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.          
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       ,    
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 . 
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 atMaatMaatatat MNMFNN ,,,,1,1 1)exp()exp(    (I.1)
 

 

)exp()exp( 11,1,,,,1 MAAtAtMAAtAtAt MFNMFNN     (I.2) 

 

   Nt,a –    a   t;
 

t –  ; 

a – ; 

A –  - ,     A  ; 

 –     ; 

Ft,a –       ; 

Ma –      ; 

φt,a -     a,      t, 

M –   ,   M. 
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 [1918]: 

 

),exp())](exp(1[ ,,,,

,

,

, aatataatat

aat

at

at MNMFN
MF

F
C 


   (I.3) 

 

 

 Ct,a –  ; 

Δ –   (0 < Δ < ),       

. 

 (I.1)-(I.3)      , 

         

 -     :  

 (  ),      

(  - ,    

),    , 

  .      

 .      

    ,     

 ,     . 

 

 

 . .        

// .    - . . 1918. . 1. . 2. . 84-

128. 
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I.1.   TISVPA (  « ») 
. . , 2005 

I.1.1.   

      

        

     . ,    

 ,     ,    

       

   -    , 

  ,  ,   .   

        

         

  .   ,   

        

    .    

      TISVPA (Triple Instantaneous 

Separable VPA).    (  – 

 )       

: f(year)×s(age)×g(cohort), . .      

    ,   , 

       

  (   ,   ,  

,    )  ,   

         

, , ,     

,      

    .  ,  

        

   . 
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     TISVPA   

          

   « - »   .  

 TISVPA     ,    

  ( . .  ) .  :  

 ,    

 ,     

       , 

      

         

   ,   

        

   .  

   TISVPA [ , 2006; , 2015; Vasilyev 

2005; Vasilyev, 2006]        

  Ca,y,        ,  

   ,     

.     TISVPA  

       

        .  

  ,     

 ( . .  )      

  ( ).  :   , 

    , 

       

      .  

 TISVPA,  ,   

 ,     

  .  
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  (       , 

      )    

       « - ». 

        

  ,       

   ,    « » .  

   ,     

      ,  

 SAM [ICES, 2009],       

   .  

   TISVPA    

   ,    

   (  –  

)     : 

f( )×s( )×g( ),       

    ,   . 

       

    (   

     ,    

)  ,        

    , , ,   

  ,   

       . 

       

 (       

  ). 

 ,       

  : 
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Ca,y= a y, Na,ye-M/2,                                        (I.1.1.1) 

N
N e

a y

a y

M

a y

,

,

,



 1 1

1 
,                                             (I.1.1.2) 

N N e C ea y a y
M

a y
M

, ,
/

,
/( )  1 1

2 2                                 (I.1.1.3) 

a y a j ys g f,  ,                                           (I.11. 4) 

 Na,y –    a    y;  

Ca,y –     a,     y; 

a y,  –     a,       y;   

fy – ,       y (  

);   

sa –  ;  

gj –   (  j -  ).  

      : 

sa
a

m



 1

1

                                                    (I.1.1.5) 

(  m -   ,   ).  

     ,   

    : 

y

n

a y

a

m

g n m








    
1

1

1

1

1 1 1, / [( )( )]                                    (I.1.1.6) 

(n -   ), 

:  

ga(j)1, y(j)1 = ga(j)1+1, y(j)1+1 = ga(j)1+2,  y(j)1+2 = ... = ga(j)k,y(j)k = gj;               (I.1.1.7) 

a(j)1  –    ,  a(j)k –    

,       j.  

        

          

    . 



17 
 

   (M, fn)   ,  

  {fy},{sa}  {gj} ,      Na y,    

   
,Ca y

,     

 ,     (I.1.1-I.1.7). 

« »         

(M, fn)    .  a,y   

      

:  

Fa,y  = -ln(1-a,y ). 

  ,       

   ,         

    gj      

    (      

    ). 

      (g- ) 

           

,   ,       

« ».   ( )      (  ,  

         

      )  ( ) 

   ,        

     (  –     

 ).   ,     

,  g-    ,    

   g-         

         

     .  
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: 

1 -  «     

  »;  

2 -  «   ( )    

». 

    ,     

,  « »  ,   

          

      

    .   ,   

    (  )  ,  

       

     

  TISVPA      

        

 « - »,      

   .      

          

 :          

         

 (         , 

   . .) -    ,   

         

  –     

. 

     . I.1.1.1. 
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 I.1.1.1.    TISVPA 

 TISVPA 

 2006.1 

         
.      

.    ,  
 ,  

-

 
-

 

     
   .  

      
  .  -     

 ,      
. 

     ,  

s(a,y)=s(a)g(cohort). 

s(a,y)        
  1 –  «   
» 

  –  «  ( ) 
 ». 

 g-     = 1. 

 
: 

 

-

 
-

 

      . 
    

      
 ,      

-  -   ,    
       

   -    
 

 
 

 
 (SSB) 

     
 .    –  

    
     

 SSB,      
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( -

+1)  

  

 
 

     
.       

   : 
-       (SS); 

-      
  (MDN); 

-    (AMD).  
 

  SSB   –    
   SSB     .  

     – SS, MDN  
AMD   N(a,y)     

 (      ) 
 

-

 

    
    

   (  ,   
 ,    

  )    
  (  ,   

    ,  
  ) 

 
 

       
   : 

-        
.     («   

 »); 

-      
 .    VPA, 

      
    («   
 »); 

-      («  
»).        

     (  
 ).    

    ,   
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   . 

 

      
    : 

1 -       
       

        
(«  »);  

2 -    1,     
  ; 

3 -    1,   
      

(    ); 
4 -    . 

  2      
.   1, 2,  3,    g-  

    ,  
       

   s(a,y),  -    
      s(a). 

  Visual Basic 

 

       : 

1.  Ca,y = 0,   a,y   « » 

:  

a,y= sa,y fy 

2.         .  

3.       

 :  

 3.1.  Na+1,y+1 >0  Ca,y=0,  Na,y     (I.1.1.2). 

 3.2.  Na+1,y+1 =0  Ca,y=0,  Na,y = 0. 

 3.3.  Na+1,y+1 =0  Ca,y>0,  Na,y     (I.1.1.1). 
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       3 

    (SSB)       

 .      

  70    30  . ,    

     . 

 ,         

      , 

      «Combi» 

[   ., 2011],       

 . 

 

I.1.2.   

     Visual Basic   

    Windows   10 .  

   ,  Visual Basic    

,       

  . 

   ,       

         

. 

    .   

   .     : 

–           

  (        

 ); 

–           

 ; 

–          

   ; 
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–        

      .    

           

             

          

,    . 

–         

; 

–         . 

        

  ( ) ,    (  ,   

     ). 

        C:\vbisvpa    

.        

  . 

    : 

–     ,     

           

   SSB  f   ,     M, 

      .    

minim.out;  

–     (     

output.out,      );  

–     : 

1) bootf.out –          

  ; 

2) bootm.out –       

     (    

   ); 
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3) boots1.out  boots2.out –      

       (    

        

  ); 

4) bootssb.out –    SSB      

; 

5) boottsb.out –         

   ; 

6) bootntrm.out –         

    . 

      

        

      

   . 

    (output.out) : 

–     ,    

; 

–      

 SSB    (     ); 

–       

  (      

      ,    

   ); 

–       

 ; 

–        

        

; 

–      (   

   ); 



25 
 

–  g-  (       ); 

–      ; 

–       ; 

–       ; 

–  SSB      ; 

–  SSB      ; 

–   SSB     

  SSB        SSB; 

–         ; 

–          

    ; 

–      ; 

–        

  ; 

–        

   ; 

–       

    . 

       ,  

   ,    

.     . I.1.2.1. 
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. I.1.2.1.    

 
        

      . 

      ( ) 

       

(   g- ) .  

    ,    

      ,    

   g- . 

       (1 

 2), : 

1 -  «     

  »;  
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2 -  «   ( )    

». 

        

   :  

          ,  

 M(a)      ,  

  M(a,y)    . 

   ,      

,   . 

      .   

  .  

       «  

», . .      

          

 . 

    « »  

 ,  –       

         

 . 

      

 «   »,   

   . 

,     ,  

   ,     

  . 

       .  

        

  (SS)  ,    

   (MDN),     

 (AMD),     
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      .   

,         

 ,     MDN  AMD   

   ,     

     .  

        

        

        

  .        

       ,    

     (     

  ).        

       , 

       

. 

         

 ,         

 (        

  ). 

        , 

    ,     

  .     TISVPA 

 4 .  

  ,    «   », 

        ,   

   ,      

         

   . 

 ,  «   »,    

  ,     
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       .    

    « »  ,   

   . 

 , « »,      

         ,     

       .  

     «  »    

        

           

     . 

 ,   «    

»,  ,     «  

 »  «   »     

       

 ,       

. 

       

         

      «  

».      ,   

  (fterm  (M  fterm)),      

 .        

    minim.out      

         

 .         

    SSB   .  

         

         

  ,       



30 
 

      .      

 output.out   ,  « » 

 (        ). 

         

  « »  ,  «   

». 

       

 .       

 («inter-iteration smoother»).     

       

      .  ,  

    0,3-0,9.      

  ,      ,     

  . 

     (MDN  AMD)  

      ,  

  .  , 10   

 ,      

        , 

     .  ,    

  ,    « »  

 .   ,       

 ,  ,      

        

  (     )    

  (   ).       

        

   .    ,   

       

     .      , 
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      ,   

         

( , 10)   .   , 

        

       

.  10,     ,   

:  ,         

 .         . 

,     .  ,  , 

  (       

  )      

       

 .   « »,      

.   ,   , 

 ,   « »      

,        « »   . 

         

,       : 

–  ,      ; 

–        

      ; 

–     « »  ,  

      ; 

–        : SS, MDN  

AMD. 

       «start»  

 . 

         ( . 

I.1.2.2). 
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. I.1.2.2.       

 
      : 

–         

      ; 

–        

; 

–     (   25  ); 

–   -  (boot N).   

    -    ,  

 -   . 

     ,    

 «STOP (if want)». 

        

-        

  -     ( . I.1.2.3). 
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.I.1.2.3.   -  

 

    -     

 (       

  ),    

   ( . I.12.4)     

 ( . I.12.5).       ,  

    . 
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. I.1.2.4.    

 

 

. I.1.2.5.     
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        , 

   ,       

 .           

,   ,      

 . 

 

 

I.1.3.    

  10       

    ( )    -  

 ,     25-32, -

  ,  -  

( - ) ,    -  

,     ,     

     .  

       , , 

   [ICES, 2008; ICES, 2009; ICES, 2014; ICES, 2015; ICES, 

2015 a  .],   [Vasilyev, Shust, 2006; Vasilyev et al., 

2007]   [ , , 2005; , , 2007; 

  ., 2011; Vasilyev, Tjelmeland, 2007]. 

,      : 
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 I.1.3.1.      (  .txt) 

 

1 13 1984 2014

' Catch at age

'

1 2 3 4 5 6 7 8 9 10 11 12 13

1984 418011 21999 6942 14240 18807 20086 15145 8287 5988 783 232 153 69

1985 376092 68805 24634 45769 27806 19418 11369 3747 1557 768 137 36 71

1986 968041 392855 28968 70993 78672 25215 11711 4063 976 726 557 136 76

1987 183014 281390 13648 137106 98210 61407 13707 3866 910 455 187 227 100

1988 411004 22178 9828 22774 135347 54379 21015 3304 1236 519 106 69 62

1989 144003 237 5085 17313 32165 81756 27854 5501 827 290 41 13 28

1990 126006 28170 1911 7551 12999 17827 30007 6810 828 179 59 15 13

1991 152024 215663 4963 10933 16467 20342 19479 25193 3888 428 48 12 4

1992 1028844 156184 21835 36015 27494 23392 18351 13541 18321 2529 264 82 13

1993 20239042 512634 10094 46182 63578 33623 14866 9449 6571 12593 1749 377 86

1994 6878032 640312 6531 59444 102548 59766 32504 10019 6163 3671 7528 995 144

1995 15223009 756212 4879 42587 115329 98485 32036 7334 3014 1725 1174 1920 264

1996 21826184 1507895 7655 28782 80711 100509 54590 10545 2023 930 462 230 894

1997 15974079 1860228 12827 36491 69633 83017 65768 28392 4651 1151 373 213 383

1998 4849097 536596 31887 88874 48972 40493 34513 26354 6583 965 197 69 117

1999 1831013 295313 7501 77714 92816 31139 15778 15851 8828 1837 195 40 72

2000 2233032 171215 4701 33094 93044 47210 12671 6677 4787 1647 321 71 26

2001 2263023 113237 5044 35019 62139 63456 22794 5266 1773 1163 343 85 35

2002 458047 394130 2348 31033 76175 67656 42122 11527 1801 529 223 120 36

2003 4371006 107187 7263 20885 64447 71109 36706 14002 2887 492 142 97 65

2004 2319008 530183 2090 38226 50826 68350 50838 18118 6239 1746 295 127 63

2005 3067011 138453 5815 19768 113144 62665 44777 20553 6285 2348 562 100 52

2006 2194112 153164 8548 47207 33625 78150 31770 15667 7245 1788 737 210 226

2007 1248438 203625 25473 43817 62877 26303 34392 11240 4080 1381 505 285 92

2008 796042 97667 8459 51704 40656 35072 14037 20676 5503 1794 715 229 81

2009 8254012 161335 4866 38711 83998 46639 20789 8417 8920 1957 872 987 117

2010 8506020 254133 1778 16193 53855 75853 36797 17062 4784 4325 3034 913 273

2011 5076038 445433 1418 8033 32472 70938 73875 21116 11708 5058 3237 600 446

2012 13817044 1040167 2695 10462 16646 40372 70014 48315 12326 5214 1926 1124 411

2013 4978001 1541238 2903 13659 22752 21020 54231 74451 47124 9143 2963 694 683

2014 178000 624000 5234 19226 38407 36633 29901 56109 47540 22738 3717 1169 680  
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 I.1.3.2.           

 (  w.txt)   
1 13 1984 2014

' weight at age in the stock

'

1 2 3 4 5 6 7 8 9 10 11 12 13

1984 0.02 0.22 0.42 1.16 1.81 2.79 3.78 4.57 6.17 7.7 9.25 10.85 13.033

1985 0.025 0.131 0.413 0.875 1.603 2.81 4.059 5.833 7.685 10.117 14.29 12.731 14.311

1986 0.025 0.1 0.311 0.88 1.47 2.467 3.915 5.81 6.58 6.833 11.004 12.731 14.311

1987 0.023 0.064 0.211 0.498 1.254 2.047 3.431 5.137 6.523 9.3 13.15 12.731 14.311

1988 0.024 0.084 0.212 0.404 0.79 1.903 2.977 4.392 7.812 12.112 13.107 12.731 14.311

1989 0.016 0.118 0.299 0.52 0.868 1.477 2.686 4.628 7.048 9.98 9.25 12.731 14.311

1990 0.026 0.145 0.398 0.705 1.182 1.719 2.458 3.565 4.71 7.801 8.956 12.731 14.311

1991 0.023 0.151 0.518 1.136 1.743 2.428 3.214 4.538 6.88 10.719 9.445 12.731 14.311

1992 0.023 0.115 0.44 0.931 1.812 2.716 3.895 5.176 6.774 9.598 12.427 12.731 14.311

1993 0.01 0.074 0.344 1.172 1.82 2.823 4.031 5.497 6.765 8.571 10.847 12.731 14.311

1994 0.012 0.051 0.235 0.753 1.42 2.413 3.825 5.416 6.631 7.63 8.112 12.731 14.311

1995 0.014 0.062 0.201 0.485 1.14 2.118 3.47 4.938 7.16 9.119 10.101 12.731 14.311

1996 0.013 0.062 0.195 0.487 0.971 2.054 3.527 5.503 7.767 10.159 10.669 12.731 14.311

1997 0.01 0.059 0.202 0.521 1.079 1.878 3.369 5.263 8.927 12.154 11.204 12.731 14.311

1998 0.008 0.048 0.217 0.533 1.161 1.939 2.945 4.574 7.423 10.367 11.738 12.731 14.311

1999 0.012 0.055 0.203 0.52 1.174 2.031 3.034 4.464 6.482 10.269 10.882 12.731 14.311

2000 0.014 0.068 0.194 0.465 1.208 1.972 3.048 4.096 5.724 7.457 9.582 12.731 14.311

2001 0.011 0.089 0.285 0.522 1.196 2.239 3.313 5.118 6.376 9.241 11.322 12.731 14.311

2002 0.013 0.063 0.251 0.605 1.189 2.138 3.333 4.766 6.859 9.333 10.186 12.731 14.311

2003 0.011 0.074 0.23 0.537 1.31 2.009 3.241 4.971 6.739 8.706 15.026 12.731 14.311

2004 0.009 0.054 0.25 0.546 1.087 2.035 2.921 4.384 6.254 8.543 9.735 12.731 14.311

2005 0.01 0.056 0.231 0.624 1.118 1.932 3.046 3.955 5.811 8.289 13.44 12.731 14.311

2006 0.013 0.065 0.256 0.602 1.201 2.009 3.114 4.427 6.03 8.037 9.928 12.731 14.311

2007 0.016 0.075 0.262 0.699 1.341 2.121 3.167 4.64 6.495 9.123 11.78 12.731 14.311

2008 0.013 0.095 0.286 0.734 1.37 2.367 3.29 4.82 6.548 8.483 8.902 12.731 14.311

2009 0.01 0.071 0.26 0.641 1.343 2.36 3.763 5.111 6.554 9.098 9.432 12.731 14.311

2010 0.014 0.059 0.257 0.589 1.183 2.052 3.181 4.8 6.759 7.859 10.008 12.731 14.311

2011 0.012 0.059 0.224 0.589 1.088 1.915 2.776 4.319 6.495 8.489 10.016 12.731 14.311

2012 0.012 0.058 0.21 0.561 1.108 1.76 2.775 4.056 6.117 8.718 11.676 12.731 14.311

2013 0.01 0.064 0.256 0.589 1.151 2.019 2.857 4.049 5.631 8.146 10.378 13.247 14.311

2014 0.007 0.054 0.22 0.588 1.146 1.827 2.835 3.828 5.142 6.953 9.015 12.731 14.311  
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 I.1.3.3.         

   (  mat.txt)  

 
1 13 1984 2014

' maturity

'

1 2 3 4 5 6 7 8 9 10 11 12 13

1984 0 0 0 0.05 0.18 0.31 0.56 0.9 0.99 1 1 1 1

1985 0 0 0 0.01 0.09 0.36 0.55 0.85 0.96 0.9 1 1 1

1986 0 0 0 0.05 0.08 0.19 0.53 0.71 0.62 0.9 1 1 1

1987 0 0 0 0.01 0.07 0.18 0.22 0.46 0.5 0.75 1 1 1

1988 0 0 0 0.02 0.05 0.33 0.53 0.62 1 1 1 1 1

1989 0 0 0.008 0.003 0.029 0.228 0.547 0.705 0.915 1 1 1 1

1990 0 0 0.008 0.013 0.051 0.21 0.522 0.715 0.905 0.975 1 1 1

1991 0 0 0.001 0.032 0.075 0.305 0.708 0.861 0.957 1 1 1 1

1992 0 0 0.001 0.014 0.145 0.419 0.8 0.943 0.974 1 1 1 1

1993 0 0 0 0.028 0.087 0.368 0.704 0.931 0.972 0.994 1 1 1

1994 0 0 0.003 0.007 0.119 0.335 0.589 0.862 0.963 0.99 1 1 1

1995 0 0 0 0.003 0.061 0.372 0.624 0.781 0.96 0.979 1 1 1

1996 0 0 0 0 0.019 0.258 0.631 0.82 0.975 1 1 1 1

1997 0 0 0 0 0.012 0.14 0.607 0.83 0.946 1 1 1 1

1998 0 0 0.001 0.003 0.026 0.152 0.472 0.814 0.957 0.98 1 1 1

1999 0 0 0.002 0.002 0.014 0.187 0.544 0.847 0.965 1 1 1 1

2000 0 0 0 0.001 0.071 0.247 0.643 0.83 0.978 1 1 1 1

2001 0 0 0.003 0.003 0.065 0.359 0.624 0.819 0.952 1 1 1 1

2002 0 0 0.002 0.013 0.084 0.388 0.683 0.841 0.951 1 1 1 1

2003 0 0 0.001 0.001 0.088 0.326 0.672 0.888 0.957 1 1 1 1

2004 0 0 0.001 0.01 0.091 0.442 0.726 0.872 0.976 0.977 1 1 1

2005 0 0 0 0.004 0.068 0.397 0.716 0.892 0.967 0.991 1 1 1

2006 0 0 0 0.001 0.06 0.369 0.647 0.897 0.965 1 1 1 1

2007 0 0 0 0.004 0.072 0.343 0.723 0.876 0.976 1 1 1 1

2008 0 0 0 0.004 0.062 0.282 0.538 0.863 0.928 0.994 1 1 1

2009 0 0 0 0 0.076 0.372 0.755 0.857 0.977 0.997 0.981 1 1

2010 0 0 0 0.003 0.045 0.323 0.573 0.838 0.927 0.97 0.974 0.986 1

2011 0 0 0 0.001 0.037 0.343 0.64 0.817 0.94 0.964 0.991 0.989 1

2012 0 0 0.001 0 0.046 0.215 0.557 0.786 0.909 0.964 0.99 0.989 1

2013 0 0 0 0.002 0.008 0.154 0.486 0.753 0.908 0.981 0.989 1 1

2014 0 0 0 0.002 0.019 0.137 0.513 0.805 0.929 0.981 0.998 1 1  
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 I.1.3.4.      

      (  mm.txt)  

 
1 13 1984 2014

' natural mortality

'

1 2 3 4 5 6 7 8 9 10 11 12 13

1984 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

1985 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

1986 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

1987 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

1988 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

1989 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

1990 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

1991 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

1992 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

1993 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

1994 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

1995 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

1996 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

1997 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

1998 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

1999 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

2000 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

2001 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

2002 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

2003 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

2004 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

2005 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

2006 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

2007 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

2008 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

2009 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

2010 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

2011 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

2012 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

2013 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

2014 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2  
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 I.1.3.5.   1(  fleet1.txt) 

1984 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

1985 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

1986 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

1987 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

1988 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

1989 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

1990 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

1991 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

1992 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

1993 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

1994 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

1995 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

1996 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

1997 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

1998 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

1999 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

2000 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

2001 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

2002 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

2003 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

2004 -1 -1 147.7 421.5 150.2 79.8 40.2 10.1 2.2 -1 -1 -1 -1

2005 -1 -1 216.6 55.8 100.9 28 15.6 5.7 1.2 -1 -1 -1 -1

2006 -1 -1 186.1 205.6 59.9 69.8 17.6 8.1 2.6 -1 -1 -1 -1

2007 -1 -1 586.2 159.2 79.1 24.6 26.9 6 2.2 -1 -1 -1 -1

2008 -1 -1 652.6 483.4 132.3 51.1 12.8 17.5 3.3 -1 -1 -1 -1

2009 -1 -1 202.3 280.6 289.6 101.7 31.9 12.7 7.3 -1 -1 -1 -1

2010 -1 -1 56.8 177 397.2 424.9 142.7 38.5 10.5 -1 -1 -1 -1

2011 -1 -1 123.6 101.5 240.2 300.4 178.4 32.3 7.7 -1 -1 -1 -1

2012 -1 -1 229.1 146.4 70 150.8 165.2 84.5 12.7 -1 -1 -1 -1

2013 -1 -1 249.1 183.6 125.7 63.2 118.2 130.2 53.8 -1 -1 -1 -1

2014 -1 -1 190 108.6 93.9 52.8 30.4 50.2 36.3 -1 -1 -1 -1  
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 I.1.3.6.   2 (  fleet2.txt) 

1 13 1984 2014

' fleet 2

'

1 2 3 4 5 6 7 8 9 10 11 12 13

1984 -1 -1 1260 199 77 33 2 1 -1 -1 -1 -1 -1

1985 -1 -1 1439 641 83 19 3 -1 -1 -1 -1 -1 -1

1986 -1 -1 3911 543 157 20 5 -1 -1 -1 -1 -1 -1

1987 -1 -1 805 1733 205 36 5 -1 -1 -1 -1 -1 -1

1988 -1 -1 759 378 902 98 9 1 -1 -1 -1 -1 -1

1989 -1 -1 349 346 206 272 16 4 -1 -1 -1 -1 -1

1990 -1 -1 337 257 215 122 127 6 -1 -1 -1 -1 -1

1991 -1 -1 577 178 128 77 43 27 -1 -1 -1 -1 -1

1992 -1 -1 1401 725 158 62 39 22 -1 -1 -1 -1 -1

1993 -1 -1 3102 1474 506 93 24 16 -1 -1 -1 -1 -1

1994 -1 -1 2414 2559 767 185 24 8 -1 -1 -1 -1 -1

1995 -1 -1 1154 1372 1061 240 29 4 -1 -1 -1 -1 -1

1996 -1 -1 640 704 527 283 57 9 -1 -1 -1 -1 -1

1997 -1 -1 1813 365 259 178 86 10 -1 -1 -1 -1 -1

1998 -1 -1 1732 581 134 65 51 12 -1 -1 -1 -1 -1

1999 -1 -1 1321 1083 269 43 20 12 -1 -1 -1 -1 -1

2000 -1 -1 1828 834 382 89 11 4 -1 -1 -1 -1 -1

2001 -1 -1 1350 1096 425 151 24 3 -1 -1 -1 -1 -1

2002 -1 -1 1297 911 673 183 49 10 -1 -1 -1 -1 -1

2003 -1 -1 1725 569 447 273 76 17 -1 -1 -1 -1 -1

2004 -1 -1 621 981 247 155 45 11 -1 -1 -1 -1 -1

2005 -1 -1 1115 287 437 102 49 14 -1 -1 -1 -1 -1

2006 -1 -1 850 629 148 179 48 18 -1 -1 -1 -1 -1

2007 -1 -1 3336 910 472 130 88 20 -1 -1 -1 -1 -1

2008 -1 -1 2196 1939 586 196 68 49 -1 -1 -1 -1 -1

2009 -1 -1 1069 1608 1407 400 119 35 -1 -1 -1 -1 -1

2010 -1 -1 541 1221 1399 956 168 39 -1 -1 -1 -1 -1

2011 -1 -1 684 448 873 1241 531 79 -1 -1 -1 -1 -1

2012 -1 -1 1100 653 354 613 793 272 -1 -1 -1 -1 -1

2013 -1 -1 837 668 483 277 442 331 -1 -1 -1 -1 -1

2014 -1 -1 1829 1180 1239 619 321 389 -1 -1 -1 -1 -1  
 

 I.1.3.7.   3 (  fleet3.txt) 
1 13 1984 2014

' fleet 3

'

1 2 3 4 5 6 7 8 9 10 11 12 13

1984 -1 -1 1416 204 154 157 33 13 10 -1 -1 -1 -1

1985 -1 -1 1343 684 116 77 31 3 -1 -1 -1 -1 -1

1986 -1 -1 2049 502 174 14 30 7 -1 -1 -1 -1 -1

1987 -1 -1 355 578 109 40 3 -1 1 -1 -1 -1 -1

1988 -1 -1 344 214 670 166 32 5 2 -1 -1 -1 -1

1989 -1 -1 206 262 269 668 73 6 3 -1 -1 -1 -1

1990 -1 -1 346 293 339 367 500 37 2 -1 -1 -1 -1

1991 -1 -1 658 215 184 284 254 824 43 -1 -1 -1 -1

1992 -1 -1 1911 1131 354 255 252 277 442 -1 -1 -1 -1

1993 -1 -1 4045 2175 895 225 119 94 39 -1 -1 -1 -1

1994 -1 -1 1598 2166 1040 290 44 43 30 -1 -1 -1 -1

1995 -1 -1 705 872 891 446 65 11 4 -1 -1 -1 -1

1996 -1 -1 517 497 422 499 205 22 5 -1 -1 -1 -1

1997 -1 -1 1826 424 338 340 247 49 7 -1 -1 -1 -1

1998 -1 -1 964 454 122 112 187 92 10 -1 -1 -1 -1

1999 -1 -1 1589 1457 493 129 69 52 12 -1 -1 -1 -1

2000 -1 -1 1716 816 573 198 24 8 6 -1 -1 -1 -1

2001 -1 -1 1122 1043 661 345 95 12 5 -1 -1 -1 -1

2002 -1 -1 1144 1315 1445 643 212 38 5 -1 -1 -1 -1

2003 -1 -1 928 327 451 468 222 88 22 -1 -1 -1 -1

2004 -1 -1 337 661 299 432 172 75 18 -1 -1 -1 -1

2005 -1 -1 591 157 381 169 155 88 24 -1 -1 -1 -1

2006 -1 -1 371 318 130 426 137 75 35 -1 -1 -1 -1

2007 -1 -1 3061 1410 754 246 329 58 28 -1 -1 -1 -1

2008 -1 -1 1783 1405 495 401 133 260 37 -1 -1 -1 -1

2009 -1 -1 1219 1759 1949 709 375 111 88 -1 -1 -1 -1

2010 -1 -1 291 824 1587 2843 656 226 61 -1 -1 -1 -1

2011 -1 -1 527 381 828 2244 1547 309 108 -1 -1 -1 -1

2012 -1 -1 850 710 575 1194 2249 1756 209 -1 -1 -1 -1

2013 -1 -1 1178 918 679 529 1354 1751 977 -1 -1 -1 -1

2014 -1 -1 1542 1193 996 965 362 1112 663 -1 -1 -1 -1  
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 I.1.3.8.   4 (  fleet4.txt) 

1 13 1984 2014

' fleet 4

'

1 2 3 4 5 6 7 8 9 10 11 12 13

1984 -1 -1 1189 700 489 357 154 69 61 -1 -1 -1 -1

1985 -1 -1 1188 1592 1068 365 165 37 8 -1 -1 -1 -1

1986 -1 -1 1622 1532 1493 481 189 42 2 -1 -1 -1 -1

1987 -1 -1 557 3076 900 701 184 60 25 -1 -1 -1 -1

1988 -1 -1 993 938 2879 583 260 47 24 -1 -1 -1 -1

1989 -1 -1 490 978 1062 1454 1167 299 112 -1 -1 -1 -1

1990 -1 -1 167 487 627 972 1538 673 153 -1 -1 -1 -1

1991 -1 -1 1077 484 532 583 685 747 98 -1 -1 -1 -1

1992 -1 -1 675 308 239 273 218 175 25 -1 -1 -1 -1

1993 -1 -1 1604 1135 681 416 354 87 3 -1 -1 -1 -1

1994 -1 -1 1363 1309 1019 354 128 49 21 -1 -1 -1 -1

1995 -1 -1 589 1065 1395 849 251 83 19 -1 -1 -1 -1

1996 -1 -1 733 784 1035 773 348 132 19 -1 -1 -1 -1

1997 -1 -1 1342 835 613 602 348 116 32 -1 -1 -1 -1

1998 -1 -1 2028 1363 788 470 259 130 48 -1 -1 -1 -1

1999 -1 -1 1587 2072 980 301 123 94 42 -1 -1 -1 -1

2000 -1 -1 1839 1286 1786 773 114 52 23 -1 -1 -1 -1

2001 -1 -1 1224 1557 1290 1061 304 50 14 -1 -1 -1 -1

2002 -1 -1 980 1473 1473 896 600 182 29 -1 -1 -1 -1

2003 -1 -1 1246 1057 1166 1203 535 241 40 -1 -1 -1 -1

2004 -1 -1 329 1576 880 1111 776 279 93 -1 -1 -1 -1

2005 -1 -1 1408 631 1832 744 605 244 88 -1 -1 -1 -1

2006 -1 -1 927 1613 777 1801 662 342 161 -1 -1 -1 -1

2007 -1 -1 2579 1617 1903 846 1525 553 226 -1 -1 -1 -1

2008 -1 -1 2203 3088 1635 1472 830 863 291 -1 -1 -1 -1

2009 -1 -1 974 2317 3687 2016 1175 620 413 -1 -1 -1 -1

2010 -1 -1 543 1385 3668 2698 1455 603 446 -1 -1 -1 -1

2011 -1 -1 882 508 1432 3065 3300 917 439 -1 -1 -1 -1

2012 -1 -1 815 1114 839 2122 3358 1878 432 -1 -1 -1 -1

2013 -1 -1 747 1174 1177 884 2349 3132 1367 -1 -1 -1 -1

2014 -1 -1 1399 1368 1725 1483 1111 1929 1297 -1 -1 -1 -1  
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 I.1.3.9.   minim.out (  ) 

f(term) SSB(yearmax) MC k_for_M(a) err.for_C(a,y) err.for_a/ind. 1 err.for_a/ind. 2 err.for_a/ind. 3 err.for_a/ind. 4 TOTAL_LOSSFUN

1 6103194.23 0 0 21.41219 20.01552 37.71863 72.30203 101.48903 252.93741

1.25 4886053.27 0 0 20.95101 16.33248 33.90436 67.56653 92.05584 230.81022

1.5 4073962 0 0 20.61135 14.02348 32.32747 65.42619 86.07561 218.46409

1.75 3493518.27 0 0 20.35025 12.57744 32.05296 64.80017 82.20423 211.98505

2 3057951.17 0 0 20.14324 11.70913 32.59169 65.12263 79.71631 209.283

2.25 2719023.19 0 0 19.97524 11.2462 33.66509 66.07099 78.18527 209.14279

2.5 2447775.65 0 0 19.83642 11.07831 35.10467 67.44987 77.34409 210.81335

2.75 2225770.75 0 0 19.72004 11.13167 36.804 69.13565 77.01767 213.80904

3 2040711.71 0 0 19.62134 11.35529 38.69376 71.04769 77.08709 217.80518

3.25 1884081.53 0 0 19.53685 11.71303 40.72801 73.13239 77.46943 222.57972

3.5 1749795.28 0 0 19.46396 12.17881 42.87608 75.35394 78.10589 227.97868

3.75 1633388.75 0 0 19.40067 12.73362 45.11784 77.68874 78.95439 233.89527

4 1531513.02 0 0 19.34545 13.36358 47.44062 80.12195 79.98495 240.25655

4.25 1441606.47 0 0 19.29708 14.05864 49.83738 82.64538 81.17665 247.01513

4.5 1361676.29 0 0 19.25455 14.81178 52.3056 85.25617 82.51574 254.14385

4.75 1290148.95 0 0 19.21709 15.61844 54.8466 87.95612 83.99446 261.63271

5 1225765.04 0 0 19.18403 16.47626 57.46537 90.75152 85.61044 269.48763

2.25 2719023.19 0 0 19.97524 11.2462 33.66509 66.07099 78.18527 209.14279  
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-      ,  

      («to find precise solution»)  

     (output.out). 

  : 

–        

: 
Age\fleet 1 2 3 4

3 0.00043 0.00309 0.00241 0.00261

4 0.00046 0.00265 0.00237 0.00426

5 0.00047 0.00223 0.00273 0.0069

6 0.00047 0.00179 0.00387 0.01029

7 0.00046 0.00126 0.00432 0.01495

8 0.00043 0.00102 0.00469 0.01682

9 0.00029 1 0.00435 0.01437

10 1 1 1 1

11 1 1 1 1

12 1 1 1 1

13 1 1 1 1  
 

–    : 
Estimates of s(a,y)

Year\age

3 4 5 6 7 8 9 10 11 12 13

1984 0.00418 0.02519 0.06614 0.08792 0.12187 0.12054 0.10939 0.08017 0.15401 0.11529 0.11529

1985 0.00488 0.02459 0.05911 0.09912 0.10963 0.13215 0.11874 0.10941 0.07282 0.15416 0.1154

1986 0.00489 0.02997 0.06015 0.09238 0.12889 0.12397 0.13576 0.12386 0.10364 0.07602 0.12047

1987 0.00532 0.02757 0.06731 0.08631 0.11028 0.1338 0.11691 0.13 0.10771 0.09932 0.11545

1988 0.00505 0.03074 0.06345 0.09895 0.10556 0.1173 0.12929 0.11471 0.11583 0.10576 0.11336

1989 0.00497 0.02919 0.07083 0.09338 0.12116 0.1124 0.11346 0.12699 0.10231 0.11386 0.11144

1990 0.00466 0.02899 0.06781 0.10511 0.11528 0.13008 0.10963 0.11237 0.11421 0.10141 0.11045

1991 0.00441 0.02686 0.06652 0.0994 0.12818 0.12226 0.12533 0.10726 0.09983 0.11182 0.10814

1992 0.00437 0.02576 0.06255 0.09896 0.12303 0.13797 0.11956 0.12444 0.09671 0.0992 0.10745

1993 0.00402 0.02538 0.05962 0.09248 0.12173 0.13161 0.13408 0.11797 0.1115 0.0955 0.10611

1994 0.00397 0.02338 0.05879 0.08824 0.11387 0.13035 0.12803 0.13244 0.10582 0.11023 0.1049

1995 0.00402 0.02354 0.05531 0.08887 0.11097 0.12453 0.12951 0.12916 0.12133 0.10684 0.10591

1996 0.00466 0.02378 0.05554 0.08335 0.11142 0.12098 0.12334 0.13025 0.11796 0.12212 0.1066

1997 0.00485 0.02797 0.05684 0.0848 0.10588 0.12307 0.12141 0.12568 0.12052 0.12029 0.1087

1998 0.005 0.02879 0.0662 0.08595 0.10668 0.11583 0.12232 0.12253 0.11518 0.12173 0.10979

1999 0.00461 0.02952 0.06777 0.09956 0.10753 0.11607 0.1145 0.12278 0.11168 0.1157 0.11028

2000 0.0031 0.02703 0.06896 0.10112 0.12359 0.11609 0.11384 0.11403 0.11103 0.1113 0.10991

2001 0.00382 0.01822 0.06331 0.10315 0.12585 0.13376 0.11414 0.11365 0.10337 0.11093 0.10981

2002 0.00464 0.02264 0.04308 0.09561 0.12961 0.13751 0.13278 0.11505 0.10403 0.10428 0.11077

2003 0.0054 0.02736 0.05323 0.0647 0.11946 0.14083 0.13574 0.13309 0.10472 0.10435 0.11111

2004 0.00524 0.03169 0.06403 0.07956 0.08046 0.12919 0.13836 0.13542 0.12057 0.10455 0.11093

2005 0.0053 0.03046 0.07336 0.09469 0.09789 0.0861 0.12558 0.13657 0.12138 0.1191 0.10958

2006 0.00478 0.03097 0.07094 0.10915 0.11721 0.10538 0.0842 0.12471 0.12315 0.12062 0.1089

2007 0.00411 0.02789 0.07209 0.10547 0.13502 0.12609 0.10298 0.08355 0.11237 0.1223 0.10814

2008 0.00302 0.02412 0.06528 0.10778 0.13119 0.14605 0.1239 0.10276 0.07571 0.11221 0.10799

2009 0.00237 0.01785 0.05679 0.09821 0.1349 0.14279 0.14441 0.12441 0.09369 0.07607 0.10851

2010 0.00246 0.01379 0.04135 0.08405 0.12092 0.14444 0.13889 0.14264 0.11158 0.09261 0.10726

2011 0.00249 0.01485 0.03313 0.06343 0.10727 0.1342 0.14563 0.1422 0.1326 0.11432 0.10989

2012 0.00314 0.01546 0.03677 0.05241 0.08349 0.12279 0.13956 0.15378 0.13635 0.14013 0.11613

2013 0.00507 0.02002 0.03928 0.05969 0.07077 0.09805 0.13099 0.15118 0.15126 0.14781 0.12589

2014 0.00446 0.02624 0.06149 0.09206 0.11467 0.12421 0.12224 0.12214 0.11083 0.11083 0.11083  
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–  g- : 
 

Estimates of generation-factors gfactor(a,y)

Year\age

3 4 5 6 7 8 9 10 11 12 13

1984 0.90583 0.92917 1.04077 0.92411 1.02835 0.93896 0.86587 0.6351 1.34458 1.0065 1.0065

1985 1.05762 0.90583 0.92917 1.04077 0.92411 1.02835 0.93896 0.86587 0.6351 1.34458 1.0065

1986 1.01534 1.05762 0.90583 0.92917 1.04077 0.92411 1.02835 0.93896 0.86587 0.6351 1.0065

1987 1.15307 1.01534 1.05762 0.90583 0.92917 1.04077 0.92411 1.02835 0.93896 0.86587 1.0065

1988 1.11379 1.15307 1.01534 1.05762 0.90583 0.92917 1.04077 0.92411 1.02835 0.93896 1.0065

1989 1.11593 1.11379 1.15307 1.01534 1.05762 0.90583 0.92917 1.04077 0.92411 1.02835 1.0065

1990 1.05596 1.11593 1.11379 1.15307 1.01534 1.05762 0.90583 0.92917 1.04077 0.92411 1.0065

1991 1.01925 1.05596 1.11593 1.11379 1.15307 1.01534 1.05762 0.90583 0.92917 1.04077 1.0065

1992 1.01677 1.01925 1.05596 1.11593 1.11379 1.15307 1.01534 1.05762 0.90583 0.92917 1.0065

1993 0.94749 1.01677 1.01925 1.05596 1.11593 1.11379 1.15307 1.01534 1.05762 0.90583 1.0065

1994 0.94523 0.94749 1.01677 1.01925 1.05596 1.11593 1.11379 1.15307 1.01534 1.05762 1.0065

1995 0.94855 0.94523 0.94749 1.01677 1.01925 1.05596 1.11593 1.11379 1.15307 1.01534 1.0065

1996 1.09392 0.94855 0.94523 0.94749 1.01677 1.01925 1.05596 1.11593 1.11379 1.15307 1.0065

1997 1.11487 1.09392 0.94855 0.94523 0.94749 1.01677 1.01925 1.05596 1.11593 1.11379 1.0065

1998 1.13824 1.11487 1.09392 0.94855 0.94523 0.94749 1.01677 1.01925 1.05596 1.11593 1.0065

1999 1.04588 1.13824 1.11487 1.09392 0.94855 0.94523 0.94749 1.01677 1.01925 1.05596 1.0065

2000 0.7056 1.04588 1.13824 1.11487 1.09392 0.94855 0.94523 0.94749 1.01677 1.01925 1.0065

2001 0.86902 0.7056 1.04588 1.13824 1.11487 1.09392 0.94855 0.94523 0.94749 1.01677 1.0065

2002 1.04707 0.86902 0.7056 1.04588 1.13824 1.11487 1.09392 0.94855 0.94523 0.94749 1.0065

2003 1.21452 1.04707 0.86902 0.7056 1.04588 1.13824 1.11487 1.09392 0.94855 0.94523 1.0065

2004 1.18174 1.21452 1.04707 0.86902 0.7056 1.04588 1.13824 1.11487 1.09392 0.94855 1.0065

2005 1.20935 1.18174 1.21452 1.04707 0.86902 0.7056 1.04588 1.13824 1.11487 1.09392 1.0065

2006 1.09671 1.20935 1.18174 1.21452 1.04707 0.86902 0.7056 1.04588 1.13824 1.11487 1.0065

2007 0.94953 1.09671 1.20935 1.18174 1.21452 1.04707 0.86902 0.7056 1.04588 1.13824 1.0065

2008 0.69941 0.94953 1.09671 1.20935 1.18174 1.21452 1.04707 0.86902 0.7056 1.04588 1.0065

2009 0.54684 0.69941 0.94953 1.09671 1.20935 1.18174 1.21452 1.04707 0.86902 0.7056 1.0065

2010 0.57447 0.54684 0.69941 0.94953 1.09671 1.20935 1.18174 1.21452 1.04707 0.86902 1.0065

2011 0.56606 0.57447 0.54684 0.69941 0.94953 1.09671 1.20935 1.18174 1.21452 1.04707 1.0065

2012 0.67613 0.56606 0.57447 0.54684 0.69941 0.94953 1.09671 1.20935 1.18174 1.21452 1.0065

2013 1.0065 0.67613 0.56606 0.57447 0.54684 0.69941 0.94953 1.09671 1.20935 1.18174 1.0065

2014 1.0065 1.0065 1.0065 1.0065 1.0065 1.0065 1.0065 1.0065 1.0065 1.0065 1.0065  
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–      ,    

         (    

     ): 

Year Tot.Stock_(in_N)Tot.Stock_(in_W) SSB SSB_at_sp.time

1984 673021 835220.6 259263.9 173467.7

1985 1040637 983305.7 217647.2 150157.3

1986 1739753 1316387 189402 127616.1

1987 1527601 1203036 128732.1 84270.99

1988 1173379 1023004 223236.2 144638.3

1989 868163.1 948729.3 250916.1 180304.8

1990 761200.9 983048.4 330287.6 270055.8

1991 935089.9 1554252 717662.9 583188.3

1992 1442579 1936799 917753.9 689027.2

1993 1844061 2359958 783510.2 573549.5

1994 1872722 2108623 618710.3 420727.2

1995 1556456 1803663 574224.5 397568.2

1996 1266195 1715988 632047.2 433965.9

1997 1265250 1581091 655658.9 382107

1998 1377618 1213272 405448.1 230074.2

1999 1327673 1091006 271582.3 168555.4

2000 1350261 1099961 242765.6 165330.7

2001 1350253 1331216 371640.3 259444.5

2002 1315855 1423116 481936.6 347064.1

2003 1534232 1520947 530835.2 401997.3

2004 1344847 1529278 647817.5 489620.1

2005 1341753 1552835 648603.5 481493.9

2006 1409291 1576833 681310.3 510553.8

2007 2246583 1931364 733314.1 574201.3

2008 2946691 2659789 725791.2 594141.1

2009 3111592 3444909 1095928 902619.8

2010 2696494 3772838 1278246 1043931

2011 2369241 3930680 1844839 1514151

2012 2162419 4048022 2178180 1795867

2013 1981616 4247933 2535816 2073549

2014 1944223 3836464 2523067 2028481  
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–       : 
Abundancein numbers by ages and years

Year\age

3 4 5 6 7 8 9 10 11 12 13

1984 347438.7 129206.4 101008 46133.59 25614.35 12652.03 8678.09 1548.95 339.82 276.41 124.65

1985 577553.4 278166.2 92226.7 58399.87 19956.6 7372.15 3501.76 2598.49 667.01 53.54 141.07

1986 997837.8 456220.5 193997.3 52476.21 26779.72 7175.76 2312.4 1295.72 1142.6 381.08 134.38

1987 287351.1 793523.1 312625.4 100450.8 21609.58 8274.43 2123.14 662.49 385.63 432.15 163.77

1988 207116.8 225468.1 536154.4 159726.7 36089.58 6026.52 1798.49 638.09 130.35 124.96 104.75

1989 177757.4 162685.4 157329.5 293089.2 63749.46 11263.26 1680.01 369.92 145.34 29.27 64.41

1990 225995.7 141682.8 116944.5 93669.27 151819.2 25596.28 4579.72 677.11 106.95 72.02 57.31

1991 389242.7 183185.1 108754 82372.62 59330.23 94056.35 14779.65 2895.37 404.19 51.81 17.86

1992 763033.8 314835.1 140433.3 74866.07 50761.18 32925.79 54933.42 8609.59 1872.23 269.32 39.42

1993 800511.9 610250.6 230439.9 90369.9 40483.63 24487.7 14467.5 27355.74 4325.15 1136.1 233.24

1994 538698.6 645773.5 454217.3 139233.3 46087.47 18360.98 10440.14 5796.25 11809.1 2000.75 304.26

1995 291411.9 433720.4 470765.8 269583.6 62431.04 13898.87 5444.93 3059.19 1564.07 4018.32 557.38

1996 277882.6 234010.3 315085.3 280484.5 126581.8 22783.03 4477.49 1637.81 915.82 428.47 1907.98

1997 491021.1 221481 167622.9 186919.9 137415.4 49648.74 8105.05 1574.02 494.33 323.62 643.94

1998 620640.1 390318.9 149599.4 83793.62 75662.92 43787.15 11325.74 1903.32 297.24 100.68 189.29

1999 446825.9 485914 251878 74303.35 31932.48 23317.25 10446.72 2427.5 430.73 68.1 128.61

2000 488233.8 357685.6 329926 125676.4 28631.27 10795.98 6164.23 2401.8 548.85 143.8 53.33

2001 444944.3 394559.4 258153 181637 54661.8 10011.17 3503.85 1765.87 747.48 190.4 79.2

2002 398433.2 358909.3 294220 153220.2 84281.1 21056.13 3352.37 1363.6 608.58 320.45 90.5

2003 643204 322126.8 266647.8 187125.2 72629.67 32651.61 7511.46 1239.43 617.6 294 185.02

2004 259929.5 518343.7 241519.2 169761.5 105607.2 31552.61 13740.91 3337.79 552.15 342.56 160.15

2005 444044.9 209667.7 380138.9 149674.7 88106.71 51583.87 11657.84 5292.51 1241.04 220.04 124.36

2006 546402.1 356843.8 151551.3 212455.7 70693.54 38384.19 25629.31 4287.46 1947.97 499.78 595.77

2007 1293912 439374 253632.3 91650.6 101723.4 30829.29 18145.13 14280.92 1848.02 869.49 317.41

2008 1282862 1041430 325258.2 157788.5 51449.29 50796.89 15527.53 10668.73 9504.51 1028.09 377.88

2009 856217.9 1043013 806726.9 228784.1 98126.2 29759.83 26085.95 8615.27 6916.72 6782.75 563.67

2010 348028.1 697053.3 820348.3 582731.8 146957.9 59136.59 16902.91 14201.23 5234.24 4689.33 1210.65

2011 381449.3 283321.2 554197.2 614614.4 394867.6 86726.64 32491.47 9428.28 7749.5 2478.97 1916.98

2012 447381.6 310753.1 224293.2 421346.5 433347.2 248271.8 50007.15 16929.63 4347.14 3984.15 1757.95

2013 411949.1 363786.1 245320.2 168592.8 306476.3 290032 152708.3 28865.74 9128.09 2207.18 2550.39

2014 534688.5 333949 284634.4 181332.7 118824.7 205844.6 177230.3 84832.47 15283.29 4806.61 2795.97  
 

–        : 
Residuals in LnC by ages and years

Year\age

3 4 5 6 7 8 9 10 11 12 13 AgeSUM:

1984 -0.00353 -0.09311 -0.5339 0.03086 0.01039 0.12374 0.27292 0.27248 -0.07986 0 0 0

1985 0.69505 0.42825 0.15667 -0.26245 0.17526 -0.12564 -0.15241 -0.47899 -0.43576 0 0 0

1986 0.23442 0.10085 0.36185 0.10246 -0.32478 -0.02749 -0.41211 -0.03711 0.00191 0 0 0

1987 0.52292 0.16972 -0.12501 0.29209 0.08394 -0.41514 -0.36645 -0.00107 -0.16101 0 0 0

1988 0.58774 -0.46321 -0.2718 -0.41708 0.05493 -0.11071 0.0179 0.30605 0.29619 0 0 0

1989 0.38839 -0.06771 -0.30123 -0.26689 -0.07856 0.1078 0.10628 0.45897 -0.34703 0 0 0

1990 -0.12468 -0.11072 -0.22548 -0.12595 -0.18058 -0.00411 -0.21945 0.1358 0.85517 0 0 0

1991 0.33401 0.07033 0.09431 0.18181 0.21231 0.05603 0.01326 -0.40744 -0.55463 0 0 0

1992 0.75796 0.36942 0.01963 0.02827 -0.04358 -0.02926 -0.09555 -0.26256 -0.74432 0 0 0

1993 -0.1025 -0.15281 0.28655 0.14661 -0.14138 -0.16983 -0.02541 0.116 0.04278 0 0 0

1994 -0.38904 -0.13604 -0.16119 0.07532 0.31685 -0.07489 0.02173 0.05818 0.28909 0 0 0

1995 -0.07055 -0.06987 -0.00975 -0.0843 0.03341 -0.05398 -0.0453 -0.02413 0.32447 0 0 0

1996 0.29563 0.16265 0.04805 -0.02223 -0.12719 -0.13888 -0.18232 -0.00826 -0.02745 0 0 0

1997 -0.01496 0.07389 0.28951 -0.04372 -0.19098 -0.16347 -0.14639 0.0614 0.13474 0 0 0

1998 0.6022 0.33998 -0.12978 -0.00129 -0.27513 -0.08023 -0.16961 -0.30792 0.02178 0 0 0

1999 -0.33275 0.06498 0.06864 -0.18734 -0.0997 0.14293 0.37419 0.19402 -0.22497 0 0 0

2000 -0.35686 -0.25948 -0.08136 -0.1775 -0.21424 0.18309 0.4303 0.30426 0.17178 0 0 0

2001 -0.30357 0.19083 -0.05679 -0.17248 -0.19437 -0.02309 0.09679 0.36461 0.09809 0 0 0

2002 -1.03901 0.06155 0.51482 0.25154 0.07114 0.10304 0.11924 -0.06299 -0.01933 0 0 0

2003 -0.41282 -0.28849 0.36197 0.61922 0.29116 -0.03766 -0.11038 -0.05836 -0.36465 0 0 0

2004 -0.83812 -0.42115 -0.07596 0.35563 0.52298 0.22582 -0.07756 0.08553 0.22284 0 0 0

2005 -0.43449 -0.20915 0.06131 0.1473 0.30787 0.1929 0.11778 -0.161 -0.02253 0 0 0

2006 -0.06152 0.20383 -0.10773 -0.03313 0.09588 0.10608 -0.0369 -0.04087 -0.12565 0 0 0

2007 0.58154 0.28813 0.24923 0.01515 -0.06798 0.0759 -0.20498 -0.83972 -0.09728 0 0 0

2008 0.09516 0.03645 -0.03607 0.0382 0.04662 0.33936 0.36531 -0.19308 -0.69194 0 0 0

2009 0.22477 0.08343 -0.04251 0.08165 -0.19723 0.03486 0.21335 -0.04655 -0.35175 0 0 0

2010 -0.01392 -0.2219 -0.28087 -0.30569 -0.01522 -0.05119 -0.03124 0.01544 0.90458 0 0 0

2011 -0.34835 -0.10318 -0.17977 -0.15146 -0.19381 -0.1544 0.15591 0.57773 0.39733 0 0 0

2012 -0.04819 0.07847 0.00242 -0.0964 -0.03962 -0.23923 -0.13095 -0.00522 0.47873 0 0 0

2013 -0.42498 -0.12593 0.10425 -0.01819 0.1616 0.20764 0.10206 -0.0152 0.00874 0 0 0

2014 0 0 0 0 0 0 0 0 0 0 0 0

YearSum:

0 0 0 0 0 0 0 0.00001 0.00005 0 0  
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–     : 
Index 1 Residuals for aged index: LnN(a,y)cohort-LnN(a,y)index+Lnq(a)

Year\age

3 4 5 6 7 8 9 10 11 12 13 AgeSUM

1984 0 0 0 0 0 0 0 0 0 0 0 0

1985 0 0 0 0 0 0 0 0 0 0 0 0

1986 0 0 0 0 0 0 0 0 0 0 0 0

1987 0 0 0 0 0 0 0 0 0 0 0 0

1988 0 0 0 0 0 0 0 0 0 0 0 0

1989 0 0 0 0 0 0 0 0 0 0 0 0

1990 0 0 0 0 0 0 0 0 0 0 0 0

1991 0 0 0 0 0 0 0 0 0 0 0 0

1992 0 0 0 0 0 0 0 0 0 0 0 0

1993 0 0 0 0 0 0 0 0 0 0 0 0

1994 0 0 0 0 0 0 0 0 0 0 0 0

1995 0 0 0 0 0 0 0 0 0 0 0 0

1996 0 0 0 0 0 0 0 0 0 0 0 0

1997 0 0 0 0 0 0 0 0 0 0 0 0

1998 0 0 0 0 0 0 0 0 0 0 0 0

1999 0 0 0 0 0 0 0 0 0 0 0 0

2000 0 0 0 0 0 0 0 0 0 0 0 0

2001 0 0 0 0 0 0 0 0 0 0 0 0

2002 0 0 0 0 0 0 0 0 0 0 0 0

2003 0 0 0 0 0 0 0 0 0 0 0 0

2004 -0.38118 -0.72192 -0.50333 -0.38899 -0.29624 -0.31925 0.15272 0 0 0 0 -2.4582

2005 -0.23136 0.3825 0.281 0.51616 0.43645 0.95754 0.48988 0 0 0 0 2.83218

2006 0.12641 -0.4139 -0.05837 0.00272 0.16476 0.30089 0.77011 0 0 0 0 0.89263

2007 -0.16118 0.07057 0.15913 0.27498 0.21376 0.42386 0.63627 0 0 0 0 1.6174

2008 -0.26972 -0.14694 -0.02074 0.13703 0.32928 -0.18812 -0.03066 0 0 0 0 -0.18987

2009 0.49768 0.40577 0.1174 -0.16638 0.10783 -0.29083 -0.29464 0 0 0 0 0.37683

2010 0.86797 0.47148 -0.15833 -0.61128 -1.01503 -0.71779 -1.04228 0 0 0 0 -2.20525

2011 0.18293 0.12437 -0.04338 -0.20184 -0.20374 -0.12402 -0.14502 0 0 0 0 -0.4107

2012 -0.27603 -0.15253 0.27571 0.12204 -0.01641 0.00171 -0.11927 0 0 0 0 -0.16478

2013 -0.44281 -0.22361 -0.23136 0.05756 -0.03849 -0.32089 -0.49612 0 0 0 0 -1.69572

2014 0.08728 0.20422 0.18227 0.258 0.31783 0.27689 0.079 0 0 0 0 1.40548

YearSum

0 0 0 0 0 0 0 0 0 0 0

-------------------------------------------------------------

Index 2 Residuals for aged index: LnN(a,y)cohort-LnN(a,y)index+Lnq(a)

Year\age

3 4 5 6 7 8 9 10 11 12 13 AgeSUM

1984 -0.35914 0.24444 0.68748 0.14582 1.64656 1.22423 0 0 0 0 0 3.58938

1985 -0.00712 -0.22221 0.3641 1.11201 1.05141 0 0 0 0 0 0 2.29818

1986 -0.44607 0.44925 0.29995 0.68447 1.13426 0 0 0 0 0 0 2.12187

1987 -0.12943 -0.17861 0.66161 0.41429 0.4274 0 0 0 0 0 0 1.19527

1988 -0.39796 0.16998 -0.19115 0.46504 0.51071 0.80277 0 0 0 0 0 1.35939

1989 0.24567 -0.074 0.1234 0.14431 0.83915 0.18147 0 0 0 0 0 1.46001

1990 0.54122 0.14311 -0.10347 -0.07542 0.00701 0.98196 0 0 0 0 0 1.4944

1991 0.54283 0.76053 0.29568 0.18195 -0.03343 0.7768 0 0 0 0 0 2.52435

1992 0.31268 -0.16254 0.28614 0.20869 -0.14516 -0.29761 0 0 0 0 0 0.20219

1993 -0.41794 -0.16724 -0.49046 -0.10402 0.10463 -0.23009 0 0 0 0 0 -1.30513

1994 -0.56279 -0.68025 -0.15881 -0.46173 -0.65763 -0.15614 0 0 0 0 0 -2.67734

1995 -0.44382 -0.46178 -0.47333 0.05222 0.06354 0.3026 0 0 0 0 0 -0.96057

1996 0.08714 -0.43968 -0.19046 -0.06138 0.26545 0.12862 0 0 0 0 0 -0.21029

1997 -0.38338 0.11277 -0.36475 -0.15724 -0.15852 0.54733 0 0 0 0 0 -0.4038

1998 -0.12965 0.13455 0.32939 -0.03202 -0.18649 0.15437 0 0 0 0 0 0.27015

1999 -0.15159 -0.18328 0.08698 0.38847 -0.19262 -0.7434 0 0 0 0 0 -0.79544

2000 -0.38057 -0.15043 0.14074 0.26366 0.40249 -0.19791 0 0 0 0 0 0.07798

2001 -0.17202 -0.32134 -0.15345 0.14696 0.31743 0.26612 0 0 0 0 0 0.0837

2002 -0.23691 -0.22864 -0.50734 -0.37874 -0.1307 -0.24677 0 0 0 0 0 -1.7291

2003 -0.04859 0.15738 -0.17288 -0.46655 -0.73094 -0.08077 0 0 0 0 0 -1.34234

2004 0.07028 0.07878 0.36275 -0.03753 0.21999 -0.0077 0 0 0 0 0 0.68658

2005 0.01543 0.38024 0.12503 0.22576 -0.10524 0.62641 0 0 0 0 0 1.26762

2006 0.49166 0.08414 0.39397 0.10312 -0.18039 0.06208 0 0 0 0 0 0.95457

2007 -0.01766 -0.03996 -0.28582 -0.29156 -0.22583 -0.18678 0 0 0 0 0 -1.0476

2008 0.40511 0.12086 -0.09906 -0.06921 -0.55157 -0.65713 0 0 0 0 0 -0.851

2009 0.72161 0.32266 -0.04282 -0.38707 -0.38263 -0.65487 0 0 0 0 0 -0.42313

2010 0.50301 0.20926 0.02186 -0.23346 -0.37507 -0.08466 0 0 0 0 0 0.04093

2011 0.36155 0.30636 0.10877 -0.42413 -0.45437 -0.34416 0 0 0 0 0 -0.44597

2012 0.04357 0.01652 0.09007 -0.07429 -0.73099 -0.46458 0 0 0 0 0 -1.1197

2013 0.23328 0.14736 -0.15134 -0.22861 -0.5117 -0.58777 0 0 0 0 0 -1.09878

2014 -0.29039 -0.52822 -0.99276 -1.05381 -1.23676 -1.11443 0 0 0 0 0 -5.21637

YearSum

0 0 0 0 0 0 0 0 0 0 0  
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Index 3 Residuals for aged index: LnN(a,y)cohort-LnN(a,y)index+Lnq(a)

Year\age

3 4 5 6 7 8 9 10 11 12 13 AgeSUM

1984 -0.72472 0.10917 0.19433 -0.6414 0.07514 0.18088 -0.14517 0 0 0 0 -0.95177

1985 -0.18694 -0.39759 0.22935 0.48516 -0.05202 1.52293 0 0 0 0 0 1.60089

1986 -0.04849 0.41731 0.39714 1.81367 0.57445 0.50646 0 0 0 0 0 3.66054

1987 0.44044 0.80898 1.49328 1.08145 2.17017 0 1.46598 0 0 0 0 7.46029

1988 0.14454 0.62845 0.30619 0.71054 0.47415 0.71493 -0.09806 0 0 0 0 2.88073

1989 0.52401 0.09364 0.05657 0.01835 0.55323 1.2976 0.00415 0 0 0 0 2.54754

1990 0.266 -0.09844 -0.35883 -0.40424 -0.13147 0.68439 1.91863 0 0 0 0 1.87605

1991 0.1626 0.46122 0.13277 -0.35069 -0.57762 -1.11995 -0.08636 0 0 0 0 -1.37802

1992 -0.24663 -0.71768 -0.32056 -0.43292 -0.77908 -1.30899 -1.20825 0 0 0 0 -5.01411

1993 -0.93224 -0.66675 -0.86074 -0.215 -0.26449 -0.47921 -0.32826 0 0 0 0 -3.74669

1994 -0.39912 -0.62397 -0.26329 -0.13874 -0.03182 -0.3163 -0.71582 0 0 0 0 -2.48905

1995 -0.19989 -0.119 -0.09871 0.20506 0.48839 0.81259 0.74764 0 0 0 0 1.83609

1996 0.05171 -0.20194 0.23174 0.14399 0.21744 0.75639 0.55775 0 0 0 0 1.75708

1997 -0.63939 -0.14752 -0.43097 -0.03188 0.01839 0.47968 0.53226 0 0 0 0 -0.21943

1998 0.20742 0.27076 0.62321 0.19639 -0.25383 -0.36092 0.48982 0 0 0 0 1.17285

1999 -0.58517 -0.59038 -0.31881 0.06238 -0.19905 -0.68814 -1.29312 0 0 0 0 -3.61229

2000 -0.56621 -0.23906 -0.06472 0.23655 0.85428 0.63053 -0.44056 0 0 0 0 0.41081

2001 -0.23589 -0.38223 -0.39511 0.09322 0.17355 0.40142 0.19787 0 0 0 0 -0.14717

2002 -0.36025 -0.70614 -1.07145 -0.86288 -0.36352 -0.06018 0.08032 0 0 0 0 -3.3441

2003 0.3225 0.60085 0.01821 -0.23303 -0.57094 -0.2033 -0.28154 0 0 0 0 -0.34723

2004 0.43267 0.36315 0.3717 -0.29001 0.11111 -0.4057 0.39369 0 0 0 0 0.97661

2005 0.40136 0.87302 0.46217 0.49335 -0.0249 0.30972 -0.24663 0 0 0 0 2.2681

2006 1.07183 0.65577 0.72365 0.00858 0.00278 0.15656 0.64204 0 0 0 0 3.2612

2007 -0.18049 -0.58832 -0.55423 -0.15684 -0.3126 0.27011 0.59984 0 0 0 0 -0.92253

2008 0.36459 0.33254 0.2697 -0.01254 0.00954 -0.8044 -0.02489 0 0 0 0 0.13455

2009 0.34144 0.12245 -0.16867 -0.18695 -0.29849 -0.28746 -0.35238 0 0 0 0 -0.83006

2010 0.87424 0.49206 0.09578 -0.5508 -0.50532 -0.32004 -0.33024 0 0 0 0 -0.24432

2011 0.37345 0.3579 0.36169 -0.24395 -0.29173 -0.18646 -0.3675 0 0 0 0 0.00341

2012 0.05254 -0.17762 -0.195 0.03153 -0.54146 -0.80798 -0.42562 0 0 0 0 -2.06361

2013 -0.35733 -0.281 -0.29195 -0.10306 -0.39926 -0.732 -0.94058 0 0 0 0 -3.10518

2014 -0.36857 -0.64963 -0.57445 -0.72531 -0.12502 -0.64317 -0.34502 0 0 0 0 -3.43116

YearSum

0 0 0 0 0 0 0 0 0 0 0

-------------------------------------------------------------

Index 4 Residuals for aged index: LnN(a,y)cohort-LnN(a,y)index+Lnq(a)

Year\age

3 4 5 6 7 8 9 10 11 12 13 AgeSUM

1984 -0.46919 -0.53746 -0.03257 -0.48516 -0.22302 -0.21191 -0.7591 0 0 0 0 -2.71841

1985 0.0165 -0.65605 -1.06209 -0.0932 -0.48169 0.28699 1.05046 0 0 0 0 -0.93908

1986 0.26601 -0.11209 -0.82384 -0.74541 -0.02382 -0.00893 2.06485 0 0 0 0 0.61678

1987 0.0708 -0.27651 0.31074 -0.80445 -0.70387 0.00766 -0.55854 0 0 0 0 -1.95417

1988 -0.83474 -0.263 -0.22322 0.43207 -0.37851 -0.24941 -1.38861 0 0 0 0 -2.90543

1989 -0.26171 -0.6372 -0.38812 0.21829 -0.97622 -1.33471 -2.42138 0 0 0 0 -5.80105

1990 1.07526 -0.0202 -0.04527 -0.40051 -0.01281 -0.94006 -1.2243 0 0 0 0 -1.5679

1991 -0.24932 0.2361 -0.00043 -0.09218 -0.32742 0.25453 0.28423 0 0 0 0 0.10552

1992 0.87485 1.16941 1.00078 0.4766 0.60814 0.42661 2.85854 0 0 0 0 7.41493

1993 0.07355 0.56998 0.34102 0.14815 -0.11238 0.87455 3.43104 0 0 0 0 5.32591

1994 -0.15924 0.46598 0.68561 0.63958 0.14263 0.82945 0.83521 0 0 0 0 3.43921

1995 0.06069 0.26739 0.38149 0.53905 0.37961 0.06802 0.38385 0 0 0 0 2.0801

1996 -0.21659 -0.07143 0.2631 0.68404 0.93053 0.241 0.4171 0 0 0 0 2.24777

1997 -0.25061 -0.23889 -0.09778 0.37454 0.91786 0.89428 0.20679 0 0 0 0 1.80618

1998 -0.45548 -0.24226 -0.31376 -0.26011 0.66274 0.56971 0.11556 0 0 0 0 0.07638

1999 -0.5031 -0.35618 -0.07735 0.19282 0.46516 -0.00382 -1.35153 0 0 0 0 -1.63401

2000 -0.55463 -0.10761 -0.27307 -0.14773 0.53842 0.0351 -0.58994 0 0 0 0 -1.09945

2001 -0.24209 -0.19656 -0.13525 -0.05248 0.25269 0.25067 0.3626 0 0 0 0 0.23959

2002 -0.12471 -0.23328 -0.16214 -0.21694 -0.16158 -0.35023 -0.48319 0 0 0 0 -1.73206

2003 0.10865 0.01394 -0.00315 -0.1994 -0.20824 0.06561 0.31498 0 0 0 0 0.0924

2004 0.5375 0.08058 0.22073 -0.25687 -0.15327 -0.44305 -0.05418 0 0 0 0 -0.06855

2005 -0.38594 0.06829 -0.17969 -0.01106 -0.14442 0.56626 -0.35155 0 0 0 0 -0.43811

2006 0.23689 -0.3817 -0.13575 -0.45534 -0.33022 -0.0844 0.31033 0 0 0 0 -0.84019

2007 0.07166 -0.13897 -0.55152 -0.41429 -0.60401 -0.70844 -0.29414 0 0 0 0 -2.6397

2008 0.23388 0.13139 0.00337 -0.33522 -0.57925 -0.72777 -0.89294 0 0 0 0 -2.16654

2009 0.64663 0.43325 0.12234 -0.25423 -0.1983 -0.73128 -0.70414 0 0 0 0 -0.68573

2010 0.33126 0.5591 0.18648 0.47928 -0.05964 -0.02505 -1.12533 0 0 0 0 0.34611

2011 -0.06073 0.65655 0.74239 0.42199 0.19295 0.00215 -0.57551 0 0 0 0 1.37978

2012 0.1754 -0.04174 0.35567 0.43421 0.29996 0.40122 0.04264 0 0 0 0 1.66737

2013 0.17898 0.05936 0.08646 0.36121 0.2921 -0.03712 -0.08212 0 0 0 0 0.85887

2014 -0.19043 -0.20018 -0.19517 -0.17727 -0.00411 0.08236 0.1783 0 0 0 0 -0.5065

YearSum

0 0 0 0 0 0 0 0 0 0 0  
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–      : 
Recalculated F as F=-ln(1-f(y)s(a,y)

Year\age

3 4 5 6 7 8 9 10 11 12 13

1984 0.02241 0.14351 0.43227 0.6284 1.04044 1.02062 0.86855 0.55411 1.69957 0.9461 0.9461

1985 0.02381 0.12613 0.33531 0.64961 0.75159 1.01312 0.84932 0.74938 0.43227 1.35884 0.8124

1986 0.02571 0.16899 0.37412 0.65262 1.1049 1.03059 1.21861 1.02903 0.7716 0.50155 0.98099

1987 0.03161 0.17572 0.49991 0.70214 1.03444 1.52357 1.14994 1.42647 0.993 0.86876 1.12336

1988 0.02957 0.19529 0.4559 0.84625 0.93942 1.12959 1.37062 1.08447 1.10369 0.94228 1.06176

1989 0.02167 0.13451 0.36438 0.51514 0.73887 0.66283 0.67174 0.793 0.5818 0.67505 0.65477

1990 0.01064 0.06806 0.16714 0.27255 0.30336 0.34991 0.28614 0.29445 0.30007 0.26159 0.28861

1991 0.01014 0.06345 0.1652 0.25819 0.34734 0.32835 0.33814 0.28175 0.25946 0.29569 0.28442

1992 0.01493 0.09143 0.23847 0.409 0.54014 0.63112 0.52011 0.54837 0.39756 0.41022 0.45334

1993 0.01556 0.10253 0.26 0.43869 0.6301 0.70398 0.72335 0.60337 0.55895 0.45687 0.52339

1994 0.01997 0.12393 0.34695 0.57978 0.83881 1.04969 1.01715 1.07994 0.75002 0.79766 0.74034

1995 0.02006 0.12372 0.31938 0.57849 0.79513 0.95584 1.02196 1.0172 0.91552 0.75091 0.74121

1996 0.02291 0.12276 0.31446 0.51907 0.77928 0.88609 0.9143 1.00171 0.85106 0.89955 0.72948

1997 0.02974 0.18527 0.42114 0.71903 1.02235 1.3635 1.32491 1.42725 1.30489 1.29975 1.07099

1998 0.03159 0.19737 0.53089 0.7652 1.08996 1.27557 1.43174 1.4371 1.26117 1.41626 1.1492

1999 0.02622 0.18108 0.47842 0.81776 0.92462 1.05335 1.02833 1.16745 0.985 1.04732 0.96422

2000 0.01532 0.14219 0.41263 0.68476 0.93129 0.84201 0.81674 0.81881 0.78603 0.78895 0.77403

2001 0.01712 0.08452 0.33068 0.61393 0.82037 0.90365 0.70855 0.70417 0.61574 0.67998 0.67019

2002 0.01858 0.09415 0.18753 0.47718 0.7224 0.78918 0.74865 0.60994 0.53251 0.5342 0.57916

2003 0.01904 0.1005 0.20578 0.25631 0.54034 0.67751 0.6431 0.62561 0.45557 0.45355 0.49146

2004 0.02076 0.1326 0.28892 0.37368 0.37885 0.70588 0.78147 0.75657 0.63964 0.52717 0.5705

2005 0.0226 0.13747 0.37017 0.50971 0.53244 0.45113 0.75422 0.85791 0.71718 0.69766 0.62011

2006 0.01856 0.12697 0.31896 0.54511 0.60013 0.52035 0.39179 0.65415 0.64267 0.62433 0.54342

2007 0.01224 0.08624 0.24021 0.37456 0.51071 0.46758 0.3639 0.28434 0.40475 0.44981 0.38614

2008 0.00665 0.05436 0.15457 0.26977 0.33938 0.38623 0.3172 0.25544 0.18162 0.28259 0.27037

2009 0.00503 0.03847 0.12791 0.23273 0.33574 0.35935 0.36428 0.30518 0.22073 0.17533 0.26058

2010 0.00574 0.03258 0.10102 0.21728 0.32985 0.40888 0.38967 0.4026 0.30011 0.24229 0.28664

2011 0.00584 0.03536 0.08068 0.16066 0.28899 0.37689 0.41665 0.40453 0.37146 0.31128 0.29723

2012 0.00701 0.035 0.08536 0.12399 0.20552 0.3191 0.37182 0.41878 0.3615 0.37366 0.29892

2013 0.01198 0.04821 0.0969 0.1512 0.18198 0.26202 0.3681 0.43915 0.43946 0.42694 0.35093

2014 0.01088 0.06574 0.16149 0.25266 0.32588 0.35846 0.35162 0.35129 0.31305 0.31305 0.31305  
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I.2.1.   

 « »      
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 ,       

,  «CAGEAN» [Deriso et al, 1985], «ICA» [Patterson, 1994]  . 

[Quinn, Deriso, 1999]. 

    : 
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3.     
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4.     
jM   . 
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: 

–       
jiF ,
  

 ; 

–    
jiN ,
; 

–          

; 

–    q; 

–    « - »; 

–     « - » 

[Bertalanffy, 1938]    ; 

–         

       

 ; 

–     . 

     «Synthesis»   

  [ , 1918]: 

)))(exp(1()exp( ,

,

,,

, jjij

jji

jiji

ji MFM
MF

NF
C 


  ,     (I.2.1.1) 

: i –  , j –  , 
jiC ,
 – , 

jiF ,
 –  

    j-     i-   

, 
jM  

–      j-  

 , 
jiN ,
 –  ,   

 : 

))(exp( ,1,1, jjijiji MFNN    ,          (I.2.1.2) 

 α –          (  
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    : 

1)    .  

  
jiF ,
 j-     i-     

       

10,  jj ss          

      if  [Pope, 

Shepherd, 1982]:  

jiji sfF ,
. 

        

      , 

  « » .  

2)     jiC ,
ˆ      

  (I.2.1.1)   ,   

 [Doubleday, 1976]: 

),0(~,)ln()ˆln( ,,, C

C
ji

C

jiji NeeCC  . 

3)      jiE ,
ˆ    

  :  

ii fqE
1 , 

 q (  0≤q≤1) –  ,   , 

   [Fournier, Archibald, 1982]: 

),0(~,)ln()ˆln( E

E
i

E

ii NeeEE  . 

4) ,      

        

[Fournier, Archibald, 1982]: 
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),0(~,))(ln()ln( , R

R
i

R

aiai NeeSSBFN   , 

 a -  , 
aiN ,
 -  , aiSSB   -  

,  

)exp()( bxaxxF   –     [ , 1979]  

 bx

ax
xF




1
)(  –    -  [ , , 1969]. 

5)      ,  

,     , , 

 , ,      

       . 

,     l-    i
lÎ  

  :  

ji

j

l

jli
l

NpqI ,       (I.2.1.3) 

     : 

),0(~,)ln()ˆln( Il

IlIl

ii
l

i
l

NeeII  . 

  (I.2.1.3) lq  –  , l

jp  – 

 ,    : 

l

jp =
jiw ,ˆ ,  i

lÎ –   , 

l

jp =
js jiw ,ˆ ,  i

lÎ  –    , 

l

jp =
jip ,ˆ jiw ,ˆ ,  i

lÎ  –    . 

6) ,       

 jiI ,
ˆ    : 

jijaji NsqI ,,           (I.2.1.4) 
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     : 

),0(~,)ln()ˆln( ,,, a

aa

jijiji NeeII  . 

  (I.2.1.4) aq  –  , js  – 

   ,   

 :  

   j
s j 


exp1

1
, 

 α,  –  . 

       

    ,     

  .     

   : 

max 
l

aI
l

REC ZZZZZZ ,                         (I.2.1.5) 
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 , E, R, Il, a  –   (   

 )    : 

min  aa

l

I
l

I
l

RREEC ZZZZZZ  ,  (I.2.1.6) 

: 

2

,, ))ln()ˆ(ln( 
i

jijiC CCZ , 

 2, )ln()ln()ˆln( 
i

ijiE fqEZ , 

 2, ))(ln()ln( 
i

aiaiR SSBFNZ , 

 2)ln()ˆln( 
i

i
l

i
l

I
l

IIZ , 

 
i

jijia IIZ
2

,, ))ln()ˆ(ln(  

  –  ,     

.      

 ,         1, 

 : 

2

2

2

2

2

2

2

2

)(
,,,

I
l
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I

l

a

C

a
R

C

R
E
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  . 

 A –       , a – 

 , Y –  ,    , 

G –   , L –    . 

  :  

–    – A ; 

–   – Y-1 ; 
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–      

   – Y ; 

–   – 


G

g

gS
1

, Sg   

« »  A       ; 

– 2   « - »; 

– 1   q; 

–   – L ; 

– 2     . 

 A+2Y+


G

g

gS
1

+L+4  .    

   ,   

    , E, R, Il , a  - . .  4+L . 

   (I.2.1.5–I.2.1.6)    

   : - ,  

,   -  [ , , 1982].  

       

     [Holland, 1975; 

  ., 2006].  

 

  

       

  ,     -    

        

  .     

MSC       
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     [ , 

2000].  

         

   (I.2.1.1–I.2.1.3)   

 .  ,   : 

)ln()ˆln( ,,, jijiji
C

CCe  , 

)ln()ˆln( iii
E

EEe  , 

)ln()ˆln( i
l

i
lIl

i IIe  , 

-    .   

   N.   k-     

       ji
C

e , , i
E

e , Il

ie   

  : 

)exp(ˆ ,,, ji
C

jiji eCC  , 

)exp(ˆ i
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iij eqfE  , 

)exp(ˆ Il
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l

i
l

eII  . 

     « »   

 k-     .   N 

     : 

 ,       

   .  

  -      

   95%    

,    ,  



67 
 

       

 ,       . 

 

     

    1-2      

    ,    

.      

 « » .      

        

.       

      . 

        

   5-10    . 

  ,      

        

[ , 2000],     ( ) ( . 

I.2.1.1),    –      

        

.          

       

 . 

         

    ,      

 . 
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. I.2.1.1.     

 
    : 

I – Freci = 0,  Bi< Blim 

II – Freci =(Ftr-F0)(Bi–Blim)/(Btr-Blim)+F0,  Blim<Bi< Btr 

III  Freci =Ftr=const,  Bi > Btr,  

 Freci  –       

, 1/ ; 

Bi –   (  )   (  ) 

   , . ; 

Blim –     (  )   

(  ) , . ; 

Ftr –     , / ;  

F0 –       

 , 1/ ; 

Btr –     (  )   (  

) , . . 
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       , 

 , Bloss  B25%Bvir   .  , 

     Blim   

,        

  .       

   Flim    : Flim 

  [Caddy, 1998], Fmax, Fmsy, F30%, F35%, Floss.    

  Ftr      

 : F0,1, Fmsy, F40%, Fmed.   

       

[Sissenwine, Shepherd, 1987]      [Thompson, Bell, 

1934].       Btr  

 Ftr     (  ).  F0 

     -   

    . 

      (Btr), 

  (Ftr),       

 (Flim)    (Blim)    

 [Quinn and Deriso, 1999]. 

      

 .     

   5 .  

       

   2  .      

,       

    . 

       : 
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T

tj irecjj

irecjj

jijjreci

c

i FsM

FsM
NwsF

)](exp[1
, ( .,  [ , 2000]),  

: 

sj –   ,  

wj –  ,  

Mj –    ,  

Ni,j –  j-   ,  

Freci –      i-   

. 

      , 

     ( , 

   , -   

 .),       , 

      .  

 

      

       

      - .  

        

   .  -  [Metropolis, 

Ulam, 1949]    (>100)    

      , ,  

 ,       

 .       

   ,     

   ,      

 «Synthesis».      « »  

      « -

»   ,      
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  .    

     : 

)exp( 11,11,1,   jjijiji MFNN , 

    (F)  

  .     

« »      

,       «Synthesis».  

       

  ,     

    .    

  .   

       

 ,     (10  )  

         Blim 

    .     

     - . 

      10     

 Ftr        

[ , 2000]  α = 0,1–0,2,      

 .       

    . 

         

        (10 

)         

   .    

   95%-        

       Btr,    
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    ,   

    . 

       2 ,  

      

    2  .     -

       ,   

     : P(SSBi+1<Blim| i-1, i)  

P(Fi>Flim| i-1, i).     α=0,1 [ , 2000],  

    .  

 

I.2.2.   

     « »   « », 

« »   .      

  ,      

    ,       

  .       

 .    ,   

   «Microsoft Excel».  

     –      

    .      

. 

         

,            («0» - 

  q  , «1» –    

   ).  ,     

: «N» – , «SSN» –  , « » – , 

«SSB» –  . 
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  «Windows»       

    (  «.»). 

         « ». 

        . 

 ,   ,    « »  

    : 

 «Synthesis (GD)»       

 ; 

 «Synthesis (Levenberg-Marquardt)»    

    – ; 

 «Synthesis (LM,Quick)»      

  –  (  ); 

 «Synthesis Conjugate gradients»      

   - . 

        ,  

    : 

    ; 

   ; 

 ,     

  ,   ; 

 ,    -    

; 

   ; 
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 ,     

        

. 

   ,      

   « »  .   

   : 

   ; 

     ;   

     ; 

   ω ( ., ); 

     ; 

      . 

        

 . 

      

   . 

      ,  

    «xls» . 

        

«List_Of_Parameters». 

  C       

  «St^Errors».        

    «List_Of_Parameters». 

         

        «YPR...». 
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  «History _ of _ Genet ic _ Algorithm .log». 

 

I.2.3.    

  « » [   ., 2014]   

   2007 .      

   (  4   ).  

      

        

    (  2012, 2015 .).  2016 . 

        , 

  .  2012–2013 .   

  MSC       

 .  2014–2016 .   ,   2017 . – 

. 

 
      « » 

  -   
 

      : 

–  (  .) -     (1-9 )  

 (1987-2017 .) (  61.05.2  61.05.4).    

  -  ,   

    2009-2017 . 
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 I.2.3.1.        ( . .) 

Catch at age (in numbers): 

1 2 3 4 5 6 7 8 9 Total Catch 

1987 0 0,016 1,428 3,282 3,561 1,329 0,837 0,131 0,066 10,65 

1988 0,36 1,849 5,066 4,706 1,921 1,633 0,696 0,312 0,24 16,783 

1989 0 0 0,599 4,193 3,594 4,792 1,797 0,1 0,1 15,175 

1990 0 4,812 3,122 3,761 2,695 0,548 0,289 0,1 0,1 15,427 

1991 0 31,775 16,516 6,552 1,975 1,077 0,449 0,1 0,1 58,544 

1992 0 42,085 34,837 8,651 3,975 2,572 1,169 0,1 0,1 93,489 

1993 0 2,265 65,307 22,839 15,666 4,719 1,699 0,566 0,189 113,25 

1994 0,031 0,314 1,286 3,888 1,662 1,192 0,69 0,282 0,031 9,376 

1995 0 14,083 28,917 10,515 6,76 2,441 0,563 0,563 0,1 63,942 

1996 0,603 7,348 14,623 3,922 3,9 1,259 1,357 0,974 0,164 34,15 

1997 1,82 10,753 20,679 3,309 6,286 1,82 3,64 2,481 0,496 51,284 

1998 0 0 7,063 19,171 11,099 3,027 3,027 3,027 0,1 46,514 

1999 10,346 8,677 11,013 19,022 14,35 16,353 7,008 2,67 2,002 91,441 

2000 0,211 10,077 7,082 6,659 4,087 2,783 2,995 0,634 0,423 34,951 

2001 10,396 26,933 38,832 2,463 3,002 0,583 1,158 1,063 0,107 84,537 

2002 0 3,025 7,83 11,034 8,364 2,313 1,424 0,89 0,356 35,236 

2003 0 1,064 3,193 6,209 4,967 1,33 0,532 0,443 0 17,738 

2004 1,64 9,701 12,412 3,08 3,168 1,568 0,719 0,229 0,147 32,664 

2005 0,077 1,684 1,914 3,215 2,373 1,378 0,766 0,306 0 11,713 

2006 0 0,99 0,594 1,981 2,377 2,179 1,386 0,396 0 9,903 

2007 0 1,69 3,019 2,536 2,656 2,415 2,536 1,811 1,449 18,112 

2008 0 6,268 6,77 4,764 2,507 2,006 2,006 0,752 0 25,073 

2009 2,226 16,166 17,391 14,534 8,892 3,205 0,256 0,174 0,625 63,469 

2010 1,489 10,824 11,625 9,735 5,956 2,52 0,172 0,115 0,057 42,493 

2011 0,678 3,657 12,209 7,638 8,11 2,743 0,649 0,413 0,265 36,362 

2012 0,562 7,541 10,22 9,128 8,566 6,119 1,819 0,463 0,066 44,484 

2013 0 0,974 15,255 5,518 8,601 6,492 3,733 1,461 0 42,034 

2014 0 0,342 3,305 8,66 8,205 4,33 2,849 2,165 1,14 30,996 

2015 10,156 7,01 12,971 3,533 10,211 6,182 3,201 1,766 0,166 55,196 

2016 0,048 2,19 10,278 16,392 10,061 4,742 1,998 0,698 0,409 46,816 

2017 0 26,288 17,174 14,54 13,629 4,63 2,127 1,447 0,333 80,168 
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–       ( . I.2.3.1) 

0
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0
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1 2 3 4 5 6 7 8 9 10
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%

0
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1

1 2 3 4 5 6 7 8 9 10

, 
1

/

,  
 

. I.2.3.1.      
 

–       , 

      ,   

-  ( . . I.2.3.1.);  

–     

 ( )   ( . . I.2.3.1),    -

; 

–  ; 

–         1987–2017 .  

    ; 

–         . 

          

   ( )    

  ( ).  
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 I.2.3.2.         1987–
2017 .      (    

) 
 

      

1987 13,928 2003  

1988 19,124 2004  

1989 31,038 2005 55,6 

1990 51,452 2006  

1991 61,054 2007 169,972 

1992 84,258 2008 129,8 

1993 84,328 2009 60 

1994 48,071 2010 37,8 

1995 62,016 2011 70,015 

1996 74,284 2012 92 

1997 83,95 2013 186 

1998 83,007 2014 168,062 

1999 69,473 2015 217,8 

2000 49,314 2016 191,1 

2001 38,571 2017 156,586 

2002 20,567   

 

 I.2.3.3.        
 ,    (      2004-2017 .)

  

 
   

  
 

   
  

1987  2003  

1988  2004  

1989  2005  

1990  2006  

1991  2007  

1992  2008  

1993  2009  

1994  2010 4 

1995  2011 4,9 

1996  2012 4,9 

1997  2013 4,7 

1998  2014 2,9 

1999  2015 4,1 

2000  2016 4,2 

2001  2017 3,8 

2002    

 

      

  I  (  1   
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  06.02.2015 . № 104).     

       « ». 

       

 « ».   «Survey»    (   

«B»)     Δ=0,5, . .  

 q   1,     «1»; 

      (    

«FSB»)  Δ=0,5, . .   q  , 

    «0».    

 1, . . ,      

     . 

   «Methods»   ,  , 

«Synthesis, L-M quick».       

     – «  ». 

   .    1    

 – 0,    1     - 1, . .  

  . ,  ,    

 –     « - » -  

  . 

     

,     ,     

 : 

  a
sa 


exp1

1
, 

 α,  – ,   .   

 - 1. 

  ,    . 

    (N=100) -   

  ,      

   . 
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   « »      

  (1),     (0),  Ω 

  (1,0)   (  ) – 0,0001.  

    -  

   ,   

        

  «Bootstrap…».  

    . I.2.3.2 – I.2.3.7   . I.2.3.1.  

     ( . I.2.3.7) 

    

Nα×100%=N×EXP(-tα× ), N (1-α)*100% = N×EXP(tα× ), 

: α –  , tα –   

,  –       

    - . 
 

 
 

. I.2.3.2.     
-   
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. I.2.3.3.        (1)   -

         (2) 
 

 
. I.2.3.4.      -    

 

 
. I.2.3.5.   -     -
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. I.2.3.6.      -  

 

 . I.2.3.4        

,      .     

 -   ,    

  . 

        

  ( . I.2.3.8-I.2.3.9).   –  

         

.  

 
 

. I.2.3.7.  -      
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. I.2.3.8.     R(1)  
-   

 
 

 
 

. I.2.3.9.       
-   
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 I.2.3.4.    «Synthesis»     
 

                    
ln(N[1987,1]) 4.511 0.276 ln(N[2004,1]) 4.568 0.250 ln(F[1996]) -1.526 0.276 
ln(N[1987,2]) 3.430 0.279 ln(N[2005,1]) 4.883 0.264 ln(F[1997]) -1.046 0.255 
ln(N[1987,3]) 2.932 0.299 ln(N[2006,1]) 5.616 0.258 ln(F[1998]) -1.206 0.293 
ln(N[1987,4]) 2.631 0.322 ln(N[2007,1]) 5.773 0.252 ln(F[1999]) 0.062 0.194 
ln(N[1987,5]) 2.398 0.353 ln(N[2008,1]) 5.861 0.247 ln(F[2000]) -0.770 0.267 
ln(N[1987,6]) 1.430 0.396 ln(N[2009,1]) 5.732 0.238 ln(F[2001]) -0.586 0.250 
ln(N[1987,7]) 1.036 0.456 ln(N[2010,1]) 5.751 0.252 ln(F[2002]) -0.663 0.266 
ln(N[1987,8]) 0.290 0.556 ln(N[2011,1]) 5.871 0.267 ln(F[2003]) -1.371 0.309 
ln(N[1987,9]) -0.583 0.783 ln(N[2012,1]) 5.280 0.293 ln(F[2004]) -1.009 0.267 
ln(N[1988,1]) 4.966 0.257 ln(N[2013,1]) 5.661 0.343 ln(F[2005]) -1.891 0.301 
ln(N[1989,1]) 5.501 0.252 ln(N[2014,1]) 6.119 0.378 ln(F[2006]) -1.940 0.331 
ln(N[1990,1]) 5.696 0.251 ln(N[2015,1]) 6.479 0.380 ln(F[2007]) -1.056 0.320 
ln(N[1991,1]) 5.945 0.245 ln(N[2016,1]) 5.618 0.452 ln(F[2008]) -1.026 0.323 
ln(N[1992,1]) 5.120 0.255 ln(N[2017,1])         -       - ln(F[2009]) -0.880 0.272 
ln(N[1993,1]) 5.205 0.253 s_α 0.743 0.050 ln(F[2010]) -1.594 0.286 
ln(N[1994,1]) 5.584 0.238 s_  1.058 0.038 ln(F[2011]) -1.515 0.282 
ln(N[1995,1]) 5.789 0.262 ln(F[1987]) -1.846 0.327 ln(F[2012]) -1.495 0.283 
ln(N[1996,1]) 5.439 0.242 ln(F[1988]) -0.960 0.283 ln(F[2013]) -1.480 0.309 
ln(N[1997,1]) 5.201 0.270 ln(F[1989]) -1.071 0.319 ln(F[2014]) -1.688 0.314 
ln(N[1998,1]) 5.092 0.268 ln(F[1990]) -1.528 0.307 ln(F[2015]) -1.372 0.292 
ln(N[1999,1]) 5.737 0.231 ln(F[1991]) -1.194 0.284 ln(F[2016]) -2.044 0.323 
ln(N[2000,1]) 5.280 0.251 ln(F[1992]) -0.913 0.262 ln(F[2017]) -1.240 0.444 
ln(N[2001,1]) 5.216 0.242 ln(F[1993]) -0.406 0.235 ln(SpRecr_A) 1.700 0.157 
ln(N[2002,1]) 4.719 0.262 ln(F[1994]) -2.505 0.297 ln(SpRecr_B) -11.704 2.478 
ln(N[2003,1]) 4.638 0.265 ln(F[1995]) -1.050 0.287 ln(Q_FSB) -2.878 0.386 
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 . I.2.3.10      

    )ln()ˆln( ,, jiji CC   ( ).  ,  

 « » (        )  

« » (         )  

 .       

1,0,     1  2 ,     

  .  . I.2.3.11    

))(ln()ln( 11,  ii SSBFN       

 ,    « - » 

- , . . F(x)= a·x/(1+b·x).  . I.2.3.12- I.2.3.13  

        

 ( )  )ln()ˆln( 11
ii II  .    

   ,    

-  (p>0,05). 

 

 
 

. I.2.3.10.  )ln()ˆln( ,, jiji CC    «Synthesis» 



86 
 

 
. I.2.3.11.  ))(ln()ln( 11,  ii SSBFN   «Synthesis»  -  

. F(x)= a·x/(1+b·x) –     

 

 
. I.2.3.12.  )ln()ˆln( 11

ii II        «Synthesis» 

 

 
. I.2.3.13.  )ln()ˆln( 22

ii II        
   «Synthesis» 

 



87 
 

 

 . . 2000.       

 ( ).     . .: -  . 190 

.  

 .,  . 1982.  .   

. .: . 583 . 

 . . 1918.       

. .    .- . . . 1, . 1. . 

84-128. 

 .,  . 1969.    . .: 

 . 248 . 

 . .,  . .,  . . 2006.  

:  .  2-  .  .: .  320 .   

 . .,  . .,  . . 2014.    

    (Theragra chalcogramma) 

    //  . . 151. 

 . . 1979.      

  . .:  - . 408 . 

Bertalanffy, L. von 1938. A Quantitative Theory Of Organic Growth. // Human 

Biology. V. 10, № 1. P. 181-213. 

Caddy J.F. , 1998. A short review of precautionary reference points and some 

proposals for their use in data-poor situations. FAO (Food and Agriculture 

Organization of the United Nations) Fisheries Technical Paper 379. 

Deriso R.B., P.R. Neal, and T.J. Quinn II. 1985. Catch-age analysis with 

auxiliary information. Can. J. Fish. Aquat. Sci. 42: 815-824. 

Doubleday W.G. 1976. A least squares approach to analyzing catch at age data. 

International Comission for the Northwest Atlantic Fisheries Research Bulletin 12. . 

68-81. 

ICES, 1998. Report of the study group on the precautionary approach to 

fisheries management // ICES CM 1998/ ACFM. V. 10. 



88 
 

Francis R.I.C.C. 1991. Risk analysis in fishery management // Northwest 

Atl.Fish.Organ.Sci.Coun.Stud. V.16. P. 143-148. 

Francis R.I.C.C., R. Shotton. 1997. «Risk» in fisheries management: a review. 

Can. J. Fish. Aquat. Sci. 54. . 1699-1715. 

Fournier D.A., Archibald C.P. 1982. Ageneral theory for analyzing catchatage 

data. Can. J. Fish. Aquat. Sci. 39: 1195–1207. 

Holland J.H. 1975. Adaptation in natural and artificial systems. University of 

Michigan Press, Ann Arbor.  

Metropolis N., Ulam S. 1949. The Monte-Carlo method //J. Amer. Stat. Assos. 

44. № 247. 

Patterson K.R. 1994. Technical reference for the Integrated Catch-at-Age 

Programmes, Version 1.2 //SOAFD Marine Laboratory. Aberdeen. 13 p. 

Pope J.G., Shepherd J.G. 1982. A simple method for consistent interpretation 

of catch-at-age data. J. Cons. Cons. Int. Explor. Mer. 40: . 176-184. 

Quinn, T.J., Deriso R.B. 1999. Quantitative Fish Dynamics. Oxford University 

Press. New York. 542 p. 

Sissenwine M.P., Shepherd J.G. 1987. An alternative perspective on 

recruitment overfishing and biological reference points. Can. J. Fish. Aquat. Sci. 44: 

. 913-918. 

Thompson W.F., Bell F.H. 1934. Biological statistics of the Pacific       halibut 

fishery. Effect of changes in intensity upon total yield and yield per unit of gear // 

Rep. Int. Fish. (Pacific Halibut) Comm. . 8-49. 

.



89 
 

 

I.3.   « » v. 1.0.2.1511 
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 .       

        

,       .  

        

.        

          

 . 

       

,    ,    

      [Gavaris, 1988; Methot, 1989; , 

2001; , 2003].       

  (  )     

 (   )    ( ) [Kalman, 

1960].  ,       

     .      

        

 (  , ,      

   . .)     .  
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      «   
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[Schnute, 1994]. 

    ,   

     ,    

.  ,      
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       ,   
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,      (  ). 

       

       

     [   ., 2006]. 
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  ( ) [   ., 2004].  
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 –     ; 
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     0  1. 
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 –   ( ) (        

). 

    

 –          , ; 

,   , 0,5 [Pope, 1972];  

 –     , ; 

 –   (  )     . 

    

 –         ,  

   (   ), ; 

 –   ( . )     
.  

   ( )  

   

 –    ; . 

   

 –    ; . 

  

 –     i-    (CPUE)  

 ;    ; 

 –         

   . 

  К 

 –    .    

,         

  [Peterman et al., 2003].  
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 . 
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  . ,      
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   ,  (I.3.1.1)  (I.3.1.2)   

          

  . 

     (I.3.1.3)    

«  » –         

.    -   (   

       )  

 : .     

 ,     (I.3.1.3), 

         

: 

. 

     , 

  ,  ,    

     .     

    (I.3.1.1)  (I.3.1.3)   

     : 

.      (I.3.1.4) 

        

             

      ( ): 

           (I.3.1.5) 

  –      . 

 (I.3.1.1)       

    ,    

 : 



95 
 

,  (I.3.1.6) 

  –    ;  –   c  

 . 

 ,       

 : 

,    (I.3.1.7) 

,    (I.3.1.8) 

 ,  —   : 

;   

 : ,  –  ( )  c  

 ,  ; 

         ( ,  

,  )     

  .      ,   

  i-       ,   

           

    , ,   

    (I.3.1.7),  [ , 2016]. 

         

      , .  

  ,       

   .     

          

: . 
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 ,       

           

       

    : 

, .    (I.3.1.9) 

        

, ,         : 

; ;    (I.3.1.10) 

; ;          (I.3.1.11) 

; .    (I.3.1.12) 

         

,      : 

   (I.3.1.13) 

  —  ( )      

  .  

,            

  .     

,    ,    

 ,   ,    

   ,     .  , 

     .  ,    

  ,        

     .    

        . 
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[ , 2008],        

  :  

,   (I.3.1.14) 

  –      . 

     

        : 

.    (I.3.1.15) 

        

        . 

       

     (I.3.1.4)  ,  

         

      ( .  (I.3.1.24)  (I.3.1.26) 

).  

        

 :  

.    (I.3.1.16) 

 
        

   ,       

 .  

         

 ,       ,  

     : 

.         (I.3.1.17) 
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     ,     

 ,   : 

,    (I.3.1.18) 

          

, .      

.  

    :  

      

,        .  

          

         

. 

 К    

         

  ,     : 

.     (I.3.1.19) 

       

 :  

.     (I.3.1.20) 

      ,   — 

    . 

,    .  (I.3.1.21) 

,    (I.3.1.22) 

,    (I.3.1.23) 
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 ;  –   , . . 

   ;  –   

 [Harvey, 1989]. 

        

  : 

 ,   (I.3.1.24) 

.    (I.3.1.25) 

          

: 

 ,    (I.3.1.26) 

,   (I.3.1.27) 

  –  ,     

. 

 (I.3.1.24)    [ , 2016]. 

,      (I.3.1.21)-( I.3.1.23) 

, 

 (I.3.1.24)  ,    : 

       

   .      ,  

     :   .  

,        

,          

    (  ). 
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I.3.2.   

    

        

,   Windows Vista  .     

  : 

1.  Microsoft Framework 4.5.2 Full (https://www.microsoft.com/ru-

ru/download/details.aspx?id=17851). 

2.  Windows Installer 4.5 (https://www.microsoft.com/ru-

ru/download/details.aspx?id=8483). 

       

    . 
 

  

       

«Fisheries research clockbyte»   http://fisheries-research.clockbyte.com/. 

    ( . I.3.2.1)    « ».  

 

. I.3.2.1.    

 
  ,   . I.3.2.2,    

« ». 

https://www.microsoft.com/ru-ru/download/details.aspx?id=17851
https://www.microsoft.com/ru-ru/download/details.aspx?id=17851
https://www.microsoft.com/ru-ru/download/details.aspx?id=8483
https://www.microsoft.com/ru-ru/download/details.aspx?id=8483
http://fisheries-research.clockbyte.com/
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. I.3.2.2.   
 

   .   ,   : 

http://fisheries-

research.clockbyte.com/index.php/login?task=registration.activate... .  

    .      

    «Fisheries research clockbyte»   

   .     

. 

 

    

 ,    «Fisheries research 

clockbyte»     ,   « », 

« »  «  ».  

  « »    , 

     .   « » 

   «CAFKA» (v. 1.0.2.1511)   

  .    «    

 »    «  » ( . I.3.2.3). 

http://research.clockbyte.com/index.php/login?task=registration.activate&token=3684522bae5cc215a54d8db0ba816984
http://research.clockbyte.com/index.php/login?task=registration.activate&token=3684522bae5cc215a54d8db0ba816984
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. I.3.2.3.  «     » 

 

    setup.exe    ( . I.3.2.4). 

 

 

. I.3.2.4.   «setup.exe» 

 
   (     )   

 ( . I.3.2.5),        

« »  « », .  

 

. I.3.2.5.  
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:      ,   

      Trial ( -

)      . 

     . 

        

   ( .    )   

     .    

,    « »    «  »  

  «Fisheries Research Clockbyte»    cafka.exe 

     ,     

 - . 

       

 ( . I.3.2.6).  

 

 

. I.3.2.6.    

 

   ,        

 .     ,   

 : «   »  «  ».  
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       «   

».    «  ».    

«Fisheries research clockbyte»   «  » ( . I.3.2.7).  

 

 

. I.3.2.7.   «Fisheries research clockbyte» 

 

         

« ».         

 .   license.xml,         

.        

 «CAFKA»,      ,    

 ->   -> Fisheries Research Clockbyte -> CAFKA,    

  ( . I.3.2.6)    «   », 

  « »      license.xml.   

        

 ( . I.3.2.8).  
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. I.3.2.8.    «CAFKA» 

 

Э   

:   ,      ( . 

   ). 

     ,  

  . 

 1.   cafka.exe      

  ( . I.3.2.8). 

      ,   

   «  », «   

»       Excel  

 «   Excel».        

 . 

 2.    «   Excel»   

 «InputData» ( . I.3.2.9),      

  .    

 .          

   .  
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. I.3.2.9.  «InputData» 

 
 3.    « »   «InputData»  

   ( ) Windows (  – ) 

( . I.3.2.10),         

      .  

 

. I.3.2.10.    
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    ,   

   .    

:        

 ,    Windows ( .   -  

   –  ).  

   4 :  

1)     ( )   ( );  

2)      (  .)  

,     ;  

3)       (  / )  

  ( )   ( )    ;  

4)    ( )     

;        

 « - ». 

  ,     ,  

 ,         .,     

–  . ,   –  . :      

         

      ( . ),   

        

      . ,   

  . .   .,      . ,  

         

.      . .   .,  ,  

  –  . ,         

1000 ,     . .     . 

      :  

   ;     .  , 

     .      1, 
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2  4    ( . I.3.2.9)   , 

       .  

 3       .  

  3        , 

    : 1, 2  . .  

  ( . I.3.2.10)    ( . I.3.2.9)  

     . 

 . I.3.2.11       , 

   1      1   1  

  . I.3.2.9.  

 

. I.3.2.11.      

 

 4.          

     . I.3.2.9     . I.3.2.8. 

     . I.3.2.12.   

        . 
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. I.3.2.12.     «CAFKA» 

 
    « » ( . . I.3.2.12).   

         

( . I.3.2.13).  

 

. I.3.2.13.    

 
         

  s ( )  delta ( ),     – s. :    

         

    .  
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   .   s  delta    

      0  1.    

     ( )     

    ( ). :  

     10 000 ,   . 

       ,  

     ,    

  10 000 .      

2        

  .      24. 

 ,     ( . )    

      ,   

 224=16777216, . .   0,00000006. :   

 ,  ,     

    .  

    .    

     ,    

  ,  ,     

 ,  

      Excel-    

1, 2  . .         

  .       

 .         

    .     

 3  ( . . I.3.2.14).  
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. I.3.2.14.   

 
      ( )  , 

     s  delta,   

   :  

Phi_a ( ) –       

 ;  

S_t ( ) –         

;        ,    

        1999 ; 

 ,        

       ;   

R_t ( ) –   (     

); 

N_t ( ) –     (    

  ); 
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C_t ( ) –      (    

  ); 

g_t –       ;   

       ;   

. 8   12   .  

     .  

    .    

 -      

      , 

    Excel    

  . 

    .    . I.3.2.15 : 

C_at –        ; 

n’at –         

     . 

 

. I.3.2.15.           
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   . I.3.2.15.   :  

n_at –          

    ; 

phi_at –        . 

       . 

       ( )   

  ( )    ( . I.3.2.16).    

      .   

,      .  

      . 

 

. I.3.2.16.    

 
           

 . 

 5. 
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( . I.3.2.13)   « ».       

    ( . I.3.2.17). 

 

 

. I.3.2.17.       

 

 . I.3.2.18        -

          , 

   1      1   1  

  . I.3.2.9.  
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. I.3.2.18.    -        
    

 

 Wa ( )       4 

( . I.3.2.18).   « »      

         

  ( . I.3.2.19).  



116 
 

 

. I.3.2.19.          

 

       

    .   

   sN ( )     

   ,      

 (   .    ). 

:          

,        .  

         ,  

     « »    C[t+1] — 

  ( ,   )  , 

  .      

     R[t+1]  R[t+2].    

     ,     sN ( . ).  

     a  b    

   :   Q( ) 

   s( )   .    Q 
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    0  1.      

        .  

   ,    . I.3.2.13    

  . 

        « », 

        ( .   . I.3.2.13). 

        Excel- . 

      . I.3.2.20. 

 

. I.3.2.20.   

 
        . 

   A-K  ,     

  . I.3.2.14.        

.      : 

sN ( ) – . ; 

Q1-Q5 –     ; 

s1-s5 –     .  

   ,   . I.3.2.14. 
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    : 

qi ( ) –     ; 

Q'i –      

; 

ki –     , 

Q'i=ki* qi; 

q't –      ; 

Nprt ( ) –       

; 

Pprt ( ) –        

 ; 

Dt ( ) –   ( )  ; 

wt ( ) –         

 ; 

Ncort ( ) –      

 ; 

Pt ( ) –       

  ; 

ywt –    ,   

 ; 

deltacort – 95%-  .      

  ; 

deltaprT_k – 95%-  .      

  ; 

deltaNBt –   95%-  .   

    ; 

deltaNHt –   95%-  .   

    . 
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  2         

  ,      . 

  3  4  ,  ,    

 1  2   ,        

       .  , 

  3  4     ,   «B».  

 5    4  . I.3.2.14   

   .  

: ,       

 , .       

  .  

:           

 « »  « » ( . . I.3.2.8, I.3.2.12, I.3.2.13, I.3.2.17, I.3.2.19), 

         .  

« »       ( . I.3.2.21).  

 

. I.3.2.21.   
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     ,   

  .       

. 

 

I.3.3.    

      

        

    ( )   2014-2016 .  

      «CAFK v.1004 30-11-2013» 

      .     29   5 

 2014 .     .     27   3  

2015 .      , 

  ,   .     

.     3  7  2016 .  ,   

   «CAFKA_Dbg  25-09-2016»  

   ICES     -

   .     

       ,  

        

 . 

      К К  

  «     » 

( )        

 [ , 2016].     06.02.2015 

№ 104      ,   

   . 

     ,   

     [ , 2016].  
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  .  ,   ,    

  ,     

,       .  

       ,    

        

 ,      

 ( ,  ,  ,    . .). 

       . 

,     ,   

     ,   

 ,      

       

    [   ., 2006].  

          

  ,     

( ) [   ., 2004].  

     , ,  

  (  )   .    

,        

       

  ,     .  
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 -  

  

        0  1.   (delta) 

   0,5.      

:   – 50;    – 1000; 

  – 16.    7 .  

    . I.3.3.1. 

 

. I.3.3.1.     -     
  (  .)        

 
 

  

       

 , ,   .      

    ( .  I.3.1.14  I.3.1.15)  

      . 19.    

      .  
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      .  

     ( . ).   

 9 .      . I.3.3.2. 

 

 

 
. I.3.3.2.      (Bcort, . )     

(Bprt)  2018 .    -      
       (SBt)      (bWt) 
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    1983-2016 .    1-10  

,  . 
0.011348 0.005424 0.007863 0.009361 0.002071 0.000101 0.000609 0.001758 0.001 0.000912 0.013281 0.052182 0.055897 0.002614 0.072677 0.027164 0.241874 0.001203 0.007668 0.001 0.016058 0.016759 0.018325 0.000709 0.019137 0.000641 0.046276 0.012327 0.000669 0.0117 0.005418 0.00546 0.461932 0.035574

0.008833 0.010215 0.00975 0.026533 0.015956 0.005585 0.005032 0.013267 0.013303 0.034658 0.02186 0.047361 0.050574 0.015135 0.366441 0.283039 0.081032 0.059381 0.013637 0.003343 0.115531 0.02453 0.021731 0.079044 0.021581 0.015182 0.005235 0.019769 0.022991 0.017535 0.010318 0.010351 0.02158 0.051681

0.022374 0.006193 0.014681 0.024773 0.032028 0.029877 0.023926 0.059673 0.063907 0.08202 0.033937 0.093161 0.041045 0.034585 0.136606 0.200148 0.039181 0.044492 0.024476 0.016059 0.054144 0.028152 0.030798 0.05772 0.041915 0.019964 0.020152 0.019366 0.038865 0.021623 0.020385 0.026627 0.046508 0.057895

0.015872 0.011307 0.008858 0.019894 0.017539 0.042776 0.05296 0.097441 0.104848 0.07708 0.037197 0.090414 0.0433 0.043105 0.004127 0.020856 0.072625 0.025687 0.029486 0.026347 0.028066 0.022864 0.02188 0.022662 0.031633 0.019673 0.020488 0.032725 0.020833 0.019194 0.029798 0.034219 0.050371 0.04548

0.005451 0.006035 0.012419 0.013226 0.008374 0.02582 0.034278 0.066751 0.070763 0.051106 0.023432 0.056831 0.028707 0.027223 0.002626 0.005157 0.029603 0.01556 0.018935 0.017782 0.023401 0.013321 0.006984 0.018401 0.019696 0.012572 0.012412 0.018975 0.015344 0.011481 0.016206 0.020274 0.032891 0.026216

0.003651 0.003605 0.008587 0.011782 0.004914 0.017048 0.022732 0.045314 0.047925 0.034617 0.015479 0.038788 0.019101 0.017825 0.001 0.001 0.018998 0.010626 0.012598 0.012043 0.012588 0.008529 0.003924 0.009625 0.012672 0.008299 0.007672 0.012024 0.009882 0.007432 0.010559 0.01309 0.019987 0.016708

0.002369 0.001963 0.006534 0.00991 0.002616 0.010183 0.013022 0.028414 0.029892 0.021946 0.009374 0.025545 0.011609 0.010466 0.001 0.001 0.006386 0.006245 0.007696 0.007511 0.00624 0.004966 0.001512 0.004543 0.008365 0.004947 0.004791 0.006638 0.006081 0.004388 0.005731 0.007144 0.01029 0.00967

0.001484 0.001237 0.003136 0.005566 0.000911 0.004369 0.005333 0.012327 0.013002 0.010041 0.00405 0.010904 0.005107 0.004386 0.001 0.001 0.002006 0.002185 0.003332 0.003267 0.002077 0.002126 0.00059 0.001178 0.003379 0.001936 0.002246 0.003144 0.00265 0.001885 0.002451 0.002944 0.003435 0.004134

0.000936 0.001256 0.002055 0.002294 0.00054 0.002906 0.003747 0.008071 0.008562 0.006467 0.002703 0.006644 0.003381 0.003012 0.001 0.001 0.001328 0.001257 0.002215 0.002152 0.002581 0.001445 0.001 0.001706 0.002139 0.001254 0.001718 0.002532 0.001563 0.001273 0.001684 0.002102 0.002971 0.002817

0.000676 0.001 0.001183 0.002133 0.001 0.001352 0.001573 0.003834 0.004001 0.003235 0.001284 0.003191 0.001618 0.001354 0.001 0.001 0.000959 0.000711 0.001047 0.001005 0.001 0.000701 0.001 0.001 0.000906 0.000597 0.000722 0.001016 0.000921 0.000613 0.000765 0.000906 0.001061 0.001373  

,  . ( ) 
5.058693 0 0 0 0 9.345582 0 0 0 0 0 15.69107 0 7.857083 0 0 0 7.689262 0 1.652179 1.004992 0 3.943281 1.196221 2.319912 0.609691 1.565219 0 0 0 5.826882 0 11.2768 9.045642 

,  .  -   ( ) 
Я у 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.000757 0.00025 0.000139 0.000314 0.000603 0.000342 0.000374 0.000536 0.000494 0.000951 0.001487 0.001704 0.000737 0.000952

Т ал 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.000248 0.000369 0.000421 0.000446 0.000265 0.000744 0.000522 0.000481 0.000486 0.00075 0.000756 0.003972 0.005454 
,  ( ) 

0.098 0.563 1.416 2.544 3.814 5.116 6.373 7.536 8.583 9.503  
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 « » 

у  фу кц П ет Phi_a S_t R_t N_t C_t g_t

9.934713 s 0.612694 0.013658 1983 5.058693 2.215247 4.109699 0.072994 0.043164

delta 0.5 0.045042 1984 2.52897 4.989821 0.048236 0.110098

0.074675 1985 3.019842 6.039318 0.075065 2.888266

0.101921 1986 3.042351 6.683847 0.125472 0.35533

0.118106 1987 2.80657 6.803509 0.08595 1.545898

0.146181 1988 9.345582 2.605423 6.706614 0.140017 0.195056

0.181671 1989 2.083028 6.08253 0.163211 0.839095

0.187759 1990 1.770786 5.369761 0.336849 0.191444

0.310966 1991 1.438895 4.465247 0.357204 0.526034

0.612694 1992 1.159898 3.616127 0.322083 0.005894

1993 1.021813 2.985282 0.162597 2.272497

1994 15.69107 1.166171 2.867962 0.425022 0.60922

1995 1.663615 3.088113 0.260339 9.72E-05

1996 7.857083 2.640639 4.328927 0.159707 0.278754

1997 1.712717 4.240014 0.587478 0.073868

1998 1.214379 3.352361 0.541364

1999 1.284089 2.914309 0.49399

2000 7.689262 0.818819 2.217728 0.167347

2001 1.029306 2.257104 0.12109

2002 1.652179 1.281459 2.569589 0.09051

2003 1.004992 1.008278 2.511802 0.261686

2004 1.093281 2.427413 0.123393

2005 3.943281 1.155189 2.545864 0.107746

2006 1.196221 0.995075 2.470572 0.196589

2007 2.319912 1.145212 2.505037 0.161422

2008 0.609691 1.344495 2.752963 0.085065

2009 1.565219 1.796137 3.416276 0.121712

2010 2.067858 4.065719 0.128517

2011 2.286292 4.676736 0.1198

2012 2.419166 5.1908 0.097125

2013 5.826882 2.665368 5.769715 0.103316

2014 2.690468 6.144666 0.123117

2015 11.2768 2.982632 6.651061 0.651025

2016 9.045642 3.327459 6.892934 0.251549

2017 0 0

2018 0

Ч ле о т  в л . к , о  в т . т
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  « » 
n_at

2.215247 2.52897 3.019842 3.042351 2.80657 2.605423 2.083028 1.770786 1.438895 1.159898 1.021813 1.166171 1.663615 2.640639 1.712717 1.214379 1.284089 0.818819 1.029306 1.281459 1.008278 1.093281 1.155189 0.995075 1.145212 1.344495 1.796137 2.067858 2.286292 2.419166 2.665368 2.690468 2.982632 3.327459

1.027324 1.348386 1.545238 1.844084 1.856703 1.717947 1.596247 1.275782 1.083574 0.88082 0.709948 0.615663 0.673661 0.975533 1.615857 0.992483 0.72278 0.597428 0.500743 0.624647 0.784359 0.605196 0.656728 0.693433 0.609121 0.686685 0.823262 1.06426 1.257314 1.400273 1.47305 1.628814 1.644159 1.465863

0.489843 0.622521 0.818152 0.939126 1.10909 1.125101 1.048204 0.974072 0.771278 0.653486 0.512544 0.41787 0.340141 0.373161 0.585856 0.703194 0.38654 0.379415 0.31956 0.296128 0.380101 0.39014 0.351599 0.385364 0.36299 0.356313 0.408844 0.50031 0.636592 0.752353 0.844213 0.894452 0.989862 0.990475

0.206374 0.282611 0.376567 0.489785 0.556005 0.654463 0.665956 0.6235 0.550099 0.422535 0.336186 0.287468 0.183105 0.176274 0.201562 0.252022 0.274178 0.206162 0.197639 0.176633 0.168865 0.190504 0.217001 0.191315 0.190929 0.189593 0.202684 0.234722 0.291378 0.359614 0.444036 0.501288 0.527183 0.570079

0.092543 0.11402 0.164303 0.223787 0.284517 0.326932 0.367503 0.366573 0.305743 0.254973 0.19855 0.176863 0.105359 0.078294 0.074262 0.120265 0.138088 0.11114 0.106208 0.098013 0.087599 0.081494 0.098824 0.115828 0.099479 0.09222 0.100764 0.108146 0.118197 0.162218 0.205309 0.248734 0.280352 0.283574

0.041238 0.052434 0.065135 0.090947 0.12676 0.167767 0.180099 0.198336 0.172348 0.131937 0.116217 0.103309 0.063879 0.042082 0.026662 0.043444 0.069649 0.061434 0.055915 0.050252 0.046133 0.035355 0.039504 0.055082 0.056564 0.045533 0.046662 0.052022 0.051408 0.060408 0.090403 0.113106 0.136528 0.146024

0.024445 0.022409 0.029304 0.033187 0.0465 0.073818 0.089446 0.092552 0.08605 0.068083 0.05374 0.059089 0.032936 0.024187 0.011831 0.015553 0.025835 0.027803 0.029323 0.024398 0.021362 0.018412 0.014986 0.021132 0.026214 0.024738 0.021402 0.022585 0.022461 0.023762 0.031195 0.047124 0.059053 0.068005

0.008539 0.013123 0.012193 0.01284 0.012576 0.026443 0.037258 0.04461 0.034465 0.029325 0.024536 0.025589 0.016209 0.011092 0.006627 0.006466 0.008746 0.010831 0.012146 0.011942 0.009069 0.008204 0.007394 0.007998 0.009391 0.009514 0.011284 0.009363 0.008641 0.009002 0.011124 0.014626 0.023281 0.028127

0.003281 0.00407 0.007072 0.005016 0.00351 0.006992 0.012782 0.018653 0.017684 0.010939 0.010108 0.011862 0.007143 0.005934 0.003363 0.003278 0.003179 0.003789 0.004926 0.004834 0.004759 0.003931 0.003363 0.004068 0.003978 0.003109 0.004314 0.005156 0.003276 0.00322 0.00404 0.004897 0.006657 0.011575

0.000864 0.001278 0.001511 0.002725 0.001278 0.001728 0.002009 0.004898 0.005111 0.004132 0.00164 0.004077 0.002067 0.00173 0.001278 0.001278 0.001225 0.000908 0.001337 0.001284 0.001278 0.000896 0.001278 0.001278 0.001157 0.000763 0.000923 0.001298 0.001177 0.000783 0.000977 0.001158 0.001355 0.001753

phi_at

0.00401 0.001679 0.002038 0.002408 0.000578 3.04E-05 0.000229 0.000777 0.000544 0.000616 0.010174 0.035025 0.0263 0.000775 0.033215 0.017509 0.14744 0.00115 0.005831 0.000611 0.012467 0.011999 0.012417 0.000558 0.01308 0.000609 0.032915 0.007616 0.000374 0.006179 0.002597 0.002593 0.19786 0.013658

0.00673 0.00593 0.004939 0.011262 0.006727 0.002545 0.002467 0.00814 0.00961 0.030799 0.024101 0.060214 0.058764 0.012144 0.17751 0.223226 0.087755 0.077801 0.021318 0.004189 0.115294 0.031727 0.0259 0.089225 0.027732 0.028246 0.008123 0.023731 0.023361 0.015998 0.008949 0.008119 0.016768 0.045042

0.035752 0.007787 0.014045 0.020648 0.022604 0.020786 0.017867 0.047952 0.064857 0.098244 0.051828 0.174508 0.094455 0.072546 0.182516 0.222791 0.079341 0.091788 0.059954 0.042449 0.111499 0.056481 0.068565 0.117241 0.090384 0.071581 0.062972 0.049452 0.077997 0.036718 0.030848 0.038032 0.060024 0.074675

0.060201 0.031318 0.018413 0.031793 0.024692 0.05116 0.062248 0.122328 0.14919 0.142791 0.086606 0.246189 0.185101 0.19141 0.016028 0.064775 0.207337 0.097528 0.116778 0.116757 0.130098 0.093945 0.078925 0.092721 0.129686 0.132565 0.129139 0.178115 0.091345 0.068189 0.085734 0.087207 0.122066 0.101921

0.046106 0.041434 0.059163 0.046263 0.023039 0.061819 0.073008 0.142534 0.181165 0.156893 0.092377 0.251517 0.213273 0.272163 0.027683 0.033567 0.167802 0.109585 0.139549 0.142011 0.209097 0.12795 0.05532 0.124351 0.154979 0.174159 0.157371 0.224158 0.165849 0.090421 0.100846 0.104133 0.149884 0.118106

0.069291 0.053811 0.103191 0.101403 0.030346 0.079539 0.098799 0.178834 0.217662 0.205376 0.104255 0.293888 0.234054 0.331548 0.029359 0.018017 0.213505 0.135387 0.17636 0.18759 0.213588 0.18883 0.077759 0.136776 0.175354 0.232847 0.210037 0.295292 0.245576 0.157171 0.149219 0.147855 0.187031 0.146181

0.075868 0.068581 0.174538 0.233731 0.044041 0.107974 0.113957 0.240312 0.271907 0.252314 0.136539 0.338386 0.275908 0.338701 0.066159 0.050329 0.193475 0.17583 0.205433 0.240988 0.22864 0.211115 0.078999 0.168278 0.249773 0.255478 0.285965 0.375514 0.345846 0.235934 0.234726 0.193682 0.222605 0.181671

0.136015 0.073782 0.201311 0.33933 0.056714 0.129318 0.112039 0.216289 0.29529 0.268015 0.129216 0.333561 0.246607 0.309536 0.118113 0.121052 0.179492 0.157895 0.214713 0.214149 0.179239 0.20282 0.062491 0.115308 0.281673 0.259924 0.25428 0.429016 0.391812 0.267492 0.281531 0.257138 0.188516 0.187759

0.223317 0.241495 0.227395 0.357998 0.1205 0.325364 0.229476 0.33867 0.379003 0.462752 0.209314 0.438416 0.370485 0.397391 0.232774 0.238815 0.327012 0.25969 0.351931 0.348405 0.424397 0.287692 0.232774 0.32822 0.420852 0.515473 0.508763 0.627366 0.60973 0.504898 0.532346 0.548337 0.570104 0.310966

0.612694 0.612694 0.612694 0.612694 0.612694 0.612694 0.612694 0.612694 0.612694 0.612694 0.612694 0.612694 0.612694 0.612694 0.612694 0.612694 0.612694 0.612694 0.612694 0.612694 0.612694 0.612694 0.612694 0.612694 0.612694 1 1 1 1 1 1 1 1 0.612694 
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у  фу кц П ет Wa S_t R_t N_t C_t qi Q'i ki q't Nprt Pprt Dt wt Ncort Pt ywt deltacort deltaprT_kdeltaNBt deltaNHt

7.694249 sN 1.499982 0.098 1983 5.058693 2.215247 4.109699 0.072994 0.000162 0.161786 1000 0 4.109699 6.003884 0.044099 1 4.109699 6.003884 0 4.900565 0 9.010264 -0.79087

Q1 0.14737 0.563 1984 0 2.52897 4.989821 0.048236 0.000221 0.221292 1000 0 4.989821 4.503767 0.044099 1 4.989821 4.503767 0 4.244416 0 9.234237 0.745405

Q2 0.167191 1.416 1985 0 3.019842 6.039318 0.075065 0 6.039318 3.940632 0.044099 1 6.039318 3.940632 0 3.970205 0 10.00952 2.069113

s1 0.699994 2.544 1986 0 3.042351 6.683847 0.125472 0 6.683847 3.729235 0.044099 1 6.683847 3.729235 0 3.862246 0 10.54609 2.821602

s2 0.3 3.814 1987 0 2.80657 6.803509 0.08595 0 6.803509 3.649878 0.044099 1 6.803509 3.649878 0 3.820931 0 10.62444 2.982578

s 0.612694 5.116 1988 9.345582 2.605423 6.706614 0.140017 0 6.706614 3.620088 0.044099 1 6.706614 3.620088 0 3.805306 0 10.51192 2.901308

delta 0.5 6.373 1989 0 2.083028 6.08253 0.163211 0 6.08253 3.608905 0.044099 1 6.08253 3.608905 0 3.799424 0 9.881954 2.283107

CT+1, 1.246 7.536 1990 0 1.770786 5.369761 0.336849 0 5.369761 3.604707 0.044099 1 5.369761 3.604707 0 3.797213 0 9.166974 1.572548

RT+1, 2.272509 8.583 1991 0 1.438895 4.465247 0.357204 0 4.465247 3.603131 0.044099 1 4.465247 3.603131 0 3.796383 0 8.26163 0.668864

RT+2, 2.272509 9.503 1992 0 1.159898 3.616127 0.322083 0 3.616127 3.602539 0.044099 1 3.616127 3.602539 0 3.796071 0 7.412198 -0.17994

P0 10 1993 0 1.021813 2.985282 0.162597 0 2.985282 3.602317 0.044099 1 2.985282 3.602317 0 3.795954 0 6.781236 -0.81067

1994 15.69107 1.166171 2.867962 0.425022 0 2.867962 3.602234 0.044099 1 2.867962 3.602234 0 3.79591 0 6.663872 -0.92795

1995 0 1.663615 3.088113 0.260339 0 3.088113 3.602203 0.044099 1 3.088113 3.602203 0 3.795894 0 6.884007 -0.70778

1996 7.857083 2.640639 4.328927 0.159707 0 4.328927 3.602191 0.044099 1 4.328927 3.602191 0 3.795888 0 8.124815 0.53304

1997 0 1.712717 4.240014 0.587478 0 4.240014 3.602186 0.044099 1 4.240014 3.602186 0 3.795885 0 8.035899 0.444128

1998 0 1.214379 3.352361 0.541364 0 3.352361 3.602185 0.044099 1 3.352361 3.602185 0 3.795885 0 7.148246 -0.44352

1999 0 1.284089 2.914309 0.49399 0 2.914309 3.602184 0.044099 1 2.914309 3.602184 0 3.795884 0 6.710193 -0.88158

2000 7.689262 0.818819 2.217728 0.167347 0 2.217728 3.602184 0.044099 1 2.217728 3.602184 0 3.795884 0 6.013612 -1.57816

2001 0 1.029306 2.257104 0.12109 0 2.257104 3.602184 0.044099 1 2.257104 3.602184 0 3.795884 0 6.052988 -1.53878

2002 1.652179 1.281459 2.569589 0.09051 0 2.569589 3.602184 0.044099 1 2.569589 3.602184 0 3.795884 0 6.365473 -1.22629

2003 1.004992 1.008278 2.511802 0.261686 0 2.511802 3.602184 0.05114 0.862322 2.873402 3.106243 5.138218 3.524907 0 6.398309 -0.65151

2004 0 1.093281 2.427413 0.123393 0.000102 2.648963 3.416011 0.097564 0.452003 2.025648 1.544047 1.511521 2.485194 0 4.510842 -0.45955

2005 3.943281 1.155189 2.545864 0.107746 0.000145 2.299705 2.829572 0.088386 0.498942 2.174321 1.411791 2.049465 2.376377 0 4.550697 -0.20206

2006 1.196221 0.995075 2.470572 0.196589 0.00017 2.24293 2.779924 0.087609 0.503367 2.356027 1.399322 2.470657 2.365859 0 4.721886 -0.00983

2007 2.319912 1.145212 2.505037 0.161422 0.000178 2.434856 2.775244 0.087535 0.503788 2.639717 1.398135 2.847706 2.364855 0 5.004572 0.274861

2008 0.609691 1.344495 2.752963 0.085065 9.63E-05 2.835481 2.774798 0.087528 0.503828 2.260857 1.398022 1.677366 2.36476 0 4.625617 -0.1039

2009 1.565219 1.796137 3.416276 0.121712 0.000218 3.114766 2.774755 0.087528 0.503832 3.659692 1.398011 4.213036 2.364751 0 6.024443 1.294941

2010 0 2.067858 4.065719 0.128517 0.000129 4.214859 2.774751 0.087528 0.503833 3.705685 1.39801 3.188645 2.36475 0 6.070435 1.340935

2011 0 2.286292 4.676736 0.1198 0.000103 4.456145 2.774751 0.087528 0.503833 3.702616 1.39801 2.937446 2.36475 0 6.067366 1.337867

2012 0 2.419166 5.1908 0.097125 9.36E-05 4.593963 2.774751 0.087528 0.503833 3.976695 1.39801 3.349891 2.36475 0 6.341445 1.611946

2013 5.826882 2.665368 5.769715 0.103316 0.00013 5.025841 2.774751 0.087528 0.503833 5.10607 1.39801 5.187539 2.36475 0 7.47082 2.74132

2014 0 2.690468 6.144666 0.123117 0.000123 5.738054 2.774751 0.087528 0.503833 5.570725 1.39801 5.400811 2.36475 0 7.935475 3.205976

2015 11.2768 2.982632 6.651061 0.651025 0.000597 6.299411 2.774751 0.087528 0.503833 13.80014 1.39801 21.41675 2.36475 0 16.16489 11.43539

2016 9.045642 3.327459 6.892934 0.251549 0.000791 11.27313 2.774751 0.087528 0.503833 20.24542 1.39801 29.35633 2.36475 0 22.61017 17.88068

2017 2.272509 1.246 14.47986 2.774751 0.044099 1 14.47986 2.774751 3.331517 17.81137 11.14834

2018 2.272509 10.16892 3.291571 3.628537 13.79746 6.540385

Ч ле о т  в л . к , о  в т . т
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95% дов. Г ц

Rcort N'cort Ccort Wct SBt Bcort bWt Bprt N'prt dNBt dNHt dBBt dBHt

1983 2.215247 4.109699 0.072994 2.169389 10.97427 8.915535 0 9.010264 -0.79087 19.54676

1984 2.52897 4.989821 0.048236 2.641071 13.17847 0 9.234237 0.745405 24.38828 1.968669

1985 3.019842 6.039318 0.075065 3.130965 18.9089 0 10.00952 2.069113 31.33947 6.478321

1986 3.042351 6.683847 0.125472 2.847854 19.03462 0 10.54609 2.821602 30.03373 8.03551

1987 2.80657 6.803509 0.08595 2.256188 15.35 0 10.62444 2.982578 23.97073 6.729257

1988 2.605423 6.706614 0.140017 3.39665 31.74367 22.78002 0 10.51192 2.901308 35.70531 9.854728

1989 2.083028 6.08253 0.163211 3.607715 21.94404 0 9.881954 2.283107 35.65128 8.236799

1990 1.770786 5.369761 0.336849 3.580607 19.22701 0 9.166974 1.572548 32.82333 5.630677

1991 1.438895 4.465247 0.357204 3.583062 15.99926 0 8.26163 0.668864 29.60194 2.396582

1992 1.159898 3.616127 0.322083 3.12228 11.29056 0 7.412198 -0.17994 23.14296

1993 1.021813 2.985282 0.162597 2.770766 8.271516 0 6.781236 -0.81067 18.78922

1994 1.166171 2.867962 0.425022 2.685101 42.1321 7.700768 0 6.663872 -0.92795 17.89317

1995 1.663615 3.088113 0.260339 2.175234 6.717368 0 6.884007 -0.70778 14.97432

1996 2.640639 4.328927 0.159707 3.136437 24.64325 13.57741 0 8.124815 0.53304 25.48297 1.671846

1997 1.712717 4.240014 0.587478 0.790653 3.352379 0 8.035899 0.444128 6.353608 0.351151

1998 1.214379 3.352361 0.541364 1.025669 3.438415 0 7.148246 -0.44352 7.331737

1999 1.284089 2.914309 0.49399 1.20647 3.516025 0 6.710193 -0.88158 8.095645

2000 0.818819 2.217728 0.167347 2.087967 16.05493 4.630543 0 6.013612 -1.57816 12.55622

2001 1.029306 2.257104 0.12109 2.955492 6.670851 0 6.052988 -1.53878 17.88955

2002 1.281459 2.569589 0.09051 3.554233 5.87223 9.13292 0 6.365473 -1.22629 22.62438

2003 1.153429 2.873402 0.261686 1.740275 1.748962 5.000509 8.941912 0 6.398309 -0.65151 11.13482

2004 0.91233 2.025648 0.123393 2.225869 4.508828 3.364449 0 4.510842 -0.45955 10.04054

2005 0.986601 2.174321 0.107746 1.783754 7.033841 3.878452 3.655742 0 4.550697 -0.20206 8.117323

2006 0.977712 2.384799 0.196589 1.858466 2.223136 4.432068 4.591633 0 4.750658 0.01894 8.828937 0.035199

2007 1.343712 2.796122 0.161422 2.475147 5.742122 6.920813 7.04849 0 5.160978 0.431267 12.77418 1.067449

2008 1.328396 2.5593 0.085065 2.820069 1.719372 7.217401 4.730286 0 4.924059 0.19454 13.88619 0.548616

2009 2.388148 4.362142 0.121712 2.003042 3.1352 8.737554 8.438889 0 6.726893 1.997391 13.47425 4.000859

2010 2.447908 4.632005 0.128517 2.756745 12.76926 8.790281 0 6.996755 2.267255 19.28827 6.250244

2011 2.425112 4.809022 0.1198 2.596141 12.4849 7.626025 0 7.173771 2.444272 18.62412 6.345676

2012 2.550809 5.329957 0.097112 2.380435 12.68761 7.974196 0 7.694706 2.965207 18.31674 7.058481

2013 3.29512 7.000607 0.103316 2.938172 17.12038 20.56899 15.24188 0 9.365356 4.635857 27.51703 13.62095

2014 3.41689 7.734805 0.123117 3.003482 23.23134 16.22124 0 10.09955 5.370055 30.33383 16.12886

2015 6.188598 13.80014 0.651025 0.931086 10.49967 12.84912 19.94085 0 16.16489 11.43539 15.05091 10.64734

2016 9.77317 20.24542 0.251549 2.169509 19.6246 43.92263 63.68882 0 22.61017 17.88068 49.05297 38.79228

2017 31.41417 14.47755 17.80906 11.14603 38.63692 24.18141

2018 22.06157 10.16783 13.79637 6.539293 29.93134 14.18705

2.226234

9.77317
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n_cor_at

2.215247 2.52897 3.019842 3.042351 2.80657 2.605423 2.083028 1.770786 1.438895 1.159898 1.021813 1.166171 1.663615 2.640639 1.712717 1.214379 1.284089 0.818819 1.029306 1.281459 1.153429 0.91233 0.986601 0.977712 1.343712 1.328396 2.388148 2.447908 2.425112 2.550809 3.29512 3.41689 6.188598 9.77317

1.027324 1.348386 1.545238 1.844084 1.856703 1.717947 1.596247 1.275782 1.083574 0.88082 0.709948 0.615663 0.673661 0.975533 1.615857 0.992483 0.72278 0.597428 0.500743 0.624647 0.897275 0.505029 0.560885 0.661283 0.661346 0.628955 1.061129 1.209716 1.294823 1.437394 1.79733 2.064194 3.41143 4.305427

0.489843 0.622521 0.818152 0.939126 1.10909 1.125101 1.048204 0.974072 0.771278 0.653486 0.512544 0.41787 0.340141 0.373161 0.585856 0.703194 0.38654 0.379415 0.31956 0.296128 0.43482 0.325567 0.300286 0.367497 0.382506 0.301808 0.489868 0.54922 0.631129 0.753838 1.005279 1.120467 2.053843 2.90915

0.206374 0.282611 0.376567 0.489785 0.556005 0.654463 0.665956 0.6235 0.550099 0.422535 0.336186 0.287468 0.183105 0.176274 0.201562 0.252022 0.274178 0.206162 0.197639 0.176633 0.193175 0.158974 0.185332 0.182445 0.201195 0.155703 0.224442 0.240507 0.279934 0.350804 0.518664 0.615914 1.09384 1.674394

0.092543 0.11402 0.164303 0.223787 0.284517 0.326932 0.367503 0.366573 0.305743 0.254973 0.19855 0.176863 0.105359 0.078294 0.074262 0.120265 0.138088 0.11114 0.106208 0.098013 0.10021 0.068006 0.084402 0.110458 0.104827 0.075736 0.107943 0.102237 0.107299 0.15344 0.235075 0.303553 0.581695 0.832894

0.041238 0.052434 0.065135 0.090947 0.12676 0.167767 0.180099 0.198336 0.172348 0.131937 0.116217 0.103309 0.063879 0.042082 0.026662 0.043444 0.069649 0.061434 0.055915 0.050252 0.052774 0.029503 0.033738 0.052528 0.059605 0.037394 0.049987 0.047415 0.042575 0.054396 0.100691 0.135618 0.283279 0.428891

0.024445 0.022409 0.029304 0.033187 0.0465 0.073818 0.089446 0.092552 0.08605 0.068083 0.05374 0.059089 0.032936 0.024187 0.011831 0.015553 0.025835 0.027803 0.029323 0.024398 0.024437 0.015365 0.012799 0.020152 0.027624 0.020316 0.022927 0.020585 0.017783 0.019312 0.033375 0.055449 0.122528 0.199739

0.008539 0.013123 0.012193 0.01284 0.012576 0.026443 0.037258 0.04461 0.034465 0.029325 0.024536 0.025589 0.016209 0.011092 0.006627 0.006466 0.008746 0.010831 0.012146 0.011942 0.010374 0.006846 0.006315 0.007627 0.009896 0.007813 0.012088 0.008534 0.006841 0.006897 0.010634 0.016757 0.048304 0.082613

0.003281 0.00407 0.007072 0.005016 0.00351 0.006992 0.012782 0.018653 0.017684 0.010939 0.010108 0.011862 0.007143 0.005934 0.003363 0.003278 0.003179 0.003789 0.004926 0.004834 0.005445 0.00328 0.002872 0.003879 0.004192 0.002553 0.004621 0.004699 0.002593 0.002467 0.003576 0.004913 0.013813 0.033997

0.000864 0.001278 0.001511 0.002725 0.001278 0.001728 0.002009 0.004898 0.005111 0.004132 0.00164 0.004077 0.002067 0.00173 0.001278 0.001278 0.001225 0.000908 0.001337 0.001284 0.001461 0.000748 0.001091 0.001218 0.001219 0.000627 0.000989 0.001183 0.000932 0.0006 0.000864 0.00105 0.002812 0.00515

phi_cor_at

0.005123 0.002145 0.002604 0.003077 0.000738 3.89E-05 0.000292 0.000993 0.000695 0.000787 0.012997 0.044746 0.0336 0.00099 0.042434 0.022369 0.188362 0.00147 0.00745 0.00078 0.013922 0.01837 0.018574 0.000725 0.014242 0.000482 0.019377 0.005036 0.000276 0.004587 0.001644 0.001598 0.074642 0.00364

0.008598 0.007576 0.00631 0.014388 0.008594 0.003251 0.003152 0.010399 0.012277 0.039348 0.03079 0.076927 0.075073 0.015515 0.226778 0.285183 0.112112 0.099395 0.027235 0.005352 0.128758 0.048572 0.038743 0.119532 0.032631 0.024139 0.004933 0.016342 0.017756 0.012199 0.005741 0.005014 0.006326 0.012004

0.045675 0.009948 0.017944 0.026379 0.028877 0.026555 0.022825 0.061261 0.082858 0.125511 0.066213 0.222943 0.120671 0.092681 0.233174 0.284627 0.101363 0.117264 0.076594 0.05423 0.12452 0.08647 0.102563 0.157064 0.109579 0.066149 0.041139 0.035262 0.061581 0.028684 0.020278 0.023764 0.022644 0.019901

0.07691 0.04001 0.023524 0.040617 0.031545 0.06536 0.079525 0.156281 0.190598 0.182423 0.110643 0.314519 0.236477 0.244536 0.020477 0.082754 0.264884 0.124597 0.149189 0.149163 0.14529 0.143824 0.118061 0.124215 0.157227 0.126351 0.091284 0.136065 0.074423 0.054715 0.057452 0.055557 0.046049 0.027162

0.058902 0.052934 0.075583 0.059103 0.029433 0.078977 0.093272 0.182095 0.231447 0.200439 0.118017 0.321326 0.272468 0.347702 0.035366 0.042883 0.214375 0.140001 0.178281 0.181426 0.233515 0.195883 0.082751 0.166588 0.187892 0.165995 0.114989 0.1856 0.143003 0.074826 0.068942 0.06679 0.056544 0.031475

0.088523 0.068746 0.131831 0.129547 0.038768 0.101615 0.126221 0.228469 0.278074 0.262378 0.133192 0.375456 0.299016 0.423569 0.037507 0.023018 0.272763 0.172963 0.22531 0.239656 0.23853 0.289086 0.116316 0.183234 0.212594 0.221932 0.153471 0.253596 0.232101 0.136623 0.104867 0.096522 0.070557 0.038957

0.096925 0.087615 0.222981 0.298603 0.056264 0.137943 0.145585 0.30701 0.347375 0.322345 0.174435 0.432306 0.352486 0.432708 0.084522 0.064298 0.247175 0.224632 0.262451 0.307874 0.25534 0.323205 0.118171 0.225435 0.302817 0.243502 0.20895 0.32249 0.341932 0.227231 0.17173 0.128844 0.083978 0.048416

0.173766 0.094261 0.257185 0.433511 0.072455 0.165211 0.143135 0.27632 0.377248 0.342403 0.165081 0.426141 0.315053 0.395449 0.150896 0.15465 0.229311 0.201719 0.274307 0.273586 0.20017 0.310506 0.093477 0.154473 0.341492 0.24774 0.185799 0.368437 0.387377 0.273303 0.230525 0.175686 0.071117 0.050038

0.285298 0.308523 0.290509 0.457361 0.153944 0.415669 0.293168 0.432668 0.484195 0.591189 0.26741 0.560099 0.473313 0.507688 0.297381 0.305099 0.417775 0.331767 0.44961 0.445106 0.473957 0.440439 0.348197 0.439705 0.510228 0.49131 0.371746 0.538781 0.602828 0.515866 0.470851 0.427758 0.215072 0.082873

0.782748 0.782748 0.782748 0.782748 0.782748 0.782748 0.782748 0.782748 0.782748 0.782748 0.782748 0.782748 0.782748 0.782748 0.782748 0.782748 0.782748 0.782748 0.782748 0.782748 0.684244 0.937997 0.916502 0.820803 0.742811 0.953123 0.730685 0.858797 0.98868 1 0.884483 0.863392 0.37725 0.266501

c_cor_at

0.011348 0.005424 0.007863 0.009361 0.002071 0.000101 0.000609 0.001758 0.001 0.000912 0.013281 0.052182 0.055897 0.002614 0.072677 0.027164 0.241874 0.001203 0.007668 0.001 0.016058 0.016759 0.018325 0.000709 0.019137 0.000641 0.046276 0.012327 0.000669 0.0117 0.005418 0.00546 0.461932 0.035574

0.008833 0.010215 0.00975 0.026533 0.015956 0.005585 0.005032 0.013267 0.013303 0.034658 0.02186 0.047361 0.050574 0.015135 0.366441 0.283039 0.081032 0.059381 0.013637 0.003343 0.115531 0.02453 0.021731 0.079044 0.021581 0.015182 0.005235 0.019769 0.022991 0.017535 0.010318 0.010351 0.02158 0.051681

0.022374 0.006193 0.014681 0.024773 0.032028 0.029877 0.023926 0.059673 0.063907 0.08202 0.033937 0.093161 0.041045 0.034585 0.136606 0.200148 0.039181 0.044492 0.024476 0.016059 0.054144 0.028152 0.030798 0.05772 0.041915 0.019964 0.020152 0.019366 0.038865 0.021623 0.020385 0.026627 0.046508 0.057895

0.015872 0.011307 0.008858 0.019894 0.017539 0.042776 0.05296 0.097441 0.104848 0.07708 0.037197 0.090414 0.0433 0.043105 0.004127 0.020856 0.072625 0.025687 0.029486 0.026347 0.028066 0.022864 0.02188 0.022662 0.031633 0.019673 0.020488 0.032725 0.020833 0.019194 0.029798 0.034219 0.050371 0.04548

0.005451 0.006035 0.012419 0.013226 0.008374 0.02582 0.034278 0.066751 0.070763 0.051106 0.023432 0.056831 0.028707 0.027223 0.002626 0.005157 0.029603 0.01556 0.018935 0.017782 0.023401 0.013321 0.006984 0.018401 0.019696 0.012572 0.012412 0.018975 0.015344 0.011481 0.016206 0.020274 0.032891 0.026216

0.003651 0.003605 0.008587 0.011782 0.004914 0.017048 0.022732 0.045314 0.047925 0.034617 0.015479 0.038788 0.019101 0.017825 0.001 0.001 0.018998 0.010626 0.012598 0.012043 0.012588 0.008529 0.003924 0.009625 0.012672 0.008299 0.007672 0.012024 0.009882 0.007432 0.010559 0.01309 0.019987 0.016708

0.002369 0.001963 0.006534 0.00991 0.002616 0.010183 0.013022 0.028414 0.029892 0.021946 0.009374 0.025545 0.011609 0.010466 0.001 0.001 0.006386 0.006245 0.007696 0.007511 0.00624 0.004966 0.001512 0.004543 0.008365 0.004947 0.004791 0.006638 0.006081 0.004388 0.005731 0.007144 0.01029 0.00967

0.001484 0.001237 0.003136 0.005566 0.000911 0.004369 0.005333 0.012327 0.013002 0.010041 0.00405 0.010904 0.005107 0.004386 0.001 0.001 0.002006 0.002185 0.003332 0.003267 0.002077 0.002126 0.00059 0.001178 0.003379 0.001936 0.002246 0.003144 0.00265 0.001885 0.002451 0.002944 0.003435 0.004134

0.000936 0.001256 0.002055 0.002294 0.00054 0.002906 0.003747 0.008071 0.008562 0.006467 0.002703 0.006644 0.003381 0.003012 0.001 0.001 0.001328 0.001257 0.002215 0.002152 0.002581 0.001445 0.001 0.001706 0.002139 0.001254 0.001718 0.002532 0.001563 0.001273 0.001684 0.002102 0.002971 0.002817

0.000676 0.001 0.001183 0.002133 0.001 0.001352 0.001573 0.003834 0.004001 0.003235 0.001284 0.003191 0.001618 0.001354 0.001 0.001 0.000959 0.000711 0.001047 0.001005 0.001 0.000701 0.001 0.001 0.000906 0.000597 0.000722 0.001016 0.000921 0.0006 0.000765 0.000906 0.001061 0.001373
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I.4.   XSA   VPA-95 v.3.2.    FLR     

(   R) 

Darby & Flatman, 1994  

. . , . . , . .  

 

I.4.1.   

 ,   ,   

  VPA-95 v. 3.2,     

 CEFAS ( ) [Darby & Flatman, 1994]    

         

       

    .     

,    WINDOWS    

  .     

.     4   

      ,  :  

1. VPA (    ),   ,  

     .  

2.  VPA. 

3.    VPA (  ). 

4.    XSA.  

        

   VPA-95   Windows,  , 

 . .   2005 .,    

    ,   

  [ , , 2005]      

(  4   ). 

       

     VPA-95,   
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 [Darby & Flatman, 1994].     

        

[ICES, 1995]  ,     

         

   .  

          

   –   .     

   .     

          

 R. 

        

    ,    

 ( ) ,     

.          

   .    ,  

   N(t)     

     Z(t): 

)()(
)(

tNtZ
dt

tdN
 , 

  ,    

,    ,     

    :   

Z(t,a) =M(t,a)+F(t,a). 

 . I.4.1.1      

,     ( ,  1000 ., . . Ct,a – 

   a,     t.   

     .  
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 I.4.1.1.        

  (      ,   

,  3 ) 

 
 

    

3 4 5 … n 

t Ct,3 Ct,4 Ct,5 … Ct,n 

t+1 Ct+1,3 Ct+1,4 Ct+1,5 … Ct+1,n 

t+2 Ct+2,3 Ct+2,4 Ct+2,5 … Ct+2,n 

… … … … … … 

… … … … … … 

t+k Ct+k,3 Ct+k,4 Ct+k,5 … Ct+k,n 

 

,       , 

         .  

,           

 a    ,   , 

    . 

 ,      

« »  , . .   

        

: Fn –       

  ( ) ; FO.txt –  

      aold   

.  ,      

       [Pope, 1972]. 

        

,       : 

))1(exp(

)),exp(1(

),exp(

1

1











a

a

a
aa

a

a

a
aa

aaa

Z
Z

F
NC

Z
Z

F
NC

ZNN

     (I.4.1.1) 
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   (I.4.1.1)    , 

  -    (Ca),        

,       Na+1    

            

     ,     

     .  

    , ,   

  ,     :  

-      ;  

-    Ma,t –     

       ,    

,            

  ;  

- wa,t –     a    t;  

-    (      a   

 t).  

         

(     )   (   ). 

         

.  

        

 (I.4.1.1)        n 

  : 

))exp(1( nn

n
nn

ZF

Z
CN


 ;          (I.4.1.2) 

   (n-1)-       

(I.4.1.2)      Fn-1 

(              

, -     ); 
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   (I.4.1.1)   Nn-1   

; 

    

       .  

   .  

       

       ,    ,  

  . I.4.1.1.       

       

        

   wa,t.    ,   

  .  ,     

     .  

      ,   

       . , 

     ,       y 

              

  ,     (I.4.1.3) : 

MM
eayNeayayN )1,1(),(),( 2    (I.4.1.3) 

 ,    ,    

   N(y,a),     F,     

  : 

),(
)1,1(

),(
),(),(),( ayM

ayN

ayN
LNayMayZayF 


       (I.4.1.4) 

, ,   ,    

  .  ,  VPA     , 

      .    

    ,       . 

       ,    
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 ,   ,   k-    (0≤k≤1),    

(I.4.1.3)  eM/2   Ce
Mk.  

 

   XSA 

 XSA  .  [Shepherd, 1991; Shepherd, 1999] 

   .  [Doubleday, 1981],     

        

 (  Survivors  Pt)   ,   

      .    

 :  

Pt= P(ymax+1,amax+1), 

 amax –       , 

ymax –   ,     .  

     yt,   ,   

       aold. 

      Pt  

   ,      

      –  

 q(a,y) (       

     1/q). 

   F(a,y)  N(a,y)    

  [Pope, 1974],     VPA.  [Shepherd, 

1999]  ,      

   a   Pt  : 

),(),(),( ayPcPtayECMayNvpa     (I.4.1.5) 

ECM       : 

)),()...1,1(),(exp(),( maxmax ayMayMayMayECM  ,    (I.4.1.6) 

 

 ymax  amax -       

,   . ,  (I.4.1.6), 
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  ECF  ECZ, .   (I.4.1.5) 

   Nvpa()       

,     Nest(). 

   (I.4.1.5)      

  ,  :  

]5.0exp(),(),([),(
max

i

a

ai
MayCayECMayPc          (I.4.1.7) 

 Nvpa(y,a)        

 , . .     . 

          

 ,         

u(a,y,f).        

     .  

   u(a,y,f)      

,   [γ, ].  γ   –   , 

     (  ).   u 

      [Shepherd, 1999]:  , 

      ( , ),  

 : 

u(a,y,f) =q(a,f)N(a,y)A(a,y,f) , 

 f = 1, 2, … –  ,   q(a,f) 

  ,  N(a,y) –   

   y. A –      , 

   : 

),()(

)),(exp()),(exp(
),,(

yaZ

yaZyaZ
fyaA







  .  

   ,   f  

   (  =0  =1),  A=(1-exp(-Z))/Z –     

         . 
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 ,  ,    , : 

 u'(a,y,f)= u(a,y,f)/ A(a,y)    (I.4.1.8) 

 XSA       

       

 .    XSA      

  , 6  (a1)  (a2). 

 a<a1   q    

   :  

 ),(),,(' ayNfayu vpa     (I.4.1.9)  

  γ   1.   (I.4.1.9)  

     u'  Nvpa,    

   : 

ln (Nvpa(a,y))= [ln(u’(y,a,f) )-ln φ]/γ    (I.4.1.10) 

  (I.4.1.9) ,   (I.4.1.10)  a<a1 

   Nest(y,a,f)    f . 

 a1<a<a2 u'(a) =q(a)Nvpa(a), . .  q    

     .    a2,  q 

       . ,   

          

  ( ).   ,   q 

 : 

 

               q(N)        a1        q(a)          a2   q=const    aold 

         

 aold,       - amax. 

    f,a,y    

  : 

                                                           
6    ,      a1  a2      

,       ,       . 
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),,('
),(

1),,( fyau
faq

fyaNest      (I.4.1.11) 

   ,   Nvpa,   

   ,    

 ,       Nest 

 c ,  . 

    – 1/q(a,f)   Pt(k) (k-  

),       : 

 


),(

)],(ln(),,([ln(
2

,, fa

yaNvpafyaNest
SSE

fya 
    (I.4.1.12) 

 2 –   Nest(). 

       

,  .  (1999)    

 ,     (I.4.1.12) 

         

. 

   SSE (I.4.1.12)  ln(1/q(a,f) , 

     a1  q(a,f)     

      (I.4.1.13): 

 









y
y

fyafyau

yaNvpa
fya

faq ),,(
)

),,('

),(
ln),,(()

),(

1
ln(   (I.4.1.13) 

        

 (a,y,f) = θ(a,y,f) (y),   θ  0  1   

 ,       (a,y)     f. 

 (y) –    ,  ,  

    ,     . 

    –      

     . 
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  p  : 
p

p

R

dR
dytw 



 

 )(1[1)( .    (I.4.1.13a) 

 R –   ,    

;     (yt)   d =0, 1, …R; p=0, 

1, 2 ,3 –   .    , 

  . I.4.1.1 (   p = 0,  –  p = 1, 

  p = 2    p = 3).  p = 0  

(I.4.1.13a)  ,      ( ) 

    ,    – 

 .     p = 3. 

, ,      10 ,  1990  2000 

.    R=10,       (1990 

.)   ,   1991 . –  0,1.    R = 

20,          – 

 1990 .   0,5      0,3  

 ( . I.4.1.1).       

,   (    )  

   . 

 

0

0.2

0.4

0.6

0.8

1

1.2

1970 1980 1990 2000

p=0 p=1 p=2 p=3
 

. I.4.1.1.     w(ty-d)     
       (  y t = 2000)    R = 20 
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  (I.4.1.12)  ln(Pt)    

         

  ( ) k: 

 











f Fai

Ta

f Fai

Ta

t
fiyw

iyECZfiyNestfiyw

kP
),,('

)],(ln),,()[ln(,,('

)(ln ,     (I.4.1.14) 

 Fa  Ta –     ; 

i –     ,    

),(),,(

)()(),,(
),,('

2
iyECFfiy

fyfiy
fiyw




     Nest  

    F     

   .  θ(y,i,f)  (y)  

,  (f) -  ,     

  ( ). 

 (I.4.1.14)   ,   Nest  

  Pt,         

,  Nest   ,   

 , . .    A,    .  

    [Shepherd, 1999]     

    .  

,    Nest   

       , 

   (      

I.4.1.13).          [  Gassioukov, 

1996]: 



















yt

i

yt

i

y

faifai

faq
Ln

fayu

ayNvpa
Lnfay
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1
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   (I.4.1.15) 

 

   (I.4.1.15)  ,     (I.4.1.13). 
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  XSA   (shrinkage)    

     

  XSA  2   –   

    F.      -

     ,      .  

   10      

[Darby & Flatman, 1994],      

 ( )       

    .     

. 

        

a<a1.           

    (   ,  

)      Nvpa(a+1)  

 ,      VPA.  

   : 











yt

i

yt

i
vpa

Pshr

i

aiNi
aPt

1

1

)(

)1,(ln)(
)(ln




         (I.4.1.16) 

 i –  , (i) – ,   i   

    ( .  I.4.1.13 ). 

   F  

      F(a)  

 j ,    (   

j = 3-5 ).     shr(yt,a) F  







jyt

yti

shr aiF
j

aytF
1

1

),(
1

),(  
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        : 

)1)(,(

),(),(
),(

),( 


aytZshr

shr

shr
Fshr

eaytF

atyZaytC
aytPt ,       (I.4.1.17) 

  M(a)(yt,a)F(yt,a)Z shrshr  . 

     )shr(y,aF max    

  k  ,   PtFshr(y,amax).  , 

  F       

  Pt. 

  Pt     

(   ,  ) ,   

 I.4.1.14,      ,    

.    CV     

  F  ,       

.  ,     ,  

I.4.1.14    I.4.1.18.  









 

f i aPshrFshr

f Fai aPshr

aPshr

Fshr

FshrTa
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iyECZfiyNestfiyw
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),,('

)],(ln),,([ln(,,('

)(ln




(I.4.1.18) 

     ,    

       (I.4.1.18).  , 

   (I.4.1.18),    , 

    a>=a1.     

   : 

 
1

)1,()(
1

2

)(








n

tPLnaiLnNvpai
yt

i

aPshr

Fshr


 .   (I.4.1.19) 

 

   ,     F (j  k), 

  .  
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   XSA 

      . 

   Pt(k) ( ,    

      k  Pt(k)=C(yt,amax). 

    

 VPA -  F(y,a)   Nvpa(y,a)   I.4.1.5. 

 Z(a,y), ECZ, ECF, ECM  (I.4.1.6). 

       (I.4.1.5) 

    f  
   a  

   Ln(1/q)  (I.4.1.13)  

    (I.4.1.15) 

   a  f 
  f    
  a 

  y 

    f,a,y     
Nest(y,a,f)  (I.4.1.16)   (I.4.1.17) 

   f , a, y  

 

   ( ): 

  i (    ) 
PtFshr(yt,a)  (I.4.1.17 ), PtPshr(a)   (I.4.1.16)  

   i 
  j (    ) 

PtFshr(y,amax)  (I.4.1.17) 

   j 
    k    

 Pt(k)  (I.4.1.18)  (I.4.1.14) 

   kn 
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I.4.2.   

   ( )  VPA-95 

    VPA-95 c    (   

,   )      

 (index).     -    

  . I.4.2.1,        

 .        

   .  . I.4.2.1     

          

,   .       8 

.    «txt»,    

   .    3   

   .   VPA-95 

    :  2-4   

   (cod – ), 2   - ,  

  ,    ,  «la» – 

«landings» (   ), «mat» – maturity ogive (   

  )  . .   ,    

    .  -    

            ,  

   . 

 I.4.2.1.    (   ,  

  3)     (NEA cod) 

 
 

 
 

  
 DFI 

      1 
NEA cod  ,  

  80  
- 

      2 1    1  - 

      3 
D:\ cod \caton.txt 
 

 ,   
   

(landings)  ,   
5 



147 
 

 
 

 
 

  
 DFI 

     4 
D:\ cod \canum.txt 
 

 ,   
   

    , 
 . . 

1 

    5 
D:\ cod \weca.txt 
 

 ,   
   

    , 
   ,  . 

1,2 

    6 D:\ cod \west.txt 

 ,   
   

     
   ,  . 

1,2,4 

    7 D:\ cod \natmor.txt 

 ,   
  

  
  (M) 

   . 

1,2,3,5 

    8 D:\ cod \matprop.txt 

 ,   
   

   
,    

. 

1,2 

    9 D:\ cod \fprop.txt 

 ,   
   

   
. 

3 

    10 D:\ cod \mprop.txt 

 ,   
   

   
. 

3 

    11 D:\ cod \foldmor.txt 

 ,   
   

 F  
   . 

5 

    12 D:\ cod \fnewmor.txt 

 ,   
   

 F   
  . 

2 

    13 D:\ cod \fleet.txt 
     

    
 « ». 
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       . 

         

,    . ,     

 , -        .  

   . I.4.2.1   

   DFI (data format identifiers): 1- , 2- , 

3- , 5- . DFI = 4    ,    

       ,  ,    

        ;     

      .     

    , ,  

      ,  DFI = 3 

(       ),    ,  DFI = 

2 (M(a) –  ,       ),     

(M(a,y) –    ).  foldmor   fnewmor  

      SVPA,    XSA     

     «0000». 

   a -  , y -  . 

        

  ( . I.4.2.1).   ,      

,           ,   

3  4 (     )      .   

    ,    

 « ! »,     . I.4.2.1.  

,     ( ), 

     ,  . 

     . 

 . I.4.2.2       . 

         

    .     



149 
 

       ( ).  

        

,     .    « »  

    ,     

  .  

 

 

Yellow-fin sole of east Okhotsk sea, catch-at-age  !   . -  80 
1 2   !  П  -  1  , 2-    

1980 2003   !  
4 14   !   ,  -
1   !  DFI -  

1719 12147 21201 11173 6589 2693 916 630 171 57 5

832 12117 34687 26640 12117 4255 1202 462 92 37 37

48 1545 10336 16905 11012 5457 1497 821 289 96 24

293 2930 15177 20803 13185 3809 1758 351 175 117 1

236 4012 34338 46846 24426 5900 1298 708 118 23 23

980 2084 25991 37883 30895 16183 6007 2452 1 122 1

6153 19101 27819 46280 16922 9230 2051 512 128 1 1

1450 2127 18856 33458 24561 10927 3577 1353 1 4 0.5

3735 5677 13446 13670 121761 11354 10682 1718 1195 298 1

3192 5825 14284 15241 114912 11012 13007 2713 2074 478 159

12541 40609 46581 19259 7166 7763 6121 4180 1940 447 298

10607 23679 28798 21666 14659 8860 4787 2610 860 1 944   ! 1991

1593 6743 11310 10248 11416 5894 2920 1964 477 106 159

527 1605 2657 3109 30816 2328 1598 1127 753 501 495

393 1141 2071 2697 28015 2424 2219 1811 1551 1119 1863

793 1745 4602 5660 6559 4020 7194 4443 6295 3650 7723

354 2478 5900 3068 2950 1740 2153 2566 2950 3687 1593

4046 5317 9074 6704 4913 4970 5144 5664 4681 2601 3525

3304 6220 3013 7290 6804 5151 3110 4374 2721 3110 1749

11474 15367 6693 10381 7103 4302 2253 3073 1707 1775 1092

42358 48781 17533 20311 10068 5034 2256 2951 1562 1909 1388   ! 2000

39404 37299 11881 14739 7820 4060 1804 2406 1203 1203 1203

27558 37270 13562 16267 8498 3763 1699 2306 1335 1335 971

14491 24352 11055 6050 5303 1494 971 448 74 22 22  

. I.4.2.1.    –    
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    yellow-fin sole of East Okhotsk Sea, File for tuning

102 ! 100+ 2fleets

   Srednetonn .fleet, f-    
1993 2001 !    

1 1 0.33 0.83 ! П     -   1,  alfa, beta
4 13 !  , -     

2772 793 1745 4602 5660 6560 4020 7194 4444 6295 3650 7723

2294 354 2478 5900 3068 2950 1741 2154 2567 2950 3687 1593

3788 4046 5317 9075 6705 4913 4971 5144 5664 4682 2601 3525

5458 3304 6221 3013 7290 6804 5152 3110 4374 2722 3110 1749

8204 11474 15368 6693 10382 7103 4303 2254 3074 1708 1775 1092

11949 42358 48782 17534 20311 10069 5034 2257 2951 1562 1909 1388

9533 39404 37299 11882 14739 7821 4061 1805 2406 1203 1203 1203

7978 27558 37270 13597 16268 8498 3763 1700 2307 1335 1335 971

7166 14491 24352 11056 6051 5304 1494 971 448 75 22 22

survey

1997 2001

1 1 0.5 0.509

4 13

1 112 247 652 802 930 570 1020 633 892 517

1 264 1848 4400 2288 2200 1298 1606 1914 2200 2750

1 2779 3652 6232 4605 3374 3414 3533 3890 3215 1786

1 3046 5734 2777 6720 6272 4748 2867 4032 2508 2867

1 11474 15367 6693 10381 71032 4302 2253 3073 1707 1775  

. I.4.2.2.       

 

       

   ,    –    

 ,  -     .  

     100   , 

     ,     102. 

  –    (  20 ),  – 

 ,     -  ,     

  ,         

.   – «1   1  alfa  beta».    

  ,        

 . ,       ,  

«0.5   0.58».       , alfa = 0, beta = 1.  

          

   ,  –     –  

   .  ,     

  ,    20. 
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   ,      

,      ,  

  .  

       

,   ,     

, . ,   cpue      

     ,       

« »  ,       

,      .     cpue 

 , . .       

  ,      

 .      

 ,       [   

., 1984].        ( . I.4.2.1)  

      ,   

     ,     

  .  

 

  R 

      R   

 . .   . . ,      

  . .    

(http://www.inp.nsk.su/~baldin/DataAnalysis/). R –  , 

         

,     –       

 . R  ,     .   

     ,   « »   

(  ,  ),    

 . R –  ,  

http://www.inp.nsk.su/~baldin/DataAnalysis/
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.     ,    

     MatLab/Octave.  

 ,  ,     R 

     :    

  -   . R    

  S-PLUS,       

   S.   S-PLUS 

 -    .   1993 .   

     ,   

 R.    (Robert Gentleman  Ross Ihaka)   

     S,   S-PLUS  

, ,      , 

    .       S-PLUS, 

  « »  «  S».     , 

      ,  . .   

     ,    

    S-PLUS  R.  , ,   

     ,    R 

   « »    (   

,     : SAS, Stata, SYSTAT). 

 ,   R,       

,        .  

      – CRAN  

 Comprehensive R Archive Network (http://cran.r-project.org/)  

  TEX-  (CTAN  Comprehensive TeX Archive 

Network;     Perl- : CPAN  

Comprehensive Perl Archive Network).      

:     .     

    ,    
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.        

    FLR. 

  FLR (Fisheries Library for R) 

  FLR [Kell et al., 2007]     

   .    

        

      ( , , 

, , , ,  

) ,  ,       

      ,    

  .  

  FLR      

  ,    R,  

      

,        

        

.     FLR   

      . 

FLR    ,   

   (   ,   

Fortran, C  C++)    .     

    ,   

      . 

FLR      ,   

 GNU General Public License (www.gnu.org/licenses/ licenses.html # 

GPL).    ,      

  ,     

,       .  
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    ,    R    

    ,    

    ,    

 ,   -  . 

FLR    -  

 ( ),     ,  

    .   ( )  

    ( ,    . .).  

       

( ,      ). 

  FLR 

   FLR -  FLQuant,    

 ,       

 ( ,  ,    ,  

,    ).   

       . 

FLQuant       FLR 1     2.0  

. , ,       ,  

      . , 

  ,    . 

,    ,     . 

  : , ,   .  

« »     ,   , 

,         . « »  

« »      

.  , « »,    

     - , ,  

   . 

     R,      

 ,    ,   Fortran  C++. 
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,        

,   R    ,    

++    .  

  , , ICA [Patterson, Melvin, 1996]  XSA 

[Shepherd, 1999]       . 

     ,    , R 

-    FLR,        

. 

 . I.4.2.3    FLR [Kell et al., 2007]   

  .  

 

. I.4.2.3.     FLR 
 

    FLBiol     

  ( ,  ,   

. .).       

, ,   -   

 FLSR.        FLFleet. 
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    .      

  ,   ,   

        

 .      FLOE,  

        

.     FLStock   

  ( ,     . .)   , 

 FLOE,   FLIndex,     

,    .  

      FLAssess, 

     (  ,  

  ,       

 ). 

        

 ( ,    - ),  

      , 

       

.        

  (FLSTF)     

(FLBRP).      .   

       ,  FLR 

       

( ,       , 

    ).  FLFleet  

,    ,     

   . 

  , ,    

,    ,   , -  

 .      
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 ,        

,    .    

   FLEcon,    

      , , 

  .       

     .   

    FLR 

   R     , 

    : ,  read.csv 

   CSV- , readVPA      

  .       

    , -  , 

     ,     ,   

( , -  , ),    

.   ,      

 ,       ( , 

    ,   

     ).     

        FLStock. 

      

   FLR     R,  

    .   . .   . . 

 [http://www.inp.nsk.su/~baldin/DataAnalysis/],    

     ,    R  

   ,      

lattice,      CRAN.    

  ,      R   

 .      , . . 

http://www.inp.nsk.su/~baldin/DataAnalysis/
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    . 

    R      

:    «  »,       

   .     

  plot( ) – « »  (   «generic» 

 ).  ,     ,   

,    .    plot( ), R 

         

 .         ( . .  

      ,   

 ),  R « »        

  .    dev.off(), R   , , 

,  ,      .  

  R  ,      

(   Mac OS X -  ).      ,     

       .   

  png, jpeg  . R    , 

, PDF.  PDF, R « »    , , 

PostScript, xfig  picTeX.    RSvgDevice,  

    SVG.     

, ,        

Inkscape.  

   ,    R   

  .   ,      

 ,    . .    

.     R     

 «    » [Cleveland, 1985]. 

       S-PLUS,     R. 

   R  ( ,    rgl,  
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      OpenGL),    ,  

       , R  

  «Trellis graphs»  -  ( . I.4.2.4).  -

 ,        (  

 )    .    

 ,  .   ,   

   (Height)     

 (Volume)   (Girth). 

 

. I.4.2.4. -  [ : , ] 

  R     , , , 

 ,        ,  

  ( , )   ,    

« »        .  ,   

,          
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     . ,    

     .    

   identify(),    rggobi, TeachingDemos 

 iplot. 

     R,   

 . .   . . ,   FLR, ,  

   R    

    FLQuant, FLStock, FLSR   

  FLR. 

 

 FLR 

   FLR      

  R   https://cran.r-project.org/.   

 FLR     http://www.FLR-project.org/,  

    R:  

source(“http://FLR-project.org/R/instFLR.R”).  

   ,     ,  

 ,     . 

,         

       R: 

FLAssess_1.99-102 

FLCore_2.2 

FLEDA_2.0 

FLXSA_1.99-100 

R-2.8.1 

       R   

    FLR,    zip- ,  

   «  – > Install package(s) from local files…». 

 ,    ,    

https://cran.r-project.org/
http://www.flr-project.org/
http://flr-project.org/R/instFLR.R
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     «  – >  

( )…». 

    /XSA   FLR  
    VPA95.exe 

  -     2017 . 

         

   (XSA).      

     ,    

   ,    ,  

     (    

 ).    ,   

 ,        

(   ).  2011 .     

 VPA95.  2012 .    FLR.  , 

   VPA95  FLR,    

. , ,   VPA95,      

  ,    XSA,     

 FLR        ,  

    .   FLR   

  , ,     

   ,      VPA95  /  

  .      

FLR       R.   

   , ,  

,         . 

       

    .   

        

  XSA,  ,      
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   .  R   

  ,    ,     

    ,      

      .     

     ,       

     .   , 

   VPA95    

    XSA,    FLR,   

       

   . 

        

  (    ,    

 . .).   

 

I.4.3.    

C   FLR       

 (AFWG)        , 

,      .    ices.dk  

  AFWG   , ,  2012-2016 .,  

      ,   

       . 

 

    /XSA    
  ,    FLR 

 ,     FLR,   

          

       (  4  

 ). 
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  ,       I.1.4.2.  

  /XSA ,    ,   

  ,      

     ,  

    csv     . 

   

       «run_FLR_4_cod.zip» 

   ,    «FLRmainScript.txt»  

    «TOChange.r»    

,    : 

data –           

 VPA95 (  XSA),     

(  percapita),  «cannibal1946.R»    

      1946-1983 .,   

«predict_num.txt»,     , 

     (       

  ,         

,       , 

      ); 

 out –       

 ; 

outSingle –       

        

.         

 ,         

 ; 
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r_sources -       , 

         . 

    r_sources: 

 «Banana»  ,     

 ,       ,  

  .      . 

I.4.3.1. 

 

. I.4.3.1.         
 ,         

 



165 
 

 «bubbles»  ,    

   (    

    ( . I.4.3.2).  

 

. I.4.3.2.      

 

checkConvergence –       

        

;  

consumptionEstimation – ,    

      XSA,    

.    ,    

       

«  ».    , 

   checkConvergence,   

      , 

   ; 
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dataforBanan –       

        

( . . I.4.2.4); 

doXSA –     ,    

    XSA; 

FLXSA functions –   ,  

       ; 

FMenageType –       

        

   ; 

 functions –   ,    

        ,    

XSA ,      

(  ,      )   

      (  

    )  ; 

Inputsforpredict –     ,  

    , ,   , 

       

 ; 

loadIndices –     , 

    ; 

loadPerCapitaConsumption – ,    , 

         

  1984 . (      , 

   )   ,   

 data/percapita.       

      FLRmainScript.txt,  

      .   
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,      ,   

     ,     ;     

loadStockAndCatch –        

       ; 

outResults – ,      

«report.docx»   ; 

predictions –    ,    

; 

retroRSS –      , 

     ; 

SSQresiduals –        

  ; 

SVPA –        

/      ; 

totalCannibalismFromPerCapita –   ,   

 ,   ,    

data/percapita; 

utils –   ,      

       . 

     «FLRmainScript.txt»  

   ,   , 

   ,    

. 

   

  ,     ,   

       , 

   . 
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 «TOChange.r»        

,      7.  

  «TOChange.r», ,     

 ,   ,  ,  

      . 

      , 

   «FLRmainScript.txt».       

 (   START CHANGES)   ,  

      (.BaseDirectory<-" "),  ,   

       . 

 ,  ,     – 

         

 ,        .  

    ,    

,       .    

   . 

      : 

1 –     ,   , 

   ,     

    XSA; 

2 –   SVPA (      )  

        

; 

3 –         

; 

4 –         ; 

5 –     ; 

                                                           
7   ,      -  ,   

  . 
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6 –    ; 

7 –       ; 

8 –  ,    , 

         

 . 

         

   R.      ,  

,    .      , 

      . 

      ,    

   out  outSingle   . 

  

       out   «report.docx», 

        . 

,    . I.4.3.3     

      3 ,    , 

        .  

 

 

. I.4.3.3.         
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     ,   

     ,    

     ( . I.4.3.4).  

 

 

. I.4.3.4.      

 

 ,         

 ,    (diagnostics)   

(bubbles, NEWbubbles) ,      

(retro, retrossb; . I.4.3.5)      

     (BananaPlot3-10, SingleFlSSB, 

SingleFleetTSB). 
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. I.4.3.5.       

 

  outSingle      ,   

 out,           

  . 

  ,      
  

        

  .   ,   -    

         ,  

 «TOChange.r»     . 

    YEAR  ,    

. 

  «Global values»      

: 
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ageToCheck – ,     ,  

 ; 

yearToCheck – ,     ,   

; 

years –  ,       

 (  ); 

minimumYear –  ,       ; 

maximumYear –  ,     ; 

minAge –   ; 

maxAge –   ; 

minimumAge –   ,    

; 

maximumAge –   ,    

;  

minPreyAge –   ; 

maxPreyAge –   .  

 

   «XSA control»      

   XSA: 

maxit –   ;  

qage – ,        ; 

rage – ,         

; 

shk.n –      ( . . shrinkage); 

shk.yrs –  ,    ; 

shk.ages –  ,    ; 

fse –   ; 

tsrange –   . 

 ,   VPA95    qage  

,   ( )    . 
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  «for retrospective»    ,   

     .  

   

  FLR   ,   

       3  

.        SVPA 

(      )    

        

    (HCR).    

 (FMenageType, functions, Inputsforpredict, predictions, SVPA)  

   r_sources.  ,     

     MFDP. 

 

 

 . .,  . . 2005.      

   « - » // .,   . .  . 

: -  . 108 . 

 . .,  . .    R. 

http://www.inp.nsk.su/~baldin/DataAnalysis/ (     31.05.2018).  
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Advanced Books and Software, 1985. 323 pp. 
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 II 

    
    

  II   
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  (  ) 
 

      , 

      « -

»        .  

    ,   

       . 

      

       

     .   

       

.      ,    

   ,       

   ,      

    .   ,  

        

  .      

        

     ( ) , 

,   .  

      

 : 

 

       (II.1) 

 

: 

Bt –     t (t –  , t+1 – );
  

r –   ; 

G(B) –   ; 

ttttt BrGBB  ))(1(1
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Ct –    t; 

t –  . 

       

  G(B).    G(B)   

  ,   ,  

  (    ) K.    

      : 

  KBBG /1)(  ,   

 ;  

  )/ln()( KBBG  ,  

  . 

      :  

  –      [Schaefer, 1954],  

 –   [Fox, 1970].  -  [Pella, 

Tomlinson, 1969]      /1))/(1()( KBBG  ,  α - 

      ,    

  α=1       α→0. 

        

         

  .      

     ,    

  .    

        

 (ASPIC) [Prager, 1994],     

  [Meyer, Millar, 1999],       

  [Punt, Hilborn, 1996],    

 [Monh, 1980; Walter, 1976],     

 .  
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II.1.   Combi 4.0 (  « ») 
. . , . . , . . , . . , 2017 

II.1.1.   

  .    

       [Volterra, 

1928],    « – »,     

 [Russel, 1931],     

 .       

    ,    ,  

      : 

dB/dt = B[r(B) + g(B) – M(B) – F(E)],     (II.1.1.1) 

:  –    ; r, g, M –  

    : , 

        

  ; F –       

     ( ). 

        

 ,     

 ,       .  

        

  : 

G(B) = r(B) + g(B) – M(B). 

 ,     : 

dB/dt = B[G(B) – F(E)]. 

,         

  , G(B),  , F(E). 
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       : 

dB/dt = 0. 

       Y, 

        

 : 

Y = BG(B) – BF(E). 

      

        

  :    ,  

   ,   [Graham, 

1935]. ,       , 

    ,     

       

     : 

 

        

    . 

       , 

        

[ ., Laloё, 1995],      

(  . .     ICCAT, IATTC, ICSEAF) 

        « – », 

  ,        

 .       

         

 ,  . .   [ICES, 2012]. 
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     ; 

  ;   

   ;    

     .    

 ,       

  –      

   .      

-    - ,  

   ,   

,     [ ., Corsi, 2000]. 

  .  , 

        

  –   .      

      

       .  

   ,     

         

,  ,  .  

   .   

      ,   

, . .       

  , ,  ,     

 .  

        

 ,  [Walter, 1976]    

   B = B(t).   ,   

 dB/Bdt = r(1 – B/K) – qE       
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, : 

 

 Bi–1, Bi –        i. 

        

   ,      

          

     . 

  [Schnute, 1977; Schnute, 1979]    

 ,         

.           

   dU/dt = rU(1 – U/qK) – qEU  

 i ≤ t ≤ i + 1,         

 1 : 

 

  –       i. 

       

          , 

       

: 

 

 

    [Butterworth, Andrew, 1984]   

         : 
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 Bi, Bi + 1 –     i  (i + 1) ;  –  

     i-  .      

G(B)  G(B) = rB(1 – B/K)  G(B) = rB(1 – lnB/lnK)   

      . 

        [Babayan, 

Kizner, 1988],        

Bi + 1 = (Ui + 1 + Ui)/2q,      ,  

,      . 

     Combi. 

 .    Combi 4.0 

        

( )        

 .       

,       

 II  (  1      

  6  2015 . № 104): 

«II :     

        

    . 

       : 

         (  

 )».  

      

   ,     

   ,   

   (MSE – management strategy evaluation),  

    MSY (maximum sustainable yield)   

  ( . II.1.1.1). 

      

  ,   № 104,  
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   ,   ,  

       « – », 

  ,     

( ),        

      . ,   

,          

    ,   

  « »  . 

   

. II.1.1.1.      
   

 

    Combi    

 : 

1)   [Schaefer, 1954],     

 : 

dB/dt = rB (1 – B/K) – qEB; 

2)   [Fox, 1970],     

      [Gompertz, 1825],  

 

 
 

(Combi) 

 
 MSY 

 

  
 

(MSE) 
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  : 

dB/dt = rB (–ln (B/K)) – qEB ; 

3)   -  [Pella, Tomlinson, 1969],  

        

[Richards, 1959],        

      :  

dB/dt = rB (1 – (B/K)a) – qEB, 

  –    ; r –   

 ; К –     

(  ); q –  ; E –   

.  

 ( )     

     ,  

 –      ,  

      « – ». 

   ,      

           

. ,       

    .     

       

        

« » ,     .  

     ,  

     ,   

     (GLM – generalized linear models). 
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II.1.2.   

      ,   

        

 . :     Combi  

    R,    

   ;   ,  , 

        

 R (     www.cran.r-project.org).  

- ,     

 Combi,   . II.1.2.1. 
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. II.1.2.1. -   Combi 

 
 

 « » 

  ,    , 

   . 

  

 

   

   

     
(    ,  

 ) 

    

   

   

 

  :     
     

 

    

 

   

 FSBi + k 

 

 i + k 
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 : :  → .   

     .    

     (  .txt –  

  (Notepad))      

         , 

      ,   

  . :  ,  

    ,    

( .    );     

;        .  

     . II.1.2.2. 

 

. II.1.2.2.       
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  ,      .   

      

      (  U = f(t)),  

  (  E = f(t))   ,  

        (  U = f(E)) 

( . II.1.2.3). 

       

    .     

      

      ,     

[Hilborn, 1979].     , ,  

  « »  , . .   

        

 . ,     

,        BMSY,    

,     ,   

  [ICES, 2012].   , ,  , 

  ,      

 ,     ,  

        

    (one-way-trip).   ,    

    (   )  

     ,   

  ,     

 [Hilborn, Walters, 1992]. 
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. II.1.2.3.    « » 

 

     

,     , 

    .   

        : : 

 (       )  : 

  (       ,  

). 

 «   » 

     ,  

   .    

        

 U  ,         

 ( . II.1.2.4). :    
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       , 

,        

 . 

 

. II.1.2.4.    «   » 

 

       

           

   :  

1)    ;  

2)    .  

        ( ) 

     : 

, 

 r –   ; q –  

; U –       
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; C –  ; G(•) –   ,  

       . 

   : 

G(•) = 1 – B/K     , 

G(•) = ln(B/K)     , 

G(•) = 1 – (B/K)a     - , 

: B –  ; K –   (   

). 

    r, K, q  a   

    (L),    

       .  

   : 

-      , 

-     ,  

-      , 

 i – ,   .   

      

    ,      

 ( . II.1.2.4).   Combi 4.0   

        

,        

,      .   

   ,    

     .  ,  

         

 ,      .  

      (  

   0%), . .      

  . 
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     ,    

         

.      r  

 0,5        

 0  1.    K,       

,     ( )  

 ;     100    

.    q,       

,   0,0001;     

1,0.         

. 

      ,   

  ,     ,   

   .   

    «  ». 

  ,    

 ,  ,  ,      

    [Hilborn, Walters, 1992].   

      

 ,     

,   ,     

[Rankin, Lemos, 2015].   Combi    

   «  »,    

   [Karaboga, 2005].   

     .  

 ,      

,    ,   

 : 

Θ= Θ* exp(x), x ~ N(0, ), 
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  Θ* = (r, K, q) –    . 

  L(Θ) < L(Θ*) Θ     

,   .       , 

       ,  

  ,        

 .      

       . 

  ,       ,  

   ,      

.   ,     ,  

      .  ,    

 ,     

,    ,      

    .    

  ,     , 

        

,    . 

1)       ( ,   

).       

      ,  

      .     

     ( . II.1.2.4),    

  ,    

 .    ,  

    . :  

   ,    

      .    

   . 

2)      .     

,     15 .      
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    ,      

 ,   –    . 

 ,    ,   

       

,      . 

      , . .  

     

 .      

«   »     2     1/3  

   ( . II.1.2.5).  

        

  .      , 

      

 (StdDev) ( . II.1.2.5). 

 

. II.1.2.5.    «   »  
   «  » 
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    ,      

 -     .   

       

        

,   .   

    Combi,   

   R       

  ,    

    r–K (  r –   , К 

–  )    MSY–FMSY,    

     ( . II.1.2.6).    

         

: 

 

r = FMSY ( +1)/      

K = (MSY/FMSY) ( +1)1/  

 

 γ –      -

. 
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. II.1.2.6.  «   »     
«   » 

 

      

      

  ,  ,   ,   

     . :  «  

 »      R  

 . 

 ,   ,    

 ,  « »    

, . .      

 .      

(  ),     .    

    ,     

  . ,   
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    [Beverton, Holt, 1959; Charnov, 1993].  

         

      .  

       (r), 

      

 .   . II.1.2.1,  

   (American Fisheries Society)  

      , , 

 .     

       . 
 

 II.1.2.1.       
  [Musick, 1999] 

 

     
 
 

   
(r), –1   

> 0,5 0,16–0,50 0,05–0,15 < 0,05 

   (k, 
 -  ), –1 > 0,3 0,16–0,30 0,05–0,15 < 0,05 

, –1 > 10 000 100–1000 10–100 < 10 

  ,  < 1 2–4 5–10 > 10 

 ,  1–3 4–10 11–30 > 30 

 

 «   » 

       

        . 

       MSY  

  .    «  

» ( . II.1.2.7)      

    ,   

 .      

   (MSY).   

   ,    

 ,  ,    
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 (BMSY).      BMSY 

  BMSY = K/2,    –  BMSY = K/e,   

-  –  BMSY = K/a1/(a–1),   –    

 .   ,  

   ,   FMSY = 

MSY / BMSY,     –  EMSY = 

MSY / (q · BMSY),          

  : F = q · E. 

 

 

. II.1.2.7.    «   » 
 

      (Btr)   

 BMSY,   (Blim) –   0,1 BMSY.   

     (Etr  Elim) , , 

   (Ftr  Flim)    EMSY  FMSY. 
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 «  »,      

 ( . II.1.2.7),    

        

  « – ».  ,   

     : Btr = BMSY; Btr = B0.1 

(   B0.1 = 0,55 K)  Btr = BMSY + Bt,  B –  

   , t –    

  P = 0,90.     

     Etr.     

  E  F      

        

 Ftr.         

    BMSY.  

 «   » 

        

  ( ),     

     .  

      , 

     : 

   ( . II.1.2.8).    

      Ftr = const   

    .   

        

    « – », ,  

,      . 
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. II.1.2.8.    «   »  
(   «  ») 

 

     ,   

     : -  

[ , 2000]   [ , 2004] ( . II.1.2.9).  

 

. II.1.2.9.  ,    : -
 ( )   ( )  

 
   -   ( . II.1.2.10), 

       

,     . -

    : 
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  B < αBtr    -    Frec = 0, 

  0 ≤ B ≤ Btr  –1 ≤ α < 0 -  , 

  αBtr ≤ B ≤ Btr  0 ≤ α < 1  -   

  B > Btr  -     Frec = Ftr,  

 Frec  Ftr –      

; B  Btr –       

; α –  .  α     

  –1  1, ,  ,     

     Blim.   ,  α = 

–1,    , . .  

   (Frec)      

  . 

 

. II.1.2.10.    «   »  
(   « -  ») 

 
    ( )  

  ( . II.1.2.11).     
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 , ,  ,        

,          

     .    

  :   (α)   

  ( ,           

 Btr).     : 

  0 ≤ B ≤  · Btr  -  , 

   · Btr < B ≤ Btr  -     

  B > Btr  -   Frec = Ftr,  
 Frec –    . 

 α   α ≥ 1    ,  

    0 ≤  ≤ 1.     

        

. 

 

. II.1.2.11.    «   »  
(   «  ») 
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      (  

    ) ( . II.1.2.10, II.1.2.11). 

      ,  

    ,  

 ,      

,   .   4.0   , 

        

    (    

«  »).      

  :  

     ; 

      ; 

     ;   

      . 

     ,  

   : -   .  

      5 ,   

   (    1  20 ). :  

      

   R,     

  R   . 

      , 

  -     , 

,   : 
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. II.1.2.12.    «   »  
(   «  »  -  ) 

 

 

. II.1.2.13.    «   »  
(   «  »   ) 
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     ,   

  ,   «  », 

     .     

        

«  ».  

 «  » 

      ,  

,    ,     

    .   

        

  «   » ( . II.1.2.14).   

 

. II.1.2.14.    «  » 

 
      

     .   

    5 ,     

.      ,   
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,         . 

         

 - .    

 - ,   

  (      

  ,    

,   ,      

   « – »).    

 ,  .    

  - ,    

       

.    -   

  -  ( ,   

,  10 000). 

    ,  

,   : 

 8:    ,   

     Btr; 

   :    

  ,    -    

 ; 

   :     

,    -     

; 

   :    

         

,     ;  

                                                           
8          Btr,    

         .  
     .      

  ,         . 
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   :     

    ,    ; 

 B  < Blim:    -

,        

 ,    ,   

 ;  

   < min:    -

,        

 ,    ,   

 . 

       

 ,       ( . II.1.2.14), 

      ,    

      

     . 

 «    » 

   : «    » 

 « ».  

   «    »   

 «  »    

 « – » ( . II.1.2.15).    

   :     

        

   (= )      

.       5 ,  

       

.  



209 
 

 

. II.1.2.15.    «    ». 
   «    » 

 
   «  » ( . II.1.2.15) 

       

      .     

      

,    .  

 (    )    

        

     . 

 « »  ,    

 ,    ( . II.1.2.15).  

   ,     

    90%-  . 

 ,     Combi 4.0, 

    (    

  «  »).    
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        (r, 

K  q)       .    

      

       [Miller, 

1974; , , 1989].      

   ±5–50%    (   ±10%). 

     ,   

,    . ,  , 

       

,      . 

  « »    

     ,     ( . 

II.1.2.16). 

 

. II.1.2.16.    «    ». 
   « » 
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       «   » 

( . II.1.2.16-II.1.2.17),      ,  

        

 .      

     ,    .  

   *.jpeg   ,    

 *.txt –      , 

       ( . 

II.1.2.17). 

 

. II.1.2.17.       
 Combi 4.0 
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II.1.3.    

K Combi 4.0       , 

   ,    -

          

 -  .    

     ICES. 

 

 

     COMBI    
-    

 

       

    1996-2014 .,      

   (CPUE – /  ),   

    .  

,     ,   ( . 

II.1.3.1): 
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. II.1.3.1.     

 

 . II.1.3.2    CPUE,   

       

. 

 
. II.1.3.2.   CPUE 
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      , 

 « » (   )    

   -   : r 

(   ) = 0,18; K (  ) = 1570 . ; q 

(  ) = 0,000828;  (  ) = 3,5. 

    . II.1.3.3. 

 
. II.1.3.3.  ,    -   

    

 

   ,    

, : BMSY= 1024,6 . ; MSY = 140,4 . .  

       

 ( . II.1.3.4): 
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. II.1.3.4.     -  

 

     -   

( . II.1.3.5).  Ftarget   0,05, ,    

  ,   

       

  ,   5%. 

 
. II.1.3.5.       

 

       -   

  2016 .  64 . . 
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II.2.   ASPIC 7.04 (NOAA) 

Prager, 2015 

II.2.1.   

      ASPIC (A Stock–

Production Model Incorporating Covariates –     

) [Prager, 1994],      

       

   ,      

  .       

         

. 

  ASPIC     :   

   ,   

    .    ASPIC 

      (  , 7- ,  -  12) 

   [User’s Guide for ASPIC Suite …, electronic 

resource; User’s Guide for ASPIC …, electronic resource].   

  MSY  FMSY,   (B1)    

,   q     

       

.       

   (II.2.1.1),       

 : 

 

    
fMSYtftfMSY qBFMSYBCPUELqBFMSY ln;,lnlnminarg,;, 1,1   

(II.2.1.1) 

 

 B –   ( )  ; 

FMSY –  ,  MSY;  
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f –      ; 

t –   . 

 ,       

   ,      

      . ,    

    ,    

.      

   ,       

.  

  ASPIC     

    :    

        

        . 

         

     [Prager, 1994]: 

 

 1)2exp(
2

1

)2exp(














tMSY

tMSY

MSYtMSY

tMSY
tt

FF
FF

F

MSY

BF

FF
BB

,

 
 

(II.2.1.3) 

 

  –      

,  . 

,      (II.2.1.3) -  

: [ ] × F[1/ ].  

      : 

 

 )exp()(exp MSYtMSYtt FFFBB    (II.2.1.4) 
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  -       

 (II.1.1.1)     [ , , 

2001],      : 

 

 
  



 










 









































































1

1
1

1
1

exp
1

11
exp tMSY

tMSY

MSY
tMSY

MSY

t
MSYt FF

FF

F
FF

B

B
BB

 

 
(II.2.1.5) 

 

   (II.2.1.3) - (II.2.1.5),   

       

,         . 

 ,        

    ,      

,      -  

    ,   Combi, 

. 

  ASPIC  4   , 

  . 

   –    , 

     : 

 

 2,

,

lnlnln ftft

ft

fs qBCPUEwL   (II.2.1.6) 

 

 wf –      

 (  ). 

        

  ,     

 . 
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: 

 

ftft

ft

fA qBCPUEwL lnlnln ,

,

  
(II.2.1.7) 

 

  ,      

    ,      

 . 

       

,         

CPUE,       : 

 

 
 









 


ft ft

ftft

ftl

qBCPUE
L

,
2

,

2

,

,
2

lnlnln
ln

2

2ln




 

 

(II.2.1.8) 

 

      

 ,    ,   

   .  

       

          

   .     

.     « »     

     .    

 ,   ,    , 

. .     .  ASPIC  

        

    . 
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    ,   

 , ASPIC,     (User’s Guide for 

ASPIC …, electronic resource),     : 

–        

      

–       ,   

,     . 

       

 . - ,    

       

(II.2.1.3) - (II.2.1.5),  , ,   . - ,   

       

         , 

 ,    ,     

    .      

     ,   

        .   

         

   ,    

  ,      

,      CPUE,    

ASPIC     (User’s Guide for ASPIC Suite …, electronic 

resource). 

   ASPIC    

     ASPICP,     

    .     

   (F/FMSY)    

(C/MSY)  .    Combi   

       

       ASPIC.  
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  ,    ASPICP    

   MSY,     

   ,     

   ( ,  ). 

 MSY't     t   

 

MSY't = MSYt exp (Nc – c2/2),                  (II.2.1.9) 

 

 MSY – ,      ASPIC; 

N –     ; 

 –   ,  .  

       

       . 

         

   ,    

    , . .   

.   ASPIC         

 :      

        

 Frec = FMSY.       

FMSY   ,  ( . .    

)  Frec.      

  ASPIC,     . 

 

II.2.2.   

    ASPIC,     – , 

  ,   . II.2.2.1. 
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. II.2.2.1.      ASPIC 

 
     ASPIC 7    

     .    

    ,     

 . 

  ,       

. ,  

 
aspic7 sword.a7inp 

 
     ,  

sword.a7inp,            

.     

 
ASPIC7  

 
       , aspic.a7inp. 

     .sum ,      

    .       aspic.sum. 
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     .sum       

. ,  

 
aspic7 sword.a7inp mysum 

 
     sword.a7inp     mysum.sum, 

    . 

  drag-and-drop     

    aspic 7 (  .a7inp)    

aspic 7,  . ,    ASPIC 

Suite,       drag-and-drop.  

,     ,   

      .    

,        

  . 

ASPIC7      ,  

   .     . 

         

. 

    1   . 

   -  (#)   1. 

  . 

         

 .       , , 

      . 

      .  

       

. 

        

(  ,   ). 
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( ),         

(   e  d)   . , 1.0, 2e3, 1.3d6 

( , 2e3=2×103).        

 . 

        .  

1.0  ,      . 

     .    

,        

.  

      , 

 .        

. 

         

 .  ,      

 .         

  -  ##. -     

,      . 

          

 ,        

   . 

      .  

      ,    

   .  

 

 1:   . 

   aspic 7    -

   1: 

 

ASPIC-V7 
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     . 

 

 2:  . 

  –      110 .  

        

.     ,    AGRAPH,  

,    ASPICP.    

  ,      . : 

 

"Run 4 for Swordfish, 1994" 

 

 3:  ,   . 

 3    ,   

  . 

    3 -  ,   

 3.  : FIT (  )  BOT (  ). 

    3 –  ,  , 

  ,      

 .   ,    

 .sum, .prn,  .rdat.      

   0  4.  0     

  ; 2 –  ;  4 –  , 

   .    

 – 2.   .sum . prn    10  

  . ,    12 

  .sum  .prn      . 

  R-  .rdat ,     

  100. ,    112   

       ,   



229 
 

  102   .rdat         

 .       

  ,    ,  

0,        .    

ASPIC     ,      

 ASPIC    . 

    3 –     –   

 3000.   FIT       . 

    3      

30  95,        

 . ASPIC      

  : 80%  5%. ,   50% 

   75%,      

 75.       , 

  .  ,    

  80%       1000  

3000. 

: 
 

FIT  2 

 
 4:  ,      

. 

 4  3      

 . 

    4 –   ,   

. 
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 II.2.2.1.    

  

LOGISTIC   

GENGRID  -  

FOX   

GENFIT  -     
 

 

    4 –   ,  

  ,    ,    

  . 

 II.2.2.2.    

  

YLD    (    
) 

EFT    

 

    4 –   ,  

 . 

 II.2.2.3.    

  

SSE     

LAV     

MLE     

MAP     
 

 

: 

 
LOGISTIC  YLD  MAP 

 
 5:  . 
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 5    . 

    5 –   ,   

(  )   .   - 150. 

    5 –  ,   

   .   -12. 

: 

 
31  1 

 

         31 . 

 

 6:  - . 

          

- . 

    6    - .  

    0 –    -  

 1 –     -   2 –   

. 

    6      

- .    (  2),    

     1/3.  ,   

   0. 

: 

 
1  20000 

 
 7:  . 

 7    ,  

  .    

      . 

      .   ,  
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  ,         

. 

     - ,   

   .    

10-8. 

  –       

    - .   

 -      ,  

    .    

           

,   .    

3×10-8 

  –    ,  

   .     

  .   10-4. 

        , 

        . 

: 

 
1.00E-08  3.00E-08  3.00E-05 

 
 8:  . 

 8    ,  

   . 

    8 -  ,  

        

.    ,  8,    

 .      ,  

         

 . 
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    8 –   k,    

 ,     

.     - 8.  k  

,       2  

    .   

,    ,    

   , , 64. 

    8 –   n,   

,         

  .   n  2  100; 

   6  24.  n     

. 

: 
 

6.0  6  24 
 

 9:      . 

 9    –    

   .     (7-

)   .     

    ;  

         

. 

: 
 

567931 

 
 10:    . 

 10       , 

   .     

    . 

 10      B1K. 
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    10 -      

    ,       

.  ,        

      .    

       0,5. 

    10 -   : 1 –   

      0 –    

  . 

      10    

:        . 

          

. 

       

,       

    10         

    . 

    -   penalty. 

  –   ,   

,  , 1.0.  0.0 –  .  

      

 10-  ,   ,    

 . 

       -   prior. 

  –   ,   

, – , , , , -

, : uniform, normal, lognormal, triangular,  beta.  

        , 

    

   –  :    

. 
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   –  :    

. 

   –  :    

. 

   –  :  , 

     . 

 -  –  :     

   . 

 

: 

 
B1K    7.50E-01  1  7.50E-02  3.00E+00  prior  beta  2.0  2.0  0.5 1.0 

 

 11:     MSY. 

 11   MSY. 

   11    MSY. 

  –    –  

   MSY,  80%    

. 

  –   – 1  0    , 

  MSY       

 . 

    – ,     

 MSY. 

    –    

  MSY. 

: 

 
MSY    3.59E+03  1  7.19E+02  3.59E+04  prior uniform  7.19E+02  

3.59E+04 
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 12:    FMSY. 

    . 

: 

 

Fmsy   2.00E-01  1  1.00E-02  1.50E+00  prior uniform  1.00E-02  1.50E+00 

 

 13:    . 

 13      

    ,      

   . 

   13    q. 

  –    -   

 . 

  –   – 1  0    , 

       

    . 

  –   -   

   . 

    –      

  . 

    –    

    . 

: 

 

q      3.00E-05  1  1.00E+00  5.00E-07  3.00E-03  prior uniform  5.00E-07  

3.00E-03 

 

 14:       -

. 
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 14       -

.      BMSY   

. 

   13    POS. 

  –    -   

   . 

  –   – 1  0    , 

         

  . 

    –      

  . 

  –  ,   MSY  

     MSY  - . 

,   8.0,    MSY  -

     1/8  8  MSY   . 

    –    

   . 

: 

 

pos 40 1 30 75 8.0 prior normal 0.4 0.3 

 

 15:   DATA. 

  ,    

   . 

 

       . 

        .   

    ( . . II.2.2.4).     

    ,  : 

    (   –  ); 
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    –  ; 

    –  ; 

      –  

. 

 II.2.2.4.     

     

CE   .    

CC   CPUE   

B0         

B1       

B2         

I0         

I1       

I2         

 

: 
 

«Biomass index, Total yield» 

CC 

1960     1.0000E+00     1.0320E+03   0.035 

1961     1.2423E+00     1.6200E+03   0.035 

1962     1.8209E+00     5.7990E+03   0.035 

1963     1.4026E+00     1.3838E+04   0.035 

1964     9.7760E-01     1.8679E+04   0.035 

1965     7.2670E-01     1.4171E+04   0.035 

1966     7.0440E-01     8.0900E+03   0.035 

1967     4.0670E-01     5.9400E+03   0.035 

1968     4.0150E-01     3.1760E+03   0.035 

1969     3.3200E-01     3.0120E+03   0.035 

1970     3.6910E-01     5.4660E+03   0.035 

1971     3.2370E-01     6.5910E+03   0.035 

1972     5.1870E-01     3.9480E+03   0.035 
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1973     5.3380E-01     3.8710E+03   0.035 

1974     5.1540E-01     5.3930E+03   0.035 

1975     3.8980E-01     5.0320E+03   0.035 

1976     3.3860E-01     5.8830E+03   0.035 

1977     3.9630E-01     6.6940E+03   0.035 

1978     6.3950E-01     5.7630E+03   0.035 

1979     3.1910E-01     6.2550E+03   0.035 

1980     5.8560E-01     5.8010E+03   0.035 

1981     3.9420E-01     5.7710E+03   0.035 

1982     3.6050E-01     1.4310E+03   0.035 

1983     2.7790E-01     2.5590E+03   0.035 

1984     2.2650E-01     2.2920E+03   0.035 

1985     1.8500E-01     2.7090E+03   0.035 

1986     9.4900E-02     2.3570E+03   0.035 

1987     1.2710E-01     2.6500E+03   0.035 

1988     1.9750E-01     3.0590E+03   0.035 

1989     1.7210E-01     2.9200E+03   0.035 

1990     1.0710E-01     2.7870E+03   0.035 

 

   ,     

 ,    (  )    (  

)     1961  1990 .  ё    

  . 

 

  ASPIC     . 

   .fit    .   

 .bot   - .   

 .bio        

           

 . 
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 ASPICP.       

     .ctl. 

    –    ASPICP-V4 . 

  –     . 

  –     .bio. 

  –     0.0  1.0 – 

    MSY   . 

    .     

.   –   BC  PC, 

      (  

     ).   - 0  1 

   ,     . 

  –  ( )     , 

     . 

        

   .  ,   AGRAPH 

       

  .  ,    

.prb .        

          

  .  ,    .rdat 

.     ,     

  R    dget( ). 

  –   ,   

   .      

,     . 

    .    

 xn ,  n –    . , x5 –  

 5 .   –  ,   
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.   –  ,    

  . 

 

 II.2.2.5.     

 

  

YABS     

YREL         

MSY     MSY 

FREL 
     

    

FMSY      FMSY 

 

    %%END 

 

  : 

 

ASPICP-V4 

’Red Porgy - Fish at 0.9 Fmsy’ 
se-rpg.bio 

0.1  

BC 1  

0  

0 1 1 

4520803 

1.0 YABS 

x5 0.50 FMSY 

x45 0.9 FMSY 

%%END 

 

     

 AGRAPH –          

. 
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II.2.3.    

 ASPIC       

 (     -  , 

NAFO;      , 

ICCAT  .)     (  

   , NMFS;    

 , DFO   .) 

 

     ASPIC    
-   

 

       

  ,       

(SSB) -      1980  2015 .,   

   TISVPA [ , 2006].  ,  

   SSB      

     : q ≈ 1, . . 

  ,   E = C/B,  

   , E = F.  , 

     

 ASPIC       

 . 

,     ,    

(   .a7inp,    ,  

  ): 
 
ASPIC-V7 

# File generated by aspic5to7 v.0.59 

"Pollock North" (  ,    , –  110 
,  )  

# Program mode (FIT/BOT), verbosity, N bootstraps, [opt] user percentile: (  : FIT – 

; BOT – ,   –     
  (    ); verbosity –   
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,  102         .rdat, 

 R- .  -  –   3000) 

BOT  102  2000   

# Model shape, conditioning (YLD/EFT), obj. fn. (SSE/LAV/MLE/MAP): (  : LOGISTIC – 

  ; YLD –    ,  
      ,     ; SSE – 

  ,      )  

LOGISTIC  YLD  SSE 

# N years, N series: (    –   150;    
  –   12) 

36  1 

# Monte Carlo mode (0/1/2), N trials: (        
 , 0 – , 1 – , 2 – ;    

) 
1  100000 

# Convergence criteria (3 values): (  ) 

1.00E-08  3.00E-08  3.00E-04 

# Maximum F, N restarts, [gen. model] N steps/yr: (    F;   
,     ;     , 

     ,      
 ) 

8.0d0  8  12 

# Random seed (large integer): (   ,   7 ,   
   ) 

5679312 

# Initial guesses and bounds follow: (  ) 

B1K    0.5  1  0.1  4.0  penalty  0.00E+00 (0.5 –    B1/K,  B1 –   
   ; 1 –   ,   B1/K  ; 

        
« »  – penalty) 

MSY    2000  1  500  5000 (2000 –   MSY; 1 –   ,  MSY ; 500 
 5000 –     MSY) 

Fmsy   2.00E-01  1  1.00E-02  1.50E+00 (   ,    FMSY) 

q      1  1  1.00E+00  0.1  1.5 (   ,     
;   –   ,  

      ) 
pos   40  1  25  85  8.0 (          

  ,     ) 
DATA (  ) 

"Biomass index, Total yield" 

CC 

  1980     3208.5     626.1 

  1981     3572.3     560.2 

  1982     4316.0     633.5 

  1983     5196.0     734.1 

  1984     6137.1     1209.6 

  1985     6536.5     1262.8 

  1986     6482.3     1295.5 

  1987     6175.2     1289.0 

  1988     6028.1     1204.0 

  1989     6057.0     1298.8 

  1990     5859.7     1256.5 

  1991     5565.8     1226.5 

  1992     5278.1     982.6 
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  1993     5361.8     1176.6 

  1994     5773.4     1170.4 

  1995     6663.5     1709.5 

  1996     6383.5     2288.5 

  1997     6195.8     2415.8 

  1998     4245.6     1952.8 

  1999     2792.4     1037.7 

  2000     2675.1     1064.2 

  2001     2182.6     883.8 

  2002     2355.7     488.4 

  2003     2647.6     794.9 

  2004     2276.3     488.4 

  2005     2660.1     567.3 

  2006     3230.9     616.7 

  2007     3777.6     461.7 

  2008     4447.3     653.5 

  2009     4832.1     1075.7 

  2010     5639.9     1240.9 

  2011     6007.0     984.5 

  2012     6676.1     885.7 

  2013     6246.6     873.0 

  2014     6845.6     821.2 

  2015     7102.1     904.4  

 

   ,      

ASPIC (      ,   

  - ): 
 
Pollock North                                                                                       

ASPIC -- A Surplus-Production Model Including Covariates (BETA Ver. 7.03) 

                                                                                                          BOT program mode 

Author:     Michael H. Prager                                                                         LOGISTIC model mode 

                Prager Consulting                                                                              YLD conditioning 

                http://www.mhprager.com                                                                       SSE optimization 

 

Reference:  Prager, M. H. 1994. A suite of extensions to a nonequilibrium                ASPIC program and user's guide 

                  surplus-production model.  Fishery Bulletin 92: 374-389.                  available gratis at www.mhprager.com 

 

CONTROL PARAMETERS (FROM INPUT FILE) (    )     

Input file: C:/...s and Settings/User/  / ASPIC/POL-SSE.a7inp (   ) 

------------------------------------------------------------------------------------------------------------------------ 

Operation of ASPIC:  Fit logistic (Schaefer) model by direct optimization with bootstrap. 

(   ASPIC:       
- ) 

Number of years analyzed:               36                         Number of bootstrap trials:                         2000 

Number of data series:                            1                            Objective function:                          Least 

squares 

Relative conv. criterion (simplex):       1.000E-08             Monte Carlo search mode, trials:         1        100000 

Relative conv. criterion (restart):      3.000E-08             Random number seed:                              5679312 

Relative conv. criterion (effort):         3.000E-04             Identical convergences required in fitting:   

  8 

Maximum F allowed in fitting:               8.000  
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PROGRAM STATUS INFORMATION (NON-BOOTSTRAPPED ANALYSIS)                                            error code   0 

(      (  - ))         (   
) 

------------------------------------------------------------------------------------------------------------------------ 

Normal convergence (   ) 
 

GOODNESS-OF-FIT AND WEIGHTING (NON-BOOTSTRAPPED ANALYSIS) 

(      (  - ))  
------------------------------------------------------------------------------------------------------------------------ 

Objective function component: label and      Weighted         Weighted      Current    Inv. var.    R-squared 

source of variance                                            SSE     N                MSE       weight        weight     in 

CPUE 

(   :  

  ) 
Loss(-1)  Unmatched yield                           0.000E+00 

Loss(0)   Penalty on B1 > K                         0.000E+00         1               N/A     0.000E+00          N/A 

Loss(1)   Biomass index, Total yield             3.972E-01        36         1.168E-02   1.000E+00   1.000E+00      0.857 

.............................................................................................  

TOTAL OBJECTIVE FUNCTION, MSE, RMSE:           3.97187404E-01          1.241E-02    1.114E-01 

(       ) 
Estimated contrast index (good=0.5, best=1.0):      0.3694 .....         Mean of B coverage proportions > and < Bmsy 

Estimated nearness index (best=1.0):                      1.0000 .....           Proportional closeness of any B to Bmsy 

 

MODEL PARAMETER ESTIMATES (NON-BOOTSTRAPPED) 

(    (  - )) 
------------------------------------------------------------------------------------------------------------------------ 

Parameter                                                Estimate    User guess    2nd guess    Min bound   Max bound  Estim? 

 

B1/K      Starting relative biomass (in 1980)       1.941E-01    5.000E-01     3.459E+00    1.000E-01    4.000E+00      1 

MSY       Maximum sustainable yield                 1.446E+03    2.000E+03   9.004E+02    5.000E+02   5.000E+03     1 

Fmsy      Fishing mortality rate at MSY              2.233E-01    2.000E-01    2.474E-01     1.000E-02    1.500E+00      1 

phi       Shape of production curve (Bmsy/K)      0.5000        0.5000               -----           -----                  -----         0 

q(1)      Biomass index, Total yield                     1.247E+00    1.000E+00   7.500E-01    1.000E-01   1.500E+00       1 

 

MANAGEMENT and DERIVED PARAMETER ESTIMATES (NON-BOOTSTRAPPED) 

(        (  - )) 
------------------------------------------------------------------------------------------------------------------------ 

Parameter                                                         Estimate                   Logistic formula                General formula 

 

MSY       Maximum sustainable yield                  1.446E+03                            ----                                 ---- 

Bmsy      Stock biomass giving MSY                  6.475E+03                           K/2                          K*n**(1/(1-n)) 

K            Carrying capacity                                1.295E+04                          2*Bmsy                       Bmsy/phi 

 

n         Exponent in production function             2.0000                                  ----                                   ---- 

g         Fletcher's gamma                                  4.000E+00                            ----                          [n**(n/(n-1))]/[n-1] 

 

B./Bmsy   Ratio: B(2016)/Bmsy                        1.010E+00                             ----                                   ---- 

F./Fmsy   Ratio: F(2015)/Fmsy                         6.454E-01                              ----                                   ---- 

Fmsy/F.   Ratio: Fmsy/F(2015)                        1.549E+00                              ----                                   ---- 

 

Y.(Fmsy)  Approx. yield available at Fmsy in 2016   1.459E+03                     MSY*B./Bmsy               MSY*B./Bmsy 

          ...as proportion of MSY                                 1.009E+00                            ----                      ---- 

Ye.       Equilibrium yield available in 2016              1.446E+03            4*MSY*(B/K-(B/K)**2)      g*MSY*(B/K-(B/K)**n) 

          ...as proportion of MSY                              9.999E-01                            ----                      ---- 

 

--------- Fishing effort rate at MSY in units of each CE or CC series --------- 

fmsy(1)   Biomass index, Total yield                     1.790E-01                      Fmsy/q( 1)                Fmsy/q( 1) 

 



246 
 

 

ESTIMATED POPULATION TRAJECTORY (NON-BOOTSTRAPPED) 

(    (  - )) 
------------------------------------------------------------------------------------------------------------------------ 

 

                Estimated   Estimated    Estimated     Observed        Model       Estimated       Ratio of       Ratio of 

        Year     total         starting      average         total                total             surplus          F mort        biomass 

Obs  or ID    F mort     biomass      biomass        yield               yield           production      to Fmsy      to Bmsy 

 

  1    1980     0.234   2.513E+03    2.673E+03    6.261E+02    6.261E+02    9.469E+02    1.049E+00    3.881E-01 

  2    1981     0.182   2.834E+03    3.075E+03    5.602E+02    5.602E+02    1.046E+03    8.159E-01    4.377E-01 

  3    1982     0.177   3.320E+03    3.581E+03    6.335E+02    6.335E+02    1.156E+03    7.924E-01    5.128E-01 

  4    1983     0.179   3.843E+03    4.102E+03    7.341E+02    7.341E+02    1.251E+03    8.016E-01    5.935E-01 

  5    1984     0.275   4.360E+03    4.405E+03    1.210E+03    1.210E+03    1.298E+03    1.230E+00    6.732E-01 

  6    1985     0.282   4.448E+03    4.471E+03    1.263E+03    1.263E+03    1.307E+03    1.265E+00    6.869E-01 

  7    1986     0.288   4.492E+03    4.501E+03    1.296E+03    1.296E+03    1.311E+03    1.289E+00    6.937E-01 

  8    1987     0.285   4.508E+03    4.521E+03    1.289E+03    1.289E+03    1.314E+03    1.277E+00    6.962E-01 

  9    1988     0.262   4.533E+03    4.594E+03    1.204E+03    1.204E+03    1.324E+03    1.174E+00    7.001E-01 

 10   1989     0.278   4.653E+03    4.671E+03    1.299E+03    1.299E+03    1.333E+03    1.245E+00    7.186E-01 

 11   1990     0.266   4.688E+03    4.731E+03    1.256E+03    1.256E+03    1.341E+03    1.190E+00    7.239E-01 

 12   1991     0.254   4.772E+03    4.837E+03    1.226E+03    1.226E+03    1.353E+03    1.136E+00    7.369E-01 

 13   1992     0.193   4.899E+03    5.101E+03    9.826E+02    9.826E+02    1.380E+03    8.629E-01    7.565E-01 

 14   1993     0.217   5.296E+03    5.414E+03    1.177E+03    1.177E+03    1.407E+03    9.734E-01    8.179E-01 

 15   1994     0.207   5.526E+03    5.655E+03    1.170E+03    1.170E+03    1.422E+03    9.269E-01    8.534E-01 

 16   1995     0.304   5.778E+03    5.628E+03    1.710E+03    1.710E+03    1.421E+03    1.361E+00    8.923E-01 

 17   1996     0.457   5.489E+03    5.002E+03    2.288E+03    2.288E+03    1.369E+03    2.049E+00    8.477E-01 

 18   1997     0.615   4.570E+03    3.927E+03    2.416E+03    2.416E+03    1.218E+03    2.755E+00    7.057E-01 

 19   1998     0.684   3.372E+03    2.856E+03    1.953E+03    1.953E+03    9.916E+02    3.062E+00    5.207E-01 

 20   1999     0.449   2.410E+03    2.313E+03    1.038E+03    1.038E+03    8.483E+02    2.009E+00    3.722E-01 

 21   2000     0.514   2.221E+03    2.072E+03    1.064E+03    1.064E+03    7.771E+02    2.300E+00    3.430E-01 

 22   2001     0.480   1.934E+03    1.842E+03    8.838E+02    8.838E+02    7.055E+02    2.149E+00    2.986E-01 

 23   2002     0.262   1.756E+03    1.867E+03    4.884E+02    4.884E+02    7.134E+02    1.172E+00    2.711E-01 

 24   2003     0.407   1.981E+03    1.953E+03    7.949E+02    7.949E+02    7.406E+02    1.823E+00    3.059E-01 

 25   2004     0.236   1.926E+03    2.068E+03    4.884E+02    4.884E+02    7.758E+02    1.058E+00    2.975E-01 

 26   2005     0.240   2.214E+03    2.360E+03    5.673E+02    5.673E+02    8.614E+02    1.077E+00    3.418E-01 

 27   2006     0.231   2.508E+03    2.672E+03    6.167E+02    6.167E+02    9.466E+02    1.034E+00    3.873E-01 

 28   2007     0.147   2.838E+03    3.132E+03    4.617E+02    4.617E+02    1.059E+03    6.602E-01    4.382E-01 

 29   2008     0.177   3.435E+03    3.697E+03    6.535E+02    6.535E+02    1.179E+03    7.916E-01    5.305E-01 

 30   2009     0.266   3.961E+03    4.045E+03    1.076E+03    1.076E+03    1.242E+03    1.191E+00    6.117E-01 

 31   2010     0.300   4.127E+03    4.135E+03    1.241E+03    1.241E+03    1.257E+03    1.344E+00    6.373E-01 

 32   2011     0.229   4.143E+03    4.294E+03    9.845E+02    9.845E+02    1.281E+03    1.027E+00    6.398E-01 

 33   2012     0.190   4.440E+03    4.666E+03    8.857E+02    8.857E+02    1.332E+03    8.502E-01    6.857E-01 

 34   2013     0.170   4.887E+03    5.145E+03    8.730E+02    8.730E+02    1.384E+03    7.599E-01    7.546E-01 

 35   2014     0.144   5.398E+03    5.704E+03    8.212E+02    8.212E+02    1.424E+03    6.449E-01    8.336E-01 

 36   2015     0.144   6.001E+03    6.276E+03    9.044E+02    9.044E+02    1.444E+03    6.454E-01    9.267E-01 

 37   2016                 6.540E+03                                                                                                             1.010E+00 

 

RESULTS FOR DATA SERIES # 1 (NON-BOOTSTRAPPED)                                               Biomass index, Total yield 

(      № 1 (  - ))     ,  
 

------------------------------------------------------------------------------------------------------------------------ 

Data type CC: CPUE-catch series                                                                   Series weight:  1.000 

 

                      Observed    Estimated    Estim       Observed        Model         Resid in       Statist 

Obs    Year         CPUE         CPUE        F               yield              yield          log scale       weight  

 

  1     1980    3.208E+03    3.333E+03   0.2342    6.261E+02    6.261E+02     0.03820    1.000E+00 

  2     1981    3.572E+03    3.835E+03   0.1822    5.602E+02    5.602E+02     0.07096    1.000E+00 

  3     1982    4.316E+03    4.465E+03   0.1769    6.335E+02    6.335E+02     0.03402    1.000E+00 

  4     1983    5.196E+03    5.116E+03   0.1790    7.341E+02    7.341E+02    -0.01561    1.000E+00 
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  5     1984    6.137E+03    5.493E+03   0.2746    1.210E+03    1.210E+03    -0.11083    1.000E+00 

  6     1985    6.537E+03    5.575E+03   0.2825    1.263E+03    1.263E+03    -0.15904    1.000E+00 

  7     1986    6.482E+03    5.613E+03   0.2878    1.296E+03    1.296E+03    -0.14404    1.000E+00 

  8     1987    6.175E+03    5.638E+03   0.2851    1.289E+03    1.289E+03    -0.09096    1.000E+00 

  9     1988    6.028E+03    5.730E+03   0.2621    1.204E+03    1.204E+03    -0.05076    1.000E+00 

 10    1989    6.057E+03    5.825E+03   0.2781    1.299E+03    1.299E+03    -0.03906    1.000E+00 

 11    1990    5.860E+03    5.900E+03   0.2656    1.256E+03    1.256E+03     0.00681    1.000E+00 

 12    1991    5.566E+03    6.032E+03   0.2536    1.226E+03    1.226E+03     0.08040    1.000E+00 

 13    1992    5.278E+03    6.361E+03   0.1926    9.826E+02    9.826E+02     0.18659    1.000E+00 

 14    1993    5.362E+03    6.752E+03   0.2173    1.177E+03    1.177E+03     0.23047    1.000E+00 

 15    1994    5.773E+03    7.053E+03   0.2070    1.170E+03    1.170E+03     0.20015    1.000E+00 

 16    1995    6.663E+03    7.018E+03   0.3038    1.710E+03    1.710E+03     0.05190    1.000E+00 

 17    1996    6.383E+03    6.238E+03   0.4575    2.288E+03    2.288E+03    -0.02298    1.000E+00 

 18    1997    6.196E+03    4.897E+03   0.6152    2.416E+03    2.416E+03    -0.23516    1.000E+00 

 19    1998    4.246E+03    3.562E+03   0.6837    1.953E+03    1.953E+03    -0.17550    1.000E+00 

 20    1999    2.792E+03    2.885E+03   0.4486    1.038E+03    1.038E+03     0.03246    1.000E+00 

 21    2000    2.675E+03    2.585E+03   0.5135    1.064E+03    1.064E+03    -0.03445    1.000E+00 

 22    2001    2.183E+03    2.297E+03   0.4797    8.838E+02    8.838E+02     0.05130    1.000E+00 

 23    2002    2.356E+03    2.328E+03   0.2616    4.884E+02    4.884E+02    -0.01166    1.000E+00 

 24    2003    2.648E+03    2.436E+03   0.4070    7.949E+02    7.949E+02    -0.08348    1.000E+00 

 25    2004    2.276E+03    2.579E+03   0.2361    4.884E+02    4.884E+02     0.12497    1.000E+00 

 26    2005    2.660E+03    2.943E+03   0.2404    5.673E+02    5.673E+02     0.10094    1.000E+00 

 27    2006    3.231E+03    3.332E+03   0.2308    6.167E+02    6.167E+02     0.03083    1.000E+00 

 28    2007    3.778E+03    3.906E+03   0.1474    4.617E+02    4.617E+02     0.03352    1.000E+00 

 29    2008    4.447E+03    4.611E+03   0.1767    6.535E+02    6.535E+02     0.03613    1.000E+00 

 30    2009    4.832E+03    5.045E+03   0.2659    1.076E+03    1.076E+03     0.04308    1.000E+00 

 31    2010    5.640E+03    5.157E+03   0.3001    1.241E+03    1.241E+03    -0.08945    1.000E+00 

 32    2011    6.007E+03    5.355E+03   0.2293    9.845E+02    9.845E+02    -0.11497    1.000E+00 

 33    2012    6.676E+03    5.819E+03   0.1898    8.857E+02    8.857E+02    -0.13745    1.000E+00 

 34    2013    6.247E+03    6.417E+03   0.1697    8.730E+02    8.730E+02     0.02689    1.000E+00 

 35    2014    6.846E+03    7.113E+03   0.1440    8.212E+02    8.212E+02     0.03833    1.000E+00 

 36    2015    7.102E+03    7.827E+03   0.1441    9.044E+02    9.044E+02     0.09718    1.000E+00 

 

ESTIMATES FROM BOOTSTRAP ANALYSIS                                             (Notation X. means terminal estimate of X) 

(     - ) 
------------------------------------------------------------------------------------------------------------------------ 

                                Bias-corrected approximate confidence limits                      Inter- 

Param         Point             ------------------------------------------------                        quartile        Relative 

name       estimate          80% lower    80% upper    50% lower    50% upper      range         IQ range 

 

B1/K        1.941E-01       1.607E-01     2.241E-01    1.756E-01     2.091E-01      3.348E-02       0.173 

MSY        1.446E+03      1.366E+03    1.602E+03    1.400E+03    1.525E+03     1.252E+02       0.087 

Fmsy       2.233E-01       2.015E-01     2.441E-01     2.114E-01    2.340E-01      2.253E-02       0.101 

  

q(1)         1.247E+00      1.137E+00     1.371E+00    1.188E+00    1.314E+00     1.256E-01      0.101 

  

Ye(2016)  1.446E+03      1.354E+03    1.587E+03    1.399E+03    1.524E+03      1.256E+02     0.087 

Y.(Fmsy)  1.459E+03      1.349E+03     1.551E+03    1.398E+03    1.506E+03     1.086E+02     0.074 

  

Bmsy        6.475E+03      5.681E+03    7.631E+03    6.035E+03     7.049E+03     1.014E+03     0.157 

  

fmsy(1)    1.790E-01       1.644E-01     1.926E-01    1.713E-01      1.860E-01      1.471E-02      0.082 

  

B./Bmsy    1.010E+00      8.581E-01    1.135E+00    9.287E-01     1.078E+00      1.490E-01      0.147 

F./Fmsy    6.454E-01      5.951E-01     7.083E-01    6.193E-01      6.793E-01       6.001E-02     0.093 

Ye./MSY   9.999E-01      1.000E+00    1.000E+00    1.000E+00    1.000E+00       5.951E-06     0.000 

  

INFORMATION FOR REPAST (Prager, Porch, Shertzer, & Caddy. 2003. NAJFM 23: 349-361) 

(   ) 

------------------------------------------------------------------------------------------------------------------------ 
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Unitless limit reference point in F (Fmsy/F.):                 1.549  

(      . : Fmsy/F)    

CV of above (from bootstrap distribution):                   0.068 

(       (   -

)) 
 

NOTES ON BOOTSTRAPPED ESTIMATES: 

(    - ) 
------------------------------------------------------------------------------------------------------------------------ 

- Bootstrap results were computed from 2000 trials. 

(  - ,   ) 
- Results are conditional on parameter bounds in the input file. 

(       ,    ) 

- If many trials were replaced, consider relaxing bounds and re-running. 

(    - ,    ,  
      ) 

- All bootstrapped intervals are approximate. The statistical literature recommends using at least 1000 trials 

  for accurate 95% intervals. The default 80% intervals used by ASPIC should require fewer trials for equivalent 

  accuracy. Using at least 500 trials is recommended. 

(   ,    - ,  
.     95%-      

     1000 - .   ASPIC   
 80%-  ,     .   

-  –   500) 

 

Trials replaced for lack of convergence:        0           Trials replaced for MSY at bound or MSY >= K:           0 

(      ) 
                                                                                         (     MSY     MSY 

≥ K) 

Trials replaced for q at bound:                      7           Trials replaced for B1/K at bound:                               1 

(      q   ) 
                                                                                             (      B1/K   

) 
Trials replaced for Fmsy at bound:                0 

(      FMSY   ) 
Residual inflation factor:                          1.0607 

(   ) 

 

Elapsed time: 0 hours, 10 minutes, 1.235 seconds. 

(  ) 
 

 . II.2.3.1      

 . 
 

 

. II.2.3.1.    
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  ASPIC      

  AGRAPH,     

      ,  

         

 ( . II.2.3.2, II.2.3.3).  

 

 
. II.2.3.2.        

 

 
. II.2.3.3.         
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   ASPIC    

     ASPICP,     

    .     

   (F/FMSY)  . 

      ASPICP (  

 .ctl,    ,    

): 
 
ASPICP-V4 

"Pollock North" (  ) 
POL-SSE.bio (      ASPIC) 

0.1 -CV of MSY 

BC 1 -Smoothed intervals 

0 -Don’t skip years 

0 1 1 

4520803 (   ,   7 ,     
 ) 

# Projection specs follow here (   ) 

# The next one is for ten years: (   10  ) 

x10 1.00 FMSY  (   , F     FMSY) 

%%END 

 

     (   
.prj): 

 
Results from ASPICP.EXE, version 5.01 (  )                                                            

Pollock North                                                                                                  

 

USER CONTROL INFORMATION (FROM INPUT FILE) ( ,     

) 

----------------------------------------------------------------------------------------------------- 

Control (CTL) file read: (   )                                           POL-SSE.ctl 

Biomass (BIO) file read: (  ,   )       pol-sse.bio 

Output file (this file): (   )                                           POL-SSE.prj 

Production-model type: (   )                               Logistic 

Number of years of projections: (  )                           10 ( ) 

Type of confidence intervals: (   )                 Bias-corrected percentile ( , 

                                                                                                                                         
)  

CV of MSY:                                                                                             0.1000 

Confidence interval smoothing: (   )   ON ( ) 
 

Year          Input data          User data type 

----          -----------         -------------- 

2016           1.000E+00           F/Fmsy 

2017           1.000E+00           F/Fmsy 

2018           1.000E+00           F/Fmsy 

2019           1.000E+00           F/Fmsy 

2020           1.000E+00           F/Fmsy 

2021           1.000E+00           F/Fmsy 
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2022           1.000E+00           F/Fmsy 

2023           1.000E+00           F/Fmsy 

2024           1.000E+00           F/Fmsy 

2025           1.000E+00           F/Fmsy 

 

……………………………………………………………………………………………… 

 

TABLE OF PROJECTED YIELDS (     ) 
                                                                                                                                                                         Inter- 

                Point         Estimated        Relative    Approx 80%   Approx 80%   Approx 50%   Approx 50%     quartile   Relative 

Year      estimate             bias              bias         lower CL      upper CL        lower CL         upper CL           range   IQ range 

 

2016     1.483E+03   -2.208E+01      -1.49%    1.418E+03    1.618E+03    1.461E+03    1.568E+03    1.076E+02      0.073 

2017     1.517E+03   -5.885E+01      -3.88%    1.490E+03    1.702E+03    1.534E+03    1.656E+03    1.221E+02      0.080 

2018     1.495E+03   -3.794E+01      -2.54%    1.445E+03    1.661E+03    1.489E+03    1.606E+03    1.172E+02      0.078 

2019     1.439E+03    1.592E+01       1.11%    1.348E+03    1.527E+03    1.387E+03    1.483E+03    9.541E+01      0.066 

2020     1.413E+03    4.211E+01       2.98%    1.305E+03    1.473E+03    1.341E+03    1.427E+03    8.583E+01      0.061 

2021     1.388E+03    6.617E+01       4.77%    1.277E+03    1.429E+03    1.307E+03    1.382E+03    7.558E+01      0.054 

2022     1.367E+03    8.715E+01       6.37%    1.255E+03    1.382E+03    1.267E+03    1.342E+03    7.459E+01      0.055 

2023     1.370E+03    8.359E+01       6.10%    1.230E+03    1.394E+03    1.272E+03    1.349E+03    7.700E+01      0.056 

2024     1.362E+03    9.077E+01       6.66%    1.239E+03    1.380E+03    1.260E+03    1.339E+03    7.911E+01      0.058 

2025     1.397E+03    5.556E+01       3.98%    1.279E+03    1.464E+03    1.314E+03    1.409E+03    9.516E+01      0.068 

 

NOTE: Confidence intervals are approximate (    ) 

At least 500 to 1000 trials are recommended when estimating confidence intervals (     

,  ,  500  1000 ) 

 

 

,     AGRAPH, 

  . II.2.3.4  II.2.3.5: 

 

 

 

. II.2.3.4.     80%-    
   10  
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. II.2.3.5.     80%-     
  10  

 

 

 

Schaefer M. B. Some Aspects of the Dynamics of Populations Important to the 

Management of the Commercial Marine Fisheries // Bull. Inter-Am. Trop. Tuna 

Comm. 1954. V. 1. № 2. P. 27–56. 

Fox W.W. An exponential yield model for optimizing exploited fish 

populations. Trans. Am. Fish. 1970. Soc. 99, P. 80-88. 

Pella J.S., Tomlinson P.K. A Generalized Stock-production Model. Bull. Inter-

Amer. Trop. 1969. Tuna Comm. 13, P. 421-496. 

Prager M.H. A suite of extensions to a nonequilibrium surplus–production 

model. 1994. Fishery Bulletin 92. P. 374–389. 

User’s Guide for ASPIC Suite, version 7:A Stock–Production Model 

Incorporating Covariates and auxiliary programs [Electronic resource]. – URL: 

http://www.mhprager.com/aspic7-guide.pdf. 

http://www.mhprager.com/aspic7-guide.pdf
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User’s Guide for ASPIC: A Stock–Production Model Incorporating Covariates 

(ver. 5) And Auxiliary Programs [Electronic resource]. – URL: 

http://www.mhprager.com/aspic5man.pdf. 

 . .,  . . 2001.    

 .   .: . 576 . 

http://www.mhprager.com/aspic5man.pdf
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  (  ) 
 

 III       

,    /     

    .  

   , ,    

 ,     .  

        

 (  ),    DLM (Data Limited 

Methods),  « » .     

  ,    ,  

     .  . III.1  

   . 

 

 

 

 

 

 

 

 

 

 

 

 

 

. III.1.  ,    « »   
   

 

      

        

  ,    

 

« »  

 
 

 
 

, 
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 ,      

    .  

    DLM   

         III 

  .      

     .  , ,  

    6      

 [ICES, 2012]: 

1.        

   (    ); 

2.       

  (    ),  

 (    )      

        

,    ; 

3.     (   ), 

     (    , 

, ); 

4.       ; 

5.       ; 

6.     ,  

     . 

-   ,       

 ,   . III.2. 
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. III.2. -          
 6-     

 

          

,   . 

      « » 

 DLM       , 

   .   , 

        

  [Carruthers et al., 2014],    

,    ,   ,  

DB-SRA (    ) [Dick, MacCall, 2011]. 

       

(MSY, BMSY)     (Overfishing Limit, OFL = Y(FMSY). 

      (Ct),   

   ( ),    

   FMSY/M, BMSY/B0  BCUR/B0.   

  (25   ),  DB-SRA  

   ,     

 .  
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« »      DLM, 

    ,  

     .  

 

 

Geromont H.F., Butterworth D.S. Generic management procedures for data-

poor fisheries: forecasting with few data // ICES Journal of Marine Science. 2015. V. 

72. N. 1. P. 251–261. 

ICES. 2012. ICES Implementation of Advice for Data-limited Stocks in 2012 

in its 2012 Advice. ICES CM 2012/ACOM 68. 42 pp. 
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III.1.   DLMtool (NRDC) 

Carruthers, Hordyk, 2016 

III.1.1.   

    MSE (Management Strategy Evaluation – 

   ),    

 ,        

  . 

    MSE     

  ,      

 .     : 

      

:  

  















































  IF
B

B
F

B

B
rec

MSY

t
MSY

t

t 1
1

ln 1

 

(III.1.1.1) 

 B –   ; t –  ( ); FMSY – 

 ,  MSY;  –   -

 [Pella, Tomlinson, 1969]; BMSY – ,  MSY; 

Frec –  ,    

      ; I –  

 ;  –  ,     

.  

       

  : 

)2/exp( 2

  tt BI , (III.1.1.2) 

 η –  ; η –    

. 
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    , 

       

 :  

dtFBEJ
T

J

T

rect
T 


0

),(
1

lim
, 

(III.1.1.3) 

 J –   . 

,        

     MSY: 

 





T

t

trec
T

BFMSYE
T

CMSY
0

1
lim

 
(III.1.1.4) 

       , 

       ,  

  Combi 4.0.     

       , 

   .     . 

1. М ,     : 

– AvC:      «status quo»,  

          

; 

– 1:  ,     

  [Geromont, Butterworth, 2015].    (TAC) 

     TACy + 1 = (1 – x) C
ave,  C

ave –  

   5 :  

, 

x – ,      0  1 (   

1   x = 0); 

– CC4: ,  CC1,    x = 

0,3 [Geromont, Butterworth, 2015]. 
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2. М ,      : 

– Islope 1:          

  [Butterworth, Geromont, 2001].   

  :  

TACy + 1 = TACy (1 + sy),  

  – ,      

      (   Islope1   

 = 0,4); sy –    -   

     (ln Iy)   5  

(sy = tg ) ( . . III.1.1.1.), TACy = 0,8 ave.  

 

 

. III.1.1.1.      -  
         Islope 

 

– Islope 4:       = 0,2, TACy 

= 0,6 ave, 

– Itarget 1:  ,     

  ,     (I) [Geromont, 

Butterworth, 2015].         

: 
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 0

0

1 1
II

II
wwTACTAC

target

recent

yy ,  Irecent ≥ I0 

2

01 









I

I
wTACTAC

recent

yy   Irecent < I0. 

 I0 –        (I0 

= 0,8 Iave,  Iave –     ),   

         

 ( . III.1.1.2); I
recent –      

    5   ( ); Itarget 

–     (   Itarget1   I
target = 1,5 

I
ave); w –   (   0,5); TAC

* –  

 ,         5  (TAC
* 

= (1 – x) Cave).   Itarget1     .  

– Itarget 4: ,  ,   x = 0,3, Itarget 

= 2,5 Iave. 

 

. III.1.1.2.     ,  
   Itarget 
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3. М ,      

  : 

– SPmod:       

[Maunder, 2014]         MSY.  

    : 

 

 αLB, αUB, LB, UB – ,    

  ( ,      

DLMTool, : αLB = 0,8, αUB = 1,2, LB = 0,8, UB = 1,2); Pt –  

 (Pt = Bt + 1 – Bt + Ct); It  It + 1 –      

.  

– SBT1:  ,      

     [CCSBT, 2011]  

     .    

    : 

 

  –    -   

     (ln Iy)   10  

; k1, k2   –   (   SBT1  

 k1 = 1,5, k2 = 3,0,  = 1). 

     ,  

     ,   -

 : ,  

  –  ,  –   

  .  
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   : 

. 

 

 ,     

      , 

    . 

       

 (      ), 

     

   ,    

   . ,   

        

        

.  . III.1.1.1     , 

      ,   

 DLMtool [Smith et al., 2017]. 

 



 
 

 III.1.1.1.     DLM 

 

  

 
 

 

 
 

 
 t

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 t 
 

 
 

 
 

 
 

 

 
, 

 
 

 5
0%

 
 

 
, 

 
 

 9
5%

 
 

 t 0
 

-
 

 

 k
 

-
 

 

 
 

 

 a
 

 
 

«
–

»  
 (b

) 
 

 «
–

» 

 
 

 
 

F
M

S
Y
/M

 

 B
M

S
Y
 

 
 

 

CC                       

Islope                       

Itarget                       

Ltarget                       

SPMSY                       

DCAC                       

DB-SRA                       

FRATIO                       

BK                       

YPR                       

DD                       

LBSPR                       

YPR_ML                       

YPR_CC                       
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  CC, Islope  Itarget,  ,    

        FRATIO  BK.  

   FRATIO [Walters, Martell, 2002]   

  TAC = Fopt ·Bcur,  

  Bcur –     ( , 

,    ), Fopt –   

 ,     

  FMSY     M (  

   FMSY = M [Galland, 1971]). 

 BK [Beddington, Kirkwood, 2005]    

  .      

 FMSY  : 

 

 k –      ; Lc – 

  ( )    .  

 ,      

  Y(FMSY),  : 

, 

 Bcur –    , Ccur –   

, Fcur –     ( , 

,   ). 

  [Breen et al., 2003].       

    ,    .  

    ,    

     

  .       GLM.  
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    : 

t+1 = st × t , 

  –  ,  – 

       .   

       

       

       

     . 

        [Anon, 

2009].  

     : 

 = k × Cav , 

 Cav –       

, k –  ,    

 .  k     

  ( . . III.1.1.2),    

       ,  

      . 

 III.1.1.2.       

  
, M 

  
 , k 

0,050 1,0 

0,05 – 0,15 0,9 

0,16 – 0,25 0,8 

0,26 – 0,35 0,7 

0,35 0,6 
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    ,   , 

: 

SPMSY (Surplus Production MSY – Martell, Froese, 2012).   

       

(r)    (K),     

(        ),   

      , 

 ,         

.   r  K     

 ( )    . 

        

     ,  

 –  ,  100   .   

   ,     

«    » (resilience, . . III.1.1.3), 

      

(  ,     ). 

 III.1.1.3.      

      

r, –1 0,6–1,5 0,2–1 0,05–0,5 0,015–0,1 

 

,    r  K,    

     : BMSY = 

½ K; FMSY = ½ r; MSY = ¼ r K. 

YPR (Yield Per Recruit).      

 [Beverton, Holt, 1957].  
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   (  ,     

 )  : 

, 

 F –   , W∞ –  

   (   ), Ωn – 

  (Ω0 = 1, Ω1 = –3, Ω2 = 3, Ω3 = –1), К – 

   (   ), r – 

   ,  –  . 

         

  FMSY. ,    FMSY  

   ,   DLMtool   

      F0.1. 

YPR_ML (Yield Per Recruit_Mean Length).     

      [Gedamke, Hoenig, 

2006].        

,     ,  

,     .   ,   

   (       ), , 

      ( )  d    

    ,  : 

 , 

 L∞ –     (   

  ), Lc –    ,   

      , К –  

  (     ), Z1  Z2 – 

       , . 
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 Z1, Z2  d.       

 (M)       

  F = Z2 – M.       

  F   FMSY,     

    . 

LBSPR (Length Based Spawning Potential Ratio).  , 

      [Hordyk et al., 2015]. 

,         

       .    

   ,   

 M/k (  k –     

),       

    [Beverton, 1992].  

      

      F/M  

   (    ,   

  ).      

        SPR 

(Spawning Potential Ratio),     

      

        

   .  

 SPR  : 

     

 xm ≤ x ≤ 1, 
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 x –   ,  –    

  x ( ), b –     « –

», xm –    . 

DCAC (Depletion- orrected verage atch).    

  c         

(MacCall, 2009).      

  Ysust,      

   .    

    ,  М, FMSY/M, BMSY/К, (BFYR –

BLYR)/B0.     : 

, 

  –    n ,   –     

  ,  –     

      

, B0 –  .     

     (M ≤ 0,2 –1). 

DB-SRA (Depletion-Based Stock Reduction Analysis).  

        [Dick, MacCall, 

2011].  

    -    

 : 

, 

 Bt –     t,  –     (t – 1), 

P(Bt–a) –        

 a   (a –     ). 
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       P( ) 

      ,    [Dick, 

MacCall, 2011]   ,   

     –    

 [Fletcher, 1978]. 

 DB-SRA     (MSY, 

BMSY),       

      (K).    

       

   (М);  FMSY/M;  

BMSY/K;  BT/K,  BT –    -  T,  

       ;  

     (K).  

       ,  

   .    

      

,       К,   

« »        

 BT/K.      

       

        

.     

         

  . 

DD (Delay-Difference stock assessment).     

    [Quinn, Deriso, 1999].  

    ,     

(      )   
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  « – »,   , 

 ,      . 

       Bcur  

     FMSY, 

      . 

     [Restrepo, Pallarés, 2003]: 

: ,  α,  –   « –

», r –  ,  –  ; 

: ,  ρ –  

  –  (Wa+1 = a + ρWa), ℓ –   

     (ℓ = e–M), S –  

    (S = B – Y,  Y –  ); 

 : ; 

 : ,  q –  

, E –   ; 

     : . 
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III.1.2.   

 DLMtool,     R,  

     100  DLM     

  : http://www.datalimitedtoolkit.org/.  

      

install.packages(«DLMtool»).    (   

  2018 . – 5.2)        

   update.packages(«DLMtool»).  

   : 

https://dlmtool.github.io/DLMtool/userguide/index.html. 

     ,  

   (Management Procedures – MPs)  

   ,      

  R.  Can(DLM_data, timelimit = 1)  

  ,      .  

    DLM_data,    

    (    .csv). 

       TAC(DLM_data, 

MPs = NA, reps = 100, …, timelimit = 1),  MPs – ,  

  , reps – ,    

     .   

  ,    DLMTool, ,  

     ,   -

 : ,   –  ,  –  

   .  

    ,  , 

    ,    

 . 
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   ,  DLMtool     

  ,    

        

  MSE.      (Operating Model),  

  Stock, Fleet, Obs  Imp.  Stock ( )  

      (33   

 );  Fleet ( ) –     

  (26 );  Obs (  ) 

          

    (35 );  Imp (  

)  ,    

 .      ,  

 12 : 

avail ("Stock") 

##  [1] "Albacore"          "Blue_shark"        "Bluefin_tuna"      

##  [4] "Bluefin_tuna_WAtl" "Butterfish"        "Herring"           

##  [7] "Mackerel"          "Porgy"             "Rockfish"          

## [10] "Snapper"           "Sole"              "Toothfish" 

    MSE 

  : http://www.datalimitedtoolkit.org/. 

 . III.1.2.1     

 DLMtool    Combi.   

    DLMTool   Combi, 

         

    .  

« »      

      

        

  ( ). 
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. III.1.2.1.   ,   DLMTool,                     
   Combi 

 

       

        

,     Combi ( . III.1.2.2). 

 « »     

      

        

   ( ). 



277 
 

 
. III.1.2.2.  Combi      

    

 
 . III.1.2.2 ,       

 ,     . 

       

    Blim =0.1×BMSY   

      .   

     

 ,       

(Itarget1, Itarget4),       

       

.   

  III     

  DLMTool   ,   

   ,     
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 .    ,    DLM   

   DLMtool,    , ,   fishmethods,  

   NOAA Fisheries ToolBox (http://nft.nefsc.noaa.gov/). 

        

, ,     ,  

        .  

  fishmethods,   ,    

, –  DB-SRA,   ,    

DLPROJ,          

   DB-SRA        

(        , 

         

).  

   fishmethods (  ,     DLMTool)  

      R,    

 RStudio,     

.  RStudio      

(    R)    

https://www.rstudio.com/products/rstudio/download/ (     

  ).  

   fishmethods     RStudio  

  Packages        

 fishmethods.      ,  

     Program Files.   

      RStudio   

New Project,       New Project  New 

Directory,     New Project    

. 
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     Help  fishmethods,  

      (101   ).   

  (dbsra   )      

        ( . III.1.2.3). 

dbsra(year = NULL, catch = NULL, catchCV = NULL,  

catargs = list(dist = "none", low = 0, up = Inf, unit = "MT"),  

agemat = NULL, maxn=25, k = list(low = 0, up = NULL, tol = 0.01, permax = 

1000),  

b1k = list(dist = "unif", low = 0, up = 1, mean = 0, sd = 0), 

btk = list(dist = "unif", low = 0, up = 1, mean = 0, sd = 0, refyr = NULL),  

fmsym = list(dist = "unif", low = 0, up = 1, mean = 0, sd = 0),  

bmsyk = list(dist = "unif", low = 0, up = 1, mean = 0, sd = 0),  

M = list(dist = "unif", low = 0, up = 1, mean = 0, sd = 0), nsims = 10000,  

catchout = 0, grout = 1,  

graphs = c(1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15),  

grargs = list(lwd = 1, cex = 1, nclasses = 20, mains = " ", cex.main = 1,  

cex.axis = 1,  

cex.lab = 1), pstats = list(ol = 1, mlty = 1, mlwd = 1.5, llty = 3, llwd = 

1,  

ulty = 3, ulwd = 1),  

grtif = list(zoom = 4, width = 11, height = 13, pointsize = 10)) 

. III.1.2.3.   ,   dbsra 

 
   . III.1.2.3,       

  ,      

(   . ).       

     RStudio    

(  Enter).       

,    2  –  (year)   (catch). 

       Microsoft Excel.   

    ,    ,   

    Import Dataset.   

      ,  

 . III.1.2.3,       (   

 fishmethods,   DLMTool    DBSRA(x, 

DLM_data, reps = 100).        

  ,    DLM_data).   
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Year  catch –   –   ,    

,   ;   

catchCV –    ( )   , 

 ,        ;  

catchCV=NULL;  

Catargs –  (list) ,     (dist –  

, low  up –      (   

);  

gemat –    , ; 

maxn –     (n)   -

,        

- ; 

k –  (list)    K   (dist 

–  , low  up –      

  , tol –    ). 

      R optimize; 

b1k  btk –    B1/K (   

    )  Bt/K (      refyr, 

); dist –   (   NON –  

). Permax –   (  %)   

   ,     -

  ; 

fmsym  bmsyk –    Fmsy/M  Bmsy/K, 

 (dist, low  up, mean, sd); 

M –    M (dist, low  up, mean, sd).   

 Umsy;  

nsims –       

 - ; 
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catchout –        .csv (0 

–  , 1 – )  ,   

   ; 

grout –     (1 –  , 2 – 

    .tif).      

,   setwd;  

graphs – ,     (  15): 

1 –    , 2 –      

. .;  

grargs –     . lwd –  

   1  13, nclasses –    

 (2-12,14), mains  cex.main –     graphs, 

cex.axis –       x  y.    

        nclasses, mains, cex.main, 

cex.axis, cex.lab;  

pstats –         

. 1=0 –     , 1=1 – . mlty 

 mlwd –     ; llty  llwd –    2,5%-  

, ulty  ulwd –    97,5-   ; 

grtif –      ( . tiff  help  R) . 

        HELP 

  dbsra. 

   dlproj   3 :  

gemat –    , ; 

end1yr –      +1; 

type –    dlproj  ,  
   (    – dbsra). 
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   dbsra (   .csv)   
   .       

  setwd( ).  

 

III.1.3.    

  DLMtool [Carruthers, Hordyk, 2016]  fishmethods 

[Nelson, 2017]      , 

     .   

       25  , 

        

       . 

  ,    ,   

     

[Newman et al., 2014]: 

1.    ( ,  , 

    ); 

2.     (   , 

  ,     

   .); 

3.      (MSE): 

–       

; 

–      (MSE)  

   ; 

–        ; 

–   ,   , 

     ; 
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–        

 ; 

–      ; 

4.       

      : 

–      DLMtool  fishmethods; 

–   ,    

(  CAN   DLMtool); 

–  ,       

 ; 

–    . 

 

     DB-SRA  

    

 

   [ , , 2017]  

       

     .   1932  2005 .,  

 2006  2015 . –    -    

         

   . .    

    ,   1989 .  

     ,    

  1981–1991 .  ,   

        10  

(agemat=10). 

  2005 .      

  ,       



284 
 

   .        

  DB-SRA,     DLM. 

      

(    MSY, ,  

   BMSY     

 FMSY),      . 

  DB-SRA      

  : M –   , 

FMSY/M –   ,   MSY 

  ; BMSY/K –   , 

 MSY,    ; BT/K –  

   -  T    .  

       

 K.        

 ,     

.   ( . III.1.3.1)      

 .       

 . 

   М    0,10−0,12. 

  М        

М = 0,075  SD = 0,023.      

,   FMSY/M   ,  0,75  

 SD = 0,075.     Bmsy/K,  0,6,  

       

          

.       

 -    :   

Bmsy/K = 0,6  SD = 0,06.  BT/K     

  0,05  SD = 0,015.     
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 K      

     1994−2015 . – 59,3 . . 

 

        fishmethods 

 :  
outs2009.06<-dbsra(year =catch_sev$year, catch = catch_sev$t.cat.sm, catchCV = NULL, 
               catargs = list(dist="none",low=0,up=Inf,unit=" . "), 
               agemat=10, 
               k = list(low=60.0,up=300,tol=0.001,permax=1500), 
               b1k = list(dist = "norm", low = 0, up = 1, mean = 0.6, sd = 0.06), 
               btk = list(dist="beta", low=0.01,up=0.6,mean=0.05,sd=0.015,refyr=2009), 
               fmsym = list(dist="lnorm",low=0.4,up=1.5,mean=-0.29,sd=0.1), 
               bmsyk = list(dist="beta",low=0.1,up=0.95,mean=0.6,sd=0.06), 
               M = list(dist="lnorm",low=0.01,up=0.3,mean=-2.64,sd=0.3), 
               nsims = 20000) 
 

. III.1.3.1.     dbsra   
    

 

       

  . III.1.3.2. 

year catch  catchNNNsmooth0,7poly       t.cat.sm 

1988 3,79 

 

3,7900 

1989 3,83 6,5406 10,3706 

1990 3,19 7,3885 10,5785 

1991 2,71 7,9182 10,6282 

1992 2,43 8,2111 10,6411 

1993 1,27 8,2298 9,4998 

1994 1,44 7,9950 9,4350 

1995 0,93 7,6132 8,5432 

1996 0,58 6,7919 7,3719 

1997 0,41 5,8059 6,2159 

1998 0,29 4,8161 5,1061 

1999 0,2 3,8447 4,0447 

. III.1.3.2.   ,   Microsoft Excel   
   ( : year –  ; atch –  ; 

catchNNNsmooth0,7poly –   (   ); t.cat.sm –  
    (   . )) 
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    84  (  1932  2015 .). 

      . III.1.3.3.   

 

 

. III.1.3.3.        
[ , , 2017]  

 

 

. III.1.3.4.  ( )   ( )     
      

  DB-SRA 
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 . III.1.3.4      

      

     DB-SRA.   

    14%     

(20000). 

   DB-SRA  ,    

-  Bref, K      

       1932−2015 . 

  . III.1.3.1   . III.1.3.5.  

 III.1.3.1.    DB-SRA    
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    DB-SRA ,  MSY 

      3,23 . ,  

   BMSY,  MSY,  66,61 . . 

 2016 .    4,0%  BMSY.  

         

        

  ,    .  

         

  dlproj.        

   .    

  t    ,  10   (  

 t – 10),      (0,9%),  

       (11%).  

 ,       

   2025 .   .  

         

        

,      ,   

 50       ,  Bmsy 

(64 . ).        

      10–15  . 

 

 

 

 . .,  . .     

Acipenser stellatus       : 

      //  . 

2017. . 18. № 2. . 231–248. 
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 1 
    

 

 

 -         
  ,    ,    

 

№ 

/  

  ( , , , 
 )   

 
-

 
-

 

   
(  )* 

 (Theragra chalcogramma) 
1. -    

 I 

TISVPA [ , 2005], 
 [ , 2009],  

[ , 2015],  XSA   
VPA 95   FLR (2007) 

2. -   

3. -   

4.    
 I 

5. -   (  .  174° . .) 
6.   

 I 
7. -   (  .  174° . .) 
8. -    I 

9. -    
 I 

10. -   

11. -   -  I 

12.    III DLMtool [Carruthers, Hordyk, 
2016], fishmethods [Nelson, 2017] 13. -    III 

  (Hippoglossus stenolepis) 

14.  -   -   I 

TISVPA[ , 2005], 
 [ , 2009],  

[ , 2015],  XSA   
VPA 95   FLR (2007) 
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№ 

/  

  ( , , , 
 )   

 
-

 
-

 

   
(  )* 

15. -    
-  II   Combi 

4.0 [   ., 2017], 
  ASPIC 

(2015) 

16. -   

17. -   -   II 

18.     II 

19. -   -   II 

20. -   -   III 
DLMtool (Carruthers, Hordyk, 

2016), fishmethods [Nelson, 2017] 
21. -   -   III 

22. -   -   III 

  (Reinhardtius hippoglossoides) 

23. 
- , -    

-   
 I 

TISVPA [ , 2005], 
 [ , 2009],  

[ , 2015],  XSA   
VPA 95   FLR (2007) 

26. -   -   II   Combi 
4.0 [   ., 2017], 

  ASPIC 
(2015) 

27. -   -   II 

28. -   -   III 
DLMtool [Carruthers, Hordyk, 

2016], fishmethods [Nelson, 2017] 
29.     III 

30. -   -   III 

  (Clupea pallasii) 

31.    
-  I 

TISVPA [ , 2005], 
 [ , 2009],  

[ , 2015],  XSA   
VPA 95   FLR (2007) 

32. -   (  .  174° . .) 

33. -     I 
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№ 

/  

  ( , , , 
 )   

 
-

 
-

 

   
(  )* 

34. -    III 

DLMtool [Carruthers, Hordyk, 
2016], fishmethods [Nelson, 2017] 

35. -   -  III 

36.   
  , .   

  
III 

  (Gadus macrocephalus) 

37. -   -   I 

 
TISVPA [ , 2005], 

 [ , 2009],  
[ , 2015],  XSA   

VPA 95   FLR (2007) 

38.   -  ( -
) I 

39. -   

40.    I 

41. -   -   -
  

I 
42. -   

43. -   -   I 

44. -   -   I 

45. -   -   I 

46.     III 
DLMtool [Carruthers, Hordyk, 

2016], fishmethods [Nelson, 2017] 

  (Acipenser baerii) 

47.    III 
DLMtool [Carruthers, Hordyk, 

2016], fishmethods [Nelson, 2017] 

 (Acipenser ruthenus) 

48. 
      

 
 III 

DLMtool [Carruthers, Hordyk, 
2016], fishmethods [Nelson, 2017] 

49.        III 

50.        III 

51.        III 
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№ 

/  

  ( , , , 
 )   

 
-

 
-

 

   
(  )* 

52.        III 

53.        III 

54.         III 

55.     III 

56.     III 

К   (Berryteuthis magister) 

57. -   -   II 

  Combi 
4.0 [   ., 2017], 

  ASPIC 
(2015) 

58. -   -   III DLMtool [Carruthers, Hordyk, 
2016], fishmethods [Nelson, 2017] 59. -   -   III 

 (  Buccinidae) 

60. -   -   II   Combi 
4.0 [   ., 2017], 

  ASPIC 
(2015) 

61. -   -   II 

62.   (    . )      .  II 

63. -   -   III 

DLMtool [Carruthers, Hordyk, 
2016], fishmethods [Nelson, 2017] 

64. -   -   III 

65. -   -   III 

66.   (  . )     . 
 

III 

67. -   -   III 

*   - ,            . 
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№ 

/  
 ( )   

 
-

 
 

  

 

1. 
     -  

   ( -  
 )* 

III 

       
   .    

     -
   ,     

     . 

К  

2. 
   (12-      

 )* 
III 

   -  (  
MapDesigner  Windows);    

 .      
   -   

     . 

  

3. 
    (12-      

 ),  * 
III 

   -   (  
MapDesigner  Windows);    

 .       
   -   

      . 
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№ 

/  
 ( )   

 
-

 
 

  

  

4. 

     -  
   ( -  
 )* III 

     -  
;     . 

      
 -    ,    

      . 

  

5. 
     -  

  , -  
 * 

III 

   -  , 
     .  

      
-    ,    

      . 

6.    * III 
  .      

   -   
 ,     . 

  

7.    III 
        

 .   .  

8.  * III 
  .       

   -   
 .  

9.   * III 
  .      

   -   
 . 

10.   * III (  I )    (  ).  
 ,  1998 .    . 

11.   * III   .       



303 
 

№ 

/  
 ( )   

 
-

 
 

  

   -   
 . 

12.    (  )* III 
  .       

   -   
 . 

13.  -  * III 
  .      

  -    
. 

 

14. 
     -  

  , -  
 * 

III 
 

      
    .  

      -
   ,     

     . 

15.    * III 
  .      

   -   
 ,     . 

 

16. 
         

III 
     ,  

.    12,5 %    
 . 

17.        * III 
  ,    (   

). 

18.        III (  I) 
    (  ). 

  .    

19.        III (  I) 
    (  ). 

     , 
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-

 
 

  

      
-    ,    

 . 

20.        III (  I) 
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  .  

21.        III (  I) 
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     , 

     -
   ,     
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22.        III 
       

   .   .   

23.         III 

      
    .   

  . 

24.    III 
      , 

 .   .   

25.    III 
      , 

 .    .  

26.   * III 

     
    .    
   -   

 . 

27.   * III 

      , 
      

  -    
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 . 
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 3 
    

 

     

 

№ 

    /  
 

  

 
 

 

 

   

1  TISVPA [ , 2005] I http://www.vniro.ru/ru/programmno-
metodicheskoe-obespechenie 

2   [ , 2009] I http://www.kamniro.ru/270120136 

3   [ , 2015] I http://fisheries-research.clockbyte.com/ 

4   XSA   VPA 95   FLR 

[Kell et al., 2007] 
I https://cloud.mail.ru/public/5Zar/3Moyfkv8j 

5  Combi 4.0 [   ., 2017] II 
http://www.vniro.ru/ru/programmno-

metodicheskoe-obespechenie 

6  ASPIC 7.04 [Prager, 2015] II http://www.mhprager.com/aspic.html  

7  DLMtool  

[Carruthers, Hordyk, 2016] 
III http://www.datalimitedtoolkit.org/download  

http://www.vniro.ru/ru/programmno-metodicheskoe-obespechenie
http://www.vniro.ru/ru/programmno-metodicheskoe-obespechenie
http://www.kamniro.ru/270120136
http://fisheries-research.clockbyte.com/
https://cloud.mail.ru/public/5Zar/3Moyfkv8j
http://www.vniro.ru/ru/programmno-metodicheskoe-obespechenie
http://www.vniro.ru/ru/programmno-metodicheskoe-obespechenie
http://www.mhprager.com/aspic.html
http://www.datalimitedtoolkit.org/download
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 4 
    

 

         
 

№ 

/  
 

  

 
 

 

 

  

1  TISVPA [ , 2005] I 

-   ; 
    25-32; 
-   ; 

 -  ( -
) ; 

   -  ; 
 ; 

-  ; 
  ; 

 ; 
 ; 

  ; 
  

2  
 

 [ , 2009] 

 

I 
-  ;  
-  ; 

-  ; 
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 [ , 2009] 

 

 

 

I 

-  ; 
 ;  

-  ; 
-  ; 

 ; 
-  ; 

  ( ); 
-   ( ); 

-   ;  
-      

3   [ , 2015] I 

-  ; 
-  ;  

 -  ; 
 -  ; 

-   

4  
Combi 4.0 

[   ., 2017] 
II 

  ; 
   ; 

-   ;  
-   ; 
-   ; 

  ; 
-   ;  

-  ;  
-  ; 

 -     
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 5 
    

 

 ,    

AMD – (Absolute Median Deviation) –    
      

ASPIC – (A Stock-Production Model Incorporating Covariates) –  

    

AvC – (Average Catch) –   

BK – (Beddington and Kirkwood life-history MP) –   

   DLM,     

CAGEAN – (Catch-at-AGE ANalysis) –     

CC – (Constant Catch) –   

CEFAS – (Centre for Environment, Fisheries and Aquaculture Science) –   

  ,    

CPUE – (Catch Per Unit of Effort) –      

DB-SRA – (Depletion-Based Stock Reduction Analysis) –   

  

DCAC – (Depletion- orrected verage atch) –    
  c        

DD – (Delay-Difference stock assessment) –  DLM,   
     

DFI – (Data Format Identifiers) –     

DLM – (Data Limited Methods) –      
  (« » ) 

FLR – (Fisheries Library for R) –     
    R 

GLM – (Generalized Linear Models) –    

HCR – (Harvest Control Rule) – .  
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IATTC – (Inter-American Tropical Tuna Commission) –  

     

ICA – (Integrated Catch-at-Age) –      

ICCAT – (International Commission of Conservation Atlantic Tuna) – 

       

ICSEAF – (International Commission for South-East Atlantic Fisheries) 

     -   

LBSPR – (Length Based Spawning Potential Ratio) –  DLM,  
  SPR       

MP – (Management Procedure) –    

MSC – (Marine Stewardship Council)    

MSE – (Management Strategy Evaluation) –    
 

MSY – (Maximum Sustainable Yield) –    

NMFS – (National Marine Fisheries Service) –    
 ( ) 

NOAA – (National Ocean and Atmosphere Administration) –  
     

OFL – (Overfishing Limit) –    

OM – (Operating Model) –   

SBT – (Southern Bluefin Tuna) –   ,  
      DLM 

SPmod – (Surplus Production based catch-limit modifier) –   

,       

SPMSY – (Surplus Production MSY) –   MSY    
   

SPR – (Spawning Potential Ratio) –    
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SS – (Sum of Squares) –     

SSB – (Spawning Stock Biomass) –     

TAC – (Total Allowable Catch) – .  

TISVPA – (Triple Instantaneous Virtual Population Analysis) –   

      

    

VPA – (Virtual Population Analysis) – .  

XSA – (eXtended Survival Analysis) –    

YPR – (Yield Per Recruit) –      

YPR_ML – (Yield Per Recruit_Mean Length) –     
 ,        

YPR_CC – (Yield Per Rectuit_Catch Curve) –     
 ,     

 –    

 –     

 –   

-  – -   

 –       

 –   

 –      

 –     

 –     -   

 –    

 –   

 – -   

 –      
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 –   

 –    

 –    

 –         
 

 –   

 –   

 


