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ABSTRACT 

Zheleznyakov E.O. Ensuring the microclimate conditions of the premises taking into 

account the structural features of the buildings during emergency shutdowns of the heat 

supply – Qualifying scientific work on manuscript rights. 

Thesis for a PhD Degree in the specialty 263 – <Civil Safety=. – Educational and 

Scientific Institute <Prydniprovska State Academy of Civil Engineering and Architecture= 

of Ukrainian State University of Science and Technologies, Dnipro, 2025.  

The Thesis is dedicated to ensuring the microclimate conditions of the premises, 

taking into account the structural features of the buildings during emergency shutdowns of 

the heat supply.  

Recent events in Ukraine have led to the emergence of new directions and areas of 

scientific research. Human security is a right enshrined in the Constitution of Ukraine, as 

well as other regulatory legal acts and documents. Military operations in the country 

require increased attention to security issues not only in the production sector, but also in 

the everyday life of every citizen. Emergency situations and prolonged violations of the 

thermal regime in premises and buildings worsen microclimate conditions, sometimes 

bringing its indicators to critical limits that pose a threat to people's lives. These problems 

are of particular importance against the background of an increase in the number of 

accidents in heat supply systems in Ukraine, caused both by the high degree of wear and 

tear of their infrastructure as a whole and by the extraordinary circumstances of wartime. 

Therefore, research aimed at ensuring the safe operation of heat supply systems in 

conditions of emergency shutdowns by studying the patterns of temperature changes in 

rooms, determining the critical temperature and operating time of systems, taking into 

https://pgasa.dp.ua/wp-content/uploads/2023/06/Zbirnyk-tez-Konferentsiyi-studentiv-aspirantiv-molodyh-vchenyh.pdf
https://pgasa.dp.ua/wp-content/uploads/2023/06/Zbirnyk-tez-Konferentsiyi-studentiv-aspirantiv-molodyh-vchenyh.pdf
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account the spatial arrangement of rooms in buildings and their design features, is 

extremely relevant. 

In the work, the rationale and methods of microclimate studies of the premises of 

residential buildings in the event of emergency situations of heat supply systems, taking 

into account the provision of restoration of the microclimate after performing emergency 

works, have been developed.  

As a result of the research, the regularity of changes in microclimatic parameters in 

the room, depending on the type of external enclosing structures of modern construction, 

in emergency situations in heat supply systems, was established. According to the results 

of the work, regularities of changes in the internal surface temperature τ,℃ in the room 

depending on the type of external enclosing structures of modern construction, in 

emergency situations in heat supply systems, taking into account the influence of external 

climatic factors (effect of solar radiation, effect of wind) were established. Conducted 

studies of changes in temperature on the surface of structures and air temperature inside 

the premises allow to determine the maximum time for emergency work to restore the 

microclimate and safe operation of heat supply systems, taking into account the failure to 

reach critical temperatures in the premises.  

In the introduction, the relevance of the topic, the purpose of the research, 
scientific novelty, the practical significance of the obtained results, the personal 

contribution of the recipient and the approbation of the research results are given.  

In the first chapter, an analysis of the current state of the heat supply system in 
Ukraine was carried out. The impact of the main parameters of the microclimate on the 

human body, working conditions and the safety of life in buildings and structures is 

analyzed. Data on the impact of structural features of buildings and structures on provision 

are presented. The impact of emergency modes during the operation of heating systems on 

the safety of life in the room is considered.  

The second chapter describes the methodology of microclimate research in the 
event of emergency situations of heat supply systems, taking into account the structural 

features of buildings and structures of the residential complex.  
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The third chapter presents the results of theoretical and experimental studies of the 

microclimate in the event of emergency situations of heat supply systems, taking into 

account the provision of microclimate restoration after emergency work.  

The fourth chapter presents the results of determining the dynamics of changes in 
the temperature of the internal surface of the premises during emergency situations in heat 

supply systems, taking into account the influence of external climatic factors and ensuring 

the recovery of the microclimate parameters of the premises.  

The fifth chapter presents the results of determining the dynamics of indoor air 
cooling in emergency situations in heat supply systems, taking into account the influence 

of external climatic factors and ensuring the recovery of the microclimate parameters of 

the premises. The results of the implementation of the conducted research in the industrial 

and scientific spheres are shown.  

 

Keywords: labor safety, emergency shutdowns; microclimate; external climatic 
conditions; design features, critical time. 
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B5?;>307>?>AB0G0==O, <>65 ?@8725AB8 4> @O4C 4>A8BL =5A?@8OB;828E O28I, I> 

?>@CHCNBL B5?;>289 @568< V, 157C<>2=>, :><D>@B C ?@8<VI5==OE, 0 2 45O:8E 

28?04:0E 4> 4C65 H:V4;828E =0A;V4:V2 4;O 74>@>2'O ;N48=8 B0 715@565==O 

1C4V2;V[6-24]. �V4><>, I> C<>28 2=CB@VH=L>3> A5@54>28I0, I> 2?;820NBL =0 

B5?;>289 >1<V= ;N48=8 7 WW >B>G5==O< – <V:@>:;V<0B – 287=0G0NBLAO  ?>є4=0==O< 

B5<?5@0BC@8, 2V4=>A=>W 2>;>3>ABV B0 H284:>ABV @CEC ?>2VB@O @07>< V7 B5<?5@0BC@>N 

>B>GCNG8E ;N48=C ?>25@E>=L B0 V=B5=A82=VABN B5?;>2>3> (V=D@0G5@2>=>3>) 

28?@><V=N20==O.  
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� >?0;N20=8E 1C4V2;OE ?@8 =>@<>20=8E 2 ':@0W=V B5@<VG=8E >?>@0E 

>3>@>46C20;L=8E :>=AB@C:FV9, B5<?5@0BC@0E ?>25@E=V >?0;N20;L=8E ?@8;04V2 B0 

25=B8;OFV9=8E 28B@0B0E ?>2VB@O B5?;>2V ?>B>:8 2V4 ?>25@E>=L, I> =03@V20NBLAO B0 

>E>;>46CNBLAO, 0 B0:>6 ?0@0<5B@8 H284:>ABV 2=CB@VH=L>3> ?>2VB@O B0 2>;>3>ABV 

?>28==V 715@V30NB8AO =0 @V2=V 3V3Vє=VG=8E 28<>3 [6-13, 25-30]. �=0A;V4>: G>3> 

270є<>?>2'O70=V B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O B0 >3>@>46C20;L=8E :>=AB@C:FV9 

7C<>2;NNBL C7030;L=5=89 ?>:07=8: <V:@>:;V<0BC – B5<?5@0BC@C ?@8<VI5==O. 

 

$8A. 1.1. �>=8, I> 287=0G0NBL 7040=V B5<?5@0BC@=V C<>28 ?@8<VI5=L, :>B@V 

>1V3@V20NBLAO: 1 – :><D>@B=0; 2, 2' – 4>?CAB8<0 ?@8 ?>>48=>:8E 2V4E8;5==OE 

?@>BO3>< >?0;N20;L=>3> A57>=C; 3 – 4>?CAB8<0 ?@8 <>6;82><C 2V4E8;5==V 1 @07 =0 

:V;L:0 @>:V2. 

�V9A=>, :>;820==O B5<?5@0BC@8 ?@8<VI5==O C ?52=><C ?>@V2=O=> 2C7L:><C 

4V0?07>=V =5 7<V=NNBL :><D>@B=>3> B5?;>2V4GCBBO >A=>2=>W <0A8 ;N459 (@8A. 1.1., 

7>=0 I). &0:>6 O: 1C;> 287=0G5=> C [2, 6-13], 4;O 1V;LH>ABV 28?04:V2 <8 <>65<> 

?@54'O2;OB8 <5=H 6>@AB:V 28<>38 4> B5?;>28E C<>2. #@8G><C ?@8?CAB8<V B5?;>2V 

C<>28 E>G V 28:;8:0NBL 45O:V AC1'є:B82=V 2V4E8;5==O 2V4 2V4GCBBO B5?;>2>3> 

:><D>@BC, є DV7V>;>3VG=> >1ґ@C=B>20=8<8. &><C 2V4E8;5==O 2=CB@VH=L>W 

B5<?5@0BC@8 70 <56V :><D>@B=>W 7>=8, @53;0<5=B>20=V 70 25;8G8=>N B0 B@820;VABN, 

0 B0:>6 G0AB>B8 A0<8E 2V4E8;5=L, 4>?CAB8<V B0 E0@0:B5@87CNBL ;8H5 <5=H89 

ABC?V=L B5?;>2>3> :><D>@BC =02:>;8H=L>3> A5@54>28I0 (7>=8 II, II'). ' 4C65 

@V4:VA=8E 28?04:0E (?@81;87=> @07 =0 :V;L:0 @>:V2) <>6CBL 1CB8 4>?CI5=V I5 1V;LH 
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ACBBє2V 2V4E8;5==O – 2=CB@VH=L>W B5<?5@0BC@8, O:V 2V4?>2V40NBL 4>?CAB8<><C 

B5?;>2><C AB0=C ;N459 [31-42], O:V B@820;89 G0A ?5@51C20NBL C ?@8<VI5==V 

(7>=0  III). 

�=865==O B5<?5@0BC@8 70 <56V III 7>=8 (482. @8A. 1.1) =5?@8?CAB8<> =5 ;8H5 7 

3V3Vє=VG=8< C<>20<, 0 9 C=0A;V4>: AB2>@5==O 020@V9=8E A8BC0FV9 4> @>1>B8 A8AB5< 

2>4>?>AB0G0==O V :0=0;V70FVW, V A8AB5< @>1>B8 CAB0B:C20==O, 2 B><C G8A;V – ;VDBV2 

[20-25]. &0:V 2V4E8;5==O B5<?5@0BC@8 A;V4 @>73;O40B8 O: :@8B8G=V, I> AB0=>2;OBL 

703@>7C ?>2=>W 2V4<>28 C 28:>@8AB0==V 1C4V2;V 70 A2>W< ?@87=0G5==O<. 

*V;O< >FV=:8 5D5:B82=>ABV 28B@0B B5?;>2>W 5=5@3VW =0 >?0;5==O є 4>?CAB8<V 

2V4E8;5==O B5<?5@0BC@8 2 <560E 01> 28I5 <56V 7>=8 II'. �0157?5G5==O B5?;>2>3> 

@568<C 1C4V25;L ?5@5410G0є 30@0=B>20=C ?V4B@8<:C 7040=8E B5?;>28E C<>2. 

�>2=VH=V9 :;V<0B, B5?;>DV78G=V 2;0AB82>ABV :>=AB@C:FV9 1C4V2;V, I> 

70E8I0NBL, B5?;>V=5@FV9=V 2;0AB82>ABV =03@V20;L=>3> ?@8;04C, @568< ?>40GV 

B5?;>2>W 5=5@3VW =0 >?0;5==O, @50:FVO ;N48=8 =0 B5?;>2V C<>28, ?>1CB>2V 465@5;0 

B5?;>=04E>465=L V B. 4. – =5?>2=89 ?5@5;V: 2?;82V2 @V7=>W ?@8@>48, I> 

>1C<>2;NNBL B5?;>289 @568< 1C4V2;V. 

�?;82 <V:@>:;V<0B8G=8E D0:B>@V2 =0 AB0= ;N48=8 2A5@548=V ?@8<VI5==O 

=>A8BL ?>ABV9=89 E0@0:B5@, >4=0: V=B5=A82=VABL FL>3> 2?;82C <>65 AB2>@8B8 @V7=V 

B8?8 <V:@>:;V<0B8G=8E C<>2 2 ?@8<VI5==V. &0:8< G8=>< ?0@0<5B@8 <V:@>:;V<0BC 

<>6CBL 4VOB8, O: ?> >48=FV B0: V :><?;5:A=>. "4=0: =09G0ABVH5 2 C<>20E @50;L=>W 

5:A?;C0B0FVW 1C4V25;L B0 WE A8AB5< "�� 4>2>48BLAO AB8:0B8AO 7 :><?;5:A=8< 

2?;82>< @V7=8E D0:B>@V2 =0 ?0@0<5B@8 <V:@>:;V<0BC. !5>1EV4=> ?0<’OB0B8, I> 

?@8AB>AC20==O >@30=V7<C ;N48=8 4> ?52=8E C<>2 4>2:V;;O 702648 є :><?;5:A=8< 

?@>F5A>< V >A>1;82> A:;04=> 2V= @503Cє =0 AC<VA=C 4VN @V7=><0=VB=8E D0:B>@V2  

[1-16, 43, 44]. 

�0 ABC?5=5< 2?;82C =0 A0<>?>GCBBO ;N48=8, WW ?@0F5740B=VABL <V:@>:;V<0B8G=V 

C<>28 ?V4@>74V;ONBLAO =0 >?B8<0;L=V, 4>?CAB8<V, H:V4;82V V =5157?5G=V [6-10]. 

"?B8<0;L=V <V:@>:;V<0B8G=V C<>28 E0@0:B5@87CNBLAO B0:8<8 ?0@0<5B@0<8 

?>:07=8:V2 <V:@>:;V<0BC, O:V ?@8 WE >4=>G0A=><C 2?;82V =0 ;N48=C ?@>BO3>< 

@>1>G>W 7<V=8 70157?5GCNBL 715@565==O B5?;>2>3> AB0=C >@30=V7<C. ' F8E C<>20E 
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=0?@C30 B5@<>@53C;OFVW <V=V<0;L=>, 7030;L=V B0/01> ;>:0;L=V 48A:><D>@B=V 

B5?;>2V4GCBBO 2V4ACB=V, I> є ?5@54C<>2>N 715@565==O 28A>:>W ?@0F5740B=>ABV [6-10, 

45-50].  

�>?CAB8<V <V:@>:;V<0B8G=V C<>28 E0@0:B5@87CNBLAO B0:8<8 ?0@0<5B@0<8 

?>:07=8:V2 <V:@>:;V<0BC, O:V ?@8 WE >4=>G0A=><C 2?;82V =0 ;N48=C ?@>BO3>< 

@>1>G>W 7<V=8 <>6CBL 28:;8:0B8 7<V=C B5?;>2>3> AB0=C. *5 ?@872>48BL 4> ?><V@=>W 

=0?@C38 <5E0=V7<V2 B5@<>@53C;OFVW, =57=0G=8< 48A:><D>@B=8< 7030;L=8< V/01> 

;>:0;L=8< B5?;>2V4GCBBO. #@8 FL><C 715@V30єBLAO 2V4=>A=0 B5@<>AB01V;L=VABL, <>65 

<0B8 <VAF5 B8<G0A>25 (?@>BO3>< @>1>G>W 7<V=8) 7=865==O ?@0F5740B=>ABV, 0;5 =5 

?>@CHCєBLAO 74>@>2'O (?@>BO3>< CAL>3> ?5@V>4C B@C4>2>W 4VO;L=>ABV) [1-5, 49-54].  

,:V4;82V <V:@>:;V<0B8G=V C<>28 - ?0@0<5B@8 <V:@>:;V<0BC, O:V ?@8 WE 

>4=>G0A=><C 2?;82V =0 ;N48=C ?@>BO3>< @>1>G>W 7<V=8 28:;8:0NBL 7<V=8 B5?;>2>3> 

AB0=C >@30=V7<C: 28@065=V 7030;L=V B0/01> ;>:0;L=V 48A:><D>@B=V B5?;>2V4GCBBO, 

7=0G=5 =0?@C65==O <5E0=V7<V2 B5@<>@53C;OFVW, 7=865==O ?@0F5740B=>ABV B0 

?@872>48BL 4> ?>@CH5=L 157?5:8 B5E=>;>3VG=8E ?@>F5AV2 [6-10, 55-57]. #@8 FL><C 

=5 30@0=BCєBLAO B5@<>AB01V;L=VABL >@30=V7<C ;N48=8 V 715@565==O 9>3> 74>@>2'O 2 

?5@V>4 B@C4>2>W 4VO;L=>ABV, V ?VA;O WW 70:V=G5==O. %BC?V=L H:V4;82>ABV <V:@>:;V<0BC 

287=0G0єBLAO O: 25;8G8=0<8 9>3> A:;04>28E, B0: V B@820;VABN WE 2?;82C =0 

?@0FNNG8E (157?5@5@2=> V AC<0@=> 70 @>1>GC 7<V=C, 70 ?5@V>4 B@C4>2>W 4VO;L=>ABV). 

�:AB@5<0;L=V (=5157?5G=V) <V:@>:;V<0B8G=V C<>28 - ?0@0<5B@8 <V:@>:;V<0BC, 

O:V ?@8 WE >4=>G0A=V9 4VW =0 ;N48=C =02VBL ?@>BO3>< =5B@820;>3> G0AC (<5=H5 1 3>4) 

28:;8:0NBL 7<V=C B5?;>2>3> AB0=C, I> E0@0:B5@87CєBLAO =04<V@=8< =0?@C65==O< 

<5E0=V7<V2 B5@<>@53C;OFVW, I> <>65 ?@8725AB8 4> ?>@CH5==O AB0=C 74>@>2'O V 

28=8:=5==O @878:C A<5@BV B0 ?>@CH5==O 157?5:8 ?@0FNNG8E [6-10, 57-60]. 

�0 B5<?5@0BC@=>N E0@0:B5@8AB8:>N <V:@>:;V<0B ?>4V;ONBL =0 =03@V20;L=89 B0 

>E>;>46CNG89 [6-10].  
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$8A.1.2. �;82 B5<?5@0BC@8 ?@8<VI5==O =0 ?@>4C:B82=VABL ?@0FV ;N48=8 

 

!03@V20;L=8< <V:@>:;V<0B>< є B0:5 ?>є4=0==O B5<?5@0BC@8 ?>2VB@O, 2>;>3>ABV, 

H284:>ABV @CEC, V=D@0G5@2>=>3> 28?@><V=N20==O 70 O:>3> A?>AB5@V30єBLAO 

?>@CH5==O B5?;>>1<V=C ;N48=8 7 =02:>;8H=V< A5@54>28I5<, 28@065=5 

=0:>?8G5==O< B5?;0 2 >@30=V7<V 28I5 25@E=L>W <56V >?B8<0;L=>W 25;8G8=8 (>0,87 

:�6/:3) B0/01> 71V;LH5==O< G0AB:8 2B@0B8 B5?;0 ?V4 G0A @>1>B8 ?>B>28E 70;>7 

(>30%) 2 7030;L=V9 AB@C:BC@V B5?;>2>3> 10;0=AC, ?>O2>N 7030;L=8E 01> ;>:0;L=8E 

48A:><D>@B=8E B5?;>2V4GCBBV2 (B@>E8 B5?;>, B5?;>, A?5:>B=>) [18-24, 60-67]. 

�8A:><D>@B=V B5?;>2V4GCBBO, I> є 28:;8:0=8<8 =03@V20;L=8< <V:@>:;V<0B><, 

2 70;56=>ABV 2V4 ABC?5=O FL>3> 48A:><D>@BC, 2V:C ;N48=8 B0 @O4C V=H8E D0:B>@V2, 

<>65 ?@8725AB8 4> 28=8:=5==O 3>AB@>W 01> E@>=VG=>W D>@<8 B5?;>2>W ?0B>;>3VW 

A5@F52>-AC48==>W, F5=B@0;L=>W =5@2>2>W B0/01> 48E0;L=>W A8AB5<8, E@>=VG=>W 

3V?5@B5@<VW [2, 5, 68-73]. )@>=VG=0 3V?5@B5@<VO <>65 28=8:0B8 ?@8 B@820;><C 

?5@51C20==V, >A>1;82> ?V4 G0A @>1>B8, 2 <V:@>:;V<0BV 7 B5<?5@0BC@>N ?>2VB@O 26-28 

°%, 28A>:>N 2>;>3VABN (?>=04 80%) V H284:VABN @CEC ?>2VB@O <5=H5 0,3 </A. 

)@>=VG=0 3V?5@B5@<VO A?@8Oє 28=8:=5==N E@>=VG=8E 3V?>:A8G=8E AB0=V2, ?>A8;Nє 

?5@51V3 =0O2=8E E@>=VG=8E 70E2>@N20=L. *5, 7>:@5<0, ?@>O2;OєBLAO ?>@CH5==O< 

2>4=>-A>;L>2>3> >1<V=C, 71V;LH5==O< =020=B065==O =0 A5@F5289 <'O7, 3V?5@B@>DVєN 

(48AB@>DVєN) <V>:0@4C, C@065==O< 70?0;L=>3> V B@>DVG=>3> E0@0:B5@C AC48= =86=VE 

:V=FV2>: (>1;VB5@CNG89 5=40@B5@8WB, >1C<>2;5=89 0=3V>A?07<><), 71V;LH5==O< 

=020=B065==O =0 A5G>284V;L=C A8AB5<C, 7=865==O< ?@0F5740B=>ABV B0 ?>@CH5=L 

157?5:8 ?@0FV [7, 9, 11, 70-75]. 
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"E>;>46C20;L=8< <V:@>:;V<0B>< є B0:5 ?>є4=0==O B5<?5@0BC@8 ?>2VB@O, 

2>;>3>ABV, H284:>ABV @CEC, V=D@0G5@2>=>3> 28?@><V=N20==O 70 O:>3> 2V41C20єBLAO 

7<V=0 B5?;>>1<V=C >@30=V7<C, :>B@0 ?@872>48BL 4> ?>O28 7030;L=>3> 01> ;>:0;L=>3> 

45DVF8BC B5?;0 2 >@30=V7<V (>0,87 :�6/:3) 2=0A;V4>: 7=865==O B5<?5@0BC@8 «O4@0» 

B0/01> «>1>;>=:8» BV;0 (B5<?5@0BC@0 «O4@0» V «>1>;>=:8» BV;0 2V4?>2V4=> 

B5<?5@0BC@0 3;81>:8E B0 ?>25@E=528E H0@V2 B:0=8= >@30=V7<C). 

� C<>20E =87L:>W B5<?5@0BC@8 ?>2VB@O 28=8:0є =5157?5:0 ?5@5>E>;>465==O 

>@30=V7<C 2=0A;V4>: ?>A8;5=>W B5?;>2V440GV. � @57C;LB0BV G>3> G0AB> 28=8:0NBL 

703>AB@5==O 70E2>@N20=L >@30=V2 48E0==O (@8=VB, 1@>=EVB, ?;52@8B, ?=52<>=VO), 

<'O7>2>-AC3;>1>2>3> 0?0@0BC (<V>78B, 0@B@8B) B0 ?5@8D5@8G=>W =5@2>2>W A8AB5<8 

(<V0;3VO, @52<0B87<, =52@8B, @048:C;VB B0 V=.) [2-18, 57, 74-84].  

"A>1;82> H:V4;82V @V7:V :>;820==O (7=865==O) B5<?5@0BC@8, 4> O:8E >@30=V7< 

=5 702648 2AB830є ?@8AB>AC20B8AO. �>=8, ?5@H 70 2A5, =5157?5G=V 4;O >AV1, O:V 

AB@0640NBL 2040<8 A5@FO, A:;5@>7>< AC48=, E2>@>10<8 =8@>:. %;V4 707=0G8B8, I> 

@V7:5 :>@>B:>G0A=5 >E>;>465==O 2AL>3> BV;0, (O:I> 70 =8< 2V4@07C 6 A;V4Cє 

7V3@V20==O), <5=H =5157?5G=5, =V6 ?>@V2=O=> A;01:5, 0;5 B@820;5 >E>;>465==O 9>3> 

>:@5<8E G0AB8=. #@8 7030;L=><C >E>;>465==V 2V4GCBBO E>;>4C =5309=> 4>E>48BL 4> 

F5=B@0;L=>W =5@2>2>W A8AB5<8, V C 2V4?>2V4L =0 F5 2ABC?0NBL 2 4VN 2AV 70E8A=V 

<5E0=V7<8, B>4V O: ";>:0;L=5 >E>;>465==O", >A>1;82> C @>7V3@VB8E ;N459, <>65 

70;8H8B8AO =5?><VG5=8< V, 2=0A;V4>: 1574VO;L=>ABV B5@<>@53C;OB>@=>3> 0?0@0BC, 

28:;8:0B8 <VAF52V ?0B>;>3VG=V 7<V=8. 

� [6-16] 707=0G0єBLAO, I> 2 C<>20E ?>1CBC <V=V<0;L=> <>6;825 7=0G5==O 

B5<?5@0BC@8 ?@8<VI5==O ≈ 14℃ 70157?5GCєBLAO ?@8 2@V2=>2065==V B5?;>?@>4C:FVW 

;N48=8 B0 WW B5?;>2V440GV. *5 2V4?>2V40є <0:A8<0;L=><C CB5?;5==N >4O3C ≈ 15 ��� 

(B5@<VG=89 >?V@ >4O3C 28<V@NєBLAO 2 B0: 720=8E >48=8FOE ���: 1 ��� =0,155 (@2 ∗ ℃) ВF⁄ ). �;O C<>2 ':@0W=8 FO B5<?5@0BC@0 <>65 1CB8 ≈ 13℃. 

#@0:B8G=5 7=0G5==O <0є @53;0<5=B0FVO B@820;>ABV =5:><D>@B=8E AB0=V2 C 

?@8<VI5==OE <0A>2>W 701C4>28. �2VA=>, I> 2>=0 ?>28==0 1CB8 1V;LH 6>@AB:>N 4;O 

C<>2 7=0E>465==O B5<?5@0BC@8 2 4V0?07>=V, 1;87L:><C 4> <V=V<0;L=> 4>?CAB8<>3>. 

#V4AB02>N 4;O B0:>W @53;0<5=B0FVW <>65 1CB8 28A=>2>: 3V3Vє=VABV2, O:V 22060NBL 
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4>?CAB8<8<8 7=865==O B5<?5@0BC@8 ?>2VB@O 2 68B;>28E ?@8<VI5==OE =0 ≈ 4℃ (2V4 

@V2=O @>7@0EC=:>2>W) ?@>BO3>< B@L>E 4V1 (4;O C<>2 ':@0W=8≈ Aа 5℃). 

#@>2545=89 =0<8 0=0;V7 A2V4G8BL, I> >E>;>465==O >3>@>46C20;L=8E 

:>=AB@C:FV9 =86G5 B5<?5@0BC@8 B>G:8 @>A8, C B><C G8A;V ?@8 2V4:;NG5==V A8AB5<8 

>?0;5==O 01> 45DVF8B=><C B5?;>?>AB0G0==V, <>65 ?@8725AB8 4> :>=45=A0FVW 2>4O=>W 

?0@8 =0 2=CB@VH=V9 ?>25@E=V B0 2A5@548=V :>=AB@C:FV9. �1V;LH5==O 2<VABC 2>;>38 2 

1C4V25;L=8E :>=AB@C:FVOE 7 1030BL>E ?@8G8= є =5A?@8OB;828< D0:B>@><. 

!0A0<?5@54 ?>3V@HCNBLAO B5E=>;>3VG=V 2;0AB82>ABV 1C4V25;L=8E :>=AB@C:FV9. 

�>;>3V :>=AB@C:FVW є A?@8OB;828< A5@54>28I5< 4;O ?>O28 B0 @>ABC ?;VA=O28, 3@81:0 

B0 @V7=8E <V:@>>@30=V7<V2. �<>2V@=>, I> ?V428I5==O 2>;>3>ABV <>65 ?>3V@H8B8 

C<>28 715@V30==O @V7=8E ?@54<5BV2 V 28@>1V2, :>B@V 7=0E>4OBLAO C ?@8<VI5==V, 

7=878B8 WE 2;0AB82>ABV, O:>ABV B>I>. �>;>3VABL B0:>6 2?;820є =0 B5@<V= A;C618 

1C4V25;L=8E :>=AB@C:FV9. �V4><>, I> <>@>7>ABV9:VABL 1C4V25;L=8E <0B5@V0;V2 

7<5=HCєBLAO 7V 71V;LH5==O< 2<VABC 2 =8E 2>;>38 [36-41, 80-88]. 

�>=45=A0FVO 2>4O=>W ?0@8 =0 2=CB@VH=V9 ?>25@E=V V 2A5@548=V :>=AB@C:FV9 

<>65 2V41C20B8AO B0:>6 ?@8 ;>:0;L=><C 7=865==V B5<?5@0BC@8 =86G5 B5<?5@0BC@8 

B>G:8 @>A8. "A>1;82> G0AB> :>=45=A0FVO 2>4O=>W ?0@8 2V41C20єBLAO 2 :CB0E 

?@8<VI5==O, =0 70;V7>15B>==8E ?5@5<8G:0E, :>;>=0E, <5B0;528E @0<:0E B>I>; B>1B> 

=0 ?>25@E=OE B5?;>?@>2V4=8E 2:;NG5=L (B0: 720=8E) "<VAB:V2 E>;>4C" [39-41,85-96]. 

/:I> 2>4O=V ?0@8 =5 :>=45=ACNBLAO =0 2=CB@VH=V9 ?>25@E=V :>=AB@C:FV9, F5 

I5 =5 >7=0G0є, I> =5<>6;820 :>=45=A0FVO 2A5@548=V =8E. �>4O=V ?0@8, I> <VABOBLAO 

2 ?>2VB@V, ?@>=8:0NBL C ?>@8ABV <0B5@V0;8, V F5 2?;820є =0 WE=V9 ?0@FV0;L=89 B8A: 2 

>:@5<8E <VAFOE :>=AB@C:FV9. "4=0: ?>2VB@O <>65 <VAB8B8 BV;L:8 ?52=C 

(<0:A8<0;L=C) :V;L:VABL 2>4O=>W ?0@8, I> =07820єBLAO AB0=>< ?>2=>3> =0A8G5==O. 

#@8 ?52=8E B5?;>B5E=VG=8E V 48DC7V9=8E 2;0AB82>ABOE :>=AB@C:FVW 2 45O:8E WW 

<VAFOE =0AB0є AB0= ?>2=>3> =0A8G5==O ?>2VB@O 2>4O=8<8 ?0@0<8. #>40;LH5 

=0A8G5==O 2>4O=8<8 ?0@0<8 ?@872>48BL 4> WE :>=45=A0FVW, 0 70 =530B82=>W 

B5<?5@0BC@8 F59 :>=45=A0B ?5@5B2>@NєBLAO =0 :@8AB0;8 ;L>4C. 

�V4=>A=0 2>;>3VABL ?>2VB@O C<>2=> 22060єBLAO :><D>@B=>N 2 <560E 2V4 30% 

4> 60%. "4=0: =5 C 2AL><C FL><C 4V0?07>=V :><D>@B=0 2>;>3VABL є 74>@>2>N. $878: 
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?@>ABC4=8E 70E2>@N20=L B0 3@8?C 7=0G=> =86G89, O:I> 2V4=>A=0 2>;>3VABL ?>2VB@O 

7=0E>48BLAO C 2C6G8E <560E – 2V4 40% 4> 60%. � FVєW B>G:8 7>@C ?V4B@8<0==O 

2V4=>A=>W 2>;>3>ABV, I> 4>@V2=Nє 50%, є >?B8<0;L=8< [2, 13]. 

 

$8A. 1.3. �0;56=VABL @878:C =568BBN B0 3@8?C 2V4 2>;>3>ABV 

 

�3V4=> ?@>2545=8E 4>A;V465=L [1, 2, 5, 37, 39-41] 2AB0=>2;5=>, I> @CE ?>2VB@O 

<>65 ?@8725AB8 4> 2V4GCBBO E>;>4C 70 =>@<0;L=>W B5<?5@0BC@8. �>=> A?@8Oє 

;>:0;L=><C >E>;>465==N >:@5<8E 4V;O=>: BV;0 B0 =530B82=> ?>7=0G0єBLAO =0 

74>@>2'W. ' ?@8<VI5==OE =5 ?>28==> 1CB8 ?@>BO3V2, AB2>@N20=8E A8AB5<0<8 

?@8?;82=>-28BO6=>W 25=B8;OFVW. #>2VB@O @CE0єBLAO ?> ?>2VB@>2>40E 7V H284:VABN 

2V4 >4=>3> 4> :V;L:>E <5B@V2 70 A5:C=4C. #>B@0?;ONG8 4> ?@8<VI5==O, 2>=> @V7:> 

7=86Cє A2>N H284:VABL. #@8 =87L:V9 @CE;82>ABV ?>2VB@O =02:>;> BV;0 ;N48=8 

CB2>@NєBLAO B>=:0 ?>2VB@O=0 >1>;>=:0, I> <0є 28A>:C B5<?5@0BC@C V =0A8G5=0 

2>4O=>N ?0@>N. � @57C;LB0BV CA:;04=NєBLAO B5?;>- V 2>;>3>>1<V= 7 =02:>;8H=V< 

?>2VB@O<.  V=V<0;L=0 @CE;82VABL ?>2VB@O, I> @C9=Cє FN >1>;>=:C, 70 40=8<8 @V7=8E 

02B>@V2, AB0=>28BL 0,05-0,1 </A [1, 2, 25-27].  

!04<V@=0 @CE;82VABL ?>2VB@O 28:;8:0є 2V4GCBBO ?@>BO3C. +5@57 

>E>;>46C20;L=C 4VN ?>2VB@O, :>B@5 @CE0єBLAO, ?>@CHCєBLAO B5?;>A?@89=OBBO 

H:V@=>3> ?>:@82C, ?@8G><C O: BV;L:8 5D5:B >E>;>465==O ?5@528I8BL 45O:5 

:@8B8G=5 7=0G5==O, AC48=8 ?>G8=0NBL 72C6C20B8AO. !091V;LH AE8;L=V 4> 4VW 

?@>BO3C ?>B8;8FO V I8:>;>B:8, ?@8 FL><C @CE;82VABL ?>2VB@O >1<565=0 0,15 </A. 
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&0:8< G8=>< ?>@CH5==O ?V4B@8<0==O =>@<0;L=8E ?0@0<5B@V2 <V:@>:;V<0BC 

?@872>48BL 4> FV;>W =87:8 ?@>D5AV9=8E 70E2>@N20=L B0 2?;820є =0 157?5:C ?@0FV 

?@0FV2=8:V2.  

 

1.2 . �?;82 :>=AB@C:B82=8E >A>1;82>AB59 1C4V25;L V A?>@C4 =0 70157?5G5==O 

=>@<0;L=8E C<>2 <V:@>:;V<0BC 2 ?@8<VI5==OE B0 B5?;>289 :><D>@B ;N48=8 

�>3V:0 @>728B:C ACG0A=>3> 1C4V2=8FB20 B0 0@EVB5:BC@8 1030B> 2 G><C є 

@57C;LB0B>< ?@03=5==O 70157?5G8B8 30@<>=VN <V6 >B>GCNG8< 1C48=>: ?@8@>4=8< 

A5@54>28I5< B0 <V:@>:;V<0B>< C ?@8<VI5==OE. 

�C4V2;O є A:;04=>N 0@EVB5:BC@=>-:>=AB@C:B82=>N A8AB5<>N 7 @V7=><0=VBBO< 

A:;04>28E 5;5<5=BV2 >3>@>46C20;L=8E :>=AB@C:FV9 B0 V=65=5@=>3> >1;04=0==O, 2 

O:8E ?@>BV:0NBL @V7=V 70 DV78G=>N ACBBN ?@>F5A8 ?>3;8=0==O, ?5@5B2>@5==O B0 

?5@5=5A5==O B5?;>B8. #V4 4VєN @V7=8FV B5<?5@0BC@ 7>2=VH=L>3> B0 2=CB@VH=L>3> 

?>2VB@O B0 A>=OG=>W @04V0FVW ?@8<VI5==O G5@57 >3>@>46C20;L=V :>=AB@C:FVW 2 

78<>289 G0A 2B@0G0є, 0 2 ;VB=є >B@8<Cє B5?;>BC. �@02VB0FV9=V A8;8, 4VO 2VB@C V 

25=B8;OFVO AB2>@NNBL ?5@5?048 B8A:V2, I> ?@872>4OBL 4> ?5@5BV:0==O ?>2VB@O <V6 

A?>;CG5=8<8 ?@8<VI5==O<8 B0 9>3> DV;LB@0FVW G5@57 ?>@8 <0B5@V0;V2 V =5IV;L=>ABV 

>3>@>6. �B<>AD5@=V >?048, 2>;>3>284V;5==O 2 ?@8<VI5==OE, @V7=8FO 2>;>3>ABV 

2=CB@VH=L>3> B0 7>2=VH=L>3> ?>2VB@O ?@872>4OBL 4> 2>;>3>>1<V=C G5@57 

>3>@>465==O, ?V4 2?;82>< O:>3> <>6;825 72>;>65==O <0B5@V0;V2 B0 ?>3V@H5==O WE 

B5?;>70E8ABC. �>2=VH=V >3>@>46C20;L=V :>=AB@C:FVW 70E8I0NBL ?@8<VI5==O 2V4 

=5A?@8OB;828E 2?;82V2 :;V<0BC, 2 B>9 G0A O: AC<VA=0 @>1>B0 A8AB5< >?0;5==O, 

25=B8;OFVW B0 :>=48FVN20==O ?>2VB@O 70157?5GCNBL C ?@8<VI5==V ?@>BO3>< CAL>3> 

@>:C >?B8<0;L=V/4>?CAB8<V ?0@0<5B@8 2=CB@VH=L>3> A5@54>28I0 [14-17]. 
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$8A. 1.4. �?;82 @V7=8E D0:B>@V2 =0 <V:@>:;V<0B 1C4V2;V: 1 – B5?;>2B@0B8 01> 

B5?;>=04E>465==O G5@57 >3>@>46C20;L=V :>=AB@C:FVW (ABV=8, ?>:@8BBO, ?5@5:@8BBO 

V  B. 4.), 2 – B5?;>284V;5==O 2V4 >?0;N20;L=8E ?@8;04V2, 3 – B5?;>=04E>465==O 2V4 

B5E=>;>3VG=>3> >1;04=0==O, 4 – B5?;>2B@0B8 01> B5?;>=04E>465==O G5@57 

70?>2=5==O A2VB;>2>3> 5 – B5?;>2B@0B8 70 @0EC=>: ?>2VB@>>1<V=C 

#>:07=8:8 :;V<0BC 28O2;ONBL 270є<=V – ?>78B82=V B0 =530B82=V – :>@5;OFVW ?@8 

7<V=V C<>2 7>2=VH=L>3> A5@54>28I0. �V4><>, I> V=B5=A82=VABL A>=OG=>W @04V0FVW, 

H284:VABL V =0?@O< 2VB@C, B5<?5@0BC@0 7>2=VH=L>3> ?>2VB@O 7<V=NNBLAO 2 H8@>:8E 

<560E 70;56=> 2V4 35>3@0DVG=>3> ?>;>65==O, >@>3@0DVW, <V:@>@5;LєDC <VAF52>ABV B0 

?>@8 @>:C. �?;82 7>2=VH=L>3> :;V<0BC =0 >3>@>46C20;L=V :>=AB@C:FVW 1C4V2;V 

4>FV;L=> E0@0:B5@87C20B8 <5B5>@>;>3VG=8< 3@04Vє=B><, O:89 2@0E>2Cє =0?@O<, 

25;8G8=C B0 ?>2B>@N20=VABL ?>:07=8:V2 7>2=VH=L>3> :;V<0BC. %B0B8AB8G=0 >1@>1:0 

7>2=VH=L>3> :;V<0BC O: AC:C?=>ABV 70;56=8E (01> =570;56=8E) 28?04:>28E 25;8G8= 

?>:07Cє, I> 2 :>6=V9 <VAF52>ABV 4;O >:@5<8E E0@0:B5@=8E ?5@V>4V2 G0AC <0є <VAF5 

A2V9 <5B5>@>;>3VG=89 3@04Vє=B, :>B@89 AB2>@Nє A?@O<>20=89 2?;82 =0 D>@<C20==O 

<V:@>:;V<0BC ?>-@V7=><C >@Vє=B>20=8E ?@8<VI5=L. !0 @8A. 1.5 =02545=> 4>1>2V AC<8 

?@O<>W A>=OG=>W @04V0FVW =0 @V7=>>@Vє=B>20=V ?>25@E=V 4;O 35° ?=.H. $>73;O4 3@0DV:V2 
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7<V=8 4>1>28E AC< ?@O<>W A>=OG=>W @04V0FVW ?>:07Cє, I> FV 7=0G5==O ACBBє2> 

7<V=NNBLAO C @VG=><C F8:;V, <0NG8 >15@=5=> ?@>?>@FV9=C 70;56=VABL, =0?@8:;04, 

4;O AEV4=>W B0 ?V245==>W >@Vє=B0FVW [23-27].  

 

$8A. 1.5 �>1>2V AC<8 ?@O<>W A>=OG=>W @04V0FVW =0 @V7=V >@Vє=B>20=V ?>25@E=V 4;O 

35°?.H. 1 – 3>@87>=B0;L=0 ?;>I8=0, 2-6 – 25@B8:0;L=V ?;>I8=8, 725@=5=V =0 2 – 

?V245=L, 3 – ?V245==89 AEV4 01> ?V245==89 70EV4, 4 – AEV4 01> 70EV4, 5 – ?V2=VG=89 AEV4 

01> ?V2=VG=89 70EV4, 6 – ?V2=VG 

"A>1;825 7=0G5==O <0є B0 >1AB028=0, I> :V;L:VA=89 2?;82 A>=OG=>W @04V0FVW B0 

2VB@C =0 <V:@>:;V<0B ?@8<VI5==O 70;568BL O: 2V4 >@Vє=B0FVW B0 3010@8BV2 1C4V2;V, B0: 

V 2V4 @>7B0HC20==O ?@8<VI5==O C 1C4V2;V (?5@H89, A5@54=V, G8 >AB0==V9 ?>25@E) 

[25,  33-37].  

�3V4=> ?@>2545=8E 4>A;V465=L [6, 9, 41] 2AB0=>2;5=>, I> 7<V=0 C<>2 

<V:@>:;V<0BC ?@872>48BL 4> 02B><0B8G=>3> ?@8AB>AC20==O B5<?5@0BC@=>3> V 

2>;>3VA=>3> AB0=C H:V@8 ;N48=8 2=0A;V4>: 4VW A8AB5<8 B5@<>@53C;OFVW >@30=V7<C, 

0;5 :>65= >@30=V7< V=482V4C0;L=89. &5?;>2V 2V4GCBBO 2 1V;LHV9 G8 <5=HV9 <V@V 

2V4@V7=ONBLAO 2V4 =>@<0B82=8E A5@54=L>AB0B8AB8G=8E ?>:07=8:V2 <V:@>:;V<0BC 2 

?@8<VI5==V. &0:5 ?>;>65==O >1C<>2;NєBLAO AB@>3>N V=482V4C0;L=VABN :>6=>W 

;N48=8. &><C ?@8 284V;5==V D0:B>@V2 C >:@5<V :;0A8DV:0FV9=V 3@C?8 =5>1EV4=> 

GVB:> @>7C<VB8, I> ?@8 WE 7>2=VH=V9 AE>6>ABV WE 2?;82 =0 ;N48=C <>65 ?@872>48B8 
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4> ?>E81>: C 287=0G5==O V=B5@20;C 7=0G5=L ?0@0<5B@V2 <V:@>:;V<0BC, O:V є 

:><D>@B=8<8 4;O 1V;LH>W G0AB8=8 ?@8ACB=VE ;N459 [7, 11, 23].  

%C1'є:B82=89 AB0= ?A8E>;>3VG=>3> B5?;>2V4GCBBO ;N48=8 >FV=NNBL 

=0ABC?=>N H:0;>N (B01;.1.1) 7=0G5=L PMV: 

&01;. 1.1 

,:0;0 >FV=N20==O ?A8E>;>3VG=>3> B5?;>2V4GCBBO ;N48=8 

&5?;>2V4GCBBO "FV=:0 

�0@:> +3 

&5?;> +2 

�;53:0 B5?;> +1 

!>@<0;L=> 0 

�;53:0 ?@>E>;>4=> -1 

#@>E>;>4=> -2 

)>;>4=> -3 

 

*V ?>:07=8:8 28:>@8AB>2CNBL @07>< V7 =>@<>20=8<8 ?0@0<5B@0<8 

<V:@>:;V<0BC 4;O >FV=:8 ?@0F5740B=>ABV A8AB5<8 >?0;5==O 01> :>=48FVN20==O 

?>2VB@O 2 70;56=>ABV  2V4 284C 4VO;L=>ABV, I> 28:>=CєBLAO ?@0FV2=8:0<8. �>:@5<0 

4;O >AV1, I> 74V9A=NNBL A2>N 4VO;L=VABL 2 ?@8<VI5==OE 68B;>28E 1C48=:V2 

70;56=VABL :><D>@B=>W B5<?5@0BC@8 ?@8<VI5==O 2V4 @V7=8E 284V2 4VO;L=>ABV <>6=0 

?>10G8B8 =0 @8A. 1.6 [16]. 

 

$8A. 1.6. �0;56=VABL :><D>@B=>W B5<?5@0BC@8 ?@8<VI5==O 2V4 @V7=8E 284V2 

4VO;L=>ABV ;N48=8 (B5?;>?@>4C:FVW, �B/<2) V ABC?5=O CB5?;5==O 9>3> >4O3C (70 

40=8<8 #.".(0=35@0): 1 – AB0= A?>:>N; 2 – B5 6 A0<5, A84OG8 01> AB>OG8; 3 – 

728G09=0 4><0H=O @>1>B0; 4 – 206:0 4><0H=O @>1>B0.  
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�0157?5G5==O :><D>@B=8E 01> 4>?CAB8<8E ?0@0<5B@V2 <V:@>:;V<0BC 

?@8<VI5==O 70;568BL 2V4 FV;>3> @O4C G8==8:V2 (BO6:>ABV 28:>=C20=8E @>1VB, 

?5@V>4C @>:C) V 2V4?>2V4=> WE 7=0G5==O @53;0<5=BCNBLAO �%! 3.3.6.042-99 

«%0=VB0@=V =>@<8 <V:@>:;V<0BC 28@>1=8G8E ?@8<VI5=L». 

�><?;5:A=C >FV=:C AB0=C <V:@>:;V<0BC ?@8 70AB>A>2CNBLAO ?0@0<5B@0E <>6=0 

?@>25AB8 70 25;8G8=>N 5:2V20;5=B=>-5D5:B82=>W B5<?5@0BC@8 @8A. 3 (?>є4=0==O 

B@L>E ?0@0<5B@V2 <V:@>:;V<0BC) [2, 13, 14]. �E ?>є4=0==O <>65 AB2>@N20B8 

:><D>@B=V 01> 48A:><D>@B=V <V:@>:;V<0B8G=V C<>28, O:V 287=0G0NBL A0<>?>GCBBO, 

74>@>2'O V ?@0F5740B=VABL ;N48=8 =0 28@>1=8FB2V V 2 ?>1CBV [2, 12, 14]. 

  

$8A. 1.7. !><>3@0<0 <V:@>:;V<0B8G=8E ?0@0<5B@V2 2 @>1>GV9 7>=V 

 

�>2=VH=є A5@54>28I5 2?;820є =0 B5?;>2V ?0@0<5B@8 <V:@>:;V<0BC G5@57 

>3>@>46C20;L=V :>=AB@C:FVW. #@8 287=0G5==V C<>2 <V:@>:;V<0BC 206;82> 

2@0E>2C20B8 7>2=VH=V D0:B>@8. �=0NG8 ?0@0<5B@8 7>2=VH=L>3> A5@54>28I0, 

B5?;>0:C<C;NNGC 740B=VABL >3>@>46C20;L=8E :>=AB@C:FV9, <>6=0 >?B8<V7C20B8 

:V;L:VABL V O:VABL B5?;>2>W 5=5@3VW =5>1EV4=>W 4;O ?V4B@8<:8 2A5@548=V 1C4V2;V 

>?B8<0;L=8E ?0@0<5B@V2 <V:@>:;V<0BC.  

&0:8< G8=><, B5?;>DV78G=V E0@0:B5@8AB8:8 >3>@>46C20;L=8E :>=AB@C:FV9 B0 

<VAF5 @>7B0HC20==O ?@8<VI5==O 2A5@548=V 1C4V2;V <0NBL 7=0G=89, O:I> =5 

28@VH0;L=89, 2;82 =0 C<>28 <V:@>:;V<0BC. &0:, :CB>25 ?@8<VI5==O 1C45 702648 
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<0B8 B5?;>2B@0B8 1V;LHV, =V6 ?@8<VI5==O 2A5@548=V 1C4V2;V. &><C, 4;O 70157?5G5==O 

>?B8<0;L=8E (4>?CAB8<8E) <V:@>:;V<0B8G=8E C<>2 2A5@548=V :CB>2>3> ?@8<VI5==O 

=5>1EV4=> 4>:;040B8 1V;LH5 7CA8;L V C @07V 28=8:=5==O 020@V9=>W A8BC0FVW 2 

A8AB5<0E B5?;>?>AB0G0==O ?>3V@H5==O C<>2 <V:@>:;V<0BC 2 B0:><C ?@8<VI5==V 1C45 

2V41C20B8AO 7=0G=> H284H5. 

#>:07=8:8 B5?;>?@>2V4=>ABV, B5@<VG=>3> >?>@C, ?0@> ?@>=8:=5==O V 

B5?;>B@82:>ABV 1C4V25;L=8E <0B5@V0;V2 >3>@>46C20;L=8E :>=AB@C:FV9 2V4V3@0NBL  

25;8:C @>;L 287=0G5==O AB@0B53VW ?V4B@8<:8 >?B8<0;L=8E (4>?CAB8<8E) 

<V:@>:;V<0B8G=8E C<>2. 

�3V4=> ?@>2545=>3> 0=0;V7C [1, 2, 24-33] 2 ':@0W=V 2 68B;>2><C 1C4V2=8FB2V 

70AB>A>2CNBLAO @V7=V <0B5@V0;8, :>=AB@C:FVW B0 B5E=>;>3VW, I> 287=0G0є B5?;>DV78G=V 

E0@0:B5@8AB8:8 :>=AB@C:FV9, 2 B><C G8A;V WE B5?;>B@82:VABL 

#V4 B5?;>B@82:VABN ?@8<VI5==O @>7C<VєBLAO 9>3> 2;0AB82VABL 715@V30B8 

2V4=>A=C AB0;VABL B5<?5@0BC@8 ?@8 :>;820==OE 7>2=VH=VE B5?;>28E 2?;82V2 01> 

B5?;>2V440GV >?0;N20;L=8E ?@8;04V2. �060=0 28A>:0 B5?;>B@82:VABL :>=AB@C:FVW 4;O 

7<5=H5==O :>;820==O B5<?5@0BC@8, B8< A0<8< F5 2?;820є =0 7<5=H5==O B5?;>2>3> 

=020=B065==O =0 A8AB5<8 70157?5G5==O ?0@0<5B@V2 <V:@>:;V<0BC.  

&5?;>?>3;8=0==O B0 B5?;>70A2>є==O є ?>:07=8:0<8 B5?;>B@82:>ABV ?@8<VI5=L 

?@8 ?5@V>48G=><C E0@0:B5@V B5?;>28E 2?;82V2. /:I> B5?;>2V 2?;828 =5?5@V>48G=V, 

B> 70 B0:89 ?>:07=8: ?@89<0NBL :>5DVFVє=B 0:C<C;OFVW B5?;>B8 1C4V2;5N. *59 

?>:07=8: 287=0G0єBLAO =0BC@=8<8 28?@>1C20==O<8 [1, 5, 7, 19]. 

�=865==O B5?;>B@82:>ABV @V7=8E 1C4V25;L, 0 B0:>6 WE >E>;>465==O 2 E>;>4=89 

?5@V>4, >1C<>2;5=5, B0:>6 020@V9=8<8 V 45DVF8B=8<8 A8BC0FVO<8 2 A8AB5<0E 

B5?;>307>?>AB0G0==O, <>65 ?@825AB8 4> @O4C 4>A8BL =5A?@8OB;828E O28I, O:V 

?>@CHCNBL B5?;>289 @568< 2 ?@8<VI5==OE, ?>@CHCNBL 3V3Vє=VG=V C<>28, I> 

2?;820є =0 715@565==O 1C4V2;V, B0 <>65 ?@825AB8 4> 28=8:=5==O :@8B8G=8E C<>2 

?@8 5:A?;C0B0FVW A8AB5< B5?;>?>AB0G0==O. 

 

 

 



35 
 

 

1.3 . !>@<C20==O B0 70A>18 :>=B@>;N 2 ?@8<VI5==OE 

� >A=>2C ?@8=F8?V2 =>@<C20==O ?0@0<5B@V2 <V:@>:;V<0BC ?>:;045=> 

48D5@5=FV9=C >FV=:C >?B8<0;L=8E B0 4>?CAB8<8E <5B5>@>;>3VG=8E C<>2 C @>1>GV9 

7>=V 2 70;56=>ABV 2V4 :0B53>@VW @>1VB, ?5@V>4C @>:C B0 284C @>1>G8E <VAFL. 

 !091V;LH89 2?;82 =0 ;N48=C 74V9A=NNBL G8==8:8, ?>2'O70=V 7 

B5?;>2V4GCBBO<, 4> O:8E 2V4=>AOBLAO: B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t, ℃, 

2V4=>A=0 2>;>3VABL ?>2VB@O �, %, H284:VABL ?>2VB@O=>3> ?>B>:C �, @ E⁄ , WE @>7?>4V; 2 
>1'є<V ?@8<VI5==O V 2 G0AV, 0 B0:>6 B5<?5@0BC@0 ?>25@E>=L, 725@=5=8E 2A5@548=C 

?@8<VI5==O τDа8, ℃. � ?5@5@0E>20=8E 28I5 D0:B>@V2, ?>2'O70=8E 7 B5?;>2V4GCBBO<, 

=>@<CNBLAO [1, 3-10, 44] ;8H5 ?5@HV B@8. 

#@8 A0=VB0@=>-3V3Vє=VG=><C =>@<C20==V C<>2 <V:@>:;V<0BC 2V4?>2V4=> 

=>@<0B82C �%! 3.3.6.042-99 284V;ONBL 420 ?5@V>4C @>:C: B5?;89 V E>;>4=89. 

)>;>4=89 ?5@V>4 @>:C E0@0:B5@87CєBLAO A5@54=L>4>1>2>N B5<?5@0BC@>N 

7>2=VH=L>3> ?>2VB@O +10℃ V =86G5. &5?;89 ?5@V>4 @>:C – B5<?5@0BC@>N ?>=04 +10℃. 

�><?;5:A=C >FV=:C AB0=C <V:@>:;V<0BC 28@>1;ONBL 70 25;8G8=>N 

5:2V20;5=B=>-5D5:B82=>W B5<?5@0BC@8, B>1B> B0:>W B5<?5@0BC@0 ?>2VB@O, O:0 

2V4?>2V40є ?52=><C ?>є4=0==N B@L>E ?0@0<5B@V2 <V:@>:;V<0BC (B5<?5@0BC@8, 

2>;>3>ABV B0 H284:>ABV @CEC ?>2VB@O) 7 AC1'є:B82=8<8 B5?;>28<8 2V4GCBBO<8 

;N48=8. �E ?>є4=0==O <>65 AB2>@N20B8 :><D>@B=V 01> 48A:><D>@B=V 

<V:@>:;V<0B8G=V C<>28, O:V 254CBL 4> ?5@53@V2C 01> ?5@5>E>;>465==O >@30=V7<C.  

�5;8:5 7=0G5==O ?@8 70157?5G5==V :>=B@>;N 70 <V:@>:;V<0B>< 2 ?@8<VI5==V 

<0NBL B5?;>B5E=VG=V E0@0:B5@8AB8:8 9>3> >3>@>46C20;L=8E :>=AB@C:FV9. �465 

>3>@>46C20;L=V 1C4V25;L=V :>=AB@C:FVW є 10@'є@>< =0 H;OEC ?>H8@5==O V ?5@540GV 

B5?;0. &><C B5?;>B5E=VG=V E0@0:B5@8AB8:8 70AB>A>2C20=8E 1C4V25;L=8E <0B5@V0;V2 2 

>3>@>46C20;L=8E :>=AB@C:FVOE 706040NBL 7=0G=C :V;L:VABL 5=5@3VW 2V4 B5?;>=>AVW2, 

I> 2 :V=F52><C ?V4AC<:C 287=0G0є B5<?5@0BC@C =0 WE ?>25@E=V V B5<?5@0BC@C ?>2VB@O 

2 ?@8<VI5==V.  



36 
 

 

 � 40=89 G0A VA=CNBL @V7=V <5B>48 >FV=:8 V :>=B@>;N B5?;>B5E=VG=8E 

E0@0:B5@8AB8: 1C4V25;L=8E <0B5@V0;V2. $>7@V7=ONBL 42V 25;8:V 3@C?8 <5B>4V2 

287=0G5==O B5?;>B5E=VG=8E E0@0:B5@8AB8:: AB0FV>=0@=V V =5AB0FV>=0@=V [26, 48, 58]. 

#@8 287=0G5==V B5?;>B5E=VG=8E E0@0:B5@8AB8: AB0FV>=0@=8< <5B>4>< 

B5?;>289 ?>BV: ?@>E>48BL G5@57 4>A;V46C20=5 BV;> 2 <><5=B ?@>2545==O 

28<V@N20==O V ?@8 FL><C 715@V30єBLAO ?>ABV9=8< ?> 25;8G8=V V =0?@O<:C [27]. 

%B0FV>=0@=V C<>28 B5?;>?5@540GV E0@0:B5@87CNBLAO AB0;VABN 2 G0AV 25;8G8=8 

B5?;>2>3> ?>B>:C V B5<?5@0BC@8 >3>@>6V. #@8 AB0FV>=0@=><C @568<V B5?;>?5@540GV 

2AV B5?;>B5E=VG=V @>7@0EC=:8 4>A8BL ?@>ABV. &><C 70728G09 ?@8 B5?;>B5E=VG=8E 

@>7@0EC=:0E 7>2=VH=VE >3>@>46C20;L=8E :>=AB@C:FV9 1C48=:V2 ?@89<0єBLAO, I> 

B5?;>?5@540G0 2V41C20єBLAO ?@8 AB0FV>=0@=><C B5?;>2><C ?>B>FV. "4=0: C 

28?04:0E, :>;8 @>7@0EC=:8 4;O AB0FV>=0@=8E C<>2 40NBL 70=04B> 7=0G=V 2V4E8;5==O 

2V4 4V9A=8E, 2@0E>2CєBLAO 7<V=0 2 G0AV 25;8G8=8 B5?;>2>3> ?>B>:C V B5<?5@0BC@8 

>3>@>6V [26]. 

�V;LHVABL AB0FV>=0@=8E <5B>4V2 287=0G5==O B5?;>B5E=VG=8E E0@0:B5@8AB8: 

<0NBL FV;89 @O4 =54>;V:V2, O:V 2?;820NBL =0 ?@>2545==O 28<V@N20=L B0 @57C;LB0B8. 

�> B0:8E =54>;V:V2 2V4=>A8BLAO B@820;VABL 5:A?5@8<5=BV2, =5>1EV4=VABL 

28:>@8AB0==O ?52=8E AB0=40@B=8E 7@07:V2. !09G0ABVH5 ?@8 AB0FV>=0@=8E <5B>40E 

28<V@N20==O 287=0G0єBLAO ;8H5 >48= B5?;>DV78G=89 ?0@0<5B@ - :>5DVFVє=B 

B5?;>?@>2V4=>ABV [26]. #>B@V1=> 2V47=0G8B8, I> AB0FV>=0@=V <5B>48 287=0G5==O 

B5?;>B5E=VG=8E E0@0:B5@8AB8: <0B5@V0;V2 =5<>6;82> 70AB>A>2C20B8 157 ?>@CH5==O 

FV;VA=>ABV >AB0==VE. �> B>3> 6 2>=8 40NBL >FV=:C B5?;>B5E=VG=8E E0@0:B5@8AB8: 157 

C@0EC20==O 7<V=8 WE C G0AV. 

 5B>48 287=0G5==O B5?;>B5E=VG=8E E0@0:B5@8AB8: <0B5@V0;V2, 70A=>20=V =0 

70:>=><V@=>ABOE =5AB0FV>=0@=>3> ?>B>:C B5?;0, <>6=0 @>74V;8B8 =0 3@C?8: 0) <5B>4 

@53C;O@=>3> @568<C; 1) <5B>48, 70A=>20=V =0 287=0G5==V ?0@0<5B@V2 =5AB0FV>=0@=>3> 

B5<?5@0BC@=>3> ?>;O =0 ?>G0B:>2V9 AB04VW 9>3> @>728B:C. 

' 1C4V25;L=V9 B5?;>B5E=VFV =5>1EV4=VABL 2@0EC20==O B5?;>?5@540GV 2 

=5AB0FV>=0@=8E C<>20E 7'O2;OєBLAO ?@8 28@VH5==V B0:8E ?8B0=L: 287=0G5==O 

0<?;VBC48 :>;820==O B5<?5@0BC@8 ?>2VB@O 2 ?@8<VI5==OE C 72'O7:C 7 



37 
 

 

=5@V2=><V@=VABN 2V440GV B5?;>B8 A8AB5<>N >?0;5==O; @>7@0EC=:C 7030A0==O 

B5<?5@0BC@=8E :>;820=L 2 >3>@>465==V 2 72'O7:C 7 :>;820==O<8 B5<?5@0BC@8 

7>2=VH=L>3> ?>2VB@O 01> ?V4 2?;82>< A>=OG=>W @04V0FVW; ?@>3@V2C V >E>;>465==O 

<0A82=8E >3>@>6 B>I>. [26-30]. 

"A=>2=8<8 =54>;V:0<8 <5B>4V2 @53C;O@=>3> @568<C є: B@820;VABL 

5:A?5@8<5=BC; <>6;82VABL ?@>2545==O 28<V@N20=L BV;L:8 =0 A?5FV0;L=> 

?V43>B>2;5=8E 7@07:0E ?52=>W D>@<8. "AB0==є CA:;04=Nє 70AB>AC20==O F8E <5B>4V2 

4;O =5@C9=V2=>3> :>=B@>;N B5?;>B5E=VG=8E E0@0:B5@8AB8: <0B5@V0;V2 [27-29]. 

"A=>2=8< 70240==O< B5?;>2>3> =5@C9=V2=>3> :>=B@>;N 1C4V25;L V A?>@C4 є 

287=0G5==O B5?;>DV78G=8E E0@0:B5@8AB8: <0B5@V0;V2, I> AB0=>2;OBL 7>2=VH=V 

>3>@>46C20;L=V :>=AB@C:FVW 4>A;V46C20=8E >1'є:BV2. !091V;LH 206;82>N 7 

287=0G5=8E E0@0:B5@8AB8: 4>A;V46C20=>3> D@03<5=B0 7>2=VH=VE >3>@>46C20;L=8E 

:>=AB@C:FV9 є 25;8G8=0 9>3> >?>@C B5?;>?5@540GV. *O 25;8G8=0 287=0G0є 

B5?;>V7>;OFV9=V 2;0AB82>ABV D@03<5=B0 :>=AB@C:FVW V ?>2'O7Cє IV;L=VABL B5?;>2>3> 

?>B>:C G5@57 >1@0=89 D@03<5=B :>=AB@C:FV9 7 @V7=8F5N B5<?5@0BC@ ?>2VB@O 

2A5@548=V B0 7>2=V ?@8<VI5==O. %0<5 2>=0 ?>:07Cє B>, =0A:V;L:8 5D5:B82=> 2 1C4V2;V 

715@V30єBLAO B5?;> 278<:C V =0A:V;L:8 ?>2V;L=> 1C4V2;N ?@>3@V20єBLAO 2;VB:C. 

�V;LHVABL VA=CNG8E <5B>48: 287=0G5==O >?>@C B5?;>?5@540GV 1C4V25;L=8E 

:>=AB@C:FV9 2 @50;L=8E C<>20E 5:A?;C0B0FVW 70A=>20=V =0 157?>A5@54=L><C 28<V@V 

IV;L=>ABV B5?;>2>3> ?>B>:C, I> ?@>E>48BL G5@57 ?>25@E=N D@03<5=B0 

4>A;V46C20=>W :>=AB@C:FVW. "4=0:, O: ?>:070;8 4>A;V465==O F5 ?@872>48BL 4> 

ACBBє2>W ?><8;:8 ?@8 287=0G5==V IV;L=>ABV B5?;>2>3> ?>B>:C. #>O20 ?><8;:8 

?>2'O70=0 7 VAB>B=>N 2V4<V==VABN B5?;>DV78G=8E E0@0:B5@8AB8: ?>25@E=V D@03<5=B0 

>3>@>46C20;L=8E :>=AB@C:FV9 V <0B5@V0;C 28:>@8AB>2C20=>3> 2 40BG8:C. �5;8:0 

?>E81:0 C 287=0G5==V IV;L=>ABV B5?;>2>3> ?>B>:C ?@872>48BL 4> =5:>@5:B=>3> 

287=0G5==O 25;8G8=8 >?>@C B5?;>?5@540GV 7>2=VH=VE >3>@>46C20;L=8E :>=AB@C:FV9. 

&><C ?@>2545==O B5>@5B8G=8E B0 5:A?5@8<5=B0;L=8E 4>A;V465=L 48=0<V:8 7<V=8 

B5<?5@0BC@8 =0 ?>25@E=V >3>@>46C20;L=8E 1C4V25;L=8E :>=AB@C:FV9 B0 B5<?5@0BC@8 

2=CB@VH=L>3> ?>2VB@O ?@8<VI5=L ?@8 020@V9=8E @568<0E 2V4:;NG5==O 

B5?;>?>AB0G0==O є 0:BC0;L=>N 7040G5N V <0є 206;825 7=0G5==O 4;O ':@0W=8. 



38 
 

 

 

1.4 . �20@V9=V @568<8 ?@8 5:A?;C0B0FVW B5?;>28E A8AB5< V WE 2?;82 =0 157?5:C 

68BBє4VO;L=>ABV 2 ?@8<VI5==V 

+8A;5==V 020@V9=V A8BC0FVW 2 A8AB5<0E B5?;>?>AB0G0==O I>@VG=> 70;8H0NBL 

157 B5?;0 157;VG ;N459 ?> 2AV9 ':@0W=V. !092V4><VHV 28?04:8 020@V9 2 A8AB5<0E 

B5?;>?>AB0G0==O >AB0==L>3> ?'OB8@VGGO 2V41C;8AO 2 )0@:>2V (2018 @.) B0 �8є2V (2018, 

2020, 2021 @@.). �>;>2=>N ?@8G8=>N ?>4V1=>3> є 28G5@?0==O =>@<0B82=>3> AB@>:C 

5:A?;C0B0FVW B5?;>28E <5@56 C 1030BL>E <VAB0E. &0:, =0?@8:;04, 2 >4=><C ;8H5 

�8є2V, 73V4=> 7 2V4:@8B8<8 40=8<8, 80% B5?;>28E <5@56 265 28G5@?0;8 A2V9 

=>@<0B82=89 B5@<V= 5:A?;C0B0FVW V ?>B@51CNBL 70<V=8 [20-34]. �030;L=89 0=0;V7 

>AB0==VE 2V4:@8B8E 40=8E AB>A>2=> AB0=C >1'є:BV2 A8AB5<8 B5?;>?>AB0G0==O ':@0W=8 

45<>=AB@Cє A8BC0FVN 1;87L:C 4> :0B0AB@>DVG=>W (B01;.1.2). 

&01;. 1.2 

#>:07=8:8 7=>AC >1'є:BV2 A8AB5<8 B5?;>?>AB0G0==O ':@0W=8 

#>:07=8:, %  �=0G5==O 

+0AB:0 5=5@3>1;>:V2 B5?;>5;5:B@>AB0=FV9 

(&�%), O:V 2V4?@0FN20;8 @>7@0EC=:>289 

@5AC@A (100 B8A. 3>48=) 

92,1 

+0AB:0 5=5@3>1;>:V2 &�%, I> 

?V4B@8<CNBLAO C ?@0F5740B=><C AB0=V 
80 

+0AB:0 5=5@3>1;>:V2 &�%, O:V 

2V4?@0FN20;8 3@0=8G=89 @5AC@A 

(?>B@51CNBL <>45@=V70FVW G8 70<V=8) 

63,8 

+0AB:0 B5?;>28E <5@56 V7 AB@>:>< 

5:A?;C0B0FVW 1V;LH5 20 @>:V2 
50 

+0AB:0 :>B5;5=L, O:V 2V4?@0FN20;8 

=>@<0B82=89 B5@<V= 
60 

+0AB:0 <0;>5D5:B82=8E B0 70AB0@V;8E 

:>B;V2 7 =87L:8< ��� 
38 

+0AB:0 B5?;>28E ?C=:BV2 2 020@V9=><C 40 



39 
 

 

AB0=V 

+0AB:0 020@V9=8E B5?;><5@56 15,8 

+0AB:0 >A=0I5==O 68B;>2>3> D>=4C 

?@8;040<8 >1;V:C 
35 

+0AB:0 68B;>28E 1C48=:V2, O:V ?>B@51CNBL 

:0?VB0;L=>3> @5<>=BC 
40 

 

�=0;V7 0C48BC 5D5:B82=>ABV 28:>@8AB0==O 1N465B=8E :>HBV2, 284V;5=8E 

�5@602=V9 V=A?5:FVW 7 5=5@35B8G=>3> =03;O4C ?@>2545=89 $>7@0EC=:>2>N ?0;0B>N 

45<>=AB@Cє, I> ?>@V2=O=> 7 >?0;N20;L=8< ?5@V>4>< 2016/2017 @@., :V;L:VABL 

B5E=>;>3VG=8E ?>@CH5=L 2 >?0;N20;L=89 ?5@V>4 2019/2020 @>:V2 7@>A;0 C 3,7 @078 – 

7 1353 4> 4969 [25-32]. 

/A:@028< ?@8:;04>< BO6:>3> AB0=C C A8AB5<V F5=B@0;V7>20=>3> 

B5?;>?>AB0G0==O є @VH5==O <VAL:>W @048 <VAB0 �=V?@0, 73V4=> V7 O:8< 896 1C48=:V2 

1C4CBL 2V4:;NG5=V 2V4 F5=B@0;V7>20=>3> B5?;>?>AB0G0==O «C@0E>2CNG8 B@820;89 

B5@<V= 5:A?;C0B0FVW B5?;>28E <5@56 :>B5;5=L, C 72’O7:C V7 =5<>6;82VABN ?>40;LH>W 

WE 5:A?;C0B0FVW». 

� FV;><C 020@V9=V A8BC0FVW 2 A8AB5<0E B5?;>?>AB0G0==O <>6=0 @>74V;8B8 =0 

B@8 :0B53>@VW 70 ABC?5=5< WE =530B82=>3> 2?;82C =0 68BBє4VO;L=VABL ;N459 

(B01;.  1.3). 

&01;. 1.3  

�0B53>@VW 020@V9=8E A8BC0FV9 2 A8AB5<0E B5?;>?>AB0G0==O B0 WE 2?;82 =0 

68BBє4VO;L=VABL ;N48=8 

�0B53>@VO 020@V9=>W A8BC0FVW #>B5=FV0; =530B82=>3> 2?;82C 

�20@V9=V A8BC0FVW 2 A8AB5<0E >?0;5==O 

1C4V25;L  

>4=0 / 45:V;L:0 :20@B8@ - 68B;>289 

1C48=>:  

!5A?@02=>ABV 5;5<5=BV2 B5?;>2>3> 22>4C  �8B;>289 1C48=>:  

�20@V9=V A8BC0FVW 2 B5?;>28E <5@560E  <V:@>@09>= 

 



40 
 

 

� 7030;L=><C 28?04:C ?@8G8=8 020@V9=8E V=F845=BV2 2 A8AB5<0E >?0;5==O 

<>6=0 725AB8 4> =0ABC?=>3> ?5@5;V:C >A=>2=8E 2V4<>2 (B01;. 1.4): B5GV (C @V7L1>28E V 

720@N20;L=8E 7’є4=0==OE B@C1>?@>2>4V2 B0 >?0;N20;L=8E ?@8;040E), =5@V2=><V@=5 

?@>3@V20==O (AB>O:V2 B0 >?0;N20;L=8E ?@8;04V2), 70<5@70==O (>?0;N20;L=V ?@8;048, 

4V;L=8FV B@C1>?@>2>4V2), @>7@828 B@C1>?@>2>4V2, ?@8?8=5==O F8@:C;OFVW 

B5?;>=>AVO.  

&01;. 1.4  

"A=>2=V 2V4<>28 A8AB5< >?0;5==O B0 ?@8G8=8, I> WE 28:;8:0NBL 

�V4<>20 A8AB5<8 >?0;5==O #@8G8=8 

&5GV 2 @V7L1>28E V 720@N20;L=8E 

7'є4=0==OE B@C1>?@>2>4V2 

G5@57 718@0==O =0 ACE><C ;L>=V, 

?>?040==O ?>2VB@O 2 A8AB5<C, 

A?>@>6=5==O 2 ;VB=V9 ?5@V>4, 

<5E0=VG=8E ?>H:>465=L, AB@81:V2 

B8A:C B5?;>=>AVO V V=. 

&5GV 2 >?0;N20;L=8E ?@8;040E ?5@V>48G=5 A?>@>6=5==O A8AB5<, 

?V4682;5==O 2>4>N 157 4505@0FVW V 

4>AB0B=L>N EV<>1@>1:8, <5E0=VG=V 

?>H:>465==O, @>7<>@>6C20==O 

!5@V2=><V@=5 ?@>3@V20==O @V7=8E, 

>A>1;82> 40;5:8E AB>O:V2 

@07@53C;N20==O, 2=CB@VH=є 

>1@>AB0==O B@C1>?@>2>4V2, 2V4ACB=VABL 

;VB=VE ?@><82>: A8AB5<8, ?>2VB@O=V 

«<VH:8» 

!5@V2=><V@=5 ?@>3@V20==O 

>?0;N20;L=8E ?@8;04V2 ?> 28A>BV 

1C4V2;V 

>1@>AB0==O B@C1>?@>2>4V2, 

=5@>7@0E>20=0 28B@0B0 B5?;>=>AVO, 

7028I5=V B5?;>2B@0B8 1C4V2;V, 

=5A0=:FV>=>20=0 CAB0=>2:0 

>?0;N20;L=8E ?@8;04V2 2 >:@5<8E 

?@8<VI5==OE, 70A<VG5==O >:@5<8E 

?@8;04V2 V 0@<0BC@8, «70?>2VB@N20==O» 

>:@5<8E ?@8;04V2 



41 
 

 

�0<5@70==O >?0;N20;L=8E ?@8;04V2, 

4V;L=8FL B@C1>?@>2>4V2 

;>:0;L=5 >E>;>465==O ?@8 2V4:@8B8E 

7>2=VH=VE 425@OE 01> 2V:=0E, 

2V4ACB=VABL V7>;OFVW =0 @>72V4=8E 

B@C1>?@>2>40E, =87L:0 B5<?5@0BC@0 

B5?;>=>AVO, ?5@5@28 2 F8@:C;OFVW 

B5?;>=>AVO 

$>7@828 B@C1>?@>2>4V2 2V4ACB=VABL <V6?>25@E>28E 3V;L7, 

:><?5=A0B>@V2, 45D>@<0FVO 

:>=AB@C:B82=8E 5;5<5=BV2 1C4V2;V, 

=5@>7@0EC=:>2V <5E0=VG=V 

=020=B065==O =0 B@C1>?@>2>48, 

7028I5=V B8A:8 2 B@C1>?@>2>40E, 

70<5@70==O 4V;O=>: B@C1>?@>2>4V2, 

2=CB@VH=O :>@>7VO B0 V=. 

#@8?8=5==O F8@:C;OFVW B5?;>=>AVO «�0?>2VB@N20==O» A8AB5<8, G0AB:>25 

A?>@>6=5==O, 7=865==O 01> 

2V4ACB=VABL ?5@5?04C B8A:C =0 22>4V, 

70A<VG5==O 01> ?5@5<5@70==O 4V;O=:8 

B@C1>?@>2>4C, 28BV: 2>48 7 

B@C1>?@>2>4C, I> ?>40є V V=. 

 

%5@54 =02545=8E C B01;. 1.4 20@V0=BV2 >A=>2=8E 2V4<>2 A8AB5< 

B5?;>?>AB0G0==O 28?04:8 @>7@82C B@C1>?@>2>4V2 B0 ?@8?8=5==O F8@:C;OFVW 

B5?;>=>AVO 28<030NBL =5309=>3> 2B@CG0==O @5<>=B=8E A;C61. 

#@8 @>7@82V B@C1>?@>2>4C, 70728G09 =5>1EV4=> A?>@>6=8B8 G0AB8=C 01> 2AN 

>?0;N20;L=C A8AB5<C V ?@>25AB8 2V4=>2;N20;L=V @>1>B8. � 72>@>B=><C 28?04:C 

@V7:> 7@>AB0є @878: ?5@5<5@70==O B@C1>?@>2>4V2.  ' @07V 4>1@5 (7 ?@>4C2:>N) 

A?>@>6=5=>W >?0;N20;L=>W A8AB5<8 (01> WW G0AB8=8) G0A @5<>=B=8E @>1VB 

287=0G0єBLAO, :@V< A>FV0;L=8E 28<>3, >E>;>465==O< 1C4V2;V (01> WW G0AB8=8), 0 



42 
 

 

B0:>6 7 C<>28 <>6;82>3> A?>=B0==>3> @>728B:C 020@V9 ?@8 =5@>7@0E>20=8E 

?V4:;NG5==OE A?>6820G0<8 5;5:B@8G=8E V 307>28E 465@5; B5?;>B8. 

' @07V ?@8?8=5==O F8@:C;OFVW B5?;>=>AVO, >A>1;82> 2 A8AB5<V >?0;5==O 2 

FV;><C, G0A ;V:2V40FVW 020@VW (4> A?>@>6=5==O) 287=0G0єBLAO :;V<0B8G=8<8 C<>20<8. 

�;O 71V;LH5==O G0AC ?5@51C20==O A8AB5<8 >?0;5==O 2 70?>2=5=><C AB0=V =5>1EV4=0 

@50;V70FVO =0ABC?=8E 70E>4V2: A?>@>6=5==O BV;L:8 AE>4>28E AB>O:V2 (O: =091V;LH 

2@07;828E <VAFL); >@30=V70FVO ?@8@>4=>W F8@:C;OFVW G5@57 109?0A=C ;V=VN (01> 

H;OE>< 7=OBBO A>?;0 5;520B>@0); ?V4:;NG5==O =0 22545==V F8@:C;OFV9=>3> =0A>A0; 

?V4:;NG5==O =0 22545==V ?5@5AC2=>3> 4>40B:>2>3> 465@5;0 B5?;0; B5?;>V7>;OFVO 

B@C1>?@>2>4V2 =0 22>4V, AE>4>28E <0940=G8:0E; ?V4:;NG5==O 2 :20@B8@0E 

4>40B:>28E 465@5; B5?;0 7 >4=>G0A=>N >@30=V70FVєN F8@:C;OFVW 2 A8AB5<V >?0;5==O; 

>1V3@V2 AE>4>28E <0940=G8:V2 ?5@5AC2=8<8 ?>2VB@O=>->?0;N20;L=8<8 03@530B0<8. 

� ?@>F5AV 5:A?;C0B0FVW =0 B5?;>2><C 22>4V <>6;82V =0ABC?=V =5A?@02=>ABV, 

>?>A5@54:>20=> A?@8ONGV 28=8:=5==N 020@V9=8E A8BC0FV9 2 A8AB5<0E >?0;5==O B0 

30@OG>3> 2>4>?>AB0G0==O (B01;. 1.5). 

&01;.1.5  

!5A?@02=>ABV 2 A8AB5<0E >?0;5==O B0 30@OG>3> 2>4>?>AB0G0==O, 

>?>A5@54:>20=> A?@8ONGV 28=8:=5==N 020@V9=8E A8BC0FV9 

!5A?@02=>ABV  >6;82V =0A;V4:8 

�0A<VG5==O A>?;0 5;520B>@0 #@8?8=5==O F8@:C;OFVW B5?;>=>AVO 

�840;5==O A>?;0 5;520B>@0 #5@53@V2 25@E=VE ?>25@EV2, 71V;LH5==O 

B8A:C 2 A8AB5<V >?0;5==O 7 <>6;828< 

?5@528I5==O< 4>?CAB8<8E 7=0G5=L 

(@>7@82 >?0;N20;L=8E ?@8;04V2) 

�0?>2=5==O 3@O7528:V2 H;0<>< �=865==O ?5@5?04C B8A:C V, O: 

=0A;V4>:, 7<5=H5==O F8@:C;OFVW 2 

A8AB5<V >?0;5==O 

#>@CH5==O B5?;>V7>;OFVW 

B@C1>?@>2>4V2 

�1V;LH5==O B5?;>28E 2B@0B, 

?@8A:>@5==O 70<5@70==O 

B@C1>?@>2>4V2 ?@8 020@VW 



43 
 

 

�0@>AB0==O B@C1>: B5?;>>1<V==8:V2 �=865==O B5<?5@0BC@8 ?>2VB@O 2 

>?0;N20;L=8E ?@8<VI5==OE, 

25@B8:0;L=5 @07@53C;N20==O 

�V4<>28 2 @>1>BV F8@:C;OFV9=8E 

=0A>AV2 

#@8?8=5==O F8@:C;OFVW B5?;>=>AVO, 

<>6;82VABL ?5@5<5@70==O 

B@C1>?@>2>4V2 A8AB5<8 >?0;5==O 

 

�030;>< =091V;LH E0@0:B5@=8<8 =5?>;04:0<8 2 B5?;>28E <5@560E є: @>7@82 

B@C1>?@>2>4V2 01> @C9=C20==O 0@<0BC@8; 71V;LH5=5 ?V4682;5==O B5?;>28E <5@56 70 

@0EC=>: A28IV2 2 B@C1>?@>2>40E; 3V4@02;VG=5 @07@53C;N20==O B5?;>28E <5@56. 

�20@VW, ?>2'O70=V 7 @>7@82>< B@C1>?@>2>4C, 28<030NBL >?5@0B82=>3> 

2B@CG0==O. �0;56=> 2V4 ?@87=0G5==O, 4V0<5B@0, AE5<8 V B8?C A8AB5<8 

B5?;>?>AB0G0==O <>6;82V =0ABC?=V 5B0?8 V 20@V0=B8 WE ;V:2V40FVW 7 ?>40;LH8< 

@5<>=B>< B5?;>?@>2>4C: 28O2;5==O B>G=>3> <VAFO 020@VW; ?@>3=>7 B5?;>2>3> V 

3V4@02;VG=>3> @568<V2 ?@8 @>728B:C 020@VW V 2V4:;NG5==O 4V;O=:8 B5?;><5@56V; 

2V4:;NG5==O 020@V9=>W B@C1>?@>2>4C; 281V@ >?B8<0;L=>3> B5?;>2>3> V 3V4@02;VG=>3> 

@568<V2 A8AB5<8 =0 ?5@V>4 2V4=>2;5==O 020@V9=>3> B5?;>?@>2>4C 7 @>7@>1:>N 

AB@0B53VW V G0AC 2V4=>2;5==O. 

� >A=>2V 707=0G5=>W ?>A;V4>2=>ABV ;568BL 281V@ >4=>3> 7 20@V0=BV2 

B8<G0A>2>3> DC=:FV>=C20==O A8AB5<8 B5?;>?>AB0G0==O 020@V9=>W 7>=8: 

DC=:FV>=C20==O A8AB5<8 B5?;>?>AB0G0==O 7 2V4:;NG5=>N =0 ?5@V>4 @5<>=BC 

4V;O=:>N (B8<G0A>25 2V4:;NG5==O A8AB5<8 >?0;5==O); >?0;5==O 1C4V25;L 70 

4>?><>3>N ;>:0;L=8E >1V3@V20GV2 (?>2VB@O=V :0;>@8D5@8, 5;5:B@8G=V 01> 307>2V 

>?0;N20;L=V ?@8;048, «1C@6C9:8» B0 V=.); @>1>B0 B@L>E-, G>B8@8B@C1=>W B5?;>2>W 

<5@56V (7 ?5@5<8:0==O<) 2 @568<V =0 >?0;5==O (157 30@OG>3> 2>4>?>AB0G0==O); 

?V4:;NG5==O 2 <VAFV 020@VW ?5@5AC2=>W B8<G0A>2>W :>B5;L=V; @>1>B0 42>B@C1=>W 

B5?;>2>W <5@56V 70 >4=>B@C1=8<8 20@V0=B>< (=0 7;82). 

#5@H89 20@V0=B - =091V;LH =5A?@8OB;8289, 0;5 @07>< 7 B8< 2V= 4>A8BL H8@>:> 

70AB>A>2CєBLAO. &CB 287=0G0;L=8< є 4>?CAB8<89 ?5@V>4 G0AC =0 2V4=>2;5==O 

B@C1>?@>2>4C. 



44 
 

 

� @>728B:>< F5=B@0;V7>20=>3> B5?;>?>AB0G0==O, CA:;04=5==O< AE5< B5?;>28E 

<5@56 0:BC0;L=>N AB0;0 7040G0 28O2;5==O ?>H:>465=>W 4V;O=:8 2 A:;04=V9 <5@56V 7 

<5B>N O:=09H284H>W ;>:0;V70FVW 020@VW, 0 ?>BV< 265 CB>G=5==O <VAFO ?>H:>465==O 

4;O ?@>2545==O @5<>=B=8E @>1VB. 

(0:B 4>A8BL 25;8:>3> ?>H:>465==O, O: ?@028;>, 2AB0=>2;NєBLAO ?> @V7:><C 

71V;LH5==N 28B@0B8 ?V4682;N20;L=>W 2>48, 7=865==N B8A:C =0 :>;5:B>@0E, 

VAB>B=V9 @V7=8FV 28B@0B8 2>48 2 ?>4020;L=><C V 72>@>B=><C B@C1>?@>2>40E. ' @07V 

@V7:>3> 7@>AB0==O ?V4682;5==O =5>1EV4=> 2AB0=>28B8 :>=B@>;L =04 WW 25;8G8=>N. 

"4=>G0A=> 28@>1;ONBL 7>2=VH=V9 >3;O4 <5@56V 7 <5B>N 28O2;5==O ?>H:>465==O. 

#0@0;5;L=> =0 AB0=FVW ?5@52V@OєBLAO 35@<5B8G=VABL B5?;>DV:0FV9=>3> >1;04=0==O B0 

:>;5:B>@V2 :>B5;L=V. 

/:I> ?@8 7>2=VH=L><C >3;O4V <5@56V V ?5@52V@FV 35@<5B8G=>ABV <VAF5 28B>:C 

28O28B8 =5 240єBLAO, B> ?5@52V@:0 74V9A=NєBLAO H;OE>< ?>G5@3>2>3> 2V4:;NG5==O 

2V4 <5@56V 01>=5=BAL:8E A8AB5<, :20@B0;L=8E V <03VAB@0;L=8E 4V;O=>: B5?;>28E 

<5@56 B0 >4=>G0A=5 A?>AB5@565==O 70 25;8G8=>N ?V4682;5==O. 

#V4 G0A ?>HC:C ?>H:>465=L 2 :V;LF52>W <5@56V B0:8< <5B>4>< =5>1EV4=> 

A?>G0B:C ?5@51C4C20B8 WW =0 @04V0;L=C. *5 71V;LHCє G0A 28O2;5==O 7 <><5=BC 

28=8:=5==O ?>H:>465==O 4> 9>3> ;>:0;V70FVW. 

->1 70157?5G8B8 <>6;82VABL 1V;LH H284:>3> 28O2;5==O 020@V9=>W <03VAB@0;V 

70 ?>:070==O<8 28B@0B><V@V2, 2AB0=>2;5=8E =0 28A=>2:0E :>B5;L=V, @5:><5=4CєBLAO 

A5:FV9=0 AE5<0 5:A?;C0B0FVW B5?;>28E <5@56. �57?>A5@54=L> <VAF5 ?>H:>465==O 

28O2;OєBLAO HC@D>2:>N. 

� FV;><C 5D5:B82=VABL A?>A>1V2 7=0E>465==O ?>H:>465=L, O:V 70AB>A>2CNBLAO 

C 2VBG87=O=V9 ?@0:B8FV 5:A?;C0B0FVW <VAL:8E B5?;>28E <5@56, 4>A8BL =87L:0. 

#@0:B8G=> 020@V9=C 4V;O=:C =09G0ABVH5 2AB0=>2;NєBLAO ?> ?>O2V 2>48 2 :0<5@0E, 

28E>4C <5@5652>W 2>48 =0 ?>25@E=N 75<;V 01> ?> 28E>4C ?0@V2 7 B5?;>DV:0FV9=8E 

:0<5@. 

� 40=89 G0A @>7@>1;5=89 @O4 1V;LH 4>A:>=0;8E <5B>4V2 28O2;5==O 020@V9 2 

B5?;>28E <5@560E (<5B>4 02B><0B8G=>W A83=0;V70FVW, 3V4@>;>:0FVW, :>=B@>;L>20=8E 

B8A:V2; <5B>48, 70A=>20=V =0 70AB>AC20==V 2 C<>20E B5?;>28E <5@56 ACG0A=8E �%'). 



45 
 

 

�;5 G5@57 =54>AB0B=є DV=0=AC20==O 2>=8 =5 AB0;8 <0A>28< B5E=>;>3VG=8< 1078A>< 

4;O AB2>@5==O ?>ABV9=> DC=:FV>=CNG8E A8AB5< 48AB0=FV9=>3> 28O2;5==O B0 

;>:0;V70FVW 4V;O=>: V <VAFL 28B>:V2 <5@56=>W 2>48 2 ACG0A=8E 4VNG8E A8AB5<0E 

B5?;>?>AB0G0==O. 

� @57C;LB0BV 020@V9 =0 B5?;>28E <5@560E V 465@5;0E <>6;82V =091V;LH <0A>2V 

V A5@9>7=V 70 A2>W< E0@0:B5@>< ?>@CH5==O B5?;>2>3> @568<C, AC?@>2>46C20=V 

7=0G=8<8 <0B5@V0;L=8<8 V <>@0;L=8<8 28B@0B0<8. $>7@>1:C AE5<=8E @VH5=L A8AB5< 

>?0;5==O, 1V;LH ABV9:8E 4> 5:AB@5<0;L=8E A8BC0FV9, A;V4 25AB8 7 C@0EC20==O< 

<>6;828E ?>@CH5=L 3V4@02;VG=8E V B5?;>28E @568<V2 2 A8AB5<0E B5?;>?>AB0G0==O. 

"A>1;82> 0:BC0;L=8< є ?8B0==O 70157?5G5==O 157?5:8 68BBє4VO;L=>ABV 68B;>28E 

<0A82V2 2 2>є==89 G0A. 

�3V4=> 70?@>?>=>20=8E 2 ':@0W=V 2 72’O7:C 7 2V9AL:>28< AB0=>< @568<V2 

@53C;N20==O ?>40GV 5;5:B@>5=5@3VW 4;O ?>1CB>28E ?>B@51 7 20 6>2B=O 2022 @>:C 

287=0G5=V 3@0DV:8 2V4:;NG5==O (@8A. 1.8). 

 

$8A. 1.8. #@8:;04 3@0DV:0 AB01V;V70FV9=8E 2V4:;NG5=L 4;O <. �=V?@> 

 

 

&0:8< G8=>< ?@>2545==O 4>A;V465=L ?> 287=0G5==N 28=8:=5==O :@8B8G=>3> 

AB0=C 2 A8AB5<0E B5?;>?>AB0G0==O 2 ':@0W=V, I> 4>72>;Oє 287=0G8B8 3@0=8G=89 G0A 

;V:2V40FVW 020@V9 B0 =54>?CI5==O 5:AB@5<0;L=8E C<>2 <V:@>:;V<0BC 2 ?@8<VI5==OE 

B0 28E>4C V7 AB0=C A8AB5< B5?;>?>AB0G0==O 2 FV;><C є 0:BC0;L=>N 7040G5N 4;O 

':@0W=8. 



46 
 

 

 

�8A=>2:8 70 @>74V;>< 1 

1. #@>2545=89 0=0;V7 AB0=C A8AB5< B5?;>?>AB0G0==O 2 ':@0W=V ?>:0702, I> 

A8AB5<8 B5?;>?>AB0G0==O 2 ':@0W=V 7=0E>4OBLAO C :@8B8G=><C AB0=V, I> ?@82>48BL 

4> 28=8:=5==O 020@V9=8E A8BC0FV9 B0 ?>@CH5==O C<>2  <V:@>:;V<0BC C ?@8<VI5==OE 

(2 1V;LHV9 G0AB8=V 2>=8 2V4?@0FN20;8 3@0=8G=89 @5AC@A, G0AB:0 B5?;>28E <5@56 V7 

AB@>:>< 5:A?;C0B0FVW 1V;LH5 20 @>:V2 A:;040є 50%, 0 G0AB:0, O:V 2V4?@0FN20;8 

=>@<0B82=89 B5@<V= 60%). 

2. #@>2545=89 0=0;V7 ?>:0702, I> 2 ':@0W=V =5704>2V;L=89 AB0= @>1>B8 

A8AB5< >?0;5==O ?V4 G0A >?0;N20;L=>3> ?5@V>4C ?@872>48BL 4> WE 7C?8=>: =0 

=5287=0G5=89 G0A, 2 @57C;LB0BV G>3> 2V41C20єBLAO >E>;>465==O 1C4V25;L=8E 

:>=AB@C:FV9, I> 28:;8:0є ?>3V@H5==O C<>2 <V:@>:;V<0BC 4> =5157?5G=8E 4;O 

68BBє4VO;L=>ABV ;N48=8. 

3. �=0;V7 28=8:=5==O 48A:><D>@B=8E C<>2 <V:@>:;V<0BC ?>:0702, I> 2>=8 

ACBBє2> 2?;820NBL =0 FV;89 @O4 ?@>D5AV9=8E 70E2>@N20=L, O: V7 ?5@5>E>;>465==O<, 

B0: V7 ?5@53@V2>< ;N48=8.  

4. �87=0G5=>, I> 020@V9=VABL B5?;>28E A8AB5< B0 22545==O @568<V2 

@53C;N20==O ?>40GV 5;5:B@>5=5@3VW 2 ':@0W=V 2 72’O7:C 7 2V9AL:>28< AB0=>< 

CAC3C1;Oє A8BC0FVN B0 ?@872>48BL 4> 7=0G=8E ?>@CH5=L B5?;>2>3> @568<C 2 

?@8<VI5==OE B0 1C4V2;OE, I> AC?@>2>46CєBLAO 28=8:=5==O< 5:AB@5<0;L=8E C<>2 

<V:@>:;V<0BC B0 4>AO3=5==O 3@0=8G=8E C<>2 5:A?;C0B0FVW A8AB5< B5?;>?>AB0G0==O B0 

28E>4C WE V7 ;04C, I> <>65 ?@8725AB8 4> 7=0G=8E <0B5@V0;L=8E 28B@0B 4;O WE 

2V4=>2;5==O.  

5. !0 >A=>2V ?@>2545=8E 4>A;V465=L ?@>25AB8 >1ґ@C=BC20==O B0 @>7@>18B8 

<5B>48:C ?@>2545==O 4>A;V465=L <V:@>:;V<0BC ?@8<VI5=L 68B;>28E 1C4V25;L ?@8 

28=8:=5==V 020@V9=8E A8BC0FV9 A8AB5< B5?;>?>AB0G0==O 7 C@0EC20==O< 70157?5G5==O 

2V4=>2;5==O  <V:@>:;V<0BC ?VA;O 28:>=0==O 020@V9=8E @>1VB. 

6. � C@0EC20==O< 020@V9=8E 2V4:;NG5=L A8AB5< B5?;>?>AB0G0==O ?@>25AB8 

4>A;V465==O ?> 287=0G5==N 70:>=><V@=>AB59 48=0<V:8 B5<?5@0BC@ ?>25@E=V 



47 
 

 

>3>@>46C20;L=8E :>=AB@C:FV9 B0 B5<?5@0BC@8 2 ?@8<VI5==OE 2 70;56=>ABV 2V4 

=091V;LH ?>H8@5=8E :>=AB@C:B82=8E >A>1;82>AB59 ?@8 1C4V2=8FB2V 68B;0 2 

':@0W=V. 

7. #@>25AB8 4>A;V465==O ?> 287=0G5==N 70:>=><V@=>AB59 7<V=8 

B5<?5@0BC@8 ?>25@E=V >3>@>46C20;L=8E :>=AB@C:FVW B0 B5<?5@0BC@8 ?>2VB@O 2 

?@8<VI5==OE ?@8 020@V9=><C 2V4:;NG5==V B5?;>?>AB0G0==O 7 C@0EC20==O< 2?;82C 

7>2=VH=L>3> A5@54>28I0 ( ?>@8 @>:C, A>=OG=>W @04V0FVW, H284:>ABV B0 =0?@O<:C 

2VB@C). 

�@0E>2CNG8 :>=AB@C:B82=V >A>1;82>ABV 1C4V25;L V A?>@C4, O:V ?>2’O70=V 7 

B5E=>;>3VG=8<8 >A>1;82>ABO<8 1C4V2=8FB20 2 ':@0W=V, 28=8:;0 =5>1EV4=VABL 

?@>2545==O 4>A;V465=L ?> 287=0G5==N 4>AO3=5==O :@8B8G=>3> G0AC 28E>4C 7 ;04C 

A8AB5< B5?;>?>AB0G0==O 2 =0A;V4>: 020@V9 B0 2V4:;NG5=L, I> 4>72>;Oє ?@>3=>7C20B8 

G0A ;V:2V40FVW 020@V9=8E A8BC0FV9 2 A8AB5<0E B5?;>?>AB0G0==O B0 =54>?CI5==O WE 

28E>4C V7 5:A?;C0B0FVW B0 70157?5G5==O C<>2 157?5:8 68BBє4VO;L=>ABV 2 

?@8<VI5==OE. 

  



48 
 

 

$"���� 2.  

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

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

#@8 287=0G5==V <5B>48:8 4>A;V465==O V7 70157?5G5==O ?0@0<5B@V2 

<V:@>:;V<0BC ?@8<VI5=L 1C4V25;L ?@8 28=8:=5==V 020@V9=8E A8BC0FV9 2 @>1>BV 

A8AB5< B5?;>?>AB0G0==O 1C2 ?@>2545=89 0=0;V7 1C4V25;L=8E >1’є:BV2 72545=8E 

?@>BO3>< >AB0==L>3> 45AOB8@VGGO 2 45AOB8 >1;0ABOE ':@0W=8, 2 B><C G8A;V: 

�=V?@>?5B@>2AL:V9, �8W2AL:V9 B0 V=H8E.  

!0 >A=>2V ?@>2545=>3> 0=0;V7C 68B;>28E 1C48=:V2 2 O:>ABV >1’є:BV2 

4>A;V465==O C @0<:0E 40=>W 48A5@B0FV9=>W @>1>B8 1C;> 287=0G5=V HVABL B8?V2 ABV=, 

G8W :>=AB@C:B82=V @VH5==O =02545=> C B01;. 2.1. 

&01;. 2.1 

&8?8 >3>@>46C20;L=8E :>=AB@C:FV9 4>A;V46C20=8E 1C48=:V2 

&8?  
 

№ 
H0@C 

!0720 H0@C 
&>2I8=0 
δ, < 

%E5<0 >3>@>46C20;ь=>W 
:>=AB@C:FVW 

� 

1 (0A04=0 D0@10 0,0001  

 

 

2 �5:>@0B82=0 

HBC:0BC@:0 
0,005 

3 �20@F520 

ґ@C=B>2:0  
0,05 

4 %:;>B:0=8=0 

AVB:0 
0,001 

5 �07>289 

0@<CNG89 H0@ 
0,004 

6 �:AB@C4>20=89 

?V=>?>;VAB8@>; 

&�)!"#���% 

0,1 



49 
 

 

7 �;59 4;O 

B5?;>V7>;OFV9=8

E ?;8B 

0,0001 

8 �<VF=N20;L=0 

ґ@C=B>2:0 
0,05 

9 %BV=0 7 

307>15B>=C 

0,3 

 

�� 

1 (0A04=0 D0@10 0,0001 

 

2 �5:>@0B82=0 

HBC:0BC@:0 
0,005 

3 �20@F520 

ґ@C=B>2:0  
0,05 

4 %:;>B:0=8=0 

AVB:0 
0,001 

5 �07>289 

0@<CNG89 H0@ 
0,004 

6  V=5@0;L=0 20B0 

&�)!"(�% 
0,1 

7 �;59 4;O 

B5?;>V7>;OFV9=8

E ?;8B 

0,0001 

8 �<VF=N20;L=0 

ґ@C=B>2:0 
0,05 

9 %BV=0 7 

307>15B>=C 
0,3 

I�� 

1 (0A04=0 D0@10 0,0001 

 

2 �5:>@0B82=0 

HBC:0BC@:0 0,005 

3 �20@F520 

ґ@C=B>2:0  0,05 



50 
 

 

4 %:;>B:0=8=0 

AVB:0 0,001 

 

5 �07>289 

0@<CNG89 H0@ 0,004 

6 �:AB@C4>20=89 

?V=>?>;VAB8@>; 

&�)!"#���% 0,1 

7 �;59 4;O 

B5?;>V7>;OFV9=8

E ?;8B 0,0001 

8 �<VF=N20;L=0 

ґ@C=B>2:0 0,05 

9 �/1 ?0=5;L  0,2 

�V 

1 (0A04=0 D0@10 0,0001 

 

 

2 �5:>@0B82=0 

HBC:0BC@:0 0,005 

3 �20@F520 

ґ@C=B>2:0  0,05 

4 %:;>B:0=8=0 

AVB:0 0,001 

5 �07>289 

0@<CNG89 H0@ 0,004 

6 �0B0 <V=5@0;L=0 0,1 

7 �;59 4;O 

B5?;>V7>;OFV9=8

E ?;8B 0,0001 

8 �<VF=N20;L=0 

ґ@C=B>2:0 0,05 

9 �5B>= 

=V74@N20B89 0,3 



51 
 

 

V 

1 (0A04=0 D0@10 0,0001 

 

 

2 �5:>@0B82=0 

HBC:0BC@:0 0,005 

3 �20@F520 

ґ@C=B>2:0  0,05 

4 %:;>B:0=8=0 

AVB:0 0,001 

5 �07>289 

0@<CNG89 H0@ 0,004 

6 �:AB@C4>20=89 

?V=>?>;VAB8@>; 

&�)!"#���% 0,1 

7 �;59 4;O 

B5?;>V7>;OFV9=8

E ?;8B 0,0001 

8 �<VF=N20;L=0 

ґ@C=B>2:0 0,05 

9 �5B>= 

=V74@N20B89 0,3 

VI 

1 (0A04=0 D0@10 0,0001 

 

2 �5:>@0B82=0 

HBC:0BC@:0 0,005 

3 �20@F520 

ґ@C=B>2:0  0,05 

4 %:;>B:0=8=0 

AVB:0 0,001 

5 �07>289 

0@<CNG89 H0@ 0,004 

6  V=5@0;L=0 20B0 

&�)!"(�% 0,1 



52 
 

 

7 �;59 4;O 

B5?;>V7>;OFV9=8

E ?;8B 0,0001 

8 �<VF=N20;L=0 

ґ@C=B>2:0 0,05 

9 �/� ?0=5;L 0,2 

!0 >A=>2V 0=0;V7C B01;. 2.1 =0<8 1C;> 287=0G5=>, I> ?@8 ?>40;LH><C 

?@>2545==V >FV=>G=>3> @>7@0EC=:C 48=0<V:8 7<V=8 ?0@0<5B@V2 <V:@>:;V<0BC 

?@8<VI5=L 4>A;V46C20=8E >1’є:BV2 <>6=0 7@>18B8 ?@8?CI5==O ?@> =52@0EC20==O 

B5?;>B5E=VG=8E E0@0:B5@8AB8: 45O:8E H0@V2 >3>@>46C20;L=8E :>=AB@C:FV9, G5@57 WE 

=57=0G=89 2?;82 =0 7<V=C B5<?5@0BC@8. ' B01;. 2.2 =02545=V B5?;>B5E=VG=V 

E0@0:B5@8AB8:8 H0@V2 >3>@>46C20;L=8E :>=AB@C:FV9, I> <0NBL ACBBє25 7=0G5==O 

?@8 287=0G5==V ?0@0<5B@V2 <V:@>:;V<0BC ?@8<VI5=L 4>A;V46C20=8E >1’є:BV2. 

&01;. 2.2 

&5?;>B5E=VG=V E0@0:B5@8AB8:8 >3>@>46C20;L=8E :>=AB@C:FV9 4>A;V46C20=8E 

1C48=:V2 

&8
?  

 0B5@V0; �o?ycB8<i 
7=0G5==O 
>?>@C 

?>2VB@>?@>
=8:=>ABV 
Rg,:3/(<2*3
>4) 

&>2I8=
0 δ, < 

�CAB8=0
, ρ,  
:3/<3  

&5?;>є<=VA
Bь 

A,�B/:3℃ 

&5?;>?@
>2V4=VAB
ь,  λ@, 
�B/(< �)  

 

 

 

I 

�5:>@0B82=0 

HBC:0BC@:0 

124,3 0,005 1600 0,84 0,81 

�:AB@C4>20=

89 

?V=>?>;VAB8

@>; 

&�)!"#��

79 0,1 35 1,45 0,032 



53 
 

 

�% 

%BV=0 7 

307>15B>=C 

45 0,3 500 0,84 0,5 

 

 

II 

�5:>@0B82=0 

HBC:0BC@:0 

124,3 0,005 1600 0,84 0,81 

 V=5@0;L=0 

20B0 

&�)!"(�

% 

4 0,1 110 0,84 0,038 

%BV=0 7 

307>15B>=C 

45 0,3 500 0,84 0,5 

��I �5:>@0B82=0 

HBC:0BC@:0 

124,3 0,005 1600 0,84 0,81 

�:AB@C4>20=

89 

?V=>?>;VAB8

@>; 

&�)!"#��

�% 

79 0,1 35 1,45 0,032 

�/1 ?0=5;L  35316 0,18 2500 0,84 2,04 

�V �5:>@0B82=0 

HBC:0BC@:0 

124,3 0,005 1600 0,84 0,81 

�0B0 

<V=5@0;L=0 

0 0,1 100 0,84 0,045 

�5B>= 

=V74@N20B89 

588 0,3 700 0,84 0,18 

V �5:>@0B82=0 

HBC:0BC@:0 

124,3 0,005 1600 0,84 0,81 

�:AB@C4>20=

89 

79 0,1 35 1,45 0,032 



54 
 

 

?V=>?>;VAB8

@>; 

&�)!"#��

�% 

�5B>= 

=V74@N20B89 

588 0,3 700 0,84 0,18 

VI �5:>@0B82=0 

HBC:0BC@:0 

124,3 0,005 1600 0,84 0,81 

 V=5@0;L=0 

20B0 

&�)!"(�

% 

4 0,1 110 0,84 0,038 

�/� ?0=5;L 36297 0,185 2500 0,84 2,04 

 

#>2=>FV==0 >FV=:0 C<>2 <V:@>:;V<0BC ?@8<VI5=L ?>B@51Cє 2@0EC20==O 2?;82C 

?@>AB>@>2>3> @>7B0HC20==O ?@8<VI5==O C 1C4V2;V B0 4VW 7>2=VH=VE :;V<0B8G=8E 

D0:B>@V2, :>B@V G5@57 7>2=VH=V >3>@>46C20;L=V :>=AB@C:FVW 70157?5GCNBL 270є<>4VN 

<V6 70<:=CB8< ?@>AB>@>< ?@8<VI5==O B0 =02:>;8H=V< A5@54>28I5<.  

#@8 287=0G5==V <5B>48:8 4>A;V465==O 4;O >FV=>G=>3> @>7@0EC=:C 48=0<V:8 

7<V=8 ?0@0<5B@V2 <V:@>:;V<0BC 2 @57C;LB0BV 0=0;V7C 7>2=VH=VE :;V<0B8G=8E D0:B>@V2 

=0<8 1C;> 7@>1;5=> ?@8?CI5==O V 284V;5=> B@8 >A=>2=8E 7>2=VH=VE :;V<0B8G=8E 

D0:B>@8, I> 70157?5GCNBL >A=>2=89 2?;82 =02:>;8H=L>3> A5@54>28I0 =0 

70<:=CB89 ?@>ABV@ ?@8<VI5=L V 1C4V25;L: D0:B>@ B5<?5@0BC@8 =02:>;8H=L>3> 

A5@54>28I0 (?@>BO3>< >?0;N20;L=>3> ?5@V>4C), D0:B>@ 2VB@>2>3> 2?;82C (7 

C@0EC20==O< @>7B0HC20==O 1C4V2;V I>4> AB>@V= A2VBC) B0 D0:B>@ 2?;82C A>=OG=>W 

@04V0FVW (7 C@0EC20==O< 078<CBC ?04V==O A>=OG=8E ?@><5=V2 B0 >@Vє=B0FVW 7>2=VH=VE 

>3>@>46C20;L=8E :>=AB@C:FV9). #@8 FL><C D0:B>@ B5<?5@0BC@8 =02:>;8H=L>3> 

A5@54>28I0 є є48=8< D0:B>@>< ?>ABV9=>W 4VW, B>1B> B0:8< D0:B>@>< G8W< 2?;82>< =5 

<>6;82> 7=5EBC20B8. 



55 
 

 

&0:8< G8=>< >FV=>G=89 @>7@0EC=>: 48=0<V:8 7<V=8 ?0@0<5B@V2 <V:@>:;V<0BC 

<>65 1CB8 ?@>2545=89 4;O =0ABC?=8E G>B8@L>E A8BC0FV9 2?;82C =02:>;8H=L>3> 

A5@54>28I0 =0 70<:=CB89 ?@>ABV@ ?@8<VI5=L V 1C4V25;L: 

1. 28:;NG=89 2?;82 D0:B>@C B5<?5@0BC@8 =02:>;8H=L>3> 

A5@54>28I0; 

2. AC<VA=89 2?;82 D0:B>@C B5<?5@0BC@8 =02:>;8H=L>3> A5@54>28I0 

B0 D0:B>@C 2?;82C A>=OG=>W @04V0FVW; 

3. AC<VA=89 2?;82 D0:B>@C B5<?5@0BC@8 =02:>;8H=L>3> A5@54>28I0 

B0 D0:B>@C 2VB@>2>3> 2?;82C; 

4. AC<VA=89 2?;82 D0:B>@C B5<?5@0BC@8 =02:>;8H=L>3> A5@54>28I0, 

D0:B>@C 2?;82C A>=OG=>W @04V0FVW B0 D0:B>@C 2VB@>2>3> 2?;82C; 

� @0<:0E ?@>2545=8E 4>A;V465=L ?5@H0 A8BC0FVO 1C;0 ?>7=0G5=0 O: «�-

28?04>:» («107>20»), 4@C30 A8BC0FVO – «%-28?04>:» («A>=F5»), B@5BO A8BC0FVO – «�-

28?04>:» («2VB5@»), G5B25@B0 A8BC0FVO – «%�-28?04>:» («A>=F5 B0 2VB5@»). 

#@8 287=0G5==V <5B>48:8 4>A;V465==O 4;O >FV=>G=>3> @>7@0EC=:C 48=0<V:8 

7<V=8 ?0@0<5B@V2 <V:@>:;V<0BC 206;82> >B@8<0B8 7=0G5==O :>5DVFVє=BC 0:C<C;OFVW 

B5?;>2>W 5=5@3VW β, 7B8 4;O =>2VB=VE B0 =5A5@V9=8E >3>@>46C20;L=8E :>=AB@C:FV9, I> 

4>72>;8BL 2@0EC20B8 2?;82 ?@>AB>@>2>3> @>7B0HC20==O ?@8<VI5==O C 1C4V2;V =0 

C<>28 <V:@>:;V<0BC. 

&0:8< G8=>< >FV=>G=89 @>7@0EC=>: 48=0<V:8 7<V= ?0@0<5B@V2 <V:@>:;V<0BC, 

28:;8:0=8E 020@V9=8<8 A8BC0FVO<8 B0 2V4:;NG5==O<8 A8AB5< B5?;>?>AB0G0==O, 

A:;040єBLAO V7 =0ABC?=8E :@>:V2: 

1. �87=0G5==O B0 4>A;V465==O 7<V=8 �, ℃ B5<?5@0BC@8 2=CB@VH=L>W 

?>25@E=V >3>@>46C20;L=8E :>=AB@C:FV9 ?V4 G0A 020@V9=8E A8BC0FV9 B0 

2V4:;NG5=L A8AB5< B5?;>?>AB0G0==O ?@>BO3>< >?0;N20;L=>3> ?5@V>4C; 

2. �87=0G5==O β, 7B8 :>5DVFVє=BC 0:C<C;OFVW B5?;>2>W 5=5@3VW 4;O 

=>2VB=VE B0 =5A5@V9=8E >3>@>46C20;L=8E :>=AB@C:FV9; 

3. �87=0G5==O B0 4>A;V465==O 7<V=8 t6(Z), ℃ >GV:C20=>W B5<?5@0BC@8 

2=CB@VH=L>3> ?>2VB@O ?@8<VI5=L ?V4 G0A 020@V9=8E A8BC0FV9 B0 2V4:;NG5=L 

A8AB5< B5?;>?>AB0G0==O ?@>BO3>< >?0;N20;L=>3> ?5@V>4C; 



56 
 

 

4. �87=0G5==O ∆tCD, ℃ @V7=8FV <V6 t6(Z), ℃ >GV:C20=>N B5<?5@0BC@>N 

2=CB@VH=L>3> ?>2VB@O ?@8<VI5=L V �, ℃ B5<?5@0BC@>N 2=CB@VH=L>W ?>25@E=V 

>3>@>46C20;L=8E :>=AB@C:FV9. 

 

2.1. . �87=0G5==O B0 4>A;V465==O 7<V=8 �, ℃ B5<?5@0BC@8 2=CB@VH=L>W ?>25@E=V 

>3>@>46C20;L=8E :>=AB@C:FV9 ?V4 G0A 020@V9=8E A8BC0FV9 B0 2V4:;NG5=L A8AB5< 

B5?;>?>AB0G0==O ?@>BO3>< >?0;N20;L=>3> ?5@V>4C 

#5@H8< 5B0?>< 4>A;V465==O 7<V= <V:@>:;V<0BC ?@8<VI5=L 68B;>28E 

1C4V25;L, 28:;8:0=8E 020@V9=8<8 A8BC0FVO<8 C A8AB5<0E B5?;>?>AB0G0==O, 1C;> 

4>A;V465==O >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L. ' 7030;L=><C 283;O4V 

?>H8@5==O B5?;0 2A5@548=V 3-<V@=>W ABV=:8 <>6=0 >?8A0B8 =0ABC?=8< 

48D5@5=FV9=8< @V2=O==O< [13]: 

                                           
���� = ÿ (�2��ý2 + �2��þ2 + �2��ÿ2),       (2.1) 

45: ÿ 2 :>5DVFVє=B B5<?5@0BC@>?@>2V4=>ABV; � 2 G0A;  � 2 B5<?5@0BC@0.  

#@8 FL><C :>5DVFVє=B B5<?5@0BC@>?@>2V4=>ABV 287=0G0єBLAO: 

          а = �EĀ                                                       (2.2) 

45: � 2 :>5DVFVє=B B5?;>?@>2V4=>ABV; E 2 ?8B><0 B5?;>є<=VABL;  � 2 3CAB8=0. 

' 28?04:C >4=><V@=>3> ?>H8@5==O B5?;0 28@07 (2.1) ?@89<5 283;O4 (4;O 

=0H8E 4>A;V465=L 70<VABL �6 1C;> ?@89=OB> ?>7=0G5==O ): 

                                                    
���� = ÿ �2��ý2                                                          (2.3) 

�;O 28@VH5==O @V2=O==O (2.3) =0<8 1C;8 ?@89=OBV 4>?CI5==O B0 :@09>2V 

C<>28: ?>G0B:>2V C<>28 – B5?;>2V C<>28 2 ABV=FV 2 ?>G0B:>289 <><5=B (Z = 0) B0 

3@0=8G=V C<>28 – B5?;>2V C<>28 =0 <560E ABV=:8 ?V4 G0A ?@>F5AC, I> @>73;O40єBLAO. 

Z



57 
 

 

!0<8 @>73;O=CB> @VH5==O 40=>3> @V2=O==O 4;O ?04V==O B5<?5@0BC@8 =0 2=CB@VH=V9 

?>25@E=V >3>@>6V, :>;8 ) = 0.  

"A:V;L:8 :>=AB@C:FVW ?>G=CBL >E>;>46C20B8AO 7 2=CB@VH=L>W ?>25@E=V, B> 

?@>F5A >E>;>465==O 4V945 4> 7>2=VH=L>W ?>25@E=V 28:;NG=> ?VA;O 1V;LH-<5=H 

B@820;>3> G0AC. &0:8< G8=>< 4;O ?>G0B:>2>W AB04VW >E>;>465==O ABV=:8 <>6=0 

?@89=OB8 B5<?5@0BC@C 7>2=VH=L>W ?>25@E=V O: ?>ABV9=C, 22060NG8 WW @V2=>N 

B5<?5@0BC@V 7>2=VH=L>3> ?>2VB@O. $V2=O==O 4;O ?04V==O B5<?5@0BC@ =0 2=CB@VH=V9 

?>25@E=V ABV=:8 =0ABC?=5 [3, 6, 13]: 

                        
��=0�0 = 8ÿ2 (�2(�2)2���2 + 132 �2(�2)2���2 + 152 �2(�2)2���2 + ⋯ )                 (2.4) 

45 �0 = �CBK 2 �E, ℃ ((�CBK 2 �E) 2 2V4?>2V4=> 70740;53V4L 7040=V ?>G0B:>20 

B5<?5@0BC@0 B0 B5<?5@0BC@0 A5@54>28I0);  � = � 2 �E (� 2 ?>B>G=0 B5<?5@0BC@0, I> 7<V=NєBLAO 7 G0A><);  �ý=0 = �ý=0 2 �E (�ý=0 2 ?>B>G=0 B5<?5@0BC@0 =0 2=CB@VH=V9 ?>25@E=V ABV=:8);  Х 2 B>2I8=0 ABV=:8, <.  

$V2=O==O (2.4) <>6=0 7>1@078B8 C 283;O4V 3@0DV:V2 =0 @8A. 2.1. 

 

$8A. 2.1. �=0G5==O � �0⁄ 4;O 2=CB@VH=L>W ?>25@E=V ABV=:8 ?@8 ?>ABV9=V9 

B5<?5@0BC@V A5@54>28I0 7 <><5=BC � = 0. 

#VA;O 287=0G5==O ��=0�0  1C;> >45@60=> 70;56=VABL B5<?5@0BC@8 �ý=0  (4;O =0H8E 
28HC:C20=L 1C;> ?@89=OB> ?>7=0G5==O τ 70<VABL tI=0) 2V4 7040=>3> G0AC , 3>4[6-

24].  

Z
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                                                 τ = ��0 (�CBK 2 �E) + �E        (2.5) 

#@8 4>A;V465==V >E>;>465==O 2=CB@VH=L>W ?>25@E=V >3>@>46C20;L=8E 

:>=AB@C:FV9 7=0G5==O �CBK, ℃  WW B5<?5@0BC@8 2 <><5=B G0AC � = 0 7B8 287=0G0єBLAO 

70 D>@<C;>N [3, 6, 13]: 

                                                 �CBK = �6 2 (�62�7E)�∑ CD þ6         (2.6) 

#@8 FL><C ?V4 G0A ?@>2545==O @>7@0EC=:V2 70 D>@<C;>N (2.5) 1C;8 7@>1;5=V 

=0ABC?=V 4>?CI5==O: 

 4;O «�-28?04:C �E = �7@VE 2 A5@54=O <VAOG=0 B5<?5@0BC@0 

>?0;N20;L=>3> ?5@V>4C; 

 4;O «%�-28?04:C» �E = t7@VE  + ΔtDа8@VE 2 Δt6VF9D@VE  (ΔtDа8@VE 2 

A5@54=L><VAOG=0 4>102:0 B5?;0 70 @0EC=>: A>=OG=>W @04V0FVW; Δt6VF9D@VE 2 

A5@54=L><VAOG=0 2B@0B0 B5?;0 2V4 2VB@C); 

 4;O «%-28?04:C» �E = t7@VE  + ΔtDа8@VE ; 

 4;O «�-28?04:C» �E = t7@VE  2 Δt6VF9D@VE ; 

 

2.2. �87=0G5==O β, 7B8 :>5DVFVє=BC 0:C<C;OFVW B5?;>2>W 5=5@3VW 4;O =>2VB=VE B0 

=5A5@V9=8E >3>@>46C20;L=8E :>=AB@C:FV9 

�;O B8?>28E A5@V9 68B;>28E 1C48=:V2 7=0G5==O :>5DVFVє=BC 0:C<C;OFVW 

B5?;>2>W 5=5@3VW β,3>4 265 є 287=0G5=8<8 [1-5,10-20]. "4=0: >A:V;L:8 4>A;V46C20=V 

=0<8 B8?8 1030B>?>25@E>28E 1C48=:V2 є =>2VB=V<8 A?>@C40<8, ?>1C4>20=8<8 V7 

28:>@8AB0==O< ACG0A=8E B5E=>;>3V9, B> 28=8:;0 =5>1EV4=VABL C ?@>2545==V 

@>7@0EC=:C :>5DVFVє=BC 0:C<C;OFVW B5?;>2>W 5=5@3VW β, 7B8. #@8 FL><C =0<8 1C;8 
@>73;O=CBV =0ABC?=V 28?04:8 ?@>AB>@>2>3> @>7B0HC20==O ?@8<VI5==O: 

 A5@54=є; 

 :CB>25 ?@8<VI5==O; 

 :CB>25 ?@8<VI5==O =0 25@E=L><C ?>25@AV. 

�>5DVFVє=B 0:C<C;OFVW B5?;>2>W 5=5@3VW β, 7B8 4;O =5B8?>28E 68B;>28E 

1C4V25;L 287=0G0єBLAO 70 D>@<C;>N [1-16]: 
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β = �CD3,6∗QC = �t∗∑δiciρiFi 2⁄3,6∗[∑ �jFj+LcCB6ρCB6]                                          (2.7) 

45: �t 2 :>5DVFVє=B 4;O ?V4@0EC=:C B5?;>0:C<C;OFVW >3>@>46C20;L=8E 

:>=AB@C:FV9 ?@8<VI5==O, 482 B01;. 2.3; δi 2 B>2I8=0 V-B>3> H0@C <0B5@V0;C, <; ci 2 B5?;>є<=VABL V-B>3> H0@C <0B5@V0;C, ВF >7℃⁄ ; ρi 2  3CAB8=0 V-B>3> H0@C <0B5@V0;C, >7 @3⁄ ; Fi 2 ?;>I0 V-B>3> H0@C <0B5@V0;C, @2; �j 2 :>5DVFVє=B B5?;>?5@540GV j-B>3> 7>2=VH=L>3> >3>@>465==O, ВF @2℃⁄ ; Fj 2 ?;>I0 j-B>3> 7>2=VH=L>3> >3>@>465==O, @2; L 2 28B@0B8 V=DV;LB@0FV9=>3> ?>2VB@O G5@57 >3>@>46C20;L=V :>=AB@C:FVW 

?@8<VI5==O, >7 7B8⁄ ; cCB6 2 B5?;>є<=VABL V=DV;LB@0FV9=>3> ?>2VB@O, ВF >7℃⁄ ; ρCB6 2 3CAB8=0 V=DV;LB@0FV9=>3> ?>2VB@O, >7 @3⁄ .   

�=0G5==O :>5DVFVє=BC �t >18@0єBLAO 70 40=8<8 =02545=8<8 [3, 6, 13]. 

&01;. 2.3 

�>5DVFVє=B �� 4;O ?V4@0EC=:C B5?;>0:C<C;OFVW >3>@>46C20;L=8E :>=AB@C:FV9 
?@8<VI5==O  

!03@V20;L=89 ?@8;04 B0 284 >?0;5==O 
#>;>65==O ?@8<VI5==O 2 1C4V2;V 

:CB>25 A5@54=є 

$04V0B>@8 B0 :>=25:B>@8 0,92 0,96 

�@VNGV ?0=5;V 2 :>=AB@C:FVOE ABV= 01> 

?5@5:@8BBV 
0,98 1 

#>2VB@O=5 >?0;5==O 7 ?>40G5N ?>2VB@O 

2V;L=8< AB@C<5=5< 
0,87 0,92 

 

�8B@0B8 V=DV;LB@0FV9=>3> ?>2VB@O L, >7 7B8⁄ , G5@57 >3>@>46C20;L=V 

:>=AB@C:FVW ?@8<VI5==O 287=0G0єBLAO 70 D>@<C;>N [1-16, 34]: 
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L = ∆D∑ �g�                                                   (2.8) 

45 ∑ þg� 2 AC<0 o?>@i2 ?>2VB@>?@>=8:=>ABV H0@V2 >3>@>46C20;L=>W 

:>=AB@C:FVW, @2·7B8·#4/>7  ∆D – @>7@0EC=:>20 @V7=8FO <V6 B8A:0<8 =0 7>2=VH=V9 V 2=CB@VH=V9 ?>25@E=OE 

>3>@>46C20;L=8E :>=AB@C:FV9; 

$>7@0EC=:>20 @V7=8FO B8A:V2 ∆D, #0, 287=0G0єBLAO 70 D>@<C;>N [1-16, 34]: 

        ∆D = (� 2 /�) ∗ (ā7 2 ā6) + 0,03 ∗ ā7 ∗ �2 ∗ Ā�                  (2.9) 

45 � 2 28A>B0 1C48=:C (2V4 @V2=O ?V4;>38 ?5@H>3> ?>25@EC 4> 25@EC 28BO6=>W 

H0EB8), <; /� 2 28A>B0 2V4 @V2=O ?V4;>38 ?5@H>3> ?>25@EC 4> A5@548=8 >3>@>46C20;L=>W 

:>=AB@C:FVW ÿ 2 7B ?>25@EC, 4;O O:>3> ?@>2>48BLAO @>7@0EC=>:, <; ā7, ā6 2 ?8B><0 2030, � @3⁄ , 2V4?>2V4=> 7>2=VH=L>3> V 2=CB@VH=L>3> ?>2VB@O 2 

?@8<VI5==V, O:0 287=0G0єBLAO ?> D>@<C;V[1-16, 25-30]: ā7 = 3463(273+�7)                                                    (2.10) ā6 = 3463(273+�6)                                                   (2.11) 

45 �7 2 B5<?5@0BC@0, ℃, 7>2=VH=L>3> ?>2VB@O, I> ?@89<0єBLAO 70;56=> 2V4 
B5<?5@0BC@=>W 7>=8[1-16]; �6 2  @>7@0EC=:>25 7=0G5==O B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O, %B , I> 

?@89<0єBLAO 70;56=> 2V4 ?@87=0G5==O 1C48=:C 73V4=> [6-10]; � 2 <0:A8<0;L=0 V7 A5@54=VE H284:>AB59 2VB@C 70 @C<10<8 70 AVG5=L, </A, 

?>2B>@N20=VABL O:8E A:;040є 16 % B0 1V;LH5, ?@89=OB0 73V4=> 7 [6-10]; Ā� 2 :>5DVFVє=B, I> 2@0E>2Cє 7<V=C H284:>ABV ?>2VB@O 70 28A>B>N 1C4V2;V, I> 

?@89<0єBLAO 73V4=> 7 [1-16, 24-45]. 
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2.3. �87=0G5==O B0 4>A;V465==O 7<V=8 t6(Z), ℃  >GV:C20=>W B5<?5@0BC@8 

2=CB@VH=L>3> ?>2VB@O ?@8<VI5=L ?V4 G0A 020@V9=8E A8BC0FV9 B0 2V4:;NG5=L 

A8AB5< B5?;>?>AB0G0==O ?@>BO3>< >?0;N20;L=>3> ?5@V>4C 

#@8 ?>2=><C ?@8?8=5==V >?0;5==O B0 2V4ACB=>ABV 2=CB@VH=VE B5?;>284V;5=L 

4;O 287=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O, O:0 2AB0=>28BLAO 2 

?@8<VI5==V G5@57 G0A Z ?VA;O ?>@CH5==O =>@<0;L=>3> B5?;>2>3> @568<C 

287=0G0єBLAO 70 D>@<C;>N [1-16, 60-72]:  

                             t6(Z) = t7E + (t6 2 t7E) ∗ e2Z β⁄                                   (2.12) 

45: t7E 2 F9@C9DаFGDа 7B6AVLAьB7B E9D98B68Mа, ℃; t6 = 20℃ 2 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O 4> <><5=BC ?>@CH5==O 

=>@<0;L=>3> B5?;>2>3> @568<C; Z 2 :V;L:VABL G0AC,I> ?@>9H;0 7 <><5=BC ?>@CH5==O =>@<0;L=>3> B5?;>2>3> 
@568<C, 3>4; β 2 >B9HVJVєAF а>G@G?яJVW F9C?B6BW 9A9D7VW, 7B8. 

#@8 FL><C ?V4 G0A ?@>2545==O @>7@0EC=:V2 70 D>@<C;>N (2.12) 1C;8 7@>1;5=V 

=0ABC?=V 4>?CI5==O: 

 4;O «�-28?04:C» B5<?5@0BC@0 7>2=VH=L>3> A5@54>28I0 

?@89<0єBLAO @V2=>N A5@54=V9 <VAOG=V9 B5<?5@0BC@V >?0;N20;L=>3> ?5@V>4C 

(�7E = �7@VE); 

 4;O «%�-28?04:C» B5<?5@0BC@0 7>2=VH=L>3> A5@54>28I0 

287=0G0єBLAO, O: �7E = t7@VE  + ΔtDа8@VE 2 Δt6VF9D@VE  (ΔtDа8@VE 2 A5@54=L><VAOG=0 4>102:0 

B5?;0 70 @0EC=>: A>=OG=>W @04V0FVW; Δt6VF9D@VE 2 A5@54=L><VAOG=0 2B@0B0 B5?;0 2V4 

2VB@C); 

 4;O «%-28?04:C» B5<?5@0BC@0 7>2=VH=L>3> A5@54>28I0 

287=0G0єBLAO, O: �7E = t7@VE  + ΔtDа8@VE ; 

 4;O «�-28?04:C» B5<?5@0BC@0 7>2=VH=L>3> A5@54>28I0 

287=0G0єBLAO, O: �7E = t7@VE  2 Δt6VF9D@VE ; 
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2.4. �87=0G5==O ∆ΘCD, ℃ @V7=8FV <V6 t6(Z), ℃ >GV:C20=>N 

B5<?5@0BC@>N 2=CB@VH=L>3> ?>2VB@O ?@8<VI5=L V �, ℃ B5<?5@0BC@>N 2=CB@VH=L>W 

?>25@E=V >3>@>46C20;L=8E :>=AB@C:FV9 

�3V4=> V7 [1-16] 206;82>N A0=VB0@=>-3V3Vє=VG=>N 28<>3>N 4> 28<>3>N 4> 

B5?;>B5E=VG=8E ?>:07=8:V2 5;5<5=BV2 B5?;>V7>;OFV9=>W >1>;>=:8 1C4V25;L V A?>@C4 є 

4>45@60==O B0:>W @V7=8FV ∆ΘCD, ℃ <V6 B5<?5@0BC@>N 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ V B5<?5@0BC@>N 2=CB@VH=L>W ?>25@E=V >3>@>46C20;L=>W :>=AB@C:FVW �6, ℃, 

G8є 7=0G5==O <5=H5, =V6 4>?CAB8<5 7=0G5==O ∆ΘE7. &>1B> ?>28==0 28:>=C20B8AO 
=5@V2=VABL 284C[1-16]: ∆ΘCD ≤ ∆ΘE7                                                        (2.13) 

  �;O 68B;>28E 1C4V25;L, 1C4V25;L 70:;04V2 4>H:V;L=>W >A2VB8, 70:;04V2 >A2VB8 

B0 70:;04V2 >E>@>=8 74>@>2’O  ∆ΘE7 = 4℃[1-16].  

$V7=8FO ∆tCD, ℃ <V6 B5<?5@0BC@>N 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ V 
B5<?5@0BC@>N 2=CB@VH=L>W ?>25@E=V >3>@>46C20;L=>W :>=AB@C:FVW �6, ℃ 

287=0G0єBLAO 73V4=> V7 D>@<C;>N [1-16]: ∆ΘCD = t6 2 �6, ℃                                                   (2.13) 

�8A=>2:8 70 @>74V;>< 2 

1. #@8 >1ґ@C=BC20==V <5B>48:8 4>A;V465==O 1C;8 ?@89=OBV 1030B>H0@>2V ABV=>2V 

:>=AB@C:FVW 68B;>28E 1C48=:V2, O: =091V;LH @>7?>2AN465==V ?@8 1C4V2=8FB2V 68B;>28E 

<0A82V2 2 ':@0W=V. 

2. #@8 @>7@>1FV <5B>48:8 4>A;V465==O 1C;> 287=0G5=>, I> ?V4 G0A >FV=:8 7<V=8 

<V:@>:;V<0BC 2 =0A;V4>: 020@V9 B0 2V4:;NG5=L 2 A8AB5<0E B5?;>?>AB0G0==O =5>1EV4=> 

@>73;O40B8 G>B8@8 A8BC0FVW 2?;82C =02:>;8H=L>3> A5@54>28I0 =0 70<:=CB89 ?@>ABV@ 

?@8<VI5=L V 1C4V25;L: 28:;NG=89 2?;82 D0:B>@C B5<?5@0BC@8 =02:>;8H=L>3> 

A5@54>28I0; AC<VA=89 2?;82 D0:B>@C B5<?5@0BC@8 =02:>;8H=L>3> A5@54>28I0 B0 

D0:B>@C 2?;82C A>=OG=>W @04V0FVW; AC<VA=89 2?;82 D0:B>@C B5<?5@0BC@8 

=02:>;8H=L>3> A5@54>28I0 B0 D0:B>@C 2VB@>2>3> 2?;82C; AC<VA=89 2?;82 D0:B>@C 

B5<?5@0BC@8 =02:>;8H=L>3> A5@54>28I0, D0:B>@C 2?;82C A>=OG=>W @04V0FVW B0 D0:B>@C 

2VB@>2>3> 2?;82C. 
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3. �87=0G5=> G>B8@8 :@>:8 >FV=>G=>3> @>7@0EC=:C 48=0<V:8 7<V= ?0@0<5B@V2 

<V:@>:;V<0BC, 28:;8:0=8E 020@V9=8<8 A8BC0FVO<8 B0 2V4:;NG5==O<8 A8AB5< 

B5?;>?>AB0G0==O:  287=0G5==O B0 4>A;V465==O 7<V=8 �6, ℃ B5<?5@0BC@8 2=CB@VH=L>W 

?>25@E=V >3>@>46C20;L=8E :>=AB@C:FV9 ?V4 G0A 020@V9=8E A8BC0FV9 B0 2V4:;NG5=L 

A8AB5< B5?;>?>AB0G0==O ?@>BO3>< >?0;N20;L=>3> ?5@V>4C; 287=0G5==O β, 7B8 

:>5DVFVє=BC 0:C<C;OFVW B5?;>2>W 5=5@3VW 4;O =>2VB=VE B0 =5A5@V9=8E >3>@>46C20;L=8E 

:>=AB@C:FV9; 287=0G5==O B0 4>A;V465==O 7<V=8 t6(Z), ℃  >GV:C20=>W B5<?5@0BC@8 

2=CB@VH=L>3> ?>2VB@O ?@8<VI5=L ?V4 G0A 020@V9=8E A8BC0FV9 B0 2V4:;NG5=L A8AB5< 

B5?;>?>AB0G0==O ?@>BO3>< >?0;N20;L=>3> ?5@V>4C; 287=0G5==O ∆ΘCD, ℃ @V7=8FV <V6 t6(Z), ℃ >GV:C20=>N B5<?5@0BC@>N 2=CB@VH=L>3> ?>2VB@O ?@8<VI5=L  V �6, ℃ 

B5<?5@0BC@>N 2=CB@VH=L>W ?>25@E=V >3>@>46C20;L=8E :>=AB@C:FV9.  

4. !0 >A=>2V ?@>2545=8E 4>A;V465=L 7@>1;5=> >1ґ@C=BC20==O B0 @>7@>1;5=> 

<5B>48:C ?@>2545==O 4>A;V465=L <V:@>:;V<0BC ?@8<VI5=L 68B;>28E 1C4V25;L ?@8 

28=8:=5==V 020@V9=8E A8BC0FV9 A8AB5< B5?;>?>AB0G0==O 7 C@0EC20==O< 70157?5G5==O 

2V4=>2;5==O  <V:@>:;V<0BC ?VA;O 28:>=0==O 020@V9=8E @>1VB. 
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$"���� 3  

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

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

$"��& 

3.1 �>A;V465==O >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 

020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O 2 70;56=>ABV 2V4 B8?C 7>2=VH=VE 

>3>@>46C20;L=8E :>=AB@C:FV9 

!0<8 1C;> @>73;O=CB> ?@>F5A 4>A;V465==O 48=0<V:8 >E>;>465==O 2=CB@VH=VE 

?>25@E>=L ?@8<VI5=L ?@8 020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 

?@8:;04V ABV=8 � B8?C.  

#@8 FL><C 1C;> 7@>1;5=> 4>?CI5==O, I> C D>@<C;0E (2.5) B0 (2.6) �6 =20℃ 2 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O 2 ?@8<VI5==V, 0 �7E = �7@VE 2 A5@54=O 

<VAOG=0 B5<?5@0BC@0 >?0;N20;L=>3> ?5@V>4C 73V4=> B01;. 3.1 

&01;. 3.1 

%5@54=O <VAOG=0 B5<?5@0BC@0 >?0;N20;L=>3> ?5@V>4C 4;O <. �=V?@> 

 VAOFL t7@VE, ℃ 

6>2B5=L 8,6 

;8AB>?04 2,2 

3@C45=L -2,5 

AVG5=L  -4,7 

;NB89 -3,8 

15@575=L 1,1 

 

�3V4=> V7 D>@<C;>N (2.6) ?>G0B:>20 B5<?5@0BC@0 2=CB@VH=L>W ?>25@E=V 

>3>@>46C20;L=8E :>=AB@C:FV9 � B8?C C <VAOFV 6>2B=V AB0=>28BL: 

 �CBK = 20 2 (2028,6)3,91 × 18,7 = 19,66℃ 
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�=0;>3VG=8< G8=>< 1C;8 ?@>2545=V @>7@0EC=:8 4;O V=H8E <VAOFV2 

>?0;N20;L=>3> ?5@V>4C, >B@8<0=V @57C;LB0B8 =02545=> C B01;. 3.2. 

�V4?>2V4=> 4> D>@<C;8 (2.2) :>5DVFVє=B B5<?5@0BC@>?@>2V4=>ABV 4;O 

7>2=VH=L>W >3>@>46C20;L=>W :>=AB@C:FVW � B8?C AB0=>28BL: а = 0,50,84 ∗ 500 = 0,00119 @2 ℃⁄  

"B@8<02H8 7=0G5==O :>5DVFVє=BC B5<?5@0BC@>?@>2V4=>ABV а, @2 ℃⁄  1C;8 

287=0G5=V 2V4=>H5==O �Х=0�0  73V4=> 3@0DV:V2 =0 @8A. 2.1. 4;O 7=0G5=L G0AC Z=0; 6; 12; 

18; 24 3>4, >B@8<0=V @57C;LB0B8 70=>A8<> 4> B01;. 3.2 

�V4?>2V4=> 4> D>@<C;8 (2.5) 4;O <VAOFO 6>2B=O 2 <><5=B G0AC Z=6  � = 0,69 ∗ (19,66 2 8,6) + 8,6 = 16,23℃ 

�=0;>3VG=> 287=0G0є<> �, ℃ 4;O V=H8E 7=0G5=L Z, 3>4 C <VAOFV 6>2B=V, B0 4;O 

V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 =02545=V C B01;. 3.2. 

 

&01;. 3.2 

&5<?5@0BC@0 2=CB@VH=L>W ?>25@E=V �, ℃ >3>@>46C20;L=>W :>=AB@C:FVW � B8?C 70 

7040=>3> G0AC , 3>4 ?@>BO3>< >?0;N20;L=>3> ?5@V>4C 

&8? 

ABV=8 
<VAOFL Z τ,℃ t?>G t7<VA v/v0 a*z/δ2 

I 

6>2B5=L 

0 19,66 

19,66 8,6 

1 0,000 

6 16,23 0,69 0,079 

12 14,58 0,54 0,159 

18 13,91 0,48 0,238 

24 12,92 0,39 0,317 

;8AB>?04 

0 19,48 

19,48 2,2 

1 0,000 

6 14,12 0,69 0,079 

12 11,53 0,54 0,159 

18 10,49 0,48 0,238 

24 8,94 0,39 0,317 

Z
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3@C45=L 

0 19,34 

19,34 -2,5 

1 0,000 

6 12,57 0,69 0,079 

12 9,29 0,54 0,159 

18 7,98 0,48 0,238 

24 6,02 0,39 0,317 

AVG5=L  

0 19,27 

19,27 -4,7 

1 0,000 

6 11,84 0,69 0,079 

12 8,25 0,54 0,159 

18 6,81 0,48 0,238 

24 4,65 0,39 0,317 

;NB89 

0 19,30 

19,30 -3,8 

1 0,000 

6 12,14 0,69 0,079 

12 8,67 0,54 0,159 

18 7,29 0,48 0,238 

24 5,21 0,39 0,317 

15@575=L 

0 19,44 

19,44 1,1 

1 0,000 

6 13,76 0,69 0,079 

12 11,01 0,54 0,159 

18 9,91 0,48 0,238 

24 8,25 0,39 0,317 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 1C;8 >45@60=V 70;56=>ABV 7<V=8 48=0<V:8 

>E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 020@V9=><C 2V4:;NG5==V 

A8AB5<8 B5?;>?>AB0G0==O  4;O ABV=8 � B8?C (@8A. 3.1). 
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$8A. 3.1 �0;56=>ABV 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L 

?@8 020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 � B8?C 

�=0;>3VG=8< G8=>< 1C;> ?@>2545<> 4>A;V465==O 48=0<V:8 >E>;>465==O 

2=CB@VH=VE ?>25@E>=L >3>@>46C20;L=8E :>=AB@C:FV9 V=H8E B8?V2.  

' @57C;LB0BV 0=0;V7C >B@8<0=8E 40=8E =0<8 1C;> ?@>2545=> ?>@V2=O==O 

48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 020@V9=><C 

2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O 4;O <VAOFV2 >?0;N20;L=>3> ?5@V>4C V7 

=09<5=H8< B0 =091V;LH8< ?04V==O< B5<?5@0BC@8 2=CB@VH=VE ?>25@E>=L τ, ℃ 

>3>@>46C20;L=8E :>=AB@C:FV9 ?@8<VI5=L (482 @8A. 3.2, 3.3). 

 

 

$8A. 3.2 �0;56=>ABV 48=0<V:8 >E>;>465==O >3>@>46C20;L=8E :>=AB@C:FV9 

@V7=8E B8?V2 C <VAOFV AVG=V. 

τ℃
7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь

τ,℃

7од

І т8п І т8п т8п І т8п т8п т8п
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$8A. 3.3 �0;56=>ABV 48=0<V:8 >E>;>465==O >3>@>46C20;L=8E :>=AB@C:FV9 

@V7=8E B8?V2 C <VAOFV 6>2B=V. 

' @57C;LB0BV ?@>2545=8E 4>A;V465=L 287=0G5=>: 

1. �0;56=>ABV, I> >?8ACNBL 7<V=C 48=0<V:8 >E>;>465==O 

>3>@>46C20;L=8E :>=AB@C:FV9 @V7=8E B8?V2 ?@8 020@V9=8E A8BC0FVOE 2 A8AB5<0E 

B5?;>?>AB0G0==O. 

2. !09<5=H5 ?04V==O B5<?5@0BC@8 2=CB@VH=L>W ?>25@E=V τ, ℃ 4;O 2AVE 

B8?V2 4>A;V46C20=8E >3>@>46C20;L=8E :>=AB@C:FV9 A?>AB5@V30єBLAO C <VAOFV 

6>2B=V; 

3. !091V;LH5 ?04V==O B5<?5@0BC@8 2=CB@VH=L>W ?>25@E=V τ, ℃ 4;O 2AVE 

B8?V2 4>A;V46C20=8E >3>@>46C20;L=8E :>=AB@C:FV9 A?>AB5@V30єBLAO C <VAOFV 

AVG=V; 

4. #@>BO3>< >?0;N20;L=>3> ?5@V>4C A?>AB5@V30єBLAO >4=0:>20 48=0<V:0 

?04V==O 7=0G5==O B5<?5@0BC@8 2=CB@VH=L>W ?>25@E=V �, ℃  4;O � V �� B8?V2 

>3>@>46C20;L=8E :>=AB@C:FV9.  

5. #@>BO3>< >?0;N20;L=>3> ?5@V>4C A?>AB5@V30єBLAO >4=0:>20 48=0<V:0 

?04V==O 7=0G5==O B5<?5@0BC@8 2=CB@VH=L>W ?>25@E=V �, ℃  4;O �V V V B8?V2 

>3>@>46C20;L=8E :>=AB@C:FV9. 

6. &5<?5@0BC@0 2=CB@VH=L>W ?>25@E=V τ, ℃ 4;O � V �� B8?V2 >3>@>46C20;L=8E 

:>=AB@C:FV9 V7 <><5=BC ?>G0B:C >E>;>465==O є =091V;LH 1;87L:>N 4> 

τ,℃

7од

І т8п ІІ т8п т8п т8п т8п т8п
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A5@54=L>3> 7=0G5==O ?@8 ?>@V2=O==V V7 V=H8<8 B8?0<8 >3>@>46C20;L=8E 

:>=AB@C:FV9, I> 4>A;V46CNBLAO. 

7. #@>BO3>< 24 3>48= A?>AB5@V30єBLAO ?04V==O B5<?5@0BC@8 2=CB@VH=L>W 

?>25@E=V �, ℃  �V V V B8?V2 >3>@>46C20;L=8E :>=AB@C:FV9 =0 ∆� = 3,534 ℃ C 

6>2B=V B0 =0 ∆� = 7,657 ℃ C AVG=V. *5 ?04V==O B5<?5@0BC@8 2=CB@VH=L>W ?>25@E=V �, ℃ є =09<5=H8< ?@8 ?>@V2=O==V V7 V=H8<8 B8?0<8 >3>@>46C20;L=8E 

:>=AB@C:FV9, I> 4>A;V46CNBLAO; 

8. #@>BO3>< 24 3>48= A?>AB5@V30єBLAO ?04V==O B5<?5@0BC@8 2=CB@VH=L>W 

?>25@E=V �, ℃  ��� B8?C >3>@>46C20;L=8E :>=AB@C:FV9 =0 9,804 ℃ C 6>2B=V B0 =0 21,242 ℃ C AVG=V. *5 ?04V==O B5<?5@0BC@8 2=CB@VH=L>W ?>25@E=V �, ℃ є 

=091V;LH8< ?@8 ?>@V2=O==V V7 V=H8<8 B8?0<8 >3>@>46C20;L=8E :>=AB@C:FV9, I> 

4>A;V46CNBLAO. 

9. #@8 020@V9=8E A8BC0FVOE 2 A8AB5<0E B5?;>?>AB0G0==O 4;O ��� V V� B8?V2 

A?>AB5@V30єBLAO 4>AO3=5==O B5<?5@0BC@>N 2=CB@VH=L>W ?>25@E=V �, ℃ 7=0G5=L 

=86G5 =C;O, I> є 70 :@8B8G=8<8 4;O 5:A?;C0B0FVW, ?@>BO3>< ?5@H>W 4>18. ��� B8? 

4>AO30є 7=0G5=L =86G5 =C;O C <VAOFOE AVG=V � = 21,242℃ B0 ;NB><C � =20,468℃. V� B8? 4>AO30є 7=0G5=L =86G5 =C;O C <VAOFV AVG=V � = 20,501 ℃. 

 

3.2 �>A;V465==O >E>;>465==O 2=CB@VH=L>3> ?>2VB@O ?@8<VI5=L ?@8 

020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O 2 70;56=>ABV 2V4 B8?C 

>3>@>46C20;L=8E :>=AB@C:FV9 

�20@V9=V A8BC0FVW, I> 28=8:0NBL 2 A8AB5<0E B5?;>?>AB0G0==O, ?@872>4OBL 4> 

WE 7C?8=>: =0 =5287=0G5=89 G0A, 2 @57C;LB0BV G>3> 2V41C20єBLAO >E>;>465==O 

2=CB@VH=L>3> ?>2VB@O ?@8<VI5=L 1C4V25;L V A?>@C4. *5 A?@8Oє ?>3V@H5==N C<>2 

<V:@>:;V<0BC 4> =5157?5G=8E 4;O 68BBє4VO;L=>ABV ;N48=8. ' B0:8E A8BC0FVOE AB0є 

=5>1EV4=8< 287=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O, O:0 

2AB0=>28BLAO 2 ?@8<VI5==V G5@57 G0A Z ?VA;O ?>@CH5==O =>@<0;L=>3> B5?;>2>3> 

@568<C, t6(Z). #@8 ?>2=><C ?@8?8=5==V >?0;5==O B0 2V4ACB=>ABV 2=CB@VH=VE 
B5?;>284V;5=L 4;O 287=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O, O:0 



70 
 

 

2AB0=>28BLAO 2 ?@8<VI5==V G5@57 G0A Z ?VA;O ?>@CH5==O =>@<0;L=>3> B5?;>2>3> 

@568<C 287=0G0є<> 70 D>@<C;>N[1-16, 60-72]:  

                             t6(Z) = t7E + (t6 2 t7E) ∗ e2Z β⁄                                                (3.6) 

45: t7E 2 F9@C9DаFGDа 7B6AVLAьB7B E9D98B68Mа, ℃; t6 = 20℃ 2 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O 4> <><5=BC ?>@CH5==O 

=>@<0;L=>3> B5?;>2>3> @568<C; Z 2 :V;L:VABL G0AC,I> ?@>9H;0 7 <><5=BC ?>@CH5==O =>@<0;L=>3> B5?;>2>3> 
@568<C, 3>4; β 2 >B9HVJVєAF а>G@G?яJVW F9C?B6BW 9A9D7VW, 7B8. 

�@0E>2CNG8 @50;L=89 @>73;O4 :>=AB@C:FV9 7=0G5==O β, 7B8 287=0G0єBLAO 70 

D>@<C;>N[1-16]: β = �CD3,6∗QC = �t∗∑δiciρiFi 2⁄3,6∗[∑ �jFj+LcCB6ρCB6]                                  (3.7) 

45: �t 2 :>5DVFVє=B 4;O ?V4@0EC=:C B5?;>0:C<C;OFVW >3>@>46C20;L=8E 

:>=AB@C:FV9 ?@8<VI5==O, 482 B01;.3.3; δi 2 B>2I8=0 V-B>3> H0@C <0B5@V0;C, <; ci 2 B5?;>є<=VABL V-B>3> H0@C <0B5@V0;C, ВF >7℃⁄ ; ρi 2  3CAB8=0 V-B>3> H0@C <0B5@V0;C, >7 @3⁄ ; Fi 2 ?;>I0 V-B>3> H0@C <0B5@V0;C, @2; �j 2 :>5DVFVє=B B5?;>?5@540GV j-B>3> 7>2=VH=L>3> >3>@>465==O, ВF @2℃⁄ ; Fj 2 ?;>I0 j-B>3> 7>2=VH=L>3> >3>@>465==O, @2; L 2 28B@0B8 V=DV;LB@0FV9=>3> ?>2VB@O G5@57 >3>@>46C20;L=V :>=AB@C:FVW 

?@8<VI5==O, >7 7B8⁄ ; cCB6 2 B5?;>є<=VABL V=DV;LB@0FV9=>3> ?>2VB@O, ВF >7℃⁄ ; ρCB6 2 3CAB8=0 V=DV;LB@0FV9=>3> ?>2VB@O, >7 @3⁄ .   

�=0G5==O :>5DVFVє=BC �t ?V418@0є<> 70 40=8<8 =02545=8<8 C B01;. 3.3. 
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&01;. 3.3 

�>5DVFVє=B �� 4;O ?V4@0EC=:C B5?;>0:C<C;OFVW >3>@>46C20;L=8E :>=AB@C:FV9 
?@8<VI5==O  

!03@V20;L=89 ?@8;04 B0 284 >?0;5==O 
#>;>65==O ?@8<VI5==O 2 1C4V2;V 

:CB>25 A5@54=є 

$04V0B>@8 B0 :>=25:B>@8 0,92 0,96 

�@VNGV ?0=5;V 2 :>=AB@C:FVOE ABV= 01> 

?5@5:@8BBV 
0,98 1 

#>2VB@O=5 >?0;5==O 7 ?>40G5N ?>2VB@O 

2V;L=8< AB@C<5=5< 
0,87 0,92 

 

�8B@0B8 V=DV;LB@0FV9=>3> ?>2VB@O L, 7B8>7 / , G5@57 >3>@>46C20;L=V 

:>=AB@C:FVW ?@8<VI5==O 287=0G0єBLAO 70 D>@<C;>N[1-16]: L = ∆D∑ �g�                                                      (3.8) 

45 ∑ þg� 2 AC<0 o?>@i2 ?>2VB@>?@>=8:=>ABV H0@V2 >3>@>46C20;L=>W 

:>=AB@C:FVW, @2·7B8·#4/>7 (B01;. 3.3) ∆D – @>7@0EC=:>20 @V7=8FO <V6 B8A:0<8 =0 7>2=VH=V9 V 2=CB@VH=V9 ?>25@E=OE 

>3>@>46C20;L=8E :>=AB@C:FV9; 

$>7@0EC=:>20 @V7=8FO B8A:V2 ∆D, #0, 287=0G0єBLAO 70 D>@<C;>N[E] 
        ∆D = (� 2 /�) ∗ (�7 2 �6) + 0,03 ∗ ā7 ∗ �2 ∗ Ā�                       (3.9) 

45 � 2 28A>B0 1C48=:C (2V4 @V2=O ?V4;>38 ?5@H>3> ?>25@EC 4> 25@EC 28BO6=>W 

H0EB8), <; /� 2 28A>B0 2V4 @V2=O ?V4;>38 ?5@H>3> ?>25@EC 4> A5@548=8 >3>@>46C20;L=>W 

:>=AB@C:FVW i -3> ?>25@EC, 4;O O:>3> ?@>2>48BLAO @>7@0EC=>:, @ ; ā7, ā6 2 – ?8B><0 2030, � @3⁄ , 2V4?>2V4=> 7>2=VH=L>3> V 2=CB@VH=L>3> ?>2VB@O 2 

?@8<VI5==V, O:0 287=0G0єBLAO ?> D>@<C;V[1-16]: ā7 = 3463(273+�7)                                                       (3.10) ā6 = 3463(273+�6)                                                       (3.11) 
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45 �7 2 B5<?5@0BC@0, ℃, 7>2=VH=L>3> ?>2VB@O, I> ?@89<0єBLAO 70;56=> 2V4 
B5<?5@0BC@=>W 7>=8[1-16] (�7 = 222℃); �6 2  @>7@0EC=:>25 7=0G5==O B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O, %B , I> 

?@89<0єBLAO 70;56=> 2V4 ?@87=0G5==O 1C48=:C 73V4=> [6-10], (�6 = 20℃); � 2 <0:A8<0;L=0 V7 A5@54=VE H284:>AB59 2VB@C 70 @C<10<8 70 AVG5=L, </A, 

?>2B>@N20=VABL O:8E A:;040є 16 % B0 1V;LH5, ?@89=OB0 73V4=> 7 [6-10]; Ā� 2 :>5DVFVє=B, I> 2@0E>2Cє 7<V=C H284:>ABV ?>2VB@O 70 28A>B>N 1C4V2;V, I> 

?@89<0єBLAO 73V4=> 7 [1-16]. 

 

3.3 �87=0G5==O :>5DVFVє=BC 0:C<C;OFVW B5?;>2>W 5=5@3VW β, 7B8 

�;O B8?>28E A5@V9 68B;>28E 1C48=:V2 7=0G5==O :>5DVFVє=BC 0:C<C;OFVW 

B5?;>2>W 5=5@3VW β,3>4 265 є 287=0G5=8<8 [1-15,17,21]. "4=0: >A:V;L:8 4>A;V46C20=V 

=0<8 B8?8 1030B>?>25@E>28E 1C48=:V2 є =>2VB=V<8 A?>@C40<8, ?>1C4>20=8<8 V7 

28:>@8AB0==O< ACG0A=8E B5E=>;>3V9, B> 28=8:;0 =5>1EV4=VABL C ?@>2545==V 

@>7@0EC=:C :>5DVFVє=BC 0:C<C;OFVW B5?;>2>W 5=5@3VW β, 7B8. #@8 FL><C =0<8 1C;8 
@>73;O=CBV =0ABC?=V 28?04:8 ?@>AB>@>2>3> @>7B0HC20==O ?@8<VI5==O: 

 %5@54=є; 

 �CB>25 ?@8<VI5==O; 

 �CB>25 ?@8<VI5==O =0 25@E=L><C ?>25@AV. 

$>73;O=5<> ?@>F5A 287=0G5==O  :>5DVFVє=BC 0:C<C;OFVW B5?;>2>W 5=5@3VW β, 3>4 

>3>@>46C20;L=8E :>=AB@C:FV9 4>A;V46C20=8E 1C48=:V2 =0 ?@8:;04V ABV=8 � B8?C.  

%?5@HC 287=0G8<> :>5DVFVє=B B5?;>?5@540GV 7>2=VH=L>3> >3>@>465==O �, ВF @2℃⁄  4;O ABV=8 � B8?C. �8:>@8AB0є<> D>@<C;C[1-15,40-60] 

                                                           � = 11�6+∑��+ 1�7                                            (3.12) 

&>4V � = 118,7 + 0,30,5 + 0,10,032 + 0,050,81 + 123 = 0,257 ВF @2℃⁄  



73 
 

 

!0ABC?=8< :@>:>< 287=0G0є<> @>7@0EC=:>2C @V7=8FN B8A:V2 ∆D, �а, 73V4=> 
D>@<C; (3.9-3.11) 4;O A5@54=L>3> ?@8<VI5==O ∆D = (21 2 1,5) ∗ ( 3463273222 2 3463273+20) + 0,03 ∗ ( 3463273222) ∗ 52 ∗ 0,55 = 44,256 #0 

�=0;>3VG=> 287=0G0є<> @V7=8FN B8A:V2 ∆D, �а, 4;O V=H8E 20@V0=BV2 
?@>AB>@>2>3> @>7B0HC20==O ?@8<VI5=L. 

�0;V 73V4=> D>@<C;8 (3.8) >B@8<Cє<> 7=0G5==O 28B@0B8 V=DV;LB@0FV9=>3> 

?>2VB@O L, 7B8>7 / , G5@57 >3>@>46C20;L=V :>=AB@C:FVW ?@8<VI5==O L = 44,256124,33 + 79 + 45 = 0,178 >7 7B8⁄  

�=0;>3VG=> 287=0G0є<> 7=0G5==O 28B@0B8 V=DV;LB@0FV9=>3> ?>2VB@O L, 7B8>7 / , 

4;O V=H8E 20@V0=BV2 ?@>AB>@>2>3> @>7B0HC20==O ?@8<VI5=L. 

�3V4=> D>@<C;8 (3.7) >B@8<Cє<> 7=0G5==O :>5DVFVє=BC 0:C<C;OFVW B5?;>2>W 

5=5@3VW β,3>4 4;O A5@54=L>3> ?@8<VI5==O. β= 0,92 ∗ ((0,005 ∗ 0,84 ∗ 1600 ∗ 41,08) + (0,1 ∗ 1,45 ∗ 35 ∗ 41,58) + (0,3 ∗ 0,84 ∗ 500 ∗ 42,63))3,6 ∗ (0,257 ∗ 42,63 + 0,178 ∗ 1,005 ∗ 1,406)  β = 66,77 7B8 

�=0;>3VG=> 287=0G0є<> 7=0G5==O :>5DVFVє=BC 0:C<C;OFVW B5?;>2>W 5=5@3VW β,3>4 

4;O V=H8E ?@>AB>@>28E @>7B0HC20=L ?@8<VI5=L 2 4>A;V46C20=8E 1C4V2;OE B0 4;O 

V=H8E B8?V2 7>2=VH=VE >3>@>46C20;L=8E :>=AB@C:FV9.  

&01;. 3.4 

�>5DVFVє=B 0:C<C;OFVW B5?;>2>W 5=5@3VW  Ā, 7B8  
&8? >3>@>465==O 

β, 3>4 

$>7B0HC20==O ?@8<VI5==O 

�CB>25 %5@54=є 

�CB>25 =0 

25@E=VE 

?>25@E0E 

� 66,77 69,21 67,99 
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�� 59,68 61,77 61,05 

��� 168,06 175,52 168,08 

�V 98,38 102,30 99,04 

V 118,09 122,76 118,97 

VI 149,18 155,66 149,19 

&0:8< G8=>< =0<8 1C;8 287=0G5==V =>2V 7=0G5==O :>5DVFVє=BC 0:C<C;OFVW 

B5?;>2>W 5=5@3VW β, 3>4 4;O ACG0A=8E B8?V2 68B;>28E 1C48=:V2, ?>1C4>20=8E V7 

2@0EC20==O< =>2VB=VE B5E=>;>3V9 (482. B01;. 3.4). 

 

3.4 "GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t6(Z), O:0 2AB0=>28BLAO 2 
?@8<VI5==V G5@57 G0A Z ?VA;O ?>@CH5==O =>@<0;L=>3> B5?;>2>3> @568<C 

$>7@0EC=>: B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O 2 ?@8<VI5==V, I> 

>E>;>46CєBLAO ?@>2>48BLAO 4;O G0AC >E>;>465==O 6, 12, 18 B0 24 3>48=8. #V4 G0A 

?@>2545==O @>7@0EC=:V2 >GV:C20=>W B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O �6(�) 4;O 

FV;59 40=>W 3;028 22060є<>, I> B5?;>28< =020=B065==O< 2V4 4VW 2VB@C B0 A>=OG=>3> 

28?@><V=N20==O =0 4>A;V46C20==V 1C4V2;V <>6=0 7=5EBC20B8. &0:8< G8=>< C 

D>@<C;V (3.6) B5<?5@0BC@0 7>2=VH=L>3> A5@54>28I0 t7E, ℃ 2V4?>2V40є A5@54=V9 

<VAOG=V9 B5<?5@0BC@V >?0;N20;L=>3> ?5@V>4C �7@VE, ℃, G8W 7=0G5==O 4;O :>6=>3> 
<VAOFO ?@89<0NBLAO 73V4=> 4> B01;. 3.4. 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 � B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t6(Z) = 8,6 + (20 2 8,6) ∗ e20 69,21⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 3.5. 

&01;. 3.5 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> 

?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B8?C 
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β t2(Z) 0 6 12 18 24 

69,21 

6>2B5=L 20 19,06 18,19 17,40 16,67 

;8AB>?04 20 18,53 17,17 15,93 14,80 

3@C45=L 20 18,14 16,43 14,86 13,42 

AVG5=L  20 17,95 16,08 14,36 12,78 

;NB89 20 18,03 16,22 14,56 13,04 

15@575=L 20 18,44 17,00 15,68 14,48 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B8?C (@8A. 3.4) 

 

 

$8A.3.4 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 

?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 � B8?C 

�=0;>3VG=8< G8=>< 1C;> ?@>2545<> 4>A;V465==O 7<V=8 7=0G5==O >GV:C20=>W 

B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O V=H8E 20@V0=BV2 ?@>AB>@>2>3> 

@>7B0HC20==O ?@8<VI5=L V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B8?C.  

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �� B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t6(Z) = 8,6 + (20 2 8,6) ∗ e20 61,77⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 3.6. 

&01;. 3.6 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> 

?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �� B8?C 

β t2(Z) 0 6 12 18 24 

61,77 

6>2B5=L 20 18,95 17,99 17,13 16,34 

;8AB>?04 20 18,36 16,87 15,51 14,28 

3@C45=L 20 17,92 16,04 14,33 12,77 

AVG5=L  20 17,72 15,65 13,77 12,07 

;NB89 20 17,80 15,81 14,00 12,36 

15@575=L 20 18,26 16,67 15,23 13,93 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �� B8?C (@8A. 3.5). 
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$8A.3.5 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 

?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �� B8?C 

�=0;>3VG=8< G8=>< 1C;> ?@>2545<> 4>A;V465==O 7<V=8 7=0G5==O >GV:C20=>W 

B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O V=H8E 20@V0=BV2 ?@>AB>@>2>3> 

@>7B0HC20==O ?@8<VI5=L V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8  �� B8?C.  

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 ��� B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t6(Z) = 8,6 + (20 2 8,6) ∗ e20 175,52⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 3.7. 

&01;. 3.7 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> 

?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 ��� B8?C 

β t2(Z) 0 6 12 18 24 

175,52 

6>2B5=L 20 19,62 19,25 18,89 18,55 

;8AB>?04 20 19,40 18,83 18,27 17,73 

3@C45=L 20 19,25 18,52 17,81 17,13 

τ,℃
7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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AVG5=L  20 19,17 18,37 17,60 16,85 

;NB89 20 19,20 18,43 17,69 16,97 

15@575=L 20 19,37 18,75 18,16 17,59 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 ��� B8?C (@8A. 3.6). 

 

$8A.3.6 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 

?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 ��� B8?C 

�=0;>3VG=8< G8=>< 1C;> ?@>2545<> 4>A;V465==O 7<V=8 7=0G5==O >GV:C20=>W 

B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O V=H8E 20@V0=BV2 ?@>AB>@>2>3> 

@>7B0HC20==O ?@8<VI5=L V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 ��� B8?C.  

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �V B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t6(Z) = 8,6 + (20 2 8,6) ∗ e20 294,62⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 3.8. 

&01;. 3.8 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> 

?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �V B8?C 

β t2(Z) 0 6 12 18 24 

102,30 

6>2B5=L 20 19,35 18,74 18,17 17,62 

;8AB>?04 20 18,99 18,04 17,14 16,29 

3@C45=L 20 18,72 17,52 16,38 15,31 

AVG5=L  20 18,60 17,27 16,03 14,85 

;NB89 20 18,65 17,37 16,17 15,04 

15@575=L 20 18,93 17,91 16,96 16,06 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �V B8?C (@8A. 3.7). 

 

$8A.3.7 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 

?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �V B8?C 

�=0;>3VG=8< G8=>< 1C;> ?@>2545<> 4>A;V465==O 7<V=8 7=0G5==O >GV:C20=>W 

B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O V=H8E 20@V0=BV2 ?@>AB>@>2>3> 

@>7B0HC20==O ?@8<VI5=L V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �V B8?C.  

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t6(Z) = 8,6 + (20 2 8,6) ∗ e20 254,57⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 3.9. 

 

&01;. 3.9 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> 

?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V B8?C 

β t2(Z) 0 6 12 18 24 

122,76 

6>2B5=L 20 19,46 18,94 18,45 17,98 

;8AB>?04 20 19,15 18,35 17,58 16,85 

3@C45=L 20 18,93 17,91 16,94 16,02 

AVG5=L  20 18,83 17,71 16,64 15,63 

;NB89 20 18,87 17,79 16,76 15,79 

15@575=L 20 19,10 18,24 17,43 16,65 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V B8?C (@8A. 3.8). 
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$8A.3.8 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 

?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V B8?C 

 

�=0;>3VG=8< G8=>< 1C;> ?@>2545<> 4>A;V465==O 7<V=8 7=0G5==O >GV:C20=>W 

B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O V=H8E 20@V0=BV2 ?@>AB>@>2>3> 

@>7B0HC20==O ?@8<VI5=L V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V B8?C.  

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V� B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t6(Z) = 8,6 + (20 2 8,6) ∗ e20 254,57⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 3.10. 

&01;. 3.10 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> 

?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V� B8?C 

β t2(Z) 0 6 12 18 24 

155,66 
6>2B5=L 20 19,57 19,16 18,76 18,38 

;8AB>?04 20 19,33 18,68 18,06 17,46 

τ,℃
7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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3@C45=L 20 19,15 18,34 17,55 16,79 

AVG5=L 20 19,07 18,17 17,31 16,48 

;NB89 20 19,10 18,24 17,41 16,61 

15@575=L 20 19,29 18,60 17,94 17,31 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V� B8?C (@8A. 3.9). 

 

 

$8A.3.9 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 

?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V� B8?C 

�=0;>3VG=8< G8=>< 1C;> ?@>2545<> 4>A;V465==O 7<V=8 7=0G5==O >GV:C20=>W 

B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O V=H8E 20@V0=BV2 ?@>AB>@>2>3> 

@>7B0HC20==O ?@8<VI5=L V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V� B8?C.  

' @57C;LB0BV ?@>2545=8E 4>A;V465=L 287=0G5=>: 

1. �0;56=>ABV, I> >?8ACNBL 7<V=C 48=0<V:8 >E>;>465==O 2=CB@VH=L>3> 

?>2VB@O t6(Z), ℃ C ?@8<VI5==OE V7 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 @V7=8E B8?V2 

?@8 020@V9=8E A8BC0FVOE 2 A8AB5<0E B5?;>?>AB0G0==O. 

2. !09<5=H5 ?04V==O B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ C 

?@8<VI5==OE V7 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 2AVE B8?V2 A?>AB5@V30єBLAO C 

<VAOFV 6>2B=V; 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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3. !091V;LH5 ?04V==O B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ C 

?@8<VI5==OE V7 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 2AVE B8?V2 A?>AB5@V30єBLAO C 

<VAOFV AVG=V; 

4. #@>BO3>< ?5@H8E 24 3>48= ?VA;O 2V4:;NG5==O B5?;>?>AB0G0==O C AVG=V 

<VAOFV =091V;LH5 ?04V==O B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ 

A?>AB5@V30єBLAO C ?@8<VI5==OE V7 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B0 �� B8?V2. 

&0: 4;O ?@8<VI5==O V7 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B8?C ?04V==O 

B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O C 28?04:C A5@54=L>3> @>7B0HC20==O 

AB0=>28BL ∆t6 = 7,22℃, :CB>2>3> – ∆t6 = 7,44℃, :CB>2>3> 25@E=L>3> ?>25@EC – ∆t6 = 7,33℃. �;O ?@8<VI5==O V7 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �� B8?C 
?04V==O B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O C 28?04:C A5@54=L>3> @>7B0HC20==O 

AB0=>28BL ∆t6 = 7,93℃, :CB>2>3> – ∆t6 = 8,16℃, :CB>2>3> 25@E=L>3> ?>25@EC – ∆t6 = 8,01℃; 

5. #@>BO3>< ?5@H8E 24 3>48= ?VA;O 2V4:;NG5==O B5?;>?>AB0G0==O C AVG=V 

<VAOFV =09<5=H5 ?04V==O B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 

A?>AB5@V30єBLAO C ?@8<VI5==OE V7 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �) B8?C. &0: 

C 28?04:C A5@54=L>3> @>7B0HC20==O AB0=>28BL ∆t6 = 1,93℃, :CB>2>3> – ∆t6 =1,99℃, :CB>2>3> 25@E=L>3> ?>25@EC – ∆t6 = 1,95℃. 

 

3.5 �87=0G5==O ∆ΘCD, ℃ @V7=8FV <V6 t6(Z), ℃ >GV:C20=>N B5<?5@0BC@>N 

2=CB@VH=L>3> ?>2VB@O ?@8<VI5=L V τ, ℃ B5<?5@0BC@>N 2=CB@VH=L>W ?>25@E=V 

>3>@>46C20;L=8E :>=AB@C:FV9 

�3V4=> V7 [1-16,25,64] 206;82>N A0=VB0@=>-3V3Vє=VG=>N 28<>3>N 4> 28<>3>N 4> 

B5?;>B5E=VG=8E ?>:07=8:V2 5;5<5=BV2 B5?;>V7>;OFV9=>W >1>;>=:8 1C4V25;L V A?>@C4 є 

4>45@60==O B0:>W @V7=8FV ∆ΘCD, ℃ <V6 B5<?5@0BC@>N 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ V B5<?5@0BC@>N 2=CB@VH=L>W ?>25@E=V >3>@>46C20;L=>W :>=AB@C:FVW �, ℃, 

G8є 7=0G5==O <5=H5, =V6 4>?CAB8<5 7=0G5==O ∆tE7. &>1B> ?>28==0 28:>=C20B8AO 
=5@V2=VABL 284C [1-16, 25, 64]: ∆ΘCD ≤ ∆ΘE7                                                        (3.13) 



84 
 

 

 �;O 68B;>28E 1C4V25;L, 1C4V25;L 70:;04V2 4>H:V;L=>W >A2VB8, 70:;04V2 >A2VB8 

B0 70:;04V2 >E>@>=8 74>@>2’O ∆ΘCD = 4℃ [1-16, 25, 64].  

� @57C;LB0BV 0=0;V7C B01;8FL 3.5-3.10 B0 3.13-3.30 =0<8 1C;0 @>7@0E>20=0 

@V7=8FO ∆tE7, ℃ <V6 B5<?5@0BC@>N 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ V B5<?5@0BC@>N 
2=CB@VH=L>W ?>25@E=V >3>@>46C20;L=>W :>=AB@C:FVW �, ℃ 73V4=> V7 D>@<C;>N [1-16, 

25, 64]: ∆ΘCD = t6 2 �, ℃                                                   (3.14) ∆ΘE7, ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B8?C 

4;O 2AVE 20@V0=BV2 ?@>AB>@>2>3> @>7<VI5==O C 6>2B=V <VAOFV, :>;8 Z=0 3>4. ∆ΘCD = 20 2 20 = 0 ℃ 

�=0;>3VG=> 1C;8 287=0G5=V ∆tE7, ℃  4;O V=H8E 7=0G5=L Z, 3>4 B0 V=H8E 

20@V0=BV2 ?@>AB>@>2>3> @>7<VI5==O, C <VAOFV 6>2B=V, B0 4;O V=H8E <VAOFV2 

>?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> B01;. 3.11. 

&01;. 3.11 

$V7=8FO ∆ΘCD, ℃ <V6 B5<?5@0BC@>N 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ V 
B5<?5@0BC@>N 2=CB@VH=L>W ?>25@E=V >3>@>46C20;L=>W :>=AB@C:FVW �, ℃ 4;O :CB>2>3> 

?@8<VI5==L V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B8?C 

&8? 

>3>@>465=

=O 

 VAOFL Z 
τ(Z),

℃ 

$>7B0HC20==O 

?@8<VI5==O 

$>7B0HC20==O 

?@8<VI5==O 

%5@54

=є 

�CB>2

5 

�CB>25 

25@E=L>

3> 

?>25@EC 

%5@54

=є 

�CB>2

5 

�CB>25 

25@E=L>

3> 

?>25@EC 

t2(Z) ΔΘ?@(Z) 

I 
�>2B5=

L 

0 19,66 20 20 20 0,34 0,34 0,34 

6 16,23 19,06 19,02 19,04 2,82 2,79 2,81 

1

2 
14,58 18,19 18,13 18,16 3,62 3,55 3,59 

1 13,91 17,40 17,31 17,36 3,49 3,40 3,44 
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8 

2

4 
12,92 16,67 16,57 16,62 3,75 3,65 3,70 

�8AB>?

04 

0 19,48 20 20 20 0,52 0,52 0,52 

6 14,12 18,53 18,47 18,50 4,41 4,35 4,38 

1

2 
11,53 17,17 17,08 17,13 5,64 5,55 5,60 

1

8 
10,49 15,93 15,80 15,87 5,44 5,31 5,38 

2

4 
8,94 14,80 14,64 14,72 5,86 5,70 5,78 

�@C45=

L 

0 19,34 20 20 20 0,66 0,66 0,66 

6 12,57 18,14 18,07 18,11 5,57 5,50 5,54 

1

2 
9,29 16,43 16,31 16,37 7,14 7,02 7,08 

1

8 
7,98 14,86 14,70 14,78 6,88 6,71 6,80 

2

4 
6,02 13,42 13,22 13,33 7,41 7,21 7,31 

%VG5=L  

0 19,27 20 20 20 0,73 0,73 0,73 

6 11,84 17,95 17,88 17,92 6,11 6,04 6,08 

1

2 
8,25 16,08 15,95 16,01 7,83 7,70 7,77 

1

8 
6,81 14,36 14,18 14,27 7,55 7,37 7,46 

2

4 
4,65 12,78 12,56 12,67 8,13 7,91 8,02 

�NB89 

0 19,30 20,00 20 20 0,70 0,70 0,70 

6 12,14 18,03 17,96 18,00 5,89 5,82 5,86 

1 8,67 16,22 16,10 16,16 7,55 7,42 7,49 
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2 

1

8 
7,29 14,56 14,39 14,48 7,28 7,10 7,19 

2

4 
5,21 13,04 12,83 12,94 7,83 7,62 7,73 

�5@575=

L 

0 19,44 20,00 20 20 0,56 0,56 0,56 

6 13,76 18,44 18,38 18,41 4,68 4,62 4,65 

1

2 
11,01 17,00 16,90 16,95 5,99 5,89 5,94 

1

8 
9,91 15,68 15,55 15,62 5,78 5,64 5,71 

2

4 
8,25 14,48 14,31 14,39 6,22 6,05 6,14 

 ∆ΘCD, ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �� – VI 

B8?V2 287=0G5==V 0=0;>3VG=8< G8=><.  

' @57C;LB0BV ?@>2545=8E 4>A;V465=L 287=0G5=>: 

1. #@>BO3>< ?5@H8E 24 3>48= V7 <><5=BC 2V4:;NG5==O A8AB5<8 

B5?;>?>AB0G0==O 2 @57C;LB0BV 020@V9=>W A8BC0FVW C<>20 ∆ΘCD ≤ 4℃ 28:>=CєBLAO 

BV;L:8 C <VAOFV 6>2B=V 4;O ?@8<VI5=L V7 =0ABC?=8<8 B8?0<8 7>2=VH=VE 

>3>@>46C20;L=8E :>=AB@C:FV9: �, ��, �), ). � V=HV <VAOFV FO C<>20 =5 28:>=CєBLAO V 

G5@57 24 3>48=8 ?VA;O 2V4:;NG5==O A8AB5<8 B5?;>?>AB0G0==O B5<?5@0BC@0 

4>AO30є :@8B8G=8E 7=0G5=L. 

2. #@>BO3>< ?5@H8E 24 3>48= V7 <><5=BC 2V4:;NG5==O A8AB5<8 

B5?;>?>AB0G0==O 2 @57C;LB0BV 020@V9=>W A8BC0FVW =091V;LH5 7=0G5==O @V7=8FV ∆ΘCD, ℃ <V6 B5<?5@0BC@>N 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ V B5<?5@0BC@>N 
2=CB@VH=L>W ?>25@E=V >3>@>46C20;L=>W :>=AB@C:FVW �, ℃ A?>AB5@V30єBLAO C AVG=V 

<VAOFV 4;O ?@8<VI5=L V7 =0ABC?=8<8 B8?0<8 7>2=VH=VE >3>@>46C20;L=8E 

:>=AB@C:FV9: ��� B0 )�. 
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�8A=>2:8 70 @>74V;>< 3 

1. � @57C;LB0BV ?@>2545=8E 4>A;V465=L 2AB0=>2;5=V 70:>=><V@=>ABV 7<V=8 

<V:@>:;V<0B8G=8E ?0@0<5B@V2 C ?@8<VI5==V 2 70;56=>ABV 2V4 B8?C 7>2=VH=VE 

>3>@>46C20;L=8E :>=AB@C:FV9 ACG0A=>3> 1C4V2=8FB20, ?@8 020@V9=8E A8BC0FVOE 2 

A8AB5<0E B5?;>?>AB0G0==O.  

2. �AB0=>2;5=> 70:>=><V@=>ABV 7<V=8 B5<?5@0BC@8 2=CB@VH=L>W ?>25@E=V τ, ℃ ?@8 

>E>;>465==V 7V AB0FV>=0@=>3> @568<C ?@8 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O, I> 

4>72>;ONBL ?@>3=>7C20B8 A5@54=N H284:VABL ?04V==O B5<?5@0BC@8 2=CB@VH=L>W 

?>25@E=V :>=AB@C:FV9 2 70;56=>ABV 2V4 B8?C >3>@>46C20;L=8E :>=AB@C:FV9 B0 A57>==>ABV. 

3. �AB0=>2;5=>, I> ?@>BO3>< 24 3>48= 2V4  ?>G0B:C 020@V9=>W A8BC0FVW 

=09<5=H5 ?04V==O  B5<?5@0BC@8 2=CB@VH=L>W ?>25@E=V τ, ℃ A?>AB5@V30єBLAO 4;O �V V V 

B8?V2 >3>@>46C20;L=8E :>=AB@C:FV9. $V7=8FO B5<?5@0BC@ ?@>BO3>< 24 3>48= AB0=>28BL ∆� = 3,534 ℃ C 6>2B=V B0 ∆� = 7,657 ℃ C AVG=V. 'A5@54=5=0 H284:VABL ?04V==O 

B5<?5@0BC@8 2=CB@VH=L>W ?>25@E=V ?@>BO3>< 24 3>48= AB0=>28BL 0,157  ℃ 7B8⁄  C 6>2B=V 

B0 0,34  ℃ 7B8⁄  C AVG=V. 

4. �AB0=>2;5=>, I> ?@>BO3>< 24 3>48= 2V4  ?>G0B:C 020@V9=>W A8BC0FVW 

=091V;LH5 ?04V==O B5<?5@0BC@8 2=CB@VH=L>W ?>25@E=V τ, ℃  A?>AB5@V30єBLAO 4;O ��� B8?C 

>3>@>46C20;L=8E :>=AB@C:FV9. $V7=8FO B5<?5@0BC@ ?@>BO3>< 24 3>48= AB0=>28BL ∆τ =9,804 ℃  C 6>2B=V B0 ∆τ = 21,242 ℃ C AVG=V. 'A5@54=5=0 H284:VABL ?04V==O 

B5<?5@0BC@8 2=CB@VH=L>W ?>25@E=V ?@>BO3>< 24 3>48= AB0=>28BL 0,409 ℃ 7B8⁄  C 6>2B=V 

B0 0,885 ℃ 7B8⁄  C AVG=V. 

5. �AB0=>2;5=>, I> ?@>BO3>< 24 3>48= 2V4  ?>G0B:C 020@V9=>W A8BC0FVW 

B5<?5@0BC@0 2=CB@VH=L>W ?>25@E=V τ, ℃  ��� V V� B8?V2 >3>@>46C20;L=8E :>=AB@C:FV9  

4>AO30є 7=0G5=L =86G5 =C;O.  &5<?5@0BC@0 2=CB@VH=L>W ?>25@E=V τ, ℃  ��� B8?C 

>3>@>46C20;L=8E :>=AB@C:FV9  4>AO30є 70:@8B8G=8E 7=0G5=L C <VAOFOE AVG=V (τ =21,242℃) B0 ;NB><C (τ = 20,468℃). &5<?5@0BC@0 2=CB@VH=L>W ?>25@E=V τ, ℃  V� B8?C 

>3>@>46C20;L=8E :>=AB@C:FV9  4>AO30є 70:@8B8G=8E 7=0G5=L C <VAOFV AVG=V (τ =20,501 ℃). 

6. �87=0G5=> 70;56=>ABV 7<V=8 B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ ?@8 
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020@V9=8E A8BC0FVOE 2 A8AB5<0E B5?;>?>AB0G0==O B0 4>AO3=5==O :@8B8G=>W B5<?5@0BC@8, 

I> 4>72>;ONBL ?@>3=>7C20B8 A5@54=N H284:VABL ?04V==O B5<?5@0BC@8 2=CB@VH=L>3> 

?>2VB@O 2 ?@8<VI5==OE 2 70;56=>ABV 2V4 B8?C :>=AB@C:FV9, 0@EVB5:BC@=>-?;0=C20;L=8E 

@VH5=L ?@8<VI5=L B0 A57>==>ABV ?>@8 @>:C. 

7. �AB0=>2;5=>, I> ?@>BO3>< 24 3>48= 2V4  ?>G0B:C 020@V9=>W A8BC0FVW =091V;LH5 

?04V==O B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ A?>AB5@V30єBLAO C ?@8<VI5==OE V7 

>3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B0 �� B8?V2. �;O ?@8<VI5==O V7 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 � B8?C C <VAOFV AVG=V @V7=8FO B5<?5@0BC@ ?@>BO3>< 24 3>48= C 28?04:C 

A5@54=L>3> @>7B0HC20==O AB0=>28BL ∆t6 = 7,22℃, :CB>2>3> – ∆t6 = 7,44℃, :CB>2>3> 
25@E=L>3> ?>25@EC – ∆t6 = 7,33℃. 'A5@54=5=0 H284:VABL ?04V==O B5<?5@0BC@8 
2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ ?@>BO3>< 24 3>48= C <VAOFV AVG=V 4;O 28?04:C A5@54=L>3> 

@>7B0HC20==O ?@8<VI5==O 0,301 ℃ 7B8⁄ , :CB>2>3> – 0,31 ℃ 7B8⁄ , :CB>2>3> 25@E=L>3> 

?>25@EC – 0,305 ℃ 7B8⁄ .  

8. �87=0G5=>, I> 4;O ?@8<VI5==O V7 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �� B8?C C 

<VAOFV AVG=V @V7=8FO B5<?5@0BC@ ?@>BO3>< 24 3>48= C 28?04:C A5@54=L>3> @>7B0HC20==O 

AB0=>28BL ∆t6 = 7,93℃, :CB>2>3> – ∆t6 = 8,16℃, :CB>2>3> 25@E=L>3> ?>25@EC – ∆t6 =8,01℃. 'A5@54=5=0 H284:VABL ?04V==O B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ 

?@>BO3>< 24 3>48= C <VAOFV AVG=V 4;O 28?04:C A5@54=L>3> @>7B0HC20==O ?@8<VI5==O 0,331 ℃ 7B8⁄ , :CB>2>3> – 0,34 ℃ 7B8⁄ , :CB>2>3> 25@E=L>3> ?>25@EC – 0,334 ℃ 7B8⁄ . 

9. �87=0G5=>, I> ?@>BO3>< ?5@H8E 24 3>48= 2V4  ?>G0B:C 020@V9=>W A8BC0FVW 

=09<5=H5 ?04V==O B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ A?>AB5@V30єBLAO C 

?@8<VI5==OE V7 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �) B8?C. ' <VAOFV AVG=V 4;O 28?04:C 

A5@54=L>3> @>7B0HC20==O @V7=8FO B5<?5@0BC@ AB0=>28BL ∆t6 = 1,93℃, :CB>2>3> – ∆t6 =1,99℃, :CB>2>3> 25@E=L>3> ?>25@EC – ∆t6 = 1,95℃. 'A5@54=5=0 H284:VABL ?04V==O 
B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ ?@>BO3>< 24 3>48= C <VAOFV AVG=V 4;O 

28?04:C A5@54=L>3> @>7B0HC20==O ?@8<VI5==O 0,08 ℃ 7B8⁄ , :CB>2>3> – 0,083 ℃ 7B8⁄ , 

:CB>2>3> 25@E=L>3> ?>25@EC – 0,081 ℃ 7B8⁄ . 

10. ' @57C;LB0BV ?@>2545==O 4>A;V465=L 1C;> 2AB0=>2;5=>, I> ?@>BO3>< 

?5@H8E 24 3>48= V7 <><5=BC 2V4:;NG5==O A8AB5<8 B5?;>?>AB0G0==O 2 @57C;LB0BV 
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020@V9=>W A8BC0FVW 4;O ?@8<VI5=L V7 ��� B0 )� B8?0<8 7>2=VH=VE >3>@>46C20;L=8E 

:>=AB@C:FV9 C<>20 ∆ΘCD ≤ 4℃ =5 28:>=CєBLAO 4;O 2AVE <VAOFV2 >?0;N20;L=>3> ?5@V>4C. 

"4=>G0A=> 1C;> 2AB0=>2;5=>, I> ?@>BO3>< ?5@H8E 24 3>48= V7 <><5=BC 2V4:;NG5==O 

A8AB5<8 B5?;>?>AB0G0==O 2 @57C;LB0BV 020@V9=>W A8BC0FVW 4;O ?@8<VI5=L V7 �, ��, �) B0 ) 

B8?0<8 7>2=VH=VE >3>@>46C20;L=8E :>=AB@C:FV9 C<>20 ∆ΘCD ≤ 4℃ 28:>=CєBLAO 

28:;NG=> C <VAOFV 6>2B=V. 

11. �87=0G5=>, I> C <VAOFV AVG=V ?@>BO3>< ?5@H8E 24 3>48= V7 <><5=BC 

2V4:;NG5==O A8AB5<8 B5?;>?>AB0G0==O 2 @57C;LB0BV 020@V9=>W A8BC0FVW =091V;LH5 

7=0G5==O @V7=8FV ∆ΘE7, ℃ <V6 B5<?5@0BC@>N 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ V 
B5<?5@0BC@>N 2=CB@VH=L>W ?>25@E=V >3>@>46C20;L=>W :>=AB@C:FVW τ, ℃ A?>AB5@V30єBLAO 

4;O ?@8<VI5=L V7 ��� B0 )� B8?0<8 7>2=VH=VE >3>@>46C20;L=8E :>=AB@C:FV9. �;O 28?04:C 

A5@54=L>3> @>7B0HC20==O ?@8<VI5=L V7 ��� B8?>< 7>2=VH=VE >3>@>46C20;L=8E 

:>=AB@C:FV9 ∆ΘCD = 18,09 ℃, :CB>2>3> – ∆ΘCD = 17,96℃, :CB>2>3> 25@E=L>3> ?>25@EC 
– ∆ΘCDtCD = 17,96℃. �;O 28?04:C A5@54=L>3> @>7B0HC20==O ?@8<VI5=L V7 )� B8?>< 
7>2=VH=VE >3>@>46C20;L=8E :>=AB@C:FV9 ∆ΘCD = 16,98 ℃, :CB>2>3> – ∆ΘCD = 16,84℃, 

:CB>2>3> 25@E=L>3> ?>25@EC – ∆ΘCD = 17,84℃. 

12. #@>2545=V 4>A;V465==O 7<V=8 B5<?5@0BC@8 =0 ?>25@E=V :>=AB@C:FV9 B0 

B5<?5@0BC@8 ?>2VB@O 2A5@548=V ?@8<VI5=L 4>72>;ONBL 287=0G8B8 3@0=8G=89 G0A 

?@>2545==O 020@V9=8E @>1VB ?> 2V4=>2;5==N <V:@>:;V<0BC B0 157?5G=>W @>1>B8 A8AB5< 

B5?;>?>AB0G0==O 7 C@0EC20==O< =54>AO3=5==O 70 :@8B8G=8E B5<?5@0BC@ 2 ?@8<VI5==OE. 
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$"���� 4 

���!�+�!!/ ��!� ��� � �!� &� #�$�&'$� �!'&$�,!Ь"� 
#"��$)!� #$� �-�!Ь #$� ���$��!�) %�&'�*�/) � %�%&� �) 
&�#�"#"%&�+�!!/ �� '$�)'��!!/  �#���' �"�!�,!�) 
��� �&�+!�) (��&"$�� &� �����#�+�!!/ ���!"���!!/ 

#�$� �&$��  ��$"��� �&' #$� �-�!Ь 

4.1 �>A;V465==O >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 

020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O, O:I> 2?;82 7>2=VH=L>3> 

A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 28?04:C 

2V;L=>W @>7V<:=5=>W 701C4>28 

 

�8=0<V:0 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 020@V9=><C 

2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O 287=0G0єBLAO 2V4?>2V4=> 4> 7030;L=>W 

?>A;V4>2=>ABV :@>:V2, I> 1C;8 >?8A0=V =0<8 C ?C=:BV 3.2 $>74V;C 3 FVєW 

4>A;V4=8FL:>W @>1>B8.  

"4=0:, ?@8 C@0EC20==V AC:C?=>3> 2?;82C A>=OG=>W @04V0FVW B0 2VB@C C D>@<C;V 

(3.5) =0<8 1C;> ?@89=OB>, I> B5<?5@0BC@0 7>2=VH=L>3> A5@54>28I0 t7E, ℃ =5 @V2=0 

A5@54=L><VAOG=V9 B5<?5@0BC@V >4=>3> 7 <VAOFV2 >?0;N20;L=>3> ?5@V>4C t7@VE, ℃, 0 
287=0G0єBLAO 70 D>@<C;>N t7E = t7@VE  + ΔtDа8@VE 2 Δt6VF9D@VE , ℃                                           (4.1) 

45:  ΔtDа8@VE 2 A5@54=L><VAOG=0 4>102:0 B5?;0 70 @0EC=>: A>=OG=>W @04V0FVW, ℃; Δt6VF9D@VE 2 A5@54=L><VAOG=0 2B@0B0 B5?;0 2V4 2VB@C, ℃; 

�=0G5==O A5@54=L><VAOG=>W 4>102:8 B5?;0 2V4 A>=OG=>W @04V0FVW ΔtDа8@VE , ℃  ?@89<0є<> 

73V4=> B01;. 4.1, 0 7=0G5==O A5@54=L><VAOG=>W 2B@0B8 B5?;0 2V4 2VB@C Δt6VF9D@VE , ℃ 

?@89<0є<> 73V4=> B01;. 4.2. 

&01;. 4.1 

%5@54=L><VAOG=0 4>102:0 B5?;0 2V4 A>=OG=>W @04V0FVW ΔtDа8@VE , ℃  

 VAOFL �V;L=0 @>7V<:=5=0 
701C4>20 

-V;L=0 
701C4>20 
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Δt@04<VA ,℃ Δt@04<VA ,℃ 

6>2B5=L 8 4 

;8AB>?04  3  1 

3@C45=L 3 1 

AVG5=L  4 2 

;NB89 7 4 

15@575=L 10 5 

 

&01;. 4.2 

%5@54=L><VAOG=0 2B@0B0 B5?;0 2V4 2VB@C Δt6VF9D@VE , ℃  

 VAOFL Δt2VB5@<VA ,℃ 

6>2B5=L 0 

;8AB>?04 1 

3@C45=L 2 

AVG5=L 2 

;NB89 2 

15@575=L 1 

 

/: <>6=0 ?>10G8B8 V7 B01;. 4.1 7=0G5==O A5@54=L><VAOG=>W 4>102:8 B5?;0 2V4 

A>=OG=>W @04V0FVW ΔtDа8@VE , ℃  70;568BL 2V4 IV;L=>ABV >B>GCNG>W 40=C 1C4V2;N 701C4>28. 

&0:8< G8=>< 287=0G5==O B5<?5@0BC@8 2=CB@VH=L>W A5@548 �, ℃ 1C45 ?@>2>48B8AO O: 

4;O 28?04:C IV;L=>W 701C4>28, B0: V 4;O 28?04:C @>7V<:=5=>W 701C4>28. 

�8:>=0є<> =5>1EV4=V @>7@0EC=:8 4;O 287=0G5==O  48=0<V:8 >E>;>465==O 

2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 020@V9=><C 2V4:;NG5==V A8AB5<8 

B5?;>?>AB0G0==O V7 C@0EC20==O< AC:C?=>3> 2?;82C A>=OG=>W @04V0FVW B0 2VB@C. 

&01;. 4.3 

&5<?5@0BC@0 2=CB@VH=L>W ?>25@E=V �, ℃ >3>@>46C20;L=>W :>=AB@C:FVW � B8?C 70 
7040=>3> G0AC , 3>4 ?@>BO3>< >?0;N20;L=>3> ?5@V>4C 

V7 C@0EC20==O< AC:C?=>W 4VW A>=OG=>W @04V0FVW B0 2VB@C 4;O 28?04:C 2V;L=>W 
@>7V<:=5=>W 701C4>28 

&8? 
ABV=8 

<VAOFL Z τ,℃ t2 t7<VA v/v0 a*z/δ2 

I 

6>2B5=L 

0 20 

16,6 

1 0,000 

6 18,946 0,69 0,079 

12 18,436 0,54 0,159 

18 18,232 0,48 0,238 

24 17,926 0,39 0,317 

;8AB>?04 0 20 
4,2 

1 0,000 

6 15,102 0,69 0,079 

Z
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12 12,732 0,54 0,159 

18 11,784 0,48 0,238 

24 10,362 0,39 0,317 

3@C45=L 

0 20 

-1,5 

1 0,000 

6 13,335 0,69 0,079 

12 10,11 0,54 0,159 

18 8,82 0,48 0,238 

24 6,885 0,39 0,317 

AVG5=L  

0 20 

-2,7 

1 0,000 

6 12,963 0,69 0,079 

12 9,558 0,54 0,159 

18 8,196 0,48 0,238 

24 6,153 0,39 0,317 

;NB89 

0 20 

1,2 

1 0,000 

6 14,172 0,69 0,079 

12 11,352 0,54 0,159 

18 10,224 0,48 0,238 

24 8,532 0,39 0,317 

15@575=L 

0 20 

10,1 

1 0,000 

6 16,931 0,69 0,079 

12 15,446 0,54 0,159 

18 14,852 0,48 0,238 

24 13,961 0,39 0,317 
 

 

$8A. 4.1 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 
020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 I B8?C 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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$8A. 4.2 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 

020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 I� B8?C 
 
 

 

$8A. 4.3 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 
020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 III B8?C 

τ,℃
7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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$8A. 4.4 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 

020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 IV B8?C 
 

 
$8A. 4.5 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 

020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 V B8?C 
 

 

τ,℃
7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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$8A. 4.6 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 

020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 VI B8?C 
 

4.2 �>A;V465==O >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 

020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O, O:I> 2?;82 7>2=VH=L>3> 

A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 28?04:C 

IV;L=>W 701C4>28 

/: <>6=0 ?>10G8B8 V7 B01;. 4.1 7=0G5==O A5@54=L><VAOG=>W 4>102:8 B5?;0 2V4 

A>=OG=>W @04V0FVW ΔtDа8@VE , ℃  70;568BL 2V4 IV;L=>ABV >B>GCNG>W 40=C 1C4V2;N 701C4>28. 

&0:8< G8=>< 287=0G8<> B5<?5@0BC@C 2=CB@VH=L>W A5@548 �, ℃ 28?04:C IV;L=>W 

701C4>28. 

�8:>=0є<> =5>1EV4=V @>7@0EC=:8 4;O 287=0G5==O  48=0<V:8 >E>;>465==O 

2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 020@V9=><C 2V4:;NG5==V A8AB5<8 

B5?;>?>AB0G0==O V7 C@0EC20==O< AC:C?=>3> 2?;82C A>=OG=>W @04V0FVW B0 2VB@C B0 

70=5A5<> >B@8<0=V @57C;LB0B8 4> B01;8FL. 

&01;. 4.4 

&5<?5@0BC@0 2=CB@VH=L>W ?>25@E=V �, ℃ >3>@>46C20;L=>W :>=AB@C:FVW I B8?C 70 
7040=>3> G0AC , 3>4 ?@>BO3>< >?0;N20;L=>3> ?5@V>4C V7 C@0EC20==O< AC:C?=>W 4VW 

A>=OG=>W @04V0FVW B0 2VB@C 4;O 28?04:C IV;L=>W 701C4>28 

&8? 
ABV=8 

<VAOFL Z τ,℃ t2 t7<VA v/v0 a*z/δ2 

I 6>2B5=L 
0 20 

12,6 

1 0,000 

6 17,706 0,69 0,079 

12 16,596 0,54 0,159 

τ,℃
7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь

Z
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18 16,152 0,48 0,238 

24 15,486 0,39 0,317 

;8AB>?04 

0 20 

2,2 

1 0,000 

6 14,482 0,69 0,079 

12 11,812 0,54 0,159 

18 10,744 0,48 0,238 

24 9,142 0,39 0,317 

3@C45=L 

0 20 

-3,5 

1 0,000 

6 13,335 0,69 0,079 

12 10,11 0,54 0,159 

18 8,82 0,48 0,238 

24 6,885 0,39 0,317 

AVG5=L  

0 20 

-4,7 

1 0,000 

6 12,343 0,69 0,079 

12 8,638 0,54 0,159 

18 7,156 0,48 0,238 

24 4,933 0,39 0,317 

;NB89 

0 20 

-1,8 

1 0,000 

6 13,242 0,69 0,079 

12 9,972 0,54 0,159 

18 8,664 0,48 0,238 

24 6,702 0,39 0,317 

15@575=L 

0 20 

5,1 

1 0,000 

6 15,381 0,69 0,079 

12 13,146 0,54 0,159 

18 12,252 0,48 0,238 

24 10,911 0,39 0,317 

 

 

$8A. 4.7 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 
020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 I B8?C 
 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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$8A. 4.8 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 

020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 II B8?C 
 

 

 
$8A. 4.9 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 

020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 III B8?C 
 

 

τ,℃
7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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$8A. 4.10 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 

020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 IV B8?C 
 

 
$8A. 4.11 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 
020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 V B8?C 

 

 

τ,℃
7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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$8A. 4.12 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 

020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 VI B8?C 
 

4.3 �>A;V465==O >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 

020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O, O:I> 2?;82 7>2=VH=L>3> 

A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN 28:;NG=> A>=OG=>W @04V0FVW 4;O 28?04:C 

2V;L=>W @>7V<:=5=>W 701C4>28 

�8=0<V:0 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 020@V9=><C 

2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O 287=0G0єBLAO 2V4?>2V4=> 4> 7030;L=>W 

?>A;V4>2=>ABV :@>:V2, I> 1C;8 >?8A0=V =0<8 C ?C=:BV 3.2 $>74V;C 3 FVєW 

4>A;V4=8FL:>W @>1>B8.  

"4=0:, ?@8 C@0EC20==V AC:C?=>3> 2?;82C A>=OG=>W @04V0FVW B0 2VB@C C D>@<C;V 

(3.5) =0<8 1C;> ?@89=OB>, I> B5<?5@0BC@0 7>2=VH=L>3> A5@54>28I0 t7E, ℃ =5 @V2=0 

A5@54=L><VAOG=V9 B5<?5@0BC@V >4=>3> 7 <VAOFV2 >?0;N20;L=>3> ?5@V>4C t7@VE, ℃, 0 
287=0G0єBLAO 70 D>@<C;>N t7E = t7@VE  + ΔtDа8@VE , ℃                                                                  (4.2) 

45:  ΔtDа8@VE 2 A5@54=L><VAOG=0 4>102:0 B5?;0 70 @0EC=>: A>=OG=>W @04V0FVW, ℃; Δt6VF9D@VE 2 A5@54=L><VAOG=0 2B@0B0 B5?;0 2V4 2VB@C, ℃; 

�=0G5==O A5@54=L><VAOG=>W 4>102:8 B5?;0 2V4 A>=OG=>W @04V0FVW ΔtDа8@VE , ℃  ?@89<0є<> 

73V4=> B01;. 4.1. 

τ,℃
7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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/: <>6=0 ?>10G8B8 V7 B01;. 4.1 7=0G5==O A5@54=L><VAOG=>W 4>102:8 B5?;0 2V4 

A>=OG=>W @04V0FVW ΔtDа8@VE , ℃  70;568BL 2V4 IV;L=>ABV >B>GCNG>W 40=C 1C4V2;N 701C4>28. 

&0:8< G8=>< 287=0G5==O B5<?5@0BC@8 2=CB@VH=L>W A5@548 �, ℃ 1C45 ?@>2>48B8AO O: 

4;O 28?04:C IV;L=>W 701C4>28, B0: V 4;O 28?04:C @>7V<:=5=>W 701C4>28. 

�8:>=0є<> =5>1EV4=V @>7@0EC=:8 4;O 287=0G5==O  48=0<V:8 >E>;>465==O 

2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 020@V9=><C 2V4:;NG5==V A8AB5<8 

B5?;>?>AB0G0==O V7 C@0EC20==O< AC:C?=>3> 2?;82C A>=OG=>W @04V0FVW. 

 

&01;. 4.5 

&5<?5@0BC@0 2=CB@VH=L>W ?>25@E=V �, ℃ >3>@>46C20;L=>W :>=AB@C:FVW I B8?C 70 
7040=>3> G0AC , 3>4 ?@>BO3>< >?0;N20;L=>3> ?5@V>4C V7 C@0EC20==O< 4VW 28:;NG=> 

A>=OG=>W @04V0FVW 4;O 28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 

&8? 
ABV=8 

<VAOFL Z τ,℃ t2 t7<VA v/v0 a*z/δ2 

I 

6>2B5=L 

0 20 

16,6 

1 0,000 

6 18,946 0,69 0,079 

12 18,436 0,54 0,159 

18 18,232 0,48 0,238 

24 17,926 0,39 0,317 

;8AB>?04 

0 20 

5,2 

1 0,000 

6 15,412 0,69 0,079 

12 13,192 0,54 0,159 

18 12,304 0,48 0,238 

24 10,972 0,39 0,317 

3@C45=L 

0 20 

0,5 

1 0,000 

6 13,955 0,69 0,079 

12 11,03 0,54 0,159 

18 9,86 0,48 0,238 

24 8,105 0,39 0,317 

AVG5=L  

0 20 

-0,7 

1 0,000 

6 13,583 0,69 0,079 

12 10,478 0,54 0,159 

18 9,236 0,48 0,238 

24 7,373 0,39 0,317 

;NB89 

0 20 

3,2 

1 0,000 

6 14,792 0,69 0,079 

12 12,272 0,54 0,159 

18 11,264 0,48 0,238 

24 9,752 0,39 0,317 

15@575=L 0 20 
11,1 

1 0,000 

6 17,241 0,69 0,079 

Z
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12 15,906 0,54 0,159 

18 15,372 0,48 0,238 

24 14,571 0,39 0,317 

 

 
$8A. 4.13 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 
020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 I B8?C 
 

 
$8A. 4.14 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 
020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 II B8?C 

 

 

 

 

 

 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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$8A. 4.15 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 
020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 III B8?C 

 

 

 
$8A. 4.16 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 

020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 IV B8?C 
 

τ,℃
7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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$8A. 4.17 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 

020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 VI B8?C 
 

 
$8A. 4.18 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 
020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 V B8?C 

 

4.4 �>A;V465==O >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 

020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O, O:I> 2?;82 7>2=VH=L>3> 

A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN 28:;NG=> A>=OG=>W @04V0FVW 4;O 28?04:C 

IV;L=>W 701C4>28 

/: <>6=0 ?>10G8B8 V7 B01;. 4.1 7=0G5==O A5@54=L><VAOG=>W 4>102:8 B5?;0 2V4 

A>=OG=>W @04V0FVW ΔtDа8@VE , ℃  70;568BL 2V4 IV;L=>ABV >B>GCNG>W 40=C 1C4V2;N 701C4>28. 

τ,℃
7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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&0:8< G8=>< 287=0G8<> B5<?5@0BC@C 2=CB@VH=L>W A5@548 �, ℃ 4;O 28?04:C IV;L=>W 

701C4>28. 

�8:>=0є<> =5>1EV4=V @>7@0EC=:8 4;O 287=0G5==O  48=0<V:8 >E>;>465==O 

2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 020@V9=><C 2V4:;NG5==V A8AB5<8 

B5?;>?>AB0G0==O V7 C@0EC20==O< 2?;82C A>=OG=>W @04V0FVW B0 70=5A5<> >B@8<0=V 

@57C;LB0B8 4> B01;8FL. 

 

&01;. 4.6 

&5<?5@0BC@0 2=CB@VH=L>W ?>25@E=V �, ℃ >3>@>46C20;L=>W :>=AB@C:FVW I B8?C 70 
7040=>3> G0AC , 3>4 ?@>BO3>< >?0;N20;L=>3> ?5@V>4C V7 C@0EC20==O< 4VW 28:;NG=> 

A>=OG=>W @04V0FVW 4;O 28?04:C IV;L=>W 701C4>28 

&8? 
ABV=8 

<VAOFL Z τ,℃ t2 t7<VA v/v0 a*z/δ2 

I 

6>2B5=L 

0 20 

12,6 

1 0,000 

6 17,706 0,69 0,079 

12 16,596 0,54 0,159 

18 16,152 0,48 0,238 

24 15,486 0,39 0,317 

;8AB>?04 

0 20 

3,2 

1 0,000 

6 14,792 0,69 0,079 

12 12,272 0,54 0,159 

18 11,264 0,48 0,238 

24 9,752 0,39 0,317 

3@C45=L 

0 20 

-1,5 

1 0,000 

6 13,955 0,69 0,079 

12 11,03 0,54 0,159 

18 9,86 0,48 0,238 

24 8,105 0,39 0,317 

AVG5=L  

0 20 

-2,7 

1 0,000 

6 12,963 0,69 0,079 

12 9,558 0,54 0,159 

18 8,196 0,48 0,238 

24 6,153 0,39 0,317 

;NB89 

0 20 

0,2 

1 0,000 

6 13,862 0,69 0,079 

12 10,892 0,54 0,159 

18 9,704 0,48 0,238 

24 7,922 0,39 0,317 

15@575=L 
0 20 

6,1 

1 0,000 

6 15,691 0,69 0,079 

12 13,606 0,54 0,159 

Z
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18 12,772 0,48 0,238 

24 11,521 0,39 0,317 

 

 
$8A. 4.19 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 
020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 I B8?C 
 

&01;. 4.7 

&5<?5@0BC@0 2=CB@VH=L>W ?>25@E=V �, ℃ >3>@>46C20;L=>W :>=AB@C:FVW II B8?C 
70 7040=>3> G0AC , 3>4 ?@>BO3>< >?0;N20;L=>3> ?5@V>4C V7 C@0EC20==O< 4VW 

28:;NG=> A>=OG=>W @04V0FVW 4;O 28?04:C IV;L=>W 701C4>28 

&8? 
ABV=8 

<VAOFL Z τ,℃ t2 t7<VA v/v0 a*z/δ2 

II 

6>2B5=L 

0 20 

12,6 

1 0,000 

6 17,706 0,69 0,079 

12 16,596 0,54 0,159 

18 16,152 0,48 0,238 

24 15,486 0,39 0,317 

;8AB>?04 

0 20 

3,2 

1 0,000 

6 14,792 0,69 0,079 

12 12,272 0,54 0,159 

18 11,264 0,48 0,238 

24 9,752 0,39 0,317 

3@C45=L 

0 20 

-1,5 

1 0,000 

6 13,955 0,69 0,079 

12 11,03 0,54 0,159 

18 9,86 0,48 0,238 

24 8,105 0,39 0,317 

AVG5=L  

0 20 

-2,7 

1 0,000 

6 12,963 0,69 0,079 

12 9,558 0,54 0,159 

18 8,196 0,48 0,238 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь

Z
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24 6,153 0,39 0,317 

;NB89 

0 20 

0,2 

1 0,000 

6 13,862 0,69 0,079 

12 10,892 0,54 0,159 

18 9,704 0,48 0,238 

24 7,922 0,39 0,317 

15@575=L 

0 20 

6,1 

1 0,000 

6 15,691 0,69 0,079 

12 13,606 0,54 0,159 

18 12,772 0,48 0,238 

24 11,521 0,39 0,317 

 

 
$8A. 4.20 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 
020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 II B8?C 

 

&01;. 4.8 

&5<?5@0BC@0 2=CB@VH=L>W ?>25@E=V �, ℃ >3>@>46C20;L=>W :>=AB@C:FVW III B8?C 
70 7040=>3> G0AC , 3>4 ?@>BO3>< >?0;N20;L=>3> ?5@V>4C V7 C@0EC20==O< 4VW 

28:;NG=> A>=OG=>W @04V0FVW 4;O 28?04:C IV;L=>W 701C4>28 

&8? 
ABV=8 

<VAOFL Z τ,℃ t2 t7<VA v/v0 a*z/δ2 

III 

6>2B5=L 

0 20 

12,6 

1 0,000 

6 16,448 0,52 0,180 

12 15,116 0,34 0,360 

18 14,154 0,21 0,540 

24 13,636 0,14 0,720 

;8AB>?04 

0 20 

3,2 

1 0,000 

6 11,936 0,52 0,180 

12 8,912 0,34 0,360 

18 6,728 0,21 0,540 

24 5,552 0,14 0,720 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь

Z
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3@C45=L 

0 20 

-1,5 

1 0,000 

6 9,68 0,52 0,180 

12 5,81 0,34 0,360 

18 3,015 0,21 0,540 

24 1,51 0,14 0,720 

AVG5=L  

0 20 

-2,7 

1 0,000 

6 9,104 0,52 0,180 

12 5,018 0,34 0,360 

18 2,067 0,21 0,540 

24 0,478 0,14 0,720 

;NB89 

0 20 

0,2 

1 0,000 

6 10,496 0,52 0,180 

12 6,932 0,34 0,360 

18 4,358 0,21 0,540 

24 2,972 0,14 0,720 

15@575=L 

0 20 

6,1 

1 0,000 

6 13,328 0,52 0,180 

12 10,826 0,34 0,360 

18 9,019 0,21 0,540 

24 8,046 0,14 0,720 

 

 
$8A. 4.21 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 
020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 III B8?C 

 

&01;. 4.9 

&5<?5@0BC@0 2=CB@VH=L>W ?>25@E=V �, ℃ >3>@>46C20;L=>W :>=AB@C:FVW IV B8?C 
70 7040=>3> G0AC , 3>4 ?@>BO3>< >?0;N20;L=>3> ?5@V>4C V7 C@0EC20==O< 4VW 

28:;NG=> A>=OG=>W @04V0FVW 4;O 28?04:C IV;L=>W 701C4>28 

&8? 
ABV=8 

<VAOFL Z τ,℃ t2 t7<VA v/v0 a*z/δ2 

IV 6>2B5=L 0 20 12,6 1 0,000 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь

Z
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6 18,742 0,83 0,023 

12 18,15 0,75 0,046 

18 17,854 0,71 0,068 

24 17,558 0,67 0,091 

;8AB>?04 

0 20 

3,2 

1 0,000 

6 17,144 0,83 0,023 

12 15,8 0,75 0,046 

18 15,128 0,71 0,068 

24 14,456 0,67 0,091 

3@C45=L 

0 20 

-1,5 

1 0,000 

6 16,345 0,83 0,023 

12 14,625 0,75 0,046 

18 13,765 0,71 0,068 

24 12,905 0,67 0,091 

AVG5=L  

0 20 

-2,7 

1 0,000 

6 16,141 0,83 0,023 

12 14,325 0,75 0,046 

18 13,417 0,71 0,068 

24 12,509 0,67 0,091 

;NB89 

0 20 

0,2 

1 0,000 

6 16,634 0,83 0,023 

12 15,05 0,75 0,046 

18 14,258 0,71 0,068 

24 13,466 0,67 0,091 

15@575=L 

0 20 

6,1 

1 0,000 

6 17,637 0,83 0,023 

12 16,525 0,75 0,046 

18 15,969 0,71 0,068 

24 15,413 0,67 0,091 

 

 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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$8A. 4.22 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 
020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 IV B8?C 

 

&01;. 4.10 

&5<?5@0BC@0 2=CB@VH=L>W ?>25@E=V �, ℃ >3>@>46C20;L=>W :>=AB@C:FVW V B8?C 
70 7040=>3> G0AC , 3>4 ?@>BO3>< >?0;N20;L=>3> ?5@V>4C V7 C@0EC20==O< 4VW 

28:;NG=> A>=OG=>W @04V0FVW 4;O 28?04:C IV;L=>W 701C4>28 

&8? 
ABV=8 

<VAOFL Z τ,℃ t2 t7<VA v/v0 a*z/δ2 

V 

6>2B5=L 

0 20 

12,6 

1 0,000 

6 18,742 0,83 0,023 

12 18,15 0,75 0,046 

18 17,854 0,71 0,068 

24 17,558 0,67 0,091 

;8AB>?04 

0 20 

3,2 

1 0,000 

6 17,144 0,83 0,023 

12 15,8 0,75 0,046 

18 15,128 0,71 0,068 

24 14,456 0,67 0,091 

3@C45=L 

0 20 

-1,5 

1 0,000 

6 16,345 0,83 0,023 

12 14,625 0,75 0,046 

18 13,765 0,71 0,068 

24 12,905 0,67 0,091 

AVG5=L  

0 20 

-2,7 

1 0,000 

6 16,141 0,83 0,023 

12 14,325 0,75 0,046 

18 13,417 0,71 0,068 

24 12,509 0,67 0,091 

;NB89 

0 20 

0,2 

1 0,000 

6 16,634 0,83 0,023 

12 15,05 0,75 0,046 

18 14,258 0,71 0,068 

24 13,466 0,67 0,091 

15@575=L 

0 20 

6,1 

1 0,000 

6 17,637 0,83 0,023 

12 16,525 0,75 0,046 

18 15,969 0,71 0,068 

24 15,413 0,67 0,091 

 

Z
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$8A. 4.23 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 

020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 VI B8?C 
 

&01;. 4.11 

&5<?5@0BC@0 2=CB@VH=L>W ?>25@E=V �, ℃  >3>@>46C20;L=>W :>=AB@C:FVW VI B8?C 
70 7040=>3> G0AC , 3>4 ?@>BO3>< >?0;N20;L=>3> ?5@V>4C V7 C@0EC20==O< 4VW 

28:;NG=> A>=OG=>W @04V0FVW 4;O 28?04:C IV;L=>W 701C4>28 

&8? 
ABV=8 

<VAOFL Z τ,℃ t2 t7<VA v/v0 a*z/δ2 

VI 

6>2B5=L 

0 20 

12,6 

1 0,000 

6 16,522 0,53 0,170 

12 15,264 0,36 0,341 

18 14,524 0,26 0,511 

24 13,858 0,17 0,681 

;8AB>?04 

0 20 

3,2 

1 0,000 

6 12,104 0,53 0,170 

12 9,248 0,36 0,341 

18 7,568 0,26 0,511 

24 6,056 0,17 0,681 

3@C45=L 

0 20 

-1,5 

1 0,000 

6 9,895 0,53 0,170 

12 6,24 0,36 0,341 

18 4,09 0,26 0,511 

24 2,155 0,17 0,681 

AVG5=L  

0 20 

-2,7 

1 0,000 

6 9,331 0,53 0,170 

12 5,472 0,36 0,341 

18 3,202 0,26 0,511 

24 1,159 0,17 0,681 

;NB89 
0 20 

0,2 
1 0,000 

6 10,694 0,53 0,170 

τ,℃
7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь

Z
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12 7,328 0,36 0,341 

18 5,348 0,26 0,511 

24 3,566 0,17 0,681 

15@575=L 

0 20 

6,1 

1 0,000 

6 13,467 0,53 0,170 

12 11,104 0,36 0,341 

18 9,714 0,26 0,511 

24 8,463 0,17 0,681 

 

 
$8A. 4.24 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 
020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 V B8?C 

 

4.5 �>A;V465==O >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 

020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O, O:I> 2?;82 7>2=VH=L>3> 

A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN 28:;NG=> 2VB@C 

�8=0<V:0 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 020@V9=><C 

2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O 287=0G0єBLAO 2V4?>2V4=> 4> 7030;L=>W 

?>A;V4>2=>ABV :@>:V2, I> 1C;8 >?8A0=V =0<8 C ?C=:BV 3.2 $>74V;C 3 FVєW 

4>A;V4=8FL:>W @>1>B8.  

"4=0:, ?@8 C@0EC20==V AC:C?=>3> 2?;82C A>=OG=>W @04V0FVW B0 2VB@C C D>@<C;V 

(3.5) =0<8 1C;> ?@89=OB>, I> B5<?5@0BC@0 7>2=VH=L>3> A5@54>28I0 t7E, ℃ =5 @V2=0 

A5@54=L><VAOG=V9 B5<?5@0BC@V >4=>3> 7 <VAOFV2 >?0;N20;L=>3> ?5@V>4C t7@VE, ℃, 0 
287=0G0єBLAO 70 D>@<C;>N t7E = t7@VE  2 Δt6VF9D@VE , ℃                                                                  (4.3) 

45:  

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь



112 
 

 

Δt6VF9D@VE 2 A5@54=L><VAOG=0 2B@0B0 B5?;0 2V4 2VB@C, ℃; 

�=0G5==O A5@54=L><VAOG=>W 2B@0B8 B5?;0 2V4 2VB@C Δt6VF9D@VE , ℃ ?@89<0є<> 73V4=> 

B01;.  4.2. 

�8:>=0є<> =5>1EV4=V @>7@0EC=:8 4;O 287=0G5==O  48=0<V:8 >E>;>465==O 

2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 020@V9=><C 2V4:;NG5==V A8AB5<8 

B5?;>?>AB0G0==O V7 C@0EC20==O< 2?;82C 2VB@C B0 70=5A5<> >B@8<0=V @57C;LB0B8 4> 

B01;8FL. 

 

&01;. 4.12 

&5<?5@0BC@0 2=CB@VH=L>W ?>25@E=V �, ℃ >3>@>46C20;L=>W :>=AB@C:FVW I B8?C 70 
7040=>3> G0AC , 3>4 ?@>BO3>< >?0;N20;L=>3> ?5@V>4C V7 C@0EC20==O< 4VW 28:;NG=> 

2VB@C 
&8? 
ABV=8 

<VAOFL Z τ,℃ t2 t7<VA v/v0 a*z/δ2 

I 

6>2B5=L 

0 20 

8,6 

1 0,000 

6 16,466 0,69 0,079 

12 14,756 0,54 0,159 

18 14,072 0,48 0,238 

24 13,046 0,39 0,317 

;8AB>?04 

0 20 

1,2 

1 0,000 

6 14,172 0,69 0,079 

12 11,352 0,54 0,159 

18 10,224 0,48 0,238 

24 8,532 0,39 0,317 

3@C45=L 

0 20 

-4,5 

1 0,000 

6 12,405 0,69 0,079 

12 8,73 0,54 0,159 

18 7,26 0,48 0,238 

24 5,055 0,39 0,317 

AVG5=L  

0 20 

-6,7 

1 0,000 

6 11,723 0,69 0,079 

12 7,718 0,54 0,159 

18 6,116 0,48 0,238 

24 3,713 0,39 0,317 

;NB89 

0 20 

-5,8 

1 0,000 

6 12,002 0,69 0,079 

12 8,132 0,54 0,159 

18 6,584 0,48 0,238 

24 4,262 0,39 0,317 

15@575=L 0 20 0,1 1 0,000 

Z
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6 13,831 0,69 0,079 

12 10,846 0,54 0,159 

18 9,652 0,48 0,238 

24 7,861 0,39 0,317 

 

 
$8A. 4.25 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 
020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 I B8?C 

 

 
$8A. 4.26 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 
020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 II B8?C 

 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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$8A. 4.27 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 
020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 III B8?C 

 

 
$8A. 4.28 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 

020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 IV B8?C 
 

τ,℃
7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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$8A. 4.29 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 
020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 V B8?C 

 
$8A. 4.30 �@0DV: 48=0<V:8 >E>;>465==O 2=CB@VH=VE ?>25@E>=L ?@8<VI5=L ?@8 

020@V9=><C 2V4:;NG5==V A8AB5<8 B5?;>?>AB0G0==O =0 ?@8:;04V ABV=8 VI B8?C 
 

�8A=>2:8 70 @>74V;>< 4 

1. � @57C;LB0BV ?@>2545=8E 4>A;V465=L 2AB0=>2;5=> 70:>=><V@=>ABV 7<V=8 

B5<?5@0BC@8 2=CB@VH=L>W ?>25@E=V τ, ℃ C ?@8<VI5==V 2 70;56=>ABV 2V4 B8?C 7>2=VH=VE 

>3>@>46C20;L=8E :>=AB@C:FV9 ACG0A=>3> 1C4V2=8FB20, ?@8 020@V9=8E A8BC0FVOE 2 

A8AB5<0E B5?;>?>AB0G0==O V7 C@0EC20==O< 2?;82C 7>2=VH=VE :;V<0B8G=8E D0:B>@V2 (4VO 

A>=OG=>W @04V0FVW, 4VO 2VB@C).  

2. �87=0G5=>, I> =09<5=H5 ?04V==O  B5<?5@0BC@8 2=CB@VH=L>W ?>25@E=V τ, ℃ 

?@>BO3>< 24 3>48= 2V4  ?>G0B:C 020@V9=>W A8BC0FVW A?>AB5@V30єBLAO 4;O IV V V B8?V2 

τ,℃
7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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>3>@>46C20;L=8E :>=AB@C:FV9 C 2AVE 20@V0=B0E 2?;82C 7>2=VH=VE :;V<0B8G=8E D0:B>@V2. 

!09<5=H0 @V7=8FO B5<?5@0BC@ ?@>BO3>< 24 3>48= AB0=>28BL ∆τ = ∆τ = 8,811 ℃ C AVG=V. 

'A5@54=5=0 H284:VABL ?04V==O B5<?5@0BC@8 2=CB@VH=L>W ?>25@E=V ?@>BO3>< 24 3>48= C 

FL><C 28?04:C AB0=>28BL 0,367  ℃ 7B8⁄  C AVG=V. 

3. �AB0=>2;5=>, I> =091V;LH5 ?04V==O B5<?5@0BC@8 2=CB@VH=L>W ?>25@E=V τ, ℃  

?@>BO3>< 24 3>48= 2V4  ?>G0B:C 020@V9=>W A8BC0FVW A?>AB5@V30єBLAO 4;O III B8?C 

>3>@>46C20;L=8E :>=AB@C:FV9 C 2AVE 20@V0=B0E 2?;82C 7>2=VH=VE :;V<0B8G=8E D0:B>@V2. 

!091V;LH0 @V7=8FO B5<?5@0BC@ ?@>BO3>< 24 3>48= AB0=>28BL ∆τ = 22,962℃ C AVG=V ?@8 

2?;82V 28:;NG=> 2VB@C. 'A5@54=5=0 H284:VABL ?04V==O B5<?5@0BC@8 2=CB@VH=L>W 

?>25@E=V ?@>BO3>< 24 3>48= C FL><C 28?04:C AB0=>28BL 0,956 ℃ 7B8⁄  C AVG=V. 

4. � @57C;LB0BV ?@>2545=8E 4>A;V465=L 287=0G5=>, I> ?@>BO3>< 24 3>48= 2V4  

?>G0B:C 020@V9=>W A8BC0FVW B5<?5@0BC@0 2=CB@VH=L>W ?>25@E=V τ, ℃  III V V� B8?V2 

>3>@>46C20;L=8E :>=AB@C:FV9  4>AO30є 7=0G5=L =86G5 =C;O C O: C 28?04:C AC:C?=>3> 

2?;82C A>=OG=>W @04V0FVW B0 2VB@C, B0: V C 28?04:C 28:;NG=>3> 28?;82C 2VB@C .' 28?04:C  

AC:C?=>3> 2?;82C A>=OG=>W @04V0FVW B0 2VB@C B5<?5@0BC@0 2=CB@VH=L>W ?>25@E=V τ, ℃  III 

B8?C >3>@>46C20;L=8E :>=AB@C:FV9  4>AO30є 70:@8B8G=8E 7=0G5=L C <VAOFOE AVG=V (τ =21,24℃) B0 3@C4=V (τ = 20,21℃). ' 28?04:C  28:;NG=>3> 28?;82C 2VB@C B5<?5@0BC@0 
2=CB@VH=L>W ?>25@E=V τ, ℃  III B8?C >3>@>46C20;L=8E :>=AB@C:FV9  4>AO30є 70:@8B8G=8E 

7=0G5=L C <VAOFOE 3@C4=V (τ = 21,07℃), AVG=V (τ = 22,962℃) B0 ;NB><C (τ =22,188℃). ' 28?04:C  AC:C?=>3> 2?;82C A>=OG=>W @04V0FVW B0 2VB@C B5<?5@0BC@0 
2=CB@VH=L>W ?>25@E=V τ, ℃  V� B8?C >3>@>46C20;L=8E :>=AB@C:FV9  4>AO30є 70:@8B8G=8E 

7=0G5=L C <VAOFV AVG=V (τ = 20,501 ℃). ' 28?04:C  28:;NG=>3> 28?;82C 2VB@C 
B5<?5@0BC@0 2=CB@VH=L>W ?>25@E=V τ, ℃ V� B8?C >3>@>46C20;L=8E :>=AB@C:FV9  4>AO30є 

70:@8B8G=8E 7=0G5=L C <VAOFOE 3@C4=V (τ = 20,335℃), AVG=V (τ = 22,161℃) B0 
;NB><C (τ = 21,414℃). 
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$"���� 5 

���!�+�!!/ ��!� ��� ")"�"���!!/ �!'&$�,!Ь"�" 
#"��&$/ #$� �-�!Ь #$� ���$��!�) %�&'�*�/) � %�%&� �) 
&�#�"#"%&�+�!!/ �� '$�)'��!!/  �#���' �"�!�,!�) 
��� �&�+!�) (��&"$�� &� �����#�+�!!/ ���!"���!!/ 

#�$� �&$��  ��$"��� �&' #$� �-�!Ь 

5.1 �>A;V465==O B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O �6(�), O:0 2AB0=>28BLAO 2 
?@8<VI5==V G5@57 G0A Z ?VA;O ?>@CH5==O =>@<0;L=>3> B5?;>2>3> @568<C,  O:I> 

2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW B0 2VB@C 

4;O 28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 

�20@V9=V A8BC0FVW, I> 28=8:0NBL 2 A8AB5<0E B5?;>?>AB0G0==O, ?@872>4OBL 4> 

WE 7C?8=>: =0 =5287=0G5=89 G0A, 2 @57C;LB0BV G>3> 2V41C20єBLAO >E>;>465==O 

2=CB@VH=L>3> ?>2VB@O ?@8<VI5=L 1C4V25;L V A?>@C4. *5 A?@8Oє ?>3V@H5==N C<>2 

<V:@>:;V<0BC 4> =5157?5G=8E 4;O 68BBє4VO;L=>ABV ;N48=8. ' B0:8E A8BC0FVOE AB0є 

=5>1EV4=8< 287=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O, O:0 

2AB0=>28BLAO 2 ?@8<VI5==V G5@57 G0A Z ?VA;O ?>@CH5==O =>@<0;L=>3> B5?;>2>3> 

@568<C, t6(Z), ℃.   

$>7@0EC=>: B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ 2 ?@8<VI5==V, I> 

>E>;>46CєBLAO ?@>2>48BLAO 73V4=> D>@<C;8 (3.6) 4;O G0AC >E>;>465==O 6, 12, 18 B0 

24 3>48=8. �;O FV;59 40=>3> ?C=:BC C D>@<C;V (3.6) <8 ?@89=O;8, I> B5<?5@0BC@0 

7>2=VH=L>3> A5@54>28I0 t7E, ℃ =5 @V2=0 A5@54=L><VAOG=V9 B5<?5@0BC@V >4=>3> 7 

<VAOFV2 >?0;N20;L=>3> ?5@V>4C t7@VE, ℃, 0 287=0G0єBLAO 70 D>@<C;>N (4.1). "A:V;L:8 
7=0G5==O A5@54=L><VAOG=>W 4>102:8 B5?;0 2V4 A>=OG=>W @04V0FVW ΔtDа8@VE , ℃  70;568BL 

2V4 IV;L=>ABV >B>GCNG>W 1C4V2;N 701C4>28, B> B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ ?>28==0 @>7@0E>2C20B8AO O: 4;O 28?04:C 2V;L=>W 701C4>28, B0: V 4;O 

28?04:C IV;L=>W 701C4>28. 

!86G5 =0<8 =02545=V @>7@0EC=:8 B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ 

2 ?@8<VI5==V =0 O:5 74V9A=NєBLAO AC:C?=89 2?;82 A>=OG=>W @04V0FVW B0 2VB@C 4;O 

28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28. 
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#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ 4;O 28?04:C 2V;L=>W 701C4>28 C ?@8<VI5==V V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V 

<VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 69,21⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.1 

&01;. 5.1 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 

28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

69,21 

6>2B5=L 20 19,72 19,46 19,22 19,01 

;8AB>?04 20 18,69 17,49 16,39 15,38 

3@C45=L 20 18,22 16,59 15,09 13,72 

AVG5=L  20 18,12 16,40 14,82 13,37 

;NB89 20 18,44 17,02 15,71 14,51 

15@575=L 20 19,18 18,43 17,74 17,11 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B8?C, O:I> 2?;82 7>2=VH=L>3> 

A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 28?04:C 2V;L=>W 

@>7V<:=5=>W 701C4>28 (@8A. 5.1).  



119 
 

 

 

$8A.5.1 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 � B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN 
A>=OG=>W @04V0FVW B0 2VB@C 4;O 28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �� B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 61,77⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.2. 

&01;. 5.2 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �� B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 

28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

61,77 

6>2B5=L 20 19,69 19,40 19,14 18,91 

;8AB>?04 20 18,54 17,22 16,02 14,93 

3@C45=L 20 18,02 16,21 14,58 13,10 

AVG5=L  20 17,90 16,00 14,28 12,71 

;NB89 20 18,26 16,69 15,26 13,96 

15@575=L 20 19,09 18,26 17,50 16,82 

τ,℃
7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �� B8?C (@8A. 5.2). 

 

 

$8A.5.2 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 ��  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �II B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 175,52⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.3. 

&01;. 5.3 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �II B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 

28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

195,00 
6>2B5=L 20 19,90 19,80 19,70 19,61 

;8AB>?04 20 19,52 19,06 18,61 18,18 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь



121 
 

 

3@C45=L 20 19,35 18,72 18,11 17,52 

AVG5=L  20 19,31 18,65 18,00 17,38 

;NB89 20 19,43 18,88 18,35 17,83 

15@575=L 20 19,70 19,41 19,13 18,86 

 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �II B8?C (@8A. 5.3). 

 

 

$8A.5.3 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �II  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �V B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 175,52⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.4. 

 

 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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&01;. 5.4 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �V B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 

28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

102,30 

6>2B5=L 20 19,81 19,62 19,45 19,29 

;8AB>?04 20 19,10 18,26 17,46 16,70 

3@C45=L 20 18,78 17,63 16,54 15,52 

AVG5=L  20 18,71 17,49 16,35 15,27 

;NB89 20 18,93 17,93 16,98 16,08 

15@575=L 20 19,44 18,91 18,41 17,94 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �V B8?C (@8A. 5.4). 

 

$8A.5.4 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �V  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 175,52⁄ = 20℃ 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.5. 

&01;. 5.5 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 

28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 
β t2(Z) 0 6 12 18 24 

122,76 

6>2B5=L 20 19,84 19,68 19,54 19,40 

;8AB>?04 20 19,25 18,53 17,85 17,20 

3@C45=L 20 18,98 18,00 17,08 16,19 

AVG5=L  20 18,92 17,89 16,91 15,98 

;NB89 20 19,11 18,25 17,44 16,67 

15@575=L 20 19,53 19,08 18,65 18,25 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V B8?C (@8A. 5.5). 

 

$8A.5.5 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 

 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V� B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 175,52⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.6. 

&01;. 5.6 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V� B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 

28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

168,21 

6>2B5=L 20 19,88 19,77 19,66 19,55 

;8AB>?04 20 19,45 18,92 18,40 17,91 

3@C45=L 20 19,25 18,52 17,82 17,15 

AVG5=L  20 19,21 18,44 17,70 16,99 

;NB89 20 19,34 18,71 18,10 17,51 

15@575=L 20 19,65 19,32 19,00 18,69 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V� B8?C (@8A. 5.6). 

 

$8A.5.6 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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:>=AB@C:FVO<8 V�  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 

 

 

5.2 �>A;V465==O B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O �6(�), O:0 2AB0=>28BLAO 
2 ?@8<VI5==V G5@57 G0A Z ?VA;O ?>@CH5==O =>@<0;L=>3> B5?;>2>3> @568<C,  

O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW 

B0 2VB@C 4;O 28?04:C IV;L=>W 701C4>28 

/: <>6=0 ?>10G8B8 V7 B01;. 5.1 7=0G5==O A5@54=L><VAOG=>W 4>102:8 B5?;0 2V4 

A>=OG=>W @04V0FVW ΔtDа8@VE , ℃  70;568BL 2V4 IV;L=>ABV >B>GCNG>W 40=C 1C4V2;N 701C4>28.  

&0:8< G8=>< 28=8:0є ?>B@510  @>7@0EC=:C B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ 4;O 42>E @V7=8E 28?04:V2: 28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 B0 28?04:C 

IV;L=>W 701C4>28.  

!86G5 =0<8 =02545=V @>7@0EC=:8 B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ 

2 ?@8<VI5==V =0 O:5 74V9A=NєBLAO AC:C?=89 2?;82 A>=OG=>W @04V0FVW B0 2VB@C 4;O 

28?04:C IV;L=>W 701C4>28. 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ 4;O 28?04:C IV;L=>W 701C4>28 C ?@8<VI5==V V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V 

<VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 69,21⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.7. 

&01;. 5.7 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 

28?04:C IV;L=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

69,21 

6>2B5=L 20 19,39 18,83 18,31 17,84 

;8AB>?04 20 18,53 17,17 15,93 14,80 

3@C45=L 20 18,05 16,27 14,63 13,13 

AVG5=L  20 17,95 16,08 14,36 12,78 
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;NB89 20 18,19 16,54 15,02 13,63 

15@575=L 20 18,77 17,63 16,60 15,64 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B8?C, O:I> 2?;82 7>2=VH=L>3> 

A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 28?04:C IV;L=>W 

701C4>28 (@8A. 5.7).  

 

$8A.5.7 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 � B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN 
A>=OG=>W @04V0FVW B0 2VB@C 4;O 28?04:C IV;L=>W 701C4>28 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �� B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 61,77⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.8. 

&01;. 5.8 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �� B8?C, O:I> 2?;82 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 
28?04:C IV;L=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

61,77 

6>2B5=L 20 19,32 18,70 18,13 17,62 

;8AB>?04 20 18,36 16,87 15,51 14,28 

3@C45=L 20 17,83 15,86 14,08 12,45 

AVG5=L  20 17,72 15,65 13,77 12,07 

;NB89 20 17,99 16,16 14,50 13,00 

15@575=L 20 18,62 17,38 16,24 15,21 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �� B8?C (@8A. 5.8). 

 

 

$8A.5.8 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 ��  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 28?04:C IV;L=>W 701C4>28 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �II B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 175,52⁄ = 20℃ 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.9. 

&01;. 5.9 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �II B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 

28?04:C IV;L=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

195,00 

6>2B5=L 20 19,78 19,56 19,35 19,15 

;8AB>?04 20 19,46 18,94 18,44 17,94 

3@C45=L 20 19,29 18,60 17,93 17,29 

AVG5=L  20 19,25 18,53 17,83 17,15 

;NB89 20 19,34 18,70 18,08 17,48 

15@575=L 20 19,55 19,11 18,69 18,28 

 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �II B8?C (@8A. 5.9). 

 

 

$8A.5.9 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �II  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 28?04:C IV;L=>W 701C4>28 

 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �V B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 175,52⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.10. 

&01;. 5.10 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �V B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 

28?04:C IV;L=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

102,30 

6>2B5=L 20 19,58 19,18 18,81 18,46 

;8AB>?04 20 18,99 18,04 17,14 16,29 

3@C45=L 20 18,67 17,41 16,22 15,10 

AVG5=L  20 18,60 17,27 16,03 14,85 

;NB89 20 18,76 17,59 16,49 15,45 

15@575=L 20 19,15 18,36 17,60 16,89 

 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �V B8?C (@8A. 5.10). 

 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь



130 
 

 

$8A.5.10 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �V  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 28?04:C IV;L=>W 701C4>28 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 175,52⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.11. 

&01;. 5.11 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 

28?04:C IV;L=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

122,76 

6>2B5=L 20 19,65 19,31 18,99 18,69 

;8AB>?04 20 19,15 18,35 17,58 16,85 

3@C45=L 20 18,88 17,82 16,80 15,84 

AVG5=L  20 18,83 17,71 16,64 15,63 

;NB89 20 18,96 17,98 17,04 16,14 

15@575=L 20 19,29 18,62 17,97 17,36 

 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V B8?C (@8A. 5.11). 
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$8A.5.11 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 28?04:C IV;L=>W 701C4>28 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V� B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 175,52⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.12. 

&01;. 5.12 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V� B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 

28?04:C IV;L=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

168,21 

6>2B5=L 20 19,74 19,49 19,25 19,02 

;8AB>?04 20 19,38 18,78 18,20 17,64 

3@C45=L 20 19,18 18,39 17,62 16,88 

AVG5=L  20 19,14 18,30 17,50 16,73 

;NB89 20 19,24 18,50 17,79 17,11 

15@575=L 20 19,48 18,98 18,49 18,02 

 

 

τ,℃
7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V� B8?C (@8A. 5.12). 

 

$8A.5.12 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V�  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN A>=OG=>W @04V0FVW B0 2VB@C 4;O 28?04:C IV;L=>W 701C4>28 

 

5.3 �>A;V465==O B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O �6(�), O:0 2AB0=>28BLAO 
2 ?@8<VI5==V G5@57 G0A Z ?VA;O ?>@CH5==O =>@<0;L=>3> B5?;>2>3> @568<C,  

O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 28:;NG=> 4VN 

A>=OG=>W @04V0FVW 4;O 28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 

(0:B>@8 7>2=VH=L>3> :;V<0BC (4>102:8 B5?;0 2V4 A>=OG=>W @04V0FVW ΔtDа8@VE , ℃ B0 

2B@0B8 B5?;0 2V4 4VW 2VB@C Δt6VF9D@VE , ℃) <>6CBL 2?;820B8 =0 D>@<C20==O B5<?5@0BC@8 
2=CB@VH=L>3> ?>2VB@O ?@8<VI5=L t6(Z), ℃ O: AC:C?=>, B0: V >:@5<>. !86G5 =0<8 1C2 

@>73;O=CB89 28?04>: 2?;82C 28:;NG=> 4>102>: B5?;0 2V4 A>=OG=>W @04V0FVW ΔtDа8@VE , ℃ 

=0 B5<?5@0BC@C 2=CB@VH=L>3> ?>2VB@O ?@8<VI5=L t6(Z), ℃. 

$>7@0EC=>: B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ 2 ?@8<VI5==V, I> 

>E>;>46CєBLAO ?@>2>482AO 73V4=> D>@<C;8 (3.6) 4;O G0AC >E>;>465==O 6, 12, 18 B0 

24 3>48=8. �;O FV;59 40=>3> ?C=:BC C D>@<C;V (3.6) <8 ?@89=O;8, I> B5<?5@0BC@0 

7>2=VH=L>3> A5@54>28I0 t7E, ℃ =5 @V2=0 A5@54=L><VAOG=V9 B5<?5@0BC@V >4=>3> 7 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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<VAOFV2 >?0;N20;L=>3> ?5@V>4C t7@VE, ℃, 0 287=0G0єBLAO 70 D>@<C;>N (4.12). "A:V;L:8 
7=0G5==O A5@54=L><VAOG=>W 4>102:8 B5?;0 2V4 A>=OG=>W @04V0FVW ΔtDа8@VE , ℃  70;568BL 

2V4 IV;L=>ABV >B>GCNG>W 1C4V2;N 701C4>28, B><C B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ 1C;0 =0<8 @>7@0E>20=0 O: 4;O 28?04:C 2V;L=>W 701C4>28, B0: V 4;O 28?04:C 

IV;L=>W 701C4>28. 

!86G5 =0<8 =02545=V @>7@0EC=:8 B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ 

2 ?@8<VI5==V =0 O:5 74V9A=NєBLAO 28:;NG=89 2?;82 A>=OG=>W @04V0FVW 4;O 28?04:C 

2V;L=>W @>7V<:=5=>W 701C4>28. 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ 4;O 28?04:C 2V;L=>W 701C4>28 C ?@8<VI5==V V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V 

<VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 69,21⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.13. 

&01;. 5.13 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW 4;O 28?04:C 

2V;L=>W @>7V<:=5=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

69,21 

6>2B5=L 20 19,72 19,46 19,22 19,01 

;8AB>?04 20 18,77 17,65 16,62 15,67 

3@C45=L 20 18,39 16,90 15,55 14,30 

AVG5=L  20 18,29 16,71 15,27 13,95 

;NB89 20 18,61 17,33 16,16 15,09 

15@575=L 20 19,26 18,59 17,97 17,40 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B8?C, O:I> 2?;82 7>2=VH=L>3> 
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A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW 4;O 28?04:C 2V;L=>W 

@>7V<:=5=>W 701C4>28 (@8A. 5.13).  

 

$8A.5.13 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 � B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN 
A>=OG=>W @04V0FVW 4;O 28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �� B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 61,77⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.14. 

&01;. 5.14 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �� B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW 4;O 28?04:C 

2V;L=>W @>7V<:=5=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

61,77 

6>2B5=L 20 19,69 19,40 19,14 18,91 

;8AB>?04 20 18,63 17,39 16,27 15,25 

3@C45=L 20 18,20 16,57 15,08 13,74 

AVG5=L  20 18,09 16,36 14,78 13,35 

;NB89 20 18,45 17,04 15,76 14,60 

15@575=L 20 19,18 18,43 17,76 17,14 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �� B8?C (@8A. 5.14). 

 

 

$8A.5.14 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 ��  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN A>=OG=>W @04V0FVW 4;O 28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �II B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 175,52⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.15. 

&01;.5.15 
"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 

?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �II B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW 4;O 28?04:C 

2V;L=>W @>7V<:=5=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

195,00 
6>2B5=L 20 19,90 19,80 19,70 19,61 

;8AB>?04 20 19,55 19,12 18,70 18,29 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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3@C45=L 20 19,41 18,84 18,29 17,75 

AVG5=L  20 19,37 18,77 18,18 17,61 

;NB89 20 19,49 19,00 18,52 18,06 

15@575=L 20 19,73 19,47 19,22 18,97 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �II B8?C (@8A. 5.15). 

 

 

$8A.5.15 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �II  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN A>=OG=>W @04V0FVW 4;O 28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �V B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 175,52⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.16. 

&01;. 5.16 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �V B8?C, O:I> 2?;82 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW 4;O 28?04:C 
2V;L=>W @>7V<:=5=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

102,30 

6>2B5=L 20 19,81 19,62 19,45 19,29 

;8AB>?04 20 19,16 18,37 17,62 16,91 

3@C45=L 20 18,89 17,85 16,86 15,93 

AVG5=L  20 18,82 17,72 16,67 15,68 

;NB89 20 19,05 18,15 17,30 16,50 

15@575=L 20 19,49 19,02 18,57 18,14 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �V B8?C (@8A. 5.16). 

 

$8A.5.16 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �V  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN A>=OG=>W @04V0FVW 4;O 28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 175,52⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.17. 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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&01;. 5.17 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW 4;O 28?04:C 

2V;L=>W @>7V<:=5=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

122,76 

6>2B5=L 20 19,84 19,68 19,54 19,40 

;8AB>?04 20 19,30 18,63 17,99 17,38 

3@C45=L 20 19,07 18,19 17,35 16,55 

AVG5=L  20 19,02 18,08 17,18 16,33 

;NB89 20 19,20 18,44 17,72 17,02 

15@575=L 20 19,58 19,17 18,79 18,42 

 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V B8?C (@8A. 5.17). 

 

$8A.5.17 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN A>=OG=>W @04V0FVW 4;O 28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V� B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 175,52⁄ = 20℃ 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.18. 

&01;. 5.18 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V� B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW 4;O 28?04:C 

2V;L=>W @>7V<:=5=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

168,21 

6>2B5=L 20 19,88 19,77 19,66 19,55 

;8AB>?04 20 19,48 18,98 18,50 18,04 

3@C45=L 20 19,32 18,66 18,03 17,41 

AVG5=L  20 19,28 18,58 17,91 17,26 

;NB89 20 19,41 18,85 18,30 17,77 

15@575=L 20 19,69 19,39 19,10 18,82 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V� B8?C (@8A. 5.18). 

 

$8A.5.18 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V�  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN A>=OG=>W @04V0FVW 4;O 28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 

 

 

 

 

 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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5.4 �>A;V465==O B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O �6(�), O:0 2AB0=>28BLAO 
2 ?@8<VI5==V G5@57 G0A Z ?VA;O ?>@CH5==O =>@<0;L=>3> B5?;>2>3> @568<C,  

O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 28:;NG=> 4VN 

A>=OG=>W @04V0FVW 4;O 28?04:C IV;L=>W 701C4>28 

/: <>6=0 ?>10G8B8 V7 B01;. 4.1 7=0G5==O A5@54=L><VAOG=>W 4>102:8 B5?;0 2V4 

A>=OG=>W @04V0FVW ΔtDа8@VE , ℃  70;568BL 2V4 IV;L=>ABV >B>GCNG>W 40=C 1C4V2;N 701C4>28.  

&0:8< G8=>< 28=8:0є ?>B@510  @>7@0EC=:C B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ 4;O 42>E @V7=8E 28?04:V2: 28?04:C 2V;L=>W @>7V<:=5=>W 701C4>28 B0 28?04:C 

IV;L=>W 701C4>28.  

!86G5 =0<8 =02545=V @>7@0EC=:8 B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ 

2 ?@8<VI5==V =0 O:5 74V9A=NєBLAO 28:;NG=89 2?;82 A>=OG=>W @04V0FVW 4;O 28?04:C 

IV;L=>W 701C4>28. 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ 4;O 28?04:C IV;L=>W 701C4>28 C ?@8<VI5==V V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V 

<VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 69,21⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.19. 

&01;. 5.19 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW 4;O 28?04:C 

IV;L=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

69,21 

6>2B5=L 20 19,39 18,83 18,31 17,84 

;8AB>?04 20 18,61 17,33 16,16 15,09 

3@C45=L 20 18,22 16,59 15,09 13,72 

AVG5=L  20 18,12 16,40 14,82 13,37 

;NB89 20 18,36 16,86 15,48 14,21 

15@575=L 20 18,85 17,79 16,83 15,94 
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!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B8?C, O:I> 2?;82 7>2=VH=L>3> 

A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW  4;O 28?04:C IV;L=>W 701C4>28 

(@8A. 5.19).  

 

$8A.5.19 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 � B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN 
A>=OG=>W @04V0FVW  4;O 28?04:C IV;L=>W 701C4>28 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �� B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 61,77⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.20. 

&01;. 5.20 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �� B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW  4;O 28?04:C 

IV;L=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

61,77 6>2B5=L 20 19,32 18,70 18,13 17,62 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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;8AB>?04 20 18,45 17,04 15,76 14,60 

3@C45=L 20 18,02 16,21 14,58 13,10 

AVG5=L  20 17,90 16,00 14,28 12,71 

;NB89 20 18,17 16,51 15,01 13,64 

15@575=L 20 18,72 17,55 16,50 15,54 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �� B8?C (@8A. 5.20). 

 

 

$8A.5.20 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 ��  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN A>=OG=>W @04V0FVW  4;O 28?04:C IV;L=>W 701C4>28 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �II B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 175,52⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.21. 

&01;. 5.21 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �II B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW  4;O 28?04:C 

IV;L=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

195,00 

6>2B5=L 20 19,78 19,56 19,35 19,15 

;8AB>?04 20 19,49 19,00 18,52 18,06 

3@C45=L 20 19,35 18,72 18,11 17,52 

AVG5=L  20 19,31 18,65 18,00 17,38 

;NB89 20 19,40 18,82 18,26 17,71 

15@575=L 20 19,58 19,17 18,78 18,39 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �II B8?C (@8A. 5.21). 

 

 

$8A.5.21 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �II  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN A>=OG=>W @04V0FVW  4;O 28?04:C IV;L=>W 701C4>28 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �V B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 175,52⁄ = 20℃ 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.22. 

&01;. 5.22 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �V B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW  4;O 28?04:C 

IV;L=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

102,30 

6>2B5=L 20 19,58 19,18 18,81 18,46 

;8AB>?04 20 19,05 18,15 17,30 16,50 

3@C45=L 20 18,78 17,63 16,54 15,52 

AVG5=L  20 18,71 17,49 16,35 15,27 

;NB89 20 18,88 17,81 16,81 15,87 

15@575=L 20 19,21 18,47 17,76 17,10 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �V B8?C (@8A. 5.22). 

 

$8A.5.22 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �V  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN A>=OG=>W @04V0FVW  4;O 28?04:C IV;L=>W 701C4>28 

 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 175,52⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.23. 

&01;. 5.23 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW  4;O 28?04:C 

IV;L=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

122,76 

6>2B5=L 20 19,65 19,31 18,99 18,69 

;8AB>?04 20 19,20 18,44 17,72 17,02 

3@C45=L 20 18,98 18,00 17,08 16,19 

AVG5=L  20 18,92 17,89 16,91 15,98 

;NB89 20 19,06 18,16 17,31 16,49 

15@575=L 20 19,34 18,71 18,11 17,54 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V B8?C (@8A. 5.23). 

 

$8A.5.23 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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:>=AB@C:FVO<8 V  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN A>=OG=>W @04V0FVW  4;O 28?04:C IV;L=>W 701C4>28 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V� B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 175,52⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.24. 

&01;. 5.24 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V� B8?C, O:I> 2?;82 
7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN A>=OG=>W @04V0FVW  4;O 28?04:C 

IV;L=>W 701C4>28 

β t2(Z) 0 6 12 18 24 

168,21 

6>2B5=L 20 19,74 19,49 19,25 19,02 

;8AB>?04 20 19,41 18,85 18,30 17,77 

3@C45=L 20 19,25 18,52 17,82 17,15 

AVG5=L  20 19,21 18,44 17,70 16,99 

;NB89 20 19,31 18,64 18,00 17,37 

15@575=L 20 19,51 19,05 18,59 18,16 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V� B8?C (@8A. 5.24). 



147 
 

 

 

$8A.5.24 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V�  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN A>=OG=>W @04V0FVW  4;O 28?04:C IV;L=>W 701C4>28 

 

 

5.5 �>A;V465==O B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O �6(�), O:0 2AB0=>28BLAO 
2 ?@8<VI5==V G5@57 G0A Z ?VA;O ?>@CH5==O =>@<0;L=>3> B5?;>2>3> @568<C,  

O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 28:;NG=> 4VN 2VB@C 

(0:B>@8 7>2=VH=L>3> :;V<0BC (4>102:8 B5?;0 2V4 A>=OG=>W @04V0FVW ΔtDа8@VE , ℃ B0 

2B@0B8 B5?;0 2V4 4VW 2VB@C Δt6VF9D@VE , ℃) <>6CBL 2?;820B8 =0 D>@<C20==O B5<?5@0BC@8 
2=CB@VH=L>3> ?>2VB@O ?@8<VI5=L t6(Z), ℃ O: AC:C?=>, B0: V >:@5<>. !86G5 =0<8 1C2 

@>73;O=CB89 28?04>: 2?;82C 28:;NG=> 2B@0B8 B5?;0 2V4 4VW 2VB@C Δt6VF9D@VE , ℃ =0 

B5<?5@0BC@C 2=CB@VH=L>3> ?>2VB@O ?@8<VI5=L t6(Z), ℃. 

$>7@0EC=>: B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ 2 ?@8<VI5==V, I> 

>E>;>46CєBLAO ?@>2>482AO 73V4=> D>@<C;8 (3.6) 4;O G0AC >E>;>465==O 6, 12, 18 B0 

24 3>48=8. �;O FV;59 40=>3> ?C=:BC C D>@<C;V (3.6) <8 ?@89=O;8, I> B5<?5@0BC@0 

7>2=VH=L>3> A5@54>28I0 t7E, ℃ =5 @V2=0 A5@54=L><VAOG=V9 B5<?5@0BC@V >4=>3> 7 

<VAOFV2 >?0;N20;L=>3> ?5@V>4C t7@VE, ℃, 0 287=0G0єBLAO 70 D>@<C;>N (4.3).  

τ,℃
7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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!86G5 =0<8 =02545=V @>7@0EC=:8 B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ 

2 ?@8<VI5==V =0 O:5 74V9A=NєBLAO 28:;NG=89 2?;82 2B@0B8 B5?;0 2V4 4VW 2VB@C Δt6VF9D@VE , ℃. 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ 4;O 28?04:C 2V;L=>W 701C4>28 C ?@8<VI5==V V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V 

<VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 69,21⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.25. 

&01;. 5.25 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B8?C, O:I> 2?;82 

7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN 2VB@C 
β t2(Z) 0 6 12 18 24 

69,21 

6>2B5=L 20 19,06 18,19 17,40 16,67 

;8AB>?04 20 18,44 17,02 15,71 14,51 

3@C45=L 20 17,97 16,11 14,40 12,84 

AVG5=L  20 17,79 15,76 13,90 12,20 

;NB89 20 17,86 15,90 14,11 12,46 

15@575=L 20 18,35 16,84 15,45 14,18 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 � B8?C, O:I> 2?;82 7>2=VH=L>3> 

A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN 2VB@C (@8A. 5.25).  
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$8A.5.25 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 � B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN 
2VB@C 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �� B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 61,77⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.26. 

&01;. 5.26 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �� B8?C, O:I> 2?;82 

7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN 2VB@C 
β t2(Z) 0 6 12 18 24 

61,77 

6>2B5=L 20 18,95 17,99 17,13 16,34 

;8AB>?04 20 18,26 16,69 15,26 13,96 

3@C45=L 20 17,74 15,69 13,82 12,13 

AVG5=L  20 17,54 15,30 13,27 11,43 

;NB89 20 17,62 15,46 13,50 11,71 

15@575=L 20 18,16 16,50 14,98 13,61 
 

τ,℃
7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �� B8?C (@8A. 5.26). 

 

 

$8A.5.26 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 ��  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN 2VB@C 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �II B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 175,52⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.27. 

&01;. 5.27 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �II B8?C, O:I> 2?;82 

7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN 2VB@C 
β t2(Z) 0 6 12 18 24 

195,00 

6>2B5=L 20 19,66 19,32 19,00 18,68 

;8AB>?04 20 19,43 18,88 18,35 17,83 

3@C45=L 20 19,26 18,54 17,85 17,17 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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AVG5=L  20 19,19 18,41 17,65 16,92 

;NB89 20 19,22 18,46 17,73 17,02 

15@575=L 20 19,40 18,82 18,25 17,70 

 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �II B8?C (@8A. 5.27). 

 

 

$8A.5.27 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �II  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN 2VB@C 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �V B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 175,52⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.28. 

&01;. 5.28 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �V B8?C, O:I> 2?;82 

7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN 2VB@C 
β t2(Z) 0 6 12 18 24 

102,30 

6>2B5=L 20 19,35 18,74 18,17 17,62 

;8AB>?04 20 18,93 17,93 16,98 16,08 

3@C45=L 20 18,61 17,30 16,06 14,89 

AVG5=L  20 18,48 17,05 15,70 14,43 

;NB89 20 18,53 17,15 15,85 14,62 

15@575=L 20 18,87 17,80 16,80 15,85 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �V B8?C (@8A. 5.28). 

 

$8A.5.28 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 �V  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN 2VB@C 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. t2(Z) = 8,6 + (20 2 8,6) ∗ e20 175,52⁄ = 20℃ 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.29. 

&01;. 5.29 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V B8?C, O:I> 2?;82 

7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN 2VB@C 
β t2(Z) 0 6 12 18 24 

122,76 

6>2B5=L 20 19,46 18,94 18,45 17,98 

;8AB>?04 20 19,11 18,25 17,44 16,67 

3@C45=L 20 18,83 17,72 16,67 15,66 

AVG5=L  20 18,73 17,52 16,37 15,27 

;NB89 20 18,77 17,60 16,49 15,43 

15@575=L 20 19,05 18,15 17,29 16,48 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V B8?C (@8A. 5.29). 

 

$8A.5.29 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN 2VB@C 

 

#@8 ?@>2545==V 4>A;V465=L 1C;> @>73;O=CB> ?@>F5A 287=0G5==O B5<?5@0BC@0 

2=CB@VH=L>3> ?>2VB@O �6(�), ℃ C ?@8<VI5==V V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V� B8?C =0 A5@54=VE ?>25@E0E C 6>2B=V <VAOFV, :>;8 Z=0 3>4. 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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t2(Z) = 8,6 + (20 2 8,6) ∗ e20 175,52⁄ = 20℃ 

�=0;>3VG=> 1C;8 287=0G5=V t6(Z), ℃  4;O V=H8E 7=0G5=L Z, 3>4, C <VAOFV 6>2B=V, 

B0 4;O V=H8E <VAOFV2 >?0;N20;L=>3> ?5@V>4C. "B@8<0=V @57C;LB0B8 70=>A8<> 4> 

B01;. 5.30. 

&01;. 5.30 

"GV:C20=0 B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O t2(Z) 4;O A5@54=L>3> 
?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V� B8?C, O:I> 2?;82 

7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 4VN 2VB@C 
β t2(Z) 0 6 12 18 24 

168,21 

6>2B5=L 20 19,74 19,49 19,25 19,02 

;8AB>?04 20 19,41 18,85 18,30 17,77 

3@C45=L 20 19,25 18,52 17,82 17,15 

AVG5=L  20 19,21 18,44 17,70 16,99 

;NB89 20 19,31 18,64 18,00 17,37 

15@575=L 20 19,51 19,05 18,59 18,16 

 

!0 >A=>2V >B@8<0=8E @57C;LB0BV2 >45@60=> 70;56=>ABV 7<V=8 7=0G5==O 

>GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 

7>2=VH=V<8 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 V� B8?C (@8A. 5.30). 

 

$8A.5.30 �0;56=>ABV 7<V=8 7=0G5==O >GV:C20=>W B5<?5@0BC@8 2=CB@VH=L>3> 
?>2VB@O t2(Z) 4;O A5@54=L>3> ?@8<VI5==O V7 7>2=VH=V<8 >3>@>46C20;L=8<8 

:>=AB@C:FVO<8 V�  B8?C, O:I> 2?;82 7>2=VH=L>3> A5@54>28I0 =0 1C4V2;V 2@0E>2Cє 
4VN 2VB@C 

 

 

 

τ,℃

7од

6о6те=ь л8Eтоп4д 7Dуде=ь

Eіче=ь лют89 5еDе7е=ь
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5.6 �?@>20465==O @57C;LB0BV2 4>A;V465==O 

!0 >A=>2V ?@>2545=8E 4>A;V465=L 1C;> 287=0G5=>, I> >4=8< 7 :@8B5@VW2 

70157?5G5==O 157?5:8 ?@8 5:A?;C0B0FVW 1C4V25;L B0 A?>@C4 2=0A;V4>: 020@V9=8E 

2V4:;NG5=L A8AB5<8 B5?;>?>AB0G0==O є 287=0G5==O G0AC 4>AO3=5==O 70:@8B8G=8E 

B5<?5@0BC@ 2 ?@8<VI5==OE. 

� ?5@V>4 7 12.01.2023 ?> 17.03.2023 =0 :><C=0;L=><C ?V4?@8є<AB2V 

"&5?;>5=5@3>" �=V?@>2AL:>W <VAL:>W @048 1C;0 2?@>20465=0 :><?;5:A=0 A8AB5<0 

02B><0B87>20=>3> :>=B@>;N B0 C?@02;V==O ?0@0<5B@0<8 <V:@>:;V<0BC ?@8<VI5=L 

?@8 020@V9=>-45DVF8B=8E A8BC0FVOE 2 A8AB5<0E B5?;>?>AB0G0==O B0 ?@>2545==V 

5:A?5@8<5=B0;L=V 4>A;V465==O. 

� O:>ABV >1’є:B0 4>A;V465==O 1C;> ?@89=OB> 68B;>289 1C48=>: 70 04@5A>N <. 

�=V?@>, 2C;. C;. %. �0=45@8, 13, :20@B8@8 42CE- B0 B@L>E:V<=0B=V. ' :V<=0B0E 1C;8 

287=0G5=V B>G:8 28<V@C B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O  B0 B5<?5@0BC@8 

>3>@>46C20;L=8E :>=AB@C:FV9 ?@8 <>45;N20==V 020@V9=>-45DVF8B=8E A8BC0FV9 2 

A8AB5<0E B5?;>?>AB0G0==O. !0 @8A.1 B0 @8A.2 =02545=V AE5<8 ?@8<VI5=L B0 B>G:8 

28<V@C 7 C@0EC20==O< :>=AB@C:B82=8E->A>1;82>AB59 ?@8<VI5=L. 

 

$8A. 5.31 %E5<0 ?@8<VI5==O 42>:V<=0B=>W :20@B8@8  B0 B>G:8 28<V@C.  

 

$8A. 5.32 %E5<0 ?@8<VI5==O B@L>E:V<=0B=>W :20@B8@8  B0 B>G:8 28<V@C.  
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#@8 ?@>2545==V 4>A;V465=L 2 C<>20E 28@>1=8FB20 28:>=C20;8AL 

B5?;>B5E=VG=V 28<V@N20==O, I> 4>72>;8;8 2AB0=>28B8 70;56=>ABV 7<V=8 

B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O B0 B5<?5@0BC@8 2=CB@VH=L>W ?>25@E=V ABV=:8 B0 

287=0G8B8 ?>E81:8 =0BC@=8E 4>A;V465=L B0 B5>@5B8:>-5:A?5@8<5=B0;L=8E 

4>A;V465=L, >45@60=8E 2 @>1>BV.  
%E5<0 ?@>F5AC 28<V@N20==O 25;8G8=8 ) ?>:070=0 =0 @8A. 3. 
 
 

 

$8A. 5.33. %E5<0 ?@>F5AC 28<V@N20==O 25;8G8=8 ): 
�(� – 2?;82 DV78G=>W 25;8G8=8; "� – >1’є:B 28<V@N20==O; �� – 70AV1 

28<V@N20==O 
 

� O:>ABV 70A>1V2 28<V@N20==O 70AB>A>2C20;8AL 1V<5B0;VG=89 B5@<><5B@ V7 ?;>A:>N 

A?V@0;;N – 4;O 28<V@N20==O B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O; F8D@>289 

B5@<><5B@ testo 905-&2 V7 7>=4>< B5<?5@0BC@8 ?>25@E=V – 4;O 28<V@N20==O 

B5<?5@0BC@8 =0 2=CB@VH=V9 ?>25@E=V ABV=:8. 

#@8=F8? 4VW 1V<5B0;VG=>3> B5@<><5B@C 107CєBLAO =0 B5@<><5B@8G=V9    

2;0AB82>ABV B5?;>2>3> @>7H8@5==O B25@48E BV;. #>E81:0 28<V@N20==O A:;040є ±1>% 

01> ±2,5%. 

*8D@>289 B5@<><5B@ testo 905-T2 ?@87=0G5=89 4;O 28<V@N20==O B5<?5@0BC@8 

?>25@E=V. �V= >A=0I5=89 7>=4>< 7 ?V4?@C68=5=>N E@5AB>?>4V1=>N B5@<>?0@>N, O:0 

?@8 B>@:0==V 7 >1'є:B>< 28<V@N20=L ?@>38=0єBLAO V 70157?5GCє 4>1@89 :>=B0:B 

=02VBL 7 =5@V2=>N ?>25@E=5N. 

�024O:8 7>=4C 7 ?V4?@C68=5=>N B5@<>?0@>N, B5E=VG=89 B5@<><5B@ test> 905-

T2 <0є 28A>:C H284:>4VN 5 A5:C=4 B0 25;8:89 4V0?07>= 28<V@N20=L 

4> + 500 >%. #@8 FL><C, testo 905-T2 70157?5GCє ?@>D5AV9=C B>G=VABL ±1>% ±1% C 

2AL><C 4V0?07>=V 28<V@N20=L. #@8 FL><C <V=V<0;L=0 :V;L:VABL 4V;O=>: 28<V@N20==O 

?0@0<5B@V2 ?@89=O;8 ?@8 ?;>IV ?@8<VI5==O 100 <2 =5 <5=H5 4. 
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#@8 287=0G5==V @57C;LB0BV2 4>A;V465==O 2@0E>2C20;0AL =54>A:>=0;VABL 

283>B>2;5==O 70A>1V2 28<V@N20==O, =5B>G=VABL WE 3@04CN20==O, 2?;82 7>2=VH=VE 

DV78G=8E G8==8:V2 (B5<?5@0BC@8, 2V4=>A=>W 2>;>3>ABV, 5;5:B@><03=VB=>3> V<?C;LAC, 

2V1@0FVW B>I>), AC1’є:B82=V ?><8;:8 >?5@0B>@0 V @O4 V=H8E G8==8:V2 7C<>2;NNBL 

=5<8=CG5 28=8:=5==O ?>E81>:. 

�87=0G5==O ?>E81:8 28<V@N20==O    –    2V4E8;5==O    @57C;LB0BC 28<V@N20==O 

) 2V4 VAB8==>3> 7=0G5==O Xi  28<V@N20=>W 25;8G8=8, 2>=0 <>65 1CB8 @>7@0E>20=0   2   

01A>;NB=><C   283;O4V: ΔX = X - )i  – 45EB?RFA4  CBI<5>4   6<@VDR64AAS.   

�1A>;NB=0   ?>E81:0   702648   <0є @>7<V@=VABL, B0:C A0<C, O: 28<V@O=5 7=0G5==O. 

#>E81:0, O:0 @>7@0E>20=0 I>4> 4V9A=>3> 7=0G5==O Xi B0 28@065=0 C 

157@>7<V@=><C  283;O4V,  01>  G0ABVH5  C  2V4A>B:0E – 6V8ABEA4 CBI<5>4 6<@VDR64AAS 

B0 70?8ACєBLAO C 283;O4V δX = ΔX / )i ·100 % . 

!0 >A=>2V ?@>2545=>3> 0=0;V7C >45@60=8E 40=8E 1C;0 287=0G5=0 ?>E81:0 

28<V@N20==O 70AB>A>20=8E 70A>1V2 28<V@N20==O. &0: 4;O 1V<5B0;VG=>3> B5@<><5B@C 

?>E81:0 1C;0 287=0G5=0 4,8-5%, 4;O F8D@>2>3> B5@<><5B@C testo 905-T2 – 4> 2%. 

#@8 <>=B06V ?@8;04V2 4;O 28<V@C B5<?5@0BC@8 =0<8 1C;> 2@0E>20=>, I> 

B>G=VABL 28<V@C B5<?5@0BC@8 70;568BL =5 BV;L:8 2V4 :;0AC ?@8;04C, 0;5 V 2V4 <VAFO, 

45 2AB0=>2;NNBL 5;5<5=B8 40BG8:V2. #@8 FL><C, 4;O 40=8E C<>2 28<V@V2 

B5<?5@0BC@8 2@0E>2C20;>AL @>7<VI5==O 70A>1V2 :>=B@>;N B0:8< G8=><, I>1 

DV:AC20;0AO =091V;LH E0@0:B5@=0 B5<?5@0BC@0 ?@>F5AC. #@8;048 =5 ?>28==V 1C;8 

@>7<VIC20B8AL 2 <VAFOE ?V428I5=>W 2>;>3>ABV, 2VB@>28E, C40@=8E =020=B065=L, 0 

B0:>6 2?;82C 03@5A82=8E A5@54>28I V <03=VB=8E ?>;V2. #@8;048 4;O 28<V@C 

B5<?5@0BC@8 @>7<VIC20;8AL B0:8< G8=><, I>1 =0 =8E =5 2?;820;8 7 V=H8E 465@5; 

B5?;0, 2 B><C G8A;V @04V0FVW. 

!0 >A=>2V ?@>2545=8E =0BC@=8E 4>A;V465=L 1C;> 2AB0=>2;5=> 70:>=><V@=>ABV 

7<V=8 ?0@0<5B@V2 B5<?5@0BC@8 ?>2VB@O B0 B5<?5@0BC@8 =0 ?>25@E=V >3>@>46C20;L=8E 

:>=AB@C:FV9 ?@8 <>45;N20==V 70:@8B8G=8E A8BC0FV9 2 @>1>BV A8AB5<8 

B5?;>?>AB0G0==O. 
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$8A. 5.34. �<V=0 B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O C <VAOFV AVG=O 4;O 3-E 
:V<=0B=>W :20@B8@8 

 

 

$8A. 5.35. �<V=0 B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O C <VAOFV ;NB><C 4;O 3-E 
:V<=0B=>W :20@B8@8 

 

 

$8A. 5.36. �<V=0 B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O C <VAOFV 15@57=V 4;O 3-E 
:V<=0B=>W :20@B8@8 

 

Τ,
℃

ГОД

Eіче=ь =4туD=і 68<іD8

Τ,
℃

ГОД

лют89 Н4туD=і 68<іD8

τ,℃

7од

5еDе7е=ь Н4туD=і 68<іD8
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$8A. 5.37. �<V=0 B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O C <VAOFV AVG=V 4;O 2-E 
:V<=0B=>W :20@B8@8 

 

 

$8A. 5.38. �<V=0 B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O C <VAOFV ;NB><C 4;O 2-E 
:V<=0B=>W :20@B8@8 

 

 

$8A. 5.39. �<V=0 B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O C <VAOFV 15@57=V 4;O 2-E 
:V<=0B=>W :20@B8@8 

�87=0G5=>, I> ?>@CH5==O 2 @>1>BV A8AB5< B5?;>70157?5G5==O ?@872>48BL 4> 

28=8:=5==O 2 ?@8<VI5==OE 68B;>28E 1C4V25;L 48A:><D>@B=8E C<>2, I> =5 

2V4?>2V40NBL 28<>30< A0=VB0@=8E =>@<. 

�@V< B>3>, ?@8 020@V9=><C 2V4:;NG5==V B0 B@820;><C ?@>AB>W >1A;C3>2C20==O 

V=65=5@=8E :><C=V:0FV9 B5E=VG=V ?@8AB@>W AE8;L=V 4> 28E>4C V7 ;04C ?@8 

Τ,
℃

ГОД

Eіче=ь Н4туD=і 68<іD8

Τ,
℃

ГОД

лют89 Н4туD=і 68<іD8

Τ,
℃

ГОД

5еDе7е=ь Н4туD=і 68<іD8
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B5<?5@0BC@V ?>2VB@O 2 ?@8<VI5==V 8℃ V =86G5 V <>6CBL 28<030B8 7=0G=8E 

<0B5@V0;L=8E 28B@0B =0 WE 2V4=>2;5==O 2 <091CB=L><C. 

#@>2545=V 4>A;V465==O B0 287=0G5==V 70:>=><V@=>ABV >45@60=V ?@8 =0BC@=8E 

4>A;V465==OE B0 B5>@5B8:>-5:A?5@8<5=B0;L=8E 4>72>;ONBL 7@>18B8 28A=>2>:, I> 

>45@60==V @57C;LB0B8 4>A;V465=L 2 ?>2=V9 <V@V 2V4?>2V40NBL 287=0G5==N @50;L=8E 

C<>2 <V:@>:;V<0BC 2 ?@8<VI5==OE ?@8 020@V9=8E 2V4:;NG5==OE A8AB5< 

B5?;>?>AB0G0==O. #@8 FL><C @V7=8FO 287=0G5=8E 7=0G5=L ?@>3=>7C B5>@5B8G=8E 

4>A;V465=L V =0BC@=8E =5 ?5@528ICє 5%, I> 4>?CAB8<> 2 V=65=5@=8E 4>A;V465==OE. 

�>=B@>;L B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O C ?5@V>4 >E>;>465==O 

?5@5410G0є A2>єG0A=5 2:;NG5==O A8AB5<8 @575@2=>-?5@5@82G0AB>3> >?0;5==O ?@8 

4>AO3=5==V <V=V<0;L=>3> 7=0G5==O B5<?5@0BC@8. 

�0?@>?>=>20=0 <5B>48:0 4>72>;8;0 287=0G8B8 4;O >1@0=>3> 20@V0=BC 1C4V2;V 

>GV:C20=C B5<?5@0BC@C 2=CB@VH=L>3> ?>2VB@O �6, :>B@0 2AB0=>28BLAO 2 ?@8<VI5==V 
G5@57 G0A � ?VA;O ?>@CH5==O =>@<0;L=>3> B5?;>2>3> @568<C ?@8 020@V9=8E 

2V4:;NG5==OE A8AB5< B5?;>?>AB0G0==O. 

#@8 020@V9=8E A8BC0FVOE 2 A8AB5<0E B5?;>?>AB0G0==O 206;825 7=0G5==O 

=01C20є @575@2=5 01> 45DVF8B=5 B5?;>?>AB0G0==O V7 715@565==O< 682CG>ABV >1’є:BV2 

V 70157?5G5==O< =5>1EV4=8E ?0@0<5B@V2 <V:@>:;V<0BC. 

�5;8G8=8 @575@2=>W B5?;>2V440GV =0 >?0;5==O ýBC.D97 287=0G0;0AL, 28E>4OG8 V7 

C<>28 ?V4B@8<0==O 4>?CAB8<8E B5?;>28E C<>2 2 ?@8<VI5==OE C <560E G0AC 

2V4=>2;5==O ?@0F5740B=>ABV �6V8A 5;5<5=BC A8AB5<8 B5?;>70157?5G5==O, I> 

2V4<>282. #@8G><C, 4> <><5=BC 70:V=G5==O 020@V9=>-2V4=>2;N20;L=8E @>1VB 

B5<?5@0BC@0 2=CB@VH=L>3> ?>2VB@O ?>28==0 2V4?>2V40B8 7040=V9 B5<?5@0BC@V 

?@8<VI5==O. 

"B@8<0=V @57C;LB0B8 =02545==V C 0:BV 2?@>20465==O (4>40B>: �). 

#@>2545==V 4>A;V4=>-?@><8A;>2V 28?@>1C20==O 4>72>;8;8 ?@8 45DVF8B0E 

B5?;>2>W 5=5@3VW B5?;>?>AB0G0;L=8< >@30=V70FVO< ?V428I8B8 =04V9=VABL 

70157?5G5==O 2AB0=>2;5=>W <V=V<0;L=> 4>?CAB8<>W B5<?5@0BC@8 2=CB@VH=L>3> 

?>2VB@O 2 ?@8<VI5==OE, 0 B0:>6 71V;LH8B8 ?5@V>4 G0AC, ?@>BO3>< O:>3> FO 
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B5<?5@0BC@0 1C45 ?V4B@8<C20B8AO, 0 V7 70AB>AC20==O< @575@2=>3> >?0;5==O =5 

4>?CAB8B8 4>AO3=5==O :@8B8G=8E B5<?5@0BC@ B0 71V;LH8B8 G0A 682CG>ABV A8AB5< 

B5?;>?>AB0G0==O.  

 

�8A=>2:8 70 @>74V;>< 5 

1. � @57C;LB0BV ?@>2545=8E 4>A;V465=L 287=0G5==V >A>1;82>ABV 7<V=8 

<V:@>:;V<0B8G=8E E0@0:B5@8AB8: C ?@8<VI5==V 2 70;56=>ABV 2V4 B8?C 7>2=VH=VE 

>3>@>46C20;L=8E :>=AB@C:FV9 ACG0A=>3> 1C4V2=8FB20, ?@8 020@V9=8E A8BC0FVOE 2 

A8AB5<0E B5?;>?>AB0G0==O V7 C@0EC20==O< 2?;82C 7>2=VH=VE :;V<0B8G=8E D0:B>@V2.  

2. �87=0G5=> 70;56=>ABV 7<V=8 B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ ?@8 

020@V9=8E A8BC0FVOE 2 A8AB5<0E B5?;>?>AB0G0==O. #@>BO3>< 24 3>48= 2V4  ?>G0B:C 

020@V9=>W A8BC0FVW =091V;LH5 ?04V==O B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ 

A?>AB5@V30єBLAO C ?@8<VI5==OE V7 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �� B8?C C 2AVE 

20@V0=B0E 2?;82C 7>2=VH=VE :;V<0B8G=8E D0:B>@V2. !09<5=HV 7=0G5==O B5<?5@0BC@ 

2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ A?>AB5@V30NBLAO C 28?04:C  28:;NG=>3> 2?;82C 2VB@C. 

�;O ?@8<VI5==O V7 >3>@>46C20;L=8<8 :>=AB@C:FVO<8 �� B8?C C <VAOFV AVG=V @V7=8FO 

B5<?5@0BC@ ?@>BO3>< 24 3>48= C 28?04:C A5@54=L>3> @>7B0HC20==O AB0=>28BL ∆t6 =8,57℃, :CB>2>3> – ∆t6 = 8,82℃, :CB>2>3> 25@E=L>3> ?>25@EC – ∆t6 = 8,66℃. 

'A5@54=5=0 H284:VABL ?04V==O B5<?5@0BC@8 2=CB@VH=L>3> ?>2VB@O t6(Z), ℃ ?@>BO3>< 24 

3>48= C <VAOFV AVG=V 4;O 28?04:C A5@54=L>3> @>7B0HC20==O ?@8<VI5==O 0,357 ℃ 7B8⁄ , 

:CB>2>3> – 0,367 ℃ 7B8⁄ , :CB>2>3> 25@E=L>3> ?>25@EC – 0,3 ℃ 7B8⁄ . 

3. !0 >A=>2V ?@>2545=8E 4>A;V465=L 2AB0=>2;5=> 70;56=>ABV 7<V=8 B5<?5@0BC@8 =0 

?>25@E=V >3>@>46C20;L=8E :>=AB@C:FV9 B0 B5<?5@0BC@8 ?>2VB@O 2 ?@8<VI5==V 7 

C@0EC20==O< 2?;82C :;V<0B8G=8E D0:B>@V2 A>=OG=>W @04V0FVW B0 2VB@C 2 70;56=>ABV 2V4 

B8?C >3>@>46C20;L=8E :>=AB@C:FV9 ?@8 28=8:=5==V 020@V9=8E A8BC0FV9 2 A8AB5<0E 

B5?;>?>AB0G0==O. 

4. "B@8<0=V 70;56=>ABV 7<V=8 ?0@0<5B@V2 <V:@>:;V<0BC 2 ?@8<VI5==OE ?@8 

020@V9=8E A8BC0FVOE 2 @>1>BV A8AB5< B5?;>?>AB0G0==O 4>72>;ONBL 287=0G0B8 =5>1EV4=89 

G0A ?@>2545==O 020@V9=8E @>1VB 4> 4>AO3=5==O 70:@8B8G=8E B5<?5@0BC@ 2 ?@8<VI5==OE 
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B0 70157?5G8B8 157?5:C @>1>B8 A8AB5< B5?;>?>AB0G0==O.  
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