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B KHAI THAC LO THIEN

Nghién ciru cac so dd cong ngh¢ khai thac chon
loc hop ly cac via phire tap doc thoai bang may
xuc thuy luc gau ngwoce cho cac mo than 19 thién

>> TS. Lé Pirc Phwong, Hoi Khoa hoc Cong ngh¢ M6 Viét Nam

Tém tat Bai béo trinh bay gdm 7 so dd cong nghé khai thac chon loc hop ly cac via phuc
tap doc thoai bang may xuc thuy luc gau nguoc (MXTLGN) cho cac mo than 19 thién viung
Quang Ninh trong 5 truong hop: Khi chiéu day nam ngang toan bg cua via Mn < Mn mx; khi
via ¢6 chiéu day M;, mx < M;, < My, oto nhung ‘chiéu day nam ngang cua 16p than bam tru via
Mt < Mn mx; khi 16p than bam try via c¢6 chi€u day Mn mx < Mnt < Mn or0; khi 16p than bam
try via c6 chiéu day Mnt > M oto; khi via ¢6 chiéu day Mn > M oto nhung Mt < Mn mx.
Trong cac so do d6 co mot SO sO d6 c6 thé sir dung MXTLGN phdi hop vOi may xuc thuy
lyc gau thuan (MXTLGT) dé khai thac than. Trong mdi so dd déu co g101 thiéu cong thirc
tinh toan kho1 luong dat da boc; diéu kién ap dung va uu, nhuoc diém cua SO d6 d6. Hoan
toan c6 thé coi cac so dd cong nghe khai thac via than c6 cau tao phirc tap déc thoai nhu sé
dugc trinh bay trong bai bao [a nhimg so dd c6 ty 1¢ tén that va 1am ban than nho nhat.

Abstract: The paper presents 7 technological diagrams for the rational selective exploitation
of complex structure, gently sloping coal seams using a backhoe hydraulic excavator for
open-pit coal mines in 5 cases: When the total horizontal thickness of the seam My < My mx,
when the seam thickness My, ,,, < M,, < M,, ot0 but the horizontal thickness of the coal layer
attached to the seam Mut < My mx; when the coal layer attached to the seam thickness My mx
< Mut < My oto;, When the coal layer attached to the seam thickness Mut > My oto; Wwhen the
seam thickness My > My oto but Myt < My mx. In those diagrams, there are some diagrams
that can use backhoe hydraulic excavator in combination with hydraulic excavator with
forward bucket for coal mining. Each diagram introduces the formula for calculating the
volume of excavated soil and rock; the conditions of its implementation and its advantages
and disadvantages. It is possible to consider the technological diagrams for mining coal
seams with complex structure and gentle slopes as presented in the article as the diagrams
with the smallest coal loss and contamination rates of coal.

1. Mé& dau
Viéc khai thac cac via than rnong va cb

so do cong nghe khai thac chon loc cho cac
via ddc thoai co cau tric phuc tap su dung

cAu trac phtc tap bang cac loai may xtc co
khi thuong di kém voi ton that 16n do pha1
dé lai lop than kha day tai cac diém tlep xuc
voi da vay quanh va ¢ cac khu vyce c6 su xao
tron dia chat chleu day via thay d6i, v.v. Co
thé giam ton that than va nhiém ban bang
cach su dung may xuc thuy lyc hién dai loai
gau nguoc do tinh da dang cua chuyen dong
gau, co thé xtic theo bat ky quy dao va chiéu
cao guong khai thac nao. Do do, viéc nghlen
ctru cong nghg khai thac chon loc céc via co
cAu triic phtc tap bang thiét bi xuc bdc hién
dai 1 van dé cp bach dbi voi nganh than ¢
vung Quéang Ninh. Bai bao trinh bay vé cac

may xuc thuy luc gau nguoc lam co s ap
dung cho cac mo than 19 thién trong céc diéu
kién dia chat khac nhau.

Cac so dd cong nghé khai thac chon
loc hop 1y cac via phuc tap doc thoai bang
MXTLGN ap dung cho nhung phan via c6
goc cam y < 12° va bao gdm cac 16p dat da
kep phai boc tach chon loc. Cing tuong
tu nhu khi khai thac via mong doc thoai,
nguyen tac chung dé khai thac loai guong
nay la khoan n6 min dat da hao vach véi
chiéu cao bang chleu caotingh=15m hodc
chiéu cao phan tang h¢ = 5 m. Sau d6 tién
hanh boc tam giac dé treo trén vach via va
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B KHAI THAC LO THIEN

khai thac than trong pham vi chiéu cao phan
tAng hy bang cach chia thanh 3 dai hodc 3
16p khau. Dang via nay co thé tlen hanh khai
thac chon loc theo mot sé so dd cong nghé
duogc trinh bay sau day.

2. Cac so do cong nghé khai thac chgn
loc via phirc tap déc thoai

2.1 Tru’o‘ng hop chiéu day nam ngang
toan by ciia via khong di rong dé mdy xiic
dirng trén noc ting than Mn < Mn mx

2.1.1. Khi than ¢6 chat lwong tot, nhiéu
than cuc

Str dung MXTLGN dao hao chuan bi trén
ting lop (phan tang nho) ¢6 chiéu cao bang
chi€u sau xuc chon loc cua may xuc, chleu
rong trong dit d4 x phai thoa man ca 2 diéu
ki¢n: X = Rxmin + Rq + k, m va x > bo - Mp,
m (trong d6: Rxxmin - ban kinh xtc nho nhét
cua may xuc, m; Rq - ban kinh quay cua may
xuc, m; k - khoang ho can thiét gitta dudi
may xuc va suon tang, m; bo - chiéu rong
day hao, m); sau d6 st dung may xtc thuy
luc gau thuan (MXTLGT) tien hanh khai
thac than tir vach sang tru via va chit 1én 6 to
dung cung mirc. Vé nguyen tic chung, so dd
nay tuong ty nhu so d6 cong nghé khai thac
via mong doc thodi, khi Mn < Mn mx, than
chét luong tét, phéi hop gitra MXTLGN va
MXTLGT.

Hinh 1. So do cong nghe khai thac via
phiec tap déc thodi, khi Mn < Mn mx,
than chit lwong tot ding MXTLGN

phoi hop véi MXTLGT

Tuy nhién, v6i so do ndy can phai boc tach
cac 16p dat da kep co du chiéu day khai thac
chon loc ra khoi via than. So dd cong ngh¢
khai thac duoc thé hién ¢ hinh 1. Uu diém co
ban cua so do nay la dam bao dugc chat
lu’0’ng than, tang toc do xudng siu cua day
mo do c6 thé bd tri dugce MXTLGT ph01 hop
voi MXTLGN dé chuan bi ting mdi.

Nhuge diém 1a khoi luong chuan bj tang
16n, cong tac thoat nude can duge thyc hién
tot de MXTLGT va 6 t6 hoat dong c6 nang
suat cao ¢ day mo, 6 to khi cho dat da hao
chuén bi phai chay trén dat da da no min.

Khoi luong dat d4 ctia hao chuan bi trong
mot phan tang tinh cho 1 m dai theo phuong
duqc xac dinh theo cong thic:

= [0 Sh, (ctgy +ctga) + x]h

Trong d6: hy - chiéu cao phén tang, m;y - gbc

cam cua via, do; o - goc dbc suon tang, do.
Khéi lugng dat da can mo rong phan tang

trén tinh cho 1 m dai theo phuong dé tién

hanh khai thac phan tang thir 2 dudi d6 duoc

xac dinh theo cong thtc:

=h(ctgy +ctga) , m*

ml

Khéi lugng dit da can mo rong phan tang

1 va 2 tinh cho 1 m dai theo phuong dé tién
hanh khai thac phan tang 3 dugc xac dinh
theo cong thuc:
Vo =2V

m ml

+h(ctgy + ctgar)

=3h] (ctgy + ctga) , m*

Khéi luong dat da chudn bi tinh cho 1 m
dai theo phuong dugc xac dinh theo cong
thure:

vV, = [x +0,5h(ctgy + crga)]h m’

Khéi lwong dat da phai boc & cac tang
trén tinh cho 1 m dai theo phu’O’ng khi xuong
sdu 1 tang c6 chiéu cao h duoc xac dinh theo
cong thuec:

V. =nhV, =nh[B

#

+ h(ctgy + cfga)], m’

Trong dé: h - chiéu cao tang, m;
- 50 tang boc da trén d6i cong tac
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nam trén hao chuan bi;

Vi - toc do day ngang cua tuyén boc
da khi xudng séu 1 tang, m/n;

By - chiéu rong ctia mat tang d4 nam
sat ngay trén hao chuan bi, m.

2.1.2. Khi than c6 chdt lwong khéng cao,

it than cuc
Str dung MXTLGN boc tam gidc da bam
trén vach via cta timg phan tang theo tu’ng
dai khéu co chiéu cao bang chiéu sau xtc
chon loc cua may xuc, chicu rong day hao
trong da x = 0, m hodc cling ¢6 thé xuc theo
guong doc ting v6i dai khiu ngang bang
cach MXTLGN di chuyen thut 1ui cho téi
khi dat chiéu cao phan tang ht. Str dung may
gat lan luot day cac 16p than va dat da kep
(khi c6 d0 kién co cao thi lap thém bo phan
x61) xudng chan tang theo timg ddng riéng,
sau do su dung MXTLGN quay tro lai hodc
dung may xuc thir 2 lan luot xtc than, dat da
kep do may gat day xuong va chit 1én 6 6
ding cung muc. So d6 cong nghé khai thac
dugc thé hién & hinh 2.
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Hinh 2. So do cong nghé khai thdc via
phikc tap doc thodi, khi Mn < Mn mx, than

chit lwong thap, pho: hop gitta MXTLGN
va mdy gat

Uu dlem co ban cua so do nay la khi
lwong chuan bi trong tung phan tang nhd, nho
do tang duoc toe do xudng sau cia day mo.

Nhuoc diém 1a 1am vyn nét than, tang chi
phi khai thac do phai dung may gat dé day
than va dat da kep xudng chéan phan tang,
0 t0 khi chg dat da hao chuan bi ciing phai
chay trén dat d4 da nd min.

Khéi luong tam giac dat ¢a bam trén vach
via cia 1 phan tang tinh cho 1 m dai theo
phuong du’qc xac dinh theo cong thirc:

=0,5h] (ctgy + ctgar), m?

Kh01 luong dat da cAn mo rong phan tang
thir nhét tinh cho 1 m dai theo phuong dé
tién hanh khai thac phéan ting thi 2 dudi do
la:

V.. =|h(ctgy +ctga)+BJh,, m

Khéi luong dat da can mo rong phan tang
1 va 2 tinh cho 1 m dai theo phuong dé tién
hanh khai thac phan tang 3 1a:

V., =2V, +h’(ctgy +ctga)

m ml

= [3)?:I (ctgy +ctgar) + 23]]1I , m’

Khéi luong dat da chuan bi tinh cho 1 m
dai theo phuwong dugc xac dinh theo biéu
thure:

[0 Sh(ctgy + ctgar) + — B]]r m’

ch

Khéi lwong dat da phai boc & cac tang
trén tinh cho 1 m dai theo phu’O’ng khi xuong
sau 1 tang ¢ chiéu cao h duoc xac dinh theo
cong thuc:

V, =nhV, = nh[B, + h(ctgy + ctga)], m®

Ciing co thé su dung phdi hop gifra
MXTLGN, méy gat va MXTLGT hodc may
bdc dé tién hanh khai thac nhu sau: Sur dyng
MXTLGN dao hao chuan bi cta phén tang
theo tung dai khau c6 chiéu cao bang chiéu
sau xuc chon loc cua may xuc hodc ciing ¢o
thé xuc theo guong doc tang voi dai khau
ngang bang cach MXTLGN di chuyen thut
lui cho téi khi dat chidu cao ht, chiéu rong
day hao trong da vach x =b0 - Mnv, m; trong
d6 Mnv - chiéu day ndm ngang cua lop than
sat vach via. Su dung may gat lan luot day
than va dat da kep xudng chan tang theo ting
dong riéng, sau do6 dung MXTLGT hodc
mdy boc lan lugt xtc than, da kep do may
gat day xuong va chat 1én 6 to dung cung
mirc. So d6 cong nghé khai thac duoc thé
hién & hinh 3.

4  Bantin Twvan & Cong nghé M6
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Céac khbi luong dat da can boc chu yéu
phia vach via cua so d6 nay cling dugc tinh
toan theo cac cong thirc ciia so d6 hinh 1 nhu
da duoc trinh bay 0 trén.

Uu dlem cta so dd nay 1a tang duoc tbe
d6 xudng sdu cua ddy mo do ¢o thé b tri
dugc MXTLGT hodc may boc tham gia xuc
than va cing m¢ rong phén tang.

Nhugc dlern la lam vyn nat than, khoéi
luong chuan bj trgng 1 phan tang 16n, pong
tac thoat nude can dugce thuc hién tot dé
MXTLGT hodc may bdc va 6 to hoat dong
cO nang . sudt cao & day mo, 6 to khi cho da
hao chuan bi ciing phai chay trén dat da da
no min, tang chi phi do phai dung may gat
de day than va dat da kep xudng chan phan
tang

L 7
I P
P T =y,
R 7 = T e

Hinh 3. So do cong nghé khai thdc via
phirc tap doc thodi, khi Mn < Mn mx, than
chit lwong thip, phoi hop gm’a MXTLGN,

MXTLGT va may gat

2.2 - Trwong hop via cé chiéu day nam
ngang toan by Mn mx < Mn < Mn 6t6
nhwng chiéu day nam ngang ciia l6p than
bam tru via Mnt < Mn mx

Trudng hop via ¢6 chiéu day nam ngang
toan bd My 16n hon hodc bang chiéu rong dé
may xtc ding trén noc tang than Mn mx va
nho hon chiéu rong dé 6 t6 hoat dong trén
noc tang than M st nhung chiéu day nam
ngang cua 10’p than bam try via Mn¢ nho hon
Mn mx ngoai cac so dd cong nghe khai théac
da dugc trinh bay ¢ myc 2.1 con ¢6 thé sir
dung MXTLGN dung trén noc tang than

dé khau than va chat vao 6 to dimg ¢ muc
dué6i véi chiéu rong day hao trong da can
pha1 thoa man ca 2 didu kién: x > b0 - Mn,
m va X > Rxmin + Rq + k - (Mn - Mnt), m.
Viéc boc da hao chuan bi va khai thac than
trong mdi phén tang dugc tién hanh theo
ting lop Chiéu cao ctia mdi 16p bang chiéu
cao xtic chon loc cua may xtc. Khi khai thac
16p than bam tru can phai str dung MXTLGT
khiu theo guong doc tang va chat tai 1én 0 t0
dimg cung muc. So d6 cong nghé khai thac
dugc the hién ¢ hinh 4. Trong truong hop
nay can phai co6 bién phap thoat nudc & day
mo tot.

Céc khoi llIO’l’lg dat da can boc chi yéu
phia vach via cta so do nay cling dugc tinh
toan theo cac cong thirc ciia so d6 hinh 1 nhu
da dugc trinh bay & trén.

Hinh 4. So do cong nghe khai thac via

phite tap déc thodi, khi Mn mx < Mn <

Mn 6to, Mnt < Mn mx, than chit lwong
tot, phéi hop giva MXTLGN va MXTLGT

2.3 - Trwong hop I6p than bam tru via co
chiéu day Mn mx < Mnt < Mn 6t6

Vi¢e khai thadc dang via nay cé nguyén
ly chung twong ty nhu khai thac via mong
dbc thoai, tirc 1a su _dung MXTLGN du’ng
trén noc tang than dé khau than va chat vao
6 t6 dimg ¢ mirc dudi v6i chidu rong day hao
trong da vach x = b0 - Mn. Vi¢c boc da hao
chuan bi va khai thac than trong mo1 phan
tang duoc tién hanh theo timg 16p. Chiéu cao
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ctia mdi 16p bang chiéu cao xtc chon loc cua
may xuc. Khi boc da, may xtc va 0 to dung
cung muc hoac khac muc, con khi khau
than, 6 t6 ding ¢ mac dudi. Khi xtc dat da
mo rong tung phan tang, 6 t6 c6 thé dung
cung muc véi rnay xtc hodc ¢ mirc dudi.

Tuy nhién, véi truong hop nay can boc
tach cac 10p da kep c6 du chiéu day khai thac
chon loc ra khdi via than. Khi khai thac lop
than bam try MXTLGN ¢6 thé dung trén noc
tang than tién hanh khau than theo guong
xtc phia duéi va chit tai vao 6 t6 dimg ¢
murc dudi. So d6 cong nghé khai thac duoc
thé hién ¢ hinh 5.

DTITTTT DI bervrr

H

Hinh 5. So do cong nghé khai thdac via
phike tap déc thodi, khi Mn mx < Mn <
Mn 6t6, Mnt > Mn mx, than tét

Céc khoi luong dat da can boc chi yéu
phia vach via cta so do nay cling dugc tinh
toan theo cac cong thirc cuia so d6 hinh 1 nhu
da dugc trinh bay & trén.

2.4 - Truwong hop I6p than bam try via cé
chiéu day Mnt > Mn 6té

Trong truong hop 16p than bam tru c6
chleu day nam ngang Mnt l6n hon hodc
bang chi€u rong du 16n dé 6 to hoat dong
trén noc tang than Mn 6t6, ngoai cac so do
nhu dé duoc trinh bay & cac myc trén con ¢
thé st ~dung MXTLGN dung trén noc tang
than dé khau than va chat 1én 6 t6 du’ng cung
mirc. Nhin chung so d6 nay ciing c6 nguyén

1y khai thac tuong tu nhu so d6 khai thac via
mong doc thoai co Mpt > M 610, tirc 12 dung
MXTLGN duang trén noc tang than dé khau
than va chat 1én 6 t6 du’ng cung muc. Viéc
boc da hao, chuan bj va khai thac than trong
mdi phan tang dugce tién hanh theo tirng lop
Chiéu cao cua mdi 10’p bang chiéu cao xuc
chon loc cua may xtc. Trong truong hop
nay co thé thu hep day hao chuan bj trong
da vach trén moi phan tang voi x = 0, m. Khi
boc da va khai thac than may xuc va 6 t6 déu
ding cung muc.

Tuy nhién, c6 sy khac biét 1a can phai boc
tach riéng cac 16p than va da kep co du chiéu
day khai thac chon loc. So d6 cong nghé
khai thac dugc thé hién & hinh 6. Tt nhién,
khi day mo dugc thoat nude t6t nén dua 6 t6
xuong murc dudi dé nang cao ning suit ctia
ddng bo thiét bi.

Céc khéi luong dat da can boc chu yéu
phia vach via cua so d6 nay cling dugc tinh
toan theo cac cong thirc clia so d6 hinh 1 nhu
da duogc trinh bay ¢ trén.

w7

Hinh 6. So do cong nghe khai thac via phirc
tap déc thodi, khi Mn mx < Mn < Mn 6to,
Mnt> Mn mx, than tot

2.5 - Trwong hop via cé chiéu day Mn >
Mpn 6to6 nhung Mnut < Mn mx

Viéc khai thac dang via nay vé nguyen
Iy chung la sy ph01 hop iita so d6 cong
ngh¢ khai thac via mong doc thoai, khi Mn

6  Bantin Twvan & Céng nghé Mé
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< Mn mx, than chit lugng t6t, ph01 h0’p gitra
MXTLGN va MXTLGT va so dd cong nghe
khai thac via phirc tap doc thoai, khi Mn mx
< Mn < Mn 6t06, Mnt > Mn mx, than tdt da
dugc trinh bay ¢ hinh 6, tirc 1a khi khai thac
16p than bam try can phal su dung MXTLGT
khiu theo guong doc tang va chat tai 1én 0 t0
dung cung mirc véi chiéu rong day hao trong
da vach can phai thoa man ca 2 diéu kién x
> b0 - Mn, m va x > Rxmin + Rq + k - (Mn
- Mnt), m; con khi boc cac 16p dé kep va céc
16p than khac thi str dung MXTLGN duang
trén noc tang than xtic & dudi va chét tai 1én
0 t0 dung cung mirc hodc muc dudi. So )
cong nghé khai thac dugc thé hién ¢ hinh 7.

p—t

1

[y

Hinh 7. So do cong nghé khai théc via phivc
tap doc thodi, khi Mn mx < Mn < Mn oto,
Mnt> Mn mx, than tot

Céc khbi lu’orng dat d4 can boc chii yéu
phia vach via cua so do nay cling duoc tinh
toan theo cac cong thirc ctia so d6 hinh 1 nhu
da dugc trinh bay ¢ trén.

Céc so dd hinh 1 va tir 3+7 khi khai thac
trén muc thoat nude ty chay cling co thé sur
dung don thuan MXTLGT d¢é tién hanh boc
da va khai thac than.

3. Ket luén

bé t1en hanh khai thac chon loc cac via
than c6 cau tao phtrc tap ddc thoai trong diéu
kién cac mo than 19 thién ving Quang Ninh
khi st dung MXTLGN hién c6 tuy theo ting

trudong hop cu the ma co the ap dung 1 trong
7 s0 d6 hodc két hop mot s6 so dd trong 7 so
d6 cong nghé khai thac chon loc dugc gisi
thi€u & trén la hoan toan hop ly. Trong mot
5O tru:ong hop khi khai thac trén muc thoat
nudce tu chdy hoan toan co thé sir dung don
thuan MXTLGT dé boc dat da va khai thac
than. Trong moi mot S0 d6 déu co trinh bay
cong thue tinh toan khoi luong dat da boc;
diéu kién ap dung, uu diém va nhuoc dlem
clia so d6 d6. Hoan toan co thé COi cac so )
cong ngh¢ khai thac via than c6 c4u tao phirc
tap doc thoai nhu da duoc trinh bay ¢ trén 1a
nhiing so dd c6 ty 18 ton that va 1am ban than
nho nhat /.
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Nghién ciru anh hwéng cua khai thac than ham
10 dén dich dong, bién dang bé mat bang phwong
phap so

>>Th.S. Pham Tt Phwong, Th.S. Vii Pinh Hung

Cong ty CP Tu van dau tr va céng nghiép mo - Vinacomin

>>PGS.TS. Ping Vin Kién, Trudng Dai hoc M6 - Pia chit

Tém tit: Trong pham vi bai viét cac tac gia tién hanh dua ra co s¢ 1y thuyét ciia lan bé mit
dia hinh do khai thac than ham 10. Bai bao tién hanh phan tich dich dong dat da cua khu vyc
khao sat voi chiéu day via va d6 sau khai thac khac nhau bang phuong phap sé thong qua
phan mém Rocscience -RS2- Phase2

Abstract: In the article, the authors provide the theoretical basis of the subsidence of the
terrain surface due to underground coal mining. The article analyzes the movement of rock
mass of the surveyed area with different seam thickness and mining depth by numerical

method through the software Rocscience -RS2- Phase2

I. Pit van dé

Cong tac khai thac than ham 16 da gay ra
cac tac dong lon den bé mat dat do da lay di
mot phan vat chit tir phan vo trai dat, dan
dén sy thay doi trang thai vat chat hoic trang
thai ciu tric ban dau cua khoi da va lam mat
thé can bang clia tmg sut nén ban dau trong
dia tang chtra than. Hau qua la kh01 da tu
nhién roi vao trang thai “mat cén bang” ing
suat va s& “ty diéu chinh” dé xéac lap trang
thai can bang moi, trong do trang thai can
bang vé co hoc co ¥ nghia dic biét (Pham
Van Chung, 2010). Qua trinh trén dién ra
dudi dang phan bé lai trang thai ung suat
va kéo theo hién tugng dich chuyén va bién
dang dat d4 c6 tinh chat rat da dang, phtc tap
va phu thudc vao rat nhiéu yéu t6 dia chat,
khai théc, co 1y da.

Trong qua trinh bién d01 trén, khoi dat da
c6 thé tién dén trang thai 6 on dlnh hoan toan,
hodc trang thai mat 6n dinh & cdc muc do
khac nhau. Trang thai mét on dinh cin bang
ung suat dich chuyén khong dong deu s gy
ra bién dang. Khoang trong cua dat da do
than duoc khiu ra s€ lam mat thé can bang
lyc nén céc 16p dat da vach (n6c¢ 10) s€ uon
vong va sap d6. Khoang sap db 16n hay nho
tuy thudc vao kich thuge khoang tréng khai
thac. Su sap do cac lop dat da vach la hién
tugng dich chuyén va bién dang dat da mo.

Hién tuong nay s& giam dan khi dat da lap
day khoang trong khai thac va dat da vung
tru via 6n dinh hodc s€ lan truyen 1én phia
trén va thdm chi [én t6i mat dat néu dat da
yeu va dd siu khai thac khong 16n. Hau qua
cua su lan truyén nay s€ gy ra bon dich
chuyén trén miat dat hodc xuat hién ting
bac, anh hudng dén cac cong trinh tuy theo
cudng do bién dang va duoc thé hién qua cac
hién tufong dich chuyén pha huy (nén v da,
sat 10, sap 10...).

Cho dén nay, trong, linh vuc co hoc da,
khai thac mo, da c6 nhiéu phuong phap dugc
ung dung dé ngh1en cuu dich chuyen bién
dang dit da va da co nhleu két qua nghién
ctru duogc cong bd trén thé gl(n Mo hinh
nghién ctru du béo chiéu cao ving pha huy,
tach 16p da duge cac nha khoa hoc nghién
ctru, dién hinh nhu 1a céc tac gia (Kratzsch
1983; Mindlin, 1939). Tuy nhién ¢ nudc ta,
trong linh vuc khal thac mo van dén nay van
con it dugc quan tam. Tir ndm 2011 dén nay
da c6 mot sO cong trinh nghlen ctru dich
chuyén bién dang bang mo hinh vét ligu
tuong duong dugc cong bd trong nhiéu tai
li¢u khéac nhau [2], [3], [4], [5], [6], [7]. Qua
cac tai ligu nay cho thay viéc nghlen clru mt
nhiéu cong strc, thuc hién trén mo6 hinh nhd
nén h¢ so tuong duong lon. Nghién ctru
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mang tinh ly thuyet khong ké dén cac cong
trinh da cong bo ctia nhom thyc hién dé tai
néu trén, van dé du bao lun syt ciing dugc
mot s6 chuyen gia thuc hién. Trong [7], cac
tac gia da su dung chuong trinh Phase2 phan
tich lun syt va qua trinh bién ddi co hoc khi
khai thac hdn hop ham 10, 16 thién don gian.
Tuy nhién, cong trinh nghlen ctru chua chu
y dén tinh phan 16p cua dat da, cling nhu
do sau va goc ngh1eng cua via than. Trong
pham vi bai viét cac tac gia da phan tich, du
bao két qua dich chuyén, bién dang dbi voi
mo hinh khai thac 16 cho dai voi cac goc dbc
via khac nhau va trén mo hinh khai thac 10
chg dai ¢ cdc mirc d¢ sdu khac nhau thong
qua phan mém Rocscience -RS2- Phase?.

II. Co sé ly thuyet cia lan bé mat dia
hinh do khai thic than him 1o

Khi khai thac céc via than, chung ta da
lay di hau hét than chra trong via va dé lai
mot khoang trong rong 16n trong long dat.
Khoang trong nay s€ dugc dan lap day theo
thoi gian khi cac 10p d4 phia trén sap do.
Tuy nhié€n, viéc khai thac khong chi mot via,
v6i chiéu day mot hai mét ma con khai thac
nhiéu via véi tong chleu day den vai chuc
mét, do do, da sap d6 khong da dé chen kin
khoang trong khai théc, lam sut lin, dich
chuyén, bién dang dia hinh trén mat mo.

Theo Knothe [4] va nhleu tac g1a [6],
su 1an bé miat do khai thac ham 16 c6 dang
duong cong Gauss (Error! Reference source
not found.). Sy sut lun 1am hu hai cac cong
trinh trén mat mo, dac biét d6i voi cac cong
trinh narn trén mat nghiéng hay vao vi tri
diém udn ctua mit cong sut lan, khi d6 céc
cong trinh s€ bi nut ne, chuyen dich va bi
pha huy. Bé c6 dang sut lin bé mat mem
mai, khong c6 hién tugng dut gdy cuc bo can
pha1 thiét ké va lap ké hoach khai thac, cach
tién guong, tbc do va hudng tién guong 10
chg.

Tir so d6 Hinh 1 d& dang nhan théy, ban
kinh mét cong lan “r” phu thudc vao goc
trugt B va chiéu sau Vung khai thac “H”. Mt
khac, d 16n cua goc truot phy thudc vao
hang loat cac yéu té vé ciu, klen tao, cong
ngh¢ khai thac, phuong phap diéu khlen ap
luc mo. Khi cot dia ting tir mat dat dén 10

cho 1a cac tap da co do bén va chiéu day
16m, khi do gbc truot s€ co gia tri 1o6n hon va
nguoc lai v.v...

Budng cong Gauss

1
B < >lelp
< L

\\‘ f;':f// J‘ A é //fﬁ“‘:’
g~ % !
\ 74\ ’A\4 %4 N\ pidmubn
H ‘J
~ B
1 )
L | ]

Hinh 1. Céc viing dich chuyén khéi dd
trong khu vyc khai théc than
bang 16 che dai.

Vi€c khai thac than sé dan téi viée _thay
d01 trang thai ung suit va dich dong dat da,
thé hién bang vigc hinh thanh Vung dich
chuyén trong kh01 nguyén dat da va mat dat.
Vung dich chuyen trén mat dat do tung 10
cho r1eng biét goi la bon dich chuyen Céc
diém riéng biét trong bdn dich chuyen tai
nhiing thoi dlem nhat dinh s& dién ra qua
trinh dich chuyen voi cac dai luong khac
nhau, két qua 1a sinh ra cac blen dang dung
(nghleng, cong, vin) va bién dang ngang
(co, gian, x€ dich), cling nhu géy sap 10, bién
dang don dép trong mit phang thang dung
va x€ dich trong mat phang nam ngang.
Dich chuyen bién dang dat da va mat dat c6
thé gy ra nhitng hong héc trong doi tu’0’ng
cong trinh, ting luong xuat khi va nuGe vao
khong gian khai théac, gy bién d6i ché do
nuGe mat va nude ngam, ting murc do trugt
16 mai déc. Kich thuéde vung anh hu(mg cua
khai thac harn 10, dic diém bién dang, toc do
gla tang bién dang va thoi gian dich chuyén
cua khoi nguyen dat d4 va mat dat phu thudc
vao nhitng yéu t6 nhu chiéu day, goc ddc va
d0 sau khai thac via than; Kich thudc 10 cho,
trinh tu khai thac va tuong quan khdng gian
bién gl(n 16 chg trong mot via than va trong
tap via than; Dac di€ém céu tric dat da (cau
tao, pha huy kién tao, su bién ddi san trang
va tinh chat co li clia dat da); Phuong phap
diéu khién ap luc mo; Toc do tién guong

9  Bantin Twvan & Céng nghé Mo



KHAI THAC HAM LO

10 cho va téc do tién theo phuong; Khi xay
dung bién gidi Vung anh hudng khai thac
ham 10 theo két qua quan trac thi lay nhung
gia tri bién dang mat dat sau day ((101 véi
khoang cach giita cac mdc quan tric trung
binh 15 - 20 m): d¢ nghiéng i =0,5.10-3, do
gian € =0,5.10-3.

Hinh 2. Vung anh huong cia tirng lo chy
trén mdt cit thing dirng.

a- Hwong vuong goc voi duwong phuwong
khi goéc déc bé hon ag; b - HwO’ng theo
duong phuong, c - Hu"ong vuong goc voi
dwong phwong khi goc déc 16m hon ag; 1
- Lop ddt phu; 2 - Tang da mézézoi; 3 - Pdt
da goc; Al - Vung anh huong cua lo cho;
A2 - Vung danh hwéng nguy hiém; A3 - Ving
nut né

Trong do og 1a goéc gidi han, duge xac
dinh theo [2] ¢6 nhitng loai goc bién gidi sau
day:

a. Trong viung dat phu (16p phu dé¢ tir va
dé tam, khong co cac via than) - 90, duogc
tinh 12 nhu nhau theo moi hudng va dugc st
dung khi dat phu day hon 5 m.

b. Trong tang mé€z6z0i ¢ nhirng khoang

sang cO tuodi paleozoi ¢6 cac goc gidgi han
sau: Bom; 60m; Yom ;

c. Trong dat da gbc, co cung tudi dia chit
v6i céac via than dugce khai thac c6 cac goc
gioi han sau: Po; 80, Y05 Boi.

Céc gbc bién glO’l duoc str dung dé xac
dinh bién gié1 vung anh hudng theo cac

phuong co ban trong bon dich chuyén nhu
sau:

+ Cac goc 60 va 6om xac dinh bién gidi
vung anh hudng 10 cho trén mit cit theo
hudng duo’ng phuong;

+ Cac goc Bo; PBom ; yo va yom xac dinh
bién glol theo hudng doc lan luot 1a doc
xubng va doc 1én trén mit cit vudng goc véi
duong phuong;

+ Goc Po1 xac dinh bién gidi Vung anh
huéng trong canh treo via than khi goc doc
via a 16n hon géc doc giéi han Og.

Cac gbc bién gioi khi khai thac mot via va
khai thac tap via than s€ khac nhau. Khi khai
thac tap via than thi géc bién gidi phu thudc
vao tu’orng quan bién gidi anh hu’(”mg khéng
glan cua cac via than khai thac, goc bién g101
c¢6 thé bé hon hoic 16n hon gia tri d6i véi
riéng tung 16 chg trong 1 via than.

Do lun cyc dai trén bé mat dat gy ra boi
tung 10 chg khai thac ¢ phia dudi dugce xac
dinh theo cong thtrc:

Nax =G0 - Mg -cOS-N;-N, , mm

Trong do:

qo - Hé s6 ltn cuc dai twong ddi (theo
[2]).

Céc dai lugng d¢ 1un cuc dai twong ddi(do
va dich chuyén ngang cuc dai ‘urong dbi ao
khi bi khai thac 1dp lan 1 va 2 ma khong c6
dich truot dat da tru via than xac dinh theo

Bang 1 [2].; A4 - Vung nirt né.

9o 2
0,7+0,25(H/H) 0,25

Ghi chu:

* Hj - Chiéu day tdp lop da bi khai thac
duoi lap lai theo du’ong thang noi diém lin
cuc dai voi diém giira 1o cho, ma tir do tinh
todn bién dang; H - Chiéu day toan bo tap
lop da theo hu’cmg dwong thang noi trén.

* Doz Vvoi cdc lo cho trén cung, qo = 0,7.

* Pé tinh todn do lin cwc dai tir cac 10
khai thac da qua thi do lin cuc dai tuong
doi qui=0,95.

mKT - Chiéu day khai thic dwoc cia via
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than (dd trir di phan ton that khai thac trong
lo cho).

o - Goc doc via tai cac khu vyc o chg
hodc do truc tzep trén mat cdt, do;

N1 va N> la gid tri duoc xdc dinh phu
thugc vao ty I¢ giita kich thuoc theo hu"ong
déc D; va kich thuée theo phuong D: cua lo
cho véi do sau khai thac H, bang cdch tra
Bang 2 [2].

Bang 2. Bang tra gia tri Ny va N2

=

D/H| — | 14]12]10]08]07]06(05]|04

1.6
N; |1,0{092]0.85]0.78]0.69]0,65]0,60]0,55[049

=0.3
0,43

Ghi chu: Nhiing gia tri trung glan trong
bang xac dinh bangphmmgphap noi suy.

Tu phan tong hop trén cho thay viée tinh
dich dong theo phuong phap giai tich thong
qua viéc don gian hoa so d6 tinh nhu Hinh
1, Hinh 2 ap dung tuong dbi phu hop cho céc
khu vue ¢6 mot 16p dat da dong nhat hoac
cac 16p dat d4 cé tinh chat co ly gan gidng
nhau. Tuy nhién khi diéu kién dia chat phic
tap nhu ving than Quang Ninh can sir dung
cac phuong phap hién dai hon nhu phuong
phap s6 cho phép mé phong day du cac
thong sb diéu kién dia chit cua cac 16p dat
da, phan 16p va via than.

II1. Phan tich dich (‘Iong khu vuc khao
sat bang phwong phap so

Do cac phuong phap tinh toan 1y thuyet
ap dung cho truong hop dat da dong nhat
dang huéng nén két qua tinh toan s€ khong
con phu hgp trong trudong hop dat d4 phan
lop nhu trong thuc t€ do vy viéc xay dung
cac md hinh s6 mo phong diéu kién dia chat
hién truong s€ cho ra nhiing nhan dinh 1o
rang hon vé chuyén dich cta nén trong diéu
kién thyc té.

Str dung phuong phap Phan to hitu han
(PTHH) thong qua phan mem Phase 2 véi
mo hinh nhu trong thyc té .mo phong day
du déc tinh cua via, dat da nén; Be danh gia
trong s6 anh hudng cua cac blen s6, da su
dung phuong phap phan tich thong ké va a6
thi (phan mém R) xac dinh bleu d6 tuong
quan va phwong trinh cta cac bién doc lap.
Co s6 dir liéu dugc lay tr Bang 3.16, phan
tich dir li¢u dé xac dinh mbi tuong quan glua
da cat két voi mo dun dan hoi ciia nd xac

dinh dugc phuong trinh:

Rocscience -RS2- Phase? 1a chuong trinh
dugc xady dung trén co s6 phuong phap phan
tir hitu han dé phan tich ¢ ung suatva blen dang
cho céac duong 16 trong mo6 va bo dbc duoc
thi cong trong khoi dat hodc da. Rocscience
-RS2- Phase2 c6 thé mo hinh nhleu loai dat
da khac nhau theo theo tiéu chuan bén Mohr
- Coulomb hoac Hoek - Brown. Ngoai ra,
chuong trinh ciing c¢6 kha nang mo6 hinh céc
hé khe nut trong khoi da nhu cac hé khe nut
tu nhién hodc cac h¢ khe nut do qua trinh thi
cong tao ra. Rocscience -RS2- Phase2 cho
phép md hinh nhleu loai két cau chong khac
nhau cho kh01 dat hodc da nhu céc loai két
céu chong bang neo, két cau chong dang vo
nhu bé tong phun bé tong lién khoi, Kkhung
chong thép... va co thé két hop nhiéu loai
két cau chong khac nhau cho cting mot cong
trinh.

I1.1. Dz li¢u ddu vao ciia mé hinh dia co

bé tinh toan, xay dyng m6 hinh dla co
hodc thiét ké cac cong trinh ngam va cong
tac khai thac mo, can thlet phai c6 cac chi
ti€u tinh chat co 1y cho khdi da. Trong thuc
té, co rat nhleu phuong phéap dé xac dinh céac
ch1 tiéu do, dién hinh nhu phuong phap phan
loai kh01 da theo RMR, phuong phap hé so
giam bén do cdu tric khdi da cua Nga va
phuong phap tinh theo tiéu chuan bén cua
Hoek-Brown cho da hodc khdi da co tinh
dén cac chi so GSI (Geological Strength
Index - chi s do bén dia chét), chi sé6 D
(Dlsturbance due to blast damage - pha hoai
do n6 min).

Hién nay, c6 nhiéu biéu thirc xac dinh
cac chi tiéu co hoc nhu: m6 dun bién dang,
d6 bén nén, do bén kéo cung nhu goc ma
sat, lyc dinh két da dugc xac dinh co lién
quan t6i cac chi s6 RMR, GSI va D. Do céc
phuong phap xac dinh dya theo cac ti€u chi
khéc nhau, vi vay can thiét phai phan tich, so
sanh dé c6 thé lya chon phuong phap “hop
ly”, cling nhu phat trién Gmg dung phuong
phap trong dleu kién Viét Nam. K&t qua thi
nghiém cac mau da bang phuong phap nén
don tryc tai ving bé than Quang Ninh duoc
ghi 6 Bang 2 [1].

Trong bai bao nay, nhom tac gid nghién
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ctru khu vyc khai thac ham 16 phan mao ron
mo Subi Lai (giai doan I), theo ho so thiét
ké k¥ thuat diéu chinh Dy 4n dugc Tap doan
Cong nghi€p Than - Khoang san Viét Nam
phé duyét ngay 28/7/2020. Dy an Sudi Lai
GPI khai thac tang tir LV/-160, gdm céc via
than 13, via 12, via 11, via 10, via 9, via 8, via
7 va via 6. Trong doé cac 1o cho thudc via 13,
12, 11 va 10 c6 kha nang gy anh hudng den
cac cong trinh thudc mit bang xay dung giai
doan II. Trong pham vi nghién curu cia bai
bdo, nhom tac gia lya chon tinh todn cho mot
s6 10 cho cu thé nhu Bang 3, cac thong sO dat
da dé mo phong sau khi su dung phan mém
Roclab thé hién trong Bang 4 va Bang 5

Bing 3. Thong s6 ky thuit cac 16 chg phuc
vu tinh toan dich dong

Chiéu| Goc [Chicu D6 <4 Kich
day | dée | day lfhs"’.‘“ thuoe | Kich
o via via via ’a ! theo | thuoc
Tén via, . | thac X
X trung | trung | khai huong| theo
16 cho . . .| trung %
binh | binh | thac binh doc |phuong
(m13),|(ars), |(mxr), (H), m (D1), (D), m
mm [ dd | mm ’ m
Via 13
1-13-4 [3.500] 45 ]2.905] 100 | 110 { 200
1-13-7 [3.500] 50 |2.905] 150 | 110 150
Via 12
1-12-2  [5.000| 50 |4.150] 150 | 100 100
1-12-1 [4.450] 30 ]3.665] 150 | 120 | 250

Bang 4. Dir li¢u dau vao cia phan mém

RocData
Pobeén| Chiso [Chisopha| .
N . . ;| Héangso
Loai da| nén o, | bén dia [hoai dond| . ... .
TT| . ' vat liéu mj
MPa |chat GSI| min D
1 |Catket| 114 45 0,8 17
2 |Botket| 42 37 0,8 7
3| Sétkét| 31 11 0.8
4 | Than 17,1 8 0,8 4

I11.2. Thanh lap mo hinh so nghién ciru
anh huong cua khai thac ham 1o dén dich
dong, bién dang bé mdt

M4 hinh duoc xay dung v6i chiéu rong va
chiéu cao lan luot 13 100m x 100m voi cac
thong sb cua cac l6p dat da cua Via 12 va
Via 13 cua Dy an Sudi Lai GPI nhu Hinh 3
v6i 3 chiéu day khac nhau 1a 3,5m; 5,0m va
8,0m. Cac giai doan mo phong dugc thé hién
trén Bang 6.

Bang 5. Két qua tinh mé dun dan hoi E theo
tiéu chuan Hoek-Brown
Chi s6 [Hang
pha hoai 50 vat
dond | liéu
minD | mj
0,8
0,8
0,8
0,8

Chi 56
bép dia
chat GSI

Mo dun
dan hoi
E, MPa

D6 bén
nén o,
MPa

T Loai da

Catkét] 114 45
Bot két| 42 37
Sétket| 31 11

Than | 17,1 8

-1

2115
691,36
244,03

93,01

b —
=

Bang 6. Cac giai doan mo phong
Giai doan
mo phing

Giai doan 1

Noi dung

Xay dyng dicu ki¢n bién, truong tmg
suat ban dau.

Giam modul cna khéi da khu vue
khai thac

Chay mo hinh véi mo hinh vét liéu
ciia than/dét d4

Phan tich danh gia két qua mé hinh

Giai doan 2

Giai doan 3

Giai doan 4

Hinh 3. M6 hinh s6 nghten cvru anh
huong cia chteu day va géc doc ciia via
dén dich dong bé mdt véi 1o cho ¢ dj siu

-50/-100m

IV. Phén tich két qua mo hinh

bé danh gia trong s6 anh huong cta céac
blen s6, da sur dung phuong phéap phan tich
thong ké va do thi (phan mém R) xac dinh
biéu do tuong quan va phu’orng trinh cua
cac bién doc lap. Két qua mo hinh cho thay
phan lorp ¢6 anh hudng lon dén sy chuyen
dich cua dat da ph1a trén 10 chg, va chuyen vi
la khong d6i xtng, chuyén vi 16n nhét phia
trén noc 10 chg.

V. Ket ludn

Két qua nghlen ctru trén day cho phép rut
ra mot sO ket luén sau day:

- Trén thé gidi c6 nhiéu mo hinh dia co
phén tich, dy bao dich chuyen va bién dang
bé mit dat, phat trién ¢ cac dang khac nhau.
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Hinh 2. Két quad chuyén vi thtfng dirng,
chuyen vi ndm ngang, vung bién dang va
hé sé bén ciia mé hinh so nghten ciru anh

huwong cua chteu day va goc doc ciia via

dén dich dong bé mdt

Két qua tong hop va phén tich cho thay,
cac mo hinh d€u c6 nhiing ton tai, han ché
nhit dinh va thuong mang tinh dla phuong,
lién quan t6i sy bieén do6i cac diéu kién dia
chét cy thé cua ting khu vuc, timg nuge, Cac
mo hinh dia co st dung phuong phap sé cho
két qua nghlen cuu ¢o tinh dinh lugng. DO
chinh xac cia cac két qua ngh1en cuu trén
md hinh tuy thugc vao nhiéu yeu t6, trong
d6, yéu to thi nghi¢ém do bén nén mot truc 1a
quan trong nhat.

- Str dung m6 hinh dia co vé6i didu kién
bién la d¢ lan cyc dai (duoc xac dinh tu két
qua bao céo dia chat ¢ bé than Quang N1nh)
dd cho phép du bao dich chuyén va bién
dang bé mit dat..
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r L4 ? oA r
Cac loi ich cua viéc ap dung BIM
>>ThS. Pinh Nguyén Phu, KS. Tran Tién Hué,
Cong ty CP Tu van dau tu va cong nghi¢p mo - Vinacomin

Tém tat: Cac phan mém thiét ke vé1 su tro giup cua may tinh (CAD) truyen thong da phuc
vu déc luc trong cong tac tu van thiét ké cac du an dau tu voi1 cac san pham chu yeu la céac
ban v& 2D. Cong ngh¢ BIM duoc coi l1a su phat trién mang tinh tién héa ciia qua trinh str
dung cong cu CAD ma viéc ap dung BIM la giai phap chuyén doi s6 dugc khuyén khich 4 ap
dung theo quy dinh cua céc co quan quan ly. Bai bao phan tich so bg vé cong cu thiét ké véi
sy trg giup cua may tinh (CAD) truyén thong, chitc ndng va vai tro cua viéc st dung cong
nghe BIM trong cong tac thlet ke su khac biét glua CAD va cong nghe BIM. Nhu cau trién
khai toan dién cong nghé s6 dé giai quyet nhiéu véan dé khac nhau vé san xudt vat liéu xay
du'ng, thiét ké xdy dung va thuec t€ thi cong xdy dung cho thay su can thiét cua viéc ap dung
cong nghe BIM thay thé, bd sung cho cong cu CAD. Va trén hét, viéc luan giai sy can thiet
cua viéc ap dung cong nghe BIM dua trén nhung loi ich cua cac bén lién quan dén du 4n
(chu dau tu; don vi tu van thiét ké; don vi quan ly du 4n; nha thiu thi cong; co quan quan ly
nha nudc; don vi van hanh du an. ) duoc dua ra trong bal bao.

Abstract: Traditional computer-aided design (CAD) software has effectively served in
the design consultancy of investment projects with products mainly being 2D drawings.
BIM technology is considered an evolutionary development of the process of using CAD
tools, and the application of BIM is a digital transformation solution that is encouraged
to be applied according to regulations of management agencies. The article provides a
preliminary analysis of traditional computer-aided design (CAD) tools, the functions and
roles of using BIM technology in designing, and the differences between CAD and BIM
technology. The need to comprehensively deploy digital technology to solve various problems
in the production of construction materials, design process and construction practice shows
the necessity of applying BIM technology to replace and supplement CAD tools. And above
all, the explanation of the necessity of applying BIM technology based on the benefits of
the parties involved in the project (investor; design consultant; project management unit;
construction contractor, state management agency, project operator) is given in the article.

1. Mé diu

Mot trong nhig sy kigén quan trong
nhit cua thé ky 20 trong lich s nhan loai
da dién ra, anh hudng dang ké dén moi linh
vuc hoat dong ctia con nguoi 1a sy ra doi cua
may tinh di¢n tir. Va sy ra do1 cua may tinh
khong bo qua mdt linh vyc ky thuét 1a thiét
ké kién truc - xay dung voi nhiéu hé thong tu
dong hoa thiét ké duoc tao ra dya trén may
tinh va thiét bj van phong duoc goi la CAD
(Computer Aided Design - thiét ké c6 su hd
trg cua may tinh).

Céc hé thong CAD cho phep t6i da hoa
hiéu qua va nang suit cia cac k¥ su thong
qua viéc ty dong hoa hoan toan qua trinh
thiét ke va chuan bi san xuét tiép theo. Cac
hé thong CAD nay c6 thé dugc chia thanh ba
phan khuc:

Hé thong day di 1a hé thoéng tu dong

hoa day du tinh ning cho thiét ke ky thuat
va chuan bi cong nghé san xuat, dung cho
viéc v€, md hinh hinh hoc hai chleu va ba
chiéu, mé hinh khéi va bé mit (bao gom md
hinh hoéa cac be mat phuc tap), thiét ke tung
phan tir va thiét ke v6i lién két tham sO phirc
tap. Chiing bao gdm cac hé thong con tich
hop dé phan tich k¥ thuat, chuan bi chuong
trinh cho may CNC va nhiéu cong cu phat
trién chuyen dung khac. Vi su trg giup cua
chung, ngudi ta c6 thé tao ra nhung cum lap
rap rat phuc tap va 16n bao gom hang chuc
nghin b phén. Ngoal ra, chung duogc tich
hop véi hé thong quan 1y dit lidu k§ thuét co
thé bao phu toan b doanh nghiép, bao gom
ca nha cung cap va ddi tac, dong thoi ho tro
cong viéc vai dit lidu dén tir cac hé thong
CAD khac. .
H¢ thong loai vira 1a nhitng san pham
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manh mé va glau tinh nang, chira nhiéu thanh
phan clia cac san pham hang néng, ngoai trur
cac cong cu mo hinh hoa bé mat phirc tap, hé
thong phan tich ky thuat tich hop, chuan bi
san xudt va cac ing dung chuyén biét.

He¢ thong logi nhe - dugc thiét ké dé ve
cung nhu d€ tao mo hinh hinh hgc hai chiéu
va ba chleu Chung khong bao gdm cac Gmg
dung b sung va khong co cong cuquan ly dir
li¢u k¥ thuét tich hop. Phan mém AutoCAD
duoc sir dung phd blen trong cong tac thiét
ké thudc phan khiic phan mém CAD loai nhe
nay.

Nhi¢m vy chinh cia CAD 1a ty dong hoa
qua trinh thiét ké va két qua la mot dy an
hoan thién, trén co s& d6 sé tién hanh xa
dyng cac cong trinh. Tuy nhién, vigc thict
ké bang h¢ thong CAD truyen thong doi hoi
phai gidi quyéet mot sO van dé sau:

1. Khong ¢6 khong gian thong tin duy
nhit chira khéi luong thong tin toan di¢n veé
du an xay dung trén thyc te, thong tin la cac
mang dir liéu roi rac vé dy 4n ¢ dang c6 céu
trac yéu va ket nbi kém.

2. Do thiéu mot khong gian thong tin duy
nhat va mic du c6 cac dinh dang truyen d
li€u m¢, viée trao d6i dir liéu giita cac hé
thong CAD, nhom thiét ké va nhirng ngu’ol
tham gia khac trong qua trinh thiét ké va van
hanh ¢ ca mot giai doan trong vong doi cua
cong trinh va ¢ cac g1a1 doan khac nhau do
su phéi hop yéu kém glua cac dinh dang va
giao thirc duoc cac nha san xuat phan mém
khac nhau str dung 1a rat khé khan.

3. Cac du an dugc tao bang CAD phan
anh cong trinh trong mot khodng thoi gian
dugc xac dinh nghiém ngdt ¢ trang thai ¢o
dinh, thuong la da hoan thanh. Viéc diéu
chinh mét dy an ¢6 thé doi hoi chi phi nhan

cong dang ke

Trong bdi canh d6, cong nghé BIM (Lap
mo hinh thong tin cong trinh) ndi 1én nhu
mdt sy phat trién mang tinh ti€n hoa cta qua
trinh su dung thiet ké tu dong CAD, trong
khuon khd ma thong tin vé cong trinh khong
chi dugc tao ra va/hoac chuyen giao cho céac
bén quan tdm khac ma con duoc tich iy,
luu trir va xu ly trong mot cu trac duy nhat,
dugc két ndi véi nhau - mo hinh thong tin

xay dung trong sudt toan bo vong doi, bao
gdm ca & giai doan cong viée tién thiét ké -
do d6 hinh thanh m¢t khong gian thong tin
duy nhit ¢ khdi lu:ong thong tin day du ¢
moi giai doan thiét ké xay dung.

2. Co sé ap dung cong nghé BIM

2.1 Dinh nghla vé BIM

Hién nay c6 nhleu dinh nghia vé BIM
khac nhau trén thé gidi. Tuy nhién BIM ¢6
thé hiéu 1a “viéc sir dung cac tién bo ctia cong
nghe thong tin dé s6 hoa cac thong tin cua
cong trinh thong qua mo hinh khong gian ba
chiéu (3D) nham hd trg qua trinh thiét ké, thi
cong, quan ly van hanh cong trinh”.

Tiéu chuan ISO 19650-1:2018 dua ra
dinh nghia:

- “BIM 1a vi€c sir dung dang hién thi sb
cua cong trinh xay dung dé hd tro cong tac
thiét ké, thi cong va quan 1y van hanh thong
qua tao dung can ct dang tin cdy cho vigc ra
quyét dinh”.

- Pinh nghia BIM trong Tiéu chuan BIM
Quoc g1a Hoa Ky: “Mot dac trung ky thuat
s0 bao gdm cac dac tinh vat ly va chirc nang
cua mot dy an ma céc thong tin dugc chia sé
cua du an do tao thanh mot nén tang dang
tin cay cho vi¢c ra céc quyet dinh trong suot
Vong doi cua nd; dugc xac dinh tu khi thiét
ké ¥ tuong dén khi pha d& dy 4n”

- Pinh nghia cua Hi¢p hdi cac nha thau
My (AGC):“Mo hinh thong tin cong trinh
(BIM) la qué trinh tao va quan l}'l mo hinh
thong tin cong trinh thong qua viéc st dung
thong tin thiét ké ba chiéu, thong minh”.

- Uy ban thic ddy BIM ciia New Zealand
dua ra dinh nghia sau: “BIM la mgt quy trinh
phbi hop, dugc hd tro bang cong nghe qua
do lam gia tang loiich thong qua viéc chia s¢
thong tin ¢6 cau trac cho cac cong trinh toa
nha va co so ha tang”.

Céc dinh nghia trén déu co diém chung la
BIM s¢€ ap dung theo toan bo céc g1a1 doan
trong vong doi cua dy an, tur thiét ké y tuong
cho dén khi pha d& cong trinh.

Tom lai, M6 hinh héa Thong tin Cong
trinh (Building Information Modeling, BIM)
la: Qua trinh tao lﬁp, quén ly va str dung céc
mod hinh thong tin cong trinh de trao do6i gitra
cac bén trong qua trinh thiét ké va l1én ké
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hoach, t6i uu hoa cic cong tac thi cong xay
dung.

2.2. L§ trinh dp dung cong nghé BIM
trong hoat dong xdy du’ng

Nhu da ndi ¢ trén, co thé coi BIM la su
phat trién mang tinh tién hoa cua qua trinh
su dung thiét ké tw dong CAD, tuy nhién,
vigc trién khai ap dung BIM khong don gian,
can c6 thoi gian. Chinh vi vy, Quyét dinh
s6 258/QD-TTg ngay 17 thang 3 nam 2023
cua Thu tudng Chinh phu phé duyét Lo trinh
ap dung Mo hinh thong tin cong trinh (BIM)
trong hoat dong xay dung Lo trinh 4p dung
mo hinh théng tin cong trinh (BIM) trong
hoat dong xﬁy dung ap dung doi véi cac du
an su dung von dau tu cong, v6n nha nuéde
ngoal dau tu cong, du tu theo phuO’ng thirc
doi tac cong tu, du an sir dung von khac nhu
dudi day:

a) Giai doan 1: ttrndm 2023 ap dung BIM
bat budc ddi véi cac cong tr1nh cap I, cap dac
bi€t cua cac dy an dau tu xay dung moi su
dung vbn dau tu cong, v6n nha nudc ngoai
dau tu cong va dau tu theo phuong thire doi
tac cong tu bat dau thuc hién cac cong viée
chuan bi dy an.

b) Giai doan 2: tr ndm 2025, ap dung
BIM bit budc ddi véi cac cong trlnh cap II
tr¢ [én cua cac du an dau tur xay dung moi st
dung vbn dau tu cong, von nha nudc ngoai
dau tu cong va dau tu theo phuong thire doi
tac cong tu bat dau thue hién cac cong viée
chuan bi du an.

¢) i véi cac dy an, cong trinh xay dyung
bét budc .ap dung BIM, tp tin BIM la mot
thanh phan trong ho so thiét ké xay dung, hd
so hoan thanh cong trinh. Chu dau tu hodc
don vi chuén bj dau tu co trach nhi¢ém cung
cap tép tin BIM cung voi loai hé so khac
theo quy dinh khi thdm dinh bao cdo nghién
ctru kha thi, tham dinh thiét ké xay dung
trién khai sau thiét ké co so, xin cap phép
xay dyng va nghlem thu cong trinh.

d) D061 vai cac cong trinh thude dy én dau
tu xay dung méi sir dung v6n khac, Chu dau
tu cung cap tép tin BIM khi thyc hlen tham
dinh bao cdo nghién ctru kha thi, thiét ké xay
dung trién khai sau thiét ké co so, xin cip
phép xay dung, nghiém thu cong trinh theo

10 trinh sau: cong trinh cap I, cAp dac biét tir
nam 2024; tir nam 2026, bd sung thém cong
trinh cap II.

d) Noi dung 4p dung va mue d6 chi t1et
ctia md hinh BIM do chu dau tu du an quyét
dinh. )

e) Tu nam 2023, d6i vdi cong trinh ap
dung BIM, co quan quan ly nha nudc su
dung mo h1nh BIM dé hd tro trong qué trinh
tham dinh bdo cdo nghién ctru kha thi, tham
dinh thlet ké xay dung trién khai sau thlet ké
co s, cip phép xay dung, kiém tra cong tac
nghiém thu.

g) Chu dau tu cac du an ap dung BIM
theo 19 trinh quy dinh ¢6 trach nhi¢m t6 chire
cap nhat mo hinh BIM dé phuc vu qua trinh
quan ly, van hanh va bao tri cong trinh.

h) Khuyén khich cic doanh nghiép ap
dung mo6 hinh thong tin cOng trinh trong hoat
dong xay dung sdm hon thoi gian quy dinh
trong 19 trinh.

Du céc du an dau tu nganh than, khoang
san c6 thé chua yeu cau ap dung ngay cong
ngh¢ BIM nhung dp dung cong ngh¢ BIM
chinh 1a thyc hién chuyén dbi sb trong linh
vue xay du‘ng co ban. Ap dung cong nghé
BIM d6i v6i du an nganh than, khoang san
mang lai nhung lgi ich trong suot Vong doi
cua du an cac chu thé cua du an va cac bén
lién quan: chu dau tu; don vi tur van thiét ké;
don vi quan 1y dy an; nha thau thi cong; co
quan quan ly nha nu¢e; don vi van hanh dy
an. Céc loi ich nay du(yc xac dinh cy thé nhu
dudi day.

3. Logiich caa ap dung cong ngh¢ BIM

Dac diém ctia BIM 1a md hinh tong hO’p
toan dién céc thong tin cong trinh, dugc so
hoa va trinh bay qua, hinh anh 3 chiéu da
ludng dir liéu, cung cap cho nguoi dung cai
nhin tryc quan va cho kha nang tu duy gan
v6i suy nghi ty nhién nhat cia con nguoi,
BIM cho phép mé hinh héa cong trinh dé
phan anh chinh xac cdu tao cung cac thudce
tinh ctia cong trinh trén thyc t€ s€ duoc hinh
thanh trong tuong lai. Bang cach nay, céac
d6i tac tham gia du an c6 thé xem xét trudc
va danh gia hi¢u qua cia no6 trudce khi thyuc
hién, kiém soat dugc céc xung dot, do chinh
xé4c cua ban thiét ké, giai quyét dugc cac van
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dé lién quan ngay o g1a1 doan dau cua dy an,
dat duoc két qua tiét kiém dang ké vé mit
thoi gian, chi ph1 va nang lugng.

Su hop tac giira tat ca cac thanh vién nhom
dy an dugce xem la mot trong nhiing 1oi ich
16n nhat ciia BIM. Viéc hién thi truc quan
mo hinh 3D (m6 hinh da b mon) khong chi
la cong cu tuyet voi dé thao luan, 1am rd va
giai quyet van dé, ma con c6 thé thic day
tinh than lam viéc nhém trong du an.

Ung dung BIM trong céc dy 4n dau tu
xay dung mang lai nhiéu loi ich cho tat ca
cac bén tham gia. Cac loi ich cu thé s& duoc
trinh bay rd hon trong cac phan duéi day.

3.1. Déi véi Chu diu tw

BIM cung cap c4i nhin tryc quan hd trg
rat t6t trong qué trinh Iya chon phuong an
dau tu, phuong an thlet ké, xéac dinh ké hoach
von phu hop véi ké hoach trién khai; glup
chu dau tu dé dang trong viéc xem xét va ra
quyet dinh thong qua cac thong tin dugc tich
hop san trong mo hinh.

Viéc 4p dung BIM gitp giam thiéu thoi
gian ngung cho xur Iy xung dot ngoal ¥ mudn
(xuat phat tir 161 thiet ké hoic tir viéc khong
phu hop gitra thlet ké va thi cong) va qua d6
cling gop phan tiét kiém chi phi cho du an.

Co s¢ dir lidu thong tin BIM sur dung rat
hiéu qua trong vi¢c xay dung bao cdo van
hanh, phan tich va bdo cdo vi¢c st dung
khong gian, toi uu hoa chi phi van hanh.

Céac lgi ich nay thé hién ¢ cac diéu sau:

- Thiét ke tot hon va thi cong hi¢u qua
hon: Do tit ca cac cu kién duwoc mo hinh
trong moi truong ao trudc khi thi cong truc
tiép ngoai cong truong, cac xung dot ludn
dugce giai quyét trude khi bét dau thi cong
boi quy trinh ph01 hop 3D. Ngoai ra, mo
hinh BIM c¢6 thé dugc cap nhat dé trg thanh
ho so hoan cong dé quan 1y cong trinh trong
toan bd Vong doi cua no;

- Céc dy an dugc thyc hién ding tién do
va khong ddi vbn: Két hop véi BIM, cac tai
lidu thlet ké s& hoan thién va dé hleu hon,
glam thiéu cac 16i va thiéu sot, glam thleu
cac thay d6i trong qua trinh thi cong, giam
yeu cau thong tin (RFI) va stra doi, tir do
giup cac du an dugc hoan thanh dung tién
d6 va khong bi doi von;

- Néng cao chat luong thi cong Su hop
tac gnra cac bd mon glup giam thiéu vigc
thi cong lai. Céc vat li¢u xay dung duoc sap
dat ¢ vi tri dugc chi dinh ngay tir dau, thay
vi phal di chuyén xung quanh dé tranh xung
dot voi vi tri dat cac vat liu khac;

- Ban v€ hoan cong thong minh: M6 hinh
duoc st dung dé xay dung du an co thé tré
thanh mo hinh dugc st dung trong qua trinh
van hanh va bdo tri cong trinh sau khi dua
vao hoat dong,

- Cac yeu cau thong tin it bi cham tré hon:
Hau hét cac xung doi duge xur ly trong giai
doan phdi hop thiét ké. Xung dot gnra vat
li€u/bd phan lap rap/thiét bi dugc giam dang
ké;

- Tang tinh minh bach: Piéu nay cling ¢co
nghia la s€ it rui ro hon 601 voi chu dau tu.

3.2. Déi véi tw vin thiét ké

Vi€c sua chira cac 101 trong khi thi cong
s& rat ton kém va c6 thé khién bén thiét ké
phai chiu trach nhiém phap 1y, cling nhu gy
anh hu:ong to1 hinh anh cong ty va cac moi
quan h¢ voi khach hang.

Ban chit hop tac ctia BIM cho phép céc
thanh vién trong nhém dy an chia sé thong
tin chi tiét vé cong viéc cua ho. Tu d6 lam
g1arn sai sot va loai bd cac xung dot gy ra
do céc ban vé khong trung khop, cac ban vé
thiét ké s& day du va dé hiéu hon, giup tiét
kiém thoi gian va tién bac.

Céc loi ich chinh cia BIM voi tu van
thiét ké bao gom.

- Phan tich cac lya chon: Cac lya chon
khac nhau (hoan thién, thiét bji va b cuc)
c6 thé dugc phan tich nhanh chéng trén mo
hinh BIM, qua d6 giup dua ra quyét dinh
nhanh va ch1nh xac hon;

- Nang cao do tin cay ve chat luong G1up
kiém tra tinh chinh xéac va nhat quan cua cac
mo hinh thiét ké trong sudt qua trinh thiét
ké;

- Kha nang xac nhian mo6 hinh dam bao
cac yeu cau ky thuat: c6 thé dam bao sy tuan
thu va phu hop ctia mo hinh d6i véi cac yéu
cau cta dy an;

- Xem xét tryc quan: Mo hinh cho phép
hién thi va phén tich tot hon - d6 1a m6 hinh
chinh xac vé nhirng gi s€ dugc xay dung;
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- Kha ning phan tich thiét ké va hiéu suat
cua toa nha truge khi nd duge xay dung. -
Tao thuén lgi cho viéc thu ét trinh, danh gia,
lwa chon giai phap thiét ké: Vai viéc

cong trinh dugc md phdng qua hinh anh
mo hinh 3 chiéu tryc quan;

- Viéc ap duyng BIM gop phan ting nang
suat chat luong thlet ké, thuan loi trong viéc
diéu chinh thiét ké va han ché dugc sal sot
trong qua trinh thye hién: Do ¢6 sy phdi hop
dong thoi cua cac bd mon, cac thong tin dugce
hlen thi tryc quan nén viée dung BIM s¢€ tang
chat luong thlet ké, giam dang ké méu thuan
gnra thiét ké tai van phong va trlen khai thi
cong ngoai hién truong. Cac thiét ké thuc
hién thong qua BIM khi ¢6 diéu chinh o bd
phan thiét ké nay, thi thong tin thay doi s€
hién thi trén d6i tuong d6 ¢ bo phan thlet ké
khac, qua d6 viéc diéu chinh thiét ké dugc
thuc hién nhanh chéng;

- Cong tac do boc khdi lugng va lap du
toan chi phi ctia cong trinh dugc thuc hi¢n
mot cach nhanh chéng va chinh xéc: Viéc
su dung mo hinh thong tin cong trinh ¢ dinh
dang 3D, kem theo d¢ la tich hgp phan mem
do boc khdi lwong nén viée do boc khdi
lugng cong trinh duoc thue hién mot cach
tu dong Véi co so dir lidu vé g1a phu hop,
vigc xéac dinh chi phi xay dung cong trinh s¢&
duogc rat ngan dang ké. Tién ich nay dac biét
coy nghla trong giai doan thiét ké cua du an,
khi cac thiet ké thu’ong xuyén thay doi, chu
dau tu rat can cac thong tin mot cach nhanh
chong dé kip thoi dua ra quyét dinh Iya chon
phuong én;

- Thuan lgi trong vi¢c phan tich mac do
st dung nang lugng cua cac phuong an thiét
ké, ‘qua cac cong cu ho trg, gép phan huong
thlet ké bén viing véi moi truong: Viée cac
thong tin tich hop trong BIM, cho phep cac
nha thiét ké tinh toan duoc nhu cau str dung
nang luong ctia phuong an thiét ké thong
qua cac cong cuy tich hop qua do st dung
cac tiéu chuan thiét ké xanh nhu LEED hay
LOTUS d¢ danh gia tinh ben viing cua cong
trinh, Ttr d6 ¢c6 thé thay do6i phu’orng an thiét
ké néu can thiét, tiét kiém thoi gian va chi
phi cho du an;

- Viéc tng dung quy trinh BIM trong céc

doanh nghiép tu van thiét ké nudc ta hién
nay cling s€ tung budc tao tdc phong lam
viéc theo nhom, xay dung mdi truong lam
viéc chuyen nghlep theo hudng hién dai, hoi
nhap véi thé gioi;

- Viéce sir dung dit liéu, luu trit va trao d6i
dua trén cong nghe dién toan dam may gitp
cac nhom lam vigéc khac nhau vé dia diém
ph01 hop véi nhau dé thiét ké, chuyén giao
san pham va luu trir thudn tién hon.

3.3. Doi véi don vi quan ly dw dan

4 loi ich chinh ma vi¢c ap dung BIM
mang lai cho don vi quan ly du an:

- BIM cung cap cong cu cong nghe tién
tién dé lén ke hoach toan dién va ning cao
kha niang diéu hanh, quan 1y trong toan bo
vong doi dy an;

- BIM cung cap cho ban quan ly dy 4n
mot md hinh tryc quan, cung véi cac yeu
t6 tich hop nhu tién do thi cong, biéu do
nhan cong, biéu dd phat trién gia thanh cong
trinh... gitip cho ban quan ly thyc hién cong
viéc mot cach dé dang va cé su chuan bi tot
vé huy dong nguon von, theo doi ké hoach
nhan lyc hay cac ké hoach t6 chtrc thi cong
ngoal cong trudong, kiém soat chi phi trong
qué trinh thyc hién;

- BIM la co s¢ de Ban quan 1y dy an diéu
phdi viéc ph01 hop thuc hién du an gnra cac
nha thau va cac don vi lién ‘quan; gitp xu 1y
va luong trude cac tinh hudng cé thé xay ra
tai cong truong;

- Viéc ung dung BIM thong qua viée tiéu
chuin hoa tat ca cac cong doan thyc hién,
cach thirc chuyén glao dir ligu.. . bang cac
huong dan, quy dinh, cac file mau. Trong do,
céc quy trinh dugc kiém soat xuyén sudt nhd
g dung cac tién bod cong nghé thong tin,
phan mém. Nho Vay ma cac Ban quan ly du
an s€ theo doi, gidm st viéc thyc hién thiét
ké, thi cong thuan lgi hon, chinh xac hon,
gitip giam thiéu lang phi va ting hiéu qua thi
cong xdy dung.

3.4. Poi véi nha thau thi cong

Cac cong cu phdi hop da bo mén trén
BIM c¢6 the kiém tra xung dot gitta cac hé
thong cu thé (vi du, h¢ thong duong 6ng va
ket cau). Vigc kiém tra 6 thé dugce thyc hién
& bat ky mure do chi tiét nao va thong qua bat

18  Bantin Tw van & Cong nghé M6



B THIET KE MO

ky h¢ thong va bd mon nao.

Boi vi trong qud trinh thiét ke da thue
hién phdi hop da bd mon, nha thau co thé
nhan dugc mo hinh v6i do tin c@y cao hon,
phu hop véi diéu kién thyc t€ va cac 16i
thiét ké dugc han ché t6i muc thip nhat tur
do giam thiéu viéc pha1 thi cong lai. Didu
nay cling ddng nghia véi viéc giam thoi gian
phai dung thi cong, nang cao nang suét lao
dong, g1am thoi gian nhan r6i.

M0t s0 loi ich chinh ciia BIM d6i v6i nha
thau thi cong co thé dugc ké ra duéi day, bao
gom:

- Hién thi truc quan thiét ké (3D): Théng
tin dugc thé hién de dang thong qua mo hinh
3D; m6 hinh c6 thé dugc diéu khién, phong
to va sap xep/ loc ddi tuong. Ngoa1 ra, bat
ctr khi nao cén thong tin, nha thau co thé tra
ctru tryc tiép trén mo hinh, ma khong con
bi gi¢i han boi cac ban vé 2D bang g1ay ma
cac don vi thiét ké cung cap. M6 hinh ¢6 the
cung cip vo han cic goc nhin, cac mit cat
khéc nhau;

- Phéan tlch tinh hudng: M6 hinh cho phep
can nhic cac tuy chon va xem trudc cac
trinh ty thi cong khac nhau; qua dé danh gia
nhanh chong va hinh dung dugc cac gia tri
ky thudt cua cac tl‘ly chon do;

- P6i v6i thi cong ngoai cong truong Khi
mo hinh dugc cép nhét, dir liu co thé duoc
gln tryc tiép toi don vi thi cong, cho phep
viéc ché tao dién ra nhanh hon. Sir dung mo
hinh BIM giup céc nha thau xay lap han che
sal sot trong viéc trién khai ban vé thiét ké
dén t6 chirc thuc hién;

- M0 hinh thong tin cong trinh cung dugc
sir dung 1am co so dé nha thau xdy dung
phuong an thi cong, bd tri nguon luc, phoi
hop cong viéc trong cac giai doan thi cong
khac nhau nham toi uu héa vigc st dung
ngudn luc cua Nha thau, ting nang suat lao
dong, tiét kiém chi phi va rit ngan thoi gian
thi cong;

- Viéc 4p dung BIM giup nha thiu phat
hién va luong trude cac kho khan trong qua
trinh thi cOng ngay tir giai doan ti€p can hd
so thiét ké dé dua ra phuong an thuc hi¢n
cho phu hop Piéu nay dac biét can thiét dbi
v6i cac du 4n c6 diéu kién thi cong kho khan

hodc yéu cau k¥ thuat cao. Dya vao tinh truc
quan ctia m6 hinh BIM va cac thong tin tich
hop day du, nén nhung ‘xung dot” gitra cac
két cau hodc gilta cac bd phan cong trinh
dugc hién thi r5 trén mo hinh, tir d6 cac ky
su de ra dugc phuong 4n phu hop dé giai
quyét nhimg “xung dot” do;

- M6 hinh thong tin cong trinh c6 thé
dugce dung nén tang cho cac cau kién che tao
san. Giai phap nay da dugc s dung rat thanh
cong cho céc ciu kién bé tong che tao san,
cac 16 mo cira va ché tao san cac tam kinh.
No cho phep cdc nha cung cap co the ph01
hop trén mo hinh, de phat trién chi tiét can
thiét cho che tao san;

- Lap ké hoach va tlen dg thi cong (4D):
Cac phuong phép truyen thong cho lap ké
hoach va tién d¢ thi cong chu yeu su dung
cac dang biéu dd. Tuy nhién, n6 co thé khong
nam bt duoc chinh xac cac lién két glua cac
cong viéc va mau thuan gifta cic cong viéc;

- V61 BIM, trinh ty thi cong theo thoi
glan duoc ph01 hop voi khong gian thye hién
cua cac cong viée dugc tién hanh trén cong
truong trong tat ca cic bdo mon thong qua
mo hinh. Gi¢ day, thong qua mo hinh 4D,
mot toa nha co thé duge Xay dung trong moi
tmong ao truoc ca khi n6 duoc thi cong thuc
te;

- Bat ky xung dot vé trinh ty nao ciing
c6 thé dugc stra doi truge khi chung xay ra!
Nha thau ciing ¢ thé st dung mo hinh dé
tién hanh 1ap phan tich tinh huéng cho qua
trinh thi cong, xem xét cac tuy chon trinh ty
khéc nhau;

- Dy todn va chi phi (5D): Vigc tinh toan
khéi luong vat liéu trong BIM ciing rat dé
dang vi dir li€u cho moi dbi tugng luén c6
san trong md hinh. Cac thong tin, chang han
nhu s6 lugng va chi phi, c6 thé dugc truy
xudt chi bang mot vai click. Mot so cong cu
BIM tham chi con c¢6 kha néng két hop voi
phan mém dy toan ciia bén thir ba;

- M6 hinh thong tin cong trinh hoan thién
c6 kha nang cung cap thong tin Ve cac loai
vat li¢u ngay tai giai doan thiét ké nhu khoi
luong, thong s6 ky thudt, va thudc tinh.
Nhu’ng thong tin d6 c6 thé duge sir dung cho
viéc mua ban vat liéu tir cac nha cung cip
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va nha thau phy. Qua d6, cac don dit hang
vat tu s€ chinh xac hon, phu hop véi tien do
xay dung thue té, khién cho chi phi tiét kiém
dang ke Vi cac du tinh Ve khéi luong, cling
c6 thé mua trude vat tu dé tan dung cac diéu
kién t6t ctia thi truong, tir d6 giam chi phi
hon nira.

3.5. Doi voi don vi quan ly, vdn hanh
cong trinh

2 loi ich 16n ciia BIM déi véi don vi quan
1y, van hanh cong trinh

- Su dung M6 hinh thong tin cong trinh
cho phép don gian hoa viéc ban giao thong
tin lién quan toi thiét bi cong trinh. Trong
sudt qua trinh thi cong nha thau chinh va dic
biét 1a nha thau co dién da tap hop thong tin
vé vt liéu l4p dat va bao tri cho cac hé thong
trong cong trinh. Céac thong tin nay co6 thé
duoc lién két t6i ddi tuong trong mo hinh
thong tin cong trinh, duoc ban giao cho chu
dau tu vaco the duogc str dung dé kiém tra tat
ca hé thong thiét bi cong trinh;

- M6 hinh thong tin cong trinh la mot
nguon thong tin chinh xac va rat quan trong
cho viéc quan ly va van hanh cong trinh, N6
¢6 thé duge tich hop voi hoat dong thiét bi
va cac hé thong quan 1y va duogc dung nhu
mot nén tang ho tro cho viéc giam sat cac h¢
thong kiém soat thoi gian thuc dé quan ly
thlet bi tir xa va rat nhi€u cac kha nang khac
van chua dugc phat trién hoan thién.

3.6. Doi véi co quan qudn ly nha nwdc
vé xdy dung

Cac 10’1 ich 16n cua BIM dbi voi CO quan
quan 1y nha nudc vé xay dung bao gom

- Tao thuén lgi cho cac hoat dong quan 1y
Thong qua md hinh thong tin cong trinh, cac
cO quan quan 1y nha nudc vé - xay dyng, quan
ly d6 thi c6 dugc cai nhin tong quat, cy thé
vé sy phu hO’p cua quy hoach, kién triic cong
trinh, ddu ndi ha tang ki thuét... phuc vu qua
trinh xét duyét quy hoach, phuong an kién
tric, cap phép xdy dung... Néu duoc xdy
dung dong by quy trinh xét duyét thong qua
cong dién tir mot ctra co the gilip nang cao
chét luong xét _duyét, cai tién th tuc hanh
chinh huong dén tang ning sudt va hiéu qua
cho tat ca cac bén;

- Tao thuén lgi cho cong tac thanh, kiém
tra: Viéc img dung BIM trong quy hoach,
thiét ké, xay dung cong trinh gitp giam duge
thot gian nghién ctru va phé duyet hd so cap
phép cling nhu phuc vu rat c6 hi¢u qua cong
tac thanh tra, kiém tra cong trinh xay dung
do cac thong tin cua cong trinh duge thé hién
logic, day du va tryc quan.

4. Két luan

Viée ap dung cong ngh¢ BIM la g1a1 phap
chuyen doi so, budce phat trién méi cla thiét
ké Vi sy trg glup ctia may tinh (CAD) truyen
thong duoc strdung trong cong tac tu van th1et
ké cac du an dau tu véi cac san pham chi yeu
la cac ban vé 2D. Hién nay, ap dung BIM bit
budc ddi véi cac cong trinh cap I, cap dac bi¢t
cua cac du an dau tur xay du’ng mdi su dung
von dau tu cong, vén nha nudc ngoai dau tu
cong va dau tu theo phuong thirc dbi tac cong
tu bat dau thue hign cac cong vige chuan bi
du an. Déi voi cac dy an dau tu khac, khuyén
khich cac doanh nghi¢p ap dung cong ngh¢
BIM trong hoat dong xay dung.

Do cong ngh¢ BIM 4ap dung theo toan bd
cac giai doan trong vong doi cua dy an, tu
thiét ké y tuong cho dén khi pha d& cong
trinh, viéc hiéu 10 cac loi ich cua ap dung
cong nghe BIM dbi v6i cac chi dau tu, don
vi tur van thiét k&, don vi van hanh cong trinh
cong trinh va céc bén lién quan khac 1a hét
sttc can thiét cho su can thiét cua viéc ap
dung cong nghé BIM.
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Nhiing tién bo gan day vé cam bién khi bang tia
laser ung dung trong giam sat an toan mo than
thong minh

>> CN. Lai Thi Linh Chi , Cong ty CP Tu vin dau tu va cong nghiép mo - Vinacomin (Bién dich)

Nguff)n: Gong W, Hu J, Wang Z, Wei Y, Li Y, Zhang T, Zhang Q, Liu T, Ning Y, Zhang W and
Grattan KTV (2022), Recent advances in laser gas sensors for applications to safety monitoring
in intelligent coal mines. Front. Phys. 10:1058475. doi: 10.3389/fphy.2022.1058475

Tom tat Do dleu kién lam viéc vo cung phuc tap, trong cac mo than ham 10 thu’orng Xudt
hién nhiéu mdi nguy hiém ve strc khoe va an toan, gay ra thiét hai 16n vé kinh té va thuong
vong nghlem trong. Trong s6 nhitng moi nguy hiém 'ndy, n6 khi mé-tan va than tu chay dugc
coi la hai moi nguy hiém chinh d6i voi thg' mo. Thlet bi cam bién dién tir truyen thong trong
hé thong gidm sat an toan mo c6 mot sO van dé bat cap nhu do chinh xéc thap, khoi lugng
cong viéc bao tri 1on va gidm sat ving chét. Trong thap ky qua, thiét bi cam bién khi dua trén
quang pho hap thu laser didt c6 thé diéu chinh (TDLAS) da dugc nghién ctru va ché tao rong
rai dé ung dung trong nganh khai thac than vi chung ¢6 nhiéu vu diém nhu do nhay cao, do
on dinh cao, phan 1 ung nhanh, an toan ndi tai va giam sat tir xa. Bai bao nay gi6i thidu nhu’ng
tién bo gan day va cac ung dung dién hinh cta thiét bi cam bién khi mé-tan, cam bién khi
cacbon monoxit (CO) va h¢ thong giam sat da khi dya trén TDLAS trong giam sat khi mo
than, ngan ngtra va canh bao sém su c6 chay trong cac mo than thong minh.

Abstract: Due to the extremely complex working conditions, various health and safety
hazards are present in underground coal mines, which cause economic losses and heavy
casualties. Among these hazards, methane gas explosion and coal combustion are
recognized as the two major hazards to miners. Traditional electronic sensors in mine safety
monitoring systems have problems such as low precision, a large amount of maintenance,
and monitoring dead zones. In the past decade, gas sensors based on tunable diode laser
absorption spectroscopy (TDLAS) have been extensively studied and tailored for use in
the coal mine industry because of their advantages of high sensitivity, high stability, fast
response, intrinsic safety, and remote monitoring. This invited paper introduces the recent
progress and typical applications of TDLAS-based methane sensors, carbon monoxide
sensors, and multi-gas monitoring systems in coal mine gas monitoring, fire prevention,
and early warning in intelligent coal mines.

1. Giéi thi¢u

Hié¢n nay, than 14 mot trong nhung ngudn
nang lugng chinh va s€ duy tri la nguén nang
lu’orng chinh trong tuong lai gan Nam 2021,
san luong than trén toan thé gioi dat 81,73 ty
tan, tang 6,0% so v&i nam 2020. Trung Quéc
¢o trén 5.000 mo than, 95% trong s6 do 1a
cac mo than ham 16. Van dé an toan mo than
tro nén rat nghlem trong. Trong thap ky qua,
cac vu nd khi va than ty chay 14 hai mi nguy
hiém chinh gap phai trong cic mo than ham
1o, trong d6 nd khi 1a nguyén nhén chinh
gay ra nhi€u sy c6 nghiém trong, c6 hon 10

nguoi da tir vong. Voi sy phat trién nhanh
chong cua cac hé thong glam sat khi, vin dé
an toan mo than da duoc cai thién hen tuc,
dleu nay dugc thé hién bang sy sut giam Ve
s6 vu thuong vong. Nam 2002, Trung Quoc
san xuat dugc 1,4 ty tin than nhung c6 dén
6995 vu thuong vong. Nam 2021, s6 thuong
vong da giam xudng con 178 va san luong
ting 1én 4,13 ty tan, twong ung voi muc cai
thién 111 lan ve ty 1€ thuong vong trén mat
tricu tan san lu:ong than (ttr 4,9 ndm 2002
giam xuong con 0,044 nam 2021). Pé tiép
tuc giam sO vu thuong vong trong cdc mo
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than va dam bao an toan cho tinh mang con
nguoi va tai san, tat ca cac loai khi doc hai co
trong cac mo can duoc giam sat truc tuyén
dé ngan ngira cac sy co tiém an.

V6i su phat trién nhanh chéng cua
Internet van vat (IoT), cong nghé truyén
thong 5G, dir liéu 16n va cac cong ngh¢ mdi
khac, [oT an toan mo va cac mo thong minh
da dan tr¢ thanh mét xu hudng mai. Cac loai
thiét bi cam bién khi mo, dac biét la khi mé-
tan va CO, cung cap thong tin moéi trudong
thiét yeu va co so dit liéu dé xay dung IoT an
toan mo hodc cdc mo thong minh. Trong 5O
céc yéu cau dbi cua cac mo thong minh, myc
tiéu quan trong nhét 1a giam khoi luorng cong
viéc ciia thg mé va hién thuc hoa cam bién
thong minh, giam sat toan di¢n, phan tich tu
dong, canh bao s6m va kiém soat hiu qua.
Tuy nhién, cac cam bién dién tur truyen thong
duoc str dung trong céac hé thong giam sat an
toan mo khong thé dap ung cac yeu cau chu
yéu cua cac mo thong minh do céc van de
nhu d6 chinh xéc thap, do tin cay kém, khoi
lu’orng cOng vi€c bao tri 16n va giam sat cac
vung chét.

Dbi v6i cam bién khi mé-tan, cac cam
bién chinh dugc str dung trong cac mo than
13 cam bién khi mé-tan tu chay bang chat
xtc tac. Tuy nhién, chang c6 mot s6 nhugc
diém khong thé tranh khoi, chang han nhu de
bi ngd doc, dd chon loc kém va hiéu chuan
thuong xuyén, diéu nay chic chan lam ting
khéi luong cong vige, tang nguy co thuong
vong va thuong tich dbi voi thg mo. Thiét
bi cam blen khi mé-tan khac 1a cam bién Kkhi
bang hong ngoai, sir dung ngudn sang hong
ngoai bang thong rong va bo loc quang hoc
de cam blen bang quang dién vi sai. Tuy
nhién, thiét bi nay dé bi anh huong bd1do am
va nhiét do. Do do, thiét bi nay c6 do tin cay
va do on dinh kern trong moi truong phuc
tap cua cac mo than ham 1o. Ngoa1 ra, cac
cam bién dién tir ciing dugc st dung nhung
khong the su dung ¢ cac khu vuc dic bigt
nguy hiém, chang han nhu khu vuc da khai
thac, dan dén cac ving mu trong qua trinh
giam sat. Trong nhirng ndm gan day, véi su
tién b nhanh choéng cta cong nghé quang

dién tir hién dai, cong nghé quang pho da tré
thanh trong tam nghlen clru cua cac nhom
nghién ctru trong va ngoai nude. C6 nhidu
phuong phap phat hi¢én khi dya trén quang
phd, bao gdm quang phd hap thu tang cuong
khoang (CEAS), quang phé vong khoang
(CRDS), quang pho quang am (PAS), quang
pho quang nhiét (PTS), quang phd Raman
laser (LRS) va quang pho hap thu di- ot co
thé diéu chinh (TDLAS) Do kha nang thich
u'ng vO1 moi truong va do tin cdy tot hon,
cac cam bién khi dya trén TDLAS ngay cang
dugc sir dung rong rai trong linh vuc cam
bién khi. Cac cam bién khi dwa trén TDLAS
str dung tia laser thay vi dong dién va dién ap
dé nhan biét thong tin va st dung s¢i quang
thay vi cap lam phuong tién truy€n thong tin.
Do d6, cac cam bién khi bang tia laser phu
hop hon v6i mdi truong mo than dé chay,
dé no va am uét. Cong nghe TDLAS c¢6 lgi
thé 16n d6 1a kha ning gidam sat truc tuyén
tai chd va da tr¢ thanh cong nghe phat hién
khong thé thay thé trong cac mo thong minh.

Chay 1a mot trong nhitng mdi nguy hiém
chinh trong cdc mo than. Hién tuong than
tu chay bat ngudn tir lugng than con sot lai
trong khu vye da khai thac bi Oxy hoa va
nhiét tich tu, lam day nhanh qua trinh ty
chay va gay ra chay. Su Xuat hién va gia tang
khi CO la nhu’ng dic diém dién hinh trong
giai doan ddu cia qua trinh oxy hoa. Khi qua
trinh oxy héa tré nén nghiém trong, nhi¢t do
bat dau ting va C2H4 xuat hign. C2H2 1a
khi chi bao canh bao cubi cung. Su xudt hién
cua loai khi nay bao hi¢u chay sdp xay ra.
Do d6, dé phat hién sém sy cb than tu chay,
CO 1a khi dic trung quan trong nhat can theo
doi. Cacbon dioxit (COZ) etilen (C2H4),
axetilen (C2H2) va cac khi khac cling quan
trong dé theo ddi cac mbi nguy hiém tu chay.
Thong thuong, do nhay phat hién can thiét
d6i voi CO 1a 1 ppm va ddi véi C2H4 va
C2H21a 0,1 ppm. Cong ngh¢ g1am sat thong
thuong dya trén h¢ thong lay mau khi b6 ong
va céc thiét bi giam sat khi dua trén sic ky,
thuong duoc dat tai trung | tdm giam sat trén
mat dat va co thoi glan tré dai, bao tri cong
kénh va khong chinh xac do hlen tuong 10 i
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ong co thé xay ra.

Dua trén nhu ciu cia cac mé than thong
minh, nhom tac gia da nghién ctru phat trién
nhiéu loai cam bién khi dya trén cong nghé
TDLAS; cac loai nay da dugc kiém chimng
va {mg dung thanh cong trong xay dung
hé thong IoT an toan mé va mo than thong
minh. Bai bao nay trinh bay nguyén ly, uu
dlem mg dung va tién bod gan day cua cam
bién khi dya trén TDLAS tung dung trong
linh vuc an toan mé than. o

2. Nguyén ly ciia quang pho hap thu laser

Co s¢ vat Iy cua cong nghe TDLAS la sy
hap thu nang lugng anh sang O tan s cu
thé boi cac phan tir khi. Khi tan s6 anh sang
t6i gidng véi tan so rung dong bén trong
phan tor, hai yéu t6 nay s€ ket hop cong
huong va phan tr s& hap thu nang luong
anh sang va tao ra sy chuyén tiép. Khi murc
rung dong chuyén tiép tur trang thai co ban
sang trang thai kich thich dau tién, su hap
thu 1a sy hip thu tan so co ban. Khi mure
rung dong phén tir chuyén tiép tir trang thai
co ban sang trang thai kich thich th{r hai tr¢
1én, su hap thu 1a sy hap thu song hai bac
cao. Cac dinh hép thu c6 cac dic diém quan
trong, ¢ thé duoc st dung lam co so dé
xac dinh loai phan tir hodc nhom nguyén tur
ctia khi va c6 thé dugc sir dung dé phén tich
dinh tinh va dinh luong khi.

Cuong d6 4anh sang hong ngoai duoc hap
thu boi cac phan tir khi khong chi lién quan
dén duong di quang hoc cta anh sang trong
vat liéu ma con lién quan dén ndng do khi.
Dinh luat hap thu Beer-Lambert dugc thoa
man gitra cuo’ng d6 anh sang ban dau va
cuong do anh sang di ra:

It(v)=10(v)exp|- a(V)CL] ) (1)

Trong do: 10(v) 1a cong suat anh sang
dau vao; It(v) 1a cuong do anh sang di ra; C
1a ndng do thé tich cua khi; L 1a do dai cua
duong hap thu khi; va a(v) 12 hé s6 hap thu
khi, h¢ s6 nay bi anh hudng béi nhiét do va
ap suat vi khi ¢ thé nén duogc va thoa man:

a(v)=S(T)g(v, vO)P 2)

Trong do: S(T) la sy phu thudc nhiét do
ctia hé s6 hip thy; P 1a ap suat xung quanh;
va g(v, v0) 1a ham dang dudng thang. Ba
ham dang duong thang thuong duoc su

dung la ham Lorentzian, ham Gaussian va
ham Voigt Trong moi tmc‘rng do luong cua
cac mo than, sy m¢ rong do va cham cua
cac phan tir khi chiém wu thé. Do d6, ham
Lorentzian dugc chon dé mé ta ham dang
duong thang cta phd hap thu. Ham nay thoa
man:

Ay

1
g(vw) =— 2

zll
" (= oy + (?)

Trong do: vy 1a tan sd trung tdm cua
duong phd hap thu va Av 1a toan bo chleu
rong tai mot nira chiéu cao ciia dudng phd
do sy m¢ rong do va cham gay ra. Gid tri
tich phan cua ham dang duong thang g(v Vo)
trong mién tan s6 day da la 1 don vi. Bang
cach thuc hién cac phép tinh logarit & ca hai
vé cla Phuong trinh 1 va phép tich phéan,
chung ta co:

€)

+00 I“ { V}

dv=A
—1 I:{V}

(4)

S(T)PCL = —J

Khi do, ndng do thé tich cua khi co thé
duoc bicu th1 nhu sau:

J'“”In (v}d

- v

c. kv A (5)
S(T)PL S(T)PL

Cong nghé TDLAS chu yéu su dung chiéu
rong duong hep va kha nang didu chinh cua
laser ban dan co the diéu chinh dé do mot
hoic nhiéu duong hap thu gan ctia cac phan
ttr khi. Cac cam bién khi dya trén cong nghé
TDLAS c6 do nhay cao va 6n dinh do chleu
rong dudng hep cua laser ban dan co thé
diéu chinh, nhi¢t d6 hoat dong co6 thé kiém
soat va dau ra cong suét quang, day la 1y do
khién cong ngh€ nay phat trién nhanh chong.

3. Cam bién khi métan bing tia laser
va irng dung trong giam sat truc tuyen khi
mo than

3.1. Cim bién khi métan bang tia laser

Métan (CH4) 1a khi quan trong nhét trong
giam sat an toan mo than. Khi CH4 trong
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pham vi nong dd 5%-16% gap ngon ltra tran,
n6 s€ phat nd ngay lap tirc. Bing cach tang
ap ludng khong khi tuoi tir mat dat vao mo
than, O2 co thé duoc cung cap trong ham
1o va nong do CH4 co thé giam xudng. Khi
métan co cic dinh hip thu xung quanh cac
dai 3,3 Hm va 1,65 pm. Tuy nhién, laser
hong ngoai trung b1nh (MIR) rat dit va can
dugce lam mat. Dai 1,65 Hm twong ty nhu
dai truyén thong soi quang va thiét b quang
dién da phd bién va ré. Do d6, cam bién khi
métan bang tia laser thuong chon dinh hap
thu gan 1,65 um dé phat hién. Phé hép thy
truc tiép (DAS) va phd diéu bién budc song
(WMS) la hai phuong phap xtr 1y tin hi¢u
duge su dung rong rai trong TDLAS. Vigc
phat hién hap thu truc tiep duoc thyc hién
bang cach quét tin higu hap thy khi c6 budc
song laser diéu bién dong hinh ring cua.
Khi tia laser di qua khi muc tiéu, mot duong
cong tang theo budc song laser dugc phat
hién bang cach str dung bo do quang. Duodng
cong c¢6 do 16m tai dinh hap thu twong ung.
Buong déc trung hap thu khi c6 thé thu dugc
bang cach chuan hoéa duong cong phat hién.
Hé thong DAS dao nguogc nong do khi bang
cach theo ddi tryc ti€p su suy giam cuong
dd anh sang; thiét bi va SO dd thir nghlem
cua hé thong nay tuong ddi don gian. D01
v6i hé thong WMS, tin hiéu diéu blen tan so
cao dugc chong 1én tin hiéu quét tan s thip
lam tin hiéu diéu khién cua tia laser. Khi do,
tin hi€u hai cua quang phd hap thu thu duoc
bang cach st _dung cong ngh¢ khuéch dai
khoa pha va nong dd khi dugc phat hién theo
gid tri dinh cua tin hiéu hai.

Hau hét nhiéu nén, dic biét 1a nhidu 1/f,
o dic dlem la c6 cuong d§ cao trong dai
tan sd thap va giam dang ke & tan s cao.
Do do6, h¢ thong WMS c6 thé triét tiéu hiéu
qua nhleu nén dugc dua vao quang phé bai
cac h¢ thdng mach, thiét bi quang hoc va h¢
thong quang co hoc. N6 ¢6 thé trich Xuét
hiéu qua céac tin hiéu yéu tir nhiéu va nang
cao do nhay phat hién cua cac tin hi€u quang
phé. Inaba H va cong sy lan dau tién str dung
phuong phap hap thu quang phd dé tién hanh
giam sat 6 nhiém khong khi tr xa. Uehara

K va Tai H da sir dung laser phan hoi phan
tan che d6 don 1,6 um (DFB-LD) dé phat
hién nong do khi mé-tan ¢ nhi¢t do phong
H¢ thong su dung phuong phéap song hai ¢
dleu bién budc 'song; do nhay phat hién t6i
thiéu ciia hé thong 1a 20 ppm. H¢ thong dat
dugc do nhay phat hién cao do su két hop
cua DFB-LD, cong nghe phat hién song hai
diéu bién buoc song va cong ngh¢ soi quang.
Zhang va cong sy deé ‘xuat mot hé thong do
métan hip thu truc tlep mot kénh véi DFB-
LD 1,33 pm va mot dong h6 do cong suat
quang c6 do nhay phan hoi la 1 nW. Ho da
xac minh moi quan hé tuyén tinh gitra tin
hiéu dién dau ra va nong do khi nong do nho
hon 15%. Iseki va cong sy da thiét ke mot
cam bién do luong tir xa khi métan cim tay
c6 DFB-LD 1,65 pm, khoang cach do la 10
m va do chlnh xac do 1a 5 ppm. Céc nghlen
ctru noi trén da thuc day dang ké sy tien bo
ctia cong nghé cam bién khi métan bang tia
laser.

Viée glarn muc ti€u thy dién nang tong
the cua cac cam blen khi métan bang tia laser
rit quan trong dbi voi ung dung trong cac
mo than ham 16. Khi mtre ti€u thu dién ning
cua cam blen CH4 qua cao, sb luong cam
bién c6 thé duoc cung cap b01 nguon di€n an
toan ndi tai khong thé dap timg dugc cac yéu
cau phat hién khi mo than. Ngoai ra, dé dap
g yéu ciu khoang céch truyén 6 km theo
quy dinh cua h¢ thong gidm sat an toan mo
than, dong dién cam bién va muc tiéu thy
dién nang can phai giam ¢ mirc 16n nhat co
the dé tang khoang cach phat hién glua dau
do cam bién va tram bién ap cung cap dién.
Laser phat xa bé mit khoang thing dimg
(VCSEL) co dong dién ngudng, dong dién
hoat dong va mure ti€u thu dién nang hoat
dong thap hon dang ké so véi laser phan h01
phan tan (DFB). Nhin chung, ché o diéu
bién dong dién cua laser DFB 1a khoang 10
p.m/mA va cia VCSEL I[én t6i1 400 p.m/mA.
Do d6, VCSEL c6 dic tinh diéu chinh budc
song dong dién cao hon laser DFB. Hon
nita, hé s6 diéu blen budc song cua VCSEL
nho hon theo diéu bién nhiét d6 va lén hon
theo diéu bién dong dién. V&i su phat trién

24  Bantin Twvan & Cong nghé M6



