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SUMMARY 

 

 

FROLOV R.O. «Increasing the mechanical properties of secondary silumins by 

complex modification technology». – on the rights of the manuscript. 

The dissertation is intended for a candidate degree in engineering science by specialty 

05.02.01 - Materials Science. National University Zaporizhzhia Polytechnic, Ministry of 

Education and Science of Ukraine, Zaporizhzhia, 2025. 

The dissertation is aimed at solving an important scientific and practical problem - the 

development of a comprehensive technology for producing castings from secondary silumins 

by improving modification processes and incorporating the mechanism of influence of 

charge heredity. 

The first chapter reviews the literature and analyzes contemporary domestic and 

international methods for influencing the melt to achieve a fine-grained structure and a high 

level of mechanical properties. It is found that there is no unified scientific consensus on the 

processes of structure formation during modification. Additionally, the literature on the use 

of complex processing methods, particularly those combining two or more techniques to 

influence the melt, is notably limited. The study concludes that achieving the required level 

of mechanical properties for castings from secondary silumins with high impurity content 

necessitates additional mechanisms for influencing on the melt. 

Chapter two outlines the research methodology. Eutectic alloys AK7ch, A356.2, and 

their returns in the form of castings are chosen as the subjects of the research due to their 

constant accumulation in production. The object of the research is the processes of structure 

formation of castings from secondary silumins AK7ch and A356.2 during the complex 

treatment of melts with a modifier with the addition of a fine-crystalline charge. Research 

methods included spectral analysis of the chemical composition of alloys, optical 

microscopy, X-ray spectral and structural analyses, fractographic examinations, and 

assessments of mechanical properties such as strength, ductility, and hardness. 

The third chapter is aimed at optimizing the processing of A356.2 and AK7ch waste 

into high-quality alloys. In the course of the study, the factory processing technology  
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(1.0 wt. % K2ZrF6) and the experimental one using the MK-1 modifying complex are 

compared. The different amount and type of modifying complex used is explained by the 

different concentrations of iron in these alloys. It is shown that the returns have higher iron 

content compared to the primary alloys, and foreign alloys have a lower amount of harmful 

impurities compared to the alloys of our own production. The technology and options of 

modifying treatment for the production of castings for critical applications from secondary 

alloys that meet the production conditions in terms of mechanical properties are proposed. 

The hypothesis is put forward that the use of hereditary modifying effects of the charge will 

make it possible to obtain high-quality castings for alloys in which the iron content 

significantly exceeds the norms permitted by regulatory documents. 

Chapter four describes the technology of manufacturing a rapidly cooled  

fine-crystalline charge and its effect on the structure and properties of the secondary AK7ch 

alloy. The results show that the hereditary effect of such a charge allows to obtain a more 

dispersed microstructure and significantly increases the ductility of the casting. A slight 

decrease in the average values of the tensile strength and hardness is explained by the fact 

that more oxides and moisture are likely to enter the alloy. This further confirms the need to 

apply complex melt treatment methods that enhance each other's positive properties and 

neutralize possible negative aspects. Using a multifactorial experiment, a study of the 

complex technology of using the modifying complex MK-1 and a fine-crystalline charge on 

AK7ch alloys with an iron concentration from 0.159 to 1.841 wt. % is conducted. The 

analysis of the results allowed us to obtain regression equations that show the possibility of 

obtaining castings with high mechanical properties Ϭ2 > 300 MPa, · > 5% and HRB > 50 

when using the complex modifying treatment MK-1 (up to 0.1 wt. %) and fine-crystalline 

charge (up to 42.05 wt. %). Castings were obtained with a level of mechanical properties that 

meet the requirements of DSTU 2839-94 even with an iron content exceeding 1.84 times. It 

is noted that the amount of impurities in the returns tends to increase, therefore the results 

obtained on alloys with a high iron content are of the greatest practical value. 

Chapter Five is aimed at the implementation of the developed complex modification 

technology into production and verification of the formation of a dispersed non-dendritic 

structure in the AK7ch alloy in the industrial conditions of work shop No.1 of  
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MOTOR SICH JSC when manufacturing disk-type parts. The results of the favorable 

structure formation are checked on samples made from critical cross-sectional areas of the 

parts, and the mechanical properties are evaluated on samples cast from the same melt. The 

analysis of macro- and microstructures demonstrates the advantages of using complex 

processing methods, especially additional pressing during mold casting. It is shown that the 

addition of a fine-crystalline charge to the melt leads to a decrease in the size of iron-

containing lamellar intermetallic β-phases without changing their shape. In addition to 

grinding grains and the main structural components, the complex melt treatment leads to a 

change in the morphology of the iron-containing phases from lamellar to compact. 

Additional forced pressing during gravity casting of parts into a mold result in an improved 

dense structure, and there are practically no needle-like and lamellar intermetallic inclusions 

on the surface of the polished section. Obtaining an inverted structure in the castings made it 

possible to ensure the required level of strength and achieve a significant increase in plasticity 

by 1.63 times. 

The study’s primary results include examining the effects of modifying complexes 

K2ZrF6 and MK-1 on secondary alloys AK7ch and A356.2, demonstrating the possibility of 

high-quality castings from alloys with iron concentrations up to 0.6 wt. %. was proven. The 

understanding of the influence of charge heredity for secondary alloys AK7ch and A356.2 

was expanded. The technology of obtaining a fine-crystalline charge with a favorable 

microstructure for hereditary modification with a cross-sectional size of the dendrite of an  

³-solid aluminum solution of 10...15 ¼m, and the size of eutectic silicon and intermetallic 

inclusions of 1...2 ¼m was developed. For the first time, it was shown that it is precisely 

under the influence of hereditary modification of the secondary alloy AK7ch with a  

fine-crystalline charge, changes in its microstructure occur, accompanied by a decrease in 

the grain size of the ³-solid solution by 1.5...2.5 times, eutectic silicon by 1.2...1.7 times, and 

intermetallic phases by 1.3...1.9 times, respectively. By means of the complex application of 

modifying treatment and fine-crystalline charge, castings made of secondary silumin AK7ch, 

with a level of mechanical properties that meet the requirements of DSTU 2839-94  

were obtained.  
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It was shown that a complex approach to modifying secondary silumins using various 

mechanisms of influence on the melt allows reducing the number of modifying complexes 

used while maintaining a consistently high level of mechanical properties of castings.  

The use of such complex processing makes it possible to expand the range of parts made 

from the return. This approach helps to reduce the cost of primary raw materials, helps to 

reduce harmful emissions, and solves the problem of waste disposal from own production. 

The validity and reliability of the scientific statements, conclusions and 

recommendations are ensured by the correct application of modern research methods; 

consistency of the experimental results and scientific provisions with generally accepted 

material science concepts of the structure and mechanical properties of silumins;  

pilot-industrial testing of the results obtained in the work. Based on the research findings, a 

technological instruction for the production of a fine-crystalline charge of aluminum alloys 

was developed, and a technology for producing aluminum alloys with an inverted structure 

was introduced at MOTOR SICH JSC. 

Keywords: aluminium; silumin; secondary alloys; structure formation; 

intermetallic phases; strength; plasticity; hardness; factor analysis; charge; heredity; 

modifying treatment; heat treatment.  
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A?;020<8, 4;O B>3> I>1 2V4?>2V40B8 28<>30< A?5F8DV:0FV9 A?;02V2 B0 28@>1V2. � 

@57C;ьB0BV Fь>3>, C 1V;ьH>ABV 28?04:V2, 70 28:;NG5==O< 0;N<V=Vє28E 10=>: 4;O 

=0?>W2, ?@>4C:B8 ?5@5@>1:8 <5B0;C 28:>@8AB>2CNBьAO C O:>ABV ;820@=8E A?;02V2 

=86G>3> 30BC=:C. ' :>=F5?FVW «%2VBC V450;ь=>W ?5@5@>1:8 0;N<V=VN» 

AD>@<C;ь>20=>N ?@57845=B>< V 3>;>2=8< 28:>=02G8< 48@5:B>@>< Secat inc.  

Das S. K. [16] 707=0G0єBьAO: 

- ?5@5@>1:0 2AVE 28:>@8AB0=8E 28@>1V2 AB0=5 =>@<>N C <091CB=ь><C, 0 

7030;ь=89 2<VAB ?5@5@>1;5=>W ?@>4C:FVW 4540;V 1V;ьH5 1C45 =01;860B8AO 4> 

7030;ь=>3> >1AO3C, =5>1EV4=>3> 4> A?>6820==O. "1AO38 28@>1=8FB20 ?5@28==>3> 

0;N<V=VN 7<5=H0BьAO, 0 >B65 V 7<5=H8BьAO 70;56=VABь 2V4 70:>@4>==>W A8@>28=8; 

- @5F8:;V=3 1C45 ?@>2>48B8AO 7 28:>@8AB0==O< 02B><0B8G=8E B5E=>;>3V9 

A>@BC20==O, ?>4@V1=5==O B0 A5?0@0FVW 4;O ?>;53H5==O 9>3> ?>2B>@=>3> 

28:>@8AB0==O; 

- @V7=><0=VB=VABь VA=CNG8E V =>28E 0;N<V=Vє28E A?;02V2 1C45 A?V2?040B8 

7V A:;04>< 1V;ьH>ABV ?5@5@>1;5=8E <5B0;V2; 

- ?> ?@8:;04C ?>2B>@=>3> 28:>@8AB0==O 0;N<V=Vє28E 1;OH0=>: 4;O 

=0?>W2, 1C4CBь 28=8:0B8 =87:8 28@>1=8FB2 V7 ?5@5@>1:8 2V4E>4V2 0;N<V=Vє28E 

A?;02V2 C O:8E ?@>4C:FVO 70 EV<VG=8< A:;04>< B0/01> <5E0=VG=8< 2;0AB82>ABO< 

1C45 ?>2=VABN 2V4?>2V40B8 28<>30< 28:>@8AB0==O. 

"B65 28:>@8AB0==O 1@CEBC B0 2V4E>4V2 0;N<V=Vє28E A?;02V2 70;8H0B8<5BьAO 

0:BC0;ь=8< ?8B0==O< 2?@>4>26 B@820;>3> G0AC. #V428I5==O B5E=>;>3VG=8E, 

<5E0=VG=8E B0 5:A?;C0B0FV9=8E 2;0AB82>AB59 ;8B8E 45B0;59, 283>B>2;5=8E 
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?>2=VABN V7 2B>@8==>W A8@>28=8 4> @V2=O ?5@28==8E, 4>72>;8Bь 7=0G=> 7=878B8 WE 

20@BVABь, 0 B0:>6 28:848 H:V4;828E V ?0@=8:>28E 307V2. �V4><V @V7=><0=VB=V <5B>48 

?V428I5==O 5:A?;C0B0FV9=8E 2;0AB82>AB59 28;82:V2. %5@54 =8E @0DV=C20==O, 

>1@>1:0 @>7?;02C V<?C;ьA=8< 5;5:B@8G=8< AB@C<><, >1@>1:0 <03=VB=8<8 ?>;O<8 

B0 V<?C;ьA0<8, C;ьB@072C:><, A?04:>25 V 4><VH:>25 <>48DV:C20==O. #>78B82=89 

2?;82 28I5707=0G5=8E <5B>4V2 A?>AB5@V302AO  ;8H5 2 >1<565=><C V=B5@20;V 

?V428I5==O <5E0=VG=8E 2;0AB82>AB59. �>AO3=5==O =091V;ьH>3> 5D5:BC 2V4 VE 

70AB>AC20==O A?>AB5@V30;>AO ?@8 :><?;5:A=><C ?V4E>4V V7 70;CG5==O< @V7=8E 

<5E0=V7<V2 2?;82C =0 @>7?;02, =0?@8:;04, 70AB>AC20==O >4=>G0A=> @0DV=C20==O B0 

C;ьB@072C:>2>W >1@>1:8 01> <>48DV:C20==O V ;075@=>W ?>25@E=52>W >1@>1:8.  

$>7@>1:0 =>28E @5AC@A>715@V30NG8E B5E=>;>3V9 @5F8:;V=3C 2 ':@0W=V ?>28==0 1CB8 

>A=>20=0 =0 ?@>AB8E C 28:>=0==V, 5=5@3>5D5:B82=8E B0 5:>;>3VG=> 157?5G=8E 

<5B>40E 2?;82C =0 @>7?;02, V7 70;CG5==O< :><?;5:A=>3> @V7=>AB>@>==ь>3> ?V4E>4C 

4> 281>@C <5E0=V7<V2 ?>:@0I5==O AB@C:BC@8 V 2;0AB82>AB59 28;82:V2. 

 

 

1.2  5B>48 ?V428I5==O O:>ABV 2B>@8==8E Al-A?;02V2 

1.2.1 $0DV=C20;ь=0 >1@>1:0 D;NA>< V ?@>4C20==O V=5@B=8<8 3070<8 

 

 

�8@>1=8FB2> 0;N<V=VN B0 0;N<V=Vє28E A?;02V2 A:;040єBьAO 7 :V;ь:>E 

206;828E ?@>F5AV2, B0:8E O: ?;02;5==O, @0DV=C20==O (453070FVO, 2840;5==O 

2:;NG5=ь) V ;8BBO. �V4 F8E ?@>F5AV2 70;568Bь O:VABь ?;0AB8= V ;8ABV2 7 0;N<V=VN B0 

0;N<V=Vє28E A?;02V2. !0 702>4V Moka 28A>:>O:VA=V A;O18 283>B>2;ONBьAO 7 

28:>@8AB0==O< =>2>3> ?>@8AB>3> ?@>1:>2>3> 453070B>@0, :5@0<VG=8E B@C1G0AB8E 

DV;ьB@V2 4;O 2:;NG5=ь V D;NAC 4;O @0DV=C20==O 70<VABь 307C Cl2, 4;O C=8:=5==O 

701@C4=5==O =02:>;8H=ь>3> A5@54>28I0 [17]. 

->1 <0:A8<V7C20B8 5D5:B82=VABь D;NAV2 ?V4 G0A @0DV=C20==O 1@CEBC 

0;N<V=Vє2>3> A?;02C, =5>1EV4=89 ?@028;ь=89 10;0=A A>;59. ' 4>A;V465==V  

�.  5;0=V B0 V=. [18]. ?>?5@54=ь> 4>A;V46C202AO 2?;82 @V7=8E :>=F5=B@0FV9 NaCl, 



  26 
 

KCl V Na3AlF6 =0 EV<VG=V B0 DV78G=V 2;0AB82>ABV D;NAV2, O:V 28:>@8AB>2CNBьAO 2 

?@>F5AV @0DV=C20==O 0;N<V=Vє28E A?;02V2. #@>0=0;V7>20=> B5<?5@0BC@C ?;02;5==O 

B0 2'O7:VABь D;NAC ?@8 @V7=8E :>=F5=B@0FVOE NaCl, KCl B0 Na3AlF6, 0 B0:>6 740B=VABь 

@>7G8=OB8 >:A84 0;N<V=VN. �@V< B>3>, 1C;> 4>A;V465=> @>7G8=5==O D;NAC C 2>4V. 

$57C;ьB0B8 ?>:070;8, O: B5<?5@0BC@0 ?;02;5==O D;NAC 7=86CєBьAO, 0 2'O7:VABь 

7@>AB0є 7V 71V;ьH5==O< 2<VABC :@V>;VBC. $>7G8=5==N >:A84C Al A?@8Oє 4>4020==O 

Na3AlF6, =02VBь ?@8 =87ь:8E :>=F5=B@0FVOE V A:>@>G5=><C G0AC >1@>1:8. 

$>7G8=5==O >:A84C 4>72>;Oє 282V;ь=8B8 @V4:89 0;N<V=V9, 70E>?;5=89 1@CEB><, V 

?>25@=CB8AO 2 @>7?;02;5=C 20==C, B0:8< G8=>< ?V428ICNG8 ?@>4C:B82=VABь 

?@>F5AC @0DV=C20==O.  

� 1V;ьH>ABV 28?04:V2 4;O @0DV=C20==O 28:>@8AB>2CNBь D;NA8 A8AB5<8 

NaCl-KCl-Na3AlF6, :0;Vє289 :@V>;VB, DB>@8AB89 0;N<V=V9, :@5<=V9DB>@8AB89 =0B@V9 

B0 :0;V9, DB>@8AB89 B0 E;>@8AB89 ;VBV9, I> ?>OA=Nє ?@8ACB=VABь C 284V;Oє<8E 3070E 

7=0G=>W :V;ь:>ABV E;>@84V2 B0 DB>@84V2, O:V 2V4=>AOBьAO 4> 2-3> :;0AC =5157?5:8. 

�:A?5@8<5=B0;ь=V ?;02:8, ?@>2545=V %:C91V4>N ".�., ?>:070;8, I> ?@8 

28:>@8AB0==V 5:A?5@8<5=B0;ь=>3> =87ь:> B>:A8G=>3> D;NAC 2 ?>@V2=O==V 7 

?;02;5==O< ?V4 AB0=40@B=8< D;NA>< 307>20 ?>@8ABVABь A?;02C ��9 2 7<5=H8;0Aь 

4> 1 10;C, B25@4VABь 71V;ьH8;0Aь =0 25 >48=8Fь 70 H:0;>N �@V=5;O, <VF=VABь =0  

77  #0, 0 ?;0AB8G=VABь 7@>A;0 2 1,5 @078 [19]. 

�;5:B@>H;0:>25 @0DV=C20==O 0;N<V=Vє2>3> @>7?;02C ?>;O30є 2 @>7G8=5==V 

>:A84V2 C H;0:>2V9 20==V B0 WE ?5@5@>7?>4V;V <V6 H;0:>2>N 20==>N B0 <5B0;528< 

@>7?;02>< 7024O:8 28A>:V9 04A>@1FV9=V9 740B=>ABV A>;ь>2>W A8AB5<8. �2B>@0<8 

+>@=>75<>< �.%., $810:>< �. . @>7@>1;5=> CAB0=>2:C 4;O 5;5:B@>H;0:>2>3> 

@0DV=C20==O 300 :3 <5B0;C [20]. 'AB0=>2:0 O2;Oє A>1>N DCB5@>20=C 20==C V7 

2<>=B>20=8<8 5;5:B@>40<8, O:V  682;OBьAO 2V4 ?VG=>3> B@0=AD>@<0B>@0, 7024O:8 

O:><C B5<?5@0BC@0 H;0:>2>W 20==8 4>2>48BьAO 4> 900 °%. "1@>1;5==O <5B0;C 

B@820є 3&5 E2. 7 <><5=BC 9>3> 70;820==O =0 H0@ ?5@53@VB>3> D;NAC. #@8 70;820==V 

<5B0;C C 20==C 7 @V4:8< D;NA>< V=B5=A82=> ?5@5<VHCNBьAO 42V D078, 2=0A;V4>: 

G>3>, ?;>I0 270є<>4VW <V6 =8<8 71V;ьHCєBьAO 2 A>B=V @07V2, C ?>@V2=O==V 7 

@0DV=C20==O< C :>2HV ?@8 70;820==V D;NAC =0 <5B0;. $57C;ьB0B8 4>A;V465=ь 
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>B@8<0=8E B0:8< <5B>4>< A?;02V2 ��7, ��5 2, ��5 7 ?>:070;8 =57=0G=5 

7<V=5==O EV<VG=>3> A:;04C, 7<5=H5==O :>=F5=B@0FVW :@5<=VN =0 0,2%, <V4V =0 

0,1&0,2% B0 <03=VN =0 0,15%. � B>9 65 G0A A?>AB5@V30;>AO 71V;ьH5==O <5E0=VG=8E 

2;0AB82>AB59, 0 A0<5 4;O A?;02C ��7 <560 <VF=>ABV 71V;ьH8;0Aь 7 160  #0 4>  

170  #0, 0 2V4=>A=5 284>265==O 7 2,8% 4> 3,2%. �;5:B@>H;0:>25 @0DV=C20==O 

4>72>;8;> A:>@>B8B8 ?>@8ABVABь 4;O 2AVE B@ь>E A?;02V2 7 4&5 4> 1&2 10;V2 70 

H:0;>N ?> �"%& 1583-73 [20]. 

' DV78:>-B5E=>;>3VG=><C V=AB8BCBV <5B0;V2 V A?;02V2 !�! ':@0W=8 1C2 

@>7@>1;5=89 V ?@>9H>2 4>A;V4=>-?@><8A;>2C ?5@52V@:C =>289 A?>AV1 DV=VH=>3> 

@>B>@=>3> @0DV=C20==O 0;N<V=Vє28E A?;02V2 [21], O:89 ?>;O30є 2 =0ABC?=><C: 4>7C 

0;N<V=Vє2>3> @>7?;02C >1@>1;NNBь 5:AF5=B@8:>28< >15@B>28< @>B>@><, I> 70 

@0EC=>: 5:AF5=B@8A8B5BC @>72820є ?>BC6=V 2=CB@VH=V 3V4@>F8@:C;OFV9=V ?>B>:8, 

H284:VABь O:8E AB0=>28Bь 5&6 A</A 7 >4=>G0A=8<, 70 @0EC=>: 48A10;0=AC, 

=0:;045==O< =87ь:>0<?;VBC4=>W 2V1@0FVW. #@8 Fь><C 2AB0=>2;5=>, I> 307>2V 

1C;ь10H:8 4V0<5B@>< <5=H5 1 << G5@57 =87ь:V H284:>ABV ?5@5<VI5==O =5 <>6CBь 

?>4>;0B8 ?>25@E=5289 =0BO3 @>7?;02C V A:C?GCNBьAO ?V4 ;V=VєN @>7?>4V;C 

?>25@E>=ь. �>A;V4=>-?@><8A;>25 28?@>1C20==O =>2>3> 5:>;>3VG=> G8AB>3> A?>A>1C 

@0DV=C20==O 4>72>;8;> 71V;ьH8B8 28EV4 ?@840B=8E :>:V;ь=8E 0;N<V=Vє28E 

28;82:V2 <0A>N 4 V 8 :3 4> 100 %. 

�0 2?;82>< =0 A:;04 <5B0;C ?@>4C2:0 V=5@B=8<8 3070<8 ?52=>N <V@>N 

0=0;>3VG=0 >1@>1FV 20:CC<><. #V4 G0A ?@>4C20==O V=5@B=8<8 3070<8, <0AC <5B0;C 

?@>=87CNBь B8AOGV 1C;ь10H>: V=5@B=>3> 307C, :>6=0 7 O:8E A;C68Bь A2>є@V4=>N 

<0;5=ь:>N 20:CC<=>N :0<5@>N, B0: O: ?0@FV0;ь=V B8A:8 2>4=N V 07>BC 2 B0:><C 

<VEC@V 4>@V2=NNBь =C;N [22].  

�2B>@0<8 (V:AA5=>< �. . B0 �0@?CEV=8< �.". [23] >?8A0=> B5E=>;>3VN 

:><?;5:A=>3> @0DV=C20==O 0;N<V=Vє28E A?;02V2, I> 2:;NG0є DV;ьB@0FVN @>7?;02C 

G5@57 :5@0<VG=89 ?>@8AB89 DV;ьB@ V >4=>G0A=C 9>3> ?@>4C2:C 0@3>=><. $>7@>1;5=> 

<5B>4 ;8BBO ?V4 4VєN 5;5:B@><03=VB=>3> B8A:C 70 AE5<>N ;8BBO ?V4 =87ь:8< B8A:><, 

0 B0:>6 ;8BBO ?V4 4VєN 5;5:B@><03=VB=>3> B8A:C 7 @>730;C65=>N ;82=8:>2>N 

A8AB5<>N. �8BBO ?@>2>48;8 ?V4 4VєN 2?;82C ?C;ьACNG>3> 5;5:B@><03=VB=>3> ?>;O 
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=0 @V4:89 <5B0;, O:0 є 0;ьB5@=0B82>N 5;5:B@><03=VB=><C ?5@5<VHC20==N, 70 

4>?><>3>N 7<V==>3> <03=VB=>3> ?>;O. #@8 Fь><C A?>A>1V ;8BBO 4>AO30єBьAO 

28A>:89 :>5DVFVє=B 28:>@8AB0==O <5B0;C, =54>AO6=89 ?@8 V=H8E A?>A>10E ;8BBO, V 

70157?5GCєBьAO 2V4ACB=VABь CA04>G=8E 45D5:BV2. #@8 Fь><C 4>AO30єBьAO ?V428I5==O 

5D5:B82=>ABV @0DV=C20==O. "1@>1:0 25;8:8E >1AO3V2 <5B0;C V=5@B=8<8 3070<8 C 

:>2HV 70728G09 є ?@>ABVH>N B0 <5=H 70B@0B=>N ?>@V2=O=> 7 20:CC<=>N >1@>1:>N. 

&><C, O:I> є <>6;82VABь, 20:CC<=C >1@>1:C 70<V=NNBь =0 ?@>4C20==O V=5@B=8<8 

3070<8 G5@57 ?>@8ABV DV;ьB@8. 

�2B>@0<8 [24] ?>:070=>, I> A?;028 0;N<V=VN Al-Mg-Mn-Fe, Al-Mg-Mn-Fe-

Si-Cr V Al-Zn-Mg-Mn-Fe-Si-Cr GCB;82V 4> 2>4=52>3> >:@8EG5==O 2 ?@>F5AV 

28?@>1C20=ь, ?@>2545=8E ?@8 =87ь:8E H284:>ABOE 45D>@<0FVW 2 0,01 N @>7G8=V 

NaOH. !0 >A=>2V 40=8E 5;5:B@>EV<VG=8E 28<V@N20=ь 2>4=52>W ?@>=8:=>ABV B0 

20:CC<=>W 5:AB@0:FVW 4>A;V465=> ?0@0<5B@8 B@0=A?>@BC 2>4=N B0 9>3> 70E>?;5==O 

2>4=528<8 ?0AB:0<8. !572060NG8 =0 2V4<V==>ABV 2 EV<VG=><C V D07>2><C A:;040E 

A?;02V2, A?>AB5@V30єBьAO 70;56=VABь GCB;82>ABV 4> 2>4=52>W :@8E:>ABV 2V4 

?0@0<5B@V2 B@0=A?>@BC20==O 2>4=N V 9>3> 70E>?;5==O =572>@>B=8<8 ?0AB:0<8 B0 

45O:8E V=H8E <V:@>AB@C:BC@=8E E0@0:B5@8AB8:. � C<>20E 5;5:B@>;VB8G=>3> 

3V4@C20==O A?;02 PA13 28O2;Oє ?V428I5=C 2>4=5< ?;0AB8G=VABь. 

� @>1>BV 02B>@V2 [25] ?>:070=>, I> 2 O:>ABV >A=>28 4;O :><1V=>20=8E D;NAV2 

<>6;82> 70AB>A>2C20B8 SiO2, O:V є 2 @>7?;02V 3>B>28<8 ?V4:;04:0<8 4;O 

=5<5B0;528E 2:;NG5=ь. �V>:A84 :@5<=VN 4;O @0DV=C20==O @>7?;02C 22>4OBь =5 

BV;ь:8 ?@8 ;8BBV V ?@8 720@N20==V 0;N<V=Vє28E A?;02V2. #>;V<>@D=V ?5@5B2>@5==O 

?@8 =03@V20==V ?@>BV:0NBь 7V 71V;ьH5==O< >1’є<C G5@57 ?5@5:@8AB0;V70FVN 7 

CB2>@5==O< 75@=0 7 V=H8< @>7<V@>< V D>@<>N, I>, 2 A2>N G5@3C, ?@872>48Bь 4> 

CB2>@5==O 45D5:BV2 =0 ?>25@E=V B0 A?@8OB;82> ?>7=0G0єBьAO =0 35B5@>35==><C 

70@>465==V 1C;ь10H>: 307C, V ?>40;ьH><C 2840;5==V 9>3> 7 @>7?;02C. �53070FVO 

@>7?;02C 4>72>;Oє 7<5=H8B8 10; ?>@8AB>ABV B0 ?V428ICє <5E0=VG=V 2;0AB82>ABV 

28;82:V2.  
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1.2.2  >48DV:C20==O 

 

 

�;O 2840;5==O <5B0;528E V =5<5B0;528E 2:;NG5=ь 28:>@8AB>2CNBь 

@0DV=C20;ь=>-<>48DV:C20;ь=C >1@>1:C.  

' ?@>F5AV ?5@5@>1:8 4><VH:8, I> ?>B@0?;ONBь 2 @>7?;02, 7=0G=> 

?>3V@HCNBь O:VABь >45@6C20=>W ?@>4C:FVW. !091V;ьH H:V4;828< 5;5<5=B><, I> 

?>3V@HCє DV78:>-<5E0=VG=V B0 B5E=>;>3VG=V 2;0AB82>ABV 0;N<V=Vє28E ;820@=8E 

A?;02V2, є 70;V7> [26,27]. �AV 70;V7>2<VA=V D078 ?@8 728G09=8E B5<?5@0BC@0E 

:@8AB0;V70FVW A8;C<V=V2 28BO3CNBьAO 274>26 ?;>I8=8 7 :>20;5=B=8< EV<VG=8< 

72’O7:>< V 2=0A;V4>: G>3> <0NBь 3@C1>:@8AB0;VG=C 1C4>2C, B><C 2>=8 A?@02;ONBь 

VAB>B=89 =530B82=89 2?;82 =0 <5E0=VG=V 2;0AB82>ABV 28;82:V2. #52=>N <V@>N 

=59B@0;V7C20B8 H:V4;8289 2?;82 70;V70 =0 <5E0=VG=V 2;0AB82>ABV A8;C<V=V2 <>6=0 

22545==O< 5;5<5=BV2-:><?5=A0B>@V2, O:V ?@83=VGCNBь CB2>@5==O ?;0AB8=G0AB>W 

D078 β (AlSiFe), ?5@52>4OG8 WW 2 1V;ьH :><?0:B=C D>@<C. &8?>28<8 ?@54AB02=8:0<8 

B0:8E 5;5<5=BV2 є  n, %r,  >, V, Ni, %> B0 V=HV ?>4V1=V <5B0;8.  

!0?@8:;04, 2 @>1>BV [26] @>7@>1;5=> B5E=>;>3VN >45@60==O ;V30BC@ 

@V4:>75<5;ь=8E <5B0;V2 4;O <>48DV:C20==O 0;N<V=VN, 0 A0<5 Y, Ce B0 La. "4=0: 

40=0 V45>;>3VO <0є <VAF5 ?@8 2V4=>A=> =528A>:><C ?5@528I5==V 2<VABC Fe V 4>72>;Oє 

28:>@8AB>2C20B8 >B@8<0=V A?;028 ?@8 283>B>2;5==V ;8B8E 45B0;59  =5 

2V4?>2V40;ь=>3> ?@87=0G5==O. � 40=89 G0A =0 ?V4?@8є<AB20E, I> ?5@5@>1;ONBь 

2V4E>48 0;N<V=Vє28E A?;02V2, O: ?@028;>, 74V9A=NNBьAO BV;ь:8 >?5@0FVW 7 2840;5==O 

307V2 V =5<5B0;528E 2:;NG5=ь 7 2B>@8==8E 0;N<V=Vє28E A?;02V2, 0 @0DV=C20==O 

40=8E A?;02V2 2V4 70;V70 2V4ACB=є.  

$O4 4>A;V4=8:V2 [26-29] ?@>2>48;8 0=0;V7 5D5:B82=8E ?@8A04>: >A046C20GV2 

70;V70, O:V <>3;8 1 =0 @0==VE AB04VOE ?5@54 70B25@4V==O< @>7?;02V2, 72'O7C20B8 9>3> 

2 =5@>7G8==V A?>;C:8, O:V <>6=0 2V4>:@5<;N20B8 2 ?@>F5AV DV;ьB@0FVW. &0:8<8 

:><?5=A0B>@0<8 70;V70 2 0;N<V=Vє2>-:@5<=Vє28E A?;020E є -  n, %r,  >, V, Ni, %>, 
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>4=0: WE ?>B@V1=> 22>48B8 C 7=0G=> 1V;ьHV9 :V;ь:>ABV 4;O ?>2=>3> 72'O7C20==O 

70;V70, =V6 4;O <>48DV:C20==O 70;V7>2<VA=8E D07.  

!0 281V@ ?@8A04:8->A046C20G0 =0:;040єBьAO @O4 C<>2: <V=V<0;ь=0 20@BVABь, 

=525;8:0 :V;ь:VABь, 28A>:0 B5<?5@0BC@0 CB2>@5==O V=B5@<5B0;V4=>3> :><?;5:AC, 

28A>:89 ABC?V=ь @0DV=C20==O ?@8 DV;ьB@0FVW V 28EV4 DV;ьB@0BC.  

' B01;8FV 1.1 =02545=> EV<VG=89 A:;04 A?;02V2, :>B@V 28:>@8AB>2C20;8AO 2 

@>1>BV [27] 4;O 287=0G5==O ?0@0<5B@V2 ABC?5=O @0DV=C20==O 2V4 70;V70. 'AV 7=0G5==O 

2 B01;8FV 1.1 2V4>1@065=V C <0A>28E 2V4A>B:0E. 

 

&01;8FO 1.1 – )V<VG=89 A:;04 4>A;V46C20=8E A?;02V2 [27] 

 

 

!0 @8AC=:C 1.2 ?@54AB02;5=0 ?@>?>=>20=0 02B>@0<8 [27] B5E=>;>3VG=0 AE5<0 

@0DV=C20;ь=>-<>48DV:C20;ь=>W >1@>1:8 2B>@8==8E 0;N<V=Vє28E A?;02V2 �308 V 

�356 2V4 4><VH:8 70;V70. �=0;V7 >B@8<0=8E @57C;ьB0BV2 ?>:0702, I> ?@>F5A 

DV;ьB@0FVW 0;N<V=VN 7 <5B>N 7=865==O 2<VABC 70;V70 <>6;8289 70 C<>28 

28:>@8AB0==O 0;N<V=Vє2>-:@5<=Vє28E A?;02V2, 7 4>4020==O< <0@30=FN 7 ?>40;ьH8< 

7=865==O< B5<?5@0BC@8 4> 4>AO3=5==O ?>;O :@8AB0;V70FVW ?5@28==8E D07, I> 

<VABOBь 70;V7>. �>65= A?;02 ?>B@51Cє 4>AB0B=ь>3> 2<VABC <0@30=FN 4;O B>3>, I>1 

>B@8<0B8 28IC 5D5:B82=VABь 2840;5==O 70;V70. �840;5==O 70;V70 ?@>2>48;8 
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>A0465==O< ?@><V6=>W D078 Al15(Fe,Mn)3Si2 4;O A?;02V2 A308 B0 A356. �<VAB 

<0@30=FN, O:89 =5>1EV4=> 4>40B8, =0?@O<C ?>2'O70=89 7 2<VAB>< 70;V70 2 A?;02V. 

�840;5==O 70;V70 2V41C20;>Aь 2 420 5B0?8: A?>G0B:C 5B0? >A0465==O, O:5 ?>BV< 

AC?@>2>46C20;>Aь 5B0?>< DV;ьB@C20==O. 

 

$8AC=>: 1.2 - %E5<0 @0DV=C20==O 2B>@8==8E 0;N<V=Vє28E A?;02V2 [27] 

 

� @57C;ьB0BV ?@>2545=8E 4>A;V465=ь V=H8E 02B>@V2 [28-30] 1C;> >1@0=> C 

O:>ABV >?B8<0;ь=>W ?@8A04:8->A046C20G0 4;O 70;V70 V=H89 5;=<5=B - E@><. 

�:A?5@8<5=B0;ь=> 2AB0=>2;5=>, I> E@>< 2 1,3&1,5 @078 5D5:B82=VH5 <0@30=FN 

?>2'O7Cє 70;V7> [27,28,30]. !09V<>2V@=VH5 F5 ?>OA=NєBьAO B8<, I> E@>< CB2>@Nє 

1V;ьH BC3>?;02:V V=B5@<5B0;V4=V :><?;5:A8 =V6 C <0@30=FN, 7 B5<?5@0BC@0<8 

?;02;5==O 1900 V 1244 °% 2V4?>2V4=>. 
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�2B>@>< �0;V=V=>N !.�. [8] 2AB0=>2;5=>, I> 75@=> ³-B25@4>3> @>7G8=C 

0;N<V=Vє28E A?;02V2 ?V4 G0A :@8AB0;V70FVW ?>4@V1=NNBь <0;V 4>40B:8 Ti, Zr, W, Mo, 

Nb, Ta, Sc, Hf, V, Re V <5=H5 – Fe, Ni , Cr, Mn. *V 5;5<5=B8 2V4=>AOBьAO 4> ?5@5EV4=8E 

<5B0;V2 IV, V V VI ?5@V>4V2 B01;8FV �.�.  5=45;єє20. &0:8< G8=><, ?>4@V1=5==O 

75@5= 0;N<V=Vє28E A?;02V2 є @57C;ьB0B>< WE=ь>W >A>1;82>W 270є<>4VW 7 ?5@5EV4=8<8 

<5B0;0<8. �V 71V;ьH5==O< 0B><=>3> =><5@0 <5B0;C 2V41C20єBьAO 70?>2=5==O 3d-

@V2=O 5;5:B@>=0<8 (B01;. 1.2): C A:0=4VN 1 5;5:B@>= =0 3d-@V2=V, C B8B0=C – 2 V B0: 

40;V, C =V:5;N – 8. !0ABC?=0 70 =V:5;5< <V4ь <0є =0 3d-@V2=V 10 5;5:B@>=V2, B>1B> 

ABV9:C 5;5:B@>==C :>=DV3C@0FVN [8].  

 

&01;8FO 1.2 – �B><=0 1C4>20 B0 E0@0:B5@ 270є<>4VW ?5@5EV4=8E <5B0;V2 (# ) 

G5B25@B>3> ?5@V>4C 7 0;N<V=Vє< [8] 

�;
5<
5=
B 

$>7?>4V; 
5;5:B@>=V2 

=0 
7>2=VH=VE 
5;5:B@>==8
E >1>;>=:0E 

�B><=89 
@04VCA, 
=< 

&5<?5@0- 
BC@0 

?;02;5==O, 
°% 

)0@0:B5@ 270є<>4VW 7 0;N<V=Vє< 

&8? 4V03@0<8 
AB0=C 7V AB>@>=8 
0;N<V=VN 

&5<?5@0BC@0 
B@8D07=>3> 
?5@5B2>@5==O, 

°% 

�@0=8G=0 
@>7G8==VABь 
C B25@4><C 
0;N<V=VW, 
<0A. % 

Sc 3d14s2 0,165 1300 #5@8B5:B8G=89 667 - 

Ti 3d24s2 0,145 1668 #5@8B5:B8G=89 665 0,28 

V 3d34s2 0,136 1910 #5@8B5:B8G=89 662 0,37 

Cr 3d54s1 0,128 1845 #5@8B5:B8G=89 661 0,85 

Mn 3d54s2 0,131 1245 �2B5:B8G=89 658 1,40 

Fe 3d64s2 0,127 1536 �2B5:B8G=89 655 0,05 

Co 3d74s2 0,126 1490 �2B5:B8G=89 657 0,02 

Ni 3d84s2 0,124 1455 �2B5:B8G=89 640 0,05 

 

' @>1>BV [29] 4>A;V465=> Al-W A?;02 4;O <>48DV:C20==O ;820@=8E 

A8;C<V=>28E A?;02V2. *59 A?;02 1C;> 4>A;V465=> 70 4>?><>3>N :><1V=>20=>3> 

<5B>4C A:0=C20;ь=>W <V:@>A:>?VW B0 5=5@3>48A?5@AV9=>W @5=B35=V2Aь:>W 

A?5:B@>A:>?VW. $5=B35=>AB@C:BC@=V 4>A;V465==O 7@07:0 Al-W 4>72>;8;8 



  33 
 

V45=B8DV:C20B8 D078 Al, Al4W, Al5W. �<VAB D07 Al4W B0 Al5W 1C2 ?>4V1=8< V 

AB0=>282 7,6 <0A. % B0 7,8 <0A. %  2V4?>2V4=>. �>A;V465==O ?>:070;8 

4825@A8DV:0FVN <V:@>AB@C:BC@8 B0 D>@<8 G0AB8=>: Al4W (:C1VG=0) B0 Al5W 

(284>265=0) 2 Al-<0B@8FV. $>7<V@8 G0AB8=>: Al5W AB0=>28;8 1V;ьH5 200 <:<, 0 

@>7<V@ =091V;ьH>W Al4W - 60 <:<. �<V=0 ?0@0<5B@V2 3@0B:8 D07 1C;0 ?>2’O70=0 V7 

7<V=>N :>>@48=0B 0B><V2 2>;ьD@0<C B0 7<V=>N :>5DVFVє=B0 70?>2=5==O  

0B><V2 Al  B0 W.  

 V:@>4>4020==O (0,025 0B. %) W, I> ?>2V;ь=> 48DC=4Cє 4> A?;02C  

Al-0,26Mn-0,11Mo-0,11Si-0,08Zr-0,02Sc-0,01Er (0B. %) ?@8A:>@N20;> >A0465==O  

L12-Al3(Zr,Sc) D078, 0;5 A?>2V;ь=N20;> >A0465==O ³-Al(Mn,Mo)Si.  V:@>4>102:0 W 

71V;ьHC20;0 ?V:>2C <V:@>B25@4VABь A?;02C ?V4 G0A V7>B5@<VG=>3> AB0@V==O, 0;5 =5 

?>:070;0 ?>78B82=>3> 2?;82C =0 01@0782=C ABV9:VABь B0 ?>27CGVABь [31]. 

' @>1>BV 02B>@V2 Ferguson, J.B., Schultz B.F, Mantas J.C., Shokouhi H.,  

Rohatgi P. K. [32] ?>:070=>, I> ?>є4=0==O 42>E 5;5<5=BV2, =0?@8:;04, Cr V Mo 01> 

Cr V W, ?@872>48;> 4> CB2>@5==O A:;04=8E A8;VF84=8E H0@V2 Mo3Si V (Cr, Mo)3Si, 

01> Cr3Si, 0 B0:>6 (W, Cr)3Si. #@8ACB=VABь A8;VF84V2 1C;0 2:070=0 O: <>6;825 

465@5;> @0DV=C20==O D07 ³(Al) V β(Si). "A048 F8E D07 B0 V=B5@<5B0;V4=8E D07 

A?@8ONBь 28A>:><C ABC?5=N 7<VF=5==O A8;C<V=V2. 

#@8 270є<>4VW 0;N<V=VN 7 >A=>2=8<8 ;53C20;ь=8<8 5;5<5=B0<8 Cu, Zn, Mg 

@V7:> 71V;ьHCєBьAO @>7G8==VABь C @V4:><C 0;N<V=VN 7 B5<?5@0BC@>N, =86G>N 70 

B5<?5@0BC@C =>=20@V0=B=8E ?5@5B2>@5=ь (Al-Cu - 548℃, Al-Mg - 450℃,  

Al-Zn - 382℃), 28=8:0NBь 25;8:V V=B5@20;8 :@8AB0;V70FVW B25@48E @>7G8=V2, 

A?>AB5@V30єBьAO <0:A8<0;ь=0 @>7G8==VABь C B25@4><C 0;N<V=VW ?@8 B5<?5@0BC@0E, 

70 O:8E C A8AB5<0E «Al - ?5@5EV4=89 <5B0;» @>7G8==VABь 4C65 <0;0. � 0=0;V7C AB0=C 

A8AB5< «Al - ?5@5EV4=89 <5B0;» 02B>@>< �0;V=V=>N !.�. (482. B01;. 1.2) 7@>1;5=V 

28A=>2:8 I>: 

- ?5@5EV4=V <5B0;8 IV, V, VI ?5@V>4V2, 2 0B><0E O:8E =0 d-@V2=V 

7=0E>48BьAO =5 1V;ьH5 5 5;5:B@>=V2, CB2>@NNBь 7 0;N<V=Vє< ?5@8B5:B8G=V A8AB5<8, 

0 ?5@5EV4=89 <5B0;, 7 1V;ьH5 =V6 5 5;5:B@>=0<8 =0 d-@V2=V – 52B5:B8G=V (289=OB>: 

;8H5 A8AB5<0  Al-Y); 
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- B5<?5@0BC@8 =>=20@V0=B=8E ?5@5B2>@5=ь C A8AB5<0E «Al - ?5@5EV4=89 

<5B0;» V, VI ?5@V>4V2, 1;87ь:V 4> B5<?5@0BC@ ?;02;5==O 0;N<V=VN. 

�V 7<V=>N 5;5:B@>==>W 1C4>28 0B><V2 <V=OєBьAO E0@0:B5@ 270є<>4VW 

?5@5EV4=>3> <5B0;C 7 0;N<V=Vє<. #@8 300°% @>7G8==VABь 2AVE ?5@5EV4=8E <5B0;V2 C 

B25@4><C 0;N<V=VW 4C65 <0;0 (@8A.1.3). 

 

          0                                    1        

 0 – 2 @V4:><C AB0=V; 1 – C B25@4><C AB0=V. 

$8AC=>: 1.3 – �<V=0 @>7G8==>ABV 45O:8E ?5@5EV4=8E <5B0;V2 2 0;N<V=VW [8] 

' =0C:>2V9 ?@0FV %?;VBB5 V %04;V  [33] >?8A0=> 28:>@8AB0==O A?;02V2 A8AB5<8 

Al-Ti-B, :>B@V H8@>:> 70AB>A>2CNBьAO O: 70<V==8:8 G8AB>3> 0;N<V=VN B0 9>3> 

A?;02V2 ?VA;O ?>G0B:C WE ?@><8A;>2>3> 28@>1=8FB20 2 1960-E @>:0E. �>=8 4C65 

5D5:B82=V O: 70<V==8:8 0;N<V=Vє28E A?;02V2, 0;5 70 <0965 ?V2AB>;VB=N VAB>@VN WE 

70AB>AC20==O 28=8:;8 ?52=V ?@>1;5<8. "4=VєN 7 =091V;ьH8E ?@>1;5< є B5, I> 

A8AB5<8 A?;02V2 =0 >A=>2V Al-Ti-B, 7 4>4020==O< B0:8E 5;5<5=BV2 Zr, Cr 01> V 

<>6CBь CB2>@N20B8 28A>:>B>:A8G=V A?>;C:8.  

!5<>48DV:>20=V 4>52B5:B8G=V A8;C<V=8 <0NBь <V:@>AB@C:BC@C, I> 

A:;040єBьAO 7 25;8:>@>7<V@=8E D07, O:V є ?@8G8=>N WE =87ь:8E <5E0=VG=8E 

2;0AB82>AB59. �030B>@VG=V 4>A;V465==O ?>:070;8 <>48DV:C20;ь=C 4VN 1030Bь>E 

EV<VG=8E 5;5<5=BV2 B0 WE A?>;C:, 2 B><C G8A;V V >A=>2=>3> A?;02C, I> A:;040єBьAO 7 

Al-Ti-B, G0AB> C 283;O4V 3>B>2>3> A?;02C AlTi5B. ' @>1>BV [34]  1C;> 28@VH5=> 

?5@52V@8B8, O: ?@>?>@FVW 2<VABC Ti V B 2 >A=>2=><C A?;02V 2?;820NBь =0 
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<V:@>AB@C:BC@C V <5E0=VG=V 2;0AB82>ABV 4>52B5:B8G=>3> A8;C<V=C AlSi7Mg. 

#>:070=>, I> ;820@=89 A?;02, O:89 <VAB8Bь :@5<=V9 (70 CG0ABN Al + Ti + B), <0є 

1V;ьH 5D5:B82=89 2?;82 =0 ?>:@0I5==O <V:@>AB@C:BC@8, 0 >B65, V =0 ?V428I5==O 

<5E0=VG=8E 2;0AB82>AB59 A?;02C AlSi7Mg, =V6 ;820@=89 A?;02 157 :@5<=VN. 

#>:070=>, I> A?V22V4=>H5==O 2<VABC B8B0=C V 1>@C, 2 4C65 G0AB> 

28:>@8AB>2C20=><C <>48DV:0B>@V AlTi5B, =5 702648 є >?B8<0;ь=8<.  

� 28:>@8AB0==O >A=>2=>3> A?;02C 7V A:;04><, ?>4V1=8< 4> A:;04C <>48DV:>20=>3> 

A8;C<V=C 7 B8B0=>< V 1>@>< C A?V22V4=>H5==V 2:1, 4>72>;Oє >B@8<0B8 A?;02  

AlSi7Mg 7 28I8<8 <5E0=VG=8<8 2;0AB82>ABO<8, =V6 A?;02 ?VA;O <>48DV:C20==O 

>A=>2=>3> A?;02C AlTi5. 

'B2>@5==O G8A;5==8E F5=B@V2 :@8AB0;V70FVW, HBCG=> AB2>@5=8E C @>7?;02V 

0;N<V=VN, A?@8Oє D>@<C20==N 4@V1=>75@=8AB>W B0 >4=>@V4=>W AB@C:BC@8 <5B0;C. 

"4=0: =5 :>6=0 G0AB8=:0 <>65 1CB8 F5=B@>< :@8AB0;V70FVW (*�), 2>=0 ?>28==0 <0B8 

:@8B8G=89 @>7<V@ V 2>;>4VB8 ?52=>N AB@C:BC@=>N ?>4V1=VABN 7 @5G>28=>N, I> =0 

=V9 :@8AB0;V7CєBьAO. Ti B0 Ta – 5D5:B82=V <>48DV:0B>@8, 0 <V6 3@0B:0<8 Al7Cr  B0 Al 

=5 <0є AB@C:BC@=>W 2V4?>2V4=>ABV, B><C Cr =5 є <>48DV:0B>@><. #>:@8BBO 1C45 <0B8 

30@=V 2;0AB82>ABV O:I> @V7=8FO 2 2V4AB0=V <V6 0B><0<8 >4=VєW D078 2V4 V=H>W =5 1C45 

?5@528IC20B8 10%. &0:8< G8=>< C 2AVE A?;020E 0;N<V=VN 7 ?5@5EV4=8<8 <5B0;0<8, 

O:V є <>48DV:0B>@0<8, ?5@28==> 2 @V2=>206=8E C<>20E :@8AB0;V7CNBьAO EV<VG=V 

A?>;C:8 – 0;N<V=V48 ?5@5EV4=8E <5B0;V2 [35]. 

�2B>@0<8 ,0@V=O=>< �.%., �CA0:>< �. ., #0AVG=8<  .�. [36] ?>:070=>, I> 

70;56=> 2V4 7=0G5==O :>5DVFVє=B0 48DC7VW 2 <0B5@8=Aь:V9 D07V B0 B5@<>48=0<VG=8E 

?0@0<5B@V2 VA=CNBь B0:V A8BC0FVW: 1) ?>2=0 2V4ACB=VABь 70@>4:>CB2>@5==O =0 ?5@H8E 

5B0?0E 52>;NFVW (01> ?@8 25;8:V9 :V;ь:>ABV 45D5:BV2 C A?;02V); 2) 2V4=>A=0 

AB01V;V70FVO =>2>W <5B0AB01V;ь=>W D078 7 B8<G0A>2>N 70B@8<:>N WW ?5@5B2>@5==O 2 

AB01V;ь=C D07C ?@8 <0;8E 7=0G5==OE :>5DVFVє=B0 48DC7VW (01> ?@8 45O:><C 

?@><V6=><C G8A;V <VAFь 70@>4:>CB2>@5==O); 3) 70@>465==O V 7@>AB0==O =>2>W D078 

?@8 25;8:8E 7=0G5==OE :>5DVFVє=B0 48DC7VW (01> ?@8 <0;><C G8A;V <VAFь 

70@>4:>CB2>@5==O). �5<>=AB@CєBьAO <>6;82VABь VA=C20==O <5B0AB01V;ь=>3> AB0=C 

A8AB5<8, I> 2V4?>2V40є 4@V1=>48A?5@A=><C ?@><V6=><C AB0=C. 
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#>42V9=V A?;028 Al-Si =5 30@0=BCNBь 28A>:>W <VF=>ABV, >A:V;ь:8 Si =5 CB2>@Nє 

7 Al 7<VF=N20;ь=8E D07. � FVєW ?@8G8=8 ;820@=V  A?;028 ;53CNBь Mg, Cu, Zn, Mn, 

Sb, Ti, Zr. !09?>H8@5=VHV A5@54 A?;02V2 F5 ��12, ��9G, ��7G 2V4@V7=ONBьAO 

?>;V?H5=8<8 B5E=>;>3VG=8<8 2;0AB82>ABO<8. #5@5203>N F8E A?;02V2 є ?V428I5=0 

:>@>7V9=0 ABV9:VABь C 2>;>3V9 0B<>AD5@V. !54>;V:0<8 – ?V428I5=0 307>20 ?>@8ABVABь 

V 7=865=0 60@><VF=VABь. 

�>52B5:B8G=V A?;028 ��9G B0 ��7G ?>ABC?0NBьAO 70 B5E=>;>3VG=8<8 

2;0AB82>ABO<8 52B5:B8G=><C ��12, 0;5 <0NBь 28IV <5E0=VG=V E0@0:B5@8AB8:8 

2=0A;V4>: CB2>@5==O V=B5@<5B0;V4V2 Mg2Si, O:V 2?;820NBь =0 WE <VF=VABь. 

�0AB>A>2CNBь FV A?;028 C 7030@B>20=><C B0 HBCG=> 7VAB0@5=><C AB0=V 4;O 

25;8:>3010@8B=8E B0 2V4?>2V40;ь=8E 45B0;59. 

' ;8B><C AB0=V <V:@>AB@C:BC@0 4>52B5:B8G=>3> A8;C<V=C A:;040єBьAO 7 

52B5:B8G=>W β-D078 =0 ?>25@E=V 45=4@8B=>W 52B5:B8:8 ³. +5@57 25;8:V 70 @>7<V@0<8 

:><?>=5=B8 <V:@>AB@C:BC@8, 2 >A=>2=><C 52B5:B8G=>W β-D078, F59 A?;02 <0є =87ь:V 

<5E0=VG=V 2;0AB82>ABV. !5A?@8OB;82V 2;0AB82>ABV 4>52B5:B8G=>3> A8;C<V=C <>6=0 

?>:@0I8B8, 7<V=82H8 @>7<V@ V D>@<C :><?>=5=BV2 <V:@>AB@C:BC@8 A?;02C. �A=Cє 

:V;ь:0 <>6;82>AB59 :>=B@>;N20B8 <V:@>AB@C:BC@C V, O: =0A;V4>:, <5E0=VG=V 

2;0AB82>ABV A?;02C. "4=VєN 7 <>6;82>AB59 є <>48DV:C20==O A?;02C 70 4>?><>3>N 

5;5<5=BV2 B0 EV<VG=8E A?>;C:. ' @>1>BV Tomasz Lipinski [37] ?@54AB02;5=> 2?;82 

D>AD>@C 7 ;V30BC@>N Al-Ti-B =0 <V:@>AB@C:BC@C V <5E0=VG=V 2;0AB82>ABV 

4>52B5:B8G=>3> A8;C<V=C AlSi7Mg. #@>?>@FVW Ti 4> B 1C;8 >1@0=V =0 >A=>2V 

@57C;ьB0BV2, ?@54AB02;5=8E 2 ;VB5@0BC@V, 70 >?B8<0;ь=8< A?V22V4=>H5==O< - 5:1. 

 >48DV:0B>@ 22>482AO 2 A?;02 C 283;O4V >A=>2=>3> A?;02C AlTiBP 7V 7<V==8< 

2<VAB>< B8B0=C, 1>@C B0 D>AD>@C. (>AD>@ 4>4020;8 =0 @V2=V 0,1, 0,2 V 0,3% 2V4 <0A8 

<>48DV:>20=>3> 28;82:0. � @57C;ьB0BV ?@>2545=8E 28?@>1C20=ь 1C;> ?V4B25@465=> 

<>48DV:C20;ь=C 4VN 22545=>3> >A=>2=>3> A?;02C. 

' @>1>BV [38] 02B>@8 4>A;V46C20;8 A?@>18 70<V=8B8 A?;028 Al-Si =0 

:0;ьFVє2>2<VA=V 0;N<V=Vє2V A?;028. ' WE=V9 @>1>BV 4>A;V465=> AB@C:BC@C B0 

2;0AB82>ABV A?;02C Al-Ca-Sc C ;8B><C B0 B5@<VG=> >1@>1;5=><C AB0=V C ?>@V2=O==V 

7 A8;C<V=><. %?;02, I> <VAB82 Ca, <02 B0:C A0<C 3@0=8FN <VF=>ABV ?@8 30@OG><C 
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@>7@82V, O: V A8;C<V=, I> A2V4G8;> ?@> <>6;82VABь 283>B>2;5==O A:;04=8E 28;82:V2. 

 0:A8<0;ь=0 B25@4VABь C =>2><C A?;02V 1C;0 >B@8<0=0 157 30@BC20==O, H;OE>< 

2V4?0;C ?VA;O ;8BBO ?@8 B5<?5@0BC@V 300 °C. #>є4=0==O <5E0=VG=8E V DV78G=8E 

2;0AB82>AB59 A?;02V2 =0 >A=>2V 52B5:B8:8 Al-Ca 7=0G=> ?5@528ICє 0=0;>3VG=V 

2;0AB82>ABV DV@<>28E A?;02V2 =0 >A=>2V 0;N<V=Vє2>-:@5<=Vє2>W 52B5:B8:8. 

�8A>:>- V 60@><VF=89 0;N<V=Vє289 A?;02 ��5  =0 >A=>2V A8AB5<8 Al–Si–%u 

<VAB8Bь, :@V< :@5<=VN V <V4V, I5 9 <03=V9. �V= 284V;OєBьAO 28A>:>N 60@><VF=VABN, 

>4=0: ?>ABC?0єBьAO A?;020< A8AB5< �l–Si V Al–Si–Mg 70 ;820@=8<8 2;0AB82>ABO<8, 

:>@>7V9=>N ABV9:VABN B0 35@<5B8G=VABN. �>3> 1V;ьH 28A>:0 60@><VF=VABь C 

?>@V2=O==V 7V A?;02>< ��9G A?@8G8=5=0 ;53C20==O< <V44N. %?;02 ��5  

70AB>A>2CNBь 4;O ;8BBO :>@?CA=8E 45B0;59, I> ?@0FNNBь ?V4 4VєN A5@54=VE 

=020=B065=ь, B8A:C 4> 23  #0, V ?V428I5=8E B5<?5@0BC@ 4> 275°%, C B5@<VG=> 

>1@>1;5=><C AB0=V. ,8@>:89 4V0?07>= 7<V=8 EV<VG=>3> A:;04C A?;02C 7C<>2;Nє 

=5AB01V;ь=VABь 9>3> DV78:>-EV<VG=8E 2;0AB82>AB59 [39]. 

 V:@>AB@C:BC@0 0;N<V=Vє28E A?;02V2 C ;8B><C AB0=V ?@54AB02;5=0 B0:8<8 

>A=>2=8<8 A:;04=8:0<8: ³-B25@48< @>7G8=>< :@5<=VN 2 0;N<V=VW (³-Al); :@5<=Vє<, 

I> 2E>48Bь 4> A:;04C 52B5:B8:8 ³ + Si. �0 =0O2=>ABV 4><VH:8 70;V70 ?@8ACB=O D070 

AlSiFeMn, 0 70 <0;>3> 2<VABC <0@30=FN – D070 Al5FeSi. 

�>40B:>2> 7<VF=8B8 Al A?;028 <>6;82> =0=><>48DV:C20==O< BC3>?;02:8<8 

:><?>78FVO<8 SiC, :>B@89 <0є 3@0=5F5=B@>20=C :C1VG=C 3@0B:C 0=0;>3VG=C 

0;N<V=Vє2V9 >A=>2V. �AB0=>2;5=>, I> C O:>ABV <>48DV:0B>@V2 0;N<V=Vє28E A?;02V2 

G0AB> 70AB>A>2CNBь :0@1V48 :@5<=VN, =V>1VN, B0=B0;C, B8B0=C, F8@:>=VN, 30D=VN, 

20=04VN, 0 B0:>6 =VB@848 B8B0=C, F8@:>=VN, 30D=VN B0 20=04VN. �@8AB0;VG=V 3@0B:8 

F8E A?>;C: 2V4?>2V40NBь @>7<V@=V9 V :@8AB0;>3@0DVG=V9 2V4?>2V4=>ABV 0;N<V=VN. 

�;O ;820@=8E 0;N<V=Vє28E A?;02V2 70?@>?>=>20=> 28:>@8AB>2C20B8 ?>@>H>: 

:0@1V4C :@5<=VN @>7<V@>< 4> 100 =< [39]. "B@8<CNBь B0:V 4@V1=>48A?5@A=V 

?>@>H:8 28A>:>W G8AB>B8 70 4>?><>3>N 28A>:>B5<?5@0BC@=>3> ?;07<>EV<VG=>3> 

A8=B57C. 
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 >48DV:C20==O <0є ?>78B82=89 5D5:B V 70AB>A>2CєBьAO B0:>6 =0 45D>@<V2=8E 

A?;020E A8AB5<8 Al-Zn-Mg-Cu – �95; 1973; 1915; �96 B0 V=. �>20=V A?;028 <0NBь 

=87ь:C ?;8==VABь V AE8;ь=V 4> 30@OG>3> @>7@82C, I> CA:;04=Nє WE ;8BBO [40].   

#V428I5==O 2 A8;C<V=V ��9 2 2<VABC 70;V70 7 0,05 4> 1,1 % ?@872>48Bь 4> 

7=865==O 2V4=>A=>3> ?>4>265==O 7 7,3 4> 1,4 % 2 ;8B><C AB0=V B0 7 5,7 % 4> 4,2 % 

2 B5@<>>1@>1;5=><C, B>1B> 2 1,4...2,4 @078. �>4=>G0A ;53C20==O ��9 2 <0@30=F5< 

C :V;ь:>ABV 0,2...0,3 <0A. % ?@872>48Bь 4> ?V428I5==O ?;0AB8G=>ABV C 1,5&2,0 @078, 

I> A2V4G8Bь ?@> B5, I> <0@30=5Fь =59B@0;V7Cє =530B82=89 2?;82 70;V70 [41]. 

� <5B>N ?V428I5==O <5E0=VG=8E 2;0AB82>AB59 7024O:8 7=865==N @V2=O 

@>7G8=5=8E 307V2 V 7<5=H5==N :V;ь:>ABV =5<5B0;528E 2:;NG5=ь, 0 B0:>6 7<V=8 

<>@D>;>3VW V=B5@<5B0;V4=8E D07 ?@>2>4OBь @0DV=C20;ь=>-<>48DV:C20;ь=C >1@>1:C 

@>7?;02V2. �81V@ <5B>4C @0DV=C20==O 70;568Bь 2V4 ?52=8E :@8B5@VW2. �8E>4OG8 7 

:@8B5@VN 5:>=><VG=>ABV, =09H8@H>3> ?>H8@5==O =01C;8 >1@>1:0 @>7?;02V2 

D;NA0<8 V ?@>4C20==O @0DV=C20;ь=8<8 3070<8. #V4 G0A >1@>1:8 @>7?;02C D;NA0<8 

2840;ONBьAO =5<5B0;52V 2:;NG5==O, 0 @07>< 7 =8<8 9 04A>@1>20=89 2>45=ь. �V;ьH 

28A>:89 ABC?V=ь 453070FVW 70157?5GCє ?@>4C20==O @0DV=C20;ь=8<8 3070<8. � 

V=5@B=8E 307V2 =09H8@H>3> ?>H8@5==O =01C;8 >4=>0B><=89 307 0@3>=, 20@BVABь 

O:>3> 7=0G=> <5=H0 70 V=HV 3078. �> 28A>:>5D5:B82=8E 307V2 2V4=>AOBь B0:>6: 07>B 

(N2), E;>@ (Cl2), DB>@ (F2), D@5>= (CCl2F2). "4=0: C =0H G0A, 28E>4OG8 7 C<>2 

5:>;>3VG=>W 157?5:8, 28:>@8AB0==O Cl2, F2 B0 CCl2F2 ?@0:B8G=> ?@8?8=5=>. �7>B =5 

є B>:A8G=8< 307><, 0 9>3> 20@BVABь C 12...20 @07V2 =86G0 70 20@BVABь 0@3>=C. "4=0: 

?@8 9>3> 28:>@8AB0==V, 7 ?V428I5==O< B5<?5@0BC@8 >1@>1:8, 71V;ьHCєBьAO 

9<>2V@=VABь CB2>@5==O =VB@84V2 0;N<V=VN V <03=VN, I> ?@872>48Bь 4> 7<5=H5==O 

?;0AB8G=>ABV A?;02V2. �8:>@8AB>2CNBь N2 7451V;ьH>3> ?V4 G0A =87ь:>B5<?5@0BC@=>W 

>1@>1:8 4;O >B@8<0==O 28;82:V2 7 C;ьB@048A?5@A=>N 01> 6 0<>@D=>N AB@C:BC@>N. 

#@>2545=> 4>A;V465==O 2?;82C @0DV=C20;ь=>-<>48DV:C20;ь=>W >1@>1:8 =0 

AB@C:BC@C V 2;0AB82>ABV A8;C<V=V2 (��9 2, ��8 3) V 45D>@<V2=8E A?;02V2  

(��, ��4) C ;8B><C AB0=V [41].  >48DV:C20==O A?@8O;> ?V428I5==N @V2=O 

<5E0=VG=8E 2;0AB82>AB59, I> AB0;> @57C;ьB0B>< ?>;V?H5==O AB@C:BC@8 A?;02V2 

7024O:8 7<V=V <>@D>;>3VW ?@8ACB=VE D07, ?V428I5==N WE=ь>W 48A?5@A=>ABV B0 1V;ьH 
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@V2=><V@=><C @>7?>4V;C 2 <0B@8FV A?;02C, 7=865==N :V;ь:>ABV @>7G8=5=8E 307V2 V 

7<5=H5==N 307>2>W ?>@8AB>ABV [41]. 

�0;V7>2<VA=V D078, O:V O: ?@028;> 7=86CNBь <5E0=VG=V E0@0:B5@8AB8:8, ?@8 

70AB>AC20==V <>48DV:C20;ь=>W >1@>1:8 =01C;8 D>@<8 3;>1C; V :8B09Aь:8E ?8Aь<5=, 

0 WE=V9 EV<VG=89 A:;04 2V4?>2V402 D>@<C;V Al15(Fe,Mn)3Si (2V4?>2V4=> 4>  

�.(.  >=4>;ьD>) [42]. %E>6V @57C;ьB0B8 >B@8<0=> 02B>@0<8 Benyou Liu B0 V=H8<8 

[43] 4;O A?;02V2 A8AB5< Al-Si-Fe-Mn-Cr 7 @V7=8<8 C<>20<8 B25@4V==O, B0:>6 =8<8 

?>:070=>, I> ?>@V2=O=> 7 0B><0<8 Mn, 0B><8 Cr <0NBь 1V;ьHC AE8;ь=VABь 4> CG0ABV 

2 CB2>@5==V V=B5@<5B0;V4V2, B><C CB2>@N20;8Aь 1V;ьH A:;04=V A?>;C:8 

Al15(Fe,Mn,Cr)3Si2. 'B2>@5==O 1V;ьH A:;04=8E V=B5@<5B0;V4=8E A?>;C: 284C 

Al15(Fe,Mn,Cr)3Si2 , =0 2V4<V=C 2V4  Al5FeSi, =5 ?@872>48Bь 4> @V7:>3> 7<5=H5==O 

3@0=8FV <VF=>ABV B0 ?;0AB8G=>ABV G5@57 WE :><?0:B=C B0 @>730;C65=C D>@<C. 

�0AB>AC20==O :><?;5:A=8E <>48DV:C20;ь=8E ?@5?0@0BV2 4>72>;8;> >B@8<0B8 

?V428I5==O @V2=O <5E0=VG=8E 2;0AB82>AB59 4;O A?;02V2 ��4, ��9 2, ��8 3 70 

3@0=8F5N <VF=>ABV =0 7...38 %, 2V4=>A=8< ?>4>265==O< =0 6...57 %, C40@=>N 

2'O7:VABN =0 24...49 % V B25@4VABN =0 3...54 %, 70 @0EC=>: 7<V=8 <>@D>;>3VW B0 

B>?>3@0DVW :><?;5:A=8E D07, ?V428I5==O WE=ь>W 48A?5@A=>ABV, 7=865==O @V2=O 

@>7G8=5=8E 307V2 B0 7<5=H5==O :V;ь:>ABV 307>28E ?V@, ?V428I5==O 3CAB8=8  

28;82:V2 [44]. 

�AB0=>2;5=>, I> ?@8 28?;02FV A?;02C 2 ?>;C<'O=V9 2V4182=V9 ?5GV ?V4 

?>:@82=8< D;NA>< (33 <0A. % KCl, 67 <0A. % NaCl) 7 ?>40;ьH8< ?@>4C20==O< 

@>7?;02C @0DV=C20;ь=8< D;NA>< (45 <0A. % NaCl, 15 <0A. % KCl, 40 <0A. % AlF3) 

70 4>?><>3>N AB8A=5=>3> ?>2VB@O (702>4Aь:0 B5E=>;>3VO), ��5 2 <02 =0ABC?=V 

2;0AB82>ABV: Ϭ2 = 95...105  #0, 2V4=>A=5 ?>4>265==O · = 1,65...2,95 %, 2V4=>A=5 

72C65==O ψ = 2,0...2,1 %, B25@4VABь !� = 500 #0, C40@=C 2'O7:VABь  

KCU = 0,0875...0,125  �6/<2 V 3...4 10; ?>@8AB>ABV 70 �%&' 2839-94 [45]. 

 V:@>0=0;V7 ?>:0702, I> 4> @0DV=C20;ь=>W >1@>1:8 2 AB@C:BC@V A?;02C 

<VAB8;0AO 7=0G=0 :V;ь:VABь V=B5@<5B0;V4V2 Al5FeSi ?;0AB8=G0AB>W B0 3>;G0AB>W 

1C4>28 7 ?0@0<5B@>< D>@<8 » =30...46 (2V4=>H5==O 4>268=8 2:;NG5==O 4> 9>3> 

H8@8=8). #VA;O @0DV=C20;ь=>W >1@>1:8 70;V7>2<VA=0 D070 =01C;0 D>@<8 :8B09Aь:8E 
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Vє@>3;VDV2, 0 WW A:;04 2V4?>2V402 Al15(FeMn)3Si2. �V47=0G5=> ?>78B82=89 2?;82 

<0@30=FN =0 <>@D>;>3VN 70;V7>2<VA=8E D07 V ?V428I5==O ?;0AB8G=>ABV A?;02C. 

&5@<VG=0 >1@>1:0 70 @568<>< &5 30@BC20==O B0 HBCG=5 AB0@V==O 70157?5G8;0 

?V428I5==O 48A?5@A=>ABV D07 V @V2=O <5E0=VG=8E 2;0AB82>AB59: <560 <VF=>ABV  

Ϭ2 ‒ 135  #0, 2V4=>A=5 ?>4>265==O · ‒ 1,2%, C40@=0 2'O7:VABь  

KCU ‒ 0,047  �6/<2 [46]. 

' @>1>BV  VBOє20 ".�.  [47] ?>:070=0 5D5:B82=VABь >1@>1:8 A?;02C ��9 2 70 

4>?><>3>N ?@>4C2:8 @>7?;02C D;NA>< 4> A:;04C O:>3> 22V9H;8 E;>@848 :0;VN V 

=0B@VN, :0@1>=0B =0B@VN, DB>@84 0;N<V=VN, AV@:0 B0 :0@1V4 :@5<=VN. �AB0=>2;5=>, 

I> 7=865==O 2 @57C;ьB0BV @0DV=C20;ь=>-<>48DV:C20;ь=>3> >1@>1;5==O ?0@0<5B@0 

D>@<8 » V=B5@<5B0;V4V2 2 ;8B><C AB0=V 7 9,3 4> 2,7 70157?5G8;> ?V428I5==O 3@0=8FV 

<VF=>ABV =0 39 %, 2V4=>A=>3> 284>265==O =0 43 %, C40@=>W 2'O7:>ABV =0 21 % V 

B25@4>ABV =0 41 %. �;O B5@<>>1@>1;5=>3> AB0=C 7=865==O ?0@0<5B@0 » 7 5,5 4> 1,7 

A?@8O;> 71V;ьH5==N 3@0=8FV <VF=>ABV =0 17 %, 2V4=>A=>3> 284>265==O =0 80 %, 

C40@=>W 2'O7:>ABV =0 51 % V B25@4>ABV =0 23 %. 

�;5<5=B8, I> 2E>4OBь 4> A:;04C D;NAC, 2?;820NBь =0 AB@C:BC@C =0ABC?=8< 

G8=><. �0;>35=V48 =0B@VN, :0;VN B0 0;N<V=VN 2V4?>2V40NBь 70 CB2>@5==O 70E8A=>W 

?;V2:8 =0 ?>25@E=V @>7?;02C, 04A>@1FVN H;0:V2 V 28;CG5==O @>7G8=5=>3> C A?;02V 

2>4=N. !0B@V9 V :0;V9, O:V є ?>25@E=52> 0:B82=8<8 @5G>28=0<8, 7=86CNBь 

?>25@E=5289 =0BO3 =0 3@0=8FV @>7?>4V;C «:@8AB0;-@V48=0». !0O2=VABь AV@:8 <0є 

:><?;5:A=C 4VN, 2>=0 CB2>@Nє 25;8:C :V;ь:VABь 307>?>4V1=>3> ?@>4C:BC, O:89 

?@>E>4OG8 :@V7ь @>7?;02 A?@8Oє @0DV=C20==N, 70 ?@8=F8?>< 04A>@1FVW B0 D;>B0FVW 

<5B0;C 2V4 =5<5B0;528E 2:;NG5=ь V @>7G8=5=8E 307V2 [47].  

"B65 4> 5;5<5=BV2 :><?5=A0B>@V2 70;V70 C 0;N<V=Vє28E A?;020E 2V4=>AOBь: 

=V:5;ь, <0@30=5Fь, E@><, <>;V145=, :>10;ьB, :04<V9, 20=04V9, 15@8;V9. �E >A=>2=0 

@>;ь ?>;O30є C 7<V=V <>@D>;>3VW 70;V7>2<VA=8E D07 7 ?;0AB8=G0AB>W =0 @>730;C65=C 

01> :><?0:B=C D>@<C. ' ?>є4=0==V V7 DV78G=8<8 <5B>40<8 2?;82C =0 @>7?;02, 

B0:8<8 O: B5<?5@0BC@=0 >1@>1:0, C;ьB@072C: 01> 5;5:B@8G=89  

AB@C< <>48DV:C20;ь=89 5D5:B <>65 71V;ьHC20B8AO 70 @0EC=>: 0:B820FVW  

4>40B:>28E <5E0=V7<V2 2?;82C =0 AB@C:BC@>CB2>@5==O ?V4 G0A :@8AB0;V70FVW.  
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1.2.3 �?;82 H284:>ABV >E>;>465==O =0 AB@C:BC@C V 2;0AB82>ABV 

A8;C<V=V2 

 

 

�8A>:0 H284:VABь >E>;>465==O 70AB>A>2CєBьAO 4;O >B@8<0==O 28;82:V2 V7 

4@V1=>N AB@C:BC@>N V 28A>:8<8 <5E0=VG=8<8 E0@0:B5@8AB8:0<8. "4=0: >B@8<0==O 

AB01V;ь=>W AB@C:BC@8 <>6;82> ;8H5 ?@8 283>B>2;5==V B>=:>ABV==8E 28;82:V2 V 

;8BBV C :>:V;ь. 

' AB0BBV Wladysiak R. [48] =02545=> @57C;ьB0B8 4>A;V465==O ?@>F5AC 

:@8AB0;V70FVW B0 >E>;>465==O 4>A;V4=>W ;820@=>W D>@<8 7 28:>@8AB0==O< 2>4O=>3> 

BC<0=C, AB8A=5=>3> ?V4 B8A:>< 0,20&0,45  #0. #>:070=> E0@0:B5@ 7<V=8 

B5<?5@0BC@8 C 28;82:C 7 Al-11Si V 2 ABV=FV ;820@=>W D>@<8 70 4>?><>3>N B5@<VG=8E 

V ?>EV4=8E :@828E B0 @53@5AV9=8E <>45;59. #@54AB02;5=> 7<V=C B5<?5@0BC@8 2 

?@>F5AV :@8AB0;V70FVW B0 >E>;>465==O 4>A;V46C20=8E 4V;O=>: 28;82:0, B>2I8=0 

ABV=:8 O:8E 7<V=NєBьAO 2 4V0?07>=V 5 4> l5 <<. #>:070=> >1;04=0==O, I> 

28:>@8AB>2CєBьAO 4;O AB2>@5==O 2>4O=>3> BC<0=C, O:89 >E>;>46Cє ;820@=C D>@<C, 

B0 A?5FV0;ь=> @>7@>1;5=89 >15@B>289 AB@C<5=5289 >E>;>46C20G 4;O @>7?8;5==O 

2>48. #>:070=>, I> 28:>@8AB0==O 2>4O=>3> BC<0=C V 7<V=0 B>2I8=8 ABV=:8 28;82:0, 

I> >E>;>46CєBьAO B>G:>2>, 4>72>;Oє :5@C20B8 ?@>F5A>< :@8AB0;V70FVW, 

<V:@>AB@C:BC@>N V O:VABN A8;C<V=>2>3> 28;82:0. 

$>1>B0 [49] є ?@>4>265==O< 4>A;V465=ь 7 28:>@8AB0==O >E>;>465==O 

2>4O=8< BC<0=>< 4;O ?V428I5==O 5D5:B82=>ABV ?@>F5AC ;8BBO ?V4 B8A:>< 

0;N<V=Vє28E A?;02V2. ' @>1>BV >?8A0=> @57C;ьB0B8 28?@>1C20=ь B0 0=0;V7 <5B>4V2 

>E>;>465==O ?V4 G0A 283>B>2;5==O 28;82:V2. *V A?>A>18 2V4@V7=ONBьAO >48= 2V4 

>4=>3> ?>A;V4>2=VABN >E>;>465==O ;820@=>W D>@<8 V ?@872>4OBь 4> 5D5:B82=8E 

7<V= <V:@>AB@C:BC@8 B0 <5E0=VG=8E 2;0AB82>AB59 28;82:V2 7V A?;02C Al-11Si. 

�>A;V465==O ?>:070;>, I> 28:>@8AB0==O 1030B>B>G:>2>3> ?>A;V4>2=>3> 

>E>;>465==O 2>4O=8< BC<0=>< 2?;820є =0 ?>:@0I5==O <V:@>AB@C:BC@8 B0 

7<5=H5==O A53@530FVW C 28;82:C, 0 B0:>6 1V;ьH =V6 =0 20% ?V428ICє <5E0=VG=V 

2;0AB82>ABV 28;82:V2 C ;8B><C AB0=V. �>A;V465==O B0:>6 45<>=AB@Cє, I> 
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?>A;V4>2=5 >E>;>465==O ;820@=>W D>@<8 ?@8A:>@Nє >E>;>465==O 28;82:0 V 

A:>@>GCє F8:; ;8BBO ?V4 B8A:><.  

!0?@8:;04, 02B>@0<8 Wladysiak R., Kozun A. B0 Pacyniak T. [50], =0 4>A;V4=V9 

CAB0=>2FV 7 ?>A;V4>2=8< 1030B>B>G:>28< >E>;>465==O< 1C2 2V4;8B89 

=5<>48DV:>20=89 A?;02 Al-20%Si 70 4>?><>3>N A?5FV0;ь=>W :><?'NB5@=>W 

?@>3@0<8. *59 <5B>4 4>72>;Oє AD>@<C20B8 <V:@>AB@C:BC@C 7052B5:B8G=>3> A?;02C 

Al-20%Si, 0 B0:>6 ?V428I8B8 B25@4VABь. ' <V:@>AB@C:BC@V >E>;>465=8E 7@07:V2 1C;8 

28O2;5=V ?5@28==V :@5<=Vє2V 45=4@8B8. !0 >A=>2V F8E 45=4@8BV2 ?>OA=5=> 

CB2>@5==O ?5@28==8E G0AB8=>: :@5<=VN. "E>;>465==O ;820@=>W D>@<8 AB@C<5=5< 

2>4O=>3> BC<0=C 28:;8:0є 7<V=8 2 B25@4V==V, I> ?@872>48Bь 4> @>7H8@5==O 

?@8:>@4>==>3> H0@C 7V AB>2?G0AB8<8 :@8AB0;0<8 V AB8A=5==O A5@F528==>W 7>=8 7 

@V2=>>Aь>28<8 :@8AB0;0<8. *5 B0:>6 ?@872>48Bь 4> 1V;ьH @V2=><V@=>3> @>7?>4V;C 

B25@4>ABV =02:>;> 4>52B5:B8G=8E :@8AB0;V2 Si, I> ?@8725;> 4> ?V428I5==O 

B25@4>ABV 52B5:B8:8 =0 24%. 

' @>1>BV [51] 4>A;V46C20;8 2?;82 H284:>ABV :@8AB0;V70FVW =0 AB@C:BC@C V 

<5E0=VG=V 2;0AB82>ABV 45D>@<V2=8E 0;N<V=Vє28E A?;02V2. $V7=C H284:VABь 

>E>;>465==O >B@8<C20;8 70;82:>N A?;02V2 C ;820@=V D>@<8, C O:8E :>5DVFVє=B8 

B5?;>?@>2V4=>ABV 2 V=B5@20;V 4>A;V46C20=8E B5<?5@0BC@ (660 ± 20 °%) =0 ?>@O4:8 

2V4@V7=O;8AO >48= 2V4 >4=>3> (2V4 0,8 4> 377 :�B/<;�). (>@<8 1C;> 283>B>2;5=> 7 

@V7=8E <0B5@V0;V2: DB>@D;>3>?VB, :20@F>25 A:;>, 3@0DVB B0 <V4=0 2>4>>E>;>46C20=0 

D>@<0. �AB0=>2;5=>, I> @>7<V@ 75@5= ³-D078 4;O A?;02V2 �95 B0 �16 7<5=HC202AO 

4> 120&200 <:< (4;O H284:>AB59 >E>;>465==O 2,5&8,8 °%/A) V 4> 40&70 <:< (4;O 

H284:>ABV >E>;>465==O ~1000 °%/A).  

�<5=H5==O H284:>ABV >E>;>465==O ?@8 30@BC20==V <0є =57=0G=89 2?;82 =0 

@>7<V@ V :V=5B8:C 7@>AB0==O 284V;5=ь C 75@=V, 0;5 ?@872>48Bь 4> C:@C?=5==O 

AB01V;ь=8E D07 =0 25;8:>2C3;>28E V AB01V;ь=8E :>@4>=0E [52]. #@>4C:FVN >B@8<0=C 

?@8A:>@5=8< 70B25@4V==O< =07820NBь @V7=8<8 =0720<8. �=:>;8 <>6=0 7CAB@VB8 

=072C 4@V1=>:@8AB0;VG=89 <>48DV:0B>@ (�� ), 4@V1=>:@8AB0;VG=0 ;V30BC@0 (���), 

01> 4@V1=>:@8AB0;VG=89 ?5@5?;02 (��#). ' =0H><C 28?04:C <8 1C45<> 

?@8B@8<C20B8AO =0728 4@V1=>:@8AB0;VG=0 H8EB0 (��,). 
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' @>1>B0E �CF>2>W �.�. [53,54] =02545=V @57C;ьB0B8 4>A;V465=ь 2?;82C 

;53C20;ь=8E 5;5<5=BV2 B0 H284:>ABV >E>;>465==O  =0 <V:@>AB@C:BC@C, D07>289 

A:;04, <5E0=VG=V 2;0AB82>ABV 7052B5:B8G=8E ?@><8A;>28E ?>@H=528E A8;C<V=V2. �0 

4>?><>3>N <5B0;>3@0DVG=>3> V @5=B35=>AB@C:BC@=>3> 0=0;V7V2 B0 <5B>4V2 :V;ь:VA=>W 

<5B0;>3@0DVW 1C;> 287=0G5=> EV<VG=89 A:;04 4>A;V4=>3> A?;02C 4>40B:>2> 

;53>20=>3> :><?;5:A>< B + Sn C :V;ь:>ABV 0,05 0B. % C <0A.%: 

Si – 18&20 %            Cu – 0,6 % 

Fe – 0,8 %                  Zn – 0,3 % 

Mg – 0,1 %                B, Sn - % 0B. 0,05 

Mn – 0,5  %               Al – >A=>20. 

�C;> 2AB0=>2;5=>, I> D>@<8 @>ABC V 2=CB@VH=O 1C4>20 ?5@28==8E :@8AB0;V2 

β-Si B25@4>3> @>7G8=C 70;560Bь 2V4 2<VABC :@5<=VN 2 A?;02V V H284:>ABV 

>E>;>465==O. � 7052B5:B8G=8E A?;020E Al-Si  7 :>=F5=B@0FVєN :@5<=VN ?@81;87=> 

20% D>@<CNBьAO @><1VG=V, 35:A03>=0;ь=V V B5B@054@8G=V ?5@28==V :@8AB0;8. 

"E>;>465==O V7 H284:VABN 102&103 ℃/A ?@872>48Bь 4> >B@8<0==O VAB>B=> 

=5>4=>@V4=>W AB@C:BC@8, ?>O28 4V;O=>: 7 25;8:>N :V;ь:VABN ?A524>?5@28==8E 

:@8AB0;V2  ³-Al. �1V;ьH5==O H284:>ABV >E>;>465==O A?@8Oє 71V;ьH5==N :V;ь:>ABV 

52B5:B8:8 4>A;V465=8E A?;02V2 V 7<5=H5==N @>7<V@C ?5@28==8E :@8AB0;V2 β-Si 

B25@4>3> @>7G8=C [53].  

�@>AB0==O H284:>ABV >E>;>465==O 4>A;V465=8E ?>@H=528E ?@><8A;>28E 

A8;C<V=V2 4> 10&103 ℃/A 7<V=Nє V=B5@20; 7=0G5=ь <V:@>B25@4>ABV ?5@28==8E 

:@8AB0;V2 β-Si B25@4>3> @>7G8=C, 7=86Cє <V:@>B25@4VABь ?@8 H284:>ABV 

>E>;>465==O 102&103 ℃/A, V ?@0:B8G=> =5 7<V=Nє WW ?@8 10 ℃/A. � B>9 65 G0A, 

?V428I5==O H284:>ABV >E>;>465==O 28:;8:0є 45O:5 71V;ьH5==O <V:@>B25@4>ABV 

52B5:B8G=>W A:;04>2>W 4> 7=0G5=ь 70&120  #0 (V=:>;8 4> 140  #0) [54]. 

�2B>@>< %:@51F>28< �. . [55] 2AB0=>2;5=>, I> ?@8 ;53C20==V A8;C<V=C 

:><?;5:A>< B+Sn C :V;ь:>ABV 0,05 0B. %, A?>AB5@V30єBьAO =09A?@8OB;82VH89 

:><?;5:A <5E0=VG=8E 2;0AB82>AB59: <V:@>B25@4>ABV ?5@28==8E :@8AB0;V2 β-Si, 

B25@4>3> @>7G8=C, B25@4>ABV 52B5:B8G=>W A:;04>2>W V B25@4>ABV A?;02C 2FV;><C.  
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$V7=V B>G:8 7>@C 2V4=>A=> ?@>F5AV2, I> 2V41C20NBьAO 2 @>7?;02V ?@8 

B5<?5@0BC@V @>7G8=5==O, 4>A;V46C20;8AO =0C:>2>N H:>;>N �@E0@>20 �.�. �>=8 

22060NBь, I> ?@8 B5<?5@0BC@V, O:0 ?5@528ICє B5<?5@0BC@C @>7G8=5==O, :;0AB5@8 

?>2=VABN 7=8:0NBь, @V48=0 AB0є AB@C:BC@=> >4=>@V4=>N V A:;040єBьAO 28:;NG=> 7 

@>7C?>@O4:>20=>W 7>=8. "4=0:, C @>1>B0E V=H8E 02B>@V2, O:V =02545=V  

%:@51F>28< �. . [56] 2V47=0G0єBьAO, I> ?@8 B5<?5@0BC@V =01;865=V9 4> 

B5<?5@0BC@8 @>7G8=5==O, 5=5@3VO B5?;>2>3> @CEC G0AB8=>: C @>7?;02V AB0є 

A?V2<V@=>N 7 5=5@3VєN @>7@82C =091V;ьH <VF=8E <V60B><=8E 270є<>4V9 C 

=5@V2=>206=8E 0B><=8E 0A>FV0FVOE. &5?;>20 @V2=>2030 @C9=Cє WE, V @>7?;02 2B@0G0є 

A2>N A?04:>2VABь.  

' <5B0;VG=><C @>7?;02V 74V9A=NєBьAO @>7?04 :;0AB5@V2 ?@8 =0O2=>ABV 

3VAB5@578AC, I> E0@0:B5@87CєBьAO :>=AB0=B>N ?5@5B2>@5==O B0 5=5@3VєN 0:B820FVW. 

' @>1>BV #@83C=>20 %.�. [57] 2AB0=>2;5=>, I> 2 C<>20E 3;81>:>3> ?5@5>E>;>465==O 

?@8 @0FV>=0;ь=8E ?0@0<5B@0E IV;ь=>ABV V G0AB>B8 >1@>1;5==O 5;5:B@8G=8< 

AB@C<>< 2V41C20NBьAO 7<V=8 C ?@>F5A0E B25@4V==O 2=0A;V4>: 5;5:B@>?5@5=>AC B0 

?5@5@>7?>4V;C 70;V70 V <0@30=FN <V6 @>7C?>@O4:>20=>N 7>=>N B0 :;0AB5@0<8. 

&0:8< G8=>< <>6=0 22060B8, I> 4Vє28< <><5=B>< 2?;82C =0 AB@C:BC@C B0 

2;0AB82>ABV Al-A?;02V2 є H284:VABь >E>;>465==O, ?>B5=FV9=V <>6;82>ABV 2?;82C 

O:>W =0 :>=:@5B=V A?;028 I5 4> :V=FO =5 282G5=V. 

 

 

1.2.4 (V78G=V <5B>48 2?;82V2 =0 @>7?;02 

 

 

�> DV78G=8E <5B>4V2 2?;82C 2V4=>AOBь >1@>1:C @>7?;02C 01> 28;82:0 

B5<?5@0BC@>N, C;ьB@072C:><, 5;5:B@><03=VB=8<8 ?>;O<8 01> V<?C;ьA0<8. 

$57C;ьB0B>< 2?;82C 2AVE F8E <5B>4V2, O: ?@028;>, є ?>4@V1=5==O <V:@>AB@C:BC@8 

28;82:V2 B0, O: =0A;V4>:, ?V428I5==O <5E0=VG=8E 2;0AB82>AB59. "4=8< V7 

=09?@>ABVH8E B0 =091V;ьH @>7?>2AN465=8E <5B>4V2 ?V428I5==O <5E0=VG=8E 
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2;0AB82>AB59 45B0;59 V7 A8;C<V=V2 є B5@<VG=0 >1@>1:0 [58].  �>A;V465==O< 2?;82C 

B@820;>ABV B5@<>>1@>1:8, B5<?5@0BC@8 =03@V20==O, A:;04C 0;N<V=Vє28E A?;02V2 

?@8A2OG5=0 25;8:0 :V;ь:VABь @>1VB. 

' AB0BBV [59] =02545=> @57C;ьB0B8 28?@>1C20=ь, A?@O<>20=8E =0 4>A;V465==O 

2?;82C ?@>2545=8E >?5@0FV9 B5@<VG=>W >1@>1:8 =0 7<V=C <56V <VF=>ABV ?@8 

@>7BO3C20==V A8;C<V=C EN AC-42000, <>48DV:>20=>3> AB@>=FVє<. �>A;V46C20=89 

A?;02 28?;02;O;8 2 5;5:B@8G=V9 ?5GV >?>@C. #5@51V3 ?@>F5AC :@8AB0;V70FVW 

@5єAB@C20;8 70 4>?><>3>N B5@<VG=>3> ?>EV4=>3> 0=0;V7C, V =0 >A=>2V Fь>3> 0=0;V7C 

287=0G0;8 B5<?5@0BC@=89 4V0?07>= B5@<VG=>W >1@>1:8 A?;02C. #@>2545=0 B5@<VG=0 

>1@>1:0 ?@8725;0 4> 7<V=8 <5E0=VG=8E 2;0AB82>AB59 4>A;V46C20=>3> A?;02C, 0 

?@>2545=V 28?@>1C20==O 4>72>;8;8 287=0G8B8 B5<?5@0BC@C V B@820;VABь @>7G8=5==O 

B0 28B@8<:8, O:V 7C<>2;NNBь ?>:@0I5==O 9>3> <5E0=VG=8E 2;0AB82>AB59. 

!091V;ьHV 7=0G5==O 4;O 3@0=8FV <VF=>ABV 1C;8 >B@8<0=V ?@8 B5<?5@0BC@V AB0@V==O 

165℃ B0 G0AC 28B@8<:8 5&8 3>4., 0 =091V;ьHV 7=0G5==O ?;0AB8G=>ABV ?@8 

B5<?5@0BC@V AB0@V==O 325℃ B0 G0AC 28B@8<:8 5&8 3>4. 

!0?@8:;04, C @>1>BV %:C91V48 ".�. [60] 4>A;V46C20;8 70;56=VABь 

?;0AB8G=>ABV A?;02C AK8M3 2V4 G0AC 28B@8<:8 ?@8 30@BC20==V. �<V=8 <5E0=VG=8E 

2;0AB82>AB59 =0?@O<C ?>2’O70=V V7 7<V=0<8, I> 2V41C20;8AO 2 A?;02V, 7>:@5<0: 

- ?>4@V1=5==O B0 48D5@5=FVN20==O G0AB8=>: 52B5:B8G=>3> :@5<=VN, I> 

2?;820;> =0 ?;0AB8G=VABь A?;02C; 

- @>7G8=5==O =04;8H:>28E D07, I> 2?;820;> =0 ?;0AB8G=VABь B0 V=HV 

<5E0=VG=V 2;0AB82>ABV A?;02C; 

- :>03C;OFVO B0 >3@C1V==O :@5<=Vє2>W 52B5:B8:8. *V ?@>F5A8 7=86C20;8 

?;0AB8G=VABь ?@>BO3>< B@820;>W 28B@8<:8 ?@8 B5<?5@0BC@V 30@BC20==O; 

- 7<VF=5==O B25@4>3> @>7G8=C, O:5 ?@872>48;> 4> 7<5=H5==O ?;0AB8G=>ABV. 

�84V;5==O 7 B25@4>3> @>7G8=C 4@V1=>48A?5@A=8E G0AB8=>: V=B5@<5B0;V4=8E 

D07 ?@8 AB0@V==V A?@8O;> ?V428I5==N 3@0=8FV <VF=>ABV =0 @>7BO3. #@8 28A>:8E 

:>=F5=B@0FVOE 70;V70 A?>AB5@V30єBьAO 71V;ьH5==O B25@4>ABV A?;02C. �AB0=>2;5=>, 

I> >?B8<0;ь=89 G0A 28B@8<:8 ?@8 AB0@V==V 70;5602 2V4 2<VABC 70;V70 2 A?;02V, 
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=0?@8:;04, 4;O A?;02V2 V7 2<VAB>< 0,51&0,65 <0A. % Fe >?B8<0;ь=>N 1C;0 28B@8<:0 

?@>BO3>< 7&8 3>4., 0 4;O A?;02V2 7 1,05&1,19 <0A. % Fe – 10&11 3>4. 

�@82V 70;56=>ABV <5E0=VG=8E 2;0AB82>AB59 [60] (B25@4>ABV, <VF=>ABV, 

?;0AB8G=>ABV) 7<VIC20;8AO 274>26 >AV G0AC 28B@8<:8 C >1;0ABь 1V;ьH 28A>:8E 

?>:07=8:V2 B0 70;560;8 2V4 :>=F5=B@0FVW 70;V70 2 A?;02V. �<VI5==O F8E >?B8<C<V2 

A2V4G8Bь ?@> =5>1EV4=VABь 71V;ьH5==O G0AC 28B@8<:8 ?@8 30@BC20==V B0 AB0@V==V 7V 

71V;ьH5==O< :>=F5=B@0FVW 70;V70 2 A?;02V. "B65, 7030;ь=89 283;O4 3@0DVG=8E 

70;56=>AB59 ?;0AB8G=>ABV 2V4 G0AC 28B@8<:8 ?@8 30@BC20==V 287=0G0єBьAO 

270є<>4VєN @V7=8E DV78G=8E B0 EV<VG=8E ?@>F5AV2 C <5B0;52><C A?;02V, O:V <>6CBь 

1CB8 :>=B@>;ь>20=V H;OE>< @53C;N20==O C<>2 >1@>1:8 B0 A:;04C A?;02C. 

' @>1>BV Gutierrez V.B. B0 V=.[61]  287=0G5=> :><1V=>20=89 5D5:B >1>E >1@>1>: 

C A?;02V A356 70 4>?><>3>N B5@<VG=>3> 0=0;V7C :@828E >E>;>465==O B0 <V:@>- V 

<0:@>AB@C:BC@=8E 4>A;V465=ь 7@07:V2. �=0;V7 B5@<VG=8E ?0@0<5B@V2 :@828E 

>E>;>465==O ?>:0702, I> ?@8 28:>@8AB0==V 0,2%Ti V 0,03% Sr 4>AO30єBьAO ACBBє289 

@V25=ь <>48DV:0FVW 52B5:B8G=>W D078, 0 B0:>6 4@V1=>75@=8AB0 AB@C:BC@0. %?V;ь=89 

2?;82 >1>E 5;5<5=BV2 ?@872>48Bь 4> 7<V=8 :V=5B8:8 @>ABC O: ?5@28==>W, B0: V 

52B5:B8G=>W D078.  

�2B>@0<8 �CF>2>N �.�., �N?>2>N &.�. [62] >?B8<V7>20=> 2<VAB AB@>=FVN B0 

A:0=4VN 2 A?;02V ��7G. �82G5=> 2?;82 B5@<VG=>W >1@>1:8 =0 AB@C:BC@C A?;02C 

��7G, O:89 <VAB8Bь Sr V Sc 2 >?B8<0;ь=8E :V;ь:>ABOE. )V<VG=89 A:;04 A?;02C O:89 

4>A;V46C20;8: >A=>20 Al-7,0%Si-0,3%Mg-0,1%Mn-0,6%Fe-0,1%Sr-0,5%Sc. 

$5:><5=4CNBь 4;O Fь>3> A?;02C B5@<>>1@>1:C 70 @568<><: &30@B = 530℃,  
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28;82:V2,  >45@60=8E ?@8 B5<?5@0BC@V 800 ℃. � ?V428I5==O< 2’O7:>ABV @>7?;02C, 

?@8 1V;ьH =87ь:8E B5<?5@0BC@0E ;8BBO, @>7<V@ ?>@ 71V;ьHC202AO 2 1,5&2,0 @078, 

>A:V;ь:8 H284:VABь 2840;5==O 2>4=N 7=86C20;0AO.  

�AB0=>2;5=>, I> B25@40 3;>1C;O@=0 D070 <5B0;52>W ACA?5=7VW ?@0:B8G=> =5 

CB2>@N20;0 :0@:0AC, I>, 2 A2>N G5@3C,  70157?5G8;> C=8:=5==O CB2>@5==O 30@OG8E 

B@VI8=. �81V@ @568<V2 =03@V20==O 703>BV2>: V ?>40;ьH>3> WE B8:A>D>@<V=3C 2 

?A524>B25@4><C AB0=V 74V9A=5=> 70 40=8<8 48D5@5=FV9=>3> B5@<VG=>3> 0=0;V7C, =0 

?V4AB02V ?>1C4>20=>W 02B>@0<8 70;56=>ABV «B5<?5@0BC@0 – G0AB:0 @V4:>W D078». � 

28:>@8AB0==O< C;ьB@0B>=:>ABV==8E 35@<5B8G=8E D>@< V7 0;N<V=Vє2>W D>;ь38 
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B>2I8=>N 300 <:< 4>A;V465=> >A>1;82>ABV D>@<C20==O <V:@>AB@C:BC@8 28;82:V2 

4V0<5B@>< 15 <<, >B@8<0=8E V7 @V4:>3> AB0=C @>7?;02C ���10, O:V 30@BC20;8 C 2>4V. 

 #>:070=> [79], I> B5<?5@0BC@0 ;8BBO 700 V 660 ℃, H284:VABь >E>;>465==O 

(3,1&6,2 ℃/A) 2 ?>є4=0==V 7 >4=>G0A=8< 70AB>AC20==O< @>B>@=>W >1@>1:8 

0;N<V=Vє2>3> @>7?;02C ACBBє2> 2?;820;8 =0 <>@D>;>3VN V @>7<V@ 45=4@8BV2 

B25@4>3> @>7G8=C <V4V 2 0;N<V=VW (³-D078). �>:@5<0 ?@8 B5<?5@0BC@V ;8BBO 700 ℃ V 

H284:>ABV >E>;>465==O 6,2 ℃/A C 28;82:0E D>@<C20;0AO =5B8?>20 4;O A?;02C 

45=4@8B=0 AB@C:BC@0 ³-D078. �<5=H5==O  H284:>ABV >E>;>465==O 4> 3,1 ℃/A 2 

C<>20E @>B>@=>W >1@>1:8 :0@48=0;ь=> 7<V=N20;> ?@>F5A B25@4=5==O V ?@872>48;> 

4> D>@<C20==O :><?0:B=>W 4@V1=>:@8AB0;VG=>W AB@C:BC@8 ³-D078. �=B5@<5B0;V48 =0 

>A=>2V 70;V70, I> 1C;8 284V;5=V V7 @>7?;02C, >1@>1;5=>3> @>B>@><, 2 >A=>2=><C 

<0NBь :><?0:B=C <>@D>;>3VN 7 @>7<V@>< >:@5<8E D07 10&15 <:<, O:V 4>A8Bь 

@V2=><V@=> @>7?>4V;O;8AO 70 >1’є<>< 28;82:0.  �;>1C;O@V70FVO ³-B25@4>3> @>7G8=C 

0;N<V=VN, :><?0:B=0 <>@D>;>3VO 70;V7=>W D078 ACBBє2> 2?;820;8 =0 DV78:>-

<5E0=VG=V 2;0AB82>ABV, >A>1;82> =0 ?;0AB8G=VABь, O:0 71V;ьHC20;0Aь 2 3&5 @078, 

?>@V2=O=> 7 28EV4=8< 7@07:><. � ?@>F5AV B8:A>D>@<V=3C B5<?5@0BC@C ?@5AD>@<8 

?V4B@8<C20;8 =0 @V2=V 310&320 ℃. #@8 Fь><C :V;ь:VABь @V4:>W D078 2 

?A524>B25@48E 703>BV2:0E AB0=>28;0  40 %. ,284:VABь  2?CA:C <5B0;C 2 ?>@>6=8=C 

?@5A-D>@<8 A:;040;0 1;87ь:> 50 </A.  5B0;520 ACA?5=7VO <0;0 28A>:C 

@V4:>?;8==VABь V ?>2=VABN 70?>2=N20;0 ?>@>6=8=C (0,2 << E 100 <<) ?> @>7’є<C 

?@5AD>@<8.  5E0=VG=V 2;0AB82>ABV 7@07:V2 ?VA;O B5@<VG=>W >1@>1:8 70 @568<>< &6 

AB0=>28;8: Ϭ2 = 410  #0, · = 5 %, 0 B@VI8=8 =5 A?>AB5@V30;8AO.  

' @>1>BV [80] 4>A;V465=> 2?;82 :V=5B8:8 ;075@=>3> >A0465==O ?>@>H:>2>3> 

H0@C =>28E 28A>:><VF=8E A?;02V2 Al-Mn-Cr-Zr =0 <V:@>AB@C:BC@C V <5E0=VG=V 

2;0AB82>ABV. �0 4>?><>3>N 048B82=8E <5B>4V2 28@>1=8FB20 >B@8<0=> A?;028 7 

28A>:8< ?5@5=0A8G5==O< B25@48E @>7G8=V2 C =04@C:>20=><C AB0=V. *5 70157?5G8;> 

7=0G=5 7<VF=5==O ?@8 AB0@V==V B0 71V;ьH5==O B25@4>ABV 2 >4=><C 7V A?;02V2 4> 40%. 

#>:070=>, I> FV A?;028 ?@840B=V 4;O 28@>1=8FB20 28;82:V2 70 4>?><>3>N 

048B82=8E <5B>4V2 157 @>7B@VA:C20==O ?@8 70B25@4V==V. 
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�;N<V=Vє2V ?>@>H:>2V <0B5@V0;8, I> 28:>@8AB>2CNBьAO 4;O 048B82=8E 

B5E=>;>3V9 <5B>4>< ;075@=>3> >A0465==O, 4>A8Bь G0AB> >18@0NBь =0 >A=>2V 

52B5:B8G=8E A8AB5< Al-Si G5@57 WW =04728G09=C B5E=>;>3VG=VABь, ?@>B5 02B>@0<8  

[81] 2V4<VG0єBьAO, I> <5E0=VG=V 2;0AB82>ABV ?>ABC?0NBьAO 45D>@<V2=8< A?;020<. 

&><C 1C;> 70?@>?>=>20=> 52B5:B8G=89 A?;02 Al + 7,5 <0A. % Ni 4;O 283>B>2;5==O 

45B0;59 <5B>4>< ;075@=>3> >A0465==O <5B0;V2.  

"B@8<0=> 4>A;V4=V 7@07:8 7 3CAB8=>N 99,9%, 2V4ACB=V<8 CA04:>28<8 

B@VI8=0<8 B0 3@0=8F5N <VF=>ABV =0 @>7BO3 270  #0. !572060NG8 =0 A:;04=VABь, 

28A>:C 20@BVABь 2?@>20465==O B0 =87ь:C ?@>4C:B82=VABь <5B>4V2 ;075@=>3> 

A?V:0==O ?>@>H:>28E <5B0;V2, B5E=>;>3VO 4>72>;Oє >B@8<C20B8 45B0;V A:;04=>W 

D>@<8 V AB0є 4540;V ?>?C;O@=VH>N ?@8 HBCG=><C V 4@V1=>A5@V9=><C 28@>1=8FB2V.  

 

 

1.3 *V;V B0 7040GV 4>A;V465==O. 

 

 

�=0;V7 ;VB5@0BC@=8E 465@5; ?>:07Cє, I> 2 ACG0A=><C 28@>1=8FB2V ;8B8E 

45B0;59 7 Al-A?;02V2 ?>ABV9=> 7@>AB0є :V;ь:VABь 28:>@8AB>2C20=>W 2B>@8==>W 

A8@>28=8. 

� @>1>BV AB028;>Aь 70240==O @>7@>1;5==O 5D5:B82=>W B5E=>;>3VW ?5@5@>1:8 

2V4E>4V2 28@>1=8FB20 C 283;O4V ;8B=8:V2 B0 1@0:C ;8BBO C 28A>:>O:VA=V A?;028 B0 

>B@8<0==O O:VA=8E ;8B8E 45B0;59 7 28A>:8< @V2=5< <5E0=VG=8E 2;0AB82>AB59. 

�;O Fь>3> ?>B@V1=> 1C;> 28@VH8B8 =0ABC?=V 7040GV: 

- ?@>0=0;V7C20B8 <5B>48 ?V428I5==O O:>ABV 28;82:V2 7 0;N<V=Vє28E A?;02V2, 

I> 70AB>A>2CNBьAO 2VBG87=O=8<8 B0 70@C1V6=8<8 28@>1=8FB20<8; 

- ?>@V2=OB8 2?;82 O:>ABV H8EB>28E <0B5@V0;V2 =0 AB@C:BC@C V 2;0AB82>ABV 

28;82:V2 7 0;N<V=Vє28E A?;02V2; 

- @>7@>18B8 5:A?5@8<5=B0;ь=C 28A>:>5D5:B82=C B0 <0;>28B@0B=C B5E=>;>3VN 

<>48DV:C20==O, B0 ?>@V2=OB8 WW V7 B5E=>;>3VєN >1@>1:8 <>48DV:0B>@>< K2ZrF6,  O:0 

70AB>A>2CєBьAO =0 �& « "&"$ %�+»; 
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- @>7@>18B8 B5E=>;>3VN >B@8<0==O 4@V1=>:@8AB0;VG=>W H8EB8 7 2V4E>4V2 

28@>1=8FB20; 

- 4>A;V48B8 :><?;5:A=89 2?;82 <>48DV:C20;ь=>3> :><?;5:AC  �-1 V 

4@V1=>:@8AB0;VG=>W H8EB8 =0 AB@C:BC@C V 2;0AB82>ABV 2B>@8==>3> ��7G 7 @V7=8< 

2<VAB>< 70;V70; 

- ?@>25AB8 4>A;V4=>-?@><8A;>25 28?@>1C20==O B5E=>;>3VW :><?;5:A=>W 

>1@>1:8 2B>@8==8E ;820@=8E 0;N<V=Vє28E A?;02V2. 
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$"���� 2  

 �&�$���� &�  �&"�� �"%�����!Ь 

2.1 �81V@ <0B5@V0;V2 B0 <5B>4V2 4>A;V465=ь 

 

 

�B>@8==V A?;028 <VABOBь ?V428I5=C :>=F5=B@0FVN H:V4;828E 4><VH>:, C 

B><C G8A;V 70;V70, I> =530B82=> 2?;820є =0 WE <5E0=VG=V B0 B5E=>;>3VG=V 2;0AB82>ABV. 

&><C 2 40=V9 @>1>BV >A>1;820 C2030 7>A5@5465=0 =0 A?;020E 7 ?V428I5=>N 

:>=F5=B@0FVєN 70;V70. �;O 28:>=0==O ?>AB02;5=8E 7040G 70AB>A>2C20;8Aь =0ABC?=V 

<5B>48: 

- 0=0;V7 EV<VG=>3> A:;04C; 

- <5B0;>3@0DVG=89, D@0:B>3@0DVG=89, @5=B35=>AB@C:BC@=89 0=0;V78; 

- <5E0=VG=V 28?@>1C20==O 7 287=0G5==O< 3@0=8FV <VF=>ABV, 2V4=>A=>3> 

284>265==O B0 B25@4>ABV; 

- <5B>48 <0B5<0B8G=>W AB0B8AB8:8 B0 ?@>3=>7C20==O <5E0=VG=8E 2;0AB82>AB59 

2V4=>A=> A:;04C H8EB8, :>=F5=B@0FVW 70;V70 B0 ?@8A04:8 <>48DV:0B>@0. 

 

 

2.2 &5E=>;>3VO 283>B>2;5==O 4>A;V4=8E A?;02V2 

 

 

' O:>ABV ?@54<5BC 4;O 282G5==O 28:>@8AB>2C20;8AO 4>52B5:B8G=V A?;028 

��7G, �356.2 B0 WE 72>@>BC C 283;O4V ;8B=8:V2. �0=V A?;028 H8@>:> 70AB>A>2CNBьAO 

4;O 283>B>2;5==O ;8B8E 45B0;59, B><C ?5@5@>1:0 2V4E>4V2 2;0A=>3> 28@>1=8FB20 C 

28A>:>O:VA=V A?;028 70;8H0єBьAO 0:BC0;ь=>N 7040G5N =0 ?@>BO7V B@820;>3> G0AC. 

�V4?>2V4=> 4> 4>40B:>2>W C3>48 № 3 2V4 19.03.2015 @. 70 4>3>2>@>< № 2914 

C?@02;V==O 3>;>2=>3> <5B0;C@3C ('� 5B) 1C;> ?@>2545=> 4>A;V4=8Fь:C @>1>BC 7 

<5B>N >?B8<V70FVW B5E=>;>3VW ?5@5@>1:8 2V4E>4V2 A?;02V2 �356.2 V ��7G C A?;028  

7 28A>:8< @V2=5< DV78:>-<5E0=VG=8E 2;0AB82>AB59 V =87ь:>N A>1V20@BVABN,  

:>B@V ?@840B=V 4;O 283>B>2;5==O 45B0;59 2V4?>2V40;ь=>3> ?@87=0G5==O. ' @0<:0E 
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FVєW C3>48 4;O ?@>2545==O ;01>@0B>@=8E 4>A;V4=8E ?;02>: �& « "&"$ %�+»  

=040;> �!&' 0;N<V=Vє2V A?;028 B0 V=HV 28B@0B=V <0B5@V0;8 2  

:V;ь:>ABV (4>40B:8 �, �): 

- A?;02 ��7G �& 28@>1=8FB20 « "&"$ %�+»  - 100 :3, 7>:@5<0 50 :3 

?5@28==>3> V 50 :3 72>@>BC; 

- A?;02 �356.2 28@>1=8FB20 "�LCOA" (!>@253VO) - 100 :3, 7>:@5<0 50 :3 

?5@28==>3> V 50 :3 72>@>BC; 

- D;NA 4;O >1@>1:8 A?;02V2 K2ZrF6 C :V;ь:>ABV 5 :3; 

- ;V30BC@8 Al-Si (25 %), �l-Ni (25 %), Al-Si-Cu (33...35 %), Al-Si-Ti (3...5 %),  

Al-Si-Mn (10 %) ?> 5 :3 :>6=>W, 7030;ь=>N :V;ь:VABN 25 :3. 

�;O ?@83>BC20==O 4>A;V4=8E A?;02V2 C ;01>@0B>@=8E C<>20E 28:>@8AB>2C20;8 

5;5:B@8G=C ?VG >?>@C. �;O ?@83>BC20==O A?;02V2 2 C<>20E 28@>1=8FB20 

28:>@8AB>2C20;8 H0EB=C 307>2C ?VG 7 3@0DVB>28< B83;5< &��-150. 

�01>@0B>@=V ?;02:8 ?@>E>48;8 ?V4 ?>:@82=8< D;NA>< NaCl : KCl C  

A?V22V4=>H5==V 1 : 1 :V;ь:VABN 2 <0A. % 70A8?0=8E =0 4=> B83;O. �02>4Aь:0 

B5E=>;>3VO ?>;O30;0 2 >1@>1FV @>7?;02C ?@8 B5<?5@0BC@V 720 °% <>48DV:0B>@>< 

K2ZrF6 H;OE>< 70<VHC20==O 9>3> =0 475@:0;V G8AB>3> <5B0;C. �:A?5@8<5=B0;ь=0 

B5E=>;>3VO ?>;O30;0 2 >1@>1FV @>7?;02C <>48DV:C20;ь=8< :><?;5:A><  �-1  

70 4>?><>3>N «472V=>G:0»,  ?@8 9>3> 70=C@5==V =0 4=> B83;O 70 BVєW 6 B5<?5@0BC@8 

A?;02C. �>=B@>;ь B5<?5@0BC@8 74V9A=N202AO 70 4>?><>3>N E@><5;ь-0;N<5;52>W 

B5@<>?0@8 B0 0=0;>3>2>-F8D@>2>3> ?5@5B2>@N20G0 MAX6675, DV:A0FVN 

B5<?5@0BC@8 ?@>2>48;8 7 G0AB>B>N 1 �F B0 02B><0B8G=8< 70?8A>< ?>:07=8:V2  

=0 7>2=VH=N ?0<’OBь. &@820;VABь 28B@8<C20==O A?;02C ?VA;O 70:V=G5==O 

<>48DV:C20;ь=>W >1@>1:8 4> :V=FO @>7;82C =5 1V;ьH5 B@ь>E 3>48=. #V4 G0A  

@>1>B8 ?> ?@83>BC20==N A?;02V2 4>B@8<C20;8Aь ?@028; 157?5:8 2V4?>2V4=> 4>  

!#�"# 27.4-1.44-15 «#@028;0 >E>@>=8 ?@0FV ?V4 G0A 28@>1=8FB20 0;N<V=VN» [82]. 

� <5B0;C :>6=>W ?;02:8 2 :>:V;ь 2V4;820;8 ?@87<0B8G=89 28;82>:  

<0A>N 3 :3 (@8A 2.1). #VA;O B5@<VG=>W >1@>1:8 70 @568<>< &6 (30@BC20==O  

535 °% ± 10°%, G0A 28B@8<:8 5 3>48=, >E>;>465==O C 2>4V 20°% + ?>2=5 HBCG=5 
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AB0@V==O 170 °% ± 10°% ?@>BO3>< 8 3>48=) 73V4=> �%&' 2839-94 283>B>2;O;8 H;VD8 

4;O 282G5==O <V:@>AB@C:BC@8 V 7@07:8 4;O <5E0=VG=8E 28?@>1C20=ь. 

 

 

$8AC=>: 2.2 – �8;82>: 

 

 

2.3 �=0;V7 EV<VG=>3> A:;04C 

 

 

�@07:8 4;O EV<VG=>3>, <5B0;>3@0DVG=>3> 0=0;V7C B0 <5E0=VG=8E 28?@>1C20=ь 

28@V70;8AO V7 =86=ь>W G0AB8=8 28;82:0. �;O 0=0;V7C EV<VG=>3> A:;04C :>6=>W ?;02:8 

28:>@8AB>2C20;8 VA:@>289 A?5:B@><5B@ «SPECTROLAB», I> 4>72>;8;> 287=0G0B8 

A:;04 70 20-<0 5;5<5=B0<8 7 B>G=VABN ±0,0001 <0A.%. "A>1;82C C203C ?@84V;O;8 

2<VABC =091V;ьH H:V4;828E 4><VH>: Fe, Pb, Na, Ca B0 ;53C20;ь=8< 5;5<5=B0< Ti, 

Mg, Cu, Cr. 
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2.4  5B0;>3@0DVG=89, D@0:B>3@0DVG=89 V @5=B35=>AB@C:BC@=89 0=0;V78 

 

 

 5B0;>3@0DVG=89 0=0;V7 AB@C:BC@8 <5B0;C ?@>2>48;8 =0 >?B8G=8E 

<V:@>A:>?0E  � -8 B0 «SIGETA MM-700» ?@8 71V;ьH5==OE 2 100 B0  

400 @07. �;O GVB:>3> 28O2;5==O V=B5@<5B0;V4=8E 2:;NG5=ь ?>25@E=N H;VDV2 

>1@>1;O;8 2>4=8< @>7G8=>< :8A;>B 0,5 %HF+0,5 %HNO3+1,5 %HCl 2?@>4>26 10 A. 

$5=B35=>A?5:B@0;ь=89 <V:@>0=0;V7 D07 ?@>2>48;8 =0 @0AB@>2><C 

A:0=C20;ь=><C <V:@>A:>?V  $� -106� ?@8 =0?@C7V ?@8A:>@5==O 5;5:B@>=V2 20 kV 

B0 B>:C 30@<0B8 Ip = 88&92 <�. (@0:B>3@0DVG=89 0=0;V7 ?>25@E=V @C9=C20==O 

?@>2>48;8 =0 7;0<0E 7@07:V2, O:V 28:>@8AB>2C20;8AO 4;O 287=0G5==O 3@0=8FV 

<VF=>ABV V ?;0AB8G=>ABV, ?@8 =0?@C7V ?@8A:>@5==O 5;5:B@>=V2 25 kV B0 B>:C 30@<0B8 

Ip = 100&102 <�, 70 4>?><>3>N B>3> 6 A0<>3> >1;04=0==O.  

�45=B8DV:0FVN D07 ?@>2>48;8 70 4>?><>3>N @5=B35=>AB@C:BC@=>3> 0=0;V7C =0 

48D@0:B><5B@V �$"!-1 2 Cu�³  DV;ьB@C20;ь=><C 28?@><V=N20==V 70 AB0=40@B=>N 

<5B>48:>N. �0?8A 48D@0:B>3@0< 2V41C202AO 7V H284:VABN 1/2 >/E2 70 AE5<>N θ-2θ 7 

D>:CAC20==O< ?> �@53C-�@5=B0=> =0 :CB0E 2V4 20 4> 120>. #0@0<5B@ 3@0B:8 

@>7@0E>2C20;8 70 ?>;>65==O< F5=B@0 <0A >B@8<0=8E 48D@0:B><5B@8G=8E 

<0:A8<C<V2. "A>1;82VABь B0:>3> D>:CAC20==O ?>;O30є 2 B><C, I> 2 @568<V 2V418BBO, 

?V4 G0A @5єAB@0FVW 48D@0:FV9=>3> <0:A8<C<C (hkl) DV:ACNBьAO ;8H5 BV :@8AB0;8, 

G8O :@8AB0;>3@0DVG=0 ?;>I8=0 ?0@0;5;ь=0 4> ?>25@E=V 7@07:0 (=>@<0;ь 4> 

2V41820NG>W ?;>I8=8 Nhkl <0є 1CB8 @>7B0H>20=0 ?0@0;5;ь=> =>@<0;V 4> ?>25@E=V 

7@07:0 Ns).  

 

 

2.5  5E0=VG=V 28?@>1C20==O 

 

 

�;O 287=0G5==O 3@0=8FV <VF=>ABV B0 2V4=>A=>3> 284>265==O V7 =86=ь>W 

G0AB8=8 28;82:0 283>B>2;O;8 @>7@82=V 7@07:8 4V0<5B@>< 5 << B0 4>268=>N @>1>G>W 
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G0AB8=8 25 << 70 �%&' ISO 6892-1:2019 [83]. #VA;O G>3> 7@07:8 ?V44020;8Aь 

@C9=C20==N =0 @>7@82=V9 <0H8=V  P-100 7 DV:A0FVєN 4V03@0<8  

@>7BO30==O. &25@4VABь 287=0G0;8 70 AB0=40@B=>N <5B>48:>N 73V4=> 

 �%&' EN ISO 6506-4:2019 70 �@V=5;;5< [84]. 

 

 

2.6 %B0B8AB8G=0 >1@>1:0 @57C;ьB0BV2 

 

 

$57C;ьB0B8 5:A?5@8<5=BV2 1C;> >B@8<0=> =0 5&10 7@07:0E 4;O :>6=>3> 

20@V0=BC 28?@>1C20=ь. �>A;V465==O ?@>2>48;8 V7 70AB>AC20==O< 0:B82=>3> 

1030B>D0:B>@=>3> 5:A?5@8<5=BC 4@C3>3> ?>@O4:C. �C;> @50;V7>20=> F5=B@0;ь=89 

:><?>78FV9=89 @>B>B015;ь=89 ?;0= ?@8 :V;ь:>ABV D0:B>@V2, I> 7<V=N20;8AO �=3, 

?;5G5 7V@:>28E B>G>: AB0=>28;> d=1,682 [85, 86].  

 0B5<0B8G=5 >1@>1;5==O 5:A?5@8<5=B0;ь=8E 40=8E ?@>2>48;8 7 <5B>N 

>?B8<V70FVW ?@>F5AV2 ?@83>BC20==O H8EB8, >B@8<0==O  7040=>3> EV<VG=>3> A:;04C V 

AB@C:BC@8 A?;02V2, B5E=>;>3VW WE @0DV=C20;ь=>-<>48DV:C20;ь=>3> >1@>1;5==O. ' 

O:>ABV >A=>2=8E D0:B>@V2, I> 2?;820;8 =0 ?0@0<5B@8 >?B8<V70FVW, 1C;> >1@0=>: 

2<VAB 4@V1=>:@8AB0;VG=>W H284:>>E>;>465=>W H8EB8 (��,), 2<VAB 70;V70 2 A?;02V 

B0 :V;ь:VABь <>48DV:C20;ь=>3> :><?;5:AC  �-1 (&' ' 20.1-14307794-269:2017) ?@8 

>1@>1;5=V @>7?;02C. #0@0<5B@0<8 >?B8<V70FVW (2V4?>2V4=> 4> �%&' 2839-94), 1C;8: 

3@0=8FO <VF=>ABV Ã2, 2V4=>A=5 284>265==O ·, B25@4VABь HRB. 

#;0=C20==O 5:A?5@8<5=BC ?@>2>48;8 70 B@ь><0 =570;56=8<8 7<V==8<8 =0 

42>E @V2=OE 20@VN20==O. �81V@ @V2=V2 B0 V=B5@20;V2 20@VN20==O >A=>2=8E D0:B>@V2 

?@>2>48;8 28E>4OG8 7 @57C;ьB0BV2 ?>?5@54=VE 5:A?5@8<5=BV2, 0=0;V7C A:;04V2 

0;N<V=Vє28E A?;02V2 V ;VB5@0BC@=8E 40=8E. 

�VB5@0BC@=V 40=V [85-89] B0 @57C;ьB0B8 ?>?5@54=VE 5:A?5@8<5=BV2 40NBь 

?V4AB02C 22060B8, I> 70;56=>ABV "?>:07=8:8-D0:B>@8, I> 282G0NBьAO" 1C4CBь <0B8 

5:AB@5<C<8. #>1;87C 5:AB@5<C<C, ?>25@E=O 2V43C:C <0є :@8287=C V =5 <>65 1CB8 

045:20B=> >?8A0=0 =5?>2=8< :204@0B8G=8< @V2=O==O<. � F8E 28?040E, =5>1EV4=> 
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>?8AC20B8 4>A;V4=C ?>25@E=N 2V43C:C ?>2=8< @V2=O==O< 4@C3>3> ABC?5=N [88]. 

�>:A �.�. V �V;A>= �.�. [89] 70?@>?>=C20;8 28:>@8AB>2C20B8 ?;0=8 ?5@H>3> ?>@O4:C 

2 O:>ABV O4@0, 4> O:>3> ?>BV< 4>1C4>2CєBьAO :>=AB@C:FVO ?;0=C 4@C3>3> ?>@O4:C. &0:V 

?;0=8 2 ;VB5@0BC@V =07820NBь :><?>78FV9=8<8 V 2>=8 2V4?>2V40NBь ?>:@>:>2V9 

?@>F54C@V ?@>2545==O 4>A;V465=ь. 

�;O >FV=:8 045:20B=>ABV <>45;V 28:>@8AB>2C202AO :@8B5@V9 (VH5@0 B0 

:@8B5@V9 %BьN45=B0. %B0B8AB8G=5 >1@>1;5==O @57C;ьB0BV2 ?@>2>48;8 70 4>?><>3>N 

?@>3@0<=>3> 70157?5G5==O «MS Excel» B0 «Statistica» [90]. 
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$"���� 3  

"#&� ���*�/ &�)!"�"��� #�$�$"��� ���)"��� 

�356.2 � ��7G ' ��%"�"/��%!� %#���� 

3.1  >48DV:C20==O ;820@=8E 0;N<V=Vє28E A?;02V2 

 

 

�;N<V=Vє2V ;820@=V A?;028, 7024O:8 WE DV78G=8< B0 <5E0=VG=8< 2;0AB82>ABO< 

2A5 G0ABVH5 28:>@8AB>2CNBьAO C <0H8=>1C4C20==V =0 70<V=C G02C=C B0 AB0;V. !87ь:0 

20@BVABь 2B>@8==>W A8@>28=8 7C<>2;Nє 70FV:02;5=VABь 4> ?>HC:C =>28E <5B>4V2 WW 

?5@5@>1:8. �V4><>, I> A?;028 =0 >A=>2V 0;N<V=VN 2>;>4VNBь A?04:>2VABN, B>1B> 

AB@C:BC@0 B0 <5E0=VG=V 2;0AB82>ABV H8EB8 ?52=>N <V@>N 715@V30NBьAO C  

28;82:C [91-98]. �=0;V7 >AB0==VE 4>A;V465=ь 2:07Cє =0 B5,  I> O:VABь ;8B8E 

0;N<V=Vє28E 45B0;59 2 >A=>2=><C 70;568Bь 2V4 =0ABC?=8E D0:B>@V2: B5E=>;>3VG=8E 

?0@0<5B@V2 ;8BBO, =0O2=>ABV C A?;02V AB>@>==VE 4><VH>: (>A>1;82> 70;V70) B0 

@>7<V@V2 AB@C:BC@=8E A:;04>28E H8EB8 [90-94]. $>7@>1;5=0 25;8:0 :V;ь:VABь 

<5B>4V2 2?;82C =0 @>7?;02 7 <5B>N ?V428I5==O <5E0=VG=8E 2;0AB82>AB59 45B0;59, 

O:V, O: ?@028;>, 2?;820NBь =0 >48= V7 ?5@5@0E>20=8E 28I5 D0:B>@V2 [94]. &><C 

>AB0==V< G0A>< 2A5 G0ABVH5 7=0E>4OBь 70AB>AC20==O B5E=>;>3VW :><?;5:A=>3> 

2?;82C =0 @>7?;02 [99]. ' Fь><C =0?@O<:C A;V4 2V47=0G8B8 ?>78B82=V @57C;ьB0B8 

1030B>@VG=>W =0C:>2>-B5E=VG=>W A?V2?@0FV <V6 !0FV>=0;ь=8< C=V25@A8B5B>< 

«�0?>@V7ь:0 ?>;VB5E=V:0» B0 �& « "&"$ %�+». 

' @>1>BV �;CH:>2>W �.�. [100] ?>:070=>, I> >1ґ@C=B>20=89 281V@ 

=0=><>48DV:C20==O є >4=8< V7 =091V;ьH B5E=>;>3VG=8E V 4>A8Bь 5D5:B82=8E 

A?>A>1V2 ?V428I5==O O:>ABV A?;02V2. �;O >B@8<0==O 7040=>W AB@C:BC@8  :V;ь:VABь 

<>48DV:0B>@0, I> 22>48BьAO 2 @>7?;02 2AB0=>2;NєBьAO 5:A?5@8<5=B0;ь=8< 

H;OE><.  

' =0HV9 @>1>BV 28:>=0=> ?>@V2=O;ь=89 0=0;V7 5D5:B82=>ABV <>48DV:0B>@0 

K2ZrF6 V  �-1 @>7@>1;5=>3> 2 �!&' [101]. %;V4 707=0G8B8, I> 2 C<>20E 

28@>1=8FB20 4;O <>48DV:C20==O ;820@=8E 0;N<V=Vє28E A?;02V2 28:>@8AB>2C202AO 
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D;NA K2ZrF6, 0 =0 ?V4?@8є<AB20E =0 O:8E 28:>=C20;8 4>A;V465==O ?@0FV2=8:8 

=0H>3> C=V25@A8B5BC 2?@>2046C20;>AO 28:>@8AB0==O <>48DV:C20;ь=>3> 

:><?;5:A=>3> ?@5?0@0BC  �-1 [101]. �=0;V7 ;VB5@0BC@=8E 40=8E 40є 7<>3C 4V9B8 

28A=>2:C, I> <>48DV:0B>@ K2ZrF6 2?;820є 7451V;ьH>3> =0 D>@<C 2:;NG5=ь 

:@5<=VN, 2 B>9 G0A O: <>48DV:0B>@  �-1 4>40B:>2> A?@8Oє 7<V=V D>@<8 

V=B5@<5B0;V4V2, 453070FVW A?;02C, ?>4@V1=5==N 75@=0 ³-B25@4>3> @>7G8=C. � <5B>N 

?>;V?H5==O O:>ABV 28;82:V2 7V A?;02C ��7G 1C;> ?@>2545=> ?>@V2=O==O 

5D5:B82=>ABV <>48DV:0B>@0 K2ZrF6 B0  �-1, I> 70AB>A>2C20;8 4;O >1@>1;5==O 

A?;02V2 �356.2 V ��7G. 

,8@>:5 28:>@8AB0==O =0 702>4V A?;02V2 ��7G V �356.2 ?@872>48Bь 4> 

=0:>?8G5==O 7=0G=>W :V;ь:>ABV 2V4E>4V2 (;82=8:>2V A8AB5<8, AB@C6:0, 1@0:>20=V 

45B0;V ;8BBO, A?;ь>A8 B>I>), I> ?>B@51CNBь ?5@5@>1:8. �>4=>G0A H8@>:><C 

2?@>20465==N <0B5@V0;V2, O:V >B@8<0=V 7 28:>@8AB0==O< 2B>@8==>W A8@>28=8, 

?5@5H:>460є =87ь:89 @V25=ь O:>ABV 3>B>2>W ?@>4C:FVW, >A>1;82> =5?@8?CAB8<89 4;O 

28@>1V2 2V4?>2V40;ь=>3> ?@87=0G5==O. �B>@8==V A?;028, 2=0A;V4>: 701@C4=5==O 

28EV4=>W A8@>28=8 @V7=8<8 =5<5B0;528<8 <0B5@V0;0<8, <0AB8;0<8 B0 4><VH:>28<8 

5;5<5=B0<8, <0NBь =5A?@8OB;82C AB@C:BC@C, I> 7C<>2;Nє =87ь:89 @V25=ь 

<5E0=VG=8E 2;0AB82>AB59, 0 B0:>6 7=0G=C :V;ь:VABь @>7G8=5=8E 307V2, I> 

A?@8G8=ONBь 28A>:C ?>@8ABVABь A?;02V2. 

' 72'O7:C 7 F8<, ?5@5@>1:0 2V4E>4V2 28@>1=8FB20 V >B@8<0==O 28A>:>O:VA=8E 

2B>@8==8E 0;N<V=Vє28E A?;02V2 7 =87ь:>N A>1V20@BVABN V ?@840B=8E 4;O 28@>1V2 

2V4?>2V40;ь=>3> ?@87=0G5==O ?@>4>26Cє 70;8H8B8Aь 0:BC0;ь=8< 70240==O< 4;O 

?V4?@8є<AB2 ':@0W=8. "A=>2=8<8 =0C:>28<8 =0?@O<:0<8 A?V;ь=8E 4>A;V465=ь 

1C;8 282G5==O, @>7@>1:0 B0 2?@>20465==O =>28E 5=5@3>5D5:B82=8E B5E=>;>3V9, O:V 

4>72>;ONBь >B@8<C20B8 0;N<V=Vє2V A?;028 V7 1@CEBC 7 <5E0=VG=8<8 V ;820@=8<8 

2;0AB82>ABO<8 =0 @V2=V ?5@28==8E. *5 4>72>;Oє 7=0G=> 7<5=H8B8  

28@>1=8GV 28B@0B8, >A:V;ь:8 ?5@5@>1:0 2B>@8==>3> 0;N<V=VN ?>B@51Cє 2 20 @07V2 

<5=H5 2V4 28B@0B 5=5@3VW =5>1EV4=>W 4;O 28;CG5==O 0;N<V=VN V7 3;8=>75<C. &0:>6 

7=0G=>N <V@>N ?>:@0ICNBьAO A0=VB0@=>-3V3Vє=VG=V C<>28 ?@0FV C ;820@=><C F5EC 

B0 7<5=HCNBьAO 28:848 2 0B<>AD5@C H:V4;828E B0 ?0@=8:>28E 307V2 [102]. 
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�> A:;04C <>48DV:C20;ь=>3> :><?;5:AC  �-1 4;O 0;N<V=Vє28E A?;02V2 

2E>48Bь (<0A. %):  

:0@1>=0B =0B@VN (Na2%"3)    10&20, 
:0@1>=0B :0;VN (�2%"3)      5&10, 
:0@1V4 :@5<=VN (SiC)     12&20, 
35:A0DB>@>B8B0=0B :0;VN (K2TiF6)   10&20, 
B5B@0DB>@>1>@0B :0;VN (KBF4)     5&10, 
AV@:0 (S) @5HB0.  
�2B>@0<8 ?0B5=BC [101] ?@82>48BьAO ?>2=89 >?8A <5E0=V7<C 2?;82C B0 

?@87=0G5==O :>6=>W A:;04>2>W <>48DV:C20;ь=>3> :><?;5:AC. !0O2=VABь Na2CO3 B0 

�2%"3 A?>2V;ь=N20;> >:8A;5==O AV@:8 B0 A?@8O;> @>7?>@>H5==N 1C;ь10H>: 

?0@>?>4V1=>W AV@:8, I> 71V;ьHC20;> ?;>IC :>=B0:BC <V6 @>7?;02>< B0 307>2>N 

D07>N, V 70157?5G8;> 1V;ьH 28A>:89 @V25=ь <>48DV:C20==O B0 @0DV=C20==O. #V4 G0A 

@>7?04C C @>7?;02V Na2CO3 B0 �2%"3 2V41C20;>AO  284V;5==O 2C3;5:8A;>3> 307C, 

?CE8@V O:>3>, ?@>E>48;8 G5@57 @>7?;02, B0 4>40B:>2> A?@8O;8 ?V428I5==N @V2=O 

>G8I5==O A?;02V2 2V4 =5<5B0;528E 2:;NG5=ь B0 @>7G8=5=8E 307V2. �><?>=5=B8 

=0B@V9, :0;V9 B0 AV@:0 є AC<VA=8<8 A:;04>28<8 C O:>ABV <>48DV:C20;ь=8E :><?;5:AV2 

4;O 0;N<V=Vє28E A?;02V2.  

!0O2=VABь SiC 70157?5GC20;0 4>AB0B=N :V;ь:VABь F5=B@V2 :@8AB0;V70FVW, I> 

A?@8O;> A:>@>G5==N @>7<V@V2 V 2V4AB0=V <V6 2B>@8==8<8 >AO<8 45=4@8BV2. &0:>6 C 

A?;020E 70157?5GCєBьAO @>7G8=5==O >A=>2=8E AB@C:BC@=8E A:;04>28E B0 :>03C;OFVO 

H:V4;828E 4><VH>:. #@8 @>7?04V K2TiF6 C @>7?;02V, 35:A0DB>@B8B0=0B :0;VN 

71V;ьHC202 5D5:B82=VABь <>48DV:C20==O 52B5:B8:8 7024O:8 :0;VN, 0 CB2>@5==O  

³-B25@4>3> @>7G8=C :@5<=VN 2 0;N<V=VW 2V41C20;>AO 70 CG0ABV 0B><0@=>3> B8B0=C, 

O:89 1V;ьH 0:B82=89, =V6 5;5:B@>;VB8G=89 B8B0=, V CB2>@Nє G8A;5==V 

4@V1=>48A?5@A=V F5=B@8 :@8AB0;V70FVW C 283;O4V BC3>?;02:8E V=B5@<5B0;V4V2 &V�l3.  

(B>@, ?@>E>4OG8 :@V7ь @>7?;02, ?V428IC202 7030;ь=C @0DV=C20;ь=C 740B=VABь 

:><?;5:AC. #@8ACB=VABь B5B@0DB>@>1>@0BC :0;VN 70157?5GC20;0 CB2>@5==O 70E8A=>W 

?;V2:8 =0 ?>25@E=V @>7?;02C, 2840;5==O B25@48E =5<5B0;528E 2:;NG5=ь B0 

@>7G8=5=8E 307V2. *59 :><?>=5=B C :><?;5:AV 7 :0@1>=0B0<8 V DB>@840<8 A?@8O2 
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04A>@1FVW H;0:>28E 2:;NG5=ь V 28;CG5==N 2>4=N 7V A?;02C, O:89 CB2>@Nє 7 Al2O3 

:><?;5:A=5 7’є4=0==O Al2O3-H2.  

%V@:0 2=>A8;0 :><?;5:A=89 2?;82 =0 0;N<V=Vє2V A?;028: ?@8 4>4020==V 2 

@>7?;02 CB2>@N20;0 307>?>4V1=V ?@>4C:B8, O:V, ?@>E>4OG8 :@V7ь @>7?;02 C 283;O4V 

?CE8@FV2, @0DV=C20;8 9>3>. *5 7<V=N20;> B8? EV<VG=>3> 72O7:C V=B5@<5B0;V4=8E D07 

=0 <5B0;5289, I> 4>72>;8;> 7<V=8B8 <>@D>;>3VN 70;V7>2<VA=8E D07 V7 

?;0AB8=G0AB>W =0 :><?0:B=VHC – 3;>1C;O@=C 01> AE>6C =0 :8B09Aь:V Vє@>3;VD8.  

�030;ь=89 2?;82 4VW ?5@5;VG5=8E A:;04>28E V WE=VE ?@>?>@FV9 70157?5GC202 

4>23>B@820;89 <>48DV:C20;ь=89 5D5:B 4;O 0;N<V=Vє28E A?;02V2 V 715@565==O 

28A>:>3> @V2=O <5E0=VG=8E 2;0AB82>AB59 7024O:8 D>@<C20==N <>48DV:>20=>W, 

C?>@O4:>20=>W AB@C:BC@8 7 =87ь:>N ?>@8ABVABN [101]. 

�0 ?>3>465==O< 7 C?@02;V==O< 3>;>2=>3> <5B0;C@3C  ('� 5B) 1C;> A:;045=> 

V 70B25@465=> ?;0= ?@>2545==O 2 C<>20E �!&' ;01>@0B>@=8E 5:A?5@8<5=B0;ь=8E 

?;02>: (482. 4>40B>: �). �<VAB 5:A?5@8<5=B0;ь=>W @>1>B8 28:;045=> 2  

B01;8FOE 3.1-3.2. 
 

&01;8FO 3.1 – )V<VG=89 A:;04 A?;02V2, I> 28:>@8AB>2C20;8AO C O:>ABV H8EB8 

%?;02 
�<VAB 5;5<5=BV2, <0A. % 

Si Fe Cu Mn Mg Zn Ti 

��7G 6,25 0,35 0,05 0,02 0,31 0,03 0,01 

��7G  72>@>B 6,72 0,60 0,05 0,08 0,32 0,02 0,01 

�356.2 6,21 0,07 0,01 0,02 0,36 0,01 0,11 

�356.2 72>@>B 7,07 0,11 0,02 0,02 0,23 0,03 0,07 
#@8<VB:0: )V<VG=89 A:;04 287=0G5=> C  F5=B@0;ь=V9 702>4Aь:V9 ;01>@0B>@VW  

?V4?@8є<AB20 �& « "&"$ %�+». 

�0=V B01;8FV 3.1 ?>:07CNBь, I> A?;02 V 72>@>B ��7G <0NBь ?V428I5=89 C 5 V 

1V;ьH5 @07V2 2<VAB 70;V70, C ?>@V2=O==V 7 �356.2 28@>1=8FB20 :><?0=VW «�LCOA». 

&0:>6 A;V4 707=0G8B8, I> 2<VAB B8B0=C 2 A?;02V B0 72>@>BV ��7G C 7...11 @07V2 

<5=H89, =V6 C A?;02V �356.2. #@>B5 C A?;02V B0 72>@>BV ��7G 2<VAB Cu C 2,5&5 @07V2 

28I89 =V6 C A?;02V  �356.2. �<VAB Mg 7=0E>482AO =0 ?@81;87=> >4=0:>2><C @V2=V. 
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%;V48 Mn V Zn =5 ?5@528IC20;8 0,08 % V =5 <>3;8 ACBBє2> 2?;8=CB8 =0 7<V=5==O 

AB@C:BC@8 V <5E0=VG=8E 2;0AB82>AB59 4>A;V46C20=8E A?;02V2. 

 

&01;8FO 3.2 – )0@0:B5@8AB8:0 4>A;V4=8E ?;02>: 

№
 

?;
02
:8

 

%?;02 %:;04 H8EB8 

 >48DV:C20;ь=0 

>1@>1:0 @>7?;02C 

(720º%) 

�>=B@>;ь 

#0@0<5B@V2 

?VA;O B.>. &6 

1 ��7G 100% 72>@>B ��7G 1,0 <0A. % K2ZrF6 Ã2; ·; !�; 
AB@C:BC@0 

2 ��7G 100% 72>@>B ��7G 0,15 <0A. %  �-1 Ã2; ·; !�; 
AB@C:BC@0 

3 �356.2 100% 72>@>B �356.2 1,0 <0A. % K2ZrF6 Ã2; ·; !�; 
AB@C:BC@0 

4 �356.2 100% 72>@>B �356.2 0,10 <0A. %  �-1 Ã2; ·; !�; 
AB@C:BC@0 

5 

��7G+�356.2 
50% ?5@2. ��7G 

50% 72>@>B �356.2 

0,05 <0A.%  �-1 
Ã2; ·; !�; 
AB@C:BC@0 

6 0,10 <0A.%  �-1 

7 0,15 <0A.%  �-1 

8 

�356.2+��7G 
50% ?5@2. �356.2 

50% 72>@>B ��7G 

0,05 <0A.%  �-1 
Ã2; ·; !�; 
AB@C:BC@0 

9 0,10 <0A.%  �-1 

10 0,15 <0A.%  �-1 

#@8<VB:0: &5@<>>1@>1:0 &6 30@BC20==O 7 535º% G0A 28B@8<:8 5 3>4.; >E>;>465==O C 2>4V  
t 2>48 = 20ºC; AB0@V==O ?@8 170º% 2?@>4>26 8 3>4. (70 ?>3>465==O< 7 B5E=VG=8< 

2V44V;>< F5EC № 1 �& « "&"$ %�+»). 

� B01;8FV 3.2 284=>, I> >A=>2=>N <5B>N 1C;> ?>@V2=O==O 5D5:B82=>ABV 

<>48DV:C20;ь=8E :><?;5:AV2, B0 >B@8<0==O >?B8<0;ь=>W B5E=>;>3VW ?5@5@>1:8 

72>@>BC 70 AB@C:BC@>N V <5E0=VG=8<8 2;0AB82>ABO<8. �C;8 @>73;O=CBV 20@V0=B8 

>B@8<0==O A?;02V2, H8EB0 O:8E A:;040;0Aь O: ?>2=VABN V7 1@CEBC, B0: V 20@V0=B8 

7<VHC20==O G8AB>W ?5@28==>W H8EB8 V 72>@>BC 2;0A=>3> 28@>1=8FB20 C 

A?V22V4=>H5==V 1:1. $V7=0 :V;ь:VABь <>48DV:C20;ь=>3> :><?;5:AC  �-1 C 20@V0=B0E 

№2 V №4 ?>OA=NєBьAO 7=0G=>N @V7=8F5N 70;V70 C F8E A?;020E (482. B01; 3.1). 
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3.2 #>@V2=O==O 5D5:B82=>ABV <>48DV:C20;ь=8E :><?;5:AV2 K2ZrF6  

B0  �-1 

 

 

 ,8EB0 4;O ?;02>: A:;040;0AO 7V 100 % 72>@>BC A?;02C ��7G 

(482. B01;. 3.2). )V<VG=89 A:;04 72>@>BC A?;02C ��7G =02545=> 2 B01;8FV 3.1.  5B>N 

F8E ?;02>: 1C;> 287=0G5==O 2?;82C B5E=>;>3VW >1@>1:8 A?;02C =0 AB@C:BC@C B0 

@V25=ь 9>3> <5E0=VG=8E 2;0AB82>AB59. #@>2>48;8 ?>@V2=O==O 702>4Aь:>W B5E=>;>3VW 

>1@>1:8 (1,0 <0A. % K2ZrF6) V 5:A?5@8<5=B0;ь=>W. !0 ?5@V>4 A:;040==O ?;0=C 

4>A;V4=8E @>1VB, 7 C@0EC20==O< 28A>:>3> 2<VABC 70;V70 (0,60 %) V =87ь:8< 2<VAB>< 

B8B0=C (0,01 %) C 72>@>BV A?;02C ��7G, 1C;> ?>3>465=> @VH5==O >1@>1;OB8 A?;02 

?V428I5=>N :V;ь:VABN <>48DV:C20;ь=>3> :><?;5:AC  �-1 (0,15 <0A. %). 

 V:@>AB@C:BC@0 A?;02V2 ?;02>: №№1, 2 ?@54AB02;5=0 =0 @8AC=:C 3.1.  

№ 

?;02:8 
%B@C:BC@0 (?VA;O B.>. &6) 

1 
 

(1
,0

 <
0A
. %
 K
2Z
rF
6) 

  

2 
 

(0
,1
5 
<0
A.

 %
  
�
-1
) 

  

$8AC=>: 3.1 –  V:@>AB@C:BC@0 A?;02V2 ?;02>: №№1, 2; E 500 
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 V:@>AB@C:BC@0 A?;02C, >B@8<0=>3> 70 702>4Aь:>N B5E=>;>3VєN (?;02:0 №1), 

E0@0:B5@87C20;0AO =5?>2=8< ABC?5=5< <>48DV:C20==O :@5<=VN V =0O2=VABN 7=0G=>W 

:V;ь:>ABV 25;8:8E 70;V7>2<VA=8E V=B5@<5B0;V4=8E D07 =5A?@8OB;82>W <>@D>;>3VW, I> 

<VAB8;8 70;V7> (482. @8A. 3.1). #;0AB8=G0ABV V=B5@<5B0;V4=V D078, 7 28A>:8<8 

7=0G5==O<8 ?0@0<5B@0 D>@<8 » (2V4=>H5==O< <0:A8<0;ь=>W 4>268=8 D078 4> WW 

H8@8=8), є 0:B82=8<8 :>=F5=B@0B>@0<8 =0?@C65=ь, I> =530B82=> ?>7=0G0;>AO =0 

@V2=V <5E0=VG=8E 2;0AB82>AB59 0;N<V=Vє28E A?;02V2. $57C;ьB0B8 <5E0=VG=8E 

28?@>1C20=ь ?@54AB02;5=V =0 @8AC=:C 3.2. 

 

 

$8AC=>: 3.2 – %5@54=V 7=0G5==O ?>:07=8:V2 <5E0=VG=8E 2;0AB82>AB59 A?;02V2 

?;02>: №№ 1, 2 ?VA;O B5@<VG=>W >1@>1:8 70 @568<>< &6 

1                  2 

�%&' 2839-94 

1                   2 

�%&' 2839-94 

1                    2 

�%&' 2839-94 

235 
1,0 
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#@8 >B@8<0==V A?;02V2 70 5:A?5@8<5=B0;ь=>N B5E=>;>3VєN (?;02:0 №2) 

AB@C:BC@0 A?;02C ?><VB=> ?>;V?HC20;0AO. 'AV AB@C:BC@=V A:;04>2V <0;8 :><?0:B=C 

D>@<C, 7 ?0@0<5B@>< D>@<8 » ≈ 1 V 4>A8Bь @V2=><V@=8< @>7?>4V;>< (482. @8A. 3.1). 

 >48DV:C20;ь=89 5D5:B A?>AB5@V302AO =5 BV;ь:8 =0 :@5<=VW, 0 9 =0 V=B5@<5B0;V4=8E 

D070E. %;V4 707=0G8B8, I> E>G0 9 1C;> 4>AO3=CB> @V25=ь <5E0=VG=8E 2;0AB82>AB59 

A?;02C 2V4?>2V4=> 4> �%&' 2839-94, 0;5 AB25@46C20B8, I> 0,15 <0A. %  

 �-1 4;O B0:8E "1@C4=8E" A?;02V2 є >?B8<C<>< 1C;> ?5@54G0A=>. "?B8<V70FVO 

:V;ь:>ABV <>48DV:C20;ь=>3> :><?;5:AC  �-1 =0 B0:8E "1@C4=8E" A?;020E 

?>B@51C20;0 ?@>2545==O ?>40;ьH8E 4>A;V465=ь. �;O A?;02V2, H8EB>N O:8E є 100 % 

72>@>B ��7G 7 28A>:8< 2<VAB>< 4><VH>: V, >A>1;82> 70;V70, 702>4Aь:0 B5E=>;>3VO =5 

1C;0 ?@89=OB=>N 7 B>G:8 7>@C >?B8<V70FVW. �:A?5@8<5=B0;ь=0 B5E=>;>3VO 

70157?5GC20;0 @V25=ь <5E0=VG=8E 2;0AB82>AB59 2V4?>2V4=> 4> �%&' 2839-94, 0;5 

4;O >?B8<V70FVW =5>1EV4=> 1C;> ?@>2545==O ?>40;ьH8E 4>A;V465=ь. 

,8EB0 4;O ?;02>: №№ 3,4 <VAB8;0 100 % 72>@>BC A?;02C �356.2 «ALCOA» 

(482. B01;. 3.1). )V<VG=89 A:;04 72>@>BC A?;02C �356.2 =02545=> 2 B01;8FV 3.2. 

#@>2>48;8 ?>@V2=O==O 2?;82C 702>4Aь:>W B5E=>;>3VW >1@>1:8 (1,0 <0A. % K2ZrF6) V 

5:A?5@8<5=B0;ь=>W (0,10 <0A. %  �-1) =0 @V25=ь <5E0=VG=8E 2;0AB82>AB59 A?;02V2. 

� C@0EC20==O< 4>A8Bь =528A>:>3> 2<VABC 70;V70 (0,11 %) C 72>@>BV A?;02C �356.2, 

1C;> ?@89=OB> @VH5==O I>4> >1@>1:8 A?;02C 0,10 <0A. %  �-1.  

�=0;V7 <V:@>AB@C:BC@ (@8A. 3.3) A?;02V2 ?;02>: №№ 3,4 ?>:0702, I>, O: V 2 

?>?5@54=ь><C 28?04:C, 702>4Aь:0 B5E=>;>3VO 4020;0 7<>3C >B@8<C20B8 2 AB@C:BC@V 

<>48DV:>20=V :@5<=V9 V ³-B25@489 @>7G8=, 0;5 =5 2?;820;0 =0 70;V7>2<VA=V 

V=B5@<5B0;V4=V D078. �:A?5@8<5=B0;ь=0 B5E=>;>3VO 70157?5GC20;0 <>48DV:C20==O 

2AVE AB@C:BC@=8E A:;04>28E B0 WE=V9 4>A8Bь @V2=><V@=89 @>7?>4V; 2 >1'є<V <5B0;C 

(482. @8A. 3.3). �>4=>G0A A;V4 707=0G8B8, I> A?;028 ?;02>: №№ 3,4 <0;8 =09=86G89 

7 CAVE 5:A?5@8<5=B0;ь=8E 2<VAB 70;V70 (0,11 %), C 72'O7:C 7 G8<, <>6;82>, :V;ь:VABь 

<>48DV:C20;ь=>3> :><?;5:AC =0 @V2=V 0,10 <0A. % 1C;0 7025;8:>N V 1C;> <>6;825 

28=8:0==O 5D5:BC «?5@5<>48DV:C20==O». 
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№ 

?;02:8 
%B@C:BC@0 (?VA;O B.>. &6) 

3 

 (1
,0

 <
0A
. %
 K
2Z
rF
6) 

  

4 

 (0
,1
0 
<0
A.

 %
  
�
-1
) 

  

$8AC=>: 3.3 –  V:@>AB@C:BC@0 A?;02V2 ?;02>: №№3,4; E 500 

 

$57C;ьB0B8 <5E0=VG=8E 28?@>1C20=ь ?@54AB02;5=V =0 @8AC=:C 3.4. �8A>:89 

@V25=ь <5E0=VG=8E 2;0AB82>AB59 ?>OA=NєBьAO =09=86G>N :>=F5=B@0FVєN 70;V70 

A5@54 CAVE 4>A;V46C20=8E 20@V0=BV2. "1@>1:0 <>48DV:C20;ь=8< :><?;5:A>< K2ZrF6 

70157?5G8;0 =02VBь 1V;ьH 28A>:C ?;0AB8G=VABь =V6 >1@>1:0 <>48DV:C20;ь=8< 

:><?;5:A><  �-1. *5 B0:>6 >?>A5@54:>20=> 2:07Cє =0 28=8:=5==O 5D5:BC 

«?5@5<>48DV:C20==O» V ?V4:@5A;Nє =5>1EV4=VABь CB>G=5==O :>=F5=B@0FVW 70;V70 2 

A?;02V ?5@54 70AB>AC20==O< 0:B82=8E <>48DV:C20;ь=8E ?@5?0@0BV2. "18420 

B5E=>;>3VG=V 20@V0=B8 >1@>1;5==O @>7?;02V2 <>6=0 @5:><5=4C20B8 4;O 

283>B>2;5==O 45B0;59 2V4?>2V40;ь=>3> ?@87=0G5==O, 0;5 A;V4 70C2068B8, I> A?;028 

7 2<VAB>< 70;V70 <5=H5 =V6 0,15 <0A. % =0 28@>1=8FB2V A:>@VH5 28=OB>:, V >A=>2=>N 

<5B>N @>1>B8 1C;0 70<V=0 4>@>6G8E V G8ABVH8E V<?>@B=8E 70:>@4>==8E A?;02V2 =0 

1V;ьH 45H52V A?;028 2;0A=>3> 28@>1=8FB20. 
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$8AC=>: 3.4 – %5@54=є 7=0G5==O ?>:07=8:V2 <5E0=VG=8E 2;0AB82>AB59 A?;02V2 

?;02>: №№ 3, 4 ?VA;O B5@<VG=>W >1@>1:8 70 @568<>< &6 

 

 

3.3 �87=0G5==O >?B8<0;ь=>W :V;ь:>ABV <>48DV:C20;ь=>3> :><?;5:AC 

 �-1 4;O ?5@5@>1:8 72>@>BC ��7G B0 �356.2 

 

 

�0=V ?;02:8 ?@>2>48;8 7 <5B>N 287=0G5==O >?B8<0;ь=>W :V;ь:>ABV 

<>48DV:C20;ь=>3> :><?;5:AC  �-1 4;O A?;02C, >B@8<0=>3> 7 H8EB8 A:;04C:  

50 <0A. % ��7G V 50 <0A. % 72>@>BC A?;02C �356.2 (482. B01;. 3.2). $>7@0EC=:>289 

235 
�%&' 2839-94 

 

3                       4 3                       4 

�%&' 2839-94 

 

1,0 

�%&' 2839-94 

 

3                        4 
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EV<VG=89 A:;04 A?;02C, <0A. %: 6,66 % Si; 0,23 % Fe; 0,035 % Cu; 0,02 % Mn;  

0,27 % Mg; 0,03 % Zn; 0,04 % Ti; Al - @5HB0 (482. B01;. 3.1). 

� E>4V 5:A?5@8<5=BC @>7?;02 >1@>1;O;8 7@>AB0NG8<8 4>102:0<8  �-1 7 

:@>:>< 20@VN20==O 0,05 <0A. %. #VA;O >B@8<0==O 28;82:C :>6=>3> 20@V0=BC 

2V418@0;8 7@07:8 4;O 282G5==O <V:@>AB@C:BC@ B0 287=0G5==O ?>:07=8:V2 <5E0=VG=8E 

2;0AB82>AB59. #@>AB56CєBьAO GVB:0 70;56=VABь <5E0=VG=8E 2;0AB82>AB59 A?;02V2 

2V4 WE=ь>W <V:@>AB@C:BC@8 (@8A. 3.5). 

№ 

?;02:8 
%B@C:BC@0 (?VA;O B.>. &6) 

5 
 

(0
,0
5 
<0
A.

 %
  
�
-1
) 

  

6 

 (0
,1
0 
<0
A.

 %
  
�
-1
) 

  

7 

 (0
,1
5 
<0
A.

 %
  
�
-1
) 

  

$8AC=>: 3.5 –  V:@>AB@C:BC@0 A?;02V2 ?;02>: №№ 5, 6, 7; E 500 
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 V:@>AB@C:BC@0 A?;02C ?;02:8 №5 A2V4G8;0 ?@> B5, I> ?@8 2<VABV 0,23 % Fe 

>1@>1:0 @>7?;02C <>48DV:C20;ь=8< :><?;5:A><  �-1 C :V;ь:>ABV 0,05 <0A. % =5 

1C;0 4>AB0B=ь>N. ' AB@C:BC@V A?;02C 1C;8 ?><VB=V V=B5@<5B0;V4=V D078 4>A8Bь 

25;8:8E @>7<V@V2, I> A2V4G8;> ?@> =54>AB0B=V9 ABC?V=ь <>48DV:C20==O @V4:>3> 

<5B0;C. %B@C:BC@0 E0@0:B5@87C20;0Aь =5@V2=><V@=VABN @>7?>4V;C AB@C:BC@=8E 

A:;04>28E, @>7<V@ 75@5= ³ - B25@4>3> @>7G8=C 4>A8Bь 25;8:89 (482. @8A. 3.5). 

 V:@>AB@C:BC@0 A?;02C ?;02:8 № 6 (0,10 <0A. %  �-1) E0@0:B5@87C20;0AO 

28A>:>N 48A?5@A=VABN B0 @V2=><V@=VABN @>7?>4V;C AB@C:BC@=8E A:;04>28E, WE 

A?@8OB;82>N <>@D>;>3VєN, 0 B0:>6 <5=H8< @>7<V@>< 75@5= ³-B25@4>3> @>7G8=C 

(482. @8A. 3.5), I> A2V4G8;> ?@> 4>AB0B=V9 ABC?V=ь <>48DV:C20==O. �0=89 B8? 

AB@C:BC@ 22060NBь =091V;ьH >?B8<0;ь=8<8 4;O A8;C<V=V2. 

#>@V2=O==O <V:@>AB@C:BC@8 A?;02C ?;02:8 № 7 (0,15 <0A. %  �-1) 7V 

AB@C:BC@0<8 A?;02V2 ?;02>: № 5 V № 6 A2V4G8;> ?@> ?>G0B>: C:@C?=5==O 

AB@C:BC@=8E A:;04>28E, I> є >7=0:>N ?5@5<>48DV:C20==O (482. @8A. 3.5). "B65 

<>6=0 7@>18B8 28A=>2>:, I> 4;O A?;02V2, :>B@V 28?;02;5=V =0 H8EBV 7  

50 <0A. % ?5@28==>3> ��7G V 50 <0A. % 72>@>BC �356.2, V7 A5@54=ь>72065=8< 

2<VAB>< 0,23 <0A. % Fe A;V4 22060B8 >?B8<0;ь=>N :V;ь:VABь <>48DV:C20;ь=>3> 

:><?;5:AC  �-1 =0 @V2=V 0,10 <0A. %. �;O A?;02C ��7G :V;ь:VABь 70;V70 73V4=> 7 

�%&' 2839-94 >1<565=0 =0 @V2=V 0,5 % C GCHFV B0 4> 1,0 % C 28;82:C ?@8 ;8BBV C 

:>:V;ь, B>1B> :>=F5=B@0FVO 70;V70 C B5E=>;>3VG=8E 20@V0=B0E 7=0E>48;0Aь C <560E 

=>@<8. 

$57C;ьB0B8 >B@8<0=V 2 E>4V <5E0=VG=8E 28?@>1C20=ь ?@54AB02;5=> =0  

@8AC=:C 3.6. �<V=0 @>7<V@V2 V D>@< >A=>2=8E AB@C:BC@=8E A:;04>28E 2V4=>A=> 

20@V0=BC B5E=>;>3VG=>W >1@>1:8 2?;820;0 =0 <5E0=VG=V 2;0AB82>ABV. "A:V;ь:8 

A?;028 28:>@8AB>2CNBьAO 4;O 283>B>2;5==O 28;82:V2 2V4?>2V40;ь=>3> ?@87=0G5==O, 

B> F5=B@0;ь=0 702>4Aь:0 ;01>@0B>@VO 28AC20;0 1V;ьH 6>@AB:V 28<>38 4> 

?;0AB8G=>ABV =0 @V2=V 2,0 %. !572060NG8 =0 B5, I> A?;02 ?;02:8 №7 FV;:>< 

704>2>;ь=O2 28<>38 �%&' 2839-94, ?;0AB8G=VABь · ≥ 1,0 %, >1@>1:0 

<>48DV:C20;ь=8< :><?;5:A><  �-1 C :V;ь:>ABV 0,15 <0A. % B0:>6 =5 є 

>?B8<0;ь=>N V 7 B>G:8 7>@C <5E0=VG=8E 2;0AB82>AB59.  
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$8AC=>: 3.6 - %5@54=V 7=0G5==O ?>:07=8:V2 <5E0=VG=8E 2;0AB82>AB59 A?;02V2 

?;02>: №№ 5, 6, 7 ?VA;O B5@<VG=>W >1@>1:8 70 @568<>< &6 

 

�=0;V7 ?;02>: №№ 8, 9, 10  H8EB0 O:8E A:;040;0AO 7 50 <0A. % ?5@28==>3> 

A?;02C �356.2 V 50 <0A. % 72>@>BC ��7G (482. B01;. 3.1) ?@>2>48;8 4;O 287=0G5==O 

>?B8<0;ь=>W :V;ь:>ABV <>48DV:C20;ь=>3> :><?;5:AC. "?B8<V70FVN :V;ь:>ABV 

<>48DV:C20;ь=>3> :><?;5:AC  �-1 ?@>2>48;8 =0 A?;02V 7 @>7@0EC=:>28< EV<VG=8< 

A:;04><, <0A. %: 6,47 % Si; 0,34 % Fe; 0,03 % Cu; 0,05 % Mn; 0,34 % Mg; 

0,015 % Zn; 0,06 % Ti; Al - @5HB0 (482. B01;. 3.2).  

�%&' 2839-94 

 

235 

5           6           7 

�%&' 2839-94 

 

2,0 28<>38 *�� 

1,0 

5           6           7 

5           6           7 

�%&' 2839-94 
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�1V;ьH5==O :V;ь:>ABV 72>@>BC A?;02C ��7G A?@8O;> ?>40;ьH><C ?V428I5==N 

2<VABC 70;V70 2 <5B0;V ?;02>: №№ 8, 9, 10 (?>@V2=O=> 7V A?;020<8 ?;02>: №№ 5, 6, 

7) 4> @V2=O 0,33 <0A. % Fe. �=0;V7 <V:@>AB@C:BC@8 A?;02C ?;02:8 №8  A2V4G82 ?@> 

=54>AB0B=N :V;ь:VABь <>48DV:C20;ь=>3> :><?;5:AC  �-1 (0,05 <0A. %) 4;O 

>AB0B>G=>3> ?>;V?H5==O AB@C:BC@8 (@8A. 3.7). ' AB@C:BC@V ?>@O4 V7 ?>4@V1=5=8<8 

AB@C:BC@=8<8 A:;04>28<8 ?@8ACB=O 7=0G=0 :V;ь:VABь V=B5@<5B0;V4=8E D07 

=5A?@8OB;82>W <>@D>;>3VW B0 4>A8Bь 25;8:8E @>7<V@V2. 

№ 

?;02:8 
%B@C:BC@0 (?VA;O B.>. &6) 

8 

(0
,0
5 
<0
A.

 %
  
�
-1
) 

  

9 
 

(0
,1
0 
<0
A.

 %
  
�
-1
) 

  

10
  

(0
,1
5 
<0
A.

 %
  
�
-1
) 

  

$8AC=>: 3.7 -  V:@>AB@C:BC@0 A?;02V2 ?;02>: №№ 8, 9, 10; E 500 
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#@8 ?V428I5==V :V;ь:>ABV  �-1 4> 0,10 <0A. % A?>AB5@V30;8 ?>40;ьH5 

?>4@V1=5==O V @V2=><V@=89 @>7?>4V; CAVE AB@C:BC@=8E A:;04>28E (482. @8A. 3.7). 

�V 7@>AB0==O< :V;ь:>ABV  �-1 4> 0,15 <0A. % A?>AB5@V30NBьAO >7=0:8 

?5@5<>48DV:C20==O - C:@C?=5==O AB@C:BC@=8E A:;04>28E V 7=865==O ABC?5=O 

@V2=><V@=>ABV WE @>7?>4V;C. &>1B> <>6=0 7@>18B8 28A=>2>:, I> 4;O A?;02V2, H8EB0 

O:8E A:;040;0AO 7 50 <0A. % ?5@28==>3> �356.2 V 50 <0A. % 72>@>BC ��7G, V7 2<VAB>< 

0,33 <0A. % Fe, B0:>6 >?B8<0;ь=>N :V;ь:VABN A;V4 22060B8 0,10 <0A. %  �-1. 

$57C;ьB0B8 <5E0=VG=8E 28?@>1C20=ь ?@54AB02;5=> =0 @8AC=:C 3.8. 
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3.4 �8A=>2:8 

 

 

#>@V2=O;ь=89 0=0;V7 <5E0=VG=8E 2;0AB82>AB59 V <V:@>AB@C:BC@8 0;N<V=Vє28E 

A?;02V2, I> >B@8<0=V 70 702>4Aь:>N B0 5:A?5@8<5=B0;ь=>N B5E=>;>3VO<8 2 C<>20E 

;01>@0B>@=8E V ?@><8A;>28E ?;02>:, 40є 7<>3C 7@>18B8 =0ABC?=V 28A=>2:8: 

1. �02>4Aь:0 B5E=>;>3VO >1@>1:8 0;N<V=Vє28E A?;02V2 70157?5GCє 7040=89 

2V4?>2V4=> 4> �%&' 2839-94 @V25=ь <5E0=VG=8E 2;0AB82>AB59 ;8H5 70 C<>28 

28:>@8AB0==O 4>A8Bь G8AB8E 70 4><VH:0<8 B0 ?5@28==8E H8EB>28E <0B5@V0;V2. 

�8:>@8AB0==O 70 702>4Aь:>N B5E=>;>3VєN C O:>ABV <>48DV:0B>@0 K2ZrF6 C :V;ь:>ABV 

=5 <5=H5 =V6 1,0 <0A. % 70157?5GCє 4>A8Bь AB01V;ь=5 <>48DV:C20==O 52B5:B8G=>3> 

:@5<=VN V ³-B25@4>3> @>7G8=C, 0;5 =5 2?;820є =0 7<V=C <>@D>;>3VW B0 E0@0:B5@C 

@>7?>4V;C 70;V7>2<VA=8E V=B5@<5B0;V4=8E D07. �8A>:89 2<VAB 7=0G=>W :V;ь:>ABV 

25;8:8E 70 @>7<V@0<8 V=B5@<5B0;V4=8E D07 =5A?@8OB;82>W <>@D>;>3VW є >A=>2=>N 

?@8G8=>N =87ь:>3> @V2=O 2;0AB82>AB59 A?;02V2 7 ?V428I5=8< 2<VAB>< 4><VH>: 01> 

>B@8<0=8E 7 =87ь:>A>@B=>W H8EB8. 

2. � <5B>N ?V428I5==O O:>ABV 0;N<V=Vє28E A?;02V2, I> >B@8<0=V 7 

=87ь:>A>@B=>W A8@>28=8, B0 :>B@V <VABOBь 28A>:89 2V4A>B>: 4><VH>:, 70AB>A>20=> 

@>7@>1;5=89 C �!&' <>48DV:C20;ь=89 :><?;5:A  �-1. $57C;ьB0B8 70AB>AC20==O 

 �-1 A2V4G0Bь ?@> 9>3> 28A>:C 5D5:B82=VABь V 740B=VABь 0:B82=> =59B@0;V7C20B8 

=530B82=89 2?;82 H:V4;828E 4><VH>: =0 AB@C:BC@C V :><?;5:A <5E0=VG=8E 

2;0AB82>AB59 0;N<V=Vє28E A?;02V2. �8A>:0 @0DV=C20;ь=0 V <>48DV:C20;ь=0  

740B=VABь  �-1 40є 7<>3C >B@8<C20B8 28A>:>O:VA=V 2B>@8==V A?;028 7 @V2=5< 

2;0AB82>AB59 ?5@28==8E (2V4?>2V4=> 4> �%&' 2839-94). 

3. �8:>@8AB0==O 5:A?5@8<5=B0;ь=>W B5E=>;>3VW ?V4 G0A >1@>1:8 A?;02C ��7G 

�& « "&"$ %�+» 70157?5G8;> AB01V;ь=> 28A>:89 @V25=ь <5E0=VG=8E 2;0AB82>AB59, 

2V4?>2V4=89 4> ?5@28==>3> A?;02C �356.2 «ALCOA», =02VBь =572060NG8 =0 B5, I> 

A?;02 ��7G <02 28I89 2<VAB H:V4;828E 4><VH>: (70;V70 2 ~3 @078, A28=FN 2 >5 

@07V2), 0 B0:>6 C 1,4...3,3 @07V2 =86G89 2<VAB B8B0=C (0:B82=>3> <>48DV:0B>@0 75@5= 

³-B25@4>3> @>7G8=C). 
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4. �8:>@8AB0==O 5:A?5@8<5=B0;ь=>3> <>48DV:C20;ь=>3> :><?;5:AC  �-1 

4>72>;8;> >45@6C20B8 A?;028 7 1V;ьH A?@8OB;82>N, <>48DV:>20=>N V B>=:>N 

AB@C:BC@>N, ?>@V2=O=> V7 702>4Aь:>N B5E=>;>3VєN. $5:><5=4>20=0 :V;ь:VABь  �-1 

4;O 70AB>AC20==O  70;568Bь =0A0<?5@54 2V4 2<VABC 70;V70 B0 7030;ь=>W 701@C4=5=>ABV 

A?;02V2, >B65 ?>B@51Cє C73>465==O ?5@54 70AB>AC20==O<. 

5. �0AB>AC20==O 5:A?5@8<5=B0;ь=>W B5E=>;>3VW ?>;53HCє A?>AV1 22545==O 

<>48DV:0B>@0 2 @>7?;02 V A:>@>GCє G0A 9>3> >1@>1:8. �8:>@8AB0==O  �-1 =040;> 

7<>3C >B@8<C20B8 AB01V;ь=> 28A>:89 :><?;5:A <5E0=VG=8E 2;0AB82>AB59 =0 1V;ьH 

"1@C4=V9", 0 >B65, 45H52V9 H8EBV. �>AO3=CB89 @V25=ь 2;0AB82>AB59 

5:A?5@8<5=B0;ь=8E A?;02V2 ?5@528ICє 28<>38 �%&' 2839-94. 

6. $V25=ь O:>ABV, I> 1C2 4>AO3=CB89 =0 A?;02V ��7G, 40є 7<>3C @5:><5=4C20B8 

@>7@>1;5=C B5E=>;>3VN B0 5:A?5@8<5=B0;ь=V A?;028 4> 7=0G=> H8@H>3> 

28:>@8AB0==O, 7>:@5<0 4;O 45B0;59 2V4?>2V40;ь=>3> ?@87=0G5==O. 

�:A?5@8<5=B0;ь=0 B5E=>;>3VO 1C;0 28?@>1C20=0 ?V4 G0A 283>B>2;5==O 7V 72>@>BC 

A?;02C ��7G D0A>==>W 45B0;V 2V4?>2V40;ь=>3> ?@87=0G5==O $088701101 "�>@?CA" 

(482. 4>40B>: �). �8:>@8AB0==O 5:A?5@8<5=B0;ь=>W B5E=>;>3VW 40;> 7<>3C 4>AO3B8 

@V2=O <5E0=VG=8E 2;0AB82>AB59, I> 2V4?>2V40;8 28<>30< �%&' 2839-94 B0 

2V4<>28B8AO 2V4 28:>@8AB0==O V<?>@B=8E :>HB>2=8E ?5@28==8E A?;02V2. 

7. ' 4>A;V46C20=8E A?;020E :>=F5=B@0FVO 70;V70 70;8H0;0Aь C <560E =>@<8 

2V4?>2V4=> 4> �%&' 2839-94. "A:V;ь:8 7 :>6=>N ?>2B>@=>N ?5@5@>1:>N 1@CEBC B0 

2V4E>4V2 28@>1=8FB20 :V;ь:VABь 70;V70 C A?;020E 7@>AB0є, 2=0A;V4>: @>7G8=5==O 

AB0;528E ?@54<5BV2 (70;8H:8 1>;BV2, @V7ь1>28E 2BC;>:, H?8;ь>:, AB@C6:8), 

=5>1EV4=> 4>A;V48B8 4>40B:>2V <5E0=V7<8 ?V428I5==O <5E0=VG=8E 2;0AB82>AB59 =0 

A?;020E V7 :>=F5=B@0FVO<8 70;V70, I> 7=0G=> ?5@528ICNBь 1,0 <0A. %. "4=8< V7 

B0:8E <5E0=V7<V2 V є 28:>@8AB0==O A?04:>2>3> <>48DV:C20;ь=>3> 2?;82C H8EB8. 
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<V:@>AB@C:BC@8 703>B>2>: [102-105]. �81V@ <>48DV:0B>@V2 ?@>2>48BьAO 2 >A=>2=><C 

<5B>4>< ?V41>@C, >A:V;ь:8 B5>@5B8G=V >A=>28 <>48DV:C20==O @>7@>1;5=V 

=54>AB0B=ь>. �V4ACB=VABь C=V25@A0;ь=>ABV - 3>;>2=89 =54>;V: 4><VH:>2>3> 

<>48DV:C20==O. � 40=89 G0A =5<0є =02VBь є48=>W :;0A8DV:0FVW 4><VH:>28E 

<>48DV:0B>@V2. 
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?5@5206=> 4;O >B@8<0==O 2V4=>A=> B>=:>ABV==8E 703>B>2>:. � 40=89 G0A 

AB@C:BC@=>-28A>:>48A?5@A=V 28;82:8 >B@8<CNBь ?5@5206=> ;8BBO< 2 <5B0;52V 

D>@<8, 0;5 VAB>B=>3> ?>4@V1=5==O <V:@>AB@C:BC@8 703>B>2>: 4>AO3B8 =5 240єBьAO, 

2=0A;V4>: 28=8:=5==O 307>2>3> 707>@C <V6 D>@<>N B0 28;82:>< 2 ?@>F5AV 9>3> 

D>@<C20==O. !5>1EV4=> CAC=CB8 F59 707>@, I>1 ?@8A:>@8B8 ?@>F5A 70B25@4V==O B0 

>B@8<0B8 =5>1EV4=C <>48DV:>20=C AB@C:BC@C 28;82:0. � 40=89 G0A FO ?@>1;5<0 =5 

28@VH5=0, B><C 703>B>2:8 2V4?>2V40;ь=>3> ?@87=0G5==O ?@8 ;8BBV 2 <5B0;52V D>@<8 

<>48DV:CNBь 7 28:>@8AB0==O< 4><VH:>28E <>48DV:0B>@V2 [106, 107]. 

�0728G09 4;O ?>B@51 ?@><8A;>2>ABV 28:>@8AB>2CNBь A?;028 B0 D;NA8, O:V 

<VABOBь EV<VG=>-0:B82=V 5;5<5=B8. #@>4C:B8 <>48DV:C20==O є 5:>;>3VG=> 

=5157?5G=8<8 @5G>28=0<8, I> ?@872>48Bь 4> ?V428I5==O 20@B>ABV B5E=>;>3VG=>3> 
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?@>F5AC >B@8<0==O 703>B>2>: 2 @57C;ьB0BV =5>1EV4=>ABV 70157?5G5==O B0 4>B@8<0==O 

A0=VB0@=>-3V3Vє=VG=8E =>@< [108]. %?@>18 C=8:=CB8 01> 6 7<5=H8B8 70AB>AC20==O 

B0:8E 5;5<5=BV2 ?@872>4OBь 4> 7=865==O 28:84V2 2 0B<>AD5@C 701@C4=NNG8E 307V2.  

 

 

4.1 $>7@>1:0 B5E=>;>3VW >B@8<0==O ��, 

 

 

$>7@>1:0 B0 ?@><8A;>20 0?@>10FVO B5E=>;>3VW 28@>1=8FB20 0;N<V=Vє28E 

A?;02V2 7 V=25@B>20=>N AB@C:BC@>N 4;O D0A>==>3> ;8BBO 45B0;59 2V4?>2V40;ь=>3> 

?@87=0G5==O ?5@5410G0;0 28:>@8AB0==O 4@V1=>:@8AB0;VG=>W H8EB8 (��,) V7 

A?@8OB;828<8 A?04:>28<8 2;0AB82>ABO<8. �V4?>2V4=> 4> B5E=VG=>3> 70240==O B0 

:0;5=40@=>3> ?;0=C, @>1>B0 ?>;O30;0 2 @>7@>1FV B0 C73>465==V B5E=>;>3VG=>W 

V=AB@C:FVW «&5E=>;>3VO >B@8<0==O 4@V1=>:@8AB0;VG=>W H8EB8 0;N<V=Vє28E A?;02V2». 

"A=>2=V ?>;>65==O V=AB@C:FVW 1C;8 @>7@>1;5=V 70 @57C;ьB0B0<8 ?>?5@54=ь> 

?@>2545=8E =0C:>28E 4>A;V465=ь 2 C<>20E ;01>@0B>@VW 7 >1@>1:8 <0B5@V0;V2 

:0D54@8 «�><?>78FV9=V <0B5@V0;8, EV<VO B0 B5E=>;>3VW» �0?>@V7ь:>3> =0FV>=0;ь=>3> 

B5E=VG=>3> C=V25@A8B5BC B0 =0 28@>1=8G8E ?>BC6=>ABOE F5EC №1 �& « "&"$ 

%�+». $>7@>1;5=C  B5E=>;>3VG=C V=AB@C:FVN ?@54AB02;5=> C 4>40B:C �. 

"A=>2C H8EB8 ?;02>: 4;O 283>B>2;5==O 4@V1=>:@8AB0;VG=>W H8EB8 A:;040;8 

72>@>B ��7G V 72>@>B �356.2 (0=0;>3 ��7G, 28@>1=8FB20 «ALCOA») C 

A?V22V4=>H5==V 1:1, B>1B> 4@V1=>:@8AB0;VG=0 H284:> >E>;>465=0 H8EB0 <0;0 B>9 

65 A:;04 I> V ?@8 28@>1=8FB2V 45B0;59. #@8 WW ?@83>BC20==V 28EV4=C H8EBC ?;028;8 

C G02C==><C DCB5@>20=><C B83;V ?V4 ?>:@82=8< D;NA>< (50 <0A. % NaCl +  

+  50 <0A. % KCl). �V;ь:VABь D;NAC AB0=>28;0 2% 2V4 <0A8 @>7?;02C. #VA;O 

?;02;5==O ?@8 B5<?5@0BC@V 720±5°% @>7?;02 G5@57 є<=VABь 7 ?5@D>@>20=8< 4=>< 

(4V0<5B@ >B2>@V2 8 <<) 70;820;8 4> @575@2C0@C 7 2>4>N (є<=VABь ?@81;87=> 160 ;). 

&5<?5@0BC@0 2>48 AB0=>28;0 22...25°% (@8A. 4.1). #VA;O G>3> >B@8<0=C H8EBC 

=5>1EV4=> >1>2’O7:>2> 4>1@5 ?@>ACH8B8 V ?5@54 7020=B06C20==O< ?V4V3@VB8 4> 

B5<?5@0BC@8 120&150°%. 
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1 - 10:->E>;>46C20G; 2 - C;>2;N20G; 3 - є<=VABь 7 ?5@D>@0FVєN; 4 - :V2H;  

5 - :@0= 4;O ?>40GV >E>;>46C20;ь=>W @V48=8; 6 - :@0= 4;O 2V42>4C >E>;>46C20;ь=>W 

@V48=8. 

$8AC=>: 4.1 – �>2=VH=V9 283;O4 CAB0=>2:8 4;O >B@8<0==O 

4@V1=>:@8AB0;VG=>W H8EB8 
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#5@D>@>20=0 є<=VABь 70157?5G8;0 >B@8<0==O >4=0:>2>W 70 D@0:FV9=8< 

A:;04>< (@8A. 4.2) H284:> >E>;>465=>W 4@V1=>:@8AB0;VG=>W H8EB8 V7 ?>78B82=8<8 
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=545=4@8B=C @>7@V7=5=C (V=25@B>20=C) <V:@>AB@C:BC@C (@8A.4.3). 

   

0 - E100;                                                   1 - E400. 

$8AC=>: 4.3 –  V:@>AB@C:BC@0 4@V1=>:@8AB0;VG=>W H8EB8 2B>@8==>3> A?;02C 

(��7G + �356.2). E100, E400 

      200 <:<        50 <:<  

      20 <<  
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 V:@>AB@C:BC@0 ��, <0;0 28A>:C ABC?V=ь >4=>@V4=>ABV 7 @V2=><V@=8< 

@>7?>4V;5==O< CAVE D07 ?> ?>25@E=V H;VD0. $>7<V@ 75@=0 0;N<V=VN AB0=>282 C 

A5@54=ь><C 10&15 <:<, 0 @>7<V@ 52B5:B8G=>3> :@5<=VN 1&2 <:<. �:;NG5==O 

V=B5@<5B0;V4V2 1C;> 206:> V45=B8DV:C20B8 B0 2V4@V7=8B8 2V4 :@5<=Vє2>W D078 70 

7>2=VH=V< 283;O4><. &0:0 AB@C:BC@0 4>72>;Oє 7=0G=> ?V428I8B8 :><?;5:A 

<5E0=VG=8E 2;0AB82>AB59 A?;02V2. �@0E>2CNG8 28A>:C ABC?V=ь A?04:>2>ABV 

0;N<V=Vє28<8 A?;020<8 AB@C:BC@8 B0 2;0AB82>AB59 1C;> ?@89=OB> @VH5==O 

28:>@8AB0B8 ��, C O:>ABV ?@8A04:8 4> >A=>2=>W H8EB8 7 =0ABC?=>N >?B8<V70FVєN 

WW :V;ь:>ABV. �8D@0:B>3@0<0 ��, ?@54AB02;5=0 =0 @8AC=:C 4.4. 
 

 

$8AC=>: 4.4 – �8D@0:B>3@0<0 4@V1=>:@8AB0;VG=>W H8EB8 2B>@8==>3> A?;02C 

(��7G + �356.2) 

 

�8D@0:B><5B@8G=V 4>A;V465==O 4@V1=>:@8AB0;VG=>W H8EB8 (482. @8A. 4.4) 

?V4B25@48;8 =0O2=VABь C A?;02V D07 ³-Al B0 52B5:B8G=>3> Si. �024O:8 28A>:V9 

H284:>ABV >E>;>465==O 48D@0:FV9=V <0:A8<C<8 E0@0:B5@=V 4;O V=B5@<5B0;V4=8E 

D07 β-?>4V1=>3> B8?C =5 A?>AB5@V30;>Aь. "G5284=>, I> =525;8:>W :V;ь:>ABV 

V=B5@<5B0;V4V2 C ��, =5 4>AB0B=ь> 4;O GVB:>W @5єAB@0FVW 2V41820=ь 2V4 3@0B>: 

2:070=8E V=B5@<5B0;V4=8E D07. 
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4.2 �87=0G5==O 2?;82C ��, 

 

 

#5@54 ?@><8A;>28< 2?@>20465==O<, 4;O ?5@52V@:8 ?>78B82=>3> 2?;82C 

<5E0=V7<C A?04:>2>ABV  ��,, 1C;> ?@>2545=> 42V 4>A;V4=V ?;02:8. #5@H0 

28:>@8AB>2C20;0Aь O: 107>289 20@V0=B 4;O ?>@V2=O==O V A:;040;0Aь V7 100 <0A. % 

72>@>BC ��7G, I> 1C2 28?;02;5=89 ?V4 ?>:@82=8< D;NA>< (50 <0A.% NaCl +  

+ 50 <0A. % KCl) V @>7;8B89 70 B5<?5@0BC@8 710&720 °%. �@C3C ?@>2>48;8 =0 

72>@>BV A?;02C ��7G, O:89 ?;028;8 ?V4 ?>:@82=8< D;NA>< (50 <0A. % NaCl +  

+ 50 <0A. % KCl), ?VA;O G>3> 4>4020;8 ��, C :V;ь:>ABV 33,3 <0A. % =0 475@:0;> 

@>7?;02;5=>3> <5B0;C, 4>2>48;8 4> B5<?5@0BC@8 720 °%, 7=V<0;8 H;0: B0 @>7;820;8 

4> :>:V;N. �<VAB 70;V70 >1>E ?;02>: 1C2 >4=0:>289 V AB0=>282 0,6 <0A. %. �8;82:8 

7 :>:V;N ?@>E>48;8 B5@<VG=C >1@>1:C 70 @568<>< &6 (30@BC20==O + ?>2=5 HBCG=5 

AB0@V==O), ?VA;O G>3> 7 =8E 283>B>2;O;8 7@07:8 4;O 4>A;V465==O <V:@>AB@C:BC@8 B0 

287=0G5==O <5E0=VG=8E 2;0AB82>AB59 (Ã2, ·, HB). "A=>2=>N <5B>N ?@>2545==O 

B0:>3> 20@V0=BC 4>A;V465==O 1C;> 287=0G5==O <>6;82>ABV >B@8<0==O O:VA=8E 

28;82:V2 V7 2B>@8==>3> A?;02C ��7G 157 70AB>AC20==O <>48DV:C20;ь=8E :><?;5:AV2 

0 ;8H5 V7 70;CG5==O< A?04:>2>W 4VW 4@V1=>:@8AB0;VG=>W H8EB8.  

 V:@>AB@C:BC@8 ?@54AB02;5=V =0 @8AC=:C 4.5 A2V4G8;8, I> 4>4020==O ;8H5 

4@V1=>:@8AB0;VG=>W H8EB8 4> A?;02C ��7G =02VBь 157 4>40B:>2>W <>48DV:C20;ь=>W 

>1@>1:8 4>72>;ONBь C 1,5&2,5 @078 7<5=H8B8 @>7<V@ ³-B25@4>3> @>7G8=C 

0;N<V=VN, C 1,2&1,7 @07V2 7<5=H8B8 @>7<V@ :@5<=VN B0 @V2=><V@=> @>7?>4V;8B8 ?> 

2Aь><C >1’є<C 28;82:0. %5@54=V9 @>7<V@ V=B5@<5B0;V4=8E D07 B0:>6 7<5=H82AO 

?@81;87=> C 1,3&1,9 @07V2, 157 7<V=8 D>@<8 V 283;O4C 2:;NG5=ь.  

�<V=8 <V:@>AB@C:BC@8 ?>2’O70=V V7 B8<, I> :@8AB0;V70FVO ?>G8=0;0Aь 

>4=>G0A=> V7 1030Bь>E F5=B@V2, O:V <0;8 28A>:C ABC?V=ь A?>@V4=5=>ABV V7 0;N<V=Vє< 

B0 30@=> 7<>GC20;8Aь @>7?;02><, =5 AB2>@NNG8 =04;8H:>2>W 5=5@3VW ?>25@E=52>3> 

=0BO3C. �@8AB0;8, I> ?>G8=0;8 A2V9 @VAB, =5 2AB830;8 =01CB8 7=0G=8E @>7<V@V2 4> 

B>3> O: AB8:0;8AO V7 ACAV4=V<8 3V;:0<8 45=4@8BV2. 
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0                                                            1 

0 – 20@V0=B №1: 157 >1@>1:8; 1 – 20@V0=B №2: 33,3 <0A. % ��,. 

$8AC=>: 4.5 –  V:@>AB@C:BC@8 4>A;V4=8E A?;02V2 ��7G 

�C;> ?@>2545=> @5=B35=>A?5:B@0;ь=V 4>A;V465==O D07, I> 1C;8 2V7C0;ь=> 

28O2;5=V B0 V45=B8DV:>20=V O: :@5<=V9 B0 V=B5@<5B0;V48 C <V:@>AB@C:BC@V =0 

5;5:B@>==><C A:0=C20;ь=><C <V:@>A:>?V ?@8 71V;ьH5==V 2 1000 @07 (@8A. 4.6, 4.7). 

%?5:B@>3@0<8 ?V4B25@46CNBь EV<VG=89 A:;04 D07, O:V @0=VH5 V45=B8DV:C20;8 ;8H5 

70 7>2=VH=V< 284><, <>@D>;>3VєN V EV<VG=8< A:;04>< A?;02C. �=B5@<5B0;V48 

=01C20NBь A0<5 284>265=>W 3>;:>?>4V1=>W 01> ?;0AB8=G0AB>W D>@<8, :@5<=Vє20 

D070, O: ?@028;>, ?@89<0є :><?0:B=C D>@<C, 0 <0B@8FO ?@54AB02;Oє A>1>N  

³-B25@489 @>7G8= 4><VH:V2 2AVE EV<VG=8E 5;5<5=BV2, I> 2E>4OBь 4> A?;02C. /: 

2V4><> ?@8 :V<=0B=V9 B5<?5@0BC@V :@5<=V9 <0є @>7G8==VABь 2 0;N<V=VW <5=H5 0,1%, 

>B65 ?5@5206=0 1V;ьHVABь 9>3> 2 A?;02V ?@54AB02;5=0 C 283;O4V 52B5:B8:8 01> 2V= 

2E>48Bь 4> A:;04=8E V=B5@<5B0;V4=8E D07. 

         100мкм      
100мкм 

          100мкм     
100мкм 

           100мкм

100мкм

100мкм   100мкм  
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0 

 

1 

0 – <V:@>AB@C:BC@0 A?;02C ��7G E1000 157 >1@>1:8 7 2V4<VG5=8<8 B>G:0<8 
0=0;V7C; 1 – A?5:B@>3@0<0 B0 EV<VG=89 A:;04 D07 B>G:8 1 

$8AC=>: 4.6 – $57C;ьB0B8 @5=B35=>A?5:B@0;ь=>3> <V:@>0=0;V7C A?;02C ��7G 157 
>1@>1:8. 
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2 

 

3 

 

2 – A?5:B@>3@0<0 B0 EV<VG=89 A:;04 D07 B>G:8 2; 3 – A?5:B@>3@0<0 B0 EV<VG=89 

A:;04 D07 B>G:8 3 

$8AC=>: 4.6 – �@:CH 2 
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0 

 
1 

0 – <V:@>AB@C:BC@0 A?;02C ��7G E1000 7 33,3 <0A. % ��, 7 2V4<VG5=8<8 

B>G:0<8 0=0;V7C; 1 – A?5:B@>3@0<0 B0 EV<VG=89 A:;04 D07 B>G:8 1 

$8AC=>: 4.7 – $57C;ьB0B8 @5=B35=>A?5:B@0;ь=>3> <V:@>0=0;V7C A?;02C ��7G  

7 33,3 <0A. % ��, 
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2 

 

3 

2 – A?5:B@>3@0<0 B0 EV<VG=89 A:;04 D07 B>G:8 2; 3  – A?5:B@>3@0<0 B0 EV<VG=89 

A:;04 D07 B>G:8 3 

 

$8AC=>: 4.7 – �@:CH 2 
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�0 4>?><>3>N @5=B35=>AB@C:BC@=>3> 0=0;V7C 1C;> ?V4B25@465=> 

:@8AB0;V70FVN D07 Al, Si, Al3Fe B0 ?><VG5=V 2:@0?;5==O >:A84V2 Al2O3 (@8A. 4.8). #@8 

4>4020==V 4> A?;02C 4@V1=>:@8AB0;VG=>W H8EB8 :V;ь:VABь >:A84=8E 2:;NG5=ь 

71V;ьHCєBьAO, ?@> I> A2V4G8Bь 71V;ьH5==O V=B5=A82=>ABV <0:A8<C<V2 

48D@0:B>3@0<8, F5 <>6=0 ?>OA=8B8 B8< I> 3@0=C;8 ��, <0NBь 7=0G=C ?;>IC 

?>25@E=V 4;O >:8A=5==O V 70<VHCNBьAO C @>7?;02. 

 

$8AC=>: 4.8 – �8D@0:B>3@0<0 4>A;V4=>3> A?;02C ��7G 7 33,3 <0A. % ��, 
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$57C;ьB0B8 28?@>1C20=ь =02545=V C B01;8FV 4.1.  

&01;8FO 4.1 – $57C;ьB0B8 28?@>1C20=ь ?> 287=0G5==N <5E0=VG=8E 

2;0AB82>AB59 2B>@8==>3> 0;N<V=Vє2>3> A?;02C ��7G 

№ 

?@>18 
�84 H8EB8 Ϭ2,  #0 

Ϭв, 

 #0 
·,% δ,%       HB HB 

1 
100 <0A. % 

72>@>B ��7G  

316; 328; 

318; 312. 
318 

1,7; 2,3; 

1,0; 1,7. 
1,7 

121; 114; 

117; 121. 
118 

2 

66,7 <0A. % 

72>@>B ��7G + 

33,3% ��, 

304; 296; 

284; 286. 
292 

7,1; 2,8; 

2,6; 2.4. 
3,7 

107; 106; 

104; 107. 
106 

 

$57C;ьB0B8 70A2V4G8;8, I> A?04:>20 4VO ��, 4>72>;Oє >B@8<C20B8 1V;ьH 

48A?5@A=C <V:@>AB@C:BC@C B0 2 7=0G=V9 <V@V ?V428ICє ?;0AB8G=VABь 4> 3,7%. 

!57=0G=5 7=865==O A5@54=VE 7=0G5=ь 3@0=8FV <VF=>ABV 4> 292  #0 B0 B25@4>ABV 4> 

106 !� ?>OA=NєBьAO B8<, I> 7 ��,, 4> A?;02C 9<>2V@=> ?>B@0?;Oє 1V;ьH0 

:V;ь:VABь >:A84V2 B0 2>;>38. �:;NG5==O >:A84V2 =5A?@8OB;82>W D>@<8 2V4V3@0NBь 

@>;ь :>=F5=B@0B>@V2 =0?@C65=ь, I> <>65 2V4>1@060B8AO =0 ?>:07=8:0E <VF=>ABV. 

�>;>30 ?@872>48Bь 4> ?V428I5==O 307>2>W ?>@8AB>ABV B0 7=865==O IV;ь=>ABV 

28;82:0. "FV=NNG8 :><?;5:A <5E0=VG=8E 2;0AB82>AB59 2 FV;><C, A0<5 4@C389 

20@V0=B 704>2>;ь=O2 28<>38 28@>1=8FB20 4;O 283>B>2;5==O 28;82:V2 

2V4?>2V40;ь=>3> ?@87=0G5==O · ≥ 2,0%. � <5B>N ?>40;ьH>3> ?>:@0I5==O :><?;5:AC 

<5E0=VG=8E 2;0AB82>AB59, 1C;> 1 4>FV;ь=> 4>40B:>2> 4>A;V48B8 :><?;5:A=89 2?;82 

@0DV=C20;ь=>-<>48DV:C20;ь=>3> >1@>1;5==O V7 70AB>AC20==O<  �-1 V ��,.  

�>A;V465==O D@0:B>3@0< 7;0<V2 7@07:V2 (@8A 4.9) 4;O 287=0G5==O 3@0=8FV 

<VF=>ABV V ?;0AB8G=>ABV, B0:>6 A2V4G0Bь ?@> ?V428I5==O 5=5@3>є<=>ABV @C9=C20==O 

?@8 4>4020==V 4> A?;02C ��,. #@> ?V428I5==O 5=5@3VW ?>2=>3> @C9=C20==O 7@07:C 

A?;02C ��7G C A:;04V O:>3> <VAB8;0AO B@5B8=0 ��, A2V4G8;0 =0O2=VABь O<>G=>3> 

@5;ьєDC B0 2V4ACB=VABь 25;8:>W ?;>I8=8 A:>;V2, O:V G0AB> CB2>@NNBьAO 274>26 

:@8E:8E V=B5@<5B0;V4=8E D07. 
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�1
V;
ьH
5=
=O

 

100 <0A. % 72>@>B ��7G. 33,3% ��, 

E3
0 

  

E8
00

 

  

E1
00
0 

  

 

$8AC=>: 4.9 – #>25@E=V @C9=C20=ь 7@07:V2 4;O 287=0G5==O 3@0=8FV <VF=>ABV V 

?;0AB8G=>ABV 
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4.3 �><?;5:A=5 70AB>AC20==O ��, B0  �-1 

 

 

�;O >B@8<0==O 28;82:V2 V7 2B>@8==8E A?;02V2 V7 ?V428I5=8<8 <5E0=VG=8<8 

2;0AB82>ABO<8 1C;> ?@>2545=> 02B>@Aь:89 =03;O4 V B5E=VG=89 AC?@>2V4 

28@>1=8FB20 0;N<V=Vє28E A?;02V2 V7 28:>@8AB0==O< 4@V1=>:@8AB0;VG=>W H8EB8, 

>B@8<0=>W 2V4?>2V4=> 4> 28<>3 B5E=>;>3VG=>W V=AB@C:FVW (482. 4>40B>: �). 

�;O ?>1C4>28 <0B5<0B8G=>W <>45;V 2?;82C 4@V1=>:@8AB0;VG=>W H8EB8, 2<VABC 

70;V70 B0 <>48DV:C20;ь=>W >1@>1:8 =0 <5E0=VG=V 2;0AB82>ABV A8;C<V=C ��7G 2AV 

5:A?5@8<5=B8 28:>=0=V 73V4=> 7 <0B@8F5N ?>2=>3> D0:B>@=>3> 5:A?5@8<5=BC 23, 0 

A0<5 @>B>B015;ь=>3> ?;0=C F5=B@0;ь=>3> :><?>78FV9=>3> ?;0=C20==O (B01;.4.2).  

�V4?>2V4=> 4> <0B@8FV ?;0=C20==O 1C;> ?@>2545=> 4>A;V4=V ;01>@0B>@=V 

?;02:8. "A=>2C H8EB8 ?;02>: A:;040;8 72>@>B ��7G V 72>@>B �356.2 (0=0;>3 ��7G, 

28@>1=8FB20 «ALCOA») C A?V22V4=>H5==V 1:1. ,8EBC ?;028;8 ?V4 ?>:@82=8< 

D;NA>< NaCl : KCl :V;ь:VABN 2 <0A. % 70A8?0=8E =0 4=> B83;O. �;O B>3> I>1 20@V0=B 

?;02:8 70 EV<VG=8< A:;04>< 2V4?>2V402 <0B@8FV ?;0=C20==O 5:A?5@8<5=BC 70 

4>?><>3>N 472>=8:0 @>7?;02 4>H8EB>2C202AO 70;V7=8< ?>@>H:>< #�-2 4> ?>2=>3> 

9>3> @>7G8=5==O, I> 70157?5GC20;>AO 28AB>N20==O< @>7?;02C <V=V<C<  

2?@>4>26 30 E2. #>BV< =0 G8AB5 475@:0;> @>7?;02;5=>3> <5B0;C 4>4020;0AO 

4@V1=>:@8AB0;VG=0 H8EB0, @>7<VHC20;0AO V 4>2>48;0AO 4> B5<?5@0BC@8 720℃.  

#VA;O G>3> ?@>2>48;8 >1@>1;5==O <>48DV:C20;ь=8< :><?;5:A><  �-1 4> ?>2=>3> 

70:V=G5==O @50:FVW V @>7;820;8 2 :>:V;ь. &@820;VABь 28B@8<C20==O A?;02C ?VA;O 

70:V=G5==O <>48DV:C20;ь=>W >1@>1:8 4> :V=FO @>7;82C AB0=>28;0 =5 1V;ьH5 B@ь>E 

3>48=. �8;82:8 ?V44020;8Aь B5@<VG=V9 >1@>1FV, 30@BC20==O V ?>2=5 HBCG=5 

AB0@V==O, I> 2V4?>2V40є @568<C &6 4;O A?;02C ��7G 73V4=> 7 �%&' 2839-94. 

�7 28;82:0 >B@8<0=>3> 70 40=>N B5E=>;>3VєN 283>B>2;O;8 H;VD8 4;O 282G5==O 

<V:@>AB@C:BC@8 V 7@07:8 4;O 287=0G5==O <5E0=VG=8E 2;0AB82>AB59, 70 7<V=0<8 O:8E 

?@>2>48;8 >FV=:C 2?;82C :><?;5:A=>W B5E=>;>3VW <>48DV:C20==O. $57C;ьB0B8 

70AB>AC20==O :><?;5:A=8E <5B>4V2 >1@>1;5==O =0 2B>@8==8E A?;020E V7 

?V428I5=>N :>=F5=B@0FVєN 70;V70 <0NBь =091V;ьH89 ?>?8B =0 28@>1=8FB2V. 
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&01;8FO 4.2 – �>4C20==O D0:B>@V2 ?@8 4>A;V465==V >1;0ABV >?B8<C<C 70 

4>?><>3>N F5=B@0;ь=>3> :><?>78FV9=>3> @>B>B015;ь=>3> C=VD>@<-?;0=C20==O 

4@C3>3> ?>@O4:C, �=3 

�=B5@20;8 

20@VN20==O B0 

@V2=V D0:B>@V2 

(0:B>@8, I> 282G0NBьAO 

)1 <0A. % ��, )2  <0A. % Fe )3 <0A. %  �-1 

�=B5@20; 

20@VN2. 
1,0 25 0,5 0,05 

1,682 42,05 0,841 0,0841 

!C;ь>289 

@V25=ь 
)0 =0 42,05 1,0 0,1 

!86=V9 

@V25=ь  
-1,0 17,05 0,5 0,05 

�5@E=V9 

@V25=ь 
+1,0 67,05 1,5 0,15 

�V@:>2V 

B>G:8 

-1,682 0 0,159 0,0159 

+1,682 84,1 1,841 0,1841 

 0B@8FO ?;0=C20==O ?5@5410G0є ?@>2545==O N 4>A;V4V2. #@8 ?;0=C20==V 

4@C3>3> ?>@O4:C[85, 86]: 

 N = 2K + 2K + N(0),     (4.1) 

45  2K – >A=>2=89 ?;0=; 

�- :V;ь:VABь =570;56=8E 7<V==8E; 

2� – :V;ь:VABь 4>A;V4V2 C 7V@:>28E B>G:0E; 

N(0) – :V;ь:VABь 4>A;V4V2 C F5=B@V 5:A?5@8<5=BC. 

 

 0B@8FN ?;0=C20==O 5:A?5@8<5=BC =02545=> C B01;8FV 4.3. 
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&01;8FO 4.3 –  0B@8FO F5=B@0;ь=>3> :><?>78FV9=>3> @>B>B015;ь=>3> 

C=VD>@<-?;0=C20==O 4@C3>3> ?>@O4:C, �=3 
�
0@
V0
=B
 №

 

(0:B>@8, I> 282G0NBьAO 
�;0AB82>ABV (B.>. 

70 @568<>< &6) 

��, Fe  �-1 
Ϭ2, 

 #0 
·,% HRB $V25=ь 

D0:B>@0 
<0A.% 

$V25=ь 

D0:B>@0 
<0A.% 

$V25=ь 

D0:B>@0 
<0A.% 

1 -1,0 17,05 -1,0 0,5 -1,0 0,05 294,0 7,0 50,17 

2 +1,0 67,05 -1,0 0,5 -1,0 0,05 275,2 6,4 41,83 

3 -1,0 17,05 +1,0 1,5 -1,0 0,05 254,6 2,2 47,33 

4 -1,0 17,05 -1,0 0,5 +1,0 0,15 284,7 4,9 51,67 

5 +1,0 67,05 +1,0 1,5 -1,0 0,05 264,7 3,0 49,33 

6 +1,0 67,05 -1,0 0,5 +1,0 0,15 274,0 7,5 44,83 

7 -1,0 17,05 +1,0 1,5 +1,0 0,15 271,8 1,7 54,5 

8 +1,0 67,05 +1,0 1,5 +1,0 0,15 267,5 2,9 45,83 

9 -1,682 0 0 1,0 0 0,1 275,5 3,1 47,17 

10 +1,682 84,1 0 1,0 0 0,1 222,6 2,4 22,5 

11 0 42,05 -1,682 0,16 0 0,1 256,0 6,7 36,83 

12 0 42,05 +1,682 1,84 0 0,1 246,0 0,7 51,17 

13 0 42,05 0 1,0 -1,682 0,016 275,0 4,5 39,17 

14 0 42,05 0 1,0 +1,682 0,184 266,1 2,5 46,5 

15 0 42,05 0 1,0 0 0,1 300,0 6,5 52,0 

16 0 42,05 0 1,0 0 0,1 305,0 6,0 51,0 

17 0 42,05 0 1,0 0 0,1 310,1 6,0 53,1 

18 0 42,05 0 1,0 0 0,1 311,0 5,8 50,3 

19 0 42,05 0 1,0 0 0,1 309,0 6,2 54,1 

20 0 42,05 0 1,0 0 0,1 310,0 6,0 52,0 
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"1@>1;5==O 5:A?5@8<5=B0;ь=8E 40=8E ?@>2>48;8 70 4>?><>3>N 

@53@5AV9=>3> 0=0;V7C. "FV=N20==O :>5DVFVє=BV2 @53@5AVW ?@>2>48;8 70 4>?><>3>N 

:@8B5@VN %B'N45=B0. �V4?>2V4=VABь @53@5AV9=>W <>45;V :@8B5@VN (VH5@0 A2V4G8Bь 

?@> WW 045:20B=VABь. �45:20B=VABь <>45;V 2:07Cє, I>  WW <>6=0 28:>@8AB>2C20B8 4;O 

?@>3=>7C20==O 7=0G5=ь DC=:FV9 2V43C:C ?@8 @V7=8E 7=0G5==OE D0:B>@V2, O:V 

7=0E>4OBьAO <V6 25@E=V< V =86=V< @V2=O<8. "B@8<0=V @V2=O==O, I> >?8ACNBь 

70;56=VABь <5E0=VG=8E 2;0AB82>AB59 2V4 2<VABC ��, (X1), :>=F5=B@0FVW 70;V70 2 

A?;02V (X2),  B0 :V;ь:>ABV ?@8A04:8 <>48DV:C20;ь=>3> :><?;5:AC  �-1(X3), <0NBь 

=0ABC?=89 283;O4: 

 

Ϭ2 = 215,85 + 1,6;X1 + 83,97; X2 + 579,58; X3 + 0,353; X1;X2 – 0,626; X1;X3+                

+ 152,5; X2;X3 – 0,026; X1 2 – 63,34; X22 – 3568,84; X32;                          (4.2) 

 

· = 4,65 + 0,09; X1 + 0,52; X2 + 26,67; X3 + 0,36; X1;X3+2; X2;X3 - 0,0014 ;X12 –            

–2,27; X22 – 255,4; X32;                   (4.3) 

 

HRB = 28,65+0,40;X1 +10,15;X2+191,27; X3 + 0,085;X1; X2 - 0,917; X1;X3 –                 

–4,15; X2;X3 - 0,007; X1 2 – 4,27; X22 – 592,68; X32                                   (4.4) 

 

�=0;V7 @V2=O=ь (4.2 - 4.4) 45<>=AB@Cє, I> 70;56=>ABV, O:V >?8ACNBь 7<V=C 

<5E0=VG=8E 2;0AB82>AB59, E0@0:B5@87CNBьAO :@828<8 4@C3>3> ?>@O4:C. *5 2:07Cє, 

I> ?@8 287=0G5=8E 7=0G5==OE D0:B>@V2, O:V 4>A;V46C20;8AO, DC=:FVW 2V43C:C <0NBь 

5:AB@5<0;ь=V 7=0G5==O (B01;.4.4). �=0G5==O DC=:FV9 2 B>G:0E 5:AB@5<C<V2, 

?>:07CNBь B5>@5B8G=> <>6;82V <0:A8<0;ь=V 7=0G5==O <5E0=VG=8E 2;0AB82>AB59 4;O 

40=>3> 284C :><?;5:A=>3> >1@>1;5==O. "FV=:C 2?;82C :><?;5:A=>W B5E=>;>3VW 

<>48DV:C20==O ?@>2>48;8 ;8H5 2 <560E 4>A;V46C20=8E D0:B>@V2 V 2AB0=>2;5=>, I> 

<>6;825 >B@8<0==O 28;82:V2 7 28A>:8<8 ?>:07=8:0<8 <5E0=VG=8E 2;0AB82>AB59 

 Ϭ2 > 300  #0, · > 5% V HRB > 50 ?@8 70AB>AC20==V :><?;5:A=>W <>48DV:C20;ь=>W 

>1@>1:8  �-1 4> 0,1 <0A. % V ��, 4> 42,05 <0A. % C A:;04V H8EB8. 
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&01;8FO 4.4 – �=0G5==O DC=:FV9 2 B>G:0E 5:AB@5<C<V2 

(C=:FVO ��,,  

<0A. % 

Fe,  

<0A. % 

 �,  

<0A. % 

�=0G5==O D-W 

2 B>GFV 

5:AB@5<C<C 

(max) 

�=0G5==O V=H8E 

D-9 4;O 40=>W 

B>G:8  

5:AB@5<C<C 

f(Ϭ2,  #0) 35,01 0,88 0,097 Ϭ2=308,76 

 #0 

·=6,38 % 

52 HRB 

f(·, %) 42,89 0,16 0,083 ·=7,74 % Ϭ2=272,65  #0 

43,25 HRB 

f(HRB) 28,88 1,41 0,134 54,44 HRB Ϭ2=286,76  #0 

·=3,06 % 

 

 �;O =03;O4=>3> 7>1@065==O ?@8 O:8E C<>20E <>6;82> >B@8<C20B8 =0928IV 

?>:07=8:8 <5E0=VG=8E 2;0AB82>AB59 1C;8 ?>1C4>20=V ?>25@E=V 2V43C:C C <560E 

282G0є<8E ?0@0<5B@V2 (@8A. 4.10), :>B@V 2V4>1@060NBь 2?;82 :V;ь:>ABV ��, B0 

<>48DV:C20;ь=>W >1@>1:8 ?@8 ?>ABV9=V9 >?B8<0;ь=V9 :>=F5=B@0FVW 70;V70 2 A?;02V. 

�;O >B@8<0==O <0:A8<0;ь=>W 3@0=8FV <VF=>ABV 1060=> I>1 70;V7> C A?;02V 

7=0E>48;>AO C :V;ь:>ABV 0,88 <0A. %, 4;O <0:A8<0;ь=>W ?;0AB8G=>ABV 0,16 <0A. % 

70;V70, 0 4;O B25@4>ABV 1,41 <0A. %. "A:V;ь:8 <0:A8<C< ?;0AB8G=>ABV A?V2?02 V7 

7V@:>2>N B>G:>N 70 <0B@8F5N 5:A?5@8<5=BC, B> 9<>2V@=>, I> ?@8 7<5=H5==V 

:>=F5=B@0FVW 70;V70 <>6;82> >B@8<0B8 I5 1V;ьH 28A>:V ?>:07=8:8 2V4=>A=>3> 

284>265==O. �;5 4;O ?>1C4>28 B0:>W 70;56=>ABV =5>1EV4=V :>HB>2=V A?;028 28A>:>W 

G8AB>B8 B0 ?@>2545==O 4>40B:>28E 4>A;V465=ь. &0:>6 A;V4 707=0G8B8, I> :V;ь:VABь 

4><VH>: C 72>@>BV <0є B5=45=FVN 7@>AB0B8, 0 =5 7<5=HC20B8Aь, >B65 ?@0:B8G=C 

FV==VABь <0NBь A0<5 @57C;ьB0B8 >B@8<0=V =0 A?;020E 7 28A>:8< 2<VAB>< 70;V70, 

>A>1;82> 70 <560<8 @5:><5=40FV9 �%&' 2839-94.  
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$8AC=>: 4.10 – #>25@E=V 2V43C:C 4;O 3@0=8FV <VF=>ABV, ?;0AB8G=>ABV B0 B25@4>ABV 

B>G>: 5:AB@5<C<V2 WE DC=:FV9 70;56=>ABV ?@8 2V4?>2V4=V9 :>=F5=B@0FVW 70;V70 
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%?;028, >1@>1;5=V 70 :><?;5:A=>N B5E=>;>3VєN, <0;8 AB@C:BC@C, I> 

A:;040;0AO 7 0;N<V=Vє2>W <0B@8FV (³-B25@489 @>7G8= Si B0 V=H8E 4><VH>: 2 Al), 

52B5:B8G=>3> Si B0 V=B5@<5B0;V4=8E D07 Al3Fe, Al5FeSi, Al2Fe (@8A. 4.11). �0;56=> 

2V4 A:;04C H8EB8, 2<VABC Fe V :V;ь:>ABV 70AB>A>2C20=>3> <>48DV:0B>@0 G0AB8=:8 

:@5<=VN V 70;V7>2<VA=8E D07 7<V=N20;8 A2V9 @>7<V@ V D>@<C, I> AB0;> >A=>2=8< 

D0:B>@><, O:89 2?;820є =0 <5E0=VG=V 2;0AB82>ABV A?;02V2.  

#@54AB02;5=V AB@C:BC@8 "7>@O=8E" B>G>: <0B@8FV ?;0=C20==O 5:A?5@8<5=BC 

2V4>1@060NBь 2?;82 4>A;V46C20=8E G8==8:V2 =0 AB@C:BC@=V 7<V=8 B0 <5E0=VG=V 

2;0AB82>ABV A?;02C (482. @8A. 4.11 V 4.12). �>A;V465==O <V:@>AB@C:BC@ A0<5 

"7>@O=8E" B>G>: 4>72>;ONBь =0>G=> 2V4>1@078B8 7<V=8, I> 2V41C20NBьAO C A?;02V 

?V4 4VєN >4=>3> V7 282G0є<8E D0:B>@V2 =0 <560E 4V0?07>=C 20@VN20==O. #V428I5==O 

2<VABC ��, 2 H8EBV 2V4 0 4> 84,1 % ?@8725;> 4> 48A?5@3C20==O :@5<=VN B0 

V=B5@<5B0;V4=8E 2:;NG5=ь (482. @8A. 4.11 0, 1). �1V;ьH5==O :>=F5=B@0FVW Fe 7 0,16 

4> 1,84 % ?@872>48;> 4> CB2>@5==O 2 A?;02V 25;8:>W :V;ь:>ABV 284>265=8E 

V=B5@<5B0;V4=8E D07 (482. @8A. 4.11 2, 3). �@>AB0NG0 ?@8A04:0 <>48DV:0B>@0  

 �-1 0:B82=> 2?;820;0 =0 @>7<V@ V D>@<C >A=>2=8E AB@C:BC@=8E  

A:;04>28E (482. @8A. 4.11 4, 5). 

$57C;ьB0B8 AB0B8AB8G=>3> >?@0FN20==O 40;8 7<>3C >B@8<0B8 =52V4><V @0=VH5 

70;56=>ABV 4;O 3@0=8FV <VF=>ABV, 2V4=>A=>3> ?>4>265==O V B25@4>ABV 2V4 

4>A;V46C20=8E D0:B>@V2. �0;56=>ABV <0NBь B>G:C 5:AB@5<C<C 2 <560E >1;0ABV 

4>A;V465==O, I> A2V4G8Bь ?@> @0FV>=0;ь=89 281V@ V=B5@20;V2 20@VN20==O 

4>A;V46C20=8E D0:B>@V2. #@>2545=89 <5B0;>3@0DVG=89 0=0;V7 70A2V4G82 >B@8<0==O 

C A?;02V 7 ��, V=25@B>20=>W AB@C:BC@8 (482. @8A. 4.11). $V2=><V@=89 @>7?>4V; B0 

7<5=H5==O @>7<V@V2 AB@C:BC@=8E A:;04>28E 1C;> 4>AO3=CB> A0<5 70 @0EC=>: 

:><?;5:A=>W 4VW <>48DV:C20;ь=>W >1@>1:8 B0 70;CG5==O <5E0=V7<C A?04:>2>ABV. 

�@V1=>:@8AB0;VG=0 H8EB0 <>65 1CB8 >B@8<0=0 C V=H89 A?>AV1,  

=0?@8:;04 328=B>2>N 5:AB@C7VєN, 01> ;8BBO< C AB@C<5=5289 :@8AB0;V70B>@, 

>A=>2=0 28<>30 - F5 =0O2=VABь C =V9 70:;045=>W V=25@B>20=>W AB@C:BC@8 B0 @>7<V@ 

75@=0 ³-B25@4>3> @>7G8=C 10&15 <:<. %?>@V4=5=VABь 7 @>7?;02>< B0:8E F5=B@V2 

:@8AB0;V70FVW 28I0 =V6 2V4><V 4><VH:>2V <>48DV:0B>@8 �-3> @>4C. 
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                                      0                                                                             1            

  

                                       2                                                                           3 

  

                                     4                                                                                5 

0 - 0%��, 1,0 % Fe 0,1 % �-1; 1 - 84,1 %��, 1,0% Fe 0,1 % �-1;  
2 - 42,05 %��, 0,16 % Fe 0,1 % �-1; 3 - 42,05 %��, 1,84 % Fe 0,1 % �-1; 

 4 - 42,05 % ��, 1,0 % Fe 0,016 % �-1; 5 - 42,05 % ��, 1,0 % Fe 0,184 % �-1.  

$8AC=>: 4.11 -  V:@>AB@C:BC@0 A?;02C ��7G, E400  
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�0AB>AC20==O H8EB8, I> <VAB8Bь 30...45 <0A. % ��, 40є 7<>3C ?V428IC20B8 

3@0=8FN <VF=>ABV Ã2 =0 30...40  #0, 2V4=>A=5 ?>4>265==O · =0 1...2 % V B25@4VABь  

HRB =0 2...6 >4. (@8A. 4.12). #>40;ьH5 71V;ьH5==O ��, C H8EBV ?@872>48Bь 4> 

7=865==O <5E0=VG=8E 2;0AB82>AB59, I>, 9<>2V@=>, ?>2'O70=> V7 701@C4=5==O< 

A?;02C >:A84>< 0;N<V=VN Al2O3. 

 

 

0                                                                                  1 

0 - ?@8 ?>ABV9=V9 ?@8A04FV <>48DV:0B>@0  �-1 0,1 <0A. %; 1 - ?@8 =0O2=>ABV 2 

H8EBV ��, C :V;ь:>ABV 42,05 <0A. %. 

$8AC=>: 4.12 – �?;82 :>=F5=B@0FVW Fe =0 <5E0=VG=V 2;0AB82>ABV 4>A;V4=>3> A?;02C 

 

"1@>1:0 <>48DV:C20;ь=8< :><?;5:A><  �-1 40є 7<>3C 4>AO3B8 ?V428I5==O 

3@0=8FV <VF=>ABV =0 15...30  #0, 2V4=>A=>3> ?>4>265==O =0 1,0...1,3 % V B25@4>ABV 

=0 7...8 >4. (482. @8A. 4.12). �030;ь=5 ?V428I5==O <5E0=VG=8E 2;0AB82>AB59 

�%&' 

 2839-94 

�%&' 

 2839-94 

�%&' 

 2839-94 

�%&' 

 2839-94 

�%&' 

 2839-94 

�%&' 

 2839-94 

��,, % 
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4>AO3=CB> 2 @57C;ьB0BV ?>4@V1=5==O V 7<V=8 D>@<8 :@8AB0;V2 ?5@28==>3> :@5<=VN 

B0 V=B5@<5B0;V4V2 (482. @8A. 4.11 4, 5). 

�@>AB0==O :>=F5=B@0FVW Fe C A?;02V ?@8725;> 4> 7=865==O ?;0AB8G=>ABV B0 

?V428I5==O B25@4>ABV (482. @8A. 4.12) C 2Aь><C V=B5@20;V 4>A;V465=ь. #@8 

:>=F5=B@0FVOE 4> 1,0 <0A. % 70;V7> ?V428IC20;> <56C <VF=>ABV 2=0A;V4>: 7<VF=5==O 

³-B25@4>3> @>7G8=C. �8IV :>=F5=B@0FVW Fe ?@872>48;8 4> 7=865==O Ϭ2 C=0A;V4>: 
CB2>@5==O 28BO3=CB8E V=B5@<5B0;V4=8E D07, O:V <0NBь =87ь:89 :>35@5=B=89 72'O7>: 

V7 <0B@8F5N V 28ABC?0NBь C @>;V 0:B82=8E :>=F5=B@0B>@V2 =0?@C65=ь, I> 

C73>46CєBьAO 7 >B@8<0=8<8 @0=VH5 @57C;ьB0B0<8. 

 

 

4.4 �8A=>2:8 

 

 

1. �0AB>AC20==O 7030;ь=>2V4><8E <5B>4V2 C?@02;V==O AB@C:BC@>N V 

2;0AB82>ABO<8 28;82:V2 7 0;N<V=Vє28E A?;02V2 =5 702648 70157?5GCNBь =5>1EV4=C 

O:VABь 45B0;59, 283>B>2;5=8E V7 2B>@8==>W A8@>28=8, C 72'O7:C 7 =530B82=8< 2?;82>< 

H8EB8 V 4><VH>: 70;V70. 

2. �8:>@8AB0==O H8EB>28E <0B5@V0;V2 7V A?@8OB;82>N A?04:>2>N AB@C:BC@>N 

40є 7<>3C A:>@>B8B8 :V;ь:VABь 70AB>A>20=8E <>48DV:C20;ь=8E 4>102>:, I>, 7V A2>3> 

1>:C, 7=0G=> 7=86Cє 28:848 307V2 V ?>:@0ICє 5:>;>3VG=89 B0 A0=VB0@=>-3V3Vє=VG=89 

AB0= 2 ;820@=><C F5EC. 

3. #>78B82=V @57C;ьB0B8 A?04:>2>W <>48DV:C20;ь=>W >1@>1:8 >B@8<0=> =0 

A?;02V ��7G 7 2<VAB>< 70;V70 0,6 <0A. %. �0AB>AC20==O ��, C :V;ь:>ABV 33,3 <0A. % 

4>72>;8;> 7<5=H8B8 @>7<V@ ³-B25@4>3> @>7G8=C 0;N<V=VN 2 1,5&2,5 @07V2, :@5<=VN 

2 1,2&1,7 @07V2 B0 V=B5@<5B0;V4V2 2 1,3&1,9 @07V2, I> ?@8725;> 4> ?V428I5==O 

?;0AB8G=>ABV A?;02C 4> 3,7%. 

4. �><?;5:A=5 70AB>AC20==O 4><VH:>2>3> V A?04:>2>3> <5B>4V2 

<>48DV:C20;ь=>W >1@>1:8 4>72>;Oє >B@8<C20B8 A?;028 7 @V2=><V@=8< @>7?>4V;>< 
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D07 ?> >1’є<C 28;82:0, 7<5=H8B8 @>7<V@8 AB@C:BC@=8E A:;04>28E B0 =048B8 W< 

:><?0:B=>W D>@<8. 

5. �AB0=>2;5=>, I> >B@8<0==O 28;82:V2 7 28A>:8<8 ?>:07=8:0<8 <5E0=VG=8E 

2;0AB82>AB59 Ϭ2 > 300  #0, · > 5% V HRB > 50 4;O ;820@=8E A?;02V2 ��7G V �356.2 

<>6;825 ?@8 70AB>AC20==V <>48DV:C20;ь=>W >1@>1:8  �-1 4> 0,1 <0A. % V ��, 4> 

42,05 <0A. % C A:;04V H8EB8. 

6. �?5@H5 >B@8<0=> 70;56=>ABV 2?;82C :V;ь:>ABV ��,, Fe V <>48DV:0B>@0 =0 

Ϭ2, ·, HRB 4;O 2B>@8==8E A?;02V2 ��7G V �356.2. #>:070=> =>2V <>6;82>ABV 

?V428I5==O <5E0=VG=8E 2;0AB82>AB59 2B>@8==8E A8;C<V=V2, C=0A;V4>: >1@>1:8 

@>7?;02C <>48DV:C20;ь=8< :><?;5:A><  �-1 C ?>є4=0==V 7 28:>@8AB0==O< ��,. 

"B@8<0=V @57C;ьB0B8 4>72>;8;8 70AB>AC20B8 @>7@>1;5=C :><?;5:A=C B5E=>;>3VN 

4;O >45@60==O O:VA=8E 28;82:V2 7 2V4E>4V2 28@>1=8FB20 2 ?@><8A;>28E C<>20E. 
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$"���� 5  

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

"�$"���!!/ #$� ���"&"���!!� ��&��� 05943200001-01 

«&�$���"&$� �+»  �� ��"$"&' %#���' ��7G 

 

 

#5@52V@:0 D>@<C20==O V=25@B>20=>W (@>7@V7=5=>W =545=4@8B=>W) AB@C:BC@8 

?@>2>48;0Aь 2 ?@><8A;>28E C<>20E F5E0 №1 �& « "&"$ %�+» ?@8 283>B>2;5==V 

45B0;V 05943200001-01 «&0@V;:>B@8<0G». 

' O:>ABV <0B5@V0;C 4;O 283>B>2;5==O 45B0;59 28:>@8AB>2C202AO 72>@>B A?;02C 

��7G. #@8 ?@>2545==V 5:A?5@8<5=BC 2 ?@><8A;>28E C<>20E 1C;> 70AB>A>20=> 

:><?;5:A=5 ?>5B0?=5 >1@>1;5==O A?;02C 70 @V7=8<8 20@V0=B0<8 (B01;. 5.1). 

 

&01;8FO 5.1 – �0@V0=B8 283>B>2;5==O 45B0;V 05943200001-01 «&0@V;:>B@8<0G»   

№ 

7/? 

%CBь B5E=>;>3VG=>3> 20@V0=BC 283>B>2;5==O 45B0;V ;8BBO< 

C :>:V;ь 
 0@:C20==O 

1 
�V A?;02C, I> 2V4?>2V40є 70 AB0=>< ?>G0B:>2V9 AB04VW 
?V43>BC20==O 

1 

2 
� 4>40B:>28< ?@8<CA>28< ?V4?@5AC20==O< 7V A?;02C, I> 
2V4?>2V40є 70 AB0=>< ?>G0B:>2V9 AB04VW ?V43>BC20==O 

1-1 

3 
�V A?;02C, 4> O:>3> 4>40=> 35 <0A. % 4@V1=>:@8AB0;VG=>W 
H8EB8 A?;02C ��7G 

2 

4 
� 4>40B:>28< ?@8<CA>28< ?V4?@5AC20==O< 7V A?;02C, I> 
283>B>2;5=> 7 35 <0A. % 4@V1=>:@8AB0;VG=>W H8EB8 ��7G 

2-1 

5 

�V A?;02C, 4> O:>3> 4>40=> 35 <0A. % 4@V1=>:@8AB0;VG=>W 
H8EB8 ��7G B0 :>B@89 4>40B:>2> >1@>1;5=> 
<>48DV:C20;ь=8< :><?;5:A><  �-1 C :V;ь:>ABV 
0,05 <0A. % 

3 

6 

� 4>40B:>28< ?@8<CA>28< ?V4?@5AC20==O< 7V A?;02C, 4> 
O:>3> 4>40=> 35 <0A. % 4@V1=>:@8AB0;VG=>W H8EB8 ��7G B0 
:>B@89 4>40B:>2> >1@>1;5=> <>48DV:C20;ь=8< 
:><?;5:A><  �-1 C :V;ь:>ABV 0,05 <0A. % 

3-1 
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�3V4=> 7 ?;0=>< 4>A;V465==O, =0 ?>G0B:>2V9 AB04VW, 100 :3 A?;02C ��7G 

@>7?;028;8 ?V4 ?>:@82=8< D;NA>< A:;04C (50 <0A. % NaCl+50 <0A. % KCl) C 

307>2V9 ?5GV B0 4>25;8 4> B5<?5@0BC@8 710&720º%. !040;V 20@V0=B8 283>B>2;5==O 

45B0;V @V7=8;8AO (482. B01;. 5.1). �>=B@>;ь <V:@>AB@C:BC@ 2V41C202AO 157?>A5@54=ь> 

=0 ?>?5@5G=><C ?5@5B8=V 45B0;59. 

"4=>G0A=>, 7 283>B>2;5==O< 45B0;59 70 @V7=8<8 B5E=>;>3VG=8<8 20@V0=B0<8, 

?@>2>48;8 2V418@0==O ?@>1 B0 70;820==O ?VI0=8E D>@< 4;O >B@8<0==O 7@07:V2, I> 
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O2=> ?@>3;O40;0AO =0O2=VABь 45=4@8BV2, 0 AB@C:BC@0 283;O40;0  

=5>4=>@V4=>N (482. @8A. 5.4 0). 

�>4020==O 4> @>7?;02C 35 <0A. % ��, 70157?5G8;> >B@8<0==O V=25@B>20=>W  

AB@C:BC@8 A?;02C 7 4>2>;V 4@V1=8<8 B0 :><?0:B=8<8 2:;NG5==O<8 52B5:B8G=>3> 

:@5<=VN, I> @V2=><V@=> @>7?>2AN465=89 70 >1’є<><. &0:>6 2V41C;>AO 7<5=H5==O 

@>7<V@V2 70;V7>2<VA=8E ?;0AB8=G0AB8E V=B5@<5B0;V4=8E  β-D07 2 A5@54=ь><C 4> 

20&30 <:<, >4=0: 7<V=8 WE D>@<8 =5 A?>AB5@V30;8 (482. @8A. 5.4 2, 3). 

�<5=H5==O @>7<V@V2 75@=0 B0 2:;NG5=ь 2V41C;>AO 7024O:8 B><C, I> ?@8 

4>4020==V ��, 4> A:;04C H8EB8, 2=>AOBьAO 4>40B:>2V F5=B@8 :@8AB0;V70FVW. 

�V4><>, I> ?@8 ?5@53@V20==V @>7?;02C :@8AB0;8 =5 48A>FVNNBь ?>2=VABN, 0 

7<5=HCNBьAO 4> ?52=>3> :@8B8G=>3> @>7<V@C, O:89 2V4?>2V40є =C;ь>2V9 5=5@3VW 

?>25@E=52>3> =0BO3C =0 3@0=8FV @>7?>4V;C @V48=0-70@>4>:. 

� <5B>N ?>:@0I5==O AB@C:BC@8 A?;02C =5>1EV4=> 1C;> 7<V=8B8 <>@D>;>3VN 
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