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INNOVATIVE TECHNOLOGY FOR ENRICHING COTTAGE CHEESE CURDS WITH 

WHEY PROTEINS  

T. I. Shingareva,  M. A. Glushakov,  S. V. Krasovsky,  A. A. Demyanet, A. G. Moroz  

Belarusian State University of Food and Chemical Technologies, 

Republic of Belarus 

ABSTRACT  
Introduction. The use of whey proteins to increase the biological value of a wide range of food products is 

of current importance. However, protein enrichment in the form of concentrate, microparticulate is a relative-

ly resource-intensive process. The scientific task is to substantiate the method of enriching cottage cheese 

curd with whey proteins in the composition of ricotta type soft cheese. 

Materials and methods. Cheese mass obtained by thermoacid coagulation of cheese whey using the tech-

nology of ricotta soft cheese, cottage cheese curds with different amount of cheese mass in their composi-
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tion. Generally accepted research methods. 

Results. The proposed technology of cottage cheese curds is implemented without the use of additional 

equipment and unique technological processes for cheese production. The optimal ratio in a mixture of cot-

tage cheese and ricotta is 1:1. The proportion of whey proteins is 3.6 times as high as the check sample, and 

that of casein is 1,5 times less. The cheese mass provides the specified organoleptic and syneretic properties 

of the product, thus increasing the resistance to syneresis by an average of 23 %. 

Conclusions. The proposed method of enriching cottage cheese products with whey proteins is less resource-

intensive for dairy enterprises in comparison with other existing methods. The developed recipes for cottage 

cheese curds are recommended for implementation in the industry. 

KEY WORDS: cottage cheese; whey proteins; Ricotta cheese; mixture; Aottage cheese curds; quality  

indicators.  
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7=0G8B5;L=K< A>45@60=85< 2 =5< 15;:>2, 68@>2, <8=5@0;L=KE 25I5AB2 [1]. "4=0:> ?@8 
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B>G=K9 15;>: =081>;55 ?@81;865= ?> 0<8=>:8A;>B=><C A>AB02C : 15;:0< <KH5G=>9 
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?5@2CN >G5@54L, 7028AOB >B B>3>, =0A:>;L:> 53> >@30=87< >15A?5G5= ?8B0B5;L=K<8 25I5-
AB20<8 8 :0: 1KAB@> 8 ;53:> >=8 ?5@520@820NBAO. � MB>9 A2O78 2:;NG5=85 2 @0F8>= ?8-
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<>;>G=>9 AK2>@>B:8 O2;O5BAO B5@<>:8A;>B=0O :>03C;OF8O, 8A?>;L7C5<0O 2 ?@>872>4-

                                                           
1
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#5B5@1C@3: ��"$�, 2015. – 672 A. 
2
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;5==>AB8 $5A?C1;8:8 �5;0@CAL 87 ?>4AK@=>9 AK2>@>B:8 A?>A>1>< B5@<>:8A;>B=>9 
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A:>9 [10–12]. �;O AB0=40@B870F88 <>;>G=>3> 68@0 2 ?@>4C:B5, 2 >B;8G85 >B :;0AA8G5-
A:>9 B5E=>;>388, 2 AK2>@>B:C 2=>AOB =5 <>;>:>, 0 A;82:8 ?>2KH5==>9 68@=>AB8  
(36–40 % 8 1>;55). �0==0O B5E=>;>38O ?>72>;O5B 87 <>;>G=>9 AK2>@>B:8 <0:A8<0;L=> 
?>;=> 2K45;8BL AK2>@>B>G=K5 15;:8 8 A25AB8 : <8=8<C<C ?@8ACBAB285  2 AK@5 <>;>G-
=>3> 15;:0 :0758=0, GB> ?>2KH05B 18>;>38G5A:CN F5==>ABL AK@02

. 

*5;L 8AA;54>20=8O – A>:@0I5=85 @5AC@A>5<:>AB8 ?@>872>4AB20 >1>30I5==KE AK2>-
@>B>G=K<8 15;:0<8 B2>@>6=KE AK@:>2. 
!0CG=0O 7040G0 – >1>A=>20=85 A?>A>10 >1>30I5=8O B2>@>6=KE AK@:>2 AK2>@>B>G-

=K<8 15;:0<8 2 A>AB025 <O3:>3> AK@0 B8?0 @8:>BB0. 
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-:A?5@8<5=B0;L=>5 8AA;54>20=85 ?@>2>48;8 2 ;01>@0B>@88 :0D54@K B5E=>;>388 <>;>:0 
8 <>;>G=KE ?@>4C:B>2 ��'&. � :0G5AB25 >1J5:B>2 8AA;54>20=8O 1K; 8A?>;L7>20= B2>@>3 
>15768@5==K9 8 AK@ <O3:89 @8:>BB0 30 % (<0AA>20O 4>;O 68@0 2 ACE>< 25I5AB25), :>B>@K5 2 
40;L=59H5< 8A?>;L7>20;8 4;O A>AB02;5=8O B2>@>6=KE A<5A59 2 @07;8G=KE A>>B=>H5=8OE 
B2>@>3:@8:>BB0 – 1:4, 1:3, 1:2, 1:1, 2:1, 0 B0:65 B2>@>6=K5 AK@:8 2 A>>B=>H5=8O B2>-
@>3:@8:>BB0 – 1:1 @07;8G=>3> :><?>=5=B=>3> A>AB020, 873>B>2;5==K5 ?> @5F5?BC@5 2 ;01>@0-
B>@=KE CA;>28OE. � :0G5AB25 :>=B@>;L=>3> >1@07F0 8A?>;L7>20;AO AK@>: B2>@>6=K9 157 4>-
102;5=8O @8:>BBK. #8I520O F5==>ABL B2>@>30 >15768@5==>3> 8 AK@0 @8:>BB0 ?@54AB02;5=0 2 
B01;. 1. 

 

&45?. 1. #8I520O 8 M=5@35B8G5A:0O F5==>ABL B2>@>30 =568@=>3> 8 AK@0 @8:>BB0  

Table 1. Nutritional and energy value of low-fat cottage cheese and Ricotta cheese 

#>:070B5;8 &2>@>3 =568@=K9 
$8:>BB0  

(30 % 6и@а 6 ACE>< 65щ5AB65) 
-=5@35B8G5A:0O F5==>ABL, ::0; / :�6 159 / 667 130 / 544 

�5;:8, % 16,0 11,2 

�8@K, % – 8,4 

'3;52>4K, % 2,5 2,5 

 

#@8 ?@>2545=88 @01>BK ?>;L7>20;8AL AB0=40@B=K<8, >1I5?@8=OBK<8 8 A?5F80;L=K<8 <5B>-
40<8 8AA;54>20=89. &8B@C5<CN :8A;>B=>ABL >?@545;O;8 B8B@8<5B@8G5A:8< <5B>4>< ?>  
�"%& 3624-92, 0:B82=CN :8A;>B=>ABL A ?><>ILN @!-<5B@0 ?> �"%& 26781-85, <0AA>2CN 
4>;N 2;038 =0 ?@81>@5 +86>2>9 (CA:>@5==K9 <5B>4) 8 2KACH820=85< 4> ?>AB>O==>9 <0AAK 
?> �"%& 3626-73, 2;03>C45@6820NICN A?>A>1=>ABL ?> <5B>48:5 87<5@5=8O ?;>I048 2;06-
=>3> ?OB=0, >AB0NI53>AO =0 D8;LB@>20;L=>9 1C<035 ?>A;5 ?@5AA>20=8O, >@30=>;5?B8G5A:85 
?>:070B5;8 – A5=A>@=K< <5B>4><. 

 

$��'�0&�&/  �  �) "�%'���!�� 

�;O >?@545;5=8O =081>;55 >?B8<0;L=>3> A>>B=>H5=8O B2>@>30 8 AK@0 @8:>BB0 2 B2>@>6-
=KE AK@:0E =0 ?5@2>< MB0?5 @01>BK 1K;8 >?@545;5=K D878:>-E8<8G5A:85 8 >@30=>;5?B8G5-
A:85 ?>:070B5;8 2 B2>@>6=KE A<5AOE @07=>3> :><?>=5=B=>3> A>AB020. 
                                                           
1
 �"%& 34357-2016 – %K@K AK2>@>B>G=>-0;L1C<8==K5. &5E=8G5A:85 CA;>28O. – URL: https://internet-

law.ru/gosts/gost/66082/ – &5:AB: M;5:B@>==K9. 
2
 %:>BB $. #@>872>4AB2> AK@0. %K@L5, B5E=>;>38O, @5F5?BC@0 / $. %:>BB, $. �. $>18=A>=.  .: #@>D5AA8O, 

2012. – 464 A. 
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#> 2:CAC AK@ @8:>BB0 =5 ?>E>6 =0 B2>@>3. -B>B AK@ 8<55B A;82>G=K9, A;04:>20BK9 2:CA, 157 
?>AB>@>==53> ?@82:CA0 8 70?0E0, 2 =5< ?@0:B8G5A:8 >BACBAB2C5B :8A;><>;>G=K9 2:CA [13]. 
� 8AA;54>20=88 :>;8G5AB2> B2>@>30 8 AK@0 @8:>BB0 (B2>@>3/@8:>BB0) 1K;> 27OB> 2 @07=KE 

A>>B=>H5=8OE. �;O 4>AB865=8O 3><>35==>9 :>=A8AB5=F88 B2>@>3 BI0B5;L=> ?5@5B8@0;8, 70-
B5< 2=>A8;8 <O3:89 AK@ 8 >?OBL BI0B5;L=> ?5@5<5H820;8 2 B5G5=85 5 <8=. #>A;5 G53> B2>-
@>6=CN A<5AL ?><5I0;8 2 E>;>48;L=8: ?@8 B5<?5@0BC@5 4–6 °% =0 60 <8=CB 4;O C?;>B=5=8O 
AB@C:BC@K 15;:>2 ?@8 =87:8E B5<?5@0BC@0E. �0;55 2 8AA;54C5<KE >1@07F0E A<5A59 >?@545-
;O;8 B8B@C5<CN :8A;>B=>ABL, 2;06=>ABL 8 >@30=>;5?B8G5A:85 ?>:070B5;8, ?@54AB02;5==K5 2 
B01;. 2 8 B01;. 3. 

 
&45?. 2. (878:>-E8<8G5A:85 ?>:070B5;8 8AA;54C5<KE >1@07F>2 A<5A8 (B2>@>3/@8:>BB0)  

Table 2. Physico-chemical parameters of the studied samples of the mixture (Aottage 

cheese/Ricotta cheese) 

!><5@ >1@07F0 
A<5A8 

%>AB02 A<5A8: 
B2>@>3/@8:>BB0 

&8B@C5<0O 
 :8A;>B=>ABL, °& 

�:B82=0O 
 :8A;>B=>ABL, 54. @! 

 0AA>20O 4>;O 
2;038, % 

"1@075F № 1 1:0 178,0 4,70 78,0 

"1@075F № 2 2:1 134,0 5,13 77,7 

"1@075F № 3 1:1 112,0 5,37 77,5 

"1@075F № 4 1:2 90,0 5,61 77,3 

"1@075F № 5 1:3 79,0 5,74 77,3 

"1@075F № 6 1:4 72,4 5,81 77,2 

 
&45?. 3. (878:>-E8<8G5A:85 ?>:070B5;8 8AA;54C5<KE >1@07F>2 A<5A8 (B2>@>3/@8:>BB0)  

Table 3. Organoleptic parameters of protein mixture samples (Cottage cheese/Ricotta cheese) 

 

"?@545;5=>, GB> A C25;8G5=85< :>;8G5AB25==>3> A>45@60=8O 2 A<5A8 B2>@>30 =01;N405B-
AO ?>2KH5=85 B8B@C5<>9 :8A;>B=>AB8. #@8 MB>< 0:B82=0O :8A;>B=>ABL A=8605BAO, GB> >1C-
A;>2;5=> 1>;LH59 8AE>4=>9 :8A;>B=>ABLN B2>@>30.  0AA>20O 4>;O 2;038 2 A<5AOE 87<5=O5B-
AO =57=0G8B5;L=>, GB> 2?>;=5 >G5284=>, B0: :0: B2>@>3 8 AK@ 8<5;8 ?@0:B8G5A:8 >48=0:>2CN 
8AE>4=CN 2;06=>ABL.  

!><5@ 
>1@07F0  
(B2>@>3 

/@8:>BB0) 

�:CA 8 70?0E �=5H=89 284 8 :>=A8AB5=F8O 

"1@075F № 1 
(1:0) 

�K@065==K9 :8A;><>;>G=K9, G8ABK9, 
157 ?>AB>@>==8E ?@82:CA>2 8 70?0E>2 "4=>@>4=0O, 2 <5@C A2O7=0O 

"1@075F № 2 
(2:1) 

�8A;><>;>G=K9, G8ABK9, 157 ?>AB>@>=-
=8E ?@82:CA>2 

"4=>@>4=0O, 3><>35==0O, A;53:0 
<06CI0O A =57=0G8B5;L=K<  

?@8ACBAB285< >ICB8<KE G0AB8F 
<>;>G=>3> 15;:0  

"1@075F № 3 
(1:1) 

�8A;><>;>G=K9, A >BB5=:>< A;04:>20B>-
A;82>G=>3> ?@82:CA0 

"4=>@>4=0O, =56=0O, 2 <5@C 
?;>B=0O 

"1@075F № 4 
(1:2) +8ABK9 <>;>G=K9, A =57=0G8B5;L=K< 

?@82:CA>< ?0AB5@870F88 8 A;04:>20B>-
A;82>G=K< ?@82:CA>< 

"4=>@>4=0O, =56=0O, 2 <5@C 
?;>B=0O 

"1@075F № 5 
(1:3) 

 O3:0O, >4=>@>4=0O, =56=0O, 
A;53:0 <06CI0O 

"1@075F № 6 
(1:4) 

 O3:0O, >4=>@>4=0O, =56=0O, 
A;53:0 <06CI0O 
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"@30=>;5?B8G5A:0O >F5=:0 2KO28;0, GB> 2 >1@07F0E № 4–6, 345 1>;LHCN G0ABL A<5A8 A>-
AB02;O; <O3:89 AK@ (B2>@>3/@8:>BB0, A>>B=>H5=85 1:2, 1:3 8 1:4) ?@0:B8G5A:8 >BACBAB2>20; 
:8A;><>;>G=K9 2:CA, GB> =5 E0@0:B5@=> 4;O B2>@>6=>9 ?@>4C:F88. "1@07FK № 2 8 3 8<5;8 
A2>9AB25==CN B2>@>6=>9 ?@>4C:F88 :8A;8=:C 8 ?@8OB=K9 A;82>G=>-A;04:>20BK9 ?@82:CA 8 
0@><0B, ?>MB><C 453CAB0F8>==0O :><8AA8O MB8< >1@07F0< >B40;0 A2>5 ?@54?>GB5=85.  
 =>38<8 CG5=K<8 >B<5G05BAO, GB> 4>AB865=85 C@>2=O A10;0=A8@>20==>AB8 A>AB020 ?8-

I52KE ?@>4C:B>2 2>7<>6=> B>;L:> 70 AG5B 8E <=>3>:><?>=5=B=>AB8 [14, 15]. %>740=85 <=>-
3>:><?>=5=B=KE ?@>4C:B>2 ?@>48:B>20=> 2>7<>6=>ABLN @53C;8@>20=8O E8<8G5A:>3> A>AB0-
20 ?@>4C:B>2 2 A>>B25BAB288 A A>2@5<5==K<8 B@51>20=8O<8 =0C:8 > ?8B0=88 2 7040==>< =0-
?@02;5=88. � A2O78 A B5<, GB> 68@ O2;O5BAO A0<K< :0;>@89=K< :><?>=5=B>< <>;>G=KE ?@>-
4C:B>2 8 ?> M=5@35B8G5A:>9 F5==>AB8 1>;55 G5< 2 420 @070 ?@52KH05B 15;:8 8 C3;52>4K, 1K-
;8 @07@01>B0=K @5F5?BC@K =0 <5=55 68@=K5 AK@:8 B2>@>6=K5 =53;078@>20==K5 – 5 % 68@-
=>AB8. !5A:>;L:> 20@80=B>2 @5F5?BC@ B2>@>6=KE AK@:>2, 8E ?ищ56ая и M=5@75BиG5Aкая F5=-
=>ABL ?@82545=K 2 B01;. 4.  

 

&45?. 4. $5F5?BC@K, ?8I520O 8 M=5@35B8G5A:0O F5==>ABL B2>@>6=KE AK@:>2  

Table 4. Recipes, nutritional and energy value of cottage cheese curds 

!08<5=>20=85 8=3@5485=B0 "1@075F 1 "1@075F 2 "1@075F 3 (:>=B@>;L) 
&2>@>3 >15768@5==K9 444,5 428 841 

%K@ @8:>BB0 30 % 444,5 428 – 
 0A;> A;82>G=>5 61 % 21 14 82 

%0E0@-?5A>:  90 90 90 

�0:0>-?>@>H>:  – 40 – 
И&"�": 1000 1000 1000 

-=5@35B8G5A:0O F5==>ABL, ::0; / :�6 136/567 138/577 137/574 

�8@K, % 5,0 5,0 5,0 

'3;52>4K, % 11,2 12,3 10,3 

�5;:8:  2A53>, % 12,1 11,7 13,4 

2 B>< G8A;5:    

AK2>@>B>G=K5, % 4,93 4,76 1,34 

:0758=, % 7,94 7,17 12,2 

 

� >?KB=KE >1@07F0E B2>@>6=0O A<5AL A>AB>O;0 87 B2>@>30 8 AK@0 @8:>BB0 2 @02=KE A>>B-
=>H5=8OE (1:1). � :0G5AB25 :>=B@>;O A;C68; >1@075F 3, A>AB>OI89 B>;L:> 87 B2>@>30. �K-
E>4=K5 ?>:070B5;8 2A5E 8AA;54C5<KE >1@07F>2 B2>@>6=KE 8745;89 A>>B25BAB2>20;8  
%&� 22831

.  

� 8AA;54C5<KE >1@07F0E B2>@>6=KE AK@:>2 >?@545;O;8 A;54CNI85 D878:>-E8<8G5A:85 
?>:070B5;8: B8B@C5<0O 8 0:B82=0O :8A;>B=>ABL, <0AA>20O 4>;O 2;038, A@54=85 7=0G5=8O :>B>-
@KE ?@82545=K 2 B01;. 5. 

                                                           
1
 %&� 2283-2016.  0AAK 8 AK@:8 B2>@>6=K5. "1I85 B5E=8G5A:85 CA;>28O. 'B25@645= 8 22545= 2 459AB-
285 ?>AB0=>2;5=85< �>AAB0=40@B0 $5A?C1;8:8 �5;0@CAL >B 29 45:01@O 2016 3. №  96.  8=A:, �>AAB0=-
40@B, 2017. – 16 A. 
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&45?. 5. (878:>-E8<8G5A:85 ?>:070B5;8 >1@07F>2 B2>@>6=KE AK@:>2 5 % 68@=>AB8  

Table 5. Physico-chemical parameters of samples of cottage cheese curds of 5 % fat content 

 

�0: 284=>, ?> <0AA>2>9 4>;5 2;038 8AA;54C5<K5 >1@07FK ?@0:B8G5A:8 =5 >B;8G0NB-
AO. � :>=B@>;5 >B<5G05BAO 1>;LH0O B8B@C5<0O :8A;>B=>ABL, GB> >1JOA=O5BAO 1>;55 2K-
A>:>9 8AE>4=>9 B8B@C5<>9 :8A;>B=>ABLN B2>@>30, 2 A@02=5=88 A AK@>< @8:>BB0. #@8-
<5=8B5;L=> : 15;:0<, 2 >1@07F0E 1 8 2, 2 A@02=5=88 A :>=B@>;5<, 4>;O AK2>@>B>G=KE 
15;:>2 2 3,6 @070 1>;LH5, 0 :0758=0 2 1,5 @070 <5=LH5. �A;8 CG5ABL, GB> AK2>@>B>G=K5 
15;:8 >1;040NB ?>2KH5==K<8 0=01>;8G5A:8<8 :0G5AB20<8 8 1KAB@55 ?5@520@820NBAO 
>@30=87<><, GB> >A>15==> 206=> 4;O ?8B0=8O 45B59, <>6=> 70:;NG8BL > 1>;55 2KA>-
:>9 18>;>38G5A:>9 F5==>AB8 >1@07F>2 B2>@>6=KE 8745;89, 2 A>AB02 :>B>@KE 2E>48B 
?><8<> B2>@>30 8 AK@ @8:>BB0.  
�;O >F5=:8 2;8O=8O @07=KE 15;:>2KE 8=3@5485=B>2 2 8AA;54C5<KE >1@07F0E B2>-

@>6=KE AK@:>2 5 % 68@=>AB8 =0 CAB>9G82>ABL ?@>4C:B0 : A8=5@578AC, >?@545;O;8 8E 
2;03>C45@6820NICN A?>A>1=>ABL, @57C;LB0BK >?@545;5=8O :>B>@>9 ?@54AB02;5=K 2 
B01;. 6. �AA;54>20=85 ?@>2>48;8 ?> <5B>48:5 87<5@5=8O ?;>I048 2;06=>3> ?OB=0, >A-
B0NI53>AO =0 D8;LB@>20;L=>9 1C<035 ?>A;5 ?@5AA>20=8O1

. 
 

&45?. 6. "?@545;5=85 AB5?5=8 A8=5@578A0 >1@07F>2 B2>@>6=KE AK@:>2 

Table 6. Determination of the degree of syneresis of curd cheese samples 

"1@075F #;>I04L ?OB=0, A<2
 �>;8G5AB2> AK2>@>B:8, A<3

 

"1@075F 1 (50/50) 7,2 0,072 

"1@075F 2 (50/50) 7,1 0,071 

"1@075F 3 (100/0) 9,4 0,094 

 

#> 40==K< B01;. 6, >1@07FK 1 8 2 (50/50) 157 =0?>;=8B5;O 8 A =0?>;=8B5;5< :0:0> 
C45@6820NB 2;03C ?@0:B8G5A:8 >48=0:>2>. �E 2;03>C45@6820NI0O A?>A>1=>ABL =0  
23 % 2KH5 ?> A@02=5=8N A :>=B@>;5<, GB> 2?>;=5 >1JOA=8<> ?@8ACBAB285< 2 >1@07F0E 
AK2>@>B>G=KE 15;:>2, >1;040NI8E 1>;LH59 2;03>C45@6820NI59 A?>A>1=>ABLN 2 
A@02=5=88 A :0758=><. 

 

����2+�!�� 

�AA;54>20=K B2>@>6=K5 A<5A8 2 @07;8G=KE A>>B=>H5=8OE B2>@>3:@8:>BB0 – 1:4, 1:3, 1:2, 

1:1, 2:1. "?B8<0;L=K< O2;O5BAO @02=>5 A>>B=>H5=85 B2>@>30 8 @8:>BBK. #@8 MB>< >15A?5G8-
20NBAO 7040==K5 >@30=>;5?B8G5A:85 8 A8=5@5B8G5A:85 ?>:070B5;8 ?@>4C:B0, CAB>9G82>ABL : 
A8=5@578AC ?>2KH05BAO 2 A@54=5< =0 23 %. � A@02=5=88 A :>=B@>;5< 4>;O AK2>@>B>G=KE 
15;:>2 2 40==>< A;CG05 2 3,6 @070 1>;LH5, 0 :0758=0 2 1,5 @070 <5=LH5. %K@=0O <0AA0 >15A?5-

                                                           
1
 ,84;>2A:0O, �. #. "@30=>;5?B8G5A:85 A2>9AB20 <>;>:0 8 <>;>G=KE ?@>4C:B>2. / �. #. ,84;>2A:0O.  
%?@02>G=8:. –  .: �>;>A%, 2004. – 360 A. 

!><5@ >1@07F0 
(B2>@>3/@8:>BB0) 

 0AA>20O 
4>;O 2;038,  

% 

 0AA>20O 4>;O, % &8B@C5<0O  
:8A;>B=>ABL,  

°& 

�:B82=0O  
:8A;>B=>ABL, 54. 

@! 
:0758=0 AK2>@>B>G=KE 15;:>2 

"1@075F 1 (50/50) 69,7 7,94 4,93 
86,7 5,28 "1@075F 2 (50/50) 68,1 7,17 4,76 

"1@075F 3 (100/0) 
�>=B@>;L 69,9 12,2 1,34 149,7 4,68 



  �еEF=и> ��'&, 2023 № 1(34) 
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G8205B 7040==K5 >@30=>;5?B8G5A:85 ?>:070B5;8 – ?@8405B B2>@>6=K< AK@:0< G8ABK9, 2 <5-
@C :8A;><>;>G=K9 2:CA, A >BB5=:>< A;04:>20B>-A;82>G=>3> ?@82:CA0, :>=A8AB5=F8O >4=>-
@>4=0O, ?;>B=0O. (878:>-E8<8G5A:85 ?>:070B5;8 A>>B25BAB2CNB =>@<0B82=K<, C:070==K< 2 
&!#� 4;O B2>@>30. 
�0==K9 A?>A>1 ?>2KH5=8O 2 B2>@>6=KE 8745;8OE <0AA>2>9 4>;8 AK2>@>B>G=KE 15;:>2 

O2;O5BAO 4>AB0B>G=> ?@>ABK< 2 8A?>;=5=88 8 <5=55 70B@0B=K< 4;O ?@54?@8OB89 <>;>G=>9 
?@><KH;5==>AB8, 2 A@02=5=88 A 4@C38<8 ACI5AB2CNI8<8 A53>4=O A?>A>10<8. $07@01>B0=-
=K5 @5F5?BC@K =0 B2>@>6=K5 AK@:8 @5:><5=4CNBAO : 2=54@5=8N.  
!0AB>OI0O @01>B0 2K?>;=5=0 =0 :0D54@5 B5E=>;>388 <>;>:0 8 <>;>G=KE ?@>4C:B>2 �5;>-

@CAA:>3> 3>AC40@AB25==>3> C=825@A8B5B0 ?8I52KE 8 E8<8G5A:8E B5E=>;>389 2 @0<:0E 3>AC-
40@AB25==>9 ?@>3@0<<K =0CG=KE 8AA;54>20=89. 
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