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A STRATEGY OF OPTIMAL SELECTION FOR RENEWAL THE BULLDOZER FLEET  
Eugenia Alexandrova 
Mining and geology University “St. Ivan Rilski”, 1700, Sofia 
 
ABSTRACT: The open-pit mining of deposits requires not only basic mining equipment (excavating and loading, transporting and dumping) but auxiliary machinery 
such as bulldozers, scrapers etc. Some problems in mining field are solved successfully by using of stochastic models that describes casual processes. The major 
interest presents the problems connected with renew of the additional means. This type of problem is solved by using of mathematical model for optimal strategy 
selection for renewal a bulldozer fleet in open-pit “Troianovo-Nord” conditions (mines “Maritza Istok” AD).    
 
    

 
 

.  
 
   ,  

,  
 ( , , , .), 

 
) , , 

, ,  
. ,  

,  
 
 

.  
 

,  
 

. 
 
    

,  
,  

 ( ).  
 

,  
,  

,  
,   

.  

   -
, , ,  

, , .  
 

, , 
.  

 
.  

 
    

 
,  

 ( ),  
 ( ).  

,  
 

 ( , 1971). 
 
    

 0 -1. ,  
 

 ( , .). 
 
 

 0,  1, 2, ..., -1  
 1,  2,  ...,  -1  .  ,   

 
 ( , ).  

-1,  
 

, .  
 0.  



 26

 j  
 j  0. 

 
    0  

,  
 

.   
ijP p ,  (i,  j=0,  1,  2,  ...,  T-1)   i-  j-  

 ( ) ijR r , (i, 
j=0, 1, 2, ..., T-1),  

 (  
)  ( , ). 

 vi(1) ,  
 1- , ,  

 
 i- ; vi(n) - ,  

 n  0,  (n-
1)-  i-

. 
 
    (  - 

),  i-  
, io, 

 rio;  -  
 pi1  ri1; -1  pi,T-1 

 ri,T-1. 
 
   , ,  

 i-  
: 

 
T 1

i ij ij i
j 0

v 1 p r q i 0,1,2,...,T 1    (1) 

 
    

 n ,  (n-1) -  
 i- : 

T 1

1 i ij j
j 0

v n q p v n 1 i 0,1,2,...,T 1 ,  (2) 

   :   (0 1); 
vj(n-1) -  n-1 

,  n-2-  j-
. 

 
     =1  ( )  n 

 n  
.  

 . 
 
    (2)  i=0, 1, 2, ..., T-1  

 vj(0)=0  j=0, 1, 2, ..., 
T-1. 
 
    (2) : 
v n q Pv n 1      (3) 
    v(0)=0. 
 
   : 

T 1

i i ij j
j 0

v q p v      (4) 

 
    (2)  (4)  

 vi (i=0, 1, 2, ..., T-1)  
 

.  
 

. ): 
 

0 00 00 01 01 0,T 1 0,T 1

1 10 10 11 11 1,T 1 1,T 1

i i0 i0 i1 i1 i,T 1 i,T 1

q p r p r ... p r ;
q p r p r ... p r ;
.......................................................
q p r p r ... p r ;
...........................................

T 1 T 1,0 1,0 T 1,1 1,1 T 1,T 1 T 1,T 1

............
q p r p r ... p r ,

   (5) 

   : q0  
; 

 
   qi -  (  

 i)  (i+1) . 
 
    

 
 

: 
 

0 0 00 0 01 1 0,T 1 T 1

1 1 10 0 11 1 1,T 1 T 1

i i i0 0 i1 1 i,T 1 T 1

v q p v p v ... p v ;

v q p v p v ... p v ;
.......................................................
v q p v p v ... p v ;
...........................................

T 1 T 1 T 1,0 0 T 1,1 1 T 1,T 1 T 1

............
v q p v p v ... p v .

  (6) 

 
   ,  

 R  
 

,  
,  

 n  
 v(0). 

 
    

, 
 

. ,  
 

,  
) R.  

 k-  k  R, 
. (1), R(1); (2), R(2) , ..., (k), R(k),  k 

.  
 

 k ,  
. 

 



 27

   
: 

 
k k

k
v n max q P v n 1 ,    (7) 

  
    v(n-1)  

 n . 
 
    

 ( )  
 

. 
 
    n=1, 2, ...  

 j=0, 1, ..., T-1  
 k  ( ).  

 
,  

 ijp  
 ijr  (i, j=0, 1, ..., T-1; k=1, 2, ...). 

 
    
i  k-  

 vi(n),  
 d(n) 

). 
  
   , , 

 i  
 k ,  

 k
iq .  

 (1)  k (k), R(k), , 
 G  k: 

 
1 2 k

0 0 0
1 2 k

1 1 1

1 2 k
i i i

1 2 k
T 1 T 1 T 1

q q ... q
q q ... q
... ... ... ...

G
q q ... q
... ... ... ...

q q ... q

   (8) 

 
    i  qi*  

 
 k,  

0 1 T 1d 1 d 1 ,d 1 ,...,d 1 .  
 qi*  

 pij*. 
 
    d(1)  

,  1, 2, 
..., k.  k=3  (1, 3, 3),  (3, 
2, 1)  (3, 3, 3) . 
   ,  i 

 qi*  
 pij*  (j=0,  1,  ...,  T-1),  .  i-  

 P(1), P(2), ..., P(k),  
vi(1) : 

 

ij

T 1
* *

i i j
j 0

v q p v i 0,1,..., 1. 

 
   :v0(1),v1(1), ..., vT-1(1). 

 vj=vi(1)  
 i: 

 

ij

T 1
k k

i j
j 0

q p v i, j 0,1,..., 1 ,    (9) 

 
  . k 

 (8)   i,  j=0,  1,  2,  ...,  T-1   i   
,  

ij

*p  
: 

 
0 1 T 1d 2 d 2 ,d 2 ,...,d 2 .  

 
    

:  
, ,  - 

. 
 
   , , .  

,  
,  

. 
 
    

 
 

 “ ”,  “ ” .  
  12  

,  
.  

 
    ( ): 
 
   - k=1 -  -  "  

 
";  

 
, .  

(1)  R(1) ( .): 
 

1

0,55 0,45 0 0 0
0,0 0 0 0 0

P 0,6 0 0 0,4 0
0 0 0 0 0
1 0 0 0 0

 

1

0,48 0,52 0 0 0
0,12 0 0,88 0 0

R 0,47 0 0 0,53 0
0,17 0 0 0 0,83

1 0 0 0 0

 

 



 28

   - k=2 -  "  
". : 

2

1 0 0 0 0
1 0 0 0 0

P 1 0 0 0 0
1 0 0 0 0
1 0 0 0 0

 2

0,25 0 0 0 0
0,08 0 0 0 0

R 0,28 0 0 0 0
0,06 0 0 0 0
0,4 0 0 0 0

 

 
    

,  
=0,5. 

 
   :  (5)  

 i=0, 1, 2, 3  4  q(k) 
 

. 
 
    k=1 

 

 
1

o

1
1
1

2

1
3
1

4

q 0,55. 0,48 0,45. 0,52 0,498

q 0

q 0,6. 0,47 0,4. 0,53 0,494

q 0

q 1

 

 

 
    k=2 
 

2
o

2
1

2
2

2
3

2
4

q 1. 0,25 0,25

q 1. 0,08 0,08

q 1. 0,28 0,28

q 1. 0,06 0,06

q 1. 0,4 0,4

 

 
    k

iq  

,  k
iq  

.  (i=0)  k=1 1
oq 0,498 ,  

 k=2 2
oq 0, 25 .  -0,25 > -0,498  

 2 (k=2), . d0(1)=2.  
1

1q 0 > 2
1q 0,08 , .  d1(1)=1  

. 
 
    * * *

0 1 2q 0,25;q 0;q 0,28;  *
3q 0;  

*
4q 0,4. : 

2
1

d 2 2,1,2,1,2
1
2

. 

 

   .  vo(1), v1(1), 
v2(1), v3(1), v4(1)  

. 
 
    

 (  6)  
 *

iq  
1 1 1 1 1

0 j 1j 2 j 3 j 4 jp ,p ,p ,p ,p  (j=0, 1, 2, 3, 4)  
 d(1)= 2,1,2,1,2 . 

 
0 0

1

2 0

3

4 0

v 1 0,25 0,5v 1
v 1 0
v 1 0,28 0,5v 1
v 1 0
v 1 0,4 0,5v 1

 

 
     
 

0 1v 1 0,5;v 1 0; 2 3v 1 0,56;v 1 0  

4v 1 1,6 . 
 
   .  vi(1) -  

 i-  
 k=1  k=2.  

: 
 

 k=1 
0,498 0,5 0,55. 0,5 0,45. 0 0,6355  

 
 k=2 
0,25 0,5 1. 0,5 0,5  

 
    

 (k=2), . d0(2)=2,  -0,5>-0,6355. 
 
   : 
 
    k=1 
0 0,5 0.0 0. 0,56 0  
 
    k=2 

0,08 0,5 1.0 0,08 . 
 
    

 (k=1), . d1(2)=1,  0>-0,08. 
 
   : 
    k=1 

0,494 0,5 0,6. 0,5 0,4. 0,14 0,672  
 
    k=2 

0,28 0,5 1. 0,5 0,53  
 
    

 (k=2), . d2(2)=2,  -0,53>-0,672. 



 29

 
   : 
 
   k=1 
0 0,5 0.0 0.0 0.0 0  
 
    k=2 

0,06 0,5 1.0 0,06 . 
 
    

 (k=1), . d3(2)=1,  0>-0,06. 
    
   : 
 
    k=1 

1 0,5 1. 0,5 0. 0,14 1,25  
 
   

 k=2 
0,4 0,5 1. 0,5 0,65  

 
    

 (k=2), . d4(2)=2,  -0,65>-1,25. 
 
    

, . 
d 2 2,1,2,1,2 ,  

 
. 

 
    

 
 

.  
. ., , 1971. 

 
 
 

 “   
  

 ”,  
 


