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        , 

    .   

     ,   

      (2.10):  

 

E =V  · j·B                                                                                              (2.10) 

 

    V  –   , 3; 

j  –   ,   , / 3 

B –   . 

    ,     

   (2.11): 

 

E =E  · n                                                                                                (2.11) 

 

    E  –   ; n   –     , . 
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      (2.12): 

 

N=  Q
 E

                                                                                              (2.12) 

 

    Q –       

, . 

  , ,   

     ,   

 (2.13): 

 

B=  V
 V

                                                                                              (2.13) 

 

    V  –     , 3; 

V  –   , 3. 

     2.5. 

 

 2.5 –     

   ,  
   B 0,8 

   E  2,94 
   E  35,28 

   N 30,89 
 

   ,   , 

      ,  

  ,    31  . 

  -     

   .    

   -    –   

    . 



62 

 

     

   (2.14-2.16): 

  . 

 

n=  Q
 T  · P ·K                                                                                        (2.14) 

 

    Q  –  , ; 

T  –   , ; 

P  –  , / ; 

 –      ; =0,7. 

 

     

    . 

   : 

 

P =   · 
 T                                                                                       (2.15) 

 

     –    , ; 

T  –    , ; 

 

   : 

 

=  · t  + t  + t  + t  + t  + t  + t  + t  + t  + t   + t                         (2.16) 

 

     –     ;  = 0,85. 

t1 –     ,   , 

         , .  

t2 –   , ;  

t3 –     , ; 
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t4 –        

   , ; 

t5  –      , ; 

t6  –     , ; 

t7  –       , ; 

t8  –     , ; 

t9  –     , ; 

t10 –     , ; 

t11  –        

   , . 

       2.6 

 2.6 –     

   , 

 

    ,   

,           

t1 12,5 

   t2 8 

     t3 23,5 

      

     

t4 3 

      t5 43,5 

     t6 7 

       t7 3 

     t8 30,4 

     t9 12,5 

     t10 19,2 

      

     

t11 7 

 
     2.7 
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 2.7 –      

. 

     

   , 
 

T   144,2 

   
, /  

P  24,96 

  -
 ,  

n 1 

 
   -  

,  ,    1  . 

       

 [18].      ,  

     .    

 2.8.      

   . 

  2.8–    

/   
  

   /  
Toyota 7FB20 Jungheinrich EFG 

320 
Liu Gong 

CLG2020A 
 ,  

(+) 
10,7 11,5 13 

   ,  
(-) 

2240 2098 2175 

,  (-) 1160 1120 1110 
 , (+) 1070 1150 1070 

  
,  (-) 

1980 1985 2050 

   
,  (+) 

6000 7000 6000 

 ,  
(+) 

450 750 600 

 , 
/  (+) 

16 17 15 

  , 
/  (+) 

0,34 0,40 0,35 

,  (+) 2000 2000 2000 
 

 ,       

,    (2.17) 
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𝑥𝑖 = 𝑖𝑖𝑚𝑎𝑥                                                                                                (2.17) 

    i –    ; 

imax –     
. 𝑥 = , = ,   

       –   
(2.18): 𝑥𝑖 = 𝑖𝑚𝑎𝑥− 𝑖𝑖𝑚𝑎𝑥                                                                                            (2.18) 

    i –    ; 

imax –     
. 𝑥 = − = ,   

  (   )   
 (2.19): 

𝑘𝑖 = ∑ 𝑥𝑖 ∙ 𝑛𝑛𝑖=                                                                                      (2.19) 

    xi –   ;  

n –   . 

𝑘 = , ∙ = ,   

 

    2.9. 
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 2.9 –    . 
/   

  
   /  

 x 
Toyota 7FB20 Jungheinrich EFG 

320 
Liu Gong CLG2020A 

 , 
 (+) 

0,823 0,884 1,000 

   ,  
(-) 

0 0,063 0,029 

,  (-) 0 0,034 0,043 
 , (+) 0,930 1,000 0,930 

  
,  (-) 

0,034 0,031 0 

  
 ,  (+) 

0,857 1,000 0,857 

 , 
 (+) 

0,600 1,000 0,800 

 , 
/  (+) 

0,941 1,000 0,882 

  , 
/  (+) 

0,850 1,000 0,875 

,  (+) 1,000 1,000 1,000 
Kki 0,704 0,779 0,712 

 

   ,  ,   

Jungheinrich EFG 320  . 

  2.10     . 

 2.10 –    . 
   ,  

Toyota 7FB20 2150000 
Jungheinrich EFG 320 2500000 
Liu Gong CLG2020A 1950000 

 
  2.9        
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 2.9–      

  2.9 ,      –  

  .       

Jungheinrich EFG 320,   .  

        .  

      ,  

        

   ,     

. 

        

 ,        

  .       

  5 . 

 –     ,  , 

    .       

   ,    

 , , .    ,   

        

.      . 

0

500000

1000000

1500000

2000000

2500000

3000000

0.66

0.68

0.7

0.72

0.74

0.76

0.78

0.8

Toyota 7FB20 Jungheinrich EFG

320

Liu Gong

CLG2020A

Це
, 

у
ле

Ко
эф

ф
ц

е
т к

че
т

Це Ко е т к е т
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  ,    , 

   ,      

.      Warehouse Management System – 

  ,    

-      [13].  

 2.10     WMS . 

 

 2.10 -   WMS  

,  WMS : 
     

  

   ё     
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      WMS .  

 2.11     

  WMS . 

 2.11 –    WMS . 
 

 
  

 
 . 
. 

    10 20000 
     2 228472 

  
 

  
 

12 14850 

    10 9890 
 -   -  

 
3 14858 

    - , 
   

     

8 38914 

Wi-Fi       
 

4 2500 

      4 46422 
        

,        

  .   2.12      

      . 

 2.12 –      . 
     . . 

   1 39274 
   1 234500 

    1 21915 
  -  2 69000 

    5 1600 
      1 26942 
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    ,   

 ,    ,   

  .    2.13    

.   

 2.13 –     

   

/ 2 

 .  

./ 2 

 

 

  950 150 142000 

   950 150 142000 

  950 1040 988000 

 31 54000 1674000 

  1 2500000 2500000 

  5 20300 101500 

   1 39274 39274 

   1 234500 234500 

    1 21915 21915 

  -

 

2 69000 138000 

    5 1600 8000 

      1 26942 26942 

  10 20000 240000 

  2 228472 456944 

   12 14850 178200 

  10 9890 118680 

 -  3 14858 44574 

   8 38914 311312 

Wi-Fi   4 2500 10000 

   4 46422 185668 

   7562536 

 

  2.11     ,  

  . 



71 

 

 

 2.11 -    

  2.11 ,     ,  

    ,   

 2601500 .    ,  

1674000 .         

 .    ,  

    7562536 . 

 

:         

 ,       

  ,   ,    

   ,  ,  

        

. 

,    ,   

      

   .    

 ,   ,     

988

1674

2601.5

468.658

1545.378

285

0

500

1000

1500

2000

2500

3000

Т
яч

 
у

ле

ол

телл ое 
о о удо е 

од е о т по т ое 
о о удо е

п ко о ое 
о о удо е

WMS о о удо е

е д   
о е пе тел  пл те
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  ,  ,    31 

 . 

   ,    

   -  ,  1 .,  

     5 .     

     ,  

 Jungheinrich EFG 320. 

      WMS , 

      -  

 .     

    WMS     

   . 

    ,  ,  

      7562536 . 

 

2.4    

 

        

      

      , 

   . 

     

        

   (       ). 

     -     

  ,     

     . , 

        

    . 
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    ,    

 , . .     

.    ,   

  . 

-      ,  

  ( )      

   -   . 

 ,        

  ,    

     . 

 ,       

      : 

      (  

   )     ,  

,     ,      

   (   ,   

   . .). 

       

   ( ,   ) 

 .       

 ,        

.   ,   

. 

         

   .        

    ,      , 

 ,       . . 

  ,     

 ,        

. 
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 ,   –   

 ,          

      . 

         

   .     

   .   ( )  

       , 

      .    

  ,   ,   

,        

–  . 

 

2.4.1     

 

       

        , 

       

,      

,     

   . 

         

       

 .     

     :   

   ,     (  

)          [15]. 

      ,   

   . 



75 

 

         

      .   - 

 .     . 

         

        

 ,   . 

       

( ),    ( )   ( ),   

 (  ).        .  

        ,   . ., 

      (     

,   . .),      . , 

         

,     . 

      ,   

  .  ,    , 

    ,    . , 

 , ,        15-  ,    

  –  16- .      ± 0,5 ,   

     . 

      . 

 ( ),   ,   

 .      –  ( ) 

 .      

( )     (   

).          

       

 ,     ,   

. 
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  ,     

 - ,    12    

  (  2.12).      

   .1   . 

 

 2.12 –     -  

       

 ,     . 

      

   . 

         

    ,     

      , . .  

    .    R-1 . 

       

      . 

     ,   

  . 
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,         

. 

      

  .   ,    

   ,  ,  .   

      .   

   .     

   .    

,   ,     , 

     . . 

       ,  

    ,     

         

   . 

 « » -        

.     ,    

  ,        

    . 

        

       : 

  1 — ,     

; 

  2 —   ( . .  )  

,     ; 

  3 —   .  

    : 

    ,     

   .   
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 ,  0,   

 ,   (   ) ; 

   ,   .  

        

    .     

,    ,     

 ; 

     ,      

   . 

         

RKR Version 3.0.       

 .       

    (  2.13).  ,    

  ,      

.         

    (  2.14). 

 

 2.13 –     RKR Version 3.0 
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 2.14 –     RKR Version 3.0 

      RKR Version 3.0 

     ,   

       .  

   2.14 
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 2.14 –     
  

 
(21) 

1 (2) 2 (9) 3 (12) 4 (24) 5 (34) 6 (32) 7 (36) 8 (64) 9 (60) 10 (85) 11 
(104) 

12 (97) 

(21) 0 3534 5549 2828 1380 5080 5525 6862 9946 10174 12145 16074 17155 

1 (2) 3534 0 4675 6362 4914 8614 9059 10396 13480 13708 15679 19608 20689 

2 (9) 5549 4675 0 8377 6929 10629 11074 12411 15495 15723 17694 21623 22704 

3 (12) 2828 6362 8377 0 2768 6184 5739 7966 11050 10824 12991 16702 17805 

4 (24) 1380 4914 6929 2768 0 3700 4145 5482 8566 8794 10765 14694 15775 

5 (34) 5080 8614 10629 6184 3700 0 445 1782 4866 5094 7065 10994 12075 

6 (32) 5525 9059 11074 5739 4145 445 0 2227 5053 5085 7252 10985 12066 

7 (36) 6862 10396 12411 7966 5482 1782 2227 0 3488 3872 5687 9772 10853 

8 (64) 10142 13676 15691 10792 8762 5062 5053 6844 0 687 3047 6398 7479 

9 (60) 10174 13708 15723 10824 8794 5094 5085 6876 687 0 3734 6449 7530 

10(85) 12341 15875 17890 12991 10961 7261 7252 9043 3047 3734 0 9445 10526 

11(104) 16074 19608 21623 16702 14694 10994 10985 12776 6398 6449 9445 0 2014 

12(97) 17155 20689 22704 17805 15775 12075 12066 13857 7479 7530 10526 2014 0 
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2.4.2        

 

      

 ,  ,     

,     ,   

    .   

      , 

         

,     . 

      , 

   (   ), 

    ,   

     ,  

         

( , , ,   .). 

         

   [19]: 

      (    

   ); 

    ; 

    ; 

   ,   .  , 

           

        

   . 

      

   ( )  . 

       -   

.       

 ,     . 
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   [19]: 

        ; 

    ; 

     . 

       7 

: 

 1  (  1,2 ); 

 2  (1,2  2 ); 

 3  (  2  8 ); 

 4  (  8  14 ); 

 5  (  14  20 ); 

 6  (  20  40 ); 

 7  (  40 ). 

 

 ,      

,   -   

   .     

 : 

    (  0,5 );  

  (  0,5  2,0 ); 

  (  2,1  5,0 ); 

  (  5,1  15,0 ); 

   (  15,0 ). 

 

  2.15    

,        

[20]. 
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 2.15 –   ,    

  

 
 

    
,  

 

1   ,  
     
  8    (  

 ) 

HP (  

) 

  

2   ,  
     

 8    (   
) 

 5,0  

3   ,  
     

 8    (   
) 

 
5,0 

,    
 

N1   ,  
   

 3,5 ,  
 

N2   ,  
   

 
3,5  
12,0 

 , 
- , 

 
 

N3   ,  
   

 
12,0 

 , 
- , 

 
 

01     0,75   
 

02     
0,75  

3,5 

  
 

03     
3,5  
10,0 

  
 

04     
10,0 

  
 

 

  ,      

     , 

   (   ),    

  ( ).     

 , , , ,     

 .      3 

   (  2  8 ),    
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     (2,1  5,0 ).  

  ,      

   N2.  

   «  » 4    

  ,   22   

  .   .1   

      2019 .   2.15 

    . 

 
 2.15 –    

 

  ,      

       

   Next.     

,  ,      3   

,       ,  

       N2. 

  Next    . 

  ,    , 

      

   Next. 

 



85 

 

2.4.3   

 

  -     

 .      

 . 

   [21]. 

        

      

,        

 .  4    

: 

    (Nearest Neighbor); 

    (Nearest Town); 

     (Most Cheap Inclusion); 

     (Minimum Spanning Tree). 

   ,    

  , ,     

         

,      . 

        

         

 ,            

,          

 . 

        

      ,  

  ,     ,   

       

  ( ) . 
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 ,   ,  

        

  . 

-  [21]. 

 -   -  

 . ,      

 .    -  , 

   ,        

  ,   ,  

         

.  ,     

,   ,      

.        , 

       ё  .   

   ,     

          

  . 

   ,   [22]. 

    –      

        . 

   ,     

  ,       

(    ).     

       .  

   ,       

    [22].    

   ,       , 

      ,   

,            
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   .   ,    

    ,      

   . 

  [23]. 

  ( ) —     

        

       

( ё  )      

 (    ). 

       : 

  (     )  

    (     

).    ,    

    ,      

       . 

, .       

 ё ,      

   

 -  [21]. 

 -       . 

 (G. Clarke)  . .  (J.W. Wright).    

,            

  ,      . 

 -     ,  

       . 

    ,    

  .  –   , 

        

.     ,   

.       6-11%. 



88 

 

  ,       

        

 ,       .  

      500. 

      ,  

 - .  

   -     

  .     

 ,       

 (2.20).      2.16.  

    .3  . 

 S = l + l − l ,                                      (2.20) 

 

  Sij –  ,     i  

j, ;  

l0i, loj –       i  j 

, ;  

lij –    i  j, . 

 

ё   : 

S12 = l01 + l02 – l12=3534+5549-4675=4408 

S13 = l01 + l03 – l13=3534+2828-6362=0 

S14 = l01 + l04 – l14=3534+1380-4914=0 

  . 
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 2.16 –   (  ) 

480 1 

660 4408 2 

790 0 0 3 

830 0 0 1440 4 

320 0 0 1724 2760 5 

540 0 0 2614 2760 10160 6 

410 0 0 1724 2760 10160 10160 7 

400 0 0 1724 2760 10160 10418 13320 8 

220 0 0 2178 2760 10160 10614 13164 19433 9 

890 0 0 1982 2760 10160 10418 13320 19044 18585 10 

660 0 0 2200 2760 10160 10614 13164 19622 19799 18774 11 

430 0 0 2178 2760 10160 10614 13164 19622 19799 18774 31215 12 

 

       

        –

,  : 

 1:       (i*, j*)  

   Smax   (2.21): 

 

*)*,(),(max
,

max jisjisS
ji

 ,                           (2.21) 

 

      : 

  i*   j*         ; 

  i*  j*   /     

,     ; 

  (i*, j*)   ( . .    

 ). 

    ,    

 ,     2.   ,    

 6. 
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 2: ,      i*,   

 1. , ,      j*, 

   2.  

   : 

 N = {1, 2, …,n} –  ; 

 N1 (N1N) –  ,     1; 

 N2 (N2N) –  ,     2. 

,  i* N1, j* N2  N1N2=  (   1,  1). 

      1  2  

 (2.22)  (2.23): 

 





1

1

Nk

kqq                                                                                             (2.22) 

 





2

2

Nk

kqq                                                                                     (2.23)    

 

 qk –   k–  , .   

 

 3:      (2.24): 

 

q1 + q2c,            (2.24) 

 

 c –  ,  (2500). 

 

  ,     4,   –   5. 

 4:    1  2    

  X.  ,   i*   
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  1,   j* –    2.  

  1  2   : 

      1    

  i*  ; 

  i*    j*; 

      2   j* 

    . 

 5:   1 – 4   ,    

    Smax,      

 1. 

    2.17 

 6:    . 

 

 2.17 -      –   

№ /  
 1  2  3  4 

i* j* Smax 
 

q1 q2 
q1+q2 c 

2500 
№ 

 
 

1 2 3 

1 11 12 31215 + + + 660 430 +1090 1 0-11-12-0 
2 9 11 19799 + + + 220 1090 +1310 1 0-9-11-12-0 
3 9 12 19799 - + + - - - - - 
4 8 12 19622 + + + 400 1310 +1710 1 0-9-11-12-8-0 
5 8 11 19622 - + + - - - - - 
6 8 9 19433 - + + - - - - - 
7 8 10 19044 + + + 1710 890 -2600 - - 
8 10 11 18774 + + + 890 1710 -2600 - - 
9 7 8 13320 + + + 410 1710 +2120 1 0-9-11-12-8-7-0 
10 7 10 13320 + + + 2120 890 -3010 - - 
11 6 10 10418 + + + 540 890 +1430 2 0-6-10-0 
12 5 6 10160 + + + 320 1430 +1750 2 0-5-6-10-0 
13 1 2 4408 + + + 480 660 +1140 3 0-1-2-0 
14 3 4 1440 + + + 790 830 +1620 4 0-3-4-0 

 

 1 –  . 
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 2, 3 –   i*  j*,     

   Smax = s(i*,j*),   

    . 

 4 –     Smax. 

 5, 6  7 –    1, 2  3   

 1. “+” –  , “–” –  . 

 8  9 –     1,    

  i* (q1),   2,      j* (q2). 

 10 –    q1+q2c,  c –  

 . “+” –    , 

“–” –  . 

 11 –    . 

 12 –   ,   

 . 

 

 1:    : 0-11-12-0   

 2:    0-9-0   

  (  № 1) 0-9-11-12-0. 

 3:   ,     

 1. 

 4-11:     ,    

 3 .  

  11  60    ,    

       . 

 ,  4 .  

     12  ,  

         

 .       

 (2.25): 
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= ∙ 𝑙 + ∙ 𝑙 + ⋯ + ∙ 𝑙 ,          (2.25) 

 = 2 ∙ 3534+2 ∙ 5549+2 ∙ 2828+2 ∙ 1380+2 ∙ 5080+2 ∙ 5525+2 ∙ 6862+2 ∙ 9946+ 

+2∙10174+2∙12145+2∙16074+2∙17155=192504 . 

 

    8  : 

 

S=31215+19799+19622+13320+10418+10160+4408+1440=110382. 

 

       

3. -6.    .  

 ,       4  

,   12  .  

      : 

 ∑ 𝑖𝑖= ,                                                                                                     (2.26) 

 

 𝑖–  i-  , ;  

r –  . 

 

   №1 0-9-11-12-8-7-0.  

    (2.26): 

 = 𝑙 − + 𝑙 − + 𝑙 − + 𝑙 − + 𝑙 − + 𝑙 − , 

 

 =10174+6449+2014+7479+6844+6862= 39822 . 

  

   №2 0-5-6-10-0.  

    (2.26): 
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= 𝑙 − + 𝑙 − + 𝑙 − + 𝑙 −  , 
  =5080+445+7252+12341= 25118 . 

 

   №3 0-1-2-0.  

    (2.26): 

 = 𝑙 − + 𝑙 − + 𝑙 − , 

  =3534+4675+5549= 13785 . 

 

   №4 0-3-4-0.  

    (2.26): 

 = 𝑙 − + 𝑙 − + 𝑙 − , 

 

 =2828+2768+1380= 6976 .  

     . 

     

       

  ,        

 (2.27 – 2.29): 

 Кг = 𝑄 к𝑄 ,                                                                                              (2.27) 

 

 𝑄 к  –    , ; 

 𝑄 –   , . 

 К = 𝐿г𝐿 щ,                                                                                                 (2.28) 



95 

 

 

 г  – ,    , ; 

щ –  ,  , . 

 = 𝐿 щ𝑉 ех
+  ∑ t                                                                                     (2.29) 

 

 щ –  ,  , ; 𝑉 ех –   , / ; ∑ 𝑡 –   - , 𝑡  = 0,16 . 

 

    2.18-2.20. 

 

 2.18 –      

  

 
 

 ( ) 

1 0,19 

2 0,26 

3 0,31 

4 0,33 

5 0,12 

6 0,21 

7 0,16 

8 0,16 

9 0,08 

10 0,35 

11 0,26 

12 0,17 
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 2.19 –      

       

 
 

1 2 3 4 
 0,85 0,70 0,46 0,65 

,  2,3 1,48 0.87 0,59 
 

 

 2.20 –   

№ 

 
 

 

,  

 
, 

 

  
, 

 

 

  

 

  

1 - 9- 11- 12- 8- 7-

 
2120 39,822 32,960 0,82 83,956 

2 - 5- 6- 10-  1750 25,118 12,777 0,50 20,578 

3 - 1- 2-  1140 13,785 8,236 0,59 4,408 

4 - 3- 4-  1620 6,976 5,596 0,80 1,440 

  4   110,382 

 

2.4.4      

 

   ,    

     ,   

 (2.30 – 2.32): 

 A = 𝑄𝑄 А                                                                                                     (5.30) 

 

 𝑄  –   , ; 𝑄 А–  ,      

, . 

 𝑄 А = 𝑞 ∙ 𝑍 ∙ Кг                                                                                   (5.31) 

 

 𝑞  –  , ; 
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𝑍 –     ; Кг –   . 

 𝑍 =                                                                                                    (5.32) 

 

 Т  –     , ; 

Т  –   , . 

 

       

 . 

,   ,    2.21. 

 

 2.21 –       

 
 

1 
 

2 
 

3 
 

4 

  ,  2,12 1,75 1,14 1,62 

   , . 2,3 1,48 0,87 0,59 

     3,47 5,4 9,19 13,55 
 ,  
    

,  
7,35 9,45 10,47 

 
21,95 

    1 1 1 1 

 

  2.16       

 . 
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 2.16 –      

     ,  ,  

      .   

     1 ,   

  .  ,   

       .  

 

2.4.5      

 

      

GIS-       

.         

       

(  ).    . 

 ArcLogistics [24].  

       

ESRI.  ESRI ( )       

,      

.     ESRI  2700    

,   1900   -    

0

1

2

3

4

5

6

7

О
е

 п
е

е
о

ок
, т

о

4 ут

3 ут

2 ут

1 ут
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.  ,    

       

  , ,   

. 

ArcLogistics -        

  :  ,   

,  ,  ,   

.   ArcLogistics:    

,      ,   

   ESRI,   

,   ,    

 ,      ODBC,   

 .   2.17    

ArcLogistics. 

 

 2.17 –   ArcLogistics  

 TruckStops [25]. 
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 TruckStops   MicroAnalytics. TruckStops - 

       

 .    ,  5  

  .  :    

 ,  ,      

 .  TruckStops   

   ,   ,  

     . 

  2.18    TruckStops. 

 

 2.18 –   TruckStops  

«ITOB:  » [26]. 

-   «ITOB:  » -  

,      

 ( )   ( )   

  ( , )   ,   

GPS/   ( )     

  .      

  «1 -  8».    2.19 
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   «ITOB:  »   

  «1 -  8». 

 

 2.19 –   «ITOB:  » 

     - 

 ,    ,  

      . 

«ITOB:  »      

 1  8-  ,     

      . 

  :  

    , ё   

  (     25%  50%);  

    ; 

       (  

 -   /     ); 

         

 ; 

  ,   (   

    ); 
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   1 ,    

 . 

 «  » [27]. 

  –  ,  INGIT. 

         

.        

     -     

,        ,   

 ,    ,    ,  

   -       

 ,      . .   

 -       

 .      ,   

     1 .   2.20  

  «  ». 

 

 2.20 –   «  » 
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  « » [28]. 

   «1 :  8».   

   .   

         

 ,     -

   KPI   .   2.21 

   « ». 

 

 2.21 –   « » 

 « » [29]. 

       

, , , , , , 

  ,     . 

  ,  -  ,  

,     ,  

 ,    ,    

  ,    ,  

.  ,      .  
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 -mail, ,      

   « ».   2.22  

  « ». 

 

 2.22 –   « » 

 «  » [30]. 

       ,  

        

        

     .   

2.23    «  ». 

 

 2.23 –   «  » 

     -

    ,    

  .     

,    . 
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1 [  ]:   –  : 

https://www.dellin.ru; 

2 , . .   ,  

 :    / . . , . .  – .: 

 , 2020. – 533 .; 

3 , . .   :     / 

. .  – .:    , 2012. – 132 .; 

4 , . .  :    

 / . .  – .:  , 2005. – 512 .; 

5 , . . :     / . . 

, .   – .:  , 2004. – 224 .; 

6 [  ]:    EFG 

425/425k/430/430k  –  : https://www.jungheinrich.ru/produkcija/; 

8 [  ]: BT- . –  : 

https://www.btcar.ru/catalog/; 

9 [  ]:   –  : 

http://www.pogruzchiki.com/katalog-pogruzchikov/ 

10 [  ]:   Jungheinrich –  

: https://jh-shop.ru/catalog/; 

11 [  ]:   Tisel –  : 

https://tisel-rus.ru/catalog/; 

12 , . .      : 

    / . . , . . , . . , 

.   – .:    , 2017. – 247 .; 

13 , . .  , , :   

 / . .   – .:    , 2006. – 880 .; 
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14 , . . :     / . . 

 – .: , 2001. – 160 .; 

15 , . .  :     / 

. .  – .: -  , 2018. – 253 .; 

16 [  ]: -     –  

: http://libustkut.ru/; 

17 , . . :     / . . 

 – .: , 2001. – 160 .; 

18 , . .    :  

   / . .  – .:   , 2011. – 80 .; 

19 , . .   :   

 / . . , . . , . . , . .  – .: 

   , 2006. – 560 .; 

20   52051 – 2003     . 

  ; 

21 , . .      

  //    

  – 2007. – №. 1. 

22  . .,  . .     

         

  //   . – 1976. – №. 4. 

– . 92-100. 

23  . .    . – -

 . - , 1962. 

24 [  ]:  ArcLogistics Route –  : 

http://www.routesolutions.com/esri/alr9/ArcLogistics_Brochure.pdf; 

25 [  ]:  TruckStops –  : 

https://truckstop.com/products/; 

26 [  ]:  ITOB –  : 

https://itob.ru/products/; 
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27 [  ]:    –  : 

http://www.ingit.ru/businessmap/; 

28 [  ]:  TMS –  : 

https://logirus.ru/it/megalogist/; 

29 [  ]:   –  : 

https:// .  

30 [  ]:    –  

: https://www.ingruz.ru/poleznoe/programmy-dlya-gruzoperevozok 

31 [  ]:  Toyota –  : 

http://www.pogruzchiki.com/katalog-pogruzchikov/ 

32 [  ]:  Jungheinrich –  : 

http://www.pogruzchiki.com/katalog-pogruzchikov/forklift/ 

33 [  ]:    –  : 

https://totem28.ru/spectehnika/pogruzchiki/vilochnie_pogruzchiki/ 
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 .1 –   Jungheinrich EFG 430 
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 .2 –   TOYOTA 32-8FG30 
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 .3 –   Jungheinrich ERC 220   
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  .4–    Jungheinrich AM G20 

 

 
 .5 –    Tisel -30 

 

 

 

 



114 

 

   
 

   .1  –    «  » 
   

 
 

  
Mercedes-Benz Axor 1836 2012 149 

Mercedes-Benz Axor 1840 2017 238 

Mercedes-Benz Actros 1841 2015 153 

Mercedes-Benz Actros 1841 2016 250 

Mercedes-Benz Actros 1841 2017 411 

Mercedes-Benz Actros 1841 2018 186 

Mercedes-Benz Actros 1844 2012 201 

Mercedes-Benz Actros 1844 2016 209 

Mercedes-Benz Actros 1844 2017 597 

Mercedes-Benz Actros 1844 2018 403 

Scania R440  2018 134 

Scania R440 2017 25 

Scania G400 2014 4 

Scania G380 2011 4 

Volvo FH-Truck 2017 21 

Volvo FH-Truck 2016 6 

Volvo FH-Truck 2012 8 

DAF XF 105.460 2017 21 

DAF XF 105.460 2012 3 

Iveco Stralis AT440S45T 2018 27 

Iveco Stralis AT440S45T 2017 24 

Iveco Stralis AT440S45T 2012 4 

MAN GS 19.400 2014 26 

MAN GS 19.400 2012 7 

  5490-S5 2017 22 

  next 2016 142 
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  .1 –    «  » 

  next 2015 184 

  next 2017 101 

  next 2018 242 

Ford Transit 2015 146 

Ford Transit 2016 76 

 
 

 
: 4024 

 

 .2 –     «  » 

    

Schmitz 1602 

Kogel 977 

Krone 420 

Kassbohrer 38 

Humbaur 28 

 57 

Gray Adams 2 

 9 

 : 3133 
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 .1 –   TOYOTA 7FB20 
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 .2 –   Jungheinrich EFG 320 
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 .3 –   Liu Gong CLG2020A 
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 .1 –     

 « »  « » 
, 

 
  ( ) 

1 
10 
11 

2900 
3600 

 
-331 

2 3 1330  

3 
2 
4 
10 

1330 
795 
286 

 
  

  

4 
3 
5 
6 

795 
660 
713 

 
  

 

5 
4 
6 
7 

660 
255 

1690 

  
 

  

6 
4 
5 
8 

713 
255 

1460 

  
 
 

7 
5 
9 

1690 
200 

  
 

8 
6 
9 

1460 
650 

  
 

9 
7 
8 

200 
650 

  
 

10 
1 
3 
20 

2900 
286 

1400 

 
   

 

11 

1 
12 
13 
15 

3600 
200 
870 

1200 

-331 
 
 

-331 

12 
11 
13 

200 
750 

 
 

13 
11 
12 
14 

870 
750 
390 

 
 
 

14 

13 
15 
16 
17 

390 
270 
170 
325 

 
 . 
 
 . 

15 
11 
14 
25 

1200 
270 

3400 

-331 
 . 

-331 
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  .1 –    

 
« » 

 « » 
, 

 
  ( ) 

16 
14 
18 

170 
361 

 
.  

17 
14 
23 

325 
643 

 . 
 

18 
16 
19 

361 
930 

.  
 

19 18 930  

20 
10 
21 
22 

1400 
518 
563 

 
 

 

21 
20 
22 
23 

518 
136 
720 

 
 . 

 

22 
20 
21 
24 

563 
136 

1490 

 
 . 

 

23 
17 
21 
24 

643 
720 
660 

 
 
 

24 
22 
23 
34 

1490 
660 

3700 

 
 
 

25 
15 
29 
40 

3400 
394 

3505 

-331 
  

-331 
26 28 559  
27 28 815  

28 

26 
27 
30 

559 
815 
591 

 
 

  

29 

25 
30 
31 

394 
407 
295 

  
  

 

30 

28 
29 
31 
33 

591 
407 
208 
458 

  
  

 
  

31 

29 
30 
32 

295 
208 
250 

 
 
 

32 
31 
33 

250 
218 
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  .1 –    

 « »  « » , 
 

  ( ) 

33 30 
32 
34 
38 

458 
218 
227 

1710 

  
 
 
 

34 24 
33 
37 

3700 
227 

1580 

 
 
 

35 39 662  
36 37 202 .  
37 34 

36 
54 

1580 
202 

2240 

 
.  

 
38 33 

39 
41 

1710 
217 
460 

 
  

 
39 35 

38 
41 

662 
217 
642 

 
  

 
40 25 

41 
45 

3505 
292 

1240 

-331 
 

-331 
41 38 

39 
40 
42 

460 
642 
292 
490 

 
 

 
 

42 41 
43 
53 

490 
121 
775 

 
 . 
 

43 42 
53 

121 
743 

 . 
 

44 45 
51 
53 

558 
96 
609 

 
 
 

45 40 
44 
46 

1240 
558 
224 

-331 
 

-331 
46 45 

47 
51 

224 
263 
765 

-331 
-331 

 
47 46 

48 
49 

104 

263 
1540 
342 

6670 

-331 
 
 

-331 
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  .1 –    

 « »  « » , 
 

  ( ) 

48 47 1540  
49 47 

50 
56 

342 
489 
597 

 
 
 

50 49 
55 
56 

489 
352 
230 

 
 
 

51 44 
46 
53 

96 
765 
488 

 
 
 

52 53 
54 
55 

178 
176 
189 

 
 
 

53 42 
43 
44 
51 
52 

775 
743 
609 
488 
178 

 
 
 
 

 
54 52 

63 
68 

176 
622 
219 

 
 

.  
55 50 

52 
57 

352 
189 
102 

 
 
 

56 49 
50 
57 
58 

597 
230 
263 
300 

 
 

 
 

57 55 
56 
59 

102 
263 
305 

 
 

 
58 56 

59 
60 
61 

300 
462 
400 
557 

 
 
 

 
59 57 

58 
62 

305 
462 
478 

 
 

 
60 58 

61 
400 
179 

 
 

61 58 
60 
62 

557 
179 
190 
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  .1 –    

 « »  « » 
, 

 
  ( ) 

62 

59 
61 
64 
90 

478 
190 
318 

4120 

 
 
 

 

63 
54 
64 
69 

622 
424 
181 

 
 

25 -258 

64 

62 
63 
65 

318 
424 
431 

 
 
 

65 

64 
66 
67 

470 
373 

1310 

 
 

 

66 65 373  

67 65 1310  

68 
54 
69 

219 
591 

.  
 

69 
63 
70 

181 
341 

25 -258 
25 -258 

70 

69 
71 
74 
75 
79 

341 
482 
306 
469 
696 

25 -258 
 

25 -258 
 
 

71 

70 
72 
73 
74 

482 
330 
423 
296 

 
 

 
 

72 
71 
73 

330 
300 

 
 

73 
71 
72 

423 
300 

 
 

74 
70 
71 
80 

306 
296 
513 

25 -258 
 

 

75 
70 
76 
77 

469 
96 
303 

 
 
 

76 
75 96  
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  .1 –    

 « »  « » 
, 

 
  ( ) 

77 
75 
78 
79 

303 
478 
159 

 
 
 

78 
77 
81 
82 

478 
500 
163 

 
 
 

79 

70 
77 
80 
82 

696 
159 
151 
482 

 
 

 
 

80 
74 
79 
82 

513 
151 
488 

 
 
 

81 
78 
86 

500 
252 

 
 

82 

78 
79 
80 
83 
86 

163 
482 
488 
303 
513 

 
 
 

 
 

83 
82 
84 
86 

303 
320 
632 

 
 

  

84 
83 
85 

320 
655 

 
 

85 
84 
86 

655 
410 

 
 

86 

81 
82 
83 
85 

252 
513 
632 
410 

 
 

  
 

87 88 289  

88 
87 
89 

108 

289 
227 
543 

 
 

 
89 88 227  

90 
62 

108 
92 

4120 
173 
767 

 
 
 

91 
107 
108 

2570 
350 

 
 

92 
90 
93 

102 

767 
350 
284 
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  .1 –    

 « »  « » 
, 

 
  ( ) 

92 
90 
93 

102 

767 
350 
284 

 
 

 

93 

92 
94 

101 
102 

350 
683 
303 
524 

 
 
 

 

94 
93 
95 

100 

683 
748 
289 

 
 

 

95 

94 
96 

  98 
99 

748 
497 
290 
460 

 
 
  
 

96 
95 
97 

497 
301 

 
-331 

97 
96 
98 

106 

301 
203 

1380 

-331 
 

-331 

98 
95 
97 

106 

290 
203 
409 

 
 
 

99 
95 

100 
460 
512 

 
 

100 
94 
99 

107 

289 
512 
527 

 
 

 

101 
93 

103 
107 

303 
568 
310 

 
 

 

102 
92 
93 

103 

284 
524 
397 

 
 

 

103 

101 
102 
104 
107 

568 
397 
512 
627 

 
 

  
 

104 
47 

103 
105 

6670 
512 
673 

-331 
  

-331 

105 
104 
106 
107 

673 
729 
278 

-331 
-331 
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  .1 –    

 « »  « » 
, 

 
  ( ) 

106 
97 
98 

105 

1380 
409 
729 

-331 
 

-331 

107 

100 
101 
103 
105 

527 
310 
627 
278 

 
 

 
 

108 
88 
90 
91 

543 
173 
350 

 
 

 
 
 

 .2 -   

     ,  

1 2 480 

2 9 660 

3 12 790 

4 24 830 

5 34 320 

6 32 540 

7 36 410 

8 64 400 

9 60 220 

10 85 890 

11 104 660 

12 97 430 

 

 .1 –    Next 
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