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SUMMARY 

The qualification work on the topic: "Improvement of the wort digester with a 

volume of 7 m3" was completed according to the assigned task. 

During the execution of the diploma project was given the present state of the 

brewing industry, the analysis of structures of various brewing apparatus and process 

technology solutions, boiling mash, allowing to determine the direction of further 

modernization of the machine.  

Modernization makes it possible to significantly improve work-brewing system 

and improve the quality of the finished product, while reducing the duration of boiling 

wort and thus reduce the costs of carrying out this process, significantly increased 

pilgrimage spray wort, provides effective removal of unwanted aromatic compounds, 

especially dimethyl sulfide. 

Were calculated basic parameters of the device selected construction materials, 

the technological route details "tubular lattice" from the calculation of basic 

technological operations, highlighted the issue of installation, repair and maintenance, 

as well as measures of safety and environmental protection. 

The degree project consists of an explanatory note with a volume of 102 pages 

and 5 drawings in A1 format, which depict a fragment of the machine and equipment 

scheme of production, the general appearance of the apparatus, the assembly drawing 

of the percolator, the technological route of manufacturing the part, as well as the 3D 

model of the percolator.
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E<5;N. #V4 G0A Fь>3> ?@>F5AC C ACA;> ?5@5E>4OBь 3V@:V B0 0@><0B8G=V @5G>28=8 

E<5;N, 0 B0:>6 2V41C20єBьAO :>03C;OFVO 1V;:V2. 

�8?'OBV==O ACA;0 ?@>2>48BьAO 2 A?5FV0;ь=8E ACA;>20@8;ь=8E 0?0@0B0E, O:V 

2V4V3@0NBь :;NG>2C @>;ь C ?@>F5AV 28@>1=8FB20 ?820. �V@:5 B0 0@><0B8G=5 ACA;>, 

I> 28E>48Bь ?VA;O :8?'OBV==O, AB0є :V=F528< ?@>4C:B>< FVєW AB04VW V 2V4><8< O: 

30@OG5 >E<5;5=5 ACA;>. 

З <5B>N 70157?5G5==O 5D5:B82=>ABV B0 5=5@3>5D5:B82=>ABV 

28:>@8AB>2CNBьAO ACA;>20@8;ь=V 0?0@0B8, O:V ?>28==V 30@0=BC20B8 28A>:C 

?@>4C:B82=VABь 70 <V=V<0;ь=8E 5=5@35B8G=8E 70B@0B. /:VABь >B@8<0=>3> ACA;0 

=0?@O<C 2?;820є =0 O:VABь :V=F52>3> ?@>4C:BC - ?820. &0:8< G8=><, 28:>@8AB0==O 

28A>:>O:VA=>3> B5E=>;>3VG=>3> >1;04=0==O, B0:>3> O: ACA;>20@8;ь=V 0?0@0B8, є 

206;828< 5;5<5=B>< 28@>1=8FB20 28A>:>O:VA=>3> ?820. 

− ' 72’O7:C 7 F8<, 4> :>=AB@C:FVW ACA;>20@8;ь=8E 0?0@0BV2, B0 A8AB5< 

:8?’OBV==O 28AC20NBь B0:V >A=>2=V 28<>38: 

− <0:A8<0;ь=0 5D5:B82=VABь B5?;>>1<V=C, B>1B> <0:A8<0;ь=> 

<>6;8289 :>5DVFVє=B B5?;>?5@540GV; 

− 1V;ьH 5D5:B82=5 70AB>AC20==O 2=CB@VH=ь>3> ?@>AB>@C 

ACA;>20@8;ь=>3> 0?0@0BC, >A:V;ь:8 2>=> =5 703@><0465=5 2=CB@VH=V< 

B5?;>>1<V==8:><; 

− 25;8:C B5E=>;>3VG=C 3=CG:VABь ACA;>20@8;ь=>W A8AB5<8 ?@8 7<V==><C 

7020=B065==V ACA;>20@8;ь=>3> 0?0@0B0; 

− :@0IC ABV9:VABь =03@V20G0 4> 701@C4=5=ь, 28:;8:0=8< ?@83>@0==O 

ACA;0, 2=0A;V4>: 70157?5G5==O 2 B@C10E =03@V20G0 ?>ABV9=>3> ?>B>:C ACA;0; 
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− =525;8:C ?>B@51C C 28@>1=8GV9 ?;>IV; 

− ?>;V?H5==O 3V4@>48=0<VG=8E C<>2 V 28:;NG5==O 70ABV9=8E 7>= 2 

0?0@0BV; 

− 70?>1V30==O ?C;ьA0FVW V 70157?5G5==O @V2=><V@=>W H284:>ABV ?>B>:C 

ACA;0 2 B@C10E =03@V20G0; 

− ?>;V?H5==O @>7?>4V;C ?>2'O70=>3> � % V ?@8A:>@5==O 2840;5==O 

2V;ь=>3> � %; 

− 5:>=><VN B5?;>2>W 5=5@3VW; 

− 70157?5G8B8 E>@>H5 715@565==O 1V;:>28E D@0:FV9, I> 2?;820NBь =0 

FV=>CB2>@5==O V ?V=>ABV9:VABь 2 ?82V; 

− A:>@>B8B8 :V;ь:VABь <8NG8E F8:;V2 V 70157?5G8B8 5:>=><VN 2>48 V 

<8NG8E 70A>1V2; 

− 7=878B8 =530B82=V 2?;828 =0 =02:>;8H=є A5@54>28I5 (>1’є< 307>28E 

28:84V2 V ABVG=8E 2>4). 

 >45@=V70FVO ACA;>20@8;ь=>3> 0?0@0B0 V7 2=CB@VH=ь> @>7B0H>20=8< 

:8?'OB8;ь=8:>< є AB@0B53VG=8< :@>:>< ?VA;O ?@>2545==O 0=0;V7C B5E=>;>3VG=8E B0 

B5E=VG=8E @VH5=ь ?@>F5AC ACA;>20@V==O. "B@8<0=V @57C;ьB0B8 2:07CNBь =0 

@V7=><0=VB=VABь :>=AB@C:FV9 V ?@8=F8?V2 @>1>B8 ACA;>20@8;ь=8E 0?0@0BV2. 

%CBь 70?@>?>=>20=>W <>45@=V70FVW ?>;O30є C 2AB0=>2;5==V A?5FV0;ь=>3> 

2V41V9=8:0 7 @>7?8;N20G5< =04 ?5@:>;OB>@><. *O V==>20FV9=0 :>=AB@C:FVO 

?@87=0G5=0 4;O 70157?5G5==O 157?5@5@2=>W F8@:C;OFVW ACA;0 ?> 42>E :>=BC@0E. 

%CA;>, ?V4 2?;82>< ?@8@>4=>W B5@<VG=>W F8@:C;OFVW, ?@>:0GCєBьAO ?> B@C10E 

B5?;>>1<V==8:0. #@8 28E>4V 7 B5?;>>1<V==8:0 2>=> ?@>4>26Cє A2>N F8@:C;OFVN, 

>E>?;NNG8 >18420 :>=BC@8 - � B0 ��. 

*O <>45@=V70FVO <0є ?>B5=FV0; ?>:@0I8B8 5D5:B82=VABь ?@>F5AC 

ACA;>20@V==O B0 70157?5G8B8 1V;ьHC AB01V;ь=VABь 28@>1=8FB20. #5@5EV4 ACA;0 

G5@57 420 :>=BC@8 A?@8Oє >?B8<V70FVW B5?;>2>3> >1<V=C, I> <>65 ?@8725AB8 4> 

7=865==O 5=5@3>28B@0B B0 ?>:@0I5==O O:>ABV :V=F52>3> ?@>4C:BC - 30@OG>3> 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 
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>E<5;5=>3> ACA;0. 

�2545==O 42>E F8@:C;OFV9=8E :>=BC@V2 C ACA;>20@8;ь=89 0?0@0B A?@8Oє 

5D5:B82=><C @53C;N20==N A:;04C 1V;:>28E AC1AB0=FV9, 7>:@5<0 :>03C;NNG>3> 

07>BC, B0 28BVA=5==N 0@><0B8G=8E A?>;C:, 7>:@5<0 48<5B8;AC;ьDV4C (� %). 

' ?5@H><C F8@:C;OFV9=><C :>=BC@V @53C;NєBьAO A:;04 1V;:>28E 

AC1AB0=FV9, 70157?5GCNG8 =5>1EV4=89 7<VAB :>03C;NNG>3> 07>BC. �@C389 

F8@:C;OFV9=89 :>=BC@ ?5@5206=> 28BVA=Oє 0@><0B8G=V A?>;C:8, B0:V O: � %. 

�;O 5D5:B82=>3> =0?@O<C20==O ACA;0 2 4@C389 :>=BC@ 2AB0=>2;NєBьAO 

@>7?>4V;ь=89 7>=B V7 ?>74>26=V<8 ?@>@V70<8. *5 A?@8Oє :@0I><C 2A<>:BC20==N 

ACA;0 2 =0?@O<=C B@C1C 70 @0EC=>: ?5@5?04C B8A:V2. 

�;O @53C;N20==O ?@>F5AC @>7?8;5==O ACA;0 725@EC 2AB0=>2;NєBьAO 48A:, 

O:89 4>72>;Oє 2AB0=>2;N20B8 =5>1EV4=89 707>@ 70 4>?><>3>N ?@8AB@>N 

@53C;N20==O. *5 70157?5GCє @V2=><V@=89 @>7?>4V; ACA;0 B0 A?@8Oє 2840;5==N 

=51060=8E 0@><0B8G=8E A?>;C:. 

#@8 Fь><C 25;8:0 ?;>I0 ?>25@E=V ACA;0 <0є 206;825 7=0G5==O 4;O 

5D5:B82=>3> 2840;5==O =51060=8E 0@><0B8G=8E A?>;C: B0 7<5=H5==O ?>B@518 C 

28?0@>2C20==V ACA;0. �AB0=>2;5==O 48A:0 7 ?@8AB@>є< @53C;N20==O 4>72>;Oє 

4>AO3B8 FVєW <5B8, 70157?5GCNG8 28BVA=5==O 0@><0B8G=8E A?>;C: V7 ACA;0 157 

=04<V@=>3> 28?0@>2C20==O. 

�8:>@8AB0==O 40=>3> 2V41V9=8:0 7 @>7?8;N20G5< 40є <>6;82VABь 

24>A:>=0;8B8 @>1>BC ACA;>20@8;ь=>3> 0?0@0BC B0 ?>:@0I8B8 O:VABь 3>B>2>3> 

?@>4C:BC. #@8 Fь><C: 

• 7<5=HCєBьAO B@820;VABь :8?’OBV==O ACA;0, 0 >B65 V 7<5=H5==O 70B@0B =0 

?@>2545==O 40=>3> ?@>F5AC; 

• ACBBє2> 71V;ьH8;0Aь ?@>I0 @>7?8;5==O ACA;0; 

• 70157?5GCєBьAO 5D5:B82=5 2840;5==O =51060=8E 0@><0B8G=8E 7’є4=0=ь, 

7>:@5<0 � %.   
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3. )�$��&�$�%&��� %�$"��!� � �"&"�"�" #$"�'�&'. 

�'�"�� &� #$�!*�# $"�"&�  "��$!��"��!"�" "����!�!!/  
3.1. )0@0:B5@8AB8:0 A8@>28=8 V 3>B>2>3> ?@>4C:BC 

�V4DV;ьB@>20=5 ACA;>, I> =04E>48Bь V7 DV;ьB@0FV9=>3> 0?0@0B0 01> 

DV;ьB@?@5A0, :8?’OBOBь V7 E<5;5< C ACA;>20@8;ь=><C 0?0@0BV. %CA;> >B@8<Cє<> 

?VA;O DV;ьB@C20==O ?82=>3> 70B>@C, B><C, 4>FV;ь=> 1C45 >E0@0:B5@87C20B8 

A8@>28=C 2 7030;ь=><C, O:0 70AB>A>2CєBьAO 4;O ?@83>BC20==O ?82=>3> ACA;0. 

%>;>4. *5 70740;53V4ь 70<>G5=5, ?@>@>A;5 C HBCG=8E C<>20E V ?@8 Fь><C 
71030G5=5 0:B82=8<8 D5@<5=B0<8 75@=> @V7=8E 284V2 75@=>28E :C;ьBC@. 

�06;828<8 B5E=>;>3VG=8<8 ?@>F5A0<8 є ACHV==O V B5@<VG=5 >1@>1;5==O A>;>4C, 

I> =040є 9><C >A>1;82>3> 0@><0BC, :>;ь>@C V A<0:C. ' ?82>20@V==V >A=>2=8< 

7;0:>< 4;O >45@60==O A>;>4C є OG<V=ь. #@8 28@>1=8FB2V A>;>4C 28:>@8AB>2CNBь 

B0:>6 ?H5=8FN, @8A, :C:C@C47C, 1>1>2V :C;ьBC@8. 

/:VABь ?5@5@>1;N20=>3> A>;>4C 7451V;ьH>3> 287=0G0є O:VABь 3>B>2>3> ?820. 

"FV=NNBь O:VABь 3>B>2>3> ACE>3> A>;>4C >@30=>;5?B8G=>, 0 B0:>6 70 @57C;ьB0B0<8 

DV78G=>3> B0 EV<VG=>3> 0=0;V7V2, ?5@5410G5=8E G8==8< AB0=40@B><. %CE89 

28B@8<0=89 A>;>4 <0є A2VB;>-6>2B5 01> 6>2B5 @V2=><V@=5 7010@2;5==O. "1>;>=:0 

A>;>4>2>3> 75@=0 1;8A:CG0, O: V C 28EV4=>3> OG<5=N. 

З0?0E V A<0: 2V4?>2V40NBь B8?C A>;>4C. ' A2V6>3> A>;>4C 70?0E A>;>4>289, 

A<0: G8AB89, ?@8є<=89, A>;>4:C20B89. �87=0G0NG8 A<0: A>;>4C @>7:CHC20==O< 

>:@5<8E 75@5=, >4=>G0A=> >45@6CNBь 45O:5 CO2;5==O ?@> 9>3> @>7G8=5==O 01> 

B25@4VABь, >A:V;ь:8 28A>:>O:VA=89 A>;>4 ;53:> @>7:CHCєBьAO. 

!0BC@0 A>;>4C 70;568Bь 2V4 O:>ABV OG<5=N, B@820;>ABV A>;>4>@>I5==O, 

ABC?5=O @>7G8=5==O V :>;820єBьAO 2V4 480 4> 600 3/;.  0A0 1 000 75@5= 4 

=09=04V9=VH89 ?>:07=8: 4;O >FV=:8 O:>ABV A>;>4C. -> :@0I5 @>7G8=5=89 A>;>4, 

B> <5=H0 <0A0 1 000 75@5=. З28G09=> 2>=0 7=0E>48BьAO C <560E 28-38 3 =0 

?>2VB@O=>- ACEC @5G>28=C V 25-35 3 =0 ACEC @5G>28=C. 
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)0@0:B5@8AB8:0 A8@>28=8 V 
3>B>2>3> ?@>4C:BC. 1C4>20 B0 
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"A=>2=V O:VA=V ?>:07=8:8 A>;>4C, O:89 <>6=0 CA?VH=> ?5@5@>1;OB8 =0  

?82>, <0NBь B0:V A5@B8DV:>20=V 4V0?07>=8: 

 <0A>20 G0AB:0 2>;>38 4 4,5%; 

 <V=V<0;ь=0 5:AB@0:B82=VABь 4 79,5-81,0%; 

 <0:A8<0;ь=5 >FC:@N20==O 4 10-15 E2; 

 <0:A8<0;ь=0 B@820;VABь DV;ьB@C20==O 4 60 E2; 

 25;8G8=0 pH 4 5,85; 

 <0:A8<0;ь=89 C<VAB 7030;ь=>3> 1V;:0 4 12%. 

�>40. ' 28@>1=8FB2V ?820 2>40 є >A=>2=>N A8@>28=>N, >A:V;ь:8 4C65 
2?;820є =0 >@30=>;5?B8G=V 2;0AB82>ABV B0 ABV9:VABь 3>B>2>W ?@>4C:FVW. ' 

?82>20@=><C 28@>1=8FB2V A>;ь>289 A:;04 2>48 7=0G=> 2?;820є =0 pH, 0 B0:>6 V =0 

H284:VABь B0 3;818=C D5@<5=B0B82=8E ?@>F5AV2, @>7G8==VABь E<5;528E A<>;, 

1@>4V==O, 2 1570;:>3>;ь=><C 28@>1=8FB2V 4 =0 A0BC@0FVN, V=25@AVN A0E0@>78 9 

?@>F5A :C?06C20==O. 

#>:07=8:8 2>48 70;560Bь 2V4 A:;04C H0@V2 75<;V, G5@57 O:V 2>=0 ?@>E>48Bь, 

B0 WE=VE DV;ьB@0FV9=8E 2;0AB82>AB59, H> A?@8ONBь >G8I5==N 2>48 2V4 7028A;8E 

G0AB>G>: V <V:@>>@30=V7<V2. 

#@8@>4=0 2>40 O2;Oє A>1>N A8;ь=> @>7102;5=89 @>7G8= A>;59, O:89 <VAB8Bь 

ACA?5=4>20=V =5>@30=VG=V B0 >@30=VG=V @5G>28=8 9 <V:@>>@30=V7<8. �=>4V 

7CAB@VG0єBьAO 2>40 7 @>7G8=5=8<8 2 =V9 3070<8. '=0A;V4>: =87ь:>W :>=F5=B@0FVW 

A>;59 C 2>4V, 2>=8 <VABOBьAO B0< C 283;O4V V>=V2. 

#@8@>4=0 2>40 728G09=>3> A:;04C <VAB8Bь ?5@5206=> B0:V V>=8: :0BV>=8 !+, 

N+, �+, NH4, %02+, Mg2+, Mn2+ Fe2+ (@V4H5 Fe3+), �13+; 0=V>=8 "!', %�", !%03, N03, 

SOf, N04, SiO|", !$04
2'. �>40, O:C 28:>@8AB>2CNBь C 28@>1=8FB2V, ?>28==0 1CB8 

?@>7>@>N, ?@8є<=>N =0 A<0:, 157 70?0EC. З0?0E 70 20° % V ?@8 ?V4V3@V20==V WW 4> 60° 

% =5 ?>28=5= 2V4GC20B8AO. �>;V@ 70 ?;0B8=>-:>10;ьB>2>N H:0;>N =5 ?>28=5= 

?5@528IC20B8 1 <3/4<3. 

�C4ь-O:0 ?@8@>4=0 2>40 <VAB8Bь :0;ьFV9 (%02+) V <03=V9 (Mg2+), ?@8G><C 

:0;ьFVN 2 =V9 1V;ьH5. �V;ь:VABь =0B@VN (Na+) 7=0G=> :>;820єBьAO; C<VAB :0;VN (�+), 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 
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O: ?@028;>, =528A>:89. 

#@8 287=0G5==V ?@840B=>ABV 2>48 4;O B5E=>;>3VG=8E FV;59 =5>1EV4=> 7=0B8 

>A>1;82>ABV 2?;82C >:@5<8E :><?>=5=BV2 =0 WW O:VABь. ' ?82>20@V==V D>AD0B8 

:0;VN A>;>4C 7C<>2;NNBь :8A;>B=VABь ?@><V6=8E V :V=F528E ?@>4C:BV2. #V4 G0A 

WE=ь>W 270є<>4VW V7 A>;O<8 2>48 2V41C20єBьAO 7<V=0 :8A;>B=>ABV. &0:, AC;ьD0B8 V 

E;>@848 Ca, Mg, B0 Na є EV<VG=> 0:B82=8<8 I>4> 45O:8E A>;59 A>;>4C V, 

270є<>4VNG8 7 =8<8, 7=86CNBь pH 70B>@C, I> AB2>@Nє A?@8OB;82VHV C<>28 4;O 

D5@<5=B0B82=8E ?@>F5AV2. �@V< B>3>, 2>=8 ?>78B82=> 2?;820NBь =0 A<0:>2V O:>ABV 

?820, >4=0: 1V;ьH0 :V;ь:VABь AC;ьD0BC =0B@VN =040є ?82C 3V@:>3> A<0:C. %>;V, I> 

?V428ICNBь pH, ?@54AB02;5=V 1V:0@1>=0B0<8 Ca, Mg, Na 9 :0@1>=0B0<8 Na B0 �. 

�>=8 270є<>4VNBь V7 :8A;8<8 ?5@28==8<8 D>AD0B0<8 7 CB2>@5==O< ;C6=8E 

2B>@8==8E D>AD0BV2, ?@8G><C 1V:0@1>=0B <03=VN 1V;ьH5 ?V428ICє pH 

A5@54>28I0, B><C 9>3> ?@8ACB=VABь =51060=0. 

З 0=V>=V2 C ?@8@>4=8E 2>40E <VABOBьAO ?5@5206=> 1V:0@1>=0B- V>= (%!"3), 

AC;ьD0B-V>= (SO|~), C 7=0G=> <5=H8E :V;ь:>ABOE 4 E;>@848, =VB@0B8, =VB@8B8, 

D>AD0B8. );>@-V>= (%�) V AC;ьD0B-V>= (SOJ) ?@8ACB=V C 2>4V O: E;>@848 B0 AC;ьD0B8 

:0;ьFVN, <03=VN, =0B@VN. 

#@> 701@C4=5=VABь 2>48 B20@8==8<8 2V4E>40<8 9 4>1@820<8 A2V4G8Bь 

?V428I5=89 C<VAB 0<V0:C, =VB@0BV2, =VB@8BV2, E;>@C B0 ;C3V2. &0:, ?V4 G0A 3=8BBO 

07>B>2<VA=8E >@30=VG=8E @5G>28= CB2>@NNBьAO 0<V0: B0 0<>=V9=V A?>;C:8, 0 

2=0A;V4>: 4VO;ь=>ABV =VB@8DV:CNG8E 10:B5@V9 0<V0: A?>G0B:C >:8A;NєBьAO 2 

=VB@8B8 (N02), 0 ?>BV< C =VB@0B8 (N03). !VB@0B8 >B@CNNBь 4@V646V, V 4> B>3> 6, ?V4 

G0A 1@>4V==O G0AB8=0 WE 2V4=>2;NєBьAO C =VB@8B8. #@8 :>=F5=B@0FVW =VB@0BV2 25 

<3/4<3 V 28I5 ?>3V@HCєBьAO A<0: ?820. 

З0;V7> є =51060=8< :><?>=5=B>< A>;ь>2>3> A:;04C, V O:I> 9>3> :V;ь:VABь 

1V;ьH0 2V4 =>@<8, 70;V7> =5>1EV4=> 28>:@5<;N20B8. �>=8 70;V70 (Fe2+ V Fe3+) <>6CBь 

?@8A:>@8B8 35=5@0FVN 4@V646V2, A?@8G8=NNG8 =5?@8є<=89 A<0:, 7<V=C :>;ь>@C 

B0 :>;>W4=5 ?><CB=V==O ?820. 

�7 307V2, I> <VABOBьAO C 2>4V, G0ABVH5 28O2;ONBь >:A84 2C3;5FN (VI), :8A5=ь, 

07>B. �V>:A84 2C3;5FN ?@8 @>7G8=5==V C 2>4V CB2>@Nє 2C3V;ь=C :8A;>BC. #@8 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 
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?@>E>465==V B0:>W 2>48 G5@57 20?=8ABV ?>@>48 ?V428ICєBьAO WW B8<G0A>20 

B25@4VABь. 

�8A5=ь, @>7G8=5=89 C 2>4V, 7<V=Nє WW >:8A;N20;ь=>-2V4=>2=89 ?>B5=FV0;, 

7C<>2;Nє >:8A=V ?@>F5A8 >:@5<8E :><?>=5=BV2 ?820 B0 1570;:>3>;ь=8E =0?>W2. 

�06;828<8 :@8B5@VO<8 >FV=:8 O:>ABV 2>48 є 6>@AB:VABь V ACE89 70;8H>:. 

 0AC ACE>W @5G>28=8, I> O2;Oє A>1>N AC<0@=89 C<VAB =5;5B:8E =5>@30=VG=8E V 

>@30=VG=8E @5G>28= 2V; 2>48, O:V 70;8H0NBьAO ?VA;O 28?0@>2C20==O B0 

28ACHC20==O 70;8H:C 70 B5<?5@0BC@8 105-110° %, =07820NBь ACE8< 70;8H:><. 

$>7G8=5=V C 2>4V A>;V :0;ьFVN V <03=VN E0@0:B5@87CNBь WW 6>@AB:VABь, O:C 

(2<VAB @>7G8=5=8E A>;59) 28@060NBь C <V;V3@0<- 5:2V20;5=B0E %0 V Mg, I> 

<VABOBьAO 2V; 2>48; 1 <3-5:2 6>@AB:>ABV 2V4?>2V40є 20,04 <3 %02+ 01> 12, 16 <3 Mg2 

+ 2 1 ; 2>48. 

З0 6>@AB:VABN (C <3-5:2/;) 2>4C :;0A8DV:CNBь B0:: 4C65 <’O:0 4 4> 1,5; 

<’O:0 4 2V4 1,5 4> 3; ?><V@=> 6>@AB:0 4 2V4 3 4> 6; 6>@AB:0 4 2V4 6 4> 9; 4C65 

6>@AB:0 4 ?>=04 9. 

$>7@V7=ONBь 6>@AB:VABь B8<G0A>2C, ?>ABV9=C 9 7030;ь=C. &8<G0A>20 

(:0@1>=0B=0, CAC20=0) 6>@AB:VABь 7C<>2;5=0 ?@8ACB=VABN @>7G8=5=8E 

1V:0@1>=0BV2 %0(!%03)2 V Mg(HC03)2. #V4 G0A :8?’OBV==O 2 @57C;ьB0BV 270є<>4VW %02+ 

B0 Mg2+ V7 !%03 CB2>@NNBьAO =5@>7G8==V C 2>4V :0@1>=0B8, C Fь><C @07V 4V>:A84 

2C3;5FN 28?0@>2CєBьAO V 2>40 ?><’O:HCєBьAO =0 BC G0AB8=C 6>@AB:>ABV, O:C 

=07820NBь B8<G0A>2>N (:0@1>=0B=>N): 

%02+ + 2!%03 = %0%03 + !20 + %02; 

Mg2+ + 2!%03 = MgC03 + !20 + %02. 

#>ABV9=0 6>@AB:VABь (=5:0@1>=0B=0) E0@0:B5@87CєBьAO 2<VAB>< AC;ьD0BV2, 

E;>@84V2, =VB@0BV2 B0 V=H8E (:@V< 1V:0@1>=0BV2) A>;59. #V4 G0A :8?’OBV==O 2>=8 

70;8H0NBьAO C @>7G8=V. 

З030;ь=0 6>@AB:VABь A:;040єBьAO 7 B8<G0A>2>W B0 ?>ABV9=>W. 

#@8@>4=V 2>48 <VABOBь >@30=VG=V A?>;C:8, I> 7=0G=> @V7=OBьAO 70 A:;04><. 

%BC?V=ь 701@C4=5==O 2>48 >@30=VG=8<8 @5G>28=0<8 287=0G0єBьAO :V;ь:VABN 

:8A=N 4;O WE >:8A;5==O. "45@60==O =0?>W2 28A>:>W O:>ABV, 1V>;>3VG=>W ABV9:>ABV 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 
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?5@5410G0є O: >4=C 7 C<>2 28:>@8AB0==O 2>48 7 <V=V<0;ь=> <>6;82>N :V;ь:VABN 

10:B5@V9 70 4>?CAB8<>W =>@<8 10:B5@V9 :8H:>2>W 3@C?8. 

�7 =02545=8E ?>:07=8:V2 4;O ?82>20@=>3> 28@>1=8FB20 =09206;82VH8<8 є 

2<VAB A>;59, ;C6=VABь, A?V22V4=>H5==O V>=V2 :0;ьFVN B0 V>=V2 <03=VN, pH, 0 4;O 

28@>1=8FB20 1570;:>3>;ь=8E =0?>W2 4 ACE89 70;8H>:, 6>@AB:VABь, ;C6=VABь. pH, 

:V;ь:VABь V>=V2 206:8E <5B0;V2. 

�>40 4;O 28@>1=8FB20 ?820 V 1570;:>3>;ь=8E =0?>W2 ?>28==0 704>2>;ь=OB8 

28<>38 G8==>3> AB0=40@BC =0 ?8B=C 2>4C 7 C@0EC20==O< 4>40B:>28E 28<>3: 

7030;ь=0 6>@AB:VABь 4 2-4 <3-5:2/4<3; C<VAB V>=V2 :0;ьFVN 4 2-4, AV@:>2>45=ь B0 

0<V0: 4 2V4ACB=V; 7030;ь=0 ;C6=VABь 4 0,5-2 <3*5:2/4<2. '<VAB, <3/4<3, =5 28I5: 

E;>@84V2 4 70, AC;ьD0BV2 4 200, 70;V70 4 0,3, <0@30=FN 4 0,05, =VB@8BV2 4 3, 

=VB@0BV2 4 25. ":8A=VABь 4 =5 1V;ьH5 2 <3 02/4<3; pH 2>48 6-7. 

)<V;ь, @07>< 7 2>4>N B0 A>;>4><, 0 B0:>6 9>3> @V7=><0=VB=8<8 
70<V==8:0<8, B0:8<8 O: 75@=>2V 5:AB@0:B82=V @5G>28=8, =0?@8:;04, FC:>@, 

28ABC?0є >A=>2=8< A8@>28==8< :><?>=5=B>< C 28@>1=8FB2V ?820. З024O:8 

28A>:><C 2<VABC 3V@:8E @5G>28=, 5DV@=>W >;VW B0 ?>;VD5=>;V2, E<V;ь є =52V4’є<=>N 

A:;04>2>N A8@>28=8 4;O ?82>20@V==O. !02VBь ?@8 =525;8:><C 2<VABV (?@81;87=> 

1% <0A8 A>;>4C), E<V;ь 287=0G0є >A=>2=V B0 E0@0:B5@=V 2;0AB82>ABV ?820. �@V< 

C=V:0;ь=8E A<0:>28E B0 0@><0B8G=8E E0@0:B5@8AB8:, E<V;ь 740B5= 70?>1V30B8 

?><CB=V==N =0?>N ?V4 G0A 715@V30==O, ?>;V?HCє CB2>@5==O B0 ABV9:VABь ?V=8, 0 

B0:>6 ?@8=>A8Bь V=HV ?@8201;82V B0 :>@8A=V >A>1;82>ABV. 

*V==V @5G>28=8, O:V <VAB8Bь E<V;ь, =040NBь ?82C >A>1;82>3> 1V>;>3VG=>3> 

7=0G5==O. "A=>2=8<8 :><?>=5=B0<8 E<5;N 4;O ?82>20@V==O є 5DV@=V <0A;0 B0 

E<5;52V A<>;8. "4=VєN 7 3>;>2=8E 2;0AB82>AB59 E<5;N є 9>3> 28B>=G5=89 0@><0B, 

O:89 ?5@540єBьAO ?82C ?V4 G0A B5E=>;>3VG=>3> >1@>1;5==O, =5 2=>AOG8 

AB>@>==ь>3> =5?@8є<=>3> 70?0EC. 

)<5;52V A<>;8 ?@54AB02;ONBь A>1>N 206;82C 3@C?C ?@8@>4=8E 

:><?>=5=BV2, I> D>@<CNBьAO :><?;5:A>< 1V>EV<VG=8E A?>;C:. �>=8 2V4V3@0NBь 

:;NG>2C @>;ь C AB2>@5==V ?@8є<=>W 3V@:>B8 C ?82V, ?5@5206=> 70 @0EC=>: 0;ьD0-

:8A;>B. �E=V V7><5@=V ?>EV4=V є >A=>2=8<8 035=B0<8, I> 287=0G0NBь 3V@:VABь. 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 
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З024O:8 28:>@8AB0==N E<5;N ?82> 71030GCєBьAO DVB>3>@<>=0<8, 

:><?;5:A>< 2VB0<V=V2 %, PP, �3, �6, F, !, �. 

!8=V 0:BC0;ь=8<8 є @V7=V A?>A>18 28:>@8AB0==O E<5;N 4;O @>7@>1;5==O 

=>28E 284V2 ?820 =0 >A=>2V AB0@>28==8E @5F5?BV2, 0 B0:>6 =0?>W2 A?5FV0;ь=>3> 

?@87=0G5==O 7 ?V428I5=>N 1V>;>3VG=>N FV==VABN. !5>1<565=5 70AB>AC20==O 

E<5;N O: 4>102:8 4> @V7=><0=VB=8E E0@G>28E ?@>4C:BV2 E;V1>?5:0@Aь:>W B0 

:>=48B5@Aь:>W ?@><8A;>2>ABV, ?V4 G0A :>=A5@2C20==O ?;>4V2 V >2>GV2, C A0;0B0E B0 

V=H8E ?@>4C:B0E. 

�V4><> 1V;ьH O: 100 A>@BV2 :C;ьBC@=>3> E<5;N. З C@0EC20==O< O:VA=>3> 

?82>20@=>3> >FV=N20==O WE ?>4V;ONBь =0 42V 3@C?8: B>=:C, 7 C<VAB>< 3V@:8E 

@5G>28= 1;87ь:> 5% B0 0;ьD0-:8A;>B 2V4 3 4> 5%, V 3@C1V 4 7 C<VAB>< 3V@:8E 

@5G>28= 1V;ьH O: 20% B0 0;ьD0-:8A;>B 2V4 8 4> 12%. )<V;ь B>=:8E A>@BV2, O: 

?@028;>, 28:>@8AB>2CNBь 157?>A5@54=ь> 4;O >E<5;5==O ?82=>3> ACA;0, 0 3@C18E 

4 4;O 157?>A5@54=ь>3> 283>B>2;5==O 5:AB@0:BV2, :>=F5=B@0BV2, ;C?C;V=>28E 

?>@>H:V2, 3@0=C; B0 V=H8E ?@5?0@0BV2. 

(5@<5=B=V ?@5?0@0B8. (5@<5=B8 4 F5 4C65 5D5:B82=V >@30=VG=V 

:0B0;V70B>@8 1V>;>3VG=>-1V;:>2>3> ?>E>465==O, I> ?@8A:>@NNBь @50:FVW 

270є<>4VW @V7=8E @5G>28=, =5 707=0NG8 ACBBє28E 7<V=. �>=8 A:;040NBьAO 7 4>238E 

;0=FN3V2 0<V=>:8A;>B, 7’є4=0=8E 70 4>?><>3>N ?5?B8G=>3> 72’O7:C. (5@<5=B8 

<VABOBьAO C 2AVE 6828E :;VB8=0E, 45 28:>=CNBь 206;82C DC=:FVN :5@C20==O 

<5B01>;V7<><, C ?@>F5AV O:>3> ?>682=V @5G>28=8 ?5@5B2>@NNBьAO 2 5=5@3VN V 

<0B5@V0; 4;O ?>1C4>28 =>28E :;VB8=. �@V< B>3>, D5@<5=B8 15@CBь CG0ABь C 

@>7I5?;5==V W6V =0 ?@>ABVHV A?>;C:8: ?5?B84078 @>7I5?;NNBь 1V;:8 =0 0<V=>-

:8A;>B8, ;V?078 4 68@8 =0 3;VF5@8= V 68@=V :8A;>B8, 0<V;078 4 :@>E<0;ь =0 

?@>ABV FC:@8. 

"?B8<0;ь=V C<>28 4;O 4VW D5@<5=BV2 4 B5<?5@0BC@0 30-70° % V ?>:07=8: pH 

7,0. 

%ь>3>4=V ?82>20@V==O =5<>6;825 157 28:>@8AB0==O D5@<5=BV2. ' ?@>F5AV 

?@83>BC20==O ACA;0 2>=8 A?@8ONBь @>7G8=5==N 28EV4=8E @5G>28= V @>7I5?;NNBь 

WE =0 71@>46C20=V FC:@8, ?5?B848, 45:AB@8=8, 0<V=>:8A;>B8 B>I>. �=CG:VABь 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 
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28@>1=8FB20 B0 7=0G=0 5:>=><VO 28B@0B =0 A8@>28=C 70157?5GCNBь 70<V=C 1V;ьH>W 

G0AB8=8 A>;>4C =5?@>@>A;8< 75@=>< V D5@<5=B=8<8 ?@5?0@0B0<8. 

(5@<5=B=V ?@5?0@0B8 є ?@8@>4=8<8 :0B0;V70B>@0<8 B8?C A?5F8DVG=8E 

1V;:V2, O:V >45@6CNBь <5B>40<8 <V:@>1=>3> A8=B57C. 

%CA;> 4 A:;04=0 ?>;V48A?5@A=0 A8AB5<0 (48A?5@A=V :>;>W48, ACA?5=7VW, 

5<C;ьAVW B0 <>;5:C;O@=> @>7G8==V @5G>28=8). � 5:AB@0:BV ACA;0 7=0E>4OBьAO 2 % 

4> %$: <0;ьB>70, 3;N:>70, D@C:B>70, 45:AB@8=8 (@07>< 60-70%), A0E0@>70 4 2-8; 

?5=B>70=8 4 3-4; =571@>46C20=V 45:AB@8=8 4 15-20; A8@89 1V;>: 4 3-6; 

<V=5@0;ь=V @5G>28=8 4 1,5-2. 

' ACA;V B0:>6 є E<5;52V 3V@:V :8A;>B8, A<>;8, 4C18;ь=V @5G>28=8, 5DV@=5 

E<5;525 <0A;> (1;87ь:> 150-200 <3 4C18;ь=8E V 100-180 <3 3V@:8E @5G>28= =0 1 ; 

ACA;0). З 07>B>2<VA=8E A?>;C: C ACA;V є 0;ь1C<>78 B0 ?5?B>=8, 0<V=>:8A;>B8, 

0<V48, 0 B0:>6 0<V0G=89 07>B. З=0G=0 G0AB8=0 07>B>2<VA=8E A?>;C: (45-50%) O2;Oє 

A>1>N @5G>28=8, I> 70A2>NNBьAO 4@V6460<8. 

3.2. "?8A D@03<5=BC <0H8=> - 0?0@0BC@=>W AE5<8 

З0B>@ (AC<VH ?>4@V1=5=>3> A>;>4C 7 2>4>N C A?V22V4=>H5==V 1:4) 

?5@5:0GCNBь =0A>A>< C DV;ьB@0FV9=89 0?0@0B 1. #@8 DV;ьB@0FVW 2V41C20єBьAO 

@>74V;5==O 70B>@C =0 42V G0AB8=8: ?82=5 ACA;> (DV;ьB@0B) V =0 ?82=C 4@>18=C 

(B25@4C D07C). #@>F5A DV;ьB@0FVW 2 Fь><C 0?0@0BV ґ@C=BCєBьAO =0 ?@8=F8?V ABV:0==O 

ACA;0 :0?V;O@=8<8 E>40<8 C H0@V 4@>18=8. �@>18=0 ?@5ACєBьAO =0 H=5:>2><C 

?@5AV 2 V 718@0єBьAO 2 1C=:5@ 3, 0 ?@>DV;ьB@>20=5 ?82=5 ACA;> V ?@><82=0 2>40 7 

25;8:8< 2<VAB>< ACE8E @5G>28= =0?@02;ONBьAO C ACA;>20@8;ь=89 0?0@0B 4, 45 

?@>2>48BьAO :8?’OBV==O =0 ?@>BO7V 1,5-2 3>48= 7 E<5;528< 5:AB@0:B><, I> 

?>40єBьAO 7 71V@=8:V2 5. �0;V ?82=5 ACA;> =0?@02;ONBь =0 E<5;52V41V@=89 0?0@0B 

6, O:89 2V4>:@5<;Nє E<5;52C 4@>18=C 2V4 ?82=>3> ACA;0. �0;V ?82=5 ACA;> 

=0A>A>< =0?@02;ONBь =0 ?>40;ьHV >?5@0FVW.  

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 
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 <E. 4.1  ФD47@9AF @4L<AB – 4C4D4FGDABW EI9@< 

1 – HV?LFD4JV=A<= 4C4D4F; 2 – CD9E; 3 – 5GA>9D; 4 – EGE?B64D<?LA<= 
4C4D4F;  

5 – ;5VDA<><; 6 – I@9?96V85VDA<= 4C4D4F 

 

3.3. �C4>20 B0 ?@8=F8? @>1>B8 >1;04=0==O I> <>45@=V7CєBьAO 
�?0@0B 4;O :8?'OBV==O ?82=>3> ACA;0 A:;040єBьAO 7 F8;V=4@8G=>3> :>@?CAC 

V7 A;01:> :>=VG=8< 4=8I5< B0 :@8H:>N. 'A5@548=V :>@?CAC @>7B0H>20=89 

2=CB@VH=V9 :>6CE>B@C1=89 =03@V2=8: (?5@:>;OB>@), ?@87=0G5=89 4;O 

5D5:B82=>3> 2840;5==O 0@><0B8G=8E @5G>28=, 0 >4=>G0A=> 715@565==O =5>1EV4=>W 

:V;ь:>ABV @5G>28=, =5>1EV4=8E 4;O D>@<C20==O ?V=8. 

"A=>2=0 :>=AB@C:B82=0 2V4<V==VABь 40=>3> ACA;>20@8;ь=>3> 0?0@0BC 

?>;O30є 2 B><C, I> 2V= >A=0I5=89 42><0 F5=B@0;ь=8<8  B@C10<8, I> ?@>E>4OBь 

G5@57 :>6CE>B@C1=89 2=CB@VH=V9 =03@V2=8:. &@C18 7=0E>4OBьAO >4=0 2 >4=V9. 

&@C10 <5=H>3> 4V0<5B@C  7020@5=0  725@EC V 703;CH5=0 7=87C, 2>=0 O2;OєBьAO 

>?>@>N 4;O 2Aь>3> :8?’OB8;ь=8:0. �A5@548=C B@C18 1V;ьH>3> 4V0<5B@C ?>40єBьAO 

3@VNG0 ?0@0, I> G5@57 >B2>@8  @>7?>4V;OєBьAO  2 <V6B@C1=><C ?@>AB>@V 

:8?’OB8;ь=8:0.  %CA;> 2 0?0@0BV F8@:C;Nє 2=0A;V4>: ?@8@>4=>W B5@<VG=>W 

F8@:C;OFVW ACA;0. �;O ?V428I5==O 5D5:B82=>ABV @>1>B8 0?0@0BC =04 

:8?’OB8;ь=8:>< 2AB0=>2;5=89 2V41V9=8: (13) I> 71V;ьHCє ?;>IC :>=B0:BC ACA;0 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 
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7 ?>2VB@O< 2A5@548=V 0?0@0BC, 0 B0:>6 @V2=><V@=> @>7?>4V;Oє ACA;> 2 0?0@0BV. 
 8E. 3.2  !уEло64D8ль=89 

4п4D4т 7 6=утDіH=і< 
к8п’Oт8ль=8ко<.

– 68тO6=4 тDу54; 2 – ко=іG=4 
кD8Hк4; 3 – ліEт4D; 4 –

F8лі=дD8G=4 G4Eт8=4 4п4D4ту; 
– к8п’Oт8ль=8к (пеDколOтоD
– ко=іG=е д=8Iе; 7 – опоD=4 
Eті9к4; 8 – 5локу64ль=89 

пD8EтDі9; 9 – <89=4 7оло6к4; 
– =4пD46лONG89 ко=уE; 11 –

опоD=е кільFе; 12 – EEідеFь; 13 
– 6ід5і9=8к; 14 –

теплоі7олOFіO. � – лNк; � – 6Eід 
т4 68Eід EуEл4; � – 6Eід п4D8; � 
– 68Eід ко=де=E4ту;  � – 68Eід 
=еEко=де=Eо64=8E п4Dі6; � –

F8DкулOFіO EуEл4 7 E<еле<; Є –
6ід5іD пDо5; � – 6Eід !І� 

4п4D4ту т4 пеDколOтоD4; � –
6Eід DеD<е=ті6.

!98B?V>4@< 40=>3> 0?0@0BC є:  

• B@820;89 ?@>F5A 28?0@>2C20==O; 

• 25;8:V 70B@0B8 B5?;>2>W 5=5@3VW; 

• ?>@V2=O=> =525;8:0 ?;>I0 @>7?>4V;C ACA;0 2 0?0@0BV; 

• =55D5:B82=5 2840;5==O =51060=8E 0@><0B8G=8E 7’є4=0=ь. 

З <5B>N CAC=5==O =54>;V:V2 0?0@0BC, ?@>?>=CєBьAO <>45@=V70FVO A8AB5<8 

:8?’OB8;ь=8:0. 

3.4. %CB=VABь <>45@=V70FVW 
%CB=VABь <>45@=V70FVW ?>;O30є C 2AB0=>2;5==V =04 ?5@:>;OB>@>< 

A?5FV0;ь=>3> 2V41V9=8:0 7 @>7?8;N20G5<, O:89 70157?5GC20B8<5 157?5@5@2=C 

F8@:C;OFVN ACA;0 ?> 42>E :>=BC@0E. 

%CA;>, 2=0A;V4>: ?@8@>4=>W B5@<VG=>W F8@:C;OFVW F8@:C;Nє ?> B@C10E 

B5?;>>1<V==8:0 V ?@8 28E>4V V7 =8E ?@>4>26Cє F8@:C;N20B8 ?> 42>E :>=BC@0E І B0 

ІІ.  

З024O:8 ?5@H><C F8@:C;OFV9=>3> :>=BC@C 70157?5GCєBьAO @53C;N20==O 
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=5>1EV4=>3> A:;04C 1V;:>28E AC1AB0=FV9, =0?@8:;04 7<VABC :>03C;NNG>3> 07>BC, 0 

7024O:8 4@C3><C - ?5@5206=5 28BVA=5==O 0@><0B8G=8E A?>;C:, 7>:@5<0 � %. 

&0:8< G8=><, 70157?5GCєBьAO 5D5:B82=5 @>74V;ь=5 C?@02;V==O 2<VAB>< � % V 

:>03C;NG8< 07>B><. 

Р8E. 3.3. МодеD=і7о64=89 6ід5і9=8к 7 Dо7п8лN64че<: – Dо7поділь=89 7о=т; 2 – =4пD46лONч89 ко=уE; 3 –
6ід5і9=8к; 4 – =4пDO<=4 тDу54; 5 – пD8EтDі9 Dе7улN64==O 747оDу; 6 – д8Eк.

�;O 5D5:B82=VH>3> A?@O<C20==O ACA;0 2 II :>=BC@ F8@:C;OFVW 2AB0=>2;Nє<> 

@>7?>4V;ь=89 7>=B (1) V7 ?>74>26=V<8 ?@>@V70<8, O:V 1C4CBь A?@8OB8 :@0I><C 

2A<>:BC20==N ACA;0 2 =0?@O<=C B@C1C (4) 70 @0EC=>: ?5@5?04C B8A:V2.  

�;O 2840;5==O V7 ACA;0 =51060=8E 0@><0B8G=8E A?>;C:, :@V< 7030;ь=>W 

:V;ь:>ABV 28?0@C20=>W 2>;>38, 25;8:5 7=0G5==O <0є ?;>I0 ?>25@E=V ACA;0.  +8< 

1V;ьH5 ?;>I0 ?>25@E=V, B8< <5=H5 ?>B@V1=> 28?0@C20B8 ACA;0 70 C<>28 9>3> 

@V2=><V@=>3> @>7?>4V;C 2 0?0@0BV. �;O 70157?5G5==O @53C;N20==O ?@>IV 

@>7?8;5==O ACA;0 2AB0=>2;Nє<> 725@EC 48A: (6), 70 4>?><>3>N O:>3> 1C45 

2AB0=>2;N20B8AO =5>1EV4=89 707>@ 70 4>?><>3>N ?@8AB@>N @53C;N20==O (5). 

З024O:8 Fь><C =51060=V 0@><0B8G=V A?>;C:8 28BVA=ONBьAO 7 ACA;0, 4>AO30NG8 

:>=F5=B@0FV9 =86G5 A<0:>2>3> ?>@>3>2>3> 7=0G5==O 157 7092>3> 28?0@>2C20==O. 

"B65 70 4>?><>3>N 40=8E B5E=VG=8E @VH5=ь: 

• 7<5=HCєBьAO B@820;VABь :8?’OBV==O ACA;0, 0 >B65 V 7<5=H5==O 70B@0B =0 

?@>2545==O 40=>3> ?@>F5AC; 

• ACBBє2> 71V;ьH8;0Aь ?@>I0 @>7?8;5==O ACA;0; 

• 70157?5GCєBьAO 5D5:B82=5 2840;5==O =51060=8E 0@><0B8G=8E 7’є4=0=ь.   
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4. ����$ �"!%&$'�*��!�)  �&�$����� 

 

� <0H8=>1C4C20==V, ?@8 283>B>2;5==V >1;04=0==O 4;O E0@G>2>W B0 

?5@5@>1=>W ?@><8A;>2>ABV, 281V@ :>=AB@C:FV9=8E <0B5@V0;V2 <0є 25;8:5 7=0G5==O. 

*59 281V@ >1C<>2;NєBьAO A0=VB0@=>-3V3Vє=VG=8<8 28<>30<8 B0 >1<56CєBьAO 

4>ABC?=VABN B0 20@BVABN <0B5@V0;V2. � E0@G>2V9 ?@><8A;>2>ABV 4>72>;OєBьAO 

28:>@8AB0==O >1<565=>3> 0A>@B8<5=BC <0B5@V0;V2. З0AB>AC20==O :>;ь>@>28E 

A?;02V2, ;53>20=8E V 28A>:>;53>20=8E AB0;59 =5 702648 є 5:>=><VG=> 28?@0240=8<. 

%?5F8DVG=V C<>28 @>1>B8 0?0@0BV2 E0@G>28E 28@>1=8FB2, O:V 2:;NG0NBь 

4V0?07>= B8A:V2 2V4 3;81>:>3> @>7@V465==O 4> =04;8H:>28E B8A:V2, 25;8:89 

V=B5@20; @>1>G8E B5<?5@0BC@ ?@8 03@5A82=><C A5@54>28IV, AB02;OBь 28A>:V 

28<>38 4> 281>@C :>=AB@C:FV9=8E <0B5@V0;V2 ?@>5:B>20=>3> >1;04=0==O. 

' AD5@V E0@G>2>3> 28@>1=8FB20 @>1>B0 >1;04=0==O 2V4@V7=OєBьAO 

157?>A5@54=V< :>=B0:B>< ?>25@E>=ь 45B0;59 7 A8@>28=>N, =0?V2D01@8:0B0<8 B0 

3>B>28<8 ?@>4C:B0<8. &0:8< G8=><, 2;0AB82>ABV B5E=>;>3VG=8E A5@54>28I V WE 

270є<>4VO 7 ?>25@E=528<8 H0@0<8 287=0G0NBь E0@0:B5@ V >A>1;82>ABV 7=>HC20==O 

>1;04=0==O. &5E=>;>3VG=V A5@54>28I0, O:V 2V4@V7=ONBьAO 7=0G=>N EV<VG=>N V 

?>25@E=52>N 0:B82=VABN, 2?;820NBь =0 7=>HC20==O B0 9>3> V=B5=A82=VABь. 

"A=>2=8<8 ?@8G8=0<8 V=B5=A82=>3> :>@>7V9=>-01@0782=>3> 7=>HC20==O 

<5B0;C B5E=>;>3VG=>3> >1;04=0==O 2 30;C7V E0@G>2>W ?@><8A;>2>ABV є: 03@5A82=0 

4VO :>@>7V9=>-0:B82=8E A5@54>28I 7 ?>ABV9=>N 7<V=>N DV78:>-EV<VG=8E 

2;0AB82>AB59 B0 =52V4?>2V4=VABь :>@>7V9=>W ABV9:>ABV 28:>@8AB>2C20=8E AB0;59. 

 ' 30;C7V E0@G>2>3> <0H8=>1C4C20==O, >:@V< 728G09=8E 28<>3 4> 28A>:>W 

:>@>7V9=>W ABV9:>ABV 2 03@5A82=8E A5@54>28I0E, B0:>6 28AC20NBьAO 28<>38 4> 

28A>:>W <5E0=VG=>W <VF=>ABV, 60@>ABV9:>ABV, 715@565==O 704>2V;ь=8E ?;0AB8G=8E 

2;0AB82>AB59 ?@8 28A>:8E V =87ь:8E B5<?5@0BC@0E, ABV9:>ABV ?@8 7=0:>7<V==8E 01> 

?>2B>@N20=8E >4=>7=0G=8E =020=B065==OE, 0 B0:>6 <0;>W AE8;ь=>ABV 4> AB0@V==O. 
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#@8 281>@V :>=AB@C:FV9=8E <0B5@V0;V2 4;O E0@G>2>3> <0H8=>1C4C20==O 

206;82> 2@0E>2C20B8 DV78G=V 2;0AB82>ABV <0B5@V0;V2, 0 B0:>6 @V7=V B5E=V:>-

5:>=><VG=V ?>:07=8:8. %5@54 =8E 4 B5E=>;>3VO 283>B>2;5==O >1;04=0==O, 

45DVF8B=VABь B0 20@BVABь <0B5@V0;C, =0O2=VABь AB0=40@BV2 01> 70B25@465=8E C<>2 

?>AB0G0==O <0B5@V0;C, 0 B0:>6 >A2>є=VABь <0B5@V0;C ?@><8A;>2VABN. 

%B2>@5=0 :>=AB@C:FVO E0@G>2>3> >1;04=0==O ?>28==0 2V4?>2V40B8 =5 BV;ь:8 

2AV< B5E=VG=8< 28<>30< ACG0A=>3> @V2=O <0H8=>1C4C20==O, 0;5 V 1CB8 

B5E=>;>3VG=>N C 283>B>2;5==V B0 5:>=><VG=>N. "A:V;ь:8 20@BVABь 28@>1C 7=0G=>N 

<V@>N 70;568Bь 2V4 20@B>ABV 28:>@8AB>2C20=8E <0B5@V0;V2, B> ?@8 2AVE V=H8E 

@V2=8E C<>20E 206;82> >1@0B8 1V;ьH 4>ABC?=89 B0 <5=H 45DVF8B=89 <0B5@V0;. 

#@>0=0;V7C202H8 ?@8G8=8 7=>HC20==O G0AB8= B0 45B0;59 >1;04=0==O 

E0@>2>W ?@><8A;>2>ABV <>6=0 7@>18B8 28A=>2>:, I>:  

3 :>@?CA 0?0@0BC 4;O :8?’OBV==O ACA;0 7=>HCєBьAO 70 @0EC=>: 

157?>A5@54=ь>3> :>=B0:BC 7 30@OG8< ACA;><, 2=0A;V4>: EV<VG=>W :>@>7VW. 

3 :>@>7VO B@C1 =0 ?>25@E=OE =03@V2C ?5@:>;OB>@0 2V41C20єBьAO G5@57 

270є<>4VN 7 :>@>7V9=8< A5@54>28I5<. З >4=>3> 1>:C, B@C18 270є<>4VNBь 7 ACA;><, 

O:5 <0є A2>W :>@>7V9=V 2;0AB82>ABV. З V=H>3> 1>:C, B@C18 ?V44020=V 2?;82C 30@OG>W 

?0@8 V :>=45=A0BC, I> 2:;NG0є :8A5=ь, 0<V0:, 07>B B0 2C3;5F5289 307. #V4 G0A 

@>1>B8 ACA;>20@8;ь=>3> 0?0@0BC @V48=8 B0 ?0@8 @CE0NBьAO 7 @V7=>N H284:VABN, V 

2=CB@VH=O ?>25@E=O B@C1 ?V440єBьAO C40@=><C 2?;82C @V48=8. *V D0:B>@8 

A?@8ONBь ?@>F5AC :>@>7VW B@C1. 

�@0E>2CNG8 ?@8G8=8 7=>H5==O >1;04=0==O B0 9>3> G0AB8=, 28:>@8AB0==O 

=5@602VNG>W AB0;V є 4>@5G=8<. ' =0H G0A, =5@602VNG0 AB0;ь H8@>:> 

28:>@8AB>2CєBьAO 2 ?@0:B8G=> 2AVE 30;C7OE ?@><8A;>2>ABV. �>;>2=0 ?5@52030 

?>;O30є 2 WW 0=B8:>@>7V9=8E 2;0AB82>ABOE, O:V 7C<>2;NNBьAO CB2>@5==O< =0 

?>25@E=V <5B0;C 70E8A=>3> H0@C ?5@5:8AC E@><C. *59 H0@ H284:> 2V4=>2;NєBьAO 

?VA;O <5E0=VG=>3> G8 EV<VG=>3> ?>H:>465==O, 70157?5GCNG8 =57<V==V 

0=B8:>@>7V9=V 2;0AB82>ABV <5B0;C. �=B8:>@>7V9=V 2;0AB82>ABV є =52V4'є<=8<8 2 

C<>20E 28A>:8E A0=VB0@=>-3V3Vє=VG=8E AB0=40@BV2 B0 2 03@5A82=8E A5@54>28I0E. 

�@V< B>3>, =5@602VNG0 AB0;ь B0:>6 2@060є 28HC:0=VABN B0 5AB5B8G=VABN. 
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 �81V@ =5@602VNG>W AB0;V <0@:8 AISI 314 (0=0;>3 12)18!10& 70 �"%& 5632-

61) 4;O 283>B>2;5==O :>@?CAC B0 G0AB8= 0?0@0BC 4;O :8?’OBV==O ACA;0 є 2V@=8< 

@VH5==O<. *O AB0;ь 2V47=0G0єBьAO 28A>:8<8 0=B8:>@>7V9=8<8 2;0AB82>ABO<8 B0 

<5E0=VG=8<8 E0@0:B5@8AB8:0<8. ":@V< B>3>, WW 2V4<V==0 720@N20;ь=VABь @>18Bь WW 

V450;ь=8< 281>@>< 4;O 45B0;59, O:V ?>B@51CNBь 720@N20==O. 

%B0;ь <0@:8 AISI 314 є ?>?C;O@=8< <0B5@V0;>< C E0@G>2V9, ?5@5@>1=V9, 

EV<VG=V9 B0 1V>B5E=>;>3VG=V9 ?@><8A;>2>ABOE 7024O:8 A2>W< 2;0AB82>ABO< V 

2V4<V==V9 ABV9:>ABV C @V7=8E A5@54>28I0E. 
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5. $"�$�)'!�"�� +�%&�!� 

5.1. &5E=>;>3VG=V @>7@0EC=:8 

�V;ь:VABь 2>48, 28?0@5=>W ?@8 20@V==V ACA;0 
�0=V 4;O @>7@0EC=:C: 

- ?>G0B:>20 :>=F5=B@0FVO ACE8E @5G>28= 2 ACA;V �! =9,5 <0A%; 

- :V=F520 :>=F5=B@0FVO ACE8E @5G>28= 2 ACA;V �� =11,5 <0A%; 

- ?>G0B:>20 :V;ь:VABь ACA;0 2 ACA;> 20@8;ь=><C 0?0@0BV 8,4=!V  <3; 

- 3CAB8=0 ACA;0 6,1023=Eò  :3/<3 

- :>5DVFVє=B0 70?>2=5==O k; =0,7  

- ?>2=89 >1’є< 7 C@0EC20==O< :>5DVFVє=B0 70?>2=5==O 6,86 <3. 

�V;ь:VABь 28?0@5=>W 2>48 7 ACA;0 (W) 287=0G0єBьAO 7 @V2=O==O <0B5@V0;ь=>3> 

10;0=AC, ?@8 O:><C 22060є<>, I> :V;ь:VABь ACE8E @5G>28= 2 ACA;V 4> V ?VA;O 

:8?'OBV==O 70;8H0єBьAO AB0;>N.: ā ⋅ ÿĆ100 = (ā 2þ) ⋅ ÿÿ100  

45 !ò= !VM - ?>G0B:>20 :V;ь:VABь ACA;0, :3  

B>4V :V;ь:VABь 2>48, 28?0@5=>W 7 ACA;0 (:3) þ = ā ⋅ (1- ÿ�ÿÿ) = 4.8 ⋅ 1023.6 ⋅ (1 2 9.511.5) = 854.483:3 
�8B@0B8 ?0@8 =0 20@V==O ?82=>3> ACA;0 

$>7@0EC=>: :V;ь:>ABV ?0@8, I> 28B@0G0єBьAO =0 ?@83>BC20==O ACA;0 

287=0G0є<> 7 @V2=O==O B5?;>2>3> 10;0=AC 0?0@0B0: 
П@ихі4 т5?ла Вит@ати т5?ла
З ACA;>< ý ⋅ Ā0 ⋅ ÿþ ⋅ Ć0 
�@VNG>N ?0@>N Ā ⋅ ÿ� 

З ACA;>< (ý ⋅ Ā0 ⋅ ÿþ 2þ ⋅ ÿý) ⋅ Ć1 

З 2B>@8==>N ?0@>N �iW   

З :>=45=A0B>< QD  

�8B@0B8 B5?;0 #Q  
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�5 !! - B5?;>є<=VABь ACA;0, :�6/(:3�); 

D - 28B@0B8 3@VNG>W ?0@8, :3; 

t1 - B5<?5@0BC@0 :8?V==O ACA;0 100°C; 

V�, V� - 5=B0;ь?VW 3@VB>W V 2B>@8==>W ?0@8, :�6/:3; 

Q - 5=B0;ь?VO :>=45=A0BC, :�6/:3; 

%:;040є<> @V2=O==O B5?;>2>3> 10;0=AC: ý ⋅ Ā0 ⋅ ÿþ ⋅ Ć0 + Ā ⋅ ÿ� = (ý ⋅ Ā0 ⋅ ÿþ 2þ ⋅ ÿý) ⋅ Ć1 +þ ⋅ ÿ� + Ā ⋅ Ā + Ā� 

З=0E>48<> 28B@0B8 3@VNG>W ?0@8: Ā = ą⋅Ā0⋅þþ⋅(ā12ā0)+Ć⋅(��2ā1⋅þý)+Ā���2Ā , :3 

#8B><C B5?;>є<=VABь ACA;0 287=0G0є<> O: A5@54=N 25;8G8=C 

7@V2=>2065=8E ?8B><8E B5?;>є<=>AB59 ACE8E @5G>28= !0 =1,423 :�6/(:3�) B0 

2>48 !� =4,1868 :�6/(:3�) 

#8B><0 B5?;>є<=VABь ACA;0 287=0G0єBьAO: 

!! = !0 1002(1002ÿ�)100 + ÿý 1002ÿ�100 = 1.423 1002(100211.5)100 + 4.1868 100211.5100 =3.924:�6/:3� 

�=B0;ь?VW 3@VNG>W, 2B>@8==>W ?0@8 B0 :>=45=A0BC 7=0E>48<> 7 4>40B:C:  

V� = 2731,5 :�6/:3; 

V� = 2674,5 :�6/:3 

V� = 418,68 :�6/:3 

�8B@0B8 3@VNG>W ?0@8 287=0G0NBьAO 70;56=> 2V4 ��� 0?0@0B0 

( 95.0= , B>1B> Q# = 5% 7030;ь=>W 2B@0B8 ?0@8) Ā = 4.8 ⋅ 1023.6 ⋅ 3.924 ⋅ (100 2 65) + 854.483 ⋅ (2674.5 2 100 ⋅ 4.1868)0.95 ⋅ (2731.5 2 418.68)= 1195.82 

$>7@0EC=>: ?;>IV ?>25@E=V B5?;>?5@540GV ACA;> 20@8;ь=>3> 0?0@0BC 7 
2=CB@VH=V< :8?'OB8;ь=8:>< 4;O 20@V==O ?82=>3> ACA;0 

�0=V 4;O @>7@0EC=:C: 

�>@8A=0 <VAB:VABь ACA;> 20@8;ь=>3> 0?0@0B0 V = 4.8 M
3  

#>G0B:>20 :V;ь:VABь ACA;0 ā = ý ⋅ Ā! = 4.8 ⋅ 1023.6 = 4913.28:3 
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#@>BO3>< 2 3>48= @>1>B8 :>B;0 ?>G0B:>20 :>=F5=B@0FVO ACE8E @5G>28= 

ACA;0 �! = 9.5 <0A%; ?V428I8;0AO 4> �� =11.5 <0A%; 

#>G0B:>20 B5<?5@0BC@0 ACA;0 t0 = 65°C; 

&8A: 3@VNG>W ?0@8  2 = 400000 #0; 

&5<?5@0BC@0 3@VNG>W ?0@8 tC = 151,84°C; 

$>7@0EC=>:: 

З030;ь=0 :V;ь:VABь 2>48, 28?0@5=>W 7 ACA;0 þ = ā ⋅ (1- ÿ�ÿÿ) = 4913.28 ⋅ (1 2 9.511.5) = 854.483:3 
З0 >4=C 3>48=C 28?0@NєBьAO ?@81;87=> 854.483⋅65120 = 462.845 

 

�>48==V 28B@0B8 3@VNG>W ?0@8 @>7@0E>2Cє<> 7 @V2=O==O B5?;>2>3> 10;0=AC 

ACA;> 20@8;ь=>3> 0?0@0BC: Ā = ā ⋅ ÿþ ⋅ (Ć1 2 Ć0) +þ ⋅ (ÿ� 2 Ć1 ⋅ ÿý) + Ā�ÿ� 2 ÿÿ  

�5 !!, !� 3 ?8B><0 B5?;>є<=VABь ACA;0 B0 2>48, :�6/(:3�); 

t0, t1 3 ?>G0B:>20 V :V=F520 B5<?5@0BC@0 ACA;0, °C; 

V�, V� - 5=B0;ь?VW 3@VB>W V 2B>@8==>W ?0@8, :�6/:3; 

V� - 5=B0;ь?VO :>=45=A0BC, :�6/:3; 

�8B@0BC 3@VNG>W ?0@8 @>7@0E>2Cє<>, ?@89<0NG8 2B@0B8 B5?;0 5% 7030;ь=>W 

28B@0B8 (��� 95.0= ) 

&5?;>є<=VABь ACA;0 287=0G0єBьAO 70 D>@<C;>N: 

!! = !�
100 2 �!100 + ÿý �!100 = 1.423100 2 95100 + 4.1868 95100 = 3.924 

45 5.90=! % - 2<VAB 2>;>38 2 ?>G0B:>2><C ACA;V.  

�>48==V 28B@0B8 3@VNG>W ?0@8 <>6=0 287=0G8B8: Ā = 4.8⋅1023.6⋅3.924⋅(100265)+854.483⋅(2674.52100⋅4.1868)0.95⋅(2731.52418.68) = 1195.82&5?;>25 
=020=B065==O =0 ?>25@E=N B5?;>?5@540GV @>7@0E>2CєBьAO: Ā = ÿ⋅(��2��)3,6 = 1195,82⋅(2674,52418,68)3,6 = 768254.441�B 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 
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&5<?5@0BC@0 3@VNG>W ?0@8 V :8?;OG>3> ACA;0 ?@>BO3>< 2Aь>3> G0AC :8?V==O 

70;8H0єBьAO =57<V==>N, B>1B>: �Ć = 151.84 2 100 = 51.84∘ÿ 

�>5DVFVє=B B5?;>2V440GV α1 2V4 3@VNG>W ?0@8 7=0E>48<> 7 D>@<C;8: 

ÿ1 = ÿ:ā2 ⋅ ÿ3Ā4 ⋅ : Ą√Ā(Ć2 2 Ćýÿ)44
 

45 ! - :>5DVFVє=B ?@>?>@FV9=>ABV (4;O 25@B8:0;ь=8E B@C1 V ABV=>: %=0,533; 

4;O 3>@87>=B0;ь=8E B@C1 %=0,414); 

ü  - :>5DVFVє=B B5?;>?@>2V4=>ABV :>=45=A0BC, �B/<�;  ā - ?8B><0 2030 :>=45=A0B>@0, !/<3; Ā - :>5DVFVє=B 2’O7:>ABV, #0;  Ą - ?8B><0 B5?;>B0 28?0@>2C20==O, :�6/:3;  

t2, tcm - B5<?5@0BC@0 3@VNG>W ?0@8 V ABV=:8, °%; 

L 3 ;V=V9=89 @>7<V@ (4;O 25@B8:0;ь=8E ABV=>: V B@C1 L=H; 4;O 

3>@87>=B0;ь=8E L=d, <); ?@89<0є<> L=1< 

З=0G5==O 2AVE 25;8G8=, O:V 2E>4OBь 2 :>@V=ь G5B25@B>3> ABC?5=O :ā2⋅ÿ3Ā4 ?@89<0є<> 2 70;56=>ABV 2V4 A5@54=ь>W B5<?5@0BC@8 ?;V2:8 :>=45=A0BC ĆE9D = 0,5 ⋅ (Ć2 + Ćýÿ) 
45 tcm - B5<?5@0BC@0 ABV=:8, °%; 287=0G0єBьAO 7 =0ABC?=>3> @V2=O==O: Ćýÿ = Ć2 2 ý �Ćÿ = 151.84 2 1860 ⋅ 51.845800 = 135∘ÿ 

45 t2 3 B5<?5@0BC@0 3@VNG>W ?0@8, °% (t2=151.84°C); 

k - :>5DVFVє=B B5?;>?5@540GV, ?@89<0є<> 1860 �B/<2ּ�; 

α 3 :>5DVFVє=B B5?;>2V440GV, α = 5800 �B/<2ּ�; ĆE9D = 0,5 ⋅ (151,84 + 135) = 143, 5∘ÿ 

З=0G5==O 4@C3>3> :>@5=O 4 r  ?@89<0є<> 70;56=> 2V4 B5<?5@0BC@8 =0A8G5=>W 

?0@8 t2. 

З=0E>48<> 25;8G8=C :>5DVFVє=B0 B5?;>2V440GV 2V4 3@VNG>W ?0@8: 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 
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ÿ1 = 0.533 ⋅ 12090 ⋅ 6.81/√2.15(151.84 2 135)4 = 21662�B/<2ּ� 

�;O AD5@8G=>3> V ?>E8;>3> 4=8I0 0?0@0B0 01> 25@B8:0;ь=>W ABV=:8 22>48<> 

?>?@02:C. �C45<> 22060B8, I> =0E8; ABV=:8 <0є :CB 45°, B>4V [2 �B/<2ּ�]: ÿA4I<? = ÿ1 ⋅ √ąÿĀ 4 5°4 = 21662,83 ⋅ √0.70714 = 19459 �B/<2ּ� 

�;O 45O:>3> A?@>I5==O @>7@0EC=:C :>5DVFVє=B B5?;>2V440GV 2V4 ?>25@E=V 

B@C1>: 4> :8?;OG>3> ACA;0 <>6=0 287=0G8B8, =5EBCNG8 2?;82>< DV78G=8E 

?0@0<5B@V2 ACA;0(», %, ¼, ρ), V7-70 9>3> =528A>:>W :>=F5=B@0FVW, ?> =0ABC?=V9 

D>@<C;V[�B/<2ּ�]: ÿ2 = 3.25 ⋅ ă0.75;     ÿ2 = 3.25 ⋅ 638050.75 = 13047 �B/<2ּ�, 

45 q 3 ?8B><5 B5?;>25 =020=B065==O, @>7@0E>20=5 ?> =01;865=8< =>@<0< 

(q=63805 �B/<2) 

�>5DVFVє=B B5?;>?5@540GV � 2V4 3@VNG>W ?0@8 4> ACA;0: 

�= 2590

13047

1

5.46

012.0

851.19864

1

1
=

++
 �B/<2ּ� 

' D>@<C;V 46,5 3 :>5DVFVє=B B5?;>?@>2V4=>ABV, �B/<2ּ� 

!0 2=CB@VH=V9 ?>25@E=V 0?0@0B0 ?@8 :8?’OBV==V ACA;0 CB2>@NєBьAO >A04, 

O:89 7<5=HCє B5?;>?5@540GC, B><C :>5DVFVє=B B5?;>?5@540GV 7=878<> =0 20%, 

B>1B>: ÿ = 2590 ⋅ 0.8 = 2072�B/<2ּ� 

#>25@E=O B5?;>?5@540GV 0?0@0B0, WW ?;>I0: Ă = Āÿ⋅�ā = 768254.4412072⋅51.84 = 7,152<2 

&0:8< G8=><, ?;>I0 ?>25@E=V =0 1 <3 :>@8A=>W є<=>ABV 0?0@0B0 AB0=>28Bь 

S=7,152/4,8=1,49 <2/<3, B>1B> S=F/V, [<2/<3]. 

�;O >@Vє=B>20=8E @>7@0EC=:V2 ?;>I0 ?>25@E=V B5?;>?5@540GV =0 1<3 

:>@8A=>W є<=>ABV 0?0@0B0 <>6=0 ?@89=OB8 4> 1<2 ?@8 <V4=8E B@C1:0E. 

 

5.2.&5?;>B5E=VG=V @>7@0EC=:8 

�8B@0B8 B5?;>B8 2 ACA;>20@8;ь=><C 0?0@0BV 
� ACA;> 20@8;ь=><C 0?0@0BV ACA;> 7 ?@><82=>N 2>4>N =03@V20єBьAO 4> 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 

5 
�2.$.133. �61�")79018.#З 

 

49 



:8?V==O, 0 ?>BV< :8?’OB8BьAO ?@>BO3>< 1,5 3>4. !0 :>6=V 100 :3 ?5@5@>1;5=>3> 

A>;>4C >B@8<Cє<> ?@81;87=> 720 ; ACA;0 V ?@><82=>W 2>48 @V2=>W 65°%, 7=0945<> 

28B@0B8 B5?;0 =0 =03@V20==O 4> B5<?5@0BC@8 :8?V==O: 

Q'=
720⋅600⋅(100265)3.9100 = 438480:�6 

600:3 3 :V;ь:VABь >4=>G0A=> ?5@5@>1;5=>3> A>;>4C; 

3,9 :�6/<2ּ� 3 ?8B><0 B5?;>є<=VABь ACA;0 

З0 G0A :8?V==O, 7 ACA;0 28?0@NєBьAO ?@81;87=> 12% 2>48 2V4 ?>G0B:>2>W 

:V;ь:>ABV, B>1B>: 4,8*1023,6*0,12=590 :3  

 

�8B@0B8 B5?;0 =0 :8?V==O FVєW :V;ь:>ABV 2>48 1C45: 

Q''=590*2256,8=1331512 :�6 

2256,8 :�6/:3 3 :V;ь:VABь B5?;>B8 ?@8 28?0@N20==V 2>48 ?@8 100°% 

З030;ь=0 :V;ь:VABь 2B@0B B5?;0 2 ACA;> 20@8;ь=><C 0?0@0BV 7 C@0EC20==O< 

B5?;>28E 2B@0B 4>@V2=Nє: 

Q1=
Ā2+Ā30.95 = 438480+13315120.95 = 1863149:�6 

5.3 �>=AB@C:B82=89 @>7@0EC=>: 0?0@0B0. 
�87=0G5==O 35><5B@8G=8E @>7<V@V2 0?0@0B0: 

"1’є< @V48=8 2 0?0@0BV: ;8.4
3@V =    ý = ýЦ + ý�;  

45 −ЦV >1’є< @V48=8 2 F8;V=4@8G=V9 G0AB8=V 0?0@0B0; 

−�V  >1’є< @V48=8 2 :>=VG=V9 G0AB8=V 0?0@0B0; 

�87=0G0є<> 28A>BC :>=VG=>W G0AB8=8 0?0@0B0 ?>?5@54=ь> ?@89=O2H8 

4V0<5B@ 0?0@0B0 : 

!> = Ā2 ⋅ Ćý ÿ2 = 2,32 ⋅ Ćý 1452 = 0.363; 
45 D = 2.3 < 3 4V0<5B@ 0?0@0BC; 

³ = 145˚- :CB ?@8 25@H8=V :>=CA0; 

�87=0G0є<> >1’є< @V48=8 2 :>=CA=V9 G0AB8=V 0?0@0BC: 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 
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ý� = ÿ⋅ÿ24 ⋅ ă>3 = 3.14⋅224 ⋅ 0.3153 = 0.502<3 

�87=0G0є<> >1’є< @V48=8 2 F8;V=4@8G=V9 G0AB8=V 0?0@0BC: ýЦ = ý 2 ý� = 4,8 2 0,505 = 4.298<3 

�87=0G0є<> ?;>IC >A=>28 0?0@0BC: Ă>A= = ÿ ⋅ Ā24 = 3.14 ⋅ 224 = 4.153@3 

�87=0G0є<> 28A>BC @V48=8 2 F8;V=4@8G=V9 G0AB8=V 0?0@0BC: Ąÿ = ýЦĂ>A= = 4.2984.153 = 1.035@3 

#8B><0 2030 @V48=8:ā = Ā ⋅ ý = 1023.6 ⋅ 9.81 = 10041.516 !
@3 ; 

$>7@0EC=>: =0?@C65=ь ?> 7>=0< 0?0@0B0 . 
!0?@C65==O 2 7>=V 1: 

 5@84V>=0;ь=V B0 :>;>2V =0?@C65==O >4=0:>2V: �� = �ā =  !2 ⋅ Ă> ; 
45 −>S B>2I8=0 :@8H:8.  

 

$8A 5.1 %E5<0 0?0@0BC  

&>4V �� = �ā = 0,42⋅0.004 = 50 �4; 
  !0?@C65==O 2 7>=V 2:  �ÿ = ÿă ⋅ Ā2 ⋅ Ă� = 0,4 ⋅ 22 ⋅ 0.004 = 100 �4; 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 
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;50
004.04

24,0

4
 �4

S

DP

y

H

 =



=




=ó  

  !0?@C65==O 2 7>=V 3: �ÿ = (ÿă +Ąÿ ⋅ ā) ⋅ Ā2 ⋅ Ă� = (0,4 ⋅ 106 + 1.035 ⋅ 10041,516) ⋅ 22 ⋅ 0.004 = 102,6 �4; 
� = ÿă ⋅ Ā4 ⋅ Ă� = 0,4 ⋅ 2.34 ⋅ 0.004 = 57.5 �4; 

!0?@C65==O 2 7>=V 4: 

�8AV:0є<> G0AB8=C >1>;>=:8 2 40=V9 7>=V :V=F528< ?5@5@V7>< =0 2V4AB0=V E. 

 

�87=0G0є<> @04VCA :@8287=8: ā> = ÿ2⋅ýāĀ(ÿ2) = 2.32⋅ýāĀ(1452 ) = 3,824< 

�>;>2V =0?@C65==O 287=0G0є<> 28E>4OG8 7 @V2=O==O �0?;0A0. �@0E>2CNG8, 

I> ρ@ = >, 0 ρ> = R: V I> $ O2;Oє A>1>N AC<C 7>2=VH=VE =020=B065=ь, 70?8ACє<>�> =( A+ D)⋅ā>Ă> = ( A+Ā⋅�⋅ăD)⋅ā>Ă> = (400000+10041,516⋅1,035)⋅3,824Ă> = 156 #0  

�87=0G0є<> <5@84V>=0;ь=5 =0?@C65==O 

� = Ā ⋅ ( A + Ā ⋅ ý ⋅ ĄĂ + 13 ⋅ Ā ⋅ ý ⋅ ĄD)4 ⋅ āāą( ÿ2) =
= 0,875⋅(400000+10041.516⋅1.035+13⋅10041.516⋅1.035)4⋅ýāĀ(1452 ) = 301770,942 = 0,3 C4  

�87=0G5==O B>2I8=8 ABV=>: 0?0@0B0 
5.3.3.1. $>7@0EC=>: B>2I8=8 ABV=:8 F8;V=4@8G=>W G0AB8=8 0?0@0BC 

&>2I8=C ABV=:8 7=0E>48<> 7 D>@<C;8: 

·= ÿ⋅ÿý2⋅Ā⋅[�]2ÿ + Ăþ, 

45 $ 3 2=CB@VH=V9 B8A: 2 0?0@0BV; 0,4  #0 

D� 3 2=CB@VH=V9 4V0<5B@ F8;V=4@8G=>W >1>;>=:8; 3 < 

[σ] 3 4>?CAB8<5 =0?@C65==O <0B5@V0;C ABV=:8 0?0@0BC: 250 #0 

³- :>5DVFVє=B <VF=>ABV 720@=8E 7’є4=0=ь; ³=0,7...1 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 
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·% 3 4>102:0 =0 :>@>7VN 4> B>2I8=8 ABV=:8 0?0@0BC; 

·%=1<<=0,001< 

 �8:>@8AB>2Cє<> <0B5@V0; 4;O :>=AB@CN20==O ACA;>20@8;ь=>3> 0?0@0B0 3 

E0@G>20 =5@602VNG0 AB0;ь 12)18!10& 

$>7@0EC=:>2V B>2I8=8 ABV=>: 0?0@0BC: 

4;O F8;V=4@8G=>W G0AB8=8  ·= ÿ⋅ÿý2⋅Ā⋅[�]2ÿ + Ăþ = 0,4⋅2.32⋅1⋅25020,4+ 0,001 = 0,006<, 
4;O :@8H:8 ·�=

ÿ⋅ÿý2⋅Ā⋅[�]20,5⋅ÿ + Ăþ = 0,4⋅2.32⋅1⋅25020,5⋅0,4+ 0,001 = 0,006<, 
4;O 4=8I0 ·4=

ÿ⋅ÿý2⋅Ā⋅[�]2ÿ ⋅ 1ýāĀÿ2 + Ăþ = 0,4⋅2.32⋅1⋅25020,4 ⋅ 0,24 + 0,001 = 0,001< 

3.3.3.2. $>7@0EC=>: @>7<V@V2 F8;V=4@8G=>W є<=>ABV  

�87=0G8<> @>7<V@8 F8;V=4@8G=>W є<=>ABV, O:I> 2=CB@VH=V9 >1’є< є<=>ABV 

V=6,86 <3; B>2I8=0 :>@?CA0 ·=0,006<, B>2I8=0 4=8I0 V :@8H:8 2V4?>2V4=> 

4>@V2=NNBь ·4=0,001<  V ·�=0,006 <. 

$>7@0E>2Cє<> >?B8<0;ь=89 4V0<5B@ 0?0@0B0 

79,123
0 =

+
=

�8

V
D





< 

#@89<0є<> D=3< 

$>7@0ECє<> >?B8<0;ь=C 28A>BC 0?0@0BC Ą = 4 ⋅ ýÿ ⋅ Ā2 = 4 ⋅ 6,863,14 ⋅ 2. 32 = 1, ąĄ 

#@89<0є<> 28A>BC 0?0@0BC !=2 < 157 2@0EC20==O :53;5284=>W :@8H:8, 

@>7B0H>20=>W ?V4 :CB>< 25°%. 

�V4=>H5==O Ą/Ā = 2/2.3 = 0,86 (Ą0/Ā0 = 1,53/1,79 = 0,85) 
�>268=0 @>73>@B:8 :>@?CA0 0?0@0B0 ?> A5@54=V9  ?;>I8=V ?@8 ·=0,006: Ā = ÿ(Ā + Ă) = 3.14(2,3 + 0.006) = 7.24 < 

 #@89<0є<> L=9500<< 

#@89<0є<> 4;O 70:07C B>=:>;8AB>2C /·=6<</ AB0;ь, @>7<V@8 ;8AB0 2300<<  

H8@8=>N V 4>268=>N 9500<<. �;O 283>B>2;5==O 4=8I0 V :@8H:8: 

L=3.14(3+0.006)=9,5< 

#;>I0 F8;V=4@8G=>W G0AB8=8 0?0@0BC: 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 
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ĂF = þ ּ/ = 1,7 ּ9,5 = 16.15<2 ÿF = ýּĀ = 0,02 ּ7850 = 157к7 
/:I> @>73;O=CB8 :@8H:C 0?0@0BC, B> 7030;ь=0 ?;>I0 :@8H:8 4>@V2=Nє: 

S703=S25; 3 S<0;=
ÿ⋅þ24 2 ÿā2 = 3.14⋅324 2 3.14 ⋅ 1,4962 = 0,038<2 

"1’є< :@8H:8: Vkp=0,038ּ0,55/3=0,007<3 

 0A0 :@8H:8: mkp1=0,007ּ7850=54,95:3 

 0A0 :>=VG=>W G0AB8=8: mkp=m=mkp1-1/10mkp1=49,455 :3 

/:I> @>73;O=CB8 4=8I5 0?0@0BC: Ă = 3.14ּ9/4 2 3.14 ּ1.4962 = 0,038<2 

"1’є<: ý = 0,038ּ0,55/3 = 0,007<3 

 0A0: ÿ8= = 0,007 ּ7850 2 1/18(0,007 ּ7850) = 259,05 2 14,39 = 54,94к7 
�>102:0 =0 ;N:8, V7>;OFVN, B@C18 ?@8A?CAB8<>, I> 4>@V2=Nє ?@81;87=> 

Δm=20:3 

&0:8< G8=>< <0A0 0?0@0BC AB0=>28Bь:  =mF+mkp+m4+Δm=281,4 :3 

З :>=AB@C:B82=8E <V@:C20=ь ?@89<0є<>  =285:3 

 

$>7@0EC=>: >?>@ 0?0@0BC 
$>7@0ECє<> >?>@8 ACA;> 20@8;ь=>3> 0?0@0BC ?@8 C<>2V 2AB0=>2;5==O 9>3> 

=0 15B>==89 DC=40<5=B, ?>28==0 1CB8 4>AB0B=ь>N 4;O B>3>, I>1 2 DC=40<5=BV =5 

28=8:;8 =0?@C65==O 28I5 4>?CAB8<8E:[σD]=2ּ106#0 

&>1B> ?>28==0 28:>=C20B8AO C<>20: Ă ≥ ăÿÿý/[�D] 
Gmax 3 <0:A8<0;ь=0 2030 0?0@0B0 ?V4 G0A 28?@>1C20==O, :>;8 0?0@0B 

70?>2=5=89 ACA;><, !; Gmax =mg; 

[σD] 3 4>?CAB8<5 =0?@C65==O 4;O DC=40<5=BC, #0 

F≥285ּ9.81/2ּ106 

F≥0.0014<2 

#@89<0є<> 4 :204@0B=8E >?>@, @>7B0H>20=8E ?> :>;C 2Aь>3> 4=8I0 

4V0<5B@>< 3<. 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 
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#@8 :V;ь:>ABV >?>@ n=4 =020=B065==O, O:5 ?@8?040є =0 >4=C >?>@C, 

4>@V2=Nє: ă = Ă��ýĀ285⋅9.814 ! 

"?>@8 283>B>2;ONBьAO V7 %B3, 4;O O:>W 70 7040=8E C<>2 @>1>B8 0?0@0B0  

4>?CAB8<5 =0?@C65==O =0 AB8A: <>6=0 ?@89=OB8 3 100 #0 

#@89<0є<> >?>@8 28A>B>N 0,5< 7 B>2I8=>N AB0;V ·=5<< 

�0=89 0?0@0B AB>WBь =0 4 3 >E >?>@0E. &8A: =0 >4=C >?>@C $=1000!. 

 !09<5=H5 7=0G5==O :@8B8G=>W A8;8 $ >D  : 

 >D = ÿ2�Іÿ�Ā(2þ)2 ÿāąÿ�Ā4þ2  

 V=V<0;ь=89 <><5=B V=5@FVW 7040=>W D>@<8 ?5@5@V7C: 

( )( ) 4

333

22

3

11

21min 105,0
12

4,04,05,1

12

5,1

1212
a

aaaaaabhbh
IIII xxx =

−−
−


=


−


=−==   

454

min 100016,002,0105,0 @I
−==  

� 3 <>4C;ь ?@C6=>ABV <0B5@V0;C >?>@8 

�= 2,03·10 11#0 

 >D = 3,142 ⋅ 2,03 ⋅ 1011 ⋅ 0,0016 ⋅ 10254 ⋅ 0, 52 = 0,032 ⋅ 106! 

З2V4A8 284=>, I> $ >D  7=0G=> 1V;ьH5 A8;8, O:0 4Vє =0 >?>@C. "B65, 40=0 >?>@0 

28B@8<0є =020=B065==O, O:5 =0 =5W 4Vє. 

 

$>7@0EC=>: >?B8<0;ь=>3> 4V0<5B@0 B@C1>?@>2>4V2. 
�;O ?5@5:0GC20==O ACA;0 ?@89<0є<> =0A>A, 283>B>2;5=89 V7 :>@>7V9=>W AB0;V 

12)18!10&, =0 107V 2V4F5=B@>28E <>=>1;>:>28E B8?C "!*�-25/32-55�. &5E=VG=0 

E0@0:B5@8AB8:0 40=>3> =0A>AC: 

• ?>40G0, <3/ 3>4 3 25; 

• =0?V@, < 3 32; 

• ?>BC6=VABь 5;5:B@>4283C=0, :�B 3 5,5. 
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�=CB@VH=V9 4V0<5B@ B@C1>?@>2>4C :@C3;>3> ?5@5@V7C @>7@0E>2CNBь ?> 

=0ABC?=V9 D>@<C;V: Ă = :4⋅�ÿ⋅�; 

�5: Y 3 28B@0B8 @V48=8, <3/ A; 

ω 2 H284:VABь @V48=8, < /A; ?@89<0є<> ω = 1,5 < /A 

Ă = :4 ⋅ �ÿ ⋅ � = : 4 ⋅ 253,14 ⋅ 1,5 ⋅ 3600 = 0,077@ 

#@89<0є<> 4V0<5B@ B@C1>?@>2>4C d = 80 <<. 

  

$>7@0EC=>: V :>=AB@CN20==O D;0=F52>3> 7’є4=0==O. 
�87=0G0є<> :>=AB@C:B82=V @>7<V@8 D;0=FO:  

2=CB@VH=V9 4V0<5B@ D;0=FOĀH6 = Ā + 2 ⋅ Ă = 80 + 5 = 85 <<; 

7>2=VH=V9 4V0<5B@ ?@820@=>W ?>25@E=V ĀC = ĀH6 + 15 = 85 + 15 = 100 <<; 

4V0<5B@ 1>;B>2>3> :>;0  Ā5 = � ⋅ Ā0,933 = 1,11 ⋅ 0,0850,933 ≅ 115 <; 

7>2=VH=V9 4V0<5B@ D;0=FO ĀH = Ā5 + 4 = 115 + 30 = 145 <<; 

#@89<0є<>: 

B>2I8=0 ?@>:;04:8 ·?=3 <<;  

4V0<5B@ 1>;B0 d=10 <<. 

�7 F8E 40=8E 7=0E>48<> 35><5B@8G=C H8@8=C ?@>:;04:8 Ā = 0.5 ⋅ (Ā3C 2 Ā6H) = 0,5 ⋅ (100 2 85) = 7,5<<, 
#@89<0є<> ?@820;>G=V ?>25@E=V ?;>A:8<8 7 42><0 @8A:0<8. #@82545=0 V 

5D5:B82=0 H8@8=0 ?@>:;04:8 2V4?>2V4=> 1C4CBь 4>@V2=N20B8 Ā2 = 0.5 ⋅ Ā = 0,5 ⋅ 7,5 = 3,75<< Ā0 = 2.48 ⋅ √Ā2 = 2,48 ⋅ √3,75 = 4,8<< 

$>7@0EC=:>289 4V0<5B@ ?@>:;04:8 B0:8< G8=>< 1C45 4>@V2=N20B8 Ā = Ā3C 2 2 ⋅ Ā0 = 100 2 2 ⋅ 4,8 ≅ 92<< 

� O:>ABV ?@>:;04>G=>3> <0B5@V0;0 2815@0є<> <’O:C @578=C, ?> B01;8FV 

7=0E>48<> :>5DVFVє=B ?8B><>3> B8A:C m=1 V ?>A04>G=5 =0?@C65==O 13,5  #0. 
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!020=B065==O =0 1>;B8 2V4 B8A:C 287=0G0є<> ?> D>@<C;V Ā5D = 0,785 ⋅ Ā2 ⋅ Ă + ÿ ⋅ Ā ⋅ Ā0 ⋅ ÿ ⋅ Ă= 0,785 ⋅ 0,0922 ⋅ 0,4 ⋅ 106 + 3,14 ⋅ 0, ÿĈā ⋅ ÿ, ÿÿăć ⋅ Ā ⋅ ÿ, ă ⋅ Āÿą == ĂĂÿÿ�!020=B065==O =0 1>;B8 2V4 70BO6:8 287=0G0є<> ?> D>@<C;V �5
′ = � ⋅ � ⋅ ÿÿ ⋅ �? = Ă, Āă ⋅ ÿ, ÿĈā ⋅ ÿ, ÿÿăć ⋅ ĀĂ, Ą ⋅ Āÿą = ĀćĆāÿ! 

�>;B8 1C45<> 283>B>2;OB8 V7 AB0;V 10. #@8 7=0G5==V 3@0=8FV <VF=>ABV 1>;BV2, 

@V2=>N ?@81;87=> 300  #0 4>?CAB8<5 =0?@C65==O 1C45 4>@V2=N20B8 [�] = Ăÿÿ⋅Āÿąą,Ą = ăą ⋅ Āÿą#0 
�87=0G0є<> 4>?CAB8<5 =020=B065==O =0 >48= 1>;B �5 = ÿ, ĆćĄ ⋅ (āĀ 2 �Ā)ā ⋅ [�] = ÿ, ĆćĄ ⋅ (ÿ, ÿÿĆĄ 2 ÿ, ÿÿĀ)ā ⋅ ăą ⋅ Āÿą =ĀĄāĄ! 

�87=0G0є<> =5>1EV4=C :V;ь:VABь 1>;BV2 � = �5
@�5
= ĀćĆāÿĀĄāĄ ≈ ĀāHB.; 

�V;ь:VABь 1>;BV2 V7 C<>28 =04V9=>3> AB8A:C ?@>:;04:8, B>1B> @>7?>;>65==O 

WE ?> 1>;B>2><C :>;C =0 2V4AB0=V G>B8@ь>E 4V0<5B@V2 Ā = ÿ ⋅ Ā54 ⋅ Ă = 3,14 ⋅ 0,1154 ⋅ 0,01 ≈ 9 

#@89<0є<> :V;ь:VABь 1>;BV2 n=12. 

(;0=FV 283>B>2;Oє<> V7 AB0;V , 4;O O:>W <>6=0 ?@89=OB8   120=ó  ?0. &>4V 

B>2I8=0 D;0=FO 1C45 287=0G0B8Aь B0: 

 

@@@

ddnDn

DDDQ
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&>2I8=C D;0=FO >AB0B>G=> ?@89<0є<> (73V4=> V7 AB0=40@B><) @V2=>N 20 <<. 
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$8A 5.2 (;0=F525 7’є4=0==O 

 

$>7@0EC=>: V :>=AB@CN20==O C:@V?;N20;ь=>3> 5;5<5=B0 
�0=>:  
�V0<5B@ >B2>@C d=0,085 <; 

&8A: 2 0?0@0BV $==0,4·106  #0=400000 #0; 

�V0<5B@ 0?0@0BC D=2.3 <; 

�>?CAB8<5 =0?@C65==O 4;O <0B5@V0;C  -[�] = 145 ⋅ 106#0; 
�>5DVFVє=B O:>ABV 720@=>3> H2C 3 ´ =0,7. 

$>7@0EC=:>20 B>2I8=0 ABV=:8: ĂD = 0,4 ⋅ 106 ⋅ 2.32 ⋅ 145 ⋅ 106 ⋅ 0,9 2 0,4 ⋅ 106 = 0,0046@ 

#@89<0є<> ·@ = 5,6 <<, 7 C@0EC20==O< ?@8102:8 =0 :>@>7VN. "AB0B>G=> 

?@89<0є<> · = 6 << 

�V9A=89 :>5DVFVє=B <VF=>ABV є<=>ABV 1C45 4>@V2=N20B8 ý = Ăý(Ă2þ) = 4.6(621) = 0,92, ?@89<0є<> k = 0,9 
!091V;ьH89 4V0<5B@ є<=>ABV ?@8 O:><C ABV=:8 <>6=0 =5 C:@V?;N20B8 1C45 

4>@V2=N20B8 Ă0 = 0.8 ⋅ √Ā ⋅ ĂĂ ⋅ (1 2 ý)3 = 0.8 ⋅ √3 ⋅ 0.0046 ⋅ (1 2 0,9)3 = 0.09<. 
�;5 B0: O: 70d <<, B> ABV=:C 0?0@0B0 =5>1EV4=> C:@V?;N20B8. 

 

�;O ?0B@C1:0 2818@0є<> AB0;ь=C B@C1C, 4;O O:>W  
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  145=ó   #0 

$>7@0EC=:>20 B>2I8=0 ABV=:8 ?0B@C1:0 1C45 4>@V2=N20B8 ĂDC =  A⋅ÿ2⋅[�]2 A = 400000⋅0,0852⋅145⋅1062400000 = 0,00012<, 
З ?@8102:>N =0 :>@>7VN B>2I8=0 ABV=:8 1C45 4>@V2=N20B8 ·:= ·@+%= 

=1,2+1=2,2 << 

45 %=1 << 3 4>102:0 =0 :>@>7VN. 

&>2I8=C ABV=:8 ?@89<0є<> ?> �"%&, 15@5<> =091;86G5 1V;ьH5 7=0G5==O, 

B>4V >AB0B>G=> ·=0,0025 <. 

 �818@0є<> 4;O ?0B@C1:0 B@C1C 7 7>2=VH=V< 4V0<5B@>< 85 <<, 

B>2I8=>N ABV=:8 2,5 << V 2=CB@VH=V< 4V0<5B@>< 80 <<. 

':@V?;5==O ABV=:8 ?@8 >B2>@V 7@>18<> :V;ьF5< 77>2=V є<=>ABV. &>2I8=C 

:V;ьFO ?@89<0є<> @V2=>N ·:=6 <<. �8A>BC G0AB8=8 ?0B@C1:0, @>7<VI5=>3> =86G5 

2=CB@VH=ь>W B2V@=>W >18G09:8, ?@89<0є<> @V2=>N !2=10 << 

#;>IC ?5@5@V7C C:@V?;NNG8E 5;5<5=BV2 7=0E>48<> 70 D>@<C;>N ĂM = (Ă6C + 2 ⋅ ĂEC 2 Ă0) ⋅ ĂĂ = |80 + 2 2 90| ⋅ 4,6 = 36,8 <<2 

�V0<5B@ 7>=8 C:@V?;5==O Ā3 = 2 ⋅ (Ă6C + 2 ⋅ ĂEC) = 2 ⋅ (80 + 2 ⋅ 1) = 164 << 

�8A>B0 7>=8 C:@V?;5==O Ą1 = 2,5 ⋅ ĂD = 2,5 ⋅ 4,6 = 11,5 << 

#;>I0 ?5@5@V7C <5B0;0, I> 4V9A=> ?@89<0є CG0ABь 2 C:@V?;5==V >B2>@C, 1C45 

4>@V2=N20B8 Ă3 = [Ā> 2 (Ă6C + 2 ⋅ ĂEC)] ⋅ Ă> + [Ā3 2 (Ă6C + 2 ⋅ ĂEC)] ⋅ [Ă 2 (ĂĂ + Ăý)] + 2 ⋅ (Ą1 2 Ă�+Ą2) ⋅ [ĂC 2 (ĂDC + ĂEC)] == [Ā> 2 (80 + 2 ⋅ 1)] ⋅ 6 + [164 2 (80 + 2 ⋅ 1)] ⋅ [6 2 (4,6 + 1)] + 2 ⋅ (11,5 2 6+ 10) ⋅ [6 2 (2 + 1)] == 6Ā> 2 492 + 82 ⋅ 0,4 + 93 = 6Ā> 2 366,2�V0<5B@ :V;ьFO 7=0E>48<> V7 @V2=>ABV 
?;>I Ā� = (366,2+36,8)6 = 67,16<< 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 

15 
�2.$.133. �61�")79018.#З 

 

59 



#@89<0є<> Dk= 2d>B2 = 170 <<.  

 

 

$8A 5.2 ':@V?;N20;ь=89 5;5<5=B 

 

 

5.4.  5E0=VG=V @>7@0EC=:8 

$>7@0EC=>: =03@V20NG>3> ?@8AB@>N 

$>7@0EC=>: =03@V20NG>3> ?@8AB@>N <>6=0 ?@>25AB8 70 ?@8=F8?>< 

@>7@0EC=:C :>6CE>B@C1=>3> B5?;>>1<V==8:0. 

#@>2545<> ?5@52V@>G=89 @>7@0EC=>: AB0;ь=>3> =03@V20NG>3> ?@8AB@>N 7 

@>7<V@0<8: 

- ?>25@E=O =03@V2C F=7,152 <2; 

- 4>268=0 B@C1 L=1<; 

- :V;ь:VABь B@C1 n=84; 

- 4V0<5B@ :>6CE0 (=03@V20NG>3> 

?@8AB@>N) D=370<<; 

- @>7<V@ B@C1>: 20×2<<; 

- :@>: B@C1=8E >B2>@V2 

t=0.030<; 

- B>2I8=0 ABV=:8 :>6CE0 

Sk=0.005< 

- &>2I8=0 B@C1=>W @5HVB:8 

ST=0,01<; 

- &5<?5@0BC@0 B@C1>: tT=150°%; 
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- &5<?5@0BC@0 :>6CE0 t:=40°%; 

- &8A: 2 B@C1=><C V <V6 

B@C1=><C ?@>AB>@V 0,4 #0. 

!0 :>6CAV 2AB0=>2;5=89 >48= :><?5=A0B>@ 7 7>2=VH=V< 4V0<5B@>< 0,3< V 

B>2I8=>N 0,004<. 

�87=0G8<> B5<?5@0BC@=V =0?@C65==O. 

  "Aь>20 45D>@<0FVO >4=VєW ;V=78 �þ = þּ к 

�>5DVFVє=B, O:89 E0@0:B5@87Cє 3=CG:VABь :><?5=A0B>@0  þ = ÿ1(12Ā)⋅ÿ220⋅ÿ⋅Ā⋅Ă�3 = 2.14(120,92)⋅0,325220⋅3.14⋅2.1⋅1011⋅0.0053 = 606,6 ⋅ 1029</= 
45 Ā = ÿ�ÿ = 0.30,325 = 0,92 

З B01;8FV >B@8<Cє<> ³1=2,4 

&5<?5@0BC@=V 7CA8;;O  

PT=PK=
ÿ⋅�ā⋅Ā⋅ĀĀ�ÿ+ Ā�Ā+(1−Ā)ÿ1⋅ÿ220⋅�⋅ÿÿ2 = 12⋅10−6(150240)⋅1⋅2.1⋅101110,0051+ 10,006+(1−0,92)⋅2.4⋅0,325220⋅3.4⋅0.0052 = 

5
1075,5 = ! 

45 = Ăÿ = ÿ4 (Ăă2 2 Ăý2)Ā = 3.144 (0,022 2 0,0182)100 = 0,006<2 

FK 3 ?;>I0 ?5@5@V7C ABV=:8 0?0@0BC, :>@?CA0 Ăÿ = ÿּĀāĂּĂÿ = 3.14 ּ0,370ּ0.005 = 0,0051 <2 

&5<?5@0BC@=V =0?@C65==O 2 B@C1:0E V :>@?CAV �ă = ÿĀāĀ = 5750000,006 = 95.84 #0 �ÿ = ÿÿāÿ = 5750000,0051 ≈ 112.75 #0 
�87=0G8<> 7=0G5==O B5<?5@0BC@=8E =0?@C65=ь 2 :>@?CAV =03@V20NG>3> 

?@8AB@>N 4;O 28?04:C, :>;8 2V= =5 <02 18 :><?5=A0B>@0. ЗCA8;;O @>7BO3C 2 

:>@?CAV @>7@0E>2Cє<> 70 D>@<C;>N: ÿÿ = ÿ⋅�ā⋅Ā⋅ĀĀ�ÿ+ Ā�Ā = 12⋅10−6(150240)⋅1⋅2.1⋅101110,0051+ 10,006 = 4158⋅105544,12 = 764172,93Ą=0,764 ! 
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!0?@C65==O 2 :>@?CAV =03@V20NG>3> ?@8AB@>N �ÿ = ÿÿāÿ = 0,7640,0051 = 149,8 #0 
#>@V2=NNG8 =0?@C65==O 2 :>@?CAV 7 :><?5=A0B>@>< V 157 :><?5=A0B>@0, 

<>6=0 A:070B8, I> :>=45=A0B>@ <>6=0 2AB0=>28B8. 

�57 :><?5=A0B>@0 =0?@C65==O 2 :>@?CAV ?5@528ICNBь 2 149,8/112,75≈1,32 

@078. 
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7. &�)!"�"��/ ���"&"���!!/ ��&��� 
7.1 �81V@ <5B>4C >45@60==O 703>B>2:8 

�8EV4=8< <0B5@V0;>< 4;O 283>B>2;5==O 45B0;V «&@C1G0AB0 @5HVB:0» є 

=5@602VNG0 AB0;ь <0@:8 12)18!10&. 

' =0H><C 28?04:C 4;O >B@8<0==O 703>B>2:8 <8 28:>@8AB>2C20B8<5<> 

?;07<>25 @V70==O <5B0;C. #@>F5A ?;07<>2>3> @V70==O ?>;O30є 2 <VAF52><C 

@>7?;02;5==V <5B0;C 157?>A5@54=ь> 2 7>=V @>7@V7C 70 4>?><>3>N ?>B>:C 

>1B8A=5=>W ?>2VB@O< 5;5:B@>4C38. &5<?5@0BC@0 Fь>3> ?>B>:C <>65 4>AO30B8 

7=0G5=ь 2V4 5000 4> 30000ºC. З024O:8 28A>:V9 :>=F5=B@0FVW 5=5@3VW 2 7>=V @>7@V7C 

4>AO30єBьAO 2C7ь:89 @>7@V7, I> 70157?5GCє 28A>:C O:VABь :@><>: 157 2V4:;045=ь 

<5B0;C V C=8:=5==O :>@>1;5==O <5B0;C. 

'AB0=>2:0 4;O ?;07<>2>3> @V70==O 2:;NG0є 465@5;> 5;5:B@>682;5==O V 

28:>=02G5 465@5;> ?;07<>B@>=0, O:5 7'є4=0=5 7 465@5;>< 682;5==O @CE><8< 

:015;ь-H;0=3>28< ?0:5B><. �65@5;> 682;5==O ?>28==> 1CB8 ?V4:;NG5=> 4> 

<5@56V B0 ?>2VB@O=>W <03VAB@0;V 01> 157?>A5@54=ь> 4> :><?@5A>@0. *59 ?@>F5A 

70157?5GCє 5D5:B82=5 @V70==O <5B0;C 7 28A>:>N O:VABN >1@>1:8 :@><>: V 

2V4ACB=VABN 45D5:BV2. 

#@8?CA: =0 <5E0=VG=C >1@>1:C 287=0G0єBьAO 7 C@0EC20==O< =5B>G=>AB59 

283>B>2;5==O 703>B>2:8. &0:89 ?@8?CA: B0:>6 70;568Bь 2V4 3010@8BV2 45B0;V V 

@53;0<5=BCєBьAO AB0=40@B>< (=0?@8:;04, �"%&). ' 40=><C 28?04:C ?@89<0єBьAO 

?@8?CA: =0 <5E0=VG=C >1@>1:C 2 @>7<V@V 2,5 << =0 :>6=C AB>@>=C 45B0;V. *5 

7=0G5==O ?@8?CA:C 2@0E>2Cє =5B>G=>ABV 283>B>2;5==O 703>B>2:8. 

&5E=>;>3VG=89 ?@8?CA: 2:;NG0є ?@8?CA:8, O:V A?@>ICNBь ?@>F5A 

283>B>2;5==O 703>B>2:8. З C@0EC20==O< Fь>3> ?@8?CA:C 4;O 28@>1=8FB20 >1@0=> 

?;07<>2C @V7:C =0 V=25@B>@V 4;O ?>2VB@O=>-?;07<>2>3> @V70==O 7 :>=B0:B=>- 
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45B0;V  
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4C3>28< 70?0;N20==O<. *59 <5B>4 70157?5GCє B>G=VABь 2V4?>2V4=> 4> AB0=40@BV2 

�&12, �&14, 0 B0:>6 287=0G5=C H>@AB:VABь ?>25@E=V Rz 2 4V0?07>=V 2V4 160 4> 40 

(R0 2V4 40 4> 25). �8:>@8AB0==O Fь>3> <5B>4C 4>72>;Oє 2V4?>2V40B8 28<>30< I>4> 

B>G=>ABV B0 O:>ABV >1@>1:8 4;O 40=>W 45B0;V. 

7.2 &5E=>;>3VG=89 <0@H@CB 283>B>2;5==O 45B0;V 
&01;8FO 1  &5E=>;>3VG=89 <0@H@CB 283>B>2;5==O 45B0;V «&@C1G0AB0 
@5HVB:0» 
№ "?., 
?5@. 

!0720 >?5@0FVW, 
?5@5E>4C 

&5E=>;>3VG=5 >1;04=0==O, >A=0I5==O, 
@V70;ь=89 B0 28<V@N20;ь=89 V=AB@C<5=B 

10 

 

10.1 

З03>BV25;ь=0 
�8@V70B8 703>B>2:C 7 
?;07<>2>N @V7:>N Ø378 <<, 
b=15, %B0;ь 12)18!10&, 
�"%& 5582-61 

 

 

20 

 

 

20.1 

 

20.2 

 

 

20.3 

 

20.4 

 

20.5 

&>:0@=0 ('ЗЗ) 
 

 

&>@FN20B8 (?>2.1) Z=2,5<< 

 

%25@4;8B8 =0A:@V7=89 >B2V@ 
4;O >1@>1:8 2=CB@VH=ь>W 
?>25@E=V  
$>7B>G8B8 >B2V@ 4> Ø109 
(?>2.2) =0G>@=> 
$>7B>G8B8 >B2V@ 4> Ø109 
(?>2.2) =0G8AB> 
З=OB8 D0A:C (?>2.3) 
 

&>:0@=> 25@AB0B 16�20, B@8:C;0G:>289 
?0B@>=. 
 

#@>EV4=89 2V4V3=CB89, ?@0289 &15�6, �"%& 
18870-73,   ,* 31  

%25@4;> $6 5, Ø60, �"%& 10903-77 

 

 

$V75Fь C?>@=89, 4;O >1@>1;5==O 2=CB@VH=VE 
?>25@E>=ь &15�6, ,* 31 

$V75Fь C?>@=89, 4;O >1@>1;5==O 2=CB@VH=VE 
?>25@E>=ь &15�6, ,* 31 

#@>EV4=89 2V4V3=CB89, ?@0289 &15�6, �"%& 
18870-73. 

30 

 

 

30.1 

 

30.2 

 

30.3 

 

30.4 

&>:0@=0 ('ЗЗ) 
 

&>@FN20B8 (?>2.1) Z=2,5<< 

 

&>G8B8 (?>2. 2) =0G>@=> 
 

&>G8B8 (?>2. 2) =0G8AB> 
 

З=OB8 D0A:C (?>2.3) 

&>:0@=89 25@AB0B 16�20, B@8:C;0G:>289 
?0B@>= =0 @>7B8A=5==O. 
#@>EV4=89 2V4V3=CB89, ?@0289 &15�6, �"%& 
18870-73, ,* 31  

#@>EV4=89 2V4V3=CB89, ?@0289 &15�6, �"%& 
18870-73, ,* 31 

#@>EV4=89 2V4V3=CB89, ?@0289 &15�6, �"%& 
18870-73, ,* 31 

#@>EV4=89 2V4V3=CB89, ?@0289 &15�6, �"%& 
18870-73 
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40 

 

40.1 

 

%25@4;8;ь=0 ('ЗЗ) 
 

%25@4;8B8 84 >B2>@8 Ø21,5 
(?>2.1)  

%25@4;8;ь=89 25@AB0B 2�125, C?>@,  
:>=4C:B>@ 
%25@4;> $6 5 Ø21,5 �"%& 10903-77 

 

50. 

50.1 

 

%;NA0@=0 
#@8BC?8B8 3>AB@V :@><:8 =0 

B>@FOE 7C1V2 

�5@AB0: A;NA0@=89 

�5I0B0 A;NA0@=V, =0?8;>: ?;>A:89. 

60 

60.1 

#@><820;ь=0 
#@><8B8 45B0;ь 

#@><820NG0 <0H8=0 

70 

70.1 

&5E=VG=89 :>=B@>;ь 
�>=B@>;N20B8 >1@>1;5=V 

?>25@E=V 45B0;V 

%BV; �&� 

 

7.3. �87=0G5==O ?>>?5@0FV9=8E @568<V2 @V70==O V =>@< G0AC 
"?5@0FVO №20, &>:0@=0 

#5@5EV4 20.1 &>@FN20B8 ?>2.(1) z=2,5 <<. 
1. �;818=0 @V70==O 2,5<< 

2. SCB;8=0,6...1,2 <</>1, ?@89<0є<> SCB;8=0,9 <</>1; 

3. �87=0G0є<> @>7@0EC=:>2C H284:VABь @V70==O, O:0 287=0G0єBьAO ?> 

5<?V@8G=V9 D>@<C;V: 

v =Cv/(T
0,2t0,15S0,45) , 

45 "-A5@54=є 7=0G5==O ?5@V>4C ABV9:>ABV, 48A:@5B=0 25;8G8=0 V <>6=0 

?@89<0B8 2 <560E 60-90 E2. 4;O @V7FV2 7V H284:>@V70;ь=>W AB0;V V 90-120 E2. 4;O 

@V7FO V7 B25@4>A?;02=>N @V70;ь=>N ?;0AB8=:>N; Cv =153 - ?>ABV9=0 4;O 40=8E 

@568<V2 @V70==O  

v =153 / (1200,21,50,150,90,45)=58,3 @/I6. 

4. �87=0G0є<> @>7@0EC=:>2C G0AB>BC >15@B0==O  H?8=45;O 25@AB0B0: 

n6 =1000v/d3 =1000  58,3 / 3,14  378 =49,77 B5/I6, 

45 d3- 4V0<5B@ 703>B>2:8, <<; 

5. $>7@0EC=:>20 :V;ь:VABь >15@BV2 nD ?>@V2=NєBьAO 7 =0O2=8<8 =0 25@AB0BV 

7=0G5==O<8 73V4=> 9>3> ?0A?>@B=8E 40=8E. /:I> @>7@0EC=:>20 G0AB>B0 =5 

71V30єBьAO 7 >4=8< V7 ?>;>65=ь, B> 4;O ?>40;ьH8E @>7@0EC=:V2 ?@89<0єBьAO B5 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 
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?>;>65==O :>@>1:8 H284:>AB59 25@AB0B0 (n@ ),I> є =091;86G8< <5=H8< 70 n@, 
B>1B> ?>28==0 28B@8<C20B8AO C<>20 n6 < nD 

�7 @O4C >15@BV2 H?8=45;O 25@AB0BC 2818@0є<> 1;86G5 <5=H5 7=0G5==O. 

n6 = 40B5/I6. 

6. З0 ?@89=OB8< 7=0G5==O< n2 287=0G0єBьAO D0:B8G=0 H284:VABь @V70==O: 

V8 =dn6/ 1000 =3,14  378  40/1000 =46,8 @/I6. 

7. �87=0G0є<> @>7@0EC=:>2C 4>268=C >1@>1:8: 

LD  =L8+L1+L2+L3 

L8=186,5<< - 4>268=0 >1@>1;N20;ь=>W ?>25@E=V; L1=2<< - 25;8G8=0 

?V42>4C @V7FO; L2=1,5<< - 25;8G8=0 2@V70==O ?@>EV4=>3> 2V4V3=CB>3> ?@02>3> 

@V7FO; L3=2<< - 25;8G8=0 ?5@51V3C @V7FO. 

LD  =186,5+2+1,5+2=192 @@ 

8. "A=>2=89 G0A =0 28:>=0==O ?5@5E>4C 

t0  =L/n6S=192/40·0.9=5.3 I6. 

9.�>?><V6=89 G0A 4;O CAB0=>2;5==O 703>B>2:8 

t8.GEF   =0,25I6. 

10.�>?><V6=89 G0A 4;O ?5@5E>4C 

t81= t1+ t2+ t3+ ...+tn; 

t1=0,11 E2 - :><?;5:A=89 G0A; t2=0,08 E2 - G0A =0 CAB0=>2;5==O G0AB>B8 B0 

?>40GV; t3=0,05 E2 3 G0A =0 ?>2>@>B @V7F5B@8<0G0; t4=0,08 E2 3 G0A =0 2:;NG5==O 

?>?5@5G=>W ?>40GV; t5=0,08 E2 3 G0A =0 :>=B@>;ь=V 28<V@8; 

t8=0,25+0,4=0,65 I6; 

11. "?5@0B82=89 G0A 

TBC= t01+ t8=5,3+0,65=5,95I6. 

 

#5@5EV4 20.2 %25@4;8B8 >B2. Ø60 =0 L=12,5 <<. 
#@8?CA: =0 >1@>1;5==O ?V4 G0A A25@4;V==O AB0=>28Bь  Ć = ĂE62 = 602 = 30 <<. 
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З0 =>@<0B82=8<8 40=8<8 2818@0є<> ?>40GC 70;56=> 2V4 4V0<5B@C >B2>@C 

B0 <VF=>AB=8E E0@0:B5@8AB8: 703>B>2:8 <0B5@V0;C. #@8 A25@4;V==V AB0;528E 

45B0;59 7 �6 > 1000 М�4. ?>40GC 15@5<> Ă = 0,22&0,30 <</>5. З0 
?0A?>@B=8<8 40=8<8 AB0=:0 ?@89<0є<> ?>40GC Ă = 0,3 <</>5. 

%5@4=O ABV9:VABь A25@4;0: T=25 I6. 

�818@0є<> 5<?V@8G=C D>@<C;C (:@8B8G=>W) H284:>ABV @V70==O AB0;V   ý = þ�∙þ�þă�∙Ăýþ ∙ ÿ� ∙ ÿ3ą = 9.8∙600,2250,5∙0,30,5 ∙ 0,387 ∙ 0,75 = 2,5 </E2 

45 :>5DVFVє=B8 !v=9.8; m=0,5; q=0,2; y=0,5  

З=0E>48<> ?>?@02>G=89 :>5DVFVє=B 4;O %B0;V 12)18!10& ÿ� = ÿāą × ÿÿą × ÿĄą = 1,23 × 0,9 × 0,35 = 0,387; 
45 KMV – :>5DVFVє=B O:89 2@0E>2Cє O:VABь >1@>1;5==O <0B5@V0;C; ÿāą = ÿÿ × (750�ý )Ā� = 1 × (750610)1 = 1,23 

45 Kr – :>5DVFVє=B, O:89 2@0E>2Cє 3@C?C AB0;V ?> >1@>1;N20=>ABV, Kr=1; 

nv – ?>:07=8: AB5?5=V, O:89 2@0E>2Cє 3@C?C AB0;V ?> >1@>1;N20=>ABV, nv=1; 

KPV – :>5DVFVє=B, O:89 2@0E>2Cє AB0= ?>25@E=V 703>B>2:8 =0 H284:VABь 

@V70==O, KPV=0,9; 

KUV – :>5DVFVє=B, O:89 2@0E>2Cє 2?;82 <0B5@V0;C V=AB@C<5=B0 =0 H284:VABь 

@V70==O, KUV=0,35. 

#>B@V1=0 G0AB>B0 >15@BV2 A25@4;0: Āý = 1000∙ąÿ∙þ! = 1000∙2.53,14∙80 = 12.52>1/E2 
#@89<0є<> 1;86GC <5=HC G0AB>BC >15@BV2 H?8=45;O 25@AB0B0 n2=12,5 

>1/E2. �V9A=0 H284:VABь @V70==O ?@8 B0:8E >15@B0E H?8=45;O  ý� = ÿ∙þ!∙Āý1000 = 3,14∙60∙12,51000 = 2.355 </E2. 

"A=>2=89 G0A =0 28:>=0==O ?5@5E>4C Ć02 = ĀĀý∙Ă = 12,512,5∙0,3 = 3.33 E2 

$>7@0EC=:>20 4>268=0 >1@>1;5==O 4;O ?5@5E>4C Ā = þ�9F + þ1 + þ2 + þ3 = 12.5 + 2 + 3 = 17.5 << 
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��"l - 4>268=0 A25@4;V==O l��"=12.5 << 

1l - ?V42V4 V=AB@C<5=BC 21 =l << 

2l - 2@V70==O V=AB@C<5=BC V 3l - ?5@51V3 V=AB@C<5=BC l2+l3=3 

�>?><V6=89 G0A =0 28:>=0==O ?5@5E>4C: 

t8BC2=t6EF+tC9D+t;@+tk=0,08+0,24+0,27=0,59 I6. 

45 t6EF = 0,08 I6 3 4>?><V6=89 G0A =0 ?5@5<VI5==O 101:8; 

t;@=0,06+0,02+0,12+0,04=0,24 I6 3 G0A, ?>2'O70=89 7 CAB0=>2:>N B0 

7=OBBO< V=AB@C<5=BC 2 H284:>7<V==><C ?0B@>=V, 7<V=>N @568<V2 @>1>B8, 

2:;NG5==O B0 28:;NG5==O >E>;>465==O; 

tk = 0,27 I6 – G0A =0 :>=B@>;ь=V 28<V@N20==O >1@>1;N20;ь=>W ?>25@E=V 

#5@5EV4 20.3 $>7B>G8B8 >B2V@ Ø40 4> Ø108,3 =0G>@=> ?>2.(2) 
З030;ь=0 3;818=0 @V70==O ?@8 >1@>1FV 7040=>W ?>25@E=V Ć = Ă 2 Ăз2 = 108,3 2 602 = 24 << 

#>40G 7=0E>48BьAO 2 V=B5@20;V S=0,4&0,8 <</>1. З2V@Oє<> 7 ?0A?>@B=8<8 

40=8<8 25@AB0B0 V ?@89<0є<> S=0,4 <</>1.  

�87=0G0є<> H284:VABь @V70==O: ý = þ�ă�∙āý∙Ăþ ∙ ÿ� = 340600,2∙24,150,15∙0,40,35 ∙ 0,387 = 49.63 </E2. 

45 :>5DVFVє=B8 !v=340; m=0,2; x=0,15; y=0,35 

" 3 A5@54=є 7=0G5==O ?5@V>4C ABV9:>ABV @V7FO (<>6=0 ?@89<0B8 2 <560E 

60&90 E2.) 

З=0E>48<> ?>?@02>G=89 :>5DVFVє=B 4;O %B0;V 12)18!10& ÿ� = ÿāą × ÿÿą × ÿĄą = 1,23 × 0,9 × 0,35 = 0,387; 
45 KMV – :>5DVFVє=B O:89 2@0E>2Cє O:VABь >1@>1;5==O <0B5@V0;C; ÿāą = ÿÿ × (750�ý )Ā� = 1 × (750610)1 = 1,23 

45 Kr – :>5DVFVє=B, O:89 2@0E>2Cє 3@C?C AB0;V ?> >1@>1;N20=>ABV, Kr=1; 

nv – ?>:07=8: AB5?5=V, O:89 2@0E>2Cє 3@C?C AB0;V ?> >1@>1;N20=>ABV, nv=1; 

KPV – :>5DVFVє=B, O:89 2@0E>2Cє AB0= ?>25@E=V 703>B>2:8 =0 H284:VABь 

@V70==O, KPV=0,9; 
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KUV – :>5DVFVє=B,  O:89 2@0E>2Cє 2?;82 <0B5@V0;C V=AB@C<5=B0 =0 H284:VABь 

@V70==O, KUV=0,35. 

#>B@V1=0 G0AB>B0 >15@BV2 H?8=45;O 25@AB0B0 / 

 Āý = 1000∙ąÿ∙þз = 1000∙49.633,14∙60 = 263.429 >1/E2 

#@89<0є<> 1;86GC <5=HC G0AB>BC >15@BV2 H?8=45;O 25@AB0B0 n2=250 

>1/E2. �V9A=0 H284:VABь @V70==O ?@8 B0:8E >15@B0E H?8=45;O  ý� = ÿ∙þЗ∙Āý1000 = 3,14∙60∙2501000 = 47.1 </E2 

$>7@0EC=:>20 4>268=0 >1@>1;5==O 4;O ?5@5E>4C Ā = þ�9F + þ1 + þ2 + þ3 = 12.5 + 2 + 3 + 1 = 18.5 << 

��"l - 4>268=0 45B0;V l��"=12.5 << 

1l - ?V42V4 V=AB@C<5=BC 21 =l << 

2l - 2@V70==O V=AB@C<5=BC l2 = 3 

3l - ?5@51V3 V=AB@C<5=BC l3=1 

"A=>2=89 G0A =0 28:>=0==O ?5@5E>4C  Ć = ĀĀý∙Ă = 18.5250∙0,4 = 0.185 E2 

�>?><V6=89 G0A =0 28:>=0==O ?5@5E>4C Ć� = Ć1 + Ć2 + Ć3 = 0,11 + 0,1 + 0,7 = 0,91 E6 

11,01 =t E2 3 4>?><V6=89 G0A, ?>2’O70=89 157?>A5@54=ь> 7 ?5@5E>4>< 4;O 

?>?5@5G=>3> >1B>GC20==O 7 CAB0=>2;5==O< @V7FO ?> C?>@C. 

1,005,005,02 =+=t  E2. 3 4>?><V6=89 G0A =0 7<V=C G0AB>B8 >15@BV2 H?8=45;O 

V ?>40GV. 

t3=0,7  I6 3 70<V=0 @V7FO. 

 

#5@5EV4 20.4 $>7B>G8B8 Ø108,3 4> Ø109 =0G8AB> ?>2.(2) 
З030;ь=0 3;818=0 @V70==O ?@8 >1@>1FV 7040=>W ?>25@E=V Ć = Ă 2 Ăз2 = 109 2 108,32 = 0,35 << 
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#>40G 7=0E>48BьAO 2 V=B5@20;V S=0,6&1,2 <</>1. З2V@Oє<> 7 ?0A?>@B=8<8 

40=8<8 25@AB0B0 V ?@89<0є<> S=0,6 <</>1.  

�87=0G0є<> H284:VABь @V70==O: ý = þ�ă�∙āý∙Ăþ ∙ ÿ� = 340600,2∙0,350,15∙0,60,35 ∙ 0,387 = 81.208 </E2. 

 

45 :>5DVFVє=B8 !v=340; m=0,2; x=0,15; y=0,35 

" 3 A5@54=є 7=0G5==O ?5@V>4C ABV9:>ABV @V7FO (<>6=0 ?@89<0B8 2 <560E 

60&90 E2.) 

З=0E>48<> ?>?@02>G=89 :>5DVFVє=B 4;O %B0;V 12)18!10& ÿ� = ÿāą × ÿÿą × ÿĄą = 1,23 × 0,9 × 0,35 = 0,387; 
45 KMV – :>5DVFVє=B O:89 2@0E>2Cє O:VABь >1@>1;5==O <0B5@V0;C; ÿāą = ÿÿ × (750�ý )Ā� = 1 × (750610)1 = 1,23 

45 Kr – :>5DVFVє=B, O:89 2@0E>2Cє 3@C?C AB0;V ?> >1@>1;N20=>ABV, Kr=1; 

nv – ?>:07=8: AB5?5=V, O:89 2@0E>2Cє 3@C?C AB0;V ?> >1@>1;N20=>ABV, nv=1; 

KPV – :>5DVFVє=B, O:89 2@0E>2Cє AB0= ?>25@E=V 703>B>2:8 =0 H284:VABь 

@V70==O, KPV=0,9; 

KUV – :>5DVFVє=B, O:89 2@0E>2Cє 2?;82 <0B5@V0;C V=AB@C<5=B0 =0 H284:VABь 

@V70==O, KUV=0,35. 

#>B@V1=0 G0AB>B0 >15@BV2 H?8=45;O 25@AB0B0 / Āý = 1000∙ąÿ∙þз = 1000∙81.2083,14∙108.3 = 238.8 >1/E2 

#@89<0є<> 1;86GC <5=HC G0AB>BC >15@BV2 H?8=45;O 25@AB0B0 n2=250 

>1/E2. �V9A=0 H284:VABь @V70==O ?@8 B0:8E >15@B0E H?8=45;O  ý� = ÿ∙þЗ∙Āý1000 = 3,14∙108.3∙2501000 = 85.02 </E2 

$>7@0EC=:>20 4>268=0 >1@>1;5==O 4;O ?5@5E>4C Ā = þ�9F + þ1 + þ2 + þ3 = 12.5 + 2 + 5 = 18.5 << 

��"l - 4>268=0 45B0;V l��"=12.5 << 

1l - ?V42V4 V=AB@C<5=BC 21 =l << 
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2l - 2@V70==O V=AB@C<5=BC l2 = 3 

3l - ?5@51V3 V=AB@C<5=BC l3=1 

"A=>2=89 G0A =0 28:>=0==O ?5@5E>4C Ć04 = ĀĀý∙Ă = 18.5250∙0,6 = 0.12 E2 

�>?><V6=89 G0A =0 28:>=0==O ?5@5E>4C Ć�4 = Ć1 + Ć2 + Ć3 = 0,11 + 0,1 + 0,7 = 0,75 E6 

11,01 =t E2 3 4>?><V6=89 G0A, ?>2’O70=89 157?>A5@54=ь> 7 ?5@5E>4>< 4;O 

?>?5@5G=>3> >1B>GC20==O 7 CAB0=>2;5==O< @V7FO ?> C?>@C (B01;..26). 

1,005,005,02 =+=t  E2. 3 4>?><V6=89 G0A =0 7<V=C G0AB>B8 >15@BV2 H?8=45;O 

V ?>40GV. 

t3=0,7 I6 3 70<V=0 @V7FO. 

#@87=0G5==O @568<V2 @V70==O 4;O B>GV==O D0A:8 ?>2.3, 

4>B@8<CNG8Aь @>7<V@V2 2, Ą ×45°. 
"15@B8 H?8=45;O 70;8H0NBьAO B0:V 6, O V ?V4 G0A >1B>GC20==O =0 

?>?5@54=ь><C ?5@5E>4V n2=250 E621 7 B8<, I>1 =5 28B@0G0B8 G0A =0 

?5@5<8:0==O H284:>ABV. З0B@0G5=89 G0A =0 B>GV==O 30=B5;59, 7=OBBO D0A>: 

287=0G0єBьAO V ?@89<0єBьAO O: >A=>2=89 G0A Ć = 0,18 E2. 

   �>?><V6=89 G0A =0 28:>=0==O ?5@5E>4C 

11.113.0311,0313,03333 321 =++=++= tttt � E2 

13,01 =t E2 3 4>?><V6=89 G0A, ?>2'O70=89 157?>A5@54=ь> 7 ?5@5E>4>< 4;O 

?>?5@5G=>3> >1B>GC20==O 7 CAB0=>2;5==O< @V7FO ?> C?>@C =0 25@AB0BV 7 28A>B>N 

F5=B@V2 4> 200 << ?@8 02B><0B8G=V9 ?>40GV. 

11,006,005,02 =+=t  E2 3 4>?><V6=89 G0A =0 7<V=C G0AB>B8 >15@BV2 H?8=45;O 

V ?>40GV.  

t4=0.13 E2 3 :>=B@>;ь=V 28<V@N20==O. 

!>@<C20==O B>:0@=>W >?5@0FVW: 
"A=>2=89 >?5@0FV9=89 G0A =0 28:>=0==O 2AVєW B>:0@=>W >?5@0FVW AB0=>28Bь: 

"B= 115.918.012.0185.033.33.5t
i

1

oi =++++=  

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 

9 
�2.$.133. �61�")79018.#З 
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�>?><V6=89 G0A  

"8=2ty+  t =0,65+0,59+0,91+0,75+1.11=4,01 

"?5@0FV9=89 G0A  

"BC="B+"8=9,115+4,01= 13,125 I6 

#V43>B>2G> - 7025@HC20;ь=89 G0A =0 ?0@BVN 45B0;59: 

!0 =0;03>465==O 2 ?0B@>=V - 10 E2, =0 >45@60==O B0 74020==O V=AB@C<5=BV2 

B0 ?@8AB@>W2 - 7... 10 E2. 

 

"B65, "C.; =13.125+10=23.125 E2; 

n 4 :V;ь:VABь 45B0;59 C ?0@BVW (A5@VW). 

/:I> 28E>48B8 7 @VG=>W ?@>3@0<8 10 45B0;59 =0 @V:, B> 

"> = 13,125+4.01+3.115 + (20/10) = 25,25I6. 

!>@<0 28@>1VB:C AB0=>28Bь 

N = 60/"> = 60/25,25=2,23 89F4?V. 

"?5@0FVO №30, B>:0@=0 
#5@5EV4 30.1 &>@FN20B8 ?>2.(1) z=2,5 <<. 

1. �;818=0 @V70==O 2,5<< 

2. SCB;8=0,6...1,2 <</>1, ?@89<0є<> SCB;8=0,9 <</>1; 

3. �87=0G0є<> @>7@0EC=:>2C H284:VABь @V70==O, O:0 287=0G0єBьAO ?> 

5<?V@8G=V9 D>@<C;V: 

v =Cv/(T
0,2t0,15S0,45) , 

45 "-A5@54=є 7=0G5==O ?5@V>4C ABV9:>ABV, 48A:@5B=0 25;8G8=0 V <>6=0 

?@89<0B8 2 <560E 60-90 E2. 4;O @V7FV2 7V H284:>@V70;ь=>W AB0;V V 90-120 E2. 4;O 

@V7FO V7 B25@4>A?;02=>N @V70;ь=>N ?;0AB8=:>N; Cv =153 - ?>ABV9=0 4;O 40=8E 

@568<V2 @V70==O  

v =153 / (1200,21,50,150,90,45)=58,3 @/I6. 

4. �87=0G0є<> @>7@0EC=:>2C G0AB>BC >15@B0==O  H?8=45;O 25@AB0B0: 

n6 =1000v/d3 =1000  58,3 / 3,14  378 =49,77 B5/I6, 

45 d3- 4V0<5B@ 703>B>2:8, <<; 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 
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5. $>7@0EC=:>20 :V;ь:VABь >15@BV2 nD ?>@V2=NєBьAO 7 =0O2=8<8 =0 25@AB0BV 

7=0G5==O<8 73V4=> 9>3> ?0A?>@B=8E 40=8E. /:I> @>7@0EC=:>20 G0AB>B0 =5 

71V30єBьAO 7 >4=8< V7 ?>;>65=ь, B> 4;O ?>40;ьH8E @>7@0EC=:V2 ?@89<0єBьAO B5 

?>;>65==O :>@>1:8 H284:>AB59 25@AB0B0 (n@ ),I> є =091;86G8< <5=H8< 70 n@, 
B>1B> ?>28==0 28B@8<C20B8AO C<>20 n6 < nD 

�7 @O4C >15@BV2 H?8=45;O 25@AB0BC 2818@0є<> 1;86G5 <5=H5 7=0G5==O. 

n6 = 40B5/I6. 

6. З0 ?@89=OB8< 7=0G5==O< n2 287=0G0єBьAO D0:B8G=0 H284:VABь @V70==O: 

V8 =dn6/ 1000 =3,14  378  40/1000 =46,8 @/I6. 

 

7. �87=0G0є<> @>7@0EC=:>2C 4>268=C >1@>1:8: 

LD  =L8+L1+L2+L3 

L8=186,5<< - 4>268=0 >1@>1;N20;ь=>W ?>25@E=V; L1=2<< - 25;8G8=0 

?V42>4C @V7FO; L2=1,5<< - 25;8G8=0 2@V70==O ?@>EV4=>3> 2V4V3=CB>3> ?@02>3> 

@V7FO; L3=2<< - 25;8G8=0 ?5@51V3C @V7FO. 

LD  =186,5+2+1,5+2=192 @@ 

8. "A=>2=89 G0A =0 28:>=0==O ?5@5E>4C 

t0  =L/n6S=192/40·0.9=5.3 I6. 

9.�>?><V6=89 G0A 4;O CAB0=>2;5==O 703>B>2:8 

t8.GEF   =0,25I6. 

10.�>?><V6=89 G0A 4;O ?5@5E>4C 

t81= t1+ t2+ t3+ ...+tn; 

t1=0,11 E2 - :><?;5:A=89 G0A; t2=0,08 E2 - G0A =0 CAB0=>2;5==O G0AB>B8 B0 

?>40GV; t3=0,05 E2 3 G0A =0 ?>2>@>B @V7F5B@8<0G0; t4=0,08 E2 3 G0A =0 2:;NG5==O 

?>?5@5G=>W ?>40GV; t5=0,08 E2 3 G0A =0 :>=B@>;ь=V 28<V@8; 

t81=0,25+0,4=0,65 I6; 

11. "?5@0B82=89 G0A 

TBC= t01+ t8=5,3+0,65=5,95I6. 

 

#5@5EV4 30.2 &>G8B8 ?>2.2 =0G>@=> 4> Ø365 l=10 << 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 
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З030;ь=0 3;818=0 @V70==O ?@8 >1@>1FV 7040=>W ?>25@E=V 13
2

365378
=

−
=t <<.  

&>G8<> 70 10 ?@>E>4V2, B>4V 3;818=0 @V70==O =0 >48= ?@>EV4 t= 1.3 <<.  

#>40G0 S=0,6&1,2 <</>1. З2V@Oє<> 7 ?0A?>@B=8<8 40=8<8 25@AB0B0 V 

?@89<0є<> S=1 <</>1. 

�87=0G0є<> H284:VABь @V70==O: ý = þ�ă�∙āý∙Ăþ ∙ ÿ� = 340600,2∙1,30,15∙10,35 ∙ 0,387 = 55,77 </E2. 

45 :>5DVFVє=B8 !v=340; m=0,2; x=0,15; y=0,35 

" 3 A5@54=є 7=0G5==O ?5@V>4C ABV9:>ABV @V7FO (<>6=0 ?@89<0B8 2 <560E 

60&90 E2.) 

 

З=0E>48<> ?>?@02>G=89 :>5DVFVє=B 4;O %B0;V 12)18!10& ÿ� = ÿāą × ÿÿą × ÿĄą = 1,23 × 0,9 × 0,35 = 0,387; 
45 KMV – :>5DVFVє=B O:89 2@0E>2Cє O:VABь >1@>1;5==O <0B5@V0;C; ÿāą = ÿÿ × (750�ý )Ā� = 1 × (750610)1 = 1,23 

45 Kr – :>5DVFVє=B, O:89 2@0E>2Cє 3@C?C AB0;V ?> >1@>1;N20=>ABV, Kr=1; 

nv – ?>:07=8: AB5?5=V, O:89 2@0E>2Cє 3@C?C AB0;V ?> >1@>1;N20=>ABV, nv=1; 

KPV – :>5DVFVє=B, O:89 2@0E>2Cє AB0= ?>25@E=V 703>B>2:8 =0 H284:VABь 

@V70==O, KPV=0,9; 

KUV – :>5DVFVє=B, O:89 2@0E>2Cє 2?;82 <0B5@V0;C V=AB@C<5=B0 =0 H284:VABь 

@V70==O, KUV=0,35. 

#>B@V1=0 G0AB>B0 >15@BV2 H?8=45;O 25@AB0B0  Āý = 1000∙ąÿ∙þз = 1000∙55,773,14∙378 = 46,99 >1/E2 

#@89<0є<> 1;86GC <5=HC G0AB>BC >15@BV2 H?8=45;O 25@AB0B0 n6=40 >1/E2. 

�V9A=0 H284:VABь @V70==O ?@8 B0:8E >15@B0E H?8=45;O  ý� = ÿ∙þЗ∙Āý1000 = 3,14∙378∙401000 = 47,48 </E2 

$>7@0EC=:>20 4>268=0 >1@>1;5==O 4;O ?5@5E>4C Ā = þ0 + þ1 + þ2 + þ3 = 10 + 2 + 2 + 2 = 12 << 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 
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0l - 4>268=0 @V70==O 67 << 

1l - ?V42V4 V=AB@C<5=BC 21 =l << 

2l - 2@V70==O V=AB@C<5=BC l2 = 2 <<. 

3l - ?5@51V3 V=AB@C<5=BC l3=2 

"A=>2=89 G0A =0 28:>=0==O ?5@5E>4C  Ćā = ĀĀý∙Ă = 1240∙1,0 ∙ 10 = 3 E2 

 

�>?><V6=89 G0A =0 28:>=0==O ?5@5E>4C 

84.013,048,012,011,04321 =+++=+++= ttttt � E2 

11,01 =t E2 3 4>?><V6=89 G0A, ?>2'O70=89 157?>A5@54=ь> 7 ?5@5E>4>< 4;O 

?>?5@5G=>3> >1B>GC20==O 7 CAB0=>2;5==O< @V7FO ?> C?>@C =0 25@AB0BV 7 28A>B>N 

F5= 

 

B@V2 4> 200 << ?@8 02B><0B8G=V9 ?>40GV. 

12,006,006,02 =+=t  E2 3 4>?><V6=89 G0A =0 7<V=C G0AB>B8 >15@BV2 H?8=45;O 

V ?>40GV. 

t3=0.48 E2 3G0A =0 2AB0=>2;5==O, 70B8A:0==O B0 7=OBBO 45B0;V. 

t4=0.13 E2 3 :>=B@>;ь=V 28<V@N20==O. 

 

#5@5EV4 30.3 &>G8B8 ?>2.2 =0G8AB> 4> Ø364 l=10 << 

З030;ь=0 3;818=0 @V70==O ?@8 >1@>1FV 7040=>W ?>25@E=V 5,0
2

364365
=

−
=t <<.  

#>40G0 S=0,6&1,2 <</>1. З2V@Oє<> 7 ?0A?>@B=8<8 40=8<8 25@AB0B0 V 

?@89<0є<> S=0,6 <</>1. 

�87=0G0є<> H284:VABь @V70==O: ý = þ�ă�∙āý∙Ăþ ∙ ÿ� = 340600,2∙0,50,15∙0,60,35 ∙ 0,387 = 76,98 </E2. 

45 :>5DVFVє=B8 !v=340; m=0,2; x=0,15; y=0,35 

" 3 A5@54=є 7=0G5==O ?5@V>4C ABV9:>ABV @V7FO (<>6=0 ?@89<0B8 2 <560E 

60&90 E2.) 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 
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З=0E>48<> ?>?@02>G=89 :>5DVFVє=B 4;O %B0;V 12)18!10& ÿ� = ÿāą × ÿÿą × ÿĄą = 1,23 × 0,9 × 0,35 = 0,387; 
45 KMV – :>5DVFVє=B O:89 2@0E>2Cє O:VABь >1@>1;5==O <0B5@V0;C; ÿāą = ÿÿ × (750�ý )Ā� = 1 × (750610)1 = 1,23 

45 Kr – :>5DVFVє=B, O:89 2@0E>2Cє 3@C?C AB0;V ?> >1@>1;N20=>ABV, Kr=1; 

nv – ?>:07=8: AB5?5=V, O:89 2@0E>2Cє 3@C?C AB0;V ?> >1@>1;N20=>ABV, nv=1; 

KPV – :>5DVFVє=B, O:89 2@0E>2Cє AB0= ?>25@E=V 703>B>2:8 =0 H284:VABь 

@V70==O, KPV=0,9; 

KUV – :>5DVFVє=B, O:89 2@0E>2Cє 2?;82 <0B5@V0;C V=AB@C<5=B0 =0 H284:VABь 

@V70==O, KUV=0,35. 

#>B@V1=0 G0AB>B0 >15@BV2 H?8=45;O 25@AB0B0  Āý = 1000∙ąÿ∙þз = 1000∙76,983,14∙365 = 67,16 >1/E2 

#@89<0є<> 1;86GC <5=HC G0AB>BC >15@BV2 H?8=45;O 25@AB0B0 n6=63 >1/E2. 

 

 �V9A=0 H284:VABь @V70==O ?@8 B0:8E >15@B0E H?8=45;O  ý� = ÿ∙þЗ∙Āý1000 = 3,14∙365∙631000 = 72,20 </E2 

$>7@0EC=:>20 4>268=0 >1@>1;5==O 4;O ?5@5E>4C Ā = þ0 + þ1 + þ2 + þ3 = 10 + 2 + 2 + 2 = 12 << 

0l - 4>268=0 @V70==O 67 << 

1l - ?V42V4 V=AB@C<5=BC 21 =l << 

2l - 2@V70==O V=AB@C<5=BC l2 = 2 <<. 

3l - ?5@51V3 V=AB@C<5=BC l3=2 

"A=>2=89 G0A =0 28:>=0==O ?5@5E>4C  Ć01 = ĀĀý∙Ă = 1263∙0,6 = 0,32 E2 

 

�>?><V6=89 G0A =0 28:>=0==O ?5@5E>4C 

84.013,048,012,011,04321 =+++=+++= ttttt � E2 

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 
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11,01 =t E2 3 4>?><V6=89 G0A, ?>2'O70=89 157?>A5@54=ь> 7 ?5@5E>4>< 4;O 

?>?5@5G=>3> >1B>GC20==O 7 CAB0=>2;5==O< @V7FO ?> C?>@C =0 25@AB0BV 7 28A>B>N 

F5=B@V2 4> 200 << ?@8 02B><0B8G=V9 ?>40GV. 

12,006,006,02 =+=t  E2 3 4>?><V6=89 G0A =0 7<V=C G0AB>B8 >15@BV2 H?8=45;O 

V ?>40GV. 

t3=0.48 E2 3G0A =0 2AB0=>2;5==O, 70B8A:0==O B0 7=OBBO 45B0;V. 

t4=0.13 E2 3 :>=B@>;ь=V 28<V@N20==O. 

 

#@87=0G5==O @568<V2 @V70==O 4;O B>GV==O D0A:8 ?>2.3, 

4>B@8<CNG8Aь @>7<V@V2 1,6×45°. 
"15@B8 H?8=45;O 70;8H0NBьAO B0:V 6, O V ?V4 G0A >1B>GC20==O =0 

?>?5@54=ь><C ?5@5E>4V n2=63 E621 7 B8<, I>1 =5 28B@0G0B8 G0A =0 ?5@5<8:0==O 

H284:>ABV. З0B@0G5=89 G0A =0 B>GV==O 30=B5;59, 7=OBBO D0A>: 287=0G0єBьAO 70 V 

?@89<0єBьAO O: >A=>2=89 G0A Ć = 0,18 E2. 

   �>?><V6=89 G0A =0 28:>=0==O ?5@5E>4C 

11.113.0311,0313,03333 321 =++=++= tttt � E2 

13,01 =t E2 3 4>?><V6=89 G0A, ?>2'O70=89 157?>A5@54=ь> 7 ?5@5E>4>< 4;O 

?>?5@5G=>3> >1B>GC20==O 7 CAB0=>2;5==O< @V7FO ?> C?>@C =0 25@AB0BV 7 28A>B>N 

F5=B@V2 4> 200 << ?@8 02B><0B8G=V9 ?>40GV. 

11,006,005,02 =+=t  E2 3 4>?><V6=89 G0A =0 7<V=C G0AB>B8 >15@BV2 H?8=45;O 

V ?>40GV.  

t4=0.13 E2 3 :>=B@>;ь=V 28<V@N20==O. 

!>@<C20==O B>:0@=>W >?5@0FVW: 
"A=>2=89 >?5@0FV9=89 G0A =0 28:>=0==O 2AVєW B>:0@=>W >?5@0FVW AB0=>28Bь: 

"B= 45.918.032.0395.5t
i

1

oi =+++=  

�>?><V6=89 G0A  

"8=2ty+  t =0,65+0,84+0,84+1.11=3.44 

"?5@0FV9=89 G0A  

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 

15 
�2.$.133. �61�")79018.#З 

 

77 



"BC="B+"8=9,45+3.44= 12,89 I6 

#V43>B>2G> - 7025@HC20;ь=89 G0A =0 ?0@BVN 45B0;59: 

!0 =0;03>465==O 2 ?0B@>=V - 10 E2, =0 >45@60==O B0 74020==O V=AB@C<5=BV2 

B0 ?@8AB@>W2 - 7... 10 E2. 

"B65, "C.; =12.89+10=22.89 E2; 

n 4 :V;ь:VABь 45B0;59 C ?0@BVW (A5@VW). 

/:I> 28E>48B8 7 @VG=>W ?@>3@0<8 10 45B0;59 =0 @V:, B> 

"> = 12,89+3.44+3.115 + (20/10) = 24,45I6. 

!>@<0 28@>1VB:C AB0=>28Bь 

N = 60/"> = 60/24,45=2,45 89F4?V. 
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7. �� "�� �"  "!&��', ��%#�'�&�*�� &� $� "!&' 

7.1. &5E=>;>3VO <>=B06C ACA;>20@8;ь=>3> 0?0@0B0  
�8@>1=8G89 ?@>F5A <>=B06C >1;04=0==O - F5 :><?;5:A=V >?5@0FVW, 

A?@O<>20=V =0 ?5@5B2>@5==O 28EV4=8E 28@>1V2 <0H8=>1C4C20==O 2 3>B>289 

03@530B, ?@><8A;>2C ;V=VN 01> B5E=>;>3VG=C CAB0=>2:C. *59 ?@>F5A ?@87=0G5=89 

4;O AB2>@5==O 70A>1V2 28@>1=8FB20, O:V 740B=V 283>B>2;OB8 :>=:@5B=C ?@>4C:FVN 

01> 28:>=C20B8 ?52=89 B5E=>;>3VG=89 ?@>F5A. �06;828< 5B0?>< є 28?@>1C20==O 

7<>=B>20=>3> >1;04=0==O 4;O ?5@52V@:8 9>3> ?@0F5740B=>ABV B0 2V4?>2V4=>ABV 

2AB0=>2;5=8< AB0=40@B0< V 28<>30<. 

 >=B06 >1;04=0==O 2:;NG0є B0:V 5B0?8: ?V43>B>2GV <>=B06=V @>1>B8 B0 

28?@>1C20==O 7<>=B>20=>3> >1;04=0==O, B><C B5E=>;>3VG=V ?@>F5A8 <>=B06C 

?>4V;ONBьAO =0 >A=>2=V, ?V43>B>2GV B0 ?CA:>=0;03>46C20;ь=V. 

#>@O4>: ?@>2545==O <>=B06C: 
1) "D4AECBDFG64AAO ;V E>?48G 8B @VEJO @BAF4:G. �;O ?5@52575==O 0?0@0B0 

4> <VAFO <>=B06C <>6=0 28:>@8AB>2C20B8 70;V7=8G=89 01> @VG:>289 B@0=A?>@B, 

O:I> VA=CNBь 2V4?>2V4=V H;OE8 A?>;CG5==O. �;O Fь>3> 28:>@8AB>2CєBьAO 

A?5FV0;ь=89 ?@8G5?-BO30G, V ?@>2>48BьAO C73>465==O AE5<8 20=B065==O, 

@>720=B065==O, :@V?;5==O B0 <0@H@CBC @CEC. !0 B5@8B>@VW ?V4?@8є<AB20 B0:>6 

<>65 1CB8 28:>@8AB0=89 A?5FV0;ь=89 2=CB@VH=V9 B@0=A?>@B 4;O B@0=A?>@BC20==O 

0?0@0B0. �06;82> 4>B@8<C20B8AO 2AVE =5>1EV4=8E 70E>4V2 7 157?5:8 B0 :>>@48=0FVW 

4;O CA?VH=>3> B0 157?5G=>3> B@0=A?>@BC20==O >1;04=0==O. 

2)  B;C4>B6>4 F4 DB;>BAE9D64JVO. #VA;O 7=OBBO C?0:>2:8 0?0@0BC 

?@>2>48BьAO ?@>F54C@0 >G8I5==O 2V4 70E8A=>3> ?>:@8BBO. &0:>6 28:>=CєBьAO 

@>73>@B0==O 2V4 70E8A=>3> ?>:@8BBO 2C7;V2 B0 45B0;59 0?0@0BC. 

3) �DGCA4 ;5BD>4. #VA;O @>73>@B0==O 2V4 70E8A=>3> ?>:@8BBO 0?0@0B0 

?@>2>48BьAO ?@8є4=0==O >3;O4>2>3> ;N:0 B0 :>=B@>;ь=>-28<V@N20;ь=>3> 

V=AB@C<5=BC. ' 28?04:C, :>;8 0?0@0B <0є 25;8:C ?>BC6=VABь V ?5@52575==O 9>3> =0 
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3) З40G0 2 5:A?;C0B0FVN ?VA;O @5<>=BC.  
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#@8 281>@V A8AB5<8 :>=B@>;N V 02B><0B8G=>3> @53C;N20==O >A>1;82C C203C 

?@84V;Oє<> 281>@C H:0;8 ?@8;04V2 V 70:>=C @53C;N20==O, 0 B0:>6 281>@C 

:><?;5:B=>ABV ?@8AB@>W2. #@8 281>@V 0?0@0BC@8 2@0E>2CєBьAO :;0A B>G=>ABV 

28<V@N20;ь=>W AE5<8, =04V9=VABь @>1>B8 2AVєW A8AB5<8, 0 B0:>6 WW FV=C. 

!0 >A=>2V 2Aь>3> 28I5A:070=>3> V @>7@>1;5=>W AE5<8 02B><0B870FVW, 

2818@0є<> ?@8;048 V 70A>18 02B><0B870FVW V 70=>A8<> WE 2 7040=C A?5F8DV:0FVN =0 

?@8;048 V 70A>18 02B><0B870FVW. 

 5B>N :8?’OBV==O ACA;0 7 E<5;5< є AB01V;V70FVO 9>3> A:;04C V 0@><0B870FVO 

9>3> E<5;5<. #@8 :8?’OBV==V ACA;0 7 E<5;5< ?@>BV:0є @O4 206;828E ?@>F5AV2: 

@>7G8=5==O B0 ?5@5B2>@5==O :><?>=5=BV2 E<5;N; CB2>@5==O B0 :>03C;OFVO 

1V;:>28E B0 4C18;ь=8E @5G>28=; 28?0@N20==O 2>48; AB5@8;V70FVO ACA;0; 

@C9=C20==O 2AVE D5@<5=BV2; ?V428I5==O :>;V@=>ABV B0 :8A;>B=>ABV ACA;0; 

CB2>@5==O @54C:CNG8E @5G>28=; 7<5=H5==O 2<VABC � % B0 V=H8E ;5B:8E @5G>28=. 

#@>F5A :8?’OBV==O B@820є 1,5 3 2 3>4. 

� ACA;>20@8;ь=><C 0?0@0BV =5>1EV4=> 70157?5G8B8 7040=89 B5<?5@0BC@=89 

@568<. З FVєN <5B>N 28:>@8AB>2CєBьAO B5@<>5;5:B@8G=89 ?5@5B2>@N20G 10, O:89 

@503Cє =0 7<V=C B5<?5@0BC@8 V ?5@540є A83=0; =0 2B>@8==89 ?@8;04, 02B><0B8G=89 

<VAB 11, O:89 2 A2>N G5@3C ?>:07Cє V @5єAB@Cє 28<V@N20;ь=C B5<?5@0BC@C. 
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@CG=><C @568<V V 02B><0B8G=><C. �;O :5@C20==O 2 02B><0B8G=><C @568<V 

28:>@8AB>2CNBь @53C;OB>@ 12, O:89 ?>40є  

@53C;NNG89 A83=0; =0 28:>=02G89 <5E0=V7< 13. � @CG=><C @568<V @53C;N20==O 
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�;O A?>AB5@565==O 70 B8A:>< 2 A5@548=V ACA;>20@8;ь=>3> 0?0@0BC 

28:>@8AB>2Cє<> <0=><5B@ B5E=VG=89 7030;ь=>3> ?@87=0G5==O 20.  

�;O :>=B@>;N 70 @V2=5< ACA;0 2 0?0@0BV 2AB0=>2;Nє<> 40BG8: @V2=O 30, O:89 

@503Cє ?@8 4>AO3=5==V ACA;0 =5>1EV4=>3> @V2=O V 5;5:B@8G=89 A83=0; 2V4 =ь>3> 

?>ABC?0є  =0 ?5@5B2>@N20G 31, 45 2V41C20єBьAO  ?5@5B2>@5==O  5;5:B@8G=>3> 

A83=0;C C ?=52<0B8G=89, 0 ?>BV< ?>ABC?0є =0 2B>@8==89 ?@8;04 A8AB5<8 «%B0@B» 

32 7 21C4>20=>N AB0=FVєN :5@C20==O V #�-@53C;OB>@>< 33. �09?0A=0O ?0=5;ь 34 40є 

7<>3C :5@C20B8 ?@>F5A>< O: 2 @CG=><C @568<V B0: V 2 02B><0B8G=><C. �;O 

:5@C20==O 2 02B><0B8G=><C @568<V 28:>@8AB>2CNBь @53C;OB>@ 33. � @CG=><C 

@568<V @53C;N20==O 2545BьAO 7 109?0A=>W ?0=5;V, 7 O:>W B0:>6 2?;820NBь =0 

28:>=02G89 <5E0=V7< 35. � 02B><0B8G=><C @568<V :5@C20==O ?@8;04 32 28@>1;Oє 
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42 7 21C4>20=>N AB0=FVєN :5@C20==O V #�-@53C;OB>@>< 43. �09?0A=0 ?0=5;ь 44 40є 
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З030;ь=V 28<>38 7 >E>@>=8 ?@0FV 287=0G0NBь AB0=40@B=V ?@8=F8?8 B0 ?@028;0, 

A?@O<>20=V =0 70157?5G5==O 157?5:8 B0 74>@>2'O ?@0FV2=8:V2 ?V4 G0A B@C4>2>W 

4VO;ь=>ABV. "A=>2=V ?>;>65==O <>6CBь 2:;NG0B8 B0:V 5;5<5=B8: 

− 7030;ь=0 ?>;VB8:0 >E>@>=8 ?@0FV: @>7@>1:0 B0 2?@>20465==O A8AB5<8 

C?@02;V==O >E>@>=>N ?@0FV, 70?@>20465==O ?@8=F8?V2 C73>465==O 157?5:8 B0 

28@>1=8FB20. 

− 2V4?>2V40;ь=VABь B0 >1>2'O7:8: GVB:5 287=0G5==O 2V4?>2V40;ь=>ABV 

:5@V2=8FB20 B0 ?@0FV2=8:V2 70 157?5:C B0 74>@>2'O =0 @>1>BV. 

− >FV=:0 @878:V2: ?@>2545==O >FV=:8 @878:V2 4;O V45=B8DV:0FVW 

<>6;828E =5157?5: B0 ?@89=OBBO 70E>4V2 7 WE CAC=5==O. 

− ?;0=C20==O B0 >@30=V70FVO @>1VB: @>7@>1:0 B0 2?@>20465==O ?@>F54C@ 

B0 V=AB@C:FV9 157?5:8 4;O @V7=8E 284V2 @>1VB, 70157?5G5==O 2V4?>2V4=8E C<>2 ?@0FV 

B0 =5>1EV4=>3> >1;04=0==O. 

− =02G0==O B0 V=D>@<0FVO: 70157?5G5==O =02G0==O ?@0FV2=8:V2 I>4> 

?@028; B0 ?@>F54C@ 157?5:8, 70157?5G5==O 4>ABC?C 4> V=D>@<0FVW ?@> 157?5:C =0 

@>1>BV; 

−  :>=B@>;ь B0 28<V@N20==O: 2AB0=>2;5==O A8AB5<8 :>=B@>;N 70 

28:>=0==O< =>@< B0 AB0=40@BV2 157?5:8, ?@>2545==O ?5@V>48G=8E 0C48BV2 B0 

V=A?5:FV9.  

− =040==O ?5@A>=0;ь=8E 70A>1V2 70E8ABC: 70157?5G5==O ?@0FV2=8:V2 

=5>1EV4=8<8 70A>10<8 V=482V4C0;ь=>3> B0 :>;5:B82=>3> 70E8ABC.  

− <548G=5 >1A;C3>2C20==O B0 4>?><>30: 70157?5G5==O 4>ABC?C 4> 

<548G=8E >1AB565=ь B0 4>?><>38. 2545==O 4>:C<5=B0FVW I>4> B@02< B0 

70E2>@N20=ь, ?>2'O70=8E 7 @>1>B>N. 

− 5:AB@5=V 70E>48: @>7@>1:0 B0 2?@>20465==O ?;0=C 4V9 C 28?04:C 020@V9 

B0 =04728G09=8E A8BC0FV9. 
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*V 7030;ь=V 28<>38 7 >E>@>=8 ?@0FV <0NBь =0 <5BV AB2>@5==O 157?5G=>3> B0 

74>@>2>3> @>1>G>3> A5@54>28I0 4;O 2AVE ?@0FV2=8:V2 B0 <0:A8<0;ь=5 7=865==O 

@878:V2, ?>2'O70=8E V7 B@C4>2>N 4VO;ь=VABN. 

З <5B>N AB2>@5==O 157?5G=8E V =5H:V4;828E C<>2 ?@0FV C :>6=><C 

AB@C:BC@=><C ?V4@>74V;V B0 =0 :>6=><C @>1>G><C <VAFV :5@V2=8: ?V4?@8є<AB20 

(2;0A=8:) ?>28=5= AB2>@8B8 A8AB5<C C?@02;V==O >E>@>=>N ?@0FV V 70157?5G8B8 WW 

5D5:B82=5 DC=:FV>=C20==O. 

%8AB5<0 C?@02;V==O >E>@>=>N ?@0FV (%'"#) є A:;04>2>N G0AB8=>N 

C?@02;V==O ?V4?@8є<AB20<8, O:0 2:;NG0є ?@>3=>7C20==O V ?;0=C20==O, 

>@30=V70FVN @>1>B8, :>>@48=0FVN V @53C;N20==O, 0:B820FVN V AB8<C;N20==O, 

:>=B@>;ь, >1;V: V 0=0;V7. 

�=0;V7 H:V4;828E B0 =5157?5G=8E 28@>1=8G8E D0:B>@V2 C 20@8;ь=><C F5EC. 
#5@5;V: H:V4;828E V =5157?5G=8E 28@>1=8G8E G8==8:V2 =040=> 2 D>@<V B01;8FV 

9.1. 

"45?<JO .91. #5@5;V: H:V4;828E V =5157?5G=8E 28@>1=8G8E G8==8:V2 

,:V4;82V V =5157?5G=V 28@>1=8GV 
G8==8:8 

�65@5;0 WE 28=8:=5==O 
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�5=B8;OFV9=0 A8AB5<0, B5E=>;>3VG=5 
>1;04=0==O 

�;5:B@8G=0 =0?@C30 (380, 220 �) -8B C?@02;V==O, 5;5:B@>?@82>48 

�81CE>-?>656>=5157?5:0 -:0B53>@VO � *5E ?> 28@>1;5==N ?820 
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5;5:B@>4283C=8, =0A>A8, B5E=>;>3VG=5 >1;04=0==O. 

�;O 1>@>Bь18 7 28@>1=8G8< HC<>< V 2V1@0FVєN 28:>@8AB>2CNBь 72C:>- V 
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!091V;ьH ?@>AB8< V 5D5:B82=8< A?>A>1>< 7=865==N HC<C є >A=0I5==O 

28@>1=8G8E ?@8<VI5=ь 72C:>V7>;NNG8<8 :>6CE0<8, 4VO O:8E 107CєBьAO =0 

740B=>ABV <0B5@V0;V2 V :>=AB@C:FV9 ?>3;8=0B8 72C:. #> AB@C:BC@=8< >7=0:0< FV 

<0B5@V0;8 ?>4V;ONBьAO =0 ?>@8AB>-2>;>:=8ABV, ?>@8AB>-IV;ь=8:>2V. 

#>2VB@O @>1>G>W 7>=8 
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4> ІІ 5. "?B8<0;ь=V B0 4>?CAB8<V ?0@0<5B@8 <V:@>:;V<0BC 28@>1=8G>3> 

?@8<VI5==O =040=V 2 B01;8FV 9.2. 
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#5@V>4 
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"% 

�V4=>A=0 
2>;>3VABь, % 

,284:VABь 
@CEC 

?>2VB@O, </A 

)>;>4=89 �� 1 

4>?CAB8<V 
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>?B8<0;ь=V 
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&5?;89 �� 1 
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A2VB;0 2 ?@8<VI5==O G5@57 A2VB;>2V ?@>@V78 2 7>2=VH=VE ABV=0E 1C4V2;V. 

,BCG=5 >A2VB;5==O - 7030;ь=5 @V2=><V@=5. /: 465@5;0 A2VB;0 
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З030;ь=5 >A2VB;5==O 28:>=0=> C 283;O4V ;V=V9, I> ?5@5@820NBьAO, A2VB8;ь=8:V2 

?@O<>3> A2VB;0 (#) 7 

475@:0;ь=8<8 5:@0==8<8 AVB:0<8 V 2V41820G0<8. 

 

!>@<0 >A2VB;5=>ABV C 20@8;ь=><C F5EC. 
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�;O 70E8ABC 2V4 B5?;>2>3> 28?@><V=N20==O 70AB>A>2CNBьAO 70A>18 
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"A=>2=8<8 <5B>40<8 :>;5:B82=>3> 70E8ABC є: B5?;>V7>;OFVO @>1>G>W 
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7020=B065==O >1;04=0==O, V 28AC20NBьAO 28A>:V 28<>38 4> :20;VDV:0FVW B0 
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"G8I5==O AB>:V2 V7 28:>@8AB0==O< 7<VHC20GV2 V @>7?>4V;ьG8E 10A59=V2 

З<VHC20;ь=89 B0 @>7?>4V;ьG89 10A59= A:;040єBьAO 7: 

• �@C3;>3> 10A59=C ?> B8?C A8;>A=>W є<:>ABV; 

• З020=B06C20;ь=>3> 05@0B>@0 4;O 05@0FVW B0 ?5@5<VHC20==O; 
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' Fь><C :>=B5:ABV :>65= 28@>1=8: ?820 15@5 =0 A515 2V4?>2V40;ь=VABь 70 

<0:A8<0;ь=5 7=865==O 2V4E>4V2 C 28@>1=8FB2V. 

 

 

  

З@VA. �D>. № 8B>G@. �V8HC<E �4F4 

�D>. 

5 
�2.$.133. �61�")79018.#З 

 

99 



��%!"��� 

 

� E>4V 28:>=0==O :20;VDV:0FV9=>W @>1>B8 =0 "% �0:0;02@ 1C;> ?@>2545=> 

>3;O4 ?82>20@=>W 30;C7V, ?@>2545=> 0=0;V7 :>=AB@C:FV9 @V7=><0=VB=8E 
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7>:@5<0 48<5B8;AC;ьDV4C.   

�C;8 ?@>2545=V @>7@0EC=:8 >A=>2=8E ?0@0<5B@V2 0?0@0B0, 281@0=V 
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