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MOT CACH BIEU DIEN CUA TENXG TONG TRG TU TELLUA

Nguyén Thanh Vén
Khoa Vit ly, trudng Pai hoc Khoa hoc Ty nhién — Pai hoc Quét gia TP.HCM
(Bai nhdn ngay 11 thdng 12 nam 2002)

TOM TAT: Théng qua s bién thién cia trang thdi riéng c& dién ciia ma trdn, nguoi
ta chi ra rdng cd hai va chi 6 hai trang thdi phdn cicc ma truong dign va tix ¢6 si phan cuc
gidng nhau & nhitng hudng tric giao. Méi trang thdi riéng, truong.dién va tir lién quan nhau
bdi mét dai lugng vé hudng chinh la gid tri riéng cho trang thdi dé. M6i quan hé vé hudng

 giita cdc truong la hinh thitc xdc dinh 1oi gidi cho sdng dién tir ngang trong moi truong dong
nhdt va vi vay dua ra co sé vit Iy ddy dii cho dién trd sudt biéu kién hon la phuong phdp gén
diing truyén thong sit dung nhitng s6"hang ngoai dudng chéo ciia tenxa 16ng 1ré quay.

Trong phudng phdp i tellua ngudi ta quan tdm dén sy lan truyén séng dién tit phing
trong trai dt; sau d6 do dac nhitng thanh phan cia trudng dién, truSng t¥ va mdi quan hé
tuyén tinh cda ching qua tenxo tdng trd Z Z 1a mét ma trin phifc trong viing tin s8. Gidi
thich céc dit liéu (i tellua Ia it ra dugc nhitng tham s6 v6 huéng ti¥ tenxd téng trd Z —ham
truyén lién quan dén trudng dién va trudng tit quan sat dugc.

Céc trang thdi riéng clia tenxd tdng trd 12 ¢d sd cho phuong phép xé4c dinh cic tham
s6 nhu 13 cdc biu thitc khép kin, c6 dong, ddy di cho viéc giai thich. Céc ellip phan cuc
duge xdc dinh bdi trang théi riéng thé hién trong khéng gian thuc t4t c3 cic théng tin chia
trong tenxd téng trd.

TENXJ TRO KHANG

Phuong phdp tr tellua (MT) da dkrdc Tikhonov va Cagniard dwa ra vao ddu nhitng

ndm 50 d€ 4p dung cho méi trwdng phan 16p ngang. Trong d6 thanh phan dién E va tir H truc
giao véi nhau bdi biéu thitc

B =7H _
Z: Téng tr8 Tikhonov — Cagniard, phdn 4nh gi4 tri cia dién tr& suét theo chiéu siu.
Cantwell va Berdichevsky [2] md rdng phudng phdp cho mé hinh t8ng quéat bing
céch bi€u dién sy lién hé giita cdc thanh phdn cia trusng dién va tir qua cip phudng trinh
tuyé&n tinh:
5w ~ |Z_ "2
E=ZH, i Zz[z’“ ZW]
yx »
Z1a t6ng tr8; VS Zux, Zixy, Zyx V2 Zyy 12 56 phitc
M6t budc quan trong clia viéc gidi thich tai liéu MT 1a rdtra tr Z cdc théng s6 vo
hudng; cdc théng s nay cho ta ddnh gid dugc tinh chit cia méi trudng khéo sét.

- =

St dung tinh chét tryc giao trong phuong trinh £ . H = 0 [2] gifta cdc trudng
trong 131 gidi cla ki€u séng TEM (Tranverse electromagnetic), chiing ta xdc dinh trang thai
riéng clia tenxd téng trd bdi
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E =?\H (1a)
E 0

o

sao cho:
Khai trién phuong trinh (1b) ta dug

(1b)

o

[41:
_‘)i_)i i i i i
E'H=E_H.+E'.H/

B .
i Tri_ A f pri? i i Coyri i ppi?_
E*H'=A"_H_ +(A J‘C};}-/\ yx)HxHy+AwHy =0
Piéu kién cin va di dé cho phudng trinh trén dugc thda mén cho trudng hdp khéng
N

tAm thudng 12 A c6 dang phan d6i xidng:
oL 0 A

I

ol ®
vi hoan toan tring véi dang todn t¥ lién hé hai trudng cla 161 gidi séng TEM trong trudng
hop phan cuc bat ky trong méi trudng ddng nhat
Theo trén, ta co:

E =ZH=AH 3)
thda man:
(Z-AYH =0

Gia tri riéng thu dudc tit phudng trinh dédc trung:

A Al
det(Z-A )=0
Bét: ZI == ( ny = Zyx) /2 (43)
Zi=(Zx +Zy) 12 (4b)
Khai trién va sit dung phuong trinh (4a) chiing ta thu dugc phudng trinh:

det Z-2Z,A'+ 1'*=0

V6i 151 gidi: At=Z, 47} - det Z (5)

A
Céc c6ng thic nay x4c dinh cho gi4 tri riéng cia Z .
: i S
Trudc khi x4c dinh vectd riéng £ va H | hdy xem xét ¥ nghia hinh hoc cia
phuong trinh (1b) va céc dai lugng lién quan:

1. Z; va dinh thic cia Z déu bat bi€n d6i véi phép quay, vith€ céc gié tri riéng
At ciing bat bi€n ddi vdi quay.

2. D&i v6i méi trudng 1-D, tenxd tng trd d6i xing Z7 = detZ, va tif phucng trinh

5), 4 “= Z, Vi thé, trudng hop 1-D twong ¥ng trudng hdp suy bi€n khi ma céc gid tri
riéng hoan toan tring vdi cdc thanh phin cd ban truyén théng.
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A
3. D6ivditenxo tdng trd 2-D,tacé det Z =7,Z, bt bi€n ddi véi phép quay. Gia
tri ri€éng dugc don gidn thanh A*=7;, A = Z; 12 hoan toan tring hgp véi cac thanh phén cg
ban truyén théng. :
Tit phuong trinh (3), cdc vectd riéng cla tit trudng:

IPE:
]_—)[:t: A*-Z,
7 (5a)
- t ——Zyy 1
H =
(5b)
HZyx+/li_

C4 hai dang cla vectd riéng déu twong dudng véi mot hé s6 vé hudng.

Thay H vao phudng trinh (1) va sit dung tinh chat A* A" = det 7 céc vecto riéng cla
dién trudng:

ol Z, +AF (62)
E’i= ny—/lJ;
z, (6b)

S+ Lt

Xdac dinh hai cap vecto riéng (H ,E );(I_:)T ,E’ ) cho chiing ta cdc trang thai phan cuc
cla trudng ti¥ va dién.
CAC THAM SO VAT LY

Gid tri riéng A" thé€ hién vai rd clia t8ng tré v6 hudng Cagniard. Pién trd sudt cg
ban dugc nhin ¥ cédc gid tri riéng;:

" 2

R @
w H
Nhu trinh bay & trén, cdc dai lugng nay 1a tring khdp véi cdc dién trd suit cd ban
dugc xdc dinh theo céc phudng phdp truyén th6ng cho trudng hgp 1-D va 2-D. Tuong ty,
nhirng pha clia gi4 tri riéng thi tuong ¥ng vdi nhitng pha cia Zyyva -2’y
Hudng cila truc chinh cia ellip phan cuc dién duge x4c dinh truc iép 1Y cdc s& hang
cla céc vectd riéng bdi [4]:
_ 2Re(E,E,)
2
E.[ - |2,
Pha thay d8i véi géc m /2 thi du tf s6 va mAu s6 thay d6i tuong ng.
Céc truc chinh cia ellip phin cuc tit cho bdi:
2Re(H H )

.||

g 20 (8)

w2k = 9)

-
Trudng hgp 2-D, cé hai trang thdi riéng cda vectd dién trudng £ phan cuc tuyén
tinh & cdc phudng vubéng gée nhau, duge x4c dinh bdi 8, (géc 1éch cia phudng di vat déi véi
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truc toa d6). Su khdc nhau cia céc trang théi riéng tif cac trang thai chufin cla truSng hgp
2-D thé hién mifc d6 3-D clatenxd Z .
Chiing ta c6 thé xéc dinh mic do bat ddng nhét qua cdc tham s& d6 1&ch méi [7]:

6+ — \|J+ _90
Va & = ¢y~ -(B+m2) (10)
25 o ok = + -
Dan dén: g =0l =W =T +2
Pé tién 19i ¢6 thé biéu dién tham s6 dd léch cho trudng hgp nay la
. _ T
S=||¥r-¥%" |- |
" /B,
v
-—‘—'—'“’:_.f
ok

v
<

Hinh 1: D6 1éch S

V4i w® 13 hudng cia truc chinh cia ellip phan cuc duge xéc dinh trong phudng trinh
(8).

Do det clia nhitng ellip phin cyc dién cho hai trang thdi ri€ng (7], xac dinh cap tham
s 3-D.

2
l1+ : —2ImP,
¢t =I—== —L
J1+ F, —\/1+|P51| ~2ImP,,
74
véi P, =—2—
& l’i,z+2xx

TINH TOAN TREN TENXG TONG TRG

Xét trudng hgp tinh todn s6 trong viéc phan tich trang thdi ri€éng v4i hai tenxo
t6ng trd 3-D sau:

5 _[0.5045%) 2,0(-90°)
' l1L,5(135°%)  0,8(—60°)

3 0,2(65°) 1,5(40°%)
> 10,2¢(81°) 0,3(-25")
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21=r0’5(450) 2,0(—90“)} 2. _ 0,2(65°) 1,5(40°%) |
11,5(1350) 0,8(-60%) 0.2(81%) @.3(=257)

| Z2xy | -
(a) (_\ - (b) Wl
3 £
Y
C/j.—lz’xﬂ C / 12 x|
X ) X
_ S > S
C D EY

w\ / /W/Xlargzxyl
17

-
2 xy=1,29(-41,45%) Z’yx=2,21(-87,59%) Z’ xy= 1,49 (40,01% Z’yx= 0,53 (59,06%)
8, =160 PB=0445 S, =0,255 8,=0"0 P=0400 S, = 0,200

/

AT
7|

At =1,26(-40,68") A =2,24(-87,27% A =1,42(41,74°) X =0,59(52,90%
gyt =-71,84° v =13,84° vy =11,96° y =78,06°
£* =.0,031 £ =0,470 £ =-0,285 £ =-0,130
$=43° S = 239°

H2.1a va H 2.1b: Gi4n d6 cuc va trang théi riéng cia tenxd bat ddng nhat 3-D: 21 , 2’\2
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MO HINH BA CHIEU THU NGHIEM

Pé thit nghiém ching t6i sit dung hai mé hinh ba 1dp: trong d6 mé hinh chifa bat
d8ng nhat ba chiéu & 1p thit nhat Cc k&t qua tinh todn m6 hinh (bai todn thudn) dudc cho
bdi chuong trinh tinh SITM (phudng phap phudng trinh tich phén) va FDM (phudng phép phin
t¥ hitn han) cia A.S.Debabov va LM Varensov [2]

So

H.3: m6 hinh thi nghiém véi p;= 100 Qm, h; = 1 Km, po= 1000 Qm, h; = 200 Km,
py=10m; 1,2, 3...... 1a di€ém do. Trong I6p thit nhét chia bat ddng nhét ba chiéu
hinh o-van ¢é bé4n kinh truc a= 15 Km, b = 5 Km, d6 din dién cia o-van thay ddi
ngodi bién cé So= 0,01 Simen dén tdm C clia o-van S.=0,1 Simen.

DPiém gt g At A £ 3 S S

do -

1 9.0E+01 | 3.0E-02 1.0B-02-2.0E-031 | 6,1E-03-4.0E-031 | 1.1E-04 -2.7E-04 | 3.2E-02 1.8E-04
2 -3.3B-02 | 9.0B+01 | 1.9B-02-1.0E-02I | 1.5B-02-7.5E-031 | -4.6E-04 | -4.8E-04 | 2.3E-02 | 54E-05
3 .1.4E-02 | 9.0B+01 | 3.5E-02-1.8E-021 | 2.0E-02-1.5E-02I | -1.7E-04 [ -3.0E-04 | 2.8E-03 3.3E-05
4 9.0E+01 | 5.5E-02 1.2B-02-2.9E-031 | 7.1E-03-4.4E-031 | 2.0E-04 -3.3E-04 | 5.6E-02 2.9E-04
5 2 0E+01 | -6.2E+01 | 2.2E-02-1.1E-021 | 1.6E-02-9,1E-031 | 8.7E-02 3.2E-01 8.6E+00 | 4.2E-02
6 1.2E+01 | -5.9E+01 | 3.7B-02-1.9E-021 | 2.1E-02-1.5E-02I | 1.6E-02 1.2E-01 1.9E+01 | 8.6E-02
¥ -9.0E+01 | 1.6E-02 4.6E-02-1.9E-021 | 2.4E-02-1.7E-021 | 2.2E-04 3.2E-04 2.8E-04 2.7E-05
8 5.5B+01 | -2.1E+01 | 4.6E-02-2.1E-021 | 2.6E-02-1.8E-021 | 1.1E-02 6.1E-02 1.4E+01 | 6.4E-02
9 4,7E+01 -2.5B+01 | 4.3E-02-2.1E-021 | 2.8B-02-1.9E-021 | 1.5E-02 6.5E-02 1.9E+01 | 6.1E-02

Bing 1: K&t qua tinh cdc tham s& vat Iy cia m6 hinh
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H.3.1.b gidn 48 curc | Zity f

H.3.l.a gidn d6 ey bis)-
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NHAN XET VA KET LUAN |

Céc diém do dugc ghi trén hinh vé va chu ky do 12 T= 2,6 s. K&t qud phén tich dudc
thé hién trén baug 1

Hudng chinh cia tenxd téng trd ( truc cda ellip phan cyc ) tai 1,2,3,4 va 7 (niim trén
truc hinh o-van) tring khdp vdi céc truc cla bat dong nhat. Tai céc diém do nay S,E* €7, S,
déu gén bing khéng. Gidn d8 cyc |Zyy | (hinh 3.1 b) c6 dang hinh o-van thit bung, truc
chinh clia o-van hudng vao tAm clia b4t ddng nhat. Gidn dé | Z4x| (hinh 3.1 a) trén truc bat
ddng nhat ¢ dang hinh hoa thi d&i xitng, ngoai truc d61 xitng sy d6i xitng ciia hoa thi bi phé
v3. Gidn dd cuc pha | arg Zyy | (hinh 3.1 ¢) 14 cdc hinh o-van. Tai truc d61 xing, truc cia o-
van triing véi truc d6i xing, ngoai truc d6i xing, truc chinh cla o-vanh 6m theo bat ddng
nhét. : 4

Theo bang 1 va Hinh 3.1 d tai cdc diém 5,6,8,9 nim ngoai truc ciia bat ddng nhat,
hudéng chinh cia tenxd téng trd quay di mét gée nao dé (y*=20% 12%.55% 47% v~ =-62% -
59% 21% -25°). Gia tri S = 8.6°% 19% 14°% 19°, d6 det ellip EYET w002 - 032va
Sk tir 0,06 -» 0,09

Qua céc két qué trén ching t6i cé thé dua ra nhan xét sau ddy:

Phuong phép trang théi riéng cho 8 thong tin vi nd sk dung tat ca cdc s8 hang cia
tenxd t8ng trd. Con phudng phap quay truc toa dé truyén thdng chi cho ¢6 6,5 théng s6 do né
chi st dung céc s6 hang ngoai dudng chéo cia tenxd. Trong trudng hdp téng quat (1-D, 2-
D) hai phudng phdp hoan toan gi6ng nhau. Nhung d6i véi trudng hgp 3-D phic tap thi
phuong phap trang théi riéng cho k&t qua chinh x4c va cu th€ hon qua viéc thé hién gié tri
ciia A, A" va clia do det, chiéu quay cilia ellip ( phan cuc trdi hay phan cyc phdi tly theo d4u
cla do det ), tham s6 do 1&ch cda phudng phép trang thdi riéng S cang ¢6 gid tri 16n hon dé
st dung hon tham s& d6 1&ch cia phuong phép truyén théng Sy. Hinh vé céc ellip phin cuc
16 rang hon céc gidn dd cuc | Zux|, | Zuyl, |argZay |

Pé tim hi€u t6t hon v& khia canh dia vét 1y cda céc tinh chit 3-D trong céc di liéu tir
tellua ddi hdi phai cé nhitng nghién citu thue nghiém nhiéu hon. Ching 161 hy vong sé& thuc
hién dudc trong thdi gian tdi.

A PRESENTATION OF MAGNETOTELLURIC IMPEDANCE TENSOR

Nguyen Thanh Van
Faculty of Physics, University of Natural Sciences - VNU-HCM

ABSTRACT: Through a variation of the classical formulation of a matrix, it is
shown that in general there exist two, and only two, polarization states for which the electric
and magnetic fields have the same polarization at perpendicular orientations. For each
eigenstate the magnetic and electric fields are related by a scalar, the eigenvalue for that
state. This scalar relationship between fields is of identical form to the solution for
transverse electromagnetric waves in a homogeneous medium and thus provides a physically
more satisfactory basic for defining apparent resistivity than the conventional approach using
the offdiagonal elements of the coordinate-rotated impedance tensor.
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