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�=>B0FVO. ' @>1>BV ?@54AB02;5=> @57C;PB0B8 4>A;V465==O ?@>F5AC ;075@=>3> 
B5@<>45D>@<0FV9=>3> A?V:0==O 0;<07>2<VA=8E ?>:@8BBV2 =0 AB0;52V9 ?V4:;04FV <0@:8 
40� V7 28:>@8AB0==O< >;>2’O=>W 1@>=78 �@"10 (Cu-Sn) O: 72’O7:8. %8=B5B8G=V 0;<078 <0@:8 
�%125 70AB>A>2C20;8AO O: 01@0782=0 D070. %?V:0==O ?@>2>48;8 >?B>2>;>:>==8< ;075@>< 
(» = 1,06 <:<) 70 @V7=8E @568<V2 ?>BC6=>ABV B0 B@820;>ABV >?@><V=5==O. #>:070=>, I> 2 
>1>E 28?04:0E D>@<CNBPAO AB01V;P=V =0?;02>G=V 20;8:8 =02:>;> 0;<07=8E 75@5= 157 
B@VI8=, ?>@>6=8= V <0:@>45D5:BV2. �5@=0 0;<07C 70;8H0NBPAO B5@<VG=> AB01V;P=8<8, 
70=C@5=8<8 C 72’O7:C =0 =5>1EV4=C 3;818=C (g 1/3 @>7<V@C), 7 GVB:8<8 <560<8 @>74V;C 
0;<07/1@>=70.  V:@>AB@C:BC@=V 4>A;V465==O ?V4B25@48;8 IV;P=VABP V FV;VA=VABP 
?>:@8BBV2, =87P:C ?>@8ABVABP B0 =0O2=VABP <5B0;C@3V9=> 72’O70=>W <56V 1@>=70/AB0;P 
V7 ?@>BO6=>N 48DC7V9=>N 7>=>N. $57C;PB0B8 <V:@>B25@4>ABV A2V4G0BP ?@> D>@<C20==O 
C 7>=V A?;02;5==O A?>;C: A8AB5<8 Cu-Fe 7 @V7=>N :>=F5=B@0FVєN :><?>=5=BV2, I> 
?V428ICє B25@4VABP ?>:@8BBV2. $5=B35=>AB@C:BC@=89 0=0;V7 ?>:0702 7=52C3;5FN20==O 
?@8?>25@E=52>3> H0@C AB0;V B0 7<5=H5==O 2<VABC >;>20 C 1@>=7V 2=0A;V4>: 
28?0@>2C20==O, ?@>B5 715@565==O FV;VA=>ABV D07>2>W AB@C:BC@8. "B@8<0=V 40=V 
?V4B25@46CNBP 5D5:B82=VABP ;075@=>3> A?V:0==O 4;O AB2>@5==O 0;<07>2<VA=8E H0@V2 V7 
?V428I5=>N B25@4VABN B0 <VF=VABN 7G5?;5==O. �0?@>?>=>20=89 ?V4EV4 2V4:@820є 
?5@A?5:B828 28:>@8AB0==O B5E=>;>3VW 4;O 283>B>2;5==O 28A>:>5D5:B82=>3> 
01@0782=>3> V=AB@C<5=BC, 0 B0:>6 >?B8<V70FVW @568<V2 ;075@=>W >1@>1:8 7 <5B>N 
?V428I5==O 4>23>2VG=>ABV ?>:@8BBV2. 

�;NG>2V A;>20: ;075@=5 A?V:0==O; 0;<07>2<VA=V ?>:@8BBO; AB0;P 40�; CuSn10 

 

 

�ABC?. %CG0A=V B5E=>;>3VW 283>B>2;5==O B0 70AB>AC20==O @V6CG>3> 
0;<07=>3> V=AB@C<5=BC C =04B>G=V9 >1@>1FV 4>A;V465=> 2 [[1]]. !091V;LH 
5D5:B82=8< <5B>4>< 283>B>2;5==O 01@0782=8E V=AB@C<5=BV2 V7 A8=B5B8G=8<8 
0;<070<8 (%�) є ;075@=5 A?V:0==O, >4=0: 70:>=><V@=>ABV D>@<C20==O 
01@0782=>3> H0@C B0 <56V @>74V;C «0;<07/729O7:0/<0B@8FO» 2A5 I5 ?>B@51CNBL 
?>40;LH>3> 282G5==O. 

�>=AB@C:B82=> 01@0782=89 V=AB@C<5=B A:;040єBLAO 7 <5B0;52>3> :>@?CAC, 
4> O:>3> ?VA;O A?V:0==O ?@8є4=CєBLAO H0@ :><?>78BC.  0B5@V0; :>@?CAC 
?>28=5= <0B8 28A>:C B5?;>?@>2V4=VABL, B><C 70728G09 28:>@8AB>2CNBL AB0;L, 0 
A?>;CG=>N @5G>28=>N є <5B0;52V A?;028 (W-Co, Fe-Ni, Cu-Sn), I> 70157?5GCNBL 
28A>:C <VF=VABL V B5@<VG=C AB01V;L=VABL [[2]]. ";>29O=0 1@>=70, 7>:@5<0 �@"10 
(Cu-90%, Sn-10%), <0є 4>1@C 720@N20=VABL, <0;C CA04:C B0 =87L:C B5<?5@0BC@C 
?;02;5==O (~1050 °%), I> @>18BL WW ?@840B=>N 4;O ;075@=>3> A?V:0==O 
?>25@E=528E ?>:@8BBV2 7V A:;04=>N :>=DV3C@0FVєN. �>4=>G0A ;075@=5 A?V:0==O 
V=AB@C<5=BV2 V7 Cu-729O7:>N CA:;04=NєBLAO =87L:8< ?>3;8=0==O< B0 28A>:>N 
B5?;>?@>2V4=VABN <V4V, I> <>65 A?@8G8=OB8 =5AB01V;L=VABL @>7?;02C B0 
3@0DVB870FVN 0;<07C [[1]; [4]]. "A>1;82>ABV B5?;>?@>2V4=>ABV B0 B25@4>ABV 0;<07C 
B0 A?>;CG=>3> <5B0;C AB2>@NNBL 70;8H:>2V =0?@C65==O =0 <56V @>74V;C, I> 
2?;820є =0 4>23>2VG=VABL ?>:@8BBO [[1]; [3]; [5]]. &0:8< G8=><, 0:BC0;L=8<8 є 
4>A;V465==O ?@>F5AV2 ;075@=>3> A8=B57C 0;<07>2<VA=8E :><?>78BV2 V7 
70;CG5==O< <0B5@V0;>7=02G8E ?V4E>4V2.   5B>N @>1>B8 є 282G5==O 2?;82C 
@568<V2 ;075@=>3> A?V:0==O =0 AB@C:BC@C, D07>289 V EV<VG=89 A:;04, 0 B0:>6 
<V:@>B25@4VABL 0;<07>2<VA=8E ?>:@8BBV2 =0 AB0;52V9 ?V4:;04FV V7 729O7:>N =0 
>A=>2V �@"10. 

"1;04=0==O B0 <0B5@V0;8. �075@=5 B5@<>45D>@<0FV9=5 A?V:0==O 
28:>=C20;8 =0 :><?;5:AV 7 >?B>2>;>:>==8< ;075@>< Maxphotonics 4-3> 
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?>:>;V==O. %8AB5<0 2:;NG0є 25@AB0B 4;O ?5@5<VI5==O 7@07:V2, <>4C;L 
D>:CAC20==O B0 A:0=C20==O, 4>70B>@ ?>@>H:>2>W AC<VHV B0 A8AB5<C ?>4020==O 
0;<07=8E 75@5=. (>:CAC20==O 74V9A=N20;>AO 70 4>?><>3>N WSX NC30A 7 
02B><0B8G=8< @568<>< B0 >?B>2>;>:>==8< V=B5@D59A>< (QBH, QD). #>40G0 
?>@>H:C 2V41C20;0AO G5@57 10@010= V7 =0AVG:0<8 B0 25@B8:0;L=>N B@C1:>N; 
28B@0B0 @53C;N20;0AO H284:VABN >15@B0==O 10@010=0. 'IV;L=5==O H0@C 
28:>=C20;8 @>;8:>< ?@8 ?5@5<VI5==V =0 16-20 << 2V4 F5=B@C ;075@=>W ?;O<8. 

 0B5@V0;8: 01@0782=V 75@=0 3 A8=B5B8G=V 0;<078 �%125 (D@0:FVO 425/300, 
Ã = 166 !), 729O7:0 3 1@>=70 �@"10 (Cu 90%, Sn 10%, �"%& 613-79; Ã 738= = 
450  #0, HV = 1150  #0), I> 70<V=Nє B@048FV9=C  2-01. #>@>H>: (20% <0A8 
729O7:8) 7<VHC20;8 3 3>48=8, 72>;>6C20;8 F0?>=;0:>< V =0=>A8;8 =0 AB0;L 40� 
(7,6×50×100 <<, H0@ 5×2,4 <<; <V:@>B25@4VABL 153-180 HV; EV<VG=89 A:;04 
=02545=> 2 B01;. 1). 

 

&01;8FO 1 

)V<VG=89 A:;04 AB0;V <0@:8 40� 

C Si Mn Ni S P Cr Cu Fe 

0,37 3 0,45 0,2 3 0,52 0,4 3 0,9 > 0,3 > 0,045 >  0,04 0,3 >  0,3 ~ 97 

[02B>@AP:0 @>7@>1:0] 

 

#0@0<5B@8 ;075@=>3> A?V:0==O: 4>268=0 E28;V 28?@><V=N20==O 
» = 1,06 <:<; ?>BC6=VABL $ = 500 �B B0 3000 �B; 3CAB8=0 ?>BC6=>ABV Wp=1,77 �B/A<2 

B0 10,62.103 �B/A<2; G0A >1@>1:8 0,18 A B0 1,8 A; H284:VABL ?5@5<VI5==O 
:><?>78BC 2 ?@>F5AV ;075@=>3> A?V:0==O 0;<07>2<VA=>3> H0@C 0,1-1 </E2; 
4V0<5B@ ?;O<8 d = 3 <<; ?;>I0 ?;O<8 S = 0,283 A<2; D>:CA=0 2V4AB0=L F = 30 << 
(B01;. 2). �075@=5 A?V:0==O ?@>2>48;8 2 =59B@0;L=><C A5@54>28IV (:CB ?>40GV 
45°), 28B@0B8 0@3>=C 3 20 ;/E2 [[5]] (@568<8 ;075@=>W >1@>1:8 =02545=V 2 B01;. 2). 

 

&01;8FO 2  
$568<8 ;075@=>3> A?V:0==O 0;<07>2<VA=8E ?>:@8BBV2 

№ 7@07:0 v, </E2 Ä, A $, �B w.10³, �B/A<² 
1 0,1 1,8 500 1,77 

2 1,0 0,18 3000 10,62 

[02B>@AP:0 @>7@>1:0] 

 

"1@>1:0 B0 0=0;V7: ?VA;O A?V:0==O 7@07:8 @>7@V70;8 4@>B>28< 25@AB0B>< 
MITSUBISHI EDM FX-10, 283>B>2;O;8 H;VD8, B@028;8 3% NaCl B0 4>A;V46C20;8 
<0:@>- V <V:@>AB@C:BC@C <V:@>A:>?0<8 iScope IS.1053-PLMi B0 TESCAN Vega3 SBH 
SEM V7 EDS-0=0;V7><.  V:@>B25@4VABL 287=0G0;8 ?> ?>?5@5G=><C ?5@5@V7C 
(«01@0782=89 H0@ ↔ >1;0ABL A?;02;5==O ↔ >A=>2=89 <5B0;») =0 # &-3 (100 3). 
$5=B35=>AB@C:BC@=V 4>A;V465==O 28:>=C20;8 =0 Rigaku Ultima IV (» �³-Cu) C 
4V0?07>=V 2Θ = 20°-120°, :@>: @5єAB@0FVW 0,04°, G0A 28B@8<:8 3 2 A, =0?@C30 3 
40 :�, A8;0 AB@C<C 3 40 <�. $>7<V@ >1;0AB59 :>35@5=B=>3> @>7AVN20==O, 
?0@0<5B@ �@0B:8 (a) B0 ABC?V=L 45D>@<0FVW (ε) @>7@0E>2C20;8 C PDXL 7 
28:>@8AB0==O< <V6=0@>4=>W 1078 40=8E ICDD (PDF-2, 2025). 

$57C;LB0B8 4>A;V465==O B0 >13>2>@5==O. �0 >1@0=8E @568<V2 ;075@=>3> 
A?V:0==O =0 >A=>2V �@"10 D>@<CNBLAO GVB:V =0?;02>G=V 20;8:8 =02:>;> 
0;<07=8E 75@5=, 70DV:A>20=8E C @>7?;02V 729O7:8 (@8A. 1). !572060NG8 =0 
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2V4<V==>ABV 2 ?>BC6=>ABV, G0AV 4VW ;075@0 B0 H284:>ABV ?5@5<VI5==O :><?>78BC, 
35><5B@VO 20;8:V2 AB01V;L=0, B@VI8=8, ?>@8 B0 <0:@>=5@V2=>ABV 2V4ACB=V. 

 

 

 

0 1 
$8A. 1.  >@D>;>3VO =0?;02>G=>3> 20;8:C (0) =02:>;> 75@=0 0;<07C B0 

;>:0;L=89 EV<VG=89 A:;04 2 >1;0ABV 0;<07C (1) 
 

�075@=5 A?V:0==O 7 �@"10 70157?5GCє IV;L=89 B5?;>289 :>=B0:B =0 <56V 
0;<07/729O7:0, =572060NG8 =0 =87L:C 7<>GC20=VABL 0;<07C.  5B0;520 729O7:0 
Cu-Sn ?V4E>48BL, >A:V;L:8 WW B5<?5@0BC@0 ?;02;5==O (1050 °%) ?5@528ICє 
B5<?5@0BC@C 3@0DVB870FVW 0;<07C (>700 °%). �;<07=V 75@=0 715@V30NBL B5@<VG=C 
AB01V;L=VABL, G0AB:>2> 70=C@5=V 2 729O7:C =0 g1/3 @>7<V@C, 7 GVB:8<8 <560<8 
3@0=59 (@8A. 1, 0), 2V4:@8BV @V6CGV :@09:8, 2 >1;0ABV 0;<07C 3 99,78 <0A.% C 
V 0,22 <0A.% Cu (@8A. 1, 1). #>:@8BBO <0NBL 704>2V;L=C <V:@>AB@C:BC@=C FV;VA=VABL 
V =87L:C ?>@8ABVABL. 

 V:@>B25@4VABL A8=B57>20=8E ?>:@8BBV2 (B01;. 3; @8A. 2) 28<V@N20;8 2 
B@L>E B>G:0E: F5=B@ 20;8:0, ?5@5EV4=0 7>=0 ?V4 20;8:>< B0 7>=0 B5@<VG=>3> 
2?;82C (�&�) >A=>28. 

 

&01;8FO 3 

 V:@>B25@4VABL A8=B57>20=8E ?>:@8BBV2 70 ?>?5@5G=8< ?5@5@V7>< C @V7=8E 
7>=0E B0 35><5B@VO 20;8:C =02:>;> 0;<07=>3> 75@=0 

�@07>:  V:@>B25@4VABL,  #0 
�5><5B@VO 
20;8:0 

1 

№ �0;8: #5@5EV4=89 H0@ �&� b, << h, << 

1 1620 2710 3860 3,9 0,425 

2 2860 3030 3620 

3 2440 2570 3620 

%5@54=є 
7=0G5==O 

2307 2770 3700 

2 

1 4120 4410 4410 2,575 0,225 

2 1920 4410 5900 

3 1610 3860 4120 

%5@54=є 
7=0G5==O 

2550 4227 4810 

[02B>@AP:0 @>7@>1:0] 
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0 (×50) 1 (×100) 2 (×250) 
$8A. 2.  V:@>AB@C:BC@0 ?>?5@5G=>3> ?5@5@V7C A8=B57>20=>3> :><?>78BC (0) 

B0 ?@><V6=89 H0@ (1, 2) =0 <56V @>74V;C AB0;L/1@>=70 (7@07>: 1) 
 

�5><5B@VO 20;8:0 70;568BL 2V4 @568<C ;075@=>3> >?@><V=5==O V 1V;LH0 
4;O 7@07:0 1, B>4V O: <V:@>B25@4VABL C 2AVE 4V;O=:0E 28I0 4;O 7@07:0 2. 
#5@5EV4=89 H0@ B25@4VH89 70 20;8:, 0;5 <9O:H89 70 7>=C B5@<VG=>3> 2?;82C, 
I> A2V4G8BL ?@> CB2>@5==O A?;02V2 Cu-Fe 7 @V7=>N :>=F5=B@0FVєN :><?>=5=BV2. 
�0@B8 @>7?>4V;C 5;5<5=BV2 ?V4B25@48;8 ?@>?;02;5==O ?V4:;04:8 B0 DV:A0FVN Fe, 
Cu, Sn V Mg C 729O7FV =02:>;> 0;<07C (@8A. 3). 

 

 

' 4>A;V465=8E 7@07:0E A?>AB5@V30;0AO 7=0G=0 20@V0FVO <V:@>B25@4>ABV, 
>A>1;82> 4;O 7@07:0 2. *5 ?>29O70=> 7 :>=25:FVєN  0@0=3>=V C @>7?;02;5=><C 
10A59=V, 28A>:>N H284:VABN >E>;>465==O B0 B5?;>?@>2V4=VABN Cu, I> 
?@872>48BL 4> =5@V2=><V@=>3> ?5@5@>7?>4V;C :><?>=5=BV2 <V6 1@>=7>N B0 

   
0 1 2 

   
3 4 5 

$8A. 3. �0@B8 @>7?>4V;C EV<VG=8E 5;5<5=BV2  C 0;<07>2<VA=><C ?>:@8BBV: 0 3 
0;<07=5 75@=>, 1 3 2C3;5FL, 2 3 70;V7>, 3 3 <V4L, 4 3 >;>2>, 5 3 <0@30=5FL 
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AB0;;N. �=0A;V4>: FL>3> D>@<CNBLAO Fe- 01> Cu-71030G5=V V7>;L>20=V 4V;O=:8, 
O:V 4>1@5 ?@>AB56CNBLAO =0 :0@B0E @>7?>4V;C 5;5<5=BV2 (@8A. 4). 

 

   
0 1 2 

  
3 4 

$8A. 4. $>7?>4V; >A=>2=8E EV<VG=8E 5;5<5=BV2 =0 <56V @>74V;C 729O7:0/0;<07:  
0 3 7030;L=0 :0@B0, 1 3 <V4L, 2 3 >;>2>, 3 3 70;V7>, 4 3 EV<VG=89 A:;04 

 

 5E0=V7< D>@<C20==O ?5@5EV4=>3> H0@C 1@>=70/AB0;L ?>OA=NєBLAO 
A8AB5<>N Fe-Cu A?V=>40;L=>3> B8?C, :><?>=5=B8 O:>W <0965 =5 7<VHCNBLAO 2 
@V2=>207V 70 :V<=0B=>W B5<?5@0BC@8 B0 4> 600 °C. #@>B5 V=B5=A82=0 48DC7VO B0 
<V3@0FVO 5;5<5=BV2 C 10A59=0E @>7?;02C ?V4 4VєN :>=25:FVW  0@0=3>=V 70157?5GCє 
CB2>@5==O IV;L=>3> 48DC7V9=>3> H0@C 157 2848<8E 45D5:BV2 (@8A. 2, 2). �;818=0 
B0 H8@8=0 48DC7V9=>W 7>=8 70;560BL 2V4 @568<V2 ?;02;5==O: 70<:>20 IV;8=0 
4;O 7@07:0 2 D>@<Cє H8@>:C B0 @V2=><V@=C 7>=C 48DC7VW, B>4V O: @568< 
?@>2V4=>ABV 7@07:0 1 3 1V;LH 2C7L:C B0 =5>4=>@V4=C. 

$5=B35=>AB@C:BC@=89 0=0;V7 <0B5@V0;C ?>:@8BBO ?>:0702 48D@0:FV9=V 
<0:A8<C<8 2V4 Fe, Cu B0 0;<07C (@8A. 5; B01;. 4). �0@1V48 =5 AD>@<>20=V, 
3@0DVB870FVW 0;<07C =0 <56V 729O7:0/0;<07 =5 2V41C;>AO, I> ?>29O70=> 7 =87L:>N 
@>7G8==VABN 2C3;5FN 2 Cu (<0,004 0B.%). 

$>7<V@ >1;0AB59 :>35@5=B=>3> @>7AVN20==O 0;<07C 28O282AO 1V;LH8< C 
7@07:0 1 V 7<5=H82AO 4> 13 =< C 7@07:0 2. !091V;LH0 45D>@<0FVO :@8AB0;VG=>W 
�@0B:8 0;<07C (4,3%) A?>AB5@V30єBLAO 4;O 7@07:0 2, B>4V O: 4;O 7@07:0 1 2>=0 
A:;040є ;8H5 0,41%. *5 A2V4G8BL ?@> B5, I> 7@07>: 2 707=0є 1V;LH V=B5=A82=>3> 
2?;82C ;075@=>3> 28?@><V=N20==O. $V7=8FO 2 B5@<VG=8E 2;0AB82>ABOE 1@>=78 
B0 0;<07C A?@8G8=Nє ?>O2C 2=CB@VH=VE =0?@C65=L: ;V=V9=5 @>7H8@5==O 1@>=78 
(~18,5×10⁻⁶/°C) 7=0G=> ?5@528ICє ;V=V9=5 @>7H8@5==O 0;<07C (~1×10⁻⁶/°C). 
�=0A;V4>: FL>3> <V6 729O7:>N V 0;<07=8< 75@=>< 28=8:0NBL @>7BO3CNGV 
=0?@C65==O. )>G0 O:VABL B0 @>7<V@=V E0@0:B5@8AB8:8 =0?;02;5=8E H0@V2  
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0 1 

$8A. 5. �8D@0:B>3@0<8 A8=B57>20==8E ?>:@8BBV2: 0 3 7@07>: № 1, 1 3 7@07>: 
№ 2 (B01;. 3) 

 

287=0G0NBLAO B5<?5@0BC@>N =03@V20==O B0 G0A>< 4VW ;075@=>3> 
28?@><V=N20==O, @V25=L 70;8H:>28E =0?@C65=L, I> D>@<CNBLAO ?V4 G0A 
>E>;>465==O, є :@8B8G=> 206;828< 4;O 70?>1V30==O B@VI8=0< V 
<0:@>45D5:B0<. �0 >1@0=8E @568<V2 ;075@=>3> B5@<>45D>@<0FV9=>3> A?V:0==O 
:@8B8G=89 @V25=L =0?@C65=L =5 4>AO30єBLAO, I> 4>72>;Oє 70157?5G8B8 IV;L=5 
>E>?;5==O 0;<07C <0B5@V0;>< 729O7:8 B0 715@53B8 AB@C:BC@=C FV;VA=VABL 
?>:@8BBO. 

&01;8FO 4 

$57C;LB0B8 @5=B35=>AB@C:BC@=>3> 0=0;V7C 

�@07>: 
(07>20 

A:;04>20 
#@>AB>@>20 3@C?0 a, =< "�$, =< ε, % 

1 

Cu 225:Fm-3m 0,3667 116 0,4 

Fe 229:Im-3m 0,2868 590 0,19 

�;<07 227:Fd-3m 0,3577 78 0,41 

2 

Cu 225:Fm-3m 0,3658 467 0,87 

Fe 229:Im-3m 0,2875 262 0,21 

�;<07 227:Fd-3m 0,3520 13 4,3 

 

�;O AB0;V 40� B5>@5B8G=89 ?0@0<5B@ 3@0B:8 ³-70;V70 AB0=>28BL 0,2921 =<, 
B>4V O: 70 40=8<8 @5=B35=>AB@C:BC@=8E 4>A;V465=L 2V= 7<5=H82AO 4> 0,2868 =< 
4;O >1>E 7@07:V2, I> A2V4G8BL ?@> 7=52C3;5FN20==O ?>25@E=52>3> H0@C. �<VAB 
2C3;5FN 2 ³-70;V7V 70 ?@028;>< �530@40 AB0=>282 0,0455 <0A.% 4;O 7@07:0 1 B0 
0,2045 <0A.% 4;O 7@07:0 2. 

�;O 1@>=78 �@"10 B5>@5B8G=89 ?0@0<5B@ 3@0B:8 3 0,3765 =<. #V4 G0A 
;075@=>3> 2?;82C 2V41C;>AO 7<5=H5==O 2<VABC >;>20 G5@57 =86GC B5<?5@0BC@C 
9>3> :8?V==O (2270 °C) ?>@V2=O=> 7 <V44N (2562 °C). �0;8H:>289 2<VAB >;>20 
AB0=>282 3,5 203.% 4;O 7@07:0 1 B0 2,9 203.% 4;O 7@07:0 2. *V 7<V=8 D07>2>3> 
A:;04C 1@>=78 B0 AB0;V 1C;8 <5=H 28@065=V 4;O 7@07:0 2 G5@57 :>@>BH89 G0A 
2?;82C, =572060NG8 =0 1V;LHC 3CAB8=C ?>BC6=>ABV ;075@=>3> 28?@><V=N20==O. 

�8A=>2:8. �0 4>?><>3>N B5@<>45D>@<0FV9=>3> A?V:0==O 7 
28:>@8AB0==O< >?B>2>;>:>==>3> ;075@C (» = 1,06 <:<) ?>BC6=VABN 500-3000 �B 
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B0 G0A>< 2?;82C 0,18-1,8 A =0 ?>25@E=V AB0;52>W ?V4:;04:8 1C;> A8=B57>20=> 
IV;L=89, 15745D5:B=89 0;<07>2<VA=89 H0@ V7 70AB>AC20==O< >;>29O=>W 1@>=78 
O: 729O7:8. 

"B@8<0=V :><?>78B=V ?>25@E=52V H0@8 E0@0:B5@87CNBLAO ?V428I5=>N 
<V:@>B25@4VABN, I> ?V4B25@46Cє 5D5:B82=VABL 28:>@8AB0==O 1@>=78 �@"10 
V 45<>=AB@Cє <>6;82VABL AB2>@5==O V=AB@C<5=BV2 4;O 01@0782=>W >1@>1:8 
H8@>:>3> A?5:B@C <5B0;528E <0B5@V0;V2. 

(>@<C20==O <5B0;C@3V9=> 729O70=>W <56V @>74V;C 1@>=70/AB0;L 157 
2848<8E 45D5:BV2 AC?@>2>46CєBLAO ?@>BO6=>N 48DC7V9=>N 7>=>N.  5E0=V7< 
<V6D07=>3> 79є4=0==O >1C<>2;5=89 V=B5=A82=>N :>=25:FVєN  0@0=3>=V =0 <56V 
@>74V;C, ?>A8;5=>N 28A>:>N B5?;>?@>2V4=VABN <V4V, I> A?@8Oє 270є<=V9 
0B><=V9 48DC7VW Cu B0 Fe B0 70157?5GCє 28A>:C <VF=VABL 7G5?;5==O A?;02C 7 
0;<07=8<8 75@=0<8. 

�4OG=VABL. �>A;V465==O DV=0=ACєBLAO !0FV>=0;L=8< D>=4>< 4>A;V465=L 
':@0W=8, ?@>є:B  «%8=B57 0;<07>2<VA=8E :><?>78BV2 B5@<>45D>@<0FV9=8< 
;075@=8< A?V:0==O< 4;O 01@0782=>W >1@>1:8 25;8:>3010@8B=8E 45B0;59 02V0-, 

AC4=>- B0 <0H8=>1C4C20==O» (№ 0124U003940). 
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Summary. This study presents the results of laser thermo-deformation sintering of diamond-

containing coatings on a 40L steel substrate using tin bronze BrO10 (Cu-Sn) as a bonding matrix. 

Synthetic diamonds of grade AC125 were employed as the abrasive phase. Sintering was carried 

out with a fiber laser (» = 1.06 ¼m) under different irradiation power and duration regimes. It was 
demonstrated that in all cases stable deposited beads were formed around the diamond grains 

without cracks, pores, or macroscopic defects. The diamond particles remained thermally stable, 

embedded in the bronze matrix to the required depth (g 1/3 of the grain size), with well-defined 

diamond/bronze interfaces. Microstructural analysis confirmed the density and integrity of the 

coatings, low porosity, and the presence of a metallurgically bonded bronze/steel interface with a 

pronounced diffusion zone. Microhardness measurements revealed the formation of Cu-Fe system 

compounds with varying concentrations in the fusion zone, which enhanced coating hardness. X-

ray diffraction analysis indicated partial decarburization of the near-surface steel layer and a 

decrease in tin content in the bronze due to evaporation, while maintaining the integrity of the 

phase structure. The findings confirm the efficiency of laser sintering for producing diamond-

containing layers with improved hardness and adhesion strength. The proposed approach 

provides promising opportunities for the development of high-performance abrasive tools and for 

the optimization of laser processing parameters aimed at increasing coating durability. 

Keywords: laser sintering; diamond-containing coatings; 40L steel; CuSn10. 

 


