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PHUGNG PHAP TONG QUAT TINH TU TRUONG CUA CAC DUONG
- DAY TRUYEN TAIPIEN

Hoang Viét - Vii Phan Ta
Pai Hoc Bach khoa Tp.HCM
(Bai nhin ngay 25 thdng 04 ndm 2001, hoan chinh sifa chita ngay 23 thang 05 ndm 2001)

TOM TAT:

Bai bdo trinh bay phitong phdp téng qudt tinh todn tit truong cdm ung cia duong day
truyén tdi dién cdo dp, siéu cao dp va cuc cao dp trén ddt déng nhat. Trong do cd xét tdi dnh
huéng cia viéc ding pha phdn chia, dong phdn hdi trong ddt va dién trd sudt ddt dén tham sé
dién cdm duomg day. Két qud tinh todn vdi duomg ddy 230kV, 500kV va 765 kV dugc gidi thiéu
trén cdc dé thj. -

* GIG1 THIE U:

Nhu di biét mét trong nhiing bién phdp ning cao khd ning truyén tdi dién di xa 12
ning cip dién 4p clia duting dy. Vi viy trong nganh dién da xuft hién cdc dudng day cao dp
(45 — 300kV), siéu cao dp (300 — 750kV) va cuc cao dp (>750kV). Tuy nhién vigc néng cao
cdp dién 4p nhu thé s& 1am ting dnh hudng tif trudng cdm ng clia dudng day d&n cdc vit thé
dit song song va gin dudng ddy nhu: diy chéng sét, dudng dién thoai, hang rdo, ng din
dau, con ngudi.Nghia 12 khi c6 mot vt nim & mot vi tri gin dudng diy thi trén n6 s& xuat
hién tit trudng cdm Wng vdi bién d§ cao dugc thé hién qua dién dp cdm ing, c6 thé dat tdi
hang chuc kV. Pién dp cdm dng ndy ciing 1a mdt nguyén nhan gdy dnh hudng dén viéc
truyén thong tin (nhidu tin hiéu dién thoai) [1], gdy nguy hiém dén an toan cho ngudi khi
cham vao cdc thiét bi (6ng din dau, hang rdo..) hoic ngay chinh ngudi 1am viéc dudi cdc
dudng day nay [2], [3]... Nhu vay day 13 mdt van dé can phai quan tim va nghién cifu.

Qua viéc nghién ctu cdc cdng trinh ding trén cdc tap chi trong va ngoai nudc [5],
[8,9,10]... chiing ti nhan th&y cin phii d& xudt mot mot phuong phdp tdng quét nhdt dé tinh
todn tif trudng cdm wng cia cdc dudng diy cao 4p, si€u cao dp va cuc cao 4p. Vi viy bai bao
nay da trinh bay mot phudng phap trong d6 dwa vao xem xét cdc y&u t0 ky thudt nhu:

a) - Xét dnh hudng cia ky thuit diy pha phén chia dén tham s8 dién cdm cla dudng
day.

b) - Xét 4nh hudng clia dong phan hdi trong dét (return current) dén tham s dién cdm
clia dudng diy dugc biéu dién qua dd thdm sau phiic (complex depth).

¢) - Xét d4t din dién hitu han, dién trd sut dat 12 ham phic theo tin s8 va thoi gian
phuc hoi phan cuc dat [7].

d) — Xét gid tri tir trudng cdm ting clia dudng day truyén tai trong mot khdang vugt.

e) — Tinh cho dudng diy don, dudng diy 3 pha va din tdi bai toan tdng quét trong hé
théng N pha.

K&t qua tinh todn dudc trinh bay trén cac do thi vé6i cdc sd liéu thiét k€ ciia dudng day
230kV; 500kV va 765kV - [11].
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I/- PHUONG PHAP TiNH TOAN:

1/- M6 hinh téng tré duong ddy phu thudc tdn s6:
M5 hinh dudng diy truyén tdi dién trén co sd hé phuong trinh séng, duge mo td nhu

sau [5]:

dawv ‘

- =[ZYY (1)
d’l
—=[YZ]1 2
o [YZ] )

Trong d6 ma trin téng tr(_’} gém:

[Z] =[R] +jo[L™+L™] 3)
[Z]1= [Z™]+ [Z™] (4)

Z™: T8ng trd ban than day din.
Z°: Téng trd tuong hd day din.

a/- Ma trdn dién cdm cia dudng day:

i/- Puong ddy pha don:

Ma tran dién cdm clia dudng ddy pha don dugc x4c dinh gdm hai thanh phén sau:
Thanh phén dién cdm ban than pha i - [L™]:

.. 2h
Lr‘i = *2"7';1117 (3)

Thanh phan hd cdm gifta pha ivaphaj— [L™:

(h+h)+ 7,

L=+ ) =L P
Y 4n (b - h)+D2 27 ©

+h; v hy: 12 d§ cao cia day dan thiti va thd j [m].

+1; : 12 bdn kinh ctia ddy din pha tht i [m].

+ Dy; :1a khodng cdch giita pha i va pha j [m].

+ 1 : d6 tif thdm cha khong khi.

+ P 12 ma trin hé s8 thé.

ii/- Puong ddy c6 pha phan chia:

P6i véi cdc dudng diy siéu cao 4p va cuc cao 4p dé€ han ché€ khd ning xudt hién vang

quang va nang cao cdng sudt tu nhién, ngudi ta dd ding bién phdp pha phén chia [6]-(Hinh-
1). Khi d6 médi pha ctia dudng diy s& dugc thay th€ bdi mot cham n day dan nhd dat trong
khung dinh vi c6 bdn kinh R (hinh -1).

Ma trin dién cdm ctia ddy pha phan chia bay gid dudc tinh lai nhu sau:
Thanh phin dién cdm ban than phai:
2h,
L; = zilﬂf—'i (7)
T Tiae
Thanh ph’ﬁn hd cdm gilta pha ivaphaj:
(hub + hﬂb) +D?
i (8)
47r (h“b ) + ow

+ him va hjp: 12 @9 cao trung binh cia day dan tht iva thi j [m].

ijth

jtb
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+ Tiq : 12 ban kinh déng tri cia pha thtt i [m].

ks =RRR" )

n : 14 s8 ddy con trong chiim diy pha.
r; : 12 ban kinh ctia diy din nhd trong chiim day pha thi i [m].
R : 12 ban kinh khung dinh vi [m]. '
a : 12 khodng céch giffa hai ddy nho 1an cin trong b6 day [m].
+ Djjp 12 khodng cdch gilta hai d cao trung binh ctia pha i va pha j [m].

= (10)

hiw

Dijs

hyg,

Mt dat

Hinh —1: dudng diy phin pha (m6 hinh dudng déy 500kV — Viét Nam).

Bdng 1: Pién cdm bdn thin cda chim déy mbi pha (s8 liéurp - [6])

2 x 600 3 x 400 4 x 300 5 x 240
ro (cm) 1,655 1,36 1,175 1,08
rq (cm) 8,629 14,016 19,726 25,873

L; (mH/km) 1,116 1,069 1 0,946

Bang 1 cho thdy khi ting s§ diy trong mdi pha thi s& lam gidm dién cdm clia dudng
day.

b/- Ma trdn dién cadm cia duong ddy cé pha phan chia ¢ tinh dén dnh hudng ciia dong
vé trong ddt: ;

Céc dudng day cao 4p, siéu cao 4p va cyc cao dp dude van hanh & ché& dd trung tinh
tryc ti€p ndi d4t. Tuy nhién trong thyc t€ vén hanh thi thong thudng tai trén cdc pha khong
cin bing do d6 s& ton tai mot dong di€n chay trong dat vé trung tinh nguodn. Dong dién nay
duge goi 1a dong phdn hoi (return current), n6 co anh hudng dén tham s8 dién cdm dudng
day. Do hiéu #ng bé mat dong phan hdi trong d4t dugc xem nhu tdp trung trén mot mit
phéing tudng tugng dit song song va cdch mat d&t mot doan duge goi 12 do thdm séu phic
(complex depth), dugc xdc dinh [7]:

p= LT S vdi p: dién trd sudt thyc cla dat [Qm]. (11)

, =
JOHy-P
Tit bidu thitc (11) ching ta th&y d6 thdm sau 4 1& v6i fan s8 nguodn va dién td sudt
d4t. Khi an s& ngudn ting thi p s& gidm, nghia 12 khi tin s6 ting thi dong dién phdn héi c6
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khuynh hudng tap trung cang gan bé mit d&t. Ngoai ra khi dién trd suit ting (VD: 10 —1000
-Qm) thi p cling tdng (200 — 2000m).

Ma trén dlén cam dudng diy c6 hiéu chinh theo dong phan hoi trong dit:
Thanh phin dién cdm ban thén pha i:

L = p20e*p)

2n Ty "
Thanh phan h& cdm giita pha i va pha j:
(h'ub i hﬂb + 2p) + Dytb
ij 47[ ( ith ﬁb) £ Dytb (13)

i/- D thdm sdu phitc tink theo dién tré sudt phic:

Theo [7], d€ thé hién ban chat din dién va phan cyc cla dAt dudi tdc dung cda ngudn
c6 tin s8 o thi dién trd suat ddt phdi dugc biéu di&n theo mot ham phiic cia tin s6 ngudn va
thdi gian phuc hoi phéan cyc. Khi d6 d6 thdm sdu dugc viét lai:

1
Jiow, (pGo))’
Véi:  p(jo) = [o(w) H.e. e(co)]'1 (14b)

(14a)

Qua so sdnh giita pt(11) va pt(14a) [7], c6 thé nhin thdy dién trd suit phic cla dit s&
gidm (so vdi gid tri DC clia n6) khi tin s6 ting. Nhut vdy pt(14a) s& cho gi4 tri p* nhd hon so
v6i pt(11) tic 1a 1am cho dong dién phan hbi c6 khuynh hudng tap trung gan bé mit dit hon.

ii/- Ma trdn dién cdm cia duong ddy cé pha phdn chia c¢é cd tinh dén dnh hudng ciia
dong vé trong dat khi dign trd sudt dat la ham phitc theo tén s6"

Thanh phén dién cdm ban than pha i:

L = 2(hub +p") (15)
277" Fiat
Thanh phin hd cdm giita pha i va pha j:
(h,,,, +h, +2p )+ DU,,,
A 471' (B —h,)* + D2, (16)

2/- Tix truong cdm ung ciia duomg ddy truyén tdi dién:
a/- Tit truong cdm ving ciia duong ddy don:
i/- Xdc dinh h; trong mgt khodng vuoi ciia dudng day:
Trong thyc t€ cdc dudng diy cao 4p, siéu cao 4p va cuc cao ap c6 chiéu dai khdang
gt va do vong clia ddy dan tuong d6i 1dn. Vi thé ching ta phal xdy dung ham h; theo do
yong trong mot khdang vugt nhu sau:

h”b (y) - f 2 4'fDD

Y- Y+ hy, (18)
+ fpp 12 d6 vong clia day din. [m]

& |
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+ hpp la d6 treo cao ddy din tai cdt dién. [m]
+11a chiéu dai khdang vugt. [m]

e e o e o o e o o o o e e

y(m)

.

172
Hinh 2: Puding diy m6t pha trong khodng vuot.

& day ching t6i khong di sdu vao chi tiét ciia van dé co khi dudng day, nén biéu thiic
(18) 1a dang ham parabol dudc x4y dung trén cdc tham sO chiéu dai va do vong dudng day.

ii/- Téng tré tuong hé ciia duong ddy don:

Xét md hinh mét pha nhut trén hinh -3. Khi d6 tdng trd tudng ho clia dudng ddy don
dudc tinh nhu sau:

£ R, '
Z(@) = jo.—.In—*L 17
(@)=J 5 R (17)

R, =0, (-2 +x ; R,=4h,()+z+2p) +x" (8)

C(x.y,2)

B& mit dit

e

2p*

Anh bé mit dat

~T

Hinh 3: M6 hinh dong dién anh
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D5 thi hinh-4 biéu dién sy thay déi gid tri cla tdng trd twong hd theo dién trd sudt dit
trong trudng hdp dién trd sudt ddt 1a tri s6 thuc va s6 phifc.

14 14
Arg(Z1(z,x))
Arg(Z2(z,x))

1.2

11|liiIF%tI

~100780 “60 “40 20 0 20 40 60 80 100
-100 X 100 (M)

Hinh 4: Tong trd tudng hd clia dudng day khi x thay déi véi z =0,

Z1 - pt (17) khi dién trd suat dat 12 s6 thuc.
Z2 - pt(17) khi dién trd sudt d4t 12 ham phic theo tan s& theo pt(14b).

Tit d6 thi trén chiing ta thdy sy thay ddi clia dién trd sut d4t theo tan s& s& lam thay
doi gid tri cia tong trd hd cdm cla dudng day.

iii/- Tu truomg cdm vng cia ddy don cd pha phan chia:

T trudng cam ng do dong dién I chay trong ddy thif .i sinh ra tai diém C(x,y,2) (
diém Cnay tugng trung cho dudng dy dién thoai, diy chdng sét, Sng din du, hang rao hay

con ngudi .....) dudc tinh nhu sau:
Z@) I _, (h, () +z+2p") +x°

®= 2 19
jo 4z (hnb(y)—z)z +x7 4
Thanh phin tiY trudng theo truc x:
o 00 (20)
L oz
H :_I_ hilb(y',)_z+hilb(y)+z+2p (21)
©o2nl R; R,
Thanh phan tiY trudng theo truc z:
q =10 (22)
z u 8x
H - Lx( L _ L. (23)
2nl (h, () -2 +x*  (h,(y)+z+2p) +x’

b/- Tix truomg cdm ung ciia dudmg ddy ba pha cé pha phén chia:
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hath

Anh bé mit dit

C

b.’
Hinh 5: M6 hinh xdc dinh tif trudng dudng day 3pha

Thanh phin tif trudng theo tryc X:

H :th_. hklh(Y)_Z+hhh(}f)+Z+2p'} L (24)
x34 e i Rllk <R2k )

Thanh phén ti trudng theo tryc z:

e ZI“'X"( 1 1 ] 25)

2n \(h, (M) -2y +x; (h,(+z2+2p) +X,
+k=ab,c—cédcpha a, phab, pha c.
+ I : 12 dong dién chay trong céc pha [A].
+ Ry : 12 khodng céch tit pha thit k d€n mach vong C [m].
+ Ry ¢ 12 khodng céch tiY anh ciia pha thit k d€n mach vong C [m].
+ hyy, 12 d0 treo cao trung binh ciia pha k [m].
+ xx 12 khodng céch tit pha k d&n diém khio st [m ].

H

¢) — T truomg cdm iing ciia duomg ddy gom N day:

PE tinh tir tﬁrc‘fng cdm 1ing cta hé thdng gom N diy din, ching ta si dung phudng

phép x&p chong cla timg day don, khi d6:
Thanh phin tif trudng theo tryc x:

N
Hop=3 H, (26)
n=1
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1/- Puimg dé

230kY

Bieu dien Tu Truong 1 pha duong day
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T tru

Hinh 6b

2/- Puong ddy 500kV:

: TU truGng m

Hinh 7a

T¥ trudng ba pha cla dudng day 500kV ta

Hinh 7b
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2

TAP CHi PHAT TRIEN KHCN,

3/- Duomg ddy 765kV:

Bieu dien Tu Truong 1 pha duong day 765kY

-50

()
Hinh 8a: Tif trudng mot pha ctia dudng day 765kV tai mit dat (z=0)

Tu Truong duong day ba pha 765kY

[

¥

ST

Hinh 8b: T trudng ba pha ctia dudng diy 765kV tai mit dat (z=0)

TU céc hinh 6 — 7 v 8 & trén ching ta thiy: T

2

dc d6 thi thi tir kho
trudng 16n nhat 13 tai ngay dudi vi tri vong nhit cia duding day (gifta khodng vugt). Ngoai ra

dy. Trénc

dudng d

.,
cua

dng ¢
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chiing ta phai nhan thdy riing cdc db thi trén déy chi tinh vi du cho cdc di€m tai mat dat (z=0),
trong thuc t€ cdc dudng day dién thoai hay duding diy ha th€ thudng ndm ngay bén duéi cic
dutsng day cao thé (z = 0), nén d& hidu riing ti trudng cdm tng clia dudng day cao thé s& dnh

hudng dang k& dén cac dudng day nay.

1V/- BIEN PHAP GIAM TU TRUONG:
Tit cdc biéu thifc (24) va (25)

Ching ta khai trién cong thiic Taylor tai diém x theo dang sau:

1 af(x h) 1 8f(x,h) 1 8*f(x,h) 1 2*f(x,h) ..,
F(x o hy) = f(x,0) + AX, +i oh Ah, +§T K Eﬁa}F_Ahk-F ......
' (28)
Trong d6:
Ax, =x, —
=X — X% (29)
Ay = hy, () = h()
xi 12 khodng cdch tif pha thit k dén diém C(x,y,z) can khdo sit.
h(v) -
sin@" = - i - ,cos@' = 0)-z =
Jx +(h(y)+z+2p)’ Jx7 +(h(y)-2) o
sin@' = * ,e0s8" = M) revip ;
xR+ () -2) X+ () +z+2p')
K&t qua dp dung cong thifc Taylor:
—-(R+S)Z—+ (A+C)ZI Axk (B D)ZI A,
13 AX: L A 2 S
—(I K)Z 5 (J L)Z
cos @’ cosG" sm28 81n29 1 A%; c0329' cos®” I, Ah,
H —k
a =Cp )Z . s e R 2, o
cos 30’ cosE) L A% cosSB 00536” I Ah2
_( R3 )Z : R3 )Z
1 1
= (T~ W)Z—+ (E-G )ZIAX“ = - H)ZIAh
I,Ax; I, AhZ )
+—(M-P u-!—-— N - kg
2!( )Z 27m 2!( Q)Z 2n
sin®  sin0" 1 cos20’ 00529 I, Ax sm29’ sin®” I, Ah
i S - 3y Ko - k _ _ KAy
= (Rl R, ’Zzn ( R? )Z Rf B 2 2n -
sin30’  sin30" I, Ax.  sin36’ sin39” IkAhi
- - + - +
R; R} 2 m R} R; 2 2n
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Céc thanh phin dao ham clia tir Céc thanh phin dao ham ctia tir
‘ trudng do dong dién chinh trudng do dong dién dnh
CEEC o sin 1;18 [=— 2008339 Cm_ sin 229 K- 2 005339
thanh R| R] R; B,
phin of o'f of o f
dao a7 A
- ox 6X2 ax 6}(2
hﬁm ! 4 " "
- B=- cos 38 I= 2005339 D=_ cos 39 L 2003239
H Rl RZ R.’Z R'Z
x3d
of 2 2
L3N o o 2t
oh oh® oh 2
. 7 [ . ' " : "
Cic E= cos 29 M= — 231n338 G cos%@ Po_ 2s;n39
thanh R; R; R R
phén of 3f of 9f
dao e Tt B2 =
: ox ox O0x ox?
ham sin 26/ 25in30" sin20" 25in 36"
clia F=- : = 5 H=- 5 = =
G R; R; B3 B
y3¢ 2 . 2
& = ot Z — of
oh oh? ch oh?

Trong cdc biéu thiic (32) va (34) khi cdc digu kién sau dudc thdo man:

([ Y1,=0 (35)
k

{ D.AmI =0 - (36)
k

\ Yl =10 (37)
k

thi tif trudng t8ng hop sé gidm rat nhidu.
Dya vao biéu thic (35), (36) va (37) chiing ta c6 thé dua mét s vi du vé bién phdp
lam giam tif trudng nhu sau:
a/- Trong hé thong dién c6 thé thay th€ hé théng trung tinh ndi dat truc ti€p (hinh — 9)
bing hé théng trung tinh cdch dién vdi dat (hinh —10a,b):
@  Trung tinh truc tiép ndi dat.

1

Iy

Hinh 9 - ba pha d4u sao trung tinh n6i d4y truc tiép.
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'®  Trung tinh cdch dign vdi dat.

I, I

P —p—
lb Ib
T > }c >
Hinh 9a — ba pha d4u sao hd Hinh 9b — ba pha ddu tam gic.

b/- BS tri tai cdc pha d6i xing hoic gin d6i xing, khi d6 s& dan dén dong dién tong
> 1, bing khong hodc gin bing khong.
k

c¢/- Trong cdc biéu thic (36) va (37), chiing ta co:

S ax , =140, + 1,00, + 1A, =0 (38)
. |
> Ahd, =1,.0h, +1,Ah, +1,.Ah, =0 (39)
k
Nhu vay trong biéu thic (38) va (39) néu
Ax, = Axy = AX (40a)
Xa— X=Xp— X=X — X (40b)
Ah, = Ahy = Ah, . (41a)
h,—h=hy,—h =hc-h _(41b)
thi Ax, Y I, =0 (42a)
k
A,y 1, =0 (42b)
k

Nhu vdy tif truding tdng s& triét tiéu khi thda méan dieu kién nhu biéu thic (35). Ching
ta c6 thé 18y vi du dang b tri pha nhu: ba pha b3 tri trén dinh ctia tam gide deu. Vdi cic
dudng day 16 kép (6 diy), khi d6 ching ta b tri cdc pha nim trén cing mét vong tron thi sé
lam gidm dudc tit truding t6ng ciia dudng day 10 kép.

v/ - KET LUAN:

Qua viéc nghién cdu dudc trinh bay & trén, bai bdo di dua ra mot phudng phép tong
quét tinh todn tiY trudng cdm lng ca cdc dudng diy truyén tdi dién dua trén viéc xdy dung
md hinh dutng diy (cu thé 12 dién cdm duong diy) phu thudc vao fan s0, vao k¥ thuit phan
pha, dong phan hoi trong ddt va dién dan phifc cia d4t . Ngoai ra tif trudng cdm tng cta
dudng day cling dugc tinh trong mot khdang vugt, tir d6 cho thdy d6 vong clia dudng ddy dnh
hudng 16n dén gié tri tif trudng cdm ing trong mdt khoang vugt. K&t qué tinh todn dude bidu
di&n trén céc dd thi cho thdy mic d6 tdng quét va chinh x4c cia phuong phap.

Ul diém ciia phuong phdp nay 1a di xdy dung dugc mot dang phuong trinh téng quét
nh&t dé tinh tit trudng cdm tng clia dudng day truyén tdi. N6 tao dieu kién rat thuén ldi cho
nhitng ngudi 14p trinh tinh todn. Vi qua phudng phdp nay ¢ thé 4p dung tinh dugc cho tit ca
cdc cdp dién dp truyén tai, cdc ché& d6 van hanh khéc nhau cla diém trung tinh, cdc dang b&
tr{ day pha trén try dién nhu: ba pha ndm ngang, ba pha b6 trf tam gidc va bd tf thing ding,
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ngoai ra c6 thé tinh cho dudng day 16 don va 16 kép...Chang han tif cdc biéu thic (24) va (25)
ching ta c6 thé dp dung vao tinh cho dudng dy cao 4p nhu viéc thay hyp biing h;; 1ig; bingr;,
va tinh trong ch€ d6 van hanh cda hé théng dién nhu trudng hgp dong ba pha can biing hoic
ba pha trung tinh cdch dién vdi dat khi d6 b6 qua thanh phin do thim sau phic p*....

THE GENERAL METHOD USED IN CALCULATION OF MAGNETIC
FIELD OF POWER TRANSMISSION LINES

Hoang Viet — Vu Phan Tu

This paper presents a general method to compute magnetic field induced by super-
voltage and extra-voltage transmission lines above homogeneous earth, in which the influence
of bundled conductors using, return current and earth resistivity on the inductance of the line is

taken into account. Results obtained with 230kV, 500kV and 765kV lines are presented by
mean of diagrams.

TAILIEU THAM KHAO:

1/- J.LA Orr and D.J Pileggi — Determination of harmonic interference voltages induced in
paired cable communications circuits by harmonic currents in adjacent power lines - IEEE
Trans on PAS — Vol PAS-102, No.7, pp 2278 — 2283, (1983).

2/- M.A Stuchly — Magnetic field induced currents in the human body in proximity of
power lines - IEEE Trans on Power Delivery — Vol.11, pp 102 — 108, (1996).

3/- T.W Dawson — Organ dosimetry for human exprosure to non-uniform 60Hz magnetic
fields - IEEE Trans on Power Delivery — Vol.14, No.4, pp 1234 — 1239, (1999).

4/- F.Castellanos, J.R. Marti — Full frequency dependent phase — domain transmission
line model — IEEE Trans Power System, Vol.12, No.3, pp 1331 <1339, (1997)

5/~ Daming Zhang — Theoretical analysis of the electrical and magnetic field
distributions in a toroidal core with circular cross section — IEEE trans on magnetic Vol 35; No
3, pp. 1924- 1931 - (1999) ‘

6/- VO VIET PAN — Mot s§ van dé ky thudt dién cao 4p & siéu cao ap va cuc cao 4p
- PHBK Ha No6i - 1993.

7/~ HOANG VIET & VU PHAN TU - Phén tich hai phudng phép do dién trd sudt dat
hai 16p & dang-ham phic — Tap chi phét trién khoa hoc va c¢éng nghé— Vol.3; pp 22 - 30; (4-
2000)

8/ P. Petterson — propagation of waves on a wire above a lossy ground different
formulations with approximations — IEEE Trans on Power Delivery, Vol.14, No.3, pp 1173 —
1180, (1999) _

9/- M.A. Abd Allah — effects of elecrtical soil properties on electrical fields around EVH
transmission lines. — IEEE (2000).

10/-- C.M Portela — Quasi modes frequency dependent three phase transmission line
model analysing the earth conductivity influence to electromagnetic transient phenomena —
IEEE (2000). '

11/- ABDUL M. MOUSA — The lightning performance of unshielded steel — structure
transmission lines - IEEE Trans on Power Delivery — Vol.4, No.1, pp 437 — 445, (1989).

Trang 84



