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!?еці0ль=>EFі: G11 �0ш8=>1C4C20==я (25@AB0B8 B0  V=AB@C<5=B8)  

                             G9 �@8:;04=0 <5E0=V:0  

                             J8 �2B><>1V;ь=89 B@0=A?>@B 



#@0:B8G=0 @>1>B0 № 1 
�@8AB0;VG=0 AB@C:BC@0 <5B0;V2 

 5B0 @>1>B8: 282G5==O >A=>2=8E B8?V2 :@8AB0;VG=8E @5HVB>: <5B0;V2, 
0=0;V7 0=V7>B@>?VW 2;0AB82>AB59 :@8AB0;V2, >A=>2=V 45D5:B8 :@8AB0;VG=>W 1C4>28. 

&5>@5B8G=V 2V4><>ABV 
' B5E=VFV ?V4 <5B0;0<8 @>7C<VNBь O: B5E=VG=> G8ABV <5B0;8, B0: V WE=V A?;028. 
�0AB>AC20==O <5B0;V2 ?>B@51Cє 7=0==O WE=VE <5E0=VG=8E, DV78G=8E V 

B5E=>;>3VG=8E 2;0AB82>AB59. �>=8 70;560Bь =5 BV;ь:8 2V4 A:;04C <5B0;528E 
<0B5@V0;V2, 0 9 2V4 WE=ь>W 1C4>28 (AB@C:BC@8). &><C, 7<V=NNG8 1C4>2C <5B0;V2 
B5@<VG=>N G8 <5E0=VG=>N >1@>1:>N, <>6=0 7=0G=> 7<V=8B8 V WE=V 2;0AB82>ABV. 
�82G5==O 72’O7:V2 <V6 A:;04><, 1C4>2>N, >1@>1:>N V 2;0AB82>ABO<8 <5B0;528E 
<0B5@V0;V2 є 70240==O <5B0;>7=02AB20. �=0==O F8E 70;56=>AB59 =5>1EV4=V ?@8 
?@>5:BC20==V <5B0;528E 703>B>2>: V WE >1@>1:8. 

1. �@8AB0;VG=V @5HVB:8 <5B0;V2. 'AV <5B0;8 2 B25@4><C 
AB0=V <0NBь :@8AB0;VG=C 1C4>2C. $>7B0HC20==O 0B><V2 (V>=V2) C 
:@8AB0;VG=V9 @5G>28=V 728G09=> 7>1@06CNBь C 283;O4V 5;5<5=B0@=8E 
:><V@>:, O:0 є =09<5=H8< :><?;5:A>< 0B><V2. �030B>@07>25 
?>2B>@N20==O WW 2V4>1@060є @>7B0HC20==O 0B><V2 2 >1’є<V 2AVєW 
@5G>28=8, B>1B> WW :@8AB0;VG=C @5HVB:C. 

!09E0@0:B5@=VH8<8 4;O <5B0;V2 є B@8 B8?8 :@8AB0;VG=8E :><V@>:: 
- >1’є<>F5=B@>20=0 :C1VG=0 ("*�) 7 @>7<VI5==O< 0B><V2 C 25@H8=0E V 
>4=>3> 0B><0 C F5=B@V >1’є<C :C10 (@8A. 1,0); 

- 3@0=5F5=B@>20=0 :C1VG=0 (�*�) 7 @>7<VI5==O< 0B><V2 C 25@H8=0E V 2 
F5=B@V :>6=>W 3@0=V :C10 (@8A. 1,1); 

- 35:A03>=0;ь=0 IV;ь=>C?0:>20=0 (�-') 7 @>7<VI5==O< 0B><V2 C 
25@H8=0E V 2 F5=B@V H5AB8:CB=8E >A=>2 ?@87< V B@ь>E 0B><V2 CA5@548=V 
?@87<8 (@8A.1,2). 

' A8AB5<V "*� , =0?@8:;04, :@8AB0;V7CNBьAO Fe, Nb, Cr, Mo, W; C A8AB5<V 
�*� 3 Cu, Ni, Pd. Ag; C A8AB5<V �-' 3 Mg, Zn, Ti, Cd B0 V=. 

 
$8A. 1. "A=>2=V B8?8 :@8AB0;VG=8E :><V@>:: 0 3 >1’є<>F5=B@>20=0 :C1VG=0; 

13 3@0=5F5=B@>20=0 :C1VG=0; 2 3 35:A03>=0;ь=0 IV;ь=>C?0:>20=0. 
2. #>;V<>@DV7< <5B0;V2. ' 45O:8E <5B0;V2 (Fe, Sn, Ti) ?@87<V=V B5<?5@0BC@8 

2V41C20єBьAO ?5@51C4>20 0B><V2 C ?@>AB>@V, B>1B> 7<V=NєBьAO D>@<0 :@8AB0;VG=>W 
@5HVB:8. ІA=C20==O >4=VєW V BVєW A0<>W @5G>28=8 2 @V7=8E :@8AB0;VG=8E D>@<0E 
(<>48DV:0FVOE) =07820єBьAO ?>;і<>@фі7<><, 0 ?@5EV4 7 >4=VєW <>48DV:0FVW 2 V=HC 
3 ?>;і<>@ф=8< ?5@5Bв>@5==O<. 

#@8 ?>;V<>@D=8E ?5@5B2>@5==OE 7<V=NєBьAO =5 BV;ь:8 1C4>20 :@8AB0;VG=>W 
@5HVB:8 <5B0;C, 0 V 9>3> 2;0AB82>ABV 3 >1’є<, ?;0AB8G=VABь, 740B=VABь @>7G8=OB8 
2 A>1V @V7=V 4><VH:8 B>I>. 



#>;V<>@DV7< <5B0;V2 <0є 25;8:5 ?@0:B8G=55 7=0G5==O, >A:V;ь:8 2V= 1030B> 2 
G><C 287=0G0є ?>2>465==O V 2;0AB82>ABV <5B0;V2 ?@8 <5E0=VG=V9 V B5@<VG=V9 
>1@>1FV, ;53C20==V B0 @>1>BV 2 C<>20E =87ь:8E V 28A>:8E B5<?5@0BC@. 

3. �=V7>B@>?VO 2;0AB82>AB59 :@8AB0;V2. ' @V7=8E :@8AB0;>3@0DVG=8E 
?;>I8=0E, ?@>2545=8E G5@57 F5=B@8 0B><V2 C :@8AB0;VG=8E @5HVB:0E, G8A;> 
0B><V2 V 2V4AB0=V <V6 =8<8 =5>4=0:>2V. ' 72’O7:C 7 F8< 2;0AB82>ABV <>=>:@8AB0;V2 
C @V7=8E =0?@O<0E =5>4=0:>2V. &0:5 O28I5 =07820єBьAO а=і7>B@>?ієN. 

�=V7>B@>?VO 28O2;OєBьAO 2 =5>4=0:>2>ABV >?>@V2 <>=>:@8AB0;0 5;5:B@8G=>3> 
AB@C<C V H284:>ABV @>7G8=5==O 2 EV<VG=8E @50:B820E, C 2V4<V==>ABV <5E0=VG=8E 
2;0AB82>AB59. !0?@8:;04, <VF=VABь 7@07:V2, 28@V70=8E C @V7=8E =0?@O<:0E 7 
<>=>:@8AB0;: <V4V, 2V4@V7=OєBьAO ?@81;87=> 2 3 @078, 0 ?;0AB8G=VABь 3 1V;ьH5 =V6 
C 5 @07V2. 

$50;ь=V <5B0;8 є BV;0<8 ?>;V:@8AB0;VG=8<8, B>1B> A:;040NBьAO 7 25;8:>W 
:V;ь:>ABV ?>-@V7=><C >@Vє=B>20=8E C ?@>AB>@V :@8AB0;V2 (75@5=). &><C 
2;0AB82>ABV B0:8E <5B0;V2 C 1C4ь-O:><C =0?@O<V CA5@54=5=V, >4=0:>2V. #@>B5 2 
B8E 28?04:0E, :>;8 >1@>1:0 <5B0;V2 A?@8Oє ?5@5206=><C >@Vє=BC20==N >:@5<8E 
:@8AB0;V2 (=0?@8:;04, ?@8 ?@>:0BC20==V, :C20==V), ?>;V:@8AB0;VG=V <5B0;8 
AB0NBь B0:>6 0=V7>B@>?=8<8. &0:, <VF=VABь 7@07:V2, 28@V70=8E 7 ;8AB0 274>26  V 
2?>?5@5: =0?@O<C ?@>:0BC20==O, @V7=V. 

4. �5D5:B8 :@8AB0;VG=>W 1C4>28. �@8AB0;VG=0 1C4>20, O:C 1C;> >?8A0=> 
28I5, є V450;ь=>N. !0A?@024V 6 2>=0 <0є 1030B> 45D5:BV2 3 B>G:>28E, ;V=V9=8E V 
?>25@E=528E. 

Т>G:>ві 45ф5:B8 (@8A. 2,0) E0@0:B5@87CNBьAO <0;8< @>7<V@>< C 2AVE B@ь>E 
28<V@0E. �> F8E 45D5:BV2 =0;560Bь 20:0=AVW 3 2V;ь=V 2C7;8 1 C :@8AB0;VG=V9 
@5HVBFV, 0B><8 2, 7<VI5=V 2 ?@>ABV@ <V6 2C7;0<8, V 0B><8 3 4><VH>:. 

Лі=і9=і 45ф5:B8 <0NBь <0;89 @>7<V@ 2 42>E 28<V@0E. "A=>2=89 284 F8E 
45D5:BV2 3 F5 48A;>:0FVW. !0 @8A. 2,1 ?>40=> B0: 720=C :@09>2C 48A;>:0FVN 4, O:0 
AB0=>28Bь :@09 <7092>W= :@8AB0;>3@0DVG=>W ?V2?;>I8=8. #@8 V=H><C E0@0:B5@V 
7<VI5==V 0B><V2 <>65 CB2>@8B8AO A:;04=VH0 48A;>:0FVO 3 328=B>20. �8A;>:0FVW 
CB2>@NNBьAO 2 ?@>F5AV B25@4V==O V >A>1;82> 45D>@<0FVW <5B0;C. 

�5D5:B8 :@8AB0;VG=>W 1C4>28, 7>:@5<0 48A;>:0FVW, 2V4V3@0NBь 25;8:C @>;ь C 
?;0AB8G=V9 45D>@<0FVW, 7C<>2;NNG8 7=0G=V 7<V=8 C 2;0AB82>ABOE <5B0;V2. 
&>G:>2V 45D5:B8 28O2;ONBьAO 2 ?@>F5AA0E, ?>2’O70=8E V7 ?5@5<VI5==O< 
(48DC7VєN) 0B><V2. 

 
$8A. 2. �5D5:B8 :@8AB0;VG=>W 1C4>28 <5B0;V2 

 

 

 

 

 

 

 



#@0:B8G=0 @>1>B0 № 2 
�8@>1=8FB2> :>;ь>@>28E <5B0;V2 

 5B0 @>1>B8: 282G5==O 28@>1=8FB20 0;N<V=VN, <03=VN B0 <V4V 
&5>@5B8G=V 2V4><>ABV 

�>;ь>@>2V <5B0;8 B0 WE A?;028: <V4ь, ;0BC=ь, 1@>=70, 0;N<V=V9, <03=V9, F8=:, 
A28=5Fь, >;>2>, B8B0=, =V:5;ь, :>10;ьB, 101VB H8@>:> 70AB>A>2CNBь ?@8 
283>B>2;5==V @V7=8E 45B0;59. %?>A>18 28@>1=8FB20 :>;ь>@>28E <5B0;V2 
A:;04=VHV, =V6 A?>A>18 <5B0;C@3VW G>@=8E <5B0;V2 B><C, I> @C48 :>;ь>@>28E 
<5B0;V2 2V4@V7=ONBьAO 25;8:>N @V7=><0=VB=VABN A?>;C:. #5@54 ?;02:>N @C48 
71030GCNBь. �>=8 28<030NBь :><?;5:A=>W ?5@5@>1:8 4;O 284V;5==O :><?>=5=BV2. 

�<DB5A<JF6B 4?N@VAVN 

�;N<V=V9 - =09?>H8@5=VH89 <5B0; C 75<=V9 :>@V. �>3> <0A>20 G0AB:0 8,8 %. 
�;N<V=Vє28<8 @C40<8 є 1>:A8B8, =5D5;V=8, 0?0B8B8, 0;C=VB8. �;N<V=V9 
<VAB8BьAO 2 =8E C 283;O4V 3;8=>75<C �12"3, 9>3> 3V4@0BV2 B0 V=H8E A?>;C:. 

"A=>2=>N ?@><8A;>2>N A8@>28=>N 4;O >45@60==O 0;N<V=VN є 1>:A8B8. �> 
WE=ь>3> A:;04C <>65 2E>48B8 4> 60 % �12"3; 13 % SiO2; 23 % Fe2O3; 10 % &V"2. 

�8@>1=8FB2> 0;N<V=VN A:;040єBьAO 7 42>E ?@>F5AV2: 284V;5==O 3;8=>75<C 7 
@C48 V 9>3> 5;5:B@>;V7. 

�;8=>75< >45@6CNBь 7 1>:A8BV2 2 >A=>2=><C ;C6=8< A?>A>1><. �;O Fь>3> 
?>4@V1=5=89 1>:A8B ?V440NBь 28;C3>2C20==N 2 02B>:;020E ?@8 B5<?5@0BC@V 
100...250 °% C :>=F5=B@>20=><C @>7G8=V ;C3C NaOH. 

�>1@5 @>7G8=5=89 0;N<V=0B =0B@VN 70;8H0єBьAO C @>7G8=V, 0 4><VH:8 
(>:A848 70;V70, B8B0=C B0 V=.) 28?040NBь C >A04. �V4DV;ьB@>20=89 @>7G8= 
0;N<V=0BC =0B@VN 3V4@>;V7CNBь V 3V4@>:A84 0;N<V=VN �1 ("!)3 28?040є 2 >A04. 
�>3> ?@>60@NNBь ?@8 B5<?5@0BC@V 1200 °% 2 B@C1G0AB8E >15@B>28E ?5G0E V 
4VAB0NBь 3;8=>75<. 

'B2>@5=89 3;8=>75< @>7G8=ONBь C :@V>;VBV -DB>@84V =0B@VN B0 0;N<V=VN V 
?V440NBь 5;5:B@>;V7C 2 5;5:B@>;V75@0E. 

$0DV=C20==O 0;N<V=VN ?>;O30є 2 ?@>4C20==V @V4:>3> <5B0;C E;>@>< 
?@>BO3>< 10...15 E2. 'B2>@N20=89 ?@8 Fь><C ?0@>?>4V1=89 E;>@84 0;N<V=VN 
�1%13 04A>@1CєBьAO =0 ?>25@E=V =5<5B0;528E 4><VH>:, O:V A?;820NBь C 283;O4V 
H;0:C. );>@ B0:>6 A?@8Oє 2840;5==N @>7G8=5=8E 307V2 ("2, %"2). 

#VA;O @0DV=C20==O V 2V4AB>N20==O ?@>BO3>< 30...45 E2 0;N<V=V9 4>AO30є 
G8AB>B8 99,85 %. #@8 1V;ьH 28A>:8E 28<>30E 4> 0;N<V=VN I>4> G8AB>B8 9>3> 
?V440NBь I5 9 5;5:B@>;VB8G=><C @0DV=C20==N. &0:89 0;N<V=V9 <0є G8AB>BC 4> 
99,99 %. 

#5@28==89 0;N<V=V9 283>B>2;ONBь >A>1;82>W G8AB>B8 �999 (99,999 % �1); 
28A>:>W G8AB>B8 - �995 (99,995 % �1), �99 (99,99 % �1), �97 (99,97 % �1), �95 
(99,95 % �1) V B5E=VG=>W G8AB>B8 - �85, �8, �7, �6, �5, �0 (99,0 % �1). 

�<DB5A<JF6B @47AVN 

 0A>20 G0AB:0 <03=VN 2 75<=V9 :>@V 2,4 %. $C40<8 <03=VN є :0@=0;VB, 
<03=578B, 4>;><VB, 1VH>DVB. 

!09?>H8@5=VH8< A?>A>1>< 28@>1=8FB20 <03=VN є 5;5:B@>;VB8G=89. �V= 
A:;040єBьAO 7 42>E ?@>F5AV2 - 4>1C20==O E;>@84C <03=VN MgCl2 V 9>3> 
5;5:B@>;V7C. 

"A=>2=>N A8@>28=>N 4;O 28@>1=8FB20 <03=VN є :0@=0;VB. � <5B>N 
71030G5==O :0@=0;VB >1@>1;ONBь 30@OG>N 2>4>N. 



�;O 2840;5==O 2>;>38 HBCG=89 :0@=0;VB >1?0;NNBь 2 >15@B>28E 01> 7 
":8?;OG8<" H0@>< ?5G0E V ?;02;OBь 2 E;>@0B>@0E, I>1 7<5=H8B8 2<VAB >:A84C 
MgO 2 1572>4=><C :0@=0;VBV.  03=578B V 4>;><VB A?>G0B:C >1?0;NNBь, 0 ?>BV< 
?V440NBь E;>@C20==N 2 ?@8ACB=>ABV 2C3;5FN V >45@6CNBь E;>@84 <03=VN MgCl2. 

�;5:B@>;V7 E;>@84C <03=VN 74V9A=NNBь C DCB5@>20=8E H0<>B>< 
5;5:B@>;V75@0E. �;5:B@>;VB>< 4;O 4>1C20==O <03=VN є @>7?;02 A>;59 MgCl2, 
%0%12, NaCl, KC1 7 4>102:>N NaF V KF. �;5:B@>;V7 254CBь ?@8 B5<?5@0BC@V 720 
°%, 5;5:B@8G=V9 =0?@C7V 1;87ь:> 3 � V A8;V 5;5:B@8G=>3> AB@C<C 30...50 :�. 
�8B@0B0 5;5:B@>5=5@3VW 4;O 4>1C20==O 1 τ <03=VN AB0=>28Bь 15...17:�B-3>4. 

+>@=>289 <03=V9 <VAB8Bь 4> 2...5 % @V7=8E 4><VH>:, B><C 2 1V;ьH>ABV 
28?04:V2 9>3> ?V440NBь @0DV=C20==N - ?5@5?;02FV 7 D;NA0<8, 4> A:;04C O:8E 
2E>4OBь E;>@848 <03=VN, 10@VN, :0;VN, =0B@VN B>I>. 

�V;ьH 3;81>:5 >G8I5==O <03=VN <>6=0 74V9A=8B8 9>3> AC1;V<0FVєN C 
20:CC<V. 

 03=V9 <>6=0 >45@60B8 B0:>6 B5@<VG=8< A?>A>1>< - 2V4=>2;5==O< 9>3> 
>:A84C MgO 2C3;5F5<, A8;VFVє< 01> D5@>A8;VFVє< ?@8 28A>:8E B5<?5@0BC@0E B0 
2V4=>A=> 3;81>:><C 20:CC<V. 

�8?;02;OєBьAO ?5@28==89 <03=V9 B0:8E <0@>::  396 (99,96 % Mg),  395 
(99,95 % Mg) V  390 (99,90 % Mg). 

�<DB5A<JF6B @V8V 
 0A>20 G0AB:0 <V4V 2 75<=V9 :>@V 0,01 %.  V4=V @C48 <VABOBь 1...5 % <V4V. 

 V4ь C =8E <VAB8BьAO C 283;O4V AV@G8AB8E A?>;C: CuS, Cu2S 01> CuFeS2, >:A84V2 
CuO V Cu2O, :0@1>=0BV2. #>@O4 7 <V44N FV @C48 G0AB> <VABOBь =V:5;ь, F8=:, 
A28=5Fь, 7>;>B>, A@V1;> B0 V=HV <5B0;8. 

�>1C20NBь <V4ь 7 AC;ьDV4=8E @C4 ?V@><5B0;C@3V9=8< A?>A>1><. ' ?@>F5A 
28?;02;5==O <V4V 2E>4OBь: 71030G5==O V 28?0;5==O @C48, 28?;02;5==O 
=0?V2?@>4C:BC - HB59=C, 7 O:>3> ?>BV< >45@6CNBь G>@=>2C <V4ь. �;O >G8I5==O 
2V4 4><VH>: G>@=>2C <V4ь @0DV=CNBь. 

�1030GCNBь <V4=V @C48 <5B>4>< D;>B0FVW, 70A=>20=8< =0 @V7=><C 7<>GC20==V 
2>4>N A?>;C: <V4V 9 ?CAB>W ?>@>48. #VA;O DV;ьB@0FVW V ACHV==O 7V1@0=>W ?V=8 
CB2>@NєBьAO :>=F5=B@0B 7 <0A>2>N G0AB:>N <V4V 15...35 %. 

�8?0;NNBь :>=F5=B@0B ?@8 B5<?5@0BC@V 750...850 °% 2 ?>2VB@O=V9 0B-
<>AD5@V 7 <5B>N >:8A;5==O AC;ьDV4V2 V 7<5=H5==O 2<VABC AV@:8.  

"AB0==V< G0A>< 4;O ?;02;5==O :>=F5=B@0BV2 70AB>A>2CNBь 5;5:B@8G=V ?5GV 
V ?;02;5==O 2 :8?;OG><C AB0=V, I> 40є 7<>3C ?V428I8B8 ?@>4C:B82=VABь ?@>F5AC 
<0965 2B@8GV ?>@V2=O=> 7 ?>;C<5=52>N 2V4182=>N ?VGGN V  7<5=H8B8  
5=5@3>70B@0B8  =0 30 %. 

+>@=>20 <V4ь CB2>@NєBьAO ?@8 ?@>4C20==V @>7?;02;5=>3> HB59=C ?>2VB@O< 
C :>=25@B5@V. 

�8?;02;5=C <V4ь =07820NBь G>@=>2>N B><C, I> 2>=0 <VAB8Bь 4> 1,5 % 
4><VH>:. �;O >G8I5==O 4><VH>: G>@=>2C <V4ь ?V440NBь 2>3=52><C V 
5;5:B@8G=><C @0DV=C20==N. 

�>3=525 @0DV=C20==O ?>;O30є 2 >:8A;5==V 4><VH>: C 2V4182=8E ?5G0E ?@8 
?@>4C20==V G>@=>2>W <V4V ?>2VB@O<. 

#VA;O 2>3=52>3> @0DV=C20==O G8AB>B0 <V4V 4>AO30є 99,7 %. І7 =5W 2V4;820NBь 
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*ІІІ- 284V;OєBьAO 7 D5@8BC 2=0A;V4>: 7<5=H5==O @>7G8==>ABV 2C3;5FN 2 ³-

70;V7V ?@8 7=865==V B5<?5@0BC@8 2V4 727°% 4> :V<=0B=>W; 
%B@C:BC@=8<8 A:;04>28<8 =07820NBь G0AB8=C A8AB5<8, I> <VAB8Bь 42V V 

1V;ьH5 D07. � A8AB5<V Fe-Fe3C @>7@V7=ONBь B0:V AB@C:BC@=V A:;04>2V. 
# (?5@;VB) 3 52B5:B>W4=0 <5E0=VG=0 AC<VH, O:0 A:;040єBьAO 7 4@V1=8E @V7=8E 

70 @>7<V@>< ?;0AB8=>: F5<5=B8BC 2 D5@8B=V9 >A=>2V. �<VAB 2C3;5FN  AB0=>28Bь 
0,8%. 'B2>@NєBьAO ?@8 @>7?04V 0CAB5=VBC 287=0G5=>3> A:;04C ?@8 B5<?5@0BC@V 
727°%. %B@C:BC@0 <0є ?5@;0<CB@>289 1;8A:. 



� (;5451C@8B) 3 52B5:B8G=0 <5E0=VG=0 AC<VH F5<5=B8BC V 0CAB5=VBC, <VAB8Bь 
4,3% 2C3;5FN. #@8 B5<?5@0BC@V 28I5 727°% V =86G5 1147°% ;5451C@8B =07820NBь 
28A>:>B5<?5@0BC@=8<, 2V= A:;040єBьAO 7 0CAB5=VBC V F5<5=B8BC *І V ?>7=0G0єBьAO 
O: ��. #@8 B5<?5@0BC@V =86GV9 727°% ;5451C@8B =07820NBь 
=87ь:>B5<?5@0BC@=8<, 2V= A:;040єBьAO 7 ?5@;VBC V F5<5=B8BC V ?>7=0G0єBьAO O: 
�!. 

 

�>>@48=0B8 B>G>: 4V03@0<8 Fe-Fe3C 

&>G:0 t,ºC %C �87=0G5==O B>G:8 

A 1539 0 &5<?5@0BC@0 ?;02;5==O 70;V70 
C 1147 4,3 %:;04 52B5:B8:8 
D 1260 6,67 &5<?5@0BC@0 ?;02;5==O F5<5=B8BC 

E 1147 2,14 
�@0=8G=0 @>7G8==VABь 2C3;5FN 2 ´-
70;V7V  

G 911 0 
#>;V<>@D=5 ?5@5B2>@5==O ³-70;V70 2   
´-70;V7>  

P 727 0,02 
�@0=8G=0 @>7G8==VABь 2C3;5FN 2  
³-70;V7V   

S 727 0,8 �2B5:B>W4 =5 ?5@5B2>@5==O 

Q 20 0,006 
 V=V<0;ь=0 @>7G8==VABь 2C3;5FN 2 ³-
70;V7V   

 

"A=>2=V ;V=VW 4V03@0<8: 
�VAVO ��%D – ?VAVO ?V>6V8GE. �8I5 FVєW ;V=VW 2AV A?;028 7=0E>4OBьAO 2 @V4:><C 

AB0=V. 
�VAVO AHJECF – ?VAVO EB?V8GE. !86G5 FVєW ;V=VW 2AV A?;028 7=0E>4OBьAO 2 

B25@4><C AB0=V. 
�VAVW CB?V@BDHAB7B C9D9F6BD9AAO: 
�C3;5Fь @>7G8=ONG8Aь 2 ?>;V<>@D=V9 <>48DV:0FVW ³-70;V70 7=86Cє 

B5<?5@0BC@C ?>;V<>@D=>3> ?5@5B2>@5==O 2V4 911°% 4> 727°%. 
GS V GP 3 ;V=VW =86=ь>3> ?>;V<>@D=>3> ?5@5B2>@5==O. 
HN, JN 3 ;V=VW 25@E=ь>3> ?>;V<>@D=>3> ?5@5B2>@5==O. 
�VAVW ;@VAAB7B DB;K<A9AAO 6G7?9JN 6 CB?V@BDHA<I @B8<HV>4JVOI: 

ES 3 max  2,14% %                 min 0,8% %; 
GP 3 max  0,02% %                 min 0,006% %; 
�VAVW V;BF9D@VKAB7B C9D9F6BD9AAO: 
#> ;V=VW JHB ?@8 1499°% 2V41C20єBьAO ?5@8B5:B8G=5 ?5@5B2>@5==O: 

0,5%C 0,1%% 0,16L ( �ô+ →  

#> ;V=VW ECF ?@8 1147°% 2V41C20єBьAO 52B5:B8G=5 ?5@5B2>@5==O 
B

4.3%C ІL � � *→ = +  

#> ;V=VW PSK 2V41C20єBьAO 52B5:B>W4 =5 ?5@5B2>@5==O 
0,8%C

A # ( *→ = +  

�@8B8G=8<8 B>G:0<8 =07820NBьAO B5<?5@0BC@8, ?@8 O:8E 2V41C20NBьAO 
D07>2V B0 AB@C:BC@=V ?5@5B2>@5==O 2 A?;020E A8AB5<8 <Fe-Fe3C=. #>7=0G0NBьAO 
1C:2>N � (arret 3 7C?8=:0 (D@0=.). 



�0 3 F5<5=B8B ?5@5E>48Bь 7 D5@><03=VB=>3> AB0=C 2 ?0@0<03=VB=89; 
�1 3 7=0E>4OBьAO =0 ;V=VW PSK, ?@8 B5<?5@0BC@V 727°% 0CAB5=VB @>7?040єBьAO 

7 CB2>@5==O< ?5@;VBC; 
�2 3 7=0E>4OBьAO =0 ;V=VW  ", ?@8 B5<?5@0BC@V 768°% 70;V7> V7 

D5@><03=VB=>3> AB0=C ?5@5E>48Bь 2 ?0@0<03=VB=89; 
�3 3 7=0E>4OBьAO =0 ;V=VW GS, 2V41C20єBьAO ?5@5B2>@5==O 0CAB5=VBC 2 D5@8B; 
�cm 3 7=0E>4OBьAO =0 ;V=VW SE, ?>G0B>: 284V;5==O F5<5=B8BC 2B>@8==>3>. 
#@8 =03@V2V G5@57 B5?;>289 3VAB5@578A 4>102;ONBь 1C:2C A (�%1, �%3), ?@8 

>E>;>465==V r (�r1, �r3). 

%B@C:BC@=89 0=0;V7 >1;0AB59 4V03@0<8 

"1;0ABь (078, AB@C:BC@=V A:;04>2V %E5<0B8G=5 7>1@065==O AB@C:BC@8 

ABH L + (· 

 

AHN (· 

 

HJN (· + � 

 

BCEJ L  → � 

 

DFC L → *І 

 

Фδ 

L 

Фδ 

A 

Фδ 

ЦІ L 

Фδ 

A 



J�SGN � 

 

GPQ ( 

 

GSP �+( 

 

�E′S �+*ІІ 

 

$$′Q (+*ІІI 

 

PSS′P′ ( + # 

 

SE′E′′S′ #+*ІІ 

 

�%%′�′ �+*ІІ+�� 

 

Ф 

Ф 

П 

� 

ЦІІ 

А 

A 

Ф 

A 

ЦІІ 

Ф 

ЦІІІ 

ЛН 

� 

ЦІІ 



�′%′%′′�′′ #+*ІІ+�! 

 

%FKC′ *І+�� 

 

C′KLC′′ *І+�! 

 

 

�V=F5289 AB@C:BC@=89 AB0= A?;02C 287=0G0єBьAO D070<8 B0 AB@C:BC@=8<8 
A:;04>28<8 2 >1;0ABV 4V03@0<8, O:0 2V4?>2V40є 7040=V9 :>=F5=B@0FVW 2C3;5FN ?@8 
B5<?5@0BC@V 600°%. 

'8A;> ABC?5=V2 2V;ь=>ABV 287=0G0NBь 73V4=> 7 ?@028;>< D07 % = � + 1 3 (, 
45  � = 2 3 G8A;> :><?>=5=BV2, ( 3 G8A;> D07. 
� 4>?><>3>N ?@028;0 2V4@V7:V2 287=0G8<> :V;ь:VABь D07: 

100%, 100%.
L A

l S
m m

l S l S
= =

+ +
 

 

 

ЛН 

� 

ЦІІ 

ЛН 

ЦІ 

ЛН 

ЦІ 



$8A. �V03@0<0 AB0=C 70;V7> 3 F5<5=B8B 
 

�����!!/ 

�0240==O 1�. 
�;O 2:070=>3> EV<VG=>3> 5;5<5=B0 (B01;.1) 7040=> B8? V ?0@0<5B@8 

:@8AB0;VG=>W ґ@0B:8 (��), 0B><=C <0AC V 3CAB8=C, 287=0G5=C 5:A?5@8<5=B0;ь=>. 
#>B@V1=>: 

− 7>1@078B8 5;5<5=B0@=C :><V@:C ��; 
− 40B8 287=0G5==O B0:8E ?>=OBь O: :>>@48=0FV9=5 G8A;>, 1078A=5 G8A;> B0 
IV;ь=VABь ?0:C20==O; 

− 287=0G8B8 FV 25;8G8=8 4;O 7040=>3> B8?C ��; 
− >1G8A;8B8 7 B>G=VABN 4> B@5Bь>3> 7=0:0 ?VA;O :><8 3CAB8=C 70 0B><=>N 
<0A>N V ?0@0<5B@0<8 �� B0 ?>@V2=OB8 >45@60=5 7=0G5==O 7 7040=8<. 

!025AB8 <>6;82V ?@8G8=8 @>71V6=>AB59. 
&01;8FO 1 

#0@0<5B@8 :@8AB0;VG=8E ґ@0B>:, 0B><=0 <0A0 B0 3CAB8=0 EV<VG=8E 5;5<5=BV2 

(1 0.>.<. =1,66·10324 3; 1
o

A  = 1038 A<) 

�0
@V
0=
B �;5<5=B 

)V<VG-
=89 
7=0: 

 >48-

DV:0-
FVO 

&8? 
�� 

#5@V>4, 
o

A  �B><=0 
<0A0 

�CAB8=0, 
3/A<3 0 A 

1 �;N<V=V9 Al 3 �*� 4,0414 3 26,97 2,70 

2 B0=04V9 V 3 "*� 3,0338 3 50,95 6,02 

3 �>;ьD@0< W 3 "*� 3,1586 3 183,92 19,34 

4 �0D=V9 Hf 3 �-% 3,200 5,077 178,6 13,3 

5 �0;V7> Fe ³ "*� 2,8664 3 55,85 7,874 

6 �0;V7>  Fe ´ �*� 3,600 3 55,85 8,1 

7 �>;>B> Au 3 �*� 4,070 3 197,2 19,31 

8 І@84V9 Ir 3 �*� 3,8312 3 198,1 22,4 

9 ІB@V9 Y 3 �-% 3,663 5,814 88,92 4,57 

10 �04<V9 Cd 3 �-% 2,9731 5,6069 112,41 8,64 

11 �0;V9 K 3 "*� 5,333 3 39,096 0,86 

12 �0;ьFV9 Ca ³ �*� 5,560 3 40,08 1,55 

13 �0;ьFV9 Ca ´ �-% 3,94 6,46 40,08 1,53 

14 �>10;ьB Co ³ �-% 2,507 4,072 58,94 8,8 

15 �>10;ьB Co ³ �*� 3,545 3 58,94 8,8 

16 �0=B0= La ³ �-% 3,75 6,06 138,92 6,15 

17 �0=B0= La ³ �*� 5,296 3 138,92 6,2 

18  03=V9  Mg 3 �-% 3,2022 5,1991 24,32 1,76 

19 �VBV9 Li 3 "*� 3,5019 3 6,94 0,53 



�0
@V
0=
B �;5<5=B 

)V<VG-
=89 
7=0: 

 >48-

DV:0-
FVO 

&8? 
�� 

#5@V>4, 
o

A  �B><=0 
<0A0 

�CAB8=0, 
3/A<3 0 A 

20  V4ь  Cu 3 �*� 3,6080 3 63,54 8,93 

21  >;V145= Mo 3 "*� 3,1403 3 95,95 10,2 

22 !0B@V9  Na 3 "*� 4,2820 3 22,997 0,98 

23 !5>48< Nd ³ �-% 3,657 5,88 144,27 7,0 

24 !V:5;ь  Ni 3 �*� 3,5169 3 58,69 8,8 

25 !V>1V9 Nb 3 "*� 3,2941 3 92,91 8,50 

26 "A<V9  Os 3 �-% 2,7298 4,3104 190,2 22,48 

27 #0;04V9 Pd 3 �*� 3,8905 3 106,7 11,5 

28 #;0B8=0 Pt 3 �*� 3,9158 3 195,23 21,4 

29 #@075>48<  Pr 3 �-% 3,657 5,924 140,92 6,47 

30 $5=V9 Re 3 �-% 2,7553 4,4493 183,91 21,2 

31 $>4V9 Rh 3 �*� 3,7956 3 102,91 12,3 

32 $C1V4V9 Rb 3 "*� 5,62 3 85,48 1,52 

33 %28=5Fь Pb 3 �*� 4,9497 3 207,21 11,34 

34 %@V1;> Ag 3 �*� 4,0778 3 107,88 10,5 

35 %B@>=FV9 Sr 3 �*� 6,075 3 87,63 2,63 

36 &0=B0; Ta 3 "*� 3,2959 3 180,88 16,2 

37 &8B0= Ti ³ �-% 2,953 4,729 47,90 4,51 

38 &8B0= Ti ³ "*� 3,320 3 47,90 4,32 

39 &>@V9 Th 3 �*� 5,077 3 232,02 11,02 

40 )@>< Cr ³ "*� 2,8786 3 52,01 7,19 

41 *5@V9 Ce 3 �*� 5,143 3 140,13 6,80 

42 *8=: Zn 3 �-% 2,6595 4,9368 65,38 7,15 

43 *8@:>=V9 Zr ³ �-% 3,223 5,123 91,22 6,45 

44 *8@:>=V9 Zr ³ "*� 3,610 3 91,22 6,36 

45 %:0=4V9 Sc 3 �-% 3,308 5,265 45,10 3,00 

46 '@0= U ´ "*� 3,462 3 238,03 19,05 

47 �0@V9 Ba 3 "*� 5,010 3 137,34 3,65 

48 �04>;V=V9 Gd 3 �-% 3,636 5,7826 157,25 7,868 

49 �>;ь<V9 Ho 3 �-% 3,5773 5,6158 164,94 8,799 

50 �8A?@>7V9 Dy 3 �-% 3,5903 5,6475 162,46 8,565 

�0240==O 1�. 



�;O 2:070=>3> EV<VG=>3> 5;5<5=B0 (B01;.1) 7040=> B8? V ?0@0<5B@8 
:@8AB0;VG=>W ґ@0B:8 (��), 0B><=C <0AC V 3CAB8=C, 287=0G5=C 5:A?5@8<5=B0;ь=>. 
#>B@V1=>: 

− 7>1@078B8 5;5<5=B0@=C :><V@:C ��; 
− 40B8 287=0G5==O B0:8E ?>=OBь O: :>>@48=0FV9=5 G8A;>, 1078A=5 G8A;> B0 
IV;ь=VABь ?0:C20==O; 

− 287=0G8B8 FV 25;8G8=8 4;O 7040=>3> B8?C ��; 
− >1G8A;8B8 7 B>G=VABN 4> B@5Bь>3> 7=0:0 ?VA;O :><8 <0AC :CA:0 <5B0;C, I> 
<VAB8Bь 1025 5;5<5=B0@=8E :><V@>: 70 2V4><8< 1078A=8< G8A;>< �� V 
0B><=>N <0A>N, 0 B0:>6 70 7040=8<8 ?0@0<5B@0<8 �� V 3CAB8=>N. 
"45@60=V @57C;ьB0B8 ?>@V2=OB8. 



−  #$������ ���"!�!!/ �����!!/ 

�0240==O 1 

�;5<5=B )V<. 
7=0G. 

 >48DV-
:0FVO &8? �� 

#5@V>4, Å �B><=0 
<0A0 

�CAB8=0, 
3/A<3 0 A 

�5@8;V9 �5 4 �-% 2,281 3,576 9,013 1,848 

�0@V9 �0 4 "*� 5,010 4 137,34 3,65 

 

�0240==O 1�. 

1. �>1@078<> �-% �� 15@8;VN. 
0) �87=0G8<> >1’є< 5;5<5=B0@=>W :><V@-
:8.(1Å=10-8A<) 

o

2 24

24 3

1
V 6 a a sin 60 c

2

6
2, 281 3,576 0,866 10

2

48,338 10 A< ;

−

−

=      =

=     =

= 

 

1) �87=0G8<> <0AC 0B><V2 �5 2 5;5<5=B0@=V9 
:><V@FV, 2@0E>2CNG8, I> 4;O �-% 1078A=5 G8A;> 
@V2=5 6. 

24 24
M 6 9,013 1,66 10 89,769 10

− −=    =   3. 
2) �=0E>48<> @5=B35=V2Aь:C 3CAB8=C 15@8;VN: 

24

24 3

M 89,769 10 3
1,857 ;

V 48,338 10 A<

−

−


ò = = =


 

"45@60=89 @57C;ьB0B 4>A8Bь 4>1@5 A?V2?040є 7 
=02545=8< 5:A?5@8<5=B0;ь=8< 7=0G5==O< 

3CAB8=8. "45@60=5 <5=H5 7=0G5==O =02545=>W 3CAB8=8 ?>OA=NєBьAO =0O2=VABN 
?CAB>B 2 @50;ь=8E <5B0;0E. 
 

 



2. �>1@078<> "*� �� 10@VN: 
 

 

0)  3 3 24
V a 5,010 10

−= =  =  
24 3

125,752 10 A<−=  ; 

1)  �078A=5 G8A;> 4;O "*� �� @V2=5 2. 
24

M 2 137,34 1,66 10
−=    =  

=
24

455,969 10 3;−  

 

2) 
24

24

M 455,969 10

V 125,752 10

−

−


ò = = =



3

3
3,626 ;

A<
 

�0240==O 1�. 
1. �>1@078<> �-% �� 15@8;VN (482. 70240==O 1�). 
0) �87=0G8<> <0AC :CA:0 15@8;VN (7 2V4><8< 1078A=8< G8A;>< V 0B><=>N 

<0A>N): 
25 24

m 10 6 9.013 1.66 10 897.695 3.−=     =  

1) �87=0G8<> <0AC :CA:0 15@8;VN 70 7040=>N 3CAB8=>N V >1’є<><. ( 8 
15@5<> >1’є< 5;5<5=B0@=>W :><V@:8 7 70240==O 1�, 0 ABC45=BC 9>3> ?>B@V1=> 
7=09B8) 

25 24
m V 1.848 10 48.338 10 893.286 3−= ò  =    =  

"45@60=V 7=0G5==O =5?>30=> A?V2?040NBь. 
 

2. �>1@078<> "*� �� 10@VN. (482. 70240==O 1�). 
0) 25 24

m 10 2 137.34 1.66 10 4559.688 3.−=     =  

1) 25 24
m V 3.65 10 125.752 10 4589.948 3−= ò  =    =  

"45@60=V @57C;ьB0B8 704>2V;ь=> A?V2?040NBь. 
 

#@0:B8G=0 @>1>B0 № 9 
�87=0G5==O A:;04C B0 :V;ь:>ABV D07 70 4V03@0<>N AB0=C 

 5B0 @>1>B8: >7=09><8B8AO 7 4V03@0<>N AB0=C Fe-Fe3C B0 =02G8B8AO 
287=0G0B8 A:;04 B0 :V;ь:VABь D07 70 4V03@0<>N AB0=C 

&5>@5B8G=V 2V4><>ABV 
�V03@0<C AB0=C (�%) <>6=0 0:C@0B=> 2 <0AHB01V 2@CG=C A:>?VN20B8 01> 

A:>@8AB0B8AO :A5@>:>?VєN. 
�><?>=5=B0<8 A8AB5<8 

3
Fe Fe C−  є 70;V7> Fe V F5<5=B8B: (*) - :0@1V4 70;V70 

3
Fe C  .  

�V4?>2V4V 4> 70240==O 3 (AB>@.18): 
0) (07>N =07820NBь 2V4>:@5<;5=C G0AB8=C A8AB5<8, O:0 <0є A2>N, BV;ь:8 W9 

?@8B0<0==C, AB@C:BC@C, V A2>W 2;0AB82>ABV. (070 2V4<56>20=0 2V4 @5HB8 A8AB5<8. 
$>7@V7=ONBь B0:V D078 2 A8AB5<V 

3
Fe Fe C− . 



L 3 ;V:20, @>7G8= 2C3;5FN 2 @>7?;02;5=><C F5. 
� 3 0CAB5=VB ( )( )A Fe C= , I> є B25@48< @>7G8=>< ?@>=8:=5==O % 2 Fe 7 

AB@C:BC@>N �*� V @>7G8==VABN 2V4 0% 4> 2,14%. 

( - D5@8B ( )( )$ Fe Cñ=  - B25@489 @>7G8= % 2 Feñ  7 AB@C:BC@>N "*� V 
@>7G8==VABN 2V4 0% 4> 0,025%. 

* 3 F5<5=B8B ( )3
& Fe C=  - :0@1V4 70;V70, <VAB8Bь 6,67% % . 

ІA=CNBь @V7=>2848 *: 
*І - 284V;OєBьAO 7 ;V:28; 
*ІІ - 284V;OєBьAO 7 0CAB5=VBC � 2=0A;V4>: 7<5=H5==O @>7G8==>ABV % 2 
( )Fe C  ?@8 7=865==V B5<?5@0BC@V 2V4 1147°% 4> 727°%;  
*ІІІ- 284V;OєBьAO 7 D5@8BC ( 2=0A;V4>: 7<5=H5==O @>7G8==>ABV % 2 ( )Fe Cñ  

?@8 7=865==V B5<?5@0BC@8 2V4 727°% 4> :V<=0B=>W; 
 1) %B@C:BC@=V A:;04>2V A:;040NBьAO 7 :V;ь:>E (2-E V 1V;ьH5) D07. � A8AB5<V 

3
Fe Fe C−  @>7@V7=ONBь B0:V AB@C:BC@=V A:;04>2V. 

# - ?5@;VB (#=(+*), 52B5:B>W4, <>65 <0B8 ?;0AB8=G0ABC 01> 75@=8ABC 
AB@C:BC@C, <VAB8Bь 0,8% %. 

� - ;5451C@8B, 52B5:B8:0. #@8 B5<?5@0BC@V 28I5 727°% V =86G5 1147°% 
;5451C@8B =07820NBь 28A>:>B5<?5@0BC@=8<, 2V= A:;040єBьAO 7 0CAB5=VBC V 
F5<5=B8BC *І V ?>7=0G0єBьAO O: �2=A+*І. #@8 B5<?5@0BC@V =86GV9 727°% 
;5451C@8B =07820NBь =87ь:>B5<?5@0BC@=8<, 2V= A:;040єBьAO 7 ?5@;VBC V 
F5<5=B8BC V ?>7=0G0єBьAO O: �==#+*І.  

 

�0240==O. 
�;O 7040=>W (A?@>I5=>W) �% A8AB5<8 Fe3Fe3C: 

0) >?8A0B8 D078 A8AB5<8 V ?>:070B8 WE =0 �%; 
1) >?8A0B8 AB@C:BC@=V A:;04>2V A8AB5<8 V ?>:070B8 WE =0 �%; 
2) 4;O 7040=>3> A?;02C (B01;.1) ?>1C4C20B8 :@82C >E>;>465==O, 2:070B8 =0 
WW 4V;O=:0E D078 V G8A;> ABC?5=V2 2V;ь=>ABV, 0 B0:>6 B5E=VG=C =072C Fь>3> 
A?;02C V <V:@>AB@C:BC@C; 

3) 4;O 7040=>W B>G:8 (B01;.2) 7 4>?><>3>N ?@028;0 2V4@V7:V2 287=0G8B8 
:V;ь:VABь ;V:28 V 0CAB5=VBC, 01> :V;ь:VABь ;V:28 V F5<5=B8BC, 0 B0:>6 
B5E=VG=C =072C Fь>3> A?;02C V <V:@>AB@C:BC@C; 

4) >?8A0B8 ACBь 52B5:B>W4=>3> V 52B5:B8G=>3> ?5@5B2>@5==O. 
&01;8FO 1 

�0240==O 4;O 20@V0=BV2 

�0
@V
0=
B 

�> ?. <2=, 
%% 

�> ?. <3= 

t, ºC %% 

1 0,02 1147 2,25 

2 0,10 1147 2,50 

3 0,20 1147 2,75 

4 0,30 1147 3,00 

5 0,40 1147 3,25 



�0
@V
0=
B 

�> ?. <2=, 
%% 

�> ?. <3= 

t, ºC %% 

6 0,50 1147 3,50 

7 0,60 1147 3,75 

8 0,70 1147 4,00 

9 0,80 1147 4,25 

10 0,90 1200 2,00 

11 1,00 1200 2,25 

12 1,10 1200 2,50 

13 1,20 1200 2,75 

14 1,30 1200 3,00 

15 1,40 1200 3,25 

16 1,50 1200 3,50 

17 1,60 1200 3,75 

18 1,70 1250 1,75 

19 1,80 1250 2,00 

20 1,90 1250 2,25 

21 2,00 1250 2,50 

22 2,10 1250 2,75 

23 2,20 1250 3,00 

24 2,30 1250 3,25 

25 2,40 1300 1,50 

26 2,50 1300 1,75 

27 2,60 1300 2,00 

28 2,70 1300 2,25 

29 2,80 1300 2,50 

30 2,90 1300 2,75 

31 3,00 1350 1,25 

32 3,10 1350 1,50 

33 3,20 1350 1,75 

34 3,30 1350 2,00 

35 3,40 1350 2,25 

36 3,50 1400 0,80 

37 3,60 1400 1,00 

38 3,70 1400 1,25 

39 3,80 1400 1,50 

40 3,90 1450 0,50 

41 4,00 1450 0,80 

42 4,10 1450 1,00 

43 4,30 1147 4,50 

44 4,50 1147 5,00 

45 4,75 1147 5,50 

46 5,00 1147 6,00 



�0
@V
0=
B 

�> ?. <2=, 
%% 

�> ?. <3= 

t, ºC %% 

47 5,25 1147 6,50 

48 5,50 1200 5,50 

49 5,75 1200 6,00 

50 6,00 1200 6,50 

&01;8FO 2 
�>>@48=0B8 B>G>: =0 4V03@0<V AB0=C  70;V7> 3 Fe3C (F5<5=B8B). 
&>G:0 t,ºC %C 

A 1539 0 

E 1147 2,14 

C 1147 4,3 

F 1147 6,67 

P 727 0,025 

S 727 0,8 

Q 20 0,006 
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#$������ ���"!�!!/ �����!!/ 

30240==O 1 
#>:065<> D078 V AB@C:BC@=V A:;04>2V =0 �%; 
2) �;O A?;02C 7 4,2% % ?>1C4Cє<> :@82C >E>;>465==O, =0 4V;O=:0E O:>W 

2:065<> D078, AB@C:BC@=V A:;04>2V, ?5@5B2>@5==O WE, 0 B0:>6 G8A;> ABC?5=V2 
2V;ь=>ABV  73V4=> 7 ?@028;>< D07 % = � + 1 3 (, 45  � = 2 3 G8A;> :><?>=5=BV2, ( 
3 G8A;> D07. 

%?;02 7 4,2% % є 4>52B5:B8G=8< 1V;8< G02C=><, <V:@>AB@C:BC@0 O:>3> 
=02545=0 ?V4 :@82>N >E>;>465==O; 

3)�;O A?;02C 7 2,55% % ?@8 B5<?5@0BC@V 1250°% 7 4>?><>3>N ?@028;0 
2V4@V7:V2 287=0G8<> :V;ь:VABь ;V:28 V 0CAB5=VBC, 2V4?>2V4=> 

L
m  V 

A
m .     

11
100% 52, 4%

11 10
L

l
m

l S
= =  =

+ +
; 

10
100% 47,6%

11 10
A

S
m

l S
= =  =

+ +
; 

$8A. 3.1.  �% Fe-Fe3C 7 :@82>N >E>;>465==O 4;O A?;02C 7 4,2%% 

%?;02 7 2,55%% є 4>52B5:B8G=8< G02C=><, 9>3> AB@C:BC@0 ?>:070=0 =0 
@8A.3.1. 

4) �2B5:B8G=5 ?5@5B2>@5==O 2V41C20єBьAO ?@8 B5<?5@0BC@V 1147% 4;O ;V:28 

7 4,3%, O:0 ?@8 2V42545==V B5?;0 ?5@5B2>@NєBьAO 2 2�  73V4=>: 
2

4.3%C ІL � � *→ = +  

�2B5:B>W4=5 ?5@5B2>@5==O 2V41C20єBьAO ?@8 B5<?5@0BC@V 727% 4;O 0CAB5=VBC 7 
0, 8%%, O:89 ?@8 2V42545==V B5?;0 ?5@5B2>@NєBьAO 2 ?5@;VB 73V4=> 

0,8%C
A # ( *→ = + . 

 

1 

2 

3 

4 

5 

L 

C=2 

L + A 

C=1 

L4,3%C →ЛВ 

C=0 

ЛВ + A + ЦІІ 

C=1 
ЛВ →ЛН 

А → � 

t, ˚C 

τ, E6 

ЛН + � + ЦІІ 

C=1 
2,55 

l 

s 1147˚C 



�>40B>: 

%E5<0B8G=5 7>1@065==O <V:@>AB@C:BC@ AB0;59 B0 G02C=V2 

?@8 :V<=0B=V9 B5<?5@0BC@V 
 

 

 

 

 

 

4) 5) 

7) 6) 

д) 6) 7) 

$8AC=>:.  %E5<0B8G=5 7>1@065==O <V:@>AB@C:BC@ AB0;59 B0 G02C=V2 ?@8 
:V<=0B=V9 B5<?5@0BC@V:  

1) AB0;59: 0 3 D5@8B; 1 3 D5@8B 7 ?5@;VB><; 2 3 ?5@;VB; 3 3 ?5@;VB 7 
F5<5=B8B>< 2B>@8==8<; 

2) G02C=V2: 4 3 4>52B5:B8G=89; 6 3 52B5:B8G=89; 7 3 7052B5:B8G=89 . 
( 3 D5@8B; # 3 ?5@;VB; *І 3 F5<5=B8B ?5@28==89; *ІІ 3 F5<5=B8B 
2B>@8==89; �! 3 ;5451C@8B =87ь:>B5<?5@0BC@=89. 

Ф Ф 

� 

� 

� 

ЦІІ 

ЛН 

� 

ЛН 

ЛН 

ЦІ 

ЦІІ 



#@0:B8G=0 @>1>B0№ 10 
%B0;V B0 WE :;0A8DV:0FVO 

 5B0 @>1>B8: 282G5==O AB@C:BC@8 2C3;5F528E AB0;59 2 @V2=>206=><C AB0=V, 
287=0G5==O <0@:8 AB0;59, 2AB0=>2;5==O 72’O7:C <V6 AB@C:BC@>N AB0;V, 4V03@0<>N 
AB0=C Fe 3 Fe3C V 2;0AB82>ABO<8 A?;02V2. 

&5>@5B8G=V 2V4><>ABV 
�C3;5F52V AB0;V ?@><8A;>2>3> 28@>1=8FB20 3 F5 1030B>:><?>=5=B=V A?;028, 

O:V :@V< 70;V70 9 2C3;5FN <0NBь 4><VH:8 <0@30=FN, :@5<=VN, D>AD>@C AV@:8 B0 
45O:V V=HV. �>65= 7 ?5@5;VG5=8E :><?>=5=BV2 2?;820є 2V4?>2V4=8< G8=>< =0 
AB@C:BC@C B0 2;0AB82>ABV AB0;59. �-?><V6 =8E =091V;ьH89 2?;82 <0є 2C3;5Fь. 

1. �?;82 2C3;5FN. 
�?;82 2C3;5FN =0 2;0AB82>ABV AB0;59 ?>:070=89 =0 @8A. 1. 

 

 

$8A. 1. �?;82 2C3;5FN =0 2;0AB82>ABV AB0;59 

І7 7@>AB0==O< 2<VABC 2C3;5FN 2 AB@C:BC@V AB0;V 71V;ьHCєBьAO :V;ь:VABь 
F5<5=B8BC, ?@8 >4=>G0A=><C 7=865==V :V;ь:>ABV D5@8BC. �<V=0 A?V22V4=>H5==O 
<V6 A:;04>28<8 ?@82>48Bь 4> 7<5=H5==O ?;0AB8G=>ABV, 0 B0:>6 4> ?V428I5==O 
<VF=>ABV V B25@4>ABV.  VF=VABь ?V428ICєBьAO ?@8 2<VABV 2C3;5FN 1;87ь:> 1%, 0 
?>BV< 2>=0 7<5=HCєBьAO, >A:V;ь:8 CB2>@NєBьAO 3@C10 AVB:0 F5<5=B8BC 
?5@28==>3>. 

�C3;5Fь 2?;820є =0 2’O7:V 2;0AB82>ABV. �1V;ьH5==O 2<VABC 2C3;5FN ?V428ICє 
?>@V3 E>;>4>;0<:>ABV V 7=86Cє C40@=C 2'O7:VABь. 

#V428ICNBьAO 5;5:B@>>?V@ V :>5@F5B82=0 A8;0, 7=86CNBьAO <03=VB=0 
?@>=8:=VABь V 3CAB8=0 <03=VB=>W V=4C:FVW. 

�C3;5Fь 2?;820є V =0 B5E=>;>3VG=V 2;0AB82>ABV. #V428I5==O 2<VABC 2C3;5FN 
?>3V@HCє ;820@=V 2;0AB82>ABV AB0;V (28:>@8AB>2CNBьAO AB0;V V7 2<VAB>< 2C3;5FN 
4> 0,4 %), >1@>1;N20=VABь B8A:>< V @V70==O<, 720@N20=VABь. %;V4 2@0E>2C20B8, 
I> AB0;V 7 =87ь:8< 2<VAB>< 2C3;5FN B0:>6 ?>30=> >1@>1;ONBьAO @V70==O<. 

2. �?;82 4><VH>: =0 2;0AB82>ABV AB0;V. 
� AB0;OE 702648 ?@8ACB=V 4><VH:8, O:V ?>4V;ONBьAO =0 B@8 3@C?8. 
1. ПBEFV=AV 8B@VL><: :@5<=V9, <0@30=5Fь, AV@:0, D>AD>@. 



 0@30=5Fь V :@5<=V9 22>4OBьAO 2 ?@>F5AV 28?;02:8 AB0;V 4;O 
@>7:8A;N20==O, 2>=8 є B5E=>;>3VG=8<8 4><VH:0<8. 

�<VAB <0@30=FN =5 ?5@528ICє 0,5&0,8 %.  0@30=5Fь ?V428ICє <VF=VABь, =5 
7=86CNG8 ?;0AB8G=>ABV, V @V7:> 7=86Cє G5@2>=>;0<:VABь AB0;V, 28:;8:0=C 
2?;82>< AV@:8. �V= A?@8Oє 7<5=H5==N 2<VABC AC;ьDV4C 70;V70 FeS, >A:V;ь:8 
CB2>@Nє 7 AV@:>N 7’є4=0==O AC;ьDV4 <0@30=FN MnS. +0AB8=:8 AC;ьDV4C 
<0@30=FN @>7B0H>2CNBьAO C 283;O4V >:@5<8E 2:;NG5=ь. 

�<VAB :@5<=VN =5 ?5@528ICє 0,35&0,4 %. �@5<=V9, 45307CNG8 <5B0;, 
?V428ICє 3CAB8=C 7;82:0. �@5<=V9 @>7G8=OєBьAO C D5@8BV V ?V428ICє <VF=VABь 
AB0;V, >A>1;82> ?V428ICєBьAO <560 B5:CG>ABV ó0,2, A?>AB5@V30єBьAO 45O:5 
7=865==O ?;0AB8G=>ABV. 

�<VAB D>AD>@C 2 AB0;V 0,025&0,045 %. (>AD>@, @>7G8=ONG8Aь C D5@8BV, 
A?>B2>@Nє :@8AB0;VG=V 3@0B8 V 71V;ьHCє <56C <VF=>ABV ó2 V <560 B5:CG>ABV óB, 0;5 
7=86Cє ?;0AB8G=VABь V 2’O7:VABь. 

$>7B0H>2CNG8Aь ?>1;87C 75@5=, 71V;ьHCє B5<?5@0BC@C ?5@5E>4C 2 :@8E:89 
AB0=, 28:;8:0є E>;>4>;0<:VABь, 7<5=HCє @>7?>2AN465==O B@VI8=, #V428I5==O 
2<VABC D>AD>@C =0 :>6=C 0,01 % ?V428ICє ?>@V3 E>;>4>;0<:>ABV =0 20&25%. 

(>AD>@ 2>;>4Vє AE8;ь=VABN 4> ;V:20FVW, B><C 2 F5=B@V 7;82:0 >:@5<V 4V;O=:8 
<0NBь @V7:> 7=865=C 2’O7:VABь. 

�;O 45O:8E AB0;59 <>6;82> 71V;ьH5==O 2<VABC D>AD>@C 4> 0,10&0,15 %, 
4;O ?>;V?H5==O >1@>1;N20=>W @V70==O<. 

%V@:0 3 7<5=HCєBьAO ?;0AB8G=VABь, 720@N20=VABь V :>@>7V9=0 ABV9:VABь. 
(>AD>@ 3A?>B2>@Nє :@8AB0;VG=V 3@0B8. 

�<VAB AV@:8 2 AB0;OE A:;040є 0,025&0,06 %. %V@:0 3 H:V4;820 4><VH:0, 
?>B@0?;Oє 2 AB0;ь 7 G02C=C. #@8 270є<>4VW V7 70;V7>< CB2>@Nє EV<VG=5 7’є4=0==O 3 
AC;ьDV4 AV@:8 FeS, O:5, C A2>N G5@3C, CB2>@Nє V7 70;V7>< ;53:>?;02:C 52B5:B8:C 7 
B5<?5@0BC@>N ?;02;5==O 988%. #@8 45D>@<0FVW 2 <VAFOE @>7B0HC20==O 
52B5:B8:8 28=8:0NBь =04@828 V B@VI8=8, 703>B>2:0 @C9=CєBьAO 3 O28I5 
G5@2>=>;0<:>ABV. 

+5@2>=>;0<:VABь – ?V428I5==O :@8E:>ABV ?@8 28A>:8E B5<?5@0BC@0E 
%V@:0 7=86Cє <5E0=VG=V 2;0AB82>ABV, >A>1;82> C40@=C 2’O7:VABь V 

?;0AB8G=VABь, 0 B0:>6 <560 28B@820;>ABV. �>=0 ?>3V@HCє 720@N20=VABь V 
:>@>7V9=C ABV9:VABь. 

2. ПD<IB64AV 8B@VL>< - 3078 (07>B, :8A5=ь, 2>45=ь) 3 ?>B@0?;ONBь 2 AB0;ь ?@8 
28?;02FV. 

�7>B V :8A5=ь 7=0E>4OBьAO 2 AB0;V C 283;O4V :@8E:8E =5<5B0;VG=8E 
2:;NG5=ь: >:A84V2 (FeO, SiO2, Al2O3 ) =VB@84V2 (Fe2N), C 283;O4V B25@4>3> @>7G8=C 
01> C 2V;ь=><C AB0=V, @>7B0H>2CNG8Aь 2 45D5:B0E (@0:>28=0E, B@VI8=0E). 

�><VH:8 2?@>20465==O (07>B N, :8A5=ь O2) ?V428ICNBь ?>@V3 
E>;>4>;0<:>ABV V 7=86CNBь >?V@ :@8E:><C @C9=C20==N. !5<5B0;VG=V 2:;NG5==O 
(>:A848, =VB@848), 1C4CG8 :>=F5=B@0B>@0<8 =0?@C3, <>6CBь 7=0G=> 7=878B8 
<56C 28B@820;>ABV V 2’O7:VABь. 

�C65 H:V4;828< є @>7G8=5=89 2 AB0;V 2>45=ь, O:89 7=0G=> >:@8EGCє AB0;ь. 
�V= ?@82>48Bь 4> 28=8:=5==O 2=CB@VH=VE B@VI8= 3 D;>:5=V2. 

$?B>9A< 3 B>=:V B@VI8=8 >20;ь=>W 01> >:@C3;>W D>@<8, I> <0NBь 2 7;0<V 284 
?;O< 3 ?;0ABV2FV2 A@V1;OAB>3> :>;ь>@C. 



 5B0; 7 D;>:5=0<8 =5 <>6=0 28:>@8AB>2C20B8 2 ?@><8A;>2>ABV, ?@8 
720@N20==V CB2>@NNBьAO E>;>4=V B@VI8=8 2 =0?;02;5=><C V >A=>2=><C <5B0;V. 

�;O 2840;5==O ?@8E>20=8E 4><VH>: 28:>@8AB>2CNBь 20:CC<C20==O. 
3. %C9JV4?ьAV 8B@VL>< 3 A?5FV0;ь=> 22>4OBьAO 2 AB0;ь 4;O >B@8<0==O 7040=8E 

2;0AB82>AB59. �><VH:8 =07820NBьAO ;53CNG8<8 5;5<5=B0<8, 0 AB0;V - 

;53>20=8<8 AB0;O<8. 
3. �;0A8DV:0FVO 2C3;5F528E AB0;59. 
�C3;5F52V AB0;V :;0A8DV:CNBь 70 EV<VG=8< A:;04><, 70 2<VAB>< 2C3;5FN, 

AB@C:BC@>N, O:VABN, A?>A>1>< 28@>1=8FB20, ABC?5=5< >:8A;5==O, B0 
?@87=0G5==O<. 

1. �0 EV<VG=8< A:;04>< AB0;V ?>4V;ONBьAO: 2C3;5F52V V ;53>20=V. 
2. �0 2<VAB>< 2C3;5FN: 

- =87ь:>2C3;5F52V, V7 2<VAB>< 2C3;5FN 4> 0,25 %; 

- A5@54=ь>2C3;5F52V, V7 2<VAB>< 2C3;5FN 0,3&0,6 %; 
- 28A>:>2C3;5F52V, V7 2<VAB>< 2C3;5FN 28I5 0,7 % 

3. �0 @V2=>206=>N AB@C:BC@>N: 4>52B5:B>W4=V, 52B5:B>W4=V, 
7052B5:B>W4=V. 

4. �0 O:VABN. �@8B5@Vє<  O:>ABV є <0A>2V G0AB:8  H:V4;828E 
4><VH>:: AV@:8 V D>AD>@C: 

- , 3 2C3;5F52V AB0;V 728G09=>W O:>ABV: 
- 3 O:VA=V AB0;V; 
- 3 28A>:>O:VA=V AB0;V. 

5. �0 A?>A>1>< 28@>1=8FB20 @>7@V7=ONBь AB0;V, 28?;02;5=V: 
- 2 <0@B5=V2Aь:8E ?5G0E; 
- 2 :8A=528E :>=25@B>@0E; 
- 2 5;5:B@8G=8E ?5G0E: 5;5:B@>4C3>28E, V=4C:FV9=8E V V=. 
6. �0 ABC?5=5< >:8A;5==O AB0;V ?>4V;ONBьAO =0:  
- A?>:V9=V; 
- =0?V2A?>:V9=V; 
- :8?;OGV. 

7. �0 ?@87=0G5==O< AB0;V ?>4V;ONBь: 
- :>=AB@C:FV9=V 3 70AB>A>2CNBьAO 4;O 283>B>2;5==O 45B0;59 <0H8= V 

<5E0=V7<V2; 
- V=AB@C<5=B0;ь=V 3 70AB>A>2CNBьAO 4;O 283>B>2;5==O @V7=8E V=AB@C<5=BV2; 
- A?5FV0;ь=V 3 AB0;V 7 >A>1;828<8 2;0AB82>ABO<8: 5;5:B@>B5E=VG=V, 7 

>A>1;828<8 <03=VB=8<8 2;0AB82>ABO<8 V V=. 
4.  0@:C20==O AB0;59. 
#@89=OB> 1C:25=>-F8D@>25 ?>7=0G5==O AB0;59. 

�C3;5F52V AB0;V 728G09=>W O:>ABV (�"%& 380). 
%B0;V <VABOBь ?V428I5=C :V;ь:VABь AV@:8 V D>AD>@C.  0@:CNBьAO %B.2:?., 

�%B.3:?, �%B.3?A, �%B.4A?. 
%B 3 V=45:A 40=>W 3@C?8 AB0;V. *8D@8 2V4 0 4> 6 - F5 C<>2=89 =><5@ <0@:8 

AB0;V. І7 71V;ьH5==O< =><5@0 <0@:8 7@>AB0є <VF=VABь V 7=86CєBьAO ?;0AB8G=VABь 
AB0;V. ІA=Cє B@8 3@C?8 AB0;59: �, � V �. �;O AB0;59 3@C?8 � ?@8 ?>AB02FV 
30@0=BCNBьAO <5E0=VG=V 2;0AB82>ABV, 2 ?>7=0G5==V V=45:A 3@C?8 � =5 2:07CєBьAO. 



�;O AB0;59 3@C?8 � 30@0=BCєBьAO EV<VG=89 A:;04. �;O AB0;59 3@C?8 � ?@8 
?>AB02FV 30@0=BCNBьAO V <5E0=VG=V 2;0AB82>ABV, V EV<VG=89 A:;04. 

І=45:A8 :?, ?A, A? 2:07CNBь ABC?V=ь @>7:8A;5==O AB0;V: :? - :8?;OG0, ?A 3 ?A - 
=0?V2A?>:V9=0, A? - A?>:V9=0. 

/:VA=V 2C3;5F52V AB0;V 
/:VA=V AB0;V ?>AB02;ONBь 7 30@0=B>20=8<8 <5E0=VG=8<8 2;0AB82>ABO<8 V 

EV<VG=8< A:;04>< (3@C?0 �). %BC?V=ь @>7:8A;5==O, 2 >A=>2=><C, A?>:V9=0. 
�BAEFDG>JV=AV O>VEAV 6G7?9J96V EF4?V  0@:CNBьAO 42>7=0G=8< G8A;><, O:5 

2:07Cє A5@54=V9 2<VAB 2C3;5FN 2 A>B8E G0AB:0E 2V4A>B:0. �:07CєBьAO ABC?V=ь 
@>7:8A;5==O, O:I> 2V= 2V4@V7=OєBьAO 2V4 A?>:V9=>W. !0?@8:;04, AB0;ь 08 :?, AB0;ь 
10 ?A, AB0;ь 45. �<VAB 2C3;5FN, 2V4?>2V4=>, 0,08 %, 0,10 %, 0.45 %. 

ІAEFDG@9AF4?ьAV O>VEAV 6G7?9J96V EF4?V <0@:CNBьAO 1C:2>N ' (2C3;5F520 
V=AB@C<5=B0;ь=0 AB0;ь) V G8A;><, O:5 2:07Cє 2<VAB 2C3;5FN 2 45AOB8E G0AB:0E 
2V4A>B:0. !0?@8:;04, AB0;ь '8, AB0;ь '13. �<VAB 2C3;5FN, 2V4?>2V4=>, 0,8 % V 1,3 
% 

ІAEFDG@9AF4?ьAV 6<EB>BO>VEAV 6G7?9J96V EF4?V.  0@:CNBьAO 0=0;>3VG=> 
O:VA=8< V=AB@C<5=B0;ь=8< 2C3;5F528< AB0;O<, BV;ь:8 2:V=FV <0@:8 AB02;OBь 1C:2C 
�, 4;O ?>7=0G5==O 28A>:>W O:>ABV AB0;V. !0?@8:;04, AB0;ь '10�. 

/:VA=V V 28A>:>O:VA=V ;53>20=V AB0;V 
#>7=0G5==O 1C:25=>-F8D@>25. �53CNGV 5;5<5=B8 <0NBь C<>2=V ?>7=0G5==O, 

#>7=0G0NBьAO 1C:20<8 @>AV9Aь:>3> 0;D02VBC. 
#>7=0G5==O ;53CNG8E 5;5<5=BV2: ) 3 E@><, ! 3 =V:5;ь,   3 <>;V145=, � 3 

2>;ьD@0<, � 3 :>10;ьB, & 3 B8B0=, � 3 07>B ( 2:07CєBьAO 2 A5@548=V <0@:8), � 3 
<0@30=5Fь, � 3 <V4ь, ( 3 20=04V9, % 3 :@5<=V9, # 3 D>AD>@, $ 3 1>@, � 3 =V>1V9, * 3 
F8@:>=V9, . 3 0;N<V=V9. 

�53>20=V :>=AB@C:FV9=V AB0;V 
%B0;ь 15)25!19�%2 
!0 ?>G0B:C <0@:8 2:07CєBьAO 42>7=0G=5 G8A;>, I> ?>:07Cє 2<VAB 2C3;5FN 2 

A>B8E G0AB:0E 2V4A>B:0. �0;V ?5@5@0E>2CNBьAO ;53CNGV 5;5<5=B8. +8A;>, 
=0ABC?=5 70 C<>2=8< ?>7=0G5==O 5;5<5=B0, ?>:07Cє 9>3> 2<VAB C 2V4A>B:0E. /:I> 
G8A;> =5 2:07CєBьAO, B> 2<VAB 5;5<5=B0 =5 ?5@528ICє 1,5 %. �;O ?>7=0G5==O 
28A>:>O:VA=8E ;53>20=8E AB0;59 2:V=FV <0@:8 2:07CєBьAO 1C:20 �. 

' 2:070=V9 <0@FV AB0;V <VAB8BьAO 0,15 % 2C3;5FN, 25% E@><C, 19 % =V:5;N, 
4> 1,5% 2>;ьD@0<C, 4> 2 % :@5<=VN. 

�53>20=V V=AB@C<5=B0;ь=V AB0;V 
%B0;ь 9)%, AB0;ь )��. 
!0 ?>G0B:C <0@:8 2:07CєBьAO >4=>7=0G=5 G8A;>, I> ?>:07Cє 2<VAB 2C3;5FN 2 

45AOB8E G0AB:0E 2V4A>B:0. #@8 2<VABV 2C3;5FN 1V;ьH5 1 %, G8A;> =5 2:07CєBьAO. 
�0;V ?5@5@0E>2CNBьAO ;53CNGV 5;5<5=B8, 7 2:07V2:>N WE 2<VABC. �5O:V AB0;V <0NBь 
=5AB0=40@B=V ?>7=0G5==O. 

(284:>@V70;ь=V V=AB@C<5=B0;ь=V AB0;V 
%B0;ь $18. 
$ 3 V=45:A 40=>W 3@C?8 AB0;59 (2V4 rapid 3 H284:VABь). �<VAB 2C3;5FN 1V;ьH5 

1%. +8A;> ?>:07Cє 2<VAB >A=>2=>3> ;53CNG>3> 5;5<5=B0 3 2>;ьD@0<C. /:I> AB0;V 
<VABOBь ;53CNGV 5;5<5=B, B> WE  <VAB 2:07CєBьAO ?VA;O ?>7=0G5==O 2V4?>2V4=>3> 
5;5<5=B0. 

' 2:070=V9 AB0;V 2<VAB 2>;ьD@0<C 3 18 %. 



(0@8:>?V4H8?=8:>2V AB0;8 
%B0;ь ,)6, AB0;ь ,)15�%. 
, 3 V=45:A 40=>W 3@C?8 AB0;59. ) 3 2:07Cє =0 =0O2=VABь 2 AB0;V E@><C. 

!0ABC?=5 G8A;> ?>:07Cє 2<VAB E@><C 2 45AOB8E G0AB:0E 2V4A>B:0, C 2:070=8E 
AB0;OE, 2V4?>2V4=>, 0,6 % V 1,5 %. &0:>6 2:07CNBьAO ;53CNGV 5;5<5=B8, I> 
2E>4OBь 2 A:;04 AB0;V. �<VAB 2C3;5FN 1V;ьH5 1 %. 

 

�0240==O  
�;O 7040=>W <0@:8 AB0;V 01> A?;02C: 

− 287=0G8B8 EV<VG=89 A:;04; 
− 287=0G8B8 3@C?C 70 ?@87=0G5==O< (:>=AB@C:FV9=0, V=AB@C<5=B0;ь=0, 7 
>A>1;828<8 2;0AB82>ABO<8 B0 V=.); 

− 2:070B8 30;C7ь 28:>@8AB0==O V >A>1;82>ABV B5@<VG=>W >1@>1:8; 
− >FV=8B8 2?;82 ;53CNG8E 5;5<5=BV2 =0 <5E0=VG=V 2;0AB82>ABV B0 =0 
B5@<VG=C >1@>1:C; 

− ?@87=0G8B8 B5@<VG=C >1@>1:C V >?8A0B8 :V=F52C AB@C:BC@C. 
�0@V0=B  0@:0 AB0;V G8 A?;02C �0@V0=B  0@:0 AB0;V G8 A?;02C 

1 �88 26 12)18!9 
2 �16 27 ,)15 
3 �@�9�3� 28 60%2!2� 

4 �@��!10-4-4 29 25!25 4�1 
5 �@"*%4-4-2,5 30 �%38)�  

6 �@"5*!%5 31 40)�&$ 

7 �*40 F3� 32 36)2!2 (� 

8 �� F59-1-1 33 20)�!2 �( 

9  �6 34 15)�!2&� 

10  �14 35 25)�  

11 ��19 36 14�2%(� 

12 ��4 37 16�2%�( 

13 ��4 38 %B0;ь 65 
14 ��33 39 %B0;ь 10 :? 
15 �&14 40 %B 6 
16 �&5 41 ��10 
17 4)3� ( 42 &5�12 
18 5)!� 43 &&8�6 
19 6)6�3 (% 44 9)% 

20 $9 45 '12 
21 9)% 46 .!14��25� 

22 )!55� &�. 47 %B0;ь 30 
23 10)11!23&3 $ 48 30)�% 

24 12)2 (%$ 49 40)!2 � 

25 10)17!13 3& 50 12)18!10& 

#$������ ���"!�!!/ �����!!/ 

�0240==O  
�;O AB0;V <0@:8 20)�!2 �(: 



− 287=0G8B8 EV<VG=89 A:;04; 
− 287=0G8B8 3@C?C 70 ?@87=0G5==O< (:>=AB@C:FV9=0, V=AB@C<5=B0;ь=0, 7 
>A>1;828<8 2;0AB82>ABO<8 B0 V=.); 

− 2:070B8 30;C7ь 28:>@8AB0==O V >A>1;82>ABV B5@<VG=>W >1@>1:8; 
− >FV=8B8 2?;82 ;53CNG8E 5;5<5=BV2 =0 <5E0=VG=V 2;0AB82>ABV B0 =0 
B5@<VG=C >1@>1:C; 

− ?@87=0G8B8 B5@<VG=C >1@>1:C V >?8A0B8 :V=F52C AB@C:BC@C. 
 

)V<VG=89 A:;04 AB0;V: 0,15...0,22% % ; 0,5...0,8% Mn; 0,4&0,6% %r; 1,6...2,0 

% Ni; 0,5&0,6%  >; 0,05&0,10% Nb; 0,01...0,16% V V =5 1V;ьH5 0,035 % S V $ . 
*5 :>=AB@C:FV9=0 E@><><0@30=F52>=V:5;520 (<0H8=>1C4V2=0) F5<5=BV2=0 

(=VB@>F5<5=BV2=0) ;53>20=0 AB0;ь. *5<5=B0FVN (=VB@>F5<5=B0FVN) 45B0;59 7 F8E 
AB0;59 70AB>A>2CNBь 4;O 7<VF=5==O H5AB5@5=ь V 20;V2 :>@>1>: ?5@540G 
02B><>1V;V2, 20;V2 V H?8=45;V2 25@AB0BV2 B0 V=H8E 45B0;59. 

*O AB0;ь 28:>@8AB>2CєBьAO 2 <0H8=>1C4C20==V, 25@AB0B>1C4C20==V, 02-
B><>1V;51C4C20==V 4;O 283>B>2;5==O 2V4?>2V40;ь=8E 45B0;59, O:V ?@0FNNBь ?V4 
=020=B065==O<. �5B0;V, 283>B>2;5=V 7 FVєW AB0;V, ?V440NBьAO EV<V:>-B5@<VG=V9 
>1@>1FV (F5<5=BC20==N, =VB@>F5<5=BC20==N), ?VA;O G>3> WE ?V440NBь B5@<VG=V9 
>1@>1FV (7030@BC20==N V =87ь:><C 2V4?CA:C). 

�0@1V4>CB2>@NNGV 5;5<5=B8 (Cr,  n, Nb,  >) 7<5=HCNBь @>7G8==VABь 
2C3;5FN 2 0CAB5=VBV, I> A?@8Oє CB2>@5==N 2 F5<5=B>20=><C H0@V :0@1V4V2. 
 0@30=5Fь ( n), E@>< (%3), =V:5;ь (Ni) V <>;V145= (Mo) ?V428ICNBь <VF=VABь V 
?@>30@B>2C20=VABь. "A>1;82> B0:V ;53CNGV 5;5<5=B8 O: Ni V Mo ?V428ICNBь 
<5E0=VG=V 2;0AB82>ABV =57030@B>20=>W A5@F528=8. �0=04V9 V V =V>1V9 Nb 

?>4@V1=NNBь 75@=> V 71V;ьHCNBь C40@=C 2’O7:VABь 45B0;59. 
#VA;O F5<5=BC20==O ?@>2>4OBь 7030@BC20==O 7 B5<?5@0BC@8 960°% 7 >E>-

;>465==O< =0 ?>2VB@V V ?>2B>@=5 7030@BC20==O 7 B5<?5@0BC@8 840°% 7 >E>-

;>465==O< 2 >;82V, 40;V ?@>2>4OBь =87ь:89 2V4?CA: (І80°%), 2 @57C;ьB0BV G>3> 
2>=8 <0NBь B25@4VABь =0 ?>25@E=V 58-62 HRC V 30-42 HRC 2 A5@F528=V. !0 
?>25@E=V 45B0;V 2 F5<5=B>20=><C H0@V ?VA;O B5@<VG=>W >1@>1:8 CB2>@NєBьAO 
2V4?CI5=89 <0@B5=A8B, 0 A5@F528=0 1C45 <0B8 AB@C:BC@C A>@1VBC 7 B@>>AB8B><. 
 

#@0:B8G=0 @>1>B0 № 11 
&5@<VG=0 >1@>1:0 <5B0;V2, WW 2848 B0 ?@87=0G5==O 

 5B0 @>1>B8: 282G5==O <5B>48:8 ?@87=0G5==O @568<V2 2V4?0;C, 
=>@<0;V70FVW V 30@BC20==O, ?@8410==O ?@0:B8G=8E =028G>: ?@>2545==O 
@V7=><0=VB=8E >?5@0FV9 B5@<VG=>W >1@>1:8, 4>A;V465==O 2?;82C 2<VABC 2C3;5FN 
V B5<?5@0BC@8 2V4?CA:C =0 B25@4VABь 7030@B>20=>W AB0;V 

&5>@5B8G=V 2V4><>ABV 
&5@<VG=>N >1@>1:>N AB0;V =07820єBьAO B5E=>;>3VG=89 ?@>F5A, O:89 ?>;O30є 

2 =03@V20==V AB0;V 4> ?52=>W B5<?5@0BC@8, 28B@8<:8 V =0ABC?=>3> >E>;>465==O 7 
?52=>N H284:VABN. #@8 B5@<VG=V9 >1@>1FV >B@8<CNBь =5>1EV4=V 2;0AB82>ABV 
AB0;V, 7<V=NNG8 WW AB@C:BC@C 157 7<V=8 EV<VG=>3> A:;04C. �V;O 40 % AB0;V, 
A?>6820=>W <0H8=>1C4C20==O< 4;O 283>B>2;5==O 45B0;59 <0H8=, ?@8;04V2, 
CAB0B:C20==O, ?V440NBь @V7=><0=VB=8< 2840< B5@<VG=>W >1@>1:8. "A:V;ь:8 



>A=>2=8<8 G8==8:0<8 ?@8 B5@<VG=V9 >1@>1FV є B5<?5@0BC@0 V G0A, B> 1C4ь-O:89 
?@>F5A B5@<VG=>W >1@>1:8 <>6=0 ?>40B8 2 F8E :>>@48=0B0E. 
"A=>2=V ?0@0<5B@8 @568<C B5@<VG=>W >1@>1:8 - B5<?5@0BC@0 =03@V20==O (t!), 

H284:VABь =03@V20==O (vH), B@820;VABь 28B@8<:8 ?@8 B5<?5@0BC@V =03@V20==O (tB) 

V H284:VABь >E>;>465==O (vo). 

&5<?5@0BC@0 =03@V20==O A?;02C ?@8 :>=:@5B=><C 284V B5@<VG=>W >1@>1:8 
287=0G0єBьAO B5<?5@0BC@0<8 D07>28E ?5@5B2>@5=ь (:@8B8G=8<8 B5<?5@0BC@0<8) 
=0 2V4?>2V4=V9 4V03@0<V 9>3> AB0=C. *V :@8B8G=V B5<?5@0BC@8 4;O :>6=>W AB04VW 
?>7=0G0NBьAO ;VB5@>N � 7 2V4?>2V4=8< V=45:A>< ( �1, �2, �3, �4, �cm). �@8B8G=V 
B>G:8 �1 =0 ;V=VW PSK ?>:07CNBь ?5@5B2>@5==O � ® П (?@8 >E>;>465==V 3 �r1) 
01> П ® � (?@8 =03@V20==V 3 �c1); �3 =0 ;V=VW GS 3 ?>G0B>: 284V;5==O D5@8BC 7 
0CAB5=VBC ?@8 >E>;>465==V 01> :V=5Fь 9>3> @>7G8=5==O ?@8 =03@V20==V 
(2V4?>2V4=> 3 �r3 V Ac3); �EF =0 ;V=VW SE – ?>G0B>: 284V;5==O F5<5=B8BC 
2B>@8==>3> 7 0CAB5=VBC 2 7052B5:B>W4=8E AB0;OE ?@8 >E>;>465==V 01> :V=5Fь 9>3> 
@>7G8=5==O ?@8 =03@V20==V (2V4?>2V4=> - Arcm V Accm). 
&5<?5@0BC@0 =03@V20==O ?@8 B5@<VG=V9 >1@>1FV AB0;V, I>1 C=8:=CB8 WW 

>?;02;5==O, =5 ?>28==0 ?5@528IC20B8 ;V=VW A>;V4CA0 
,284:VABь =03@V20==O 2818@0єBьAO 70;56=> 2V4 @O4C G8==8:V2: 

B5?;>?@>2V4=>ABV AB0;V, D>@<8 V @>7<V@V2 45B0;59, 7030;ь=>W <0A8 45B0;59, I> 
=03@V20NBьAO, E0@0:B5@C WE @>7B0HC20==O 2 ?5GV B0 45O:8E V=H8E. 
&@820;VABь 28B@8<:8 ?@8 7040=V9 B5<?5@0BC@V =03@V20==O 287=0G0єBьAO 

H284:VABN D07>28E ?5@5B2>@5=ь, I> 2V41C20NBьAO 2 <5B0;V. �8B@8<:0 =5>1EV4=0 
4;O 7025@H5==O D07>28E ?5@5B2>@5=ь V 28@V2=N20==O B5<?5@0BC@8 ?> >1’є<C 
45B0;V. 
,284:VABь >E>;>465==O >18@0єBьAO 70;56=> 2V4 ABC?5=O ABV9:>ABV 

?5@5>E>;>465=>3> 0CAB5=VBC, >1C<>2;5=>3> ?5@5206=> EV<VG=8< A:;04>< AB0;V, 
0 B0:>6 2V4 =5>1EV4=8E AB@C:BC@8 V 2;0AB82>AB59 A?;02C. �0;56=> 2V4 H284:>ABV 
>E>;>465==O 2C3;5F52>W AB0;V <>6CBь 1CB8 >B@8<0=V ?5@;VB=0, A>@1VB=0, 
B@>AB8B=0 01> <0@B5=A8B=0 AB@C:BC@8 (@8A. 1) 7 @V7=><0=VB=8<8 2;0AB82>ABO<8. 
&5@<VG=0 >1@>1:0 ?>4V;OєBьAO =0 2;0A=5 B5@<VG=C, EV<V:>-B5@<VG=C V 

45D>@<0FV9=>-B5@<VG=C. #5@H0 2 A2>N G5@3C 2:;NG0є G>B8@8 >A=>2=V 3@C?8: 
2V4?0; ?5@H>3> @>4C, 2V4?0; 4@C3>3> @>4C, 30@BC20==O, 2V4?CA:. 
�V4?0; (annealing) ? ?5@H>3> @>4C A?@8Oє CAC=5==N 2V4E8;5=ь C AB@C:BC@V 

A?;02V2 2V4 @V2=>206=>3> AB0=C, I> 28=8:;8 ?@8 ;8BBV, 45D>@<C20==V, <5E0=VG=V9 
>1@>1FV, 720@N20==V 9 V=H8E B5E=>;>3VG=8E ?@>F5A0E. $>7@V7=ONBь B0:V >A=>2=V 
2848 2V4?0;C ?5@H>3> @>4C: 48DC7V9=89, @5:@8AB0;V70FV9=89, =87ь:89. 

�<HG;V=A<=, 01> 7B@B79AV;G64?ьA<=, 2V4?0; 70AB>A>2CєBьAO 4;O CAC=5==O 
;V:20FVW, B>1B> =5>4=>@V4=>ABV EV<VG=>3> A:;04C 2A5@548=V >:@5<8E 75@5= 01> 2 
>1’є<V A?;02C, I> 28=8:0є G0ABVH5 2Aь>3> 2 ?@>F5AV :@8AB0;V70FVW. �V= ?>;O30є C 
=03@V20==V AB0;V 4> B5<?5@0BC@, I> 7=0G=> ?5@528ICNBь :@8B8G=V (1050 ... 1200 
°%), B@820;V9 28B@8<FV (10 ... 100 3>4) V ?>2V;ь=><C >E>;>465==V (7 28:;NG5=>N 
?VGGN), I> 70157?5GCє 48DC7VN =5@V2=><V@=> @>7?>4V;5=8E 5;5<5=BV2. 
�;O CAC=5==O @V7=><0=VB=8E 2V4E8;5=ь C AB@C:BC@V A?;02V2 2V4 @V2=>206=>3> 

AB0=C, I> 28=8:;8 2 @57C;ьB0BV =0:;5?C ?@8 E>;>4=><C ?;0AB8G=><C 
45D>@<C20==V, 70AB>A>2CєBьAO D9>D<EF4?V;4JV=A<= 6V8C4?. �V= 2:;NG0є 
=03@V20==O <5B0;C 4> B5<?5@0BC@, I> ?5@528ICNBь B5<?5@0BC@C @5:@8AB0;V70FVW 
(4;O AB0;V &@5:@ = 0,3 ... 0,4 &?;), 28B@8<:C (1 ... 2 3>4) V ?>2V;ь=5 >E>;>465==O. 



!<;ь><= 6V8C4? 70AB>A>2CєBьAO 4;O CAC=5==O 70;8H:>28E 2=CB@VH=VE 
=0?@C65=ь, I> 28=8:0NBь, =0?@8:;04, C 7>=V B5@<VG=>3> 2?;82C ?@8 720@N20==V 
28@>1V2 2=0A;V4>: =5@V2=><V@=>3> >E>;>465==O 28;82:V2 01> 7@V70==O >:@5<8E 
>1’є<V2 <5B0;C ?@8 <5E0=VG=V9 >1@>1FV V ?>@CH5==O 2@V2=>2065=8E =0?@C65=ь 
<V6 >:@5<8<8 G0AB8=0<8 45B0;V. �V= 2:;NG0є =03@V20==O <5B0;C 4> B5<?5@0BC@ 
150 ... 700°%, 28B@8<:C V =0ABC?=5 ?>2V;ь=5 >E>;>465==O. 
�V4?0; 4@C3>3> @>4C (D07>20 ?5@5:@8AB0;V70FVO) 3 B5@<VG=0 >1@>1:0, I> 

2:;NG0є =03@V20==O AB0;V 4> B5<?5@0BC@, I> ?5@528ICNBь �c1 01> Ac3, 28B@8<:C 
V ?>2V;ь=5 >E>;>465==O, I> <0є 70 <5BC 70157?5G5==O D07>28E ?5@5B2>@5=ь V 
4>AO3=5==O ?@0:B8G=> @V2=>206=8E (2V4?>2V4=> 4> 4V03@0<8 AB0=C A8AB5<8 Fe 3 
Fe3C) D07>2>3> V AB@C:BC@=>3> AB0=V2. #VA;O 2V4?0;C AB@C:BC@0 AB0;59 B0:0: 
4>52B5:B>W4=8E 3 ( + #, 52B5:B>W4=8E 3 #; 7052B5:B>W4=8E 3 # + *ІІ. "A:V;ь:8 
B0:89 2V4?0; 70157?5GCє <V=V<0;ь=C B25@4VABь V =09:@0IC >1@>1;N20=VABь AB0;V 
@V70==O<, O: ?@028;>, 2V= є ?V43>B>2G>N B5@<VG=>N >1@>1:>N ?5@54 >1@>1:>N 
@V70==O<. #@>B5 2 45O:8E 28?04:0E (=0?@8:;04, 4;O :@C?=8E 28;82:V2) 2V= <>65 
1CB8 9 >AB0B>G=8< 284>< >1@>1:8. $>7@V7=ONBь B0:V >A=>2=V 2848 2V4?0;C 
4@C3>3> @>4C: ?>2=89, =5?>2=89, =>@<0;V70FV9=89, V7>B5@<VG=89. 
#@8 CB6AB@G 6V8C4?V AB0;ь =03@V20NBь 4> B5<?5@0BC@8, I> =0 20 ... 30 °% 

?5@528ICє Ac3, 28B@8<CNBь ?@8 FV9 B5<?5@0BC@V, ?>2V;ь=> >E>;>46CNBь 4> 500 
... 600 °% @07>< V7 ?VGGN, 0 ?>BV< =0 ?>2VB@V. #>2=89 2V4?0; 70157?5GCє ?>2=C 
D07>2C ?5@5:@8AB0;V70FVN V 70AB>A>2CєBьAO, O: ?@028;>, 4;O 4>52B5:B>W4=8E 
AB0;59 7 <5B>N CAC=5==O 45D5:BV2 AB@C:BC@8 (:@C?=>75@=8AB>W, 2V4<0=HB5B>2>W 
B>I>). 
#@8 A9CB6AB@G 6V8C4?V B5<?5@0BC@0 =03@V20==O AB0;V =0 20 ... 30 °% 28I5 �c1, 

0;5 =5 ?5@528ICє Ac3 01> Accm. #VA;O 28B@8<:8 AB0;ь ?>2V;ь=> >E>;>46CNBь 
@07>< V7 ?VGGN. #@8 =03@V20==V 2V41C20єBьAO G0AB:>20 (=5?>2=0) 
?5@5:@8AB0;V70FVO AB0;V (2 ?>G0B:>2V9 AB@C:BC@V ( + # 01> # + *ІІ, ?@8 =03@V20==V 
BV;ь:8 ?5@;VB ?5@5B2>@NєBьAO 2 0CAB5=VB). !5?>2=89 2V4?0;, ?@>2545=89 4;O 
7052B5:B>W4=8E AB0;59, =07820NBь AD5@>W4870FVєN. �V= 4>72>;Oє >45@6C20B8 
AB0;ь V7 AB@C:BC@>N 75@=8AB>3> ?5@;VBC. &0:0 AB0;ь <0є 1V;ьH =87ь:C B25@4VABь, 
28IC ?;0AB8G=VABь V :@0IC >1@>1;N20=VABь @V70==O<, =V6 AB0;ь V7 ?;0AB8=G0AB8< 
?5@;VB><. �;O 4>52B5:B>W4=8E AB0;59 =5?>2=89 2V4?0; B0:>6 70AB>A>2CNBь 7 
<5B>N ?>:@0I5==O >1@>1;N20=>ABV @V70==O<. 

!BD@4?V;4JV=A<= 6V8C4? (=>@<0;V70FVO) 2:;NG0є =03@V20==O 4>52B5:B>W4=>W 
AB0;V 4> B5<?5@0BC@8 =0 30 ... 50 °% 28I5 Ac3, 0 7052B5:B>W4=>W 3 =0 30 ... 50 °% 
28I5 Accm, V7>B5@<VG=C 28B@8<:C 9 >E>;>465==O =0 A?>:V9=><C ?>2VB@V. 
#@8A:>@5=5 >E>;>465==O ?@8 =>@<0;V70FVW 4>72>;Oє >B@8<0B8 1V;ьH 48A?5@A=C 
(74@V1=5=C) AB@C:BC@C AB0;V, I> ?@872>48Bь 4> ?V428I5==O WW B25@4>ABV B0 
<VF=>ABV ?>@V2=O=> 7V AB0;;N, I> ?V44020;0Aь ?>2=><C 2V4?0;C. "A:V;ь:8 
B5<?5@0BC@8 =03@V20==O ?V4 =>@<0;V70FVN ?>@V2=O=> 28A>:V, B> 4;O C=8:=5==O 
7=0G=>3> 7@>AB0==O 75@=0 <5B0;C 28B@8<:0 ?>28==0 1CB8 <V=V<0;ь=>N, 0;5 
70157?5GC20B8 @V2=><V@=89 ?@>3@V2 28@>1C ?> 2Aь><C ?5@5@V7C. 
!>@<0;V70FVєN CAC20єBьAO F5<5=B8B=0 AVB:0 2 7052B5:B>W4=8E AB0;OE ?@8 

?V43>B>2FV WE 4> 30@BC20==O. � >3;O4C =0 1V;ьH 28A>:C ?@>4C:B82=VABь 
=>@<0;V70FVW ?>@V2=O=> 7 ?>2=8< 01> =5?>2=8< 2V4?0;><, WE G0AB> 70<V=ONBь =5N 
?@8 ?V43>B>2FV 2C3;5F528E AB0;59 4> <5E0=VG=>W >1@>1:8. 



І;BF9D@VKA<= 6V8C4? 2:;NG0є =03@V20==O AB0;V 4> B5<?5@0BC@8, I> =0 30 ... 50 
°% ?5@528ICNє �E3, 28B@8<:C, 0 ?>BV< ?5@5=>A 45B0;V 2 V=HC ?VG V7 7040=>N 
B5<?5@0BC@>N (=86G5 �1) V V7>B5@<VG=C 28B@8<:C WW 4> ?>2=>3> @>7?04C 
0CAB5=VBC. І7>B5@<VG=89 2V4?0; ?>:@0ICє >1@>1;N20=VABь @V70==O< V 
70AB>A>2CєBьAO 4;O 45B0;59 V 703>BV2>: =525;8:8E @>7<V@V2. 
�0@BC20==O (heat strengthening) 3 B5@<VG=0 >1@>1:0, I> 2:;NG0є =03@V20==O 

AB0;V 28I5 :@8B8G=8E B5<?5@0BC@, V7>B5@<VG=C 28B@8<:C V =0ABC?=5 
>E>;>465==O 7V H284:VABN 28I5 :@8B8G=>W (v>D). 
#V4 :@8B8G=>N H284:VABN 30@BC20==O (critical speed of heat 

strengthening) @>7C<VNBь <V=V<0;ь=C H284:VABь >E>;>465==O, I> 70157?5GCє 
15748DC7V9=5 ?5@5B2>@5==O 0CAB5=VBC 2 <0@B5=A8B.  5B0 30@BC20==O 3 
?V428I5==O B25@4>ABV, <VF=>ABV V 7=>A>ABV9:>ABV AB0;V. �<V=NNG8 H284:VABь 
>E>;>465==O =03@VB8E AB0;59, I> <0NBь 0CAB5=VB=C AB@C:BC@C, V 20@VNNG8 B8< 
A0<8< ABC?V=ь ?5@5>E>;>465==O, <>6=0 >45@6C20B8 AB0;V 7 @V7=><0=VB=>N 
AB@C:BC@>N V 2;0AB82>ABO<8 (@8A. 1). 

&0:, ?@8 =525;8:8E H284:>ABOE >E>;>465==O (V1, V2, V3) 2 V=B5@20;V 
B5<?5@0BC@ 720 ... 550 °% 7 0CAB5=VBC CB2>@NNBьAO ?;0AB8=G0ABV D5@8B>-
F5<5=B8B=V AC<VHV (?5@;VB, A>@1VB 01> B@>>AB8B). � <V@C 71V;ьH5==O H284:>ABV 
>E>;>465==O 48A?5@A=VABь AC<VHV, =5@V2=>2VA=VABь AB@C:BC@8 AB0;V, 0 >B65, WW 
B25@4VABь V <VF=VABь 7@>AB0NBь. #@8 >E>;>465==V 7V H284:VABN 28I5 :@8B8G=>W 
(> V5) 7 0CAB5=VBC CB2>@8BьAO <0@B5=A8B, I> є ?5@5A8G5=8< B25@48< @>7G8=>< 
?@>=8:=5==O 2C3;5FN 2 ґ@0B:C a-Fe 

�0;56=VABь :@8B8G=>W H284:>ABV 30@BC20==O 2V4 2<VABC 2C3;5FN 2 AB0;V 
?>40=0 =0 @8A. 2. !0 v>D 2?;820є B0:>6 284 >E>;>46C20;ь=>3> A5@54>28I0, 
@>7<V@ 75@=0 B0 ;53C20;ь=V 5;5<5=B8. 
�0 7@>AB0==O< V=B5=A82=>ABV >E>;>465==O >E>;>4=V A5@54>28I0, I> 

70AB>A>2CNBь 2 ?@0:B8FV B5@<VG=>W >1@>1:8 <>6=0 @>7B0HC20B8 B0:: <V=5@0;ь=V 
<0AB8;0, 2>40, 2>4O=V @>7G8=8 A>;59, :8A;>B, ;C3V2. �;O 30@BC20==O 2C3;5F528E 
AB0;59 :@0I5 2>40 01> 2>4O=V @>7G8=8 A>;59. І450;ь=89 >E>;>4=8: ?@8 
30@BC20==V B>9, I> =5 28:;8:0є @>7?04C 0CAB5=VBC =0 ?5@;VB=V AB@C:BC@8, 
70157?5GCNG8 <0:A8<0;ь=C H284:VABь >E>;>465==O 2 V=B5@20;V B5<?5@0BC@ �1 – 
 A V <V=V<0;ь=> 4>?CAB8<C 2 <0@B5=A8B=><C V=B5@20;V, I> 28:;NG0є ?>O2C 
7=0G=8E 2=CB@VH=VE AB@C:BC@=8E V B5@<VG=8E =0?@C65=ь, 6>;>1;5==O, B@VI8=. 
!54>;V: 2>48 O: >E>;>46C20G0: 28A>:0 H284:VABь >E>;>465==O 2 <0@B5=A8B=><C 
V=B5@20;V V @V7:89 A?04 >E>;>46CNG>W A?@><>6=>ABV ?@8 WW =03@V20==V.  V=5@0;ь=V 
<0AB8;0 ?>7102;5=V F8E 204, 0;5 E0@0:B5@87CNBьAO 2 45:V;ь:0 @07V2 <5=H>N 
>E>;>4=>N A?@><>6=VABN. &><C WE 4>FV;ь=VH5 70AB>A>2C20B8 4;O >E>;>465==O 
;53>20=8E AB0;59, :@8B8G=0 H284:VABь 7030@BC20==O O:8E <5=H5, =V6 
2C3;5F528E. 



 
$8A.1 3 �V03@0<0 V7>B5@<VG=>3> @>7?04C ?5@5>E>;>465=>3> 0CAB5=VBC 7 

=0:;045=8<8 =0 =5W :@828<8 >E>;>465==O 

 
$8A.2 - �@8B8G=0 H284:VABь 30@BC20==O 70;56=> 2V4 2<VABC 2C3;5FN 2 AB0;V 

#@8 @>7@0EC=:C B@820;>ABV =03@V20==O t= ?V4 B5@<VG=C >1@>1:C <>6=0 :5@C20B8AO 
B01;. 8.1. &@820;VABь V7>B5@<VG=>W 28B@8<:8 (t2) 15@CBь =09G0ABVH5 @V2=>N 1/5 2V4 
7030;ь=>W B@820;>ABV =03@V20==O. 
&01;8FO 1 3 #@81;87=0 B@820;VABь =03@V20==O AB0;ь=8E 28@>1V2 
&8? 

=03@V20;ь=>3> 
?@8AB@>N 

&5<?5@0BC@0 
=03@V20==O, °% 

&@820;VABь =03@V20==O (A) =0 1 << 

4V0<5B@0 28@>1C 7V AB0;V 

#>;C<5=520 
?VG 
�;5:B@>?VG 
%>;O=0 
20==0 

800...900 

770...820 

820...880 

770...820 

820...8880 

�C3;5F52>W �53>20=>W 
60&70 
60...65 

50...55 

12...14 

10...12 

65...80 

70...75 

60...65 

18...20 

16...18 

�030@BC20==O 4>52B5:B>W4=8E AB0;59, I> 2:;NG0є =03@V20==O 4> 
B5<?5@0BC@ 28I5 �E3, B>1B> 2 0CAB5=VB=89 AB0=, =07820NBь CB6A<@. �;O 
7052B5:B>W4=8E AB0;59 28:>@8AB>2CNBь A9CB6A9 74DFG64AAO, ?@8 O:><C AB0;ь, 
=03@VB0 4> B5<?5@0BC@8 45I> 28I>W 70 �E1, =01C20є AB@C:BC@8 �+*ІІ, ?@8 
>E>;>465==V ?@>E>48Bь ;8H5 ?5@5B2>@5==O � ®  , B>1B> G0AB:>20 (=5?>2=0) 
7<V=0 AB@C:BC@8. �15@V30==O 45O:>W G0AB:8 B25@4>3> V 7=>A>ABV9:>3> 2B>@8==>3> 
F5<5=B8BC A?@8Oє ?V428I5==N <5E0=VG=8E 2;0AB82>AB59 AB0;V. #>2=5 



7030@BC20==O 7052B5:B>W4=8E AB0;59 V7 =03@V20==O< 4> B5<?5@0BC@, I> 
?5@528ICNBь �Ecm, ?@872>48Bь 4> ?V428I5==O 2<VABC 2 =8E 0CAB5=VBC 
70;8H:>2>3> V ?>3V@H5==O 2;0AB82>AB59 7030@B>20=8E AB0;59. 

!5?>2=5 7030@BC20==O 4>52B5:B>W4=8E AB0;59 =51060=5, B><C I> ?VA;O 
=ь>3> @07>< 7 B25@48< <0@B5=A8B>< 715@V30єBьAO <’O:89 =04;8H:>289 D5@8B. � 
?@><8A;>2>ABV, 70;56=> 2V4 E0@0:B5@C >E>;>465==O, 70AB>A>2CNBь @V7=><0=VB=V 
A?>A>18 7030@BC20==O: 2 >4=><C >E>;>46C20GV (=5?5@5@2=5 30@BC20==O), C 42>E 
>E>;>46C20G0E (?5@5@2=5 30@BC20==O), ABC?V=G0AB5, V7>B5@<VG=5, 30@BC20==O 7 
A0<>2V4?CA:><. �025@H0;ь=>N >?5@0FVєN ?VA;O 30@BC20==O є 2V4?CA: AB0;V 
�V4?CA: (tempering, drawback) 3 >?5@0FVO B5@<VG=>W >1@>1:8, I> ?>;O30є 2 

=03@V20==V 7030@B>20=>W AB0;V 4> B5<?5@0BC@ =86G5 �E1, 28B@8<FV ?@8 FV9 
B5<?5@0BC@V, >E>;>465==V.  5B0 2V4?CA:C 3 7<5=H5==O 2=CB@VH=VE =0?@C65=ь C 
<5B0;V 9 >45@60==O =5>1EV4=8E AB@C:BC@8 V 2;0AB82>AB59. 
!<;ь><= 6V8CGE> 2:;NG0є =03@V20==O 7030@B>20=>W AB0;V 4> 150 ... 250°%. �V= 

70AB>A>2CєBьAO 4;O =040==O ?>25@E=528< H0@0< 28@>1V2 28A>:>W B25@4>ABV B0 
7=>A>ABV9:>ABV. !87ь:89 2V4?CA:, 45I> 7<5=HCNG89 2=CB@VH=V =0?@C38, 
?V428ICє 2’O7:VABь AB0;V ?@8 715@V30==V =5N 28A>:>W B25@4>ABV, H8@>:> 
70AB>A>2CNBь 4;O 283>B>2;5==O <V@8;ь=>3>, @V70;ь=>3> V HB0<?>2>3> 
V=AB@C<5=BC (H01;>=8, D@578, <VBG8:8, 7C18;0, HB0<?8, 2>;>:8 B0 V=.), 4;O 
45B0;59 ?VA;O =0A8G5==O 2C3;5F5< ( ?VA;O F5<5=BC20==O). %B@C:BC@0 AB0;V ?VA;O 
=87ь:>3> 2V4?CA:C =07820єBьAO @4DF9AE<F 6V8CGE>G. 
#@8 E9D98AьB@G 6V8CGEF>G 7030@B>20=0 AB0;ь =03@V20єBьAO 4> 300 ... 400 °%, 

G8< 70157?5GCєBьAO >45@60==O AB@C:BC@8 FDBBEF<FG 6V8CGE>G, O:0 <0є 4>AB0B=N 
B25@4VABь (40...55 HRC) V <VF=VABь ?@8 28A>:V9 <56V B5:CG>ABV. %5@54=V9 2V4?CA: 
1V;ьH>N <V@>N, =V6 =87ь:89, A?@8Oє 7<5=H5==N 2=CB@VH=VE =0?@C65=ь V 
=091V;ьH G0AB> 70AB>A>2CєBьAO ?@8 B5@<VG=V9 >1@>1FV @5A>@ B0 ?@C68=. 

�<EB><= 6V8CGE> 2:;NG0є =03@V20==O 7030@B>20=>W AB0;V 4> 500 ... 650°% V 
70157?5GCє >B@8<0==O AB@C:BC@8 EBD5VFG 6V8CGE>G 7 30@=8< :><?;5:A>< 
2;0AB82>AB59 (<VF=VABь, C40@=0 2’O7:VABь, B25@4VABь). &><C 7030@BC20==O 7 
28A>:8< 2V4?CA:>< =07820NBь ?>;і?H5==O< V 70AB>A>2CNBь 4;O 2V4?>2V40;ь=8E 
45B0;59 V7 A5@54=ь>2C3;5F528E AB0;59 (:>;V=G0ABV 20;8, H0BC=8 B>I>). #@8 
=03@V20==V 7030@B>20=>W AB0;V 4> B5<?5@0BC@ 28I5 650 >% CB2>@NєBьAO 
AB@C:BC@0 C9D?VF 6V8CGE>G. 

!0 @8A. 3 ?>:070=> ;V289 :CB 4V03@0<8 AB0=C Fe 3 Fe3C V B5<?5@0BC@=V 
>1;0ABV =03@V20==O ?@8 B5@<VG=V9 >1@>1FV AB0;59, 0 =0 @8A. 8.4 - AE5<C @568<V2 
@V7=8E 284V2 B5@<VG=>W >1@>1:8 

 
$8A3 3 &5<?5@0BC@=V >1;0ABV =03@V20==O ?@8 B5@<VG=V9 >1@>1FV AB0;V 1 3 

48DC7V9=89 (3><>35=V7C20;ь=89) 2V4?0;; 2 3 ?>2=89 2V4?0;, ?>2=5 30@BC20==O; 3, 



4 3 =>@<0;V70FVO; 5 - @5:@8AB0;V70FV9=89 2V4?0;; 6 3 2V4?CA:; 7 3 =5?>2=89 2V4?0;, 
=5?>2=5 30@BC20==O 

 
$8A. 4 3 %E5<8 @568<V2 B5@<VG=>W >1@>1:8 AB0;59: 1 3 ?>2=89 2V4?0;; 2 3 

=5?>2=5 30@BC20==O; 3 3 ?>2=5 30@BC20==O; 4 3 =>@<0;V70FVO; 5 3 28A>:89 2V4?CA:; 
6 3 A5@54=V9 2V4?CA:; 7 3 =5?>2=89 2V4?0;; 8 3 =87ь:89 2V4?CA: 

!0 @8A. 5 ?>:070=0 70;56=VABь <5E0=VG=8E 2;0AB82>AB59 2C3;5F52>W AB0;V 
2V4 B5<?5@0BC@8 2V4?CA:C. �0 FVєN 70;56=VABN @>7@V7=ONBь =87ь:>B5<?5@0BC@=89 
(=87ь:89), A5@54=ь>B5<?5@0BC@=89 (A5@54=V9) V 28A>:>B5<?5@0BC@=89 (28A>:89) 
2848 2V4?CA:C. 

&@>>AB8B, A>@1VB V ?5@;VB 2V4?CA:C =0 2V4<V=C 2V4 >45@6C20=8E 7 0CAB5=VBC 
?@8 157?5@5@2=><C >E>;>465==V <0NBь 75@=8ABC, 0 =5 ?;0AB8=G0ABC 1C4>2C. 
%B0;V 7 75@=8AB>N AB@C:BC@>N E0@0:B5@87CNBьAO 1V;ьH 28A>:>N ?;0AB8G=VABN V 
:@0I>N >1@>1;N20=VABN @V70==O<. 

 
$8A. 5 3 �0;56=VABь <5E0=VG=8E 2;0AB82>AB59 AB0;V 2V4 B5<?5@0BC@8 2V4?CA:C 
�0240==O =0 @>1>BC 
1.  #@87=0G8B8 B5@<VG=C >1@>1:C V A:;0AB8 WW @568<8 4;O AB0;V 2V4?>2V4=> 4> 

B01;. 2 

2. "?8A0B8 AB@C:BC@C ?VA;O ?@>2545==O ?@87=0G5=>W B5@<VG=>W >1@>1:8. 
3. !025AB8 <5E0=VG=V 2;0AB82>ABV AB0;V ?VA;O B5@<VG=>W >1@>1:8. 
4. �@>18B8 28A=>2:8 V A:;0AB8 72VB 2V4?>2V4=> 4> 70240==O. 
&01;8FO 2 3 �0@V0=B8 V=482V4C0;ь=8E 70240=ь 

�0@V0=B  0@:0 
AB0;V  5B0 B5@<VG=>W >1@>1:8 

1 '12� �<VF=N20;ь=0 >AB0B>G=0 4;O V=AB@C<5BC 

2 35 
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https://www.wiki.uk-ua.nina.az/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%91%D1%80%D1%96%D0%BD%D0%B5%D0%BB%D0%BB%D1%8F.html
https://www.wiki.uk-ua.nina.az/%D0%9F%D0%B0%D1%81%D0%BA%D0%B0%D0%BB%D1%8C_(%D0%BE%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D1%8F_%D0%A1%D0%86).html
https://www.wiki.uk-ua.nina.az/%D0%9F%D0%BE%D0%BB%D1%96%D0%BC%D0%B5%D1%80.html
https://www.wiki.uk-ua.nina.az/%D0%90%D0%BC%D0%BE%D1%80%D1%84%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D0%B0%D0%BD.html
https://www.wiki.uk-ua.nina.az/%D0%A1%D0%BC%D0%BE%D0%BB%D0%B0.html
https://www.wiki.uk-ua.nina.az/%D0%9C%D1%96%D1%86%D0%BD%D1%96%D1%81%D1%82%D1%8C.html
https://www.wiki.uk-ua.nina.az/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D1%96%D1%87%D0%BD%D0%B0_%D0%B6%D0%BE%D1%80%D1%81%D1%82%D0%BA%D1%96%D1%81%D1%82%D1%8C.html
https://www.wiki.uk-ua.nina.az/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D1%81%D1%82%D1%96%D0%B9%D0%BA%D1%96%D1%81%D1%82%D1%8C.html


%F45V?V;4FBD< ?5@5H:>460NBь >:8A;5==N B0 AB0@V==N (@C9=C20==N 
2=CB@VH=ь>W 1C4>28 ?@8 B@820;><C 28:>@8AB0==V) ?;0AB<0A. 

П?4EF<HV>4FBD< ?V428ICNBь 5;0AB8G=VABь ?;0AB<0A8. 
�4D6A<>< =040NBь :>;ь>@C ?;0AB<0AV. 
&69D8A<>< =040NBь ?>;V<5@C ?52=>W B25@4>ABV B0 <VF=>ABV. 
ІA7V5VFBD< ?5@5H:>460NBь B25@4V==N. 
ПBDBHBD< 28:>@8AB>2CNBь ?@8 28@>1=8FB2V 307>=0?>2=5=8E ?;0AB<0A 

(?V=>?;0A). 
�0 E0@0:B5@>< 2?;82C B5<?5@0BC@8 =0 2'O6CG89 ?>;V<5@ 2AV ?;0AB<0A8 

?>4V;ONBь =0 B5@<>?;0AB8G=V (B5@<>?;0AB8) B0 B5@<>@50:B82=V (@50:B>?;0AB8). 
&9D@BC?4EF<KAV C?4EF@4E< 702648 @>7<'O:GCNBьAO ?@8 =03@V20==V, I> 

28:>@8AB>2CєBьAO ?@8 ?5@5@>1FV F8E ?;0AB<0A (?>;V5B8;5=). 
&9D@BD94>F<6AV C?4EF@4E< ?VA;O B25@4=5==O =5 740B=V @>7<'O:GC20B8Aь B0 

?@8 =03@V20==V 70;8H0NBьAO B25@48<8 06 4> B5<?5@0BC@8 73>@O==O (5?>:A84=V 
A<>;8). 

�0;56=> 2V4 ?@8@>48 B25@4>3> =0?>2=N20G0 A5@54 ?;0AB<0A @>7@V7=ONBь: 
071>?;0AB8:8, 1>@>?;0AB8:8, 3@0DVB>?;0AB8, <5B0;>?>;V<5@8, >@30=>?;0AB8:8, 
A:;>?;0AB8:8, 2C3;5?;0AB8:8. 

�0;56=> 2V4 A:;04>28E WE <0:@><>;5:C; ?;0AB<0A8 ?>4V;ONBьAO =0 B0:V 2848: 
?;0AB><5@8 (;V=V9=V ;0=FN38), 4C@><5@8 (AB@C:BC@8 7 28A>:>N IV;ь=VABN 
@5HVB:8), 5;0AB><5@8 (AB@C:BC@8 7 =87ь:>N IV;ь=VABN @5HVB:8) V A8=B5B8G=5 
2>;>:=> (A8;ь=> >@Vє=B>20=V ;0=FN3>2V <>;5:C;8). 
2. &5@<>?;0AB8G=V B0 B5@<>@50:B82=V ?;0AB<0A8 

&9D@BC?4EF<KAV C?4EF@4E< (F9D@BC?4EF<) 4 F5 ?;0AB<0A8 =0 >A=>2V 
B5@<>?;0AB8G=8E ?>;V<5@V2, I> ?V4 G0A =03@V20==O @>7<'O:HCNBьAO, ?5@5E>4OBь 
C 2'O7:>B5:CG89 AB0=, 0 ?@8 >E>;>465==V B25@4=CBь, V F59 ?@>F5A ?>2B>@NєBьAO 
?@8 ?>2B>@=><C =03@V20==V. &>1B> B0:V ?;0AB<0A8 4>?CA:0NBь ?>2B>@=C 
?5@5@>1:C. �>=8 E0@0:B5@87CNBьAO =525;8:>N CA04:>N (1&3%), 7@CG=V 2 
?5@5@>1FV, =5 A:;04=V C 28@>1=8FB2V B>I>. �0728G09 WE=O @>1>G0 B5<?5@0BC@0 =5 
?5@528ICє 90 °C. &8?>28<8 ?@54AB02=8:0<8 B5@<>?;0ABV2 є =0ABC?=V (A?8A>: =5 
28G5@?=89). 

,  

#>;V5B8;5= (#�, PE 4 polyethylene) 4 ?>;V<5@ 5B8;5=C, B25@489, ;53:89 V 
2>4>ABV9:89 <0B5@V0;, 30@=89 4V5;5:B@8: 7 28A>:>N <>@>7>ABV9:VABN (4> 4 60 

°C), ABV9:89 ?@>B8 03@5A82=8E A5@54>28I. �0AB>A>2CєBьAO 4;O 283>B>2;5==O 
5;5:B@>V7>;OFVW, :015;V2, ?;V2>:, B@C1, 70E8ABC <5B0;V2 2V4 :>@>7VW, є<=>AB59 
B5E=VG=>3> V ?>1CB>2>3> ?@87=0G5==O B>I>. !54>;V:8: =87ь:0 3@0=8G=0 
B5<?5@0BC@0 5:A?;C0B0FVW, 28A>:0 307>?@>=8:=VABь V =87ь:0 <0A;>ABV9:VABь. 

#>;V5B8;5= 70;56=> 2V4 C<>2 ?>;V<5@870FVW (B8A:, B5<?5@0BC@0) 1C20є 
28A>:>3> V =87ь:>3> B8A:C. #V440єBьAO AB0@V==N. 
#>;V?@>?V;5= (##, PP 4 polypropylene) 4 ?>;V<5@ ?@>?V;5=C B25@489 

<0B5@V0; 7030;ь=>B5E=VG=>3> ?@87=0G5==O, I> <0є 28A>:V 5;5:B@>V7>;OFV9=V 
2;0AB82>ABV, 2>4>- V EV<VG=C ABV9:VABь, :@0IV DV78:>-<5E0=VG=V 2;0AB82>ABV, =V6 
?>;V5B8;5= (<VF=VABь AO30є 4> 40  #0). ІA=CNBь <0@:8, I> >B@8<0;8 4>?CA: 4> 
:>=B0:BC 7 E0@G>28<8 ?@>4C:B0<8. !54>;V:8: =87ь:0 <>@>7>ABV9:VABь (4 15 °%), 
3>@NGVABь, =5704>2V;ь=0 A:;5N20=VABь, 740B=VABь =0:>?8GC20B8 AB0B8G=C 
5;5:B@8:C. �8:>@8AB>2CєBьAO 2 <548F8=V, E0@G>2V9 ?@><8A;>2>ABV (?0:C20;ь=V 

https://www.wiki.uk-ua.nina.az/%D0%95%D1%82%D0%B8%D0%BB%D0%B5%D0%BD.html
https://www.wiki.uk-ua.nina.az/%D0%9F%D1%80%D0%BE%D0%BF%D1%96%D0%BB%D0%B5%D0%BD.html


?;V2:8) B0 5;5:B@>B5E=VFV, B@C1, :>=AB@C:FV9=8E 45B0;59, :>@?CAV2, ?;V2:8, 
2>;>:=0, B:0=8=. #V440єBьAO AB0@V==N. 
#>;VAB8@>; (#%, PS 4 polystyrene) 4 ?@>4C:B ?>;V<5@870FVW AB8@>;C, 

B5@<>?;0AB 7030;ь=>B5E=VG=>3> ?@87=0G5==O. �024O:8 30@=8< <5E0=VG=8< 
2;0AB82>ABO<(28A>:0 B25@4VABь), ?@>7>@>ABV V 7>2=VH=ь><C 283;O4C, 2V= 
28:>@8AB>2CєBьAO C A2VB;>B5E=VFV B0 28@>10E :C;ьBC@=>-?>1CB>2>3> 
?@87=0G5==O. �V= 30@=> >1@>1;OєBьAO @V70==O< B0 A:;5NєBьAO, %B0@Vє, <0є =87ь:C 
B5?;>ABV9:VABь (<90%). +C4>289 4V5;5:B@8:>< C H8@>:><C 4V0?07>=V G0AB>B, 
7024O:8 G><C 28:>@8AB>2CєBьAO 2 5;5:B@>B5E=VFV. !5B>:A8G=89, 2>4>- V 
@04V0FV9=> ABV9:89, G5@57 I> 28:>@8AB>2CєBьAO C E0@G>2V9 30;C7V V <548G=V9 
B5E=VFV. !54>;V:8: :@8E:VABь ?@8 =>@<0;ь=8E C<>20E, =87ь:0 C40@=0 2'O7:VABь, 
740B=VABь 4> AB0B8G=>W 5;5:B@870FVW, =87ь:0 B5?;>ABV9:VABь B0 EV<VG=0 ABV9:VABь, 
3>@NGVABь. #>H8@5==O =01C2 A?V=5=89 #% (?V=>?;0AB). �;O ?>:@0I5==O 
2;0AB82>AB59 28:>@8AB>2CNBь A?V2?>;V<5@8 ?>;VAB8@>;C 7 0:@8;>=VB@8;><, 
<5B8;<5B0:@8;0B><, ³-<5B8;AB8@>;><. !091V;ьH>3> ?>H8@5==O >B@8<0;8 
C40@><VF=V A?V2?>;V<5@8 AB8@>;C 7 1CB04Vє=>28< G8 1CB04Vє=AB8@>;ь=8< 
:0CGC:><, I> >B@8<0;8 =072C 4 «C40@><VF=89 ?>;VAB8@>;» ('#%, ASR 4 

Advanced Styrene Resine). 

(B>@>?;0AB8 4 3@C?0 ?>;V<5@V2 =0 >A=>2V DB>@><VAB:8E ?>;V>;5DV=V2 V 
(01>) WE=VE A?V2?>;V<5@V2, 4> O:8E =0;560Bь ?>;VB5B@0DB>@5B8;5=, 
?>;VB@8DB>@E;>@5B8;5=, ?>;V2V=V;V45=DB>@84 B0 V=. 
(B>@>?;0AB - 4 - 28A>:>5;0AB8G=89 (4> B5<?5@0BC@ -259°%), EV<VG=> ABV9:89, 

45AB@C:FVO ?>G8=0єBьAO ?@8 (>415°% , =87ь:89 :>5DVFVє=B B5@BO 0,04, ?>275 ?@8 
=87ь:8E B5<?5@0BC@0E, 28A>:>O:VA=89 4V5;5:B@8:, t@>6 4> 250°%. 

� =ь>3> 283>B>2;ONBь B@C18, 0=B8D@8:FV9=V ?>:@8BBO, ?;V2:8, 5;5:B@>- B0 
@04V>45B0;V. 
#>;V2V=V;E;>@84 (#�), ?>;VE;>@2V=V;, PVC 4 Polyvinyl chloride) 4 

0<>@D=89 ?>;V<5@ 2V=V;E;>@84C 7 28A>:>N <V6<>;5:C;O@=>N 270є<>4VєN. #�) 
4 0B<>AD5@>ABV9:89, A0<>730A0NG89 ?@8 3>@V==V ?>;V<5@, >4=0: ?@8 3>@V==V 
284V;ONBьAO 5:>;>3VG=> H:V4;82V 4V>:A8=8. #@8 =03@V20==V 4> B5<?5@0BC@ 
150&170 °% ?>G8=0є @>7:;040B8Aь 7 284V;5==O< E;>@>2>4=N. &><C 4> =ь>3> 
22>4OBь B5@<>AB01V;V70B>@8 (A>;V :0;ьFVN, F8=:C, 10@VN). !0 ?@0:B8FV <0NBь 
A?@02C 7 2V=V?;0AB0<8, ?;0AB8:0B0<8 V ?;0AB87>;O<8 #�), 0 B0:>6 
?>;V2V=V;E;>@84=8< 2>;>:=><. 

- 6VAVC?4EF< 4 6>@AB:V <0B5@V0;8 =0 >A=>2V #�), I> <VABOBь AB01V;V7C20;ь=V 
4>102:8 V <0AB8;ь=V @5G>28=8. )0@0:B5@87CєBьAO 28A>:>N <VF=VABN, C40@=>N 
2'O7:VABN, 0=B8:>@>7V9=8<8 2;0AB82>ABO<8. �8:>@8AB>2CєBьAO 2 
<0H8=>1C4C20==V. 

- C?4EF<>4F< 4 <'O:V <0B5@V0;8 =0 >A=>2V AB01V;V7>20=>3> V 
?;0AB8DV:>20=>3> #�). )0@0:B5@87CNBьAO =53>@NGVABN, 5;0AB8G=VABN, 
B5E=>;>3VG=VABN C ?5@5@>1FV. �8:>@8AB>2CєBьAO O: 5;5:B@>V7>;OFV9=V ?>:@8BBO 
(:015;ь=V ?;0AB8:0B8) 4;O @>1>B8 2 4V0?07>=V B5<?5@0BC@ 2V4 260 4> 70 °C. 

- C?4EF<;B?V (?0AB8) 4 48A?5@AVW #�) C ?;0AB8DV:0B>@0E. �8:>@8AB>2CєBьAO 
4;O 283>B>2;5==O HBCG=8E H:V@, 27CBBO, V3@0H>:. ,8@>:>3> 70AB>AC20==O 
=01C;8 A?V=5=V #�) (?V=>- V ?>@>?;0AB8). 

https://www.wiki.uk-ua.nina.az/%D0%A1%D1%82%D0%B8%D1%80%D0%BE%D0%BB.html
https://www.wiki.uk-ua.nina.az/%D0%94%D1%96%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D0%BA.html
https://www.wiki.uk-ua.nina.az/%D0%9F%D0%BE%D0%BB%D1%96%D0%BE%D0%BB%D0%B5%D1%84%D1%96%D0%BD%D0%B8.html
https://www.wiki.uk-ua.nina.az/%D0%9F%D0%BE%D0%BB%D1%96%D0%B2%D1%96%D0%BD%D1%96%D0%BB%D1%85%D0%BB%D0%BE%D1%80%D0%B8%D0%B4.html
https://www.wiki.uk-ua.nina.az/%D0%92%D1%96%D0%BD%D1%96%D0%BB%D1%85%D0%BB%D0%BE%D1%80%D0%B8%D0%B4.html
https://www.wiki.uk-ua.nina.az/%D0%94%D1%96%D0%BE%D0%BA%D1%81%D0%B8%D0%BD.html
https://www.wiki.uk-ua.nina.az/%D0%A5%D0%BB%D0%BE%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%B5%D0%BD%D1%8C.html


#>;V2V=V;E;>@84 - EV<VG=> ABV9:89, E>@>H89 5;5:B@>V7>;OB>@, =5 3>@8Bь, 9>3> 
@V7=>284 2V=V?;0AB (157 ?;0AB8DV:0B>@V2) 28:>@8AB>2CєBьAO 2 1C4V2=8FB2V, 
:><C=0;ь=><C 3>A?>40@AB2V, E0@G>2V9 ?@><8A;>2>ABV. 
#>;VC@5B0=8 - <0NBь 28A>:C 5;0AB8G=VABь, ABV9:VABь 2 0B<>AD5@V, t@>6 = -

70...150°%, 94CBь =0 283>B>2;5==O ?;V2>:, 2>;>:>=, ?>@>;>=C. 
#>;VD>@<0;ь453V4 - ?@>AB89 ?>;V5DV@, :@8AB0;VG=89, <0є 28A>:C B25@4VABь, 

?@C6=VABь, 7=0G=C C40@=C 2'O7:VABь. � =ь>3> 283>B>2;ONBь 45B0;V 02B><>1V;V2, 
H5AB5@=V, ?V4H8?=8:8, 45B0;V :>=25є@V2. 
$50:B>?;0AB8 

&9D@BD94>F<6AV C?4EF@4E< (D94>FBC?4EF<) 4 ?>;V<5@=V <0B5@V0;8, O:V ?@8 
=03@V20==V @>7<'O:HCNBьAO, 0;5 ?@8 ?52=V9 B5<?5@0BC@V V ?V4 4VєN B25@4=8:V2, 
:0B0;V70B>@V2 G8 V=VFV0B>@V2 EV<VG=8E @50:FV9 707=0NBь ?>;V<5@870FVW, 2=0A;V4>: 
O:>W ?5@5E>4OBь C B25@489 AB0= V ?>2B>@=0 ?5@5@>1:0 B0:8E ?;0AB<0A =5<>6;820. 
&5?;>ABV9:VABь WE=O 28I0 V 4>AO30є 200&370 °%. 

&5@<>@50:B82=V ?>;V<5@8 ?>@V2=O=> @V4:> 28:>@8AB>2CNBьAO C G8AB><C 
283;O4V. �0728G09, C =8E 22>4OBь =0?>2=N20GV (48A?5@A=V, 2>;>:=8ABV ACFV;ь=V), 
@>7G8==8:8, 73CIC20GV, AB01V;V70B>@8, 10@2=8:8, 7<07:8, 7024O:8 G><C 
>B@8<CNBь A:;04=V 1030B>:><?>=5=B=V A8AB5<8 4 @50:B>?;0AB8. #>;V<5@=C 
>A=>2C @50:B>?;0AB0 (B5@<>@50:B82=89 ?>;V<5@) =07820NBь «A<>;0» 01> 
«A?>;CG=8:». 

�0;56=> 2V4 B8?C A?>;CG=8:0 @50:B>?;0AB8 ?>4V;ONBьAO =0: 
- H9ABC?4EF<, I> 107CNBьAO =0 D5=>;>0;ь453V4=8E A<>;0E; 
- 4@VABC?4EF<, I> CB2>@NNBьAO =0 >A=>2V 0<V=>A<>;; 
- CB?V9HVDAV, >B@8<0=V =0 >A=>2V ?>;V5DV@=8E A<>; V A:;>2>;>:>==8E 

=0?>2=N20GV2; 
- 9CB>E<8AV 4 <>=><5@=V, >;V3><5@=V 01> ?>;V5DV@=V A?>;C:8, C A:;04 

<>;5:C; O:8E 2E>48Bь =5 <5=H5 42>E 5?>:A84=8E 01> 3;VF848;>28E 3@C?; 
- >D9@AV=BD74AVKAV, I> >B@8<0=V =0 >A=>2V :@5<=V9>@30=VG=8E >;V3><5@V2, I> 

<VABOBь 3V4@>:A8;ь=V V 5DV@=V 3@C?8. 
- CB?VGD9F4AB6V, I> >B@8<CNBьAO =0 >A=>2V ?>;VC@5B0=>28E ?>;V<5@V2, :>B@V 

<VABOBь 2 >A=>2=><C ;0=FN3C <0:@><>;5:C; C@5B0=>2V 3@C?8. 
- 4?>V8AV, :>B@V 107CNBьAO =0 0;:84=8E A<>;0E (3;VDB0;52V9, ?5=B0DB0;52V9, 

5B@8VB0;52V9). 
&9D@BD94>F<6AV C?4EF@4E< – F5 :><?>78B8 7 =0?>2=N20G0<8 =0 >A=>2V 

D5=>;D>@<0;ь453V4=8E, D5=>;0;ь453V4=8E, ?>;V5?>:A84=8E, ?>;V5DV@=8E A<>; B0 
?>;VA8;>:A0=V2 (:@5<=V9>@30=VG=8E A?>;C:). #VA;O 70B25@4V20==O WE DV78:>-
<5E0=VG=V 2;0AB82>ABV <0;> 7<V=NNBьAO 7 B5<?5@0BC@>N. � O:>ABV =0?>2=N20GV2, 
O:V 22>4OBьAO 4> 70%, 28:>@8AB>2CNBьAO: 

- ?>@>H:8 (45@52=5 1>@>H=>, A;N40, :20@F, :0>;V=, 0715AB, A060); 
- 2>;>:=0 (0715AB, 102>2=0, A:;>2>;>:=>, ?>;V<5@=5 2>;>:=>); 
- ;8AB8 (B:0=8=0, A:;>B:0=8=0, 45@52=89 H?>=, ?0?V@ B0 V=.). 
П?4EF@4E< ; 6B?B>A<EF<@< A4CB6AN64K4@<;,, 
- 2>;>:=VB8 - :><?>78B8 7 2>;>:=0<8 102>2=8; 
- 071>2>;>:=VB8 - =0?>2=N20G5< 2 0715AB, 2O6CG5 - D5=>;D>@<0;ь453V4=0 

A<>;0, <0NBь ?V428I5=C B5?;>ABV9:VABь (4> 200°%) V :>5DVFVє=B B5@BO 0,35. � =8E 
283>B>2;ONBь 30;ь<0; 

- A:;>2>;>:=VB8 - :><?>78B8 7 4>238< A:;>2>;>:=><, <0NBь ?V428I5=C 

https://www.wiki.uk-ua.nina.az/%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D1%80%D0%B5%D0%B0%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D1%96_%D0%BF%D0%BB%D0%B0%D1%81%D1%82%D0%BC%D0%B0%D1%81%D0%B8.html
https://www.wiki.uk-ua.nina.az/%D0%9F%D0%BE%D0%BB%D1%96%D0%BC%D0%B5%D1%80%D0%B8%D0%B7%D0%B0%D1%86%D1%96%D1%8F.html
https://www.wiki.uk-ua.nina.az/%D0%90%D0%BC%D1%96%D0%BD%D0%BE%D0%BF%D0%BB%D0%B0%D1%81%D1%82%D0%B8.html
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