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ABSTRACT 

 

The theme of the master's thesis: "Development of the safety declaration of 

the Krasnoyarsk hydroelectric power station" 

Relevance: Hydraulic structures are complex engineering structures that have a 

significant impact on the formation of the economic and cultural appearance of entire 

regions, transform their natural conditions. Pressurized hydraulic structures are ob-

jects of increased danger, the accidents of which can create emergency situations, lead 

to significant damage, as well as to human casualties. Continuing accidents and emer-

gencies at dams, especially high ones, indicate that not all factors ensuring the relia-

bility of structures have been identified and taken into account. 

Purpose of the work: to develop a safety declaration for hydraulic structures, 

to calculate the probability of harm as a result of an accident at a hydraulic structure. 

Main goals: 

• Study the documents that regulate the safety of hydraulic engineering; 

• Study the stages of the declaration of the safety of hydraulic structures; 

• Collect materials of field observations of various controlled parameters; 

• Calculate the probable harm; 

Research object: Krasnoyarsk hydroelectric power station. 

The content of the work:In this work, the sequence for the development of a 

safety declaration, the calculation of the probability of harm as a result of an accident 

at a hydraulic structure is carried out. 

Further development of the work: In the future, this work can serve as a basis 

for the application of the proposed structuring of the object for diagnosing structures 

and developing a safety declaration. 

Practical application: the results of this work can be used to predict parameters, 

depending on external influences and to create a list of necessary safety measures. 
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1.   - Fabaceae (Leguminosae)   - 

Astragalus ionae Palib. (1946). 

2.   - Fabaceae (Leguminosae)  -

 - Hedysarum minussinense . Fedtsch. (1902). 

3.   - Fabaceae (Leguminosae)  -

 - Lotus sergievskiae R. Kam et Kovalevsk (1981). 

4.   — Fabaceae (Leguminosae)  -

 

5. Oxytropis eriocarpa Bunge (1874). 

6.   - Fabaceae (Leguminosae) -  

 - Oxytropis nuda Basil. (1924). 

7.   - Fabaceae (Leguminosae) -  -

 - Oxytropis ammophila Turcz. (1840). 

8.   - Fabaceae (Leguminosae) -  -

 

9. Oxytropis stenofoliola Polozh. (1990). 

10.   - Tamaricaceae  , 

 - Myricaria bracteata Royle (1839). 

11.   - Limoniaceae   - 

Limonium macrorhizon (Ledeb.) . Kuntze (1829). 

12.   - Onangraceae   - 

Circaea lutetiana L. 

13.   - Nymphaeaceae   - Nu-

phar lutea (L.) Smith (1753). 

14.   - Nymphaeaceae   - Nuphar 

pumila (Timm) DC. (1792). 
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15.   - Nymphaeaceae   - 

Numphaea Candida J. Presl (1821). 

16.   - Liliaceae -   - 

Gagea longiscapa Grossh. (1935). 

17.   - Liliaceae -   - Gagea 

fedtschenkoana Pascher (1906). 

18.   - Liliaceae -   - Lilium pu-

milum Delile (1813) 

19.   - Menispermaceae -  

 - Menispermum dauricum DC. (1817). 

20.   - Orhidaceae -  , -

,  - Cypripedium guttatum Sw. (1800). 

21.   ( ) - Asteraceae (Compositae) 

  - Artemisia martjanovii Krasch. Ex Poljak (1955). 

22.   - Violaceae   - Viola in-

cisa Turcz. (1842). 

23.   - Pluteaceae   ( -

) - Volvariella bombycina (Schaeff.) Singer (1951). 
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       » [7]; 
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𝑁  -     ,  

  63 ;  𝑁  -     ,  

  63 ; 

 -  ,       

 : 

− i=1 -   ; 

− i=2 -   ; 

− i=3 -   ; 

− i=4 -   ; 

 -  ,       

 ,    -

     : 

    1=0,9; 

    2=0,7; 

    3=0,3; 

    4=0,1; 

  (N 21)   (N 22)   -

  

 . 66  [5]     -

    ,    -

, ,        -

 ,      ,   -

   ,      -

,    9   ,    , 

   61 . 

http://www.garant.ru/products/ipo/prime/doc/71358466/#1064
http://www.garant.ru/products/ipo/prime/doc/71358466/#1064
http://www.garant.ru/products/ipo/prime/doc/71358466/#1062
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  𝑁   𝑁      -

        -

    .  

        ,  

   : 

•    ‒ 0; 

•    – 56400 ; 

•    − 52560 ; 

•    –352 . 

  4  [5]     -

  , ,    .  

  -    ,    -

         3 . 

     2    

:    1       

  10-15     ,    -

   1 . 

 .62  [5]   ,    -

,     , ,  

  75% ,    .  

,         

 : 

•    ‒ 0; 

•    – 42300 ; 

•    − 39420 ; 

•    − 264 . 
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 . 67  [5]    (  

)   (  )    

,          

      (  9). 

 N 21  N 22     

        

    (  10). 

 10 –        

  

  (%)     

  
 (%)  (%) 

    

1 –  -

 
0 0 0 0 0 0 

2 –   5499 10575 
549.9 

(550) 
2115 

4949.1 

(4950) 
8460 

3 –   1971 5913 
137.97 

(138) 

886.95 

(887) 

1833.03 

(1834) 
5026.05 (5027) 

4 –   5,28 (6) 26,4 (27) 0,26 (1) 2,64 (3) 5,02 (6) 23,76 (24) 

, : 7476 16515 689 3005 6790 13511 

 

:    «  ( )» , 

         

 ,    ,   

    . 

   ,      

N 21 = 3005 ,  N 22 = 13511 . 
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  И ,  .,   , 

      ,   . 78 -

 [5]    ,  -     

   И = 𝐶 . / ∙ 𝑁 + ∑ ∙ 𝐶 . ∙ 𝑁 , (0.4) И = , ∙+ ( , ∙ , ∙ + , ∙ , ∙+ , ∙ , ∙ ) = ,  . ; 
  (N 31)   (N 32)   -

  

   . 73  [5],       

       

    (   𝑁 )  -

 (   𝑁 )    (𝑁 = 𝑁 =
). 

    : 

 ,  ,  ,  

; 

  ,  ; 

 , , , . И = 𝐶 . / ∙ 𝑁 + ∑ ∙ 𝐶 . ∙ 𝑁 , (0.5) 

 

   ( )    

 . 80  [5]       𝑁 ,  .,       

http://www.garant.ru/products/ipo/prime/doc/71358466/#1062
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    ,    

  ,    , -

,         : И = И + И + И , (0.6) И = , +  , + = ,  . . 

   

 . 82  [5]   
1
, 

 .,   : И = И ∙ И ∙ И ,                 (0.7) 

        

      : 

•      –   -

,   (    -

) K3 = 0,1; 

•      –   -

,   (    -

) K3 = 0,3. 

 щ       

 . 83         

  : 

 = ( ) ·∑ (Si·Ki· i), 

  —    ; ( ) —  

      -

 ,        
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 – 5,5 . .  2,    – 0,98 . .  
2; 

Si —   . 

i —        

      160,   -

  - 850. 

щ    . 

 . 86  [5]    -

 (  ,  ,  , )  

   5%     : 

 = 0,05· , 

щ    . 

 . 87  [5]    , -

         

,   : 

= m( Si·Ki· i) 

 —    ,   -

           

,       91385,5 

/( ·
2),  

   – 2170,6 /( ·
2); 

m = 7 —      .  
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 . 90  [5]      И , 

 .,   : И = А ∙ [∑ . (𝐻𝑐 ∙ ∙ ∙ ∙ ) + ∑ . (𝐻𝑐 ∙ ∙ ∙∙ ) + ∑ ЭП 𝐻𝑐 ∙ ∙ ∙ ∙ ] (0.10) 

: A -     ,  -

  84 ; 

 -       (j); 

 -        (j); 

 -        (j); 

 

 -     ,  

     i-       ; 

 -        i-   -

,    92 ; 

 𝐻𝑐 -        

,     , -

       -

  -     , -

, ,     11  8.3 -

    (   

 , 2005, N 1, .16; 2017, N 31, .4740); 

 -      (  )  

    ; 

https://docs.cntd.ru/document/573191717#7E80KD
https://docs.cntd.ru/document/573191717#7EO0KL
https://docs.cntd.ru/document/901919338#DEM0QQ
https://docs.cntd.ru/document/901919338#DEM0QQ
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 - ,      

   ,   -

 . 

  ,   ,   . . -

  ,       -

. 

 .84.        -

  

        

" ": А = / −  

 

   :  -       

      (x); 

 −  -      -

     (x - 1). 

 

          : = 𝐴 ∙ / , 

: n -     (x)     

    ;  -     . 

      . 
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 . 93  [5]       И ,  .,   : И = S ∙ Ц + Ц / ∙ [k ∙ ∑ Ni ∙ Ki + k ∙ ∑ i ∙ Ki ], 
 (0.11) 

: S . -    ,   -

       [9]; 

 -       (  1   

   )     

(https://fedstat.ru); 

 -       (  1   

   )     

(https://fedstat.ru); 

k  - ,     -

  (  k . = 1,25); 

k  - ,     -

  (  k . = 1,5); 

Ni  -   ,   i-   -

  ; 

i  -   ,   i-   -

  ;  

i -         i-  

: 

•     1 = 0,7; 

•     2 = 0,3; 

•     3 = 0,1.  
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  : 

•         

    (4   );  -

  –     (1-3 );  

 –   (1-2 ); 

•        

      ,  

    . 

      : И = , ∙ , + , ∙ , ∙ ∑ ∙ , + ∙ , + ∙ ,+ , ∙ ∑ ∙ , + ∙ , + ∙ , = . . . 
     

 . 96  [5]     

 И ,  .,     20 %   

       

 . И = , ∙ И + И + И , (0.12) И = , ∙ , + + , = ,  . , 

   

 . 97  [5]   -

 И ,  .,  ,       

        .  И = , ∙ β ∙ S ∙ K  , (0.13) 
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 . 98  [5]        

 И ,  .,       

«  »      

  . И = 𝛽 ∙ ∙  ∙ , (0.14) 

,    

 . 100  [5]  И ,  .,  -

 ,  . И = ∙ 𝑉 ∙ А / ∙ 𝑡 / , (0.15) 

    

 . 101  [5]     -

     И ,  .,  , 

        . И = 𝛽 ∙ ∙ , (0.16) 

   

    И ,  .,  . 102 -

 [5]        

.  

         

   300   .  

 

  : И = 𝛽 ∙ 𝑉 ы ∙ ы ∙  (0.17) 

:  —  ,     -

.  
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 « …» [5]   =5,  

  ,        

. 

         

   ,    , . . 

  , ,    -

 ,    ,  .  

,     «  …»   

  ,   6.17  =0.    

   9= 0 . 

   

        ,  

 ,     ,  -

.    . 

   ( )   (  
, , ,  

 )     

 . 116  [5]      -

  : И = И + И + И + И  (0.21) 

 И  - ,    ( , ); ИП - ,  , , ; И  - ,   (    ) ; И  - , ё   . 

         

      , -

: 
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•    ; 

•        -

  (   0,15 / ); 

•    (    -

 − ), 

     -

      (      

),        -

     . 

     (      

)           

   . 

        -

    . 

        -

 «    ,   

» [22]. 

   ,     -

        , -

    ,   : 

. = 𝑁 + 𝑁 ∙ ∙ 𝑡 ∙ ,  

 𝑁 -      , 

    , , -

        , 

  [32-34]   : 

• -  − 60 . / 10 2; 

•   − 5 . / 100 2; 
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•   − 0,05 . / 10 2; 

•  – 0,04 . / 1 2; 

•   − 25 /1 2; 

•  0,12 . / 1 2. 

     , -

  60 2 (   )  300 2 (   

).  

 ,      -

  𝑁       -

/     : 

• -  − 360 . / 1800 .; 

•   − 3 . / 15 .; 

•   − 0,3 . / 1,5 .; 

•  – 2,4 . / 12 .; 

•   − 1500 . /7500 ; 

•  − 7,2 . / 36 . 

-     , -

     30  2010 . № 138 «   -

       -

     » [22]; 

 -     ,   -

, ./ ,   1  «  …» -

: 

• -  − 500 ./ , 

•   − 100 ./ , 
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•   − 500 ./ ,  

•  − 50 ./ , 

•   − 300 ./ ,  

•  − 100 ./ . 

t -  ,  (   0.08 ); 

  ,   , -

   11      . 

 11 -   ,    

 -

  

 , .  

  -

  

  

  

-  64,16 320,82 

   0,11 0,53 

   0,05 0,27 

  0,04 0,22 

   160,41 802,05 

  0,26 1,29 

  225,03 1125,18 

 ,  —     -

 ,   : 

•      –  = 0,225 . -

; 

•      –  = 1,125 . . 

 ,      

      (     

 ),   . 
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   И ,  .,     10 % 

         . 

123  [5]: И = , ∙ И + И + И + И + И + И + И + И + И + И , (0.22) 

  1: И = , ∙ , + + , +,  + + + + + + ,  = ,  . ; 

  2: И = , ∙ , + + , +,  + + + + + + ,  = ,  . . 
 И , И , И , И , И , И , И , И , И , И  -   -

,    № 2   [5]. 

  

  И щ,  .   . 81  

[5]  :  И щ = И  + И + И + И + И + И + И + И + И ,  (0.23) И щ = , + + , + ,  + + + + += ,  . , 

 И , И , И , И , И , И , И , И , И  -   , -

   № 2   [5]. 

  

  И щ,  .,   . 124  [5]  

 : И щ = И  + И + И + И + И + И + И + И + И +И + И
 (0.24)  
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  1: И щ = , + + , + ,  ++ + + + + , + ,   = ,  . ; 

  2: И щ = , + + , + ,  ++ + + + + , + , =  . . 
      

 . 125  [5]   ,   

  ,   ,    

       И ,  .,  

       -   

      : И = И щ + И ,  (0.25) 

  1: И = , + ,  =,   ., 
  2: И = + ,  = ,  .. 

 И щ -  , .; И –  , . 

  12    . 
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 12 -    

   
 

. . 

1 2 3 

   90080,748 

    

1    4134,100 

2      0 

3       141573,979 

4      29141,615 

5    0 

6       0 

7   0 

8     0 

9    0 

10    1,125 

     174846,94 

11     17485,081 

щ.   544688,586 
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         -

       ,  

,    –  . 

        « -

 »      (  1), -

: 

  1: И = ,   . . 
   «  »  -

       -

 4     5  2020 . N 1607 "  

    " [9] 

      I . 

     «  

      -

»  21.05.2007 №304,  :  

   ,    

 ,   ( )   , -

  500       

 1,2 . . 
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-  ( )  

1     21.07.1997 № 117-  «   

 ». 

2    3  2020  N 1596 «  

      -

   ,     -

 ».  

3    21  2014 . № 837 «  

        

     ». 

4        24  2002 . № 

446/167 «       -

        -

,        

 ». 

5    ,    -

 ,   ,    -

       (  -

     ).  

    ,   

   10  2020  N 516 

6     24.07.98 . № 125-  «   

        -

 ». 

7    27.07.2010 . № 225-  «   

       

       ». 
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8     21  2007 . № 304 «  

      -

». 

9     5  2020 . N 1607 

"      ". 

10     13.09.2016 . № 913 «  -

         -

 ». 

11      

03.03.17 . № 255 «        -

   ». 

12    29.11.2018 . № 459-  «   

  2019      2020  2021 ». 

13  . -  . -

 , 2020. 

14  .    -

 .  », 2020. 

15     30.12.2006 . № 876 «  -

     ,    

» ( .  29.12.2017). 

16     30.01.2015 № 25 ( .  

25.08.2015)       ( ) -

  ,     

       

,       ( -

). 
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17   22.0.05-94    . -

  .   . – .: -

 , 1995. 

18  14.13330.2018    . -

   II-7-81* (   N 1) – .:  

, 2018. 

19   51901.1-2002 «  .   -

 ». 

20   22.2.09-2015 «    . 

        

.  ». 

21    22.05.2017 №242 (    

2  2018  № 451). 

22     25.11.2020 № 965 «  -

        

     » 

 

 

 

 

 

 

 

 

 

 

 



  

117 

  

( ) 

   ,     
 

•  2    

      0,1%, -

  12 ,     -

 .      243,00 

( ). 

       500   

    500    (    

2006 ,   ).      

         -

  2  (     2 -

     ).   (  

  )    15 . 

  2-       

1200 3/   . 

        -

 0,1%         -

  .      -

  (  )    243,00 ( )  

245,00 ( ). 

     243,65.    

  18500 3/ . 

     «  

»       , 

    ,     



  

118 

       . -

 . 1067      -

        -

.  . 1067     

      

,  , . .  .   

       -  -

   ,     -

     . 

•  1    

       -

 0,01%,   12 ,   

   .    

  . 

         -

  (   17  2009   -  

). ,       

,  ,      

    ,    ,   

  12 . 

  12-      -

 7200 3/   . 

        -

 0,01%        -

   .      

     . 

    246,92.    

  15500 3/ . 
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( ) 

       
       

•    

    ,    -

        

,        - -

    . .     -

         

    ,     

  1988    2006 .    -

   . , . , . , . 

  .     2001    2014 . -

         

        . 

        

  - .    

       -

   1:100000.     -

    ( , 1970 .), -

    .     2001  2012 ,  

         

.  ( , 2007 .).    , 

         .  

       , -

       ,    

2012 ,    10%  ,   

  . ,    
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       10%, -

        

  33-101-2003 «    -

»  26.12.2003 № 218 «    «   -

  »  . 

•         

 

   

         -

     1    , -

  « ». 



  

121 

  

( ) 

         

    ,     

  

      : 

-   –    

         1072,5 , 

  128 ,      

 187,5      -

 ( ),    225   7  -

,     60 ,   -

 360  (       )  

    232,5    -

 . ; 

-   –      

     225   7 ; 

-   –     -

 (    ); 

-   –   -

 (    )    ; 

-      -

   367      430 ,  -

    . 

-        

,    «      -

: 
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-   . ,  , -

  64    ,  q = 5 3/ , -

  « » . . 

    

     -

   , ,      -

. 

   : 

-   (  ) – 73,3 . 3; 

-   (  ) – 30,4 . 3; 

-    (  ) – 2000 2; 

-   (  ) – 388 . 

-    – 15 . 

-   (  ) – 1560 . 

-         – 

 100 . 

       -

     . 

  –    -

  ,       

      .  -

     40-50 .     -

  16 .       -

   4   10 . 

  

-      -
  



  

123 

       -

.        ,  

  ,  . 

-     + 0,88  

-   ( )   - 41,4  

-   ( )            + 31,2  

       583  

-                   173  

-                   410  

     -  

.        6,2 / , 

  – 1,8 / .       

2 % – 22 /  (79,2 / ),      -

 25   28 /  (100 / ). 

      ( - )   

 ( - )             

   .       

3487    3011  .    125  180 

  .      240 – 

300 . 

         -

 ,        - -

   -   .   -

 ,  2580 . 2,      

 ,   . 

      ,   – -

,       ,    -

  .   ,    ,  

1500 ,     0,37 ‰. 

      : 
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1)   –    pp. -   -   -

 .  –  600 ; 

2)  ,    p.    

(  ),   750 ; 

3)   –    .    –  

2000 . 

      . 

  .   .  (  . )  -

   ,      

,     -    

. 

       -

.  .  (  . )    -

 ,   . 

        

 ,      , 

 ,   ,  -    

.       .  .  

    ,   –  .  

    ,     

. 

        -

 ;        . 

       -

-  ,      . 

      ,     

        ;  -

     ,    

.        -
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        ,   « -

 ».           

 .  

     , ,   

  . 

        -

 .        ( -

-   – 1  ,   – 2  ). 

       -

 : 

-                                              – 289 . 2 

-                                    – 88,3 3 

-                                    – 2 800 3/  

-    (1966 .)   – 20 700 3/  

        -

: 

-       

0,1 % – 19 900 3/  

-       -

 0,01 %    – 38 700 3/  

         

 : 

-  0,01 % – 20 600 3/  

-  0,1 %  – 13 000 3/  

-   

       

  .  .     -

       . 
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      ,   

       . 

         

    . 

    , ,   

 ,    15 – 21 .  -

       -

 ,    -  . 

 ,       -

  .      -

  –     – . -

  , ,    -

,   . 

       

  .   , 

    .     12 – 18 

.       - -

    0,5  10 – 15 ;     

. 

     -

,      

   .    

      , , -

       

   ,    . -

       -

 . 

       -

 ,          . 
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-   - - . 

     . 

   ,    

 ,         

 187 ,    – 212 . 

   

        700 .  

  ,       30°   

400 ;      45°  ,   

100  ,      -

,         -

. 

      60    -

   35    (  . )  -

  –   ,   -

 .  

  ,    , -

    . -

        -

       -  -

.         

     –  –   

 ,      

   .     

       , 

   (  ,  

,   ,  , , 
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 -    ,   -

 ),       -

    .         -

  50 %  . 

    1    70  -

  .  (218   ).    

 1 - 3    ,     327   350 ,  

     12 .   .  (453   

)    6-8 . 

       100  

  0,00027 - 0,00030. 

       

      , -

      , -

    ,  ,     

  ,      .  -

      -

       .  

 .      

 , ,  , ,  

   ,     

 . 

  

          

   .     

  (   ),   

    .    -

    ,   -

 . 



  

129 

     ,  

      

 –   -97  (    ) 

  7-    (MSK-64).    -

      -

 .      , -

   .   -

      6   -

- .   ,    -

       80  300   

       

47   200-     (   -

    )     

≥ 9,0.   4  (1938, 2000, 2004  2009 .)    

> 4,5,  ,       -

 4 .       

      -

        

5   .      

     4-ё     -

      . 

  

        -

  . 

      (1967-1990 .) -

      13 
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 13 -     

№№    ,   , 3  .  

1  462 17223 

2  154 726 

3  59 56 

4 -  75 1710 

       

: 

- - ; 

- - ; 

- - ; 

-  . 

      ,   -

     100 .   -

   5 – 6 . 3   ,     . 

     110 – 315   12  

       8 . 3 (  -

  0,1 %  «  »  ),   4   

        -

  100-500 . 3  1   . 

     3 . 3 (0,5 . 3  

 ),  26  1969        

 ,     8  

(     ,  18      3 

). 

      

60 , ,   ,  .  

       (  1967 .,  -

    64 )      -

 50         – 21 
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. 3.           

    ,  

   (   )  -

 . 

      -

        (1967-

1970 .).        

   . 

      ,   -

    ,  .   -

     (   10-12 )   

   . 

 

  ,    35 , ,   

      

 .    -

 . 

    

. 

     

    -

  . , 2015-12-25.  
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 .1 -         

 

№ -
 

 
 

 
 

     1 
 
 2 

   
 

  
1 2 3 4 5 6 7 

1 

 
 
-

 -
  -
  

,  
. . -

 -
 -

 

 -
 -

 -
 

 , -
   ,  

     
 . 

 ,  
  , 

   , -
    -

,  . -
    -

,    

   -
 ,   

 , -
   -

 . 
    -

  ,  -
   -

.  , 
   

.  
 . -

    -
,   

   
,  

  -
 . -
   -

 , 
 , 

  

  
 -

 

2 

  
 -
. 

-
 . 

 
 . 

  -
    -
 .    

    . 

    
   . -

    
  , -

  . 

  
  -

   -
    

   -
 . 

  
 -

. 

3 

-
 -

 -
. -
 -

. 

 -
  -

 -
 . 

    
 . 

   
   

. 

  
  

.  
  -

,  -
 

  
 -

. 
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  .1 

 

 .2 -        -

  

№ -
 

,  
 -

 

    -
   

 -
 

 
( )  

 

1 2 

1 
 .  -

   №2 ( . 
153,0 ) 

  -
 

34,27  
=232,47 , 

=2,8°  
38  42   

2 
 .  -

   №2 ( . 
153,0 ) 

 
  -

 

0.75 /  
=232.47 , 
= 2,8°  

±3.0 /  ±4.0 /   

3  .      

3.1  №22 

 -
  

   
   -

 

32,44  
-241,89 , 
= 2,4°  

38  43   

3.2  N°37  
41,93  

-236,86 , 
 = -23,5°  

45  49   

3.3  №54  
35,18  

=240,88 ,  
 = -0,7°  

40  44   

 

 

4 

 
.  

-
 -

 . 

   -
 ,    -
  . 

   -
 ,  

    
. 

   
 , -

   -
  
. 

  
 -

. 




