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HAZOP-Hazardous Operations (7%), MORT-Management Oversidht Risk Tree (8%), 

CL-Checklists (4%), S/Kstandards/ Codes (2%), OM-Other methods (1%). 

           

   . 

2.3.1. FMEA.       

      FMEA (Failure mode and effects 

analysis)      . FMEA 

       

              

        .   

FMEA           

           

,     ,  . 

        .  

      MIL-P-1629 1949.    

„     ,    “ 

(Procedures for performing a failure mode, effects and criticality analysis) (Mil i , 

2005). 

 (Lipol i Haq, 2011) FMEA       

  :  

     , 

         

     

        

. 

          

     .      
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 .   ,  (MIL – STD – 1629A, IEC 

60812 1995; Bowles i Pelaez, 1995; Tay i Lim, 2010; Zhang i Chu, 2011; Yang i dr., 

2011),      :     

 (S),    (O)    

  (D).        

    1  10.        RPN (Risk 

Priority Number)      . 

RPN S O D  (2.21) 

 : 

S    (severiti) 

O     (occurence) 

D      (detectability) 

 
 

  2.11    RPN –  (Phil Stunell`s Blog, 2012) 

   RPN       

         RPN   
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  .  ,     (S), (O)  (D),   

    1  10,        

: 0-200  , 201-400   , 401-600   , 601-

800     801-1000   , RPN    

    2.11         

  . 

         

  MIL-STD 1629   1974. ,    

ISO-IEC  (IEC 60812)  (IEC 60300-3-9). 

2.3.2. FMECA.   ,    
 

FMECA (Failure mode, effects and criticality analysis),    

 ,    ,    

FMEA .        . 

       .  

 FMECA         

        .  

          

      FMEA :   , 

     .   FMECA  

          

 ,  ,     , 

   .

   FMEA  FMECA      

     .    

          

              

       (www.weibull.com; Lipol i 

Haq, 2011). 
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2.3.3. FTA.    

   –FTA (Fault Tree Analysis)    

      .  , FTA 

          

( ati , 2004).   FMEA,          

 ,         

,           

(Trifkovi  i dr., 2010; Mil i , 2005).        

        . 

            

 .           

    ,      

.             

            

   . 

FTA         

          

              

.        (IEC 61025). 

2.3.4. .    

   ETA (Event Tree Analysis)    

   .      

     . 

             –  

           ,  

      .      

       .  

           

     . 
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      ,   

     .     ,    

 . 

2.3.5.         

           

      . ,    

            

     .      

         

.         

        .  , 

  ,           

   ,     . , 

              

       ,   , 

      . 

2.4.       

        

          

   ,       

 , , ,   .   

             

           ,  

    ,        

 . 

        

  ,      
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. 

        

      ,      

    .  ISO    

,  . OHSAS 18001       

    , ISO/IEC 27001      

, ISO 22000     .  ISO 31000  

         

     ,     , 

     .      

            

        ISO 31000. 

2.4.1.   

      (IEC 300-3-9, 1995)  

 3-9         . 

        

        , 

  .   3-9      

    . ,      

 . 

      (AS/NZS 4360,1999) – 

  (Risk management)     

  : 

   

  

  

  

  –  . 
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  „ “           

 .      ,  

         .    

   1995.    (AS/NZS 4360,1995),   

 2004.    (AS/NZS 4360, 2004).     

,        ISO . 

ISO  (ISO 12100, 2010)    , 

        .  

            

    .        

           .  

       . 

     (ISO 31000, 2009)  

      .       

,     ,     

(ISO31000, 2009).           

        . ISO 31000 

    –   AS/NZS 4360, 2004 

(Šijakovi  i dr., 2013).           

 (ISO GUIDE 73, 2009) „   – “ (Risk 

Management-Vocabulary).        

     . ,    

      : 

 , 

   , 

  , 

     

  . 
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  ,   (ISO 31000, 2009),   

: 

       (  

, , ...); 

  ; 

          

  ,      ; 

 ,       

  . 

,  ISO 31000     

      .        

  (ISO 31010, 2009)         

   .         

       . 

 

  2.12     ISO 31000 

 ISO 31000    ,     

 ,        BS ISO 31000:2009,  

   ANSI/ASSE/ISO 31000,        

  AS/NZS 31000:2009. ,   2011. ,   
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 BS 31100:2011       ,   

        ISO 

31000.   BS 31100       

           

       : 

     , 

    , 

     , 

  . 

2.4.2.       

          

     ,   60300-1:2008,   

31000:2010,   60812:2011,         

   . 

      25/2010     

      (Kvalitet, URL).    

        : 

 

  1552:2008 -    -     

   -        ;  

  1710:2008 -        

        

  1804-1:2008     -    

  -  1:        

  1804-2:2008     -    

  -  2:        

  1804-3:2008     -    

  -  3:      
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  1889-1:2008     -    

   -  -  1:       

  1889-2:2008     -     

  -  -  2:    

  12348:2008        -   

  618:2009       -   

           

 ( )      

  619:2009       -   

          

    

  620:2009       -   

     ( )     

   

  815:2009          

        -    

  14658:2009       -  

          

   

2.5.       
   

        

  . ,         

   ,         

     .    (Ivkovi , 2004)  

  ,   ,   
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   .         

 ,       ,  

       .    

         

.     ,      90 

   „ “ 1989.     90 .  

 (Ivkovi , 2004)      ,   

  ,      . 

     ,   

       .   (Dhillon i Anude, 

1992)           

    1965-1989.      

       (Hoseinie i dr., 2012).  

      :      

          

.         

            

 (Barabady i Kumar, 2008; Uzgoren i dr., 2010; Behera i dr., 2011; 

Hoseinie i dr., 2011; Hoseinie i dr., 2012).   , 

   (Weibull) ,     

,       . 

 FTA        

     (Radosavljevi  i dr., 2009; Gustafson i 

dr., 2013; Gharahasanlou i dr., 2014).      

            

          

 . 

        

FMEA  FMECA        ,   

(Radosavljevi  i dr., 2010; Panteli  i Papi , 2010).    , 
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      ,      

  (Liu i dr., 2013).       

    FMEA    . 

          

    . 

 (Wang i dr.,1995)         

          

 . (Bowles i Pelaez, 1995)      

     FMECA,    

    ,     

.      ,   

        –    

,        . (Pillay i 

Wang, 2003)           

    ,     

.             

 .       

    .     

          

       . (Gargama i Chaturvedi, 

2011)    FMEA       

            

  FMEA .    

  . (Braglia i dr., 2003)      

     RPN- ,   

 RPN-    RPN/1000. (Guimaraes i Lapa, 2007) 

         –   

      RPN      

 RPN- . (Petrovi  i dr., 2014)     

    .       

     .     

     RPN-    
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  .         

   RPN     .      (Petrovi  i dr., 

2014)          

RPN-    FMEA .  

Liu i dr (2013)    75     . 

         1992.  2012. .   

           

.        ,   

          

   . 

        

         

,         

          

  . 
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3.      

         o   

. ,            

         . , 

          

       ,  

         

  .      

          

  .           

              

   .       

            

       ,     

   –     ,     

   . 

      ,   

,           

         

      .    

         .     

           

     ,    

             

          ,  

 .  
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         .  

        

         

,   . 

3.1.      

  ,      ,   

     ,     , 

         .  

   ,          

  ,         

    .       

     , .    

      .     

        

         . 

        

 ,       .  

        

         

.           

,      , ,     

.      '' ''    

,      - . 

            ,  

            

    .   1897. , . .  
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      ,    

     (Žiki , 2003).     20. , 

        , .  . 

             .  

 ,  ,       ,   

    30 .   , 

          

    ,    '' ''  

,     .     

        

,     . 

Robbins (2000)      .  

      . 

           

   .    ,     

     ,    

.         

   .       

      ,     

 . 

          (Žiki , 2003; 

Ignjatovi , 2009) : 

-          

; 

-      ; 

-        , , 

  ; 

-          -

         ; 

-      ; 

-    ,    ; 
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-    ; 

-        . 

       ,  

           

    .  

3.2.      

      -

        

.         

      .  ,  

         

 .            

  ,       : 

           

       .   

,             

            

 .       . 

        

        (Žiki , 2003),    : 

,  ,   ,  

 ,   ,   ,  

  ,   ,  , , 

  . 

   ,        

 –  ( ) ,     

    – ,  –  , 

      . 



    

46

   (Žiki , 2003)    : 

-  ( ), 

-  ( ),  

-  ( ). 

  ,     (Žiki , 2003): 

- , 

-  ,  

- , 

- , 

- . 

   ,     (Žiki , 2003): 

-  , 

-  , 

-   , 

- . 

          (Žiki , 2003): 

-   , 

-   . 

 ,          (Žiki , 2003): 

-     , 

-   , 

-     , 

-     , 

-    . 

            

  . 
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3.2.1.      

       

      .    

            

     . 

        80-  

 XIX     ( ukanovi , 2005). 

   ,       

          

      ,     

    .      

            

  .         

     :       

    . ,       

 .          

(Mili  i Mili evi , 2005; ukanovi , 2005): 

-  ,  

-       

- . 

           

   .     „ “ 

             

6     .      

         . ,   

             

,              

 .         

          

. 
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3.2.2.    

        

     .     

   ,        

.         .  

          

      ,     

   ,     

  (  380 mm) (Pantovi , 2008)   . 

,        .  

          

     .   ,    

     . 

     ,      

  ,        

    .  ,     

    „ “,       , 

     2014.          

  .             

48   90  ( hni ki izveštaj I-IX, 2014).      

       ,  

        . 

3.2.3.      

          

   .     

  ,      ,   

   –        

   .       
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         .  

 ,     : 

1.      ( ),    

 ( , ) ,  

2.      ( ),     

( ) . 

   ,       

        , 

             

    .       

,         . 

        . 

   ,     ,  

   ( ,   .)    .  

   ,       10.000   .  

 ,      „  D“,   

       ,   .  

      7  ,    

60%     (Ivkovi  i dr, 2008; Polovina, 2010).   

      ,      

   .       

    o  SchRs 630 25/6,   ,     

            

    .  

 (Ivkovi , 2004)         SRs 

1200 22/2   „  D“,       

         

.   1973.         

  .     60 .    

          . 
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 (Ivkovi  i dr, 2004)     

           

SchRs 700  60%        .  

         „  D“,     

           . 

 SchRs 1760     „  D“,    

,     2004. .,(Dani i  i dr., 2013)  17  

    .         

 .           

          

          . 

  ,        

  ,           

 ,   ,   . , 

      ,   

  ,        

   .  ,     

   40  20       

   .       

   ,     . 

   17          

,     ,   . 

          

           

       .    

         

     (Ivkovi  i dr., 2008; Polovina, 2010).   

        , 

    ,   

         

           . 
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      ,  

         

     – ,    

. 

     ,    

          , 

      ,    

 . 

          

   –      

  .      .  

            

    . 

      ,   

         .  

       ,  

     .    

          

      . 

3.2.4.     

           

    .    

   ,    

        200 

. 

   „  “,      

 ,      .    

   ,        
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    .       

.  ,          

 .         „ “,  

75306,  220 ,       .  

,      ,    

,          

 .           

,          

     .      

          , 

  . 

       

      .   

      .      

        ,      

       .  

   „  “,  ,   

     ,      

      „  “.    2,8 

km,      1,8m    ,     

    1 MW.   ,    

            

         .   

      1,5 km.       

  . 

       ,  

       . 

        

         .   
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   . ,     , 

        

 .       

     . 

3.2.5.   

          

 .     : , , , 

    ,     

        . 

    ,     

  ,    „Komatsu“  D155AX,  

  „  “. ,    ,   

          

       . 

           

          . 

3.2.6.     

           

,    ,    ,    

 :  ,  ,  , 

 , ,      

 . 

3.2.6.1.   

            

          . 
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      ,       

  ,       ,   

. 

            

    . ,     

       . 

       .    

   :   (     ),  

 (     ),    

    .       

      ,    

   ('' '' ),    ,  

   . 

3.2.6.2.   

       .  

            

   ,  .    

  ,        

     ,    

 ,  ,       

   (Jovi i , 1989).       

     .    

         

 . 

       . , 

        ,    

    ,      

   . 
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3.2.6.3.   

 ,  ,    

   .       

        .    

      ,  , . 

        . 

    ,         

     (Ignjatovi  i Miljkovi , 2004).  

,       .    

                

  .       ,   

 ,       .      

             

   .       

        . 

3.2.6.4.  

       '' '' 

         

.   ,   ,    

  ,      ,   . 

      : , -

  – . 

3.2.6.5.  

          

  .        

      ,     . 

        .   

             

       . 
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   .         

     –  .    

     , ,     

 (Jevti , 1995; Magdalinovi , 1999).     

      ,     

      . 

         

        . 

       (    5 

– 9)    (    3 – 5) (Jevti , 1995).   

         . 

             

    ,       

.        

     . 

        

.          

  ,     . 

           

      ,        

     .      

         

  . 

        , 

 .          

       . 

 –        

 (Stefanovi , 1980; Mirkovi , 2005).      
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 –         .   

 ,          

 .   –      

    .       

        . 

3.2.6.6.     

        

 –  ,       

    .    

,           

,         ,   

   .     

             

 .     : ,  

,   ,  ,  ,  

  .  

         

     ,      

 .       .  

  ,        

 (  ). 

           

          

      . 

     .    

             

.          

 . 
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      ,       

      . 

      

 .         

    .       

        ,  

    ,     

,    . 

          

   .  ,    

     ,       

       . 

3.3.       
  „  “ 

3.3.1.     

     „  “    

1947. .    1976 2002. ,      

  „ “    .   „Alpine“ 

        „Alpine – Dolomit“ 2002.   

   ,     .  2014.  

     „TEKO MINING“ . . .  

           

 „  “        – 

 ,         . 

     2007.    

   140 000 m3  170         



    

59

.         75 

t/h.  ,         

  .   ( , 2007 b),    

         3.1. 

  3.1       

 
 

 
m3/h 

 
% 

 
m3 

0 4 mm 18,0 35 49 000 
4 8 mm 10,3 20 28 000 

8 16 mm 12,9 25 35 000 
16 31,5 mm 10,3 20 28 000 

: 51 100 140 000 
 

3.3.2.      

3.3.2.1.   

  –       

         

   .  ,   ( , 2007 a), 

    : 

-   ; 

-   ; 

-      

-      . 

      –    

  20    8,65 m.     

    „Rock L – 6“   „Atlas Copco“ 

(  3.1).    92 mm   22 m    

   3 × 3,75 m.      
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  „Detonex“  „Anfex“.        

           

.      „NONEL“  

       42 ms  25 ms  

  .        36   

  .  

         

          

 .         „Cat 

D9R“ 

 

  3.1  „Rock L – 6“ 

 

  3.2   
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 .          

 „Cat 325“  „Cat 330“,    1,9 m3  2,3 m3,  

(  3.2).  

 

  3.3  –   „Cat 980“ 

       

             

             

    .       

  „Cat D9R“ 

        –  

 „Cat 980“     4,6 m3 (  .3).    

          

.          . 

3.3.2.2.     

     „  “   

  ,     .  
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  3.4        

 ( , 2007 a) 

        

 „Lokotrack LT 110“,    „Lokotrack LT 1213S“. 

           

   .      

  ,           

   . ,   ,    

   .  

    - 700 + 0 mm     

     LT 110,  10 m3.  

    –   90 mm     

    ,    – 90 + 0 mm,  

  ,         

    .       

 – 90 + 31,5 mm      .   – 

31,5 + 0 mm        

   .     



    

63

     .      

        

          

.  

 

  3.5  „Lokotrack LT 110“ 

         

      63 mm.    – 

150 + 63 mm     .    –  – 

63 + 0 mm          

   .     .  

  +31,5 mm        

        ,   

    .   ,   – 

31,5 + 0 mm,         

      ,    

       .  

        

 LT 1213S.  
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)  

)  

  3.6  „Lokotrack LT 1213S“(a, ). 
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  3.7     

    (  3.7)    

   20 m3.     

             

     ,    16, 8  4 mm.  

         

,      .      

    – 4 + 0 mm.     

     – 31,5 + 16 mm, – 16 + 8 mm, – 8 + 4 mm  – 4 + 0 

mm.          ,     

     . 

           

      ,      

 „  “,         

              

.          

,           

 . 
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3.3.2.   

3.3.2.1.       

        

           

   .       

    .  

  „Lokotrack LT 1213S“     

„  “     .      

   „Lokotrack LT 110“.   

        

           

          

  .  „Lokotrack LT 1213S“    

    – 150 + 0 mm  – 31,5 + 0 mm. 

  3.8   „Lokotrack LT 1213S“ 

          

 3.8.           

         

           

. 
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         , . 

  .  

          

          

        . 

3.3.2.2.    

 „Lokotrack LT 1213S“,     

   „METSO MINERALS“,   , 

        .   

          

.      „Cat C12“,       

    ,     

 .      

         

 .         

          63 mm. 

      ,        

   – 31,5 + 0 mm  – 63 + 31,5 mm.   – 63 + 

31,5 mm,     ,    

 ,  ,  ,  .    

  ,          

,           .  

 – 31,5 + 0 mm         

       .   

       .     

.          

          

        ,     

  . ,          

  ,         
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 .        

        . 

3.3.2.3.   

  „Lokotrack LT 1213S“   

      .    

,   ,     3.9,   

      3.2. 

 

  3.9     „Lokotrack LT 1213S“, 

(Instruction manual, 2004) 

  3.2    „Lokotrack LT 1213S“ 

      

1   6   
( ) 

2    7   
( ) 

3   8    

4    
 9    

5   
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 „Lokotrack LT 1213S“     

„Caterpillar“   „C – 12“  425 kW  1600 o/min.     

     Rexroth,  A 10 VEC 80,   

      Danfoss,  OMTW 400, 

      , ,    

    . 

        „NP 1213M“ 

     .       

             

   .        

   .  ,        

        .   

         .  

             450 

  ,    ,  600 /min   . 

        , 

    .    

    3.10.      ,  

    ,    30  90 mm.  

           

     . 

 

  3.10     „NP 1213M“,  

(Instruction manual, 2004) 
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       .   

            

.          

 ,         

      .   

     ,       

           

   .     ,   

    ,        

        .  

     9,4 m,     

         2,4 – 2,6 m/s.    

           

    .       

Danfoss,  OMTW 400. 

        

„Nordberg TK13-30S“         

        . 

           

   .     

 ,        

     .       

 . „  “          

 .         

     ,      (  

3.11 )       (  3.11 )    

  (  3.11 ).  
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) )  )  

 

 

  3.11      

(Instruction manual, 2004) 

            (  

             

   ),   520 l,      

      .    

           

      . 

            

       (  3.12).  

       ,   

 .

  3.12    „Lokotrack LT 1213S“ 
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) )

  3.13   „Lokotrack LT 1213S“   

     ,   

     o  ,    

.    „Lokotrack LT 1213S“  : 

  :  : 
 

 8 450 mm 3 000 mm 
 17 100 mm 17 200 mm 

 4 900 mm 3 600 mm 
  50 000 kg  

 
      ,     

         

       .  

          

        . 

            

.  
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4.       

 1 ,      

       , , 

,  .       

           

.           

,       :  

-  ,        

   ;  

-  ,   , (    ) 

   ;  

-   ,       

 ( .    ,    

  .).  

          

    ( )   

( ) ,        , 

             

(Tanasijevi , 2007).     :  

       

   ;        

    .     

        ,    

            

1       fuzzy sets    , ,  
.             .
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 ,           

  (Tanasijevi , 2007). 

  ,    ,    

     (Subaši , 1997)    , 

    . 

         

    ,       

 ,      ,  ,  

     .     

          

(Subaši , 1997). 

(Taniki , 2009)           

      . ,       

        .   

        .  

, „    “, „       

“   ,     .  , 

  ,        

      ,   

       .   

        (  - )   

   (   ).     

    ,   :  , 

 ,   . 

           

    Cai (Cai, 1996).       

         

         , 

  ,  ,     . 
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Chen (1994)          

        

   .  

      FMEA ,  

(Keskin i Ozkan, 2009)     „    

“      RPN. 

 (Ataei i dr, 2009)         

       .  

        :   

  ,   ,     , 

        . 

         

        . 

            

,       .    

       ,       

    ,       

           

          

          –  . 

4.1.    

       ,   

   .       

  ,     .    

 ,        . 
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  .  

       . , 

        (  ,  

,    .)        

 (   ,   ,    .). 

          

.           1 

(  )  0 (   ).   ,     

   ,        

: 1 (100% ), 0 (    ), 0,7 (70%  ). 

        .  

         

    .     

     ,       

       .   ,   

           

 20,      „II   “   

     15.      

        19.   

      I  II    . 

        II    . 

,        ,    

          19   

„I    “   0,95.       

,     . ,  , „I   

 “        

    .   4.1    

  „I    “. 
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  4.1   I     

       

        .  

         

   .    

           

,          . 

            

          

  . 

     Zadeh (1965),     

   .        „  

“.            

.         

        .   

,    : „       

 f(x),      X    

 [0,1].   f(x)     x 

 A.      -   

 ,         x  A“. 

  ,         

          

           

    ,       
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.  ,        

            

   . Zimmerman (1996)    

    Zadeh (1965),      

 ,         

.          

        . 

Harris (2006)            

        .  

,    ,     

,      ,  

      , [0,1].  (  

)     B,           

   4.2.          

 .

  4.2   (a),   ( ) 

Booker i Singphurwalla (2003)       

            

            

     .    ,  

     ,    .  

Subaši  (1997)          

,            

  . ,      ,  
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:      X.   A  X    

:  

:   0,1 ,A u X         (4.1) 

 A(x)     x   A   

x X , X      . 

      : 

A { ,  |  ,  0   1}A Ax x x X x    (4.2) 

     (Tadi  i dr., 2006; Castillo i Melin, 2008)    

    : 

A { ,  ,  }Ax x x X        (4.3) 

  A(x)  . 

   A  S(A)    x    X 

   A(x)>0: 

S A { ,  ,  0}Ax x X x       (4.4) 

   x  X (Dubois i Prade, 2005)    

  ax  L\{()} o X,   X     L   

      1   0. 

4.1.1.       

     (Tadi  i dr., 2006): 

1.   A        A(x)=0 

2.          

 x        . 
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3.          ( x0) X,   A(x0)=1,  

   

sup 1A
x X

x          (4.5) 

4.        .   

         A(x0)    4.5. 

4.1.2.     

Bojadziev i Bojadziev (2007)      . 

       ,  A   B    

X, 

A ,  ( ) ,  ( ) 0,1 ,A Ax x x       (4.6)

B ,  ( ) , 0,1 ,B Ax x x       (4.7) 

    A  B      

 .       

 : 

   

  A  B  ,    A=B,      

      x X , 

A Bx x         (4.8) 

 ( )   

  A      B,    B ,   

 x X , 

A Bx x ,        (4.9) 
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    A    B. 

  

        B     

B ,      B  A B   : 

( )A Bx x   x X       (4.10) 

( )A Bx x    x X .      (4.11) 

   

       ,   Ã  

  : 

1 A
A

x x     1A
A

x x       (4.12) 

        A  B    , 

   A B ,     

 max ,A B A BA B x x x x x ,   x X . (4.13) 

    A  B,   A B ,  

      B,    

: 

 min ,A B A BA B x x x x x ,   x X .  (4.14) 

4.1.3.   

         A(x)  

 : 

1. A(x)      , 

2. A(x)  , 

3. (x)  ,   

4. (x)       (Subaši , 1997). 
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     (Tadi  i dr., 2006),  : 

             

 , R: 

a)     0x R     (x0)=1

)   (x0)        x X . 

 
  4.3     (A  B)      

(Subaši , 1997). 

4.1.4.     

     .    

    (x0):   .   

 ,         

     [0,1].    

       . 

       (Tadi  i dr., 

2006; Castillo i Melin, 2008; Siler i Buckley, 2005).    

     , a, b, c    a<b<c.  

    .      

  (Tadi  i dr., 2006, Castillo i Melin, 2008; Siler i Buckley, 2005): 

0,

,

,

0,

A

x a
x a a x b
b ax
c x b x c
c b

c x

       (4.15) 
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  4.4     

        

 a, b, c  d,    a<b c<d.      

  (Tadi  i dr., 2006, Castillo i Melin, 2008; Siler i Buckley, 2005): 

0,

,

1,

,

0,

A

x a
x a a x b
b a

x b x c
d x d x
d c

c x

       (4.16) 

 
  4.5     

       ( )    

  a, b,  c,    (Tadi  i dr., 2006, Castillo i Melin, 2008; 

Siler i Buckley, 2005): 
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 2
1

1
A bx

x c
a

        (4.17) 

 
  4.6      

4.1.5.    

        . 

 1: (Zimmermann, 1996),   ,X Y R   ,   

RR ( x, y , x, y )|(x, y) X Y      (4.18) 

   X  Y   X Y . 

 2: (Zimmermann, 1996),   ,X Y R    

A(x, x )|x XA        (4.19) 

B(y, y )|y YB        (4.20) 

  ,  je  (4.18)     A  B    

, , ( , )R Ax y x x y X Y       (4.21) 

, , ( , )R Bx y y x y X Y .      (4.22) 
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      X Y      X Y  

    0  1 (Castillo i Melin, 2008). 

4.1.5.1.    

(Ross, 2004)        

 X,     X  X: 

 : , 1R i ix x       (4.23) 

 : , ,R i j R j ix x x x      (4.24) 

 : 1,R i jx x  2,R j kx x ,R i kx x   (4.25) 

 : 1 2min ,  

4.1.5.2.      

 (Bojadziev i Bojadziev, 2007),   R1 i R2    

  A×B,   : 

11 ( , , ( , ))RR x y x y             ( , )x y A B ,    (4.26) 

22 ( , , ( , ))RR x y x y           ( , )x y A B ,    (4.27) 

        : 

   

  R1  R2          

( , )x y A B : 

1 2
, ( , )R Rx y x y . (4.28)

 

    ( , )x y A B : 

1 2
, ( , )R Rx y x y         (4.29) 
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     R1    R2    1 2R R . 

 

     R    R ,  

  : 

, 1 , ,  ( , )R Rx y x y za svako x y A B .    (4.30) 

 

     1 2R R ,     

 : 

1 21 2
, min , , ( , ) , ( , )R RR R x y x y x y x y A B .  (4.31) 

   

     1 2R R ,     

 : 

1 21 2
, max , , ( , ) , ( , )R RR R x y x y x y x y A B   (4.32) 

  4.7    A  B (Tadi  i dr., 2006) 

  4.8    A  B (Tadi  i dr., 2006) 
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  4.9     (Subaši , 1997) 

 

4.1.5.3.    

         

    .       

       max-min, min-max  

max-proizvod.  

Kundu (1998)     x-    - x   

 ,  :  

   R1=[ ik] i R2=[ kj]   ,   1 1 2R X X  

2 2 3R X X ,  max-min       

 1 2 ijR R R na 1 3X X . 

Max-min (Mm)  : 

maxij ik kj   i  j.       (4.33) 

Min-max (mM)  : 

maxij ik kj    i  j.       (4.34) 
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4.2.    

         

          

    .     

        . 

 ,          

 ,        

      .  

(Carvalho i Machado, 2006)          

     ,    

      .     

        ,  

    ,     . 

       

   .       

        . 

        

.         

     .       

   .       

    .     

 ,   ,    . 

             

      . 

           

     .    , 

    ,      

   (Owens i Coppola, 2012).     

   ,      

      .  
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,        ,     

    .       

        

,         ,   

. 

Brubaker (1994)         ,  

    : 

1.         ,    

      .   

2. ,           

 .  

3.           

     . 

4.              

       

5.       ,   , 

 ... 

         

 ,     , , .   

, ,      0  1. ,  

,       .      .  

       : , , , 

  ,     :   .   

      1,    0. ,   

     . ,      

 ,    ,        , . 

        ,   

0,62,          0,38,    

   24 .           
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,      ,      

      ,      

     ,     .  

             . 

      ,     

,     .      

,          .  

          

 , ,      

 (Hellmann, 2001).      

   .      

,      ,    .  

 ,          

,     .  

             

   ,       

    (Hellmann, 2001). 

Mechefske (1998)          

  .         

    .      

        .  

         . 

      0  1.  

        . 

          

  ,         

 ,       (Hanovich, 2010).  

          

, ,    .   

           , 
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,        

. Hanovich (2010)         

:  

1)    ;  

2)         , 

         

3)            

 .  

 (Hanovich, 2010)       

        

         

   . 

McGill i Ayyub (2007)          

    .  ,  

,     ,        

        .  , 

 „ “       „ “    

           

  .  

         

   .       

  (Reveiz i León, 2009)      

  ,       

    ,  0  1,    , . 

  ,  ,      

. 
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4.2.1.   

           

   ,        

  .  ,     

    .  ,     

     , ,     .   

           ,  

  .  

Subaši  (1997)       : 

„          

 “.  

       

       (Tadi  i dr., 2006). 

         

 :  , , ,  , ... 

 ,       

    .     

   .     

     , .   .  

        ,    

     .        

    .    ,   

  ,      , 

           

        .   

     , .      

      .      

           .  

 : 
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        μA(x); x X, 

  X    A X . 

    (Subaši , 1997)     

  

1.  :   

 ;A Aμ x μ x  0, ; 1.ARe x X μ x    (4.35) 

2. :    

  ;A Aμ x μ x  0, Re       (4.36) 

3. :  

NORM  
sup A 

x

AA
 (x)

;   sup 0A 
x

 (x)
      

(4.37) 

4. :  

2CONC  ;A A   
2

CONC  AAμ μ x
     

(4.38) 

5. :    

0,5DIL  ;A A   
0,5

DIL  AAμ μ x
      

(4.39) 

 

         :  

 
1.  : INT(A);  

2

INT 2

2 za 0 0,5

1 2 1  za 0,5 1

A A

A

A A

μ x μ x
μ

μ x μ x      
(4.40) 

2.           K(xi)  

    : 

SF ;  ,A i i
i

A K μ x K x
      

(4.41) 

-   K(xi)   . 
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         (Subaši , 

1997): 

-   A = CONC(A);  

- -   A = DIL(A);  

-   A = NORM(A   (VEOMA(A)));  

-   A = NORM{INT(A)   INT[CON(A)]};  

-   A = NORM(INT(A)). 

        

  .          

.           

   .     , 

   .        

      ,   

        ,  

  „ “   .    

       4.10. 

     ,       

   ,     ,  

         

      .   

  ,  1       ,  

 7    .          

          . 

         

 ,       

    ,  , .  
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  4.10       (Petrovi  i dr., 2014) 

  4.11  , (Subaši , 1997)  



      

96

         ( , , )  

 ,          

(Subaši , 1997): 

- A  B = A  B;  

- A  B = A  B; 

 A = Ã. 

         

  .       

        ,    ,  

.           

        .     

  , ,     

. 

4.3.   

       . , 

  X  Y   .   R = {((x, y), μR(x, y)) | (x, y)  X × Y} 

  . μR(x, y)    .  

    :  

- x   y ( ),  

- x   y ( ),  

- x   y ( ),  

-   x  y   ( ,   ).  

4.3.1.    

      R1  R2    X Y  

 Y Z , .   R1  R2    1 2R R   

    X Z .  
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R1 ° R2 = (x, z); (x, y)  R1, (y, z)  R2   x  X; y  Y; z  Z .   (4.42) 

         

 R1 ° R2     R1  R2. 

       

 . max-min .   ,   R1  R2,   

 ,     : 

R1 ° R2 = (x, y); max-min
y

 (  R1 (x, y),  R2 (y, z)   x  X; y  Y; z  Z .  (4.43) 

   : 

 R1°R2  (x, z) = 
y

 (  R1 (x, y)   R2 (y, z)   x  X; y  Y; z  Z ,  (4.44) 

-   :  = max   = min. 

  R1  R2    ,     

            , 

.     max-min     max-min 

.  

  R1, R2, R3    X × Y  Y × Z  Z × W .   

  max-min  (Subaši , 1997): 

- : 

 R1 ° (R2 ° R3) = (R1 ° R2) ° R3;        (4.45) 

-     :   

R1 ° (R2  R3) = (R1 ° R2)  (R1 ° R3);       (4.46) 

-      :  

R1 ° (R2  R3)  (R1 ° R2)  (R1 ° R3);       (4.47) 

- :      

R2  R3  (R1 ° R2)  (R1 ° R3).       (4.48) 

      max-min ,    



      

98

   , x-    

μR1°R2 (x, z) = 
y

 [μR1(x, y), μR2(y, z)]       (4.49) 

4.3.2.   

         

 . 

: (Subaši , 1997):    P = x je A, A   

,         ,   P 

 . 

    ,      x  

.    x   .      

 ,      x  

. 

4.3.3.   

        

         .   

  ,     A, A B,   

 B         B . 

Subaši  (1997)       :    

      X    R  U V ,   

      B   V.  

:       : A  , R  

,  B   .       : 

 :  ..........     U 

 :    R............     U V  

:           B.............     V 
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4.3.4.    

         (   

   )     .  

           

      „ - “ .  –   

  : ,        

,  ,   .  

       : 

  x    y B. 

      ,    

   .         

     . ,    

 . 

          

            . 

4.4.  

         

  .  (Sivanandam i dr., 2007)      

     ,         

   .        

   ,   : 

1.    , 

2.  , 

3.   , 

4.    , 

5.  , 

6.      
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7.      . 

    (  4.12) ,  

(Sivanandam i dr., 2007),    : 

*( ) ( )C Cz z  za svako z Z ,      (4.50) 

  : 

Z -    

μC –      C 

       . 

 

  4.12     

 

  4.13   

     ,  4.13.   

          .   

   (Ross, 2004; Sivanandam i dr., 2007): 
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* ( )zdz
( )dz

C

C

zz
z

        (4.51) 

       (  4.14)  

       .  

    (Ross, 2004; Sivanandam i dr., 2007)   

  : 

* ( )
( )

C

C

z z
z

z
,        (4.52) 

 : 

z  -       

 
  4.14    

         

  .      

    ,        

   .     (Ross, 

2004; Sivanandam i dr., 2007): 

*

2
a bz ,         (4.53) 

     b          

 . 
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  4.15     

        . 

       ,     

      ,   

        

.        (Ross, 2004; 

Sivanandam i dr., 2007): 

1*

1

n

Ck
kz
n

Ck
kz

z z dz
z

z dz
.        (4.54) 

 
  4.16  : )   , )   

  )  
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  .       , 

         

    .  ,  (Ross, 2004, Sivanandam i 

dr., 2007),   : 

* Cm

Cm

z zdz
z

z dz
        (4.55) 

     ,    

           

   .     

   hgt(Ck),       (Ross, 2004; 

Sivanandam i dr., 2007):  

( ) sup ( )z Z Ckhgt Ck z        (4.56) 

      : 

* inf ( ) ( )z Z Ckz z Z z hgt Ck       (4.57) 

      : 

* sup ( ) ( )z Z Ckz z Z z hgt Ck       (4.58) 

 

  4.17      
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.           

  . 

  4.5.        

         

          

,         ( . Evidental 

Reasoning), ER- ,    ( . Multy atribute 

desicion analysis),  MADA. 

4.5.1.    

ER –       ,    

    ,      

  .  ER –    

          

  (Tanasijevi , 2007).       

          

      0  1,      

  . 

  ,     l     

(Tanasijevi , 2007): 

( ) ( , ), 1, 2,...,j
lS l m H j n       (4.59) 

         ,    : 

1,...., ,...,j nH H H H        (4.60) 

 mj        

    (       μ). 
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 ER       mj  

        l (Tanasijevi , 

2007): 

( 1) ( 1): / (1 , 1,...j j j
j n l i l iH m m m j n    (4.61) 

( 1) ( 1): / (1j H H
H l i l iH m m m       (4.62) 

 : 

( 1) ( 1) ( ) ( 1) ( ) ( 1) ( ) ( 1): ( ), 1,...j j j j H H H
j l i l i i l i l i l i l i l iH m K m m m m m m j n (4.63) 

( 1) ( 1) ( ) ( 1): , 1,...H H H
l i l i l i l iH m K m m j n     (4.64) 

1

( 1) ( ) ( 1)
1 1

1 , 1,...,
N N

n j
l i l i k i

n j
j n

K m m i l     (4.65) 

 mj             

      i-       

   -     .   m i   

 (Tanasijevi , 2007): 

, 1,... , 1,...,j
i i ijm j n i l        (4.66) 

  i         

           

.  

 i         0  i 1. 

 (Tanasijevi , 2007)        i 

   ER .       

,   ,         

           

    k     

 ,   : 
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j
k

kj k J
K

,         (4.67) 

 : 

 - k         

     k     

   k+1, 

 - k    -     

  k        k+1, 

 - J
K        k  

      k+1. 

           

,         ,  

 .           

       . 

4.5.2.   

  MADA       

     .      

         1  10  

  .          

           

  ,    ,    

     (Nikoli  i Borovi , 1996).  

            

 1  10. 

 i-    I  i,    

  ,      ni II  i   

   (Nikoli  i Borovi , 1996): 
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,
1

in

i ij ij
j

e e w    
1

1
in

ij
j

w       (4.68) 

   i        

,         . 

 -    II  i      

    i      ni  III  i k  

       i    

  p
i (Nikoli  i Borovi , 1996): 

,
1

in

i j ijk ijk
j

e e w    
1

1
in

ijk
j

w      (4.69) 

   i   II      

  ,         

. 

         

     I .  p-   p  

      I   i  

   p
i (Nikoli  i Borovi , 1996): 

1

i

i

n
p

p i
i

e w    
1

1
in

p
i

i
      (4.70) 

   p
i      . 

   q
p   p-    q-   ,   

p      p    ,  

        lq    

  q
p      p 

(Nikoli  i Borovi , 1996): 

1

i

p

n
q

p p
i

l    
1

1
in

p
i

      (4.71) 
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MADA          

  .          

       ,      

  . ,  MADA       

          

  .  
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5.     
     

  

5.1.           
   

          

             

           

        .   , 

         ,  

          

         

     ,     

  . 

          

           

         

. o            

    ,      

    .     

,        ,   , 

     o       

.         

           

          

      .    

    ,      . 
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      .      

        , .   

 ,     ,   

         

   .        

   . 

         

      ,    

          

,  ,    .      

 , , , .       

        , 

  „  “ (Zadeh, 1965).     

   .   , ,  

      .     

 ,  : ''      

,      '' (Subaši , 1997). 

       

        .  

       ,  

    .      

   ,   ,     

.        

       ,     

     .  

         

   .       

  (Reveiz i León, 2009)      

  ,       
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    ,  0  1,     . 

       ,    

     .  ,  

         (Reveiz i León, 2009), 

.             

      ,     

         .  

          

     ,      

      . 

         

            

 ,    .     

          

 ,         

            

       

   .       

    ,     

            

  . 

          

    : 

-.            

 . 

-       .  

-       

 min – max . 

- ,      

       best – fit .  
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  5.1 A       

    5.1),    , 

        .    

         k-    

,   k=1,2,...,n.       

      k-  .   

  :  ,     

   . 

       : 

 -         , 

 -           

  

St 

0

20 %

40 %

60 %

80 %

100 %

SO2

CO2

NOx

 1 2 3 4 5 6 7 8 9 10 
  

X X X X   
     X X  X   X 

   X      X  
           

 

 k

St Sr Sz Sz Sr 

OR

OR

OR

OR

MIN MAX 1O O D

MIN MAX 2

R k

  

R 1 R z……… ………

R ., 

MIN MAX 3

,  

 1 e  z

z

k

1
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 -           

. 

           

     . 

       

           

            

          

 . 

          

        . 

          

  ,      5.1.2.   

         (  

 ,   ,   )   

(         ).   

             

,    . 

 

  5.2 Min – max  I 

t
S

r
S

. . . 

. . . 

. . . 

. . . 

z
S . . . . . . 2

zS
j

z
S

10

zS

oMAX

1MAX

OMAX

S

n
zD

...1
...1

n
zD

...1
...1

o

1 . . . . . . 
1

O

. . . . . .j

10. . . . . .

jMIN . . . j

3
S

...1
. . . 10

3S ...1

oMAX

1MAX

OMAX

S

n
zD

...1
...1

n
zD

...1
...1

oMAX

1MAX

OMAX

S

n
zD

...1
...1

n
zD

...1
...1

oMAX

1MAX S

S

10
3S

...1
...1

S1
...1 3S

.   .   .   .   .   .   .   .   .   .

1

t
S

2

tS
j

t
S

10

t
S

1

r
S

2

rS
j

rS 10

rS

1

z
S

OMAX

10
3

...1
...1

10
3

...1
...1

10
3

...1
...1

10
3

...1
...1

10
3

...1
...1
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  ,       

    min – max  I (  5.2)  

           

 .          

   min – max  II (  5.3),     

    k-    .  

 

  5.3 Min – max  II 

 

  5.4 Min – max  III 

D

S

. . . 

. . . 

. . . 

. . . 

O . . . . . . 2
O

j
O

10
O

oMAX

1MAX

OMAX

R

n
zD

...1
...1

n
zD

...1
...1

o

1 . . . . . . 
1

O

. . . . . .j

10. . . . . .

jMIN . . . j

3
R

...1
. . . 10

3
R

...1

oMAX

1MAX

OMAX

R

n
zD

...1
...1

n
zD

...1
...1

oMAX

1MAX

OMAX

R

n
zD

...1
...1

n
zD

...1
...1

oMAX

1MAX R

R

10
3R

...1
...1

R1
...1 3R

1
D

2
D

j
D

10
D

1
S

2
S

j
S 10

S

1
O

OMAX

10
3

...1
...1

10
3

...1
...1

10
3

...1
...1

10
3

...1
...1

10
3

...1
...1

. . . . . . . . . . . . . . . . . . . 
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       ( , ) 

           

  min – max  III (  5.4). 

    min – max  III    (  

) . ,    RPN     

      .   in-max 

 3.  (  5.4)        ,  

              

 ,        

    .        

          

 .         

 .       ,      

  (  2.2.2.2)       (IF-

THEN )         

. .,        1  2    1  

 1`       1 ,     

             1   

  2.         

         ` .  

     5.18       ,   

    .           

 ,      ,   

 . 

     ,   

    ( , , , ,  ) 

    (  5.1.4).   

           

    . 

           

 1. 
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5.1.1.   

       

  ,    

   . 

         ,   

        

.        

  : , , ,    .    

         ,   

 .   ,    

 ,         (  5.5). 

        

  (Ivezi  i dr., 2008).  

     ,    , 

        , 

   ,    

,   .       

            

  .       

          

               

    .        

        (Wang i dr., 1995).  

 

  5.5      
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        μ 

     ,      

     .     1  

      ,   10  

  .        

  .        

  10 .           

   ,        

              

    .       

     : 

( 1,..., 10)i iμ μ μ         (5.1) 

         

 ,   5.5 : 

(0.5,1,0.5, 0,0,0,0,0,0,0);neznatanμ       (5.2) 

(0, 0.165, 0.65, 0.83, 0.33, 0, 0, 0, 0, 0);nizakμ     (5.3) 

0, 0, 0, 0.25, 0.75, 0.75, 0.25, 0, 0, 0 ;umerenμ     (5.4) 

(0, 0, 0, 0, 0, 0.33, 0.83, 0.65, 0.16, 0);visokμ     (5.5) 

0,0,0,0,0,0,0,0.5,1,0.5 .veoma visokμ      (5.6) 

5.1.2.  

        

        .   

         ,   

          ,   

  .     

      .   
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,  (Weibull, 1951)     , 

  .    : 

( )

t

tR e          (5.7) 

        

 . j      : 

( ) 1
t

tM e         (5.8) 

  5.7  5.8: 

t-         ,  

 –  ,   

 –  .  

      ,  

   ,  .  

   ,    n<30,   n  , 

    

( ) 1
t

tF e         (5.9) 

   ,         

      . 

0.3
0.4

jMR
n

         (5.10) 

 : 

j –        

n –    
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     ,  : 

11T         (5.11) 

2

2 2 11 1      (5.12) 

 -   . 

 

5.1.2.1    

          t=t1, … , tn, 

      ,    

 ,       ,  

  1< <3 (  5.6).     

 =1   ,    >3   

  (Ivkovi , 1997),    1< <3    

(Tanasijevi  i dr., 2013)     . 

 

  5.6      

           

: 

1 2 3 4( , , , )Fb tp tp tp tp        (5.13) 
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       μ=0  μ=1,    

   : 

1 2 3 4( 0); ( 1); ( 1); ( 0).tp i μ tp i μ tp i μ tp i μ   (5.14) 

  tp1, tp4,      

  t.     tp2, tp3,     

  T         . 

2 1tp T x T t         (5.15) 

3 ntp T x t T         (5.16) 

 : x=0 a =3 i x=1  =1 

    tp2=tp3,       . 

  x         

. 

        ,   

.    ,       1,  

   10,      ,     

 10,    1. 

5.1.2.2.        

        

      .    

           μ. 

 ,       

   . 

           

        ,     
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  1.   5.1          

 .  

  5.1         

   

      
 

1 Ro   1   

2 Ro  0.3 0.7   

3 Ro  0.7 0.3   

4 Ro  0.5 0.5   

5 Ro  0.2 0.8   

 Ro  0.34 0.66   

         (0.3; 0.7; 

0.5; 0.2),           

(1; 0.7; 0.3; 0.5; 0.8). 

     : 

1 0.3 1 0.7 1 0.5 1 0.2
0.34

5
 

     : 

1 1 1 0.7 1 0.3 1 0.5 1 0.8
0.66

5
 

         

,         5.3  5.4 : 

(0 0.34, 0.165 0.34, 0.65 0.34, 0.83 0.34, 0.33 0.34,
0 0.34,0 0.34,0 0.34,0 0.34,0 0.34);

nizakμ
 

(0 0.66, 0 0.66, 0 0.66, 0.25 0.66, 0.75 0.66, 0.75 0.66,
0.25 0.66,0 0.66,0 0.66,0 0.66);

umerenμ
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          , 

     5.2,       

  ( =1, ..., 10)        

,    5 : 

0 0 0.33 0.34 0.75 0.66 0 0 0 0 0.569  

         

          

  ,       .  

 ,          5.7. 

 

  5.7      

  5.2       

 

= 1 2 3 4 5 6 7 8 9 10 

0/  0.5×0 1×0 0.5×0 0×0 0×0 0×0 0×0 0×0 0×0 0×0 

0.34/  0×0.34 0.165×0.34 0.65×0.34 0.83×0.34 0.33×0.34 0×0.34 0×0.34 0×0.34 0×0.34 0×0.34 

0.66/  0×0.66 0×0.66 0×0.66 0.25×0.66 0.75×0.66 0.25×0.66 0×0.66 0×0.66 0×0.66 0×0.66 

0/  0×0 0×0 0×0 0×0 0×0 0.33×0 0.83×0 0.65×0 0.165×0 0×0 

0/   0×0 0×0 0×0 0×0 0×0 0×0 0×0 0.5×0 1×0 0.5×0 

� 0 0.0561 0.221 0.3512 0.569 0.165 0 0 0 0 

       

           

. 
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5.1.2.3.    

         

          

   .  

          

     ,   .   

        

 ( )        

.  

         

,      .     

           . 

       ,  

    ,   .  

        

   5.6. 

5.1.3.       

          

    .      

  .   ,  (Kundu, 1998),   

      min-max     

 max-min         

 .      ,  

  ,         

  .        ,   

       .    

    , ,  .,     max-

min . 
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      S, O  D,     

    ,    min-

max .         

      (Petrovi  i dr., 2014): 

1 2, , , ,j
S S S S

1 2, , , ,j
O O O O

1 2, , , ,j
D D D D  (5.17) 

i)   min-max    ,     , 

     .   

 (5.17)  3C j  . 

      ,        

   ( . gaps)   . 

ii)            

   0, 1, ,10
, , 0j

S O D .     

O,   O C .       (Miodragovi  i dr., 

2012)   : 

S,O,Di
3

         (5.18) 

      ,     . 

       . 

iii)           

  μS,O,D       

    0. 
1, ,10 1, ,10 1, ,10max{ , , },j j j

S O DMAX    o=1  O  (5.19) 

iv)  ,          

       .  

min{ }j oMIN MAX          (5.20) 

  min-max        

   .        : 

( 1, , 10)R j jμ MIN MIN       (5.21) 
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5.1.4.  -  

 min - max      (5.21)  

     ,     

: , , ,    .  (Wang i dr., 1995) 

Best-fit  (   )     

     .   

         

 min - max         

   5.2 – 5.6. 

10

1

2
, j j

i i i ij
d R H R H       (5.22) 

j=1, ..., 10; Hi={ , , , ,  } 

 : 

  –         

1
i

i

imin

d
d

, i=1, ... , 5;        (5.23) 

  5.23 i        

  di min        . 

            

          0  

 1. 

       : 

5

1

i
i

imi

 i=1, ... , 5; 5

1
1ii

      (5.24) 

          

   : 
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i 1 i 2 i 3
i

i 4 i 5

,  ,  ,  ,  ,  ,  
R ,

,  ,  ,   
  (5.25) 

5.2. j      
       

          

       ,   

,         . 

          , 

 ,    .    

 ,         

       .  

         

          

  .      : 

-        , 

-      , 

-         

          

 ,       

   .       

  :  

-  ,  

-      

-         . 

  (S),       : 

-          ,  

          , 
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-    ,          

  

-      ,       

 . 

 

  5.8     

  ( )     

  ,        .   

          

, .  .   ,   

          . 

    (D)      

       

 – .          

    . 
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  –    . 

         

     min-max ,    

            

   ,   min-max . 

           

        „Lokotrack 1213S“ 

 „METSO MINERALS“.       

    „  “    .  

      –   –  „Lokotrack 

1213S“            

    .       

        .   

            

             

 .            

        . 

5.2.1.   

         

  .  ,    

     ,      

         .   

         

      .    

          

       ,  

  , .        
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 .   –      

,  :  

-  ,  

-   ,  

- ,  

-          

-   ,  

-   , 

-    

-   – . 

 

 

  5.9    
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   ,         

      ,     

      . 

5.2.2.   

5.2.2.1.      „Lokotrack 1213S“ 

          

     .       

     . „  “      

,     .       

:             

,       ,   

,     ,   ,  

      ,      

   .       

„      “.    

           .  

        „   “   

           . 

            

         

 – ,          . 

           01. 01. 2009. – 

31. 12. 2010. .         

         ,   

          . 

 2011.       ,     

       .      

            . 
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5.2.2.2.     

       ,     

     ,    

    .       

   330 ,    .  

           

  .           

      5.3  5.11. 

  5.3            

    

     
    (h)   (h) 

 

  13 
24, 85, 97, 131, 198, 247, 
287, 300, 366, 530, 610, 
1136, 1347 

0.5, 0.5,  0.6, 0.6, 0.8, 
0.9, 1, 1, 1.1, 1.2, 1.3, 
1.4, 2.5 

 
 2 995, 3432 4, 8 

 
 16 

37, 97, 137, 140, 151, 
176, 205, 219, 263, 304, 
327, 448, 469, 877, 1069 

1.2, 1.3, 1.5, 1.6, 2.1, 2.2, 
2.5, 3.0, 3.2, 3.5, 3.6, 3.7, 
3.8, 4.0, 4.1, 4.2 

  
 2 1113, 3489 12, 38 

  8 302, 463, 587, 635, 718, 
956, 1452, 2692 

4, 4.5, 8, 12, 17, 19.5, 25, 
30 

  5.4            

    

     
    (h)   (h) 

 

  4 237, 739, 942, 2569 2.5, 4, 6.5, 8.2 
  

 
 

5 
270, 410, 1487, 1736, 
2056 

1, 1.2, 3.5, 4.5, 6.8, 

  
 

 
3 

1363, 2019, 2583 2.5, 3.5, 4.8 

  
 4 183, 336, 649, 670 0.5, 0.5, 0.8, 2.2 

 
 10 58, 89, 146, 152, 259, 

375, 456, 573, 1401, 1428 
0.3, 0.5, 0.5, 0.7, 0.8, 0.9, 
1, 1.2, 1.2, 1.3 
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  5.5            

    

     
    (h)   (h) 

 

.  6 83, 226, 527, 529, 690, 
1092 

2.2, 4.5, 8, 10.5, 11.6, 
15.5 

 3 602, 871, 3105 22, 26, 40 
 
, 
 

9 
148, 173, 206, 219, 360, 
385, 703, 807, 2428 

0.5, 0.8, 1, 1, 1.2, 2.5, 3, 
3.5, 4 

 
 3 538, 1732, 3462 2.2, 6.5, 14 

  10 26, 61, 87, 104, 147, 164, 
232, 496, 667, 735 

2, 3.5, 4, 5.6, 7, 8.5, 10, 
12, 14.5, 16 

  5.6            

    

     
    (h)   (h) 

 

  
 7 129, 144, 539, 749, 1051, 

1442, 1558 
3, 4, 4, 5.5, 7, 7.7, 8 

  
 16 

35, 60, 69, 80, 84, 99, 
100, 110, 266, 279, 279, 
411, 439, 535, 679, 1864 

1, 1, 1.5, 2, 2, 2, 2.3, 2.5, 
2.5, 2.6, 2.8, 2.8, 3, 3, 3, 
3.4 

  
  26 

13, 17, 18, 21, 24, 25, 28, 
30, 34, 47, 49, 61, 82, 84, 
91, 93, 100, 159, 164, 
181, 190, 249, 395, 423, 
443, 514 

1, 1, 1, 1.2, 1.2, 1.3, 1.3, 
1.5, 1.5, 1.5, 1.5, 1.5, 2, 2, 
2, 2, 2, 2, 2.2, 2.2, 2.5, 
2.5, 2.5, 3, 3.5, 4 

 
 7 202, 226, 498, 678, 844, 

1056,2334 
1, 1, 1, 1.5, 1.5, 1.5, 2.5 

  2 795, 2686 24,  40 

  5.7            

    

     
    (h)   (h) 

 

 
 3 891, 906, 3043 2.4, 3, 4.5 

  
  13 

20, 81, 133, 141, 158, 181, 
206, 219, 228, 360, 766, 
965, 1042 

1.5,1.5, 1.5, 2, 2.2, 2.4, 
2.5, 2.5, 2.5, 3, 4, 4, 4, 

 
 7 228, 252, 258, 825, 840, 

1200, 2143 
0.5, 0.5, 0.7, 0.9, 1, 1, 2 

 
 10 35, 192, 201, 215, 205, 

589, 792, 851, 879, 997, 
2, 3, 3.6, 4, 4.5, 4.5, 6, 7, 
8, 8, 

 
 

 
25 

27, 28, 33, 38, 39, 49, 53, 
63, 63, 71, 72, 76, 76, 91, 
129, 256, 278, 308,, 329, 
345, 396, 408, 472, 486 

1, 1, 1, 1, 1.5, 2, 2, 2, 2, 2, 
2, 2, 2, 2, 2, 2, 2, 2, 2, 2 , 
2, 3, 3.5, 4 
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  5.8            

    

     
    (h)   (h) 

 

 
  24 

22, 25, 32, 48, 51, 74, 
93, 101, 105, 111, 131, 
139, 146, 169, 170, 216, 
259, 283, 299, 359, 460, 
760, 791, 1987 

8, 8, 8, 10, 10, 10, 12, 12, 
14, 14, 16, 17, 18, 18, 18, 
18, 20, 24, 24, 24, 24,24, 
24,24 

  20 

30, 43, 48, 50, 73, 102, 
117, 133, 138, 146, 207, 
212, 257, 317, 358, 404, 
497, 509, 877, 1282 

14, 14, 14, 14, 16, 16, 16, 
16, 20, 20, 26, 26, 28, 30, 
32, 32, 32, 33, 34, 34 

  
 20 

44, 47, 59, 60, 62, 96, 
99, 119, 120, 160, 174, 
189, 238, 304, 320, 348, 
440, 446, 633, 747 

2, 2, 3, 3, 3,4, 4, 4,  4.5, 
4.5, 5, 5, 5, 6, 8, 8, 8, 8.5, 
10, 10 

 
  15 

31, 60, 79, 90, 105, 135, 
217, 252, 255, 470, 500, 
552, 782, 985, 1256 

2, 3, 3, 3, 3, 4, 4, 4, 4.5, 
4.5, 5, 6, 6, 7, 8 

 
 7 124, 192, 322, 477, 957, 

1041, 2014 
4, 4, 4, 5, 6.5, 8, 8, 

 

  5.9            

    

     
    (h)   (h) 

 

 
 

 
 

2 

553, 1792 3, 7 

  
 

 
6 

90, 192, 230, 295, 305, 
1276 

2, 4, 4, 5, 6, 8 

  
 3 456, 485, 1014 3, 4, 7 

  
  2 879, 2753 1.5, 3.2 

 
 5 193, 336, 517, 1240, 

2334 
1, 1.5, 2, 3.5, 4 

 

  5.3  5.10         

     ,  86      

 . 
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  5.10           

     

     
    (h)   (h) 

 

   
 2 1201, 3046 1, 2 

  
 2 1113, 3478 2, 4 

  
 2 2253, 3476 24, 40 

  
  2 1240, 2951 2, 5 

 
  

 
3 

897, 1036, 3325 1, 1.5, 2.5 

 

          

      .      

  ,  11.         

        .   

      : 

-          86 

-    58 

-    58 

-   41 

-  31 

-    26 

-    18 

-    –  11 

            

 ,           

    .      

          

  .          

:  
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-           , 

-        

-       . 

5.2.3.       
 

         

        

 – .        

 .       

          

    . 

 ,      ,  

 min – max        

    .       

 : 

-   (      , 

      ), S, 

-    (    ), O  

-     , D. 

     ,     

        ,   

 ,          

.           

 ,         „  

“.      ,      

        

  . 
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5.2.3.1.     

       

  .  ,      

     ,     ,   : 

-          , St 

-    , .       

 , Sr   

-    , Szs. 

        : , 

, ,   .  „ “    

        ,   „  “  

      ,    

     .     

   1  10,     9  10     

    ,     ,  

 1  2      .   

 ,        5.10. 

 

  5.10     

      

           

    .      

  0,5 ,            
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  40 .           

           

        .     

          

  30,  5.11. 

 

  5.11     

   5.11   (  5.9)      

    5.12: 

 
  5.12          

          

   .  1        

0,5 ,   30      ,    40  

 (  5.13).        

.  

 
  5.13          

             

 5.1.2.1.,           

   5.11. 
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  5.11        

 

  
 

  
 

-  , 

F(t) 

 
 

 

, x 

    

  1 2 3 4  

 – 
  

4, 4.5, 8, 12, 17, 

19.5, 25, 30  1.4 17.32 0.8 4 6.358 27.16 30 15.79 

 
 

1.2, 1.3, 1.5, 
1.6, 2.1, 2.2, 
2.5, 3.0, 3.2, 
3.5, 3.6, 3.7, 
3.8, 4.0, 4.1, 4.2 

 2.57 3.24 0.215 1.2 2.375 3.022 4.2 2.7 

 
 

  
4, 8  1.84 7.14 0.58 4 4.98 7.3 8 6.34 

 
 

0.5, 0.5,  0.6, 
0.6, 0.8, 0.9, 1, 
1, 1.1, 1.2, 1.3, 
1.4, 2.5 

 2.33 1.17 0.335 0.5 0.86 1.53 2.5 1.04 

 
 - 
 

12, 38  1.1 31.46 0.95 12 12.91 37,61 38 30.31 

 

  5.14         

   

           5.14  

 : 

(1, 2, ,9 / 0,10 / 0.83,11/1,12 / 0.83,13 / 0.65,14 / 0.58,15 / 0.75,16 / 0.91,
17 / 0.91,18 / 0.75,19 / 0.58, 20 / 0.65, 21/ 0.83, 22 /1, 23 / 0.83, 24 / 0.65,
25 / 0.65, 26 / 0.83, 27 /1, 28 / 0.83, 29, 30 / 0)

tS
 

            

 ,            

        .    
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.          

  ,  100%. 

     5.12         

           „ “  

   0.3  0.1    : 

1 0.3 1 0.1 / 5 0.08.  

           

 „ “    .    

5.12,     „ “   : 

((1 0.8) (1 0.5) (1 0.5) (1 0.4) (1 0.6)) / 5 0.56  

  5.12          

 

    

      

1    0.2 0.8   

     1  

2    0.2 0.5 0.3  

    0.8 0.2  

3    0.5 0.5   

    1   

4    0.5 0.4 0.1  

    1   

5    0.4 0.6   

    1   

    0.36 0.56 0.08  

    0.76 0.24  

          

   „ “    ,  : 

((2 0.2) (2 0.5) (1 0.4)) / 5 0.36  



          
 

140
 

          : 

RO=(0/ , 0,36/ , 0,56/ , 0,08/ , 0/  ) (5.26) 

        

.        : 

( ) (1, 2, ,10 / 0 0.7,11/ 0.08 0.7,12 / 0.25 0.7,13 / 0.415 0.7,

14 / 0.58 0.7,15 / 0.75 0.7,16 / 0.91 0.7,17 / 0.91 0.7,
18 / 0.75 0.7,19 / 0.58 0.7,20 / 0.415 0.7,21/ 0.25 0.7,
22 / 0.8 0.7,23,24, ,30 / 0 0.7).

rS

 (5.27) 

           

 .         

           

      5.1.2.2.    =30.    

        ,  

           

   : 

(1, ,5 / 0,6 / 0.059,7 / 0.119,8 / 0.18,9 / 0.234,10 / 0.299,11/ 0.405,
12 / 0.439,13 / 0.466,14 / 0.505,15 / 0.539,16 / 0.569,17 / 0.523,
18 / 0.446,19 / 0.345,20 / 0.284,21/ 0.206,22 / 0.1248,23 / 0.07,
24 / 0.052,25 / 0.04,26 / 0.026,27 / 0

roS

.013,28,29,30 / 0)

 (5.28) 

zs (1, ,10 / 0,11/ 0.061,12 / 0.19,13 / 0.315,14 / 0.441,15 / 0.57,
16 / 0.692,17 / 0.731,18 / 0.649,19 / 0.561,20 / 0.471,21/ 0.389,
22 / 0.301,23 / 0.199,24 / 0.156,25 / 0.12,26 / 0.079,27 / 0.04,
28,29,30 / 0)

S

  (5.29) 

 
  5.15       
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  5.16       

     

  5.15  5.16       

            

   . 

Min – max     

     St, Sro,  Szs, (5.27 – 5.29)  

    min – max        

 .  

        , 

         .   

   ,    –  .    

           

 0.        

     0  7 106.     

           5.1.3.   

            

  .    .  min – max 

 I       : 

(1, ,8 / 0,9 / 0.83,10 / 0.58,11/ 0.58,12 / 0.58,13 / 0.58,14 / 0.58,
15 / 0.58,16 / 0.58,17 / 0.58,18 / 0.58,19 / 0.58, 20 / 0.58, 21/ 0.58,
22 / 0.58, 23 / 0.58, 24 / 0.58, 25 / 0.65, 26 / 0.65, 27 / 0.83, 28, 29,30 / 0)

S
(5.30) 

       min – 

max  I      2,      
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   MS Excel-        2  

pdf . 

 

  5.17     

         10 ,  

        ,   30 , 

  10 .           

 ,       1    

 3,      2     6  .  

 

  5.18      

           5.18 

       ,      

     : 

(1/ 0, 2 / 0,3 / 0.83, 4 / 0.58,5 / 0.58,
6 / 0.58,7 / 0.58,8 / 0.58,9 / 0.83,10 / 0)

S
     (5.31) 

  5.19       

    . 
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  5.19        

  

5.2.3.2.     

      .   

          . 

,         

  :  , , ,    .   

           ,  

     3000       

.           

 10  1.              

     .  10       

 7 ,         -   

 ,    1    3500     

         . 

 

  5.20          

              

 5.1.2.1,           

   5.13.        

   (  5.21). 
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   5.19       

,      : 

(1/ 0,2 /1,3 / 0.65,4 / 0.83,5 / 0.75,6 / 0.75,7 / 0.6125,8 / 0,9 / 0,10 / 0)O  (5.32) 

  5.13         

   „ “ 

  
 

  
  
  

-  

, 

R(t) 

 
  

, 
x 

    

  1 2 3 4  

 - 
  

302, 463, 587, 
635, 718, 956, 
1452, 2692 

 

 

1.51 1097.96 0.427 302 696.25 1716.79 2692 990.06 

 
 

37, 97, 137, 
140, 151, 176, 
205, 219, 263, 
304, 327, 448, 
469, 877, 1069 

 

 

1.35 369.32 0.825 37 89.825 941.225 1069 338.86 

 
 

  

995, 3432  

 

1.03 2801.54 0.99 995 1012.74 3425 3432 2769.66 

  

24, 85, 97, 131, 
198, 247, 287, 
300, 366, 530, 
610, 1136, 
1347 

 

 

1.02 430.90 0.99 24 28.03 1337.80 1347 427.66 

 
 - 
 

1113, 3489  

 

1.11 2779.82 0.945 1113 1205.45 3449.99 3489 2779.82 

 

 

  5.21        

 

5.2.3.3.     

         

         .     
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,        

    :  , , 

,   .   „  “     

        . ,  

        ,      

„  “.        

   1  10 (  5.5). 

          

          .    

            

    .       

          

.           

.    5.14       

  . 

  5.14     

     

 

 

    

 

1 D    0.5 0.5 

2 D    1  

3 D    0.5 0.5 

4 D    0.8 0.2 

5 D    0.6 0.4 

 D 0 0 0 0.68 0.32 

 

            

             

.        

    ,       
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5.15,           

  . 

  5.15      

= 1 2 3 4 5 6 7 8 9 10 

0/  

 

0.5×0 1×0 0.5×0 0×0 0×0 0×0 0×0 0×0 0×0 0×0 

0/  0×0 0.165×0 0.65×0 0.83×0 0.33×0 0×0 0×0 0×0 0×0 0×0 

0/  0×0 0×0 0×0 0.25×0 0.75×0 0.25×0 0×0 0×0 0×0 0×0 

0.68/  0×0.68 0×0.68 0×0.68 0×0.68 0×0.68 0.33×0.68 0.83×0.68 0.65×0.68 0.165×0.68 0×0.68 

0.32/  

 

0×0.32 0×0.32 0×0.32 0×0.32 0×0.32 0×0.32 0×0.32 0.5×0.32 1×0.32 0.5×0.32 

� 0 0 0 0 0 0.2244 0.564 0.602 0.4322 0.16 

         5.15     

      : 

(1/,2/,3 / 0,4 / 0,5 / 0,6 / 0.2244,7 / 0.564,8 / 0.602,9 / 0.4322,10 / 0.16)D (5.33) 

         

    5.22. 

 

  5.22      
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5.2.3.4.        min – 

max  

          min – 

max    ,  , 

      .  

     (5.31, 5.32  5.33)   

 min – max   .      

      ,  

  =103=1000,    –  .       

         0.  

         

 0  210.            

    5.1.3.          

,         .  

  .  min – max  II (  5.3)  

          

: 

( ) (1/ 0,2 / 0,3 / 0,4 / 0.65,5 / 0.65,6 / 0.6125,7 / 0.6125,

8 / 0.6125,9 / 0.83,10 / 0)

R

  
(5.34) 

  5.23           

. 

 

  5.23        
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       min – 

max  II      3,      

   MS Excel-        3  

pdf . 

 

5.2.3.5.   –      

   

 min - max      5.34  

  5.25,    ,      

 ( , , ,    )    

   ,        5.1.4. Best-fit 

 (   )      

       .  

    : 

( ) (1/ 0, 2 / 0, 3 / 0, 4 / 0.65, 5 / 0.65, 6 / 0.6125, 7 / 0.6125,

8 / 0.6125, 9 / 0.83,10 / 0)

R
 

10 2

1

, j j
i i i i

j

d R H R H , 

j=1, ..., 10; Hi={ , , , ,  } 

2

0

2 2 2 2
1

2 2 2 2 .52

[(0-0.5) +(0-1) +(0-0.5) +(0.65-0) +(0.65-0)

+(0.6125-0) +(0.6125-0) +(0.6125-0) +(0.

+

]83-0) +(0-0) 2.03945

d

 

2 2 2 2 2
2

2 2 2 2 2 0.5

[(0 0) (0 0.165) (0 0.65) (0.65 0.83) (0.65 0.33)

(0.6125 0) (0.6125 0) (0.6125 0) (0.83 0) (0 0) ] 1.54884

d
 

2 2 2 2 2
3

2 2 2 2

2 0.5

[(0 0) (0 0) (0 0) (0.65 0.25) (0.65 0.75)

(0.6125 0.75) (0.6125 0.25) (0.6125 0) (0.83 0)
(0 0) ] 1.17659

d
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2 2 2 2 2 2
4

2 2 2 2 0.5

[(0 0) (0 0) (0 0) (0.65 0) (0.65 0) (0.6125 0.33)

(0.6125 0.83) (0.6125 0.65) (0.83 0.165) (0 0) ] 1.18985

d
 

2 2 2 2 2
5

2 2 2 2 2 0.5

[(0 0) (0 0) (0 0) (0.65 0) (0.65 0)

(0.6125 0) (0.6125 0) (0.6125 0.5) (0.83 1) (0 0.5) ] 1.37363

d

 

        di min 

   : 

1
i

i

imin

d
d

 i=1, ... , 5;   dimin  =d3=1.17659 

1
1 min

1 1 0.57692
/ 2.03945 /1.17659id d

;  

2 0.75966 ; 3 1.000 ; 4 0.98886 ; 5 0.85655   

         di 

min    : 

5

1

i
i

imm

, i=1, ... , 5;       5

1
1ii

 

1
1

1 2 3 4 5

0.57692 0.13795
0.57692 0.75966 1.000 0.98886 0.85655

 

2 0.18165 ; 3 0.23912 ; 4 0.23646 ; 5 0.20482  

 ,          , 

  5.25,    : 

i

0.13795 / , 0.18165 / , 0.23912 / ,
R

0.23646 / , 0.20482 /  
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5.2.4.      

           

  .        

           

     . 

Min – max           

        

,           .  

     : 

1 2 3 4 5 6 7 8 9 10R 1/ ,  2 / ,  3 / ,  4 / ,  5 / ,  6 / ,  7 / ,  8 / ,  9 / ,10 /μ μ μ μ μ μ μ μ μ μ  

      min – max  III  

           

.           MS 

Excel- .        4,    ,  

 ,       4.     

    ,       (100 

000)            

   0 (5 040).        

       : 

1R 1/ 0,  2 / 0,  3 / 0,  4 / 0,  5 /1,  6 / 0.65,  7 / 0.65,  8 / 0.65,  9 / 0,  10 / 0  

2R 1/ 0,  2 / 0,  3 /1,  4 / 0.65,  5 / 0.65,  6 / 0.65,  7 / 0.65,  8 / 0.75,  9 / 0,  10 / 0  

3R 1/ 0,  2 / 0,  3 / 0,  4 / 0,  5 / 0.65,  6 / 0.65,  7 / 0.65,  8 / 0.65,  9 /1,  10 / 0  

4R 1/ 0,  2 / 0,  3 / 0,  4 / 0.65,  5 / 0.6125,  6 / 0.6125,  7 / 0.6125,  8 / 0.65,  9 / 0.65,  10 / 0
 

5R 1/ 0,  2 / 0,  3 / 0.36,  4 / 0.36,  5 / 0.25,  6 / 0.25,  7 / 0.25,  8 / 0.25,  9 / 0.31,  10 / 0  

  min – max           

 „ “: 



 

hidraR

 

„

 

aulika 1/ 0,

 

 5.24 

“. 

, 

 „

hidraulikaR

  5.

 

0

0.05

0.1

0.15

0.2

0.25

 

,  2 / 0,  3 / 0,

 5.24 

  

 

  

“

0.1412

0.2342

25 

 5.25 

 

  

,  4 / 0.65,  5

  

 

 

 

 

22 /

21/ ,

  

  

,   

 

/ 0.65,  6 / 0

 

  

, 

 

  

, 0.1796

0.21651/

 

 

  

  

0.65,  7 / 0.6

  

  

  

 

 

6 / ,

 

 

 

  

 

5,  8 / 0.65,  

 „

 

   

 

 :  

0.22846 /

 

 

  

  

9 /1,  10 / 0

 
“ 

 

  

 

,
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.  

 

 

  

 



 

  

 

  5.26

5.2.5. 

5.2.5.1. 

 

 

  

, 

 

   

 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

 

   

6 

 

 

 

  

  

 

 

 

  

 

 

  

 

 

 

 

  

 

   

  

  

 

 

. 

 

  

 

 

– 

 

 

 

 

  

 

  

 

 

 –

. 

  

 

 

.  

 

„ “, 

 

  

– 

  

  

 

  

 

C=j8,  

  

  

 

 

  

  

  

. Min –

 

 

 =10, 
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– max 

. 
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100 000 000 ,        

    .      

     j=10   j=5     

    ,     1   

  2,    2     4  (  5.27).  

     : 

hidraulikaR 1/ 0,  2 / 0,  3 / 0,  4 / 0.65,  5 / 0.65,  6 / 0.65,  7 / 0.65,  8 / 0.65,  9 /1,  10 / 0  

motorR 1/ 0,  2 / 0,  3 / 0,  4 /1,  5 /1,  6 /1,  7 /1,  8 /1, 9 / 0,  10 / 0  

elektrosistemR 1/ 0,  2 / 0,  3 / 0,  4 / 0,  5 /1,  6 /1,  7 /1,  8 /1, 9 / 0,  10 / 0  

mlevenjeR 1/ 0,  2 / 0,  3 / 0,  4 /1,  5 /1,  6 /1,  7 /1,  8 /1, 9 / 0,  10 / 0  

prosejavanjeR 1/ 0,  2 / 0,  3 / 0,  4 /1,  5 /1,  6 /1,  7 /1,  8 / 0, 9 / 0,  10 / 0  

transportR 1/ 0,  2 / 0,  3 / 0,  4 /1,  5 /1,  6 /1,  7 /1,  8 / 0, 9 / 0,  10 / 0  

dozatorR 1/ 0,  2 / 0,  3 / 0.65,  4 / 0.65,  5 / 0.65,  6 / 0.65,  7 / 0.83,  8 / 0,  9 / 0,  10 / 0  

konstrukcijaR 1/ 0,  2 / 0,  3 / 0.75,  4 / 0.65,  5 / 0.65,  6 / 0.65,  7 / 0.83,  8 / 0,  9 / 0,  10 / 0  

    : 

hidraulikaR 1/ 0,  2 / 0.65,  3 / 0.65,  4 / 0.65,  5 / 0  

motorR 1/ 0,  2 /1,  3 /1,  4 /1,  5 / 0  

elektrosistemR 1/ 0,  2 / 0,  3 /1,  4 /1,  5 / 0  

mlevenjeR 1/ 0,  2 /1,  3 /1,  4 /1,  5 / 0  

prosejavanjeR 1/ 0,  2 /1,  3 /1,  4 / 0,  5 / 0  

transportR 1/ 0,  2 /1,  3 /1,  4 / 0,  5 / 0  

dozatorR 1/ 0,  2 / 0.65,  3 / 0.65,  4 / 0,  5 / 0  

konstrukcijaR 1/ 0,  2 / 0.65,  3 / 0.65,  4 / 0,  5 / 0  
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  5.27     

          

 min – max        C=j8, . 390 625 

,   =5.        864   

      0. 

            

          .  

 min – max           

 – : 

R 1/ 0,  2 /1,  3 /1,  4 /1,  5 / 0  

        –  

     5.28 

 

  5.28       –   

„Lokotrack 1213S“ 

5.2.5.2.  –        

  

 „best-fit”        

       5.25. 
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   min-max     ( , 

, ,    ). 

      : 

( ) 1,  0,  0,  0,  0 ;Rμ  

( ) 0.165,  0.83,  0,  0,  0 ;Rμ  

( ) 0,  0.25,  0.75,  0,  0 ;Rμ  

( ) 0,  0,  0.33,  0.65,  0 ;Rμ  

( ) 0,  0,  0,  0.5,  0.5 ;Rμ  

2

)1 ,
1

2 2 2 2 2

5

(

(0 1) (1 0) (1 0) (1 0) (0 0) 2.0

i

j j
R

j

d R
 

      di     

2 3 4 5d 1, 434;  d 1, 275;  d 1, 253;  d 1,581;  

           

           

      : 

1
i

i

imin

d
d

 i=1, ... , 5;     dimin=d4=1,253 

1
1 min

1 1 0.6265
/ 2.0 /1.253id d

;  

2 0.873 ; 3 0.9827 ; 4 1; 5 0.792   



 

 

. 

 

5i

m

1
1

2 0.2

, 

: 

0
R

0

  5

  

 

0

0.05

0.1

0.15

0.2

0.25

 

 

5

1

i

imm

, i=1

1

2 3

204 ; 3 0

  

.1465 /

.185 /

5.29 

  

 

 0,2339, 

14,6

  

 

, ... , 5;       

4 5 0

.2299 ; 4

 

, 0.2

 

 

 

 

 23,

65%

20,

 

   

5

1
1ii

.6265 0.87

0.2339 ; 

 

204 /

  
 

  

 

39 %. 

4%
22,9

  

 

 

0.6265
73 0.9827

5 0.185

 

, 0.2299 /

 
 

 

 

9% 23,39

 

 

1 0.792

  

,

 

 – 

 

9%

18,5%

  

: 

0.1465  

  

0.2339 /

 

 

 

  

%
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,

 – 
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6.     

6.1       

      „Lokotrack LT 1213S“ 

        

    ,      

       .   

   ,    

         .   

           

       ,   

  . 

6.1.1        

 o        

          

 6.1-6.8.       

m       .  

  6.1        

    
  ( i) 

     
 

   0,13974 0,15271 0,22168 0,25538 0,2305 

  0,16062 0,2392 0,22558 0,21908 0,15552 

  0,13624 0,1565 0,31218 0,24531 0,14977 

   0,13795 0,18165 0,23912 0,23646 0,20482 

  0,14756 0,24713 0,21791 0,212 0,1754 

 



 

i
 

  

 „

 

  

  

  

 „

 

 

 

  6.

 

 

 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

6.1 

  

 

“,  

  

  

  

 

“. 

  

, 

 

.1 

 

 

  

 

 

  

 

 

 

  

 

, 

 

   

 

  

  

   

 

 

 

  

  

 

  

 

   

 

   

 

„

 

  

  

 

.  

 =0,25

 

 

 

 

 4 

 

, 

 

 

“ 

  

 

 

 

 

.   

 

5538.  

  

. 

  

 

  

 

   

  

  

 

 

  

  

  

 

  

  

, 

  

 „

 

  

 

  

. 
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“, 

  

 

3  

 

 

 

  

. 

  



i
. 

  

 

 

, 

 

 

 

  

  6.

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

  

 

 0,36909,

 

   

 

 6.2 

  

  
 

 
  

 
 

 
 

 

.2 

 

  

,  

 

 „ “

  

 

 
 
 

 

 

  

 

 „

36% (

 

 „ “, 

“  „ “

 

 

0,13441 

0,13441 

0,15226 

0,13783 

0,14366 

 

„

  

“  

 6.2). 

, 

   

“,  0,00

 

 

 

0,19268 0,

0,19268 0,

0,24502 0,

0,14187 0,

0,19126 0,

 

“ 

 

   

 

  

 

 

002, 

 

 

 

,28199 0,2

,28199 0,2

,25523 0,2

19492 0,3

25187 0,2

  

  

 

 

, 

 

  

 0,2%. 

 

( i) 

 

24311 0,1

24311 0,1

21074 0,1

36909 0,1

25207 0,1
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4782 

4782 

3675 

5629 

6113 

 

 



0

0

0

0

i
 

 
  

  6.

 

, 

 

 

  

 0

0

.05

0.1

.15

0.2

.25

0.3

.35

0.4

 6.3 

  

.  
 

 
 

 
  

.3 

 

   

,  

. 

  

 

0,36909 

  

 

, 

 

  

„ “,

  

 

 

 

 

 

 

0,12862 

0,12862 

0,14145 

0,16021 

0,13783 

 

„

  

  

, 

 

 

.  

„ “ 

 

 

 

0,14505 0,

0,14505 0,

0,18986 0,

0,26924 0,

0,14187 0,

 

“ 

   

 

  

  

 

  

 

 

 

 

 

28171 0,3

28171 0,3

24615 0,2

24719 0,1

19492 0,3

  

 „

 

  

 

  

 

  

 

( i) 

 

30048 0,1

30048 0,1

26124 0,1

18358 0,1

36909 0,1

 

 

“    

   

 

 

 

 

.

,
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4414 

4414 

1613 

3979 

5629 

 

 

 

 

 

 

 

 

 



 

 

i
 

  

 

 „

 

 

  

  6.

0

0.05

0.1

0.15

0.2

0.25

0.3

 

  

  

 

“, 

 6.4 

  

  
  
 

 
 

  

.4 

 

 

 

 0,30048. 

  

  

 

 
 

  

 
 

  

  0,2, 

.  

,  

  

 

  

 

0,15337 

0,15065 

0,14681 

0,15552 

0,13342 

 

„

 

  

 

 

  

 

 

0,26267 0,

0,25782 0,

0,16075 0,

0,21908 0,

0,14911 0,

 

“ 

 

 

 „

 

. 

 

 

 

,26401 0,1

,27369 0,1

26026 0,2

22558 0,

27621 0,2

  

  

   

  

“,  

 

 

( i) 

 

18399 0,1

18422 0,1

26988 0,1

,2392 0,1

29208 0,1
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3597 

3422 

1623 

6062 

4917 
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       . 

          . 

         

    6.4.  

            

,        .  

        , 

           

   .        

      „ “   

  0,292208,         

 „ “,          . 

          „ “ 

    0,2392,  23,92%.     

               

       , .    

       .    

,            

„ “.             

      ,       

        . 

  6.5        

    
  ( i) 

     
 

 

  0,14782 0,24311 0,28199 0,19268 0,13441 

   
 0,12862 0,14505 0,28171 0,30048 0,14414 

  0,12862 0,14505 0,28171 0,30048 0,14414 

  0,12213 0,20247 0,41259 0,14067 0,12213 

 
 

 
0,1409 0,1578 0,34512 0,21528 0,1409 
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„ “   ,         

  „ “  „ “ (  6.5). 

   ,      

         „ “,    

      ,      

„ “.          

         

  ,         ,   

         . , 

         ,    

          . 

,      .     

 ,          

   .       

      .       

   ,      , 

            

„ “,     41,259%.      

            

  .        

    . 

         

      .     

              

          

 .        

 ,            

,            

        .   

            

 „ “. 



„

 

i

  6.

  

 

 

 

 

 

“. 

   

 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

.5 

6.6  

  

 
 

 
  

 
 

 
 

  

  

 

  

   

  

 

 

 

 

 

 

  

 

 

  

 

 

„

  

 

0,15005 

0,12862 

0,14622 

0,14414 

0,13441 

 

  

. 

 

 

“ 

 

 

 

0,25782 0,

0,14505 0,

0,20042 0,

0,30048 0,

0,19268 0,

  

 

 

  

,  

 

  

 

 

,27369 0,1

28171 0,3

,30672 0,2

28171 0,1

,28199 0,2

, 

 , 

   

  

  

  

 

 

( i) 

 

18422 0,1

30048 0,1

20042 0,1

14505 0,1

24311 0,1
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3422 

4414 

4622 

2862 

4782 

  

 

 

  

 



i
 „

  

 

  6.

  6

 

 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

“.  

  

 

.6 

6.7  

  

 

  

  
 

 
 

 

 

 

  

 

 

 
  

  
 

 
 

 

  

  

 

„

  

 

0,14835 

0,12421 

0,12213 

0,19017 

0,15005 

 

. 

  6.

 

“ 

 

 

 

0,30905 0

0,18555 0

0,14067 0

0,25698 0

0,25782 0

 

 

  

.6. 

  

 

 

0,26559 0,

0,38047 0,

0,41259 0,

0,26395 0,

0,27369 0,

  

 

 

 

 

 ( i) 

 

14642 0,

18555 0,

20247 0,

15246 0,

18442 0,

 

165

 

  

 

 

 

 
 

13058 

12421 

12213 

13644 

13442 



„

 

 

 

0,384

i

  6.

 (

 

  

  

“. 

 

  

 

 6.8. 

, 

458. 

 

  

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

.7 

  

 6.7)

  

  

  

,  

  

 . 

 

 

  

,  

.  

  

  

 

  

  

 

  

 

  

  

  

 „

 

 

 

 

„

 

 

 „

 

  

  

 

  

 

“,  

  

  

  

 

“ 

 

 „

“. 

 

  

  

 

, 

  

 

 

 .

 

  

 

“, 

 

 

  

 

 - 

 

 

 

  

.   

  

 

 

  

 

 „

 

 , 
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“. 

 

  

 

  

 

  

  

  

 



i
 

. 

 

  6.

 

 

 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

i
  

  

   

.8 

 6.8 

  

  
 

  
 

 
 

 
 

 
 

 

 

.  

  

  

 

 

 

 
 

  

  „

  

 

„

 

 

0,14782 

0,14477 

0,12819 

0,19431 

0,14945 

“, 

 

 

“ 

 

 

 

0,24311 0

0,31336 0

0,14891 0

0,2699 0

0,23797 0

 

   

 

  

 

 

0,28199 0,

0,27003 0,

0,38458 0,

0,25108 0,

0,27715 0,

  

  

 

 

 

 ( i) 

 

19268 0,

14422 0,

21012 0,

15035 0,

19908 0,

 

167

 

 

 

 

 

 
 

13441 

12763 

12819 

13454 

13635 



    

168

6.1.2        

          

   .         

      .     

        6.9,   

           

 . 

  6.9       

  
  ( i) 

     
 

 0,14122 0,1796 0,22846 0,23421 0,21651 

 0,15046 0,19357 0,25574 0,23666 0,16357 

 0,14681 0,1675 0,26026 0,26988 01623 

 0,15046 0,19357 0,25574 0,23666 0,16357 

 0,14622 0,20042 0,30672 0,20042 0,14622 

 0,14622 0,20042 0,30672 0,20042 0,14622 

 0,15314 0,2444 0,26656 0,19779 0,13811 

  0,14945 0,23797 0,27715 0,19908 0,13635 

 

          min – 

max      .   

  „ “    „ “  „ “  

   „ “.   „ “     

    „ “,      . 

         ,   

   0,30672,  30,67%.  



)

)

)

0
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0.25

0
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0.05
0.1

0.15
0.2

0.25
0.3

0
0.05
0.1
0.15
0.2
0.25
0.3
0.35

    

169

 

 



)

  

6.1.3 

 

 min

  

0
R

0

  

0
0.05
0.1

0.15
0.2

0.25
0.3

0

0.05

0.1

0.15

0.2

0.25

6.9. 

 

 

n–max 

  

0.1465/

0.185/

6.10 

 

 

 

 

: 

, 0.2

 

 

 )

  

 

 

 

204/

  

 

  

 

 

, 0.2299/

 

0
0.05
0.1

0.15
0.2

0.25
0.3

 

   

 – 

 

/ , 0

 

  

 

 

 

0.2339/
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,
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        : , , 

,    .       

           

.     ,    

,        „ “    

 0,2339,  23,39%.        

  „ “,     1%.    

       „ “     

„ “           

„ “. 

6.2       

        

        

      .   

          ,   

      .     

          

     ,         

.          

    .        

        . 

        .    

          

     ,      

     (     ,  

 ,    ,...)   

            

 ,       „ “.   , 

          

         

     ,        
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 .     ( ,   

  )    ,        

  (       ). 

          

        ,       

        20   ,    

    .       

       .      

    . 

       ,   

   – ,       

        

  ,          , 

          . 

        

       

   ,       
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7.  

          

           

  ,     : 

-         

 , 

-       

-    . 

       

      ,  : 

-  , 

-         

   , 

-    ,  . 

 ,     ,     

     : 

-          

       ,     

, 

-           

          ,  
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-            

 . 

         

         

 ( , )       

        . 

          

      ,    

,   ,     ,  

        (   

,  ,  ,  , 

). ,       

       . 

            

    ,      

        „ “.     

          . 

            

          

         

           

  .         

   ,        

    .      

     .     

          

  ,    „min-max“  

.           

        .   

     (IF-THEN )     

    .        
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      ,        

           

   . 

        

         

      .     

     (Risk Priority Number),   

      (     

          ),  

            

.        . 

        

. 

         

       .   

      „min-max“ . 

          

        ,    

        „METSO MINERALS“,  

„LT 1213S“         .  

           

           ,  

          ,  

           

 .        . 

            

        ,  

      .   

      . 
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     : 

-       

 :       

  ;     

         

,          
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   .  

-         

    .   

      :   , 

   ,    

       

 .      

         

.  
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.         
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   ;       

    . 

-         

      „METSO MINERALS“, 

 „LT 1213S“        .  
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