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ABSTRACT 

 

Sokolov O. V. Theoretical and technological aspects of the use of fly ash in road 

construction. 

Dissertation for obtaining the scientific degree of Doctor of Philosophy in the 

specialty: 192 "Construction and civil engineering". 3 National Transport University, 

Kyiv, 2024. 

The prepared dissertation is an actual scientific study in the field of road 

construction through the introduction of new types of asphalt concrete layers for the 

development of the road industry as a whole and improvement of the ecological status 

of Ukraine. An important scientific and practical task is solved in the dissertation work, 

which consists in the study and implementation of such a material as asphalt concrete 

with fly ash for asphalt concrete layers of road wear. 

At the first stage, the problem of conditioned mineral powders and the state of 

the environmental issue regarding waste from power-generating enterprises were 

analyzed, the analysis of foreign research and the existing experience of using asphalt 

concrete with fly ash, the conditions of its design and application, the advantages and 

disadvantages of such mixtures were determined. 

At the second stage, the generalized prerequisites of the most important 

parameters that affect the implementation and design of asphalt concrete with fly ash 

are defined. Compliance of ash removal according to national standards has been 

established. A comparison of standard limestone filler and fly ash of various origins 

was made according to such indicators as: adhesive activity, resistance to technological 

aging of the asphalt binder based on them, as well as structuring ability at different 

operational and technological temperatures. The possibility of using fly ash as a filler 

in asphalt concrete has been established. 

At the third stage, the regularities of the impact of fly ash on the weatherability 

of asphalt concrete are established. An automatic method of selecting the grain 

composition of the mixture with fly ash has been developed. 
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Using this method will allow you to speed up the optimization of the grain 

composition of the asphalt concrete mixture, and thanks to this, you can reach the 

densest possible gradation of the grain composition of the mineral part of the asphalt 

concrete mixture, which is called the maximum density gradation or sometimes Fuller's 

maximum density curve (W.B. Fuller), these data allow you to choose the optimal ratio 

components for the production of asphalt concrete with a defined granulometric 

composition that meets the established requirements. This approach guarantees high 

quality and stability of asphalt concrete, and also ensures durability of asphalt concrete 

layers. 

It was established that the optimal content of bitumen in the asphalt concrete 

mixture with fly ash is 5.5 %, and for limestone 3 6 %, which indicates the economic 

feasibility of using fly ash for the production of asphalt concrete. The calculated 

modulus of elasticity of asphalt concrete with fly ash practically does not differ from 

asphalt concrete with limestone filler. The addition of fly ash allows to increase the 

elasticity modulus of asphalt concrete, which makes it more resistant to destruction and 

wear under the influence of loads and weather conditions. 

Research results were implemented in the development of state regulatory 

documents, in particular, in the revision of DSTU B V.2.7-121:2014 and the 

development of standards of the DSTU EN 13108 series. 

On the basis of technical and economic calculations, the feasibility of using fly 

ash as a filler in asphalt concrete has been confirmed. Taking into account that asphalt 

concrete with fly ash is a common type of asphalt concrete, the technology of which 

practically does not change during installation, and therefore can be compared with 

ordinary asphalt concrete of the same type, due to certain important economic factors 

such as materials (grain composition) cost reduction (up to 10.5 %), the cost of the 

mixture (up to 6 %), the introduction of asphalt concrete with fly ash in Ukraine opens 

up the opportunity to repair old and build new asphalt roads at more favorable prices. 

The saved funds can be directed to the reconstruction of the country in the post-war 

period. Key words: road, road clothing, asphalt concrete mixture, ash removal, asphalt 

concrete, filler, ecology, industrial waste. 
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0:B82=>ABV 7>;8 70 WW EV<VG=8< A:;04><, C B><C G8A;V V 28:>@8AB0==O @V7=8E 

:>5DVFVє=BV2 O:>ABV, >A:V;ь:8 206:> 287=0G8B8 9<>2V@=89 2<VAB A:;>D078 C 7>;V-

28=5A5==O. 

&><C 4>FV;ь=> 225AB8 <>4C;ь A8;V:0B=89,  A O:89 E0@0:B5@87Cє A8;V:0B=C 

0:B82=VABь O:0 ?@>O2;OєBьAO G5@57 =0O2=VABь C A:;04V 7>;8-28=5A5==O A8;V:0B=8E 

<V=5@0;V2, O:V 2?;820NBь =0 @5>;>3VG=V 2;0AB82>ABV A8AB5<8. 

 ýA = þÿÿ2ýý2ÿ3 + �þ2ÿ3  .                                                 (1.3) 
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40 

G0AB8=>N 7>;8 CB2>@NNG8 =87ь:>>A=>2=V 3V4@>A8;V:0B8, 0=0;>3VG=V F5<5=B=><C 

:0<5=N[25]. 

 

&01;8FO 1.1 3 )0@0:B5@8AB8:0 :0;ьFVє2>3> A:;04C 7>;8 28=5A5==O 

�84 $V7=>284 
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=5 <VAB8Bь 2V;ь=>3> >:A84C :0;ьFVN, B>1B> E>G0 2V4?>2V4=> 4> 707=0G5=>W =>@<8 

�%&' � EN 197-1 [26] B0:0 7>;0 ?>28==0 22060B8AO >A=>2=>N, ACBV 2>=0 є 

B8?>2>N :8A;>N 7>;>N. � 0<5@8:0=Aь:><C AB0=40@BV ASTM C 618 [27] 7>;8 

2V4=>AOBь 4> :8A;8E, O:I> 2 =8E AC<0 :8A;>B=8E >:A84V2 (SiO2+Al2O3+Fe2O3) 

1V;ьH5 70 %, V 4> >A=>2=8E, O:I> FO AC<0 <5=H5 70 %, 0;5 1V;ьH5 50 %. &0:0 

:;0A8DV:0FVO >1'є:B82=VH0 70 є2@>?59Aь:C V 4>72>;Oє 1V;ьH >1ґ@C=B>20=> 4V;8B8 

7>;8 =0 >A=>2=V B0 :8A;V.  

�0 75@=>28< A:;04>< 7>;8 ACBBє2> @V7=OBьAO 70;56=> 2V4 75@=>28E 

E0@0:B5@8AB8: 2C3V;;O, I> A?0;NєBьAO, B0 C<>2 A?0;N20==O. �0 4>?><>3>N 

;075@=>W 3@0=C;><5B@VW ?>:070=>, I> @>7<V@8 G0AB8=>: 7>;8 AB0=>2;OBь 2V4 

02 <:< 4> 400 <:< 7 ?5@52060==O< G0AB8=>: @>7<V@>< 5340 <:<. �@0=C;>3@0<8 

=5:;0A8DV:>20=8E 7>;, O: ?@028;>, 40;5:V 2V4 =>@<0;ь=>3> @>7?>4V;C V <>6CBь 

2V4?>2V40B8 O: 2V4=>A=> 2C7ь:><C B0: V H8@>:><C 3@0=C;><5B@8G=><C A:;04C. 

�5;8:V G0AB8=:8 G0ABVH5 1C20NBь ?>@>6=V<8 V <VABOBь >A=>2=C :V;ь:VABь 

70;8H:V2 2C3V;;O, I> =5 73>@V;8. 

)V<VG=89 A:;04 7>;8-28=5A5==O 157?>A5@54=ь> 2V4=>A8BьAO 4> EV<VW 

<V=5@0;V2 I> A?0;NNBьAO. �C;> ?@>2545=> 157;VG 4>A;V465=ь ?> 28O2;5==N 

EV<VG=>3> A:;04C. %5@54 O:8E B@510 2V47=0G8B8 4>A;V465==O �60<VW  V;VW B0 

�60<VW !030@, O:V 2 A2>W9 @>1>BV 287=0G8;8 4>A8Bь B>G=V 4V0?07>=8 EV<VG=8E 

A?>;C: 2 7>;V-28=5A5==O B0 O:VA=V DV78G=V E0@0:B5@8AB8:8 [28]. �0 F8<8 

4>A;V465==O<8 1C;> 2AB0=>2;5=> EV<VG=89 A:;04 7>;8, O:89 =02545=> 2 

B01;8FV 1.3. 

 

&01;8FO 1.3 3 )V<VG=89 A:;04 7>;8-28=5A5==O 

":A848 %0" SiO2 Al2O3 Fe2O3 MgO SO3 Na2O K2O TiO2 
�=HV ;C6=V 
B0 =5V=4DV-
:>20=V 

�V4A>B:>289 
2<VAB 2 7>;V 

0,37-

27,68 

27,88-

59,40 

5,23-

33,99 

1,21-

29,63 

0,42-

8,79 

0,42-

8,79 

0,20-

6,90 

0,64-

6,68 

0,24-

1,73 

4,0-6,0 
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(%0" 3 ":A84 :0;ьFVN; SiO2 3 �V>:A84 :@5<=VN; Al2O3 3 ":A84 0;N<V=VN; 

Fe2O3 3 ":A84 70;V70; MgO 3 ":A84 <03=VN; SO3 3 &@8>:A84 AV@:8; Na2O 3 

�0@1>=0B =0B@VN; K2O 3 ":A84 :0;VN; TiO2 3 �V>:A84 B8B0=C) #>:07=8: LOI 3 

2B@0B0 ?@8 ?>2B>@=><C A?0;N20==V. �V= ?>:07Cє :V;ь:VABь 3>@NG8E @5G>28=, O:V 

70;8H8;8AO =5A?0;5=8<8 2 7>;V V F59 ?>:07=8: 2 7>;V 7<V=NєBьAO 2 <560E 0,213

28,37 % . �>;ь=V 2V4E>48 <VABOBь 4><VH:8 A;N48, B0:V O: F8=:, A28=5Fь, E@><, 

<0@30=5Fь, :>10;ьB, =V:5;ь, @BCBь, <8H'O:, AC@<0, 20=04V9, AB@>=FV9, 35@<0=V9, 

1>@, 15@8;V9, DB>@ B>I> [29]. 

�8A;V 7>;8 V AD5@8G=V >A=>2=V 70728G09 ?@54AB02;5=V A:;>< 7 

:@8AB0;VG=8<8 2:;NG5==O<8 =0 >A=>2V <C;VBC 7V 7<V==8< A:;04>< A3S 4> A2S. 

�V;ь:VABь Fь>3> 5;5<5=BC 70;568Bь 2V4 2<VABC Al2O3, O:I> 9>3> <5=H5 10 % B> 

<C;VBC <>65 9 27030;V =5 1CB8. � Fь><C 28?04:C ?V428I5=89 2<VAB SiO2 7 

2:;NG5==O<8 G0AB8=>: 35;5=VBC C2AS. %0<5 F5 V D>@<Cє ?CF>;0=>2C 0:B82=VABь 

G5@57 4@V1=>:@8AB0;VG=V D078 2 ?>25@E=V WE @>74V;C 7 ?V428I5=>N 2V;ь=>N 

5=5@3VєN. �<VAB :20@FC B0:>6 2?;820є =0 FN 0:B82=VABь, 0;5 =5 ?@O<> 0 

>?>A5@54:>20=> G5@57 28=8:=5==O ?>25@E>=ь @>74V;C D07 2 :@8AB0;VG=8E 

2:;NG5==OE A:;0. *V 2:;NG5==O 4>A8Bь ;53:> 28O28B8 =0 @5=B35=>3@0<0E. 

� >A=>2=8E 7>;0E G0AB8=:8 <0965 =5 <0NBь A:;0, 0 ?@54AB02;5=V %0" 

2V;ь=89, CaSO4; @V7=V 0;N<V=0B8 8 0;N<>A8;V:0B8 :0;ьFVN, B0:V O: %3�, %�2, 

35;5=VB V 1;87ь:V 4> =ь>3> 0;N<>A8;V:0B8 <5;V;VB>2>3> @O4C, 0 B0:>6 ;C6=V 

AC;ьD0B8. %0" 2V;ь=89 2V4=>A=> H284:> 3V4@0BCєBьAO V @503Cє A:;>D07=>N 

G0AB8=>N 7>;8 CB2>@NNG8 =87ь:>>A=>2=V 3V4@>A8;V:0B8, 0=0;>3VG=V F5<5=B=><C 

:0<5=N[30]. 

 

1.4 "3;O4 VA=CNG>3> 70:>@4>==>3> 4>A2V4C 28:>@8AB0==O 7>;8-
28=5A5==O 2 4>@>6=ь><C 1C4V2=8FB2V 

 

�>@>6=є 1C4V2=8FB2> 7 2;0HBC20==O< 0AD0;ьB>15B>==8E ?>:@8BBV2 

28<030є 25;8:>W :V;ь:>ABV 28EV4=8E <0B5@V0;V2 4;O 40=8E AC<VH59. ' 72'O7:C 7 

F8<, 7@>AB0є ?>B@510 2 45DVF8B=8E :0@1>=0B=8E <V=5@0;ь=8E ?>@>H:0E. &><C 
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4>FV;ь=> @>73;O=CB8 4>A;V465==O, A?@O<>20=V =0 282G5==O @O4C ?>1VG=8E 

?@>4C:BV2 ?@><8A;>2>ABV 7 <5B>N 28:>@8AB0==O WE 2 O:>ABV <V=5@0;ь=>3> 

?>@>H:C 0AD0;ьB>15B>=V2. 

#@8 =8=VH=ь><C @V2=V A?>6820==O 1C4V25;ь=8E <0B5@V0;V2 4>@>6=V< 

1C4V2=8FB2>< ?5@H>@O4=5 7=0G5==O <0є 28:>@8AB0==O V 70;CG5==O 2B>@8==8E 

2V4E>4V2 ?@><8A;>2>ABV. �8:>@8AB0==O 2V4E>4V2 ?@><8A;>2>ABV 206;82> I5 9 

B><C, I> 2>=> ?>2'O70=5 7 28@VH5==O< ?@>1;5<8 AB2>@5==O 1572V4E>4=8E B0 

5:>;>3VG=> G8AB8E ?@><8A;>28E B5E=>;>3V9. 

"48= 7 ?V4E>4V2 A?@O<>20=89 =0 28:>@8AB0==O 7>;8-28=5A5==O C 1VBC<=8E 

2’O6CG8E O: 70<V=C ?52=>W :V;ь:>ABV 1VBC<C [31] 4;O ?>:@0I5==O 9>3> 

2;0AB82>AB59, 7>:@5<0 ABV9:>ABV 4> ?>ABV9=8E 45D>@<0FV9, 6>@AB:>ABV, 2'O7:>ABV 

?@8 28A>:8E B5<?5@0BC@0E B0 B5<?5@0BC@=>W GCB;82>ABV [31333]. 

%>1>;є2 [31] 282G02 2?;82 7>;8-28=5A5==O =0 @5>;>3VG=V 2;0AB82>ABV 

1VBC<C B0 0AD0;ьB>2’O6CG>3> 70 4>?><>3>N 48=0<VG=>3> 7@V7=>3> @5><5B@0 

(DSR). ' 4>A;V465==V 1C;8 28:>@8AB0=V 420 B8?8 1VBC<=8E 2'O6CG8E B0 420 B8?8 

7>;8-28=5A5==O, �;0A % B0 �;0A F, O: 287=0G5=> 2 ASTM C618 [27], I> @>7@V7=Oє 

?8; 70 7030;ь=8< 2<VAB>< :@5<=VN, 0;N<V=VN B0 >:A84C 70;V70 (SiO2 + Al2O3 + 

Fe2O3).  V:@>AB@C:BC@=5 4>A;V465==O 1VBC<C V7 7>;>N-28=5A5==O 70 4>?><>3>N 

A:0=CNG>3> 5;5:B@>==>3> <V:@>A:>?0 (SEM) ?>:070;> 5D5:B 7C?8=5==O B@VI8=, 

A?@8G8=5=89 G0AB:0<8 7>;8-28=5A5==O ?@8 =87ь:8E B5<?5@0BC@0E. �>A;V465==O 

@5>;>3VG=>W ?@>4C:B82=>ABV 0AD0;ьB>2’O6CG>3> 70 4>?><>3>N DSR ?V4B25@48;>, 

I> 7>;0-28=5A5==O <>65 1CB8 28:>@8AB0=0 O: @>7H8@N20G 1VBC<C, 70<V=NNG8 4> 

15 % 1VBC<C, I>1 ?>:@0I8B8 9>3> ABV9:VABь 4> ?>ABV9=8E 45D>@<0FV9 ?@8 

28A>:8E B5<?5@0BC@0E. !09:@0I89 @57C;ьB0B 1C2 4>AO3=CB89 4>4020==O< 15 % 

7>;8-28=5A5==O �;0AC F 01> 30 % �;0AC C. 

,0@<0 [32] 4>A;V46C202 28:>@8AB0==O 7>;8-28=5A5==O 7 @V7=8<8 

A?V22V4=>H5==O<8 7>;8-28=5A5==O /1VBC< (FA/B) 2 0AD0;ьB>2’O6CG>W A8AB5<V, O:V 

20@VN20;8AO 2V4 0,6 4> 1,2. �2B>@8 28O28;8, I> B5<?5@0BC@0 @>7<’O:H5=>ABV, 

2'O7:VABь B0 :><?;5:A=89 <>4C;ь 0AD0;ьB>2’O6CG>3> 7@>AB0;8 7V 71V;ьH5==O< 

2<VABC 7>;8-28=5A5==O, B>4V O: D07=89 :CB 7<5=HC202AO, I> 2:07C20;> =0 
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?>;V?H5=C ABV9:VABь 4> 7AC2C 7V 71V;ьH5==O< 2<VABC 7>;8-28=5A5==O. �>=8 B0:>6 

28O28;8, I> 0AD0;ьB>2’O6CG0 AB0є <5=H GCB;82>N 4> A?V22V4=>H5==O 7>;0/1VBC< 

7V 71V;ьH5==O< B5<?5@0BC@8. 

/: ?@54AB02=8:8 ?5@H>3> ?V4E>4C 4> 28:>@8AB0==O 7>;8-28=5A5==O 2 

0AD0;ьB>15B>==8E AC<VH0E, FV 4>A;V465==O <0NBь A?V;ь=V 28A=>2:8 I>4> 

?>;V?H5==O 2;0AB82>AB59 0AD0;ьB>2’O6CG>3> B0 <>6;82>3> 7<5=H5==O 2<VABC 

1VBC<C, 0 >B65, 7<5=H5==O 20@B>ABV B0 5:>;>3VG=>3> 2?;82C. 

�>A;V465==O, O:V @>73;O40NBь 70AB>AC20==O 7>;8-28=5A5==O 2 

0AD0;ьB>15B>==8E AC<VH0E B0 2V4=>AOBьAO 4> 4@C3>3> ?V4E>4C, 2:;NG0;8 @V7=V 

:;0A8 7>;8-28=5A5==O 7 @V7=>N EV<VG=>N A:;04>2>N B0 2<VAB>< 7>;8-28=5A5==O 2 

AC<VHV. "A=>2=>N <5B>N F8E 4>A;V465=ь 1C;> 287=0G5==O >?B8<0;ь=>W :V;ь:>ABV 

70<VI5==O <V=5@0;ь=>3> =0?>2=N20G0, 0 B0:>6 2?;82 7>;8-28=5A5==O =0 

>1'є<=89 A:;04, >?B8<0;ь=89 2<VAB 1VBC<C, <5E0=VG=V 0AD0;ьB>15B>==8E AC<VH59 

[22, 32, 34340]. 

&0:>6 4>A;V4=8:8 [32] 28O28;8, I> >?B8<0;ь=89 2<VAB 1VBC<C ("��) C 

0AD0;ьB>15B>==8E AC<VH0E V7 7>;>N-28=5A5==O �;0AC C O: =0?>2=N20G5< 

70;568Bь 2V4 2<VABC =0?>2=N20G0 B0 ?>@>6=5G $V345=0. "�� 7<5=HCєBьAO 7V 

71V;ьH5==O< 2<VABC 7>;8-28=5A5==O.  VAB@8 B0 $>9 [38] ?@89H;8 4> ?>4V1=>3> 

28A=>2:C 4;O IV;ь=8E 0AD0;ьB>15B>==8E AC<VH59 V7 7>;>N-28=5A5==O �;0AC F. 

"�� B@>E8 7<5=HC202AO 7V 71V;ьH5==O< 2<VABC 7>;8-28=5A5==O 4> 6 %, 0 ?@8 

4>4020==V 4> 4 % 7>;8-28=5A5==O "�� <>65 1CB8 7<5=H5=89 =0 7,5 % ?>@V2=O=> 

7 :>=B@>;ь=>N AC<VHHN 7 2 % 20?=O:>2>3> <V=5@0;ь=>3> ?>@>H:C O: 

=0?>2=N20G0.  

 VAB@8 B0 $>9 [38] 28O28;8, I> 4;O 4> 4 % 7>;8-28=5A5==O, AB01V;ь=VABь ?> 

 0@H0;C 1C;0 =86G>N =V6 C :>=B@>;ь=>W AC<VHV 7 2 % 20?=O:>2>3> <V=5@0;ь=>3> 

?>@>H:C. %B01V;ь=VABь ?>  0@H0;C 71V;ьHC20;0Aь 7 2<VAB>< 7>;8-28=5A5==O 4> 

6 %, 0 ?>BV< 7<5=HC20;0Aь 4;O 28I8E 2<VABV2 7>;8 28=5A5==O. �=4@>9: [37] 

?@89H>2 4> ?>4V1=>3> 28A=>2:C, 0;5 >B@8<0;8 =0928IC AB01V;ь=VABь 7 3 % 7>;8-

28=5A5==O. "4=0: �0@ [34] 28O282, I> AB01V;ь=VABь 2 CAVE 28?04:0E 1C;0 =86G>N 
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4;O 0AD0;ьB>28E AC<VH59 7 7>;8-28=5A5==O ?>@V2=O=> 7 :>=B@>;ь=>N AC<VHHN 

?@8 2<VABV 1VBC<C 2V4 4 % 4> 7 %. 

�V:VB;5@AC0=3 B0 +><?C@0B [35] 28O28;8, I> A?V22V4=>H5==O AB01V;ь=>ABV 

B0 B5:CG>ABV AC<VH59 7 2<VAB>< 7>;8-28=5A5==O 2V4 1 % 4> 5 % 1C;> <0965 AB0;8< 

V AE>68< =0 :>=B@>;ь=C AC<VH, I> ?V4B25@46Cє 28A=>2:8  VAB@8 B0 $>9 [38]. 

%>1>;є2 [36] 7’OAC202, I> 0AD0;ьB>15B>==V AC<VHV V7 7>;>N-28=5A5==O 

<0NBь 28I89 <>4C;ь ?>@V2=O=> 7 B@048FV9=8<8 AC<VH0<8 7 ?8;>< :0<'O=>W 

:@8EB8, I> є @57C;ьB0B>< 71V;ьH5==O :><?;5:A=>3> <>4C;N 0AD0;ьB>28E <0AB8: 

7 ;ь>B=8< ?8;><. #>4V1=V 28A=>2:8 ?V4B25@465=V @57C;ьB0B0<8 ,0@<8 B0 V=. [30]. 

,0@<0 [32] 28O282, I> <VF=VABь =0 =5?@O<89 @>7BO3 (ITR) 71V;ьHC20;0Aь 7 

2<VAB>< 7>;8-28=5A5==O 4;O 2AVE G>B8@ь>E B8?V2 4>A;V46C20=>3> <0B5@V0;C, O:V 

1C;8 28?@>1C20=V. �V:VB;5@AC0=3 B0 +><?C@0B [35] B0:>6 >B@8<0;8 =525;8:5 

71V;ьH5==O <VF=VABь =0 =5?@O<89 @>7BO3 7V 71V;ьH5==O< 2<VABC 7>;8-28=5A5==O 

?@8 B5<?5@0BC@0E 25°C B0 55°C. "4=0: @57C;ьB0B8 �0@ [34] ?>:07CNBь, I> 

0AD0;ьB>15B>==V AC<VHV V7 7>;>N-28=5A5==O <0NBь B@>E8 <5=HC <VF=VABь =0 

=5?@O<89 @>7BO3 (ITS) ?>@V2=O=> 7 :>=B@>;ь=>N AC<VHHN.  

�V4=>H5==O <VF=VABь =0 =5?@O<89 @>7BO3 (�&SR) є 7030;ь=8< ?0@0<5B@><, 

O:89 28:>@8AB>2CєBьAO 4;O >FV=:8 2>4>ABV9:>ABV 0AD0;ьB>15B>==8E AC<VH59 V 

?@54AB02;Oє 2V4=>H5==O (ITS) ?VA;O =0A8G5==O 2>4>N 4> (ITS) =5 =0A8G5=>3> 

2>4>N 7@07:0. �;ьB5@=0B82=>, V=4V9Aь:V B5E=VG=V C<>28 [39] 28:>@8AB>2CNBь 

«70;8H:>2C AB01V;ь=VABь» (�%) O: ?>:07=8: 2>4>ABV9:>ABV 0AD0;ьB>15B>==8E 

AC<VH59. ,0@<0 B0 V=. [32] 28O28;8, I> O: (�&SR), B0: V �% 0AD0;ьB>15B>==8E 

AC<VH59 V7 7>;>N-28=5A5==O 1C;8 @V2=V 01> 28IV 70 2V4?>2V4=V 7=0G5==O 

B@048FV9=8E 0AD0;ьB>15B>==8E AC<VH59 7 =0?>2=N20G5< :0<'O=>W :@8EB8. 

"18420 ?>:07=8:8 7<5=HC20;8AO 7V 71V;ьH5==O< 2<VABC 7>;8-28=5A5==O. 

!091V;ьH5 ?>:@0I5==O ABV9:>ABV 4> 2>48 1C;> >B@8<0=> V7 7>;>N-28=5A5==O 7 

=091V;ьH8< 2<VAB>< CaO. *5 ?V4B25@465=> �V:VB;5@AC0=3 B0 +><?C@0B [35], O:V 

B0:>6 28O28;8 71V;ьH5==O (�&SR) 4;O AC<VH59 V7 7>;>N-28=5A5==O. "4=0: �0@ 

[34] 7=09H;8, I> �% 4;O AC<VH59 V7 7>;>N-28=5A5==O B@>E8 =86G0, =V6 4;O 
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B@048FV9=>W AC<VHV 7 =0?>2=N20G5< :0<'O=>W :@8EB8, 0;5 B0:>6 2V4?>2V40;0 

28<>30< 70 B5E=VG=8<8 C<>20<8 [39]. 

,0@<0 [32] є48=89 4>A;V46C20G, EB> ?@54AB02;Oє ABV9:VABь 4> ?>ABV9=8E 

45D>@<0FV9 0AD0;ьB>15B>==8E AC<VH59 V7 7>;>N-28=5A5==O, >B@8<0=C 70 

4>?><>3>N AB0B8G=>3> 28?@>1C20==O =0 AB8A:. �2B>@8 28O28;8, I> AC<VHV V7 

7>;>N-28=5A5==O <0NBь A?@8OB;8289 >?V@ @C9=C20==N ?>@V2=O=> 7V AC<VHHN 7 

:0<'O=>N :@8EB>N. "4=0: 28?@>1C20==O ?@>2>48;8AO ?@8 2V4=>A=> =87ь:V9 

B5<?5@0BC@V 30°C, I> =5 є ?>2=VABN @5?@575=B0B82=8< 4;O >?>@C @C9=C20==N. 

�.  8@:>28G [41] 28A2VB;Nє @57C;ьB0B8 28?@>1C20=ь 2;0AB82>AB59 @V7=8E 

B8?V2 7>;8-28=5A5==O 4;O 287=0G5==O WE 2?;82C =0 2;0AB82>ABV B0 ?@>4C:B82=VABь 

0AD0;ьB>15B>==8E AC<VH59. &0:>6 ?>:070=V @57C;ьB0B8 28?@>1C20=ь >1'є<=>3> 

A:;04C, 0 B0:>6 @57C;ьB0B8 28?@>1C20=ь =0 2>4>ABV9:VABь B0 ABV9:VABь 4> 

?>ABV9=8E 45D>@<0FV9, 12 5:A?5@8<5=B0;ь=8E 0AD0;ьB>15B>==8E AC<VH59, 2 O:8E 

<V=5@0;ь=89 =0?>2=N20G 1C2 70<VI5=89 B@ь><0 B8?0<8 7>;8-28=5A5==O @V7=>3> 
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3@0=8FV @>74V;C EV<VG=8E @50:FV9 >1<V=C 01> ?@8є4=0==O <0є <VAF5 EV<VG=0 

04A>@1FVO 01> E5<>A>@1FVO, E0@0:B5@=>N @8A>N O:>W є =5>1>@>B=VABь ?@>F5AC.  

 V6 F8<8 42><0 @V7=>2840<8 04A>@1FVW VA=Cє ?@8=F8?>20 2V4<V==VABь. 

(V78G=0 04A>@1FVO, I> 2V41C20єBьAO ?V4 2?;82>< DV78G=8E A8; BO6V==O, 

?@82>48Bь 4> CB2>@5==O =0 :0<’O=V9 ?V4:;04FV >@Vє=B>20=8E H0@V2 1VBC<C. 
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#@8 Fь><C 6>4=8E EV<VG=8E 7<V= 2 04A>@1>20=><C 1VBC<V =5 2V41C20єBьAO. 

#@8 E5<>A>@1FVW 04A>@1>20=89 1VBC< 707=0є EV<VG=>W 7<V=8. #@>B5 E5<>A>@1FVO 

2V41C20єBьAO ;8H5 2 >4=><C H0@V <>;5:C; 04A>@1>20=>W @5G>28=8. #@8 DV78G=V9 

04A>@1FVW <>6CBь CB2>@N20B8AO DV78G=> 04A>@1>20=V H0@8 B>2I8=>N 2 45:V;ь:0 

<>;5:C;. 

#@0:B8G=> 70 =0O2=>ABV E5<>A>@1FVW, I> 70GV?0є ;8H5 <>=><>;5:C;O@=89 

H0@, <0є <VAF5 V DV78G=0 04A>@1FVO, I> >E>?;Nє @O4 =0ABC?=8E H0@V2. �1A>;NB=> 

>G5284=>, I> <VF=VABь ?@8;8?0==O (04357VO) 1VBC<C 4> ?>25@E=V <V=5@0;ь=8E 

G0AB>: C 25;8:V9 <V@V 70;568Bь 2V4 E0@0:B5@C 72’O7:V2, 28=8:0NG8E <V6 F8<8 

<0B5@V0;0<8. �0 =0O2=>ABV EV<VG=8E 72’O7:V2 (B>1B> ?@8 E5<>A>@1FVW) 4>AO30єBьAO 
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CB2>@5==O 2>4=528E 72’O7:V2. 

 >;5:C;O@=>-:V=5B8G=>N ?5@54C<>2>N CB2>@5==O 04357V9=>3> 72’O7:C є 

70157?5G5==O 4>AB0B=ь> 28A>:>W @CE><>ABV <>;5:C; 1VBC<C =0 3@0=8FV @>74V;C 

D07. #@8 =01;865==V 7=0G5=ь ?>25@E=52>W 5=5@3VW <V6D07=>W 3@0=8FV 

(?>25@E=52>3> =0BO3C) σ1? 4> 0 7@>AB0==O @CE;82>ABV <0:@><>;5:C; 70157?5GCє 

AC<VA=VABь >1>E D07 2 7>=V :>=B0:BC, 06 4> 3@0=8G=>3> 28?04:C, :>;8 <>6;820 

270є<=0 48DC7VO 7 ?5@5<VI5==O< >:@5<8E 5;5<5=BV2 G5@57 3@0=8FN @>74V;C D07. 

)0@0:B5@ B0 V=B5=A82=VABь F8E ?@>F5AV2, 0 B8< A0<8< V <VF=VABь 72’O7:C <V6 

1VBC<>< B0 :0<’O=8<  <0B5@V0;><, 70;568Bь 2V4 B0:8E D0:B>@V2, O: 0:B82=VABь B0 

2’O7:VABь 1VBC<C, EV<V:>-<V=5@0;>3VG=89 A:;04, H>@AB:VABь, 2>;>3VABь, G8AB>B0 B0 

@>7<V@ 75@5= <V=5@0;ь=>3> <0B5@V0;C, 0 B0:>6 B5<?5@0BC@8 =03@V2C 1VBC<C B0 
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�:B82=VABь 1VBC<C 287=0G0єBьAO ABC?5=5< 0@><0B8G=>ABV 9>3> A:;04>28E, 

=5 =0A8G5=VABN EV<VG=8E 72’O7:V2 B0 =0O2=VABN :8A=528E, AV@G8AB8E, 07>B>2<VA=8E 
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#@8 270є<>4VW 1VBC<C 7 :8A;8<8 ?>@>40<8, ?>25@E=O O:8E 7030;>< <0є 

>4=0:>289 7 =8< 70@O4, A?>AB5@V30єBьAO ?5@5206=> DV78G=0 04A>@1FVO, O:0 =>A8Bь 

>1>@>B=89 E0@0:B5@. ' Fь><C 28?04:C ?;V2:0 1VBC<C ;53:> 2V4H0@>2CєBьAO ?V4 
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&@048FV9=> ?@89=OB> 22060B8, I> <0B5@V0;8 7 :8A;8E ?>@V4 ?>30=> 
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70AB>A>2CNBьAO 2 4>@>6=ь><C 1C4V2=8FB2V, <>70WG=0, V :>6=0 0:B82=0 7>=0 

04A>@1Cє ?52=89 284 ?>;O@=8E 3@C?. �@V< B>3>, ?@8 270є<>4VW <V=5@0;ь=8E 

<0B5@V0;V2 7 >@30=VG=8<8 2’O6CG8<8, 1VBC< :>=B0:BCє 7 ?>25@E=52>3

04A>@1FV9=8< H0@><, A:;04 O:>3> <>65 7=0G=> 2V4@V7=OB8AO 2V4 A:;04C A0<>W 

?>@>48 V, 70 @0EC=>: Fь>3>, 2?;820B8 =0 7G5?;5==O. 

(0EV2FO<8 )!��' 1C;8 ?@>2545=V 4>A;V465==O I>4> 287=0G5==O 2?;82C 

EV<VG=>3> A:;04C <V=5@0;ь=8E <0B5@V0;V2 @V7=>3> ?>E>465==O =0 ?>:07=8: 

7G5?;5==O =0DB>28E 4>@>6=VE 1VBC<V2 7 WE ?>25@E=5N. $57C;ьB0B8 

5:A?5@8<5=B0;ь=8E 4>A;V465=ь ?>:070;8, I> 7V 71V;ьH5==O< C A:;04V :0<’O=>3> 
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7G5?;5==O 7 <V=5@0;ь=>N ?>25@E=5N 7@>AB0є. �<5=H5==O ?>:07=8:0 7G5?;5==O 7 
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!0 D>@<C20==O 04357V9=>3> :>=B0:BC 2?;820є H>@AB:VABь B25@4>W ?>25@E=V. 

+8< 1V;ьH0 H>@AB:VABь, B8< 3V@HV C<>28 7<>GC20==O. #>2VB@O B0 701@C4=5==O, 

I> 7=0E>4OBьAO 2 703;81;5==OE B0 ?>@0E I51=N, ?5@5H:>460NBь 7<>GC20==N B0 

04357VW. �;5 O:I> ?>25@E=O 265 2:@8B0 1VBC<><, B> 7<VAB8B8 ?;V2:C 2’O6CG>3> 7 

H>@AB:>W ?>25@E=V 206G5, =V6 7 3;04:>W. �VBC<8 4>1@5 ?@8;8?0NBь 4> H>@AB:>W 

?>25@E=V ?>@V4 75@=8AB>:@8AB0;VG=>W AB@C:BC@8 V ?>30=> 4> ?>25@E=V ?>@V4 
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�;O E5<>A>@1FV9=8E ?@>F5AV2 =091V;ьH 0:B82=8<8 4V;O=:0<8 =0 ?>25@E=V 
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�4357VO 1VBC<C 70;568Bь 2V4 284C ?8;C, O:8< 2:@8B89 I51V=ь. /:I> 
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I> @V7=V :@0W=8 28:>@8AB>2CNBь @V7=V B8?8 ?0;820, 0 B0:>6 <5B>4 WE A?0;N20==O. 

�5;8:C @>;ь 2V4V3@0є <5B>4 71>@C 7>;8-28=5A5==O. &><C 4>FV;ь=> 4>A;V48B8 

2VBG87=O=C 7>;C-28=5A5==O 7 @V7=8E &�%. 

�C;8 4>A;V465==V B0 0=0;V7>20=V DV78:>3EV<VG=V E0@0:B5@8AB8:8 B0 AB0= 

?>25@E=V B5E=>35==>W A8@>28=8, I> є 206;828<8 4>40B:>28<8 0A?5:B0<8 4;O 

>FV=:8 WW 28:>@8AB0==O. 

�;O 282G5==O <>6;82>ABV 28:>@8AB0==O B5E=>35==>W A8@>28=8 O: 

=0?>2=N20G0 4;O 28@>1=8FB20 0AD0;ьB>15B>=C, ?@>2545=> 4>A;V465==O 2V4E>4V2 

?0;82=>35=5@35B8G=>W ?@><8A;>2>ABV C 283;O4V 7>;8-28=5A5==O B5?;>28E 

5;5:B@>AB0=FV9. ' @0<:0E F8E 4>A;V465=ь 1C;8 27OBV 4> C2038 7>;8-28=5A5==O 

2VBG87=O=8E 28@>1=8:V2, 7>:@5<0 !>2>B@>WFь:>W &�%, �0@=8Fь:>W B0 

�C@HB8=Aь:>W &�%. � <5B>N ?>@V2=O==O O:>ABV 4>A;V46C20=8E 2V4E>4V2 ?0;82=>3

5=5@35B8G=>W ?@><8A;>2>ABV 1C;> 28:>@8AB0=> 20?=O:>289 <V=5@0;ь=89 ?>@>H>: 

28@>1=8FB20 &"� «%:0;>-#>4V;ьAь:89 A?5F :0@’є@». 

"48= 7 206;828E 0A?5:BV2 ?@8 28:>@8AB0==V 7>;8-28=5A5==O 3 F5 9>3> 

@04V>0:B82=VABь. &><C =0 ?>G0B:>2><C 5B0?V 4>A;V465=ь 1C;8 ?@>2545=V 

28<V@N20==O 157?5:8 4>A;V46C20=8E 2V4E>4V2 ?0;82=>35=5@35B8G=>W 

?@><8A;>2>ABV. �<VAB ?@8@>4=8E @04V>=C:;V4V2 C 4>A;V46C20=8E 7@07:0E 7>;8-

28=5A5==O 1C;> 287=0G5=> 2V4?>2V4=> 4> ��! 6.6.1. 2 6.5.061 [52]. �3V4=> 7 

>B@8<0=8<8 40=8<8 (B01;8FO 2.1), <0B5@V0;8 =0;560Bь 4> � :;0AC V <>6CBь 1CB8 

28:>@8AB0=V C 1C4V2=8FB2V 2AVE 284V2. 

�;O 287=0G5==O DV78:>-<5E0=VG=8E E0@0:B5@8AB8: 7>;8-28=5A5==O 1C;8 

28:>@8AB0=V 28<>38 �%&' � �.2.73121 [6]. *59 4>:C<5=B 1C2 >1@0=89 O: 

=>@<0B82 4;O 28<V@N20==O DV78:>-<5E0=VG=8E 2;0AB82>AB59 7>;8-28=5A5==O O: 
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=0?>2=N20GV2 G5@57 B5, I> ?@>F5A8 D>@<C20==O AB@C:BC@8 <V=5@0;ь=8E 

=0?>2=N20GV2 7 1VBC<>< AE>6V 70 A2>єN ?@8@>4>N =0 <5E0=V7< 270є<>4VW C 

1V=0@=V9 A8AB5<V «1VBC< 3 <V=5@0;ь=89 ?>@>H>:». *59 4>:C<5=B =040є 

AB0=40@B87>20=V <5B>48 >FV=:8 B0:8E E0@0:B5@8AB8:, O: 75@=>289 A:;04, 

=01@O:0==O, AB@C:BC@C20;ь=0 740B=VABь V B. 4., O:V є 206;828<8 4;O >FV=:8 O:>ABV 

7>;8-28=5A5==O C :>=B5:ABV WW 28:>@8AB0==O O: =0?>2=N20G0 C A:;04V 

0AD0;ьB>15B>==>W AC<VHV. �8:>@8AB0==O Fь>3> AB0=40@BC 4>72>;Oє 70157?5G8B8 

>1'є:B82=V B0 ?>@V2=O;ь=V @57C;ьB0B8 >FV=:8 DV78:>-<5E0=VG=8E 2;0AB82>AB59 

7>;8-28=5A5==O, I> є 206;828< 4;O 70157?5G5==O O:>ABV B0 =04V9=>ABV 

0AD0;ьB>15B>=C, 283>B>2;5=>3> 7 WW 70AB>AC20==O<. 

 

&01;8FO 2.1 3 �<VAB ?@8@>4=8E @04V>=C:;V4V2 
№ 

?/? 
�8@>1=8: 7>;8-28=5A5==O �<VAB CaO,  % 

�<VAB ?@8@>4=8E @04V>=C:;V4V2, 

�:/:3 
1 �C@HB8=Aь:0 &�% 3.07 91,2574±24,1123 

2 &@8?V;ьAь:0 &�% 3,33 93,4142±22,2461 

3 �0@=8Fь:0 &�% 3,17 93,1274±21,1635 

 

$>7<V@ G0AB>: 7>;8-28=5A5==O 287=0G02AO G5@57 ?@>F5A @>7AVN20==O =0 

AB0=40@B=><C :><?;5:BV A8B 4;O V=5@B=8E <0B5@V0;V2. #VA;O Fь>3> 

28:>@8AB>2C202AO :>=B@>;ь=V A8B0 (№008) V 4>40B:>25 A8B> (№004). 

�3V4=> 7 @57C;ьB0B0<8 4>A;V465=ь, <>6=0 7@>18B8 28A=>2>:, I> ?>=04 90 % 

G0AB>: 7>;8-28=5A5==O, 7 �C@HB8=Aь:>W B0 �0@=8Fь:>W &�%, <0є 7030;ь=C ?8B><C 

?>25@E=N 4380 A<2/3 (=5 @>7?>4V;5=C =0 D@0:FVW) B>4V O: 7030;ь=0 ?8B><0 

?>25@E=O &@8?V;ьAь:>W &�% AB0=>28Bь 4390 A<2/3, I> 2V4=>A8Bь FV <0B5@V0;8 4> 

4@V1=>48A?5@A=>W :0B53>@VW (1V;ьH5 4000 A<2/3). #8B><0 ?>25@E=O ?8;>?>4V1=>W 

D@0:FVW, O:0 ?@>9H;0 G5@57 A8B> 7 @>7<V@>< >B2>@V2 0,04 << 4;O �C@HB8=Aь:>W B0 

�0@=8Fь:>W &�% A:;0;0 4830 A<2/3, 0 4;O &@8?V;ьAь:>W &�% 2 4830 A<2/3. 

$57C;ьB0B8 =02545=V 2 B01;8FV 2.2. 
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&01;8FO 2.2 3 �5@=>289 A:;04 B0 ?8B><0 ?>25@E=O 7>;8-28=5A5==O 
�>;0-28=5A5==O �C@HB8=Aь:>W &�% 

�030;ь=0 

?>25@E=O, 

A<2/3 

�5@=>289 A:;04 #8B><0 

?>25@E=O 

7>;8, I> 

70;8H8;0Aь 

=0 ?V44>=V 

�0;8H:8 =0 

A8BV 

$>7<V@ D@0:FV9, << 

1,25 0,63 0,315 0,17 0,071 #V44>= 

4380 
+0AB:>289, % 0 0,31 2,35 3,0 3,81 90,44 

4830 
#>2=89, % 0 0,4 2,75 5,75 9,56 100,00 

�>;0-28=5A5==O &@8?V;ьAь:>W &�% 

�030;ь=0 

?>25@E=O, 

A<2/3 

�5@=>289 A:;04 #8B><0 

?>25@E=O 

7>;8, I> 

70;8H8;0Aь 

=0 ?V44>=V 

�0;8H:8 =0 

A8BV 

$>7<V@ D@0:FV9, << 

1,25 0,63 0,315 0,17 0,071 #V44>= 

4390 
+0AB:>289, % 0 0,36 2,89 2,72 4,53 89,37 

4820 
#>2=89, % 0 0,49 3,38 6,10 10,63 100,00 

�>;0-28=5A5==O �0@=8Fь:>W &�% 

�030;ь=0 

?>25@E=O, 

A<2/3 

�5@=>289 A:;04 #8B><0 

?>25@E=O 

7>;8, I> 

70;8H8;0Aь 

=0 ?V44>=V 

�0;8H:8 =0 

A8BV 

$>7<V@ D@0:FV9, << 

1,25 0,63 0,315 0,17 0,071 #V44>= 

4380 
+0AB:>289, % 0 0,38 2,63 2,89 3,91 89,96 

4830 
#>2=89, % 0 0,61 3,24 6,13 10,04 100,00 

 

�0 @57C;ьB0B0<8 0=0;V7C >:A84=>3> A:;04C 7>;8-28=5A5==O (B01;8FO 2.3) 

?@>2545=0 >FV=:0 WW O:>ABV @>7@0EC=:>28< <5B>4>< 7 287=0G5==O< <>4C;O 

>A=>2=>ABV ( >), A8;V:0B=>3> <>4C;O ( A) B0 :>5DVFVє=B0 O:>ABV (�O).  

�3V4=> 7 >:A84=8< A:;04>< C 2AVE 4>A;V46C20=8E 7>;-28=5A5==O, ?>=04 

70 % A:;040NBь >:A848 A8;VFVN B0 0;N<V=VN. �0 :;0A8DV:0FVєN, FV 7>;8 

2V4=>A8BьAO 4> :8A;>W ?@8E>20=> 0:B82=>W 7>;8. "A=>2=8<8 A:;04>28<8 7>;8-

28=5A5==O &�% є SiO2 B0 Al2O3, O:V 7=0E>4OBьAO C A:;>?>4V1=V9 D07V. �=0G=0 

G0AB8=0 SiO2 7=0E>48BьAO C D>@<V :20@FC, B>4V O: Al2O3 <VAB8BьAO C <C;VBV. 
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&01;8FO 2.3 3 ":A84=89 A:;04 7>;8-28=5A5==O 

":A84 
 # %:0;03

#>4V;ьAь:>3> A?5F 
:0@’є@C 

�C@HB8=Aь:0 &�% &@8?V;ьAь:0 &�% �0@=8Fь:0 &�% 

�>=F5=B@0FVO, % 

Al2O3 1,92±0,0069 30,48 ± 0,11 22,42± 0,09 31,54 ± 0,11 

SiO2 15,91±0,0063 50,78 ± 0,14 54,20± 0,15 52,32 ± 0,12 

S"2 3 0,31 ± 0,01 0,29± 0,01 0,25 ± 0,02 

K2O 2,20±0,0035 3,35 ± 0,18 2,90± 0,08 3,35 ± 0,18 

CaO 35,25±0,051 3,07 ± 0,10 3,33± 0,11 3,17 ± 0,10 

TiO2 3 1,24 ± 0,03 1,12± 0,09 1,22 ± 0,03 

Cr2O3 3 0,04 ± 0,01 0,04 ± 0,01 0,02 ± 0,01 

MnO 3 0,07 ± 0,01 2,00± 0,06 1,32 ± 0,04 

Fe2O3 2,29±0,006 10,43 ± 0,03 12,32± 0,05 9,21 ± 0,03 

NiO 3 0,02 ± 0,00 0,01 ± 0,00 0,02 ± 0,00 

CuO 3 0,02 ± 0,00 0,01 ± 0,00 0,02 ± 0,00 

ZnO 3 0,02 ± 0,00 0,03 ± 0,01 0,03 ± 0,01 

As2O3 3 0,02 ± 0,00 0,02 ± 0,01 0,02 ± 0,00 

Rb2O 3 0,02 ± 0,00 0,02 ± 0,00 0,02 ± 0,00 

SrO 3 0,06 ± 0,00 0,07 ± 0,02 0,06 ± 0,01 

ZrO2 3 0,05 ± 0,00 0,05 ± 0,01 0,04 ± 0,01 

PbO 3 0,02 ± 0.0054,20 0,02 ± 0,00 0,01 ± 0,00 

MgO 5,80±0,06 1,98± 0,03 1,92± 0,02 2,00± 0,03 

Na2O 1,60±0,0035 0,5± 0,00 0,7± 0,00 0,4± 0,00 

�=HV ;C6=V B0 
=5 V=48DV:>2. 

3 2,13 3,73 2,92 

 

�;O 7>;8-28=5A5==O 7 �C@HB8=Aь:>W &�%, E0@0:B5@8AB8:8 <>4C;N 

>A=>2=>ABV A:;040NBь  >=0,11; A8;V:0B=>3> <>4C;N  A=1,24; :>5DVFVє=BC O:>ABV 

�O=0,69, 4;O 7>;8, O:0 28=>A8BьAO 7 &@8?V;ьAь:>W &�%, E0@0:B5@8AB8:8 <>4C;N 

>A=>2=>ABV A:;040NBь  >=0,12; A8;V:0B=>3> <>4C;N  A =1,58; :>5DVFVє=B0 

O:>ABV �O=0,49. � 4;O 7>;8-28=5A5==O 7 �0@=8Fь:>W &�%, E0@0:B5@8AB8:8 <>4C;N 

>A=>2=>ABV A:;040NBь  > = 0,11; A8;V:0B=>3> <>4C;N  A =1,28; :>5DVFVє=B0 

O:>ABV �O = 0,69. 
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�>;C-28=5A5==O ?> ?>:07=8:C >A=>2=>ABV 2V4=>AOBь 4> ?>=04 :8A;8E 

( >˂0,6). %8;V:0B=0 0:B82=VABь ?@>O2;OєBьAO G5@57 =0O2=VABь C A:;04V 7>;8 

28=5A5==O A8;V:0B=8E <V=5@0;V2, O:V ?V428ICNBь B5<?5@0BC@C @>7?;02C B0 

2?;820NBь =0 @5>;>3VG=V 2;0AB82>ABV A8AB5<8. 

�V4@02;VG=0 0:B82=VABь >FV=NєBьAO :>5DVFVє=B>< O:>ABV. ' G8A5;ь=8:C 

D>@<C;8 @>7B0H>20=V >:A848, I> ?V428ICNBь 3V4@02;VG=C 0:B82=VABь, 2 

7=0<5==8:C 2 I> WW 7=86CNBь. "B65, G8< 28I5 :>5DVFVє=B O:>ABV, B8< 28I5 

3V4@02;VG=0 0:B82=VABь. �;O 40=>W ?@>18 :>5DVFVє=B O:>ABV 2AVE 4>A;V46C20=8E 

7>;328=5A5==O (�O<1), B>1B> 7>;0 <0є =87ь:C 3V4@02;VG=C 0:B82=VABь. &><C FV 

7>;8-28=5A5==O <>6=0 2V4=5AB8 4> ?@8E>20=>30:B82=8E. 

�> A:;04C 40=8E 7>;328=5A5==O B0:>6 2E>4OBь K2O, CaO, TiO2, Fe2O3 B0 
MgO B0: O: WE G0AB:0 2 A:;04V 7>;8-28=5A5==O <5=H0 =V6 25  % <>6=0 7@>18B8 

28A=>2>: I> WE FV;:>< <>6;82> 28:>@8AB>2C20B8 C 28@>1=8FB2V 

0AD0;ьB>15B>==>W AC<VHV. 

 

2.4 �>A;V465==O AB@C:BC@C20;ь=>W 740B=>ABV <V=5@0;ь=>3> ?>@>H:C 70 
@V7=8E 5:A?;C0B0FV9=8E B5<?5@0BC@ 

 

 5B>4 «�V;ьFO V �C;V» E0@0:B5@87Cє 28:;NG=> 2?;82 <V=5@0;ь=>3> 

?>@>H:C =0 2;0AB82>ABV 1VBC<C 70 28A>:8E B5<?5@0BC@ 5:A?;C0B0FVW, B0 =5 

2@0E>2Cє <>6;82C 7<V=C 2;0AB82>AB59 1VBC<C 70 =87ь:>W B5<?5@0BC@8 

5:A?;C0B0FVW B0 70 B5E=>;>3VG=8E B5<?5@0BC@. ' 72’O7:C 7 F8<, 1C;> ?@>2545=5 

4>A;V465==O O:5 ?@8A2OG5=> >FV=N20==N 2?;82C <V=5@0;ь=>3> ?>@>H:C B0 7>;8-

28=5A5==O =0 AB@C:BC@C20==O 1VBC<C 70 =87ь:>W B0 28A>:>W B5<?5@0BC@8 

5:A?;C0B0FVW, 0 B0:>6 70 B5E=>;>3VG=8E B5<?5@0BC@ 28@>1=8FB20 

0AD0;ьB>15B>==8E AC<VH59. 

�;O ?@>2545==O 4>A;V465=ь 1C;> ?@89=OB> <V=5@0;ь=89 ?>@>H>: 7 

20?=O:C, 7>;8-28=5A5==O &@8?V;ьAь:>W &�%, 7>;8-28=5A5==O �0@=8Fь:>W &�% B0 

7>;8-28=5A5==O �C@HB8=Aь:>W &�%. 
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&0:>6 4;O 4>A;V465=ь 1C;> ?@89=OB> 107>289 1VBC< <0@:8 �!� 70/100, I> 

E0@0:B5@87CєBьAO 3;818=>N ?@>=8:=>ABV 3>;:8 70 B5<?5@0BC@8 25 °% 74 × 0,1 <<, 

B5<?5@0BC@>N @>7<’O:H5=>ABV 48 °% B0 B5<?5@0BC@>N :@8E:>ABV <V=CA 19 °%. 

�>A;V46C20=C AC<VH <V=5@0;ь=>3> ?>@>H:C B0 1VBC<C (0AD0;ьB>2’O6CG5) 

>B@8<C20;8 H;OE>< 7<VHC20==O 60 % <V=5@0;ь=>3> ?>@>H:C 7 40 % 1VBC<C 70 

B5<?5@0BC@8 1;87ь:> 150 °%. "A:V;ь:8 2 @>1>BV [53] 1C;> ?>:070=>, I> =0 

AB@C:BC@C20;ь=C 740B=VABь <V=5@0;ь=>3> ?>@>H:C 2?;820є @>7<V@ 9>3> G0AB8=>:, 

B> 4;O 1V;ьH B>G=>3> ?>@V2=O==O 1C;> 27OB> <V=5@0;ь=89 ?>@>H>: 7 @>7<V@>< 

G0AB8=>: <5=H5 =V6 0,071 <<. 

%B@C:BC@C20;ь=C 740B=VABь <V=5@0;ь=>3> ?>@>H:C 70 =87ь:8E 

5:A?;C0B0FV9=8E B5<?5@0BC@ >FV=N20;8 70 @V7=8F5N B5<?5@0BC@8 :@8E:>ABV 

0AD0;ьB>2’O6CG>3> B0 1VBC<C. %B@C:BC@C20;ь=C 740B=VABь <V=5@0;ь=>3> ?>@>H:C 

70 28A>:8E 5:A?;C0B0FV9=8E B5<?5@0BC@ >FV=N20;8 70 @V7=8F5N B5<?5@0BC@8 

@>7<’O:H5=>ABV 0AD0;ьB>2’O6CG>3> B0 1VBC<C, 0 B0:>6 70 2V4=>H5==O< 

48=0<VG=>W 2’O7:>ABV 0AD0;ьB>2’O6CG>3> B0 1VBC<C 70 B5<?5@0BC@8 70 °%. 

%B@C:BC@C20;ь=C 740B=VABь <V=5@0;ь=>3> ?>@>H:C 70 B5E=>;>3VG=8E B5<?5@0BC@ 

>FV=N20;8 70 2V4=>H5==O< 48=0<VG=>W 2’O7:>ABV 0AD0;ьB>2’O6CG>3> B0 1VBC<C 70 

B5<?5@0BC@8 165 °%. � CAVE 28?04:0E 4;O 70157?5G5==O ?>B@V1=>W B>2I8=8 ?;V2:8 

0AD0;ьB>2’O6CG>3> 01> 6 9>3> >1AO3C, 2@0E>2C20;8 9>3> 4V9A=C IV;ь=VABь. 

�8<>30<8 [6] CAB0=>2;5=>, I> AB@C:BC@C20;ь=0 740B=VABь <V=5@0;ь=>3> 

?>@>H:C 70 7<V=>N B5<?5@0BC@8 @>7<’O:H5=>ABV ?>28==0 AB0=>28B8 2V4 10 % 4> 

20 %. $57C;ьB0B8 4>A;V465=ь ?>:070;8, I> 2AV <V=5@0;ь=V ?>@>H:8 70 

AB@C:BC@C20;ь=>N 740B=VABN 70 28A>:8E 5:A?;C0B0FV9=8E B5<?5@0BC@ =0 >A=>2V 

7<V=8 B5<?5@0BC@8 @>7<’O:H5=>ABV 2V4?>2V40NBь 28<>30< [6] (B01;8FO 3.1 B0 

@8AC=>: 3.6). 

$>73;O=5<> AB@C:BC@C20;ь=C 740B=VABь <V=5@0;ь=>3> ?>@>H:C 70 28A>:>W 

B5<?5@0BC@8 5:A?;C0B0FVW 70 2V4=>H5==O< 48=0<VG=>W 2’O7:>ABV 70 B5<?5@0BC@8 

70 % B01;8FO 2.4. 

  



69 

&01;8FO 2.4 3 %B@C:BC@C20;ь=0 740B=VABь <V=5@0;ь=>3> ?>@>H:C 70 

2V4=>H5==O< 48=0<VG=>W 2’O7:>ABV (28A>:0 B5<?5@0BC@0 5:A?;C0B0FVW) 
%8@>28=0 4;O 
28@>1=8FB20 

<V=5@0;ь=>3> ?>@>H:C 
�0?=O: 

�>;0-28=5A5==O 
�C@HB8=Aь:>W 

&�% 

�>;0-28=5A5==O 
�0@=8Fь:>W 
&�% 

�>;0-28=5A5==O 
&@8?V;ьAь:>W 

&�% 

%B@C:BC@C20;ь=0 
740B=VABь 4,30 4,70 5,00 4,70 

 

!091V;ьH>N AB@C:BC@C20;ь=>N 740B=VABN 70 2V4=>H5==O< 48=0<VG=>W 

2’O7:>ABV 2V47=0G0єBьAO <V=5@0;ь=89 ?>@>H>: V7 7>;8 28=5A5==O �0@=8Fь:>W &�% 

(5,00), 0 =09<5=H>N 3 7 20?=O:C (4,3). �;87ь:>N 4> AB@C:BC@C20;ь=>W 740B=>ABV 

<V=5@0;ь=>3> ?>@>H:C 7 20?=O:C є AB@C:BC@C20;ь=0 740B=VABь 7>;0 28=5A5==O 

�C@HB8=Aь:>W &�% B0 7>;0 28=5A5==O &@8?V;ьAь:>W &�% (4,7).  
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9 �V9A=0 3CAB8=0 AC<VHV, 3/A<3 2,206 2,162 2,102 
10 #>@8ABVABь <V=5@0;ь=>W G0AB8=8,  % 70 >1'є<>< 31,20 31,89 33,27 
11 �0;8H:>20 ?>@8ABVABь,  % >1'є<>< 8,29 5,73 2,50 

12 �V;ь:VABь ?>@, 70?>2=5=8E 2'O6CG8<,  % 70 
>1'є<>< 

22,9 26,2 30,8 

13 �V;ь:VABь ?>@, 70?>2=5=8E 2'O6CG8<,  % 73,4 82,0 92,5 
14 �>4>=0A8G5==O,  % >1'є<>< 7,40 4,70 1,30 

15 #>@8ABVABь <V=5@0;ь=>W G0AB8=8,  % 70 >1'є<>< 
(�%&' EN) 31,20 31,89 33,27 

16 $V7=8FO <V6 70;8H:>2>N ?>@8ABVABN B0 
2>4>=0A8G5==O,  % 

0,89 1,03 1,20 

 

&01;8FO 2.10 3 $57C;ьB0B8 287=0G5==O 2;0AB82>AB59 0AD0;ьB>2’O6CG>3> V7 

=0?>2=N20G5< 7 7>;8-28=5A5==O �0@=8Fь:>W &�% 

+. G. !09<5=C20==O ?>:07=8:0 $57C;ьB0B8 28?@>1C20==O 
1 "G5284=0 3CAB8=0 <V=5@0;ь=>3> ?>@>H:C, 3/A<3 2,689 2,689 2,689 
2 "G5284=0 3CAB8=0 1VBC<C, 3/A<3 1,016 1,016 1,016 
3 %5@54=O 3CAB8=0 CIV;ь=5=>W AC<VHV, 3/A<3 2,071 2,082 2,092 
4 �<VAB =0?>2=N20G0,  % 100 100 100 
5 �<VAB 1VBC<C (?>=04 100  %),  % 13,0 15,0 18,0 
6 �<VAB 1VBC<C (2 100  %),  % 11,50 13,04 15,25 
7 �V9A=0 3CAB8=0 <V=5@0;ь=>W G0AB8=8, 3/A<3 2,689 2,689 2,689 
8 %5@54=O 3CAB8=0 <V=5@0;ь=>W G0AB8=8, 3/A<3 1,833 1,810 1,773 
9 �V9A=0 3CAB8=0 AC<VHV, 3/A<3 2,261 2,214 2,149 
10 #>@8ABVABь <V=5@0;ь=>W G0AB8=8,  % 70 >1'є<>< 31,84 32,67 34,07 
11 �0;8H:>20 ?>@8ABVABь,  % >1'є<>< 8,39 5,94 2,66 

12 �V;ь:VABь ?>@, 70?>2=5=8E 2'O6CG8<,  % 70 
>1'є<>< 

23,5 26,7 31,4 

13 �V;ь:VABь ?>@, 70?>2=5=8E 2'O6CG8<,  % 73,6 81,8 92,2 
14 �>4>=0A8G5==O,  % >1'є<>< 7,50 4,90 1,40 

15 #>@8ABVABь <V=5@0;ь=>W G0AB8=8,  % 70 >1'є<>< 
(�%&' EN) 31,84 32,67 34,07 

16 $V7=8FO <V6 70;8H:>2>N ?>@8ABVABN B0 
2>4>=0A8G5==O,  % 

0,89 1,04 1,26 

 



76 

&01;8FO 2.11 3 $57C;ьB0B8 287=0G5==O 2;0AB82>AB59 0AD0;ьB>2’O6CG>3> V7 

=0?>2=N20G5< 7 7>;8-28=5A5==O&@8?V;ьAь:>W &�% 

+. G. !09<5=C20==O ?>:07=8:0 $57C;ьB0B8 28?@>1C20==O 
1 "G5284=0 3CAB8=0 <V=5@0;ь=>3> ?>@>H:C, 3/A<3 2,671 2,671 2,671 
2 "G5284=0 3CAB8=0 1VBC<C, 3/A<3 1,016 1,016 1,016 
3 %5@54=O 3CAB8=0 CIV;ь=5=>W AC<VHV, 3/A<3 2,023 2,028 2,031 
4 �<VAB =0?>2=N20G0,  % 100 100 100 
5 �<VAB 1VBC<C (?>=04 100  %),  % 13,0 15,0 18,0 
6 �<VAB 1VBC<C (2 100  %),  % 11,50 13,04 15,25 
7 �V9A=0 3CAB8=0 <V=5@0;ь=>W G0AB8=8, 3/A<3 2,671 2,671 2,671 
8 %5@54=O 3CAB8=0 <V=5@0;ь=>W G0AB8=8, 3/A<3 1,790 1,763 1,721 
9 �V9A=0 3CAB8=0 AC<VHV, 3/A<3 2,249 2,203 2,139 
10 #>@8ABVABь <V=5@0;ь=>W G0AB8=8,  % 70 >1'є<>< 32,97 33,98 35,56 
11 �0;8H:>20 ?>@8ABVABь,  % >1'є<>< 10,07 7,94 5,07 

12 �V;ь:VABь ?>@, 70?>2=5=8E 2'O6CG8<,  % 70 
>1'є<>< 

22,9 26,0 30,5 

13 �V;ь:VABь ?>@, 70?>2=5=8E 2'O6CG8<,  % 69,5 76,6 85,8 
14 �>4>=0A8G5==O,  % >1'є<>< 9,50 7,30 4,10 

15 #>@8ABVABь <V=5@0;ь=>W G0AB8=8,  % 70 >1'є<>< 
(�%&' EN) 32,97 33,98 35,56 

16 $V7=8FO <V6 70;8H:>2>N ?>@8ABVABN B0 
2>4>=0A8G5==O,  % 

0,57 0,64 0,97 

 

&01;8FO 2.12 3 $57C;ьB0B8 287=0G5==O 2>4>ABV9:>ABV CIV;ь=5=8E AC<VH59 

 

!0?>2=N20G 

�0?=O: 
�>;0-28=5A5==O 
�0@=8Fь:>W 
&�% 

�>;0-28=5A5==O 
�0@=8Fь:>W 
&�% 

�>;0 28=5A5==O 
&@8?V;ьAь:>W 

&�% 

�>4>ABV9:VABь,  % 0,96 0,95 0,93 0,94 

 

�0 :>5DVFVє=B>< 2>4>ABV9:>ABV =0?>2=N20GV <>6=0 @>7<VAB8B8 2 B0:><C 

?>@O4:C 3 7 20?=O:C, 7>;8-28=5A5==O �C@HB8=Aь:>W &�%, 7>;8-28=5A5==O 

�0@=8Fь:>W &�%, 7>;8-28=5A5==O &@8?V;ьAь:>W &�%. �V4?>2V4=> 7=0G5==O 

:>5DVFVє=B0 2>4>ABV9:>ABV AB0=>2;OBь 0,96, 0,95, 0,93 B0 0,94. 

#@>0=0;V7C202H8 @57C;ьB0B8 2>4>ABV9:>ABV 7@07:V2 V7 AC<VHV =0?>2=N20G0 

B0 1VBC<C, <>6=0 >FV=8B8 04357VN 1VBC<C 4> <V=5@0;ь=>3> ?>@>H:C 70 7<V=>N 

:>5DVFVє=B0 2>4>ABV9:>ABV. 
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2.6 �87=0G5==O 5:A?;C0B0FV9=>3> AB0@V==O 0AD0;ьB>2’O6CG>W 

@5G>28=8 7 @V7=8<8 =0?>2=N20G0<8 

 

�V4><>, I> =530B82=V =0A;V4:8 AB0@V==O 1VBC<C, 3>;>2=8< G8=><, 

>1C<>2;5=V 9>3> >:8A;5==O< B0 28:;8:0=> 28A>:8<8 B5<?5@0BC@0<8 V 4VєN 

:8A=N, 70 O:8E 2V41C20єBьAO >1'є4=0==O 1VBC<C 7 <V=5@0;ь=8<8 <0B5@V0;0<8, 

C<>20<8 =02:>;8H=ь>3> A5@54>28I0, 2 O:8E ?@0FNє 1VBC< C 4>@>6=ь><C H0@V, 

2?;820<8 7C<>2;5=8<8 B@0=A?>@B=8<8 =020=B065==O<8. #V4 AB0@V==O< 

@>7C<VєBьAO 2AO AC:C?=VABь =572>@>B=8E 7<V= AB@C:BC@8, DV78G=8E B0 <5E0=VG=8E 

2;0AB82>AB59 1VBC<C, I> A?>AB5@V30NBьAO ?@8 715@V30==V, B5E=>;>3VG=8E 

?@>F5A0E ?@83>BC20==O 0AD0;ьB>15B>==>W AC<VHV B0 5:A?;C0B0FVW. /: ?@028;>, 

EV<VG=V ?5@5B2>@5==O 2 1VBC<0E ?@872>4OBь 4> CB2>@5==O 28A>:><>;5:C;O@=8E 

:>=45=A>20=8E <>;5:C;. ":8A;5==O є 4><V=CNG>N ?@8G8=>N AB0@V==O 1VBC<V2 

[65]. �V4 A:;04C 1VBC<C V, =0A0<?5@54 2V4 =0O2=>ABV ;53:> >:8A;NNG8E 3@C? V 

72'O7:V2 C <>;5:C;0E 70;568Bь 9>3> AE8;ь=VABь 4> AB0@V==O [66].  

�>A;V465==O [65368] ?>:070;8, I> =572>@>B=V 7<V=8 2;0AB82>AB59 

0AD0;ьB>15B>==8E AC<VH59 B0 0AD0;ьB>15B>=V2 C ?@>F5AV AB0@V==O >1C<>2;5=V O: 

7>2=VH=V<8 D0:B>@0<8 (:8A5=ь, B5<?5@0BC@0, C;ьB@0DV>;5B>25 B0 @04V0FV9=5 

28?@><V=N20==O, 2>40), B0: V 2=CB@VH=V<8 D0:B>@0<8 (AB@C:BC@=>3@5>;>3VG=89 

B8? B0 :>=A8AB5=FVO 1VBC<C) EV<V:>3<V=5@0;>3VG=89 A:;04 <V=5@0;ь=8E 

:><?>=5=BV2 0AD0;ьB>15B>=C (B8? 3@0=C;><5B@VW, ABC?V=ь CIV;ь=5==O 

0AD0;ьB>15B>=C).  

%B0@V==O ?>G8=0єBьAO 2 ?@>F5AV 28@>1=8FB20 0AD0;ьB>15B>==>W AC<VHV B0 

?@>4>26CєBьAO ?@8 B5@<>AB0BC20==V, B@0=A?>@BC20==V 4> <VAFO C:;040==O AC<VHV 

2 :>=AB@C:B82=V H0@8 =56>@AB:8E 4>@>6=VE >4O3V2 B0 2 C<>20E 5:A?;C0B0FVW. 

�=865==O ?>:07=8:V2 0AD0;ьB>15B>=C 2V41C20єBьAO 70 @0EC=>: 7<V=8 AB@C:BC@8 

1VBC<C, 0 >B65, V 9>3> 2;0AB82>AB59 =0 ?>:@8BBV 7'O2;ONBьAO 45D>@<0FVW C 283;O4V 

B@VI8=. #@>F5A8, O:V 2V41C20NBьAO =0 <>;5:C;O@=><C @V2=V 2 1VBC<V, ?@872>4OBь 

4> <0:@>A:>?VG=8E 7<V= 2 0AD0;ьB>15B>=V, I> 28@060NBьAO C ?V428I5==V 

:@8E:>ABV, 7=865==V ?;0AB8G=>ABV B0 V=. �030B>@VG=V A?>AB5@565==O, 0 B0:>6 
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;01>@0B>@=V 4>A;V465==O [68] 70 A;C61>N 4>@>6=VE ?>:@8BBV2 ?>:070;8, I> 

>4=VєN 7 >A=>2=8E ?@8G8= 28=8:=5==O 45D>@<0FV9 =0 02B><>1V;ь=8E 4>@>30E 7 

G0A>< є 0B<>AD5@=V D0:B>@8. �V4><>, I> O:I> 25;8G8=0 2=CB@VH=ь>W =0?@C38, 

I> 28=8:0є 2 ?>:@8BBV ?V4 4VєN 02B><>1V;ь=>3> @CEC, =5 ?5@528ICє VA=CNGC 

<VF=VABь ?>:@8BBO, 2>=0 =5 7<5=HCє 4>23>2VG=VABь 0AD0;ьB>15B>=C, 0 A?@8Oє 

=02VBь 4>40B:>2><C 7<VF=5==N, I> 28@060єBьAO 2 ?5@HV @>:8 A;C618 9>3> 

4>CIV;ь=5==O. �=0G=> 2?;820є 7<V=0 2;0AB82>AB59 0AD0;ьB>15B>=C A?V;ь=0 4VO 

=020=B065=ь V B5<?5@0BC@8, 70;56=>, 2V4 O:8E 0AD0;ьB>15B>= <>65 ?5@51C20B8 C 

@V7=8E @5>;>3VG=8E AB0=0E. #@>F5A0<8, I> 28:;8:0NBь =572>@>B=V 7<V=8 A:;04C 

B0 2;0AB82>AB59 1VBC<V2 є: 

3 28?0@>2C20==O ;53:8E A:;04>28E (<0A;0), I> 2V41C20єBьAO 2 

?>25@E=52><C H0@V 1VBC<C =57=0G=>W B>2I8=8 V 70;568Bь 2V4 2'O7:>ABV 1VBC<C V 

B5<?5@0BC@8; 

3 >:A8?>;V<5@V70FVO :><?>=5=BV2 1VBC<C, I> 2V41C20єBьAO 3>;>2=8< G8=>< 

=0 7>2=VH=V9 ?>25@E=V 2'O6CG>3>, I> ?V440єBьAO 157?>A5@54=ь>W 4VW A2VB;0 01> 

C;ьB@0DV>;5B>28E ?@><5=V2;  

3 ?>;V:>=45=A0FVO, I> 2V41C20єBьAO ?V4 2?;82>< :8A=N, V є >A=>2=8< 

?@>F5A><, I> 7<V=Nє A:;04 V AB@C:BC@C 1VBC<C ?@8 AB0@V==V [69].  

� 0AD0;ьB>15B>=V ?@>F5A8 AB0@V==O 1VBC<V2 94CBь 70 B8< A0<8< 

<5E0=V7<><, O: V C 2V;ь=><C 1VBC<V, E>G0 є 45O:V >A>1;82>ABV, >1C<>2;5=V 

?@8ACB=VABN <V=5@0;ь=8E <0B5@V0;V2. �>A;V4=8:8 C A2>WE @>1>B0E [65,67,68] 

707=0G0є, I> 04A>@1FV9=V H0@8 2 ?>@V2=O==V 7 2V;ь=8< 1VBC<>< <0NBь >4=C 

206;82C ?5@5203C: <>;5:C;8 1VBC<C 2 04A>@1>20=8E H0@0E <0NBь =01030B> <5=HC 

@CE;82VABь, =V6 C 2V;ь=><C 1VBC<V, I> 7=86Cє WE=N @50:FV9=C 740B=VABь. *5 

A?>AB5@V30єBьAO 2 B><C, I> AC<VH 1VBC<C 7 <V=5@0;ь=8< =0?>2=N20G5< ?@8 

?V428I5=><C 2<VABV <V=5@0;ь=>3> ?>@>H:C (=0?@8:;04, ?@8 28@>1=8FB2V ;8B8E 

0AD0;ьB>15B>==8E AC<VH59) ?5@5<VHCNBь ?@8 28A>:8E B5<?5@0BC@0E 2153230°%, 

?@8 Fь><C =5 A?>AB5@V30єBьAO 7=0G=>3> >:8A;5==O 1VBC<V2, I> >1C<>2;5=> B8<, 

I> C B0:8E AC<VH0E >@30=VG=5 2'O6CG5 2 >A=>2=><C 7=0E>48BьAO 2 04A>@1FV9=>3

A>;ь20B=><C AB0=V =0 ?>25@E=V <V=5@0;ь=>3> ?>@>H:C, ?8B><0 ?>25@E=O O:>3> 
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=01030B> 28I0, =V6 C 728G09=8E 1VBC<><V=5@0;ь=8E :><?>78FVOE. #@>4>265==O< 

V=4C:FV9=>3> ?5@V>4C ;0=FN3>28E @50:FV9, I> 2V41C20NBьAO 2 1VBC<V, <>6=0 

4>AO3B8 71V;ьH5==O AB@>:C A;C618 0AD0;ьB>15B>==>3> ?>:@8BBO [69]. *5 

28@VHCєBьAO ?V41>@>< <V=5@0;ь=8E <0B5@V0;V2, I> C?>2V;ь=NNBь ?@>F5A8 

>:8A;5==O, B0 22545==O< C 1VBC< V=3V1VB>@V2. 

' ?>?5@54=VE 4>A;V465==OE [11, 22, 70,] 1C;> 2AB0=>2;5=>, I> DV78:>-

<5E0=VG=V ?>:07=8:8 0AD0;ьB>15B>=C V7 7>;>N-28=5A5==O ?@0:B8G=> =5 

2V4@V7=ONBьAO 2V4 ?>:07=8:V2 0AD0;ьB>15B>=C 7V AB0=40@B=8< =0?>2=N20G5<, 0 

2>4>3 B0 <>@>7>ABV9:VABь 2 45O:8E 28?04:0E є 28I>N. "A:V;ь:8 45O:V 4>A;V4=8:8 

[71] 22060NBь, I> :8A;V <V=5@0;ь=V <0B5@V0;8 ?@8A:>@NNBь ?@>F5A8 AB0@V==O 

1VBC<C, B><C 4>FV;ь=> 282G5==O AB0@V==O 0AD0;ьB>2’O6CG>3> V7 7>;>N-28=5A5==O. 

CB0@V==O 1VBC<C ?@>2>48;8 73V4=> 7 �%&' EN 1260731 [72] <5B>4>< 

RTFOT B0: O: AB0=40@B=0 <5B>48:0 28?@>1C20==O 1VBC<V2 =0 AB0@V==O (�"%& 

18180 [73]) =5 2V4B2>@Nє @50;ь=>W :0@B8=8 AB0@V==O 2’O6CG>3>, B><C I> =0 

?>25@E=V 28?@>1C20=8E 7@07:V2 CB2>@NєBьAO ?>;V<5@=0 >:A84=0 ?;V2:0, O:0 

?5@5H:>460є 4>ABC?C :8A=N ?>2VB@O 2 >1’є< 2’O6CG>3>. �V41C20NBьAO BV;ь:8 

?@>F5A8 ?>;V<5@870FVW 2 ?>25@E=52><C H0@V, O: F5 <0є <VAF5 2 

0AD0;ьB>15B>==><C ?>:@8BBV ?@8 9>3> 5:A?;C0B0FVW. #@8 Fь><C G8< 1V;ьH0 

AE8;ь=VABь 2’O6CG>3> 4> AB0@V==O, B8< H284H5 CB2>@NєBьAO 70E8A=0 ?;V2:0 V B8< 

<5=H 045:20B=89 :V=F5289 @57C;ьB0B.  �V;ьH B>G=V @57C;ьB0B8 4>72>;Oє >B@8<0B8 

<5B>4 RTFOT, 70 O:8< AE8;ь=VABь 2’O6CG8E 4> AB0@V==O >FV=NNBь 70 :>@4>=><. 

!0 2V4<V=C 2V4 �"%& 18180 [73] ?@>3@V20==O 2’O6CG8E 28:>=CєBьAO 2 A:;O=8E 

AB0:0=0E 7 ?>ABV9=8< ?5@5<VHC20==O<, I> 70157?5GCє >=>2;5==O ?>25@E=V 

2’O6CG>3> B0 :>=B0:B 7 ?>2VB@O<, O:5 157?5@5@2=> ?>40єBьAO 2 B5@<>H0DC. &0:8< 

G8=>< <>6=0 707=0G8B8, I> <5B>4 RTFOT 1V;ьH B>G=> <>45;Nє AB0@V==O 1VBC<C 

2 ?@>F5AV ?@83>BC20==O 0AD0;ьB>15B>==>W AC<VHV [67]. 

#@8 28:>=0==V 28?@>1C20=ь 70 <5B>4>< RTFO& 70AB>A>2CNBь B5@<>:0<5@C 

7 5;5:B@8G=8< ?V4V3@V2><.  

' :0<5@V 70157?5GCєBьAO F8@:C;OFVO 30@OG>3> ?>2VB@O C 2=CB@VH=ь><C 

?@>AB>@V. *8@:C;OFVO 70157?5GCєBьAO =0O2=VABN >B2>@V2 4;O 701>@C ?>2VB@O V 
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28?CA:=8E >B2>@V2 4;O 28?CA:C 30@OG>3> ?>2VB@O. %E5<C B5@<>:0<5@8 =02545=> 

=0 @8AC=:C 2.10. � B5@<>:0<5@V 2AB0=>2;5=> 0;N<V=Vє289 10@010= 4V0<5B@>< (300 

± 10) << (@8AC=>: 2.2). 

 

 

$8AC=>: 2.2 3 %CH8;ь=0 H0D0 (283;O4 A?5@54C) 

 

�0@010= <0є 2VAV< >B2>@V2 4;O 70:@V?;5==O 2>Aь<8 A:;O=8E :>=B59=5@V2 C 

3>@87>=B0;ь=><C ?>;>65==V (@8AC=>: 2.3). ,284:VABь >15@B0==O 10@010=0 

AB0=>28Bь (15,0 ± 0,2) E231.  

 

 

(283;O4 A?5@54C) (283;O4 71>:C) 

$8AC=>: 2.3 3 �0@010=  
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�5=B8;OFVO 74V9A=NєBьAO B0:8< G8=><, I> ?>BV: ?>2VB@O ?@>E>482 G5@57 

4=> B5@<>:0<5@8, ?>BV< C74>26 ABV=>: V 28E>48Bь G5@57 28?CA:=V >B2>@8. 

' B5@<>:0<5@V 70157?5GCєBьAO ?>ABV9=0 B5<?5@0BC@0 2=CB@VH=ь>3> 

?@>AB>@C 7 4>?CA:>< =5 1V;ьH5 ± 0,5 °%. &5@<>:0<5@0 >1;04=0=0 D>@AC=:>N 7 

28EV4=8< >B2>@>< (1,0 ± 0,1) <<, G5@57 D>@AC=:C ?>40єBьAO 30@OG5 ?>2VB@O 7V 

H284:VABN (4,0 ± 0,2) ;/E2 2 :>65= :>=B59=5@ 2 =86=V9 B>GFV >15@B0==O.  

�;O 7@07:V2 1VBC<C 28:>@8AB>2CNBь A:;O=89 :>=B59=5@ (@8AC=>: 2.4) 

283>B>2;5=89 7 60@>ABV9:>3> A:;0. 

�@07>: 1VBC<C 4>2>4OBь 4> @CE><>3> AB0=C V 7=52>4=NNBь, A?>G0B:C 

=03@V20NG8 2 ACH8;ь=V9 H0DV 4> B5<?5@0BC@8 (105 ± 5) °%, 0 ?>BV<, =5 

4>?CA:0NG8 ;>:0;ь=8E ?5@53@V2V2, 4>2>4OBь B5<?5@0BC@C 1VBC<C ?@8 ?>ABV9=><C 

?5@5<VHC20==V 4> B5<?5@0BC@8 =0 (15 ± 5) °% =86G5 B5<?5@0BC@8 28?@>1C20==O. 

+0A =03@V20==O 1VBC<C ?@8 707=0G5=8E C<>20E =5 ?>28=5= ?5@528IC20B8 50 E2. 

�=45:A AB0@V==O 287=0G0;8 O: 2V4=>H5==O 48=0<VG=>W 2’O7:>ABV 

0AD0;ьB>2’O6CG>3> ?VA;O ?@>F54C@8 AB0@V==O 4> 48=0<VG=>W 2’O7:>ABV =5 

7VAB0@5=>3> 0AD0;ьB>2’O6CG>3>. 

 

 

 

 

 

 

 

 

 

 

 

 

 

$8AC=>: 2.4 3 %:;O=89 :>=B59=5@ 
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�8=0<VG=C 2’O7:VABь 287=0G0;8 O: 2V4=>H5==O ?@8:;045=>3> =0?@C65==O 

7AC2C 4> H284:>ABV 7AC2C 2V4?>2V4=> 4> �%&' EN 13302 [67]. 

�030;ь=>287=0=>, I> 4;O 2’O7:>?@C6=8E A8AB5<, O:8<8 є 1VBC<8 2 >1;0ABV 

B5<?5@0BC@ @>7<'O:H5==O V 28I5, DC=40<5=B0;ь=>N WE @5>;>3VG=>N 

E0@0:B5@8AB8:>N є 48=0<VG=0 2'O7:VABь. 

�8=0<VG=C 2'O7:VABь 2AVE 4>A;V46C20=8E >1'є:BV2 287=0G0;8 70 B5<?5@0BC@8 

WE @>7<'O:H5=>ABV B0 B5<?5@0BC@0E 70 °%, 90 °%, 135 °% B0 165 °% B0 180°%.  

 

&01;8FO 2.13 3 �87=0G5==O 7<V=8 B5<?5@0BC@8 @>7<’O:H5=>ABV 

(AB@C:BC@C20;ь=>W 740B=>ABV) ?VA;O ?@>3@VBBO 

 

 

 

 

 

 

 

 

�@07:8 0AD0;ьB>2’O6CG>3> ?V43>B>2;N20;8 70 �%&' EN 1317931 [75] O:89 

2V4@V7=OєBьAO 2V4 2VBG87=O=>3> B8<, I> A:;04=8:8 0AD0;ьB>2’O6CG>3> 4>7CNBь 70 

>1’є<><, 0 =5 70 <0A>N. *5 40є 7<>3C 1V;ьH B>G=> >E0@0:B5@87C20B8 

AB@C:BC@C20;ь=C 740B=VABь =0?>2=N20GV2. 

�<V=C B5<?5@0BC@8 @>7<’O:H5=>ABV ?VA;O ?@>3@V20==O 287=0G0;8 O: 

@V7=8FN B5<?5@0BC@ @>7<’O:H5=>ABV, 287=0G5=8E 73V4=> 7 �%&' EN 1427 [76] 4> 

B0 ?VA;O 28?@>1C20==O =0 ?@>3@V20==O 73V4=> 7 �%&' EN 12607-1 [72]. 

$57C;ьB0B8 28?@>1C20=ь 2 B01;8FV 2.13 ?>:07CNBь, I> 0AD0;ьB>2’O6CG5 V7 

7>;>N-28=5A5==O є 1V;ьH ABV9:8< 4> AB0@V==O =V6 7 20?=O:>28< =0?>2=N20G5<, 

=093V@H>N ABV9:VABN 4> AB0@V==O 28O282AO 3@0=VB=89 ?8;. �0=V @57C;ьB0B8 

70A2V4G8;8, I> >:A848 O:V 7=0E>4OBьAO 2 7>;V328=5A5==O B0 2 :20@F8B=><C ?8;C 

&8? =0?>2=N20G0 �> 
?@>3@V20==O #VA;O ?@>3@V20==O �<V=0 B5<?5@0BC@8 

@>7<’O:H5=>ABV, º% 

�VBC< <0@:8 70/100 47,5 52,7 5,2 

�0?=O:>289  # 59,9 61,4 1,5 

�>;0-28=5A5==O 7 
�C@HB8=Aь:>W &�% 

60,9 61,5 1 

�>;0-28=5A5==O 7 
�0@=8Fь:>W &�% 

60,4 61,8 1,4 

�>;0-28=5A5==O 7 
&@8?V;ьAь:>W &�% 

61,0 62,3 1,3 

�20@F8B=89 ?8; 62,0 63,5 1,5 

�@0=VB=89 ?8; 61,5 63,6 2,1 
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=5 2?;820NBь =0 ?>3V@H5==O ABV9:>ABV 4> AB0@V==O 1VBC<C. �3V4=> 7 >:A84=8< 

A:;04>< C 2AVE 4>A;V46C20=8E 7>;328=5A5==O, ?>=04 70 % A:;040NBь >:A848 

A8;VFVN B0 0;N<V=VN. �0 :;0A8DV:0FVєN, FV 7>;8 2V4=>A8BьAO 4> :8A;>W ?@8E>20=> 

0:B82=>W 7>;8 [77]. &>1B> >A=>2=8<8 A:;04>28<8 7>;8 28=5A5==O &�% є SiO2 B0 

Al2O3, O:V 7=0E>4OBьAO C A:;>?>4V1=V9 D07V. �=0G=0 G0AB8=0 SiO2 7=0E>48BьAO C 

D>@<V :20@FC, B>4V O: Al2O3 <VAB8BьAO C <C;VBV.  

�C;8 ?@>2545=V 4>A;V465==O 2?;82C 5:A?;C0B0FV9=>3> AB0@V==O =0 

@5>;>3VG=V 2;0AB82>ABV 0AD0;ьB>2’O6CG>3>, @57C;ьB0B8 =02545=V 2 B01;8FV 2.14 

&01;8FO 2.14 3 $57C;ьB0B8 287=0G5==O 2?;82C 5:A?;C0B0FV9=>3> AB0@V==O 

=0 @5>;>3VG=V 2;0AB82>ABV 0AD0;ьB>2’O6CG>3> 
    70 °% 90 °% 135 °% 165 °% 180 °% 

1 2 3 4 5 6 7 

�0?=O:>289  # 
4> ?@>3@V20==O 

,284:VABь >15@B0==O 
H?8=45;O, >1/E2 0,25 2 50 150 200 

�8=0<VG=0 2’O7:VABь #0×A 860 90 3,7 0,86 0,42 

�0?=O:>289  # 
?VA;O ?@>3@V20==O 

,284:VABь >15@B0==O 
H?8=45;O, >1/E2 0,08 1 25 100 200 

�8=0<VG=0 2’O7:VABь #0×A 1425 145 5,1 1,04 0,46 
  �=45:A AB0@V==O 1,66 1,61 1,38 1,21 1,10 

�>;0-28=5A5==O 7 
�C@HB8=Aь:>W 
&�% 4> 

?@>3@V20==O 

,284:VABь >15@B0==O 
H?8=45;O, >1/E2 0,15 1 30 100 200 

�8=0<VG=0 2’O7:VABь #0×A 1000 120 4,8 1,23 0,57 
�>;0-28=5A5==O 7 
�C@HB8=Aь:>W 
&�% ?VA;O 
?@>3@V20==O 

,284:VABь >15@B0==O 
H?8=45;O, >1/E2 0,06 0,6 25 100 250 

�8=0<VG=0 2’O7:VABь #0×A 1920 189 6,3 1,4 0,58 
  �=45:A AB0@V==O 1,92 1,58 1,31 1,14 1,02 

�20@F8B=89 ?8; 
4> ?@>3@V20==O 

,284:VABь >15@B0==O 
H?8=45;O, >1/E2 0,2 0,8 20 100 250 

�8=0<VG=0 2’O7:VABь #0×A 1350 163 6,4 1,46 0,62 

�20@F8B=89 ?8; 
?VA;O ?@>3@V20==O 

,284:VABь >15@B0==O 
H?8=45;O, >1/E2 0,05 0,6 25 100 250 

�8=0<VG=0 2’O7:VABь #0×A 2250 213 7,1 1,51 0,63 
  �=45:A AB0@V==O 1,67 1,31 1,11 1,03 1,02 

�>;0-28=5A5==O 7 
�0@=8Fь:>W &�% 
4> ?@>3@V20==O 

,284:VABь >15@B0==O 
H?8=45;O, >1/E2 0,2 0,8 20 100 250 

�8=0<VG=0 2’O7:VABь #0×A 1275 151 5,8 1,36 0,58 
�>;0-28=5A5==O 7 
�0@=8Fь:>W &�% 
?VA;O ?@>3@V20==O 

,284:VABь >15@B0==O 
H?8=45;O, >1/E2 0,05 0,6 25 100 250 

�8=0<VG=0 2’O7:VABь #0×A 2360 225 7,7 1,66 0,65 
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�V=5=Fь B01;8FV 2.14 

1  2 3 4 5 6 7 
 �=45:A AB0@V==O 1,85 1,49 1,33 1,22 1,12 

�>;0-28=5A5==O 7 
&@8?V;ьAь:>W &�% 
4> ?@>3@V20==O 

,284:VABь >15@B0==O 
H?8=45;O, >1/E2 0,15 1 30 100 200 

�8=0<VG=0 2’O7:VABь #0×A 1365 164 6,3 1,53 0,67 
�>;0-28=5A5==O 7 
&@8?V;ьAь:>W &�% 
?VA;O ?@>3@V20==O 

,284:VABь >15@B0==O 
H?8=45;O, >1/E2 0,06 0,6 25 100 250 

�8=0<VG=0 2’O7:VABь #0×A 2650 289 9,3 1,95 0,77 
  �=45:A AB0@V==O 1,94 1,76 1,48 1,27 1,15 

�@0=VB=89 ?8; 4> 
?@>3@V20==O 

,284:VABь >15@B0==O 
H?8=45;O, >1/E2 0,15 1 30 100 200 

�8=0<VG=0 2’O7:VABь #0×A 1360 151 6 1,43 0,62 

�@0=VB=89 ?8; 
?VA;O ?@>3@V20==O 

,284:VABь >15@B0==O 
H?8=45;O, >1/E2 0,06 0,6 25 100 250 

�8=0<VG=0 2’O7:VABь #0×A 4330 428 13,9 2,96 1,22 
  �=45:A AB0@V==O 3,18 2,83 2,32 2,07 1,97 
 

�=0;V7 @57C;ьB0BV2 28?@>1C20==O ?>:0702, I> ?V4 G0A 5:A?;C0B0FV9=>3> 

AB0@V==O <0є <VAF5 7@>AB0==O 48=0<VG=>W 2’O7:>ABV 0AD0;ьB>2’O6CG>3>. 

!091V;ьH5 7@>AB0==O 48=0<VG=>W 2’O7:>ABV 0AD0;ьB>2’O6CG>3> 2V41C20єBьAO 70 

B5<?5@0BC@8 70 °%, 2V4?>2V4=> 70 FVєW B5<?5@0BC@8 >B@8<0=> =0928IV V=45:A8 

AB0@V==O 70 7<V=>N 48=0<VG=>W 2’O7:>ABV (@8AC=>: 2.5). 

 

 

$8AC=>: 2.5 3 �=45:A AB0@V==O 70 B5<?5@0BC@8 70 °% 70;56=> 2V4 <0B5@V0;C 

0AD0;ьB>2’O6CG>3> 

 

�4п=Oко689 
=4по6=N64G

Зол4 68=еEе==O 
�уDHт8=EькоW 

&�С

К64DF8т=89 п8л Зол4 68=еEе==O 
�4D=8FькоW &�С

Зол4 68=еEе==O 
&D8пVльEькоW &�С

�D4=Vт=89 п8л

Ін
де

кE
 Eт

аD
ін

ня

МатеDіал аEDальто6'я6учо7о
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!09<5=H8< V=45:A>< AB0@V==O E0@0:B5@87CєBьAO 0AD0;ьB>2’O6CG5 7 

20?=O:>< B0 :20@F8B><, 0 A0<5 1,66 B0 1,67 2V4?>2V4=>. !091V;ьH8< V=45:A>< 

AB0@V==O E0@0:B5@87CєBьAO 0AD0;ьB>2’O6CG5 7 3@0=VB><. �;O 0AD0;ьB>2’O6CG8E V7 

7>;>N-28=5A5==O E0@0:B5@=8<8 є ?@><V6=V 7=0G5==O V=45:AC AB0@V==O, O:V 

AB0=>2;OBь 2V4 1,85 4> 1,94. 

� ?V428I5==O< B5<?5@0BC@8 V=45:A AB0@V==O 2AVE 0AD0;ьB>2’O6CG8E 

7<5=HCєBьAO (@8AC=>: 2.6). #@8 Fь><C 4;O 0AD0;ьB>2’O6CG>3> 7 20?=O:>< 

7<5=H5==O V=45:AC AB0@V==O є =09=86G8< V AB0=>28Bь 0,05. !091V;ьH5 

7<5=H5==O V=45:AC AB0@V==O є E0@0:B5@=8< 4;O 0AD0;ьB>2’O6CG>3> 7 :20@F8B><, 

3@0=VB>< B0 7>;>N-28=5A5==O �C@HB8=Aь:>W &�% V �0@=8Fь:>W &�%, 0 A0<5 =0 

0,36, 0,35 B0 0,34 V 0,36 2V4?>2V4=>. #@><V6=5 7<5=H5==O V=45:AC AB0@V==O 

E0@0:B5@=5 4;O 0AD0;ьB>2’O6CG>3> V7 7>;>N-28=5A5==O &@8?V;ьAь:>W &�%, 0 A0<5 

=0 0,22. 

 

 

$8AC=>: 2.6 3 �=45:A AB0@V==O 70 B5<?5@0BC@8 90 °% 70;56=> 2V4 <0B5@V0;C 

0AD0;ьB>2’O6CG>3> 

 

�7 ?V428I5==O< B5<?5@0BC@8 28?@>1C20==O V=45:A AB0@V==O 

0AD0;ьB>2’O6CG8E AB0є 4540;V <5=H8< (@8AC=:8 2.7 3 2.8) V 70 B5<?5@0BC@8 

180 °% 2 45O:8E 28?04:0E AB0@V==O ?@0:B8G=> =5 2V41C20єBьAO (@8AC=>: 2.9). 

�4п=Oко689 
=4по6=N64G

Зол4 68=еEе==O 
�уDHт8=EькоW 

&�С

К64DF8т=89 п8л Зол4 68=еEе==O 
�4D=8FькоW &�С

Зол4 68=еEе==O 
&D8пVльEькоW &�С

�D4=Vт=89 п8л

Ін
де

кE
 Eт

аD
ін

ня

МатеDіал аEDальто6'я6учо7о
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!09<5=H8< V=45:A>< AB0@V==O E0@0:B5@87CєBьAO 0AD0;ьB>2’O6CG5 7 :20@F8B>< B0 

7>;>N-28=5A5==O �C@HB8=Aь:>W &�% (1,02), =091V;ьH8< 3 0AD0;ьB>2’O6CG5 7 

3@0=VB>< (1,97).  

�=0;V7CNG8 @57C;ьB0B8 4>A;V465=ь 2?;82C 5:A?;C0B0FV9=>3> AB0@V==O =0 

0AD0;ьB>2’O6CGC @5G>28=C, <>65<> 7@>18B8 28A=>2>:, I> ?>:07=8:8 V=45:AC 

AB0@V==O V7 7>;>N-28=5A5==O ?>:07CNBь ?@><V6=V 7=0G5==O <V6 20?=O:>28< 

<V=5@0;ь=V< ?>@>H:>< B0 3@0=VB=8< ?8;><. *V 7=0G5==O B0:>6 =01;860NBьAO 4> 

2<VABC 0AD0;ьB>2’O6CG>3> 7 28:>@8AB0==O< 20?=O:>2>3> <V=5@0;ь=>3> ?>@>H:C. 

 

 

$8AC=>: 2.7 3 �=45:A AB0@V==O 70 B5<?5@0BC@8 135 °% 70;56=> 2V4 <0B5@V0;C 

0AD0;ьB>2’O6CG>3> 

 

�4п=Oко689 
=4по6=N64G

Зол4 68=еEе==O 
�уDHт8=EькоW 

&�С

К64DF8т=89 п8л Зол4 68=еEе==O 
�4D=8FькоW &�С

Зол4 68=еEе==O 
&D8пVльEькоW &�С

�D4=Vт=89 п8л

Ін
де

кE
 Eт

аD
ін

ня

МатеDіал аEDальто6'я6учо7о



87 

 

$8AC=>: 2.8 3 �=45:A AB0@V==O 70 B5<?5@0BC@8 165 °% 70;56=> 2V4 

<0B5@V0;C 0AD0;ьB>2’O6CG>3> 

 

$8AC=>: 2.9 3 �=45:A AB0@V==O 70 B5<?5@0BC@8 180 °% 70;56=> 2V4 <0B5@V0;C 

0AD0;ьB>2’O6CG>3> 

�4п=Oко689 
=4по6=N64G

Зол4 68=еEе==O 
�уDHт8=EькоW 

&�С

К64DF8т=89 п8л Зол4 68=еEе==O 
�4D=8FькоW &�С

Зол4 68=еEе==O 
&D8пVльEькоW &�С

�D4=Vт=89 п8л

Ін
де

кE
 Eт

аD
ін

ня

МатеDіал аEDальто6'я6учо7о

�4п=Oко689 
=4по6=N64G

Зол4 68=еEе==O 
�уDHт8=EькоW 

&�С

К64DF8т=89 п8л Зол4 68=еEе==O 
�4D=8FькоW &�С

Зол4 68=еEе==O 
&D8пVльEькоW &�С

�D4=Vт=89 п8л

Ін
де

кE
 Eт

аD
ін

ня

МатеDіал аEDальто6'я6учо7о
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*5 <>65 2:07C20B8 =0 B5, I> 7>;0-28=5A5==O, O: <0B5@V0; є ?@840B=8< 4;O 

1C4V2=8FB20 0AD0;ьB>15B>==8E H0@V2 4>@>6=ь>3> >4O3C. #><V@=V 7=0G5==O 

V=45:AC AB0@V==O 0AD0;ьB>2’O6CG>3> V7 7>;>N-28=5A5==O A2V4G0Bь ?@> B5, I> 

<0B5@V0; 715@V30є A2>W 2;0AB82>ABV =0 ?@89=OB=><C @V2=V ?V4 G0A 5:A?;C0B0FV9=>3> 

AB0@V==O, I> @>18Bь 9>3> 5D5:B82=8< 4;O 28:>@8AB0==O C :>=AB@C:FVOE 

4>@>6=ь>3> ?>:@8BBO. 

 

2.7 $>7@>1;5==O :>5DVFVє=B0 O:>ABV =0?>2=N20G0 B0 :@8B5@VN 
?@840B=>ABV 7>;8-28=5A5==O O: =0?>2=N20G0 0AD0;ьB>15B>==8E AC<VH59  

 

 5B0 @>1>B8 ?>;O30є C @>7@>1;5=V B5>@5B8G=> B0 5:A?5@8<5=B0;ь=> 

>1ґ@C=B>20=8E :@8B5@VW2 70AB>AC20==O 7>;8-28=5A5==O ?@8 28@>1=8FB2V 

0AD0;ьB>15B>==8E AC<VH59. �V=F528< @57C;ьB0B>< @>1>B8 є >1ґ@C=B>20=5 

70AB>AC20==O 0AD0;ьB>15B>==8E AC<VH59 V7 7>;>N-28=5A5==O 2 4>@>6=ь><C 

1C4V2=8FB2V, B>1B> WE H8@>:5 70AB>AC20==O. 'AV @>1>B8 V 28<>38 4> DV78:>-

<5E0=VG=8E E0@0:B5@8AB8: 1C4V25;ь=8E <0B5@V0;V2 V 28@>1V2, :>=AB@C:FV9 B>I> C 

1C4V2=8FB2V V 2 4>@>6=V9 30;C7V, 7>:@5<0, @53;0<5=B>20=V 45@602=8<8 

1C4V25;ь=8<8 =>@<0<8, =>@<0B82=8<8 V B5E=VG=8<8 4>:C<5=B0<8. &>1B> 

?>B@V1=V :@8B5@VW, 70 4>?><>3>N O:8E <>6=0 >4=>7=0G=> 2AB0=>28B8 ?@840B=VABь 

;N1>3> =0?>2=N20G0 4;O 28:>@8AB0==O WE 2 0AD0;ьB>15B>==V9 AC<VHV, ?@8 Fь><C 

>B@8<0=89 V7 =5W 0AD0;ьB>15B>= ?>28=5= 2V4?>2V40B8 28<>30< 45@602=8E 

AB0=40@BV2 [5]. 

� <5B>N @>7@>1;5==O V >1ґ@C=BC20==O :@8B5@VW2 ?@840B=>ABV 70AB>AC20==O 

7>;8-28=5A5==O ?@8 28@>1=8FB2V 0AD0;ьB>15B>==8E AC<VH59 C 48A5@B0FV9=V9 

@>1>BV 1C;> ?@>2545=> B5>@5B8G=89 0=0;V7 V C7030;ь=5==O 7>:@5<0 =0C:>28E 

?@0Fь [78381] B0 25;8:C :V;ь:VABь ;01>@0B>@=8E 4>A;V465=ь V 28?@>1C20=ь O: 

A0<8E =0?>2=N20GV2 (482. ?C=:B8 2.132.6), B0: V DV78:>-<5E0=VG=8E 2;0AB82>AB59 

0AD0;ьB>15B>=C =0 WE >A=>2V (@>74V; 3). 

' @57C;ьB0BV 707=0G5=8E 4>A;V465=ь @>7@>1;5=> :>5DVFVє=B O:>ABV 

=0?>2=N20G0 (�O). %CBь Fь>3> :>5DVFVє=B0 ?>;O30є 2 B><C, I> 70 9>3> 4>?><>3>N 
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<>6=0 >FV=8B8 O:VABь =0?>2=N20G0 2V4?>2V4=> 4> 28<>3> =0FV>=0;ь=8E 

AB0=40@BV2. � ?@8 ?>@V2=O==V 45:V;ь:>E <0B5@V0;V2 V 2AB0=>2;5==V, O:89 V7 

=0?>2=N20GV2 :@0I89 4;O :>=:@5B=>3> <0B5@V0;C V A:;04>28E 0AD0;ьB>15B>==>W 

AC<VHV є 9>3> <0:A8<0;ь=5 7=0G5==O.  

#V4 G0A ?@>є:BC20==O A:;04C 0AD0;ьB>15B>==>W AC<VHV, 2AB0=>2;5==V 

=5>EV4=>W :V;ь:>ABV <V=5@0;ь=>3> ?>@>H:C V 1VBC<C, 287=0G5==V DV78:>-

<5E0=VG=8E E0@0:B5@8AB8: 0AD0;ьB>15B>=C 28:>@8AB>2CNBь =87:C ?>:07=8:V2, O:V 

E0@0:B5@87CNBь 2;0AB82>ABV 0AD0;ьB>15B>=C 01> 270є<>4VN <0B5@V0;V2. �>:@5<0, 

F5 ?>:0=8:8: ?>@8ABVABь, =01@O:0==O, 1VBC<>є<=VABь, A@BC:BC@C20;ь=0 740B=VABь, 

O:V 287=0G0NBь 73V4=> 7 �%&' 8772 [83]. 

� <5B>N 28:>@8AB0==O F8E ?>:07=8:V2, ?@82545<> WE 25;8G8=8 C =5O2=C 

D>@<C V =0725<> 2V4?>2V4=>: К?>@ 3 :>5DVFVє=B 70 ?>@8ABVABN; К5іB 3 :>5DVFVє=B 
1VBC<>є<=>ABV; К=45 3 :>5DVFVє=B =01@O:0==O; КAB@ 3 :>5DVFVє=B A@BC:BC@C20;ь=>W 
740B=>ABV. 

�>5DVFVє=B8 K 70 ?>@8ABVABN, =01@O:0==O, 1VBC<>є<=>ABV 287=0G0NBь 70 

D>@<C;>N: К = |�2�|� ,        (2.3) 

 

45 x 3 D0:B8G=89 ?>:07=8: 281@0=>3> 7=0G5==O ?>@8AB>ABV, =01@O:0==O 

01> 1VBC<>є<=>ABV; 

u 3 25@E=O <560 ?>:07=8:0 ?>@8AB>ABV, =01@O:0==O 01> 

1VBC<>є<=>ABV. 

�0==0 D>@<C;0 ?@89<0єBьAO BV;ь:8 2 B><C 28?04:C, :>;8 =5 2AB0=>2;5=> 

=86=ь>W <56V ?>:07=8:0. 

�>5DVFVє=B AB@C:BC@C20;ь=>W 740B=>ABV >1G8A;NNBь 70 D>@<C;0<8: 

A5@54=є 0@8D<5B8G=5 7=0G5==O <56 

 ÿ = Ā + 12 (� 2 Ā), � g Ā, Ā g 0,    (2.4) 
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?>:07=8: AB@C:BC@C20;ь=>W 740B=>ABV 

 КAB@ = �2|�2�|a , ý g 0,       (2.5) 

 

45 u 3 25@E=O <560 ?>:07=8:0 AB@C:BC@C20;ь=>W 740B=>ABV; 

b 3 =86=O <560 ?>:07=8:0 AB@C:BC@C20;ь=>W 740B=>ABV; 

x 3 D0:B8G=5 7=0G5==O ?>:07=8:0 AB@C:BC@C20;ь=>W 740B=>ABV. 

 

%5@54=є 0@8D<5B8G=5 7=0G5==O 70?@>?>=>20=8E G>B8@ь>E :>5DVFVє=BV2 V 

1C45 :>5DVFVє=B>< O:>ABV =0?>2=N20G0 Кя, O:89 1C45 2V4?>2V40B8 2AV< 28<>30< 
=0FV>=0;ь=8E AB0=40@BV2: 

 Кя = К?>@+К5іB+К=45+КAB@4 ⇒ þÿý,     (2.6) 

45 К?>@ 3 :>5DVFVє=B 70 ?>@8ABVABN; К5іB 3 :>5DVFVє=B 1VBC<>є<=>ABV; К=45 3 :>5DVFVє=B =01@O:0==O; КAB@ 3 :>5DVFVє=B A@BC:BC@C20;ь=>W 740B=>ABV. 
 

�0 4>?><>3>N @>7@>1;5=8E 70;56=>AB59 (2.3) 3 (2.6) <>65<> 2AB0=>28B8 

:>5DVFVє=B O:>ABV =0?>2=N20G0 Кя, I> 40є 7<>3C >FV=8B8 40==V <0B5@V0;8 B0 
?@>25AB8 WE 0=0;V7. ' B01;8FV 2.15 =02545=V @57C;ьB0B8 ;01>@0B>@=8E 4>A;V465=ь 

V @>7@0EC=:V2 :>5DVFVє=B0 O:>ABV 

�V4?>2V4=> 4> 0=0;V7C 40=8E B01;8FV 2.15 V (2.6) <>6=0 AB25@46C20B8, I> 

4;O :0<’O=8E <0B5@V0;V2, 1VBC<C V 2V4?>2V4=8E =0?>2=N20GV2, =09:@0I8< 1C45 

28:>@8AB0==O 20?=O:>2>3> <V=5@0;ь=>3> ?>@>H:C C O:>3> �O = 0,54, =0ABC?=8<8 

є 7>;0-28=5A5==O �C@HB8=Aь:>W &�% V :20@F8B=89 ?8;. �8:>@8AB0==O 7>;8-

28=5A5==O �0@=8Fь:>W &�% V 7>;8 7 3V4@>2V420;C 4;O ?@83>BC20==O 

0AD0;ьB>15B>==>W AC<VHV 70;8H0єBьAO ?V4 ?8B0==O<.  
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&01;8FO 2.15 3 �=0G5==O :>5DVFVє=B0 O:>ABV =0?>2=N20G0  

 0B5@V0; К?>@ К5іB К=45 КAB@ Кя 

�0?=O:>289  # 0,150 0,33 0,84 0,84 0,54 

�>;0-28=5A5==O 
�C@HB8=Aь:>W &�% 

0,050 0,44 0,50 0,89 0,47 

�>;0-28=5A5==O 
�0@=8Fь:>W &�% 

0,005 0,38 0,25 0,86 0,38 

�>;0-28=5A5==O 
&@8?V;ьAь:>W &�% 

0,080 0,40 0,33 0,9 0,42 

�20@F8B=89 ?8; 0,008 0,20 0,90 0,78 0,47 

�@0=VB=89 ?8; 0,010 0,06 0,90 0,83 0,45 

�>;0 7 3V4@>2V420;C 0,000 0,01 0,08 0,73 0,21 

 

&0: O: 20?=O:>289 =0?>2=N20G є AB0=40@B=8< <V=5@0;ь=8< ?>@>H:><, 7 

<5B>N ?@89=OBBO >4=>7=0G=>3> @VH5==O I>4> ?@840B=>ABV =0?>2=N20G0, C 

48A5@B0FV9=V @>1>BV @>7@>1;5=> :@8B5@V9 ?@840B=>ABV 7>;8-28=5A5==O O: 

=0?>2=N20G0 0AD0;ьB>15B>==8E AC<VH59, �&$?O: 

 К" ?я = К" 5+К" ?>@К" AB+К" 87 ,     (2.7) 

 

45 К" 5 3 :@8B5@V9 1VBC<>є<=>ABV O:89 @>7@0E>2CєBьAO 70 D>@<C;>N БіB′ /БіB, БіB′  3 F5 1VBC<>є<=VABь ?>@V2=N20=>3> =0?>2=N20G0, БіB3 1VBC<>є<=VABь 
AB0=40@B=>3> 20?=O:>2>3> =0?>2=N20G0; К" ?>@ 3 :@8B5@V9 ?>:07=8:0 ?>@8AB>ABV, @>7@0E>2CєBьAO 70 =0ABC?=>N 
D>@<C;>N К" ?>@ = �>@′/#>@, 45 �>@′3 ?>:07=8: ?>@8AB>ABV ?>@V2=N20=>3> 
=0?>2=N20G0, #>@ 3 ?>:07=8: ?>@8AB>ABV AB0=40@B=>3> 20?=O:>2>3> 

=0?>2=N20G0;  К" AB 3 :@8B5@V9 ?>:07=8:0 AB@C:BC@C20;ь=>W 740B=>ABV, O:89 
287=0G0єBьAO 70 D>@<C;>N К" AB = !B′/!B, 45 !B′ 3 ?>:07=8: A@BC:BC@C20;ь=>W 
740B=>ABV ?>@V2=N20=>3> =0?>2=N20G0, !B 3 ?>:07=8: A@BC:BC@C20;ь=>W 740B=>ABV 
AB0=40@B=>3> 20?=O:>2>3> =0?>2=N20G0;  К" 87 3 :@8B5@V9 ?>:07=8:0 4V9A=>W 3CAB8=8, O:89 287=0G0єBьAO 70 
D>@<C;>N К" 87 = ρ′/ρ, 45 ρ′3 ?>:07=8: 4V9A=>W 3CAB8=8 ?>@V2=N20=>3> 
=0?>2=N20G0,  



92 ρ 3 ?>:07=8: 4V9A=>W 3CAB8=8 AB0=40@B=>3> 20?=O:>2>3> =0?>2=N20G0. 
!0 >A=>2V @>7@0EC=:V2 V 0=0;V7C @57C;ьB0BV2 ;01>@0B>@=8E 4>A;V465=ь 

DV78:>-<5E0=VG=8E ?>:07=8:V2 0AD0;ьB>15B>=C 2AB0=>2;5=> <56V :@8B5@VN: 

 0,90 f  К?я f 1,10.      (2.8) 
 

�AB0=>2;5=>, O:I> 7=0G5==O :@8B5@VN 20@VNєBьAO 2 <560E (2.8), B> A;V4 

22060B8, I> 4>A;V46C20=89 =0?>2=N20G =01;860єBьAO 4> AB0=40@B=>3> 

20?=O:>2>3> <V=5@0;ь=>3> ?>@>H:C B>1B> 2V= <>65 1CB8 28:>@8AB0=8< ?@8 

283>B>2;5==V 0AD0;ьB>15B>==>W AC<VHV, O:I> К" ?я 28E>48Bь 70 40=V @0<:8, B> 
40=89 =0?>2=N20G A;V4 22060B8 =5 5D5:B82=8<, B>1B> DV78:>-<5E0=VG=V 

?>:07=8:8 4>A;V4=>3> =0?>2=N20G0 :0@48=0;ь=> 2V4@V7=ONBьAO 2V4 AB0=40@B=>3>, 

I> 7<>65 ?@8725AB8 4> ?>3V@H5==O DV78:>-<5E0=VG=8E 2;0AB82>AB59 

0AD0;ьB>15B>=C. 

�8:>@8AB02H8 BV 6 @57C;ьB0B8 ;01>@0B>@=8E 4>A;V465=ь, I> V 4;O 

@>7@0EC=:C :>5DVFVє=B0 O:>ABV =0?>2=N20G0, >B@8<0є<> 7=0G5==O :@8B5@VN 

?@840B=>ABV 7>;8-28=5A5==O O: =0?>2=N20G0 0AD0;ьB>15B>==8E AC<VH59 

(B01;. 2.16). 

�V4?>2V4=> 4> 0=0;V7C 40=8E B01;8FV 2.16 V (2.8) <>6=0 CB>G=8B8 40=V, 

B01;8FV 2.15 V AB25@46C20B8, I> BV;ь:8 7>;0 7 3V4@>2V420;C =5 ?@840B=0 4;O 

?@83>BC20==O 0AD0;ьB>15B>==>W AC<VHV. 

 

&01;8FO 2.16 3 �=0G5==O :@8B5@VN ?@840B=>ABV 7>;8-28=5A5==O O: 

=0?>2=N20G0 0AD0;ьB>15B>==8E AC<VH59 

 0B5@V0; К" ?>@ К" 5 К" 87 К" AB К" ?я 

�0?=O:>289  # 1,00 1,00 1,00 1,00 1,00 

�>;0-28=5A5==O 
�C@HB8=Aь:>W &�% 

1,10 0,84 0,99 1,08 0,94 

�>;0-28=5A5==O 
�0@=8Fь:>W &�% 

1,10 0,93 0,98 1,04 1,00 

�>;0-28=5A5==O 
&@8?V;ьAь:>W &�% 

1,07 0,89 0,98 1,08 0,95 

�20@F8B=89 ?8; 1,07 1,10 1,10 0,95 1,10 

�@0=VB=89 ?8; 1,10 1,40 1,01 1,00 1,20 

�>;0 7 3V4@>2V420;C 1,10 1,50 0,96 0,88 1,40 
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2.8 $>7@>1;5==O <0B5<0B8G=>W <>45;V >?B8<V70FVW ?V41>@C 75@=>2>3> 

A:;04C 0AD0;ьB>15B>==>W AC<VHV 
 

�><?>78FVO 75@=>2>3> A:;04C <V=5@0;ь=>W G0AB8=8 0AD0;ьB>15B>==>W 

AC<VHV ACBBє2> 2?;820є =0 2;0AB82>ABV 4>@>6=ь>3> 0AD0;ьB>15B>=C, 0 A0<5 =0 

9>3> <VF=VABь, H>@AB:VABь, 4>23>2VG=VABь, ABV9:VABь, =04V9=VABь, O:VABь B>I>, 

>A>1;82> ?@8 70AB>AC20==V 2B>@8==8E 2V4E>4V2 ?@><8A;>2>ABV. #V41V@ 75@=>2>3> 

A:;04C 0AD0;ьB>15B>==>W AC<VHV (40;V 3 �%) ?5@5410G0є @>7@0EC=>: B0:8E 9>3> 

?0@0<5B@V2, O:V, C B><C G8A;V, 704>2>;ь=ONBь 28<>30< B01;. 6 V B01;. 7 [5]. 

�81V@ A:;04C 70?>2=N20G0 B0 2<VABC 2’O6CG>3> �%, O:0 2V4?>2V40є 28<>30< 

A?5F8DV:0FVW, є B@820;>N ?@>F54C@>N A?@>1 V ?><8;>:, 0 CA?VE C ?@>є:BC20==V 

�% 7=0G=>N <V@>N 70;568Bь 2V4 4>A2V4C ?@>є:BC20;ь=8:0. #>4>;0==N Fь>3> 

CB@C4=5==O <>65 A?@8OB8 @>7@>1;5==O B0 2?@>20465==O :><?’NB5@=8E ?@>3@0< 

?@>є:BC20==O >?B8<0;ь=8E ?0@0<5B@V2 �% 4;O >B@8<0==O 1060=8E WE 

2;0AB82>AB59 B0 C?@02;V==O =8<8.  

� <5B>N >?B8<V70FVW 2V4A>B:>2>3> A:;04C <V=5@0;ь=>W G0AB8=8 30@OG>W 

0AD0;ьB>15B>==>W AC<VHV C 2V4?>2V4=>ABV 4> B5E=VG=8E 28<>3 =0FV>=0;ь=>3> 

AB0=40@BC 1C;0 @>7@>1;5=0 <0B5<0B8G=0 <>45;ь. 

� >A=>2C @>7@>1;5=>W <0B5<0B8G=>W <>45;V ?>:;045=V 0;3>@8B<8 =5;V=V9=>W 

>?B8<V70FVW 7 28:>@8AB0==O< <5B>4C C7030;ь=5=>3> 72545=>3> 3@04Vє=B0 

(generalized reduced gradient method, 40;V 3 GRG) [82]. GRG 3 F5 0;3>@8B<8 4;O 

@>72'O7C20==O =5;V=V9=8E 7040G 7030;ь=>W AB@C:BC@8. 

"A=>2=V V45W GRG ?>;O30NBь C B><C, I> =5;V=V9=0 7040G0, O:C ?>B@V1=> 

@>72'O70B8, <0є 283;O4: 

<V=V<V7C20B8 f(X)        (2.9) 

70 C<>28, I> Āÿ(�)  =  0 , ÿ =  1, . . . , þ,    (2.10) ýÿ  f  �ÿ  f  �ÿ  , ÿ =  1, . . . , ÿ,      (2.11) 

 

45 � – n-25:B>@, 0 �ÿB0 ýÿ   3 25@E=O B0 =86=O 3@0=8FV �ÿ  > ýÿ .  
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�2060єBьAO, I> m < n, >A:V;ь:8 2 1V;ьH>ABV 28?04:V2 m ≥ n >7=0G0є 

=574V9A=5==C 7040GC 01> 7040GC 7 є48=8< @>72'O7:><, (>@<0 (2.9) 3 (2.11) є 

?>2=VABN 35=5@>20=>N, >A:V;ь:8 =5@V2=>ABV 3@0=8G=8E C<>2 702648 <>6=0 

?5@5B2>@8B8 =0 @V2=>ABV 284C (2.10) 4>4020==O< B0: 720=8E A;01:8E 7<V==8E. 

�5:B>@ X <VAB8Bь O: :><?>=5=B8 «?@8@>4=V» 7<V==V 7040GV, B0: V FV A;01:V 7<V==V. 

(C=40<5=B0;ь=0 V45O GRG ?>;O30є C 28:>@8AB0==V @V2=>AB59 (2.10) 4;O 

28@065==O m 7<V==8E, O:V =07820NBьAO 1078A=8<8, G5@57 @5HBC n – m =51078A=8E 

7<V==8E. &0: A0<> ?@0FNє A8<?;5:A3<5B>4 ;V=V9=>3> ?@>3@0<C20==O. !5E09 �̅ 3 
4>?CAB8<0 B>G:0 2 >1;0ABV @VH5=ь, 0 G 3 25:B>@ 1078A=8E 7<V==8E, x 3 25:B>@ 

=51078A=8E 7<V==8E 2 B>GFV �̅, B0: I> X @>71820єBьAO =0 <=>68=C �̅ O:: 
 � = (þ, ý), �̅ = (þ̅, ý̅)      (2.12) 

 

V @V2=>ABV (2.11) <>6=0 70?8A0B8 C 283;O4V 

 Ā(þ, ý) = 0,      (2.13) 

45 

 Ā = (Ā1, & , Āþ).      (2.14) 

 

#@8?CA:0NBь, I> FV;ь>20 DC=:FVO ƒ B0 DC=:FVW >1<565=ь gi є 

48D5@5=FV9>20=8<8. &>4V, 70 =5O2=>N B5>@5<>N ?@> DC=:FVW (7030;ь=0 =0720 4;O 

B5>@5<, I> 30@0=BCNBь ;>:0;ь=5 VA=C20==O V >?8ACNBь 2;0AB82>ABV =5O2=>W 

DC=:FVW), 4;O B>3>, I>1 @V2=O==O (2.13) <0;8 @>72’O7>: y(x) 4;O 2AVE x 2 45O:><C 

>:>;V ý̅, 4>AB0B=ь>, I>1 <0B@8FO m × m 1078A=>W <0B@8FV �g/�þ , >FV=5=>W 2 �̅, 1C;0 
=5A8=3C;O@=>N (=5>A>1;82>N). /:I> F5 B0:, B>4V FV;ь <>65 1CB8 28@065=0 O: 

DC=:FVO BV;ь:8 2V4 x: /:I> F5 B0:, B>4V FV;ь <>65 1CB8 28@065=0 O: DC=:FVO 

BV;ь:8 2V4 x: 

 �(ý) = ÿ(þ(ý), ý)     (2.15) 
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V =5;V=V9=C ?@>3@0<C ?5@5B2>@NNBь, ?@8=09<=V 4;O x, 1;87ь:>3> 4> ý̅, 4> 72545=>W 
7040GV ;8H5 7 25@E=ь>N B0 =86=ь>N <560<8: 

 

<V=V<V7C20B8 �(ý)     (2.16) 

70 C<>28 ý�� f ý f ��� ,     (2.17) 

 

45 ý�� B0 ��� 3 =86=V9 B0 25@E=V9 25:B>@8 >1<565=ь 4;O x.  
 

�0 4>?><>3>N <5B>4C C7030;ь=5=>3> 72545=>3> 3@04Vє=B0 @>72’O65<> 

28EV4=C 7040GC (2.9) 3 (2.11) H;OE>< @>72'O7C20==O ?>A;V4>2=>ABV 7040G 284C 

(2.16) 3 (2.17). *V 7040GV @>72’O65<> ?@>AB8<8 <>48DV:0FVO<8 0;3>@8B<V2 

=5>1<565=>W <V=V<V70FVW. 

�;O B>3>, I>1 72545=0 7040G0 (2.16) 3 (2.17) 4020;0 @5;520=B=V @57C;ьB0B8, 

=5>1EV4=>, I>1 x 2V;ь=> 7<V=N202AO 2V4=>A=> ?>B>G=>W B>G:8 ý̅.  
'@0E>2CNG8 3@0=8G=V C<>28 (2.17) <>6=0 ;53:> ?5@5<VIC20B8 x C 

=0?@O<:0E, O:V WE 704>2>;ь=ONBь. 

->1 704>2V;ь=8B8 3@0=8G=V C<>28 =0 >A=>2=V 7<V==V, ?>B@V1=> 2@0EC20B8, 

I> 45O:V :><?>=5=B8 y ̅ 7=0E>4OBьAO =0 WE=VE <560E, B><C =02VBь =57=0G=0 7<V=0 x 

2V4 x ̅ <>65 ?@8725AB8 4> ?>@CH5==O 3@0=8G=8E C<>2. 

� <5B>N 70157?5G5==O VA=C20==O DC=:FVW þ(ý), ?@8?CA:0є<>, I> 
28:>=CєBьAO C<>20 ?@> =528@>465=VABь. 

' 1C4ь3O:V9 B>GFV X, O:0 704>2>;ь=Oє (2.10) 3 (2.11), VA=Cє @>718BBO X =0 m 

1078A=8E 7<V==8E y B0 n–m =51078A=8E 7<V==8E x B0:5, I> 

 ý� < þ < �� ,     (2.18) 

 

45 ý� B0 ý� 3 25:B>@ >1<565=ь =0 y B0 

 þ = dĀ dþ⁄  є =5A8=3C;O@=>N.    (2.19) 
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#>G8=0NG8 7 4>?CAB8<>W B>G:8 �̅ 7 1078A=8<8 7<V==8<8 y B0 =51078A=8<8 
7<V==8<8 x, ?@>1CNBь @>72'O70B8 72545=C 7040GC (2.16) 3 (2.17). �3V4=> 7 (2.15), 

I>1 >FV=8B8 FV;ь>2C DC=:FVN F(x), <8 ?>28==V 7=0B8 7=0G5==O >A=>2=8E 7<V==8E 

y(x). �28G09=>, 70 28=OB:>< ;V=V9=8E B0 45O:8E =5;V=V9=8E 28?04:V2, DC=:FVO y(x) 

=5 <>65 1CB8 287=0G5=0 2 70<:=5=><C 283;O4V. "4=0: y(x) <>6=0 >1G8A;8B8 4;O 

1C4ь-O:>3> 7=0G5==O x 70 4>?><>3>N VB5@0FV9=>3> <5B>4C, O:89 @>72'O7Cє @V2=>ABV 

(2.13). "B65, ?@>F54C@0 @>72'O7C20==O 72545=>W 7040GV, ?>G8=0NG8 7 �0 ≡ �̅, 
2:;NG0є =0ABC?=V :@>:8: 

0) ?>:;045<> i = 0; 

1) ?V4AB028<> ýÿ2 (5) V 287=0G8<> 2V4?>2V4=V 7=0G5==O 4;O þ,  þÿ VB5@0FV9=8< 
<5B>4>< @>72'O70==O =5;V=V9=8E @V2=O=ь; 

2) 287=0G8<> =0?@O<>: @CEC ýÿ 4;O =51078A=8E 7<V==8E ý; 
3) 2815@5<> :@>: �ÿ B0:8< G8=><, I>1 ýÿ+1 = ýÿ + �ÿýÿ. 
+0AB> F5 @>18BьAO H;OE>< @>72’O70==O >4=>28<V@=>W 7040GV ?>HC:C <і=і<і7C64B8 �(ýÿ + �ÿýÿ) 

7 >1<565=8< �ÿ B0:8<, I> ýÿ + �ÿýÿ 704>2>;ь=Oє >1<565==O< =0 ý. *59 
>4=>28<V@=89 ?>HC: 28<030B8<5 ?>2B>@=>3> 70AB>AC20==O :@>:C 1) 4;O >FV=:8 � 
?@8 @V7=8E 7=0G5==OE �; 

4) ?5@52V@Oє<> ?>B>G=C B>G:C �ÿ = (þÿ , ýÿ) =0 >?B8<0;ь=VABь. /:I> =5 
>?B8<0;ь=0, ?>:;045<> i = i + 1 V ?>25@=5<>Aь 4> :@>:C 1). 

�3V4=> �>40B:C � �%&' � �.2.73119 [5], ?. �.1 =0 >A=>2V 287=0G5=>3> 

75@=>2>3> A:;04C, ?5@5410G5=>3> 4;O 70AB>AC20==O <V=5@0;ь=8E <0B5@V0;V2, 

2AB0=>2;NNBь B0:5 A?V22V4=>H5==O <V6 :><?>=5=B0<8, I>1 3@0=C;><5B@8G=89 

A:;04 2V4?>2V402 7=0G5==O< 28<>3 B01;8Fь 6 Fь>3> AB0=40@BC 4;O ?@87=0G5=>3> 

A:;04C 0AD0;ьB>15B>==>W AC<VHV (BDVєAFB6AB A45?<:4NK<Eь 8B WI E9D98AVI 

;A4K9Aь). 
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�;O :>=:@5B870FVW <0B5<0B8G=>W <>45;V 7040GV 281>@C >?B8<0;ь=>W 

:><?>78FVW 75@=>2>3> A:;04C <V=5@0;ь=>W G0AB8=8 30@OG8E 0AD0;ьB>15B>==8E 

AC<VH59 (40;V 3 �%�) ?>7=0G8<> 7<V==V: 

x1 3 I51V=ь D@0:FVW 20340, 2V4A>B:V2 70 <0A>N; 

x2 3 I51V=ь D@0:FVW 10320, 2V4A>B:V2 70 <0A>N; 

x3 3 I51V=ь D@0:FVW 5310, 2V4A>B:V2 70 <0A>N; 

x4 3 ?VA>:, 2V4A>B:V2 70 <0A>N; 

x5 3?>@>H>: <V=5@0;ь=89, 2V4A>B:V2 70 <0A>N. 

#@89<5<>, I> x1, x2, x3, x4, x5 ∈ [0, 100] V є 4V9A=8<8 G8A;0<8. 
�@0=8G=V C<>28: ∑ ýÿ = 100 %,ÿ=5ÿ=1       (2.20) ýÿ g ýÿþÿÿ1,..,5

      (2.21) ýÿ f ýÿþ��1,..,5
      (2.22) 

45 ýÿþÿÿ1,..,5 B0 ýÿþ��1,..,5 =86=O B0 25@E=O 3@0=8FV 2V4A>B:0 i3W A:;04>2>W AC<VHV. 
*V;ь>20 DC=:FVO: 

�(ý1, ý2, ý3, ý4, ý5) = √∑ [∑ �Āÿ2(ýĀ + ��2ý�2 )]2ÿ=5ÿ=1Ā=�Ā=12 ⇒ þÿÿ,  (2.23) 

�Ā > ýĀ , Ā = 1, . . , þ,    (2.24) 

 

45 N 3 :V;ь:VABь A8B; �Āÿ 3  % ?@>E>465==O i33> :><?>=5=B0 G5@57 j3B5 A8B>; �Ā 3 25@E=O <560  % ?@>E>465==O 4>?CAB8<>W >1;0ABV AC<VHV =0 j3<C A8BV; ýĀ 3 =86=O <560  % ?@>E>465==O 4>?CAB8<>W >1;0ABV AC<VHV =0 j3<C A8BV. 
&0:8< G8=><, 7=0G5==O< FV;ь>2>W DC=:FVW є :>@V=ь :204@0B=89 V7 AC<8 

:204@0BV2 2V4E8;5=ь 3@0DV:C HC:0=>W ;V=VW 4>A;V46C20=>W AC<VHV 2V4 3@0DV:C 

A5@54=ь>W ;V=VW AC<VHV ýĀ + (�Ā 2 ýĀ)/2, O:C 22060є<> ;V=VєN <0:A8<0;ь=>W 
IV;ь=>ABV.  

�@8B5@Vє< >?B8<0;ь=>ABV є <V=V<0;ь=5 7=0G5==O FV;ь>2>W DC=:FVW (2.23). 
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' 4>40B:C � =02545=> ?@8:;04 @50;V70FVW <0B5<0B8G=>W <>45;V. 

 

�8A=>2:8 4> @>74V;C 2 
 

1.  V=5@0;ь=89 ?>@>H>: є 0:B82=>N AB@C:BC@>CB2>@NNG>N A:;04>2>N 

0AD0;ьB>15B>=V2 V 70157?5GCє 28A>:C A>@1FV9=C 9 5=5@35B8G=C 0:B82=VABь 

?>25@E=V 4> >@30=VG=>3> 2'O6CG>3>. *5 >1C<>2;5=> 28A>:>N ?8B><>N ?>25@E=5N, 

EV<VG=8< V <V=5@0;>3VG=8< A:;04><, :V;ь:VABN 0:B82=8E F5=B@V2 =0 ?>25@E=V 

<V=5@0;ь=>3> ?>@>H:C, <V:@>@5;ьєD>< V G8AB>B>N ?>25@E=V. 

2. �87=0G5=> C7030;ь=5=V ?5@54C<>28 =091V;ьH 203><8E ?0@0<5B@V2, O:V 

2?;820NBь =0 28:>@8AB0==O 7>;8-28=5A5==O O: =0?>2=N20G0 2 0AD0;ьB>15B>=V. 

&0:V O: EV<VG=89 B0 >:A84=89 A:;04, O:V <>6C 2?;820B8 =0 04A>@1FV9=V ?@>F5A8 C 

A8AB5<V 0AD0;ьB>2’O6CG>3>.  

3. �87=0G5=> AB@C:BC@C20;ь=C 740B=VABь 7>;8-28=5A5==O B0 2AB0=>2;5=> 

V=45:A ?;0AB8G=>ABV 0AD0;ьB>2’O6CG>3> =0 WW >A=>2V 70 @V7=8E B5E=>;>3VG=8E B0 

5:A?;C0B0FV9=8E B5<?5@0BC@. *V 4>A;V465==O 70A2V4G8;8 <>6;82VABь 

28:>@8AB0==O 2 4>@>6=ь><C 1C4V2=8FB2V 40=>3> <0B5@V0;C B0 =5 25;8:89 4V0?07>= 

@>7E>465=ь @57C;ьB0BV2 28?@>1C20=ь 7>;8-28=5A5==O @V7=>3> ?>E>465==O. 

4. �AB0=>2;5=> 04357V9=C 0:B82=VABь 7>;8-28=5A5==O 7 1VBC<><. �;O >FV=:8 

7G5?;5==O <V=5@0;ь=>3> <0B5@V0;C B0 1VBC<C 1C;> 287=0G5=> ?>:07=8:8 

7G5?;5==O <5B>4>< 287=0G5==O 4>23>B@820;>3> 2>4>=0A8G5==O. 

#@>0=0;V7C202H8 @57C;ьB0B8 2>4>ABV9:>ABV 7@07:V2 V7 AC<VHV =0?>2=N20G0 B0 

1VBC<C, <>6=0 >FV=8B8 04357VN 1VBC<C 4> <V=5@0;ь=>3> ?>@>H:C 70 7<V=>N 

:>5DVFVє=B0 2>4>ABV9:>ABV. $>71V6=VABь @57C;ьB0BV2 28?@>1C20=ь 7>;8-28=5A5==O 

B0 20?=O:>2>3> =0?>2=N20G0 7=0E>4OBьAO 2 <560E ?>E81:8, I> A2V4G8Bь ?@> 

<>6;82VABь 28:>@8AB0==O 7>;8-28=5A5==O O: =0?>2=N20G0 2 0AD0;ьB>15B>=V. 

5. �AB0=>2;5=> ABV9:VABь 0AD0;ьB>2’O6CG>3> 4> B5E=>;>3VG=>3> AB0@V==O. 

�0 @57C;ьB0B0<8 4>A;V465=ь 2?;82C B5E=>;>3VG=>3> AB0@V==O =0 0AD0;ьB>2’O6CGC 

@5G>28=C <>65<> AB25@46C20B8, I> ?>:07=8:8 V=45:AC AB0@V==O, 

0AD0;ьB>2’O6CG>3> V7 7>;>N-28=5A5==O є ?@><V6=8<8 <V6 20?=O:>28< 
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<V=5@0;ь=8< ?>@>H:>< B0 3@0=VB=8< ?8;>< B0 =01;860NBьAO 4> 

0AD0;ьB>2’O6CG>3> 7 20?=O:>28< <V=5@0;ь=8< ?>@>H:><. 

6. !0 >A=>2V B5>@5B8G=>3> 0=0;V7C, C7030;ь=5==O =0C:>28E ?@0Fь V 

28:>=0=8E 5:A?5@8<5=B0;ь=8E 4>A;V465=ь 1C;> @>7@>1;5=> :>5DVFVє=B O:>ABV 

=0?>2=N20G0 B0 :@8B5@V9 ?@840B=>ABV 7>;8-28=5A5==O O: =0?>2=N20G0 

0AD0;ьB>15B>==8E AC<VH59. *V ?>:07=8:8 4>72>;ONBь H284:> 287=0G8B8 

?@840B=VABь =0?>2=N20GV2 @V7=>3> ?>E>465==O V <V=5@0;ь=>3> A:;04C, =5 BV;ь:8 

7>;8-28=5A5==O, 4;O ?>40;ьH>3> WE 28:>@8AB0==O ?@8 ?@83>BC20==V 

0AD0;ьB>15B>==>W AC<VHV. 

7. $>7@>1;5=0 <0B5<0B8G=0 <>45;ь >?B8<V70FVW ?V41>@C 75@=>2>3> A:;04C 

0AD0;ьB>15B>==>W AC<VHV, O:0 4>72>;Oє 289B8 =0 =09IV;ь=VHC <>6;82C 3@040FVN 

75@=>2>3> A:;04C <V=5@0;ь=>W G0AB8=8 0AD0;ьB>15B>==>W AC<VHV 3 <0:A8<0;ь=C 

3@040FVN IV;ь=>ABV 01> :@82C <0:A8<0;ь=>W IV;ь=>ABV (C;;5@0 (W.B. Fuller). 

$57C;ьB0B8 4>A;V465=ь @>74V;C 28:;045=> C =0ABC?=8E ?C1;V:0FVOE: [22, 53, 

69, 70]. 
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$"���� 3 

��%#�$� �&��Ь!� �"%�����!!/ �%(��Ь&"��&"!' �� 
�"�".-��!�%�!!/ ��/ '��,&'��!!/ ,�$�� �"$"�!Ь�" 

"�/�' 

 

3.1 �>A;V465==O =0?>2=N20GV2 @V7=>3> ?>E>465==O  
 

3.1.1  5B>48 28?@>1C20==O =0?>2=N20G0 (<V=5@0;ь=>3> ?>@>H:C) 
 

�8A5@B0FV9=5 4>A;V465==O =0?@02;5=5 =0 ?@0:B8G=C @50;V70FVN 9>3> 

@57C;ьB0BV2, B>1B> <5B>48 28?@>1C20=ь V >B@8<0=V 7=0G5==O ?>28==V 2V4?>2V40B8 

G8==8< =>@<0B82=8< 4>:C<5=B0<.  

�5@=>289 A:;04 287=0G0;8 73V4=> 7 ?C=:B>< 4.2 �%&' 8772 [83]. �0=5 

28?@>1C20==O ?>;O30є 2 @>74V;5==V <0B5@V0;C =0 D@0:FVW 70 :@C?=VABN, 

28:>@8AB>2CNG8 =01V@ @V7=8E A8B 2 ?>@O4:C 7<5=H5==O @>7<V@V2 WE >B2>@V2. 

�0 @57C;ьB0B0<8 28?@>1C20==O 2AB0=>2;N20;8 2V4?>2V4=VABь 75@=>2>3> A:;04C 

28<>30< B01;8FV 5 �%&' � �.2.73121 [6]. 

�V9A=C 3CAB8=C 287=0G0;8 73V4=> 7 ?C=:B>< 4.3 �%&' 8772 [83]. �0=5 

28?@>1C20==O ?>;O30є C 2AB0=>2;5==V 3CAB8=8 <0B5@V0;C 2 >48=8FV >1’є<C 157 

C@0EC20==O ?>@, I> <VAB8Bь F59 <0B5@V0;. 

%5@54=N 3CAB8=C 287=0G0;8 73V4=> 7 ?C=:B>< 4.4 �%&' 8772 [83]. �0=5 

28?@>1C20==O ?>;O30є C 287=0G5==V 3CAB8=8 <V=5@0;ь=>3> ?>@>H:C ?VA;O 

CIV;ь=5==O 9>3> C D>@<V >1’є<>< 100 A<3 ?V4 =020=B065==O< 40  #0 

(400 :3A/A<2). 

#>@8ABVABь ?@8 CIV;ь=5==V 40  #0 287=0G0;8 73V4=> 7 

?C=:B>< 4.5 �%&' 8772 [83]. �0=5 28?@>1C20==O ?>;O30є C 287=0G5==V 

?>@8AB>ABV,  O:C @>7@0E>2CNBь =0 >A=>2V ?>?5@54=ь> 2AB0=>2;5=8E ?>:07=8:V2 

4V9A=>W 3CAB8=8 B0 A5@54=ь>W 3CAB8=8 7@07:V2 <V=5@0;ь=>3> ?>@>H:C, I> 

AD>@<>20=V ?@8 CIV;ь=NNG><C =020=B065==V 40  #0. 
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!01@O:0==O 7@07:V2 V7 AC<VHV <V=5@0;ь=>3> ?>@>H:C 7 1VBC<>< 287=0G0;8 

73V4=> 7 ?C=:B>< 4.6 �%&' 8772 [83]. �0=5 28?@>1C20==O ?>;O30є C 287=0G5==V 

?@8@>ABC >1’є<C 7@07:0 V7 AC<VHV <V=5@0;ь=>3> ?>@>H:C 7 1VBC<>< ?VA;O 

=0A8G5==O 9>3> 2>4>N. 

%B@C:BC@C20;ь=0 740B=VABь 287=0G0;8 73V4=> 7 ?C=:B>< 4.9 �%&' 8772 [83]. 

�0=5 28?@>1C20==O ?>;O30є C 287=0G5==V 7@>AB0==O B5<?5@0BC@8 @>7<’O:H5=>ABV 

1VBC<C ?VA;O 9>3> 7<VHC20==O 7 <V=5@0;ь=8< ?>@>H:><. �>40B:>2> 

AB@C:BC@C20;ь=C 740B=VABь 287=0G0;8 70 7<V=>N 48=0<VG=>W 2’O7:>ABV B0 

B5<?5@0BC@8 :@8E:>ABV 1VBC<C. 

�?;82 B8?C <V=5@0;ь=>3> ?>@>H:C =0 AB0@V==O 0AD0;ьB>2’O6CG>3> 

287=0G0;8 70 7<V=>N 9>3> B5<?5@0BC@8 @>7<’O:H5=>ABV, B5<?5@0BC@8 :@8E:>ABV 

B0 48=0<VG=>W 2’O7:>ABV ?VA;O 28?@>1C20==O 73V4=> 7 �%&' EN 1260732 [84]. �0=5 

28?@>1C20==O ?>;O30є C 28B@8<C20==V 0AD0;ьB>2’O6CG>3> C B>=:V9 ?;V2FV 70 

B5<?5@0BC@8 163 °% 2?@>4>26 5,0 3>4, =0ABC?=><C 287=0G5==V 2;0AB82>AB59 

0AD0;ьB>2’O6CG>3> B0 >FV=N20==V WE 7<V=8. 

 

3.1.2 $57C;ьB0B8 28?@>1C20==O =0?>2=N20GV2 
 

$57C;ьB0B8 28?@>1C20==O =0?>2=N20GV2 =02545=> 2 B01;8FV 3.1. 

$57C;ьB0B8 28?@>1C20==O ?>:070;8, I> 70 75@=>28< A:;04>< 

4>A;V46C20=89 20?=O:>289 <V=5@0;ь=89 ?>@>H>:, 7>;0-28=5A5==O �C@HB8=Aь:>W 

&�%, 7>;0-28=5A5==O �0@=8Fь:>W &�% B0 7>;0-28=5A5==O &@8?V;ьAь:>W &�% 

2V4?>2V40NBь 28<>30< �%&' � �.2.73121 [6] 2V4?>2V4=> 4> =50:B82>20=>3> 

<V=5@0;ь=>3> ?>@>H:C <0@:8 � (@8AC=>: 3.1). #@8 Fь><C, G5@57 A8B> 7 @>7<V@>< 

>B2>@V2 0,071 << ?@>E>48Bь 87,6 % 20?=O:>2>3> <V=5@0;ь=>3> ?>@>H:C, 86,3 % 

7>;8-28=5A5==O �C@HB8=Aь:>W &�%, 85,7 % 7>;8-28=5A5==O �0@=8Fь:>W &�% B0 

83,1 % 7>;8-28=5A5==O &@8?V;ьAь:>W &�%. 

!091V;ьH0 4V9A=0 3CAB8=0 E0@0:B5@=0 4;O <V=5@0;ь=>3> ?>@>H:C V 

AB0=>28Bь 2,63 3/A<3, =09<5=H0 4 C 7>;8-28=5A5==O �0@=8Fь:>W &�% 

(@8AC=>: 3.2).  
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&01;8FO 3.1 3 $57C;ьB0B8 28?@>1C20==O =0?>2=N20GV2 

+.G. !09<5=C20==O ?>:07=8:V2, 
>48=8FO 28<V@N20==O 

�8<>38  
�%&' � 
�.2.73121 

$57C;ьB0B8 28?@>1C20==O 

�0?=O:>
2>3> 
 # 

�>;8-
28=5A5==O 
�C@HB8=Aь
:>W &�% 

�>;8-
28=5A5==O 
�0@=8Fь:>W 
&�% 

�>;8-
28=5A5==O 
&@8?V;ьAь:>W 

&�% 

1 �5@=>289 A:;04 4 2<VAB 
G0AB>:, 2V4A>B>: 70 <0A>N:      

 4 4@V1=VH5 =V6 0,071 << 
80, =5 
<5=H5 87,6 86,3 85,7 83,1 

 4 4@V1=VH5 =V6 0,315 << 
90, =5 
<5=H5 99,7 99,8 99,9 99,9 

 4 4@V1=VH5 =V6 1,25 << 
100, =5 
<5=H5 100 100 100 100 

2 �V9A=0 3CAB8=0, 3/A<3 3 2,63 2,61 2,59 2,60 

3 %5@54=O 3CAB8=0, 3/A<3 3 1,85 1,78 1,73 1,78 

4 
#>@8ABVABь C @07V 
CIV;ь=5==O 40  #0, 
2V4A>B>: 70 >1’є<>< 

35, =5 
1V;ьH5 29,7 33,2 34,8 31,8 

5 
!01@O:0==O 7@07:V2 V7 
AC<VHV ?>@>H:C 7 1VBC<><, 
2V4A>B>: 70 >1’є<>< 

2,5, =5 
1V;ьH5 0,4 1,2 1,8 1,6 

6 %B@C:BC@C20;ь=0 740B=VABь, 
°% 

2V4 10 4> 
20 2:;NG=> 12,4 13,4 12,9 13,5 

7 �VBC<>є<=VABь, 3  49 41,3 45,8 43,8 

 

 

$8AC=>: 3.1 3 $57C;ьB0B8 287=0G5==O 75@=>2>3> A:;04C 4>A;V46C20=8E 

<0B5@V0;V2 

 

87,6 86,3 85,7 83,1

99,7 99,8 99,9 99,9100 100 100 100

0
10
20
30
40
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70
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100
110
120

�0?=O:>2>3>  # �>;8 28=>AC 
�C@HB8=Aь:>W &�%

�>;8 28=>AC 
�0@=8Fь:>W &�%

�>;8 28=>AC 
&@8?V;ьAь:>W &�%�V

;ь
:V
AB
ь 
G0
AB
8=
>:
, %

 0B5@V0;
�V;ь:VABь G0AB8=>: 4@V1=VH5 =V6 0,315 <<
�V;ь:VABь G0AB8=>: 4@V1=VH5 =V6 1,25 <<
�V;ь:VABь G0AB8=>: 4@V1=VH5 =V6 0,071 <<
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$8AC=>: 3.2 3 $57C;ьB0B8 287=0G5==O 4V9A=>W 3CAB8=8 4>A;V46C20=8E 

<0B5@V0;V2 

 

!091V;ьH0 A5@54=O 3CAB8=0 B0:>6 E0@0:B5@=0 4;O 20?=O:>2>3> 

<V=5@0;ь=>3> ?>@>H:C V AB0=>28Bь 1,85 3/A<3, =09<5=H0 4 4;O 7>;8-28=5A5==O 

�0@=8Fь:>W &�% (@8AC=>: 3.3). %5@54=O 3CAB8=0 7>;0-28=5A5==O �C@HB8=Aь:>W 

&�% B0 7>;0-28=5A5==O &@8?V;ьAь:>W &�% AB0=>28Bь 1,78 3/A<3 B0 =01;860єBьAO 

4> A5@54=ь>W 3CAB8=8 20?=O:>2>3> <V=5@0;ь=>3> ?>@>H:C. 

%CBBє2V 2V4<V==>ABV 2 7=0G5==OE A5@54=ь>W B0 4V9A=>W 3CAB8=8 

4>A;V46C20=8E <0B5@V0;V2 2V4>1@060єBьAO =0 WE ?>@8AB>ABV ?@8 CIV;ь=5==V 

40  #0 (@8AC=>: 3.4).  

#>@8ABVABь, @07>< 7 282G5=8<8 DV78:>-<5E0=VG=8<8 E0@0:B5@8AB8:0<8 

7>;8-28=5A5==O, <0є 28@VH0;ь=5 7=0G5==O 2 ?@>F5A0E 270є<>4VW 7 1VBC<>< V 

ACBBє2> 2?;820є =0 9>3> A?>6820==O. #>@8ABVABь 7>;8-28=5A5==O є 1;87ь:>N 4> 

<0:A8<0;ь=>3> =>@<>20=>3> 7=0G5==O, 0;5 2AV <0B5@V0;8 7=0E>4OBьAO 2 

=>@<0B82=8E <060E. 

 

2,63

2,6

2,59

2,61

2,5
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$8AC=>: 3.3 3 $57C;ьB0B8 287=0G5==O A5@54=ь>W 3CAB8=8 4>A;V46C20=8E 

<0B5@V0;V2  

 

 

$8AC=>: 3.4 3 $57C;ьB0B8 287=0G5==O ?>@8AB>ABV 4>A;V46C20=8E <0B5@V0;V2 
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%5
@5
4=
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!091V;ьH 284 =0?>2=N20G0 2?;820є =0 =01@O:0==O 7@07:V2 V7 AC<VHV 

?>@>H:C 7 1VBC<>< (@8AC=>: 3.5). /:I> =01@O:0==O 4;O 20?=O:>2>3> 

<V=5@0;ь=>3> ?>@>H:C AB0=>28Bь 2Aь>3> 0,4 % 70 >1’є<><, B> 4;O 7>;8-28=5A5==O 

�C@HB8=Aь:>W &�% F59 ?>:07=8: AB0=>28Bь 1,2 % 70 >1’є<><, 0 7>;8-28=5A5==O 

�0@=8Fь:>W &�% B0 7>;8-28=5A5==O &@8?V;ьAь:>W &�% 2V4?>2V4=> 1,8 % 70 

>1’є<>< B0 1,6 % 70 >1’є<><. &>1B> ?>:07=8: =01@O:0==O 7>;8 28=5A5==O 

7=0E>48BьAO 2 <560E =>@<8. 

 

 

$8AC=>: 3.5 3 $57C;ьB0B8 287=0G5==O =01@O:0==O 7@07:V2 AC<VHV 

4>A;V46C20=8E <0B5@V0;V2 7 1VBC<>< 

 

!091V;ьH>N AB@C:BC@C20;ь=>N 740B=VABN, I> E0@0:B5@87CєBьAO 

?@8@>AB>< B5<?5@0BC@8 @>7<’O:H5=>ABV 1VBC<C ?V4 G0A 7<VHC20==O 9>3> V7 

=0?>2=N20G5<, 2V47=0G0єBьAO 7>;0-28=5A5==O &@8?V;ьAь:>W &�% B0 7>;0-

28=5A5==O �C@HB8=Aь:>W &�% (@8AC=>: 3.6), 0 V=HV 4>A;V46C20=V <0B5@V0;8 

<0NBь =0 1 °% =86GC AB@C:BC@C20;ь=C 740B=VABь. #@8 Fь><C, =09=86G0 

AB@C:BC@C20;ь=0 740B=VABь 70DV:A>20=0 4;O 20?=O:>2>3> <V=5@0;ь=>3> ?>@>H:C. 
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$8AC=>: 3.6 3 $57C;ьB0B8 287=0G5==O AB@C:BC@C20;ь=>W 740B=>ABV 

4>A;V46C20=8E <0B5@V0;V2 

 

&0:8< G8=>< CAB0=>2;5=>, I> 40=V <0B5@V0;8 70 2AV<0 287=0G5=8<8 

?>:07=8:0<8 2V4?>2V40NBь 28<>30< �%&' � �.2.73121 [6] 2V4?>2V4=> 4> 

=50:B82>20=>3> <V=5@0;ь=>3> ?>@>H:C <0@:8 �.  

"A:V;ь:8 >4=8< V7 ?@87=0G5=ь <V=5@0;ь=>3> ?>@>H:C є AB@C:BC@C20==O 

1VBC<C, B> 7=0G=C C203C ?V4 G0A 4>A;V465==O 0;ьB5@=0B82=>W A8@>28=8 4>FV;ь=> 

?@84V;OB8 AB@C:BC@C20;ь=V9 740B=>ABV >B@8<C20=>3> <V=5@0;ь=>3> ?>@>H:C, 

>A:V;ь:8 =54>AB0B=O AB@C:BC@C20;ь=0 740B=VABь <V=5@0;ь=>3> ?>@>H:C <>65 

AB0B8 ?@8G8=>N CB2>@5==O ?;0AB8G=8E 45D>@<0FV9, 0 =04B> 25;8:0 

AB@C:BC@C20;ь=0 740B=VABь 3 ?@8G8=>N 7@>AB0==O 6>@AB:>ABV 0AD0;ьB>15B>=C B0 

7=865==O 9>3> =87ь:>B5<?5@0BC@=>W B@VI8=>ABV9:>ABV. 
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3.2 �87=0G5==O 2?;82C =0?>2=N20GV2 =0 0B<>AD5@>ABV9:VABь 

0AD0;ьB>15B>=C 
 

�>4>ABV9:VABь B0 <>@>7>ABV9:VABь 0AD0;ьB>15B>=C 1030B> 2 G><C 70;560Bь 

2V4 2;0AB82>AB59 1VBC<C, 0 B0:>6 E0@0:B5@C 9>3> 270є<>4VW 7 =0?>2=N20G5<. 

�06;82> 2@0E>2C20B8, I> AB0=40@B=V <5B>48:8 =5 702648 28A2VB;NNBь ?>2=89 

A?5:B@ 270є<>4V9 1VBC<C 7 =0?>2=N20G5< 2 0AD0;ьB>15B>=V.  

&><C 4;O 1V;ьH 4>A:>=0;>3> 282G5==O 2?;82C 7>;8-28=5A5==O =0 

2;0AB82>ABV 0AD0;ьB>15B>=C 1C;> 27OB> 70 >A=>2C <5B>4, >?8A0=89 2 4>40B:C � 

�%&' EN 174434 [85]. *59 <5B>4 4>72>;Oє 1V;ьH 45B0;ь=> 4>A;V48B8 270є<>4VN 

0AD0;ьB>2’O6CG>W @5G>28=8 7 70?>2=N20G5<, 7>:@5<0 V7 7>;>N-28=5A5==O. 

�5@=>289 A:;04, O:89 >?8A0=89 2 Fь><C <5B>4V, є =091V;ьH GCB;828< 4> 

7<V=8 =0?>2=N20G0. &0:89 ?V4EV4 4>72>;Oє 1V;ьH B>G=> 287=0G8B8 2?;82 7<V=8 

=0?>2=N20G0 =0 DV78:>-<5E0=VG=V 2;0AB82>ABV 0AD0;ьB>15B>=C. 

 5B>48 28?@>1C20==O 0AD0;ьB>15B>=C, 28:>@8AB0=V 4;O >FV=:8 9>3> 

E0@0:B5@8AB8:, 1C;8 27OBV 7 �%&' � �.2.73319 [76]. *V <5B>48 4>72>;ONBь 

?@>25AB8 :><?;5:A=5 4>A;V465==O 0AD0;ьB>15B>=C 7 C@0EC20==O< @V7=8E DV78:>-

<5E0=VG=8E ?0@0<5B@V2, O:V 2?;820NBь =0 9>3> O:VABь V 2;0AB82>ABV. 

 

3.2.1 �8EV4=V <0B5@V0;8 

 

#V4 G0A ?@>2545==O 4>A;V465=ь 28:>@8AB>2C20;8: 

3 1VBC< =0DB>289 4>@>6=V9, <0@:8 �!� 70/100, I> 2V4?>2V40є 28<>30< 

�%&' 4044 [87]; 

3 I51V=ь D@0:FVW 0,125 3 2,5 << B0 2,5 4 5,0 << 28@>1=8FB20 

&"� « 0;8=Aь:89 A?5F:0@’є@», I> 2V4?>2V40є 28<>30< �%&' � �.2.7375 [3]; 

3 ?VA>: V7 2V4AV2V2 ?>4@V1=5==O 3V@Aь:8E ?>@V4 28@>1=8FB20 

&"� « 0;8=Aь:89 A?5F:0@’є@», I> 2V4?>2V40є 28<>30< �%&' � �.2.73210 [4]; 
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3 20?=O:>289 <V=5@0;ь=89 ?>@>H>: 28@>1=8FB20 &"� «%:0;03

?>4V;ьAь:89 A?5F:0@'є@», I> 2V4?>2V40є 28<>30< �%&' � � 2.73121 [6], 

@57C;ьB0B8 28?@>1C20=ь =02545=V 2 B01;8FV 3.1; 

3 7>;0-28=5A5==O 28@>1=8FB20 �C@HB8=Aь:>W &�%, I> 2V4?>2V40є 28<>30< 

�%&' � � 2.73121 [6], @57C;ьB0B8 28?@>1C20=ь =02545=V 2 B01;8FV 3.1; 

3 7>;0-28=5A5==O 28@>1=8FB20 �0@=8Fь:>W &�%, I> 2V4?>2V40є 28<>30< 

�%&' � � 2.73121 [6], @57C;ьB0B8 28?@>1C20=ь =02545=V 2 B01;8FV 3.1; 

3 7>;0-28=5A5==O 28@>1=8FB20 &@8?V;ьAь:>W &�%, I> 2V4?>2V40є 28<>30< 

�%&' � � 2.73121 [6], @57C;ьB0B8 28?@>1C20=ь =02545=V 2 B01;8FV 3.1; 

$57C;ьB0B8 28?@>1C20==O >A=>2=8E 28EV4=8E <0B5@V0;V2 =02545=> 2 

B01;8FOE 3.2 3 3.4. 

 

&01;8FO 3.2 3 $57C;ьB0B8 28?@>1C20==O 1VBC<C <0@:8 �!� 70/100 

+.G. !09<5=C20==O ?>:07=8:0, 
>48=8FO 28<V@N20==O 

$57C;ьB0B8 
28?@>1C20==O �8<>38 �%&' 4044 

1 #5=5B@0FVO 70 B5<?5@0BC@8 
25 °%, 0,1 <<  

78 2V4 70 4> 100 

2 &5<?5@0BC@0 @>7<’O:H5=>ABV 70 
:V;ьF5< V :C;5N, °% 

47 2V4 45 4> 51 

3 &5<?5@0BC@0 :@8E:>ABV, °% <V=CA 23 =5 28I5 =V6 

<V=CA 13  

4 $>7BO6=VABь 70 B5<?5@0BC@8 
25 °%, A< 

95 =5 <5=H5 =V6 60 

5 �=B5@20; ?;0AB8G=>ABV, °% 70 3 

6 �<V=0 <0A8 ?VA;O 
?@>3@V20==O,  % 70 <0A>N 

0,12 =5 1V;ьH5 =V6 0,9 

7 �0;8H:>20 ?5=5B@0FVO,  % 65 =5 1V;ьH5 =V6 59 

8 �<V=0 B5<?5@0BC@8 
@>7<’O:H5=>ABV, °% 

3,5 =5 1V;ьH5 =V6 6,0 

9 �=45:A ?5=5B@0FVW <V=CA 0,91 2V4 <V=CA 2,0 4> 1,0 
 

 

&01;8FO 3.3 3 $57C;ьB0B8 28?@>1C20==O 4@V1=>3> 70?>2=N20G0 D@0:FVW 2,535 << 

+.G. !09<5=C20==O ?>:07=8:V2 (0:B8G=V 7=0G5==O ?>:07=8:V2  
1 "G5284=0 3CAB8=0 75@5=, 3/A<3 2,691 
2 �CAB8=0 75@5=, 28ACH5=8E C ACH8;ь=V9 H0DV, 3/A<3 2,672 

3 �CAB8=0 =0A8G5=8E B0 ?>25@E=52>->ACH5=8E 
75@5=, 3/A<3 2,679 

4 �>4>?>3;8=0==O,  % 70 <0A>N 0,27 
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&01;8FO 3.4 3 $57C;ьB0B8 28?@>1C20==O 4@V1=>3> 70?>2=N20G0 

D@0:FVW 0,125 3 2,5 << 

+.G. !09<5=C20==O ?>:07=8:V2 (0:B8G=V 7=0G5==O 
?>:07=8:V2  

1 "G5284=0 3CAB8=0 75@5=, 3/A<3 2,676 
2 �CAB8=0 75@5=, 28ACH5=8E C ACH8;ь=V9 H0DV, 3/A<3 2,652 
3 �CAB8=0 =0A8G5=8E B0 ?>25@E=52>3>ACH5=8E 75@5=, 3/A<3 2,661 
4 �>4>?>3;8=0==O,  % 70 <0A>N 0,35 

 

3.2.2 $57C;ьB0B8 4>A;V465==O 2?;82C =0?>2=N20GV2 =0 
0B<>AD5@>ABV9:VABь 0AD0;ьB>15B>=V2 

 

!0 >A=>2V 287=0G5=>3> 75@=>2>3> A:;04C 70?>2=N20GV2 1C;> 2AB0=>2;5=> 

B0:5 A?V22V4=>H5==O <V6 :><?>=5=B0<8, I>1 75@=>289 A:;04 AC<VHV 2V4?>2V402 

28<>30< B01;8FV 7 �%&' � �.2.73119[5] 4;O ?@87=0G5=>3> A:;04C 

0AD0;ьB>15B>==>W AC<VHV. 

$57C;ьB0B8 ?V41>@C 75@=>2>3> A:;04C 0AD0;ьB>15B>==8E AC<VH59 7 

28:>@8AB0==O< @V7=8E B8?V2 =0?>2=N20GV2 =02545=> =0 @8AC=:0E 3.7 3 3.10. 

 

$8AC=>: 3.7 3 �@0DVG=5 7>1@065==O 75@=>2>3> A:;04C 0AD0;ьB>15B>==>W 

AC<VHV 7 =0?>2=N20G5< V7 20?=O:C 
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$8AC=>: 3.8 3 �@0DVG=5 7>1@065==O 75@=>2>3> A:;04C 0AD0;ьB>15B>==>W 

AC<VHV 7 =0?>2=N20G5< V7 7>;8-28=5A5==O �C@HB8=Aь:>W &�% 

 
$8AC=>: 3.9 3 �@0DVG=5 7>1@065==O 75@=>2>3> A:;04C 0AD0;ьB>15B>==>W 

AC<VHV 7 =0?>2=N20G5< V7 7>;8-28=5A5==O �0@=8Fь:>W &�% 
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%C<VH �8<>38 =.3. �8<>38 2.3.

100100

75

53

34

23

12

12

100100

83

67

50

35

24

16

100

95

68

45

28

18

11
80

20

40

60

80

100

120

0,05 0,5 5

#
>2
=8
9 
?@
>E
V4
, %

$>7<V@ A8B, <<

%C<VH �8<>38 =.3. �8<>38 2.3.



111 

 

$8AC=>: 3.10 3 �@0DVG=5 7>1@065==O 75@=>2>3> A:;04C 0AD0;ьB>15B>==>W 
AC<VHV 7 =0?>2=N20G5< V7 7>;8-28=5A5==O &@8?V;ьAь:>W &�% 

 

�;O >B@8<0==O O:VA=8E 0AD0;ьB>15B>==8E AC<VH59 1VBC< B@510 ?5@525AB8 

2 B0:89 AB0=, 70 O:>3> 2V= ;53:> B0 @V2=><V@=> >12>;V:0є <V=5@0;ь=89 <0B5@V0;. 

�;O Fь>3> 1VBC< B0 V=HV A:;04=8:8 0AD0;ьB>15B>==>W AC<VHV =03@V20NBь 4> ?52=>W 

B5<?5@0BC@8, I> 70;568Bь 2V4 <0@:8 28:>@8AB>2C20=>3> 1VBC<C. � 40=8E 

4>A;V465==OE B5<?5@0BC@C =03@V20==O 1VBC<C ?V4 G0A 7<VHC20==O 7 <V=5@0;ь=8< 

<0B5@V0;>< B0 B5<?5@0BC@8 0AD0;ьB>15B>==>W AC<VHV =0 ?>G0B:C CIV;ь=5==O 1C;> 

CAB0=>2;5=> =0 >A=>2V B5<?5@0BC@=>32’O7:VAB=>W 70;56=>ABV (@8AC=>: 3.11). 

&5E=>;>3VG=V 2;0AB82>ABV 1VBC<V2 E0@0:B5@87CNBь 70 7=0G5==O< WE 48=0<VG=>W 

2’O7:>ABV. &0:, 73V4=> 7 [10] 70 B5<?5@0BC@C 7<VHC20==O 1VBC<C 7 <V=5@0;ь=8< 

<0B5@V0;>< ?@89<0NBь B5<?5@0BC@C, 70 O:>W 48=0<VG=0 2’O7:VABь 1VBC<C AB0=>28Bь 

(0,17 ± 0,02) #0∙A, 0 70 B5<?5@0BC@C ?>G0B:C CIV;ь=5==O 3 B5<?5@0BC@C, 70 O:>W 

48=0<VG=0 2’O7:VABь 1VBC<C AB0=>28Bь (0,28 ± 0,03) #0∙A. 'AB0=>2;5=V =0 >A=>2V 

B5<?5@0BC@=>32’O7:VAB=>W 70;56=>ABV B5<?5@0BC@8 28@>1=8FB20 B0 ?>G0B:C 

CIV;ь=5==O 0AD0;ьB>15B>==8E AC<VH59 AB0=>28;8 2V4?>2V4=> 2V4 148 °% 4> 

152,5 °% B0 2V4 139 °% 4> 143 °%. 
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$8AC=>: 3.11 3 �0;56=VABь 2’O7:>ABV 1VBC<C <0@:8 �!� 70/100 2V4 
B5<?5@0BC@8 

 

�C;> 283>B>2;5=> 0AD0;ьB>15B>==V AC<VHV 7 2<VAB>< 1VBC<C 7,0  %, 7,5  % 
B0 8,0  % 70 <0A>N <V=5@0;ь=8E <0B5@V0;V2 V7 70?@>5:B>20=8< 75@=>28< A:;04><. 

#@>F5A 28@>1=8FB20 0AD0;ьB>15B>==8E AC<VH59 2 ;01>@0B>@VW 
74V9A=N202AO 7 4>B@8<0==O< AB0=40@B=>W ?>A;V4>2=>ABV B0 7<VABC B5E=>;>3VG=8E 
>?5@0FV9 73V4=> 7 �%&' � �.2.73319 [86]. *5 2:;NG0;> 2 A515 @O4 5B0?V2, B0:8E 
O: ?V43>B>2:0 <V=5@0;ь=8E <0B5@V0;V2, =03@V20==O B0 4>4020==O 1VBC<C, 
7<VHC20==O :><?>=5=BV2, D>@<C20==O AC<VHV B0 WW >E>;>465==O. 

�06;82>N G0AB8=>N ?@>F5AC 1C;> 70157?5G5==O B>G=>ABV 2<VABC 1VBC<C C 
AC<VHV, I>1 70157?5G8B8 2V4?>2V4=V E0@0:B5@8AB8:8 0AD0;ьB>15B>=C. &><C :>65= 
5B0? 28@>1=8FB20 :>=B@>;N202AO 73V4=> 2AB0=>2;5=8E =>@<0B82=8E 28<>3. 

$57C;ьB0B8 28?@>1C20==O 0AD0;ьB>15B>=V2 7 @V7=8<8 =0?>2=N20G0<8 
=02545=> 2 B01;8FV 3.5 4 3.8 B0 =0 @8AC=:0E 3.12 4 3.29. 

�8@>1=8FB2>

#>G0B>: 
CIV;ь=5==O
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 #
0·
A

&5<?5@0BC@0, °%
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$8AC=>: 3.12 3 �0;56=VABь 7=0G5=ь 3CAB8=8 2V4 2<VABC 1VBC<C 
 

&01;8FO 3.5 3 $57C;ьB0B8 28?@>1C20==O 0AD0;ьB>15B>=V2 7 =0?>2=N20G5< V7 

20?=O:C 

+.G. !09<5=C20==O ?>:07=8:0 $57C;ьB0B8 28?@>1C20==O 

1 %5@54=O 3CAB8=0 4@V1=>3> 70?>2=N20G0 
D@0:FVW 2 3 5 <<, 3/A<3 2,679 2,679 2,679 

2 %5@54=O 3CAB8=0 4@V1=>3> 70?>2=N20G0 
D@0:FVW 0,071 3 2 <<, 3/A<3 2,661 2,661 2,661 

3 "G5284=0 3CAB8=0 <V=5@0;ь=>3> ?>@>H:C, 
3/A<3 2,631 2,631 2,631 

4 "G5284=0 3CAB8=0 1VBC<C, 3/A<3 1,016 1,016 1,016 
5 %5@54=O 3CAB8=0 0AD0;ьB>15B>=C, 3/A<3 2,312 2,326 2,328 

6 �<VAB 4@V1=>3> 70?>2=N20G0 D@0:FVW 2 3 
5 <<,  % 

25 25 25 

7 �<VAB 4@V1=>3> 70?>2=N20G0 D@0:FVW 0,071 3 
2 <<,  % 

63 63 63 

8 �<VAB =0?>2=N20G0,  % 12 12 12 
9 �<VAB 1VBC<C (?>=04 100  %),  % 7,0 7,5 8,0 
10 �<VAB 1VBC<C (2 100  %),  % 6,54 6,98 7,41 
11 �V9A=0 3CAB8=0 <V=5@0;ь=>W G0AB8=8, 3/A<3 2,662 2,662 2,662 
12 %5@54=O 3CAB8=0 <V=5@0;ь=>W G0AB8=8, 3/A<3 2,161 2,164 2,156 
13 �V9A=0 3CAB8=0 AC<VHV, 3/A<3 2,407 2,392 2,377 

14 #>@8ABVABь <V=5@0;ь=>W G0AB8=8,  % 70 
>1’є<>< 

18,825 18,713 19,020 

15 �0;8H:>20 ?>@8ABVABь,  % >1’є<>< 3,94 2,74 2,05 

16 �V;ь:VABь ?>@, 70?>2=5=8E 2’O6CG8<,  % 70 
>1’є<>< 

14,887 15,972 16,973 

2,161 2,164
2,156

2,312
2,326 2,328

2,407
2,392

2,377

2,140

2,190

2,240

2,290

2,340

2,390

2,440

6,9 7,4 7,9

�=
0G
5=
=O
, 3
/A
<

3

�<VAB 1VBC<C, %
%5@54=O 3CAB8=0  + %5@54=O 3CAB8=0 �� �V9A=0 3CAB8=0 ��%
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�V=5Fь B01;8FV 3.5 

+.G. !09<5=C20==O ?>:07=8:0 $57C;ьB0B8 28?@>1C20==O 
17 �V;ь:VABь ?>@, 70?>2=5=8E 2’O6CG8<,  % 79,08 85,35 89,24 
18 �>4>=0A8G5==O,  % >1’є<>< 2,57 1,25 0,50 

19 #>@8ABVABь <V=5@0;ь=>W G0AB8=8,  % 70 
>1’є<>< (�%&' EN) 18,825 18,713 19,020 

20 $V7=8FO <V6 70;8H:>2>N ?>@8ABVABN B0 
2>4>=0A8G5==O,  % 

1,37 1,49 1,55 

21  VF=VABь 70 B5<?5@0BC@8 20 °%,  #0 4,22 4,50 4,40 
22  VF=VABь 70 B5<?5@0BC@8 50 °%,  #0 1,52 1,68 1,62 

23  VF=VABь 70 B5<?5@0BC@8 20 °%,  #0, (?VA;O 
2>4>=0A8G5==O) 3,86 4,19 4,18 

24 �>5DVFVє=B 4>23>B@820;>W 2>4>ABV9:>ABV 0,91 0,93 0,95 
25 �>5DVFVє=B <>@>7>ABV9:>ABV 0,85 0,86 0,86 

 

 

 

 

$8AC=>: 3.13 3 �0;56=VABь 7=0G5=ь ?>@8AB>ABV 2V4 2<VABC 1VBC<C 
 

18,82 18,71

19,02

14,89

15,97

16,97

14,0

15,0

16,0

17,0

18,0

19,0

20,0

6,9 7,4 7,9

�=
0G
5=
=O
, %
 70
 >
1'
є<
><

�<VAB 1VBC<C, %
#>@8ABVABь <V=5@0;ь=>W G0AB8=8 �V;ь:VABь ?>@, 70?>2=5=8E 2'O6CG8<
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$8AC=>: 3.14 3 �0;56=VABь >1’є<=8E 2;0AB82>AB59 2V4 2<VABC 1VBC<C 
 

 

$8AC=>: 3.15 3 �0;56=VABь 0B<>AD5@>ABV9:>ABV 2V4 2<VABC 1VBC<C 

 

$57C;ьB0B8 28?@>1C20==O ?>:070;8, I> V7 71V;ьH5==O< 2<VABC 1VBC<C 

2V41C20єBьAO ?>ABC?>25 7<5=H5==O 4V9A=>W 3CAB8=8 0AD0;ьB>15B>==>W AC<VHV B0 

7@>AB0==O A5@54=ь>W 3CAB8=8 0AD0;ьB>15B>=C. #@8 Fь><C, =5<0 GVB:>W 70;56=>ABV 

3,94

2,74

2,05

2,57

1,25

0,50

1,37

1,49
1,55

0,00

0,50

1,00

1,50

2,00

0,0

1,0

2,0

3,0

4,0

5,0

6,0

6,9 7,4 7,9

�=
0G
5=
=O
, %
 70
 >
1'
є<
><

�<VAB 1VBC<C, %

�0;8H:>20 ?>@8ABVABь �>4>=0A8G5==O $V7=8FO <V6 70;8H:>2>N ?>@8ABVABN B0 2>4>=0A8G5==O<

0,94
0,93

0,94

0,85
0,86 0,86

0,80

0,85

0,90

0,95

1,00

6,9 7,4 7,9

�=
0G
5=
=O

�<VAB 1VBC<C, %
�>5DVFVє=B 4>23>B@820;>W 2>4>ABV9:>ABV �>5DVFVє=B <>@>7>ABV9:>ABV
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7<V=8 A5@54=ь>W 3CAB8=8 <V=5@0;ь=>W G0AB8=8 B0 WW ?>@8AB>ABV 2V4 2<VABC 1VBC<C, 

>4=0: VA=Cє 270є<>72’O7>: <V6 F8<8 42><0 ?>:07=8:0<8. ' B>9 65 G0A ?>ABC?>25 

71V;ьH5==O 2<VABC 1VBC<C ?@872>48Bь 4> 71V;ьH5==O :V;ь:>ABV ?>@, 70?>2=5=8E 

2’O6CG8<. 

�0;8H:>20 ?>@8ABVABь B0 2>4>=0A8G5==O 7<5=HCNBьAO C <V@C 71V;ьH5==O 

2<VABC 1VBC<C. #@8 Fь><C VA=Cє GVB:0 70;56=VABь <V6 40=8<8 ?>:07=8:0<8. �0@B> 

707=0G8B8, I> ?@8 7<5=H5==V :V;ь:>ABV 70;8H:>28E ?>@ 2 0AD0;ьB>15B>=V, 

@V7=8FO <V6 70;8H:>2>N ?>@8ABVABN B0 2>4>=0A8G5==O< 71V;ьHCєBьAO, I> 

A2V4G8Bь ?@> 1V;ьHC :V;ь:VABь 70<:=CB8E ?>@ C IV;ь=VH><C 0AD0;ьB>15B>=V. 

�<VAB 1VBC<C =5 ACBBє2> 2?;820є =0 <VF=VABь 0AD0;ьB>15B>=C, 9>3> 2>4>4 

B0 <>@>7>ABV9:VABь. ' 2AVE 28?04:0E @57C;ьB0B8 28?@>1C20==O 7=0E>4OBьAO 2 

<560E ?>E81:8 28?@>1C20==O. #@8 Fь><C =091V;ьH>N <VF=VABN 2V47=0G0єBьAO 

0AD0;ьB>15B>= 7 7,5  % 1VBC<C. 

 

&01;8FO 3.6 3 $57C;ьB0B8 28?@>1C20==O 0AD0;ьB>15B>=V2 7 =0?>2=N20G5< V7 

7>;8-28=5A5==O �C@HB8=Aь:>W &�% 

+. G. !09<5=C20==O ?>:07=8:0 $57C;ьB0B8 28?@>1C20==O 

1 %5@54=O 3CAB8=0 4@V1=>3> 70?>2=N20G0 
D@0:FVW 2 4 5 <<, 3/A<3 2,679 2,679 2,679 

2 %5@54=O 3CAB8=0 4@V1=>3> 70?>2=N20G0 
D@0:FVW 0,071 4 2 <<, 3/A<3 2,661 2,661 2,661 

3 "G5284=0 3CAB8=0 <V=5@0;ь=>3> ?>@>H:C, 
3/A<3 2,602 2,602 2,602 

4 "G5284=0 3CAB8=0 1VBC<C, 3/A<3 1,016 1,016 1,016 
5 %5@54=O 3CAB8=0 0AD0;ьB>15B>=C, 3/A<3 2,301 2,319 2,325 

6 �<VAB 4@V1=>3> 70?>2=N20G0 D@0:FVW     2 4 
5 <<,  % 

25 25 25 

7 �<VAB 4@V1=>3> 70?>2=N20G0 D@0:FVW 0,071 
4 2 <<,  % 

63 63 63 

8 �<VAB =0?>2=N20G0,  % 12 12 12 
9 �<VAB 1VBC<C (?>=04 100  %),  % 7 7,5 8 
10 �<VAB 1VBC<C (2 100  %),  % 6,54 6,98 7,41 
11 �V9A=0 3CAB8=0 <V=5@0;ь=>W G0AB8=8, 3/A<3 2,658 2,658 2,658 
12 %5@54=O 3CAB8=0 <V=5@0;ь=>W G0AB8=8, 3/A<3 2,150 2,157 2,153 
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�V=5Fь B01;8FV 3.6 

+. G. !09<5=C20==O ?>:07=8:0 $57C;ьB0B8 28?@>1C20==O 
13 �V9A=0 3CAB8=0 AC<VHV, 3/A<3 2,404 2,389 2,374 

14 #>@8ABVABь <V=5@0;ь=>W G0AB8=8,  % 70 
>1’є<>< 

19,102 18,848 19,015 

15 �0;8H:>20 ?>@8ABVABь,  % >1’є<>< 4,29 2,92 2,06 

16 �V;ь:VABь ?>@, 70?>2=5=8E 2’O6CG8<,  % 70 
>1’є<>< 

14,816 15,924 16,951 

17 �V;ь:VABь ?>@, 70?>2=5=8E 2’O6CG8<,  % 77,57 84,49 89,15 
18 �>4>=0A8G5==O,  % >1’є<>< 2,82 1,41 0,54 

19 #>@8ABVABь <V=5@0;ь=>W G0AB8=8,  % 70 
>1’є<>< (�%&' EN) 19,102 18,848 19,015 

20 $V7=8FO <V6 70;8H:>2>N ?>@8ABVABN B0 
2>4>=0A8G5==O,  % 

1,47 1,51 1,52 

21  VF=VABь 70 B5<?5@0BC@8 20 °%,  #0 3,90 4,12 4,16 

22  VF=VABь 70 B5<?5@0BC@8 50 °%,  #0 1,33 1,39 1,51 

23  VF=VABь 70 B5<?5@0BC@8 20 °%,  #0, (?VA;O 
2>4>=0A8G5==O) 3,47 3,69 3,84 

24 �>5DVFVє=B 4>23>B@820;>W 2>4>ABV9:>ABV 0,89 0,90 0,92 

25 �>5DVFVє=B <>@>7>ABV9:>ABV 0,81 0,83 0,87 

 

 

$8AC=>: 3.16 3 �0;56=VABь 7=0G5=ь 3CAB8=8 2V4 2<VABC 1VBC<C 

2,150
2,157 2,153

2,301

2,319
2,325

2,404

2,389

2,374

2,120

2,170

2,220

2,270

2,320

2,370

2,420

6,9 7,4 7,9

�=
0G
5=
=O
, 3
/A
<

3

�<VAB 1VBC<C, %
%5@54=O 3CAB8=0  + %5@54=O 3CAB8=0 ��
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$8AC=>: 3.17 3 �0;56=VABь 7=0G5=ь ?>@8AB>ABV 2V4 2<VABC 1VBC<C 
 

 

$8AC=>: 3.18 3 �0;56=VABь >1’є<=8E 2;0AB82>AB59 2V4 2<VABC 1VBC<C 
 

19,10
18,85

19,01

14,82

15,92

16,95

14,0

15,0

16,0

17,0

18,0

19,0

20,0

6,9 7,4 7,9

�=
0G
5=
=O
, %
 70
 >
1'
є<
><

�<VAB 1VBC<C, %
#>@8ABVABь <V=5@0;ь=>W G0AB8=8 �V;ь:VABь ?>@, 70?>2=5=8E 2'O6CG8<

4,29

2,92

2,06

2,82

1,41

0,54

1,47
1,51 1,52

0,00

0,50

1,00

1,50

2,00

0,0

1,0

2,0

3,0

4,0

5,0

6,0

6,9 7,4 7,9

�=
0G
5=
=O
, %
 70
 >
1'
є<
><

�<VAB 1VBC<C, %

�0;8H:>20 ?>@8ABVABь �>4>=0A8G5==O $V7=8FO <V6 70;8H:>2>N ?>@8ABVABN B0 2>4>=0A8G5==O<
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$8AC=>: 3.19 3 �0;56=VABь 0B<>AD5@>ABV9:>ABV 2V4 2<VABC 1VBC<C 

 

$57C;ьB0B8 28?@>1C20==O ?>:070;8, I> V7 71V;ьH5==O< 2<VABC 1VBC<C 

2V41C20єBьAO ?>ABC?>25 7<5=H5==O 4V9A=>W 3CAB8=8 0AD0;ьB>15B>==>W AC<VHV B0 

7@>AB0==O A5@54=ь>W 3CAB8=8 0AD0;ьB>15B>=C. #@8 Fь><C, =5<0 GVB:>W 70;56=>ABV 

7<V=8 A5@54=ь>W 3CAB8=8 <V=5@0;ь=>W G0AB8=8 B0 WW ?>@8AB>ABV 2V4 2<VABC 1VBC<C, 

>4=0: VA=Cє 270є<>72’O7>: <V6 F8<8 42><0 ?>:07=8:0<8. ' B>9 65 G0A ?>ABC?>25 

71V;ьH5==O 2<VABC 1VBC<C ?@872>48Bь 4> 71V;ьH5==O :V;ь:>ABV ?>@, 70?>2=5=8E 

2’O6CG8<. 

�0;8H:>20 ?>@8ABVABь B0 2>4>=0A8G5==O 7<5=HCNBьAO C <V@C 71V;ьH5==O 

2<VABC 1VBC<C. #@8 Fь><C VA=Cє GVB:0 70;56=VABь <V6 40=8<8 ?>:07=8:0<8. �0@B> 

707=0G8B8, I> ?@8 7<5=H5==V :V;ь:>ABV 70;8H:>28E ?>@ 2 0AD0;ьB>15B>=V, 

@V7=8FO <V6 70;8H:>2>N ?>@8ABVABN B0 2>4>=0A8G5==O< 71V;ьHCєBьAO, I> 

A2V4G8Bь ?@> 1V;ьHC :V;ь:VABь 70<:=CB8E ?>@ C IV;ь=VH><C 0AD0;ьB>15B>=V. 

�<VAB 1VBC<C =5 ACBBє2> 2?;820є =0 <VF=VABь 0AD0;ьB>15B>=C, 9>3> 2>4>4 

B0 <>@>7>ABV9:VABь. ' 2AVE 28?04:0E @57C;ьB0B8 28?@>1C20==O 7=0E>4OBьAO 2 

0,89
0,90

0,92

0,81

0,83

0,87

0,80

0,85

0,90

0,95

6,9 7,4 7,9

�=
0G
5=
=O

�<VAB 1VBC<C, %
�>5DVFVє=B 4>23>B@820;>W 2>4>ABV9:>ABV �>5DVFVє=B <>@>7>ABV9:>ABV
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<560E ?>E81:8 28?@>1C20==O. #@8 Fь><C =091V;ьH>N <VF=VABN 2V47=0G0єBьAO 

0AD0;ьB>15B>= 7 8,0  % 1VBC<C. 

 

 

$8AC=>: 3.20 3 �0;56=VABь 7=0G5=ь 3CAB8=8 2V4 2<VABC 1VBC<C 

 

&01;8FO 3.7 3 $57C;ьB0B8 28?@>1C20==O 0AD0;ьB>15B>=V2 7 =0?>2=N20G5< V7 

:20@F8B=>3> ?8;C 

+.G. !09<5=C20==O ?>:07=8:0 $57C;ьB0B8 28?@>1C20==O 

1 %5@54=O 3CAB8=0 4@V1=>3> 70?>2=N20G0 
D@0:FVW 2 4 5 <<, 3/A<3 2,679 2,679 2,679 

2 %5@54=O 3CAB8=0 4@V1=>3> 70?>2=N20G0 
D@0:FVW 0,071 4 2 <<, 3/A<3 2,661 2,661 2,661 

3 "G5284=0 3CAB8=0 <V=5@0;ь=>3> 
?>@>H:C, 3/A<3 2,689 2,689 2,689 

4 "G5284=0 3CAB8=0 1VBC<C, 3/A<3 1,016 1,016 1,016 

5 %5@54=O 3CAB8=0 0AD0;ьB>15B>=C, 3/A<3 2,316 2,328 2,331 

6 �<VAB 4@V1=>3> 70?>2=N20G0 D@0:FVW     2 
4 5 <<,  % 

25 25 25 

7 �<VAB 4@V1=>3> 70?>2=N20G0 D@0:FVW 
0,071 4 2 <<,  % 

63 63 63 

8 �<VAB =0?>2=N20G0,  % 12 12 12 

9 �<VAB 1VBC<C (?>=04 100  %),  % 7 7,5 8 

10 �<VAB 1VBC<C (2 100  %),  % 6,54 6,98 7,41 

2,164 2,166
2,158

2,316
2,328 2,331

2,412

2,397
2,382

2,140

2,190

2,240

2,290

2,340

2,390

2,440

6,9 7,4 7,9

�=
0G
5=
=O
, 3
/A
<3

�<VAB 1VBC<C, %
%5@54=O 3CAB8=0  + %5@54=O 3CAB8=0 �� �V9A=0 3CAB8=0 ��%
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�V=5Fь B01;8FV 3.7 

+.G. !09<5=C20==O ?>:07=8:0 $57C;ьB0B8 28?@>1C20==O 

11 �V9A=0 3CAB8=0 <V=5@0;ь=>W G0AB8=8, 
3/A<3 2,669 2,669 2,669 

12 %5@54=O 3CAB8=0 <V=5@0;ь=>W G0AB8=8, 
3/A<3 2,164 2,166 2,158 

13 �V9A=0 3CAB8=0 AC<VHV, 3/A<3 2,412 2,397 2,382 

14 #>@8ABVABь <V=5@0;ь=>W G0AB8=8,  % 70 
>1’є<>< 

18,897 18,856 19,128 

15 �0;8H:>20 ?>@8ABVABь,  % >1’є<>< 3,98 2,87 2,13 

16 �V;ь:VABь ?>@, 70?>2=5=8E 2’O6CG8<,  % 
70 >1’є<>< 

14,913 15,986 16,995 

17 �V;ь:VABь ?>@, 70?>2=5=8E 2’O6CG8<,  % 78,92 84,78 88,85 
18 �>4>=0A8G5==O,  % >1’є<>< 2,61 1,45 0,63 

19 #>@8ABVABь <V=5@0;ь=>W G0AB8=8,  % 70 
>1’є<>< (�%&' EN) 18,897 18,856 19,128 

20 $V7=8FO <V6 70;8H:>2>N ?>@8ABVABN B0 
2>4>=0A8G5==O,  % 

1,37 1,42 1,50 

21  VF=VABь 70 B5<?5@0BC@8 20 °%,  #0 4,08 4,22 4,14 

22  VF=VABь 70 B5<?5@0BC@8 50 °%,  #0 1,35 1,46 1,49 

23  VF=VABь 70 B5<?5@0BC@8 20 °%,  #0, 
(?VA;O 2>4>=0A8G5==O) 3,73 3,84 3,79 

24 �>5DVFVє=B 4>23>B@820;>W 2>4>ABV9:>ABV 0,91 0,91 0,92 

25 �>5DVFVє=B <>@>7>ABV9:>ABV 0,82 0,84 0,85 
 

 

$8AC=>: 3.21 3 �0;56=VABь 7=0G5=ь ?>@8AB>ABV 2V4 2<VABC 1VBC<C 

18,90 18,86
19,13

14,91

15,99

16,99

14,0

15,0

16,0

17,0

18,0

19,0

20,0

6,9 7,4 7,9

�=
0G
5=
=O
, %
 70
 >
1'
є<
><

�<VAB 1VBC<C, %
#>@8ABVABь <V=5@0;ь=>W G0AB8=8 �V;ь:VABь ?>@, 70?>2=5=8E 2'O6CG8<



122 

 

$8AC=>: 3.22 3 �0;56=VABь >1’є<=8E 2;0AB82>AB59 2V4 2<VABC 1VBC<C 
 

 

$8AC=>: 3.23 3 �0;56=VABь <VF=>ABV 2V4 2<VABC 1VBC<C 

3,98

2,87

2,13

2,61

1,45

0,63

1,37
1,42

1,50

0,00

0,50

1,00

1,50

2,00

0,0

1,0

2,0

3,0

4,0

5,0

6,0

6,9 7,4 7,9

�=
0G
5=
=O
, %
 70
 >
1'
є<
><

�<VAB 1VBC<C, %

�0;8H:>20 ?>@8ABVABь �>4>=0A8G5==O $V7=8FO <V6 70;8H:>2>N ?>@8ABVABN B0 2>4>=0A8G5==O<

4,08

4,22
4,14

3,73
3,84

3,79

1,35
1,46 1,49

0,00

1,00

2,00

3,00

4,00

5,00

6,00

2,0

2,5

3,0

3,5

4,0

4,5

5,0

6,9 7,4 7,9
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�<VAB 1VBC<C, %

 VF=VABь 70 B5<?5@0BC@8 20 °%  VF=VABь 70 B5<?5@0BC@8 20 °% (?VA;O 2>4>=0A8G5==O)
 VF=VABь 70 B5<?5@0BC@8 50 °%
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$8AC=>: 3.24 3 �0;56=VABь 0B<>AD5@>ABV9:>ABV 2V4 2<VABC 1VBC<C 
 

$57C;ьB0B8 28?@>1C20==O ?>:070;8, I> V7 71V;ьH5==O< 2<VABC 1VBC<C 
2V41C20єBьAO ?>ABC?>25 7<5=H5==O 4V9A=>W 3CAB8=8 0AD0;ьB>15B>==>W AC<VHV B0 
7@>AB0==O A5@54=ь>W 3CAB8=8 0AD0;ьB>15B>=C. #@8 Fь><C, =5<0 GVB:>W 70;56=>ABV 
7<V=8 A5@54=ь>W 3CAB8=8 <V=5@0;ь=>W G0AB8=8 B0 WW ?>@8AB>ABV 2V4 2<VABC 1VBC<C, 
>4=0: VA=Cє 270є<>72’O7>: <V6 F8<8 42><0 ?>:07=8:0<8. ' B>9 65 G0A ?>ABC?>25 
71V;ьH5==O 2<VABC 1VBC<C ?@872>48Bь 4> 71V;ьH5==O :V;ь:>ABV ?>@, 70?>2=5=8E 
2’O6CG8<. 

�0;8H:>20 ?>@8ABVABь B0 2>4>=0A8G5==O 7<5=HCNBьAO C <V@C 71V;ьH5==O 
2<VABC 1VBC<C. #@8 Fь><C VA=Cє GVB:0 70;56=VABь <V6 40=8<8 ?>:07=8:0<8. �0@B> 
707=0G8B8, I> ?@8 7<5=H5==V :V;ь:>ABV 70;8H:>28E ?>@ 2 0AD0;ьB>15B>=V, 
@V7=8FO <V6 70;8H:>2>N ?>@8ABVABN B0 2>4>=0A8G5==O< 71V;ьHCєBьAO, I> 
A2V4G8Bь ?@> 1V;ьHC :V;ь:VABь 70<:=CB8E ?>@ C IV;ь=VH><C 0AD0;ьB>15B>=V. 

�<VAB 1VBC<C =5 ACBBє2> 2?;820є =0 <VF=VABь 0AD0;ьB>15B>=C, 9>3> 2>4>3 B0 
<>@>7>ABV9:VABь. ' 2AVE 28?04:0E @57C;ьB0B8 28?@>1C20==O 7=0E>4OBьAO 2 <560E 
?>E81:8 28?@>1C20==O. #@8 Fь><C =091V;ьH>N <VF=VABN 70 B5<?5@0BC@8 20 °% 
2V47=0G0єBьAO 0AD0;ьB>15B>= 7 7,5  % 1VBC<C, 0 70 B5<?5@0BC@8 20 °% 3 8,0  %. 
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$8AC=>: 3.25 3 �0;56=VABь 7=0G5=ь 3CAB8=8 2V4 2<VABC 1VBC<C 
 

&01;8FO 3.8 3 $57C;ьB0B8 28?@>1C20==O 0AD0;ьB>15B>=V2 7 =0?>2=N20G5< V7 

3@0=VB=>3> ?8;C 

+. G. !09<5=C20==O ?>:07=8:0 $57C;ьB0B8 28?@>1C20==O 

1 %5@54=O 3CAB8=0 4@V1=>3> 70?>2=N20G0 
D@0:FVW 2 4 5 <<, 3/A<3 2,679 2,679 2,679 

2 %5@54=O 3CAB8=0 4@V1=>3> 70?>2=N20G0 
D@0:FVW 0,071 4 2 <<, 3/A<3 2,661 2,661 2,661 

3 "G5284=0 3CAB8=0 <V=5@0;ь=>3> 
?>@>H:C, 3/A<3 2,671 2,671 2,671 

4 "G5284=0 3CAB8=0 1VBC<C, 3/A<3 1,016 1,016 1,016 
5 %5@54=O 3CAB8=0 0AD0;ьB>15B>=C, 3/A<3 2,292 2,309 2,314 

6 �<VAB 4@V1=>3> 70?>2=N20G0 D@0:FVW     2 
4 5 <<,  % 

25 25 25 

7 �<VAB 4@V1=>3> 70?>2=N20G0 D@0:FVW 
0,071 4 2 <<,  % 

63 63 63 

8 �<VAB =0?>2=N20G0,  % 12 12 12 
9 �<VAB 1VBC<C (?>=04 100  %),  % 7 7,5 8 
10 �<VAB 1VBC<C (2 100  %),  % 6,54 6,98 7,41 

11 �V9A=0 3CAB8=0 <V=5@0;ь=>W G0AB8=8, 
3/A<3 2,667 2,667 2,667 

2,142 2,148 2,143

2,292

2,309 2,314

2,410
2,395

2,380

2,120

2,170

2,220

2,270

2,320

2,370

2,420

6,9 7,4 7,9
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�<VAB 1VBC<C, %
%5@54=O 3CAB8=0  + %5@54=O 3CAB8=0 �� �V9A=0 3CAB8=0 ��%
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�V=5Fь B01;8FV 3.8 

+.G. !09<5=C20==O ?>:07=8:0 $57C;ьB0B8 28?@>1C20==O 

12 %5@54=O 3CAB8=0 <V=5@0;ь=>W G0AB8=8, 
3/A<3 2,142 2,148 2,143 

13 �V9A=0 3CAB8=0 AC<VHV, 3/A<3 2,410 2,395 2,380 

14 #>@8ABVABь <V=5@0;ь=>W G0AB8=8,  % 70 
>1’є<>< 

19,673 19,454 19,653 

15 �0;8H:>20 ?>@8ABVABь,  % >1’є<>< 4,91 3,60 2,78 

16 �V;ь:VABь ?>@, 70?>2=5=8E 2’O6CG8<,  % 
70 >1’є<>< 

14,758 15,856 16,871 

17 �V;ь:VABь ?>@, 70?>2=5=8E 2’O6CG8<,  % 75,02 81,50 85,84 
18 �>4>=0A8G5==O,  % >1’є<>< 3,62 2,06 1,12 

19 #>@8ABVABь <V=5@0;ь=>W G0AB8=8,  % 70 
>1’є<>< (�%&' EN) 19,673 19,454 19,653 

20 $V7=8FO <V6 70;8H:>2>N ?>@8ABVABN B0 
2>4>=0A8G5==O,  % 

1,29 1,54 1,66 

21  VF=VABь 70 B5<?5@0BC@8 20 °%,  #0 3,62 3,81 3,86 
22  VF=VABь 70 B5<?5@0BC@8 50 °%,  #0 1,25 1,29 1,31 

23  VF=VABь 70 B5<?5@0BC@8 20 °%,  #0, 
(?VA;O 2>4>=0A8G5==O) 3,01 3,19 3,26 

24 �>5DVFVє=B 4>23>B@820;>W 2>4>ABV9:>ABV 0,83 0,84 0,84 
25 �>5DVFVє=B <>@>7>ABV9:>ABV 0,69 0,74 0,78 

 

 

$8AC=>: 3.26 3 �0;56=VABь 7=0G5=ь ?>@8AB>ABV 2V4 2<VABC 1VBC<C 
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$8AC=>: 3.27 3 �0;56=VABь >1’є<=8E 2;0AB82>AB59 2V4 2<VABC 1VBC<C 
 

 

$8AC=>: 3.28 3 �0;56=VABь <VF=>ABV 2V4 2<VABC 1VBC<C 

4,91

3,60

2,78

3,62

2,06

1,12

1,29

1,54

1,66

0,00

0,50

1,00

1,50

2,00

0,0

1,0

2,0
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4,0

5,0

6,0

7,0

8,0

6,9 7,4 7,9
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, %
 70
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є<
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�<VAB 1VBC<C, %

�0;8H:>20 ?>@8ABVABь �>4>=0A8G5==O $V7=8FO <V6 70;8H:>2>N ?>@8ABVABN B0 2>4>=0A8G5==O<

3,62

3,81
3,86

3,01

3,19
3,26

1,25 1,29 1,31
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�<VAB 1VBC<C, %
 VF=VABь 70 B5<?5@0BC@8 20 °%  VF=VABь 70 B5<?5@0BC@8 20 °% (?VA;O 2>4>=0A8G5==O)
 VF=VABь 70 B5<?5@0BC@8 50 °%
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$8AC=>: 3.29 3 �0;56=VABь 0B<>AD5@>ABV9:>ABV 2V4 2<VABC 1VBC<C 
 

$57C;ьB0B8 28?@>1C20==O ?>:070;8, I> V7 71V;ьH5==O< 2<VABC 1VBC<C 

2V41C20єBьAO ?>ABC?>25 7<5=H5==O 4V9A=>W 3CAB8=8 0AD0;ьB>15B>==>W AC<VHV B0 

7@>AB0==O A5@54=ь>W 3CAB8=8 0AD0;ьB>15B>=C. #@8 Fь><C, =5<0 GVB:>W 70;56=>ABV 

7<V=8 A5@54=ь>W 3CAB8=8 <V=5@0;ь=>W G0AB8=8 B0 WW ?>@8AB>ABV 2V4 2<VABC 1VBC<C, 

>4=0: VA=Cє 270є<>72’O7>: <V6 F8<8 42><0 ?>:07=8:0<8. � B>9 65 G0A ?>ABC?>25 

71V;ьH5==O 2<VABC 1VBC<C ?@872>48Bь 4> 71V;ьH5==O :V;ь:>ABV ?>@, 70?>2=5=8E 

2’O6CG8<. 

�0;8H:>20 ?>@8ABVABь B0 2>4>=0A8G5==O 7<5=HCNBьAO C <V@C 71V;ьH5==O 

2<VABC 1VBC<C. #@8 Fь><C VA=Cє GVB:0 70;56=VABь <V6 40=8<8 ?>:07=8:0<8. �0@B> 

707=0G8B8, I> ?@8 7<5=H5==V :V;ь:>ABV 70;8H:>28E ?>@ 2 0AD0;ьB>15B>=V, 

@V7=8FO <V6 70;8H:>2>N ?>@8ABVABN B0 2>4>=0A8G5==O< 71V;ьHCєBьAO, I> 

A2V4G8Bь ?@> 1V;ьHC :V;ь:VABь 70<:=CB8E ?>@ C IV;ь=VH><C 0AD0;ьB>15B>=V. 

�<VAB 1VBC<C =5 ACBBє2> 2?;820є =0 <VF=VABь 0AD0;ьB>15B>=C B0 9>3> 

2>4>ABV9:VABь. ' 2AVE 28?04:0E @57C;ьB0B8 28?@>1C20==O 7=0E>4OBьAO 2 <560E 

?>E81:8 28?@>1C20==O. #@8 Fь><C =091V;ьH>N 2V47=0G0єBьAO 0AD0;ьB>15B>= 

8,0  % 1VBC<C. 
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0,90

6,9 7,4 7,9

�=
0G
5=
=O

�<VAB 1VBC<C, %
�>5DVFVє=B 4>23>B@820;>W 2>4>ABV9:>ABV �>5DVFVє=B <>@>7>ABV9:>ABV
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�<VAB 1VBC<C <0є 7=0G=89 2?;82 =0 <>@>7>ABV9:VABь 0AD0;ьB>15B>=C. �7 

71V;ьH5==O< 2<VABC 1VBC<C 2V4 7,0 % 4> 8,0 % :>5DVFVє=B <>@>7>ABV9:>ABV 7@>AB0є 

7 0,69 4> 0,78. 

&0:8< G8=>< B8? =0?>2=N20G0 ?@0:B8G=> =5 2?;820є =0 70:>=><V@=>ABV 

7<V=8 >1’є<=8E 2;0AB82>AB59 0AD0;ьB>15B>=C, 0 B0:>6 <VF=>ABV. #@8 Fь><C, 

=091V;ьH>N IV;ь=VABN 2V47=0G0єBьAO 0AD0;ьB>15B>= 7 =0?>2=N20G5< V7 :20@F8BC 

(2,316 3/A<3 4 2,331 3/A<3), 0 =09<5=H>N 4 7 =0?>2=N20G5< V7 3@0=VBC 

(2,292 3/A<3 4 2,314 3/A<3).  

' B>9 65 G0A =09<5=H>N 70;8H:>2>N ?>@8ABVABN 2V47=0G0єBьAO 

0AD0;ьB>15B>= 7 =0?>2=N20G5< V7 20?=O:C (3,94 % 70 >1’є<>< 4 2,05 % 70 

>1’є<><), 0 =09<5=H>N 4 7 =0?>2=N20G5< V7 3@0=VBC (4,91  % 70 >1’є<>< 4 

2,78 % 70 >1’є<><). �V4?>2V4=0 B5=45=FVO <0є <VAF5 V 4;O 2>4>=0A8G5==O 

0AD0;ьB>15B>=C. 

 VF=VABь 0AD0;ьB>15B>=C 70 B5<?5@0BC@8 20 °% B0 50 °% B0:>6 є 

=091V;ьH>N 4;O 0AD0;ьB>15B>=C 7 =0?>2=N20G5< V7 20?=O:C, 0 =09<5=H>N 4 4;O 

0AD0;ьB>15B>=C 7 =0?>2=N20G5< V7 3@0=VBC. 

!091V;ьH ACBBє28< 28O282AO 2?;82 B8?C =0?>2=N20G0 =0 2>4>3 B0 

<>@>7>ABV9:VABь 0AD0;ьB>15B>=V2. &0:, :>5DVFVє=B 4>23>B@820;>W 2>4>ABV9:>ABV 

4;O 0AD0;ьB>15B>=C 7 =0?>2=N20G5< V7 20?=O:C 70;56=> 2V4 2<VABC 1VBC<C 

AB0=>28Bь 0,93 4 0,94, 4;O 0AD0;ьB>15B>=C 7 =0?>2=N20G5< V7 7>;8-28=5A5==O 3 

0,89 4 0,92, 4;O 0AD0;ьB>15B>=C 7 =0?>2=N20G5< V7 :20@F8BC 4 0,82 4 0,85, 0 

4;O 0AD0;ьB>15B>=C 7 =0?>2=N20G5< V7 3@0=VBC 4 0,83 4 0,84. �>5DVFVє=B 

<>@>7>ABV9:>ABV 2V4?>2V4=> AB0=>28Bь 0,85 4 0,86, 0,81 4 0,87, 0,82 4 0,85 B0 

0,69 4 0,78. ' 28?04:C =0?>2=N20G0 V7 20?=O:C B0 3@0=VBC B0:V @57C;ьB0B8 <>6CBь 

1CB8 ?>2’O70=V 7 A?>@V4=5=VABN 1VBC<C =0 20?=O:C. �2060єBьAO, I> <V6 

>A=>2=8<8 3V@Aь:8<8 ?>@>40<8 B0 1VBC<>< 70157?5GCєBьAO 28A>:0 7G5?;N20=VABь, 

0 7 :8A;8<8 3V@Aь:8<8 ?>@>40<8 B0 1VBC<>< =02?0:8 3 =87ь:0 7G5?;N20=VABь. 

"4=0: C B0:><C 28?04:C =5;>3VG=8<8 є @57C;ьB0B8 287=0G5==O 2>4>3 B0 

<>@>7>ABV9:>ABV 0AD0;ьB>15B>=C 7 =0?>2=N20G5< V7 :20@F8BC, >A:V;ь:8 40=89 
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<0B5@V0; =0 98 % A:;040єBьAO 7 SiO2, 2 B>9 65 G0A 0AD0;ьB>15B>= <0є 4>AB0B=ь> 

28A>:C 2>4>3 B0 <>@>7>ABV9:VABь. 

&0:8< G8=><, 2AV 4>A;V46C20=V =0?>2=N20GV <>65 1CB8 28:>@8AB0=> 4;O 

28@>1=8FB20 0AD0;ьB>15B>==8E AC<VH59, >4=0: C ?52=8E 28?04:0E =5>1EV4=> 

26820B8 70E>48 7 ?V428I5==O 2>4>ABV9:>ABV 0AD0;ьB>15B>=C H;OE>< 

28:>@8AB0==O 4>102>: =0 >A=>2V ?>25@E=52>30:B82=8E @5G>28= 01> 6 

28:>@8AB>2C20B8 40=V =0?>2=N20GV 2 AC<VHV V7 =0?>2=N20G5< 7 20?=O:C G8 V=H8E 

>A04>28E :0@1>=0B=8E 3V@Aь:8E ?>@V4. 

�8:>@8AB0==O 2 4>@>6=ь><C 1C4V2=8FB2V 4>A;V465=8E =0?>2=N20GV2 7 

2B>@8==8E ?@>4C:BV2 ?@><8A;>2>ABV 4>72>;8Bь 7<5=H8B8 284>1CB>: 

:>=48FV9=8E ?@8@>4=8E <0B5@V0;V2 B0 7<5=H8B8 H:V4;8289 2?;82 2B>@8==8E 

?@>4C:BV2 ?@><8A;>2>ABV =0 4>2:V;;O. 

 

3.3 �>A;V465==O 0AD0;ьB>15B>=C V7 7>;>N-28=5A5==O 

 

3.3.1  5B>48:0 4>A;V465=ь 

 

#@>є:BC20==O 0AD0;ьB>15B>=C є A:;04=8< ?@>F5A><, I> 2:;NG0є @O4 

:@>:V2 4;O 70157?5G5==O 2V4?>2V4=>W O:>ABV B0 4>23>2VG=>ABV 4>@>6=ь>3> >4O3C. 

#5@H8< 5B0?>< є 281V@ =0?>2=N20GV2, 70?>2=N20GV2 B0 2’O6CG>3> 

<0B5@V0;C. *5 206;82>, >A:V;ь:8 O:VABь F8E :><?>=5=BV2 2?;820є =0 2;0AB82>ABV 

0AD0;ьB>15B>=C. !0?>2=N20G ?>28=5= <0B8 2V4?>2V4=89 75@=>289 A:;04 V 

AB@C:BC@C20;ь=C 740B=VABь, I>1 70157?5G8B8 2V4?>2V4=C IV;ь=VABь. �0?>2=N20GV 

?>28==V 2V4?>2V40B8 28<>30< I>4> AB8@0=>ABV B0 2<VABC 75@5= ;5I04=>W D>@<8. 

#V41V@ 3@0=C;><5B@8G=>3> A:;04C B0 >?B8<0;ь=>3> 2<VABC 2’O6CG>3> є 

B0:>6 206;828< 5B0?><. �<VAB 2’O6CG>3> ?>28=5= 1CB8 =0;56=8< G8=>< 

710;0=A>20=8<, I>1 70157?5G8B8 =5>1EV4=C <VF=VABь V ABV9:VABь 0AD0;ьB>15B>==C. 

#V4 G0A 281>@C <0B5@V0;V2 V WE E0@0:B5@8AB8: =5>1EV4=> 4>B@8<C20B8AO 

=0FV>=0;ь=8E AB0=40@BV2 V 28<>3 I>4> O:>ABV. !0?@8:;04, ?@8 28:>@8AB0==V 
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<V=5@0;ь=>3> ?>@>H:C 7 2V4E>4V2 ?@><8A;>2>ABV, 206;82> 2@0E>2C20B8 ?>:07=8: 

1VBC<>є<=>ABV, O:89 =5 ?>28=5= ?5@528IC20B8 75 3, >A:V;ь:8 F5 <>65 2?;8=CB8 

=0 4>23>2VG=VABь 0AD0;ьB>15B>==8E H0@V2 G5@57 A;01:C 270є<>4VN 1VBC<C 7 

=0?>2=N20G5<. 

&0:8< G8=><, ?@028;ь=89 281V@ :><?>=5=BV2 B0 WE E0@0:B5@8AB8: є 

:;NG>28< 4;O CA?VH=>3> ?@>є:BC20==O 0AD0;ьB>15B>==8E AC<VH59, O:V 

2V4?>2V40NBь 28<>30< O:>ABV B0 <0NBь 28A>:C 4>23>2VG=VABь. 

�;O 1V;ьH B>G=>3> ?V41>@C 75@=>2>3> A:;04C 0AD0;ьB>15B>==>W AC<VHV 1C;> 

@>7@>1;5=> ?@>3@0<=5 70157?5G5==O 2 A5@54>28IV Microsoft Excel. *O ?@>3@0<0 

4>72>;Oє 02B><0B87C20B8 ?@>F5A ?V41>@C 75@=>2>3> A:;04C AC<VHV, I> 7=0G=> 

A?@>ICє B0 ?@8A:>@Nє F59 ?@>F5A. 

�><?>78FVO 75@=>2>3> A:;04C <V=5@0;ь=>W G0AB8=8 0AD0;ьB>15B>==>W 

AC<VHV <0є 25;8:89 2?;82 =0 2;0AB82>ABV 0AD0;ьB>15B>=C, B0:V O: <VF=VABь, 

H>@AB:VABь, 4>23>2VG=VABь, ABV9:VABь, =04V9=VABь B0 O:VABь. *5 >A>1;82> 206;82> 

?@8 28:>@8AB0==V 2B>@8==8E 2V4E>4V2 ?@><8A;>2>ABV, O:V B5>@5B8G=> <>6CBь 

28:>@8AB>2CNBьAO 2 0AD0;ьB>15B>=V. 

"?B8<V70FVO 75@=>2>3> A:;04C 0AD0;ьB>15B>==>W AC<VHV є B@C4><VAB:8< 

?@>F5A><, ?@>B5 28:>@8AB0==O :><?'NB5@=>3> 70157?5G5==O, 7>:@5<0 

?@>3@0<=>3> 70157?5G5==O 2 A5@54>28IV Microsoft Excel, 4>72>;Oє 7=0G=> 

A?@>AB8B8 F59 ?@>F5A. *5 4>72>;Oє A?5FV0;VAB0< 5D5:B82=> 28@VHC20B8 70240==O 

7 ?V41>@C >?B8<0;ь=>3> 75@=>2>3> A:;04C, I> 2V4?>2V40є 28<>30< O:>ABV 

0AD0;ьB>1CB>=C. 

$>7@>1:0 B0 2?@>20465==O ?@>3@0<=>3> 70157?5G5==O 4;O >?B8<V70FVW 

75@=>2>3> A:;04C 0AD0;ьB>15B>==>W AC<VHV 2 A5@54>28IV Microsoft Excel 

A?@8OB8<5 @>728B:C B5>@VW B0 ?@0:B8:8 ?@>є:BC20==O 0AD0;ьB>15B>=C, @>1;OG8 

F59 ?@>F5A 1V;ьH 5D5:B82=8< B0 4>ABC?=8< 4;O A?5FV0;VABV2.  

�024O:8 Fь><C <>6=0 289B8 =0 =09IV;ь=VHC <>6;82C 3@040FVN 75@=>2>3> 

A:;04C <V=5@0;ь=>W G0AB8=8 0AD0;ьB>15B>==>W AC<VHV, O:0 =07820єBьAO 

<0:A8<0;ь=>N 3@040FVєN IV;ь=>ABV 01> V=>4V :@82>N <0:A8<0;ь=>W IV;ь=>ABV 

(C;;5@0 (W.B. Fuller), FV 40=V 4>72>;ONBь ?V4V1@0B8 >?B8<0;ь=5 A?V22V4=>H5==O 
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:><?>=5=BV2 4;O 283>B>2;5==O 0AD0;ьB>15B>=C 7 287=0G5=8< 3@0=C;><5B@8G=8< 

A:;04><, I> 2V4?>2V40є 2AB0=>2;5=8< 28<>30<. &0:89 ?V4EV4 30@0=BCє 28A>:C 

O:VABь B0 AB01V;ь=VABь 0AD0;ьB>15B>=C, 0 B0:>6 70157?5GCє 4>23>2VG=VABь 

0AD0;ьB>15B>==8E H0@V2 (�>40B>: �). 

 

3.3.2 $57C;ьB0B8 28?@>1C20==O 0AD0;ьB>15B>=C 
 

!0 >A=>2V 287=0G5=>3> 75@=>2>3> A:;04C I515=528E <0B5@V0;V2 1C;> 

2AB0=>2;5=> B0:5 A?V22V4=>H5==O <V6 :><?>=5=B0<8, I>1 3@0=C;><5B@8G=89 

A:;04 AC<VHV 2V4?>2V402 28<>30< B01;8FV 7 �%&' � �.2.73119 [5] 4;O 

?@87=0G5=>3> A:;04C 0AD0;ьB>15B>==>W AC<VHV. 

�;O ?V41>@C 75@=>2>3> A:;04C 28:>@8AB>2C20;8 B0:V <0B5@V0;8: 

3 1VBC< =0DB>289 4>@>6=V9, <0@:8 �!� 70/100, I> 2V4?>2V40є 28<>30< 

�%&' 4044 [87], @57C;ьB0B8 28?@>1C20=ь =02545=V 2 B01;8FV 3.1; 

3 I51V=ь D@0:FVW 5 3 10 << B0 10 3 20 << 28@>1=8FB20 &"� « 0;8=Aь:89 

A?5F:0@’є@», I> 2V4?>2V40є 28<>30< �%&' � �.2.7375 [3] @57C;ьB0B8 

28?@>1C20=ь =02545=V 2 B01;8FV 3.9; 

3 ?VA>: V7 2V4AV2V2 ?>4@V1=5==O 3V@Aь:8E ?>@V4 28@>1=8FB20 &"� 

« 0;8=Aь:89 A?5F:0@’є@», I> 2V4?>2V40є 28<>30< �%&' � �.2.73210 [4]; 

3 20?=O:>289 <V=5@0;ь=89 ?>@>H>: 28@>1=8FB20 &"� «%:0;03

?>4V;ьAь:89 A?5F:0@'є@», I> 2V4?>2V40є 28<>30< �%&' � � 2.73121 [6], 

@57C;ьB0B8 28?@>1C20=ь =02545=V 2 B01;8FV 3.1; 

3 7>;0-28=5A5==O 28@>1=8FB20 �C@HB8=Aь:>W &�%, I> 2V4?>2V40є 28<>30< 

�%&' � � 2.73121 [6], @57C;ьB0B8 28?@>1C20=ь =02545=V 2 B01;8FV 3.9; 
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&01;8FO 3.9 3 $57C;ьB0B8 28?@>1C20==O I515=N 

+. G. !09<5=C20==O ?>:07=8:V2 
(0:B8G=V 7=0G5==O 
?>:07=8:V2 4;O D@0:FVW 

5 3 10 10 3 20 

1 �5@=>289 A:;04 70 ?>2=8< 70;8H:>< =0 :>=B@>;ь=8E 
A8B0E:   

 3 1,25 �=091,  % 70 <0A>N 0 0 

 3 �=091,  % 70 <0A>N 6 7 

 3 0,5 (�=09< + �=091),  % 70 <0A>N 60 62 

 3 �=09<,  % 70 <0A>N 95 93 

2 �<VAB ?8;>284=8E B0 3;8=8AB8E G0AB>:, % 70 <0A>N 0,6 0,3 

3 �<VAB 3;8=8 C 3@C4:0E,  % 70 <0A>N 0,0 0,0 

4 �@C?0 70 D>@<>N 75@5= :C1>284=0 :C1>284=0 

5  0@:0 I515=N 70 <VF=VABN 1200 1200 

6 �<VAB 75@5= A;01:8E ?>@V4,  % 70 <0A>N 0,6 0,4 

7  0@:0 I515=N 70 AB8@0=VABN %B3� %B3� 

8  0@:0 I515=N 70 <>@>7>ABV9:VABN F300 F300 

9 �V9A=0 IV;ь=VABь, 3/A<3 2,80 2,80 

10 %5@54=O IV;ь=VABь, 3/A<3 2,72 2,71 

 

$57C;ьB0B8 ?V41>@C 3@0=C;><5B@8G=>3> A:;04C 0AD0;ьB>15B>==8E 

AC<VH59 7 28:>@8AB0==O< @V7=8E B8?V2 =0?>2=N20GV2 =02545=> 2 =0 @8AC=:0E 3.30 

V 3.31. 
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$8AC=>: 3.30 3 �@0DVG=5 7>1@065==O 75@=>2>3> A:;04C 0AD0;ьB>15B>==>W 

AC<VHV B8?C � 7 28:>@8AB0==O< 20?=O:>2>3> <V=5@0;ь=>3> ?>@>H:C 

 

 

$8AC=>: 3.31 3 �@0DVG=5 7>1@065==O 75@=>2>3> A:;04C 0AD0;ьB>15B>==>W 

AC<VHV B8?C � 7 28:>@8AB0==O< 7>;8-28=5A5==O �C@HB8=Aь:>W &�% 

 

'AB0=>2;5=V =0 >A=>2V B5<?5@0BC@=>-2’O7:VA=8E 70;56=>AB59 B5<?5@0BC@8 

28@>1=8FB20 B0 ?>G0B:C CIV;ь=5==O 0AD0;ьB>15B>==8E AC<VH59 AB0=>28;8 

0,00

20,00

40,00

60,00

80,00

100,00

120,00

0,01 0,1 1 10 100

#
@>
E>
48
, 

%

$>7<V@ A8B, <<

%C<VH �8<>38 =.3. �8<>38 2.3.

0,00

20,00

40,00

60,00

80,00

100,00

120,00
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@>
E>
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%

$>7<V@ A8B, <<

%C<VH �8<>38 =.3. �8<>38 2.3.
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2V4?>2V4=> 2V4 148 °C 4> 152,5 °C B0 2V4 139 °C 4> 143 °C. *V 40=V 4>72>;8;8 

=0;56=8< G8=>< =0;0HBC20B8 ?@>F5A 283>B>2;5==O 0AD0;ьB>15B>==8E AC<VH59, 

70157?5G82H8 =5>1EV4=89 B5<?5@0BC@=89 @568< 4;O >B@8<0==O >?B8<0;ь=8E 

2;0AB82>AB59 <0B5@V0;C. 

�8@>1=8FB2> 0AD0;ьB>15B>==8E AC<VH59 2 ;01>@0B>@VW 74V9A=N20;>AO 7 

4>B@8<0==O< AB0=40@B=>W ?>A;V4>2=>ABV B0 7<VABC B5E=>;>3VG=8E >?5@0FV9 73V4=> 

7 �%&' � �.2.73319 [86]. *5 70157?5GC20;> 2V4?>2V4=VABь 283>B>2;5=8E AC<VH59 

2AB0=>2;5=8< =>@<0< B0 28<>30< O:>ABV. 

$57C;ьB0B8 ?V41>@C 2<VABC 1VBC<C 2 0AD0;ьB>15B>==V9 AC<VHV 7 

28:>@8AB0==O< 20?=O:C B0 7>;8-28=5A5==O =02545=> 2 B01;8FOE 3.10 B0 3.11. 

�8?@>1C20==O ?>:070;8, I> >?B8<0;ь=89 2<VAB 1VBC<C 2 0AD0;ьB>15B>==V9 

AC<VHV B8?C � 7 20?=O:>28< <V=5@0;ь=8< ?>@>H:>< AB0=>28Bь 6 % B>4V O: 

>?B8B<0;ь=89 2<VAB 1VBC<C 2 0AD0;ьB>15B>==V9 AC<VHV V7 7>;>N-28=5A5==O 

AB0=>28Bь 5,5  % 70 <0A>N <V=5@0;ь=8E <0B5@V0;V2. #@8 Fь><C 0AD0;ьB>15B>=8 

2V4?>2V40;8 28<>30< �%&' � �.2.73119[5] 70 2AV<0 DV78:>-<5E0=VG=8<8 

?>:07=8:0<8, I> A2V4G8Bь ?@> WE=N 28A>:C O:VABь B0 2V4?>2V4=VABь 2AB0=>2;5=8< 

AB0=40@B0<. 

 

&01;8FO 3.10 3 $57C;ьB0B8 ?V41>@C 2<VABC 1VBC<C 2 0AD0;ьB>15B>==V9 
AC<VHV B8?C � 7 20?=O:>28< =0?>2=N20G5< 

+. G. !09<5=C20==O ?>:07=8:0, 
>48=8FO 28<V@N20==O 

$57C;ьB0B8 28?@>1C20=ь 
0AD0;ьB>15B>=C ?@8 2<VABV 1VBC<C,  % 

�8<>38 
�%&' � �.2.73119 
(@09>= �32) 5 5,5 6 

1 %5@54=O 3CAB8=0, 3/A<3 2,36 2,38 2,40 3 

2 �>4>=0A8G5==O,  % 70 >1’є<>< 3,4 3,1 2,1 =5 1V;ьH5 
=V6 3,0 

3 �@0=8FO <VF=>ABV ?@8 AB8A:C 
70 B5<?5@0BC@8 20 °%,  #0 3,5 3,7 4,3 =5 <5=H5 

=V6 2,7 

4 �@0=8FO <VF=>ABV ?@8 AB8A:C 
70 B5<?5@0BC@8 50 °%,  #0 1,5 1,6 1,8 =5 <5=H5 

=V6 1,3 
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&01;8FO 3.11 3 $57C;ьB0B8 ?V41>@C 2<VABC 1VBC<C 2 0AD0;ьB>15B>==V9 
AC<VHV B8?C � 7 =0?>2=N20G5< V7 7>;>N-28=5A5==O 

+. G. !09<5=C20==O ?>:07=8:0, 
>48=8FO 28<V@N20==O 

$57C;ьB0B8 28?@>1C20=ь 
0AD0;ьB>15B>=C ?@8 2<VABV 1VBC<C,  % 

�8<>38 
�%&' � �.2.73119 
(@09>= �32) 5 5,5 6 

1 %5@54=O 3CAB8=0, 3/A<3 2,36 2,39 2,41 3 

2 �>4>=0A8G5==O,  % 70 >1’є<>< 3,3 2,2 1,1 =5 1V;ьH5 
=V6 3,0 

3 �@0=8FO <VF=>ABV ?@8 AB8A:C 
70 B5<?5@0BC@8 20 °%,  #0 3,5 4,0 3,8 =5 <5=H5 

=V6 2,7 

4 �@0=8FO <VF=>ABV ?@8 AB8A:C 
70 B5<?5@0BC@8 50 °%,  #0 1,7 1,7 1,5 =5 <5=H5 

=V6 1,3 

 

� ?V4V1@0=8< 2<VAB>< 1VBC<C 1C;> 283>B>2;5=> 0AD0;ьB>15B>==V AC<VHV 7 

28:>@8AB0==O< 20?=O:C B0 7>;>N-28=5A5==O. $57C;ьB0B8 287=0G5==O DV78:>-

<5E0=VG=8E 2;0AB82>AB59 >B@8<0=8E 0AD0;ьB>15B>=V2 =02545=> 2 B01;8FV 3.12. 

 

&01;8FO 3.12 3 $57C;ьB0B8 28?@>1C20==O 0AD0;ьB>15B>=V2 

+. G. !09<5=C20==O ?>:07=8:0, 
>48=8FO 28<V@N20==O 

$57C;ьB0B8 28?@>1C20=ь 0AD0;ьB>15B>=C 
>B@8<0=>3> 7 28:>@8AB0==O< �8<>38 �%&' 

� �.2.73119 
(@09>= �32) 

20?=O:C 7 
>?B8<0;ь=8< 

2<VAB>< 1VBC<C 6 % 

7>;8-28=5A5==O 7 
>?B8<0;ь=8< 
2<VAB>< 1VBC<C 

5,5 % 

1 %5@54=O 3CAB8=0, 3/A<3 2,40 2,39 3 

2 �>4>=0A8G5==O,  % 70 
>1’є<>< 

2,1 2,2 =5 1V;ьH5 
=V6 3,0 

3 �@0=8FO <VF=>ABV ?@8 AB8A:C 
70 B5<?5@0BC@8 0 °%,  #0 9,9 10,5 =5 1V;ьH5 

=V6 12,0 

4 �@0=8FO <VF=>ABV ?@8 AB8A:C 
70 B5<?5@0BC@8 20 °%,  #0 4,3 4,0 =5 <5=H5 

=V6 2,7 

5 �@0=8FO <VF=>ABV ?@8 AB8A:C 
70 B5<?5@0BC@8 50 °%,  #0 1,8 1,7 =5 <5=H5 

=V6 1,3 

6 �>5DVFVє=B 2>4>ABV9:>ABV 
5:A?@5A3<5B>4>< 

0,95 0,94 3 

 

$57C;ьB0B8 ?@>2545=8E 28?@>1C20=ь A2V4G0Bь ?@> B5, I> 0AD0;ьB>15B>= 7 

20?=O:>28< <V=5@0;ь=8< ?>@>H:>< <0є 28IC A5@54=N 3CAB8=C 2 ?>@V2=O==V 7 

0AD0;ьB>15B>=>< V7 7>;>N-28=5A5==O (2,40 3/A<³ ?@>B8 2,30 3/A<³) B0 <5=H5 

2>4>=0A8G5==O (2,1 % ?@>B8 2,2 %). 
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#V4 G0A 28?@>1C20=ь 28O2;5=>, I> 0AD0;ьB>15B>= 7 20?=O:>28< 

=0?>2=N20G5< 2V47=0G0єBьAO <5=H>N 3@0=8F5N <VF=>ABV ?@8 AB8A:C 70 

B5<?5@0BC@8 0 °C. "4=0:, <0є 1V;ьHV 3@0=8FV <VF=>ABV ?@8 AB8A:C 70 B5<?5@0BC@ 

20 °C B0 50 °C. 

�<5=H5==O A5@54=ь>W 3CAB8=8 B0 71V;ьH5==O 2>4>=0A8G5==O 

0AD0;ьB>15B>=C V7 7>;>N-28=5A5==O 2 ?>@V2=O==V 7 0AD0;ьB>15B>=>< 7 

<V=5@0;ь=8< ?>@>H:>< =5 ACBBє2> 2?;820є =0 9>3> 2>4>ABV9:VABь V 7=0E>48BьAO 2 

<560E ?>E81:8 5:A?5@8<5=BC. �0@B> 2V47=0G8B8, I> A:;048 0AD0;ьB>15B>=C 

<0NBь @V7=C :V;ь:VABь 1VBC<C =0 @V2=V 0,5 %, I> A2V4G8Bь ?@> B5, I> 28:>@8AB0==O 

7>;8-28=5A5==O 2 0AD0;ьB>15B>=V 4>72>;8Bь ?>:@0I8B8 5:>;>3VG=C A8BC0FVN, 0 

B0:>6 7<5=H8Bь 28B@0B8 =0 <0B5@V0;8. �06;82> 2V47=0G8B8, I> 2AV ?>:07=8:8 

0AD0;ьB>15B>=C 7 28:>@8AB0==O< 7>;8-28=5A5==O 2V4?>2V40NBь 28<>30< 

�%&' � �.2.73119 [5] 4;O @09>=C �-2. 

�0 @57C;ьB0B0<8 ?@>2545=8E 4>A;V465=ь 2AB0=>2;5=>, I> 0AD0;ьB>15B>= V7 

7>;>N-28=5A5==O 70 DV78:>-<5E0=VG=8<8 ?>:07=8:0<8 ?@0:B8G=> =5 

?>ABC?0єBьAO 0AD0;ьB>15B>=C 7 20?=O:>28< <V=5@0;ь=8< ?>@>H:><. 

�=0;V7 DV78:>-<5E0=VG=8E ?>:07=8:V2 0AD0;ьB>15B>=C V7 7>;>N-28=5A5==O 

70A2V4G82, I> >?B8<0;ь=89 2<VAB 1VBC<C 2 A:;04V 0AD0;ьB>15B>==>W AC<VHV 

AB0=>28Bь 5,5 %, 0 4;O 20?=O:C 3 6 %, I> 3>2>@8Bь ?@> 5:>=><VG=C 4>FV;ь=VABь 

28:>@8AB0==O 7>;8-28=5A5==O 4;O 283>B>2;5==O 0AD0;ьB>15B>=C. 

 

3.4 �87=0G5==O <>4C;O ?@C6=>ABV 
 

#@8 1C4V2=8FB2V 0AD0;ьB>15B>==8E 4>@V3, >4=8< V7 :;NG>28E 0A?5:BV2, O:89 

2@0E>2CєBьAO, є <VF=VABь 4>@>6=ь>3> >4O3C. "A=>2=8< ?0@0<5B@><, I> 287=0G0є 

F59 ?>:07=8:, є <>4C;ь ?@C6=>ABV. *59 ?0@0<5B@ 2:07Cє =0 740B=VABь <0B5@V0;C 

2V4=>2;N20B8 A2>N D>@<C B0 @>7<V@8 ?VA;O 2?;82C 7>2=VH=VE A8;. 

 >4C;ь ?@C6=>ABV <0є :@8B8G=C @>;ь C 70157?5G5==V ABV9:>ABV 4>@>6=ь>3> 

>4O3C ?V4 G0A 5:A?;C0B0FVW. !0?@8:;04, 0AD0;ьB>15B>=, O:89 є >4=8< 7 
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=09?>H8@5=VH8E <0B5@V0;V2 4;O 4>@>6=ь>3> >4O3C, <0є 28A>:89 <>4C;ь 

?@C6=>ABV, I> @>18Bь 9>3> ABV9:8< 4> =020=B065=ь B0 45D>@<0FV9. 

#@>B5, 2;0AB82>ABV 0AD0;ьB>15B>==>3> H0@C B0 9>3> <5E0=VG=V 

E0@0:B5@8AB8:8 <>6CBь 7=0G=> 20@VN20B8AO 2 70;56=>ABV 2V4 C<>2 5:A?;C0B0FVW 

B0 H284:>ABV =020=B065==O. !0?@8:;04, 4>@>38, O:V <0NBь 25;8:89 B@0DV: 

20=B06=8E 02B><>1V;V2 01> ?V440NBьAO G0ABV9 @5<>=B=V9 @>1>BV, <>6CBь 28<030B8 

1V;ьH <VF=>3> ?>:@8BBO 7 28I8< <>4C;5< ?@C6=>ABV 4;O 70157?5G5==O 

4>23>2VG=>ABV B0 157?5:8 4>@>6=ь>3> @CEC. 

#V4 G0A ?@>5:BC20==O 4>@>6=ь>3> >4O3C, V=65=5@8 2@0E>2CNBь <>4C;ь 

?@C6=>ABV :>6=>3> H0@C, O:V 28:>@8AB>2CNBьAO, 0 B0:>6 V=HV D0:B>@8, I> 

<>6CBь 2?;820B8 =0 9>3> <VF=VABь. !0?@8:;04, B5<?5@0BC@=V 7<V=8, 2>;>3VABь 

ґ@C=BC B0 G0AB>B0 @CEC B@0=A?>@B=8E 70A>1V2 3 CA5 F5 <>65 2?;820B8 =0 ABV9:VABь 

B0 4>23>2VG=VABь 4>@>6=ь>3> >4O3C. 

�;O 70157?5G5==O >?B8<0;ь=>W <VF=>ABV 4>@>6=ь>3> >4O3C, @53C;O@=V 

>FV=:8 B0 ?5@52V@:8 AB0=C ?>:@8BBO є =52V4'є<=>N G0AB8=>N ?@>F5AC 4>@>6=ь>3> 

CB@8<0==O. *5 4>72>;Oє 2G0A=> 28O2;OB8 1C4ь-O:V ?>H:>465==O 01> 45D>@<0FVW 

B0 ?@>2>48B8 =5>1EV4=V 70E>48 4;O WE 28?@02;5==O. 

'7030;ь=NNG8, <>4C;ь ?@C6=>ABV є :;NG>28< ?0@0<5B@>< C @>7@0EC=:0E 

<VF=>ABV 4>@>6=ь>3> >4O3C. �V= 287=0G0є 740B=VABь <0B5@V0;C 2V4=>2;N20B8 A2>N 

D>@<C B0 @>7<V@8 ?VA;O 2?;82C 7>2=VH=VE A8; V 3@0є 206;82C @>;ь C 70157?5G5==V 

157?5:8 B0 4>23>2VG=>ABV 4>@>6=ь>3> @CEC. /:VA=89 @>7@0EC=>: <>4C;O 

?@C6=>ABV 70157?5GCє 4>@>6=V9 <5@56V =04V9=VABь B0 ABV9:VABь ?@>BO3>< 

B@820;>3> G0AC [88]. 

 >4C;ь ?@C6=>ABV 0AD0;ьB>15B>=V2 7 @V7=8< 284>< =0?>2=N20GV2 

287=0G0;8 70 <>45;;N  . �VBG0:0 [89], ?5@52V@5=C 2 @>1>B0E 2VBG87=O=8E B0 

70@C1V6=8E 2G5=8E [67, 90]: 
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logE*= 31,25 + 0,029D200 3 0,0018D200
2  3 0,0028D4 3 0,058Va 3 0,822

Vbeff
Va + Vbeff

 + 

 + 
3,872 3 0,0021p4 + 0,004p38 3 0,000071p382  + 0,0055p34

1 + e(3 0,603313 3 0,31335log(f) 3 0,393532log(ղ))
, (3.1) 

45 E* 3 48=0<VG=89 <>4C;ь ?@C6=>ABV, 105 DC=B =0 :204@0B=89 4N9<; 

ղ – 2’O7:VABь 2’O6CG>3>, 106 ?7;

f – G0AB>B0 45D>@<C20==O, �F;

D200 – ?>2=89 ?@>EV4 G5@5E A8B> 7 @>7<V@>< >B2>@V2 0,075 <<,  %;

D4 – ?>2=89 70;8H>: =0 A8BV 7 @>7<V@>< >B2>@V2 4,76 <<,  %;

p38 – ?>2=89 70;8H>: =0 A8BV 7 @>7<V@>< >B2>@V2 9,5 <<,  %;

p34 – ?>2=89 70;8H>: =0 A8BV 7 @>7<V@>< >B2>@V2 19 <<,  %;

Va – 70;8H:>20 ?>@8ABVABь 0AD0;ьB>15B>=C,  % 70 >1’є<><; 

Vbeff – 5D5:B82=89 2<VAB 1VBC<C,  % 70 >1’є<><.

�’O7:VABь 1VBC<C 70 @V7=8E B5<?5@0BC@ 287=0G0;8 70 70;56=VABN [89]: 

 

log ղ = 10,5 3 2,26log� + 0,00389(log�)2,   (3.2) 

 

45 # 3 ?5=5B@0FVO 1VBC<C 70 @V7=>W B5<?5@0BC@8, 287=0G5=0 73V4=> 7 

<5B>48:>N )!��' [91]. 

�3V4=> 7 FVєN <5B>48:>N, 70 B5<?5@0BC@ @>7<'O:H5=>ABV 1VBC<C 3;818=0 

?@>=8:=>ABV 3>;:8 A:;040є 800 × 0,1 <<, 0 70 B5<?5@0BC@ :@8E:>ABV 3 1 × 0,1 <<. 

 V6 F8<8 7=0G5==O<8 B5<?5@0BC@ ;>30@8D<VG=0 70;56=VABь 2'O7:>ABV 

?@O<>;V=V9=0. &0:8< G8=><, 7=0NG8 B5<?5@0BC@C @>7<'O:H5=>ABV B0 7=0G5==O 

3;818=8 ?@>=8:=>ABV 3>;:8 70 B5<?5@0BC@8 25 º%, <>6=0 287=0G8B8 9>3> 

?5=5B@0FVN 70 B5<?5@0BC@8 & 70 D>@<C;>N: 

 

log�& = 
log800 3 log#25

&@ 3 25  ·(& 3 25) + log�25.   (3.3) 
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�C2 74V9A=5=89 @>7@0EC=>: 7 287=0G5==O <>4C;O ?@C6=>ABV 70 @V7=8E 

B5<?5@0BC@ B0 @V7=>W G0AB>B8 45D>@<C20==O, 287=0G5=V =0 >A=>2V 70;56=>AB59 

(3.2) B0 (3.3) 2’O7:VABь B0 ?5=5B@0FVO 70 @V7=8E B5<?5@0BC@. 

!0 >A=>2V 2AB0=>2;5=8E 70;56=>AB59 2’O7:>ABV 1VBC<C 2V4 B5<?5@0BC@8, 

40=8E I>4> 3@0=C;><5B@8G=>3> A:;04C 0AD0;ьB>15B>=C B0 9>3> >1’є<=8E 

2;0AB82>AB59, 287=0G5=> <>4C;V ?@C6=>ABV 0AD0;ьB>15B>=C 70 G0AB>B8 

45D>@<C20==O 0,80 �F B0 1,59 �F, I> ?@8@V2=NNBьAO 4> H284:>ABV @CEC 

02B><>1V;O 50 :</3>4 B0 100 :</3>4 2V4?>2V4=>. $57C;ьB0B8 287=0G5=ь =02545=> 2 

B01;8FV 3.13. �@0DVG=5 7>1@065==O 70;56=>ABV ;>30@8D<V2 <>4C;O ?@C6=>ABV 2V4 

B5<?5@0BC@8 7>1@065=> =0 @8AC=:C 3.32 B0 3.33. 

 

&01;8FO 3.13 3 �0;56=>ABV <>4C;O ?@C6=>ABV 2V4 B5<?5@0BC@8 

&5<?5@0BC@0 

$57C;ьB0B8 287=0G5==O 

0AD0;ьB>15B>=C 7 20?=O:>28< 
=0?>2=N20G5<,  #0 

0AD0;ьB>15B>=C V7 7>;>N-
28=5A5==O,  #0 

0,80 �F 1,59 �F 0,80 �F 1,59 �F 

310 14039 15105 14583 15690 

0 9242 10206 9599 10601 

10 5324 6057 5531 6291 

20 2667 3125 2771 3246 

30 1182 1418 1228 1473 

40 485 589 504 612 

 

�8I8< 7=0G5==O< <>4C;O ?@C6=>ABV 70 B5<?5@0BC@8 10 °% 7 G8AB>B>N 

45D>@<C20==O 0,8 �F 2V47=0G0єBьAO 0AD0;ьB>15B>= V7 7>;>N-28=5A5==O. �V= є =0 

3,7 % 28I8< 70 <>4C;ь ?@C6=>ABV 0AD0;ьB>15B>=C 7 20?=O:>28< =0?>2=N20G5<, 

0 7 G8AB>B>N 45D>@<C20==O 1,59 �F =0 3,8 %. 

� ?V428I5==O< B5<?5@0BC@8 70;56=VABь 7<V=8 <>4C;O ?@C6=>ABV 

0AD0;ьB>15B>=C V7 7>;>N-28=5A5==O 70;8H0єBьAO AB0;>N. *5 A2V4G8Bь ?@> B5 I>, 

0AD0;ьB>15B>= V7 7>;>N-28=5A5==O 7V 7<5=H5=>N :V;ь:VABN 1VBC<C =0 0,5 % 

?@0:B8G=> =5 2V4@V70єBьAO 2V4 0AD0;ьB>15B>=C 7 20?=O:>28< =0?>2=N20G5<. 
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$8AC=>: 3.32 3 �@0DVG=5 7>1@065==O 70;56=>ABV ;>30@8D<V2 <>4C;O 

?@C6=>ABV 2V4 B5<?5@0BC@8 7>1@065=> 70 G0AB>B8 =020=B065==O 0,80 �F 

 

 

$8AC=>: 3.33 3 �@0DVG=5 7>1@065==O 70;56=>ABV ;>30@8D<V2 <>4C;O 

?@C6=>ABV 2V4 B5<?5@0BC@8 7>1@065=> 70 G0AB>B8 =020=B065==O 1,59 �F 

4,20

4,02

3,78

3,48

3,13

2,74

4,21

4,03

3,79

3,49

3,14

2,75

2,50

2,70

2,90

3,10

3,30

3,50

3,70

3,90

4,10

4,30

4,50
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&5<?5@0BC@0, °%

�0?=O:>289 =0?>2=N20G �>;0 28=5A5==O

4,20

4,02

3,78

3,48

3,13

2,74

4,21

4,03

3,79

3,49

3,14

2,75
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�0?=O:>289 =0?>2=N20G �>;0 28=5A5==O
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' 28?04:C 7=865==O B5<?5@0BC@ A?>AB5@V30єBьAO 2V4?>2V4=0 B5=45=FVO. �0 

B5<?5@0BC@8 <V=CA 10 °%, <>4C;ь ?@C6=>ABV 0AD0;ьB>15B>=C V7 7>;>N-28=5A5==O 

B0:>6 =0 3,7  % 1V;ьH89 70 <>4C;ь ?@C6=>ABV 0AD0;ьB>15B>=C 7 20?=O:>28< 

=0?>2=N20G5<. &0:8< G8=><, 4>A;V465=V 0AD0;ьB>15B>=8 ?@0:B8G=> =5 

2V4@V6=ONBьAO. 

�>;0-28=5A5==O, A?@8Oє ?>;V?H5==N CIV;ь=N20=>ABV 0AD0;ьB>15B>==>W 

AC<VHV. *5 4>72>;Oє 4>AO3B8 7=0G=8E ?5@5203 C 1C4V2=8FB2V 0AD0;ьB>15B>==8E 

4>@V3. �0 @0EC=>: 28:>@8AB0==O 7>;8 <>6=0 7<5=H8B8 2<VAB 1VBC<C C A:;04V 

0AD0;ьB>15B>==>W AC<VHV, I> ?@872>48Bь 4> 7=865==O 20@B>ABV 0AD0;ьB>15B>=C, 

0 B0:>6 7<5=H8B8 :V;ь:VABь 2V4E>4V2 2V4 5;5:B@>35=5@CNG8E ?V4?@8є<AB2. 

�>4020==O 7>;8-28=5A5==O 4>72>;Oє ?V428I8B8 <>4C;ь ?@C6=>ABV 

0AD0;ьB>15B>=C, I> @>18Bь 9>3> 1V;ьH ABV9:8< 4> @C9=C20==O B0 7=>AC ?V4 

2?;82>< =020=B065=ь V ?>3>4=8E C<>2. � @57C;ьB0BV 0AD0;ьB>15B>= 283>B>2;5=89 

7 28:>@8AB0==O< 7>;8-28=5A5==O, <0є ?>:@0I5=C B@820;VABь A;C618, 0 28B@0B8 

=0 9>3> 5:A?;C0B0FVN 7=86CNBьAO, I> є 206;828< D0:B>@>< C ?;0=C20==V V 

CB@8<0==V 4>@>6=ь>W V=D@0AB@C:BC@8. 

 

3.5 �87=0G5==O CIV;ь=N20=>ABV 0AD0;ьB>15B>==>W AC<VHV 
 

"4=8< V7 ?5@54C<>2 ?@>5:BC20==O 30@OG>W 0AD0;ьB>15B>==>W AC<VHV є B5, 

I> IV;ь=VABь ;01>@0B>@=> CIV;ь=5=8E 7@07:V2, O:V 28:>@8AB>2CNBьAO 4;O 

287=0G5==O >?B8<0;ь=>3> 2<VABC 1VBC<C, ?>28==0 =01;860B8AO 4> :V=F52>W 

IV;ь=>ABV 4>@>6=ь>3> ?>:@8BBO. /:I> 3@0=8G=0 IV;ь=VABь 0AD0;ьB>15B>=C 

70=04B> =87ь:0, B> 4>23>2VG=VABь B0:>3> <0B5@V0;C 1C45 7=865=0, 0 O:I> 3@0=8G=0 

IV;ь=VABь 0AD0;ьB>15B>= 70=04B> 28A>:0, B> B0:89 <0B5@V0; <0B8<5 B5=45=FVN 4> 

28?>BV20==O 01> CB2>@5==O :>;VW. �V=F520 IV;ь=VABь 0AD0;ьB>15B>=C ?@8 

CIV;ь=5=V 2 ?>;ь>28E C<>20E ?@0:B8G=> 702648 є =0 1,5  % <5=H>N, =V6 

IV;ь=VABь ;01>@0B>@=> CIV;ь=5=8E 7@07:V2. *5 2:07Cє =0 B5, I> 7CA8;;O 

;01>@0B>@=>3> CIV;ь=5==O 70=04B> 28A>:V.  
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�>=F5?FVO B>G:8 1;>:C20==O 1C;0 27OB0 70 >A=>2C 4;O @>7@>1;5==O 

<5B>48:8 4;O ?>@V2=O==O B5E=>;>3VG=8E 2;0AB82>AB59 0AD0;ьB>15B>=C 7 @V7=8<8 

B8?0<8 =0?>2=N20GV2. �024O:8 FV9 <5B>48FV <>6=0 >FV=8B8 CIV;ь=5==O 

0AD0;ьB>15B>==8E AC<VH59 7 >B@8<0==O< >?B8<0;ь=>W 70;8H:>2>W ?>@8AB>ABV 

<0B5@V0;C.  

%CBь 40=>W <5B>48:8 ?>;O30є C 287=0G5==V B>G:8 1;>:C20==O 01> B>G:8 

DV:A0FVW O: ?5@H89 >15@B C 1;>FV V7 B@ь>E ?>A;V4>2=8E >15@B0=ь >4=0:>2>W 28A>B8, 

O:8< ?5@54CNBь 420 1;>:8 7 42>E >15@B0=ь >4=0:>2>W 28A>B8 (:>6=5 =0 0,1 << 

28I5, =V6 =01V@ V7 B@ь>E >15@B0==O), O: ?>:070=> =0 @8AC=:C 3.34 V 2 B01;8FV 3.14 

B0 ?>@V2=O==O :V;ь:>ABV >15@BV2 =5>1EV4=8E 2 ;01>@0B>@=8E C<>20E. 

 

$8AC=>: 3.34 3 �87=0G5==O B>G:8 1;>:C20==O 

$>7@>1;5=C <5B>48:C 73V4=> 7 O:>NN 28:>=C20;8 28?@>1C20==O =02545=> 2 

@>74V;V 4.2. $57C;ьB0B8 28?@>1C20==O 0AD0;ьB>15B>=C =02545=V C B01;8FV 3.15. 

�;O ?@>2545==O 28?@>1C20=ь 1C;> ?V4V1@0=> <V=5@0;ь=89 A:;04 

0AD0;ьB>15B>==>W AC<VHV 73V4=> �%&' �N 1310831 [92].  

�0 @57C;ьB0B0<8 28?@>1C20==O 1C;> 2AB0=>2;5=>, I> B>G:0 1;>:C20==O 

0AD0;ьB>15B>==>W AC<VHV V7 7>;>N-28=5A5==O 7=0E>48BьAO =0 69 >15@B0E 

3V@0B>@0=>3> CIV;ь=N20G0, 0 B>G:0 1;>:C20==O 0AD0;ьB>15B>==>W AC<VHV 7 

20?=O:>28< =0?>2=N20G5< 7=0E>48BьAO =0 74 >15@B0E. 
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&01;8FO 3.14 3 �87=0G5==O B>G:8 1;>:C20==O 70 :V;ь:VABN >15@BV2 

�V;ь:VABь >15@BV2 �8A>B0 �CAB8=0 �;>:8  
70 105.258 2341 1 

71 105.215 2342 2 

72 105.179 2342 1 

73 105.139 2343 2 

74 105.098 2344 1 

75 105.054 2345 2 

76 105.007 2346 3 

77 104.973 2347  

78 104.940 2348  

79 104.897 2349  

80 104.867 2349  

 

&01;8FO 3.15 3 $57C;ьB0B8 28?@>1C20==O 0AD0;ьB>15B>=C 2V4?>2V4=> 4> 

B>G:8 1;>:C20==O 

 0B5@V0;   
�AD0;ьB>15B>= 
7 20?=O:>< 

 �AD0;ьB>15B>= V7 
7>;>N-28=5A5==O 

 �V;ь:VABь >15@BV2   74 80 69 80 
"G5284=0 3CAB8=0 :@C?=>3> 70?>2=N20G0 
D@0:FVW 8/16 <<, M3/<3 ρa 2,653 2,653 2,653 2,653 

"G5284=0 3CAB8=0 :@C?=>3> 70?>2=N20G0 
D@0:FVW 4/8 <<, M3/<3 ρa 2,689 2,689 2,689 2,689 

"G5284=0 3CAB8=0 :@C?=>3> 70?>2=N20G0 
D@0:FVW 2/4 <<, M3/<3 ρa 2,675 2,675 2,675 2,675 

"G5284=0 3CAB8=0 4@V1=>3> 70?>2=N20G0 
D@0:FVW 0/2 <<, M3/<3 ρa 2,676 2,676 2,676 2,676 

"G5284=0 3CAB8=0 <V=5@0;ь=>3> ?>@>H:C, 
3/A<3 ρf 2,84 2,84 2,61 2,61 

"G5284=0 3CAB8=0 1VBC<C, 3/A<3 ρb 1,016 1,016 1,016 1,016 

"1'є<=0 IV;ь=VABь 0AD0;ьB>15B>=C, M3/<3 ρbssd 2,380 2,385 2,397 2,407 

�<VAB :@C?=>3> 70?>2=N20G0 D@0:FVW 8/16,  % pa 35,0 35,0 35,0 35,0 

�<VAB :@C?=>3> 70?>2=N20G0 D@0:FVW 4/8,  % pa 19,0 19,0 19,0 19,0 
�<VAB :@C?=>3> 70?>2=N20G0 D@0:FVW 2/4 
<<,  % 

pa 7,0 7,0 7,0 7,0 

�<VAB 4@V1=>3> 70?>2=N20G0 D@0:FVW 0/2 
<<,  % 

pa 33,0 33,0 33,0 33,0 

�<VAB =0?>2=N20G0,  % pf 6,0 6,0 6,0 6,0 

�<VAB 1VBC<C (?>=04 100  %),  % pb 5,3 5,3 5,3 5,3 
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�V=5Fь B01;8FV 3.15 

 0B5@V0;   
�AD0;ьB>15B>= 
7 20?=O:>< 

 �AD0;ьB>15B>= V7 
7>;>N-28=5A5==O 

�<VAB 1VBC<C (2 100  %),  %   5,03 5,03 5,03 5,03 
$>7@0EC=:>20 <0:A8<0;ь=0 IV;ь=VABь AC<VHV 
<V=5@0;ь=8E <0B5@V0;V2, M3/<3 ρa 2,680 2,680 2,666 2,666 

%5@54=O 3CAB8=0 <V=5@0;ь=>W G0AB8=8, M3/<3 ρm< 2,260 2,265 2,276 2,286 
 0:A8<0;ь=0 IV;ь=VABь 0AD0;ьB>15B>==>W 
AC<VHV, M3/<3 ρmc 2,476 2,476 2,465 2,465 

#>@8ABVABь <V=5@0;ь=>W G0AB8=8,  % 70 
>1'є<>< 

V?>@< 15,65 15,47 14,62 14,27 

�<VAB ?>@ C <V=5@0;ь=><C 70?>2=N20GV,  % 70 
>1'є<>< 

VMA 15,65 15,47 14,62 14,27 

�0;8H:>20 ?>@8ABVABь,  % 70 >1'є<>< Vm 3,9 3,7 2,7 2,3 
$V7=8FO <V6 70;8H:>2>N ?>@8ABVABN B0 
2>4>=0A8G5==O<,  % 

  2,6 1,9 1,5 1,4 

�V4A>B>: ?>@, 70?>2=5=8E 2'O6CG8<,  % 70 
>1'є<>< 

  11,8 11,8 11,9 11,9 

�V4A>B>: ?>@, 70?>2=5=8E 2'O6CG8<,  % VFB 75,3 76,4 81,2 83,6 

 

&>1B> <>6=0 AB25@46C20B8 I> 0AD0;ьB>15B>==0 AC<VH V7 7>;>N-28=5A5==O 

CIV;ь=NєBьAO H284H5 =V6 0AD0;ьB>15B>==0 AC<VH 7 AB0=40@B=8< 

=0?>2=N20G5<. &0:>6 2AB0=>2;5=>, I> >1’є<=0 3CAB8=0 0AD0;ьB>15B>=C V7 

7>;>N-28=5A5==O ?@8 <5=HV9 :V;ь:>ABV >15@BV2 є 1V;ьH>N V A:;040є 2,397, 0 2 

0AD0;ьB>15B>=V 7 20?=O:>28< =0?>2=N20G5< 3 2,380. 

$>7@0EC=:>28< <5B>4>< 287=0G5=> 70;8H:>2C ?>@8ABVABь 7@07:V2 

0AD0;ьB>15B>=C B0 2AB0=>2;5=>, I> 0AD0;ьB>15B>= V7 7>;>N-28=5A5==O 

>B@8<0=89 70 69 >15@BV2 3V@0B>@=>3> CIV;ь=N20G0 <0є =86GC 70;8H:>2C 

?>@8ABVABь =V6 0AD0;ьB>15B>= 7 20?=O:>28< =0?>2=N20G5<. -> A2V4G8Bь ?@> 

<>6;82VABь 7<5=H5==O 1VBC<C 2 0AD0;ьB>15B>=V V7 7>;>N-28=5A5==O.  

 

�8A=>2:8 4> @>74V;C 3 
 

1. �AB0=>2;5=>, I> 4>A;V46C20=V 7>;8-28=5A5==O ?@840B=V 4;O 

28:>@8AB0==O 2 0AD0;ьB>15B>=V O: =0?>2=N20GV 2V4?>2V4=> 4> =0FV>=0;ь=8E 
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AB0=40@BV2 2V4?>2V4=> 4> =50:B82>20=>3> <V=5@0;ь=>3> ?>@>H:C <0@:8 � B0 

<0NBь =5 ACBBє2V 2V4<V==>ABV 2V4 AB0=40@B=>3> 20?=O:>2>3> =0?>2=N20G0. 

2. �87=0G5=> 0B<>AD5@>ABV9:VABь 0AD0;ьB>15B>=V2 V7 7>;>N-28=5A5==O. 

&0:8< G8=><, 2AV 4>A;V46C20=V =0?>2=N20GV <>65 1CB8 28:>@8AB0=> 4;O 

28@>1=8FB20 0AD0;ьB>15B>==8E AC<VH59. 

3. �AB0=>2;5=>, I> >?B8<0;ь=89 2<VAB 1VBC<C 2 A:;04V 0AD0;ьB>15B>==>W 

AC<VHV V7 7>;>N-28=5A5==O AB0=>28Bь 5,5 %, 0 4;O 20?=O:C 3 6 %, I> 3>2>@8Bь ?@> 

5:>=><VG=C 4>FV;ь=VABь 28:>@8AB0==O 7>;8-28=5A5==O 4;O 283>B>2;5==O 

0AD0;ьB>15B>=C.  

4. �AB0=>2;5=>, I> @>7@0EC=:>289 <>4C;ь ?@C6=>ABV 0AD0;ьB>15B>=C V7 

7>;>N-28=5A5==O ?@0:B8G=> =5 2V4@V7=ONBьAO 2V4 0AD0;ьB>15B>=C 7 20?=O:>28< 

=0?>2=N20G5<. �>4020==O 7>;8-28=5A5==O 4>72>;Oє ?V428I8B8 <>4C;ь 

?@C6=>ABV 0AD0;ьB>15B>=C, I> @>18Bь 9>3> 1V;ьH ABV9:8< 4> @C9=C20==O B0 

7=>AC ?V4 2?;82>< =020=B065=ь V ?>3>4=8E C<>2. ' @57C;ьB0BV 0AD0;ьB>15B>= 

283>B>2;5=89 7 28:>@8AB0==O< 7>;8-28=5A5==O, <0є ?>:@0I5=C B@820;VABь 

A;C618, 0 28B@0B8 =0 9>3> 5:A?;C0B0FVN 7=86CNBьAO, I> є 206;828< D0:B>@>< C 

?;0=C20==V V CB@8<0==V 4>@>6=ь>W V=D@0AB@C:BC@8. 

5. �>;0-28=5A5==O, A?@8Oє ?>;V?H5==N CIV;ь=N20=>ABV 0AD0;ьB>15B>==>W 

AC<VHV. *5 4>72>;Oє 4>AO3B8 7=0G=8E ?5@5203 C 1C4V2=8FB2V 0AD0;ьB>15B>==8E 

4>@V3. �0 @0EC=>: 28:>@8AB0==O 7>;8 <>6=0 7<5=H8B8 2<VAB 1VBC<C C A:;04V 

0AD0;ьB>15B>==>W AC<VHV, I> ?@872>48Bь 4> 7=865==O 20@B>ABV 0AD0;ьB>15B>=C, 

0 B0:>6 7<5=H8B8 :V;ь:VABь 2V4E>4V2 2V4 5;5:B@>35=5@CNG8E ?V4?@8є<AB2. 

$57C;ьB0B8 4>A;V465=ь @>74V;C 28:;045=> C =0ABC?=8E ?C1;V:0FVOE: [69, 81, 

88]. 
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$"���� 4 

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

 

4.1 &5E=V:>-5:>=><VG=5 >1ґ@C=BC20==O 4>FV;ь=>ABV 70AB>AC20==O 
0AD0;ьB>15B>==8E H0@V2 V7 0AD0;ьB>15B>=C V7 7>;>N-28=5A5==O 

 

#@8 2?@>20465==V =>28E <0B5@V0;V2 V B5E=>;>3V9 206;82> 107C20B8AO =0 

@57C;ьB0B0E WE B5E=V:>-5:>=><VG=>3> >1ґ@C=BC20==O. &5E=V:>-5:>=><VG=5 

>1ґ@C=BC20==O ?@>5:B=8E @VH5=ь 2:;NG0є 420 0A?5:B8 0=0;V7C: B5E=VG=89 V 

5:>=><VG=89. ' AB@0B53VW @>728B:C B0 CB@8<0==O <5@56V 02B><>1V;ь=8E 4>@V3 

':@0W=8 206;82>N A:;04>2>N є 70E>48 I>4> 2?@>20465==O =>28E 01> 

C4>A:>=0;5==O VA=CNG8E <0B5@V0;V2 V B5E=>;>3V9 C Fь><C =0?@O<:C. "4=8< 7 

B0:8E <>6;828E 20@V0=BV2 є 28:>@8AB0==O 0AD0;ьB>15B>=C V7 7>;>N-28=5A5==O. 

#5@52038 28:>@8AB0==O 2B>@8==8E 2V4E>4V2 ?@><8A;>2>ABV ?>2’O70=V 7 

745H52;5==O< <0B5@V0;V2 4;O 1C4V2=8FB20 B0 70E8AB>< =02:>;8H=ь>3> 

A5@54>28I0, 2 A2VBV 265 1030B> @>:V2 ?@0FNє B0: 720=0 F8@:C;O@=0 5:>=><V:0 01> 

5:>=><V:0 70<:=5=>3> F8:;C. "A=>2>N FVєW <>45;V є @0FV>=0;ь=5 28:>@8AB0==O 

@5AC@AV2 B0 WE 2V4=>2;5==O, :>=F5?FVO 107CєBьAO =0 B@ь>E ?@8=F8?0E 3 «3R»: 

4 A:>@>G5==O A?>6820==O (reduce); 

4 ?>2B>@=5 28:>@8AB0==O (reuse); 

4 ?5@5@>1:0 (recycle). 

' B@02=V 2018 @>:C Є2@>?59Aь:89 A>N7 >=>282 ?0:5B 4>:C<5=BV2 C AD5@V 

C?@02;V==O 2V4E>40<8 (Circular Economy Package). �8@5:B828 ?0:5BC, A?@O<>20=V 

=0: 7<5=H5==O A?>6820==O ?@8@>4=8E <0B5@V0;V2, A:>@>G5==O >1AO3V2 CB2>@5==O 

2V4E>4V2, <0:A8<0;ь=5 ?>2B>@=5 70AB>AC20==O 2V4E>4V2 B0 WE ?5@5@>1:0.  

!060;ь 2 ':@0W=V 4> Aь>3>4=V A?>AB5@V30єBьAO =87ь:89 @V25=ь 70<VI5==O 

?5@28==8E ?@8@>4=8E @5AC@AV2 2V4E>40<8 G8 ?>1VG=8<8 ?@>4C:B0<8 

28@>1=8FB20. 

�8:>@8AB0==O 0AD0;ьB>15B>=V2 V7 7>;>N-28=5A5==O ?5@5410G0є @O4 

?5@5203. �3V4=> 7 >3;O4>< ;VB5@0BC@=8E 465@5;, ?5@52038 ?>4V;ONBь =0 42V 3@C?8:  
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4 5:>;>3VG=V;  

4 5:>=><VG=V

�:>;>3VG=V ?5@52038 2:;NG0NBь 7<5=H5==O =0:>?8G5==O 2V4E>4V2 

?@><8A;>2>ABV, I> 4>?><030є 7<5=H8B8 =530B82=89 2?;82 =0 5:>A8AB5<C 

B20@8==>3> V @>A;8==>3> A2VBC, 0 B0:>6 7<5=H5==O 701@C4=5==O ?>25@E=528E B0 

?V475<=8E 2>4. �8:>@8AB0==O 7>;8-28=5A5==O B0:>6 ?@872>48Bь 4> 7<5=H5==O 

28:>@8AB0==O ?@8@>4=8E <0B5@V0;V2, I> є 206;828< :@>:>< C =0?@O<:C AB0;>3> 

@>728B:C B0 715@565==O =02:>;8H=ь>3> A5@54>28I0. 

�:>=><VG=V ?5@52038 2:;NG0NBь 28B@0B8, ?>2'O70=V 7 FV=>N <0B5@V0;V2, 

20@BVABь 28@>1=8FB20 AC<VHV B0 20@BVABь 2;0HBC20==O H0@C. "A:V;ь:8 B5E=>;>3VO 

283>B>2;5==O AC<VHV =5 7<V=NєBьAO, 0 CIV;ь=5==O 0AD0;ьB>15B>==>W AC<VHV V7 

7>;>N-28=5A5==O 2V41C20єBьAO H284H5, =V6 728G09=0 0AD0;ьB>15B>==0 AC<VH, 

A;V4 ?>@V2=N20B8 B5E=V:>35:>=><VG=C 4>FV;ь=VABь 0AD0;ьB>15B>=C V7 7>;>N-

28=5A5==O 7V AB0=40@B=>N 0AD0;ьB>15B>==>N AC<VHHN, B0:>N O: 

�%�.�@.-.�.!#.�.�!� 70/100.  

&0:89 0=0;V7 4>72>;Oє 7'OAC20B8, G8 20@B> ?5@5E>48B8 =0 28:>@8AB0==O 

0AD0;ьB>15B>=C V7 7>;>N-28=5A5==O 7 5:>=><VG=>W B>G:8 7>@C, 0 B0:>6 =0 A:V;ь:8 

203><V ?5@52038 <>6CBь 1CB8 >B@8<0=V 2=0A;V4>: Fь>3> ?5@5E>4C. 

�;O 287=0G5==O 5D5:B82=>ABV 70<V=8 AB0=40@B=>3> <V=5@0;ь=>3> ?>@>H:C 

=0 7>;C-28=5A5==O ?@>2>48;>AO ?>@V2=O==O ?@82545=8E 28B@0B =0 28@>1;5==O 

100 B>== 0AD0;ьB>15B>==>W AC<VHV =0 0AD0;ьB>15B>==><C 702>4V B0 28B@0B =0 

C;0HBC20==O 0AD0;ьB>15B>==>3> H0@C B>2I8=>N 5 A< 7 0AD0;ьB>15B>==>W 

AC<VHV 0AD0;ьB>C:;040G5< 7 @>7@0EC=:C =0 1000 <2 0AD0;ьB>15B>==>3> H0@C. 

$>73;O40B8 >48= 7 >A=>2=8E @5AC@AV2, O: 28B@0B8 ?0;82=8E <0B5@V0;V2 =0 

28@>1;5==O =0 0AD0;ьB>15B>==><C 702>4V 1 B AC<VHV =54>FV;ь=> B0: O: B5E=>;>3VO 

?@83>BC20==O 0AD0;ьB>15B>==>W AC<VHV 70;8H0єBьAO AB0;>N. 

�;O 287=0G5==O 28B@0B <0B5@V0;C =0 C:;040==O H0@C 4>@>6=ь>3> >4O3C 

B>2I8=>N 5 A< V7 0AD0;ьB>15B>==>W AC<VHV 0AD0;ьB>C:;040G5< 7 @>7@0EC=:C =0 

1000 <2, 1C;8 28:>@8AB0=V 40=V, 707=0G5=V 2 «�0;C752V @>7@0EC=:8 28B@0B @5AC@AV2 

=0 @5<>=B=>31C4V25;ь=V @>1>B8 =0 02B><>1V;ь=8E 4>@>30E 7030;ь=>3> 
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:>@8ABC20==O» [93]. 

�8B@0BC <0B5@V0;C m 4;O 2;0HBC20==O H0@C 0AD0;ьB>15B>=C 1C;> 

@>7@0E>20=> 70;56=> 2V4 >1’є<=>W 3CAB8=8 2V4?>2V4=> 4> ;01>@0B>@=8E 

@57C;ьB0BV2 28?@>1C20==O B0 >1’є<C 2;0HBC20==O 70 D>@<C;>N: 

 

m = ρ · V,     (4.1) 

 

45 � 2 >1’є<=0 3CAB8=0 0AD0;ьB>15B>=C, 3/A<3;  � – >1’є<, ?>B@V1=89 4;O 2;0HBC20==O H0@C 4>@>6=ь>3> ?>:@82C, <3. 

�V4?>2V4=> 4> 72545=8E 40=8E FV= =0 4>@>6=ь>31C4V25;ь=V <0B5@V0;8, O:V 

1C;8 >B@8<0=V 2V4 A;C61 2V4=>2;5==O B0 @>728B:C V=D@0AB@C:BC@8 ':@0W=8 2 

>1;0ABOE =0 3@C45=ь 2023 @>:C, B0 28:>@8AB0==O< :0;ь:C;OB>@0 @>7@0EC=:C 

20@B>ABV 28@>1;5==O 0AD0;ьB>15B>==>W AC<VHV O:89 7=0E>48BьAO =0 A09BV 

�# «!0FV>=0;ь=89 V=AB8BCB @>728B:C V=D@0AB@C:BC@8», 1C;8 @>7@0E>20=V 

28B@0B8 =0 <0B5@V0;8 4;O 28@>1;5==O 100 B>== 0AD0;ьB>15B>==>W AC<VHV B8?C 

�%�.�@.-.�.!#.�.�!� 70/100, 0 B0:>6 �%�.�@.-.�.!#.�.�!� 70/100 7V ?>2=>N 

70<V=>N 20?=O:>2>3> <V=5@0;ь=>3> ?>@>H:C =0 7>;C-28=5A5==O (B01;8FO 4.1 V 

B01;8FO 4.2). �5@=>289 A:;04 0AD0;ьB>15B>==>W AC<VHV 1C;> 287=0G5=> =0 >A=>2V 

=0O2=8E B0 28:>@8AB>2C20=8E @0=VH5 ;01>@0B>@=8E 28?@>1C20=ь, O:V 1C;8 

=02545=V 2 ?V41>@V 75@=>2>3> A:;04C 2 @>74V;V 3 40=>W @>1>B8. 

 

&01;8FO 4.1 3 �0@BVABь <0B5@V0;V2 4;O 28@>1;5==O 100 B 

�%�.�@.-.�.!#.�.�!� 70/100 

#>7=0G5==O <0B5@V0;C "4. 
28<V@C 

�3ABь >4. 
28<V@C 

*V=0 70 
>4., 3@=  %C<0, 3@= 

�@C?=89 70?>2=N20G (I51V=ь) D@0:FVW 
?>=04 10 << 4> 20 << 2:;NG=> :3 18868 0,39 7358,52 

�@C?=89 70?>2=N20G (I51V=ь) D@0:FVW 
?>=04 5 << 4> 10 << 2:;NG=> :3 18868 0,41 7731,88 

�@V1=89 70?>2=N20G (?VA>:) D@0:FVW 
?>=04 0 << 4> 5 << 2:;NG=> :3 51887 0,33 17122,71 

 V=5@0;ь=89 ?>@>H>: :3 4717 1,67 7877,39 

�VBC< =0DB>289 4>@>6=V9 �!� 70/100 :3 5660 29,67 167932,2 

$07>< 3@=  208026,7 
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&01;8FO 4.2 3 �0@BVABь <0B5@V0;V2 4;O 28@>1;5==O 100 B 

�%�.�@.-.�.!#.�.�!� 70/100 V7 7>;>N-28=5A5==O 

#>7=0G5==O <0B5@V0;C "4. 
28<V@C 

�3ABь >4. 
28<V@C 

*V=0 70 
>4., 3@=  %C<0, 3@= 

�@C?=89 70?>2=N20G (I51V=ь) D@0:FVW 
?>=04 10 << 4> 20 << 2:;NG=> :3 18958 0,39 7393,62 

�@C?=89 70?>2=N20G (I51V=ь) D@0:FVW 
?>=04 5 << 4> 10 << 2:;NG=> :3 18958 0,41 7772,78 

�@V1=89 70?>2=N20G (?VA>:) D@0:FVW 
?>=04 0 << 4> 5 << 2:;NG=> :3 52132 0,33 17203,6 

�>;0-28=5A5==O :3 4739 0,01 0 

�VBC< =0DB>289 4>@>6=V9 �!� 70/100 :3 5213 29,67 154669,71 

$07>< 3@=  187039,71 

 

#V4 G0A :0;ь:C;N20==O 20@B>ABV 28B@0B <0B5@V0;C =0 C:;040==O H0@C 

4>@>6=ь>3> >4O3C B>2I8=>N 5 A< 7 0AD0;ьB>15B>=C B8?C 

�%�.�@.-.�.!#.�.�!� 70/100 0AD0;ьB>C:;040G5< 7 @>7@0EC=:C =0 1000 <2 

28B@0B0 <0B5@V0;C, 73V4=> 7 [93], AB0=>28Bь 121,6 B>==. �8B@0B0 <0B5@V0;C 1C;0 

287=0G5=0 =0 >A=>2V 28:>=0=8E 5:A?5@8<5=B0;ь=8E 4>A;V465=ь 7 ?V41>@C 

75@=>2>3> A:;04C.  

�0@BVABь <0B5@V0;V2 4;O 28@>1;5==O AC<VHV 7 28:>@8AB0==O< 7>;8-

28=5A5==O 7<5=HCєBьAO ?@81;87=> =0 10,5 % (73V4=> 7 40=8<8 B01;8Fь 4.1, 4.2). 

�030;ь=0 20@BVABь 283>B>2;5==O 100 B>== AC<VHV =0 0AD0;ьB>15B>==><C 702>4V, 

?@8 ?@>4C:B82=>ABV 160 B>==/3>4, 2@0E>2CNG8 #��, 7<5=HCєBьAO =0 7 % V 

AB0=>28Bь: 4;O �%�.�@.-.�.!#.�.�!� 70/100 3 4769,17 3@=/B; 4;O 
�%�.�@.-.�.!#.�.�!� 70/100 V7 7>;>N-28=5A5==O 3 4441,76 3@=/B. 

&>1B>, <>6=0 ?V4@0EC20B8, I> 20@BVABь <0B5@V0;C =0 C;0HBC20==O 

4>@>6=ь>3> >4O3C B>2I8=>N 5 A< 7 @>7@0EC=:C =0 1000 <2 AB0=>28Bь: 

- 4;O �%�.�@.-.�.!#.�.�!� 70/100 3 579931,71 3@=; 
- 4;O �%�.�@.-.�.!#.�.�!� 70/100 V7 7>;>N-28=5A5==O 3 540118,1 3@=. 

!0 >A=>2V @>7@0E>20=8E 40=8E ?>1C4>20=> ?>@V2=O;ь=5 3@0DVG=5 

7>1@065==O 28B@0B8 =0 70:C?V2;N <0B5@V0;8 (@8AC=>: 4.1), 3@0DV: 7030;ь=8E 

28B@0B =0 283>B>2;5==O 100 B AC<VHV (@8AC=>: 4.2) B0 20@BVABь <0B5@V0;C 4;O 

0AD0;ьB>15B>==>W AC<VHV, ?>B@V1=>3> 4;O 2;0HBC20==O 1000 <2 



150 

 

0AD0;ьB>15B>==>3> H0@C B>2I8=>N 5 A< (@8AC=>: 4.3). 

 

$8AC=>: 4.1 3 #>@V2=O==O 20@B>ABV 28B@0B =0 70:C?V2;N <0B5@V0;V2 4;O 

28@>1;5==O B0 2;0HBC20==O 4>@>6=ь>3> H0@C 7 ?52=>3> <0B5@V0;C (3@=) 

 

 

$8AC=>: 4.2 3 #>@V2=O==O 7030;ь=8E 28B@0B =0 283>B>2;5==O 100 B AC<VHV 

(3@=) 

��С 7 7олоN 68=еEе==O ��С 7 64п=Oко<

��С 7 7олоN 68=еEе==O ��С 7 64п=Oко<
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$8AC=>: 4.3 3 #>@V2=O==O 20@B>ABV <0B5@V0;C 4;O 0AD0;ьB>15B>==>W AC<VHV, 

?>B@V1=>3> 4;O 2;0HBC20==O 1000 <2 0AD0;ьB>15B>==>3> H0@C B>2I8=>N 5 A<  

 

�0=V 3@0DV:8 A2V4G0Bь, I> ?V4 G0A ?>@V2=O==O 20@B>AB59 A0<>3> <0B5@V0;C 

4;O 283>B>2;5==O AC<VHV B0 7030;ь=>W 20@B>ABV 100 B>== AC<VHV, 70<V=0 

AB0=40@B=>3> =0?>2=N20G0 =0 7>;C-28=5A5==O B0 7<5=H5==O :V;ь:>ABV 1VBC<C C 

0AD0;ьB>15B>==V9 AC<VHV V7 7>;>N-28=5A5==O @>18Bь WW 283V4=VH>N =0 10,5 %. 

�024O:8 2:070=8< 5:>=><VG=8< D0:B>@0<, B0:8< O: <0B5@V0;8 (75@=>289 

A:;04), 20@BVABь AC<VHV, 28B@0B0 <0B5@V0;C 4;O 2;0HBC20==O, 7<5=H5==O 

5:>;>3VG=8E 28B@0B 2V4 A:;04C20==O 7>;>2V4E>4V2, 2?@>20465==O 0AD0;ьB>15B>=C 

V7 7>;>N-28=5A5==O 2 ':@0W=V 2V4:@820є <>6;82VABь @5<>=BC20B8 AB0@V B0 

1C4C20B8 =>2V 0AD0;ьB>15B>==V 4>@>38 70 1V;ьH 283V4=8<8 FV=0<8. �5:>=><;5=V 

:>HB8 <>6=0 =0?@028B8 =0 2V41C4>2C :@0W=8 2 ?VA;O 2>є==89 G0A. 

 

4.2  5B>48:0 287=0G5==O CIV;ь=N20=>ABV 0AD0;ьB>15B>==>W AC<VHV 

 

4.2.1 �030;ь=V ?>=OBBO 

"4=8< V7 ?5@54C<>2 ?@>5:BC20==O 30@OG>W 0AD0;ьB>15B>==>W AC<VHV є B5, 

I> IV;ь=VABь ;01>@0B>@=> CIV;ь=5=8E 7@07:V2, O:V 28:>@8AB>2CNBьAO 4;O 

��С 7 7олоN 68=еEе==O ��С 7 64п=Oко<
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287=0G5==O >?B8<0;ь=>3> 2<VABC 1VBC<C, ?>28==0 =01;860B8AO 4> :V=F52>W 

IV;ь=>ABV 4>@>6=ь>3> ?>:@8BBO. /:I> 3@0=8G=0 IV;ь=VABь 0AD0;ьB>15B>=C 

70=04B> =87ь:0, B> 4>23>2VG=VABь B0:>3> <0B5@V0;C 1C45 7=865=0, 0 O:I> 3@0=8G=0 

IV;ь=VABь 0AD0;ьB>15B>= 70=04B> 28A>:0, B> B0:89 <0B5@V0; <0B8<5 B5=45=FVN 4> 

28?>BV20==O 01> CB2>@5==O :>;VW. �V=F520 IV;ь=VABь 0AD0;ьB>15B>=C ?@8 

CIV;ь=5=V 2 ?>;ь>28E C<>20E ?@0:B8G=> 702648 є =0 1,5  % <5=H>N, =V6 

IV;ь=VABь ;01>@0B>@=> CIV;ь=5=8E 7@07:V2. *5 2:07Cє =0 B5, I> 7CA8;;O 

;01>@0B>@=>3> CIV;ь=5==O 70=04B> 28A>:V.  

%8AB5<0 ?@>5:BC20==O A:;04C AC<VHV Superpave 2@0E>2Cє @V7=V C<>28 @CEC 

B0 =02:>;8H=ь>3> A5@54>28I0. "4=8< V7 3>;>2=8E CAB0B:C20=ь 2 FV9 A8AB5<V 

Superpave 709<0є 3V@0FV9=89 CIV;ь=N20G Superpave. �V@0FV9=89 CIV;ь=N20G 

28:>@8AB>2CєBьAO 4;O CIV;ь=5==O ?V4V1@0=8E 0AD0;ьB>15B>==8E AC<VH59 4> 

?@>5:B=>W :V;ь:>ABV >15@B0=ь C ;01>@0B>@VW, I>1 4>72>;8B8 >FV=8B8 >1’є<=V 

2;0AB82>ABV CIV;ь=5=>3> 7@07:0. "FV=5=V >1’є<=V 2;0AB82>ABV 2:;NG0NBь 

?>@8ABVABь, ?>@>6=5GV 2 <V=5@0;ь=><C 70?>2=N20GV, ?>@>6=5GV 70?>2=5=V 

1VBC<><, V A?V22V4=>H5==O <V=5@0;ь=>3> ?>@>H:C 4> 5D5:B82=>3> 2<VABC 1VBC<C.  

�;O ?5@52V@:8 H284:>ABV CIV;ь=5==O 2:;NG5=> 420 4>40B:>2V ?0@0<5B@8: 

IV;ь=VABь ?@8 ?>G0B:>2V9 :V;ь:>ABV >15@B0=ь (N initial) V IV;ь=VABь ?@8 

<0:A8<0;ь=V9 :V;ь:>ABV >15@B0=ь (N maximum). #5@5410G0єBьAO, I> ;01>@0B>@=0 

?@>5:B=0 :V;ь:VABь 70;8H:>28E ?>@ ?>2’O70=0 7 :V=F52>N IV;ь=VABN 

0AD0;ьB>15B>=C. (V78:>-<5E0=VG=V E0@0:B5@8AB8:8 0AD0;ьB>15B>=C =0 ?@O<C 

70;560Bь 2V4 :>=AB@C:FVW 4>@>6=ь>3> >4O3C B0 O:>ABV 1C4V2=8FB20.  

 V=VAB5@AB2> B@0=A?>@BC HB0BC �;;V=>9A @>7@>18;> 0;ьB5@=0B82C Ndesign, 

O:0 =07820єBьAO :>=F5?FVєN «B>G:8 1;>:C20==O», I>1 70?>1V3B8 =04<V@=><C 

CIV;ь=5==N B0 ?>40;ьHV9 @C9=0FVW 70?>2=N20G0 2 0AD0;ьB>15B>==V9 AC<VHV [94]. 

&>G:C 1;>:C20==O, 287=0G5=C O: >15@B0==O, ?@8 O:><C 70?>2=N20GV «7’є4=CєBьAO» 

@07><, 0 ?>40;ьH5 CIV;ь=5==O ?@872>48Bь 4> @C9=0FVW 70?>2=N20G0 B0 4C65 

=525;8:>3> 4>40B:>2>3> CIV;ь=5==O, ?>@V2=N20;8 7 :@82>N 7@>AB0==O, 

?@>2545=>N 4;O 287=0G5==O <0:A8<0;ь=>W :V;ь:>ABV ?@>E>4V2 :>B:0 ?> 4>@>7V 

?5@54 B8<, O: 71V;ьH5==O IV;ь=>ABV =0 <VAFV =V25;NєBьAO 01> 7<5=HCєBьAO.  
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�C;> 2V47=0G5=>, I> AC<VHV =5 CIV;ь=OєBьAO 7 >4=0:>2>N :V;ь:VABN 

?@>E>4V2 ?> 4>@>7V, >A:V;ь:8 :>6=0 AC<VH 2V4@V7=OєBьAO. #@>:0B:C 1C;> 7C?8=5=> 

=0 ?V:C IV;ь=>ABV 4> B>3>, O: 2V41C;0AO =04<V@=0 @C9=0FVO 70?>2=N20G0. 

�>=F5?FVO B>G:8 1;>:C20==O 1C;0 @>7@>1;5=0 =0 >A=>2V ?>@V2=O==O 40=8E 

Marshall V Superpave 70 B@8 @>:8 B0 :@828E 7@>AB0==O ?>;O [95]. %?>G0B:C B>G:0 

1;>:C20==O 2 �;;V=>9AV 1C;0 287=0G5=0 O: ?5@H5 >15@B0==O 2 =01>@V 7 B@ь>E 

>15@B0=ь >4=0:>2>W 28A>B8, O:><C ?5@54C202 >48= =01V@ 7 42>E >15@B0=ь >4=0:>2>W 

28A>B8 (:>6=5 =0 0,1 << 28I5, =V6 =01V@ V7 B@ь>E >15@B0=ь). �2060;>AO, I> B>G:0 

1;>:C20==O 2:07Cє =0 @>728B>: 45O:>3> ABC?5=O 7G5?;5==O 3@C1>3> 70?>2=N20G0 V 

?>2’O70=0 V7 IV;ь=VABN, 4>AO3=CB>N =0 :@828E 7@>AB0==O ?>;O. %B0=40@B=5 

2V4E8;5==O :V;ь:>ABV ?>2>@>BV2, I> 4>@V2=Nє B>GFV 1;>:C20==O, 1C;> <5=H5, =V6 

AB0=40@B=5 2V4E8;5==O G8A;0 ?>2>@>BV2 4;O >B@8<0==O 432V4A>B:>28E ?>2VB@O=8E 

?CAB>B.  

�02@8: V �0@?5=B5@ [96] CB>G=8;8 287=0G5==O B>G:8 1;>:C20==O O: ?5@H5 

>15@B0==O 2 ?5@HV9 ?>O2V B@ь>E >15@B0=ь >4=0:>2>W 28A>B8, O:8< ?5@54CNBь 420 

=01>@8 7 42>E >15@B0=ь >4=0:>2>W 28A>B8 (:>6=5 =0 0,1 << 28I5, =V6 =01V@ V7 

B@ь>E >15@B0==O), O: ?>:070=> =0 @8AC=:C 4.4. 

�0=89 <5B>4 4>72>;Oє 287=0G8B8 70:V=G5==O CIV;ь=N20=>ABV 

0AD0;ьB>15B>==8E AC<VH59 7 28:>@8AB0==O< 3V@0B>@=>3> CIV;ь=N20G0. 

%CBь <5B>48:8 ?>;O30є 2 B><C, I> 7@07>: 0AD0;ьB>15B>==>W AC<VHV 
?><VI0NBь C F8;V=4@8G=C D>@<C, >1<565=C 2AB02:0<8, V 28B@8<CNBь 70 

?>ABV9=>W B5<?5@0BC@8 2 <560E 287=0G5=8E 4>?CA:V2 C?@>4>26 CAь>3> G0AC 

28?@>1C20==O. �@07>: 0AD0;ьB>15B>==>W AC<VHV CIV;ь=NNBь 73V4=> 7 

�%&' EN 12697331 [97] 70 100 >15@BV2, 287=0G0NG8 28A>BC 7@07:0 

0AD0;ьB>15B>==>W AC<VHV ?VA;O :>6=>3> >15@BC. �0 @57C;ьB0B0<8 >FV=N20==O 

7<V=8 B>2I8=8 7@07:0 0AD0;ьB>15B>==>W AC<VHV 287=0G0NBь B>G:C 1;>:C20==O, I> 

є E0@0:B5@8AB8:>N CIV;ь=N20=>ABV 0AD0;ьB>15B>==>W AC<VHV. 
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4.2.2 'AB0B:C20==O 

�8?@>1C20;ь=89 ?@8;04 73V4=> 7 �%&' EN 12697331 [97], 740B=89 ?V4 G0A 

28?@>1C20==O ?V4B@8<C20B8 H284:VABь >15@B0==O 32 >1/E2 B>G=VABN 4> ±10  %.  

 5B0;52V D>@<8 7 B25@4VABN ?>25@E=V 1V;ьH5 =V6 48 HRC 73V4=> 7 

�%&' EN ISO 650831 [98].  5B0;52V D>@<8 ?>28==V <0B8 H>@AB:VABь Ra <5=H5 

=V6 1 <:< 73V4=> 7 �%&' EN ISO 4287 [99] 01> ?>G0B:>2C H>@AB:VABь <5=H5 =V6 

0,8 <:< 73V4=> 7 �%&' EN ISO 4287 [99], 0 B0:>6 =5 <0B8 45D5:BV2, ?>4@O?8= G8 

A;V4V2, 2848<8E =5>71@>є=8< >:><. #V4 G0A CIV;ь=5==O C 7>=V :>=B0:BC 7V 7@07:>< 

0AD0;ьB>15B>==>W AC<VHV <5B0;52V D>@<8 ?>28==V <0B8 2=CB@VH=V9 4V0<5B@ 

(100,0 ± 0,1) << 01> (150,0 ± 0,1) <<. &>2I8=0 ABV=>: D>@<8 ?>28==0 AB0=>28B8 

1V;ьH5 =V6 7,5 <<. 

�@C3;V <5B0;52V 2AB02:8, O:V <0NBь @V2=C ?>25@E=N :>=B0:BC 2 <560E 

± 0,1 <<. &25@4VABь ?>25@E=V <5B0;528E 2AB02>: ?>28==0 1CB8 1V;ьH5 =V6 55 HRC 

73V4=> 7 �%&' EN ISO 650831 [98]. �@C3;V <5B0;52V 2AB02:8 ?>28==V <0B8 

H>@AB:VABь Ra <5=H5 =V6 1 <:< 73V4=> 7 �%&' EN ISO 4287 [99] 01> ?>G0B:>2C 

H>@AB:VABь <5=H5 =V6 0,8 <:< 73V4=> 7 �%&' EN ISO 4287 [99], 0 B0:>6 =5 <0B8 

45D5:BV2, ?>4@O?8= G8 A;V4V2, 2848<8E =5>71@>є=8< >:><. (>@<0 :@C3;8E 

<5B0;528E 2AB02>: ?>28==0 2V4?>2V40B8 :V=5B8FV @CEC B0 4V0<5B@C, I> ?@872>48Bь 

4> CB2>@5==O ?@><V6:C <V6 2AB02:>N B0 D>@<>N 2 <560E 2V4 0,1 << 4> 0,6 <<. 

#@8;04 4;O ?V4@0E>2C20==O :V;ь:>ABV >15@BV2 7 B>G=VABN 4> >4=>3> >15@BC 

B0 25=B8;ь>20=0 ACH8;ь=0 H0D0 4;O =03@V20==O D>@<8, <5B0;528E 2AB02>: B0 

7@07:0 0AD0;ьB>15B>==>W AC<VHV 7 B>G=VABN 73V4=> 7 �%&' EN 12697338 [100]. 

�038, 740B=V 28<V@N20B8 <0AC D>@<8 B0 7@07:0 0AD0;ьB>15B>==>W AC<VHV 7 

B>G=VABN 73V4=> 7 �%&' EN 12697338 [100]. &0 ?@8;04 4;O 28<V@N20==O 

B5<?5@0BC@8 2A5@548=V 1VBC<><V=5@0;ь=>W AC<VHV 7 B>G=VABN 73V4=> 7 �%&' 

EN 12697338 [100]. 
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4.2.3 �83>B>2;5==O 7@07:V2 

 0AC 7@07:0 0AD0;ьB>15B>==>W AC<VHV M, O:89 ?>B@V1=> ?><VAB8B8 C D>@<C, 

>1G8A;NNBь, 70;56=> 2V4 >GV:C20=>W >1’є<=>W 3CAB8=8 7@07:0 0AD0;ьB>15B>=C B0 

9>3> 28A>B8.  

' @07V 28:>@8AB0==O 0AD0;ьB>15B>==>W AC<VHV 7 =091V;ьH8< =><V=0;ь=8< 

@>7<V@>< 75@5= 4> 20 << CIV;ь=5==O 28:>=CNBь C D>@<V 4V0<5B@>< 

(100,0 ± 0,1) <<, 0 28A>B0 7@07:0 0AD0;ьB>15B>=C ?>28==0 AB0=>28B8 (100 ± 5) <<, 

C @07V 28:>@8AB0==O 0AD0;ьB>15B>==>W AC<VHV 7 =091V;ьH8< =><V=0;ь=8< 

@>7<V@>< 75@5= 40 << CIV;ь=5==O 28:>=CNBь C D>@<V 4V0<5B@>< (150,0 ± 0,1) <<, 

0 28A>B0 7@07:0 0AD0;ьB>15B>=C ?>28==0 AB0=>28B8 (150 ± 5) <<. 

�;O ?@>2545==O 28?@>1C20==O 28:>@8AB>2CNBь 0AD0;ьB>15B>==C AC<VH, 

28@>1;5=C 2 ;01>@0B>@VW 73V4=> 7 �%&' EN 12697335 [101]. �0 ?>B@518 4;O 

?@>2545==O 28?@>1C20==O <>65 1CB8 28:>@8AB0=> 0AD0;ьB>15B>==C AC<VH, 

28@>1;5=C =0 0AD0;ьB>15B>==><C 702>4V, B0 2V4V1@0=C 73V4=> 7 �%&' EN 126973

27 [102]. 

(>@<8 B0 2AB02:8 ?><VI0NBь =5 <5=H5 =V6 =0 2 3>4 C ACH8;ь=C H0DC, 

@>7V3@VBC 4> B5<?5@0BC@8 CIV;ь=5==O ±5 oC. #>25@E=N D>@< 7<0ICNBь, 

=0=>AOG8 ?5=7;5< @>7G8= 3;VF5@8=C 01> A8;V:>=>25 <0AB8;>. �AD0;ьB>15B>==C 

AC<VH =03@V20NBь 4> B5<?5@0BC@8 CIV;ь=5==O, =5 ?5@528ICNG8 FVєW B5<?5@0BC@8 

1V;ьH5 =V6 =0 20 oC, 70 =09<5=H89 =5>1EV4=89 G0A =03@V20==O, I>1 70?>1V3B8 

4>40B:>2><C AB0@V==N ?CE:>W 0AD0;ьB>15B>==>W AC<VHV. �0 ?>B@518 ?5@5<VHCNBь 

0AD0;ьB>15B>==C AC<VH 2@CG=C, I>1 725AB8 4> <V=V<C<C <>6;825 @>7H0@C20==O, 

7206CNBь D>@<C B0 2AB02:8, 70A8?0NBь C D>@<C 7@07>: 0AD0;ьB>15B>==>W AC<VHV, 

28:>@8AB>2CNG8 ;V9:C, 70 >48= ?@89>< V 7206CNBь D>@<C B0 2AB02:8 7 

0AD0;ьB>15B>==>N AC<VHHN C D>@<V, I>1 >B@8<0B8 7040=C <0AC 

0AD0;ьB>15B>==>W AC<VHV C D>@<V M 7 B>G=VABN 7206C20==O 4> 0,1 %. �8<V@NNBь 

B5<?5@0BC@C AC<VHV 2 F5=B@V D>@<8. /:I> B5<?5@0BC@0 =0 5 oC =86G0 70 

B5<?5@0BC@C CIV;ь=5==O, =0?>2=5=C D>@<C B0 2AB02:8 B@510 ?>:;0AB8 2 

ACH8;ь=C H0DC, @>7V3@VBC 4> B5<?5@0BC@8 CIV;ь=5==O ±5 oC =0 30 E2 4 2 3>4.  
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4.2.4 #@>2545==O 28?@>1C20==O 

#>?5@54=O =0?@C30 <0є 1CB8 2 <560E 2V4 20 :#0 4> 382 :#0 4;O 7@07:V2 

4V0<5B@>< 100 << 01> 2 <560E 2V4 8 :#0 4> 150 :#0 2:;NG=> 4 4;O 7@07:V2 

4V0<5B@>< 150 <<. 

!0?@C30 <0є 2V4?>2V40B8 ?>;>65==O< 4>40B:0 � G8 �  

�%&' EN 12697331 [97]. !0?@C3C 287=0G0NBь O: A8;C F, ?>4V;5=C =0 ?>?5@5G=89 

?5@5@V7 7@07:0. �CB =0E8;C <0є 2V4?>2V40B8 ?>;>65==O< 4>40B:0 � �%&' EN 

12697331 [97]. ,284:VABь >15@B0==O ?V4 G0A 28?@>1C20==O ?>28==0 AB0=>28B8 

32 >1/E2 7 B>G=VABN 4> ±10  %. 

&5<?5@0BC@0 CIV;ь=5==O <0є 2V4?>2V40B8 �%&' EN 12697335 [101] 

70;56=> 2V4 <0@:8 1VBC<C. 

 

4.2.5 'IV;ь=5==O 
�0 B5<?5@0BC@8 2 <560E B5<?5@0BC@8 CIV;ь=5==O ±5 oC D>@<C V7 7@07:>< 

0AD0;ьB>15B>==>W AC<VHV B0 2AB02:>N ?><VI0NBь C 28?@>1C20;ь=89 ?@8;04. 

�>;8 <5E0=VG=0 3>;>2:0 B>@:0єBьAO 25@E=ь>W 2AB02:8, @>7?>G8=0NBь >15@B0==O. 

!020=B065==O F V :CB =0E8;C φ ?@8:;040NBь 70 ?5@H>3> >15@B0==O. 

!5 ?5@5@820NG8 >15@B0==O, 28<V@NNBь 28A>BC 7@07:0 h 7 B>G=VABN 4> 

±0,1 << ?VA;O :>6=>3> >15@BC, V7 7C?8=:>N ?VA;O 7025@H5==O 100 >15@BV2. 

 

4.2.6 �87=0G5==O B>G:8 1;>:C20==O 
"B@8<0=V @57C;ьB0B8 287=0G5==O B>2I8=8 7@07:0 2=>AOBь 2 B01;8FN B0 

287=0G0NBь B>G:C 1;>:C20==O O: ?5@H89 >15@B 2 1;>FV 7 B@ь>E ?>A;V4>2=8E 

>15@B0=ь 70 O:8E 28A>B0 7@07:0 0AD0;ьB>15B>==>W AC<VHV 7<5=HCєBьAO <5=H5 =V6 

=0 0,1 <<, O:8< ?5@54CNBь 420 1;>:8 7 42>E >15@B0=ь 70 O:8E 28A>B0 7@07:0 

0AD0;ьB>15B>==>W AC<VHV 7<5=HCєBьAO <5=H5 =V6 =0 0,1 <<, O: 7>1@065=> =0 

@8AC=:C 4.4. 
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$8AC=>: 4.4 3 �87=0G5==O B>G:8 1;>:C20==O 

$57C;ьB0B8 28?@>1C20==O 7 287=0G5==O CIV;ь=N20=>ABV 0AD0;ьB>15B>==>W 

AC<VHV ?>40NBь O: :V;ь:VABь >15@BV2 70 O:>W 4>AO30NBь B>G:8 1;>:C20==O. 

 

4.3 &5E=>;>3VO 28@>1;5==O 0AD0;ьB>15B>==>W AC<VHV V7 7>;>N-
28=5A5==O 2 O:>ABV =0?>2=N20G0  

 

#@83>BC20==O 0AD0;ьB>15B>=C 7 28:>@8AB0==O< 7>;8-28=5A5==O O: 

=0?>2=N20G VAB>B=> =5 2V4@V7=OєBьAO 2V4 ?@83>BC20==O B@048FV9=>3> 

0AD0;ьB>15B>=C. #V43>B>2:0 <V=5@0;ь=8E <0B5@V0;V2 2V41C20єBьAO 70 B@048FV9=>N 

B5E=>;>3VєN, 7 ?5@5<VI5==O< 7 HB015;V2 4> @>7?>4V;ь=8E 1C=:5@V2 V ?>40;ьH8< 

=03@V20==O< ?5@5<VHC20==O< B0 2V420=B065==O<, є48=>N 2V4<V==VABN є 4>AB02:0 

7>;8-28=5A5==O 4> <VAFO @>7B0HC20==O ��� V @>7?>4V;ь=8E 1C=:5@V2 =5 7V 

HB015;V2, 0 7 B0@8 BigBag.  

' A2>N G5@3C ?5@5<VI5==O D@0:FV>=>20=>3> <0B5@V0;C (?VA:C 7 2V4AV2C 

4@>1;5==O, I51=N), C @>7?>4V;ьGV 1C=:5@8 2V41C20єBьAO 70 4>?><>3>N 

D@>=B0;ь=>3> =020=B06C20G0. �0@B> 707=0G8B8, I> ?@8 B@0=A?>@BC20==V 

<V=5@0;ь=8E <0B5@V0;V2 =5>1EV4=> AB568B8 70 ?>4V;>< 4@V1=8E V 25;8:8E 

70?>2=N20GV2 ?@8 A:>GC20==V 4> >A=>28 :>=CA0, I>1 C=8:=CB8 B0: 720=>W 

A53@530FVW, 2>=0 ?>28==0 1CB8 <V=V<0;ь=>N.  
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�0 70157?5G5==O @V2=><V@=>3> =04E>465==O <V=5@0;ь=8E <0B5@V0;V2 B0 

?>40;ьH>3> =03@V2C B0 2 70;56=>ABV 2V4 @5F5?BC >1'є<=>3> 4>7C20==O 

2V4?>2V40NBь, 6828;ь=8:8-4>70B>@8 B0 =0:>?8GC20;ь=V 1C=:5@8. !0 ?5@H><C 

5B0?V 4>7C20==O V=5@B=8E <0B5@V0;V2 2V41C20єBьAO 70 4>?><>3>N H815@=>W 

70A;V=:8 1C=:5@0-6828;ь=8:0 (3@C15 4>7C20==O).  

�V;ьH B>G=5 4>7C20==O <V;:8E D@0:FV9 I515=528E <0B5@V0;V2 2V41C20єBьAO 

70 @0EC=>: 7<V==>W H284:>ABV >15@B>2>3> ?@82>4C 6828;ь=8:0. �;O 70157?5G5==O 

<V=5@0;ь=8<8 <0B5@V0;0<8 6828;ь=8:V2-4>70B>@V2, =5>1EV4=89 ?>ABV9=89 

:>=B@>;ь :V;ь:>ABV B0 O:>ABV V=5@B=8E <0B5@V0;V2. 

%CHV==O V=5@B=8E <0B5@V0;V2 2V41C20єBьAO 2 ACH8;ь=><C 10@010=V, 45 

2V41C20єBьAO =03@V20==O 4> @>1>G8E B5<?5@0BC@, ?@8 O:8E 70157?5GCєBьAO 

<0:A8<0;ь=> ?>2=5 >12>;V:0==O, B>1B> ?>:@8BBO >@30=VG=8< 2’O6CG8< G0AB8=>: 

:0<'O=8E <0B5@V0;V2 7 <V=V<0;ь=>N 7<V=>N AB@C:BC@=>-<5E0=VG=8E V EV<VG=8E 

2;0AB82>AB59, O:V <>6CBь ?@>BV:0B8 ?@8 =04<V@=> 28A>:8E B5<?5@0BC@0E, B0:8E 

O: AB0@V==O 1VBC<C, 7<5=H5==O 2'O7:>ABV, 71V;ьH5==O :@8E:>ABV V B.4. �>;>3VABь <0є 

?5@528IC20B8 1 %. &5<?5@0BC@0 :>=B@>;NєBьAO B5<?5@0BC@=8<8 40BG8:0<8, 

@>7B0H>20=8<8 C 2C7;0E ���, O:0 70;568Bь 2V4 <0@:8 1VBC<C B0 ?@54AB02;5=V 2 

=0FV>=0;ь=8E AB0=40@B0E. 

#@8 283>B>2;5==V >@30=><V=5@0;ь=8E :><?>78FV9, A;V4 2@0E>2C20B8, I> 

?@8 B5E=>;>3VG=8E >?5@0FVOE ?VA;O 28ACHC20==O 2 ACH8;ь=><C 10@010=V 

B5<?5@0BC@0 :0<'O=8E V=5@B=8E <0B5@V0;V2 7=86CєBьAO V 2V41C20єBьAO 

>E>;>465==O <V=5@0;ь=>3> :VABO:0. �=865==O B5<?8@0BC@8 V=5@B=8E <0B5@V0;V2 

70;568Bь 2V4 B5<?5@0BC@8 =02:>;8H=ь>3> A5@54>28I0 B0 H284:>ABV 2VB@C. 

�0;56=> 2V4 F8E 42>E D0:B>@V2 =5>1EV4=> 2=5AB8 :>@83C20==O B5<?5@0BC@=8E 

@568<V2 =03@V20==O :0<'O=8E <0B5@V0;V2. �;O Fь>3> =5>1EV4=> =0 ?>G0B:C @>1>G>W 

7<V=8 7@>18B8 536 ?@>1=8E ACE8E 70<VAV2 157 4>4020==O >@30=VG=>3> 2'O6CG>3>, 7 

?>40;ьH8< 2820=B065==O< 2 :C7>2 A0<>A:840 B0 287=0G5==O< B5<?5@0BC@8 

ACE>3> 70<VAC. #VA;O 2=5A5==O =5>1EV4=8E :>@83C20=ь B5<?5@0BC@=8E @568<V2 

283>B>2;5==O 0AD0;ьB>15B>=C, V=5@B=V <0B5@V0;8 7 :C7>20 02B>A0<>A:840 

2820=B06CNBь HB015;V <V=5@0;ь=8E <0B5@V0;V2. &5E=>;>3VO ?@83>BC20==O 
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0AD0;ьB>15B>=C ?>;O30є C =0ABC?=8E 5B0?0E, ?@54AB02;5=8E =0 @8A. 4.5: 4>AB02:0 
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?@>EV4=>W 1-3> 1;>:C �&�� �C@HB8=Aь:>W &�% 

 

!0 =0ABC?=89 45=ь ?VA;O 2;0HBC20==O 0AD0;ьB>15B>==8E H0@V2 

4>@>6=ь>3> >4O3C 1C;8 ?@>2545=V ?>;ь>2V 4>A;V465==O O:V 2:;NG0;8 2 A515 

2V7C0;ь=5 >1AB565==O, 2V418@0==O 7@07:V2-:5@=V2, 287=0G5==O <>4C;O ?@C6=>ABV, 

B0 28<V@8 @V2=>ABV. 

�@07:8-:5@=8 2V418@0;8 =0 2V4AB0=V =5 <5=H5 =V6 1 < 2V4 :@09:8 

4>@>6=ь>3> ?>:@8BBO ?> ;V2V9 AB>@>=V ?@>W7=>W G0AB8=8 7 2@0EC20==O< 28<>3 

�%&' � �.2.73319 [86]. $57C;ьB0B8 287=0G5==O B>2I8=8 H0@V2 =02545=> 2 

B01;8FV 4.6, 0 7>1@065==O 2V4V1@0=8E 7@07:V2-:5@=V2 3 =0 @8AC=:0E 4.8 3 4.12. 

 >4C;ь ?@C6=>ABV 287=0G0;8 7 28:>@8AB0==O< HB0<?>2>3> >1;04=0==O 

2V4?>2V4=> 4> �%&' � �.2.3342 [105].  
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&01;8FO 4.6 3 �V4><VABь 2V418@0==O 7@07:V2-:5@=V2 =0 ?V4’W7=V9 
02B><>1V;ь=V9 4>@>7V 4> ?@>EV4=>W 1-3> 1;>:C �&�� �C@HB8=Aь:>W &�% 

№ 

7@07:03
:5@=0 

 VAF5 
2V418@0==O, 
7@07:03:5@=0, 

:<+ 

$57C;ьB0B8 28<V@N20==O B>2I8=8, A< 
%5@54=є 

0@8D<5B8G=5 

H0@ ?>:@8BBO V7 %� �.�.�@.-.!#.� �!� 70/100 

1 0+300 6,5 6,5 6,5 6,5 6,5 

2 0+300 6,6 6,7 6,6 6,7 6,7 

3 0+300 6,5 6,5 6,5 6,5 6,5 

4 0+720 5,0 5,0 5,0 5,0 5,0 

5 0+720 5,5 5,5 5,5 5,5 5,5 

6 0+720 5,0 5,2 5,1 5,1 5,1 

H0@ >A=>28 V7 %� �.�.�@.-.!#.� �!� 70/100 

1 0+300 8,0 8,0 8,0 8,0 8,0 

2 0+300 9,0 8,7 8,3 8,3 8,6 

3 0+300 9,5 9,5 9,5 9,5 9,5 

4 0+720 8,0 8,0 8,0 8,0 8,0 

5 0+720 8,0 8,5 8,5 8,5 8,4 

6 0+720 6,5 6,5 6,5 6,5 6,5 

 

 

$8AC=>: 4.8 3 �030;ь=89 283;O4 ?V4’W7=>W 02B><>1V;ь=>W 4>@>38 4> 

?@>EV4=>W 1-3> 1;>:C �&�� �C@HB8=Aь:>W &�%  
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$8AC=>: 4.9 3 �V418@0==O 7@07:V2-:5@=V2 =0 ?V4’W7=V9 02B><>1V;ь=V9 4>@>7V 
4> ?@>EV4=>W 1-3> 1;>:C �&�� �C@HB8=Aь:>W &�%  

 

 

$8AC=>: 4.10 3 �V4V1@0=V 7@07:8-:5@=8 =0 ?V4’W7=V9 02B><>1V;ь=V9 4>@>7V 4> 
?@>EV4=>W 1-3> 1;>:C �&�� �C@HB8=Aь:>W &�% 
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$8AC=>: 4.11 3 �V418@0==O 7@07:V2-:5@=V2 =0 ?V4’W7=V9 02B><>1V;ь=V9 4>@>7V 
4> ?@>EV4=>W 1-3> 1;>:C �&�� �C@HB8=Aь:>W &�% 

 

 

$8AC=>: 4.12 3 �V4V1@0=V 7@07:8-:5@=8 =0 ?V4’W7=V9 02B><>1V;ь=V9 4>@>7V 4> 

?@>EV4=>W 1-3> 1;>:C �&�� �C@HB8=Aь:>W 

 

$57C;ьB0B8 @>7@0EC=:C D0:B8G=8E 7=0G5=ь ?>:07=8:0 <>4C;O ?@C6=>ABV 
4>@>6=ь>3> >4O3C =02545=> 2 B01;8FV 4.7. 
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&01;8FO 4.7 3 $57C;ьB0B8 @>7@0EC=:C D0:B8G=8E 7=0G5=ь ?>:07=8:0 

<>4C;O ?@C6=>ABV  
+. G. (0:B8G=89 <>4C;ь ?@C6=>ABV,  #0 

1 536 

2 580 

3 544 

 

4.4.2 �87=0G5==O DV78G=8E ?>:07=8:V2 2V4V1@0=8E 7@07:V2-:5@=V2 
� <5B>N 2AB0=>2;5==O O:>ABV CIV;ь=5==O AC<VHV 28:>=0=> 287=0G5==O 

DV78G=8E ?>:07=8:V2 2V4V1@0=8E 7@07:V2-:5@=V2, 0 A0<5 A5@54=ь>W 3CAB8=8 B0 
2>4>=0A8G5==O 2V4?>2V4=> 4> @>74V;C 8 B0 @>74V;C 14 �%&' � �.2.73319 [86]. 

$57C;ьB0B8 287=0G5==O DV78G=8E ?>:07=8:V2 2V4V1@0=8E 7@07:V2-:5@=V2 
=02545=> 2 B01;8FOE 4.8 3 4.11. 

 

&01;8FO 4.8 3 $57C;ьB0B8 287=0G5==O DV78G=8E ?>:07=8:V2 7@07:V2-:5@=V2 
H0@C ?>:@8BBO (7@07>: 1, 2 B0 3) 

+. G. 
!09<5=C20==O 
?>:07=8:0, 

>48=8FO 28<V@N20==O 

�8<>38 
�%&' � �.2.73119 

(@09>= �32) 

�8<>38 
�%&' � �.2.73305 

(0:B8G=V ?>:07=8:8 
7@07:V2-:5@=V2 %5@54=є 

0@8D<5B8G=5 
1 2 3 

1 %5@54=O 3CAB8=0, 3/A<³ =5 =>@<CєBьAO =5 =>@<CєBьAO 2,30 2,27 2,31 2,29 

2 
�>4>=0A8G5==O,  % 70 
>1’є<>< 

=5 =>@<CєBьAO =5 =>@<CєBьAO 3,5 4,5 3,3 3,8 

 

&01;8FO 4.9 3 $57C;ьB0B8 287=0G5==O DV78G=8E ?>:07=8:V2 7@07:V2-:5@=V2 
H0@C ?>:@8BBO (7@07>: 4, 5 B0 6) 

+. G. 
!09<5=C20==O 
?>:07=8:0, 

>48=8FO 28<V@N20==O 

�8<>38 
�%&' � �.2.73119 

(@09>= �32) 

�8<>38 
�%&' � �.2.73305 

(0:B8G=V ?>:07=8:8 
7@07:V2-:5@=V2 %5@54=є 

0@8D<5B8G=5 
4 5 6 

1 %5@54=O 3CAB8=0, 3/A<³ =5 =>@<CєBьAO =5 =>@<CєBьAO 2,28 2,28 2,29 2,28 

2 
�>4>=0A8G5==O,  % 70 
>1’є<>< 

=5 =>@<CєBьAO =5 =>@<CєBьAO 4,3 4,5 4,1 4,3 

 

&01;8FO 4.10 3 $57C;ьB0B8 287=0G5==O DV78G=8E ?>:07=8:V2 7@07:V2-:5@=V2 
H0@C >A=>28 (7@07>: 1, 2 B0 3) 

+. G. 
!09<5=C20==O 
?>:07=8:0, 

>48=8FO 28<V@N20==O 

�8<>38 
�%&' � �.2.73119 

(@09>= �32) 

�8<>38 
�%&' � �.2.73305 

(0:B8G=V ?>:07=8:8 
7@07:V2-:5@=V2 %5@54=є 

0@8D<5B8G=5 
1 2 3 

1 %5@54=O 3CAB8=0, 3/A<³ =5 =>@<CєBьAO =5 =>@<CєBьAO 2,33 2,31 2,34 2,32 

2 
�>4>=0A8G5==O,  % 70 
>1’є<>< 

=5 =>@<CєBьAO =5 =>@<CєBьAO 2,8 3,2 2,5 2,8 
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&01;8FO 4.11 3 $57C;ьB0B8 287=0G5==O DV78G=8E ?>:07=8:V2 7@07:V2-:5@=V2 
H0@C >A=>28 (7@07>: 4, 5 B0 6) 

+. G. 
!09<5=C20==O 
?>:07=8:0, 

>48=8FO 28<V@N20==O 

�8<>38 
�%&' � �.2.73119 

(@09>= �32) 

�8<>38 
�%&' � �.2.73305 

(0:B8G=V ?>:07=8:8 
7@07:V2-:5@=V2 %5@54=є 

0@8D<5B8G=5 
4 5 6 

1 %5@54=O 3CAB8=0, 3/A<³ =5 =>@<CєBьAO =5 =>@<CєBьAO 2,29 2,28 2,26 2,28 

2 
�>4>=0A8G5==O,  % 70 
>1’є<>< 

=5 =>@<CєBьAO =5 =>@<CєBьAO 4,4 4,8 4,7 4,6 

 

 

�87=0G5==O A:;04C 2V4V1@0=>W AC<VHV, 0 A0<5 75@=>2>3> A:;04C <V=5@0;ь=>W 

G0AB8=8 B0 2<VABC 2’O6CG>3>, =0 2V4?>2V4=VABь 28<>30< �%&' � �.2.73119 [5] 

28:>=C20;8 2V4?>2V4=> 4> @>74V;C 31 �%&' � �.2.73319 [86]. 

$57C;ьB0B8 287=0G5==O A:;04C 2V4V1@0=>W AC<VHV =02545=> 2 B01;8FV 4.12. 

 

&01;8FO 4.12 3 $57C;ьB0B8 287=0G5==O 75@=>2>3> A:;04C <V=5@0;ь=>W 
G0AB8=8 AC<VHV, 2V4V1@0=>W =0 ?V4’W7=V9 02B><>1V;ь=V9 4>@>7V 4> ?@>EV4=>W 1-3> 
1;>:C �&�� �C@HB8=Aь:>W &�%  

!09<5=C20==O 
?>:07=8:0 

�<VAB,  % 70 <0A>N, <V=5@0;ь=8E 75@5=, <5=H8E 40=>3> @>7<V@C, << 

40 25 20 15 10 5 2,5 1,25 0,63 0,315 0,14 0,071 

$57C;ьB0B 
28?@>1C20==O 100,0 100,0 98,4 88,7 77,5 62,5 44,8 32,6 26,0 19,0 12,2 8,3 

�8<>38 
�%&' � �.2.73305 B0  
�%&' � �.2.73119 

100 100 
1003
95 

93384 82369 65355 53341 42331 33323 25316 18311 1438 

�V4?>2V4=VABь 
28<>30<  
�%&' � �.2.73305 B0  
�%&' � �.2.73119 

+ + + + + + + + + + + + 

 

 

&01;8FO 4.13 3 $57C;ьB0B8 287=0G5==O 2<VABC 2’O6CG>3> AC<VHV 2V4V1@0=>W 
=0 ?V4’W7=V9 02B><>1V;ь=V9 4>@>7V 4> ?@>EV4=>W 1-3> 1;>:C �&�� �C@HB8=Aь:>W 
&�%  

+. G. !09<5=C20==O ?>:07=8:0, 
>48=8FO 28<V@N20==O 

"@Vє=B>2=89 2<VAB 73V4=> 
7  

�%&' � �.2.73305 B0  
�%&' � �.2.73119 

%5@54=є 7=0G5==O 
2<VABC 2’O6CG>3> 

1 
�<VAB 2’O6CG>3>,  % 70 <0A>N 
<V=5@0;ь=8E <0B5@V0;V2 2V4 5,5 4> 7,0 4,76 
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%5@54=є 7=0G5==O 2<VABC 2’O6CG>3> 2 AC<VHV AB0=>28Bь 4,76  % 70 <0A>N 
<V=5@0;ь=8E <0B5@V0;V2. ":@5<V @57C;ьB0B8 287=0G5==O 2<VABC 2’O6CG>3> 
AB0=>2;OBь 2V4 4,68 % 70 <0A>N 4> 4,83 % 70 <0A>N. 

�AB0=>2;5=89 D0:B8G=89 2<VAB 2’O6CG>3> C AC<VHV, 2V4V1@0=V9 =0 ?V4’W7=V9 

02B><>1V;ь=V9 4>@>7V 4> ?@>EV4=>W 133> 1;>:C �&�� �C@HB8=Aь:>W &�%, є 

<5=H8< 70 >@Vє=B>2=89 2<VAB 2’O6CG>3> 73V4=> 7 B01;8F5N �.1  �%&' � �.2.73

119 [5] 2V4?>2V4=> 4> 4@V1=>75@=8AB>W 0AD0;ьB>15B>==>W AC<VHV B8?C �. "4=0:, 

40=V B01;8FV �.1 �%&' � �.2.73119 [5] є 107>28<8 ?V4 G0A ?V41>@C A:;04C 

0AD0;ьB>15B>==>W AC<VHV V >?B8<0;ь=89 2<VAB 2’O6CG>3> 2 0AD0;ьB>15B>==V9 

AC<VHV <>65 2V4@V7=OB8AO 2V4 CAB0=>2;5=>3> 4V0?07>=C [107].  

 

4.4.3 �87=0G5==O DV78:>-<5E0=VG=8E ?>:07=8:V2 283>B>2;5=8E 7@07:V2 
�87=0G5==O DV78:>-<5E0=VG=8E ?>:07=8:V2 283>B>2;5=8E 7@07:V2, 0 A0<5 

A5@54=ь>W 3CAB8=8, 2>4>=0A8G5==O, <VF=>ABV 70 B5<?5@0BC@8 20 °%, <VF=>ABV 70 

B5<?5@0BC@8 50 °%, =0 2V4?>2V4=VABь 28<>30< �%&' � �.2.73305 [103] B0 

�%&' � �.2.73119 [5] 28:>=C20;8 2V4?>2V4=> 4> @>74V;C 8, @>74V;C 14 B0 

@>74V;C 16 �%&' � �.2.73319 [86]. 

$57C;ьB0B8 287=0G5==O DV78:>-<5E0=VG=8E ?>:07=8:V2 283>B>2;5=8E 

7@07:V2 =02545=> 2 B01;8FV 4.14. 

 

&01;8FO 4.14 3 $57C;ьB0B8 287=0G5==O DV78:>-<5E0=VG=8E ?>:07=8:V2 

283>B>2;5=8E 7@07:V2 

+.G. !09<5=C20==O ?>:07=8:0,  >48=8FO 28<V@N20==O 

�8<>38 
�%&' � �.2.73

119  

(@09>= �32) 

�8<>38 
�%&' � �.2.73

305 

$57C;ьB0B 
28?@>1C20==O  

%5@54=є 
0@8D<5B8G=5

1 %5@54=O 3CAB8=0, 3/A<³ =5 =>@<CєBьAO =5 =>@<CєBьAO 2,31 2,31 2,32 2,31 

2 
�>4>=0A8G5==O,  % 70 
>1’є<>< 

3,5, =5 1V;ьH5 4,0, =5 1V;ьH5 3,4 3,4 3,3 3,4 

3 

�@0=8FO <VF=>ABV ?@8 
AB8A:C 70 B5<?5@0BC@8 
20 °%,  #0 

2,7, =5 <5=H5 2,0, =5 <5=H5 4,2 4,4 4,6 4,4 

4 

�@0=8FO <VF=>ABV ?@8 
AB8A:C 70 B5<?5@0BC@8 
50 °%,  #0 

1,2, =5 <5=H5 1,0, =5 <5=H5 1,7 1,6 1,6 1,6 
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�87=0G5==O :>5DVFVє=B0 CIV;ь=5==O =0 2V4?>2V4=VABь 28<>30<  

��! �.2.334 28:>=C20;8 2V4?>2V4=> 4> @>74V;C 33 �%&' � �.2.73319 [86]. 

$57C;ьB0B8 287=0G5==O :>5DVFVє=B0 CIV;ь=5==O =02545=>  

2 B01;8FV 4.15. 

 

&01;8FO 4.15 3 $57C;ьB0B8 287=0G5==O :>5DVFVє=B0 CIV;ь=5==O 

+. G. !09<5=C20==O ?>:07=8:0,  
>48=8FO 28<V@N20==O �8<>38 ��! �.2.334 $57C;ьB0B 28?@>1C20==O 

1 
�>5DVFVє=B CIV;ь=5==O AC<VHV 4;O 
H0@C ?>:@8BBO (7@07:8 1 3 3) 

0,99, =5 <5=H5 0,99 

2 
�>5DVFVє=B CIV;ь=5==O AC<VHV 4;O 
H0@C ?>:@8BBO (7@07:8 4 3 6) 

0,99, =5 <5=H5 0,99 

3 
�>5DVFVє=B CIV;ь=5==O AC<VHV 4;O 
H0@C >A=>28 (7@07:8 1 3 3) 

0,98, =5 <5=H5 1,00 

4 
�>5DVFVє=B CIV;ь=5==O AC<VHV 4;O 
H0@C >A=>28 (7@07:8 4 3 6) 

0,98, =5 <5=H5 0,99 

 

$57C;ьB0B8 ;01>@0B>@=8E 28?@>1C20=ь 7@07:V2-:5@=V2 0AD0;ьB>15B>=C, 
2V4V1@0=8E =0 ?V4’W7=V9 02B><>1V;ь=V9 4>@>7V 4> ?@>EV4=>W 133> 1;>:C �&�� 
�C@HB8=Aь:>W &�%, A2V4G0Bь ?@> =0ABC?=5: 

3 B>2I8=0 7@07:V2-:5@=V2 H0@C ?>:@8BBO AB0=>28Bь 2V4 5,5 A< 4> 6,7 A<, 
0 A5@54=O B>2I8=0 3 5,9 A<; 

3 B>2I8=0 7@07:V2-:5@=V2 H0@C >A=>28 AB0=>28Bь 2V4 6,5 A< 4> 9,5 A<, 
0 A5@54=O B>2I8=0 3 8,2 A<; 

3 2>4>=0A8G5==O 7@07:V2-:5@=V2 H0@C ?>:@8BBO 2V4?>2V40є 28<>30< 
B01;8FV 3 �%&' � �.2.73305 [103] B0 B01;8FV 8 �%&' � B.2.73119 [5] 2V4?>2V4=> 
4> @09>=C �32, C B><C G8A;V 7 C@0EC20==O< ?C=:BC 7.13 �%&' � B.2.73119 [5]; 

3 2>4>=0A8G5==O 7@07:V2-:5@=V2 H0@C >A=>28 2V4?>2V40є 28<>30< B01;8FV 3 

�%&' � �.2.73305 [103] B0 B01;8FV 8 �%&' � B.2.73119 [5] 2V4?>2V4=> 4> @09>=C 
�32, C B><C G8A;V 7 C@0EC20==O< ?C=:BC 7.13 �%&' � B.2.73119 [5]; 

3 :>5DVFVє=B CIV;ь=5==O AC<VH59 4;O H0@C ?>:@8BBO 2V4?>2V40є 28<>30< 
?C=:BC 20.8.10 ��! �.2.334 [106]; 

3 :>5DVFVє=B CIV;ь=5==O AC<VH59 4;O H0@C >A=>28 2V4?>2V40є 28<>30< 
?C=:BC 20.8.10 ��! �.2.334 [106]. 

$57C;ьB0B8 ;01>@0B>@=8E 28?@>1C20=ь AC<VHV, 2V4V1@0=>W =0 ?V4’W7=V9 
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02B><>1V;ь=V9 4>@>7V 4> ?@>EV4=>W 133> 1;>:C �&�� �C@HB8=Aь:>W &�%, A2V4G0Bь 
?@> =0ABC?=5: 

3 75@=>289 A:;04 AC<VHV 2V4?>2V40є 28<>30< B01;8FV 6 �%&' � �.2.73119 

[5] I>4> AC<VHV 4@V1=>75@=8AB>W B8?C � B0 28<>30< 5.2.1.1 �%&' � �.2.73305 

[103]; 

3 2>4>=0A8G5==O 283>B>2;5=8E 7@07:V2 2V4?>2V40є 28<>30< B01;8FV 8 

�%&' � B.2.73119 [5] 2V4?>2V4=> 4> @09>=C �32 B0 B01;8FV 3 �%&' � �.2.73305 

[103]; 

3 3@0=8FO <VF=>ABV ?@8 AB8A:C 70 B5<?5@0BC@8 20 °% 283>B>2;5=8E 7@07:V2 
2V4?>2V40є 28<>30< B01;8FV 8 �%&' � B.2.73119 [5] 2V4?>2V4=> 4> @09>=C  
�32 B0 B01;8FV 3 �%&' � �.2.73305 [103]; 

3 3@0=8FO <VF=>ABV ?@8 AB8A:C 70 B5<?5@0BC@8 50 °% 283>B>2;5=8E 7@07:V2 
2V4?>2V40є 28<>30< B01;8FV 8 �%&' � B.2.73119 [5] 2V4?>2V4=> 4> @09>=C �32 

B01;8FV 3 �%&' � �.2.73305 [103]. 

�AB0=>2;5=89 D0:B8G=89 2<VAB 2’O6CG>3> є <5=H8< 70 >@Vє=B>2=89 2<VAB 

2’O6CG>3> 73V4=> 7 B01;8F5N �.1 �%&' � �.2.73119 [5] 2V4?>2V4=> 4> 

4@V1=>75@=8AB>W 0AD0;ьB>15B>==>W AC<VHV B8?C �. "4=0:, 40=V B01;8FV �.1 

�%&' � �.2.73119 [5] є 107>28<8 ?V4 G0A ?V41>@C A:;04C 0AD0;ьB>15B>==>W 

AC<VHV V >?B8<0;ь=89 2<VAB 2’O6CG>3> 2 0AD0;ьB>15B>==V9 AC<VHV <>65 

2V4@V7=OB8AO 2V4 CAB0=>2;5=>3> 4V0?07>=C. #@> F5 B0:>6 A2V4G0Bь @57C;ьB0B8 
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�.1 �ABC? 

 

"?B8<V70FVN 74V9A=NNBь 7 28:>@8AB0==O< <0B5<0B8G=>W <>45;V, =02545=>W 

C ?. 2.8, 70 :@8B5@Vє< <V=V<0;ь=>3> 2V4E8;5==O ;V=VW 4>A;V46C20=>W AC<VHV 2V4 

A5@54=ь>W ;V=VW <V6 =86=ь>N V 25@E=ь>N <560<8 3 ;V=VW <0:A8<0;ь=>W IV;ь=>ABV, 

7040=8<8 28<>30<8 B01;. 6 3 �5@=>2V A:;048 <V=5@0;ь=>W G0AB8=8 30@OG>W AC<VHV 

�%&' � �.2.7-119 [5], <5B>4>< C7030;ь=5=>3> 72545=>3> 3@04Vє=B0 

�;O 4>A;V465==O 70AB>A>2=>ABV B0 5D5:B82=>ABV <5B>4V2 @>72’O70==O 1C;0 

AB2>@5=0 :=830 Excel 7 >4=8< 0@:CH5<, =02545=8< =0 @8A. �.1. 

�@:CH 7 V<’O< «�%�.�@.-.�.!#» <VAB8Bь ?’OBь B01;8Fь, 28EV4=>N 7 O:8E 

є B01;8FO 1 3 «+0AB:>2V 70;8H:8 =0 A8BV, 3@0<». �=HV B01;8FV є ?>EV4=8<8 2V4 

?5@H>W, >B65 >G8A;NNBьAO 02B><0B8G=>.. �>=8 ?@87=0G5=V 4;O ?5@5B2>@5==O 

40=8E 7 B01;8FV 1. ' B01;8FV 5 B0:>6 <VABOBьAO 28EV4=V 40=V 4;O ?>1C4>28 

3@0DV:V2: 25@E=ь>W B0 =86=ь>W 3@0=8Fь 2V4A>B:>2>3> A:;04C <V=5@0;ь=>W G0AB8=8 

�%�; A5@54=ь>W <V6 3@0=8FO<8 ;V=VW; 40=V 4;O ?>1C4>28 3@0DV:C ;V=VW AC<VHV, O:V 

>1G8A;NNBь ?V4AC<>2C20==O< 4;O :>6=>3> @>7<V@C A8B, 45 ∑ [∑  �Āÿ 2 (ýĀ +ÿ=5ÿ=1Ā=�Ā=1��2ý�2 )]2 3 28@07 ?V4 :>@5=5< C D>@<C;V (2.23). 
�3040=V 28I5 40=V 3@0DV:V2 ;V=V9 2V4>1@065=V =0 3@0DV:C 7 ?@02>3> 1>:C 2V4 

B01;8Fь. 

�;O 40=8E AC<VHV 28:>=0=5 C<>2=5 D>@<0BC20==O 3 O:I> 7=0G5==O 

AC<VHV <5=HV 2V4 =86=ь>W 3@0=8FV, B> 2>=8 284V;5=V 6>2B8< :>;ь>@><, 0 O:I> 

7=0G5==O AC<VHV 1V;ьHV 2V4 25@E=ь>W 3@0=8FV, B> 2>=8 284V;5=V 1;V4>-G5@2>=>N 

70;82:>N 7 B5<=>-G5@2>=8< B5:AB><. 
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$8AC=>: �.1 3 ,01;>= 7 ?>G0B:>28< AеBCти@а?ьAи@ @VH5==O< I>4> 2V4A>B:>2>3> A:;04C :><?>=5=BV2 �%�
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' =86=V9 B01;8FV <VABOBьAO 40=V ?@> A:;04>2V :><?>=5=B8 AC<VHV, 

>1<565==O  =0 WE 4>?CAB8<V 2V4A>B:>2V V=B5@20;8 7=0G5=ь (2V4-4>), 7<V==V @VH5==O 

3 2V4A>B:8 :><?>=5=BV2 C AC<VHV B0 1;>: 40=8E V45=B8DV:0FVW 4>A;V4C. 

' ?. �.2 =02545=> G8A;>289 ?@8:;04 >?B8<V70FVW 75@=>2>3> A:;04C 

<V=5@0;ь=>W G0AB8=8 30@OG>W 0AD0;ьB>15B>==>W AC<VHV �%�.�@.-.�1.!# 70 

:@8B5@Vє< <V=V<0;ь=>3> 2V4E8;5==O 2V4 ;V=VW <0:A8<0;ь=>W IV;ь=>ABV. 

 

�.2 �8EV4=V 40=V 7206C20=ь B0 @57C;ьB0B >?B8<V70FVW 
 

�8EV4=V 40=V 7206C20=ь, ?>EV4=V 40=V 2V4 =8E B0 @57C;ьB0B >?B8<V70FVW 

=02545=V C B01;8FOE �.1 3 �.6 B0 =0 @8AC=:0E �.2 V �.3. 

 

&01;8FO �.1 3 $57C;ьB0B8 7206C20==O I51=N D@0:FVW 20-40 
%8B>, << �0;8H>: =0 

A8BV, 3 
+0AB:>289 
70;8H>:, % 

#>2=89 
70;8H>:, % 

#>2=89 
?@>EV4, % 

#V4V1@0=89 
A:;04, % 

1 2 3 4 5 6 
40 1 000,00 5,00 5,00 95,00 27,55 
25 - - - - - 
20 18 800,00 94,00 99,00 1,00 0,29 
15 0,00 0,00 99,00 1,00 0,29 
10 0,00 0,00 99,00 1,00 0,29 
5 0,00 0,00 99,00 1,00 0,29 
2,5 100,00 0,50 99,50 0,50 0,15 
1,25 100,00 0,50 100,00 0,00 0,00 
0,63 0,00 0,00 100,00 0,00 0,00 
0,315 0,00 0,00 100,00 0,00 0,00 
0,14 0,00 0,00 100,00 0,00 0,00 
0,071 0,00 0,00 100,00 0,00 0,00 
#V44>= 0,00 0,00 100,00 0,00 0,00 
∑ 20 000,00 100,00 - - - 
 

&01;8FO �.2 3 $57C;ьB0B8 7206C20==O I51=N D@0:FVW 10-20 

%8B>, << �0;8H>: =0 
A8BV, 3 

+0AB:>289 
70;8H>:, % 

#>2=89 
70;8H>:, % 

#>2=89 
?@>EV4, % 

#V4V1@0=89 
A:;04, % 

1 2 3 4 5 6 
40 0,00  0,00 0,00 100,00 10,00 
25 - - - - - 
20 500,00 5,00   5,00 95,00 9,50 
15 6 000,00 60,00 65,00 35,00 3,50 
10 3 000,00 30,00 95,00 5,00 0,50 
5 400,00 4,00 99,00 1,00 0,10 
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�V=5Fь B01;8FV �.2 
1 2 3 4 5 6 
2,5 50,00 0,50 99,50 0,50 0,05 
1,25 50,00 0,50 100,00 0,00 0,00 
0,63 0,00 0,00 100,00 0,00 0,00 
0,315 0,00 0,00 100,00 0,00 0,00 
0,14 0,00 0,00 100,00 0,00 0,00 
0,071 0,00 0,00 100,00 0,00 0,00 
#V44>= 0,00 0,00 100,00 0,00 0,00 
∑ 10 

000,00 
100,00 - - - 

 

&01;8FO �.3 3 $57C;ьB0B8 7206C20==O I51=N D@0:FVW 5-10 

%8B>, << �0;8H>: =0 
A8BV, 3 

+0AB:>289 
70;8H>:, % 

#>2=89 
70;8H>:, % 

#>2=89 
?@>EV4, % 

#V4V1@0=89 
A:;04, % 

1 2 3 4 5 6 
40 0,00 0,00 0,00 100  12,00 
25 - - - - - 
20 0,00 0,00   5,00 100  12,00 
15 0,00 0,00 65,00 100  12,00 
10 400,00 8,00 95,00 92,00 11,04 
5 4 200,00 84,00 99,00 ,00 0,96 
2,5 350,00 7,00 99,50 0,50 0,12 
1,25 25,00 0,50 100,00 0,00 0,06 
0,63 25,00 0,50 100,00 0,00 0,00 
0,315 0,00 0,00 100,00 0,00 0,00 
0,14 0,00 0,00 100,00 0,00 0,00 
0,071 0,00 0,00 100,00 0,00 0,00 
#V44>= 0,00 0,00 100,00 0,00 0,00 
∑ 5 000,00 100,00 - - - 

 

&01;8FO �.4 3 $57C;ьB0B8 7206C20==O ?VA:C 

%8B>, << �0;8H>: =0 
A8BV, 3 

+0AB:>289 
70;8H>:, % 

#>2=89 
70;8H>:, % 

#>2=89 
?@>EV4, % 

#V4V1@0=89 
A:;04, % 

1 2 3 4 5 6 
40 0,00 0,00 0,00 100,00  50,00 
25 - - - - - 
20 0,00 0,00 0,00 100,00  50,00 
15 0,00 0,00 0,00 100,00  50,00 
10 0,00 0,00 0,00 100,00 50,04 
5 94,00 9,40 9,40 90,60 45,30 
2,5 185,00 18,50 27,90 72,10 36,05 
1,25 210,00 21,00 48,90 51,10 25,55 
0,63 170,00 17,00 65,90 34,10 17,05 
0,315 126,00 12,60 78,50 21,50 10,75 
0,14 120,00 12,00 90,50 9,50 4,75 
0,071 90,00 9,00 99,50 0,50 0,25 
#V44>= 5,00 0,50 100,00 0,00 0,00 
∑ 1 000,00 100,00 - - - 
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&01;8FO �.5 3 $57C;ьB0B8 7206C20==O <V=5@0;ь=>3> ?>@>H:C 

С8то, << З4л8Hок =4 
E8тV, 7

Ч4Eтко689 
74л8Hок, %

По6=89 
74л8Hок, %

По6=89 
пDоEVд, %

ПVдV5D4=89 
Eкл4д, %

40 0,00 0,00 0,00 100,00 0,00
25 - - - - -
20 0,00 0,00 0,00 100,00 0,00
15 0,00 0,00 0,00 100,00 0,00
10 0,00 0,00 0,00 100,00 0,00
5 0,00 0,00 0,00 100,00 0,00

2,5 0,00 0,00 0,00 100,00 0,00
1,25 0,00 0,00 0,00 100,00 0,00
0,63 0,18 0,18 0,18 99,82 0,00

0,315 1,35 1,35 1,53 98,47 0,00
0,14 9,69 6,36 7,89 92,11 0,00

0,071 82,42 9,69 17,58 82,42 0,00
ПVддо= 0,00 82,42 0,00 0,00 0,00

∑ 100,00 100,00 - - -
 

&01;8FO �.6 3 $57C;ьB0B8 >FV=N20==O AC<VHV ?5@54 >?B8<V70FVєN 

%8B>, << %C<VH, % �5@E=O 
3@0=8FO, % 

!86=O 
3@0=8FO, % 

%5@54=є, % �V4E8;5==O2, 
% 

1 2 3 4 5 6 
40 96,50 100 95 97,5 1 
25 -    0 

20 67,55 86 78 82 208,80 
15 58,55 80 70 75 270,60 
10 53,65 74 62 68 205,92  
5 43,94 65 50 57,5 165,89  
2,5 35,22 52 38 45 86,12  
1,25 26,11 39 28 33,5 55,95  
0,63 18,88 29 20 24,5 37,95  
0,315 13,51 22 14 18 28,85   
0,14 8,17 16 9 12,5 29,83  
0,071 3,94 12 6 9 39,72  

%C<0 :204@0BV2 2V4E8;5=ь  ∑ =  1 130,64    

�>@V=ь :204@0B=89 7 AC<8 2V4E8;5=ь √   =  33,62    
 

&01;8FO �.7 3 �8EV4=V ?0@0<5B@8 <56 287=0G5==O B0 2V4A>B:V2 A:;04>28E 
�><?>=5=B8 �V4, % �>, % !5 >?B8<V7>20=V 7<V==V, % 

-51V=ь D@. 20-40 15,00 30,00 30,00 

-51V=ь D@. 10-20 5,00 15,00 15,00 

-51V=ь D@. 5-10 2,00 10,00 5,00 

#VA>: 40,00 55,00 45,00 

#>@>H>: <V=5@0;ь=89 6,00 12,00 3,00 

 100,00  98,00 
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&01;8FO �.8 3 $57C;ьB0B8 ?VA;O >?B8<V70FVW <5B>4>< 72545=>3> 3@04Vє=BC 

%8B>, << %C<VH 
>?B8<0;ь=0, 

% 

�5@E=O 
3@0=8FO, % 

!86=O 
3@0=8FO, % 

%5@54=є, % �V4E8;5==O2, 
% 

1 2 3 4 5  

40 99,14  100 95 97,5 2,69 
25 -    0 

20 82,28  86 78 82 0,08 
15 73,88  80 70 75 1,25  
10 68,95  74 62 68 0,90  
      

5 55,78  65 50 57,5 2,95  
2,5 45,45  52 38 45 0,20  
1,25 34,42  39 28 33,5 0,85  
0,63 25,60  29 20 24,5 1,21  
0,315 19,00  22 14 18 0,99  
0,14 12,30  16 9 12,5 0,04  
0,071 6,88  12 6 9 4,49  

%C<0 :204@0BV2 2V4E8;5=ь  ∑ =  15,63       

�>@V=ь :204@0B=89 7 AC<8 2V4E8;5=ь √   =  3,95    
 

 

&01;8FO �.9  3 �8EV4=V ?0@0<5B@8 B0 >B@8<0=V >?B8<0;ь=V 7<V==V A:;04>28E 
AC<VHV 
�><?>=5=B8 �V4% �>% �<V==V >?B8<0;ь=V, % 

-51V=ь D@. 20-40 15,00 30,00 17,20 

-51V=ь D@. 10-20 5,00 15,00 13,99 

-51V=ь D@. 5-10 2,00 10,00 9,24 

#VA>: 40,00 55,00 51,54 

#>@>H>: <V=5@0;ь=89 6,00 12,00 8,04 

 100,00  100,00 
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$8AC=>: �.2 3 #>G0B:>25 @VH5==O ?@> A:;04 AC<VHV 
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$8AC=>: �.3 3 "?B8<V7>20=89 A:;04 AC<VHV 
 

 

 

99,14

82,28

73,88
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�.3 �8:>@8AB0==O @>72’O7C20G0 Excel 4;O >?B8<V70FVW 7=0G5=ь 

2V4A>B:V2 A:;04>28E AC<VHV 
 

�;O :>@8ABC20==O @>72’O7C20G5< 28:>=09B5 FN V=AB@C:FVN.  

� Excel 2010 V ?V7=VH8E 25@AVOE 2815@VBь (09; > #0@0<5B@8. 

�D<@VF>4.: � Excel 2007 =0B8A=VBь :=>?:C Microsoft Office �>1@065==O 

:=>?:8 Office, 0 ?>BV< 2815@VBь ?0@0<5B@8 Excel. 

�815@VBь ?C=:B !041C4>28, 0 ?>BV< C ?>;V �5@C20==O 2815@VBь ?C=:B 

!041C4>28 Excel. 

!0B8A=VBь :=>?:C #5@59B8. 

' ?>;V !0O2=V =041C4>28 2AB0=>2VBь ?@0?>@5Fь 4;O =041C4>28 #>HC: 

@>72’O70==O B0 =0B8A=VBь :=>?:C OK. 

�D<@VF><.:  

     /:I> =041C4>28 #>HC: @>72’O70==O =5<0є 2 A?8A:C !0O2=V =041C4>28, 

=0B8A=VBь :=>?:C "3;O4, I>1 7=09B8 WW. 

    /:I> 7’O28BьAO ?>2V4><;5==O ?@> B5, I> =041C4>2C "#>HC: 

@>72’O70==O" I5 =5 V=AB0;ь>20=> =0 #�, =0B8A=VBь :=>?:C «&0:», I>1 

V=AB0;N20B8 WW. 

�>;8 28 7020=B068B5 =041C4>2C "#>HC: @>72’O70==O", =0 2:;04FV �0=V 2 

3@C?V �=0;V7 7’O28BьAO :><0=40 $>72’O7C20G. 

�=830 V 0@:CH :=838 AB2>@NNBь =0 >A=>2V H01;>=C 73V4=> ?. �.1 Fь>3> 

4>40B:C. 

"B65, 70?>2=NNBь ?5@HC B01;8FN H01;>=C +0AB:>2V 70;8H:8 =0 A8BV, 3, 0 

?>BV< 70?>2=NNBь B01;8FN �.7 3 �8EV4=V ?0@0<5B@8 <56 287=0G5==O B0 2V4A>B:V2 

A:;04>28E (01> @5403CNBь WW, C:>;8 2>=0 ?@8ACB=O C H01;>=V). �0C2068<>, I> C 

Fь><C 4>40B:C B01;8FO �.7 =02<8A=> <VAB8Bь =5>?B8<0;ь=V 7<V==V, 4;O 

45<>=AB@0FVW =0ABC?=>W >?B8<V70FVW. 

�0?CA:0NBь @>72’O7C20G 7 265 =0;0HB>20=8<8 ?0@0<5B@0<8 @>72’O7C20G0 

(@8A. �.4). �818@0NBь @568< $>72’O70B8. 
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$8AC=>: �.4 3 !0;0HBC20==O ?0@0<5B@V2 @>72’O7C20G0 

 

#VA;O @>72’O70==O 7040GV (70 G0A 4> 1 A5:C=48) 2840NBьAO @57C;ьB0B8, O: 

=02545=> =0 @8A. �.5. 
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$8AC=>: �.5 3 $57C;ьB0B8 @>72’O70==O 7040GV 

 

 >6=0 A?@>1C20B8 281@0B8 V=HV <5B>48 @>72’O70==O, =0?@8:;04, 

@>72820=89 @>72’O7C20G. !8< 7040G0 >?B8<V70FVW B0:>6 1C45 28@VH5=0, ?@>B5 G0AC 

7=04>18BьAO 7=0G=> 1V;ьH5 (?>@O4:C 40 3 50 A5:C=4). 

-> AB>ACєBьAO A8<?;5:A-<5B>4C, B> 2V= =5 <>65 1CB8 70AB>A>20=89 4;O 

@>72’O70==O >13>2>@N20=>W 7040GV 7-70 B>3>, I> =5 28:>=CNBьAO C<>28 ;V=V9=>ABV 

B><C I> D>@<C;0 FV;ь>2>W DC=:FVW є =5;V=V9=>N (@8A. �.6). 

 >6=0 >B@8<0B8 72VB8 7 @>72’O70==O 7040GV (@8A. �.5 V �.6). �;O Fь>3> WE 

?>B@V1=> 284V;8B8 <8H:>N (>4=>G0A=> 2AV B@8 =0 @8A. �.5 01> =0 281V@). #@8 

Fь><C C :=83C 4>1028BьAO 2V4?>2V4=0 :V;ь:VABь 0@:CHV2. 
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$8AC=>: �.6 3 #>2V4><;5==O @>72’O7C20G0 ?@> =5<>6;82VABь 70AB>AC20==O 

A8<?;5:A-<5B>4C 
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�"����� #$" �#$"�����!!/ $��'�Ь&�&�� ��%�$&�*�� 
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�"��&"� � 

%#�%"� #'�����*�� ��"�'��+� �� &� ". ��%�$&�*�� &� 
���" "%&� #$" �#$"��*�. $��'�Ь&�&�� ��%�$&�*�� 
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%?8A>: >?C1;V:>20=8E ?@0Fь 70 B5<>N 48A5@B0FVW 

 

!0C:>2V ?@0FV, 2 O:8E >?C1;V:>20=V >A=>2=V =0C:>2V @57C;ьB0B8 

48A5@B0FVW: 

%B0BBV C 2840==OE V=>75<=8E 45@602 01> C 2840==OE ':@0W=8, O:V 

2:;NG5=V 4> <V6=0@>4=8E =0C:><5B@8G=8E 107: 

1. V.I Kaskiv, O.V. Sokolov, V.V. Mozghovyi. Assessment of the impact of fly 

ash on the technological aging of bitumen in the asphalt binder system. World Science 

2024. 1(83). DOI: https://doi.org/10.31435/rsglobal_ws/30032024/8109 

2. Ivan Kopynets, Oleksii Sokolov, Comparison of density of asphalt concrete 

mixture with fly ash and limestone filler. Modern Science. 2023 No 4 

DOI: 10.62204/2336-498X-2023-4-15 

%B0BBV C D0E>28E 2840==OE: 
3. %>:>;>2 ". �., �5;>B>1@NE �. �., �>?8=5Fь �. �., �0Aь:V2 �. �. 

�8:>@8AB0==O 2V4E>4V2 ?@><8A;>2>ABV 2 4>@>6=ь><C 1C4V2=8FB2V. ДBDB7< V 

@BEF<. 2020. �8?. 21. %. 1103119.  

DOI: https://doi.org/10.36100/dorogimosti2020.21.110  

4. �>?8=5Fь �.�., %>:>;>2 ".�., �5;B>1@NE �.�., �>;>2G5=:> �.%. 

�>A;V465==O <>6;82>ABV 28:>@8AB0==O 4@>18;ь=8E <0B5@V0;V2 28@>1=8FB20 

��& «!V:>?>;ьAь:89 702>4 D5@>A?;02V2» ?V4 G0A 1C4V2=8FB20 4>@V3. 

А6FBL?OIB6<> '>D4WA<. № 4. 2020.  

DOI: 10.33868/0365-8392-2020-4-264-52-58 

5. �0Aь:V2 �. �., �>?8=5Fь �. �., %>:>;>2 ". �. �>A;V465==O 2;0AB82>AB59 

?8;C20B8E 2V4E>4V2 7 5;5:B@>35=5@CNG8E ?V4?@8є<AB2 ':@0W=8. ДBDB7< V @BEF<. 

2021. �8?. 23. C. 943101.  

DOI: https://doi.org/10.36100/dorogimosti2021.23.094  

6. �0Aь:V2 �. �., �>?8=5Fь �. �., %>:>;>2 ". �. �>A;V465==O 7>;8-28=5A5==O 

5;5:B@>35=5@CNG8E ?V4?@8є<AB2 7 <5B>N WW 28:>@8AB0==O O: 0;ьB5@=0B828 

https://doi.org/10.31435/rsglobal_ws/30032024/8109
https://doi.org/10.36100/dorogimosti2020.21.110
https://doi.org/10.33868/0365-8392-2020-4-264-52-58
https://doi.org/10.36100/dorogimosti2021.23.094
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20?=O:>2><C <V=5@0;ь=><C ?>@>H:C 4;O 28@>1=8FB20 0AD0;ьB>15B>==8E 

AC<VH59. ДBDB7< V @BEF<. 2021. �8?. 24. C. 40347.  

DOI: https://doi.org/10.36100/dorogimosti2021.24.040  

7. �0Aь:V2 �. �., �>?8=5Fь �. �., %>:>;>2 ". �. �>A;V465==O 

AB@C:BC@C20;ь=>W 740B=>ABV <V=5@0;ь=>3> ?>@>H:C @V7=>3> ?>E>465==O. ДBDB7< V 

@BEF<. 2022. �8?. 26. %. 36347.  

DOI: https://doi.org/10.36100/dorogimosti2022.26.036  

8. %>:>;>2 ". �. �>A;V465==O 2;0AB82>AB59 7>;-28=>AC @V7=>3> 

?>E>465==O =0 2V4?>2V4=VABь =0FV>=0;ь=8< 28<>30<. А6FB@B5V?ьAV 8BDB7< V 

8BDB:Aє 5G8V6A<JF6B. 2023. �8?. 113.2. %. 82-89.  

DOI: 10.33744/0365-8171-2023-113.2-082-089 

9. �0Aь:V2 �. �., %>:>;>2 ". �. �>A;V465==O 2?;82C =0?>2=N20GV2 @V7=>3> 

?>E>465==O =0 2;0AB82>ABV 0AD0;ьB>15B>=V2. ДBDB7< V @BEF<. 2023. �8?. 27. %. 

68380.  

DOI: https://doi.org/10.36100/dorogimosti2023.27.068  

10. %>:>;>2 ". �. #V41V@ >?B8<0;ь=8E 75@=>28E A:;04V2 0AD0;ьB>15B>==8E 

AC<VH59 C A5@54>28IV MS Excel. ДBDB7< V @BEF<. 2023. �8?. 28. %. 1593171. 

 DOI: https://doi.org/10.36100/dorogimosti2023.28.159 

11. �0Aь:V2 �.�., %>:>;>2 ". �. �>A;V4=5 2?@>20465==O 0AD0;ьB>15B>==8E 

AC<VH59 V7 7>;>N-28=>AC. ВVEA<> �4JVBA4?ьAB7B FD4AECBDFAB7B GAV69DE<F9FG. 

�8?CA: 55. 2023. %. 124 3 130.  

DOI: 10.33744/2308-6645-2023-1-55-124-130  

 

"?C1;V:>20=V ?@0FV 0?@>10FV9=>3> E0@0:B5@C: 

12. �0Aь:V2 �. �., %>:>;>2 ". �. �>;0-28=>AC O: 0;ьB5@=0B820 20?=O:>2><C 

<V=5@0;ь=><C ?>@>H:C ?V4 G0A 28@>1=8FB20 0AD0;ьB>15B>==8E AC<VH59. LXXVII 

�4G>B64 >BAH9D9AJVO CDBH9EBDEь>B-6<>?484Jь>B7B E>?48G, 4ECVD4AFV6, 

https://doi.org/10.36100/dorogimosti2021.24.040
https://doi.org/10.36100/dorogimosti2022.26.036
https://doi.org/10.36100/dorogimosti2023.27.068
https://doi.org/10.36100/dorogimosti2023.28.159
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EFG89AFV6 F4 ECV6DB5VFA<>V6 6V8B>D9@?9A<I EFDG>FGDA<I CV8DB;8V?V6 

GAV69DE<F9FG, �&', 2021 @. %. 163. 

13. �0Aь:V2 �.�., %>:>;>2 ".�., �0A09 �.�. �>A;V465==O 7>;8-28=5A5==O O: 

70<V=C B@048FV9=8< <V=5@0;ь=8< ?>@>H:0<. LXXVIIІ �4G>B64 >BAH9D9AJVO 

CDBH9EBDEь>B-6<>?484Jь>B7B E>?48G, 4ECVD4AFV6, EFG89AFV6 F4 ECV6DB5VFA<>V6 

6V8B>D9@?9A<I EFDG>FGDA<I CV8DB;8V?V6 GAV69DE<F9FG, �&', 2022 @. %. 92. 

DOI: 10.33744/2786-6459-2022-78 

14. ";5:AV9 %>:>;>2. �>A;V465==O 2?;82C =0?>2=N20GV2 @V7=>3> 

?>E>465==O =0 2;0AB82>ABV 0AD0;ьB>15B>=V2. �4F9DV4?< @V:A4DB8ABW 

>BAH9D9AJVW «ВCDB648:9AAO VAAB64JV=A<I @4F9DV4?V6 V F9IAB?B7V= CD< 

CDBє>FG64AAV, 5G8V6A<JF6V F4 9>EC?G4F4JVW B5’є>FV6 FD4AECBDFABW 

VAHD4EFDG>FGD< 6 D4@>4I CDB7D4@< «В9?<>9 5G8V6A<JF6B». !&', 2022. %. 363. 

DOI: 10.33744/978-966-632-317-3-2022-2 

15. �>?8=5Fь �.�., %>:>;>2 ".�., �5;B>1@NE �.�., �>;>2G5=:> �.%. 

'AB0=>2;5==O 2?;82C <5B>4C CIV;ь=5==O =0 >1’є<=V 2;0AB82>ABV 

0AD0;ьB>15B>=V2. �4F9DV4?< @V:A4DB8ABW A4G>B6B-CD4>F<KABW >BAH9D9AJVW 

"�D74AVKAV V @VA9D4?ьAV 6'O:GKV F4 8BDB:AV 59FBA< A4 WI BEAB6V". Х�АД', 2022. 

%. 76-79. 

ISBN 978-617-8009-87-8 

16. �>?8=5Fь �.�., %>:>;>20 ".�., %>:>;>2 ".�., .=0: �.�. 'B>G=5==O 

B5E=>;>3VG=8E B5<?5@0BC@ 28@>1=8FB20 B0 CIV;ь=5==O 0AD0;ьB>15B>==8E 

AC<VH59. �4F9DV4?< @V:A4DB8ABW A4G>B6B-CD4>F<KABW >BAH9D9AJVW "�D74AVKAV V 

@VA9D4?ьAV 6'O:GKV F4 8BDB:AV 59FBA< A4 WI BEAB6V". Х�АД', 2022. %. 68-71. 

ISBN 978-617-8009-87-8 

17. %>:>;>2 ".�. "FV=N20==O AB@C:BC@C20;ь=>W 740B=>ABV <V=5@0;ь=>3> 

?>@>H:C 2 H8@>:><C 4V0?07>=V B5<?5@0BC@. �4F9DV4?< @V:A4DB8ABW A4G>B6B-

CD4>F<KABW >BAH9D9AJVW "�D74AVKAV V @VA9D4?ьAV 6'O:GKV F4 8BDB:AV 59FBA< A4 

WI BEAB6V". Х�АД', 2022. %. 133-136. 
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ISBN 978-617-8009-87-8 

18. �0Aь:V2 �. �., %>:>;>2 ". �. �>A;V465==O AB@C:BC@C20;ь=>W 740B=>ABV 

<V=5@0;ь=>3> ?>@>H:C @V7=>3> ?>E>465==O. LXXVIV �4G>B64 >BAH9D9AJVO 

CDBH9EBDEь>B-6<>?484Jь>B7B E>?48G, 4ECVD4AFV6, EFG89AFV6 F4 ECV6DB5VFA<>V6 

6V8B>D9@?9A<I EFDG>FGDA<I CV8DB;8V?V6 GAV69DE<F9FG, �&', 2023 @. %. 161.  

DOI: 10.33744/2786-6459-2023-79 

 


