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V 7=0G=> 2?;820є =0 :>@>7V9=C ABV9:VABP.  

%BC?V=P @>7?04C ?5@5A8G5=>3> B25@4>3> @>7G8=C, @V25=P <5E0=VG=8E B0 :>-
@>7V9=8E 2;0AB82>AB59 <>6=0 >?8A0B8 70 4>?><>3>R %-:@828E V7>B5@<VG=>W 4V03-
@0<8 (@8A.1). �;S >1;0ABV ABV9:>3> B25@4>3> @>7G8=C (;V2VH5 ;V=VW 1) E0@0:B5@=0 
=0S2=VABP ?VBB8=3>2>W :>@>7VW 7 >:@5<8<8 ?>>48=>:8<8 >A5@54:0<8 <V6:@8AB0;V-
B=>W :>@>7VW ( ��) 3;818=>R 4> 0,1 <<. #>S20  �� 7C<>2;5=0 01> ?V428I5=>R 
5;5:B@>EV<VG=>R 0:B82=VABR >:@5<8E >@Vє=B>20=8E <56 75@5=, 01> 71V4=5==S< 
?@8<56>28E 4V;S=>: =0 <V4P ?@8 >E>;>465==V 2 V=B5@20;V B5<?5@0BC@ 
500&300°%, 01> >4=>G0A=8< ?@>E>465==S< F8E ?@>F5AV2. #@02>@CG 2V4 ;V=VW 1 
@>7B0H>2CєBPAS >1;0ABP 7 =87P:>R ABV9:VABR 4>  ��, 2 S:V9 71V;PH5==S 28B@8-
<:8 ?@82>48BP 4> 71V;PH5==S 3;818=8 :>@>7VW. � @8A.1 284=>, I> :@82V ABV9:>ABV 
4>  �� @>7B0H>20=V 7=0G=> ;V2VH5 %-:@828E <VF=>ABV. &><C <>6=0 7@>18B8 28-
A=>2>:, I> H284:VABP >E>;>465==S 0;R<V=Vє28E A?;02V2 ACBBє2VH5 2?;820є =0 
:>@>7V9=C ABV9:VABP =V6 =0 E0@0:B5@8AB8:8 <VF=>ABV. %5@54 0;R<V=Vє28E A?;02V2 
4R@0;R<V=8 =09GCB;828HV 4> H284:>ABV >E>;>465==S ?@8 30@BC20==V. �>=8 <0-
RBP =091V;PHC :@8B8G=C H284:VABP >E>;>465==S, S:0 <>65 AB0=>28B8 2V4 536 4> 
1100°%/A. &0: ;8AB8 7V A?;02C �16 >E>;>465=V 7V H284:VABR 400&1100°%/A <0RBP 
7<VH0=89 E0@0:B5@ @C9=C20==S ( �� B0 ?VBB8=3). �>B@8<0==S @568<V2 30@BC-
20==S B0 CAC=5==S ?@8G8= 7<5=H5==S H284:>ABV >E>;>465==S (?5@5B@8<:0 =0 
?>2VB@V 289=SB8E 7 30@BV2=>W ?5GV 28@>1V2, ?V428I5=0 B5<?5@0BC@0 30@BV2=>3> A5-
@54>28I0, =5?@028;P=0 C:;04:0 28@>1V2 B0 ?5@520=B065==S A04:8) ?V428ICє ABV9-
:VABP 0;R<V=Vє28E A?;02V2 4> :>@>7VW. &0: >E>;>465==S <0;>3010@8B=8E 28@>1V2 
C 2>4V, I> <0є B5<?5@0BC@C 40&50°%, 70157?5GCє 704>2V;P=89 >?V@ S:  �� B0: 
V $� (@>7H0@>2CRG0 :>@>7VS). � >AP ?@8 ?V428I5=V B5<?5@0BC@8 2>48 28I5 
80°% >1842V E0@0:B5@8AB8:8 ACBBє2> 7=86CRBPAS. 

"?V@ 4R@0;R<V=V2 :>@>7V9=><C @>7B@VA:C20==R (�$) <0є 1V;PH A:;04=89 
E0@0:B5@ (@8A.2) B0 <5=H 70;56=89 2V4 H284:>ABV >E>;>465==S ?@8 30@BC20==V. 
"1;0ABP ABV9:>ABV B25@4>3> @>7G8=C ?@8 375°% B0 28I5 7AC=CB0 2 >1;0ABP 1V;P-
H8E 28B@8<>:. #@8 450°% >1;0ABP ABV9:>ABV (2V4ACB=>ABV :>@>7V9=>3> 
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@>7B@VA:C20==S, ��$) 4>AS30є <0:A8<0;P=>W 28B@8<:8 (60 E2). "A>1;82VABR 4V-
03@0<8 є =0S2=VABP I5 >4=VєW >1;0ABV ABV9:>ABV ?@8 350°% 7 28B@8<:>R =5 
<5=H5 7 E2. 

 
$8AC=>: 1 3 %-:@82V ABV9:>ABV 4> 
 �� (1) V <VF=>ABV ;8ABV2 98% (2) 
B0 95% (3) 2V4 σ� A?;02C �16 
(t30@B = 420°%, v:@ = 580°%/A) 

 
$8AC=>: 2 3 %-:@82V ABV9:>ABV 4> 
:>@>7V9=>3> @>7B@VA:C20==S (�$) 

;8ABV2 7V A?;02C �16 

/:I> 2 A?;02V �16 =0 <560E 75@5= B25@4>3> @>7G8=C 2V4ACB=V 284V;5==S, 
B> 3;818=0  �� <5=H5 0,1 <<. #@8 B5<?5@0BC@V 350°% V 28I5 =0 <560E 75@5= 
A?>AB5@V30єBPAS 284V;5==S θ-D078 (CuAl2), 0 =86G5 350°% - S-D078 (Al2CuMg). 

(078 θ B0 S <0RBP @V7=89 5;5:B@>EV<VG=89 ?>B5=FV0; V 2V4=>A=> B25@4>3> @>-
7G8=C є :0B>4>< V 0=>4>< 2V4?>2V4=>, 0;5  =0 V=B5=A82=VABP B0 3;818=C  �� 
2>=8 =5 2?;820RBP. #@8G8=>R  �� є 71V4=5==S ?@8<56>28E 4V;S=>: B25@4>3> 
@>7G8=C =0 <V4P. �=0A;V4>: G>3> 2>=8 =01C20RBP ?>78B82=89 ?>B5=FV0;. &25@-
489 @>7G8= 4C65 =5ABV9:89 V =02VBP 2 B>=:>ABV==8E =0?V2D01@8:0B0E <>6;820 
?>S20  ��.  5E0=V7< ABV9:>ABV 4> �$ 1V;PH A:;04=89. �@V< 5;5:B@>EV<VG=>3> 
D0:B>@C 206;828< є E0@0:B5@ 2=CB@VH=P>75@5==>W 45D>@<0FVW 2 >:@5<8E <V:-
@>>1’є<0E ?V4 4VєR =0?@C65=P <5=H8E 70 σ&. *5 V є >A=>2=>R 2V4<V==VABR 2 %-

:@828E 4;S  �� B0 �$. &@820;V 28B@8<:8 2 V=B5@20;V B5<?5@0BC@ 250&350°% 
AC?@>2>46CRBPAS :>03C;SFVєR θ- B0 S-D078, I> ?@872>48BP 4> @V2=><V@=>W 
45D>@<0FVW 75@=0 B0 7<5=H5==R =0?@C65=P =0 <560E 75@5=. &><C 284V;5==S 
D07 S: =0 <560E 75@5= B0: V 2A5@548=V E>G0 V AC?@>2>46CєBPAS 7=0G=>R 5;5:B-
@>EV<VG=>R 35B5@>35==VABR B0 3;818=>R  �� 0;5 7=>2 ?V428ICє ABV9:VABP 
A?;02C 4> �$. &0:8< G8=><, C<>28 >E>;>465==S ?@8 30@BC20==V 4;V=><V@=8E, 
A:;04=>W D>@<8 B0 B>2AB>ABV=8E =0?V2D01@8:0BV2 7V A?;02V2 A8AB5<8 Al-Cu-Mg 

(�16, �1 B>I>) <0RBP 7=0G=89 2?;82 =0 WE :>@>7V9=C ABV9:VABP. 
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%��*�/ « �&"�� #����-�!!/ /�"%&� ��������,  �&���� � 
%#�����» 

 

621.74.04:669.15'26  

�20=>2 �. �.1, �5;5=R: .. ".2 
1 4-@ B5E=. =0C: !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 0A?. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

 �&"�� #"#�$����!!/ '&�"$�!!/ ���"��) #"$ ' 
�������) � ��%"�")$" �%&�) %&���� 

 

�8A>:>E@><8ABV AB0;V (=0?@8:;04, <0@>: 10)12!��, 20)12�! (�, 
15)13� B>I>) AE8;P=V 4> CB2>@5==S 307>28E @0:>28=. *5 ?>2’S70=> 7 B5E=>;>3VG-
=8<8 >A>1;82>ABS<8 B5E=>;>3VW WE ?;02;5==S 4;S 70157?5G5==S =87P:>W :>=F5=B-
@0FVW 2C3;5FR, 0 B0:>6 >1C<>2;RєBPAS 28A>:8< 2<VAB>< ;53CRG8E 5;5<5=BV2 B0 
270є<>4VєR WE 7 3070<8. &>1B> ?@8G8=0<8 ?>@>CB2>@5==S є =0A8G5==S @V4:>3> <5-
B0;C @V7=8<8 3070<8: 2>4=5< (@>7G8==VABP S:>3> 7=86CєBPAS ?@8 >E>;>465==V), 
07>B>< (70 =0S2=>ABV 28A>:>3> 2<VABC E@><C) 01> :8A=5< (?@8 270є<>4VW 7 2C3;5F5< 
%" V %"2). 

#;02:C B0:8E AB0;59 =09G0ABVH5 ?@>2>4SBP <5B>4>< ?5@5?;02C 01> A?;02-
;5==S, I> ?>2’S70=> 7V A:;04=VABR >:8A;5==S 2C3;5FR ?@8 =0S2=>ABV 28A>:>3> 2<V-
ABC E@><C V =5>1EV4=>ABV 70157?5G5==S 28A>:>W B5<?5@0BC@8 @>7?;02C. /:VABP AB0;V, 
I> 28?;02;5=0 C V=4C:FV9=8E ?5G0E 2V4@V7=SєBPAS :@0I>R S:VABR =V6 C 4C3>28E, 
2=0A;V4>: 7<5=H5==S :>=F5=B@0FVW 2>4=R B0 07>BC. #@8 FP><C ?;02:C, 4;S 70157-
?5G5==S =87P:>3> 2<VABC 2C3;5FR, ?@>2>4SBP D>@A>20=> =0 H8EBV, I> ?5@5206=> 
A:;040єBPAS 7 28A>:>;53>20=8E 2V4E>4V2 7 4>4020==S< G8AB>3> 70;V70 (B8?C �@<:>) 
B0 =87P:>2C3;5F528E 01> 1572C3;5F528E D5@>A?;02V2 B0 <5B0;V2. �0;820==S B0:8E 
AB0;59 @5:><5=4>20=> ?@>2>48B8 B0:>6 D>@A>20=>, =5 4>?CA:0RG8 ?>2B>@=>3> 
>:8A;5==S. 

�030B>@VG=89 4>A2V4 283>B>2;5==S 28;82:V2 7 28A>:>E@><8AB8E AB0;59 ?>:0-
702, I> 4;S ?>?5@5465==S CB2>@5==S 307>28E @0:>28= ?5@54 @>7;820==S< B0:8E 
AB0;59 4>FV;P=8< є >1@>1:0 @>7?;02C (?5@5206=> C :>2HV) @V7=8<8 AC<VH0<8, I> 
<VABSBP 5;5<5=B8-453070B>@8 (Ti, Al, Zr, Ce, $� ) 7 <5B>R 72’S7C20==S 70;8H:>28E 
307V2 C ABV9:V =5<5B0;52V 2:@0?;5==S, 01> =59B@0;P=8<8 3070<8. �@V< B>3>, 4;S B0:0 
>1@>1:0 A?@8Sє ?>4@V1=5==R AB@C:BC@8 V ?V428I5==R ?;0AB8G=>ABV AB0;V. %B2>-
@5==S 70E8A=>W 0B<>AD5@8, 0 B0:>6 @>7;820==S 7 28A>:>R H284:VABR 2 >?B8<0;P-
=><C V=B5@20;V B5<?5@0BC@ C A5@54>28IV =59B@0;P=8E 307V2 01> C 20:CC<V є 5D5:-
B82=8< <5B>4>< 7=865==S 307>=0A8G5=>ABV <5B0;C. �V4?>2V40;P=V ;8BV 28@>18 7 
28A>:>E@><8AB8E AB0;59 @5:><5=4>20=> 283>B>2;SBP 7 28:>@8AB0==S< 20:CC<=>-
V=4C:FV9=>W ?;02:8 01> ?5@5?;02C =0 5;5:B@>H;0:>28E CAB0=>2:0E. 

 

'�� 621.74.047:621.78:669.13'5 
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�20=>2 �. �.1, %>:C;PAP:89 �.".2 
1 4-@ B5E=. =0C: !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 0A?., !' «�0?>@V7P:0 ?>;VB5E=V:0» 
$"�$"��� "#&� ��Ь!�) $��� �� &�$ �+!"� "�$"��� ��/ 

��&�) ��&���� � ��%"�")$" �%&�) +��'!�� 

�;S ;8B8E 45B0;59 7 28A>:>E@><8AB8E G02C=V2, S:V ?@0FRRBP V C<>20E 01-
@0782=>3> 7=>HC20==S, @568<8 B5@<VG=>W >1@>1:8 >1C<>2;RRBPAS <>6;82>-
ABS<8 WE <5E0=VG=>W >1@>1:8 B0 70157?5G5==S <0:A8<0;P=>W B25@4>ABV B0 7=>A>-
ABV9:>ABV. &><C G0AB> 4;S B0:8E 45B0;59 ?@>2>48BPAS 45:V;P:0 5B0?V2: A?>G0B:C 
2V4?0; 3 4;S ?>:@0H5==S >1@>1:8 @V70==S<, 0 ?>BV< 30@BC20==S 01> =>@<0;V70-
FVS 3>B>28E 28@>1V2 3 4;S 70157?5G5==S 28A>:8E 5:A?;C0B0FV9=8E 2;0AB82>A-
B59. 

�>A;V46C20;8 E@><><0@30=F52V G02C=8 =0ABC?=>3> EV<VG=>3> A:;04C (<0A. 
G0AB:0, %): 2,4&2,6 C; 19&21 Cr; 2,0&3,0 Mn; 0,4&0,6 Si; <5=H 0,03 S; <5=H 0,03 
P. &5@<VG=C >1@>1:C ?@>2>48;8 C 5;5:B@8G=8E :0<5@=8E ?5G0E B8?C %!"�. �V4-
?0; 7@07:V2 4V0<5B@>< V 28A>B>R 30 << ?@>2>48;8 ?@8 B5<?5@0BC@0E 800, 850, 900, 
950 V 950 º% 7 28B@8<:>R 2 3>4. ,284:VABP =03@V20==S 4> 600 º% =5 ?5@528IC20;0 
60&80 º%/3>4. �0;V @>18;8 B5<?5@0BC@=C 7C?8=:C 7 28B@8<:>R 2 3>48=8. #>40-
;PH5 =03@V20==S 4> 7040=8E B5<?5@0BC@ ?@>2>48;8 7V H284:VABR 50&60 º%/3>4. 
�;S CAC=5==S CB2>@5==S 0CAB5=VBC B0 >B@8<0==S D5@8B>-:0@1V4=8E AC<VH59 H28-
4:VABP >E>;>465==S ?VA;S 28B@8<:8 A:;040;0 30&50 º%/3>4. #VA;S 2V4?0;C 7@07:8 
G02C=V2 ?V44020;8 28<V@R20==R B25@4>ABV 70 $>:25;><. 

#@>2545=V 4>A;V465==S ?>:070;8, I> ?V428I5==S B5<?5@0BC@8 2V4?0;C 
?@82>48BP 4> 5D5:B82=>3> 7=865==S B25@4>ABV 28A>:>E@><8AB8E G02C=V2 7 46 
>48=8FP HRC ?@8 B5<?5@0BC@V 2V4?0;C 850 º% 4> 32&34 >48=8FP HRC ?@8 B5-
<?5@0BC@V 2V4?0;C 950&1000 º%. 

 5B0;>3@0DVG=V 4>A;V465==S ?>:070;8, I> 2V4?0; 2 V=B5@20;V 800&1000 
º% ?@82>48BP 4> @>7?04C 0CAB5=VB=>W <0B@8FV 7 CB2>@5==S< 4@V1=>48A?5@A=8E 
D5@8B>-:0@1V4=8E AC<VH59. !0S2=VABP <0@30=FR >1C<>2;Rє =0S2=VABP B0:>6 
0CAB5=VBC, I> =5 @>7:;02AS ?@8 2V4?0;V, S:89 2 ?>40;PH><C <>65 A?@8SB8 =0-
:;5?C B0 AB@C:BC@=8< ?5@5B2>@5==S< ?V4 G0A >1@>1:8 @V70==S< V ?>3V@H8B8 
S:VABP <5E0=VG=>W >1@>1:8. &><C, 28E>4SG8 7 >B@8<0=8E 40=8E B0 ;VB5@0BC@=8E 
465@5;, 2<VAB <0@30=FR C 28A>:>E@><8AB8E 157=V:5;528E G02C=0E A;V4 >1<5-
6C20B8 (=5 1V;PH5 2,0 % 70 <0A>R) 4;S 70157?5G5==S 704>2V;P=>W 740B=>ABV 4> 
<5E0=VG=>W >1@>1:8. 
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'�� 621.74.047:669.13'5-12 

 0B259H8=  .�.1, #5B@V: %.(.1 
1 0A?. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

&�)!"�"��+!� "%"����"%&� ���"&"���!!/ 
��%"�" �*!�) +��'!�� � ��%"�� � #"���!��� � 

#��%&�+!"%&� &� �!"%"%&���"%&� 

 

#>є4=0==S 28A>:>W <VF=>ABV, ?;0AB8G=>ABV B0 7=>A>ABV9:>ABV є =5>1EV4=>R 
28<>3>R 4> <0B5@V0;V2 4;S 2V4?>2V40;P=8E ;8B8E 45B0;59 C 1030BP>E ?@><8A;>-
28E 30;C7SE: 02B><>1V;51C4C20==V, 70;V7=8G=><C B@0=A?>@BV, 3V@=8GV9 A?@02V, 
5=5@35B8FV B>I>. "?B8<0;P=> F8< 28<>30< 2V4?>2V40є 28A>:><VF=89 G02C= 7 :C-
;SAB8< 3@0DVB>< ?VA;S A?5FV0;P=>W B5@<VG=>W >1@>1:8, S:0 2:;RG0є 45:V;P:0 5B0-
?V2. 

0CAB5=V70FVR 3 =03@V20==S 4> B5<?5@0BC@8 880&920°C 7 28B@8<:>R 1&2 
3>48=8, I> 70;568BP 2V4 B>2I8=8 28;82:0; B5@<VG=C >1@>1:C @5:><5=4CєBPAS 
?@>2>48B8 C :>=B@>;P>20=><C A5@54>28IV 4;S CAC=5==S >:8A;5==S B0 7=52C3;5-
FP>2C20==S; ?@8 FP><C 2V41C20єBPAS ?5@5B2>@5==S <5B0;52>W <0B@8FV =0 >4=>@V-
4=89 B25@489 @>7G8= - 0CAB5=VB, 7 >4=>G0A=8< @>7G8=5==S :0@1V4V2; B5<?5@0BC@0 
=03@V20==S =5 ?>28==0 1CB8 28I5 950 º% 4;S 70?>1V30==S @>ABC 75@=0 B0 7=8-
65==S <VF=>ABV; 

V7>B5@<VG=C 28B@8<:C (0CAB5<?5@8=3) 3 :>=B@>;P>20=5 >E>;>465==S 28;8-
2:V2 H;SE>< H284:>3> ?5@5=5A5==S 28;82:V2 C 20==C 7 B5<?5@0BC@>R 
350&400°C B0 28B@8<:>R 60&120 E28;8= 7 <5B>R CB2>@5==S =87P:>B5<?5@0-
BC@=>3> 159=VBC V7 70;8H:>28< 0CAB5=VB>< (20&40%), I> 70157?5GCє >B@8<0==S 
28A>:8E ?>:07=8:V2 ?;0AB8G=>ABV (2V4=>A=5 ?>4>265==S 1V;PH5 10%, C40@=0 2'S-
7:VABP 1V;PH5 100 �6/A<²) B0 <VF=>ABV (B8<G0A>289 >?V@ @C9=C20==R 1V;PH5 1000 
 #0), 0 2 ?>40;PH><C 3 V 7=>A>ABV9:>ABV; 

>E>;>465==S 3 =0 ?>2VB@V 4> :V<=0B=>W B5<?5@0BC@8. 
� V=H8E >A>1;82>AB59 28A>:><VF=>3> G02C=C 7 :C;SAB8< 3@0DVB>< A;V4 2V4-

7=0G8B8 ?V428I5=89 2<VAB 2C3;5FR (3,5&3,7 %) V :@5<=VR (2,4&2,8 %) - 4;S 70-
157?5G5==S ?>G0B:>2>W D5@8B=>W AB@C:BC@8. !87P:89 2<VAB H:V4;828E 4><VH>: 
- D>AD>@C(4> 0,04 %) V, >A>1;82>, AV@:8 (0,02 %) 70157?5GCє <5=HC 701@C4=5=VABP 
D>ADV40<8 B0 AC;PDV40<8. �<VAB <0@30=FR B@510 >1<56CRBP 0,4 %, I> CAC20є 
CB2>@5==S AB01V;P=>3> ?5@;VBC. �>40B:>2> G02C= ;53CRBP =V:5;5<, <>;V145=><, 
<V44R, I> 4>72>;Sє AB01V;V7C20B8 0CAB5=VB B0 ?V428I8B8 B25@4VABP 157 2B@0B8 
?;0AB8G=>ABV.  
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'�� 621.74 
Є2AV:>2 $.�. 1 

1 0A?. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
#�$%#��&���  "��(��'��!!/ %&�����) %#����� � 

 �&". #����-�!!/ ��%#�'�&�*��!�) ���%&��"%&��. 
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28=8:0RBP :>@>7V9=V ?@>F5A8 @V7=>W ?@8@>48 B0 5D5:B $51V=45@0, I> ?@8H284HC-
RBP @C9=C20==S. 

� ?@>F5AV 1C4V2=8FB20 28:>@8AB>2CRBP @CG=89 V=AB@C<5=B: ?5@D>@0B>@8 B0 
2V41V9=V <>;>B:8.  �5B0;V (@>1>GV >@30=8) F8E <5E0=V7<V2 ?@0FRRBP ?V4 2?;82>< 
C40@=8E =020=B065=P B0 01@0782=8E G0AB8=>:. 

#@8 @>7@>1FV 01> 24>A:>=0;5==R :>=AB@C:FVW <0H8=, <5E0=V7<V2 B0 >:@5<8E 
45B0;59 V=AB@C<5=B0 ?>B@V1=> 2@0E>2C20B8 >A>1;82>ABV C<>2 5:A?;C0B0FVW. �V4?>-
2V4=> 4> FP>3> ?>B@V1=> 287=0G8B8 7>=8 =091V;PH>3> 2@065==S 01@0782=8<8 G0A-
B8=:0<8. !0?@8:;04 :@><:8 7C10 B0 DCB5@>2:8 :>2H0, :@09 =>60 @>7?CHC20G0, 
70:V=G5==S 1V;8, ?>25@E=S B0 B>@5FP ;>?0BV, :CB>: B@C1>?@>2>4C B0 V=HV. �;S F8E 
7>= 45B0;59 ?>B@V1=V AB2>@R20B8 70<V==V 5;5<5=B8. !0?@8:;04 4;S =>60 @>7?CHC-
20G0 ?>B@V15= =0:>=5G=8:. �>=AB@C:FVS  ?>B@V1=0 ?5@5410G0B8 ;53:C 70<V=C 7=>-
H5=>W 45B0;V =0 =>2C, 01> 2V4=>2;5=C. !>6V :>2H0 1C;P4>75@0 G8 A:@5?5@C ?>B@V-
1=> ?>4V;8B8 =0 G0AB8=8 S:V DV:ACRBPAS 2B>?;5=8<8 1>;B0<8 B0 309:0<8 V7 2=CB-
@VH=P>W AB>@>=8. �>AB@89 G8 ?;0A:89 :@09 1V;8 2V41V9=>3> ?=52<0B8G=>3> <>;>-
B:0 :@0I5 28:>=C20B8 7<V==8< 70<VABP FV;P=>W :>=AB@C:FVW. 

�81V@ <0B5@V0;C ?>;S30є 2 B><C, I> 4;S @V7=8E C<>2 5:A?;C0B0FVW ?>B@V1=> 
2@0E>2C202 =5 BV;P:8 EV<VG=89 A:;04 A?;02C B0 9>3> B25@4VABP, 0 9 AB@C:BC@C (D>-
@<0 B0 @>7?>4V; :0@1V4V2) 2V4ACB=VABP 7>= V7 @V7=8< 2<VAB>< E@><C, I> 70?>1V30B8<5 
28=8:=5==R <V6:@8AB0;VG=>W :>@>7VW. �@V1=>75@=8AB0 AB@C:BC@0 <0є 28A>:V ?>:0-
7=8:8 C40@=>W 2’S7:>ABV, I> 70157?5GCє ABV9:VABP  2 C<>20E C40@=8E =020=B065=P. 
'�� 669.14 
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ЄD@5<5=:> �.�.1,2, �;8<>2 ".�.3, �V@6>= �.�.4, ЄD@5<5=:> ".�.5, 
�0?CABS= ".Є.3, �@8:>2  . .4 
1 ?@>D. ��!� «#@807>2AP:89 45@602=89 B5E=VG=89 C=V25@A8B5B» 
2 Prof. Institute of Materials Research of SAS, Slovakia 
3 4>F. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
4 ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
5 A.=.A. ��!� «#@807>2AP:89 45@602=89 B5E=VG=89 C=V25@A8B5B» 

!��Ь�"���"��!� %&��Ь ��/ "&$� �!!/ ��%"�"� 
 �*!"%&� &�#"�� � ���� � &�$ �+!"� "�$"��� 

�57?5:0 ;R48=8 2 >A>1;828E C<>20E 70;568BP 2V4 1030BP>E D0:B>@V2, C 
B><C G8A;V 740B=>ABV 5;5<5=BV2 :>=AB@C:FV9 >?8@0B8AS @C9=C20==R ?V4 4VєR 
=020=B065=P, S:V ?5@528ICRBP @>7@0EC=:>2V. &><C >4=8< 7 0:BC0;P=8E =0C:>-
28E =0?@S<V2 <0B5@V0;>7=02AB20 є ?>HC: 28A>:><VF=8E <0B5@V0;V2 V <5B>4V2 WE 
>1@>1:8 4;S 70157?5G5==S 28A>:8E ?>:07=8:V2 :>=AB@C:FV9=>W <VF=>ABV. 

�8A>:><VF=V AB0;V є =04728G09=> 206;828< :>=AB@C:FV9=8< <0B5@V0;><. 
�0AB>AC20==S AB0;59 ?V428I5=>W V 28A>:>W <VF=>ABV A?@8Sє 7<5=H5==R @878:C 
:0B0AB@>D V, I> є B0:>6 206;828<, 7<5=H5==R 28B@0B =0 <0B5@V0;. �8A>:V ?>-
:07=8:8 <VF=>ABV AB0;59 70157?5GCRBPAS @V7=8<8 <5B>40<8 B5@<VG=>W (B5@<>-
<5E0=VG=>W) >1@>1:8. �0AB>A>2=VABP B8E G8 V=H8E <5B>4V2 4> ?52=>W AB0;V 70;5-
68BP 2V4 WW EV<VG=>3> A:;04C. �C;> 1 :>@8A=8< <0B8 B0:C AB0;P, 4> S:>W <>6=0 
70AB>A>2C20B8 2AV >A=>2=V 2848 B5@<VG=>W >1@>1:8, 01> WE :><1V=0FVR. �> B0:8E 
284V2 <>6=0 2V4=5AB8: 30@BC20==S =0 <0@B5=A8B V7 2V4?CA:0==S< (quenching and 

tempering),  V7>B5@<VG=C >1@>1:C =0 159=VB (austempering) [1], G0AB:>25 30@BC-
20==S 7 ?>40;PH>R V7>B5@<VG=>R >1@>1:>R (quenching and partitioning, Q&P) 

[2]. 

�>=AB@C:FV9=V 28A>:><VF=V AB0;V, S:V ?V440RBP 30@BC20==R V7 2V4?CA:0=-
=S<, <VABSBP 4> 0,45-0,50 <0A.% 2C3;5FR. �1V;PH5==S 2<VABC 2C3;5FR =5 ?@87-
2>48BP 4> 7=0G=>3> ?V428I5==S <VF=>ABV, 0;5 ?>3V@HCє ?;0AB8G=VABP. �06;8-
2>R 28<>3>R 4> AB0;59, S:V ?V440RBP >1@>1:0< austempering 01> Q&P, є =5>1-
EV4=VABP 70157?5G8B8 B5<?5@0BC@C ?>G0B:C <0@B5=A8B=>3> ?5@5B2>@5==S ( ?) 
=5 28I5 ?52=>3> @V2=S, >?B8<0;P=> 240-250 >%.  %0<5 V7>B5@<VG=0 >1@>1:0 AB0-
;59 70 B5<?5@0BC@ CB2>@5==S =86=P>3> 159=VBC  4>72>;Sє >B@8<C20B8 70 ?@8-
9=SB=89 G0A 28B@8<:8 28A>:V ?>:07=8:8 <VF=>ABV ?>є4=0=V V7 ?V428I5=>R ?;0-
AB8G=VABR.  VF=VABP ?VA;S >1@>1:8 70 1V;PH 28A>:>W B5<?5@0BC@8 є =86G>R, 0 
>1@>1:0 70 =86G>W B5<?5@0BC@8 ?>B@51Cє =5?@89=SB=> 1030B> G0AC. &0:>6 =5-
>1EV4=> 70157?5G8B8 2<VAB :@5<=VR =5 <5=H5 1,5% 4;S 70?>1V30==S CB2>@5==R 
:0@1V4V2 ?V4 G0A V7>B5@<VG=>W >1@>1:8 [1]. &0:8< G8=><, 28A>:><VF=0 =87P:>-
;53>20=0 AB0;P 4;S >B@8<0==S 28A>:>W <VF=>ABV B8?>28<8 2840<8 B5@<VG=>W >1-
@>1:8 <0є <VAB8B8 2C3;5FR 1V;PH5 0,40% B0 <V=V<0;P=> 1,5 %Si. $5HB0 ;53C-
20;P=8E 5;5<5=BV2 є =5>1EV4=8<8, 2 ?5@HC G5@3C, 4;S 70157?5G5==S  ? =5 28I5 
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250 >%, 0 B0:>6 4;S ?>:@0I5==S ?@>30@B>2C20=>ABV V 4>40B:>2>3> ?V428I5==S 
<5E0=VG=8E 2;0AB82>AB59. 

&5<?5@0BC@0  ? 0CAB5=VBC, S:89 <VAB8BP, =0?@8:;04 0,40 %C V 1,5 %Si, 

A:;040є ?@81;87=> 350 >%. �;S 7=865==S  ? 4> 250 >% <>6=0 28:>@8AB0B8 Mn 

B0 Ni S: 5;5<5=B8-0CAB5=V70B>@8. *V 5;5<5=B8 =091V;PH>R <V@>R ?>:@0ICRBP 
?@>30@B>2C20=VABP, >A:V;P:8 7=86CRBP B5<?5@0BC@C 52B5:B>W4=>3> ?5@5B2>-
@5==S; :@V< B>3>, 2>=8, =091V;PH 5D5:B82=> C ?>@V2=S==V 7  V=H8<8 5;5<5=B8 
2?;820RBP =0  ?. �=HV ;53C20;P=V 5;5<5=B8 (Mo, %r, V, Nb, B>I>) 28:>@8AB>-
2CRBP 2 =87P:>;53>20=8E AB0;SE C =525;8:V9 :V;P:>ABV, 70728G09 7=0G=> =86G5 
1%. �;S 7=865==S B5<?5@0BC@8  ? 4> =5>1EV4=>3> 7=0G5==S B@510 22>48B8 2 
420 @078 <5=H5 <0@30=FR 0=V6 =V:5;R, :@V< B>3>, =V:5;P є ?@81;87=> 242VGV 
4>@>6G8< 70 <0@30=5FP. "B65, ?@8 281>@V EV<VG=>3> A:;04C =87P:>;53>20=>W 
28A>:><VF=>W AB0;V <V=V<0;P=>W 20@B>ABV B@510 >@Vє=BC20B8AS A0<5 =0 A8AB5<C 
;53C20==S Mn-Si, 22>4SG8 4>40B:>2V 5;5<5=B8 ;8H5 704;S 4>AS3=5==S ?52=8E 
FV;59, B0:8E S: ?>4@V1=5==S 75@=0, CAC=5==S 2V4?CA:=>W :@8E:>ABV, B>I>. 

#>40;PHV 4>A;V465==S <>6CBP 1CB8 A?@S<>20=8<8 =0 287=0G5==S AB@C:-
BC@8 V 2;0AB82>AB59 =87P:>;53>20=8E 28A>:><VF=8E AB0;59 V7 ?V428I5=8< 2<V-
AB>< 2C3;5FR 70 @V7=8E 284V2 B5@<VG=>W >1@>1:8. �0 C<>2 704>2V;P=8E <5E0=V-
G=8E V B5E=>;>3VG=8E 2;0AB82>AB59 B0:V AB0;V <>6CBP 4>?>2=8B8 
�%&' 3760:2019 «#@>:0B 0@<0BC@=89 4;S 70;V7>15B>==8E :>=AB@C:FV9». !0 
B5?5@VH=V9 G0A 707=0G5=89 �%&' @53;0<5=BCє 28<>38 4> 0@<0BC@8 7V AB0;59 V7 
2<VAB>< 4> 0,32 %C,  2,40 %Si V 2,30 %Mn. #V428I5==S 2<VABC 2C3;5FR V7 2V4-
?>2V4=8< CB>G=5==S< 2<VABC ;53C20;P=8E 5;5<5=BV2 4>72>;8BP 7=0G=> @>7H8-
@8B8 A?5:B@ 2;0AB82>AB59 28@>1V2 7024S:8 70AB>AC20==R @V7=8E 284V2 B5@<VG-
=>W >1@>1:8, 7>:@5<0 austempering B0 Q&P. 

$>1>BC 28:>=0=> 70 DV=0=A>2>W ?V4B@8<:8 !0FV>=0;P=>3> D>=4C 4>A;V-
465=P ':@0W=8 ( ?@>є:B 2021.01/0189). 

 

%#�%"� ���"$�%&�!"� ��&�$�&'$� 

 
1. Bhadeshia, H.K.D.H., Christian, J.W. Bainite in steels. Metall Trans A. 

1990. Vol. 21, P. 7673797. 

2. Zurnadzhy V.I., Efremenko V.G., Wu K.M., Petryshynets I., Shimizu K., 

Zusin A.M., Brykov M.N., Andilakhai V.A. Tailoring strength/ductility combination 

in 2.5 wt% Si-alloyed middle carbon steel produced by the two-step Q-P treatment 

with a prolonged partitioning stage. Materials Science and Engineering: A. 2020. 

Vol. 791, 139721. 
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'�� 669.14 

�>1@>2 �.%.1 �@8:>2  . .2 

1 0A?. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

���!�+�!!/ "#&� ��Ь!"�" � �%&' �'���*. � 
!��Ь�"���"��!�) ��%"�" �*!�) %&��/) 

%CG0A=V 28A>:><VF=V AB0;V H8@>:> 28:>@8AB>2CRBPAS 2 02V0FVW, >1>@>==V9 
?@><8A;>2>ABV, B@0=A?>@BV B0 <0H8=>1C4C20==V, 45 2V4 <0B5@V0;C 28<030єBPAS 
?>є4=0==S 28A>:>W <VF=>ABV, ?;0AB8G=>ABV B0 ABV9:>ABV 4> :@8E:>3> @C9=C-
20==S. "FV=:0 B0:8E AB0;59 ;8H5 70 >:@5<8<8 <5E0=VG=8<8 E0@0:B5@8AB8:0<8 
(3@0=8FS <VF=>ABV, C40@=0 2’S7:VABP B>I>) =5 4>72>;Sє ?@>3=>7C20B8 WE =04V9-
=VABP V 4>23>2VG=VABP ?V4 G0A 5:A?;C0B0FVW. 

%5@54 70?@>?>=>20=8E =0 B5?5@VH=V9 G0A C7030;P=5=8E :@8B5@VW2 :>=A-
B@C:FV9=>W <VF=>ABV AB0;59 <>6=0 707=0G8B8 28@07: 

 

 ,                                                (1) 

 

45 σB - 3@0=8FS <VF=>ABV (GPa), σT - 3@0=8FS ?;8==>ABV (GPa), δ - 2V4=>A=5 
?>4>265==S (%). 

 

 5B>R FVєW @>1>B8 є 0=0;V7 270є<>72’S7:C <V6 2<VAB>< 2C3;5FR B0 :><-
?;5:A=8< :@8B5@Vє< K C AB0;SE, 0 B0:>6 287=0G5==S >?B8<0;P=>3> 2<VABC 2C3-
;5FR, S:89 70157?5G8BP <0:A8<0;P=89 ?>:07=8: �.  

� 2V4:@8B8E 465@5; 1C;> 7V1@0=> 40=V I>4> EV<VG=>3> A:;04C V <5E0=VG=8E 
2;0AB82>AB59 ?>=04 100 20@V0=BV2 AB0;59, S: 5:A?5@8<5=B0;P=8E, B0: V :><5@-
FV9=> 70AB>A>2C20=8E. �;S 2AVE AB0;59 @>7@0E>20=> ?>:07=8: K B0 =0=5A5=> B>-
G:8 =0 4V03@0<C (@8A. 1) 70;56=>ABV K 2V4 2<VABC 2C3;5FR. 

!0 4V03@0<V A?>AB5@V30єBPAS GVB:89 <0:A8<C< 7=0G5==S K 2 4V0?07>=V 
0.5030.60% 2C3;5FR 4;S 5:A?5@8<5=B0;P=8E B0 ?@><8A;>28E  =87P:>;53>20=8E 
AB0;59. �8A>:>;53>20=V ?@><8A;>2V AB0;V 70157?5GCRBP <0:A8<C< � 70 <5=-
H>3> 2<VABC 2C3;5FR.  0@B5=A8B=>-AB0@VRGV AB0;V <0965 =5 <VABSBP 2C3;5FR 
27030;V.  

�AC2 <0:A8<0;P=8E 7=0G5=P � 2 1V: <5=H>3> 2<VABC 2C3;5FR 4;S 28A>:>-
;53>20=8E AB0;59 ?>2'S70=89 V7 25;8:8< 2<VAB>< ;53C20;P=8E 5;5<5=BV2 B0/01> 
70AB>AC20==S< B5@<><5E0=VG=>W >1@>1:8.   

&5@<><5E0=VG=C >1@>1:C B0:>6 <>65 1CB8 70AB>A>20=> V 4;S =87P:>;53>-
20=8E AB0;59. �0728G09 AB0;V ?VA;S B5@<><5E0=VG=>W >1@>1:8 2>;>4VRBP ?V428-
I5=8< :><?;5:A>< <5E0=VG=8E 2;0AB82>AB59. &><C >?B8<0;P=89 2<VAB 
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2C3;5FR 2 =87P:>;53>20=8E 28A>:><VF=8E AB0;SE <>65 1CB8 7<5=H5=> 4> 0,45-
0,50%.  

 
● 3 <0@B5=A8B=>-AB0@VRGV AB0;V; ■ 3 28A>:>;53>20=V ?@><8A;>2V AB0;V; 

▲ 3 =87P:>;53>20=V ?@><8A;>2V AB0;V; ○ 3 5:A?5@8<5=B0;P=V AB0;V, 01> ?@><8-
A;>2V AB0;V, S:V ?V440=> B5@<VG=8< >1@>1:0< 70 5:A?5@8<5=B0;P=8<8 

@568<0<8. 
$8AC=>: 1 3  0?0 7=0G5=P ?>:07=8:0 � 4;S @V7=>3> 2<VABC 2C3;5FR 2 AB0;SE. 

 

!87P:>;53>20=V AB0;V V7 2<VAB>< 2C3;5FR 0,45-0,50% 740B=V 70157?5G8B8 
:><?;5:A=89 ?>:07=8: <VF=>ABV =0 @V2=V 45-50, 0 70AB>AC20==S 4> B0:8E AB0;59 
B5@<><5E0=VG=>W >1@>1:8 4>40B:>2> ?V428I8BP <VF=VABP V7 715@565==S< 4>AB0-
B=P>W ?;0AB8G=>ABV. 

�3V4=> 7 >B@8<0=8<8 @57C;PB0B0<8, <>6=0 7 25;8:>R 9<>2V@=VABR ?@8-
?CAB8B8, I> >?B8<0;P=89 2<VAB 2C3;5FR C =87P:>;53>20=8E 28A>:><VF=8E AB0-
;SE A:;040є 0,45 3 0,50 <0A%. 

&0:89 2<VAB 2C3;5FR 157 =5>1EV4=>ABV =04<V@=>3> ;53C20==S 70157?5GCє 
28A>:V 7=0G5==S K ?@8 @V7=8E 20@V0=B0E 2V4=>A=> ?@>AB>W B5@<VG=>W >1@>1:8, 
7>:@5<0 ?VA;S 30@BC20==S =0 <0@B5=A8B 7 2V4?CA:0==S<, 0 B0:>6 V7>B5@<VG=>W 
>1@>1:8 70 @V7=8<8 @568<0<8.  

$>1>BC 28:>=0=> 70 DV=0=A>2>W ?V4B@8<:8 !0FV>=0;P=>3> D>=4C 4>A;V-
465=P ':@0W=8 ( ?@>є:B 2021.01/0189). 
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'�� 669.14 
&8<G5=:> Є.�.1, �@8:>2  . .2 

1 0A?. !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 ?@>D. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

#",'� ��Ь&�$!�&��!"�"  �&�$���' �"#�&�� �!� 

�>?0B:8 :><?@5A>@0 307>BC@1V==>3> 4283C=0 (�&�) є >A=>2=8<8 5;5<5=-
B0<8 02V0FV9=8E 4283C=V2, :>B@V 287=0G0RBP @5AC@A B0 =04V9=VABP WE 5:A?;C0B0-
FVW 2 C<>20E 4VW 03@5A82=>3> 307>2>3> A5@54>28I0, B5<?5@0BC@8, 2>;>3>ABV, G0-
AB8=>:, ?8;C, ?VA:C 8 B.V C ?>2VB@S=><C ?>B>FV. �;S ACG0A=8E 4283C=V2 ;>?0B:8 
:><?@5A>@0 283>B>2;SRBP 7V A?5FV0;P=8E B8B0=>28E V AB0;528E A?;02V2 7 A:;0-
4=>R ?@>AB>@>2>R D>@<>R ?5@0, ?@8 FP><C 2>=8 <0RBP B>=:V 2EV4=V B0 28EV-
4=V :@><:8. �>?0B:8 - >4=V 7 A0<8E B@C4>є<=8E B0 :>HB>2=8E 28@>1V2 �&�. *5 
>1C<>2;5=> B8<, I> 4;S WE 283>B>2;5==S 70AB>A>2CRBPAS A:;04=V B5E=>;>3VW, 
4>@>35 >1;04=0==S B0 :>HB>2=V <0B5@V0;8, 0 B0:>6 2 >4=><C 4283C=V 28:>@8A-
B>2CєBPAS 25;8:0 WE :V;P:VABP. 

�>?0B:0 �!�  4283C=0 &�3-117 є =091V;PH A:;04=>R 70 A2>єR :>=AB@C-
:FVєR B0 B5E=>;>3VєR 28@>1=8FB20 ;>?0B:>R :><?@5A>@0.  0є A:;04=C ?@>A-
B>@>2C 35><5B@VR, :@8287=C ?@>DV;R ?5@0, 2=CB@VH=V9 ?07, 0 B0:>6 ?>274>26-
=V9 B0 ?>?5@5G=V ?078 C :V;P:>ABV 10 HB., 283>B>2;SєBPAS 7 :>@>7V9=>ABV9:>W 
AB0;V 12)18!9& 0CAB5=VB=>3> :;0AC, S:0 B@C4=> ?V440єBPAS >1@>1FV 2 ?@>F5AV 
283>B>2;5==S 45B0;V. #V4 G0A 28:>=0==S >?5@0FVW ?>;V@C20==S =0 ?>25@E=SE 45-
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;5==S, A:;04=>IV2, ?>2'S70=8E 7 >A>1;82VABR WE 28@>1=8FB20 (:@8287=0 B0 =5-
?@S<>;8=V9=VABP 10;>: ?VA;S 720@R20==S B0 =5>1EV4=VABP WE 28?@02;5==S) 28-
<030є >?B8<V70FVW :>=AB@C:FVW 7 <5B>R CAC=5==S 28I573040=8E =54>;V:V2, =5 
2B@0G0RG8, ?@8 FP><C, <5E0=VG=>W <VF=>ABV 10;:8. 
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 �04;S FP>3> 1C;8 ?@>2545=V @>7@0EC=:8 =0 <VF=VABP @>7@>1;5=>W >?B8<V-
7>20=>W :>=AB@C:FVW 10;:8 B@0=AD>@<0B>@0 (@8A.1). 

!020=B065==S ?@8 @>7@0EC=:0E 2V4?>2V40;8 =020=B065==S< =0 S@<>2C 
10;:C ?@8 :>@>B:><C 70<8:0==V. 

�>@>B:5 70<8:0==S =0 F5=B@0;P=V9 D07V: 
- <0:A8<0;P=0 A8;0, I> 4Vє =0 25@E=R ?@8B8A:=C :>=AB@C:FVR ?@8 :>@>-

B:><C 70<8:0==V =0 F5=B@0;P=V9 D07V, 4>@V2=Rє 170 :!, ?@8:;045=0 A8;0 ?@89-
<0єBPAS @V2=>R 85 :!, >A:V;P:8 @>7@0EC=:>20 <>45;P ?@54AB02;Sє ?>;>28=C 
?>2=>W :>=AB@C:FVW G5@57 A8<5B@VR >AB0==P>W; 

- A8;0, I> 4Vє =0 25@E=R ?@8B8A:=C :>=AB@C:FVR =0 1VG=V D078 2 B>9 65 
<><5=B G0AC, ?@89<0єBPAS @V2=>R 7CA8;;R 70B8A:C >1<>B>:, B>1B> 159 :!; 
?@8:;045=0 A8;0 ?@89<0єBPAS @V2=>R 79,5 :!, >A:V;P:8 @>7@0EC=:>20 <>45;P 
?@54AB02;Sє ?>;>28=C ?>2=>W :>=AB@C:FVW G5@57 A8<5B@VR >AB0==P>W. 

�>@>B:5 70<8:0==S =0 1VG=V9 D07V: 
- <0:A8<0;P=5 7CA8;;S, I> 4Vє =0 25@E=R ?@8B8A:=C :>=AB@C:FVR ?@8 :>-

@>B:><C 70<8:0==V =0 1VG=V9 D07V, 4>@V2=Rє 170 :!, ?@8:;045=C A8;C ?@89=SB> 
@V2=>R 85 :!, >A:V;P:8 @>7@0EC=:>20 <>45;P ?@54AB02;Sє ?>;>28=C ?>2=>W 
:>=AB@C:FVW G5@57 A8<5B@8G=VABP >AB0==P>W; 

- A8;0, I> 4Vє =0 25@E=R ?@8B8A:=C :>=AB@C:FVR =0 3>;>2=8E >?>@0E C 
B>9 A0<89 <><5=B G0AC, ?@89<0єBPAS @V2=>R A8;V 70B8A:C >1<>B>:, B>1B> 159 
:!, ?@8:;045=0 A8;0 ?@89<0єBPAS @V2=>R 79,5 :!, >A:V;P:8 @>7@0EC=:>20 <>-
45;P ?@54AB02;Sє ?>;>28=C ?>2=>W AB@C:BC@8 70 @0EC=>: A8<5B@VW >AB0==P>3>. 

 
$8AC=>: 1 3 �=0;VB8G=0 <>45;P 25@E=P>W S@<>2>W 10;:8 

 

$57C;PB0B8 @>7@0EC=:V2 ?>:07CRBP, I> S@<>20 10;:0 2V4?>2V40є 28<>30< 
?> ?5@5<VI5==S< V =0?@C65==S< (>B@8<0=V 7=0G5==S =5 ?5@528ICRBP 4>?CA-
B8<V). 

�=0;>3VG=V @>7@0EC=:8 1C;8 ?@>2545=V 4;S B@0=AD>@<0B>@V2 ?>BC6=VABR 
10, 25 V 63  ��, @57C;PB0B8 S:8E B0:>6 ?>:070;8 2V4?>2V4=VABP >B@8<0=8E @5-
7C;PB0BV2 28<>30< <VF=>ABV B0 =04V9=>ABV. 
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*5 40є <>6;82VABP 7@>18B8 28A=>2>: ?@> 4>FV;P=VABP 28:>@8AB0==S 40=>W 
:>=AB@C:FVW 25@E=P>W S@<>2>W 10;:8 B0 C=VDV:C20B8 WW B0 B5E?@>F5A 283>B>2-
;5==S 4;S A5@WW B@0=AD>@<0B>@V2 :;0AC =0?@C38 110 :�. 
 

 

'�� 621.791.052.001.2:004.4ANSYS 

+5@:0A>2 �.Є. 1, �>@=Vє=:> ".�.2  
1 ABC4. 3@. �( - 311 !' «�0?>@V7P:0 ?>;VB5E=V:0» 
2 AB0@H. 28:;. !' «�0?>@V7P:0 ?>;VB5E=V:0» 

#$"��&'��!!/ ���$!�) ,��� � %�%&� � ANSYS 

' ACG0A=><C <0H8=>1C4C20==V B0 1C4V2=8FB2V 206;82C @>;P 2V4V3@0є =0-
4V9=VABP 720@=8E 7'є4=0=P. �;S WE=P>3> 5D5:B82=>3> ?@>5:BC20==S B0 0=0;V- 

7C H8@>:> 28:>@8AB>2CєBPAS A8AB5<8 :><?’RB5@=>3> <>45;R20==S."4-
=VєR 7 S:8E є  ANSYS, S:0 4>72>;Sє ?@>2>48B8 @>7@0EC=:8 7 C@0EC20==S< 35>-
<5B@VW, 

=020=B065=P, B5@<VG=>3> 2?;82C B0 <0B5@V0;P=8E 2;0AB82>AB59.  
%8AB5<0 ANSYS (>A>1;82> <>4C;V Mechanical, DesignModeler, 

Workbench, SpaceClaim) =040є V=65=5@C ?>BC6=V V=AB@C<5=B8 4;S <>45;R-
20==S, 0=0;V7C B0 >?B8<V70FVW 720@=8E H2V2. "A=>2=V ?5@52038: 

- 02B><0B870FVS AB2>@5==S 720@=8E H2V2 (G5@57 Weld Creation Tool C 
ANSYS Mechanical 2022 R1+); 

- 28A>:0 B>G=VABP 0=0;V7C =0?@C65=>-45D>@<>20=>3> AB0=C 7 C@0EC20==S< 
35><5B@VW B0 B5?;>28E 2?;82V2; 

- ?V4B@8<:0 <C;PB8DV78G=8E 7040G - <>6=0 0=0;V7C20B8 B5?;>2V, <5E0=VG=V 
B0 2B><=V S28I0 2 >4=V9 <>45;V; 

- <>6;82VABP 28:>@8AB0==S 1V1;V>B5: <0B5@V0;V2, 2:;RG=> 7 2;0AB82>A-
BS<8 <5B0;V2 ?VA;S 720@R20==S; 

- ?>AB?@>F5A8=3 - =0>G=0 2V7C0;V70FVS @57C;PB0BV2 (@>7?>4V;8 =0?@C65=P, 
7>=8 :>=F5=B@0FVW B>I>). 

$>7@0EC=>: 720@=>3> 7’є4=0==S 2 ANSYS ?>G8=0єBPAS 7 ?V43>B>2:8 35><5-
B@VW. ' A5@54>28I0E DesignModeler 01> SpaceClaim AB2>@RRBP <>45;V 45B0;59, 
S:V 7’є4=CRBPAS 720@R20==S<. �20@=89 H>2 ?@8 FP><C <>6=0 7<>45;R20B8 
2@CG=C S: >:@5<89 >1’є< (=0?@8:;04, C D>@<V B@8:CB=>3> G8 B@0?5FVє?>4V1=>3> 
20;8:0), 01> A:>@8AB0B8AS =0?V202B><0B8G=8< V=AB@C<5=B>< Weld Creation 
Tool, I> 4>72>;Sє 735=5@C20B8 H>2 70 2:070=8<8 :>=B0:B=8<8 ?>25@E=S<8. *5 
ACBBє2> ?@8A:>@Rє @>1>BC, >A>1;82> ?@8 25;8:V9 :V;P:>ABV 7’є4=0=P. 

#VA;S ?>1C4>28 35><5B@VW 28:>=CєBPAS AVB:C20==S <>45;V. ' 7>=V H20 206-
;82> 70157?5G8B8 28A>:C B>G=VABP @>7@0EC=:V2, B><C 2 F8E 4V;S=:0E AVB:0 73C-
ICєBPAS. ANSYS 4>72>;Sє 3=CG:> :>=B@>;R20B8 ?0@0<5B@8 AVB:8: @>7<V@ 5;5-
<5=BV2, B8? (>1’є<=V Solid, ?>25@E=52V Surface 01> ;V=V9=V Beam), 0 B0:>6 
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28:>@8AB>2C20B8 040?B82=5 73CI5==S (adaptive meshing), I> ?V428ICє 5D5:B8-
2=VABP @>7@0EC=:C. 

!0ABC?=8< 5B0?>< є 7040==S 3@0=8G=8E C<>2. �> <>45;V ?@8:;040RBPAS 
2AV =020=B065==S, S:V 28=8:0RBP C @50;P=8E C<>20E 5:A?;C0B0FVW: <5E0=VG=V 
A8;8, B8A:, 2030 :>=AB@C:FVW. /:I> 0=0;V7 AB>ACєBPAS ?@>F5AC 720@R20==S, 2@0-
E>2CRBPAS B0:>6 B5?;>2V ?>;S - 465@5;0 B5?;0, B5?;>?5@540G0, >E>;>465==S. 
�>40B:>2> 7040RBPAS >1<565==S: 6>@AB:5 70:@V?;5==S, ?;>I8=8 A8<5B@VW 01> 
=0?@S<:8 <>6;82>3> :>270==S. 

�0;V 70?CA:0єBPAS @>7@0EC=>:. ANSYS 4>72>;Sє ?@>2>48B8 S: ;V=V9=89, 
B0: V =5;V=V9=89 0=0;V7, C B><C G8A;V 7 C@0EC20==S< ?;0AB8G=>ABV <0B5@V0;V2. 
#@8 ?>B@51V ?@>2>48BPAS B5?;>289 0=0;V7 A0<>3> ?@>F5AC 720@R20==S, I> 2@0-
E>2Cє 2?;82 B5<?5@0BC@8 =0 <0B5@V0;, 01> 2B><=89 0=0;V7 (70 4>?><>3>R <>-
4C;S Fatigue Tool), S:89 >FV=Rє 4>23>2VG=VABP 720@=>3> 7’є4=0==S ?@8 F8:;VG-
=8E =020=B065==SE. 

!0 7025@H0;P=><C 5B0?V 28:>=CєBPAS 0=0;V7 @57C;PB0BV2. #@>3@0<0 D>@-
<Cє 4>:;04=V :0@B8 @>7?>4V;C =0?@C65=P (von Mises, 3>;>2=V), 45D>@<0FV9, 0 
B0:>6 4>72>;Sє 287=0G8B8 D0:B>@ 157?5:8 4;S :>=:@5B=>W 4V;S=:8 :>=AB@C:FVW. 
�=65=5@ <>65 ?>10G8B8 ?>B5=FV9=V 7>=8 ?5@5=0?@C65=P 01> =02VBP A?@>3=>7C-
20B8 <VAFS <>6;82>3> @C9=C20==S H20. �AV @57C;PB0B8 282>4SBPAS C 7@CG=><C 
3@0DVG=><C 283;S4V, I> ?>;53HCє V=B5@?@5B0FVR. 

%8AB5<0 ANSYS =040є H8@>:V <>6;82>ABV 4;S ?@>5:BC20==S, 0=0;V7C B0 
>?B8<V70FVW 720@=8E H2V2. �024S:8 ?>BC6=><C V=AB@C<5=B0@VR V=65=5@8 <>-
6CBP <>45;R20B8 S: A?@>I5=V, B0: V @50;VAB8G=V H28, I> 2@0E>2CRBP 35><5B-
@VR, B5?;>2V ?@>F5A8 B0 2?;82 =020=B065=P. *5 40є 7<>3C I5 =0 5B0?V ?@>5:BC-
20==S ?V428I8B8 =04V9=VABP B0 4>23>2VG=VABP 720@=8E :>=AB@C:FV9. 
 
 

 

 



 

!0C:>25 5;5:B@>==5 2840==S 
 >6=0 28:>@8AB>2C20B8 2 ;>:0;P=><C B0  

<5@56=><C @568<0E 
 

 
 
 
 
 
 
 

&����!Ь !�'��-2025 

 �=65=5@=>-DV78G=89 D0:C;ьB5B 
 
 
 
 
 
 

�1V@=8: B57 4>?>2V459 I>@VG=>W 
=0C:>2>-B5E=VG=>W :>=D5@5=FVW A5@54 ABC45=BV2,  

28:;040GV2, =0C:>2FV2, <>;>48E 2G5=8E B0 0A?V@0=BV2 
14318 :2VB=S 2025 @>:C 

 

 
 
 
 

"48= 5;5:B@>==89 >?B8G=89 48A: (DVD-ROM); 

AC?@>2V4=0 4>:C<5=B0FVS. 
&8@06 100 ?@8<. �0<. № 499. 

 

 

 

�84025FP V 283>B>2;R20G 
!0FV>=0;P=89 C=V25@A8B5B «�0?>@V7P:0 ?>;VB5E=V:0» 
':@0W=0, 69063, <. �0?>@V66S, 2C;. �C:>2AP:>3>, 64 

&5;.: (061) 769382396, 220312314 

 

%2V4>FB2> AC1’є:B0 28402=8G>W A?@028 �� № 6952 2V4 22.10.2019. 

 


