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ABSTRACT

In exploration geophysics, solving the problem of inverse potential plays
an important role, contributing to quantitative interpretation of the
characteristic parameters of the field source causing the observed
anomaly and this is often quite difficult. One of the difficulties is that its
mathematical solution is not unique, because there is always more than
one model to simulate the observed data with an error within the
allowable range. In this paper, the continuous wavelet transform (CWT),
using Farshad-Sailhac complex wavelet function and Marquardt
algorithm are combined research and applied to modeling geomagnetic
anomaly sources in the Mekong Delta, which allow determining the
characteristic parameters of the source such as: the position on the map,
the depth, shape, three-dimensional (3-D) size, remanent magnetization
vector. Since then, there are appropriate explanations on the geological
nature of the sources causing magnetic anomalies in the study area,
contributing to improve the efficiency of geophysical methods in
Viet Nam.

TOM TAT

Trong Dia Vit Iy tham do, 1oi gidi bai todn ngwoc trieong thé giik vai tro
rdt quan trong, gop phan minh gidi dinh heong cdc thong sé dac trung
ciia nguon trong gay ra di thuong khdo sdt, tuy nhién cong viéc nay
thwong gap nhiéu khé khan. Mot trong nhitng khé khdn co ban la nghiém
todn hoc khéng don nhdt, vi luén ton tai mét s6 mé hinh phit hop dé mé
phong s6 liéu quan sdt véi sai s6 nam trong khodng cho phép. Trong bai
bdo, phép bién doi wavelet lién tuc sit dung ham wavelet phirc Farshad-
Sailhac va thudt todn toi wu cua Marquardt duwgc nghién citu két hop va
ing dung dé mophong cac nguon di thuong tir ving Pong bang song Ciru
Long, cho phép xdc dinh cac thong so dac trung cua nguon gom: vi tri
trén binh do, do sau, hinh dang, kich thuoc ba chiéu va vector tir héa du.
Tir két qua phan tich, nhiing ludn gidi phiv hop vé ban chat dia chat cia
cde nguon gay ra di thuong tir & khu viee nghién civu dwoc thiét ldp, gop
phan ning cao hiéu qud vmg dung két hop cdc phwong phap Dia Vit Iy ¢
Viéet Nam.
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1. GIOI THIEU

Trong viéc mo hinh héa cac ngudn di thuong tir
(Emerson et al., 1985), thuat toan ti uu Marquardt
(Marquardt, 1963) dwoc st dung kha phd blen
nham xac dinh cac thong sé dic trung cua nguon
truong gay ra di thuong khao sat gom vi tri, d6 sau,
hinh dang twong dbi, kich thudc va vector tir héa dur.
Tuy nhién, ¢ bai toan da tri (Blakely, 1995) néu chi
su dung thuat toan Marquardt s€ gép kho khan trong
viéc lya chon nghiém phu hop. Thuc té, nhiéu
phuong phéap da duge dé xuat dé giai quyét tinh da
tri (Hinze etal., 2012), trong d6 c6 giai phap kha thi
1a sir dung bién d6i wavelet.

Phép bién ddi wavelet duoc tng dung trong Dia
Vit Iy 1an dau tién vao nhitng nam dau thap nién 80
cua thé ky thir 20 khi phén tich cac tin hiéu dia chan
(Kumar & Foufoula, 1997). K& tir d6, nhirng tién bo
dang ké trong toan hoc da gop phan hoan chinh ly
thuyét wavelet mang lai nhiéu tng dung da dang
(Daubechies, 1992; Mallat, 1998). Trong viéc minh
giai dir liéu trudng dia tir, bién doi wavelet duoc sir
dung dé loc nhidu, tach truong dia phuong ra khoi
truong khu vuc, dinh vi cac ngudn dong nhit cling
cac thudc tinh cua ching (Fedi & Quarta, 1998; Fedi
etal., 2010).

Véi dir ligu tir vang vi d6 rat thap ¢ Bong bang
song Cuu Long (8,55° < vi do < 11,079, dé
chuyén di thuong tir vé dang ddi xang véi vi tri cua
di thuong nam trén ngudn, nguoi ta thuong sir dung
phép chuyén truong vé cuc (Blakely, 1995); & do,
ca hai vector cuong do tir hoa va trudng tir cua Trai
dét co phuong thing dung. Tuy nhién, ¢ vung vi d§
thap, pho bién do cua toén tir bién ddi truong vé cuc
bi khuéch dai & tin s cao (d6 dai song ngin) tao
thanh dang mot hinh quat hep, hinh thanh cac di
thuong gia kéo dai theo phuong cta tur thién. Do do,
da c6 nhiéu phuong phap bién doi truong & ving vi
d6 thap dugc dua ra dé khic phuc khuyét diém nay,
tuy nhién hau hét cac phuong phap nay khong mang
lai hiéu qua cao (Nguyén Hong Hai va ctv., 2017).

Trong bai bao nay, phép bién dbi wavelet lién
tuc (Daubechies, 1992) duoc sir dung két hop véi
thuat toan Marquardt (Marquardt, 1963) dé giai bai
toan ngugc truong dia tir, xac dinh céac thong sb dic
trung cua nguodn gay ra di thuong gom vi tri trén
binh dd, d6 sau, hinh dang, kich thudc ba chiéu va
vector tur hoa du.

2. PHUONG PHAP NGHIEN CUU
2.1. Thuat toan Marquardt

Muc dich cudi cing cia viéc minh giai dia chat
cac tai liéu Dia Vit 1y noi chung va vai tai liéu tu
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n6i riéng 1a can phai tim ra nhitng tham sé thuc cua
ngudn gy ra di thuong quan sat. Loi giai cua bai
toan ngugc nhu trén, c6 thé mé ta bang trinh ty cuc
tiéu ham F sau:

2
F =(2[qu<x, N -Tixv.a))] jmin )

Véi x, y 1a toa d diém quan sat, a; 1a tham s cua
md hinh.
~ Trong biéu thc (1), diéu ki¢n dé ham F ¢6 cuc
tidu la:

oF Tae (X, ¥) =Ty (X, ¥y, ) | OT,
7:_22["5 a0 | )
6ak aak

Phuong trinh trén khong phai 14 tuyén tinh ddi
véi T, nén viéc cuc tiéu héa phiém ham F dugc
thuc hién bang qua trinh tinh I3p trén co so thay doi
cac tham so0 ciia mo hinh, trong d0, gia tri tham so6 &
lan lap sau | +1 duogc tinh dya vao gia tri lan lap
lién trudc theo cong thuc:

gk =k - D grad [Faw] ©

0] day a la cac tham $b: Ak 14 tham sb a,
tai 1an tinh lap thtr 1+1; D 1a ma trdn dbi xang
Hessian (Mx M) phan tu:

62F

Dy =

v k1=12,..,M

4
6ak 6a|

Pé dam bao ham F tién vé cuc tiéu thi ma tran
xac dinh D phai 1a ma trdn duong (Marquardt,
1963). Pay ciing 14 ndi dung quan trong nhat cua
thuat toan Marquardt. Diéu kién rang budc nay dugc
thuc hién bang cach dua vao tham sé >0 di lén
sao cho:

=Dy khi I =k

5)
D'y

Théng thudng cac phan tir cua DkI co gia tri
nho, sao cho viéc dua » vao theo quy luat trén ludn
lam cho ma tran D 14 xac dinh dwong. Sau mdi lan
lip cac tham s6 ciia mo hinh dugc thay dbi va Tit

dugc tinh lai dé so sanh véi truong quan sat, néu
ham F dugc tinh sau moi lan 1ap nho hon lan trudc



Tap chi Khoa hoc Truong Pai hoc Cén Tho

(F <Fc_y) thi tham s& &, méi lai duge dua vao

vong 1ap tiép sau. Qua trinh tinh tiép tuc cho dén khi
ham F dat gia tri ngudng dua nho.
2.2. Phép bién ddi wavelet lién tuc

Phép bién dbi wavelet lién tuc mot chiéu (1-D
CWT, One-dimensional  continuous  wavelet
transform) 1a mot 4nh xa chuyén tin hiéu mot chiéu

theo khong gian f(x) e LZ(R) thanh tin hiéu hai
chidu w (a, b) & dang tich chap (Daubechies, 1992):

—+00
W@ = 1 100k = (1(]yrg p (0) (6)

Trong do, l//ab(X) la wavelet con cia ham

wavelet me y (x) 6 ti 1& a va dich chuyén b, véi:

1 x—Db
Wa,b(x)zﬁvf T

W (a, b) : hé s6 bién ddi wavelet lién tuc cua cua

()

tin hiéu f (x) ;a < R : tham s ti 1& (nghich dao cua
tan sb) dic trung cho sy dan (@ >1) hodc nén (

a <1) cua song wavelet; b : tham sé dich chuyén,
cung cap thong tin ve Vi tri cua cua s6 wavelet duoc

. 1 . .
tinh tién doc theo truc Xx; T : hé s6 chuan hoa.
a
Phép bién doi wavelet lién tuc hai chiéu (2-D
CWT) duoc cho boi biéu thic:

W (a, by, by) =

ST F Gy S ) dxdy (8)

\ x—h, y-b
O day, y X, y
a a

j la wavelet con cua

ham wavelet me hai chiéu w (X, y); b, , by lan Tuot
1a tham s dich chuyén theo phuong x va phuong y;

2 —

Pe(x) =

0%0(x, z) _ 9% 1 _
ox?  lz=1 Ox? (x2+22)%

1
(x2+(z+1)2)%lZ:1
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dung dé chuan héa niang lugng ciia ham

1
hé s6 —
a

song wavelet 2-D dugc suy ra tu truong hop 1-D.
Tin hiéu f(x,y) cling 1a ham hai bien khong gian X
vay.
NEU: w(x,y) = w () (y) thi biéu thirc (8) c6 thé
bién d6i thanh:
W(a, by, by) =
+o0 +o0 1
ST Foy
~ Bicu thic (9) s duoc thoa mén khi ap dung bién
doi wavelet lién tuc 1-D trén hai phuong X, y riéng
biét (Yang et al., 2010).

2.3. Phuwong phap cuc dai do 16n bién dbi
wavelet

xX—

2)dx|. =9 (=)dy (9)

a

Trong xt 1y anh, xac dinh bién 1a giai doan then
chét. Theo 1y thuyét xir Iy anh, bién cta anh la
nhitng viing ma tai d6 cudng do sang c6 su thay doi
d6t ngot hodc mau séc co sy twong phan manh. Véi
nhitng tin hiéu bién d6i theo khong gian twong tu dir
liéu trong luc, hay dir liéu dia tir, hodc song dia
chan,... nhimg diém ma bién d6 cua tin hiéu thay
d6i nhanh hodc dot ngot duge xem 1a bién cua tin
hiéu. Phuong phap xac dinh bién sir dung bién doi
wavelet (Mallat & Hwang, 1992) dya trén viéc tim
vi tri trén ti 16 dd ma tai d6 hé sé bién ddi wavelet
dat cuc dai. Ky thuat nay duoc goi tén 1a phuong
phap xac dinh cuc dai do I6n bién déi wavelet
(WTMM) di st dung phé bién trong viéc xac dinh
Vi tri, d0 sdu va kich thudc cua cac nguén di thuong.

2.4. Ham wavelet phirc Farshad-Sailhac

Ham wavelet phirc Farshad-Sailhac dugc xay
dung (Tin & Dau, 2016) dua trén nhan Farshad
(Farshard el al., 2010):

1 1
1 1
(x2+22)2 (x2+(z +1)2)2
Phan thyc cia ham wavelet 1a dao ham cip hai

theo phuong ngang cua nhén Farshad va dugce tinh
boi biéu thac:

0(x,2) = (10)

a2 5.2
— 4—-2x _ 1 2x5=lp(p)(x)

5
(x2+22)2 (x2+412)2

11)
va phan 4o 1a bién doi Hilbert cia phan thuc
(Sailhac et al., 2000) trong wavelet (11):

YO (x) = Hilbert (™ (x)) (12)
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Nén, dang cu thé cua wavelet phuc Farshad-
Sailhac duoc cho bai biéu thac sau:

_ox2 o2

(x2422)2  (x%2+12)2
4 1 1
ExB)[ s———3 (13)
(x2+4)2  (x2+41)2

Wavelet phirc Farshad-Sailhac dugc sir dung
trong phuong phap cuc dai d¢ 16n bién d6i wavelet
nham xac dinh vi tri, chi s6 céu tric, d9 sau va kich
thudc theo phwong ngang cta ngudn di thuong tir.

2.5. Quy trinh mé hinh héa cac nguon di

thwong tir dua trén su két hop giira phép
bién dbi wavelet va thudt ton
Marquardt

Viéc md hinh héa cac ngudn di thuong tir dua
trén su két hop gitta phép bién doi wavelet va thuat
toan Marquardt c6 thé tom lugc trong quy trinh gdm
céac budc sau:

Buéc 1: Xac dinh toa do tdm ngudn di thuong
theo kinh d6 va vi do.

B1.1. V& ban d6 di thuong tir toan phan. Xac
dinh thé nam co ban ciia cac vat thé gay ra di thuong
tir dua trén hinh anh phéan bd cac duong dang tri trén
ban do.

B1.2. Thuc hién bién ddi wavelet Farshard-
Sailhac 2-D trén dir liéu di thuong tir

B1.3. V& ban d6 truong hé s bién di wavelet
2-D 6 céc ti 1€ khac nhau theo kinh d6 va vi do.

B1.4. Xac dinh toa d6 tim ngudn tir cac diém cuc
dai dia phuong cua cac hé so bién d6i wavelet trén
cac ban do.

Duya vao sy dich chuyén toa do tam ngudn di
thuong dugc xac dinh & cac ti 1€ khac nhau trong
bude B1.4, huéng cim twong dbi cua ngudn so Vi
phuong thang ding c¢6 thé duoc ude luong.

Budc 2: Phan tich chi tiét cac ngudn vira dinh vi
& budc 1, nham xac dinh chi s6 cau trac, hinh dang
twong doi, kich thudc va do sau cta chiing.

B2.1. Trich xuét dit liéu di t}lubr]g doc theo cac
tuyen khac nhau di qua tm nguon dé thuc hién bien
doi wavelet Farshad-Sailhac 1-D.

B2.2. Thay doi tham s ti I& a va thuc hién lap
lai phép bién doi wavelet Farshard-Sailhac da phan
giai.

Céc hé s6 wavelet tao thanh sau bién doi wavelet
phuc véi cung mot tham so ti 1€ a s€ gom 4 thanh
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phan 1a: thanh phan thuc, thanh phan o, thanh phan
d6 16n va thanh phan pha. Dir liéu cua thanh phan
d6 16n va thanh phan pha s& duoc tiép tuc xir Iy &
cac budc sau.

B2.3. V& cac ho duong ding tri va ding pha cua
hé sé bién ddi wavelet Farshard-Sailhac trong mat
phang ti 18 db (a, b).

B2.4. Udc lugng kich thuéc cua nguon di
thuong theo cac tuyén dugc chon.

Trén ,d(‘A) thi déng pha, xdc dinh céc diém cuc dai
cua hé so6 wavelet thanh phan pha ¢ hai bién trai va
phai tuong tmg 1a: bx(t) va bx(p) (néu phan tich dir
liéu theo phuong x) hodc by(t) va by(p) (néu phan
tich dit liéu theo phuong ). Khi do, kich thudc uée
luong cua nguon theo hai phuong X, y dugce xac dinh
boi biéu thirc sau:

Dy ~ [bx(p) ~bx(®)] x &

Dy = [by(p) ~by(®)]x A

(14a)

(14b)

B2.5. Tinh chi 0 CAu trac va udc lugng hinh
dang tuong doi ciia cac nguon.

Vé6i mdi ngudn, vé duong biéu didn log(Ww /az)
theo log(a + z), voi W 12 hé sb bién ddi wavelet tinh
tai cac diém Ian can toa do nguon di thuong; tir do
xac dinh hé s6 goc g (ciing chinh la bac dong nhat
ctia ngudn trudng) cia duong thang cé phuong trinh
log (W / a2) = Blog(a +z) +c, sau do uoc tinh chi

s6 cau triic (Sailhac et al., 2000) theo phwong trinh:

N =-g-3 (15), tir d6 udc luong hinh dang tuong

dbi cua nguon (Bang 1).

Bang 1. Chi s6 cdu tric N cia nguén di thwang
tir va hinh dang twong wng (Thompson,

1982)
Chi s6 cau .
tric N Hinh dang
3 Hinh cau hoic khéi hop vuong
2 Hinh try tron hodc lang tru dai
1 Via mong

B2.6. Xac dinh d6 sau cia cac ngudn truong.

Véi ting ngudn, chi s cau trac da dugce xac dinh
tir bude 2.5, tinh thém hé s6 k (Tin, 2019).

2

k~-0,1078.N" +0,7782.N - 0,4711  (16)



Tap chi Khoa hoc Truong Pai hoc Cén Tho

Tir @6 thi dang tri xac dinh diém cuc dai hé sb
bién d6i wavelet @ . Khi d6 d¢ sau cua mdi ngudn
di thuong sé duoc udce lugng tir hé thac:

z= k.(am.A)

Buwdc 3: Str dung thuat toan Marquardt, giai bai
toan ngugc dé xac dinh thém cac dic trung khac cta
nguon gom: kich thudc theo phuong thang dimg va
vector tir hoa du. Giai thuat Marquardt duoc thyc thi
chi tiét bing phan mém Potent v4.16.07, cung cap
boi cong ty Giai phap phan mém Dia Vit 1y ciia Uc
(Geophysical ~ Software Solutions Pty. Ltd,
Australia).

3. KET QUA VA THAO LUAN
3.1. M hinh Iy thuyét

17

Dé kiém chung d6 tin cay cua phwong phap dugc
@8 xuat, nhiéu mé hinh 1y thuyét khac nhau da dugc
thir nghiém gdm: cac ngudn di thuong don c¢6 hinh
dang khac nhau nhu: khéi cau, khéi lang tru chir
nhat, via mong; nguon di thuong tir gom cac vat the
c6 hinh dang khac nhau phan bo khong qua gan

1£.33 | | (nT}
80 10
70 o

& A0

£ sof = {-20

" 40 . -30
a0 ' 40
20} . ' 50
101 60
%0 10 20 30 40 50 60 70 80 80 100

¥ (m)
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nhau. Ngoai ra, dé tang tinh thyc tidn, nhidu ngau
nhién ciing dwoc cong vao dir liéu mé hinh. Sai sb
binh phuong trung binh thu dugc tir két qua phan
tich cic mo hinh 1y thuyét 1a da nho dé ching to
phuo’ng phap phan tich 1a dang tin cay. Trong bai
Viét nay, két qua xur 1y trén hai mé hinh 1y thuyét
dién hinh s& dugc gigi thiéu.

3.1.1. M6 hinh 1: Nguon dj thwong tir don

Trong md hinh nay, ngudn truong 1a mot khoi
cau dong nhét dugc biéu dién trong hé toa do ba
chiéu x, y, z (km). Trong dé: truc Ox huéng theo cuc
Bic dia ly, truc Oy huéng Poéng, truc Oz hudng
thang dung xubng dudi.

Mang ludi quan sat: x = 0:2:100; y = 0:2:100; z
0.

Khéi cau c¢6 duong kinh D = 2,8 km; toa d6 tim
(%o =50,0; yo = 50,0; z0 = 3,0).

Gia sir vector tir hoa cua khdi cu va cia truong
dia tir ¢6 cung hudng vaéi do tir khuynh | = 4°; goc
phuong vi A = 15° cuong dg tir hoa J = 2,6 A/m.

by

Bidm cye daiz x = 50,0; y = 50,0

% (km)

10 20 30 40 50 60 70 80 90 100
y (km)

0

Hinh 1. a) Di thwong tir do khdi cAu dong nhat gay ra trén mit phing quan sat;

b) Ping tri h¢ s6 bién ddi wavelet 2-D trén dir liéu di thwong tir & ti l¢ a =3

Nhiéu duoc tao bai ham random trong Matlab
nhén trong s6 3,0% do6 1on cyc tri ctia di thuong phan
tich (cuc dai cta nhiéu tuong duong 1,8 nT).

Hinh la mé ta di thuong tir caa khéi ciu dong
nhét gdy ra trén mat phang quan sat. Sy phéan bd cac
dudng déng tri cua di thuong, thé hién tinh ludng
cuc, gdbm mot di thuong 4m nam gitra hai di thuong
duong; cac di thuong ¢ dang elip det va nam léch
V6i hai truc X, y S0 véi tim ngudn.

Ap dung bién d6i wavelet 2-D (cong thirc 9) trén
dir liéu di thuong tir (S& dung ham wavelet Farshad
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- Sailhac - cong thuc 13). Két qua vé dang tri hé sb
bién d6i wavelet 2-D ¢ ti I¢ a = 3 trong hinh 1b cho
thay ton tai duy nhat mét diém cuc dai cua hé sé bién
d6i wavelet — tuong (tng véi vi tri clia tim ngudn:
(%o =50,0; yo = 50,0) (km). Nhu vay, viéc xac dinh
Vi tri tm nguon trén mat phang quan sat trong diéu
kién di vat bi tir hda nghiéng, dac biét véi goc tir
khuynh nhé chinh 1a xac dinh vi tri cuc dai cua hé
s bién d6i wavelet 2-D sir dung ham wavelet
Farshad - Sailhac trén di liéu di thuong tur.

Pé xac dinh chi s6 cau tric, woc lugng do sau va
kich thudc ctia nguon, di thuong tir doc theo cac
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tuyén y (phuong Bac — Nam), x (phuong Dong —
Tay) di qua tdm ngudn s& duoc chon dé phan tich,
trong d6 di thuong doc theo tuyén y s& dung dé tinh
chi sb céu triic, ude lwong d6 sau va kich thuéce theo
phuong kinh tuyén — kich thudc doc va di thuong
doc theo tuyén x chi dung dé u6c luong kich thude
theo phwong vi tuyén — kich thuéc ngang. Tuy
nhién, di vat gy tir duoc thiét ké trong mé hinh dang
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déng thudc trén mat phéng quan sat (Oxy), nén chi
phan tich di thudng doc theo tuyény.

Hinh 2a thé hi¢n dj thuong tir doc theo tuyén y =
50,0 km di qua tdm ngudn di thuong. Dji thuong co
phan duong - 4m - duong, trong d6 cuc tri am ¢ gan
km thir 50 cua tuyén (gan tdm ngudn).

20 4 - . -
a) b) \ * da‘a1
10} 3} linear
- [ =gl || N\
g g’
&-201 "0 R
> Y=-60X+142 X
=301 -1t )
-40 : . : 2 -
0 25 50 75 100 1.5 2 25 3
x (km) =log (a+z)
3 -
c) . DPi€m cyc daiza = 1,8
: 35
25 ' 30
z {25
2 2] {20
e 15
1.5}
10
1 : _ ) : 5
17 19 21 23 7 29 31 33
Dich chuyén (bx)
1
1.01
21.02
£1.03
1.04 Bién trdi: Bién phdi:
1.05 bx(t) =243 bx(p) = 25,7
235 24 245 255 26 26.5

Dich LhuyLn (bx)
Hinh 2. Cac do thi thé hién két qua xir 1y tuyén y = 50,0 km

a) Dj thuong tir doc theo tuyén, b) Tuwong quan gijra log(W/a?) va log(z+a); c), d) Pdng tri va ding pha ciia hé s6 bién

déi wavelet trén tin hiéu dj thieng cia tuyén

Hinh 2b 1a dwong biéu dién cua log(W/a?) theo
log(a+z). Dya vao phuong trinh dwong thang Y = -
6,0X + 14,2 ta u6c luong duoc bac dong nhét cua
nguon 1a f = -6,0; tir 6 tim dugc chi s cau triic: N
= 3,0 (cong thirc 15); suy ra: k = 0,8933 (cong thurc
16). Hinh 2c cho phép xac dinh vi tri diém cuc dai,
hé s6 bién ddi wavelet: a = 1,8 = an; do d6 do sau
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dén tam ngudn tinh dwoc 1a: z = 3,2 km (cong thuc
17).

Ngoai ra, gia tri bién trai va bién phai dugc xac
dinh dé dang trén hinh 2d cho phép wéc lugng kich
thude cua nguon theo cong thuc (14a): Dy = 2,8 km
=D.
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Vi pguén gy ra di thuong trong mé6 hinh c6
dang dang thudc trén mat phang quan sat nén Dy =
Dx.

Tiép theo sir dung thuat toan Marquardt dé xac
dinh kich thudc theo phuong z, cling nhu vector tir

Tdp 57, S 3A (2021): 40-52

héa ciia nguon (cac thong s vé hinh dang, kich
thude theo hai phuong X, y dugc su dung tir cac ket
qua xac dinh bang phép bién doi wavelet).

Két qua tinh toan sau 50 vong lap duoc trinh bay
o Hinh 3 va Bang 2.

T T LA | T T 1 T T T
a] j;\ ] D0 asat et e 1
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Hinh 3. Minh hoa su trung khép giira di thwong tinh (dwong lién nét mau dé) va di thuwong quan sat
(nét dirt mau xanh)

a) Tuyén y = 50,0 km; b) Tuyén x = 50,0 km
Bang 2. Tong hop két qua phan tich cac thong sb ciia mé hinh 1

Chisb cau Hinh Kich thwéc (km)
triac N dang Dy Dy D,

P sau dén
mat trén (km) J (A/m) 1 (°)

Vector tir hoa Sai s6 binh phwong

1 (9 trung binh (nT)

3,0 Ciu 28 28 28 1,6

2,6 10 5,7 0,722

Dé mé hinh 1y thuyét duoc gin véi thuc té hon,
nghién ciru tiép tuc thyc hién phan tich trén cac mo
hinh duogc xay dung véi nhidu ngudn di vat da dang
va dugc b tri theo cac phuong khac nhau.

3.1.2. M6 hinh 2: Nguon di thuong tir gom cdc

vt thé cé hinh dang khéc nhau phin bo
khéng qud gan nhau

Trong md hinh nay, ngudn truong gom ba khdi
vat chat dong nhat khac nhau dugc biéu dién trong

Béng 3. Cac thong sé ciia md hinh 2

hé toa d6 ba chiéu x, y, z (km) véi cac thong sé duoc
cho boi Bang 3.

Vector tir héa cua cac vat thé c6 cung goc tir
khuynh | = 4° nhung goc phuong vi A khac nhau.

Mang ludi quan sat: X = 0:2:100; y = 0:2:100;
z=0.

Nhi&u dugc tao bai ham random trong Matlab
nhan trong s6 3,0% do6 1on cyc tri ctia di thuong phan
tich (cuc dai ctia nhiéu twong duong 12,0 nT).

Sé hiey —Théng s0 Toa dd (km) Goc
: Vat thé X y z phwong vi (°)
N1 Lang tru 67-73 47-53 1,0-5,0 15
N2 Khdi cau 37-43 37-43 1,5-7,5 0
N3 Via ngang 45-55 55-65 2,0-3,0 -15

Hinh 4a thé hién di thuong tir toan phan tinh
dugc tr mo hinh 2. Di thuong nay van the hién tinh
ludong cuc kha rd rang. Sy phan bo cadc dudong dang

tri, cho phép xac dinh thé nam cua cac vat thé, tuong
ung véi cac goe phuong vi trong bang 3. Tuy nhién,
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rat kho xac dinh chinh xac dugc tdm cling nhu hinh
dang va kich thuéc ctia cac nguon.
Bién d6i wavelet 2-D tiép tuc ap dung trén tin
hiéu di thuong tir toan phan cia mo hinh 2. Két qua
50 a)' v v v v v v v v

| (a7)

a5 b

N1

chuyén (bx)

Dich

Tdp 57, S 3A (2021): 40-52

vé& ding tri hé sé bién dbi wavelet & ti 16 a = 3 dugc
biéu dién trong Hinh 4b cho thdy ton tai ba diém hoi
tu, cho phép xac dinh tdm ctia ba ngudn di vat trong
mo hinh.

b) | piém cuc dai 1: bx1=35,0; byl=25,0 |

< R

5+ Diém cye dai 2: biém cc dai 3: ||
| bx2=20,0; by2=20,0 | | bx3=25,0; by3=30,0 50
x 10 15 20 25 30 35 40 45 50

Dich chuyén (by)

Hinh 4. a) Di thwong tir ciia mé hinh 2 ¢6 tron nhiéu;

b) Ping tri hé s6 bién ddi wavelet 2-D trén dir liéu di thwong tir & ti 1¢ a =3

Dé xac dinh chi s cdu trac, wdc lugng hinh
dang, d6 sau va kich thudc cua nguon, di thuong tir
doc theo cac tuyén y (phuong Bic — Nam), x
(phuwong Pong — Tay) di qua tim m&i ngudn s& dugc
chon dé phan tich, trong d6 di thuong doc theo tuyén
y s& dung dé tinh chi s6 céu trac, udc lugng do sau
va kich thuéc theo phwong kinh tuyén — kich thudc
doc va di thuong doc theo tuyén x chi dung dé ugc
lwong kich thude theo phuwong vi tuyén — kich thugc
ngang. Tuy nhién, cac di vat duoc thiét ké trong mo
hinh déu c¢6 dang ding thude trén mat phing quan
sat (Oxy), nén chi phan tich di thuong doc theo
tuyén y.

Pé phan tich nguon N3, dir liéu doc theo 7tuyén
y3 = 60,0 km di qua tdm nguon duoc chon dé thuc
hién phép bién doi wavelet 1-D.

Hinh 5a thé hién di thuong tir doc theo tuyén y3
= 60,0 km di qua tdm nguon di thuong N3. Di
thudng c6 phan dwong - 4m — duong, trong dé cuc
tri am ¢ gan km thir 50 cua tuyén (gan tam nguon).

Hinh 5b 1a duong biéu didn cua log(W/a?) theo
log(a+z). Dua vao phuong trinh duong thang Y = -
42X + 9,3 ta u6c lwong dwoc bac dong nhét cua
ngudn 1a # = -4,2; tir d6 tim duoc chi sb cau trac: N
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= 1,2 (cong thic 15); suy ra: k= 0,3075 (cong thuc
16).

Hinh 5c¢ s& xac dinh duoc vi tri diém cuc dai, hé
sb bién d6i wavelet: a3 = 4,2 = a2m; do d6 do sau
dén tam nguon tinh duoc 1a: z = 2,6 km (cong thuc
17).

Ngoai ra, gia tri bién trai va bién phai dugc xac
dinh dé& dang trén hinh 5d cho phép uéc lugng kich
thudc cua ngudn theo cong thic (14a): Dy = 10,0
km.

Tuwong ty, dir ligu doc theo tuyén y1 = 50,0 km;
y2= 4030 km lan lugt di qua tém nguon Nl; N2 duoc
chon @é phan tich cac thong s6 cua nguon N1; N2.

Thuyc hién cac phép tinh tuwong ty nhu khi phan
tich cac thong sb cua nguon N3 dé phan tich ngudn
N1 va N2 ta dugc cac thong sé vé hinh dang, kich
thudc theo hai phuong ngang, doc va do sau dén tam
ngudn. Cac thong s6 nay duoc sir dung khi ap dung
thuat toan Marquardt dé xac dinh kich thuéc theo
phuong z, ciing nhu vector tir hoa ciia nguon. Viéc
nay gitp han ché dang ké tinh da tri khi gii bai toan
nguoc, ciing nhu rat ngan thoi gian tinh toan.

Sau 50 vong 13p, két qua tinh toan dugc trinh bay
o Hinh 6 va Bang 4.
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Hinh 5. Céc d6 thi thé hign két qua xir Iy tuyén y3 =60,0 km

Dj thuong tir doc theo tuyén; b) Tuong quan giita log(W/a2) va log(z+a); ¢), d) Pang tri va dang pha hé s bién doi

wavelet trén tin hiéu di thuong cua tuyén
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Hinh 6. Minh hoa sy trang khép gitra di thwong tinh (dwong lién nét mau dé) va di thwong quan sat

(nét dirt mau xanh)

a) Tuyén x = 70,0 km; b) Tuyén x = 40,0 km
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Bang 4. Téng hop két qua phan tich cic thong sé ciia mé hinh 2

Thongsd Chisé Hinh  Kich thuwéc (km) D sdu Vector tirhéa  Sai s6 binh
- cAutric dang D« Dy D, dénmit J(A/m) A(°) 1(°) phwong trung
So higu N trén (km) binh (nT)
N1 1,7 Langtruy 6,0 6,0 41 1,0 2,3 13,8 38
N2 3,0 Cau 58 58 6,0 1,5 2,3 -0,1 41 1,875
N3 1,2 Via 10,0 10,0 1,0 2,0 2,3 -17,6 3,9

Céc két qua tinh toan chi ra trong bang 4 khang
dinh do tin cdy cao cia phwong phéap (sai s6 binh
phuong trung binh gitra di thuong tinh va di thuong
quan sat 1a rat thap chi gan vai gia trj 1a 1,875 nT).

Cong viéc tiép theo 1a str dung két hop phép bién
d6i wavelet va thuét toan Marquardt vao viéc minh
giai dir liéu tir & ving Pong bang séng Ciru Long
nham khang dinh kha nang ung dung thuc tién cua
phuong phap duoc dé xuat.

3.2. Phan tich dir ligu tir ving Pong bang
song Ciru Long

Str dung ban d6 di thuong tir toan phan ving
Dong bang song Ctru Long vai ti 1é 1/200.000 cua
Téng cuc Pia chat va khoang san Viét Nam, duoc
do va hoan thanh nam 1992 (Hinh 7). Thiét bi do 1a
tir ké proton nam trén méay bay, do cao trung binh
dén mat dét 12 300 m (Nguy2n Xuan Son, 1996).

10.54
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Hinh 7. Ban d6 di thwong tir ving Pong bing séng Ciru Long (Nguyén Xuén Son, 1996)

(cdc dwong ddang tri cach nhau 50 nT)

Khu vuc dugc chon phén tich chi tiét (6 chit nhat
mau den trén hinh 7) c6 toa do trong khoang 9,09° -
9,30° vi Béc va 105,31° - 105,71° kinh Déng thudc
dia phan tinh Bac Liéu (Hinh 8). Nhu vay dir liéu
phan tich chinh 1a di thuong tir dugc trich suét tir
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ban d6 ti 1¢ 1/200.000 nén khoang cach giita cac
diém do 1a A = 2,0 km. Trong khu vuyc ton tai 2 di
thuong don, mdi di thuong c6 3 déi duong - am -
duong sip xép theo phwong kinh tuyén (gia tri déi
am rat 16n so véi d6i duong).
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105,31° 105,71¢°
Hinh 8. Di thwong tir & Bac Liéu (Nguyén Xuan Son, 1996)
Ap dung phép bién doi wavelet Farshad-Sailhac ban do truong hé s6 bién doi wavelet 2-D ving
2-D trén d@r liéu di thuong tr & ving Bong bang bong bang song Cuu Long ¢ i 1¢ a = 3. Ban d6 cho
song Ctu Long voi cac ti 1€ khac nhau. Hinh 9 1a thay su hoi tu cac duong dang tri vé tim nguon.

10.5+

9.5+

0

S

13 Li T L]
105 1055 106 1065
Hinh 9. Ban db hé sé bién dbi wavelet di thwong tir viing Pong bang séng Ciru Long étiléa=3

Dé udc lugng hinh dang, d sau va kich thude (V2c) doc theo vi tuyén 9,22° (di qua tm ngudn
cua vat thé gay ra di thuong tr M1, mot tuyen dir M1) dugc trich xuat tir ban d6 di thuong tr ving
liéu (K2c) doc theo Kinh tuyén 105,38° va tuyén bong bang song Cuu Long.
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Hinh 10. Minh hoa su trung khép giira di thwong tinh (mau dé) va di thuong quan siat (mau xanh)
a) Tuyén K2c; b) Tuyén K2d

Tuong tw Vi nguon di thuong M2 dit ligu theo
tuyén (K2d) va (V2d) dugc chon dé phan tich dinh
luong bang phép bién doi wavelet Farshad-Sailhac
1-D.

Céc thong s xdc dinh tir phép bién doi wavelet
duoc sir dung khi ap dung thuat toan Marquardt dé

xac dinh kich thudc theo phuong z, cling nhu vector
tir hoa du cua nguon.

Sau 50 vong 1ap, két qua tinh toan dugc trinh bay
& Hinh 10 va Bang 5.

Bang 5. Tong hop két qua phan tich cac thong s6 nguon di thwong M1, M2

Théng sb

Chisé Hinh dang Kich thwéc (km) D siu dén

Vector tir hoa Sai s6 binh

Sb higu  cau tric Dx Dy D mat trén J A I  phwong trung
N (km) (AIm) (9 ©) binh (nT)
M1 1,2 Viamong 7,0 198 0,1 1,2 18 102 -29 6288
M2 1,1 Viamong 84 70 0,1 1,9 32 35 65 ’

Tir cac két qua nghién ciru, ddi chiéu véi cac tai
licu dia chat (Nguyén Xuan Son, 1996; Bo Tai
nguyén va Mbi trudng, 2009) va tai liéu 16 khoan
trong vung (Liet et al., 2008), cho thiy ban chit dia
chat Cua cdc ngudn gy ra cac di thuong tr M1 va
M2 14 trAm tich Kainozoi dwoc xép vao cac phan vi
dia tang sau ddy: hé ting Cti Lao Dung (p-cd), hé téng
Tra Ch (p+), hé tang Phung Hiép (Niph), hé ting
Can Tho (Nxct) va 16p phu bé Tu. Tram tich
Kainozoi dugc ddc trung bang tram tich dam hd,
chau thd, viing vinh va cac 16p phun trao bazan.

4. KET LUAN

Trong bai bao, dé giam thiéu tinh da tri va thoi
gian tinh toan khi giai bai toan ngugc truong dia ti
ving vi d6 thap, phép bién d6i wavelet lién tuc 2-D
va 1-D str dung ham wavelet phirc Farshad-Sailhac
da duoc ap dung trude dé x4c dinh cac thong so co
ban cia ngudn gém: vi tri trén binh dd, chi s cau
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tric, hinh dang, kich thudc ngang theo hai phuong
vuodng goc va do sau. Cac thong s nay tiép tuc dugc
st dung khi giai bai toan nguoc bang thuat toan
Marquardt nhim xac dinh thém cac thong sb dic
trung khac cua ngudn nhu: kich thudce theo phwong
thing dung, vector tir hoa du. Sau khi kiém chung
do tin cdy qua cac m6 hinh Iy thuyet phuong phap
dé xuét da ap dung thanh cong dé minh giai di liéu
do tr hang khong ¢ ving DPdng bing song Cuu
Long. Két qua minh giai c6 muc do chi tiét kha
phong phi, v6i sai s6 binh phwong trung binh thap
va phu hop véi thong tin 16 khoan sau va cac tai ligu
dia chét ctia viing.

LOI CAM TA
_Nhém tac gia cam on Cong ty Giai phap phan
mém Dia Vat ly cia Uc (Geophysical Software
Solutions Pty. Ltd, Australia) da ho trg mot licence
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dé van hanh phan mém Potent v4.16.07, gop phan
nang cao hi¢u qua nghién ctu.
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