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MO HINH HOA VIEC GIAI BAI TOAN NGUO'C BA CHIEU XAC
PINH CAC THONG SO VAT THE VA PO SAU CUA MONG TU

PO pU'C THANH, NGUYEN BINH CHIEN

L. MO D AU

Nhur ta da biét, viéc giai bai to4n nguoe xéc dinh d§ sdu cia méng tir ludn gitt mdt vai tro
quan trong trong qua trinh phén tich, xir li s6 liéu dja vit 1i nhim ngién ciru chu tric siu vo trai
dat. Chinh vi vdy, bai toan nay ludn danh dugc sy quan tim hang dau cta cac nha dia vt li trén
thé gigi ciing nhu trong nude. Tuy nhién, dé giai dugc bai toan nguge, dic biét 13 bai todn nguge
ba chidu xac dinh d6 siu ciia mong tir, trude hét ta cin dua ra duge thuit toan nham xéc dinh di
thuéng tir toan phan AT clia nd sao cho chinh xac, nhanh va thusn tién hon ca cho viéc tinh toan.
Cho t&i nay, trén thé gidi da cé rit nhiéu cac phuong phap khéc nhau dirge céc tic gia dua ra dé
tinh di thudng tir toan phan clia méng tir nhung trong dé, viéc chia nhé n6 ra thanh cac ling tru
thing dimg dat canh nhau vin 14 md hinh duoc sir dung réng rdi hon ca. Theo hudmg nay,
Bhaskarva Rao va Ramesh Babu [1] d4 dua ra dugc thuat toan tinh dj thirdong tir toan phan gay ra
béi vat thé cd dang hinh ling tru thing dimg bj tir hoa trong trudng tir trai dit dé tir d6 xac dinh

'du'gc di thuong tir toan phan cia mong tir.

Trong khutn khé bai bao nay, thuit toan néi trén dd duoc chang t6i nghién ciru 4p dung va
phét trién dé giai bai todn nguoc nhim xac dinh d6 sdu ciia méng tir theo phuong phap lua chon
¢6 diéu chinh qué trinh hdi tu nghiém ciia Marquardt [7]. Viéc mé hinh héaciing dd dugc ching
t6i thiét lap va tinh toan thir nghle;m trén mot s0 md hinh cu thé trong truong hgp bai toan ba
chiéu. Nhung két qua thu dugc vé db chinh xac, tbc d6 hi ty, tinh kha thl vé thoi gian tinh trén
may cho thay kha nang ap dung cua phwong phap khi phan tich va xi i s6 liéu do dac ngoai thuc
té tai cac co s& san xuét

I1. XAC DINH DI THU(‘)'NG CUA MONG TU

Dé tinh di thudng tir trén miit phang Oxy ghy ra bdi vét thé hmh lang trtf ¢6 d6 tir hoa bét
ky, ta chon hé toa d§ vudng goc ¢6 goc O duge dit trén mit phing quan sat, {ruc Ox huong theo
cuc bac dia Ii, truc Oy theo hudng dong, truc Oz hudng thing dimg xudng dll'()‘l Luéi diém quan
sat nim song song v&i cac truc Ox va Oy (hinh 1).

Vé&i cach g:h(_)n hé truc toa dd nhu gren, Bhaskarya Rao va Ramesh Babu [1] di dua ra
phuong trinh dé tinh dj thuong tr tai diém P(x,y,0} bat ky cua vét thé ¢6 dang lang tru thing
dimg co6 cac mit bén song song va&i céc truc toa d§ nhur sau:

AT(x,y,0) = GF +G,F, +G,F,+G,F, +GF, ()
trong 46 G,G,.G,,G,,G, la cic hing sé vai:
G =JMr+Ng),G, =J(Lr + Np),G, =J(Lg+ Mp). G, =J(Nr —Myg), G, =J(Nr~Lg),
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& day: J la dj tr hoa; LM, N 1a cac cosin chi phuong cia vecto tir hod cla vt thé;
p.q.r 1a cac césin chi phuong cila véc to cuong dd truong tir trai  dit;
F,,F,,F,,F,,F; 13 cac ham s6 ctia toa d6 diém quan sét, vi tri va kich thuéc vét thé [1].
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Hinh I. M6 hinh ling tru thing ding

Trudng hop cidc mit bén cua ldng tru khong song song v&i céc truc toa d§ ma tao vdi ching
mot goc 8, ta chon hé truc toa dd méi Ox v sao cho cidc mit bén nay song song vdi cac truc toa
d% méi con g toa d6 O van giir nguyén. Méi 1ién hé gitra cac truc toa do mai va cii la:

x =xcosf+ ysing, y =-xsinf+ ycosé. *

Trén day ta da dua ra biéu thirc xac dinh dj thudng tir toan phén ciia mét lang try thing
dirng bi tir hoa. Pé xac dinh dj thudng cia maéng tir, ta chia no ra thanh céc lang tru thfing dung
dat canh nhau. Khi d6 di thudng tir toan phan AT cia moéng sé& duge xdc dinh bang cach lay tong
di thudmg ciia tat ca cac ling tru nay:

AT(I, yso) = i 2 AT:,. (x9 yso) » (2)

trong d6 M, N tuong (mg 1a s6 lang tru dugc chia theo cdc true x va y ¢on ATU (x,1,0) ladi
thudmg tir toan phan ciia lang try thit (i, j) tai diém (x,,y,,0) duoc xac dinh theo (1).

IIL. XAY DUNG THUAT TOAN GIAI BAI TOAN NGUOC

Tai diém P(X, Y,) trén tuyén quan sat, dj thuong tir AT(X, .Y} do lang tru bj tir hoa gay ra
c6 thé viét nhur sau

AT(X, ’ Y ) =f(‘kvh I{f ;xhxz,---xlz)

trong d6 céc théng sb x,,x,,... x; twong img 14 cac thong s6 lién quan t&i kich thude hinh hoc cia
vat thé hinh lang try, d6 chinh 13 cac toa d6 nim ngang, thiang dimg a,. a;, b, by, hy, h; va géc
nghiéng & cia ling try so vdi phuong béc dia 1i; con xyxo....%; trong Ung la cac thong sb lién
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quan tGi sy tir hoa cha vat thé, d6 chinh 1a d6 tir hoa J, d6 tir khuynh va dé tr thién cda véc to tir
hoa cua vit cling nhu cia trudmg tir trai dat 1,.D 1, D,.

O day, viéc giai bai toan nguge nhim xdc dinh céac thong sb a, (k =1...10) ctia vat thé b
tir hoa dugce thuc hi¢n theo phuong phap Iua chon. Xuét phat tir md hinh gia dinh ban dau duwgc
dua ra dya vao cac thong tin vé dia chét va dja vat li khac, di thudng ban diu s& dugc tinh theo
phuong trinh (1). Sy sai léch giita di thuong quan sat A7,.(X,Y,) va di thuéng tinh toan
AT (X, Y, tai diém quan sét thir (i) :

dAT(X,.Y) = AT, (XY )~AT,(X,)= Z , (3

-
I

aAT(X,, Y, )I
s€ duge sir dung dé xac dinh gia sb da, cua cac thong sd cin xac dinh, trong doé af la cac thong
s6 gia dinh ban diu cua vat thé. Viéc xdy dung céc phuong trinh nhdm xac dinh céc gid tri da

dugc thyc hién bing phuong phap lip théng qua viéc cuc tidu hoa ham dbi tuong
AN

Z (dAT(X..Y; )2 nho 4p dung phuong phép cuc tiéu hod ciia Marquardt [2].

i =1
1v. MO HINH HOA VA KET QUA TiNH TOAN

Trén co s& ap dung thudt toan giai bai toan ngwrge theo phurong phap lyra chon ¢ diéu chinh da
trinh bay & trén, trong phin nay ta tién hanh vige giai bai todn nguoe nhdm xac dinh cac théng sé
hinh hoc a,,bj,h a,.b,,h ,0 cing nhu cac théng sb lién quan t6i sy tir hod cla vat thé J,7,D
trén mét s6 md hinh toan ba chiéu cu thé; d()‘]é md hinh gém nhidu vat thé co dang ldng try
thang dirng va mé hinh cia mdt méng tir ba chicu.

1. M0 hinh cic vit thé
a. Cdc théng sé ctia mé hinh

Trudng hop nay dbi tugng gay di thudng gdm ba lang try thing dimg bi tir ho nghiéng, c6
géc nghiéng tir hoa déu 1a 1 = 45°. Trong ba lang try ndy mét Hang try b cac canh song song
v&i cac truc toa d0 (9 =0") con hai lang tru con lai cé cac canh khong song song véi céc truc toa
do (6 =-18.435" va @ =-45"). Dj thudng tir toan phan do né gy ra (hinh 2a) duge xé4c dinh trén
mit phiang xOy (mjt quan sat) theo mdt mang ludi 6 vudng trong do sb diém quan sat theo cic
truc x.y ciing dugc ldy 13 M = N =32 diém; khoang céach giira cac didm & Ax=Ay=1km. D§
tir thién va géc nghiéng tir hoa ciia trudng khu vue lin luot dugce chon 1& D, =0,01° va 7, = 30°

b. Két qua tinh todn

Két qua giai bai todn ngugc bao gom cac thong sé hinh hoc, cac thong sb lién quan téi sy
tir hoa va df siu cia vt thé duoc dua ra trong bang 1. Dj thudng tir toan phén ¢ lan 13p d4u tién,

lan 13p cudi cing cling nhu do 1éch cia di thudng & hai lan 18p nay dugc dua ra trong cac hinh
2b, 2¢ va 2d duéi day
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Bang 1. Két qua giai bai toan nguoc xac dinh cac théng sb cla vat thé

STT Théng 8§ a, a, b, b, h, h, D 1 [} J
v o thé {km) (km} {km) {km} (km) (k) (89) (43) (d3) (Afm}
) M& hinh 6,000 ' 12,000 20,000 26,000 1,000 7,000 0,050 45,000 0.000 0,500
l , IBl|l1 ddu 7.000 13,000 21.000 27,000 2.000 8,000 5,000 30,000 0,000 0,200
Lé&n 1ap cudi 5,991 11,891 20,021 26,022 1,003 6,988 0,500 .44,992 -0.020 0,501
M hinh -3.000 3,000 31,940 35940 1,000 7.000 0,060 45,000 -45,000 0,500
! Ban diu -2,000 4,000 32,940 36,540 0,500 8,000 5,000 20,000 -45,000 0,300
Lin 1&p cudl -2,998 2,995 31,946 35,949 0,997 7.065 0,573 44,890 -44,994 0,498
M& hinh 13,750 20,070 12,500 18,825 1,000 7.000° 0,050 45,000 - -18,435 ¢,500
" Ban ddu i 14,750 21,070 13,500 19,825 3,060 9.00(5 ’ 5,000 35,000 -18,435 0400
Lin i&p cudi i 13,737 20,056 12,518 18,849 1,001 5,882 ' 0573 45,504 -18,469 0,500
Hink 2. K&t qua giai bai toan nguge xac dinh cdc thong s vat thé
. a) Di thuong quan sat; b) Dj thubng & lan 13p déu
~¢) Di thudng & lan 1dp cudi; d) B§ [&ch gitra dj thutmg quan sat va tinh toan
2. M6 hinh méng tir

a. Cdc théng s6 cua mé hinh

Trudng hgp nay d6i tugng gay di thudng 12 mdt mong tir ¢6 phin dugce khao sat trai réng
trén mot didn tich 52 x 52 km® dugc gia thiét 13 bi tir hoa thing dang (7 =90"). Sy thay doi do
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sdu tGi mat trén ciia mong duoc biéu didn trén hinh 3a con mit dudi ciia mong dugc gia thiét 1a
phfmg va nim & dd sau 20 km. Bing cach chia méng tir nay thanh céc lang try théng dimg dat
canh nhau ¢ cic cag'h" son?g song voi cac truc tog d§ (€ = 0°), theo cdng thirc (2), ta sé xac dinh
dugc di thudng tir toan phan cia né (hinh 3b) trén mét phang xOy (mit quan sat) theo mét mang
ludi 6 vudng trong do s6 didm quan sat theo cac truc x va y déu duge 1dy 13 14 diém, khoang:
céch gifta cac diém 14 4 km. D tir thién va goc nghiéng tir hoa ciia trirdmg khu vurc 14n lugt dwoc
chonlad D, =0,01" va I, =90".

Dj thuomg nay duogc sir dung nhu di thudng quan sat dé giai bai toan nguge theo phuong
phap lua chon cé diéu chinh qué trinh hdi tu t&i nghiém da trinh bay & trén.

b. Két qua tinh todn

Trong truéng hop nay, nghiém cia bai toan 1a dé sdu t&¢i mat trén cia méng ma thyc chat la
d0 sdu toi mat trén cia tit ca céc ling tryu thfmg dirng ma nd dwge chia ra. P§ sdu t&i mong tir
duge gia dinh lic ban ddu, do siu t6i moéng tir & lan lap cudi cing duge dua ra trén cac hinh 3b
va hinh 3c. Sai léch vé két qua xac dinh d6 séu ciia mong tir so véi mé hinh li thuyét cling dugc
dura ra trong hinh 3d nhim khao sit d9 chinh xéc cia nghiém. Két qua tinh todn cho thdy chi sau
10 lan kap, sai s binh phuong trung binh giira di thuong quan sat va di thuong tinh ton giam
nhanh tir 20,1629 nT xudng con 0,12 nT con sai sé binh phuong trung binh vé d¢ sdu gitra mo
hinh 1i thuyét va mé hinh 1i thuyét giam tir 0,1525 km xudng chi con 0,007 km. ’

Hinh 3. Két qua giai bai todn ngugc xac dinh d6 siu ciia méng tir
a) M6 hinh méng tir gia dinh ban dau (km); b) Do Iéch ban déu (km)
¢) M hinh méng tir & 1an Hp cudi (km) d) D¢ léch & 1an Iap cudi (km)
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3. Nhan xét

Tir két qua tinh toan thu duoc trén cac mé hinh ta rat ra mét sé nhan xét sau:

- Véi phu'(mg phép gidi bai todn ngugc ndy, cic thong s6 hinh hoc diic trung cho vi trf va
d6 sau ciia vit thé duorc xac dinh kha chinh xac khdng chi trong truomg hop moéi trudng chi co
mot ma tham chi gom nhiéu dbi tugng gay di thudng,

- Do d6 héi tu tét ciia phu'cmg phap ngay ca khi bai toan cé nhiu bién s, ngoal cic thong
sd hinh hoc, ta con ¢6 kha néng xac dinh dugc ca cic thong sb lién quan tdi su tir hoa cla vat thé
nhrr d§ cam tir, goc nghiéng tir hod...cia ching. Ngodi ra, ciing do tdc d6 hoi tu nhanh va én
dinh cua phuong phap ma viéc gidi bai toén ngugc ba chidu nhdm xac dinh d¢ siu cua mong tir,
mét vdn dé quan trong trong linh vyc nghién ciru cdu triic siu vé trai dat hoan toan c6 thé thyc
hién dugc trén céc loai mdy vi tinh théng dung dang duge sir dung réng rii tai cdc vién nghién
clru va cd's& san xudt.
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SUMMARY

MODELING OF 3D MAGNETIC INVERSION TO DETERMINE PARAMETERS OF
OBJECT AND DEPTH OF MAGNETIC BASEMENT

In this paper, algorithm to compute magnetic anomaly resulting from prismatic bodies was
applied and improved by us to solving 3D magnetic inversion to determine depth of magnetic
basement by iterative method. A series of models of magnetized prismatic bodies as well as
magnetic basement was build and experimentally computed. Received results about precision,
convegence and feasibility of compute time of method demonstrates it's apply capacity in
practical data.

Dia chi: :  Nhdn bai ngay 4 thang 8 ndm 20006
Khoa Vit Iy, Trudng Pai hoc Khoa hoc tyr nhién, Pai hoc Qudc gia Ha Noi.
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