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TENXO TONG TRG TU - TELLUA : KHAI TRIEN VA UNG DUNG

Nguyén Thanh Van
Khoa Vitly, Truong Dai hoc Khoa hoc Tu nhién - Pai hoc Quéc gia Tp.HCM
(Bai nhdn ngay 01 thdng 07 ndm 2005, hoan chinh sita chita ngay 15 thdng 08 ndm 2005)

TOM TAT: Tit tellua la m@t trong cdc phuong phdp nghién citu bdt dong nhdt vé tinh
chdt dién hai va ba chiéu dé khdo sdt méi truomg ddt dd cé dé sdu dén hang chuc km.
Nhung dé dat dugc két qud cao hon cdn phdi cdi tién viéc tinh todn méi lien hé gifa cdc
thanh phdn bién doi cia truong dién tit E., H, va E,, H, thong qua tenxo téng tré Z; Z la
mdt ma trdn phifc trong ving tdn s8. Vige gidi thich cdc dit ligu tix tellua la rit ra nhing
tham s6 vé hudng cd ich tit tenxo téng trd Z — ham truyén lién quan dén truong dién va
truong tix quan sdt dugc. Bai bdo nham muc dich téng quan cdc phuong phdp khai trién
tenxa tong trd tit tellua dé nghién ciu bdt ddng nhdt vé tinh chét dién trén mé hinh hai
chiéu, ba chiéu va s&'li¢u thyc 18, ti 6 dua ra cdc nhdn xét va két ludn.

1. Quan hé tuyé&n tinh giita cdc thanh phin cia trudng tit tellua.

M6 hinh cd bdn cia phucng phdp tir tellua 12 md hinh cda Tikhénov va Cagniard.
Trong md hinh nay séng dién tif phing truyén vao mdi trudng phin 16p ngang cla dat d4
va mdi lién hé giita cdc thanh phin cla trudng dién trén mit dat 1a

E,=ZH, ; E, =-ZH,,

y X
Z dudc goi 1a t3ng trd Tikhdnov-Cagniard, phdn 4nh su phin b8 cia dd din dién theo
chiéu siu. trong d6:

E, =z|fixi,|vei B,=E,1,+E,1 va fl, =H,1, +H,1,,
TK ,Ty,lz l1a cdc vectd don vi trong hé toa d¢ vudng géc Descartes, Tz hudng xudng
phia dudi.

Téng trd Z dugc xem nhir mét dai lugng lién hé giita hai thanh phin f{r va E..
2. Tenxd tong tré. ,

Giad st séng phing phan cuc ellip tuyé&n tinh, ¢ céc thanh phin E;, Ey va H;, Hy
truyén thing xudng mit ddtcd z=0 va do tf thim clia chian khéng 12 p,.

Trong mdi trudng dat dd, nhitng thanh phén cda trudng dién, trudng tif quan hé tuyén
tinh qua tenxd tdng rd Z, 7 1a mot ma trdn phiic phu thudc vao tinh chit din dién cia
méi trudng va tin s8. Py 12 mdt tenxd nim trong mit phing xy, dudc thanh 1ap ti E, ,HT

goi 1a tenxd téng trd. Ma trin tenxd téng trd c¢6 4 thanh phén, déng vai tro nhu mdt ham
truyén. :
o i ] N E,=2 . H +Z _H,
vol
E,=Z,H,+Z _H,

Céc thanh phan Z,Z,,Z 7  thay d3i t di€m nay sang diém khdc phan dnh sy

thay d8i cla do din dién theo chiéu siu va chidu ngang (sy md rdng cla moé hinh
Tikhonov-Cagniard) [1].
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3. Phép quay tenxd téng tré.

Piéu kién lién hé cla cdc thanh phin cia Z véi huéng dude quan tim. Hudng ciia
céc thanh phan tenxd tdng trd chinh 1a hudng cia thinh phin trudng dién.

C6 thé thay d8i cdc thanh phin cla tenxd tong trd bing cdch quay truc ioa d6. Gia
st o 12 géc giita x va x’(theo chiéu quay kim déng hé). Chiing ta xét cd sd {T 1 } trong

x 2y

B = ZH_, con co s§ {Tx.,i'y.} trong E'_ = Z(GL)IC?I'T .Pay 1a quan hé gitta Z va Z(o).
4. Tinh chit clia tenxd téng trd.

Tinh chdt clia tenxo Z thy thudc vao loai md hinh. Chiing ta 1an lugt xem xét cdc md
hinh 1 chiu, 2 chiéu va 3 chiéu.

» M hinh 1 chié¢u: Trong mo hinh ndy d6 din dién chi thay ddi theo chiéu siu z,

dudge goi 14 md hinh 1D ma ind hinh phén 16p ngang cla Cagniard 14 mot trudng hgp.

M hinh 1D theo huéng bat ky ciia truc toa dd Zyx = Zyy = 0 vd Zyy = -Zyx = Z, nén

4 0 Z
fe
-2 )

C6 thé néi riing cdc thanh phin Z,y, Zy, clia tenxd t8ng trd lién quan dén sy thay ddi
tinh chi't dién theo chiéu siu, con cdc thinh phin Zy, Zyy lién quan d&n sy thay doi do din
dién theo chiéu ngang.

» Mb hinh hai chidu: 12 md hinh trong d6 d6 din dién thay ddi theo truc z thing

didng va theo mdt truc ngang x hodc y. Theo truc ngang thi o = const dugc goi 1a truc

ddng nhi't. M6 hinh nhu trén dudc goi 12 mé hinh 2D. Trong mé hinh 2D trudng phin
cuc dién tir dugce chia 1am hai trudng hop :

a. Song song hodc E-phin cuc (trudng dién phin cuc doc theo truc ddng nhat, uic 1a
doc theo cu tric).

b. Vudng géc hay H-phin cuc (trudng tit phin cyc doc theo truc ddng nhit, tic 1a
thing géc véi cdu tric). Trong do sdu, trudng phin cuc song song hay thing géc dudc goi
12 song song // hay thdng géc L.

Z" Z* 1a cdc thanh phin song song va thing géc clia tenxd tdng trd. Vi viy tenxd
t8ng trd Z c6 dudng chéo bing khong.

i 0 Zf!
L= "
-Z 0

» MS$ hinh ba chiéu: Trong mo6 hinh nay d6 din dién thay d6i theo truc thing ding z

va theo cd hai truc x, y. M6 hinh nay dugce goi 12 md hinh 3D.

Tir sif da dang clia cdc md hinh 3D, c6 th€ chia ra mé hinh d6i xitng truc 12 md hinh
ma tenxd t8ng 1r& don gidn nha't. Gid si¥ truc x thdng géc vdi truc d8i xing.

§ day Z_,Z, 1a thanh phin hung tdm va thanh phin tiép tuy&n ciia tenxd éng trd,
nghia 13 trong trudng hgp nay tenxd téng trd c6 dudng chéo bing khéng.

o 1t z,]
P
-7, 0]
NEu quay truc toa dd thi md hinh 3D d6i xtng truc vd md hinh 2D c6 ciing mot dang
tenxd tong trd.
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5. Gidn dé phén cyc clia tenxd téng trd.

Su phu thu6c cdc thanh phdn ciia Z theo huéng c6 thé bi€u di&n thanh gidn dd. Gii
sit tenxd Z dudc xdc dinh trong hé truc x,y. Chuyén sang truc mdi x’, y’ bing cach quay
goc a, ta c6 thé x4dc dinh duge Z_ va Z, y theo truc x’. Theo truc X’ gid tri !Z

xx|

arg Z
6. Phu’o‘ng phdp quay.

Tdc gid clia phuong phdp nay 12 Sims va Bostick (1969) [3], dugc sit dung rong rii &
cdc nudc Ty Au, My va Uc. Y wing clia phuong phdp nim & chd quay Z dé cdc thanh
phin chéo Z, Z yy cUc ti€u. Trong trudng hgp nay géc quay «, dugce xdc dinh bdi :

*
2Re 2324
2 2
[Z4]" ~[z4]
Trong mO hinh 1D thi Z,,, Zyx dudc xem 13 Z va -Z, cdn ellip Z,., Zyy 12 mot diém
tai gbc toa do.
Trong mé hinh 2D, khi géc quay cla truc toa d6 o = a, hay a,tn/2 c6 thé xdc

dinh dugc hudng thﬁng goc va song song theo géc a, chiing cho ta hudng thing géc va
song song cilia tenxd Z .

Tuong ty nhu vdy déi v6i huéng truc va huéng ti€p tuyé&n cla tenxs Z d6i véi mod
hinh ba chiéu d6i xitng truc.

P6i véi mé hinh 2D d6i XUng tryc, viéc xdc dinh hudng chinh va gid tri chinh cla
tenxd tdng trd nim & chd x4c dinh @, va a,t7/2vatinh Z, , (&) va Zyx(aﬂ)

tg4(10 =

Ta xét md hinh bat d6i xing va tim hiéu v& tenxo ciia n6 trong trudng hdp nay

Z= li;."" ;_"V } tenxd tuong dudng cé dang : 7= [ZO Z(?}WJ
yx yy X

Co s¢ clia phuong phdp quay 12 Xxem md hinh hai chiéu hoic d6i xing truc 13 twong
du’dng v6i mdi trudng thuc bat ddi xiing. Nguyén tic tuong dudng nhu sau : n€u moi trudng
gan véi hai chiéu hay d6i xitng truc thi mic dd dénh gid dudc thong qua thong s6 Skew do
Swifs dé nghi[3 ]:
R

=

Théng s6 A khong phu thudc vao huéng quay cﬁa truc. Trudng hgp mdi trudng 2D va
mo hinh d&i xdng truc thi A = 0; d6 1éch cla A khdi gid tri khong cho ta nutc d6 bat doi
Xifng ciia mdi trudng.

Né&u A >> 0 thi moi trudng rat phiic tap khong thé xem tuong du’dng véi 2D hoic dsi

Xdng truc, cd sé vat 1y cia phudng phip quay bi phd v3. C6 thé néi riing trong cdng thiic
Skew k€t qué nhin dugc khéng nhiing tay thudc vao Zyy, Zy, ma con ty thudc vio cic
thanh phan trén dudng chéo.

A =skew =

7. Phuong phép tryc giao.
Tdc gid phuong phdp nady 1a Eggers [3]. P& xic dinh gid tri chinh vad phuong chinh
clia tenxd tdng trd ti¥ tellua trong mé hinh hai chiéu va d6i xing tryc ta phdi tim E_va H,
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phdn cuc tuy€n tinh va thdng géc vdi nhau. Y twdng cia Eggers 1a trudng E, va f{f, c6 hai
truc 16n clia ellip phéan cuc thing géc nhau.
Tinh chat tryc giao clia cdc truc 16n phan cuc ellip thda man ddi mot thdng géc. Liic
d6cho E.H, +EH, =0.
N&u diéu kién trén thda thi tdn tai mdt lugng v6 hudng & véi
L]

H, H,

Céc s8 phitc &, &, 1a gid tri riéng cda ma trdn Z | ching dugc thé hién qua cdc bat

A
bién Z; = (ny —Zyy )/2 va detZ=2,7,, - ZyyZyx (khong phu thudc theo phép quay).

A . - - — =
€12 =2, i\/Z,z —detZ .0 diy(, va &, 1a gid tri riéng cla trudng Egpstye vt Boo . Hou
E!r ""qlilﬁlr X_i.zJ va By = C2[H2'r X lz]
Chiing ta néi ring huéng cia Z la hudng phin cuc riéng cia Z . Xdc dinh hudng
chinh ciia Z ¢6 nghia 14 xdc dinh huéng cla truc chinh ellip phin cuc E‘]r va EZ,. Goi o

la g6c giita truc x va truc ellip phdn cyc dién, dugc tinh qua quan hé phin cuc Pg.
Ta thdy quan hé phan cuc Py cla trudng tiY riéng

P - Hl,Zy = Zxx Ll €|,2 +Zyx
HI.I = = T
Hl,Zx gl,z e ny Zyy
E e e Z
khi d6 P, =—L=tgh e Tl R
EI,2x ' Z ‘;1,2 +Zyx

o € [O,1t/2khicoscpE > O]
Tir d6 ta co: tg20LEL2 = thBEL2 cos@g, , g = Okhicospg =0
ag €[-n/2,0khicos oy < 0]
bé xdc dinh mic d6 bit ddng nhat 3D ta cé thé tinh thong s6 géc
Ag =”anl —ocEli—‘)O”‘ hodc A; =’“E, ——aEJ

Ngoai ra, c6 thé x4c dinh tham s& 0 ellip e, va &g,
I Eatiesc . -
eE, , =tg[Earcsm(sm ZGEIJ sm(pEm)] vii -1<g.51

Tomlaita thu duge tim thamsG: & =[ge™,  agp.ep,  va &, =[5,

O, €, , ching didc trung cho tdm bic tu do cla tenxd Z.

Piy 1a phuong phdp ding d€ xdc dinh gi tri chinh va hudng chinh cia ienxd tdng trd
dudc goi 1a phuong phép tryc giao. P& thyc hién phuong phap nay cin luu ¥ 1a d6i vdi mo
hinh IDthi: Z,, =Z, =0va Z,  =-Z,, = Z.

Gday ¢, =6, =Z va Pg,, =0/0,ag,, =0/0.

Gi4 tri chinh ciia tenxo Z tring véi tenxd Tikhonov-Cagniard, cdon hudng chinh
khong xdc dinh va trudng tir ludn ludn thing géc véi trudng dién.

Xét md hinh 2D v6i truc d6i xitng 13 truc x. Gia si tenxd Z, dudc x4c dinh theo truc
X, y’ véi @ 12 g6c gitta x va x’. Ta c6 :
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Cia = z"™ va Qg , =—0,—0+7/2,
Gid tri chinh clia tenxo Z triing v6i thanh phin song song va thing géc ciia tdng trd,
cdn phudng chinh 12 phwong cilia thanh phan song song va thing gée.

Trong trudng hgp d6 €,, =0. Day 1a trudng hgp phin cuc tuyén tinh.

Tuong tif trong trudng hgp md hinh dsi xing truc. & day £, =Z,, cdn hudng cla
bdn kinh va (i€p tuy€n Ia huéng chinh. Trong truding hgp nay phén cuc ciing 14 tuyén tinh.

Vi vdy, d6i véi mé hinh d6i xitng thi phuong phap truc giao va phuong phip quay cho
cing k€t qud. Nhung ta ¢6 thé thdy riing k&t qua cho tir cdc phuong phép trfc giao va quay
giong nhau tai moi di€m trén mat &t n€u séng dién tiY 12 phing va truyén thing ditng. Khi
- mdi trudng d6i xing bi phd v3, k&t qua bi phin tan. Trong trudng hgp nay phuong phdp
triic giao cho ddy di tinh chat cda moi trudng vi ta nhdn dudc tdm thong s6 va xdc dinh
dugce tat cd cdc bac ty tr do cla ma trin Z.

8. Phucng phap chéo héa.

Sau khi bai bdo ciia Eggers dang trén tap chi Geophysics, nhiéu bai bio khdc vé& van
dé trén ciing di dudc cong bs. O day chiing t6i néu l&€n cdc phuong phdp xdc dinh gi4 tri
va hudng chinh cla tenxo téng trd dugc phét trién bdi Yee, Paulson [12] va Latoracca,
Madden, Korringa [4]. Day 1a phuong phép dudc goi 1a phuong phép chéo héa.

Y tudng clia phirong phép rit don gidn. Trong khong gian cla cdc vectd phiic }43r va
H, 1dy hai cd sd phic {,,8,} va Em,ﬁn } Trudng dién duge biéu di&n qua cd s6
{6m-€, ), truding tir dusi co s {fi By ).

-7 0 g] = i i
Z =[ } véi G = IQ,[e'Vl o =i§2lew2
i et S

T T T Sy N 1 O T

2’ =Z, +Z1 +ZL +Z) va

Z

-4 a2
-]det z|

2

=z +

7

2 2 2
2y +|zyx| +|zw|

Y = arg(ny + Zxxctgehe“iq’h) va Y, = arg(——Zyx +Zyyctgehei“’h)

Eiles Tl

Pp =arg(Zxe:(y -i-ZyxZ;y) VA tgg, = - -
il -2 |2,

9. Seo sdnh cac phuong phdp.

Ta c6 thé nhin thiy trong ba phudng phdp thi phirdng phdp quay cho it théng tin hon
(6 thong tin), con hai phucng phdp con lai cho ta tim thong tin. V€ mit todn hoc thi phuong
phdp tric giao va chéo hda c6 nhiéu phin gi6ng nhau, nhung vi tinh bit bi€n ciia pha ciia
gid tri chinh trong phuong phdp truc giao va tinh chit bi&n thién (tuy nhé) ciia pha trong
phuong phdp chéo héa nén phuong phdp tryc giao hoin thién va wu viét han [10].
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10. Ap dung trén so liéu tai diém do B&n Liic.
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Hinh 1. Gidn do phin cyc Zxx, Zxy tai diém do Bén litc;
Hudne Bdc hudne Ién trén. tin s& tir 1865.2 dén 0.0039063 Hz

Trong cong trinh ciia Lé Huy Minh [6] nghién citu c&u triic sdu viing ddng biing séng
Citu Long bing phudng phap do sdu tif tellua thi k&t qua diém do tai Bén Lic, huyén Long
An (diém do BLU, kinh d6 106°28°375"’, vi d9 10°39°409°*) nhu sau :

“Diém Bén Lic ciing cd sy bdt ddng hudng ré rét cia cdu tric dién tré gita hai
hudng. Theo [Nguyén Xudn Bao va nnk, 2004] diém do nay gdn véi ditt gdy song Sai Gon,
la ranh gidi giita ddi cdu tric Pa Lat va vang tdch gidn song Citu Long. Tai diém Bén Luc,
chiing t6i thdy rdng hudng phén cuc chinh cita cdu tribic & cdc tén s6 cao Ia khodng 45° sau
dé hudng phan cyc tang ddn theo sy gidm ciia tdn s6, hudng phan cyc chinh gan 90°3 tdn
56°0,078125 Hz va khodng 120°38 tdn s6 0,015625 Hz, nghia la hudng phdn cuc khong dong
nhdt theo chiéu sdu. Kiéu phan tich nay sé dugc tién hanh trong cdc nghién citu tdi”.
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Theo ddnh gid cla nhiéu tic gid [eg., 1,3,8,14] thi phuong phdp gidn dd cuc trong
cong trinh [6] dd sif dung c6 thé khong hiéu quad biing cdc phudng phip quay (cho 6 thdong
tin), phudng phép tryc giao va chéo héa (cho 8 thong tin) trong cdc trudng hdp méi trudng
phifc tap. Nhu da din chiing & cdc phdn trude thi phutgng phép triuc giao c¢6 nhiéu diém wu
viét hon cd, do d6 trong phan phén tich tenxd téng trd tai B&én lic chiing tdi sit dung phuong
phdp truc giao.

13 9 | @2 | % B | % | % | & G | A
1 1865.2 13.36 19.03 33431 -134.89 5715 84.66 0.02 0.19 17.52
2| 927.73 35.50 55.54 -10.33]  -173.65 36.72 £5.54 0.45 0.02 32.26
3] 458.98 36.98 51.79 7.82] -158.33 1.33 $3.92 0.81 0.02 4.75
4] 22461 36.33 28.37 2.22]  -156.89 -38.65 87.60 £0.14 0.07 36.24
5] 186.52] 130.45] 126.74 55.20] -130.02 £9.56 $£9.31 0.07 0.06 0.25
6] 10742 21.88 23.00 8.64] -157.29 451.37 $8.37 " 0.01 0.03 26.99
7] 92713 17.00 20.66 0.22]  178.93 55,43 £6.81 0.18 0.00 21.38
8] 48.828 45.63 42.44 -11.951  108.66 $6.97 §9.46 0.04 0.07 3.57
91 45898 101.95)  101.51 79.07] 10115 89.70 $9.27 0.02 .02 1.03
101 22461 19.67 16.91 83.61)  110.42 34.56 88.07 .05 0.08 3.51
1] 19531 11.86 16.11 24.84] 15347 57.71 86.23 0.29 0.02 28.52
121 10.742 28.61 25.14 $0.56]  109.50 B86.28 $8.83 £0.07 0.07 2.54
13| 7.4609 6.45 9.74 59.80] -149.28 89.13 £3.52 0.36 0.04 27.35
14] 4.93163 18.95 15.91 66121 116.11 $85.91 38.73 0.05 0.05 2.82
15|  1.8828 2714 25.05 82.07) -107.70 86.28 $8.70 0.08 0.08 242
16]  3.7109 947 10.90 5081 -147.17 B81.19 80.27 0.21 0.09 0.92
171 1.9531 23.96 23.32 £90.11 92.00 B87.65 -87.84 0.06 0.07 0.19
18]  1.8359 9.07 9.84 66.70 -125.26 $0.02 80.82 0.18 0.1 0.80
19] 0.89844 2.36 3.95 11.72)  -175.32 £8.14 £0.08 0.11 0.02 11.94
20] 0.74219 1.98 4.04 57401 141.03 50.61 -17.38 0.04 0.09 16.77
21] 0.48828 26.50 24.61 40.65]  132.07 $7.59 §9.53 0.02 0.02 2.88
22| 042969 3.78 5.96 2421 179.51 -19.72 $3.52 0.15 0.02 33.81
23] 0.36719 2.60 5.17 1044 166.39 -54.58 $1.78 0.07 0.03 27.20
24]  0.19531 3.02 5.95 1,360 17714 52,10 $3.03 40.06 0.05 30.93
25] 0.17969 3.03 5.48 -1.90)  174.82 -15.86 83.10 0.02 0.00 37.24
26} 0.085938 2.76 5.14 5.321  177.29 -21.38 8176 £0.19 0.01 29.62
27} 0.078125 6.93 6.31 19.03]  -176.89 -4.06 84.17 0.00 0.01 9.89
28] 0.039063 1.68 3.74 -12.36]  A73.97 7.61 80.83 0.37 £.05 1.57
29{ 0.019531 26.40 43.15 -38.79]  179.33 79.27 1246 0.15 0.06 28.27
30] 0.015625 2.00 3.48 8.88) -159.44 52.24]  -79.72 0.08 0.06 41.96
31 0.0039 7.27 71.78 66.50 -141.64 79.68 B87.75 0.16 .18 12.56

Bang 1. Cdc thong sé'tit gid tri chinh va hudng chinh ciia tenxo tdng tré

Thong tin thu dugc tir gi4 tri chinh va hudng chinh cla tenxd tdng trd Z (Bing 1 va
Hinh 2) cho thdy méi trudng tai diém do Bé&n Iifc thé hién tinh chat ba chidu rdt 15 rét, cu
thé 14 c4c d6 ellip cda ellip phin cuc dién thudng dbi ddu, géc ag; 13 géc hop bai truc x va
truc phan cyc dién E, thay d6i tir 2 d&€n 90° theo tin s6, va théng qua thong s8 géc Ag la
thong s6 ddnh gid mifc d6 bat dong nhit ba chiéu ludn cé gid tri 16n, trir tai cdc tin s6
458,98; 186,52; 48,828; 45,898; 22,461;10,742; 4,93163; 4,8828; 3,7109; 1,9531; 1,8359;
0,48828 va 0,39063Hz. Dic biét tir tin s& 0,89844 Hz trd xuéng thi Ag ludn ludn 18n (tir12°
dén 37°) nén mic dd bat ddng nhat ba chiéu cang thé hién lién tuc hon.

Qua k&t qui phan tich ban diu, ¢6 thé thdy cic thong s6 rit ra ti ten xd Z thé hién
tai di€m do B&n lifc c¢6 bt ddng nhat rat phic tap. Nhung dé xac dinh dudc vi trf cu thé
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ciing nh pham vi ca bat ddng nha't nay cin phdi do bd sung thém nhidu didm i tellua

hdn nita.
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11. K&t luén.

Cac thong tin thu thdp dudc tir tenxd tdng trd biing phiong phép true giao cho chiing
ta ddy di dir liéu dé€ k&t luin duge méi trudng 12 1D, 2D hodc 3D, tir d6 s& ti€n hanh do
thém hoic lua chon dif liéu dé€ xay dung md hinh bai todn ngudc du kién.

Cam on TS. Lé Huy Minh dé cung cép cho chiing téi s6'li¢u tit tellua do tgi Bén Lite.
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MAGNETOTELLURIC TENSOR: DECOMPOSITION AND APPLICATIONS

Nguyen Thanh Van
Faculty of Physics , University of Natural Sciences
Vietnam National University — Ho Chi Minh City

ABSTRACT: The paper presents the modern theories for processing the magnetotelluric
data, and on this basis to propose a optimum method for it.
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