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ABSTRACT 

Introduction. The technology of multi-cereal products based on sprouted grains is resource consuming due to 

the need to carry out separate technological operations for various cereal crops. The hypothesis is to find 

integral parameters for the processing of wheat grain and hulless oats by changing sprouting conditions, 

reducing the duration of the process and the number of technological operations and lowering the resource 

intensity of the technology in order to produce sprouted mixtures as a functional and technological ingredient 

for use in industry. The scientific task is to substantiate the production technology of sprouted wheat-oat 

mixtures as a functional and technological ingredient. 

Materials and methods. Wheat grain (Triticum aestivum L.) and hulless oats (Avena sativa), sprouted grains 

of wheat and hulless oats, sprouted wheat-oat mixtures and sprouted wheat-oat mixture products. Standardized 

and generally accepted research methods. 

Results. A technology has been developed for the production of sprouted wheat-oat mixtures, which includes 

separate operations: cleaning grain from impurities and sorting; combined operations: washing, disinfection, 

germination, drying, grinding, packaging and packing. Integrated processing modes for wheat grain and hulless 

oats have been first established, ensuring a reduction in the technological cycle for the production of sprouted 

mixtures by 34 %. The maximum content of vitamins (B1, B2, B6, B9, PP, E, β-carotene), minerals (K, Ca, Mg, 

P, Fe, Zn, Cu, Se) and high biological value proteins were obtained with combined germination of wheat grains 

and hulless oats in a percentage ratio of 60/40 and 70/30. Synergistic and allelopathic types of interaction 

between the crops under study influence the growth activity of mixtures and duration of germination process. 

A method has been developed for disinfection during the germination of wheat and hulless oat grains with 

high microbial contamination (1,5×106 and 8,3×107 CFU/g, respectively), ensuring a reduction in the total 

microbial contamination of sprouted grain by 3,033,3 times. There has been determined the shelf life of the 

mixtures, at which the regulated quality indicators are within acceptable limits –12 months.   

Conclusions. The possibility of using sprouted wheat-oat mixtures as a functional-technological ingredient of 

high quality under technology-based parameters has been proven. 

KEY WORDS: grain; wheat; hulless oats; sprouted wheat-oat mixtures; disinfection, chemical composition; 

biological value; food value; sprouting; optimization; synergetic type; allelopathic type; functional ingredient.  

FOR CITATION: Haldova, M. M. Technological aspects for the production of sprouted wheat-oat mixtures 

and their practical use in industry / M. M. Haldova, A. M. Ourbantchik // Vestnik of the Belarusian State 

University of Food and Chemical Technologies. 3  2023. 3 No. 2(35). 3 P. 17343 (in Russian). 
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A8=5@35B8G5A:89 (CA8;820NI89) 8 0;;5;>?0B8G5A:89 (C3=5B0NI89) B8?K 8E 2708<>459AB28O, 
2;8ONI85 =0 <5B01>;8G5A:85 ?@>F5AAK 75@=>2KE :C;LBC@ 8 8=B5=A8D8:0F8N ?@>F5AA0 8E 
A>2<5AB=>3> ?@>@0I820=8O1 [16, 17]. � ;8B5@0BC@5 >BACBAB2CNB 40==K5 ?@>@0I820=8O 75@=0 
?H5=8FK 8 >2A0 3>;>75@=>3> 2 A>AB025 A<5A59. 
� :0G5AB25 75@=>2>3> AK@LO 2 @01>B5 8A?>;L7>20;8 75@=> ?H5=8FK 8 >2A0, ?>A:>;L:C 

?@>4C:BK 8E ?5@5@01>B:8 >B=>AOBAO : ?@>4C:B0< 5654=52=>3> ?>B@51;5=8O. )8<8G5A:89 
A>AB02 ?@>4C:B>2 O2;O5BAO >A=>2=K< ?>:070B5;5< 8E F5==>AB8. �AA;54C5<K5 :C;LBC@K 8 8E 
?@>@>AB:8 8<5NB @07;8G=K9 E8<8G5A:89 A>AB02 [9]. !0?@8<5@, 2KA>:>5 A>45@60=85 2 75@=5 
3>;>75@=KE A>@B>2 15;:0, @0AB8B5;L=>3> 68@0, 0 B0:65 >BACBAB285 ?;5=>: 45;05B 53> F5==K< 
AK@L5< 4;O :><?;5:A=>9 ?5@5@01>B:8 A ?H5=8F59. $0AB2>@8<0O :;5BG0B:0 >2A0 G0AB8G=> 
CA208205BAO >@30=87<>< 8 A?>A>1AB2C5B ;CGH5<C >1<5=C 25I5AB2, ?@54>B2@0I05B :>;510=8O 
C@>2=O A0E0@0 2 :@>28 8 >:07K205B B>=878@CNI55 2>7459AB285, 0 =5@0AB2>@8<0O :;5BG0B:0 
?H5=8FK >B=>A8BAO : 10;;0AB=K< 25I5AB20< 8 CA8;8205B ?5@8AB0;LB8:C :8H5G=8:0, 
A?>A>1AB2CO ?8I520@5=8N [18]. �><?;5:A=0O ?5@5@01>B:0 ?H5=8FK 8 >2A0 3>;>75@=>3> 
?>72>;8B A>740BL =>2K9 75@=>2>9 ?@>4C:B, >1;040NI89 1>;LH>9 ?>?C;O@=>ABLN 8 2KA>:>9 
DC=:F8>=0;L=>9 F5==>ABLN.  
#@>@0I820=85 75@=0 ?@>8AE>48B 2 CA;>28OE, 1;03>?@8OB=KE 4;O @07<=>65=8O 

<8:@>>@30=87<>2, GB> 2K7K205B 53> ?>@GC 8 :@0B:>2@5<5==>5 E@0=5=85 2284C 2KA>:>9 
2;06=>AB8. !0?@8<5@, ?;5A=525=85 87-70 @>AB0 3@81>2 @>4>2 Aspergillus, Mucor, Penicillium, 

Rhizopus, Geotrichum [19322]. #>A;54AB28O<8 @0728B8O ?0B>35==KE <8:@>>@30=87<>2 
O2;ONBAO 65;C4>G=>-:8H5G=K5 8=D5:F88, G0AB> A2O70==K5 A Bacillus cereus, Staphylococcus 

aureus, Aeromonas hydrophilia, ?@>AB59H8<8, :@09=5 @54:> 3 A Listeria monocytogenes, 0 B0:65 
2A?KH:8 M?845<89, >1CA;>2;5==K5 Escherichia coli 8;8 10:B5@8O<8 @>40 Salmonella [23325]. 

%>3;0A=> >D8F80;L=K< @5:><5=40F8O<, >15770@06820=85 A5<O=, 75@=0 8 ?@>@>AB:>2 
?@>2>4OB ?@5?0@0B0<8 @0AB8B5;L=>3> ?@>8AE>645=8O 10:B5@8>DC=3>AB0B8AB8G5A:>3> 
459AB28O [15], MB0=>;>< 8;8 53> 70 %-=K< @0AB2>@>< 2 B5G5=85 =5 1>;55 1 <8=2, =0AB>O<8 
;5:0@AB25==KE B@02 8 G5A=>:0 [26], @0AB2>@>< 38?>E;>@8B0 =0B@8O [27], :>B>@K9 ;8HL 
A=8605B C@>25=L <8:@>1=>3> ?>@065=8O A5<O=. %@548 4@C38E @5035=B>2 MDD5:B82=K<8 
                                                           
1Rashidova, S. Synergetics of agricultural seeds capsulation / S. Rashidova, B. Oksengendler, N. Turaeva // FAN 

Tashkent. 3 2013. 3 96 @. 
2�8BG5=:>, &. �. �C;LBC@K MC:0@8>B8G5A:8E :;5B>: (M;5:B@>==K9 CG51=>-<5B>48G5A:89 :><?;5:A ?> CG51=>9 
48AF8?;8=5) / �8BG5=:> &. �. 3  8=A:, 2016. 3 75 A. 
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4578=D5:B0=B0<8 O2;ONBAO 48>:A84 E;>@0, ?5@>:A8:8A;>BK, :0?@8;>2>-:0?@8=>20O 8 
<>;>G=0O :8A;>BK, 3;8F5@>; <>=>;0C@0B [28], C:ACA=0O :8A;>B0 [29], A>;8 E;>@>D8;;8=0 8 8E 
:><?;5:AK A E8B>70=>< [30, 31]. �725AB5= A?>A>1 45:>=B0<8=0F88 ?@>@>I5==>3> 75@=0 
2KA>:>B5<?5@0BC@=>9 >1@01>B:>9, =0?@8<5@, 2 /?>=88 ?@>2>48;8 1;0=H8@>20=85 2 B5G5=85 
30 A5:C=4 2 :8?OI59 2>45 ?@8 98 º%, >4=0:> 40==K9 A?>A>1 A=8605B 687=5A?>A>1=>ABL 75@=0 
[32]. %;54C5B >B<5B8BL, GB> ?@8<5=O5<K5 <5B>4K 4578=D5:F88 ;81> 4>@>3>AB>OI85, ;81> =5 
2A5340 >?@545;5=> 8E 2;8O=85 =0 ?@>F5AA ?@>@0AB0=8O 75@=0 8 A2>9AB20 ?@>@>AB:>2. #>MB><C 
?@8 ?>AB>O==> @0ABCI5< A?@>A5 =0 ?@>@>I5==>5 75@=>, <8:@>18>;>38G5A:0O 157>?0A=>ABL 
?@>@>AB:>2 >15A?5G8205BAO ?>AB>O==K< A>25@H5=AB2>20=85< ACI5AB2CNI8E 8 @07@01>B:>9 
=>2KE A?>A>1>2 >15770@06820=8O.  
�06=59H59 B5E=>;>38G5A:>9 >?5@0F859 ?> ?@82545=8N ?@>@>I5==>3> 75@=0 2 CAB>9G82>5 

?@8 E@0=5=88 A>AB>O=85 O2;O5BAO ACH:0. '40;5=85 871KB>G=>9 2;038 2 ?@>@>I5==>< 75@=5 8 
4>2545=85 53> 4> ACE>3> A>AB>O=8O (2;06=>ABL 4>;6=0 1KBL =865 :@8B8G5A:>9), ?>72>;8B 
A>E@0=8BL 53> 2 B5G5=85 4;8B5;L=>3> 2@5<5=8. %>3;0A=> >D8F80;L=K< 40==K< 8725AB=K 
@07=K5 B8?K 75@=>ACH8;>:, :>B>@K5 @07;8G0NBAO A?>A>10<8 ACH:8 3 :>=25:B82=K9, 
:>=4C:B82=K9; A>@1F8>==0O, @0480F8>==0O, <5E0=8G5A:0O ACH:0; 20:CC<-ACH:0; ACH:0 A 
?><>ILN B>:>2 @07=>9 G0AB>BK; :><18=8@>20==0O 8 ACH:0 8=D@0:@0A=K< 87;CG5=85<  
[33, 34]. �7 8725AB=KE A?>A>1>2 ACH:8 75@=0 =0 ?@54?@8OB8OE 75@=>?5@5@010BK20NI59 
?@><KH;5==>AB8 G0I5 2A53> 8A?>;L7CNB :>=25:B82=CN ACH:C :0: =081>;55 
@0A?@>AB@0=5==CN 8 =5 B@51CNICN D8=0=A>2>9 <>45@=870F88 ?@>872>4AB25==KE ;8=89. 
#>MB><C ?>41>@ @568<>2 ACH:8 O2;O5BAO 0:BC0;L=>9 7040G59 A>E@0=5=8O :0G5AB20 
?@>@>I5==KE A<5A59 8 ?>B@518B5;LA:8E A2>9AB2 ?@>4C:F88 =0 8E >A=>25. #@8 4;8B5;L=>< 
E@0=5=88 75@=>?@>4C:B>2 68@ @0AI5?;O5BAO =0 3;8F5@8= 8 68@=K5 :8A;>BK, A;54AB285< 
:>B>@>3> O2;O5BAO ?>2KH5=85 :8A;>B=>AB8 8 ?>O2;5=85 =5?@8OB=>3> 70?0E0 8 ?@>3>@:;>3> 
2:CA01. #>MB><C 0:BC0;L=>9 7040G59 O2;O5BAO 87CG5=85 A@>:>2 E@0=5=8O ?@>@>I5==KE A<5A59. 

� A2O78 A 2KH587;>65==K< @07@01>B:0 A>2@5<5==>9 B5E=>;>388 ?@>872>4AB20 
?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 :0: DC=:F8>=0;L=>-B5E=>;>38G5A:>3> 8=3@5485=B0 
O2;O5BAO ?5@A?5:B82=K< =0?@02;5=85< 2 75@=>?5@5@010BK20NI59 ?@><KH;5==>AB8.  
*5;L 8AA;54>20=8O 3 ?@>5:B8@>20=85 ?@>872>4AB20 ?H5=8G=>->2AO=KE A<5A59 2 :0G5AB25 

DC=:F8>=0;L=>-B5E=>;>38G5A:>3> 8=3@5485=B0 8 ?@0:B8G5A:>5 8E 8A?>;L7>20=85 2 
?@><KH;5==>AB8.  

!0CG=0O 7040G0 3 >1>A=>20=85 B5E=>;>388 ?@>872>4AB20 ?@>@>I5==KE ?H5=8G=>->2AO=KE 
A<5A59 :0: DC=:F8>=0;L=>-B5E=>;>38G5A:>3> 8=3@5485=B0.  

 

 �&�$���/ �  �&"�/ 

"1J5:B0<8 M:A?5@8<5=B0;L=KE 8AA;54>20=89 O28;8AL 75@=> ?H5=8FK (Triticum 

aestivum L.)  8 >2A0 3>;>75@=>3> (Avena sativa L.) (201432021 33. C@>6052,  >38;52), 
?@>@>I5==>5 75@=> ?H5=8FK, ?@>@>I5==>5 75@=> >2A0 3>;>75@=>3>, 0 B0:65 ?@>@>I5==K5 
A<5A8 8AA;54C5<KE :C;LBC@; ?H5=8G=>->2AO=K5 A<5A8 «BioMix» 8 «BioGrain» 8 ?@>4C:BK =0 
8E >A=>25 3 :>:B59;L 75@=>2>9 «AquaGrain», <0A:0 :>A<5B8G5A:0O «Zerno», <0A:0 
:>A<5B8G5A:0O «BioMixGrain», =0?8B>: H8?CG89 @0AB2>@8<K9 ACE>9 «LARI». 
#@8 8AA;54>20=88 A2>9AB2 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3>, 0 B0:65 ?@>@>I5==KE 

?H5=8G=>->2AO=KE A<5A59 8 ?@>4C:B>2 =0 8E >A=>25 ?@8<5=O;8AL >1I5?@8=OBK5 8 
A?5F80;L=K5 2 ?@><KH;5==>AB8, =0CG=KE CG@5645=8OE @5A?C1;8:8 8 70 @C156>< <5B>4K 
8AA;54>20=89. $0AG5BK, ?>AB@>5=85 3@0D8:>2 8 4803@0<< >ACI5AB2;O;8 A ?><>ILN 
?@8;>65=89 Microsoft OffiAe. #@8 ?;0=8@>20=88 M:A?5@8<5=B0 8 >1@01>B:5 ?>;CG5==KE 
@57C;LB0B>2 ?@>F5AA0 ?@>@0I820=8O ?@8<5=O;8 <5B>4 AB0B8AB8G5A:>9 >1@01>B:8 40==KE A 
                                                           
1�070:>2, �. �. �8>E8<8O 75@=0 8 ?@>4C:B>2 53> ?5@5@01>B:8 / �. �. �070:>2. 3  : �3@>?@><8740B, 1989. 3 368 A. 
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?><>ILN ?@>3@0<<=>3> ?@8;>65=8O Statgraphics Plus. 
"B1>@ ?@>1 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> >ACI5AB2;O;8 2 A>>B25BAB288 A 

�"%& 13586.3, ?@>1 ?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 «BioGrain» 3 ?> �"%& 27668, ?@>1 
:>:B59;O 75@=>2>3> «AquaGrain», =0?8B:0 H8?CG53> @0AB2>@8<>3> ACE>3> «LARI» 3 ?> 
�"%& 6687.0, ?@>1 <0A:8 :>A<5B8G5A:>9 «Zerno» 8 <0A:8 :>A<5B8G5A:>9 «BioMixGrain» 3 ?> 
�"%& 29188.0. �;06=>ABL 75@=0 ?@>2>48;8 ?> 3 �"%& 13586.5; ?H5=8G=>->2AO=KE A<5A59 
«BioMix» 8 «BioGrain»  3 ?> �"%& 9404; :>:B59;O 75@=>2>3> «AquaGrain», =0?8B:0 H8?CG53> 
@0AB2>@8<>3> ACE>3> «LARI» 3 ?> �"%& $ 54642; 87<5=5=85 >1J5<0, <0AAK, 2>4>?>3;0I5=8O 
2 ?@>F5AA5 ?@>@0I820=8O 3 A?5F80;L=K<8 <5B>40<8 >F5=:8 75@=0 2 =0CG=KE CG@5645=8OE. 

%>45@60=85 15;:0 >?@545;O;8 ?> �"%& 26889 8 ?> �"%& 10846, 68@0 3 M:AB@0:F8>==>-
25A>2K< <5B>4>< ?> �"%& 29033, :@0E<0;0 3 ?>;O@8<5B@8G5A:8< <5B>4>< ?> �"%& 10845, 
:;5BG0B:8 3 ?> �"%& 13496.2, A0E0@0 3 A>3;0A=>  ��. ! 4475.  -:A?@5AA-0=0;87 2;06=>AB8, 
B5<?5@0BC@K 75@=0 8 A<5A59 2 ?@>F5AA5 8AA;54>20=8O :>=B@>;8@>20;8 A ?><>ILN 0=0;870B>@0 
2;06=>AB8 75@=0 Aqua TR II 8 2;03><5@0 Wile; 15;:0, 68@0, :@0E<0;0, :;5BG0B:8 3 A ?><>ILN 
8=D@0:@0A=>3> 0=0;870B>@0 Infraneo. (5@<5=B0B82=CN 0:B82=>ABL α-0<8;07K 8 β-0<8;07K 
75@=0 8 A<5A59 >?@545;O;8 ?> <5B>4C SKB, ?@>B5>;8B8G5A:CN 0:B82=>ABL 3 ?> A:>@>AB8 
@50:F88 384@>;870 AC1AB@0B0 ?@8 B5<?5@0BC@5 50 °C 8 pH 5,5 4> =87:><>;5:C;O@=KE 
?@>4C:B>2, :>;8G5AB25==>5 A>45@60=85 >?@545;O;8 <5B>4>< �L5;L40;O.  
 8:@>18>;>38G5A:85 ?>:070B5;8 ?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 «BioGrain» 

>?@545;O;8 ?> �"%& 26972, �"%& 10444.12, �"%& 10444.15, �"%& 30518, �"%& 30519, 

�"%& 31747; :>:B59;O 75@=>2>3> «AquaGrain», =0?8B:0 H8?CG53> @0AB2>@8<>3> ACE>3> «LARI» 
3 ?> �"%& 30712, �"%& 31659, �"%& 30519, �"%& 31747, �"%& 26670; <0A:8 :>A<5B8G5A:>9 
«Zerno», <0A:8 :>A<5B8G5A:>9 «BioMixGrain» 3 ?> �"%& ISO 21148, �"%& ISO 21149,  

�"%& ISO 18416, �"%& ISO 22717, �"%& ISO 22718, �"%& ISO 21150, �"%& ISO 16212,  

�"%& ISO 18415, �"%& ISO 17516. �8A;>B=>ABL ?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 
«BioGrain» >?@545;O;8 ?> �"%& 27493, :>:B59;O 75@=>2>3> «AquaGrain», =0?8B:0 H8?CG53> 
@0AB2>@8<>3> ACE>3> «LARI» 3 ?> �"%& 6687.4; 2>4>@>4=K9 ?>:070B5;L pH <0A:8 
:>A<5B8G5A:>9 «Zerno», <0A:8 :>A<5B8G5A:>9 «BioMixGrain» 3 ?> �"%& 29188.2, ?H5=8G=>-
>2AO=KE A<5A59 «BioMix» 8 «BioGrain» A ?><>ILN ;01>@0B>@=>3> =0AB>;L=>3> pH-<5B@0  
HI 5221-02; :@C?=>ABL ?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 «BioGrain», :>:B59;O 75@=>2>3> 
«AquaGrain», =0?8B:0 H8?CG53> @0AB2>@8<>3> ACE>3> «LARI», <0A:8 :>A<5B8G5A:>9 «Zerno», 
<0A:8 :>A<5B8G5A:>9 «BioMixGrain» 3 ?> �"%& 27560; <5B0;;><03=8B=>9 ?@8<5A8 
?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 «BioGrain» 3 ?> �"%& 20239; 70@065==>AB8 8 
703@O7=5==>AB8 2@548B5;O<8 ?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 «BioGrain» 3 ?> 
�"%&.27559; >@30=>;5?B8G5A:85 ?>:070B5;8 ?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 «BioGrain» 
3 ?> �"%& 27558;  :>:B59;O 75@=>2>3> «AquaGrain», =0?8B:0 H8?CG53> @0AB2>@8<>3> ACE>3> 
«LARI» 3 ?> �"%& 6687.5; <0A:8 :>A<5B8G5A:>9 «Zerno», <0A:8 :>A<5B8G5A:>9 
«BioMixGrain» 3 ?> �"%& 29188.0. &>:A8:>;>38G5A:85 ?>:070B5;8 157>?0A=>AB8: 
>1I5B>:A8G5A:>5 459AB285, :>6=>-@074@060NI55 459AB285, 459AB285 =0 A;878ABK5 <0A:8 
:>A<5B8G5A:>9 «Zerno», <0A:8 :>A<5B8G5A:>9 «BioMixGrain» >?@545;O;8 ?> �"%& 32893 8 ?> 
8=AB@C:F88 7 004-612. �;8=8G5A:85 (:;8=8:>-;01>@0B>@=K5) ?>:070B5;8: @074@060NI55 
459AB285, A5=A818;878@CNI55 459AB285 <0A:8 :>A<5B8G5A:>9 «Zerno», <0A:8 :>A<5B8G5A:>9 
«BioMixGrain» >?@545;O;8 ?> �"%& 33483 8 ?> 8=AB@C:F88 7 004-612.  
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%>45@60=85 B>:A8G=KE M;5<5=B>2 <0A:8 :>A<5B8G5A:>9 «Zerno», <0A:8 :>A<5B8G5A:>9 

«BioMixGrain»: @BCBL, <KHLO:, A28=5F >?@545;O;8 ?> �"%& 26927, �"%& 26930, �"%& 30178, 

�"%& 31676. %>45@60=85 B>:A8G=KE M;5<5=B>2 ?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 

«BioGrain»: A28=5F, :04<89, @BCBL, <KHLO: >?@545;O;8 ?>  '� 4.1.986-00, �"%& $ 53183, 
�"%& 31707; @048>=C:;84>2 ?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 «BioGrain» 3 ?>  
�"%& 32161,  �� 70-94, ?5AB8F84>2 ?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 «BioGrain» 3 ?> 
 ' 2142-80,  ' 1541-76; <8:>B>:A8=>2 ?H5=8G=>->2AO=KE A<5A59 «BioMix» 8 «BioGrain» 3 
?> �"%& 30711,  '� 4.1.2204-07,  ��  ! 2479,  ��  ! 2480,  ��  ! 2559.  

#@>F5AA ?@>@0I820=8O 8AA;54C5<KE :C;LBC@ ?@>2>48;8 2>4=>-2>74CH=K< A?>A>1><, 

?@8=F8? :>B>@>3> 70:;NG0;AO 2 G5@54>20=88 2>4=KE 8 2>74CH=KE ?0C7. �;O 70<0G820=8O 
75@=0 8A?>;L7>20;8 2>4>?@>2>4=CN 2>4C A B5<?5@0BC@>9 (10±2) º%. #@>@0I820=85 
>ACI5AB2;O;8 2 ACE>2>74CH=>< B5@<>AB0B5 <0@:8 IPP 55 Memmert, 2 :>B>@>< ?>445@6820;0AL 
?>AB>O==0O B5<?5@0BC@0 A>3;0A=> M:A?5@8<5=BC 8 >B=>A8B5;L=0O 2;06=>ABL 2>74CE0 85 % 2 
B5G5=85 30 G. #@>F5AA ?@>@0I820=8O :>=B@>;8@>20;8 287C0;L=> 8 7025@H0;8 ?@8 A>45@60=88 
2 >1@07F0E =5 <5=55 75 % 75@5= ?H5=8FK 8 >2A0 3>;>75@=>3> A 4;8=>9 @>AB:>2, =5 
?@52KH0NI59 2,0 <<. �;O >?B8<870F88 ?@>F5AA0 ?@>@0I820=8O ?;0=8@>20;8 M:A?5@8<5=B A 
8A?>;L7>20=85< 42CE D0:B>@>2: 4;8B5;L=>ABL 2>4=>9 ?0C7K, 4;8B5;L=>ABL 2>74CH=>9 ?0C7K. 
�KE>4=>9 ?0@0<5B@ 3 0:B82=>ABL @>AB0 (�@) >?@545;O;8 ?> D>@<C;5 (1): 

 А@ = �?�?,                                                                   (1) 

 

345 k? 3 :>;8G5AB2> ?@>@>AH8E 75@5= A 4;8==>9 @>AB:0 =5 1>;55 2 <<, %;  
  Ä? 3 2@5<O ?@>@0AB0=8O 75@=0 (2 <><5=B ?>4AG5B0 :>;8G5AB20 ?@>@>AH8E 75@5=), G. 
 

"B1>@ ?@>1, <5B>4K >?@545;5=8O 28B0<8=>2 >ACI5AB2;O;8 2 A>>B25BAB288 A �"%& 7047355. 

%>45@60=85 28B0<8=0 �1 8 �2 >?@545;O;8 <5B>4>< 2KA>:>MDD5:B82=>9 684:>AB=>9 
E@><0B>3@0D88 A>3;0A=>  ��. ! 2052 8  ��. ! 2147, 28B0<8=0 �6 8 D>;852>9 :8A;>BK 2 
75@=5 8 75@=>2KE A<5AOE 3 <5B>4>< 2KA>:>MDD5:B82=>9 684:>AB=>9 E@><0B>3@0D88 A>3;0A=> 
�"%& EN 14663 8  ��. ! 2146, β-:0@>B8=0 3 A?5:B@>D>B><5B@8G5A:8< <5B>4>< ?>  
 ��. ! 3239, 28B0<8=0 $$ 3 :>;>@8<5B@8G5A:8< <5B>4>< ?> �"%& 29140, 28B0<8=0 � 3
:>;>@8<5B@8G5A:8< <5B>4>< ?> �"%& 30627.3. 
%>45@60=85 0<8=>:8A;>B >?@545;O;8 A ?><>ILN 2KA>:>MDD5:B82=>9 684:>AB=>9 

E@><0B>3@0D88 3  ��. ! 1363. �8>;>38G5A:CN F5==>ABL 15;:0 >F5=820;8 ?> 
0<8=>:8A;>B=><C A>AB02C ?@8 A@02=5=88 53> A 0<8=>:8A;>B=K< A>AB02>< «8450;L=>3>» 
15;:0. � :0G5AB25 «8450;L=>3>» 15;:0 ?@8<5=O;8 0<8=>:8A;>B=CN H:0;C �><8B5B0 
(�"/�"�. �;O >?@545;5=8O 18>;>38G5A:>9 F5==>AB8 15;:>2 8A?>;L7>20;8 <5B>4 ).  8BG5;0 
8 $. �;>:01, A>3;0A=> :>B>@><C @0AAG8BK205BAO ?>:070B5;L 0<8=>:8A;>B=>3> A:>@0 (�%). 
�8<8B8@CNICN :8A;>BC 2 8AA;54C5<>< 15;:5 CAB0=02;820;8 ?> =08<5=LH5<C A:>@C. %:>@ 
?@54AB02;O5B A>1>9 >B=>H5=85 A>45@60=8O =570<5=8<>9 0<8=>:8A;>BK (��) 2 8AA;54C5<>< 
15;:5 : 55 :>;8G5AB2C 2 MB0;>==>< 15;:5 8 2K@0605BAO ;81> 2 ?@>F5=B0E, ;81> 157@07<5@=>9 
25;8G8=>9.  
�<8=>:8A;>B=K9 A:>@ <>6=> @0AAG8B0BL ?> D>@<C;5 (2): 

 А% = А�5А�Э,      (2) 

 

345 ��1 3 A>45@60=85 =570<5=8<>9 �� 2 100 3 8AA;54C5<>3> 15;:0, 3; 
  ��- 3 A>45@60=85 =570<5=8<>9 �� 2 100 3 MB0;>==>3> 15;:0, 3. 

                                                           
1!5G052, �. #. #8I520O E8<8O / �. #. !5G052 [8 4@.], %#1.: ��"$�, 2001. 3 672 A. 
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#@8=OB> AG8B0BL, GB> 5A;8 0<8=>:8A;>B=K9 A:>@ 8<55B 7=0G5=85 <5=LH5 100, B> 
D878>;>38G5A:85 ?>B@51=>AB8 >@30=87<0 G5;>25:0 =5 2 ?>;=>9 <5@5 C4>2;5B2>@ONBAO ?> 
@0AAG8BK205<>9 0<8=>:8A;>B5. �A;8 A:>@ 1>;LH5 8;8 @025= 100, B> ?@>4C:B A>45@68B 
4>AB0B>G=>5 :>;8G5AB2> 40==>9 0<8=>:8A;>BK. 
�@C3>9 <5B>4 >?@545;5=8O 18>;>38G5A:>9 F5==>AB8 15;:>2 70:;NG0;AO 2 >?@545;5=88 

8=45:A0 =570<5=8<KE 0<8=>:8A;>B (�!��). #@8 70?8A8 D>@<C;K (3) ?@8<5=O5BAO 
A>:@0I5==>5 =0720=85 0<8=>:8A;>B ?> ?5@2K< B@5< 1C:20<.  5B>4 ?@54AB02;O5B A>1>9 
<>48D8:0F8N <5B>40 E8<8G5A:>3> A:>@0 8 ?>72>;O5B CG8BK20BL :>;8G5AB2> 2A5E 
=570<5=8<KE 0<8=>:8A;>B. $0AG5B 8=45:A0 <>65B 1KBL 2K?>;=5= ?> D>@<C;5 (3): 

 ИНА� = √�875�87э × &@85&@8э × … × Г8A5Г8AэĀ
,     (3) 

 

345 n 3 >1I55 G8A;> 0<8=>:8A;>B, HB.; 
  =86=85 8=45:AK 1 8 Q >B=>AOBAO : A>45@60=8N 0<8=>:8A;>BK 2 87CG05<>< 8 MB0;>==>< 

15;:0E A>>B25BAB25==>, 3. 
 

#>43>B>2:C ?@>1 <8=5@0;L=KE M;5<5=B>2 ?@>2>48;8 ?> 8=AB@C:F88 4.1.10-14-5 <5B>4>< 
02B>:;02=>9 ?@>1>?>43>B>2:8, 0 B0:65 <8=5@0;870F859 ?> �"%& 26929. %>45@60=85 <03=8O 
>?@545;O;8 0B><=>-01A>@1F8>==K< <5B>4>< ?> �"%& 30502, A5;5=0 3 D;C>@8<5B@8G5A:>9 
<5B>48:>9 A>3;0A=> 8=AB@C:F88 4.1.10-15-12; <548, F8=:0 8 65;570 3 0B><=>-01A>@1F8>==K< 
<5B>4>< ?> �"%& 30178, :0;8O 3 ?> �"%& 30504, D>AD>@0 8 :0;LF8O 3 ?>  ��. ! 1792. 
$0AG5B M=5@35B8G5A:>9 F5==>AB8 ?@>872>48;AO ?CB5< C<=>65=8O 7=0G5=89 C45;L=>9 

M=5@35B8G5A:>9 F5==>AB8 15;:>2, 68@>2 8 C3;52>4>2 =0 8E A>45@60=85 2 ?@>4C:B0E: 87 @0AG5B0 
4, 4 8 9 ::0; 8 17, 17 8 37 :�6 A>>B25BAB25==> =0 1 3 C3;52>4>2, 15;:0 8 68@0. 

 

$��'�0&�&/ � �) "�%'���!�� 

�;O CAB0=>2;5=8O 2>7<>6=>AB8 :><?;5:A=>9 ?5@5@01>B:8 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 
?@>2>48;8 8AA;54>20=85 ?@>F5AA0 ?@>@0I820=8O. �;O >?@545;5=8O B5E=>;>38G5A:8E @568<>2, 
>15A?5G820NI8E <0:A8<0;L=K9 2KE>4 ?@>@>I5==>3> 75@=0, ?@8<5=O;8 A?>A>1 >?B8<870F88 
?@>F5AA0 ?@>@0I820=8O 75@=0 =0 >A=>20=88 <0B5<0B8G5A:>3> <>45;8@>20=8O 2>4=>-2>74CH=>3> 
A?>A>10 70<0G820=8O. 
% CG5B>< <5=ONI59AO B5<?5@0BC@K ?@>872>4AB25==KE ?><5I5=89 2 B5G5=85 3>40 

>?B8<870F8O ?@>F5AA0 ?@>@0I820=8O 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> ?@>2545=0 2 480?07>=5 
B5<?5@0BC@ >B 5 4> 30 °% A 8=B5@20;>< 5 °%. � E>45 ?@5420@8B5;L=>3> M:A?5@8<5=B0 CAB0=>2;5=>, 
GB> ?@>@0I820=85 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> ?@8 B5<?5@0BC@5 <5=55  
5 °% ?@52KH05B 5 4=59, GB> ?@82>48B : C25;8G5=8N @5AC@A>5<:>AB8 B5E=>;>388. 
�653>4=> =0 ?@>BO65=88 7-;5B=53> F8:;0 =01;N45=89 2 @07;8G=>5 2@5<O 3>40 ?;0=8@>20;>AL 

24 <0B@8FK M:A?5@8<5=B0 4;O 6 B5<?5@0BC@=KE @568<>2 ?5@2>3> 8 6 B5<?5@0BC@=KE @568<>2 
2B>@>3> MB0?>2 ?@>@0I820=8O A>@B>2>3> 8 ?@>4>2>;LAB25==>3> 75@=0 ?H5=8FK 8 >2A0 
3>;>75@=>3>. !0 >A=>20=88 0=0;870 :>=BC@=KE 3@0D8:>2 ?>25@E=>AB8 >B:;8:0 CAB0=>28;8 
<0:A8<0;L=CN 8 <8=8<0;L=CN 4;8B5;L=>ABL 2>4=KE 8 2>74CH=KE ?0C7 :064>3> B5<?5@0BC@=>3> 
@568<0 4;O 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3>, 2 :>B>@KE 7=0G5=8O 0:B82=>AB8 @>AB0 (�@) 
O2;ONBAO <0:A8<0;L=K<8. $57C;LB0BK >?@545;5=8O @0F8>=0;L=KE @568<>2 ?@54AB02;5=K (@8A. 
134) =0 ?@8<5@5 B5<?5@0BC@K 2>74CE0 (20±1) °% 3 A@54=55 7=0G5=85 2 B5?;K9 8 E>;>4=K9 ?5@8>4 
3>40 ?@>872>4AB25==KE ?><5I5=89 2 A>>B25BAB288 A =>@<0B82=>9 4>:C<5=B0F859 1.  
                                                           
1%0=8B0@=K5 =>@<K 8 ?@028;0 «&@51>20=8O : <8:@>:;8<0BC @01>G8E <5AB 2 ?@>872>4AB25==KE 8 >D8A=KE 
?><5I5=8OE»: %0=#8! >B 30.04.2013 7 33. 3 �254. 27.05.2013. 3  8=A:. 3 $568< 4>ABC?0: https://energodoc.by 

/document/view?id=2285. 3 �0B0 4>ABC?0: 16.10.2023. 

https://energodoc.by/
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$8A. 1. �@0D8: >?@545;5=8O ?5@2>3> MB0?0 
?@>@0I820=8O 75@=0 ?H5=8FK 

Fig. 1. Fig. 1. Schedule for the first stage of 

wheat germination 

 

 

 

$8A. 2. �@0D8: >?@545;5=8O 2B>@>3> MB0?0 
?@>@0I820=8O ?H5=8FK 

Fig. 2. Fig. 2. Schedule for the second stage of 

wheat germination 

 

 

 

 

 

 

 

 

 

 

 

 
$8A. 3. �@0D8: >?@545;5=8O ?5@2>3> MB0?0 
?@>@0I820=8O 75@=0 >2A0 3>;>75@=>3> 

Fig. 3. Schedule for the first stage of hulless oats 

germination 

 

$8A. 4. �@0D8: >?@545;5=8O 2B>@>3> MB0?0 
?@>@0I820=8O >2A0 3>;>75@=>3> 

Fig. 4. Schedule for the second stage of hulless oats 

germination 

 

#@>@0I820=85 ?@8 B5<?5@0BC@5 A2KH5 25 °% 2545B : A=865=8N 0:B82=>AB8 @>AB0 8 
?>O2;5=8N ?>AB>@>==53> 70?0E0, =5 A2>9AB25==>3> 75@=C, 0 ?@8 30 °% ?@>8AE>48B 8=0:B820F8O 
?@>F5AA0. %;54>20B5;L=>, B5<?5@0BC@=K9 480?07>= 26330 °% 1K; 8A:;NG5= 87 40;L=59H8E 
8AA;54>20=89. 
�?5@2K5 ?>;CG5=K 40==K5 > 7=0G5=8OE 0:B82=>AB8 @>AB0 =0 :064>< MB0?5 ?@>@0I820=8O 

75@=0 2 7028A8<>AB8 >B B5<?5@0BC@K 2>74CE0 5325 º%: 4;O 75@=0 ?H5=8FK ?5@2>3> MB0?0 3 >B 
2,40 4> 3,25 %×G-1, 2B>@>3> MB0?0  3 >B 2,90 4> 3,76 %×G-1; 4;O 75@=0 >2A0 3>;>75@=>3> ?5@2>3> 
MB0?0 3 >B 2,06 4> 3,40 %×G-1, 2B>@>3> MB0?0 3 >B 2,3 4> 3,95 %×G-1.  

!0 >A=>20=88 ?>;CG5==KE >?B8<0;L=KE @568<>2 ?@>@0I820=8O ?>AB@>5=K 3@0D8:8 4;O 
>?@545;5=8O 4;8B5;L=>AB8 2>74CH=>-2>4O=KE ?0C7 ?@>@0I820=8O 75@=0 ?H5=8FK 8 >2A0 
3>;>75@=>3> ?@8 B5<?5@0BC@=KE @568<0E 5325 º% (@8A. 5, 6). 

$57C;LB0BK >?@545;5=8O @0F8>=0;L=KE @568<>2 ?@54AB02;5=K (@8AC=:8 3
) =0 ?@8<5@5 B5<?5@0BC@K 2>74CE0 20±1 °% 3 A@54=55 7=0G5=85 2 B5?;K9 8 
E>;>4=K9 ?5@8>4 3>40 ?@>872>4AB25==KE ?><5I5=89 2 A>>B25BAB288 A %0=#8!>< 
7 33 >B 30.04.2013.

 
 

 
 
 

 
 

 
 

'AB0=>2;5=>, GB> ?@>@0I820=85 ?@8 B5<?5@0BC@5 2>74CE0 A2KH5 25 °% 2545B : 
A=865=8N 0:B82=>AB8 

$8AC=>: – �@0D8: >?@545;5=8S ?5@2>3> 
QB0?0 ?@>@0I820=8S 75@=0 ?H5=8FO

$8AC=>: – �@0D8: >?@545;5=8S 
2B>@>3> QB0?0 ?@>@0I820=8S ?H5=8FO

$8AC=>: – �@0D8: >?@545;5=8S ?5@2>3> 
QB0?0 ?@>@0I820=8S >2A0 3>;>75@=>3>

$8AC=>: – �@0D8: >?@545;5=8S 2B>@>3> 
QB0?0 ?@>@0I820=8S >2A0 3>;>75@=>3>
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$8AC=>: – �@0D8: >?@545;5=8S ?5@2>3>
QB0?0 ?@>@0I820=8S 75@=0 ?H5=8FO

$8AC=>: – �@0D8: >?@545;5=8S 
2B>@>3> QB0?0 ?@>@0I820=8S ?H5=8FO

$8AC=>: – �@0D8: >?@545;5=8S ?5@2>3> 
QB0?0 ?@>@0I820=8S >2A0 3>;>75@=>3>

$8AC=>: – �@0D8: >?@545;5=8S 2B>@>3> 
QB0?0 ?@>@0I820=8S >2A0 3>;>75@=>3>
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$8A. 5. !><>3@0<<0 >?@545;5=8O ?@>4>;68B5;L=>AB8 2>4=>9 (�) 8 2>74CH=>9 (�) ?0C7 ?5@2>3> 
MB0?0 ?@>@0I820=8O 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 

 

Fig. 5. Chart for determining the duration of water (A) and air (B) pauses of the first stage of 

germination of wheat and hulless oats 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

                                             �                                                                                      �  
$8A. 6. !><>3@0<<0 >?@545;5=8O ?@>4>;68B5;L=>AB8 2>4=>9 (�) 8 2>74CH=>9 (�) ?0C7 2B>@>3> 

MB0?0 ?@>@0I820=8O 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3>  

Fig. 6. Chart for determining the duration of water (A) and air (B) pauses of the second stage of 

germination of wheat and hulless oats 

 

�?5@2K5 CAB0=>2;5=K 8=B53@0;L=K5 @568<K ?@>@0I820=8O 75@=0, ?@54AB02;5==K5 =0  
@8A. 5 8 6,  2 480?07>=5 B5<?5@0BC@ 5325 º% A 8=B5@20;>< 5 º%, :>B>@K5 =0E>4OBAO 2 A5@>9 7>=5 
?5@5:@KB8O 8 A2845B5;LAB2CNB > 2>7<>6=>AB8 A>2<5AB=>3> ?@>@0I820=8O ?H5=8FK 8 >2A0 
3>;>75@=>3> 2 A>AB025 A<5A59. 
!0 >A=>20=88 ?@>2545==KE 8AA;54>20=89 2?5@2K5 ?>;CG5=K 40==K5 <8=8<0;L=>9 8 

<0:A8<0;L=>9 4;8B5;L=>AB8 2>4=>-2>74CH=KE ?0C7 ?5@2>3> 8 2B>@>3> MB0?>2 ?@>@0I820=8O 
75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 2 A>AB025 A<5A59, :>B>@K5 ?>72>;ONB >?5@0B82=> 
A:>@@5:B8@>20BL @568<K 157 ?>B5@L 2KE>40 ?@>@>I5==>3> 75@=0 8 8E A<5A59 2 7028A8<>AB8 
>B B5<?5@0BC@K 2>74CE0 =0 ?@>872>4AB25. 
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% F5;LN <>45;8@>20=8O A>45@60=8O =CB@85=B>2 2 7028A8<>AB8 >B 2K1@0==KE @568<>2 
87CG5=> 2;8O=85 2@5<5=8 ?@>@0I820=8O =0 E8<8G5A:89 A>AB02 75@=0 ?H5=8FK 8 >2A0 
3>;>75@=>3>, ?@>@>I5==KE ?> @0745;L=>9 B5E=>;>388.  

#@>2545==K5 8AA;54>20=8O ?>72>;8;8 ?>;CG8BL 40==K5 ?> 87<5=5=8N E8<8G5A:>3> 
A>AB020, D5@<5=B0B82=>9 0:B82=>AB8 15;:>2>-?@>B58=07=>3> 8 C3;52>4=>-0<8;07=>3> 
:><?;5:A>2 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 2 7028A8<>AB8 >B 2@5<5=8 ?@>@0I820=8O 
 (>B 0 4> 25 G A 8=B5@20;>< 5 G) ?@8 @07@01>B0==KE @568<0E >?B8<870F88. "1@01>B:0 
M:A?5@8<5=B0;L=KE 40==KE ?>72>;8;0 ?>;CG8BL C@02=5=8O @53@5AA88 ;8=59=>3> 2840  
(B01;. 1), >?8AK20NI85 87<5=5=8O E8<8G5A:>3> A>AB020 8 D5@<5=B0B82=>9 0:B82=>AB8 75@=0 
?H5=8FK 8 >2A0 3>;>75@=>3> ?@8 ?@>@0I820=88, :>B>@K5 <>3CB 1KBL 8A?>;L7>20=K 4;O 
>?5@0B82=>3> C?@02;5=8O ?@>F5AA>< ?@>@0I820=8O. �=0G5=8O :>MDD8F85=B>2 :>@@5;OF88 
;8=59=>9 @53@5AA88 =0E>4OBAO 2 ?@545;0E >B 0,77 4> 0,98 8 E0@0:B5@87C5B 2KA>:CN AB5?5=L 
A>3;0A8O C@02=5=89 A D0:B8G5A:8<8 25;8G8=0<8. 

 
&01;. 1. �028A8<>AB8, >?8AK20NI85 87<5=5=8O E8<8G5A:>3> A>AB020, D5@<5=B0B82=>9 0:B82=>AB8 

75@=0 2 7028A8<>AB8 >B 2@5<5=8 ?@>@0I820=8O 

Table. 1. Dependencies describing changes in the chemical composition and enzymatic activity of grain 

depending on germination time 

#>:070B5;8 
�028A8<>AB8 2840 

C=kx+b 
#>:070B5;8 

�028A8<>AB8 2840 
C=kx+b 

�@0E<0; ?H5=8FK C= 30,28E+69,13 �@0E<0; >2A0 3>;>75@=>3> C= 30,24E+65,23 
�5;>: ?H5=8FK C= 30,02E+15,36 �5;>: >2A0 3>;>75@=>3> C= 30,05E+20,54 
�;5BG0B:0 ?H5=8FK C= 0,11E+10,49 �;5BG0B:0 >2A0 3>;>75@=>3> C= 0,03E+3,28 
%0E0@0 ?H5=8FK C= 0,16E+0,46 %0E0@0 >2A0 3>;>75@=>3> C= 0,25E+2,05 
�8@ ?H5=8FK C= 30,01E+1,71 �8@ >2A0 3>;>75@=>3> C= 30,02E+6,66 

α-0<8;070 ?H5=8FK C= 0,14E30,26 α-0<8;070 >2A0 3>;>75@=>3> C=0,07E30,09 

β-0<8;070 ?H5=8FK C=5,34E+77,70 β-0<8;070 >2A0 3>;>75@=>3> C=0,86E30,96 

#@>B5>;8B8G5A:0O  
0:B82=>ABL ?H5=8FK 

C=0,02E+0,18 #@>B5>;8B8G5A:0O  
0:B82=>ABL >2A0 3>;>75@=>3> C= 0,04E+0,03 

 

%>3;0A=> ?>;CG5==K< 40==K< A>45@60=85 :@0E<0;0, 15;:0, 68@0 A=8605BAO, 2 B> 2@5<O :0: 
A>45@60=85 :;5BG0B:8, A0E0@>2 8 28B0<8=>2 C25;8G8205BAO, 7=0G8B5;L=K5 87<5=5=8O 
D5@<5=B0B82=>9 0:B82=>AB8 2 75@=5 >2A0 3>;>75@=>3> ?@>8AE>4OB A 10 G0A>2, ?H5=8FK 3  
A 15 G0A>2 ?@>@0I820=8O, >1I55 A>45@60=85 =570<5=8<KE 0<8=>:8A;>B 75@=0 ?H5=8FK 8 >2A0 
3>;>75@=>3> C25;8G8205BAO =0 13,2317,2 % A>>B25BAB25==>, GB> A>3;0AC5BAO A 40==K<8 4@C38E 
CG5=KE1. 

'AB0=>2;5=>, GB> 4;O 75@=0 >2A0 3>;>75@=>3> 8 ?H5=8FK A>45@60=85 �1 C25;8G8205BAO 2 
1,331,6 @07; �9 2 1,531,6 @07; β-:0@>B8= 2 1,4 @070; �6 2 1,2 @070, � 2 1,231,4 @070 A>B25BAB25==>.  
�7<5=5=8O A>45@60=8O <8:@>- 8 <0:@>M;5<5=B>2 4> 4,0 % >1CA;>2;5=K ?5@5E>4>< 2 75@=> 

E8<8G5A:8E 25I5AB2 2>4K A>3;0A=> ;8B5@0BC@=K< 40==K< 2, 3, ?@8G5< :0;LF89 C25;8G8205BAO 
=0 3,834,0 %, <03=89 =0 2,433,4 %, 65;57> =0 1,731,9 %, :0;89, D>AD>@, <54L, F8=:, A5;5= 
?@0:B8G5A:8 =5 87<5=ONBAO.  
�=0;87 M:A?5@8<5=B0;L=KE 40==KE ?>:070;, GB> ?@>@>I5==>5 ?@8 @07@01>B0==KE @568<0E 

                                                           
1�C18=0, &. �. &5E=>;>38O ?@>872>4AB20 <C:8 87 >2A0 3>;>75@=>3>: 48A. ... :0=4. B5E=. =0C:: 05.18.01 /  
&. �. �C18=0. 3  >38;52A:89 3>AC40@AB25==K9 C=825@A8B5B ?@>4>2>;LAB28O. 3  >38;ё2, 2013. 3 233 A. 
2'@10=G8:, �. !. &5E=>;>38O ?@>872>4AB20 E;>?L52 ?>2KH5==>9 ?8I52>9 F5==>AB8 87 ?@>@>I5==>3> 75@=0 3>-
@>E0 / �. !. '@10=G8:, �. �. ,0;NB0. 3  >38;52:  �'#, 2019. 3 158 A.  
3 OG8:>20, !. �. #@>@>I5==K5 A5<5=0 :0: 8AB>G=8: ?8I52KE 8 18>;>38G5A:8 0:B82=KE 25I5AB2 4;O >@30=87<0 
G5;>25:0 / !. �.  OG8:>20 [8 4@.] / %>2@5<5==K5 ?@>1;5<K =0C:8 8 >1@07>20=8O. 3 2012. 3 7 5; [-;5:B@>==K9 
@5AC@A]. 3 $568< 4>ABC?0. 3  URL: https://science-education.ru/ru/article/view?id=70073 �0B0 4>ABC?0: 29.10.2023. 
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75@=> ?H5=8FK 8 >2A0 3>;>75@=>3> 8<55B 2KA>:89 18>B5E=>;>38G5A:89 ?>B5=F80; 2284C 
A>45@60=8O 15;:0, ?8I52KE 2>;>:>=, 28B0<8=>2, <8=5@0;L=KE 25I5AB2 8 0<8=>:8A;>B. 
!0 A;54CNI5< MB0?5 87CG5=> 2;8O=85 ?@>B82><8:@>1=>9 >1@01>B:8 =0 <8:@>1=CN 

>1A5<5=5==>ABL 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3>. �578=D5:F8N 75@=>2>3> AK@LO ?@>2>48;8 
@0AB2>@0<8 ?5@<0=30=0B0 :0;8O, ;8<>==>9 :8A;>BK 8 A<5ALN D5@<5=B=>3> ?@5?0@0B0 
3;N:>7>>:A84070 8 3;N:>70, 0 B0:65 2>4=>-B5?;>2>9 >1@01>B:>9. $57C;LB0BK ?@54AB02;5=K 2 
B01;. 2. 

 
&01;. 2. �;8O=85 ?@>B82><8:@>1=>9 >1@01>B:8 =0 <8:@>1=CN >1A5<5=5==>ABL 75@=0 ?H5=8FK 8 

>2A0 3>;>75@=>3> 
 

Table. 2. Influence of antimicrobial treatment on microbial contamination of wheat grain and hulless oats 

!08<5=>20=85 
>1@01>B:8 

#0@0<5B@K  
>1@01>B:8 

�>;8G5AB2> <57>D8;L=KE 0M@>1=KE  
8 D0:C;LB0B82=>-0=0M@>1=KE <8:@>>@30=87<>2 
#H5=8F0 "25A 3>;>75@=K9 

�"�/3  lg �"�/3 % : :>=B@>;N �"�/3  lg �"�/3 % : :>=B@>;N 

#5@<0=30=0B :0;8O 0,0025 % 8,8×104 4,94 80,1 3,85×105 5,59 70,6 

�8<>==0O :8A;>B0 
0,0025 % 8,4×104 4,92 79,7 3,0×105 5,48 69,2 

0,025 % 7,3×104 4,86 78,8 9,1×104 4,96 62,6 

0,05 % 1,1×104 4,04 65,5 1,3×104 4,11 52,0 

�>4=>-B5?;>20O  
>1@01>B:0 
(Ä min = 30 A5:) 

70 °% 8,0×105 5,90 95,6 5,1×106 6,71 84,7 

80 °% 7,2×104 4,86 78,8 8,0×105 5,90 74,5 

90 °% 4,3×103 3,63 58,8 8,3×103 3,92 49,5 

�;N:>7>>:A84070 + 

3;N:>70 
 

100 54/<; + 

0,05 % 
3,2×106 6,50 105,3 9,8×107 7,99 101,0 

�>=B@>;L (<>9:0 
157 4578=D5:B0=B0) 0 1,5×106 6,17 100 8,3×107 7,92 100 

 

#>:070=>, GB> ?5@<0=30=0B :0;8O (�MnO4), :>B>@K9 B@048F8>==> 8A?>;L7CNB 2 :0G5AB25 
4578=D5:B0=B0 2 B5E=>;>388 ?>;CG5=8O ?@>@>I5==>3> 75@=0, 2 >1I5?@8=OB>9 :>=F5=B@0F88 
(0,0025 %, 25A/>1J5<) A=860; >1A5<5=5==>ABL ?H5=8FK =0 20 %, >2A0 3>;>75@=>3> 3 29 %. 

%E>4=>5 2;8O=85 =0 <8:@>D;>@C 75@=0 2 B0:>< 65 :>;8G5AB25 >:07K20;0 8 ;8<>==0O :8A;>B0, 
?@8G5< A ?>2KH5=85< :>=F5=B@0F88 >1A5<5=5==>ABL A=860;0AL 2 1,231,4 @070 2 A@02=5=88 A 
459AB285< KMnO4 (0,0025 %). � @57C;LB0B5 2>4=>-B5?;>2>9 >1@01>B:8 (90 °%) ?> A@02=5=8N A 
B@048F8>==K< >15770@06820=85< � nO4 (0,0025 %) A=860;0AL 2 1,7 @07 4;O ?H5=8FK 8  
2 2 @070 4;O >2A0 3>;>75@=>3> ?> A@02=5=8N A :>=B@>;5< (157 >1@01>B:8 4578=D5:B0=B><).  
�A?>;L7>20=85 D5@<5=B0B82=>3> (3;N:>7>>:A8407=>3>) A?>A>10 4578=D5:F88, 

MDD5:B82=>ABL :>B>@>3> CAB0=>2;5=0 4;O A5<O= >2>I=KE :C;LBC@1, =5 ?@825;> : 
4>AB>25@=><C A=865=8N <8:@>1=>9 :>=B0<8=0F88 75@=0. !0 >A=>20=88 ?>;CG5==KE 40==KE 
2K1@0=K M:>=><8G5A:8 2K3>4=K5 4578=D5:B0=BK 3 KMnO4 (A = 0,0025 %) 8 2>4=>-B5?;>20O 
>1@01>B:0 (t2>4K = 90 °%, Ä = 30 A). 
%;54CNI8< MB0?>< 8AA;54>20=89 O2;O;>AL >1>A=>20=85 A?>A>10 >15770@06820=8O 75@=0 

?H5=8FK 8 >2A0 3>;>75@=>3> A 2KA>:>9 5AB5AB25==>9 >1A5<5=5==>ABLN (1,10×106 8 

8,3×107 �"�/3 A>>B25BAB25==>). #@>F5AA ?>;CG5=8O ?@>@>I5==>3> 75@=0 A CG5B>< 
>15770@06820=8O ?@>2545= B@5<O A?>A>10<8. �>;8G5AB2> MB0?>2 8 8E ?>A;54>20B5;L=>ABL 
20@L8@>20=8O ?@54AB02;5=0 =0 @8A. 7.  

 

                                                           
1#@8I5?0, �. �. #@8<5=5=85 ?@5?0@0B>2 3;N:>7>>:A8407 4;O ?@54?>A52=>9 >1@01>B:8 A5<O= >2>I=KE :C;LBC@ 
( 5B>48G5A:>5 ?>A>185) / �. �. #@8I5?0 [8 4@.]. 3  8=A:, 2005. 3 8 A. 
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$8A. 7. %?>A>1K >15770@06820=8O ?@>@>I5==>3> 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 

Fig. 7. Methods for disinfection of sprouted grains of wheat and hulless oats 

 

$57C;LB0BK <8:@>1=>9 >1A5<5=5==>AB8 ?@>@>I5==>3> 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 
?@54AB02;5=K =0 @8A. 8. 

 

 

 

 

 

 

 

$8A. 8. �8=0<8:0 >1I59 <8:@>1=>9 >1A5<5=5==>AB8 ?@>@>I5==>3> 75@=0 ?H5=8FK 8 >2A0 
3>;>75@=>3> 2 7028A8<>AB8 >B A?>A>10 >15770@06820=8O 

Fig. 8. Dynamics of total microbial contamination of sprouted grains of wheat and hulless oats depending 

on the method of disinfection 
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�=0;87 40==KE ?>:070;, GB> 2 @57C;LB0B5 ?>;CG5=8O ?@>@>I5==>3> 75@=0 ?H5=8FK 8 >2A0 
3>;>75@=>3>, A>3;0A=> A?>A>1C 1, ?>:070B5;L >1I59 <8:@>1=>9 >1A5<5=5==>AB8 A=8605BAO 2 
3,033,2 @070 2 A@02=5=88 A :>=B@>;5<. 

%;54CNI8< MB0?>< @01>BK O2;O;>AL A>2<5AB=>5 ?@>@0I820=85 75@=0 ?H5=8FK 8 >2A0 
3>;>75@=>3> 2 480?07>=5 B5<?5@0BC@ 5325 º% A 8=B5@20;>< 5 º%. #@>F5AA ?@>@0I820=8O A<5A8 
?@>872>48;AO ?> 7=0G5=8O< CAB0=>2;5==KE 8=B53@0;L=KE @568<>2 4;O ?H5=8FK 8 >2A0 
3>;>75@=>3>. $57C;LB0BK 2;8O=8O A>2<5AB=>3> ?@>F5AA0 ?@>@0I820=8O 75@=0 ?H5=8FK 8 >2A0 
3>;>75@=>3> 2 A>>B=>H5=88 >B 10 4> 90 % =0 B5E=>;>38G5A:85 ?>:070B5;8 A<5A59 ?>:070=K 2 
B01;. 3. 

 

&01;. 3. �;8O=85 A>2<5AB=>3> ?@>@0I820=8O @07;8G=KE A>>B=>H5=89 75@=0 ?H5=8FK 8 >2A0 
3>;>75@=>3> =0 B5E=>;>38G5A:85 ?>:070B5;8 A<5A59 

 

Table. 3. Influence of combined germination of different ratios of wheat and hulless oats grains on 

technological parameters of mixtures 

%>>B=>H5=85 AK@LO 
2 A<5A8 
(?H5=8F0/>25A 
3>;>75@=K9), % 

&5<?5@0BC@0 2>74CE0, ᵒ % 

5 10 15 20 25 

�@, 
%×G31 Ä, G �@, 

%×G31 Ä, G �@, 
%×G31 Ä, G �@, 

%×G31 Ä, G �@, 
%×G31 Ä, G 

90/10 2,90 28,5 3,0 27,0 3,20 25,7 3,60 23,6 3,50 22,5 

80/20 3,0 27,7 3,10 25,6 3,30 24,5 3,70 23,2 3,60 22,1 

70/30 3,30 26,8 3,60 24,8 3,70 23,7 3,90 22,5 3,90 20,6 

60/40 3,40 26,0 3,70 24,0 4,0 23,0 4,40 21,0 4,20 20,0 

50/50 2,65 27,5 2,90 25,4 3,10 24,3 3,30 22,3 3,20 21,4 

40/60 2,70 27,8 3,05 25,7 3,20 24,7 3,40 22,6 3,35 21,6 

30/70 2,80 27,9 3,10 25,9 3,25 24,9 3,50 22,8 3,40 21,8 

20/80 2,90 28,5 3,15 26,2 3,30 25,0 3,60 23,0 3,45 21,9 

10/90 3,0 28,7 3,20 26,6 3,35 25,5 3,70 23,4 3,50 22,3 
 

#>:070=>, GB> ?@8 A>>B=>H5=88 60/40 8 70/30 (?H5=8F0/>25A 3>;>75@=K9) =01;N40;AO 
A8=5@35B8G5A:89 (CA8;820NI89) B8?, :>B>@K9 E0@0:B5@87>20;AO <0:A8<0;L=>9 0:B82=>ABLN 
@>AB0 A<5A8 8 <8=8<0;L=>9 ?@>4>;68B5;L=>ABLN ?@>F5AA0 ?@>@0I820=8O 2 A@02=5=88 A 
4@C38<8 <>45;L=K<8 >1@07F0<8 A<5A8. �;;5;>?0B8G5A:89 (C3=5B0NI89) B8? 2708<>459AB28O 
:C;LBC@, :>B>@K9 E0@0:B5@87>20;AO A=865=85< 0:B82=>AB8 @>AB0 A<5A8 8 ?>2KH5=85< 
?@>4>;68B5;L=>AB8 ?@>F5AA0 ?@>@0I820=8O, =01;N40;AO ?@8 >AB0;L=KE A>>B=>H5=8OE.  
%;54>20B5;L=>, A CG5B>< CAB0=>2;5==KE B8?>2 2708<>459AB28O :><?>=5=B>2 A<5A8 8 

8=B5=A8D8:0F88 ?@>F5AA0 ?@>@0I820=8O =081>;55 2K3>4=K< O2;O5BAO ?@>@0I820=85 2 
A>>B=>H5=88 60/40, 70/30 (?H5=8F0/>25A 3>;>75@=K9). #> @57C;LB0B0< ?>;CG5==KE 40==KE, 
?@54AB02;5==KE 2 B01; 3. 4;O 40;L=59H8E 8AA;54>20=89 2K1@0=0 B5<?5@0BC@0 2>74CE0 20 º%, 

:>B>@0O A>>B25BAB2C5B A@54=5<C 7=0G5=8N 2 B5?;K9 8 E>;>4=K9 ?5@8>4 3>40 
?@>872>4AB25==KE ?><5I5=89 2 A>>B25BAB288 A =>@<0B82=>9 4>:C<5=B0F859 1. 
#@0:B8G5A:CN 7=0G8<>ABL 4;O @0F8>=0;L=>3> :>=B@>;O ?@>872>4AB25==KE @5AC@A>2 2 

?@>F5AA5 ?@>@0I820=8O 75@=0 8 A<5A59 8AA;54C5<KE :C;LBC@ ?@54AB02;O5B 87CG5=85 2;8O=8O 
2@5<5=8 ?@>@0I820=8O =0 D878:>-E8<8G5A:85 A2>9AB20 75@=0 3 >1J5<, <0AA0 8 
2>4>?>3;>I5=85.  
�;O 87CG5=8O 2;8O=8O 2@5<5=8 ?@>@0I820=8O =0 87<5=5=85 >1J5<0 75@=0 ?H5=8FK, >2A0 

3>;>75@=>3> 8 ?H5=8G=>->2AO=KE A<5A59 M:A?5@8<5=B ?@>2>48;8 2 <5@=KE F8;8=4@0E 
>1J5<>< 0,5 ;. �7<5@5=8O >1J5<0, 70=8<05<>3> 75@=>< 8 A<5ALN, >?@545;O;8 >B 0 4> 24 G A 
                                                           
1%0=8B0@=K5 =>@<K 8 ?@028;0 «&@51>20=8O : <8:@>:;8<0BC @01>G8E <5AB 2 ?@>872>4AB25==KE 8 >D8A=KE 
?><5I5=8OE»: %0=#8! >B 30.04.2013 7 33. 3 �254. 27.05.2013. 3  8=A:. 3 $568< 4>ABC?0: 
https://energodoc.by/document/view?id=2285. 3 �0B0 4>ABC?0: 16.10.2023. 
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8=B5@20;>< 2 1 G. �;8B5;L=>AB8 2>74CH=>-2>4O=KE ?0C7 8 MB0?>2 ?@>@0I820=8O ?@8 
@07;8G=KE B5<?5@0BC@0E 2>74CE0 (5325 º% A 8=B5@20;>< 5 º%) 7=0G8B5;L=> >B;8G0NBAO, >4=0:> 
=01;N405BAO @02=>5 ?@8@0I5=85 >1J5<0 2 :>=5G=KE B>G:0E ?0C7 ?@>@0I820=8O. �=0G5=8O 
?@8@0I5=8O >1J5<0 75@=0 8 A<5A59 ?@8 B5<?5@0BC@5 2>74CE0 20 º% (@8A. 9) A>>B25BAB2C5B 
A@54=5<C 7=0G5=8N >1J5<0 75@=0 8 A<5A59 ?@8 2A5E 8AA;54C5<KE B5<?5@0BC@0E, ?>MB><C 
8AA;54>20=8O 87<5=5=89 >1J5<0 ?@>2>48;8 ?@8 40==>9 B5<?5@0BC@5. 

 

I, III 3 ?5@20O 8 2B>@0O 2>4=K5 ?0C7K     II, IV 3 ?5@20O 8 2B>@0O 2>74CH=K5 ?0C7K 
 

$8A. 9. �7<5=5=85 >1J5<0 ?@8 ?@>@0I820=88 75@=0 ?H5=8FK, >2A0 3>;>75@=>3>  
8 ?H5=8G=>->2AO=KE A<5A59 

Fig. 9. Changes in volume during germination of wheat, hulless oats grains and wheat-oat mixtures 

 

'25;8G5=85 >1J5<0 75@=0 8 A<5A59 2 ?@>F5AA5 ?@>@0I820=8O ?@>8AE>48B 2 2>4=CN ?0C7C 
?5@2>3> 8 2B>@>3> MB0?>2 ?@>@0I820=8O ?> >B=>H5=8N : 8E 8AE>4=><C >1J5<C.  
� 2>74CH=K5 ?0C7K >1J5< A<5A8 =5 C<5=LH05BAO, GB> ?>72>;O5B A45;0BL 2K2>4 >1 
C45@6820=88 2;038, =5>1E>48<>9 4;O ?@>F5AA0 ?@>@0AB0=8O. 'AB0=>2;5=>, GB> 2 ?@>F5AA5 
?@>@0I820=8O 2 B5G5=85 24 G >1J5< 8 <0AA0 75@=0 ?H5=8FK C25;8G8205BAO 2 1,4 @070 8 2  
1,5 @07, >2A0 3>;>75@=>3> 3 2 1,5 8 1,6 @07 A>>B25BAB25==>. "1J5< 8 <0AA0 ?H5=8G=>->2AO=KE 
A<5A59 C25;8G820NBAO 2 1,4 8 1,5 @07. !081>;LH89 >1J5< A<5A8 =01;N405BAO G5@57 18 G (2> 
2B>@CN 2>4=CN ?0C7C), >4=0:> <0:A8<0;L=>5 7=0G5=85 ?>:070B5;O 0:B82=>AB8 @>AB0 (�@) 
4>AB8305BAO G5@57 21 G (2> 2B>@CN 2>74CH=CN ?0C7C) ?@>@0I820=8O. 
�;O >?@545;5=8O @0F8>=0;L=>3> :>;8G5AB20 2>4K 4;O ?@>@0I820=8O 75@=0 8 A<5A8 

>?@545;O;8 :>;8G5AB2> ?>3;>I5==>9 2>4K 2 2>4=K5 ?0C7K A 8=B5@20;>< 2 1 G 8 2;06=>ABL 
75@=0 8 A<5A59 2 :>=5G=KE B>G:0E M:A?5@8<5=B0. #>;CG5==K5 @57C;LB0BK ?@54AB02;5=K =0 
@8A. 10. 
"?@545;5=0 AB5?5=L 2>4>?>3;>I5=8O, :>B>@0O A>AB02;O5B (113±4) % : =0G0;L=>9 <0AA5 

75@=0 ?H5=8FK 8 (120±4) % : =0G0;L=>9 <0AA5 75@=0 >2A0 3>;>75@=>3>. �;06=>ABL 75@=0 
2;8O5B =0 B5E=>;>38G5A:85 ?@>F5AAK ?5@5@01>B:8 8 A>AB02;O5B: 4;O 75@=0 ?H5=8FK 2 
:>=5G=>9 B>G:5 ?@>@0I820=8O A>AB028;0 (44,5±0,4) %, >2A0 3>;>75@=>3> 3 (45,3±0,3) %. 

%B5?5=L 2>4>?>3;>I5=8O ?H5=8G=>->2AO=KE A<5A59 A>AB02;O5B (115±2) % : =0G0;L=>9 <0AA5 
A<5A59, 2;06=>ABL A<5A59 2 :>=5G=>9 B>G:5 ?@>@0I820=8O (45,7±0,4) %. � @57C;LB0B5 
>1@01>B:8 M:A?5@8<5=B0;L=KE 40==KE ?>;CG5=K ;8=59=K5 C@02=5=8O @53@5AA88, 

?>72>;ONI85 @0AAG8B0BL <8=8<0;L=>5 :>;8G5AB2> 2>4K, =5>1E>48<>9 4;O 70<0G820=8O 
A<5A59 2 A>>B=>H5=8OE 60/40 8 70/30 (?H5=8F0/>25A 3>;>75@=K9) 8 ?@8@0I5=85 >1J5<0 A<5A59 

Ä2V(60/40)= 1,20t + 35,68

R² = 0,87

Ä2V(70/30)= 1,20t + 32,28

R² = 0,87

Ä1V(60/40)= 4,74t + 15,4

R² = 0,98

Ä1V(70/30)= 4,74t + 12

R² = 0,98
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>B 2@5<5=8 ?@>@0I820=8O, :>B>@>5 =5>1E>48<> CG8BK20BL ?@8 2K1>@5 70<>G=KE 5<:>AB59. 
 

 

I, III 3 ?5@20O 8 2B>@0O 2>4=K5 ?0C7K       II, IV 3 ?5@20O 8 2B>@0O 2>74CH=K5 ?0C7K 
 

$8A. 10. �>4>?>3;>I5=85 ?H5=8G=>->2AO=KE A<5A59 ?@8 ?@>@0I820=88 

Fig. 10. Water absorption of wheat-oat mixtures during germination 

 

�;8B5;L=>5 E@0=5=85 ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 2>7<>6=> B>;L:> 2 ACE>< 
A>AB>O=88. �7 8725AB=KE A?>A>1>2 ACH:8 1K;0 2K1@0=0 :>=25:B82=0O ACH:0 :0: =081>;55 
@0A?@>AB@0=5==0O 8 =5 B@51CNI0O D8=0=A>2>9 <>45@=870F88 ?@>872>4AB25==KE ;8=89.  
% F5;LN A>E@0=5=8O :0G5AB20 ?@>@>I5==KE A<5A59 8 ?>B@518B5;LA:8E A2>9AB2 ?@>4C:F88 =0 
8E >A=>25 87CG5=K @568<K B5@<><5E0=8G5A:>9 >1@01>B:8, :>B>@0O 2:;NG05B ACH:C 8 
87<5;LG5=85.  
#@>@>I5==K5 A<5A8 ?>425@30;8 B5?;>2>9 >1@01>B:5 >B 40 4> 80 °% A 8=B5@20;>< 10 °% 8 

>?@545;O;8 A>45@60=85 α-0<8;07K, β-0<8;07K, ?@>B5>;8B8G5A:8E D5@<5=B>2, 87<5=5=8O 
:>B>@KE ?@8 B5?;>2>9 >1@01>B:5 <>3CB A2845B5;LAB2>20BL > A=865=88 B5@<>;018;L=KE 
28B0<8=>2 8 0<8=>:8A;>B 8 A>3;0AC5BAO A 40==K<8 4@C38E CG5=KE1. $57C;LB0BK ?@54AB02;5=K 
2 B01;. 4. 

 

&01. 4. �;8O=85 B5<?5@0BC@=KE @568<>2 :>=25:B82=>3> A?>A>10 ACH:8 =0 D5@<5=B0B82=CN 
0:B82=>ABL ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 

 

Table. 4. Influence of temperature conditions of the convective drying method on the enzymatic activity 

of sprouted wheat-oat mixtures 

&5<?5@0
BC@0, °% 

�:B82=>ABL α-0<8;07K �:B82=>ABL β-0<8;07K #@>B5>;8B8G5A:0O 0:B82=>ABL �;8B5;L
=>ABL  
ACH:8, G 
(Wf14,5

%) 

%>45@60=85, 
54/3 

%=865=85, 
 % 

%>45@60=85, 
54/3 

%=865=85,  
% 

%>45@60=85, 
54/3 

%=865=85,  
% 

60/40* 70/30* 60/40 70/30 60/40 70/30 60/40 70/30 60/40 70/30 60/40 70/30 

40 4,35 4,65 3 3 300,0 315,0 3 3 0,60 0,55 3 3 8 

50 4,15 4,45 4,60 4,30 280,0 295,0 6,60 6,30 0,58 0,53 3,30 3,6 7 

60 3,80 4,10 12,60 11,80 250,0 265,0 16,7 15,8 0,57 0,52 5,0 5,4 6 

70 3,10 3,40 28,70 26,90 190,0 205,0 36,7 34,9 0,49 0,46 18,3 16,4 5 

80 2,70 2,90 40,20 37,60 155,0 170,0 48,3 46,0 0,42 0,40 30,0 27,2 4 

*#@8<5G0=85 3 60/40 (?H5=8F0/>25A 3>;>75@=K9); 70/30 (?H5=8F0/>25A 3>;>75@=K9) 
%>3;0A=> ?>;CG5==K< 40==K<, ?@54AB02;5==K< 2 B01;. 4, A>45@60=85 D5@<5=B>2 

                                                           
1'@10=G8:, �. !. &5E=>;>38O ?@>872>4AB20 E;>?L52 ?>2KH5==>9 ?8I52>9 F5==>AB8 87 ?@>@>I5==>3> 75@=0 3>-

@>E0 / �. !. '@10=G8:, �. �. ,0;NB0. 3  >38;52:  �'#, 2019. 3 158 A. 

Ä1WA@ = 8,93t + 35,45

R² = 0,92

Ä3WA@ = 4,39t + 40,31

R² = 0,79
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C<5=LH05BAO =57=0G8B5;L=> 4> 6,6 % ?@8 B5<?5@0BC@5 ACH:8 =5 1>;55 50 °% 8 4;8B5;L=>ABL 
ACH:8 A>AB028;0 738 G0A>2, ?@8 40==KE @568<0E 2;06=>ABL ?@>@>I5==KE A<5A59 A>AB028;0 
10 %, GB> A>>B25BAB2C5B B5<?5@0BC@=><C @568<C ACH:8 4;O A5<5==>3> 75@=01. 

�7<5;LG5=85 ?@>2>48;8 =0 M;5:B@8G5A:>9 65@=>2>9 <5;L=8F5 !�-820 ?CB5< ?@>?CA:0 
?H5=8G=>->2AO=>9 A<5A8 G5@57 @53C;8@C5<K9 707>@ 0,3 <<, :>B>@K9 A>3;0A=> 8=AB@C:F88 
>1>@C4>20=8O A>>B25BAB2C5B :@C?=>AB8 F5;L=>A<>;>B>3> ?@>4C:B0 =5 1>;55 220 <:< 8 
A>>B25BAB2C5B :@C?=>AB8 <C:8 2B>@>3> A>@B02. 

!0 >A=>20=88 ?@>2545==KE 8AA;54>20=89 CAB0=>2;5=K @0F8>=0;L=K5 @568<K 
B5@<><5E0=8G5A:>9 >1@01>B:8 ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59: B5<?5@0BC@0 ACH:8 
50 °%, 4;8B5;L=>ABL ACH:8 7 G 4> 2;06=>AB8 =5 1>;55 10 %, 707>@ <564C 65@=>20<8 3 0,3 <<, 

:@C?=>ABL G0AB8F F5;L=>A<>;>B>3> ?@>4C:B0 =5 1>;55 220 <:<. 

!0 >A=>20=88 ?@54AB02;5==KE @57C;LB0B>2 8AA;54>20=89 @07@01>B0=0 B5E=>;>38G5A:0O 
AE5<0 ?@>872>4AB20 ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59, :>B>@0O 2:;NG05B @0745;L=K5 
>?5@0F88: >G8AB:0 75@=0 >B ?@8<5A59 8 A>@B8@>20=85; A>2<5AB=K5 >?5@0F88: <>9:0, 
>15770@06820=85, ?@>@0I820=85, ACH:0, 87<5;LG5=85, D0A>2:0 8 C?0:>2:0. � A@02=5=88 A 
B@048F8>==>9 B5E=>;>3859 ?@>@0I820=8O 75@=0 ?@54;0305<0O B5E=>;>38O ?>72>;O5B 
A>:@0B8BL :>;8G5AB2> >?5@0F89 A 15 4> 10, GB> ?>72>;O5B E0@0:B5@87>20BL @07@01>B0==CN 
B5E=>;>38N :0: @5AC@A>A15@530NICN, 70 AG5B >1J548=5=8O B5E=>;>38G5A:8E >?5@0F89 4;O 
42CE :C;LBC@ 3 <>9:0, >15770@06820=85, ?@>@0I820=85, ACH:0, 87<5;LG5=85, D0A>2:0 8 
C?0:>2:0. #@>2545=0 >?KB=>-?@><KH;5==0O ?@>25@:0 @07@01>B0==>9 B5E=>;>388 =0 
�>@5F:>< D8;80;5 "�" «�C;>G=>-:>=48B5@A:0O :><?0=8O «�><>G09» $5A?C1;8:8 �5;0@CAL.  
�AA;54>20=K ?>:070B5;8 :0G5AB20 8 157>?0A=>AB8 M:A?5@8<5=B0;L=KE ?0@B89 

?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59, :>B>@K5 ?@54AB02;5==K 2 B01;. 538. 
 

&01;. 5. #>:070B5;8 :0G5AB20 ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 

Table. 5. Quality indicators of sprouted wheat-oat mixtures 

#>:070B5;8 �=0G5=85 #>:070B5;8 �=0G5=85 

�=5H=89 284 
"4=>@>4=0O A<5AL 87<5;LG5==KE 
:><?>=5=B>2, 4>?CA:05BAO :><:>20=85 
?@>4C:B0 

�0@065==>ABL 8 
703@O7=5==>ABL 
2@548B5;O<8 E;51=KE 
70?0A>2 

!5  
>1=0@C65=K 

*25B %5@>20B>-:@5<>2K9 A 2:@0?;5=85< 
G0AB8F 1>;55 B5<=>3> F25B0 

 5B0;;><03=8B=0O 
?@8<5AL, <3/ :3 

!5 
 >1=0@C65=> 

�0?0E 
%2>9AB25==K9 75@=>2><C ?@>4C:BC, 
157 ?>AB>@>==8E 70?0E>2, =5 70BE;K9, 
=5 ?;5A=525;K9 

�8A;>B=>ABL, 3@04 4,4±0,1 

�;06=>ABL, % 9,0±1,0 �=0G5=85 2>4>@>4=>3> 
?>:070B5;O (pH) 5,5±0,5 

 

#@>2545=0 >F5=:0 :0G5AB20 ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 2 A@02=5=88 A 
@0745;L=> ?@>@>I5==K<8 ?H5=8F59 8 >2A>< 3>;>75@=K<. #>;CG5==K5 ?@>4C:BK 75@=>2K5 
«BioMix» ?> A>45@60=8N 28B0<8=>2 ?@52>AE>4OB >1@07FK ?H5=8FK ?@>@>I5==>9: �1 2  
2,4 @070, �2 2 1,1 @07, �6 2 2,5 @070, �9 2 2,2 @070, � 2 1,2 @070; >1@07FK >2A0 3>;>75@=>3> 
?@>@>I5==>3>: �1 2 1,2 @070, �6 2 1,3 @070, �9 2 1,5 @070, $$ 2 4,4 @070, � 2 1,7 @070, β-:0@>B8=0 
2 2,6 @07.  

 

                                                           
1,0@HC=>2, �. �. #>A;5C1>@>G=0O >1@01>B:0 8 E@0=5=85 75@=0 8 A5<O=: #>A>185 2 2 G0ABOE / �. �. ,0@HC=>2, 
�. !. '@10=G8:. &>< 1., G0ABL 2. 3  8=A::  8A0=B0, 2014. 3 848 A.  
2 C:0 ?H5=8G=0O. &5E=8G5A:85 CA;>28O: %&� 1666-2006. 3 #5@58740= 01.12.2013.  2  8=A:: �>A. �><8B5B ?> 
AB0=40@B878F88 $5A?C1;8:8 �5;0@CAL: �5;>@CA. 3>A. 8=-B AB0=40@B870F88 8 A5@B8D8:0F88, 2013. 2 15 A. 
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&01;. 6. #>:070B5;8 157>?0A=>AB8 ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 

Table. 6. Safety indicators of sprouted wheat-oat mixtures 

#>:070B5;8 �>?CAB8<K5 C@>2=8, =5 1>;55 %>45@60=85  
«BioMix» «BioGrain» 

&>:A8G=K5 M;5<5=BK, 
<3/:3 

%28=5F 0,5 0,17 0,31 

 KHLO: 0,2 0,01 <0,05 

�04<89 0,1 

!5 >1=0@C65=> 

0,01 

$BCBL 0,03 <0,005 

 8:>B>:A8=K, <3/:3 �D;>B>:A8= �1 0,005 <0,001 

&-2 B>:A8= 0,1 <0,05 

"E@0B>:A8= 

"E@0B>:A8= � 

0,05 

0,005 

<0,005 

3 
3 

<0,005 

#5AB8F84K, <3/:3 �)*� (ñ, ò, -87><5@K) 0,5 
!5 >1=0@C65=> ��& 8 53> <5B01>;8BK 0,02 

2,4-� :8A;>B0 !5 4>?CA:05BAO 
'45;L=0O 0:B82=>ABL 
@048>=C:;84>2, �:/:3 *5789-137 

90 

60 

<30,0 

3 
3 

 <5,7 
 

&01;. 7.  8:@>18>;>38G5A:85 ?>:070B5;8 157>?0A=>AB8 ?H5=8G=>->2AO=KE A<5A59 

Table. 7. Microbiological indicators of wheat-oat mixtures safety 

#>:070B5;8 �>?CAB8<K5 C@>2=8 
%>45@60=85 

«BioMix» «BioGrain» 
"1I55 :>;8G5AB2> <57>D8;L=KE 0M@>1=KE 
8 D0:C;LB0B82=>-0=0M@>1=KE 
<8:@>>@30=87<>2 2 1,0 3 (<;) ?@>4C:B0, 
�"�, =5 1>;55 

1,0×103 3,75×102 3,0×102 

Candida albicans 2 0,1 3 8;8 0,1 <; 

=5 4>?CA:05BAO 

=5 >1=0@C65=K 
Escherichia coli 2 0,1 3 8;8 0,1 <; 
Staphylococcus aureus 2 0,1 3 (0,1 <;) 
Pseudomonas aeruginosa 2 0,1 3 (0,1 <;) 
�0:B5@88 3@C??K :8H5G=>9 ?0;>G:8 
(:>;8D>@<K) 2 0,1 3 ?@>4C:B0 =5 >1=0@C65=K #0B>35==K5 <8:@>>@30=87<K, 2 B. G. 
A0;L<>=5;;K, 2 25 3 ?@>4C:B0 
#;5A5=8 2 1,0 3 ?@>4C:B0, �"�, =5 1>;55 100 =5 >1=0@C65=K 

�@>668 2 1,0 3 ?@>4C:B0, �"� =5 @53;0<5=B8@C5BAO =5 >1=0@C65=K 
 

&01;. 8. )8<8G5A:89 A>AB02 ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 

Table. 8. Chemical composition of sprouted wheat-oat mixtures 

#>:070B5;8 
%>45@60=85 =0 %�, % #>:070B5;8 

%>45@60=85, <3/:3 
«BioMix» «BioGrain» «BioMix» «BioGrain» 

�5;>: 17,0 16,2 Fe 49,0 47,6 

�@0E<0; 60,2 60,8 Zn 20,6 19,9 

�8@ 3,4 2,7 %u 1,8 1,7 

�;5BG0B:0 11,7 10,8 Se 0,3 0,29 

%0E0@0 5,0 4,6 �8B0<8=K %>45@60=85, <3/100 3 
-=5@35B8G5A:0O  
F5==>ABL, ::0;/:�6 

406/6905 405/6877 
�1 0,55 0,43 

�2 0,12 0,11 

 8=5@0;L=K5 M;5<5=BK %>45@60=85, <3/:3 �6 0,30 0,23 

� 5810,2 4988,8 �9 0,60 0,40 

%0 448,3 467,7 $$ 7,47 7,25 

Mg 1558,5 1503,7 � 1,30 1,10 

$ 4789,6 4689,6 β-:0@>B8= 0,26 0,24 
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#>;CG5==0O A<5AL 75@=>20O «BioGrain» ?> A>45@60=8N 28B0<8=>2 ?@52>AE>48B >1@07FK 
?H5=8FK ?@>@>I5==>9: �1 8 �6 2 1,9 @070, �9 2 1,5 @07; >1@07FK >2A0 3>;>75@=>3> 
?@>@>I5==>3>: $$ 2 4,3 @070, � 2 1,4 @070, β-:0@>B8= 2 2,4 @070.  
%;54CNI8< MB0?>< 8AA;54>20=89 O2;O;>AL 87CG5=85 0<8=>:8A;>B=>3> A>AB020 AK@LO 8 

?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 (B01;. 9). � :0G5AB25 A@02=8B5;L=>9 E0@0:B5@8AB8:8 
0<8=>:8A;>B @07@01>B0==KE A<5A59 A ?@>4>2>;LAB25==K< 75@=>< ?H5=8FK 8 >2A0 
3>;>75@=>3>, 0 B0:65 A ?@>@>I5==K< ?> @0745;L=>9 B5E=>;>388 ?@>872545= @0AG5B 
0<8=>:8A;>B=>3> A:>@0 8 8=45:A0 =570<5=8<KE 0<8=>:8A;>B.  

 

&01;. 9. �=0;87 0<8=>:8A;>B=>3> A>AB020 AK@LO 8 ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 

Table. 9. Analysis of the amino acid composition of raw materials and sprouted wheat-oat mixtures 

�=0;87 M:A?5@8<5=B0;L=KE 40==KE ?>:070;, GB> @07@01>B0==K5 ?@>@>I5==K5 ?H5=8G=>-
>2AO=K5 A<5A8 ?@52>AE>4OB ?@>4>2>;LAB25==>5 75@=> ?H5=8FK 8 >2A0 3>;>75@=>3> ?> 8=45:AC 
=570<5=8<KE 0<8=>:8A;>B 2 1,5 @070, 0 ?@>@>I5==>5 75@=> ?H5=8FK 8 >2A0 3>;>75@=>3> =0 
2,1 8 4,9 % A>>B25BAB25==>. �8<8B8@CNI59 0<8=>:8A;>B>9 O2;O5BAO ;878=, GB> A>3;0AC5BAO A 
40==K<8 CG5=KE, 87CG02H8E ?@>@>I5==>5 75@=> ?H5=8FK 8 >2A0 3>;>75@=>3> 15;>@CAA:>9 
A5;5:F88 [16]. 

%>3;0A=> =>@<0B82=>9 4>:C<5=B0F881, 2, @07@01>B0==K5 A<5A8 <>3CB 1KBL >B=5A5=K : 
DC=:F8>=0;L=K< ?@>4C:B0< ?@8 A>45@60=88 2 =8E 15;:0, ?8I52KE 2>;>:>=, 28B0<8=>2, 
<8=5@0;L=KE 25I5AB2 1>;55 15 % >B ACB>G=>9 D878>;>38G5A:>9 ?>B@51=>AB8 G5;>25:0. #>MB><C 
A;54CNI8< MB0?>< @01>BK ?@>872545= @0AG5B ACB>G=>9 ?>B@51=>AB8 4;O =0A5;5=8O >B 18 4> 59 
;5B. 'AB0=>2;5=>, GB> 100 3 ?@>@>I5==>9 ?H5=8G=>->2AO=>9 A<5A8 «BioMix» C4>2;5B2>@O5B 
ACB>G=CN ?>B@51=>ABL 4;O 27@>A;KE >B 18 4> 59 ;5B 2 15;:0E =0 22,7 %, 2 ?8I52KE 2>;>:=0E 3 =0 
39,0 %, 2 28B0<8=5 �1 3 =0 36,7 %, �2 3 =0 6,7 %, 2 28B0<8=5 �6 3 =0 15,0 %, 2 28B0<8=5 �9 3 =0 
15,0 %, 2 28B0<8=5 $$ 3 =0 37,4 %; 2 28B0<8=5 � 3 =0 8,7 %; 2 28B0<8=5 β-:0@>B8= 3 =0 5,2 %, 2 
<0:@>M;5<5=B5 � 3 =0 23,2 %, 2 <0:@>M;5<5=B5 %0 3 =0 4,5 %, 2 <0:@>M;5<5=B5 Mg 3 =0 38,9 %, 2 
<0:@>M;5<5=B5 $ 3  =0 59,9 %, 2 <8:@>M;5<5=B5 Fe 3 =035,0 %, 2 <8:@>M;5<5=B5 Zn 3 =0 17,2 %, 2 

                                                           
1%0=8B0@=K5 =>@<K 8 ?@028;0. &@51>20=8O : ?8B0=8N =0A5;5=8O: =>@<K D878>;>38G5A:8E ?>B@51=>AB59 2 
M=5@388 8 ?8I52KE 25I5AB20E 4;O @07;8G=KE 3@C?? =0A5;5=8O $5A?C1;8:8 �5;0@CAL: %0=#8! 7180 >B 
20.11.2019. 3 �254. 01.07.2013,  8=A::  8=8AB5@AB2> 74@02>>E@0=5=8O $5A?C1;8:8 �5;0@CAL, 2012. 3 21 A. 
2&5E=8G5A:89 @53;0<5=B &0<>65==>3> A>N70 «#8I520O ?@>4C:F8O 2 G0AB8 55 <0@:8@>2:8» &$ &% 022/2011. 3 
�254. 01.07.2013 3  8=A:: �5;>@CA. 3>A. 8=-B AB0=40@B870F88 8 A5@B8D8:0F88, 8740=85 2 @568<5 ?@02:8 8 ?5@5-
8740=8O. 2019. 3 18 A. 

!08<5=>20=85 
0<8=>:8A;>BK 

-B0;>==K9 15;>: 
?> 40==K< 
(�"/�"� 
 (2013 3) 

�<8=>:8A;>B=K9 A:>@, % 

#H5=8F0 
"25A  
3>;>75@-
=K9 

#H5=8F0 
?@>@>-
I5==0O 

"25A  
3>;>75@=K9 

?@>@>I5==K9 

«BioMix» «BioGrain» 

�0;8= 4 73 74 105 99 110 108 

�8AB848= 1,6 159 172 188 245 220 215 

�7>;59F8= 3,0 131 121 177 163 168 173 

�59F8= 6,1 108 106 127 129 135 129 

�878= 4,8 57 45 90 78 85 89 

 5B8>=8=+ 

F8AB58= 
2,3 99 91 133 106 130 116 

&@5>=8= 2,5 86 92 196 174 180 189 

&@8?B>D0= 0,66 92 125 132 147 142 145 

(5=8;0;0=8=+ 

B8@>78= 
4,1 178 179 218 232 238 236 

�=45:A =570<5=8<KE 0<8=>:8A;>B 
�!�� 

0,98 0,97 1,39 1,35 1,42 1,42 
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<8:@>M;5<5=B5 Cu 3 =0 18,0 %, 2 <8:@>M;5<5=B5 Se  3 =0 48,0 %; 100 3 @07@01>B0==>9 
?@>@>I5==>9 ?H5=8G=>->2AO=>9 A<5A8 «BioGrain» 3 2 15;:0E =0 22,0 %, 2 ?8I52KE 2>;>:=0E 3 
=0 36,0 %, 2 28B0<8=5 �1 3 =0 28,7 %, �2 3 =0 6,1 %, 2 28B0<8=5 �6 3 =0 1,5 %, 2 28B0<8=5 �9 3 =0 
9,9 %, 2 28B0<8=5 $$ 3 =0 36,3 %; 2 28B0<8=5 � 3 =0 7,0 %; 2 28B0<8=5 β-:0@>B8= 3 =0 4,8 %, 2 
<0:@>M;5<5=B5 � 3 =0 20,0 %, 2 <0:@>M;5<5=B5 %0 3 =0 4,7 %, 2 <0:@>M;5<5=B5 Mg 3 =0 37,6 %, 2 
<0:@>M;5<5=B5 $ 3 =0 58,6 %, 2 <8:@>M;5<5=B5 Fe 3 =0 34,0 %, 2 <8:@>M;5<5=B5 Zn 3 =0 16,6 %, 2 
<8:@>M;5<5=B5 Cu 3 =0 17,0 %, 2 <8:@>M;5<5=B5 Se 3  =0 46,4 %. 
%;54>20B5;L=>, @07@01>B0==0O ?H5=8G=>->2AO=0O A<5AL «BioMix» ?> A>45@60=8N 15;:0, 

?8I52KE 2>;>:>=, 28B0<8=>2 �1, $$, <0:@>M;5<5=B>2 �, Mg, $, <8:@>M;5<5=B>2 Fe, Zn, Cu, Se 
1>;55 G5< =0 15 %, <>65B 1KBL >B=5A5=0 : DC=:F8>=0;L=K< 8745;8O<. %;54C5B >B<5B8BL, GB> 
=52KA>:>5 A>45@60=85 28B0<8=0 �2 C;CGH05B CA2>5=85 Fe 8 CA8;8205B 459AB285 Zn =0 >@30=87<, 
28B0<8=0 � 3 C;CGH05B 18>4>ABC?=>ABL Se 4;O >@30=87<0, β-:0@>B8= 3 O2;O5BAO ?@>28B0<8=>< 
� 8 CA8;8205B 0=B8>:A840=B=>5 459AB285, <0:@>M;5<5=B %0 ?>;>68B5;L=> 2708<>459AB2C5B A 
28B0<8=>< D 8 K [35]. $07@01>B0==0O ?H5=8G=>->2AO=0O A<5AL «BioGrain» ?> A>45@60=8N 15;:0, 
?8I52KE 2>;>:>=, 28B0<8=>2 �1, $$, <0:@>M;5<5=B>2 �, Mg, $, <8:@>M;5<5=B>2 Fe, Zn, Cu, Se 
1>;55 G5< =0 15 %, <>65B 1KBL >B=5A5=0 : DC=:F8>=0;L=K< 8745;8O<. !0;8G85 28B0<8=0 �6 

C;CGH05B CA2>5=85 � 8 Mg, 28B0<8=0 �9 3 CA8;8205B MDD5:B82=>ABL 8A?>;L7>20=8O �6 8 �12. 

&0:8< >1@07><, @07@01>B0==K5 A<5A8 A>45@60B 2 A2>5< A>AB025 D878>;>38G5A:8 
DC=:F8>=0;L=K5 8=3@5485=BK, >1;040NI85 4>:070==>9 MDD5:B82=>ABLN 8 A2>9AB20<8 ?@8 
C?>B@51;5=88 2 ?8IC 8 ?@8<5=5=88 2 45@<0B>;>388. #>MB><C @0F8>=0;L=> 8A?>;L7>20BL 
?@>@>I5==K5 A<5A8 8 ?>;57=K5 25I5AB20, =0E>4OI85AO 2 =8E, =5 B>;L:> 2 ?8I52>9, => 8 4;O 
:>A<5B8G5A:>9 ?@>4C:F88 270<5= 8<?>@B=>3> @0AB8B5;L=>3> AK@LO. 
�040G0 ?5@5@010BK20NI59 ?@><KH;5==>AB8 3 ?@54>AB028BL H8@>:89 0AA>@B8<5=B 

@07=>>1@07=>9 ?@>4C:F88 8 AK@LO 2KA>:>3> :0G5AB20, <0:A8<0;L=> A>E@0=82H59 ?>;57=K5 
25I5AB20. �AA;54>20=8O ?> 87CG5=8N A@>:>2 E@0=5=8O @07@01>B0==KE A<5A59 ?@>2>48;8 =0 
>A=>20=88 87<5=5=8O :8A;>B=>AB8 (@8A. 11) 8 >@30=>;5?B8G5A:>9 E0@0:B5@8AB8:8 A<5A59, B0: :0: 
?@8 E@0=5=88 68@ @0AI5?;O5BAO =0 3;8F5@8= 8 68@=K5 :8A;>BK, 2 @57C;LB0B5 G53> ?@>8AE>48B 
>1@07>20=85 A2>1>4=KE 68@=KE :8A;>B 8 ?>2KH5=85 :8A;>B=>AB8 ?@>4C:B0, 0 B0:65 ?>O2;5=85 
=5?@8OB=>3> 70?0E0 8 ?@>3>@:;>3> 2:CA0.  
"1@01>B:0 M:A?5@8<5=B0;L=KE 40==KE ?>72>;8;0 ?>;CG8BL C@02=5=8O @53@5AA88, 

>?8AK20NI85 87<5=5=8O :8A;>B=>AB8 A<5A59 2 ?@>F5AA5 E@0=5=8O A 4>AB>25@=>ABLN  
93 8 94 %. %>3;0A=> ?@>2545==>9 >@30=>;5?B8G5A:>9 >F5=:5, @07@01>B0==K5 A<5A8, E@0=OI85AO 
>B 1 4> 12 <5AOF52, >1;040;8 70?0E><, A2>9AB25==K< 8A?>;L7C5<><C AK@LN, 157 70BE;>3>, 
?;5A=525;>3> 8 4@C38E ?>AB>@>==8E 70?0E>2; F25B A<5A59 >AB020;AO A5@>20B>-:@5<>2K< A 
2:@0?;5=85< G0AB8F 1>;55 B5<=>3> F25B0. #@>2545==K5 8AA;54>20=8O ?>72>;ONB 70:;NG8BL, GB> 
?@8 A>1;N45=88 CAB0=>2;5==KE @568<>2 E@0=5=8O ?>:070B5;8 :0G5AB20 >AB0NBAO =587<5==K<8 
2 B5G5=85 12 <5AOF52.  
#>?C;O@870F8O 74>@>2>3> >1@070 687=8 >1CA;02;8205B ?>2KH5=85 ?>B@518B5;LA:>3> A?@>A0 

=0 ?@>4C:F8N ?@028;L=>3> ?8B0=8O 8 =0BC@0;L=KE :>A<5B8G5A:8E A@54AB2 =0 >A=>25 
@0AB8B5;L=KE 8=3@5485=B>2 >B5G5AB25==>3> ?@>872>4AB20. #>MB><C @07@01>B:0 0AA>@B8<5=B0 
=>2>9 ?8I52>9 8 :>A<5B8G5A:>9 ?@>4C:F88 =0 >A=>25 ?H5=8G=>->2AO=KE A<5A59 8<55B 
7=0G8<K9 A>F80;L=>-M:>=><8G5A:89 MDD5:B.  
�?5@2K5 @07@01>B0= 8 70@538AB@8@>20= 0AA>@B8<5=B ?8I52>9 8 :>A<5B8G5A:>9 ?@>4C:F88: 

@5F5?BC@0 :>:B59;O 75@=>2>3> «AquaGrain» ($* BY 700036606.280) 8 @5F5?BC@0 <0A:8 
:>A<5B8G5A:>9 «Zerno» ($* �Y 700036606.235) =0 >A=>25 ?@>4C:B0 75@=>2>3> «BioMix»; 
@5F5?BC@0 <0A:8 :>A<5B8G5A:>9 «BioMixGrain» ($* BY 700036606.279) 8 B5E=8G5A:85 CA;>28O 
«!0?8B>: H8?CG89 @0AB2>@8<K9 ACE>9 «LARI» (&' BY 791156149.002) =0 >A=>25 A<5A8 75@=>2>9 
«BioGrain».  
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$8A. 11. �7<5=5=85 :8A;>B=>AB8 ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 2 ?@>F5AA5 E@0=5=8O 

Fig. 11. Changes in the acidity of sprouted wheat-oat mixtures during storage 

 

#@>2545=K >?KB=>-?@><KH;5==K5 8A?KB0=8O ?> ?@>872>4AB2C ?8I52>9 8 :>A<5B8G5A:>9 
?@>4C:F88 2 ?@>872>4AB25==KE CA;>28OE !&* «&5E=>AB0@B», """ «%28B46>9» 2 3.  >38;525 
($5A?C1;8:0 �5;0@CAL) 8 =0 M:A?5@8<5=B0;L=>9 ;8=88 �# $C<O=F52 2 3. %0=:B-#5B5@1C@35 
($>AA89A:0O (545@0F8O). �73>B>2;5=K >?KB=K5 ?0@B88 8 >?@545;5=K ?>:070B5;8 :0G5AB20 8 
157>?0A=>AB8 ?8I52>9 8 :>A<5B8G5A:>9 ?@>4C:F88, ?@54AB02;5==K5 2 B01;. 10, 11. 

 

&01;. 10. #>:070B5;8 :0G5AB20 8 157>?0A=>AB8 ?8I52>9 ?@>4C:F88 
 

Table. 10. Indicators of quality and safety of food products 

#>:070B5;8 
�>:B59;L 75@=>2>9 

 «AquaGrain» 
!0?8B>: H8?CG89  

@0AB2>@8<K9 ACE>9 «LARI» 

�=5H=89 284 %K?CG89 ?>@>H>: 157 :><:>2, 157 ?>AB>@>==8E 2:;NG5=89.  
�>?CA:0NBAO =5?;>B=K5 :><>G:8 

*25B %2>9AB25==K9 2:;NG5==K< 2 A>AB02 ?@>4C:F88 :><?>=5=B0< A<5A8, 
15;K9 A 65;BK< >BB5=:>< 

�0?0E %2>9AB25==K9 2:;NG5==K< 2 A>AB02 ?@>4C:F88 :><?>=5=B0<, 157 
?>AB>@>==53> 70?0E0 

�8A;>B=>ABL (?>A;5 @072545=8O 
2>4>9 2 200 <;) 

!5 1>;55 
7,0 

!5 1>;55 
10,0 

�;06=>ABL, =5 1>;55 % 10,0 5,0 

�@C?=>ABL, % 

3 ?@>E>4 G5@57 A8B> 220 <:<  
�>?CA:05BAO 87<5=5=85 ?> A>3;0A>20=8N ?@>872>48B5;O,  

=5 <5=55 90,0 
#>AB>@>==85 ?@8<5A8 !5 4>?CA:0NBAO 
� �(�= , =5 1>;55 1×104 �"�/3 
�@>668 8 ?;5A5=8, =5 1>;55 10 �"�/3 
Escherichia coli  !5 4>?CA:0NBAO 2 1,0 3 
#0B>35==K5 <8:@>>@30=87<K 2 B.G. 
A0;L<>=5;;K 2 25 3 !5 4>?CA:0NBAO 

 

#@>2545=0 >F5=:0 ?>:070B5;59 :0G5AB20 8 157>?0A=>AB8 ?8I52>9 ?@>4C:F88, :>B>@0O 
?>4B25@6405B 8E A>>B25BAB285 B@51>20=8O<, CAB0=>2;5==K< 2 =>@<0B82=>9 4>:C<5=B0F881. 

                                                           
1&5E=8G5A:89 @53;0<5=B &0<>65==>3> A>N70 «" 157>?0A=>AB8 ?8I52>9 ?@>4C:F88» &$ &% 021/2011. 3 �254. 
01.07.2013. 3  8=A:: �5;>@CA. 3>A. 8=-B AB0=40@B870F88 8 A5@B8D8:0F88, ?5@58740=85 2020. 3 143 A. 

yBioGrain = 0,24x + 3,97

R² = 0,93

yBioMix = 0,23x + 3,78

R² = 0,94

4

4,5

5

5,5

6

6,5

7

7,5

8

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

�
8A
;>
B=
>A
BL
, 3
@0
4

#@>4>;68B5;L=>ABL E@0=5=8O, <5A.

#@>4C:BK 75@=>2K5 «BioMix»
%<5AL 75@=>20O «BioGrain»
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&01;. 11. #>:070B5;8 :0G5AB20 8 157>?0A=>AB8 :>A<5B8G5A:>9 ?@>4C:F88 
 

Table. 11. Indicators of quality and safety of cosmetic products 

 

#>:070B5;8 

�=0G5=85 ?>:070B5;59 
?> 

&% &$ 009/2011 

�=0G5=85 ?>:070B5;59 

<0A:8 :>A<5B8G5A:>9 

«Zerno» «BioMixGrain» 
(878:>-E8<8G5A:85 ?>:070B5;8 ?@>4C:F88 

�>4>@>4=K9 ?>:070B5;L (pH) 3,039,0 6,0 5,3±0,2 
&>:A8G=K5 M;5<5=BK 

$BCBL !5 1>;55 1,0 <3/:3  5=55 0,03 0,0781±0,0122 
 KHLO: !5 1>;55 5,0 <3/:3  5=55 0,5 0,3371±0,0403 
%28=5F  5=55 0,1 0,7852±0,1104 

&>:A8:>;>38G5A:85 ?>:070B5;8 157>?0A=>AB8 ?@>4C:F88 

"1I5B>:A8G5A:>5 459AB285, >?@545;O5<>5 
0;LB5@=0B82=K< <5B>4>< in vitro (8=45:A 
B>:A8G=>AB8 3 ;N<8=5AF5=B=K9 10:B5@80;L=K9 
B5AB) 

"BACBAB285 3 
"BACBAB285 

�>6=>-@074@060NI55 459AB285 0 10;;>2 
(>BACBAB2C5B) 

0 10;;>2 
(>BACBAB2C5B) �59AB285 =0 A;878ABK5 

�;8=8G5A:85 (:;8=8:>-;01>@0B>@=K5) ?>:070B5;8 ?@>4C:F88 

$074@060NI55 459AB285 0 10;;>2 
(>BACBAB2C5B) 

0 10;;>2 
(>BACBAB2C5B) 

0 10;;>2 
(>BACBAB2C5B) %5=A818;878@CNI55 459AB285 

 8:@>18>;>38G5A:85 ?>:070B5;8 157>?0A=>AB8 ?@>4C:F88 

� �(�=  !5 1>;55 1×103 �"�/3  5=55 1,0×10  5=55 10 
Candida albicans  !5 4>?CA:05BAO 

2 0,1 3 8;8 

2 0,1 <; 

!5 >1=0@C65=> 
2 0,1 3 

!5 >1=0@C65=> 
2 0,1 <; 

Escherichia coli 

Staphylococcus aureus  

Pseudomonas aeruginosa  

 

#@>2545=0 >F5=:0 ?>:070B5;59 :0G5AB20 8 157>?0A=>AB8 :>A<5B8G5A:>9 ?@>4C:F88, :>B>@0O 
?>4B25@6405B 8E A>>B25BAB285 B@51>20=8O< =>@<0B82=>9 4>:C<5=B0F881. 

#>;CG5=K 45:;0@0F88 > A>>B25BAB288 =0?8B:0 H8?CG53> @0AB2>@8<>3> ACE>3> «LARI» 
(@538AB@0F8>==K9 =><5@ 45:;0@0F88 > A>>B25BAB288 

EA-% 7 BY/112 11.01.  &$ 021 008 05787, 40B0 @538AB@0F88 45:;0@0F88 > A>>B25BAB288 

08.09.2020), <0A:8 :>A<5B8G5A:>9 «Zerno» (@538AB@0F8>==K9 =><5@ 45:;0@0F88 > 
A>>B25BAB288:  
7 &% BY/112 11.01. &$ 009 008 01532, 40B0 @538AB@0F88 45:;0@0F88 > A>>B25BAB288 

09.10.2015) 8 <0A:8 :>A<5B8G5A:>9 «BioMixGrain» (@538AB@0F8>==K9 =><5@ 45:;0@0F88 > 
A>>B25BAB288: EA-% N RU � �Y.!�42.�.12418/20, 40B0  @538AB@0F88 45:;0@0F88 > 
A>>B25BAB288 16.11.2020) B@51>20=8O< B5E=8G5A:8E @53;0<5=B>2 &0<>65==>3> A>N702. 

#>;CG5= ?0B5=B =0 87>1@5B5=85 «%CE0O :>A<5B8G5A:0O <0A:0 8 A?>A>1 55 ?@>872>4AB20» 
(BY 21666 C1 2018.02.28). 

 

����.+�!��  
�?5@2K5 @07@01>B0=0, 0?@>18@>20=0 8 2=54@5=0 2 ?@>872>4AB2> B5E=>;>38O ?@>872>4AB20 

?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 4;O 8A?>;L7>20=8O 2 :0G5AB25 DC=:F8>=0;L=>-
B5E=>;>38G5A:>3> 8=3@5485=B0 2KA>:>3> :0G5AB20 ?@8 ?@>872>4AB25 ?8I52>9 8 
                                                           
1&5E=8G5A:89 @53;0<5=B &0<>65==>3> A>N70 «" 157>?0A=>AB8 ?0@DN<5@=>-:>A<5B8G5A:>9 ?@>4C:F88»: 
&$.&%.009/2011. 3 �254. 23.09.2011 3  8=A:: �5;>@CA. 3>A. 8=-B AB0=40@B870F88 8 A5@B8D8:0F88, ?5@58740=85 
2012. 3 257 A. 
2&5E=8G5A:89 @53;0<5=B &0<>65==>3> A>N70 «" 157>?0A=>AB8 ?8I52>9 ?@>4C:F88» &$ &% 021/2011. 3 �254. 
01.07.2013 3  8=A:: �5;>@CA. 3>A. 8=-B AB0=40@B870F88 8 A5@B8D8:0F88, ?5@58740=85 2020. 3 143 A. 
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:>A<5B8G5A:>9 ?@>4C:F88. #>:070=>, GB> @07@01>B0==0O B5E=>;>38O ?>72>;O5B A>:@0B8BL 
B5E=>;>38G5A:89 F8:; =0 34 % 2 A@02=5=88 A B5E=>;>3859 ?>;87;0:>2KE ?@>4C:B>2 87 
?@>@>I5==>3> 75@=0, GB> >15A?5G8B A=865=85 A515AB>8<>AB8 ?@>4C:F88 =0 8E >A=>25 2284C 
8<?>@B>70<5I5=8O 4>@>3>AB>OI53> AK@LO, ?>2KA8B MDD5:B82=>ABL 8A?>;L7>20=8O 
>B5G5AB25==>3> AK@LO 8 <8=8<878@C5B 7028A8<>ABL 15;>@CAA:8E ?@>872>48B5;59 >B 
?>2KH5=8O F5= 8 87<5=5=8O A8BC0F88 =0 2=5H=8E @K=:0E. 
�AA;54>20= ?@>F5AA ?@>@0I820=8O 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3>. �?5@2K5 ?>;CG5=K 

=>2K5 40==K5 > 7=0G5=8OE 0:B82=>AB8 @>AB0 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> =0 @07;8G=KE 
MB0?0E ?@>@0I820=8O 2 480?07>=5 B5<?5@0BC@ 2>74CE0 5325 º%, E0@0:B5@87CNI85 
<0:A8<0;L=K9 2KE>4 ?@>@>I5==>3> 75@=0 70 <8=8<0;L=>5 2@5<O. 'AB0=>2;5=K 
<0B5<0B8G5A:85 7028A8<>AB8 E8<8G5A:>3> A>AB020, D5@<5=B0B82=>9 0:B82=>AB8 8 D878G5A:>-
E8<8G5A:8E A2>9AB2 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> >B 2@5<5=8 ?@>@0I820=8O, 
?>72>;ONI85 <>45;8@>20BL A>45@60=85 A;>6=KE >@30=8G5A:8E 25I5AB2, <8:@>- 8 
<0:@>=CB@85=B>2 ?@>@>I5==>3> 75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> 8 ?@>4C:B>2 =0 8E >A=>25.  
�?5@2K5 CAB0=>2;5=K 8=B53@0;L=K5 @568<K ?@>@0I820=8O 75@=0. �>:070=0 2>7<>6=>ABL 

?@>@0I820=8O ?H5=8FK 8 >2A0 3>;>75@=>3> 2 A>AB025 A<5A59. #>:070=>, GB> ?@8 A>>B=>H5=88 
60/40 8 70/30 (?H5=8F0/>25A 3>;>75@=K9) =01;N40;AO A8=5@35B8G5A:89 (CA8;820NI89) B8? 

2708<>459AB28O 8AA;54C5<KE :C;LBC@, :>B>@K9 >?@545;O;AO ?>2KH5==K< A>45@60=85< 
28B0<8==>3> 8 0<8=>:8A;>B=>3> A>AB020 @07@01>B0==KE A<5A59, 0 B0:65 2KA>:>9 0:B82=>ABLN 
@>AB0 ?@8 <8=8<0;L=>9 ?@>4>;68B5;L=>AB8 ?@>F5AA0 ?@>@0I820=8O 2 A@02=5=88 A >1@07F0<8 
8AA;54C5<KE :C;LBC@, ?@>@>I5==KE @0745;L=>. 'AB0=>2;5=K C@02=5=8O @53@5AA88, 
?>72>;ONI85 @0AAG8B0BL :>;8G5AB2> 2>4K, =5>1E>48<>9 4;O ?@>@0I820=8O A<5A59 8 >1J5<K 
70<>G=KE 5<:>AB59.  
�AA;54>20=> 2;8O=85 ?@>B82><8:@>1=>9 >1@01>B:8 =0 <8:@>1=CN >1A5<5=5==>ABL 75@=0 

?H5=8FK 8 >2A0 3>;>75@=>3>. $07@01>B0= A?>A>1 >15770@06820=8O 2 ?@>F5AA5 ?@>@0I820=8O 
75@=0 ?H5=8FK 8 >2A0 3>;>75@=>3> A 2KA>:>9 <8:@>1=>9 >1A5<5=5==>ABLN (1,5×106 �"�/3 8 
8,3×107 �"�/3 A>>B25BAB25==>), >15A?5G820NI89 A=865=85 ?>:070B5;O >1I59 <8:@>1=>9 
>1A5<5=5==>AB8 ?@>@>I5==>3> 75@=0 2 3,033,3 @070 2 A@02=5=88 A :>=B@>;5< 8 53> 
A>>B25BAB285 4>?CAB8<K< C@>2=O< <8:@>18>;>38G5A:>9 157>?0A=>AB8 4;O ?8I52>9 
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�AA;54>20= ?@>F5AA E@0=5=8O A<5A59. 'AB0=>2;5=>, GB> A@>: E@0=5=8O A<5A59, ?@8 :>B>@>< 
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8A?>;L7>20=8O ?>;CG5==KE ?@>@>I5==KE ?H5=8G=>->2AO=KE A<5A59 =5 B>;L:> ?@8 
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