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1. M& PAU

Viéc gidi bai todn nguge trong do sdu dign trén méi trudng mét chitu (phan 16p ngang) nhd
méy tinh dién t& dwoc quan thim dén chch day vai thip ky da xem nhu duoc gidi quydt véi cde
phuwong phép va céng cu tinh tosn hién dai [1). Vin dé hién nay 14 xiy dung céc phwong phip
gidi bii tosn ngwge do siu dién trén mbi trwdmg hai vi ba chitu.

D& gidi bii todn ngwgc do sdu dign trén méi trudng hai chitu cin thyc hién cic cong doan
co bin : (1) Thu thap che théng tin qua dién trudmg hay dién th trén 14t cit dién nher mdt hé
phwong phép xéc dinh; (2) Gidi bai toén thuin cho mdi trudng hai chigu; (3) Dung phuong phép
lwa chon d& gidi bai todn nguoc do sau dién.

D3i véi cong doan (1), nhé phwomg phip do siu dién d6i ximg va ludng crc hop nhit
(CSDES) 2, 3, 4, 5] cho phép thu thap mdt kh&i hromg khd lén thang tin vE It it dia dién nh¥
mét hé phwong phép kh4 don gidn.

Déi véi cong doan (2), viéc gidi bai toan thudn tinh dign trudmg vh dign tré sudt trén moi
trudmg hai chi®u dwoc tién hinh theo cic phuong phép mé hinh toin hoc khic nhau. Trong bai
nay trinh biy viéc 4p dung phuong phap phuong trinh tich phin dé gidi bai todn trén.

Ve cong doan (3), s& dwgc bin dén trong mét bai bio khic.

2. ¢O'8& CUA PHUONG PHAP SO GIAI PHUONG TRINH T{CH PHAN

Ta s& ding hé toa d Descartes ba chiéu zyz. Gid thigt, trong mat mit phing ¢ = const, 14t
c4t dia dién bidu difn nira khong gian v4 han theo chibu z c6 céc ving chira dign wé sudt khic
nhau, cdn theo phuong y méi trudng hodn toin khéng d8i. Trén mit méi trudmg (z = 0) ¢6 mét
ngudn phat dang khéng d8i cwimg da /. Vin dé Is phai tinh dign trudmg trén mit 2 = 0 cda moi
trudmg ndy.

Trwimg tai m&i diém dwoc xem gom hai phin: trwdng binh thudmg va trudrg di thuimg.
Trudng binh thudmg ¢é thé chon li trudmg do mai trudmg ddng nhdt hay méi trusng phén l6p
ngang gdy ra. Trudomg di thudng giy ra béi cic phin bit ddng nhit cda mai truomg. Do dé,
trong tam bai tosn 13 thay thé téc déng cia chc bat dbng nhit bdi hé cic ngudn thir cip, xde



dinh cwdng d§ cda chc ngudn thir cip niy vi tinh trwrdmg do ching giy ra [4, 5].
—~ Diém trudmg tai diém M(z,y, z) dwoc gidi v3 bidu difn thich hop duéi dang [6):

B(M) = E°(M) + / graduG(P, M) J,(P)dS, , )
&
véi E°(M) : dién trudmg binh thudmg,
G(P, M) : him Green,
S, : mit bién cda bat dong nhit,
J.(P) : mat a8 ddng thr cdp tai P(z', ¢/, 2') trén mit S,.
_ J,(P) dwoc bidu didn dwéi dang phuong trinh tich phan Fredholm loai 2:

I(P) =K [E"(M)—/E%—AL)J.(PNS,] - @

: hé 88 dic trung 4 twong phdn cda bit ddng nhit:

Bai toén dwyc gii trén méi trudmg 2 chitu, nhung ngudn diém phit dong trong khong gian
ba chigu, dwoe xem 12 bai tosn gid 3 chitu. DE don gidn bai tosn, ngudi ta gidm 83 chigu cda
ngudn diém bing cich phin tich phd qua phép bién d8i Fourier theo-thanh phin y. Bai todn gid
ba chiu sé dwgc phan tich ra thanh mét loat bii toin hai chi®u trong khéng gian tin s3 di voi
nhirng gi tri twong éng cda tin s khong gian K,. Sau nhing tinh toin trong khéng gian tin
3, dién trudmg trong khdng gian thirc sé dwoc tinh qua phép bién d8i Fourier ngwoc.

Biéu thirc phd cda mat dd dong thir cdp:

Jle o) = K [Bule Kvo) - [ 2 Gled Ky ) L K )], ()
La

véi
2 Gz, Ky o) =
an

;’_; {(z - ') (in) - x’(k.n))[ (;"LL;,')’Q/, dy+ {(z — 2')(i.n) + 2 (k.n)} ! “';—7—‘;’1—’5;‘)”%“ dy]

trong d6 1, k, n la céc vecto don vi cda cdc truc z, z va phép tuyén phin ti dién tich cda bién;
L, : dwdng cong cda bién bt déng nhdt trong mit phing (z,2).

Tich phén trong (3) chi 1dy theo dwdng L, nén lsm gidm rit déng k€ lrong tinh tosn. Bidu
thirc (3) dwge réi rac héa theo dwdng L, thanh hé phwong trinh dai s3 tuyén tinh chia &n 12
mang c4c gid tri phd cda mat 45 dong thir cip (J); img v6i céc tri twong dng tin s8 K,

N
()i + K Yoy = —Ki(Badiy i=1,2,--, N

=



hoc duéi dang ma trin:
CcJ=8B
trong dé :

J : ma trin cdt céc gid tri J;;
B : ma trin c§t thanh phin cdn lai: B = —K;(E,.);;
C : ma tran vudng céc phin ti ¢;; cip N, véi N 1 s3 phin ti trén bién L,:

]
iy = / 3n Clanz Ky 2y z;) d;
(L),
holc dwéi dang r¥i rac:

N
ciy = FZ‘ (‘;—G’:)h Al

Gidi h¢ phwong trinh nay ta sé c6 bd gid tri J; ing véi méi Ky, tir d6 ta c6 thé tish phd cda
dién trudmg gay ra b &i phin di thuong tmg véi K,:

E.(z,Ky,2) = -/ % Glz -, Kyz,2') - I(2', Ky, ) dl!
La

ho¥c dwéi dang rdi rac:

Dién trudng dj thudng trong khdng gian thye:
1 e
Esin) =1 [T Bl Kon) coslKy -4)dK, .
o

~ Tai nhimg diém tinh trudng trén mit méi trudng
y=0viz=0=cos(K, y)=1; E,=0; E,=0.
Biéu thirc d¢ tinh dién trudmg tai diém M(z,0,0) trén mit mdi trwdng dwgc bida dién:

E,(2,0,0) = E,(2,0,0) - ) E,(z,0,0)- AK, .
k

Tir d6 c6 the tinh céc gid tri dién trd suft bidu kién dng véi tirng loai hé cyc do
3. CAU TRUC CHUONG TRINH TINH TOAN VA CACH THUC SU' DUNG
Dil di c6 nhigu céng trinh m t4 phwong phép vi chwong trinh tinh cho bai ton trén dy,
dic biét 1a chwong trinh IE2DP cda B mén Dia vit Iy Trudng dai hoc Qudc gia Moskva [6],
nhung cic chwong trinh dé vin con nhimg han ché nhit dinh. Ching t5i xin giéi thiu vige xay

dung chwong trinh tinh dién tré suit bidu kién RES2P trén cdc méi trudmg bt dong mat 2 chigy,
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ang nhitngbién phép ning cao higu qud tinh todn va nhirng thi thudt viét chuong trinh nhim
20 thusn ligi trong viée khdo sét che dang mé hinh.

D& tién hanh tinh todn, bién b&t dbng nh&t L, dwge phin thinh N phin ti (doan) dd nhé.
Viéc risi rac céc bién bit dong nhdt phu thudc dd tuwong phin K;, klméng cich dén nhimg ngudn
shét va di€'m do, cu thé khi d3 twong phan lén hay khi phin tit nim & ghin ngudn phat hoic diém
lo phél chia bién niy véi mat dé cao hon. Nhimg phin bién kéo dai vé han di xa didm do va
1gudn phat do dnh hudng cia ching yéu nén c6 thé chia thinh nhitng doan lén. Nhu vay, d8i véi
thirng mé hinh phirc tap va c6 bién réng N ¢6 thé rdt 16n. Chuong trinh tinh RES2D dwoc viét
»&ng ngdn ngir PASCAL cho phép chon 58 N khé 16n, phu thugc bé nhé RAM trén mdy tinh.
<hi ning may cing cho phép ning cao d3 chinh x4c tinh toin. Tuy nhién, khi N qué 1én thoi
fian tinh todn sé ting.

- 88 diém do dung cong dién trd suit bidu kién theo tuyén, ciing nhi s8 khodng mé cia
4c loai thi€t bi d@ 6 thé khio sit nhidu A3 sdu nghién ctru cin thiét 1a dd 16n so véi chc yéu cBu
hure tidn (58 diém do c6 thé 16n hom 20 vi s8 khodng mé cé thé lém hom 30).

~ Chuwong trinh cho phép tinh ciing lic nhigu dwimg cong do sdu va do mit cit dién dGi véi

\higu loai hé cuc do khac nhau, tién so sinh nhimg dic difm cda ching ing véi cling mét mé

\inh dia &

_ Két qud dign tr& suit bidu kién cda hé cuc do theo phwong phip CSDES dwoc tinh déng
hoi véi céc loai hé cuc khic dé so sanh cho thiy rd sy phdn 4nh cia céc dwdmg cong dmg véi cic
cuc khéc nhau trén mdi kiéu mé hinh.

~ Mé hinh duge xiy dyng theo cdc cich thirc gidn don va tién lai, hoac bing bing s3 ligu
1ay bing cdch vé tryc ti€p trén min hinh bédi con ché.

~ K&t qua tinh todn dwgc bidu thi duéi dang cc bang 8, cac file dir liéu bidu thi trén man
Ainh, hodc trirc tigp dusi dang cic so db 14t cit dia dién hay céc dudmg cong dién tré sudt bidu
«i&n ¢6 thé quan sit trén man hinh db hoa theo tirng di®m trén tuyén. Kha ning nay cho phép
\hanh chéng rit nhirng két luin b3 ich huéng dén vigc phan tich két qui do sdu vi do mi¥t cit
lién trén cdc mé hinh 14t c4t dia dién bt ddng nhit khic nhau.

4. KET QUA MINH HQA

Trén hinh 1 ¢6 minh hoa két qud tinh todn theo chwong trinh RES2D trén mdt mé hinh 14t
At dién hai chitu véi phan b3 dién tré sudt duge md ta & phin duéi hinh vé. Trén mit 14t cfu
16 hinh ¢é tién hinh do 5 diém CSDES. Cac dwdng cong dién tré suit bidu kién tir trén xudng
lwéi twong timg theo thidt bi VES per, thi€t bi ludng cwe trdi he p,y, thi€t bi ledng cwe phdi
»ei VA thi€t bi hop nhit pp. Céc dwdng cong dwgc in tryc ti€p tir min hinh cda méy vi tinh.
T4 chir s8 trén dudng cong bifu difn gid tri dién trd sudt bi¢u kién tmg véi khodng mé diu va
chodng mé « 18i cila m3i dwdng cong. Qua céc dudmg cong thu dwoc tir phwomg phép CSDES [4]
4 thé néu miy nhin xét sau diy:

~ C6 su khic bidt £ giia cic dudmg cong gy vA pr Khi diém do siu tién gin dén ving bién
181 & gitra 14t cdt dign.

- D6 sau nghién céru ting din lin lugt theo cic dwdmg cong pr, ps, pp (dwdng cong tich
(héi tigm can trii ngdy cing chim hon theo thir ty trén).

~ Céc dwimg cong pp 6 48 siu nghién ciru 16n nhat vA 4§ phan gidi cao nhat.

Chuong trinh RES2D cho phép tinh cic dwdmg cong dién tré sudt bi€u kién nhanh chéng va
sidu didn tryc tidp trén min hinh A€ quan sit vA gidi thich rat tién loi.
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Hink 1. Minh hoa k&t qud tinh ton theo chuomg trinh RES2D trén mat mé hini
14t cit dja dién hai chigu

5. KET LUAN

Phuong ph 4p phuong trinh tich phan di duoc ing dung hidu qua cho md hinh ¢ia dign bat
dbng nht 2 chidu. Chuong trinh tinh dwge 4p dung d8i véi nhigu dang mé hinh va tho két qud
phit hop véi cée két qud dd dwge cdng bd trong céc cong trinh trwée diy. Két qud la thiét bj
do theo phuong phap CSDES lam thé hién ndi bat nhimg bit dong nh&t cda mé hinh Théi gian
tinh todn theo chuong trinh RES2D duwoc rit ngin nhitu véi chwong trinh IE2DP. Nhing wu
iém néu trén lam cho chwong trink RES2D tr thanh cang cu phuc vu t8t cho viéc nghién ciru
céc md hinh toén hoc ciing nhu viéc phén tich tai liéu thuc dia trong thim dd dién.
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BUILDING MATHEMATICAL MODELS FOR SOLVING INVERSE PROBLEMS
OF ELECTRICAL PROSPECTING ON TWO-DIMENSIONAL MEDIA
BY THE INTERGRAL EQUATION METHOD

Lam Quang Thiep
College of Natural Sciences - VNU
Nguyen Kim Quang
Polytechnique Univ. HCM City

Numerical techniques have been developed to solve direct problems for arbitrarily two-dimen-
tional media using intergral equation method. The program is available for compunng alectrmal
sounding curves, an important phase for the p: dure for lving inverse
problems. An illutration is given for combmed symmetrical and dipole electric so\mdmg me&hod




