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1. Mé dau

Trén thé gioi, ngudi ta dd va dang sir dung hang
loat cac phuong phap nghién ctru dy bao dong dat
khac nhau nhu dya trén viéc lam sang to cac dau
hiéu vé di thuong mat do cac dit giy sinh chin [5];
quan hé giita van toc lan truyén séng doc va song
ngang [9]; ning lugng gidi phong tir chudi cac tran
dong dét [4], cting nhu hang loat cac dau hiéu khac
¢6 dic trung bao trude cac dong dat twong lai va sir
dung ca cac bat thudng ddng thoi trong dién bién
clia mot s6 cac diu hidu co ban chat vat ly khac
nhau [1, 7, 10, 11]. Mot s6 cong trinh theo hudng
nay chura cac cong thuc thuat todn du bao dong dét
nhu cac thuat toan dy bao dong dat KH va M8 [4, 6,
8]. Két qua du bao dong dit theo cac phuong phép
ndy 1a chi ra ving dong dit manh trong tuong lai,
ma ¢ do trong mdt khoang thoi gian nao do (thuong
1a nhiéu nam, va goi la dy bao trung han) s€ xay ra
dong dat. Cac phuong phap va thudt toan du béo
trung han ¢6 vu diém 1a 1am sang to duoc cac ddu
hi¢u cua dong d4t tuong lai, c6 ¥ nghia vat Iy va cho
phép danh gia ching bang cic phuong phép thong
ké trén co s& cac thong tin dia chin c6 duoc. Tuy
nhién, cic phuong phap nay lai cdé nhugc diém
chinh 1a khong xac dinh dugc d6 chinh xac cua céac
két qua du bao va khong xac dinh dugc thoi gian va
magnitude cua sy ki¢n du bdo. Vi vay, trong nghién
clru ndy, chung toi s& 4p dung cach tiép can moi,
duoc dé xuét boi A.P. Grishin [2, 3] trén co s6 Gng
dung md hinh théng ké dé xay dung thudt toan va
qui trinh du bao dong dit theo md hinh thong keé.
Céch tiép can nay vira don gian hon ma lai c¢6 kha
ning loai bo duoc cac nhuoc diém cua cac phuong
phép du bao trung han néi trén [2, 3].

2. Co s6' Iy thuyét ciia phwong phap

Ban chét cua phuong phéap 1a dua trén ¥ tuong
vé khai niém tap hop cac tran dong dat véi chan
tam trong mot tiéu ving S nao d6 & dang chudi
thoi gian cia cac tham sb ngiu nhién (thoi diém
xay ra dong dit Ti, do 16n cua tran dong dat
(magnitude) Mi) voi cac khoang cach thoi gian
ngau nhién giira chiing (Ati).

Nhu vay nhiém vu ctia m6 hinh théng ké la du
bao thoi diém xay ra dong dat Ti tai tiéu ving S va
magnitude Mi ciia no. Khi do, thoi diém xay ra dong
dét Ti va magnitude Mi cta dong dét du bao dugc
coi la su kién ngﬁu nhién. Bai toan du bao thoi diém
xay ra dong dat Ti va magntude Mi ctia n6 chinh la
1a bai toan xac dinh ky vong toan hoc va cac khoang
tin cdy cua chiing véi xac suét bao dam Pg dic trung
cho d6 chinh xac cta du bao.

~ Vé6i y nghia do, ngudn s liéu ban dau duy nhat
dé 1am viéc theo mo hinh théng ké 1a danh muc
(hay doan danh muc) dong dat dbi voi khu vuc
chira tiéu ving du bao S. M6 hinh dy bao s& cho
cac khoang tin cay dbi voi thoi gian va magnitude
cua tran dong dt v6i chan tAm thude gidi han cua
tiéu ving d6, ma nd s€ xay ra sau sy kién cudi
cung trong khu vuc véi danh muc dong dat néu
trén.

Khoang tin cdy thoa min xac suit Pg thuong
dugc hiéu 1a doan Ax(Pg) trén truc ctia tham s6 du
béo & ma ddi voi nd xac sudt dé cho gia tri ngau
nhién & roi vio doan Ax(Pg) bing Pg (SX{& €
Ax(Pg)} = Pg).

Mb hinh nay dua ra gia dinh don gian vé kha
nang su dung trong doan danh myc xt 1y mot gidi
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han vé magnitude cta cac sy kién theo mot dai da
cho, gia dinh vé kha nang suy gidm cuc dai mat 4o
phan bd dbi voi cac tham sb ngiu nhién cua tap
hop va vé tinh doc 1ap thdng ké cua tap hop cac sb
gia ngau nhién AM; tir tdp hop cac khoang thoi
gian ngau nhién AT; = Ti_,-T;.

Céc gia dinh nhu trén da duogc kiém chung trén
cac vi du ve tinh toan cac hé so tuwong quan giira
chung va c6 thé coi 1a chap nhan dugc [2, 3].

Theo do, co thé mo ta& mo hinh va thuat toan du
bao nhu sau:

Gia str c6 mot tiéu ving S trong khu vuc nguy
hiém dija chan c6 danh muc dong dét doc lap (da
loai bo cac tién chin va du chin). Gia sir da biét
thoi diém xay ra dong dat va magnitude cua tran
dong dat sau cung trong tiéu ving S voi magnitude
M khéng nho hon ngudng M,;, cho trude. Ngudng
Min duoc xac dinh tuy theo muc dich du bao. Tran
dong dét sau cing nay duoc goi 1a tran dong dét
tua (hay la sy kién tua) va duoc ky hiéu 1a Z,,. Khi
du bao dong dit manh, thuong thuong magnitude
cuc tiéu My, = 4-5. Trong cac truong hop con lai,
gia tri My, dugc xac dinh boi mic dai dién cia
danh muc dong dét theo ngudng magnitude.

Nhiém vu ctia md hinh 1a dy bao thoi diém x4y
ra dong dat va magnitude cua tran dong dat voi
chin tdm trong tiéu ving S, xay ra ngay sau sy
kién tga. Tran dong déat do duoc goi la tran dong
dat du bao. Thoi diém xay ra va magnitude ciia
trdn dong dét du bao duoc coi la cac dai luong
ng?lu nhién. Khi d6, khai niém dy bao dong dét
duoc hiéu 1a xéac dinh ky vong toan hoc va khoang
tin cdy cua chung khi cho trude xac suit dam bao
Pg, dac trung cho d6 chinh xé4c cta dy béo.

Thuat toan du bado gdm cac budce sau:

Bué6e 1: Tién hanh phép chon Vi, tir danh muc
dong dat (DMPD) tit ca nhing tran dong dat voi
chén tam thudc tiéu vung S c¢6 magnitude M> M,
va voi thoi diém xay ra ching thugc khoang thoi
gian nao do (Ty, Tea)-

- Ranh giéi dudi Ty, ciia nd duge chon sao cho
phép chon V, ldy dwoc hét nhitng tran dong dit tir
DMBDD thude chu ky sb lidu quan sat nao dé (néu
trong danh muc cé cac sy kién do) va nhiing tran
dong dat tir mot phan cia DMPD ma dbi véi nd
Min khong phai la mmirc dai dién.
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- Ranh gioi trén T, 1a ranh gidi thoi gian trén
cua DMDD.

Phép chon V,, nhan dugc c6 nghia ddi voi doan
danh myc ma mo hinh s€ xur 1y né.

Gia st phép chon Vy la tudn tu theo thoi gian
va trong do:

T, va T,p 14 céc thoi diém xay ra sy kién dau
tién va sy kién cudi cung.

Con sy kién j xay ra ¢ thoi diém T; véi
magnitude M;.

Budce 2: Tu lua chon Vy, xac dinh su kién tua
Zp (n6 xdy ra tai thoi diém T,,).

Budc 3: Thanh lap tir phép chon chudi cac
khoang thoi gian ngdu nhién Af; =¢,, —t va
chudi cac s6 gia: Am; =m, —m, gilra cic trdn
dong dét lién nhau trong phép chon.

Buédc 4: Xac dinh trong khoang thoi gian da
chon (T, Tey) nhém cac khodng thoi gian chay
{t,,t,,, }voii=1,2,.k, T2 Ty, Terr < Tea

sao cho trong mdi khoang chay co tir 10 dén 20 su
kién. Nhiing khoang nay s€ duoc coi 1a ngau nhién
boi vi ching ta chua biét tit ca nguyén nhan gdy ra
su thay ddi ciia chung.

Tinh 4 = Lt L
. 2
Budc 5: Theo cong thirc toan hoc thong ké tinh:
- Ky vong toan hoc MO(At))s MO(Am,);
- Do léch binh phuong trung binh o (At;)va
o(Am;), khi gia thiét ring ching ta hoan toan

khong biét nguyén nhan vét 1y gdy ra tran dong dat
tiép theo, va coi chung la hing s6 trong mdi

khoang chay {7, 7, | }. Cac gia tri MO(At,);
MO(Am)va O(AL) va o(Am,)duge dua vao

diém gitta Ty e{ L, » [, }. Sau d6 x4c dinh
gid tri cac ham sb MOAKT,); MOAm(T,),
o(At,)va o(Am).

Buédc 6: Xac dinh cac gia tri trung binh va do
1&ch binh phuong trung binh doi vdi thoi gian phat

sinh va magnitude cia tran dong dat tiép theo
(dong dat du bdo), xdy ra tiép sau su kién tya, ma



cac s0 li€u cua no6 chua c6 trong danh muc dong
dat ban dau, theo cac cong thic sau:

T, =t,+MOA(T,); )
m,, =m,, +MOAN(T,,); @
ot, =oA(T,); 3

om, =ocAm(T,,); 4)

Thay cho céc gia tri ot, V& om, VoI tu

cach dic trung ciia d6 chinh xac du bao co thé sir
dung céac ranh gidi dudi va cac ranh gidi trén cia
cac khoang tin tuong ddi véi thoi diém phat sinh
va magnitude cta tran dong dét tua (su kién tya)
nhu sau:

- Cac ranh gioi duoi:

Iy =T, —min{oT, T, -T } (5
mlfl’ln = mpr - min {5}1’[, mpr -mop}
- va cdc ranh gidi trén:
Z:arx = Tpr + é‘T (6)

my =m, +om

max

Cac gia tri 6T va om la mOt ntra gia tri d6 lon
clia cac khoang tin ciy dbi véi cac gia tri ngau
nhién T va m.

Khi cho trude xac suit du bao Pg va quy luat
phan bo chuan da biét (vi du phan bo Gauss) doi
voi cac gia tri ngau nhién At va Am dé dang tinh
duoc o'Tpr s om,, ,O0T va om.

- Vi du: v6i Pg = 0.8 va theo quy luét phan b
chuin (Gauss) cua cac dai lugng ngdu nhién At,

va Am, taco:
ot=1.2820t, Sm=12820m,

Cac cong thuac (1), (2), (3), (4), (5), (6) hoan
thanh thuét toan dy bao thoi gian va magnitude cua
tran dong dat xay ra tiep theo su kién tya. Cac dai
luong UTPr va om,, dac trung cho d¢ chinh xac
clia viée dy béo tran dong dat tiép theo. DAu hi¢u
cua d0 tin cdy cua du bao dong dat tiép theo sau su
kién tya la cac sy phu thudc sau:

Te(Tr ., TF )y, me(ml m” ),

min >~ max min > ""“max

Trong d6, T, m 1a thoi diém phat sinh va
magnitude cua dong dat thuc té xay ra ticp theo sau
su kién tua.

Néu c6 co so dé gia thiét ring mot s6 nguyén
nhan vat 1y anh huéng dén thoi diém phat sinh va
magnitude cta sy kién tiép theo, va trong d6 khong
cb6 mdt nguyén nhan nao 1a phd bién, thi véi tu
cach 1a quy luat phan bd cua cac dai luong AT;
AM; co thé dua trén co so cua Iy thuyét giéi han dé
sir dung quy luét phan bd chuédn.

Trén hinh 1 biéu dién cac ham mat do xac

sudt cho phan phdi chuin véi cac tham s khac
nhau [12].

, @%=0z,(1) | ]
\ a":u,(zl] |
. @%=60,(3) |
_z.a":uj,(ﬁ N

Hinh 1. Ham mat do xac suét

Chu thich: Biém udn clia dwdng cong xay ra tai d6 léch
chuan 1 tinh t tri trung binh; Bwéng (2) 1a phan phéi
chuén chuan hoa

Mot sb tinh chit diac trung sau ddy cua phan
phdi chuén s& dugc sir dung trong md hinh thong
ké dé x4c dinh xac suét tin cay cua cac du bao:

- Ham mat d¢ 1a d6i ximg qua gia tri trung binh

- Tri trung binh ciing 1a mode (gia tri dai dién

nhét cho phan bd) va trung vi ctia no.

- 68.26894921371% cua dién tich dudi duong
cong la ndm trong do léch chuén 1 tinh tir tri
trung binh;

- 95.44997361036% cua dién tich dudi duong
cong la nam trong d6 1éch chuén 2;

- 99.73002039367% cua dién tich dudi duong
cong la ndm trong d6 1éch chuén 3;

- 99.99366575163% cua dién tich dudi duong
cong la ndm trong do 1éch chuén 4;
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- 99.99994266969% cua dién tich dudi dudng
cong la nam trong do 1éch chuén 5;

- 99.99999980268% cua dién tich dudi duong
cong la nam trong do 1éch chuén 6;

- 99.99999999974% cua dién tich dud6i duong
cong la nam trong d¢ 1éch chuan 7;

3. Quy trinh dy bao dong dit theo md hinh
thong ké

Nhu vay, dua trén co so 1y thuyét vé cég:h tiép
can, phuorng phéap nghién ctru va cac diac diém cua
mo hinh thong ké va thuat toan nhu da trinh bay &
trén, co thé biéu dién mot cach tom luge cac bude
corrbén cua quy trinh dy bao dong dat theo mo hinh
thong ké nhu sau:

(1) Thanh 1ap danh muyc dong dat (DMPD)
chia Ty, Mg, ¢, Ag (5=1,2,....n) dbi voi mot
vung nguy hiém dong dat S.

(2) Tach cac nhém tién chan va du chan khoi
DMDD.

(3) Chon tiéu vung nghién ciru S gidi han badi
cac toa d6 nhu sau (hinh 2):

®»

?,
Dy

iz

Hinh 2. Giéi han tiéu ving nghién ctru S

0 0
S{IL@IASACE)S A, 9 <p("N)<o,}

Trong 6 ludi khong 16n: Ay — Ag=ho— A =

Go=@o—¢1= A (A=0,5-1,5)

(4) Thanh l8p danh muc dong dét doc lap
(DMDbDDL), 1a danh myc da dugc loai tién chan,
du chan va loc DMBPDPDL theo cac dieu kién:
ASALL&P < <& [, <T <T, &
M, <M,

Véi Ty, T, : cac ranh gi6i d6i voi ngdy xay ra
dong dét thuoc DMDD.

M : ranh gi6i dudi clia magnitude cua dong
dat trong khoang thoi gian tr 7, dén T,. M
khong nhé hon M, (M= M ).

Agy—

Tap hop cac tran dong dat “nay duoc goi la tap
hop chay. So d6 miéu ta chudi cac sy kién trong
DMDD va cac khai niém dung trong thudt toan
dugc trinh bay trén hinh 3.

- Sy kién cudi cung trong tap hop goi 1a sy kién
tua, ngdy xay ra no6 s€ ki hiéu la ¢ op = Z,.

- Pong dét xay ra ngay sau su kién tya la dong
dat du bdo, xdy ra ¢ thoi diem 1, véi M >M,.
Tét ca cac su kién cia tap hop chay s€co M> M

Nhiém vu ctia m6 hinh la danh gia cac dai
lugng T va M, .. Dé lam diéu d6 can:

(5) Thanh 1ap chudi cac khoang thoi gian ngau

nhién:  Af, =, —t va cic s6 gia
Am, =m,, —m, giita cac tran dong dat lién
nhau trong phép chon.

(6) Xac dinh trén khoang thoi gian da chon
([T,, Ty1) cac khoang thoi gian chay
{f,, 0., }v6ii=12,.n, sao cho trong mdi
khoang c6 tir 10 dén 20 sy kién.

Tinh tsi — i i+l

Hinh 3. So d miéu ta chubi cac sw kién trong DMPPD va cac khai niém dung trong thuat toan
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(7) Theo cong thire toan hoc thng ké tim: (10) Thanh 1ap danh muyc cac sy kién du bao chira cac tham s6 co ban

. ) sau day cua céac sy kién (ngay, thang, nam, gid phut gidy, toa do dia ly
- Ky vong todn hoe M (Az,); M (Am,); (kinh d6, v§ d6), 46 16n dong dAt (magnitude).

- D9 léch binh phuong trung binh 0 (Af;) va o(Am,). 4. Ap dung thir nghi¢m du bao ddi véi danh muc dgng dat Pong Nam A
(8) Xéc dinh ngay va magnitude cta dong dit du bao tiép sau dong dét Pé kiém nghiém kha nang ap dung cua phuong phap, ching toi thu
twa theo céc cong thire tir (1-6). nghiém dy bao dong dat theo md hinh thong ké doi voi khu vuc Dong

N o L L ) . R ) Nam A (DNA). Danh muyc st dung bao gdm 37194 sy kién giai doan tur
(9)Lép ban do dy bdo thong ké dong dat chira ho cdc duong dong mirc 1/1/1997 dén 30/12/2007 (bdng 1). Sau khi tich cdc nhom tién chén va du
magnitude (mat M max ((09 /1) . M min (@, 2)). chén di, trong danh muc con lai 12504 tran dong dat doc 1ap.

Bang 1. Vi du vé két qua dw bao ddi véi mét so6 tran dong dat

TT [0} A o(db) A(db) T(twa) T(dw bao) tmin tmax Mdb Mmin  Mmax TThyc oThyc AThwc MThyc 27T ™M
1 9.6 9267 9.11  92.61 12/9/2005 4/11/2006  12/9/2005 1/3/2007  4.32 3.65 4.98  3/10/2006 9.98 92.94 42 + +
2 10.6  92.67 10.89 92.3  10/11/2005 3/20/2006 10/11/2005 2/14/2007 5.56 4.26 6.85 1/16/2006 10.39 92.31 41+ -
3 126 9267 1216 9291  12/27/2005 5/5/2006 12/27/2005 3/8/2007 4.1 3.4 4.83  1/2/2006 12.44 92.63 46 + +
4 86  93.67 8.3 93.56  7/17/2005 10/28/2005  7/17/2005 7/23/2006 4.19 3.51 4.86 1/20/2006 9.06 93.86 45 + +
5 10.6  93.67 10.25 93.58 7/4/2005 12/5/2005  7/4/2005 10/3/2006 5.36 4.62 6.11  3/9/2006 10.7 93.9 51 + +
6 46  94.67 501 94.58 10/5/2005 1/10/2006  10/5/2005 9/15/2006  4.71 3.87 5.55  3/2/2006 4.96 94.49 52 + +
7 226 9467 2216 94.24  7/11/2005 11/2/2005  7/11/2005 8/4/2006  4.09 3.6 4.58 6/19/2006 22.25 94.55 47 + -
8 236 9467 2376 94.24 9/2/2005 12/12/2005  9/2/2005 9/24/2006  3.79 2.97 4.61 1/21/2006 23.85 94.91 37 o+ +
9 246 9467 2456 94.78  9/18/2005 1/24/2006  9/18/2005 12/7/2006 5.77 5.01 6.52  2/16/2006 24.36 94.2 45 + -
10 36 9567 3.3 95.98  12/26/2004 3/30/2005  12/26/2004 12/11/2005 9.17 772  10.62 err 0 0 0 - -

Chu thich cho bang 1: ¢, A - 1a toa d6 cua tran dong d4t trong danh muc; ¢(db), A(db) - |a toa d6 cla sw kién dy bao; tmin - thoi gian c6 thé xay ra sém nhét; tmax -
thoi gian c6 thé xay ra mudn nhét; Mdb - magnitude cla sw kién dw bao; Mmin - magnitude nhd nhét cé thé ctia sy kién dy bdo; Mmax - magnitude I&n nhét cé thé cla sw
kién dw bao; Tthye, Thwe, AThwe, M thue- twong tng la thdi gian, toa d6, magnitude cla sw kién da xay ra trong thuc té; “?T” - thoi gian dy bao c6 dung hay khéng;
?M - magnitude dy bao c6 dung hay khéng; “ +” : dung; “ - “: khéng dung
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Ap dung chuong trinh du bao théng ké cho
danh muyc 12504 tran dong dat doc 1ap nay vdi cac
thong tin thiét dat ban dau nhu sau :

Do chinh xac du bdo (hay 1a xac sut du béo)
Pg = 80%.

A = 0,5 d6; SO su kién tdi thiéu chira trong
tiéu vang S 1a 20 (trén).

Tinh toan dugc tién hanh trong 2 trudng hop:

- Truong hop 1: Khi st dung tht ca cac su kién
dén tan ngay cudi cung dugc ghi trong danh muc
dong dit, thi chwong trinh cho két qua 1a 237 sy
kién du bio. Trong khudn khd bai bao nay ching
t6i khong dan ra danh muc 237 tran nay.

- Trudong hop 2: Khi Iui danh muc lai 2 nam (so
v6i ngay cudi cing trong danh muc 30/12/2007)
dé kiém tra céc su kién da duoc du bao xem chung
c6 dang véi cac su kién dd xay ra trén thuc té
khong. O ddy c6 nghia 1a chung ta st dung danh
muc chi dén ngay 31/12/2005. Chuong trinh dy
bao dugc 215 tran dong dit. Kiém tra két qué cua
215 tran nay, ung voi nhitng trén da ghi dugc trong
thuc té tir sau thdi diém 31/12/05 dén 30/12/07 thi
¢6 69 tran thuc té da xay ra trong khoang thoi gian
noi trén. Trong d6 c6 20 tradn du bao dung (nghia la
thyc té da roi diing vao khoang thoi gian du bao).

Cin luu v rﬁng cac sy kién ndi trén duoc
chuong trinh du bao trude khi thuc sy xdy ra trong
khoang tir 224 ngay dén 591 ngay. Khoang thoi
gian du bao trung binh cua 20 tran dung ndi trén la
413 ngay. Dé phu hop voi khudén khé bai bao,
chiing t6i chi xin dan ra cac két qua du bao tuong
ung voi 10 tran dong dét, trong d6 c6 9 du bao
dung vé thoi gian va 6 du bao dang ca vé thoi gian
1An magnitude (cac trén tuong tng voi ddu + tai 2
cot cudi cing (bang 1).

5. Két luén

Trén co s& cach tiép can moi, da xdy dung
thuat toan va quy trinh dy bdo dong déit theo mo
hinh théng ké. Pay la cach tiép can méi mang dic
trung thong ké. Két qua ap dung thir nghiém mo
hinh théng ké dbi voi danh muc dong dit khu vye
DPong Nam A giai doan 1997-2007 trong 2 trudng
hop da chi ra cac su kién du bao ding. Piéu d6 cho
thdy 4p dung phwong phap nay phdi hop véi cac
cach tiép can khac mang dac trung vat ly kién tao
chic chin s& cho két qua kha quan trong nghién
ctru dy bao dong dit. Vi cac két qua nhan duoc,
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¢6 thé thiét 1ap mot bo chwong trinh thir nghiém du
bao ngan han dong dit trén co s6 mé hinh thong
ké, két hop sir dung cac phuong phap vat 1y kién
tao. Nhiém vu nhu vdy s€ dugc chung toi tiép tuc
thye hién trong cac cong trinh tiép theo.

Cong trinh nay dugc hoan thanh véi sy hd tro
vé kinh phi ctia dé tai: VAST.DL.09/11-12 “Xay
dung bd chuong trinh thur nghiém du bao ngén han
dong dét trén co so mé hinh théng ké két hop st
dung cac phuong phap vt ly kién tao, ap dung déi
v6i lanh thd Viét Nam va cac vung lan can”.
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SUMMARY

About the new approach to building algorithms and processes to predict earthquakes by statistical model

A new approach to to building algorithms and processes to predict earthquakes by statistical model is presented in

this paper.

The essence of this method is based on the idea about the concept of the set of earthquakes with sources in a
certain subregion S in the form of time series of random parameters (time at earthquake sources Ti, magnitude of the

earthquake Mi, with random intervals between them A ti).

The task of the statistical model is predicted the time (Ti) of the earthquake in region S and it’s intensity (magnitude
Mi). In this case the time Ti of prediction earthquake and its magnitude Mi are considered random events.

The prediction task time Ti of earthquake and its magnitude Mi just is problem for determination of the mathematical
expectation and the confidence interval of them with probability Pg ensure the accuracy of forecasts.

This approach not only allows to determine the accuracy of the forecast results, but also allow to determine the time
and magnitude of the predicted events. Applying this method in combination with other approaches that have physical
characteristics will enhancing effective research earthquake prediction in Vietnam.
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