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INFLUENCE OF COMPONENT COMPOSITION AND PROPIONIC ACID BACTERIA 

ON THE QUALITY AND SHELF LIFE OF FERMENTED SOFT BUTTERMILK CHEESE 

WITH REDUCED LACTOSE CONTENT 

Yu. Yu. Chekanowa, O. I. Kuptsova, Z. V. Vasilenko, A. V. Kobel 

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

ABSTRACT 
Introduction. The study addresses key industry trends – lactose reduction and probiotic microflora enrichment 
in developing competitive soft cheeses with superior nutritional and functional properties. The purpose is to 
validate technology for low-lactose thermo-acid soft cheese from buttermilk enriched with propionic bacteria, 
and establish storage conditions and shelf life for industrial production. The scientific aim is to assess the 
impact of buttermilk and propionic microflora on the microbiological, physicochemical and organoleptic 
stability of low-lactose thermal acid cheese under standard and provocative temperature storage conditions; 
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establish the shelf life of fermented soft buttermilk cheese with a reduced lactose content. 
Materials and methods. Control soft cheese from whole milk and experimental low lactose buttermilk cheese 
with added propionic acid bacteria were evaluated using standard microbiological, physicochemical, and 
organoleptic methods. Storage tests were conducted at (4±2) °C, and "stress test" at (10±2) °C. 
Results. Enrichment with propionic microflora improved microbiological and sensory stability in buttermilk 
cheese: high-quality parameters were maintained for up to 50 days at (4±2) °C, and up to 5 days under "stress 
test". Based on the obtained data, the industrial shelf life of no more than 25 days was established at (4±2) °C, 
with a two-fold safety factor being applied. 
Conclusions. The combination of buttermilk and propionic acid microflora enables production of competitive, 
high-quality low-lactose soft cheese with a scientifically justified shelf life, suitable for commercial scale-up. 

KEY WORDS: soft cheese; buttermilk; raw material resource; healthy eating; lactose; hydrolysis of lactose; 
thermal acid coagulation. 
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?@8G8= <>65B =0@CH0BLAO, 8, ?@5645 2A53>, CO728<K< <5AB>< O2;ONBAO B>@3>2K5 A5B8, 2 
G0AB=>AB8 2 ;5B=85 2@5<5=0 3>40, GB> 2?>A;54AB288 <>65B >:07K20BL 2;8O=85 =0 :0G5AB2> 8 
157>?0A=>ABL 3>B>2>9 ?@>4C:F88. � A2O78 A G5< E@0=5=85 8AA;54C5<KE >1@07F>2 
>ACI5AB2;O;8 2 B5G5=85 60 ACB>: A CG5B>< :>MDD8F85=B0 70?0A0 2 2 @070 2 AB0=40@B=>< 
B5<?5@0BC@=>< @568<5 (4±2) >% 8 ?@>2>:0F8>==>< «AB@5AA-B5AB» @568<5 ?@8 (10±2) >%. 
&>G:0<8 :>=B@>;O O28;8AL A25652K@01>B0==K5 >1@07FK <O3:>3> AK@0, 0 B0:65 >1@07FK =0 5-

5, 25-5, 50-5, 60-5 ACB:8 E@0=5=8O. �;8B5;L=>ABL E@0=5=8O 8AA;54C5<KE >1@07F>2 >1>A=>20=0 
B5<, GB> =0 A53>4=OH=89 45=L AK@K B8?0 �4K359A:89 8<5NB A@>: 3>4=>AB8 25–30 ACB>:.  
� :0G5AB25 8AA;54C5<KE :>=B@>;L=KE >1@07F>2 2KABC?0;8 B@048F8>==K9 <O3:89 AK@ =0 

>A=>25 F5;L=>3> <>;>:0 (:>=B@>;L), 2 :0G5AB25 >?KB=KE – B5@<>:8A;>B=K9 <O3:89 AK@ 87 
?0EBK A ?>=865==K< A>45@60=85< ;0:B>7K 8 >1>30I5==K9 ?@>?8>=>2>:8A;K<8 10:B5@8O<8 
(>?KB). 
"A=>2=>9 B5E=>;>38G5A:89 ?@>F5AA ?@>872>4AB20 >?KB=KE >1@07F>2 <O3:>3> AK@0 1K; 

>A=>20= =0 B@048F8>==>9 B5E=>;>388 ?@>872>4AB20 AK@0 «�4K359A:89». %>3;0A=> @0=55 
?@>2545==K< @5:>3=>AB8@>2>G=K< 8AA;54>20=8O< 4;O A=865=8O A>45@60=8O ;0:B>7K 2 
3>B>2>< ?@>4C:B5 ?0EBC ?>425@30;8 D5@<5=B0B82=><C 384@>;87C 2 B5G5=85 =5 <5=55 12 G ?@8 
B5<?5@0BC@5 (4±2) >% D5@<5=B=K< ?@5?0@0B>< <8:@>1=>3> ?@>8AE>645=8O ³-30;0:B>78407K 
NolaFit 5500, ?@>872>48B5;L Chr.Hansen (�0=8O), <8:@>>@30=87<-?@>4CF5=B Kluyveromyces 
lactis, 0:B82=>ABL 5500 BLU/<;, GB> A?>A>1AB2>20;> ?>2KH5=8N AB5?5=8 384@>;870 <>;>G=>3> 
A0E0@0 =5 =865 85 % 8 D>@<8@>20=8N 2 <O3:>< AK@5 2KA>:8E >@30=>;5?B8G5A:8E 
E0@0:B5@8AB8: A ?@>O2;5=85< A;04:>20B>3> ?@82:CA0 [1, 12]. 

#@>F5AA >1>30I5=8O <O3:>3> AK@0 ?@>?8>=>2>:8A;K<8 1:B5@8O<8 >ACI5AB2;O;8 
A;54CNI8< A?>A>1><: ?>;CG5==K9 =87:>;0:B>7=K9 <O3:89 AK@ =0 >A=>25 B5@<>:8A;>B=>9 
:>03C;OF88 15;:>2 ?0EBK ?>A;5 ?@>F5AA0 A0<>?@5AA>20=8O D5@<5=B8@>20;8 2 A?5F80;L=> 
A>740==>9 A@545, >A=>2C :>B>@>9 A>AB02;O;0 B5@<>:8A;>B=0O ?>4AK@=0O AK2>@>B:0 B8B@C5<>9 
:8A;>B=>ABLN =5 1>;55 26 >&, 70:20H5==0O G8ABK<8 :C;LBC@0<8 ?@>18>B8G5A:>9 
3;C1>:>70<>@>65==>9 70:20A:8 F-DVS PS-50 (Propionibacterium freudenreichii ssp.) 

?@>872>4AB20 Chr. Hansen A/S, 0:B82=>ABLN 500 U =0 5000–25000 ; A<5A8. #@8 MB>< 

:8A;>B=>ABL A@54K D5@<5=B0F88 ?>A;5 2=5A5=8O >1>30I0NI8E <8:@>>@30=87<>2 =0E>48;0AL 
2 480?07>=5 (100–110) >&. %>3;0A=> =0CG=K< 40==K<, ?@54AB02;5==K< 2 ;8B5@0BC@5 8 
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A>1AB25==K< 8AA;54>20=8O<, :>B>@K5 ?>72>;8;8 CAB0=>28BL >?B8<0;L=K9 @568< 
D5@<5=B0F88, 40==K9 ?@>F5AA >ACI5AB2;O;8 ?@8 B5<?5@0BC@5 (20±1) >% 2 B5G5=85 (24±1) G 
[13].  

� ?@>F5AA5 E@0=5=8O 2 AB0=40@B=KE 8 ?@>2>:0F8>==KE B5<?5@0BC@=KE CA;>28OE 2 >?KB=KE 
8 :>=B@>;L=KE >1@07F0E 87CG0;8 48=0<8:C 87<5=5=8O :>;8G5AB20 4@>6659 8 ?;5A=52KE 
3@81>2 �"%& 9225 2 7028A8<>AB8 >B 87<5=5=8O 0:B82=>AB8 2>4K, >?@545;O5<>9 =0 
0=0;870B>@5 «HygroLab C1» A>3;0A=> @5:><5=40F8O< D8@<K-873>B>28B5;O, A>45@60=85 
?@>?8>=>2>:8A;KE 10:B5@89 �"%& $ 56139-2014, ?5@5:8A=>3> G8A;0 ?> �"%& ISO 3960-2020, 

?>:070B5;59 B8B@C5<>9 8 0:B82=>9 :8A;>B=>AB8 ?> �"%& 3624, 2:CA>2KE 8 0@><0B8G5A:8E 
E0@0:B5@8AB8: A5=A>@=K< <5B>4><. 

 

$��'�0&�&/ � �) "�%'���!�� 

�725AB=>, GB> ?@>?8>=>2>:8A;K5 10:B5@88 @0ABCB 2 ?@545;0E B5<?5@0BC@K (15‒40) >% A 
>?B8<C<>< (30±1) >% 8 @! >:>;> 6,0–7,0 17[14]. #@8 MB>< 8<5NBAO 40==K5, GB> @>AB MB8E 
<8:@>>@30=87<>2 <>65B ?@>8AE>48BL 8 ?@8 1>;55 =87:>9 B5<?5@0BC@5 (4> <8=CA 10 >%), 0 ?@8 
A=865=88 0:B82=>9 :8A;>B=>AB8 =865 4,5 54. @! 2>7<>6=> 70<54;5=85 @>AB0 ?@>18>B8G5A:8E 
10:B5@89 [14]. 

�7<5=5=85 :>;8G5AB20 ?@>?8>=>2>:8A;KE 10:B5@89 8 0:B82=>9 :8A;>B=>AB8 2 <O3:>< AK@5 
87 ?0EBK 2 ?@>F5AA5 E@0=5=8O ?@8 B5<?5@0BC@5 (4±2) º% 8 2 @568<5 «AB@5AA-B5AB» (10±2) º% 
?@54AB02;5=> 2 B01;8F5 1. 

 
&45?. 1. �7<5=5=85 ?@>?8>=>2>:8A;KE <8:@>>@30=87<>2 8 0:B82=>9 :8A;>B=>AB8 =87:>;0:B>7=>3> 

<O3:>3> AK@0 87 ?0EBK 2 ?@>F5AA5 E@0=5=8O 

Table 1. Change in propionic acid microorganisms and active acidity of low-lactose soft buttermilk cheese 

during storage 

�AA;54C5<K9 ?>:070B5;L #@>4>;68B5;L=>ABL E@0=5=8O, ACB 
0 25 50 60 

(4±2) >% 

�>;8G5AB2> Propionibacterium 

freudenreichii, �"�/3 108 108 106 106 

�:B82=0O :8A;>B=>ABL, 54. @! 5,99 5,88 5,27 5,14 

(10±2) >% 

�>;8G5AB2> Propionibacterium 

freudenreichii, �"�/3 108 108 107 106 

�:B82=0O :8A;>B=>ABL, 54. @! 5,99 5,97 5,91 5,85 

 

'AB0=>2;5=> (B01;8F0 1), GB> ?@>?8>=>2>:8A;K5 10:B5@88 @072820;8AL ;CGH5 2 <O3:>< 
AK@5, E@0=5=85 :>B>@>3> >ACI5AB2;O;>AL ?@8 ?@>2>:0F8>==>9 B5<?5@0BC@5 (10±2) >% 2 
A@02=5=88 A> AB0=40@B=K< @568<>< ?@8 (4±2) >%, GB> B0:65 :>@@5;8@>20;> A 87<5=5=85< 
0:B82=>9 :8A;>B=>AB8, ?>:070B5;8 :>B>@>9 1K;8 2KH5 2 >1@07F0E, E@0=82H8EAO 2 CA;>28OE 
«AB@5AA-B5AB0». #@8 MB>< =0 :>=5F 8AA;54C5<>3> ?5@8>40 :>;8G5AB2> Propionibacterium 

freudenreichii 2 =87:>;0:B>7=>< <O3:>< AK@5 87 ?0EBK, =57028A8<> >B B5<?5@0BC@=KE CA;>289, 
A>AB028;> =5 =865 106 �"�/3. 
"1J5:B82=>9, D878:>-E8<8G5A:8, B5@<>48=0<8G5A:8 8 <8:@>18>;>38G5A:8 >1>A=>20==>9 

E0@0:B5@8AB8:>9 A>AB>O=8O 2;038 2 ?8I52KE, 2 B>< G8A;5 <>;>G=KE ?@>4C:B0E, 
>?@545;ONI59 A2>9AB20 8 8E AB>9:>ABL ?@8 E@0=5=88, O2;O5BAO 8=B53@0;L=K9 ?>:070B5;L 
A>AB>O=8O 2;038 2 ?@>4C:B5 – 0:B82=>ABL 2>4K 0w [15]. 

                                                           
17�"%& $ 56139-2014 #@>4C:BK ?8I52K5 DC=:F8>=0;L=K5.  5B>4K >?@545;5=8O 8 ?>4AG5B0 ?@>18>B8G5A:8E 

<8:@>>@30=87<>2 – �254. 01.01.16. –  .: %B0=40@B8=D>@<, 2015. – 29 A. 
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�028A8<>ABL 87<5=5=8O 0:B82=>AB8 2>4K >B <8:@>18>;>38G5A:8E ?>:070B5;59 8 
B5<?5@0BC@K E@0=5=8O <O3:8E AK@>2 ?@54AB02;5=0 2 B01;8F5 2. 

%>3;0A=> 40==K< 2 B01;8F5 2, 0:B82=>ABL 2>4K 2A5E 8AA;54C5<KE >?KB=KE 8 :>=B@>;L=KE 
>1@07F>2 <O3:8E AK@>2 A>AB02;O;0 =5 =865 0,9. #@8 MB>< 2 ?@>F5AA5 E@0=5=8O, =57028A8<> >B 
B5<?5@0BC@=KE @568<>2, 0:B82=>ABL 2>4K A=860;0AL. �<5AB5 A B5< ?>:070B5;8 0:B82=>AB8 
2>4K <O3:8E AK@>2, E@0=5=85 :>B>@KE >ACI5AB2;O;>AL 2 AB0=40@B=>< B5<?5@0BC@=>< @568<5 
(4±2) °% 2 B5G5=85 60 ACB>: 1K;8 2KH5 2 A@02=5=88 A >1@07F0<8, :>B>@K5 E@0=8;8AL 2 @568<5 
«AB@5AA-B5AB» ?@8 (10±2) °% 2 B5G5=85 25 ACB>:. -B> >1CA;>2;5=> B5<, GB> ?@8 E@0=5=88 
<>;>G=KE ?@>4C:B>2 2 =5AB0=40@B=KE B5<?5@0BC@=KE @568<0E 2 1>;LH59 AB5?5=8 A>740NBAO 
1;03>?@8OB=K5 CA;>28O 4;O @0728B8O 10:B5@89, 2 B>< G8A;5 <8:@>>@30=87<>2 ?>@G8.  
"?@545;5=>, GB> 2 ?@>F5AA5 E@0=5=8O >?KB=KE 8 :>=B@>;L=KE >1@07F>2 <O3:8E AK@>2 2 

AB0=40@B=>< B5<?5@0BC@=>< @568<5 (4±2) °% 2 B5G5=85 60 ACB>: 8 =5AB0=40@B=KE CA;>28OE 
?@8 (10±2) °% 2 B5G5=85 25 ACB>: A> A=865=85< 0:B82=>AB8 2>4K =01;N40;>AL C25;8G5=85 
:>;8G5AB20 4@>6659 8 ?;5A=52KE 3@81>2. "4=0:> 2 <O3:8E AK@0E, E@0=5=85 :>B>@KE 
>ACI5AB2;O;>AL ?@8 B5<?5@0BC@5 (4±2) °%, :>;8G5AB2> 4@>6659 =0 60 ACB:8 =5 ?@52KH0;>            
50 �"�/3, 0 ?;5A=52KE 3@81>2 – 100 �"�/3. !0?@>B82, ?@8 E@0=5=88 8AA;54C5<KE >?KB=KE 8 
:>=B@>;L=KE >1@07F>2 2 =5AB0=40@B=KE CA;>28OE 2 @568<5 «AB@5AA-B5AB» ?@8 (10±2) °% =0              
25 ACB:8 :>;8G5AB2> 4@>6659 8 ?;5A=52KE 3@81>2 ?@52KA8;> 100 �"�/3, GB> B0:65 >B@078;>AL 
8 =0 CEC4H5=88 >@30=>;5?B8G5A:8E ?>:070B5;59 B5@<>:8A;>B=KE AK@>2. 

 
&45?. 2. �028A8<>ABL 87<5=5=8O 0:B82=>AB8 2>4K >B <8:@>18>;>38G5A:8E ?>:070B5;59 8 

B5<?5@0BC@K E@0=5=8O <O3:8E AK@>2 

Table 2. Dependence of changes in water activity on microbiological indicators and storage temperature 

of soft cheeses 

�AA;54C5<K9 
?>:070B5;L  

�BAFDB?P ( S3:89 AO@ 87 F5;P=>3> 
<>;>:0)  

"COF (!87:>;0:B>7=O9 <S3:89 AO@ 87 
?0EBO, >1>30I5==O9 ?@>18>B8:0<8)  

 (4±2) >% (10±2) >% (4±2) >% (10±2) >% 

 0-5 ACB:8 E@0=5=8O 
0w 0,955 0,959 

�@>668, �"�/3 =5 >1=0@C65=O =5 >1=0@C65=O #;5A5=8, �"�/3 
 5-5 ACB:8 E@0=5=8O 
0w 0,953 0,951 0,956 0,956 

�@>668, �"�/3 =5 >1=0@C65=O 
50 =5 >1=0@C65=O 

40 

#;5A5=8, �"�/3 35 40 

 25-5 ACB:8 E@0=5=8O 
0w 0,952 0,947 0,956 0,950 

�@>668, �"�/3 =5 >1=0@C65=O 
1>;55 100 =5 >1=0@C65=O 

1>;55 100 
#;5A5=8, �"�/3 1>;55 100 1>;55 100 

 50-5 ACB:8 E@0=5=8O 
0w 0,946 

– 
0,949 

– �@>668, �"�/3 =5 >1=0@C65=O =5 >1=0@C65=O #;5A5=8, �"�/3 
 60-5 ACB:8 E@0=5=8O 
0w 0,944 

– 
0,967 

– �@>668, �"�/3 28 12 

#;5A5=8, �"�/3 6 =5 >1=0@C65=O 

 

�8=0<8:0 87<5=5=8O ?5@5:8A=>3> G8A;0, B8B@C5<>9 8 0:B82=>9 :8A;>B=>AB8 <O3:8E AK@>2 
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2 ?@>F5AA5 E@0=5=8O ?@8 B5<?5@0BC@5 (4±2) º% 8 2 @568<5 «AB@5AA-B5AB» (10±2) º% 
?@54AB02;5=0 2 B01;8F5 3. 
":8A;5=85 <>;>G=>3> 68@0 8 D>AD>;8?84>2 <>;>G=KE ?@>4C:B>2 ?@>8AE>48B ?>4 

459AB285< D5@<5=B>2, => G0I5 2A53> >1CA;>2;5=> E8<8G5A:8< ?CB5< – 2;8O=85 :8A;>@>40 
2>74CE0 8 A25B0. ":8A;5=8N ?>425@305BAO 2 ?5@2CN >G5@54L A2>1>4=K9 68@, =5 70I8I5==K9 
>1>;>G:>9, 0 87 68@=KE :8A;>B ?@58<CI5AB25==> >:8A;ONBAO =5=0AKI5==K5. #>4 
>:8A;5=85< 68@0 A;54C5B ?>=8<0BL 53> 3;C1>:89 @0A?04 A >1@07>20=85< ?5@5:8A59 
(?5@>:A84>2), 0;L45384>2, :5B>=>2, >:A8:8A;>B 8 4@C38E A>548=5=89, :>B>@K5 >G5=L G0AB> 
?@82>4OB : A=865=8N 18>;>38G5A:>9 F5==>AB8 ?@>4C:B>2 8 2K7K205B 8E ?>@GC 70 AG5B 
?>O2;5=8O =565;0B5;L=KE ?@82:CA>2 8 70?0E>2 [16]. 

"?@545;5=> (B01;8F0 3), GB> 2> 2A5E 8AA;54C5<KE >1@07F0E B5@<>:8A;>B=>3> AK@0 87 
F5;L=>3> <>;>:0 (:>=B@>;L) 8 =87:>;0:B>7=>3> <O3:>3> AK@0 87 ?0EBK, >1>30I5==>3> 
?@>?8>=>28:8A;K<8 10:B5@8O<8 (>?KB), ?@8 E@0=5=88 2 B5G5=85 50 ACB>: 2 AB0=40@B=>< 
@568<5 4> 6 >% 8=B5=A82=>ABL >:8A;5=8O =5=0AKI5==KE 68@=KE :8A;>B 1K;0 
=57=0G8B5;L=>9, GB> =5 >:07K20;> ACI5AB25==>3> 2;8O=8O =0 :0G5AB25==K5 ?>:070B5;8 
3>B>2>9 ?@>4C:F88. #@8 ?>A;54CNI5< E@0=5=88 =0 60 ACB:8 4;O >?KB=KE 8 :>=B@>;L=KE 
>1@07F>2 1K;> E0@0:B5@=> =0;8G85 :8A;>3> 2:CA0 8 0@><0B0. �<5AB5 A B5< CAB0=>2;5=> <5=55 
8=B5=A82=>5 >:8A;5=85 =5=0AKI5==KE 68@=KE :8A;>B 2 >?KB=KE >1@07F0E <O3:>3> AK@0 A 
?>=865==K< A>45@60=85< ;0:B>7K, >1>30I5==KE ?@>18>B8G5A:>9 <8:@>D;>@>9, ?> 
A@02=5=8N A :>=B@>;L=K<8 >1@07F0<8 B5@<>:8A;>B=>3> AK@0. !0?@>B82, ?@8 E@0=5=88 
8AA;54C5<KE >1@07F>2 2 =5AB0=40@B=KE CA;>28OE ?@8 B5<?5@0BC@5 4> 12 >%, =0G8=0O A 5-E 
ACB>:, =01;N40;>AL C25;8G5=85 >:8A;8B5;L=>9 ?>@G8 <>;>G=>3> 68@0, GB> B0:65 >B@060;>AL 
=0 >@30=>;5?B8G5A:8E A2>9AB20E ?@>4C:F88. #@8 MB>< =0 25 ACB:8 4;O >?KB=KE 8 
:>=B@>;L=KE >1@07F>2 <O3:8E AK@>2 1K;> E0@0:B5@=> =0;8G85 ?>AB>@>==8E ?@82:CA>2 8 
70?0E>2. 

 
&45?. 3. (878:>-E8<8G5A:85 ?>:070B5;8 <O3:>3> AK@0 2 ?@>F5AA5 E@0=5=8O 

Table 3. Physical and chemical parameters of soft cheese during storage 

�AA;54C5<K9 ?>:070B5;L  �BAFDB?P "COF  
 (4±2) >% (10±2) >% (4±2) >% (10±2) >% 

 0-5 ACB:8 E@0=5=8O 
#5@5:8A=>5 G8A;>, <<>;L "2/:3 68@0 0,0254 0,0126 

&8B@C5<0O :8A;>B=>ABL, >& 53 54 

�:B82=0O :8A;>B=>ABL, 54.@! 6,07 5,99 

 5-5 ACB:8 E@0=5=8O 
#5@5:8A=>5 G8A;>, <<>;L "2/:3 68@0 0,0381 0,115 0,0242 0,113 

&8B@C5<0O :8A;>B=>ABL, >& 60 70 62 78 

�:B82=0O :8A;>B=>ABL, 54.@! 6,06 6,06 5,95 5,99 

 25-5 ACB:8 E@0=5=8O 
#5@5:8A=>5 G8A;>, <<>;L "2/:3 68@0 0,0405 0,508 0,0249 0,503 

&8B@C5<0O :8A;>B=>ABL, >& 64 145 66 150 

�:B82=0O :8A;>B=>ABL, 54.@! 6,03 6,05 5,88 5,97 

 50-5 ACB:8 E@0=5=8O 
#5@5:8A=>5 G8A;>, <<>;L "2/:3 68@0 0,0445 

– 
0,0382 

– &8B@C5<0O :8A;>B=>ABL, >& 70 74 

�:B82=0O :8A;>B=>ABL, 54.@! 5,99 5,27 

 60-5 ACB:8 E@0=5=8O 
#5@5:8A=>5 G8A;>, <<>;L "2/:3 68@0 0,1508 

– 
0,1396 

– &8B@C5<0O :8A;>B=>ABL, >& 90 95 

�:B82=0O :8A;>B=>ABL, 54.@! 5,93 5,14 
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#@54AB02;5==K5 2 B01;8F5 3 40==K5 A2845B5;LAB2CNB > ?>2KH5=88 B8B@C5<>9 8 
?>=865=88 a:B82=>9 :8A;>B=>AB8 2> 2A5E 8AA;54C5<KE >1@07F0E <O3:8E AK@>2 2 ?@>F5AA5 
E@0=5=8O 2 B5G5=85 60 ACB>: E@0=5=8O 2 AB0=40@B=KE CA;>28OE ?@8 (4±2) º% 8 ?@>2>:0F8>==>< 
«AB@5AA-B5AB» @568<5 ?@8 (10±2) º% 2 B5G5=85 25 ACB>:.  
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