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Do dnh hwéng tdi trong dong trong khu vuec 10 cho hoat dong ting sudt trong
khéi dd phdn bé phikc tap tiém dn nguy co gdy mdt én dinh déi voi hé théng
dwong 1o chudn bi trong khu vire nay. Trong bai bdo véi sw tre gitip ctia phdn
mém Flac3P, dd tién hanh mé phdng hai phdn tdng khai thdc lién ké véi kich
thuéc tru bdo vé tw nhién dé€'lai la 5 m. Ttr két qua mé phdng, tién hanh phdn
tich dnh huéng gwong lo cho khai thdc phia trén dnh hwong dén quy ludt
tng sudt bién dang khu vurc nén lo che phia dwdi; phdn tich dnh hwong quad
trinh khai dao dwong lo va qud trinh khdu than ctia gwong 1o cho phia dwéi
dén quy ludt phdn bé ting sudt, bién dang khéi da xung quanh dwdng lo
chudn bi. Két qud nghién ctru cho thdy: trong qud trinh chju dnh hwéng tdi
trong dong ttng xtr co hoc ctia khéi dd xung quanh dwong 16 chudn bi thé
hién tinh dich chuyén, tinh bién déng, tinh giai doan. Dich chuyén trén bién
[0 chudn bi trong cd hai truong hop khai dao va khai thdc déu cho thdy
chuyén vi néc va héng trdi Ién hon héng phdi va nén. Do vdy, khodng cdch
gitra dwong 1o chudn bi va khdng gian khai thdc tréng cdn tinh todn ddm
bdo yéu cdu ky thudt va kinh té.

© 2021 Trwong Pai hoc M4 - Pia chat. Tt ca cac quyén dwoc bao dam.

1. M¢& dau

thac ndm trong khu vurc nay. Thuec té cho thiy, kha
nang ap dung cong nghé khai thac va hiéu qua
thyc hién cong nghé phu thudc rit 1én vao diéu

Cong tac chéng gitt 6n dinh dwong 16 1a mot
trong nhitrng khau quan trong trong qua trinh khai
thac than. D& ddm bao khai thac khoang san thuin
loi, cic dwong 10 dwoc dao, chong va dam bao 6n
dinh trong suét thoi gian phuc vu. Ap luc dong
trong qua trinh khai thac 16 cho sé tac dong truc
tiép hoac gian tiép dén cac dwong 10 chuin bi khai
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kién dia ch4t mé (Nguyén Phi Hung va nnk, 2020).
Trong qua trinh khai thac, duédi tac dung cta ap
lyc cao, cac tai nan dong lwc do hoat dong khai
thac than gay ra c6 lién quan mat thiét dén moi
trwong dia co hoc va &ng x co hoc cia khéi da
xung quanh dwong10. 'ng sudt thit sinh trong qua
trinh khai thac 1a dong lwc, nguyén nhan co ban
clia cac tai bién lién quan dén tai trong dong. Sw
bién doi rng suit c6 thé giy ra sw dich chuyén va
bién dang cta 16p d4, sw pha hiy 1ép da va sy mat
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on dinh cau truc. Sy bién doi nay con la nguyén
nhan tryc ti€p dan dén sy bién dang 16m ctia khéi
da xung quanh dwong 16 va tut 1& noc 1o. Chinh vi
vay, can thiét phai tién hanh nghién ctru phin tich
on dinh cac dwong 10 trong khu vire khai thac dwéi
anh hwéng tai trong dong.

Trong bai bdo véi sw tro gitp cia phdn mém
Flac3D, cac tac gia da tién hanh mo phong quy luét
phan bé (ng suit, bién dang khéi da xung quanh
dwong 10 trong khu virc khai thac, c6 cht y dén yéu
t6 anh hwdng tai trong dong do khau than khu vure
10 cho.

2. Khu vwc nghién ciru dir liéu

Cacgwong10 sau khi tién hanh khiu than, phin
da trén noc 10 khong nhirng phat sinh tut lin ma
trén chu vi bién viing khai thac tréng sé phat sinh
dit gdy, phan tru than dé lai khong thé ddm bao 6n
dinh. Phin ddm d4 phia n6c 16 c¢6 thé sé lun dan vé
khoang khai thac trong lam phat sinh bién dang, 4p
lwc twa dich chuyén siu vao trong khéi than va hinh
thanh ving pha huly déo. Trong qua trinh khai dao
va sau khi két thic khai dao dwong 10, sw phin bd
ap lwc twa co sy thay ddi 16m, thong qua viéc dé€ lai
cac tru bao vé sé c6 loi trong viéc bao vé cac duong
10 phu trg. Tuy nhién, dwédi anh hwdng tai trong
dong do khai thac, trong ban than cac tru bao vé
hinh thanh cac vi khe nitt phat trién manh mé,
khién kha nang tw chdng giit, tw 6n dinh kha thap.

Hién nay c6 nhiéu phwong thirc khai thac
than (khai thac theo phwong phap ha tran, khai
thac khong tru bao vé, khai thac c6 ting bao vé,...).
Du st dung phwong phap khai thic nao thi khai
than da phia trwé'c gwong 10 cling chiu anh hwéng
bé&i cac chin dong, bién doi tir trang thai rng suat
nguyén sinh sang trang thai rng suit thi sinh,
trong d6 rng suit hwéng truc (o:-03) tang cao
nhung ap luc o3 thi lai giam (Heping Xie va nnk,,
2015). Hinh 1 dwa ra trang thai &ng suit khéi da
than phia trwéc gwong 10 khai thac, gia tri ap luc
bién déi tuy thudc vao 3 loai hinh khai thac pho
bién. Gid st a la hé s6 tip trung ap lwc do anh
hwdng cua cac hinh thirc khai dao hodc khau than
khac nhau, ap lwc khoi than phia truéc gwong dao
chiu anh hwéng tai trong dong trwdc khi pha hay
do tai co thé dat dwoc nhw sau:

o1=ayH (1)

Trong do: y - dung trong (kKN/m3), H - d6 sau
khai thac (m).

o, =(2.0~2.5)yH
&
oy =, =(0.2~0.4)yH |
o=yH a,=15yH

A
[ Sl
-l- o, = o, =(0L6~0.8)yH

o, =0,=yH

Hinh 1. Trang thdi tmg sudt khéi dd than phia
trudc guwong dao khi khai thdc bang phwong phdp
ha trdn (Heping Xie va nnk,, 2015).

Trong dé, gia tri a tuy thudc vao phwong thirc
khai thac: Phwong phép st dung tang bao vé, khai
thac ha tran, khai thac khong tru bdo vé tri s6 a ldy
1an lwot1a 2,0; 2,5; 3,0; @ong thoi o1 cling ting din
tir yH dén a yH. Gia tri 02 - 03 sé d6i rng v&i diém
1 va 2 trong Hinh 1, &ng sudt ngang khi chiu tai
trong dong dwoc biéu thi nhw sau, (Heping Xie va
nnk, 2015):

2 (2)

O, =03 =—-0;

5
o, =0, = %al (0 =2.0;2.53.0) (3)

Trong cong thirc trén, trang thai (rng suit co
hoc dong ctia khdi da than phia trueéc gwong 1o, da
dwoc xem xét dén sy anh hwdng cia phwong thirc
khai dao hodc khau than, dong thoi cling xem xét
téi sy anh hwdng ciua do siu khai thac dén trang
thai co hoc dong trong khéi da than. Nhw vy, cc
biéu hién co hoc ctia khoi da khi chiu anh hwdng
chin déng do khai thac so khi gia tai don thuin
truyén thong cé sw khac biét ro rét.

3. Lap mo hinh va cac théng s6 dau vao
3.1. Tiéu chudn bén

M6 hinh co hoc phan anh tinh chit co hoc co
ban ctia vat liéu, dat d4, thé hién méi quan hé gitra
rng suit - bién dang da dwéi tac dung cla tai
trong. Vi vy, lwa chon md hinh co hoc hop ly thi
md&i mo phong chinh xac tinh chit co hoc cta vat
liéu, dat da cong trinh. Trong mo6 hinh mé phong
str dung tiéu chudn bén Mohr - Coulomb (Yang Ke
vannk, 2009):

_031+s!n(p+2C 1+s!n(p 4)
1-sing 1-sing

Trong do:

fs :O-l
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Trong dé:

01- 'ng suit chinh 16n nhat;

03- rng suat chinh nhé nhit;

c- lwc dinh két; ¢- géc ma sat trong.

Khi f; < 0 phan t&r dit da sé phat sinh pha hoai.

3.2. Kich thwdrc mé hinh va tinh chdt co’ ly cdc
Iop dd, than

M6 hinh m6 phong c6 5 16p dat d4, kich thudc
ctiamd hinh theo cac chiéu lan Iwotla 160x 80x60 m.

A A D A

Cit két

Set ket

duwromg 16!

a Bot ket

Cat két

A4 4L L LA

160m

Hinh 2. Diéu kién bién mé hinh

Mét trén mo hinh la mat tw do dat tai trong
phéin bé déu, tai trong nay chinh 1a tai trong cta
cac 1op dat da phia trén tac dung lén. Khi do, tai
trong tac dung 1én mat trén md hinh lag=H x
MPa (- trong lwong thé tich 16p dat da phia trén,

Mo hinh sau khi chia lwéi gobm gém 96.443 6
lwdi va 121.890 nit nhw thé hién Hinh 2.

bé don gian hoa cong viéc xay dung lwdi mo
hinh, yéu t6 hinh dang dwong 10 khong dwoc xét
dén va lwa chon tiét dién dwong 10 chuin bi la loai
hinh tiét dién hinh chir nhat c6 kich thuéc rong x
cao 1a 5,0x4,8 m dugc dé lwu khong nham khao
sat anh hwong hoat ddng khiu than tir gwong 1o
chosé 1.

F Lép nén truc tiép

Lép da noc trye tiép
Lép da nén co ban
Lép danéc co ban
Than

Hinh 3. Mé hinh trén phdn mém Flac3?

14y twong d6i bang 25 Kn/m3, H - chiéu siu dit
cong trinh). Mt dwdi va hai mét bén dworc co dinh,
md hinh bai toan dwoc thé hién nhw trén Hinh 2
va Hinh 3. Tinh chat co' ly cac16p da than dwoc thé
hién nhuw trén Bang 1.

Bdng 1. Tinh chdt co' ly ctia cdc lop dd, than.

Tén d4 Matddé |Cwong do khang nén|Cwong d6 khang kéo|Md dun dan hoi| Poisson's
(Kgm3) (MPa) (MPa) (GPa) ratio
Cat két hat min 2600 48,45 4,0 25,4 0,22
Sét két 2500 24,37 2,37 12,96 0,17
Than 1440 10,08 3,72 3,97 0,3
Sét két chatvira | 2500 27,0 2,0 12,96 0,17
Catkét hattrung| 2600 54,0 4,0 35,40 0,22

Qua trinh dao 106 chuan bi dwoc tién hanh méi
buwéckhai daola 1 m, tong cong gom 20 bwdc. Sau
khi 16 cho s6 1 dworc khai dao xong toan b, 10 cho
s6 2 dwoc khiu than véi khau do 1 m.

4. Phan tich két qua mo phong so

4.1. Phdn tich anh hwdéng qud trinh khdu than
gwong 1o chg’ sé 1 anh hwéng dén nén khu
vwe dworng lo chudn bi

Trong qua trinh dao 10, dwéi anh hwéng tai
trong dong, trang thai cAn bang cla Gng suit

nguyén sinh khéi da/than bi pha v, Hinh 4 thé
hién sy phan b6 (rng suit nén 10 sau khi gwong 1o
cho s6 1 khdu than. Trong d6, x = 0 m la tai vi tri
guong 10, phia vach tru than la x = 7,2 m, phin
guonglo cho s 21ax<7,2 m. Ttr Hinh 3 nhin thay,
do anh hwéng hoat déng khau than guwong 10 s6
1, khu virc nén 10 phia gwong 16 chg s6 2 ¢6 hién
twong tap trung ng sudt ro rét. Phan chinh gitra
khu vuc khai trac trong do 1an truc tiép, dat da
dwoc gidm tai nén tng suit thing goc dwoc khoi
phuc lai trang thai 6n dinh ban dau. Nhw vy, c6
thé thiy viéc khai thac gwong 10 cho sé 1 c6 anh
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Hinh 4. Phdn b6 umg sudt thang géc tai nén cdc khu vuec ldn cdn khi chiu dnh huéng khai thdc gwong 10
chorsé 1.

huwéng 1om dén (g suit thang goc dat da khu vuc
gwong 10 cho s 2, trng suit thang goc cuc dai gip
3,26 lan (rng suit nguyén sinh ban dau, vi tri rng
suit cwc dai cach tru than khodng 13,4 m dat
30,107 MPa. Tlr Hinh 5 cho thiy, hoat déng khai

0
10 3

thac cta gwong 10 chg s6 1 ciing gy anh hwong
dén rng suit ngang tai nén khu viec gwong 10 cho
sO 2, rng suit o dat cuc dai tai vi tri khoang
14,5m.

40
S0
60
70

Hinh 5. Phédn b6 ting sudt ngang tai nén cdc khu viee Idn cdn khi chiu dnh huéng khai thdc guwong 1o chors6 1.

Nhiéu nghién ctru trudrc day cho rang lan can
khu virc tng sudt thang ddng cuc dai rat dé lam
tang bién dang néc va hai bén héng 10, 1an cin khu
vuc ng sult ngang cwc dai c6 nhiéu kha nang
phat sinh bung nén (Xia Jingchao, 2019). Tuy
nhién, cac nghién ciru trwdrc day vé tru bao vé tw
nhién doc vung khai thac trong thwong chi cha y
nhiéu dén vi tri rng sudt thang goc cuc dai, dwong
10 chuén bj s& bd tri tranh vi tri nay ma khong chd
y nhiéu dén vi tri va sy anh hwdng cla (ng suat
ngang cuc dai. Dac biét, véi nhirng dwong 1o chuin
bi chéng gitt bang vi neo lwdi thép von di khang
rng suit ngang kém, béi vy viéc chi y dén kich
thwée tru bao vé va chi déng xac dinh vi tri 1o
chuén bi tranh khu vuec tip trung (rng suit héng
16 la diéu hét sike can thiét.

4.2. Phadn tich dnh hwdng tdi trong dong dén
on dinh dwong lo chudn bi

4.2.1. Quy ludt phdn b6 trng sudt va bién dang

dwong lo chudn bi trong qud trinh khai dao
Cong tac chong gitr dwong 10 1a viéc thue hién

cac bién phap kiém soat khéi dad xung quanh

dwong 10 khi khoi da khong c6 diéu kién tw 6n
dinh, viéc chéng gitr phai dworc thuc hién trén co
s& nam bat dwgc dic tinh pha huy khéi da xung
quanh dwdng 10 va cac quy luat co hoc khac. Do
vay, viéc xac dinh cac nguyén tic chdng gitr hop ly
cho dwong 10 c6 y nghia hét sirc quan trong (Bai
Jian Biao, 2002; Xia Jingchao, 2019; XU Zhu-he,
2020). Trong qua trinh dao 1o, trng x co hoc cia
khéi d& xung quanh dwong 10 chuén bi thé hién
tinh dich chuyén, tinh bién dong, tinh giai doan cu
thé nhu sau:

Tinh dich chuyén: sw phan b (rng suit thing
gdc trong khéi da xung quanh dudng 10 tir khi bat
dau dao va sau khi két thic qué trinh dao 1o dwoc
thé hién trén Hinh 6. Ttr hinh vé c6 thé thiy, ving
tAp trung (rng suit thang géc bén hong trai tir khi
bat dau dén khi két thiic qua trinh khai dao sé ting
1én vé gia tri va c6 xu hwéng di chuyén dan 1én cao.
Mit khac trong qua trinh dao 1o, phan khéi da
xung quanh bién 16 dwoc giam tai, bén hong phai
dwong 10 viing trng suat cuc dai c6 xu hwéng dich
chuyén dan vé phia khong gian khai thac trong cta
guong 1o chos6 1.
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Contour of SZZ

Magfac= 1.000e+000
Average Calculation

(a) Bat dau khai dao

-3.3613e+007 t0 -3.3000e+007
-3.1000e+007 to -3.0000e+007
-2.8000e+007 to -2.7000e+007
-2.5000e+007 to -2.4000e+007
-2.2000e+007 to -2.1000e+007
-1.9000e+007 to -1.8000e+007
.6000e+007 to -1.5000e+007
.3000e+007 to -1.2000e+007
0000e+007 to -9.0000e+006

| |-7.0000e+006 to -6.0000e+006
-4.0000e+006 to -3.0000e+006
-1.0000e+006 to 0.0000e+000
1.0000e+006 to 1.2082e+006
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Contour of SZZ

Magfac= 1.000e+000
Average Calculation
-3.4618e+007 to -3.4000e+007
-3.2000e+007 to -3.1000e+007
-2.9000e+007 to -2.8000e+007
-2.6000€+007 to -2.5000e+007
-2.3000e+007 to -2.2000e+007
1]-2.0000e+007 to -1.9000e+007
7000e+007 to -1.6000e+007
4000e+007 to -1.3000e+007
1000e+007 to -1.0000e+007
0000e+006 to -7.0000e+006
1]-5.0000e+006 to -4.0000e+006
-2.0000e+006 to -1.0000e+006
1.0000e+006 to 1.4034e+006

(b) Khai dao két thtic

Hinh 6. Phdn bé ting sudt thang géc khéi dd trong qud trinh dao lo chudn bi.

Ung sudt ngang giai doan bat diu dao 1o =

Ung suat ngang giai doan két thiic dao 1o -+

Ung suét hai bén héng 16 / MPa

Do sau/ m

o
r

0 - bé mit dwong 10, 0 - hong trai, 0- hong phai
(a) Hai bén hong 1o

Ung sut Noc - Nén 16/ MPa

4 Ung suét thing goc giai doan bat déu dao 1o

-+ Ung suit thing goc giai doan dao 16 két thiic

| |
_ =
o oa

-14

-10

0.0 0.5
Do sdu/ m
0 - bé mit dwdng 15, 0 - héng trai, 0- hong phai

(b) n6c - nénlo

Hinh 7. Bién doi ting sudt khéi dd trong qud trinh khai dao.

Tinh bién dong thé hién nhw sau: trén Hinh 7
thé hién sy bién doi &rng suit khéi da xung quanh
dwong 10 cach phia tredc gwong khao sat 1 m va
sau gwong khao sat 16 m, bd tri mat cat khao sat
tai vi tri y = 10 m. Tt hinh nay c6 thé thy, dwong
16 sau khi dao tai phia trén n6c cé sy tap trung trng
suit ngang. Theo t6c d6 tién gwong &ng suit nay
giam di va vung tap trung ing suit c6 xu hwéng
dich chuyén sau vao trong ndi bo khdi da. Anh
hwéng ctia qua trinh dao 10 lam cho qua trinh giam
rng suit thang géc nhanh hon ng suit héng. Do
vdy, sau khi két thiic qua trinh dao 10, &ng suit
hong 16m hon (g suat thang goc.

Tl Hinh 8 cling cho thiy, anh hwdng tai trong
déng ctia qua trinh dao 10 thay doi lién tuc, gia tri
rng suat cuc dai trong khoi da cling lién tuc diéu
chinh. Gia tri &®ng suit ngang cwc dai tai khong

nging di chuyén vao siu bén trong khéi da.
Trong khi d4, tai n6c va nén 10, sw bién doi gia
tri lon nhé cua &ng suit ngang va thing goc la
cht yéu con vi tri ®ng suit cwc dai bién doéi
khong 1on.

Tinh giai doan: quy luat bién ddi cia chuyén
vi khéi da trong qua trinh dao 10 thé hién nhw
Hinh 7a, trong dé chuyén vi n6c 10 1ém nhit 0,35
m sau dd la hong trai 0,27 m, hong phai 1,15 m va
cudi cung 1a nén 10 0,25 m. Chuyén vi néc, hong
trai - phai phat trién lién tuc trong sudt qua trinh
dao 10, ngwoc lai véi nén 10 phat trién nhanh giai
doan dau sau d6 gan nhw 6n dinh, sy thay doi
khong dang ké. Chuyén vi hong trai lén hon héng
phai 1,6+1,8 lan, chirng to vi tri b6 tri dwong 10
chuin bila hoply, trdnh dwoc ving tip trung irng
sudt khi tién hanh khai thac 16 cho so 1.
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Chuyén vi bé mat / mm
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Budc khai dao

—+—Nén 16 Héng phai Hong trai Néc 16

(b) khai thac gwong 10 cho s6 2

Hinh 8. Thé hién qud trinh bién do6i chuyén vi trén bién dwong lo.

4.2.2. Quy ludt phdn b6 trng sudt va bién dang
dworng lo chudn bi trong qud trinh gwong Io
cho’ s6 2 khai thdc

Trong suét qua trinh khiu than, ban than khéi
da trai qua nhiéu lan chiu dnh hwéng tai trong:
mot1a anh hudng tai trong dong do khau gwonglo
cho s6 1, hai 1a qué trinh dao 10 chuin bi, ba 1a khi
guong 10 cho s6 2 hoat dong sé lam cho trang thai
co hoc khéi than/da lién tuc dwoc diéu chinh
manh mé. Trong do, phia bén hong phai 10 chuin
bi chiu dnh hwdng la manh nhat. Khi gwong 10
dwoc diy dan theo tién do thi cong, hinh thanh
vung ap lwc dong vuot trwde dwoc diy dan 1én
(Hinh 8), rng suat hong phai dwong 10 chuin bi
bién doi theo quy luit ting trwdc gidm sau. Khi
kich thwérc tru bao vé tw nhién 5 m, viing (rng suit
tip trung phia héng phai dwong 10 chuin bi cach
khodng 7 m, ban than trong tru bao vé ciing cd
vung tap trung (ng sudt cach bién 10 khoang 2 m.

Tai khu virc nén 16 chuln bi, 'ng suat huéng
tAm gidm tai, *ng sudt ngang tang lén, diy chinhla
nguyén nhan gy ra hién twong bung nén thwong
xuat hién khi anh hwdng cua tai trong déng do
khai thac qua lon.

a)
1

{1, Dudnglo
~ chuan bj

b)

=

-

5%

o)

3 Hong trii

(2) Héng phai

Hinh 9. Phén b6 dp luc khéi dd trong qud trinh
khai thdc.
a) dao 1o chudn bi xong, b) bat ddu khai thdc,
¢) khai thdc dwoc 12 m.

Trong giai doan khai thac 10 cho s6 2, chuyén
vi hoi tu tiang1én ré rét (Hinh 9b). So véi thoi diém
tién hanh dao 106 chuin bi, lwong chuyén vi néc 10
tang 209%, nén 10 27%, hong trai 228% va hong
phai 252%. Nhw vdy, dich chuyén trén bién 10
trong ca hai treomg hop dao 10 va khai thac déu
cho thiy chuyén vi n6c va héng trai 16m hon hong
phai va nén, do vay viéc lwa chon kich thwéc tru
bdo vé tw nhién can phai dwoc lwa chon hop ly
dam 6n dinh cho cac dwong 10 chuén bi an toan va
it ton that vé mat kinh té.

5. Két qua

Trén co s& nhitng phan tich trén thiy rang
quy luit phan bé &ng sudt trong khéi da khu vuc
10 cho hoat dong phan bo rat phirc tap, phu thudc
vao rit nhiéu yéu t6 nhw diéu kién dia chat,
phuong thirc khai thac, cong nghé khai thac,... Cac
dwong 10 chuln bi trong khu viee 10 cho hoat dong
dwéi dnh hwdng cta tai trong déng biéu hién cac
dac diém nhuw sau:

Khi khai thac gwong 10 chg sé 1, &ng suat
thang gdc va rng suit ngang khu vuc nén guwong
10 cho s6 2 déu co s tap trung g sult vdi gia tri
16m hon nhiéu Ian gia tri ng suat nguyén sinh.

Trong qua trinh dao 19, rng x& co hoc cua
khéi d& xung quanh dwong 10 chuén bi thé hién
tinh dich chuyén, tinh bién dong, tinh giai doan.

Khi gwong 10 chg s6 2 hoat dong do anh
hwéng tai trong dong thay déi lién tuc, (rng suit
lién tuc diéu chinh giy ra viing tip trung (rng suit
ngang va irng suat thang ding trong khdi da xung
quanh dwong 10 chuin bi, 1a nguyén nhan giy ra
bién dang 1&'n nhw tut néc, 1& héng hodc bung nén.

Dich chuyén trén bién 10 trong ca hai treong
hop dao 10 va khai thac déu cho thiy chuyén vinédc



92 Phan Thi Nhan va Nguyén Viét Nghia/Tap chi Khoa hoc Ky thudt Mé - Pia chdt 62(1), 85-92

va hong trai 16n hon hong phai va nén. Do vy,
khoang cach dwong 1o chuln bi va khong gian khai
thac trong can dwoc tinh toan ddm bao yéu cau ky
thuit va kinh té.

Pong gop cua cac tac gia

Tac gid Pham Thi Nhan: 14p mo phéng so,
phén tich viét bai.

Téc gid Nguyén Viét Nghia: hiéu chinh, phan
tich dir liéu trich xuat tir m6 hinh.
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