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45D>@<8@>20=88 8 ?>;CG5==K5 =0 55 >A=>25 @57C;LB0BK.  

4. �><?;5:A B5E=8G5A:8E @5H5=89, >15A?5G82H8E ?>;CG5=85 
3>@OG5?@5AA>20==KE B@C1 87 <0;>?;0AB8G=KE <0@>: AB0;8 157 45D5:B>2, 
8A:;NG0NI89 ?@8<5=5=85 @CG=>3> B@C40 4;O >B45;:8 =0@C6=>9 ?>25@E=>AB8 B@C1. 

%B5?5=P 4>AB>25@=>AB8 8 0?@>10F8O @57C;PB0B>2.  
�>AB>25@=>ABL @57C;LB0B>2 8AA;54>20=89 >15A?5G820;0AL ?@8<5=5=85< 

AB0=40@B=KE =0CG=KE <5B>4>2 A 8A?>;L7>20=85< A>2@5<5==>3> >1>@C4>20=8O 8 
?>4B25@640;0AL A>>B25BAB285< @57C;LB0B>2 B5>@5B8G5A:8E 8AA;54>20=89 
;01>@0B>@=K< 8 ?@><KH;5==K< M:A?5@8<5=B0<. �>AB>25@=>ABL @57C;LB0B>2 
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=0H;0 ?>;>68B5;L=CN >F5=:C 2 ?@>F5AA5 >1AC645=8O =0 =0CG=KE :>=D5@5=F8OE 8 
A5<8=0@0E. "A=>2=K5 @57C;LB0BK 48AA5@B0F8>==>9 @01>BK 1K;8 ?@54AB02;5=K 8 
>1AC645=K =0 :>=D5@5=F8OE:  564C=0@>4=0O =0CG=0O :>=D5@5=F8O %>2@5<5==K5 
<0B5@80;K 8 ?5@54>2K5 ?@>872>4AB25==K5 B5E=>;>388 (% ##&-2019)» (%0=:B-
#5B5@1C@3, 2019); 13-O =0CG=0O :>=D5@5=F8O 0A?8@0=B>2 8 4>:B>@0=B>2 .'@�' 
(+5;O18=A:, 2021); 79-O  564C=0@>4=0O =0CG=>-B5E=8G5A:0O :>=D5@5=F8O 
«�:BC0;L=K5 ?@>1;5<K A>2@5<5==>9 =0C:8, B5E=8:8, >1@07>20=8O» ( 03=8B>3>@A:, 
2021);  564C=0@>4=0O :>=D5@5=F8O « 5E0=8:0, @5AC@A 8 4803=>AB8:0 <0B5@80;>2 
8 :>=AB@C:F89» (�:0B5@8=1C@3, 2021);  564C=0@>4=0O =0CG=>-?@0:B8G5A:0O 
:>=D5@5=F8O «&@C1K-2021» (+5;O18=A:, 2021); XIII  564C=0@>4=K9 :>=3@5AA 
?@>:0BG8:>2 ( >A:20, 2022). 

#C1;8:0F88.  
#> B5<5 48AA5@B0F88 >?C1;8:>20=> 11 =0CG=KE @01>B, 2 B>< G8A;5 4  

AB0BL8 – 2 @5D5@8@C5<KE 6C@=0;0E 87 ?5@5G=O ��� ?@8  8=>1@=0C:8 $(, 
5– AB0B59 2 70@C156=KE 6C@=0;0E, 2E>4OI8E 2 @5D5@0B82=K5 107K Scopus 8 Web of 

Science. #>;CG5= ?0B5=B $( =0 87>1@5B5=85.
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�> 22545=88 >1>A=>20=0 0:BC0;L=>ABL >1;0AB8 8AA;54>20=8O, >B@065=0 
AB5?5=L @07@01>B0==>AB8 B5<K 8AA;54>20=89, AD>@<C;8@>20=K F5;L 8 7040G8 
@01>BK, >1>7=0G5=0 =0CG=0O =>287=0, B5>@5B8G5A:0O 8 ?@0:B8G5A:0O 7=0G8<>ABL 
@01>BK. 

� ?5@2>9 3;025 ?@>2545= 0=0;87 284>2 45D5:B>2, >1@07CNI8EAO =0 
?>25@E=>AB8 ?>;CG5==KE 3>@OG8< ?@5AA>20=85< B@C1, 2KO2;5=K 
D0:B>@K,>?@545;ONI85 :0G5AB2> ?>25@E=>AB8 B@C1 ?@8 3>@OG5< ?@5AA>20=88, 2 B>< 
G8A;5 @568<K =03@520 703>B>2>:; A>AB02, 2O7:>ABL 8 A?>A>1 =0=5A5=8O 
B5E=>;>38G5A:8E A<07>:; ?@>D8;8@>2:0 8 A>AB>O=85 B5E=>;>38G5A:>3> 
8=AB@C<5=B0; ?0@0<5B@K 45D>@<0F88 (A:>@>ABL ?@5AA>20=8O, 707>@ <564C 38;L7>9 
8 83;>9); D878G5A:85 8 AB@C:BC@=K5 >A>15==>AB8 ?@5AAC5<>3> <0B5@80;0; @568<K 
?@>2545=8O >?5@0F89 >E;0645=8O 8 >B45;:8. #@>0=0;878@>20==K5 @01>BK, 
?>A2OI5==K5 <5B>48:0< @0AG5B0 25@>OB=>AB8 ?>O2;5=8O 45D5:B>2 2 
3>@OG5?@5AA>20==KE B@C10E, ?>:070=>, GB> 2 =0AB>OI55 2@5<O 4;O >F5=:8 
25@>OB=>AB8 @07@CH5=8O <5B0;;0 2 ?@>F5AA0E ?;0AB8G5A:>9 45D>@<0F88 
=081>;LH55 @0A?@>AB@0=5=85 ?>;CG8;8 <5B>48:8 �.�. �>;<>3>@>20 8 �.�. 
�>30B>20, 0 B0:65 <5B>48:0 �>:@>DB0-�0B0<0. � A>>B25BAB288 A <5B>48:0<8 �.�. 
�>;<>3>@>20 8 �.�. �>30B>20 4;O >F5=:8 25@>OB=>AB8 ?>O2;5=8O @07@K2>2 8 
B@5I8= =0 ?>25@E=>AB8 3>@OG5?@5AA>20==KE B@C1 <>6=> ?@8<5=OBL 25;8G8=C 
>B=>H5=8O =0:>?;5==>9 AB5?5=8 45D>@<0F88 : 25;8G8=5 ?;0AB8G=>AB8 <5B0;;0 
(AB5?5=L 8A?>;L7>20=8O @5AC@A0 ?;0AB8G=>AB8 8;8 ?>2@5645==>ABL <5B0;;0). 
%G8B05BAO, GB> @07@CH5=85 <5B0;;0 =0ABC?05B ?@8 4>AB865=88 25;8G8=K AB5?5=8 
8A?>;L7>20=8O @5AC@A0 ?;0AB8G=>AB8 7=0G5=8O 1,0. �;O >F5=:8 25@>OB=>AB8 
?>O2;5=8O @07@K2>2 8 B@5I8= =0 ?>25@E=>AB8 3>@OG5?@5AA>20==KE B@C1 
=5>1E>48<> M:A?5@8<5=B0;L=> ?>;CG8BL 4803@0<<C ?;0AB8G=>AB8 (7028A8<>ABL 
?;0AB8G=>AB8 <5B0;;0 >B 2;8ONI8E =0 =55 B5@<><5E0=8G5A:8E ?0@0<5B@>2) 8 
@0AG5B=K< ?CB5< >?@545;8BL =0?@O65==>-45D>@<8@>20==>5 A>AB>O=85 <5B0;;0 ?@8 
?@5AA>20=88.  5B>48:0 �.�. �>30B>20 8 %.�. %<8@=>20 ?>72>;O5B 4>?>;=8B5;L=> 
CG5ABL 2>AAB0=>2;5=85 ?;0AB8G5A:8E A2>9AB2 E>;>4=>45D>@<8@>20==>3> <5B0;;0 
?>A;5 @07C?@>G=ONI59 B5@<8G5A:>9 >1@01>B:8. 

�=0;87 =0CG=>-B5E=8G5A:>9 ;8B5@0BC@K ?>:070;, GB> D878G5A:>5 8 
<0B5<0B8G5A:>5 <>45;8@>20=85 O2;ONBAO ?5@A?5:B82=K<8 8=AB@C<5=B0<8 4;O 
>F5=:8 AB5?5=8 8A?>;L7>20=8O @5AC@A0 ?;0AB8G=>AB8 2 ?@>F5AA5 3>@OG53> 
?@5AA>20=8O B@C1. 

�B>@0O 3;020 ?>A2OI5=0 0=0;87C =0?@O65==>-45D>@<8@>20==>3> A>AB>O=8O 
(!�%) <5B0;;0 ?@8 3>@OG5< ?@5AA>20=88 B@C1 =0 >A=>25 :><?LNB5@=>3> 
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<>45;8@>20=8O <5B>4>< :>=5G=KE M;5<5=B>2 A 8A?>;L7>20=85< ?@>3@0<<=>3> 
?@>4C:B0 QForm-3D. *5;LN :><?LNB5@=>3> <>45;8@>20=8O ?@>F5AA0 3>@OG53> 
?@5AA>20=8O O2;O;>AL G8A;5==>5 >?@545;5=85 2;8O=8O :>MDD8F85=B0 2KBO6:8, 
B5<?5@0BC@K 8 :>MDD8F85=B0 B@5=8O =0 E0@0:B5@8AB8:8 =0?@O65==>-
45D>@<8@>20==>3> A>AB>O=8O <5B0;;0 ?>25@E=>AB=KE A;>52 38;L7K. 
 >45;8@>20;AO ?@>F5AA ?@5AA>20=8O 703>B>2>: 87 AB0;8 <0@:8 08)18!10& A 
8725AB=K< A>?@>B82;5=85< ?;0AB8G5A:>9 45D>@<0F88. �=0;87 B01;8F 
?@5AA>20=8O, ?@8<5=O5<KE 2 �" «�>;6A:89 B@C1=K9 702>4», ?>:070;, GB> 
:>MDD8F85=B 2KBO6:8 ?@8 ?@5AA>20=88 B@C1 87<5=O5BAO >B 6,3 4> 36,6; B5<?5@0BC@0 
?@5AA>20=8O B@C1 87 2KA>:>;538@>20==KE <0@>: AB0;59 =0E>48BAO 2 8=B5@20;5 
1100-1200°%, 0 :>MDD8F85=B B@5=8O A CG5B>< 8A?>;L7>20=8O AB5:;>A<07:8 <>65B 
87<5=OBLAO 2 480?07>=5 0,06-0,12. &25@4>B5;L=K5 <>45;8 ?@>F5AA0 ?@5AA>20=8O 
A>740=K =0 >A=>25 :>=AB@C:B>@A:>9 4>:C<5=B0F88 �" «�&�», ?@8 MB>< ?@8=OBK 
C?@>I5=8O, =5 >:07K20NI85 ACI5AB25==>5 2;8O=85 =0 @57C;LB0B @0AG5B0. �;O 
>?@545;5=8O 87<5=5=8O !�% =0 =0@C6=>9 ?>25@E=>AB8 <5B0;;0 ?> 4;8=5 >G030 
45D>@<0F88 8A?>;L7>20;0AL B@0AA8@CNI0O B>G:0, =0=5A5==0O =0 ?5@2>< H035 =0 
=0@C6=CN ?>25@E=>ABL 38;L7K. � ?@>F5AA5 <>45;8@>20=8O B>G:0 ?@>E>48;0 2AN 
4;8=C >G030 45D>@<0F88, 8 ?@>3@0<<0 D8:A8@>20;0 B5@<><5E0=8G5A:85 ?0@0<5B@K 
2 55 >:@5AB=>ABOE A ?@82O7:>9 :> 2@5<5=8 8;8 :>>@48=0B5. 

#@8<5@ 287C0;870F8O @0A?@545;5=8O A@54=8E =>@<0;L=KE =0?@O65=89 ?> 
A5G5=8N >G030 45D>@<0F88 ?@8 @07;8G=>< :>MDD8F85=B5 B@5=8O ?@54AB02;5=K =0 
@8A. 1. 

 

    
0 1 2 3 

$8AC=>: 1 – $0A?@545;5=85 A@54=8E =>@<0;L=KE =0?@O65=89 2 <5B0;;5 ?> 
?@>4>;L=><C A5G5=8N >G030 45D>@<0F88 ?@8 :>MDD8F85=B5 B@5=8O: 0 – 0,06; 1 – 
0,10; 2 – 0,14; 3 – H:0;0 287C0;870F88 =0?@O65=89,  #0 

 

#@8 >?@545;5=88 87<5=5=8O AB5?5=8 45D>@<0F88 8 :>MDD8F85=B0 65AB:>AB8 
=0?@O65==>3> A>AB>O=8O B@C1K ?> 4;8=5 >G030 45D>@<0F88 2 ?@8:>=B0:B=>< A;>5 
8A?>;L7>20;0AL >B=>A8B5;L=0O :>>@48=0B0, ?@54AB02;ONI0O A>1>9 >B=>H5=85 
B5:CI59 ?@>4>;L=>9 :>>@48=0BK B>G:8 : 4;8=5 >G030 45D>@<0F88 (@8A. 2 8 @8A. 3). 
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0 1 
$8AC=>: 2 – �7<5=5=85 =0:>?;5==>9 AB5?5=8 45D>@<0F88 2 =0@C6=>9 

?>25@E=>AB8 B@C1K ?> 4;8=5 >G030 45D>@<0F88?@8 @07;8G=KE ?0@0<5B@0E: 0 – 
B5<?5@0BC@0 38;L7K; 1 – :>MDD8F85=B B@5=8O 

 

  

0 1 
$8AC=>: 3 – �7<5=5=85 :>MDD8F85=B0 65AB:>AB8 =0?@O65==>3> A>AB>O=8O 2 

=0@C6=>9 ?>25@E=>AB8 B@C1K ?> 4;8=5 >G030 45D>@<0F88 ?@8 @07;8G=KE 
?0@0<5B@0E: 0 –B5<?5@0BC@0 38;L7K; 1 – :>MDD8F85=B B@5=8O 

�;O >?@545;5=8O 2840 G8A;5==>9 7028A8<>AB8 ?@54AB02;5==KE 3@0D8G5A:8E 
<0B5@80;>2 2K?>;=5= @53@5AA8>==K9 0=0;87, ?>72>;82H89 ?>;CG8BL A8AB5<C 
?0@0<5B@8G5A:8E 7028A8<>AB59 :>MDD8F85=B0 65AB:>AB8 =0?@O65==>3> A>AB>O=8O, 
AB5?5=8 45D>@<0F88 8 B5<?5@0BC@K =0@C6=>9 ?>25@E=>AB8 B@C1K ?> 4;8=5 >G030 
45D>@<0F88 >B B5<?5@0BC@K 38;L7K, :>MDD8F85=B0 B@5=8O 8 :>MDD8F85=B0 
2KBO6:8. 

% F5;LN >?@545;5=8O D0:B>@0, >:07K20NI53> =081>;LH55 2;8O=85 =0 AE5<C 
=0?@O65==>3> A>AB>O=8O, ?>;CG5=K 7028A8<>AB8 ?>:070B5;O 65AB:>AB8 
=0?@O65==>3> A>AB>O=8O >B B5E=>;>38G5A:8E ?0@0<5B@>2 =0 2KE>45 87 >G030 
45D>@<0F88, ?@54AB02;5==K5 =0 @8A. 4. �0: 284=> 87 @8A. 4, C25;8G5=85 
:>MDD8F85=B0 B@5=8O ?@82>48B : @>ABC ?>:070B5;O =0?@O65==>3> A>AB>O=8O, 2 
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>B;8G85 >B :>MDD8F85=B0 2KBO6:8 8 B5<?5@0BC@K 38;L7K. "BAN40 A;54C5B, GB> 
:>MDD8F85=B B@5=8O O2;O5BAO =081>;55 7=0G8<K< D0:B>@><, >?@545;ONI8< 
25@>OB=>ABL ?>O2;5=8O 45D5:B>2 =0 =0@C6=>9 ?>25@E=>AB8 B@C1. 

0 1 

     2 
$8AC=>: 4 – �7<5=5=85 ?>:070B5;O 65AB:>AB8 =0?@O65==>3> A>AB>O=8O Ã/Ä =0 
2KE>45 87 >G030 45D>@<0F88 2 7028A8<>AB8 >B: 0 – :>MDD8F85=B0 B@5=8O; 1 – 
:>MDD8F85=B0 2KBO6:8; 2 – B5<?5@0BC@K 38;L7K 

% 8A?>;L7>20=85< ?>;CG5==KE 7028A8<>AB59 2K?>;=5= B5AB>2K9 @0AG5B 
AB5?5=8 8A?>;L7>20=8O @5AC@A0 ?;0AB8G=>AB8. � :0G5AB25 <>45;L=>3> <0B5@80;0 
27OB0 AB0;L 20, A2>9AB20 :>B>@>9 ?@8 @07;8G=KE B5<?5@0BC@0E E>@>H> 8725AB=K. 
�=0;87 ?>:070; 7=0G8B5;L=>5 2;8O=85 =0 CA;>28O ?@>B5:0=8O ?@>F5AA0 
:>MDD8F85=B0 B@5=8O =0 ?>25@E=>AB8 :>=B0:B0 45D>@<8@C5<>3> <5B0;;0 A 
8=AB@C<5=B>< 8 B5<?5@0BC@K 45D>@<0F88. !0 @8A. 5 ?@>2545=0 3>@87>=B0;L=0O 
;8=8O 7=0G5=8O @5AC@A0 ?;0AB8G=>AB8, @02=>3> 548=8F5, =865 :>B>@>9 =0E>48BAO 
4>?CAB8<0O >1;0ABL 45D>@<0F88, 0 2KH5 – >1;0ABL 2KA>:>9 25@>OB=>AB8 
2>7=8:=>25=8O 45D5:B>2. #5@5A5G5=85 :@82KE MB>9 ;8=88 405B 480?07>= 
4>?CAB8<>3> :>MDD8F85=B0 B@5=8O =0 ?>25@E=>AB8 :>=B0:B0 <5B0;;0 A <0B@8F59 
?@8 @07;8G=KE B5<?5@0BC@0E 45D>@<0F88. �;O B5<?5@0BC@K 38;L7K 1200°% 
4>?CAB8<K9 :>MDD8F85=B B@5=8O f<≤0,074, 0 4;O B5<?5@0BC@K 1000°% f<≤0,024, B> 
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5ABL A ?>=865=85< B5<?5@0BC@K 45D>@<0F88 8AG5@?0=85 @5AC@A0 ?;0AB8G=>AB8 
?@>8AE>48B 8=B5=A82=55, GB> ?@82>48B : =5>1E>48<>AB8 7=0G8B5;L=>3> 
C<5=LH5=8O f<. -B> A2845B5;LAB2C5B >1 0:BC0;L=>AB8 2>?@>A>2, A2O70==KE A 
?>41>@>< MDD5:B82=KE A<07>G=KE <0B5@80;>2. 

 
$8AC=>: 5 - �@82K5 7028A8<>AB8 @5AC@A0 ?;0AB8G=>AB8 >B :>MDD8F85=B0 

B@5=8O 8 B5<?5@0BC@K 45D>@<0F88 4;O <>45;L=>9 AB0;8 20 
 

&@5BPO 3;020 ?>A2OI5=0 ?>AB@>5=8N 4803@0<< ?;0AB8G=>AB8 4;O 
@0AA<0B@8205<KE <0@>: AB0;8. "1@07FK 873>B02;820;8AL 87 AB0;8 15)13!2 
(?>:>2:8 8 !��), 0 B0:65 87 =5?@5@K2=>-;8B>9 703>B>2:8 87 AB0;59 10)13!3 (�, 
08)18!10& 8 10)17!13 2&, :>B>@K5 O2;ONBAO =081>;55 ?@>1;5<=K<8 A B>G:8 
7@5=8O :0G5AB20 =0@C6=>9 ?>25@E=>AB8.  >45;8@>20=85 3>@OG59 45D>@<0F88 
>ACI5AB2;O;>AL A 8A?>;L7>20=85< C=825@A0;L=>3> 8AA;54>20B5;LA:>3> :><?;5:A0 
Gleeble 3800 ?> B@5< AE5<0<: @0ABO65=85<, :@CG5=85< 8 >4=>>A=K< A60B85< 
(>A04:>9). 

#@8 A60B88 >1@07F>2 2 3>@OG5< A>AB>O=88 4>25AB8 8E 4> @07@CH5=8O =5 
C40;>AL, 8 ?@545;L=0O AB5?5=L 45D>@<0F88 2 MB>< A;CG05 >?@545;O5BAO 
B5E=8G5A:8<8 2>7<>6=>ABO<8 8A?KB0B5;L=>9 CAB0=>2:8. �;O ?>2KH5=8O B>G=>AB8 
?>;CG5==KE @57C;LB0B>2 ?> ?;0AB8G=>AB8 8AA;54>20==KE <0@>: AB0;8 ?@>2545=K 
4>?>;=8B5;L=K5 8AA;54>20=8O =0 :@CG5=85 ?@8 B5<?5@0BC@0E 3>@OG59 45D>@<0F88 
8 7=0G5=88 ?>:070B5;O =0?@O65==>3> A>AB>O=8O Ã/Ä, @02=>< =C;N. �0==>5 @5H5=85 
>A=>2K205BAO B><, GB> 2 A>>B25BAB288 A @57C;LB0B0<8 :><?LNB5@=>3> 
<>45;8@>20=8O, ?>:070B5;L =0?@O65==>3> A>AB>O=8O 2 ?@545;0E 80% 4;8=K >G030 
45D>@<0F88 ACI5AB25==> <5=LH5 =C;O, 8 =0:>?;5=85 ?>2@5645==>AB8 B0< =5 
?@>8AE>48B. %CI5AB25==K<, A B>G:8 7@5=8O @07@CH5=8O, O2;O5BAO B>;L:> ?>2545=85 
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<5B0;;0 2 2KE>4=>9 G0AB8 >G030 45D>@<0F88, :>B>@>9 A>>B25BAB2CNB 
?>;>68B5;L=K5 7=0G5=8O ?>:070B5;O =0?@O65==>3> A>AB>O=8O. 

#@>2545==K9 @53@5AA8>==K9 0=0;87 M:A?5@8<5=B0;L=KE @57C;LB0B>2 
?>72>;8; ?>;CG8BL 4;O @07;8G=KE <0@>: AB0;8 :>MDD8F85=BK C@02=5=89 B8?0 

Λр = �0θ�1ÿ�� (�2 ÃÄ), 

345 a0, a1, a2 – M<?8@8G5A:85 :>MDD8F85=BK, 7028AOI85 >B D878:>-E8<8G5A:>9 
?@8@>4K <5B0;;0 8;8 A?;020, θ - B5<?5@0BC@0 

. &01;8F0 1 – '@02=5=8O 4803@0<< ?;0AB8G=>AB8  

 0@:0 AB0;8 �028A8<>ABL 

15)13!2 Λ@=1,693
θ100010,88-15,71∙ÃΤ ××exp (-0,94∙ ÃÄ)    (1) 

10)13!3 (� Λ@=0,89
θ10003,35-2,02∙ÃΤ exp (0,04∙ ÃÄ)        (2) 

08)18!10& Λ@=2,55
θ10005,73-8,32∙ÃΤ exp (0,3∙ ÃÄ)           (3) 

10)17!13 2& Λ@=2,61∙
θ10003,51-6,01∙ÃΤ exp (0,46∙ ÃÄ)         (4) 

 

'5B25@B0O 3;020 >?8AK205B @57C;LB0BK @07@01>B:8 8 ?@><KH;5==>3> 
>?@>1>20=8O B5E=8G5A:8E @5H5=89 ?> ?>2KH5=8N :0G5AB20 ?>25@E=>AB8 
3>@OG5?@5AA>20==KE B@C1 

 >45;8@>20=85 =0?@O65==>-45D>@<8@>20==>3> A>AB>O=8O ?>25@E=>AB=KE 
A;>52 703>B>2:8 ?@8 ?@5AA>20=88 ?>72>;8;> >?@545;8BL E0@0:B5@ 87<5=5=8O 
A:>@>AB8 45D>@<0F88, B5<?5@0BC@K 8 ?>:070B5;O =0?@O65==>3> A>AB>O=8O ?> 4;8=5 
>G030 45D>@<0F88. !0 @8A. 6 ?@54AB02;5=K E0@0:B5@=K5 7028A8<>AB8 87<5=5=8O 
A:>@>AB8 45D>@<0F88, ?>:070B5;O =0?@O65==>3> A>AB>O=8O 8 B5<?5@0BC@K 
703>B>2:8 ?> 4;8=5 >G030 45D>@<0F88. � :0G5AB25 ?@>4>;L=>9 :>>@48=0BK >G030 
45D>@<0F88 ?@8=8<0;0AL 157@07<5@=0O 25;8G8=0 z ̃, @02=0O >B=>H5=8N 
D0:B8G5A:>9 :>>@48=0BK z : 4;8=5 >G030 45D>@<0F88 l. 

�;O >?8A0=8O 87<5=5=8O ?>:070B5;O =0?@O65==>3> A>AB>O=8O 8 B5<?5@0BC@K 
24>;L >G030 45D>@<0F88 ?@8 ?@5AA>20=88 B@C1, A CG5B>< 2;8O=8O =0 =8E 
B5<?5@0BC@K =0G0;0 ?@5AA>20=8O 8 :>MDD8F85=B0 B@5=8O ?>;CG5=K A;54CNI85 
2K@065=8O: �

Τ = 22,63 2 2,06 ∙ 1021θот 2 2,28Ā1 + ( �̃(7.52∙10−122.07∙10−1θот23.04∙10−1�))(3.07+1.84Θот24.43f)+ (9.21 ∙ 1021 2 5.99 ∙ 1021θот 2 3,06 ∙ 1021Ā); (5) 
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θ = (75.3 + 9.36 ∙ 102θот + 12.8Ā)+ (29.84 ∙ 102 + 6.39 ∙ 102θот + 41.8Ā)�̃+ (4.42 ∙ 103 2 3.53 ∙ 103θот + 1.23 ∙ 103Ā)�̃2+ (22.83 ∙ 103 + 2.36 ∙ 103θот 2 1.05 ∙ 103)�̃3 

(6) 

 

$8AC=>: 6 – �7<5=5=85 ?0@0<5B@>2 ?@>F5AA0 ?@5AA>20=8O (?>:070B5;O 
=0?@O65==>3> A>AB>O=8O, A:>@>AB8 45D>@<0F88, B5<?5@0BC@K) ?> 4;8=5 >G030 
45D>@<0F88 

 

 0B@8FK O2;ONBAO >4=8< 87 >A=>2=KE B5E=>;>38G5A:8E 8=AB@C<5=B>2 
B@C1>?@5AA>2KE CAB0=>2>:, >?@545;ONI8E =0@C6=K9 480<5B@ B@C1. #>A:>;L:C 
?>2@5645==>ABL <5B0;;0 8;8 AB5?5=L 8A?>;L7>20=8O @5AC@A0 ?;0AB8G=>AB8 ?@8 
>1@01>B:5 <5B0;;>2 402;5=85< =0?@O<CN 7028A8B >B E0@0:B5@0 =0?@O65==>-
45D>@<8@>20==>3> A>AB>O=8O, <>6=> ?@54?>;>68BL, GB>, 20@L8@CO D>@<C 
<0B@8FK, <>6=> >:070BL 2;8O=85 =0 25@>OB=>ABL B@5I8=>>1@07>20=8O =0 
?>25@E=>AB8 3>@OG5?@5AA>20==>9 B@C1K. �;O >F5=:8 2;8O=8O D>@<K <0B@8FK =0 
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B5E=>;>38G5A:85 ?0@0<5B@K ?@>F5AA0 ?@5AA>20=8O 1K;> ?@>2545=> :><?LNB5@=>5 
<>45;8@>20=85 ?@>F5AA0 ?@5AA>20=8O B@C1K @07<5@>< ø88,9×6,45 << A @07;8G=K<8 
2840<8 ?@>D8;8@>20=8O <0B@8F (@8A. 7). 

 

  

0 1 

 
 

2 3 
$8AC=>: 7 – "G038 45D>@<0F88 ?@8 ?@5AA>20=88 B@C1K: 0 - :>=8G5A:0O <0B@8F0 

A C3;>< :>=CA=>AB8 <0B@8FK 59º ( 1); 1 - ?;>A:>-:>=8G5A:0O <0B@8F0 A C3;>< 
:>=CA=>AB8 62º ( 2); 2 - <0B@8F0 A ;><0==K< C3;>< =0:;>=0 >1@07CNI59 A C3;>< 
:>=CA=>AB8 68º ( 3); 3 - <0B@8F0 A ?@>B82>402;5=85< A C3;>< :>=CA=>AB8 72º ( 4) 

 

$57C;LB0BK :><?LNB5@=>3> <>45;8@>20=8O A @07;8G=K<8 2840<8 <0B@8F 4;O 
AB0;8 15)13!2 ?@82545=K =0 @8A. 8. �8=8O<8  1,  2,  3 8  4 ?>:070=0 AB5?5=L 
8AG5@?0=8O @5AC@A0 ?;0AB8G=>AB8 4;O A>>B25BAB2CNI8E 284>2 <0B@8F, 
87>1@065==KE =0 @8A. 7, 0 ;8=859  5 - 4;O ?@8<5=O5<>9 2 =0AB>OI55 2@5<O 
<0B@8FK. � A;CG05 F8;8=4@8G5A:>9 <0B@8FK ?@81;865==> <>6=> >B<5B8BL, GB> 
B@05:B>@8O <0B5@80;L=>9 G0AB8FK ?@8 ?>4E>45 : ?;>A:>9 ?>25@E=>AB8 <0B@8FK 
?>2>@0G8205BAO =0 90>, 0 70B5<, ?@8 ?>4E>45 : >G:C <0B@8FK, >?OBL ?>2>@0G8205BAO 
=0 90>, => C65 2 4@C3CN AB>@>=C. 

�=0;878@CO @8A. 8, 284=>, GB> :>=8G5A:0O <0B@8F0  1 C4>2;5B2>@O5B 
CA;>28N ?>;CG5=8O B@C1 157 45D5:B>2, B0: :0: 7=0G5=85 AB5?5=8 8AG5@?0=8O 
@5AC@A0 ?;0AB8G=>AB8 ?@8 MB>< <5=LH5 1,0. �A?>;L7>20=85 ?;>A:>-:>=8G5A:>9 
<0B@8FK  2 8 459AB2CNI59  5 ?@82>48B : =57=0G8B5;L=><C ?@52KH5=8N 
4>?CAB8<>3> 7=0G5=8O AB5?5=8 8AG5@?0=8O @5AC@A0 ?;0AB8G=>AB8 (=0 
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>B=>A8B5;L=>9 4;8=5 >G030 45D>@<0F88 A2KH5 0,9). ' <0B@8F  3 8  4 C65 ?@8 
>B=>A8B5;L=>9 4;8=5 >G030 45D>@<0F88 1>;LH5 0,7-0,8 =01;N405BAO ?@52KH5=85 
4>?CAB8<>3> 7=0G5=8O 8AG5@?0=8O @5AC@A0 ?;0AB8G=>AB8.  

 

 

$8AC=>: 8 – �AG5@?0=85 @5AC@A0 ?;0AB8G=>AB8 C AB0;8 15)13!2 ?> 4;8=5 >G030 
45D>@<0F88  

�=0;>38G=> 1K; ?@>2545= 0=0;87 ?@8<5=8<>AB8 @0AA<0B@8205<KE <0B@8F 4;O 
?>;CG5=8O B@C1 87 4@C38E <0@>: AB0;8. 

�K?>;=5=> M:A?5@8<5=B0;L=>5 8AA;54>20=85 ?@>F5AA0 ?@5AA>20=8O A 
?@8<5=5=85< @07;8G=KE AB5:;>A<07>G=KE <0B5@80;>2. #@8 ?@5AA>20=88 B@C1 87 
=5@6025NI59 AB0;8 08)18!10& ?@8 >1@01>B:5 2=CB@5==59 ?>25@E=>AB8 B@C1K 
AB5:;>?>@>H:>< <0@:8 (-1 (AB0=40@B=0O AB5:;>A<07:0, ?@8<5=O5<0O ?@8 
?@5AA>20=88 B@C1 2 �" «�&�») C<5=LH5=85 @07<5@0 3@0=C; AB5:;>?>@>H:0 
A?>A>1AB2C5B C<5=LH5=8N C@>2=O :0: ?8:>2>3>, B0: 8 CAB0=>282H53>AO CA8;8O 
?@5AA>20=8O. "4=0:> 5A;8 @07<5@ 3@0=C; AB5:;>?>@>H:0 (-1 <5=LH5 0,1 <<, 
AB5:;>?>@>H>: =0G8=05B :><:>20BLAO, ?>MB><C =0 2=CB@5==NN ?>25@E=>ABL 
B@C1=>9 703>B>2:8 @5:><5=4>20=> =0=>A8BL ?>@>H>: A @07<5@0<8 3@0=C; 0,1 – 0,25 

<<. 
�AE>4O 87 @57C;LB0B>2 ?@>2545==KE 8AA;54>20=89, @07@01>B0=K B5E=8G5A:85 

?@54;>65=8O, =0?@02;5==K5 =0 CAB@0=5=85 ?>25@E=>AB=KE 45D5:B>2 2 2845 
B@5I8=: 4;O =0=5A5=8O =0 2=CB@5==NN ?>25@E=>ABL B@C1=>9 703>B>2:8 
AB5:;>?>@>H>: A 2O7:>ABLN 170 – 250 #0∙A, 0 4;O 873>B>2;5=8O AB5:;>H091 
@5:><5=4C5BAO 8A?>;L7>20BL AB5:;>?>@>H>: A 2O7:>ABLN 115 – 130 #0∙A. -B0 
2O7:>ABL A>>B25BAB2C5B 2O7:>AB8 ?>@>H:0 <0@:8 (-1. !081>;LH89 MDD5:B 
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8A?>;L7>20=8O AB5:;>?>@>H:>2 A C:070==K<8 8=B5@20;0<8 2O7:>AB8 ?@>O2;O5BAO 2 
B5<?5@0BC@=KE 480?07>=0E: 

- 4;O 2=CB@5==59 ?>25@E=>AB8 B@C1=>9 703>B>2:8 1159 – 1172°%; 
- 4;O AB5:;>H091K 1167 – 1185°%. 
&0:>9 C7:89 B5<?5@0BC@=K9 480?07>= 2 ?@0:B8G5A:8E CA;>28OE ?>445@6820BL 

>4=>2@5<5==> =52>7<>6=>, ?>MB><C ?@8 3>@OG5< ?@5AA>20=88 =5@6025NI8E 
AB0;59 ?@8<5=5=85 AB5:;>?>@>H:0 >4=>3> E8<8G5A:>3> A>AB020 =5 B5E=>;>38G=>. 

�<5NI89AO 2 �" «�&�» >?KB ?@8<5=5=8O AB5:;>?>@>H:>2 D8@<K «MEFRIT» 
spol. s.r.o., ?>72>;8; ?@54;>68BL A;54CNI89 20@80=B 8A?>;L7>20=8O A<07>G=KE 
<0B5@80;>2 2 B5<?5@0BC@=>< 480?07>=5 >B 1167°% 4> 1185°%: 

– 4;O =0=5A5=8O =0 2=CB@5==NN ?>25@E=>ABL 38;L7K AB5:;>?>@>H>: <0@:8 RS 
2735 A @07<5@0<8 3@0=C; 0,1 << 8 =865; 

– 4;O 873>B>2;5=8O AB5:;>H091K 8A?>;L7>20BL ?>@>H>: <0@:8 (-1 A 
@07<5@0<8 3@0=C; 0,55 – 1,0 <<. 

�;020 ?OB0O >?8AK205B >?@>1>20=85 2 ?@>872>4AB25==KE CA;>28OE, 
@07@01>B0==KE 2 @01>B5 =0 >A=>25 :><?LNB5@=>3> <>45;8@>20=8O 8 
M:A?5@8<5=B0;L=KE 8AA;54>20=89 B5E=8G5A:8E ?@54;>65=89. "?KB=>5 
?@5AA>20=85 ?@>2>48;>AL A 8A?>;L7>20=85< 703>B>2>: 87 =081>;55 ?@>1;5<=>9 
AB0;8 08)13!4 1(, :0: =081>;55 2>AB@51>20==>9 ?@8 ?@>872>4AB25. �;O 
?@>2545=8O >?KB=KE @01>B 1K;> 873>B>2;5=> H5ABL <0B@8F :>=8G5A:>9 D>@<K ?> 
@07@01>B0==K< G5@B560< (A B25@4>ABLN @01>G59 ?>25@E=>AB8 HRC 43&48). '3>; 
:>=CA=>AB8 <0B@8F 2 A>>B25BAB288 A @57C;LB0B0<8 @0AG5B>2 =07=0G5= @02=K< 28>. 

#@>872>4AB2> >?KB=>9 ?0@B88 B@C1 =0@C6=K< 480<5B@>< ø89 << A B>;I8=>9 
AB5=:8 6,45 << 87 AB0;8 08)13!4 1(-1 (?;02:0 №211960�) >ACI5AB2;O;>AL 2 
CA;>28OE &#*-2 �" «�&�" ?> ?@8=OB><C @568<C 45D>@<0F88. �;O CB>G=5=8O 
B5<?5@0BC@=>3> @568<0 1K;0 ?@>2545=0 4>?>;=8B5;L=0O A5@8O 8A?KB0=89 =0 
CAB0=>2:5 Gleeble 3800 ?> 8AA;54>20=8N ?;0AB8G=>AB8 ?@8 B5<?5@0BC@5 1250>%, 
:>B>@0O ?>:070;0 B5=45=F8N : A=865=8N ?;0AB8G=>AB8 <5B0;;0 ?@8 B5<?5@0BC@0E 
2KH5 1200>% 2A;54AB285 2K45;5=8O δ-D5@@8B0. �K?>;=5==K9 0=0;87 8AG5@?0=8O 
@5AC@A0 ?;0AB8G=>AB8 ?>:070;, GB> 4;O ?>;CG5=8O B@C1 87 AB0;8 08)13!4 1(-1 A 
:0G5AB25==>9 ?>25@E=>ABLN B5<?5@0BC@0 <5B0;;0 ?@8 ?@5AA>20=88 4>;6=0 
=0E>48BLAO 2 480?07>=5 1150 – 1200>%. 

(8:A8@>20=85 2 ?@>F5AA5 ?@5AA>20=8O CA8;8O ?@5AA>20=8O ?>4B25@48;> 
8<5NI85AO 2 =0CG=>-B5E=8G5A:>9 ;8B5@0BC@5 40==K5 > B><, GB> CA8;85 
?@5AA>20=8O ?@0:B8G5A:8 =5 7028A8B >B D>@<K <0B@8FK. #@8 2A5E @568<0E CA8;8O 
?@5AA>20=8O =5 ?@52KH0;8 ?@545;L=>3> 7=0G5=8O 4;O CAB0=>2:8 (55M!). 

"A<>B@ 8 ?@85<:0 B@C1, ?>;CG5==KE ?@8 >?KB=>< ?@5AA>20=88 A ?@8<5=5=85< 
HB0B=>9 F8;8=4@8G5A:>9 <0B@8FK  5, ?>:070;8 =0;8G85 =0 ?>25@E=>AB8 
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<=>3>G8A;5==KE @07@K2>2 8 B@5I8= (@8A. 9, 0). !0 ?>25@E=>AB8 B@C1, ?@5AA>20=85 
:>B>@KE >ACI5AB2;O;>AL A ?@8<5=5=85< >?KB=>9 :>=8G5A:>9 <0B@8FK, =0@C6=K5 
45D5:BK >BACBAB2>20;8 (@8A. 9, 1).  

$57C;LB0BK ?@5AA>20=8O A 8A?>;L7>20=85< :>=8G5A:8E <0B@8F ?>:070;8 2KE>4 
3>4=>3> 1>;55 90% 8 A=865=85 @0AE>4=>3> :>MDD8F85=B0 <5B0;;0 2 1,25-1,86 @070.  

�>=8G5A:0O <0B@8F0 A C3;>< :>=CA=>AB8 28º ?@8=OB0 4;O 8A?>;L7>20=8O ?@8 
?@5AA>20=88 =0 2A5< ?@>D8;L=>-<0@>G=>< A>AB025 A>@B0<5=B0 B@C1, 2 B>< G8A;5 87 
AB0;59 A =87:>9 ?;0AB8G=>ABLN. %C<<0@=K9 M:>=><8G5A:89 MDD5:B 70 2022-2025 

3>4K >B 2=54@5=8O ?@54;>65==KE B5E=>;>38G5A:8E @5H5=89 A>AB028; 1>;55 43 
<;=. @C1;59. 

 

  

0 1 
$8AC=>: 9 - �84 3>@OG5?@5AA>20==KE B@C1, ?>;CG5==KE A 8A?>;L7>20=85< 

HB0B=>9 <0B@8FK (0) 8 ?@8 8A?>;L7>20=88 @07@01>B0==KE B5E=8G5A:8E @5H5=89 (1) 
 

����.'�!�� 

� 48AA5@B0F8>==>9 @01>B5 =0 >A=>20=88 2K?>;=5==KE 2708<>A2O70==KE 
8AA;54>20=89 @5H5=0 0:BC0;L=0O =0CG=>-B5E=8G5A:0O 7040G0 - ?>2KH5=85 :0G5AB20 
8 @0AH8@5=85 @07<5@=>3> A>@B0<5=B0 3>@OG5?@5AA>20==KE B@C1 87 
A;>6=>;538@>20==KE AB0;59 8 A?;02>2 70 AG5B @0F8>=0;L=>3> ?@8<5=5=8O 
AB5:;>A<07>G=KE <0B5@80;>2, ?@>D8;8@>20=8O B5E=>;>38G5A:>3> 8=AB@C<5=B0 8 
?0@0<5B@>2 45D>@<0F88. 

#@>254ё==K5 B5>@5B8G5A:85 8 M:A?5@8<5=B0;L=K5 8AA;54>20=8O ?>72>;8;8 
?>;CG8BL A;54CNI85 >A=>2=K5 @57C;LB0BK: 

1. �K?>;=5==>5 :><?LNB5@=>5 <>45;8@>20=85 2 ?0:5B5 ?@>3@0<< QForm 

?@>F5AA0 ?@5AA>20=8O B@C1 ?>72>;8;> ?@>8725AB8 >F5=:C 2;8O=8O B5E=>;>38G5A:8E 
?0@0<5B@>2 =0 =0?@O65==>-45D>@<8@>20==>5 A>AB>O=85 <5B0;;0 =0 =0@C6=>9 
?>25@E=>AB8 ?@5AAC5<>9 B@C1K. #>:070=>, GB> 7=0G8B5;L=>5 2;8O=85 =0 
=0?@O65==>5 A>AB>O=85 >:07K205B :>MDD8F85=B B@5=8O, ?@8G5< C25;8G5=85 
:>MDD8F85=B0 B@5=8O ?@82>48B : @>ABC @0ABO3820NI8E =0?@O65=89 =0 2KE>45 87 
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>G030 45D>@<0F88 8 ?>2KH5=8N 25@>OB=>AB8 >1@07>20=8O 45D5:B>2. �>:070=>, GB> 
?>:070B5;L =0?@O65==>3> A>AB>O=8O 2 ?@545;0E 80% 4;8=K >G030 45D>@<0F88 
ACI5AB25==> <5=LH5 =C;O, A;54>20B5;L=>, AB0;L 2 1>;LH59 G0AB8 >G030 45D>@<0F88 
=0E>48BAO D0:B8G5A:8 2 CA;>28OE A25@E?;0AB8G=>AB8 157 =0:>?;5=8O 
?>2@5645==>AB8. �>7<>6=>ABL ?>O2;5=8O 45D5:B>2 >?@545;O5BAO ?>2545=85< 
<5B0;;0 2 2KE>4=>9 G0AB8 >G030 45D>@<0F88, :>B>@>9 A>>B25BAB2CNB 
?>;>68B5;L=K5 7=0G5=8O ?>:070B5;O =0?@O65==>3> A>AB>O=8O. 

2.#@>2545==K5 8A?KB0=8O =0 3>@OG55 A60B85, @0ABO65=85 8 :@CG5=85 =0 
C=825@A0;L=>< 8AA;54>20B5;LA:>< :><?;5:A5 Gleeble 3800 >1@07F>2 87 AB0;59 
<0@>: 10)13!3 (�, 15)13!2, 08)18!10&, 10)17!13 2&, :>B>@K5 O2;ONBAO 
=081>;55 ?@>1;5<=K<8 A B>G:8 7@5=8O :0G5AB20 =0@C6=>9 ?>25@E=>AB8 15AH>2=KE 
B@C1, ?>;CG5==KE ?@5AA>20=85<, ?>72>;8;8 ?>AB@>8BL 4803@0<<K, >E20BK20NI85 
480?07>= 87<5=5=8O :>MDD8F85=B0 =0?@O65==>3> A>AB>O=8O >B 0 4> 0,58. 
#@54?>;030;>AL, GB> <5B0;; 2 ?@>F5AA5 45D>@<8@>20=8O A >B@8F0B5;L=K< 
?>:070B5;5< =0?@O65==>3> A>AB>O=8O ?@>O2;O5B A2>9AB2> =5>3@0=8G5==>9 
?;0AB8G=>AB8. 

3. #@54;>65=K 7028A8<>AB8 4;O 0??@>:A8<0F88 4803@0<< ?;0AB8G=>AB8 
AB0;59, >15A?5G820NI85 2KA>:CN AE>48<>ABL A @57C;LB0B0<8 M:A?5@8<5=B0;L=KE 
8AA;54>20=89 ?;0AB8G=>AB8 AB0;59 <0@>: 10)13!3 (�, 15)13!2, 08)18!10&, 
10)17!13 2& 8 C4>1AB2> :>MDD8F85=B>2 0??@>:A8<0F88 4;O ?@>2545=8O 
2KG8A;8B5;L=KE ?@>F54C@. ' 2A5E <0@>: AB0;8 ?>2KH5=85 B5<?5@0BC@K 8A?KB0=89 
4> 1200>% ?@82>48;> : @>ABC ?;0AB8G=>AB8. #@8 B5<?5@0BC@0E 2KH5 1200>% 
=01;N40;>AL A=865=85 ?;0AB8G=>AB8 E@><A>45@60I8E <0@>: AB0;8 2A;54AB285 
?>O2;5=8O δ-D5@@8B0, ?>4B25@645==>3> <5B0;;>3@0D8G5A:8<8 8AA;54>20=8O<8.  
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