


HQI NGH! KHOA HOC QUOC GIA
pHArrRtEN sEN vur,to KHoA Hgc cOte Hcu! uo vA uOr rnudrue

NGHTtN cUu rNc DUNG ruo niNH cHUOr
rRoNG LUA CHQN PHUONC AN MO ViA:

vi nq cHo rvrO cHi -rnrvr lUxc HoAr, BAc raN
Dinh Thi Thanh Nhinr,., Ng6 Thii Vnhr

ITrwlng Dai hoc Md - Dia chiit

rou rAr
Hoat dQng khai th6c m6 n6i chune vd khai th6c

do chiu tric d.6ng t6ng hqp cia nhi6u ytSu rtl tu nhi
chu6i sin xuSt kh6c nhau. Trong d6, cOng tilc mo v
trd ddc bi€t quan trgng trong viec ktlt nr5i rn4t bdng v

vd chi phi vdn tii. Do d6, rnd via c6 thti ctuoc xem ld
h6t ch€, tric d6ng qua lai l6n nhau, tluoc t6 chric theo
fu ndy, nh6m tiic gi6 sir dung m6 hinh chudi vdi cAch

do4n sdn xu6t dugc xem ld rn6t ditim, cdn quy
tr0n c6c yt5u tO anh huong duoc thi6t l6p, cric
sO tuong ung. K6t qua nghidn cuu ld cq sd di3
phqc vU thi cOng tai m6 chi - kEm Liine Hodi.
via: di€u ki€n dia chiit khu vrc m6; alrng h

1. D{t v6n tl6

Su gia tdng canh tranh trong ndn kinh ti5 toirn cdu cirng v6i nhu cdu ngdy cdng ldn vd nguy6n liQu tl6
tl6ng thdi gidm chi phi
hi€u qud v0 chi phi vd

chi phi ld tlcrn gi6n h6a
k0 vd thi c6ng vira bdo

vd chi phi v6n hirnh hoo ly (Marcus,2014; Leandro,
vi6c thitit l6p c6c cOng trinh nt5i ttr m4t O6t O6n cacmfc khaith6c trong m6. Trong khi d6, khai thdng Id qu6 trinh xby dsng trittrong a"""g iJ iie, taigi*"

ciic cdng trinh md via vdi thdn quflng d cdc mfc khiic nhau (wilson, zdo+i. ne tiong .i"oo*g ro thui
th0ng vd md via ktit hqp t4o thdnh mang ludi cric ttud hrinh, phuc W"uan chuye"n nguOi,
vdt li6u vdo khu nrc khai th6c vd dua qudng ra n 012; Leandro ,2017).Trong thr,rc
tiSn khai thdc hAm ld, viQc lua chon ph"crng .in m ki€n tg nhi6n va tintr ti5 cua timg
khu v.uc cu thi5 v6n td m6t th6ch thric l6n Oti vOi

dua tr€n c6ch bi5 tri truc cia cdc c6ng
5 tri trong dri v6ch dn tlinh vd han chE
<ldm tu6i tho cua ciic iluong lo chinh

phuong phrip md via cht y6u, g6m: md via bing
g drmC vd phucrng phrip kr5t hqp. OOi v6i cric khu

ciic c6ng trinh k6t n6i c6c thdn qudng v6i h0
nh6t. Trong c6u trric ndy, c6c congirini'mO via

rpt tl6ng khai th6c, vdn tii vd xoay
quanh truc chinh d6 (Marcus, 2014). Mucti6u crra khai thric m6 ld thu hOi vd vi tri
ban ddu trong long o6t o6n khu v.uc cht5 fi6n, ,uu cr6 tit5p tu, a"u oe.','r,iiay dOng

*Tdc gid liAn hQ

Email: dinhthithanhnhan@humg.edu.vn
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2. Ccr sO tf thuyiit

\ \ \ r',_

IIinh I. M6 hinh chu6i trong sdn xutit
Chil thich: SCN: MQt bdng

drdng ld khai th6ng d€n ctic n 2 - 3: Cdc
th6ng gi6;

p, chu6i sdn xu6t du_o. c m6 t6 du6i
vgc sdn xudt c6 miii tien t6t ho4c

d du6i dpng song song c6
c6c chuSi ld cirng sri dlrng
l6).

tl6 hinh thinh m chudi con; c6c c
1so AO kfriii logic thii hi6n h6n H
song song; ciic nh6nh nav tiep tvc ;?lt' 

t clon vi tao thdnh n nhrinh

I r l-l , l-l , l- -fJ-tl

(a) M6 hinh chudi niit tiiip

(b) MO hinh h€ thiSng chu6i song song Iong r G) M6 hinh h€ thiing chudt song song 2
Hinh 2. M6 hinh chu6i
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Trong bdi vi€t nay, moi lien h€ chudi srin xudt ld nhiriu chu5i c6 ti6n k6 voi nhau, kh6ng ph6i ld m6t
ctrudi ntii ti6p n€n chi xdt su tiic d6ng cia c6c chu5i ho4t ri6ng d6ng thdi.

Khi c6c don vi gii5ng nhau, m6 hinh toiin hoc cria he songlong t ta:

&. = l-[l- R,@l 
(1)

Tucrng tu, m0 hinh toiin hoc cria h€ thi5ng song song 2 ld:

n", ={r-[r-n1
Vi &(t) thucrng c6 giri tri nh6 hon I (lcrn nh6r td b

thu6c cua cdc gi|tri trong chu6i du-o. c x6t nhu sau:

Trong d6: ai- trgng si5 c6c yi5u t6 (chi ti6u); C; - giii tri xric dinh (rto clgc) cia ciic chi ti€u tl6nh gid;
v,i-gi6trithr?i trongc6pd6nh gi|thaj.Saukhix6ctl-inhduoctrongs6criacdcchiti€utl6nhgiri,tadie;
lQp tlu-o. c ma trfn nhu sau:

A : for, az, . .., en) (5)
Sau khi thii5t lap dugc.hai ma trfln ve Oo tg thuQc cta chi iicu rilinh giri R vd ma hdn vd t sne ,(i ju

c6c chi ti€u <l6nh gia A, ti€n hdnh nh6n hai ma trQn v6i nhau, k6t qua daih gi6 t6ng hgp B tdr 
' '

B:A@R
Tr?c ld:

(bt.b2'L 'b,)=fa,,a,L

(4)

(6)

<+ (6r, br, ..., b^): L af trl- ezrzt* .... -r a^r^1,
Q(11 arTrrl .... -l cI^rtn,

atrr+ qzr2t+ ..,. * q^t^t,
Qrfrnl Arrrnl .... + A^f*f (7)

D6nh gi6 k! t c ld rl6nh gid todn diQn ita c6p v6 c6c rti€u
ki6n t6c dOng l€n hitheo.Et tluat torin nh6t tlinh. Sir dung
nhirnggi6 trf n3f d ndng thich tmg crja c6u trfc t6 chric sdn
xudt d6i vdi di6u
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r'$orfrt
4026j

DAt he s6 danh gi6ld pi(i: 1,2, ..., n), dilnh giii vecto tinh ning chi ti6u x;(l : 1,2, ..., m),vdma
trQn thdnh viOn cria y6u t6 anh huong tuong img ld rij, trqng s6 c6u trfc cta y6u-t0 inh hu&ng ld a,(i: l,
2, ..., n). M6 hinh il6nh gi6 todn di€n sri dqng lo4i rung binh c6 trgng s6, cq th6:

, \--(arrr,)+(ar.r4)+...+(a".r^t)v1ij:1,2,...,m (8)
Trong cOng th&c (8) kQt hqp sir dlng m6 hinh r gi6 todn di6n c6 trqng s6 tuy6n tinh. Khi XiLr ai : 1,

n6 c6 th€ dugc chuydn d6i thdnh:
bi:vdi j: I, 2, ..., m

Trong tl6: bi - Gi6tri tilinh gi6 todn diQn.

3. Nghi6n cri'u lga chgn phuong 6n mO via hqp lf cho m6 qu{ng chi - kEm Liing Hodi

3.1. Diiu kiQn co b,rtn md chi - kEm Lfing Hodi

Khu vuc Lfing Hodi bao gdm 2 thdn qudng chinh nim trong2 ditt gdy theo hufng D6ng Bfc - Tdy
Nam, bao gdm 43 kht5i quflng. Trong tl6 c6 29 khOi qu{ng Suntua trong cdn d6i (19 khtii cta TQI vd l0
khi5i cria TQ2), thC hiQn trong Hinh 3.

Ilinh 3. MQt cdt dgc trtmg ctia thdn cdc thdn qu{ng

3.2. Gidi bdi todn lga chgn phrong dn mOvia cho ml Lfrng Hodi

Tir Hinh l, n6u coi khoing c6ch c6c tlo4n I - 2,2 - 3,...8 - 9 ld chi6u ddi cria c6c do4n lo khdc nhau
thi t6ng chi€u ddi tir I - 9 chinh ld t6ng chi6u ddi ld cdn tldo. Gi5 tri hdm st5 tintr kh6i luqng cira m6i dogn
lo tuong tmg ld f(1,), t6ng khdi luong ciic duong ld le f(L): If(l) (10)

Gi6 tri xdy dpg cria timg duong ld ld Gi thi tOng si5 tien cAn dC hodn thanh giai do4n xdy dpg co bdn
Gcu: IGi.hdm s0 bi6u thi chiphi: f(C) : f(c) + (C*J + (C*) (l l)

Trong d6: f(G) ld chi phi giai do4n xdy dpg co bAn; f(CvJ la chi phi giai do4n vQn hinh; (CJ ld chi
phi kh6c.

Tt so tt6 chu6i da fiinh bdy d Hinh 2 thiy ring, crich thric bO trf san xu5,t chinh ld cach thric vfln hanh
cira timg chu6i don 16. Trong m5i chu6i, ntlu b6t cri cti,5m nrit ndo xdy ra l5i phni dtmg sdn xu6t thi s6 gia
tdng chi phi il6 sria chta l6i cl6 ttua vd trqng th6i binh thudng. Coi c6c chi phi ndy li chi phi phdt sinh C.r.
N6u C.. cdng l6n vd tdn su5t xAy ra cdng nhi€u thi hQ thdng md via vd sin xu6t bi l6i nghidm trong, cAn
phii cii til5n quy trinh sdn xu6t. Bai vii5t ttua C., tO hqp vdo (C). C6u tnic tii chric sin xu6t cho c5c giai
do4n dya tr€n c6c m6 hinh t6ng hqp xdy d1mg tl6 bao hdm c6c yi5u tO t<intr t.i, ky thuat vd nhitng y6u t6
ti€m dn ph6t sinh chua <l6nh gi6 ht5t trong giai <lop xdy dpg dg rin. M0 hinh tLinh gi6 l5i vd sira chiia l5i
nhu sau: Khi xem x6t h€ th6ng dA hQi tu ttir sg phir hsp ky thudt, thi cdn xdt di5n nhtrng y6u tti ti6m 6n t6c
tlQng ti6u cgc l6n chu6i (Nguy6n Vin Dfrng, 2019b). Trang th6i cira ciic yi5u tti dir huc ti6p hay gi6n tit5p
theo hudng b6t tqi cO th€ g6y ra gi6n doqn hoqc ldm gidm n6ng su6t.

Nhiing tli6u kiQn Udt lqi ma ng thdng da thiiSt lflp kh6ng thil vuqt qua ilugc thi budc phii dung sin xu6t
tl6 xri ly (Nguy6n Vdn Diing, 2019a), vi d9 nhu su c6 mit diQn, tic ngh€n vdn tii, h6ng m6y, sdp 1d... N6u
coi m5i yi5u t6 tac dQng l6n hQ th6ng li m6t bO phQn, thi ny€ut6 t6c tlQng l6n c6u truc tr5 chr?c sin xu6t sc
c6mQthOth6ngNtrqngth6it6cclQng. Coitr4ngthili0ldtfucinyi)uttSt6cdqngl6nhCthdngkhdng6nh
hu&ng ti6u cgc (ho{c 6nh hudng khdng tt6ng kC), he thr5ng hoqt itQng binh thuong. Tr4ng th6i7 ld b0 phdn
thriT tlang trong tinh tr4ng tdc dQng gdy b6t loi cho c6u truc, cric bQ phQn cdn lqi binh thudngT : 1,2, . . .,

(e)
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n; n6u t4i thoi <li€m t, X(t): j bi€u hiQn hQ thi5ng dang trong trang th6i7, do it6 X(t), r > 0 ld thdi gian thuc
hi€n quri trinh (,r ien, 2013; Nguy6n V6n Diing, 2019b). NiSu nhu b0 phQn thriT xdy ra 6nh hudng ti€u cuc,
thi trang thdi cAu trfc td chLic <Itroc chuy€n sang trpng thili j 0 : 1,2, ..., n). Khi d6, xiic su6t Juyen dOi
trpng th6i a",thi )",chinh ld tdn su6t str c6 cira bO phfln tht?7. D0 c5u trirc tO chric s6n xu6t dtra v0 trang th6i
hoat tlOng binh thuong ld trang thei 0 thi hudng chuy6n tii5p7 phdi tluoc kich hoat sua chfta. Sau khi sira
chfta tir trang th6i7 sang trang thrii 0 thi xiic suSt sfta chfa, phuc hOi ld a, (Hinh 4).

L,

l),

I

i, Fn

Ir:
I

2

Hinh 1. Scr dd chu1.€n i trang thdi cua h€ th6ng san xuil khi gdp tdc dQng tiAu cqc

Ma tr6n x6c su6t chuyrSn di5i t ang thiii nhu sau:

1r Az
_t4 0
O _l.tz

00
Trong d6: 0 - tr4ng th6i ldm vi€c binh thuong; /, - tan su6t xay ra su c6 cta bQ phdn thriT; lt-Khit

ndng sria chta, phuc nOi t6i ttrtT ve trqng thrii 0. Trong c6ng thric tr€n c6 t6ng hqp t6c dQng ti€u cuc:
7 = Ei=tli

( l3)

. Xiic su6t d0 chuydn tii5p fi trpng th6i7 di5n trang th6i 0 phu thu6c vdo thdng sr5 O;nh hu6ng trang th6i
c0 tlinh T: (Ito, ?Tr, ..., 7tn), khi chuy€n c6c trang th6i tiOu cuc ve trqng th6i hoat il6ng binh thuong nghTa ld:

.Tt * "'* pn.Tn = 0
o - l4.Tt: 0

(14)

o - Fn'Tn: 0

O6 lua chon phucrng iin mO.via hS? ly cho mdt md d6nh giri tr€n nhi€u ti€u chi kinh t6, ky thuat,
an todrn, php tro, van hdnh.... ki5t hqp cdc c6ng thric (3), (6), (12), (1a) don gi6n h6a cach giii bai toan
nhu sau:

(L) : X(ti):i,lln
(c) : (c) + (cvH) + f(cK) -

ttr

(r2)

P= ^1 
12

-t4. 0 ...

o -pz

0

7n

0 (ls)

Tir c6ng thfc (15) th6y_ring, hdm f(L) tlai di€n cho c6c yi5u tO tOi5i lucrng thi c6ng xdy dung phii {lat
tlugc hi6u qud max v6i khOi luong min. Hdm f(C) tlai di6n cho c6c ti6u chi ne 

"ni 
pni gii tnantr cua -di

phucrng 6n. I{dm f(A) <la.i di6n cho c6c y6u t6 vin hdnh. Vdi m6i phuong rin khric nhau sE c6 nhiing chi
ti€u kinh t6 khdc nhau, Ati einn lugng ld r5t tnO; do viy, phucrng 6n ndo c6 hdm F t6i uu nh6t se ld phuong
rin rru ti€n dugc lga chon. Trong sO a, phin dnh mric cIQ quan trong cira timg ti€u chi tl6nh gi6 trong hdrn
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tdng hqp F vir dugc x5c <linh theo phumg phSp so s6nh c4p rl6i (pairwise comparison). CU th€, nh6m

chuydn gia k! thuQt m6 thlrc hiQn so s6nh mric dQ uu ti€n giiia tirng cflp tiOu chl (khOi luqng thi c6ng, chi
phi xdy dlmg co bdn, chi phi v{n hdnh, chi phi thirSt bi, chi phi bdo vO cOng trinh) theo thang ttit5m tu I
d€n 5, trong tl6: 5 - rdt quan trong hon; 3 - quan trong hon; I - tucrng iluong nhau.

Kiit qun so s6nh tlugc tdng hqp thdnh ma trQn il6nh gi6, sau d6 chuAn h6a tt€ x6c ttinh bQ trgng s6 a,

th6a min tti€u kiQn:
t1sL ai = t,ar) O

Trong bdi to6n llra chon phuong 6n m& via m6 chi k6m Lfrng Hodi, ti6u chi chi phi xdy d1rng co bin
vd kh6i luqng thi cOng ld rlugc <l6nh gi5 c6 mric uu ti€n cao nh6t do 6nh hudng tryc tit5p rti5n t6ng vi5n

d0u tu ban tl6l, phn hqp v6i tti6u kiQn thUc tt5 cria m6 hdm ld vira vdr nh6 t4i ViQt Nam. C5c phucrng 6n d€

xudt dugc thO hiQn trong Hinh 5, 6,7 .

Br*iro rb al\cxrix ri.{ v-.trr-t rnt.{re
$,:ti@ r,r' In:&1i\riA. D€ \ii:.!\c

:. k tel+ !t 4,r i::
t: iit,le]t, :{': -rEtl

7i itrq| ;

Tr :). Dre?, aa;! !F

* !,6'2t t,t t:r ar! t 1 '
) ,{*,

Bdng t. Th6ng kA khiSi lro. ngvd chi ph{ co bdn cia cdc phnong dn mdvia

chi
ti6u

KL.
Ld m&

via
(m)

KLId
XV
(m)

KL Id

thuqng
vi TG

(m)

cP.
XDCB

CP.

Sin xu6t
cP.

Vin t6i
CP

ThiSt bi
CP

B6o vQ

P. Anl 265 330 ll0 630.264-790 90. l 89.800 44.100.000 422.000.000 3,089,800

P.An2 218 350 80 757,238,472 93,954,000 85,753,600 448.490.000 3,200,400

P.An3 257 394. 60 850,891,89s 90,699,130 86.835.000 510.000.000 3,154,130

Hinh 5. Phtrong dn I mdvia td bdng ket hap vdi ld xr4t€nvia tdng
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Hinh 6. Phtxtng tin 2 mdvia td bdng ket hqp vhi ld thttgng di nong thdn quQng

Hinh 7. phrong dn 3 md via giang nghiang ket hqp voi ld xuy€n via tdng

4. K6t qu6 vd thio luin

f(Ll) : 26s + 330 + I l0 : 70s; f(L2) : 2l 8 + 3s0 + 80 : 6a8; f(L3) : 257 + 394 + 60 : 7 r't

f(cl) : 630,264,790 <f(C2) :757,238,472 <f(C3) : 850,891,895

f(Gl) : 559,379,600; f(G2) : 63 1,398,000; f(G3) : 690'67 8,260

rilz) <rG:) .(Ll); (ct) < (c2 <(c3) ;f(Gl) <f(G2) <(G3) (16)
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" Tir c6ng thfc (16) dua vO tO hgp cila cOng thfc 1tS; ttr6y ring, phucng rin I ld phuong rin c6 chi s6
tdng hqP t6t hcrn hai phuong rin cdnlai. Phuong 6n I ld phuong 6n uu ti€n diroc fu" ris". KEt lua ro ,ann
c6c phuong 6n th€ hien trong Bing 2.

Bdng 2. T6ng hqp so sdnh cdc chi ti€u ddnh gid ba phwrng dn md via

Ti6u chi il6nh gi6
Don
vi Phuong 6n I Phuong 6n 2 Phu'ang 6n 3

Phuong
6n tit
nh6t

KhOi luqng lo md via m 265 218 257 PA2

ICrOi lugng Id xuy6n via m 330 350 394 PAI
Khdi luong ld thOng gi6 m u0 80 60 PA3

T6ng kh6i lucrng thi cdng - f(L) m l 005 648 701 PA2

Chi phi XDCB - f(c) tt6ng 5s9.379.600 631.398.000 690.678.260 PAI

Chi phi sin xu6t - (C_SX) tl6ng 90.189.800 93.954.000 90.689. 130 PA1

Chi phi v{n tdi- f(C_VT) tl6ng 44.100.000 85.753.600 86.83s.000 PAl
chi phf thii5t bi - f(c_TB) cl6ng 422.000.000 448.490.000 510.000.000 PAI
Chi phi b6o v€ - f(C_BV) ttdng 3.089.800 3.200.400 3.154. I 30 PAI
Tdng chi phi - f(C) tl6ng 630.264.790 7s7.238.472 850.891.895 PAl

5. Ktit luin

chria thmg nhi6u ytiu td que
xdt tr€n nhi6u khia cqnh yan
n md c6 c6c trgng s6 khd gng
6p cdc nhd khai th6c lua chon phuong 6n gi6i quytit t<5i

Trong quii trinh tri6n khai du 6n, ciic hpn chi5 cira phuong iin chgn cAn dugc dua vd tr4ng th6itrict ticu
cdc inh hu&ng tiOu cgc, duy tri trpng th6i ldm vi6c binh thudng (trang th6i 0), tL d6 c6 th6 lga chon cdc
tllnh phi, bitin phi theo d6 ld t6i m nh6t.
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RESEARCH ON THE APPLICATION OFA CHAIN MODEL
FOR SELECTING MINE OPENING METHODS:

A CASE STUDY
OF THE LUNG HOAI LEAD.ZINC MINE, BAC KAN

Dinh Thi Thanh Nhantr, Ngo Thai Vinhl
'Hanoi University of Mining and Geologi

ABSTRACT
Mining in general, and underground mining in particular, does not have a universally optimal solution

due to its complex nature, involving the interaction r , economic, and technical factors,and comprising v c is the initial stage of the miningprocess and plays e qund ore bodies. Awell_designed
mine opening met recovery, minimizes the need to leave ore as protectivepillars for development roadways, and reduces maintenance and transportation costs. Therefore, mine
opening can be considered as a system ofintenelated tasks that influence one another and are organizedtnto a structured and functionally linked whole. In this study, a chain model is applied, in which each
ta^sk in the production process is represented as a rode, and the overali process is considered as a setofinterconnected nodes' Based on ix ofinfluencing factors is established, and thefactors are prioritized to determine rhe results indicate that opening vtethoa No.I is the most suitable option for the mine based on the selected evaluation criteria.Kqwords: production chain, matrix; ore body; mine opening method; geological conditions; accessroadway

HOI NGHI KHOA HOC QUOC GIA
pHArrRtEN BEN vuilG KHoA Hoc coNG NGHE ud vA uOr rRr/oNc
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