 131

500kV XC XP 700mm
500kV
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0.85 ±2.5%  
7.1.5

110kV 220kV ±400kV
 

7.2.1

 
7.2.2 kr,f

kr,f = 1 1 kr,f< 0.8
kr,f > 1.2 0.8  kr,f  1.2  

7.2.2.1 220kV 15%
 

7.2.2.2 110kV GB 50545 5°
10° 5° 220kV 330kV GB 50545 5° 10° 0° 500kV

GB 50545 5° 5° 0°
 

7.2.2.3 GB 50545
100 m 10 7 100 m 500 m 500 m 1000 m

1000 m 2000 m 2000 m 15 20 25 30 10 15 20 25
 

7.2.3.2 110kV 750kV 5° 0°
1000kV GB/Z 

24842 ±800kV GB 50790 ±500kV 500kV ±400kV ±660kV
 

D.1.2

 
D.2.1

 


