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DICH CHUYEN THOI GIAN NGUOC CHO MOI TRUONG
DANG HUONG NGANG

TS. Poan Huy Hién', TS. Seonghuyng Jang?
"Trung tdm Nghién ctu D6 thj, Pai hoc Quéc gia Ha Néi
2Vién Nghién ciru Khoa hoc Trdi ddt va Khodng san Han Quéc

Tém tat

Mét trong nhiing gia thiét dé giai phuong trinh séng bdng phuong phdp sé hay phuong phdp gidi tich la loai
bé tinh bdt ddng hudng trong cdc vat liéu dat. Diéu dé dan dén cdc thudt todn dich chuyén sau truéc céng dua vao
phuong trinh séng khéng con hiéu qua khi sir dung cho méi truong bat dang huéng. Phén tich tiém cén cia phuong
trinh séng cho méi truéng dang huéng ngang tao ra méi quan hé phan tdn trong mat P-SV, tir d6 c6 thé tao ra phuong
trinh vi phdn dao ham riéng bdc 4 dé mé ta qud trinh truyén séng cho méi truéng nay. Véi gia thiét vén téc séng ngang
bdng 0 va dinh nghia ham phu, phuong trinh vi phdn dao ham riéng bédc 4 c6 thé don gidn héa thanh hé phuong trinh
vi phdn dao ham riéng bdc 2 cho phuong trinh séng dm va cé thé giai duoc bdng phuong phdp sai phdn hitru han. Viéc
mé phdng nay cho két qua tuong duong vé mdt déng hoc ctia séng doc trong méi truong dan héi dang huéng ngang.
Vi vdy, phuong trinh séng Gm nay c6 thé sir dung cho cdc thudt todn dich chuyén cho méi truéng ddng huéng ngang.
Dich chuyén théi gian nguoc bdng cdch tich vé huéng cta trudng séng mé phéng tai diém né va truéng séng tai diém
thu duoc dé xudt cho méi trudng dang huéng ngang nay. Két qua ciia thudt todn duoc kiém tra tinh chinh xdc béi mé

hinh dia chdt ddng huéng ngang phirc tap Marmousi.

Tirkhéa: Dich chuyén sdu truéc cong, bdt ddng huéng, ddng hudng ngang, phuong trinh séng.

1. Giéi thiéu

Dich chuyén (migration) trong x{ ly dia chan la buéc
quan trong nhat véi muc dich dua cac tin hiéu dia chan vé
dung vi tri phan xa d€ phuc vu cho cac qua trinh minh giai
sau nay. Dich chuyén dia chan dugc phan loai nhu sau:
dich chuyén thai gian (time migration), dich chuyén sau
(depth migration), dich chuyén trudc khi cong (prestack
migration) va dich chuyén sau khi cdng (poststack
migration). Tuy vao muc dich va d6 phuc tap cta diéu kién
dia chat ma ap dung thuat toan dich chuyén phu hop.
Trong d6, dich chuyén sau trudc cdng (prestack depth
migration) dugc coi la phuong phéap chinh xac nhat cho
cac diéu kién méi trusng dia chat phuc tap, van toc truyén
song thay déi theo ca phuong doc va ngang. Thuat toan
dich chuyén sau trudc cong dugc chia lam 3 loai tuy thudc
vao cach tiém can Ioi gidi phuong trinh séng: phuong
phdp dudng di cla tia séng (ray tracing), phuong phap
phuong trinh séng moét chiéu (one way wave equation)
va phuong phap phuong trinh séng hai chiéu (two way
wave equation). Trong cac thuat toan dich chuyén sau
trudc cong, dich chuyén thoi gian ngugc (reverse time
migration) la phuang phap chinh xac nhat dé xay dung
mat cat dia chan cho cau trac dia chat phuc tap va do

tuang phan van téc clia cac don vi dia chat I6n nhu dum
mudi (saltdome) [5, 6, 7, 9, 12].

Lich st nghién ctu dia chan cho thay, do anh hudng
cla tinh bat ddng hudng cltia méi trudng dia chat nén
mat cét dich chuyén dia chan va tai liéu dia vat ly giéng
khoan khéng khép nhau mac du mé hinh van t6c cho
dich chuyén Ia mé hinh that. Tinh bat ddng hudng cua
moi trudng dia chat ton tai tu nhién do 3 nguyén nhan
chinh: (1) cdc khoang vat dang hudng dugc sdp xép theo
mot chiéu nhat dinh nao do; (2) cac I16p tram tich dang
hudng méng (chiéu day cla cac I6p nhé hon nhiéu budc
s6ng) sap x€p chéng lén nhau; (3) do cac khe nit nho
trong I6p. Phan 16n tinh bat dang hudng cla cac déi
tugng dia chat la do két hop ca ba diéu kién trén [4, 8, 10,
15] da chird anh hudng cta tinh bat ddng huéng dén cac
thuat toan dich chuyén sau trudc cong. Issac va Lawton
(1999) [8] da st dung mé hinh vat ly ddng hudng ngang
(vertical transversely isotropic) dé tao ra sé liéu dia chan
trong phong thi nghiém sau dé dung cac thuat toan dich
chuyén khac nhau dé danh gia. Sé liéu dia chan thu dugc
tu mo hinh vat ly va s dung mé hinh van téc dung dau
vao nay cho bai toan dich chuyén. Tuy nhién, két qua
dich chuyén van khéng khdp véi mé hinh dau vao. Diéu
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dé cho thay cac thuat toan dich chuyén sau trudc
cdng khéng con phu hgp trong méi trudng bat
dang hudéng vi phuang trinh séng cho cac thuat
toan dich chuyén sau déu la phuong trinh séng
am cho méi trudng dang hudng. Vi thé, két hop
céac tinh chat bat ddng hudng vao phuong trinh
song sé gilp gidi quyét phat trién cac thuat toan
dich chuyén sau trudc cdng cho méi trudng bat
dang huéng. Trong bai bao nay, nhém tac gia khai
trién phuong trinh séng cho méi trusng déng
hudng ngang (bat ddng hudng sau); Gidi phuong
trinh séng bang phuang phap sai phan hiu han;
Xay dung thuat toan dich thoi gian ngugc cho
mdi trudng ddng hudng ngang va cac vi du s6
minh hoa.

2. Phuong trinh séng cho méi trudng dang
huéng ngang

Phuong trinh séng cho méi trudng dan hoi va
bat dadng hudng dugc xay dung trén cc s& clia Dinh
luat 2 Newton va Dinh luat Hooke nhu sau [1]:

9’u 9’u
?_ Ciim =/ (1)

g 0x,0x; B

Trong d6 u la trudng séng, p la mat d6, ¢ la

tensor d6 cuing va f, la ham nguon.

ijkl l

Tensor d6 cling thé hién tat cd cac tinh chat
dan héi cta vat liéu. Trong trudng hgp téng quat
nhat, né bao gbm 21 phan tl doc lap, trong trudng
hgp dédng hudng va dan hoi, tensor dé cling bao
gém hai thanh phan tuong Gng véi stc dan hoi
Young (E) va chéng cat (u). D8i véi méi trudng déng
hudng ngang, tensor d ciing bao gém 5 phan tur
déc lap dugc thé hién nhu sau:

¢, ¢, ¢35 0 0 0
¢, ¢, ¢; 0 0 0
C = 3 €3 ¢ 0 0 0 )
0 0 0 c4 0 0
0 0 00 ¢ O
L 00 0 0 0 cq

Trongdo C,=C, -2C,..

P& mo td vé mat gidi tich cac loai sdbng mat
cho trudng hop téng quat nhat, loai bd phan ham
nguodn cta phuang trinh séng (1), khi d6 nghiém
cla phuong trinh 1 sé c6 thé biéu dién dudi dang
gidi tich nhu sau:

u, = Ukei(u(n,xj—Vt) (3)
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Trong d6: U, la cac thanh phan theo cac huéng khac nhau ctia
véctd phan cuc U; w la tan s6 géc; V la van téc pha, nla vécto don
vi vudng goc véi mat song.

Thé phuong trinh (3) vao phuong trinh (1) thu dugc phuong
trinh Christoffel nhu sau:

2
[_Gll a2l G, Gis U,
2
G, G,-p* G, |U|=0 @&
2 U
Gy, Gy, Gy —pV 3

G day G, la ma tran Christoffel v&i cac hé s6 dugc tinh:
Gy = cyun;m (5)

Gidi phuong trinh (4) trén cg s& gid tri riéng (pV) va vécto
riéng (U,) sé thu duoc téc dé cla pha séng véi cac goc téi khéc
nhau (V) va trudng séng tuang ung (U)).

Véi méi trudng ddng hudng ngang, gia tri clla cac phan t cla
ma tran Christoffel la:

Gy = Cynj + Cgenj + Cssnj

Gy, = Ceeni + Cyyn3 + Cssng

Gy3=Css(n} +n3) + C33n3 6)
Gp= (CH - Cg6)ny 13

Gi3=(C,;+Css)nyng

Ga3 = (C,;+ Css)nyng

Trong méi trudng ddng hudng ngang, tat cd cdc mat phang
¢6 truc ddi xiing thang ddng la nhu nhau, vi thé viéc nghién cdu
song mat trong mot mat phang thadng dung la dd. Trong trudng
hop nay, ta chon mat (n,=0) va hai thanh phan vécto n,van,co
thé biéu dién dudi dang sin va cosin clia goc téi 6. Khi do t6c do
pha sé tinh dugc bang cach gidi phuong trinh:

det [Gik - Sikaz] =0 @)

Trong d6 6, = 1 néu i =k, va §, = 0 cho cac trudng hgp con
lai. Thé gia tri clia cac thanh phan G, & hé phuong trinh 6 va cac
thanh phan vécto n, = sin 6, n,= 0 va n,= cos 8 vao phuaong trinh
7 thu dugc téc d6 pha cla cac loai séng trong moi trudng dang
hudng ngang nhu sau:

Vi (0) — \/c66sin29 + 550820 @)
p
2pV2 (9 ) = (C11+ C55)Sin29 + (C33+ C55) COSZO + (9)

\/[(C“— Css)sin20 — (Cy3— Css) c0s20] 2 + 4 (Cj3+ Css) 2sin20cos 20

Trong d6, dau cdng tuang tng véi séng doc (P), dau trir tuong
(ing v6i thanh phan vudng géc clia séng ngang (S,), tuong tu nhu
thé Vv, la van téc clia séng ngang theo thanh phan nam ngang.

Viéc mé ta cac loai song thong qua cac hé s6 cua tensor
dé ciing nhiéu khi khéng phan anh hét dugc muc dé bat dang
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hudng ctia méi trudng. Do d6 cac théng s6 Thomsen dugc
dinh nghia:

C33

Cs
Vo = p_s (11)
g C11=Cas (12)

_ (Cy3 + Cs5)* — (C33 — Cs5)?
2C33(C33 = Css)
Cee - Css
2Cs5

Y= (14)

Véi viéc dinh nghia cac tham sd Thomsen, cé thé thay
cac diém ndi bat la: (1) ba tham s6 khéng thd nguyén €, &
vay tién dan dén 0 khi méi trudng ddng hudng; (2) € la ty s6
gilta van t6c song doc theo thanh phan vuéng goéc va thanh
phan song song cua doc, trong khi d6 y la dai dién tuong
tu cho séng ngang, do dé ¢, y dic trung cho do bat déng
huéng clia méi trudng; (3) cac tham s6 Thomsen co thé dé
dang tinh ti tensor d6 ciing va nguac lai.

VGi cac tham s6 Thomsen dugc dinh nghia tir phuong
trinh (10) dén (14), t6c d6 pha clia céc loai séng (phuong
trinh 8 va 9) dugc biéu dién lai nhu sau:

Vin(0) = Vgoi/1 +2ysin20 (15)

(16)
VZ(0) . 2o £ T |( 1 26500\ 2(—8)sin?20
Vpo =1+ esin ~5%*3 3 n

VZ
Trongdéf=1- V_Z
Trong khéng gian Fourier, céac vécto don vi ¢ dugc thé
hién dugi dang n, = vk /w va n,= vk /w, trong d6 w la tan s6
96¢, k, va k la s6 song theo phuong x va y tuong tng. Khi
do phuong trinh Christoffel d6i v6i mat song P-SV nhu sau:

(a13 +ass)kyk, H ]

agskg +a33ks —

Trong do6 a, = cij/p. Thiét lap dinh thic clia ma tran
Christoffel bang 0, ta thu dugc maoi quan hé gilia tan s6 goc
va s6 song nhu sau:

0= o*— [(a;; Tass)ks + (azz+ass)
kZ]o? +a j;assky +a 33a55k;

+lagaz3tads— (a;3+ass)lkiks

a1 ki tagsski—o?
(a3 +ass)kyk,

(18)

Vi méi trudng xem xét 1a méi trudng dang huéng
ngang, nén cac thanh phan theo phuong x va y nhu nhau,
do d6 phuong trinh 18 c6 thé téng quat hda bang cach thay
thé k 2 bi (kx2+ky2), thu dugc phuong trinh sau:

0= 0*—[(a; +ass)(kZ+k2)+ (az; +ags)kZ]o
+ 3111355(1{2 +k 2)2 +a 333551(

(a;3+ass)?](k2+k 32/)1(%

(19)
+[ajja3; tags —

Thay thé& cac gia tri cia ma tran d6 ciing bang van
téc dugc dinh nghia tir cdc tham sé Thomsen & trén va
11=Vix, Vnmo= Vpo V1 +2& vao phuang trinh 19 va nhan
ca hai vé clia phuong trinh 19 véi trudng séng trong mién
tan s6, U, thu dugc:

0= (n4[U— (V2 VE) (2 + K2) + (V2 + V) K2 o U+
{Vso MO) + Vo (Vy +V§M0)](k2 +kk: + ViV
(2 + k2) VG VAKEU (20)

Thuc hién dich chuyén Fourier ngugc phuong trmh

20 bang cach st dung cac méi I|en quan iw & _E;
kae—%; ik, < —ai valkz<—,> _E thu dugc phuong
trinh vi phan dao ham riéng cap 4 moé phong qua trinh

truyén song trong moi trudng dang hudéng ngang nhu

Sau:

0= %_( 0)(6 2502 ay2 at2 —(% 20) 21)
5524;2 szszzo ((Z44 6,?245y )+ V20 520 074 +
[V2o(VA — Vamio) + VA (V2o + vﬁMo)J (3% ayzazz)

Vi trong xU ly s6 liéu dia chdn, dac biét la dia chan
bién, do séng doc khéng lan truyén trong méi trudng
NUGc, nén cac tin hiéu thu dugc phan 16n 1a séng doc. Do
dd néu loai bo thanh phan séong ngang trong phuong
trinh 21 thu dugc phuong trinh séng am cho moi trudng
déng hudng ngang nhu sau:

0_64U V2 MY N ‘U ) - o*U ",
T oot P N\ox2ot2 ay2 ot2 P°a 29tz PO
a4U (22)

2
(szx - VNMO)(6X2 022 oy? 822)

Zhang (2006) va Alkhalifah (2000) [3] gigi thiéu ham
W= o*U

ot
4 (22) sé dugc chuyén vé hé phuang trinh vi phan dao
ham riéng bac 2 nhu sau:

khi d6 phuong trinh vi phan dao ham riéng bac

o°U _

o

*W azw 62 s n

27~ W ) Vo a 7~ VoV~ Kvo)
o*U a4U 23)

+
(6x2 0z2 0Oy? 822)
Khi d6 hé phuong trinh vi phan dao ham riéng bac

DAV KHi - SO 4/2014 43



THAM DO - KHAI THAC DAU KHi

2 c6 thé dé dang giadi dugc bang phuong phap sai phan
hGu han.

Hinh 1 mé t& trudng séng doc tai cac thai diém khac
nhau tir hé phuong trinh 23. Trong d6 m6 hinh van téc
dau vao co V_,=3.000m/s; € = 0,2 va & = 0,1. Nguén phat
dat tai gilta mo6 hinh va dugc mé phdéng duéi dang ham
Ricker vai tan s6 dinh 1a 20Hz. Trong khi dé Hinh 2 mo6 ta
trudng séng dan hoi (khong gia thiét séng V_ = 0) dugc
tinh truc tiép ti phuong trinh séng (1) tai cac thoi diém

Khoang cach (m)

Khoang cach (m)
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Hinh 1. Trudng séng tai cdc thdi diém khdc nhau duoc tinh
tir hé phuong trinh 23
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Hinh 2. Trudng séng dan héi tai cdc thoi diém khdc nhau dugc mé

phdng ti phuong trinh séng 1
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khac nhau véi mé hinh vén t6c va cac tham s6 Thomsen
nhu trén.

V& mat dong hoc, qua trinh truyén song doc tinh
theo hé phuong trinh 23 (Hinh 1) giéng v6i mé hinh dang
hudng ngang dan hoi tinh theo phuong trinh song 1
(Hinh 2). Vi thé, phuong trinh 23 ¢6 thé sit dung cho cac
thuat toan dich chuyén sau trudc cong bang cac phuang
trinh séng.

3. Dich chuyén thé&i gian nguoc

Phuong trinh séng trong trudng hop rdi rac hda cé
thé biéu dién nhu sau [11]:

MU(t, p) + KU(t, p) = f(t) (24)

Trong do6:

M: Ma tran khéi luong;

K: D6 cing;

p:Tham sé dia vat ly.

0 800m

Vp=1500 m/s Epsilon=0

Density=1g/cm*® Delta=0
200m °

300m \"/
L ]

Vp=2500 m/s g Epsilon=0.25
Density=2.5 g/fem® Delta=0.1

800m
Hinh 3. Mé hinh vat ly don gian mé ta tinh chét ddng huéng ngang
strdung dé kiém mé phéng quad trinh truyén séng va dich chuyén
Khoang cach (m)
52100 200 300 490 500 690 700

0.14
0.2-

0.31

Thoi gian (giay)

0.9 -
' AN
Hinh 4. Diém né chung tirmé phdéng trudng séng
tirhé phuong trinh 23
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Shin va Chung (1999) [14] da ching minh diéu kién
anh cho bai toan dich chuyén sau trudc céng tucng
duong véi tich vo hudng clia dao ham riéng bac nhat cla
trudng song theo mét tham sé dia vat ly véi sé liéu dia
chan ghi dugc trén bé mat. Diéu kién anh chinh la ca s&
cta thuat toan dich thdi gian ngugc cho méi trudng dang
hudng va bat dong nhat [13].

Céach tiém can cho méi trudng dadng hudng ngang
clng dugc tién hanh tuong tu.

Trong khéng gian Fourier, phuong trinh 24 dugc viét
lai nhu sau:

Phuong trinh 25 va 26 c6 dang giéng nhau, su khac
nhau la ham nguén (force function). o] phuong trinh 25,
ham nguén dugc cho trudc trong mdi phuong trinh
song (thudng la xung spike, xung vai pha ban dau la 0,
hodc la xung Ricker), trong khi d6 & phuong trinh 26,

o mz_) U(w ,p) = £+ dugc goi 1a ham ngudn
op1 op1

ao (virtual source). Ham nguodn &o dugc tinh truc ti€p
tUr trudng séng va dai lugng phu thudc va cac diéu kién
tham s6 dia vat ly dau vao. Nhu vay, dao ham riéng (partial
derivative) cla trudng song c6 thé tinh toan dugc bang
cach giai phuong trinh séng hai lan. Sau dao ham riéng

KU Mo2U _F (25) cla trudng soéng dugc tinh toén, khi dé c6 thé thuc hién
(©,p) ~Mo*U(w ,p) = dudgc thuat toan dich dé xuit bai Shin va Chung, 1999 [14].
DPao ham hai vé clia phuang trinh 25 theo mot tham

s6 dia vat ly nao do, p,, (van toc, ty trong...) thu dugc: Hinh 3 gidi thi€u mot mo hinh dang hudng ngang

don gian dé kiém tra tinh ding dan cta thuat toan. Hinh

dU(w, p) oU(w,p) oK oM 3 <& lidu di £n (diém né 5 phd )

K P 2m p)_ _(_7032 _) U(w, p) (26) 4 1a s6 liéu dia chan (diém n6 chung) dugc mé phéng tu

0py 0py op1 op1 mo hinh dia vat ly & Hinh 3 va phuong phap sai phan hiru

han gidi hé phuong trinh séng

Ham nguon 3o tai bé mat Ham nguon o tai d6 sau 300m JN . v . R

1.56-08 . : ; 6e-09 23. 56 liéu dia chan nay dugc su

teos [ ) de-00 | |'| {  dung nhu la dau vao cho thuat

5e-09 | |ﬁ| |\ 1 ze00) 1l toan dich chuyén trudc cong.

| o N N 7 iy

g o ‘lL- e —1g o }m/ —-J“'b.-x—Wv——— bé thuc hién diéu d6, dao ham
=4 | =4

L se-09 | ‘ 2 2609 H | riéng clia trudng séng theo tai

1008 | ‘ -te-09 | cac nat mang lugi sai phan hitu

-1.50-08 | -6e-09 | t| ] han dugc tinh todn va nhan véi

Py -8e-09 s6 liéu dia chan dau vao sé dugc
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thu dugc gia tri diém anh tai
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i | 2e-09 - ‘| oL gy ” , A
| M |l e ] 1es }'I | ) dugc mat cét dia chan cla mot
;§-2e-09 ‘ f Y ’§ 1 o: ait’ —J IL;“’VL = diém né chung (Hinh 7). Sau
@ @ -1e-09 1 ., N P 2 v < ) .
il | D 2e00 | do, cong tat ca mat cat cla cac
-Ge-09 | o 2 N
il | H ol |‘ diém né chung thu dugc toan
-1e-08 I -56-09 | i bd mat cat sdu dia chan cua
-1.2e-08

toan bo s6 liéu thu né tai cac vi
tri khac nhau.

4 .
0 200 400 600 8OO 1000 1200 1400 1600 1800 200
Thai gian (0,5 gidy)

0 200 400 600 81‘]0 100012‘00 1400]6001&‘»00200
Thai gian (0,5 gidy)
Hinh 5. Vi du tinh todn cdc ham nguén do tai cdc vi tri ddnh ddu bdi cdc nét tai Hinh 3.
Ham nguén do nay dugc st dung dé tinh todn dao ham riéng
cta trudng séng tai cdc diém

So sanh v&i mé hinh van
téc dau vao (Hinh 3 va 7), nhan
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thdy cac bé mat phan xa dugc xac dinh chinh xac va toan dao ham riéng rat 16n va chiém nhiéu dung lugng
dung. Diéu do két luan tinh dung dan cda diéu kién anh b6 nhé cling nhu 1a & dia chira. Vi thé can thuc hién mét
va phép tinh dao ham riéng cda truéng séng cho moi diéu kién anh khac dé tao anh dia chan tirs6 liéu dau vao
trudng dang hudng ngang. Tuy nhién, khéi lugng tinh la diém né chung.
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Hinh 6. Vi du tinh todn dao ham riéng tai cdc vi tri ddnh ddu bdi cdc nét tai Hinh 3
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Nhu vay, diéu kién anh dugc téng quat
hda qua phuaong trinh sau:

Nshot
Map(x,z=0,t) = ZO (27)
EEZRD G- 0,0)

Trong d6 d,(x, z= 0, ) la s6 liéu dia chan
thu dugc trén bé mat hay con goi la diém nd
chung.

Thé dao ham riéng cla trudng song

Uxz = 0,0 xac dinh tu phuong trinh 26

0
vao phu%ng trinh 27 thu dugc:
Nshot
Map(x,z = 0,t) = Z (S(p, )1 %,
i=o (28)
di(x,z=0,1))

Trong d6 S =K - ’M

Do S dé6i xting nén phuang trinh diéu kién

anh (28) c6 thé viét lai nhu sau:
Nshot
Map (x,z= O,t)=Z(S(p,t)_1di(x,z =0,t),f*) (29)
i=0

Phuong trinh 29 la phuong trinh co ban
cla thuat toan dich chuyén sau thoi gian
ngugc, trong d6é dugc goi la truong séng
truyén ngugc (back propagating wavefield).

Pé ching minh cho su dung dén cla
phuong trinh 29, quay trg lai vi du néu &
trén (Hinh 3). V&i s6 liéu dau vao la mé hinh
vat ly (Hinh 3) va diém né chung (Hinh 4),
ham nguén 3o va trudng séng truyén ngugc
dugc tinh toan va két qua tich vé hudng theo
phuong trinh 29 dugc thé hién trén Hinh 8.

So sanh két qua thé hién trén Hinh 8 vai
Hinh 7 va 3 nhan thay bé mat phan xa dugc
xac dinh rd rang va ding. Diéu dé két luan
tinh ddng dan vé mat toan hoc cta phuong
phap dich chuyén thsi gian ngugc cho méi
trudng ddng hudng ngang. Nhu vay thuat
toan dich chuyén thai gian ngugc c6 thé biéu
dién trén so d6 khéi thé hién & Hinh 9.
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Hinh 7. Két qua tich vé huéng cua diém né
chung va dao ham riéng cua truong séng tai
tdt ca cdc diém trong ludi sai phan hitu han

Khoang cach (m)
0 100 200 300 400 500 600 700 800
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Hinh 8. Két qua tich vé huéng ciia ham
nguén do va trudng séng truyén nguoc
cta diém né chung (Hinh 4)

xac cla cac thuat toan dich chuyén cho
diéu kién dia chat phuc tap [2]. Vi vay,
mo hinh ddng hudng ngang Marmousi
dugc sir dung dé kiém tra tinh chinh
xac cla thuat toan dich chuyén thoi
gian ngugc néu trén. S6 liéu ctia mé
hinh ddng hudng ngang Marmousi
c6 téng s6 240 diém né chung, mbi
diém né gém 135 mach dia chan véi
khoadng cach gan nhat gitra diém né va
mach dia chan 1a 200m. Khodng né va
khodng thu déu la 25m va diém né dau
tién tai vi tri 3.000m. Hinh 11 thé hién

cho mdit cdt dia chdn ctia mét diém né chung

Diém né #1
|

s6 liéu dia chdn diém né chung sé #50,
#100, #150 va #200 tuong Ung tai cac vi
tri 3.750m, 4.500m, 5.250m va 6.000m.
& day kho xac dinh cac mat phan xa

v

\l/ hyperpol do tinh chét phuc tap cia moé

Mé hinh vat ly dau vao
(Vp g (S)

S6 liéu thu né tai diém né
#1(d)

hinh dia chat. Két qua dich chuyén ap
dung thuat toan dich chuyén thgi gian

!

\J/ ngugc cho méi trudng dang hudng

Ham nguon 3o (f*)

Trudng séng truyén
ngugc (sd)

ngang dugc thuc hién cho s6 liéu dia
chadn moé ta & trén (Hinh 12). So sanh
két qua dich chuyén trong Hinh 12 véi

Tich vo6 hudng clia ham nguén do va
trudng song truyén ngugc (trudng
anh)

Sai

Diém né #n

Téng tat ca cac trudng anh

|

Két qua dich chuyén thai gian
ngugc

Hinh 9. So d6 khéi cta thudt todn dich chuyén théi gian nguoc

cho mé hinh ddng huéng ngang

4. St dung mé hinh didng huéng ngang Marmousi dé
ki€m tra tinh ding dan cha thuat toan

Mé hinh dang hudng ngang Marmousi (Hinh 10) thé
hién cdu trdc dia chat phiic tap gém cac hé théng cac dat
gay thuan va nghich. Phan duéi cing ctia mé hinh la bay
nép 16i chira dau khi dugc thé hién bai d6i van téc thap.
Bay dau khi nay chinh Ia muc tiéu dé kiém tra tinh chinh

mé hinh van téc dau vao (Hinh 10) cho
thdy, phan I6n cac cau trdc chinh cla
mo hinh déu dugc xac dinh dung vi
tri, dac biét vi tri chia cdu tric chida dau
khi dugc xac dinh mot cach ré va chinh
xac so véi mé hinh dau vao. Két qua
nay két luan tinh chinh xac ctia thuat
toan dich chuyén trén. Tuy nhién, 16p
tram tich phia trén khong that su duoc
xac dinh rd nét. Diéu nay c6 thé giam
thi€u néu cac budc tién x ly nhu loc
tan, decon... dugc st dung trudc khi
dich chuyén.

5. Két ludn

Nhém téc gid da loai bd thanh
phan séng ngang (V, = 0), thanh lap
m&i quan hé gitatan s6 géc va s6 séng,
tur d6 xay dung phuong trinh vi phan dao ham riéng cho
mai trudng ding hudng ngang. Phuong trinh vi phan
dao ham riéng mé phéng qua trinh lan truyén song doc
trong méi trudng ddng huéng ngang cho két qua vé mat
déng luc hoc gibng nhu méi trudng dan hoi déng huéng
ngang that. Do d6, phuaong trinh nay cé thé sir dung cho
thuat toan dich chuyén sau dua vao phuong trinh séng.
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6 sau (m)
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Hinh 10. Mé hinh déng huéng ngang Marmousi [2]
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Hinh 11. Mgt s6 vi du vé s6 liéu ddu vao cdc diém né chung cho dich chuyén cia mé hinh ddng huéng ngang Marmousi
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Hinh 12. Két qua dich chuyén sau thoi gian ngugc

Ca hai diéu kién anh cho méi trudng dang huéng
ngang: tich vé hudng ctia dao ham riéng cla trudng séng

DAU KHi - SO 4/2014

7000 8000 9000

va diém né chung; ham ngudn &o va trudng séng
dich chuyén ngugc déu cho két qua hinh anh dudi
mat cla cau tric dia chat, dugc dé xuat va ching
minh tinh ding dan. Tuy nhién, di€u kién anh tich
v6 hudéng clia dao ham riéng cla trudng séng va
diém né chung rat khé c6 thé thuc hién do khdi
lugng tinh toan rat I6n va rat nhiéu s6 liéu vao ra
(1/0).

Thuat toan dich chuyén thai gian ngugc (ham
nguén 3o va trudng séng dich chuyén nguoc)
dugc dé xuat, khai trién toan hoc chit ché va kiém
tra tinh chinh xac bang mé hinh ddng huéng
ngang Marmousi.
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Reverse time migration for vertical transversely isotropic media

Doan Huy Hien', Seonghuyng Jang?
'Centre for Urban Studies, Vietnam National University, Hanoi
2Korea Institute of Geoscience and Mineral Resources

Summary

One of the main assumptions for solving wave equation either numerically or analytically is to compensate the aniso-
tropic properties which are usually observed in the earth materials. Consequently, most conventional prestack depth
migration techniques based on wave equation solution are not sufficient for these anisotropic media.

Asymptotic analysis of wave propagation in vertical transversely isotropic (VTI) media yields a dispersion relation of
couple P- and SV wave modes that can be converted to a fourth order scalar partial differential equation (PDE). By
setting the shear wave velocity equal 0 and defining the auxiliary function, the fourth order PDE acoustic wave equa-
tion for VTI media can be reduced to a system of coupled second order PDEs and then can be solved numerically by
finite difference method (FDM). The result of this P wavefield simulation is kinematically similar to the one of elastic
VTl wavefield simulation.

Since the FDM approach can simulate the wavefield propagation in the VTl media, and reverse time migration (RTM)
images the reflectors by using time extrapolation to synthesise source and receiver wavefield in the subsurface by
FDM, the RTM technique is then promptly suggested to image the subsurface. The accuracy of subsurface imaging of
the proposed algorithm has been verified by VTI Marmousi synthetic example.

Key words: Prestack depth migration, anisotropy, vertical transverse isotropy, wave equations.
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