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PHUONG PHAP CHIEU SONG PIA CHAN THEO TIA*
NGUYEN VAN QUY, Céng ty c¢é phan céng nghé Dia vt Iy Tién Phong
PHAN THIEN HUONG, Truong Dai hoc Mo - Dia chdt

Tém tit: Trén thé gio1, phiong phap chiéu séng dia chan da dwoc ung dung rong rai trong
khdo sdt cac dic diém co ban cua nén mong dia chdt cong trinh, kiém tra cdc khoz bé tong
ciia than ddp chira nude, cau cong va cdc cong trinh xdy dung ddn dung; quan trdc trit hrong
mé trong khai thdc dau khi; quan trdc ¢ an toan trong khai thac mé than va khodng san;
nghién ciru dia chdt thiy vin;, nghién ciru méi truong va tai bién dia chdt. Tuy nhién tai Viét
Nam phwong phdp chiéu séng dia chin theo tia con chuwa dwoc phé bién, itng dung chii yéu
dia trén kinh nghiém, vi vdy phwong phdp can phdi dwoc nghién ciru mot cach khoa hoc va
cdp thiét. Trong bai bao nay, chung t6i gioi thiéu ly thuyet co ban ciia phirong phdp, cu thé
la phwong phap khai trién chudi véi thudt toan Kaczmarz; tng dung phirong phdp Kaczmarz
phat trién thudt toan “khoi phuc lap d‘ong thoi” (SIRT) xay dung dwroc mé hinh phdn bé vin
toc song dam trong doi twong nghién cieu; va cudi cing la iing dung phwong phap chiéu séng
dia chan danh gid chdt heong bé téng than ddp cho cong trinh xdy dung thiiy dién séng Bung-

Quang Nam.

1. Mé& dau
Vao dau nhimg nim 1970, hoc gia ngudi
Anh G. Honsfield da phat minh ra cong ngh¢
chup cit 16p (CT) va no di nhanh chéng duoc
ung dung rong rai trong y hoc. Cong nghé¢ nay
dua vao viéc phat va thu song si€u am hay nang
luong birc xa gamma, xir Iy ching dé dua ra hinh
anh cua nhitng phan “khong nhin thiy” trong co
thé con nguoi [3]. Cong nghé CT da nhanh chong
dugc nhiéu nha khoa hoc nghién ciru phat trién
va ung dung trong nghién ctru dia k¥ thuat va dia
chat cong trinh vdi tén goi 1a chiéu song dia chan,
chiéu song siéu am hay chiéu song n6i chung [1].
“Tomography” xuat phat tir chit Hy Lap 1a
mat cat. Mat cat nay duogc thiét lap dua trén
nhiing s6 liéu quan sat dugc lién quan toi cac gia
trj do dugc doc theo dwong hay tia cia mot doi
tuong vat ly. Mat cit nay chinh 1a mot bue hinh
k¥ thuat vé ra cau trac bén trong da duoc cét 16p
ctia ddi tugng thu duoc khi gui song khong pha
huy (¢ day chinh la song dan hoi) xuyén qua d6i
tugng nghién ctru (d6i tuong dia chét) va thu
dugc sy dap ing ctia ddi twong nghién ciru goi 1a
tai liéu chiéu (projection data) v&i song nay. Mt
cit theo 16p thuong duoc dung dé khoi phuc lai
mé hinh ctia mot ddi tuong sao cho tai li¢u chiéu
ra tr mo6 hinh trung voéi s6 liéu do duge. Van dé
cua dia vat ly mat cit cb6 dién (classic
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geophysical tomography) 1a xay dung mé hinh
van toc clia mot phan trai dat theo d6 thoi gian
truyén song pht hop véi thoi gian quan sat dugc.
Noi cach khac 14t cat dia chan cho phép chung ta
tur gia tri thoi gian quan sat duoc xay dung dugc
cAu tric van toc cla trai dat.

Trong dia vat 1y tomography, van dé duoc
tap trung la bai todn nghich ddo cua thoi gian
truyén song dia chan. C6 2 trudong hop dugc quan
tam, i) d6 1a song phan xa khi ca ngudn phat va
thu déu nam trén mat dat; ii) truong hop thu 2 1a
truong hop song qua trong d6 ngudn va’hodc
may thu nam trong giéng khoan dudi long dat.
Trudng hop két hop (hybrid), thi du nhu VSP [5]
thi ca song phan xa va séng qua déu quan trong.
Can phai gia sir 1a kich thudc cua nguon gay song
va budc séng 1a rit nho so voi moi truong - ddi
tuong nghién ciru. Chi khi diéu kién nay dugc
chap nhan thi sy truyén ning lugng cta séng dia
chan méi dang v6i khai niém nghién ctu dia
chan theo tia. Con néu khong thi phai dung khai
niém dija chin song tan xa.

Vin dé cat 16p dia chan (hay tai Viét Nam
hién nay quen goi la chiéu song dia chan) duoc
nghién ctu mat cach chinh thicc do Backus va
Gilbert dua ra vao nam 1968 [2] d&é nghién cau
nhitng dbi tuong dia chat.



Hién nay trén thé giéi phuong phéap ct 16p
dia chin da dugc ung dung rong rii khong chi
trong linh vyc khao sat dia chét cong trinh ma
con duge su dung dé quan trac trlt lwong mo
trong khai thac dau khi, quan tric an toan trong
khai thac mé than va khodng san, nghién ctru dia
chét thuy van, méi truong, tai bién dia chit va
kiém tra, quan tric cac khdi bé tong xay dung
[3].

O Viét Nam, trong nhimg ndm gén day viéc
ap dung phuong phap chiéu song dia chan da thu
dugc mot s6 két qua bude dau dang khich 1¢. Tuy
nhién, qua trinh thi cong thu thap sb liéu, xir 1y
va minh giai tai liéu dwa nhiéu vao kinh nghiém
linh héi duogc tir cac chuyén gia nudc ngoai, con
chtra nhiéu cam tinh. Vi vy phuong phap mit
cit dia chan can phai dugc nghién ctru mot cach
khoa hoc va cap thiét. Trong bai bao nay co sé 1y
thuyét ctia phuong phap chiéu song dia chan s&
dugc trinh bay.
2.Coso ly thuyet phweng phap

Trong cat 16p dia chén, nguon nang lugng
dé khao sat 1a song dan hoi va cac ddi twong khao
sat 1a cac bat dong nhat ndm bén dudi bé mat,
giita cac hd khoan hay giita cdc mit thoang. Bing
str dung song dia chan véi cac budc song khac
nhau, cac bat dong nhat véi cac kich thude khac
nhau dugc khao sat va giai doan dé xay dung lai
hinh anh [4].

Phuong phép cat 16p dia chdn dwgc minh
giai dua trén 2 thuat toan, do la: a) cac phwong
phap bién @i (transform methods) va b) cac
phwong phap Kkhai trién chudi (series
expansion methods). Cac phwong phéip bién
ddi thuong duoc tng dung trong nghién ciru
thién van va y hoc, chung dugc sir dung rat han
ché trong chiéu séng dia chan do lién quan dén
tia truyén thang va goc quan_sat rong. Cac
phuong phap khai trién chudi 13 mot nhom
cac thuat toan tinh toan dung xac dinh ham mo
hinh ctia d6i twong, ma nhirng thuat toan nay dé
dang cho phép chiéu tia cong qua ddi twong
(hinh 1) va do d6 chung phu hop véi cac ing
dung trong chiéu séng dia chan [3]. Do vay,
trong khudn kho bai bao nay tac gia chi tap trung
trinh bay phan cd so 1y thuyét cuia phuong phap
cit 16p dia chan theo tia dua theo cic phwong
phép khai trién chudi [4]. Cu thé hon: 1) dau

tién chung ta s€ xac dinh mo hinh thuan, mé hinh
cho phép chiing ta doan duoc lat cit dwa trén cac
phuong trinh tuyén tinh; 2) thao luan vé tng
dung cua phuong phap Kaczmarz xac dinh mo
hinh that; 3) ung dung phuong phép Kaczmarz
phat trién thuat toan k§ thuat khoi phuc lap dong
thdi (SIRT).

a. M6 hinh thudn

Phuong phap khai trién chudi 1 su cap nhat
lién tuc bang cach lip cac ham mo hinh udc
lwong M®! (dic trung cho tham sb vat 1y cua d6i
tuong) cho dén khi mé hinh hoi tu vé ham mé
hinh that M™¢. Cac cip nhat nay thu duoc bang
cach so sanh ham s6 liéu quan sat dugc PO véi
ham s6 liéu udc lwong PP theo mo hinh. Mb
hinh thuin dugc tinh toan dé xac dinh ham mo
hinh that. Trong phuong phap cit 16p dia chén,
mo hinh M chinh 13 sy phan b6 van toc truyén
song trong khong gian va r dac trung cho duong
song truyén. Poi véi mot cip thu phat da cho,
tich phan duong doc theo tia truyén song (r) ctia
ham m6 hinh thuc M™(r) 1a:

pobs — fray Mtrue (T)dT . (1)

Sau khi cap nhat bang mot s6 lan lap, biéu
thirc cudi cuing dugc str dung 1am cong thirc md
hinh thuan nhu sau:

P =/ _M(r)dr : 2

ray

Ltc nay P 1a ham s6 liéu du doan va M(r) 1a
ham mo hinh dy doan cua d6i twong nghién ctru.
Nhu vay, mo hinh thuan M dugc X&c dinh chinh
xé&c bang cach tinh toan tir tich phan tham s6 vat
ly do duoc doc theo tia r di biét thong qua ham
udce luong.
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Hinh 1. So dé minh hoa tia séng truyén qua
mé hinh roi rac[4]
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Dé thyuc hién phép tinh toan bang may tinh,
ham mo hinh dugc roi rac hoa. Hinh 1 chi ra mot
khu vyc hinh 4nh cta déi twong duoc roi rac hoa
bang céch chia ra thanh nhiéu 6 nho (trong hinh
11aj 6). M6i mot 6 duoc gan cho mot gia tri tham
s6 vat 1y trung binh Mj (j = 1, 2,..., J) ciia ham
lién tuc M(r) trong chinh 6 do. Trong hinh 1 ¢6
v€ mot tia truyen qua mo hinh roi rac tr dlem
phat dén diém thu. Biéu thic (2) duoc Vlet lai
dudi dang roi rac hda mo ta tia thir i truyén qua
mo hinh tong quéat nhu sau:

P—Z] 1MSU, i=1,..1, 3)
& d6 Sij 1a chiéu dai cua tia thir i di qua 6 thu j
va Mjla dénh gia riéng ré ham mé hinh van téc
cho 6 thit j, | dic trung cho s6 tia. Biéu thic (3)
la cong thuc “bai toan mo hinh thuan” dugc s
dung trong cat 16p dia chan theo khai trién chudi.

Biéu thire (3) s& giai quyét dugc bai toan mo
hinh thuan néu P i=1,..., I 1a s6 liéu quan sat

va ham mod hinh M;j, j=1,..., J, 1a hAm mo hinh
thyc M nhung chua blet c6:

pPbs = 2j=11\4j””esij voii=1,..,1. (4)
b. Phwong phdp Kaczmarz

Ching ta s&€ dung phuong phap Kaczmarz dé
giai gian tlep biéu thuc (4) cho mé hinh thyc 1a
mot lat cat M]m‘e,j 1,...,J.[3]

Pé don gian trong todn hoc, ching ta s&
chuyén biéu thic (3) thanh dang ma tran. Do biéu
thire (3) 1a cac thanh phan roi rac nén rat dé dang
dua vao ma tran. O dang ma tran biéu thirc (3)
trd thanh (5):

P=SM

[P1] fMl]lfsn S12 Slf1|

IP | |M,] Co Sy
R S I FC

el I dls, s, . sl

Minit

Uéc lwong ban dau,

v

A 4
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Uéc lwgng hién thoi,

M®d hinh thuan

Vecto so liéu quan sat, Pebs

Sai

Cap nhat danh
gia hién thoi

Buorc 1
S Mest
\ 4
Vecto so liéu dw doan, Prre
Buorc 2

Sai s6 nho hon
sai sd cu thé

bung

Paura
danh gia hién
thoi

Bwéc cudbi
cung

Hinh 2. Biéu do phwong phép Kazmarz [3]
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Chung ta ciing c6 thé biéu dién biéu thuc (4)
dudi phép todn ma tran nhu sau:

Pobs = SMtrue (6)

Pobs MUUe |3 vecto, con S 1a ma tran véi sb
hang 1a s tia dwoc nghién ciru trong di twong va
s6 cot 1a s6 6 ma ddi twong nghién ciru duoc roi
rac hoa.

Mic du khong giai duogce truc tiép biéu thirc
(6), nhung chung ta mong mudn xac dinh vecto
md hinh thue M™® theo P* va S. Bai toan tr&
thanh tim toan tr nghich dao S9. Sau d6 ap dung
toan tir nghich dao S t6i ca 2 vé clia biéu thirc
(6) dé xac dinh vecto md hinh thuc, hay
S—gpobs — S—gSMtrue — Mtrue

Phuong phap Kaczmarz gidp giai quyet
nhitng van dé vira néu trén trong viéc giai biéu
thirc (6) bang sir dung mot qui trinh gii 1ap. Hinh
2 1a mot biéu d6 phuong phap Kaczmarz ma trong
d6 c6 3 budc co ban trong phan giai lap.

Buoc 1: Ube lugng ban dau cia vecto mod
hinh M" duoc dua vao vong lap cua thuat toan va
cung cap nhu “danh gia hién thoi” dau tién Met
ctia 101 giai ding M™®, Liic nay ching ta gia dinh
vecto md hinh ban dau MMt d3 biét.

Vi danh gia hién thoi cia vecto md hinh M
da biét, budc dau tién 1a phai st dung bai toan mo
hinh thuan duoc dinh nghia béi biéu thic (5) dé
xac dinh vecto sb liéu du doan PP, Budc nay
duoc tién hanh boi 4p dung toan tir tuyén tinh S
duoc dinh nghia boi biéu thic (5) ddi véi vecto
md hinh udc luong duge M,

Ppre — SMeSt (7)

Bude 2: vecto sd lidu du doan PP duge so
sanh v6i vecto s6 lidu quan sat P bang cach tinh
hiéu sb gitra chung va duoc goi 1a sai s6. Sai sb
nhé ngu ¥ sy “giéng nhau” giita vecto md hinh
uéc lugng M®! va vecto mo hinh that M™e, Vi
vay, néu sai s6 chap nhan dugc thi udc lugng hién
thoi ctia vecto md hinh M® 13 151 giai cta biéu
thirc (6) - budc cudi ciing cia thudt toan. Sai sb
chap nhan 12 sai s6 ¢6 gia tri nho hodc co trj s6 6n
dinh sau mot s6 lan giai lap [3].

Buée 3: 1a phan giai 1ap cua phuwong phap
Kaczmarz, duoc hinh thanh khi hiéu sé gitra vecto
s6 liéu du doan va quan sat 1a 16n hon sai s6 cu
thé. Budc quan trong ndy phai st dung hiéu sb
PObs_ PP 3¢ cap nhat mé hinh udc luong hién thoi
Mt bang danh gia méi cua vecto md hinh

MewWest 1y sau mdi budce 1ap gan sat vecto md
hinh that M™® hon. Bu6c thtr 3 ndy duogc viét &
dang biéu thirc nhu sau:

M(new)est = Mest +A.M , (8)
d6i voi i=1,..., n. O d6 AM 1a cép nhat bd sung
dbi voi danh gla vecto mo hinh udc lugng hién
thoi va chi sb i nghia 13 4p dung biéu thuc (8) khi
dong thtr i ciia vecto P% va PP duogc so sanh.
Panh gia mdi MWt say @6 duoc 1y nhu 1a
danh gia hién thoi cho bude giai lap tiép theo. Nhu
da thay, biéu thirc (8) dua danh gia mé hinh hién
thoi vé phia 101 giai dung, it nhét 1a vé mat ly
thuyét.

Phuong phap tinh AM trong biéu thirc (8) &
rang 13 mot hé sé quan trong trong su thanh cong
cua phuong phap Kaczmarz. Phuong phap
Kaczmarz tinh A'M bang biéu thirc:

[A'M;]
A'M = |Aif”2| , ©)
Lainm, ]
vol At M —SU% =SijM
=1(5ij) =1 (Sif)

(10)

Luu ¥ rang s lidu dy doan PP dugc tim thiy
& biéu thuc (7) cho tia thi i.
3. U’ng dung phuwong phap

Ung dung phd bién cua phuong phap
Kaczmarz trong phuong phap cat 16p dia chan la
phuong phép xay dung giai 1ap dong thoi (SIRT
la  simultaneous iterative  reconstruction
technique) [3]. Khi thuc hién SIRT, tit ca cac tia
song I duoc “md ta” qua mo hinh sao cho tat ca
cac hiéu chinh A'M; dugc xéc dinh cho céc siéu
phang (hyperplane) di biét. Sau d6 mot gia tri
trung binh cua AiMj twong tmg voi chi sb i duoc
léy tr mdi 6 mé hinh, dé dat duoc cac moé hinh
danh gia moi M™™°' C4c md hinh dénh gia
M?** dugc cap nhat dén khi s6 liéu tinh toan PP
gan dung véi sb liéu quan sat P25

Sau khi thiét 1ap ham mo hinh danh gia hién
thoi thanh ham mo hinh ban dau, Mf* = Mj™*
d6i voi j=1,..., J, ba budc tiép theo duogc lip lai dé
cap nhat cac mo hinh danh gia.

Bugc 1: tinh m hinh thuan (theo tia) bang sir
dung biéu thirc (3) hay biéu thuc (5)
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Pipre — Z]!=1 Sij M]_est
d6i vai tat ca cac tiai=1,..., I

Budc 2: Tim hiéu chinh cho mdi 6 bang cach
kiém tra cac tia cit qua cac 6 d6 va trung binh cac
hiéu chinh sinh ra boi mdi tia. Thao tic ndy thuc
hién déi véi 6 th j boi cong thic:

AM;=—Y!_ AM, =
bs_yJ est
1 I l:)io _2j=1siij
— Y. _S.. : 12
W] Zl—l 1] Zi!=1(sij)2 ( )

Trong s6 W, la s tia cit qua 6 thir j hay mot
vai trong s6 mat do tia thich hop duoc st dung dé
dat duoc hi€u chinh trung binh A M;.

Buoc 3: Xac dinh cac mo hinh danh gia méi
tor hi¢u chinh m6 hinh trung binh A M;, hay:
MO = MESE L AM, j= 1,0, ).

Thuét toan SIRT c¢6 muc dich giai cic biéu
thirc tuyén tinh gidng nhu dugec mo ta boi biéu
thirc (6) ma n6 ¢6 lién h¢ rd rang gitta ham mo
hinh v6i ham s lidu. De giai quyét vin dé khong
tuyén tinh trong thyc té, chiing ta tinh chiéu dai tia
danh gia bang sir dung cac do 1am cham danh gia
trong ham mo hinh va sir dung chiéu dai céac tia
danh gia trong thuat toan SIRT. Diéu nay dugc
goi 1a giai lap x4p xi tuyén tinh dé giai cac bai toan
khong tuyén tinh.
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Hinh 3. So d6 bé tri diém thu phat séng dia chdn
va mé hinh van téc ban dau ¢ mat cat
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M6t diéu can chd y, trong cac bai toan thyc té
tai vi tri bién noi tia song di qua it hon c&c 6 trung
tam nén do tin cay tai cac 6 nay thap hon do tin
cdy tai cac 0 trung tam.

Trong thuc té, phuong phap nay da dugc ing
dung dé nghién ctu khdi da nén méng ¢ mot so
du an nhu dap thuay loi, thay dién, xay dung nha
may dién hat nhan. Ngoai ra phuong phap nay
cling dugc tng dung trong nghién ciu dia chat

thuy van, danh gid moi truong va da cho nhing
két qua chung minh ¢ng dung hiéu qua cua
phuong phéap. Hinh 3 va hinh 4 mé ta két qua
nghién ctru duoc tién hanh tai nha may thiy dién
Song Bung thudc dia phan huyén Bong Giang,
tinh Quang Nam nham kiém tra chat lwong khéi
d6 bé tong than dap, tao co s dit liéu quan trac
chat lwong khi cong trinh hoan thanh, di vao tich
nudce phat dién.

4.6667

Hinh 4. Lat cdt vdn toc truyén song doc
thu dwroC o mat cat nha may thuy dién Séng Bung

Hinh 3 14 so d6 bé tri diém phat va diém thu
& mat cat MC20, trong d6 S 1a ky hiéu vi tri
ngudn, R 1a ky hiéu vi tri thu. Tai day song duoc
thu trong giéng khoan va 4 vi tri trén mat dap.
Hinh 4 12 14t ct van toc truyén song thu duoc sau
khi giai 1ap bang phuong phap SIRT. Dya vao
mdi quan hé giira van toc truyén song va chat

lwong bé tong co thé thiy bé tdng & mit cat nay
tuong di tot tuy nhién tai cao trinh 60m c6 khéi
bé téng c6 van toc truyén song thap hon 3,5km/s
can xem xét chat lugng. Tuy nhién, nhu trén di
noi nhitng  bién c6 sai s6 16n hon nhirng 6 trung
tam. Trong truong hop ndy néu ¢ tai liéu GK thi
c6 thé dung dé kiém chung.
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4. Két luan

Qua sy phan tich vé phuong phap chiéu
song dia chan theo tia (hay Cit 16p Dia chin) &
trén, ta co thé thiy mac du day van la viéc phat
song va thu song nhu dia chan thong thudng van
dugc nghién ciru trude day, tuy nhién sy khai
thac tai liéu thu dugc lai st dung khai niém va
nhitng thuat toan khac. Phuong phap nay cling da
budc dau duoc tng dung tai Viét Nam nhung su
hiéu sau vé ly thuyét cua phuong phap nay con
rat han ché.

Cit 16p dia chén trén thyc té da c6 nhiéu
g dung tir ndng dén sau, tir linh vuc xay dung
cong trinh, diéu tra khoang san dén tai bién moi
truong trén thé gigi. Phuong phap nay khong lam
anh huong dén méi truong, khdng phéa huy doi
tuong nghién ctru va ¢6 d6 phan giai cao, vi vay
day 1a mot phuong phdp mang nhiéu uwu diém
trong kiém tra chit lwong cong trinh, nhiing an
hoa trong cac qua trinh khai thac khoang san
cling nhu xay dung. Trong bai b4o nay khai ni¢m
thé nao la cat I6p dia chan, thuat toan co ban

dat da dwoc trinh bay. Day chi la mot trong
nhitng bai bao ma nhdm tac gia s€ de cap den ve
phuong phap dia chan cat 16p theo tia.
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SUMMARY

Seismic ray tomography
Nguyen Van Quy, Pioneer Geophysics JointStock Company
Phan Thien Huong, Hanoi University of Mining and Geology

Seismic tomography has been widely used in civil engineering, test the concrete dams, bridges
and other civil constructions; monitoring the progress of a steam-flood enhanced oil recovery,
monitoring mine safety during works, studies of hydrological and environmental geology around the
world. However, in Vietnam, this method had just obtained some initial results in recent years, mainly
based on the experiences .In the results, we must study focus on seismic tomography urgently and
scientifically. The authors introduce the theoretical basis with transform method of the seismic ray
tomography, Kaczmarz mathematical algorithm SIRT method- simultaneous iterative reconstruction
technique to get a elastic velocity model of studied projects; finally application of the method “seismic
tomography” to evaluate quality of the dam belonging to the hydroelectric power plant Song Bung —
Quang Nam.

*Nguyén van: Seismic ray tomography & Viét Nam van dugc ding 1a phuong phap chiéu song
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