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   .    

,   ё        .  
     ,   

 ,     
        

   .  
      

       
       . 

          
    ,     

python     . 
        

     . 
    : 

-  ; 
-   ; 
-    ; 
-  ; 
-  ; 
-  . 

    xlsx   .   
       ( , 

, , , ).  
     csv (comma-separated values – , 
 ).       

: 
-  ; 
-   . 

       
          .  

       
  .    

   . 
       

(    )   . 
       

  (    )   
 (    ). 

      
        .    

  k-means++    
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.       (  
)     (k-means++ 
). 

      
(  )      

      (   k-means 
++ ). 

         
   . 
       

     . 
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1     
 

1.1   
 

         
 .  [1, 2]   . . [3]   . . [7]. 

 
1.1.1   

 
 = { , … , }, = { , … , }    

 . 
 1.1.1.   ё   

 

1

1 n

i
i

X x
n =

=  .               (1.1.1) 

 

         X̅. 
 1.1.2.     и   

  
 

( )( )
1

1
,

n

XY i i
i

K x X y Y XY XY
n =

= − − = −           (1.1.2) 

 

 
1

1 n

i i
i

XY x y
n =

=  . 

 1.1.3.     
 

( )2
2

1

1 n

X i
i

S x X
n =

= − .              (1.1.3) 

 

 1.1.4.    
  

 

( )2
2

1

1
.

n

x X i
i

S S x X
n =

= = −              (1.1.4) 

 

 1.1.5.       
 

 
* * *
1 2 ... nx x x   ,              (1.1.5) 

 

 ( )*
1 1min , , nx x x= ; 

 *
ix - -       1, , nx x ; 

 ( )*
1 1max , , nx x x= . 
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 (1.1.5) ё   . 
 

 1.1.6.    , < <  
  𝑞,     (1.1.5)   [ ] + ,  [ ] –    . 
  : 

- 0.25-    ( ) ; 
- 0.5-    ( ) ; 
- 0.75-    ( ) . 
 
 1.1.2   я  
 

      
ё  :   (1.1.2),  

  (1.1.4). 
 1.2.1.     

 
 

 , 1,1 .XY
XY XY

x Y

K
r r

S S
=  −              (1.2.1) 

 

       
    .       1,   

 .  ,    ,    
. 

   , ,    .  
    1. 

 

 1 –    

 | |  | | . 5  . 5 < | | .5  .5 < | | .75  .75 < | |    
 

     ,   
   ,    . 

 

1.1.3   я   
 

,   n     
.  X        (  

  ,     )   
  , , = , … , .      
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   ,     
  . 

      : 

2

1 1 1 1
22 2

2 2

1 1 1 1

6
1 ,

( 1)

n n n n

i i i i i
i i i i

s
n n n n

i i i i
i i i i

n u v u v d
r

n n
n u u n v v

= = = =

= = = =

  −   
  = = −

−      − −      
         

   

   
         (1.3.1) 

 

 i i id u v= − . 
       

  :  
-   : 0s =  (   ); 
-   𝛼: 0, 0, 0s s s     ; 

- : 1
~ 0,

1
sr N

n

 
 − 

; 

-   : , , , 2
, ,s s s s s s

r r r r r r    −  ;  

 ,𝛼 -        
; 

        -  .  
 
1.1.4     
 

  –  ,    = ,̅̅ ̅̅̅ –  
( ) .          

       , , ,    
. 

 (  )    
    : 

 

( )1 1,..., , ,..., ,k sY f X X a a = +            (1.4.1) 
 

 𝑎  = ,̅̅ ̅̅  –  ; 
      𝜀 –  .  

     
 

( )

( )

1 11 1 1 1

1 1

,..., , ,..., ,

...

,..., , ,..., ,

k s

n n nk s n

Y f X X a a

Y f X X a a





= +

= +
                                      (1.4.2) 

 

 -  -    -  .  
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 ,  0E =    : 
2( )T

nK E E  = = ,  -     × . 
      ,  

   ,   
 

( )( )2

1 1
1

,..., , ,..., ,
n

i i ik s
i

R Y f X X a a
=

= −              (1.4.2) 

0 1, .
j

R
j s

a


= =

               (1.4.3)  

 

  1 1( ,..., , ,..., )k sY f X X a a = +     
   . 

 

1.1.5 я я 
 

        
 

0 1 1 2 2 ... .k kY a a X a X a X = + + + + +            (1.5.1) 
 

        
 . 

      : 
 

1 0 11 1 1 1

0 1 1

... ,

...

... .

k k

n n nk k n

Y a X a X a

Y a X a X a





= + + + +

= + + + +
           (1.5.2) 

 

     
 

,Y X a =  +               (1.5.3) 
 

  
1 11 1 1

1

, , .
k

n n nk n

Y X X

Y X

Y X X






     
     = = =     
     
     

                 (1.5.4) 

 

        
2( ) 0, ( )T

nE E E  = = ,   -    x . 
      . 

 : 
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2

0
1 1

min,
n k

i ij j
i j

R Y X a a
= =

 
= − − → 

 
              (1.5.5) 

0
1 1

2 0, 1, .
n k

il i ij j
i jl

R
X Y X a a l k

a = =

 
= − − − = =   

            (1.5.6) 

 

0
1 10

2 0
n k

i ij j
i j

R
Y X a a

a = =

 
= − − − =   

               (1.5.7) 

 

   (1.5.5), (1.5.6)  (1.5.7)   
ja . 

 

1.1.6    
 

 = , … ,   –  , = , … ,   – 
 ( )      

 ̂ = 𝑓   ̂ = 𝑓  = ,̅̅ ̅̅ ̅. 
 1.6.1.     

       ё   
 

( )
( )

 

2

2

2 21
22

1

1 1 , 0,1 .

n

i i
Y i

n
Y

i i
i

Y Y
S

R R
S

Y Y

=

=

−
= − = − 

−




          (1.6.1) 

 

      
       : 

-  : = ; 
-  : ≠ ; 

- :  =  −⁄− −⁄ ~ − , − ; 

-   : | | 𝛼⁄ ; 

 𝛼⁄ -    , 
       n –  ; 
       k –  . 
        

-  (1.8.1). 
      [ , ],   

  1,           
    ,    ,   

       .  
 
 1.1.7    
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 ,         
 ,          

  ,    
  . 

 = , … ,   –  , = , … ,   – 
 ( ) ,     Ŷ = 𝑓 , ̂ = 𝑓  = ,̅̅ ̅̅ ̅   ё    

  (). 
 1.7.1    

ё   
 

( ) ( )
( )  2 2 2 21

1 1 , 0,1 ,adj adj

n
R R R R

n k

−
= − −  

−          (1.7.1) 

 

 n –  ; 
 k –  ; 
  –  ё    (1.6.1). 

     
  .       

      ё   
        

  ,       
.  

 

 1.1.8  -  
 

   = { , … , }  ё  
       ̂ = { ̂ , … , ̂ }, 

   . 
     : 

-   :    ; 
-   :     ; 
- : 
 

( )

2

1

2

1

,

n

i i
i

n

i

i

a X

W
X X

=

=

 
 
 =

−




               (1.8.1) 

 

 𝑎 = 𝑎 , … , 𝑎 = m𝑉−√m𝑉− 𝑉− 𝑇; 

. = , … ,  –    ,  
    ; 

 V –   ,   . 
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 , 1, ,ix i n=  -       
 0    1,       V  

 : 
- ( ) , 1, ,i iE x m i n= = ; 
- ,( , ) , , 1, ,i j i jCov x x v i j n= = . 

        
 𝛼  (α –   ),    

   . 
 

1.2 я 
 

1.2.1 я я 
 

 ( )  –  , 
       ,   

    [4]. 
       

 '( , )x x –    .   
 :  

 

' ' 2

1

( , ) ( )
k

i i
i

x x x x
=

= −                    (2.1.1) 

 

  ,       
 .        
: 

 

( ) 2, , ,
w W s S

S W w s
R W S

S W W S


 

 
=   +  

            (2.1.2) 

 

 | |, | | –     . 

  : 
)         1 1 2, , , nС c c c=  (  

   ); 
)   = , … , : 

1)   −    : 
( , ) arg min ( , )

U V
U V R U V


= ; 

( , )tR U V=  ; 
2)   U  V,    = ∪ : 

1 { }\{ , }t tС C W U V−=   ; 
3)   S ∈ : 

  , . 
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  (n –  ):  

-  : 𝑂 ; 
-  : 𝑂 . 

 

1.2.2 K-means я 
 

 k-means : 
)       1{ , , }kC c c= ; 
)   ∊ { , … , }    ,    ∊ ⊂      𝑐 ,     

 𝑐 , ≠ ; 
)   ∊ { , … , }     : 

1

i

i
x Ci

c x
C 

=  ; 

)   2  3       
 ; 

   : 

-  : 𝑂 +𝑝 ; 
-  : 𝑂 ; 
-  : 𝑂 ; 

 n –  ;  
      k –  ;  
      p –   ( );  
      i –  . 
 

1.2.3 K-means++ я 
 

   k-means   1    ,   
    ,   

 k-means++       
,  .   .  [5] . 

 k-means++ :  
)   𝑐     ; 

)    𝑐 ,  x ∊    
2

2

( )

( )
x X

D x

D x



; 

)   b      ; 
)     k-means. 

 

  –   ,    
       ∊ . 
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1.3   
 

1.3.1   я       
 

      . 
Э    . 

         
 

 

( ) 2

1

,
i k

K

i k
k x C

I C x 
= 

= −               (3.1.1) 

 

 С = { , … , 𝐾} –     𝐾;  

 1
, 1,

i k

k i
x Ck

x k K
C




= =  -  . 

Э    :    𝐾 , 
  ,    “    ”   

: 
 

( ) ( ) ( )
( ) ( )

1

1

min,k k

k
k k

I C I C
D k

I C I C
+

−

−
= →

−             (3.1.2) 

 

 𝐾  -    𝐾,    
. 

 

1.3.2   
  

   . .  [6]  2007   
       

1{ , , }KC C C= .    1 1, , K kC m C m= =  . 

    
 

 1, , 1, , 1,1 ,
max( , )

i i
j ji i

j i ji i
j j

b a
s i K j m s

b a

−
= = =  −           (3.2.1) 

 

 
1

1

1

im
i i i
j d j

di
d j

a x x
m =



= −
−   -         

   (    );  

 
1

1
min

k

k i

m
i k i
j d j

C C
dk

b x x
m

=

= −   -         

  (   ,     ). 
       : 
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1 11

1
, 1,1 ,

imK
i
j

i jK

s s s
m m = =

=  −
+ +                     (3.2.2) 

 

     − ,    .  
    , ,  ,     
   .     ,     

(    ). 
 

1.4   
 

1.4.1 я  
 

       
. Э   ,         
  .     

   . 
 4.1.1.   ё   

: 
 

' i
i

x

X X
X

S

−
= , 1, ,i n= .             (4.1.1) 

 

    : 
) 0iX =  ; 

) 1
iXS =  . 

 

1.4.2   
 

 4.2.   ё   
: 

 
' ln( 1), 1, , .i iX X i n= + =             (4.2.1) 

 

      .    
    : 

 
' ' ' '

1 2 1 2( , , , ) ln( ) (ln( 1), ln( 1), , ln( 1)).n nX x x x X x x x= = = + + +         (4.2.2) 
 

1.5    
 

  : python. 
  NumPy      

   ,    
.  pandas      NumPy 

       csv ,   
       . 
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 SciPy       
    .   scikit-

learn (sklearn)   k-means   , 
         

. 
  matplotlib  xlsxwriter    

       . 
     : 

- Python 3.7.2; 
- xlsxwriter 1.1.5; 
- Matplotlib 3.0.2; 
- NumPy 1.16.1; 
- Sklearn 0.20.2; 
- SciPy 1.2.1; 
- Pandas 0.24.1. 

         
 ,    :  

-    ,    ; 
- ,      

       (  
 )     xlsx ; 

- ,       
 ,   ,     

      0,05.   
         

      .  
,        

(  )   (xlsx ) ,   
       

; 
- ,       

        
        

  0,05.      
            

        
; 

- ,      
         

       xlsx     
   ; 

- ,       
 .  

     . 



17 

 

 2      я 
 

2.1    
 

      : 
-    xlsx      csv ; 
-  ; 
-       

; 
-  ; 
-  ; 
-  . 

       xlsx    
  csv (comma-separated values) . 

 xlsx         
.   39 : Ephemeridae, Potamanthidae, 

Ephemerellidae, Heptageniidae, Baetidae, Leptophlebiidae, Caenidae, 
Taeniopterycidae, Perlodidae, Chloroperlidae, Perlidae, Pteronarcyidae, 
Arctopsychidae, Hydropsychidae, Stenopsychidae, Psychomyiidae, 
Polycentropodidae, Limnephilidae, Brachycentridae, Goeridae, Rhyacophilidae, 
Lepidostomatidae, Sericostomatidae, Glossosomatidae, Leptoceridae, 
Ceratopogonidae, Limoniidae, Tipulidae, Athericidae, Tanypodinae, Orthocladiinae, 
Chironomini, Tanytarsini, Lymnaeidae, Valvatidae, Planorbidae, Bivalvia, 
Lumbriculidae, Tubificidae.  

    :  
   .   

     –  ,  
 < _ >.< _ _ _ >.   

 ,  , ,     
 ,       . 

          
  : , , ,   

.  ,      ,  
       . 

         
  .         

 .     csv . 
        

    : ,  
          

     .  
     . , 

    ,     
     (  ,   
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)    ё        
 .  

      
   .  

       
        

, ,    .  
,     ( , )  

         
    .    

          
    . 

       
 .    : 

-      ,   
; 

-     ; 
-       

 ; 
-   -     

 . 
 ё         

  . 
       

       
  (   ). , -   

      
   .   

        
  0.05. 

       
  (    )   

 (    ).     
     .    
   ,    

,       
        0.05. 

       
   k-means++   
.      (k-means++ 

  )     (k-
means++ ).  

  k-mean++     
.         
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      ,   
    ,    

  .   k-means++  
      . 

     ,    
 ,     .  

       
    ,    

  . 
 

2.2       
 

2.2.1    
 

       27  
 43.        , 

     . .   
  2  .     .  

      .    
: 

-   –  ; 
-      –  ; 
-   –  ; 
-  (      ) –  (° ); 
-   (      ) – 

/ ; 
-      – . 

       
.          

   –        
      . 

 ,     
 ,      ,    

 . 39      5  
       (  )  

 . 
 ,       

       .   
       

    – ,    
    .   

    ,    
   ,    

       
. 
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2.2.2   
 

        -
      . , 

         
 .       

     . 
     2. 

 2 –       

 T, °C O2, /       
 27 27 27 27 27 27 27 

 
 15,44 10,16 273,78 370,96 62,22 366,22 122,07 

 
 1,95 0,75 346,2 241,43 94,9 428,8 172,39 

 
 12,1 8,93 16 64 0 32 0 

25% 14 9,66 80 200 0 96 16 
50% 16,5 10,09 160 304 16 240 32 
75% 16,6 10,6 304 472 104 488 128 

 
 18,6 11,5 1440 1072 336 2160 560 

 

          
        ,  
 .       ,   

     .  
     ,    

       ,     
        .  

 

2.2.3 я  
 

      .   
          

    .   
  , , ,   .  

       
 1-5. 
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 1 –      

 

 
 2 –      

 

 
 3 –      
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 4 –      

 

 
 5 –      

 

   . 1-5,     
 . Э       
   ,      . 

,      
   .  

          
  . 6-7.  
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 6 –      

 

 

 7 –      
 

      
  -     𝛼 = . 5. 
      . 3. 

 

 3 –   -   p-     
 

   W p-  
 0.9433 0.1467 

 0.8985 0.0124 
 

    W    p-
  0.0124.    ,    

   .  
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    W  0.9433,   p-
  0.1467.   ,     

   . 
 

2.2.4 я я 
 

       
   ( . 4). 

 

 4 –       
   

   
      

 1 0,203 0,645 0,2575 -0,14 
 0,203 1 0,3574 0,7044 -0,0944 
 0,645 0,3574 1 0,2165 -0,1903 
 0,2575 0,7044 0,2165 1 -0,1606 

 -0,14 -0,0944 -0,1903 -0,1606 1 
 

  ,     
      .    

        . 
    ,     

 t-       
.        

       
. 

        
 ( . 5-6).  

      xlsx .  ё  
      . 

ё    ,    p-
    0.05.  p-      0,05, 

    . 
 

 5 –      
   

 
 n-  n-  n-  n-  n-  

n-  1 0,333 0,433 0,251 -0,005 
n-  0,333 1 0,391 0,654 -0,172 
n-  0,433 0,391 1 0,474 -0,264 
n-  0,251 0,654 0,474 1 -0,366 
n-  -0,005 -0,172 -0,264 -0,366 1 
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 6 – P-       
      

P-  n-  n-  n-  n-  n-  
n-  0 0,089 0,024 0,206 0,98 
n-  0,089 0 0,044 0 0,39 
n-  0,024 0,044 0 0,012 0,184 
n-  0,206 0 0,012 0 0,06 
n-  0,98 0,39 0,184 0,06 0 

 

 ,       
 ,   ,     

      . 
 ё   ,   .  
  . 8. 

 

 
 8 –       

   
 

      . 
    . 7-8  . 9. 

        
           

   .  
 

 7 –       
  

 
 b-  b-  b-  b-  b-  

b-  1 -0,229 0,345 0,331 0,242 
b-  -0,229 1 -0,568 -0,332 0,504 
b-  0,345 -0,568 1 0,719 -0,095 
b-  0,331 -0,332 0,719 1 -0,134 
b-  0,242 0,504 -0,095 -0,134 1 
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 8 – P-       
      

P-  b-  b-  b-  b-  b-  
b-  0 0,25 0,078 0,091 0,225 
b-  0,25 0 0,002 0,09 0,007 
b-  0,078 0,002 0 0 0,639 
b-  0,091 0,09 0 0 0,504 
b-  0,225 0,007 0,639 0,504 0 

 

 
 9 –       

   

 

2.2.5 я я 
 

    ,   
       .    

     :   
     𝑎𝑑 .   

       
 -       . 

       
  . 9. ё      

,   p-  ,  0.05,   0,05  
     0.05   - .  

    .    
       . 

 

 9 –       
     -  

 
   F value F p-value Shapiro Shapiro p-value 

n-  0.31 11.21 0.003 0.911 0.329 
n-  0.082 2.239 0.147 0.897 0.001 
n-  0.23 7.462 0.011 0.896 0.426 
n-  0.045 1.165 0.291 0.639 0.308 
n-  0.267 9.114 0.006 0.875 0.446 
b-  0.181 5.536 0.027 0.788 0.391 
b-  0.006 0.149 0.703 0.748 0.497 
b-  0.116 3.292 0.082 0.669 0.023 
b-  0.065 1.745 0.198 0.818 0.446 
b-  0 0.004 0.949 0.671 0.478 
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    ,  31, 23  26  
  ,     18  
   .   

    . 
        

 .      . 10. 
 

 10 –       
     -   

 
  F value F p-value Shapiro Shapiro p-value 

n-  0.036 0.938 0.342 0.704 0.434 
n-  0.123 3.517 0.072 0.925 0.053 
n-  0.022 0.571 0.457 0.784 0.303 
n-  0.221 7.09 0.013 0.816 0.457 
n-  0.089 2.43 0.132 0.77 0.478 
b-  0.007 0.188 0.668 0.578 0.385 
b-  0.207 6.516 0.017 0.857 0.456 
b-  0.005 0.125 0.726 0.552 0.416 
b-  0.072 1.928 0.177 0.861 0.385 
b-  0.11 3.079 0.092 0.785 0.453 

 

      22  ё  
     20  ё  . 
      . 

      
        . 11.  

 

 11 –      
         

   -  

 +  

   𝑎𝑑  F value F p-value Shapiro Shapiro p-value 
n-  0.339 0.283 6.142 0.007 0.929 0.064 
n-  0.199 0.132 2.973 0.07 0.937 0.103 
n-  0.247 0.185 3.943 0.033 0.899 0.387 
n-  0.259 0.197 4.187 0.028 0.768 0.37 
n-  0.367 0.315 6.966 0.004 0.926 0.056 
b-  0.186 0.119 2.749 0.084 0.795 0.47 
b-  0.215 0.15 3.296 0.054 0.858 0.363 
b-  0.12 0.046 1.633 0.216 0.668 0.348 
b-  0.132 0.06 1.826 0.183 0.849 0.335 
b-  0.11 0.035 1.478 0.248 0.785 0.431 
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.  𝑎𝑑      
      .      

 ,    . 
        

   ( . 12). 
 

 12 –       
 , ,     

     𝑂   + 𝑂  𝑎𝑑 + 𝑂  

n-  0,31 0,036 0,339 0,283 
n-  0,082 0,123 0,199 0,132 
n-  0,23 0,022 0,247 0,185 
n-  0,045 0,221 0,259 0,197 
n-  0,267 0,089 0,367 0,315 
b-  0,181 0,007 0,186 0,119 
b-  0,006 0,207 0,215 0,15 
b-  0,116 0,005 0,12 0,046 
b-  0,065 0,072 0,132 0,06 
b-  0 0,11 0,11 0,035 

 

       
   ,      

(   )       
       .   

    𝑎𝑑   
      ,     

   .  
 ,       

    ,     
     ,     .  

    ,      ё 
      . Э    

       
,     . 

 

2.2.6 я я    
 

     ё   : 
-   ; 
-   ; 
-    . 

 



29 

 

         
  .       
 ,     .    

      ,    
        . 

  .    
          

.     . 10-12. 
 

 
 10 –        

     
 

 
 11 –        

     

 



30 

 

 
 12 –        

  . 
 

    ,   n.m,  n 
–  ,      m –     n. 
Э       . 

 . 10-12    ,     
.   11      .  

      ( . 13).   
 ё         

      . Э    
      .  

    ,      
  . 

        . 
   . 13. 
   . 13,    . Э   

          
.     (  ё  ). , 

      ,    
      (   ).  

     ,     
      (    

  ).  ,      
. Э         

 .  
      

 .        
         1.2, 

1.3, 3.2, 6.3,       ,   
 ,   ,    . 

 



31 

 

 13 –        
  ё  ,   ё      

 .  

  (3 )  (2 )  (2 ) 
1,1 1 1 1 
1,2 1 1 1 
1,3 1 1 1 
2,1 1 2 1 
2,2 2 2 1 
2,3 2 2 1 
3,1 1 1 1 
3,2 1 1 1 
3,3 1 1 1 
4,1 3 2 2 
4,2 1 1 1 
4,3 1 2 1 
5,1 1 1 1 
5,2 1 1 1 
5,3 1 1 1 
6,1 1 1 1 
6,2 1 1 1 
6,3 1 1 1 
7,1 1 1 1 
7,2 1 1 1 
7,3 1 1 1 
8,1 1 2 1 
8,2 1 2 1 
8,3 1 2 1 
9,1 1 1 1 
9,2 1 1 1 
9,3 1 1 1 
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 14.        
   

     
2 0,408 
3 0,440 
4 0,440 
5 0,451 
6 0,429 
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     ( . 21). 
 

 
 21 –       

        
    

 

      .    
  . Э        
.          

     . -
        

  .     (     
. 21)    : caenidae, taeniopterycidae, 

brachycentridae, valvatidae, planorbidae, bivalvia, lumbriculidae, tipulidae.  
  (  ё    . 21)   

: chloroperlidae, pteronarcyidae, glossosomatidae. 
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       ё  , 
  ,      

      . ,  
    ё  .     

,         . 
         

 ( . 15). 
 

 15 –        
   ё  ,  

  ё        
. 

 
  

(2 ) 
  

(5 ) 
  

(2 ) 
  

(3 ) 
1,1 1 1 1 1 
1,2 1 1 1 1 
1,3 1 2 1 1 
2,1 1 3 1 2 
2,2 1 3 1 2 
2,3 1 3 1 2 
3,1 2 4 1 2 
3,2 2 4 1 2 
3,3 1 2 1 2 
4,1 2 5 2 3 
4,2 1 3 2 3 
4,3 1 3 1 2 
5,1 2 5 2 3 
5,2 2 5 2 3 
5,3 2 5 2 3 
6,1 2 5 2 3 
6,2 2 5 2 3 
6,3 1 2 2 3 
7,1 2 5 2 3 
7,2 1 3 2 3 
7,3 2 5 2 3 
8,1 1 1 1 1 
8,2 1 2 1 1 
8,3 1 2 2 3 
9,1 2 5 2 3 
9,2 2 5 2 3 
9,3 2 5 2 3 
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 27 –       
         

 

 16.        
         

  

 

  
 

 (4 ) 

  
  

(2 ) 

  
  

(6 ) 
1,1 1 1 1 
1,2 1 1 1 
1,3 2 1 1 
2,1 3 1 2 
2,2 3 1 3 
2,3 3 1 3 
3,1 2 1 4 
3,2 1 1 4 
3,3 3 1 5 
4,1 1 1 6 
4,2 2 2 5 
4,3 1 2 4 
5,1 4 2 5 
5,2 4 2 5 
5,3 2 2 5 
6,1 1 2 5 
6,2 1 2 5 
6,3 1 1 5 
7,1 2 2 5 
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  16 

 

  
 

 (4 ) 

  
  

(2 ) 

  
  

(6 ) 
7,2 3 2 2 
7,3 3 2 2 
8,1 1 1 4 
8,2 3 1 4 
8,3 2 1 5 
9,1 4 2 5 
9,2 4 2 5 
9,3 2 2 5 
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  ,      (20%  
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        Heptageniidae 
– Ephemerellidae – Ephemeridae;   –  Glossosomatidae  
Hydropsychidae. -   .    
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    ( , , , 
). 

        
,    70%     

  .  R2   .  
 : 0,7    0,73  .  ,  

 R2 (0,39–0,57)   .   ,   
.  ,   .      

   (8,4–21,7°C)  ,    , 
, ,     R2    . 

       33%  
   . 

      (   . ) 
    /   

  (R2   0,16  0,73).  
      80%  

     .  
R2 ,    ,  .   : 0,80  

  0,59  . 
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     ,   
          

: R2  0,18  0,29 . 
 

2.3.3   
 

     
       

. ,          
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 .  
       

        

          
3-4    .     

        ( , 
,   “ ”). 

 .  ( . 19)      
   (№ 1),   

 ;     ,   
 (  № 4),  ,       

   (№ 3),   ,  
 .  № 2   ,  

       
 , . . “ ”. 

 

 19 –       
     

    (4 ) 
1,1 1 
1,2 1 
1,3 1 
1,4 1 
1,5 1 
1,6 1 
2,1 2 
2,2 3 
2,3 3 
3,1 1 
3,2 4 
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  19 

    (4 ) 
3,3 4 
4,1 4 
4,2 4 
4,3 3 
5,1 3 
5,2 3 
5,3 3 
6,1 3 
6,2 3 
6,3 3 
7,1 2 
7,2 3 
7,3 3 
8,1 3 
8,2 3 
8,3 3 
9,1 3 
9,2 3 
9,3 3 

 
 .  ( . 20)    60 %    

,       (№ 3).  
     ,      
  (  № 2), “ ” (  № 1) ,  

      (  № 4). 
 

 20 –       
   

    (4 ) 
1,1 1 
1,2 2 
1,3 1 
2,1 3 
2,2 3 
3,1 2 
4,1 4 
4,2 4 
5,1 2 
5,2 4 
6,1 3 
6,2 3 
6,3 3 
7,1 4 
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  19 

    (4 ) 
7,2 3 
8,1 3 
9,1 4 
10,1 1 
10,2 1 
10,3 3 

 

 .   ( . 21)     
       (№ 

1-3),    ,  
 .  № 4 –  ,  “ ” 

.         
.       

     , , 
     .    

,      .  
 

 21 –       
     

    (4 )   (4 ) 
1.1 1 1 
1.2 1 2 
1.3 2 2 
2.1 3 2 
2.2 3 2 
2.3 3 2 
3.1 2 2 
3.2 1 2 
3.3 3 2 
4.1 1 2 
4.2 2 3 
4.3 1 4 
5.1 4 3 
5.2 4 3 
5.3 2 4 
6.1 1 3 
6.2 1 3 
6.3 1 2 
7.1 2 3 
7.2 3 3 
7.3 3 3 
8.1 1 2 
8.2 3 2 



51 

 

  21 

8.3 2 2 
9.1 4 3 
9.2 4 4 
9.3 2 3 

 

 .  ( . 22)       , 
     .    

    ,       
,     .     
     ,    

 .         
 ,     ,   
 . 

 

 22 –       
     

    (4 )   (4 ) 
1,1 1 1 
1,2 1 2 
1,3 1 1 
2,1 2 3 
2,2 2 1 
2,3 2 3 
3,1 1 1 
3,2 1 4 
3,3 1 2 
4,1 2 1 
4,2 2 1 
4,3 2 3 
5,1 1 1 
5,2 1 2 
5,3 2 3 
6,1 2 2 
6,2 1 1 
6,3 3 4 
7,1 3 2 
7,2 1 3 
7,3 3 4 
8,1 4 3 
8,2 2 1 
8,3 2 1 
9,1 1 3 
9,2 2 3 
9,3 2 1 
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 .  ( . 23)     ,  
  ,       

   (  № 1)      
 (  № 2  № 3). 

 

 23 –       
     

  
  

4  
   

4  
10,1 1 1 
10,2 1 1 
10,3 1 1 
11,1 2 2 
11,2 3 3 
11,3 2 2 
12,1 3 2 
12,2 2 2 
12,3 2 1 
13,1 2 1 
13,2 2 3 
13,3 2 1 

 

      (  ).    
     4    

  (  № 1),  (  № 3)   
(  № 4).  № 2    ,  
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   .     .  № 1  3 
   ,    № 3  .   
  .  .     № 1–4–3 
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       :  № 1 
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        4 
     (  № 1),  (  

№ 3)   (  № 4).  № 2   
 ,     2   .  

        
 ,  .  
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    3 .   

      
        

;     39 .    
      ,  

          : 
 Ephemeridae, Ephemerellidae, Heptageniidae, Baetidae;  

Hydropsychidae, Arctopsychidae, Stenopsychidae, Leptoceridae;  
Chironomidae;  Perlodidae, Pteronarcyidae.     

   ,   
   . ,   ,  

      , 
,   .    

        
,        

     . 
        (  ) 
     5 ,    

   ( , , )   : 
 № 1:  ( ),  ( ); 
 № 2:  ( ),  ( ); 
 № 3:  ( ),  ( ),  ( ); 
 № 4:  (   ); 
 № 5:  (  ),  ( ). 

  ,       
 (№ 4),       , 

, ,    .   
        

,        
. 
 ,   , ,    

   ,   
 ,       

  .       
        . 



54 

 

Ю  
 

     : 
1.     ( )  

  ,    
. 

2.         
 ,    . 

3. ё           
 ( , , , , )   , 

   .  
       

       .   
       

      . 



55 

 

 Х  
 

[1] , .       , 
 1 [Э  ] :    / . . . 

:   . 2011. 159 . 
[2] , .       , 
 2 [Э  ] :    / . . . 

:   . 2011. 237 . 
[3] , . .   .   

   / . . . –  : , 2006. – 816 c. 
[4] ,     : .  . / .-

. , . . , . .  [  .];  . . . . –  : 
  , 1989. – 215 .  

[5] Arthur, D. K-means++: the advantages of careful seeding / D. Arthur, S. 
Vasilvitskii // Proceedings of the eighteenth annual ACM-SIAM symposium on 
discrete algorithms.  – 2007. – . 1027-1035. 

[6] Rousseeuw, P.J Silhouettes: a graphical aid to the interpretation and 
validation of cluster analysis / P.J. Rousseeuw // Journal of computational and applied 
mathematics. – 1987 – № 20. – C. 53-65. 

[7] Shapiro, S.S. An analysis of variance test for (complete samples) / S.S. 
Shapiro, M.B. Wilk // Biometrika. – 1965. – . 52, № 3/4 – . 591-611.  



56 

 

  
 

    я   
    я 

 

 .1 –         
      

     (4 )   (4 ) 
 1.1.1 1 1 
 1.1.2 1 2 
 1.1.3 1 2 
 1.1.4 1 1 
 1.1.5 1 2 
 1.1.6 2 2 
 1.2.1 2 1 
 1.2.2 3 1 
 1.2.3 2 3 
 1.3.1 1 3 
 1.3.2 4 3 
 1.3.3 4 3 
 1.4.1 4 2 
 1.4.2 4 2 
 1.4.3 3 1 
 1.5.1 3 1 
 1.5.2 3 1 
 1.5.3 3 1 
 1.6.1 3 1 
 1.6.2 3 3 
 1.6.3 3 1 
 1.7.1 2 1 
 1.7.2 3 1 
 1.7.3 3 1 
 1.8.1 3 1 
 1.8.2 3 1 
 1.8.3 3 1 
 1.9.1 3 1 
 1.9.2 3 1 
 1.9.3 3 1 

 2.1.1 2 4 
 2.1.2 3 4 
 2.1.3 2 4 
 2.2.1 1 4 
 2.2.2 1 4 
 2.3.1 3 4 
 2.4.1 4 4 
 2.4.2 1 4 
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  .1 

     (4 )   (4 ) 
 2.5.1 3 2 
 2.5.2 2 2 
 2.6.1 1 2 
 2.6.2 1 2 
 2.6.3 1 2 
 2.7.1 1 4 
 2.7.2 1 4 
 2.8.1 1 2 
 2.9.2 2 2 
 2.10.1 2 2 
 2.10.2 2 2 
 2.10.3 2 1 

 3.1.1 3 3 
 3.1.2 3 4 
 3.1.3 3 4 
 3.2.1 1 4 
 3.2.2 1 4 
 3.2.3 1 4 
 3.3.1 3 1 
 3.3.2 3 4 
 3.3.3 1 4 
 3.4.1 3 1 
 3.4.2 3 1 
 3.4.3 2 2 
 3.5.1 2 1 
 3.5.2 2 1 
 3.5.3 3 2 
 3.6.1 3 1 
 3.6.2 3 1 
 3.6.3 3 1 
 3.7.1 3 1 
 3.7.2 1 1 
 3.7.3 1 1 
 3.8.1 3 4 
 3.8.2 1 4 
 3.8.3 3 4 
 3.9.1 2 1 
 3.9.2 2 2 
 3.9.3 3 1 
 4.1.1 1 1 
 4.1.2 1 1 
 4.1.3 1 1 
 4.2.1 3 3 
 4.2.2 3 1 
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  .1 

 4.2.3 3 3 
 4.3.1 1 1 
 4.3.2 1 2 
 4.3.3 1 2 
 4.4.1 3 1 
 4.4.2 3 1 
 4.4.3 3 3 
 4.5.1 1 1 
 4.5.2 1 2 
 4.5.3 3 3 
 4.6.1 3 3 
 4.6.2 1 1 
 4.6.3 1 2 
 4.7.1 1 2 
 4.7.2 1 3 
 4.7.3 1 2 
 4.8.1 4 3 
 4.8.2 3 1 
 4.8.3 3 1 
 4.9.1 1 3 
 4.9.2 3 3 
 4.9.3 3 1 

 5.1.1 2 4 
 5.1.2 1 4 
 5.1.3 1 2 
 5.2.1 1 2 
 5.2.2 3 2 
 5.2.3 1 3 
 5.3.1 3 3 
 5.3.2 2 3 
 5.3.3 3 1 
 5.4.1 3 1 
 5.4.2 3 2 
 5.4.3 2 1 
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  я 

 
 .1 –         
    

     (4 ) 
 1.1.1 3 
 1.1.2 1 
 1.1.3 3 
 1.1.4 3 
 1.1.5 3 
 1.1.6 3 
 1.2.1 1 
 1.2.2 1 
 1.2.3 1 
 1.3.1 3 
 1.3.2 1 
 1.3.3 1 
 1.4.1 1 
 1.4.2 1 
 1.4.3 3 
 1.5.1 1 
 1.5.2 1 
 1.5.3 1 
 1.6.1 1 
 1.6.2 1 
 1.6.3 1 
 1.7.1 1 
 1.7.2 1 
 1.7.3 1 
 1.8.1 3 
 1.8.2 3 
 1.8.3 3 
 1.9.1 1 
 1.9.2 1 
 1.9.3 1 

 2.1.1 5 
 2.1.2 5 
 2.1.3 5 
 2.2.1 5 
 2.2.2 3 
 2.3.1 5 
 2.4.1 1 
 2.4.2 3 
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  .1 

 2.5.1 5 
 2.5.2 5 
 2.6.1 3 
 2.6.2 3 
 2.6.3 3 
 2.7.1 2 
 2.7.2 2 
 2.8.1 5 
 2.9.2 4 
 2.10.1 3 
 2.10.2 3 
 2.10.3 3 

 3.1.1 1 
 3.1.2 1 
 3.1.3 1 
 3.2.1 2 
 3.2.2 2 
 3.2.3 2 
 3.3.1 2 
 3.3.2 2 
 3.3.3 3 
 3.4.1 4 
 3.4.2 4 
 3.4.3 2 
 3.5.1 4 
 3.5.2 4 
 3.5.3 4 
 3.6.1 4 
 3.6.2 4 
 3.6.3 4 
 3.7.1 4 
 3.7.2 4 
 3.7.3 4 
 3.8.1 1 
 3.8.2 1 
 3.8.3 1 
 3.9.1 4 
 3.9.2 4 
 3.9.3 4 
 4.1.1 3 
 4.1.2 3 
 4.1.3 3 
 4.2.1 1 
 4.2.2 1 
 4.2.3 1 
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  .1 

 4.3.1 3 
 4.3.2 3 
 4.3.3 3 
 4.4.1 3 
 4.4.2 3 
 4.4.3 3 
 4.5.1 3 
 4.5.2 3 
 4.5.3 1 
 4.6.1 1 
 4.6.2 3 
 4.6.3 3 
 4.7.1 3 
 4.7.2 3 
 4.7.3 3 
 4.8.1 1 
 4.8.2 1 
 4.8.3 1 
 4.9.1 3 
 4.9.2 3 
 4.9.3 1 

 5.1.1 5 
 5.1.2 5 
 5.1.3 5 
 5.2.1 3 
 5.2.2 3 
 5.2.3 3 
 5.3.1 3 
 5.3.2 3 
 5.3.3 3 
 5.4.1 2 
 5.4.2 2 
 5.4.3 2 
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    : 
 

from scipy.stats import spearmanr, pearsonr 
from itertools import combinations as comb 
import pandas as pd 
from correlation.corrgraph import make_and_save_graph_correlation 
 
CORRELATION_METHODS = ["spearman", "pearson"] 
 
def results_correlation(x, method="spearman", n_round=3): 
    if method == CORRELATION_METHODS[0]: 
        correlation_func = spearmanr 
    elif method == CORRELATION_METHODS[1]: 
        correlation_func = pearsonr 
    else: 
        print("Warning:    method") 
        return None, None 
 
    n_cols = x.shape[1] 
    sp_vals = [[1]*n_cols for _ in range(n_cols)] 
    p_vals = [[0]*n_cols for _ in range(n_cols)] 
 
    for _ in comb(range(n_cols), 2): 
        n_col1, n_col2 = _ 
        col1 = x.columns[n_col1] 
        col2 = x.columns[n_col2] 
 
        sp, p = correlation_func(x[col1], x[col2]) 
        sp_vals[n_col1][n_col2] = sp_vals[n_col2][n_col1] = round(sp, n_round) 
        p_vals[n_col1][n_col2] = p_vals[n_col2][n_col1] = round(p, n_round) 
     
    sp_vals = pd.DataFrame(sp_vals, columns=x.columns, index=x.columns) 
    p_vals = pd.DataFrame(p_vals, columns=x.columns, index=x.columns) 
    return sp_vals, p_vals 
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def results_correlation_for_data(data, 
                                   names, 
                                  wb, 
                                   result_graph_path, 
                                   n_round=3, 
                                   max_p_value=0.05, 
                                   min_corr_value=0.3, 
                                   engine='circo'): 
     
    for d, name in zip(data, names):    
        corr_values, p_values = results_correlation(d) 
        make_and_save_graph_correlation(corr_values=corr_values, 
                                          p_values=p_values, 
                                          filename=result_graph_path.format(name), 
                                          max_p_value=max_p_value, 
                                          min_corr_value=min_corr_value, 
                                          engine=engine) 
 
        wb.add_result_of_correlation_result(corr_values=corr_values, 
                                            p_values=p_values, 
                                            worksheet_name=name, 
                                            n_round=n_round, 
                                            max_p_value=max_p_value) 
 

   : 
 

from graphviz import Graph 
import pandas as pd 
from itertools import combinations as comb 
from scipy.stats import pearsonr 
import numpy as np 
 
 
def make_and_save_graph_correlation(corr_values, 
                                                 p_values, 
                                                 filename='  ', 
                                                 max_p_value=0.05, 
                                                 min_corr_value=0.3, 
                                                 engine='circo'): 
     
    g = Graph('Graph', engine=engine, format='png') 
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    for _ in comb(range(corr_values.shape[0]), 2): 
        n_col1, n_col2 = _ 
        name1 = corr_values.columns[n_col1] 
        name2 = corr_values.columns[n_col2] 
 
        corr_value = corr_values.iloc[n_col1, n_col2] 
        p_value = p_values.iloc[n_col1, n_col2] 
 
        if p_value <= max_p_value and abs(corr_value) >= min_corr_value: 
            g.edge(name1, name2, label=str(round(corr_value, 2))) 
 
    g.render(filename=filename, cleanup=True) 
 

    : 
 

from sklearn.linear_model import LinearRegression as LR 
import numpy as np 
import pandas as pd 
from regression.graphics import draw_linear_resgression 
import statsmodels.api as sm 
from scipy.stats import shapiro 
 
 
def r2_adj(r2, n, k): 
    return 1 - (1 - r2) * (n - 1) / (n - k) 
 
def results_of_regression(y, 
                          x, 
                          with_ln=False, 
                          with_F_statistic=True): 
     
     
    if x.shape[1] > 1: 
        result_columns_names = ["R^2", "R^2(adj)",  "F value",  
              "F p-value",  Shapiro", "Shapiro p-value"] 
    else: 
        result_columns_names = ["R^2", 'F value', "F p-value",  
              "Shapiro", "Shapiro p-value"] 
 
    coefficients = [] 
    index = [] 
    n_rows = y.shape[0] 
    columns = y.columns 
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      def add_coefficients(x, y, coefficients): 
        lr = LR() 
        lr.fit(x, y)   
        y_pred = lr.predict(x) 
        errors = y - y_pred 
        shap, shap_p_val = shapiro(errors) 
        r2 = lr.score(x, y)  
        count_of_coefficients = len(lr.coef_) + 1  
        new_data = sm.add_constant(x)  
        lin_model = sm.OLS(y, new_data)  
        results = lin_model.fit() 
        f_value = results.fvalue 
        f_pvalue = results.f_pvalue 
  
        if x.shape[1] > 1: 
            coefficients.append([r2, r2_adj(r2, n_rows, count_of_coefficients), 
         f_value, f_pvalue, shap, shap_p_val]) 
        else: 
            coefficients.append([r2, f_value, f_pvalue, shap, shap_p_val]) 
 
    for column_name in columns:  
        y_ = y[column_name] 
        add_coefficients(x, y_, coefficients)  
        index.append(column_name) 
 
    if with_ln: 
        for column_name in columns:  
            y_ = y[column_name] 
            temp_ln = np.log1p(y_) 
            add_coefficients(x, temp_ln, coefficients)  
            index.append("ln({}+1)".format(column_name)) 
    result = pd.DataFrame(coefficients, index=index, 
     columns=result_columns_names) 
    return result 
 
 
def regression_results_of_data(y, 
                               x, 
                               x_names, 
                               full_x_names, 
                               with_ln, 
                               draw_function, 
                               wb, 
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                               results_graphics_path): 
 
    for (x, x_name, full_x_name, is_ln, is_draw) in zip(x, x_names, full_x_names,  
               with_ln, draw_function): 
        if is_draw: 
            draw_linear_resgression(y, x, 
                                     results_graphics_path, 
                                      full_y_name=full_x_name, 
                                      with_ln=is_ln, 
                                      name_of_y='({})'.format(x_name)) 
        results = results_of_regression(y=y, 
                                               x=x, 
                                              with_ln=with_ln) 
        wb.add_result_of_regression_result(results, 
                                                  worksheet_name=" . .({})".format(x_name)) 
 

    : 
 

from sklearn.linear_model import LinearRegression as _LR 
import matplotlib.pyplot as _plt 
import numpy as _np 
 
def draw_linear_resgression(x, y, 
                                    filepath, 
                                    name_of_y, 
                                   full_y_name, 
                                    with_ln=False, 
                                   size_inches=(13, 6)): 
    n_cols = x.shape[1] 
    columns = x.columns 
    width = size_inches[0] 
    height = size_inches[1] 
    if with_ln: 
        for n_col in range(n_cols): 
            temp = x.iloc[:, n_col] 
            lr = _LR() 
            lr.fit(y, temp) 
 
            temp_ln = _np.log1p(temp) 
            lr_ln = _LR() 
            lr_ln.fit(y, temp_ln) 
 
            fig, (ax1, ax2) = _plt.subplots(1, 2) 
            fig.set_size_inches(width, height) 
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            ax1.scatter(y, temp, color='red', marker='x') 
            ax1.plot(y, lr.predict(y)) 
            ax1.set_ylabel(columns[n_col], fontsize=10) 
            ax1.set_xlabel(full_y_name, fontsize=10) 
 
            ax2.scatter(y, temp_ln, color='red', marker='x') 
            ax2.plot(y, lr_ln.predict(y)) 
            ax2.set_ylabel("ln({}+1)".format(columns[n_col]), fontsize=10) 
            ax2.set_xlabel(full_y_name, fontsize=10) 
 
            _plt.savefig(filepath.format(columns[n_col]+name_of_y)) 
            _plt.close(fig) 
    else: 
        for n_col in range(n_cols): 
            temp = x.iloc[:, n_col] 
            lr = _LR() 
            lr.fit(y, temp) 
 
            fig, (ax1, ax2) = _plt.subplots(1, 2) 
            fig.set_size_inches(width, height) 
 
            _plt.scatter(y, temp, color='red', marker='x') 
            _plt.plot(y, lr.predict(y)) 
            _plt.ylabel(columns[n_col], fontsize=10) 
            _plt.xlabel(full_y_name, fontsize=10) 
            _plt.savefig(filepath.format(columns[n_col]+name_of_y)) 

 
      : 

 

from scipy.stats import shapiro 
import matplotlib.pyplot as plt 
import pandas as pd 
 
def shapiro_results_with_histograms(data, 
                                              file_path): 
     
    shp_val_pval = [] 
    columns = ['Shapiro val', 'p_val'] 
    index = [] 
 
    for column_name in data.columns:  
        value, p_value = shapiro(data[column_name])  
        shp_val_pval.append([value, p_value]) 
        index.append(column_name) 
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        plt.hist(data[column_name], density=True) 
 
        plt.xlabel(column_name, fontsize=10) 
        plt.ylabel("  ", fontsize=10) 
 
        plt.savefig(file_path.format(column_name)) 
        plt.close() 
 
    return pd.DataFrame(shp_val_pval, columns=columns, index=index) 
 

  ,      : 
 

import os 
 
def print_paths(dictionary, path=None): 
    if path == None: 
        for start in dictionary: 
            path = start 
            print_paths(dictionary[start], path) 
    else: 
        if dictionary == None: 
            print(path) 
        else: 
            for file in dictionary: 
                new_path = (path, file) 
                new_path = '\\'.join(new_path) 
                print_paths(dictionary[file], new_path) 
 
class MakeFile: 
 
    _SQUAD_NORM_RESULT = {" ": None} 
    _SQUAD_CORR_RESULT = {"  ":  
      {'  ': None}}  
    _SQUAD_REG_RESULT = {" ": None} 
    _SQUAD_CLUSTER_RESULT = {"  ":  
             {" ": None}}  
    _FAMILY_CLUSTER_RESULT = {"  ": 
              {" ": None}}  
 
    _RIVER = {"{}. {}": {" ":  
{"1.  ": _SQUAD_NORM_RESULT,  
"2. ":  _SQUAD_CORR_RESULT, 
 
 "3.  ": _SQUAD_REG_RESULT, 
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 "4. ": _SQUAD_CLUSTER_RESULT}, 
 " ": {"1. ":_FAMILY_CLUSTER_RESULT}}} 
 
    _CUSTOM_RIVER = {" ": {"1.  ": 
_SQUAD_NORM_RESULT, 
                                "2. ": _SQUAD_CORR_RESULT, 
                                "3.  ": _SQUAD_REG_RESULT, 
                                "4. ": _SQUAD_CLUSTER_RESULT}, 
                     " ": {"1. ": 
_FAMILY_CLUSTER_RESULT}} 
                
    def __init__(self, 
                 file_path=None, 
                 with_results_file=False): 
  
        if file_path is None: 
            self.file_path = os.getcwd() 
        else: 
            self.file_path = file_path 
  
        if with_results_file: 
            self.file_path += "\\ " 
            if not os.path.exists(self.file_path): 
                os.mkdir(self.file_path) 
 
    def _create_file(self, 
                     dictionary, 
                     path): 
  
        if dictionary is not None: 
            for file in dictionary: 
                new_path = (path, file) 
                new_path = '\\'.join(new_path) 
                if os.path.exists(new_path): 
                    self._create_file(dictionary[file], 
                                      new_path) 
                else: 
                    os.mkdir(new_path) 
                    self._create_file(dictionary[file], 
                                      new_path) 
 
    def create_file(self): 
        self._create_file(self._RIVER, 
                          self.file_path) 
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    def create_results_file(self, 
                            files_name):  
        for num, name in enumerate(files_name, 1): 
            new_key = '{}. {}'.format(num, 
                                      name) 
            new_river = {new_key:self._CUSTOM_RIVER} 
            self._create_file(new_river, 
                              self.file_path) 
 

     : 
 

from sklearn.cluster import AgglomerativeClustering as AC 
import numpy as _np 
from cluster.graphics import draw_dendrogram 
import matplotlib.pyplot as plt 
import numpy as np 
import pandas as pd  
from scipy.spatial.distance import pdist 
from scipy.cluster.hierarchy import linkage, dendrogram 

 
def clustering_results_of_data(data, 
                                          description, 
                                          worksheets_and_graphics_names, 
                                         labels, 
                                          wb, 
                                          result_graphics_path, 
                                          xlabel='  ', 
                                          ylabel='    ', 
                                          start=1, 
                                          end=6, 
                                          with_description=True): 
     
    for d, name in zip(data, worksheets_and_graphics_names): 
         
        draw_dendrogram(data=d, 
                          labels=labels, 
                          xlabel=xlabel, 
                          ylabel=ylabel) 
        plt.savefig(result_graphics_path.format(name), 
                     dpi=300, 
                    bbox_inches='tight') 
        plt.close() 
        results = ac_range_results(data=d, 
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                                                labels=labels, 
                                                start=start, 
                                                end=end) 
        results = results.astype(np.int) 
        results = pd.concat([description, results], axis=1) 
        wb.add_clustering_result_to_worksheet(data=results, 
                                                       worksheet_name=name, 
                                                       with_description=with_description) 
 
def ac_range_results(data, 
                              labels, 
                              start=1, 
                             end=6): 
     
    end = end + 1  
    columns = ["{} cluster".format(i) for i in range(start, end)]  
    result = None 
 
    for n_clusters in range(start, end): 
        ac = AC(n_clusters=n_clusters) 
        ac.fit(data) 
        y_ac = ac.labels_ 
        y_ac = _np.reshape(y_ac, newshape=(-1, 1)) 
        if n_clusters == start: 
            result = _np.array(y_ac) 
        else: 
            result = _np.hstack((result, y_ac)) 
    result = pd.DataFrame(result, index=labels, columns=columns) 
    return result 
 

     : 
 

import xlsxwriter as _xlsxw 
import pandas as _pd 
from mylibrary.correlation import results_correaltion 
 
 
class MakeXlsx(_xlsxw.workbook.Workbook): 
 
    _BACKGROUND_COLORS = ['#0000ff', '#00ff00', '#ff0000', '#4b0082', 
                                  '#ffff00', '#ffffff' , '#800080', '#f032e6', 
                            '#87cefa', '#ffe4b5', '#ff6347'] 
    _FONTS_COLORS = ['#ffffff', '#ffffff' , '#ffffff' , '#ffffff', 
                         '#ff0000', '#ff0000', '#ffffff' , '#ffffff', 
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                          '#0000ff', '#ff0000', '#ffffff'] 
    _NEUTRAL_COLOR = "#ffff00" 
    _BAD_GOOD_BACKGROUND_COLORS = ['#ffc7ce', "#c6efce"] 
    _BAD_GOOD_FONT_COLORS = ['#9c0006', "#006100"] 
 
    def __init__(self, filename='WorkBook.xlsx'):  
        self.workbook_name = filename  
        self.colors_number = len(self._BACKGROUND_COLORS)  
        self.sheets_set = set() 
        super().__init__(filename) 
        self._init_formats() 
 
    def _init_formats(self):  
        self._cell_formats = [self.add_format() for i in range(self.colors_number)]  
        for color_num, cell in enumerate(self._cell_formats): 
            cell.set_bg_color(self._BACKGROUND_COLORS[color_num]) 
            cell.set_font_color(self._FONTS_COLORS[color_num]) 
            cell.set_align("center") 
            cell.set_border() 
 
        self._index_column_format = self.add_format() 
        self._index_column_format.set_align("center") 
        self._index_column_format.set_border() 
        self._neutral_format = self.add_format() 
        self._neutral_format.set_bg_color(self._NEUTRAL_COLOR) 
        self._neutral_format.set_border() 
        self._neutral_format.set_align("center") 
        self._bad_good_formats = [self.add_format() for i in range(2)]  
        self._bad_good_formats[0].set_bg_color( 
        self._BAD_GOOD_BACKGROUND_COLORS[0]) 
        self._bad_good_formats[0].set_font_color( 
        self._BAD_GOOD_FONT_COLORS[0]) 
        self._bad_good_formats[0].set_border() 
        self._bad_good_formats[0].set_align("center")  
        self._bad_good_formats[1].set_bg_color( 
        self._BAD_GOOD_BACKGROUND_COLORS[1]) 
        self._bad_good_formats[1].set_font_color( 
        self._BAD_GOOD_FONT_COLORS[1]) 
        self._bad_good_formats[1].set_border() 
        self._bad_good_formats[1].set_align("center") 
 
    def _renumber_all_labels(self, data, with_description): 
        for n_col in range(with_description, data.shape[1]): 
            temp = data.iloc[:, n_col] 
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            data.iloc[:, n_col] = self._renumber_one_column(temp.values) 
 
    def _renumber_one_column(self, column): 
        from copy import deepcopy 
        N, new_labels = len(column), deepcopy(column) 
        used = [True]*N 
        k = 1 
 
        for i in range(N): 
            if used[i]: 
                temp = deepcopy(new_labels[i]) 
                for j in range(i, N): 
                    if used[j] and new_labels[j] == temp: 
                        used[j] = False 
                        new_labels[j] = k 
                k += 1 
 
        return new_labels 
 
    def _insert_indexes(self, data, 
                                   worksheet, 
                                   n_row, n_col, 
                                   index_name, 
                                   column_widths): 
        if index_name is not None:  
            worksheet.write(n_row, n_col, 
                             index_name, 
                             self._index_column_format)  
            column_widths[n_col] = max(column_widths[n_col], len(str(index_name))) 
            intend = 1 
        else: 
            intend = 0 
 
        for index_num, name_index in enumerate(data.index, intend):  
            worksheet.write(n_row+index_num, n_col, 
                            name_index, 
                             self._index_column_format) 
 
            column_widths[n_col] = max(column_widths[n_col],  len(str(name_index))) 
 
 
    def _insert_columns(self, 
                        data, 
                        worksheet, 
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                        n_row, n_col, 
                        with_description, 
                        column_widths): 
 
        for column_num, name in enumerate(data.columns[with_description:], 0):  
            worksheet.write(n_row, n_col+column_num, 
                             name, 
                             self._index_column_format) 
            column_widths[n_col+column_num] = ( 
                                           max(column_widths[n_col + column_num], 
                                              len(str(name)))) 
 
    def _insert_clustering_data(self, data, 
                                          worksheet, 
                                          n_row, n_col, 
                                          n_indexes, n_columns, 
                                          with_description, 
                                          column_widths): 
 
        for row in range(n_indexes): 
            for col in range(with_description, n_columns): 
                value = data.values[row, col] 
                worksheet.write(n_row+row, n_col+col, 
                                     value, 
                                     self._cell_formats[value-1]) 
                column_widths[n_col+col] = (max(column_widths[n_col + col], 
                                              len(str(value)))) 
 
    def _insert_description(self, data, 
                                worksheet, 
                                n_row, n_col, 
                                column_widths): 
        worksheet.write(n_row, n_col,  data.columns[0], self._index_column_format) 
 
        column_widths[n_col] = (max(column_widths[n_col], 
                                                len(str(data.columns[0])))) 
 
        for row, description in enumerate(data.iloc[:, 0], 1): 
            worksheet.write(n_row+row, n_col, 
                             description, 
                            self._index_column_format) 
            column_widths[n_col] = (max(column_widths[n_col], 
                                    len(str(description)))) 
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    def _insert_correlation_data(self, corr_values, p_values, 
                                            worksheet, 
                                            n_row, n_col, 
                                             n_indexes, n_columns, 
                                             n_round, max_p_value, 
                                             column_widths): 
        for row in range(n_indexes): 
            for col in range(n_columns): 
                corr_value = corr_values.values[row, col] 
                corr_value = round(corr_value, n_round) 
 
                p_value = p_values.values[row, col] 
                p_value = round(p_value, n_round) 
 
                bad_good_index = 1 if p_value <= max_p_value else 0 
 
                worksheet.write(n_row + row, n_col + col,  corr_value, 
                                    self._bad_good_formats[bad_good_index]) 
 
                worksheet.write(n_row + n_indexes + 3 + row, n_col + col, p_value, 
                                     self._bad_good_formats[bad_good_index]) 
                column_widths[n_col] = max((column_widths[n_col], len(str(p_value)), 
                                              len(str(corr_value)))) 
 
        def add_clustering_result_to_worksheet(self, 
                                                     worksheet_name="sheet1", 
                                                      data=None, 
                                                     with_index=True, 
                                                     index_name=" ", 
                                                     with_description=False): 
 
        n_columns = data.shape[1] + with_index 
        n_indexes = data.shape[0] 
        column_widths = [0]*n_columns 
        self.sheets_set.add(worksheet_name) 
        worksheet = self.add_worksheet(worksheet_name)  
        self._renumber_all_labels(data, with_description) 
 
 
        if with_index: 
            self._insert_indexes(data, worksheet, 0, 0, 
                                        index_name, 
                                        column_widths) 
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        if with_description: 
            self._insert_description(data, worksheet, 
                                                  0, int(with_index), 
                                                  column_widths) 
 
        self._insert_columns(data, worksheet, 0, with_index+with_description, 
                                  with_description,  column_widths) 
 
        self._insert_clustering_data(data, worksheet, 1, with_index, n_indexes,  
     n_columns-with_index, with_description, 
                                        column_widths) 
 
        for n_col in range(n_columns): 
            worksheet.set_column(n_col, n_col, column_widths[n_col]+1) 
 
    def add_result_of_correlation_result(self, corr_values, p_values,  
                                                     worksheet_name="sheet1", n_round=3, 
                                                     max_p_value=0.05): 
 
        n_columns = corr_values.shape[1] + 1 
        n_indexes = p_values.shape[0] + 1 
 
        self.sheets_set.add(worksheet_name)  
        worksheet = self.add_worksheet(worksheet_name)  
        column_widths = [0]*n_columns 
        column_widths[0] = len("  ") 
        worksheet.write(0, 0, "  ", self._neutral_format) 
        self._insert_columns(corr_values, worksheet, 0, 1, False, column_widths) 
        self._insert_indexes(corr_values, worksheet, 1, 0, None,  column_widths) 
        worksheet.write(n_indexes+2, 0, "P- ", self._neutral_format) 
        column_widths[0] = max(column_widths[0], len("P- ")) 
        self._insert_columns(p_values, worksheet, n_indexes+2, 1, False, 
                                 column_widths) 
 
        self._insert_indexes(p_values, worksheet, n_indexes+3, 0, None, 
                               column_widths) 
 
        self._insert_correlation_data(corr_values, p_values, worksheet, 1, 1, 
                                           n_indexes-1, n_columns-1, n_round,  
   max_p_value,  column_widths) 
 
        worksheet.write(2*n_indexes+4, 0, '', self._bad_good_formats[0]) 
        worksheet.merge_range(2*n_indexes+4, 1, 2*n_indexes+4, 5, 
                                       'p-  > 0.05') 
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        worksheet.write(2*n_indexes+5, 0, '', self._bad_good_formats[1]) 
        worksheet.merge_range(2*n_indexes+5, 1, 2*n_indexes+5, 5, 
                                       'p-  <= 0.05') 
 
        for n_col in range(n_columns): 
            worksheet.set_column(0, n_col, column_widths[n_col]+1) 
 
    def _insert_regression_data(self, data, worksheet, row_place, col_place, 
                                          columns_width, n_round=3): 
 
        rows_number = data.shape[0] 
        cols_number = data.shape[1] 
 
        if cols_number == 5: 
            with_r2_adj = False 
        else: 
            with_r2_adj = True 
 
        for n_row in range(rows_number): 
            r2 = round(data.iloc[n_row][0], n_round) 
 
            if with_r2_adj: 
                r2_adj = round(data.iloc[n_row][1], n_round) 
                f_value = round(data.iloc[n_row][2], n_round) 
                f_pvalue = round(data.iloc[n_row][3], n_round) 
                shap = round(data.iloc[n_row][4], n_round) 
                shap_p_val = round(data.iloc[n_row][5], n_round) 
            else: 
                f_value = round(data.iloc[n_row][1], n_round) 
                f_pvalue = round(data.iloc[n_row][2], n_round) 
                shap = round(data.iloc[n_row][3], n_round) 
                shap_p_val = round(data.iloc[n_row][4], n_round) 
 
            if f_pvalue < 0.05 and shap_p_val > 0.05: 
                format = self._bad_good_formats[1] 
            else: 
                format = self._bad_good_formats[0] 
 
            worksheet.write(row_place + n_row, col_place, r2, format) 
            if with_r2_adj: 
                worksheet.write(row_place + n_row, col_place + 1, r2_adj, format) 
                worksheet.write(row_place + n_row, col_place + 2, f_value, format) 
                worksheet.write(row_place + n_row, col_place + 3, f_pvalue, format) 
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                worksheet.write(row_place + n_row, col_place + 4, shap, format) 
                worksheet.write(row_place + n_row, col_place + 5, shap_p_val, format) 
            else: 
                worksheet.write(row_place + n_row, col_place + 1, f_value, format) 
                worksheet.write(row_place + n_row, col_place + 2,  f_pvalue, format) 
                worksheet.write(row_place + n_row, col_place + 3, shap, format) 
                worksheet.write(row_place + n_row, col_place + 4, shap_p_val, format) 
 
    def add_result_of_regression_result(self, data, worksheet_name="sheet1", 
                                                    n_round=3,  min_r2_value=0.25): 
        n_columns = data.shape[1] + 1 
        n_index = data.shape[0] + 1 
 
        self.sheets_set.add(worksheet_name)  
        worksheet = self.add_worksheet(worksheet_name)  
        columns_width = [0] * (n_columns + 1) 
        self._insert_indexes(data, worksheet, 0, 0, "" , columns_width) 
        self._insert_columns(data, worksheet, 0, 1, False, columns_width) 
        self._insert_regression_data(data, worksheet, 1, 1, columns_width,  n_round) 
 
        for n_col in range(n_columns): 
                worksheet.set_column(0, n_col, columns_width[n_col]+1) 
 
        worksheet.write(n_index+2, 0, '', self._bad_good_formats[0]) 
        worksheet.merge_range(n_index+2, 1, n_index+2, 4, 'p-value >= 0.5') 
        worksheet.write(n_index+3, 0, '', self._bad_good_formats[1]) 
        worksheet.merge_range(n_index+3, 1, n_index+3, 4, 'p-value < 0.5') 
 
    def _insert_normality_check_data(self, worksheet, norm_results, min_p_value, 
                                               n_round, columns_width): 
 
        n_rows = norm_results.shape[0] 
        for n_row in range(n_rows): 
            corr_val = norm_results.iloc[n_row, 0] 
            p_val = norm_results.values[n_row, 1] 
            corr_val = round(corr_val, n_round)  
            p_val = round(p_val, n_round)  
            bad_good_index = 0 if min_p_value > p_val else 1 
            bad_good_format = self._bad_good_formats[bad_good_index] 
            worksheet.write(n_row + 1, 1, corr_val, bad_good_format) 
            worksheet.write(n_row + 1, 2, p_val, bad_good_format) 
            columns_width[1] = max(columns_width[1], len(str(corr_val))) 
            columns_width[2] = max(columns_width[1], len(str(p_val))) 
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    def add_result_of_normality_checking_result(self, norm_results, 
                                                   worksheet_name="sheet1",  
      n_round=3, min_p_value=0.05): 
        n_columns  = norm_results.shape[1] + 1 
        n_index = norm_results.shape[0] + 1 
 
        self.sheets_set.add(worksheet_name)  
        worksheet = self.add_worksheet(worksheet_name)  
        columns_width = [0]*n_columns 
 
        self._insert_columns(norm_results, worksheet, 0, 1, False, columns_width) 
        self._insert_indexes(norm_results, worksheet, 0, 0, "" , columns_width) 
        self._insert_normality_check_data(worksheet, norm_results, min_p_value, 
                n_round, columns_width) 
 
        for n_col in range(n_columns): 
            worksheet.set_column(0, n_col, columns_width[n_col]) 
 
        worksheet.write(n_index+2, 0, '', self._bad_good_formats[0]) 
        worksheet.merge_range(n_index+2, 1,  n_index+2, 7, 
                                       'R^2 <= {}:     

'.format(min_p_value)) 
 
        worksheet.write(n_index+3, 0, '', self._bad_good_formats[1]) 
        worksheet.merge_range(n_index+3, 1, n_index+3, 7, 
                                       'R^2 > {}:      

'.format(min_p_value)) 
 

,    : 
 

import pandas as pd 
from filecreator.filecreator import MakeFile 
from excel.makexlsx import  MakeXlsx  
from normality.results import shapiro_results_with_histograms 
from correlation.results import results_correlation_for_data 
from regression.results import regression_results_of_data 
import numpy as np 
from cluster.results import clustering_results_of_data 
 
class Res(MakeFile): 
 
    def __init__(self, file_path=None, with_results=True):  
        if file_path is None: 
            file_path = os.getcwd() 
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        MakeFile.__init__(self, file_path=file_path, with_results_file=with_results) 
 
    def make_files(self, file_names): 
        self.river_names=file_names 
        MakeFile.create_results_file(self, files_name=self.river_names) 
 
    def fit_data(self, filepath_result, file_names_squads, file_names_family): 
        self.squad = dict() 
        self.family = dict() 
        for num, data_name in enumerate(file_names_squads, 1): 
            key = None 
            for river_name in self.river_names: 
                if river_name in data_name and data_name[len(river_name)] == ' ': 
                    key = river_name 
                    break 
 
            if key is None: 
                print("     : {}".format(data_name)) 
            else: 
                result = self.file_path + os.sep + '{}. {}'.format(num, key) 
                data = filepath_result + os.sep + data_name 
                if 'squad' in data_name: 
                    self.squad[key] = {"result": result, 
                                       "data": data} 
                if 'family' in data_name: 
                    self.family[key] = {"result": result, 
                                        "data": data} 
 
        for num, data_name in enumerate(file_names_family, 1): 
            key = None 
            for river_name in self.river_names: 
                if river_name in data_name and data_name[len(river_name)] == ' ': 
                    key = river_name 
                    break 
 
            if key is None: 
                print("     : {}".format(data_name)) 
            else: 
                result = self.file_path + os.sep + '{}. {}'.format(num, key) 
                data = filepath_result + os.sep + data_name 
                if 'squad' in data_name: 
                    self.squad[key] = {"result": result, "data": data} 
                if 'family' in data_name: 
                    self.family[key] = {"result": result, "data": data} 



81 

 

 
        print(self.squad) 
        print(self.family) 
 
    def _make_nbbiotic_columns(self, biotic_columns): 
        self.b_biotic_columns = [] 
        self.n_biotic_columns = [] 
        for col_name in biotic_columns: 
            if "n-" in col_name: 
                self.n_biotic_columns.append(col_name) 
            elif "b-" in col_name: 
                self.b_biotic_columns.append(col_name) 
            else: 
                print("Warning:  : {}".format(col_name)) 
 
    def _check_normality(self): 
        check_data = [self.b_biotic_columns, self.n_biotic_columns, 
                            self.abiotic_columns] 
 
        for key in self.squad: 
            results_path = self.squad[key]["result"] 
            data_path = self.squad[key]["data"] 
            temp_data = pd.read_csv(data_path) 
 
            results_xlsx = os.sep.join((results_path, " ",  
      "1.  ", 
                                           "({})    
      .xlsx".format(key))) 
            wb = MakeXlsx(results_xlsx) 
            filepath_hist = os.sep.join((results_path, ' ',  
       "1.  ", 
                                             " ", "{}" )) 
            to2_columns = ["t", "o2"] 
            to2_data = temp_data[to2_columns] 
            to2_shapiro = shapiro_results_with_histograms(to2_data, filepath_hist) 
 
            n_biotic_data = temp_data[self.n_biotic_columns] 
            n_biotic_shapiro = shapiro_results_with_histograms(n_biotic_data, 
                                                                       filepath_hist) 
 
            b_biotic_data = temp_data[self.b_biotic_columns] 
            b_biotic_results = shapiro_results_with_histograms(b_biotic_data, 
                                                                     filepath_hist) 
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            wb.add_result_of_normality_checking_result(to2_shapiro, 
                                                       worksheet_name="   ") 
            wb.add_result_of_normality_checking_result(n_biotic_shapiro, 
                                                       worksheet_name=' ') 
            wb.add_result_of_normality_checking_result(b_biotic_results, 
                                                       worksheet_name=' ') 
            wb.close() 
 
    def _make_correlation(self): 
        part_func = lambda s: '  ({})'.format(s) 
 
        for key in self.squad: 
            results_path = self.squad[key]['result'] 
            results_xlsx = os.sep.join((results_path, " ", "2. ",  
    "  ", 
                                        '({})  .xlsx'.format(key))) 
            results_graph = os.sep.join((results_path, " ", "2. ",  
    "  ", 
                                        "  ", "{}" )) 
 
            data_path = self.squad[key]["data"] 
            temp_data = pd.read_csv(data_path) 
            n_bio = temp_data[self.n_biotic_columns] 
            parts_n_bio = n_bio.div(n_bio.sum(axis=1), axis=0) 
            parts_n_bio.columns = list(map(part_func, parts_n_bio.columns)) 
            b_bio = temp_data[self.b_biotic_columns] 
            parts_b_bio = b_bio.div(b_bio.sum(axis=1), axis=0) 
            parts_b_bio.columns = list(map(part_func, parts_b_bio.columns)) 
            datas = [n_bio, parts_n_bio, b_bio, parts_b_bio] 
            names = [" ", "  ", " ",  
    "  "] 
            wb = MakeXlsx(results_xlsx) 
 
            results_correlation_for_data(datas, names, wb, results_graph) 
            wb.close() 
 
 
 
 
    def _make_regression(self): 
        for key in self.squad: 
            results_path = self.squad[key]["result"] 
            data_path = self.squad[key]["data"] 
            temp_data = pd.read_csv(data_path) 
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            results_xlsx = os.sep.join((results_path, " ",  
       "3.  ", 
                                            "({})    
         .xlsx".format(key))) 
            results_graphics = os.sep.join((results_path, " ",  
              "3.  ", 
                                                       " ", '{}' )) 
            T = pd.DataFrame(np.reshape(temp_data["t"].values, newshape=(-1, 1)),  
             columns=['t']) 
            O2 = pd.DataFrame(np.reshape(temp_data["o2"].values, newshape=(-1, 1)),  
               columns=['o2']) 
            TO2 = temp_data[['t', "o2"]]  
            x = temp_data[self.n_biotic_columns + self.b_biotic_columns] 
            predictors = [T, O2, TO2] 
            predictors_names = ["t", "o2", "t+o2"] 
            full_pred_name = [" ", ' ', " .+ ."] 
            with_ln = [True, True, False] 
            draw_regression = [True, True, False] 
            wb = MakeXlsx(results_xlsx) 
 
            regression_results_of_data(x, predictors, predictors_names, full_pred_name, 
                                       with_ln, draw_regression, wb, results_graphics) 
            wb.close() 
 
    def _make_cluster(self): 
        for key in self.squad: 
            result_path = self.squad[key]['result'] 
            data_path = self.squad[key]['data'] 
            temp_data = pd.read_csv(data_path) 
 
            results_dendrogramm = os.sep.join((result_path, " ",  
          "4. ", 
                                                                  "  ",  
          " ", "{}" )) 
            results_xlsx = os.sep.join((result_path, " ", "4. ", 
                                         "  ", 
                                        "({})  .xlsx".format(key))) 
            wb = MakeXlsx(results_xlsx) 
            labels = temp_data["station"].values 
            description = temp_data["description"] 
            description.index = labels 
            n_bio = temp_data[self.n_biotic_columns] 
            n_bio_ln = np.log1p(n_bio) 
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            n_bio_parts = n_bio.div(n_bio.sum(axis=1), axis=0) 
            b_bio = temp_data[self.b_biotic_columns] 
            b_bio_ln = np.log1p(b_bio) 
            b_bio_parts = b_bio.div(b_bio.sum(axis=1), axis=0) 
            data = [n_bio, n_bio_ln, n_bio_parts, 
                    b_bio, b_bio_ln, b_bio_parts] 
 
            worksheets_and_graphics_names = [" ",  
           "log1p( )",  
           " ( )", 
                                                    " ", "log1p( )",  
           " ( )"] 
            clustering_results_of_data(data, description, 
                                             worksheets_and_graphics_names, 
                                             labels, wb, results_dendrogramm) 
            wb.close() 
 
        for key in self.family: 
            result_path = self.family[key]['result'] 
            data_path = self.family[key]['data'] 
            temp_data = pd.read_csv(data_path) 
 
            results_dendrogramm = os.sep.join((result_path, " ",  
           "1. ", 
                                               "  ",  
           " ", "{}" )) 
 
            results_xlsx = os.sep.join((result_path, " ", 
    "1. ", 
                                        "  ", 
                                        "({})  .xlsx".format(key))) 
 
            wb = MakeXlsx(results_xlsx) 
            labels = temp_data["station"].values 
            description = temp_data["description"] 
            description.index = labels 
 
 
            n_bio = temp_data.copy() 
            for column in self.other_columns + ['ground']: 
                del n_bio[column] 
 
            n_bio_ln = np.log1p(n_bio) 
            n_bio_parts = n_bio.div(n_bio.sum(axis=1), axis=0) 
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            data = [n_bio, n_bio_ln, n_bio_parts] 
 
            worksheets_and_graphics_names = [" ",  
           "log1p( )",  
           " ( )",] 
            clustering_results_of_data(data, description, 
                                       worksheets_and_graphics_names, 
                                       labels, wb, results_dendrogramm) 
            wb.close() 
 
    def make_results(self, biotic_columns, abiotic_columns, other_columns): 
 
        self._make_nbbiotic_columns(biotic_columns) 
        self.abiotic_columns = abiotic_columns 
        self.other_columns = other_columns 
        self._check_normality() 
        self._make_correlation() 
        self._make_regression() 
        self._make_cluster() 

 
 




