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є ,         
 .  , ,     , 

      .    (1) 
   : Q1-  ,    

 ; Q2-  ,  є  ; Q3-   
    . 

i  ,   Q1  Q2- i,  Q3- . 
  є  Ѳ   i .  

i  є  i i iє   i  
i i   (  i  ) i  . 

    ’є    
 , є      

 : 
 

    (2) 
 

   ’є     
,     ’є  : 

 

   (3) 
 

   0
2
 = 2,21; 1 = 0,44; 2 = 440,44; k = 60,71. 

       
   -   ( . 1)   

  MATLAB 2017, i   Simulink.  
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1 –   ; 2 –    
 

       
      

       ; 
   -  ,   

,   ,   
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       , 
  . 

 

 : 

1.  . .      / . . , 
. . . – . :  , 1983. – 512 . 

2.  . .      / . . , 
. . . – . :  , 1986. – 232 . 

3.  . .,      

 ’є      6.092500 /  

. . , . . , . . . – . : , 2007.– 31 . 
4. . 551550 ,  66.047.012(088.8).   

   / . . , . .  ; . 
18.12.82 ; . 15.01.84, . № 2. 
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  .    

  4,5×80       
.       -

     .  
  ( . 3) ,     

       
   30–40 %. 

 

 

 3 –    
 

 -      
       .4. 

 

 

 4 –     
(  ) 

 

       
 ,    25 ,   

  – 30-35 . 
 ,       

,       
      30–40 %    
. 

 

 : 

1. . № 57792 ,  F27B 7/00.   /  
 . .,  . .,  . . ; . 31.08.2010 ; 

. 10.03.2011, . № 5/2011. 
2. . . , . . , . . , . . .  
.       

 : – . :  “ ”, 2006. – 156 . 
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    « »   

,      . 
 ,  ,     'є   

  '   ,      .  
       ,  

  .     
   .   

     є   
 ,   'є    є    

       ,  є 
 'є   . 

      'є    
є   'є      .  
    'є   є   

     .   
   ,  -  є   

  . 
 ,       є 
  .     є 

   ,  є    . , 
          

,         , , ,  . ,  
 ,     .  :  

     є . 
 

 : 
1. Voronkov, A. G.,  Yartsev, V. P. (2006). Epoxy Polymer Solutions for 

Repair and Protection of Building Objects and Structures: Textbook, Izd. TGTU, 

Tambov [in Russian]. 
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  є      
є ,     , 

, , , . 
        

  ,    
,    ,   

 .     
       . , 

' є        -  
     , '  
,   ,      

  . 
   є    

       є  
        [2].  

       
,        

  ’є     
( ).        

є   «  »:    , 
      

’  .. 
    є     

         
 ( ) Android - ,   Java- .  

-    Android     
   ,     

      
 ,   ,     

 Android,        
,   ,     .  

    -    
   -      , 

  ,      . 
 

 : 
1.  . . -

 / . . , . .  //  .  
. – 2017. – . 1. – . 296–300. 

2.  . .      /  

. .  // Eastern European Scientific Journ. – 2014. – № 5. – . 121–126. 



 

78 

       
    

 

є  . ., ., . -71;  . ., , , .  

       
         

. ,   є   , , 
   є    .  

  , ,    
 ,      

 .  
     є -

  ( ).        
    -  
. 
       є 

 ,   є    
,        

  .    ,  
є        

   .   є   
  , є   є     

,     є    є 
  . 

    ,  
  -  ,  :   

   ,     ,  
   ,   (  
   60–80 %),       

         
,      . 

         
    є   
     (  

, ,  ).   є    
,  є  .  
     ,  є  

      . 
,    є     

,           
 . 



 

79 

    
     

 

 . ., , . -71, , .  
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  ,  є   ,  
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,  є  ,  є   
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 є  .     ,   

  .  

  є     -

      ; 
      

 ;      
    ,    

  . 
       8, 

  5 .       
 900–950 ° ,  4 .   

   -7    50–500 , 
  –   -3    

0,49–0,98      –   -1.  

     є  
    .  ,   

 є    ,     
       

. є        
.    є  .   
  є    .  
      є  

  є .    
          

є .     . 
є      ,   
 є    .   
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,         
 20 ,   – ~ 10,9    

8; ~ 15     ~ 14   5 ,     
      (  ~ 20 

).       , 

    ~ 13,5    8; ~ 16   
  ~ 15   5 . 

       
 2,58  2,9. ,    -   u = 5,46; 

u = 5,96; u = 5,75   8,   5  ,   
 є   v = 4,21; v = 4,81; v = 4,60  

 8,   5  . 
 

 

 
                                                                                           

 1 –     :         
 –  ;  –  ;  –  ;       

(   8,   5 ;     45 ( )) 
 

, –      
 .    є  , 

        є 
      ( , 
є  ).      B–V 

  ,     . 
  є    ,  є  

     ,    є 
   ,    . 

 

      . . 
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  AlCrFeCoNi,   

 

 . ., , . -71, , .  
 

  ( ) – ,     5  
   (   ’   )  

     (   
      5  35  ). 

     ,   
   , є    

,         
   ґ ,     . 

  –       
( )   ( ) .   –   

  ,   -   
   AlCrFeCoNiCu . 
    -    

 -9-3.   , ,   
      : 

, ,   , 
   (  6130-71).  

         
. ,   Cu  є     

AlCrFeCoNiCu ,      є   
  ( )   ( + 1+ 2). 

,       
        100  

   1 000 °  ,    
   .  

   AlCrFeCoNi  AlCrFeCoNiCu,  
 AlCrFeCoNiCu2є  ,       

  ( , ,  )   
AlCrFeCoNiCu3.        

 Al     є   , 
 є   Al2O3.         

     . 
  ,      

    ,     
     . ,   

       є  
       ,   

Cu   є . 
 ,   AlCrFeCoNiCu   

       . 
    AlCrFeCoNi   AlCrFeCoNiCu,   

      . 
 

      . . 



 

82 

      
Є     
  

 .І., , . -41;  . ., , , .  

        
   .     

,     є   є 
    40 %,         

 , ,      
     ,   

  є      ,  
,        . 
      ,    

  ,      
є          
   , ,  [1, 2]. 

        (Ti-Al)  
  (SiC)       

     є  
 5 2     ;    

 .   ( . 1)   
   Tescan-VEGA 3   
 -7. 

 

 
                                                                                           

 1 –     :  
 – 5 2;  – 5 2 + Ti-Al;  – 5 2 + SiC 

 

,    -  Ti-Al 

 0,1 %    ,    SiC – 15 %  
  .     

    , ,   . 



 

83 

        
20–30 %,  ’  –  17–35 %,  –  15–25 %   

      ,  
   .   є   

     
  in-situ (    ,  

    ),     
      (in-vitro) 

    . 

 ’   ,  ,    
    є    -

      
     є    

є     . 

 : 

1. Hovorun T. P. Modern materials for automotive industry /  

T. P. Hovorun, K. V. Berladir, V. I. Pererva, S. G. Rudenko,  

A. I. Martynov // Journal of Engineering Sciences, 2017, Vol. 4, Issue 2.·– P. F8–
F18. 

2. Tian X. Preparation and Forming Technology of Particle Reinforced 

Aluminum Matrix Composites / X. Tian, A. Zhu, J. Wei, R. Han // Materials 

Science: Advanced Composite Materials, 2017, Vol. 1, Issue 1. – . 1–9. 
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       ,  
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  [1]. 

є      є ,    
є ,   є .  є    ,  

 –  .      
 '    , , 

 ,   є .  
   є  ,  є   

  .  є ,    
.      

 :  ,  ,  ( . 1), 
,    ,   . .   

є ,      ,  є 
   ,   є       

  .  є      . 
    є  ’є       . 
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     -    

( )   , є  ,  є   
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         – 

,       є  ,  
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      ,  
   є  ,      ,  
 -   ' . 

 

 : 

1.  . .  : .- . . /  
. . , . . Є єє , . . . –  : , 

2007. – . 86–95. 

2.  . .   : . . / . . , 
. .  –  : , 2007. – 180 . 
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 . ., ., . -61;  . ., , , .  

 

   є      
  [1].     є  
       'є   

       [2]. 
       

  є          
 є          

. 
  –       
       

є  .  
     Ti-Zr   

 (   ( ))      
є    5 2.      

 (  « », . ). 
         

 .        
720-740 °     .     0 

 0,1 %     0  15 %  .   
      є   

.         
720 °   10 .,        50 . 

   . 

  
        

 1 –   Ti-Zr   ( )     ( ) 
  5 2      . 

 

      
  Ti-Zr         

      ( . 1).  
      : 
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–        
 :       
    ,    ; 

–     є  
   1,4-1,8 ; 

–   0,1 . % Ti-Zr  є  1,4  1,1   
    ; 

–     є   
   1,3-1,5 ; 

–     є    
 0,05 . %. 
 . 2         

          . 

  
        

 2 –          
  5 2      . 

 

,    є    
15 . %  –  є 1,5  1,15     

  ;     –  
 5 . % . 

    ,   
    є   є  

-     .   
   є   20–30 %,  –   

15–25 %. 
 

 : 

1. Mavhungu, S. T. Aluminummatrixcompositesforindustrialuse: 

advancesandtrends / S. T. Mavhungu, E. T. Akinlabi, M. A. Onitiri,  

F. M. Varachia // ProcediaManufacturing. – 2017. – Vol. 7. – P. 178–182. 

2. Hovorun, T. P. Modernmaterialsforautomotiveindustry / T. P. Hovorun, 

K. V. Berladir, V. I. Pererva, S. G. Rudenko, A. I. Martynov // 

JournalofEngineeringSciences. – Sumy : SumyStateUniversity, 2017. – Volume 4, 

Issue 2. – P. F8–F18. 



 

88 

    
      

 
 

 . ., ., . -61;  . ., , , .  
 

 ,    
є  ,   . 

    ,   
      . 
        

          
   ,    

(   )   
  .  

      
      ,  

       
, ,   .    60 

   1     є   
      ,   ’є ,  

      ,  
  , . 

    , 
     ,   

   ,   є  
44,25-70,65%  ,    12582–25862 .  

 
 1 –  ,    

(20 ): 17,87  60; 0,35  1; 1,78  , 500 
 

      
       
         

 ( )     TiC. 
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 . ., ., . -41;  . ., , , .  
 

   є      
  ,   ,   

.      ,  
 9 %        

    .   
  -     
       

. 
       є 

         
    ’       

 .   є ,      
,         

.      
   :    є   1  9; 

    ~ 4  ( , ’     
 40  60 ); є      

є   .       
    , ,    
.    ,  

 ,        
     –  

є     .  
     є  

 ( )    (10– 35 ) ,  
   ,    .  
           
,         .  

         
        , 

     .  
 є    6Al4V.     

   є         
 .  є    ,  ,  

є  .     
 є         

          
   .   є  
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 ,   .     

   є     . є 
      -    

 .      
  -      

   ,     
.    ,     

 ,     є   
   ,      

          
.        

 ,        
 « »   . 

   ,  є    
-        . 

      : 
) 10 a(CH3COO)2 + 6 NaH2PO4 + 14 NaOH = 

=Ca10(PO4)6(OH)2 + 20CH3COONa + 12H2O. 

) 10Ca(NO3)2  + 6(NH4)2HPO4 + 8 NH4OH = Ca10(PO4)6(O )2 +  

+ 20 NH4NO3 + 6 H2O. 

   Ca10(PO4)6(OH)2 є ,  
   ґ  є    - . 

 :   
−  = 11–12   10 M   Na ;   
−    = 80   10 ;   
−   12–24 ;  
−   ;   
−   900    1 .  

   ,   
   ,    

 80 .   Ca/P-    , 
,     . 

 ,   ,    
,    T = 900 °C  1   

    є     ). ,  
 (  121)   )   48–53 ,    

)     36–46 ;   (  104)    
)    29–43,   )   . 

  є      
 ,        
 . 
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 .  ,     
 , є    

      . 
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 . ,     , 
      , 

       

, , , ,  ' , 
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   ,  

     .  
  ,  -   

       
    ,   

   є  « є », ,   ,  
     ,  

      , ,   
 ,   ,  
      .   

   (   ,  
, , ,   .)      
         4 :  

1)    ; 2)  
    ; 3)  

   ;4)    .  

        
 ,   (  )  

, ,        
      . 

’є   є   ,  
   є '   -   

       Ti, Hf, 
Zr, Nb, V, Si, Al, Y, Ta, B, Mo . 
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  є  є '   ,  

 -       
      , 

   -      
 . 

      
       

-       . 
        
   ,     ’   

,   ,      
  –   . 

     ,  
,     ,  

     .  
   ,     

     ,   
  (  32GPa).   , 
    -  ,   

           
,       .   

        
   TiN/MoN.    

Arc-PVD     TiN/MoN   
 2, 10, 20  40 .     TiN ( )  γ-

Mo2N.   ,     , 
 є 28-31 .      

  10  20  є    є  
 0.09-0.12. 

   Ti-Zr-Cr-Nb-N  є   
   (TiN)   (Cr2N)  . 
   (Zr-Ti- r-Nb)N є     

     -  . 
         

 .       
,  є   ,  LC = 62,06 . 
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  . 
     , . . 

       .  

    (  2). 
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  : 
–       ; 
–     ; 
–       

 ; 
–      

; 
–       . 

  ,   ,  
     

      
       

     2017 .    
 «  ». 
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 . ., ; К  . ., , . І -61, , .  
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   ,    (  )  

      ,   
.     ,    . 

-      
  ,   

   .    
    ,    

    ,   -  . 
      . 

       
    ,     

 .       
,   ,     8   

.       ,   
    (0,010–0,005).    

         
.        

    . 
   -   

  ,   ,  
     ,   

 ,   ,  , 
     ;  ,  
    .  

    – 2 000 ,   – 10 . 

  .     
  ,       , 

  .    
       70 ° ,  
    ,  .   

       , 

        
    . 

  -   
  , , , 
, ,    ,  

    . 

http://mash-xxl.info/info/184028
http://mash-xxl.info/info/679296
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і  . ., ;  . Ю., , . -61, , .  
 

       
  (100–300 / ),        

    750–3 000 / .    
  є    ( ),  

        . 

        
       .   

         
    Tmax = k  · T . 

є    k     
     ,    

  .       
      ,  

      ’   
 ,   є    

 .        
 є         

 ,           
    . 

 ’є        
  J2      J1  ,  є 

      , є 

T1 = T  · Tmax / T  ·JІІ / (JІ + JІІ) = T  · k  1; 

,  є    , є 

T2 = T  · Tmax / T  · JІ / (JІ + JІІ) = T  ·  k  2; 

   ,     
 T , є 

T3 = T  · [1 + (Tmax / T  – 1) · JІІ / (JІ + JІІ)] = T  · k  3, 

 Tmax -   ; T  -   , 
 є        . 

   J1  J2    
      ,  
    : J1 / i1

2
; J2 / (i1

2
·i2

2
);…; Jn/ 

(i1
2
·…·in

2
). 

       
SHR-885×535/36-22.1000:    4 180S4 3  

    -500-50,0-12- 
- 3  .      ,  

    ,  ,   . 
   . 
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і  . ., ;  . ., , . І-62/ , , .  
 

      
         
    :    

  ’є  x –   y –  .  
 є   (x, y)   .  

 є  

 
 

x b x; y y,

y a x; y x.

  


  

&

&
 

 a –       x  b – 

      y.  
є ,       є    

     –   .    
  є         

. 
   a x; y const    b x; y const ,     

,  є  ’ : 2 2
a x b y const    . 

     x  y є   
,   .      

,    .    . 
     є  ,     

 y,  є ,  –  . 
,      є  

’   ,   a x; y const    b x; y const .   
 ’         

    ,     . 
   ’      

  .    a x; y    b x; y  
    . 

       
:    a x; y    b x; y   ’ ,  

   ,     є   
,        
   є .    

 (x, y)  є      a x; y    b x; y :  

     . 



 100 

І  І І   І  
І       

 

і  . ., ,  . . , . -61, , .  
 

       .  
   є  d.   є   

.     є d. ,  
      є   

. 

       
    ANSYS.   
  :   ’є    
 .      
   10-  3D    

SOLID 187.     . -

         
      ,  

є    - . 
      

        
  .  є      

       .  

    : 

–        
  .      

   . 
–       , 

      .   
    є   .   

    . 
         

   .    : 
1.   ,    є 
 ,       

          
    .       

    ,       
   ,     ,  

      . 
2.    ,       

       . 
3.   є      є  є 
 ,    є  . 
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A B
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2 3

3 4

1
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3 4
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R z q z
z ;

E I ! !

R z q z
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3 31
1 0

8 34 2 3
A

xx

q AB q ABq AB c ABс
E IE I ! !
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HOW CAN SOLAR ENERGY REPLACE TRADITIONAL  

WAYS TO GAIN ENERGY IN UKRAINE 
 

Dzhulai M. V., student; Ablieieva I. Yu., Senior Lecturer,  

Sumy State University, Sumy 
 

It is known, that energy complex is one of the most harmful for the 

environment. Especially, when we are talking about developing countries such as 

Ukraine, where thermal power station is the main way to produce energy. Modern 

TPP’s use more than 30 % of fossil fuels in the world. The tendency of thermal 

power plants usage as a primal source of energy will also stay for the next decade 

by the predictions of specialists.  

The environmental impact by TPP's depends on the type of used fuel. 

Ukrainian thermal power plants industry use energy coal (53 %) and natural gas 

(41 %) as main products to gain energy. Overall, technical state of the TPP’s in 

Ukraine is unsatisfactory, because in the last few decades we had no any kind of 

modernization of the technologies.  Thermal power plants functioning on the 

territory of Ukraine has a highly negative impact on the nature. Almost 30 % of all 

solid particles that enters to the atmosphere by the human’s activities are produced 

by emissions of TPP’s. Furthermore, thermal power stations produce up to 63 % of 

SO2 and more than 53 % of NOx, what can lead to acid rains on the Ukrainian 

territory. But the problem is that this is not the only way how can emissions of 

thermal power plant damage environment. There are few more of them: 

1. Air emissions of different pollution substances can make a harmful 

impact on the human’s body and health. It can be soot, sulfur dioxide, oxides of 

nitrogen, carbon oxides, heavy metal compounds and benzopyrene. As a result, we 

can see that the percentage of oxygen is very low close to thermal power plants 

compared to normal ratio.  

2. There is some part of natural radioactive elements in the mineral coal can 

be found. Those elements will be released to the atmosphere with ash after the 

burning processes. Moreover, the biggest problem is that they become more 

radioactive than before the processes.  

3. Accumulation of the amount of solid waste: ash, slag, dust. Ukrainian’s 

thermal power stations use almost 30 million tons of mineral coal per a year. The 

amount of solid wastes is almost 10 million tons per a year. Utilization of solid 

wastes is one of the biggest problems of heat power engineering, because huge 

amount of territories is occupied by ash dumps. These lands are out from rational 

economic use. Ash and slag dumps can also cause problems related to water 

pollution, air pollution and ground pollution.  

4. Big amount of thermal energy goes up to the atmosphere, and this is 

considered as a thermal pollution. Thermal pollution can lead to the changes in 

lakes and reservoirs. When the used hot water by the thermal power plants goes 

down to the ponds without purification this situation can lead to some problems as: 

decreasing of oxygen level in the water, increasing of toxicity, natural balance 
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loses. As an industrial country, Ukraine has many things to do to improve the 

technologies and there is no better time for it then now, when Ukraine tries to 

become a part of European Union. One of the possible ways to do such change is 

the providing the new economic instrument in use.  

An emission tax is a tax made to shorten harmful impact to the nature 

created through industrial processes. As an example it can be electricity generation 

by the burning processes of coal. An emission tax is meant to discourage the use of 

products and services that can pollute the environment and to promote the 

conservation of natural resources such as coal, oil, water, air etc. Using of this 

economic instrument makes sense because thermal power plants in Ukraine are 

mostly private.  

Exceeding of the emission taxes will inevitably lead to rapid environmental 

pollution which will provoke the fast change existing ecosystems. If the mankind 

want prevent this ruining changes from happening, we need to change our views on 

irrational usage of nature resources. Surplusing of the emission taxes and there for 

environmental damage can’t be justified even by great economic profit, because 

overusing of non-renewable nature resource can lead to a global ecological 

collapse. 

To be able to stay in line of the emission taxes any kind of industrial 

manufacturing requires new technologies and expensive fuel. Low level of 

technologies in the factories is a common problem of developing countries. As a 

rule, Ukrainian thermal power plants prefer to use not really expensive fuel - hard 

coal. In the case if the Ukrainian energy sector would like to switch to more 

expensive fuel it can lead to the growth of electricity prices. It is understandable 

that it will cause negative reaction of the society. Because of incredibly high bills 

people might start looking for the other ways of supplying themselves with 

electricity such as using alternative energy sources (solar energy, wind energy 

etc.). A lot of countries in the world try to switch traditional energy sources to 

alternative. The leadership in the alternative energy sources takes solar energy. 

Solar energy has few big pluses: it is a “green” way to receive energy, long term of 

usage, minimal maintenance services. One more plus is that solar energy has no 

impact on the nature and environment while in use.   

Ukraine has a good climate for using solar energy. For example, the amount 

of solar radiation that comes to the ground in Ukraine is bigger than same index for 

Germany. In the same time, Germany is one of the most powerful countries if we 

are talking about solar energy. By this point of view, Ukraine can become a 

country with high solar energy efficient level in the case of good financing. 

Development of solar energy can help Ukraine to have particular or even full 

energetic independence. Unfortunately, it is very difficult to predict the way in 

which the situation can go after implementation of the instrument. Ukraine has 

hard times right now because of the economic, political and social problems. 

Hopefully, after solving these problems the understanding of the importance to 

solve ecological problems will grow up. 
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       ( . 1).  
 

 1 –   Betula pendula Roth.  

     

 
 
 

0,5   
 

1   

 

 ,  4,65±0,02 4,01±0,04* 4,30±0,08* 

 ,  3,78±0,04 2,96±0,06* 3,40±0,08* 

 , 2
 11,78±0,03 7,95±0,04* 9,79±0,02* 

є   0,02 0,04* 0,03 

* −       ≤ 0,05. 
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HEALTH RISKS OF SECONDHAND SMOKE 
 

Eboson S., student; Chernysh Ye. Yu., Senior Lecturer,  

Sumy State University, Sumy, Ukraine 
 

Secondhand smoke (SHS) is also called environmental tobacco smoke 

(ETS). It’s a mixture of 2 forms of smoke that come from burning tobacco: 1. 

mainstream smoke: the smoke exhaled by a smoker; 2. sidestream smoke: smoke 

from the lighted end of a cigarette, pipe, or cigar, or tobacco burning in a hookah. 

This type of smoke has higher concentrations of cancer-causing agents 

(carcinogens) and is more toxic than mainstream smoke. It also has smaller 

particles than mainstream smoke. These smaller particles make their way into the 

lungs and the body’s cells more easily [1]. When non-smokers are exposed to SHS 

it’s called involuntary smoking or passive smoking. Non-smokers who breathe in 

SHS take in nicotine and toxic chemicals the same way smokers do. The more SHS 

you breathe, the higher the levels of these harmful chemicals in your body. 

Secondhand smoke (SHS) has the same harmful chemicals that smokers 

inhale. There’s no safe level of exposure for secondhand smoke (SHS). 

Secondhand smoke is known to cause cancer. It has more than 7,000 chemicals, 

including at least 70 that can cause cancer. Secondhand smoke can be harmful in 

many ways. For instance, it affects the heart and blood vessels, increasing the risk 

of heart attack and stroke in non-smokers. Some studies have linked SHS to mental 

and emotional changes, too. For instance, some studies have shown that exposure 

to SHS is linked to symptoms of depression. More research is needed to better 

understand the link between SHS and mental health [2]. 

Young children are most affected by SHS and least able to avoid it. Most of 

their exposure to SHS comes from adults (parents or others) smoking at home. 

Studies show that children whose parents smoke: get sick more often; have more 

lung infections (like bronchitis and pneumonia); are more likely to cough, wheeze, 

and have shortness of breath; get more ear infections. Secondhand smoke can also 

trigger asthma attacks, make asthma symptoms worse, and even cause new cases of 

asthma in kids who didn’t have symptoms before. 

Some of these problems might seem small, but they can add up quickly. 

Think of the expenses, doctor visits, and medicines, lost school time, and often lost 

work time for the parent who must stay home with a sick child. And this doesn’t 
include the discomforts that the child goes through. 

In very young children, SHS also increases the risk for more serious 

problems, including sudden infant death syndrome (SIDS). 
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ENVIRONMENTAL ASPECTS OF THE USE  

OF GENETICALLY MODIFIED PRODUCTS 
 

Ablieieva I. Yu., Senior Lecturer, Huni Kuzivakwashe Shayne, student,  

Sumy State University, Sumy 
 

Under the basis of Assessment of Genetically Modified Products we see 

that Genetically Engineering and Genetically Modified Products provide powerful 

tools for sustainable development in Agriculture, Health Care and many other 

Industries. Biosafety issues refer to the containment principles, technology and 

practices that are required to prevent unintentional exposure of pathogens and 

toxins or their accidental release of these into the environment. Fundamental 

Objectives of any biosafety program is the containment of potentially harmful 

biological agents, toxins and chemical of radiation.  

With the increasing emphasis of G.E technique in different countries in their 

life sciences the biosafety is gaining importance to ensure safety of the public and 

the environment. 

Legal Aspects of Biological Safety include the introduction of protocols.  

“The introduction of the Cartagena Protocol Biosafety”. The Cartagena Protocol on 

Biosafety to the Convention on Biological Diversity is an international treaty 

governing the movements of living modified organisms (LMOs) resulting from 

modern biotechnology from one country to another. 

It is very essential to label genetically modified products. In some 

jurisdictions, the labeling requirement depends on the relative quantity of GMO in 

the product. A study that investigated voluntary labeling in South Africa found that 

31 % of products labeled as GMO free had a genetically modified content above 

1.0 %. Hence there is need to correctly label genetically modified products. 

Another example, 92 % of Americans say they’re pro-GMO labeling, according to 

a recent Consumer Reports study. It’s that people want to know what they’re 

consuming, is what most labeling advocates see as the real issue, rather than a 

crusade against GMOs in general. For Zimbabwean consumers health is the main 

issue in relation to genetic engineering. Proponents for genetic engineered food say 

that people in the USA and Canada have been eating genetically engineered food 

for 16 years and there is nothing to show that it is bad for people's health. At the 

same time, however, there has been a significant increase in diet-related illnesses in 

the USA and Canada during the same period, illnesses such as allergies and autism. 

The following issues were raised in the research of banning GMOs in 

Zimbabwe: in the USA, a GE food supplement, L. Tryptophan caused death and 

muscle pain in many people; some workers harvesting cotton in India have 

suffered severe skin rashes and needed hospitalization; milk from cows injected 

with genetically modified growth hormones to increase milk production increases 

levels of the IGF-1 factor in consumers which increases the development of tumors 

in lungs, breast and colon; GE potato was found to result in incorrect mitosis of 

cells and tissues producing tumors in rats after only 10 days of feeding. 



 179 

     
   

 

 . ., ;  І. ., , , .  
 

 –   ,  є   
,   .   

     є    5–6 %    
          

 20  ,  85-90  [1]. 
     –   , 

  .      
   8  є     

      –    .  
    є    ,   

      . 
  є , ’     ( , 
, ,   . .) ,   
    . . 

       [2] 
:  

    ; 
      

 ( , ); 
  . 

  є    , 
 є     ,     

20      .   
«  »       

 ,     ,   
       

   [3]. 
 

 : 

1.  . .      /  
. .  //    . .  /  

. – 2012. –  3. 

2.  . .  . .     
 //  «  ». – 2015. – № 21. – . 54–56. 

3.       
-    / . . , . . ,  

. . , //   « ». :     
 . – . :  « », 2016. – № 29 (1201). – . 101–106. – 

.: 14 . – ISSN 2220–4784. 



 180 

       
 .  

 

 . ., ;  . ., , , .  

 

    є   ,   
         

.       є    
52,4 3/  ,     є  1 . 3.  

,   Є    , , 
     1,7 . 3

      , 
є   .  , ,   

є 94,3,   – 31,0,  – 19,7,  – 7,4,  – 5,7, 

 – 3,4,  – 2,5,  – 1,9,  – 1,6 . 3/ . 
    є   '   -  

є     є   ,  
   .  -  

         

   . 
  –      ,  

   .   є   
6 ,    70 ,   14  

    , 56 – . 
  ,       

 ,  є  є       
.  '    є      

            
 .   

 ,      , 
        
,    ,  

     . 
 ,       

.  ( ,  ,    , 
 ,    ). 

   ,   
 (  ,        

,    ).   
       

  (      ). 
       

        

     . 



 181 

      

 

я  . ., ; ’я є  . ., , , .  

 

     ,  
’      ,   

     є  , 
 є     .  

  є     є   
 ,  ,       

  ,      
.  

      є  
 12 .   .     

   є  . 
      ,   

 ,         
       0,1–0,4 .  1 –   

    є   0,16–40 ;  2 –  

  є   0,16–0,63 ;  3 – -   є   

0,08–0,16 .  
      

     ,    . 
 ,      

є         
 ( ), ,    58,5 %   

є       
 -    .  

         

 .  
 ,  є       

       -   
 ,          

    ( є  , є 
 ).  
-     'є   445 / 3

 

є      (20–25 %)     
  ;    ;   

 ;     ; 

   - ,  ; 

   ;    
 ;     ; 
     . 



 182 

     
   

 

я  . ., ; ’я є  . ., , , .  

 

         
   є     . 

     є    
   .  

 ,       
,    'є   ,   

'      .   є   
  ,      

        ,     
. 

      , 
'     є   ,  

  . 
    :  , . 
         

  є   .  :   
 – 33 %,    – 10,7 %,   – 23,4 %, 

  – 6,1 %, є  – 21,9 %. :   
 – 45,9 %,  – 7,3 %,   – 2,3 %.   

є       .  
       

  .     є  , 
, , , , , ,   . 

      є     
    ,      

        .  
     10  20 % . 

  ,        
  ,      

  ,    –     
 .       

       ,  
є       .    

        ,  
є      .  

 є  '       
        , 

 є    . 



 183 

  ’Є    

 

 Є. ., ; єє  І. ., . , , .  

 

 – ,      
       ,   

,    є . 95 %  
         

 , 5% –    .   , 
    ,      

    є  .     
  є  .    « є »  

 ,     є  ,  
   є  ,  є  , 

, , , .   ,   
  .        

 є є  .    
 10-50 .      
    –  0,000035 /    

.  '       ,   
    . 

  є       
  ,     

   . 
 –        (  

    1–5%).   
,          

 є    500–1000  є ,  
    [1].    є 

  . ,     
      10  ,   
 .         

 .       
     ' .      є 

  . ,     
     10  ,    
.        

     .      
є       ' . 

,   ,   ,   , 
     ( ' , )    

   98 /  .  ,   1  
   є  12      



 184 

,       є  . 
,    є      

 ,        
   .  

 ,         
 є    ,   

         
Є .        є   

 2,3–5,8    .    '     
 є    0,6–3,1 / ,        

 85 / .       . 
   ,   

       242   
 / .       є  

 18 .   1        
      6  ,   

  [2].      ,  
  ,      ( ),  '  

    ( ) [3].  

    –   , 
,    (  ),     

   .  ,    
      . 

      ,  
'      ,     

 ,       ,  
   є    , , 

       . 
       ,  

      – 

 – є    .  
       

       . 
        

        . 
 

 : 

1.  . . ,  . Environ. Sci. and Technol., 
1989. – . 23, № 9. – . 1061–1063. 

2.  .,  .       
. Environ. Health Respect., 2001. – . 110, № 6. – C. A 325–A 332. 

3.  . .    . 
  , 2004. – № 2. – . 18–24. 



 185 

    
    

 

 . ., ;  І. ., , , .  

 

      є  
     

      
 .       

   ,   
 ,     

 .    ( , , , 
,  )      

.    є    , 
      . 

  – ,      

      (   
   ),      

. є       
,      є   (   

,  ,  ), ,    . 
          

  є  . є   ,   
  «   »,    
     ,    

  75 %      5–10 %. 

      
є      є  (  

,     . .).     
   ,     

.     .  

   ,    
       

   .    
,   ,      

   50 %.    
є,      ,   

4 ,    є  5 . ,  
       

 є      
     ,    

  -    
      . 



 186 

     
 

я  . ., ;  І. ., ;  
єє  І. .,  , , .  

 

 є     -  

       ,  
        

’є       є є    
   .      

       
    .    

       
є ,     є  ;  

;  є   ,    
;    ,  -  

 ,    , 
    .    

  .     є    
.          

   .   ,   
   ,     ' ,  

          
,     . 

       є  
  -   ,     

  .       
,  є       . 

 , '       
  ,   ,     

,      .   є  
 , є   ,  
    (   -  

, ).    ,     
     ,    , 
 '        

.     : , 
, ,   .  

,         , 
 є   є ,    

     є ;    
   'є ,    є   ;  

       ,  , 
  . 



 187 

    
    

 

 . ., ;  І. ., , , .  
 

      є    
  – ,  є   

   '        
.        

   ,  :   
,     , 

  ,    ,  
,     . 

       '  
     : ,  , , 

,  , ,  , ' ,  
,  . 

 ,    '   
       ,   

           
 . 

      
,      .   , 

        ’  
 є  ,       

    .  є   

 '     , -

         . 
     є  

  -     ,  
 – ,  є    . 

         
    .     

    50 %,  – 18 %;     
  ,  6,8–7,4,   – 2,2 %,  –  

2,6 %,  – 2,7 %.  

     ,  є  
:  30–40 %;   20–30 %;   

0,5 %;  6,5-7,5;      1,5 %; 2 5 1,2–1,5 %; 2  1,1–
1,2 %; :N – 15; Mg – 1 %;  – 4 %. 

      ,  
  ,       

.   є 3–3,5 /      
  250–300 /  –  .   – 4 / . 



 188 

   ’  

 

 Є. ., ; єє  І. .,  , , .  

 

  ,      ,  
  , '       

 ,      'є  
        . 

,   є     
         .  

 '    є     
 ,  є     ,   

  .     ,    
     . 

  є     
  ’ ; ’    

    . 
'  (As)    ,  

   «  ».   є   
 (    )   . 

   '  є   ,  
'  ,       , 

-    .   '  є 
 ,        . 

 '    є є     
   .   '     

'є      ,   
,    є ,   ,  

  /  ,    . 
є     :   

'      – ,   
   (  –     

) – ,   є     – . 

  ʼ  '     
    ' ,   

  ,  є   . 

      , '   
є      . ’    ( ) 

      , , ,   . є  
 ,       

.    0,05–0,2 . 
  '        

 '    .    



 189 

    є  є  .  
        

 '    .  
’      ,   ,  

,      .     
   30 % ’  (max –  4-  ),   4 

%   .     ,  
 ,    .  ’   

 є  ,      
.   є   '    
   ,    є  —  

    (  , ,   ).  
  '  є      .   

є    .       
  є   .     

     -   
 .      

'  є   , , ,   
 ,  є     
. є      

 ' .       є  
 ,    ,    

  '    .    
  '     ,  
є      (  ). 

   '  ?  ,    
       ,   

     '   ,    
  .     є  

–   .       
є .  '        ,  

         
.  є     . , '  – 

  , є       
.  ,   ,     

 ’  ,      
       '     

,        
      .   

  є       
,     ,  

       
    . 



 190 

ENVIRONMENTAL BIOTECHNOLOGY AND IT ROLE IN THE SOCIETY 

 

Ablieieva I. Yu., Senior Lecturer; Okerio David Masese, student;  

Hannachi Fadwa, student, Sumy State University, Sumy 

 

Environmental Biotechnology focuses on the environmental applications of 

biotechnology, rather than the industrial applications. This means that, for 

example, instead of enhancing some bacteria to aid with medicine, environmental 

biotechnology might enhance some bacteria to better an aspect of agriculture. 

The involvement of humans: Whether we like it or not, humans will be 

involved in research surrounding Environmental Biotechnology. The level to 

which this could be an ethical concern depends on if consent was given and if there 

is potential harm caused from the research.  

Animal Experimentation: There is no doubt that animals, just as humans do, 

experience pain and suffering. As a general rule, the harm done to the individuals 

of the experiment should be logically justified by the benefits that the results bring 

to society in general. Going further, when dealing with Environmental 

Biotechnology, tests run on animals to benefit the same species in the wild might 

be more justifiable ethically than tests run to benefit humans. 

Risks to Environment and Biodiversity: Like any experiment, there will 

most likely be risks to the test subjects; which is, in this case, our environment. 

When considering ethics, the risks of the experiment must be taken into 

consideration, weighed against the benefits. An example of an environmental risk 

is the possible introduction of invasive species to the territory in question. Is it 

worth the pain to put our environment at risk?  

Exploitation: Environmental Biotechnology is often put into question 

because it may be considered an exploitation of Aboriginal people and knowledge 

(specifically the Aboriginal people who claim the territory in question as their 

own). Environmentally-sound management of biotechnology is the subject of 

Chapter 16 of Agenda 21. Biotechnology is not directly addressed in the 

Johannesburg Plan of Implementation. Biotechnology is the integration of the new 

techniques emerging from modern biotechnology with the well-established 

approaches of traditional biotechnology. It is a set of enabling techniques for 

bringing about specific human-made changes in DNA, or genetic material, in 

plants, animals and microbial systems, leading to useful products and technologies. 

The environmental crises which the world is experiencing, is forcing us 

among other things, to re-evaluate the efficient utilization of wastes or finding 

alternative uses for natural, renewable resources, especially organic waste, using 

clean technologies. When waste is not managed properly it can cause health and 

environmental risks. Currently, biowastes are dealt with in different ways including 

landfilling, composting, combustion, recycling and illegal dumping. Utilization of 

waste for bioproduct development and as a means of ensuring environmental safety 

can be done through different eco-friendly approaches. 
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BIOLOGICAL THREATS AS A CORE OBJECT OF BIOSAFETY SYSTEM 
 

Ablieieva I. Yu., Senior Lecturer; Jeeson Sam, student, Sumy State University, Sumy 
 

Biological agents have the ability to adversely affect human health in a 

variety of ways, ranging from relatively mild allergic reactions to serious medical 

conditions, including death. Many of these organisms are ubiquitous in the natural 

environment where they are found in water, soil, plants, or animals. Bio-agents 

may be amenable to "weaponization" to render them easier to deploy or 

disseminate. Genetic modification may enhance their incapacitating or lethal 

properties, or render them impervious to conventional treatments or preventives. 

Since many bio-agents reproduce rapidly and require minimal resources for 

propagation, they are also a potential danger in a wide variety of occupational 

settings. Bioweapon threats could include the deliberate release by attackers of an 

agent that causes one or more of a variety of different diseases. Public health 

authorities have developed a system to prioritize biological agents according to 

their risk to national security. Category an agents are the highest priority, and these 

are disease agents that pose a risk to national security because they can be 

transmitted from person to person and/or result in high mortality, and/or have high 

potential to cause social disruption. These are anthrax, botulism, plague, smallpox, 

tularaemia, and a collection of viruses that cause haemorrhagic fevers, such as 

Ebola, Marburg, Lassa, and Macho. These disease agents exist in nature (with the 

exception of smallpox, which has been eradicated in the wild), but they could be 

manipulated to make them more dangerous.  

The Ordinance on Handling Organisms in Contained Systems (Contain O), 

as well as various acts and additional ordinances govern activities with genetically 

modified, pathogenic or alien organisms in contained systems.  

The FOPH, together with the Federal Office for the Environment (FOEN), 

is responsible for enforcing the Contain O. This is intended to protect humans and 

the environment from damaging effects resulting from the handling of genetically 

modified, pathogenic or alien organisms in contained systems. 

Ordinance on Protection of Employees from Dangerous Microorganisms 

(only available in French, German or Italian. Few if any developing countries are 

adequately prepared to address bioterrorism. In the low-income countries and 

many areas of middle-income countries, the primary security threats are those 

associated with survival—ensuring enough food and water, adequate shelter, and 

tolerable levels of diseases. In these circumstances, neither the governments nor 

the people can give priority to addressing a seemingly abstract threat of 

bioterrorism. But progress is slow and uneven. Capabilities to prevent and respond 

to the spread of disease agents by bioterrorists depend on these same systems, 

while also requiring additional security arrangements. Governments of many 

developing countries would welcome BTRP’s assistance in enhancing biosecurity. 

Others may be less comfortable in providing new entry points for an expanded 

U.S. military presence, however well meaning. 
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ADAPTIVE CONTROL OF GRANULATION PROCESS AS ONE OF  

THE METHODS OF OBTAINING MONODISPERSED PRODUCT 

 

Kurdes Y., M.Sc.; Skydanenko M., Senior Lecturer, Sumy State University, Ukraine;  

Dhukka F., LLC « S TECHNOLOGY», India 

 

Global demand for nitrogen fertilizers is growing rapidly nowadays. 

Since market requirements for mineral fertilizers grow, it is necessary to 

increase their monodisperse composition, which in its turn provides higher 

productivity of agricultural crops, high flowing property, reduction of losses 

during their transportation and no balling during storage. Prilling in towers is 

the most common way of producing nitrogen fertilizers in the chemical 

industry worldwide. 

Rotary or static vibrating granulators are used to disperse melt in the 

tower. In the above granulators’ designs, the melt flows out under the influence 

of a hydrostatichead. Under the influence of this pressure, the melt flows out 

from all the openings of the perforated bottom in the form of jets subjected to 

forced regular perturbations affected by which the melt jets break upon to 

monodispersed drops. Frequency value of the forced signal depends on many 

parameters one of which is the melt flow rate. Since melt level in the 

granulator body varies depending on its performance, so to ensure 

monodisperse composition of the resulting prills, it is necessary to change 

frequency of the forced signal. 

In order to design a device (generator) wherein one can adaptively 

change frequency of the forced signal depending on the melt level in the 

granulator, there was conducted a series of experimental and theoretical studies 

of hydrodynamic parameters of the liquid out flow from the holes with the 

imposition of the forced oscillations. 

The following research results were obtained: one determined 

distribution of perturbations on the jet surface when applying forced 

oscillations, depending on the parameters of the signal coming out from the 

vibrator and the maximum effective frequency value and signal amplitude, 

depending on the melt level in the granulator case, to provide monodispersed is 

integration of jets onto drops. 

This research has become a basis for designing a device where in 

adaptive control of the granulation process can be performed and 

monodispersity of granules can be increased (obtaining over 98 % of the 

desired fraction) in a narrow fractional range, with the maximum number of 

particles that can be cooled down in this tower. 

It will result in producing high-quality goods complying with 

international standards and reducing dust emissions of nitrogen fertilizers into 

the atmosphere, which will improve environment in the production area.  
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 : 
1. Artyukhov A. E. Thermodynamic conditions for obtaining 3D 

nanostructured porous surface layer on the granules of ammonium nitrate /  

A. E. Artyukhov, V. I. , Sklabinskyi // Journal of Nano- and Electronic Physics. – 

2016. – Vol. 8, No. 4. – P. 04083-1–04083-5. 
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1. H2SO4( ) + nH2O( ) = H2SO4∙nH2O( )   +Q1 

2. CaO( ) + H2O( ) = Ca(OH)2( )   +Q2 

3. Ca(OH)2( ) + H2SO4( ) = CaSO4( ) + H2O( )  +Q3 

4. CaO( ) + H2SO4( ) = CaSO4∙0.5H2O( ) + 0.5H2O +Q4 

5. 3CaO( ) + 2H3PO4( ) = Ca3PO4 + 3H2O  +Q5 

6. CaSO4∙2H2O( ) = CaSO4∙0.5H2O( ) + 1.5H2O  -Q6 

7. CaSO4∙2H2O( ) = CaSO4 + 2H2O   -Q7 
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       . 
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+
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        : 
 

10Ca(NO3)2∙4H2O+6(NH4)2HPO4+8NH3∙H2O → 

→ Ca10(PO4)6(OH)2+20NH4NO3+46H2O.   (1) 
 

      -

     Ag
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  10  0,1   AgNO3.      

   36 °   1, 4  24 .   
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10Ca(NO3)2∙4H2O+6(NH4)2HPO4+8NH3∙H2O → 

→ Ca10(PO4)6(OH)2+20NH4NO3+46H2O.  (1) 
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1. Toothpaste by David AK. (2012). Retrived from http://www.chymist.com. 

2. Mangilal T., Ravikumar M. (2016). Preparation and evaluation of herbal 

toothpaste and compared with commercial herbal toothpastes: An invitro study. 

International Journal of Ayurvedic and Herbal Medicine, Vol. 6, No. 3. pp. 2266 –
2251. 

http://www.chymist.com/
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10Ca(NO3)2∙4H2O+6(NH4)2HPO4+8NH3∙H2O → Ca10(PO4)6(OH)2+20NH4NO3+46H2O. (1) 
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 : 

1. Zhang, J., Wang, Q., Wang, A. (2010). In situ generation of sodium 

alginate / hydroxyapatite nanocomposite beadsasdrug-controlledreleasematrices. 

ActaBiomaterialia, Vol. 6, pp. 445–454. 



 252 

  :   
  ,    

 

Є  . ., ;  І. ., , , .  

 

   ’   ,    .   
 ,   ,   .  
є   ,      

,  - .        
   .     є   
    (μ, κ, δ ).  

 є є  μ- ,   ,  
   .   μ-  ' є β-

,         Ca,  
    K,    -   

  .     ( ) є  
  .  ,    є. , 

   є      , 
     .        

 , ,  ,      
,   ,    -

 ,  ,  є     
  ,  є      

. 
,     ,  , 
 ,   є   .   

        
 μ-  ,  є   G-   

  β- ,  є   TRV-130 ([(3-

-2- ) ]({2-[(9R)-9- -2 )-6- 4,5]- -9-

]- }) ),         
,      ,   
         

 [1]. 

 

 : 

1. Scott M., DeWire, D. S., et al. (2013). Protein-biased ligand at the μ-opioid receptor 

in potently analgesic with reduced gastrointestinal and respiratory dysfunction compared 

with morphine. Journal of Pharmacology and Experimental Therapeutics, 

Vol. 344(3), pp. 708–717, doi: 10.1124/jpet.112.201616. 
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k = χ kT / h exp(–ΔH  / RT)·exp(ΔS  / R),   (1) 
 

 k, h –    ; ΔH , ΔS  –    
 ; ΔH  =  – RT,  –   ,  
є    ,χ –  є ,  

є  ,  ,   , 
       .  
   є  є,     
    .    є  

 

k = χ  kT / h exp(–  / RT)·exp(ΔS  / R).   (2) 
 

  ·kT / h = 3,401∙1012
 

–1∙ –1
.   

  .       
     - . 
,  є ,    є  ,   

   є   ,  ’   
  . 

        
  .    (50-60 )   

     : 
 

k = 9,861∙1011∙T∙exp(-11556,5 / T)∙exp(1,057∙C) (  ); 
k = 4,280∙1012∙T∙exp(-12008,3 / T)∙exp(1,053∙C) (  ); 
k = 3,476∙1012∙T∙exp(-11939,1 / T)∙exp(1,136∙C) (  ); 
k = 5,764∙1011∙T∙exp(-11418,8 / T)∙exp(1,189∙C) (  ). 

 

  є     є   
      .   

       , , 
'     є   . 

       
     5- 30 /( · ),  є   

       . 



 254 

     
     

 
    , , . -717;  

 . .,  , , .  

 

      .  
    .    

        
   . 

     , 
    .     ё  

  18  ,     ё   ё  
 – 275 .         

 (1,3–1,4 / 3),      1,1 / 3
. 

      ё  ё    
     77 %    ,   

      25–30 %,    (   
)   50 %    .    

        :  . 
 

 1 –      

   , /  

 7,956 

 39,158 

 17,127 

 43,345 

 227,545 

 5,920 

 0,060 

   0,540 

  0,240 

: 341,891 

 

     :  ,  
  .        

       ,  
  .     



 255 

      (   ,   
 ).  

         
 .      

,   – 5,920 /  –     ( . 1). 

     50     21 
,    ,   

  :  280  420    1  ; 12     
     .  

         
,    .      

     ,    . 
         , 

, , , ,    , 
         . 

     ,  
     1 /   .     

  ,  , ,   .  
     : 

 ,  ,  , 
       ,   , 

    .     
        

.   ,      
     .    

       8,5–9,0;   
 – 6,8. 

 ,  ,      
     . 

 

 : 

1.  . .       
  DN-1 / . .  //   

. – 2015. – № 11, . 2, – . 149–152. 

2.     .  : http://collectedpapers.com. 

ua/black_sea/pro-morsku-vodu-chornogo-morya. 

3.  ё  .  : https://guide-israel.ru/41113-sol-

myortvogo-morya. 



 256 

    

 . , , ;  . ., ;  
 . ., , , .  

 

    ,     
    ( . . chelate – ). 

       ,  
    . 

    ,    
 є Cu

2+
, Fe

2+
, Fe

3+
.     

     , , ,  
α-    Cu

2+
  є    

     ( ) .    
 є    , ,   

         
    ,     

α-        ,    
      -  .  

 ,       ( ) 
є      -

,   Cu
2+

   ’    
  SH-  ,     .  

        ( ) 
 є   ( )    .   

    .   = 1,5–2,0 є  
 -  ;   = 4–8 – 

   ;   = 8–11 – 
   .     

є         
    .       

  є    ( ) – .  
  є   ,     

    (2+),  є  
 6.  (2+) є   ’    

   ,   ’   
          

 ’    .   є  
  ’         . 

,     є ,   
’ є   ’ . 

      
        

  ;   , 
     . 



 257 

     
S100A9   -   

 

 ., ,  , . , ;  

 І. ., , , . , ;  
-  . . ,  , . , Ш  

 

,       - , 

’   -  ,    
  .     є 
  [1].    -  

є        
   ,  ,     
 ’є    -   ( ) ( . 1 ). 

         
є       [1]. 

      є 
    . 

 

 
  

 1 –    S100A9:  
 – ;  –     ,  

   ( ) 
 

 : 

1. Iashchishyn, I. A., et al. (2017). Finke-Watzky two-step nucleation-autocatalysis 

model of S100A9 amyloid formation: protein misfoldingas “Nucleation” Event. 

ACS ChemNeurosci, Vol. 8(10), pp. 2152–2158. 



 258 

-      

 . ., , . . -701,   ; 
 . ., , , .  

 

 ,   є     
   є ,   

-  .   є -

  ( ).   є   : 
 

Ε = Ε° + RT / (nF) · ln(Cox / Cred),   (1) 

 

  – -   ; ° – -  
   ; R –  ; T – ,   

 , ; n –  ,     ;  

F = 9,65·10
4
 –  ; Cox –   ,  

Cred –   . 
     -    

  . 
       -76. 

   “t” – “1–19”'   ,  
    ,    , 

    .    
    ,     

    .   “s ”  “'  / ”'. 

 є   1–19 (  ),    
 є   1–4. 

     ,   -

        .  
 

 1 –   ,    

  ,  

 +84 

’  +91 

  +141 

 +267 

 

    < 7 (  ),   ,  
   ,     , 
        

.   є     : 
      ,   



 259 

,    . є   
. 
         

   ,    
’   (      ); 

 ,    , є   
, є  .       є 

 – ,    . 
, є '   -    

      .     
   є  . 

 

 
 1 –     

 

 : 

1.  . .      
-   / . . ,  

. . , . .  //  , 1977. – . 235, №1. –  

. 198–200. 

2.  .     / . . – 

 : , 1980. – 283 . 
3.  . .   ( , , Eh)  

 / :  I.  “  / .” / . . , 
. . , . .  // , 1996. – № 5. – . 436–454. 



 260 

     

З  . ., ;  . ., , . -71; 

 . ., , , .  

 

         ,  
  ,      

      (RALEX® 
AM (H) – PES). 

 ,  ,  
     ( )     

,       .  ,  
  (2 %)       

. ,  ,     
,   2     1 %   

  .    
    1. 

 
 1 –   : 

1 – ; 2 –  ; 3 – ; 4 – ; 5 –  
; 6 –       

 

      
        

,     .    
     (CrO4

2-
, Cr2O7

2-)  
   20 / .     10 

     ,     1  
 .  ,        

 5        5–7 / .  
  , ,       

  ,        
 ,  ,   ,      . 



 261 

     
  

 . ., . , , .  

 

        
    .   ( ) 

 є      ,   
  .  ,     

,   ,    є   
    ,    

.         
         

   .       
,     (  , , 

  .). 
     ,   , 

    ,       
  ,    , '   

    .   1  
        
       . 

 

 1 –      
  

  
 

  
 

  
 

 

(  
),  

75×190×386 75×190×386 

  (  2)  
 3×60×350 , 
 S  = 2,1 2

 

-  
(  -3)   

3×60×350 , 
 S  2,1 2

 

  ( 1-0);  

S  = 0,7 2
 

 ( 1-0), S  0,7 
2
 

 /   1% –  

  

 –    

 ( .) 
+ 1 % –   

 

 RALEX®CM-PES 11-66 RALEX® AM(H)-PES 

 U,  5–7 10–12 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ІЯ « І А І І А И И  
А І А А И» 

 



 

263 

       

 

і ь А. ., і ;  . ., ;  

 А. А., , ,   

 

є       є   

       

       . 
 є      

:   ,    .   
       

 (IRENA)  ,   є    
-  Є     

  .  є   
  : 321 .   ,   

2011  (      -  ), 
         

.  
,      

     ,    є  
     3,5 / . 

        

           

   . 

       
       , 

     є  .  ,   
 ,  ,      

, є     ,  є 
.      ,   
       .  

        
  .  

       
     .     

    ,  є   
      ’є ,     

.          
 ,  є     .   

      :  
,  є     ;   

,    ;  ,   
. 



 

264 

Ь     ,  
Ь  

 

Є  Ю. ., ; ь . Ю., , , .  

 

   ( . 1)    
    ,     

 ,   ,    
’  (  50 )      ,  . 

 

 
 

 1 –   : 1 –  ;  
2 –  ; - ; 4 –  ;  

5 –   

 

   є  
   1,  є    . 

    2 є  ,  
    0,8  .  

        
    є  - . 
     є    4.  

      є   
   5. 

     ,   
, ,        

    ,    
  .  є       

,      
 . 



 

265 

     
    

 

 . ., ;  . ., , , .  

 

        
,     .     

   'є     ,    
  ,    , 

 ,        ( , 
 ,   . .),      

 . 
       

       
,    ,  є .  
є          

           
  . 

   ,     – 

   ,      
   ,    

 ,  є . 
       

        ( ).  
   є    ,     
 ,  є   . Є  
    .       

      . 
        

,      ,     
         , 
є     ( )  

"Seka".        ,     
є ,          
,  ,    . 

     ,    
    ,   

 , є     "Turo". 
          

 . 
     є    

є   ,      , 
,   . 



 

266 

Ь    Ь   

 

і  . ., ;  . ., ;  

 . ., , , .  

 

  ( ) є ,    
   ,      

   .    є   
    .   є     

 .      ( )  
      є     

    .  ,  ,  
є         

.         ,  
є        .  

 ,       є  
,         
  . 

          
 є      .      , 

,       .     
   є        

,       (   )   
 .         є    

,           
        
         
      .   

    є    Kr=0,2,  
   Kr = 0,36,  є    

      .     
       . 

        
         

 ANSYS CFX.      
          

 .        
  .   ,    є 

   ,   ,  
       Q=0,   

є  Kr   Kr=0,31.       
   125/32      

 16 %   . 



 

267 

Ь Ь  Ь    
   ,  Ь  

 

 А. ., ; ь . Ю., , , .  

 

        
  .      

   ,    ,   
,   ,   , 

 ,    ’  (  50 
),  .        
-     .   

 ,   ,   
  є     7 %   .  

  ,    , 
є        

 .      
    . 

       
,    ,        

      . 
       , 

,         
   ,      

 ( . 1). 
 

 
 

 1 –         
  : 1 – ,  є    

; 2 –     ; 3 –   
  ;  4 –   ;  

5 –    



 

268 

      
 

ь  . ., , .  41;  А. ., ., .  41 ; 
 . ., , , .  

 

  2010 .   є    VI 

 ,  є    
      . 

 ,         
         

  .      
    ,    , 

         
      ’   

       [1].   , 
   є      
       

    .   є  , 
    ,    ,  

 є   .   , є  
 ,  є   є:     

    ,     
       (  VIII –  

XIX )  VI    ?  
     ,   

 ,     ,  
   ( )   є  

        (  
 )    . ,    

 ,   є  ,  
є   VI      

 « » . 
    є  ,  є 
     ґ    .  

     ( ) ,   
  ,       

 « » ,      
 .    ґ  

  « - »  ,   , 
      3d- . 

 

 : 

1.  . .      
: . . / . . , . . . –  : , 

2016. – 201 . 



 

269 

       
 Ь   

 

і  . ., і , . PhD-72;  . І., , , .  

 

   ,    
є       .   

        
   ,       

 .  ’   ,     
       [1]. 

  ( )    
     ,    

       ,   
     ,    , 

            
 . 

      ,   
  .      

 .       
 є , ,  , є  . 

  є      
.     , ,  

   . 
   є    

   ,        ,  
      .    

      .  
    є  ,   

 (  є       
 ).        

        
  . 

      
,    , .   

    є     
       ,    
 .  є      
 ,      є   

      .  
        

.          
є        [2].  

   є      . 



 

270 

         
      . 

   :  , , 
.        
.  

  –       
,      .   

 є    ,       
  ,       

.      , 
     ,     

.  ,      
,   ,   (   

),  ,  ,     
. 

  ,    
,         
     ,    

є     є  .   
      є  

   . 
         

       . 
      ,  

       
   .  

  [1] ,   N-Q 

     .     
     ,    

    (  n=const). 

       ,    
    є ’      
        

. 
 

 : 
1.  . .,  . .  . , 

  . – . : , 1977. – 288 . 
2.  . .  . 



 

271 

       
     

 

Ч  А. ., і , . PhD-72;  . І., ., , .  

 

   є    
      .    

      ,  
 ,         

       ,    . 
        

є     . 
     є 

  i [ ],    Q [
3/ ]   , 

   u [ ],      [ ],  
  R  [ ],    ,  '  

           
 [ / 2],      R [ ].   
    [ 2/ 2] є   
 L  [ ].  є   є  є , 

        Z. 

         
 :   (    ) 

   (    ,  є 
  ),  ’   є     

.     
 .  ( )   

є    ,    
  .     

   є     
    . є    

        
         

           
. 
 

 : 

1.  . .    
 / . . . – . : , 1987. – 366 . 
2.  . .     

     / . . . – 

- , 2000. – 163 . 



 

272 

Ь       
        

   

 

 І. ., ., . . -71; і  . ., ., , .  

 

       
 є  . ,    

          
       

  .        
    . 

   '     
     .   
          

  . 
            

        
 .       

 3200-75-2  є   ns = 93   
   :  – Qopt = 3200 

3/ ,  – 

H = 75 ,    – n = 980 / . 
       

      ,     
         β2. 

      ,  
є       ,  

,       
 . 

        
        26º  32º    

,            
0,5Qopt  1,2Qopt є       

,       є .   
,    є   є   

 . 



 

273 

    
Ь      

  

 

 . ., ; і і  . ., , , .  

 

         
  ,      

,     , , 

  -      
,        . 

        , 
        . 

є     
,         

           
  .   є   є   

  ,    . 
    є   

    .    
       ,   

     ( )       
    ( ). 

  є    
     . 

  є       
  .    є:  ; 
 ;  ;  . 

      
є         

є  ,  є     
  . 

  є   є   
       ( , 

, , ,  є ,  ).  
       
є    є    . 

  є   є    
        : 

 

                                                       (1) 

 

  –      . 



 

274 

    Ь   
     

 

 . ., і ;  . І., , , .  

 

,       є 
  ,      (   

).   є   є   .   
 ,   є    є 

      .    
       

    . ’є   є 
       

Qnom = 50 3/ ,   H = 48 ,   
 n = 2 900 / , є   ns = 48.  

  ( )  є   ,  
  є  .     

       ( ),   
  .  ,     

 ,  є .      
  45   65  .   227 ,  

    40 .     
   37   50 ,       

75 .      40 .    
         

     ANSYS CFX.  
     6,3, 12,6  25 . 

      
        . 

    (Δh )  1,25    
     .   

         Δh = 6,9 , 
    Δh = 1,33 . ,    є     . 

        є  , 
  ’      .    

  ’ є    .   –    
        

   є  .   -     
.       ’є  
 ,      є .  ,  

       6,3   25   
        

    . 



 

275 

    
 

і  . А., , . -42; І ьє  . ., , , .  
 

  1,6/16   ,   
     .    є 

:       - 

  , '    ,   ,   
.         

(        
);       - , 

  . 
   є   . 

   є , ,   є    ( . . 
.).      .   

    є       
,        ,     

  .  є    ,  
         ,  , 

     ,   
  .  , ,      

           , 
       ,     

    .       
  ,  ,       

   . 
   . , є   ,  - є 

   , :   ,   
  (        ).  
     ,    

    .  ,  є  
        

                                          (1) 

,  
 

 1 –      

 0,1 0,2 0,3 0,5 0,6 0,7 0,9 1,0 1,1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 

 20,6 30 37,9 49 53,7 57 63 64,8 66,3 67,9 68 67,5 67,9 67,7 67 65,8 

 20,6 27,4 33,7 44,7 49,4 53,6 60,5 63,1 65,3 66,9 68 68,7 68,6 68,2 67,3 65,8 

          
   ,         

     ,       
,    . 



 

276 

    ’Є   

 

і ь  . ., і  PhD-62; і і  . ., , , .  

 

    є ,   
. . .  ,    , є   

    ,       
   є -   є .  

     ,   
    .     

 є  ,     -

   .        
є  ,     . 

       , 
 .   є   , , 

є   ,   ,  

     .   є 
       

,  ,  , ,  
  .  «  »   ,   

 .       1897–1899  
. Є. .      є  

  ,  : 

0 1
( )

p
D v v c                                          (1) 

 
p

D  -  , / 2
; 

   -  , / 3
; 

 
0 1
,v v  -         

 (  ), / ; 
  -      . 

      .  , 
     c     

   ,    
, є    ,    

,     .  
1

1
c

Е
Е d

k
E h









                                               (2) 

   –  ’є   ;  
 


 –  ; 

  –     ; 



 

277 

 d –  ; 
 h –   ; 
 k – є    . 

,       ,  
 ,     є .     

 c,      (L  τ ) є  
 : 

2 /c L                                                      (3) 

      τ     
(    ) t,     ,  

 2  :  ( )   (  t<τ), 
 ( )  (  t>τ).    

  ,  , є   ,  
     .    

    ,    
.         
   .      

   є     ,    
       .  

   є  .     
 'є  ,   є   

.       ,  
 є  ,      є  . 

    ,  : 
   ,  є  ; 

  ;   .Є.  
      ,   
. 

       . 
  ,       

-  , , ,     
       ,    

  .     
   ,     

. 
. ’є       

,    .  
     є    

 ,      , 
 . ,  є    

     ,    
       , 
  . 



 

278 

      

 

ь  . ., , . -41;  А. І., ., . -71;  

ь  І. ., , , .  

 

        –   
 (E = const)   ’      
    -  . ( 1 = 2 + Δ ),   Δ  –    

« » .   1 > 2   є    -  
   1. 

,  є ,  є     
 80 %,   є,    80 %    
           

   .  20 %  (   є Δ )     
є   ,  , .    

    (     є), 
         

. 
,     ,     
 є,     є  є  

   ,  .    є  
 «  »,    ,   
є      3–4  ,     

.        
 « »   :       

 (   ),     
 ,        , 

          . 
       

« »     ,   
    . 

 

 : 

1.  . .,  . .  . , 
  . – . : , 1977. 

2.  :  / . . , . . ,  
. . . . . . ;  . . . . , . . . – . : 

, 1986. 



 

279 

  Ь   

  

 

 А. І., ., . -71; ь  . ., , . -41;  

ь  І. ., , ,  

 

 ,       
 ,       

 ,        є 
     . 

,        
    : 

1.          
  .          

      .  
2.      ,   

      ,    ,  
є      60º–100º. 

3.      1:2 (     180º) є 
 30 %,    3 (   )  70 %. 

        
  . 

4.          

v̅,  ̅ ̅, Δh̅        . 
5.        

   є ,   є     
  vr,      v̅̅̅̅ . 

6.          
,     .  
7.         

     . 
          
     . 

 

 : 

1.  . .,  . .  . , 
  . – . : , 1977. 

2.  :  / . . , . . ,  
. . . . . . ;  . . . . , . . . – . : 

, 1986. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ІЯ « Я 
Є   

(  І І )» 

 



 

281 

     
  ’Є  Ь   

   

 

а ь . ., ., . . -71;  . .,  , .  

 

  є        
  є         

    .  ’   , є 

      
       

 . 
       

,          
.        

      . 
 є         ’є  

  .   є       
 –       

’є      .  
     є  

   є    
    .    

  є,      
      є ANSYS.  
  є    

        
   .    
        

    .  
   є   

        
  , ,     

   ,      
  `є   .    

 ’є    ,     
 . 
        

 ’є  ,       
 .  



 

282 

Ь  Ь     
    

 

і а . ., ., . -51;  . І.,  , .  

 

   ,    
  ,      є   

    .  
,  є     є  –   

      .    
  є   ,    є  

    ,     
          є є  

 .       ,   
 .        
   .     
  – є    k    

     ( )    
  ( ) k  =   /  .  є        

  ,  ’є є   ,  . 
     є  k    
 ,  є     .  

          і-
       ,  є  

 .        
 .      1 

 

 1 –  k        

 
  

5° 10°
 

15°
 

20°
 

25° 

 
є  k  

0,138  0,191  0,288  0,288  0,345  

 

   є  k  = 1    
 ,         0°  25° є  k  

є     0,138  0,345,  є   
   13,8 %  34,5 %        

  -   . 
       
     10   

    .  (    
 9000  / )      

      11 592  / .  



 

283 

   Ь    
    

 

 І. ., ., . . -71; а ь  . ., ., , .  

 

  є  ,    
    -  
.      ,    

      ' ,  
,   ,   . 

'є    є     
   .   є  

       
       .    

   Solid Works   
       ,   

  ,     ,  
є    ,      

  .  
      ,   

     .    
     +8 °   –24 °     

.       50 /  

 . 
       

   .     
,        .  

        є  
 ,      є  . 

        
  є  50   3     

  ,     
   .  

      
        

    .   
       є     

     . 
      3D-   

       
,       

,       
 'є       . 



 

284 

Ь  Ь   
      

  

 

і ь . ., , .  -51;  . І., , , .  

 

         
   . ,    -

        
      .     

є     є ,  є  
    є ,   є   

 , « є »     
.       – 10

0   
   ( )  1:1.    

       є 
. ,         
       – 10

0  
   є    

,  є       .  
       + 600 . , 

   є         
+ 45

0 .   є      
 .        

 «  »,         
         – 

10
0 .       

     ,  
      .   

       
.        

 .          
  .     

        
  ,      

. 
      .    5 

 є ( .  1),      
 ,       є 

  161 , 14  є ,  11   
        

. 
        

,  є       



 

285 

  є  є  ,    ,    
 .  
    200 2

 ,    
  , є,     

        
 (  +10 °   –10 °  ) є     30  50 / 2

. 
 

 1 –      
    

  

  

. 
+10° +5° 0° –5° 

  8 50 66 32 

.  4,0 3,5 3,0 2,4 
 

       
є         

     ,  є   
 , « є »     

 ( ). 
     

      є, 
      175   

11472  .  
   11 ,      
є   ,    

        3168 

 . 
         
      

35664  / .  
 .       

    200 2    
    є     
  .   є   

 2,4    ,     
  . 

 

 : 

1.  . .      
  [   ] //   – 

http://www.insolar.com.ua. 

2.  . .  .   // . 
. . – 2004. - № 2. – . 47–80. 



 

286 

     
     

 

ащ  . ., . . . - 71;  . І.,  , .  

 

       є 
        

        
.      

   ,    
« » .      

є    є ’    ,  
  :    , 

    ,    
   ,  ( )  

, є   ,  (    
 )      , 

         
 .      

     є   
,   є     
 .       

є  є    . .  
,  є      
     ( )    

  ( )  : .  =  / .  
є  є        

.       
         

      (     
   ).     є 
       . 

 є    є   .  
       ,     

   ,  ,  ,    
,   .      

 є     0,  1.  
         

є   .   є   
   ,  ,  

є , є       . 
       . 

.  є    
       «on-line». 



 

287 

    
 -    

  

 

а  . ., ., . -71; а і  . ., , , .  

 

      , '   
   .  ,  

          
       

    .  
        

  ,     , є 
 ,  є      

  .    ,   , 
     є ,   
        . 

      ,  
        є 

,  є      ,  
  ,   . 

       
 ,     є   40%  . 

        : 
  , ,    ,   

    .  ,  є 
      , є   , 
 є   , ’   

    ,     
  .. 

      ,  
 є   ,   , є   

     , є    
є '     , '   

     ,     
      . 

  є  є    
(  ,   ,  

,       ) 
     .   -  

  . 



 

288 

     
     

 

 . ., ., . . -71; а ь  . ., ., , .  

 

   є   ,   
  є  ,   

         
 .       2030 . 

є ,   є є     
 ,   є  -

  є   (  50 %)  ,  
      – .    

      45 %  
 -  ,    
      . 

     
 є    , 
       

    ,       
       

.         
      –  

        
        . 

’є   є     
    . 

     ,  
є    ,    

      ANSYS 

CFX  .     
         

SolidWorks.      є  ’є   
,  є .     

        
        

  (        
  ).   ,  є 

          
  .      
       , 

         
,        

  . 



 

289 

     Ь  
       

 Ь   

 

є а . ., ., . -71;  . ., , , .  

 

 '       
,         

   .       
є       ,    .  

     є      
,       є  

 , ,      ,  
 .  

 ,   є  ,   
         

.   є       

 ,  є      
     ,  ,  
   ,       

. 
 ,  ,        

    ,  
   .      

        
  ,          є 

.  
       

        
  ,      

.         
ANSYS.    є      

 ,   ,   ,   
 ,  ,  .    

      .  
    є   

      , 
     .    , 

          
  :    ,   

       ,  
   ,      

        . 



 

290 

   
   

 

 . І., ; а а . ., , , .  
 

       
 є є    ,     
є .       -  

 є         
.    є  

   25–30 %.  ,   
       є   

.  ’     ,   
 , є     , 

     , . 
 ,       

 ,    –  .    
,  є     10–20 % 

   .  80 %  є  
    .  , , є 

,      80 %,      
є    .      

      . 
       

є   .      є   
 .     70 %   

  ,         
80 ° .         

     40 %.  

      є   є 
      

.   ’є       
    .    

        
.       ,   , 
    .   

  є       , 
        . 

       
       . 

 

 : 

1.        
: .- . .    / . . ,  

. . , . . ; / .     – ., 2007. 



 

291 

 -   
Є   

 

 . ., ., . -71; а і  . ., ., , .  

 

    -    
      .    
    .   

      , є  
  . 
    ,   

,        ,  
,   є      

  є . 
       

  ,     
   є   ,    

  ,   є   
. 
         

 .      
  ,     , 

 ( ),   є   ,   
     .  

    ,     є  
       : 
1.  ,  є    

     є ,    
          
 .  ,    ,    

   .  
2.  . ,      
    .   ,  

       ’ .  
, ,    є    ’  . 

  є  є      
     . ,  є 

      , є  
  .  ,     
є  є      .  

  ,     
   . 



 

292 

  ,     
    

 

а а . ., ;  . І., , , .  
 

     ,   
      9–25 %  

   .  ,    
 є      .  

  ,        18  22 % 
є   ,  є    [1]. 

       
   є    40 %,     

  є    ( )   (   
3 %) ,       (  4 %), 

 (18–20 %)         
 є   (10–12 %) [1]. 

  ,      
     є  
.     є  , , 

 ,   .,     
          

 .        
 .     . 

  є       
    . 

   є    
   ,      

  .       
  ,  ( )    

 .      є  
   ,       
       ,  
’      є   

.        
      ,  :   
      .  

       
   ,  є      

 . 
 

 : 

1. Europump / Variable Speed Pumping. A Guide to Successful 

Applications // Hydraulic Instate and Europump. Published by Elsevier Ltd.,  

2004. 



 

293 

 Ь     
 Є  

 

 . ., ., . -31; а ь  . ., , , .  

 

  ,  є   
  ,   27 000 10

6
 .   

           
10 10

6
 .     ,     

       . 
   є      

      .   
     25 .    
     20 %,    

  . 
     ,  є  

.  є ,      
 –   ,    ,   

     .   
  (    є    

   )         
   ,        .  

     -     -  
,  є  ,     . 
       ,    

є .         
  ,     .    

 -        ,    - 

     .      
  1 900–2 400   ,   1 070–1 400   

.   є,        
     є    . 

       
   ,   

      5 %  10 %.    
       

      .  
,    ,    

  є      , ,  
,   . -   
  ,  є   є ,    
    . 



 

294 

    
    

 

а ь . І., ., . . -71; а ь  . ., ., , .  
 

        
      , 

           
 ,       

  , ,      
  . 

   –      
   ,     ,   

  ,     ,  
       є є  

    є   ,  
  ,  -    

 .  «  » є  
    ,  є    

     ,  ,  
    є   . 

  є       
-      

        
         

        
        

      . 
       

    : - , 
-   - .    

:   ,     .  
         

,       
     «  

».      є   
,      . ,  

,       є   
 . 

  , є      
       ,  
      

 :  є  ’є ,  ’є    
 є     . 



 

295 

    
  

 

а  . ., ., . -7; а і  . . , , .  

 

   є   
    .    

 -  ,   
  ,       

. 
          '  

      -  
,   -     

      .  
 ,   ,  Є  ,    

     ,  
        

,  є    . 
  є     

 .  є      
-  ,   ,    

  ,     є .  
 ,   -    
    ’є ,  є , 

, ,      
-  . 

   є      
 ,      

    ,   
 -     ,  

   .  
     

     є   
  -  .  

 є       
   ,  -

    .   
   'є . 

          
    ,    
 -  .      

     . 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ІЯ « І  І » 

 



 297 

  -    

   

 

я  . ., ; є  . ., ;  

 І. ., , , .  

 

     -  
  ( )  ,  є   

 .     
,         

        
    .     

 ,     
є  . 

  є      

        
 ANSYS CFX,       

’   ;     
      ’є ,  є ґ  

  . 

         
 ’є-    ,   

, ,  ,     .  
        
    ,     

     ,    
   ,      
   ’   .   

  є    ,    
  ,     –  

       . 
     

        
   ,     
    -   

  . 
      

    .  ,   
 є  є     
     .  , 

 є      -

    ,   є  . 



 298 

     
   

 

 . ., ;  І. ., ;  
 . ., і , , .  

 

-       
       
.     ,  , 

,   ,       
  [1].     ,  

є    , є   , 
’         

. 
      , 

  ,      
  ,      

        , 
     [2]. ,       

         
 . 

        
    ,  є    

  ,     .      
 ,         

   ,      
  .     

       
.  ,    є  

        
   . 

      
      

-        
 ,    ,     

. 
 

 : 
1 Miyazaki, T., Akisawa, A., Nikai, I. (2011). The cooling performance of a 

building integrated evaporative cooling system driven by solar energy. Energy and 

Buildings, Vol.43, pp. 2211–2218. 

2  . .     

  / . . , . . , . . . –  

 :  , 2012. – . 53–61. 



 299 

     
  ,  ,   ANSYS 

 

 . ., ;  . ., ;  
 . ., , , .  

 

        
 .        

         . 
   ,  є   є 

  , ’      
   . 

        Ansys, 

   .     
   ,        

         
  .  ,   є 

        
  ( )          

. 
     

     ,    
,      . 

 

 : 
1.  . .   / . . ,  

. . . –  :    , 1981 – 281 . 



 300 

   
  ,   

  -  

 

 . ., ;  . ., ;  
є  . ., , , .  

 

       
є      . ,  

є      є .    
  –       

     ,  є ,   
  .     
   є    

    .  
        

   є .  
      

 є є      
 ,    є   ,  

є         
є   .    є  

   - .    
є  ,      є   

 HFC-  HCFC- ,      
  .  є   

( )  . . .        
        , 

   .       
   -     

       . 



 301 

    Ё  
     

 -  

 

 . ., ;  . ., , , .  

 

        
  3-      

        
.     III  IV .    

         3-  
 .  

   ё   , 
  ё      ё   

   . 
 

 
 

 1 –      
    

 

 ,      
      
 :     , 

     .   
      ,   

16- 22,       . 



 302 

     
     

       

 

 . ., ;  . ., ;  

 . ., , , .  

 

        
ξ=0,012-0,022       
σ            

     L=150 ,  D =5   
    λ1=1,7.      

   (χ>χ ),  ,   
  ,    

 . 
 . 1     ξ   

       σ  
   0=3,0      

  λ1=1,7.      
        

 .   ,     
         

  .        
  ,     

          
   .      

   ( . 2)  , 
  . 1,     

        L /D    
 ξ ( . 3). 
 

0,5

0,55

0,6

0,65

0,7

0,75

0,8

0,85

0,9

0,95

1

0 5 10 15 20 25 30

L/D

z=0,012

z=0,018

z=0,015

z=0,022

 
 1 –     

        
  1=1,7  0=3,0. 



 303 

0,4

0,5

0,6

0,7

0,8

0,9

1

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8

z=0,012 z=0,015 z=0,018 z=0,022

 
 2 –     

        
,  1=1,7  0=3,0. 

 

0

2

4

6

8

10

12

14

16

18

20

0,01 0,012 0,014 0,016 0,018 0,02 0,022 0,024

L к/D

z  
 

 3 –        
     . 



 304 

    ’Є   
   

 

 . ., ;  . ., , , .  
 

       
       

    '    ,    
  .  ,      '   

   . 
   ,    ,  , 

 ,  .    
 z         

p    ,  є    є 
         

p ,   є  . 
  , є      
    , є     
      , є     
,       . 
       

 є , є       
    , є     , 
 є  ,     , 

       є ,    
,    . 

 , є    тz ,   
  'є      

.  ,  тz є  , 
 є          

    . 
  є      
   ,     

        ,  
є    .  

є        
*F    z . 



 305 

     
  

 
 . ., . ;  . ., , , .  

 

       
    

FlowVision       .  
      d=20 , , , 

 ,      . 
       

      
.  

  –     
   . 

       
       

.        
  .   – , 

 , , , . 
        

  .    ,  
    .      

       
     . 

      
   .          

    
       

   ,    .  
       

       
 .        , 

 ,      
       

   .       
  . 

  ,  ,  
      ,  
     . 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ІЯ « Я 
Є    

( І  І )» 

 



 307 

    
     

  
 

 . ., ;  . ., , , .  
 

          
ё ё       .  

        , 
      ,  

     ,   
     ,  

-    . .     
     ё  

     
     . 

      
 (  500 )      

( ),        
 :  ,  

,  ,   ;   
    ,     

,        
       

,   ,     
   .       

   1–2 . 
         
      

     5 000 3/ , 
10 000 3/   30 000 3/ .  :     

 =2,5 ,      =278 ,  
 N =5; 10; 20 ,      

=0,3; 0,6; 1,2 .  
  ё       

MicrosoftExcel.       
    ,   

 ё   ,   , 
 ,        

.  
  ё     

ё         
 ,     

     ё  
  . 



 308 

      
       

 

 . ., .;  . .,  , , .  

 

  ,   
,        

     .   
         

. . . ,        
       
.       

 ,       
  ,    .  

       
       .  

      
   [1].    

,    ,   
.        
. 

       
         

     . 
 

 : 

1.  . .    / . . . – . : 
, 1967. – 120 . 



 309 

     
      

   ANSYS 

 

єє  . ., ;  . ., і , , .  

 

      
     .   

         
       ,  

 є      [1],    
       [2].  

є        
      . 
       
   ,   3D     

      ANSYS. 

           
 [1].     [6]. 

        
        

.      ,   
     ’ .   

    ,      
       .  

    ,     
  .  

 

 : 

1.  . .       
      : . … . . 

 : 05.04.06 / . . . – ., 1986. – 183 . 
2.  . .   . – . : 

, 1981. – 197 . 
3.  . .      

       /  
. . , . .  //   . – 2015. –  

. 2, № 2. – . 1– 12. 



 310 

   

 

єє  . ., ; я  . ., ;  

 І. ., , , .  
 

       
    .     

є   <0,02   є     
  2-5  ,         

 1.     є   
      ,    

,         
    . 

     є  
        ,  

 (      )   
       ,  

   ,   ,    
. 

       
    :  

- 1-   -  V=5 
3
/ ,   0=100 

,   =120 ;   0=313 ;  
   n=2950 / ; 

- 2-   - V=4 3/ , 0=100 , =117 ; 0=293 , n=2950 

/ . 

        
 .      D2  

0,5 . 
   , є   

        
    0,4; 0,45  0,5 . 

       
:     1-   є  

   D2=0,45 ,   2-   – D2=0,4   
     26 % ,   
  19–20 % ,   D2    . 

     Kg є   
  0,02  0,06.   є :Kg=0,02-0,04 –  

 ( )  , Kg = 0,04-0,06 –  
 ( )  . 

  D2=0,45   1-    D2=0,4   2-    
    ,  є 

    . 



 311 

      
  -   

 

 . ., ; ё  . ., , , .  

 

    
          
 ,        

       
   ,      

   ,    
   1-2 .       

  ( )      
(50 ... 500 ),     ,  

     -  
     .    ,  
   ,     

   ,     
    .  

         
  -   ( )  

   50  500…700 . 
         : 

-      - 5,2 ; 

-        - 200 . 
      :  

-      (d . ) - 3,5 ; 4,0 
; 4,5 ; 5,2 ; 5,5 ; 6,0 ; 6,5 ; 

-   ( )   (f . ), 

 : 26,28 2; 30,28 2;  34,28 2
. 

        
  ,  3D-  ,    

     CAD/CAM/CAE-  PTC 
Creo.       

         
 .  
       

          
       ,    

        
   .  

        
          

   . 



 312 

    
     

 

і  . .,  ; і  . ., , , .  

 

    ’    
 -      

  є .       
 є    ,   

   .    , , 
       .  

 є    15 .    
    ,    

  .       
    ,    

   .   є 
 ,     -  . 

       
       є    
  ,      

    .      
     20–25 ° .   

         
є ,     ,   

є    ,  ’   
   . 

       
’     ,    

 .    ( ) ’    
  ,  є       

        
    .  ,   

    є ,   є .  
      є   
  ,        

 .     ,    
- ,   .      

        
  ,     , 

’    ’   -  ,   
   .     

  - ,     
  ,     

    . 



 313 

     
 -  

 

і  . .,  ;Є я  . ., , , .  

 

  ( )     
        

       ,  
      .   
    є,  ’     , 

 ,       
  ,  є   

  є   .   є  
 ,      є    

,  є 25 – 35 %.     
,   , ’    ,    

      . 
  ,      
 ,      

    ,  є  
    38 – 43 %.  ,  

    ,    
       .    

 є  ,   є    
  NOx    -  . ,   

   ,   -  ,  є   
  , є    

         
  ,    ,   

  .   ,     
        
 1000 ° ,         ,  

  ,       
,    ,   

   . 
       

  ’      
         

,      ,  - .  
 ,  -  є     
         

          
   .     

-        58 %. 



 314 

       
   0,3  

 

і  . ., ;  . ., , , .  

 

   ( , . LNG - liquefiednaturalgas) - 

  (  , CH4),    
  -160 ° C     . 

 є        
    ,  , , , 

   .    -  ,  
 100%   є   . 

         
.     є   'є  

  600 .  
         

   .       
 . 

   ,       
 :  ,  є   3   22,5 ;  

-   ( )  ,    
 ( ),   . 

    ,   є  .  
   є    -   

( ),    ( ),    
 ( )  . 

         
 є     Proj. 

     є  
’        

VDC . 

   ,     
   , ,  

 . 



 315 

     

 . ., . ;  . ., , , .  

      
    .       

, є    .     
   ,      

.       ,   
   .   ,   

  ,   .  
     ,  

,  ,     .  
     . 

  є    , 
   .     

  - , , ,  «  
 »,   .     

   :  , ,  
. 

  є   , є    
   6  19   .     

  , :  ,    
  ,     .    
    .    
   ,      .  

   є: 
–  ; 
–   . 

,        
, є   (   ), 

        є   
 ,      

 .        
       , 
     .  
       . 

  є      

,     , 
є    . 

 



 316 

 

 

  ...................................................................... 5 

  

 «  » ............................... 33 

       
    .................................... 

 

34 

       
      ............................................ 

 

36 

       
 .......................................................................................................  

 

37 

         
 .......................................................................................................... 

 

38 

      ’   
  ..................................................................... 

 

39 

      
   ................................................. 

 

40 

      
 .............................................................................................. 

 

42 

       
          

 ....................................................................................................... 

 

 

43 

      
  ............................................................................................  

 

44 

     
    .................................. 

 

45 

        
   ........................................................................ 

 

46 

  

 «    » ......... 48 

 CFD/CAM       
   ............................................................................................. 

 

49 

        
 ........................................................................................ .............. 

 

50 

       
      ........ 

 

51 

       
 ................................................................................................... 

 

53 

   -   ..... 54 

       
 .................................................................................................. 

 

55 

        
   ............................................................................... 

 

56 



 317 

     
 .......................................................................................................... . 

 

57 

  -    
   ....................................................... 

 

58 

  ’є  ’є      
  ........................................................................... 

 

59 

  

 «      
  » .................................................. 

 

61 

     
   « » ............................................. 

 

62 

       
    ............................ 

 

63 

       
  ......................................................................................... 

 

64 

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

 

66 

  

 «     
 » ................................................................... 

 

67 

      
      ........................................ 

 

68 

      ..................... 70 

     
  .................................................................... 

 

72 

     
      

       ................. 

 

 

74 

       
  ....................................................................................... 

 

76 

        
   .......................................................... 

 

78 

     
    ........................................................ 

 

79 

     
AlCrFeCoNi,   .................................................................... 

 

81 

      є  
    .................................... 

 

82 

      ..... 84 

     є    
  ...................................................................................... 

 

86 

      
     ........................ 

 

88 



 318 

-       ............... 89 

-      
  ..................................................................................... 

 

91 

  

 «    » .................. 93 

        
     .  ......................... 

 

94 

-     ................ 96 

      
 .................................................................................................. 

 

97 

       .............. 98 

  ’        
 ........................................................................................................ 

 

99 

       
    ................................................................................. 

 

100 

       ... 101 

   .............................................................. 102 

       ё  
      .... 

 

103 

       
      ................................. 

 

104 

  

 «   Ь,  
’  » ................................................................. 

 

105 

     
  .................................................................................... 

 

106 

  -    
     ................................. 

 

107 

      
   ........................................................... 

 

108 

     
  ......................................................................................... 

 

109 

      ...................... 110 

     
 ...................................................................................................... 

 

111 

     « -  
»      

 .............................................................................................................  

 

 

112 

      
     ......................................... 

 

113 

      
  ............................................................................. 

 

114 

  



 319 

      
  ........................................................................... 

 

115 

      
 ................................................................................................ 

 

117 

        
   .  .......................................... 

 

118 

     ’    
  ............................................................................. 

 

120 

  ’      ...... 121 

       
    .................................................................... 

 

122 

         
 ................................................................................................................. 

 

123 

   « »    
 ...................................................................................................... 

 

126 

   є   ................................................... 128 

        
 ........................................................................................................ 

 

130 

     ................................................. 132 

     - 

 .................................................................................................  
 

133 

      
      

 ............................................................................................................ 

 

 

134 

      
  ...................................................................................... 

 

135 

   ’     
    ................................... 

 

136 

       
     

 ............................................................................................................ 

 

 

137 

       
  .............................................................................. 

 

138 

’       
 .................................................................................................... 

 

140 

      
  ........................................................................... 

 

141 

     
  295 2-190/44-100  ..................................... 

 

142 

  

  

  

  



 320 

 «     
Ь  » .................................................... 

 

143 

How can solar energy replace traditional ways to gain energy in Ukraine .... 144 

       
      ....... 

 

146 

       
  (Betula pendula Roth.) ....................................................... 

 

147 

     
 ґ  ........................................................................... 

 

149 

        
      .................................................. 

 

150 

      
 ............................................................................................................ 

 

152 

      
  ........................................................................................... 

 

154 

Health risks of secondhand smoke ................................................................. 156 

       ............. 157 

       
 ............................................................................................... 

 

159 

      .................................. 160 

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

 

161 

      ....................................... 163 

      
 ..................................................................................................... 

 

165 

     ............... 166 

      є   
  ......................................................................................... 

 

168 

     
     .................................. 

 

169 

   є      
 ................................................................................................................. 

 

171 

  . -  .................................. 173 

    .    
  .......................................................................................... 

 

175 

        
     .............................................................. 

 

177 

Environmental aspects of the use of genetically modified products .............. 178 

       ... 179 

       .  ..................... 180 

      ....................... 181 

       
 ................................................................................................................  

 

182 



 321 

  ’є    ................................................. 183 

     
   .............................................................. 

 

185 

     .................................................. 186 

      
 .......................................................................................................... 

 

187 

   ’  ........................................ 188 

Environmental biotechnology and it role in the society ................................. 190 

Biological threats as a core object of biosafety system .................................. 191 

-       
 ...........................................................................................................  

 

192 

       
 ........................................................................................................... 

 

194 

 ,  є    , 
 ’   ........................................................................................ 

 

196 

       
  ................................................................................... 

 

198 

      
 ......................................................................................................... 

 

200 

     
 ........................................................................................... 

 

202 

      
    ................................................................................ 

 

203 

       ................... 205 

     є  ................ 206 

         
   ........................................................................................... 

 

207 

       
   .  ..................................... 

 

209 

       
 RAPPAM ...................................................................................... 

 

210 

      .  ..................................... 212 

       
   ............................................................................... 

 

214 

       
  ...................................................................... 

 

215 

  

  

  

  

  

  

  



 322 

 «    » ........................... 216 

      
  ........................................................................... 

 

217 

       
   .................................................................... 

 

218 

         ... 219 

        
    ................................ 

 

220 

      
    ............................. 

 

221 

      
  ........................................................................................ 

 

223 

   ’є -    .... 224 

     .................................................. 225 

    .............................................. 226 

      .............. 227 

      
       .................... 

 

228 

 -    
 ................................................................................................. 

 

229 

     .......................... 230 

     
      ............... 

 

231 

      
   .......................................................... 

 

232 

Adaptive control of granulation process as one of the methods of obtaining 

monodispersed product ................................................................................... 

 

233 

    ......................................................... 234 

      ...................... 235 

        
  ......................................................................................... 

 

236 

    ...................................... 237 

      
’  ...................................................................................................... 

 

239 

     «  – 

»       
   ................................................................ 

 

 

240 

    є    
  ......................................................................................... 

 

242 

       
 ................................................................................................. 

 

244 

       
    .................................................. 

 

245 



 323 

 «  » ..................................................................... 247 

  Ag+
   -

 .......................................................................................................... 

 

248 

         
 ........................................................................................................ 

 

249 

      
      .................................................... 

 

251 

  :     
,    .................................................................... 

 

252 

     ..................................... 253 

       
  ..............................................................................................  

 

254 

    ................................................. 256 

     S100A9  
 -   ..................................................... 

 

257 

-      ....................... 258 

     ....................................... 260 

     .......................... 261 

  

 «    
 » .............................................................. 

 

262 

       ..................... 263 

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

 

264 

        ... 265 

     .................................................. 266 

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

 

267 

      ..................................................... 268 

       
   ..................................................... 

 

269 

         
  ................................................................................... 

 

271 

          
       ......... 

 

272 

       
   ................................................... 

 

273 

       
    ........................................................ 

 

274 

    .................................... 275 

    ’є   .............................. 276 

      ........................................ 278 

      ..... 279 



 324 

 «  Є   
(  )» .............................................. 

 

280 

      
’є       

 ...................................................................................................... 

 

 

281 

        
  ............................................................................. 

 

282 

       
  ........................................................................................ 

 

283 

       
    ............................................ 

 

284 

       
   .......................................................................... 

 

286 

    -  
   ................................................ 

 

287 

       
   .................................................................... 

 

288 

        
       

 ..................................................................................................... 

 

 

289 

     .................. 290 

 -   є  
 ................................................................................................. 

 

291 

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

 

292 

     є  ............. 293 

       ................. 294 

     ............ 295 

  

 «  » ................................................... 296 

  -     
 ................................................................................................................ 

 

297 

      
 ............................................................................................................ 

 

298 

      
 ,  ,   ANSYS ......................................... 

 

299 

    
 ,     –  ..... 

 

300 

    ё   
     -

 ......................................................................................................... 

 

 

301 

 

 

 

 



 325 

      
       

    ...................................................................... 

 

 

302 

    ’є    
  ...................................................................................  

 

304 

      
 ........................................................................................... 

 

305 

  

 «  Є   
(  )» .................................................................. 

 

306 

     
      ...................... 

 

307 

         
   ........................................................... 

 

308 

       
     ANSYS .................................. 

 

309 

   ............................................................. 310 

      
 -   ........................................... 

 

311 

      
  ..........................................................................................  

 

312 

     -  ............ 313 

        
 0,3  .............................................................................................  

 

314 

     ................................... 315 

  

 



  

 

 

 

 

 Е   
 И  И И  

 

 

 

А ІА   
  

 

V ь  ь   
-    

( . , 17–20  2018 .) 
 

 

 

ь    . .  

’   І. .  

 

 

 

ь    . 
 

 

 

 

 
 60×84/16. . . .      ,     . . . .      ,     .  100 . . №          

 

 

 

 

ь    
ь   ,  

. ь - , 2, . , 40007, .  
 ’є     № 3062  17.12.2007. 


	Довгополов А. Ю., аспірант; Некрасов С. С., доцент, СумДУ, м. Суми
	Рисунок 1 ( Профіль різьби із зазначенням параметрів
	теплозащитная изоляция в футеровкЕ вращающейся печи
	Рисунок 1 – Схема шпаринного ущільнення з плаваючим кільцем
	Герметичність торцевого стику С залежить від відношення контактного тиску  до ущільнювального тиску . Контактне ущільнення, у свою чергу, визначається коефіцієнтом навантаження. Конструкція  ущільнення дозволяє змінювати цей коефіцієнт у широких межах...
	Обрамец Ю. В., магистрант; Михайловский Я. Э., доцент, СумГУ, г. Сумы
	1. Scott M., DeWire, D. S., et al. (2013). Protein-biased ligand at the μ-opioid receptor in potently analgesic with reduced gastrointestinal and respiratory dysfunction compared with morphine. Journal of Pharmacology and Experimental Therapeutics, Vo...
	1. Ковда В. А. Опыт применения ионоселективных электродов в почвенно-агротехнических исследованиях / В. А. Ковда,  Е. А. Матерова, Г. К. Зыкина // ДАН СССР, 1977. – Т. 235, №1. –  С. 198–200.
	2. Камман К. Работа с ионоселективными электродами / К. Камман. – Москва : Мир, 1980. – 283 с.
	3. Рыженко Б. Н. Химические характеристики (состав, рН, Eh) системы порода / вода: Часть I. Системы “гранитоиды / вода.” / Б.Н. Рыженко, В. Л. Барсуков, С. Н. Князева // Геохимия, 1996. – № 5. – С. 436–454.
	РОЗРАХУНКИ ВИХРОВИХ КОМПРЕСОРІВ

