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The displacement and deformation of strata due to underground mining
is one of the factors that negatively affect the safety of production
activities. The strata displacement and deformation depend on many
factors such as mining geological conditions, safe mining depths, and
mining technologies. The determination of the safe depths is important
for calculating the size of safety pillars to minimize mineral loss. To date,
there have been many studies to determine safe mining depths under
normal geological conditions. However, not much research has been
conducted to determine safe mining depths with special geological
conditions such as many folds, breaks, faults, and under water-bearing
objects. This research introduces a method to determine the safe mining
depths for the reservoir set in special geological conditions with folds and
excavating several seams under water bodies. The proposed method
employs the principle of the similar geological zone theory to calculate the
safe mining depths. The method is applied to the Mong Duong coal mine,
with three coal seams numbered 5, 6, and 7 with the depth of 210, 180,
and 136 m, respectively. The results of mining depths safe obtained Hs=
240m, Hs =192m, H,= 136m, respectively.
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Dich chuyén va bién dang ddt dd do dnh hwdng cia khai thdc hdm 10 la mét
trong nhwng Yéu té gdy dnh hu'o'ng tiéu curc téi sw an toan cta hoat dong
sdn xuat Qua trinh dich chuyén va bién dang ddt dd mé chiu dnh hu'o'ng cua
nhiéu yéu té nhw didu kién dia chdt mé, dé sGu khai thdc an toan va céng
nghé khai thdc. Viéc xdc dinh dé sdu an toan cé y nghia quan trong trong
cong tdc tinh todn dé lai tru bdo vé va gidm thiéu tén thdt khodng san dé lai
dwdilong ddt. Cho dén nay, dd cé nhiéu nghién civu xdc dinh do sau khai thdc
an toan trong cdc diéu kién dia chdt thong thwong. Tuy nhién, chwa ¢é nhiéu
nghién cteu chi tiét xdc dinh dé sdu khai thdc an toan trong diéu kién khai
thdc tdp via véi diéu kién dia chdt ddc biét (nhiéu uén nép, phay phd, dirt gy,
dwdi cdc doi twong chiva nwéc). Nghién ciru ndy gidi thiéu phwong phdp xdc
dinh chiéu sdu khai thdc an toan cho tdp via & diéu kién dia chdt c6 uén nép
va khai thdc dwéi sudi. Phwong phdp dwoc dé xudt str dung la phwong phdp
viing twong tw ctia “Quy pham bdo vé cong trinh va cdc doi twong tw nhién
ctia VNIMI 98” dé'tinh do sdu khai thac an toan. Phwong phdp dworc dp dung
cho mé Méng Dwong, véi 3 via 5, 6, 7 ¢6 dé sdu ldn lwot la H =210, 180, 136
m. Két qud dd xdc dinh dwoc chiéu sdu khai thdc an toan cho cdc via 5, 6, 7
twong trng la Hs= 240 m, Hs =192 m, H;= 136 m.

© 2021 Trwong Dai hoc M6 - Bia chat. T4t ca cic quyén dwoc bdo dam.

1. M¢ dau

M6 than Mong Dwong co trit lwong cong
nghiép kha 16m, phan b6 trén dién tich rong véi

“Tdc gid lién hé
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nhiéu tip via bao gobm 112, 1111, 7, 6, 5 (Pham Van
Chung va Vuong Trong Kha, 2012). M6 nam trong
vung c6 cac yéu t6 dia chat phirc tap do c6 nhiéu
hoat dong kién tao nhw dirt gdy, uén nép (Pham bai
Hai va nnk, 2004), nén da giy ra sw bién déng lon
veé gia tri cac goc dich chuyén va bién dang. Dong
thoi, trén bé mat mo cling ton tai nhiéu déi twong
chra nwérc nhu: séng Mong Dwong, sudi Vit Mon va
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cac dam ven bién, giy nguy co buc nwéc vao 1o. Cac
dirt giy kién tao hinh thanh nén nhitng mit yéu
trong khai treong mé, c6 thé gy anh hwdng 16n
dén cac thong so, tinh chit qua trinh dich chuyén.
Néu khong tinh dén nhirng &nh hwdng nay, khi khai
thac tip via trén, c6 thé xay ra bién dang, tip trung
tai cac vung 16 vét dut gy, gy nguy hiém dén cac
cong trinh trén bé mat mo.

Trén thé gidi c6 nhiéu céng trinh nghién ciru
anh hwdng cta khai thac hdm 10 1én bé mat. Cac
nghién ctru tredec day thwdng tp trung theo hudng
xdy dung cic moé hinh vat liéu twong dwong
(Vardoulakis L. va nnk., 1981), mé hinh toan hoc
(Agnieszka Malinowska va nnk., 2020), quan tric
thuc dia (Nguyen Quoc Long, 2017). Trong thoi
gian gan day, caic phwong phap hién dai nhv mo
hinh tri tué nhan tao (Ambrozi¢ Tomaz, 2003), quét
laser mat dat (Xiaoping Z, 2016), anh vé tinh
(Zhang, Z.,2015; Alex Hay - Man Ng,, 2017; Ryszard
Hejmanowski, 2019) da dwoc Gng dung dé€ xac
dinh bién dang bé mit.

Tai Viét Nam, da c6 mot s6 nghién ctiru vé dich
chuyén bién dang cho khu vuc Méng Dwong - Khe
Cham, cac nghién ctiru cht yéu dwa trén sé liéu quan
trac dé xac dinh cac gia tri bién dang bé mit (Pham
Van Chung, 2019; Nguyen Quoc Long, 2019). Bén
canh d6, mot s6 nghién ctru khac lai dwa trén cac s6
liéu quan trac d€ xay dung cac ham du bao sut lin
bé mat (Nguyén Qudc Long, 2020).

Dé nhan thiy rang, cac nghién ctru nay chi yéu
cho diéu kién khai thac cac via than bing va thoai,
chwa dé cap tdi cac diéu kién vé ciu tric phic tap
cua dia chat. Do vay, cin nghién ctru xac dinh chiéu
sdu an toan khi khai thac tip via trong diéu kién dirt
gdy, uén nép va dwdi cac doi twong chiva nwée dé
dam bao khai thac thac an toan va hiéu qua cho cac
mo ham 10 néi chung va cho mé Méng Dwong noi
riéng.

2. Pic diém chung vé dia chit - khai thac mo

M6 than Méng Dwong hién nim trén dia phan
phwong Mong Duwong, cich trung tim Thanh phd
Cam Ph3, tinh Quang Ninh khoang 20 km. Phia bic
giap song Mong Dwong; phia nam gidp mo than Bic
Quang Loi; phia tay giap mé Khe Cham, Cao Son;
phia déng giap séng Mong Dwong va qudc 16 18A
(Nguyén Tam Son va nnk.,, 2005).

bia hinh m6 than Méng Dwong la ving nui
thap dén trung binh, cao nhit +165 m (Khu trung
tAm); thap nhit-0,1 m (Iong sdng Méng Dwong)

Trong khu mé c6 hai sudi 16m bat ngudn tir Coc
Sau, Quang Loi chay vao song Méng Dwong. Hai
subi nay thwong cé nwdc quanh nam, luu lwgng
nuwéce thay déi tir: 1+10 1/s (mtia kho) dén 100 1/s
vao miia muwa (Pham Pai Hai, P6 Kién Cwong, Tran
Van Yét 2004). Song Mong Dwong bat ngudn tir
Khe Cham chay ra bién, long song rong 40+50 m.
Mirc nwére song 1én cao nhat +6,7 m (cac nam 1979,
1986, 2018 gy ngap lut ma), thip nhit la +0,4 m
(vao mua kho).

M6 than Mong Duong thudc canh bic ctia nép
uén boi ta 16n c6 phwong trung véi kinh tuyén.
Trén nép béi ta nay c6 12 nép udn nho va cac phay
dit gay, lam cho nép udn tré nén phirc tap. Khu mé
bi phan chia b&i hai phay 16m1a A - Ava H - H. Anh
hwdng cua cac dit giy kién tao rat phic tap,
thwong thay doi theo dién tich va chiéu sau. Cac dirt
gy lam dao 16n c4u truc dia chat, chia cat dia tAng
thanh cac khoi c6 ciu tao khac nhau va dong vai tro
12 d6i dan nuwér, thoat khi va dé giy ra bién dang
nguy hiém. Tinh chat co ly cacloai da trong d&i pha
hidy va ving 1an cin dit giy, ving truc uén nép bi
giam yéu ro rét.

biéu kién dia chit thuy van rit phirc tap, mang
lwéi song sudi chay theo cac khe ndi, thung liing déc
va do don vé sudi Vii Mon va sbng Mong Duong. Hé
s0 tham K ctia dat da trung binh khoang 0,001+0,3
m/ngay dém (ngd). PO kién c6 dat dd mo Mong
Dwong theo thang phan loai ctia GS. Protodiakonov
dwoc danh gia tir trung binh dén ciing, véi f = 3+10.
Két qua nghién ctru cho thiy, tinh chat co ly da thay
doi khong theo qui luat (VNIMI, 1998). Trong cac
16p d4, ddc biétla cac da hat tho thwong ton tai 3+4
hé ké nirt nguyén sinh. Cac dit gy trung binh, theo
qui wéc chung dwoc chon lam ranh gi¢i gitta cac
khu khai thac.

Hé théng khai thac cot dai theo phwong, khiu
than bang khoan - né min, chéng 16 cho bing cot
thuy lwc don hodc gia thuy lwc di dong dwoc ap
dung chi yéu cho khu vuc via déc thodi. Cac hé
théng nay mang lai cac chi tiéu kinh té kj thuét cao,
nhung cling giy bién dang 16n bé mat mo do diéu
khién d4 vach bang pha hoa toan phian. Hé théng
khai thac gwong 10 ngan bao gdm cac hé thdng khai
thac 10 doc via phén ting, buéng - thwong, buéng 1o
cho dwoc ap dung cho khu vire via déc. Do dd siu
khai thac hién nay ctia mé méi & mirc -150 m, hon
nitra mo lai ndm & vang ddi nui, kha xa khu dan cw
nén chwa chd y dung mic dén viéc kiém soat qua
trinh dich chuyén dat da. Pay chinh la sw tiém an
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tham hoa buc nwéc vao 10 ma hau qua khong thé
lwong truéee.

3. Cac phwong phap tinh toan d6 sau khai thac
an toan cho tip via trong diéu kién dia chat dac
biét

Do sAu khai thac an toan dwdi tat cd cac doi
twong chira nwér, trir ting dit da chira nwéde ¢ thé
nam chinh hop véi via than, dwgc tinh tir bién gi¢i
dwdi cta ddi twong chira nwde theo phwong thang
ddéng. D6 sdu khai thic an toan ting dit da chira
nuée c6 thé nam chinh hop véi via than tinh tir tru
tAng chira nuéc theo phwong vudng goc véi mat via
than (VNIMI, 1998).

D0 sau khai thac an toan khi khai thac mot via
than doc 1ap dwdi doi twong chira nuwéc trong
trwong hop dia ting khéng c6 pha huy kién tao
hoic c6 mat phing truc ctia udn nép dwoc xac dinh
nhu sau:

a. boi véi d6i twong chiva nwéc nhém I khi
chiéu day 16p sét (a sét) 15 m > Gk > 2 m va chiéu
day via than m < 2 m thi:

m
H,=07— (1)
Ek:

l

Trong d6: m - chiéu day khai thic cta via than;
khi khai thac chén 14p 10 thi m 1a chiéu day quy doi
clia via than; & - chi s6 bién dang kéo & dit da nén
cla doi twong chira nwéc nhom I tai do siu khai
thac an toan khi khai thac mét via than doc 1ap:

ex, = 1,45.1073. (G /1m) 4+ 13.1073 (2)

Trong do: Gy - chiéu day 16p sét (4 sét), m; khi
Gk >15 m, d0 sau khai thac an toan xac dinh nhw khi
Gk = 15 m, tuy nhién né cé thé gidm xuéng trén co
s& xac dinh thurc t& chiéu cao viing nitt né dan nuérc.

Khi chiéu day khai thac via than m > 2 m va
chiéu day 16p sét (a sét) Gk > 10 m, nhung khong
nho hon 2 m, do siu khai thac an toan dwdi doi
twong chira nwéc nhém I xac dinh theo cong thirc
(VNIMI, 1998):

H, =20m (3)

Khi chiéu day khai thac via than m > 2 m va
chiéu day 16p sét (& sét) Gk < 10 m, cling nhw trong
trwong hop dia tAng khoang sang ciu tao bai cac
16 sét déo, dé trrong né, dd sau khai thac an toan
via than dwéi doi twong chira nwée xac dinh trén co
s& xac dinh thurc t& chiéu cao viing nitt né dan nuérc.

b. Béi véi dbi twong chira nwée nhém 11 khi

chiéu day 1ép sét (4 sét) Gx< 2 mvam <2 m,do sdu
an toan dwoc xac dinh theo cong thitc:

H 0,7 m
a= Y/ 4
o @
Trong d6: ek - chi s6 bién dang kéo & dat da
nén cda doi twong chira nwéc nhém 11 tai d6 sdu
khai thac an toan khi khai thac mot via than doc lap.

ex, = 6,41073K; +11,1.1073 (5)

Trong d6: Ks = M,/M - ti s6 tong chiéu day cac
16p sét két, bot két, sét phién M, trén chiéu day M
dia tAng nam trén khu vuec khai thac tinh tir dwdong
bao dwdi ddi twong chira nwée dén bién giGi trén
vung sip l& va nirt né 16m & vach via than; chiéu cao
viing sip l& va nitt né 16m tinh bang hp = 10 m.

Trong trwdmg hop khai thac tap via than dwéi
d6i twong chira nwéc theo trinh tw ké ti€p nhau, tir
via trén xuong via dwdi, cho phép tién hanh sau khi
két thic thoi ki bién dang nguy hiém & via da khai
thac nam trén.

Trong trwomg hop nay, tap via dwgc phan chia
thanh cAc nhém ciing dwoc khai thac (via ciing khai
thac dwoc hiéu la cac via ma cic dwong 10 tao ra
cung loai bién dang).

Néu nhom via trong viing anh hwéng khai thac
c6 nhiéu hon 3 via, thi d0 siu khai thac an toan
dwoc xac dinh theo 3 via ¢6 anh hwdng nhit. Viéc
Kkhai théc cac via ké tiép trong nhém dworc tién hanh
thiét ké riéng.

Khi cing khai thac tap via than theo trinh tw tir
trén xudng, do sau khai thac an toan Ha+2+3) Xac
dinh theo diéu kién sau (Hinh 1a) (VNIMI, 1998):

my N m,
Ho142+3) Ha@+z+43) + Rz
mg

+ 6
Hg(142+43) + hi-3 (6)
mq

S —
Ha1

Trong d6: my, my, ms - chiéu day khai thac
twong &ng cac via than 1, 2, 3 ¢6 anh hwdng nhat (la
cac via than c6 ti 1é gitra chiéu day via v&i do sdu
trung binh dwéi d6i twgng chira nwée 16n nhit); hy
-2, 2.3 - kKhoang cach phap tuyén giira cic via than
(khoang cach truc giao dén mat via than) twong
Ung giira tru via than thi nhét (trén cung) va vach
via than thir hai va thir ba; H, - do sau khai thac an
toan mot via than trén cuing, xac dinh theo cac cong
thitc (3, 4, 5) twong (ng diéu kién nhom via;
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H H,,

a(142+3)

H

a(1+2)

Hinh 1. So do xdc dinh d6 sdu khai thdc an toan tdp via than.
a - khi cting khai thdc tdp via than; b - khi khai thdc néi tiép nhau.

Ha(1+2+3)- d0 sdu khai thac an toan ctia 3 via than anh
hwdng nhat.

D0 sau khai thac an toan cho hai via than cting
khai thac Hau.2) duoc xac dinh theo cong thirc
(VNIMI, 1998):

m m, _m
Hat2)  Ha@+2) +hi2  Ha, (7)
m
Hg, (1 + m—i) —hyi_,

A(1+2) = 2
(8)

\/ [Hal (1 + m—i) - h1_2]2 +4H, hy_,
2

Néu trong viing anh hwdng cia déi twgng chira
nuéc, tp via than dwoc khai thac ké ti€p nhau ma
khéng dé lai tru than bao vé va 1o cho dwoc khai
thac v&i khoang gian doan thoi gian 16n hon tong
thoi gian dich chuyén, tie 1a viing dich chuyén cia
via than khai thac tiép theo phia dwéi roi vao pham
vi tru than cho d6i twgng chiva nwdc trong ving
dich chuyén toan phin ctia via than khai thac trudc
(Hinh 1b), thi d6 sau khai thac an toan cho 2 via
than tiép theo dwoc xac dinh theo trinh tw sau:

a. Theo cac cong thirc (3, 4, 5) xac dinh d6 sau
an toan cho tirng via than khai thac doc lap;

b. Xac dinh d6 sau an toan cho khai thac 2 via
than nhw sau:

H

+

a(1+2)
Ha, (K + z—i) —hy_,
2 9)
2
B (1 +722) = o]+ 4110k
* 2

Trong do: ky - hé s6 thé hién bién dang con dw
ctia dat d4 trong m3t phang day bon dich chuyén do
anh hwdng cia khai thac via than trén va dworc xac
dinh theo Bang 1.

Bdng 1. Gid tri hé s6 ky, k.

TT Khoang sang ky, k2
1 Kuzbass (Lién X0 cii) 0,35
Cac vung khac 0,35+0,45

4. Xac dinh viing anh hwéng nguy hiém va do
sau Khai thac an toan Khi khai thac tap via

4.1. Mdt cat ddc trung vuéng géc véi sudi, trén
co'so cacgoc B, y”

Vung anh hwdng nguy hiém cé nguy co buc
nwéc vao cac duong 10 1a khu vire via ndm trong
gi¢i han dwoc xac dinh bdi giao diém ctia via véi cac
géc B”, v” dwng tir mat dia hinh 14y tir dai an toan
cda sudi thé hién trén cac Hinh 2 va 3.

Trén co s& phwong phap tinh toan, xac dinh
chiéu siu khai thac an toan dwdi doi twong chira
nuwéc va nghién ciru tai liéu dia chit cia moé than
Mong Dwong. Dia ting day sbéng, sudi c6 16p sét
chiéu day Gk =2 m.

4.2. Tinh todn xdc dinh chiéu sdu khai thdc an
toan cho tdp via

Duwéi sudi cé tap via than gom 3 via: V7,V6, V5
khai thac theo trinh tw tir trén xudng dwdi, c6 goc
doc a = 129, chiéu day twong ing la m; = 3,4 m; m;
= 3,6 m; m3 =5 m. Chiéu day dat da gitra cic via than
V7Vé V6 12\1 h7.6= 20 m, V7 V£\1V5 lf\:l h7.5 =58 m.

Séng Mong Dwong thuéc nhom déi twong
chranwécIlc6 Gk<2mva2m<m<4mdosau
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MAT CAT BIA CHAT A-A
TY LE 1:1000

184m

240m

Hinh 2. D6 sdu khai thdc an toan cho via 7, 6, 5 theo mdt cdt A - A.

MAT CAT DIA CHAT C-C

\ TY LE 1:1000

136m

}‘a 7Ichleu g

o
184m

240m

Hinh 3. D6 sdu khai thdc an toan cho via 7, 6, 5 theo mdt cdt C - C.

khai thac an toan tinh bang: Do viy, nghién ctru nay da 14y hai trweomg hop tinh
M toan vai ki= 0,4 va 0,45.
H, = 40m, khi ﬁa =04 Khi khai thac via 6 c6 do sau khai thac an toan

dworc tinh theo cong thikc:

Trong d6: Ma - tong chiéu day cta cac 16p bot

két, sét két va sét than; M - chiéu day cot dia ting
nam dudi cac d6i twong chira nwéc khong cé dit

H7;16 (ks +728) = h
7 1 m, 7—6

gay kién tao, chiéu day lép sét < 2 m va théa man = >
diéu kién sau: .
\/[H (k1 +558) = hy—s| +4Hoksh
Gy <15(3,4+3,6+5) =225 4 7\"1 Tm, 7-6 7R1M7-6

L aa A s N .. . 2
Do d6, d6 sau khai thac an toan dwéi sudi tinh
lan lwot cho cac via nhw sau: Vé6iki=0,4
AN Yl 9
boivoivia7 136(0,45+22)-20

H, = 40 m = 40x3.4 = 136 m Hys = 2 *

\/[136(0,45+2:—Z)—20]2+4.136.0,45.20
2

Trong trwomg hop khai thac tip via dudi doi
twong chiva nuwée thi hé s6 dwoc 1ay tir 0,35+0,45.

=192 (m)
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DPEé dam bdo an toan trong qua trinh khai thac
déi vai via 6, kién nghi 1ay k; = 0,45, chiéu sau khai
thac an toan H7.6= 192 m.

Khi khai thac ti€p dén via 6, chiéu siu khai thac
an toan ap dung cong thitc:

k,.mg msg

ky.m; N
Hyy645 + h7 s

H71645 H7i64s "T;lh7—6

<

<
H7.645 - A0 sau khai thac an toan doi vai via 6;
mym7 = 1/40,
Thay cac gia tri ctia chiéu cao khiu va do sau
khai thac an toan clia cac via 7 va 6 ta cd biéu thirc:

0.45x3.4 + 0.45x3.6 4 ms < 3,4
H7i6+5  H746+5 20  Hyie45+58 7 136
1.53 1.62 me

<
H7i64s * H7 4645 + 20 * H7i645 +58 0,025

Do vay can phai chon chiéu day via 6 la me va
chiéu sau khai thac an toan Hs via 5 dé théa man
biéu thirc trén.

Trén mit cat dia hinh khoang cch nhé nhat tir
day suéi dén via 5 trong ving c6 nguy co anh
hwéng buc nwécla 240 m. Bang cach thay d6i chiéu
cao khiu cuia via 6 tir 3+4 m, xac dinh dwoc khi
H7.6:5= 240 m va ms = 4 m thoa man diéu kién trén:

1,53 + 1,62 +
240 240+ 20 240+ 58

Vay via 5 khai thac véi chiéu khiu nhé hon 4
m thi d6 sau khai thac an toan 1a 240 m.

Cac gia tri goc nirt tach cho trwdr tai:

-Via7:

5 =5-AS8, +10=80-5+10=85"

= 0,025

5, =pf—-AB, +10=(82—a)-5+10="75°
7, =y—Ay,+10=80-5+10=85"
-Via6:
5,=5, +A5, =85+3=88°
B, =p +AB, =75+3=78°
7, =y"+Ay, =85+3=88°

-Via 5:

5, =6, +AS5, =85+5=90°

By =P, +AB, =75+5=80°

7/;' =;/1" +Ay, =85+5=90°

5.Kétluan

Két qua nghién ctru cho thiy, mé than Méng
Dwong cé diéu kién dia chit phirc tap, dic biét do
c6 dia hinh bi chia cat, c6 nhiéu d6i twong chira
nuwéc; trong dia tAng c6 nhiéu dit gy, uén nép va
c6 chira nhiéu via than v&i goc déc thay doi.

Viéc xac dinh do sau an toan khi khai thac tap
via dwédi cac d6i twong chira nuwéc & mo than Mong
Dwong theo phwong phap cta vién VNIMI 1a hop ly
va tin ciy. K&t qua nghién ctiru da xac dinh dwoc do
sau an toan Hs =240 m, He = 192 m, H7 = 136 m khi
khai thac 3 via dwéi cac déi twong chira nwérc; xac
dinh cac dai lwgng dich chuyén va bién dang 8123°
809, 880 900, B123= 759, 789, 809, y1,23= 859, 880 900
khi khai thac hdm 16 & nhirng viing c6 dit gdy, uoén
nép nham duw bao kha ning khai thac dwéi an toan
va bdo vé tot nhit cic cong trinh ndm trong nhitng
vung nguy hiém.

Chiéu siu khai thiac an toan phu thudc vao
nhiéu yéu t6, trong dé cé yéu té cong nghé khai
thac, diéu kién dia chat, khai thac cang sau so véi
mat dat thi an toan cho céng trinh dan dung cong
nghiép cang tang.

Loi cdm on

Nghién ctru nay dwoc tai tro bdi dé tai cap co
s&, ma s6 T19 - 45 cta Trwong Pai hoc Mo - Dia
chat.

Pong gop cua cac tac gia

Pham Vin Chung, Phung Manh Dic - hinh
thanh y twdng va ndi dung bai bao, trién khai cac
ndi dung, hoan thanh ban thao cuéi ctia bai bao; Lé
Thi Thu Ha, Nguyén Gia Trong, Ngé Thanh Trung,
Tran Vi Thing - thu thip s6 liéu, doc ban thao
trung gian.
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