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Abstract

Nowadays, the wavelet transform is frequently used in processing and interpretaion of potential field data,
to detect accurately the location of the anomaly sources and their properties. For gravity anomalies of
adjacent sources, they always superimpose upon each other not only in the spatial domain but also in the
frequency domain, making the identification of these sources significantly problematic. In this paper, a new
mother wavelet for effective analysis of the locations of the close potential field sources was introduced. By
theoretical modeling, using the wavelet transform modulus maxima (WTMM) method, we set up a
correlative function between the scale parameter and gravity source depth. Moreover, a scale normalization
on the wavelet coefficients was applied to enhance resolution for the separation of these sources in the
scalograms, thereby determining their depth. After verifying the reliability of the proposed method on the
modeling data, we proposed a process for the location of the gravity anomalies of adjacent sources using
the wavelet transform, and then application for analysing some of the gravity profiles in the Mekong Delta.
The results of this interpretation were consistent with previously published results, but the level of
resolution for this technique was quite coincidental with other methods using different geological data.
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Tom tat

Ngay nay, phép bién d6i wavelet dugc ung dung rat nhiéu trong viéc xir 1y va phan tich dur liéu
truong thé nham xac dinh tuong d6i vi tri cac ngudn gdy ra di thuong cung cic thong s6 clia chiing.
Véi cac ngudn di thuong trong luc llen ke truong tong hop chong chap 1én nhau khong chi trong
mién khong gian ma con ca trong mién tan sb, gy khé khin 16n trong viéc dinh vi cac ngudn nay.
Trong bai bdo nay da str dung mot ho wavelet méi va thyuc hién bién ddi wavelet da phan giai dé xac
dinh hiéu qua cac thong sb cua nhitng ngudn truong thé lién ké. Bang nhitng mé hinh 1y thuyét, sir
dung phwong phap cuc dai wavelet, da thiét 1ap duoc ham twong quan giita tham s ti 1¢ trong phép
bién d6i wavelet va do sau ctia ngudn di thuong trong luc. Su chuin hoa tham sb ti 1& ciing duoc ap
dung thich hop dé cai thién do phan giai, giup tach biét cac ngudn trudng trong ti 1& do, tir d6 xac
dinh duoc d6 sdu cua chung. Sau khi kiém chung d6 tin cdy va tinh kha thi cua phuong phap dugc
dé xudt trén cac sb liéu mé hinh, mot quy trinh xu ly giap dinh vi cac nguon di thuong trong luc lién
ké duoc xay dung va ap dung phan tich mot s6 tuyén do trong luc tiéu biéu & dong bing song Curu
Long. Céac két qua xu ly trong nghién ciru nay 1a kha phu hop véi cac phan tich dugc cong b trude
day, ngoai ra vé mirc do chi tiét 1a rat trang khdp véi cac s6 lidu dia chit khac.

Tir khéa: Ngudn di thuong trong luc lién k&, ho wavelet méi, phuong phap cuc dai wavelet, ham twong
quan, chuan hoéa tham so ti 1€.

MO PAU

B1en d6i wavelet dugc ung dung vao dia vat
ly tr dau thap nién 1980 dé phén tich tin hi¢u
dia chan [1 ] Ké tir do, nhung tién bo dang ké
cua ly thuyet wavelet i mo ra nhiéu tng dung
trong cac linh vyc khac. Trong vat 1y dia cau,
wavelet da va dang 1a mot cong cu hiru ich
trong vigc phan tich cac tin hiéu c6 sy thay d01

Gan day, bién doi wavelet lién tuc voi ham
wavelet phitc Morlet da duoc Li et al., [6] st
dung dé xac dinh su phan bd cua céc nguén di
thuong trong luc. Nhom nghién ctru nay da xay
dung duoc quan hé xdp xi tuyén tinh giita do
siu cia ngudn va sd song gia (pseudo -
wavenumber), dé tmg dung phan tich cac s6 liéu

dot bién véi thoi gian [1-4]. Trong linh vuc ay,
phan tich dir ligu truong thé da co nhleu thanh
tyu dang ké khi str dung phep bién d6i wavelet
dé loc nhiéu, tach tru’omg, xac dinh vi tri, d¢ sau
va cac dic tinh ciia nguon trudng dong nhét [5].
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truong trong luc tir thyc dia. Tuy nhién, viée
chuyén tir mién tham s6 ti 1¢ sang mién sé song
gia 1a kha phtrc tap va mat nhiéu thoi gian tinh
toan cling nhu phén tich. Trong bai bao nay,
qua cac mo hinh Iy thuyét di xac 1ap méi tuong
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quan tryc tiép gitta d6 sau cua ngudn truong di
thuong trong luc va tham sb ti 18 khi st dung
phép bién ddi wavelet, dé ap dung vao phan tich
mot s6 tuyén do trong lyc ¢ ving dong bang
song Cuu Long.

CO SO LY THUYET
Phép bién doi wavelet lién tuc va ham wavelet
phirc Farshad - Sailhac

Phép bién d6i wavelet lién tuc trén tin hiéu
mdt chiéu f(X) cho boi:

1

W (a,b) = Jf(x)\/_ (baxjdx—\/a(f*lﬁ) )

Véi: ae R*: Tham s ti 18, dic trung cho sy din
(@ > 1) hodac nén (a < 1) wavelet, va beR:
Tham sb dich chuyén, cung cap thong tin v& vi

w(x): Lién hiép phtic cua w(x), la ham
wavelet ding trong bién doi,
tich chdp cua ham f(x) v p(x). Bién dbi

f*y: Ky hiéu

wavelet c¢6 su da dang khi sir dung nhiéu ham
wavelet chon loc khac nhau tuy theo dang thong
tin ma ta phan tich.

Dé x4c dinh vi tri theo phuong ngang va do
sdu ctia ngudn di thuong trong luc, ching toi da
st dung ham wavelet phirc méi - Farshad -
Sailhac [7] ¢6 dang nhu sau:

y ™ () =y () +iy® (x) )
Trong do:
W) (x) = 4—2x . 1-2x _ B
(x2+22)5 (x2+12)5
w® (x) = Hilbert (™ (x)) (4)

Phuwong phiap cuc dai wavelet (wavelet
transform modulus maxima - WTMM)
Phuong phap xac dinh bién cua Mallat va
Hwang (1992) [8] dé xur Iy nhitng duong dang
tri cia cuc dai do 16n bién d6i wavelet lién tuc
trén tin hiéu dugc phén tich. Phuong phap nay
duoc ap dung véi ham wavelet thuc thi 1a céac
dao ham bac nht hay dao ham bac hai ctia ham
nhan tir trong phép chuyén truong & bai toan

truong thé. Ham wavelet do nhom xay dung c6
tén la Farshad - Sailhac dugc kiém chimg l1a
thoa man cac yéu ciu cua phuong phap Mallat
va Hwang, vi thé viéc phén tich va minh g1a1 vi
tri theo phuong ngang cling nhu d¢ siu cua céc
nguon di thucmg trong luc déu dua trén thanh
phin d6 16n cua bién ddi wavelet nay. Ky thuét
phén tich bién dwa vao viéc xac dinh vi tri trén
ti 16 46 ma tai d6 c6 sy hdi tu cua cac duong
dang tri cyc dai ciia do 16n hé sd bién doi
wavelet nén dwoc goi la phuong phap cuc dai
wavelet (wavelet transform modulus maxima -
WTMM).

Phuong phap khir nhiéu tin hiéu va ting
cuong do tuong phan khi tinh bién da ti 1€ su
dung bién d6i wavelet d3 dwoc Yansun Xu et
al., [9] thuc hién tinh wavelet trén gradient cta
dir liéu, gip phat hién ré hon vi tri ciia cac
ngudn di thuong nhé canh cac ngudn 16n béi vi
dir liéu gradient c6 tinh chét khuéch dai cac bién
thién tirc thoi cua tin hiéu. Vi vay, trong cac
phan tiép theo s& ap dung bién doi wavelet trén
tin hiéu gradient di thuong trong luc thay vi ap
dung trén di thuong trong luc dé phan tich céac
md hinh 1y thuyét va tir d6 4p dung phén tich dir
liéu thyc té nham dinh vi cac ngudn di thuong
nhé nam gan cac ngudn di thuong 16n.

Xic dinh chi s6 ciu tric

Chi s6 c4u tric N 1a mot thong sb dic trung
cho kiéu ngudn truong (tir hay trong luc trén cot
2 cua bang 2) va n6 duoc giéi thiéu 1an dau boi
Thompson, D. T., (1982) [10] thong qua
phuong trinh thudn nhat c6 dang nhu sau:

ot ar Gl
(X—XO)&Hy—VO)EHZ—ZO)E—NCFO—T) ()

Trong do: (Xo, Yo, Zo) 1a vi tri cta nguén di
thuong, T la cuong do truong toan phan do tai

toa do (X, Y, 2), T, la truong toan ph?m khu vuec,
N 1a chi s6 cau truc cua ngudn di thuong.
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Theo Sailhac et al., [11] gia st f(x, z = ) 0) la
truong thé do trén ‘mat dat tao boi mot ngudn
truong ddng nhat nam & vi tri X = 0 va do siu z
= 7, dudi mat dat. Khi thuc hién bién dbi
wavelet cua f(x, z = 0) v6i cac ham wavelet
dugc xay dung tir dao ham bac y theo phuong

ny(x,z:O)(X!a) :(

Trong d6: B lién quan dén bac dong nhat cua
nguon trudng.

V6i cac vat thé co mat d6 phan bd déu gay
ra di thudng trong luc thi moi lién hé gitra bac

dong nhit B, bac y ciia dao ham va chi sé ciu
trdc N thé hién twong quan la:

N=-fp-y-2 O]

Véi céc vi tri do dac X va x” khac nhau, mdi
quan hé gitra tham sé ava a’ la:

ngang ctia ham nhan tr trong cong thirc chuyén
truong 1én, cac hé sb cua bién d6i wavelet ¢ hai
vi tri (X, @) Va (x’, @’) trong mit phang ti 1& d6
s& tudn theo dinh luat ti 1¢ kép lién quan dén hai
tham s6 mii y va £ cho béi:

al

7 . A
2] (Zj;j RNCEY ©)

Trong nghién ctru nay, chi sb cau trac N ciia
nguén di thuong dugc xac dinh thong qua bién
doi wavelet lién tuc thuc hién béi ham wavelet
Farshard - Sailhac. Vi phin thyc ciia ham
wavelet nay la »®(x) trong biéu thuc (3) duoc
tao thanh tir dao ham bac 2 theo phuong ngang
cua nhan Farshard [12]:

o0g- Lt 1 1
(x2+22)5

1

(x2 +1° )5

a'+IZo R Yp—— (8 Mény =2 va do dé biéu thirc (6) duoc viét lai
X X nhu sau:
1Y 1Y
[ j W (X @)(@+2,)" :(—'j W/, o (X2 (@% 2,)” =const (9)
a a ’

bat: W7, (x,8) =W, (x,a) va lay logarit hai

vé ctia biéu thire (9) ta duoc:

log (%j =plog(a+z,)+c (10)

Y =B8X+c
O day:

1)

Y = Iog[wj va X =log(a+z,)
a

Nhu vdy, bac dong nhiat g cia ngudn
truong s& dugc xac dinh tir hé s goc cua
duong thang trong biéu thie (11), tir d6 tinh
chi s6 ciu triic ciia ngudn thong qua phuong
trinh (7).
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Viéc xac dinh chi sé cdu trac gidp ta udce
luong dwoc hinh dang twong ddi ciia ngudn
truong [10] theo bang 2.

Su chuén héa tham so ti 18

Thuc té, véi cac nguén trudng thé lién k&, su
chong chap truong trong Iuc lién quan dén nhiéu
yéu t6 khic nhau nhu: Mat do, vi tri, do sau va
kich thudc cac nguén thanh phén Khi d6, cuc dai
d6 16n cua hé sd wavelet do ngudn 16n dong gop
troi hon han so voi dong gop clia cic nguon di
thuong bé, lam cho viéc xac dinh vi tri cac nguon
nho gip khé khin. Pé giai quyét vin d& nay,
nghién ctru di diéu chinh tham s6 ti 16 nham rit
ngan khoang cach vé do 16n cta hé s6 bién doi
wavelet trong mit phang ti 18 do giita ngudn di
thuong 16n va cac ngudn di thudng nho. Tao diéu
kién dé dinh vi cic ngudn nho nam lién ké cac
ngudn 16n duge dé dang hon.
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bé tach cac nguon truong the lién ké trong
mat phing ti 1¢ do, phép bién 601 wavelet mot
chiéu trong bleu thuc (1) duoc bd sung tham sé
hiéu chinh a™, khi d6 c6 thé viét lai nhu sau:

MM&M:a”THmjiﬁcgl%x (12)

O ddy: n 1a hang sb duong, khi n = 0, tham sb ti
16 xem nhu chwa chuin hoa, lic nay phuong
trinh (12) s& tré vé phuong trinh (1). Trong qua
trinh phan tich mot s6 mo hinh di thuong trong
luc don gian, khi st dung bién dbi wavelet
Farshad - Sailhac thi n chi nhan gia tri tir 0 dén
1,5. Khi n ting thi cac hé sb bién doi wavelet
W (a, b) trong biéu thuc (12) giam va khodng
cach tuong dbi ctia cac duong ding tri vé do 16n
cta bién d6i wavelet xét trong mat phang ti 18
d6 ciing dugc rat ngan hon, nén do phan giai
hinh 4nh ctia cac bién ngudn ciing dwoc cai
thién rd nét. Trong bai bao nay, nhom nghién
ctru chon n = 1,5 (d6 phdn giai cao nhit) dé
phan tich cic ngudn trudng lién ké trong cac md
hinh 1y thuyét ciing nhu cac s6 liéu thuc té.

DI THUONG TRONG LUC (mGal)

5 & 2
&

o

DELTA g (mGal)
s 2

0 80
TUYEN DO (km)

M01 quan h¢ giira tham s ti 1§ va d9 siu ciia
ngudn di thuong trong luc

Trong bién doi wavelet tham s6 ti 1& ¢6 lién
quan dén do siu cia nguon Tuy nhién, tham s
ti 1¢ khong phai 13 do sdu va cling khong cho ta
thong tin truc tiép vé do sau. Bang viéc phan
tich hinh anh trong mat phang ti 16 dd qua céc
mo hinh 1y thuyet v&i ngudn truong dugce tao ra
tir cac vat thé co hinh dang khac nhau, nhom téc
gia da xac dinh dugc tuong quan gan nhu tuyen
tinh glua dd sdu cua ngudn z va tich sd gitra
tham s6 ti 16 a voi bude do A qua hé s6 k:

=k(aA)

He¢ s6 k phu thudc chi sO cau trac cua
nguon Cac ket qua phén tich mo hinh 1y thuyét
gitp xac dinh h¢ so k tuong 601 dé - woc luong
d6 sau dén tdm cua cac nguon di thuong trong
phén tich cac s6 liéu thuc té.

(13)

KET QUA NGHIEN CUU VA THAO LUAN
M0 hinh 1y thuyét
Mo hinh 1: Cac nguén di thuwong don

GRADIENT CUA DI THUONG TRONG LUC

GRADIENT (mGavkm)

001}

80 60
TUYEN DO (km)

DANG TRI CUA BIEN DOI WAVELET TREN TIN HIEU GRADIENT

T T T I -I T T T T T

Diém cuc dai: b=250,0;a =194

3030 232 234 236 238 240 242 244 246 248 250 252 254 256 258 260 262 264 266 268 270
TUYEN DO (x 0.2km)

0.06

0.03

Hinh 1. Cac dang d6 thi ctia m6 hinh 1: a) Di thuong trong luc do mdt qua ciu dong nhat gay ra,
b) Gradient di thuong trong luc, ¢) Dang tri ctia bién doi wavelet trén tin higu gradient
di thuong trong luc
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Nguén truong 1a mot qua cdu dong nhat,
ban kinh R = 1,0 km dat trong mdi truong
ddéng nhat. Hiéu mat do gitta di vat va moi
truong 1a 3 kg/m®. Toa d6 tAm qua cau theo
phuong ngang X = 50 km, va d6 sau z = 3,0
km. Tuyén do ¢ mit dat c6 chiéu dai 100 km

di qua tdm qua ciu, budc do 1a A = 0,2 km;
nhu vy toa do cac diém do lan luot la: 0;
0,2; 0,4;... 100 km (hinh la 13 d6 thi cua di
thuong trong lyc, hinh 1b la do thi cua
gradient di thuong trong luc).

Bang 1. Két qud phan tich ngudn & cac do sau va ti 1¢ khac nhau
bang bién dbi wavelet Farshard - Sailhac

z (km) A (km) a(n=0) (a.A) a’(n=15) @A)
1,5 0,2 97 1,94 1,9 0,38
2,0 02 12,9 2,58 25 0,50
2,5 02 16,2 3,24 32 0,64
3,0 0.2 19,4 3,88 3.9 0,78
35 0.2 22,5 4,50 45 0,90
4,0 02 25,7 5,14 5.1 1,02
45 0.2 29,0 5,80 58 1,16
5,0 0.2 32,2 6,44 6,4 1,28
55 0.2 35,4 7,08 7.1 1,42
6,0 0.2 38,6 7,72 7.7 1,54
6.5 0.2 418 8,36 83 1,66
7.0 0.2 45,0 9,00 8,9 1,78
75 02 48,2 9,64 95 1,90
8,0 02 51,4 10,28 10,2 2,04
8,5 02 54,7 10,94 10,8 2,16
9,0 02 57,8 11,56 11,5 2,30

Duya vao két qua v& ding tri dbi xung
(hinh Ic) dé dang xac dinh toa dg cua cyc dai
d6 16n bién doi wavelet (diém tring nam gitra
dd thi): b = 250,0; a = 19,4. Nhén gia trj cuia
b v4i bude do A = 0,2 km, ta xdc dinh dugc
vi tri theo phuong ngang cua tdm ngudn di
thuong: x = 250,0 x 0,2 = 50 (km). Gia tri
nay phu hop véi toa do thiét ké x = 50 km
ctia mé hinh. Do d6, cuc dai do 16n bién doi
wavelet trén mit phang ti 1& do 1a thong tin dé

z2==0,7794 x (a.A) (km)
7==~3,9298 x (a.A) (km)

Theo Yang et al., (2010), khi ngudn trudng
¢ xa mat phéng do, n6 dugc xem nhu mot khéi
cau dong nhét [6]. Do sau tuong dbi ctia ngudn
c6 thé dugc ude luong truc tiép tir cuc dai do
16n hé sb bién d6i wavelet boi phuong trinh (14)
- khi chua chuén héa tham s ti 1& (n = 0), hodc
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- khi chua chuan hoa

- sau khi chuén hoéa vgin = 1,5

xac dinh chinh xac vi tri theo phuong ngang
ctia ngudn truong.

Gia tri cua tham s6 ti 16 a = 19,4 ¢6 lién quan
dén d6 sdu ciia ngudn truong. DE tim quy luat bién
d6i ctia d6 sau z theo a, lan luot thay doi z tir 1,5
km dén 9,0 km (budc nhay 0,5 km) va lap lai qua
trinh khao sat nhu khi z = 3,0 km. Két qua chi ra
trong bang 1 va hinh 2. Dua vao d6 thi (hinh 2)
cua z theo a, ta xac dinh dugc ham tuong quan la
ham tuyén tinh gitta d6 sau va tham so ti 1&:

(14)
(15)

boi phuong trinh (15) - khi da chuin hoa tham
sétiléa™ (n=1,5).

Nghién ctu ciing tiép tuc th nghiém
phuong phap d& xuat véi cac ngudn trudng co
hinh dang don gian khac nhu: Hinh tru, via, dut
gy hay bac. Két qua xac dinh k - khi chua
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chuan hoa tham s6 ti 16 hodc &’ - khi di chuan
héa tham s6 ti Ié a™ (n = 1,5) twong tmg véi cac

ngudn c6 dang hinh hoc don gidn khac nhau
duogc md ta ¢ bang 2.

TUONG QUAN GIUA DO SAU VOI TICH BUOC DO VA THAM SO Tl LE
T

10 T T T T
= Y =0,7794.X.0,0155 —
'd_: linear
o 4 -
(]
= 1 DO, WO D W U DO SR
w -
8o i

-2 i i i i i

o 2 4 6 8 10 12
TICH GIUA BUOC DO VA THAM SO TI LE (km)
10, TUONG QUAN GIUA DO SAU VOI TICH BUOG DO VA THAM SO Ti LE KHI CHUAN HOA
T T T T T T T T T

~ | D 5
£ e —=—data 1
= Y=3,9298.X - 0,0209 i
= & 4 linear
< et
&
o4 i
(=]
2 2. i
w
Qo i

=) | | I i I i

o 0.25 0.5 0.75 1 125 15 175 7 2.25 2.5

TICH GIUA BUOC DO VA THAM SO TI LE (km)

Hinh 2. Twong quan glu:a d su voi tich cua bude do va tham so ti 16: a) Khi chua chuin hoa

tham sé ti 1&; b) Khi di chudn hoa tham s ti 16 @™ véin = 1,5

Bdng 2. Chi s6 cAu trac N va hé sé k, &’ twong tng

Hinh dang Chi s6 ciu trac N k(n=0) k’(n=1,5)
Qua ciu 2 0,7794 3,9298
Hinh try 1 0,6280 3,5215
Via mong O<N<1 0,2288 2,4899
but gdy hoac bac 0 0,1863 1,9512

MO hinh 2: Nguén di thwong gom hai qud
cdu lién ké

Trong md hinh, di thuong trong luc tao ra
boi hai qua cau co kich thudc khac nhau dat
trong moi truong dong nhat. Hiéu mat do gitra
hai di vat va moi truong bang nhau va bang
3,0 kg/m®. Qua cdu the nhit c6 ban kinh 1,0
km, ¢6 toa d¢ theo phuong ngang x; = 42,0 km,
va d6 sdu z; = 2,0 km; qua ciu thir hai nam ¢
toa do theo phuong ngang x, = 50,0 km, va do
sau z, = 9,0 km c6 ban kinh 6,5 km. Tuyen do 4]
mit dat c6 chiéu dai 100 km di qua hai qua cau,
budc do 1a A = 0,2 km; nhu viy toa dd cac
diém do 1an luot 1a: 0; 0,2; 0,4;...100 km.

Truorng hop nady, véi hai qua cau la lién
ke néu ap dung phuong phap ¢ md hinh 1 thi
rat kho xac dinh duoc vi tri cua qua cau thir
nhat vi di thuong trong luc tong hop bi tac
dung rat manh cua truong tao boi qua ciu
thur hai (h1nh 3a, 3b lan luot 1a d6 thi truong
di thuong va gradient truong di thuong cua
hai qua cau). That vy, quan sat két qua ve€
dang tri trong hinh 3¢, hién rd mot diém cuc
dai cua bién d6i Wavelet trén ti 18 0, diém
nay co toa do (b = 251,0; a = 60,0) tuong
Urng véi toa do n udn 16n 12 qua ciu thir hai.
Qua cau tht nhat tao di thuong tir kha nho
chi khoang 1/13 qua cau thir hai, nén hé s6
wavelet do nd dong gop trong hé sd wavelet
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tong cung rat nho so voi phan dong gop do  kho xac dinh vi tri ngudn thir nhat trén ti
qua cau thtr hai tai cung khong gian nén rat  1& do.
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Hinh 3. Cac dang db thi ciia mo hinh 2: a) Di thuong trong luc do hai qua cau dong nhét gay ra; b)
Gradient di thuong trong luc; c) Dang tri ctia bicn doi wavelet trén tin hi¢u gradient di thuong trong
luc; d, e, ) Pang tri ctia bién doi wavelet trén tin hi¢u gradient di thuong trong lyc khi chuan héa
twong ung n=0,5; 1,0; 1,5
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Dé giai quyét Van de nay, nhorn nghién ctu
da st dung tham s6 chudn héa a™ (v6in = 0,5;
1,0; 1,5) trong phuong trinh (12) trén dir liu
grad1ent di thuong trong lyc tao boi hai qua
cau. Két qua v& dang tri ¢ hinh 3d, 3e, 3f cho
thay khi n tang dan thi hé sb bién ddi wavelet
tuong Ung v6i nhitng diém xung quanh nguon di
thu:ong nho ¢ km thir 42 cling tdng dan va vi tri
ctia ngudn di thuong nay cung dan dan hién rd
hon. Khi n = 1,5 (d9 phan glal cao nhét) cho
phép xéac dinh vi tri ciia nguon di thudng nho
trén mat phang ti 1€ d6 duoc d& dang. Do vay,
trong cac phan tiép theo, nghlen ctru chi tr1nh
bay két qua khi sir dung tham sb chudn hoa a™
twong tng véin = 1,5.

Tiép tuc phan tich chi tiét két qua vé dang
tri & hinh 3f cho thay ton tai hai diém cuc dai co
toa do lan luot 1a (0,=210,7; a’1 = 2,5) va (b, =
249.4; a’, = 10,7). Lan luot nhan b, va b, véi
budc do A = 0,2 km ta xac dinh toa d6 theo

DX THUONG TRONG LUC (mGal)

L
TUYEN 0O (km)

phuong ngang ciia tim hai ngudn di thuong: X;
= 210,7 x 0,2 =42,1 (km) va X; = 249,4 x 0,2
=49,9 (km) Nhan a’;, a’, vai bude do A = 0,2
km va hé so k = 3,9298 (bang 2) ta xac dinh do
siu dén tdm cta hai ngudn di thuong: z; =
3,9298 % (2,5 x0,2) =2,0 (km) va z, = 3,9298 x
(10,7 x0 2) =8,4 (km). Céc gia tri nay c6 sai 5O
nho so voi cac thong s6 ciia mo hinh do tuwong
tac gitra hai nguon.

Nham ting tinh thuyét phuc cua phuong
phap dwoc ap dung, nhém nghién ctru tiép tuc
phan tich trén cac sd liéu mé hinh duoc tao boi
hai ngudn trudng trong luc lién ké co dang hinh
hoc khac nhau gdm mét hinh tru ndm ngang va
mdt via mong nam ngang.

Mo hinh 3: Nguén di thwong trong lwc gom
mgt hinh tru nam ngang dat lién ké voi mot
via mong ndam ngang
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Hinh 4. Cac dang db thi ciia m6 hinh 3: a) Di thuong trong luc do hinh try ngang va via mong

ngang gay ra; b) Gradient di thuong trong luc; c) Dang tri ciia bién d6i wavelet trén tin hiéu
gradient di thuong trong luc; d) Pang tri cta bién d6i wavelet trén tin hiéu gradient

di thudng trong Iyc khi chuan hoa
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Trong m6 hinh nay, di thuong trong luc
duoc tao ra boi mot hinh try ndm ngang b6 tri
lién k& véi mét via mong niam ngang dit trong
moi truong dong nhat. Hi¢u mat do glua hai di
vat va m01 truong déu bing nhau va bing
3,0 kg/m’®. Toa d¢ via rnong theo phuong ngang
X1 = 43,0 km, va d6 sau z; = 2,0 km; bé day
40,0 m. Hinh tru c6é ban kinh 6,0 km, toa d6
theo phuong ngang X, = 50 km, va d¢ séu z, =
9,0 km. Tuyen do ¢ mat dat, chiéu dai 100 km
dl qua hai nguon, buéc do A = 0,2 km (hinh 4);
nhu vy toa do cac diém do lan luot 1a: 0; 0,2;
0,4;...100 km.

Ket qua ve dang tri (hmh 4c) cho thay chi
mot diém cuc dai cua h¢ sO wavelet xut hién
trén mit phang ti 16 d, c6 toa do (b = 250,0; a

= 74,0) tuong ung voi toa d0 cua hinh try
ngang. Véi via ngang, vi di thu’ong trong lyc do
no gy ra khong dang ké so voi hinh try, nén hé
so wavelet do no dong gop trong mat phang ti 18
dd ciing rat nhé so voi hé sb bién doi wavelet do
hinh try ngang tao ra tai cung khong gian va do
do, rat kho xac dinh via ngang trén mit phang ti
1 db.

St dung tham sb chudn héa a” (voi n =
1,5) trong phuong trinh (12) trén dir ligu
gradlent di thuong trong lyc tao boi hai nguon
Két qua vé dédng tri ¢ hinh 4d cho thiy ton tai
hai diém cuc dai co toa do lan luot 1a (by =
213,6; a’y = 4,4) va (b, = 254,0; a’,=11,8).
Thuc hién tinh toan twong tw md hinh 2 ta xac
dinh toa d§ theo phwong ngang cua tam hai
nguon di thuong: x; = 213,6 x 0,2 =42,7 (km)
va x; = 254,0 x 0,2 =50,8 (km). ,Nhanal, a’
vai bude do A = 0,2 km va hé so k’ = 2,4899
(twong u:ng vai via mong) hoac k’ = 3,5215
(tuong tng v6i hinh try) ta xac dinh do sau dén
tam cua hai nguén di thuong: z; = 2,4899 x (4,4
x0,2) = 2,2 (km) va z, = 3,5215 x (11,8 x 0,2)
= 8,3 (km). Cac gia tri nay c6 sai so nhd so
v6i cac thong so cua mo6 hinh do twong tdc
gitra hai nguon.

T cac két qua kha quan khi phan tich mo
hinh, ching t6i da xay dung mdt quy trinh
xac dinh toa d6 va dd sau cua cac nguén di
thuong lién ké dé ap dung phan tich cac tuyén
do thuc té.

Quy trinh xdc dinh toa dj va dp sdu cdc
nguon di thwong trong lwe lién ké bang phép
bién déi wavelet Farshard - Sailhac
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Vige xéac dinh toa do va d sau cua nguon di
thuong trong luc lién ké su dung bién doi
wavelet Farshard - Sailhac c6 thé tom lugc
trong quy trinh gém cac budc sau:

Budc 1: Lay gradient ngang cua di thuong
trong lyc doc theo tuyén do.

Bude 2: Thuc hién bién d6i wavelet trén
gradient ngang cua di thuong trong lyc bing
ham wavelet phac Farshard - Sailhac. Dir liéu
ctia hé s6 wavelet thanh phan dé 16n s& duoc st
dung trong cac budc ké tiép.

Budc 3: Thay d6i tham s6 ti 16 a va lap lai
bién d6i wavelet Farshard - Sailhac da ti 1¢.

Buée 4: V& déng tri cia hé sb bién dbi
wavelet Farshard - Sailhac thanh phan d¢ 16n trén
gradient ngang trong mit phang ti 1 db (a, b).

Buge 5: Xéac dinh toa do theo phuong
ngang cua nguon di thuong.

Trén do thi dang tri, xac dinh cac diém cyc
dai cua hé sb wavelet thanh phan do lon. Toa do
theo phu:ong ngang va phuong thing dung lan
luot la b; va a;, (i chi so thir tu cua nguon) Toa
d6 theo phuong ngang cua cac nguon di thuong
duogc xac dinh béi biéu thirc sau:

X, =b, xA (16)
Bude 6: Xéac dinh d siu cua nguon truong.
Tinh chi s6 ciu triic cua cac nguén da xac

dinh tr budc 5: V&i mdi nguon v€ dudng bleu

dién log(W/a?) theo log(a + 2), dé xac dinh hé so
géc 8 (ciing chinh 1a bac dong nhit cta ngudn
truong) cua duong thing co phuong trinh

Iog(W/a ) = plog(a + z) + ¢, tir @6 xac dinh chi

so cau truc: N = - — y — 2 (phuong trinh 7), qua

d6 ude lugng hinh dang tuong doi ctia ngudn,

xéac dinh hé s k; hodc k' twong tmg tir bang 2.

Po sau cua cac ng116n duoc xac dinh boi biéu

thirc sau:
z; =k (a.4)

z, =k’ (a',.A)

Phuong trinh (17) ap dung khi khong chuin
hoa tham s6 ti 1€ (n=0) va phuong trinh (18)

ap dung khi da chuan hoa tham s6 ti 18 (n =
1,5).

Phén tich tuyén do trong lwc ¢ ving dong
bang Nam b

(17)

(18)
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Hinh 5. Cac dang db thi ciia tuyén do thuc té: a) Tuyén do Ca Mau - So6c Trang trén ban do di
thuong trong luc Nam b; b) Di thuong Bouguer trén tuyén do; ¢) Gradient di thuong trong luc;
d) Déng trj clia bien doi wavelet trén gradient; €) Dang tri cia bién doi wavelet
trén gradient khi chuan hoa
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Tuong quan giua log (\N/az) va log (a+z)

’ ‘ ! —+—data 1
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Hinh 6. D4 thi biéu diér} log(W/a?) theo log(a + z) cua cac pguén trén tuyén do: a) Ngudn di thuong
¢ km tht 72; b) Nguon di thuong & km thir 110; ¢) Nguén di thuong ¢ km thir 23; d) Nguoén di
thuong ¢ km thir 33; e) Ngudn di thuong ¢ km thur 83

174



Ung dung phirong phdp ciee dai wavelet

Ap dung quy trinh trén dé xac dinh toa do
va do sdu cia ngudn qua bién 601 wavelet
Farshard - Sailhac trén so li¢u thuc té, chung toi
da phan tich mét sd tuyen do trong luc trén ban
dd trong luc & dong bang song Ctru Long. Cac
két qua phan tich déu cho thay d6 chinh xac kha
tf’)t2 phu hop voi cac cong bo cua céc tai ligu dia
chat trudc day. Tuy nhién, trong khuon khé bai
bao, nhom chi trinh bay két qua phan tich tuyén
Ca Mau - Soc Trang.

Chung t61 sir dung ban dd trong luc voi ti 1€
1/100.000 duoc cung cap boi Lién doan ban d6
Pia chit mién Nam, dugc do va hoan thanh
nam 2006, thiét bi st dung dé thu thap dit liéu
la may do trong lyc Tensodynamometl cua
Ukraina, nhung s6 li¢u da dugc quy vé mat dat.
Tuyen do duogc chon chay doc duyén hai tir Ca
Mau dén Soc Tring, do dai 113 km, dit liéu
dugc ndi suy voi bude do A= 1 km (hinh 5a).

Hinh 5b la di thuong Bouguer doc theo
tuyén do.

Céac di thuong ndy co ca phan di thudng
duong va di thuong am xen ké nhau. Cuc dai di
thuong c6 gia tri khoang 12 mGal va cyc tiéu
cua di thuong co gia tri 1a -2 mGal.

Hinh 5c¢ 1a gradient di thuong trong luc, &
d6 ton tai hai di thuong manh ¢ gr:in vi tri km
thir 72; 110 va ba di thudong yéu hon & gin km
thir 23, 33 va 83.

~ Dua vao két qua v& dang tri trén hinh 5d, c6
thé xac dinh dugc hai ngudn giy ra di thuong
manh tuong ung vdi hai diém cuc dai do 16n
bién d6i wavelet: (b, = 72,0; a; = 12,2); (b, =
110; a; = 8,8). Trong do, nguén thr hai c6 quy
md va cuong do 16n hon han ngudn thir nhat.

Lay cac gia tri by, b, nhin véi budc do A=
1 km ta dugc toa do cua cdc ngudn gly ra di
thuong trong lyc doc theo tuyén do tuong ing
tai cac km thtr 72 va 110.

_ Dé€ xdc dinh toa d¢ ba ngué)n di thuong nho
lien k€ ¢ km thir 23, 33 va 83 (gan nguon di
thuong manh hon & km thtr 72 va ngudn di thuong
rat manh ¢ km thir 110) nhém nghién ciru da sir
dung tham s6 chuan hoa a™ (v6i n = 1,5) trong
bién ddi wavelet cho boi phuong trinh (12) trén dit
liéu gradient di thuong trong Iuc doc theo tuyén do.
Két qua v& dang trj (hinh 5e) cho thiy xuat hién
thém ba vi tri cuc dai d6 16n caa hé s6 wavelet: (bs
= 23, a’z = 1,30), (b4 =33, a,= 1,50), (bs = 83,
a’s = 0,80). Lay céc gia tri bs, by, bs nhin véi budc
do A= 1 km ta xac dinh toa do ba ngué)n di
thuong nho ung vai vi tri tai km thir 23, 33 va 83
doc theo tuyén do.

Pé xac dinh d0 sau cua cac nguén di thuong
nay, chling t6i v& cac do thi cua log(W/a’) theo
log(a + z) dé tinh chi s6 cu truc.

Hinh 6b 1 db thi cua log(W/a?) theo log(a +
z) g voi ngudn di thuong & km tha 110 trén
tuyén do. Sir dung phuong phép binh phuong
tbi thiéu, phuong trinh dwong thing: Y = -6,4X
+9,2 da dugc xac dinh trén d6 thi hinh 6b, qua
d6 w6e lwong gia tri cia S ~ -6 (biéu thuc 11),
nén tr phuong trinh (7) ta tinh: N=6-2-2 =
2. Nhu vay nguédn di thuong c6 dang gan nhu
hinh ciu, twong tung v6i hé sb k = 0,7794 hoic
k’ = 3,9298 (bang 2). Nhan hé s6 k v6i (az.A)
hodc &’ véi (a’.A), nén d6 sau cta ngudn & km
thr 110 vao khoang 6,9 km. Phan tich tuong tu
cho cac di thuong con lai trén tuyén do, ta thu
duge két qua tong hop trong bang 3.

Bdang 3. Tong hop két qua phén tich cac ngudn di thuong
trong luc lién ké trén tuyén do Ca Mau - Soc Tring

STT Vi tri ngang (km) Bic dongnhat B Chi sb céu trac N Hinh dang tvong @i D6 sau (km)
1 72 5 1 Tru 1,7
2 110 6 2 Cau 6,9
3 23 48 0,8 Via 3,2
4 33 5 1 Tru 53
5 83 6 2 Cau 31

Nhu vdy, su dung phuong phép cuc dai
wavelet, nghién ctru da xac dinh duoc hai ngudn
truong 16n ¢ km thir 72 va 110 véi chi s6 cau

tric, hinh dang va d¢ sau 1a kha trung khop véi
cac cong bo trude do [13]. Ngoai ra, voi sy
chuan hoa tham so ti 18 a” (véi n = 1,5) duoc
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ap dung, két qua phén tich cho thiy ngoai su
Xudt hién cta hai nguon di thuong l6n (voi cac
théng s6 phi hop) con xuat hién ba ngudn di
thuong nhd & cac km thur 23, 33 va 83. Qua
viée tinh chi s cu truc, nghién ctru da dy doan
hinh dang va udc luong do siu cua ba ngudn
nay. Pay chinh l1a dong gop dang ké cua nghién
clru, dinh hudng cho nhing nghién ctru tiép theo
la tmg dung phuong phap nay dé xir Iy lai cac
s6 liéu do dac nham phat hién cac di thuong nho
da bi bo qua bdi cac phuong phap khac, tir d6
bd sung, hoan thién cho két qua minh giai. )

Véi vi tri cac nguén da phat hién trén tuyén
do thyc té, d6i chiéu véi mot so tai lidu khac vé
cau trac dia chat cia khu vyc nghién ctru [14,
15], co thé khang dinh rang cac ngudn nay nim
bén dudi 16p tram tich Kainozoi, ching la da
moéng tién Kainozoi, voi thanh phan chu yeu la
granit, granodiorit, cac thanh tao bién chit va
phun trao.

KET LUAN

Str dung ho wavelet moi - wavelet Farshard
- Sailhac, bai toan nguoc truong thé duogc gidi
quyét dé xac dinh toa d9, d¢ siu va chi sd cau
trdc cta cac ngudn di thuong trong lrc lién ké.
Mot ham twong quan tuyén tinh gitta do sau
ngudn va tham s ti 16 trong bién d6i wavelet da
dugc thiét 1ap khi phan tich cac mé hinh ly
thuyét sir dung phuong phap WTMM. Tham s0
ti 1¢ duoc chuan hoa dé tang do phan giai, giup
viéc phan tich cac ngudn di thuong bé trong hé
lién ké & mat phang ti 1& d6 dé dang, tir d6 xac
dinh dugc dd sau cua chung.

Két qua minh giai di thuong trong luc trén
tuyén do Ca Mau - Séc Tring di xac dinh nim
nguén di thuong lién ké trén tuyén. Trong do, vé
quy m6 gom c6 hai nguon di thuong manh va ba
nguon di thuong yéu hon. Dua theo phan tich
chi s0 cau tric, ta thiy co hai nguon dang cau,
hai ngudn dang tru va mot ngudn dang via voi
toa do, do sau va hinh dang khd phu hop voi
cac cong bd dia chat trude do.
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