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EFFECT OF RAPESEED MEAL GRITS ON THE QUALITY INDICATORS OF 

WHEAT-RYE BREAD «HEALTH» 
Z. V. Vasilenko, L. V. Lazovikova, T. V. Trofimenko, A. A. Moschina 

Belarusian State University of Food and Chemical Technologies, Republic of Belarus 

�BSTRACT 
Introduction. It is important to expand the range of bakery products with enhanced nutritional value, 

particularly those made using domestically produced raw materials. The general scientific task is to justify the 

possibility of adding rapeseed meal grits to improve the nutritional value of wheat-rye bread by increasing the 
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content of protein, dietary fiber, minerals and vitamins. 

Materials and methods. Wheat-rye bread, rapeseed meal grits (particle size 1.0, produced according to TU 

BY 700036606.137 ‒ 2024), obtained from rapeseeds of Belarusian selection, harvest year 2024. Mass fraction 

of protein ‒ GOST 26889-86, minerals ‒ GOST 31870-2012 item 5, vitamin composition: B4 – STB 2545-

2019; B1 – MVI. MN 2052-2004; B2 – GOST EN 14152-2020; physical and chemical indicators – using 

generally accepted methods. 

Results. The developed wheat-rye bread «Zdorovye» differs from the traditional one in its higher protein 
content – 8,2 %; dietary fiber – 2,7 %; minerals: calcium – 255 mg/kg, potassium – 1399 mg/kg, magnesium 

– 346 mg/kg, manganese – 7,28 %; vitamins – B4 – 62,27 mg/100 g, B2 – 0,07 mg/100 g; B1 – 0,09 mg/100 g. 

Conclusions. The possibility of replacing wheat flour (as the most commonly used ingredient in the baking 

industry) with 5 % rapeseed meal grits has been established, which ensures the production of bread that meets 

the quality standards set by STB-639 in terms of physicochemical and organoleptic indicators. The introduction 

of rapeseed meal grits enhances the nutritional value of the developed bread. 

KEY WORDS: wheat-rye bread; rapeseed meal grits; improved nutritional value; protein; minerals; 

vitamins. 

FOR CITATION: Vasilenko, Z. V. The influence of rapeseed meal grits on the quality indicators of wheat-

rye bread «Health» / Z. V. Vasilenko, L. V. Lazovikova, T. V. Trofimenko, A. A. Moshchina // Vestnik of the 

�elarusian State University of Food and Chemical Technologies. – 2024. – №. 2(37). ‒ $. 3‒10. 
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"A>1K9 8=B5@5A ?@54AB02;O;> 87CG5=85 D878:>-E8<8G5A:8E ?>:070B5;59 2K@01>B0==KE 
E;51>2. �0==K5 > D878:>-E8<8G5A:8E ?>:070B5;OE ?@54AB02;5=K 2 B01;8F5 1. 

&45?. 1. (878:>-E8<8G5A:85 ?>:070B5;8 E;510 A 4>102;5=85< :@C?:8 H@>B0 @0?A>2>3> 

Table 1. Physicochemical parameters of bread with the addition of rapeseed meal grits 

#>:070B5;L �>=B@>;L=K9  
>1@075F E;510 

?> %&� 639-95 );51 A :@C?:>9 H@>B0 @0?A>2>3> 
(% 70<5=K ?H5=8G=>9 <C:8) 
3 5 7 

�;06=>ABL <O:8H0, % 39,9±0,2 =5 1>;55 53 40,4±0,2 42,7±0,1 43,9±0,1 

�8A;>B=>ABL <O:8H0, 
3@04 

2,4±0,2 =5 1>;55 13 2,5±0,1 2,8±0,2 3,0±0,2 

#>@8AB>ABL <O:8H0, % 76±0,1 =5 <5=55 42 82±0,1 84±0,1 80±0,1 

%0E0@, % 3,85±1,02  4,1±1,02 4,34±1,02 4,7±1,02 

�>MDD8F85=B 
=01CE05<>AB8 

6,8±0,1 - 7,7±0,1 7,9±0,1 7,3±0,2 

 

%>3;0A=> ?>;CG5==K< @57C;LB0B0<, 2;06=>ABL 2K@01>B0==KE 8745;89 A 4>102;5=85< 
:@C?:8 H@>B0 @0?A>2>3> 1K;0 2 ?@545;0E 40‒42 % 8 ?@52KH0;0 40==K9 ?>:070B5;L 2 
:>=B@>;L=>< >1@07F5, GB> A2O70=> A ?>2KH5==K< A>45@60=85< 15;:0 8 ?8I52KE 2>;>:>= 2 
:@C?:5 H@>B0 @0?A>2>3>, >1;040NI8E E>@>H59 A?>A>1=>ABLN C45@6820BL 2;03C. !081>;55 
2KA>:>9 2;06=>ABLN >B;8G0;AO E;51 A 7 % 70<5=>9 <C:8. � A2O78 A 1>;55 2KA>:>9 2;06=>ABLN 
?>;CG5==KE 8745;89 :>MDD8F85=B =01CE05<>AB8 1K; B0:65 2KH5 C >?KB=KE >1@07F>2 =0                 
7,3‒7,9 %, G5< C :>=B@>;L=>3> >1@07F0. #>@8AB>ABL <O:8H0 2 2K@01>B0==KE >1@07F0E 
A>AB02;O;0 >B 80 4> 84 %, GB> =0 5 % 2KH5, G5< C :>=B@>;L=>3> >1@07F0, GB> A2845B5;LAB2C5B 
> 1>;LH59 0:B82=>AB8 4@>6652KE :;5B>:. �8A;>B=>ABL C 2A5E 8AA;54C5<KE >1@07F>2 1K;0 
2KH5, G5< C :>=B@>;L=>3>, GB> A2O70=> A >1@07>20=85< 1>;LH53> :>;8G5AB20 :8A;>B 2 
?@>F5AA5 1@>65=8O. %>45@60=85 A0E0@0 2 E;515 «�4>@>2L5» A>AB028;> >B 4,1 4> 4,7 % 8 

?@52KH0;> A>45@60=85 A0E0@0 C :>=B@>;L=>3> >1@07F0, =5A<>B@O =0 B>, GB> 87 @5F5?BC@K >= 
1K; 8A:;NG5= ?>;=>ABLN. �0==K9 D0:B >1JOA=O5BAO =0;8G85< 2 :@C?:5 H@>B0 @0?A>2>3> 
B0:8E A>548=5=89, :0: 3;N:>78=>;0BK [8‒10], :>B>@K5 ?>4 459AB285< D5@<5=B0 <8@>78=07K 
@0AI5?;ONBAO =0 87>F8>B8>=0BK 8 3;N:>7C, :>B>@0O 8 ?@8405B A;04:89 2:CA E;51C. 
&0:8< >1@07><, =5>1E>48<> >B<5B8BL, GB> C 2A5E 8AA;54C5<KE >1@07F>2 D878:>-

E8<8G5A:85 ?>:070B5;8 =0E>48;8AL 2 ?@545;0E =>@<K, CAB0=>2;5==>9 %&�-639, => ?@52KH0;8 
?>:070B5;8 4;O :>=B@>;L=>3> >1@07F0. 
�0: 8725AB=>, :0G5AB2> E;510 2 7=0G8B5;L=>9 AB5?5=8 >1CA;>2;5=> >@30=>;5?B8G5A:8<8 

?>:070B5;O<8 [11‒13]. �>102:8 @0AB8B5;L=>3> ?@>8AE>645=8O >:07K20NB 7=0G8B5;L=>5 
2;8O=85 =0 >@30=>;5?B8G5A:85 ?>:070B5;8 E;51>1C;>G=KE 8745;89 [14‒15]. #>MB><C 2 @01>B5 
=0<8 1K;8 8AA;54>20=K >@30=>;5?B8G5A:85 ?>:070B5;8 :0G5AB20 E;510. $57C;LB0BK 
?@54AB02;5=K 2 B01;8F5 2. 
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&45?. 2. "@30=>;5?B8G5A:85 ?>:070B5;8 :0G5AB20 E;510 A 4>102;5=85< :@C?:8 H@>B0 @0?A>2>3> 

Table 2. Organoleptic quality indicators of bread with the addition of rapeseed meal grits 

!08<5=>20- 
=85 

?>:070B5;O 

 

�>=B@>;L=K9 

>1@075F E;510 

);51 A :@C?:>9 H@>B0 @0?A>2>3> 
% 70<5=K ?H5=8G=>9 <C:8 

3 5 7 

 

 

 

 

 

�=5H=89 
284 

#@028;L=0O 
D>@<0, 3;04:0O 
?>25@E=>ABL 
:>@:8, >:@0A:0 
:>@:8 

@02=><5@=0O 
:>@8G=52>3> 
F25B0 

#@028;L=0O D>@<0 
?>2KH5==>3> 
>1J5<0, 3;04:0O 
?>25@E=>ABL 
:>@:8, >:@0A:0 

:>@:8 @02=><5@=0O 
:>@8G=52>3> F25B0 

#@028;L=0O D>@<0 
?>2KH5==>3> >1J5<0, 
3;04:0O @>2=0O 

?>25@E=>ABL  :>@:8, 
>:@0A:0 :>@:8 

@02=><5@=0O :>@8G=52>3> 
F25B0 

#@028;L=0O 
D>@<0 

?>2KH5==>3> 
>1J5<0, 3;04:0O 

@>2=0O 
?>25@E=>ABL 
@02=><5@=0O 
:>@8G=52>3>  
F25B0 

    
 

 

 

%>AB>O=85 
<O:8H0 

$02=><5@=K9, 
A@54=59 

M;0AB8G=>AB8, 
A> A@54=59 

=5@02=><5@=>9 

B>;AB>AB5==>9 
?>@8AB>ABLN, 
=5;8?:89, ?@8 
@07652K20=88 
:><:C5BAO 

$02=><5@=K9, 
A@54=59 

M;0AB8G=>AB8, A> 
A@54=59 

@02=><5@=>9 
B>=:>AB5==>9 
?>@8AB>ABLN, 
=5;8?:89 

$02=><5@=K9, A@54=59 
M;0AB8G=>AB8,            

A <5;:>9 @02=><5@=>9 
B>=:>AB5==>9 
?>@8AB>ABLN,       
=5;8?:89 

$02=><5@=K9, 
E>@>H59 

M;0AB8G=>AB8, 
A <5;:>9 

@02=><5@=>9 
B>=:>AB5==>9 
?>@8AB>ABLN, 
A;53:0 

?@8ACBAB2C5B 
70;8?0=85 

 

�:CA 
%2>9AB25==K9 

E;51>1C;>G=K< 
8745;8O<, 157 
?>AB>@>==8E 
?@82:CA>2 

%2>9AB25==K9 

E;51>1C;>G=K< 
8745;8O<, A;53:0 
2K@065= 2:CA 
60@5=>3> >@5E0 

%2>9AB25==K9 

E;51>1C;>G=K< 8745;8O<, 
2:CA 60@5=>3> >@5E0 

%2>9AB25==K9 

E;51>1C;>G=K< 

8745;8O<, O@:> 
2K@065= 2:CA 
60@5=>3> >@5E0 

 

�0?0E 
%2>9AB25==K9 

E;51>1C;>G=K< 
8745;8O<, 
?@8OB=K9, 

2K@065==K9, 157 
?>AB>@>==8E 
70?0E>2 

%2>9AB25==K9 

E;51>1C;>G=K< 
8745;8O<, 
?@8OB=K9, 

2K@065==K9, 157 
?>AB>@>==8E 
70?0E>2 

%2>9AB25==K9 

E;51>1C;>G=K< 8745;8O<, 
?@8OB=K9, A;53:0 

2K@065==K9 3>@G8G=K9 
0@><0B 

%2>9AB25==K9 

E;51>1C;>G=K< 

8745;8O<, 
?@8OB=K9, 
2K@065==K9 
3>@G8G=K9 
0@><0B 

 

�0: 284=> 87 ?@54AB02;5==KE 40==KE, E;51 ?H5=8G=>-@60=>9 «�4>@>2L5» A 3 8 5 % 70<5=>9 
?H5=8G=>9 <C:8 =0 :@C?:C H@>B0 @0?A>2>3> ?> 2:CAC, D>@<5, E0@0:B5@C ?>25@E=>AB8, F25BC, 
M;0AB8G=>AB8 8 ?>@8AB>AB8 <O:8H0 A>>B25BAB2C5B B@51>20=8O< &!#�, ?@54JO2;O5<K< : 
?H5=8G=>-@60=><C E;51C. #>25@E=>ABL 8745;89 1K;0 3;04:0O, 157 B@5I8=. *25B :>@>: – 
B5<=>-:>@8G=52K9. #@8 @07@570=88 <O:8H E;510 C 8AA;54C5<KE >1@07F>2 1K; @0728BK9, 157 
?CAB>B 8 C?;>B=5=89, ?@>?5Gё==K9, M;0AB8G=K9, =5;8?:89, 157 :><>G:>2 8 A;54>2 =5?@><5A0. 
�:CA 8 70?0E E;510 1K;8 A2>9AB25==K5, A;53:0 A;04:>20BK5 A 0@><0B>< 60@5=>3> >@5E0. 
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"4=0:>, 2 >1@07F5 E;510 A 7 % 70<5=>9 <C:8 >B<5G5= A;53:0 2;06=K9 <O:8H, O@:> 
2K@065==K9 2:CA 60@5=>3> >@5E0 8 3>@G8G=>3> 0@><0B0. �AE>4O 87 >@30=>;5?B8G5A:8E 8 
D878:>-E8<8G5A:8E ?>:070B5;59 :0G5AB20 ?>;CG5==KE 8745;89, 2 :0G5AB25 >?B8<0;L=>9 
:>=F5=B@0F88 1K;0 2K1@0=0 :>=F5=B@0F8O 5 %-=>9 70<5=K ?H5=8G=>9 <C:8 :@C?:>9 H@>B0 
@0?A>2>3>. 
�;O B>3>, GB>1K >E0@0:B5@87>20BL ?8I52CN F5==>ABL @07@01>B0==>3> E;510, =0<8 1K; 

8AA;54>20= E8<8G5A:89 A>AB02 8745;89. #8I520O F5==>ABL 8745;89 :>=B@>;L=>3> 8 >?KB=>3> 
>1@07F>2 ?@54AB02;5=0 2 B01;8F5 3. 

&45?. 3. #8I520O F5==>ABL 100 3 E;510 ?H5=8G=>-@60=>3> «�4>@>2L5» 2 A@02=5=88 A :>=B@>;5< 

Table 3. Nutritional value of 100 g of wheat-rye bread «Health» compared to the control 

#>:070B5;8 &!#�, CAB0=. <5B>4 
8AA;54>20=89 

);51 
?H5=8G=>-
@60=>9 
(:>=B@>;L) 

);51 ?H5=8G=>-@60=>9 «�4>@>2L5» 
2A53> ± : :>=B@>;N, % 

�5;:8, 3 �"%& 26889-86 7,10 8,20 +15,50 

�8@K, 3 �"%& 31902-2012 1,40 1,80 +28,50 

'3;52>4K, 3  ' ?> ;01. :>=B@>;N 
:0G5AB20 ?@>4C:F88 2 
>1I. ?8B0=88, CB2. #>AB. 
 � $� >B 21.04.01                
№ 18/29, A. 247 

49,00 37,70 –23,00 

#8I52K5 
2>;>:=0, 3 

�"%& 34844-2022 1,20 2,70 +125,00 

 8=5@0;L=K5 25I5AB20: <3/:3 
:0;LF89 �"%& 31870-2012 ?.5 168,00 255,00 +51,78 

:0;89 �"%& 31870-2012 ?.5 1385,00 1399,00 +1,01 

<03=89 �"%& 31870-2012 ?.5 265,00 346,00 +30,50 

<0@30=5F �"%& 31870-2012 ?.5 5,67 7,28 +28,40 

�8B0<8=K, <3/100 3 
�4   %&� 2545-2019 61,87 62,27 +0,62 

�1  ��. ! 2052-2004 0,08 0,09 +12,50 

�2 �"%& EN 14152-2020 0,05 0,07 +40,00 

�7 40==KE B01;8FK A;54C5B, GB> ?> A>45@60=8N 15;:0 @07@01>B0==K9 ?H5=8G=>-@60=>9 
E;51 ?@52KH05B :>=B@>;L=K9 >1@075F ?> A>45@60=8N 15;:0 – =0 15,5 %, ?> A>45@60=8N 68@0 
– =0 28,5 %, ?> ?8I52K< 2>;>:=0< ‒ =0 125 %. %>45@60=85 C3;52>4>2 2 @07@01>B0==>< >1@07F5 
E;510 =0 23 % CABC?05B 40==><C ?>:070B5;N 2 :>=B@>;L=>< >1@07F5. �=0G5=8O A>45@60=8O 
<8=5@0;L=KE 25I5AB2 2 @07@01>B0==>< E;515 «�4>@>2L5» ?@52KH0NB 40==K5 ?>:070B5;8 
:>=B@>;L=>3> >1@07F0: ?> A>45@60=8N :0;LF8O ‒ =0 51,78 %, :0;8O – =0 1,01 %, <03=8O ‒ =0 
30,5 %, <0@30=F0 ‒ =0 28,4 %. 
&0:8< >1@07><, 8A?>;L7>20=85 :@C?:8 H@>B0 @0?A>2>3> 2 B5E=>;>388 ?H5=8G=>-@60=>3> 

E;510 A?>A>1AB2C5B ?>;CG5=8N 8745;8O A C;CGH5==>9 ?8I52>9 F5==>ABLN 70 AG5B C25;8G5=8O 
A>45@60=8O 15;:0, ?8I52KE 2>;>:>=, <8=5@0;L=KE 25I5AB2 8 28B0<8=>2. 
);51 2 ?@>F5AA5 1@>65=8O ?@8>1@5B0; A?5F8D8G5A:89 2:CA 8 0@><0B.  

 

����2+�!�� 

);51 ?H5=8G=>-@60=>9 «�4>@>2L5» ?@52>AE>48B ?@>872>4AB25==K9 0=0;>3 ?> A>45@60=8N 
15;:0 (+15,5 %), ?8I52KE 2>;>:>= (+23 %), :0;LF8O (+51,78 %), <03=8O (+30,5 %), <0@30=F0 
(+28,4 %), :0;8O (+1,01 %), 28B0<8=>2 3@C??K �. %;54>20B5;L=>, 8A?>;L7>20=85 :@C?:8 H@>B0 
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@0?A>2>3> ?@8 ?@>872>4AB25 ?H5=8G=>-@60=>3> E;510 F5;5A>>1@07=>. �2545=85 2 @5F5?BC@C 
E;510 :@C?:8 H@>B0 @0?A>2>3> ?>72>;8B =5 B>;L:> ?>2KA8BL ?8I52CN F5==>ABL 8745;89, => 8 
@07=>>1@078BL 0AA>@B8<5=B.  
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THE USE OF SUNFLOWER OIL, ENCAPSULATED IN A PROTEIN-

POLYSACCHARIDE COATING, IN GLUTEN-FREE MUFFIN TECHNOLOGY 

�. S. N4v4zhylava, I. A. Mashkova, V. �. Vaskina, A. L. Chalnakova 

Belarusian State University of Food and Chemical Technologies, Republic of Belarus 

ABSTRACT 
Introduction. The aim of the research is to develop the technology of gluten-free muffin using sunflower oil. 

There are known methods for forming the consumer properties of such products through the use of emulsifying 

gels based on liquid vegetable oils, encapsulated in protein-polysaccharide coatings. However, there is 

insufficient scientific knowledge regarding the technological properties of protein-polysaccharide mixtures for 
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forming coatings in the case of encapsulating liquid vegetable oils within the structure of the muffin, which 

has defined the overall scientific objective of the study.  

Materials and methods. The objects of the study are the muffins made from buckwheat using a technology 

of leavening agents and sunflower oil encapsulated in a protein-polysaccharide mixture. Commonly accepted 

and specialized methods were used to investigate the properties of raw materials, semi-finished products and 

flour confectionery. 

Results. The technological properties of protein-polysaccharide mixtures, including whey protein concentrate 

and three-component complexes from various combinations of polysaccharides, were studied. An optimal 

composition of protein-polysaccharide mixture was identified, possessing a water-holding capacity of                 

5.81 g/g, a fat-holding capacity of 0.68 g/g, a foaming capacity of 582 %, and an emulsifying capacity of 

100%. Using this mixture, sunflower oil was encapsulated within the structure of an emulsifying gel for gluten-

free muffin. Changes in the technological modes for producing buckwheat flour muffin batter were identified 

when incorporating encapsulated sunflower oil. According to quality indicators, the gluten-free muffin met the 

requirements of the current standard and had an improved nutritional value.  

Conclusion. The technological properties of the protein-polysaccharide mixture, which includes whey protein 

concentrate and a three-component polysaccharide complex made from agar, carboxymethylcellulose, and 

pectin enabled the encapsulation of sunflower oil within the structure of gluten-free buckwheat flour muffin 

and formed the necessary consumer properties of the final product. 

�EY WORDS: gluten-free cake; sunflower oil; buckwheat flour; protein-polysaccharide mixture; 

encapsulation; emulsion gel. 

FOR CITATION: Navazhylava, �. S. The use of sunflower oil encapsulated in a protein-polysaccharide 

shell in gluten-free cake technology / A. S. Navazhylava, I. A. Mashkova, V. A. Vaskina, A. L. Chalnakova 

// Vestnik of the Belarusian State University of Food and Chemical Technologies. – 2024. – №. 2(37). –               
P. 11‒23. 
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3 #@>3@0<<0 4>AB865=8O ?>:070B5;O *5;8 CAB>9G82>3> @0728B8O [-;5:B@>==K9 @5AC@A]. – $568< 4>ABC?0: 

https://www.cardio.by/files/299/TSUR-programma-dlya-sayta.pdf. – �0B0 >1@0I5=8O: 20.11.2024. 
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:0<548, ?5:B8=, :0@@038=0=, E8B>70=, 8=C;8=, ?>;845:AB@>70, <0;LB>45:AB@8=K, 0 B0:65 8E 
:><18=0F88 [2, 3, 32‒41]. 
� =0AB>OI59 @01>B5 8AA;54>20=0 2>7<>6=>ABL ?@8<5=5=8O ?>;>68B5;L=>3> >?KB0 

@07@01>B:8 1573;NB5=>2KE  �� A 8A?>;L7>20=85< M<C;LA8>==KE 35;59 =0 >A=>25 
8=:0?AC;8@>20==KE 684:8E @0AB8B5;L=KE <0A5; [3, 37‒41] 2 B5E=>;>388 :5:A0 =0 E8<8G5A:8E 
@07@KE;8B5;OE. #@8 8A:;NG5=88 3;NB5=0, =0AKI5==KE 68@>2 8 8E B@0=A87><5@>2 AB0=>28BAO 
2>7<>6=K< ?>2KH5=85 ?8I52>9 F5==>AB8 :5:A>2, 0 B0:65 ?@840=85 8< 485B8G5A:8E A2>9AB2, 
C;CGH5=85 F5=>2>9 ?@85<;5<>AB8 4;O ?>B@518B5;59. �7CG5=85 A2>9AB2 AB5=>2KE <0B5@80;>2 
?>72>;8B C?@02;OBL ?>2545=85< 48A?5@A=>9 A8AB5<K :5:A0 :0: 2 ?@>F5AA5 B5E=>;>38G5A:>9 
>1@01>B:8, B0: 8 ?@8 E@0=5=88 3>B>2KE 8745;89, 0 B0:65 @0F8>=0;L=> 8A?>;L7>20BL <5AB=K5 
8 @538>=0;L=K5 AK@L52K5 @5AC@AK. 
*5;L 8AA;54>20=8O – @07@01>B:0 B5E=>;>388 1573;NB5=>2>3> :5:A0 A 8A?>;L7>20=85< 

8=:0?AC;8@>20==>3> ?>4A>;=5G=>3> <0A;0.   
"1I0O =0CG=0O 7040G0 – @0AH8@5=85 =0CG=KE 7=0=89 > B5E=>;>38G5A:8E A2>9AB20E 

15;:>2>-?>;8A0E0@84=KE A<5A59, ?@8<5=O5<KE 2 :0G5AB25 >1>;>G:8 4;O 8=:0?AC;8@>20=8O 
684:8E @0AB8B5;L=KE <0A5; 2 A>AB025 M<C;LA8>==>3> 35;O 4;O 1573;NB5=>2KE :5:A>2. 

 

 �&�$���/ �  �&"�/ 

"1J5:B0<8 8AA;54>20=8O O2;O;8AL :5:AK 1573;NB5=>2K5 ?> %&� 2265 87 3@5G=52>9 <C:8, 
873>B>2;5==K5 A ?@8<5=5=85< ?>4A>;=5G=>3> <0A;0, 8=:0?AC;8@>20==>3> 2 >1>;>G:8 87 
15;:>2>-?>;8A0E0@84=KE A<5A59, ?> B5E=>;>388 =0 E8<8G5A:8E @07@KE;8B5;OE. � :0G5AB25 
:>=B@>;O @0AA<0B@820;8AL :5:AK ?> �"%& 15052 87 ?H5=8G=>9 <C:8.  
�;O 873>B>2;5=8O :5:A>2 ?@8<5=O;8 ?8I52>5 AK@L5 15;>@CAA:8E 8 @>AA89A:8E 

?@>872>48B5;59: <C:C ?H5=8G=CN 2KAH53> A>@B0  54-28 ?> %&� 1666 >B                                          
"�" «�840E;51>?@>4C:B», <C:C 3@5G=52CN «(5@<5@» ?> &' �Y 19061456.001-2015 >B          
""" «�5@B0;%5@28A», A0E0@ 15;K9 ?> �"%& 33222 >B "�" «%;CF:89 A0E0@>@0D8=04=K9 
:><18=0B», <0A;> A;82>G=>5 ?> %&� 1890 >B "�" «�01CH:8=0 :@K=:0», <0A;> ?>4A>;=5G=>5 
@0D8=8@>20==>5 ?> %&� 1129 >B "�" « 8=A:89 <0@30@8=>2K9 702>4», O9F0 :C@8=K5 
?8I52K5 ?> %&� 254 >B "�" «�3@>:><18=0B �75@68=A:89», 2>4C ?8BL52CN ?> %0=#8!          
10-124, A>;L ?>20@5==CN ?8I52CN ?> &' $� 101191824.6.035 (�"%& 13830) >B                               
"�" « >7K@LA>;L», @07@KE;8B5;L 0<<>=89 C3;5:8A;K9 ?> �"%& 9325 >B "�" «�5;E8<», 
0@><0B870B>@ 20=8;8= ?> &' BY 192340348.003 >B """ «�C@<8=0-#$"». � A>AB025 �#% 
8A?>;L7>20;8 :>=F5=B@0B AK2>@>B>G=K9 15;:>2K9 80 % ?> &' BY 100377914.550 >B                  
"�" « >;>G=K9 <8@», :0@1>:A8<5B8;F5;;N;>7K =0B@852CN A>;L >B """ &� «�01>@0B>@=>5 
>A=0I5=85», F5;;N;>7C <8:@>:@8AB0;;8G5A:CN >B ��" «-20;0@», ?5:B8= O1;>G=K9 1 A>@B0 
?> �"%& 29186 8 030@ 2KAH53> A>@B0 ?> �"%& 16280 >B �" �><?0=8O «#@>:A8<0».  
�>4>C45@6820NICN, 68@>C45@6820NICN 8 M<C;L38@CNICN A?>A>1=>AB8 8AA;54C5<KE 

15;:>2>-?>;8A0E0@84=KE A<5A59 >?@545;O;8 >1I5?@8=OBK<8 <5B>40<8, >A=>20==K<8 =0 
F5=B@8DC38@>20=88 ACA?5=789 8 M<C;LA89 ?@8 1500 <8=-1 2 B5G5=85 15 <8= 8 ?@>F5=B=>< 
8AG8A;5=88 A>45@60=8O 68@>2>9, 2>4=>9 8 B25@4>9 D07 ?>A;5 F5=B@8DC38@>20=8O. �;O 
0=0;870 ?5=>>1@07CNI59 A?>A>1=>AB8 �#% A<5H820;8 A 2>4>9, 2K45@6820;8 2 B5G5=85                 
40 <8= ?@8 B5<?5@0BC@5 (60±5) >% 8 271820;8 (1000 <8=-1) 4> ?>;CG5=8O CAB>9G82>9 ?5=K. 
#5=>>1@07CNICN A?>A>1=>ABL 2K@060;8 :0: >B=>H5=85 ?@8@>AB0 >1J5<0 ?5=K : =0G0;L=><C 
>1J5<C 2>4=>9 A<5A8 (2 ?@>F5=B0E) [42]. 
�;O 8AA;54>20=8O AB@C:BC@K ?5= 8 M<C;LA89 8A?>;L7>20;8 <8:@>A:>? �;LB0<8 B8? «��"-4» 

A F8D@>2>9 :0<5@>9 �;LB0<8 U%MOS05100KPA 8 ?@>3@0<<=K< >15A?5G5=85< Altami Studio. 

�5:A>2>5 B5AB> A<5H820;8 ;01>@0B>@=K< <8:A5@><, D>@<>20;8 2 A8;8:>=>2K5 D>@<K, 
2K?5:0;8 2 ;01>@0B>@=>9 ?5G8 Wiesheu MINIMAT. �;06=>ABL B5AB0 :>=B@>;8@>20;8 

https://bgp.by/ru/slutsk-sakharorafinadny-zavod-ru/
https://bgp.by/ru/slutsk-sakharorafinadny-zavod-ru/
http://entero.ru/item/43985
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M:A?@5AA-<5B>4>< =0 ?@81>@5 �+4. "@30=>;5?B8G5A:85 ?>:070B5;8 :5:A>2 CAB0=02;820;8 ?> 
�"%& 5897, A5=A>@=CN >F5=:C ?@>2>48;8 ?> 3-10;;L=>9 H:0;5 (3 – E>@>H>, 2 – 
C4>2;5B2>@8B5;L=>, 1 ‒ =5C4>2;5B2>@8B5;L=>) A CG0AB85< 10 453CAB0B>@>2.  0AA>2CN 4>;N 
2;038 :5:A>2 >?@545;O;8 ?> �"%& 5900 2KACH820=85< 2 ACH8;L=>< H:0DC, I5;>G=>ABL – ?> 
�"%& 5898, ?;>B=>ABL – >1J5<=>-25A>2K< <5B>4><, >A=>20==>< =0 87<5@5=88 <0AAK 3>B>2KE 
8745;89 8 >1J5<0, 8<8 2KB5A=O5<>3> 87 5<:>AB8 A AK?CG8< =0?>;=8B5;5<; <0AA>2CN 4>;N 
A0E0@0, 68@0 8 ?8I52CN F5==>ABL 8745;89 – @0AG5B=K<8 <5B>40<85. % ?><>ILN 0=0;870B>@0 
B5:ABC@K %&3-4500 Brookfield CAB0=02;820;8 043578>==>5 =0?@O65=85 B5AB06 8 8=45:A 
B25@4>AB8 3>B>2KE 8745;89 [43].  

 

$��'�0&�&/ � �) "�%'���!�� 

#@8 ?>;CG5=88 1573;NB5=>2>3> :5:A0 =0 E8<8G5A:8E @07@KE;8B5;OE 8A?>;L7>20;8 
M<C;LA8>==K9 35;L =0 >A=>25 8=:0?AC;8@>20==>3> ?>4A>;=5G=>3> <0A;0 2 >1>;>G:0E 87 
15;:>2>-?>;8A0E0@84=KE A<5A59 (40;55 – �#%).  
�=0G0;5 87CG0;8 DC=:F8>=0;L=K5 A2>9AB20 �#%. �;O MB>3> 2 A>AB02 �#% 2=>A8;8 

15;:>2K9 :><?>=5=B – :>=F5=B@0B AK2>@>B>G=K9 15;:>2K9 (40;55 – �%�-80), 0 B0:65 
?>;8A0E0@84K – 030@ (A), :0@1>:A8<5B8;F5;;N;>7C (K), <8:@>:@8AB0;;8G5A:CN F5;;N;>7C 
( ), O1;>G=K9 ?5:B8= (P). � B5E=>;>388 >;5>35;8@>20==8O 8 8=:0?AC;8@>20=8O 684:8E <0A5; 
?@54?>GB5=85 >B405BAO 42>9=K< 8;8 B@>9=K< :><18=0F8O< ?8I52KE ?>;8<5@>2, :>B>@K5 
?@>O2;ONB MDD5:B A8=5@387<0 [3, 29, 30, 33]. #>MB><C 87 2KH5?5@5G8A;5==KE ?>;8A0E0@84>2 
1K;8 A>740=K G5BK@5 B@5E:><?>=5=B=KE :><?;5:A0: 1 – (A+�+ ); 2 – (A+�+P); 3 – (A+ +P) 
8 4 – (�+ +P). %>740=85 ?>4>1=KE :><?;5:A>2 >?8A0=> 2 @01>B0E [2, 3, 37‒41], => A 4@C38<8 
:><18=0F8O<8 ?>;8A0E0@84>2 8 4;O 4@C38E 48A?5@A=KE A8AB5<. � :0G5AB25 :>=B@>;O 
@0AA<0B@820;8 12 % 2>4=CN ACA?5=78N �%�-80 157 2=5A5=8O ?>;8A0E0@84>2. �K1>@ �%�-80 

2 :0G5AB25 15;:>2>A>45@60I53> AK@LO 1K; =0<8 >1>A=>20= 2 @57C;LB0B5 @0=55 ?@>2545==KE 
8AA;54>20=89 [44]. 
-:A?5@8<5=B0;L=K5 40==K5 > 2;8O=88 =>2KE ?>;8A0E0@84=KE :><?;5:A>2 =0 

B5E=>;>38G5A:85 A2>9AB20 �#% ?@54AB02;5=K =0 @8AC=:0E 1‒3. 
 

  

$<E. 1. �>4>- 8 68@>C45@6820NI85 A2>9AB20 15;:>2>-?>;8A0E0@84=KE A<5A59 

Fig. 1. Water- and fat-retaining properties of protein-polysaccharide mixtures 

 

�7 @8AC=:0 1 284=>, GB> 87CG05<K5 :><?;5:AK ?> 2;8O=8N =0 2>4>C45@6820NICN 
A?>A>1=>ABL �#% <>6=> 2KAB@>8BL 2 @O4: 2 – (�+�+$) > 3 – (�+ +$) > 4 – (�+ +$) > 1 – 
(�+�+ ). #> 68@>C45@6820NI59 A?>A>1=>AB8 87CG05<K5 �#% >B;8G0;8AL =57=0G8B5;L=>, ?@8 
MB>< 1>;55 2KA>:>5 7=0G5=85 >B<5G5=> ?@8 8A?>;L7>20=88 ?>;8A0E0@84=KE :><?;5:A>2 1, 2, 3. 
                                                           

4 ";59=8:>20, �. /. #@0:B8:C< ?> B5E=>;>388 :>=48B5@A:8E 8745;89: CG51=>5 ?>A>185 4;O 2C7>2 /                          
�. /. ";59=8:>20, �. ".  03><54>2, &. !.  8@>H=8:>20. – %#1.: ��"$�, 2005. – 480 A. 

5 &5E=>;>38O 8 >1>@C4>20=85 4;O ?@>872>4AB20 <CG=KE :>=48B5@A:8E 8745;89: ?>A>185 / �. �. ,0@HC=>2,           
�. �. �0AL:8=0, �. �.  0H:>20 [8 4@.]. –  8=A::  8A0=B0, 2015. – 991 A. – %. 914‒915; 952‒962; 964‒970. 

6  0:A8<>2, �. %. $5>;>38O ?8I52KE ?@>4C:B>2: ;01>@0B>@=K9 ?@0:B8:C< / �. %.  0:A8<>2, �. /. +5@=KE. – 
%#1.: ��"$�, 2006. – 176 A. 
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$<E. 2. #5=>>1@07CNI0O A?>A>1=>ABL 15;:>2>-?>;8A0E0@84=KE A<5A59 

Fig. 2. Foaming capacity of protein-polysaccharide mixtures 

 

�0: 284=> 87 @8AC=:0 2, 87CG05<K5 ?>;8A0E0@84=K5 :><?;5:AK ?> 8E 2;8O=8N =0 
?5=>>1@07CNICN A?>A>1=>ABL �#% <>6=> @0A?>;>68BL 2 B0:>9 65 ?>A;54>20B5;L=>AB8, :0: 
8 4;O 2>4>C45@6820NI59 A?>A>1=>AB8: 2 – (�+�+$) = 3 – (�+ +$) > 4 – (�+ +$) > 1 – 
(�+�+ ). %;54C5B >B<5B8BL, GB> ?>;8A0E0@84=K9 :><?;5:A 2 – (�+�+$) 2 A>AB025 �#% 
D>@<8@>20; ?5==CN <0AAC =5 B>;L:> A 2KA>:>9 ?5=>>1@07CNI59 A?>A>1=>ABLN, => 8 
AB>9:>ABLN ?5=K 2> 2@5<5=8. 
#> 2;8O=8N =0 M<C;L38@CNI85 A2>9AB20 �#% (@8AC=>: 3) ?>;8A0E0@84=K5 :><?;5:AK 

<>6=> ?@54AB028BL 2 2845 @O40: 2 – (�+�+$) = 3 – (�+ +$) > 4 – (�+ +$) > 1 – (�+�+ ). 
�KO2;5=>, GB> ?>;8A0E0@84=K5 :><?;5:AK 2 8 3, 2:;NG0NI85 030@, ?5:B8= 8 � * (8;8 
 �*), 2 A>AB025 �#% >15A?5G820;8 ?>;CG5=85 M<C;LA89 A> 100 %-9 AB>9:>ABLN.  
#>;CG5==K5 @57C;LB0BK E>@>H> A>>B=>AOBAO A 40==K<8 ?> ?5=>>1@07CNI8< 8 

M<C;L38@CNI8< A2>9AB20< �#% A 4@C38< 15;:>2K< 8 ?>;8A0E0@84=K< A>AB02>< [39, 40].  
 

 

$<E. 3. -<C;L38@CNI0O A?>A>1=>ABL 15;:>2>-?>;8A0E0@84=KE A<5A59 

Fig. 3. Emulsifying capacity of protein-polysaccharide mixtures 

 

&0:8< >1@07><, =0 >A=>20=88 ?@>2545==KE 8AA;54>20=89 A>740=0 =>20O 15;:>2>-
?>;8A0E0@84=0O A<5AL =0 >A=>25 <5AB=>3> 8 @538>=0;L=>3> AK@LO – :>=F5=B@0B0 
AK2>@>B>G=>3> 15;:0 �%�-80 8 ?>;8A0E0@84=>3> :><?;5:A0 2 – (�+�+$). -BC �#% 
8A?>;L7>20;8 2 @5F5?BC@5 :5:A0 270<5= :C@8=KE O8F. !0 @8AC=:5 4 ?>:070=0 <8:@>AB@C:BC@0 
48A?5@A=KE A8AB5< (?5=K 8 M<C;LA88) =0 >A=>25 2K1@0==>9 �#%.  
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4 – ?5=0  5 – M<C;LA8O A ?>4A>;=5G=K< <0A;><  

$<E. 4.  8:@>AB@C:BC@0 48A?5@A=KE A8AB5< =0 >A=>25 15;:>2>-?>;8A0E0@84=KE A<5A59 (C25;8G5=85  
2 200 @07) 

Fig. 4. Microstructure of dispersed systems based on protein-polysaccharide mixtures (magnification 200 

times) 

 

!0 @8AC=:5 4 (0) 2 A>AB025 ?5=K 284=K ?C7K@L:8 2>74CE0 @07<5@0<8 >B 10 4> 100 <:<, 
@0A?@545;5==K5 2 15;:>2>-?>;8A0E0@84=>< 35;5, :>B>@K9 70<54;O; 8E A;8O=85 
(:>0;5AF5=F8N). "1J5<=0O :>=F5=B@0F8O 2>74CE0 2 ?5=5 A>AB028;0 >:>;> 55 %, GB> E>@>H> 
A>>B=>A8BAO A @57C;LB0B0<8 >?@545;5=8O ?5=>>1@07CNI59 A?>A>1=>AB8 �#% (@8AC=>: 2).  
#> @8AC=:C 4 (1) <>6=> =01;N40BL, GB> 48A?5@A=CN D07C M<C;LA88 A>AB02;O;8 =5 B>;L:> 

?C7K@L:8 2>74CE0 @07=KE @07<5@>2, => 8 :0?;8 ?>4A>;=5G=>3> <0A;0 480<5B@>< 6‒10 <:<, 
70:;NG5==K5 2 15;:>2>-?>;8A0E0@84=K5 >1>;>G:8 8 @02=><5@=> @0A?@545;5==K5 2 15;:>2>-
?>;8A0E0@84=>< 35;5. "1J5<=0O :>=F5=B@0F8O 2>74CE0 2 M<C;LA88 A>E@0=O;0AL =0 C@>2=5             
50 %, GB> ?>;>68B5;L=> >B@078;>AL =0 AB@C:BC@5 8 ?;>B=>AB8 1C4CI8E 8745;89.  
% ?@8<5=5=85< ?>4A>;=5G=>3> <0A;0, 8=:0?AC;8@>20==>3> 2 >1>;>G:8 87 �#%, 

2:;NG0NI59 �%�-80 8 ?>;8A0E0@84=K9 :><?;5:A 2 – (�+�+$), 3>B>28;8 M:A?5@8<5=B0;L=K5 
>1@07FK :5:A>2 =0 E8<8G5A:8E @07@KE;8B5;OE. &5AB> 4;O >1@07F0 1 70<5H820;8 =0 ?H5=8G=>9 
<C:5, 0 4;O >1@07F0 2 – =0 3@5G=52>9 <C:5. "?KB 8A?>;L7>20=8O 3@5G=52>9 <C:8 2 :>;8G5AB25 
>B 5 4> 100 % 270<5= ?H5=8G=>9, >?8A0==K9 2 ;8B5@0BC@5 [12, 15, 26], ?>72>;O; C;CGH8BL 
?8I52CN F5==>ABL :5:A>2 =0 B25@4KE 68@0E.  
� :0G5AB25 :>=B@>;O 8A?>;L7>20;8 >1@075F, 873>B>2;5==K9 ?> @5F5?BC@5 8 B5E=>;>388 

:5:A0 «%B>;8G=K9»7 87 ?H5=8G=>9 <C:8 2KAH53> A>@B0, =0 A;82>G=>< <0A;5. �0<5=C 
A;82>G=>3> <0A;0 =0 ?>4A>;=5G=>5 ?@>2>48;8, A>E@0=OO <0AA>2CN 4>;N 68@0.  
$57C;LB0BK 8AA;54>20=8O, >B@060NI85 87<5=5=85 B5E=>;>38G5A:8E @568<>2 873>B>2;5=8O 

M:A?5@8<5=B0;L=KE >1@07F>2 :5:A>2 2 A@02=5=88 A :>=B@>;5<, ?>:070=K 2 B01;8F5 1. �0: 
284=>, 8A?>;L7>20=85 �#% ?@825;> : C42>5=8N >1I59 ?@>4>;68B5;L=>AB8 ?@83>B>2;5=8O 
B5AB0 8 2<5AB5 A B5< : ?>2KH5=8N 53> B5<?5@0BC@K =0 5‒8 >%, : A=865=8N 043578>==>3> 
=0?@O65=8O B5AB0 87 ?H5=8G=>9 <C:8 2 1,7 @070, 87 3@5G=52>9 – 2 2,0 @070, GB> ?>;>68B5;L=> 
A:070;>AL ?@8 D>@<>20=88 8745;89. &5E=>;>38G5A:85 @568<K 2K?5G:8 2 M:A?5@8<5=B0;L=KE 
>1@07F0E 8745;89 >AB0;8AL 157 87<5=5=89, GB>, 25@>OB=>, >1CA;>2;5=> =5 AB>;L:> 2;8O=85< 
68@0 8 �#% [30, 39, 40], :0: 4><8=8@>20=85< 2>74CH=>9 D07K 2 :5:A>2>< B5AB5. #>A:>;L:C 
B5<?5@0BC@0 <O:8H0 :5:A>2 2 :>=F5 2K?5G:8 A>AB02;O;0 100‒101 >%, B> 87<5=5=8O 
68@=>:8A;>B=>3> A>AB020 ?>4A>;=5G=>3> <0A;0 1K;8 =5ACI5AB25==K<8 [45]. 

 

                                                           
7 �C7=5F>20, �. %. &5E=>;>38O ?@>872>4AB20 <CG=KE :>=48B5@A:8E 8745;89 / �. %. �C7=5F>20,                           

 . .. %840=>20. – 6-5 874., 8A?@. –  .: �740B5;LA:89 F5=B@ «�:045<8O», 2013. – 400 A.– %.74. 
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&45?. 1. &5E=>;>38G5A:85 @568<K ?>;CG5=8O :5:A>2 =0 E8<8G5A:8E @07@KE;8B5;OE 

Table 1. Technological modes for obtaining muffins using chemical leavening agents 

&5E=>;>38G5A:85 @568<K �>=B@>;L "1@075F 1 "1@075F 2 
&5<?5@0BC@0 B5AB0, >% 20±1 25±2 26±1 

�;06=>ABL B5AB0, % 23,0±0,2 22,9±0,2 21,0±0,2 

"1I0O ?@>4>;68B5;L=>ABL ?@83>B>2;5=8O B5AB0, <8= 24–28 44–52  44–52 

�43578>==>5 =0?@O65=85 B5AB0, :#0  70,3±3,5 41,6±2,0 34,4±1,7 
&5<?5@0BC@0 2K?5G:8, >% 195±5 195±5 195±5 

#@>4>;68B5;L=>ABL 2K?5G:8, <8= 20 20 20 

 

�=5H=89 284 8 @57C;LB0BK >@30=>;5?B8G5A:>9 >F5=:8 :>=B@>;L=>3> 8 M:A?5@8<5=B0;L=KE 
>1@07F>2 :5:A>2 ?@54AB02;5=K =0 @8AC=:0E 5 8 6.  
 

   
4 – :>=B@>;L 5 – >1@075F 1 6 – >1@075F 2 

$<E. 5. �=5H=89 284 :5:A>2 =0 E8<8G5A:8E @07@KE;8B5;OE 

Fig. 5. Appearance of muffins with chemical leavening agents 

 

$57C;LB0BK >@30=>;5?B8G5A:>9 >F5=:8 (@8AC=>: 6) ?>:070;8, GB> :5:A 87 ?H5=8G=>9 <C:8 
A ?@8<5=5=85< 8=:0?AC;8@>20==>3> ?>4A>;=5G=>3> <0A;0 (@8AC=>: 51), ?>;CG8; 1>;55 =87:85 
10;;K, G5< :>=B@>;L (@8AC=>: 50), 87-70 =5?@>?5G5==>AB8 <O:8H0 8 =52K@065==>3> 2:CA0. 
�A?>;L7>20=85 1573;NB5=>2>9 <C:8 A>2<5AB=> A 8=:0?AC;8@>20==K< ?>4A>;=5G=K< <0A;>< 
(@8AC=>: 52) ?>72>;8;> ?>;CG8BL E>@>H> ?@>?5G5==>5 8745;85, A 10;;L=>9 >F5=:>9, 1;87:>9 
: :>=B@>;L=><C >1@07FC, => A <5=55 A25B;K< <O:8H5<.  

 

$<E. 6. $57C;LB0BK >@30=>;5?B8G5A:>9 >F5=:8 :5:A>2 

Fig. 6. Results of organoleptic evaluation of muffins 
 

#>A;5 >ABK20=8O 2A5 >1@07FK E@0=8;8 C?0:>20==K<8 2 ?>;8MB8;5=>2K5 ?0:5BK ?@8 

0

1

2

3
�:CA 8 70?0E

�84 2 87;><5 

#>25@E=>ABL(>@<0 

*25B 

:>=B@>;L >1@075F 1 >1@075F 2
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B5<?5@0BC@5 (18 ± 3) °%. � A>>B25BAB288 A �"%& 15052 A@>: E@0=5=8O :5:A>2 =0 E8<8G5A:8E 
@07@KE;8B5;OE A>AB02;O; 7 ACB>:. �7<5=5=85 D878:>-E8<8G5A:8E 8 AB@C:BC@=>-<5E0=8G5A:8E 
?>:070B5;59 :0G5AB20 :>=B@>;L=>3> 8 M:A?5@8<5=B0;L=KE >1@07F>2 :5:A>2 2 ?@>F5AA5 
E@0=5=8O ?@54AB02;5=> 2 B01;8F5 2 8 =0 @8AC=:5 7. 

 

&45?. 2. (878:>-E8<8G5A:85 ?>:070B5;8 :0G5AB20 :5:A>2 

Table 2. Physicochemical quality indicators of muffins 

!08<5=>20=85 ?>:070B5;O �>=B@>;L "1@075F 1 "1@075F 2 
 0AA>20O 4>;O 2;038, % 

2 45=L 873>B>2;5=8O 
2 :>=F5 A@>:0 E@0=5=8O (7 ACB>:) 

 

20,5±0,2 

15,0±0,2 

 

19,2±0,2 

15,4±0,2 

 

19,6±0,2 

15,4±0,2 

-5;>G=>ABL, 3@04 0,03±0,01 0,03±0,01 0,03±0,01 

 

�7 40==KE B01;8FK 2 284=>, GB> 8A?>;L7>20=85 8=:0?AC;8@>20==>3> ?>4A>;=5G=>3> <0A;0 
8 3@5G=52>9 <C:8 2 A@02=5=88 A :>=B@>;L=K< >1@07F>< =5 >B@078;>AL =0 I5;>G=>AB8 :5:A>2, 
=> ?@825;> : 1>;55 =87:>9 2;06=>AB8 8745;89 ?>A;5 2K?5G:8 8 : <5=LH59 ?>B5@5 2;038 ?@8 
E@0=5=88. #@8 MB>< D878:>-E8<8G5A:85 ?>:070B5;8 :0G5AB20 2A5E 8AA;54C5<KE :5:A>2 
A>>B25BAB2>20;8 B@51>20=8O< 459AB2CNI8E AB0=40@B>2 �"%& 15052 8 %&� 2265. 
 

  

4) 5) 

$<E. 7. %B@C:BC@=>-<5E0=8G5A:85 ?>:070B5;8 :0G5AB20 :5:A>2 

Fig. 7. Structural and mechanical quality indicators of muffins 

 

�0: 284=> 87 @8AC=:0 70, 8A?>;L7>20=85 8=:0?AC;8@>20==>3> @0AB8B5;L=>3> <0A;0 2 :5:A5 
87 ?H5=8G=>9 <C:8 ?@825;> : C?;>B=5=8N <O:8H0 >1@07F0 1 ?> A@02=5=8N A :>=B@>;5<, GB>, 
2>7<>6=>, A2O70=> A 2708<>459AB285< :;59:>28=K <C:8 A 15;:>2>-?>;8A0E0@84=K<8 
D81@8;;0<8 �#%. �573;NB5=>2K9 :5:A A 8A?>;L7>20=85< 8=:0?AC;8@>20==>3> ?>4A>;=5G=>3> 
<0A;0 (>1@075F 2) >B;8G0;AO <8=8<0;L=>9 ?;>B=>ABLN, GB> ?>4B25@6405B ?@54?>;>65=85 > 
70<5I5=88 3;NB5=0 ?@>B58=0<8 3@5G=52>9 <C:8 8 15;:>2>-?>;8A0E0@84=K<8 >1>;>G:0<8, 
A?>A>1=K<8 ?@>O2;OBL AB@C:BC@8@CNI85 A2>9AB20 ?>4>1=> :;59:>28=5 <C:8 [37, 40]. �=45:A 
B25@4>AB8 (@8AC=>: 71) 2 45=L 873>B>2;5=8O 8 ?> >:>=G0=88 E@0=5=8O C >1>8E >1@07F>2 A 
8A?>;L7>20=85< 8=:0?AC;8@>20==>3> @0AB8B5;L=>3> <0A;0 1K; =865, G5< C :>=B@>;O, ?@8G5< 
:5:AK 87 3@5G=52>9 8 ?H5=8G=>9 <C:8 ?> B25@4>AB8 @07;8G0;8AL =57=0G8B5;L=>. 
#@8 >F5=:5 ?8I52>9 F5==>AB8 >B<5G5=> A=865=85 A>45@60=8O 68@0 8 C;CGH5=85 

68@>2>3> A>AB020 1573;NB5=>2>3> :5:A0 2 A@02=5=88 A :>=B@>;L=K< >1@07F>< (B01;8F0 3) 70 
AG5B 8A?>;L7>20=8O @0AB8B5;L=>3> <0A;0 8 8A:;NG5=8O 87 @5F5?BC@=>3> A>AB020 <>;>G=>3> 
68@0 8 O9F5?@>4C:B>2. #@8 MB>< A>45@60=85 =5=0AKI5==KE 68@=KE :8A;>B 2>7@>A;> 2 3,06 
@070, :>;8G5AB2> B@0=A87><5@>2 68@=KE :8A;>B C1028;>AL 2 8,3 @070, 0 B0:65 ?>;=>ABLN 

0,7
0,78

0,53

0

0,2

0,4

0,6

0,8

1

:>=B@>;L >1@075F  1>1@075F  2

#
;>
B=
>A
BL
, 3
/A
<3

49,7

19,4 17,0

75,6

29,3 31,4

0,0

20,0

40,0

60,0

80,0

:>=B@>;L >1@075F  1 >1@075F  2

�
=4
5:
A 
B2
5@
4>
AB
8

1-5 ACB:8 7-5 ACB:8
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8A:;NG5= E>;5AB5@8=. #@8<5=5=85 3@5G=52>9 <C:8 ?@825;> : 87JOB8N 3;NB5=0 87 A>AB020 
?@>4C:B0, : >1>30I5=8N ?8I52K<8 2>;>:=0<8 8 <8=5@0;L=K<8 25I5AB20<8, : C<5=LH5=8N 
4>;8 :@0E<0;0 8 A=865=8N M=5@35B8G5A:>9 F5==>AB8 100 3 :5:A0 =0 28 ::0;.  

 

&45?. 3. #8I520O F5==>ABL 100 3 :5:A>2 

Table 3. Nutritional value of 100 g of muffins 

!08<5=>20=85 ?>:070B5;O �>=B@>;L "1@075F 1 "1@075F 2 
�5;:8, 3 6,7 5,9 6,8 

�8@K, 3, 25,5 23,5 24,4 

2 B>< G8A;5:    

<>=>- 8 ?>;8=5=0AKI5==K5 68@=K5 :8A;>BK, 3 6,7 20,5 20,5 

E>;5AB5@8=, 3 0,13 0 0 

B@0=A87><5@K 68@=KE :8A;>B, 3 1,92 0,23 0,23 

'3;52>4K >1I85, 3 54,8 54,5 52,2 

2 B>< G8A;5:    

:@0E<0;, 3 24,7 24,8 20,4 

<>=>- 8 48A0E0@84K, 3 28,2 28,0 27,9 

#8I52K5 2>;>:=0, 3 0,04 0,16 3,99 

�>;0, 3 0,57 0,30 0,67 

-=5@35B8G5A:0O F5==>ABL, ::0; 461 439 433 

 

$07@01>B0==K9 1573;NB5=>2K9 :5:A ?@54=07=0G5= 4;O 485B8G5A:>3> ?8B0=8O ;N459 A 
701>;520=8O<8 F5;80:859 (=5?5@5=>A8<>ABLN 3;NB5=0), 0;;5@3859 =0 :0758= 8 :C@8=K9 
15;>:, 38?5@E>;5AB5@8=5<859 (2KA>:8< C@>2=5< E>;5AB5@8=0) 8 4;O 254CI8E 74>@>2K9 >1@07 
687=8. 

 

����2+�!��  
�7CG5=K B5E=>;>38G5A:85 A2>9AB20 15;:>2>-?>;8A0E0@84=KE A<5A59, 2:;NG0NI8E 

:>=F5=B@0B AK2>@>B>G=KE 15;:>2 8 B@5E:><?>=5=B=K5 :><?;5:AK 87 @07=KE :><18=0F89 
?>;8A0E0@84>2. #>4>1@0= >?B8<0;L=K9 A>AB02 15;:>2>-?>;8A0E0@84=>9 A<5A8 A 
B@5E:><?>=5=B=K< :><?;5:A>< ?>;8A0E0@84>2 87 030@0, :0@1>:A8<5B8;F5;;N;>7K 8 ?5:B8=0, 
>1;040NI59 2>4>C45@6820NI59 A?>A>1=>ABLN 5,81 3/3, 68@>C45@6820NI59 A?>A>1=>ABLN 
0,68 3/3, ?5=>>1@07CNI59 A?>A>1=>ABLN 582 % 8 100 %-9 M<C;L38@CNI59 A?>A>1=>ABLN. 
&5E=>;>38G5A:85 A2>9AB20 8 A>AB02 2K1@0==>9 15;:>2>-?>;8A0E0@84=>9 A<5A8 ?>72>;8;8 
8=:0?AC;8@>20BL ?>4A>;=5G=>5 <0A;> 2 AB@C:BC@C 1573;NB5=>2>3> :5:A0 87 3@5G=52>9 <C:8 8 
AD>@<8@>20BL =5>1E>48<K5 ?>B@518B5;LA:85 A2>9AB20 3>B>2>3> 8745;8O.  
'AB0=>2;5=>, GB> :5:A 87 3@5G=52>9 <C:8 A>>B25BAB2>20; B@51>20=8O< %&� 2265 ?> 

>@30=>;5?B8G5A:8< 8 D878:>-E8<8G5A:8< ?>:070B5;O<; >1;040; C;CGH5==>9 ?8I52>9 
F5==>ABLN ?> :>;8G5AB2C =5=0AKI5==KE 68@=KE :8A;>B, ?8I52KE 2>;>:>= 8 <8=5@0;L=KE 
25I5AB2; >B;8G0;AO A=865==K< A>45@60=85< B@0=A87><5@>2 68@=KE :8A;>B, >BACBAB285< 
3;NB5=0 8 E>;5AB5@8=0. �KO2;5=K 87<5=5=8O B5E=>;>38G5A:8E @568<>2 ?>;CG5=8O :5:A>2>3> 
B5AB0 ?@8 2=5A5=88 8=:0?AC;8@>20==>3> ?>4A>;=5G=>3> <0A;0. 
$01>B0 2K?>;=5=0 2 @0<:0E 7040=8O �>AC40@AB25==>9 ?@>3@0<<K =0CG=KE 8AA;54>20=89 

«%5;LA:>E>7O9AB25==K5 B5E=>;>388 8 ?@>4>2>;LAB25==0O 157>?0A=>ABL». 

��&�$�&'$�  
1  CE0<54852, ,. �. -<C;LA88 8 ?5=K: AB@>5=85, ?>;CG5=85, CAB>9G82>ABL. +. 1, 2 / ,. �.  CE0<54852,                 
�. �. �0AL:8=0 //  0A;0 8 68@K. – 2008. – № 10. – %. 22‒26; № 11. – %. 2‒5. 
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2 �0AL:8=0, �. �. �5;>:-?>;8A0E0@84=K5 A<5A8 – 0;LB5@=0B820 15;:0< O9F0 8 <>;>:0 2 B5E=>;>388 ?>;CG5=8O 
:@5<0 M<C;LA8>==>-?5==>9 AB@C:BC@K / �. �. �0AL:8=0, !. �. $C10=, &. �. �>30BK@520, �. &. �5;O2A:0O // 
�>=48B5@A:>5 ?@>872>4AB2>. – 2015. – № 3. – %. 26‒31.  

3 �5:A =0 10=0=>2>9 <C:5 8 <>;>G=>9 AK2>@>B:5: ?0B. RU 2732587 / �. �. �0AL:8=0 [8 4@.]. – "?C1;. 
21.09.2020.  

4 �85B>;>38O: @C:>2>4AB2> / ?>4 @54. �. .. �0@0=>2A:>3>. – %#1.: %?CB=8: 2@0G0, 2008. – &. 1. – 188 A. 
5 #>G8F:0O, �.  . "?@545;5=85 B@0=A87><5@>2 68@=KE :8A;>B 2 <0A;>68@>2>9 ?@>4C:F88 A 8A?>;L7>20=85< 
<5B>40 8=D@0:@0A=>9 A?5:B@><5B@88 / �.  . #>G8F:0O, �. �. $>A;8: //  0A;>68@>20O ?@><KH;5==>ABL. – 2016. 
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AUTOMATED TECHNOLOGICAL CALCULATION 

OF LIQUID RYE SOURDOUGH STARTERS IN THE PRODUCTION CYCLE 

FOR ENSURING THE STABILITY OF THEIR PARAMETERS AND PROPERTIES 

T. D. Samuylenko, �. V. Akulich 

Belarusian State University of Food and Chemical Technologies, Republic of Belarus 

ABSTRACT 
Introduction. The need for information management in the production cycle for preparing liquid rye 

sourdoughs in sourdough bread production is currently relevant, which has determined the goal of this research. 

However, the development of appropriate information support requires data on the indicators of 

biotechnological properties of sourdoughs at all stages of the technological plan’s implementation. The 
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overarching scientific objective of this study is to measure and systematize data on the indicators of the 

biotechnological properties of liquid rye sourdoughs in a discrete production mode of sourdough bread, 

ensuring process stability. 

Materials and methods. Fermented sourdoughs based on saccharified and thermophilic fermented sourdough 

were developed. The production cycle for preparing the sourdoughs was planned using Microsoft Office Excel 

software for automated technological calculations. The sourdoughs were analyzed according to organoleptic, 

physicochemical, microbiological, and technological parameters using classical analysis methods for semi-

finished products in the bakery industry. 

Results. The indicators of the biotechnological properties for fermented rye sourdough produced under an 

automated technological plan, have been determined. It was found that the sourdough fully complies with the 

requirements of current technological instructions at each stage of its production. These biotechnological 

properties indicators exhibit stability throughout the production cycle over a defined period of time. 

Conclusions. The use of information technology for developing an automated technological plan for liquid 

rye sourdoughs production allows for efficient management of the technological cycle, taking into account 

requests from retail networks for a selected range of sourdough bread products. 

KEY WORDS: information technology; bakery industry; discrete mode, sourdough bread; liquid rye 

sourdoughs; production cycle; unified methodology of technological calculation; biotechnological properties. 
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7020@:8 180 <8=, >E;0645=8O B5@<>D8;L=>9 70:20H5==>9 7020@:8 180 <8= 8 A1@06820=8O 
>E;0645==>9 B5@<>D8;L=>9 70:20H5==>9 7020@:8 180 <8=. 
$568< @01>BK E;51>?5:0@=KE ?5G59 2 B5G5=85 ACB>: ?> 2K?CA:C 7020@=>3> E;510 

CAB0=02;8205BAO =0 C@>2=5 15 G A CG5B>< 8E G0A>2>9 ?@>872>48B5;L=>AB8. �>;8G5AB2> 
?@>872>4AB25==KE 5<:>AB59 4;O ?@83>B>2;5=8O A1@>65==>9 7020@:8: 4;O >A0E0@820=8O 
?@8=8<05BAO 1 5<:>ABL, 4;O 70:20H820=8O – 2 5<:>AB8, 4;O >E;0645=8O B5@<>D8;L=>9 
70:20H5==>9 7020@:8 – 1 5<:>ABL, 4;O A1@06820=8O – 2 5<:>AB8. 
!0 >A=>20=88 A<>45;8@>20==>9 A8BC0F88 >ACI5AB2;5= 02B><0B878@>20==K9 

:>;8G5AB25==K9 @0AG5B 8 ?>;CG5= 20@80=B B5E=>;>38G5A:>3> ?;0=0 ?>AB0489=>3> 
?@83>B>2;5=8O A1@>65==>9 7020@:8 =0 >A=>25 >A0E0@5==>9 8 B5@<>D8;L=>9 70:20H5==>9 
7020@:8, ?@54AB02;5==K9 =0 @8AC=:5 1. 
#@83>B>2;5=85 A1@>65==>9 7020@:8 =0 >A=>25 >A0E0@5==>9 8 B5@<>D8;L=>9 70:20H5==>9 

7020@:8 >ACI5AB2;O5BAO A CG5B>< B5E=>;>38G5A:>3> ?;0=0, ?@54AB02;5==>3> =0 @8AC=:5 1 8 
A<>45;8@>20==>3> 2 ;01>@0B>@=KE CA;>28OE 2 A>>B=>H5=88 1:1000 ?> >1J5<C 
?@83>B02;8205<KE ?>;CD01@8:0B>2. &0:8< >1@07><, =0 <><5=B D>@<8@>20=8O 70O2:8 =0 
A;54CNI85 ACB:8 (=0 27.08.2022 3.) : 20.00 2 5<:>ABOE =0E>48BAO A;54CNI55 :>;8G5AB2> 
?>;CD01@8:0B>2: 
– A1@>65==>9 7020@:8 =0 >A=>25 >A0E0@5==>9 8 B5@<>D8;L=>9 70:20H5==>9 7020@:8                   

1396 <;, B> 5ABL 2 :064>9 5<:>AB8 № 5 8 № 6 ?> 698 <; (@8AC=>: 1, :>;>=:8 10 8 11); 
– >E;0645==>9 B5@<>D8;L=>9 70:20H5==>9 7020@:8 672 <; 2 5<:>AB8 № 4 (@8AC=>: 1, 

:>;>=:0 9); 
– B5@<>D8;L=>9 70:20H5==>9 7020@:8 =0 >A=>25 >A0E0@5==>9 7020@:8 1396 <;, B> 5ABL 2 

:064>9 5<:>AB8 № 2 8 № 3 ?> 698 <; (@8AC=>: 1, :>;>=:8 6 8 7); 
– >A0E0@5==>9 7020@:8 698 ; 2 5<:>AB8 № 1 (@8AC=>: 1, :>;>=:0 5). 
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$<E. 1. �0@80=B B5E=>;>38G5A:>3> ?;0=0 ?>AB0489=>3> ?@83>B>2;5=8O A1@>65==>9 7020@:8 

=0 >A=>25 >A0E0@5==>9 8 B5@<>D8;L=>9 70:20H5==>9 7020@:8 

Fig. 1. The variant of technological plan for the step-by-step preparation of fermented sourdough 

based on saccharified and thermophilic sourdough 

� MB>B ?5@8>4 =0G8=05BAO @01>B0 E;51>?5:0@=>3> ?@54?@8OB8O ?> 2K?>;=5=8N 
?>ABC?82H59 70O2:8, 8 A1@>65==0O 7020@:0, ?>;CG5==0O =0 >A=>25 >A0E0@5==>9 8 
B5@<>D8;L=>9 70:20H5==>9 7020@:8, 2 :>;8G5AB25 724 <; =0?@02;O5BAO 2 @0AE>4=CN 5<:>ABL 
4;O 40;L=59H53> 8A?>;L7>20=8O 4;O 70<5A0 B5AB0 (@8AC=>: 1, :>;>=:0 13). #@8 MB>< 2 :064>9 
?@>872>4AB25==>9 5<:>AB8 ?>A;5 >B1>@0 =0 70<5A B5AB0 >AB05BAO A1@>65==>9 7020@:8 =0 
>A=>25 >A0E0@5==>9 8 B5@<>D8;L=>9 70:20H5==>9 7020@:8 2 :>;8G5AB25 336 <; (@8AC=>: 1, 

:>;>=:8 10 8 11). 
#@83>B>2;5=85 A1@>65==>9 7020@:8 =0 >A=>25 >A0E0@5==>9 8 B5@<>D8;L=>9 70:20H5==>9 

7020@:8 2 ?@>872>4AB25==>< F8:;5 >ACI5AB2;O5BAO A CG5B>< 2=5A5=8O @5:><5=4C5<>3> 
:>;8G5AB20 >E;0645==>9 B5@<>D8;L=>9 70:20H5==>9 7020@:8. � B5E=>;>38G5A:>< ?;0=5 
:>;8G5AB2> >E;0645==>9 B5@<>D8;L=>9 70:20H5==>9 7020@:8, 8A?>;L7C5<>9 4;O 
?@83>B>2;5=8O A1@>65==>9 7020@:8, 2 20.00 26.08.2022 3. A>AB02;O5B 50 % : >1I5<C 55 
:>;8G5AB2C, GB> A>>B25BAB2C5B 336 <;. &0:>9 ?>@O4>: ?@83>B>2;5=8O A1@>65==>9 7020@:8 =0 
>A=>25 >A0E0@5==>9 8 B5@<>D8;L=>9 70:20H5==>9 7020@:8 >ACI5AB2;O5BAO G5@57 :064K5                 
180 <8= (3 G0A0) 2 23.00 26.08.2022 3. 8 02.00, 05.00, 08.00 27.08.2022 3. 
� 11.00 27.08.2022 3. 70O2:0 B>@3>2KE >@30=870F89 2K?>;=5=0 8 2>7=8:05B B5E=>;>38G5A:89 

?5@5@K2 2 @01>B5 E;51>?5:0@=>3> ?@54?@8OB8O 2 B5G5=85 9 G. !0G8=0O A 11.00 4> 20.00 (:064K5 
180 <8=) 27.08.2022 3., ?@83>B>2;5=85 A1@>65==>9 7020@:8 =0 >A=>25 >A0E0@5==>9 8 
B5@<>D8;L=>9 70:20H5==>9 7020@:8 >ACI5AB2;O5BAO 0=0;>38G=> ?@54K4CI8< AB048O< A 
CG5B>< 2=5A5=8O @5:><5=4C5<>3> :>;8G5AB20 >E;0645==>9 B5@<>D8;L=>9 70:20H5==>9 
7020@:8, => 157 >B1>@0 2 @0AE>4=CN 5<:>ABL. � 20.00 27.08.2022 3. ?>A;5 B5E=>;>38G5A:>3> 
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?5@5@K20 2 ?@>872>4AB25==KE 5<:>ABOE № 5 8 № 6 :>;8G5AB2> A1@>65==>9 7020@:8, 
?>;CG5==>9 =0 >A=>25 >A0E0@5==>9 8 B5@<>D8;L=>9 70:20H5==>9 7020@:8, A>AB02;O5B ?>                  
724 <;. 
� MB>B 65 480?07>= 2@5<5=8 A B0:>9 65 ?5@8>48G=>ABLN, :0: 8 4;O A1@>65==>9 7020@:8, 

>ACI5AB2;O5BAO ?@>F5AA >E;0645=8O B5@<>D8;L=>9 70:20H5==>9 7020@:8. �5 :>;8G5AB2> 4;O 
:064>9 AB0488 ?@83>B>2;5=8O A1@>65==>9 7020@:8 2 ?@>872>4AB25==>< F8:;5 4>;6=> ?@>9B8 
A>>B25BAB2CNICN B5E=>;>38G5A:CN >1@01>B:C 2 ?5@8>4, ?@54H5AB2CNI89 @0AA<0B@8205<>9 
AB0488 ?@>872>4AB25==>3> F8:;0: 
– 4;O ?@83>B>2;5=8O A1@>65==>9 7020@:8 2 20.00 26.08.2022 3. 8A?>;L7C5BAO >E;0645==0O 

B5@<>D8;L=0O 70:20H5==0O 7020@:0, ?@>H54H0O AB048N >E;0645=8O 2 ?5@8>4 A 17.00 4> 20.00 
26.08.2022 3. 2 :>;8G5AB25 672 <; 2 5<:>AB8 № 4 (@8AC=>: 1, :>;>=:0 9); 
– 4;O ?@83>B>2;5=8O A1@>65==>9 7020@:8 2 23.00 26.08.2022 3. 8A?>;L7C5BAO >E;0645==0O 

B5@<>D8;L=0O 70:20H5==0O 7020@:0, ?@>H54H0O AB048N >E;0645=8O 2 ?5@8>4 A 20.00 4> 23.00 
26.08.2022 3. (758 <; 2 5<:>AB8 № 4) 8 B0: 40;55. 
"E;0645=85 =5>1E>48<>3> :>;8G5AB20 B5@<>D8;L=>9 70:20H5==>9 7020@:8 2 5<:>AB8 № 4 

4>;6=> ?@>8AE>48BL ?>AB>O==> A ?5@8>48G=>ABLN 180 <8= (3 G) 2=5 7028A8<>AB8 >B 
2>7=8:0NI53> B5E=>;>38G5A:>3> ?5@5@K20. 
&0:65 2 @0=55 =0720==K9 ?5@8>4 2@5<5=8 >ACI5AB2;O5BAO ?@83>B>2;5=85 B5@<>D8;L=>9 

70:20H5==>9 7020@:8 2 ?@>872>4AB25==>< F8:;5 ?CB5< >B1>@0 =5>1E>48<>3> 55 :>;8G5AB20 =0 
AB048N >E;0645=8O 2 5<:>ABL № 4 (@8AC=>: 1, :>;>=:0 9) 8 2=5A5=8O >A0E0@5==>9 7020@:8 87 
5<:>AB8 № 1 (@8AC=>: 1, :>;>=:0 5) 2 @5:><5=4C5<>< A>>B=>H5=88 (@8AC=>: 1, :>;>=:0 8). 
&0:>5 ?@83>B>2;5=85 >ACI5AB2;O5BAO 2=5 7028A8<>AB8 >B 2>7=8:0NI53> B5E=>;>38G5A:>3> 
?5@5@K20. %;54C5B >B<5B8BL, GB> >B1>@ B5@<>D8;L=>9 70:20H5==>9 7020@:8 =0 AB048N 
>E;0645=8O >ACI5AB2;O5BAO ?>A;5 ?@>E>645=8O 5N AB0488 70:20H820=8O, B> 5ABL 2 ?5@8>4, 
?@54H5AB2CNI89 @0AA<0B@8205<>9 AB0488 ?@>872>4AB25==>3> F8:;0: 
– 2 20.00 26.08.2022 3. =0 >E;0645=85 B5@<>D8;L=0O 70:20H5==0O 7020@:0 2 :>;8G5AB25                 

672 <; (5<:>ABL № 4) >B18@05BAO 87 5<:>AB59 № 2 8 № 3 (@8AC=>: 1, :>;>=:8 6 8 7) ?>A;5 
B5E=>;>38G5A:>9 >1@01>B:8 2 ?5@8>4 A 17.00 4> 20.00 26.08.2022 3.; 
– 2 23.00 26.08.2022 3. =0 >E;0645=85 B5@<>D8;L=0O 70:20H5==0O 7020@:0 2 :>;8G5AB25                  

758 <; (5<:>ABL № 4) >B18@05BAO 87 5<:>AB59 № 2 8 № 3 ?>A;5 B5E=>;>38G5A:>9 >1@01>B:8 2 
?5@8>4 A 20.00 4> 23.00 26.08.2022 3. 8 B0: 40;55. 
#@83>B>2;5=85 >A0E0@5==>9 7020@:8 >ACI5AB2;O5BAO B0:65 =0 AB0488, ?@54H5AB2CNI59 

AB0488 55 8A?>;L7>20=8O 2 ?@>F5AA5 70:20H820=8O: 
– 2 20.00 26.08.2022 3. >A0E0@5==0O 7020@:0 2 :>;8G5AB25 ?> 319 <; 4;O :064>9 5<:>AB8 

70:20H820=8O № 2 8 № 3 >B18@05BAO 87 5<:>AB8 № 1 ?>A;5 B5E=>;>38G5A:>9 >1@01>B:8 7020@:8 
2 ?5@8>4 A 17.00 4> 20.00 26.08.2022 3.; 
– 2 23.00 26.08.2022 3. >A0E0@5==0O 7020@:0 2 :>;8G5AB25 ?> 254 <; 4;O :064>9 5<:>AB8 

70:20H820=8O № 2 8 № 3 >B18@05BAO 87 5<:>AB8 № 1 ?>A;5 B5E=>;>38G5A:>9 >1@01>B:8 7020@:8 
2 ?5@8>4 A 20.00 4> 23.00 26.08.2022 3. 8 B0: 40;55. 
!5>1E>48<>5 :>;8G5AB2> 684:>9 @60=>9 7020@:8 4;O ?>A;54CNI53> ?@>F5AA0 

>A0E0@820=8O ?@83>B02;8205BAO 2 7020@>G=>9 <0H8=5: 
– 2 20.00 26.08.2022 3. :>;8G5AB2> 684:>9 @60=>9 7020@:8 A>AB02;O5B 448 <; (@8AC=>: 1, 

:>;>=:0 4);  
– 2 23.00 26.08.2022 3. :>;8G5AB2> 684:>9 @60=>9 7020@:8 A>AB02;O5B 446 <; 8 B0: 40;55. 
#5@54 2K?>;=5=85< =>2>9 70O2:8 2 20.00 27.08.2022 3. 2 ?@>872>4AB25==KE 5<:>ABOE 

=0E>48BAO A;54CNI55 :>;8G5AB2> ?>;CD01@8:0B>2: 
– A1@>65==>9 7020@:8 =0 >A=>25 >A0E0@5==>9 8 B5@<>D8;L=>9 70:20H5==>9 7020@:8                  

1448 <; (2 :064>9 5<:>AB8 № 5 8 № 6 ?> 724 <;); 
– >E;0645==>9 B5@<>D8;L=>9 70:20H5==>9 7020@:8 724 <; (5<:>ABL № 4); 
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– B5@<>D8;L=>9 70:20H5==>9 7020@:8 =0 >A=>25 >A0E0@5==>9 7020@:8 1448 <; (2 :064>9 
5<:>AB8 № 2 8 № 3 ?> 724 <;); 
– >A0E0@5==>9 7020@:8 724 <; (5<:>ABL № 1). 
� B01;8F0E 1–3 ?@54AB02;5=K ?>:070B5;8 :0G5AB20 8 18>B5E=>;>38G5A:8E A2>9AB2 :064>9 

?>@F88 ?>;CD01@8:0B0 (>A0E0@5==>9 7020@:8, B5@<>D8;L=>9 70:20H5==>9 7020@:8 =0 >A=>25 
>A0E0@5==>9 7020@:8 8 A1@>65==>9 7020@:8 =0 >A=>25 >A0E0@5==>9 8 B5@<>D8;L=>9 
70:20H5==>9 7020@:8), ?@>H54H8E ?5@8>4 B5E=>;>38G5A:>9 >1@01>B:8 8 ?>4;560I85 
:>=B@>;N. 

 
&45?. 1. #>:070B5;8 :0G5AB20 >A0E0@5==>9 7020@:8  

Table 1. Quality indicators of saccharified sourdough 

"@30=>;5?B8G5A:85 
8 D878:>-E8<8G5A:85 

?>:070B5;8 
>A0E0@5==>9 7020@:8 

�@5<O 3>B>2=>AB8 >A0E0@5==>9 7020@:8, G 
2

0
.0

0
 

2
3

.0
0
 

0
2

.0
0
 

0
5

.0
0
 

0
8

.0
0
 

1
1

.0
0
 

1
4

.0
0
 

1
7

.0
0
 

�=5H=89 284, 70?0E, 2:CA >4=>@>4=0O :>=A8AB5=F8O A> A;04:>20BK< 2:CA>< 8 A2>9AB25==K< 
0@><0B>< 

�;06=>ABL =0G0;L=0O, % 76,0 75,0 75,2 75,6 75,4 76,0 75,6 75,6 

�8A;>B=>ABL, 3@04 3,4 3,8 3,6 3,4 3,6 3,4 3,4 3,6 

 
&45?. 2. #>:070B5;8 :0G5AB20 8 18>B5E=>;>38G5A:85 A2>9AB20 B5@<>D8;L=>9 70:20H5==>9 7020@:8 

=0 >A=>25 >A0E0@5==>9 7020@:8 

Table 2. Quality indicators and biotechnological properties of thermophilic fermented sourdough based 

on saccharified sourdough 

#>:070B5;8 :0G5AB20 
8 18>B5E=>;>38G5A:85 
A2>9AB20 B5@<>D8;L=>9 
70:20H5==>9 7020@:8 

�@5<O 3>B>2=>AB8 B5@<>D8;L=>9 70:20H5==>9 7020@:8, G 

2
0
.0

0
 

2
3
.0

0
 

0
2
.0

0
 

0
5
.0

0
 

0
8
.0

0
 

1
1
.0

0
 

1
4
.0

0
 

1
7
.0

0
 

�=5H=89 284, 70?0E, 2:CA >4=>@>4=0O :>=A8AB5=F8O A :8A;>20BK< 2:CA>< 8 A2>9AB25==K< 
0@><0B>< 

�;06=>ABL =0G0;L=0O, % 76,2 75,6 75,6 75,4 75,8 76,0 75,6 75,8 

�8A;>B=>ABL, 3@04 8,6 8,8 9,2 9,2 9,4 9,4 9,4 9,2 

"1I55 :>;8G5AB2> 
<>;>G=>:8A;KE 10:B5@89, 54/3 

11
53
·1
06

 

12
12
·1
06

 

12
95
·1
06

 

13
04
·1
06

 

13
28
·1
06
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46
·1
06

 

13
24
·1
06

 

12
84
·1
06

 

�:B82=>ABL <>;>G=>:8A;KE 
10:B5@89, <8= 93 90 86 83 80 77 75 78 
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&45?. 3. #>:070B5;8 :0G5AB20 8 18>B5E=>;>38G5A:85 A2>9AB20 A1@>65==>9 7020@:8 =0 >A=>25 
>A0E0@5==>9 8 B5@<>D8;L=>9 70:20H5==>9 7020@:8 

Table 3. Quality indicators and biotechnological properties of fermented sourdough based on saccharified 

and thermophilic fermented sourdough 

#>:070B5;8 :0G5AB20 
8 18>B5E=>;>38G5A:85 
A2>9AB20 A1@>65==>9 

7020@:8 

�@5<O 3>B>2=>AB8 A1@>65==>9 7020@:8, G 

2
0

.0
0
 

2
3

.0
0
 

0
2

.0
0
 

0
5

.0
0
 

0
8

.0
0
 

1
1

.0
0
 

1
4

.0
0
 

1
7

.0
0
 

�=5H=89 284, 70?0E, 2:CA C25;8G5=85 2 >1J5<5 A> A@54=8<8 ?C7K@L:0<8 3070 A :8A;>-A;04:8< 
2:CA>< 8 0@><0B>< 

�;06=>ABL =0G0;L=0O, % 76,0 75,8 75,8 75,6 75,6 75,8 76,2 76,0 

�8A;>B=>ABL, 3@04 11,8 12,0 11,8 12,2 12,4 12,4 12,2 12,0 

#>4J5<=0O A8;0, <8= 22 24 22 24 24 24 24 22 

"1I55 :>;8G5AB2> 
<>;>G=>:8A;KE 10:B5@89, 

54/3 17
44
·1
06

 

17
71
·1
06

 

17
63
·1
06

 

18
12
·1
06

 

18
32
·1
06

 

18
41
·1
06

 

18
12
·1
06

 

18
04
·1
06

 

"1I55 :>;8G5AB2> 
4@>6652KE :;5B>:, 54/3 

15
6·
10

6
 

15
1·
10

6
 

15
7·
10

6
 

14
9·
10

6
 

14
5·
10

6
 

14
2·
10

6
 

14
7·
10

6
 

15
2·
10

6
 

%>>B=>H5=85 4@>6652KE 
:;5B>: 8 <>;>G=>:8A;KE 

10:B5@89 
1:11 1:12 1:11 1:12 1:13 1:13 1:12 1:12 

�:B82=>ABL <>;>G=>:8A;KE 
10:B5@89, <8= 58 54 55 53 52 54 52 52 

�>;8G5AB2> <5@B2KE 
4@>6652KE :;5B>:, 54/3 (%) 4,

4·
10

6
 

(2
,8

) 

4,
5·
10

6
 

(3
,0

) 

5,
3·
10

6
 

(3
,4

) 

4,
8·
10

6
 

(3
,2

) 

4,
4·
10

6
 

(3
,0

) 

4,
5·
10

6
 

(3
,2

) 

4,
7·
10

6
 

(3
,2

) 

4,
6·
10

6
 

(3
,0

) 
 

�=0;87 @57C;LB0B>2 8AA;54>20=89, ?@54AB02;5==KE 2 B01;8F0E 1–3, ?>:07K205B, GB> 
18>B5E=>;>38G5A:85 A2>9AB20 A1@>65==>9 7020@:8, ?>;CG5==>9 =0 >A=>25 >A0E0@5==>9 8 
B5@<>D8;L=>9 70:20H5==>9 7020@:8, A>>B25BAB2CNB B@51>20=8O< B5E=>;>38G5A:8E 
459AB2CNI8E 8=AB@C:F89 ?> ?@83>B>2;5=8N =0 :064>9 AB0488 55 ?>;CG5=8O [15]: 

– =0G0;L=0O 2;06=>ABL ?>;CD01@8:0B>2 4>;6=0 1KBL 2 480?07>=5 74,0–78,0 %; 

– :8A;>B=>ABL >A0E0@5==>9 7020@:8 4>;6=0 1KBL =5 1>;55 4,0 3@04; 
– :8A;>B=>ABL B5@<>D8;L=>9 70:20H5==>9 7020@:8 4>;6=0 =0E>48BAO 2 480?07>=5 8,0–11,0 3@04; 
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OPTIMIZATION OF THE EXTRACTION PROCESS OF TANNINS IN THE 

PRODUCTION OF AQUEOUS EXTRACTS FROM THYME HERB  

Y.S. Nazarova1, S. V. Volkova1, N.V. Samankova2, A. S. Haritonova1 

1Belarusian State University of Food and Chemical Technologies, Republic of Belarus 
2Belarusian State Economic University, Republic of Belarus 

ABSTRACT  
Introduction. Today, the use of extracts from medicinal raw materials with antioxidant activity, due to their 

significant content of tannins, is highly relevant in the production of functional food products. This will 

significantly enhance the opportunities for utilizing alternative sources of biologically active compounds, 

improve the naturalness of the final product, expand the product line, and make a significant contribution to 

the promotion of a healthy diet among the population of the Republic of Belarus. The scientific objective of 

the study is to optimize the process of aqueous extraction from thyme herb. 

Materials and methods. Titrimetric method for determining the content of tannins; potentiometric method 

for measuring the oxidation-reduction potential in aqueous extracts; mathematical statistics methods for 
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conducting a full factorial experiment and developing regression equations based on the experimental results. 

Results. The influence of technological parameters on the process of aqueous extraction from thyme herb has 

been investigated. It has been found that the maximum transfer of tannins into the solution, as well as high 

values of oxidation-reduction potential, occurs at a ratio of raw plant material to the extracting agent 

(hydromodule 1:10), as well as a duration of the extraction process of 60 minutes at a constant temperature of 

80 °C. The obtained dependencies are linear in nature. 

Conclusions. An aqueous extract from thyme herb has been obtained. It is characterized by a high content of 

tannins and oxidation-reduction potential, which allows it to be included in the composition of 

phytocompositions for plant syrup with enhanced antioxidant activity. 

KEY WORDS: thyme herb; extraction; tannins; oxidation-reduction potential; full factorial experiment. 
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:>=A5@20=B>2, 8;8 =0 B0: =07K205<CN >@30=8G5A:CN ?@>4C:F8N [1]. "4=0 87 206=59H8E 7040G 
2 MB>< =0?@02;5=88 ‒ ?@>872>4AB2> >1>30I5==KE 8 DC=:F8>=0;L=KE ?8I52KE ?@>4C:B>2, 
>1;040NI8E 0=B8>:A840=B=>9 0:B82=>ABLN [2]. $5H5=85 MB>9 7040G8 <>65B 70:;NG0BLAO 2 
@0AH8@5=88 0AA>@B8<5=B0 ?@>4C:B>2 87 =5B@048F8>==KE 284>2 @0AB8B5;L=>3> AK@LO A 
2KA>:8< A>45@60=85< 18>;>38G5A:8 0:B82=KE :><?>=5=B>2, GB> ?>72>;8B ?>2KA8BL 
=5A?5F8D8G5A:CN @578AB5=B=>ABL >@30=87<0 : =51;03>?@8OB=K< D0:B>@0< >:@C60NI59 
A@54K. 
� ?>A;54=55 45AOB8;5B85 A2>1>4=K5 @048:0;K 8 8E @>;L 2 @0728B88 701>;520=89 AB0;8 

?@54<5B>< <=>3>G8A;5==KE 8AA;54>20=89. #@>1;5<K E8<8G5A:>9 @53C;OF88 >:8A;8B5;L=>3> 
AB@5AA0 8 ?>8A: 18>;>38G5A:8 0:B82=KE 25I5AB2, >1;040NI8E 0=B8>:A840=B=>9 0:B82=>ABLN, 

=0E>4OBAO 2 F5=B@5 2=8<0=8O @O40 8AA;54>20B5;59 [3‒7]. #@8@>4=K5 0=B8>:A840=BK, :0: 
?@028;>, ?>402;ONB @50:F88 A2>1>4=>@048:0;L=>3> >:8A;5=8O ?CB5< A2O7K20=8O A2>1>4=KE 
@048:0;>2 8 >1@07>20=8O AB018;L=KE E8<8G5A:8E A>548=5=89, A>74020O B5< A0<K< 
>?B8<0;L=K5 CA;>28O 4;O <5B01>;87<0 8 >15A?5G5=8O =>@<0;L=>3> @>AB0 :;5B>: 8 B:0=59.  
� @O45 @01>B >B<5G5=>, GB> A@548 ?@8@>4=KE A>548=5=89 0=B8>:A840=B=CN 0:B82=>ABL 

?@>O2;ONB ;5:0@AB25==K5 B@02K, >A=>2=K<8 0:B82=K<8 25I5AB20<8 :>B>@KE O2;ONBAO 
?>;8D5=>;K [8, 9]. #>;8D5=>;L=K5 A>548=5=8O ?@54AB02;ONB >1H8@=CN 3@C??C 
18>;>38G5A:8 0:B82=KE A>548=5=89, A8=B578@C5<KE @0AB5=8O<8, O2;ONI8EAO 0:B82=K<8 
<5B01>;8B0<8 :;5B>G=>3> >1<5=0 8 2K?>;=ONI8E 206=CN @>;L 2 D878>;>38G5A:8E 
?@>F5AA0E. %@548 C:070==KE 25I5AB2 =081>;LH89 ?@0:B8G5A:89 8=B5@5A ?@54AB02;ONB 
D;02>=>84K, 4C18;L=K5 25I5AB20 (B0=84K), D5=>;>:8A;>BK 8 28B0<8=K [10, 11]. 
�C18;L=K5 25I5AB20 ‒ MB> A;>6=0O A<5AL 1;87:8E ?> A>AB02C D5=>;L=KE A>548=5=89, 

45;OI8EAO =0 425 3@C??K: 384@>;87C5<K5 8 :>=45=A8@>20==K5 B0=8=K. �<5AB5 A 
0A:>@18=>2>9 :8A;>B>9 >=8 CG0AB2CNB 2 M=78<0B8G5A:8E ?@>F5AA0E >:8A;5=8O 8 
2>AAB0=>2;5=8O 1;03>40@O ?@8ACBAB28N 1>;LH>3> :>;8G5AB20 "!- – 8 :0@1>:A8;L=KE 3@C??, 
:>B>@K5 ?>425@30NBAO @07;8G=K< 18>E8<8G5A:8< 87<5=5=8O< 8 ?@8=8<0NB CG0AB85 2 @O45 
D878>;>38G5A:8E ?@>F5AA>2 [9].  

� A2O78 A MB8< A53>4=O 0:BC0;L=K< O2;O5BAO @07@01>B:0 D8B>:><?>78F89 4;O 
@0AB8B5;L=>3> A8@>?0, >A=>2C :>B>@>3> A>AB02;ONB M:AB@0:BK <5AB=>3> ;5:0@AB25==>3> 
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AK@LO, >1;040NI53> 0=B8>:A840=B=>9 0:B82=>ABLN 70 AG5B 7=0G8B5;L=>3> A>45@60=8O 
4C18;L=KE 25I5AB2. -B> ?>72>;8B ACI5AB25==> @0AH8@8BL 2>7<>6=>AB8 8A?>;L7>20=8O 
0;LB5@=0B82=KE 8AB>G=8:>2 18>;>38G5A:8 0:B82=KE 25I5AB2, C;CGH8BL =0BC@0;L=>ABL 
3>B>2>3> ?@>4C:B0, @0AH8@8BL 0AA>@B8<5=B=CN ;8=59:C 8 2=5AB8 7=0G8B5;L=K9 2:;04 2 
@0728B85 74>@>2>3> ?8B0=8O =0A5;5=8O $5A?C1;8:8 �5;0@CAL.  
#@54<5B 8AA;54>20=8O – A>45@60=85 4C18;L=KE 25I5AB2 8 0=B8>:A840=B=>9 0:B82=>AB8 2 

2>4=KE M:AB@0:B0E B@02K G01@5F0. 
*5;L 8AA;54>20=8O ‒ >?B8<870F8O ?@>F5AA0 M:AB@0:F88 4C18;L=KE 25I5AB2 8 

0=B8>:A840=B=>9 0:B82=>AB8 2 2>4=KE M:AB@0:B0E ;5:0@AB25==KE @0AB5=89, 2E>4OI8E 2 
A>AB02 D8B>:><?>78F88 4;O @0AB8B5;L=>3> A8@>?0 =0 ?@8<5@5 B@02K G01@5F0. 

 

 �&�$���/ �  �&"�/ 

"1J5:B>< 8AA;54>20=8O A;C68;0 B@020 G01@5F0, 703>B>2;5==0O 2 A5=BO1@5 2023 3>40 8 
?@8>1@5B5==0O 2 0?B5G=>9 A5B8. � :0G5AB25 M:AB@035=B0 8A?>;L7>20;8 2>4C. � E>45 @01>BK 

1K;8 8AA;54>20=K A;54CNI85 A>>B=>H5=8O @0AB8B5;L=>3> AK@LO 8 M:AB@035=B0 
(384@><>4C;L): 1:10, 1:15, 1:20. -:AB@0:F8N ?@>2>48;8 =0 2>4O=>9 10=5 2 ?;>B=> C:C?>@5==KE 
D;0:>=0E A 7028=G820NI59AO :@KH:>9 2 B5G5=85 60 <8=CB ?@8 B5<?5@0BC@5 80 º%. #>A;5 
M:AB@0:F88 ?@>2>48;8 D8;LB@0F8N 872;5G5=8O, 70B5< ?>;CG5==K9 D8;LB@0B 8A?>;L7>20;8 
4;O 40;L=59H59 @01>BK. %>45@60=85 4C18;L=KE 25I5AB2, 2 ?5@5AGёB5 =0 B0=8=, >?@545;O;8 
?5@<0=30=0B><5B@8G5A:8< B8B@8<5B@8G5A:8< <5B>4><, 1078@CNI5<AO =0 >:8A;5=88 
D5=>;L=KE 3@C?? ?5@<0=30=0B>< :0;8O 2 ?@8ACBAB288 8=48:0B>@0 8=483>AC;LD>:8A;>BK  

[12], >?@545;5=85 >:8A;8B5;L=>-2>AAB0=>28B5;L=>3> ?>B5=F80;0 >?@545;O;8 
?>B5=F8><5B@8G5A:8< <5B>4>< [13].  

�;O >?B8<870F88 ?@>F5AA0 M:AB@0:F88 A F5;LN 87CG5=8O 2>7<>6=>AB8 872;5G5=8O 
4C18;L=KE 25I5AB2 8 >:8A;8B5;L=>-2>AAB0=>28B5;L=>3> ?>B5=F80;0 2 7028A8<>AB8 >B 
A>>B=>H5=8O AK@LO 8 M:AB@035=B0 (384@><>4C;L), 0 B0:65 ?@>4>;68B5;L=>AB8 M:AB@0:F88 

A>AB028;8 <0B@8FC #(-, A>3;0A=> :>B>@>9 ?@83>B>28;8 32 20@80=B0 @568<>2 M:AB@0:F88 

(B01;8F0 1). 

&45?. 1. '@>2=8 20@L8@>20=8O :><?>=5=B>2 A@54K 

Table 1. Levels of variation of environmental components  

(0:B>@ 
'A;>2=>5 
>1>7=0G5=85 
D0:B>@0 

'@>25=L �=B5@20; 
20@L8@>20=8O (λ) !86=89 

(-) 

%@54=89 
(0) 

�5@E=89 
(+) 

#@>4>;68B5;L=>ABL 
M:AB@0:F88, A � 800 2300 3800 100 

�84@><>4C;L � 1:10 1:15 1:20 1:10 

 

 0B@8F0 ?;0=8@>20=8O 42CED0:B>@=>3> M:A?5@8<5=B0 ?> >F5=:5 2;8O=8O CA;>289 
M:AB@0:F88 =0 872;5G5=85 4C18;L=KE 25I5AB287 B@02K G01@5F0 ?@54AB02;5=0 2 B01;8F5 2. 

&45?. 2.  0B@8F0 ?;0=8@>20=8O 42CED0:B>@=>3> M:A?5@8<5=B0 ?@8 872;5G5=88 4C18;L=KE 25I5AB2 

Table 2. Matrix for planning a two-factor experiment when extracting tannins 

�0@80=B >?KB0 �AA;54C5<K5 D0:B>@K %>45@60=85 4C18;L=KE 
25I5AB2, % �, (A) � 

1 900 1:10 0,404 

2 1800 1:10 0,407 
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#@>4>;65=85 F45?. 2. 
   

3 2700 1:10 0,410 

4 3600 1:10 0,412 

5 900 1:15 0,210 

6 1800 1:15 0,267 

7 2700 1:15 0,314 

8 3600 1:15 0,346 

9 900 1:20 0,207 

10 1800 1:20 0,233 

11 2700 1:20 0,254 

12 3600 1:20 0,264 

 

 0B@8F0 #(-, A>3;0A=> :>B>@>9 ?@83>B>28;8 32 20@80=B0 @568<>2 M:AB@0:F88 
D;02>=>84>2, 845=B8G=0 <0B@8F5 4;O 4C18;L=KE 25I5AB2, ?@54AB02;5==>9 2 B01;8F5 1, B0: 
:0: >?KB ?@>2>48;AO ?@8 0=0;>38G=KE CA;>28OE.  0B@8F0 ?;0=8@>20=8O 42CED0:B>@=>3> 
M:A?5@8<5=B0 ?> >F5=:5 2;8O=8O @568<>2 M:AB@0:F88 =0 A>45@60=85 D;02>=>84>2 
?@54AB02;5=0 2 B01;8F5 3.  

&45?. 3.  0B@8F0 ?;0=8@>20=8O 42CED0:B>@=>3> M:A?5@8<5=B0 ?@8 >?@545;5=88 >:8A;8B5;L=>-
2>AAB0=>28B5;L=>3> ?>B5=F80;0 

Table 3. Matrix for planning a two-factor experiment when determining the redox potential 

�0@80=B >?KB0 �AA;54C5<K5 D0:B>@K �=0G5=85 "�#, <� �, (A) � 

1 900 1:10 317,40 

2 1800 1:10 318,00 

3 2700 1:10 318,60 

4 3600 1:10 318,60 

5 900 1:15 313,00 

6 1800 1:15 314,40 

7 2700 1:15 317,40 

8 3600 1:15 317,60 

9 900 1:20 302,40 

10 1800 1:20 303,60 

11 2700 1:20 304,80 

12 3600 1:20 304,80 

 

� @57C;LB0B5 AB0B8AB8G5A:>9 >1@01>B:8 M:A?5@8<5=B0;L=KE 40==KE 1K;8 ?>;CG5=K 
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C@02=5=8O @53@5AA88, 045:20B=> >?8AK20NI85 7028A8<>ABL 8AA;54C5<KE DC=:F89 >B:;8:0 >B 
2K1@0==KE D0:B>@>2. �;8O=85 :064>3> 87 20@L8@C5<KE D0:B>@>2 >B@060;8 3@0D8G5A:8 2 
2845 ?>25@E=>AB59 >B:;8:0. 

 

$��'�0&�&/ � �) "�%'���!�� 

'AB0=>2;5=>, GB> =0 M:AB@0:F8N 4C18;L=KE 25I5AB287 B@02K G01@5F0 B>G=> 2;8ONB >10 
D0:B>@0: A>>B=>H5=85 @0AB8B5;L=>3> AK@LO 8 M:AB@035=B0 (384@><>4C;L), 0 B0:65 
?@>4>;68B5;L=>ABL ?@>F5AA0 M:AB@0:F88.  0:A8<0;L=>5 A>45@60=85 4C18;L=KE 25I5AB2 2 
?@>F5AA5 M:AB@038@>20=8O 1K;> 2KO2;5=> ?@8 8A?>;L7>20=88 384@><>4C;O 1:10 8 
?@>4>;68B5;L=>AB8 ?@>F5AA0 M:AB@038@>20=8O 60 <8=CB (3600 A). 
#> @57C;LB0B0< ?@>2545==KE M:A?5@8<5=B>2 ?>;CG5=> C@02=5=85 @53@5AA88, :>B>@>5 

045:20B=> >?8AK205B 7028A8<>ABL A>45@60=8O 4C18;L=KE 25I5AB2 2 M:AB@0:B5 B@02K G01@5F0 
>B 384@><>4C;O 8 ?@>4>;68B5;L=>AB8 ?@>F5AA0 M:AB@038@>20=8O. #>A;5 8A:;NG5=8O 87 
C@02=5=8O =57=0G8<KE D0:B>@>2 >=> ?@8>1@5;> A;54CNI89 284: 

                                   D=0,882 ‒ 0,0685∙�+ 1,6∙10-5∙� ‒ 4,33∙10-9�2,                                (1) 

345 D – A>45@60=85 4C18;L=KE 25I5AB2, %; 

 � – 384@><>4C;L; 
 � – ?@>4>;68B5;L=>ABL M:AB@0:F88, c. 

 

�;O >?@545;5=8O >1;0AB59, ?@8 :>B>@KE MB8 ?>:070B5;8 8<5NB =081>;LH55 7=0G5=85, 
?>AB@>8;8 3@0D8: ?>25@E=>AB8 >B:;8:0 (@8AC=>: 1). 

 

 

$<E. 1. #>25@E=>ABL >B:;8:0, >B@060NI0O 7028A8<>ABL A>45@60=8O 4C18;L=KE 25I5AB2 2 M:AB@0:B5 
G01@5F0 >B 384@><>4C;O 8 2@5<5=8 ?@>2545=8O ?@>F5AA0 

Fig. 1. Response surface reflecting the dependence of the tannin content in thyme extract on the 

hydromodulus and process time 
 

�=0;87 7028A8<>AB8, ?@54AB02;5==>9 =0 @8AC=:5 1, ?>:070;, GB> ?@8 C25;8G5=88 
384@><>4C;O :>=F5=B@0F8O 4C18;L=KE 25I5AB2 2 ?@>F5AA5 M:AB@0:F88 B@02K G01@5F0 

%B89D:4A<9 
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A=8605BAO. #@>F5AA 872;5G5=8O 4C18;L=KE 25I5AB2 845B 4>AB0B>G=> 0:B82=> 4> 4>AB865=8O 
@02=>25A=>9 :>=F5=B@0F88 2 A8AB5<5 AK@L5-M:AB@035=B, :>B>@0O CAB0=02;8205BAO, :>340 
C@02=820NBAO :>;8G5AB20 25I5AB2, 48DDC=48@CNI8E 87 AK@LO 2 M:AB@035=B 8 >1@0B=> [14, 
15].  0:A8<0;L=>5 872;5G5=85 4C18;L=KE 25I5AB2 4>AB8305BAO ?@8 A>>B=>H5=88 AK@LO 8 
2>4K 1:10. �A?>;L7>20=85 <5=LH53> 384@><>4C;O =5F5;5A>>1@07=>, B0: :0: ?@8 A=865=88 
>1J5<0 M:AB@035=B0 ?> >B=>H5=8N : M:AB@038@C5<><C AK@LN ?@>8AE>48B A8;L=>5 
2;03>?>3;>I5=85 2>4K ACE>9 B@02>9 G01@5F0 8 >1@07>20=85 :0H5>1@07=>9 <0AAK, GB> 2 
40;L=59H5< A=8605B 2KE>4 M:AB@0:B0 8 70B@C4=O5B D8;LB@0F8N 3>B>2>3> M:AB@0:B0 [9].  
�;O ?@0:B8G5A:>3> ?@8<5=5=8O @57C;LB0B>2 8AA;54>20=8O CAB0=>28;8 7028A8<>ABL 

A>45@60=8O 4C18;L=KE 25I5AB2 2 B@025 G01@5F0 >B 2@5<5=8 ?@>B5:0=8O ?@>F5AA0 M:AB@0:F88. 
�@0D8: 7028A8<>AB8 ?@54AB02;5= =0 @8AC=:5 2. 
#@8 CAB0=>2;5=88 >?B8<0;L=>3> 2@5<5=8 M:AB@0:F88 ?@>2>48;8 872;5G5=85 87 AK@LO 2 

B5G5=85 15, 30, 45 8 60 <8=CB. �;O =081>;55 ?>;=>3> 872;5G5=8O 4C18;L=KE 25I5AB2 87 B@02K 
G01@5F0 F5;5A>>1@07=> 8A?>;L7>20BL M:AB@0:F8N 2 B5G5=85 60 <8=CB, ?>A:>;L:C A 40;L=59H8< 
C25;8G5=85< 2@5<5=8 2KE>4 4C18;L=KE 25I5AB2 =5 87<5=O;AO. "4=0:> G@57<5@=>5 
C25;8G5=85 ?@>4>;68B5;L=>AB8 M:AB@0:F88 2545B : 7=0G8B5;L=><C CEC4H5=8N :0G5AB20 
?>;CG05<KE M:AB@0:B>2. #@8 M:AB@0:F88 4C18;L=KE 25I5AB2 =01;N405BAO ?@>F5AA 
:>=45=A0F88, ?@8 MB>< 70 AG5B :>=45=A0F88 G0ABL 4C18;L=KE 25I5AB2 ?5@5E>48B 2 :;0AA B0: 
=07K205<KE =5@0AB2>@8<KE 8 2K?0405B 2 >A04>:, GB> ?@82>48B : =5:>B>@><C A=865=8N 
:>;8G5AB20 4C18;L=KE 25I5AB2 2 M:AB@0:B5. 

 

 
1 – 3@0D8: C@02=5=8O A>3;0A=> D>@<C;5 (1); 2 – M:A?5@8<5=B0;L=K5 40==K5  

$<E. 2. �@0D8: 7028A8<>AB8 A>45@60=8O 4C18;L=KE 25I5AB2 2 M:AB@0:B5 G01@5F0 >B 2@5<5=8 
?@>B5:0=8O ?@>F5AA0 M:AB@0:F88 

Fig. 2. Graph of the dependence of the tannin content in the thyme extract on the time of the extraction 

process 
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�028A8<>ABL =>A8B ;8=59=K9 E0@0:B5@. &0:8< >1@07><, ?>;CG5==0O 7028A8<>ABL <>65B 
1KBL 8A?>;L7>20=0 4;O >?@545;5=8O 7=0G5=8O A>45@60=8O 4C18;L=KE 25I5AB2 2 :>=:@5B=K9 
?5@8>4 2@5<5=8 ?@8 ?@>2545=88 ?@>F5AA0 M:AB@0:F88. 

�;O >F5=:8 0=B8>:A840=B=>9 0:B82=>AB8 M:AB@0:B>2 B@02K G01@5F0, :0: 
?>;8D5=>;A>45@60I53> @0AB8B5;L=>3> AK@LO, ?@54AB02;O5B 8=B5@5A ?@8<5=5=85 
?>B5=F8><5B@8G5A:>3> <5B>40 >?@545;5=8O >:8A;8B5;L=>-2>AAB0=>28B5;L=>3> ?>B5=F80;0 
("�#). !0 @8AC=:5 3 ?@54AB02;5= 3@0D8: ?>25@E=>AB8 >B:;8:0, ?@8 :>B>@>< MB>B ?>:070B5;L 
8<55B =081>;LH55 7=0G5=85. 
&0:8< >1@07><, 0=0;878@CO 40==K5, ?@54AB02;5==K5 =0 @8AC=:5 3, <>6=> A45;0BL 2K2>4, 

GB> 87<5=5=85 "�# 2 M:AB@0:B5 B@02K G01@5F0 7028A8B >B ?0@0<5B@>2 M:AB@038@>20=8O 
(384@><>4C;O 8 ?@>4>;68B5;L=>AB8 ?@>F5AA0). 'AB0=>2;5=>, GB> =01;N405BAO 87<5=5=85 
0=B8>:A840=B=>9 0:B82=>AB8 2 7028A8<>AB8 >B AC<<0@=>3> A>45@60=8O 4C18;L=KE 25I5AB2 2 
2>4=>< M:AB@0:B5 B@02K G01@5F0. 

 

 

 

 

$<E. 3. #>25@E=>ABL >B:;8:0, >B@060NI0O 7028A8<>ABL 87<5=5=8O >:8A;8B5;L=>-2>AAB0=>28B5;L=>3> 
?>B5=F80;0 2 M:AB@0:B5 G01@5F0 >B 384@><>4C;O 8 2@5<5=8 ?@>2545=8O ?@>F5AA0 

Fig. 3. Response surface reflecting the dependence of the change in the oxidation-reduction potential in the 

thyme extract on the hydromodule and the time of the process 

 

�=B5=A82=>ABL >:8A;8B5;L=>-2>AAB0=>28B5;L=KE @50:F89 7028A8B >B 0:B82=>AB8 
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TECHNOLOGICAL ASPECTS OF FORMULATING RECIPES OF SPECIALISED 

FLOUR-BASED FOOD PRODUCTS IN CASES OF PROTEIN METABOLISM 

DISORDERS 

M. N. Vasileuskaya, A. F. Tsikhanovich 

Belarusian State University of Food and Chemical Technologies, Mogilev, Republic of Belarus 

ABSTRACT 
Introduction. Expanding the range of gluten-free flour food products is a significant concern for the food 

industry, which has defined the objective of this research. However, the issue of rational selection of flour raw 

materials and other recipe ingredients to ensure the desired consumer properties and intended purpose of such 

products remains unresolved. The primary scientific goal is to provide a rationale for selecting specific types 

of gluten-free flour and flour mixtures, as well as food structuring additives, to produce various groups of 

specialized flour products. 

Materials and methods. A total of 12 samples of flour mixtures made from rice, buckwheat, and corn flours 
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were analyzed alongside 6 types of structuring ingredients. Standard methods were employed for analysis. The 

structural-mechanical properties were assessed using an analyzer Mixolab, and a rotational viscometer 

HAAKEV 6/7plus.  

Results. Recommendations for utilizing flour mixtures based on their water absorption capacity have been 

validated for the production of gluten-free flour products across different product categories. Additionally, 

specific types of structuring ingredients have been proposed to ensure the desired consumer properties of the 

finished products, depending on the assortments of developed items and the technology employed.  

Conclusions. The developed recommendations enable the expansion of the range of gluten-free flour products 

available in the food market of the republic. These products include baked goods, gingerbread items, 

breadsticks, and sugar cookies with given consumer properties.  

KEY WORDS: gluten-free flour; structuring ingredients; technological properties; functional properties; 

process characteristics; water absorption capacity; dough stability; dough formation time; effective viscosity; 

intended purpose. 
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701>;520=8OE ACI5AB2CNB >3@0=8G5=8O =0 A>45@60=85 2 ?8I52KE ?@>4C:B0E 15;:>2 
=5:>B>@KE 7;0:>2KE :C;LBC@, >1@07CNI8E 3;NB5=, 2=8<0=85 @07@01>BG8:>2 8 ?@>872>48B5;59 
1573;NB5=>2>9 ?@>4C:F88 2 7=0G8B5;L=>9 AB5?5=8 A>A@54>B>G5=> =0 <CG=KE ?@>4C:B0E 
?8B0=8O. 
"A=>2>?>;>6=8:>< ?@>5:B8@>20=8O @07;8G=KE ?8I52KE ?@>4C:B>2 O2;O5BAO 0:045<8: 

� ! %%%$ �.�. #>:@>2A:89, :>B>@K9 >4=8< 87 ?5@2KE 87;>68; ?@8=F8?K 03;NB5=>2>9 
485BK [1‒4]. � =0AB>OI55 2@5<O ?@>1;5<C @07@01>B:8 1573;NB5=>2KE ?@>4C:B>2 ?8B0=8O 
@5H0NB CG5=K5 @07;8G=KE AB@0=, 4;O G53> ?@>2>4OBAO 8AA;54>20=8O ?> @07@01>B:5 @5F5?BC@ 
1573;NB5=>2KE E;51>1C;>G=KE, <CG=KE :>=48B5@A:8E 8 :C;8=0@=KE 8745;89 [5–13].  

�=0;87 ACI5AB2CNI59 =0CG=>9 8=D>@<0F88 ?>:07K205B, GB> ?@>5:B8@>20=85 
A?5F80;878@>20==KE ?@>4C:B>2 ?8B0=8O 2 A53<5=B5 1573;NB5=>2KE 8745;89 4>;6=> 
>A=>2K20BLAO =0 A;54CNI8E ?@8=F8?0E: 

 A>>B25BAB285 E8<8G5A:>3> A>AB020 ?@>5:B8@C5<>3> ?@>4C:B0 7040==K< B@51>20=8O< A 
CG5B>< >A>15==>AB59 :0B53>@89 =0A5;5=8O, 4;O :>B>@KE >= ?@54=07=0G5=; 

 >15A?5G5=85 2KA>:>9 ?8I52>9 F5==>AB8 :>=AB@C8@C5<>3> ?@>4C:B0; 
 >15A?5G5=85 ?>;CG5=8O ?>;CD01@8:0B>2 ?@>5:B8@C5<>3> ?@>4C:B0 A B@51C5<K<8 

AB@C:BC@=>-<5E0=8G5A:8<8 A2>9AB20<8, >1CA;>2;820NI8E 8E 045:20B=>5 ?>2545=85 2 
B5E=>;>38G5A:>< ?@>F5AA5 ?@>872>4AB20; 

 >15A?5G5=85 ?>;CG5=8O 3>B>2>3> ?@>4C:B0 2 A>>B25BAB288 A 53> 284>< 8 ?@8ACI8<8 
5<C A2>9AB20<8, A E>@>H8<8 ?>B@518B5;LA:8<8 E0@0:B5@8AB8:0<8. 
"A=>2=K< =0?@02;5=85< ?@>5:B8@>20=8O A?5F80;878@>20==KE, 2 B.G. <CG=KE 
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1573;NB5=>2KE ?@>4C:B>2 2 =0AB>OI55 2@5<O O2;O5BAO :>=AB@C8@>20=85 @5F5?BC@=>3> A>AB020 
=0 >A=>25 ?@8@>4=>3> 1573;NB5=>2>3> AK@LO @0AB8B5;L=>3> ?@>8AE>645=8O [14–16].  

)8<8G5A:89 A>AB02 ?8I52KE ?@>4C:B>2, A>45@60=85 2 =5< D878>;>38G5A:8 =5>1E>48<KE 
:><?>=5=B>2 8;8 >BACBAB285 =565;0B5;L=KE 25I5AB2, A2>9AB20, ?@8ACI85 ?>;CD01@8:0B0< 8 
3>B>2K< ?@>4C:B0<, 0 B0:65 E0@0:B5@8AB8:0 8E :0G5AB20 >1CA;>2;5=K, 3;02=K< >1@07><, 
E8<8G5A:8< A>AB02>< 8A?>;L7C5<>3> <CG=>3> AK@LO. $50;870F8O ?@82545==KE 2KH5 
?@8=F8?>2 ?@>5:B8@>20=8O 2 7=0G8B5;L=>9 AB5?5=8 7028A8B B0:65 >B 2840 8 E8<8G5A:>3> 
A>AB020 4>?>;=8B5;L=>3> AK@LO, @5F5?BC@=>3> A>AB020 8 B5E=>;>38G5A:8E >A>15==>AB59 
8A?>;L7C5<KE ?8I52KE 4>102>:, :@><5 B>3>, A2>9AB20 B5AB>2KE ?>;CD01@8:0B>2 8 8E 
?>2545=85 ?@8 2545=88 B5E=>;>38G5A:>3> ?@>F5AA0 70G0ABCN >1CA;>2;5=K 8A?>;L7C5<K<8 
B5E=>;>38G5A:8<8 ?@85<0<8 8 ?0@0<5B@0<8 ?@83>B>2;5=8O ?>;CD01@8:0B>2. 
�KH5 C:07K20;>AL, GB> 2 A>AB025 1573;NB5=>2KE ?8I52KE ?@>4C:B>2 >3@0=8G8205BAO 

A>45@60=85 15;:>2, >1@07CNI8E 3;NB5=, 8 MB> 8A:;NG05B 8A?>;L7>20=85 4;O 8E ?@>872>4AB20 
<C:8 B0:8E 7;0:>2KE :C;LBC@, :0: ?H5=8F0, @>6L, B@8B8:0;5, OG<5=L 8, ?> =5:>B>@K< 40==K<, 
>25A. � A2O78 A MB8< =0 ?@0:B8:5 4;O 873>B>2;5=8O 1573;NB5=>2KE <CG=KE ?8I52KE ?@>4C:B>2 
=081>;55 G0AB> ?@8<5=ONB @8A>2CN 8 :C:C@C7=CN <C:C, =5A:>;L:> @565  3@5G=52CN 8 <C:C 
A>@3>, 0 B0:65 @07;8G=K5 =0B82=K5 :@0E<0;K. #@54;0305<>5 AK@L5 E0@0:B5@87C5BAO 
>BACBAB285< 3;NB5=A>45@60I8E D@0:F89 15;:0 (:;59:>28=K) 8 2KA>:8< A>45@60=85< 
:@0E<0;0, GB> 2 A2>N >G5@54L >1CA;02;8205B =52KA>:CN ?8I52CN F5==>ABL 873>B02;8205<KE 
87 =8E ?@>4C:B>2. �;O ?>2KH5=8O MB>3> ?>:070B5;O @5:><5=4C5BAO @0AH8@OBL A>AB02 
8A?>;L7C5<KE =5B@048F8>==KE 284>2 <C:8, B0:65 F5;5A>>1@07=K< O2;O5BAO 8A?>;L7>20=85 
A<5A59 @07;8G=KE 284>2 <C:8. � ;8B5@0BC@5 8<5NBAO A2545=8O > 2>7<>6=>AB8 8A?>;L7>20=8O 
4;O 1573;NB5=>2KE <CG=KE ?@>4C:B>2 A<5A59 A 4>78@>2:0<8 <C:8 ?A524>7;0:>2KE, 1>1>2KE, 
<0A;8G=KE 8 4@C38E :C;LBC@ [12–16]. 

�B>@K< ACI5AB25==K< =54>AB0B:>< @0AA<0B@8205<>3> A53<5=B0 <CG=KE ?8I52KE 
?@>4C:B>2 O2;O5BAO >BACBAB285 2 8A?>;L7C5<>< 1573;NB5=>2>< AK@L5 AB@C:BC@>>1@07CNI53> 
:><?>=5=B0, DC=:F8N :>B>@>3> 2 B@048F8>==>9 ?@>4C:F88 87 ?H5=8G=>9 <C:8 2K?>;=O5B 
3;NB5=. "BACBAB285 3;NB5=0 2 B0:>< AK@L5 >1CA;02;8205B =54>AB0B>G=K5 AB@C:BC@=>-
<5E0=8G5A:85 A2>9AB20 B5AB>2KE ?>;CD01@8:0B>2, 8=>340 45;0O =52>7<>6=K< @0745;:C 8 
D>@<>2:C B5AB>2KE 703>B>2>:, GB> ?@82>48B : CEC4H5=8N ?>:070B5;59 :0G5AB20 3>B>2KE 
8745;89, =0?@8<5@, ?>;CG5=8N E;510 A ;8?:8<, =54>AB0B>G=> ?>@8ABK< <O:8H5<, ?5G5=LO  

A =87:>9 ?@>G=>ABLN 8 4@. � A2O78 A MB8< 206=>9 7040G59 ?8I52>9 8=65=5@88 O2;O5BAO 
:>=AB@C8@>20=85 @5F5?BC@=KE A>AB02>2 1573;NB5=>2KE <CG=KE ?@>4C:B>2 A CG5B>< 
>15A?5G5=8O =5>1E>48<KE AB@C:BC@=>-<5E0=8G5A:8E A2>9AB2, >1CA;02;820NI8E B@51C5<>5 
?>2545=85 ?>;CD01@8:0B>2 2 B5E=>;>38G5A:>< ?@>F5AA5, A;54AB285< G53> 1C4CB E>@>H85 
?>B@518B5;LA:85 A2>9AB20 3>B>2>9 ?@>4C:F88. -B0 7040G0 @5H05BAO ?CB5< 8A?>;L7>20=8O 2 
@5F5?BC@0E <CG=KE 1573;NB5=>2KE ?@>4C:B>2 @07;8G=KE 284>2 <C:8 A 2KA>:8< A>45@60=85< 
=5:@0E<0;L=KE ?>;8A0E0@84>2 8 ?@8<5=5=8O A?5F80;L=KE B5E=>;>38G5A:8E ?@85<>2, 
>15A?5G820NI8E :;59AB5@870F8N :@0E<0;0 <CG=>3> AK@LO 4;O ?@840=8O ?>;CD01@8:0B0< 
AB@C:BC@>>1@07CNI8E A2>9AB2 8;8, GB> =081>;55 MDD5:B82=>, – 8A?>;L7>20=85 A?5F80;L=KE 
?8I52KE 4>102>:, O2;ONI8EAO @07;8G=K<8 2KA>:><>;5:C;O@=K<8 ?>;8A0E0@840<8 8 
2K?>;=ONI8<8 AB@C:BC@>>1@07CNICN DC=:F8N [17–20]. 

!5>1E>48<> >B<5B8BL, GB> ?@54AB02;5==K5 2 ;8B5@0BC@5 40==K5 ?> @07@01>B:5 
1573;NB5=>2KE <CG=KE 8745;89 ?@54AB02;ONB A>1>9 2 >A=>2=>< >B45;L=K5 8AA;54>20=8O, =5 
?>72>;ONI85 ?@>25AB8 :><?;5:A=CN >F5=:C B5E=>;>38G5A:8E A2>9AB2 1573;NB5=>2>3> AK@LO 
 8 <C:8, 8 AB@C:BC@>>1@07>20B5;59. #@54?>;0305BAO, GB> CAB0=>2;5=85 B5E=>;>38G5A:8E 
A2>9AB2 1573;NB5=>2>3> <CG=>3> AK@LO, DC=:F8>=0;L=KE >A>15==>AB59 
AB@C:BC@>>1@07CNI8E :><?>=5=B>2 ?>72>;8B ?@>3=>78@>20BL 8E ?>2545=85 2 B0:>9 
AB@C:BC@8@>20==>9 48A?5@A=>9 A8AB5<5, :>B>@>9 O2;ONBAO B5AB>2K5 ?>;CD01@8:0BK 4;O 
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<CG=KE ?@>4C:B>2. -B>, 2 A2>N >G5@54L, >1CA;>28B >?@545;5=85 >?B8<0;L=>3> A>>B=>H5=8O 
<C:8 8 AB@C:BC@>>1@07CNI8E 8=3@5485=B>2 2 @5F5?BC@=KE A>AB020E @07@010BK205<>9 
?@>4C:F88 A ?>78F88 B@51C5<KE AB@C:BC@=>-<5E0=8G5A:8E A2>9AB2 B5AB0 8 E>@>H8E 
?>B@518B5;LA:8E A2>9AB2 3>B>2>9 ?@>4C:F88. 
"1J5:B 8AA;54>20=89  1573;NB5=>2K5 284K <C:8 8 8E A<5A8, AB@C:BC@>>1@07CNI85 

8=3@5485=BK. 
#@54<5B 8AA;54>20=89  B5E=>;>38G5A:85 A2>9AB20 1573;NB5=>2KE 284>2 <C:8 8 8E A<5A59, 

DC=:F8>=0;L=K5 A2>9AB20 AB@C:BC@>>1@07CNI8E 8=3@5485=B>2. 
*5;L 8AA;54>20=8O – @0AH8@5=85 0AA>@B8<5=B0 <CG=KE 1573;NB5=>2KE ?@>4C:B>2 

>B5G5AB25==>3> ?@>872>4AB20. 
"1I0O =0CG=0O 7040G0  >1>A=>20=85 2K1>@0 >B45;L=KE 284>2 <CG=KE 1573;NB5=>2KE 

A<5A59, AB@C:BC@>>1@07CNI8E 8=3@5485=B>2 4;O 873>B>2;5=8O @07;8G=KE 3@C?? 
1573;NB5=>2KE <CG=KE ?@>4C:B>2 ?8B0=8O. 

 

 �&�$���/ �  �&"�/ 

�AA;54>20=8O ?@>2>48;8 2 =0CG=>-8AA;54>20B5;LA:>9 ;01>@0B>@88 :0D54@K B5E=>;>388 
E;51>?@>4C:B>2, A ?@82;5G5=85< A?5F80;8AB>2 8 >1>@C4>20=8O =0CG=>9 >B@0A;52>9 
;01>@0B>@88 75@=>2KE ?@>4C:B>2 8 ;01>@0B>@88 :0D54@K B5E=>;>388 <>;>:0 8 <>;>G=KE 
?@>4C:B>2 CG@5645=8O >1@07>20=8O «�5;>@CAA:89 3>AC40@AB25==K9 C=825@A8B5B ?8I52KE 8 
E8<8G5A:8E B5E=>;>389». 
� :0G5AB25 >?KB=KE >1@07F>2 1573;NB5=>2>9 <C:8 8A?>;L7>20;8 A;54CNI85 284K B0:>9 

<C:8, 873>B>2;5==K5 """ «�0@=5F» ($>AA89A:0O (545@0F8O), 8 ?@54AB02;5==K5 2 B>@3>2KE 
>1J5:B0E $5A?C1;8:8 �5;0@CAL: @8A>2CN <C:C (40;55 $); 3@5G=52CN <C:C (40;55 �); 
:C:C@C7=CN <C:C (40;55 �). �7 C:070==KE 284>2 <C:8 A>AB028;8 425=04F0BL >1@07F>2 A<5A59. 
"A=>2=K< :><?>=5=B>< A<5A8 O2;O;0AL @8A>20O <C:0, 55 :>;8G5AB2> 2 A<5AOE 87<5=O;>AL >B 
70 4> 100 %. %>45@60=85 2 A<5A8 :C:C@C7=>9 <C:8 20@L8@>20;> >B 5 4> 30 %, 3@5G=52>9 <C:8 
 >B 5 4> 15 % >B=>A8B5;L=> >1I53> :>;8G5AB20 <C:8 2 A<5A8. � :0G5AB25 :>=B@>;L=KE 
>1@07F>2 ?@8 >?@545;5=88 B5E=>;>38G5A:8E A2>9AB2 @07=KE 284>2 1573;NB5=>2>9 <C:8 8 8E 
A<5A59 8A?>;L7>20;8 <C:C ?H5=8G=CN <0@:8   54-28 (873>B>28B5;L "�" «�840E;51>?@>4C:B») 
8 <C:C @60=CN A5O=CN (873>B>28B5;L "�" « 8=A:89 :><18=0B E;51>?@>4C:B>2»). 
� :0G5AB25 >?KB=KE >1@07F>2 AB@C:BC@>>1@07CNI8E 8=3@5485=B>2 ?@8<5=O;8 A;54CNI85: 

:A0=B0=>20O :0<54L (40;55 :A0=B0=, 873>B>28B5;L """ «�4>@>20O AB@0=0», $>AA89A:0O 
(545@0F8O); 3C0@>20O :0<54L (40;55 3C0@, 873>B>28B5;L """ «�4>@>20O AB@0=0», $>AA89A:0O 
(545@0F8O); ?A8;;8C< (873>B>28B5;L """ «��" ��», $>AA89A:0O (545@0F8O); 
:0@B>D5;L=0O :;5BG0B:0 (873>B>28B5;L """ «POLARTEX», $>AA89A:0O (545@0F8O); :@0E<0; 
E>;>4=>3> =01CE0=8O (40;55 �)!, 873>B>28B5;L «Cargill», !845@;0=4K); :C:C@C7=K9 
M:AB@C78>==K9 :@0E<0; (40;55 �-�, 873>B>28B5;L """ «�2O38=A:89 :@0E<0;L=K9 702>4», 
$>AA89A:0O (545@0F8O).  
&5E=>;>38G5A:85 A2>9AB20 1573;NB5=>2KE 284>2 <C:8 8 8E A<5A59 8AA;54>20;8 =0 

0=0;870B>@5 Mixolab D8@<K Chopin Technologies ((@0=F8O). #@81>@ ?>72>;O5B 2 ?@>F5AA5 
>4=>3> 0=0;870 >ACI5AB28BL :><?;5:A=CN >F5=:C ?>:070B5;59 :0G5AB20 <C:8, :>B>@K5 7028AOB 
:0: >B A>45@60=8O 8 A2>9AB2 15;:0, B0: 8 >B A2>9AB2 :@0E<0;0.  5B>4 >A=>20= =0 ?>AB>O==>9 
@538AB@0F88 87<5=5=8O <><5=B0 A8;K =0 ?@82>45 <5A8;L=KE ;>?0AB59 2 ?@>F5AA5 70<5A0 B5AB0 
?@8 7040==KE 2 ?@81>@5 5 8=B5@20;>2 B5<?5@0BC@, GB> ?>72>;O5B >1J5:B82=> >F5=8BL 
?>2545=85 <C:8 =0 2A5E AB048OE B5E=>;>38G5A:>3> ?@>F5AA0 ?@>872>4AB20 <CG=KE ?@>4C:B>2. 
�;O 0=0;870 >1@07F>2 ?H5=8G=>9 8 @60=>9 <C:8 8A?>;L7>20;8 ?@>B>:>; ChopinWheat+, 4;O 
0=0;870 @8A>2>9 <C:8 8 A<5A59 =0 55 >A=>25 8A?>;L7>20;8 ?@>B>:>; ChopinRice, GB> 
>1CA;>2;5=> @07;8G8O<8 ?>2545=8O 8AA;54C5<KE 284>2 <C:8 2A;54AB285 8E E8<8G5A:>3> 
A>AB020 8 ?@54CA<>B@5=> 8=AB@C:F859 : ?@81>@C. 
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(C=:F8>=0;L=K5 A2>9AB20 ?8I52KE AB@C:BC@>>1@07CNI8E 4>102>: CAB0=02;820;8 A 
?><>ILN @>B0F8>==>3> 28A:>78<5B@0 HAAKEViscotester 6/7plus. �;O >?@545;5=8O 
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8AA;54>20=89 A>AB02;O;0 (20±2) °%. $072545=85 4;O :064>3> 8AA;54C5<>3> 
AB@C:BC@>>1@07CNI53> 8=3@5485=B0 ?>418@0;>AL 8=48284C0;L=> A CG5B>< 53> A?>A>1=>AB8 
>1@07>2K20BL A8AB5<C A :>=A8AB5=F859, =5>1E>48<>9 4;O >?@545;5=8O ?>:070B5;O 
MDD5:B82=>9 2O7:>AB8 2 40==KE CA;>28OE M:A?5@8<5=B0. �;O :A0=B0=>2>9 8 3C0@>2>9 :0<548 
?@8=8<0;8 @072545=85 2 480?07>=5 >B 20 4> 50, 4;O ?A8;;8C<0  >B 10 4> 40, 4;O >AB0;L=KE 
AB@C:BC@>>1@07>20B5;59 >B 5 4> 20. �AA;54>20=8O ?@>2>48;8AL 2 ?>2B>@=>ABOE, 
>15A?5G820NI8E ?>;CG5=85 AB0B8AB8G5A:8 7=0G8<KE M:A?5@8<5=B0;L=KE @57C;LB0B>2. 
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?@>4C:F88, ?@54=07=0G5==>9 4;O ?>B@518B5;59, AB@040NI8E =0@CH5=85< 15;:>2>9 
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8 4>78@>2:8 <C:8 8 =0B82=KE :@0E<0;>2 >1CA;>2;5=K B5E=>;>38G5A:8<8 0A?5:B0<8 2545=8O 
?@>872>4AB25==>3> ?@>F5AA0 873>B>2;5=8O E;51>1C;>G=KE 8 <CG=KE :>=48B5@A:8E 8745;89, 0 
B0:65 =5>1E>48<>ABLN >15A?5G5=8O B@51C5<KE ?>B@518B5;LA:8E E0@0:B5@8AB8: 
@07@010BK205<>9 ?@>4C:F88, 0=0;>38G=KE B@048F8>==K< 8745;8O<. !081>;55 G0AB> 
8A?>;L7C5<K5 284K <C:8 8 =0B82=KE :@0E<0;>2, 0 B0:65 @5:><5=4C5<K5 4>78@>2:8 <CG=>3> 
AK@LO 2 @5F5?BC@0E A?5F80;878@>20==KE <CG=KE ?@>4C:B>2 ?@54AB02;5=K =0 @8AC=:5 1. 
"G5284=>, GB> A?5F80;878@>20==K5 1573;NB5=>2K5 <CG=K5 ?@>4C:BK <>3CB 

873>B02;820BLAO :0: 87 >4=>3> 2840 <C:8 8;8 =0B82=KE :@0E<0;>2, B0: 8 87 8E A<5A59. � 
>A=>2=>< @5F5?BC@K B0:8E 8745;89 @07@010BK20NB =0 >A=>25 @8A>2>9 <C:8, :>;8G5AB2> 
:>B>@>9 :>;51;5BAO 2 ?@545;0E >B 50 4> 100 % : >1I5<C A>45@60=8N <CG=>3> AK@LO. � 
<5=LH59 AB5?5=8 2 @5F5?BC@0E 1573;NB5=>2KE <CG=KE ?@>4C:B>2 8A?>;L7C5BAO <C:0 A>@3> 8 
=0B82=K5 :@0E<0;K, A>45@60=85 :>B>@KE A>AB02;O5B >B 60 4> 100 % 8 >B 50 4> 100 % 

A>>B25BAB25==>. �>78@>2:8 :C:C@C7=>9 <C:8 7=0G8B5;L=> <5=LH5  >B 15 4> 60 %, :>;8G5AB2> 
3@5G=52>9 <C:8 8 <C:8 <0A;8G=KE :C;LBC@ =5 ?@52KH05B A>>B25BAB25==> 20 8 25 % 2 >1I59 
<0AA5 <CG=>3> AK@LO. �0==K5, ?@82545==K5 =0 @8AC=:5 1, B0:65 ?>:07K20NB, GB> ?@8<5=5=85 
>4=>3> 2840 <C:8 (@8A>2>9) 2>7<>6=> ?@8 873>B>2;5=88 :0: E;51>1C;>G=KE, B0: 8 <CG=KE 
:>=48B5@A:8E 8745;89. �A?>;L7>20=85 100 % <C:8 A>@3> 8 =0B82=KE :@0E<0;>2 ?@54;0305BAO 
B>;L:> 4;O ?5G5=LO. 
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$<E. 1. �84K 8 4>78@>2:8 <C:8 8 =0B82=KE :@0E<0;>2 2 @5F5?BC@0E A?5F80;878@>20==KE <CG=KE 
?@>4C:B>2 

Fig. 1. Types and dosages of flour and native starches in recipes for specialized flour products 

 

�KH5 ?>:070=>, GB> 2 =0AB>OI55 2@5<O 2 1>;LH8=AB25 @5F5?BC@ 1573;NB5=>2KE <CG=KE 
?@>4C:B>2 2 :0G5AB25 <CG=>3> AK@LO ?@8<5=ONBAO A<5A8 @07=KE 1573;NB5=>2KE 284>2 <C:8. 
�><18=8@>20=85 @07;8G=KE 284>2 <C:8 8 =0B82=KE :@0E<0;>2 ?@8 @07@01>B:5 
A?5F80;878@>20==KE <CG=KE ?@>4C:B>2 F5;5A>>1@07=> :0: A ?>78F88 :>@@5:B=>3> 2545=8O 
B5E=>;>38G5A:>3> ?@>F5AA0, B0: 8 A ?>78F88 >15A?5G5=8O >?B8<0;L=KE ?>B@518B5;LA:8E 
E0@0:B5@8AB8: @07@010BK205<>9 ?@>4C:F88, 2 B>< G8A;5 A B>G:8 7@5=8O 2:CA0, 8 2>7<>6=>AB8 
?>2KH5=8O ?8I52>9 F5==>AB8 3>B>2KE 8745;89.  
#@8 ?@>2545=88 =0AB>OI8E 8AA;54>20=89 1K;8 A>AB02;5=K A<5A8 87 =081>;55 G0AB> 

8A?>;L7C5<KE ?@8 ?@>872>4AB25 1573;NB5=>2>9 ?@>4C:F88 284>2 <C:8 A CG5B>< 4>78@>2>:, 
?@54AB02;5==KE =0 @8AC=:5 1. #@8 A>AB02;5=88 A<5A59 2 :0G5AB25 >A=>2K (70‒100 %) 

8A?>;L7>20;8 @8A>2CN <C:C, B0: :0: 55 :>;8G5AB2> 2 @5F5?BC@0E A?5F80;878@>20==KE <CG=KE 
?@>4C:B>2 <0:A8<0;L=> 8 <>65B A>AB02;OBL 4> 100 % >B >1I59 <0AAK <C:>?@>4C:B>2. 
#@8<5=O;8 B0:65 3@5G=52CN 8 :C:C@C7=CN <C:C 2 4>78@>2:0E >B 0 4> 15 % 8 >B 0 4> 30 % 

A>>B25BAB25==>. "1@07FK 8 :>;8G5AB25==>5 A>45@60=85 @5F5?BC@=KE :><?>=5=B>2 2 
A>AB02;5==KE A<5AOE ?@54AB02;5=K 2 B01;8F5 1. #>;CG5==K5 <CG=K5 A<5A8 0=0;878@>20;8 =0 
?@81>@5 Mixolab A F5;LN :><?;5:A=>3> 8AA;54>20=8O 8E B5E=>;>38G5A:8E A2>9AB2 8 
?@>3=>78@>20=8O ?>2545=8O ?@8 ?@83>B>2;5=88 B5AB>2KE ?>;CD01@8:0B>2 4;O <CG=KE 
?@>4C:B>2 8 >F5=:8 ?0@0<5B@>2 ?@>F5AA0 ?@83>B>2;5=8O B5AB0 [23].  8:A>3@0<<K 8 
E0@0:B5@8AB8:8 ?@>F5AA0 ?@83>B>2;5=8O B5AB>2KE ?>;CD01@8:0B>2, ?>;CG5==K5 =0 ?@81>@5 
Mixolab ?@8 8AA;54>20=88 <CG=KE A<5A59 2 A@02=5=88 A B@048F8>==K<8 2840<8 <C:8, 
?@54AB02;5=K =0 @8AC=:5 2 8 2 B01;8F5 2. 
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&45?. 1. "1@07FK 8 :>;8G5AB25==>5 A>45@60=85 @5F5?BC@=KE :><?>=5=B>2 2 <CG=KE A<5AOE 

Table 1. Samples and quantitative content of recipe components in flour mixtures 

"1@075F A<5A8 �84 8 4>78@>2:0 <C:8, % : >1I59 <0AA5 <C:8 
@8A>20O ($) 3@5G=520O (�) :C:C@C7=0O (�) 

$100 100 – – 
$90�10 90 – 10 

$10�10 90 10 – 
$90�5�5 90 5 5 

$80�20 80 – 20 

$80�5�15 80 5 15 

$80�10�10 80 10 10 

$80�15�5 80 15 5 

$70�30 70 – 30 

$70�5�25 70 5 25 

$70�15�15 70 15 15 

$70�10�20 70 10 20 

 

 

$<E. 2.  8:A>3@0<<K <CG=KE A<5A59 8 B@048F8>==KE 284>2 <C:8, ?>;CG5==K5 =0 ?@81>@5 Mixolab:   

1 – @60=0O A5O=0O <C:0; 2 – <C:0 ?H5=8G=0O 2KAH89 A>@B; 3 – <C:0 ?H5=8G=0O 1 A>@B; 4 – @8A>20O 
<C:0 $100; 5 – A<5AL $90 �10; 6 – A<5AL $80 �20; 7 – A<5AL $90 �10; 8 – A<5AL $90 �5 � 5; 

9 – A<5AL $80 �5 �15; 10 – A<5AL $80 �10 �10; 11 – A<5AL $80 �15 �5; 12 – A<5AL $70 �5 �25; 
13 – A<5AL $70 �10 �20; 14 – A<5AL $70 �15 �15; 15 – A<5AL $70 �30 

Fig. 2. Mixograms of flour mixtures and traditional types of flour obtained using the Mixolab device:  

1 – rye sifted flour; 2 – premium wheat flour; 3 – 1st grade wheat flour; 4 – rice flour P100; 5 – P90 K10 

mixture; 6 – P80 K20 mixture; 7 – P90 K10 mixture; 8 – P90 G5 K 5 mixture; 9 – P80 G5 K15 mixture;  

10 – P80 G10 K10 mixture; 11 – P80 G15 K5 mixture; 12 – P70 G5 K25 mixture;  

13 – P70 G10 K20 mixture; 14 – P70 G15 K15 mixture; 15 – P70 K30 mixture 
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&45?. 2. )0@0:B5@8AB8:8 ?@>F5AA0 ?@83>B>2;5=8O B5AB>2KE ?>;CD01@8:0B>2, ?>;CG5==K5 =0 
?@81>@5 Mixolab ?@8 8AA;54>20=88 <CG=KE A<5A59 2 A@02=5=88 A B@048F8>==K<8 2840<8 <C:8 

Table 2. Characteristics of the process of preparation of dough semi-finished products obtained using the 

Mixolab device while studying flour mixtures in comparison with traditional types of flour 

 
"1@075F A<5A8 )0@0:B5@8AB8:8 ?@>F5AA0 

�>4>?>3;>B8B5;L=0O 
A?>A>1=>ABL, % 

�@5<O >1@07>20=8O 
B5AB0, <8= 

%B018;L=>ABL 
B5AB0, <8= 

#H5=8G=0O <C:0 2  A. 59,0 1,60 9,00 

#H5=8G=0O <C:0 1 A. 57,3 1,38 8,00 

$60=0O A5O=0O <C:0 65,2 0,75 7,80 

$100 64,7 0,87 3,30 

$90�10 67,7 0,95 2,90 

$10�10 80,3 1,05 1,40 

$90�5�5 75,0 0,97 1,90 

$80�20 67,8 1,03 2,60 

$80�5�15 73,4 0,90 2,00 

$80�10�10 79,3 1,15 1,30 

$80�15�5 84,9 1,02 1,20 

$70�30 67,0 1,20 2,30 

$70�5�25 71,9 1,28 2,20 

$70�15�15 83,4 1,02 1,40 

$70�10�20 77,8 1,13 1,70 

 

�=0;87 E0@0:B5@8AB8: ?@>F5AA0 ?@83>B>2;5=8O B5AB0 87 <CG=KE A<5A59 2 A@02=5=88 A 
B@048F8>==K<8 2840<8 <C:8 ?>:070;, GB> 2>4>?>3;>B8B5;L=0O A?>A>1=>ABL @8A>2>9 <C:8 8 
<CG=KE A<5A59 2KH5, 0 2@5<O >1@07>20=8O B5AB0 8 53> AB018;L=>ABL =865 2 A@02=5=88 A 
?H5=8G=>9, 0 B0:65 @60=>9 <C:>9. %;54C5B >B<5B8BL, GB> =08<5=LH85 7=0G5=8O E0@0:B5@=K 
4;O ?H5=8G=>9 <C:8, GB> >1JOA=O5BAO :0: E8<8G5A:8< A>AB02><, B0: 8 1>;55 2KA>:>9 
B5<?5@0BC@>9 :;59AB5@870F88 8 =87:>9 ?>40B;82>ABLN :@0E<0;0 2 CA;>28OE =03@520=8O. 
�=0;87 40==KE, ?>;CG5==KE 4;O >1@07F>2 <C:8, 8A?>;L7C5<KE 4;O ?@>872>4AB20 
A?5F80;878@>20==>9 ?@>4C:F88, ?>:07K205B, GB> @8A>20O <C:0 E0@0:B5@87C5BAO A0<>9 =87:>9 
2>4>?>3;>B8B5;L=>9 A?>A>1=>ABLN (64,7 %) 8 2@5<5=5< >1@07>20=8O B5AB0 (0,87 <8=), >4=0:> 
=081>;LH59 AB018;L=>ABLN B5AB0 =0 AB0488 53> >1@07>20=8O (3,3 <8=). �2545=85 2 <CG=CN 
A<5AL :C:C@C7=>9 <C:8 ?@0:B8G5A:8 =5 >:07K205B 2;8O=8O =0 55 2>4>?>3;>B8B5;L=CN 
A?>A>1=>ABL, >4=0:> ?@82>48B : C25;8G5=8N ?@>4>;68B5;L=>AB8 >1@07>20=8O B5AB0                           
(4> 1,2 <8=) 8 A=865=8N 2@5<5=8 53> AB018;L=>AB8 (4> 2,3 <8=), GB>, 25@>OB=>, >1CA;>2;5=> 
7=0G8B5;L=K< @07<5@>< G0AB8F :C:C@C7=>9 <C:8 [21]. �>;55 2K@065==>5 C25;8G5=85 
2>4>?>3;>B8B5;L=>9 A?>A>1=>AB8 =01;N405BAO ?@8 22545=88 2 A>AB02 A<5A8 3@5G=52>9 <C:8 
(4> 80,3 %), GB> >1JOA=O5BAO 55 E8<8G5A:8< A>AB02><, 2 G0AB=>AB8, 2KA>:8< A>45@60=85< 
@0AB2>@8<KE D@0:F89 ?8I52KE 2>;>:>=. %;54C5B >B<5B8BL, GB> 4>102;5=85 3@5G=52>9 <C:8 
B0:65 A?>A>1AB2C5B 1>;55 2KA>:>9 ?@>4>;68B5;L=>AB8 >1@07>20=8O B5AB0 (1,05 <8=) 2 
A@02=5=88 A @8A>2>9 <C:>9, >4=0:> AB018;L=>ABL B5AB0 A=8605BAO (1,40 <8=). #@8 0=0;875 
B@5E:><?>=5=B=KE A<5A59 ?@>O2;O5BAO 0=0;>38G=0O B5=45=F8O: 22545=85 :C:C@C7=>9 <C:8 
?@82>48B : C25;8G5=8N 2@5<5=8 >1@07>20=8O B5AB0 8 A=865=8N 53> AB018;L=>AB8. 
'25;8G5=85 4>;8 3@5G=52>9 <C:8 2 A>AB025 B@5E:><?>=5=B=>9 A<5A8 2 5I5 1>;LH59 AB5?5=8 
A?>A>1AB2C5B >B;8G8N @0AA<0B@8205<KE E0@0:B5@8AB8: >B 7=0G5=89 4;O @8A>2>9 <C:8 8 

>A>15==> ?H5=8G=>9 <C:8. 
 8:A>3@0<<K, ?>;CG5==K5 ?@8 8AA;54>20=88 <CG=KE A<5A59 =0 ?@81>@5 Mixolab, B0:65 

?>:07K20NB E0@0:B5@8AB8:8 ?@>F5AA0, >B@060NI85 ?>2545=85 >1@07F>2 =0 AB048OE 
@0AI5?;5=8O 15;:0, 0:B82=>AB8 0<8;07, :;59AB5@870F88 8 @5B@>3@040F88 :@0E<0;0. %@02=5=85 
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40==KE, ?>;CG5==KE 4;O ?H5=8G=>9 <C:8, A @57C;LB0B0<8, ?>;CG5==K<8 4;O 8AA;54C5<KE 
A<5A59 1573;NB5=>2KE 284>2 <C:8, ?>:070;> >B;8G8O 2A5E E0@0:B5@8AB8: ?@>F5AA0, GB> 
?>4B25@6405B =5>1E>48<>ABL :>@@5:B8@>2:8 B5E=>;>38G5A:8E @568<>2 ?@>872>4AB20 
?>;CD01@8:0B>2 4;O <CG=KE ?@>4C:B>2 A 8A?>;L7>20=85< ?@54;0305<KE A<5A59. �@><5 B>3>, 
0=0;87 ?>;CG5==KE @57C;LB0B>2 =5 2KO28; 7=0G8B5;L=KE >B;8G89 <564C 8AA;54C5<K<8 
>1@07F0<8 A<5A59, GB> ?>72>;O5B ?@54?>;>68BL, GB> ?@>F5AA 1@>65=8O B5AB>2KE 
?>;CD01@8:0B>2, D>@<>20=8O B5AB>2KE 703>B>2>:, 0 B0:65, 2>7<>6=>, 2K?5G:0 8 E@0=5=85 
3>B>2>9 ?@>4C:F88, 873>B>2;5==>9 =0 ?@54;0305<KE A<5AOE 1573;NB5=>2KE 284>2 <C:8, =5 
1C4CB 8<5BL ACI5AB25==KE @07;8G89. 

!0 >A=>20=88 @57C;LB0B>2 A@02=8B5;L=>3> 0=0;870 E0@0:B5@8AB8: ?@>F5AA0 ?@83>B>2;5=8O 
B5AB0 87 @8A>2>9 <C:8 8 A<5A59 =0 55 >A=>25, ?>;CG5==KE =0 ?@81>@5 Mixolab, ?@54;>65=K 
@5:><5=40F88 ?> F5;52><C 8A?>;L7>20=8N A<5A59 4;O 873>B>2;5=8O @07;8G=KE 3@C??, 
A?5F80;878@>20==KE <CG=KE ?8I52KE ?@>4C:B>2. &0:, ?@8 2K1>@5 A<5A59 4;O 873>B>2;5=8O 
E;510 CG8BK20;8 B>, GB> B5AB> 4>;6=> 8<5BL 7=0G8B5;L=CN 2>4>?>3;>B8B5;L=CN A?>A>1=>ABL 
8 2KA>:CN AB018;L=>ABL, GB> 1C45B A?>A>1AB2>20BL ?>;CG5=8N B@51C5<>9 :>=A8AB5=F88 :0: 
=0 AB0488 70<5A0, B0: 8 ?@8 D>@<>20=88 8 @0AAB>9:5 B5AB>2KE 703>B>2>:. !0 >A=>20=88 MB>3> 
4;O ?@>872>4AB20 E;51>1C;>G=KE 8745;89 @5:><5=4>20=> 8A?>;L7>20BL A<5A8, 
E0@0:B5@87CNI85AO 2KA>:>9 2>4>?>3;>B8B5;L=>9 A?>A>1=>ABLN, 4>AB0B>G=>9 AB018;L=>ABLN 
B5AB0 8, :0: A;54AB285, 1>;55 2KA>:>9 ?@>4>;68B5;L=>ABLN >1@07>20=8O B5AB0. � =081>;LH59 
AB5?5=8 C:070==K< :@8B5@8O< A>>B25BAB2CNB A<5A8 A 2KA>:8< A>45@60=85< 3@5G=52>9 <C:8 
 $90�10, $80�10�10, $80�15�5, $70�15�15 8, 2>7<>6=>, $90�5�5 8 $70�10�20.  
#@8 ?@>872>4AB25 ?@O=8G=KE 8745;89 B@51C5BAO ?>;CG5=85 2O7:>3> 8 ?;>B=>3> B5AB0, 

E0@0:B5@87CNI53>AO 4>AB0B>G=>9 ?;0AB8G=>ABLN, GB> 4>AB8305BAO ?@8<5=5=85< <CG=KE 
A<5A59 A> A@54=59 25;8G8=>9 2>4>?>3;>B8B5;L=>9 A?>A>1=>AB8, AB018;L=>ABL B5AB0 ?@8 MB>< 
<>65B 8<5BL =87:85 7=0G5=8O, >1CA;>2;5==K5 =52KA>:>9 ?@>4>;68B5;L=>ABLN 
?@83>B>2;5=8O B5AB0 8 A?>A>1>< D>@<>20=8O B5AB>2KE 703>B>2>:. #>MB><C 4;O MB>9 3@C??K 
8745;89 =081>;55 F5;5A>>1@07=> 8A?>;L7>20BL A<5A8, E0@0:B5@87CNI85AO A@54=8<8 
7=0G5=8O<8 2>4>?>3;>B8B5;L=>9 A?>A>1=>AB8, ?@>4>;68B5;L=>AB8 >1@07>20=8O 8 
AB018;L=>AB8 B5AB0 – $90�5�5, $80�5�15, $80�10�10 8, 2>7<>6=>, $70�30, $70�5�25, 
$70�10�20.  
�;O ?@>872>4AB20 A0E0@=>3> ?5G5=LO, =0>1>@>B, B@51C5BAO >15A?5G5=85 <O3:>9, ?;0AB8G=>9 

:>=A8AB5=F88 B5AB0, 4;O G53> =5>1E>48<> ?@8<5=5=85 <CG=KE A<5A59 A =87:>9 
2>4>?>3;>B8B5;L=>9 A?>A>1=>ABLN, ?@8 MB>< AB018;L=>ABL B5AB0 <>65B 1KBL =52KA>:>9 2284C 
=5?@>4>;68B5;L=>3> ?5@8>40 ?@83>B>2;5=8O 8 @0745;:8 B5AB0. � A2O78 A MB8< 4;O 
873>B>2;5=8O A0E0@=>3> 8 A4>1=>3> ?5G5=LO =081>;55 F5;5A>>1@07=> 8A?>;L7>20BL A<5A8, 
E0@0:B5@87CNI85AO =87:>9 2>4>?>3;>B8B5;L=>9 A?>A>1=>ABLN, ?@>4>;68B5;L=>ABLN 
>1@07>20=8O 8 AB018;L=>ABLN B5AB0 – $100, $90�10, $90�5�5, $80�20, $80�5�15, $70�30, 
$70�5�25. 
#@8 2K1>@5 A<5A59 4;O 873>B>2;5=8O E;51=KE ?0;>G5: CG8BK20;8 B>, GB>, =5A<>B@O =0 

4>AB0B>G=> 2KA>:CN 2;06=>ABL B5AB0 (36–38 %), 2 3>B>2>< 2845 ?0;>G:8 ?@54AB02;ONB A>1>9 
B25@4K9 ?@>4C:B, E0@0:B5@87CNI89AO >?@545;5==>9 E@C?:>ABLN, 8 ?>MB><C ?>41>@ <CG=KE 
A<5A59 >ACI5AB2;O;8 ?> B5< 65 :@8B5@8O<, GB> 8 4;O A0E0@=>3> ?5G5=LO – =52KA>:0O 
2>4>?>3;>B8B5;L=0O A?>A>1=>ABL 8 AB018;L=>ABL B5AB0, 8, A>>B25BAB25==>, ?@54;>65=K 
0=0;>38G=K5 <CG=K5 A<5A8. 
&0:8< >1@07><, =0 >A=>25 AB@C:BC@=>-<5E0=8G5A:8E A2>9AB2 B5AB0, CAB0=>2;5==KE =0 

?@81>@5 Mixolab, 0 B0:65 A CG5B>< A?5F8D8:8 ?@>F5AA0 ?@83>B>2;5=8O B5AB>2KE 
?>;CD01@8:0B>2 8 =5>1E>48<>AB8 >15A?5G5=8O B@51C5<KE @5>;>38G5A:8E E0@0:B5@8AB8: 
B5AB>2KE ?>;CD01@8:0B>2 8 3>B>2>9 ?@>4C:F88 2K1@0;8 A<5A8 4;O ?@83>B>2;5=8O E;510, 
E;51=KE ?0;>G5:, ?5G5=LO 8 ?@O=8:>2. #@54?>;>68B5;L=>, B5AB> 4;O C:070==KE 8745;89, 



  �еEF=и> ��'&, 2024 № 2(37) 
 

 

 

 

53 

?@83>B>2;5==>5 =0 2K1@0==KE A<5AOE, 1C45B >1;040BL =5>1E>48<K<8 A2>9AB20<8 =0 AB048OE 
70<5A0, @0745;:8 8 D>@<>2:8 B5AB>2KE 703>B>2>:, GB> >1CA;>28B ?>;CG5=85 3>B>2>9 
?@>4C:F88 A E>@>H8<8 ?>B@518B5;LA:8<8 A2>9AB20<8. �@><5 B>3>, ?>;CG5==K5 @57C;LB0BK 
?>72>;ONB ?@54?>;>68BL, GB> ?@8 8A?>;L7>20=88 A<5A59 ?@8 ?@83>B>2;5=88 B5AB>2KE 
?>;CD01@8:0B>2 4;O @0AA<0B@8205<KE 3@C?? <CG=KE ?@>4C:B>2 ?>B@51C5BAO @07;8G=>5 
:>;8G5AB2> 2>4K 4;O ?>;CG5=8O B5AB>2KE ?>;CD01@8:0B>2 B@51C5<>9 :>=A8AB5=F88, ?@8 MB>< 
?@>F5AA 70<5A0 B5AB0 B0:65 1C45B >B;8G0BLAO ?@>4>;68B5;L=>ABLN 8, 2>7<>6=>, 
8=B5=A82=>ABLN 2 A@02=5=88 A ?@>F5AA>< ?@83>B>2;5=8O 8745;89 87 ?H5=8G=>9 <C:8. 
!5>1E>48<> >B<5B8BL, GB> 4;O 2A5E @0AA<0B@8205<KE 3@C?? ?8I52>9 ?@>4C:F88 =5>1E>48<> 
>15A?5G8BL 2K@02=5==>ABL 3@0=C;><5B@8G5A:>3> A>AB020 2A5E 8A?>;L7C5<KE 2 A<5AOE 
>1@07F>2 <C:8 21.  
�0: C:07K20;>AL @0=55 7=0G8B5;L=K< =54>AB0B:>< 1573;NB5=>2KE <CG=KE ?8I52KE 

?@>4C:B>2 O2;O5BAO >BACBAB285 2 1573;NB5=>2>< AK@L5 AB@C:BC@>>1@07CNI59 A>AB02;ONI59, 
>15A?5G820NI59 AB@C:BC@=>-<5E0=8G5A:85 A2>9AB20 ?>;CD01@8:0B>2, =5>1E>48<K5 2 
B5E=>;>38G5A:>< ?@>F5AA5 8E ?@83>B>2;5=8O. �=0;87 <8@>2>3> >?KB0 8 @57C;LB0BK 
8AA;54>20=89 02B>@>2 ?>:07K20NB =5>1E>48<>ABL ?@8<5=5=8O ?@8 ?@>872>4AB25 
@0AA<0B@8205<>9 3@C??K A?5F80;878@>20==KE <CG=KE ?@>4C:B>2 4>?>;=8B5;L=KE 
B5E=>;>38G5A:8E ?@85<>2, >15A?5G820NI8E AB@C:BC@>>1@07>20=85 ?@8 ?@83>B>2;5=88 B5AB0, 
8;8 22545=85 2 @07@010BK205<K5 @5F5?BC@=K5 A>AB02K A?5F80;L=KE AB@C:BC@>>1@07CNI8E 
8=3@5485=B>2. -B> ?>72>;8B >15A?5G8BL B@51C5<K5 AB@C:BC@=>-<5E0=8G5A:85 E0@0:B5@8AB8:8 
B5AB>2KE ?>;CD01@8:0B>2, GB> 40AB 2>7<>6=>ABL 8A?>;L7>20BL AB0=40@B=>5 B5E=>;>38G5A:>5 
>1>@C4>20=85, 0 B0:65 1C45B A?>A>1AB2>20BL >15A?5G5=8N B@51C5<>3> :0G5AB20 3>B>2>9 
?@>4C:F88. 
� ;8B5@0BC@5 8<55BAO 8=D>@<0F8O > @07;8G=KE 8=3@5485=B0E, >1;040NI8E 

AB@C:BC@>>1@07CNI8<8 A2>9AB20<8, :>B>@K5 <>6=> ?@8<5=OBL ?@8 @07@01>B:5 
A?5F80;878@>20==KE <CG=KE ?@>4C:B>2, 873>B02;8205<KE 87 <C:8, E0@0:B5@87CNI59AO 
>BACBAB285< 3;NB5=0 [12–14, 17]. � =0AB>OI8E 8AA;54>20=8OE 8A?>;L7>20;8 8=3@5485=BK, 
>B=>AOI85AO : 3@C??5 384@>:>;;>84>2: <>48D8F8@>20==K9 :@0E<0; E>;>4=>3> =01CE0=8O, 
<>48D8F8@>20==K9 :@0E<0; 3>@OG53> =01CE0=8O, :C:C@C7=K9 M:AB@C78>==K9 :@0E<0;, 
:0@B>D5;L=CN :;5BG0B:C, ?A8;;8C<, :A0=B0=>2CN :0<54L 8 3C0@>2CN :0<54L. �K1>@ 
C:070==KE 384@>:>;;>84>2 >1CA;>2;5= =5>1E>48<>ABLN >3@0=8G5=8O A>45@60=8O 15;:0 8 53> 
>B45;L=KE D@0:F89 2 A>AB025 @07@010BK205<>9 A?5F80;878@>20==>9 ?@>4C:F88. #@8=F8? 
459AB28O 384@>:>;;>84>2 2 @>;8 AB@C:BC@>>1@07CNI8E 8=3@5485=B>2 70:;NG05BAO 2 
>15A?5G5=88 :>;;>84=KE ?@>F5AA>2 ?@8 >1@07>20=88 48A?5@A=KE A8AB5< B5AB0 ?> 0=0;>388 A 
?@>F5AA>< =01CE0=8O :;59:>28=K ?H5=8G=>9 <C:8 ?@8 ?@83>B>2;5=88 B5AB0. #@8 MB>< 
>1@07CNBAO A2O70==K5 35;5>1@07=K5 A8AB5<K, >1;040NI85 2O7:>AB=K<8 A2>9AB20<8. 
� @01>B5 8AA;54>20;8 DC=:F8>=0;L=K5 A2>9AB20 @0AA<0B@8205<KE AB@C:BC@>>1@07CNI8E 

8=3@5485=B>2, 4;O G53> >?@545;O;8 MDD5:B82=CN 2O7:>ABL 2>4=KE @0AB2>@>2, 
?@83>B>2;5==KE A @0=55 C:070==K< @072545=85<. %B5?5=L @072545=8O 4;O :064>3> 
8AA;54C5<>3> AB@C:BC@>>1@07CNI53> 8=3@5485=B0 ?>418@0;8 M:A?5@8<5=B0;L=> A CG5B>< 53> 
2>7<>6=>AB8 >1@07>2K20BL 48A?5@A=CN A8AB5<C, >1;040NICN 2O7:>ABLN. %;54C5B >B<5B8BL, 
GB> 2> 2A5E A;CG0OE @072545=85 =5 ?@52KH0;> 50, GB> >1CA;>2;5=> 2;06=>ABLN B5AB>2KE 
?>;CD01@8:0B>2 4;O B@048F8>==KE E;51>1C;>G=KE 8 <CG=KE :>=48B5@A:8E 8745;89, 8 :0: 
A;54AB285 >3@0=8G5==K<8 2>7<>6=>ABO<8 4;O ?@>O2;5=8O 2O7:>AB=KE A2>9AB2 
384@>:>;;>84>2. $57C;LB0BK 8AA;54>20=8O MDD5:B82=>9 2O7:>AB8 2>4=KE @0AB2>@>2 
AB@C:BC@>>1@07CNI8E 8=3@5485=B>2 A @07;8G=K< 384@><>4C;5< ?@54AB02;5=K =0 @8AC=:5 3. 

 



Пище6ая Fех=>?>7ия  

 

 

 

 

 

54 

 
0) 1) 

 
2) 3) 

 
4) 5) 

0 – @0AB2>@K :A0=B0=>2>9 :0<548; 1 – @0AB2>@K 3C0@>2>9 :0<548; 2 – @0AB2>@K ?A8;;8C<0;                   
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$<E. 3. -DD5:B82=0O 2O7:>ABL 2>4=KE @0AB2>@>2 AB@C:BC@>>1@07CNI8E 8=3@5485=B>2 A @07;8G=K< 
@072545=85<  

a – xanthan gum solutions; b – guar gum solutions; c – psyllium solutions; g – potato fiber solutions;                    

d – KHN solutions; e – KEC solutions 

Fig. 3. Effective viscosity of aqueous solutions of structure-forming ingredients with different dilutions 
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INFLUENCE OF MOISTURE-THERMAL TREATMENT OF COMPOUND FEED FOR 

RAINBOW TROUT USING PEA FLOUR ON ITS BIOLOGICAL VALUE AND                

STRUCTURAL-MECHANICAL PROPERTIES 

E. E. Rybkina, Zh. V. Koshak 

RUE «Institute of Fisheries» of the National Academy of Sciences of Belarus, Republic of Belarus 

ABSTRACT 
Introduction. Compound feeds containing pea flour, which are used for feeding farm animals, are recognized 

for their high nutritional value. The purpose of the study is to expand the range of compound feeds for fish 

feeding. However, there is a scarcity of scientific data regarding the feeding characteristics of fish and their 

nutritional needs, which complicates the development of technologies and recipes for these feeds. The 

scientific task is to select the moisture-thermal treatment regimes for compound feed containing pea flour 

intended for rainbow trout. 

Materials and methods. Samples of compound feed for trout are obtained based on the recipe according to 
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T' �' 100035627.025-2020 using the extrusion method with the addition of pea flour. The influence of 

moisture-thermal treatment of the compound feed on its biological value and structural-mechanical properties 

was evaluated using standard methods. 

Results. As the humidity of the moisture-thermal treatment increases, the bulk density of the compound feed 

increases by 16,9 %; with optimal humidity levels being 25 and 30 %. At the same time, the crumbliness of 

the feed granules decreases by 23,4 times, and the hardness of feed granules increases by 2,9 times. Increasing 

the temperature of moisture-thermal treatment to 80 ℃ reduces the amino acid score of lysine by 33,8 %, 

meteonine + cysteine by 87,4 %, and phenylalanine + tyrosine by 26,8 %, while also decreasing the vitamin A 

content by 2,2 %. Increasing the temperature of moisture-thermal treatment does not affect the fatty acids 

content in the feed. 

Conclusions. The regimes of moisture-thermal treatment of compound feed containing pea flour for rainbow 

have been justified, which will allow for the production of feeds with good water resistance, low crumbliness, 

and high biological value. 

KEY WORDS: trout; compound feed; hardness; swelling; crumbliness; bulk density; amino acids. 
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*5;LN 8AA;54>20=89 O2;O5BAO >?@545;5=85 ?0@0<5B@>2 2;03>B5?;>2>9 >1@01>B:8 

:><18:>@<0, 2;8ONI8E =0 53> 18>;>38G5A:CN F5==>ABL 8 AB@C:BC@=>-<5E0=8G5A:85 A2>9AB20. 
 

 �&�$���/ �  �&"�/ 

"1J5:B>< 8AA;54>20=8O A;C68;8: :><18:>@<0 4;O D>@5;8 A 22>4>< 2 8E A>AB02 3>@>E>2>9 
<C:8. 
�8>;>38G5A:CN F5==>ABL :><18:>@<0 >?@545;O;8 >1I5?@8=OBK<8 <5B>40<8: 

0<8=>:8A;>B=K9 A>AB02 AK@LO ?@>2>48;AO ?>  ��. ! 1363-2000 « 5B>4 ?> >?@545;5=8N 
0<8=>:8A;>B 2 ?@>4C:B0E ?8B0=8O A ?><>ILN 2KA>:>MDD5:B82=>9 684:>AB=>9 
E@><0B>3@0D88»; 68@=>:8A;>B=K9 A>AB02 ?> �"%& 31663-2012 « 0A;0 @0AB8B5;L=K5 8 68@K 
682>B=K5. "?@545;5=85 <5B>4>< 307>2>9 E@><>B>3@0D88 <0AA>2>9 4>;8 <5B8;>2KE MD8@>2 
8=48284C0;L=KE 68@=KE :8A;>B : 8E AC<<5» 8 �"%& 31665-2012 « 0A;0 @0AB8B5;L=K5 8 

68@K 682>B=K5»; A>45@60=85 28B0<8=>2 ?> �"%& 7047-55 «�8B0<8=K �, %, �, �1, �2 8 $$. 
"B1>@ ?@>1, <5B>4K >?@545;5=8O 28B0<8=>2 8 8A?KB0=8O :0G5AB20 28B0<8==KE ?@5?0@0B>2», 
%&� EN 12822-2012 «#@>4C:BK ?8I52K5. "?@545;5=85 A>45@60=8O 28B0<8=0 � <5B>4>< 
2KA>:>MDD5:B82=>9 684:>AB=>9 E@><0B>3@0D88. �7<5@5=85 :>;8G5AB20 0;LD0-, 15B0-, 30<<0- 
8 45;LB0-B>:>D5@>;>2». 
%B@C:BC@=>-<5E0=8G5A:85 A2>9AB20 :><18:>@<0 >?@545;O;8: :@>H8<>ABL 3@0=C; 

:><18:>@<0 ?> �"%& 28497-2014 «�>@<0, :><18:>@<0.  5B>4 >?@545;5=8O :@>H8<>AB8 
3@0=C;»; @071CE05<>ABL 3@0=C; :><18:>@<0 ?> �"%& 22834-87 «�><18:>@<0 
3@0=C;8@>20==K5. "1I85 B5E=8G5A:85 CA;>28O»; =0AK?=0O ?;>B=>ABL ?> �"%& ISO 7971-3-

2013. «�5@=>2K5. "?@545;5=85 =0AK?=>9 ?;>B=>AB8, =07K205<>9 «<0AA0 35:B>;8B@0». 
&25@4>ABL 3@0=C; >?@545;O;8 ?@8 ?><>I8 ;01>@0B>@=>3> B25@4><5@0, 2=5H=89 284 

:>B>@>3> ?@54AB02;5= =0 @8AC=:5 1. 
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1 – ?>2>@>B=K9 AB>;8: 4;O 3@0=C; :><18:>@<0; 2 – <5B0;;8G5A:89 @07@CH0NI89 AB5@65=L; 3 ‒ 
48=0<><5B@ ‒ A60B8O 

$<E. 1. &25@4><5@ 4;O 87<5@5=8O B25@4>AB8 3@0=C; @07@CH5=85< 

1 – rotary table for feed granules; 2 – metal breaking rod; 3 – compression dynamometer 

Fig. 1. Hardness tester for measuring the hardness of granules by destruction 

$��'�0&�&/ � �) "�%'���!�� 
%>AB02 @5F5?B0 :><18:>@<0 4;O @04C6=>9 D>@5;8: <C:0 @K1=0O, 68@ @K189, <C:0 

<OA>:>AB=0O, AK2>@>B:0 <>;>G=0O ACE0O, 0;L1C<8=, <C:0 3>@>E>20O, ?H5=8F0, <C:0 
?H5=8G=0O, 4@>668 :>@<>2K5, 3;NB5= :C:C@C7=K9, H@>B A>52K9, ?@5<8:A �-#�-100, 

70:@5?8B5;L 3@0=C; %8=5@468%>@1 �83@0D8:A, <5B8>=8= :>@<>2>9. 
!0 ?5@2>=0G0;L=>< MB0?5 AK@L5 87<5;LG05BAO 2 4@>18;:5, 2 :>B>@>9 CAB0=>2;5=> A8B> 

480<5B@>< 1 <<. +5< B>=LH5 ?><>;, B5< 2KH5 AB018;L=>ABL 3>B>2>3> ?@>4C:B0 2 2>45 8 2KH5 
C@>25=L @0AI5?;5=8O :@0E<0;0.  
� ?@>F5AA5 ?@>2545=8O 8AA;54>20=89 @568<K 2;03>B5?;>2>9 >1@01>B:8 1K;8 A;54CNI85: 

G0AB>B0 2@0I5=8O H=5:0 A<5A8B5;O-:>=48F8>=5@0 1440‒1500 >1/<8=, ?@>4>;68B5;L=>ABL 
2;03>B5?;>2>9 >1@01>B:8 4 <8=CBK, B5<?5@0BC@0 2;03>B5?;>2>9 >1@01>B:8 60, 70, 80 8 90 º%, 

2;06=>ABL ?@>4C:B0 ?>A;5 2;03>B5?;>2>9 >1@01>B:8 18, 20, 25 8 30 %. 

(>@<8@>20=85 3@0=C;K ?@8 M:AB@C48@>20=88 ?@>8AE>48B A ?><>ILN >B25@AB89 <0B@8FK 
480<5B@>< 3 <8;;8<5B@0, ?@54AB02;5==>9 =0 @8AC=:5 2. !0 2KE>45 87 M:AB@C45@0 =0E>4OBAO 
=>68, :>B>@K5 CAB0=02;820NBAO =0 =C6=CN 4;8=C – =5 1>;55 42CE 480<5B@>2 3@0=C;K. 

 

 
 

$<E. 2. "B25@AB8O <0B@8FK M:AB@C45@0 480<5B@>< 3 <8;;8<5B@0  

Fig. 2. Extruder die holes with a diameter of 3 millimeters 

$568< M:AB@C48@>20=8O: B5<?5@0BC@0 @C10H:8 M:AB@C45@0 90 º% (E>;>4=0O M:AB@C78O), 
G0AB>B0 2@0I5=8O H=5:0 M:AB@C45@0 2400 >1/<8=. )>;>4=0O M:AB@C78O (8A?>;L7C5BAO 
254CI8<8 ?@>872>48B5;O<8 :>@<>2 Aller Aqua, Coppens) ?@8<5=O5BAO 4;O A>E@0=5=8O 
18>;>38G5A:8 0:B82=KE 25I5AB2, ?@8 MB>< :0: 8 ?@8 3@0=C;8@>20=88 C=8GB>605BAO 
?0B>35==0O <8:@>D;>@0. 
#>A;5 M:AB@C48@>20=8O >ACI5AB2;O5BAO ?@>F5AA ACH:8 3@0=C; ?5@54 20:CC<=K< 

=0?K;5=85< 68@0 4> 2;06=>AB8 =5 1>;55 12,0 %.  
�2545=85 68@>2 ?>;=>ABLN ?>A;5 M:AB@C788 >1CA;02;8205BAO 2>7<>6=>ABLN 

>1>@C4>20=8O. "�" «�018=:>2A:89 :><18:>@<>2K9 702>4» 8 ��" «�!��» 2=>AOB 68@K 50 % 

2 A<5AL, >AB02H85AO 50 % =0?K;ONB =0 ?>25@E=>ABL 3@0=C;. �;O 8A?>;L7>20=8O @57C;LB0B>2 
=0 ?@54?@8OB88 50 % 22>48<>3> 68@0 4>102;O;8 2 A<5AL ?5@54 M:AB@C48@>20=85<. �0;55 

https://www.aller-aqua.com/ru
https://f-fishing.by/coppens
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3@0=C;K ?>40NBAO 2 >E;048B5;L 4;O >E;0645=8O 2>74CE>< 4> B5<?5@0BC@K, =5 ?@52KH0NI59 
B5<?5@0BC@C >:@C60NI59 A@54K 1>;55 G5< =0 10 °%. 
�;8O=85 B5<?5@0BC@K 8 2;06=>AB8 2;03>B5?;>2>9 >1@01>B:8 =0 AB@C:BC@=>-<5E0=8G5A:85 

A2>9AB20 :><18:>@<0 >F5=820;>AL A;54CNI8<8 ?>:070B5;O<8: =0AK?=0O ?;>B=>ABL, 
@071CE05<>ABL, :@>H8<>ABL 8 B25@4>ABL :><18:>@<0. 
!0 >A=>20=88 ?>;CG5==KE 40==KE ?>AB@>5=0 4803@0<<0 87<5=5=8O 7=0G5=89 =0AK?=>9 

?;>B=>AB8 >B @568<>2 2;03>B5?;>2>9 >1@01>B:8, ?@54AB02;5==0O =0 @8AC=:5 3. 
 

  

$<E. 3. �803@0<<0 87<5=5=8O 7=0G5=89 =0AK?=>9 ?;>B=>AB8 :><18:>@<0 2 7028A8<>AB8 >B @568<>2 
2;03>B5?;>2>9 >1@01>B:8 

Fig. 3. Diagram of changes in the bulk density of compound feed depending on the regimes of moisture-heat 

treatment 

�=0;878@CO 4803@0<<C =0 @8AC=:5 3, 1K;> >1=0@C65=>, GB> A C25;8G5=85< 2;06=>AB8 

2;03>B5?;>2>9 >1@01>B:8 C25;8G8205BAO =0AK?=0O ?;>B=>ABL :><18:>@<0 =0 16,9 %. �;8O=85 
B5<?5@0BC@K 2;03>B5?;>2>9 >1@01>B:8 =0 87<5=5=85 =0AK?=>9 ?;>B=>AB8 =57=0G8B5;L=>5. 
#>;CG5=> C@02=5=85 @53@5AA88 A;54CNI53> 2840: 
 

!# = �w2+Bw+C, (1) 

 

345 !# – =0AK?=0O ?;>B=>ABL :><18:>@<0, 3/;; 
      �, � 8 % – :>MDD8F85=BK C@02=5=8O @53@5AA88, 3/ % ;; 
      W – 2;06=>ABL A<5A8, %. 

�>MDD8F85=BK C@02=5=8O @53@5AA88 ?@54AB02;5=K 2 B01;8F5 1. 

&45?. 1. �>MDD8F85=BK C@02=5=8O @53@5AA88 8 :>MDD8F85=B 45B5@<8=0F88 

Table 1. Coefficients of the regression equation and the coefficient of determination 

"1@075F �>MDD8F85=B 
45B5@<8=0F88,  

R2 

�>MDD8F85=BK C@02=5=8O @53@5AA88  
A B C 

!0AK?=0O ?;>B=>ABL (60 °%) 0,995 -0,2713 18,531 236,670 

!0AK?=0O ?;>B=>ABL (70 °%) 0,986 -0,6174 35,995 22,730 

!0AK?=0O ?;>B=>ABL (80 °%) 0,942 -0,2570 17,875 245,420 

!0AK?=0O ?;>B=>ABL (90 °%) 0,997 -0,5597 33,202 57,255 
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#>;CG5==>5 C@02=5=85 @53@5AA88 @01>B>A?>A>1=>, B0: :0: :>MDD8F85=B 45B5@<8=0F88       
R2>0,7 [15]. �>MDD8F85=B 45B5@<8=0F88 E0@0:B5@87C5B AB5?5=L A>2?045=8O 
M:A?5@8<5=B0;L=KE 40==KE <>45;L=K< (@0AAG8B0==K< ?> C@02=5=8N @53@5AA88). +5< 2KH5 
7=0G5=85 :>MDD8F85=B0 45B5@<8=0F88, B5< 2KH5 B>G=>ABL 7=0G5=89, @0AAG8B0==KE ?> 
C@02=5=8N @53@5AA88. 

!0 @8AC=:5 4 ?@54AB02;5=0 4803@0<<0 87<5=5=8O 7=0G5=89 @071CE05<>AB8 >B @568<>2 
2;03>B5?;>2>9 >1@01>B:8. 

 

 

$<E. 4. �803@0<<0 87<5=5=8O 7=0G5=89 @071CE05<>AB8 :><18:>@<0 2 7028A8<>AB8 >B @568<>2   
2;03>B5?;>2>9 >1@01>B:8 

Fig. 4. Diagram of changes in the swelling properties of compound feed depending on the regimes of 

moisture-heat treatment 

"4=8< 87 >A=>2=KE B5E=>;>38G5A:8E ?>:070B5;59 :0G5AB20 :>@<>2 4;O @K1 O2;O5BAO 
@071CE05<>ABL, :>B>@0O ?>:07K205B 2@5<O, 2 B5G5=85 :>B>@>3> >1J5< 3@0=C; 2 2>45 
C25;8G8205BAO 242>5. "B MB>3> ?>:070B5;O 7028AOB :>@<>2K5 ?>B5@8. !>@<0B82=>5 7=0G5=85 
40==>3> ?>:070B5;O 4>;6=> A>AB02;OBL =5 <5=55 30 <8=CB. 
�@0D8: =0 @8AC=:5 4 ?>:07K205B, GB> A C25;8G5=85< 2;06=>AB8 :><18:>@<0 C25;8G8205BAO 

53> @071CE05<>ABL 2 5 @07.  
#>;CG5=> C@02=5=85 @53@5AA88 A;54CNI53> 2840: 
 

P = �w2+Bw+C, 
 

345 $ – @071CE05<>ABL :><18:>@<0, <8=; 
      �, � 8 % – :>MDD8F85=BK C@02=5=8O @53@5AA88, <8=/% 

      W – 2;06=>ABL A<5A8, %. 

(2) 

�>MDD8F85=BK C@02=5=8O @53@5AA88 ?@54AB02;5=K 2 B01;8F5 2. 
 

&45?. 2. �>MDD8F85=BK C@02=5=8O @53@5AA88 8 :>MDD8F85=B 45B5@<8=0F88 

Table 2. Coefficients of the regression equation and the coefficient of determination 

"1@075F �>MDD8F85=B 
45B5@<8=0F88,  

R2 

�>MDD8F85=BK C@02=5=8O @53@5AA88 
A B C 

$071CE05<>ABL (60 °%) 0,991 0,092 0,435 -15,940 

$071CE05<>ABL (70 °%) 0,999 0,123 -2,032 20,640 

$071CE05<>ABL (80 °%) 0,998 -0123 11,600 -148,900 

$071CE05<>ABL (90 °%) 0,999 -0,249 17,990 -225,600 
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�028A8<>ABL :@>H8<>AB8 3@0=C; :><18:>@<0 >B @568<>2 2;03>B5?;>2>9 >1@01>B:8 
?@54AB02;5=0 =0 @8AC=:5 5. 

 

 

 

$<E. 5. �803@0<<0 87<5=5=8O 7=0G5=89 :@>H8<>AB8 3@0=C; :><18:>@<0 2 7028A8<>AB8 >B @568<>2 
2;03>B5?;>2>9 >1@01>B:8 

Fig. 5. Diagram of changes in the crumbling properties of feed granules depending on the regimes of 

moisture-heat treatment 

 5E0=8G5A:>5 2>7459AB285 =0 3@0=C;K 8A?KBC5<KE :>@<>2 ?>:070;>, GB> A C25;8G5=85< 

2;06=>AB8 >=8 8<5NB 1>;55 2KA>:CN ?@>G=>ABL. #>2KH5==0O :@>H8<>ABL 3@0=C; A=8605B 
2>4>AB>9:>ABL 3@0=C; :><18:>@<0, MB> ?>2KH05B @0AE>4 :><18:>@<0 ?@8 :>@<;5=88 8, :0: 
@57C;LB0B, :>=5G=CN AB>8<>ABL @K1K. !>@<0B82=K5 7=0G5=8O :@>H8<>AB8 4;O 
M:AB@C48@>20==KE :><18:>@<>2 4;O D>@5;8 A>AB02;ONB =5 1>;55 3 % [16]. �A5 :><18:>@<0, 
:>B>@K5 873>B02;820;8AL ?@8 2;06=>AB8 2;03>B5?;>2>9 >1@01>B:8 25 8 30 % A>>B25BAB2CNB 
=>@<0B82=><C 7=0G5=8N :@>H8<>AB8. #@8 C25;8G5=88 2;06=>AB8 2;03>B5?;>2>9 >1@01>B:8 
:@>H8<>ABL 3@0=C; :><18:>@<0 A=8605BAO 2 23,4 @070. 
#>;CG5=> C@02=5=85 @53@5AA88 A;54CNI53> 2840: 
 

� = �w2 - Bw+C, (3) 

 

345 � – :@>H8<>ABL 3@0=C; :><18:>@<0, %; 
      �, � 8 % – :>MDD8F85=BK C@02=5=8O @53@5AA88, % 

      W – 2;06=>ABL A<5A8, %. 

�>MDD8F85=BK C@02=5=8O @53@5AA88 ?@54AB02;5=K 2 B01;8F5 3. 
 

&45?. 3. �>MDD8F85=BK C@02=5=8O @53@5AA88 8 :>MDD8F85=B 45B5@<8=0F88 

Table 3. Coefficients of the regression equation and the coefficient of determination 

"1@075F �>MDD8F85=B 
45B5@<8=0F88,  

R2 

�>MDD8F85=BK C@02=5=8O 
@53@5AA88 

A B C 

�@>H8<>ABL 3@0=C; :><18:>@<0 (60 °%) 0,990 0,1957 10,7400 148,16 

�@>H8<>ABL 3@0=C; :><18:>@<0 (70 °%) 0,990 0,1804 9,9986 139,46 

�@>H8<>ABL 3@0=C; :><18:>@<0 (80 °%) 0,990 0,1732 9,7351 137,09 
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#@>4>;65=85 F45?. 3. 

 

�@>H8<>ABL 3@0=C; :><18:>@<0 (90 °%) 1,000 0,1894 10,5820 147,76 

 

#>;CG5==>5 C@02=5=85 @53@5AA88 @01>B>A?>A>1=>, B0: :0: :>MDD8F85=B 45B5@<8=0F88         
R2 >0,7. 

�028A8<>ABL B25@4>AB8 3@0=C; :><18:>@<0 >B @568<>2 2;03>B5?;>2>9 >1@01>B:8 
?@54AB02;5=0 =0 @8AC=:5 6. 

 

 

$<E. 6. �803@0<<0 87<5=5=8O 7=0G5=89 B25@4>AB8 :><18:>@<0 2 7028A8<>AB8 >B @568<>2                
2;03>B5?;>2>9 >1@01>B:8 

Fig. 6. Diagram of changes in feed hardness values depending on the moisture-heat treatment modes 

�=0;878@CO 40==K5 @8AC=:0 6 284=>, GB> C25;8G5=85 2;06=>AB8 2;03>B5?;>2>9 >1@01>B:8 
?@82>48B : C25;8G5=8N B25@4>AB8 :><18:>@<0. % ?>2KH5=85< B5<?5@0BC@K 8 2;06=>AB8 
?@>8AE>48B G0AB8G=K9 384@>;87 :@0E<0;0, :>B>@K9 O2;O5BAO A>AB02=>9 G0ABLN C3;52>4=KE 
:><?>=5=B>2 :><18:>@<0. � @57C;LB0B5 G53> >1@07CNBAO 45:AB@8=K 8 ?@>ABK5 A0E0@0, 
A?>A>1AB2CNI85 AF5?;5=8N G0AB8F :><18:>@<0 <564C A>1>9. #@8 C25;8G5=88 2;06=>AB8 
2;03>B5?;>2>9 >1@01>B:8 B25@4>ABL 3@0=C; :><18:>@<0 C25;8G8205BAO 2 2,9 @070. 
#>;CG5=> C@02=5=85 @53@5AA88 A;54CNI53> 2840: 
 

& = �w2+Bw-C, (4) 

 

345 & – B25@4>ABL 3@0=C; :><18:>@<0, !; 
       �, � 8 % – :>MDD8F85=BK C@02=5=8O @53@5AA88, !/% 

       W – 2;06=>ABL A<5A8, %. 

�>MDD8F85=BK C@02=5=8O @53@5AA88 ?@54AB02;5=K 2 B01;8F5 4. 
 

&45?. 4. �>MDD8F85=BK C@02=5=8O @53@5AA88 8 :>MDD8F85=B 45B5@<8=0F88 

Table 4. Coefficients of the regression equation and the coefficient of determination 

"1@075F �>MDD8F85=B 45B5@<8=0F88,  
R2 

�>MDD8F85=BK C@02=5=8O 
@53@5AA88 

A B C 

&25@4>ABL (60 °%) 0,988 0,005 1,597 13,99 

&25@4>ABL (70 °%) 0,998 -0,002 2,220 24,84 
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#@>4>;65=85 F45?. 4. 
 

    

&25@4>ABL (80 °%) 0,987 -0,125 7,732 79,71 

&25@4>ABL (90 °%) 1,000 -0,028 3,585 39,29 
 

#>;CG5==>5 C@02=5=85 @53@5AA88 @01>B>A?>A>1=>, B0: :0: :>MDD8F85=B 45B5@<8=0F88           
R2 >0,7.  

"?@545;5=K ?>B5@8 0<8=>:8A;>B, 68@=KE :8A;>B 8 28B0<8=>2 2 :><18:>@<0E 4;O D>@5;8 
?>A;5 2;03>B5?;>2>9 >1@01>B:8. �0==K5 ?@54AB02;5=K 2 B01;8F0E 5‒7. 

&45?. 5. �<8=>:8A;>B=K9 A:>@ :><18:>@<>2 4;O D>@5;8 ?>A;5 2;03>B5?;>2>9 >1@01>B:8 

Table 5. Amino acid score of compound feeds for trout after moisture-thermal treatment 

�<8=>:8A;>B0 �> 2;03>B5?;>2>9 
>1@01>B:8 

&5<?5@0BC@0, °% 

60 70 80 

�878= 85,1 67,2 60,4 56,3 

 5B8>=8=+F8AB58= 480,0 460,0 268,5 60,3 

�0;8= 410,4 404,4 338,3 317,8 

(5=8;0;0=8=+ B8@>78= 80,0 66,0 61,0 58,6 

�59F8= 219,4 211,8 166,1 126,4 

�7>;59F8= 180,0 165,7 113,3 67,2 

 

�5;:8 A>AB02;ONB >A=>2C @0F8>=0. "=8 >15A?5G820NB @>AB 8 2>AAB0=>2;5=85 B:0=59 [17‒
19]. (878>;>38G5A:8 ?>;=>F5==K< O2;O5BAO :>@<, 2 15;:5 :>B>@>3> A>45@60BAO =570<5=8<K5 
0<8=>:8A;>BK: ;878=, 0@38=8=, <5B8>=8=, B@5>=8=, ;59F8=, 87>;59F8=, B@8?B>D0=, 38AB848=, 
D5=8;0;0=8=, 20;8=. � =0AB>OI5<C 2@5<5=8 4>AB0B>G=> B>G=> CAB0=>2;5=0 ?>B@51=>ABL 
;>A>A52KE @K1 2 =570<5=8<KE 0<8=>:8A;>B0E. "4=0:> 2 =0CG=KE 8AA;54>20=8OE 4;O 
10;0=A8@>2:8 A>AB020 :>@<>2, 8A?>;L7C5<KE ?@8 2K@0I820=88 @K1 @07=KE 284>2 8 2>7@0AB>2, 
8A?>;L7C5BAO B@048F8>==K9 <5B>4 Halver J. E. [20]. 

'AB0=>2;5=>, GB> A C25;8G5=85< B5<?5@0BC@K 2;03>B5?;>2>9 >1@01>B:8 C<5=LH05BAO 
0<8=>:8A;>B=K9 A:>@ ;878=0 =0 33,8 %, <5B5>=8=0+F8AB58=0 ‒ =0 87,4 %, 
D5=8;0;0=8=0+B8@>78=0 ‒ =0 26,8 %. -B> >1JOA=O5BAO B5<, GB> MB8 0<8=>:8A;>BK O2;ONBAO 
>G5=L GC2AB28B5;L=K<8 : ?>2KH5=8N B5<?5@0BC@K. 

&45?. 6. %>45@60=85 68@=KE :8A;>B 2 :><18:>@<0E 4;O D>@5;8 ?>A;5 2;03>B5?;>2>9 >1@01>B:8 

Table 6. Content of fatty acids in compound feeds for trout after moisture-thermal treatment 

�8@=0O :8A;>B0  (>@<C;0 %>45@60=85 �� 2 % >B AC<<K 68@=KE :8A;>B 
& ‒ 60 °% & ‒ 70 °% & ‒ 80 °% 

�0C@8=>20O %12:0 0,1 0,1 0,1 

 8@8AB8=>20O %14:0 7,2 7,5 7,3 

#5=B045:0=>20O %15:0 0,4 0,5 0,5 

#0;L<8B8=>20O %16:0 14,2 14,4 14,0 

�5?B045:0=>20O %17:0 0,4 0,4 0,4 

%B50@8=>20O %18:0 3,8 2,9 2,8 

�@0E8=>20O %20:0 0,4 0,2 0,2 

�535=>20O %22:0 0,1 0,1 0,1 

&@8:>70=>20O %23:0 0,2 0,2 0,2 

 8@8AB>;58=>20O %14:1 0,1 0,1 0,1 

#0;L<8B>;58=>20O %16:1 5,4 5,6 5,4 

�5?B045F5=>20O %17:1 0,3 0,3 0,3 
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#@>4>;65=85 F45?. 6. 
 

   

";58=>20O %18:1 21,9 22,4 22,2 

-9:>75=>20O %20:1 10,2 10,3 10,5 

-@C:>20O %22:1 13,2 12,8 13,5 

!5@2>=>20O %24:1 0,7 0,6 0,6 

�8=>;520O %18:2 =6 4,4 4,6 4,5 

α- �8=>;5=>20O %18:3 =3 1,0 1,0 1,0 

-9:>70485=>20O %20:2 =6 1,9 2,0 1,9 

-9:>70B@85=>20O %20:3 =6 0,1 0,1 0,2 

-9:>70?5=B05=>20O %20:5 =3 5,3 5,3 5,4 

�>:070?5=B05=>20O %22:5 =3 0,5 0,4 0,5 

�>:>7035:A05=>20O %22:6 =3 4,2 4,1 4,6 

 

�8@K O2;ONBAO =5>1E>48<K< M;5<5=B>< ?8B0=8O 8 =5 <>3CB 1KBL 70<5=5=K 4@C38<8 
@02=>F5==K<8 ?> :0;>@89=>AB8 25I5AB20<8. "B<5G5=>, GB> ?@5>1;040=85 2 :>@<5 68@>2 A 
=0AKI5==K<8 68@=K<8 :8A;>B0<8 (<0A;O=0O, ;0C@8=>20O, ?0;L<8B8=>20O, AB50@8=>20O, 
0@0E84>=>20O 8 4@.) ?@82>48B : =0@CH5=8N 68@>2>3> >1<5=0 8 A?>A>1AB2C5B >68@5=8N 
D>@5;8. � B> 65 2@5<O ?@5>1;040=85 =5=0AKI5==KE 68@=KE :8A;>B (>;58=>20O, ;8=>;5=>20O, 
;8=>;520O) C;CGH05B 68@>2>9 >1<5=, >15A?5G8205B =>@<0;L=K9 @>AB [21]. 

�=0;878@CO 40==K5 B01;8FK 6, <>6=> A45;0BL 2K2>4 > B><, GB> B5<?5@0BC@0 2;03>B5?;>2>9 
>1@01>B:8 =5 2;8O5B =0 87<5=5=85 A>45@60=8O 68@=KE :8A;>B 2 :><18:>@<5. #@5A=>2>4=K5 
E>;>4=>:@>2=K5 @K1K 2 >A=>2=>< =C640NBAO 2 =3 :8A;>B0E ;8=>;52>3> @O40: ;8=>;5=>2>9 
(%18:3 =3), M9:>70?5=B05=>2>9 (%20:5 =3) 8 4>:>7035:A05=>2>9 (%22:6 =3).  

&45?. 7. %>45@60=85 28B0<8=>2 2 >1@07F0E :><18:>@<0 ?>A;5 2;03>B5?;>2>9 >1@01>B:8 

Table 7. Content of vitamins in compound feed samples after moisture-thermal treatment 

!08<5=>20=85 ?>:070B5;O, 548=8FK 87<5@5=8O &5<?5@0BC@0 2;03>B5?;>2>9 >1@01>B:8, % 

60  70  80  

�8B0<8= �, <:3/100 3 71,6 70,2 70,0 

�8B0<8= �, <3/100 3 1,1 1,1 1,1 

�8B0<8= �1, <3/100 3 0,03 0,04 0,03 

�8B0<8= �2, <3/100 3 0,11 0,11 0,11 

�8B0<8= �6, <3/100 3 0,013 0,014 0,013 

 

�=0;87 40==KE B01;8FK 7 ?>:070;, GB> C25;8G5=85 B5<?5@0BC@K 2;03>B5?;>2>9 >1@01>B:8 

?@82>48B : A=865=8N 28B0<8=0 � =0 2,2 % 8 =5 2;8O5B =0 87<5=5=85 A>45@60=8O 28B0<8=>2 
�, �1,, �2, �6. 

 

����2+�!�� 

� @57C;LB0B5 ?@>2545==KE 8AA;54>20=89 1K;> 87CG5=> 2;8O=85 2;03>B5?;>2>9 >1@01>B:8 
:><18:>@<0 4;O @04C6=>9 D>@5;8 =0 53> AB@C:BC@=>-<5E0=8G5A:85 A2>9AB20 8 18>;>38G5A:CN 
F5==>ABL, A>45@60I53> 2 A2>ё< A>AB025 3>@>E>2CN <C:C. �K;8 ?>AB@>5=K 4803@0<<K 
87<5=5=8O 7=0G5=89 :>=B@>;8@C5<KE ?>:070B5;59, 2 7028A8<>AB8 >B @568<>2 2;03>B5?;>2>9 
>1@01>B:8, 8 CAB0=>2;5=>, GB> >?B8<0;L=K9 480?07>= 2;06=>AB8 :><18:>@<0 ?>A;5 
2;03>B5?;>2>9 >1@01>B:8 A>AB02;O5B 25‒30 %. "?B8<0;L=K5 7=0G5=8O B5<?5@0BC@K 
2;03>B5?;>2>9 >1@01>B:8 A>AB02;ONB 60‒70 °%. 
�AA;54>20=8O ?@>2>48;8AL 2 @0<:0E 2K?>;=5=8O 3>AC40@AB25==>9 ?@>3@0<<K =0CG=KE 

8AA;54>20=89 «%5;LA:>E>7O9AB25==K5 B5E=>;>388 8 ?@>4>2>;LAB25==0O 157>?0A=>ABL», 2021‒
2025 3>4K, ?>4?@>3@0<<0 «�>@<>?@>872>4AB2>» (=><5@ 3>A. @538AB@0F88 20240325) 2 @0<:0E 
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7040=8O 4.5 «�7CG5=85 8 >F5=:0 2;8O=8O M=5@3>?@>B58=>2>3> G8A;0 :><18:>@<>2 =0 
MDD5:B82=>ABL 2K@0I820=8O @04C6=>9 D>@5;8». 
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PRE-TRIAL REHABILITATION IN CASES OF BANKRUPTCY 

IN THE REPUBLIC OF BELARUS 

V. V. Myakinkaya 

Belarusian State University of Food and Chemical Technologies, Republic of Belarus 

ABSTRACT 
The article reveals the role of pre-trial rehabilitation in the development of organizations in the Republic of 

Belarus, conducts an economic and legal analysis of the principles and mechanisms for implementing pre-

trial rehabilitation procedures, and proposes directions for improving legislation and practices related to their 

integration. 

KEY WORDS: pre-trial rehabilitation; legal analysis of bankruptcy; rehabilitation; financial stability. 
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Fig. 1. Active cases of insolvency and bankruptcy in the Republic of Belarus 
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Fig. 2. Open cases of insolvency of organizations (enterprises) by types of economic activity 
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DEACADES OF THE SOVIET PERIOD OF STATEHOOD (1970–1990) 

I. A. PUSHKIN 

Belarusian State University of Food and Chemical Technology, Republic of Belarus 

ABSTRACT 
The article analyzes the role of industrial workers and specialists of Belarusian industry in  accelerating 

scientific and technical progress at the Soviet stage of modernization of the Belarusian economy, on the eve 

of the declaration of state sovereignty. The study of new documentary archival materials has allowed for re-

vealing the movement of inventors and rationalizers of the BSSR. The results and significance of the 

technical modernization of industrial enterprises have been established, along with the challenges of imple-

menting innovations in production. It was concluded that in the period from 1970 to 1990 industrial 

personnel played a significant role in the processes of implementing new technologies and reconstructing 

enterprises of Soviet Belarus. 
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=0;56KFL 7=0G=0O @>;O ў @072іFFі =0FKO=0;L=09 M:0=><і:і, 7015A?OGM==і M:0=0<іG=09 і 
3C<0=іB0@=09 1OA?5:і :@0і=K, D0@<і@020==і =02C:>20-BME=іG=030 ?0BM=FKO;C. #5@0ўB20@M==і і 
<04M@=і70FKO ?@0<KA;>2030 :><?;5:AC ?0B@01CNFL 04?0254=KE :04@0ў =0 ўAіE O3> ў7@>ў=OE. 
!501E>4=0 7015A?OGM==5 ?@0<KA;>2030 :><?;5:AC �5;0@CAі :04@0<і 7 C;і:0< ?0B@M1=0AF59 
@072іFFO 2KA>:0BME=0;03іG=KE і =02C:0ё<іABKE 2KB2>@G0AF59 і ?02KHM==O 
:0=:C@M=B074>;L=0AFі B@04KFK9=KE 2і40ў M:0=0<іG=09 4759=0AFі.   
�MB030 =5<03GK<0 40AO3=CFL 157 0=0;і7C і ўA510:>2030 2K2CGM==O H;OE>ў M:0=0<іG=030 

@072іFFO �5;0@CAі ў @>7=KO 3іAB0@KG=KO ?5@KO4K, ?0:>;L:і ACG0A=K ?@0<KA;>2K :><?;5:A 
$MA?C1;і:і �5;0@CAL AD0@<і@020=K =0 1075 ?0?O@M4=іE ?5@KO40ў 3іAB0@KG=030 @072іFFO 
:@0і=K. ' ?@K20B=0AFі, C 4@C3>9 ?0;>25 )) AB., :0;і %025F:0O �5;0@CAL ?0G0;0 709<0FL 
2O4CGKO ?07іFKі ў M:0=><іFK %%%$. �><?;5:A=05 0A2OB;5==5 @>;і :04@0ў ?@0<KA;>20AFі 
�5;0@CAі ў A025F:і ?5@KO4 і =0 ACG0A=K< MB0?5 @072іFFO 40720;O5 ?@07 A@>4:і 4KAFK?;і= 
A0FKO;L=0-3C<0=іB0@=030 ?@>Dі;N 04=0G0A>20 D0@<і@020FL ?0B@KOBK7< і ?@0D5Aі9=KO 
:0<?5BM=FKі ў A?5FKO;іAB0ў – 2K?CA:=і:>ў BME=іG=KE C=і25@AіBMB0ў.  
!0H0 <MB0 – 40A;54020FL і ?@00=0;і7020FL C475; @01>GKE і A?5FKO;іAB0ў ?@0<KA;>20AFі 

�5;0@CAі ў BME=іG=09 B2>@G0AFі і ?0A:0@M==і =02C:>20-BME=іG=030 ?@03@MAC =0 A025F:і< MB0?5 
<04M@=і70FKі 15;0@CA:09 M:0=><і:і, =0?O@M404=і 012OHGM==O 47O@60ў=030 AC25@M=іBMBC.  
�3C;L=0O E0@0:B0@KABK:0 ?0;іBKG=09 AіABM<K і M:0=0<іG=KE ?5@0ўB20@M==Oў C %%%$ і 

�%%$, 0 B0:A0<0 =0 ACG0A=K< MB0?5 @072іFFO, 0A2OB;O5FF0 O: C 0103C;L=ONGKE ?@0F0E [1; 3; 

4; 26; 31], B0: і ў 0A>1=KE ?C1;і:0FKOE [2; 28; 32; 34–42]. ІE 0=0;і7 ?0:07205, HB> 
D0@<і@020==5 і @072іFFё =02C:>20-BME=іG=030 ?0BM=FKO;C 15;0@CA:09 M:0=><і:і, 0 B0:A0<0 
ў475; ?@0<KA;>2KE :04@0ў %025F:09 �5;0@CAі ў <04M@=і70FKі ?@04?@K5<AB20ў =5 @0A:@KBK 
ў ?>ў=K< 01’ё<5. �K:0@KAB0==5 40:C<5=B0;L=030 <0BM@KO;C O: 0?C1;і:020=030 [27; 29–30], 

B0: і 0@Eіў=030, ў?5@HK=N ў2>47і<030 ў =02C:>2K 720@>B, 40720;O5 @M:0=AB@CO20FL ?@0FMAK 
?0A:0@M==O =02C:>20-BME=іG=030 ?@03@MAC ў �%%$, =0?O@M404=і AB20@M==O AC25@M==09 
$MA?C1;і:і �5;0@CAL. 

 

�%!"Ў!�3 '�%&�� 
!0 ?@0FO3C 1970–1980-E 33. C �%%$ ?@0FO320;0AO ?0HK@M==5 <0BM@KO;L=0-BME=іG=09 107K 

?@0<KA;>20AFі, 041K20;іAO 7<5=K O5 30;і=>209 AB@C:BC@K і A?5FKO;і70FKі, ?02KH0;0AO 
:0=FM=B@0FKO 2KB2>@G0AFі. �;O 3MBKE <MB ?02O;іG20;0AO Dі=0=A020==5. �C4020;іAO ў 
0A=>ў=K< 1C9=KO ?@04?@K5<AB2K, 0A=0HG0=KO ?5@0402>9 BME=і:09 і A?5FKO;і7020=KO =0 
2K?CA: ?@04C:FKі <0HK=01C4020==O і <5B0;00?@0F>ў:і, Eі<іG=09, ;ё3:09, E0@G>209 і і=HKE 
30;і= ?@0<KA;>20AFі. ' 2K=і:C 70 3MBKO 304K ў209H;і ў AB@>9 186 =>2KE 1C9=KE D01@K: і 
702>40ў, =0 HM@03C ?@04?@K5<AB20ў 1K;0 ?0HK@0=0 і 01=>ў;5=0 2KB2>@G0AFL. �0                           
1971–1985 33. 1K;і @0A?@0F020=K і 70?CHG0=K ў 2KB2>@G0AFL 2197 =>2KE BK?0ў <0HK=, 
01AB0;O20==O, 0?0@0B0ў і ?@K1>@0ў; :>;L:0AFL <5E0=і7020=KE ?0B>G=KE ;і=і9 C 
?@0<KA;>20AFі @MA?C1;і:і ?02O;іGK;0AO 7 3750 40 8131, 0ўB0<0BKG=KE 7 369 40 1749, 
:><?;5:A=0-<5E0=і7020=KE і 0ўB0<0BK7020=KE ?@04?@K5<AB2ў 7 151 40 2273 [37, A. 25–27]. 

#@K:<5B=09 7’O209 3MB030 G0AC 1K;і 2KA>:іO BM<?K @072іFFO Eі<іG=09 і =0DB0Eі<іG=09 
?@0<KA;>20AFі, AB20@M==5 ў @MA?C1;іFK 3MB09 ?0 ACB=0AFі =>209 1C9=>9 30;і=K і=4CAB@Kі. 
�;5 =O3;547OGK =0 2O;і:іO =0<030==і ?@0F>ў=KE :0;5:BK20ў, =5 1Kў 701OA?5G0=K 
4M:;0@020=K 2KE04 =0@>4=09 30A?040@:і @MA?C1;і:і =0 O:0A=0 =>2K =02C:>20-BME=іG=K і 
M:0=0<іG=K ў7@>25=L. �%%$ =5 401і;0AO @0HCG030 7@CEC ў і=BM=AіDі:0FKі 2KB2>@G0AFі, 
?02KHM==і O5 MD5:BKў=0AFі. 
' %025F:09 �5;0@CAі, ?0-<і=C;0<C, <5;0AO H<0B BME=іG=0 04AB0;KE ?@04?@K5<AB20ў, 

0A=0HG0=KE A0AB0@M;09 BME=і:09, HB> 04<>ў=0 041і20;0AO =0 2K=і:0E CAё9 2KB2>@G09 
4759=0AFі. ,<0B;і:і<і 1K;і D0:BK 15730A?040@G0AFі. &0:, C 1972 3. 6,3 % ?@04?@K5<AB20ў 
40?CAFі;і ?5@0@0AE>4 ?0;і20, 7,1 % – M;5:B@0M=5@3іі, 6,5 % – F5?;02>9 M=5@3іі [31, A. 387]. 
#04>1=05 1K;> і ў =0ABC?=05 475AOFі3>4475. !0?@K:;04, =0 �@H0=A:і< і=AB@C<5=B0;L=K< 
702>475 =07і@0;0AO ?025;іGM==5 203і 04E>40ў i AB@0B C 03C;L=K< A?06K20==і <5B0;C: C 1981 3. 
O=K A:;040;і 49 %, 1985 3. – 52 % [25, 0@:. 30]. ІAB>B=09 ?@01;5<09 7’Oў;OўAO =і7:і ў7@>25=L 
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<5E0=і70FKі і 0ўB0<0BK70FKі ?@0FK. !0 ?;5=C<5 *� �#� C 1971 3. 1K;0 ?0AB0ў;5=0 7040G0 
4025AFі ў7@>25=L <5E0=і70FKі @01>B 40 65‒70 %. �;5 H<0B ?@04?@K5<AB20ў 7 3MB09 7040G09 
=5 A?@02і;іAO. &0:, C �@>475=A:09 2>1;0AFі (1975 3.) =0 @CG=KE ?@0F0E 1K;> 70=OB0 1>;LH 70 
?0;>2C ?@0F>ў=KE ?@0<KA;>2KE ?@04?@K5<AB20ў. %BC?5=L <5E0=і7020==O ?@0FK A:;040;0 
48,6 %. � 60 1C9=KE ?@04?@K5<AB20ў =0 :>6=K< B@MFі< C475;L=0O 2030 @01>GKE, 70=OBKE 
@CG=>9 ?@0F09, =5 B>;L:і =5 A:0@0Fі;0AO, 0;5 =020B і ў7@0A;0 [12, 0@:. 304–305]. #@07 475AOFL 
3>4 4>;O @CG=>9 ?@0FK ў ?@0<KA;>20AFі 3. �@>4=0 A:;040;0 26,1 %, ?@K 3MBK< C7@>25=L 
@CG=>9 ?@0FK =0 702>475 0ўB0<03=іB>; 1Kў 46 %, �� «)і<20;0:=>» – 41,7 %, 

<5B0;00?@0F>ўGK< 01’O4=0==і – 49,2 % [18, 0@:. 128]. !0 ?0A5460==і B@MFO9 A5Aіі 
�;>1і=A:030 30@04A:>30 A025B0 4M?CB0B0ў (1985 3.) ?@03CG0;0, HB> =0 ?@0<KA;>2KE 
?@04?@K5AB20E «<0;0 ў203і =04020;0AO A:0@0GM==N ў475;L=09 203і ?@0F>ў=KE, 70=OBKE 
@CG=>9, <0;0:20;іDі:020=09 ?@0F09»: =0 �5;0@CA:і< <5B0;C@3іGK< 702>475 – 32,9 %, 

<OA0:0<1і=0F5 – 46 %, 2KB2>@G0AFі �5;� � – 32,3 %, :0<1і:>@<02K< 702>475 – 27,4 %, 

D01@KFK <0AB0F:09 і=:@CAB0FKі – 47,6 % [24, 0@:. 158]. 
#0@BK9=05 і 30A?040@G05 :і@0ў=іFB20 %%%$ і �%%$ A?@01020;і 2K@0HKFL ?@01;5<K 

H;OE0< ?@K=OFFO 04?0254=KE <5@ C :04@0209 і і=HKE AD5@0E. �K:0=0ўGKO AB@C:BC@K 
AіABM<0BKG=0 =0 A20іE ?0AO46M==OE @073;O40;і M:0=0<іG=KO і A0FKO;L=KO ?@01;5<K ў 
?@0<KA;>20AFі. &0:, ?04G0A ?;5=C<0 *� �#� 8.04.1970 3. 01<O@:>ў20;0AO ?KB0==5 «�1 
<5@0E ?0 ?0A:0@M==N BME=іG=030 ?@03@MAC ў ?@0<KA;>20AFі, 1C40ў=іFB25 і =0 B@0=A?0@F5 
@MA?C1;і:і» [27, A. 286], 1K;0 ?@K=OB0 ?0AB0=>20 *� �#%% і %  %%%$ «�1 40;59HK< 
2K:0@KAB0==і ў =0@>4=09 30A?040@FK 04:@KFFOў, 2K=0E>4AB20ў і @0FKO=0;і70B0@A:іE 
?@0?0=>ў і ?02KHM==5 іE @>;і ў ?0A:0@M==і =02C:>20-BME=іG=030 ?@03@MAC» (20.08.1973 3.) [17, 

0@:. 132] і і=H. ' іE =0<5G0;іAO :><?;5:AK <5@, =0:і@020=KE =0 ў<0F020==5 AC2O7і =02C:і 7 
2KB2>@G0AFN, ?0A:0@M==5 @01>B ?0 AB20@M==і і ў:0@0=5==і =>209 BME=і:і і BME=0;>3і9. 

#@K<0;іAO ?0AB0=>2K і ?@0?0=>2K ?0 2K?@0ў;5==N =540E>?0ў, 0A01;і20 ў :04@0209 AD5@K. 
#KB0==5 ў BK<, =0:>;L:і O=K 1K;і 0:BC;L=K<і і MD5:BKў=K<і ў B030G0A=K< 3@0<04AB25. � 
<5=02іB0 04 :04@02030 ?0BM=FKO;C ?@0<KA;>20AFі 70;56K;і ?02O;іGM==5 :>;L:0AFі і O:0AFі 
2K?CA:05<09 ?@04C:FKі, O: 4;O 7015A?OGM==O ў=CB@0=030 @K=:C, B0: і 0B@K<0==O Dі=0=A02KE 
A@>4:0ў H;OE0< 2K@01C ?@04C:FKі 0@K5=B020=09 =0 M:A?0@B; 2K@0HM==5 ?@01;5<K 4MDіFKBC 
A?06K25F:іE B020@0ў. 
' ?0G0B:C 1970-E 33. C �%%$ :0;5:BK2K <=>3іE ?@04?@K5<AB20ў, =02C:>20-40A;54GKE і 

?@05:B=0-:0=AB@C:B0@A:іE 0@30=і70FK9 0:BKў=0 @0A?@0F>ў20;і і ў:0@0=O;і ў 2KB2>@G0AFL 
=>2CN BME=і:C, ?@03@MAіў=KO BME=0;>3іі і 1>;LH 40A:0=0;CN 0@30=і70FKN ?@0FK. �=0G=09 
?5@0H:>409 ?@K ў:0@0=5==і =>209 BME=і:і і BME=0;>3і9 7’Oў;O;0AO BME=іG=0O ?04@KEB>ў:0 
@01>GKE і ў7@>25=L ?02KHM==O іE 475;02>9 :20;іDі:0FKі 7 C;і:0< ?0B@01020==Oў BME=іG=030 
?@03@MAC, 704C60 <0;0 =04020;0AO ў203і @072іFFN ?@0D5Aі9=0-BME=іG=09 04C:0FKі. �:@0<O 
B03> :і@0ў=і:і <і=іABM@AB20ў і 2540<AB20ў, ?@0<KA;>2KE ?@04?@K5<AB20ў, B@0=A?0@BC і 
1C4>ў;Oў ?02>;L=0 ў:0@0=O;і =>2KO D>@<K 0@30=і70FKі ?@04?@K5<AB20ў, A;010 
2K:0@KAB>ў20;і іE ?5@0203і 4;O ?0A:0@M==O =02C:>20-BME=іG=09 ?@03@MAC і ?02KHM==O 
MD5:BKў=0AFі 2KB2>@G0AFі [27, A. 282].  
�KOў;5==N і ?0;O?HM==N 2K:0@KAB0==O @M75@20ў 2KB2>@G0AFі A?@KO;і @M:0<5=40FKі і 

?@0?0=>2K AB@C:BC@, AB2>@0=KE =0 3@0<04A:іE ?0G0B:0E: �><5;LA:030 і �@>475=A:030 
01;0A=KE A025B0ў A04759=іG0==O BME=іG=0<C ?@03@MAC, A025B0 4K@M:B0@>ў C 3.  03і;ё25 і 
BME=і:0-M:0=0<іG=030 A025B0 ў 3. �01@C9A:C. ' A:;04 A025B0ў C20E>47і;і 4K@M:B0@K, 30;>ў=KO 
і=6K=5@K і A?5FKO;іABK, A025F:іO, ?0@BK9=KO і ?@0DA0N7=KO @01>B=і:і, O:іO <5;і 2KA>:CN 
:20;іDі:0FKN і 2>?KB ?@0:BKG=09 @01>BK [7, 0@:. 62; 8, 0@:. 20; 16, 0@:. 39; 14, 0@:. 62]. 
�06=K< D0:B0@0< ?0A:0@M==O BM<?0ў BME=іG=030 ?@03@MAC 7’Oў;OўAO @CE 2K=0E>4=і:0ў і 

@0FKO=0;і70B0@0ў. ' 1971 3. B>;L:і =0 ?@04?@K5<AB20E і ў 0@30=і70FKOE <OAF>209 
?@0<KA;>20AFі �%%$ C BME=іG=09 B2>@G0AFі ў475;L=іG0;і 3137 G0;. �0 3MBK G0A C:0@0=і;і ў 
2KB2>@G0AFL 2976 @0FKO=0;і70B0@A:іE ?@0?0=>ў (@0F?@0?0=>ў) і 20 2K=0E>4AB20ў 7 30402K< 
M:0=0<іG=K< MD5:B0< 2361,1 BKA. @C1. [22, 0@:. 50–53].  
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�:BKў=0 ў475;L=іG0;і ў @0FKO=0;і70B0@A:09 @01>F5 =0 ?@0<KA;>2KE ?@04?@K5<AB20E 
�><5;LA:09 2>1;0AFі. !0?@K:;04, C 1970 3. =0 %25B;03>@A:і< 702>475 HBCG=030 20;0:=0 
@0FKO=0;і70B0@<і 7’Oў;O;іAO 463 ?@0F0ў=і:0, ў BK< ;і:C 230 і=6K=5@=0-BME=іG=KE 
@01>B=і:0ў. 'AO3> 1K;> ?040475=0 536 @0F?@0?0=>ў, 7 іE C:0@0=ё=0 278 ?@0?0=>ў 7 
M:0=0<іG=K< MD5:B0< 896,3 BKA. @C1. [23, 0@:. 13–14].  

#Mў=K G0A �@>475=A:0O 2>1;0AFL 709<0;0 04=> 7 0?>H=іE <5AF0ў C @MA?C1;іFK ?0 
ў:0@0=5==N 2K=0E>4AB20ў C 2KB2>@G0AFL. �MB0 =O3;547OGK =0 B>5, HB> 70 1966–1970 33. C 
=0@>4=09 30A?040@FK 2>1;0AFі ў:0@0=і;і 37 BKA. @0F?@0?0=>ў і 325 2K=0E>4AB20ў, O:іO 
701OA?5GK;і 715@06M==5 47O@60ў=KE A@>4:0ў =0 AC<C 24 <;=. @C1. �47=0G0;0AO, HB> 04=K< 7 
=540E>?0ў C @CEC @0FKO=0;і70B0@0ў 7’Oў;OўAO A;01K ў475; C і< A?5FKO;іAB0ў. !0?@K:;04, 
B>;L:і 19 G0;025: 7 86 і=6K=5@0ў і BME=і:0ў 702>40 «�ўB0?@02>4» 7’Oў;O;іAO 
@0FKO=0;і70B0@0<і, =0 ?@04?@K5<AB20E %<0@3>=A:030 @0ё=0 ?@0F020;і 322 і=6K=5@K, 0 ў 
@0FKO=0;і70FKі ў475;L=іG0;і B>;L:і 72. #0A;O 0:BK2і70FKі ?@0FK ?0 @072іFFN =02C:>20-
BME=іG=09 B2>@G0AFі ўAO3> 70 ?5@H05 ?0ў3>4475 1971 3. 1K;> C:0@0=ё=0 72KH 5 BKA. ?@0?0=>ў, 
O:іO 701OA?5GK;і M:0=0<іG=K MD5:B C AC<5 3,6 <;=. @C1. [11, 0@:. 7–8]. �0 ?5@H05 ?0ў3>4475 
1975 3. =0 ?@0<KA;>2KE ?@04?@K5<AB20E C:0@0=і;і 6317 @0F?@0?0=>ў і 77 2K=0E>4AB20ў 7 
M:0=0<іG=K< MD5:B0< 6,6 <;=. @C1. C 3>4 [17, 0@:. 132]. ' 2K=і:C =0 ?@0FO3C ?5@H09 ?0;>2K 
1970-E 33. C �@>475=A:09 2>1;0AFі C:0@0=і;і 52 BKA. @0F?@0?0=>ў і 2K=0E>4AB20ў 7 
M:0=0<іG=K< MD5:B0< 72KH 50 <;=. @C1. [12, 0@:. 10]. 
' �іF51A:09 2>1;0AFі 70 1971–1974 33. B>;L:і @0FKO=0;і70B0@0<і "@HK і �0@0=і 1K;> 

?040475=0 і ў:0@0=ё=0 12618 @0FKO=0;і70B0@A:іE ?@0?0=>ў і 162 70Oў:і =0 <5@:020=KO 
2K=0E>4AB2K 7 M:0=0<іG=K< MD5:B0< C AC<5 8,8 <;=. @C1. �0 1974–1975 33. C �><5;LA:09 
2>1;0AFі ў=5A;і 1>;LH 70 21000 @0F?@0?0=>ў. #@0<KA;>2KO ?@04?@K5<AB2K  03і;ёўA:09 
2>1;0AFі 70 1975–1976 33. C:0@0=і;і 1>;LH 150 <5@0?@K5<AB20ў ?0 <5E0=і70FKі і 
0ўB0<0BK70FKі 2KB2>@G0AFі, ?5@0402>9 BME=0;>3іі і 2K?CA:C =>2KE 2і40ў B020@0ў [39, A. 237].  
�0 1976–1980 33. C ?@0<KA;>20AFі �%%$ 1K;> ?040475=0 542,8 BKA. @0F?@0?0=>ў і 70O20: 

=0 2K=0E>4AB2K, M:0=0<іG=K MD5:B 04 іE 2K:0@KAB0==O A:;0ў 594,9 <;=. @C1. [31, A. 388] #0 
A?@020740G0E 70 1980 3., :>;L:0AFL 2K=0E>4=і:0ў і @0FKO=0;і70B0@0ў C @MA?C1;іFK A:;040;0  
158,8 BKA. G0;025:, 7 іE 101 BKA. C ?@0<KA;>20AFі. �0 10 ?0?O@M4=іE 304>ў BCB 2K:0@KAB0;і                 
792,3 BKA. 2K=0E>4AB20ў і @0F?@0?0=>ў, M:0=><іO 04 іE A:;0;0 483,7 <;=. @C1. [3, A. 396].  

' 1981–1985 33. 0<0;L =0 90 <;=. @C1. ?@K=5A;і :0@KAFі ?@0?0=>2K @0FKO=0;і70B0@0ў і 
2K=0E>4=і:0ў �@>475=A:09 2>1;0AFі. &>;L:і =0 �@>475=A:і< �� «�7>B» C:0@0=і;і 38 
@0A?@0F>20: 45 2K=0E>4AB20ў [13, 0@:. 9–10].  

�:BKў=0 ў475;L=іG0;і ў BME=іG=09 @M:0=AB@C:FKі ?@0<KA;>2KE ?@04?@K5<AB20ў і 
ABC4M=BK BME=іG=KE 2KHM9HKE =02CG0;L=KE CAB0=>ў, C BK< ;і:C  03і;ёўA:030 
BME=0;03іG=030 і=ABKBCB0 (C =0H G0A – �5;0@CA:і 47O@60ў=K ў=і25@AіBMB E0@G>2KE і Eі<іG=KE 
BME=0;>3і9). &>;L:і ў 1980–1981 33., ?04 G0A ?@0:BK:і, ABC4M=BK A?5FKO;L=0AFі « 0HK=K і 
0?0@0BK E0@G>2KE 2KB2>@G0AF59» ?040;і 13 @0F?@0?0=>ў, =0:і@020=KE =0 ў40A:0=0;5==5 
BME=0;03іG=KE ?@0FMA0ў <5E0=і70FKі ?@0F0ё<:іE 0?5@0FK9. %BC4M=B:і І. �0@0=F>20 і                      
�. &0<:>20 ?@0?0=020;і 7<O=іFL :0=AB@C:FKN <5E0=і7<0 ?@KFіA:C =>AL1іB0ў 0ўB0<0B0 4;O 
@07;і2C <0;0:0 ў ?0?O@>2KO ?0:5BK, HB> 4072>;і;0 A:0@0FіFL AB@0BK <0;0:0 і <і6@0<>=B=KO 
?@0AB>і. ' ?5@KO4 ?5@044K?;><=09 ?@0:BK:і ABC4M=BK A?5FKO;L=0AFі «&ME=>;03іO 
:0=A5@2020==O» ?040;і 6 @0F?@0?0=>ў, A?5FKO;L=0AFі «&ME=0;>3іO 1@047і;L=KE 
2KB2>@G0AF59» C475;L=іG0;і 20 ў:0@0=5==і 5 A20іE @0F?@0?0=>ў =0 �іF51A:і< ?іў=K< і ;і:ё@0-
30@M;0G=K< 702>40E. %BC4M=BK A?5FKO;L=0AFі «&ME=0;>3іO і 0@30=і70FKO 3@0<04A:030 
E0@G020==O» @0A?@0F020;і і ў:0@0=і;і ў 2KB2>@G0AFL 10 =>2KE AB@0ў і і=H. [33, A. 42]. 
�57C<>ў=0, 1K;і і =540E>?K. �K=і:і @0FKO=0;і70B0@A:09 4759=0AFі =020B0@0ў <03;і 1KFL 

7=0G=0 1>;LHK<і і MD5:BKў=K<і. �0;>ў=09 ?5@0H:>409 1K;> B>5, HB>, @072і20NGKAO =0 
M:ABM=Aіў=09 0A=>25, ?@04?@K5<AB2K 1K;і <0;0 ўA?@K<0;L=K<і 40 @04K:0;L=09 
<04M@=і70FKі 2KB2>@G0AFі, O5 BME=іG=030 ?5@0ў71@05==O. ' 0@30=і70FKі @01>BK 1K;> H<0B 
1N@0:@0BKG=09 20;0:іBK. �4<і=іAB@0FKO D01@K: і 702>40ў =5 70ўAё4K 0:0720;0 =0;56=CN 
40?0<>3C ў C:0@0=5==і BME=іG=KE =02і=. ' 1978 3. =0 ?@0<KA;>2KE ?@04?@K5<AB20E 
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@MA?C1;і:і і ў і=HKE 0@30=і70FKOE =5 1K;> 2K:0@KAB0=0 72KH 20 BKA. ?@K=OBKE 
@0F?@0?0=>ў. ' BME=іG=09 B2>@G0AFі ?5@02060;і 4@>1=KO @0A?@0F>ў:і [31, A. 388]. &0:, C        
1986 3. =0 �@H0=A:і< 702>475 ?;0ў;5=KE AK@>ў 1K;> ?040475=0 17 @0F?@0?0=>ў 7 
M:0=0<іG=K< MD5:B0< B>;L:і 2,1 BKA. @C1. [39, A. 238].  
� 04=03> 1>:C, @072іFFё =02C:і ў �5;0@CAі, O: і ў %%%$ C FM;K<, AB20@0;0 7=0G=KO 

<03GK<0AFі 4;O O5 4759A=030 =02C:>20-BME=іG=030 AC?@0F>ў=іFB20 7 ?@0<KA;>20AFN і і=HK<і 
30;і=0<і 30A?040@:і. � 4@C3>30 1>:C, 2K=і:і AC?@0F>ў=іFB20 1K;і =540AB0B:>2K<і, @0A?@0F>ў:і 
2CG>=KE =O@M4:0 4>ў3і G0A 70AB020;іAO =5 ў:0@0=ё=K<і ў 2KB2>@G0AFL, AB@0G20;і A20N 
:0HB>ў=0AFL. !5 7 ?>ў=09 0440G0N ?@0F020;і ;010@0B>@Kі, 2>?KB=0-M:A?5@K<5=B0;L=KO і 
:0=AB@C:B0@A:іO ?04@0747O;5==і. !0?@K:;04, C  03і;ёўA:і< �� «)і<20;0:=>» <5;0AO 4 
1C9=KO =02C:>20-40A;54GKO ;010@0B>@Kі, =0 B>9 G0A A0<05 ACG0A=05 =02C:>205 01AB0;O20==5, 
<03CB=K ?0@: -� , 7=0G=KO 3@0H>2KO A@>4:і. �;5 ў 01’O4=0==і =5 ?@02>47і;іAO 1C9=KO 
=02C:>20-40A;54GKO ?@0FK, =540AB0B:>20 ?;ё==0 2K:0@KAB>ў20;0AO 01AB0;O20==5, =5 2O;іAO ў 
HK@>:і< <0HB015 =02C:>2KO M:A?5@K<5=BK. �0 3>4 C:0@0=O;0AO 8–10 70O20:, ?C1;і:0FK9 
1K;> ў420O <5=H, =5 @KEB020;іAO ў;0A=KO =02C:>2KO :04@K [16, 0@:. 18–19].  

�K;і і AB0=>ўGKO ?@K:;04K AC?@0F>ў=іFB20 ?@04?@K5<AB20ў �%%$ 7 'A5A0N7=K<і !�І і 
?@05:B=K<і і=ABKBCB0<і, �:04M<іO9 =02C: �%%$. &>;L:і �@H0=A:і< і=AB@C<5=B0;L=K< 702>40< 
C 1980-O 33. 1K;> 70:;NG0=0 53 40<>2K, C BK< ;і:C 32 40<>2K 7 ':@0@3AB0=:0?@0<0< ()0@:0ў, 
':@0і=0), 9 40<>ў 7 'A5!�І 2K<O@M==Oў ( 0A:20, $%(%$), 5 40<>ў 7 �:04M<іO9 =02C: �%%$ 
і і=H. �02>4 ?0A?OE>20 AC?@0F>ў=іG0ў 7 )0@:0ўA:і< і=ABKBCB0< ':@0@3AB0=:0?@0<0< ?0 
ў:0@0=5==і ?@03@MAіў=KE і BK?02KE BME=0;03іG=KE ?@0FMA0ў 2K@01C @M6CG030 і=AB@C<5=BC, 7 
�:04M<іO9 =02C: �%%$ ?0 ў:0@0=5==і BME=0;03іG=030 ?@0FMAC 30@0G030 2K4CH20==O 
AB@C6:02KE :0=020: <5BGK:0ў; 7 *!�І&�, %��% і %�&�І ( 0A:20, $%(%$) ?0 ў:0@0=5==і ў 
FMEC 40?0<>6=KE ?@K;04 3=CB:030 2KB2>@G030 ўG0AB:0, 7 -!І % (�і;L=NA, �іB20) ?0 
@0A?@0F>ўFK BME=0;03іG=KE ?@0FMA0ў >?BK:і [25, 0@:. 26, 27].  
#@01;5<K =02C:>20-BME=іG=030 ?@03@MAC, BME=іG=09 @M:0=AB@C:FKі ?@04?@K5<AB20ў 

:@0і=K 01<5@:>ў20;іAO =0 =0@0475 ў *� �#%% 11.06.1985 3. ' B>9 60 <5AOF O5 2K=і:і 
@073;5475ў ?0@BK9=0-30A?040@GK 0:BKў �%%$, O:і 70F25@47іў <5@0?@K5<AB2K ?0 ?0A:0@M==і 
=02C:>20-BME=іG=030 ?@03@MAC. #@04C3;54620;0AO 01’=0ў;5==5 BME=і:і, 0A=>ў=KE 2KB2>@GKE 
D>=40ў, C:0@0=5==5 A@>4:0ў 0ўB0<0BK70FKі і 2K;іG0;L=09 BME=і:і, ?0A:>@0=05 @072іFFё 20 
ўAіE 30;і=0E 30A?040@:і FME0ў і ўG0AB:0ў ?0 2K?CA:C A@>4:0ў <5E0=і70FKі і 0ўB0<0BK70FKі, 
<04M@=і70FKі 01AB0;O20==O, 0:BK2і70FKі BME=іG=09 B2>@G0AFі ?@0F>ў=KE. $M0;і7020FL 3MB0 ў 

�%%$ C ?>ў=K< 01’ё<5 =5 0B@K<0;0AO. ' 1986 3. :>6=0O H>AB0O @0FKO=0;і70B0@A:0O 
?@0?0=>20 =5 7=0E>47і;0 ?@K<O=5==O. �>;LH 70 ?0;>2C 2K=0E>4AB20ў ?@0E>47і;і ў:0@0=5==5 ў 
BM@<і= 04 3 40 10 304>ў [3, A. 397, 546]. �41K20;0AO =020B B0:>5. !0 �� «�><A5;L<0H» 
@0A?@0F020;і 35 =>2KE :0=AB@C:BKў=KE @0HM==Oў, 0 ?0A:0@M==5< іE C:0@0=5==O ў 
2KB2>@G0AFL 2K<CH0=0 1K;0 709<0FF0 A?5FKO;L=0O :0<іAіO *� �#� [10, 0@:. 70]. 
#02KHM==N BME=0;03іG=030 ў7@>ў=N 2KB2>@G0AFі ?02і==0 1K;0 ?0A04759=іG0FL ?0AB0=>20 

*� �#%% і %  %%%$ «�1 ?5@02>475 =02C:>2KE 0@30=і70FK9 =0 ?>ў=K 30A?040@GK @07;і: і 
A0<0Dі=0=A020==5» (30.09.1987 3.). /=0 40BKGK;0AO C BK< ;і:C 0:04M<іG=KE і =02C:>2KE 
0@30=і70FK9 �!' [19, 0@:. 871–876]. ' <MB0E 1>;LH MD5:BKў=030 2K:0@KAB0==O іA=CNG030 
=02C:>20-2KB2>@G030 ?0BM=FKO;C 01’O4=0==Oў, ?@04?@K5<AB20ў, =02C:>2KE 0@30=і70FK9 і 
2KHM9HKE =02CG0;L=KE CAB0=>ў, AB20@M==O =501E>4=KE C<>ў 4;O 06KFFOў;5==O 
0@K3і=0;L=KE =02C:>20-BME=іG=KE ?@05:B0ў, 0:070==O A04759=іG0==O 2CG>=K<, 40A;54GK:0<, 
2K=0E>4=і:0< і @0FKO=0;і70B0@0< C іE 4759=0AFі, =0:і@020=09 =0 ?0A:0@M==5 A0FKO;L=0-
M:0=0<іG=030 @072іFFO 3@0<04AB20 %  %%%$ A20ё9 ?0AB0=>209 29.12.1989 3. ?@K=Oў 
?@0?0=>2C 01 AB20@M==і І=020FK9=030 D>=4C ?@K �7O@60ў=K< :0<іBMF5 %%%$ ?0 =02CFK і 
BME=іFK. Ё= 7’Oў;OўAO 47O@60ў=09 0@30=і70FKO9, AB2>@0=09 4;O A04759=іG0==O ?0A:>@0=09 
@0A?@0F>ўFK і 0A205==N =>20ў2O475==Oў C 30;і=5 =02C:і і BME=і:і. �6KFFOў;Oў Dі=0=A020==5 
=02C:>20-BME=іG=KE @0A?@0F>20:, ?@05:B0ў, 0:0720ў і=6K=5@=0-BME=іG=KO, :0=AC;LB0BKў=KO, 
?0BM=B=KO, ?0A@M4=іF:іO ?0A;C3і ?@04?@K5<AB20< і 0@30=і70FKO<, 2KHM9HK< =02CG0;L=K< 
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CAB0=>20<, B2>@GK< :0;5:BK20<, 40A;54GK< 3@C?0<, 0A>1=K< 2CG>=K<, 2K=0E>4=і:0< і 
@0FKO=0;і70B0@0< [20, 0@:. 47, 49–50]. 

�0 1986–1988 33. C �5;0@CAі 1K;і AB2>@0=K 424 C7>@K =>209 BME=і:і, C?5@HK=N ў %%%$ 
0A2>5=0 696 =>2KE 2і40ў ?@0<KA;>209 ?@04C:FKі, 2K:0@KAB0=0 ў 2KB2>@G0AFі 255,3 BKA. 
2K=0E>4=іF:іE і @0FKO=0;і70B0@A:іE ?@0?0=>ў. �0 1986–1989 33. 1K;і ?01C4020=K і ў25475=K ў 
475O==5 24 =>2KO 1C9=KO ?@0<KA;>2KO ?@04?@K5<AB2K, @M:0=AB@CO20=0 H<0B і=HKE. 
�A01;і20AFN 30A?040@G030 <5E0=і7<0 @MA?C1;і:і 7’Oў;O;0AO 7=0G=0O ў475;L=0O 2030 
<0HK=01C40ў=іG09 30;і=K і 205==0-?@0<KA;>2030 :><?;5:AC [31, A. 384–386, 424–425].  

' B>9 60 G0A 3;K1>:0O і=BM3@0FKO ?@0<KA;>20AFі і ўAё9 30A?040@:і �5;0@CAі ў 
03C;L=0A0N7=CN M:0=><і:C =5 A?@KO;0 ў<0F020==N M:0=0<іG=09 A0<0AB>9=0AFі @MA?C1;і:і, 
HB> AC?O@MGK;0 O5 =0FKO=0;L=K< і=B0@MA0<. !5 0?@0ў40ў AO15 :C@A =0 AB20@M==5 =0 
BM@KB>@Kі �5;0@CAі 70=04B0 2O;і:09 :>;L:0AFі 1C9=KE ?@04?@K5<AB20ў [21, 0@:. 67]. 
!0@>HG20==N <0BM@KO;L=0-BME=іG=09 107K ?@0<KA;>20AFі �%%$ A04759=іG0;і 2KA>:іO 
ACA25B=KO FM=K =0 =0DBC і 2K40B=0O Dі=0=A020O :0=’N=:BC@0. �;5 ?0ABC?>20 AD0@<і@020;іAO 
01’5:BKў=KO і AC1’5:BKў=KO, C=CB@0=KO і 7=5H=іO ?@KGK=K 4;O @MD0@<020==O A0FKO;L=0-
M:0=0<іG=030 і 3@0<04A:0-?0;іBKG=030 6KFFO, O:іO 1K;і 01C<>ў;5=K 350?0;іBKG=K<і 
2K:;і:0<і. �A01;і20 3MB0 ?@0Oў;O;0AO ў M:0=><іFK. �=і60;іAO <=>3іO 206=59HKO ?0:07GK:і 
A0FKO;L=0-M:0=0<іG=030 @072іFFO. �@0і=0 ўABC?і;0 ў AB04KN M:0=0<іG=030 70AB>N 
(AB03=0FKі).  
 >6=0 F0;:0< ?03047іFF0 7 40A;54GK:0<  . !5AFO@>2іG0<, HB> ў 1951–1990 33. 

M:0=0<іG=05 @072іFFё %%%$, C BK< ;і:C і �5;0@CAі, іH;> AC?O@MG;і20. 3 04=03> 1>:C, 1K;і 
40AO3=CBK =50A?@MG=KO 30A?040@GKO ?>A?5Eі, 0103C;L=ONGK< ?0:07GK:0< O:іE 7@01іўAO 
ў7@>AHK M:0=0<іG=K ?0BM=FKO; :@0і=K. #@K 3MBK< BM<?K M:0=0<іG=030 @>ABC �%%$ =0 
?@0FO3C ўAO3> 3MB030 ?5@KO4C 1K;і ў25AL G0A =0 =5:0;L:і ?@0FM=B0ў 2KHM9, GK< ?0 %%%$ C 
FM;K<, C 2K=і:C G03> ў :0=FK 1980-E 33. O=0 AB0;0 04=K< 7 =091>;LH @072іBKE @0ё=0ў %%%$. 
3 і=H030 1>:C, =56040==5 A025F:030 :і@0ў=іFB20 :0@4K=0;L=0 @MD0@<020FL 04<і=іAB@0FK9=0-
:0<0=4=CN M:0=><і:C ў @K=0G=K< :і@C=:C ?@K2O;> 40 =0@0AB0==O =530BKў=KE BM=4M=FK9 – 
7=і6M==O BM<?0ў @>ABC ў=CB@0=030 20;02>30 ?@04C:BC, 2K@01;5=030 =0FKO=0;L=030 40E>4C, 
01’ё<C ?@0<KA;>209 і A5;LA:030A?040@G09 ?@04C:FKі, ?@04C:FK9=0AFі і D>=40ў71@>5=0AFі 
[32, A. 49–50]. -:0=><і:0 �%%$, O: і %%%$ C FM;K<, 7=0E>47і;0AO ў 0A=>ў=K< =0 
і=4CAB@KO;L=09 AB04Kі @072іFFO, C B>9 G0A O: 1>;LH0AFL :@0і= A25BC ?04=O;0AO =0 =02C:>20-
і=4CAB@KO;L=CN. 
&K< =5 <5=H, =O3;547OGK =0 =540A:0=0;CN M:0=0<іG=CN ?0;іBK:C, ?Mў=KO 7@CEі 

=07і@0;іAO ў BME=іG=K< ?5@0ў71@05==і ?@0<KA;>20AFі �5;0@CAі. �A=>2C BME=іG=09 
@M:0=AB@C:FKі D01@K: і 702>40ў A:;040;0 0A=0HGM==5 2KB2>@G0AFі <5E0=і7020=K<і 
?0B>G=K<і і 0ўB0<0BKG=K<і ;і=іO<і. !0?@K:;04, ў ?5@H09 ?0;>25 1970-E 33. C  03і;ёўA:09 
2>1;0AFі 1K;> ў:0@0=ё=0 417 <5E0=і7020=KE AB@C<5=52KE і 0ўB0<0BKG=KE ;і=і9, 
(?@04C:FK9=0AFL ?@0FK ?02KAі;0AO =0 46,3 %); =0 ?@04?@K5<AB20E �@>475=A:09 2>1;0AFі 
:>;L:0AFL <5E0=і7020=KE, AB@C<5=52KE і 0ўB0<0BKG=KE ;і=і9 ?02O;іGK;0AO =0 518 047і=0: 
01> ў 2,3 @070. 173 CG0AB:і і FMEі 1K;і :><?;5:A=0 <5E0=і7020=K і 0ўB0<0BK7020=K. ' 1979 3. C 
�><5;LA:09 2>1;0AFі 70A2>і;і A5@K9=CN 2KB2>@G0AFL 730 =>2KE 2і40ў <0HK=, 2K@010ў і 
<0BM@KO;0ў. �0 1981–1984 33. C �@>475=A:09 2>1;0AFі ў:0@0=і;і ў 2KB2>@G0AFL 1079 =>2KE 
BME=0;03іG=KE ?@0FMA0ў, 1189 :><?;5:A=0-<5E0=і7020=KE 03@M30B0ў і 0ўB0<0BKG=030 
01AB0;O20==O, 40 AB0=:>ў 7 ;іG102K< ?@03@0<=K< :і@020==5<. �0 3MBK G0A B>;L:і =0 �@MAF:і< 
M;5:B@0<5E0=іG=K< 702>475 ў:0@0=і;і: 125 ?@03@MAіў=KE BME=0;03іG=KE ?@0FMA0ў, 48 AB0=:>ў 
7 ;іG102K< ?@03@0<=K< :і@020==5<, 5 0ўB0<0BKG=KE і 5 <5E0=і7020=KE ;і=і9, 2 :><?;5:A=0-
<5E0=і7020=KE FME0 і 3 :><?;5:A=0-<5E0=і7020=KE CG0AB:0. ' ?@0<KA;>20AFі �@MAF:09 
2>1;0AFі ў 1986 3. 1K;> ў:0@0=ё=0 10 0ўB0<0BKG=KE, :><?;5:A=0-0ўB0<0BKG=KE, @>B0@=KE і 
@>B0@=0-:0=255@=KE ;і=і9, 3 AіABM<K 0ўB0<0BK7020=030 ?@05:B020==O, 2 0ўB0<0BK7020=KO 
AіABM<K :і@020==O BME=0;03іG=K<і ?@0FMA0<і. �>;O ?@K@>ABC ?@04C:FK9=0AFі ?@0FK 70 :>HB 
=02C:>20-BME=іG=KE <5@0?@K5<AB20ў C ?@0<KA;>20AFі �@MAF:09 2>1;0AFі ў 1986 3. A:;0;0             
64 %. �0@B0 047=0GKFL, HB>3>4 C �%%$ C40A:0=0;L20;0AO =5 1>;LH 70 6 BKA. 047і=0: 
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01AB0;O20==O, 0 ?0B@01020;0AO 01=0ў;OFL 1>;LH 70 100 BKA. ' AO@M47і=5 1980-E 33. C475;L=0O 
2030 AB0=:>ў 7 ;іG102K< ?@03@0<=K< :і@020==5< C <0HK=01C4020==і A:;040;0 1,7 %. 

�ўB0<0BK7020=09 ?@0F09 C ?@0<KA;>2K< :><?;5:A5 �%%$ 1K;> 70=OB0 :@KEC 1>;LH 70 2 % 
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