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LOI CAM POAN

T6i xin cam doan dé tai nghién citu trong ludn van nay la céng trinh nghién ciou
cua toi dua trén nhitng ai liéu, s6 lieu do chinh t6i tie tim hiéu va nghién citu. Chinh vi
vay, cdac két qud nghién citu dam bao trung thue va khdch quan nht. Dong thoi, két qua
nay chuea tirng xudt hién trong bat cir mot nghién citu nao. Cdc s6 liéu, két qua néu trong

lugn van la trung thuc néu sai t6i hoan chiu trdach nhiém trueée phat ludt.
Tac gia ludin viin

Uk

Trin An Nguyén
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LOI CAM ON

Ludn van duge hoan thanh tai Vién Vat ly dia cdu, Vién Han 1am Khoa hoc va
Cong ngh¢ Viét Nam. Dé hoan thanh luan vin tot nghiép nay, bén canh su ¢d ging nd
lye cta ban than, t6i da nhan duoce sy dong vién va gitp d& rat I6n cda nhiéu ¢4 nhan va
tap thé.

Trude hét, t6i xin chan thanh cam on toi cac lanh dao Hoc vién Khoa hoc va
Cong ngh¢, lanh dao Vién Vat ly dia ciu, cac thay ¢b gido trong khoa Céng nghé thong
tin va Vién thong — Hoc vién Khoa hoc va Cong nghé, tap thé phong Quan sat dong dét
da tao moi diéu kién giang day, hudng dan va truyén dat nhitng kién thirc, kinh nghié¢m
cho t6i trong sudt qua trinh hoc tap va hoan thanh luin van nay.

Nhan dip nay. toi xin bay 16 long biét on chan thanh t6i TS, Nguyén Lé Minh,
TS. Nguyén Tién Hung, TS. Nguyén Anh Duong, TS. Nguyén Van Duong, ThS. Dinh
Qude Van, ThS. Ha Vinh Long da tan tinh hudng dan, gitp do toi trong sudt qué trinh
hoc tdp va hoan thién ludn van nay.

Qua day, 10i xin chan thanh cam on sy h trg clia cac dé tai “Nghién clru xay
dung hé théng tu dong bao tin nhanh dong dat khu vue mién Bic Viét Nam™, ma sd
DTDL.CN-50/21 va dé tai “Nghién ctru mot sé dac diém truyén song ngang cuia lop
tram tich nong phuc vu phan loai nén khu vire ndi thanh thanh phé Ha Noi va lan can”,
ma s6 VAST05.04/24-25,

Cudi cing, toi xin gui 1oi cam on sdu sic tGi gia dinh, ban be va dong nghicp da
dong vién, giap do va hd tro t6i vuot qua moi kho khan dé hoan thanh ludn van nay.

Xin tran trong cam on!

Téc gia ludin vian

e

Trin An Nguyén
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MO DAU

Thong tin 13 ddi twong duoc quan tm nhiéu trong cudc séng hang ngay. Pic
biét 1a trong thoi dai 4.0 hién nay. N6 gitp dinh huéng cho ching ta dua ra quyét
dinh chinh x4c hon. Pic biét 1a trong linh vuc phong chdng thién tai nhu dong dat,
bao, gid, ... Viéc biét nhanh chéng va chinh xac cac théng tin nay giup con ngudi dé
dang tng pho cac su kién thién tai tir 46 c6 thé giam thiéu thiét hai vé& ngudi va cua
trong moi su kién thién tai. Tuy thudc vao ddi tuong nhan tin hay sy phat trién-tién
hod ma tin ttrc cd thé truyén di theo cac phuong thirc khac nhau, nhung vé co ban co
cac kiéu nhu ctr chi, 101 noi, ky hiéu, tin hiéu, ...

Déi vai linh vuc dong dat, ban dau thong tin dong dat dugc coi 12 12 hién tugng
siéu nhién va lién quan dén than thanh. Béi vay, ching dugc truyén di dudi dang cac
tai liéu ghi chép vé ton giao, huyén thoai hay truyén thuyét dan gian. Vi du nhu &
Nhat Ban, nguoi ta cho rang dong dat 1a két qua cta cac than linh gay ra boi su ving
vay ciia mot con c4 tré rat 1on [1]. Nam 132, ngudi Trung Qudc da ché tao ra may do
dong dat dau tién [2]. Do d6, con ngudi da ¢ hiéu so khai vé hién tugng dong dat va
hién tuwong nay dugc cho 1a do thién nhién gy ra. Thong tin dong dat bat dau dugc
Iuwu lai theo cac tai lidu lich sir. Pén thé ky 16, nguoi Chau Au di ché tao ra thiét bi
do dong dat bang co khi [3, 4]. Thong tin dong dét ldc nay duoc luu trit dudi dang tin
hiéu twong tu trén gidy anh hay nhiét. Pay 1a budc tién quan trong trong viéc bao tin
dong dét bai vi hinh dang séng dong dat da duoc phat hién, duoc ghi lai tai dang thoi
diém dong dat xay ra va c6 nhan thirc ban dau vé cac song va do 16n cua chung. Dén
thé ky 20, nho sy phat trién cta nganh khoa hoc k¥ thuat, tin hiéu dong dat duoc
chuyén d6i sang tin hiéu sd, truyén bang internet va dong bo voi thoi gian thuc té
bang hé théng dinh vi toan cau (GPS) [5]. Piéu nay gilp cho thong tin dong dét truyén
di voi dung duong 16n, nhanh chong va dong bo thoi gian. Boi vay, thong tin vé hién
tuong dong dat duoc thong bao kip thoi. Trong nhimg nim gan day, do su phat trién
vuot bic ciia nganh khoa hoc ky thuat da gitp cho thong tin dong dat dugc truyén
bang téc d6 anh sang (cap quang), cing voi sy cai tién cua thiét bi do da gitp cho
viéc dinh vi dong dat duoc nhanh chong va chinh xac [6]. Do d6, viéc bao tin sém sur
pha huy do dong dét c6 thé thuc hién duoc, boi vi tée do truyén thong tin dong dat
bang cap quang (300.000 km/s) 1én hon nhiéu so véi tbe do truyén song dia chan
trong 1ong dat (5 km/s). Cho dén nay, viéc bdo tin sém dong dat nay dugc 4p dung
nhiéu trong vi¢c quan tric tai cac cong trinh ¢6 d¢ rui ro 16n nhu nha may dién hat
nhan, nha may quan trong, dap thuy dién 16n, hé thong tau dién ngam, dudng sat cao
tc, cau 16m, ... bai vi chiing c6 thé tat hé thong trude khi sy pha huy cia dong dat

dién ra.
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Tai Viét Nam, viéc quan tric, bao tin dong dat da duoc thuc hién cach day
hang nghin nim [7, 8]. Pic biét 1a trong miy thap ky gan day hoat dong dong dat co
phan gia ting cing véi do6 1a sy gia ting vé sb luong cong trinh xay dung quan trong
nhu thuy dién, nhiét dién, giao théng, khu céng nghiép, nha cao tang, ... voi mic do
rui ro dong dét 1on. Bai vay, Vién Vit ly dia cdu dugc Chinh phu trang bi cho hé
théng mang tram quan tric dong d4t hién dai, s6 liéu duogc truyén truc tuyén tir cac
tram vé trung tAm xtr Iy bang cap quang va duogc xtr Iy tr dong [9]. Hé thong nay dam
bao cong tac bao tin dong dat v6i do 16n 16n hon 3.5 trén toan lanh thé Viét Nam.
Tuy nhién, thoi gian dwa ra mot ban tin van con cham (3 phut twong tng véi khoang
cach song P truyén di 1a 1500 km), diéu nay chua dép ung duoc viéc bao tin nhanh
dong dat. Trén co so nhu cau bao tin nhanh, nam 2021 dé tai “Nghién ctru, xay dung
hé théng ty dong bao tin nhanh dong dit khu vuc mién Bic Viét Nam”, ma sd:
DTDL.CN-50/21 cép Nha nude duoc trién khai. Muc tiéu chinh 1a xay dung duoc
mot hé théng bao tin nhanh dong dét cho vUng d6 hoat dong dong dAt cao nhat theo
cong nghé duoc chuyén giao tir trudng dai hoc Qudc gia Pai Loan, Trung Qudc
(NTU). Trong d¢ tai nay, hoc vién 1a ngudi tham gia va tiép nhan cong nghé nay. Bén
canh d6, trong miy nim gan day hién twong dong dat c6 biéu hién hoat dong manh
tai mot s6 ho chira & khu vuc mién Trung nhu Song Tranh 2, Kon Tum, ... gay ra su
hoang mang, hoang loan trong cong dong dan cu va xa hoi. Didu nay dat ra van dé 1a
can quan trac chi tiét hon, dic biét 1a viéc bdo tin sém sy kién dong dat phuc vu cong
tac van hanh an toan ho chua. Vi vay, nhiém vu dat ra la tim hiéu, nghién clru giai
phap thu thap, xtr 1y sb liéu nhdm nang cao hiéu qua bao tin dong dat voi tén dé tai
“Nghién civu gidi phdp ning cao hi¢u qud bdo tin déng ddt”. Trén co sd giai phap
dat dugc, hoc vién &p dung thuc té tai vU ng ho chtra phia Bong tinh Kon Tum noi ma
cd d6 hoat dong dong dat cao nhat trong nim 2024,

1. Muc tiéu nghién ciru

Muc tiéu chinh 1a lya chon duoc giai phap bao tin dong dat hop 1y phuc vu
theo ddi hoat dong dong dat va van hanh an toan ho chira trong ving hoat dong dong
dat.

2. Noi dung nghién ciru

bé dat dugc muc tiéu trén, cac ndi dung nghién ctru chinh can thuc hién 1a:

- Nghién ciru co s 1y thuyét, phuwong phap luan nham thiét lap quy trinh béo tin
dong dat hop 1y phuc vu theo d&i va van hanh an toan ho chua trong ving hoat dong
dong dat.

- Ap dung thyc té tai ho chira ving phia Pong tinh Kon Tum va lan can.

3. Poi twong nghién ciru
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Déi twong nghién cru cta ludn vin 1 thong tin sy kién dong dat bao gom:
Thoi gian xay ra tran dong dat, vi tri tran dong dét, 46 16n dong dat va cuong do dong
dat.

4. Co sé khoa hoc va tinh thue tién cia dé tai

Hién twong dong dat 1a su giai phong ning luong dot ngdt dudi dang cac song
dia chin dan hoi bén trong trai dit. Cac séng nay sé lan toa bén trong trai dit va giai
phong phan 16n ning luong tai mit dat (bé mit ty do). Khi d6 chiing gy ra hién twong
rung dong hay pha huy tai bé mat. Bang cach quan sat, do dac tai bé mat chung ta s&
biét duoc thong tin cia tran dong dat nay.

Vién Vit 1y dia cau dugc Chinh phu trang bi cho hé théng béo tin dong dat
hién dai bao gdm cac may ghi k¥ thuat s do phéan giai - 46 nhay cao, hé théng xtr Iy
s6 liéu hién dai, s6 liéu truyén truc tuyén bang cap quang va dbi tac co nhiéu kinh
nghiém trong viéc nghién ctru bao tin dong dat.

Nhirng dong gop cia luian van

- Co s6 phuong phap luan, cac giai phap lwa chon va quy trinh quy trinh xay
dung dugc dong gop nhiéu trong linh vuc quan tric dong dit tai Vién Vat 1y dia cau
va cac linh vyc quan trac phong tranh thién tai khac nhu sat 1& dat, 1d lut, ...

- Két qua 4p dung thanh cong budc dau tai hd chia ving phia Pong tinh Kon
Tum d3 cho thiy viéc ap dung thuc té giai phap nay hop 1y cho ving hoat dong dong
dat.
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Chuwong 1. TONG QUAN TINH HINH NGHIEN CUU BAO TIN PONG
DAT

1.1. Tinh hinh nghién ctru bao tin dong dat trén thé giéi
1.1.1. Bdo tin ddng dit thoi cé dai

Trong cac nén van minh cd dai, dong déat duoc coi 12 hién tuong do than linh
tao ra. Vi dy, nhu ¢ Nhat Ban ngudi ta cho rr:ing dong dét 1a do su di chuyén cua mot
con c4 tré rat 16n bén trong long dat giy ra, Hinh 1.1 [1]. Con nguoi Hy Lap thi coi
dong dat 1a than bién Poseidon giy ra khi ong tirc gian. Mot sd truong hop khéc, dong
dat duoc xem 1a ddu hiéu cua mot cudc chién tranh gitra cac than linh va thuong to
chtic cac nghi 1 dé xin tha thir hay xua duéi. O giai doan nay, con ngudi chua cé sy

hiéu biét vé hién tuong dong dét nén cac thong tin vé dong dét chua dugce luu trit va

thuc hién.
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Hinh 1.1. Hién duong dong dat thoi ¢ dai (theo historyofgeology.fieldofscience).
1.1.2. Bdo tin dong dit so khai
Nam 132, thiét bi do dong dat dau tién dugc phat minh boi mot nha khoa hoc

va thién van Trung Quéc [2]. Pia chan ké dugc ong ché tao c6 dang mot céi binh

bang dong, cao khoang hai mét, xung quanh than binh gan tdm con rong theo 8 hudéng
khéc nhau (Pong, Tay, Nam, Bac, Pong Bac, Dong Nam, Tay Bac va Tay Nam). Bén
trong miéng mdi con rong ngdm mot qua cau da nho, phia dudi mdi con rong tuong
g 12 mot con coc bang dong dang ha miéng va ngang dau 1én phia trén dé dén qua
cau, Hinh 1.2. Khi dong dét xay ra, mot co ché bén trong thiét bi s& lam qua ciu roi
ra khoi miéng con rong vao miéng con cAc. Nho vao vi tri qua cau roi ma ngudi ta ¢6
thé biét duoc hudng cia dong dat. Pay duoc coi 1a thiét bi do dong dat dau tién trén

thé giéi. NG 1a co sé dé ché tao ra cac may do dong dat sau nay. Tuy nhién, nhugc
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diém cua né 1a chi xac dinh duogc hudng cua dong dat va khong xéac dinh dugc do 16n
hay do sdu dong dat. Cong tac bao tin & thoi diém nay duoc thuc hién theo dang mo
ta roi ghi chép lai trong cac tai liéu lich str.
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Hinh 1.2. Thiét bi do dong dat so khai (theo Chin-Der Ou, 2016).
1.1.3. Bdo tin dpng dit co khi

Vao dau thap ky 50 cta thé ky 19, khi cudc cach mang cong nghiép lan thir 2
tai Chau Au dién ra da thuc day nganh co khi va dién tin phét trién. Diéu nay dan dén
c6 sy phat trién nhay vot vé k¥ thuat ché tao cac thiét bi co khi. Nam 1857, thiét bi
dong dat co khi du tién duoc nha dia chan va vat Iy hoc ngudi Y ché tao [3]. Thiét
bi sir dung thuy ngan dé ghi lai cac chuyén dong ctia mit dat. Thiét bi gdbm nhiéu éng
thity ngan bé tri theo cac hudng khac nhau. Khi dong dat xay ra, cac rung dong cia
mit dat s& lam dich chuyén thuy ngan bén trong cac éng 1am cho cac mach dién s&
dong/mé rdi kich hoat bo phan ghi thoi gian va do 16n cua tran dong dat, Hinh 1.3.
Thiét bi ndy ghi nhan duoc ca rung dong ngang va doc ctia mit dat, vi thé no cé thé
udc luong phuong hudng va do 16n cua mdi tran chan dong. Sau d6, né duogc st dung
dé quan tric cac tran dong dat nho hodc cac vu phun trao nai ltra & Vesuvius, nude
Y. Pay 1a thiét bi di c6 déng gop quan trong trong viéc phat hién va bao tin vé dong
dat.

Niam 1880, John Milne di cai tién may dia chan ndy nham do duoc thong tin
cac tran dong dat chinh x4c hon [4]. Py 1a may ghi dao dong ngang cua mit dit, né
1a thiét bi do dong dat hiéu qua dau tién trén thé gioi, Hinh 1.4. Thiét bi nay goi la
Seismograph, n6 st dung con lic don dé phat hién va ghi lai cdc dao dong ciia mat
dat. Nam 1895, Milne va cac cong sy da cai tién thiét bi nay va thiét 1ap mdt mang
lu6i quan tric dia chan nhé. Mang ludi nay cho phép quan sét cac tran dong dat &
nhiéu noi trén thé gidi. Py 1a mo hinh mang tram quan sat dong dat dau tién trén thé
gidi.

O giai doan nay, thong tin dong dat bat ddu dugc ghi lai bang hinh anh dudi
dang tin hiéu twong ty trén gidy anh hay gidy nhiét. Khi d6, con nguoi bat dau c6 sy
hiéu biét vé song dong dat, cu thé 1 song dén dau tién (Primary - song P) va song dén
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th hai (Secondary-song S). Viéc bao tin dong dat ¢ giai doan nay chu yéu theo hinh
thire tong hop, ghi chép lai cac su kién dong dat xay ra dudi dang cac danh muc théng

ké cac tran dong dat.
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Hinh 1.4. So d6 nguyén ly may do dong dat Seismograph (theo Encyclopadia
Britannica, Inc.)
1.1.4. Bdo tin dpng dit théong thwong

Vao nhitng nam cubi thé ky 19 dau thé ky 20, khi hé théng vién thong toan
cau (internet) ra doi dan dén cudc cach mang vé chuyén doi tin higu tir twong tu sang
s6 va k§y thudt truyén dan tin hiéu toc d6 cao. Tt ca cac may do dong dat duoc chuyén
ddi tir tin hiéu twong ty sang tin hiéu sd va tuyén s liéu bang internet bang thong
rong. V& céu tao, do duoc st dung da muc dich nén n6 thudng gém 2 phan tach roi

d6 1a ddu do va may ghi.
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+ Pau do gdm mot vat niang duoc giit & trang thai can bang trong mot khung co
khi c¢6 dinh gén chat vao mat dat. Khi mat dat dao dong, khung co khi cling dao dong
lam vat nang dao dong theo su chuyén dong ctia mat dat. Cac chuyén dong nay duoc
khuéch dai rdi chuyén doi sang tin hiéu dién theo nguyén 1y cam tng dién tir. Su di
chuyén cta vat ning sé tao ra dong dién bién thién bén trong cudn day cua dau do.
Dong dién nay chinh 1a rung dong gay ra boi cac rung chan dong hay song dong dat.
Chung duoc goi 1a tin hiéu dia chan va duoc truyén téd1 may ghi dé ghi lai céc tin hiéu
nay.

+ May ghi c¢6 chtrc ning ghi nhan, chuyén d6i, luu trit, xir Iy so bd va truyén/nhan
tin hiéu. Tin hiéu truyén tir ddu do duoc may ghi chuyén d6i sang tin hiéu sb bang b
chuyén d6i ADC (thudng 1a 24 bit). Sau d6 tin hiéu duge danh méc thoi gian va duge
goi 12 56 liéu. S6 lidu nay duoc luu trir tai may ghi va truyén vé trung tim xtr y. Ngay
nay, cac may ghi 1a déu 1a thiét bj bang thong rong (>130dB) nén déu truyén duoc dit
liéu c6 dung lugng 16n theo thoi gian thyc. Béi vay, ching dap ung dugc viéc bao

tin, thong bao dong dit tirc thoi.

(b)

(©)

Hinh 1.5. Thiét bi bao tin dong dat théng thuong. (a) Pau do; (b) May ghi: (c) May
ghi tich hop dau do.

Cac thiét bi bao tin dong dat nay thuan tién cho viéc trién khai lap dait nén
ching ta d& dang thiét 1ap dugc mang tram quan tric phuc vu viéc nghién ctru hoat
dong dia chin cip khu vuc hay dia phuong hay gidm sat cho mot cong trinh cu thé.
Bén canh do, viéc sir dung dir liéu s6 nén dé dang tich hop dugc vao cac phan mém
xtr 1y s6 liéu tu dong nhu Earthworm, SeisComP, Antelope, ... dé phat trién thanh hé
thong xir 1y s6 liéu toan cdu. Cac phin mém nay déu xtr 1y va xac dinh cac tham sd
dong dat tu dong phuc vu cho viéc thong bao hay bao tin dong dat. Tuy nhién, nhuogc

diém cua chung 13 phai can thu thap duoc ddy du bang song dong dét (song P va song
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S). Boi vay chiung chua dam bao dugc viée bdo tin sém dong dét phuc vu hoat dong
van hanh an toan cong trinh trong ving dong dat. Boi vi khi séng pha huy (song S)
ghi nhin duoc tai tram s& tring vé6i thoi diém su pha huy xay ra.

1.1.5. Bdo tin nhanh déng dit

Muc dich chinh cta viéc bao tin nhanh 1a théng bao thong tin dong dat toi
ngudi ding mot cach nhanh chong. Diéu nay doi hoi thiét b trong hé thdng phai duoc
két ndi internet va dugc xtr Iy ty dong. Khac véi k¥ thuit bao tin dong dat thong
thuong 13 phai thu thap ddy da bang séng P va song S cia mdi tran dong dat truyén
dén tram do. O k¥ thuat ndy chi st dung 3 gidy dau tién ctia song P dé dua ra thong
bao vé dong dat. Piéu nay nham rut ngin thoi gian thong bao t6i ngudi ding xudng
rat nhiéu. Boi vi, theo Carmichael (2013) [10] vén téc trung binh séng P (séng dén
dau tién) dat 5 km/s con song S (song pha huy) dat 3 km/s, trong khi d6 vén toc cua
cap quang dat 300.000 km/s nhanh hon rat nhiéu so voi song dia chan. Xét truong
hop cu thé, néu vi tri dong dét cach tram 100 km thi thoi gian ghi dugc song P tai
tram 1 20 gidy, song S 1a 33 gidy, con cap quang 13 ~0 gidy. Nhu vay c6 thé thay
rang khi hé théng bao tin nhanh phat hién duoc tran dong dat thi 30 gidy sau s6ng
pha huy méi lan truyén dén. Pay 1a khoang thoi gian rat quan trong dé nguoi diéu
khién c6 thé ding cac hé thong bang cac bién phap khan cip tir d6 c6 thé giam thiéu
thiét vé& ngudi va tai san trong dong dat.

O mot sd quéc gia ¢ hoat dong dong d4t manh nhu Nhat Ban, My, Mé Xi Co,
bai Loan,... ho da lép dat hé théng bao tin nhanh dong dat cho mot s thanh phé hay
cong trinh quan trong, cu thé 1a:

+ O Nhat, nguoi ta dd xdy dung hé thdng canh bao tai chd UrEDAS (Urgent
Earthquake Detection and Alarm System) doc theo duong ray tau dién Shinkansen
nam 1992, dén nim 1995 duogc ap dung trén toan hé thong dudng sit. Nam 1998, hé
thong UrEDAS trién khai cho ca hé théng tau dién ngadm. Hé thong niay gom khoang
800 may dia chan va 200 may dao dong manh véi khoang cach giira cac tram tir 20 —
25 km. H¢ théng nay xac dinh cac thong s6 nhu: thoi gian, d§ sau va vi tri chan tam
dong dét theo cac phuong phap ctua Odaka va nnk, 2003 [11], Huriuchi va nnk, 2005
[12], Nakamura va nnk, 2009 [13]; d6 16n dong dat dua vao mdi lién hé giita bién do
song P véi d6 16n dong dat va bién do song S véi do 16n dong dat (Kamigaichi, 2004)
[14]; cép chan dong cuc dai (thang JMA); thoi gian sém nhat ma chan dong cuc dai
s& lan truyén dén cac khu vuc quan tim. Song song v6i hé thong UrEDAS, Nhat Ban
con c6 hé thong REIS (Real-time Earthquake Information System) canh bao dong dét
theo thoi gian thyc, va dung chung dir lidu tir hé thong UrEDAS. REIS dugc phat
trién va van hanh bai Co quan khi tuong Nhat Ban (Japan Meteorological Agency —
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JMA), t6 chtrc ¢6 trach nhiém giam sat va canh béo vé cac tinh hubng dong dat va
thién tai khan cAp tai Nhat Ban. Muc tiéu chinh ctia REIS 14 cung cip thong tin dong
dat thoi gian thuc va canh bao sém dong dat cho nguoi dan, to chirc ciru hd va nha
chtrc trach dé gitip ho chuan bi va dbi pho véi cac tinh hudng khan cip. Hé thong
REIS c6 kha nang canh bdo sém khi phat hién mot sy kién dong d4t, canh bao duoc
phat qua cac phuong tién truyén thong nhu truyén hinh, radio, dién thoai di dong dé
huéng dan ngudi dan thuc hién cac bién phap an toan. Theo Nakamura va nnk, 2009
[15], voi khoang cach giira cac tram tir 20 — 25 km va sb liéu tai cac tram duoc léy
ghi & tAn s6 100 Hz, bd chuyén doi 24 bit ADC, hé théng REIS c6 thé tu dong phat
hién va phat tin canh bao cac tran dong dat c6 d6 1on M > 3 trong vong 3 — 4 sau khi
co song P dén tram. Khoang 80% céc su kién c6 dg léch vi tri chin tdm dudi 20 km
so v6i xur 1y thu cong. Pay 1a cac két qua clia bao cdo dau tién, chu yéu xac dinh bang
cach sir dung dir liéu ctia 4 — 5 tram. REIS stra d6i thong tin dong dat mdi gidy, do d6
khi sb tram tang 1én thi do chinh x4c ciing duoc ting 1én. Hé thdng nay duoc trién
khai thuc té vao nam 2007, va 1a hé thdng canh bao sém dong dét cho toan qubc dau
tién trén thé gidi.

+ O My, tir nim 2006, co quan Khao sat dia chat Hoa Ky (USGS) di hop tac véi
mot sd ddi tac dé phat trién hé théng canh bao sém dong dat, duoc goi ShakeAlert
cho cac khu vuc c¢6 nguy co xay ra dong dit cao cua Hoa Ky, bat ddu véi cac tiéu
bang & Nam California. Pén nam 2012, hé théng ShakeAlert bit dau chay thu
nghi¢m. Trong giai doan 2012 — 2015, cac nha khoa hoc ¢ day tap chung vao viéc
phat trién phan mém, thuat toan xtr 1y dir liéu dong dat va phat tin canh bdo. Nam
2016, hé théng da di vao hoat dong chinh thtrc (Given va nkk, 2014) [16]. Muc dich
cua hé théng ShakeAlert 1a canh bao dong dat s6m dé giam thiéu thiét hai va ctu
ngudi trong truong hop dong dat xay ra. Hé thong nay c6 kha ning canh bao dén
ngudi dan va to chie ciru ho trude khi song dong dat dén. Canh bao c6 thé dugc phat
thdng qua nhiéu kénh truyén thong bao gém dién thoai di dong, truyén hinh, radio va
hé thong canh bao cong cong. Tinh dén nam 2017, hé thong ShakeAlert sir dung mang
lu6i 760 tram dia chan phan b trén khip mién Nam California, tin hi¢u dugc truyén
tryc tiép theo thoi gian thuc vé trung tdm [17]. Ké hoach phat trién hé thdng
ShakeAlert cho ca bo Tay véi udce tinh can téng cong 1.675 tram dia chan véi su két
hop giita tai tro cta lién bang, tiéu bang va tu nhan. Hé thong ShakeAlert dugc xay
dung va phat trién dua trén phan mém Earthworm theo dang mo-dun. Mdi thuat toan
c6 mot mo-dun riéng kiém tra dix liéu dia chin tir cac cam bién va léy duoc cac tham
s6 phit hop voi phuong phéap ctia nd. Cac phuong phép sir dung trong ShakeAlert dé
phat hién vi tri, do 16n dong dat duoc goi 1a Onsite (st dung phuong phap tc-Pd) va
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Elarm$ (st dung phuong phap Pd). ShakeAlert c6 thé phat hién mot tran dong dat
vai gidy sau khi n6 bat dau, tinh toan vi tri, d 16n va wéc tinh cuong d6 rung lic. Sau
d6, canh bao c6 thé duge giri dén nhitng ngudi dan va td chirc ctru ho c6 thé bi anh
huong, cho phép ho thire hién cac hanh déng bao vé thich hop. Tuy thudc vao khoang
cach ctia nguoi dung voi tran dong dét, canh bao c6 thé duogc gui trude, trong hodc
sau khi xuit hién rung lic manh. Hé théng ShakeAlert cung cfip mot s6 dit lidu va
canh bao dé dap tng nhu cdu cta nhimg ngudi dung khac nhau bao gdm vj tri tran
dong dat va d6 16n cta nd. Céac uée tinh rung dong nén duogc cong bd dudi hai dang,
duong bao chuyén dong trén mit dat hodc ludi ban dd. Cac canh bao duoc phat hanh
cho cac to chitc véi céc tran dong dat c6 do 1on tir 3.5 tré 1én, cong khai rong rai dén
nguoi dan céc tran dong dat c6 d6 16m 5.0 tré lén.

+ O Mexico xay ra tran dong dat vao ngay 19/9/1985 c6 d6 1on 8.1 do Richter.
Tran dong dat ndy gay ra nhiéu thiét hai nghiém trong vé cudc song va tai san. Co
hang nghin ngudi thiét mang va hang ngan ngdi nha, tda nha, co so ha tang bi phat
huy. Thanh phé Mexico chiu thiét hai nang nén, viéc ctru hd va tai thiét 1a nhiém vu
kho khan va kéo dai. Tran dong dat ciing gy ra song than trén bién Thai Binh Duong.
Chinh vi vy, Trung tdim Thiét bi do dac va giam sat Dja chan (CIRES) di thiét 1ap
hé théng SAS (Seismic Alert System) cho thanh ph Mexico. Muc tiéu cia hé thong
nay 1a dé giam thiéu anh hudng cia céc tran dong dét tai ving Guerrero Gap. Ving
Guerrero Gap cach thanh phé Mexico khoang 320 km, twong ng v6i khoang 60 gidy
dé tién hanh canh béo. Trong h¢ théng ndy, tai mdi tram s& ty dong phat hién sy kién
theo ty s6 STA/LTA sau d6 giri tin hiéu vé trung tdm. Tai trung tam, hé thdng udc
luong do 16n dong dat, cAp chan dong va phat tin canh bao (Espinosa Aranda va cong
su, 1989b) [18]. Tai thanh phé Mexico, hé thong cho phép thoi gian canh bao tir 60
dén 120 gidy trude khi song S dén. Thoi gian ndy c6 co hoi cho phép dua ra cac bién
phap mg ph6 dé giam thiét hai vé nguoi trong thanh phd. SAS bat dau thir nghiém
vao nam 1991, dua vao hoat dong chinh thirc cho thanh phé vao nam 1993. Hi¢n nay,
hé théng SAS ¢ 97 tram dia chdn niam trén toan bo d6i hut chim cua Mexico, dit liéu
tir cac tram nay duoc truyén theo thoi gian thuc vé trung tam [19]. Céac thiét bi ban
dau ctia hé théng do CIRES tu ché tao 1a thiét bi dia chan c6 b chuyén doi 10 bit va
dai do 50 Hz. Thé hé thtr ba trién khai trong hé thong 14 cac thiét bi c6 bo chuyén doi
24 bit va dai do 100 Hz. Cac tram duoc dit doc theo bd bién Thai Binh Duong cua
Mexico véi khoang cach trung binh 1a 25 km. Sau gan 10 nim xdy ra tran dong dat
tham khdc nim 1985, SAS dd xac dinh chinh x4c trdn dong dat Copala ngay
14/9/1995 (46 16n 1a 7,3) c6 kha ning gay ra thiét hai cho thanh phd Mexico. Mot



11

canh bao dugc phat hanh trude khi dong dat anh huéng dén thanh phd Mexico 1a 70
gidy. Nhiéu truong hoc di so tan kip thoi, chimg t6 sy hitu ich cta hé thong.

+ O Pai Loan, Sau tran dong d4t manh tai Hoa Lién ngay 15/11/1986 ¢6 do 16n
6.8, Dai Loan di phat trién hé théng EEW (Earthquake Early Warning System) dau
tién & Pai Loan va duoc thir nghiém vao nim 1998 (Wu va nnk, 1999) [20]. Hé thong
nay c6 thoi gian bao tin trung binh khoang 22 gidy va canh bao kip thoi cho céc khu
vuc cac tam chin khoang 70 km [21]. Tir ndm 2012, hé théng EEW da tich hop cac
thiét bi dia chan khac nhau thong qua phan mém Earthworm, hé thong nay goi la
eBEAR [22], nhim muc dich rat ngan thoi gian va cai thién d6 chinh xac cho cac
canh bao. Hé théng eBEAR bao gdom cac mo-dun méi dé quan 1y viéc chon pha séng
P, kich hoat b4o céo, vi tri chdn tdm, ude tinh d6 16m va loc canh bao trude khi thong
bao. Thoi gian canh béo trung binh ctia hé thdng dbi vé6i cac tran dong dat trong dat
lién va ngoai khoi 1an luot 1a 15 va 26 gidy sau khi dong dat xay ra. eBEAR dugc tich
hop dé canh bao cho cac truong tiéu hoc va trung hoc co s¢ & Dai Loan. Dé cai thién
kha nang tu dong nhan biét dong dat, Pai Loan d3 thiét 1ap mdt mang ludi cam bién
dia chin gia ré P-Alert day dic do Gido su Yih-Min WU tai Pai hoc Quéc lap Dai
Loan phat trién, phan bé trén ca nude véi gan 600 may dia chan. Uu diém cia may
dia chin nay 13 gia ré hon rat nhiéu so véi cac loai may dia chin dang c6. Két qua
cho thy, hé thdng tich hop cic cam bién gia ré kha 6n dinh vé cac théng s6 ngudn
va dua ra canh bao nhanh hon so vi hé thong cii tir 13,1 dén 14,7 gidy. Cho dén nay,
tai Pai Loan c6 ba hé thong EEW khac nhau dang hoat dong. Hé théng eBEAR do
Cuc thoi tiét Trung wong Pai Loan (CWB) véan hanh 13 hé thdng chinh thirc va chiu
trach nhiém dua ra canh bdo cho cac tran dong dat tur trung binh dén 16n. He théng
NCREE vai gém 98 thiét b 1a hé thong canh bo tai chd va c6 thé cung cap canh bao
cho nhitng noi roi vao ving diém mu cua hé thng eBEAR. CWB hop tac véi NCREE
lép dat cac hé théng canh béo tai 3.514 truong hoc tai Pai Loan. Ngoai ra, con h¢
théng mang tram cam bién gia ré P-Alert co thé hoat dong nhu mdt hé théng canh
bao tai chd, ciing nhu khu vuc va dua ra duge ban do rung dong nén cho cac khu vuc
anh huong cua tran dong dat. Hién nay, hé théng P-Alert da duoc lép dat véi mang
lu6i gom 761 thiét bi trai khap Pai Loan.

1.2. Tinh hinh nghién ctru bao tin dong dat tai Viét Nam
1.2.1. Giai doan truéc thé ky 20

O giai doan nay viéc hiéu biét vé dong dat van con han ché, bai vay viéc ghi
nhan va bao tin dong dat cha yéu duogc thuc hién theo dang truyén miéng va ghi chép

trong cac tai li€u cua lich su. Vi vay, cac hoat dong dong dat thuong bi gian doan va
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khong lién tuc. Hon nira, viéc ghi chép dugc mo ta theo dia danh va tinh trang nén
cac tham sé vé dong dat con chung chung.
1.2.2. Giai doan tir 1900 dén 1990

Danh dau méc giai doan nay 1 viéc xay dung tram dia chin dau tién cua Viét
Nam tai Pha Lién, Hai Phong nim 1924. Tram nay do ngudi Phap xdy dung, tuy
nhién hoat dong cta né thudng xuyén bi gian doan do anh hudng béi chién tranh.
Nam 1957, tram duogc khoi phuc lai boi sy gitip do cua Ba Lan. Cling ¢ thoi diém
nay, mot loat cac tram dong dat moi dugc xay dung nhu : Nha Trang (1957), Sa Pa
(1961), Bic Giang (1967), Tuyén Quang (1973) va Hoa Binh (1972) [8, 9].

Tir nam 1976 dén nam 1990, bo sung thém tram Pa Lat va thay cac may do
dong dit bang may do chu ky ngan CM3 do Lién X6 ché tao. S6 liéu duoc ghi trén
gidy anh. Cac tham sb dong dit duoc xac dinh bang tay va duoc luu trir duéi dang
nhat ky. Tuy nhién, cac tham sb6 nhu d6 1on, vi tri dong dit van chua duoc xac dinh
chinh xac.

1.2.3. Giai doan tir 1990 dén 2008

Giai doan nay dugc chia ra lam hai pha:

+ Pha 1, tir 1990 — 2000, nang cip, m& rong mang tram quan tric dong dat
bé“mg viéc bo sung cac tram DPi¢n Bién, Lai Chau, Vinh, Son La, Hué va 05 tram bao
quanh Ha Noi. Chung sir dung may ghi LE-3D cua Puc va dau do chu ky ngin Mark
Product L-4 ciia My. Tin hiéu dong dit dugc ghi trén gidy nhiét, va thong tin dong
dat duoc xac dinh béng tay. Pén nam 1995, mang ludi tram dia chin di duoc chuyén
d6i sang dang ghi s6 trén may tinh PC-386 va PC-586 va duoc dong bo theo thoi gian
thuc bang hé thong GPS toan ciu.

+ Pha 2, tir 2000 — 2008, nang c4p hé thong mang tram va phan mém xir 1y sd
li¢u. M6 rong hé tram bao quanh Ha Noi Ién thanh 09 tram, trang bi cac thiét bi ghi
s6 cho toan bo mang tram va chuyén doi sang k¥ thuat xu 1y tin hi¢u s6. Bén canh do,
thuc hién cac nhi¢m vu hop tac quéc té nhu Nhat Ban, Pai Loan, ... di trién khai lép
dat thiét bi do dia chan dai rong hién dai dau tién, cu thé 1a: 1- Nhat Ban lat dat tai
Phu Lién, Sa Pa, Dién Bién, Vinh, Nha Trang va Da Lat; 2- Dai Loan lép dat tai 25
tram m&i phan bd déu trén khu vuc mién Bac [23]. SO lidu duogc luu trit trén 6 cling
dung luong 16n va theo dinh dang chuén xir 1y s6 liéu dia chan toan cau. Céac hop tac
nay 1a co s¢ dé xay dung va phat trién hé thong bao tin dong dat hién dai sau nay.

Nhu vay c6 thé thiy ring & giai doan nay thong tin dong dat duoc chuyén doi
tir dang tin hiéu twong ty sang dang tin hiéu s6 theo thoi gian thuc. Do d0, cac thong

tin dong dat da dat duoc & muc do thong bao cac tham sb dong dat.



13

THONG BAO DONG PAT
Theo s6 liéu quan sat cla mang Iudi dia chan

a Noéi. ngay 23 thang 6 nam 1996, mdt
dat manh 5,0 d6 Richter da xay ra &
ouei Ngu - Mudng Luon (¢ = 21,27

r 103,32 do E ) thudc huyén Dién Bién
tinh Lai Chau, cach thi xa Dién Bién 35 km vé
hia Bong - Béng Nam
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Hinh 1.6. Hinh anh minh hoa k¥ thuét xac dinh dong dat va thong tin mo ta tran dong
dat (theo Tran Quang Khoéa va Lé Tt Son, 1997).
1.2.4. Giai doan tir 2008 dén nay

Nam 2008, Vién Vat ly dia cau dugc Chinh phu trang bi 30 tram dia chan dai
rong hién dai, phan b6 trén toan lanh tho Viét Nam. Hé théng mang tram gém: may
ghi s6 dai rong (144-145 dB), do phéan giai cao (24-26 bit) Quanterra do hang
Kinemetrics (M¥); Pau do van tc dai rong (50 Hz — 120s) két hop véi dau do gia toc
Episensor (+ 4 g) [9] va trung tam xu 1y s6 liéu tu dong. Tin hiéu tir cac tram truyén
tryc tuyén vé trung tim bang cap quang toc dd cao. Véi hé thdng nhu nay sé& phuc vu
t6t cong tac bao tin dong dat va bude dau dat duge bao tin nhanh dong dat.

S6 liéu tai trung tim duoc xir Iy ty dong bang phan mém SeisComP3 (Seismic
Communication Processor) dugc phat trién bai nhom GEOFON tai GFZ Potsdam
(Geo Forschungs Zentrum) ctia Ptrc. Phan mém nay gom céc giao dién do hoa truc
quan, chu yéu dugc xay dung bang C++, v4i hau hét cac chirc nang thu vién co thé
truy cap duogc tir bén ngoai bang cac tip lénh Python [23]. SeisComP3 hd trg nhicu
giao thirc dé két ndi v6i cac may dia chan nhu SeedLink, QuakeML, QuakeCatch va
nhiéu giao thuc khac. Tuy vao tung loai thiét bi s& lua chon dugc giao thuc két ndi
thich hop. Vi c6 giao dién d6 hoa nén SeisComP3 nhanh chéng tré nén pho bién, dic
biét 1a & chau Au. Phan mém chi hoat dong trén moi trudng Linux. Tuy nhién, n6 cé
thé tu dong phat hién t6t nhitng tran dong dat c6 do 16n 16n hon 4.0. P6i v6i Viét
Nam, yéu cau dit 1 1a phai phat hién dugc cac tran dong dat c6 do 16n lon hon 3.0
va thong bao duogc cac tran dong dit co6 do 16n 16n hon 3.5 xdy ra trén lanh thd va
thém luc dia. Do d6, nhiém vu dit ra la nang cép hé théng mang tram nay cho phu
hop véi diéu kién ciia Viét Nam. Bang cach cai tién va trién khai thir nghiém hé thong

bao tin nhanh dong dat cho mét ving dic trung nao do.
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Viéc bao tin dong dat & giai doan nay da dat dugc muc do ra thong bao tu dong
dén ngudi dung véi thoi gian gan véi thue té. Hon nita, do do chinh xac cua cac thiét
bi, cac thong tin dong dat c6 thé giup cho cac nha nghién ctru danh gia chi thiét hon
vé cac dic diém bén trong trai dat phuc vu muc tiéu xay dung cac cong trinh an toan
trong ving hoat dong dong dat.

Trong thyc té, dé dat duoc do chinh x4c cao hon so véi phuong phap béo tin
tu dong, tai trung tAm viée xtr Iy duoc hiéu chinh bing tay trude khi gui théng bao
dén co quan quan Iy theo quy trinh nhu sau:

+ Budc 1: Kiém tra, nhan biét dong dat: Thong qua phan mém SeisComP3, tin
hiéu dong dat c6 thé nhin thdy ngay trén man hinh may tinh. Phan mém SeisComP3
cling co thé tu dong nhan biét duoc dong dat. Tuy nhién, trén thuc té cac can bo truc
ca tai trung tAm bao tin dong dat va canh bao séng than phai ludn luon theo ddi trén
man hinh dé biét duoc khi nao tran dong dat xay ra.

+ Budc 2: Thu thap, hiéu chinh, xir 1y sb liéu: Phin mém SeisComP3 c6 thé tu
dong nhan dang va xir Iy s6 liéu dé dua ra thong tin dong dat. Tuy nhién, hé thong
doi hoi it nhat 8 tram cung ghi dugc tran dong dAt va can thoi gian tuong ddi 1au. Do
vay, dé c6 duoc thong tin tran dong dat chii yéu van dua theo cach truyén thong 13 st
dung phan mém Seisan dé xt Iy mot cach thu cong. Sau khi phat hién ra dong dat,
ngudi xir 1y s& tap hop sd liéu tir cac tram c6 ghi duoc cing mot tran dong dat va tién
hanh xur ly.

+ Budc 3: Phat tin dong dat: Sau khi ¢6 duoc thong tin cua tran dong dat mot cach
tht cong, trung tAm béo tin dong dét s& tong hop, xdy dung ban tin va gui théng tin
di theo quy dinh.

Théng bdo tin déng dat ngay 07 thang 07 nam 2023 (Tran 11)

THONG BAO BONG BAT
Vao hbi 04 gié 42 phat 34 gidy (gir GMT) ngay 07 thang 7 n&m 2023 tec 11 gicr 09 phut 34 gidy {giér Ha N&i) ngay 07 thang 7 nam 2023 mét tran déng 4t c6 6
Ién 2.9 xay ra tai vi tri 6 toa d6 (14.887 46 vi Béc, 108.245 dd kinh Bang), G sdu chén tidu khoang 10 km. Dong dét xay ra tai huyén Kon Pléng, tinh Kon
Tum. Céap dé rai ro thién tai cdp 0
Trung tdm bdo tin d8ng dat va canh bao séng than - Vién Vat Iy Bia cdu van dang tiép tuc theo ddi tran déng dét nay.
BAN DO CHAN TAM BONG BAT
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Hinh 1.7. Hinh 4nh minh hoa dang thong bao dong dét ciia hé théng bao tin dong dat

tai Vién Vat 1y dia cau.



15

Viéc xir 1y s6 liéu hién nay cho thiy phian mém Seisan xac dinh cac tham s6
dong dét chinh xac hon phan mém Seiscomp. Tuy nhién né mét thoi gian hon nhiéu
so v6i phan mém Seiscomp. Thong thudng thoi gian dé xtr Iy mot tran dong dat phat
sinh thém 1a tir tir 5 d&én 30 phut. Nhu vay c6 thé thdy rang tuy thudc vao mdi su kién
dong dat ma ta c6 thé lya chon phuong thic béo tin khac nhau.

TRENG QLU

A
A Tragm Tele

- — -

THATEAN

CAMM O

Hinh 1.8. So ¢6 mang tram quan tric dong dat Viét Nam trong giai doan hién nay.
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Chuong 2. CO SO PHUONG PHAP VA QUY TRINH XU LY
2.1. Khai niém co ban vé dong dét va thong tin dong dit
2.1.1. Pong dit 1a gi

Dong dat 1a hién trong mit can bang tmg suit dot ngdt trong méi trueong dat
d4 cua Trai DAt (do van dong kién tao, hoat dong nui Itra, sép hang dong, cac vu nd,
v.v...) dan dén giai phong ning luong dudi dang cac séng dan hdi, gdy ra rung dong
trong mot vung rong 1én trén bé mat trai dat. Pong d4t mot mat bi xem nhu 1a dang
thién tai dic biét nguy hiém do giy ra rung dong nén hoic bién dang mit dét, c6 thé
pha hity nha cira, cong trinh, gy song than, cudp di cua cai va sinh mang cta nhan
loai. Mit khac, dong dat 1a ngudn phat song dia chan co ich v6i nang lugng vo cing
16n nén truyén qua duoc cac phan khic nhau ciia Trai Pat, khi tdi cac may ghi dia
chan mang rat nhiéu thong tin vé ciu tric cling nhu dic tinh cta Trai Dat.
2.1.2. S0Nng dgng dit

Song dong dat hay song dia chan 1a song dan hoi lan toa tir viéc giai phong
nang luong dot ngodt trong long trai dat (dong dat), tir vu nd hay cac ngudn ning lugng
khac. Nang luong dugc truyén trong 1ong dat, lan téa ra moi huéng tir ngudn phat
sinh (viing ngudn). Song dia chin giy rung dong nén dit va 1a nguyén nhan chinh
gy nén phé hoai nha va cong trinh. C6 nhiéu loai séng dia chan khac nhau, phu thudc
vao phuong thirc dao dong cia phan tir vat chat so voi phuong truyén song va co ché
tao ra song. C6 hai dang dia chin 13 song khdi (Body wave) va song mit (Surface
wave). Séng khdi lan tir ngudn ra khong gian xung quanh, truyén qua cac 16p vat chat
trong long Trai dét, con séng mit truyén trén bé mat Trai dat va trong cac 16p dan
song. Van tdc lan truyén cta song dia chin trong mdi truong ran bién doi trong gidi
gian tu 3 — 15 km/s.

1 | 1 I 1 | 1 1 I 1 | 1 I 1 I 1 I
5'_paa.LHz S Surface Wayes ]
P T H[,fm 1 |
| L | I|||'.|l|'.'l-"’-' A \ '. Jlr Illr"'ﬂ' |L|I'I.__ |,f‘| |'1.."'-_||l sy g gt
o fi §
C | l T T ]

Hinh 2.1. Bang song dong dét va cac loai song xuat hién trén bang ghi theo thoi gian

song lan truyén.

e Song doc P (Primary wave)
Song P dugc Poisson (1830) [24] phat hién bang viéc sir dung cic phuong trinh dao
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dong va cac dinh luat dan hoi. N6 lan truyén theo co ché nén ép-tach gidn, phuong
dao dong tring voi phuong truyén séng (gidng nhu séng 4m) (Hinh 2.2). Van toc
song P 13 16n nhat boi vay no ghi dugc sém nhat trén bing ghi dia chin. Van tdc song
P dat tir 1,5 dén 11,0 km/s. Song P lan truyén duoc trong ca ba moi truong vat chat
d6 1a ran, long va khong khi. Van tdc song P trong cac moi trudng cu thé nhu: khdng
khi l1a 0,3 km/s, nudce 1a 1,45 km/s va da granite 1a 6,0 km/s. Chinh vi van tdc cao nay
nén song P duogc st dung dé xac dinh thoi diém xay ra tran dong dat phuc vu cong

tac bao tin hay canh bao dong dat.

Hinh 2.2. Hinh anh minh hoa su lan truyén cta séng P (ngudn: Lawrence B, 2006
[25]). X, Y, Z 1a phuong dao dong, T 1 thoi gian lan truyén.
e SoOng ngang S (Secondary wave)

Hinh 2.3. Hinh anh minh héa sy lan truyén cua séng S (ngudn: Lawrence B, 2006).
X, Y, Z 1a phuong dao dong, T 1a thoi gian lan truyén.



18

Song S ciing dugc Poisson (1830) phat hién bing viée sir dung cac phuong
trinh dao dong va cac dinh luat dan héi. N6 1a dang song lan truyén c6 phuong dao
dong vudng goc v6i phuong truyén song (Hinh 2.3). Séng S khong khéng truyén
duoc qua chét long. Van tde song S cham hon van tde song P nén n6 dugc ghi nhan
sau song P trén biang ghi dia chin. Trong 16p vo trai dét, sy thay d6i véan tdc gitta song
P va song S khac nhau khong nhiéu nén c6 thé dugc sir dung dé u6e luong khoang
cac chan tAm cua tran dong dat. Ngoai ra, trong tran dong dat gan, bién d6 song S 16n
hon nhiéu so véi séng P nén né duoc sir dung dé tinh d6 16n dong dat phuc vu cong
tac bao tin, canh bao hay nghiéu ctru rui ro dong dét.

e S0Ong Rayleigh

S6ng Rayleigh duoc Rayleigh L [26] phat hién bang 1y thuyét vé sy ton tai caa
song khac lan truyén doc theo bé mat chét ran, sinh ra do su tuong tac cua cac song
P va S v6i bé mit ty do. Vén tdc song Rayleigh nho hon vén tdc cta song S bai vay
n6 xuat hién sau sang S trén bang ghi dia chin. Song Rayleigh truyén doc tai mat dat
tuong ty nhu séng nude trén mat dai dwong hodc hd (Hinh 2.4). Chu ky dao dong cia
song Rayleigh 16n hon song S nén nd truyén duoc xa hon séng S va bién do 16n hon.
Do d6, song Rayleigh duoc st dung dé nghién ciru ciu tric sau dic biét 1a ciu trac
bén trong trai dat. Hon nita, do chiing truyén dugc di xa nén ching duoc str dung dé

nghién ctru cac hi¢u tng khuéch dai nén cho céc bon tram tich sau.

Hinh 2.4. Hinh anh minh hoa su lan truyén ctia song Rayleigh (ngudn: Lawrence B,
2006). X, Y, Z 1a phuong dao dong, T 13 thoi gian lan truyén.
e SOng Love
Nha khoa hoc Love [27] d chirng minh sy ton tai cia mot loai song tuong tur
nhu séng Rayleigh vao nam 1911. Tuong tu nhu séng Rayleigh, song Love ciing lan
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truyén doc bé mit ranh giéi gita cac 16p trong vo Trai dat (Hinh 2.5). N6 dugc tao
thanh boi du giao thoa cta cic soéng phan xa tir mit dat va khiic xa, phan xa qua gioi
han ctia mot 16p nhat dinh trong vé Trai dat. Trén bang ghi dja chn giy ra boi dong
dat xa, song Love thudng co bién do 16n nhat. Ching lan truyén véi toc do xap xi

90% toc d6 lan truyén ciia song S.
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Hinh 2.5. Hinh anh minh hoa lan truyén cta song Love (ngudn: Lawrence B, 2006).
2.1.3. CAC tham so6 co bén ciia dong dit
MB&i tran dong dat duoc dic trung boi cac thong sd co ban sau:
(1) thoi diém phat sinh dong dat;
(2) vi tri xay ra dong dat (vi do ¢, kinh do A) va do sau chan tiéu (h);
(3) do 16n ciia dong dat (Magnitide — M);
(4) cudong d6 chan dong (Intensity — 1).
e Thoi diém phat sinh déng dat
Thoi diém phét sinh dong dat 1a khoanh khic ma sy mét can bang Gmg suat (su
pha v&) dién ra trong moi truong dat-da cua vo Trai dat. Khi d6 ning luong dugc giai
phong dudi dang cac song dia chin dugc goi 1a dong dat. Thoi diém nay dién ra trude
thoi diém song ghi nhan dugc trén cac bang ghi tai tram do.
e Chan tiéu va chan tam déng dat
Chén tiéu (hypocenter) ciia dong dit 1a tim diém phat ra song dia chan khi
dong dat xay ra. Hinh chiéu theo phuong thang dimg cuia chan tiéu 1én mat dat goi 1a
chén tAm (epicenter) dong dit. Trong thuc thé, chan tiéu dong dat khong phai 13 mot
diém ma 1 ca mot vang dit doan trong dong dat. Tuong tng, ving chan tam 13 hinh

chiu cua vung chan ti€u lén mat dat.
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Khoang cach tir chan tiéu téi mit dat ciing 1a khoang cach giita chan tiéu va
chin tam, goi la do sau chén tiéu. Khoang cach tor mdt diém quan tam trén mat dat
dén chan tiéu goi 1a khoang cach chin tiéu, con khoang cach tir diém d6 dén chan tim
goi 1 khoang cach chin tam.

e Do lon dong dat

Do 16n dong dat 1a mot chi sé dling dé do muc do nang luong duogc giai phong
trong moi tran dong dat. N6 do duoc bang cac thang do thuc nghiém. Thang do do
16n dong dat dau tién duoc phat minh boi Richter (1935) [28] va duoc sir dung dé
tinh d6 16n tai ving phia Nam California nuéc My. Sau d6 n6 duoc sir dung phd bién
trén thé giéi. Du vao thang do nay, nhiéu tac gia da xdy dung cac thang do khac phu
hop v&i diéu kién cta khu vue nghién ctru. Mot sb thang do ¢6 thé ké dén nhu : Thang
d6 16n dong dat dia phuong (ML); Thang do do 16n theo song mit (Ms); Thang do do
16n séng khdi (mp); Thang do d6 16n mé-men dia chdn (Mw), ddy 1a thang do hién dai
nhat va wu diém ctia n6 1a khong bi bdo hoa ning luong ddi véi tran dong dat 16m.

o Cuong do chin déng déng dat

Cuong do chn dong la mac do cam nhan cua nguoi, vat hay cong trinh trén
mit dat. Cling tuong tu nhu d6 16m, cuong do chan dong dugc danh gia theo cac thang
khac nhau. Mot sb thang do dién hinh c6 thé duoc ké dén nhur:

+ Thang do Mercalli ciia My, né duoc cai tién tir thang do (Modified Mercalli
Scale) va chia ra 1am 12 cip chan dong;

+ Thang do MSK-64 (Medvedev-Sponheuer-Karnik) ban dau n6 dung & cac
nuoc Tay Au, sau d6 duoc Hoi d@)ng Pia chin chau Au thong qua nam 1964. bén
nay, n6 dugc str dung rong rii ¢ cac nude trén thé gidi trong d6 c6 Viét Nam. Thang
do nay dugc phan ra lam 12 cap (Phuy lyc 1);

+ Ngoai ra, c6 mot s thang do khac nhu: Thang do Rossi-Forel gom 10 cip
dung phd bién ¢ Y, Thuy Si; Thang do JMA gbém 7 cap duoc sir dung & Nhat.

2.2. Phuong phap xic dinh tham sé dong dat thong thuong
2.2.1. Thoi gian va vi tri xdy ra dong dit

Trong dong dét gan (khoang cach chan tim nho hon 600 km), c¢6 thé coi duong
truyén song 1a thang. Khi d6, néu thoi diém phét sinh dong dat 14 to, thoi diém ghi
dugc song dia chan ¢ tram dau tién 1a t, thi thoi gian truyén séng tir chan tiéu dén

tram quan sat la:
T=t—t0=§ (2.1)

trong d6: R — khoang cach chén tiéu ; v — van toc song dia chan.

Trong dong dat gan, khi c6 thé bo qua do cong cua mit dat, R dugc xac dinh
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theo toa do @, A, h ctia chin tiéu va @, Ao cua tram dia chan theo cong thirc sau:

R = \/((p— Py)? + (A= 49)? + h? (2.2)

Vi vy phuong trinh (2.1) ¢6 thé duoc viét lai nhu sau:

\/(qo—%)2+u—ﬁo)2+h2
T =t — to =

(2.3)

v

Cong thirc (2.3) cho thdy day 1a phuong trinh 4 an s6 (o, A, h va v). Do d6, dé
giai duoc phuong trinh ndy, chung ta can phai xay dung hé 4 phuong trinh. Thong
thuong, d6i vi mdi khu vuc, nguoi ta xac dinh van tdc trung binh cia song va st
dung nhu mét tham sb da biét trong dinh vi chan tiéu. Vi vay, chi con lai 3 an sb 1a
toa do chén tam va do sdu chan tiéu, va chi can 3 tram quan trac 1a da co thé dinh vi
duoc chan tiéu. Do 1a sb luong ti thiéu can c6 cho mot hé théng quan sat dong dat.
S6 luong tram cang nhiéu thi vi tri chan tiéu dugc xac dinh cang chinh xac. Chén tiéu
dong dat xac dinh theo sb liéu quan sat cia mang ludi dia chin nhu trén déng nhét
v6i mot diém. Chéan tam 12 giao diém cta cac dudng tron tAm & tram quan sat va ban
kinh bang khoang cach chan tdm (A) ctia tram. Nhung trong thuc té thi chén tiéu la
mot dit doan trong thach quyén voi kich thude phu thude vao do 16n cua dong dat.
Thudng thi d6 12 mot phan cia dut gdy kién tao. Twong Ung ta ¢ ving chan tam 13
hinh chiéu cua ving chén tiéu trén mit dat. TAm cua ving nay thuong 13 noi ¢ cudng
d6 chan dong manh nhét va duoc coi 12 chin tdm. Chan tdm xac dinh theo sb liéu
quan sat bang may nam trong ving chan tim nhung c6 thé khong trung véi tAm cia
vung.
2.2.2. D¢ lon dong dit

e D¢ Iom dong dat
Do 16n dong dat duoc x4c dinh dya theo bién do cua cac song do tran dong dat

gay ra do duoc trén bang dia chan duéi dang chung nhu sau:
M =log (%) +F(h,4) +C (2.4)

trong d6 A 1a bién d¢ cua tin hi€u, T 1a chu ky tuong ting, F 1a ham hi¢u chinh cho
bién d6 theo d6 siu h cua chén tiéu dong dat va khoang cach chin tdm A, con C 13 hé
s6 hiéu chinh dja phuong.
o D¢ lon dia phuong (ML)
Thang do d6 16n dong dat cua Richter xay dung dua trén giai thuyét duoc
chtrng minh qua mét sb quan sat & Nhat Ban va California. Tt tin hiéu ghi dwoc boi

may dia chAn Wood-Anderson (chu ky riéng 0,8 gidy), d6 16n My cua dong dat xay
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ra ¢ phia nam California duogc Richter dinh nghia nhu sau:
M; =logA + 2,67logA— 2,48 (2.5)

véi A 1a bién d6 cua tin hiéu 16n nhat ghi dugc (thuong 1a song S), A duge xac dinh
thong qua su chénh 1€ch thoi gian té1 cua song P va song S.

Ngay nay thang d6 16n M it duoc sir dung vi dong dat khong chi xdy ra &
California va may dia chidn Wood-Anderson d3 rat lac hau. Tuy nhién, vi rat nhiéu
cong trinh ¢6 tan s6 dao dong riéng xap xi 1 gidy, gan sat voi chu ky dao dong riéng
ciia may dia chan Wood-Anderson, My thudng dugc xem nhu 13 thude do ciia mirc
thiét hai ma mot tran dong dat c6 thé gdy ra cho cong trinh. Chinh vi 1y do nay ma thi
thoang thang do 1é6n ML van con dugc dé cap.

o D¢ lon song mat (Ms)

Cung voi su phat trién ciia may dia chan, sau ndy cac nha dia chan di xay dung
cac thang do 16n cua dong dat xac dinh theo song mat (Ms). Thang Ms thuong st
dung cho trudng hop dong dat chan tiéu nong, duoc xac dinh nhu sau:

Mg =logA+ alogA+ f (2.6)
v6i A la bién d6 cuc dai (don vi la um) cua cac song mat c6 chu ky 20 gidy; o = 1,66;
B = 1,82 cho trudng hop thanh phin nim ngang ctia cic song Rayleigh do dong dat
nong sinh ra.
e D¢ Iom song khoi (mp)

O khoang cach xa hon 600 km, séng doc P truc tiép phan biét rd rang véi cac
pha song khac va ghi nhan tdt trén may dia chan véi chu ky xdp xi 1 gidy. Vi vay
nguoi ta ciling str dung song nay dé danh gia d6 1on ctia dong dat, dic biét phu hop
v6i dong dat sau, khi song mat khong rd rang hodc khong co. Po 16n theo song khodi

ky hi¢éu la mp va dugc dinh nghia nhu sau:

A
M, =log(3) + Q(h, 4) @2.7)
v6i A 1a bién d6 cuc dai cua song khoi (thuong 1a song P) ¢6 don vi 13 pm, T 1 chu
ky tuong img c6 don vi la gidy, Q la ham thyc nghiém phu thudc vao khoang cach
chan tdm A va d6 siu chin tiéu h.
e Do lon Moment (Mw)

Diém han ché cua hai thang do 16n néu trén 1a chung phu thudc vao tan so cta

song dia chan. Hon thé, khi kich ¢ cta cac tran dong dét 16n dén mot mure nhit dinh
c4c thang Ms va mp ¢ xu thé bao hoa va khong phan anh ding d6 16n ciia dong dat.
Chinh vi vay, mot thang d6 16n dong dat khac, goi 1a thang do 16n momen My, da
dugc xay dung:
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M,, ==logMy — 10,7 (2.8)

o0 day Mo la momen dia chin cua dong dat (don vi 1a din-cm) va dugc xac dinh nhu
Sau:
M, = uDA (2.9)

v6i p 12 modun cit (bang 3 x 10! din/ecm? cho cac dit gdy vo), D 1a dich truot trung
binh cta bé mit dit giy va A 1a dién tich cua mit dit gy da dich truot. Thang Mw
¢6 vu diém 1a dua ra do 16n cta dong dat gin véi qua trinh ngudn va khong bi bio
hoa. Ngoai ra, né cho thiy méi lién hé giira kich thude cua dit giy sinh chan va do
16n ctia dong dat duogc sinh ra.

DPé hinh dung cu thé hon vé do 16n cua dong dat, cac nha dia chan d3 dua ra
moi lién hé gitra d6 16n ciia dong dat My va niang lugng dia chn phat ra twong (ng
E nhu sau [29]:

log =15M, + 11,8 (2.10)

O day E c6 don vi la ec (1 ec = 1 din-cm). Tur day ta c6 mdt lién hé nhu sau:
Nang lugng ciia mot vu nd bom 1 megaton (mot tri¢u tén) 12 khoang 5.10?? ec, nhung
chi mot phan ning luong 4y phat ra dudi dang song dia chan. Pé c6 ning luong song
dia chin tvong dwong ning luong phat ra tir mot tran dong dat c6 d6 16n My = 7,3
can phai n6 mot qua bom khoang 50 megaton.

2.2.3. Phwong phdp xdc dinh nhanh tham sé dgng dit
2.2.3.1. Xdc dinh nhanh chdt lwong bang séng dong dit

Ty s6 tin hiéu trén nhiéu (SNR) 1a tham s6 nham so sanh chat luong tin hi¢u
dong dét thue t& va mac nhiéu tai tram do déu ghi dugc bdi cung mot thiét bi do.
Thuec té gia tri SNR 12 ty 16 ning luong cua tin hiéu dong dit va nhidu. Tuy nhién, do
viéc phan tach rd tin hiéu va nhiéu, nén cach goi gia tri SNR ciing khac nhau. Trong
luan van nay, hoc vién sir dung cong thurc tinh gia tri SNR nhu sau:

Yiz1(sig)?
Zﬁ-=1(noisj)2

Gid tr1 SNR phan anh chét luong cuia bang ghi dong dat ghi duoc tai tram do,

SNR = log (2.11)

Gia tri SNR cang cao thi mtc tin hi¢u dong dAt 1én hon mirc nhiéu nghia la chét luong
bang ghi dong dat thu duoc tai tram do 13 tét. Pay 1a k§ thuat kiém tra dong vai tro
quan trong cua hé théng phat hién cac su kién dong dat. Vi vay, nhiém vu dit ra &
day 1a lya chon gia tri SNR phu hop véi cac tram do sao cho chung c6 thé phat hién
duoc cac tran dong dat doc 1ap. Str dung céc tran dong dat da xay ra sau do tai tao lai
bang cac bd loc va gia tri SNR khac nhau. Cudi cing, cac gia tri dugc tong hop dé

lya chon ra dai tan sb va gia tri SNR phu hop nhét vi mdi tram do, Hinh 2.6
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SNR = 6 3

Hinh 2.6. M6 ta bd loc va gi tri SNR lya chon dugc cho mdi tram do.

2.2.3.2. Xdc dinh nhanh thoi gian dong dit
Khi dong dat xay ra (thuong dugc goi 1a event), song dong dat s& lan truyén tir
chén tiéu dén khap moi trudng vat chit bén trong Trai dat. Sy lan truyén nay tao ra
cac dao dong riéng cho cic phan tir vt chat bén trong Trai dt, duoc ghi lai boi cac
may dong dat va duoc hién thi trén gian dd dia chan hay biang song dong dat. Su khac
nhau vé bién d6 cua song dong dat va phong nhiéu cé thé phan biét dé dang bang mat
thuong va gitip cho ching ta c6 thé lya chon duoc phan tin hiéu dong dat cia tmdi
tran dong dat [30, 31]. Khac véi k¥ thuat xac dinh thoi gian dong dat thong thudng
d6 1a phai sir dung doan biang ghi céo ca song P (dén sém nhat) va song S (dén tiép
theo). O k¥ thuat nay chi sir dung 3 gidy dau tién cua séng dén sém nhat (song P).
Khi 6, thoi gian dong dat dugc xac theo ti s6 sau
STA STA(D) _ nisZ§'=t—ns st

_()_

. - 1 i
LTA LTA (i) n_lZ§'=i—nzSi2

(2.14)

trong d6 S; 1a bién do tin hi€u tai thoi diém i, ng la s6 mau cia cua s6 STA, n; 1a s6

mau cua cua so LTA.
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Hinh 2.7. Minh hoa bing song dong dat da loc va sir dung ty s6 STA/LTA (theo
Amadej, 2009). (a) Bang song da loc; (b) Bang song theo gia tri trung binh cia STA
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va LTA ; (c) Bang song theo ty s6 STA/LTA : (d) Bing song ban dau.

Néu ty s6 nay 16n hon gia tri SNR (lya chon nhu trén), thi dugc coi 1a su kién
dong dat, khi d6 thoi diém nay duoc goi 13 thoi diém phat hién duoc sy kién dong dat
tai tram do. Thoi diém phat sinh dong dat 13 thoi diém phat hién dong dat tai tram trir
di phan thoi gian truyén séng tir vi tri dong dit dén tram. Thong thuong, thoi diém
truyén song tir vi tri ban dau dén tram duoc xac dinh theo van tdc truyén song P trung
binh trong d4 gbc va khoang cach tir tram dén vi tri trung tdm ctia ving nghién ciru.
Sau d6, vi tri ndy dugc hiéu chinh béi tin hidu truyén vé tir cac tram tiép theo. Boi
vay, viéc xac dinh thoi gian dong dat dau tién thudng bi loai bo trong ki thuat nay.
2.2.3.3. Xdc dinh nhanh vi tri tran dong dat

Dbi véi v6i phuong phap théng thuong viée xac dinh vi tri dong dét 13 st dung
thoi diém t6i ctia song P va séng S cung voi gia tri van tdc cta cac song P va song S
lan truyén trong méi trudng phan 16p. Con phuong phap nay xac dinh theo k¥ thuat
gia dinh d6 1a chia chu vuc nghién ciru ra thanh nhiéu 6 ludi c6 kich thudc déu nhau.
Vi tri trung tdm cta mdi 6 ludi duge coi 1a vi tri dong dét cua 6 nay. Boi vay, k¥ thuat
nay phu thudc vao mat d¢ phéan bd tram do trong khu vuc nghién ctru. Vi du ddi véi
vung Tay Bic Viét Nam, kich thudce 6 ludi 1a 50km Van tdc st dung dén tinh toan la
van tdc truyén song P trung binh trong da gdc. Thuce té cho thiy, néu do bao phu cua
cac tram ghi ddi véi mot tran dong dat < 90° va c¢6 hon mot tram ¢6 khoang cach chin
tam nho hon d6 sau cua tran dong dat, thi két qua dinh vi trin dong dat nay 1a tin cay.

Toan bd quy trinh ¢6 thé dugce liét ké tom tat nhu sau:

Gia st chung ta c6 mot tap thoi gian song dong dat P dén tram do (tx) tai cac
vi tri chan tiéu (X, Yk, zk), k = 1,2,...m. Khi d6 chung ta can phai xac dinh thoi gian
tran dong dat xay ra (to) va vi tri chin tiéu dong dat (xo, Yo, 20). Ky thuat xir Iy gdm
cac budc sau:

(1) Gan thoi diém Xay ra tran dong dat (t°) va vi tri chan tiéu ban dau (X", y", 2°);
(2) Tinh thoi gian lan truyén 1y thuyét (Tk) tir vi tri chan tiéu ban dau dén tram do
thir k theo vén toc song P. Dong thoi, tinh cac dao ham cia thoi gian lan truyén

Ty 9Ty OT L .
—~ —X —X cho chin tiéu ban dau;
dx 0dy 0z

(3) Xay dung ma tran ham green (G) va véc to p
Ma tran G dugc xdy dung theo cac dao ham thoi gian lan truyén 1y thuyét
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ory, 0T, 0Ty 0Ty
ot  ox oy oz
0T, 0T, oT, oT,
G=|"at ox oy oz 2.15)
OTp 0Tp 0Tn OTm
at ox dy 0z

Véc to p 1a sai sb giita thoi gian do dugce t, va thoi gian lan truyén 1y thuyét

T,:
ty =Ty
e B I (2.16)
L —T,

(4) Giai hé phuong trinh tuyén tinh G. A = p sé& tim duoc cac gi tri hiéu chinh ot,
oX, 0y, va 0z, vbi:
5t
ox

A= Sy (2.17)
VA
(5) Thoi gian xay ra tran dong dat méi 4 t™+ St va chin tiéu dong dat 1a (X™+ ox,
Y+ 0y, 27+ 67). Gan t" = t"+ ot; (X, Yy, ) = (X'+ O, Y+ Oy, 2+ 62).
(6) Tiép tuc lap lai cac budc tir 2 dén 5 cho toi khi dat dugc gia tri phu hop. Khi
do, to =t va (Xo, Yo, Zo) = (X, ", ) chinh 1a thoi gian xdy ra tran dong dat va
chan tiéu dong dat.
2.2.3.4. Xdc dinh nhanh d3 1ém dong dat

Theo Wu va Kanamori [32], Pq 14 gia tri bién do dich chuyén dinh dugc xac
dinh bang cach sir dung bo loc bang théng rong o tan s6 0.075Hz trong 3 gidy dau
tién ctia song P trén bang ghi d6 dich chuyén. Cac nghién ctru tiép theo [33, 34] cho
da chi ra duoc gitta do dich chuyén (Pd), do 16n dong dat (M) va khoang cach chan
tiéu (R) c6 méi lién hé véi nhau. Ham lién hé c6 dang:

log(Py;) =A+B* M+ C * log (R) (2.18)

Trong d6 A, B va C la cac tham s6 tim duoc bang phép hoi quy tir tip cac gia tri M
va R. Phuong trinh (2.18) cho thay séng P ngoai sy suy giam doc theo khoang cach
con phu thudc vao pham vi birc xa s6ng P. Do d6, pham vi bao phii dé thu duoc song
P giy ra boi mdi tran dong dat 1 rat quan trong dé Iya chon cac tham s hdi quy cia
cong thuc (2.18). Péi voi dai lugng R, két qua hdi quy cho thdy no it anh hudng dén
phép hdi quy nay boi vay dai lvong R khong cé nhiéu ¥ nghia vé mit thong ké.
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2.3. Xay dung quy trinh b4o tin nhanh déng dat
2.3.1. Lwa chon gidi phdp bdo tin nhanh dgng dit

Dbi v6i ki thuat bao tin thong thudng, thong tin dong dat duoc xir sau khi hé
théng ghi nhin dugc diy du cac bing song dong dit diéu nay c6 thé mat nhidu thoi
gian boi vi téc do truyén séng dia chan trong 10ng dit nho hon nhiéu so véi toc do
truyén tin hiéu bang cap quang. D6i voi k§ thuat bao tin nhanh, thong tin dong dat
can phai dugc phat hién nhanh chong dic biét 1a tham sé thoi gian dong dat. Hinh 2.1
cho thiy bién do song dén dau tién (song P) nho hon nhiéu so véi bién do cia cac
song pha huy (séng S hay séng mit). Do d6, nhiém vu déi v6i hé bao tin nhanh 13 c6
thé phat hién duoc dong dat tai cac vi tri trude khi song pha huy lan truyén toi bang
cach chi str dung 3 gidy song dong dat dén dau tién dé xac dinh cac tham s6 dong dat.
biéu nay dugc thuc hi¢n béng viéc cho may hoc cac su kién dong dat da co dé dua
ra cac tham s6 dy doan. Sau d6 str dung cac phép hdi quy dé lya chon ra cac hé sd
phu hop vé1 mic do hoat dong dia chan cua khu vuc nghién cuu. bé giam thoi gian
tinh toan va ting hiéu qua x{& 1y thi mdi tham sb dugc cau hinh theo cac mo-dun 1am
viéc doc lap, Hinh 2.8.
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Hinh 2.8. So d4 khéi quy trinh thiét 1ap cho hé thdng tu dong bao tin nhanh dong dat.
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Cong nghé xir Iy ban dau dugc GS. Wu phat trién sau d6 duogc cai tién boi cac
hoc trd cta 6ng va hién nay duoc sir dung phd bién tai Dai Loan va mot sé qudc gia
khac nhu An D6, Iberia, .. (Hsiao va nnk 2009 [21]; Wu va nnk, 2013 [25]; Chen va
nnk 2015, 2019 [22, 35]; Cremen va nnk 2020 [36]. Trong hé thdng nay, ching toi
dugc phia Pai Loan chuyén giao toan bo cong nghé va phan mém. Tuy nhién, cac
tham s cta phan mém phai dugc hiéu chinh béi phia Viét Nam sau dé tich hop vao
hé théng cua Dé tai nay.

2.3.2. Thiét Igp cdc mé-dun xdc dinh nhanh tham sé déng dit
2.3.2.1. Thiét Idp md-dun xdc dinh nhanh thoi gian déng dat

Mo-dun dugce thiét 1ap trén co so lya chon gia tri ti s6 STA/LTA phu hop véi
khu vyc nghién ctru. Pé lva chon duge tham sb nay, hoc vién st dung cac bang ghi
cua 56 tran dong dat véi ML > 3.0, Hinh 2.11. Bﬁng cach, st dung tran dong dat tiéu
biéu d6 1a dong dat Moc Chau ngay 27/7/2020 dé tai tao lai thoi gian song dong dat
dén mdi tram sao cho hé thdng c6 thé xac dinh dung thoi diém song dong dat dén cac
tram nay, Hinh 2.9. Khi do, tham s6 d6 dugc lya chon 1a tham s hop 1y ban dau va
duoc gan vao mo-dun xac dinh nhanh thoi gian dong dat, Béang 2.1. Dua vao mo-dun
nay, hoc vién thuc hién kiém nghiém cho céc tran dong dat tiép theo. Trong trudong
hop, cac tram khong xac dinh dung thoi diém song dén (Hinh 2.10) thi cac tham s6
can phai dugc hiéu chinh bang tay cho dén khi dat duoc két qua phu hop. Cudi cling
liy trung binh cta cac gia tri thu dugc cac tham sb hoan chinh cho khu virc nghién
cuu, Phu luc 2.

Bang 2.1. Cac tham s6 ctia mo-dun xac dinh nhanh thoi gian dong dét.

Ky hiéu Gia tri Dién giai
No. 0 S6 thir tu
Station VNVB M3 tram
Channel HHZ Kénh
Network VN Ma mang ludi
Location code |01 Ma vi tri

Xac dinh s6 1an giao cit 0 tdi thiéu cho lya chon hop 1€ trong
MinSmallZC |3 vong gidy dau tién khi song P dén, 3 d6i voi may dai rong,

5 do1 vo1 may gia toc

MaxMint 100 Tan s6 1dy mau

RawDataFilt |0.939 Dit tham sb bo loc cho dit liéu thd
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. Dit tham s6 bd loc dwoc 4p dung trong qua trinh tinh toan
CharFuncFilt |3.0 ‘
churc nang dac trung cua dir licu
. Dt tham s6 bo loc (héng s6 thoi gian) duoc st dung dé tinh
StaFilt 0.6 o , .
gia tri trung binh ngan han (STA) ham déc trung cia sy kién
. Dit tham sb bo loc (hang s6 thoi gian) duoc sir dung dé tinh
LtaFilt 0.15 o ' .
gia tri trung binh dai han (LTA) ham dic trung cua su ki¢n
EventThresh |3.0 biat ngudng su kién STA/LTA
. Tham sb bo boc (hang s6 thoi gian) duoc sir dung dé tinh
RmavFilt 0.9961 o o . .
gia tri trung binh gié tri tuyét doi cia dir li¢u
DeadSta 1000000 | Pt ngudng tram chét (s6 luong)
) Xac dinh gia tri nho nhat cia bién do gia tbc dinh dé chon
MinPa 0.0001
hop 1¢
. Xac dinh gia tri nho nhit ctia bién d6 véan toc dinh dé chon
MinPv 0.0001
hop 1€
1e20200727.051448.M5.3.mseed.MAN -- MCVB HHZ VN 01 1e0200727.051448.M5.3.mseed.MAN -- HBVB HHZ VN 01

Hinh 2.9. M6 ta cAc tram dia chan xac dinh dung thoi diém song dén.

r_20200727.051448.M5.3. mseed.MAN -- VNO3 HHZ VN 01 r_20200727.051448.M5.3.mseed.MAN -- MLVB HHZ VN 01

400000
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200000 4
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—2000 —200000

—4000
—400000

-6000

T ™ ™ T T T
6800 6900 7000 7100 7200 7300

6800 6900 7000 7100 7200 7300 X +1.59582e8

X +1.59582e9

Hinh 2.10. M6 ta c4c tram dia chan x4c dinh khong dung thoi diém song dén.
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Hinh 2.11. So dd phan bd vi tri chdn tAm 56 tran dong dét va cac tram do sir dung dé
thiét 1ap mo-dun xac nhanh thoi gian dong dat. Hinh tron vi tri chan tdm cua cac tran
dong dat; Hinh tam gi4c 13 vi tri tram dong dat.
2.3.2.2. Thiét ldp mb-dun xdc dinh nhanh vi tri trdn dong dat

Muc dich chinh cta giai phap bao tin dong d4t cua nhiém vu dat ra 1a x4c dinh
nhanh cac tham s dong dat do d6 phuong phap hoc vién sir dung 13 phuong phap
tim kiém 6 ludi. Uu diém cia phuong phap nay 1a vi tri tran dong dat da duoc gia
dinh trong mo-dun do d6 cac phép tinh khéng can phai thyuc hién ma chi can tim kiém
r0i lya chon. Pé dat dugc vi tri gia dinh t6t va phu hop véi khu vie nghién ctru, hoc
vién phai tai tao lai cac tran dong dat xay ra nham lya chon ra kich ¢ 6 ludi phu hop
v6i khu vuc nghién ctru. Trén co so 56 tran dong dat vai M > 3.0, Hinh 2.11, hoc
vién di lya chon dugc 27 tran dong dat phu hop. Két qua kiém nghiém, tai tao cac
tran dong dat nay dugc mo ta tai bang 2.2. Cubi cung hoc vién lya chon dugc kich co
mat ludi cho khu vuc nay 13 20km. Gia tri nay s& duoc st dung dé thiét 1ap cho mo-
dun x4c dinh nhanh vi tri dong dat.

Bang 2.2 d4 chi ra viéc xac dinh nhanh vi tri dong dat phu hop voi két qua dinh
vi theo phuong phap thong thuong. Dic biét 1a cac tran dong dat 16n bao phu toan bo
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khu vuc nghién cru. Tuy nhién, c4c tran dong dat xa (ngoai khu vuc nghién ctru) hay
nho (it tram ghi duoc) cho két qua kém hon.
Toan bd quy trinh thiét 1ap md-dun xac dinh nhanh vi tri dong dat c6 thé duoc
tom tit theo cac budce chinh nhu sau :
+ Bude 1: Khai bdo, doc va 1y thong tin thoi gian t6i cta song P tir cac tram ghi
duoc dong dat tir bang ghi dit liéu.
+ Budc 2: Xac dinh 1ap vi tri khoi tao cta tran dong dat.
+ Budce 3: Pua vao vong ldp, tinh toan xac dinh vi tri cia tran dong d4t dén khi
ngudng sai s6 thoa man vi tri.
+ Budc 4: Hién thi, luu trit két qua.
Bang 2.2. Két qua xac dinh vi trf cac tran dong dat theo phuong phap 6 1udi.

Thoi gian Vi tri Sai 0
TT Kinh d6 | Vido Do Ax | Ay | An | Ao
Ngay Gio sau

(d6) (d6) (km) (km) | (km) | (km) | (km)
1 |28.02.2020 | 18:12:59 | 103.2343 [ 21.5152 | 10 | 78 | 209 | 0 | 210
2 |03.03.2020 | 21:28:07 | 103.3060 | 21.7994 | 10 | 52 | 37 | -2 | 62
3 | 05.05.2020 | 21:55:22 | 105.4730 [ 22.4231| 10 | 46 | 22 | 0 | 50
4 |15.06.2020 | 16:43:16 | 103.2536 | 22.0883 | 10 | -47 | 62 | -0.7 | 74
5 | 16.06.2020 | 06:12:29 | 102.6614 | 22.4705| 10 | 2 | -7 |-41| 7
6 |22.06.2020 | 15:20:35 | 102.6824 | 22.4739 | 10 | -9 | 1 | 10 | 9
7 |26.06.2020 | 19:34:57 | 103.1702 | 22.1906 | 10 | -55 | 132 | -2.9 | 134
8 |12.07.2020 | 05:21:56 | 103.0129 | 22.0780 | 10 | -93 | 46 | 2.6 | 102
9 |27.07.2020 | 05:14:48 | 104.6677 | 20.9255| 10 | 0 | -4 | 29 | 4
10 | 27.07.2020 | 09:17:07 | 103.9932 | 21.4872 | 10 | 62 | -80 | 3.9 | 97
11 | 28.07.2020 | 01:26:43 | 103.7099 | 21.5465 | 10 | 71 |-112| 4.7 | 126
12 | 28.07.2020 | 11:08:05 | 103.8417 | 21.8377 | 10 | 102 | -96 | 3 | 135
13 | 28.07.2020 | 13:28:17 | 103.7048 | 21.8318 | 10 | 101 |-113| 3.9 | 145
14 | 31.07.2020 | 22:31:13 | 103.9932 | 21.4872 | 10 | 63 | -80 | 1.2 | 97
15 | 04.08.2020 | 15:22:08 | 104.0432 | 21.1819 | 10 | 28 | -72 | -0.1 | 72
16 | 17.08.2020 | 01:13:09 | 103.9781 | 21.4037 | 10 | 55 | -86 | 3.1 | 97
17 | 17.08.2020 | 01:25:59 | 104.0104 | 21.3836 | 10 | 51 | -79 | 2.2 | 90
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18 | 24.09.2020 | 13:55:49 | 104.4126 | 21.0995| 10 | 18 | -29 | 6.9 | 32

19 | 15.10.2020 | 21:31:03 | 104.2329 | 21.6383 | 10 | 78 | -56 | 6.8 | 94

20 | 30.12.2020 | 19:03:43 | 103.1731 | 22.1412 | 10 | -19 | 139 | 0 | 130

21 | 12.01.2021 | 21:17:27 | 102.6590 | 22.4810 | 10 -5 -6 | 0.9 7

22 1 16.11.2021 | 05:22:49 | 103.1800 | 22.0240 | 10 | -41 | 162 | -5.9 | 155

23 | 16.11.2021 | 07:54:48 | 103.2460 | 22.0570 | 10 | -40 | 169 | -5 | 161

24 | 24.12.2021 | 13:43:23 | 103.1300 | 21.9260 | 10 | -56 | 153 | -6 | 152

25 | 24.12.2021 | 14:02:29 | 103.1650 | 21.9660 | 10 | -52 | 165 | -4.2 | 161

26 | 24.12.2021 | 18:59:37 | 103.2000 | 22.0900 | 10 | -33 | 163 | -5.9 | 155

27 | 31.12.2021 | 14:53:01 | 103.2120 | 22.1500 | 10 | -29 | 169 | -6.1 | 159

2.3.2.3. Xdc dinh nhanh dé lon dong dat

Pbi véi phuong phap thong thudng, do 1on dong dat dugc xac dinh theo gia
tri bién d6 dinh cyuc dai song dong dat trén bang ghi dong dat. Con dbi v6i phuong
phap nay do 16n dugc xac dinh bang ham tuong quan thyc nghiém giita d6 16n nay
va do 16n thong thuong. Pé xay dyng ham twong quan thuc nghiém nay, hoc vién st
dung 194 tran dong dat duoc ghi bai 55 tram trong giai dong tir 2010-2020. Két qua
dat duoc 1a 166 gia tri Pd. Stir dung céc gia tri Pd nay vao cong thure (2.18) va str dung
phép hdi quy theo khoang cach tim duoc cac tham sb A, B, C lan lugt 14 -5.703, 1.044,
-1.145. Khi d6 cong thirc (2.18) duoc viét lai dudi dang sau:

log(Pd) = —5.703 + 1.044 x M — 1.145 xlog(R) (2.19)

Tir cong thire (3.1) s& tinh dugce do 16n dong dat theo bién do dich chuyén tuyét
ddi cuc dai Pd nhu sau:

Mp,) = 5.463 + 0.958 xlog(Pd) + 1.097 xlog(R) (2.20)

Céc tham sd nay dugc st dung vao md-dun xac dinh nhanh vi tri dong dét cho
hé théng bao tin. Két qua cho thay, trong giai doan tir nim 2020 dén nim 2021 hé
théng da ghi nhan dugc 27 tran dong dat. Vi tri chan tAm cta céc tran dong dat nay
dugc mo ta tai hinh 2.13. Gia tri d6 16n dugc mo ta tai Bang 2.3 sai $6 gitra do 16n
xéac dinh nhanh dong dat (Mpq) va do 10n thong thudng (ML) duge mé ta tai hinh 2.12.
Bang 2.3. Két qua xac dinh do 16n cua tran dong dit theo phwong phap nhanh.

s . bolon | DB 1on
STT Ngay Gio (Mpo) (M) AM

1 28.02.2020 18:12:59 2,78 4,1 -1,32
2 03.03.2020 21:28:07 2,42 3 -0,58
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3 05.05.2020 21:55:22 3,21 3,3 -0,09
4 15.06.2020 16:43:16 2,97 3,3 -0,33
5 16.06.2020 06:12:29 5,04 4,9 0,14
6 22.06.2020 15:20:35 3,69 3,3 0,39
7 26.06.2020 19:34:57 2,89 3,8 -0,91
8 12.07.2020 05:21:56 3,57 4,6 -1,03
9 27.07.2020 05:14:48 5,23 5,3 -0,07
10 27.07.2020 09:17:07 3,12 3,3 -0,18
11 28.07.2020 01:26:43 3,82 4,1 -0,28
12 28.07.2020 11:08:05 2,68 3,4 -0,72
13 28.07.2020 13:28:17 2,83 3,4 -0,57
14 31.07.2020 22:31:13 3,3 3,7 -0,4
15 04.08.2020 15:22:08 2,88 3 -0,12
16 17.08.2020 01:13:09 3,94 4,4 -0,46
17 17.08.2020 01:25:59 2,97 4,1 -1,13
18 24.09.2020 13:55:49 3,21 3 0,21
19 15.10.2020 21:31:03 3,28 3,7 -0,42
20 30.12.2020 19:03:43 2,95 3,3 -0,35
21 12.01.2021 21:17:27 3,9 3,6 0,3
22 16.11.2021 05:22:49 3,82 4,9 -1,08
23 16.11.2021 07:54:48 3,46 4,7 -1,24
24 24.12.2021 13:43:23 5 5,9 -0,9
25 24.12.2021 14:02:29 3,95 4,7 -0,75
26 24.12.2021 18:59:37 2,13 4,1 -1,37
27 31.12.2021 14:53:01 2,92 4,3 -1,38
0,6
0,4 .
0,2 . .
0 : "
0,2 3 456 7 8 9 @ 11121314 % 16 17 18 19 20 21 22 23 24 25 26 27
S 04 !
< .

-0,6
-0,8

1,2
1,4
-1,6

Thtr tu tran dong dat

Hinh 2.12. Biéu d6 mé ta sai s6 giita d6 16n xac dinh nhanh dong dit (Mpq) va do 16n

thong thuong (ML).
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Bang 2.3 cho thdy d6 1éch ciia d6 16n giita phwong phap dung tham sé Mpg va
phuong phép théng thuong My 16n nhét 13 1.38 va nho nhit 1a 0.07. Sy sai 1éch nay
la do phuong phap xac dinh d6 16n khac nhau.

Hinh 2.12 cho thdy 20/27 tran dong dit c6 muc do sai 1éch nho hon 0. Diéu
nay cho thiy do 16n x4ac dinh theo phwong phap dung tham sé Mpg thuong nhé hon
phuong phap thong thuong.

Céc két qua trén cho thiy phuong phap nay c6 thé duoc sir dung tai Viét Nam
dac biét 1a tai cac vung c6 mat do tram day dac nhu khu vuc phia BPong tinh Kon
Tum.

100° 102 104° 106 108" 110° 112° 114 116°

0 500
Hinh 2.13. So d6 phan bd tram dia chin va chin tim dong dat dugce st dung (Hinh
tam giac 13 cac tram dia chin, hinh tron 1 chan tim dong dét).
2.3.2.4. Thiét Idp thang cwong dé chan dong

bé su dung dugc mo-dun cudong do chin dong thi hoc vién phai thiét lap lai
trang do nay. Boi vi Pai Loan sir dung thang do 1a 7 cép [37], trong khi d6 thang do
ctia Viét Nam 1a 12 cip [38] bang cach tdng hop cac gia tri gia tdc ghi dugce tai cac
tram do trong cac tran dong dat dugc diéu tra, khao sat thuc té. Hoc vién di lua chon

dugc thang do phu hop. Gia tri lya chon dugc mo ta tai Phu luc 1.
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Chuong 3. NANG CAO HIEU QUA TIN NHANH PONG PAT VUNG
PHiA PONG TINH KON TUM VA LAN CAN

3.1. Pic diém chung ciia khu vire nghién citu
3.1.1. Dia hinh khu vwc nghién ciru

Kon Tum mdt tinh thudc bién gi6i phia Bic cua ving Tay Nguyén. Dién tich
khoang 9.677,3 km?, phia Bic giap véi tinh Quang Nam, phia Pong giap voi tinh
Quang Ngai va Binh Dinh, phia Nam giap véi tinh Gia Lai, phia Tay giap véi Lao va
Campuchia. Dan sb dat khoang 579.914 ngudi v6i mat d6 dan s 1a 60 ngudi/km?.

Pia hinh 14 cac dai doi-nai, do doc 16n hon 15°, thap dan tir phia Bac xuéng
phia Nam va tir phia Pong sang phia Tay thudc phia Tay day Truong Son. Dinh cao
nhat 12 Ngoc Linh (dat 2.598 m), ddy 14 noi bat ngudn ciia nhiéu con séng nhu : Thu
Bon, Vu Gia, va Tra Khtc. Bé mit dia hinh bi cit x¢é siu tao thanh cac khe hep, thung
ling. Doc theo song P6 Ko c6 dang 1ong mang thap dan vé phia Nam, tao thanh nhiing
ngon ddi luon séng nhu Piak Uy, Pak Ha va nhiéu chd bang phang nhu thanh ph
Kon Tum.

Vé hé thong song sudi, ching déu bat nguon tir ddy Trudng Son va chay qua
cac vung d6i-nui rdi hop luu voi cac hé thdng song 16m. Pic biét 1a song Sé San, no
duoc hop luu tir song P K6 va song Dikbla. Uu diém cta nd 13 luu lwong nude va
toc do dong chay 16n nén c6 nhiéu cong trinh thuy dién duoc xay dung trén dong
song nay. Ching déng vai tro trong viéc cung cip dién cho khu vyc Tay Nguyén.
Ngoai ra, cac song khac nhu Tra Khuc, Thu Bon va Vu Gia dong vai trd quan trong
trong viéc cung cip nudc sinh hoat, néng nhiép viao giao thong cho tinh Kon Tum
va cac tinh lan can.

3.1.2. Dic diém kién tao khu vwe nghién ciru

Theo tai liéu nghién ctru dic diém kién tao trudc day cho thdy, dut giy tai khu
vue Kon Tum chu yéu 1a cac dat gdy phuong 4 vi tuyén va dat gy phuong Pong
Bic-Tay Nam. Trong d6, dit giy Song Bung — Tra Bong 1a d6i dut gay chinh. N6 1a
ranh gidi phan chia kh6i Kon Tum va khéi Bic Trudng Son.

Put giy song Bung - Tra Bong 1a phan cudi cia mot déi dit giy 1on bat dau
tir phia Bic Viéng Chin (Lao) chay theo phuong 4 vi tuyén. Bit dau tir ngd ba song
Nam Then va song Mé Kong, doi dit giy chuyén theo hudng Tay Béc - Pong Nam,
chay qua Tha Khet (Lao) vao lanh thd Viét Nam & phia Bic séng Bung dén tan thi
tran Phudce Son. Tir thi trin nay, d6i dut gdy lai chuyén qua phuong 4 vi tuyén, kéo
dai dén tan bién qua thi trin Chau O (Binh Son, Quang Ngi) va phia bic thanh phd
Quang Ngii. but gdy S6ng Bung — Tra Bong duoc du doan van dang hoat dong, mirc
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d6 tir trung binh — yéu dén twong d6i manh.
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Hinh 3.1. Hinh anh mé ta dut gdy Séng Bung — Tra Bong (theo Lé Huy Minh, 2016
[39]).

but gdy Phude Son — Tam Ky chay theo phuong 4 vi tuyén tir Phudc Hao qua
Hiép Purc dén thanh phd Tam Ky (Quang Nam). Trén dia hinh déi dut gay 1a mot dai
triing thap rong khoang 5 - 6 km va phéan biét rd v6i cac dia hinh nti ¢ hai bén. Bén
trong d6i dut gdy 1a dai dia hinh tich tu cta sdng va céc tram tich. Dia hinh nai & hai
bén ria d6i dat gdy chii yéu chay theo phuwong 4 vi tuyén va bi phan cat rat manh.
Suon phia Nam dbc va thang, pho bién dién ra qua trinh truot 1¢ dat.

T07° 48 1087 00 08" 17 108724

f L QUE SON
/. - Binh ’
A

_ Binh Trung
Phd
—
s

BY o7 3km .
AT B A

VAN
/J CHU GIAI
bt gdy: (a) Xdc dinh
(b) Dusi 16p phi de tit
Miic d6 hoat dong:
a. Twong d6i manh
< mmm | b, Trung binh

c. Trung binh- yéu

o Tien Ha

TIEN PHUGC Pt gy truot bing
PHUGC SON ., Tien Ngoc [ZE50] Thé nim diit gay

Song su6i
) Dia danh

16

Kham bic ;

10748 108° 00 108712

Hinh 3.2. Hinh anh mo ta dat gy Phude Son — Tam Ky (theo Lé Huy Minh, 2016).
Put giy song Po Ko kéo dai theo phuong 4 kinh tuyén, bat dau tir thi tran

kilometers

Phuéc Son (Quang Nam) chay doc theo thung liing song P K6, qua thi trin huyén
Ngoc Hoi (Kon Tum), Pirc Co (Gia Lai) va ¢ thé kéo dén tan Ea Sup (Budén Pon,
Dik Lak). Déi dut gy 1a mot dai triing thap, lap day tram tich Dé Tw, rong khoang 5
— 7 km, phan céach gitta mot bén 1a ndi cao hiém trd & phia Pong va mot bén 1a ving
nui thap hon nhiéu & phia Tay. Phia Pong 1a cac diy nai phuong 4 kinh tuyén cao
khoang 2.000 — 2.500 m (nai Ngoc Linh cao 2.598 m, nti Lum-heo cao 2.045 m, ...).
Phia T4y la cic ddy nai van theo phuong 4 kinh tuyén nhung thap hon nhiéu, chi cao
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khoang 1.500 — 2.000 m (ntii Ngoc Bin San cao 1.900 m, Ngoc Peng Téc cao 1.599
m). D6i dut gdy nay hoat dong trung binh dén twong d6i manh véi co ché tach dan la
chinh.
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Hinh 3.3. Hinh anh mé ta dat gay séng P6 K6 (theo L& Huy Minh, 2016).
Put gy Ba To — Kon Tum thé hién bang mot doi dap vd rong téi 5 — 7 km ¢

phuong Pong Bic — Tay Nam, bat dau tir khu vuc Ialy, di qua thanh phd Kon Tum,
Kon Plong, Ba To, nga ba Thach Tru va ra bién Pong, chiéu dai khoang 150 km. Béi
dut gdy nay c6 thé gy ra cc tran dong dat yéu va tai bién truot dat, 1a quét, 1i bun

d4 & nhiéu vi tri doc déi, dic biét 13 & khu vuc Ba To.
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Hinh 3.4. Hinh anh mo ta dat gdy Ba To — Kon Tum (theo L& Huy Minh, 2016).
Put giy song Re co dang cung 10i vé phia Pong Bic, c6 tong chiéu dai 72,1
km va gém ba doan. Poan phia Bac c6 phuong Tay Béc - Dong Nam, chiéu dai hon
23,3 km, bat dau tir thon 2 (xa Tra Ka, huyén Bic Tra My, tinh Quang Nam) thuong
ngudn Soéng Tang, roi chay theo hudng dong nam doc theo thung liing Song Tang,
qua céc dia danh: Tra Xinh, Tra Tho. Tai khu vuc nti Rach da xuét hién gian cach
dang cép léch trén duong phuong déi dut gay Song Re. Tai khu vuc nay ciing 1a mat
phia bic cta doan 2 ¢6 phuong Bic Tay Bic — Nam Pong Nam, dai 18,4 km, di qua
Di Lang, Son Hai Xuéng dén Son Thuy. Tai khu vuc thi t Son Thuy lai xuét hién
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gidn cach dang cap léch tht 2 trén dudng phuong d6i dut giy Song Re. Tir ddy déi
dut giy chuyén phuong sang 4 kinh tuyén chay doc thung ling Séng Re, qua cac dia
danh: Son Ky, Son Ba, Ba Ngac, Ba Tiéu, Ba Vi va két thic trén dia phan Ba Xa
thudc huyén Ba To tinh Quang Ngai, chiéu dai 30,4 km.
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Hinh 3.5. Hinh anh mo ta dat gdy song Re (tho Lé Huy Minh, 2016).
3.3.3. Hoat dpng dpng dit ciia khu viee nghién ciru

.4
he'

Khu vyc phia Pong tinh Kon Tum va 1an can da ghi nhan mot s6 tran dong dat
trong qua khur, nhung thuong & mic do nhe. Ttr nam 1903 — 2020, tai Tinh Kon Tum
chi ¢6 hon 30 tran dong dat, nhitng tran dong dat nay nho cé thé dugc cam nhan
nhung khong gay thiét hai nghiém trong. Tu thang 4/2021, do qua trinh tich nude cua
céc ho chira thuy dién tac dong 1én hé thong dut giy hoat dong bén dudi nén da xay
ra hang tram tran dong dét, c6 nhiing tran giy ra rung chan trén dién rong. Lon nhat
1a tran dong dat xay ra ngdy 28/7/2024 co do 16n 1a 5.0 va tran dong dit ngay
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23/8/2022 c6 @6 16n 1a 4.7. Trong vong 7 thang cia nam 2024, khu vuc nay da xay ra
khoang 170 tran dong dat c6 do 16m tir 2.5 dén 5.0.

QUANG NAM “

CHU GIAI N
BINH DINH

A Tram dia chan
Il Pap thuay dién Throng Kon Tum
GIA LAI l Nha may td Thurong Kon Tum
A ) © Chan tam dong dit
GLVB )

Hinh 3.6. So d6 phan bé tram dia chin va chn tim dong dit khu vuc phia Péng tinh
Kon Tum va lan can.
3.2. Két qua bao tin nhanh dong dat ving phia Pong tinh Kon Tum va lan c4n
3.2.1. Lwa chon tham s6 va ciu hinh hé thong cho khu vwe nghién ciru

Sau nhirng tran dong dit c6 cuong do trung binh dén manh dau tién xay ra trén
dia ban tinh Kon Tum. Vién Vit 1y dia cau, Vién Han 1am Khoa hoc va Cong nghé
Viét Nam d3 thiét 1ap mot hé théng quan tric xung quanh khu vyc cac hd thuy dién
tai tinh Kon Tum. Hi¢n nay, c6 8 tram dia chin véi khoang cach cac tram tir 20 — 30
km dé quan tric cho thiy dién Thuong Kon Tum. Ngoai ra, khu vuc nay con c6 cac
tram dia chin quéc gia va cac tram dia chin trong dé tai, hop déng khac. Cac tram
dia chan truyén s6 liéu theo thoi gian thuc vé Vién Vat 1y dia cau, dir liéu cua céc
tram truyén truc tuyén duoc thiét 1ap vao hé théng tu dong bao tin nhanh. Céc thiét
bi ldp dat tai cic tram dia chan bao gdm may ghi dai rong Guralp CMG-6TD,
Quanterra Q330 (HRS, S+), va cac dau do van téc Nanometrics Trillium 120,
Metrozet PBB-200 (Hinh 3.6).

Hé thong ty dong bao tin nhanh dong dat duoc cai dit trén hé diéu hanh Ubuntu

64bit. Tin hiéu tir cac tram dia chan truyén vé trung tim qua duong truyén mang cap
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quang, duoc két ndi véi hé thdng qua cdc moO-dun nhén tin hiéu nhu slink2ew va
palert2ew. Tur ddy, tin hiéu s& duoc dua vao bd nhd dung chung WAVE_RING dé
cung cép cho hé théng tir dong bao tin nhanh dong dit va ty dong tao ban do rung

dong nén theo thoi gian thyec.
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Hinh 3.7. Hé théng tu dong bao tin nhanh dong d4t. Hinh chir nhat thé hién cac mo-
dun trong hé théng; Hinh thoi thé hién cic bo nhé dung chung.

Hinh 3.8 13 so d6 khdi cua hé thong ty dong bao tin nhanh dong dat, voi cac
mO-dun va b nhé dung chung nhu sau:

e M0-dun slink2ew va palert2ew: day 1a cdc mo-dun dé thu nhan tin hiéu tir cac
tram dija chan.

e B0 nh¢ dung chung WAVE RING: chura dir liéu dang soéng ctia cac tram dia
chan.

e M0-dun ringup_scn: ddi ma vi tri cho cac bang song. Thong thudng, cac tram
dia chan Viét Nam khong st dung ma vi tri va hé thé)ng tu dong bao tin nhanh
dong dat st dung ma vi tri 1a 01, do vay, h¢ théng can phai d6i ma vi tri sang
01.

e B0 nhd dung chung: EXPPT RING: chira dit li¢u dang soéng cua cac tram dia
chan sau khi d6i ma vi tri.

e MO0-dun pick eew: Xac dinh cac tham s6 nhu dinh lugng song P dén, bién do
dich chuyén cua séng P (Pd), van téc (Pv) va gia téc (Pa) trong khoang thoi
gian ba gidy dau khi song P dén.

e B{ nhd dung chung PICK RING: chira cac thong tin tr mo-dun pick_eew,

sau d6 cung cap cac thong tin nay cho mé-dun tiép theo.
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M&-dun tcpd: tao ra cac thong bao dong dat. Khi mot sy kién duge ghi nhan,
mo-dun tcpd s& cap nhat lién tuc tir bd nhé dung chung PICK. RING, néu thoa
man diéu kién mo-dun nay sé tao cac thong bao dong dat. Tir day, cac thong
bao vé tran dong dat s& dugc thong bao dén nguoi dan, cac nha quan 1y, nha

chuyén mon béng email, website hay ting dung dién thoai.

sllnkZew
Stations Internet I:> WAVE_RING cthrace
m

TRIG_RING
( : E>m > \ e ) ey (Cpornare |

@A\I’E RlD

PGAvalues

dewyag

Hinh 3.8. Hé théng tu dong tao ban dd rung dong nén. Hinh chir nhat thé hién cac

mo-dun trong hé thong; Hinh thoi thé hién cac b nhé dung chung.

Hinh 3.9 14 so d6 khdi cua hé théng ty dong tao ban d6 rung dong nén, véi cac

mO-dun va b nhé dung chung nhu sau:

M0&-dun slink2ew va palert2ew: day la cac mo-dun dé thu nhan tin hiéu tir cac
tram dija chan.

B6 nhé dung chung WAVE RING: chtra dit 1i€u dang song cua cac tram dia
chan.

M6-dun cf2trace: chuyén doi biang ghi song dia chan sang dang biéu do dao
dong ciia song dia chan.

Bo nhd ding chung RWAVE_RING: chita cac biéu dd dao dong ciia song dia
chan.

M6-dun dif2trace: chuyén dbi bang ghi van toc tir cac may dia chan vén toc
sang bang ghi gia tdc.

Bo nhé dung chung XWAVE_RING: chira céc bang ghi gia toc ciia cac tram
dja chan.

M6-dun trace2peak: tinh toan gia tri gia téc dinh cua bang song.

B6 nhé dung chung PEAK RING: chira cac gia trj gia tbe dinh ctia bing song
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dja chan.

e M0-dun peak2trig: so sanh gia tri gia téc dinh véi cac ngudng kich hoat dugc
cai dat.

e B0 nhd dung chung TRIG RING: chira cac gia tri gia tbc dinh vuot ngudng
kich hoat.

e Mo-dun shakemap: két hop gia tri gia toc dinh trong bd nhé chung
PEAK_RING va ngudng kich hoat trong b nhé ding chung TRIG_RING dé
dua ra bang gia tri gia toc dinh cho cac tram dia chéan.

e B nh¢ ding chung GMAP_RING: chira cac gia tri gia tbc dinh ciia cac tram
dia chan.

e M0-dun postshake: tao ra cac ban do rung dong nén theo gia tri gia téc nén
cuc dai (PGA) va cuong d6 chan dong (Intensity) cho khu vyc anh hudng boi
tran dong dat tir cac gia tri gia téc dinh trong bd nhé dung chung
GMAP_RING.

EARTHWORM—64 SYSTEM STATUS

Hostname—0S: NGUYEN—OFFICE — Linux 5.15.1532.l1l-microsoft—standard-wsL2

Start time (UTCD: Thu Oct 3 15:18:32 2zZe24

Current time (UTC): Thu Oct 3 17:37:332 2024

Disk space avail: 993685860 kb

Ring 1 name/key/size: WAVE_RING / 1006 / 8192 kb

Ring 2 name/key/size: RWAVE_RING / 1002 / 8192 kb

Ring 3 name/key/size: XWAVE_RING / 1003 / 8192 kb

Ring 4 name/key/size: PEAK_RING / 1006 / 1024 kb

Ring 5 name/key/size: LIST_RING / 1001 / 1024 kb

Ring 6 name/key/size: TRIG_RING / 1016 / 1024 kb

Ring 7 name/key/size: GMAP_RING / 1017 / 8192 kb

Ring 8 name/key/size: EXPPT_RING / 1@18 / 1024 kb

Ring 9 name/key/size: PICK_RING / 1805 / 1024 kb

Ring 18 name/key/size: EEW_RING / 1019 / 1824 kb

Startstop's Log Dir: /home/nguyen/Shakemap/run/lLaogs/

Startstop's Params Dir: /home/nguyen/Shakemap/run/params/

Startstop's Bin Dir: Jhome /nguyen/Shakemap/HyperEarthworm/bin

Startstop Version: HyEW—wv0 . 0.1 2022-03-22 (64 bit)

Process Process Class/ cPU

Name Id Status Priority Used Argument

startstop 1273 Alive 77/ © 00:00:00 -

slinkZew 1274 Alive 2?27/ @ 00:00:27 slLlinkZew.d

ringdup_scn 1275 Alive 7?7/ 0 00:00:04 ringdup_scn.d
pick_eew 1276 Alive ?7/ © ©0:00:14 pick_ew.d
tepd_fast_ud 1277 Alive T?/ @ 00:00:04 tcpd.d

cf2trace 1278 Alive 7?7/ © 00:00:09 cf2trace.d
difZ2trace 1279 Alive 7?77/ ©0 00:00:09 difZtrace.d
traceZpealk 1280 Alive ??/ © 0O:00:09 traceZpeak.d
peak2trig 1281 Alive 7?7/ © 00:00:06 peak2trig.d

shakemap 1282 Alive 27/ © 00:00:17 shakemap.d
postshake 1283 Alive ??/ © 00:00:16 postshake.d

Press return to print Earthworm status, or
type restart nnn where nnn is proc id or name to restart, or
type quit<cr> to stop Earthworm.

Hinh 3.9. Ctra s6 trang thai hoat dong ctia hé théng bao tin nhanh dong dat.
3.2.2. Thoi gian tao thong bdo dpng dit

Str dung cac tham sd tai muc 2.2.3 dé thiét 1ap mo-dun cho ving phia Pong
tinh Kon Tum va thyc hién quan tric tir thang 8 dén thang 9 nam 2024, h¢ thong da
phat hién dugc 15 tran dong dat co do 16n tr 2.5 dén 4.4. Thoi gian phat hi¢n tran
dong dat sau khi xay ra duge mo ta tai bang 3.1.

Véi cac tran dong dat duoc phat hién bang hé thong tu dong béao tin nhanh c6
két qua nhanh hon rat nhiéu so véi tran dong dat phat hién bang phuong phap thong
thuong. Thoi gian phat hién cac trin dong dat tir 9 gidy dén 36 gidy, thoi gian trung
binh dé phat hién mét tran dong dat khoang 15 gidy sau khi xay ra dong dat.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Trénd@ngdét

Hinh 3.10. Biéu d6 biéu dién thoi gian tao thong béo cta hé thong tu dong bao
tin nhanh.
Bang 3.1. Thoi gian phat hién dong dat khu vuc phia Pong tinh Kon Tum

Thoi gian tao thong bao
STT Thoi gian Phuong phap | Phuong phap thong

nhanh (giay) thuong
1 2024/08/22 06:31:04 12,82 > 5 phat
2 2024/08/23 16:21:18 9,09 > 5 pht
3 2024/08/23 16:22:50 10,36 > 5 phat
4 2024/08/27 16:51:08 19,47 > 5 pht
5 2024/08/30 15:49:58 10,57 > 5 phat
6 2024/09/04 13:39:25 10,75 > 5 pht
7 2024/09/05 06:13:02 23,07 > 5 pht
8 2024/09/10 01:58:46 10,81 > 5 phat
9 2024/09/10 15:36:39 24,15 > 5 phat
10 2024/09/10 23:27:16 36,58 > 5 phat
11 2024/09/17 00:06:24 23,73 > 5 phat
12 2024/09/24 07:23:28 11,49 > 5 phat
13 2024/09/24 07:53:05 11,19 > 5 phat
14 2024/09/26 20:47:06 9,52 > 5 phat
15 2024/09/29 17:36:57 10,32 > 5 phat

3.2.3. Thoi gian phat sinh ciia tran dpng dit

Bang 3.2 cho thiy thoi gian phat sinh dong dat theo phuong phap bao tinh
nhanh tuong tu nhu phuong phap thong thudng, do sai léch 1a khong dang ké. Két




qua co sy sai khac nho c6 thé 1a do khoang cach tir chan tiéu dén tram do 13 nhé (<
50 km). M6t sd tran c6 thoi gian xac dinh theo phuwong phap b4o tin nhanh lai cham
hon theo phuong phéap thong thudng cé thé 1a do thong bao dau tién khong duoc st
dung trong khi d6 & khoang cach gan cac pha séng dong dat lya chon dé dang hon

nén dé& phat hién bang phuong phap thong thuong. Van dé nay s& duoc hoc vién hiéu

chinh trong giai doan tiép theo.

12

At (S)

Hinh 3.11. Biéu dd so sanh d6 1éch thoi gian cia dong dat giira hai phuong phap.
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Thit tw tran dong dat

Béng 3.2. Thoi gian phaét sinh tran dong dat khu vuc phia Dong tinh Kon Tum

STT | Nam/thang/ngay tN tr At (giay)
1 2024/08/22 06:31:04 06:30:56 8
2 2024/08/23 16:21:18 16:21:10 8
3 2024/08/23 16:22:50 16:22:40 10
4 2024/08/27 16:51:08 16:50:59 9
5 2024/08/30 15:49:48 15:49:49 -1
6 2024/09/04 13:39:25 13:39:19 6
7 2024/09/05 06:13:02 06:12:54 8
8 2024/09/10 01:58:46 01:58:38 8
9 2024/09/10 15:36:39 15:36:32 7
10 2024/09/10 23:27:16 23:27:08 8
11 2024/09/17 00:06:24 00:06:28 -4
12 2024/09/24 07:23:28 07:23:19 9
13 2024/09/24 07:53:05 07:53:00 5
14 2024/09/26 20:47:06 20:46:59 7
15 2024/09/29 17:36:57 17:36:48 9
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Ghi chl: t 1a thoi gian xac dinh dong dat theo phuwong phép thong thuong; tr 14 thoi
gian x4c dinh dong dat theo phuong phap nhanh; At 1a khoang thoi gian sai léch gitra
phuong phap xac dinh nhanh va phuong phap thong thudng tinh bang gidy.

3.2.4. Vi tri dong dit

Vi tri chin tdm dong dét cua 15 trn dong dat phat hi¢n duoc tai vung phia
DPéng tinh Kon Tum trong khoang thdi gian tir thang 8 dén thang 9 nam 2024 duoc
mo ta tai bang 3.3. Su phin b mirc d6 sai léch giita phuwong phap bao tin nhanh va
phuong phap thong thuong dugc mo ta tai hinh 3.11.

Bang 3.3 cho thdy do léch khoang cach gitta phuwong phap béo tin nhanh va
phuong phap thong thudng 16n nhét 14 30,67 km va nho nhét 14 5,81 km. Su sai léch
nay la do phuong phéap dinh vi vi tri khac nhau.

Hinh 3.11 cho thay 13 trong tong s6 15 tran dong dat c6 mirc do sai 1éch nho
hon 20 km. Pay la sy sai 1éch khéa nho co thé chép nhan duogc bédi vi su pha huy do
dong dat thuong theo tuyén trong khi d6 vi tri dinh vi 14 theo diém.

Bang 3.3. Vi tri xac dinh dong dat khu vuc phia Pong tinh Kon Tum

Vi tri
STT Thoi gian Phuong phap nhanh Phuong php Ap
thong thuong
Vido | Kinhdd | Vido | Kinhdo (km)
1 | 22/08/2024 06:31:04 | 14.8457 | 108.2469 | 14.842 | 108.221 2,84
2 23/08/2024 16:21:18 | 14.9232 | 108.2914 | 14.890 | 108.190 | 11,50
3 23/08/2024 16:22:50 | 14.6479 | 108.2485 | 14.917 | 108.186 | 30,67
4 27/08/2024 16:51:08 | 14.7852 | 108.2315 | 14.826 | 108.316 | 10,15
5 30/08/2024 15:49:48 | 14.7852 | 108.2315 | 14.881 | 108.195| 11,35
6 04/09/2024 13:39:25 | 14.9232 | 108.2914 | 14.801 | 108.241 | 14,63
7 05/09/2024 06:13:02 | 14.9232 | 108.2914 | 14.970 | 108.114 | 19,76
8 10/09/2024 01:58:46 | 14.7878 | 108.3472 | 14.816 | 108.268 9,07
9 10/09/2024 15:36:39 | 14.9232 | 108.2914 | 14.949 | 108.129 | 17,68
10 | 10/09/2024 23:27:16 | 14.9232 | 108.2914 | 14.815 | 108.277 | 12,13
11 | 17/09/2024 00:06:24 | 14.6580 | 108.2455 | 14.876 | 108.183 | 25,15
12 | 24/09/2024 07:23:28 | 14.7852 | 108.2315 | 14.930 | 108.183 | 16,92
13 | 24/09/2024 07:53:05 | 14.9232 | 108.2914 | 14.840 | 108.261 9,81
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14 | 26/09/2024 20:47:06 | 14.7852 | 108.2315 | 14.815 | 108.314 9,46
15 | 29/09/2024 17:36:57 | 14.7852 | 108.2315 | 14.834 | 108.212 5,81

Ghi chd: Ap 1a do léch khoang cach gitra phuong phap xac dinh nhanh va phuong
phap thong thuong tinh bang km.

40
35
30 ®

25 ]
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10 ® P e o

5 ()

Ap (km)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Thit ty tran dong dat
Hinh 3.12. Biéu dd so sanh d6 1éch khoang cach chan tdm giita hai phuong phap.

107%54'00" 108°36'00"
15° 15°
12 . A e 12
00" QUANG NAM SoNT ’ 00"

Ddk Glei )
Nam Tra My QUANG NGAI
&nn Ha
TKU4
CHU GIAI
| A\ Tram dia chan
Pap thiy dien
o j . T:ﬁ_lV( : iy 140
14, Nha way thiy dién 32'
32 | Thwong Kon Tum "
24" = 24

107°54'00" 108°36'00"
Hinh 3.13. So d6 phan bd chin tim dong dat phat hién bang hé thong tu dong bao

tin nhanh dong dat (Biéu tugng hinh tron mau do thé hién chan tim dong dat).
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Sta: GLVB | cha: HHZ | net: VN | loc: 00 | Picktime: 2024-07-28 04:35:24.612474Z Sta: SONT | cha: HHZ | net: VN [ loc: 00 | Picktime: 2024-07-28 04:35:16.162474Z
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Hinh 3.14. Théng tin chon pha séng ciia cac tram cua tran dong dat ngay 28/7/2024
3.2.5. B¢ lon dong dit

Do 16n cua 15 tran dong dét xac dinh duoc tai vung phia BPong tinh Kon Tum
trong khoang thoi gian tir thang 8 dén thang 9 nam 2024 duoc md ta tai bang 3.3. Su
phan bd muc do sai 1éch d6 16n gitta phuwong phap bao tin nhanh va phwong phap
thong thuong duoc mo ta tai hinh 3.14

Bang 3.4 cho thay do léch vé do 16n giita phuong phap bao tin nhanh va
phuong phap thong thudng 16n nhat 1a 0.98 va nho nhat 1a 0.22. Sy sai léch nay 1a do
phuong phéap xéc dinh d6 16n khac nhau.

Hinh 3.14 cho thay 11 trong tong sb 15 tran dong dat c6 mirc do sai 1éch nho
hon 0. Diéu nay cho thdy do 16n xac dinh theo phwong phéap bao tin nhanh thudng
nhé hon phuong phap thong thuong.

Bang 3.4. D) 16n dong d4t xac dinh duoc khu vuc phia Pong tinh Kon Tum
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Toa do Do l6m
STT Thoi gian
Vido Kinh d6 Mepqd ML Am
1 | 22/08/2024 06:31:04 | 14.842 | 108.221 4,05 4,40 -0,35
2 | 23/08/2024 16:21:18 | 14.890 | 108.190 2,80 2,50 0,30
3 | 23/08/2024 16:22:50 | 14.917 | 108.186 2,50 2,70 -0,20
4 | 27/08/2024 16:51:08 | 14.826 | 108.316 3,12 3,60 -0,48
5 | 30/08/2024 15:49:48 | 14.881 | 108.195 2,83 3,10 -0,27
6 | 04/09/2024 13:39:25 | 14.801 | 108.241 3,52 3,30 0,22
7 | 05/09/2024 06:13:02 | 14.970 | 108.114 3,28 3,50 -0,22
8 | 10/09/2024 01:58:46 | 14.816 | 108.268 3,15 3,70 -0,55
9 | 10/09/2024 15:36:39 | 14.949 | 108.129 3,07 3,40 -0,33
10 | 10/09/2024 23:27:16 | 14.815 | 108.277 2,70 3,00 -0,30
11 | 17/09/2024 00:06:24 | 14.876 | 108.183 2,86 3,10 -0,24
12 | 24/09/2024 07:23:28 | 14.930 | 108.183 3,70 4,00 -0,30
13 | 24/09/2024 07:53:05 | 14.840 | 108.261 2,87 2,90 -0,03
14 | 26/09/2024 20:47:06 | 14.815 | 108.314 2,54 2,50 0,04
15 | 29/09/2024 17:36:57 | 14.834 | 108.212 4,08 3,10 0,98

Ghi cha: Mpq 1a d6 16n xac dinh theo phuong phéap bao tin nhanh; M 1a d6 16n xac
dinh theo phuong phap thong thuong; Am 1a gié tri chénh I¢ch gitra do 16n xac dinh
theo phuong phap bao tin nhanh va phuong phap thong thuong.
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°
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o Thir ty tran dong dat )
Hinh 3.15. Biéu do so sanh d¢ 1éch vé d6 16n cua tran dong dat gitra hai phuong phap.
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3.2.6. Cwong dp dong dit

Realtime PGA Shakemap Realtime Intensity map
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Hinh 3.16. Ban d6 gia tri gia tdc cuc dai va rung dong nén cua hé théng tu dong bao
tin nhanh dong dat.
3.2.1. Thong bdo toi nguwoi sir dung

= - . ~ o . - .
Thong béo tin dong dat » [Hepthudén x [EETTE C & B
support@fimo.edu.vn 13:31Th 5, 22thg 8 1Y
Chao tanguyen! Day 14 tin nhin tr ding théng bao déng dét cia H& théng tw ding bao tin nhanh ddng dat khu virc mién B...

G support@fimo.eduvn 1331Ths 2thgs ¢ @ « i
déntai

Chao tanguyen! D4y 1a tin nhan tw dong
thédng bao dong dat clia Hé thdng tw dong
bdo tin nhanh ddng dat khu vuc mién Bac

Viét Nam

Tran dong dét co dé In 4.05 dd Richter, xay ra tai vi do 14.8457 | kinh d6 108.2469, thai
gian ghi nhan sw kién 2024/08/22 06:31:15.27

THEOQ DOl THEM

Hinh 3.17. Thong béo théng tin trin dong dat ngdy 22/8/2024 bing email.
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KET LUAN VA KIEN NGHI
KET LUAN

1/ Luan van da xay dung hoan thién duoc giai phap va quy trinh nang cao hi¢u
qua bao tin dong dat trén co s& lwa chon 3 gidy dau tién cua song P va giai phap truyén
s6 liéu thoi gian thyc bang Internet két hop véi phuong xac ty s6 tin hiéu trén nhiéu,
tim kiém 6 ludi, bién d6 dich chuyén dang dugc st dung phé bién tai Viét Nam va
thé gioi.

2/ Két qua kiém nghiém céac tham s tir 56 tran dong d4t da lya chon duge cac
tham sb phtt hop cho cac mo-dun phuc vu xac dinh céc tham sé dong dat ciia hé thong
béo tin nhanh thiét 1ap duoc trong luan vin nay.

3/ Két qua 4p dung tai ving phia Pong tinh Kon Tum di dinh vi duoc 15 tran
dong dat trong khoang thoi gian tir thang 8 dén thang 9 nim 2024. Thoi gian tao ra
ban tin dong dat trung binh 12 15 gidy, nhanh hon nhiéu so véi phuong phép truyén
thng va cac tham sd xac dinh bang giai phap nay phu hop véi cac tham sd xac dinh
theo phuong phap truyén thong.

KIEN NGHI

Do thoi gian nghién ctru va trién khai con han ché, hé théng tu dong bao tin
nhanh dong déat van can khac phuc mot s6 van dé, cy thé nhu sau:

- Hé thong can tiép tuc dugc diéu chinh cic tham sb vé ngudng phat hién dong
dat, thoi gian phan hoi dé dam bao hiéu suit tt nhat.

- Can hiéu chinh cac cong thurc d0 16n va mo hinh véan tdc cho khu vuc nghién
ctru, thir nghiém trén dit liéu trude day dé xac dinh chinh x4c cac tham sb cho hé

théng.
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PHU LUC 1
Thang do cuong d6 dong dat
, Gia tri PGA
Cuong Gia toc i
, . thiet 1ap trong ,
do chan | cuc dai nén , Mo ta cac dau hiéu
hé thong
dong () | g* (cm/s?)
(gal)
| 0-0.8 Pong dat khong cam thay
Il 0.8-1.7 DPong dat it cam thiy (rat nhe)
1 1.7-5.8 Pong dit yéu
\Y 5.8-11.7 DPong dat nhan thay rd
V 0,012-0,03 | 11.7-294 Thirc tinh
Vi 0,03-0,06 |29.4-58.38 So hai
VII 0,06-0,12 58.8 - 117.7 Hu hai nha ctra
VIl 0,12-0,24 117.7-235.4 Pha hoai nha ctra
IX 0,24 -0,48 235.4 - 470.8 Hu hai hoan toan nha ctra
X 0,48 - 0,80 > 470.8 Pha hoai hoan toan nha ctra
XI >0,8 Tham hoa
Xl Thay doi dia hinh
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PHU LUC 2
Két qua chon pha song ctia cac tran dong dat.
Bang song Tinh trang
STT Tran dong dat , , , Chon pha song
Tong so| Tot |Hong .
Dung Sai Khéng
1 |20200122.212627.M4.1| 31 28 3 8 1 22
2 |20200219.092702.M3.3| 29 26 3 2 0 27
3 120200228.181259.M4.1| 30 27 3 4 2 21
4 |20200303.212807.M3.0| 30 26 4 8 1 21
5 |20200505.190300.M3.2 | 28 25 3 6 0 22
6 | 20200505.215522.M3.3| 28 26 2 10 0 18
7 |20200615.164316.M3.3| 28 26 2 10 1 17
8 |20200616.061229.M4.9 | 28 27 1 18 2 8
9 |20200619.010926.M3.0| 28 27 1 8 2 18
10 | 20200622.152035.M3.3 | 28 26 2 12 3 13
11 | 20200626.193457.M3.8 | 27 26 1 7 2 20
12 | 20200628.234838.M3.0 | 25 23 2 4 1 20
13 | 20200712.052156.M4.6 | 27 26 1 11 2 14
14 | 20200727.051448.M5.3 | 28 26 2 23 0 5
15 | 20200727.053956.M3.0 | 28 27 1 3 3 22
16 | 20200727.085225.M3.4 | 28 27 1 3 2 23
17 | 20200727.091707.M3.3 | 28 27 1 9 0 19
18 | 20200727.231721.M3.4 | 28 26 2 7 2 21
19 | 20200728.012643.M4.1 | 28 25 3 11 4 13
20 | 20200728.050106.M3.1| 28 27 1 5 4 19
21 | 20200728.110805.M3.4| 28 27 1 7 3 18
22 | 20200728.132817.M3.5| 28 26 2 9 3 16
23 | 20200731.223113.M3.7| 26 25 1 10 2 14
24 |1 20200731.225355.M4.0| 26 24 2 3 4 19
25 | 20200803.101604.M3.4 | 26 24 2 9 1 16
26 | 20200804.152208.M3.0 | 26 25 1 6 1 19
27 | 20200806.232950.M3.3| 26 25 1 7 2 17
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28 | 20200807.031922.M3.1| 26 25 1 3 3 20
29 | 20200817.011309.M4.4 | 24 22 2 13 1 10
30 | 20200817.012513.M4.1| 24 23 1 7 3 14
31 |20200817.013342.M3.2| 24 23 1 4 3 17
32 | 20200817.014614.M3.3| 24 23 1 3 1 20
33 [ 20200817.032144.M3.0 | 24 23 2 5 2 17
34 | 20200817.060108.M3.2 | 25 24 1 5 2 18
35 |20200921.012535.M3.1| 28 26 2 5 0 23
36 | 20200924.135549.M3.0 | 29 28 1 5 1 23
37 | 20200925.075650.M3.4 | 27 26 1 4 2 21
38 [ 20201015.213103.M3.7 | 30 25 5 12 0 18
39 | 20201111.071829.M3.0 | 29 27 2 2 0 27
40 | 20201230.190343.M3.3| 29 27 2 10 1 18
41 1 20210112.211727.M3.6 | 27 26 1 13 0 14
42 120210712.162009.M3.0 17 16 1 5 0 12
43 120210804.111256.M4.5 23 21 2 7 3 13
44 120210911.070545.M4.5 | 22 18 4 7 1 14
45 120210911.214756.M3.3 22 19 3 3 0 19
46 | 20211029.190327.M4.4 | 24 21 3 0 0 24
47 120211031.030451.M4.6 | 22 20 2 0 0 22
48 | 20211116.052249.M4.9 23 22 1 8 0 15
49 | 20211116.075448.M4.7 23 22 1 8 0 15
50 | 20211224.123751.M3.8 | 24 23 1 5 0 19
51 120211224.134323.M5.9 | 24 22 2 17 2 5
52 120211224.140229.M4.7 | 24 22 2 7 2 15
53 | 20211224.185937.M4.1 24 22 2 8 2 14
54 120211228.040930.M4.2 | 21 20 1 4 2 15
55 120211231.050327.M3.8 | 22 20 2 2 3 17
56 [ 20211231.145301.M4.3 23 21 2 7 2 14
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PHU LUC 3
Tham s6 thiét 1ap vao mo-dun xac dinh nhanh thoi gian dong dat cho hé théng mang tram.
0 z [y 2| Z Y 0 m Y )
: o S =] °© = 3 = 5 - EI = = =g T @ g'? '<U
= @ x =} 2| = g 5 - - > = o
0 | SPVO | HHZ | PS 01 3 100 0.739 3.0 0.8 0.05 5.0 0.9961 | 1000000 | 0.00001 | 0.00001
1 | PLVO | HHZ | PS 01 3 100 0.739 3.0 0.8 0.20 5.0 0.9961 | 1000000 | 0.00001 | 0.00001
2 | VIVO | HHZ | PS 01 3 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
3 SLV | HHZ | RM 01 3 100 0.939 3.0 0.8 0.10 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
4 DLV | HHZ | RM 01 3 100 0.939 3.0 0.6 0.20 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
5 | SPVB | HHZ | VN 01 3 100 0.739 3.0 0.8 0.10 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
6 | MLVB | HHZ | VN 01 3 100 0.539 3.0 0.8 0.05 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
7 | TGVB | HHZ | VN 01 3 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
8 | VCVB | HHZ | VN 01 3 100 0.739 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
9 | DBVB | HHZ | VN 01 3 100 0.939 3.0 0.8 0.15 3.0 0.9961 | 1000000 | 0.0001 | 0.0001
10 | MCVB | HHZ | VN 01 3 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.000001
11 | HBVB | HHZ | VN 01 3 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
12 | HGVB | HHZ | VN 01 3 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
13 | CBVB | HHZ | VN 01 3 100 0.739 3.0 0.6 0.10 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
14 | VTVB | HHZ | VN 01 3 100 0.939 3.0 0.8 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
15 | BKVB | HHZ | VN 01 3 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
16 | LSVB | HHZ | VN 01 3 100 0.739 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
17 | TYVB | HHZ | VN 01 3 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
18 | BGVB | HHZ | VN 01 3 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
19 | LAVB | HHZ | VN 01 3 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
20 | THVB | HHZ | VN 01 3 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
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21 | CCVB | HHZ | VN 01 3 100 0.739 3.0 0.8 0.15 7.0 0.9961 | 1000000 | 0.00001 | 0.00001
22 | QBVB | HHZ | VN 01 3 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
23 | HUVB | HHZ | VN 01 3 100 0.939 3.0 0.6 0.20 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
24 | ONVB | HHZ | VN 01 3 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
25 | GLVB | HHZ | VN 01 3 100 0.939 3.0 0.6 0.20 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
26 | BDVB | HHZ | VN 01 3 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
27 | BMVB | HHZ | VN 01 3 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
28 | NTVB | HHZ | VN 01 3 100 0.939 3.0 0.8 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
29 | BTVB | HHZ | VN 01 3 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
30 | PQVB | HHZ | VN 01 3 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
31 | CDVB | HHZ | VN 01 3 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
32 | MTE2 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.5 0.9961 | 1000000 | 0.00001 | 0.00001
33 | BCO1 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
34| BCO2 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.5 0.9961 | 1000000 | 0.00001 | 0.00001
35| BCO3 | HHZ | VN 01 1 100 0.839 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
36 | HQO1 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
37 | HQO2 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
39 | MLVB | HHZ | VN 01 3 100 0.939 3.0 0.8 0.15 3.5 0.9961 | 1000000 | 0.00001 | 0.00001
40 | HBVB | HHZ | VN 01 3 100 0.939 3.0 0.8 0.15 3.5 0.9961 | 1000000 | 0.00001 | 0.00001
41 | SLVB | HHZ | VN 01 3 100 0.939 3.0 0.8 0.15 3.5 0.9961 | 1000000 | 0.00001 | 0.00001
42 | VNO1 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 5.0 0.9961 | 1000000 | 0.00001 | 0.00001
43 | VNO2 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
44 | VNO3 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
45| VNO4 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 1.0 0.9961 | 1000000 | 0.00001 | 0.00001
46 | VNO5 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
47 | VNO7 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
48 | VNO8 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 2.0 0.9961 | 1000000 | 0.00001 | 0.00001
49 | VNO9 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
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50 | VN10 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
51 | VN11 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
52 | VN12 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
53 | VN13 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
54 | VN14 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
55 | VN15 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
56 | SONT | HHZ | VN 01 3 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
57 | TKTU | HHZ | VN 01 3 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
58 | TKU1l | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
59 | TKU3 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
60 | TUMR | HHZ | VN 01 3 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
61 | VCO1 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
62 | VC02 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
63 | VCO3 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
64 | VC0O4 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
65 | VCO5 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
66 | VCO6 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
67 | TUK4 | HHZ | VN 01 1 100 0.939 3.0 0.6 0.15 3.0 0.9961 | 1000000 | 0.00001 | 0.00001
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PHU LUC 4
Danh muyc cac tran dong dat ghi nhan dugc tai khu vuc phia BPong tinh Kon Tum béi
hé théng bao tin nhanh
STT Thoi gian Vi — Dolon | Do sau
Vi do Kinh do (Mpd) (km)

1 2024/08/22 06:31:04 14.8457 108.2469 4.05 10
2 2024/08/23 16:21:18 14.9232 108.2914 2.80 10
3 2024/08/23 16:22:50 14.6479 108.2485 2.50 10
4 2024/08/27 16:51:08 14.7852 08.2315 3.12 10
5 2024/08/30 15:49:58 14.7852 108.2315 2.83 10
6 2024/09/04 13:39:25 14.9232 108.2914 3.52 10
7 2024/09/05 06:13:02 14.9232 108.2914 3.28 10
8 2024/09/10 01:58:46 14.7878 108.3472 3.15 10
9 2024/09/10 15:36:39 14.9232 108.2914 3.07 10
10 2024/09/10 23:27:16 14.9232 108.2914 2.70 10
11 2024/09/17 00:06:24 14.6580 108.2455 2.86 10
12 2024/09/24 07:23:28 14.7852 108.2315 3.70 10
13 2024/09/24 07:53:05 14.9232 108.2914 2.87 10
14 2024/09/26 20:47:06 14.7852 108.2315 2.54 10
15 2024/09/29 17:36:57 14.7852 108.2315 4.08 10
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PHU LUC 5
Thong bdo ciia mot sb tran dong dét tiéu biéu

a/ Trin dpng dit co 36 16n Mpd = 5.3 xay ra vao luc 04:35:14 ngay 28/7/2024 (gid

GMT): Vi tran dong dat nay, hoc vién dung s6 liéu lich st dé mo phong hoat dong

cua hé théng. Hé théng tu dong bao tin nhanh da tao dugc 3 thong bao véi téng thoi

gian 13 29 gidy sau khi dong dat xay ra.

e Thong bao dong dat thir nhat (20240728043518 n1_igp. rep)

- Thoi gian xur 1y: 22 gidy sau khi dong dat xay ra

- Thoi gian phat sinh dong dat: 2024/7/28
04:34:57.02

- B 16n (Mpd): 5.89

- Toa dg: 14.8632N — 108.1484E

- S6 lugng tram: 4 tram (VCO03, SONT, TKUI,

TKU3)

BINH PINH

GIA LAT

e Thong bao dong dat thi hai (20240728043523_n2_igp.rep)

- Thoi gian xtr 1y: 5 gidy sau thong bao thir nhat

- Thoi gian phat sinh dong dat: 2024/7/28
04:35:03.15

- D6 16n (Mpd): 5.68

- Toa d0: 14.8537N — 108.2158E

- S lugng tram: 5 tram (SONT, TKUI1, TKUS3,

VVCO04, VCO03)

7 = i
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T QUANG NGAL N
1 y

BINH DINH |
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e Thong béo dong dat thir ba (20240728043525_n3_igp.rep)

- Thoi gian xtr ly: 2 gidy sau thong bao thur hai

- Thoi gian phat sinh dong dat: 2024/7/28
04:35:05.58

- b 16n (Mpd): 5.35

- Toa dg: 14.7982N — 108.2125E

- S6 luong tram: 6 tram (TKU3, TKUI, VCO03,

GLVB, VCO04, SONT)

|
|, .y
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b/ Trén déng dit co6 6 16n Mpd = 4.05 xay ra vao lac 6:31:04 ngay 22/8/2024 (gio
GMT): Véi tran dong dat nay, hé théng tw dong bao tin nhanh da tao dugc 2 thong
bao véi tong thoi gian 13 12 gidy sau khi dong dét xay ra.

e Thong bao dong dat thir nhat (20240822063113 nl_igp. rep)

- Thoi gian xtr 1y: 10.82 gidy sau khi dong dat xay
ra

- Thoi gian phat sinh dong dat: 2024/8/22
06:31:02.95

- D6 16n (Mpd): 4.05

- Toa dg: 14.9683N — 108.2979E

- S6 luong tram: 5 tram (TKUI, SONT, VCO02,
VVC04, VCO03)

e Thong bao dong dat thr hai (20240822063115_n2_igp.rep)

‘GIA LAT

- Thoi gian xur 1y: 2 gidy sau thong bao thir nhat '
- Thoi gian phat sinh dong dat: 2024/8/22 :
06:31:04.12 .

- B 16n (Mpd): 4.05 |
- Toa d¢: 14.8457N — 108.2469E |
- S6 luong tram: 6 tram (TKU1, SONT, GLVB, :
VC03, VC02, VC04) |

1

BINH DINH

¢/ Trdn déng dit c6 36 16n Mpd = 3.15 xay ra vao lac 01:58:46 ngay 10/9/2024 (gio
GMT): Véi tran dong dat nay, hé théng tu dong béo tin nhanh d3 tao duoc 2 thong
bao véi tong thoi gian 13 10 gidy sau khi dong dét xay ra.

e Thong bao dong dat thir nhat (20240910015856_n1_igp. rep)

- Thoi gian xir Iy: 10.81 gidy sau khi dong dat xay
ra

- Thoi gian phat sinh dong dat: 2024/9/10
01:58:45.57

- b6 l6n (Mpd): 2.91

- Toa d6: 14.9265N — 108.4361E

- S6 luong tram: 4 tram (TKUI1, VCO03, VCO04,
QNVB)

BINH PINH

GIA LAT
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e Thong bao dong dat thr hai (20240910015856_n2_igp. rep)

- Thoi gian xtr 1y: 0 gidy sau thong bao thir nhat

- Thoi gian phat sinh dong dat: 2024/9/10
01:58:46.60

- bg 16n (Mpd): 3.15

- Toa dg: 14.7878N — 108.3472E

- S6 luong tram: 5 tram (TKUI1, VCO03, VCO04,
QNVB, GLVB)

QUANG NAM

GIA LAI

CHU GIAT

BINH PINH

d/ Trdn dpng dit c6 3o 16n Mpd = 4.08 xay ra vao luc 17:36:57 ngay 29/9/2024 (gio

GMT): Véi tran dong dat nay, hé¢ théng tu dong bao tin nhanh da tao dugc 2 thong

bao véi tong thoi gian 1a 10 gidy sau khi dong dét xay ra.

e Thong bao dong dat thir nhat (20240929173708_n1_igp. rep)

- Thoi gian xt 1y: 10.32 gidy sau khi dong dat
Xay ra

- Thoi gian phat sinh dong dat: 2024/9/29
17:36:58.28

- D6 lon (Mpd): 4.07

- Toa do: 14.7765N — 108.3033E

- S6 lugng tram: 4 tram (GLVB, TKU1, VCO02,
\VVCO04)

BINH DINH

e Thong bao dong dat thir hai (20240929173708_n2_igp.rep)

- Thoi gian xtr Iy: 0 gidy sau thong bao thi nhat

- Thoi gian phat sinh dong dat: 2024/9/29
17:36:57.84

- B lon (Mpd): 4.08

- Toa dg: 14.7852N — 108.2315E

-S6 lugng tram: 5 tram (GLVB, TKUI, VCO03,
VC04, VC02)
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