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Tém tét: O nwéc ta hién nay, nganh khai thac
ma 16 thién c6 moét vi tri dac biét quan trong trong
céng cudbc phét trién coéng nghiép héa — hién dai héa
dat nuoc. Céc khoang san khai thac béng céng
nghé khai thac 16 thién (KTLT) déng gdép Ién cho
nén kinh té dat nuéc nhu: Than, déng, sat, bauxit, ...
Tuy nhién, cac mé than khai théac xubng séu, chiéu
cao bo 16n, phay pha dut gay nhiéu, nhiéu I16p da
kep; khai thac phai khoan né min, mét sé6 mé c6 nén
dat yéu dan dén hién tuong chuyén dich, bién dang
b mé dnh huwéng rét I6n dén hoat dong khai thac
ma, gay nguy co mat an toan cho nguoi va thiét bj
khai thac hoat déng ciing nhw ha tang, tai sn, con
nguwoi xung quanh mé. Vi vay, viéc quan trdc
chuyén dich céc b mad 16 thién trong qua trinh khai
théc la hét strc cén thiét. Trén co s& phan tich hién
trang vé khai thdc ma, diéu kién dia hinh dia mao tai
céc ma 16 thién, bai bdo dé xuét gidi phap kha thi va
nang cao hiéu qué coéng tac quan tréc chuyén dich
ngang b ma 19 thién.

Tw khéa: Quan tréc chuyén dich b mé, mé 16
thién.

Abstract: In our country, the surface mining
industry currently holds a particularly significant
position in the nation's industrialization and
modernization process. Minerals exploited using
open-cast mining technologies contribute
significantly to the country's economy, including
coal, copper, iron, bauxite, and more. However,
deep coal mining operations often
substantial bank heights, multiple geological faults,
extensive rock layers, and the need for blasting.
Some mines are situated in areas with weak ground
conditions, resulting in  significant  ground
subsidence, deformations, and open pits, posing a
substantial safety risk to personnel, equipment,
infrastructure, assets, and the surrounding

involve
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environment. Therefore, monitoring the horizontal
displacement of mine banks in the process of mining
is highly necessary. Based on an analysis of the
current mining practices, topographical and
geological conditions at open-pit coal mines, this
article proposes feasible solutions to enhance the
effectiveness of monitoring and managing bank
displacement at these mining sites.

Keywords: mine horizontal

displacement, surface mine, open pit mine.

Monitoring

1. Dat van dé

Cong tac quan tréc chuyén dich bién dang bo
mé 16 thién, dwa ra cac canh béo sém vé tinh trang
4n dinh b&> md 1a hét stre can thiét trong qua trinh
khai thac. C6 mot sb phwong phap quan trac
chuyén dich b& mé 16 thién: phwong phap trac dia
voi cac tri do truyén thdng (géc do, canh do),
phwong phap trdc dia véi cac tri do GNSS, do
chuyén dich ngang bang inclinometer, quét Laser
mat dat. M&i phwong phap déu cé nhivng wu nhuoc
diém khac nhau. Bai bao dwa ra phuwong an két hop
gitra cdng nghé dinh vi vé tinh GNSS va toan dac
dién t& nham tan dung cac wu diém, khac phuc
nhwoc diém cla trng phwong phap, dua ra giai
phap kha thi va nang cao hiéu qua kinh té, ky thuat
cong tac quan trac chuyén dich b&> mé 16 thién.

2. Pac diém, hién trang b& mé 16 thién va céac
khé khian trong cong tac quan trdc chuyén
dich

Cac mo 16 thién khai thac khoang san nhu:
Than, ddng, sat, bauxit... & nwéc ta hién nay cha
yéu nam tai cac khu vuc dbéi nui, dia hinh dia mao
phtrc tap, quy mo, dién tich md I&n, d6 déc, chiéu
cao bo mé lon, phia trén b mé thwong la tham
thwe vat day va cao.
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Hinh 1. Mét sé hinh anh IGn, nat, sat truot b mé 16 thién

Trong qua trinh khai thac viéc khoan nd min, xe
may hoat dong lién tuc, gay nén nhiéu khéi bui,
nhiéu vi tri cé hién twong rung lac bé mat, nhiéu mo
16 thién b&d md bi lan, nit, sat, trwot I&én. Mat khac,
cac md 16 thién déu ndm trén khu vuc dia hinh phire
tap, chia cét, cac vi tri sat truot thwdng & nhirng vi
tri nguy hiém dan dén coéng tac quan trdc chuyén
dich gép rat nhidu khé khan. Khi s dung cac
phwong phap quan tréc nhw da néu & trén ap dung
véi tirng diéu kién cu thé tai méi mé déu cé thé gap
phai nhitng vwédng méc, bat kha thi. V&i phuong
phap quan trdc chuyén dich ngang bang
inclinometer thi viéc thi cong hé théng mébc quan
tréc rat tén kém, thiét bi khong dap &ng duwoc véi
b& md c6 dé cao Ién. Quan trac chuyén dich ngang
bang quét Laser mat dat viec dau tw thiét bi la
twong déi tén kém, d6 chinh xac con chua dwoc
kiém ching. Con ddi véi phwong phap trac dia viéc
lwa chon dd hinh do dam bao théng hwéng gitra cac
diém do ddi khi khong thé dat dwoc, mot sb diém
quan tric hodc diém ludi co sé lai khéng dam bao
théng thoang 1én bau tr&i d& nhan tin hiéu vé tinh
khi st dung cac may thu GNSS.

Viéc két hop gitra cong nghé GNSS va may toan
dac trong do dac quan trac chuyén dich b mé 16
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thién cé thé khic phuc nhitng han ché cha cac
phwong phap trén, giup linh hoat trong lwa chon so
dd do, tiét kiém thoi gian, chi phi do dac.

3. Két hop cong nghé GNSS va toan dac dién
tir xay dwng lwéi quan trac chuyén dich ngang
b® mé 16 thién

Lwdi quan trac chuyén dich ngang théng thudng
gdm 2 bac luwéi: Lwdi khéng ché co s& va lwéi quan
tréc. Viéc két hop gitra cong nghé GNSS va toan
dac dién t&r xay dwng lwdi quan trac chuyén dich
cho cac b mé 16 thién thuwdng coé thé ap dung cac
dang db hinh sau:

- Lwéi co s& do bang cong nghé GNSS, luéi
quan tréc do bang toan dac dién tlr. Phuong an két
hop nay thwong dwgc ap dung khi viéc dat cac
diém co s& yéu cau tai nhirng vi tri 6n dinh nhung
lai khéng ddm bao théong hwéng khi do bang may
toan dac dién t;

- Lwéi co s& do bang cong nghé GNSS, luéi
quan tréc do béng toan dac dién t&r két hop GNSS.
Phwong an két hop nay dwoc ap dung khi khéng
lwa chon duoc diém dat lwdi co c& ddm béo thong
hwédng dé& do bang may toan dac dién ttr, mot sb
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diém quan tréc cling khéng théng hwéng dén céac
diém co s&;

- Lwéi co s& do bang toan dac dién to, luoi
quan trac do bang toan dac dién t& két hop GNSS.

Luoi co s& do bang cong nghé GNSS, lugi quan tréc
do bang toan dac dién tir két hgp GNSS

Vi dang két hop nay cac diém luwéi co s& dap tng
duoc diéu kién thong huéng khi do bang toan dac
dién t nhuwng mot sb diém quan tréc lai khong
théng hwéng dén céac diém co sb.

cs4 QTL

Luoi co s& do bang toan dac dién tir, Iwoi quan trac
do bang toan dac dién tr két hop GNSS

Ccs3

Luai co s& do bang cong nghé GNSS, ludi quan trac
do bang toan dac dién td

Trong do:

Céc diém CS la diém thudc lwéi co sé; QT la cac diém thudc ludi quan tréc

— — — — — — lahwéng trj do GNSS

la hwéng céc tri do do bang may toan dac dién tlr (goc, canh)

Hinh 2. Mét sé dang dé hinh luéi quan trdc chuyén dich ngang bo'mé 16 thién
két hop giira trj do GNSS va trj do toan dac dién tir

Tuy vao diéu kién thuc té tai trng mé, co thé lva
chon két hop theo cac phwong an luwéi nhw trén
hodc mot sb dang két hop khac. Viéc két hop gitra
cong nghé GNSS va toan dac dién t&r khi xay dwng
lwéi quan trdc chuyén dich ngang bd mé sé tan
dung dwoc wu diém, khac phuc dwoc nhuoc diém
clia ttrng phwong an.
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4. Xt ly s6 liéu lwéi quan trac chuyén dich

ngang két hop gitra tri do GNSS va tri do toan

dac dién tor

a) X ly sé liéu danh gié dé én dinh céc méc co sé
C6 mot sbé phwong phap dé xt& ly sb liéu, danh

gia do 6n dinh méc co sé, trong d6 phwong phap

binh sai lwéi ty do thuwdng dwoc st dung.
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Quy trinh danh gia do &n dinh mbc co s& quan
trdc chuyén dich ngang két hop gitra tri do GNSS va
tri do toan dac dién t& gibng nhw quy trinh danh gia
dd 6n dinh mbc co s& lwéi mat bang do bang may
toan dac dién t& chi khac sé liéu dau vao cé thém
cac véc to canh GNSS (Ax, Ay) trong hé toa d6
phang v&i ma tran twong quan Qar.

Phwong trinh s6 hiéu chinh gia sb toa d6 phang
AX, Ay cla cac tri do GNSS:

Xét hai diém i, k cd cac gia sb toa dd Axi, Ayi
cla cac baseline do, ta lap dwgc phwong trinh tri
binh sai nhuv sau:

Axik X =X

Y ik Ye = Y
vAX, =—dx, +dx, +IAx,
VAyik :_@/i +@}k +'I‘Ayik

)

Cac sb hang tw do IAxi, |Ayik dwoc tinh tir toa do
gan dung clta cac diém i, k va cac gia sb toa do
phéng cla cac baseline do cta diém i, k theo cong
thire sau:

A =(xlg _xfo)_Ax{k
1Ay = (v = ¥]) = Ay,

Dbi véi cac gia sb toa dd phdng Ax, Ay cla cac
tri do GNSS, trong sé PAr dwoc tinh tr ma tran
twong quan Qar:

®)

— 1 — 1
o 0 Po, )

Khi binh sai két hop lwdi tri do GNSS va tri do
mat dat, sai s6 trung phwong don vi trong sb
thwong khac xa 1 do trong sb clia cac tri do GNSS
khi dwa vao binh sai phan anh khéng dung sai sé do
GNSS. Vi vay can chuan hoéa lai trong sb cla cac tri
do GNSS va tién hanh binh sai lai.

p Ax

Cac buwdc tinh toan trong binh sai 1an 2 giéng
nhw trong binh sai 14n 1, chi khac la toa d6 gan
dung ctia cac diém can xac dinh dwoc lay bang toa
dd sau binh sai 14n 1 va trong sb cla céc tri do
GNSS dwoc chuédn hoéa bang cach nhan thém véi
1/u? ; v&i p1 la sai sb trung phuwong trong sb don vi
khi binh sai lan 1.

Trwéc khi dwa vao binh sai két hop gitra tri do
GNSS va tri do ciia may toan dac dién tt thi cac tri
do GNSS can hiéu chinh canh do chju sw bién dang
clia phép chiéu véi cong thirc da biét nhw sau:

2 (5)
AS oy = S[mo - 1+}—mg]

m
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Gia tri hiéu chinh nay dwoc chuyén dbi cho cac
gia sb toa dd (Ax, Ay) nhu sau:
dAx= ASytmCosa.
dAy= ASyrmSina (6)
Trong do: a la goc phwong vi clia canh baseline
tri do GNSS.

Viéc danh gia dd 6n dinh méc chuan bang
phwong phap binh sai lwdi ty do v&i nhibng thuat
toan nhw trén c6 thé dwoc moé hinh héa bang
chwong trinh may tinh.

b) Xt ly sé liéu, binh sai lui quan tréc

Lwéi quan trac chuyén dich ngang dwoc xi ly
bang phwong phép binh sai phu thudc, trong dé sb
lidu gbc 1a toa d6 cla cac diém lwdi co s& sau khi
da danh gia do 6n dinh.

V6i lwéi quan trdc chi gdm nhirng tri méat dat
théng thudng thi phwong trinh sb hiéu chinh can 1ap
chi gdm phwong trinh s hiéu chinh tri do géc va
phwong trinh sé hiéu chinh tri do canh. Vé&i ludi
quan trac két hop gitra tri do GNSS va tri do mat
d4t, ngoai phuwong trinh sé hiéu chinh céac tri do mat
d4t can lap thém phuong trinh sb hiéu chinh cac gia
sb toa do (Ax, Ay) theo cac cong thie (1), (2), (3),
trong sé xac dinh theo cong thirc (4).

c) Tinh toan céc théng sé dich chuyén ngang

Déi véi cong tac quan tréc chuyén dich ngang b
md 16 thién, dé& cung cap sé liéu cho cac k§ sw thiét
ké khai thac danh gia dd &n dinh b& mé, can tinh
toan cung cap cac thdng sé chuyén dich cuc bo tai
ting vi tri quan tréc nhw sau:

+ Chuyén dich theo huwéng truc toa do:
- Chuyén dich theo theo huwéng truc X vatruc Y:
Q=X0-X0
Qy=Y0-y® )
- Gia trj Vector chuyén djch téng hop:

Q=0+ Q3 (8)
- Hwéng cia Vector chuyén djch:
= &
a = Arctg ™ 9)
- Téc d6 chuyén dich téng hop:

v=2

A (mm/ngd) (10)
+ Chuyén dich theo huéng tuyén (hwéng ap luc):

- Gia trj chuyén dich theo huéng tuyén:

Qy = QxCosp + Q,Sing (12)

- Téc d6 chuyén dijch theo huwéng tuyén:
Vy = % (mm/ngd) (12)
59
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Trong do6:

X0, YO, X0 Y0 |3 toa d6 diém quan trdc, dwoc
xac dinh trong 2 chu ky i va j twong tng.

¢ 1a géc phwong vi cla hwéng tuyén (hwéng ap
lwe).

Ngoai cac théng sb chuyén dich cuc bd nhw trén,
tuy theo yé&u cau cutia cac ky sw thiét ké khai thac co
thé xac dinh thém cac théng sb chuyén dich téng
thé khac.

5. S6 liéu quan trac thwe té

Trong phan thyc nghiém nay, chdng téi trinh bay
két qua do dac quan trac tai md 16 thién khai thac
quang kim loai nam tai khu viec mién nui phia Bac
Viét Nam. Mo 16 thién ndm tai khu vuc c6 dia hinh
nai dat da hén hop, dia chat, dia hinh phic tap,
phia trén b& mé la rirng cay, phia dwéi bd mé la
khai trwong hang ngay xe, may khai thac va cong
tac khoan né min hoat déng lién tuc. B& mé co hién

twong nat, sat truot thay rd, nhiém vu clia céng tac
quan tréc 1a xac dinh va cung cép chinh xac gia tri
chuyén dich va téc d6 chuyén dich trong thdi gian
quan trac cho cac ky suw thiét ké khai thac mé danh
gia do 6n dinh cha b mé va dwa ra cac giai phap
an toan dé tiép tuc khai thac.

Céc diém quan trac chuyén dich da dwoc cac ky
sw khai thac thiét ké tai nhirng vi tri sat trwot va co
nguy co chuyén dich I&n theo cac tuyén vudng goc
Vi b mé. Véi céc vi tri diém quan trac da xac dinh,
diéu kién dia hinh thi khéng thé lwa chon phuwong
an quan trac don thuan lwdi mat dat hodc ludi
GNSS. Phuwong an tdi wu dwoc dwa ra do 1a két
hop gitra cac tri do GNSS va céc tri do mat dat cla
may toan dac. Trong do, lvéi co s& dwoc do bang
céng nghé GNSS sir dung 04 may thu GNSS 2 tan
Leica GS14 d6é chinh xac do tinh 3mm + 0.1ppm.
Lwéi quan tréc dwoc do badng may toan dac dién tor
Leica TS09 dd chinh xac do goéc 27, do canh 2mm +
2ppm.
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Két qua danh gia do &n dinh méc chuan.

Bang 1. Két qua danh gié dé 6n dinh méc chudn

Toa do
D6 léch
Tén Chuky 0 Chu ky 4 Panh gia
X (m) Y (m) X (m) Y (M) Qx(m) | Qy (m) | Q (M)
CS1 | 2502564.109 | 378053.822 | 2502564.107 | 378053.821 | -0.002 | -0.001 | 0.002 on dinh
CS2 | 2502316.963 | 378426.682 | 2502316.961 | 378426.683 | -0.002 | 0.001 | 0.002 4n dinh
CS3 | 2501505.786 | 377490.799 | 2501505.751 | 377490.790 | -0.035 | -0.009 | 0.036 Khéng 6n dinh
CS4 | 2502003.746 | 377333.779 | 2502003.744 | 377333.778 | -0.002 | -0.001 | 0.002 4n dinh
Két qué tinh toan chuyén dich ngang. ] ]
Bang 2. Toa dé cac diém quan trac
Toa doé
STT Tén méc Huwéng tuyén Chu ky 0 Chu ky 4
X (m) Y (m) X (m) Y (m)
1 L1-2 49 06 18 2501631.145 377635.216 2501631.217 377635.254
2 L1-3 49 06 18 2501770.79 377796.425 2501772.583 377797.623
3 L1-4 49 06 18 2501851.822 377889.971 2501852.733 377890.815
4 L1-5 49 06 18 2501870.259 377911.253 2501870.982 377911.878
5 L1-6 49 06 18 2501922.684 377971.838 2501922.881 377972.103
6 L3-1 520501 2502087.722 377441.676 2502087.727 377441.681
7 L3-2 520501 2502157.549 377531.534 2502157.559 377531.551
8 L3-3 520501 2502209.449 377598.178 2502209.442 377598.199
9 L3-4 520501 2502239.755 377637.13 2502239.743 377637.144
10 L3-5 520501 2502292.255 377704.414 2502292.243 377704.443
11 L2-1 511037 2501843.45 377559.079 2501843.471 377559.1
12 L2-2 511037 2501881.949 377607.301 2501881.988 377607.343
13 L2-3 511037 2501909.09 377641.105 2501909.133 377641.159
14 L2-4 511037 2501996.758 377749.479 2501996.838 377749.563
15 L2-5 511037 2502024.549 377784.053 2502024.673 377784.149
16 L2-6 511037 2502059.347 377827.38 2502059.428 377827.461
Bang 3. Két qua tinh toan tham sé chuyén djich
Chuyén dich theo hwéng truc toa do Chuyén dich theo
-Sr-ér Tén | Hudng tuyén Huwéngc/ | Téc d6 cf dich hu’('m% tuyhén -
Qcm) | Qv | QMM | Gich 0™ | (mmingdem) | Qt (Trﬁfnfrfgfé‘éﬁ;
1 L1-2 49 06 18 0.072 0.038 | 0.081 64 58 44 1.4 0.076 1.3
2 L1-3 49 06 18 1.793 1.198 | 2.156 60 56 43 35.9 2.079 34.7
3 L1-4 49 06 18 0.911 0.844 | 1.242 554758 20.7 1.234 20.6
4 L1-5 49 06 18 0.723 0.625 | 0.956 56 48 59 15.9 0.946 15.8
5 L1-6 49 06 18 0.197 0.265 | 0.330 51156 5.5 0.329 5.5
6 L3-1 520501 0.005 0.005 | 0.007 54448 0.1 0.007 0.1
7 L3-2 520501 0.010 0.017 | 0.020 49 14 27 0.3 0.019 0.3
Tap chi KHCN Xay dung - s 3/2023 61
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Chuyén dich theo hwéng truc toa dd Chuyén dich theo

$$ Tén | Huong tuyén Huong o/ | Téc dd of dich noong e
Qx(m) | Qy(m) | Q(m) dich (0'") (mm/ng.dém) Qt z—rg;(/jr?gcégrﬂ;

8 L3-3 520501 -0.007 0.021 | 0.022 46 30 31 0.4 0.011 0.2
9 L3-4 520501 -0.012 0.014 | 0.018 5247 32 0.3 0.003 0.0
10 L3-5 520501 -0.012 0.029 | 0.031 47 1542 0.5 0.014 0.2
11 L2-1 51 1037 0.021 0.021 0.030 54448 0.5 0.030 0.5
12 L2-2 51 1037 0.039 0.042 | 0.057 534559 1.0 0.057 1.0
13 L2-3 511037 0.043 0.054 | 0.069 515753 1.2 0.069 1.1
14 L2-4 51 10 37 0.080 0.084 0.116 54525 1.9 0.116 1.9
15 L2-5 51 10 37 0.124 0.096 0.157 58 3134 2.6 0.154 2.6
16 L2-6 51 10 37 0.081 0.081 0.115 54 44 8 1.9 0.114 1.9

Tw két qua thuwe nghiém cé thé nhan thay rang,
két hop gitra cong nghé GNSS va may toan dac
trong céng tac quan tréc chuyén dich ngang b mé
16 thién da gidi quyét dwoc cac van dé khé khan ddi
v&i cdng tac nay. Cac két qua danh gia do chinh
xac lwéi co s& va lwdi quan trac déu dat yéu cau.
Céc gia tri chuyén dich ngang phu hop véi quy luat
va da xac dinh duwogc cac vi tri cuc bd cd dich
chuyén lén tr d6 cung cép sb liéu chinh xac, can
thiét cho bd phan thiét k& danh gia én dinh by mé
va dwa ra bién phap x& ly an toan cho hoat déng
khai thac mé trong thdi gian tiép theo.

Trong khuén khd cta bai bao, tac gia maoi tiép
can dwoc cong tac quan trac chuyén dich ngang be
mé & trén v&i phwong an két hop lwdi co s& do
bang cdng nghé GNSS, Iwéi quan trdc dwoc do
bang may toan dac dién t&r. D& chirng minh y nghia
thwe tién hon nivra ctia phwong phap két gitra cong
nghé GNSS va toan dac dién t&r trong cong tac
quan trdc chuyén dich ngang b& mé 16 thién can
tiép can va do dac thuc té véi cac dang két hop
khéc.

5. Két luan

(ng dung cbéng nghé dinh vi vé tinh GNSS két
hop véi may toan dac dién tlr da gidi quyét nhirng
khoé khan, bt cap trong céng tac quan tréc chuyén
dich bo mé 16 thién, giup linh hoat trong Iya chon so
dd do, tiét kiém thoi gian, chi phi do dac.

Viéc xt ly sb liéu, binh sai lwéi co s&, lwdi quan
tréc két hop gira cac tri do GNSS va tri do mét dat
clia may toan dac dién tlr c6 nhirng dac diém riéng
vi vay can dwoc quan tam dic biét. Cé thé tw dong
tinh toan xt ly s6 liéu cho dang lwéi két hop nay véi
chwong trinh xt ly sb liéu, binh sai trén may tinh.
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Ngoai céng tac quan tréc chuyén dich ngang thi
cobng tac quan trac d6 1un bd mé 16 thién ciing can
duoc thwe hién. Hién nay, coéng tac quan tréc lin
chd yéu str dung phwong phap do cao hinh hoc, c6
nhirng vi tri khéng thé thwe hién dwoc do dia hinh
khé khan, chia cét, chénh cao lén. Vi vay can
nghién ctru phwong phap do dac quan tréc do Iun
dadm bao dd chinh xac va kha thi khi quan trac
chuyén dich bién dang b& mé 16 thién.
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