
M0 HiNH HoA sd lrnu vLF sANc pHuor\c pHAp

PHUOI\G TRINH TICH PHN

r. ud oAu
Phuong ph6p dien tt tdn stf rdt ttrdp (VLD la

mOt trong sd c6c phuong ph6p dia v6t lj' duoc sr?

dung dd nghi0n cfru cdu tnic dla chdt gdn mat ddt
ciing nhu tim kiOm khoing sin vi tham d6 nudc
ngdm. Giting nhu phdn l6n c6c phuong ph6p th6m
dd diOn tt, VLF irng dgng nguy€n lf crim ung di0n
til nOn kh6 nhQy cim trong vi0c xic dinh c6c di
thudng c6 ngudn lA nhfng ddi cdu trfic c6 dQ d6n
di€n cao. M6y do VLF rdt ggn nh9, thi cOng nhanh
nOn c6 thd sii dung duo. c trOn nhfing di€u kiQn dia
hinh phrlc tpp. Tt sd liQu do bnng thidt bi VI..F'

ngoii thu. c dia phii qua mot qu6 trinh xfi l!', phtn
tich dd dua ra kdt qui du6i dang so dd hay mat cit
cdu trtc dia chdt cria ddi tugng nghi€n cfru. Bii b6o
gi6i thiQu kdt qui tinh to6n bdi to6n thuAn VLF du-c. c
xay dmg tren m0 hinh lf thuydt le mQt sd vflt thd
dac trung c6 dang via tru v6i d0 d6n cao, m6 ph6ng
cho c6c ddi cdu truc bi ph6 huf hay dft gdy chfia
nudc trong m6i trudng tr& kh6ng gdn mdt ddt bing
phuong phip phrrong trinh tich phan. Kdt qui 6p
dung phuong ph6p trong viOc khio set dut g6y A So
- SOng C6n, khu vu. c thuyfr diQn A Vudng - Quing
Nam dd minh hoa hiOu qui 16 rQt cfra phuong ph6p.

rr. T6Nc euar G pHuoNc PHAP vr-r'

VLF tng dung nguyOn l! cltm frng diOn tt vdi
ngudn ph6t li nhiing trudng s6ng diOn tr) & ddi tdn

I-A,I CAO KHIEM, NGT]6I VAN GIANG

sd rdt thdp trong khoing tt 15 dch 30 kliz, ph6t di
tr) nhiing ddi ph6t quAn su cong sudt l6n nim rii
r6c 6 nhidu noi trcn thdgi6i. Nhtng di thudng VLF
mi ching ta thu dugc thudng liOn quan ddn ngu6n
li c6c cdu trirc c6 dd d6n cao so v6i m6i tnrong
xung quanh nhu thAn qu{ng, dfrt g6y dia chdt, ddi
ph6 huf kidn t4o chfta nu6c... Nguy€n lf do VLF
duo.c m0 ph6ng trong hinh I, theo d6 tnrdng s6ng
VLF ph6t ra tt dii ph6t ; ph6l do VLF duo. c thuc
hiQn tr6n mdt ddt c6ch ddi ph6t mot khofrng nhdt
dfnh mi 6 d6 s6 thu dugc tin hiQu cta trudng thfi
cdp do c6 v6t d6n tao ra.

SU phit x4 s6ng dien tt tdn sd thdp tt c6c ddi
ph6t bao gdm ci thanh phAn diQn vi tt dao d6ng vdi
tdn sd cria ddi ph6t vi lan truydn theo c6c phuong
thfc : s6ng khOng gian (spacewave) vi s6ng ddt
(groundwave). Truong tr) ph6t di tir anten crta cic
ddi ph6t c6 dudng sfrc ld nhfng vdng trdn ddng tAm
vi vector cudng dO t& truong gdn nhu song song v6i
mdt ddt. Khi s6ng diQn t& lan truydn, gdp v4t ddn
chdn ngang hu6ng lan truydn cria chfrng (vu6ng g6c
v6i duong srlc) sd tao ra frong vAt ddn d6 mOt ddng
diQn crim tng vi ddng diOn cim rlng ndy sE tao ra
truong thfr cdp c6 huong chtfng lai truong so cdp
(cim rlng dign tt) vd duo. c m0 ph6ng rrhu hinh 2a.

M6y VLF do ghi phdn thuc Real H"/HP vd phdn
io Imag H,/HP cria tf sd phdn tr6m (Eo) gita thdnh
phdn thing dfmg H-, tren thenh phdn nim ngang
cria hudng so cdp H'.

Trudng so cdp
TnJdng th0ce'p

e Hinh I.
Nguy0n lf cfra
phuong ph6p

VLF

r77



Anten ph6t

Hinh 2. Md ph6ng vxt ddn ddt trong trudng s6ng VLF (a) vd hicn tuong phAn cuc Elip (b)

z

a

Vi trudng so cdp vA th(I cdp lQch pha nhau n€n

trudng tdng sinh ra s€ c6 dang phxn cucElip (hinh
2b),lic d6 r! so H.,/FIp thu dtroc ld mOt s0 phftc :

!+=2 
"osA@ 

+ i9sinAo = tan0 + ie (l)
HP HP HP

Phdn thuc : Real 2 (Vo) = l0O x tgl (2)'HI

Phdn rio: Imag ft frA= 100 x r (3)

trong tdng cdp HP vi
trudn vi H hdn thing
dirng & Hr, ng vd tam

sai cfraElip phan cuc, A@ - do lQch phaciaH, so vdiH"

Do vAy mOt sd thidt bi VLF de duoc chd tao dd

do ghi 2 tham s0 phAn cuc Elip ln tdm sai e vd g6c

nghiOng 0 mi chfing duoc tinh theo cOng thtc :

o = lorrtg

o-
sin(A(D)

(H rri^a sin? + H rcosd)2

Tr€n co s6 nguyOn lf niy vi dac didm ggn nh9

cia thidt bl n€n tron the gidi phuong ph6p VLF dd

vd dang dugc ung dung kh6 phd bidn trong nghiOn

cfru cdu truc dia chdt.

III. CO SO PHUOI.IG PHAP PHUOI{G TRINH
ricH pH,cN oOT V6I BAI TOAN VLF

Nhidu c6ng trinh nghiOn criu lf thuyCt va thuc
nghiQm di chi ra r6ng trong c6c phuong ph6p diQn
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tr] thi c6c thinh phdn trudng diQn v) truong ti bidn
ddi deu ruAn theo hQ phuong trinh Maxwell. Thdi
gian qua, mOt sd phuong phip sif gi6i phrrdng trinh
Maxwell rlng dung trong c6c bdi to6n dia vAt l! dd

duo. c nghi0n criu cho m6i tnrdng 2 chidu (2D) nhu :

+ Phuong ph6p sai phAn hfru han [71.
+ Phuong ph6p phdn trl hfiu h+n [41.

Trong cri 2 phuong ph6p niy toin b0 mO hinh
duo. c rdi r4c ho6 dd tinh to6n.

+ Phuong ph6p phuong trinh tich phAn, chi c6
vr)ng di thudng dd gi6i han mdi duo. c rdi rac ho6 [2, 51.

V6i phuong ph6p VLF, trong truong hqp di thuong
li c6c bdt ddng nhdt d6 ddn cao dang tru dirng, c6
bd rOng nh6 hon nhidu ldn do dii tuydn khio s6t vd

trudng di thudng tap trung chi ydu quanh vAt dfln
thi phuong ph6p phuong trinh tich phdn li thich hgp
hon c6. Vi vdy chirng t6i tep trung tinh to6n mOt sti

m0 hinh di thudng VLF bing phuong ph6p phuong

hinh tich ph6n v6i ngudn ph6t li s6ng ptring & aii
tdn sd rdt thdp (15 - 30 kHz) lan truydn tt rdt xa. Dd
thrr. c hidn muc ti€u niy, chfing t6i dd nghiOn crlu (mg

dung vi ph6t tridn c6c thuAt to6n cfra Hohmann [2]
vi Nissen [5 ] tinh cho m6t sd mO hinh vat thd 2D.

M0 hinh 2D (hinh 3) bao gdm mOt cdu trfic c6
diOn tr& sudt rdt thdp p3 n6m trong nrla kh6ng gian

ddng nhdt c6 diQn tr6 sudt cao p2, drr6i ldp phri c6

diQn tr6 sudt p1 vi bd ddy hr nhdt dinh. Vat thd c6
chidu cao hr vi b€ r6ng w duo. c mO hinh ho6 bdng
c6c 6 lu6i hinh vudng c6 diQn tr& sudt p3, c6 d0 ddi
canh ld (1/2) 6",v6i 6u, ld d0 sAu l6p da (skin) cfra

vat thd; toa d0 cec 6 ludi ld x(i), z(j).

Giri sft ddng dich c6 ttrd U6 qua vi truong diQn

li khdng adi tai m6i 0, theo Nissen (1986), phuong
trinh vi phxn Helmholtz ddi v6i trudng di€n v6

(4)
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Hinh 3 . M0 hinh vet thd: 2D

huong c6 thd duo. c bidn ddi thinh phuong trinh
tich phAn rdi rirc nhu sau :

E(i) = E'(i) - GtD is(r!Q,)n(t) (s)
t=l

trong d6: j =1,... n - sfi thfr tu O ludi, n- sd6, i= f,T,
s(r) 

= 
(p/pr) - I, E(i) - truong di6n tdng (tai 6 thrl

j), E'- trudng di€n t6i, G - hdm nhdn Green.

Day li c6ng thrlc tinh trudng diQn tdng tai O thfr
j bang tnrong diQn t6i tni tdng c6c thanh phdn truong
di6n gdy ra b6i c6c 6 r lidn kd.

Theo Hohmann I2l, d€ thuAn loi hon trong tinh
to6n ta chia him nhAn Green thinh 2 phdn so cdp
GP vd phAn th(r cdp Gs:G = GP + Gs. Gi6i han tinh
c6c thdnh phdn trudng phin hdi trong khoing d0
sAu skin ctia m6i trudng 6 = 503(py'0 vd ndu c6c 6
vu6ng duoc xdp xi bang c6c hinh trdn trOn cing m6t
dicn tich thi phdn so cdp GP duo. c tinh theo c6ng thfic :

cr'(r,j) = r.fKoIr)21,(yu)l voi r + j, (6)
7a

^ r. .l
GP1t, r) = lLl!-'*!*)l vdi t =irLy I

trong d6 : a - b6n kinh cfra 0 r, T- l+i, r - khoing
c6ch gif,a c6c 0 t vij.

C6c him Bessel bioh ddi tG, K1,11 c6 thdduo.c
bidu diOn trong trudng hgp niy bing him Kelvin v6i
ddi sO thuc, chtng c6 thd duo.c x6c dinh rdt nhanh
bing c6c da thric xdp xi v6i d0 chinh x6c l6n hon l0-?.

Him nhAn Green thrl cdp Gs duo.c tinh bing
tich phfln cosin Fourier

Gs1tl;=2n41 r;j Ma-,zo cos(2rLx,i)dl (7 )
ouz

trong d6 A(r) = dign tich ciia 0 thfr t, x,; = [x(r) - x0)].
d = z(r) + z(l\ - 2 h 1, uo =12 7r1l u 12 = (2nlu)z + 2i(pz/ il,

Phdn cdp Gs ld nh6 hon
nhi€uldn Ddi v6i trudng s6ng
phing & truong dicn tdi tai o
thf j (toa dQ x,z) la E'C) duo. c tinh theo c'6ng thfic :

E'(i) = Ce-'2[z-hi (8)

v6i C - mQt hing sdphfrc phg thuOc vio m6i frrong
nghiOn ctu,z= (20)/6) (d6 sAu 0 thf j/do sau skin),
h;- dO sAu lop phfr.

Giei he phuong trinh (5) v6i c6c o lu6i ta tinh
duo. c ttrdnh phdn tnrong diOn tdng E tai tung 0 ludi.

TiCp d6 c6c thinh phdn truong diOn tt tai c6c
didm do c6ch ddu nhau m6t khoing Ax tr0n bd mpt
6 vi tri thfr k (k li sd nguyen) duo. c tinh b&i cong thfrc :

n

Er(kAx) =Z - i>EGld")a(r)cr, G,t) (9)
--l

n,
H* (kAx)= t- i tr'(r)s(r[G\cr, G,r) (10)

?-l

n .,
H,(Mx) = -i lr'(rls(r\t(r\Cn,(c,tc) (tl)

r=l

trong d6 : E(t) truong di6n tdng tai o thfr r (nhu d6
tinh & hOn), A(r) - dien tich 6 tht r,Z - tr& k}ring
s6ng phing.

C6c hdm nh6n Green GEv, GH*, GH'bidu di6n
phan bd cia chc thdnh phdn truong Ey, H*, H, t?i
didm do tht k tt c6c 0 thft r. Vdi c6c thanh phdn
truong diQn ti t4i trmg didm do tinh duo. c bing cOng

thtc (9-11) & hen thay vdo cong th(rc (4) ta tinh
duo. c g6c nghiOng'vi tAm sai ciia Elip phAn cu. c.

Tr€n d6y li toin bO lf thuydt tdng qu6t vd bdi
to6n m0 hinh ho6 sd liQu VLF, c6c thudt to6n tmng
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gian vi tinh to6n cq ttld duo. c thgc hiQn bing lflp
trinh Fortran. COng th(lc (4) dd duoc chgn dd tinh
s0 tigu m0 hinh VLF vi c6c gi6 tr! niy li xdp xi v6i
phdn thuc vd phdn 6o cfra tf sd gifia thdnh phdn

thing dung cfra trudng ti tdng trOn thinh phAn

nim ngang, m4t kh6c chirng cho kdt qui hqc tidp
v6i sai sd cho ph6p. Kdt qui bii to6n m0 hinh ho6

s6 liQu VLF ta thu duo. c 2 duong cong bidu thi g6c

nghiOng 0 vi t0m sai e ciia Elip phan cqc tudng
duong v6i phAn thuc vd phdn fro cria tf sti H,/Hp.

rv. tdJ a^V,A INH ToAN M0 HiNI{ 2D cHo
rraOr sd vAr rrd BiNc sd I-rEu vrr
Chring t6i d6 srl dung c6c kdt qui nghiOn crfu

tr0n dd tfnh hiOu fng VLF tD md hinh 2D cho mQt

sd vdt thd ddt trong mOi truong dia chdt c6 l6p phfi
vdi dQ ddy vh di€n tr6 sudt bidu kidn x6c dinh, nfta

kh6ng gian b€n du6i li mOi trudng c6 di€n tr& sudt

cao. Tdn sd ddi ph6t srl dung h 19,8 kHz, v6i tuydn

do theo hu6ng nam + b6c. Tt kdt qui sd liQu m6
hinh niy tac giir kdt ho.p tinh loc sd liOu VLF bing
c6c thu0t to6n tinh dao him theo phucrng ngang cfra

Fraser [1, 10] vi thuat toi4n tinh mAt dO ddng tuctng

duong theo chi€u s6u z cfia Karous - Hjelt (K-H)

[3, 9]. Cdc thuAt to6n phen tich, minh giii duoc lip
trinh tinh to6n bang phdn mdm Matlab.

1. MO hinh v$t th€ thEng dtng

Hlnh 4a ld mo hinh v{t d6n d4ng via tnl thing
dung v6i c6c th6ng sd vdt thd nhu sau : dign tr& sudt

Pr = l0 Om, bd rQng w = 40 m vA chidu sAu t6i d6y

hr = 60 m. Vflt thd nim b€n du6i lop phri ddy h1= f,Q

m, diQn tr& sudt bidu kidn cfra lop phri pr = 500 Om
vd di€n tr& sudt bidu kidn cfra p, = 5.000 Qm. Tr0n
tdng dQ ddi cria tuydn li 700 m thi vi hi v0t thd nim
6 m6t tht 330-370. Hinh 4b ld kdt qui tinh to6n theo

m6 hinh l!' thuyCt cho dudng cong phdn thu. c (g6c

nghi€ng 0) vi duong cong phdn 6o (tAm sai e). d
day ta thdy tAm cria di thuong ld didm uOn tai vi tri
m6t thfr 350 v6i gi6 tri cfra 0 cu. c dai bOn h6i vi cuc
tidu b€n phii vAt ddn, ddng thdi phdn 6o ciing c6

bidu hiQn tudng tU nhung c6 d6ng diQu nguo.c lpi.
Kel qui lqc bing thuAt to6n Fraser thd hicn trln hinh
4c d6lim ndi bat vi tri vi d0 nghi€ng cfra di thucmg.

V6i huong hqrp vat d6n thing dung thi cr;c dai vd

cuc tidu ciia phdn thr,rc c6 gi6 tri tuyct ddi bdng nhau,
do d6 ducrng cong sd liQu loc Fraser c6 dang ddi
x(mg qua hqc ftang dirng di qua tAm cfra vdt ttrd vi
dinh cr;c dai loc nim ngay tai tam cfra vdt thd. Kdt
qui tinh to6n mdt c6t mat d0 ddng tudng dudng
bdng thu6t to6n Karous - Hjeft trOn toin tuydn do
duo. c ttrd hiQn tren hinh 4d v6i bu6c lgc lA I m. Gi6
ri m4t dO ddng lctn t{p trung trong khoring tt m6t

330 - 370, c6c dudng ding tri c6 xu hu6ng ddi ximg

o

a' -5o

m
-1 00

50
o/o

c,

3O(tiodet datdlOO

b

*!;m
Hinh 4. M6 hinh mQt v0t thd 2D thing dtng

a. MO hinh tinh todn, b. Duong cong tinh theo m6 hinh, c. Duong cong loc Fraser,
d. Mdt c6t mat dO ddng tinh theo K-H
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qua tem m6t 350. Nhu vey ving d! thudng v6ti ddc

tnrng mflt dQ ddng cao li kh6 trung hqp vdi vi hi v{t
thdtren mo hinh.

2. M6 hinh vilt thd nghidng 45o

Ddi vdi mO hinh vdt dAn dang via trg nghiOng

mOt g6c 45" cflng duoc tinh to6n vd thd hien tren

hinh 5a v6i c6c thOng sti nhu sau : Pr = 10 Om, w =
40 m, hr = 60 m. VSt thd nim du6i lcp phfr ddy h1 =
20 m vdi diQn tr6 sudt bidu kidn ciia lop phri ln pr

= 500 Om vi diQn tr6 sudt bialu kidn cfra p, = 5.000

Om. Kdt qui tinh toin cho m6 hinh duoc trinh bdy

tren hinh Sb-d. Trong trudmg hqp niy, v4t ddn vdi
g6c nghi€ng 45o thi vi tri cu. c dai c6 tri s0 l6n hon

so vdi cgc tidu, do d6 trOn sd liQu lgc Fraser dinh
cuc dqi lgc c6 huong nghi€ng vd phia cufii tuydn.

C6c tluong tting tri mat do ddng c6 xu hu6ng keo

ddi theo hu6ng nghiOng ciia via. Tr) c6c kdt qui lgc
Fraser vi Karous-Hjelt (K-H) tren c6 thd x6c dfnh
du-d. c mQt sd th0ng sd cria vet thd nhu vi ri, g6c

nghiOng vi d0 s6u t6i ngudn.

o

a, -5O

m
-t oo

50

t, O

3. MO hinh vft thdnghi€ng 1350

MO hinh vAt ddn dqng via tn1 nghiOng vd hucrng

b6c mQt g6c 135'(nghiOng vd phia cudi tuydn)
vd c6c kdt quri tinh to6n drroc thd hiQn trln hinh
6a. MO hinh ndy c6 cic thOng s(i nhu sau : p3 =
l0 Om, w = 40 rrr h3 = 60 m. Vflt thd nim du6i
lop phfr ddy h1 = 20 m vdi diQn tr& sudt bidu kioh

ciia ldp phfr ld pr = 500 Qt, pt = 5.000 Om. DQ

dii ruydn li 700 m, vi tri vflt ttrt! tt m6t 330 ddn 370.

Kdt qui tinh toen m0 hinh vi kdt qui lgc duo.c trinh

bdy trOn hinh 6b-d. Trong trudng hqp v{t df,n nghiOng

vd phia b6c 135" thi cuc dai c6 tri sd nh6 hon so vd
cuc tidu, do d6 tren dudng cong Fraser vd tren mat

c6t m4t dQ ddng tuong duong dlnh crlc dai loc c6

huong nghi€ng.vd phia ddu.tuydn. Tt hai kdt qui
loc sd liQu tren c6 thd d6nh gi6 duo. c c6c th0ng sd

cria v6t thd nhu dO s0u ddn n6c cfra v0t tht! ld xdp

Hinh 5. Mo hinh v0t thd nghi€ng 45 oB

a. M0 hinh tinh toen, b. Duong cong tinh theo m0 hinh, c. Duong cong lgc Fraser, d. MAt cit mat dq
ddng tinh theo K-H

xi20 m, g6c nghi€ng ciia v8t thd khoing 129o.

4. MO hinh vPt thd dqng hio rOng

MO hinh vdt ddn dqng hdo rQng nim thing dune

vi c6c kdt qui tinh to6n duo. c ttrt! hign tran hinh 7a

vd c6c th6ng nhu sau : p3 = l0 Om, w = 100 rl, h3 =
60 m. Vft thd nim dudi lop phfr ddy 20 m vdi diQn

tr6 sudt bidu kidn cria lop phi td pl = 500 Om, pz =
5.000 Om. DO dei tuydn lh ?00 m, vi tri v4t thd tt
m6t 300 ddn 400. Kdt qui tinh to6n cho thdy cr;c

dai vd cuc tidu cfra phdn thrlc c6 tri sd bang nhau.

Kdt qui loc Fraser xudt hign 2 dinh cuc dai dang

ddi xfmg qua tAm vd nim vd 2 bi€n cfra vdt thd. Tt
hai kdt qui lgc sd liQu ffen c6 thd denh gi6 duo.c

c6c th6ng sd cfra v6t thd nhu dQ sAu ddn dinh cria

ngudn li 20 vi d0 sau ddn d6y ciia ngu6n ld 80 m,
g6c nghiOng li 90o vd dQ rQng cfra v4t thd ^: 100 m.

Model2-O2N- I Cr.AkHz

lpl,hl
D.p2 lh3 : ..
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Hinh 7. MO hinh vat thd dang hio r0ng
a. M0 hinh tinh to6n, b. Duong cong tinh theo m0 hinh, c. Duong cong loc Fraser, d. Mat cdt met dO ddrtg

tinh theo K-H

v. tdr QUA AP DUNG l}IuC T6 kdt qui dt dilngkhich lQ. v6i drc didm thidt bi gon

Trong nhilng n6m gdn d6y phuong ph6p VLF nhg, quy hinh thu thflp sd liQu don gidrn n6n

vd thidt bi VLF-Wadi dd duo. c irng dgng trong phuong ph6p niy dd thu duo. c hiOu qui ttit khi srl

kh6o s6t ce'u tr0c dia chdt n6ng cing vdi rnot sd dung dd khio s6t & nhilng didu kiOn dia hinh phrlc

phuong ph6p dia vat l!'kh6c vi dd thu duoc nhidu tpp. Dudi dAy chtng t6i xin gidi thigu kdt qui s&
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dung VLF trong kh6o s6t drlt g6y dia chdt tpi khu

vuc thui diQn A vuong.

D{c ilidm ilia chel kh u vgc A Vuong - Quing Nam

Cong trinh thui dicn A Vuong nim tr€n song A
Vuong, c6ch thi trdn Hi0n (Quring Nam) khofing
14 km vd phia tAy. Theo c6c kdt qu6 nghiOn cfru

dia chdt kidn t4o Il], cong trinh nim tren ria b6c
khdi nh6 KonTum thu6c phirc hO utin ndp Vigt -

t)o. COng trinh nam tn;c tidp tr€n c6c thdnh tao d6

bidn chdt thu6c hQ tdng A Vuong vi c6c d6 granit
thuOc cdc phrlc he Dai [Qc vi Ban Chidng. Thdnh
phAn thach hgc gdm cudi kdt dang tuf, c6t kdt da
kho6ng hat ldn, bot kdt, san kdt dang tuf thu6c phdn

du6i cfra hQ tAng SOng Bung (T1-2 sb1). D6 kh6 rin
ch6c vd it bf phong ho6, dQ sdu phong ho6 6 nhfrng
vi tri du kidn hai vai dAp khoring l0 - 30 m. Vi tri
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tuydn dAp chinh nim gdn ranh gi6i c6c d6i kien
trfrc li dtt gf,y A Sd - Song COn c6 chc ho{ dong
kidn t+o m4nh c6 thd tao n€n c6c d6i ph6 huf dap

vd 6nh huong ddn dfp chinh.

Dtl g6p phdn ldm s6ng t6 cdu tr6c dia chdt & vi
tri gdn tuydn dgp, chfing tOi dd srl drlng mOt sd

phuong ph6p do dia vdt ljr tren mdt nham x6c dinh
d6i dft gdy A So - Song COn vd cic d6i ph6 hu!
dAp vd, xung yCu tdn tai trong khu vuc. Do dia
hinh rdt phfc t4p nOn c6c phuong ph6p do VLF vd
thdm dd tt duo. c lua chgn.

Hinh 8 trinh bdy kdt quri do dac, phAn tich
minh gi6i sti liQu VLF cria tuydn Aso ddi 4.800 m.
Tdn sd cfra s6ng VLF thu duoc & day ld 19,8 kHz
tt ddi ph6t JJI cia Nhat Bin. Hinh 8a bidu di€n sO

liQu VLF do ghi ngoii thuc dia. Hinh 8b ld kdt qui
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Hinh 8.Kdt qui do vi minh giii sd liQu VLF'tuydn A So -A Vuong

a. SO ligu VLF do ngodi thqc dia, b. Dudng,cong lgc Fraser, c. Mqt cit m{t d0 ddng tinh theo K-H, d. Kdt
qua mo hinh ho6 v&t thd
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lgc sd liQu bing thu6t to6n loc Fraser. Hinh 8c li
kdt qui tinh to6n mat cdt mflt dQ ddng tr€n todn
tuydn do bing thuAt to6n loc Karous - Hjelt. Ke't
qui minh giii x6c dinh drro. c m6t di thudng VLF
vdi dQ ddn lon c6 tem tai m6t thrl 1.800, nim
tuong ddi thing dfng. DO sAu t6i dinh cfra ngudn
vAt thd gAy di thudng ln 20 m. Hinh 8d ld kdt qufr

mO hiirh ho6 vQt tht!:theo sd li€u do VLF.

Dd c6 co s& d6nh gi6 tinh chinh x6c ciia df
thudng VLF, tr€n tuydn niy chring t6i ciing dd ti€'n

hanh d6ng thdi do ttram dd tr) bing rt kdProton vdi

budc do dfng bang brr6c do ciia VLF. Kdt quri
phAn tich vi minh girii sd liQu do ti tr€n tuydn niy
ciing x6c dinh mot di thudng tt c6 bien d0 ldn t6i
90 nT & vi tri kh6 tring hgp v6i vi tri cria di thudng
VLF vd duoc trinh biy rren hinh 9 [ll]. Kdt qud

minh girii td hqp ciia tii li0u VLF vd tham dd tir
cho thdy di thrrong dia vAt l! drro. c x6c dinh niy li
mot ddi cdu trfic ddp vd li€n quan ddn vi tri cfra dtt
g6y dia chdt A So - Sdng COn. Dft gdy niy nim
hrong d6i CAn dQp chinh cria thui dien A Vuong n€n
rdt cdn chi !' trong c0ng t6c d6nh gi6 d0 nguy hidm
d6ng ddt vi d0 an toin bdn viing ciia c6ng trinh.

Sd liQu ilo lnQ

Hinh 9. Ket quri do (hinh tr€n) vi minh giii (hinh dudi) sef liQu tt tuydn A Sd - A Vrrong [l l]

rfr lu4N
NghiOn ctu 6p dung phuong ph6p VLF va thidt

bi VLF-Wadi trong kh6o s6t cdu trtc dia chdt cho
thdy khi ndng vi hi€u qui ddi vdi nhfng dia hinh
kh6 khln nhd tinh ning gon nhg cfra m6y do dd thu
thf,p s0 li6u ngoii thuc dia. ViQc gifri bdi ro6n

thu0n VLF 2D beng phuong ph6p phuong trinh
tich ph6n 6p dqng cho nhtng di thudng c6 ngudn
gdc ld v6t thd 6 dang thOng thuong hay gap nhu
via tru c6 d0 d5n cao ld phi h-d-p b&i tinh khOng
qu6 phfc tqp cria thuAt to6n. Tn kdt qui tinh to6n
niy vi c6c thudt to6n loc sti li€u dd 6p dung v6i
c6c tnrdng hgp cg thd 6 tren cho thdy :

- Bidu hiQn vi d6ng diQu cfra di thucmg VLF
tr€n c6c dudng cong thdnh phdn thqc vd io r{t dE

nh4n bidt bing nhfing didm uein mi & d6 ciing
chinh li tAm cfra v6t thd gAy ra di thuong.
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- Bing thuAt toin loc cria Fraser chfng ta c6
ngay dudng cong v6i dinh cuc dai duong phin 6nh
vi tri vi g6c nghi0ng ciia v{t thd (ngudn ciia di
thuong).

- ThuAt to6n loc cia Karous - Hjelt cho chfrng
ta birc tranh mlt c6t met d6 ddng hrdng dudng
mi tr€n d6 phin 6nh cudng dQ cria c6c ving di
thucmg.

- C6c ddi ph6 huf dAp vd cfra dft gdy thuong
ngAm nu6c, do vdy chtng c6 dQ d6n l6n hon so

v6i mOi trudng xung quanh n€n viOc srl dung VLF
cho dtfi tuong nghi€n cfiu ndy lA phr) hop. MOt vi
du kdt qui nghiOn ctu frng dung phuonC phep
VLF kdt hgp ddi s6nh bing sd lieu tham dd tt
trinh bdy 6 tren da minh chtng tinh hiQu qui cria
VLF trong nghi€n c(ru dtt gdy vd cdu trfic dia
chdt gdn mat ddt.

Trudng di th[dng tir{nTl
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SUMMARY

Numerical modeling of VLF-EM data using integral
equation method

Very low-frequency (VLF) electromagnetic (EM)
is an inductive exploration method which is based
on measuring variations in components of EM
fields set up by communication stations operating
in the 15 to 30 kHz frequency range. The paper
presents a method to calculate the VLF
electromagnetic response of some two
dimensional conductors buried underground using
the integral equation solution. The anomalous
conducting body is modeled by a number of square
cells with individual size and arbitrary position in
the resistive host medium. Linear filtering of VLF
data by Karous and Hjelt is useful in processing
and interpreting to fault location and geological
exploration. The application of VLF for studying
geological structure have been successfully in
Vietnam recently, The result of geophysical
exploration in A Vuong hydropower area by VLF
and magnetic prospecting is one of history cases
presented in this paper. This case has shown one
of the typical forms of VLF anomalies and the good
effect of VLF method for conductive fractures and
faults location.
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