
puAN ricH pnd oi xnc DrNH cAC ruau sd
oQNc LUc cuA cnArv rrEU oOwc oAr

r. pHrlfNG puAp NcHreN cr.tu

Trong thuc td dia chdn tdn tai nhidu phuong
ph6p x6c dinh c6c rham sd d0ng lu. c ciia chdn tiOu

nhd dia chdn. N6 cho ph6p tinh to6n ddng thdi v6i
d0 chinh x6c cao mOt sti tham sd d0.ng lu.c cria
ch&n tiOu d0ng ddt nhu : ndng lucrng dia chAn,
magnitut, kich thu6c chan tieu, lqc ung sudt vd
momen dia ch6n. Vi vfy, trong c0ng hinh ney
ch0ng tOi sE 6p dung phuong ph6p duo.c dd nghi
trong [4] dd phan tich phd s6ng theo bang ghi sd
chc trAn d0ng ddt manh khu vuc DOng Nam A.

a. PhEn tieh phd s6ng dla ch6h

Phen tich phd c6 nghia lt d6nh gi6 c6c ddc
hung tAn sd cria chu6i thdi gian. Th6ng thuong
ngudi ta srl dung thuat toan bie'n ddi Furie nhanh
dd thu. c hien ph6p bidn ddi Furie. phucrng ph6p nhu
vly dd phan tich phei ln ph6p tinh to6n rdt hieu qui,
n6 cho chc kdt qui hqp l! ddi vdi mot lop t(n c6c
qui hinh tin hiOu. Tuy nhiOn, c6 mOt sd han chO,

dic biOt ld khi chinh l!' c6c s6ng dia ch{n vdi bi€n
d0 vd chu kj dii r0ng ghi duo.c 6 ving trung gian
hodc ving gdn chAn tieu.

Han chd thri nhdt ld khi nang phan girii dn s3,
nghia ld khi nang phan bict cic dtrc tung phd ciia
hai hay nhidu tin hieu thdi gian. Khi nEng phAn
giei tAn sei (tinh bing Hz) mot c6ch gdn drlng duoc
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coi ld dai luong nghich dio cria rhdi gian t6i (tinh
bing giay).

Han chd thrl hai ld do su d6nh gi6 sfi li€u mot
c6ch toin cdu nhd hdm gi6i han khi bidn deji Furie

o6n nhan todn phAn
(hay cdn goi ld mot
ld thuAt crla sd).

chon kf thu4t cfra phuong ph6p ctia stl; cO ttrti: tam
giiim su. ma't mdt ning luong qua cdc hd ngan,
nhrrng ci khri nang phen giii cfing giim di.

b. Bieh ddi Furie nhanh vi b6 loc s6'van ndng

Giri sil, cAn bidn dtji Furie beng ph6p bien ddi
Furie nhanh mOt tin hi€u li€n tuc X(0, t e (0, T),
trong d6 t le thdi gian. N€'u tin hiOu XOeL2, c6
nghia ld nang luong cfra n6 dd bi gidi h+n,:lctri CO

hO sd Furie H(/) ddi vdi tdn sd/duo. c x6c dinh nhu
sau :

I

H0 = lx@"rnfr dt (l)
0

Ap dung clinh l! Parseval vdi bidu thric tr€n ta
c6:

Tt'

![x1t1]'zat = Ilnffff af e)
0-o

Trong thu. c t0 chfng ta g6p c6c gi6 tri roi rac
ciia hdm X(t). Giri sfi t = kAt, trong. d6 Ar - chu k!
rdi rac, t = 0, l, ..., N -1, vd N = 2" - l.vAiL- sd



nguyen. Ddi vdi mQt tin hiQu thdi gian rdi rqc &

tliu vdo c6 thd tinh duo. c hQ scf Furie rdi ryc h(fn )

trong d6 (fn) = nlnLt:

lr'-l
h(f ,) = zx(kN)"2"'f"*t' (3)

k=0

hoAc :

H(f,) = Y,x&t)r'"n*o'
t=0

Lt = Lt.h(fn)

gian duo. c bidu thi nhu ld tich phan (ddi vdi tin

trieu ti6n tuc) hogc nhu li tdng cfia c6c thanh phdn

tudng thich (dOi v6i tin hipu rdi r4c).

Ap dung dinh l! Parseval ta c6 :

T -. /V-l

[lx1tf'zat = ulXz(k.Lt) =
o t=o 

Gt

Do tinh ddi xfing ciia c6c hQ sd niy n€n vd phii
ciia phuong trinh (4) c6 thd dugc vidt duoi dpng :

ff\lnrr.tl'= +'!--,''ln(Dl' * 
,r,

* ffluro\'
Trong d6 :

n-l
h(f) = Lx(ktt) (6)

k=0

Phuong trinh niy cho ph6p d6nh gi6 hiOu luc

toan cAu ciia thii thuat bi€n ddi Furie nhanh. Gi6 tri

cria sai si R c6 thd dudc x6c dinh theo (7).

C6c ciia sd binh thudng duo, c si? dung khi phan

trong chuSi thdi gian.

CAc dls tung phei ciia ciia sei thuong c0ng

khong cAn phrii tot mot c6ch bac nhat : chrlng c6

rv-l I' tx(tAr)frr 
- 

- 
IrY t=o ) (7)R=

5'["torlF
k=0

phdn tdi 6 trung tem khe rOng vi c6c nhAnh 6 phdn

hOng cao, didu d6 cho ph€p xlc dinh duoc su m{t
nang luong phd trong phd tinh toen ddi vdi thinh

phAn vdi tdn sti/tt thanh phdn v6i tCn sd len can/.

C6c cria sd tot nhdt dugc dic tnrng boi su t6n

xa g) thdP nh{t tu
phi < W, v6i 2W li
do ciia dii t&r, n6

duo.c goi ld chu k! b6n cdu cang rdi rac [l7l' hay

cdn duo.c goi li "cfta sd ciabQ lqc so van neng".

Cic cirasd ndy li cic vecto dao him rieng ciia ma

tren trong bii toin vd cic gi6 tri d4o hdm riOng :

cv=)lNw)v '(8)

trong d6 ma tren C duo. c bidu di€n.nhu sau :
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i,t=0,1,.......,N-1,

C6c gi6 tri ri€ng )"; td duong vi tao nOn cdu'trirc

ciia ma trAn C. Gi6 tri W lu6n IuOn duo. c chon bing
llNAt,trongd6I=2,3, hoic 4, N - chidu ddi chu6i

thdi gian 6 tdi vao vi At - chu k! rdi rac. Vi€c tang

chidu ddi ciia dii khi ning phan girii trong vring

tin so 2W sE ldm tang s0 luong c6c ciia sticria b0

tinh t6n xe thdP vi lirn
to6n, nhung doi khi khli

hdiciing girim di.

Dt9 tinh phti khi sri dung bO loc s6 van ning cdn

phrii tinh bidn dtii Furie ddi v6i m6i ciia sd ri€ng

biet cria b0 loc sd vart ntng vd sau d6 si? dung m6t

C,t (e)

(N_t_ ,,rf,r41)|, _roo%ltlx(ktti'- - 
n=l



,s4 / f't"m\J /

-t-
vd:

--. L ^,W;\J ) =

K-lrb
LxoVrltfil
k=0

S',-r(f)

vAi thii thudt nhan tuong thich vdi mOt hQ sd c6

trgng sd dd aat duo.c kdt qui cutii cing [15, 16,

l8l. Dudi day ld mOt trong c6c thii thuat nhu vAy :

cho clc trong sd li€n tuc wi"ttldoi vdi tdn so

/, vi cho Sr (D - bidn dcii Furie defi vdi cua sei bo

loc sO van nang thti /< vd tdn sd I D6nh gi6 ph6

bing bo loc sei tuong thich (v6i cira sti thich hgp)

ddi vdi bu6c llp tht m duoc bidu thi qua W I U) v e

S/l) nhu sau :

rf,rrl*:{ftf 
su17y

k=0

s(t) = fflnfill2 vdi f, =# (r4)

Khi dDng dinh l! Parseval c6 thd girii thich brin

ch{t !' nghia vAt l!' ciia mat d6 phei tinh duo. c S(/r),
n6 ld nang luong ciia tin hieu trong d:ii tAn :

(^ 0.5 ^ 0.5\
[/-#, f .i*) (rs)

vd hdm s0 S(/l/At duo. c goi li mAt do phti nang

lrrong. Cdn phd bien dQ (momen dia chdn), h(, , li
him don girin ddi v6i S(fl :

h(r) #frn
rr. xAC qD_rH cic rHArvr so oolc luc

CUACFIAN TIEU DIACHAN

Dd tinh cAc tham so chdn ti0u c6 thd su dung

thu thuat nhanh dua ren co so cong phii ddi voi tdt

cli cic tram ghi. Khi d6, cdn phrii xic dinh phd

trung binh ddi vdi drii tAn t[ tAn sd thdp nhdt den

tdn sci cao nhdt, xem x6t phti tinh duo. c doi vdi m6i
tram vdi c6c hiOu chinh vd khoing c6ch trong vung

xa. Dd trung binh ho6 phti ddi v6i cdc tram kh6c

nhau khi srl dung tdn sd loc kh6c nhau cAn phdi sti

dung "Splaine" trung binh ho6 vi phAn chia tii li€u
phii khi tinh phei ddi v6i c6c tram kh6c nhau o
chinh j' nghia tdn so. Tidp theo cAn phrii tim so

hiOu chinh rieng cho he sO t6t ddn phei trung binh.

Bang cdch xdp xi ho6 m0 hinh Brune, theo phuong

ph6p duo. c dd nghi trong fl c6 thd tinh duoc hai

tich phAn ddu tiOn trong vt)ng tdn sei phi hgp vdi
phii toc d0 Svz vd phii dich chuydn Sp2.

2
s r, = 2lu)df 

,b (17)

s,_,, 2l D'(f)df
0

Tdt cir c6c tham so chdn ti€u khdc c6 thd tinh
duoc nhd hai tich phln niy [ll. Chdng han tdn sd

vdng/6:

(10)

(l l)

( 16)

L oS",-r(,f) + (l - tro )o2

trong d6, o' - kich thu6c cria chu6i thdi gian.

cia fii ddu tion doi v6i wltf>c6 thd coi nhu
gi6 tri trung binh don giin, duoc tinh dOi v6i mOt

sd bich ddi Furie ddu tiOn. Trong thuc t4 thri thuet

niy cho tinh hOi tq nhanh, vi vAy gi6 tri sau cDng

ciia chu6i khOng cdn cao. N€u c6c sd ft (a [i], i = I,
2,....,k) dd duoc x-6c dinh vi e - sU kich thich cia
nhi6u vdi sd do o', khi d6 chu6i thdi gian doi vdi
qu6 trinh AR(t) (su hdi quy tu dong bac k) c6 thd

duoc m0 ti theo phuong trinh sau :

Kf
x(i!t) = ZtlrlxQ-k,Lt) + e, (r2)

k=|

Rdt tdt li, hdm met do phii ddi v6i qu6 trinh
AR(fr) c6 thd duoc x6c dinh mOt c6ch chinh xAc.

Ddi v6i qu6 trinh AR(t), him mdt do phd S f) c6

thd duo. c bidu thi theo gi6 tri cria c6c h€ so cria qu6

trinh AR, alil , theo kich thu6c nhi6u cua n6 (o'),
vd theo tAn s0 loc Ar :

sc0 o'Lr
( l3)

r _ i"1tp^*"1' - ,F;r0 - t,,\/ sDP

D0 rQng phei Os :

(l 8)

(19)

5l

-.i 
s i,

Bidu thftc (8) c6 nghia deii vdi tdt cri c6c tdn sd

fi 0 deh tdn sd Nyquit (n6 la him lien tuc cfra tdn

so). Didu d6 c6 nghia ring ddi v(i cic tdn sd rdi rac

ndo d6 c6 thd lam gdn d(rng theo cic hQ sd Furie :
C)o = 25



N[ng luong t6n xa :

E = 4npVSrz

vi momen dia chfi Mo :

Mo = 4npv2c2o (2r)

Trong'c6c cong thirc tren V - toc dQ cfra s6ng
dia chdn trong vDng chan tieu, D - su dich chuydn

cia phd, p - mat dq ddt d vd, JiD - pha:n bd
sung, dua vio tinh to6n su ttrn xa trung binh cira
s6ng dia chAn.

Ta bidt ring, thang magnitut duo. c ding ad Uidu
thi d0 manh cria c6c su kiOn dia chan n6i chung.
Theo c6c nghi€n ciru duo.c tidn hanh hong [10],
magnitut M c6 thd duoc x6c dinh dua tren thang
momen dia chen Me nhu sau :

M =2l3lgMo- 6,0 (22)

trong d6 Mo tinh bing N.m.

. D6nh gi6 kich thu6c dich chuydn cria chan tieu
phq thuOc mOt c6ch d6ng kd vdo m0 hinh cria n6.
ThOfrg thuong, dich chuydn vdng duoc gii dinh
nhu,ld mO hinh hinh hoc cria chan tiOu. Mn kinh
ciia dich chuydn nhu vey tf le nghich vdi tdn sd
vdng/e ciia s6ng dqc (P) hoic s6ng ngang (S).

rs = I Q3)2nf"

Vi itu, ddi v6i m0 hinh chan dOu don giin nha't

[5], duo.c minh ho4 U6i aicn chuydn vdng vdi su
girii ph6ng (mg sudt tfc thdi thi Kc = 2,34. Ddi vji
m6 hinh ph6 hu! bdn dong lu. c hinh cdu [6], K0 dcii
vdi s6ng doc P duo. c gia dinh bing 2,01, vi dtfi v6i
s6ng ngang Ko = 1,32,00 - tCfc dO cria s6ng S trong
vDng chan tieu.

Cdn n6i vd''-img sudt giii ph6ng trong ving
chan tieu thi tdn'Qi mgt sti c6ch d6nh gi6. Ung
sudt tinh (khi su girii ph6ng fmg sudt duo. c gi6 ttinh
li todn phdn) c6 thd dudc x6c dinh tt c6c tdi li€u
dia ch0n theo cOng thric : '

A5 = ,lL- e4)
t6r|

Ung sudt bidu kidn duo. c x6c dinh iien co sd
c\c gi6 tri nlng luong E vi momen dia chAn Mo vd
phuong ph6p ndy duo.c d€ nghi nhu phuoirg phdp-
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toin cdu [7]. Theo 122), trng sudt bidu ki€h duoc
x6c dinh nhu sau :

oa = y! 
e5)M

trong. d6 p - modun dich chuydn (cria v0t chdt
trong ving chAn tiOu).

Chi tidt hon vd mOt sfi thi thuat tinh to6n vd
c6c vi du minh hoa cho c6c m0 hinh chAi tieu kh6c
nhau c6 thd xem trong [4].

III. AP DI=TNG PHAI.I riCrr PHd OdI V6I
oONc oAr oONc NAr\4 A

TrOn co s& phuong ph6p dd trinh bdy, chring tOi
di llp chuong trinh (JN.97) dd x6c dinh c6c tham
sd dong lu.c cfra chAn tiOu dong ddt rheo bang ghi
sti nhAn du-o. c tri c6c tram dia chdn kh6c nhau. lju
didm ciia chuong trinh niy o ch6 : cho ph6p x6c
dinh ddng ttrdi ci 5 tham sd dong l\rc ciia chdn tiOu
dong ddt nhd phan tich phd trcn bang ghi sd c6c
trAn dOng ddt (magnitut M, nang luong E (J), momen
dia chan Mo(Nm), kich thudc chtn ti€u r (km) vA
(mg su{t P (MPa). Phan tich phd theo chuong trinh
ndy c6 thd 6p dung ddi v6i dong ddt b{t k} v6i
magnitut tu! f hen ce 3 rhenh phdn cira bang ghi.

Tinh to6n c6c tham sd dong luc ciia chAn tieu
theo chuong trinh (JN.97) g6m c6c giai doan :

l. Chon bang ghi sO c6c fien dOng da't nhan
duo.c tt chc tram dia chdn kh6c nhau. Bang ghi
duo. c chon dd lem viOc vdi chuong trinh (JN.97)
cdn phii ld bing ghi mi trOn n6 su t6i vd bien d0
dao dOng cria s6ng P vd s6ng S tuong ddi 16 rang.

2. Phan tich so b0 c6c s0 liOu dia chtn, nhAn
duoc ti c6c tram kh6c nhau. Cdn nhAn thdy ring
kdt quri cria hing loat c6c ph4n tich vi tinh to6n
thft ddi v6icic bang ghi dong ddt Dong Nam A dI
cho thdy chuong trinh (JN.97) t6 ra phi hgp vdi
c6c bdng ghi chu k! ngdn hon hdn so vdi bang ghi
chu k} dei. Vi vey fong t{t ca cac tinhro6n du6i
dAy_ chtng tOi chi 6p dqng phsn tich ptrei adi vOi
c6c bdnx ghi chu k! ng6n.

3. PhAn tich phd vd tinh c6c tham s0 chln ti0u.
Trong cOng doan ndy cdn phii x6c dinh chinh x6c
didm t6i cria pha s6ng dia chdn trOn bang ghi (p
hay S). Didu niy c6 j, nghia rdt quan trong b&i vi
d0 chinh xdc ciia c0ng viOc ndy phg thu6c vio
ngudi srl dung m6y tinh vd didu khidn chuong
rtinh, ddng thdi n6 inh huong tru. c tidp ddn dQ

(20)
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chinh x6c cria kOl que thu dugc ; cdc tinh to6n tiep
Jheo duoc thu. c hi€n tr; dQng tr€n m6y tinh, 6 cOng
doan sau cing kdt qui duo. c chon trong su phr) hqp
v6i loai s6ng srl dung khi phAn tich phd 1P hay S).

Nhu vay, theo chuong trinh (JN.97) tinh toen
duoc tidn hdnh ddi v1i tdJ cL cilc trAn dong ddt
m4nh khu vuc Dong Nam A (Ms>5,5) (chu ky

1980-1990), md bdng ghi sci cria chfng dd nhAn
duo. c tU h€ thdng tram dia chen khu vuc niy vi fu
nhidu tram kh6c h€n toin the gi6i. SO liOu rrong
cOng trinh niy do chirng tOi thu thAp tai Trung rAm
So lieu Queic td "B " (CHLBNga - Moskva). Trong
bdng I d5n ra c6c ket qui tinh toan doi v6i 60 trAn
dOng dalt manh (MS > 5,5) vd 4 trAn dong d,{t v6i
(MS <5,0) (s6 42,59, 60,63 - 1980-1987).

Bdng L G6c tham sd@ng lgc c0a chah tieu dgng dit mgnh D6ng Nam A
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Ngnv To Nang luong Momen dia chAn Ung lu. c
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t9,r 0,87.10'
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22,95 5,80.10',
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18,34 t,7.tO'2
16,01 8,13.10-2
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24,8 4,29)0-3
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22,43 7,20.rc2
27,gO 3,45.103
21,48 2,4o.r}'2
14,73 6,19.10-'
13,08 3,15.l0-2
19,63 l,93.lO-2
25,3r 2,80.10-2
28,25 2,33.t0?

6,2
6,0
6,2
7,3
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6,2
\1
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5,8
69
6,9
6,9
6,2
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7,r
6,9
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7,3
6,0
5,8
6,7
6,4
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CAn luu !, trong c6c kdt qui nhan duoc ch(rng

tOi kh0ng d6n ra sai sd x6c dinh c6c tham s0 chAn

tiOu, vi khi ftanh l{p chuong trinh (JN.97) dA tinh

ddn sai sd c6 thd trong ph4m vi cho ph6p theo d6nh

eie Q) ddi vdi m6i tham s6 vd trr d0ng dua vio
chuong trinh khi phin tich phd s6ng fuong thich.

Nhu va!;, circk€t-qui nhan duo. c c6 thd ding dd

nghi€n c(ru chi tidt dong ddt manh, cdc dac didm

bidu hi€n vd c6c qu6 trinh trong ving cht'n ti6u ;

ng g dd thidt lap c6c mdi tudng
qu I dQng luc chan tiOu dong d{t
kh A vi nrong quan giiia chfrng

vdi cilc gi6 tri cria c6c tham sO tuong ung, tinh
duo. c theo c6c thang qudc td. Di€u ndy c6 !' nghia

ra't quan trong khi nghrOn cuu dQ nguy hidm dia

ch[n, du b6o dOng ddt & vung D0ng Nam A vd gi6i

quydt ntridu nhiOm vu khic hong thuc tddia chAn'
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SUMMARY

Calculating dynamic parameters of the focus of
earthquakes from spectral analysis

The theoretical basis and some procedures of a
method of the spectral analysis on the record of

seismic waves are presented. On the basis of a

method "Windowing" with "multitaper" for the
spectral analysis the program was made by us

which allows to calculate 5 dynamic parameters of

the focus of earthquakes by digital records of their
seismic waves. With the help of this Program
dynamic parameters of strong earthquakes of a

Southeast Asia were determined.
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