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MO HINH HOA SO LIEU VLF BANG PHUONG PHAP
PHUCNG TRINH TiCH PHAN

I. MG DAU

Phuong phap dién tir tdn s6 rat thdp (VLF) 12
mot trong s& cac phuwong phap dia vat 1§ dwoc st
dung d€ nghién cttu c4u triac dia chat gdn mat dat
ciing nhu tim ki€m khoang sdn va tham do nudc
ngdm. Gidng nhu phdn 16n cac phuong phap thim
do dién ti, VLF {tng dung nguyén 1y cdm @ng dién
tir nén kha nhay cam trong viéc x4c dinh cac di
thuong ¢ nguén 13 nhitng d6i cau triic ¢6 do din
dién cao. May do VLF rit gon nhe, thi cong nhanh
nén cb th€ st dung duge trén nhitng diéu kién dia
hinh phirc tap. Tir s6 lieu do bang thiet bi VLF
ngodi thuc dia phai qua mot qua trinh xt 1y, phan
tich d€ dua ra két qua duéi dang so dé hay mat cit
cfu triic dia ch4t clia d6i twong nghién ciru. Bai bao
gi6i thiéu két qud tinh toan bai toan thuan VLF duoc
x4y dung trén mod hinh 1y thuyét 1a mot s6 vat thé
dic tnung ¢6 dang via try v6i do din cao, mé phdng
cho cic ddi cau tric bi pha huy hay dit giy chita
nudc trong moi trudng trd khang gdn mat dat bing
phuong phap phuong trinh tich phan. Két qui ap
dung phuong phap trong viéc khao sat dat gy A So
- Song Con, khu vyc thuy dién A Vwong - Quang
Nam da minh hoa hi¢u qua 3 rét cia phwong phép.

II. TONG QUAN VE PHUONG PHAP VLF

VLF {ing dung nguyén ly cdm @ng dién tir voi
nguén phat 13 nhitng trudng séng dien tir & dai tdn

LAI CAO KHIEM, NGUYEN VAN GIANG

s6 rdt thap trong khoang tir 15 dén 30 kHz, phat di
tir nhitng dai phat quan sy cong suit 16n nam rai
rac & nhiéu noi trén the gidi. Nhitng di thuong VLF
ma chiing ta thu dugc thudng lién quan dén nguén
13 céc céu tric c6 d6 din cao so v&i moi trudng
xung quanh nhu than quang, dit giy dia chat, déi
phé huy kién tao chira nwéc... Nguyén 1y do VLF
dugc mo phdng trong hinh 1, theo dé trudng séng
VLF phit ra tir dai phat ; phép do VLF duoc thuc
hién trén mat dat cach dai phat mot khodng nhat
dinh ma & d6 s& thu dwgc tin hiéu cla trudmg thit
¢dp do cb vat din tao ra.

Su phat xa song dien tir tdn s6 thdp tr cac dai
phét bao gém ca thanh phan dién va tir dao dong voi
tdn s6 cla dai phét va lan truyén theo cic phuong
thirc : song khong gian (spacewave) va song dat
(groundwave). Truong tir phat di tir anten clia cac
dai phat c6 dudng sirc 13 nhitng vong tron déng tam
va vector cudng do tir trudng gdn nhu song song véi
mit dat. Khi song dién ti¥ lan truyén, gip vat din
chin ngang hudng lan truyén clia chiing (vudng goc
v6i dudng sirc) s& tao ra trong vat ddn d6 mot dong
dién cdm @ng va dong dién cdm @ng niy s& tao ra
truong thir cdp cb hudng chéng lai trudng so cip
(cédm @ng dién tir) va dugc mo phong nhu hink 2a.

May VLF do ghi phdn thuc Real H,/H” va phdn
do Imag H,/H” clia ty s6 phén trim (%) giita thanh
phdn thing démg H, tren thanh phdn ndm ngang
cha truong so cap H'.

Dai phat .

Trudng so cip
Truang thir cap

<« Hinh 1.
Nguyén 1y cia
phuong phap

VLF

VAt dan
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Hinh 2. M6 phdng vat din dat trong truong song VLF (a) va hien tuong phan cyc Elip (b)

Vi trudng so cap va thir cap léch pha nhau nén
trudng tong sinh ra s& ¢4 dang phan cuc Elip (hinh
2b), ltic d6 ty s6 H,/H" thu duoc 13 mot s6 phirc :

i-=icosA(I>+i LiF sinA® = tanb + ie (1)
HP HP HP
Phén thirc : Real 1{11; (%) = 100 x tgb )
- H,
Phian ao: Imag P (%)=100x € 3)

trong do : H' - truomg téng clia truang so cdp H' va
trudng thit cp H', H, va H, - cic thanh phin thing
dttng va nim ngang ctia H', 0, £ - goe nghiéng va tam
sai cda Elip phan cuc, A® - d léch pha ciia H, so v&i Hy
Do vy mot s6 thiét bi VLF di dugc ché tao dé
do ghi 2 tham s6 phéan cuc Elip la tam sai € va goc
nghiéng 6 ma ching dugc tinh theo cong thirc :

2(-H-'--Jcos AD
HJ

.

(Y |
H, @

_ H .H. sin(AD)
(H,e*®sin@ + H , cos8)?

1
0 = —arct
> g

Trén co s& nguyén ly ndy va dic di€ém gon nhe
cua thi€t bi nén trén th& gidi phwong phap VLF da
va dang dugc ng dung kha phd bién trong nghién
ciru c4u tric dia chat.

IIl. CG SO PHUONG PHAP PHUONG TRINH
TICH PHAN DOI VOI BAI TOAN VLF
Nhiéu cong trinh nghién ciru 1y thuyét va thuc
nghiém di chi ra ring trong cac phuong phép dién
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tir thi cic thanh phén trudng dién va trudng tir bién
déi déu tuan theo hé phuong trinh Maxwell. Thgi
gian qua, mot s6 phwong phép s6 gidi phuong trinh
Maxwell ng dung trong céc bii toan dia vat ly da
dugc nghién ciru cho moi trudng 2 chiéu (2D) nhu :

+ Phuong phap sai phan hitu han [7].
+ Phuong phéap phén t& hitu han [4].

Trong ca 2 phrong phap nay toan b mo hinh
duoc roi rac hoa d€ tinh toan.

+ Phuong phap phwong trinh tich phan, chi co
vung di thuong da gidi han moi dwgce rdirachoa [2,5]).

Vé6i phuong phap VLF, trong trudng hop di thuong
14 c4c bat déng nhét do din cao dang tru ding, c6
bé rong nhod hon nhiéu 14n do dai tuyén khdo sat va
truong di thwong tap trung cha y&u quanh vat din
thi phwong phap phuong trinh tich phan la thich hgp
hon ca. Vi vay chiing tai tap trung tinh toAn mot s¢
mo hinh di thudng VLF bang phuong phap phuong
trinh tich phan voi nguén phat 13 séng phang & dai
tdn s6 rat thap (15 - 30 kHz) lan truyén tir rat xa. D
thue hién muc tieu nay, chiing t6i da nghién ciru ing
dung va phat trién cAc thuat toin cda Hohmann [2]
va Nissen [5] tinh cho mét s6 mo hinh vat thé 2D.

Mb hinh 2D (hinh 3) bao gém moét céu tric ¢6
dién trd sudt rat thap p; nam trong nra khong gian
ddng nhat c6 dien trd suét cao p;, dudi 16p phil ¢o
dién trd sudt p, va bé ddy h; nhét dinh. Vat thé cb
chiéu cao h; va bé rong w dugc mo hinh hoa bing
cac 6 lwdi hinh vuong c6 dién tré suit p;, c6 do dai
canh 14 (1/2) 8,, v&i §,, 13 d6 sau 16p da (skin) clia
vat thé ; toa do cac 6 ludi 1a x(j), z(j).

Gia st dong dich c6 thé bd qua va trudng dién
14 khong ddi tai méi o, theo Nissen (1986), phuwong
trinh vi phan Helmholtz d6i voi truong dién vo
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,_ Hinh 3. Mo hinh vat thé& 2D

hudng c6 thé dugc bién ddi thanh phuong trinh
tich phén r&i rac nhu sau :

EG) =EG) - (/m) Xs(@)6( )E() )
=1

trong d6:j=l,... n - s6 thir tw 6 Iuéi, n-s66,i=v-1,

(1) = (p2/ps) - 1, E(j) - trudng dién t6ng (tai 6 thir

j), E' - truong dién t&i, G - ham nhan Green.

Pay 14 cong thirc tinh trudng dién téng tai 6 thir
j bang trudng dién téi trir tdng cac thanh phén trudng
dién gay ra bdi cac 6 1 lién ké.

Theo Hohmann [2], d€ thuan lgi hon trong tinh
toan ta chia ham nhan Green thanh 2 phén so cip
G'va phan thir cdp G%G = G’ + G°. Gisi han tinh
cac thanh phdn trudng phan héi trong khoing do
sau skin ctua moi truong & = 503(p,/f) va néu cac 6
vuong doc xap xi bing cac hinh tron trén cling mot
dién tich thi phdn so cap G dugc tinh theo cong thirc :
6

G'(r,j) = nazKo(yr)le(ya)i voiT#],

(}'a)] voit=j

2”[1—(;1('1
YLy

GP(T, T)

trong do : a - ban kinh cia 6 1, y = 1+, r - khoang
cach gita cac o tvaj.

Cac ham Bessel bién déi Ky, K, I; c6 thé duge
bi€u dién trong trudng hop niy bang ham Kelvin véi
déi s6 thue, chiing c6 thé duoc xac dinh rat nhanh
bang céc da thirc x4p xi v6i do chinh xac16n hon 107,

Ham nhan Green thir cdp G° dwoc tinh bing
tich phan cosin Fourier
G'(r,j)=2nA(1) jﬁ(ﬁewzd) cos(2mx;)dA (7)
Uy
trong d6 A(t) =dién tich clia 6 thir T, xq— [x(T) - x(§)].
d=2(0) +2() - 2 by, uo=[274) u; = @AY + 2i(po/py),

= (27h)° + 2i, Gy —u,)
.ral[rq, + tanh(u, )] (15 +u,)

[nr1 +u tanh(u; by ]]

ng R()Li =

vl x(1), x(j), z(1). z(j) 12 cc
T.(Ji. I('! X,Z LL}ALJ.C a1, J

Phdn ham nhan Green llm cap G® 1a nhd hon
nhiéu }4n so véi phén so cip G". D6i véi truong song
phing & déi xa thi thanh phin trudng dién t6i tai 6
thir j (toa 46 x,z) 1a E'(j) dwoc tinh theo cong thirc :

®)

v6i C - mot hiang s6 phitc phy thudc vio moi truong
nghién ciltu, z = (2(j)/8) (do sau 6 thir j/do6 sau skin),
h;- do sau 16p pha.

El(j) =Ce 2 [z-m]

Giai hé phuong trinh (5) voi cac 6 ludi ta tinh
dugc thanh phén trudng dién téng E tai timg 6 ludi.

Tiép d6 cac thanh phén trudng dién tir tai cac
di€m do cach d&u nhau mot khodng Ax trén bé mat
dvi tri thir k (k 13 s6 nguyén) dugc tinh bdi cong thir :

E,(kAX) = Z - i i_lE(r)s(r)A(r)GEx k) ©)

H, (kAx)=1-i 3 E(r)s()A(r)Gx (r,k)  (10)
r=1

n
H,(kAx) = -i Y E(r)s(r)A(r)GH:(r,k)  (11)
=1
trong d6 : E(1) truong dién téng tai 6 thir T (nhu da
tinh & trén), A(t) - dién tich 6 thtt 1, Z - trd khing
song phing.

Cac ham nhan Green G¥, G™, G™ biéu dién
phan b6 cla cic thanh phdn truong E,, H,, H, tai
diém do thir k tir cic 6 thir 7. V&i cac thanh phin
trudng dién tir tai timg di€m do tinh duoc bing cong
thitc (9-11) & trén thay vio cong thirc (4) ta tinh
dugc goc nghiéng va tam sai clia Elip phén cuc.

Trén day 13 toan bo 1§ thuyét téng quat vé bai
todn mo hinh hoa s6 lieu VLF, cac thuat toan trung
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gian va tinh toan cu th€ dugc thuc hién bang lap
trinh Fortran. Cong thitc (4) dd dugc chon dé€ tinh
s6 lieu mo hinh VLF vi cac gi tri ndy 1a x4p xi véi
phin thyc va phédn 4o cla ty s6 giita thanh phdn
thdng dimg cla trudng tir tdng trén thanh phin
nim ngang, mat khac chang cho két qua tryc ti€p
v6i sai s6 cho phép. Két qua bai toan mo hinh hoa
s6 lieu VLF ta thu duoc 2 dudng cong biéu thi gbc
nghiéng 6 va tam sai £ cha Elip phan cuc twong
duong véi phén thuc va phin do clia ty s6 H,/H",

IV. KET QUA TINH TOAN MO HINH 2D CHO
MOT SO VAT THE BANG SO LIEU VLF

Ching t6i da st dung céc két qua nghién ciru
trén dé€ tinh hiéu ¢ng VLF tir mé hinh 2D cho mét
s6 vat thé dat trong méi trudng dia chat ¢ 16p phu
v6i do ddy va dién trd suat biéu kién xdc dinh, nira
khéng gian bén dudi 1a moi trudng cé dién trd suat
cao. Tan s6 dai phét str dung 1a 19,8 kHz, véi tuyén
do theo huéng nam — bic. Tir két qua s6 liéu mo
hinh nay tdc gia két hgp tinh loc s6 liéu VLF bang
céc thuat toan tinh dao ham theo phuong ngang cua
Fraser [1, 10] va thuat toan tinh mat d6 dong tuong
duong theo chiéu sau z cta Karous - Hjelt (K-H)
[3, 9]. C4c thuat todn phan tich, minh giai duge lap
trinh tinh todn bang phdn mém Matlab.

O

1. M6 hinh vét thé thing dimg

Hinh 4a 12 mo6 hinh vat din dang via tru thing
dimg v6i cic thong s6 vat thé nhu sau : dién trd suat
p3= 10 Qm, bé rong w = 40 m va chiéu sau t6i day
h; =60 m. V4t th€ nim bén dudi 16p phi ddy h,= 20
m, dién trd suat biéu kién clia 16p phi p; = 500 Qm
va dién trd suit biéu kién cua p; = 5.000 Qm. Trén
t8ng d6 dii clia tuyé&n 13 700 m thi vi tri vat thé ndm
& mét thtr 330-370. Hinh 4b 13 két qua tinh toan theo
mé hinh 1y thuyét cho dudng cong phin thuc (gbc
nghiéng ) va dudng cong phin 4o (tam sai £). O
day ta thdy tam cla di thudng 13 diém udn tai vi tri
mét thir 350 vai gia tri ca O cuc dai bén trai va cuc
tiéu bén phai vat din, déng thoi phin do ciing b
bi€u hién twong twv nhung c6 dang diéu nguoc lai.
Két qua loc bing thu4t toan Fraser th€ hién trén hink
4c d3 1am ndi bat vi tri va do nghiéng cia di thudng.
Véi trwang hop vat din thing démg thi cuc dai va
cuc tiéu clia phin thuc co gia tri tuyét d6i bing nhau,
do db dudng cong s6 liu loc Fraser c6 dang doi
ximg qua truc thing dimg di qua tam clia vat thé va
dinh cuc dai loc ndm ngay tai tam cia vat thé, Két
qud tinh toin mit cit mat d6 dong twong duong
bang thuat toan Karous - Hjeft trén toan tuyén do
duge thé hién trén hinh 4d véi bude loc 13 1 m. Gia
tri mat d6 dong 1én tap trung trong khodng tir mét
330 - 370, cac dudng dang tri c6 xu hudng d6i ximg
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Hinh 4. M6 hinh mot vat thé 2D thing dimg
a. Mo hinh tinh toan, b. Puong cong tinh theo mé hinh, ¢. Pudng cong loc Fraser,
d. Mit cit mat do dong tinh theo K-H
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qua tm mét 350. Nhu vy ving di thudng véi dac
trung mat do dong cao 1a kha trung hop véi vi tri vét
thé trén mo hinh.

2, Mé hinh vit thé nghiéng 45°

Dé6i voi mo hinh vat din dang via tru nghieng
mot goc 45° ciing dugc tinh toan va th€ hién trén
hinh 5a v6i cac thong s6 nhu sau : p;= 10 Qm, w =
40 m, hs = 60 m. Vat thé nim dudi 16p phit ddy h, =
20 m véi dién tr& suat biéu kién cha 16p phi 12 p,

=500 Qm va dién trd sudt biéu ki€n ctia p, = 5.000
Om. Két qua tinh toan cho mé hinh dugc trinh by
trén hinh 5b-d. Trong trudng hop ndy, vat din vai
gbc nghiéng 45° thi vi tri cuc dai cb tri s6 16n hon
so vdi cuc tidu, do do trén s6 lieu loc Fraser dinh
cuc dai loc c6 huong nghiéng vé phia cudi tuyén.
Cac dudng déng tri mat d6 dong cb xu hudng kéo
dai theo hudng nghiéng clia via. Tir cac két qua loc
Fraser va Karous-Hjelt (K-H) trén c6 thé xac dinh
dugc mot s6 thong s6 cla vat thé nhu vi tri, goc
nghiéng va do siu tdi ngudn.
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Hinh 5. M6 hinh vat thé nghiéng 45 °B

a. Mo hinh tinh toan, b. Pudng cong tinh theo moé

hinh, c. Puong cong loc Fraser, d. Mat ct mat do

dong tinh theo K-H

3. Mb hinh vit thé nghiéng 135°

Mo hinh vat din dang via tru nghiéng vé hudng
bic mot gbec 135° (nghiéng vé phia cudi tuyé€n)
va cac két qua tinh toan dugc thé hién trén hinh
6a. Mo hinh niy c6 cac thong s6 nhu sau : p3 =
10 Qm, w = 40 m h; = 60 m. Vat thé ndm dudi
16p pht ddy h; = 20 m vdi dién trd suat bi€u kien
ctta 16p phi 1a p; = 500 Qm, p, = 5.000 Om. Do
dai tuyén 12 700 m, vi tri vat thé tir mét 330 dén 370.
Két qua tinh toan mo hinh va két qua loc dugc trinh
bdy trén hinh 6b-d. Trong trudng hop vatdén nghiéng
vé phia bic 135° thi cuc dai ¢6 tri s6 nhd hon so voi
cuc ti€u, do do trén dudng cong Fraser va trén mat
cit mat do dong twong duong dinh cuc dai loc cd
huéng nghiéng vé phia d4u. tuyén. Tir hai két qua
loc s6 lieu trén c6 th€ danh gia duge cac thong s6
cla vat thé nhir d6 sau dén ndc cha vat thé 1a x4p

xi 20 m, goc nghiéng cta vat thé khodng 129°.
4. Mo hinh vit thé dang hao rong

Mo hinh v4t din dang hao rong nim thing dimg
va cac ket qua tinh toan dugc thé hién trén hinh 7a
v6i cac thong nhu sau : p; =10 Qm, w =100 m, h3 =
60 m. Vat th€ nim dudi 16p pha ddy 20 m véi dién
trd sudt biéu kién ctia 16p phu 14 p, = 500 Qm, p, =
5.000 Qm. Do dai tuyén 13 700 m, vi tri vat thé tr
mét 300 dén 400. Két qua tinh toan cho thay cuc
dai va cuc ti€u cla phan thyc c6 tri s6 bang nhau.
K&t qua loc Fraser xuét hién 2 dinh cyc dai dang
d6i xing qua tam va ndm vé 2 bien ctia vat thé, Ti
hai két qud loc s6 lieu trén c6 thé danh gia duge
chc thong s6 clia vat thé nhu do sau dén dinh cia
ngudn 13 20 va do sau dén day cia ngudn 12 80 m,
gbdc nghiéng 12 90° va d6 rong cia vat thé ~ 100 m.
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Hinh 6. M6 hinh

vat thé nghiéng 135 °B

a. Mo hinh tinh toan, b. Pudng cong tinh theo mé hinh, ¢. Pudng cong loc Fraser, d. Mit cit mat do
dong tinh theo K-H

Models - O5N - 19.8kHz

T

Hinh 7. M6 hinh

V. KET QUA AP DUNG THUC TE
Trong nhimg nam gin day phwong phap VLF
va thigt bi VLF-Wadi di dugc @ng dung trong
khdo sat cdu triic dia ch4t nong cing voi mot s6
phurong phap dia vat 1y khac va da thu duge nhiéu
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vat th€ dang hio rong
a. Mo hinh tinh toan, b. Pudng cong tinh theo mé hinh, ¢. Pudng cong loc Fraser, d. Mit cdt mat do dong
tinh theo K-H

két qua rét dang khich le. V6i dic di€ém thiét bi gon
nhe, quy trinh thu thap s6 lieu don gidn nén
phuong phép nay di thu duge hiéu qua t6t khi st
dung dé€ khio sit & nhitng diéu kién dia hinh phirc
tap. Dudi day ching t6i xin gidi thiéu két qua si



dung VLF trong khio sat dat gdy dia chat tai khu
vic thuy dién A Vuong.

Dicdiém dia chiat khu vire A Vuong - Quing Nam

Cong trinh thuy dién A Vuong nim trén song A
Vuong, cach thi tran Hién (Quang Nam) khodng
14 km vé& phia tay. Theo cac két qua nghién ci
dia chat kién tao [11], cong trinh nim trén ria bac
khéi nho KonTum thudc phirc hé uén nép Viét -
Lao. Cong trinh ndm tryc tiép trén cic thanh tao da
bién chat thuoc he tdng A Vuong va cac da granit
thuoc cac phirc he Pai Loc va Ban Chiéng. Thanh
phén thach hoc gém cudi két dang tuf, cat két da
khoang hat 16n, bot két, san ket dang tuf thuoc phén
dudi cha he tdng Song Bung (T,., sh;). D4 kha ran
chic va it bi phong ho4, d6 sau phong hoa & nhimg
vi tri du kién hai vai dap khoang 10 - 30 m. Vj tri

tuyén dap chinh nim gin ranh gidi cac dai kién
triic 1a dirt gy A So - Song Con cd cac hoat dong
kién tao manh c6 thé tao nén cic déi pha huy dap
v3 4nh hudng dén dap chinh.

P& gop phin 1am sing to cau trac dia chat & vi
tri gdn tuyén dap, chiing toi di st dung mot s6
phuong phap do dia vat 1y trén mat nhiam xac dinh
déi dit gdy A So - Song Con va cic ddi pha huy
dap v&, xung yéu tén tai trong khu vue. Do dia
hinh r4t phitc tap nén cic phuong phap do VLF va
tham do tir dugce lua chon.

Hinh 8 trinh bdy két qui do dac, phan tich
minh gidi s6 lieu VLF cla tuyén Aso dai 4.800 m.
Tén s6 cla song VLF thu duge ¢ day 1a 19,8 kHz
tir dai phat JJI cda Nhat Bin. Hirh 8a biéu dién s6
lieu VLF do ghi ngoai thuc dia. Hinh 8b 1a két qua
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Hinh 8. Két qui do va minh gidi

s6 lieu VLF tuyén A So -A Vuong

a. S8 lizu VLF do ngoai thuc dia, b. Pudng cong loc Fraser, ¢. Mat cit mat do dong tinh theo K-H, d. Két
qua mo hinh hoa vat thé
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Ioc s6 lieu bang thuat toan loc Fraser. Hinh 8c 13
két qua tinh toan mat cit mat do dong trén todn
tuyén do bing thuat toin loc Karous - Hjelt. K&t
qud minh gidi x4c dinh dugc mot di thusng VLF
voi d6 din 16n cb tam tai mét tht 1.800, nim
twong d6i thang dimg. D¢ sau t&i dinh cla nguén
vat thé gay di thuong 12 20 m. Hink 8d 13 két qua
mo hinh hoa vat thé theo s6 liéu do VLF.

D€ cb co sé danh gia tinh chinh x4c cia di

thuong VLF, trén tuyén ndy chiing toi ciing di tién
hanh déng thoi do tham do tir bing tir k& Proton v&i

budc do ding bing budc do cia VLF. K&t qua
phan tich va minh gidi s6 liéu do tir trén tuyén nay
cling xac dinh mot di thudng tir ¢6 bién do 16n t6i
90 nT & vi tri kha tring hop véi vi tri clia dj thuong
VLF va duge trinh bay trén hinh 9 [11]. Két qua
minh gidi t6 hop cia tai lieu VLF va tham do tir
cho thay di thwdng dia vat ly duge xac dinh nay 13
mot ddi cdu triic dap va lién quan dén vi tri cla dit
gy dia chat A So - Song Con. Dat gdy niy nam
twrong déi gdn dap chinh clia thuy dién A Vuong nén
rét cdn chii y trong cong tac danh gia d6 nguy hiém
dong d4t va do an toan bén viing ctia cong trinh.
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Hinh 9. K&t qua do (hinh trén) va minh gidi (hinh dudi) 8 liéu tir tuyén A So - A Vuong [11]

KET LUAN

Nghién ciru 4p dung phuong phap VLF va thiét
bi VLF-Wadi trong khdo sat cau triic dia chat cho
thdy kha nang va hiéu qua d6i véi nhitng dia hinh
khé khan nhg tinh nang gon nhe ca may do dé€ thu
thap s6 lieu ngodi thuc dia. Viéc gidi bai toan
thuan VLF 2D bing phuong phap phuong trinh
tich phan ap dung cho nhing di thuong c6 ngudn
g6c 1a vat thé & dang thong thudng hay gip nhu
via tru ¢6 do din cao 1a phu hop bdi tinh khong
qué phirc tap cla thuat toin. Tir két qua tinh toan
ndy va céac thuat toan loc sé lieu da ap dung véi
cac trudng hop cu thé & trén cho thdy :

- Biéu hién va dang dieu cla di thuong VLF
trén cic dudng cong thanh phén thuc vi do rat dé
nhan biét bang nhimg di€m uén ma & d6 cing
chinh 13 tam cia vat th€ gay ra di thuong.
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- Béng thuat toan loc clia Fraser chang ta co
ngay dudng cong véi dinh cyc dai deong phan anh
vi tri va goc nghiéng cla vat thé (nguén cla di
thudng).

- Thut toén loc cia Karous - Hjelt cho chiing
ta blrc tranh mat cat mat d6 dong twong duong
ma trén d6 phan anh cudng do cla cac ving di
thudng.

- Cac ddi pha huy dap vd cla dirt giy thuong
ngam nudc, do vdy ching c6 do din 16n hon so
vOi moéi trudng Xung quanh nén viéc sit dung VLF
cho d6i tugng nghién cru nay 13 phit hop. Mot vi
du két qua nghién ctru @ng dung phuong phap
VLF két hgp d6i sanh bang s6 ligu tham do tir
trinh bay & trén da minh ching tinh hiéu qua cia
VLF trong nghién citu dirt géy va cdu tric dia
chat gdn mat dat.
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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 Hijelt 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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