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Ky thuét tbi tu héa ké hoach khai thac md thuong khéng phé bién trong khai thac mé dé véi xi mang.
Bai bdo nay gidi thiéu mé hinh t6i wu méi dua trén Iap trinh s6 nguyén hén hop cung véi phuong phép
gidi hiéu qua dé giai quyét vén dé Iap ké hoach dai han cho céc mad dé véi xi méng. M6t phuong phép
bao gébm nhiéu bwéc da duoc ap dung dé giai quyét bai toén 14p ké hoach dai han cho cac mé da voi xi
mé&ng. Mé hinh toén hoc da duroc 4p dung tai mé dé voi Ta Thiét— Binh Phwérc, céac gidi phép duwa ra cla
mé hinh cho thdy kha néng tao ra lich ké hoach khai théc tbi wu véi cac diéu kién thuc té khai thac tai mé.

Tw khéa: mé da véi xi méng, hén hop thé, ké hoach khai théc mé dai han, mé hinh tuyén tinh sé

nguyén hé hop, vi khéi, toi wu.

1. DAT VAN BE

Dé san xuét xi mang diéu quan trong nhét |a
tao ra dwo'c mét hén hop nguyén liéu thé co thanh
phan héa hoc ndm trong gi¢i han xac dinh. Théng
thwong, da voi dwoc khai thac tr cac mé 16 thién
duoc phéi tron véi nhau hodc véi cac chat phu gia
mua trén thi treong. D& nha may xi mang hoat dong
dwoc lién tuc va hiéu qua thi viéc duy tri ngudn
nguyén liéu thoé v&i khdi lwong, thanh phan héa
t6i wu la chia khéa tién quyét dé giai quyét van dé
nay. Mét trong nhirng nhiém vu quan trong trong ké
hoach khai thac mé dwoc goi la lap lich ké hoach
san xuét, xac dinh vi khdi nao dwgc khai thac vao
thoi diém nao dé tdi da hoa gia tri hién tai rong cia
dw an. Dau vao tiéu chudn dé Iap lich k& hoach
khai thac md Ia md hinh khéi chira dwng tap hop
céac vi khdi bao pht toan bd than khoang sang. Méi
vi chira dwng céac thang tin vé khéi lwong va thanh
phan héa hoc, vi tri ca vi khéi, ... twong (ng tirng
loai khoang san can thiét cho viéc thiét ké va tdi
wu ké hoach khai thac mé. Qua trinh xay dwng mo
hinh dwoc tién hanh t khau khoan tham do, xa&
ly théng tin 16 khoan, két hop théng tin 16 khoan,
phan tich va noi suy cac gia tri ham lwong bang
cach sr dung cac thuat toan dia théng ké. Sau do,
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méi vi khdi dwoc gan mot gia tri kinh t& xac dinh.
Tuy nhién, viéc lap ké hoach khai thac mo da véi xi
mang dai han khéng thé dua trén gia tri kinh t& cla
vi khéi vi khong thé str dung gia ban cla xi mang
trén thi trwérng dé gan gia tri kinh té cho tirng vi
khdi, cling nhw dé phan loai quang va dat da thai
(Asad, 2011). Viéc s dung cac phan mém thwong
mai nhw Whittle (2016), MineMax (Minemax Pty
Ltd., 2009),... s dung dau vao la mé hinh khoi
kinh té dé giai quyét van dé lap ké hoach khai thac
dai han cho cac mé da véi xi mang dwoc chi ra la
khong thuc té (Asad, 2011).

M6 hinh tuyén tinh s6 nguyén hén hop da dwoc
st dung rong rai dé xt ly van dé 1ap lich ké hoach
khai thac dai han cho cac mé 16 thién do kha nang
mo hinh hda cac rang bubc khai thac da dang trong
qué tinh ti wu. Twong tw nhw van dé lap ké hoach
khai thac mé 16 thién, viéc ap dung mo hinh MILP
dé giai quyét van dé lap ké hoach khai thac dai han
cho cac mé da voi dé san xuét xi mang (da voi xi
mang) ciing ndy sinh mot sé thach thirc vé quy mo
cla bai toan do su gia tdng sd lwong cac vi khéi
va sb lwong cac giai doan lap ké hoach. O’ day, dé
gidm quy md cla bai toan toan lap lich ké hoach
khai thac dai han cho cac mé da véi xi mang nguoi
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ta bd qua cac phan nhanh: xac dinh bién gioi két
thuc khai thac md, thiét ké cac giai doan khai thac
va lap lich k& hoach khai thac béi sw khac biét ctia
dau vao mé hinh.

2. NOI DUNG NGHIEN CclU
2.1. Phwong phap nghién ctru

Muc dich ctia nghién ctu nay 1a phat trién mot
mo hinh t&i wu héa MILP mé&i ciing véi mét phuong
phap gidi hiéu qua dé giai quyét bai toan lap ké
hoach khai thac dai han cho cac mé da véi xi mang.
Ham muc tiéu ctia mo hinh 13 t6i wu hoa chi phi tao
ra hén ho'p nguyén liéu thd cung cip cho nha may
xi mang dong thoi xem xét cac rang budc trong khai
thac mé, cac rang budc vé thanh phan hdéa, rang
buéc vé phu gia mua ngoai, .... Dé dat duoc muc
tiéu nghién clru, tac gid da phat trién mot phuong
phéap bao gébm nhiéu budc dé gidi quyét bai toan
ké hoach khai thac dai han mé da véi xi mang. Mo
hinh MILP hé tro 1ap ké hoach khai thac md da voi
xi mang dwoc xay dyng trong moi trwdng Matlab.

2.2. Cac rang budc vé chat lwong da voéi
trong céng nghiép san xuat xi mang

Chia khoa thanh cong cho van dé lap ké hoach
khai thac dai han cho mé da vbi xi mang la dam bao
cung cép day dd hén hop nguyén liéu thé cho nha
may xi mang vé khbi lwong va chéat lwgng. D4 voi
dwoc khai thac phai ddm bao cac yéu vé ty 1é phan
tr&m thanh phan hoéa clia cac oxit nhw canxi oxit
(Ca0), silic oxit (Si0,), nhém oxit (AL,O,), oxit sat
(Fe,0,), magie oxit (MgO), kali oxit (K,0), ... trong
pham vi ch4p nhan dugc theo cdng nghé san xuét
xi mang cla nha may.

Trong san xuét xi mang, viéc phat trién hén hop
nguyén liéu thdé phai ddm béo can bang cla cac
oxit k& trén thédng qua céc chi sb sau silica (SR),
hé sb bdo hoa véi (LSF) va ty Ié alumina (AM) va
khoang clinker bao gém alit (3Ca0.S8i0,) daidién la
“C,S", belit (2Ca0.Si0,) dai dién la “C,S”, khoang
canxi aluminat (3Ca0.Al,O,) dai dién la “C,A", va
khoang Canxi alumo ferit (4Ca0.Al,0O,.Fe,0O,) dai
dién la “C,AF”. Cac phuwong trinh to (1) dén (7)
biéu dién cac chi sé nay:

SR=— 102 (1),

Al Oy + Fe, O,
CaO

F=— (2);
2,85i0, +1,1845,05 +0,65Fe, 0,

_ AL0; 3);
F6203

CyS = 4,071Ca0 - 7,608i0, — 6,7841,0; — 1,43Fe,0s

4);

G,S = —3,071Ca0 + 8,68i0;, + 5,068 41,05 — 1,079 Fe, 0,

(®);
Cyd = 2,6541,05 — 1,692Fe,0 6);
C4AF = 3,043F6203 (7);

2.3. M6 hinh lap trinh tuyén tinh sé nguyén
hén hop trong cong tac lap ké hoach dai han
cho cac mo da véi xi mang

Chi sé cia mé hinh

t: Chi sb giai doan lap ké hoach, t=1,2, ..., T

i Vi tri ctia vi khdi theo truc x,i=1, ..., X

j: Vi tri cia vi khdi theo trucy, j=1, ..., Y

k: Vi tri cGa vi khéi theo truc x, k=1, ..., Z

a: chisb phu gia thém vao, trong déa=1, .., A
la cac chat phu gia bao gém sét, da phién, da ong,
tro bay, quang sat, ....

c: chi sb hoa hoc, trong d6c =1, .., Clacéac
thanh phan héa hoc bao gom CaO, SiO,, Al,O,,
Fe,0,, MgO, LOI, K,0, Na,0, va LS, SR, iM, C_S,
C,S, C,A, LSF, ...

Cdc thoéng so6 cua mé hinh

B,,: Thé tich cta vi khi i, j, k

C,: chi phi khai thac ($/tan) vi khéi x, y, z cla
md trong giai doan ¢

C, Chi phi phu gia ($/tn) a dwoc thém vao
trong giai doan t

minP, maxP,: San lwgng 1on nhat va nhé nhét
clia mé (t&n) trong giai doan t

minQ_, maxQ_: Khéi lwong phu gia a 1én nhat
va nhd nhat dwoc thém vao (tan) trong giai doan t

minG,, maxG_: Phan trdm hoéa hoc téi thiéu va
t6i da ¢

g, Phan tram thanh phan hoa c trong vi khoi
i k

9., Phan trdm thanh phan héa c trong phu gia
atrong giai doan t

Nijie> Nijuss N g - SO Vi khdi can phai duoc khai
thac trwdc vi khbi jjk dé théa man rang budc vi khoi
wu tién trén mat phdng j va cac mat phang phia sau

va phia trwé'c mat phang j va vudng goc véi truc y
twong rng.
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Céc bién quyét dinh
oo 1, néu vi khéi jjk dwoc khai thac trong giai doan ¢
o 0 trurdng hop khac.

Y, Khéi lwong (tan) cta chat phu gia str dung trong giai doan t

Ham muc tiéu
Ham muc tiéu 14 tdi thiéu chi phi tao ra hdn hop nguyén liéu thé dé san xuét xi mang:

T
Z(z 2 2 Xl]ktBl]ktCl]kt + Z c.Y attat J% Min (8)

t=1\ i=1 j=1k=1

Cac rang budc

T
le”’“ SLVi=12,..0;j=12,..,J;k=12..K , )
1=

K i+k'-k
s 3y Xy =Ny Xyt 2 OVi=1,2,0, 15 = 1,2, sk = 1,2, K3i'> 0, (10)
t=1k'=k+1i'=i-k'

T K j+k“k i+(k'-k+j—j")
> oy > > Xl-v]wk.t—N;ktXl-jkt20,Vi=1,2,...,[;k=1,2,...,K;i'>0,j€[1,J), (11)
t=lk'=k+1 j'=j4 i'=ie(k'—k+ =) '

I K J=b ik =k =) . .
Z 2 2 2 Xi'j'k't_Nljktthkt>OVZ_1 2 ,I;k=1,2,...,K;z'>O,je[1,J), (12)
t=1k'=k+1 j'=j—k'+k i'=i—(k '—k+j—J")

mmP<22 Zkaz <maxP,Vt=12,..T, (13)
i=l j=lk=1
minQ, <Y, <minQ, ., Va=12,.,4;t=12,..T, (14)
I JK
Ez%gckajkByk +zgcat at
min Ge < =~ <maxG,,Va=12..,4t=12,.,T (15)
I JK
|:222X11k yk+z i|
i=lj k
I JK
%Z%g(CaO)zij]kBl_]k +2g(CaO)a1 Yat
min G, < =7 —<maxG,,Vt=12,..T 16
I JK (16)
2,80 %Z%g(Sioz)kajkByk +zg(S102)atYat
i=lj
I JK
+1,18 ZIZ%g(Alzcg)kayk yk+2g(A1203)atYat
=1
/I J K
+0,65 %Z%g(FezOkaXUkByk +zg(Fe203)atYat
i=l j a
I J K
EZ%g(SIOZ)kaijkBijk + ngoz) o Yat
min G, < —=— . <maxG,,Vi=1,2,....T (17)
I J K
{212%@(,41203 yiik X ik Bij + Zg(Ale3)atYat
=1y
I JK A
+ Zaz%g(FeZOj)l]kkaszk +2g(Fe2O_;)atYat
R a
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T!

[ JK A
EZ%g(AIZOQUkXijkBijk +2g(A1203)atYatj|
min G, < :ll_ ; < <maxG,,Vt=12,..,T
le%g(Fezq)z]kkaBl]k + zg(Fe203)atYat }
L=t
i I JK 4 ]
4,071 le%g(CaO)z]sz]k ik T2 8(Ca0)atYa
i=lj a
1 Jk
76001 X3 510, ¢ B +2g(&oz>atYaz
Li=1 )
(1 Jk A
—6,718 212% 8a1,04)iik Xi jk Bijre T 2 8(A1,0;)atYar
Li=1J a
(1 JK A
-1,430 Z_IZ%g(FezokaUk ik T 2 8(Fe, 05)at Yar
min G, <& S — o 2 <maxG,,Vi=12,..T
|:ZZZXUkB1Jk +27, }
i=l j k
[ JK
2,650 %Z%g(m 0y)ijk X jk Biji +2g(A1203)atYat
i=j
[ JK
-1,692 éz%g@ezoﬂzﬂc){ ]kBl_]k + zg(FeZO3)atYat
min G, < =/ <maxG.,Vt=12,...,
[ JK
[zszkauk'i'z :|
i=1j k
i [ JK y i
-3,071 %Z%g(CaO)zijzjkBljk + 2 8caoyatYu
i=lj a
1 Uk
+8,600 Ztlz%g(Sloz)l]kX i jiBijk +zg(S102)atYat
L=ty
17k
+5,068 lekzlg(A1203)kaz]k k+zg(A1203)atY
Li=l j k=
1 J K
-1,079 21 Zl%g(Fez 09)ik X i jk Biji +2g(FezO3)atYat
e
minG, <= L=/ =<maxG,,Vt=12,..,
[ JK
|:222kaBljk+z :|
i=lj k

[ JK
[3 043{2228(&2 0,)ijkX i jkBijk + Zg(Fe2 0y)at Yar
min G, < Uk

L

X €101}, Vi=1,2,...1;)Vj=1,2,.., J;Vk =1,2,..,K;Vt =1,2,..,T,

M~
~ M«
=M=

I
LN

X Bijk +2 }

Y, 20Va=12,. ., 4,Yt=1,2,.,T;

<maxG,Vt=12,..,T
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Bang 1: Nhitng thong ké co ban ciia phan phdi ham lwgng trong md hinh khéi ciia mé da voi

Thuéc tinh ~ Gidtritrungbinh  Trungvi  Ddléch chuan
A203 12.39 12.48 3,54
Fe203 2433 21.81 17,71
Si02 4425 38.36 20,95
@0 45.19 49.21 11,32
Mg0 1.88 1.66 0,88
LOI 37.29 40.49 79

Rang budc (9) dam bao rang mot vi khéi chi
duoc khai thac trong mét 1an duy nhéat. Cac rang
budc (10) -(12) dam bao rang budc wu tién dwoc
thda man. Méi quan hé wu tién dwoc phan tich
doc theo truc y. Rang budc (10) xac dinh sb khoi
duwoc khai thac trén mat phéngj chtra vi khdi muc
tiéu ijk va vudng goc véi truc y. Trong khi do, cac
rang budc (11) va (12) xac dinh sé vi khdi dwoc
khai thac trén cac méat phang vudng géc véi truc vy,
& phia sau va phia truéc ctia mat phang j, twong
&ng. Cong suat khai thac t6i da va téi thiéu duoc
thé hién trong rang budc (13). Rang budc (14) dadm
bao rang khéi lwong phu gia dwoc mua trong giai
doan t nam trong gi¢i han chap nhan dwoc. Rang
budc (15) d&m bao réng sau khi phdi tron cac gia
tri phan tram cuda cac thanh phan hoa CaO, SiO,,
ALO,, Fe,O,, MgO, LOI, K,0, Na,O dat yéu cau
san xuat xi mang. Rang budc (16) - (22) dam bao
thda man gi¢i han trén va dwéi cho cac gia tri LS,
SR, IM, C,S, C,S, CA, LSF. Cubi cung, cac rang
budc (23) - (24) xac dinh céac loai bién quyét dinh.

2.4. Phwong phap giai

Trong cach giadi quyét mé hinh tuyén tinh sb
nguyén hén hop dwoc dé xuat trong phan trudéec,
san lwvgng mé duoc xac dinh theo rang budc (13),
thé& hién nhirng thudc tinh chung cla bai toan xép
balo (bai toan Knapsack). BDay la mét bai toan NP-
hard (I1a méttap hop cac bai toan trong ly thuyét do
phirc tap tinh toan), diéu d6 c6 nghia giai phap toi
wu clia van dé Iap ké hoach khai thac dai han cho
cac mé da voi xi mang khong thé cé duoc trong
thoi gian tinh toan thwe. Do do, dé giai quyét van
dé nay nhém nghién ctu da ap dung cac phuong
phéap khir bién va phwong phap Heuristics nhdm
giam thoi gian giai quyét va thu dwoc cac gidi phap
can tbi wu cho van dé lap ké hoach khai thac dai
han cho cac mé da voi xi mang.

23 CONG NGHIEP MO, SO 2 - 2021

Phuong sai Hé s bién thién D6 léch D6 nhon
12,53 0.28 0.31 4.70
313,64 0.73 0.30 1.70
438,90 0.47 0.69 2.4
128,14 0.25 -2.28 7.86
0,77 0.49 1.17 3.95
62,41 0.21 -2.48 9.05

2.5. Ap dung mé hinh cho mé da véi Ta Thiét
- Binh Phwéc

Mb hinh tuyén tinh s6 nguyén hén hop duoc trién
khai ap dung tai tai md da véi xi mang Ta Thiét —
Binh Phuwéc cung cap nguyén liéu thdé cho nha may
xi mang Binh Phuw&c. Khu viee nghién clru c6 dac
diém co dd ddécnhe tir Tay sang Dong. Cac thanh tao
da chinh gap phai trong khu virc bao gém da macno
c6 ham lwong thép, da véi c6 ham lwong can ham
lweng bién va da véi cd ham lwgng cao. Ba macno
¢4 ham lwong Cao thip (CaO <36%) va da vaoi co
ham lwgng can ham lwgng bién (36%<Ca0<40%)
khong thé dwoc str dung dé san xuat xi mang va
dwoc d6 vao bai thai, dan dén tang chi phi khai
thac va ton that tai nguyén. Hién tai, cong ty dang
st dung phan mém Surpac dé xay dwng mé hinh
khdi vai 20000 vi khéi vai kich thugc méi vi khdi
la 15%15%10m. Bang 1 trinh bay nhirng dac trwng
théng ké trong md hinh khéi clia than khoang sang.

Bang 2. Cacrang budckhilap ké hoach khai thac dai han
mo da véixi mang

Han miic Toi thiéu Toida
(0ng sudt mo(triéu tan) 5 6
Khai luongphu gia (triéu tén) 0 1
@0 (%) 62 69
S0, (%) 17 2%
ALO, (%) 4 10
Fe.0, (%) 0.1 5
MgO, Na,0, K.0 (%) 0 5
SR 2 2.6
LSF 0.9 1
AM 1 3
€S (%) 40 60
CA %) 5 15
CAF (%) 10 18
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Bang 3 Giai phap toi uu da gidm thiéu tdng chi phitao rahon hgp nguyén liéu thé cho 21 giai doan 1ap ké hoach va dap ing tit c cac
yéu cdu vé sd lugng va chat lwgng ctia cac thanh phan héa

Giai doan lap ké hoach S0 lwong vi kh6i Chi phi, $
1 800 13592233,21
2 1000 38581877,03
3 1000 67231072,68
4 1000 96578361,28
5 1000 125882771,1
6 1000 154864557,3
7 1000 1841406343
8 1000 212913383,5
9 1000 2419241994
10 1000 2718067 48,8
1 1000 302169296,1

Dé san xuét xi mang, nha may xi mang Binh
Phuéc str dung dat sét, cat, da voi chat lwong cao
va quang sat dwo'c mua tlr cac nha cung cip khac
nhau lam phu gia dé pha trén véi cac nguyén liéu
thd tr mé da nham dat dwoc cac yéu ciu vé chat
lwong va sbé lwong can thiét theo cong nghé san
xuét xi mang.

Phdn mém Matlab ciing duwoc s dung dé
chudn bj cac ma tran rang budc, cac bién va ham
muc tiéu. Matlab ciing dwoc siv dung dé goi bo giai
dé chay ma va giai mé hinh tuyén tinh sb nguyén
hén hop. Bo gidi bat dau v&i viéc gidi mét mod hinh
tuyén tinh n&i 16ng, trong dé cac bién sb nguyén
dwoc ndi 16ng thanh cac bién sb thuc. Sau do,
bo gidi da st dung thuat toan phan nhanh va giéi
han dé tim kiém giai phap kha thi sé nguyén. Phan
code clia thuat toan dwoc chay trén may tinh Dell
Precision M4800 16i t(r kép téc do 2,70 GHz vé&i 32
GB RAM. Cac yéu rang budc dbi v&i van dé lap ké
hoach khai thac dai han md da voi xi mang dwoc
tém tat trong Bang 2.

Giai phap ké hoach khai thac tbi wu da giam
thiéu tdng chi phi dé tao ra hén hop nguyén liéu tho
cho 21 nam 1a 5987781128,50 $ va dap wng tat ca
céac rang budc vé sb lwong va chét lwong cla cac
thanh phan hoéa. Chi phi cung c&p nguyén liéu tho
riéng & trong 21 nam duwoc trinh bay trong Bang
3. Ké hoach khai thac dam bao cung cép téi thiéu
200 vi khéi va tdi da 1000 khéi hén hop nguyén liéu
thd cho nha may xi mang trong méi giai doan lap
ké hoach.

Giai doanlapkéhoach  S6 lugng vi khoi Chi phi, $
12 1000 332403205,5
13 1000 363618337,9
14 1000 394793795
15 1000 426746165,9
16 1000 459202959,3
17 1000 492358947,7
18 1000 526440175,1
19 1000 561628861,8
20 1000 597088262,6
21 200 123815283

H1. Binh dé ké hoach khai thac mé da véi Ta Thiét

3. KET LUAN

Da voi la nguyén liéu chinh dé& san xuét xi
mang, nhwng viéc lwa chon loai da voéi phai thda
chét lwong va sb Iwong cac oxit nhw Cao, SiO,,
ALO,, Fe,0,. Su ton tai clia mét nha may xi mang
phu thudc rat nhiéu vao sy trung hda chinh xac
clia ngudn nguyén liéu thé dé tao ra san pham cubi
cuing cé chat lwong chip nhan dwoc.

Ky thuat t6i wu hoa lich ké hoach khai thac chuwa
dwoc ap dung rong rai trong khai thac mé da voi
dé san xuat xi mang. Gan day, mé hinh tuyén tinh
s nguyén hén hop da dwoc st dung hiéu qua dé
gidi quyét cac van dé lap ké hoach khai thac mé.
Nghién ctu nay phat trién méot mé hinh tuyén tinh
s6 nguyén hén hop mai tich hop tdi wu héa ké
hoach khai thac dai han cho cac mé da voi xi mang
dé cung cap nguyén ligéu thé bén vitng cho san
xuat xi mang v&i chi phi toi thiéu. Két qua nghién
ctru nay cé thé hé tro cho cac kj sw mé dé dang
hon trong viéc lap ké hoach khai thac cac mad da
véi lam nguyén liéu dé san xuét xi mang.
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& KHAI THAC MO

NGHIEN ClrU VA TRAO DO

M6 hinh toan dwoc phat trién giup ky sw khai
thac mé giai quyét mot sd van dé nhu: tao ra sw

Mb hinh tac gia phat trién da dwoc chirng minh
va danh gia thuc té khi ap dung tai moé da voi Ta

Thiét — Binh Phudc va tao ra duwoc ké hoach khai
thac mé phu hop véi diéu kién thuye té tai md, diéu
nay nhan manh tdm quan trong clia viéc ap dung
cac k¥ thuat t6i wu hoa trong viéc gidi quyét van dé
lap ké hoach khai thac dai han cho cac mé da voi
dé san xuét xi mang.0

phéi hop nhip nhang gitra nha may xi mang va
md da voi; kiém soat tét hon chét lwong cla da
voi nguyén liéu cling nhw s lwong phu gia can
mua; gidm thiéu chi phi nguyén liéu thé dé san
xuét xi mang.
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OPTIMIZATION OF LONG-TERM CEMENT QUARRY PRODUCTION SCHEDULE
USING MIXED INTEGER LINEAR PROGRAMMING

ABSTRACT

Production scheduling optimization techniques have not become common in cement quarry mining.
This research sought to present and implement a new optimization model based on Mixed Integer Linear
Programming (MILP) along with an efficient solution method to address the long-term cement quarry
production scheduling problem. A multi-step method was applied to solve the long-term cement quarry
production scheduling problem (LCQPSP) and finding a starting integer feasible solution (SIFS). The
implementation of the model and the solution method at a cement quarry shows their ability to generate
practical schedules in a reasonable time.

Keywords: cement quarry, raw mix, long-term cement quarry production scheduling, Mixed Integer
Linear Programming, block, optimization
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