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TOM TAT: Khi nghién citu bdt déng nhdt vé dia di¢n ciia méi truong trong phuong phdp tit
tellua (MT) thi ngoai nhitng nghién citu vé Iy thuyét nguai ta con fim cdch dé cdi tién vigc ghi cdc
6 lidu, do dé ndm thanh phdn ciia truong dign tit: E,E,, H,, H, va H, dugc ghi mét cdch déng bé
vdi nhitng thanh phdn qui chiéu tai mét tram & xa (H, dugc ghi thém so vdi phuong phdp tit tellua
truyén thong). Biéu thitc lién hé giita cdc thanh phdn bién ddi ciia truong ux H,, H, va H, dugc thé
hién qua ma trdn Wiese—Parkinson. Phuong phdp xit ly 56 liéu dwa trén ma trgn Wiese—Parkinson
dugc goi la phuong phdp ti bién ddi. Ching t6i da ding vécto tit bién ddi, pha i bién ddi va dj
elip phdn cyc trong phuong phdp tit bién d8i dé nghién citu bdt dong nhdt vé tinh chdt dién trén
cdc md hinh va dwa ra cdc nhdn xét

. Ma trin Wiese - Parkinson
1. Ly thuyé&t
Gid st md hinh nghién cifu 13 mdi trudng phin 16p ngang, trong d6 c6 chita bdt dong nhit ba
chiéu v& tinh chdt dién va séng truyén 12 phdng. V6i mé hinh ndy, sy lién hé tuyén tinh gilta thinh
phidn H,, H, va H, cla trudng tir bién d6i dugc bi€u di&n nhu sau [1,9]:

HZ=WH1=WuHx+wzyHy
A H
véi W=[Wx Wyl va H, = [ ]

trong 46 W =[ W, W,y ] 12 ma trin Wiese—Parkinson, phén 4nh tinh chdt bit ddng nh4t vé tinh
chét dién clda moi trudng.

Thanh phdn W, W,, phdn 4nh tinh chit bit ddng nhit vé tinh chit dién cia mdi trudng theo
phudng ngang, vi viy n€u mdi trudng phin 16p ngang (1-D) c6 do din dién o (z) thi W, =0va Wy
=0,

Xét moi trudng 2-D c6 dd din dién o (y, z) va truc x tring véi truc ddng nhdt cia mai trudng,
trudng hgp nay W, =0

a

W=[0 Wyl

D& xi¥ 1§ tai ju trong phuong phap ti¥ bi€n d8i ngudi ta thudng bi€u dién cdc thanh phin cia W
trén giin d6 phéan cuc tir bing cich quay [1]:

W)=W R(a); (0<o < 2mn); R(a)latodn ti¥ quay va phép quay géc o cho:
H, = Wx(Hx.Cosa - Hy-Sina) + W,y (H, Sina + Hy-Cosar)
H, = (W, Cosa. + W,y Sina) Hy + (- W, Sina + W,y Cosa) Hy
ma H, = WoH, + W, Hy
vy W, = Wy Cosa + W,y Sina va W, = W, Cosa - W Sina

2. Véctd cdm ng va gidn dé cyc
Bling céch thay ddi a , ngudi ta biéu dién W,(a) , W,y () biing hai gidn d6 vectd cdm tng [4].
Céc gidn db ndy c6 dang cla nhitng vong trdn, dudng kinh (vong lién tuc) ghi bdi mot doan thing c6

Trang 23



Science & Technology Development, Vol. 7, No. 10-2004

mii tén (vectd dudng kinh ), dudc goil1d phdn thuc W va vectd dudng kinh ciia vong trdn chim chim
12 thanh phan 4o cia W (Hinh 1).

X
! Rewzx

ReW ReWzx’'(a)

=~ ImWzy
AY

ReWzy— | =4
Iszx‘
Hinh 1. Gidn d6 vectd cdm Ung cia ¥V
Chu ky T < Tmax T = Tmax T >Tmax
Ciu tric
~2D ‘
3D

Hinh 2 D B4t ddng nhit din dién

Hinh 2. cho thdy #ng v6i mot vat din & gin tram do s& xudt hién trén gidn db thanh phin tit thing
ding c6 bién do | W, cuc dai ng v8i chu ky Tmax (chu ky tudng @ng véi do sdu cla vt din); pha
clia| Wy, | di tir -180° d&n +180°. O chu ky nay d6i vdi bt ddng nh4t hai chidu thi phin thyc va phén
4o chi cing mét phudng, trong khi vdi bit déng nhit ba chiéu nhitng phuong niy khéng tring nhau.
Nhin xét chung tai moi chu ky phan thuc luén luén huéng xa vit din (huéng vao vat cich dién) va
d6i v6i vat hai chi€u thi phan thuc va phdn 40 gan nhv ciing phuong trong khi d6 d6i vdi vat ba chiéu
nhifng phuong nay khong tring nhau, dic biét khi T = Tmax gi4 trj clia phdn 4o rt nhé so vdi gi4 tri
cla phén thitc. Qua cdc chid thich trén ching ta thiy véc td thuc ReW cho ta bic tranh v& sy bat
ddng nha't vé tinh chit dién clia méi trudng rd rang hon véc td 40 ImW va c6 thé k&t ludn nhu sau: 2-
D, 3-D : véc td thuc lubn ludn rdi vt din; 2-D : véc td thuc va 4o cing phudng; 3-D : véc td thuc va

4o khong cing phuong; T = Tmax: gid-trj ciia véc td thuc 16n nhat va ri't 16n so vé gid tri cia véc g
do
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- Hoic bing cich biéu dién vécto thuc va véc td 4o ciia phuong phdp véc td cdm ng [3] nhu
sau:
ReW=ReW,1, + ReW,1,
ImW=ImW,1, + ImW,1,
trong d6 1,, 1, 12 cdc véc to don vi trén cic trucx va y; ReW va ImW dudc goi 12 véctd thuc va
véctd do.

A B
0,5 0.5
i —
ReW
ReW
0} 0 =
; =
ImW ImW
7 T T
W, = [exp(—%) 0] W, [CXP( A) 2.exp(w/ 4)]

Hinh 3. C4c véc td cdm tng; A/ - mdi trudng hai chidu, OO: truc ddng nhit; B./ - mdi
trudng ba chiéu bat d6i xting.
Hinh 3-A va 3-B biéu dién cdc véc td thuc va cdc véctd do clia hai ma trin:

= [ exp(-n/4) 0] ciia moi trudng hai chiéu vdi truc OO 1 tryc déng nhit vA ma trin

Wy = [exp(-n/6) 2.exp(n/4)] clia mi trudng ba chiéu bt d6i xing. Tudng ty nhu trén ta nhin thiy
d6i véi moi trudng hai chi€u véc td thuc v véc td 4o c6 cling phudng trong khi d6 mdi trudng ba
chiéu thi ngugc lai.

- Ngodira khi o thay d&i, ngudi ta bi€u di&n W, (a)l, IW,,-(o0)l biing hai gidn db cuc trén hé
toa dd Oxy, cdc gidn dd cuc ndy di dugc Berdichevsky [1] dé nghi véo nhitng nim 70 cia thé ky
trude va da dudc dp dung rong rdi trong linh vire MT.

- Tir thanh phin khéng phu thudc vdo huéng clia hé toa do Oxy : W

=& ,/Wi - Wzi , nén Vozoff [10] x4c dinh mot tham s§ dudc goi la “ tipper ” d€ dic trung cho tinh
chit bit ddng nhi't cla mdi trudng:
tip = |JWi+W, |

N&u tip = 0, mdi trudng dugc hinh thinh bdi cdc 16p nim ngang x&p song song (1-D), trong khi
tip # O chiing ta s& tim thdy & trén cfu tric 2-D va 3-D va “tipper” thuﬂng c¢é nhitng gid trj giita
0,1 va 0,5.

3. Véc td tif bién ddi, pha tiY bi€n ddi va d¢ det elip phén cuc tit
Trén cd s tipper clia Vozoff va thanh phin khong phu thudc vdo huydng cia hé toa dd Oxy la:

2
W= W2+W2 va W= 1/]I«me +[,,|" . Trong nhitng nim gén day Berdichevsky-N.T.Van [3,6]
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da dua ra mot phudng phap biéu dién ma trin Wiese - Parkinson W du6i dang véctd tiY bi&n ddi, pha
tir bi€n d6i va d élip phan cuc tif bing cdch x4dc dinh hé thic lién lac giita cdc thanh phin H,, H,, H,

LA

n= : .
VA +|A)

n dudc goi 13 su lién hé clia c4c thinh phin tif bién ddi (new tipper [6]) va c6 thé khai trién thanh:
W_H +W,H)W.H. +W_H)

L3 |17, +[Hy|2
=\l f -7 =PI -7
véi ,
2 2 . B 2 2
e w.H,| +leyH; —ZR:WBW,ny{Jy 3 |Wtu|2 —|W,y,zf,, 2
|H["+|H)| |H,|" +|H,|

Hiy xem sy thay ddi clia n trong trudng hgp mdi trudng hai chiéu?. Gid si H, = H1, phin cyc
~ tuyé&n tinh theo tryc T, T 1am v6i truc x mdt géc a VA x 14 truc ddng nhit cla mbi trudng. VEi md
hinh ndy thi:
H;=H Cosa, Hy=HSina. vd H,=W, HSina
viy n(a) = IWzySina|

minn ()= 0 khi ."a= 0=
max 1 (o) = Wy khi o= n/2; 3n/2

Tif cue tri clia i (@) c6 thé xdc dinh thanh phin song song (W, = 0) va thing géc (W) clia ma
trin Wiese-Parkinson. :

Dua trén k&t qua cfia md hinh hai chiéu ta c6 thé nghién cifu mé hinh bat ky ba chiéu khic. Gid
st tim dudc trudng H,, trong d6 n ¢6 cdc cuc tri, nghia 1a H, c6 c4c cyc dai va cuc ti€u. Trong trudng
hgp t8ng quit trudng nay cé thé xem 12 trudng phin cuc élip va ching gdm c6 trudng 4 song song
H'" va 4 thing géc H} (Hinh4). Thanhphin H! dugc xdc dinh tir diéu kién:

min n(a) =0,
nghta 1a: W, H! +W,H/ =0
HH W
1 zx
suy ra P, = —‘E, = _W_,,
tuong ty max 7(@)] .o =|/7]
conghiala: WL HE[ +W HY —2RW W HEH) =0
a c6 thé ' O L
Y tl S e e
co thé suy ra H Hf Wz:'
viy Py (Py) =-1

vi trudng H :’ vi H ;" trirc giao nén cdc truc 16n cla &lip phin cue thing géc v6i nhau, hudng theo
phudng 4 song song va 4 thdng géc va ddy 1a hudng chinh cla bit ddng nhdt ba chiéu.

- X4y dung véctd V hudng theo truc 18n clia phin cuc &lip va c6 gid tri bing suit clia

ma trin Wiese - Parkinson.
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gbc ai, gilfa truc x va truc 1n phén cuc H:‘ va dudc tinh [3, 4]:
1g2ay; = 1g26;,Cosgy;

véi 6, = arctglP,jl; 05 E[O,—g—] va ot =arg P} ; 93 €0,27]

a; E[O,Z;—],khi-Cosgp; >0 va ap e[—g—,O],khi Cospy < 0
véctd V nim cdng trong phin tu cla mit phing toa do véi véctd thyc ReW, nghia Ia:
l |CosargW l T
<_....
[W |CosargW ‘ 2

—arctg-

A

viy V = “W Cosay 1, + [#|Sinay1,

V dudc goi 1a véctd tir bi€n déi, sudt cia n6 cho thiy miic dd bién déi vé tinh chdt dién cla bat ddng
nht, phuong clia V 1am véi truc x mdtgéc @y Vva chira ving c6 bit ddng nhit.

1 ) .
X 4 aH .‘.‘_‘.-"

Hinh 4. Trudng tit H; phén cyc elip
- P élip dugc bidu dién nhu sau [2]:

= tg[% arcSin(SinZBf,Sin (oi}):l =b/a

véi bintruclén a= \ﬁ+|P;|2+2ImP; + \/1+le|2—21ij

2 2
vid bintrucnhd b = \/1 +|PHL| +2Im Py - ‘ﬁ+|P,f.’l -2ImPy;
cia elip phin cuc, E:} = 0: phdn cyc tuyén tinh ; 5‘,‘, < 1: phdn cuc elip va 8# = 1: phin cuc tron; 5']';,
> 0, huéng quay ciia trudng H} theo chidu kim ddng hé va &} < 0, huéng quay cia H; theo
chiu ngudc chidu kim déng hé. Sudt va diu (phén cyc trdi, phdi) ciia d6 &lip chi ra tinh chi't phan cyc
cia trudng H; .

- Tit thanh phdn b4t bi€n theo phép quay W = JW’ +W_, , pha y dugc tinh [3]
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y = argW = arg,/Wi + Wzi y dudc goi 12 pha tiY bi&n d8i, né phdn 4nh quan hé giifa tic déng va
cdm ng ciia dong. N&u wgn bling 0 hay = thi dong tdc dong trdi hon, ngudc lai néu y gin bing n/2
dong cdm iing chi€m uu thé.

Tém lai ta thdy véctd V cho ta hai thong s& (phudng va gi4 tri), ddng thdi IVI > | ReWl! va
IVI =1 ImW |, ngodi ra hai thdng tin n{fa: d§ élip 8; clia trudng Hl,l va pha  cang lam cho viéc
xdc dinh bit ddng nha't hoan thién hon cdc tham s& di c6 trude ddy.

II. Ap dung
1. M@ hinh thit nghigm 1: Mb6i trudng ba 18p, cdc bit dong nhat ba chiéu din dién kém nim trong
16p thit nhit [s6 liéu md hinh ciia A.S.Debabov]

So0=100 Simen/m

s ey e BEABKOL o e o st s ity s s s e i, T s i
Sc=10 Simen /m

l I f |

Hinh 5. M6 hinh thit nghiém 1: Véc td tir bi&n ddi, pha tif bién ddi, d6 elip phin
cuc.A./M0G hinh; B./chuky T=2,6s; C/chuky T=168s.

Hinh 5 12 md hinh méi trudng ba 16p vdi bé day 16p thit nhdt h; = 1 Km, 16p thi hai h, =200 Km
va dién trd suit p;= 100Q-m, p, = 1000Q-m, p; =1 Q-m, di thudng ba chiéu nim trong 18p thif nhit
12 élip c¢6 bdn kinh 16n a = 15 Km, nhd b =5 Km, v6i S,= 100 S/m, S.= 10 S/m, chu ky do: 2,6s va
168s. Vi chuky T = 2,6 s, véc td V huéng vio tdm bat ddng nhdt cdch dién, dic biét nhitng diém do
nim trén bién bat ddng nha't thi d6 elip phin cuc ti¥ ¢ gi4 tri 16n va 4m (- 0,15), nhitng diém con lai
gid tri cia do elip khong ddng ké. Tai chu ky T = 168 s, véc td V khong thay d8i huéng nhung gidm
di mdt ni¥a gid tri va pha tif chuy&n ti géc phdn tu thit nhit sang géc phin tu thit hai chifng té bt déng
nha't xuét hién trong 18p thit nhat .

L
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2. Mo hinh thit nghigm 2: Mbi trudng ba 16p, cdc bit ddng nhdt dia phuong va khu vuc trong 16p
thit nhat. [s6 liéu mo hinh cia A.S.Debabov — .M. Varensov]

S

SRﬂ‘lOO SImen/m

T=2700s

e ks

Hinh 6. M hinh thi nghiém 2: Véc td tir bi&n ddi, pha tir bi€n ddi, dd elip phan
cuc ti . A/ Mo hinh; B/chuky T=21s; C/chuky T=2700s.

Trén m6 hinh 6, S, = 10 S/m va bt ddng nhi't khu vyc hinh &lip ¢6 bdn kinh 16n a = 50 Km, nhd
b = 12,5 Km c6 do din dién cao khong ddi Sg= 100 S/m, trong d6 c6 bi't déng nhi't dia phuong 1 vong
tron dudng kinh 5 Km c6 do din dién thip S_ =10 S/m. Bé day I6p thit nhat h, = 1 Km, 18p thi hai h,
=200 Km va dién ud sudt py=10°Q-m, p;=1Q-m, chuky do: 21s va 2700s.

Hinh 6 biéu dién vécto V, pha y va do élip phin cuc, ta c6 cdc nhin xét sau: v6i cd hai chu ky
21s va 2700s, véctd V 18i xa bit dong nha't khu vuc din dién, tai ndi c6 bt déng nhit dia phuong din
dién kém, phuong cila véctd V bi thay d6i (V 6m bat dong nhit dia phuong), dic biét & chu ky 21s, V
¢6 gid tri 16n hon rat nhiéu so véi & chu ky 2700s, chiing t6 bat déng nhdt nim & 16p trén, tai chu ky
nay pha tf bi€n ddi gin biing 7 (g6c phin tu thit hai), ngudc laj tai chu ky 2700s, pha tit bién ddi gin
bing n/2 (géc phin tu thi nhat), th€ hién sy xuat hién cda ba't dong nhat . P élip phén cuc ti¥ ¢6 gid
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tri 16n va d8i ddu trén bit déng nhit dia phudng trong trudng hgp do véi chu k¥ 21s cho thiy bat déng
nhi't ba chiéu & 16p gin bé mat.

L K&t ludn

Qua cédc thi du trén cdc md hinh thit nghiém, chiing ta thiy ring véctd tir bi€n d8i, pha ti bién
ddi va do élip phin cuc lam ndi 1én bit déng nhit hai, ba chiéu. So sinh véi cc phuong phép biéu
dién mat cdt tir bi€n d8i trude day (gidn dd phin cyc t¥ va véc td cim Wng) thi véctd tir bi&n d8i, pha
t bién ddi va do élip phan cyc tir cho ta nhiéu thong tin hon (bon théng tin), ddng thdi c6 do phén
gidi cao hon. D€ tao diéu kién thuan 1¢i cho ngudi sit dung, chiing t6i ¢6 thé t6m ludc nhu sau:

- V ludn ludn cé khuynh huéng réi xa bat ddng nhi't din dién (huéng vao bit ddng nhit cich
dién), V c6 gid tri 16n nhdt khi T = Tmax.

- Pha tir  chuyén tir géc phan tr thi nhit sang géc phin tu thit hai hoic ngugc lai, chitng té c6
su xuit hién clia bt ddng nhit.

- Do elip phidn cyc tir khdc khong, ¢6 su phin cuc elip hodc tron,
chifng td c6 su xud't hién clia bat ddng nhét ba chiéu. N&u € ddi ddu (phén cyc t trdi d8i sang phai
hoic ngugc lai), sy xuit hién cla bit ddng nhit ba chiéu cang rd ring hon. Pic biét trong viéc xdc
dinh dit gay dia chdt thi ddy 1a phuong phdp rdt ¢6 hiéu qud, vi ranh gidi cla sy ddi ddu phén cuc
trén gidn db thudng tring v6i cic dift giy.

APPLICATION OF MAGNETOVARIATIONAL METHOD
IN THE STUDY OF THE GEOELECTRICAL INHOMOGENEITIES

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

ABSTRACT: At present, one of the effective methods in the study of the geoelectrical
inhomogeneity is the magretovariational one in which relations between the variable components H,,
H,, H, of the geomagnetic field are given by Wiese - Parkinson matrix. There are many modes of
transforming and representing this matrix for obtaining the useful information (magnetic polarisation
diagram, induction vector, magnetovariational vector, magnetovariational phase and ellipticity). We
use the magnetovariational vector, magnetovariational phase and ellipticity here to study the
geoelectrical inhomogeneities on two exemplar models.
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