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UNG DUNG PHUONG PHAP COMPACT
TRONG GIAI BAI TOAN NGUQC TRONG LUC

Nguyén Hong Hai*

Tém tit

Viéc giai bai toan nguoc nham xdc dinh vi tri va hinh dang cua nguén di thuong,
ddc biét la xdc dinh mat méng két tinh trong tham do dau khi. Do d6, dd c6 nhiéu phwong
phap dwoc dua ra. Bai bao nay trinh bay hai noi dung chinh (a) xdy dung phuong phap giai
bai toan nguoc trong lyc s dung mo hinh Compact va (b) dap dung tinh toan trén cac mo
hinh. Két qua dat dwgc cho thdy phwong phdp nay la kha thi, c6 kha nang thwe hién va thir
nghiém trén cdc dit liéu trong lwc bang mdy vi tinh.

Tw khéa: bai toan nguoc, di thuong trong luc, phuwong phap compact, moé hinh 2D

1. M& dau

Trong tham do trong luc, cac dir liéu do dac duoc thuc hién cac phép hiéu
chinh can thiét trugc khi st dung. Trong dé, gia tri di thuong trong luc Bouguer
duoc str dung dé phan tich va giai doan nham tim hiéu cac ddi twong dia chat ma yéu
cau thyc té doi hoi.

Viéc xac dinh vi tri, hinh dang, kich thuéc, chiéu sau cua di vat trong giai
doan tai liéu trong luc la muc tiéu chu yéu cua viéc giai thich dinh Iugng; trong do
nguoi ta thuong st dung phuong phap giai bai toan nguoc trong luc.

Hién nay, c6 nhiéu k¥ thuat giai doan tai liéu trong lyc [1], tuy c6 ciing muc
dich 14 giai bai toan ngugc trong tham do trong luc nhung mdi loai ¢6 qua trinh tiép
can van dé khac nhau nhu: cic phuwong phap truyén théng; phwong phap tién,
phuong phap nghich dao. Trong bai bao nay, toi trinh bay viéc xay dung phuong
phép giai bai toan nguoc trong luc sir dung két hop phuong phap Compact. Vi cach
giai nay hira hen c6 kha nang tng dung lap trinh dé giai nhanh va chinh xac bai toan
bang may vi tinh.

2. Co sé ly thuyét
2.1. M6 hinh nghién ciru
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Hinh 1: M6 hinh 2D gém cac khéi hinh ché nhat

* ThS, Truong Pai hoc An Giang
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M6 hinh dugc st dung 1a mé hinh dwgc phat sinh bang phuong phéap
Compact, 1a md hinh hai chiéu (2D) bao gom cac khoi hinh chix nhat ¢é dinh chua
cac gia tri hiéu mat d6 nhu hinh 1.

Khi d6 di thuong trong luc do tat ca cac khdi hinh chit nhat gay ra tai diém
quan sat thir i duoc tinh bai cong thirc:

M
g; = Zﬂ:j'ﬂ'p}' [2'1]
j=1

voi,i=1,..N
Ap; 1a higu mat do tai khéi thir j; a; 12 ma tran phan tar dai dién cho anh
hudng cua cac khéi thi j 18n trong luc tai diém i (tinh boi cong thirc 2.2)
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Hinh 2: Dj thurong trong luc gay ra baoi mét hinh chiz nhdt thit
l&n mgr diém quan sét thiz i
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ﬂ:_j' = EG."".d [2.2]

trong cong thuc trén, ry, 1y, rs, 4 1a khoang cach tir diém i dén cac dinh cua
hinh chir nhat tha j.
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r-rf = (Zj B g) + (x: A g)
,, 2 m*
= (Zj + E_) + (x: A E) (2.3)
,, 2 - |
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,, 2 Ry *
2 = (zi + E) + (x: e E)
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va 0y, 0, 03, 0, 12 g6c hop bai cac canh ry, 1y, 13, 1, VGi mat dat

- h II' h -
8, = arctan (x: —x;+ E)ff (zj- - E)
- h: ; h: :
8, = arctan (x: —x; + E)ff (Zj + E)
- hy e (2.4)
8, = arctan (x: — X — E)ff (zj- - E)
- }?: ; }?: :
8, = arctan (x: —x;— E)ff (Zj + E)

Ghg 12 hang s6 hap dan; h, d 1a bé rong va bé ngang ciia mdi 6 chit nhat; z; 1a
do sau cua 0 thir j; x; 1a toa do clia diém quan sat P, x; 14 toa do chiéu ngang cua 6
th j.

Nhu v@y, méi mét 6 cha nhdt sé chira mét gid tri higu mdr do Ap; va ing véi
méi diém quan sat P;ta sé thu dwot mét gia tri di thwong trong lic do tat cd cac 6
nay gay ra.

2.2. Xdy dung nguyén tic giai bai todn ngwoc trong lwc két hop phwong phdp
Compact

Trong phuong phap Compact, ta so sanh gia tri di thuong trong luc quan sat
va gid tri thuong trong luc cua mé hinh bang céng thic:

[Al. [V] = [C] (2.5)

Trong cong thic nay, A 1a ma tran chira m gid tri dau vao a;; cho n diém do -
n6 dai dién cho anh huong caa céc & hinh chir nhat 1én cac diém quan sat va V la
vector chira cc gid tri hiéu mat d6 cua cac 6, G la vector di thuong trong luc quan
sat. CAc gia tri hiéu mat do ban dau duoc khai tao ngdu nhién. Véi cach khoi tao nay
s& cho gi4 tri trong luc quan sat va cho gié tri trong lec ly thuyét (mé hinh) khong
bang nhau va ta st dung phuong phap Compact dé diéu chinh cac hiéu mat do caa
cac 0 chir nhat cia mé hinh. Phuong phap Compact dugc dua ra bai Last va Kubik
[2] bang phuong phap binh phuong téi thiéu, day 1a phuong phap thir sai nhung cho
két qua nhanh va chinh xac cao.

Biéu dién vector A, V, G dudi dang ma tran nhu sau:

(@11 - Gy El ‘1 51\
A= ( ); v=| "% |c=| "2 (2.6)
1 e O/ [,?w / Gw |

Tuy nhién, phuong phap Compact doi hoi mot ham cuc tiéu hod sai sb cia
hiéu mat do va ving phan bé mat do.

V= agrminS(V) (2.7)
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Trong d6 V 1 cac gia tri V phil hop nhét (hidu mat do can tim), S 13 binh
phuong cua sai s6 dugc dinh nghia nhu sau:

mn

S(V) = Z(C —ZA ) =Z-rf (2.8)

=1
Vi i 12 chi s6 dé chi gi4 tri tai diém do thi i; r; 12 sai s6 tai diém thu i.
S dat gié tri nho nhat khi dao ham cua nd theo V bing 0. Lay dao ham cip
mot caa S(V), ta sé duoc:

j—ij=2“r__22(f_zjakvk)( Ay) (2.9)

Dé cuc tiéu S ta co:

2 i (G: - i A:Mx) (—4,)=0 (2.10)
i=1 k=1 /

Sau khi sap xép lai ta dugc phuong trinh (2.11):

ZZA Akvk—ZA G, (2.11)

1=1k=

,Voij=1,2,...m
hay: (ATA)V, = ATG (2.12)

Suy ra: V=(ATA)"LATG (2.13)

Aitken [3] da chiing minh rang, néu ta thém céc trong s6 W;; bang gia tri
nghich dao cua sai s6 binh phuong vao s& giup cho S nhanh chong dat gié tri cuc
tiéu hon.

S = Z W12 (2.14)

. 1 ‘s N Ar A LA 3 , v s ,
trong do6, W;. = ——, voi € la mot so v cung bé, dugc chon tuy bai toan
44 f4e

hoac bang 108,
Pao ham bac nhat cua sai s6 trung binh binh phuong s& tro thanh:

—zz W, W =0 (2.15)
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Tiép tuc khai trién sé c6:

Z Z AAyVy, = Z A WG, (2.16)
=1

i=1 k=1
hay: (ATA)V, = ATWG (2.17)
Vdy gia tri V mong muén Ia: V= (ATwa) LATWG (2.18)

Quaé trinh nay duoc I3p lai nhiéu 1an. Céng thac 1ap cho lan lap thir g cho bai:

T = {[H_rq—l]—lAT[A([_.L.fq—lj—lﬂr]—l}(“r (2.19)

Va ma tran trong s6 W 1a mot ma tran duong chéo, cac gia tri ban dau cua
ma tran W duoc gan bang 1; sau d6, ctr mdi lan tinh c6 duoc gia tri cua hiéu mat do
V, diing gié tri cua V dé cap nhap gia tri caa W theo cong thuc Iap nhu sau:
[Wa-i].. = ; (2.20)

i Fg=17
I. o I| +E

Vong lap chi két thuc khi ving phan bé mat ¢ nho nhat dugc tim thay.

Tom lai, ving phan bé hiéu mdr dé ban dau rdt 16n va roi rac nhung sau khi
sur dung phuwong phap Compact chi ¢0 hiéu mdt cua vung chua di vdt dwoc giw lai,
cac ving khac sé by triét tiéu. Do dé hinh dang va dé sau cua di vét dwroc tim thdy.

3. M6 hinh va két qua ap dung tinh toan
3.1. M6 hinh thir nhét - Dj vét hinh chit nhdt
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Hinh 3: M6 hinh thir nhat
Hinh 3 1a mé hinh dé tim 1oi giai, gém céc hinh vudng canh 1a 10m, c6 13 &
theo chiéu ngang (ang véi 13 diém do) va 4 6 theo chiéu doc, vay M = 13x4 6
vudng; di vat s nam trong sau 6 nam lién ké nhau duoc t6 den c6 Ap = 2,5g/cm”.
Bén trén la gia tri trong luc cia mé hinh dugc xem la gid tri di thwong quan sat.
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Nhu vay twong ¢ng véi mot diém do sé& c6 52 gid tri dau vao. Do d6, tap mau
huan luyén s& c6 13 cot (do c¢6 13 diém do), mdi cot s& ¢ 52 gié tri. Khi do, trong sb
(céc gia tri hiéu mat do) ciing s& ¢6 52 gia tri twong ung duoc chon ngau nhién. Sau
7 1an 13p két hop véi luong tir hoa thi di vat duoc tim thay. Hinh 4 12 két qua caa lan
lap thar nhat va Hinh 5 1a két qua cua lan lap thi bay.
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Hinh 4: Céc gia tri hiéu mdt do sau lan ldp dau tién ciia mé hinh thir nhdt
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Hinh 5: Cac gia tri hiéu mdt do sau lan ldp thir bay ciia mé hinh thir nhdt

3.2. Mé hinh thir hai - Dj vit la ba hinh chit nhit xép léch nhau

Mo hinh thar hai gdm céc hinh vudng canh la 10m, c6 13 6 theo chiéu ngang
(ang véi 13 diém do) va 3 6 theo chiéu doc, vay M = 13x3 6 vudng; di vat s& nam
trong bon 6 nam roi rac nhau dugc t6 den c6 Ap = 1g/cm?. Tuong tu, sau 8 1an lap
két hop véi lugng tir hda thi di vat dugc tim thay.
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Hinh 6: Mo hinh thir hai
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Hinh 7: Cac gia tri hiéu mdt do sau lan lap thwr tam cua mo hinh thu hai
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3.3. M6 hinh thir ba - Di vit la ba hinh chii nhit xép song song
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Hinh 8: Mo hinh thir ba
Mo hinh tht ba gdm cac hinh vuéng canh 12 10m, c6 13 6 theo chiéu ngang
(tng vé6i 13 diém do) va 4 6 theo chiéu doc, vay M = 13x4 & vudng; di vat 1a ba hinh
chir nhat xép song song c6 Ap lan luot 1a 1; 2; 3g/cm®. Tuong ty, sau 10 1an lap két
hop véi luong tir héa thi di vat dugc tim thay.
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Hinh 9: Cdc gia tri hiéu mdt do sau lan lap thir muwoi cua moé hinh thir ba

3.4. T uyén di thwong Bouguer adm ¢ An Giang

u

Hinh 10: Di thuwong Bouguer am An Giang
Tuyén di thuong Bouguer am An Giang c6 truc 1éch vé phuong Bic mot goc
40°, mit cit ngang di thudng theo phuong Ty Bic — Pong Nam. Do rong di thudng
khoang 35km, dai 40km, gia tri cuc tiéu 1a -26mGal.
Tuyén khao sat c6 33 gia tri Ag, cac diém cach nhau 1km chay qua ving
trung tAm cia di thudng va cit thang goc vai truc cua di thudng.
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M0 hinh: khoang cach cac diém do 1a 1km, nén mé hinh gém 33x30 = 990 6
chit nhat (ngang 33 6, doc 30 6), mdi 6 co bé ngang 1km, bé siu 0,1km.

Két qua: Hiéu mat do tim dugc Ap = -0,46985 (glcm®), gén béng voi gia tri
trung binh cua toan ving 1a Ap = -0,455 (g/cm®) [4], su khac biét c6 thé 1a do két
qua phén tich thé hién tri hiéu mat d6 dija phuong ciia ving An Giang, sai s trung
binh binh phuong E = 2,7394.107, thoi gian thuc hién chuong trinh t = 6,942(giay).
Do thi cho thidy mit mong két tinh kéo dai tir phia Tay Bic ¢ do sau 0,4 km sau dan
dén d6 sau cuc dai 1,4 km va dbc nguoc vé phia Dong Nam dé dat do sau khoang
0,5 km, do sau trung binh cua toan vung la 1 km.
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Hinh 11: P6 thi biéu thi gia tri quan sat, gia tri tinh todan
cua di thuwong Bouguer dm An Giang
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Hinh 12: D6 thi biéu thi hinh dang va do sau cua mat mong két tinh (mau do)
qua phan tich di thwong Bouguer am An Giang

Két qua tinh bang thuat giai di truyén [5] cling cho két qua gan giéng véi két
qua trén; tuy nhién, thoi gian thyc hién chuong trinh lau hon t = 7,2729 phtt va sai
sO trung binh binh phuong tdi thiéu 16n hon E = 0,00254294.
4. Két luan

Trén co s& gigi thigu moé hinh 2D nghién ciu vé di thudng trong luc, bai bao
d3 trinh bay nguyén tac giai bai toan nguoc trong luc - bai toan xac dinh d6 sau cua
ngudn gay ra di thuong trong luc khi co gia tri di thuong do trén mat dat (cac gia tri
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di thuong Bouguer d3 hiéu chinh) — trén co s két hop phuong phap Compact dua
trén nén tang 1a phuong phap binh phuong tdi thiéu - mot phuong phap thir sai.

Két qua tinh toan trén mo hinh va dir liéu di thudng Bouguer am An Giang
v&i phuong phap Compact la phu hop. Véi cach hiéu chinh d6 sdu caa mé hinh dua
VAo sai s6 cua gia tri trong luc quan sat va gia tri trong luc cia md hinh bang phuong
phap nay, hira hen ¢ kha nang @ng dung lap trinh dé giai nhanh va chinh xéc bai
toan trén may vi tinh.

Véi viée khoi tao mo hinh ban dau sir dung phuong phap Compact gitp cho
Compact c6 thé giai dugc bai toan nguogc trong luc trong ca trudng hop khong thé
biét hiéu mat do. Pay chinh 1a diém dic sic cua phuwong phap Compact vi mot sd
phuong phap khac khong thé thuc hién, hodc bai toan kho hoi tu khi mé hinh ban
dau dugc chon khong gan voi 101 giai — diéu ma kho thyc hién khi ving nghién ctu
chua dugc khao sat k¥ vé dia chat.

Tuy nhién, gidi han cua nghién ctu chi gidi bai toan 2D trén cdc md hinh va
tuyén di thuong Bouguer 4&m An Giang. Trong diéu kién cé thé, toi s& phat trién dé
tai nay ¢ nhiéu ving nghién ctru va mo rong giai véi bai toan 3D0
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Abstract

Application of Compact method
to solve the inverse gravity problem

Inverse problem — to determine the location and the shape of source, especially to
determine the crystal basement in oil exploration — is not a unique solution, and there have
been many methods proposed to solve it. This article introduces two parts: (a) Building the
solution of gravity inverse problem by using Compact bodies and (b) application for
calculation in some models. The results have shown that the proposed method was possible
and applicable for implementation and test on the synthetic gravity data by computer.

Keywords: inverse problem; gravity anomalies; Compact method, 2D model



