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(Béi nhdn ngay 23/03/2000)

TOM TAT: Bai bdo trinh bay m@t phuong phdp tinh todn dién dp cdm itng trén cdp ngdm
do sét ddnh vao mgt ddt gan noi chén cdp gdy nén, trong dé cd xét dén dién trd sudt dét la
ham 56 phitc theo tdn 56 va cdc gid tri dién ddn va hdng s& dién méi ciia ddt cing la ham
thay doi theo tdn s6. Cdc két qud tinh todn vdi truong hop dat mot Idp va dat hai ldp da
dugc trinh bay trong cdc do thi.

GIOI THIEU

Nhur dd bi€t qué dién 4p trong hé thdng dién do sét ddnh truc ti€p hay dénh gin
dudng day gdy nén thudng din d€n mat 6n dinh trong hé thdng dién, phé hiy céch
dién cla mdy dién, thi€t bi dién... Vi th€ trong nhitng nim gin ddy da c6 nhiéu cong
trinh nghién cifu dién 4p cdm ng do sét ddnh gin hé théng truyén tii gdy nén 1], 121,
[3], [4], [5] .. Tuy nhién vin chua cé nhiéu cdng trinh nghién citu dién d4p cdm dng dién
ti trudng sét trén cdp ngdm va trong d6 ciing con nhiéu gid thiét chua thé hién dudce
chinh xdc ban chat vt ly, m6t trong nhitng vAn dé d6 1a dién trd sudt dat. Trong céc
cong trinh trén cdc tdc gid déu chdp nhin gid thiét coi dién trd sudt 12 tri s& thuc [1],[3]
hay 1a mdt ham phic c6 dang p(jo) = [ + jo.€]™ [21,[9].

Trong cong trinh ndy dé xudt mdt phudng phép tinh dién dp cdm ung trén cdp
ngdm do sét ddnh vao mit dit gdn ndi chon cap c6 xét dén sy thay ddi cda dién trd
sudt dat theo tén s& c6 dang p(jo) = [o(0) + jo.e(w)]" [6], va tinh todn frong truding
hop dat mot 16p va hai 16p vdi nhitng gid thiét nhu sau:

a) - Sétddnh thing géc véi mit dat.
b) — Phén bd dién tich doc theo kénh sét 12 dong nhat.

¢) - — Dang séng sét ding d€ tinh todn cdc qud trinh qud do6 1a dang i(t) = a.t -
v6ia la do doc dau séng [kA/s], t 12 thdi gian truyén séng sét [s] - [8].

d) - Vin tdc phéng dién ngudc 1a hiing s6.

e) — Dbatdain dién hitu han, cdc thanh phin dién din vd hing s6 dién mdi cia
dd't phu thudc tan so.

K&t qua dugc trinh bay trén cdc dd thi cho thdy sy thay ddi bién do dién 4p cdm
theo cdc tham s§ cda qué trinh nhu d§ doc ddu séng sét, ti s§ van tdc phéng dién
ngugc, dién trd suat dat...
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Tap chi Ph4t_trién Khoa hoc & Cdng nghé. Tip 3, S4 4-2000

1/- CAC PHUONG TRINH CO BAN
a/- Phudng trinh séng dién tir :

Trong mdt mbi trudng x4c dinh sy truyén séng dién tir duge md 3 bdi hé phuong
trinh Helmholtz [7] nhy sau:

9’A

VZA-——/.I.E Py =—uf (1)
o’w  p,

qu)—/_l.é' 81,‘2 =- & (2)

Trong do:

+ A: 1a thé véctd [Wb/ml].

+ @ :1a th& v6 hudng [V].

+ ¢ 12 hiing s& dién moi [F/m] clia moi truding truyén séng.
+ 1 12 va d6 tir thim [H/m] ciia mdi trudng truyén séng.

+ pc la mat d6 dién tich [Coulomb/m3].

+ J 12 mat dd dong di€n. [A/m3]

Theo [7] cdc thanh phﬁn A va @ dudc xdc dinh:

J(r'
A= (#0104 3)
V47T|I‘—I‘I
O(r) = L')I.dv (@)
V47r50|r—r|

+ €9 12 hiing s dién moi clia khong khi (= 8,845.10°'? F/m).
+ o 12 d6 tiY thdm ciia khong khi (=4.7.107 H/m).
4V 1 thé tich ngudn bic xa [m3).
Nhu th€ cudng dd dién trudng cdm dng tai di€ém M(x,y,z) s& la:

EM=.E;’,+E,’M=—V<£>—“;;—‘;l (5)

b/- Pién tru¥ng cdm dng:

Trong hé toa dd vudng géc nhu hinh -1 chiing ta xdc dinh dudc:
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g &
X Anh kénh sét
Hinh - 1
+ Thanh phén dién cda Ey:
oD I vt —Br
Ed - R — s ( B ) (6)

J oh, | , E 2n.v.e, (vt—Pr)*+r’

+ Thanh phén tif cia Ey:

A Lu
ot 2 Jot—pr)? +r?

E,= 0

+ Thanh phin t8ng hdp ciia cudng do dién trudng tai mot di€m M theo (5):

1 2 vt — pr v

2y By = ——+| —. .
o 2”{"-80 G-y \/(vt—*ﬂr)z;rz:l

+r2=x*+ y?, [m]

(8)

+ 15 1a dong sét [kA].

+PB = viclati s§ t6c do phéng dién ngugc trén tdc do dnh sdng trong
chan khong (¢ = 3.10° m/s). -

+p 1a d6 tif thim ctia ddt [H/m].
+ hg 12 d6 cao clia kénh sét [m] va d 1a d6 chdn sdu cia cdp [m].
¢/- Cudng dp dién trudng do sét giy ra trong dat:

Theo [8] thanh phin cudng d6 dién trudng khic xa trong dat:
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2 N
Ex =——”2 E; € ka (9)
m, +1n,
+ E;chinh 1a cudng d¢ dién trudng Ey tich theo pt(8).
+p = B 3170 12 téng trd séng clia khdng khi, (10)
€o

+ky va 12 12 hé s truyén va tdng trd séng clia mdi trudng dat:

k2:a2+.]§2 . (11) .

Jou,

- je ;
' =imle o, + jws,

(12)

Trong dé hé s& tit dan o, va hé s6 pha &, dugc tinh nhu sau:

1/2

i /&‘zﬂz (457 _ (13)
' 2 w’e)

12 '
2
i ag) g,
\ 2 w’e; (D

+ pa 12 d6 tir thAm ctia di't [H/m]

+ 03 V2 €, 12 dién din va hiing s& dién moi cla dat.
d/- Pién dp cdm ting trén cdp ngim:

Pién dp cdm ng dugc tinh theo cdng thifc sau:
d
Uy = .[Ekdz (15)
0

+ d: d6 ch6n sdu cla cdp [m].
+ Ey 1a thanh phin dién trudng khic xa x4c dinh theo pt(9) :

Chuyén pt(9) tit mién tin s& vé mién thdi gian , ching ta nhin dugc:
E:. =T.E .e™ cos( ot - &,z) (16)

Thé vao phuong trinh (15) - gidi ra dugc:

Ucu = T'Er 'Q (17)
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; d
Q= je'“"".cos( ot —&.z)dz (18)
0
Véi T = SR 12 hé s6 khic xa clia séng dién tiY tai mat dat.
T+,

r="2""h 13 h¢ s& phan xa cla séng dién tif tai mat dat.
M+

Trén ddy 1a mdt phuong phdp tinh todn dién 4p cdm ting do sét ddnh gan ndi chén
cdp gy nén va xét vdi trudng hdp 12 cdc thanh phin dién din o, va hing s6 dién moi
€ clia dat 1a cdc s thuc. Nhu chiing ta biét khi tin s& thay ddi thi cdc gié tri ciia do ddn
dién va hé s6 dién moi ludn ludn thay ddi. Vi du nhu khi tin s6 ting d&én mot gid tri
nao d6 thi hé s6 &, s& gidm. Nhu th€ dé thé hién sy thay ddi ciia cdc hé s6 o, va €, theo
tin s&, ching ta dua vao 4p dung dang ctia dién trd sudt phic (hay dién din sudt phdc)

[6] dudc tinh trong cdc trudng hdp cu thé nhu sau:
i/- Trudng hop dit mot 16p:

Theo [6] chiing ta c6:

. 1 ,
7,(j@) =———=0,(0)+ j.o.s(®) (19)

p,y(jw)

: 1
p(jw)= Po{l —m, -[1 =3 WH (20)

+ p2(0) va py(e0) 12 nhitng tri s6 gidi han clia dién trd sudt dit twong ng vdi tin
s0 biing 0 va oo, [Qm].

+ 1 12 hiing s6 thdi gian phuc hdi phin cuc cla dat [s)].

+ &3 1a chi s6 phuong sai = n6 biing 1 vdi chét 16ng c6 cuc tinh tinh khiét, vdi
mdi trudng d4't thi né ndm trong khodng tir 0,1 dén 0,6.

+Hé s6 mz = [p2(0) - pa(0)] / p2(0).

Duya vao (19) va (20) xdc dinh dudc:

i BC - Q1)
SO T

0

1 BD @2
&(w) = = z

a.p, C°+D
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Tap chi Phét trién Khoa hoc & Céng nghé. Tap 3, S6"4-2000

Trong dé:

A=w.r, (23)

B= (1 + A% .c;os é’—r)z +(AC2 _Sinﬁ\2 (24)
2 3 J

C =B-.(l‘mz)+"12.(l+A¢2.CosngﬂJ (25)

By, Al .sin’%zr— 20)

Nhu vdy cédc pt(13) va (14) dudc vi€t lai nhu sau:
: 1/2
= /82 @] |, %2 gw) _q (27)
2 w gy ()
: 1/2
. {gz (@)u, o, (@)
=@,————=| . [1+——"—+1

i/- Trudng hgp dat hai 18p:

Theo [6] cong thitc Wenner § dang phie:

. 1 . _
Yaw(J@)=——F—=0,y (@) + j.0.6,y (@) (29)
Paw(J
Pow (J@) = Py, (ja)).(l +2y) [F(jo)]" .iR(y,ri)] (30)
n=1
Trong dé:
_a _ khodngcdch giifa cdc dién cyc (31)
Y=~ bidayldpdatbénten
1 - 1
m(y’ Il) e 2 N2 2 2\71/2 - (32)
n|[l+(y*/4n")] [1+(y*/n*)]

Hé s6 phan xa phic trong dat:

1-‘(](0) - Py, (J(D) — P, (]UJ)

: ; (33)
p,(Jo)+p, (jo)
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pai(jo) 12 dién trd sudt phifc clia I6p ddt bén trén. [Qm)]
| p2(jo) 12 dién trd sudt phic clia Idp &z‘ft bén dudi. [Qm]
Céc pt-(13) va (14) trd thanh:

1/2

- Jezw(m)uz {4 Ta@ 8
o’e,, (®)
£ - m\/ Eun (O, 1+ ———————f"’;(o)) +1
2 o’e., () (35)

Nhu thé vdi viéc dua dang dién trd sud't phiic theo pt(20) va (30) vao tinh todn thi
cdc phﬁ’dng trinh tinh hé s& khic xa, phdn xa va cdc hé s oy va & di trd nén phu

thudc kép vao tin s§ do céc gid tri o2 va € phy thudc tan sO.
2/- KET QUA TINH TOAN:
i/- Trudng hop ddt mot 16p:

St dung pt(17) vdi cac hé sd theo pt(27) va (28) ching ta c6 cdc db thi sau:

KV 100 100

90
80
U(b,200) 70
U(b,100)
Ulb,s50) 40
it 0
20
10
0 o |
50 100
1 b 100 m

Hinh 2: D4 thi biéu didn sy thay ddi cla dién 4p cdm tng theo khodng cich b
(trong trudng hgp nguy hiém nh4't khi thay x =b, y = 0) , po = 200Qm; 100Qm va
50Qm. d6 dSc ddu séng a =70kA/ps; mp = 0,8; &, =0,5 va 12 =0,1s.
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Tap chi Phdt trién Khoa hoc & Cdng nghé, Tap 3. S8 4-2000

kV
TN ) e WG e Tk RaR |
120 -
U(0.2,b)
U(0.3,b)
U(0.5,b) 60 ]
30 43 =
"."‘ .-
--I-_—__-.-:-- _. ""---a---.....
0 | | | I | S A 0t W, toms
0 10 20 30 40 50 60 70 8 90 100
0 b 100 (m)

Hinh 3: D4 thi biéu di&n cudng do dién trudng cuc dai khi b thay ddi véi B = 0,2;
0,3; 0,5 ; po = 100 Qm; m; = 0,2; £ = 0,5; 12 = 0,18; amax= 65,8kA/usps = P ; d
=1m. '

kV

100 '%

83.33
U(O.Z ,a-[06) 66.67
U (0.3 ,a-t06) 50

U(O.S 4 a'loﬁ) 33.33

16.67

100

0 a 00 (kA/s)
Hinh 4: P4 thi biéu dién cudng do dién 4p cdm ng cyc dai khi d§ doc ddu séng
sét a thay d8i vdi p =0,2;0,3; 0,5 vd b=5m.

+ Hinh 2 va hinh 3: khi khodng cdch b (khodng c4ch tir vi tri sét ddnh dén hinh

chi€u clia c4p 1én mit dit theo truc x, hinh 1) ting thi dién 4p cdm \ng gidm. Diéu ndy
¢6 thé nhin thdy qua biéu thic tinh Uy ty 1& v8i 1/b nén khi b ting thi Ug, s& gidm ,

ngoai ra chiing ta ciing c6 thé nhin xét tryc ti€p qua thyc t&, khi khodng cdch tir vj tri

sét ddnh d&€n di€m khio sit cing ting thi dién 4p cdm Wng s& gidm.

+ Hinh 4: dién 4p cdm ing ting khi d6 dc ddu séng ting. Piéu nay c6 thé nhin

thay ngay trong ham U, 12 ham tuyén tinh theo do ddc a, nén khi do doc a ting thi Ugy
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s& ting theo dudng thdng qua gbc toa d6 (vi n6 ¢6 dang ham y = k.x). Trong thuc t& véi
nhitng ci sét cé do doc séng 16n thi bién do dién dp cdm dng 16n va ngudc lai.

+ Trong hai hinh 3 va hinh 4 khi ti s6 B cang nhd thi dudng bi€u dién-bién d¢ dién
4p cAm tng nim & bén trén vi nim bén dudi khi B 16n. Nhut chiing ta biét p = v/c né
thé hién t6c d6 phong dién ngudc so véi tdc do 4nh sdng, nhu vy nhitng cu sét nao c6
t6c do phéng dién ngudc gin bing tdc d6 4nh sdng (B cang gin 1) thi qud trinh phéng
dién ngudc xay ra tic thdi 1am cho cuding do dién trudng tai mat dat gidm nén dién 4p
cdm ¥ng gidm va khi [3 nhé thi qud trinh phéng dién ngugc dién ra chim hon nén cudng

do dién trudng con tich liy tai mit dat 16n tao ra dién dp cdm Wng c6 gid tri 16n.

i/- Trudng hdp dat hai 16p:
St dung pt(17) k&t hgp véi cac hé s6 theo pt(34) va (35)
kV

=T F T ¥ 5T T 1
70 — =]

vozy L .

50
U(0.3.b) 40 |

U(0.5,b) 30§

20

10 “-'--QQQC-.-...-

0 s Rk e o e =

0 10 20 30 40 50 60 70 80 90 100
b

(m)

Hinh 5: D6 thi biéu dién cuding d6 dién trudng cuc dai trong trudng hgp dat hai
16p khi b thay ddi v6i p = 0,2; 0,3; 0,5; pi(jw)=pi(0). Chiing ta c6 ti s6 dién trd
sudt DC cda cd hai ving Ia: '

- 0,1
p,(0)

+ Hinh 5 ciing tudng tu nhu hinh 3, gi4 tri cuc dai cia dién ap cdm \tng gidm khi
khodng cich b tang va khi B ting thi db thi U, nfim & bén dusi.

2/- KET LUAN
Qua viéc nghién cttu bai bdo dat dugc mot s6 k&t qua nhu sau:

a) — T hé phuong trinh séng Helmholtz, bai bdo da thuc hi€én mdt phuong phdp
tinh todn dién dp cdm ting do dién tir trudng sét gdy nén.
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Tap chi Phét trién Khoa hoc & Cdng nghé, Tép 3. S& 4-2000

b) — Do viéc thé hién dién trd sudt 12 ham phiic thay ddi theo tin sd dan dén céc
hé s8 truyén séng, tdng trd séng, hé s8 tit din, hé s8 pha, hé s6 khiic xa clia séng dién
tr va hé s& phan xa ciia séng dién tir trong dat trd nén phu thudc kép vao tin s6. Qua
d6 cho thdy mitc d6 chinh xdc ciia cdc hé s& nay va thdo man dugc bdn chat vatly cla
van dé.

¢) - Vi cdp dién Iuc thdng thudng dugc chon khong sdu 1dm nén § ddy bai bdo
chi tinh trong trudng hgp dat mdt I6p va hai 1dp.

CALCULATION OF LIGHTNING - INDUCED VOLTAGE ON UNDERGROUND
CABLE IN CONSIDERATION EARTH RESISTIVITY AS A COMPLEX
FUNCTION OF THE FREQUENCY.

Vu Phan Tu

ABSTRACT: This paper presents a method to compute the induced voltage on underground
cable caused by lightning striking the ground in the vicinity, taking in consideration the
earth resistivity as a complex function of the frequency, and the earth conductance values
as well as its permittivity as functions of the frequency. Computation results for one-layer
earth and two-layer earth are presented in diagrams.

Ldi cdm on: Tic gid xin chin thinh cdm on sy gitip 3 hudng din tén tinh cia thdy TS
Hoing Viét trong thdi gian em 1dm ludn 4n t6t nghiép cao hoc va thuc hién nghién citu nay.
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