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THONG TIN BAI BAO TOM TAT

Sﬁ(z trl;’?}.l'ls 3/2017 Bai bdo trinh bay két qud ting dung mé hinh xdm trong du bdo sut Itin bai
an bai 15/3/20 thdi Chinh Bdc, mé Nui Béo. Str dung bén chu ky quan trdc dau tién ctia 7
Cl}ap nhan 10/6/2017 diém dé xdc dinh tham s6 ctia mé hinh. P4 chinh xdc ctia cdc mé hinh dw bdo
bang online 31/8/2017 duwa trén cdc tiéu chudn P va C véi gid tri xdc xudt sai s6 P =1 va ty s6 sai s6
Tir khoa: hau ngh.ifm lon nhé’t}ld C=0,001. Cdc/mé\hinlAz n‘dy dugc Adur}g dé dw bdg Itin
M6 hinh x4m chl}’ kyAtleAp th(,eo. So fanh lgqt quad d%l’ lzao tirmo hgnh V0150 III?U.CZ,O thy’c técho
Bii thai chinh Bic thgy d‘pvlec‘h Io'r} ni}atso voitong (?Q Iu,n thy’c té cua tdtcd cdc d:lemﬁ‘el‘l <A1 0%;
Dur béo ln bai thi Két qua nay ddp tng dé chinh xdc ctia cong tdc dw bdo lin ¢ mo. Vi vdy, co
Nt T thé trng dung mé hinh xam dé dw bdo Itin bé mdt bdi thdi cdc mé 16 thién

Mo Nui Béo viing bé than Qudng Ninh.
© 2017 Trwong Dai hoc M6 - Dia chit. Tat ca cic quyén dugc bdo dam.
1. Mé& dau gian; qua trinh dich chuyén dat da tiép dién lau dai

Bai thai 1a hinh thai dia hinh nhan sinh,
thwong c6 do cao lon so véi dia hinh nguyén sinh;
dé tiét kiém dién tich, bai thai thwong dworc d6 voi
goc doc tw nhién. Sau qua trinh n6 min, xic béc,
van chuyén, dat da bai thai bi bo rod, khong con
tinh lién két bén virng nhw khi con nguyén khoi
(HO Si Giao, 2001). Cac diéu kién d6 sé lam cho dat
da bai thai dé dang bi dich chuyén vé vi tri mat
bing (chuyén dich ngang) va dé cao (ltin). Cac két
qua nghién ctru cho thiy dat da trén bai thai khong
ngtrng dich chuyén va giy ra bién dang bé mat.
Cuong do bién dang manh nhit xay ra trong giai
doan dau, sau do6 giam din va tiém cin véi thoi

*Tdc gid lién hé
E-mail: levancanh@humg.edu.vn

sau khi két thic d6 thai (V6 Chi My, 2016).

San lwgng cda toan nganh than theo quy
hoach khai thac dat 47-50 triéu tAn dén nim 2020,
52-54 triéu t4n vao nam 2025 va t&¢i nam 2030 1a
54-57 triéu tin (Quyét dinh 403/QDb-TTg, 2016).
Tinh t&i thoi diém hién tai san lwong khai thac
bang phwong phap 16 thién van chiém ty trong 50
- 60% toéng san lwong toan nganh than. Trong
cong nghé khai thac maé 16 thién, bai thai la mot déi
twong gy tac déng ro nét déi véi cac thanh phan
tai nguyén va moi trwong. Bén canh nguyén nhan
giy 6 nhiém moi trwdng khong khi, moi truwong
nuwéc; gy suy thodai tai nguyén dat dai, tham thuc
vét, bai thai con 1a dia ban tiém an cac hién twong
tai bién moi trwdmg (Vi Thi Hang, 2012). Mot s6
nhitng tai bién dién hinh phai ké dén do la: Truot
1& bai thai quang khai treong 12 thudc Cong ty
Apatit Lao Cai ngay 20/11/2004. Bai thai quang
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Apatit cao 50m sat & sdu vao mit cat ngang 20m,
cudn theo ngwoi va vii 14p thiét bi, lam 2 cong
nhan chét tai chd; ngay 15/4/2012 trueot 16 tai bai
thai mé than Phan Mé thudc Cong ty c6 phan gang
thép Thai Nguyén da vui 1ip nha ctra ctia 10 ho dan
sinh séng dwéi chin nui va 1am chét 6 nguoi. Gin
day nhit, trong tran mua li lich st tai Quang Ninh
nam 2015, Tap doan Cong nghiép Than - Khodng
san Viét Nam chiu thiét hai gan 2000 ty dong.
Trong d6 chiu danh hwdng ning né nhat la phwong
Moéng Dwong, chi trong vai ngay mwa i, bun dat
chéan bai thai Pong Cao Son troi 1ap day dap khu
vire sudi H10 va sudi 9.8 1am boi 14p mat bang +48
Cong ty 790 - Téng cong ty Dong Bac, mat bang
+7.5 Cong ty than Méng Dwong, khu dan cu s6 4
phuong Mong Dwong, cudn tréi nhiéu nha cira, tai
san cw dan vung lan can.

T nhitng phan tich néu trén c6 thé thiy rang
nhitng tai bién moi treong gay ra tir cac bai thai la
rat nang né. Can phai c6 cic bién phap dé danh gia
dd on dinh cta cic bai thai, dwa ra cac dw bao, canh
bao kip thoi. P c6 nhiéu bién phap dwoc dwa ra
nham nang cao dd 6n dinh ctia bai thai nhw d6 thai
theo ting, theo 16p, xay tuwdng chin, lam ranh
thoat nuwdrc, trong ciy, v.v... Gin day & Viét Nam,
van dé dv bao dich chuyén bién dang dwoc quan
tAm nhiéu hon va da c¢6 mét s6 nha khoa hoc
nghién ctru xay dwng cac mé hinh dé dw bao dich
chuyén bién dang bé mat do anh hwdng cia khai
thac mo. C6 thé ndi day 1a mot kénh théng tin quan
trong gbép phan dwa ra cac bién phap canh bao
som, giam thiéu cac sy ¢d do khai thac mo giy ra.
Mot sO két qua nghién cliru gan day phai ké dén
nhuw: thanh 14p mé hinh dw bao Iin bé mat mo tw
phwong phap loc Kalman (Pham Quéc Khanh,
Nguyén Qudc Long, 2015); x4c dinh cic tham s6
mo hinh dw bao lin theo thoi gian bé mat bai thai
mé 19 thién (Nguyén Qudc Long, Bui Khic Luyén,
2015); &ng dung mang tri tué nhan tao neuron
network trong dw bdo Iin bé mét mo do khai thac
Ham Lo (Nguyén Quéc Long, 2016). O ngoai nuérc,
nghién ciru vé duw bio chuyén dich bé mat dat,
truot 1 dit da khu v khai thac mo, khu vure xay
dwng thuy ho thuy lgi, thay dién rat dwgc quan
tAm, ddc biétla Trung Qudc, Ha Lan, My, v.v.. . Cac
phwong phap quan tric va dw bao hiéu qua dwoc
g dung chu yéu la loc Kalman két hop véi mb
hinh day thoi gian (Fumin Lu, 2010); Phéan tich
song nho (Wen Hongyan, 2004); Két hgp danh gia
cac phwong phap dv bao (Hans Neuner, 2008),

v.v.. Trong bai bdo nay cac tic gia dé xuit tng
dung mo hinh xam trong du bao Itin bai thai mé 16
thién va thir nghiém tai bai thai Chinh Bic, mé Nui
Béo, bé than Quang Ninh.

2. M6 hinh xam (Grey Model-GM) trong dw
bao lun

2.1. Co s& khoa hoc cua ly thuyét hé théng
xdm va thanh Idp mé hinh GM

Hé thong xam la mot hé théng xen vao giita hé
théng mau trang va hé thdng mau den. Goi 1a Hé
théng mau trang 1a vi d6i véi ngudi nghién ciru
moi théng tin ctia hé thong déu da ro rang; hé
thong mau den thi nguwoc lai, moi thong tin cia né
nguwoi nghién ctru déu khong biét. Do do, phwong
phap dw bdo xam la mot dang hé thong bao ham
ca cac nhan to da biét va chwa biét tién hanh dw
bao.

U'ng dung ly thuyét hé théng xam dé thanh
1ap mé hinh xdm (Grey Model) goi tit 1a mé hinh
GM va Ky hiéu 1a GM(m,n), trong d6, m 1a cap cda
phwong trinh vi phdn mé hinh, n 13 s6 lwong bién
dw bao (Huang Shengxiang, Yin Hui, Jiang Zheng,
2003; Wang Xinzhou, Tao Benzao, Qiu Weining,
Yao Yibin, 2006); Hou Jianguo, Wang Tengjun,
2008). Vi n bién nay ap dung phwong phap hinh
thanh s6 liéu cong don 1-AGO (Accumulated
Genarating Operation), dung phwong trinh vi
phan cidp m thanh 14p md hinh goi 1a mé hinh
GM(m,n). Trong mé hinh nay, khin = 2 thi mé hinh
GM thanh 14p chid yéu dung dé phan tich méi quan
hé gitta cac bién véi nhau. Dung vao dw bao
thuwong 1a mé hinh GM(m,1), trong dé6 md hinh
ng dung quan trong nhit va ciing 1a thuong
xuyén nhat la mé hinh GM(1,1). M6 hinh nay tao
bdi diy hé s hinh thanh cong don mét lan cla
mot bién, hon nira hé s6 hinh thanh qua tich lay
lan 1 phu hop véi do tron dic treng cia ham sé
roi rac. Trong khuon khé noi dung bai bao nay, chi
nghén cttu mo hinh xam GM(1,1).

M6 hinh GM(1,1) dworc tao béi phwong trinh
vi phan cdp 1 mét bién, qua trinh thanh l4p nhw
sau: Gia thiét ddy s6 liéu quan trac theo chu ky ban
dau 1a:

X@ = XxO@),x9(2),...xOm)} (1)

Tién hanh cong don, tic 1a lan lwot cong don
s0 liéu tai cic chu Ky trong day s6 liéu ban dau, tir
d6 hinh thanh day méi. Cong don 1 1an dai véi
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x© hinh thanh (1— AGO) dwoc métdiy s6
lidu méi 1a:
x® = {x(l) M, x¥(2),...,x® (n)} )
trong do:

x® (k) = Zk; X (i), (k =1,23,..0) (3

bat:

B X(O)(k) 4
& _—x(l’(k—l) k>1) @
Khi k >3 thi & = {g,,5,,....5, | (5)

La day so giam dan, nén 1> ¢, >0, khik da
16 ddy s6 nay hoi tu vé 0 va goi x* 1a ham s6 roi
rac tron. Phwong trinh vi phan twong &ng la:

dx® i
—+ax¥ =u 6
pm (6)
Trong d6, a, u la tham s6 chwa biét.
T phwong trinh vi phan (6), 1dy gia tri trung
binh cta k va (k+1) thi:
® @
[X(l) (k+1)—X(1) (k)]+a[x (k+1;+X (k)] =u (7)

Vi xX@(k +1) = x® (k +1) — x® (k) , nén phwong
trinh (7) c6 thé biéu thi bang ma tran nhw sau:

X (2) _%[X(l)(lﬂxm(z)] 1
X0@) | _ —%[x<l>(2)+x<”(3)] L _a}(s)
: : A

x@(n) _%[X<l>(n_1)+x‘1’(n)] 1
bat: ) _
X(O)(Z)
v _ X(O)(3) -
X(O).(n)
1 1 1
o _E[X()(z,)+X()(3)] %;A:Lﬂ

—%[x(l’ (n-1)+x®(n)] 1
Bu’_qc: _

Y =BA (10)

Hodc c6 thé viét:
V =BA-Y ¢%))
trong do, Y va B da biét, A la ma trin tham s6
canxac dinh, A lama tran tham s6 wéc lwong, Vla
ma tran sai s6 mo hinh. Do chic6 2 tham s61a a va
u, c6 n-1 phwong trinh, theo phwong phap sé binh
phwong nhé nhiat V'V =min , tham s woc
lwong dworc tinh nhw sau:
n a
A=(B"B)"'B'Y ={A} (12)
u

Thay vao cong thirc (6), va giai dworc:

~

RO (t) = [x(l) ) —%}eé‘ +2 a3
a a

Viét véi hinh thirc so liéu roi rac:
. 0 0] o 4 (14)
RO+ = x2D)-=le*+—=,(k=12,...,n)
a a

Day {x @ }sau khi céng don sé mat di dinh
nghia vat Iy ban dau, do vy khi irng dung mé hinh
dé tién hanh dw bao, cin phai tién hanh hinh thanh
ngugc AGO dé c6 dwoc gid tri hoan nguyén.
Phwong trinh mé hinh dw bao GM(1,1) la:

ROk +2) = RV (k +1) — P (k) (15)

2.2. Kiém nghiém dé chinh xdc mé hinh

Do tin cdy cda mo6 hinh GM(1,1) dwoc danh
gia thong qua kiém nghiém. Tt s6 liéu quan trac
ban d4u c6 thé tinh dwogc sai s6 e(k) la:

e(k) = x? (k) — % (k) 17)

Phwong sai day sai sO va phwong sai cia day
{X(O) } ban dau la:

57 =13 [e() e

s2= L SxO®-xOF 16

n-1i3
Trong do:
e-13e) XV -13xO0) a7
Nk=1 ; Ni=1

Tinh ty s6 cda sai s6 hu nghiém
C=5,/5, (18)
va xac suit sai s6 nho

P={e(k)|<0,67455,} (19
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Cap hang d6 chinh xac mo hinh cin cir theo
gia tri ctia C, P so sanh v&i bang 1. Biéu thic dé
phéan biét cAp hang d6 chinh xac m6 hinh la (Deng
Julong, 1986; Yan Zhiyuan, Dai Yusheng, 1989):

C4p hang d6 chinh xac m6 hinh = max{cip cua
P, cdp cua C}.

3. ’'ng dung mé hinh GM(1,1) phan tich va
dw bao lin bai thai Chinh Bac mé Nui Béo
3.1. Bai thdi chinh Bdc mé Niii Béo

Bai thai Chinh Bic mo than Nui Béo nam
trong long thanh pho Ha Long, noi c6 di san thién
nhién thé gi¢i Vinh Ha Long. M6 Nui Béo c6 san
lwong khai thac hang nam khoang 5 triéu
tdn/nam, xic boc khoang 21,5 triéu m3 dat d4, cha
yéu d6 & bai thai Chinh Bic. DS thai bit dau tir nAim
2005 va dirng vao dau niam 2012 & cét do cao
+256. Dién tich bai thai khoang 200 ha, v&i chiéu
dai tir Bac xudng Nam khoang 1,3 km, chiéu rong

tir Dong sang Tay bién d6i 150 + 500 m, phinh to
& hai d4u, thu hep & giira. Van dé 6n dinh béi thai,
tién t&i cai tao va hoan nguyén mdi trwong, canh
quan cho bai thai Chinh Bic ludn dwoc mé Nui Béo
cling nhw tap doan Coéng nghiép Than - Khoang
san Viét Nam hét strc quan tim.

DE c6 co s& danh gia do 6n dinh va dwa ra cac
bién phap x 1y sw c6, hoan nguyén moi trwong
mot cach kip thoi, tai bai thai Chinh Bic da thanh
14p mang lw¢i quan trac dich chuyén va bién dang
gbdm 35 diém mdc quan trac dwoc b tri dwédi dang
lwédi 6 vudng nhw hinh 1, tao thanh 5 tuyén quan
trac theo phwong ngang. Khoadng cach gitra cac
diém trén tuyén va gitra cac tuyén mit cat 1a 100
m, bao trum toan bd dién tich bai thai. Mang ludi
quan trac dwoc két ndi véi 2 diém khéng ché hang
Il nha nwéc ¢ so hiéu (119418 va 119429) cach
xa khu viec moé khai thac. Mang lwéi dwoc tién
hanh quan tric 5 chu ky véi khoang thoi gian gitra
cac chuky la 1,5 thang.

Bdng 1. Cdp hang dé chinh xdc mé hinh.

Chi tiéu To6t Pat Chap nhin duoc Khong dat
3 P>0,95 0,80<P<0,95 0,70<P<0,80 P <0,70
C C<0,35 0,35<C<0,5 0,5<C<0,65 C>0,65

Hinh 1. Tuyén quan trdc trén bé mdt bdi thdi Chinh Bdc, mé Nui Béo.
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Bdng 2. Két qud do do Iiin ctia cdc diém méc trén tuyén quan trdc s6 2 (mm).

Tén méc Chu ky do CK1 CK2 Ck3 CK4 Ck5
8 Po lan 0 10 13 26 24
Do lan tich liy 0 10 23 49 73
b0 lan 0 25 24 25 24
9 N TRVIET
Do lun tich luy 0 25 49 74 98
10 Do lin 0 40 35 78 31
D0 lan tich liy 0 40 75 153 184
11 PO lan 0 42 33 27 24
Do lan tich liy 0 42 75 102 126
12 Do lin 0 44 32 31 24
D0 lan tich liy 0 44 76 107 131
13 Do lin 0 52 43 40 36
Do lan tich liy 0 52 95 135 171
14 Do lun 0 60 53 50 48
Do lun tich liy 0 60 113 163 211
Bdng 3. Ddnh gid dé chinh xdc mé hinh.
Tén|Chy | DO1n POl trénip, .\ |\ TysOctal o |y | DONAN 1O lin trénipy oo o | Ty SO cla
méc| ky quan trac| md hinh (mm) sai s0 hau méc| ky quan trac| mé hinh (mm) sai 50 hau
(mm) (mm) nghiém C (mm) (mm) nghiém C
1 0 0 0 1 0 0 0
2 10 8 2 2 44 44.2 0.2
8 3 23 >7 4 0.00014 | 12 3 76 757 03 0.00006
4 49 47 2 4 107 107.2 0.2
1 0 0 0 1 0 0 0
2 25 24.8 0.2 2 52 52.5 0.5
9 3 49 493 03 0.00001 | 13 3 95 94 1 0.00005
4 74 73.8 0.2 4 135 135.5 0.5
1 0 0 0 1 0 0 0
2 40 41 1 2 60 60.5 0.5
10 3 75 78 3 0.001111| 14 3 113 112 1 0.00010
4 153 154 1 4 163 163.5 0.5
1 0 0 0
2 42 43 1
11 3 75 73 > 0.00009
4 102 103 1

3.2. Thanh Idp mé hinh dw bdo liin

Ung dung ly thuyét hé théng xam xay dung
md hinh GM(1,1) vé4i 7 diém quan tric trén tuyén
quan triac s6 2 (Hinh 1) tai bai thai chinh Bac, mo
Nui Béo. Gi tri d6 lin cia cAc m&c quan trac va do
ldn tich liy cta ching dwoc thé hién trén Bang 2.
Str dung s6 liéu quan tric ltin ctia 4 chu ky dau (ti
0 dén 4.5 thang) dé tinh todn cac tham sd va

x4y dwng mo hinh dw bdo ctia cac diém.

St dung ngon ngit 1ap trinh Visual Basic 6.0
1ap chwong trinh xay dung mo hinh GM(1,1), xtr ly
s0 liéu va danh gia do chinh xac cia mé hinh. Két
qua tinh toan dd ldn cic diém mdc trén mé hinh
va do 1éch so v&i gia tri quan tric thé hién trong
Bang 3

M6 hinh GM(1,1) cta cic diém trén tuyén
quan tric s6 2 cho gia tri xac xuit sai sd P =1. Tl
Béng 3 thdy rang ty s6 sai s6 hau nghiém lén nhat
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12 C = 0,001. So sanh két qua nay v&i cip d6 chinh
xac mé hinh trong bang 1 & trén c6 thé danh gia
mo hinh dw bao thanh 14p theo ly thuyét hé thong
xam cla cac diém c6 do tin ciy tét. Mikc dd phu
hop ctia mé hinh dwgc thé hién truc quan trén
biéu d6 so sdnh dwong cong do lin ctia mot s6
diém nhw Hinh 2.

Tiép theo tién hanh kiém tra d6 phu hop gitra
d6 14n tinh ttr m6 hinh véi d6 lan cda tirng diém &
chu ky 5 (thang thi 6, s6 liéu nay khéng st dung

0 IO 100 0
50 e —
hhh‘“"-“mn,
\".\\_\
-100 N
N
-150 -\‘1.: )
200
—e— Quan trac - DY bao
7
a.biem 10
[} "-H\
0 ~. 0 100 150
-50 o N
~—
~—_
-100 e —
-150
—&— Quan trac - Dy bao

c.Piém 12

13

dé xay dwng mo hinh), két qua dwoc thé hién trén
Bang 4.

Tir két qua & Bang 4 ta thiy d6 1éch 1om nhit
cua gia tri d6 lan tinh dwoc tir mo hinh va sé liéu
quan trac thuc té€ 12 8 mm tai di€ém 12. Tinh theo
% so véi tong d6 1un thi do léch 16m nhat1a 9% tai
diém sd 8. Do 1éch nho nhat 0 mm tai diém 9. V&i
d6 1éch nho nhw vay cho thdy cAc m6 hinh ldn da
xac dinh & trén bdo ddm do phu hop cao. Mirc do
phtu hop dwgc minh hoa tryc quan trén Hinh 3.

0 S 50 100 150
50 "‘-—.._H“l
.‘-‘“.-HH""—?-. h
-100 e
-150
—&— Quan tra Dur bao
b. Piém 11
0 e
D &
0 TS 50 100 150
~
50 N
100 h g
~
150
—e— Quan trac Dur bao
d. Piém 13

Hinh 2. Biéu do so sdnh dwong cong dé Iin.

Bdng 4. So sdnh gid tri quan trdc va gid tri dw bdo.

- " ChuKy5
Diemmoc = quan trac (mm) | Gia tri du bao (mm) | D6 léch (mm) | Sai s/ Tong do lin (%)
8 73 66 7 9
9 98 98 0 0
10 122 127 5 4
11 126 133 7 6
12 131 139 8 6
13 171 177 6 4
14 211 215 4 2
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—&— Quan trac
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400 500 600 700

« Dy bao

Hinh 3. Biéu do dwing cong do liin ctia cdc diém trén tuyén quan trdc 2 tai chu ky 5.

4. Kétluan

Ung dung 1y thuyét hé théng xam thanh lap
mo hinh GM(1,1) trong phéan tich va du bao ldn c6
tinh rng dung rong rai, do chinh xac dam bao yéu
cau. Tuy nhién, khi trng dung ly thuyét nay can luu
y yéu cau déi véi so liéu dau vao 1a thoi gian quan
trac phai cach déu, day s6 liéu khong am;

Do léch 16n nhit gitra két qua dw bao va so
liéu quan tric 12 9% do ltn thuc té. Vi vay, (ng
dung ly thuyét hé thong xam thanh 1p mo hinh
trong phén tich va dw béo lin bai thai cho két qua
dat dd chinh xac theo tiéu chuan Viét Nam vé Trac
dia mé;

Khi tién hanh dv bao, chi nén tinh cho mot s6
it gia tri dw bao cta cac chu ky tiép theo, vi s6 chu
Ky du bao cang nhiéu thi sai s6 m6 hinh cang lén.
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ABSTRACT

Application of the Grey Model on analysing and predicting the
subsidence of the waste dump of open-pit mines

Canh Van Le 1, Khanh Quoc Pham 1
1 Faculty of Geomatics and Land Administration, Hanoi University of Mining and Geology, Vietnam

The Grey model is used widely to predict the ground subsidence. In this study, the model was applied
to predict the subsidence of the surface of the Chinh Bac waste dump in the Nui Beo open-pit mine. The
parameters of the model were determined using the data acquired from the first four cycles of seven
marks’ observation. The model was employed to predict subsidence in the next cycles. The assessment of
the model based on P and C standards with P = 1 and C = 0.001. A comparison of the results from the
model and reference data showed that the maximum error was just under 10% of subsidence. These
results satisfied the requirement of predicting mining subsidence. Therefore, the Grey model can be used
effectively to predict the subsidence of the waste dump of open pit mines in Quang Ninh.

Keywords: Grey model, Chinh Bac waste dump, waste dump subsidence prediction, Nui Beo coal
mine.
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