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ANNOTATION 

�lchenko O.V. Mathematical modeling of heat and mass exchange processes in 

contact air coolers to increase the energy efficiency of mine turbocompressors. 

The dissertation on competition of a scientific degree of the doctor of 

philosophy on a specialty 133 "Mechanical engineering" - the Kryvyi Rih National 

University, Kryvyi Rih, 2024.  

The dissertation work is a completed scientific research in which the actual 

scientific task of increasing the efficiency of the contact cooling system of the mine 

turbocompressor by choosing rational parameters of the system is solved. 

The purpose of the work is to reduce the specific energy consumption of the 

mine turbocompressor unit during the production of compressed air by substantiating 

the rational parameters of the contact air cooling system when using contact air 

coolers "adjustable venturi tube-centrifugal separator". 

The object of the study is the heat-mass exchange and hydro-gas dynamic 

processes occurring in contact air coolers "adjustable venturi tube-centrifugal 

separator". 

The subject of the study is the parameters of heat-mass exchange and hydro-

gas dynamic processes occurring in contact air coolers "adjustable Venturi tube-

centrifugal separator". 

Thus, based on the analysis of literary sources, it was found that pneumatic 

energy is widely used in many industries. Along with steam, electricity, mechanical 

and hydraulic energy, compressed air is used to automate and mechanize various 

production processes. Compressed air is one of the most common energy carriers in 

industrial enterprises, and the devices related to its distribution and processing are an 

energy-intensive, complex industrial energy system, the performance of which 

depends on the level of perfection of technological processes in which compressed air 
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is used. For the production of compressed air on an industrial scale, turbocompressors 

are mostly used. Compressed air cooling is a mandatory condition for their normal 

operation. The compressed air cooling system is used not only to reduce energy 

consumption, but also for dehumidification. Processes that occur in an ideal 

compressor: isothermal, adiabatic and polytropic. It was found that the most 

important feature of the isothermal process is that the work spent on gas compression 

is less than in other compression processes. This feature determines the economic 

feasibility of cooling compressed gas in compressors and the desire to approach an 

isothermal process. Most often, shell and tube heat exchangers are used for cooling, 

but when operating turbocompressors equipped with such air coolers, there is a rapid 

deterioration of the air cooling efficiency, which is associated with intensive 

contamination of the heat exchange surfaces of the air coolers. This leads to a change 

in the characteristics of uncooled sections, which is accompanied by a decrease in the 

performance of turbochargers and an increase in their energy consumption. 

Prospective coolers are contact heat exchangers. One of the most promising devices 

for contact cooling of compressed air in turbocompressors is the "venturi tube - 

centrifugal separator", as it combines intensive heat and mass transfer processes and 

relatively small hydraulic resistance. It was found that the rational parameters of 

contact air coolers are defined only for the nominal operating mode of the 

turbocompressor under normal initial conditions. Since the venturi throat section has 

the greatest influence on the efficiency of the contact cooling system, to maintain a 

reasonable air velocity, it is suggested to use a venturi with an adjustable throat 

section. This allows the minimum volumetric flow rate at the inlet to the non-cooled 

section of the turbocharger to be maintained as the turbocharger performance 

changes, as well as the initial temperature and pressure of the air and water 

temperature. The mode of cooling compressed air depends on the consumption of 

cooling water, it was established that for the normal operation of the turbocompressor 

and pneumatic equipment, the mode of cooling the air with its simultaneous drying is 

necessary. Thus, it is also necessary to regulate the flow of cooling water depending 

on the initial parameters of air and water. 
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In the process of research, a mathematical model of the rational parameters of 

contact air coolers "adjustable venturi tube-centrifugal separator" was developed, 

analytical dependencies were obtained to determine the rational cross-section of the 

venturi tube neck and cooling water consumption. 

To test the adequacy, a laboratory installation of contact cooling of compressed 

air was developed. The adequacy of the mathematical model of the rational 

parameters of contact air coolers depending on the initial conditions and modes of 

operation of the turbocompressors has been proven. 

By conducting numerical experiments, the rational parameters of contact air 

coolers "adjustable venturi pipe-centrifugal separator" were determined. On the basis 

of numerical experiments, an experimental-statistical model of rational parameters of 

contact air coolers was obtained, depending on the initial conditions and operating 

modes of the turbocompressor. 

As a result of the conducted research, the design and method of calculation of 

contact air coolers "adjustable venturi pipe-centrifugal separator" were developed. 

Therefore, the goal set in the work was achieved by establishing the 

regularities of heat-mass exchange and gas-hydrodynamic processes that occur in 

contact air coolers "adjustable Venturi tube-centrifugal separator", which allows to 

establish their rational parameters. 

Keywords: heat and mass exchange processes, compressed air, contact air 

cooler, mine turbocompressor, energy efficiency, control, mathematical model, 

system, air supply, consumer, adequacy analysis, regulation, selection, parameters 
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�>=B0:B=89 >E>;>46C20G ?>2VB@S [45] 2:;RG0є 7<VHC20;P=89 ?@8AB@V9 C 

283;S4V B@C18 �5=BC@V, A5?0@0B>@ :@0?5;P=>W 2>;>38 9 ?>?;02:>289 @53C;SB>@ 

@V2=S (@8A.1.1). )>;>4=C 2>4C 7 B5<?5@0BC@>R tw1 ?>40RBP C 7<VHC20;P=89 

?@8AB@V9, 45 2>=0 @>7?>@>HCєBPAS ?>B>:>< =03@VB>3> ?>2VB@S 7 B5<?5@0BC@>R 

t61, t1 70 ACE8< V <>:@8< B5@<><5B@><, B0 7<VHCєBPAS 7 =8<. � CB2>@5=V9 

?>2VB@S=>-2>4S=V9 AC<VHV 2V41C20єBPAS V=B5=A82=89 B5?;><0A>>1<V=, ?@8 S:><C 

?>2VB@S >E>;>46CєBPAS 4> B5<?5@0BC@8  70 ACE8< B5@<><5B@>< t62 V  2>;>38< t@2, 

0 2>40 =03@V20єBPAS 4> B5<?5@0BC@8  tw2. ' A5?0@0B>@V :@0?5;P=0 2>40 

F5=B@>1V6=>R A8;>R 2V4:840єBPAS 4> ?5@8D5@VW B0 7 G0AB8=>R ?>2VB@S 

=04E>48BP G5@57 :8H5=R C 2V;P=89 ?@>ABV@. &0< H284:VABP ?>2VB@S, 

7<5=HCRG8AP, AB0є =86G>R 2V4 25;8G8=8 28B0==S :@0?5;P, ?VA;S FP>3> 2>=> 

7;820єBPAS 7 3>;>2=8< ?>B>:>< ACE>3> >E>;>465=>3> ?>2VB@S. �>40, 

2V4>:@5<;5=0 2 A5?0@0B>@V, A0<>?;82>< ?>B@0?;Sє 2 @53C;SB>@ @V2=S, I> 
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70157?5GCє 2V42545==S WW 2 3@048@=R 4;S >E>;>465==S 7 ?V4B@8<:>R 

3V4@02;VG=>3> 70B2>@0.  

 

 

$8A. 1.1 �>=AB@C:B82=V 5;5<5=B8 0?0@0BV2 :>=B0:B=>W A8AB5<8 

>E>;>465==S H0EB=>3> BC@1>:><?@5A>@0 «B@C10 �5=BC@V 3 2V4F5=B@>289 

A5?0@0B>@» [45]: 

0- 7<VHC20G «B@C10 �5=BC@V»; 

1-2V4F5=B@>289 A5?0@0B>@ 

 

' ?@0FV [51] 28:>=0=> 7VAB02;5==S @V7=8E 0?0@0BV2 (D>@AC=:>20 :0<5@0, 7V 

7@>HC20;P=>R =0A04:>R, C40@=>-?V==89, 2V4F5=B@>289) 70 2:070=8<8 

?>:07=8:0<8 5D5:B82=>ABV ?@8 =><V=0;P=8E @568<0E @>1>B8 0?0@0B0 :>6=>3> 

B8?C 9 >4=0:>28E ?>G0B:>28E ?0@0<5B@0E 2>48 9 ?>2VB@S. #>G0B:>2V ?0@0<5B@8 

?>2VB@S: B5<?5@0BC@0 t21=25 °%, 2V4=>A=0 2>;>3VABP φ1=60%. #>G0B:>20 
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B5<?5@0BC@0 2>48 tw1 =5, 15, 85 °%, I> 2V4?>2V40є C<>20<, E0@0:B5@=8< 4;S 

:>=48FVR20==S ?>2VB@S, >E>;>465==S :>=45=A0B>@V2 E>;>48;P=8E <0H8= V 

>E>;>465==S 4875;V2.  

�;S B>3> I>1 281@0B8 =091V;PH 5D5:B82=89 0?0@0B, 1C;> @>7@0E>20=>  

B5?;>=0?@C65=VABP ?5@5@V7C @50:B82=>3> ?@>AB>@C, B5?;>=0?@C65=VABP >1’є<C  

@50:B82=>3> ?@>AB>@C, :>5DVFVє=B 5D5:B82=>ABV B5?;>>>1<V=C B0 5=5@35B8G=89 

:>5DVFVє=B 70 D>@<C;0<8, ?@54AB02;5=8<8 2 ?@0FV [51]. $57C;PB0B8 @>7@0EC=:C 

=02545=> 2 B01;. 1.1. �E 0=0;V7 ?>:07Cє, I> 0?0@0B8 7 2V4F5=B@>28< ?>;5< <0RBP 

:@0IV, ?>@V2=S=> 7 V=H8<8, ?>:07=8:8 V=B5=A82=>ABV B0 3;818=8 ?@>F5AV2 

B5?;>>1<V=C, >A>1;82> ?@8 25;8:8E =020=B065==SE. &0:, B5?;>=0?@C65=VABP 

>1’є<C @50:B82=>3> ?@>AB>@C 2 0?0@0B0E 7 2V4F5=B@>28< ?>;5< =0 132 ?>@S4:8 

28I0, =V6 C 1V;PH>ABV 0?0@0BV2. #@8G><C, 2 0?0@0B0 «B@C10 �5=BC@V-

2V4F5=B@>289 A5?0@0B>@» =86GV 28B@0B8 =0 ?@82V4 =03=VB0GV2, ?@>ABVH0 

:>=AB@C:FVS, <5=H0 <5B0;><VAB:VABP.  

"B65, =091V;PH ?5@A?5:B82=8< 0?0@0B>< 4;S A8AB5<8 >E>;>465==S 

BC@1>:><?@5A>@V2 є 0?0@0B «B@C10 �5=BC@V 3 2V4F5=B@>289 A5?0@0B>@». &0:89 

:>=B0:B=89 0?0@0B ?>є4=Cє 4>A8BP 28A>:C 5D5:B82=VABP B5?;><0A>>1<V=C V7 

2V4=>A=> =525;8:8< 3V4@02;VG=8< >?>@><. 

&01;8FS 1.1 

#>:07=8:8 5D5:B82=>ABV :>=B0:B=8E 0?0@0BV2 [51] 

&8? 0?0@0BC 
#>:07=8: 

tw1, 
o
C 

E Qf
p
, 

:�B/<2
 

QV
p
, 

:�B/<3
 

QV, 

:�B · 

(>@AC=:>20 :0<5@0 
5 0,63 80 30 11 50 

35 0,60 140 60 19 100 

85 0,09 690 280 95 500 

� 7@>HC20=>R =0A04:>R 
5 0,54 60 350 18 35 

35 0,21 60 280 20 40 

85 0,05 370 1900 130 260 

'40@=>-?V==89 
5 0,60 90 180 13 12 

35 0,42 120 180 21 13 

85 0,09 700 1200 135 80 

�V4F5=B@>289 
5 0,74 230 2900 27 51 

35 0,64 400 5000 45 84 

85 0,21 4200 52000 480 840 
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&@C10 �5=BC@V3 

2V4F5=B@>289 A5?0@0B>@  

5 0,77 250 2950 29 65 

35 0,68 514 5140 50 98 

85 0,23 4900 53100 510 1100 

 

' @57C;PB0BV 0=0;V7C 281@0=> =091V;PH 5D5:B82=89 :>=B0:B=89 

>E>;>46C20G ?>2VB@S B0 2AB0=>2;5=>, I> @0FV>=0;P=V ?0@0<5B@8 :>=B0:B=8E 

>E>;>46C20GV2 BC@1>:><?@5A>@0 >1�@C=B>20=> 4;S =><V=0;P=>3> @568<C ?@8 

=>@<0;P=8E ?>G0B:>28E C<>20E, B><C ?>B@V1=V 4>40B:>2V 4>A;V465==S 4;S 

287=0G5==S ?0@0<5B@V2 70;56=> 2V4 @568<C @>1>B8 B0 ?>G0B:>28E C<>20E, 

2V4<V==8E 2V4 =>@<0;P=8E. �> B0:8E ?0@0<5B@V2 <>6=0 2V4=5AB8 ?5@5@V7 

3>@;>28=8 B@C18 �5=BC@V, S:89 287=0G0є H284:VABP A5@54>28I0 2 3>@;>28=V B0 

:@C?=VABP ?>4@V1=5==S 2>48 9 2V4?>2V4=> ABC?V=P >E>;>465==S AB8A=5=>3> 

?>2VB@S [2]. 

1.3.4 �>=AB@C:FVW B@C1 �5=BC@V 7 @53C;ь>20=>N 3>@;>28=>N 

�D5:B82=VABP :>=B0:B=>W A8AB5<8 >E>;>465==S «B@C10 �5=BC@V 3 

2V4F5=B@>289 A5?0@0B>@» 287=0G0єBPAS :>=AB@C:FVєR B@C18 �5=BC@V. !091V;PH 

1;87P:>R :>=AB@C:FVєR 4> :>=B0:B=>3> ?>2VB@>>E>;>46C20G0 є A:@C15@8 

�5=BC@V. %:@C15@8 �5=BC@V 28:>@8AB>2CRBPAS 4;S >E>;>465==S 307V2 V S: 

28A>:>5D5:B82=V ?8;>2;>2;R20GV, I> 70157?5GCRBP >G8I5==S 307C 4> 4C65 

=87P:>W 70;8H:>2>W :>=F5=B@0FVW ?8;C. 

�A=Cє 1030B> :>=AB@C:FV9 B@C1 �5=BC@V, I> 2V4@V7=SRBPAS 4>268=>R 

3>@;>28=8 9 ?5@5@V7><, :><?>=C20==S<, A?>A>1>< ?V42545==S 7@>HC20;=>W 

@V48=8 B>I> [2]. �0;56=> 2V4 A?>A>1C ?V42545==S 7@>HC20;P=>W @V48=8, <>6=0 

284V;8B8 >A=>2=V B8?8 0?0@0BV2: 7 F5=B@0;P=8< (D>@AC=:>28<) ?V42545==S< 

@V48=8 2 :>=DC7>@ (01> ?5@54 =8<); 7 ?5@8D5@V9=8< 7@>H5==S< (C :>=DC7>@V G8 

3>@;>28=V); 7 ?;V2:>28< 7@>H5==S<; V7 ?V42545==S< @V48=8 70 @0EC=>: 5=5@3VW 

307>2>3> ?>B>:C (@8A.1.2) [52].  
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$8A. 1.2. �>=AB@C:FVW B@C1 �5=BC@V [52]: 

0 3 F5=B@0;P=5 (D>@AC=:>25) ?V42545==S @V48=8; 
1 3 ?5@8D5@V9=5 7@>H5==S; 
2 3 ?;V2:>25 7@>H5==S; 

3 3 157D>@AC=:>25 7@>H5==S 
 

�0 284>< ?>?5@5G=>3> ?5@5@V7C B@C18 �5=BC@V ?>4V;SRBPAS =0 :@C3;V, 

:V;PF52V B0 IV;8==V. �@C3;V B@C18 �5=BC@V 70AB>A>2CRBP ?@8 <0;8E >1’є<0E 

307V2, S:V >E>;>46CRBP. #@8 25;8:8E >1’є<0E 307V2 70AB>A>2CRBPAS IV;8==V 

B@C18 �5=BC@V 7 ?;V2:>28< 7@>H5==S< (@8A.1.3) 01> 7 :V;PF52>R 3>@;>28=>R 

(@8A.1.4) 7 F5=B@0;P=8< ?V42545==S< 7@>H5==S [52].  

 

0 1 2 3 
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$8A. 1.3. &@C10 �5=BC@V 7 @53C;P>20=8< ?5@5@V7>< IV;8==>W 3>@;>28=8 

[52]: 

13 :8H5=S ?;V2:>2>3> 7@>H5==S; 2 - D>@AC=:0; 3 - @53C;R20;P=V ;>?0BV; 4 - 

D>@AC=:8 =86=P>3> S@CAC 7@>H5==S 

 

$8A. 1.4. &@C10 �5=BC@V 7 @53C;P>20=8< ?5@5@V7>< :V;PF52>W 3>@;>28=8 [52]: 

13 D>@AC=:0; 2 3 :>=DC7>@ B@C18; 3 - 3>@;>28=0; 4 3 @53C;R20;P=89 :>=CA; 5 3 

48DC7>@;6 3 =0?@S<=89 HB>:; 7 3 2V4F5=B@>289 :@0?;5C;>2;R20G;8 3 :>@?CA 

&0: S: 5D5:B82=VABP :>=B0:B=>3> >E>;>46C20G0 «B@C10 �5=BC@V 3 

2V4F5=B@>289 A5?0@0B>@» 287=0G0є H284:VABP 307C 2 3>@;>28=V, >:@5<89 V=B5@5A 

?@54AB02;Sє B@C10 �5=BC@V 7 @53C;P>20=8< ?5@5@V7>< 3>@;>28=8. � >4=><C 7 

28?04:V2 V4CBP H;SE>< CAB0=>2;5==S 2 3>@;>28=V 3=CG:8E 2AB02>: 01> HB>@>: V7 

?@C6=>-5;0AB8G=>3> <0B5@V0;C. &"� «�=5@3>AB0;P», =0?@8:;04, @>7@>182 

:>=AB@C:FVR B0:>W B@C18 7 ?>2>@>B=8<8 ;>?0BS<8. ' B0:8E ?@8AB@>SE <0B5@V0; 
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3=CG:8E 2AB02>: ?>ABC?>2> 2B@0G0є A2>R 5;0AB8G=VABP 3 V 3>@;>28=0 

=5045:20B=> @503Cє =0 7<V=8 307>2>3> =020=B065==S. #@8 28:>@8AB0==V 

@53C;P>20=8E HB>@>: 4>2>48BPAS 28:>@8AB>2C20B8 A:@C15@ �5=BC@V 

?@S<>:CB=>3> ?5@5@V7C, S:89 <5=H B5E=>;>3VG=89 C 283>B>2;5==V, V 

70157?5GC20B8 ABV9:VABP :>=AB@C:FVW B0 4>40B:>2C 6>@AB:VABP ?;>A:8E ABV=>:, 

>A:V;P:8 A8AB5<8 307>>G8I5==S G0AB> ?@0FRRBP ?V4 @>7@V465==S<. ' ?@0FV [53] 

281@0=> B@C1C �5=BC@V 7 ?@S<>:CB=8< ?5@5@V7>< V @53C;R20=8< @>7<V@>< 

3>@;>28=8, @53C;R20;P=89 70AV1 S:>W 28:>=0=> C 283;S4V ?>2>@>B=8E 70A;>=>:. 

"A=>2=8< =54>;V:>< ?@>B>B8?C є =5=04V9=VABP 70A>1V2 4;S @53C;R20==S 

?@>EV4=>3> ?5@5@V7C 3>@;>28=8 B@C18, I> >1C<>2;5=> :>=AB@C:B82=>R 

=5<>6;82VABR 70E8ABC 2V4 :>@>7VW 2AVE @CE><8E 45B0;59 <5E0=V7<C 

@53C;R20;P=>3> 70A>1C B0 9>3> ?@82>4C, 0 B0:>6 A:;04=89 <>=B06 ?@8 @5<>=BV 

01> WE 70<V=V. �;S @53C;R20==S ?;>IV ?>?5@5G=>3> ?5@5@V7C 3>@;>28=8 B0:>6 

70?@>?>=>20=> 3>@;>28=8 7 5;0AB8G=>3> <0B5@V0;C, I> <>65 AB8A:0B8AS ?V4 

B8A:>< AB8A=5=>3> ?>2VB@S; B@C18 �5=BC@V 7 @CE><8<8 ABV=:0<8, S:V 7'є4=0=V 

<V6 A>1>R H0@=V@=>, 9 V=HV :>=AB@C:FVW. &@C10 �5=BC@V 7 5;0AB8G=>R 

3>@;>28=>R =5 =01C;0 ?@><8A;>2>3> ?>H8@5==S G5@57 7=0G=C >AB0B>G=C 

45D>@<0FVR 5;0AB8G=>3> <0B5@V0;C. $53C;R20==S ?5@5@V7C 3>@;>28=8 :@C3;8E 

B@C1 �5=BC@V 2 45S:8E 28?04:0E <>65 74V9A=R20B8AS 70 4>?><>3>R 4@>A5;P=>3> 

?@8AB@>R. 

' :>=AB@C:FVW !��"307 @53C;R20==S ?5@5@V7C 74V9A=RєBPAS 2 >4=V9 

?;>I8=V ?5@5<VI5==S< ?@>DV;P=8E :C;0G:V2, =0A0465=8E =0 A?5FV0;P=V HB>:8. 

' FV9 :>=AB@C:FVW @53C;R20==S ?5@5@V7C B@C18 �5=BC@V 74V9A=RєBPAS =5 BV;P:8 2 

?5@5@V7V 3>@;>28=8, 0;5 9 C ?>G0B:>2V9 4V;S=FV 48DC7>@0 B0 2 :V=FV :>=DC7>@0. 

*5 7@>1;5=> 4;S B>3>, I>1 28=5AB8 7@82 307>2>3> ?>B>:C 4> 7>=8 2V4=>A=> 

=87P:8E H284:>AB59. !54>;V:>< :>=AB@C:FVW є <>6;82VABP 70:;8=R20==S 

?@8AB@>R, I> ?5@5<VI0єBPAS, C @07V CB2>@5==S 2V4:;045=P.  

� ?@0FV [54] =02545=> AE5<C @53C;P>20=>W B@C18 �5=BC@V 7 @CE><8< 

:>=CA><, I> @>7B0H>2CєBPAS ?> >AV B@C18 9 <>65 74V9A=R20B8 72>@>B=>-
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?>ABC?0;P=89 @CE 70 4>?><>3>R ?=52<>F8;V=4@0. &0:0 :>=AB@C:FVS =01C;0 

=091V;PH>3> ?>H8@5==S B0 =04V9=VH0 70 2AV V=HV. 

1.4  5B>48 @>7@0EC=:C :>=B0:B=>3> B5?;><0A>>1<V=C 2 

?>2VB@>>E>;>46C20G0E BC@1>:><?@5A>@V2 

' AB2>@5==V <5B>4V2 @>7@0EC=:C ?@>F5AV2, I> ?@>BV:0RBP C B5?;>- B0 

<0A>>1<V==8E 0?0@0B0E, є 420 >A=>2=8E =0?@S<8.  5B>48 >4=>3> 7 =0?@S<V2 3

287=0G8B8 AC<0@=C :V;P:VABP <0A8 9 B5?;>B8, ?5@540=V <V6 A5@54>28I0<8, 

?>G0B:>2V 01> :V=F52V ?0@0<5B@8 A5@54>28I, 0 B0:>6 28B@0B8 2 :>=B0:B=><C 

0?0@0BV.  5B>48 V=H>3> =0?@S<C 40RBP <>6;82VABP 287=0G8B8 E0@0:B5@8AB8:8 

A5@54>28I 2 0?0@0BV B0 ;>:0;P=V ?>:07=8:8 ?@>F5AC: 4V0<5B@8 :@0?5;P, WE <0AC, 

B8A:, B5<?5@0BC@C H284:VABP B0 V=. #@54AB02;5=V <5B>48 70A=>20=V =0 

28:>@8AB0==V 5<?V@8G=8E D>@<C;, =5>1EV4=8E 4;S @>7@0EC=:C :>5DVFVє=BV2 

B5?;>- B0 <0A>?5@5=5A5==S B0 @>72’S70==V V=B53@>48D5@5=FV0;P=8E @V2=S=P 

10;0=AC <0A8 9 B5?;>B8 [55]. /: ?@028;>, 4;S V=65=5@=>3> @>7@0EC=:C 

:>=B0:B=8E 0?0@0BV2 28:>@8AB>2CRBP <5B>48 @>7@0EC=:C B5?;>-V <0A>1<V=C  

?5@H>3> =0?@S<C. *59 =0?@S< E0@0:B5@87CєBPAS 25;8:>R :V;P:VABR @V7=8E 

<5B>4V2 @>7@0EC=:C :>=B0:B=8E 0?0@0BV2, 2V4>1@060є A:;04=VABP B5?;>DV78G=>W 

B0 3V4@>48=0<VG=>W >1AB0=>2:8 2 WE @50:B82=8E ?@>AB>@0E, 2V4<V==VABP A?>A>1V2 

D>@<C20==S <V6D07>2>W ?>25@E=V B0  WW AB@C:BC@8, 0 B0:>6 =5>4=>@V4=VABP WW V 

?>;V48A?5@A=VABP. 

 5B>48, I> AB>ACRBPAS :>=B0:B=8E 0?0@0BV2, <>6=0 @>718B8 =0 ?’SBP 3@C?. 

 1.  5B>48, S:V 28:>@8AB>2CRBP :>5DVFVє=B8 ?5@5=5A5==S (:>5DVFVє=B8 

S2=>3> B5?;>>1<V=C α, ?>2=>3> B5?;>>1<V=C σ V <0A>>1<V=C β), S:V 2V4=5A5=V 4> 

?;>IV ?>25@E=V :>=B0:BC F V 287=0G5=V 2 @>7<V@=><C 283;S4V 01> C A:;04V 

157@>7<V@=8E :><?;5:AV2 [56-59]. 

2.  5B>48, S:V 28:>@8AB>2CRBP G8A5;P=V 7=0G5==S 157@>7<V@=8E 

:><?;5:AV2, I> 2:;RG0RBP S: є48=C 7<V==C 4>1CB>: αF, βF, ÃF [60-62]. 

3.  5B>48, S:V 28:>@8AB>2CRBP @V7=><0=VB=V :>5DVFVє=B8 :>@8A=>W 4VW 01> 

5D5:B82=>ABV [63]. 
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4.  5B>48, I> 28:>@8AB>2CRBP @>7<V@=V 01> 157@>7<V@=V 25;8G8=8 B0 =5 

<VABSBP :>5DVFVє=BV2 ?5@5=5A5==S α, β, σ, S2;SRBPAS 2V4=>H5==S< 5=B0;P?V9, 

B5<?5@0BC@ 01> >1'є<=8E ?>:07=8:V2 ?@>F5AC B5?;><0A>>1<V=C [64]. 

5. �=0;VB8G=89 <5B>4 @>7@0EC=:C [65].   

' ?@0FV [51] ?@>0=0;V7>20=> CAV <5B>48 B0 7@>1;5=> 28A=>2>:, I> 

=091V;PH ?@89=SB=8<8 4;S ?>40;PH>3> @>7@>1;5==S I>4> @>7@0EC=:C 

:>=B0:B=>W A8AB5<8 >E>;>465==S є <5B>48 @>7@0EC=:C, S:V 28:>@8AB>2CRBP 

4>1CB>: :>5DVFVє=BV2 ?5@5=5A5==S =0 ?;>IC ?>25@E=V :>=B0:BC. $>73;S=CBV 
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(=0A8G5=>3> V =5=0A8G5=>3> 307C), I> VAB>B=> 2V4@V7=SRBPAS <V6 A>1>R A2>W<8 
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?@54AB02;5=5 C 283;S4V AB5?5=52>W DC=:FVW [68]:                             
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5=B0;P?VS ?>2VB@S =0 2E>4V 2  0?0@0B, �6/:3. 
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#@>0=0;V7Cє<>, S:      B0    , 70;560BP 2V4 H284:>ABV 2  3>@;>28=8. 

 

$8A. 2.3 �@0DV: 70;56=>ABV VFn,       B0        2V4 v7i 



60 
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45 DEi  3 4V0<5B@ 2V4F5=B@>2>3> ?@>AB>@C A5?0@0B>@0, <;     3 >1’є<=0 28B@0B0 ?>2VB@S =0 2E>4V 2 ?>2VB@>>E>;>46C20G, <3/A. 

&5<?5@0BC@0 ?>2VB@S =0 2E>4V 2 i ABC?5=P:                 (2.6) 

&5<?5@0BC@0 307C =0 28E>4V 7 >E>;>46C20G0:                          (2.7) 
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307C):           (        )     , (2.9) 
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 0:A8<0;P=> <>6;8289 :>=F5=B@0FV9=89 =0?V@:              . 
�1A>;RB=89 2>;>3>2<VAB ?>2VB@S:                          ,, 
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�V=F520 B5<?5@0BC@0 2>48: 



63 

 

 

 

                   , >%, (2.17) 

45 Epwi 3 ?8B><0 V7>10@=0 B5?;>є<=VABP @V48=8, �6/(:3∙K). 
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 0A>20 28B@0B0 ?>2VB@S:                    
45 R 3 307>20 AB0;0 ACE>3> ?>2VB@S,  �6/(:3∙�) 
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DC=:FVєR root 2 ?@>3@0<V Mathcad 15. 
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A8AB5<C @V2=S=P:  {             (2.22) 

�1A>;RB=89 2>;>3>2<VAB =0 28E>4V 7 0?0@0BC:               (      ), 

�1A>;RB=89 2>;>3>2<VAB ?>2VB@S ?@8 :V=F52V9 B5<?5@0BC@V 307C 70 

7<>G5=8< B5@<><5B@>< t@2i:                          
#0@FV0;P=89 B8A: ?0@8 ?@8 t@2i:                            ;                       
�V=F520 B5<?5@0BC@0 ?>2VB@S (=0 28E>4V 7 B5?;>>1<V==8:0) 70 7<>G5=8< 

B5@<><5B@>< (=0 <56V 42>E ?@8:>@4>==8E H0@V2 =0A8G5=>3> V =5=0A8G5=>3> 

307C):           (        )     , 
�>5DVFVє=B V=B5=A82=>ABV B5?;><0A>>1<V=C:                                    
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+8A;> ?>4V1=>ABV (:@8B5@V9) B5?;>28E 5:2V20;5=BV2:           . (2.23) 

!02545=5 2V4=>H5==S B5?;>28E 5:2V20;5=BV2:              . (2.24) 

�V4=>H5==S B5?;>28E 5:2V20;5=BV2:                      (2.25) 

�>5DVFVє=B V=B5=A82=>ABV B5?;>>1<V=C:              . 
%@54=89 0@8D<5B8G=89 B5<?5@0BC@=89 =0?V@: 

                           . 

�V=F520 B5<?5@0BC@0 2>48:                    , >%, 
&5?;>289 ?>BV: 2V4 >4=>3> A5@54>28I0 4> V=H>3>:       (       )  
�=B0;P?VS ?>2VB@S =0 28E>4V 7 0?0@0BC:              (         )    . 
#@54AB028<> @V2=VABP (2.22) G5@57 28B@0BC 2>48 Gw ?V4AB0282H8 D>@<C;8 

(2.8-2.10, 2.12-2.18, 2.23-2.25). "B@8<0є<>:        
 
[  
   
               [      (       )      ]             

]  
   
      

(2.26) 

45 
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      (       )              ( 
                  ) 

               
         

$>72’S65<> @V2=S==S (2.26) 4;S    70 4>?><>3>R G8A5;P=8E <5B>4V2 

DC=:FVєR solve 2 ?@>3@0<V Mathcad 15. �;S >ACH5==S ?@89<0є<>    1V;PH5 

>B@8<0=>3> 7=0G5==S.  

2.4 �=0;VB8G=0 ?5@52V@:0 045:20B=>ABV <>45;V @0FV>=0;ь=8E 

?0@0<5B@V2 :>=B0:B=8E ?>2VB@>>E>;>46C20GV2 «@53C;ь>20=0 B@C10 

�5=BC@V-2V4F5=B@>289 A5?0@0B>@» 

#@>0=0;V7C202H8 ;VB5@0BC@=V 465@5;0 28S2;5=>, I> @0FV>=0;P=V 

?0@0<5B@8 :>=B0:B=>3> >E>;>46C20G0 ?>2VB@S 281@0=V BV;P:8 4;S =><V=0;P=>3> 

@568<C @>1>B8. $>7@>1;5=0 28I5 <>45;P @0FV>=0;P=8E ?0@0<5B@V2 2@0E>2Cє 

7<V=C ?>G0B:>28E ?0@0<5B@V2 B0 @568<V2 @>1>B8 B@C1>:><?@5A>@V2. #5@52V@:0 

045:20B=>ABV 70?@>?>=>20=>W <>45;V ?@>2>48BPAS H;SE>< ?>@V2=S==S 

@57C;PB0BV2 ?@S<>3> <>45;R20==S 7 @57C;PB0B0<8 7 ;VB5@0BC@=8E 465@5; 4;S 

=><V=0;P=>3> @568<C @>1>B8 [68].   

#>G0B:>2V C<>28 B0 28B@0B8 A5@54>28I 2818@0RBPAS, 28E>4SG8 7 

=><V=0;P=>3> @568<C @>1>B8 BC@1>:><?@5A>@0 �500-61-5 70 =>@<0;P=8E 

?>G0B:>28E C<>2 (p61= 0,98∙105
, #0, tw1=20 °% , d1=10,0 3/:3, G6 =10,2 :3/A, t1=20 

°C, Gw = 22,33 :3/A, Rc =0,75 <, dF =0,55 <) B0 70 ?>G0B:>28E C<>2 E0@0:B5@=8E 

4;S ?5@H>3> ?>2VB@>>E>;>46C20G0 (##"-1) (p>2=0,26  #0, t61=126 °%; 

d>2=d1=10,0 7/>7) V 4@C3>3> ?>2VB@>>E>;>46C20G0 (##"-2) (p>4=0,474  #0; 

t61=152
o%;  d>4=9,6 3/:3). � ;VB5@0BC@=8E 465@5; @0FV>=0;P=89 4V0<5B@ 3>@;>28=8 

AB0=>28BP 0,33 < 4;S ?5@H>3> ?>2VB@>>E>;>46C20G0 V 0,19 < 4;S 4@C3>3> 

?>2VB@>>E>;>46C20G0. � @57C;PB0BV <>45;R20==S >B@8<0=> @0FV>=0;P=89 

4V0<5B@ 3>@;>28=8 B@C18 �5=BC@V 0,3 < 4;S ##"-1. $>71V6=VABP <V6 40=8<8 

>B@8<0=8<8 <>45;R20==S< V 7 ;VB5@0BC@=8E 465@5; A:;040є 9 %. �;S ##"-2 

@0FV>=0;P=89 4V0<5B@ AB0=>28BP 0,2 < V @>71V6=VABP 3 5 %. &0:>6 2 @57C;PB0BV 
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<>45;R20==S >B@8<0=0 @0FV>=0;P=0 28B@0B0 2>48 4;S ##"-1 23,8 :3/A B0 14,1 

:3/A 4;S ##"-2. � ;VB5@0BC@=8E 465@5;0E @0FV>=0;P=0 28B@0B0 4;S ##"-1 B0 

##"-2 3 24,5 B0 15,3 :3/A 2V4?>2V4=>. $>71V6=VABP 2,8 % B0 7,8 % 4;S ##"-1 B0 

##"-2 2V4?>2V4=>. #>@V2=S==S >B@8<0=8E @57C;PB0BV2 7>1@065=> =0 @8A. 2.4 B0 

2.5. "B@8<0=V @57C;PB0B8 4>2>4SBP 045:20B=VABP <>45;V.  

 

$8A. 2.4 #>@V2=S==S @57C;PB0BV2 ?@S<>3> <>45;R20==S 281>@C 

@0FV>=0;P=>3> 4V0<5B@0 3>@;>28=8 B@C18 �5=BC@V 7 @57C;PB0B0<8 7 ;VB5@0BC@=8E 

465@5;  

 

$8A. 2.4 #>@V2=S==S @57C;PB0BV2 ?@S<>3> <>45;R20==S 281>@C 

@0FV>=0;P=>W 28B@0B8 2>48 7 @57C;PB0B0<8 7 ;VB5@0BC@=8E 465@5;  

 

�
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ет
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8,
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�4 оE=о6і <4т.<оделі Відпо6ід=о до [68]

�4 оE=о6і <4т.<оделі Відпо6ід=о до [68]
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�4 оE=о6і <4т.<оделі Відпо6ід=о до [68]

�4 оE=о6і <4т.<оделі Відпо6ід=о до [68]
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�8A=>2:8 4> @>74V;C 2 

1. �V4><0 <>45;P 0?0@0BC :>=B0:B=>W A8AB5<8 >E>;>465==S =5 4>72>;Sє 

281@0B8 @0FV>=0;P=V ?0@0<5B@8 ?@8 7<V=V ?@>4C:B82=>ABV BC@1>:><?@5A>@0, 

?>G0B:>2>W B5<?5@0BC@8, B8A:C ?>2VB@S B0 B5<?5@0BC@8 2>48.  

2. �?5@H5 @>7@>1;5=> <0B5<0B8G=C <>45;P @0FV>=0;P=8E ?0@0<5B@V2 

:>=B0:B=8E ?>2VB@>>E>;>46C20GV2 H0EB=8E BC@1>:><?@5A>@V2 «@53C;P>20=0 

B@C10 �5=BC@V-2V4F5=B@>289 A5?0@0B>@».  

3. �>2545=> 045:20B=VABP @>7@>1;5=>W <>45;V  287=0G5==S @0FV>=0;P=>3> 

?5@5@V7C 3>@;>28=8 ?>2VB@>>E>;>46C20G0 «@53C;P>20=0 B@C10 �5=BC@V-

2V4F5=B@>289 A5?0@0B>@» 2 70;56=>ABV 2V4 ?>G0B:>28E C<>2 B0 @568<V2 @>1>B8 

BC@1>:><?@5A>@V2. $>71V6=VABP <V6 40=8<8 >B@8<0=8<8 <>45;R20==S< V 7 

;VB5@0BC@=8E 465@5; A:;040є 9 % 4;S ##"-1 V 5 % 4;S ##"-2.  

4. �>2545=> 045:20B=VABP @>7@>1;5=>W <>45;V 4;S 287=0G5==S @0FV>=0;P=>W 

28B@0B8 2>48 2 70;56=>ABV 2V4 ?>G0B:>28E C<>2 B0 @568<V2 @>1>B8 

BC@1>:><?@5A>@V2. $>71V6=VABP <V6 40=8<8 >B@8<0=8<8 <>45;R20==S< V 7 

;VB5@0BC@=8E 465@5; A:;040є 2,8 % 4;S ##"-1 B0 7,8 % 4;S ##"-2.  
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3 ��%#�$� �!&��Ь!� #�$���$�� ������&!"%&� 

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

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

��!&'$�-���&�!&$"��� %�#�$�&"$ 

�01>@0B>@=V 4>A;V465==S ?@>2>4SBPAS 7 <5B>R ?5@52V@:8 045:20B=>ABV 

0=0;VB8G=8E 70;56=>AB59, ?>:;045=8E 2 >A=>2C <0B5<0B8G=>W <>45;V, >B@8<0=>W 

C @>74V;V 2 4;S ?>G0B:>28E C<>2, I> E0@0:B5@=V ?@8 ?@><V6=><C >E>;>465==V 

AB8A=5=>3> ?>2VB@S 2 BC@1>:><?@5A>@0E, S:V ?@0FRRBP 2 C<>20E H0EB (2.1). 

3.1  5B>48:0 ;01>@0B>@=8E 4>A;V465=ь  

�01>@0B>@=V 4>A;V465==S :>=B0:B=>3> >E>;>46C20G0 ?@>2>4SBPAS =0 

A?5FV0;P=V9 4>A;V4=V9 CAB0=>2FV (@8A. 3.1). #VA;S :><?@5A>@0 AB8A=5=5 ?>2VB@S 

=04E>48BP 2 ?>2VB@>=03@V20G 1, 45 =03@V20єBPAS 4> =5>1EV4=>W B5<?5@0BC@8. 

#VA;S FP>3> 2 7<VHC20;P=><C ?@8AB@>W, I> 2:;RG0є B@C1C �5=BC@V 2 V 

48AB0=FV9=V B@C18 3, 7<VHCєBPAS 7 E>;>4=>R 2>4>R, S:0 ?>40єBPAS 7 10:0 11, V 

4@>18BPAS, 0 ?>BV< AC<VH 2>48 B0 ?>2VB@S =04E>48BP C :>;V==89 A5?0@0B>@-

:0?;5C;>2;R20G 4. &@C1C �5=BC@V 2 28:>=0=> C 283;S4V 2AB02:8 V7 B5:AB>;VBC. 

�AV V=HV 5;5<5=B8 A5?0@0B>@0 B0 7<VHC20;P=>3> ?@8AB@>R 7@>1;5=> V7 

?>;V5B8;5=C 28A>:>3> B8A:C. �0=0 :>=AB@C:FVS 4>72>;Sє ?@>2>48B8 

5:A?5@8<5=B8 7 28A>:>R B>G=VABR, >A:V;P:8 40є <>6;82VABP ?><VAB8B8 

B5@<>?0@8 2 ?>B>:8 A5@54>28I 157?>A5@54=P> ?VA;S WE ?>4V;C. &0:>6 

28:>@8AB0==S =5<5B0;VG=8E <0B5@V0;V2 7=86Cє 2B@0B8 B5?;0 C =02:>;8H=є 

A5@54>28I5 V B5?;>2C V=5@FV9=VABP CAB0=>2:8. ' 2>;>3>2V44V;R20GV 5 >AB0B>G=> 

?>4V;SRBPAS ?>B>:8 2>48 V ?>2VB@S. !03@VB0 2>40 ?@S<Cє 2 71V@=89 10: 16, 0 

>E>;>465=5 ?>2VB@S 3 2 28<V@R20;P=89 :>;5:B>@ 7, 0 40;V 2 0B<>AD5@C. �<V=>R 

=0?@C38 =0 ?>2VB@>=03@V20GV 70 4>?><>3>R ;01>@0B>@=>3> 02B>B@0=AD>@<0B>@0 

@53C;RєBPAS B5<?5@0BC@0 ?>2VB@S. �5=B8;5< 6 ?V4B@8<CєBPAS =5>1EV4=89 

@>1>G89 B8A: ?>2VB@S. �5=B8;5< 15 @53C;RєBPAS 28B@0B0 ?>2VB@S. �0 4>?><>3>R 

28<V@R20;P=>3> :>;5:B>@0 7 7 28B@0B><V@=8< ?@8AB@>є< B8?C B@C10 �5=BC@V V 

F8D@>28< 48D5@5=FV0;P=8<  <0=><5B@>< 9 287=0G0єBPAS 28B@0B0 ?>2VB@S. 

�8B@0B0 2>48, S:0 ?>40єBPAS 7 10:0 11, @53C;RєBPAS 3>;G0AB8< :@0=>< 12. 
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�> ?0@0<5B@V2, I> ?V4;S30RBP @5єAB@0FVW 2 4>A;V465==SE, 2V4=>ASBPAS: 

?5@5?04 B8A:C =0 28B@0B><V@=><C ?@8AB@>W ∆p, B8A: p61 V ?>G0B:>20 (?VA;S 

?>2VB@>=03@V20G0) B5<?5@0BC@0 ?>2VB@S T61, ?>G0B:>20 B5<?5@0BC@0 ?>2VB@S ?> 

<>:@><C B5@<><5B@C T1, ?>G0B:>20 B5<?5@0BC@0 2>48 Tw1, :V=F520 B5<?5@0BC@0 

?>2VB@S T62, :V=F5289 B8A: ?>2VB@S p>2, :V=F520 B5<?5@0BC@0 ?>2VB@S ?> <>:@><C 

B5@<><5B@C T2, V :V=F520 B5<?5@0BC@0 2>48 Tw2, >1’є< 2>48, I> ?@>9H;0 G5@57 

CAB0=>2:C ?@>BS3>< 4>A;V4C V, 0 B0:>6 B@820;VABP 5:A?5@8<5=BC Ä. 

�0A>18 28<V@N20=ь. �8B@0B0 ?>2VB@S 287=0G0єBPAS 7024S:8 

28B@0B><V@=>3> ?@8AB@>R B@C10 �5=BC@V 8 28<V@R20==S< =0 =P><C ?5@5?04C 

B8A:C F8D@>28< 48D5@5=FV0;P=8< <0=><5B@>< 9 HT-1890 7 :;0A>< B>G=>ABV 

0,3% (�>40B>: �). 
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$8A. 3.1. %E5<0 ;01>@0B>@=>3> :>=B0:B=>3> ?>2VB@>>E>;>46C20G0 
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#5@5@0EC=>: ?>:070=P 48D5@5=FV9=>3> <0=><5B@0 2 >48=8FV 28B@0B8 70 

@>1>G8E C<>2 ?@>2>48BPAS 2V4?>2V4=> 4> 70;56=>ABV: 

       :     , <3/A, (3.1) 

 

45  V6 3 >1'є<=0 28B@0B0 ?>2VB@S, <3/A;  

α3 :>5DVFVє=B 28B@0B8 72C6CRG>3> ?@8AB@>R; 

ω03 ?;>I0 >B2>@C 72C6C20;P=>3> ?@8AB@>R, <2
; 

&p 3 ?5@5?04 B8A:C =0 48D5@5=FV9=><C <0=><5B@V,  #0; 

ρ63 IV;P=VABP ?>2VB@S 70 @>1>G8E C<>2, :3/<3
. 

#@82545==S >1'є<=>W 28B@0B8 4> =>@<0;P=8E C<>2 ?@>2>48BPAS 

2V4?>2V4=> 4> 70;56=>ABV:                 , <3/A, (3.2) 

45  p6 8 T6 3 B8A: B0 B5<?5@0BC@0 ?>2VB@S =0 28E>4V 7 CAB0=>2:8;  

pA 8 TA 3 =>@<0;P=89 B8A: V B5<?5@0BC@0 ?>2VB@S (pA=0,98·105
 #0, TA=293�). 

!0 2E>4V 2 >E>;>46C20G B8A: AB8A=5=>3> ?>2VB@S 28<V@RєBPAS ?@C68==8< 

<0=><5B@>< �  05-01 14, :;0A B>G=>ABV S:>3> 1,5% (�>40B>: Є). 

�;S 28<V@R20==S B5<?5@0BC@8 2>48 B0 ?>2VB@S 28:>@8AB>2CRBPAS 

2V4:@8BV =87P:> V=5@FV9=V B5@<>?5@5B2>@R20GV B8?C &)�-0188 7 :;0A>< 

B>G=>ABV 2,5% C A?5FV0;P=> @>7@>1;5=><C :>@?CAV, S:V 2AB0=>2;5=V C ?>B>FV, I> 

?V428I8;> B>G=VABP 5:A?5@8<5=BV2 B0 7<5=H8;> B@820;VABP 4>A;V4C. � S:>ABV 

2B>@8==>3> ?@8;04C 28:>@8AB>2C202AS 1030B>B>G:>289 A0<>?8A=89 

?>B5=FV><5B@ B8?C #%1, :;0A S:>3> B>G=>ABV 1,0%. &5@<>?0@8 17 V 19 (482. @8A. 

3.1) =5>1EV4=V 4;S 28<V@R20==S ?>G0B:>2>W T61 V :V=F52>W T62 B5<?5@0BC@8 

?>2VB@S 2V4?>2V4=>. &5@<>?0@8 18 V 20 70157?5G5=V 10B8AB>28< G>E;><, S:89  

?>?5@54=P> 7<>G5= 2>4>R, V A;C60BP 4;S 28<V@R20==S B5<?5@0BC@8 ?>2VB@S ?> 

<>:@><C B5@<><5B@C ?>G0B:>2>W T1 V :V=F52>W T2 2V4?>2V4=>. &5@<>?0@0 21 

287=0G0є :V=F52C B5<?5@0BC@C 2>48 Tw2 #>G0B:>20 B5<?5@0BC@0 2>48 C 10:C 11 
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28<V@RєBPAS @BCB=8< B5@<><5B@><. &@820;VABP 4>A;V4C :>=B@>;R20;0AS 70 

A5:C=4><V@><.  

�;S ?5@52V@:8 045:20B=>ABV <0B5<0B8G=>W <>45;V 4;S 287=0G5==S 

@0FV>=0;P=8E ?0@0<5B@V2 5:A?5@8<5=B8 1C4CBP ?@>2>48B8AP 2 2 5B0?8. � 

?5@H><C 5B0?V 1C45 287=0G0B8AP @0FV>=0;P=0 H284:VABP ?>2VB@S 2 3>@;>28=V 

B@C18 �5=BC@V, 2 4@C3><C 3 @0FV>=0;P=0 28B@0B0 2>48. 

#5@H89 5B0? A:;040єBPAS 7 B@P>E A5@V9 5:A?5@8<5=BV2. � :>6=V9 A5@VW 

1C45 7<V=R20B8AP >48= 7 ?0@0<5B@V2: ?>G0B:>20 B5<?5@0BC@0 ?>2VB@S t61 (2V4 105 

°% 4> 165°%), B8A: ?>2VB@S =0 2E>4V p61 (2V4 0,2  #0 4> 0,4  #0), B5<?5@0BC@0 

2>48 tw1  (2V4 10 °% 4> 30 °%). �AV V=HV ?0@0<5B@8 1C4CBP 27SBV 4;S =><V=0;P=>3> 

@568<C @>1>B8 BC@1>:><?@5A>@0. #@8 7<V=V :>6=>3> 7 ?0@0<5B@V2 1C45 

7<V=R20B8AP 4V0<5B@ 3>@;>28=8 B@C18 �5=BC@V d7 2 <560E 2V4 0,014 < 4> 0,02 <. 

�@C389 5B0? B0:>6 A:;040єBPAS 7 B@P>E A5@V9 5:A?5@8<5=BV2. � :>6=V9 

A5@VW 1C45 7<V=R20B8AP >48= 7 ?0@0<5B@V2: ?>G0B:>20 B5<?5@0BC@0 ?>2VB@S t61 

(2V4 105 °% 4> 165°%), B8A: ?>2VB@S =0 2E>4V p61 (2V4 0,2  #0 4> 0,4  #0), 

B5<?5@0BC@0 2>48 tw1 (2V4 10 °% 4> 30 °%). �AV V=HV ?0@0<5B@8 1C4CBP 27SBV 4;S 

=><V=0;P=>3> @568<C @>1>B8 BC@1>:><?@5A>@0. #@8 7<V=V :>6=>3> 7 ?0@0<5B@V2 

1C45 7<V=R20B8AP 28B@0B0 2>48 4;S >E>;>465==S ?>2VB@S  Gw 2 <560E 2V4 0,01 

:3/A 4> 0,05 :3/A, 4V0<5B@ 3>@;>28=8 B@C18 �5=BC@V d3 ?@8 FP><C 1C45 

DV:A>20=8< B0 4>@V2=R20B8<5 0,016 <.  

'AV 5:A?5@8<5=B8 2:;RG0RBP 28:>=0==S =0ABC?=8E >?5@0FV9. �<8:0єBPAS 

:><?@5A>@. �0 4>?><>3>R 25=B8;V2 15 V 6 2AB0=>2;RRBPAS 28B@0B0 B0 B8A: 

?>2VB@S 2V4?>2V4=>. #>G0B:>20 B5<?5@0BC@0 ?>2VB@S @53C;RєBPAS ;01>@0B>@=8< 

02B>B@0=AD>@<0B>@><. �>;G0AB8< :@0=>< 12 2AB0=>2;RєBPAS 28B@0B0 2>48. 

�V4:@820єBPAS :@0= ?>40GV 2>48 13 V >4=>G0A=> 2<8:0єBPAS A5:C=4><V@. 

$5єAB@0FVS ?>:070=P 48D5@5=FV0;P=>3> <0=><5B@0 V ?>B5=FV><5B@V2 ?@>2>48BPAS 

?VA;S 4>AS3=5==S B5<?5@0BC@=>W AB01V;V70FVW =0 :>6=><C @568<V - 287=0G0єBPAS 

70 =57<V==VABR ?>:070=P ?>B5=FV><5B@V2 ?@>BS3>< 30 A. #>BV< :@0= ?>40GV 2>48 

13 ?5@5:@820єBPAS V 28<8:0єBPAS A5:C=4><V@. �;820єBPAS 2>40 7 10:V2 11 V 16 V 

287=0G0єBPAS WW >1'є< 70 4>?><>3>R <V@=>3> F8;V=4@0. 
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"1'є<=0 28B@0B0 ?>2VB@S 287=0G0єBPAS 70 ?>:070==S<8 48D5@5=FV0;P=>3> 

<0=><5B@0 2V4?>2V4=> 4> 70;56=>ABV (3.1) V =02>48BPAS 4> =>@<0;P=8E 

?>G0B:>28E C<>2 70 D>@<C;>R (3.2). 

 0A>20 28B@0B0 ?>2VB@S 287=0G0єBPAS 70 D>@<C;>R          , :3/A, 
45  G6 3 <0A>20 28B@0B0 ?>2VB@S, :3/A; 

ρ6 3 IV;P=VABP ?>2VB@S 70 =>@<0;P=8E C<>2, :3/<3
. 

"1'є< 2>48, I> ?@>9H;0 G5@57 CAB0=>2:C ?@>BS3>< 4>A;V4C, 287=0G0єBPAS 

@V7=8F5R ?>G0B:>2>3> V :V=F52>3> >1'є<C 2>48 2 10:C 11:             , <3
 

45  vA11 3 ?>G0B:>289 >1'є< 2>48 70;8B89 C 10: 11;  

v>11 3 >1'є< 2>48 7;8B>W 7 10:0 11 ?VA;S ?@>2545==S 4>A;V4C, <3
. 

"1'є<=0 28B@0B0 2>48 287=0G0єBPAS 70 D>@<C;>R       , <3/A 

45  Vw 3 >1'є<=0 28B@0B0 2>48, <3/A;  

vw 3 >1’є< 2>48, I> ?@>9H>2 G5@57 CAB0=>2:C ?@>BS3>< 4>A;V4C, <3/A; 

Ä 3 B@820;VABP 4>A;V4C, A. 

 0A>20 28B@0B0 2>48 287=0G0єBPAS 70 D>@<C;>R 

        , :3/A,  
45  Gw 3 <0A>20 28B@0B0 2>48, :3/A;  

ρw 3 IV;P=VABP 2>48, :3/<3
. 

,284:VABP ?>2VB@S C 3>@;>28=V 7<VHC20;P=>3> ?@8AB@>R                   , </A. 
 #0@FV0;P=89 B8A: ?0@8, I> 2V4?>2V40є B5<?5@0BC@V =0A8G5==S t1, 70 

D>@<C;>R [70]:                      ;                 , 
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45  p1 - ?0@FV0;P=89 B8A: 2>4S=>W ?0@8, I> <VAB8BPAS 2 ?>2VB@V, 

287=0G0єBPAS 70 B5<?5@0BC@>R ?>2VB@S ?> <>:@><C B5@<><5B@C T1 =0 2E>4V 2 

CAB0=>2:C, #0. 

"1’є<=0 28B@0B0 ?>2VB@S ?VA;S ?>2VB@>>E>;>46C20G0: 
 

 

45 T>– :V=F520 B5<?5@0BC@0 ?VA;S ?>2VB@>>E>;>46C20G0, �; 

p> 3 :V=F5289 B8A: ?VA;S ?>2VB@>>E>;>46C20G0, #0.  

#>G0B:>289 V :V=F5289 2>;>3>2<VAB 287=0G0RBPAS 70 D>@<C;0<8 (2.26) B0 

(2.14) 2V4?>2V4=>. 

3.2 $57C;ьB0B8 5:A?5@8<5=BV2 B0 0=0;V7 >B@8<0=8E 40=8E 

� @57C;PB0BV ?@>2545=8E ;01>@0B>@=8E 4>A;V465=P =0 A?5FV0;P=> 

AB2>@5=V9 ;01>@0B>@=V9 CAB0=>2FV (D>B> @8A. 3.2, @8A. 3.3) 287=0G5=> 7=0G5==S 

@0FV>=0;P=>3> ?5@5@V7C 3>@;>28=8 B@C18 �5=BC@V B0 28B@0B8 2>48. #5@52V@5=> 

045:20B=VABP B5>@5B8G=8E 70;56=>AB59, >B@8<0=8E C @>74V;V 2, 4;S ?>G0B:>28E 

C<>2, E0@0:B5@=8E ?@8 ?@><V6=><C >E>;>465==V AB8A=5=>3> ?>2VB@S 2 

BC@1>:><?@5A>@0E. 
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$8A. 3.2. �01>@0B>@=89 ?>2VB@>>E>;>46C20G 7 :>;V==8< A5?0@0B>@>< 

 

 

$8A. 3.3. �>;V==89 A5?0@0B>@ 

 

$57C;PB0B8 5:A?5@8<5=BV2 =0 @8A. 3.4 3 3.16 B0 2 B01;8FSE A.1 3 A.3,  �.2 3 

�.3 (�>40B>: �, �). 

�;S ?5@52V@:8 045:20B=>ABV <0B5<0B8G=>W <>45;V @0FV>=0;P=8E 

?0@0<5B@V2 :>=B0:B=8E ?>2VB@>>E>;>46C20GV2 «@53C;P20=0 B@C10 �5=BC@V 3 

2V4F5=B@>289 A5?0@0B>@» @57C;PB0B8 <0B5<0B8G=>3> <>45;R20==S @>7@0E>20=V 

?> D>@<C;0< 2.20, 2.26  ?>@V2=R20;8AP 7 @57C;PB0B0<8 ;01>@0B>@=8E 

4>A;V465=P (@8A. 3.4-3.16).  #@8 ?5@52V@FV <0B5<0B8G=>W <>45;V 4;S 

@0FV>=0;P=>3> ?5@5@V7C 3>@;>28=8 @57C;PB0B8 <0B5<0B8G=>3> <>45;R20==S 

?>@V2=R20;8AP 7 5:AB@5<0;P=8<8 B>G:0<8 =0 :@828E (@8A.3.4-3.6). #@8 

?5@52V@FV <0B5<0B8G=>W <>45;V 4;S @0FV>=0;P=>W 28B@0B8 2>48 @57C;PB0B8 

<0B5<0B8G=>3> <>45;R20==S 4;S @568<C 157 7<V=8 2>;>3>2<VABC (?@89<0;>AP 

d1=d2=0,02 :3/:3) ?>@V2=R20;8AP 7 ?5@5B8=>< :@828E, >B@8<0=8E 

5:A?5@8<5=B0;P=8< H;SE><, 7 ;V=VєR d1=d2=0,02 :3/:3 (@8A. 3.10-3.12). 

$57C;PB0B8 ?5@52V@:8 045:20B=>ABV =02545=> =0 @8A. 3.7-3.9 B0 3.13-3.16. 
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$8A. 3.4. �0;56=VABP >1’є<=>W 28B@0B8 ?>2VB@S =0 28E>4V 7 

?>2VB@>>E>;>46C20G0 2V4 ?5@5@V7C 3>@;>28=8 B@C18 �5=BC@V ?@8 7<V=V 

B5<?5@0BC@8 2>48 (p1=0,2  #0, Gw=0,05 :3/A, G6=0,0188  :3/A, t61=135 
o
C, t1 = 

37,5
  o

C) 

 

О
5
T<

=4
 6
8т
D4
т4
 п
о6
ітD

O,
к,
 <

/E

�еDеDі7 7оDло68=8 7 <
Те<пеD4туD4 6од8 10 7D4д. Те<пеD4туD4 6од8 15 7D4д.
Те<пеD4туD4 6од8 20 7D4д. Те<пеD4туD4 6од8 25 7D4д.
Те<пеD4туD4 6од8 30 7D4д.  4Fіо=4ль=89 пеDеDі7 7оDло68=8
Те<пеD4туD4 6од8 10 7D4д. л45. Те<пеD4туD4 6од8 15 7D4д. л45.
Те<пеD4туD4 6од8 20 7D4д.л45. Те<пеD4туD4 6од8 25 7D4д. л45.
Те<пеD4туD4 6од8 30 7D4д. л45.

О
5
T<

=4
 6
8т
D4
т4
 п
о6
ітD

O,
 
к,
 <

/E

�еDеDі7 7оDло68=8, 7 <

Т8Eк 0,2 ��4 Т8Eк 0,25 ��4
Т8Eк 0,3 ��4 Т8Eк 0,35 ��4
Т8Eк 0,4 ��4  4Fіо=4ль=89 пеDеDі7 7оDло68=8
Т8Eк 0,2 ��4 л45. Т8Eк 0,25 ��4 л45.
Т8Eк 0,3 ��4 л45. Т8Eк 0,35 ��4 л45.
Т8Eк 0,4 ��4  л45.
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$8A. 3.5. �0;56=VABP >1’є<=>W 28B@0B8 ?>2VB@S =0 28E>4V 7 ?>2VB@>>E>;>46C20G0 

2V4 ?5@5@V7C 3>@;>28=8 B@C18 �5=BC@V ?@8 7<V=V ?>G0B:>2>3> B8A:C ?>2VB@S (tw1 

= 20 
o
C, Gw=0,05 :3/A, G6=0,0188  :3/A, t61=135 

o
C, t1 = 37,5

  o
C) 

  

$8A. 3.6. �0;56=VABP >1’є<=>W 28B@0B8 ?>2VB@S =0 28E>4V 7 

?>2VB@>>E>;>46C20G0 2V4 ?5@5@V7C 3>@;>28=8 B@C18 �5=BC@V ?@8 7<V=V 

?>G0B:>2>W B5<?5@0BC@8 ?>2VB@S (p1=0,2  #0, tw1 = 20 
o
C, Gw=0,05 :3/A, 

G6=0,0188  :3/A,  t1 = 37,5
  o

C) 

�AB0=>2;5=>, I> @0FV>=0;P=89 ?5@5@V7 3>@;>28=8 1C45 2 4V0?07>=V 0,153-

0, 226 10
-3

 <2
 

О
5
T<

=4
 6
8т
D4
т4
 п
о6
ітD

O,
 
к,
 <
3/
E

�еDеDі7 7оDло68=8, 7, <

Те<пеD4туD4 по6ітDO 105 7D4д. Те<пеD4туD4 по6ітDO 120 7D4д.
Те<пеD4туD4 по6ітDO 135 7D4д. Те<пеD4туD4 по6ітDO 150 7D4д.
Те<пеD4туD4 по6ітDO 165 7D4д.  4Fіо=4ль=89 пеDеDі7 7оDло68=8
Те<пеD4туD4 по6ітDO 105 7D4д. л45. Те<пеD4туD4 по6ітDO 120 7D4д. л45.
Те<пеD4туD4 по6ітDO 135 7D4д. л45. Те<пеD4туD4 по6ітDO 150 7D4д. л45.
Те<пеD4туD4 по6ітDO 165 7D4д. л45.
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$8A. 3.7. �0;56=VABP @0FV>=0;P=>3> ?5@5@V7C 3>@;>28=8 2V4 ?>G0B:>2>3> 

B8A:C ?>2VB@S 

 

 

$8A. 3.8. �0;56=VABP @0FV>=0;P=>3> ?5@5@V7C 3>@;>28=8 2V4 ?>G0B:>2>W 

B5<?5@0BC@8 2>48 

 

 4
Fі
о=

4л
ь=
89

 п
еD
еD
і7
 7о

Dл
о6
8=

8,
 7

<

�оG4тко689 т8Eк ��4

 о7D4Eу=ко689 D4Fіо=4ль=89 пеDеDі7 7оDло68=8 (Dо7D4Eо64=о 74 DоD<улоN 2.20)
�EпеD8<е=т4ль=і д4=і

 4
Fі
о=

4л
ь=
89

 п
еD
еD
і7
 7о

Dл
о6
8=

8,
 

7
<

Те<пеD4туD4 6од8 !

 о7D4Eу=ко689 D4Fіо=4ль=89 пеDеDі7 7оDло68=8 (Dо7D4Eо64=о 74 DоD<улоN 2.20)
�EпеD8<е=т4ль=і д4=і
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$8A. 3.9. �0;56=VABP @0FV>=0;P=>3> ?5@5@V7C 3>@;>28=8 2V4 ?>G0B:>2>W 

B5<?5@0BC@8 ?>2VB@S 

 

 4
Fі
о=

4л
ь=
89

 п
еD
еD
і7
 7о

Dл
о6
8=

8,
 

7
<

Те<пеD4туD4 по6ітDO 6 !

 о7D4Eу=ко689 D4Fіо=4ль=89 пеDеDі7 7оDло68=8 (Dо7D4Eо64=о 74 DоD<улоN 2.20)
�EпеD8<е=т4ль=і д4=і
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$8A. 3.10. �0;56=VABP :V=F52>3> 2>;>3>2<VABC ?>2VB@S 2V4 <0A>2>W 28B@0B8 

2>48 ?@8 7<V=V B5<?5@0BC@8 2>48 (p1=0,2  #0, G6=0,0188 :3/A, t61=135 
o
C, 

d3=0,016 <, d1 = 0,02 :3/:3)

Кі
=F

е6
89

 6
ол

о7
о6
<
іE
т п

о6
ітD

O,
 

к7
/к
7

�4Eо64 68тD4т4 6од8, к7/E
Те<пеD4туD4 6од8 10 7D4д. Те<пеD4туD4 6од8 15 7D4д.
Те<пеD4туD4 6од8 20 7D4д. Те<пеD4туD4 6од8 25 7D4д.
Те<пеD4туD4 6од8 30 7D4д. Dо7D4Eу=ко64 D4Fіо=4ль=4 68тD4т4 6од8
Те<пеD4туD4 6од8 10 7D4д. л45. Те<пеD4туD4 6од8 15 7D4д. л45.
Те<пеD4туD4 6од8 20 7D4д. л45. Те<пеD4туD4 6од8 25 7D4д. л45.
Те<пеD4туD4 6од8 30 7D4д. л45.
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$8A. 3.11. �0;56=VABP :V=F52>3> 2>;>3>2<VABC ?>2VB@S 2V4 <0A>2>W 28B@0B8 

2>48 ?@8 7<V=V ?>G0B:>2>3> B8A:C ?>2VB@S (tw1 = 20 
o
C, G6=0, 0188  :3/A,  t61=135 

o
C, d7=0,016 <, d1 = 0,02 :3/:3) 

 

Кі
=F

е6
89

 6
ол

о7
о6
<
іE
т п

о6
ітD

O,
 

к7
/к
7

�4Eо64 68тD4т4 6од8, к7/E
Т8Eк 0,2 ��4 Т8Eк 0,25 ��4
Т8Eк 0,3 ��4 Т8Eк 0,35 ��4
Т8Eк 0,4 ��4 Dо7D4Eу=ко64 D4Fіо=4ль=4 68тD4т4 6од8
Т8Eк 0,2 ��4 л45. Т8Eк 0,25 ��4 л45.
Т8Eк 0,3 ��4 л45. Т8Eк 0,35 ��4 л45.
Т8Eк 0,4 ��4 л45.

Кі
=F

е6
89

 6
ол

о7
о6
<
іE
т п

о6
ітD

O,
 

к7
/к
7

�4Eо64 68тD4т4 6од8, к7/E
Те<пеD4туD4 по6ітDO 105 7D4д. Те<пеD4туD4 по6ітDO 120 7D4д.
Те<пеD4туD4 по6ітDO 135 7D4д. Те<пеD4туD4 по6ітDO 150 7D4д.
Те<пеD4туD4 по6ітDO 165 7D4д. Dо7D4Eу=ко64 D4Fіо=4ль=4 68тD4т4 6од8
Те<пеD4туD4 по6ітDO 105 7D4д. л45. Те<пеD4туD4 по6ітDO 120 7D4д.л45.
Те<пеD4туD4 по6ітDO 135 7D4д.л45. Те<пеD4туD4 по6ітDO 150 7D4д.л45.
Те<пеD4туD4 по6ітDO 165 7D4д.л45.
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$8A. 3.12. �0;56=VABP :V=F52>3> 2>;>3>2<VABC ?>2VB@S 2V4 <0A>2>W 28B@0B8 

2>48 ?@8 7<V=V ?>G0B:>2>W B5<?5@0BC@8 ?>2VB@S (p1=0,2  #0, G6=0,0188  :3/A,  

tw1 = 20 
o
C, d7=0,016 <, d1 = 0,02 :3/:3) 

�AB0=>2;5=>, I> @0FV>=0;P=0 28B@0B0 2>48 1C45 2 4V0?07>=V 0,015-0,046 

:3/A. 

 

$8A. 3.14. �0;56=VABP @0FV>=0;P=>W 28B@0B8 2>48 2V4 ?>G0B:>2>3> B8A:C 

?>2VB@S 

 

 4
Fі
о=

4л
ь=
4 
68
тD
4т
4,
 

к7

�оG4тко689 т8Eк ��4

 о7D4Eу=ко64 D4Fіо=4ль=4 68тD4т4 (Dо7D4Eо64=о 74 DоD<улоN 2.26)
�EпеD8<е=т4ль=і д4=і

 4
Fі
о=

4л
ь=
4 
68
тD
4т
4,
 

к7

Те<пеD4туD4 6од8 !
 о7D4Eу=ко64 D4Fіо=4ль=4 68тD4т4 (Dо7D4Eо64=о 74 DоD<улоN 2.26)
�EпеD8<е=т4ль=і д4=і
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$8A. 3.15. �0;56=VABP @0FV>=0;P=>W 28B@0B8 2>48 2V4 ?>G0B:>2>W 

B5<?5@0BC@8 2>48 

 

 

$8A. 3.16. �0;56=VABP @0FV>=0;P=>W 28B@0B8 2>48 2V4 ?>G0B:>2>W 

B5<?5@0BC@8 ?>2VB@S 

 

�V4=>A=V ?>E81:8 @>7@0EC=:C 287=0G5=V 70 D>@<C;>R:                                 

%5@54=є 2V4E8;5==S @>7@0EC=:>28E V 4>A;V4=8E 40=8E 4;S 4V0?07>=C S7 B0 

Gw AB0=>28BP 6 % B0 4,5 % 2V4?>2V4=>; <0:A8<0;P=5 3 10,6 % B0 4,6 %, I> =5 

?5@528ICє 12 %. 

*5 ?>SA=RєBPAS ?>E81:0<8 28<V@V2, 7>:@5<0 V=AB@C<5=B0;P=8<8, 

AC1'є:B82=8<8 V <5B>48G=8<8. "A=>2=>R V=AB@C<5=B0;P=>R ?>E81:>R є 

01A>;RB=0 ?>E81:0 70A>1V2 28<V@R20==S B5<?5@0BC@8, I> 70AB>A>2CRBPAS 4;S 

28<V@R20==S B5<?5@0BC@8 ?>2VB@S. �>=8 <0RBP :;0A B>G=>ABV 0,5 V 2V4?>2V4=> 

01A>;RB=C ?>E81:C ±0,4 °%. 

 4
Fі
о=

4л
ь=
4 
68
тD
4т
4,
 

к7

Те<пеD4туD4 по6ітDO 6 !
 о7D4Eу=ко64 D4Fіо=4ль=4 68тD4т4 (Dо7D4Eо64=о 74 DоD<улоN 2.26)
�EпеD8<е=т4ль=і д4=і
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&>6 2 @57C;PB0BV ;01>@0B>@=8E 5:A?5@8<5=BV2 4>2545=> 045:20B=VABP 

<0B5<0B8G=>W <>45;V 4;S 287=0G5==S @0FV>=0;P=8E ?0@0<5B@V2 

?>2VB@>>E>;>46C20G0 BC@1>:><?@5A>@0. 

 �8A=>2:8 4> @>74V;C 3 

1. %B2>@5=> ;01>@0B>@=C CAB0=>2:C 4;S ?5@52V@:8 045:20B=>ABV 

<0B5<0B8G=>W <>45;V @0FV>=0;P=8E ?0@0<5B@V2 :>=B0:B=8E 

?>2VB@>>E>;>46C20GV2 «@53C;P>20=0 B@C10 �5=BC@V-2V4F5=B@>289 A5?0@0B>@». 

2. � @57C;PB0BV ;01>@0B>@=8E 5:A?5@8<5=BV2 4>2545=> 045:20B=VABP 

<0B5<0B8G=>W <>45;V @0FV>=0;P=8E ?0@0<5B@V2 :>=B0:B=8E 

?>2VB@>>E>;>46C20GV2 «@53C;P>20=0 B@C10 �5=BC@V-2V4F5=B@>289 A5?0@0B>@». 

%5@54=є 2V4E8;5==S @>7@0EC=:>28E V 4>A;V4=8E 7=0G5=P @0FV>=0;P=>3> ?5@5@V7C 

B0 28B@0B8 2>48 AB0=>28BP 6 % B0 4,5% 2V4?>2V4=>, I> =5 ?5@528ICє 12%. 
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4 ����$ $�&�"!��Ь!�% #�$� �&$�� �"!&��!�% 

#"��&$""%"�"��'��'�� $��'�Ь"��!� &$'�� ��!&'$�-

���&�!&$"��� %�#�$�&"$ 

4.1 #@>2545==O G8A5;ь=8E 5:A?5@8<5=BV2 =0 <0B5<0B8G=V9 <>45;V 

@0FV>=0;ь=8E ?0@0<5B@V2 :>=B0:B=>3> ##"-1 

�;S ?@>2545==S G8A5;P=8E 5:A?5@8<5=BV2 28:>@8AB>2C20;0AP <>45;P 

@0FV>=0;P=8E ?0@0<5B@V2 :>=B0:B=>3> ?>2VB@>>E>;>46C20G0 «@53C;P>20=0 B@C10 

�5=BC@V-2V4F5=B@>289 A5?0@0B>@», S:0 >?8A0=0 2 @>74V;V 2. �:A?5@8<5=B8 

?@>2>48;8AP 2 2 5B0?8. � ?5@H><C 5B0?V 287=0G0;0AP @0FV>=0;P=0 H284:VABP 

?>2VB@S 2 3>@;>28=V B@C18 �5=BC@V V @0FV>=0;P=89 ?5@5@V7 3>@;>28=8 2 

70;56=>ABV 2V4 B5<?5@0BC@8 2>48, B5<?5@0BC@8 2>48 B0 B8A:C ?>2VB@S =0 2E>4V 2 

>E>;>46C20G, 2 4@C3><C 3 @0FV>=0;P=0 28B@0B0 2>48 4;S ##"-1.  

 #0@0<5B@8 5:A?5@8<5=BC 2V4?>2V40;8 ?>G0B:>28< C<>20< B0 @568<0< 

@>1>B8 H0EB=>3> BC@1>:><?@5A>@0 :><?@5A>@0 �-500-61-5. 

�>6=89 5B0? A:;0402AS 7 5 A5@V9 5:A?5@8<5=BV2 4;S >1’є<=>W 

?@>4C:B82=>ABV BC@1>:><?@5A>@0 V61 2V4 4 <3/A 4> 10 <3/A 7 H03>< 1,5.  � :>6=V9 

A5@VW 1C45 7<V=R20B8AP >48= 7 2EV4=8E ?0@0<5B@V2: ?>G0B:>20 B5<?5@0BC@0 

?>2VB@S t61 (2V4 60 °% 4> 160°%), B8A: ?>2VB@S =0 2E>4V p61 (2V4 0,18  #0 4> 0,26 

 #0), B5<?5@0BC@0 2>48 tw1 (2V4 10 °% 4> 25 °%). �AV V=HV ?0@0<5B@8 1C4CBP 

27SBV 4;S =><V=0;P=>3> @568<C @>1>B8 BC@1>:><?@5A>@0 �500-61-5.  

$57C;PB0B8 G8A5;P=8E 5:A?5@8<5=BV2 =02545=> =0 @8A. 4.1. - 4.9 B0 2 

B01;8FSE �.1-�.4, �.1-�.4 (4>40B>: � V �). 
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$8A. 4.1. �0;56=VABP @0FV>=0;P=>3> ?5@5@V7C 3>@;>28=8 B@C18 �5=BC@V 2V4 

B5<?5@0BC@8 2>48 4;S ##"-1 (V6 = 8,75 <3/A, p1=0,26  #0, Gw=25,5 :3/A, t61=126 

o
C, t1 = 27,3

   o
C) 

 

$8A. 4.2. �0;56=VABP @0FV>=0;P=>W H284:>ABV ?>2VB@S 2 3>@;>28=V B@C18 �5=BC@V 

2V4 B5<?5@0BC@8 2>48 4;S ##"-1 (V6 = 8,75 <3/A, p1=0,26  #0, Gw=25,5 :3/A, 

t61=126 
o
C, t1 = 27,3

   o
C) 

�AB0=>2;5=>, I> @0FV>=0;P=0 H284:VABP 2 3>@;>28=V 7<VHC20G0 ##"-1 

7=86CєBPAS 7V 71V;PH5==S< B5<?5@0BC@8 2>48. *5 ?>SA=RєBPAS B8<, I> ?@8 

71V;PH5==V B5<?5@0BC@8 2>48 2V41C20єBPAS ?>3V@H5==S >ACH5==S ?>2VB@S, 

2=0A;V4>: G>3> 7<5=HCєBPAS ?V42545==S  A:@8B>W B5?;>B8. #@89<0є<>, I> 
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70;56=VABP @0FV>=0;P=>W H284:>ABV 2 3>@;>28=V 2V4 B5<?5@0BC@8  2>48 <0є 

;V=V9=89 E0@0:B5@. 

 

 

$8A. 4.3. �0;56=VABP @0FV>=0;P=>3> ?5@5@V7C 3>@;>28=8 B@C18 �5=BC@V 2V4 

?>G0B:>2>3> B8A:C ?>2VB@S 4;S ##"-1 (V6 = 8,75 <3/A, tw1 = 20 
o
C, Gw=25,5 :3/A, 

t61=126 
o
C, t1 = 27,3 

  o
C) 

 

$8A. 4.4. �0;56=VABP @0FV>=0;P=>W H284:>ABV ?>2VB@S 2 3>@;>28=V B@C18 �5=BC@V 

2V4 ?>G0B:>2>3> B8A:C ?>2VB@S 4;S ##"-1 (V6 = 8,75 <3/A, tw1 = 20 
o
C, Gw=25,5 

:3/A, t61=126 
o
C, t1 = 27,3 

  o
C) 

#@89<0є<>, I> 70;56=VABP @0FV>=0;P=>W H284:>ABV 2 3>@;>28=V 2V4 

?>G0B:>2>3> B8A:C ?>2VB@S <0є ;V=V9=89 E0@0:B5@.  
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$8A. 4.5. �0;56=VABP @0FV>=0;P=>3> ?5@5@V7C 3>@;>28=8 B@C18 �5=BC@V 2V4 

?>G0B:>2>W B5<?5@0BC@8 ?>2VB@S 4;S ##"-1 (V6 = 8,75 <3/A,  p1=0,26  #0, tw1 = 

20 
o
C, Gw=25,5 :3/A, t1 = 27,3

  o
C) 

 

 

$8A. 4.6. �0;56=VABP @0FV>=0;P=>W H284:>ABV ?>2VB@S 2 3>@;>28=V B@C18 �5=BC@V 

2V4 ?>G0B:>2>W B5<?5@0BC@8 ?>2VB@S 4;S ##"-1 (V6 = 8,75 <3/A,  p1=0,26  #0, tw1 

= 20 
o
C, Gw=25,5 :3/A, t1 = 27,3

  o
C) 

#@89<0є<>, I> 70;56=VABP @0FV>=0;P=>W H284:>ABV 2 3>@;>28=V 2V4 

?>G0B:>2>W B5<?5@0BC@8 ?>2VB@S <0є ;V=V9=89 E0@0:B5@. #>E81:0 0?@>:A8<0FVW 

A:;040є =5 1V;PH5 7%. 

 

7.рац 61 61

 4
Fі
о=

4л
ь=
4 
H
68
дк
іE
ть
 6
 7о

Dл
о6
8=

і, 
7.
ра

ц
, <

/E

Те<пеD4туD4 по6ітDO, 61 °!

О5'T<=4 
пDодукт86=іEть 
ко<пDеEоD4 4

О5'T<=4 
пDодукт86=іEть 
ко<пDеEоD4 5,5

О5'T<=4 
пDодукт86=іEть 
ко<пDеEоD4 7

О5'T<=4 
пDодукт86=іEть 
ко<пDеEоD4 8,5

О5'T<=4 
пDодукт86=іEть 
ко<пDеEоD4 10
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$8A. 4.7. �0;56=VABP @0FV>=0;P=>W 28B@0B8 2>48 2V4 B5<?5@0BC@8 2>48 4;S ##"-

1 (V6 = 8,75 <3/A, p1=0,26  #0, t61=126 
o
C, d3=0,3  <, d1 = 0,0137 :3/:3) 

#@89<0є<>, I> 70;56=VABP @0FV>=0;P=>W 28B@0B8 2>48 2V4 ?>G0B:>2>W 

B5<?5@0BC@8 2>48 <0є ;V=V9=89  E0@0:B5@. #>E81:0 0?@>:A8<0FVW A:;040є =5 

1V;PH5 10%.  

 

$8A. 4.8. �0;56=VABP @0FV>=0;P=>W 28B@0B8 2>48 2V4 ?>G0B:>2>3> B8A:C ?>2VB@S 

4;S ##"-1 (V6 = 8,75 <3/A ,tw1 = 20 
o
C,  t61=126 

o
C, d3=0,3 <) 

#@89<0є<>, I> 70;56=VABP @0FV>=0;P=>W 28B@0B8 2>48 2V4 ?>G0B:>2>3> 

B8A:C ?>2VB@S <0є ;V=V9=89 E0@0:B5@.  

 

рац.

 4
Fі
о=

4л
ь=
4 
68
тD
4т
4 
6о
д8

, 
ра

ц
к7
/E

Те<пеD4туD4 6од8, °!

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 4

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 5,5

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 7

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 8,5

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 10

рац. 6

 4
Fі
о=

4л
ь=
4 
68
тD
4т
4 
6о
д8

, 
ра

ц.
,<

3/
E

Т8Eк по6ітDO 61 ��4

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 4

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 5,5

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 7

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 8,5

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 10
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$8A. 4.9. �0;56=VABP @0FV>=0;P=>W 28B@0B8 2>48 2V4 ?>G0B:>2>W B5<?5@0BC@8 

?>2VB@S 4;S ##"-1 (V6 = 8,75 <3/A, p1=0,26  #0,  tw1 = 20 
o
C, d7=0,3 <, d1 = 

0,0088 :3/:3) 

#@89<0є<>, I> 70;56=VABP @0FV>=0;P=>W 28B@0B8 2>48 2V4 ?>G0B:>2>W 

B5<?5@0BC@8 ?>2VB@S <0є ;V=V9=89 E0@0:B5@. #>E81:0 0?@>:A8<0FVW A:;040є =5 

1V;PH5 2%.                 

4.2 #@>2545==O G8A5;ь=8E 5:A?5@8<5=BV2 =0 <0B5<0B8G=V9 <>45;V 

@0FV>=0;ь=8E ?0@0<5B@V2 :>=B0:B=>3> ##"-2 

�;S ?@>2545==S G8A5;P=8E 5:A?5@8<5=BV2 28:>@8AB>2C20;0AP <>45;P 4;S 

287=0G5==S @0FV>=0;P=8E ?0@0<5B@V2 2V4 ?>G0B:>28E C<>2 B0 @568<V2 @>1>B8 

BC@1>:><?@5A>@C �-500-61-5, S:0 >?8A0=0 2 @>74V;V 2. �:A?5@8<5=B8 

?@>2>48;8AP 2 2 5B0?8. � ?5@H><C 5B0?V 287=0G0;0AP @0FV>=0;P=0 H284:VABP 

?>2VB@S 2 3>@;>28=V B@C18 �5=BC@V V @0FV>=0;P=89 ?5@5@V7 3>@;>28=8 2 

70;56=>ABV 2V4 B5<?5@0BC@8 2>48, B5<?5@0BC@8 2>48 B0 B8A:C ?>2VB@S =0 2E>4V 2 

>E>;>46C20G, 2 4@C3><C 3 @0FV>=0;P=0 28B@0B0 2>48 4;S ##"-2 

�>6=89 5B0? A:;0402AS 7 5 A5@V9 5:A?5@8<5=BV2 4;S >1’є<=>W 

?@>4C:B82=>ABV BC@1>:><?@5A>@0 V61 2V4 4 <3/A 4> 10 <3/A 7 H03>< 1,5.  � :>6=V9 

A5@VW 1C45 7<V=R20B8AP >48= 7 2EV4=8E ?0@0<5B@V2: ?>G0B:>20 B5<?5@0BC@0 

?>2VB@S t61 (2V4 60 °% 4> 160°%), B8A: ?>2VB@S =0 2E>4V p61 (2V4 0,4  #0 4> 0,56 

 #0), B5<?5@0BC@0 2>48 tw1 (2V4 10 °% 4> 25 °%). �AV V=HV ?0@0<5B@8 1C4CBP 

27SBV 4;S =><V=0;P=>3> @568<C @>1>B8 BC@1>:><?@5A>@0 �500-61-5.  
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$57C;PB0B8 G8A5;P=8E 5:A?5@8<5=BV2 =02545=> =0 @8A. 4.10.-4.18 B0 2 

B01;8FSE �.1- �.4 B0 �.1-�.4 (4>40B>: � V �). 

 

$8A. 4.10. �0;56=VABP @0FV>=0;P=>3> ?5@5@V7C 3>@;>28=8 B@C18 �5=BC@V 2V4 

B5<?5@0BC@8 2>48 4;S ##"-2 (V6 = 8,75 <3/A, p1=0,474  #0, Gw=18,5 :3/A, 

t61=152 
o
C, t1 = 39,5

  o
C) 

 

$8A. 4.11. �0;56=VABP @0FV>=0;P=>W H284:>ABV ?>2VB@S 2 3>@;>28=V B@C18 

�5=BC@V 2V4 B5<?5@0BC@8 2>48 4;S ##"-2 (V6 = 8,75 <3/A, p1=0,474  #0, 

Gw=18,5 :3/A, t61=152 
o
C, t1 = 39,5

  o
C) 

#@89<0є<>, I> 70;56=VABP @0FV>=0;P=>W H284:>ABV 2 3>@;>28=V 2V4 

B5<?5@0BC@8 2>48 <0є ;V=V9=89 E0@0:B5@.  
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$8A. 4.12. �0;56=VABP @0FV>=0;P=>3> ?5@5@V7C 3>@;>28=8 B@C18 �5=BC@V 2V4 

?>G0B:>2>3> B8A:C ?>2VB@S 4;S ##"-2 (V6 = 8,75 <3/A, tw1 = 20 
o
C, Gw=18,5 :3/A, 

t61=152 
o
C, t1 = 39,5

  o
C) 

 

$8A. 4.13. �0;56=VABP @0FV>=0;P=>W H284:>ABV ?>2VB@S 2 3>@;>28=V B@C18 

�5=BC@V 2V4 ?>G0B:>2>3> B8A:C ?>2VB@S 4;S ##"-2 (V6 = 8,75 <3/A, tw1 = 20 
o
C, 

Gw=18,5 :3/A, t61=152 
o
C, t1 = 39,5

  o
C) 

#@89<0є<>, I> 70;56=VABP @0FV>=0;P=>W H284:>ABV 2 3>@;>28=V 2V4 

?>G0B:>2>3> B8A:C ?>2VB@S <0є ;V=V9=89 E0@0:B5@.  
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$8A. 4.14 �0;56=VABP @0FV>=0;P=>3> ?5@5@V7C 3>@;>28=8 B@C18 �5=BC@V 2V4 

?>G0B:>2>W B5<?5@0BC@8 ?>2VB@S 4;S ##"-2 (V6 = 8,75 <3/A,  p1=0,474  #0, tw1 = 

20 
o
C, Gw=18,5 :3/A, t1 = 39,5  

o
C) 

 

 

$8A. 4.15. �0;56=VABP @0FV>=0;P=>W H284:>ABV ?>2VB@S 2 3>@;>28=V B@C18 

�5=BC@V 2V4 ?>G0B:>2>W B5<?5@0BC@8 ?>2VB@S 4;S ##"-2 (V6 = 8,75 <3/A,  

p1=0,474  #0, tw1 = 20 
o
C, Gw=18,5 :3/A, t1 = 39,5  

o
C) 

#@89<0є<>, I> 70;56=VABP @0FV>=0;P=>W H284:>ABV 2 3>@;>28=V 2V4 

?>G0B:>2>W B5<?5@0BC@8 ?>2VB@S <0є ;V=V9=89 E0@0:B5@. #>E81:0 0?@>:A8<0FVW 

A:;040є =5 1V;PH5 1%.                 

7.рац. 61 61

 4
Fі
о=

4л
ь=
4 
H
68
дк
іE
ть
 6
 7о

Dл
о6
8=

і, 
7.
ра

ц
<
/E

Те<пеD4туD4 по6ітDO, 61 °!

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 4

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 5,5

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 7

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 8,5

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 10
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$8A. 4.16. �0;56=VABP @0FV>=0;P=>W 28B@0B8 2>48 2V4 B5<?5@0BC@8 2>48 4;S 

##"-2  (V6 = 8,75 <3/A, p1=0,474  #0, t61=152 
o
C, d3=0,2 <, d1 = 0,0095 :3/:3) 

#@89<0є<>, I> 70;56=VABP @0FV>=0;P=>W 28B@0B8 2>48 2V4 ?>G0B:>2>W 

B5<?5@0BC@8 2>48 <0є ;V=V9=89 E0@0:B5@. #>E81:0 0?@>:A8<0FVW A:;040є =5 

1V;PH5 3,5 %.                 

 

$8A. 4.17. �0;56=VABP @0FV>=0;P=>W 28B@0B8 2>48 2V4 ?>G0B:>2>3> B8A:C ?>2VB@S 

4;S ##"-2 (V6 = 8,75 <3/A ,tw1 = 20 
o
C, t61=152 

o
C, d3=0,2 <) 

#@89<0є<>, I> 70;56=VABP @0FV>=0;P=>W 28B@0B8 2>48 2V4 ?>G0B:>2>3> 

B8A:C ?>2VB@S <0є ;V=V9=89 E0@0:B5@.  

рац

 4
Fі
о=

4л
ь=
4 
68
тD
4т
4 
6о
д8

, 
ра

ц, 
к7
/E

Те<пеD4туD4 6од8, °!

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 4

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 5,5

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 7

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 8,5

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 10

рац 61 61

 4
Fі
о=

4л
ь=
4 
68
тD
4т
4 
6о
д8

, 
ра

ц
к7
/E

Т8Eк по6ітDO, 61��4

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 4

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 5,5

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 7

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 8,5

О5'T<=4 пDодукт86=іEть 
ко<пDеEоD4 10

       
       

       
       
       

       
       

       
       
       



99 

 

 

 

 

$8A. 4.18. �0;56=VABP @0FV>=0;P=>W 28B@0B8 2>48 2V4 ?>G0B:>2>W B5<?5@0BC@8 

?>2VB@S 4;S ##"-2 (V6 = 8,75 <3/A, p1=0,474  #0,  tw1 = 20 
o
C, d7=0,2 <, d1 = 

0,0095 :3/:3) 

#@89<0є<>, I> 70;56=VABP @0FV>=0;P=>W 28B@0B8 2>48 2V4 ?>G0B:>2>W 

B5<?5@0BC@8 ?>2VB@S <0є ;V=V9=89 E0@0:B5@. #>E81:0 0?@>:A8<0FVW A:;040є =5 

1V;PH5 1%.                 

 4.3 #>1C4>20 5:A?5@8<5=B0;ь=>-AB0B8AB8G=>W <>45;V @0FV>=0;ь=8E 

?0@0<5B@V2 :>=B0:B=8E ?>2VB@>>E>;>46C20GV2 «@53C;ь>20=0 B@C10 

�5=BC@V-2V4F5=B@>289 A5?0@0B>@» 

�:A?5@8<5=B8 ?@>2>48;8AP 4;S 2AB0=>2;5==S 1030B>D0:B>@=>W 70;56=>ABV 

@0FV>=0;P=8E ?0@0<5B@V2 2V4 ?>G0B:>28E C<>2 B0 @568<V2 @>1>B8 

BC@1>:><?@5A>@V2. �;S FP>3> <>6CBP 1CB8 70AB>A>20=V 5:A?5@8<5=B0;P=>-

AB0B8AB8G=V <>45;V.  

4.3.1 $0FV>=0;ь=89 ?5@5@V7 3>@;>28=8 B@C18 �5=BC@V 

�0;56=>ABV @0FV>=0;P=8E ?0@0<5B@V2 2V4 ?>G0B:>28E C<>2, S:V >B@8<0=V 

28I5, <>6=0 7 28A>:89 @V2=5< 4>AB>2V@=>ABV 0,9-1 0?@>:A8<C20B8 ?@S<>R 

;V=VєR. #>E81:0 A:;040є ?@8 FP><C =5 1V;PH5 10 %, B><C 4;S ?>40;PH>W 

@>7@>1:8 2V7P<5<> 70 >A=>2C 5:A?5@8<5=B0;P=>-AB0B8AB8G=C <>45;P ?5@H>3> 

?>@S4:C. &0:V <>45;V <0RBP @S4 >G5284=8E ?5@5203: ?@>AB>B0 ?>1C4>28 B0 

V=B5@?@5B0FVW, B0:>6 2>=8 ?>B@51CRBP 2V4=>A=> =525;8:>W :V;P:>ABV 4>A;V4V2 4;S 
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287=0G5==S :>5DVFVє=BV2, 0 B0:>6 4>72>;SRBP >4=>7=0G=> 287=0G8B8 2?;82 

:>6=>3> 7 4>A;V46C20=8E D0:B>@V2 =0 ?0@0<5B@ >?B8<V70FVW.  

 �;S ?>1C4>28 5:A?5@8<5=B0;P=>-AB0B8AB8G=>W <>45;V ?5@H>3> ?>@S4:C, 

A:>@8AB0є<>AP ?;0=C20==S< 5:A?5@8<5=BC, I> ?5@5410G0є 20@V0FVR 2AVE 

D0:B>@V2 =0 42>E @V2=SE. �;S ?>2=>3> >E>?;5==S >1;0ABV 20@VR20==S :>6=>3> 7 

D0:B>@V2, >15@5<> 4;S FP>3> 25@E=V9 B0 =86=V9 @V25=P D0:B>@0. !091V;PH 

?>2=89 A?>AV1 >E>?;5==S 2AVєW >1;0ABV 20@VR20==S D0:B>@V2 B>9, 2 S:><C 

?5@5410G0RBPAS 2AV <>6;82V :><1V=0FVW =86=VE V 25@E=VE @V2=V2 :>6=>3> 

4>A;V46C20=>3> D0:B>@0. � <0B5<0B8G=>W B>G:8 7>@C F5 1C4CBP 2AV <>6;82V 2 n-

<V@=><C D0:B>@=><C ?@>AB>@V :><1V=0FVW B>G>:, :>6=0 7 :>>@48=0B S:8E 2 

:>4>20=V9 D>@<V <0є 7=0G5==S BV;P:8  <+1= 01> <31=. 

�0?8A 2n
 >7=0G0є, I> 2 ?;0= 22>4SBPAS n D0:B>@V2, S:V 20@VRRBPAS =0 42>E 

@V2=SE. �030;P=0 :V;P:VABP B>G>: C B0:><C ?;0=V 5:A?5@8<5=BC 1C45 287=0G0B8AS 

70 D>@<C;>R:      (4.1) 

 

&01;8FS 4.1 

"A=>2=V D0:B>@8 ?@>F5AC 
(0:B>@ �87=0G5==S !C;P>289 @V25=P �=B5@20; 20@VR20==S 

##"-1 ##"-2 ##"-1 ##"-2 

x1 #>G0B:>20 B5<?5@0BC@0 2>48 
tw1, 

o
C 

20 20 10 10 

x2 #>G0B:>289 B8A: ?>2VB@S 

p1,  #0 
0,22 0,48 0,04 0,08 

x3 #>G0B:>20 B5<?5@0BC@0 
?>2VB@S 
t61, 

o
C 

130 155 10 15 

x4 "1’є<=0 ?@>4C:B82=VABP 

:><?@5A>@0 V6, <3/A 
7 7 3 3 

(C=:FVєR 2V43C:C ?@>F5AC (y) ?@89=SB> @0FV>=0;P=89 ?5@5@V7 3>@;>28=8 

B@C18 �5=BC@V. 

�0 D>@<C;>R 4.1 287=0G0є<> :V;P:VABP B>G>: 2 ?;0=V 5:A?5@8<5=BC: 

N=2
4
 = 16 
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#>1C4Cє<> ?;0= 5:A?5@8<5=BC B0 @57C;PB0B8 9>3> @50;V70FVW 4;S ##"-1 B0 

##"-2. �0=V 70=5A5=> 2 B01;8FR 4.2 B0 4.3 

&01;8FS 4.2 

#;0= 5:A?5@8<5=BC B0 @57C;PB0B8 9>3> @50;V70FVW 4;S ##"-1 

№ 4>A;V4C (0:B>@8 (C=:FVW 2V43C:C 

X1 X2 X3 X4 Y 

1 30 0,26 140 10 0,069 

2 10 0,26 140 10 0,066 

3 30 0,18 140 10 0,107 

4 10 0,18 140 10 0,104 

5 30 0,26 120 10 0,073 

6 10 0,26 120 10 0,069 

7 30 0,18 120 10 0,113 

8 10 0,18 120 10 0,109 

9 30 0,26 140 4 0,047 

10 10 0,26 140 4 0,043 

11 30 0,18 140 4 0,073 

12 10 0,18 140 4 0,068 

13 30 0,26 120 4 0,049 

14 10 0,26 120 4 0,045 

15 30 0,18 120 4 0,077 

16 10 0,18 120 4 0,071 

 

&01;8FS 4.3 

#;0= 5:A?5@8<5=BC B0 @57C;PB0B8 9>3> @50;V70FVW 4;S ##"-2 

№ 4>A;V4C (0:B>@8 (C=:FVW 2V43C:C 

X1 X2 X3 X4 Y 

1 30 0,56 170 10 0,026 

2 10 0,56 170 10 0,025 

3 30 0,4 170 10 0,039 

4 10 0,4 170 10 0,038 

5 30 0,56 140 10 0,028 

6 10 0,56 140 10 0,026 

7 30 0,4 140 10 0,041 

8 10 0,4 140 10 0,04 

9 30 0,56 170 4 0,017 

10 10 0,56 170 4 0,016 

11 30 0,4 170 4 0,026 

12 10 0,4 170 4 0,024 
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13 30 0,56 140 4 0,018 

14 10 0,56 140 4 0,017 

15 30 0,4 140 4 0,027 

16 10 0,4 140 4 0,025 

 

� 40=><C 28?04:C @>73;S40єBPAS 7040G0 7 G>B8@<0 D0:B>@0<8.  >45;P 

?5@H>3> ?>@S4:C G 7 ?0@=8<8 5D5:B0<8 270є<>4VW 284C (4.2) 4;S FP>3> 28?04:C 

=01C20є 283;S4C[71]:                                                                         (4.2) 

#5@52545==S =0BC@0;P=8E 7=0G5=P D0:B>@V2 2 :>4>20=V 74V9A=RєBPAS 70 

D>@<C;>R:              (4.3) 

45    3 :>4>20=5 7=0G5==S i-3> D0:B>@0;    3 =0BC@0;P=5 7=0G5==S i-3> 
D0:B>@C;     3 =C;P>289 (>A=>2=89) @V25=P D0:B>@0;     – V=B5@20; 20@VR20==S 
D0:B>@C. 

#@8 >1@>1FV @57C;PB0BV2 ?>2=>3> D0:B>@=>3> 5:A?5@8<5=BC 2n
 <>6=0 

A:>@8AB0B8AS A?@>I5=8<8 D>@<C;0<8 @>7@0EC=:C 7=0G5=P :>5DVFVє=BV2, 

282545=8<8 =0 >A=>2V <5B>4C =09<5=H8E :204@0BV2: 

     ∑   ̅̅ ̅ 
         ∑      ̅̅ ̅ 

          ∑         ̅̅ ̅ 
                  (4.4) 

45     3 7=0G5==S i-3> D0:B>@0 2 u-<C 4>A;V4V.  

#>1C4Cє<> @>7H8@5=C <0B@8FR ?;0=C 5:A?5@8<5=BC 4;S 

5:A?5@8<5=B0;P=>3AB0B8AB8G=>W <>45;V (4.2)  B0 70=5A5<> 40=V 2 B01;8FR 4.4. 

&01;8FS 4.4 

$>7H8@5=0 <0B@8FS ?;0=C 5:A?5@8<5=BC 4;S ##"-1 B0 ##"-2 

x0 x1 x2 x3 x4 x1 x2 x1 x3 x1 x4 x2 x3 x2 x4 x3 x4 

1 +1 +1 +1 +1 1 1 1 1 1 1 

1 -1 +1 +1 +1 -1 -1 -1 1 1 1 

1 +1 -1 +1 +1 -1 1 1 -1 -1 1 
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1 -1 -1 +1 +1 1 -1 -1 -1 -1 1 

1 +1 +1 -1 +1 1 -1 1 -1 1 -1 

1 -1 +1 -1 +1 -1 1 -1 -1 1 -1 

1 +1 -1 -1 +1 -1 -1 1 1 -1 -1 

1 -1 -1 -1 +1 1 1 -1 1 -1 -1 

1 +1 +1 +1 -1 1 1 -1 1 -1 -1 

1 -1 +1 +1 -1 -1 -1 1 1 -1 -1 

1 +1 -1 +1 -1 -1 1 -1 -1 1 -1 

1 -1 -1 +1 -1 1 -1 1 -1 1 -1 

1 +1 +1 -1 -1 1 -1 -1 -1 -1 1 

1 -1 +1 -1 -1 -1 1 1 -1 -1 1 

1 +1 -1 -1 -1 -1 -1 -1 1 1 1 

1 -1 -1 -1 -1 1 1 1 1 1 1 

 

&01;8FS 4.5 

�>?><V6=0 B01;8FS 4;S @>7@0EC=:C :>5DVFVє=BV2 <>45;V 4;S ##"-1 

№   ̅̅ ̅     ̅̅̅̅      ̅̅̅̅      ̅̅̅̅      ̅̅̅̅        ̅̅̅̅       ̅̅̅̅       ̅̅̅̅       ̅̅̅̅       ̅̅̅̅       ̅̅̅̅
1 0,069 0,069 0,069 0,069 0,069 0,069 0,069 0,069 0,069 0,069 0,069 

2 0,066 -0,066 0,066 0,066 0,066 -0,066 -0,066 -0,066 0,066 0,066 0,066 

3 0,107 0,107 -0,107 0,107 0,107 -0,107 0,107 0,107 -0,107 -0,107 0,107 

4 0,104 -0,104 -0,104 0,104 0,104 0,104 -0,104 -0,104 -0,104 -0,104 0,104 

5 0,073 0,073 0,073 -0,073 0,073 0,073 -0,073 0,073 -0,073 0,073 -0,073 

6 0,069 -0,069 0,069 -0,069 0,069 -0,069 0,069 -0,069 -0,069 0,069 -0,069 

7 0,113 0,113 -0,113 -0,113 0,113 -0,113 -0,113 0,113 0,113 -0,113 -0,113 

8 0,109 -0,109 -0,109 -0,109 0,109 0,109 0,109 -0,109 0,109 -0,109 -0,109 

9 0,047 0,047 0,047 0,047 -0,047 0,047 0,047 -0,047 0,047 -0,047 -0,047 

10 0,043 -0,043 0,043 0,043 -0,043 -0,043 -0,043 0,043 0,043 -0,043 -0,043 

11 0,073 0,073 -0,073 0,073 -0,073 -0,073 0,073 -0,073 -0,073 0,073 -0,073 

12 0,068 -0,068 -0,068 0,068 -0,068 0,068 -0,068 0,068 -0,068 0,068 -0,068 

13 0,049 0,049 0,049 -0,049 -0,049 0,049 -0,049 -0,049 -0,049 -0,049 0,049 

14 0,045 -0,045 0,045 -0,045 -0,045 -0,045 0,045 0,045 -0,045 -0,045 0,045 

15 0,077 0,077 -0,077 -0,077 -0,077 -0,077 -0,077 -0,077 0,077 0,077 0,077 

16 0,071 -0,071 -0,071 -0,071 -0,071 0,071 0,071 0,071 0,071 0,071 0,071 
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%C<0 1,183 0,033 -0,261 -0,029 0,237 -0,003 -0,003 -0,005 0,007 -0,051 -0,007 

 

&01;8FS 4.6 

�>?><V6=0 B01;8FS 4;S @>7@0EC=:C :>5DVFVє=BV2 <>45;V 4;S ##"-2 

№   ̅̅ ̅     ̅̅̅̅      ̅̅̅̅      ̅̅̅̅      ̅̅̅̅        ̅̅̅̅       ̅̅̅̅       ̅̅̅̅       ̅̅̅̅       ̅̅̅̅       ̅̅̅̅
1 0,026 0,026 0,026 0,026 0,026 0,026 0,026 0,026 0,026 0,026 0,026 

2 0,025 -0,025 0,025 0,025 0,025 -0,025 -0,025 -0,025 0,025 0,025 0,025 

3 0,039 0,039 -0,039 0,039 0,039 -0,039 0,039 0,039 -0,039 -0,039 0,039 

4 0,038 -0,038 -0,038 0,038 0,038 0,038 -0,038 -0,038 -0,038 -0,038 0,038 

5 0,028 0,028 0,028 -0,028 0,028 0,028 -0,028 0,028 -0,028 0,028 -0,028 

6 0,026 -0,026 0,026 -0,026 0,026 -0,026 0,026 -0,026 -0,026 0,026 -0,026 

7 0,041 0,041 -0,041 -0,041 0,041 -0,041 -0,041 0,041 0,041 -0,041 -0,041 

8 0,04 -0,04 -0,04 -0,04 0,04 0,04 0,04 -0,04 0,04 -0,04 -0,04 

9 0,017 0,017 0,017 0,017 -0,017 0,017 0,017 -0,017 0,017 -0,017 -0,017 

10 0,016 -0,016 0,016 0,016 -0,016 -0,016 -0,016 0,016 0,016 -0,016 -0,016 

11 0,026 0,026 -0,026 0,026 -0,026 -0,026 0,026 -0,026 -0,026 0,026 -0,026 

12 0,024 -0,024 -0,024 0,024 -0,024 0,024 -0,024 0,024 -0,024 0,024 -0,024 

13 0,018 0,018 0,018 -0,018 -0,018 0,018 -0,018 -0,018 -0,018 -0,018 0,018 

14 0,017 -0,017 0,017 -0,017 -0,017 -0,017 0,017 0,017 -0,017 -0,017 0,017 

15 0,027 0,027 -0,027 -0,027 -0,027 -0,027 -0,027 -0,027 0,027 0,027 0,027 

16 0,025 -0,025 -0,025 -0,025 -0,025 0,025 0,025 0,025 0,025 0,025 0,025 

%C<0 0,433 0,011 -0,087 -0,011 0,093 -0,001 -0,001 -0,001 0,001 -0,019 -0,003 

 

�0 D>@<C;0<8 (4.4) >45@6Cє<> 7=0G5==S :>5DVFVє=BV2. �:A?5@8<5=B0;P=>3

AB0B8AB8G=0 <>45;P 4;S ##"-1 =01C45 283;S4C:                                          
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� @57C;PB0BV >B@8<0є<>:                  (     )        (       )           (  —   )         (    )          (     )   (       )           (     )  (      )           (     )  (    )        (       )   (      )        (       )  (    )            (      )  (    )

(4.5)

 

4;S ##"-2:                                           
                             

                                                      
                                                   

                                               
� @57C;PB0BV >B@8<0є<>:                   (     )         (       )            (      )         (    )            (     )  (       )             (     )   (      )            (     )  (    )            (       )  (      )        (       )  (    )            (      )  (    )

(4.6)
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#>?5@54=P> <>6=0 >FV=8B8 S:VABP @V2=S==S @53@5AVW 70 4>?><>3>R 

?>E81:8 01A>;RB=>W 0?@>:A8<0FVW: 

 ̅    ∑|       | 
        (4.7) 

/:I> <>45;P @>7@0E>20=0 7 28A>:>R B>G=VABR  ̅ <10%, E>@>H>R 3 

10%    ̅ < 20%, 704>2V;P=>R 3 20% %    ̅ < 50%, =5704>2V;P=>R > 50%. 

�;S ##"-1 ?>E81:0 A:;040є 0,27 %, 4;S ##"-2 3 0,7 %.  

�:A?5@8<5=B0;P=>3AB0B8AB8G=0 <>45;P @0FV>=0;P=>3> ?5@5@V7C 

3>@;>28=8 B@C18 �5=BC@V 4;S ##"-1 B0 ##"-2 @>7@0E>20=0 7 4>AB0B=P>R 

B>G=VABR. 

4.3.2 $0FV>=0;ь=0 28B@0B0 2>48 

�;S ?>1C4>28 <0B5<0B8G=>W <>45;V @0FV>=0;P=>W 28B@0B8 2>48 2V7P<5<> 

70 >A=>2C 5:A?5@8<5=B0;P=>-AB0B8AB8G=C <>45;P ?5@H>3> ?>@S4:C. 

%:>@8AB0є<>AP ?;0=C20==S< 5:A?5@8<5=BC, I> ?5@5410G0є 20@V0FVR 2AVE 

D0:B>@V2 =0 42>E @V2=SE.  

&01;8FS 4.7 

"A=>2=V D0:B>@8 ?@>F5AC 
(0:B>@ �87=0G5==S !C;P>289 @V25=P �=B5@20; 20@VR20==S 

##"-1 ##"-2 ##"-1 ##"-2 

x1 #>G0B:>20 B5<?5@0BC@0 2>48 
tw1, 

o
C 

15 15 10 10 

x2 #>G0B:>289 B8A: ?>2VB@S 

p1,  #0 
0,22 0,48 0,04 0,08 

x3 #>G0B:>20 B5<?5@0BC@0 
?>2VB@S 
t61, 

o
C 

130 155 10 15 

x4 "1’є<=0 ?@>4C:B82=VABP 

:><?@5A>@0 V6, <3/A 
7 7 3 3 

(C=:FVєR 2V43C:C ?@>F5AC (y) ?@89=SB> @0FV>=0;P=C 28B@0BC 2>48. 

�0 D>@<C;>R 4.1 287=0G0є<> :V;P:VABP B>G>: 2 ?;0=V 5:A?5@8<5=BC: 

N=2
4
 = 16 
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#>1C4Cє<> ?;0= 5:A?5@8<5=BC B0 @57C;PB0B8 9>3> @50;V70FVW 4;S ##"-1 

B0 ##"-2. �0=V 70=5A5=> 2 B01;8FR 4.8 B0 4.9 

&01;8FS 4.8 

#;0= 5:A?5@8<5=BC B0 @57C;PB0B8 9>3> @50;V70FVW 4;S ##"-1 

№ 4>A;V4C (0:B>@8 (C=:FVW 2V43C:C 

X1 X2 X3 X4 Y 

1 25 0,26 140 10 47,6 

2 5 0,26 140 10 13,9 

3 25 0,18 140 10 60,8 

4 5 0,18 140 10 14,7 

5 25 0,26 120 10 46,3 

6 5 0,26 120 10 11,9 

7 25 0,18 120 10 58,1 

8 5 0,18 120 10 12,4 

9 25 0,26 140 4 17,1 

10 5 0,26 140 4 5,2 

11 25 0,18 140 4 22,1 

12 5 0,18 140 4 5,6 

13 25 0,26 120 4 16,8 

14 5 0,26 120 4 4,4 

15 25 0,18 120 4 21,3 

16 5 0,18 120 4 4,7 

 

&01;8FS 4.9 

#;0= 5:A?5@8<5=BC B0 @57C;PB0B8 9>3> @50;V70FVW 4;S ##"-2 

№ 4>A;V4C (0:B>@8 (C=:FVW 2V43C:C 

X1 X2 X3 X4 Y 

1 25 0,56 170 10 21,2 

2 5 0,56 170 10 11,7 

3 25 0,4 170 10 23,1 

4 5 0,4 170 10 12,2 

5 25 0,56 140 10 17,7 

6 5 0,56 140 10 9,4 

7 25 0,4 140 10 18,9 

8 5 0,4 140 10 9,6 

9 25 0,56 170 4 7,8 

10 5 0,56 170 4 4,4 

11 25 0,4 170 4 8,6 

12 5 0,4 170 4 4,6 
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13 25 0,56 140 4 6,6 

14 5 0,56 140 4 3,5 

15 25 0,4 140 4 7,1 

16 5 0,4 140 4 3,6 

 

�;S ?>1C4>28 5:A?5@8<5=B0;P=>3AB0B8AB8G=>W <>45;V @0FV>=0;P=>W 

28B@0B8 A:>@8AB0є<>AP  @>7H8@5=>R <0B@8F5R ?;0=C 5:A?5@8<5=BC 2 B01;8FV 

4.4. !0 >A=>2V FP>3> ?>1C4Cє<> 4>?><V6=C B01;8FR 4;S @>7@0EC=:C 

:>5DVFVє=BV2 <>45;V 4;S ##"-1 B0 ##"-2. 

&01;8FS 4.10 

�>?><V6=0 B01;8FS 4;S @>7@0EC=:C :>5DVFVє=BV2 <>45;V 4;S ##"-1 

№   ̅̅ ̅     ̅̅̅̅      ̅̅̅̅      ̅̅̅̅      ̅̅̅̅        ̅̅̅̅       ̅̅̅̅       ̅̅̅̅       ̅̅̅̅       ̅̅̅̅       ̅̅̅̅
1 47,6 47,6 47,6 47,6 47,6 47,6 47,6 47,6 47,6 47,6 47,6 

2 13,9 -13,9 13,9 13,9 13,9 -13,9 -13,9 -13,9 13,9 13,9 13,9 

3 60,8 60,8 -60,8 60,8 60,8 -60,8 60,8 60,8 -60,8 -60,8 60,8 

4 14,7 -14,7 -14,7 14,7 14,7 14,7 -14,7 -14,7 -14,7 -14,7 14,7 

5 46,3 46,3 46,3 -46,3 46,3 46,3 -46,3 46,3 -46,3 46,3 -46,3 

6 11,9 -11,9 11,9 -11,9 11,9 -11,9 11,9 -11,9 -11,9 11,9 -11,9 

7 58,1 58,1 -58,1 -58,1 58,1 -58,1 -58,1 58,1 58,1 -58,1 -58,1 

8 12,4 -12,4 -12,4 -12,4 12,4 12,4 12,4 -12,4 12,4 -12,4 -12,4 

9 17,1 17,1 17,1 17,1 -17,1 17,1 17,1 -17,1 17,1 -17,1 -17,1 

10 5,2 -5,2 5,2 5,2 -5,2 -5,2 -5,2 5,2 5,2 -5,2 -5,2 

11 22,1 22,1 -22,1 22,1 -22,1 -22,1 22,1 -22,1 -22,1 22,1 -22,1 

12 5,6 -5,6 -5,6 5,6 -5,6 5,6 -5,6 5,6 -5,6 5,6 -5,6 

13 16,8 16,8 16,8 -16,8 -16,8 16,8 -16,8 -16,8 -16,8 -16,8 16,8 

14 4,4 -4,4 4,4 -4,4 -4,4 -4,4 4,4 4,4 -4,4 -4,4 4,4 

15 21,3 21,3 -21,3 -21,3 -21,3 -21,3 -21,3 -21,3 21,3 21,3 21,3 

16 4,7 -4,7 -4,7 -4,7 -4,7 4,7 4,7 4,7 4,7 4,7 4,7 

%C<0 362,9 217,3 -36,5 11,1 168,5 -32,5 -0,9 102,5 -2,3 -16,1 5,5 

 

&01;8FS 4.6 

�>?><V6=0 B01;8FS 4;S @>7@0EC=:C :>5DVFVє=BV2 <>45;V 4;S ##"-2 

№   ̅̅ ̅     ̅̅̅̅      ̅̅̅̅      ̅̅̅̅      ̅̅̅̅        ̅̅̅̅       ̅̅̅̅       ̅̅̅̅       ̅̅̅̅       ̅̅̅̅       ̅̅̅̅
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1 21,2 21,2 21,2 21,2 21,2 21,2 21,2 21,2 21,2 21,2 21,2 

2 11,7 -11,7 11,7 11,7 11,7 -11,7 -11,7 -11,7 11,7 11,7 11,7 

3 23,1 23,1 -23,1 23,1 23,1 -23,1 23,1 23,1 -23,1 -23,1 23,1 

4 12,2 -12,2 -12,2 12,2 12,2 12,2 -12,2 -12,2 -12,2 -12,2 12,2 

5 17,7 17,7 17,7 -17,7 17,7 17,7 -17,7 17,7 -17,7 17,7 -17,7 

6 9,4 -9,4 9,4 -9,4 9,4 -9,4 9,4 -9,4 -9,4 9,4 -9,4 

7 18,9 18,9 -18,9 -18,9 18,9 -18,9 -18,9 18,9 18,9 -18,9 -18,9 

8 9,6 -9,6 -9,6 -9,6 9,6 9,6 9,6 -9,6 9,6 -9,6 -9,6 

9 7,8 7,8 7,8 7,8 -7,8 7,8 7,8 -7,8 7,8 -7,8 -7,8 

10 4,4 -4,4 4,4 4,4 -4,4 -4,4 -4,4 4,4 4,4 -4,4 -4,4 

11 8,6 8,6 -8,6 8,6 -8,6 -8,6 8,6 -8,6 -8,6 8,6 -8,6 

12 4,6 -4,6 -4,6 4,6 -4,6 4,6 -4,6 4,6 -4,6 4,6 -4,6 

13 6,6 6,6 6,6 -6,6 -6,6 6,6 -6,6 -6,6 -6,6 -6,6 6,6 

14 3,5 -3,5 3,5 -3,5 -3,5 -3,5 3,5 3,5 -3,5 -3,5 3,5 

15 7,1 7,1 -7,1 -7,1 -7,1 -7,1 -7,1 -7,1 7,1 7,1 7,1 

16 3,6 -3,6 -3,6 -3,6 -3,6 3,6 3,6 3,6 3,6 3,6 3,6 

%C<0 170 52 -5,4 17,2 77,6 -3,4 3,6 24 -1,4 -2,2 8 

 

�;S ?>1C4>28 5:A?5@8<5=B0;P=>3AB0B8AB8G=>W <>45;V A:>@8AB0є<>AP 

D>@<C;>R 4.2. �0 D>@<C;>R (4.4) >45@6Cє<> 7=0G5==S :>5DVFVє=BV2. 

�:A?5@8<5=B0;P=>3AB0B8AB8G=0 <>45;P 4;S ##"-1 =01C45 283;S4C:                                      
                                                 

                                       
                                            

                   
� @57C;PB0BV >B@8<0є<>: 
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              (     )     (       )        (      )  
+     (    )        (     )  (       )         (     )  (      )       (     )(    )          (       )  (      )      (       )    (    )       (      )  (    ) 

(4.8) 

4;S ##"-2:                                     
                        

                                              
                                           

                                        
� @57C;PB0BV >B@8<0є<>:               (     )       (       )        (        )      (    )       (     )  (       )         (       )  (      )       (     )  (     )        (       )  (      )       (       )  (    )       (      )    (    ) 

(4.9) 

/:I> <>45;P @>7@0E>20=0 7 28A>:>R B>G=VABR  ̅ <10%, E>@>H>R 3 

10%    ̅ < 20%, 704>2V;P=>R 3 20% %    ̅ < 50%, =5704>2V;P=>R > 50%. 

�;S ##"-1 ?>E81:0 A:;040є 8,3 %, 4;S ##"-2 3 1,8 %.  

�:A?5@8<5=B0;P=>3AB0B8AB8G=0 <>45;P @0FV>=0;P=>W 28B@0B8 2>48 4;S 

##"-1 B0 ##"-2 @>7@0E>20=0 7 4>AB0B=P>R B>G=VABR. 
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�8A=>2:8 4> @>74V;C 4 

1. �?5@H5 2AB0=>2;5=>, I> 70;56=VABP @0FV>=0;P=>W H284:>ABV ?>2VB@S 

2V4 ?>G0B:>2>W B5<?5@0BC@8 2>48 C :>=B0:B=8E ?>2VB@>>E>;>46C20G0E 

«@53C;P>20=0 B@C10 �5=BC@V-2V4F5=B@>289 A5?0@0B>@» <0є ;V=V9=89 E0@0:B5@, 0 

2V4 B5<?5@0BC@8 B0 B8A:C ?>2VB@S =0 2E>4V 3 ?0@01>;VG=89. �0;56=VABP 

@0FV>=0;P=>W 28B@0B8 2>48 2V4 ?>G0B:>2>W B5<?5@0BC@8 ?>2VB@S B0 2>48 =0 2E>4V 

<0є ?0@01>;VG=89 E0@0:B5@, 0 2V4 B8A:C ?>2VB@S 3 ;V=V9=89.  

2. �?5@H5 2AB0=>2;5=>, I> @0FV>=0;P=0 H284:VABP 2 3>@;>28=V 7<VHC20G0 

:>=B0:B=8E ?>2VB@>>E>;>46C20GV2 «@53C;P>20=0 B@C10 �5=BC@V-2V4F5=B@>289 

A5?0@0B>@» 71V;PHCєBPAS =0 1 </A 7V 7<5=H5==S< B5<?5@0BC@8 2>48 =0 5,5 °% 

4;S ##"-2 V =0 5 °% 4;S ##"-2. 

3. �?5@H5 2AB0=>2;5=>, I> :>5DVFVє=B 7@>H5==S 2>48 C :>=B0:B=8E 

?>2VB@>>E>;>46C20G0E «@53C;P>20=0 B@C10 �5=BC@V-2V4F5=B@>289 A5?0@0B>@» 

71V;PHCєBPAS =0 1 :3/:3 7V 71V;PH5==S< ?>G0B:>2>3> B8A:C ?>2VB@S =0 0,33  #0 

4;S ##"-1 V =0 0,37  #0 4;S ##"-2. 

4. �?5@H5 2AB0=>2;5=>, I> @0FV>=0;P=0 H284:VABP ?>2VB@S 2 3>@;>28=V 

:>=B0:B=8E ?>2VB@>>E>;>46C20GV2 «@53C;P>20=0 B@C10 �5=BC@V-2V4F5=B@>289 

A5?0@0B>@» ?@>?>@FV9=0 :204@0BC ?>G0B:>2>W B5<?5@0BC@8 ?>2VB@S B0 B8A:C, B0 

?@S<>?@>?>@FV9=0 B5<?5@0BC@V 2>48. $0FV>=0;P=0 28B@0B0 2>48 2 3>@;>28=V 

7<VHC20G0 ?@>?>@FV9=0 :204@0BC ?>G0B:>2>W B5<?5@0BC@8 ?>2VB@S B0 2>48, B0 

?@S<>?@>?>@FV9=0 B8A:C ?>2VB@S =0 2E>4V.  

5. � @57C;PB0BV ?@>2545=8E G8A5;P=8E 5:A?5@8<5=BV2 >B@8<0=> 

5:A?5@8<5=B0;P=>-AB0B8AB8G=C <>45;P 281>@C @0FV>=0;P=8E ?0@0<5B@V2 

:>=B0:B=>3> ##"-1 B0 ##"-2. �:A?5@8<5=B0;P=>3AB0B8AB8G=0 <>45;P 4;S 

##"-1 B0 ##"-2 @>7@0E>20=0 7 4>AB0B=P>R B>G=VABR. 
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5 $"�$"��� $��" �!��&�� � �#$"�����!!/ �"!&��&!�% 

#"��&$""%"�"��'��'�� «$��'�Ь"��!� &$'�� ��!&'$�-

���&�!&$"��� %�#�$�&"$ « 

5.1 �>=AB@C:FVO :>=B0:B=8E ?>2VB@>>E>;>46C20GV2 «@53C;ь>20=0 

B@C10 �5=BC@V-2V4F5=B@>289 A5?0@0B>@» 

�>=AB@C:B82=0 AE5<0 :>=B0:B=8E ?>2VB@>>E>;>46C20GV2 «@53C;P>20=0 

B@C10 �5=BC@V-2V4F5=B@>289 A5?0@0B>@» є  ?>A;V4>2=> 2:;RG5=V 7<VHC20G B8?C 

B@C10 �5=BC@V V 2V4F5=B@>289 A5?0@0B>@-:@0?;5C;>2;R20G (@8A. 5.1). 

&@C10 �5=BC@V є B@C1>R, I> A:;040єBPAS 7 2EV4=>3> :>=CA0 :>=DC7>@0 1, 

3>@;>28=8 2 B0 48DC7>@0 3, B0:>6 є ?0B@C1:8 4;S 2?@8A:C @V48=8 4. � =V9 

74V9A=RєBPAS V=B5=A82=5 4@>1;5==S 7@>HCRG>W @V48=8 307>28< ?>B>:><, I> 

@CE0єBPAS 7 28A>:>R H284:VABR (?>@S4:C 40-150 </A). �<V=0 4V0<5B@C 3>@;>28=8 

74V9A=RєBPAS 70 @0EC=>: @53C;RRG>3> :>=CAC 5, S:89 ?5@5<VI0єBPAS C74>26 >AV 

70 4>?><>3>R :5@CRG>3> <5E0=V7<C 6 B0 5;5:B@>4283C=0 21. �;S DV:A0FVW 20;C 

:>=CA0, 28:>@8AB>2Cє<> B@025@A8 22. 

%5?0@0B>@ :@0?5;P=>W 2>;>38 :>=B0:B=>3> ?>2VB@>>E>;>46C20G0 <0є 

F8;V=4@8G=89 :>@?CA 7 7 28EV4=8<8 ?0B@C1:0<8 2V4?>2V4=> 4;S 307C 8 V 2>48 9 

=0 9>3> :@8HFV 10 V 4=8I5 11. � :>@?CA 2<VI5=0 ?5@53>@>4:0 12, I> CB2>@Rє C 

25@E=V9 WW G0AB8=V :0<5@C @>7@82C. ' ?5@53>@>4FV 12 A?V22VA=> 70:@V?;5=89 

2=CB@VH=V9 ?0B@C1>: 14 7 1VG=8< 2V:=>< 15 V 7;82=0 B@C10 13. �> :>@?CAC ?V4 

?5@53>@>4:>R B0=35=FV0;P=> ?@8є4=0=89 2EV4=89 ?0B@C1>: 16, S:89 ?>2'S70= 7 

3>@87>=B0;P=8< :V;PF528< :0=0;>< V 70:V=GCєBPAS 1V;S 1>:>2>3> 2V:=0 15. �0=0; 

CB2>@5=89 4=>< 17 B0 B>@F52>R ABV=:>R 18. 

�=> 17 =0E8;5=5 C 1V: :>@?CAC V <0є ?>74>26=R ?> ?5@8<5B@C :>@?CAC 

IV;8=C, 4> S:>W ?@8;S30є :8H5=S 19 7V 7;82=>R B@C1>R 20. &>@F520 ABV=:0 18 

?@8<8:0є >4=8< :V=F5< ?> 4>B8G=V9 4> 2=CB@VH=P>3> ?0B@C1:0 14 2 :V=FV 2V:=0 

15, 0 V=H8< :V=F5< CB2>@Rє 7 :>@?CA>< 25@B8:0;P=C IV;8=C. 

%5?0@0B>@ :@0?5;P=>W 2>;>38 ?@0FRє B0:8< G8=><.  +5@57 2EV4=89 

?0B@C1>: 16 2>4>307>289 ?>BV: =04E>48BP C :V;PF5289 :0=0;, 45 2V= ?V4 4VєR 

2V4F5=B@>28E A8; @>7H0@>2CєBPAS. #@8 FP><C 2>40, S:0 ABV:0є ?V4 4VєR A8;8 
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BS6V==S 7V ABV=:8 :>@?CAC 7 V ?>E8;>3> 4=0 17 G5@57 ?>74>26=R IV;8=C, 945 2 

:8H5=R 19 V ?> B@C1V 20 =0 4=8I5 A5?0@0B>@0.  

 

$8A. 5.1. �>=AB@C:B82=V 5;5<5=B8 :>=B0:B=8E ?>2VB@>>E>;>46C20GV2 

«@53C;P>20=0 B@C10 �5=BC@V-2V4F5=B@>289 A5?0@0B>@»: 
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03 7<VHC20G B8?C B@C10 �5=BC@V; 

132V4F5=B@>289 A5?0@0B>@  

' 25@B8:0;P=><C 707>@V 2V41C20єBPAS @>74V;5==S ?>B>:C: >A=>2=0 G0AB8=0 

7=52>4=5=>3> 307C ?@>E>48BP G5@57 2V:=> 9, 0 2>40, ?@8B8A=CB0 2V4F5=B@>2>R 

A8;>R 7 G0AB8=>R 307C, 945 C 2V;P=89 ?@>ABV@ A5?0@0B>@0. ' 2V;P=><C ?@>AB>@V 

H284:VABP 307C 7<5=HCєBPAS 4> 25;8G8=8 =528=>AC :@0?5;P, V 2V= ?@>E>48BP 

G5@57 2=CB@VH=V9 ?0B@C1>: 8 7 >A=>2=8< 307>28< ?>B>:><, 0 2V4>:@5<;5=0 2>40 

ABV:0є 2 4=8I5 5 A5?0@0B>@0. 

/:I> >:@5<V :@0?;V 2>48 ?>B@0?;SRBP C 2=CB@VH=V9 ?0B@C1>: 8, 2>=8 

2;>2;RRBPAS 2 :0<5@V @>7@82C 7024S:8 28E>4C 70:@CG5=>3> ?>B>:C. #@8 FP><C 

C;>2;5=0 2>40 =0:>?8GCєBPAS =0 ?5@53>@>4FV 6 V ABV:0є ?> B@C1V 7. "AB0B>G=> 

2V4>:@5<;5=89 2V4 2>48 307 945 G5@57 28EV4=89 ?0B@C1>: 2, 0 2>40 3 G5@57 

?0B@C1>: 3 2 @53C;SB>@ @V2=S (=0 @8A. 5.1 =5 ?>:070=89).  $53C;SB>@ @V2=S 

?V4B@8<Cє 3V4@>70B2>@ =0 4=8IV 5 A5?0@0B>@0, I> ?5@5H:>460є 307C @CE ?> 

B@C10< 7 V 14 V ?0B@C1:C 3 [51]. 

5.2 %8AB5<0 2>4>?>AB0G0==O 

"A>1;82VABR :>=B0:B=8E >E>;>46C20GV2 ?>2VB@S є =5>1EV4=VABP ?>40GV 

F8@:C;SFV9=>W 2>48 ?V4 B8A:><, I> ?5@528ICє B8A: AB8A=5=>3> ?>2VB@S V 

=5>1EV4=>ABV 2V42545==S =03@VB>W 2>48 ?@8 B8A:C, I> 4>@V2=Rє B8A:C 

AB8A=5=>3> ?>2VB@S. *5 =5 4>72>;Sє 28:>@8AB>2C20B8 HB0B=C =0A>A=C CAB0=>2:C 

:><?@5A>@=8E AB0=FV9 C 72'S7:C 7 =54>AB0B=P>3>, 4;S 682;5==S :V=F52>3> B0 

4@C3>3> ?@><V6=8E ABC?5=59 >E>;>465==S, =0?>@>< 2>48. �V4ACB=V C<>28 4;S 

2V42545==S 2 >E>;>46C20G 2>48 7 ?@><V6=8E ABC?5=V2. 

�;S 704>2>;5==S 28I5707=0G5=8E 28<>3 BC@1>:><?@5A>@ �500-61-5 

>1;04=CєBPAS A?5FV0;P=>R A8AB5<>R 2>4>?>AB0G0==S. 

%8AB5<0 2>4>?>AB0G0==S, AE5<0 S:>W =02545=> =0 @8A. 5.2, <VAB8BP 

4>68<=89 =0A>A 1, I> 70157?5GCє ?>40GC 2>48 2V4 =0?V@=>W <03VAB@0;V 4> 

7<VHC20GV2 V ;V=VW 2V42545==S 2>48 2V4 @53C;SB>@V2 @V2=S, 70<:=CBV 4;S 

?@><V6=8E >E>;>46C20GV2 ?>2VB@S =0 7;82=C 157=0?V@=C <03VAB@0;P, 0 4;S 

:V=F52>3> - =0 ?>2>@>B=C <03VAB@0;P. 
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$8A. 5.2. %E5<0 2>4>?>AB0G0==S :>=B0:B=>W A8AB5<8 >E>;>465==S H0EB=8E 

BC@1>:><?@5A>@V2 

�@V< B>3>, A8AB5<0 <VAB8BP 70?V@=>-@53C;RRGC 0@<0BC@C B0 70A>18 

02B><0B8:8. 

�0?V@=>-@53C;RRG0 0@<0BC@0 2:;RG0є ?=52<>:5@>20=V :;0?0=8 2, 

02B><0B8G=V :;0?0=8 3 7 <0=><5B@0<8 ?5@54 D>@AC=:0<8 V 72>@>B=V :;0?0=8 5 

=0 ;V=VSE ?>25@=5==S 2>48. 

�0A>18 02B><0B8:8 A8AB5<8 2>4>?>AB0G0==S 2:;RG0RBP A83=0;V7CRG89 

<0=><5B@ 7 AB8A=5=>3> ?>2VB@S 4@C3>3> ABC?5=S, I> 270є<>4Vє 7 :;0?0=>< 2, 0 

B0:>6 2:;RG5=V 2 A8AB5<C C?@02;V==S :><?@5A>@>< 40BG8:8 @V2=V2 4, 

A83=0;V7CRG89 <0=><5B@ 6 4>68<=>3> =0A>A0 V :V=F52V 28<8:0GV :;0?0=0 2. 

#@8 @>1>BV A8AB5<8 2>4>?>AB0G0==S 74V9A=RєBPAS 2:;RG5==S 4>68<=>3> 

=0A>A0 1 =0 70:@8B89 :;0?0= 2, ?VA;S G>3> 2V4:@820єBPAS 70AC2:0 7'є4=0==S 

:><?@5A>@0 7 <03VAB@0;P=8< ?>2VB@>2>4>< V B8A: =0 :V=F52><C >E>;>46C20GV 

?>2VB@S ?@89<0є =><V=0;P=5 7=0G5==S. 
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' ?@>F5AV 70?CA:C V 7020=B065==S :><?@5A>@0 ?@8 4>AS3=5==V AB8A=5=8< 

?>2VB@S< =0 4@C3><C ABC?5=V 7040=>3> :>=B@>;P=>3> B8A:C (@ = 0,15  #0) 70 

A83=0;>< <0=><5B@0 7 2V4:@820єBPAS :5@>20=89 :;0?0= 2 V 2>40, I> >E>;>46Cє, 

=04E>48BP 4> ?=52<0B8G=8E D>@AC=>: ?>2VB@>>E>;>46C20GV2. #@8 FP><C 

=03@VB0 2>40 2V4 @53C;SB>@V2 @V2=S ?@><V6=8E ABC?5=59, I> <0є <0;89 B8A:, 

2V42>48BPAS G5@57 7;82=V 2>@>=:8 C 157=0?V@=C <03VAB@0;P, 0 2>40 2V4 :V=F52>3> 

ABC?5=S 3 C ?>2>@>B=C <03VAB@0;P. 

' @07V ?>S28 71>W2 C @>1>BV A8AB5<8 2>4>?>AB0G0==S 02B><0B8G=89 70E8AB 

:><?@5A>@0 2V4 ?5@53@V2C 01> ?>?040==S :@0?5;P=>W 2>;>38 70157?5GCєBPAS 

B0:8<8 ?5@28==8<8 ?@8;040<8: A83=0;V7CRG8< <0=><5B@>< 6, I> :>=B@>;Rє 

@>1>BC 4>68<=>3> =0A>A0 1; 40BG8:0<8 @V2=S 4, I> :>=B@>;RRBP 2V42545==S 

=03@VB>W 2>48; :V=F528<8 28<8:0G0<8, I> :>=B@>;RRBP ?>;>65==S :5@>20=>3> 

:;0?0=0 2. 

5.3 $5:><5=40FVW I>4> 281>@C >1;04=0==O 4;O :>=B0:B=8E 

?>2VB@>>E>;>46C20GV2  «@53C;ь>20=0 B@C10 �5=BC@V-2V4F5=B@>289 

A5?0@0B>@» 

�D5:B82=VABP :>=B0:B=>W A8AB5<8 >E>;>465==S «@53C;P>20=0 B@C10 

�5=BC@V 3 2V4F5=B@>289 A5?0@0B>@» 1V;PH>R <V@>R 70;568BP 2V4 :>=AB@C:FVW 

B@C18 �5=BC@V. �A=Cє 1030B> 284V2 :>=AB@C:FV9 B@C1 �5=BC@V, I> 2V4@V7=SRBPAS 

<V6 A>1>R :><?>=C20==S<, 4>268=>R V ?5@5B8=>< 3>@;>28=8, A?>A>1>< 

?V42545==S 7@>HCRG>W @V48=8 B>I>. 

!0 5D5:B82=VABP A8AB5<8 :>=B0:B=>3> >E>;>465==S =091V;PH5 2?;820є  

4V0<5B@ 3>@;>28=8, B0: S: ?@8 7<V=V 2EV4=8E ?0@0<5B@V2 7<V=RєBPAS 9>3> 

>?B8<0;P=VABP. �024S:8 4>A;V465==S< >1@0=> B@C1C �5=BC@V 7 @53C;P>20=8< 

?5@5@V7>< :V;PF52>W 3>@;>28=8 @CE><8< :>=CA>< 7 F5=B@0;P=8< ?V42545==S< 

7@>HCRG>W @V48=8 (@8A.5.3). 
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$8A. 5.3. �>=AB@C:FVS B@C18 �5=BC@V 7 @53C;P>20=8< ?5@5@V7>< 3>@;>28=8 

 

5.4  5B>48:0 @>7@0EC=:C :>=B0:B=8E ?>2VB@>>E>;>46C20GV2  

«@53C;ь>20=0 B@C10 �5=BC@V-2V4F5=B@>289 A5?0@0B>@» 

�8EV4=V 40=V: <V=V<0;P=V B0 <0:A8<0;P=V <>6;82V ?>G0B:>20 B5<?5@0BC@0 

?>2VB@S t61 min, t61 max°%; B8A: ?>2VB@S p1min, p1max, #0; B5<?5@0BC@0 2>48 tw1 min, tw1 

max, °C; >1’є<=0 28B@0B0 ?>2VB@S 2 >E>;>46C20GV V61 min, V61 max, <3/A. 
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$8A. 5.4. &@C10 �5=BC@V 7 <V=V<0;P=8< B0 <0:A8<0;P=8< 7=0G5==S< 

?5@5@V7C 3>@;>28=8 

$>7@0E>2CRBPAS B0:V ?0@0<5B@8: 

 1.  0:A8<0;P=5 B0 <V=V<0;P=5 @0FV>=0;P=5 7=0G5==S ?;>IV ?5@5@V7C 

3>@;>28=8 B@C18 �5=BC@V 4;S ##"-1: 
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                     (          )        (           )           (           )         (         )         (          )   (           )           (          )  (           )            (         )  (        )+      (          )  (      —   )        (          )  (        )            (           )  (         )                     (          )        (           )           (           )         (         )         (          )   (           )           (          )  (           )           (         )  (        )+      (          )  (           )        (          )  (        )           (          )   (         )    
4;S ##"-2:                       (          )         (           )            (          )        (        )            (          )  (           )             (          )   (           )            (          )  (         )            (           )  (           )        (           )   (         )            (          )   (                              (          )         (           )            (           )         (         )            (          )  (           )             (          )   (          )            (          )  (         )            (           )  (           )        (           )   (        )           (          )  (        
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45 V=45:A8 max i min - <0:A8<0;P=5 V <V=V<0;P=5 7=0G5==S ?0@0<5B@V2;  

 

2. �V0<5B@ 3>@;>28=8 7<VHC20G0     :           <. 
3. �>268=0 3>@;>28=8 7<VHC20G0            , <. 
6. �V0<5B@ @53C;RRG>3> :>=CA0 

          :             
7. �8A>B0 @53C;RRG>3> :>=CA0          , <. 
8. )V4 @53C;RRG>3> :>=CA0 2 70;56=>ABV 2V4 @0FV>=0;P=>3> ?5@5@V7C 

3>@;>28=8 

                    :                   , <. 
45        3 @0FV>=0;P=5 7=0G5==S ?5@5@V7C @>7@0E>20=5 70 D>@<C;>R 4.5 01> 4.6 2 
70;56=>ABV 2V4 =><5@C ##". 

9. �>268=0 :>=DC7>@0 7<VHC20G0     (      )       , <. 
45  d13 4V0<5B@ :>=DC7>@0, <; 

α13 F5=B@0;P=89 :CB :>=DC7>@0, 3@04. (?@89<0єBPAS α1=25328
>
). 

10. �>268=0 48DC7>@0 7<VHC20G0     (      )       , <, 
45  d23 4V0<5B@ 48DC7>@0, <; 

α23 F5=B@0;P=89 :CB 48DC7>@0, 3@04. (?@89<0єBPAS α2=637>). 

11. �@8B8G=0 H284:VABP C A5?0@0B>@V           √      √  , </A. 

12. #;>I0 ?>?5@5G=>3> ?5@5@V7C 2V4F5=B@>2>3> :0=0;C A5?0@0B>@0 



121 

 

 

 

             , <2
, 

45  k;= 0,1530,20 3 :>5DVFVє=B 70?0AC. 

13. �V0<5B@ 2=CB@VH=P>3> :0=0;C A5?0@0B>@0     :   , <. 
14. �8A>B0 2=CB@VH=P>3> :0=0;C A5?0@0B>@0      , <. 
15. �8A>B0 2V4F5=B@>2>3> :0=0;C A5?0@0B>@0         , <. 
16. ,8@8=0 2V4F5=B@>2>3> :0=0;C A5?0@0B>@0        , <. 
17. �=CB@VH=V9 4V0<5B@ A5?0@0B>@0        (     ), <. 
18. �8A>B0 :0<5@8 @>7@82C A5?0@0B>@0         , <; 
19. �8A>B0 2>4>-?>2VB@S=>W :0<5@8         , <. 
20. �8A>B0 A5?0@0B>@0           , <. 
21. �V0<5B@ ?0B@C1:V2 A5?0@0B>@0      , <. 
22. �V0<5B@ 2>4S=>3> :0=0;C 7<VHC20G0     ((       )    )   

, <. 

45  Δpw3 ?5@5?04 B8A:C 2 :0=0;V, #0, (?@89<0єBPAS Δpw=0,2  #0).  

23. $0FV>=0;P=5 7=0G5==S <0A>2>W 28B@0B8 2>48 4;S ##"-1:                 (      )     (        )        (        )   
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+     (     )        (      )  (       )         (      )    (        )       (      )  (      )        (        )    (        )      (        )  (      )       (        )    (      ) 

4;S ##"-2:                 (      )       (        )        (        )   

+    (    )       (      )  (       )         (      )    (        )       (      )    (      )        (        )  (        )       (        )  (      )         (        )  (     ) 

24. �81V@ 4>68<=>3> =0A>A0 74V9A=RєBPAS 70 2V4?>2V4=VABR 

V=482V4C0;P=>W E0@0:B5@8AB8:8 @>1>G>W B>G:8 7 ?0@0<5B@0<8             , #0, 
45  pE3 B8A: 2>48 2 <5@56V :><?@5A>@=>W AB0=FVW, #0, 

0 B0:>6             , <3/A. 

45              =3 >1'є<=0 @0FV>=0;P=0 28B@0B0 F8@:C;SFV9=>W 2>48, <3/A. 

V@,83 >1'є<=0 28B@0B0 2>48 =0 >E>;>465==S >;VW B0 5;5:B@>4283C=0 :><?@5A>@0, 

<3/A; 

'AV @>7@0EC=:>2V 35><5B@8G=V ?0@0<5B@8 >:@C3;SRBPAS 4> =091;86G8E 

AB0=40@B=8E 7=0G5=P. 

5.4.1 #5@52V@>G=89 @>7@0EC=>: @0FV>=0;ь=>3> ?5@5@V7C 3>@;>28=8 

B@C18 �5=BC@V  

�;S ?5@52V@:8 @>7@0EC=:C @0FV>=0;P=>3> ?5@5@V7C 3>@;>28=8 B@C18 

�5=BC@V 28:>@8AB>2Cє<> B0:89 0;3>@8B<: 

#>G0B:>2V 40=V 4;S ?5@52V@:8 <0:A8<0;P=>3> ?5@5@V7C 3>@;>28=8: ?5@5@V7 

3>@;>28=8 S7i = Smaxi , <; B5<?5@0BC@0 ?>2VB@S =0 2E>4V 2 BC@1>:><?@5A>@ tA1, °%; 

B8A: ?>2VB@S =0 2E>4V 2 BC@1>:><?@5A>@ pA1, #0; B8A: ?>2VB@S =0 2E>4V 2 
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>E>;>46C20G p61i = p1min, #0; B5<?5@0BC@0 ?>2VB@S =0 2E>4V 2 >E>;>46C20G ?> 

ACE><C (t61i = t61min) V ?> 7<>G5=><C (t@1i) B5@<><5B@C, °%; B5<?5@0BC@0  2>48 =0 

2E>4V tw1= tw1max , °C; B5>@5B8G=0 ?>40G0 :><?@5A>@0 V61= V61max, <3/A; 28B@0B0 

2>48 2 0?0@0BV Gwi, :3/A. 

#>G0B:>2V 40=V 4;S ?5@52V@:8 <V=V<0;P=>3> ?5@5@V7C 3>@;>28=8: g5@5@V7 

3>@;>28=8 S7i = Smin, <; B5<?5@0BC@0 ?>2VB@S =0 2E>4V 2 BC@1>:><?@5A>@ tA1, °%; 

B8A: ?>2VB@S =0 2E>4V 2 BC@1>:><?@5A>@ pA1, #0; B8A: ?>2VB@S =0 2E>4V 2 

>E>;>46C20G p61i = p1max, #0; B5<?5@0BC@0 ?>2VB@S =0 2E>4V 2 >E>;>46C20G ?> 

ACE><C (t61i = t61max) V ?> 7<>G5=><C (t@1i) B5@<><5B@C, °%; B5<?5@0BC@0  2>48 =0 

2E>4V tw1= tw1min, °C; B5>@5B8G=0 ?>40G0 :><?@5A>@0 V61= V61min, <3/A; 28B@0B0 2>48 

2 0?0@0BV Gwi, :3/A. 

' @57C;PB0BV @>7@0EC=:C 287=0G0єBPAS 28B@0B0 ?>2VB@S =0 28E>4V 7 

0?0@0BC. 

1. $>7@0EC=:>289 ?0@FV0;P=89 B8A::                                                           
2.  $>7@0EC=:>289 01A>;RB=89 2>;>3>2<VAB:                                   
3. �=B0;P?VS ?>2VB@S:             (         )               (                 )            
4. �1A>;RB=89 2>;>3>2<VAB ?>2VB@S:                                  
7. �V=5<0B8G=0 2'S7:VABP ?>2VB@S ?@8 B5<?5@0BC@V 2V4 320 4> + 140°%:     (              )                                  
B0 2V4 140 4> 400 °% : 
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    (              )                  

8. �CAB8=0 ?>2VB@S (2>;>3>3>) =0 2E>4V 2 7<VHC20G:                                                
9. $>7@0EC=:>20 B5<?5@0BC@0:             , 

>%. 

10. $>7@0EC=:>289 ?0@FV0;P=89 B8A::                                                       , #0. 
11. $>7@0EC=:>289 01A>;RB=89 2>;>3>2<VAB:                           , :3/:3. 
10.,284:VABP ?>2VB@S C 3>@;>28=V 7<VHC20G0:            , </A. 
11. ,284:VABP ?>2VB@S C 2V4F5=B@>2><C ?@>AB>@V A5?0@0B>@0:               , </A. 
12. �><1V=>20=5 G8A;> $59=>;P4A0 3 (@C40 7 C@0EC20==S< ?@8A:>@5==S C 

?>;V 2V4F5=B@>28E A8;:                     . 
�87=0G0RBPAS 7<V==V 4;S G8A;0 Bm1.  

13. #8B><0 B5?;>є<=VABP =0A8G5=>3> ?>2VB@S:                 , �6/(:3∙�). 
14.  0A>20 28B@0B0 ?>2VB@S:                     
15. �>5DVFVє=B 7@>H5==S:           , :3/:3. 
16. �V4=>H5==S B5?;>28E 5:2V20;5=BV2:                     
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17. �>5DVFVє=B 28?0@>2C20==S:       (          )      
18. !02545=5 2V4=>H5==S B5?;>28E 5:2V20;5=BV2:              . 
19. +8A;> ?>4V1=>ABV (:@8B5@V9) B5?;>28E 5:2V20;5=BV2:           . 

20. �>5DVFVє=B V=B5=A82=>ABV B5?;><0A>>1<V=C:                                  
 

21.�V=F520 B5<?5@0BC@0 ?>2VB@S (=0 28E>4V 7 B5?;>>1<V==8:0) 70 7<>G5=8< 

B5@<><5B@><:           (         )   , >% 

22. #0@FV0;P=89 B8A: ?0@8 ?@8 t<2i:                            ;                     , #0. 
23. �1A>;RB=89 2>;>3>2<VAB ?>2VB@S ?@8 t@2i:                                 
24. �=B0;P?VS ?>2VB@S =0 28E>4V 7 0?0@0BC:              (         )    , �6/(:3∙ �). 
25. &5?;>289 ?>BV: 2V4 >4=>3> A5@54>28I0 4> V=H>3>:       (       ), �B. 
26.�V=F520 B5<?5@0BC@0 2>48:                    , >%. 
27.  0:A8<0;P=> <>6;8289 B5<?5@0BC@=89 =0?V@:                , >%. 
28. %@54=89 0@8D<5B8G=89 B5<?5@0BC@=89 =0?V@:                            , 

>%. 

29. �>5DVFVє=B V=B5=A82=>ABV B5?;>>1<V=C: 
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              . 
30.  0:A8<0;P=> <>6;8289 :>=F5=B@0FV9=89 B8A::              , :3/:3. 
31. �1A>;RB=89 2>;>3>2<VAB =0 28E>4V 7 0?0@0BC:               (      ), :3/:3. 
S:I>  Δt<0,5, B> d2i = d@2i. 

32. &5<?5@0BC@0 307C =0 28E>4V 7 0?0@0BC (70 ACE8< B5@<><5B@><):                         , >%. 
33.�V4@02;VG=89 >?V@ 0?0@0BC 70 ?>2VB@S<:         (      (                )             ) 

34. &8A: ?>2VB@S =0 2E>4V 2 n ABC?5=P (=0 28E>4V 7 ?>2VB@>E>;>46C20G0):                  
35. &5<?5@0BC@0 ?>2VB@S =0 2E>4V 2 n ABC?5=P (=0 28E>4V 7 

?>2VB@>E>;>46C20G0):                 
36. �8B@0B0 ?>2VB@S =0 2E>4V 2 n ABC?5=P (=0 28E>4V 7 

?>2VB@>E>;>46C20G0):                        

#>2B>@Rє<> @>7@0EC=:8 4;S 7=0G5=P d7 2 <560E 0,5d7 < d7 < 1,5d7. 

�<V=Rє<> d7 7 H03>< 0,1. #>1C4Cє<> 3@0DV: (@8A.5.5). 
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$8A. 5.5. �030;P=89 284 3@0DV:C 70;56=>ABV 28B@0B8 ?>2VB@S =0 28E>4V 7 

B@C18 �5=BC@V 7 @53C;P>20=8< ?5@5@V7>< 2V4 @0FV>=0;P=>3> 4V0<5B@C 

#>@V2=Rє<> @>7@0EC=:>289 @0FV>=0;P=89 4V0<5B@ 7 >B@8<0=8< 

7=0G5==S< 4V0<5B@C 7 3@0DV:C, S:89 2V4?>2V40є <V=V<0;P=V9 28B@0BV ?>2VB@S =0 

28E>4V 7 B@C18 �5=BC@V 7 @53C;P>20=8< ?5@5@V7><. %5@54=є 2V4E8;5==S 

@>7@0EC=:>28E V 4>A;V4=8E 40=8E =5 ?>28==5 ?5@528IC20B8 12%. /:I> 

2V4E8;5==S 1C45 1V;PH5 12%, B> :>@53Cє<> 7=0G5==S ?5@5@V7C 3>@;>28=8 

71V;PHCRG8 01> 7<5=HCRG8 =0 5 % V @>7@0EC=>: ?>2B>@Rє<>.  

$>7@0EC=>: ?@>2>48BPAS 4;S :>6=>3> ?>2VB@>>E>;>46C20G0. 
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5.4.2 #5@52V@>G=89 @>7@0EC=>: @0FV>=0;ь=>W 28B@0B8 2>48  

�;S ?5@52V@:8 @>7@0EC=:C @0FV>=0;P=>W 28B@0B8 2>48 28:>@8AB>2Cє<> 

B0:89 0;3>@8B<: 

#>G0B:>2V 40=V: B5<?5@0BC@0 ?>2VB@S =0 2E>4V 2 BC@1>:><?@5A>@ tA1, °%; 

B8A: ?>2VB@S =0 2E>4V 2 BC@1>:><?@5A>@ pA1, #0; B8A: ?>2VB@S =0 2E>4V 2 

>E>;>46C20G p61i, #0; B5<?5@0BC@0 ?>2VB@S =0 2E>4V 2 >E>;>46C20G ?> ACE><C 

(t61i) V ?> 7<>G5=><C (t@1i) B5@<><5B@C, °%; B5<?5@0BC@0 2>48 =0 2E>4V tw1, °C; 

B5>@5B8G=0 ?>40G0 :><?@5A>@0 V61, <3/A; ?5@5@V7 3>@;>28=8 S7i, <; @0FV>=0;P=0 

28B@0B0 2>48 2 0?0@0BV Gwi, :3/A. 

' @57C;PB0BV @>7@0EC=:C 287=0G0єBPAS :V=F5289 2>;>3>2<VAB. 

1. $>7@0EC=:>289 ?0@FV0;P=89 B8A::                                                           
2.  $>7@0EC=:>289 01A>;RB=89 2>;>3>2<VAB:                                   
3. �=B0;P?VS ?>2VB@S:             (         )               (                 )            
4. �1A>;RB=89 2>;>3>2<VAB ?>2VB@S:                                  
12. �V=5<0B8G=0 2'S7:VABP ?>2VB@S ?@8 B5<?5@0BC@V 2V4 320 4> + 140°%:     (              )                                  
B0 2V4 140 4> 400 °% :     (              )                  

13. �CAB8=0 ?>2VB@S (2>;>3>3>) =0 2E>4V 2 7<VHC20G: 



129 

 

 

 

                                               
14. $>7@0EC=:>20 B5<?5@0BC@0:             , 

>%. 

15. $>7@0EC=:>289 ?0@FV0;P=89 B8A::                                                       , #0. 
16. $>7@0EC=:>289 01A>;RB=89 2>;>3>2<VAB:                           , :3/:3. 
10.,284:VABP ?>2VB@S C 3>@;>28=V 7<VHC20G0:            , </A. 
11. ,284:VABP ?>2VB@S C 2V4F5=B@>2><C ?@>AB>@V A5?0@0B>@0:               , </A. 
12. �><1V=>20=5 G8A;> $59=>;P4A0 3 (@C40 7 C@0EC20==S< ?@8A:>@5==S C 

?>;V 2V4F5=B@>28E A8;:                     . 
�87=0G0RBPAS 7<V==V 4;S G8A;0 Bm1.  

13. #8B><0 B5?;>є<=VABP =0A8G5=>3> ?>2VB@S:                 , �6/(:3∙�). 
14.  0A>20 28B@0B0 ?>2VB@S:                     
15. �>5DVFVє=B 7@>H5==S:           , :3/:3. 
16. �V4=>H5==S B5?;>28E 5:2V20;5=BV2:                     

17. �>5DVFVє=B 28?0@>2C20==S:       (          )      
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18. !02545=5 2V4=>H5==S B5?;>28E 5:2V20;5=BV2:              . 
19. +8A;> ?>4V1=>ABV (:@8B5@V9) B5?;>28E 5:2V20;5=BV2:           . 

20. �>5DVFVє=B V=B5=A82=>ABV B5?;><0A>>1<V=C:                                  
 

21.�V=F520 B5<?5@0BC@0 ?>2VB@S (=0 28E>4V 7 B5?;>>1<V==8:0) 70 7<>G5=8< 

B5@<><5B@><:           (         )   , >% 

22. #0@FV0;P=89 B8A: ?0@8 ?@8 t<2i:                            ;                     , #0. 
23. �1A>;RB=89 2>;>3>2<VAB ?>2VB@S ?@8 t@2i:                                 
24. �=B0;P?VS ?>2VB@S =0 28E>4V 7 0?0@0BC:              (         )    , �6/(:3∙ �). 
25. &5?;>289 ?>BV: 2V4 >4=>3> A5@54>28I0 4> V=H>3>:       (       ), �B. 
26.�V=F520 B5<?5@0BC@0 2>48:                    , >%. 
27.  0:A8<0;P=> <>6;8289 B5<?5@0BC@=89 =0?V@:                , >%. 
28. %@54=89 0@8D<5B8G=89 B5<?5@0BC@=89 =0?V@:                            , 

>%. 

29. �>5DVFVє=B V=B5=A82=>ABV B5?;>>1<V=C:               . 
30.  0:A8<0;P=> <>6;8289 :>=F5=B@0FV9=89 B8A::              , :3/:3. 
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31. �1A>;RB=89 2>;>3>2<VAB =0 28E>4V 7 0?0@0BC:               (      ), :3/:3. 
� @57C;PB0BV @>7@0EC=:C >B@8<Cє<>     >    . /:I> >B@8<0;8     f    , B> 

71V;PHCє<> Gwi =0 10 % B0 ?>2B>@Rє<> @>7@0EC=>:.  

5.5 "1ґ@C=BC20==O 5:>=><VG=>W 5D5:B82=>ABV :>=B0:B=8E 

?>2VB@>>E>;>46C20GV2  «@53C;ь>20=0 B@C10 �5=BC@V-2V4F5=B@>289 

A5?0@0B>@» 

5.5.1 $>7@0EC=>: :0?VB0;ь=8E 70B@0B 

�0?VB0;P=V 2:;045==S - F5 :>HB8, ?@87=0G5=V 4;S AB2>@5==S V ?@8410==S 

>A=>2=8E D>=4V2 B0 =5<0B5@V0;P=8E 0:B82V2 S:V ?V4;560BP 0<>@B870FVW. 

�0?VB0;P=V 2:;045==S, =5>1EV4=V 4;S 2?@>20465==S 70?@>?>=>20=>W A8AB5<8, є 

>4=8< 7 =09206;82VH8E ?>:07=8:V2 I> 70AB>A>2CRBPAS 4;S 5:>=><VG=>W >FV=:8 

5D5:B82=>ABV 70E>4V2. 

%C<0@=0 20@BVABP ?5@5>1;04=0==S A8AB5<8 >E>;>465==S :><?@5A>@0 

�500-61-5 A:;040єBPAS 7 =0ABC?=8E 28B@0B: A:;040==S ?@>5:BC; 283>B>2;5==S 

?>2VB@>>E>;>46C20GV2; <>=B06=>-45<>=B06=V @>1>B8; <>45@=V70FVS A8AB5<8 

2>4>?>AB0G0==S; ?CA:>-=0;03>46C20;P=V @>1>B8. 

!5>1EV4=VABP C ?@>5:BV ?5@5>1;04=0==S >1C<>2;5=0 V=482V4C0;P=8<8 

>A>1;82>ABS<8 :><?@5A>@=8E AB0=FV9, I> 5:A?;C0BCRBPAS, 7>:@5<0, 

B@0AC20==S< B@C1>?@>2>4V2, @>7B0HC20==S< DC=40<5=BV2, =0A>A=8< 

>1;04=0==S< B0 V=. �8B@0B8 =0 ?@>5:B=V @>1>B8 =5 ?5@528ICRBP 3-5% AC<0@=>W 

20@B>ABV. 

�83>B>2;5==S ?>2VB@>>E>;>46C20GV2 ?>B@51Cє 28B@0B C @>7<V@V 120000 

3@=, >E>;>46C20G0 F8@:C;SFV9=>W 2>48 3 160000 3@=. *5 2V4?>2V40є 702>4AP:8< 

@>7FV=:0< =0 ?>4V1=C <5B0;>?@>4C:FVR. 

 >=B06=>-45<>=B06=V @>1>B8, I> 2:;RG0RBP 2 >A=>2=><C 

5;5:B@>307>720@R20==S B0 B0:5;06, >FV=RRBPAS 2 16000 3@=. =0 :>6=C >?5@0FVR 

45<>=B06C HB0B=>3> B0 2AB0=>2;5==S =>2>3> >E>;>46C20G0 ?>2VB@S. 

 >45@=V70FVS 2>4>?>AB0G0==S 28:;8:0єBPAS =5>1EV4=VABR ?V428I5==S =0?>@C. 

*5, 70;56=> 2V4 :>=:@5B=8E C<>2, 70157?5GCєBPAS 01> =0 >A=>2V VA=CRG8E 
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=0A>A=8E 03@530BV2 01> H;SE>< ?>2=>W 01> G0AB:>2>W WE 70<V=8. �V4?>2V4=>, 

G0AB:0 28B@0B =0 <>45@=V70FVR 2>4>?>AB0G0==S C AC<0@=V9 20@B>ABV <>65 

AB0=>28B8 2V4 5 4> 20%. 

#CA:>-=0;03>46C20;P=V @>1>B8 2:;RG0RBP 28?@>1C20==S A8AB5<8 

>E>;>465==S :><?@5A>@0 =0 @V7=8E @568<0E, CAC=5==S 28S2;5=8E 45D5:BV2, 

0?0@0B=V 28<V@R20==S @>1>G8E ?0@0<5B@V2 =0 2V4?>2V4=VABP WE ?0A?>@B=8< 

7=0G5==S<. �0@BVABP F8E @>1VB AB0=>28BP 16 000 3@=. 

&01;8FS 5.1 

�0?VB0;P=V 28B@0B8 

!0720 28B@0B �0@BVABP, 3@= 

#@>5:B=V @>1>B8 16000 

�83>B>2;5==S ?>2VB@>>E>;>46C20GV2 120000 

�83>B>2;5==S >E>;>46C20G0 

F8@:C;SFV9=>W 2>48 

160000 

 >=B06=>-45<>=B06=V @>1>B8 30000 

 >45@=V70FVS 2>4>?>AB0G0==S 90000 

#CA:>-=0;03>46C20;P=V @>1>B8 16000 

�AP>3> 442000 

5.5.2 �87=0G5==O @VG=>W 5:>=><VW 

� C@0EC20==S< B>3>, I> ?V428I5==S B5<?5@0BC@8 ?>2VB@S ?VA;S 
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0,204 26,8 61,3 3,781 
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0,059 0,054 
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0,159 28,1 61 3,785 
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0,119 28,6 50,3 4,209 
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0,159 28,1 55,7 4,263 

0,181 27,9 58,3 4,292 

0,204 27,6 60,9 4,322 

�:9D9?B: DB;D4IB64AB 46FBDB@ 

  



169 

 

 

 

�>40B>: � 

&01;8FS �.1 

$57C;PB0B8 G8A5;P=8E 5:A?5@8<5=BV2 4;S ?5@H>3> ?@><V6=>3> :>=B0:B=>3> 

?>2VB@>>E>;>46C20G0 BC@1>:><?@5A>@0 4;S 287=0G5==S @0FV>=0;P=>W 28B@0B8 

2>48 ?@8 7<V=V B5<?5@0BC@8 2>48 (V6 = 8,75 <3/A, p1=0,26  #0, t61=126 
o
C, d3=0,3 

<, d1 = 0,0137 :3/:3) 
�8B@0B0 
2>48, Gw, 

:3/A 

#>G0B:>20 
B5<?5@0BC
@0 2>48  
tw1, 

o
C 

�V=F520 
B5<?5@0BC
@0 2>48,  

tw2, 
o
C  

�V=F520 
B5<?5@0BC
@0 ?>2VB@S, 

t62, 

�V=F5289 
2>;>3>2<VA
B., d2,  :3/:3 

$0FV>=0;P
=0 28B@0B0 
2>48 7 
3@0DV:V2, 
Gw,,D4J.7D 

:3/A 

$0FV>=0;P
=0 28B@0B0 
2>48 

@>7@0EC=:
>20, Gw,D4J. 

:3/A 
10 

10 

 

34,7 28,9 0,013 

10 9,7 

12,5 
30,2 33,4 0,01 

15 
27,2 36 0,009 

17,5 
25 37,6 0,007 

20 
23,3 38,5 0,006 

22,5 
22 39,1 0,005 

25 
20,9 39,4 0,005 

27,5 
20 39,6 0,004 

30 
19,3 39,6 0,004 

32,5 
18,6 39,6 0,004 

35 
18,1 39,5 0,003 

10 

15 

 

37,9 30 0,016 

11,5 11,6 

12,5 
33,8 34,8 0,013 

15 
31 37,6 0,011 

17,5 
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27,4 40,5 0,008 
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26,2 41,2 0,008 
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17,5 
32,8 41,1 0,012 
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32,5 
27,4 44,5 0,008 
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25 
28,5 41,2 0,011 

27,5 
27,8 41,8 0,01 

30 
27,2 42,2 0,009 

32,5 
26,7 42,4 0,009 
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31,5 39,5 0,012 
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30,2 40,9 0,011 
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29,2 41,8 0,01 
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28,4 42,4 0,009 
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27,7 42,8 0,008 
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27,2 43,1 0,008 

32,5 
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17,5 32,9 41,6 0,012 

20 31,5 43,3 0,01 

22,5 30,4 44,4 0,01 

25 29,5 45,2 0,009 

27,5 28,7 45,7 0,008 

30 28 46,1 0,008 
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30 23,5 44,7 0,005 

32,5 23,2 44,3 0,005 

35 23 43,9 0,004 
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5,5 

 

32,1 42,1 0,011 

14 14 

12,5 30 44,1 0,01 

15 28,6 45 0,008 

17,5 27,5 45,4 0,008 

20 26,7 45,6 0,007 

22,5 26 45,5 0,006 

25 25,5 45,4 0,006 

27,5 25 45,1 0,006 

30 24,7 44,9 0,006 

32,5 24,3 44,6 0,005 

35 24,1 44,3 0,005 
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7 

 

35,2 37,1 0,014 

18 18,2 

12,5 32,5 40,4 0,012 

15 30,7 42,3 0,01 

17,5 29,3 43,3 0,009 

20 28,3 44 0,008 

22,5 27,5 44,3 0,008 

25 26,8 44,5 0,007 

27,5 26,3 44,5 0,007 

30 25,8 44,4 0,006 
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8,5 

 

38,2 31,7 0,016 
22,5 22,5 

12,5 35 36,3 0,014 
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20 29,9 41,9 0,01 

22,5 29 42,7 0,009 

25 28,2 43,1 0,008 

27,5 27,5 43,4 0,008 

30 27 43,6 0,007 

32,5 26,5 43,7 0,007 

35 26,1 43,7 0,007 
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10 

41,2 26 0,019 

27 26,8 

12,5 37,4 31,9 0,016 

15 34,9 35,6 0,014 

17,5 33 38 0,012 

20 31,5 39,6 0,011 

22,5 30,4 40,7 0,01 

25 29,5 41,5 0,01 

27,5 28,7 42 0,009 

30 28,1 42,4 0,008 

32,5 27,5 42,7 0,008 

35 27,1 42,8 0,007 
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27,9 31,6 2,059 

0,025 0,022 
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0,028 27,2 39,7 2 

0,035 26,8 43,5 2,002 

0,042 26,4 47,2 2,012 

0,049 26,1 50,8 2,026 

0,057 25,7 54,3 2,042 

0,066 25,3 57,8 2,059 

0,075 25 61,1 2,077 

0,086 24,6 64,4 2,096 

0,096 24,2 67,7 2,115 

0,108 23,9 70,8 2,133 

0,018 

15 

2.073 2.073 2.073 

0,025 0,023 

0,023 
2.027 2.027 2.027 

0,028 
2.013 2.013 2.013 

0,035 
2.015 2.015 2.015 

0,042 
2.024 2.024 2.024 

0,049 
2.038 2.038 2.038 
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0,066 
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0,018 

25 

40,2 38,3 2,101 

0,027 0,024 
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0,023 43,7 44,2 2,066 
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0,027 0,026 
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0,042 34,8 50,6 2,196 
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0,024 0,023 
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0,028 35,4 44 2 

0,035 35,1 47,7 2,001 

0,042 34,7 51,3 2,01 

0,049 34,4 54,7 2,023 

0,057 34 58,1 2,039 

0,066 33,7 61,4 2,055 

0,075 33,3 64,6 2,072 

0,086 33 67,7 2,09 

0,096 32,6 70,8 2,107 

0,108 32,2 73,9 2,125 

0,018 

0,52 

36 37,1 1,876 

0,021 0,021 0,023 35,6 41 1,846 

0,028 35,3 44,8 1,84 
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0,049 34,3 55,2 1,867 

0,057 33,9 58,5 1,882 

0,066 33,6 61,8 1,897 

0,075 33,2 64,9 1,913 
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0,096 32,6 71,1 1,945 
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0,035 34,9 48,9 1,71 

0,042 34,5 52,4 1,721 

0,049 34,2 55,7 1,733 

0,057 33,9 58,9 1,747 

0,066 33,5 62,1 1,762 

0,075 33,2 65,2 1,776 

0,086 32,9 68,3 1,791 

0,096 32,5 71,3 1,806 

0,108 32,2 74,2 1,821 
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0,018 
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34,8 35,9 2,075 

0,024 0,024 

0,023 34,5 39,4 2,03 

0,028 34,1 42,8 2,015 

0,035 33,8 46,1 2,015 

0,042 33,5 49,2 2,023 

0,049 33,2 52,3 2,034 

0,057 32,8 55,3 2,047 

0,066 32,5 58,2 2,061 

0,075 32,2 61 2,076 

0,086 31,9 63,8 2,092 

0,096 31,6 66,6 2,108 

0,108 31,2 69,3 2,123 

0,018 

147,5 

35,6 36,1 2,083 

0,025 0,024 

0,023 35,3 39,9 2,037 

0,028 34,9 43,5 2,022 

0,035 34,6 47,1 2,023 

0,042 34,3 50,5 2,031 

0,049 33,9 53,8 2,044 

0,057 33,6 57 2,058 

0,066 33,2 60,1 2,074 
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32,9 63,2 2,09 

  
0,086 32,6 66,3 2,107 

0,096 32,2 69,2 2,124 

0,108 31,9 72,2 2,141 

0,018 
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36,5 36,2 2,09 

0,023 0,023 

0,023 36,1 40,3 2,043 

0,028 35,8 44,2 2,029 

0,035 35,4 47,9 2,03 

0,042 35 51,6 2,039 

0,049 34,7 55,2 2,053 

0,057 34,3 58,6 2,069 

0,066 34 62 2,086 

0,075 33,6 65,4 2,104 

0,086 33,2 68,6 2,122 

0,096 32,9 71,8 2,141 

0,108 32,5 75 2,159 

0,018 

162,5 

37,3 36,2 2,097 

0,023 0,022 

0,023 37 40,5 2,048 

0,028 36,6 44,7 2,034 

0,035 36,2 48,7 2,037 

0,042 35,8 52,7 2,047 

0,049 35,4 56,5 2,062 

0,057 35,1 60,2 2,079 

0,066 34,7 63,8 2,098 

0,075 34,3 67,4 2,117 

0,086 33,9 70,9 2,137 

0,096 33,5 74,4 2,157 

0,108 33,1 77,8 2,176 

0,018 
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38,2 36 2,103 
0,022 0,022 

0,023 37,8 40,7 2,053 
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0,035 37 49,4 2,043 
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0,049 36,2 57,7 2,07 

0,057 35,8 61,7 2,089 

0,066 35,4 65,6 2,109 

0,075 35 69,4 2,13 

0,086 34,6 73,1 2,151 
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27,7 44,3 0,921 
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0,023 27,5 47,5 0,92 
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0,035 27,3 53,4 0,928 
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0,057 26,9 61,5 0,947 
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26,5 69 0,967 
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0,018 

5,5 

30,4 42,4 1,28 

0,02 0,019 

0,023 30,2 45,9 1,271 

0,028 30 49,2 1,272 

0,035 29,8 52,4 1,278 

0,042 29,6 55,5 1,286 

0,049 29,4 58,4 1,295 

0,057 29,2 61,3 1,304 

0,066 29 64,2 1,314 

0,075 28,8 66,9 1,324 

0,086 28,6 69,7 1,334 

0,096 28,4 72,3 1,343 

0,108 28,2 74,9 1,353 
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33 39,8 1,647 

0,023 0,021 

0,023 32,8 43,5 1,625 

0,028 32,5 47 1,621 

0,035 32,2 50,5 1,625 

0,042 32 53,8 1,634 

0,049 31,7 57 1,645 

0,057 31,4 60,2 1,658 
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0,075 30,9 66,2 1,684 

0,086 30,6 69,2 1,697 

0,096 30,4 72 1,711 

0,108 30,1 74,9 1,724 
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35,7 36,7 2,023 

0,025 0,023 0,023 35,4 40,6 1,981 
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0,108 32 74,1 2,091 

0,018 

10 

38,4 33,3 2,414 

0,026 0,025 

0,023 37,9 37,5 2,34 

0,028 37,5 41,4 2,316 

0,035 37,1 45,2 2,313 

0,042 36,7 49 2,321 

0,049 36,3 52,6 2,334 
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0,086 34,6 66,2 2,412 
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o
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o
C, 

d3=0,2 <) 
�8B@0B0 
2>48, Gw, 

:3/A 

#>G0B:>
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p1,  #0 

�V=F520 
B5<?5@0B
C@0 2>48,  
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o
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�V=F520 
B5<?5@0B
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?>2VB@S, 
t62, 

#>G0B:>2
89 
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�V=F5289 
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P=0 

28B@0B0 
2>48 7 
3@0DV:V2, 
Gw,D4J.7D 

:3/A 

$0FV>=0;
P=0 

28B@0B0 
2>48 

@>7@0EC=
:>20, 
Gw,D4J. 

:3/A 
10 

0,4 

47,1 30,5 

0,011 

0,017 

14,5 14,4 

12,5 42,1 36,9 0,013 

15 38,8 40,9 0,011 

17,5 36,3 43,4 0,009 

20 34,5 45 0,008 

22,5 33 46,2 0,007 

25 31,8 46,9 0,006 

27,5 30,8 47,4 0,006 

30 30 47,7 0,005 

32,5 29,3 47,9 0,005 

35 28,7 48 0,004 

10 

 

0,44 

46,8 32,7 

0,010 

0,015 

14 14,1 

12,5 41,9 38,6 0,012 

15 38,6 42,2 0,01 

17,5 36,2 44,4 0,008 
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20 

 

34,3 45,9  0,007 

 

 

22,5 32,9 46,9 0,006 

25 31,7 47,5 0,005 

27,5 30,7 47,9 0,005 

30 29,9 48,1 0,004 

32,5 29,2 48,3 0,004 

35 28,6 48,3 0,003 

10 

 

0,48 

46,6 34,5 

0,009 

0,014 

14 13,9 

12,5 41,7 40 0,011 

15 38,4 43,3 0,008 

17,5 36 45,3 0,007 

20 34,2 46,6 0,006 

22,5 32,8 47,4 0,005 

5 31,6 48 0,005 

27,5 30,6 48,3 0,004 

30 29,8 48,5 0,004 

32,5 29,1 48,5 0,003 

35 28,5 48,5 0,003 

10 

 

0,52 

46,4 36,1 

0,009 

0,013 

13,8 13,7 

12,5 41,5 41,2 0,01 

15 38,3 44,2 0,008 

17,5 35,9 46 0,006 

20 34,1 47,2 0,005 

22,5 32,7 47,9 0,005 

25 31,5 48,4 0,004 

27,5 30,6 48,6 0,003 

30 29,8 48,7 0,003 

32,5 29,1 48,7 0,003 

35 28,5 48,7 0,002 

10 0,56 46,2 37,5 0,008 0,012 13,5 13,5 
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12,5 

 

41,4 42,2 

 

0,009 

 

 

15 38,2 45 0,007 

17,5 35,8 46,7 0,006 

20 34 47,7 0,005 

22,5 32,6 48,3 0,004 

25 31,4 48,7 0,003 

27,5 30,5 48,9 0,003 

30 29,7 48,9 0,003 

32,5 29 48,9 0,002 

35 28,4 48,8 0,002 
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:3/A 
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2>48 

@>7@0EC=:
>20, Gw,D4J. 

:3/A 
10 

140 

44,3 35,5 0,012 

12,6 12,7 

12,5 39,9 39,9 0,01 

15 36,9 42,4 0,008 

17,5 34,7 44 0,007 

20 33 45 0,006 

22,5 31,7 45,6 0,005 

25 30,6 45,9 0,005 

27,5 29,8 46,1 0,004 

30 29 46,2 0,004 

32,5 28,4 46,1 0,003 
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35  27,8 46,1 0,003   

10 

147,5 

45,7 34,8 0,013 

13,5 13,5 

12,5 41 39,9 0,01 

15 37,8 42,9 0,008 

17,5 35,5 44,8 0,007 

20 33,8 46 0,006 

22,5 32,4 46,7 0,005 

25 31,3 47,2 0,005 

27,5 30,3 47,4 0,004 

30 29,5 47,6 0,004 

32,5 28,9 47,6 0,003 

35 28,3 47,6 0,003 

10 

 

155 

47,2 33,9 0,014 

14 14,2 

12,5 42,2 39,7 0,011 

15 38,8 43,2 0,009 

17,5 36,4 45,4 0,007 

20 34,5 46,8 0,006 

22,5 33 47,8 0,005 

25 31,9 48,4 0,005 

27,5 30,9 48,7 0,004 

30 30,1 49 0,004 

32,5 29,3 49,1 0,003 

35 28,7 49,1 0,003 

10 

 

162,5 

48,6 32,8 0,015 

15 15 

12,5 43,4 39,4 0,012 

15 39,8 43,4 0,01 

17,5 37,2 46 0,008 

20 35,3 47,7 0,007 

22,5 33,7 48,8 0,006 

25 32,5 49,5 0,005 
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27,5 

 

31,4 50 0,004 

 

 

30 30,6 50,3 0,004 

32,5 29,8 50,5 0,003 

35 29,2 50,5 0,003 

10 

170 

50,1 31,5 0,017 

15,5 15,7 

12,5 44,5 38,9 0,013 

15 40,8 43,5 0,01 

17,5 38,1 46,4 0,008 

20 36 48,4 0,007 

22,5 34,4 49,7 0,006 

25 33,1 50,6 0,005 

27,5 32 51,2 0,004 

30 31,1 51,6 0,004 

32,5 30,3 51,8 0,003 

35 29,6 52 0,003 
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:3/A 
5 

4 

 

43,5 43 0,012 

6 6 

7,5 
36,4 49,6 0,007 

10 
32,7 51,8 0,005 

12,5 
30,4 52,5 0,004 

15 
28,9 52,4 0,003 
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17,5 

 

27,7 52,1 0,002 

 

 

20 
26,8 51,6 0,002 

22,5 
26,1 51,1 0,002 

25 
25,6 50,5 0,001 

27,5 
25,1 50 0,001 

30 
24,7 49,4 0,001 

5 

 

5,5 

 

51,9 30,8 0,017 

8,5 8,5 

7,5 42,1 42,3 0,011 

10 37,1 47,1 0,008 

12,5 34 49,3 0,006 

15 31,9 50,3 0,005 

17,5 30,4 50,7 0,004 

20 29,2 50,8 0,003 

22,5 28,3 50,7 0,003 

25 27,5 50,5 0,002 

27,5 26,9 50,2 0,002 

30 26,4 49,8 0,002 

5 

 

7 

 

60,3 17,9 0,023 

11 11 

7,5 47,9 34,2 0,015 

10 41,5 41,4 0,011 

12,5 37,6 45,2 0,008 

15 34,9 47,3 0,007 

17,5 33 48,5 0,005 

20 31,5 49,1 0,005 

22,5 30,4 49,5 0,004 

25 29,4 49,6 0,003 

27,5 28,6 49,6 0,003 

30 28 49,5 0,003 

5  

8,5 

 

68,8 4,9 0,028 

13,5 13,5 
7,5 53,6 25,6 0,019 



196 

 

 

 

#@>4>265==S 4>40B:C � 

10  45,9 35,3 0,013 

 

 

12,5 41,1 40,6 0,01 

15 37,9 43,7 0,008 

17,5 35,6 45,7 0,007 

20 33,8 46,9 0,006 

22,5 32,4 47,7 0,005 

25 31,3 48,2 0,004 

27,5 30,4 48,5 0,004 

30 29,6 48,6 0,004 

7,5 

10 

59,4 16,8 0,022 

16 16,1 

10 50,2 28,9 0,016 

12,5 44,7 35,7 0,013 

15 40,9 39,8 0,01 

17,5 38,2 42,5 0,009 

20 36,1 44,3 0,007 

22,5 34,5 45,6 0,006 

25 33,2 46,4 0,006 

27,5 32,1 47 0,005 

30 31,2 47,4 0,004 

32.5 30,4 47,6 0,004 
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