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MO HINH HOA VIEC GIAI BAI TOAN NGU'Q'C HAI CHIEU
XAC DINH BOQ SAU CUA MONG TU

PO BUC THANH

I. GIOI THIEU CHUNG

Viéc giai bai todn nguoc trong tham do dia vat li néi chung, trong tham do tu ndi riéng,
nham xéc dinh cac thong s6 cua nguén 12 mot van dé ludn duge cac nha dia vat 1i trén thé gidi
cling nhu & trong nude quan tAm. Nhitng nguyén li chung cua viée giai bai toan nguoc phi tuyén
nay di dugc dwa ra boi Al-Chalabi (1970,1971,1972) va gan day nhét theo hudng nay, LV.
Radhakrishna Murthy va P. Rama Rao (1993) da dua ra thuat toan dé c6 thé xac dinh dugc cac
toa d6 dinh ciia vat thé gay di thuong tir co tiét dién ngang 1a da giac bat ki trong truong hop bai
toan hai chiéu ma trong d6 phép tinh dao ham riéng theo cac bién so dd dugc thay thé chinh
bang viéc tinh di thuong tir cua da gidc nén da tranh dugc tinh khong 6 on dinh cua viée tinh cac
dao ham sb.

Trong pham vi bai bao nay, viéc van dung thudt toan noi trén dé xac dinh do sau cua mong
tlr, mot van dé quan trong trong linh vuc nghién ctru cAu trac siu vo trai dat, da dugce tac gia
nghién ctru va tinh toan thir nghiém trén cac md hinh sd. Cac két qua tinh toan thu duoc vé do
chinh xéc, téc d6 hoi tu cling nhu tinh hién thuc cta viéc chi phi thoi gian xt 1i trén may tinh
cho thay kha ning 4p dung ctia phuong phap

II. CO SO LI THUYET

1. Di thwong tir ciia vét thé hai chiéu cé tiét dién ngang bat ki

Nhu ta biét, dang ctia mdt di thuong trong luc phu thude chi vao hinh dang va sy phan bd
mat do khéi luong p(x, y,z) cia vat gay di thuong, trong khi véi cac di thuong tir thi van dé tro
nén phic tap hon, né phu thudc khong chi vao phan b tir hoa M(x,y,z) ma con phu thudc vao
huéng tir hoa va vao hudng cua trudng khu vic. Dbi véi di thudng tir toan phan thi di nhién,
thanh phan do dugc song song vdi truong tir khu vuc.

Xét truong hop tir héa cam tng va gia sir rang AF(x)1a di thuong tir do duge doc theo
tuyén nam phia trén, vudng goc voi phuong kéo dai cua mot vat thé hai chiéu c6 tiét dién ngang
bat ki duoc xap xi boi mot da gidc N canh. Chon tryc y song song voi phuong kéo dai cua vat
thé, truc x hudng theo tuyén quan sit con truc z hudng xudng dudi. Theo LV. Radhakrishna
Murthy va P. Rama Rao [5], ta c6

AF (0) = 2J'\/1 —(cos® ¢cos® D, ﬁ:sk [(C, cos(¢' — D', )+ S, sin(¢'
k=1

. ) . 7
D'y )by = 0;) +(Cysin(gp = D', ) =S, cos(¢p —D',,)) 1n(;—”‘)] (1)
k
trong d6: N 1a s6 canh cua da giac; o la phuwong vi tir ctia tuyén do.
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Hinh 1. Vat thé gay di thuong tir ¢6 tiét dién ngang 1a da giac bat ki

¢ 1a goc nghiéng cia vecto tir hod; J1a do tir hoa cua vat thé; J' 1a d6 tr hoa hiéu dung, duoc
xac dinh nhu sau

J = J\/l— (cos’ gsin’ @) = KF\/(I —(cos’ gsin’ ax) ,
v6i K, F twong tmg 1a d6 cam tir du ciia vat thé va cuong do cta truong cam ung, con ¢’ 1a goc

tan¢)

CoOsx

nghiéng hiéu dung ctia vecto tir hoa ctia vat thé, né dugc xac boi ¢ =arctan(

0 cho di thuong tir nim ngang.
Dm 1a hudng do voi: ¢ cho di thuong tur toan phan
n/2 cho di thudng tir thing dimg.

et , cosa
D, duogc xac dinh béi: D’,= arctan( ),
tanD,
..z, -z L Xy —X
S, =sini, =L C, =cosi, =——F
T T

con S, Cy, 0, ,6,.,,, v+ 1a cac dai lugng da dugc chi ra trong hinh 1.

Nhu vy, theo cong thirc (1) ta s& tinh dugc di thuong tir cia vat thé co tiét dién ngang 1a da
giac bat ki. Nhu trén d3 noi, bé‘lng cach cho Dm nhan céc gia tri khac nhau ta s€ nhan dugc cac
thanh phan khac nhau cua di thudng tir. Duéi day ta s& chon D, =¢ nén di thuong AF tinh
duoc chinh 1a di thudng tir toan phan AT .

2. Thuét toan gidi bai toan ngwgc

Théong thudng trong trudng hop bai toan hai chidu viéc xac dinh di thuong do mot dbi
tugng dia chit c6 tiét dién ngang bét ki gay ra dugc thuc hién bang cach xap xi tiét dién ngang
cua no bé‘lng da giac N canh. Nhu vay thuc chét cua viée giai bai toan nguoc nhim x4c dinh hinh
dang cua vat thé gdy di thuong tur chinh 1a xac dinh vi tri cac dinh cua da giac sao cho sy sai 1éch
giita di thudng quan sat va tinh toan 1a nho nhat. Véi cac phuong phap ndy qué trinh tinh toan
doi hoi dua vao cac toa d dinh tién nghiém ciia da gic sao cho chung phai dii gan véi cac toa
d6 that thi phuong phap méi c¢6 dd hoi tu tbt.
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Néu vat thé 1a da giac N canh thi cac toa d§ dinh (x;,z,) ciia nd dugc biéu dién bai:
q ’ ar = Xi, Gy =2z (k= 1,N). (22
Tai diém P(Xi) trén tuyén quan sat, di thuong tor AT(X,) do da gidc N canh gdy ra c6 the
viét nhu sau
AT(X;)=f(X,aa;,..., ax) + AX; + B. 3)
Vi cac gia tri ban dau dugc chon - dua trén cac thong tin vé dia chat va dia vat li khéc -
ctia cac toa do dinh cua da giac a®,a?...a’, va cta cac hé s6 phong khu vuc 4°, B di thuong
ban dau dugc tinh theo phuong trinh (3). Su sai 1&€ch gilra di thuong quan sat AT,,(X;) va di
thudng tinh toan AT(X;) dugc biéu dién:
2042 GAT( Xi)

dAT(X ;)= AT, (X,) - AT(X,)= )
k=1 Ay

0 .dak s (4)

trong do:
dak = dxk,' dak+N = de,' k= 1, N
dary + = dA; dayy +» = dB.

Trong biéu thirc (4), X; 1 toa 6 quan st thir 7 trén tuyén con dAT(X;) 1a 46 sai léch gitra di
thuong quan sat va di thuong tinh todn tai di€ém quan sat thir i.
Viéc xay dung cac phuong trinh nham xac dinh cac gia tri da; (bao gém dxy, dz; ,dA ,dB)
Nobs
dugc thuc hién bang phuong phap 1dp thong qua viéc cuc ti€u hoa ham doi tugng Z (dAT,)?
i=1
Vo1 N, 1a so diém quan sat trén tuyén nho ap dung phuong phap cuc tiéu hoa cua Marquardt
[9]. Sau mdi 1an ldp, toa d6 cua cac dinh dugc thay d6i nhu sau:

a, =a) +da, (k=I1,N); A=A4"+dA4; B=B"+dB.

Tién trinh dugc lap lai nhiéu 1an cho dén khi d6 1éch binh phuong trung binh gitra cac gia
tri quan sét trén tuyén va cac gia tri tinh toan dat dén mot gia tri sai s6 cho phép.

Viéce tinh cac di thuong tir A7(X;) theo cac thong s6 ay s& dugc thuc hién theo cong thirc (1)
véi chla y rang ¢ day thir ty cac dinh cua da gidc dugc tinh lan luot theo chiéu kim dong ho.
Nguoc lai, néu ching dugc tinh ngugc chiéu kim dong ho thi di thuong tir sé&:

AT ypcper = —ATrgpepa -

Dé tinh cac dao ham riéng phan cta di thuong tir theo cac thong s6 x; va z, voi k = I, N, ta
chi viéc 1y vi phan phuong trinh (1) theo cac thong s6 d6. Tuy nhién, viéc tinh cac dao ham s6
nay ciing c6 thé dugc thay thé boi chinh vi€e tinh di thuong tir cua da giac [5]. Cach tinh nay
cho phép tranh dugce tinh khong 6n dinh cua viée tinh cac dao ham s trong qua trinh tinh toan.

1. MO HINH VA KET QUA TiNH TOAN

Trén co s& thudt toan giai bai toan nguoc da trinh bay & trén, trong phan nay, ta tién hanh
viéc thir nghi€ém ap dung ching nham xac dinh d6 sau cua moéng tr trén mot moé hinh bai toan
hai chiéu cu thé. Pé 1am duoc diéu do, trude hét ta tién hanh giai bai toan nguoc nham xéc dinh
toa do cac dinh ctia mot vat thé co tiét dién ngang la da giac bat ki theo tai liéu di thudng tir toan
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phan AT ciia nd. Viéc tinh toan dugc thyc hién boi chuwong trinh méy tinh viét bang ngén ngir
Fortran theo thuat toan giai bai toan nguogc da dugc trinh bay ki & phan trén.

1. M6 hinh vat thé bi tir héa
a. Céc théng s6 ciia mé hinh

Vit thé c6 dang ding thudc bj tir hoa véi goc nghiéng tir hda lan luot duoc 1ay bang 90° va
45° Kich thudc cua vat thé ciing nhu cac thong s lién quan t6i su tir héa cua nd va tuyén do
dugc dua ra trong bang 1. Trong bang nay, 4 va B 1 cac thong sb ciia phong khu vuce, duoc gia
dinh 14 c6 dang tuyén tinh.

Bdng 1. Cac thong s6 cia mo hinh

Toa d6 cac dinh cua vat thé | Cac thong s6 lién quan t6i sy tir hoa ctia cac vat thé va tuyén do
Toa do Gia tri (km) Théng sb Gia tri
X 14,00 Do tir cam du 0,015(ST)
Z 1,00 Phuong vi tir ciia tuyén do 0,0 (d9)
X5 18,00 Do tir khuynh 90 (d9)
7 1,00 S6 diém quan sat 65
X3 18,00 Khoang cach 0,5 (km)

b. Két qua tinh todn

O day, két qua tinh toan dugc dua ra chinh la céac toa d6 dinh cua vét thé xac dinh duoc &
lan lap cudi cing khi giai bai toan ngugc theo thuat toan di trinh bay ¢ trén. N6 duge dua ra
trong bang 2. Két qua tinh toan cho thiy do chinh x4c cta viée giai bai toan ngugce khong hé bi
giam di khi c6 mit phong khu vue co dang tuyén tinh. D6 ciing chinh 1 wu diém ndi bat cua
phuong phép giai bai toan ngugc nay.

Bang 2. Két qué tinh d6i voi mo hinh 1 khi khong c6 phong tuyén tinh va khi c6 phong tuyén tinh

x, z (km) ¢ 1an 1dp cudi | x, z (km) 6 lan lap cudi
86| x,z(km) | x,y(km) | Doléch | Kkhikhongcé phong khi c6 phong tuyén
TT | mo hinh ban ddu | du (km)| tuyéntinhkhico A, B tinh

[=90° \ I=45° 1=90° I=45°
1 |14,00; 1,00 [12,00;3,00 |2,828  [14,00; 1,00 |14,00; 1,00 |14,00; 1,00 [14,00; 1,00
2 |18,00; 1,00 [16,00;3,00 |2,828  [18,00; 1,00 |18,00; 1,00 |18,00; 1,00 [18,00; 1,00
3 |18,00; 7,00 |16,00;9,00 |2,828  |18,00; 7,00 |18,00; 7,00 |18,00; 7,00 |18,00; 7,00
4 |14,00; 7,00 [16,00;9,00 |2,828  [14,00; 7,00 |14,00; 7,00 |14,00; 7,00 | 14,00; 7,00
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Hinh 2. Két qua giai bai toan nguoc cho truong hop 1= 90° va I = 45° khi
khong c6 phong tuyén tinh (a, b) va khi c6 phong tuyén tinh

—— AT quansat —--- ATbandau O AT tinh toan

---- M0 hinh thgye ——- M0 hinh ban ¢du + M3 hinh tinh toan

2. M6 hinh 2: M6 hinh méng tir

a. Céc théng s6 ciia mé hinh

Mo hinh méng tir dugc dua ra khao sat 6 d6 cam tur du 3 = 0,015 SI, c6 goc nghiéng tir
hoa 1an luot duoc chon 1a 7 = 90° va I = 45°. Tuyén quan st co khoang cach gitra cac diém quan
sat Ax = 1,0 km, c¢6 chiéu dai L = 46 km duogc gia dinh bao hét ca phan thay doi do siu cua
mong va c6 goc phuong vi a = 0°. Mat dudi H, cua méng duoce gia dinh 1a phéng va nim & do
sau hai muoi km. Mat trén H| ctia méng doc theo tuyén quan sat c6 d6 sau dugc dua ra trong
bang 4. Str dung thuat toan giai bai toan ngugc da trinh bay ¢ trén ta thiy ¢ day thuc chat ciia
viéc xac dinh d6 sau to1 mat trén ciia méng ¢ tung di€ém quan sat chinh 1a viéc giai bai toan
nguoc xac dinh toa d¢ dinh ciia mot da giac N canh ma trong d6 canh thir N chinh la doan thing
nam tring voi mat dudi va co chiéu dai bang chiéu dai phan thay ddi d6 sau ctia méng ti.

b. Két qua tinh todn

O day, két qua tinh toan dugc dua ra chinh 14 do sau téi mit trén ctia mong ¢ ting diém
quan sat xac dinh dugc & lan lap cudi cung khi giai bai toan nguoc theo cac budc da trinh bay &
trén. N6 dugc dua ra trong bang 3, trong cac hinh 3 va hinh 4 duéi day.
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Bdng 3. Két qua tinh trén md hinh g vdi cac goc nghiéng tir hoa I=90° va I =45°

STT Z (km) Z (km) D6 léch Z (km) cudi D6 léch cudi (km)
mo hinh dau dau (km) 1=90 1=45 1=90 =45
1 5,000 5,000 0,000 5,000 | 5,000 0,000 0,000
2 4,830 4,700 0,130 4,831 | 45835 | -0,001 -0,005
3 4,670 4,350 0,320 4,668 | 4,655 0,002 0,015
4 4,500 4,000 0,500 4,505 | 4,521 | -0,005 | -0,021
5 4,280 3,650 0,630 4272 | 4,260 0,008 0,020
6 4,060 3,400 0,660 4,070 | 4,074 | -0,010 | -0,014
7 4,060 3,130 0,930 4,050 | 4,051 0,010 0,009
8 3,720 3,000 0,720 3,726 | 3,724 | -0,006 | -0,004
9 3,390 2,870 0,520 3,387 | 3,389 0,003 0,001
10 3,170 2,750 0,420 3,171 | 3,170 | -0,001 0,000
11 2,890 2,650 0,240 2,800 | 2,890 0,000 0,000
12 2,720 2,500 0,220 2,720 | 2,720 0,000 0,000
13 2,330 2,500 -0,170 2,330 | 2,330 0,000 0,000
14 2,220 2,650 0,430 2,220 | 2220 0,000 0,000
15 2,220 2,750 0,530 2,220 | 2,220 0,000 0,000
16 2,560 2,870 0,310 2,560 | 2,559 0,000 0,001
17 2,720 3,000 -0,280 2,720 | 2,721 0,000 -0,001
18 3,110 3,130 0,020 3,110 | 3,107 0.,00 0,003
19 3,440 3,400 0,040 3,440 | 3,444 0,000 -0,004
20 3,670 3,650 0,020 3,670 | 3,664 0,000 0,006
21 4,000 4,000 0,000 3,999 | 4,007 0,001 -0,007
22 4,330 4,350 0,020 4331 | 4324 | -0,001 0,006
23 4,670 4,700 -0,030 4,670 | 4.673 0,000 -0,003

nT

Km

Hinh 3. Két qua giai bai toan nguoc xac dinh d sau mong tir cho truong hop 1= 90°

Km

Km

2000 —

—— AT quan sat —-- AT bandau O AT tinh toan
-=-=- MO0 hinh thuc

——- MO hinh ban ddu + M9 hinh tinh todn
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3.Nhan xét

- Viéc giai bai toan nguoc hai chidu xac dinh d6 siu t6i mong tir theo phuong phap nay cho do
chinh xac kha cao. O lan 1ap cuoi, di thuong tinh toan hau nhu tring Khit véi di thuong quan sat.

- Bang céach thay doi cac gia tri khac nhau cta thong sé D, , viéc giai bai toan ngugc xac
dinh d¢ sau t61 mong tur co thé dugc thuc hién cho cac thanh phan khac nhau ciia trudng tir: di
thuong tir toan phan, di thuong tir thing dimg va nim ngang.

- Puong cong biéu dién sai s6 binh phuong trung binh giita di thuong quan sat va tinh toan
O céc lan 1ap Umg vdi céc truong hop khac nhau ctia goc nghiéng tir hda hau nhu hoan toan trung
nhau. Pi¢u d6 cho thay toc d6 hoi tu cua phuong phap khong phu thudc vao goc nghiéng tir hoa
cua mong.

- Viéc xac dinh d6 sau to1 mong tir theo phuong phap nay con cho phép lam giam bot dang
ké thoi gian st dung trén may do tdc d6 hoi tu nhanh va on dinh ciia phuong phép.
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SUMMARY

MODELLING OF 2 -D MAGNETIC INVERSION TO DETERMINE THE DEPTH OF
MAGNETIC BASEMENT

In this paper, the magnetic inversion scheme presented by /. V. Radhakrishna Murthy and P.
Rama Rao(1993) to determine the coordinates of the vertices of the two-dimensional polygonal
cross section is applied to determine the depth of magnetic basement, an important problem in
the field of studying deep structure of the Earth’s crustal. The results received by
experimmentally calculating on the mathematical models in respect of precision, convergence as
well as computer time show the ability of application of the method.
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