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    . ,  
         

    (Yu et al., 2012). 
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    𝜉   𝝃 = [𝜉 , 𝜉 , … , 𝜉 ,|𝑇|]𝖳.  
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.  ,        
    . 
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     . 
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    ,   ,  
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  ,     
,  , .    , 

      {𝝃 } =|𝑅| ,  R 
  ,  r  𝝃 = [𝜉 , 𝜉 , … , 𝜉 ,|𝑇|]𝖳 

  ∈ 𝑅.     𝝁    
 𝚺      : 𝝁 = |𝑅|∑ ∈𝑅 𝝃 , 𝚺 = |𝑅|∑ ∈𝑅 𝝃 − 𝝁 𝝃 − 𝝁 𝖳, ∀ ∈ ⧹{ },  · 𝖳     . 

 
2.6.    
 

       
   .   , 

  ,    . 
 

   [P1]: 
 maxinfℙ {Probℙ ( , + ∑ = −∑ = 𝜉 ∑ℎ∈𝐻 𝑊ℎ · ℎ,∀ ∈ ⧹{ }, ∈ )}                        (1) s. t. ∑ℎ∈𝐻 ℎ = , ∀ ∈ ⧹{ }                                                                                        (2) ∑ ∈𝑁, ≠ = ∑ ∈𝑁, ≠ , ∀ ∈ , ∈                                                                    (3) ∑ ∈𝑁, ≠ − ∑ ∈𝑁, ≠ = , ∀ ∈ , ∈                                                       (4) ∑ ∈𝑁⧹{ } = ∑ ∈𝑁⧹{ } , ∀ ∈                                                                            (5) · , ∀ ∈ , ∈ ⧹{ }, ≠ , ∈                                                                    (6) 

infℙ {  
  Probℙ(  

 ∑ ∈𝑁⧹{ } ∑ ∈𝑇 max{ , + ∑ = − ∑ = 𝜉 , } · 𝑣+∑ ∈𝑇 ∑ ∈𝑁 ∑ ∈𝑁, ≠ · + ∑ ∈𝑇 ∑ ∈𝑁⧹{ } 𝑓 ·+∑ ∈𝑁⧹{ } ∑ ∈𝑇 · + ∑ ∈𝑁⧹{ } ∑ℎ∈𝐻 ℎ · ℎ )  
 
}  
  

−                                                                                                                                                  (7) , ∀ ∈ ⧹{ }, ∈                                                                                                      (8) , ∀ , ∈ , ≠ , ∈                                                                                              (9) ∈ ℤ+, ∀ , ∈ , ≠ , ∈                                                                                           (10) ℎ ∈ { , }, ∀ ∈ ⧹{ }, ℎ ∈                                                                                         (11) 



 (1)  infℙ {·}     , 
  ,  Probℙ ·       

    ℙ.  ,   
      ℙ,   
    .  (1) -  
 ,     

 (i)         
, . e., , + ∑ = − ∑ = 𝜉 , ∀ ∈ ⧹{ }, ∈   (ii)  

        , . . , + ∑ = − ∑ = 𝜉 ∑ℎ∈𝐻 𝑊ℎ · ℎ , ∀ ∈ ⧹{ }, ∈ . 

 (2) ,       
   ,  ∈ ⧹{ }.  (3) , 

   ,   ∈ ,  
  ,   i.  (4) 
  ,    . 

 (5) ,    , 
   ,     

    ∈ .  (6)   
 .  (7)   

  , ,     (i) 
     , . . 

 ∑ ∈𝑁⧹{ } ∑ ∈𝑇 𝑣 · (max{ , + ∑ = − ∑ = 𝜉 , } ,  (ii) 

  , . . ∑ ∈𝑇 ∑ ∈𝑁 ∑ ∈𝑁, ≠ · ,  
(iii)   , . . ∑ ∈𝑇 ∑ ∈𝑁⧹{ } 𝑓 · ,  

(iv)      ,   
   , . . ∑ ∈𝑁⧹{ } ∑ ∈𝑇 · ,  (v)  

     , . . ∑ ∈𝑁⧹{ } ∑ℎ∈𝐻 ℎ · ℎ.  (8), (9), (10), (11)   

 . 
 
2.7   
 

,        
  (Birge and Louveaux, 2011).   Zymler et al. 

(2013),     ,   
       .   
    .  ,  

 ,      .   



 ,     
  ,     [P2].  

      [P2],    
SAA   ,     

   ℙ.     , 
MIP-     . 

 
2.8.   
 

       ∈ [ , ],  
       : 

 mins. t. infℙ {Probℙ ( , + ∑ = −∑ = 𝜉 ∑ℎ∈𝐻 𝑊ℎ · ℎ,∀ ∈ ⧹{ }, ∈ )} − ,            (12) 

 
       

     ,   
   .    

   (1)      
     (12). 
,   [P1]    

   : 
 [𝐏𝟐]:mins. t. −  

 
       [P2], 

   -    (7)  
   (12).  ,  
   . 

 
2.9. S  
 

  SAA      
    -    

  (Kleywegt et al., 2002, Hu et al., 2012).  
        
 ,       . 
   SAA,     ℙ  
,    ,  Ω     .   

SAA     (Zhang et al., 2015, Jebali and Diabat, 2017), 
   (7), (12)   



 ,      ,  
       .  

,           
       . , 

     SAA [P3].   
     ,  

 ,    ,     ∈ Ω  [P3]. 
 

[P3]: min {|Ω| ∑ ∈𝑁⧹{ } ∑ ∈𝑇 ∑𝜔∈Ω · + · + ·∑𝜔∈Ω }                                                                                                                               (13) s. t. ∑ℎ∈𝐻 ℎ = , ∀ ∈ ⧹{ }                                                                                      (14) ∑ ∈𝑁, ≠ = ∑ ∈𝑁, ≠ , ∀ ∈ , ∈ , ∈ Ω                                     (15) ∑ ∈𝑁, ≠ − ∑ ∈𝑁, ≠ = ,∀ ∈ , ∈ , ∈ Ω                    (16) ∑ ∈𝑁⧹{ } = ∑ ∈𝑁⧹{ } , ∀ ∈ , ∈ Ω                                                (17) · , ∀ ∈ , ∈ ⧹{ }, ≠ , ∈ , ∈ Ω                                       (18) 

, + ∑ = − ∑ = 𝜉 + , ∀ ∈ ⧹{ }, ∈ , ∈ Ω           (19) , + ∑ = − ∑ = 𝜉 − ∑ℎ∈𝐻 𝑊ℎ · ℎ,∀ ∈ ⧹{ }, ∈ , ∈ Ω                            (20) ∑ ∈𝑁⧹{ } ∑ ∈𝑇 𝑣 · + + ∑ ∈𝑇 ∑ ∈𝑁 ∑ ∈𝑁, ≠ · ++∑ ∈𝑇 ∑ ∈𝑁⧹{ } 𝑓 · + ∑ ∈𝑁⧹{ } ∑ ∈𝑇+∑ ∈𝑁⧹{ } ∑ℎ∈𝐻 ℎ · ℎ − , ∀ ∈ 𝛺         (21) 

+ , + ∑ = − ∑ = 𝜉 , ∀ ∈ ⧹{ }, ∈ , ∈ Ω                    (22) + , , , , , ∀ ∈ ⧹{ }, ∈ , ∈ Ω                             (23) , ∀ , ∈ , ≠ , ∈ , ∈ Ω                                                                      (24) ∈ ℤ+, ∀ , ∈ , ≠ , ∈ , ∈ Ω                                                                     (25) ℎ ∈ { , }, ∀ ∈ ⧹{ }, ℎ ∈                                                                                        (26) 

 
        

,         
 ,     (7), (12)  

[P2].  (14)      (2).  (15) 
,    ,    ∈ ,  

  ∈ , ,     ∈ Ω.       ∈ Ω  
 (16).  (17) ,    



          ∈ Ω. 
 (18)      
   ∈ Ω.  (19)   ∈ Ω 

  ∈ ⧹{ }   ∈    ∈ Ω. 

 (20)        
 ∈ ⧹{ }   ∈    ∈ Ω.  (21) 

      ∈ Ω.  (22), 
(23), (24), (25), (26)    . 

 MIP [P3]       
 ,   CPLEX. -  NP-   

  ,    SAA    
 .      

     . 
 
2.10.   MIP   

 

  ,        
 ,    ,  

     
 ℙ.    (12)   

      
 .  ,    

  ,    . 
   ,    

,   Delage and Ye (2010),   
  ,   Zhang et al. (2017),  

  MIP.   ,   
  . 

 
2.10.1.   
 

      , 
      ℙ. 

      
       

  (El Ghaoui et al., 2003, Calafiore and Ghaoui, 2006). 
Delage  Ye (2010)        

,       (Cheng et al., 2013, 
Zhang et al., 2017). ,   Delage and Ye (2010),  

  𝓟 𝝁, 𝚺, , ,  𝝁 = [𝝁 , 𝝁 ,… , 𝝁 ]  𝚺 =[𝚺 , 𝚺 ,… , 𝚺 ] : 
 



𝓟 𝝁, 𝚺, , = {ℙ: 𝔼ℙ[𝝃 ] − 𝝁 𝖳 𝚺 − 𝔼ℙ[𝝃 ] − 𝝁 ,𝔼ℙ[ 𝝃 − 𝝁 𝝃 − 𝝁 𝖳] ⪯ 𝚺 , ∀ ∈ ⧹{ }.}, 
 

 𝔼[·]   .  ,    
     𝓟 𝝁, 𝚺, , , 

  ,      𝝃    
   𝝁    ,      𝝃      ,   𝚺 ,  ∈ ⧹{ }.  ,  ℙ   

 𝓟,   ℙ ∈ 𝓟  . 
 
2.10.2.   
 

    ,    
  ∊   ∊ ,    , + ∑ = −∑ = 𝜉   , + ∑ = − ∑ = 𝜉 ∑ℎ∈𝐻 𝑊ℎ · ℎ,   ∈ ⧹{ }  ∈ ,  (12)    

: infℙ∈𝓟Probℙ( , + ∑ = − ∑ = 𝜉 −∊ , ∀ ∈ ⧹{ }, ∈             (27) 

 infℙ∈𝓟Probℙ( , + ∑ = − ∑ = 𝜉 ∑ℎ∈𝐻 𝑊ℎ · ℎ −∊ ,∀ ∈ ⧹{ }, ∈           (28) 

 
 ∊   ∊   ∑ ∈𝑁⧹{ } ∑ ∈𝑇 ∊ +∊  (Calafiore and 

Ghaoui, 2006).  (27) ,    
     , .  (28) ,  

     ∈ ⧹{ }   
 ∈     −∊ . 

        
 , . . ∊   ∊ . ,  Sun et al. (2014),  

        
.         ∊  

 ∊ ,   ,   ∊ =∊ = · ·|𝑇| (Chung et al., 2012). 

,   [P4]    
  ,  ,  (27), 

(28),  : 
 



[𝐏 ]: mins. t. − , ,∑ ∈𝑁⧹{ } ∑ ∈𝑇 ∊ +∊                                                             (29) 

∊ , ∊ , , ∀ ∈ ⧹{ }, ∈                                                                   (30) 

 
2.10.4.      

 
 

 [P4]   -     
 (7), . . max{ , + ∑ = − ∑ = 𝜉 , } .  , 

     (7).   
       . 

 (7)      
: 

 infℙ∈𝓟Probℙ , + ∑ = − ∑ = 𝜉 , ∀ ∈ ⧹{ }, ∈ −                        (31) ∑ ∈𝑁 ∑ ∈𝑇 𝑣 · + ∑ ∈𝑇 ∑ ∈𝑁 ∑ ∈𝑁, ≠ · ++∑ ∈𝑇 ∑ ∈𝑁⧹{ } 𝑓 · ∑ ∈𝑁⧹{ } ∑ ∈𝑇 +∑ ∈𝑁⧹{ } ∑ℎ∈𝐻 ℎ · ℎ                                      (32) 

, ∀ ∈ ⧹{ }, ∈                                                                                                           (33) 

 
    ,   

     < , + ∑ = − ∑ = 𝜉 , 
   (31)    

   : infℙ∈𝓟Probℙ( , + ∑ = − ∑ = 𝜉 − , ∀ ∈ ⧹{ }, ∈            (34) 

 
 ∑ ∈𝑁⧹{ } ∑ ∈𝑇       

 , . . = ·|𝑇|.  ,  [P2]   
    [P5]: 

 [𝐏 ]: mins. t. − , − , − , − . 

 
2.10.5.   MIP 
 

-      (27), (28), 
(34), [P5]          

 .     Zhang et al. 
(2017),       



 (35), (36), (37), . ,  
MIP [P6]     [P2].  

        
,     [P6]. 

 
 : 

– , , , :    𝓟 𝝁, 𝚺, , ,  
   ,          = − − , = +− − . 

– : Prob( < , + ∑ = − ∑ = 𝜉 , . . 
   ,      

 ∈ ⧹{ }   ∈ ,  = ·|𝑇|. 
– 𝜹 :  [ , … , , , … , ]𝖳, ∀ ∈ ⧹{ }, ∈ ,   t  

    1. 
– 𝝅 :  [− ,… ,− , ,… , ]𝖳, ∀ ∈ ⧹{ }, ∈ ,   t 

 − . 
 

  : 
– :  ,   

      . 
– ∊ , ∊ :  ,   

        
 ∈ ⧹{ }    ∈  .  

  ∊ =∊ = · ·|𝑇|. 
– :     max{ , +∑ = − ∑ = 𝜉 , },  . 
 [𝐏 ]: mins. t. − , − , , , ,  √ − − +√ ∊𝑖𝑡·−∊𝑖𝑡 √𝜹𝖳 𝚺 𝜹

√ ∊𝑖𝑡−∊𝑖𝑡 ( , + ∑ = − 𝝁𝖳𝜹 , ∀ ∈ ⧹{ }, ∈                                                (35) 

√ − − +√ ∊𝑖𝑡·−∊𝑖𝑡 √𝜹𝖳 𝚺 𝜹
√ ∊𝑖𝑡−∊𝑖𝑡 ( , + ∑ = − 𝝁𝖳𝜹 , ∀ ∈ ⧹{ }, ∈                                              (36) 

√ − − ( + √ 𝑖𝑡·− 𝑖𝑡)√𝝅𝖳 𝚺 𝝅√ 𝑖𝑡− 𝑖𝑡 ( − , − ∑ = − 𝝁𝖳𝝅 , ∀ ∈ ⧹{ }, ∈                                  (37) 



, ∀ ∈ ⧹{ }, ∈                                                                                                (38) 

 
  [P6]   ,  

    MIP,     
   1.     MIP   
   :      [P6] 

        
.  [P6]   ,  

  (32)      ′. 
       

    ,   ′ = ·    
 .         

 ,      = + Δ,  Δ -   
.        ∊   ∊ . MAXITER 

   . U  O   
,    ∊   ∊     . ∗  ∗   ,    ∊   ∊ ,   

[P6] . 
  



 1 MIP-   
 

 
 

    1,   k-  : (i) [P6] ,  
     CPLEX; (ii)   ∊ ,   ∊ ,       ,     

      .    
       (Nazareth and Tseng, 

2002, Mourad and Reilly, 2010, Chen et al., 2015),     



.     ,     
 . ,      ∗  ∗, 

    ∊   ∊ ,   
   . 

 
   

 
       IRP  

     , 
     .   

      ,  
    ,    

    .    
      
      (SAA)  

 , . 
  



 3   
 
3.1   
 

        
  .    MATLAB_2014b 

   CPLEX 12.6.    
      Intel Xeon x3440 3,8 

  12      Windows 10.   
  3600 .    10   

,     . 
 
3.2.    
 

 ,   ,    
,       (Zhang et al., 2016, Zhang et al., 2017, 

Zhang et al., 2018).       
     , 

    (Xie and Ahmed, 2018). 
   ,  1000, 5000, 10000 

 (Bertsimas et al., 2017, Zhang et al., 2017).  
,        ,  5000 

 10000   .  , Xie and Ahmed (2018) 
 1000     .  , 

 ,     1000 . 
       

 ,       
.            

: 
   1000      

          
  [P3]   CPLEX. 

        
 : 

1.     : × % ,  
         

; 
2.  ,  : × %,   - 

 ,       
; 

3.  ,    𝑒× ×|𝑇| × % ,  × × | |     ,   -  
 ,        . 



3.3.   
 

     , 
   ,      

      ,    
.       

   1.   , ,   |Ω|  SAA   
6, 6, 1  20,   , , Δ     MIP  

 0,2  0,4. 
 

 1.     . 
SAA MIP-   

 θ1 θ2 θ3 |Ω| γ1 γ2 Δ MAXITER 

 6 6 1 20 0.2 0.4 0.2 10 

 
 ,    ,   

         
 CPLEX,     .   

   2,   3   2  . 
,    ,   

  (  3).    
: = ,  4      3, 

   6 -   3    2 .  
 3,         
     3,8  3,77. 

 
 2.     . 

  

  (n) 3 

   (|T|) 2 

  (C) 6 

   (ft) [5,10] 

 t (citinv) 5 

    (Ii0) 0 

 (1,5),(1,4),(5,5) 

  (Wh) [4,6,8] 

  (cha) [100,200,300] 

 (B) 1000 

 
 
 



 3.    . 
 2 4 6 8 

 0.4 0.4 0.1 0.1 

 
  4    ,   
, SAA    MIP  .  
,        4096 ,  

 CPLEX     [P3].    ∈ { , , } ,    «1»,  ,    
  ℎ ∈ ,   ℎ = .    , SAA 

   MIP    312,6, 15,2  13,8  
.   4 ,   ,  

       ,    SAA 
     MIP   4,86%  4,41%  

 .  CPLEX .   
  ,  SAA    MIP 

       . 
 

 4.    . 
 

  SAA MIP-  
 

 

 

 

1 2 3 1 2 3 1 2 3 

1 1 
  

1 
  

1 
  

2 1 
  

1 
  

1 
  

3 1 
  

1 
  

1 
  

 (s) 312.6 15.2 13.8 

  
(%) 

100 100 100 

  (%) 0 0 0 

  (%) 100 100 100 

 
  ,     

         , 
      .   

    SAA  MIP   
  . 

 



3.4. Ч      
 

 
      

   .    
   5.  , 𝑓 , 𝑣,    
  ,     Yu et al. (2012)   [ , ], [ , ], [ . , ], [ , ],  | | = . SAA   

   Ω      
 .  ( . .   

)       
  SAA.     

:     . 
        

,     
 .  ,     

 .    , 
  ,  ,    

       
(Chen et al., 2010).      6,  «-» 

,    3600         
. 

 
 5.    . 

   
  

 
 

 

  (μit) ✓  [ , ] 
  

 (σit) 
✓  . 𝜇  

 
 (C) 

✓  [ , ] 
 

  
(f t) 

✓  [ , ] 
  (cit

inv) ✓  [ . , ] 
   

 (I i0) 
✓  [ , ] 

  (cij) ✓   ×  
  

  
(cb

i0) 

✓  ×  

  
(Wh) 

 ✓ [ , , , ] 
  

(ca
h) 

 ✓ [ , , , ] 
 (B)  ✓ . × ×  

 
 



 6.        
  SAA. 

№ n SAA  , 
  

  

SAA  , 
  

  

MIP-   

 

(
%) 

 
 

(%) 

 

(
%) 

 
(s) 

 

 
(%) 

 
 

(%) 

 

(
%) 

 
(s) 

 

(%) 

 

 (%) 
 

 
(%) 

 
(s) 

1 5 50.12 0.00 96.83 22.3 50.31 0.00 96.86 34.6 50.33 0.00 96.9
8 

4.5 

2 7 100.00 0.00 100.00 41.2 100.00 0.00 100.00 52.3 100.00 0.00 100.
00 

7.8 

3 9 90.01 0.01 99.69 52.5 90.12 0.01 99.64 56.8 90.01 0.00 99.7
5 

13.7 

4 11 99.99 0.02 99.99 85.7 99.99 0.01 99.99 87.3 99.99 0.01 99.9
9 

14.6 

5 13 99.99 0.00 99.99 119.9 99.99 0.00 99.99 120.5 99.99 0.00 99.9
9 

14.9 

6 15 39.17 0.00 98.21 161.6 40.21 0.00 98.33 174.2 40.16 0.00 98.3
5 

21.4 

7 17 12.02 0.00 95.02 223.5 12.45 0.00 95.11 230.8 11.95 0.00 95.0
9 

33.6 

8 19 99.99 0.00 99.99 269.8 99.99 0.00 99.99 273.4 99.99 0.00 99.9
9 

42.9 

9 21 99.99 0.00 99.99 370.4 99.99 0.00 99.99 382.5 99.99 0.00 99.9
9 

49.8 

10 23 76.10 0.00 99.53 493.3 76.28 0.00 99.64 504.8 76.25 0.00 99.4
9 

59.8 

11 25 99.99 0.00 99.99 649.7 99.99 0.00 99.99 633.1 99.99 0.00 99.9
9 

72.1 

12 27 99.99 0.00 99.99 899.5 99.99 0.00 99.99 889.7 99.99 0.00 99.9
9 

85.5 

13 29 78.21 0.00 98.75 1112.9 78.33 0.00 98.98 1100.5 78.27 0.00 98.8
6 

104.2 

14 31 99.99 0.00 99.99 1424.6 99.99 0.00 99.99 1429.7 99.99 0.00 99.9
9 

122.3 

15 33 99.99 0.00 99.99 1826.1 99.99 0.00 99.99 1997.9 99.99 0.00 99.9
9 

150.4 

16 35 75.96 0.00 94.44 2530.2 75.94 0.00 94.35 2598.9 76.25 0.00 94.4
6 

193.1 

17 37 99.99 0.00 99.99 3106.5 99.99 0.00 99.99 3567.2 99.99 0.00 99.9
9 

213.3 

 



  6 
18 39 99.99 0.00 99.99 3600.0 99.99 0.00 99.99 3600.0 99.99 0.00 99.9

9 
251.1 

19 41 53.21 0.00 86.49 3600.0 52.16 0.00 86.97 3600.0 53.67 0.00 87.5
9 

270.5 

20 43 99.99 0.00 99.99 3600.0 99.99 0.00 99.99 3600.0 99.99 0.00 99.9
9 

281.2 

21 45 99.99 0.00 99.99 3600.0 99.99 0.00 99.99 3600.0 99.99 0.00 99.9
9 

300.6 

22 47 99.99 0.00 99.99 3600.0 99.99 0.00 99.99 3600.0 99.99 0.00 99.9
9 

338.0 

23 49 99.99 0.00 99.99 3600.0 99.99 0.00 99.99 3600.0 99.99 0.00 99.9
9 

386.4 

24 51 99.99 0.00 99.99 3600.0 99.99 0.00 99.99 3600.0 99.99 0.00 99.9
9 

466.7 

25 53 – – – – – – – – 65.49 0.00 94.9
8 

512.3 

 
  6, 10  14   6  ,   

        
.     6  10 SAA  ,   

    MIP.  25-     6  
,  SAA     ,  

51 .  ,  4–10   6 ,  , 
 SAA        

,       ,  
,     .  ,  

 ,       SAA  
.  , ,    SAA    

MIP  , . 
 ,   6   ,    

      .   
 .     Yu et al. (2012),   

   ,      
,  .        

      
        

.  ,   ,   
 ,      .  , 

     
  . × × ,  n   

.       . 
       

. 
 



3.5.   
 

        15 . 
   ,     5, 

 : (1)      𝑊 = ,𝑊 = ,𝑊 =,𝑊 = , = , = , = , = ; (2)  
        × ,          i  

j,  = × ; (3)  , 𝜇     7. ,    
, (i)       | | =  

: 𝑓 = , 𝑓 = , 𝑓 = , 𝑓 = , 𝑓 =  (ii)  
    300, (iii)   

  . × × ,  =   (iv)   
  𝜎 = . × 𝜇 .    MIP  

        
  = . ,      10. 

 
 7.  . 

 
(i) 

𝑰𝒊𝟎 𝝁𝒊𝒕 𝒄𝒊𝒕𝒊𝒏𝒗 

  1 2 3 4 5 1 2 3 4 5 
1 59 345 171 366 382 155 1,37 1,61 1,32 1,15 0,85 
2 52 334 139 171 249 283 0,50 0,76 0,84 1,58 1,60 
3 64 297 319 145 238 215 0,55 0,58 0,76 1,45 0,96 
4 85 316 184 191 116 345 1,32 1,16 1,59 0,75 1,34 
5 57 387 259 194 376 162 1,78 0,84 0,59 1,94 1,06 
6 51 116 142 380 236 133 1,19 1,07 1,44 0,79 1,65 
7 90 258 216 293 247 131 1,91 0,69 1,05 0,84 1,19 
8 77 179 230 318 400 325 1,45 1,11 1,70 1,92 1,51 
9 55 378 288 128 323 343 1,60 1,95 0,61 1,64 1,72 
10 75 294 331 301 109 280 1,44 0,76 0,87 0,78 0,79 
11 70 284 188 214 204 289 1,70 0,72 0,67 0,64 1,25 
12 88 365 317 229 259 218 0,75 1,69 1,93 1,00 1,26 
13 89 241 164 206 136 332 0,76 1,45 1,99 0,76 1,41 
14 91 174 384 104 171 112 1,42 1,41 1,09 1,81 1,32 
15 96 228 143 183 307 172 0,51 0,69 1,44 0,86 146 

 
    ,   

  × × , . × × ,… , × × .  
    8    16.  ,  

 ,     ,  SAA 
   MIP  ,  .   

 5  9   8  ,    SAA 
  7  ,       MIP. 
   MIP     
 ,  . 16    

 .        
 .      ,   
        



        
.  ,      

  ,  , ,   
 ,    ,    

 16. 
 

 8.    B. 
 

SAA MIP-   

B (×103)×n  

 
(%) 

 
 (%) 

 

 (%) 

 (s)  

 (%) 

 
 (%) 

 

 (%) 

 (s) 

9.0 0.00 100.00 89.58 160.1 0.00 100.00 89.84 21.4 

9.5 0.00 100.00 89.54 159.8 0.00 100.00 89.54 21.2 

10.0 0.00 100.00 89.59 153.2 0.00 100.00 89.58 20.9 

10.5 0.00 65.00 91.13 155.2 0.00 65.10 91.14 20.8 

11.0 1.00 25.00 94.72 157.8 1.02 25.01 94.73 22.4 

11.5 40.00 2.00 98.21 152.3 40.21 2.01 98.21 21.7 

12.0 92.00 0.00 99.83 156.4 92.31 0.00 99.84 22.7 
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; 
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 ,       
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