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�==>B4F8O. #D<698ёA B5;BD <EFBKA<>B6, BF-

D4:4RM<I @BF<64J<R 47DBE9>FBD4 $( > 6O6989-
A<R < 6B;89?O64A<R @4E?<KAB7B ?PA4. "EB5B9 
6A<@4A<9 G89?S9FES C<M96B= J9AABEF< QFB= E9?P-
E>BIB;S=EF69AAB= >G?PFGDO. %9@9A4 @4E?<KAB7B 
?PA4 E?46SFES E6B9= CB?<HGA>J<BA4?PABEFPR, KFB 
B5NSEAS9FES 5B74FO@ D4;ABB5D4;<9@ AGFD<9AFB6. 
'ED98A9AAO= >B@CBA9AFAO= EBEF46 E9@9A<: 20 % 

59?><, 41 % :<DO, 27 % >?9FK4F>4, 3 % 6<F4@<AO, 
@<A9D4?O, H9AB?PAO9 EB98<A9A<S < 8D. �@<AB-
><E?BFAO= CDBH<?P 59?>4 ?PASAB7B E9@9A< I4D4>-
F9D<;G9FES E54?4AE<DB64AABEFPR < <89AF<K9A CB 
EBEF46G EB96B@G – CD<ASFB@G «<894?PAO@» 6 >DG-
7G D4EF<F9?PAOI >G?PFGD. �PASAB9 @4E?B <;69EFAB 
6OEB><@ EB89D:4A<9@ A9;4@9A<@OI ω-3 < ω-6 

CB?<A9A4EOM9AAOI :<DAOI ><E?BF, E CD9B5?4-
84RM<@ >B?<K9EF6B@ C9D6OI. �ECB?P;B64A<9 
?PASAB7B @4E?4 @B:9F 5OFP D9>B@9A8B64AB 8?S 
CDBH<?4>F<>< L<DB>B7B >DG74 ;45B?964A<=, 6 FB@ 
K<E?9 E9D89KAB-EBEG8<EFOI. #B>4;4A4 5<B?B7<K9-
E>4S ;A4K<@BEFP C<M96OI 6B?B>BA E9@SA @4E?<K-
AB7B ?PA4, <I D4EF6BD<@B= (E?<;<) < 
A9D4EF6BD<@B= (J9??R?B;4, ?<7A<AO) HD4>J<=. 
#D<6989AO 84AAO9 B @AB7BB5D4;<< 6<F4@<AAB -

@<A9D4?PAB7B >B@C?9>E4 E9@SA @4E?<KAB7B ?PA4, 
BC<E4AO HGA>J<< EBBF69FEF6GRM<I C<F4F9?PAOI 
>B@CBA9AFB6. #DB6989AAO= 4A4?<F<K9E><= B5;BD 
E6<89F9?PEF6G9F B C9DEC9>F<6ABEF< 84?PA9=L97B 
D4;6<F<S BFD4E?< CDB<;6B8EF64 @4E?<KAB7B ?PA4 6 
J9?SI CB?GK9A<S @4E?BE9@SA – CDB8G>J<< E 6OEB-
>B= C<M96B= J9AABEFPR. 

 

К;NG96O9 A;>64: @4E?<KAO= ?9A, E9@9A4, E9-
?9>J<S, I<@<K9E><= EBEF46, 5<B?B7<K9E>4S J9A-
ABEFP, C<M964S J9AABEFP. 
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Abstract. The article provides an overview of 

sources reflecting the motivation of the agricultural 

sector of the Russian Federation for the breeding and 

cultivation of oilseed flax. Special attention is paid to 

the nutritional value of the discussed agricultural 

crop. Oil flax seeds are famous for their polyfunction-

ality, which is explained by the rich diversity of nutri-

ents. The average component composition of the seed 

is 20% proteins, 41% fats, 27% fiber, 3% vitamins, 

minerals, phenolic compounds, etc. The amino acid 

profile of flax protein is characterized by balance and 

is identical in composition to soybean one – the ac-

cepted "ideal" in the circle of plant crops. Flaxseed oil 

is known for its high content of essential ω-3 and ω-6 

polyunsaturated fatty acids, with the predominant 

amount of the former. The use of flax seed oil can be 

recommended for the prevention of a wide range of 

diseases, including cardiovascular. The biological 

significance of dietary fibers of oil flax seeds, their 

soluble (mucus) and insoluble (cellulose, lignins) 

fractions is shown. The data on the diversity of the 

vitamin and mineral complex of oil flax seeds are 

presented, the functions of the corresponding nutri-

tional components are described. The conducted ana-

lytical review indicates the prospects for further 

development of the oil flax industry in order to obtain 

oil seeds – products with high nutritional value. 

 

Key words: oilseed flax, seeds, breeding, chemi-
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�6989=89. �ёA >G?PFGDAO= B5O>AB-

69AAO= (Linum usitatissimum L.) CB?GK<? 
L<DB>B9 CD<@9A9A<9 6 D4;?<KAOI CDB-
@OL?9AAOI BFD4E?SI 66<8G E6B9= 6OEB-
>B= J9AABEF<. �ёA S6?S9FES 8D96A9=L9= 
E9?PE>BIB;S=EF69AAB= >G?PFGDB=, C9D-
6<KA4S ;A4K<@BEFP >BFBDB= ;4>?RK4?4EP 6 
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99 @4E?<KAB-C<M96B= J9AABEF<, E F9K9A<-
9@ 6D9@9A< 97B A4K4?< CD<@9ASFP < 8?S 
<;7BFB6?9A<S F9>EF<?S. � FB :9 6D9@S 
CD<6?9>4F9?PABEFP ?PA4 6OD4:49FES 6 
F9IAB?B7<< 97B 6OD4M<64A<S, BA B5?484-
9F 6OEB>B= ;4EGIB- < IB?B8BGEFB=K<6B-
EFPR. %B7?4EAB 84AAO@ 4DI9B?B7<K9E><I 
< C4?9B5BF4A<K9E><I <EE?98B64A<=, C9D-
6O@< 6<84@< ?PA4, CB869D7L<@<ES 8B@9-
EF<>4J<<, S6?SRFES ?ёA G;>B?<EFAO= 
(86G?9FA<=) < ?ёA B5O>AB69AAO= [1].   
�AGFD<6<8B64S >?4EE<H<>4J<S >G?P-

FGDAB7B ?PA4 A9B8AB;A4KA4 < <AF9DCD9-
F<DG9FES <EE?98B64F9?S@< CB-D4;AB@G. 
%B7?4EAB E<EF9@4F<;4J<< �.�. %<;B64 
(1955), CD<;A4AAB= A4<5B?99 D4J<BA4?P-
AB= L<DB><@ >DG7B@ E9?9>J<BA9DB6, 
>G?PF<6<DG9@O= ?9A CB8D4;89?S9FES A4 
CSFP 7DGCC, ED98< >BFBDOI 8B?7GA9J, @9-
:9G@B>, >G8DSL (7BDAO=), >DGCABE9@SA-
AO= < CB?GB;<@O= EF9?RM<=ES. "8A4>B 
84AA4S >?4EE<H<>4J<S BH<J<4?PAB7B 
CB8F69D:89A<S A9 <@99F. �B?7GA9J 6B;-
89?O649FES CD9<@GM9EF69AAB 6 J9?SI CB-
?GK9A<S ?PAB6B?B>A4, >G8DSL S6?S9FES 
@4E?<KAB= >G?PFGDB=, 4 ?ёA-@9:9G@B> 
@B:9F 5OFP <ECB?P;B64A 6 B5B<I A4CD46-
?9A<SI. �4> CD46<?B, CBE?98A<9 869 
7DGCCO B5N98<ASRF CB CD<;A4>G CB6O-
L9AAB= @4E?<KABEF< < <@9AGRF >4> «?ёA 
@4E?<KAO=» [2; 3; 4; 5; 6]. #B @A9A<R E9-
?9>J<BA9DB6 �!�� �, A4<5B?99 ?B7<K-
AB= S6?S9FES >?4EE<H<>4J<S >4A48E><I 
5BF4A<>B6 A. Diederrichsen < K. Richards 
(2003), BA< 6 E6BR BK9D98P CD<89D:<64-
?<EP >BAJ9CJ<< W. Kulpa < S. Danert 

(1962), EB7?4EAB >BFBDB= >G?PFGDAO= ?ёA 
<@99F K9FOD9 D4;AB6<8ABEF<: D4EFD9E><-
64RM<=ES ?ёA (L. usitatissimum convar. 
crepitans (Boenn.) Kulpa et Danert), 8B?7G-
A9J (L. usitatissimum convar. elongatum 

Vav. et Ell.), CDB@9:GFBKAO= @4E?<KAO= 
(L. usitatissimum convar. mediterraneum 

(Vav. et Ell.) Kulpa et Danert) < @4E?<KAO= 
?ёA (L. usitatissimum convar. usitatissimum) 
[7; 8].  

!9;9:F8O ;P=4 6> ��ИИ�К 8 6  $. 
%9?9>J<S ?PA4 6B �!�� � <@9A<      
�.%. #GEFB6B=F4 59D9F E6Bё A4K4?B E 1937 7. 

#B D9;G?PF4F4@ D45BFO �!�� � EB;84-
A4 >B??9>J<S ?<A<= ?PA4, 6>?RK4RM4S 
B>B?B 200 6OEB>B@4E?<KAOI B5D4;JB6, 
@4E?<KABEFP A9>BFBDOI 8BIB8<F 8B 56 % 

[9]. �4 CBE?98A99 89ESF<?9F<9 5O?B 6O69-
89AB A9@4?B9 >B?<K9EF6B C9DEC9>F<6AOI 
EBDFB6 @4E?<KAB7B ?PA4, ED98< A<I �4A<> 
[10], !<?<A [11], Ы 117 [12], �!�� � 
620 (! [13], $(! [14], %A97GDB> [15], Ы 
220 [16]. � �BED99EFD E9?9>J<BAAOI 8B-
EF<:9A<=, 8BCGM9AAOI > <ECB?P;B64A<R 
6 $(, 6IB8<F 48 EBDFB6 @4E?<KAB7B ?PA4, 
ED98< >BFBDOI 21 EBDF E9?9>J<<      
�!�� �. � EB6B>GCABEF< EBDF4 @4E?<K-
AB7B ?PA4 E9?9>J<< �!�� � ;4A<@4RF 
A9 @9A99 2 / 3 K4EF< BF B5M9= CBE96AB= 
C?BM48< (1 @?A 74) 6E9I ?PABE9RM<I D9-
7<BAB6 $BEE<<. � BEAB6AO@ EBDF4@, ;4-
A<@4RM<@ 5B?PL<9 C?BM48< 6 $(, 
BFABESFES: �!�� � 620, (���, �<DR;4, 
$48G74, �64A74D8, %969DAO=, !959EAO=, 
�67GEF, �@59D, $(!, �4A<>, �!�� � 
620 (!, Ы 117 < %A97GDB> [17]. 
 4E?<KAO= ?9A <@99F S6AB9 CD9<@G-

M9EF6B 6 B5M9= EFDG>FGD9 CBE96B6 ?PA4 6 
@<D9 – BA ;4A<@49F B>B?B 84 % 6E9I 6B;-
89?O649@OI C?BM489=, A4 8B?R 8B?7GA-
JB6OI HBD@ CD<IB8<FES ?<LP 16 % [18]. 

#B 84AAO@ $BEEF4F4, 6 C9D<B8 E 2019 CB 
2020 7. < E 2020 CB 2021 7. C?BM48P CBE9-
64 @4E?<KAB7B ?PA4 ?<8<DB64?4 CB     
CD<DBEFG ED98< BEF4?PAOI E9?PE>BIB;S=-
EF69AAOI >G?PFGD 6 $( (D<E. 1). �<A4@<-
>4 DBEF4 F9DD<FBD<= 6OD4M<64A<S 
@4E?<KAB7B ?PA4 ABE<F CBEFBSAAO= I4-
D4>F9D G:9 A4 CDBFS:9A<< @AB7<I ?9F. 
$B?P $BEE<< 6 @<DB6B@ CDB<;6B8EF69 
@4E?<KAOI >G?PFGD ;4 CBE?98A<9 7B8O 
;A4K<@B 6B;DBE?4, CDBJ9AF CDB<;6B8<@B-
7B A4 F9DD<FBD<< EFD4AO ?PA4 EBEF46?S9F 
B>B?B 26 % BF B5M9@<DB6B7B >B?<K9EF64. 
"8A4>B 6 $( C9D9D45BF>4 ?PA4 CDB<;6B-
8<FES ?<LP A4 15–20 % CB BFABL9A<R > 
B5M9@G B5N9@G CDB<;6B8EF64, 6E?98EF6<9 
K97B >G?PFGD4 BEF49FES CD9<@GM9EF69AAB 
Q>ECBDFAB-BD<9AF<DB64AAB= [19; 20; 21].  
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(4) 

 
(5) 

 

$<EGAB> 1 – �;@9A9A<9 CBE96AOI C?BM489= 
BEAB6AOI D4EF9A<96B8K9E><I >G?PFGD 6 $(: 

4) – E 2019 CB 2020 77.,  
5) – E 2020 CB 2021 77. [19; 20] 
 

&4><@ B5D4;B@, CDB<;6B8EF6B @4E?<K-
AB7B ?PA4 I4D4>F9D<;G9FES 6OEB>B=     
D9AF459?PABEFPR, KFB BCD989?S9F C9D-
EC9>F<6ABEFP ;484AAB7B A4CD46?9A<S <, 
E?98B64F9?PAB, 6OEB><= CD<DBEF F9DD<-
FBD<= 97B 6OD4M<64A<S 6 $(.  
�5;4AB8 ?@8<9=9=8O ;P=4. �PASAB9 

6B?B>AB B5?4849F 6OEB>B= J9AABEFPR, 
6E?98EF6<9 K97B 4>F<6AB <ECB?P;G9FES 6 
@<DB6B= F9>EF<?PAB=, ?97>B= CDB@OL-
?9AABEFSI < 8DG7<I. "5OKAB 6 G>4;4AAOI    
B5?4EFSI CD<@9ASRF ?9A-8B?7GA9J, CD9-
<@GM9EF69AAB ?G5SAB= E?B= EF95?S D4E-
F9A<S. !4<5B?PL9= J9AABEFPR B5?4849F 
B8<A <; C9D6<KAOI CDB8G>FB6 C9D9D45BF-
>< ?PASAB= FD9EFO – 8?<AAB9 6B?B>AB. 
�PAB6B?B>AB B5?4849F F4><@< I4D4>F9D<-
EF<>4@<, >4> 6OEB>4S CDBKABEFP < 7<7DB-
E>BC<KABEFP, 6B;8GIBCDBA<J49@BEFP, 
F9C?BCDB6B8ABEFP, 7<CB4??9D79AABEFP, 
54>F9D<J<8ABEFP, > FB@G :9 @4F9D<4?O <; 

?PA4 A9 Q?9>FD<;GRFES. �PASAB= F9>EF<?P 
@B:9F E?G:<FP 8BEFB=AB= 4?PF9DA4F<6B= 
I?BC>B6B@G [22; 23; 24]. "8A4>B QHH9>-
F<6ABEFP D4;6<F<S CDB<;6B8EF64 ?PA4-
8B?7GAJ4 A4 F9DD<FBD<< $( B5N9>F<6AB 
A<;>4, KFB CB8F69D:849FES 6OL9<;?B-
:9AAO@< H4>F4@<.  
�OEB><= <AF9D9E 47D4D<96 $BEE<< > 

@4E?<KAB@G ?PAG B5BEAB64A 6 FB@ K<E?9 
6OEB>B= C<M96B= J9AABEFPR 97B E9@SA. 
%9@9A4 ?PA4 6 E6B9@ EBEF469 EB89D:4F 
59?>< E CB?ABJ9AAO@ 4@<AB><E?BFAO@ 
CDBH<?9@, CB?<A9A4EOM9AAO9 :<DAO9 
><E?BFO (#!��), 6B8BD4EF6BD<@GR < 
A9D4EF6BD<@GR HD4>J<< >?9FK4F><, H9-
AB?PAO9 EB98<A9A<S, 6<F4@<AO 7DGCCO 
�, C < � < D4;?<KAO9 @<>DBQ?9@9AFO [25; 
26; 27; 28; 29; 30; 31]. #D<5?<;<F9?PAO= 
I<@<K9E><= EBEF46 E9@9A< @4E?<KAB7B 
?PA4 [32] CD<6989A A4 D<EGA>9 2. %BEF46 
@B:9F 64DP<DB64FPES 6 ;46<E<@BEF< BF 
@BDHB79A9F<K9E><I, F9IAB?B7<K9E><I < 
Q>B?B7<K9E><I H4>FBDB6. 

 

 
 

$<EGAB> 2 – #D<5?<;<F9?PAO= I<@<K9E><= 
EBEF46 E9@9A< @4E?<KAB7B ?PA4 

 
�9;:>64O A>AB46;ONщ4O A9<O= <4A-

;8G=>7> ;P=4. �9?B> ?PASAB7B E9@9A< EB-
EFB<F CD9<@GM9EF69AAB <; 86GI HD4>J<=: 
EB?9D4EF6BD<@B= 6OEB>B@B?9>G?SDAB= 
(7?B5G?<AO) < 6B8BD4EF6BD<@B= A<;>B@B-
?9>G?SDAB= (4?P5G@<AO). �B?S B5M97B 
59?>4 6 ?PASAB@ E9@9A< 6 ED98A9@ EBEF46-
?S9F B>B?B 20 %, G A9>BFBDOI B5D4;JB6 
84AAO= CB>4;4F9?P 8BEF<749F 30 % < 6OL9. 
� F45?<J9 1 CD<6989AB EB89D:4A<9 4@<-
AB><E?BF A4 100 7 59?>4 E9@SA @4E?<KAB-
7B ?PA4 D4;?<KAOI EBDFB6 >4> BF9K9-
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BF9G9EF69AAB7B, F4> < ;4DG59:AB7B CDB<;6B8EF64. 
 

&45?<F4 1 
 

СB89D:4A<9 4@<AB><E?BF 6 59?>9 E9@яA @4E?<чAB7B ?ьA4  
D4;?<чA<х EBDFB6, 7/100 7 CDBF9<A4 
 

А@<AB-
><E?BF4 

 

%BDF ?PA4 
 

%9@9-

A4  
EB< 

[39] 

«ЭF4?BA» 

(А�/В�� 

[40] 

NorLin 

[29, 
35] 

Omega 

[29, 35] 

Brown 

flaxseed 
[33] 

Valour 

[34] 

Foster 

[35] 

NorMan 

[36] 

'D4?P-

E><= 
[37] 

'D4?P-

E><= 
:9?-
FO= 

[37] 

�E<?P-
>G?P-

E><= 
[38] 

$GG99> 

[38] 

В����К 

620 (� 
[38] 

�EFB> 
[38] 

 

�А�Е���ЫЕ 
 

А;а=8= 
(Ala) 

4,4 4,5 3,77 3,77 4,7 5,67 3,41 2,11 5,13 5,27 5,21 4,92 

- - 

А@78=8= 
(Arg) 

9,2 9,4 9,42 9,71 10,0 11,9 11,14 11,42 10,75 11,21 10,59 11,38 

АA?а@а-

78=>6ая 
:8A;>Bа 
(Asp) 

9,3 9,7 9,92 9,02 10,0 12,3 н/д* н/д* 11,16 10,92 11,02 11,17 

�;CBа<8-

=>6ая 
:8A;>Bа 
(Glu) 

19,6 19,7 19,46 19,75 20,0 21,8 22,95 23,48 21,73 21,62 21,41 22,29 

�;8ц8= 
(Gly) 

5,8 5,8 5,90 5,19 5,9 5,61 7,10 7,49 6,22 6,28 6,19 6,21 

П@>;8= 
(Pro) 

3,5 3,5 3,73 2,45 3,8 4,17 4,60 4,80 4,15 4,21 4,08  

%9@8= 
(Ser) 

4,5 4,6 5,00 4,53 4,7 4,58 5,51 5,91 2,83 2,86 2,74 2,79 

 

�Е�А�Е���ЫЕ 
 

�8AB888= 
(His) 

2,2 2,3 2,43 1,59 2,1 2,52 2,67 2,63 2,25 1,64 1,28 2,17 
2,4–2,9 

1,60 

И7>;99-

ц8= (Ile) 4,0 4,0 3,85 3,37 4,1 4,55 5,11 5,04 4,72 4,68 4,60 4,67 
2,9–4,7 

3,00 

Л99ц8= 
(Leu) 

5,8 5,9 5,72 4,67 6,0 5,83 7,10 7,20 6,40 6,39 6,48 5,92 
6,4–7,5 

6,10 

Л878= 
(Lys) 

4,0 3,9 3,83 2,12 4,0 3,24 4,60 5,09 4,32 4,44 4,30 4,49 
5,8–6,7 

4,80 

&@9>=8= 
(Thr) 

3,6 3,7 4,14 2,83 3,8 3,07 4,09 4,27 3,40 3,41 3,37 3,37 
3,8–4,5 

2,50 

&@8?B>-

Dа= (Trp) 1,8 н/д* 1,50 1,10 н/д* н/д* 1,70 1,87 н/д* н/д* н/д* н/д* - 0,66 

�а;8= 
(Val) 

4,6 4,7 4,84 3,75 5,1 4,65 6,08 6,2 6,06 6,11 6,01 6,21 
3,4–5,0 

4,00 

Met + 

Cys 
2,6 2,5 2,61 3,74 3,2 1,83 1,99 2,34 1,63 1,73 1,55 2,35 

- 
2,30 

Phe + 

Tyr 
6,9 7,0 7,09 6,02 7,2 8,25 5,51 5,97 7,6 7,75 7,39 7,61 

- 
4,10 

*н/д – A9F 84AAOE 
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�@<AB><E?BFAO= CDBH<?P CDBF9<A4 
?PASAB7B E9@9A< <89AF<K9A EBEF46G EB9-
6B7B, >BFBDO= CD<;A4A A4<5B?99 C<F4-
F9?PAO@ ED98< D4EF<F9?PAOI >G?PFGD. 
&4><@ B5D4;B@, 66989A<9 ?PABCDB8G>FB6 
6 D4J<BA C<F4A<S @B:9F ECBEB5EF6B64FP 
CB6OL9A<R 97B E54?4AE<DB64AABEF< < 
6BECB?A9A<R A9B5IB8<@B7B GDB6AS A9;4-
@9A<@OI 4@<AB><E?BF 8?S ABD@4?PAB7B 
HGA>J<BA<DB64A<S BD74A<;@4, EB7?4EAB 
ABD@4@ (�"/�"�.  
Ж8@=O9 :8A;>BO. %9@9A4 @4E?<KAB-

7B ?PA4 S6?SRFES <EFBKA<>B@ 6OEB>B>4-
K9EF69AAB7B D4EF<F9?PAB7B @4E?4, A4 
D<EGA>9 3 CD<6989A 97B GED98A9AAO= 
:<DAB-><E?BFAO= EBEF46 [29]. 

  

 
$<EGAB> 3 – �<DAB-><E?BFAO= EBEF46 

?PASAB7B @4E?4 
 

�?S ?PASAB7B @4E?4 I4D4>F9DAB A<;>B9 
EB89D:4A<9 A4EOM9AAOI :<DAOI ><E?BF, 
<;5OFB> >BFBDOI ECBEB5EF6G9F CB6OL9-
A<R GDB6AS ?<CBCDBF9<AB6 A<;>B= C?BF-
ABEF< <, >4> E?98EF6<9, B5M97B 
IB?9EF9D<A4 6 >DB6<, KFB CD<6B8<F > D4;-
6<F<R E9D89KAB-EBEG8<EFOI ;45B?964A<= 
[41; 42]. � FB :9 6D9@S @4E?B ?PA4       
E?46<FES 6OEB><@ EB89D:4A<9@ CB?<A9-
A4EOM9AAOI :<DAOI ><E?BF E CD9B5?4-
84RM<@ >B?<K9EF6B@ α-?<AB?9AB6B=, 
>BFBD4S S6?S9FES CD98L9EF69AA<>B@ 8DG-
7<I :<;A9AAB 64:AOI ω-3 :<DAOI ><E?BF – 
Q=>B;4AC9AF49AB6B= < 8B>B;4A79>E49AB-
6B=. "@974-3 < B@974-6 CB?<A9A4EOM9A-
AO9 :<DAO9 ><E?BFO S6?SRFES 
QEE9AJ<4?PAO@<, 6E?98EF6<9 K97B 8B?:AO 
CD<EGFEF6B64FP 6 D4J<BA9 C<F4A<S. 
#!�� GK4EF6GRF 6 HBD@<DB64A<< HBE-

HB?<C<8B6 >?9FBKAOI @9@5D4A < E<AF9;9 
7BD@BAB6, BEGM9EF6?SRM<I D97G?SJ<R 
B5@9AAOI CDBJ9EEB6 6 >?9F>4I. !98BEF4-
FB> CB?<A9A4EOM9AAOI :<DAOI ><E?BF 
CD<6B8<F > <;@9A9A<R :<DAB-><E?BFAB7B 
EBEF464 C?4;@4F<K9E><I @9@5D4A, A4DG-
L9A<R <I HGA>J<BA4?PAB= EF45<?PABEF<, 
EA<:9A<R GEFB=K<6BEF< > C4FB79AAB@G 
6B;89=EF6<R < G69?<K9A<R CDBA<J49@B-
EF<. &4><9 CDBJ9EEO @B7GF CDB6BJ<DB64FP 
6B;A<>AB69A<9 D4;?<KAB7B DB84 ;45B?9-
64A<= [26; 41]. �4:AB9 ;A4K9A<9 <@99F 
BCF<@4?PAB9 EBBFABL9A<9 ω-6 : ω-3 CB-
?<A9A4EOM9AAOI :<DAOI ><E?BF 6 D4J<-
BA9 C<F4A<S, 6 ED98A9@ BAB 8B?:AB 
64DP<DB64FPES 6 <AF9D64?9 1 : 1 – 10 : 1, 
B8A4>B 6 D94?<SI EB6D9@9AAB7B K9?B69>4 
;4K4EFGR 84AAB9 EBBFABL9A<9 7BD4;8B 
6OL9 (20–30 : 1) [44; 45]. �;5OFBKAB9 >B-
?<K9EF6B ω-6 EBCDB6B:849FES CB6OL9A<-
9@ 6S;>BEF< >DB6<, 6B;A<>AB69A<9@ 
EC4;@B6 < EG:9A<9@ EBEG8B6, 6 FB 6D9@S 
>4> ω-3 #!�� B5?484RF 7<CB?<C<89@<-
K9E><@, 7<CB>B47G?SJ<BAAO@, 4AF<-
47D974AFAO@, CDBF<6B6BEC4?<F9?PAO@, 
BA>BCDBH<?4>F<K9E><@, <@@GAB@B8G?<-
DGRM<@, 4AF<4D<F@<K9E><@, EBEG8BD4E-
L<DSRM<@ 89=EF6<9@, CB889D:<64RF 
ABD@4?PAB9 HGA>J<BA<DB64A<9 7B?B6AB7B 
@B;74 < A9D6AB= E<EF9@O [45; 46; 47; 48; 
49]. &4><@ B5D4;B@, ?PABCDB8G>FO (?PAS-
AB9 E9@S, ?PASA4S @G>4, ?PASAB9 @4E?B) 
S6?SRFES >BAJ9AFD<DB64AAO@< <EFBKA<-
>4@< ω-3, 6E?98EF6<9 K97B <I 66989A<9 6 
D4J<BA C<F4A<S @B:9F >B@C9AE<DB64FP 
A98BEF4FB> QEE9AJ<4?PAOI #!�� < ECB-
EB5EF6B64FP CB889D:4A<R <I A9B5IB8<-
@B7B 8?S K9?B69K9E>B7B BD74A<;@4 
GDB6AS.  
�8щ96O9 6>;>:=4. #<M96B9 6B?B>AB 

?PASAB7B E9@9A< CD98EF46?9AB >4> 6 D4E-
F6BD<@OI, F4> < A9D4EF6BD<@OI HBD@4I, 
BA< EBBFABESFES 6 CDBCBDJ<SI 20 : 80 –  
40 : 60. !9D4EF6BD<@4S HD4>J<S >?9FK4F-
>< EBEFB<F CD9<@GM9EF69AAB <; J9??R?B-
;O < A9G7?96B8AOI >B@CBA9AFB6 – 
?<7A<AB6. (<;<B?B7<K9E>B9 89=EF6<9 F4-
>B= HD4>J<< ;4>?RK49FES 6 EF<@G?SJ<< 
C9D<EF4?PF<>< ><L9KA<>4, :9?K9BF89?9-
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A<S, EA<:9A<S GDB6AS 7?R>B;O 6 >DB6<, 
EBD5J<< IB?9EF9D<A4 < 8DG7<I :<DBD4E-
F6BD<@OI 69M9EF6, 6 FB@ K<E?9 ?<7A<AO 
B5?484RF BA>BCDBF9>FBDAO@ < 4AF<B>E<-
84AFAO@ 89=EF6<9@ [26; 50; 51].  
$4EF6BD<@4S HD4>J<S C<M96OI 6B?B>BA 

E9@9A< ?PA4 CD98EF46?9A4 CD9<@GM9EF69A-
AB E?<;S@<, >BFBDO9 EBEFBSF <; CB?<E4I4-
D<8B6 (83,3 %), 59?>B6 (4,6 %) < ;B?PAOI 
69M9EF6 (11,8 %) [52]. #B?<E4I4D<8A4S 
E@9EP B5D4;B64A4 FD9@S EBBF69FEF6GR-

M<@< 6OEB>B@B?9>G?SDAO@< >B@CBA9AF4-
@<: 75 % – A9=FD4?PAO= CB?<E4I4D<8 (  = 
1,2 · 106 7/@B?P); 3,75 % < 21,25 % – ><E?O9 
CB?<E4I4D<8O AF1 (  = 6,5 · 105 7/@B?P) < 
AF2 (  = 1,7 · 104 7/@B?P) EBBF69FEF69AAB 
[53]. #B?<E4I4D<8AO9 E?<;< ?PA4 B5?4-
84RF B56B?4><64RM<@, E?45<F9?PAO@, 
D48<BCDBF9>FBDAO@ < <@@GAB;4M<FAO@ 
89=EF6<9@ [54]. 
$9=>;P=O9 A>988=9=8O. � EBEF469 

E9@SA ?PA4 EB89D:4FES 5<B?B7<K9E>< 4>-
F<6AO9 69M9EF64 – H?46BAB<8O, H9AB?P-
AO9 ><E?BFO < ?<7A4AO, CD< QFB@ 
CBE?98A<9 ;A4K<F9?PAB CD9B5?484RF. 
�<7A4AO BFABESFES > >?4EEG H<FBQEFDB-
79AB6 – CD<DB8AOI A9EF9DB<8AOI D4EF<-
F9?PAOI >B@CBA9AFB6, B5?484RM<I 
QEFDB79ABCB8B5AB= 4>F<6ABEFPR. � ?PAS-
AB@ E9@9A< CD9<@GM9EF69AAB EB89D:4FES 
E9>B<;B?4D<J<D9;<AB?4 8<7?R>B;<8 (%��), 
E9>B<;B?4D<J<D9;<AB?, @9F4<D9;<AB?, 
?4D<J<D9;<AB?, <;B?4D<J<D9;<AB? < 8D. 
[55]. !4<5B?PL9= 5<B?B7<K9E>B= J9AAB-
EFPR B5?4849F %��, 97B >B?<K9EF6B 6 
?PASAB@ E9@9A< 4AB@4?PAB 6OL9, K9@ 6 
8DG7<I, 6 FB@ K<E?9 5B5B6OI < ;9DAB6OI 
>G?PFGD4I [51; 55]. � D9;G?PF4F9 @9F45B-
?<;@4 %�� 6 BD74A<;@9 CB8 6?<SA<9@ 
@<>DBH?BDO ><L9KA<>4 B5D4;GRFES QA-
F9DB?4>FBA < QAF9DB8<B? – ?<7A4AO @?9-
>BC<F4RM<I. �<7A4AO B5?484RF SD>B 
6OD4:9AAB= 4AF<B>E<84AFAB= 4>F<6AB-
EFPR. �4:AO@ <I H<;<B?B7<K9E><@    
89=EF6<9@ S6?S9FES ECBEB5ABEFP <A7<5<-
DB64FP D4;6<F<9 7BD@BAB;46<E<@OI BCG-
IB?9= [56; 57; 58; 59; 60].  9I4A<;@ 
F4>B7B 89=EF6<S @B:9F 5OFP BEAB64A A4 
<A7<5<DB64A<< ?<7A4A4@< QA;<@B6, 

GK4EF6GRM<I 6 @9F45B?<;@9 7BD@BAB6, 
KFB CD<6B8<F > EA<:9A<R 8BEFGCABEF< 
QEFDB79A4 < CD9CSFEF6G9F DBEFG BCGIB?9-
6OI >?9FB> [25; 55]. "8A4>B EGM9EF6GRF 
<EE?98B64A<S, BCDB69D74RM<9 4AF<>4A-
J9DB79AAGR 4>F<6ABEFP ?<7A4AB6 ?PA4 
[29; 58; 60]. 
�8B4<8=O 8 <8=9@4;O. �<F4@<AAB-

@<A9D4?PAO= EBEF46 ?PASAB7B E9@9A<  
8B6B?PAB D4;ABB5D4;9A. #D<@9DAO=     

6<F4@<AAO= EBEF46 E9@SA ?PA4 < 97B    
H<;<B?B7<K9E>4S DB?P 6 K9?B69K9E>B@   
BD74A<;@9    CD98EF46?9AO   6   F45?<J9 2.  

 
&45?<J4 2 

 

В<Fа@<AO E9@яA @аE?<KAB7B ?PAа,  

<I HGA>J<< 

 

�<F4@<A 
%B89D:4A<9, 
@7/100 7 (GA>J<< [61; 62; 63] 

1 2 3 

�B
8B
D4
EF
6B
D<
@O
9 

�A:>@58=>64O 
:8A;>B4 (!),  
4AF<E>BD5GFAO= 

0,50 [25, 29] 

�AF<B>E<84AF. 'K4EF6G-
9F 6 E<AF9;9 >B??479A4, 
ABD@4?<;4J<< CDBA<J4-
9@BEF< >4C<??SDB6, D9-
7G?<DB64A<< 
G7?96B8AB7B B5@9A4, 
"�$, E69DFO649@BEF< 
>DB6<, D979A9D4J<< F>4-
A9=, B5D4;B64A<< EF9DB-
<8AOI 7BD@BAB6, 
B59EC9K<649F ABD@4?P-
AO= 79@4FB?B7<-K9E><= 
< <@@GAB?B7<K9E><= 
EF4FGE BD74A<;@4, 97B 
GEFB=K<6BEFP > <AH9>-
J<< < EFD9EEG 

�<F4@<AO 7DGCCO � 

"84<8= (�1), 
4AF<A96D<FAO= 

0,5 [25, 29] 

$97G?SJ<S G7?96B8AB7B 
B5@9A4. !9B5IB8<@ CD< 
A4DGL9A<< HGA>J<= J9A-
FD4?PAB= A9D6AB= E<EF9-
@O, ?97><I HBD@4I 
E>?9DB;4, D4;?<KAOI E9D-
89KAB-EBEG8<EFOI ;45B-
?964A<SI 

 85>D;468= (�2), 
6<F4@<A DBEF4 

0,2 [25, 29] 

#D<A<@49F GK4EF<9 6 
CDBJ9EE4I G7?96B8AB7B, 
59?>B6B7B < ?<C<8AB7B 
B5@9A4, 6 B><E?<F9?PAB-
6BEEF4AB6<F9?PAOI CDB-
J9EE4I 6 >4K9EF69 >BH4>-
FBD4 H9D@9AFB6. �7D49F 
F4>:9 64:AGR DB?P 6 
CB889D:4A<< ABD@4?PAB= 
;D<F9?PAB= HGA>J<< 7?4; 
< E<AF9;9 79@B7?B5<A4 

�8:>B8=>64O 
:8A;>B4 (�3), 
4AF<C9??4D7<K9-
E><= 

3,2 [25, 29] 

"5?4849F CDBF<6BC9??47-
D<K9E><@ 89=EF6<9@, 
G?GKL49F G7?96B8AO= 
B5@9A, CB?B:<F9?PAB 
89=EF6G9F CD< ;45B?964-
A<SI C9K9A<, E9D8J4, S;69 
:9?G8>4, 6S?B ;4:<64R-
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M<I D4A4I < S;64I, B>4;O-
649F EBEG8BD4EL<DSRM99 
89=EF6<9 

#DB8B?:9A<9 F45?<JO 2 
1 2 3 

�B
8B
D4
EF
6B
D<
@O
9  

 

�4=B>B9=>64O 
:8A;>B4, 4AF<-
89D@4F<FAO= 

0,6 [25, 29] 

%CBEB5EF6G9F B5D4;B64-
A<R >BH9D@9AF4 �, >BFB-
DO= <7D49F >?RK96GR 
DB?P 6 B5@9A9 :<DB6, 
G7?96B8B6 < 59?>B6, 4 
F4>:9 6 CDBJ9EE4I 4J9F<-
?<DB64A<S < ³-B><E?9A<S 
6OEL<I :<DAOI ><E?BF 

�8@88>:A8= 
(�6), 4AF<89D-
@4F<FAO= 

0,6 [25, 29] 

�7D49F >?RK96GR DB?P 6 
CDBJ9EE4I ?<C<8AB7B, 
59?>B6B7B < 4@<AB><E-
?BFAB7B B5@9A4 

�8>B8= (�7), 
4AF<E95BD9=AO= 0,006 [25, 29] 

'K4EF6G9F 6 @9F45B?<;@9 
G7?96B8B6 < :<DB6 

$>;8964O  
:8A;>B4 (�9),  
4AF<4A9@<K9-
E><= 

0,1 [25, 29] 

!9B5IB8<@4 8?S >DB69-
F6BD9A<S. %CBEB5EF6G9F 
EF<@G?SJ<< QD<FDBCBQ;, 
GK4EF6G9F 6 E<AF9;9 4@<-
AB><E?BF, AG>?9<AB6OI 
><E?BF, CGD<AB6, 6 B5@9A9 
IB?<A4 < 8DG7<I @9F45B-
?<K9E><I CDBJ9EE4I 

�<F4@<AO 7DGCCO � (FB>BH9DB?O) 

�
<D
BD
4E
F6
BD
<@
O9

 ³-">:>D9@>; 

0,01 [29] 

0,06 [25] 
0,88 [3]  

�OD4:9AAB9 4AF<B>E<-
84AFAB9 89=EF6<9, 
CD98BF6D4M49F B><E?9A<9 
A9A4EOM9AAOI ?<C<8B6 
@9@5D4A, ;4M<M4S <I BF 
D4;DGL9A<S. 'K4EF6G9F 6 
E<AF9;9 79@4 < 59?>B6, 
CDB?<H9D4J<< >?9FB>, 6 
F>4A96B@ 8OI4A<< < <AOI 
CDBJ9EE4I >?9FBKAB7B 
@9F45B?<;@4 

·-">:>D9@>; 

0,01 [29]  
0,05 [25] 
0,24 [3] 

γ -">:>D9@>;  
0,55 [29]  
3,0 [25] 
9,2 [3] 

 

�4> 6<8AB, EB89D:4A<9 6<F4@<AB6 6 E9-
@9A4I ?PA4 A9B8AB;A4KAB, QFB B5GE?B6?9-
AB 6?<SA<9@ D4;?<KAOI H4>FBDB6, ED98< 
>BFBDOI EBDFB64S CD<A48?9:ABEFP E9@SA, 
<I ;D9?BEFP, GE?B6<S, B5?4EFP 6OD4M<64-
A<S < 8D. #D< ED46A9A<< GDB6A9= >BAJ9A-
FD4J<= FB>BH9DB?B6 6 E9@9A4I < ?PASAB@ 
@4E?9 E EBBF69FEF6GRM<@< >B@CBA9AF4@< 
@4>4 < E4H?BD4 5O?B GEF4AB6?9AB, KFB ?9A 
;4A<@49F ?<8<DGRM<9 CB;<J<< (F45?. 3). 
 

&45?<J4 3  
 

СB89D:аA<9 FB>BH9DB?B6 6 E9@9AаI Dа;-
?<KAOI >G?PFGD < <I @аE?аI, @7/100 7 [64] 

 

"5N9>F &B>BH9DB? 
α- ³- ´- EG@@4 

�PASAB9 E9@S 0,10 A/B* 13,93 14,03 

 4>B6B9 E9@S 1,40 0,53 8,70 10,63 
%9@S E4H?BD4 10,21 1,19 A/B* 11,4 

�PASAB9 @4E?B 0,59 A/B* 75,67 76,26 

 4>B6B9 @4E?B 5,53 1,67 21,74 28,94 

%4H?BDB6B9 44,09 7,23 A/B* 51,32 

@4E?B 

*A/B – A9 B5A4DG:9AB 
#D9B5?484RM<@< AGFD<9AF4@< @<A9-

D4?PAB7B EBEF464 ?PASAB7B E9@9A< S6?S-
RFES: >4?<=, HBEHBD, @47A<= < >4?PJ<=, 6 
@9APL<I >B?<K9EF64I CD<EGFEF6GRF 
A4FD<=, :9?9;B, J<A>, @4D74A9J < @98P 
(F45?. 4).  

 

&45?<J4 4  
 

СB89D:аA<9 @<A9Dа?B6 6 E9@9AаI @аE?<K-
AB7B ?PAа 

 

Э?9@9AF %B89D:4A<9, @7/100 7 
[29] [65] 

�4?<= 831 1210 

(BEHBD 622 990 

 47A<= 431 610 

�4?PJ<= 236 450 

!4FD<= 27 60 
�9?9;B 5 21 

*<A> 4 12 

 4D74A9J 3 6 

 98P 1 2 

 

�4?<= < A4FD<= 6OCB?ASRF 64:AO9 
H<;<B?B7<K9E><9 HGA>J<< 6 BD74A<;@9, 
ED98< >BFBDOI CB889D:4A<9 BE@BF<K9-
E>B= >BAJ9AFD4J<< >DB6<, CB889D:4A<9 
><E?BFAB-M9?BKAB7B < 6B8AB7B 54?4AE4, 
B59EC9K9A<9 @9@5D4AAB7B FD4AECBDF4, 
@OL9KAOI EB>D4M9A<=, 4>F<64J<S QA;<-
@B6. (BEHBD S6?S9FES A9B5IB8<@O@ >B@-
CBA9AFB@ AG>?9<AB6OI ><E?BF, �&(, 
HBEHB?<C<8B6 >?9FBKAOI @9@5D4A, 
GK4EF6G9F 6 CDBJ9EE9 HBEHBD<?<DB64A<S. 
 47A<= GK4EF6G9F 6 E<AF9;9 59?>4 < AG>-
?9<AB6OI ><E?BF; B5@9A9 :<DB6, 59?>B6, 
G7?96B8B6; FD4AECBDF9, ID4A9A<< < GF<?<-
;4J<< QA9D7<<; @<FBIBA8D<4?PAOI CDB-
J9EE4I; D97G?SJ<< A9=DBI<@<K9E>B= 
C9D984K< < @OL9KAB= 6B;5G8<@BEF<; D4E-
E?45?S9F 7?48>GR @GE>G?4FGDG; S6?S9FES 
>BH4>FBDB@ @AB7<I H9D@9AF4F<6AOI D9-
4>J<=; S6?S9FES H<;<B?B7<K9E><@ 4AF4-
7BA<EFB@ >4?PJ<S; >BAFDB?<DG9F 54?4AE 
6AGFD<>?9FBKAB7B >4?<S; EA<:49F >B?<-
K9EF6B 4J9F<?IB?<A4 6 A9D6AB= F>4A<; 
EA<:49F 4DF9D<4?PAB9 846?9A<9; G7A9F49F 
47D974J<R FDB@5BJ<FB6; CB6OL49F BE@B-
F<K9E>B9 846?9A<9 6 CDBE69F9 ><L9KA<>4 
< 8D. �9=EF6<9 >4?PJ<S BEAB64AB A4 D97G-
?SJ<< 6B;5G8<@BEF< A9D6AOI < @OL9K-
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AOI >?9FB>, GK4EF<< 6 6OE6B5B:89A<< 
A9=DB@98<4FBDB6 < C9D984K9 A9D6AOI 
<@CG?PEB6, 4>F<64J<< CDBJ9EEB6 E69DFO-
64A<S >DB6<, GK4EF<< 6 4??9D7<K9E><I < 
6BEC4?<F9?PAOI CDBJ9EE4I, F4>:9 BA ECB-
EB5EF6G9F CDBF9>4A<R @9:>?9FBKAOI 
6;4<@B89=EF6<= [66]. 
$8B>B>:A8=O 8 4=B8?8B4B9;P=O9 

:><?>=9=BO. � ?PASAB@ E9@9A< EB89D-
:4FES < D4;?<KAO9 >B@CBA9AFO, A974F<6-
AB 6?<SRM<9 A4 @9F45B?<K9E><9 
CDBJ9EEO: J<4AB79AAO9 7?<>B;<8O (H<FB-
FB>E<A), ?<A4F<A (4AF47BA<EF C<D<8B>E<-
A4), H<F<AB64S ><E?BF4 (4AF<AGFD<9AF), 
<A7<5<FBD FD<CE<A4. "8A4>B 6OD4:9AAB-
7B G7A9F4RM97B 89=EF6<S G>4;4AAOI >B@-
CBA9AFB6 A4 BD74A<;@ CD< G@9D9AAB@ 
GCBFD95?9A<< ?PABCDB8G>FB6 >?<A<K9E>< 
GEF4AB6?9AB A9 5O?B [25; 45; 67].  
�O6>8O. #B?<HGA>J<BA4?PABEFP @4E-

?<KAB7B ?PA4 A9CBED98EF69AAB BFD4:49FES 
6 97B @AB7B>B@CBA9AFAB@ AGFD<9AFAB@ 
EBEF469. "A S6?S9FES <EFBKA<>B@ 6OEB>B-
>4K9EF69AAB7B @4E?4, 5B74FB7B B@974-3 
CB?<A9A4EOM9AAO@< :<DAO@< ><E?BF4-
@<, E54?4AE<DB64AAB7B 59?>4 E CB?AB-
CDBH<?PAO@ 4@<AB><E?BFAO@ EBEF46B@, 
4 F4>:9 >?9FK4F><, 6<F4@<AB6 < @<A9D4-
?B6, CBQFB@G B5?4849F 6OEB>B= J9AAB-
EFPR < 6O;O649F CB6OL9AAO= <AF9D9E 6 
C<M96B= CDB@OL?9AABEF<. (GA>J<B-
A4?PAO9 E6B=EF64 AGFD<9AFB6 ?PASAB7B 
E9@9A< CB;6B?SRF CB6OE<FP C<M96GR 
J9AABEFP CDB8G>FB6 < E54?4AE<DB64A-
ABEFP D4J<BA4. %F45<?PAB D4EFGM<9 C?B-
M48< 6B;89?O64A<S @4E?<KAB7B ?PA4, 97B 
9:97B8AO= 64?B6B= E5BD, 6O6989A<9 AB-
6OI 6OEB>B>4K9EF69AAOI EBDFB6 < 7<5D<-
8B6 E6<89F9?PEF6GRF B 6OEB>B= 
;A4K<@BEF< B5EG:849@B= >G?PFGDO < EB-
;849F 5?47BCD<SFAO9 GE?B6<S 8?S D4;6<-
F<S ?PABCDB<;6B8EF64.  
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