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

 
     �=AB8BCB    !02G0;ь=>-=0C:>289 V=65=5@=>-B5E=VG=89 V=AB8BCB     

                                   V<. 0:04.  І.%.�C;>3>  !'Х&        
     �0D54@0      0H8= V 0?0@0BV2 E0@G>28E V D0@<0F52B8G=8E 28@>1=8FB2 

 
«�> 70E8ABC в ��» 

 
«�> 70E8ABC 4>?Cщ5=>» 

Д8@5:B>@ V=AB8BCBC(45:0= D0:C;ьB5BC)  З02V4C20G :0D54@8 

 ______        __%5@3V9 �����!�"___ 
    (?V4?8A)                                       (V<’O B0 ?@V728I5) 

_________  ";5:A0=4@_�����       
(?V4?8A)               (V<’O B0 ?@V728I5) 

     «12»    ;NB>3>    2024@. 
 

        «12»      ;NB>3>      2024 @. 
 

 

 
�����$���&����  ���"� 

�� ����#""/ �!��"�Ь��� !"#���/ ������� � 

7V A?5FV0;ь=>ABV      133     «�0;C7525 <0H8=>1C4C20==O     
(:>4 B0 =0720 A?5FV0;ь=>ABV) 

>A2VB=ь>-?@>D5AV9=>W ?@>3@0<8 І=68=V@8=3 E0@G>28E B0 1V>B5E=>;>3VG=8E 
28@>1=8FB2             

=0 B5<C:   >45@=V70FVO <>;>B:>2>W 4@>10@:8 �1-� 2$-22� ?@>4C:B82=VABN 6 
B/3>4 4;O ?>4@V1=5==O 75@=0.           

 

 

                  

                 _____________  
                     

В8:>=02: 74>1C20G ІІІ :C@AC, 3@C?8 5- �7

      �060= �5=8A �=4@V9>28G
                                             (V<’O B0 ?@V728I5)                                                                                                    (?V4?8A) 

   

К5@V2=8:                     _____________  
                                       

 /AB@510 %5@3V9 Петрович
(V<’O B0 ?@V728I5)                                                                            (?V4?8A) 

    

 

                  ___________ 
              (?V4?8A) 

К>=AC;ьB0=B /AB@510 %.П.
                       (V<’O B0 ?@V728I5)

Р5F5=75=B ___________________                  ___________ 
          (V<’O B0 ?@V728I5)                                                                    (?V4?8A)                                                              

 
 

/ O: 74>1C20G(:0) Н0FV>=0;ь=>3> C=V25@A8B5BC E0@G>28E B5E=>;>3V9 @>7C<VN V ?V4B@8<CN 
?>;VB8:C C=V25@A8B5BC 7 0:045<VG=>W 4>1@>G5A=>ABV. / =5 =040202(-;0) V =5 >45@6C202(-;0) 
=54>72>;5=>W 4>?><>38 ?V4 G0A ?V43>B>2:8 FVєW @>1>B8. В8:>@8AB0==O V459, @57C;ьB0BV2 V B5:ABV2 
V=H8E 02B>@V2 <0NBь ?>A8;0==O =0 2V4?>2V4=5 465@5;> 

 

 

 З4>1C20G____________________ 
                                                      (?V4?8A) 

 

 

К8W2 – 2024 @. 

http://nuft.edu.ua/page/view/navchalno-naukovyi-inzhenerno-tekhnichnyi-instytut-im-akad-ishuloho-20170710140702


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

ІAEF<FGF (H4>G?ьF9F)   !02G0;ь=>-=0C:>289 V=65=5@=>-B5E=VG=89 V=AB8BCB             
V<. 0:04. І.%.�C;>3>  !'%&    

К4H98D4    0H8= V 0?0@0BV2 E0@G>28E V D0@<0F52B8G=8E 28@>1=8FB2   

�E6VFAV= EFGCVAь      10:0;02@       

!?5Fі0;ь=іABь       �0;C7525 <0H8=>1C4C20==O     
                                                                                                                      (:>4 і =0720)                                              
�A2іB=ь>-?@>D5Aі9=0 ?@>3@0<0   І=68=V@8=3 E0@G>28E B0 1V>B5E=>;>3VG=8E 
28@>1=8FB2            

      (=0720) 
 

  

                       ��"�� ��#. 
  �02і4C20G :0D54@8  ?@>D. ";5:A0=4@ ����� 

________________________________________ 

          <24=        6>2B=O       2023DB>G 

 
 

�  �  �  �  �  �  �  / 

 

�� ����І$І��&І��#  ���"# ����#��'� 

____________________�060=0  �5=8A0  �=4@V9>28G0 ____________________ 
(прі7в8ще, ім’я,  по 54тькові) 

1. "9@4 DB5BF<      >45@=V70FVO <>;>B:>2>W 4@>10@:8 �1-� 2$-22� 
?@>4C:B82=VABN 6 B/3>4 4;O ?>4@V1=5==O 75@=0.                                          

 

>9DV6A<> DB5BF<               /AB@510 %5@3V9 #5B@>28G, :.B.=., 4>F.     
                                                              ( CDV;6<щ9, V@’O, CB 54Fь>B6V, A4G>B6<= EFGCVAь, 6K9A9 ;64AAO) 

;4F69D8:9AV A4>4;B@ ;4>?48G 6<щBW BE6VF< 6V8 <24=6>2B=O 2023 DB>G № 863-:A 
2. !FDB> CB84AAO ;8B5G64K9@ DB5BF<     02 ;NB>3> 2024 @.    

3. В<IV8AV 84AV 8B DB5BF< 1. &5E=VG=89 ?0A?>@B >1;04=0==O. 2. �;ь1>< 30;C752>3> 
>1;04=0==O. 3. !02G0;ь=0 B0 A?5FV0;ь=0 ;VB5@0BC@0. 4. 0B5@V0;8 ?> ?@>E>465==N 
?5@5448?;><=>W ?@0:B8:8           

4. З@VEF CBOEAN64?ьABW ;4C<E>< (C9D9?V> C<F4Aь, O>V CBFDV5AB DB;DB5<F<):  

�=>B0FVO. �ABC?. 1. #>@V2=O;ь=89 0=0;V7 VA=CNG8E :>=AB@C:FV9. 2. &5E=V:> – 
5:>=><VG=5, A>FV0;ь=5 >1ґ@C=BC20==O @>1>B8. 3 &5E=>;>3VG=0 G0AB8=0. 4. �C4>20 
>1;04=0==O.  5. $>7@0EC=:>20 G0AB8=0. 6.   >=B06, 5:A?;C0B0FVO B0 @5<>=B 
>1;04=0==O. 7. &5E=>;>3VO <0H8=>1C4C20==O. 8.  %8AB5<0 C?@02;V==O. 9.   "E>@>=0 
?@0FV. 10.   &82V;ь=89 70E8AB. 11.  "E>@>=0 4>2:V;;O. �8A=>2:8. %?8A>: 
28:>@8AB0=>W ;VB5@0BC@8.  %?5F8DV:0FVO.        

 

5. �9D9?V> 7D4HVKAB7B @4F9DV4?G  
 �1 – �V=VO 28@>1=8FB20 :><1V:>@<V2  (AE5<0 B5E=>;>3VG=0)     

 �1 – �@>10@:0 <>;>B:>20 (7030;ь=89 283;O4).      

          �1 – $>B>@ (A:;040;ь=5 :@5A;5==O).      

          �2 – "A=>20  (A:;040;ь=5 :@5A;5==O).      

          �1 – &5E=>;>3VO <0H8=>1C4C20==O.        

 

http://nuft.edu.ua/page/view/navchalno-naukovyi-inzhenerno-tekhnichnyi-instytut-im-akad-ishuloho-20170710140702


6. �>=AC;ьB0=B8 @>74і;і2 ?@>є:BC (@>1>B8) 
 

 B;8V? КBAEG?ьF4AF 
�V8C<E, 84F4 

З4684AAO 6<846 
З4684AAO 
CD<=AO6 

 0H8=>1C4C20==O 4>F. %5@3V9 /%&$���  
  

  
  

 

7. Д4F4 6<84KV ;4684AAO   27 6>2B=O 2023 @.      
 

 

������� ��� ���� 

 

�BD. 
№  

�4;64 9F4CV6 

6<>BA4AAO CDBє>FG (DB5BF<) 

"9D@VA 6<>BA4AAO 

9F4CV6 CDBє>FG 
(DB5BF<) 

�D<@VF>4 

1 �ABC? 01.11.23 @.  

2 
&5E=V:>-5:>=><VG=5, A>FV0;ь=5 
>1ґ@C=BC20==O 

05.11.23 @.  

3 
#>@V2=O;ь=89 0=0;V7 VA=CNG>3> 
>1;04=0==O. "?8A <>45@=V70FVW 
70?@>?>=>20=>3> >1;04=0==O 

15.11.23 @.  

4 &5E=>;>3VG=0 G0AB8=0 20.11.23 @.  

5 $>7@0EC=:>20 G0AB8=0 20.12.23 @.  

6   &5E=>;>3VO <0H8=>1C4C20==O 30.12.23 @.  

7  >=B06, 5:A?;C0B0FVO, B5E=VG=5 
>1A;C3>2C20==O  B0 @5<>=B <0H8=8  

09.01.24 @.  

8 %8AB5<0 C?@02;V==O 15.01.24 @.  

9 "E>@>=0 ?@0FV 19.01.24 @.  

10 "E>@>=0 4>2:V;;O 23.01.24 @.  

11 
�8A=>2:8. �=>B0FVO. %?8A>: 
28:>@8AB0=>W ;VB5@0BC@8. 
%?5F8DV:0FVW 

30.01.24 @.  

12 "D>@<;5==O ?>OA=N20;ь=>W 70?8A:8 01.02.24 @.  

 

 

�4>1C20G _____________   �5=8A ����! 

    ( CV8C<E )                (CDV;6<щ9 F4 VAVJV4?<) 

 

�5@і2=8: ?@>є:BC (@>1>B8)    ____________   %5@3V9 /%&$���  

                                                                                           ( CV8C<E )               (CDV;6<щ9 F4 VAVJV4?<) 



ЗМІ%& 

 

%B>@. 

    �=>B0FVO…………………………………………………………………..6 

    �ABC?……………………………………………………………………...7 

1. &5E=V:>-5:>=><VG=5, A>FV0;ь=5 >1ґ@C=BC20==O …….......……………..10 

2. #>@V2=O;ь=89 0=0;V7 VA=CNG>3> >1;04=0==O….………….…………....12 

3. &5E=>;>3VG=0 G0AB8=0 ……………………………..………………….…22 

      4. �C4>20 B0 ?@8=F8? @>1>B8 >1;04=0==O...................................................29 

 4.1. �C4>20 B0 ?@8=F8? @>1>B8 >1;04=0==O............................................29 

 4.2.  >45@=V70FVO >1;04=0==O…………………………………………...33 

5. $>7@0EC=:>20 G0AB8=0................................................................................35 

5.1. &5E=>;>3VG=89 @>7@0EC=>:………………………………………….35 

5.2. �=5@35B8G=89 @>7@0EC=>:………………………………….………..37 

6. &5E=>;>3VO <0H8=>1C4C20==O...................................................................61 

6.1. "1ґ@C=BC20==O 281>@C 45B0;V……………….……………………...61 

6.2. $>7@0EC=>: <5E0=VG=>W >1@>1:8..........……..……………………....62 

  7. �8<>38 4> <>=B06C, 5:A?;C0B0FVW B0 @5<>=BC >1;04=0==O.................78

 7.1.  >=B06 B0 5:A?;C0B0FVO >1;04=0==O …….………………….......78.

 7.2. $5<>=B >1;04=0==O………………..................................................80.

 8. %8AB5<0 C?@02;V==O >1;04=0==O .…………………………………........84.

 9. "E>@>=0 ?@0FV.............................................................................................86

  9.1. %8AB5<0 C?@02;V==O >E>@>=>N ?@0FV =0 ?V4?@8є<AB2V…………….86

 
9.2. І=AB@C:FVO 7 >E>@>=8 ?@0FV ?@8 >1A;C3>2C20==V 4@>10@:8…........89

 

 

 

 

 

 

З<=. �8AB № 4>:C<. �і4?8A �0B0 
Арк. 

1 

�2.$.133.�61�")70006.#З

 озро1. �060= �.�.
 �5@V2=8: /AB@510 %.#. 

   

 !. �>=B@.  

ЗаB25@4. �0220 ". . 

З І%& 

ЛіB. Аркушів 

#( !')& 3@. 5  �7 



 

 

 

10."E>@>=0 4>2:V;;O…………………………………………………….93 

11. *82V;ь=89 70E8AB…………………………………………………...100 

�8A=>2:8………………………………………………………………...102 

�8:>@8AB0=0 ;VB5@0BC@0………...……………………………………...103 

%?5F8DV:0FVO………………………………………………………..…..105

 

 

 

З<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

2 
�2.$.133.�61�")70006.#З 



А��ТАЦІЯ 

 

 В 84AV= >64?VHV>4JV=AV= DB5BFV 6<>BA4AB @B89DAV;4JVN @B?BF>B6BW 8DB54D>< 

А1-Д�2 -22В CDB8G>F<6AVEFN 6 F/7B8 CB8DV5A9AAO ;9DA4. 

 К64?VHV>4JV=A4 DB5BF4 E>?484єFьEO V; CBOEAN64?ьABW ;4C<E>< B5EO7B@        

4D>GLV6 HBD@4FG А4 F4 7D4HVKABW K4EF<A< B5EO7B@ 5 4D>GLV6 HBD@4FG А1. 

В CBOEAN64?ьAV= ;4C<EJV A46B8<FьEO CBDV6AO?ьA4 I4D4>F9D<EF<>4 8DB54DB> 

DV;A<I F<CV6: А1-ДД� F4 А1-ДД  V А1 – Д�  8?O DV;ABW E<DB6<A<. �46B8<FьEO 

BC<E F9IAB?B7VW 6<DB5A<JF64 >B@5V>BD@V6. �46B8OFьEO H4>FBD<, O>V 6C?<64NFь A4 

CDB8G>F<6AVEFь 8DB54D><.  9F9?ьAB CDB6989AB BC<E  5G8B6< 8DB54D>< F4 BEAB6A<I 

@9I4AV;@V6. 

В DB;D4IGA>B6V= K4EF<AV CDB6989AV DB;D4IGA><: F9IAB?B7VKA<=, 

9A9D79F<KA<=, >BAEFDG>F<6A<=.  9F9?ьAB BC<E4A<= CDBJ9E 6<7BFB6?9AAO 89F4?V F4 

DB;D4IGAB> @9I4AVKABW B5DB5>< V; A46989AAO@ EI9@ B5DB5><, D4JVBA4?ьAB 

CV8V5D4A9 69DEF4FA9 B5?48A4AAO F4 VAEFDG@9AF.   B;>D<FV C<F4AAO @BAF4:G 

8DB54D><,  CV87BFB6>4 8B DB5BF< F4 CD46<?4 9>EC?G4F4JVW.  

В DB;8V?V V; BIBDBA< CD4JV 89F4?ьAB BC<E4AV CD46<?4 F9IAV>< 59;C9>< CD< 

9>EC?G4F4JVW 8DB54D><.   

В9?<>G G647G CD<8V?9AB J<6V?ьAB@G ;4I<EFG: BC<E4AV ;4IB8< MB8B 

;4CB5V74AAO 6<5GIV6 C<?G V CB:9: A4 ;9DABC9D9DB5A<I CV8CD<є@EF64I. 



 

В%&'П 

�=0;V7 28@>1=8G>W 4VO;ь=>ABV :><1V:>@<>28E 702>4V2 70 2019 @V: ?>:0702: 

V=45:A ?@><8A;>2>3> 28@>1=8FB20 2 30;C7V A:;02 121,2% 4> ?>?5@54=ь>3> @>:C 

(B>20@=0 ?@>4C:FVO 2 ?>@V2=O=8E FV=0E). �8@>1=8FB2> 3>B>28E :>@<V2 4;O 

AV;ьAь:>3>A?>40@Aь:8E B20@8= B0 A2V9Aь:>W ?B8FV A:;0;> 700,5 B8A.B>==, I> 

AB0=>28Bь 113,1% 4> ?>?5@54=ь>3> @>:C. � B><C G8A;V 28@>1;5=>: :><1V:>@<V2 4;O 

�$) – 5,8 B8A.B>== (136,0%), 4;O A28=59 – 125,5 B8A.B>== (100,1%), 4;O ?B8FV – 

565,1 B8A.B>== (115,6%) B0 V=H8E – 4,1 B8A.B>== (2 3,7 @07V2 1V;ьH5). 

*V:02>, I> 7 CAVєW :V;ь:>ABV 28@>1;5=8E :><1V:>@<V2 80,7% AB0=>2;OBь 

:><1V:>@<8 4;O ?B8FV. �V4?>2V4=> 4> 10;0=AC 75@=0 =0 2019/2020 <0@:5B8=3>289 

@V:, ?>B@510 DC@06=>3> 75@=0 =0 :>@<8 EC4>1V 1C45 70157?5G5=0 =0 103,5%. 

%ь>3>4=V 2 #>;B02Aь:V9 >1;0ABV DC=:FV>=Cє AV< ?V4?@8є<AB2 @V7=>W D>@<8 

2;0A=>ABV, I> 283>B>2;ONBь =09H8@H89 0A>@B8<5=B (?>=04 90 =09<5=C20=ь) 

:><1V:>@<V2 4;O 25;8:>W @>30B>W EC4>18, A28=59, ?B8FV B0 V=HV. 

�=0;V7CNG8 >1AO38 28@>1=8FB20 :><1V:>@<V2 70 >AB0==V @>:8, 0 B>G=VH5 7 

2010-3> ?> 2019-9, B5<?8 @>ABC 28@>1=8FB20 ?> #>;B02Aь:V9 >1;0ABV 2 5,2 @07V2 

28IV ?>@V2=O=> V7 2010 @>:><. 

�;O @>728B:C :><1V:>@<>2>W 30;C7V B0 ?V428I5==O O:>ABV :><1V:>@<V2 9 

5D5:B82=>ABV 28@>1=8FB20, :><1V:>@<>2V 702>48 #>;B02I8=8 ?;0=CNBь Fь>3> @>:C 

?@>25AB8 @5:>=AB@C:FVN F5EV2, 225AB8 2 4VN =>2V ;V=VW 4;O @>7H8@5==O 0A>@B8<5=BC 

?@>4C:FVW, >A2>WB8 =>2V 5=5@3>715@V30NGV B5E=>;>3VW. #@>BO3>< >AB0==VE @>:V2 

AB2>@5=0 @>728=CB0 <5@560 @50;V70FVW :><1V:>@<V2. (0AC20==O :><1V:>@<C 

74V9A=NєBьAO C 7@CG=V9 C?0:>2FV, 0 B><C :>@8ABCєBьAO H8@>:8< ?>?8B>< V A5@54 

=0A5;5==O. �8:>@8AB0==O 6 28A>:>O:VA=8E V 157?5G=8E     4;O 74>@>2’O B20@8= 

:>@<V2 70157?5GCє ?V428I5==O WE ?@>4C:B82=>ABV. 

 

 

 
З<=. �8AB № 4>:C<. �і4?8A �0B0 

Арк. 
1 

�2.$.133.�61�")70006.#З

 озро1. �060= �.�.
 �5@V2=8: /AB@510 %.#. 

   

 !. �>=B@.  

ЗаB25@4. �0220 ". . 

�%&'# 

ЛіB. Аркушів 

#( !')& 3@. 5  �7 



 

#>2=>@0FV>==V :><1V:>@<8 28:>@8AB>2CNBьAO ?5@5206=> C ?B0EV2=8FB2V B0 

A28=0@AB2V =0 25;8:>B>20@=8E :><?;5:A0E. �5;8:V ?@><8A;>2V 

?B0E>?V4?@8є<AB20 70:C?>2CNBь :><1V:>@<8 28:;NG=> =0 B8E 702>40E, 45 O:VABь 

2V4?>2V40є DV7V>;>3VG=8< ?>B@510< ?B8FV 70 =0?@O<0<8 ?@>4C:B82=>3> 

?@87=0G5==O. /: @57C;ьB0B, B>@V: 03@>?V4?@8є<AB20<8 #>;B02Aь:>W >1;0ABV 

28@>1;5=> <’OA0 ?B8FV 176,5 B8A.B (C 682V9 207V), 01> 116,5% 4> 2020 @>:C. 

&0:, &"� "�3@>:><?;5:A «�<0@0=B" �>E28Fь:>3> @09>=C 28@>1;5=> 

123,0B8A. B <’OA0 ?B8FV (C 682V9 207V), I> AB0=>28Bь 69,7% 2V4 CAь>3> 

28@>1=8FB20 >1;0ABV. %5@54=ь>4>1>289 ?@8@VAB <’OA=8E ?>@V4 :C@59 A:;040є 17,2 

3@0<V2 (+0,4 3). 

� :><?0=VW «�<0@0=B» AB2>@5=0 2;0A=0 :>@<>20 1070, O:0 >1’є4=Cє ?@>3@0<C 

7 28@>1=8FB20 28A>:>O:VA=>3> 75@=0 V B5E=>;>3VN 28@>1=8FB20 :>@<V2 4;O 

?;5<V==>W ?B8FV =0 >@5=4>20=8E 75<;OE (1V;ьH5 30 B8A. 30 2 @V7=8E >1;0ABOE), I> 

70157?5G8Bь 28@>1=8FB2> 20-25 B8A. B :>@<V2 C 2010 @>FV. 

�;O 715@V30==O 75@=0 ?V4?@8є<AB2> <0є 5;520B>@8 ?>BC6=VABN 1V;ьH5 100 B8A. 

B>==. �8@>1=8FB2> :>@<V2 4;O ?B8FV 1@>9;5@0 B0 ?;5<V==>W ?B8FV 2V41C20єBьAO =0 

2;0A=><C :><1V:>@<>2><C 702>4V. 

!02545=89 ?@8:;04 28:>@8AB0==O O:VA=8E, ?>682=8E :><1V:>@<V2 4;O 

AV;ь3>A?B20@8= G5@3>289 @07 A2V4G8Bь ?@> <>6;82VABь 71V;ьH5==O 

?@>4C:B82=>ABV EC4>18 B0 ?B8FV 9 2V4?>2V4=> @5=B015;ь=>ABV 30;C7V.  

#V4?@8є<AB20 :><1V:>@<>2>W 30;C7V #>;B02I8=8 5D5:B82=> 

28:>@8AB>2CNBь =09ACG0A=VHV 4>AO3=5==O =0C:8 V B5E=V:8 4;O 5D5:B82=>ABV 

A2>3> 28@>1=8FB20, ?@>2>4OBь B5E=VG=5 ?5@5>A=0I5==O B0 @5:>=AB@C:FVW, 

2?@>2046CNBь A2VB>2V B5E=>;>3VW, =0@>ICNBь 28@>1=8GV ?>BC6=>ABV, 70 @0EC=>: 

G>3> 9 4>AO3=CB> 2@060NG>W 48=0<V:8 @>728B:C 30;C7V 28@>1=8FB20 :>@<V2. 

� F5, 2 A2>N G5@3C, A2V4G8Bь ?@> :>=:C@5=B>A?@><>6=VABь =0H>W ?@>4C:FVW 

B0 A?@8Oє ?>78B82=><C V<V46C O: >1;0ABV, B0: V ':@0W=8 =0 <V6=0@>4=><C @8=:C. 

Щ> AB>ACєBьAO ?5@A?5:B82 ?>40;ьH>3> @>728B:C 30;C7V, B> BCB <>6=0 

284V;8B8 :V;ь:0 @V7=8E H;OEV2. &0:, 25;8:V 702>48 V F5E0, O:V B@820;89 G0A 

З<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

2 
�2.$.133.�61�")70006.#З 



?@0FNNBь =0 @8=:C, <0NBь =0?@0Fь>20=V AE5<8 71CBC, ?;0=CNBь ?>40;ьH89 

@>728B>: 40=>3> =0?@O<C H;OE>< 24>A:>=0;5==O B5E=>;>3VG=>3> ?@>F5AC. 

"4=8< V7 A?>A>1V2 >B@8<0==O <0:A8<0;ь=>3> ?@81CB:C B0:>6 <>65 AB0B8 ?>2=0 

02B><0B870FVO 28@>1=8FB20. �;5 F5 ?>B@51Cє 7=0G=>3> G0AC V DV=0=A>28E 

2:;045=ь, I> 2 =091;86GV9 ?5@A?5:B82V ?@0:B8G=> =5<>6;82>. %;V4 2V4<VB8B8, 

I> 70 45O:8<8 4>A;V465==O<8, =091V;ьH >?B8<0;ь=8< A?>A>1>< @>728B:C 

:><1V:>@<>2>W 30;C7V O2;OєBьAO :>=A>;V40FVO ?V4?@8є<AB2, O: =0?@8:;04, C 

#>;ьIV. � 40=89 65 G0A =091V;ьH ?5@A?5:B82=>N 22060єBьAO @>1>B0 2 

E>;48=30E, 2 70<:=CB><C F8:;V 28@>1=8FB20.  0:A8<0;ь=89 ?@81CB>: 7 

<V=V<0;ь=8<8 28B@0B0<8 >B@8<CNBь :><?0=VW, O:V A0<>ABV9=> 28@>ICNBь 75@=>, 

?5@5@>1;ONBь 9>3> 2 :><1V:>@<8, ?>AB02;ONG8 WE 2 ?>40;ьH><C 2;0A=8< 

D5@<5@Aь:8< 3>A?>40@AB20<. 

/:I> 225AB8 2 4VN 2AV FV 70E>48, B> <>6=0 4>AO3B8 B>3>, I> G5@57 :V;ь:0 

@>:V2 :><1V:>@<>20 ?@><8A;>2VABь 7=0G=> ?>:@0I8Bь O:VABь 28?CA:0є<>3> 

:><1V:>@<C V 7<5=H8Bь 9>3> A>1V20@BVABь, I> 40ABь 7<>3C =0 9>3> 1V;ьHC 

@50;V70FVN V ?V428I5==O ?@>4C:B82=>ABV 702>4V2. 

 

З<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

3 
�2.$.133.�61�")70006.#З 



1. &Е%!І�"-Е�"!" І'!Е, %"&І��Ь!Е "��$'!&'��!!Я 

 #@>F5A 4@>1;5==O B0 ?>4@V1=5==O >:@5<8E :><?>=5=BV2 – >48= V7 

=09206;82VH8E ?@>F5AV2 2 B5E=>;>3VW 28@>1=8FB20 :><1V:>@<V2. �V4 :@C?=>ABV 

G0AB8=>: >B@8<0=8E 2 @57C;ьB0BV 4@>1;5==O B0 ?>4@V1=5==O B0 2V4 @V2=><V@=>ABV 

?>4@V1=5==O 70;568Bь 5D5:B82=VABь 28:>@8AB0==O B20@8=0<8 ?>682=8E @5G>28=, 

O:V <VABOBьAO 2 A8@>28=V. #>4@V1=5==O :>@<V2 40є B0:>6 <>6;82VABь @V2=><V@=> 

7<VHC20B8 WE 2 7<VHC20G0E. 

%CBь ?@>F5AC 4@>1;5==O B0 ?>4@V1=5==O 2 B><C, I> 2=0A;V4>: C40@C, 7;><C B0 

AB8@0==O, @>1>G8<8 >@30=0<8 <>;>B:>28E 4@>10@>: A8@>28=0, I> =04E>48Bь 2 

4@>10@:C ?>4@V1=NєBьAO =0 >:@5<V 1V;ьH 01> <5=H :@C?=V G0AB8=8. $>1>GV >@30=8 

(A8B0, <>;>B:8, 45:8) B0 @568< @>1>B8 (:>;>2C H284:VABь <>;>B:V2, 2V4AB0=ь <V6 

<>;>B:>< B0 A8B>< V B.4.) ?V418@0NBь 7 C@0EC20==O< 2;0AB82>AB59 A8@>28=8, I> 

=04E>48Bь 2 <0H8=C, I>1 >45@60B8 <0:A8<0;ь=89 B5E=>;>3VG=89 5D5:B. З5@=>, 

I> =04E>48Bь ?>4@V1=NєBьAO <>;>B:0<8 V 2=0A;V4>: C40@V2 >1 ?>25@E=N 45:8. 

#>4@V1=5==O ?@>4>26CєBьAO 2 ?@>AB>@V <V6 @>B>@>< V A8B><, I> >15@B0NBьAO ?V4 

4VєN C40@C V B5@BO, I> 28=8:0є <V6 ?@>4C:B><, <>;>B:0<8 B0 A8B>2>N ?>25@E=5N. 

+0AB8=8, @>7<V@8 O:8E <5=HV 01> @V2=V @>7<V@C >B2>@V2 A8B0, ?@>E>4OBь G5@57 =8E 

B0 282>4OBьAO 7 4@>10@:8 B@0=A?>@BCNG8< >1;04=0==O<, 0 1V;ьH :@C?=V G0AB8=8 

70;8H0NBьAO =0 A8BV B0 ?V440NBьAO ?>40;ьH><C ?>4@V1=5==N. 

#@028;ь=5 2545==O ?@>F5AC 4@>1;5==O B0 ?>4@V1=5==O V 2AB0=>2;5==O 

5D5:B82=>3> @568<C @>1>B8 <0H8=, O:V 74V9A=NNBь F59 ?@>F5A, 206;82> V B><C, 

I> V7 7030;ь=>W 28B@0B8 5;5:B@>5=5@3VW, I> 70B@0G0єBьAO =0 25Aь B5E=>;>3VG=89 

?@>F5A 28@>1=8FB20 :><1V:>@<V2, 4> 70% 28B@0G0єBьAO =0 4@>1;5==O B0 

?>4@V1=5==O. &><C 4;O Fь>3> ?@>F5AC =5>1EV4=> ?@028;ь=> 281@0B8 =5 BV;ь:8 B8? 

<0H8=8, 0;5 V =091V;ьH @0FV>=0;ь=V 703@C7>G=V B0 :V=5<0B8G=V E0@0:B5@8AB8:8. 

 

 

 

З<=. �8AB № 4>:C<. �і4?8A �0B0 
Арк. 

1 

�2.$.133.�61�")70006.#З

 озро1. �060= �.�.
 �5@V2=8: /AB@510 %.#. 

   

 !. �>=B@.  

ЗаB25@4. �0220 ". . 

 

&�)!І�"-��"!" І+!�, 
%"*І��Ь!� 

"��$'!&'��!!/ 

ЛіB. Аркушів 

#( !')& 3@. 5  �7 



%0<5 B><C =0 :><1V:>@<>2><C 702>4V, 45 2AO ?@>4C:FVO  =0 >A=>2V 75@=>28E 

?@84V;OєBьAO 25;8:0 C2030 ;V=VW 28@>1=8FB20 :><1V:>@<V2, 0 A0<5 4@>18;ь=8< 

CAB0=>2:0<. 

!091V;ьH>3> @>7?>2AN465==O =01C;8 <>;>B:>2V 4@>10@:8 25@B8:0;ь=>3> 

B8?C, O:V ?@89H;8 =0 70<V=C <>;>B:>28< 4@>10@:0< 3>@87>=B0;ь=>3> B8?C. 

!86G5 2 B01;8FV 1 ?@82545=> B5E=VG=V E0@0:B5@8AB8:8 4@>10@:8 25@B8:0;ь=>3> 

B8?C <0@:8  �1-� 2$-22� B0 3>@87>=B0;ь=>3> B8?C <0@:8 �1-� 2$-22. 

 

&01;8FO 1.1 

Т5хAічAі х4D4>F5DиEFи>и @B?BF>B6их 4DB54DB> 

 

 �1-� 2$-22� �1-� 2$-75  

#@>4C:B82=VABь, B/3>4 6 5 

#>BC6=VABь 5;5:B@>4283C=0, :�B 75 75 

�010@8B=V @>7<V@8:   

4>268=0 1000 2150 

H8@8=0 1000 1200 

28A>B0 2460 890 

  

 

#> 1C4>2V B0 ?@8=F8?C @>1>B8 40=V 4@>10@:8 =5 2V4@V7=ONBьAO. �;5 ACBBє2>N 

?5@5203>N 72VA=> є B5, I> 4@>10@:0   �1-� 2$-22� <0є 1V;ьHC ?@>4C:B82=VABь 

?@8 >4=0:>2V9 ?>BC6=>ABV 5;5:B@>4283C=0 B0 3010@8B=8< @>7<V@0<.  �;O 

?V4?@8є<AB20 7 25;8:8< >1AO3>< 28@>1=8FB20 F5 5:>=><VG=> 283V4=>. 

#> 40=8<, ?@82545=8< 28I5 <>6=0 AB25@46C20B8, I> 25@B8:0;ь=0 4@>10@:0 

�1-� 2$-22� <0є @O4 7=0G=8E ?5@5203 =04 3>@87>=B0;ь=>N �1-� 2$-75 , I> 

@>18Bь WW B5E=VG=> B0 5:>=><VG=> 283V4=VH>N. 

З<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

2 
�2.$.133.�61�")70006.#З 



2.  �� І��/ЛЬ��� ���ЛІ� І!�У.Ч��� ��Л������/ 

 

 >;>B:>2V @525@A82=V 4@>10@:8 �1-��# B0 �1-��$ (@8AC=>: 1). #@87=0G5=V 

4;O ?>4@V1=5==O 75@=0 7;0:>28E B0 ?;V2G0AB8E :C;ьBC@, 0 B0:>6 H@>BC. *V 

4@>10@:8 ?> :>=AB@C:FVW =5 2V4@V7=ONBьAO >4=0 2V4 V=H>W, 70 28:;NG5==O< 

@>7<V@V2, G8A;0 <>;>B:V2, ?;>IV A8B V B.?.. 

�@>10@:0 <0є 42V 1>:>2V :@8H:8 >4=0:>2>W :>=AB@C:FVW. �>6=0 7 =8E 

283>B>2;5=0 7 ;8AB>2>W AB0;V B>2I8=>N 10 <<. +5@57 >4=C (7V AB>@>=8 ?>40GV 

:><?>=5=BC) 2AB0=>2;NNBь 45:C 4, 0 G5@57 V=HC – A8B> 2. � =86=V9 G0AB8=V 

:@8H>: =0 H0@=V@V 2AB0=>2;5=89 ?@868<. #@8 2V4:@8BBV :@8H:8 2V= ?@C68=0<8 

2B@8<CєBьAO 2 :@09=ь><C =86=ь><C ?>;>65==V. #@8 70:@820==V :@8H:8 2065;V 

=0E>4OBь =0 1>;B8 B0 ?5@5:@820NBь AB8: A8B (01> AB8: A8B0 V 45:8). �>;B0<8 

<>6=0 @53C;N20B8 ABC?V=ь ?@868<0==O 4> A8B0, I> 4>72>;Oє 2AB0=>2;N20B8 

A8B0 @V7=>W B>2I8=8. 

#0AB:8 13 2 :>6=V9 :@8HFV ?@87=0G5=V 4;O 2;>2;N20==O <5B0;><03=VB=8E 

4><VH>: B0 V=H8E :@C?=8E ?@54<5BV2. �E ?@8:@820NBь 425@FOB0<8, 2 O:8E є 420 

?@>4>23C20BV >B2>@8 4;O ?V4A<>:BC20==O ?>2VB@O. 

�@>=HB59=8 4;O 2AB0=>2;5==O :>@?CAV2 @>;8:>28E AD5@8G=8E ?V4H8?=8:V2 

28=5A5=V =0 >:@5<V >?>@8. !0 2=CB@VH=VE ?>25@E=OE B>@F528E ABV=>: >A=>28 

@>7B0H>20=V =0?@02;ONGV 4;O A8B0 2. �>3> :@V?;OBь 42><0 (2 4@>10@FV �1-��#) 

B0 B@ь><0 (2 4@>10@FV �1-��$) AB@VG:0<8, O:V =0BO3CNBьAO 70 4>?><>3>N 328=BV2. 

� =86=V9 G0AB8=V >A=>28 2AB0=>2;5=> =0E8;5=5 4=> B0 @>7B0H>20=> 28?CA:=89 

?@8AB@V9 9 4;O ?@8є4=0==O 4> <0B5@V0;>?@>2>4C. 

#V4 6828;ь=8:>< 7 7=0E>48BьAO 70A;V=:0 5, O:C <>6=0 ?@>25@B0B8 =0 >AV 6 2 

>1842V AB>@>=8 70 4>?><>3>N @C:>OB:8. *5 4>72>;Oє ?>4020B8 :><?>=5=B8 2 

1C4ь-O:C AB>@>=C 2 70;56=>ABV 2V4 =0?@O<C >15@B0==O @>B>@0.  

 

 

 З<=. �8AB № 4>:C<. �і4?8A �0B0 
Арк. 

1 

�2.$.133.�61�")70006.#�

 озро1. �060= �.�.
 �5@V2=8: /AB@510 %.#. 

   

 !. �>=B@.  

ЗаB25@4. �0220 ". . 

 

#"$��!/�Ь!�� �!���� 
�%!'.+"�" "����!�!!/ 

ЛіB. Аркушів 

#( !')& 3@. 5  �7 



!0 FV9 65 >AV 7<>=B>20=89 @8G03, O:89  ?@8 ?>2>@>BV 70A;V=:8 2 >4=><C 7 

:@09=VE ?>;>65=ь =0B8A:0є =0 HB>: :V=F52>3> 28<8:0G0, O:89 1;>:Cє ?>;>65==O 

70A;V=:8 7 =0?@O<>< >15@B0==O @>B>@0 12. 

$>B>@ A:;040єBьAO 7 20;0 11, 48A:V2 B0 <>;>B:V2 10. !0 F5=B@0;ь=C G0AB8=C 

20;C =0A0465=V 48A:8 (25 4;O 4@>10@:8 �1-��# B0 37 4;O 4@>10@:8 �1-��$), 

<V6 O:8<8 7=0E>4OBьAO @>7?V@=V :V;ьFO. 

 
$8AC=>: 1.  >;>B:>2V 4@>10@:8 �1-��# B0 �1-��$: 
 

1 - AB0=8=0; 2 - A8B>; 3 - <0E>28:; 4 - 45:0; 5 - 70A;V=:0; 6 - 2VAь; 7 - 6828;ь=8:; 8 - 

5:AF5=B@8:>289 ?@82V4 ;>B:0; 9 - 28?CA:=89 ?@8AB@V9 7 281CE>2V42V4=>N B@C1:>N; 10 - 

<>;>B>:; 11 - 20;; 12 - @>B>@; 13 - ?0AB:0; 14 - ?@82V4 6828;ь=8:0; 15 - ?@82V4 @>B>@0 4@>10@:8. 
 

 >;>B:>2V 4@>10@:8 B8?C �1-� $. '=VDV:>20=V <>;>B:>2V 4@>10@:8 B8?C 

�1-� $ ?@87=0G5=V 4;O ?>4@V1=5==O 75@=0 7;0:>28E, ?;V2G0AB8E :C;ьBC@, 1>1V2, 

75@=0 :C:C@C478, 75@=>28E  AC<VH59, H@>BC, 4@V1=> :CA:>2>3> 6<8EC, 3@0=C; 

B@02'O=>W <C:8. �E 2V4<V==0 :>=AB@C:B82=0 >A>1;82VABь – >4=>B8?=VABь 2A8E 

>A=>2=8E 2C7;V2, 70 28:;NG5==O< BV;ь:8 4>268=8 @>B>@0, 25;8G8=8 ?@>AVN20=>W 

?>25@E=V B0 ?>BC6-=>ABV 5;5:B@>4283C=V2. 

"A=>2=89 @>1>G89 >@30= 4@>10@:8 �1-� $-20 (@8AC=>: 2) – <>;>B:>289 

@>B>@ 18. �V= ?@54AB02;Oє A>1>N 20; 14, =0 F5=B@0;ь=V9 G0AB8=V O:>3> 7<>=B>20=V 

48A:8 15 B>2I8=>N 6 <<. �E G8A;> 4;O 4@>10@:8 �1-� $-6 – 10 HB., �1-� $-12 

- 16HB. B0 �1-� $-20 – 20HB..  V6 42><0 48A:0<8 B>2I8=>N 6 << =0 >AOE 16, 

O:V є =5ACG8<8 4;O <>;>B:V2, @>7B0H>20=V ?> 420 B>=:8E 48A:0 ( B>2I8=>N 3 <<) 

�<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

2 
�2.$.133.�61�")70006.#� 



4;O @>74V;5==O <>;>B:V2 >48= 2V4 >4=>3>. �@V< B>3>, =0 20;C @>B>@0 2AB0=>2;5=V 

420 :@09=VE 48A:0 B>2I8=>N 9 << 7 ?@8AB@>є< 4;O 70:@V?;5==O >A59 2V4 WE 

>Aь>2>3> ?5@5<VI5==O.  V6 48A:0<8 =0 >AOE 4V0<5B@>< 26 << 2AB0=>2;5=V 

<>;>B:8 17 @>7<V@>< 200E60 <<, B>2I8=>N 6 <<. 

� >4=><C :@09=ь><C 48A:V 4V0<5B@ >B2>@C <5=H5 4V0<5B@C >AV 4;O WW 28W<:8, 

I> 4>72>;Oє 70<V=8B8 <>;>B:8 17. � V=H><C :@09=ь><C 48A:V, O:89 A:;040єBьAO 7 

42>E G0AB8= 7 =04@V70<8, <V6 O:8<8 7<>=B>20=89 5;0AB8G=89 5;5<5=B 7V 

A?5FV0;ь=8<8 <5B0;528<8 7068<0<8, 4V0<5B@ >B2>@C B0:>6 <5=H5 4V0<5B@0 >AV. 

(V:A0FVO >A59 2V4 ?>274>26=ь>3> 7<VI5==O 70157?5GCєBьAO 2 @57C;ьB0BV =0BO3C, 

O:89 28=8:0є ?@8 701820==V >A59 2 :>=VG=V >B2>@8 >4=>3> 7 :@09=VE 48A:V2. 

"A=>20 22 :>@?CAC 8 4@>10@:8 720@=>W :>=AB@C:FVW ?@54AB02;Oє A>1>N 

AB0=8=C 7 H25;5@V2, O:0 A;C68Bь 4;O 2AB0=>2;5==O B0 :@V?;5==O 4> =5W >A=>2=8E 

G0AB8= 4@>10@:8: <>;>B:>2>3> @>B>@0, 5;5:B@>4283C=0 B0 V=.. !86=O G0AB8=0 

:>@?CAC <0є 7=87C D;0=5Fь 4;O ?V4є4=0==O 1C=:5@0 21 4> ?=52<>?@89<0;ь=8:0. 

�>@?CA 4@>10@:8 A:;040єBьAO 7 42>E ABV=>: 7 D;0=FO<8, A:@V?;5=8<8 <V6 A>1>N 

2 25@E=V9 G0AB8=V 42><0 ABO6:0<8. "1842V ABV=:8 :>@?CAC 2 =86=V9 9>3> G0AB8=V 

<0NBь ?@>@V78 4;O 20;0 @>B>@0, O:V CIV;ь=5=V =0:;04:0<8, ?@8:@V?;5=8<8 4> 

ABV=:8 1>;B0<8. �>@?CA >A=0I5=89 ?@>:;04:0<8 12 4;O 72C:>V7>;OFVW.  

� :>@?CAV 4@>10@:8 2AB0=>2;5=V: 420 ?>2>@>B=8E A8B>-45:>28E 1;>:0 10, 

=86=є A8B>, 420 ?@868<0, O:V ?5@5:@820NBь AB8:8 =86=ь>3> A8B0 20 7 25@E=V< 

A8B>< 01> 7 45:>N, 420 ;0=FN38 19 4;O :@V?;5==O A8B0, <5E0=V7< =0BO3C 

;0=FN3V2. 

�>6=89 A8B>-45:>289 1;>: <0є :0@:0A 7 =0?@02;ONG8<8 4;O 25@E=ь>3> A8B0 

B0 H0@=V@=> 2AB0=>2;5=V ?@868<8 A8B0. �> :0@:0AC 1>;B0<8 :@V?;OBь 7<V==C 

45:C. !0 20;C >4=>3> A8B>-45:>2>3> 1;>:C 7@>1;5=89 @8G03 4;O :>=B0:BC 7 

:V=F528< 28<8:0G5<, O:89 ?5@5;0HB>2Cє 5;5:B@>AE5<C =0 @525@A82=89 @568<. 

�@V< B>3>, =0 20;0E >1>E A8B>-45:>28E 1;>:V2 2AB0=>2;5=V @8G038 7 4;O DV:A0FVW 

F8E 1;>:V2 2 @>1>G><C ?>;>65==V 70 4>?><>3>N 1>;BV2. 

%8B>-45:>2V 1;>:8 72'O70=V <V6 A>1>N @8G030<8, O:V CB2>@NNBь 7 1;>:0<8 

G>B8@ь>E ;0=:>289 <5E0=V7<. $8G038 @53C;NNBьAO ?> 4>268=V 4;O 70157?5G5==O 

�<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

3 
�2.$.133.�61�")70006.#� 



IV;ь=>3> ?@8B8A:0==O >1>E 1;>:V2 4> ?@868<V2 13. !0 20;C >4=>3> A8B>-

45:>2>3> 1;>:C =0O2=0 28;:0, 72’O70=0 7 328=B>28< <5E0=V7<><. �0 4>?><>3>N 

328=B>2>3> B0 G>B8@ь>E ;0=:>2>3> <5E0=V7<V2 A8B>-45:>2V 1;>:8 ?>25@B0NBьAO B0 

2AB0=>2;NNBьAO 2 @>1>G8E ?>;>65==OE. � A8B>-45:>2><C 1;>FV, C O:>3> A8B> 

7=0E>48BьAO 2 @>1>G><C ?>;>65==V, 45:0 28:>=Cє @>;ь =0E8;5=>W ?>25@E=V, O:0 

?>40є A8@>28=C, I> =04E>48Bь 7 6828;ь=8:0 2 :0<5@C ?>4@V1=5==O 2 =0?@O<:C 

@>1>G>W 45:8 4@C3>3> A8B>-45:>2>3> 1;>:C. 

� 4@>10@FV �1-� $-6 =0 2V4<V=C 2V4 4@>10@:8 �1-� $-20 2 25@E=V9 G0AB8=V 

:>@?CAC, O:89 A:;040єBьAO 7 42>E 270є<>70<V==8E 1>:>28=, 71;>G5=8E ABO6:0<8, 

H0@=V@=> 2AB0=>2;5=V :@>=HB59=8 4;O :@V?;5==O 45: B0 DV:A0FVW 4>40B:>2>3> 

A8B0 2 @>1>G><C ?>;>65==V. "48= 7 42>E :@>=HB59=V2 =0 :>6=V9 7 1>:>28= 

>A=0I5=89 @C:>OB:>N 7 DV:A0B>@>< 4;O 7@CG=>ABV ?>2>@>BC 45: B0 70157?5G5==O 

WE DV:A0FVW. $C:>OB:0, 270є<>4VNG8 7 :V=F528< 28<8:0G5<, 70:@V?;5=8< ?V4 =5N 

=0 1>:>28=V, 70157?5GCє B0:>6 ?@028;ь=89 =0?@O< >15@B0==O @>B>@0, I> 

2V4?>2V40є @>1>G><C ?>;>65==N 45: 2 :>@?CAV. �5:8 :@V?;OBь 4> :@>=HB59=V2 

1>;B0<8 B0 2AB0=>2;NNBь ?>2>@>B>< @C:>OB:8 2 >4=5 7 42>E @>1>G8E ?>;>65=ь 2 

70;56=>ABV 2V4 =5>1EV4=>3> =0?@02;5==O >15@B0==O @>B>@0. 

 

$8AC=>: 2.  >;>B:>20 4@>10@:0 �1-� $-20: 

1 - 6828;ь=8:; 2 - ?@82V4 6828;ь=8:0; 3 - 281CE>@>7@O4=0 :0<5@0; 4 - <5E0=V7< @53C;N20==O 
?>40GV A8@>28=8; 5 - :>=25є@; 6 - <03=VB=89 70E8AB; 7 - @8G038; 8 - :>@?CA; 9 - CIV;ь=5==O; 10 - 
A8B>-45:>2V 1;>:8; 11 - 425@FOB0; 12 - 72C:>V7>;OFVO; 13 - ?@868<; 14 - 20; @>B>@0; 15 - 48A:8; 

�<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

4 
�2.$.133.�61�")70006.#� 



16 - =5ACGV >AV; 17 - <>;>B>:; 18 - @>B>@ (48A:8 7 <>;>B:0<8); 19 - ;0=FN38 4;O ?@868<C A8B; 
20 - =86=є A8B>; 21 - 1C=:5@; 22 - >A=>20 :>@?CAC (AB0=8=0); 23 - 2V1@>V7>;OB>@8. 
 

 >;>B:>2V 4@>10@:8 �  B0 �� . �8:>@8AB>2CNBь 4;O ?>4@V1=5==O 75@=>28E 

:><?>=5=BV2 B0 H@>BC. �0 ?@87=0G5==O< B0 :>=B@C:FVO<8 >A=>2=8E 71V@=8E 

>48=8Fь FV 4@>10@:8 >48=0:>2V, 2V4@V7=ONBьAO BV;ь:8 @>7<V@0<8 B0 45O:8<8 

?>:07=8:0<8 B5E=VG=>W E0@0:B5@8AB8:8. 

� :><1V:>@<>2V9 ?@><8A;>2>ABV H8@>:> 70AB>A>2CNBь 4@>10@:C ��  7 

42><0 45:0<8 (@8AC=>: 3). �V1@0FV9=89 6828;ь=8: 1 <0є 1C=:5@ B0 2V1@0FV9=89 

;>B>: 18 7 70A;V=:>N , I> @53C;NєBьAO 2@CG=C. �828;ь=8: @>7B0H>20=89 2 

25@E=V9 G0AB8=V :>@?CAC B0 70157?5GCє @V2=><V@=C ?>40GC :><?>=5=BV2 

:><1V:>@<V2 2 4@>10@:C. �;5:B@>4283C= 14 G5@57 :;8=>?0A>2C ?5@540GC ?@82>45 

2 >15@B0==O 5:AF5=B@8:>289 20; 2 6828;ь=8:0. � A5@54=V9 G0AB8=V :>@?CAC =0 

>AV 2AB0=>2;5=V G02C==V 45:8 3 B0 4, O:V =02:>;> >AV ?>25@B0NBь 328=B>< 5. 

� =86=V9 G0AB8=V :>@?CAC 2AB0=>2;5=> A8B>, ?>;>65==O O:>3> @53C;NNBь 

42><0 AB0;528<8 AB@VG:0<8 22. �>=8, 7 >4=VєW AB>@>=8, DV:ACNBьAO 2@CG=C, 0 7 

V=H>W – 328=B0<8 7 7 <0E>28:>< 10. %8B> 6 ?@868<0єBьAO 4> 28ABC?V2 :>@?CAC 

42><0 :CB8:0<8 70 4>?><>3>N 328=BV2. � ?@>ABV@, AB2>@5=89 ABV=:0<8 B0 

:@8H:>N, ?>B@0?;ONBь <V;:5 :0<V==O B0 :@C?=V <5B0;52V 4><VH:8. �0 4>?><>3>N 

A?5FV0;ь=>3> 328=B0 <>6=0 ?>25@B0B8 45:C =02:>;> >AV 8 B8< A0<8< 7<V=N20B8 

2EV4=89 >B2V@ ?0AB:8, 0 4;O 2840;5==O 4><VH>: 7 =5W ?5@5410G5=V 425@FOB0. 

!0O2=VABь :@8H>: 70157?5GCє ;53:89 4>ABC? 4> @>B>@0 20, 48A:V2 23 7 <>;>B:0<8 

24 B0 A8B0< 6,21. 

�0; 19 @>B>@0 4@>10@:8, I> >?8@0єBьAO =0 420 @>;8:>28E AD5@8G=8E 

?V4H8?=8:0 11, 15, ?@82>48BьAO 2 @CE 2V4 5;5:B@>4283C=0 17 G5@57 ?@C6=C 

D@8:FV9=C <CDBC 16. $>B>@ A:;040єBьAO 7 20;0 7 48A:0<8, I> <0NBь >B2>@8, 2 

O:8E 2AB0=>2;5=V =0 >AOE <>;>B:8.  V6 48A:0<8 @>7B0H>20=V 2BC;:8. 

�>=AB@C:FVO @>720=B06C20;ь=>3> ?@8AB@>N 4@>10@:8 ?5@5410G0є <>6;82VABь 

B@0=A?>@BC20==O ?@>4C:BV2 ?>4@V1=5==O O: <5E0=VG=>, B0: V ?=52<0B8G=>. � 

>AB0==ь><C 28?04:C 4> =86=ь>W G0AB8=8 @>720=B06C20;ь=>3> ?@8AB@>N 

?V4є4=CNBь ?=52<>?@89<0;ь=8: 9. 

�<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

5 
�2.$.133.�61�")70006.#� 



 

$8AC=>: 3.  >;>B:>20 4@>10@:8 �� : 
 

1 - 6828;ь=8:; 2 - 20;; 3,4 - 45:8; 5,7,13 - 328=B8; 6,21 - A8B0; 8 - :>@?CA; 9 - 

?=52<>?@89<0;ь=8:; 10 - <0E>28:; 11,15 - ?V4H8?=8:8; 12 - :@8H:0; 14,17 - 5;5:B@>4283C=8; 
16 - <CDB0; 18 - 2V1@0FV9=89 ;>B>:; 19 - 20; @>B>@0; 20 - @>B>@; 22 - AB0;52V AB@VG:8; 23 - 48A:; 
24 - <>;>B>:. 
 

 >;>B:>20 4@>10@:0 ��". #@87=0G5=0 4;O ?>4@V1=5==O @V7=8E 75@=>28E 

:><?>=5=BV2 :><1V:>@<V2. �> 1>:>28E ABV=>: :>@?CAC ?@820@5=V :@>=HB59=8 4;O 

?V4H8?=8:V2 20;0 @>B>@0 13, O:89 <CDB>N 7’є4=0=89 7 20;>< 5;5:B@>4283C=0 

(@8AC=>: 4). � 25@E=V9 G0AB8=V :>@?CAC @>7B0H>20=89 6828;ь=8: 9, ;>?0B5289 

10@010= O:>3> ?@82>48BьAO 2 @CE 2V4 5;5:B@>4283C=0 10 G5@57 @54C:B>@, 20@V0B>@-

11 B0 H:V2.  03=VB=89 0?0@0B 8 ?@54AB02;Oє A>1>N 1;>: ?V4:>2, @>7<VI5=8E 2 

:>@?CAV. 

� =86=V9 G0AB8=V :>@?CAC 2AB0=>2;NNBь A8B> 16, O:5 A:;040єBьAO 7 42>E 

?>;>28= 225E400 << :>6=0, I> DV:ACєBьAO 42><0 AB0;ь=8<8 AB@VG:0<8 15. 

!5@CE><C @51@8ABC 45:C 12, @>7B0H>20=C 2 25@E=V9 G0AB8=V, :@V?;OBь 1>;B0<8 4> 

:>@?CA0. $CE><C @51@8ABC 45:C 4 70 4>?><>3>N <5E0=V7<0 @53C;N20==O 5 <>6=0 

?>25@B0B8 <0E>28:0<8 6 B0 14 2V4=>A=> >AV B0:, I>1 @>7<V@ :;8=>284=>W IV;8=8 

<V6 @>B>@>< 13 7 <>;>B:0<8 17 B0 <5B0;528<8 48A:0<8 7 2BC;:0<8 (H0910<8) 

<V6 =8<8 B0 45:0<8 70157?5GC202 =>@<0;ь=5 =04E>465==O :><?>=5=BC 2 7>=C 

?>4@V1=5==O. �;O 70?>1V30==O 9>3> ?>?040==N 2 ?@>ABV@ <V6 ABV=:>N :>@?CAC 2 

B0 45:>N 4 2AB0=>2;5=89 :;0?0= 7. � @>B>@V 4V0<5B@>< 500 << =0 :>6=><C 48A:V 

�<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

6 
�2.$.133.�61�")70006.#� 



є G>B8@8 >B2>@8 4;O >A59. �> >A59 H0@=V@=> ?V42VH5=V ?> 128 <>;>B:V2. /:I> 

?>4@V1=NNBь 6<8, G8A;> <>;>B:V2 7<5=HCNBь 242>є. 

#@>4C:B8 ?>4@V1=5==O, O:V ?@>9H;8 G5@57 >B2>@8 A8B0, ?>B@0?;ONBь 4;O 

?=52<0B8G=>3> @>720=B065==O 2 1C=:5@ 18, I> <0є :@V?;5==O 1, B0 40;V 2 

?=52<>?@89<0;ь=8: 19, 2 O:><C 4;O 7<V=8 :V;ь:>ABV ?>2VB@O 2AB0=>2;5=89 

:;0?0=. #@8 <5E0=VG=><C B@0=A?>@BC20==V ?=52<>?@89<0;ь=8: 7=V<0NBь. 

 

$8AC=>: 4.  >;>B:>20 4@>10@:0 ��": 
 

1 - :@V?;5==O 1C=:5@0 4;O ?=52<0B8G=>3> 2820=B065==O; 2 - :>@?CA; 3 - ;N:; 4 - 
@CE><0 45:0; 5 - <5E0=V7< @53C;N20==O @CE><>W 45:8; 6,14 - <0E>28:8; 7 - :;0?0=; 
8 - <03=VB=89 0?0@0B; 9 - 6828;ь=8:; 10 - 5;5:B@>4283C=; 11 - 20@V0B>@; 12 - 
=5@CE><0 45:0; 13 - @>B>@; 15 - AB@VG:0; 16 - A8B>; 17 -  <>;>B>:; 18 - 1C=:5@ 4;O 
?=52<0B8G=>3> 2820=B065==O; 19 - ?=52<>?@89<0;ь=8:. 
 

�@>10@:0 �1-� 2$-22� <0є =0ABC?=C 1C4>2C. 

�>@?CA (?>7. 1) O2;Oє A>1>N 720@=C :>=AB@C:FVN =0 O:V9 2AB0=>2;5=> >A=>2=V 

2C7;8 4@>10@:8. 

�@8H:0 (?>7. 2) – =5ACG0 79><=0 G0AB8=0 4@>10@:8 =0 O:V9 2AB0=>2;5=> 

@>1>GV >@30=8 4@>10@:8. 

"A=>20 (?>7. 3) 28:>=0=0 C 283;O4V B@ь>E 48A:V2, 720@5=8E <V6 A>1>N.  

�<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

7 
�2.$.133.�61�")70006.#� 



#0B@C1:8 7020=B065==O (?>7.4) O2;ONBь A>1>N :>=AB@C:FVN A0<>?;82V2, O:V 

70157?5GCNBь @V2=><V@=5 @>7?>4V;5==O ?>B>:C ?>4@V1=N20=>3> ?@>4C:BC =0 420 

?>B>:8. 

�>70B>@ (?>7. 6) ?@87=0G5=89 4;O @V2=><V@=>W ?>40GV A8@>28=8 2 4@>18;ь=C 

:0<5@C B0 2840;5==O ?@8 Fь><C <5B0;><03=VB=8E B0 206:8E 4><VH>:. �>70B>@ 

>1;04=0=89 3V4@02;VG=>N 70A;V=:>N (?>7. 5) @53C;N20==O ?>40GV 75@=0.  

$>B>@ (?>7. 7) -  >A=>2=89 @>1>G89 >@30= 4@>10@:8. �V= A:;040єBьAO 7 >A=>28 

B0 <>;>B:V2, O:V 2AB0=>2;5=V =0 ?0;ьFOE >A=>28. 

�25@V >1A;C3C20==O (?>7.8) 70157?5GCNBь 4>ABC? 4> A8B>2>3> :>@?CAC B0 

<>;>B:V2 V 4>72>;Oє 28:>=C20B8 >1A;C3C20==O @>1>G8E >@30=V2. �;O 70<V=8 A8B 

28:>@8AB>2CNBьAO BV;ь:8 >4=V 425@V. 

�0<5@0 281CE>@>7@O4=0 (?>7. 9) – ?@87=0G5=0 4;O 2V42>4C 281CEC 2 020@V9=V9 

A8BC0FVW <0є 28EV4=89 4V0<5B@ 200 <<., :><?;5:BCєBьAO B@C1>N 4;O 2V42>4C 

281CEC. 

,0EB0 2820=B065==O (?>7. 10) ?@87=0G5=0 4;O 2V42>4C ?>4@V1=5=>3> 

?@>4C:BC 7 4@>10@:8. 

�@>10@:0 ?@0FNє 70 =0ABC?=>N AE5<>N: ?@>4C:B =04E>48Bь G5@57 70A;V=:C 4> 

4>70B>@0, 72V4:8, @>7?>4V;82H8Aь =0 420 ?>B>:8 ?> ?0B@C1:0< 7020=B065==O 

A0<>BVG=> ?>ABC?0є 2 4@>18;ь=C :0<5@C B0 ?>4@V1=NєBьAO <>;>B:0<8 @>B>@0. 

 >;>B:8, 240@ONG8 75@=> >1 A8B> B0 45:8, @>71820NBь 9>3>. �@C9=>20=V 75@=0 

?@>A8?0NBьAO G5@57 A8B> B0 282>4OBьAO 7 4@>10@:8 G5@57 H0EBC 2820=B065==O. 

�;5:B@>>1;04=0==O 2:;NG0є 2 A515 2AB0=>2;5=89 =0 4@>10@FV 5;5:B@>4283C= 

(?>7. 12) ?@82>4C @>B>@0, 5;5:B@>4283C= 4>70B>@0, B0 B@8 :V=5G=8E 28<8:0G0. 

#V4:;NG5==O 74V9A=NєBьAO 73V4=> @5:><5=4>20=>W AE5<8 ?V4:;NG5==O, I> 

?>AB0G0єBьAO 7 4@>10@:>N. 

->1 C=8:=CB8 =5I0A=8E 28?04:V2 =5>1EV4=>: 

 4@>10@:C B@8<0B8 2 G8AB>BV V A?@02=><C AB0=V; 

 ?@8 @>1>BV V B5E=VG=><C >1A;C3>2C20==V 4>72>;OєBьAO :>@8ABC20B8AO 

BV;ь:8 A?@02=8< V=AB@C<5=B>< 73V4=> 7 9>3> ?@87=0G5==O<; 

 ?@87=0G0NBьAO >A>18, 2V4?>2V40;ь=V 70 157?5G=C 5:A?;C0B0FVN B0 @5<>=B; 

�<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

8 
�2.$.133.�61�")70006.#� 



 ?5@54 ?>G0B:>< @>1>B8 ?@>2>48BьAO 2V7C0;ь=89 >3;O4 >1;04=0==O. 

�0B53>@8G=> 701>@>=OєBьAO: 

 ?@>2>48B8 @5<>=B >1;04=0==O ?@8 ?@0FNNG><C ?@82>4V CAB0=>2:8; 

 ?@>2>48B8 @5<>=B >1;04=0==O 157 28:>@8AB0==O A?5FV0;ь=8E >?>@; 

 ?@0FN20B8 7 ?>H:>465=8< >1;04=0==O<; 

 =5?@8?CAB8<5 ?>?040==O <5B0;528E ?@54<5BV2 2 @>1>G89 >@30=. 

#5@54 ?CA:>< 4@>10@:8 2 @>1>BC >?5@0B>@ ?>28=5= ?5@52V@8B8 =04V9=VABь 

7075<;5==O, =0O2=VABь B0 <VF=VABь CAB0=>2:8 >3>@>465=ь. �5@<5B8G=VABь 

?V4є4=0==O B@C18 281CE>@>7@O4=8:0 B0 B@C18, O:0 2V42>48Bь ?>4@V1=5=89 ?@>4C:B 

7 1C=:5@0, G8AB>BC 0A?V@0FV9=>W A8AB5<8, AB0= 5;5:B@>4283C=0.  

#V4 G0A 5:A?;C0B0FVW 4@>10@:8 =5>1EV4=> A8AB5<0B8G=> A?>AB5@V30B8 70 WW 

@>1>B>N, =5 4>?CA:0NG8 ?5@520=B065=ь G8 =54>20=B065=ь, 2G0A=> ?5@5E>48B8 =0 

@525@A82=89 @568< @>1>B8 ?> <V@V 7=>AC <>;>B:V2 =0 @>B>@V 4@>10@:8, ?5@V>48G=> 

70<V=N20B8 A8B0, I> 7=>A8;8AO B0 <>;>B:8. !5>1EV4=> A;V4:C20B8 70 A?@02=>N 

@>1>B>N 0A?V@0FV9=>W A8AB5<8. 

�8:>=C20B8 G8AB:C 4@>10@:8 01> @5<>=B=V @>1>B8 BV;ь:8  

?@8 2V4:;NG5=8E 3>;>2=8E 2:;NG0NBь 0?0@0B0E 7 @CG=8< :5@C20==O< V 

282VH5=8E =0 =8E ?;0:0B0E "!5 2:;NG0B8 - ?@0FNNBь ;N48!". 

#@8 >1A;C3>2C20==V ?@0FNNG>3> >1;04=0==O 701>@>=OєBьAO: 

 ?@0FN20B8 157 70A>1V2 V=482V4C0;ь=>3> 70E8ABC; 

 B>@:0B8AO @C:0<8, >4O3>< 01> 1C4ь-O:8<8 V=H8<8 ?@54<5B0<8 4> 

@CE><8E G0AB8= >1;04=0==O; 

 7=V<0B8 70E8A=V V >3>@>46C20;ь=V ?@8AB@>W; 

  >1?8@0B8AO V AV40B8 =0 >3>@>6V, ?5@8;0, :>6CE8; 

 @>18B8 7<0IC20==O @CE><8E G0AB8= 4@>10@:8 B0 V=H>3> >1;04=0==O, O:V 

=5 <0NBь A?5FV0;ь=8E ?@8AB>AC20=ь 4;O 157?5G=>3> ?@>2545==O @VG=89 

48AB0=FV9=V9 <0AB8;0; 

 @53C;N20B8 1C4ь-O:V <5E0=V7<8; 

 :>@8ABC20B8AO 4;O >A2VB;5==O D0:5;>< 01> ?5@5=>A=>N ;0<?>N =0?@C3>N 

28I5 12 �. 

�<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

9 
�2.$.133.�61�")70006.#� 



�01>@>=OєBьAO @>1>B0 <>;>B:>2>W 4@>10@:8 ?@8 =0O2=>ABV 48A10;0=AC @>B>@0, 

0 B0:>6 ?@8 2V4ACB=>ABV 01> =5A?@02=>ABV 0A?V@0FV9=8E 2V4A<>:BC20GV2 

@>720=B06C20;ь=8E ?@8AB@>W2. 

%B568B8 70 A83=0;0<8, I> ?>?5@5460NBь 28=8:=5==O =5157?5:8, 

4>B@8<C20B8AO 70E>4V2 >A>18AB>W 157?5:8. 

"1;04=0==O =5>1EV4=> 7C?8=8B8 ?@8: 

 703@>7V 020@VW 01> =5I0A=>3> 28?04:C; 

 =5A?@02=V9 A8AB5<V 72C:>2>W B0 A2VB;>2>W A83=0;V70FVW; 

 2V4:;NG5==V >A2VB;5==O F5EC; 

 ?>?040==V =0 6828;ь=8: AB>@>==VE ?@54<5BV2 01> =53010@8B=8E H<0B:V2 

<0B5@V0;C; 

 28O2;5==V =5A?@02=>AB59 CAB0B:C20==O, @>1>B0 ?@8 O:8E 701>@>=5=0 

?@028;0<8 B5E=VG=>W 5:A?;C0B0FVW.     

' @07V ?>;><:8 <>;>B:>2>W 4@>10@:8 01> 4>?><V6=>3> >1;04=0==O =5>1EV4=> 

7C?8=8B8 @>1>BC V ?>2V4><8B8 ?@> F5 <09AB@0 01> =0G0;ь=8:0 F5EC. 

 

 

�<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

10 
�2.$.133.�61�")70006.#� 



3. &�Х!"�"�ІЧ!А ЧА%&И!А 

�@>10@:0 <>;>B:>20 �1-� 2$-� ?@87=0G5=0 4;O ?>4@V1=5==O 75@=0 

7;0:>28E, ?;V2G0AB8E, 1>1>28E :C;PBC@, :C:C@C478, 75@=>AC<VH59, H@>BC, 

4@V1=>:CA:>2>W <0:CE8 B0 V=H8E 284V2 A8@>28=8, :@V< <V=5@0;P=>3>, =0 

?V4?@8є<AB20E :><1V:>@<>2>W ?@><8A;>2>ABV. 
 

 

 

�<=. �8AB № 4>:C<. #V4?8A �0B0 
�@:. 

1 

�2.$.133.�61�")70006.#� 

 $>7@>1. �060= �.�.

 �5@V2=8: /AB@510 %.#. 

   
 !. �>=B@.  
 �0B25@4. �0220 ". . 

 
&�)!"�"�І+!� 

 +�%&�!� 

�VB. �@:CHV2 
7 

  #( !')& 3@. 5  �7 



&ех=іч=і ха@а:Bе@8AB8:8: 

!а9<е=Cва==я ?>:а7=8:ів А1-� 2$-

22� 

1#@>4C:B82=VABP B5E=VG=0 ?@8 ?>4@V1=5==V OG<5=N 2>;>3VABN 

=5 1V;PH5 15,5% 7 >1'є<=>N <0A>N =5 <5=H5 0,68 B / <3, B / 
3>4, =5 <5=H5: 

  

     - 4> 4->W 3@C?8 :@C?=>ABV: 7,0 

     - 4> 3->9 3@C?8 :@C?=>ABV: 4,5 

     - 4> 2->9 3@C?8 :@C?=>ABV: 2,5 

2. %C<0@=0 2AB0=>2;5=0 ?>BC6=VABP, :�B, =5 1V;PH5 45 

3. +0AB>B0 >15@B0==O @>B>@0, >1 / E2 3 000 

4. ":@C6=0 H284:VABP <>;>B:V2 @>B>@0, < / A 154 ± 3 

5. �010@8B=O5 @07<5@O, <<, =5 1>;55   

     - 4;8=0 1 000 

     - H8@8=0 1 000 

     - 28A>B0 2 460 

6.  0A0 4@>10@:8 7 6828;P=8:><, :3 825 

4-O 3@C?0 :@C?=>ABV 28E>48BP ?@8 CAB0=>2FV 2 <0H8=C A8B 7 >B2>@0<8 

4V0<5B@>< 6 << V :><1V=0FVєN A8B 7 >B2>@0<8 4V0<5B@>< 6 V 8 <<, 3-BO 3@C?0 

:@C?=>ABV - ?@8 CAB0=>2FV A8B 7 >B2>@0<8 4V0<5B@>< 5 <<, 2-O 3@C?0 :@C?=>ABV - 

?@8 CAB0=>2FV A8B 7 >B2>@0<8 4V0<5B@>< 3 <<. 

#V428I5==O 2>;>3>ABV 7=86Cє ?@>4C:B82=VABP <0H8=8. &0:, ?@8 

71V;PH5==V 2>;>3>ABV 4> 20% ?@>4C:B82=VABP 7=86CєBPAO =0 30%. 

�@>10@:0 ?@0FNє 70 =0ABC?=>N AE5<>N: ?@>4C:B ?>40єBPAO 2 

6828;P=8:, 72V4:8, @>7?>4V;82H8AP =0 420 ?>B>:8, =04E>48BP 2 4@>18;P=C 

�<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

2 
�2.$.133.�61�")70006.#� 



:0<5@C V ?>4@V1=NєBPAO <>;>B:0<8 @>B>@0.  >;>B:8, 1'NG8 75@=> ?@> A8B> V 

45:8, @>71820NBP 9>3>. �@C9=>20=V 75@=0 ?@>:840NBPAO G5@57 A8B> V 

A0<>?;82>< 282>4OBPAO 7 4@>10@:8. 

 &5E=>;>3VG=V AE5<8 28@>1=8FB20 :><1V:>@<V2 ACBBє2> 2V4@V7=ONBPAO 

<V6 A>1>N. �81V@ AE5<8 70;568BP 2V4 A:;04C :><?>=5=BV2 :><1V:>@<C, A?>A>1C 

4>7C20==O V 7<VHC20==O B0 :>=AB@C:B82=8E >A>1;82>AB59 >1;04=0==O. ІA=Cє B@8 

AE5<8 28@>1=8FB20.  

 �@>10@:0 ?@0FNє 70 =0ABC?=>N AE5<>N: ?@>4C:B ?>40єBPAO 2 

6828;P=8:, 72V4:8, @>7?>4V;82H8AP =0 420 ?>B>:8, =04E>48BP 2 4@>18;P=C 

:0<5@C V ?>4@V1=NєBPAO <>;>B:0<8 @>B>@0.  >;>B:8, 1'NG8 75@=> ?@> A8B> V 

45:8, @>71820NBP 9>3>. �@C9=>20=V 75@=0 ?@>:840NBPAO G5@57 A8B> V 

A0<>?;82>< 282>4OBPAO 7 4@>10@:8. 

  #5@H0 AE5<0 2:;NG0є 2 A515 4>7C20==O =0 ?>4@V1=5==O :><?>=5=BV2 75@=>2>W 

A8@>28=8 7 =0ABC?=8< ?>4@V1=5==O<. �@C30 – ?>4@V1=5==O :>6=>3> 284C 75@=>2>W 

A8@>28=8 >:@5<> 7 =0ABC?=8< 4>7C20==O<. &@5BO B5E=>;>3VG=0 AE5<0 – 4>7C20==O 

=5 ?>4@V1=5=>W 75@=>2>W A8@>28=8 7 =0ABC?=8< ?>4@V1=5==O<, 4>7C20==O H@>BV2, 

��)# 7 =0ABC?=8< ?>4@V1=5==O<, 4>7C20==O 5:AB@C4>20=>W 75@=>2>W A8@>28=8, 

?@5<V:AV2, 206:> A8?CG8E :><?>=5=BV2, B0 4>7C20==O <V:@>4>102>: >:@5<> 2 

>:@5<8E 4>70B>@0E, 7<VHC20==O WE 2 >:@5<8E 7<VHC20G0E V 2V44>7>20=V 7<VH0=V 

3@C?8 :><?>=5=BV2 :><1V:>@<C 7<VHCNBPAO C >A=>2=><C 7<VHC20GV. !0 

�>E28FP:><C :><1V:>@<>2><C 702>4V 2?@>20465=> B@5BV9 284 B5E=>;>3VG=8E 

AE5<. �>=0 2:;NG0є 2 A515 B@0=A?>@BC20==O >:@5<8E 284V2 75@=>2>W A8@>28=8 

=>@VєN !-20 (?>7.1.1), 2 =044>70B>@=V 1C=:5@8 (?>7.5). 

&5E=VG=0 E0@0:B5@8AB8:0 =>@VW ! 20. 

#@>4C:B82=VABP, B/3>4                                                                                    20 

#>BC6=VABP ?@82>4C, :�B  

?@8 28A>BV ?V49><C 14 <                                                                                2,2 

�V0<5B@ 10@010=C, <<                                                                                    500 

 

�<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

3 
�2.$.133.�61�")70006.#� 



,284:VABP @CEC AB@VG:8, </A                                                                         1,6 

,8@8=0 10@010=C, <<                                                                                    200 

,8@8=0 AB@VG:8, <<                                                                                       175 

�@>: :>2HV2, <<                                                                                              260  

$>7?>4V;5==O >:@5<8E 284V2 75@=>2>W A8@>28=8 74V9A=NєBPAO                     

?5@5:84=8< :;0?0=>< �#-200 (?>7.2).  

 

&5E=VG=0 E0@0:B5@8AB8:0 ?5@5:84=>3> :;0?0=C �#-200 

#5@5@V7 :>2HV2 :;0?0=C, << 

�EV4=89                                                200E200 

�8EV4=89                                               200E200 

+0A 2V4:@8BBO :;0?0=C, A5:                                0,6 

#@82V4                                           ?=52<0B8G=89 

�010@8B=V @>7<V@8, << 

 4>268=0                                                   906 

 H8@8=0                                                    502 

 28A>B0                                                    565 

 0A0, :3                                                     93 

     

#>B>:8 75@=>2>W A8@>28=8 ?V4 G0A @>7?>4V;5==O <V6 1C=:5@0<8 ?@>E>4OBP 

>G8I5==O 2V4 <5B0;><03=VB=8E 4><VH>: C <03=VB=8E A5?0@0B>@0E �#-50 

(?>7.3.1,3.2). "G8I5==O 2V4 <5B0;528E 4><VH>: 75@=>20 A8@>28=0 328=B>28<8 

:>=25є@0<8 �200 (?>7.4.1,4.2), @>7?>4V;OєBPAO C =044@>10@=V 1C=:5@8 ���-1-8 

(?>7.5). �C=:5@8 є G0AB8=>N 2V44V;5==O 4>7C20==O 75@=>28E :><?>=5=BV2 V 

2:;NG0NBP 4> A2>3> A:;04C  7020=B06C20;P=V H=5:8 4>268=>N L1 – 6,5 <;  L2 – 6,2 

< B0 H=5:8 203>2>3> 4>70B>@0 L3 = 5,5 ÷ 7,5 <. F8<8 H=5:0<8 75@=>20 A8@>28=0 

?>40єBPAO C 203>289 4>70B>@ ��-3200  (?>7.6). 

   &5E=VG=0 E0@0:B5@8AB8:0 203>2>3> 4>70B>@0 ��-3000  

#@>4C:B82=VABP, :3/3>4                           3600-36000 

 56V 7206C20==O, :3                                 300-3000 

�<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

4 
�2.$.133.�61�")70006.#� 



&@820;VABP F8:;C, A5:                                     300 

�V;P:VABP F8:;V2 70 3>4                                     12 

#>BC6=VABP ?@82>4C, :�B                                  0,5 

�010@8B=V @>7<V@8, << 

 4>268=0                                                 4055                              

 H8@8=0                                                  2480 

 28A>B0                                                   1425 

 0A0, :3                                                   2100 

�V4 4>7>20=0 75@=>20 A8@>28=0 H=5:>< 4>70B>@0 ?>40єBPAO 2 =>@VN !-20 

(?>7.1.2), 2 =044@>10@=89 1C=:5@ �� 5.00.200 %� (?>7.7), 7 H=5:>< � 160 (?>7.8.1), 

O:89 ?>4V;Oє ?>BV:  A8@>28=8 =0 420 ?>B>:8 ?>40GV 75@=0 2 4@>10@:8. #5@54 

?>B@0?;O==O< =0 ?>4@V1=5==O 75@=> ?@>E>48BP >G8I5==O 2V4 <5B0;>-<03=VB=8E 

4><VH>: 2 <03=VB=8E A5?0@0B>@0E � #-01 (?>7.9.1, 9.2). 

 

&5E=VG=0 E0@0:B5@8AB8:0 A5?0@0B>@0 � #-01 

#@>4C:B82=VABP, B/3>4                             11 

�<VAB 4><VH>: =0 28E>4V, %                   0,3 

+8A;> <03=VB=8E 1;>:V2, HB.                   1 

+8A;> <03=VBV2 C 1;>FV, HB.                     9 

�010@8B=V @>7<V@8, << 

 4>268=0                                                455 

 H8@8=0                                                 370 

 28A>B0                                                   380 

 0A0, :3                                                 20 

 

   %E5<>N ?5@5410G5=> ?>4@V1=5==O 2V44>7>20=>W 75@=>2>W A8@>28=8 

4@>10@:0<8 �1-� 2$-22� (?>7.10.1,10.2.) 4;O ?>4@V1=5==O C FV 6 4@>10@:8 

?>40єBPAO H@>B B0 )#)�, O:89 ?V42>78BPAO 02B><>1V;O<8 4> =0?V;P=8E 4>7CNG8E 

H=5:V2 �160 (?>7.22.1,22.2). *V H=5:8 ?>40NBP H@>B B0 )#)� C =044>70B>@=V 

1C=:5@8 (?>7.5), 72V4:8 ?>B@0?;ONBP C 203>289 4>70B>@ ��-3200 , 0 ?>BV< =>@VєN 

�<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

5 
�2.$.133.�61�")70006.#� 



!-20 (?>7.1.2), ?>40NBPAO C =044@>10@=89 1C=:5@ (?>7.7), V >G8I0єBPAO 

<03=VB=8<8 A5?0@0B>@0<8 � #-01 (?>7.9.1,9.2). #>4@V1=5=V B0 2V4 4>7>20=V 75@=>2V 

?@>4C:B8, H@>B, )#)� H=5:>28< :>=25є@>< �200 (?>7.4.3), B0 =>@VєN !-20 

(?>7.1.3), ?>40NBPAO 2 1C=:5@ =04 7<VHC20G5< (?>7.11), 0 ?>BV< C 7<VHC20G �%�-

2,0 (?>7.12). 

 

&5E=VG=0 E0@0:B5@8AB8:0 7<VHC20G0 �%�-2,0 

#@>4C:B82=VABP, B/3>4                                     20 

 0A0 :><?>=5=BV2 C :>@?CAV, B                             2,0 

*8:; 7<VHC20==O, E2.                                         6 

+0AB>B0 >15@B0==O 20;C, >1/E2.                           17 

#>BC6=VABP 5;. 4283C=0, :�B                               22 

�010@8B=V @>7<V@8, << 

 4>268=0                                                 4880 

 H8@8=0                                                   2680 

 28A>B0                                                   2600 

 0A0, :3                                                  4650 

 

   �8AV2:8, ?@>9H>2H8 ?>?5@54=є >G8I5==O B0 ?@>AVN20==O C 4>?><V6=><C 

F5EC, ?>40NBPAO C 1C=:5@ �"�-1-8 (?>7.14), 7 O:>3> H=5:>< �160 (?>7.8.2), 

?>40NBPAO O: =0?>2=N20G C 7<VHC20G-4>70B>@ �%"-0,1 (?>7.15). 

 

&5E=VG=0 E0@0:B5@8AB8:0 7<VHC20G0-4>70B>@0 �%"-0,1 

#@>4C:B82=VABP, B/3>4                                                                                 3,5 

*8:; 4>7C20==O 7<VHC20==O, E2.                                                                 6 

&@820;VABP 7<VHC20==O, E2.                                                                          4 

#>E81:0 4>7C20==O, %                                                                                  0,01 

#>BC6=VABP 5;. 4283C=0, :�B                                                                         5 

Є<:VABP 1C=:5@0 4>70B>@0, <3                                                                       2,75 

�010@8B=V @>7<V@8, << 

�<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

6 
�2.$.133.�61�")70006.#� 



 4>268=0                                                                                                        2350 

 H8@8=0                                                                                                          1780 

 28A>B0                                                                                                            2130 

 0A0, :3                                                                                                          3500 

 

   ' F59 65 7<VHC20G ?>40NBPAO 2V44>7>20=V <V:@>5;5<5=B8. �>=8 

7020=B06CNBPAO C ?@89<0;P=89 ?@8AB@V9 <>4C;O <V:@>4>7C20==O #$-250 (?>7.17), 

?>B@0?;ONBP C 1C=:5@0 <>4C;O  �� 12-240 (?>7.18), 45 4>7CNBPAO 4>7C20;P=8< 

<>4C;5<  �� 12-240 (?>7.19). 

 

&5E=VG=0 E0@0:B5@8AB8:0 <>4C;O <V:@>4>7C20==O  �� 12-240 

�V;P:VABP 28B@0B=8E 1C=:5@V2, HB.                                                                 12 

"1’є< >4=>3> 1C=:5@0, <3                                                                                0,2 

%C<0@=0 2030 :><?>=5=BV2 70 >48= F8:;, :3                                                  30 

!86=O <560 4>7C20==O, :3                                                                               0,2 

#>E81:0 4>7C20==O, 3                                                                                        10 

#>BC6=VABP 5;. 4283C=0, :�B                                                                            1,5 

�010@8B=V @>7<V@8, << 

 4>268=0                                                                                                            2960 

 H8@8=0                                                                                                             1690 

 28A>B0                                                                                                               3020 

 

   �V44>7>20=V <V:@>5;5<5=B8 328=B>28< :>=25є@>< � 160, ?>7.8.3, B0 =>@VєN 

!-10 (?>7.20), ?>40NBPAO 2 >A=>2=89 7<VHC20G �%�-2,0 (?>7.12). 

   �V44>7>20=V, 7<VH0=V :><?>=5=B8 C 283;O4V 3>B>2>W ?@>4C:FVW 328=B>28< 

:>=25є@>< � 200 (?>7.4.4), =>@VєN !-20 (?>7.1.4), B0 328=B>28< :>=25є@>< �160 

(?>7.8.4) ?>40NBPAO C 1C=:5@8 (?>7.21), 72V4:8 2V4?CA:0NBPAO A?>6820G0< C 

@>7A8?=><C 283;O4V, 01> ?>40NBPAO 328=B>28< :>=25є@>< �160 (?>7.8.5) C F5E 

3@0=C;N20==O V C 283;O4V 3@0=C;P>20=>3> :><1V:>@<C @>7D0A>2CNBPAO C <VH:8. 

�<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

7 
�2.$.133.�61�")70006.#� 



 

4. �'�"�� &� #$�!Ц�# $"�"&� "����!�!!/, 

 "��$!І��ЦІ/ "����!�!!/ 

4.1. �G4>20 F0 ?@8=ц8? @>1>F8 >1л04=0==я 

 >;>B:>20 4@>10@:0 �1-� 2$-22� (@8A. 3.1) ?@87=0G5=0 4;O ?>4@V1=5==O 

75@=0 7;0:>28E, ?;V2G0AB8E, 1>1>28E :C;ьBC@, :C:C@C478, 75@=>AC<VH59, H@>BC, 

4@V1=>:CA:>2>W <0:CE8 B0 V=H8E 284V2 A8@>28=8, :@V< <V=5@0;ь=>3>, =0 

?V4?@8є<AB20E :><1V:>@<>2>W ?@><8A;>2>ABV. 

 

$8A. 3.1. �030;ь=89 283;O4 <>;>B:>2>W 4@>10@:8 �1-� 2$-22� 

 

 

 
З<=. �8AB № 4>:C<. �і4?8A �0B0 

Арк. 
1 

�2.$.133.�61�")70006.#� 

 озро1. �060= �.�.
 �5@V2=8: /AB@510 %.#. 

   

 !. �>=B@.  

ЗаB25@4. �0220 ". . 

 

�'�"�� &� #$�!*�# 
$"�"&� "����!�!!/ 

ЛіB. Аркушів 

#( !')& 3@. 5  �7 



 

 0H8=0 (@8A.1) A:;040єBьAO 7: AB0=8=8 (1); :@8H:8 (2); @>B>@0 7 

<>;>B:0<8 (3); ?@89<0G0 (4); 6828;ь=8:0 (5); :0<5@8 281CE>@>7@O4=>W (6); 

5;5:B@>4283C=0 (9); :>@?CAC A8B>2>3> (11); <5E0=V7<C :@V?;5==O :>@?CAC 

A8B>2>3> (12); 425@59 (14). 

%B0=8=0 (1) O2;Oє A>1>N 720@5=C :>=AB@C:FVN =0 O:V9 2AB0=>2;5=V 

>A=>2=V 2C7;8 4@>10@:8. �@8H:0 (2) =5ACG0 7=V<=0 G0AB8=0 4@>10@:8 =0 O:V9 

2AB0=>2;5=V @>1>GV >@30=8 4@>10@:8. 

 

 

 >;>B:>289 @>B>@ (3) >A=>2=89 @>1>G89 >@30= 4@>10@:8. �V= 

28:>=0=89 C 283;O4V B@ь>E 48A:V2, 720@5=8E <V6 A>1>N. !0 @>7?V@=8E 2BC;:0E 

ABO6=8E >A59 2AB0=>2;5=V 2BC;:8, A;C61>2FV 4;O >1<565==O ?5@5<VI5==O 

<>;>B:V2 C74>26 >A59 WE ?V42VAC. "A=>2=V @>7<V@8 2AB0=>2;NNBьAO <>;>B:V2 

�1-� 2$-22�.00.007 =02545=V =0 @8A.3. 

�<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

2 
�2.$.133.�61�")70006.#� 

 



#@89<0G (4) O2;Oє A>1>N :>=AB@C:FVN A0<>?;82, I> 70157?5GCє 

@V2=><V@=89 @>7?>4V; ?>B>:C <0B5@V0;C, I> ?>4@V1=NєBьAO  =0 420 ?>B>:8. 

�828;ь=8: (5) ?@87=0G5=89 4;O @V2=><V@=>W ?>40GV A8@>28=8 2 4@>18;ь=C 

:0<5@C. �828;ь=8: 70157?5G5=89 @CG=>N 70A;V=:>N @53C;N20==O ?>40GV 

75@=0 V <03=VB=>3> 70E8ABC 4;O 284V;5==O <5B0;><03=VB=8E 4><VH>:. 

�0<5@0 281CE>@>7@O4=0 (6) - ?@8AB@V9 4;O 2V42>4C 281CEC 2 020@V9=V9 

A8BC0FVW, <0є 28EV4=89 4V0<5B@ 250 <<. &@C1>N 4;O 2V42>4C 281CEC =5 

:><?;5:BCєBьAO �;5:B@>4283C= (9) D;0=F5< 2AB0=>2;NєBьAO =0 :@8H:C. !0 

20; 4283C=0 =0A0465=89 @>B>@ 7 <>;>B:0<8. 

�>@?CA A8B>289 (11) O2;Oє A>1>N :0@:0A 7 A8B0<8 V 2AB0=>2;NєBьAO 

2A5@548=V :>@?CAC. �>=AB@C:FVO A8B>2>3> :>@?CAC ?5@5410G0є <>6;82VABь 

70<V=8 V CAB0=>2:8 7=>H5=8E A8B, ?@8B8A:V2 B0 3@C4=V. �V0<5B@ 2AB0=>2;5=8E 

@5HVB 70157?5GCє :@C?=VABь ?><5;C. �>=AB@C:FVO <5E0=V7<C :@V?;5==O 

:>@?CAC (12) 4>72>;Oє ?@>2>48B8 H284:5 2AB0=>2;5==O B0 7=OBBO. �25@V (14) 

70157?5GCNBь 4>ABC? 4> :>@?CAC A8B>20 V <>;>B:V2 V 4>72>;ONBь 74V9A=N20B8 

>1A;C3>2C20==O @>1>G8E >@30=V2. �;O 7<V=8 A8B 28:>@8AB>2CєBьAO BV;ь:8 

>4=0 7 425@59. 

       �@>10@:0 ?@0FNє 70 =0ABC?=>N AE5<>N: ?@>4C:B =04E>48Bь G5@57 

70A;V=:C 4> 4>70B>@0, 72V4:8, @>7?>4V;82H8Aь =0 420 ?>B>:8 ?> ?0B@C1:0< 

7020=B065==O A0<>BVG=> ?>ABC?0є 2 4@>18;ь=C :0<5@C B0 ?>4@V1=NєBьAO 

<>;>B:0<8 @>B>@0.  >;>B:8, 240@ONG8 75@=> >1 A8B> B0 45:8, @>71820NBь 9>3>. 

�@C9=>20=V 75@=0 ?@>A8?0NBьAO G5@57 A8B> B0 282>4OBьAO 7 4@>10@:8 G5@57 H0EBC 

2820=B065==O. 

       �;5:B@>>1;04=0==O 2:;NG0є 2 A515 2AB0=>2;5=89 =0 4@>10@FV 

5;5:B@>4283C= (?>7. 12) ?@82>4C @>B>@0, 5;5:B@>4283C= 4>70B>@0, B0 B@8 

:V=5G=8E 28<8:0G0. #V4:;NG5==O 74V9A=NєBьAO 73V4=> @5:><5=4>20=>W AE5<8 

?V4:;NG5==O, I> ?>AB0G0єBьAO 7 4@>10@:>N. 

Щ>1 C=8:=CB8 =5I0A=8E 28?04:V2 =5>1EV4=>: 

�<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

3 
�2.$.133.�61�")70006.#� 

 



 4@>10@:C B@8<0B8 2 G8AB>BV V A?@02=><C AB0=V; 

 ?@8 @>1>BV V B5E=VG=><C >1A;C3>2C20==V 4>72>;OєBьAO :>@8ABC20B8AO 

BV;ь:8 A?@02=8< V=AB@C<5=B>< 73V4=> 7 9>3> ?@87=0G5==O<; 

 ?@87=0G0NBьAO >A>18, 2V4?>2V40;ь=V 70 157?5G=C 5:A?;C0B0FVN B0 @5<>=B; 

 ?5@54 ?>G0B:>< @>1>B8 ?@>2>48BьAO 2V7C0;ь=89 >3;O4 >1;04=0==O. 

�0B53>@8G=> 701>@>=OєBьAO: 

 ?@>2>48B8 @5<>=B >1;04=0==O ?@8 ?@0FNNG><C ?@82>4V CAB0=>2:8; 

 ?@>2>48B8 @5<>=B >1;04=0==O 157 28:>@8AB0==O A?5FV0;ь=8E >?>@; 

 ?@0FN20B8 7 ?>H:>465=8< >1;04=0==O<; 

 =5?@8?CAB8<5 ?>?040==O <5B0;528E ?@54<5BV2 2 @>1>G89 >@30=. 

#5@54 ?CA:>< 4@>10@:8 2 @>1>BC >?5@0B>@ ?>28=5= ?5@52V@8B8 =04V9=VABь 

7075<;5==O, =0O2=VABь B0 <VF=VABь CAB0=>2:8 >3>@>465=ь. �5@<5B8G=VABь 

?V4є4=0==O B@C18 281CE>@>7@O4=8:0 B0 B@C18, O:0 2V42>48Bь ?>4@V1=5=89 ?@>4C:B 

7 1C=:5@0, G8AB>BC 0A?V@0FV9=>W A8AB5<8, AB0= 5;5:B@>4283C=0.  

#V4 G0A 5:A?;C0B0FVW 4@>10@:8 =5>1EV4=> A8AB5<0B8G=> A?>AB5@V30B8 70 WW 

@>1>B>N, =5 4>?CA:0NG8 ?5@520=B065=ь G8 =54>20=B065=ь, 2G0A=> ?5@5E>48B8 =0 

@525@A82=89 @568< @>1>B8 ?> <V@V 7=>AC <>;>B:V2 =0 @>B>@V 4@>10@:8, ?5@V>48G=> 

70<V=N20B8 A8B0, I> 7=>A8;8AO B0 <>;>B:8. !5>1EV4=> A;V4:C20B8 70 A?@02=>N 

@>1>B>N 0A?V@0FV9=>W A8AB5<8. 

�8:>=C20B8 G8AB:C 4@>10@:8 01> @5<>=B=V @>1>B8 BV;ь:8  

?@8 2V4:;NG5=8E 3>;>2=8E 2:;NG0NBь 0?0@0B0E 7 @CG=8< :5@C20==O< V 

282VH5=8E =0 =8E ?;0:0B0E "!5 2:;NG0B8 - ?@0FNNBь ;N48!". 

#@8 >1A;C3>2C20==V ?@0FNNG>3> >1;04=0==O 701>@>=OєBьAO: 

 ?@0FN20B8 157 70A>1V2 V=482V4C0;ь=>3> 70E8ABC; 

 B>@:0B8AO @C:0<8, >4O3>< 01> 1C4ь-O:8<8 V=H8<8 ?@54<5B0<8 4> 

@CE><8E G0AB8= >1;04=0==O; 

 7=V<0B8 70E8A=V V >3>@>46C20;ь=V ?@8AB@>W; 

  >1?8@0B8AO V AV40B8 =0 >3>@>6V, ?5@8;0, :>6CE8; 

�<. �@: № 4>:C<. #V4?8A �0B0 

�@: 

4 
�2.$.133.�61�")70006.#� 

 



 @>18B8 7<0IC20==O @CE><8E G0AB8= 4@>10@:8 B0 V=H>3> >1;04=0==O, O:V 

=5 <0NBь A?5FV0;ь=8E ?@8AB>AC20=ь 4;O 157?5G=>3> ?@>2545==O @VG=89 

48AB0=FV9=V9 <0AB8;0; 

 @53C;N20B8 1C4ь-O:V <5E0=V7<8; 

 :>@8ABC20B8AO 4;O >A2VB;5==O D0:5;>< 01> ?5@5=>A=>N ;0<?>N =0?@C3>N 

28I5 12 �. 

�01>@>=OєBьAO @>1>B0 <>;>B:>2>W 4@>10@:8 ?@8 =0O2=>ABV 48A10;0=AC @>B>@0, 

0 B0:>6 ?@8 2V4ACB=>ABV 01> =5A?@02=>ABV 0A?V@0FV9=8E 2V4A<>:BC20GV2 

@>720=B06C20;ь=8E ?@8AB@>W2. 

%B568B8 70 A83=0;0<8, I> ?>?5@5460NBь 28=8:=5==O =5157?5:8, 

4>B@8<C20B8AO 70E>4V2 >A>18AB>W 157?5:8. 

"1;04=0==O =5>1EV4=> 7C?8=8B8 ?@8: 

 703@>7V 020@VW 01> =5I0A=>3> 28?04:C; 

 =5A?@02=V9 A8AB5<V 72C:>2>W B0 A2VB;>2>W A83=0;V70FVW; 

 2V4:;NG5==V >A2VB;5==O F5EC; 

 ?>?040==V =0 6828;ь=8: AB>@>==VE ?@54<5BV2 01> =53010@8B=8E H<0B:V2 

<0B5@V0;C; 

 28O2;5==V =5A?@02=>AB59 CAB0B:C20==O, @>1>B0 ?@8 O:8E 701>@>=5=0 

?@028;0<8 B5E=VG=>W 5:A?;C0B0FVW.     

' @07V ?>;><:8 <>;>B:>2>W 4@>10@:8 01> 4>?><V6=>3> >1;04=0==O =5>1EV4=> 

7C?8=8B8 @>1>BC V ?>2V4><8B8 ?@> F5 <09AB@0 01> =0G0;ь=8:0 F5EC. 

 

4.2.  >45@=і70ція >1л04=0==я 

 

#@>1;5<0 70157?5G5==O 7=>A>ABV9:>ABV є >4=VєN 7 ?5@H>G5@3>28E ?@8 

5:A?;C0B0FVW <>;>B:>28E 4@>10@>:. � 1030Bь>E 28?04:0E 265 G5@57 45:V;ь:0 

B86=V2 5:A?;C0B0FVW 28=8:0є ?V428I5=0 2V1@0FVO <0H8=8 2=0A;V4>: V=B5=A82=>3> 

A?@0FN20==O <>;>B:V2. %?@0FN20==O F8E 45B0;59 4@>10@:8 2V4@07C A?@8G8=Nє 

?>3V@H5==O @>1>B8 4@>10@:8, I> ?@>O2;OєBьAO G5@57 7<5=H5==O ?@>4C:B82=>ABV, 

71V;ьH5==O 5=5@35B8G=8E 28B@0B  B0 V=.  

�<. �@: № 4>:C<. #V4?8A �0B0 

�@: 
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 >45@=V70FVєN ?@>?>=CєBьAO 70<V=0 <0B5@V0;C <>;>B:V2 - ;53>20=>W AB0;V, 

O:0 <0є 28A>:C 20@BVABь, =0 45H52C =87ь:>2C3;5F52C AB0;ь V7 ?>40;ьH>N WW EV<V:>-

B5@<VG=>N >1@>1:>N - F5<5=B0FVєN.  

#VA;O F5<5=B0FVW 45B0;ь >B@8<Cє 28A>:C B25@4VABь V 7=>A>ABV9:VABь 

?>25@E=52>3> H0@C 2 ?>є4=0==V V7 2’O7:>N A5@F528=>N. 

*5<5=B0FVW ?V4;O30NBь AB0;V V7 =87ь:8< 2<VAB>< 2C3;5FN 0,1 – 0,2%. !0 

?>25@E=V :>=F5=B@0FVO 2C3;5FN 4>AO30є 1,0%. �;818=0 F5<5=BCє<>3> H0@C (?@8 

2<VABV 2C3;5FN 1;87ь:> 0,4%) 70728G09 ;568Bь 2 <560E 0,5 – 2,5 <<. �;O 

4>AO3=5==O 28A>:>W B25@4>ABV ?>25@E=V V 2’O7:>W A5@F528=8 ?VA;O F5<5=B0FVW 

702648 ?@>2>48BьAO 30@BC20==O V7 =87ь:8< 2V4?CA:><. 

Є 420 2848 F5<5=B0FVW: 2 B25@4><C V 307>2><C A5@54>28I0E. �;O F5<5=B0FVW 

<>;>B:V2 4@>10@:8 ?@87=0G0є<> 307>2C F5<5=B0FVW, >A:V;ь:8 2>=0 O2;OєBьAO 

>A=>2=8< ?@>F5A>< <0A>2>3> 28@>1=8FB20. 

&0:>6, 2 O:>ABV <>45@=V70FVW, ?@>?>=Cє<> 2AB0=>28B8 28:>=02G89 <5E0=V7< 

(� ) =0 @CG=C 70A;V=:C @53C;N20==O ?>40GV 75@=0 C <5E0=V7<V 682;5==O. *59 �  

1C45 @53C;N20B8 ?>40GC 75@=0 2V4:@820NG8 G8 70:@820NG8 70A;V=:C 2 70;56=>ABV 

2V4 =020=B065==O 4283C=0, I> ?>4@V1=Nє ?@>4C:B. 

 

�<. �@: № 4>:C<. #V4?8A �0B0 

�@: 
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5. $��$АХ'�К�ВА ЧА%&��А 

5.1. &ех=>;>7іч=89 D>7DахG=>: 

 

� D>@<C;8 ?@>4C:B82=>ABV <>;>B:>2>W 4@>10@:8  287=0G0є<> G0AB>BC 

>15@B0==O @>B>@0 np (2 >1/c) [2, A.168] 

 

                               np = : G×(i21)K×Dp2×Lp,                                              (4.1) 

 

45 G= 6B/3>4 – ?@>4C:B82=VABь 4@>10@:8; 

i – ABC?V=ь ?>4@V1=5==O <0B5@V0;C i=4; 

K – C<>2=89 :>5DVFVє=B, 25;8G8=0 O:>3> 70;568Bь 2V4 B8?C B0 @>7<V@V2 

>B2>@V2 A8B>2>W ?>25@E=V V 2;0AB82>AB59 <0B5@V0;C K=6; Dp- 4V0<5B@ @>B>@0 4@>10@:8, <; Lp- 4>268=0 @>1>G>W G0AB8=8 @>B>@0, <; 

�V0<5B@ @>B>@0 4@>10@:8  Dp 287=0G0є<> 70 D>@<C;>N [2, A.168] 

 

                                     Dp = 2 × R8,                                                   (4.2) 

45 R8- @04VCA 48A:0, <; Dp = 2 × 0,185 = 0,37< 

 

�>268=C @>B>@0 Lp 7=0E>48<> 70 D>@<C;>N [2, A.168] 

 Lp = (0,32 ÷ 0,64) × Dp = 0,4 × 0,37 = 0,148<                    (4.3) 

 

 

 

 

 
З<=. �8AB 7 4>:C<. �і4?8A �0B0 

Арк. 
1 

�2.$.133.�61�")70006.#�

 озро1. �060= �.�.

 �5@V2=8: /AB@510 %.#. 

   

 !. �>=B@.  

ЗаB25@4. �0220 ". . 

 

$"�$�)'!�"�� 

 Ч�%&�!� 

ЛіB. Аркушів 

#( !')& 3@. 5  �7 



   &>4V,  np = : 6×(421)6×(0,37)2×0,148 =  12,2 >1/c=732 >1/E2 

 

� V=H>W AB>@>=8 :>;>2C H284:VABь @CEC <>;>B:V2 287=0G0є<> ?> 70:>=C 

:V;ь:>ABV @CEC. �0:>= :V;ь:>ABV @CEC <0є 283;O4 [2, A.169] 

    

                                 m× (v2 2 v1) = P × τ                                        (4.4) 

 

45 m = 4 × 1025:3 – <0A0 ?>4@V1=N20=>W G0AB8=8 (75@=0 ?H5-=8FV);                                                                           v2-H284:VABь @CEC G0AB8=8 ?VA;O C40@C WW <>;>B:><, </A;            v1-H284:VABь 

@CEC G0AB8=8 4> C40@C WW <>;>B:><. #@89<0є<> v1 = 0;            P = 118 � – A5@54=O <8BBє20 A8;0 >?>@C @C9=C20==O G0AB8=8; τ = 1,0 E- 
B@820;VABь C40@C. 

�2V4A8,  v2 = P × τm = 118 × 1 × 10254,5 × 1025 = 26,2 </E 
 

�>;>20 H284:VABь @>B>@0 V7 70:@V?;5=8<8 =0 =ь><C <>;>B:0<8, ?@8 O:V9 

4>AO30єBьAO 5D5:B ?>4@V1=5==O 75@=0, 287=0G0єBьAO ?> D>@<C;V [2, A.169]    

                                              

               vD = v2ky = 26,20,8 = 32,8 </E                                                 (4.5) 

 

45 ky = 0,8-:>5DVFVє=B 2V4=>2;5==O ?@8 =5ACG><C C40@V; 

Ч0AB>B0 >15@B0==O A:;045 [2, A.169] 

 

          n = vpÃ×D = 32,83,14×0,37 = 28,2c21 = 1693 >5/I6 ,                  (4.6) 

 

45 D = 370 <<-4V0<5B@ @>B>@0 (73V4=> B5E=VG=>W E0@0:B5@8A-B8:8 4@>10@:8) 

�<. �@: 7 4>:C<. #V4?8A �0B0 

�@: 
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#@89<0є<> @>1>GC G0AB>BC >15@B0==O @>B>@0 @V2=C G0AB>BV >15@B0==O 

4283C=0 n=1500 >1/E2. 

$>7@0E>2Cє<> H284:>EV4=89 AB@VG:>289 5;520B>@ 7 2V4F5=B@>28< 

@>720=B065==O<:75@=0 B0 =0A8?=>N 203>N Ä =    = 0,6 B/<3 [9, c.152] 28A>B>N 

?V49><C ! =12 <, B0 ?0A?>@B=>N ?@>4C:B82=VABN 20 B/3>4. 

    �;O ?V49><C 75@=0, 73V4=> @5:><5=40FVW  <>65 1CB8 28:>@8AB0=89 

AB@VG:>289 5;520B>@ 7 @>7AB02;5=8<8 3;81>:8<8 :>2H0<8 B0 H284:>EV4=8< 

@>720=B065==O< :>2HV2.  

    #@89<0є<> H284:VABь @CEC AB@VG:8 4;O =>@VW 7040=>W ?@>4C:B82=>ABV V = 

3,0 </A [9, A.394]; ?@8 7020=B065==V 75@=0 ?@>B8 =0?@O<:C @CEC AB@VG:8 

:>5DVFVє=B 70?>2=5==O :>2H0   ψ = 0,7 

� B0:>6 @>7@0E>2Cє<> 328=B>289 :>=25є@: ?@>4C:-B82=VABN 20B/3>4, 

4>268=>N l=5<, :CB>< =0E8;C :>=25є@0 β=0°, B@0=A?>@BCNG89 20=B06 – 

?H5=8FO, =0A8?=0 <0A0 700 к7<3 , 3CAB8=0 <0B5@V0;C 1350 :3/<3. 

�;O B@0=A?>@BC20==O 75@=0 (?H5=8FV) ?@89<0є<> 328=B V7 ACFV;ь=>N 

?>25@E=5N, >4=>70EV4=89. 

 

5.2. Е=еD7еF8ч=89 D>7DахG=>: 

   

�8B@0B0 5;5:B@8G=>W 5=5@3VW A:;040є 10:�B =0 1 B. &>4V ?@8 ?@>4C:B82=>ABV 

6B ?>BC6=VABь 5;5:B@>4283C=0 $ (2 :�B) 287=0G0є<> 70 =0ABC?=>N D>@<C;>N [2, 

A.169]                                      

                              P = 6 × 10 = 60 :�B                                        (4.7) 

 

#@89<0є<> 4> 2AB0=>2;5==O 5;5:B@>4283C= B8?C 4�250S4 ?>BC6=VABN 75 

:�B, G0AB>B>N >15@B0==O 1500 >1/E2. 

$>7@0E>2Cє<> ;V=V9=V =020=B065==O =>@VW. 

�V=V9=0 <0A0 AB@VG:8 B8?C 2 70 �"%& 20-76 7 B:0=8=8 ��!�-65 A:;040є:  

<

к7
ý  

�<. �@: 7 4>:C<. #V4?8A �0B0 

�@: 
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�2.$.133.�61�")70006.#� 

 



 

&>4V: 

                     
<

ýôý                                    (4.8) 

 

�0 40=8<8 4>2V4=8:V2 <0A0 3;81>:>3> :>2H0 ?@8 H8@8=V AB@VG:8 � =450 <<, 

AB0=>28Bь  к7кB ý , B>4V =/< [9, A.393] 

 

   ý
ô

ý
ô

ý                         (4.9) 

 

!020=B065==O 2V4 20=B06C A:;040є, !/< [9, A.396] 

 

          ý
ô

ô
ý

ô

ô
ý

�

6 υ
54,5                                        (4.10) 

 

�V=V9=5 =020=B065==O =0 7020=B065=V9 4V;O=FV A:;040є [9, A.396] 

 

        ýýý                                  (4.11) 

 

 ' 2V4?>2V4=>ABV 7 @>7@0EC=:>2>N AE5<>N =09<5=H>3> =0BO3C AB@VG:8 A;V4 

>GV:C20B8 2 B>GFV 1. $>7@0EC=>: 2545<> 2 7030;ь=><C 283;O4V , >A:V;ь:8 

=52V4><89 =0BO3 S4  71V30NG>W AB@VG:8 7 ?@82>4=>3> 10@010=C, =5>1EV4=89 4;O 

70157?5G5==O ?>B@V1=>3> BO3>2>3> 7CA8;;O. 

    #@89<0є<> S1 = S0. !0BO3 2 B>GFV 2 7 C@0EC20==O< >?>@C =0 72>@>B=ь><C 

10@010=V V 70G5@?C20==O 20=B06C 287=0G0є<> : 

 

176)5,54)(08,1 ýýý
674ч         (4.12) 

 

�<. �@: 7 4>:C<. #V4?8A �0B0 
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ýýý 176           (4.13) 

 

#@8 ?V4@0EC=:C =0BO3C ?@>B8 @CEC AB@VG:8 <0є<>, ! 

 

 

 

$8A. 5.1. $>7@0EC=:>20 AE5<0 ;V=V9=8E =020=B065=ь =>@VW: 
1 – :>@?CA =>@VW; 2 – ?@82V4=89 10@010=: 3 – =0BO6=89 10@010=: 4 – AB@VG:0: 

5 – 7020=B06C20;ь=89 10H<0:: 6 – @>720=B06C20;ь=89 10H<0:. 

 

            �
75

ýýýý
0

12280               (4.14) 

 

� B5>@VW D@8:FV9=>3> ?@82>4C 2V4><>, I>: [9, A.396] 

 

μα9
75=5

  , 

�<. �@: 7 4>:C<. #V4?8A �0B0 

�@: 
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�1>, 4;O 28?04:C, I> @>73;O40єBьAO 

       

                                               

 

#@8 7040=8E C<>20E @>1>B8 ?@82>4C 

 

371е ,ý
. 

�2V4:8  

                                         ,                                      (4.15) 

 

01>, 4;O 28?04:C, I> @>73;O40єBьAO 

 

                         

 

� Fь>3> @V2=O==O >B@8<0є<>      

ó 1482
 

�;O 70157?5G5==O 70?0AC ?> 7G5?;5==N ?@89<0є<> 

 

�0015ý  

&>4V: 

                      ýýý 419015004190                   (4.16) 

                        �ýýý 3360                        (4.17) 

 

#>B@V1=C :V;ь:VABь ?@>:;04>:  C AB@VGFV ?@8 70?0AV <VF=>ABV AB@VG:8 �=10, 

287=0G0є<> 70 D>@<C;>N: [10, A.106] 

                           
К

і ý



ý




ý                               (4.18) 

μα9

3360190 
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$8A. 5.2. $>7@0EC=:>20 AE5<0 ;V=V9=8E =020=B065=ь =>@VW 

 

�0;8H0є<> @0=VH ?@89=OBC AB@VG:C B8?C 2 7 G>B8@<0 ?@>:;04:0<8  70 �"%& 

20-76 7 B:0=8=8 ��!�-65 

�87=0G0є<> BO3>25 7CA8;;O =0 ?@82>4=><C 10@010=V 7 C@0EC20==O< 2B@0B =0 

=ь><C, !:  

 

75=575=5

ý

ýý 5810
           (4.19)  

                                     

$>7@0EC=:>20 ?>BC6=VABь 4283C=0, �B  

 

?@86
86.@>7@.

ý


ý


ý
1804

η

υ
600                         (4.20) 

 

�<. �@: 7 4>:C<. #V4?8A �0B0 
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�CB>20 H284:VABь AB0=>28Bь: 

                              

                         
54@45

ý


ýôý υÌ                                 (4.21) 

 

#@>4C:B82=VABь 328=B>2>3> :>=25є@0 (B
7 > 8

) 70 D>@<C;>N [17, A. 353] 

 

                     � = 60 × �×�24 × � × �6 × ÿD × � × E�               (4.22) 

 

45 D – 4V0<5B@ 328=B0, D= 100…800 <<; 

t- :@>: 328=B0, <<; n6- G0AB>B0 >15@B0==O 328=B0, >1/E2.; φ- :>5DVFVє=B =0?>2=5==O ?>?5@5G=>3> ?5@5@V7C 6>;>10; C´- :>5DVFVє=B, O:89 70;568Bь 2V4 :CB0 =0E8;C :>=25є@0. 

�@>: 328=B0 2818@0NBь 2 70;56=>ABV 2V4 2;0AB82>AB59 B@0=A?>@BCNG>3> 

20=B06C: t=(0,5…1,0)D 4;O ;53:8E <0B5@V0;V2. 

�;O B@0=A?>@BC20==O 75@=0, O: ;53:>3> 20=B06C ?@89<0є<> t=0,8D [17, c. 

354] 

�;O ?>?5@54=ь>3> @>7@0EC=:C ?@89<0є<> 328=B 4V0<5B@>< 200<<. �=0G5==O 

@>7@0EC=:>28E :>5DVFVє=BV2 φ = 0,4, �=65, ω0 = 1,2 V7 [17,B01;.82]. Ч0AB>B0 

>15@B0==O 328=B0 ?>28==0 2V4?>2V40B8 C<>2V n6 f n6 <4I. !091V;ьHC G0AB>BC 
>15@B0==O 328=B0 (> 5

х 6
) 287=0G0є<> ?> 5<?V@8G=V9 D>@<C;V [17, A.353] 

 

6 < 4 к A

А 6 5
ý ý ý                          (4.23) 

 

�<. �@: 7 4>:C<. #V4?8A �0B0 
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"B@8<0=89 @57C;ьB0B ?> D>@<C;V (4,23) A?V2?040є 7 @5:><5=40FVO<8 [16, 

B01;8FO 82]. �;O :CB0 =0E8;C :>=25є@0 0° 7=0G5==O :>5DVFVє=BV2 β=0°, !´ = 1,0, 

[16,B01;8FO 83]. 

� D>@<C;8 ?@>4C:B82=>ABV :>=25є@0 (4.22) 7=0E>48<> G0AB>BC >15@B0==O 

328=B0 (> 5
х 6

) 

 n6 = 4× �60×Ã×D2×t×ÄD×φ×Eβ = 4×2060×3,14×0,22×0,16×0,7×0,4×1 = 237,        (4.24) 

 

45:  D= 0,2 < – 4V0<5B@ 328=B0; 

t= 0,16 < – :@>: 328=B0. 

'<>20 n6 f n6 <4I 704>2>;ь=OєBьAO.   

�=0E>48<> ?>BC6=VABь (к ВB ) =0 20;C 328=B0 [17, A.353] 

 No = �G×�367 × (L × ωo) = 1,2×20367 × (15 × 1,2) = 1,18              (4.25) 

 

45  #C = 1,2 – :>5DVFV5=B 70?0AC [17, c.355]; ω0 = 1,2 – :>5DVFVє=B >?>@C @CEC [17, B01;8FO 82]. 

$>7@0E>2Cє<> ?>BC6=VABь 4283C=0 (:�B):  

 N86 = No
7 6

ø
= 1,180,85 = 1,39                                                   (4.26) 

 

45 = 1,18 :�B – ?>BC6=VABь =0 20;C 328=B0; 

7 6
ø = 0,85 – ��� 328=B0 [17, A.352]   

#> :0B0;>3C ?V418@0є<> 4283C= B8?C ��$80�4, ?>BC6=VABN N = 1,5 :�B, 

G0AB>B>N >15@B0==O n=1500 >1/E2., ��� 0,78. 

�<. �@: 7 4>:C<. #V4?8A �0B0 
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#@8 281@0=8E @>7@0EC=:>28E ?0@0<5B@0E 328=B>289 :>=25є@ 70157?5GCє 

?@>4C:B82=VABь: 

  � = 60 × 3,14×0,224 × 0,16 × 237 × 0,7 × 0,4 × 1 = 20,0              (4.22) 

�8E>4OG8 7 @>7@0EC=:C, @>18<> 28A=>2>: ?@> 2V@=89 ?V41V@ 40=8E 4;O 

@>7@0EC=:C, B0: O: �D>7 ≅ � 

 

5.3. К>=EFDG:F86=89 D>7DахG=>: 

 

�@CB=89 <><5=B =0 20;C 4283C=0 287=0G0єBьAO 70 D>@<C;>N [2, A.169] 

 

              " = 9,55× 86n86 = 9,55×103×601500 = 382 � × <                                  (4.27) 

 

$>7@0EC=:>289 <><5=B [2, A.169] 

 

               "D = kp × T = 2 × 382 = 764 H × <                                     (4.28) 

 

�87=0G0є<> 4V0<5B@ 20;0 @>B>@0 2 =091V;ьH =5157?5G=><C @>7@V7V V7 C<>28 

[2, A.169] 

                            [τк] = "DWD f [τк]                                                        (4.10) 

 

45 [τк] = 20 ��4-<0:A8<0;ь=> 4>?CAB8<0 =0?@C30 :@CG5==O =0 20;C; WD-?>;O@=89 <><5=B >?>@C :@C3;>3> ?5@5@V7C 20;0. 

�2V4A8,  

                   WD = "D[τк] = 76420×106 = 38,2 × 1026                                (4.29) 

 

�<. �@: 7 4>:C<. #V4?8A �0B0 

�@: 
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�8E>4OG8 7 D>@<C;8 [3, A.250] 

 

                                       WD = Ã×do316                                               (4.30) 

�87=0G0є<> 4V0<5B@ 20;0 @>B>@0 ?V4 H:V2 

 

d = :16 ×WDÃ3 = :16 × 38,2 × 10263,143 = √1,95 × 10243 = 0,06 < d = 60 << 

 

#@89<0є<> 4V0<5B@ 20;0 ?V4 ABC?8FN 73V4=> 4V0<5B@0 20;0 5;5:B@>4283C=0 

65 <<. 

%BC?V=ь ?>4@V1=5==O 2 4@>10@FV @53C;NNєBьAO, 3>;>2=8< G8=><, ?V41>@>< 

>B2>@V2 A8B. %8B>20 >18G09:0 2AB0=>2;NєBьAO 2 =86=V9 G0AB8=V :>@?CAC B0 

>E>?;Nє @>B>@, I> >15@B0єBьAO.  

�07>@ δ <V6 <>;>B:0<8 B0 A8B>< 2818@0єBьAO 2 <560E 4….20 <<. �;O 

?>4@V1=5==O 75@=0 2 4@>10@:0E 2AB0=>2;NNBь A8B0 V7 ;8AB>2>W AB0;V B>2I8=>N 

1…3 <<. �;O 28@>1;5==O H?0;5@=>3> 1>@>H=0 70AB>A>2CNBь A8B0 7 :@C3;8<8 

>B2>@0<8 1,5...2,5 <<, ?@8 @>7<>;V V=3@54Vє=BV2 :><1V:>@<V2 @5:><5=4CNBь 

>B2>@8 4V0<5B@>< 3-5 <<. І=>4V 4;O 4@>1;5==O V=3@54Vє=BV2 :><1V:>@<V2 

70AB>A>2CNBь ;CA:0BV A8B0. 

#;>I0 A8B>2>W ?>25@E=V F (2 <2) 287=0G0є<> ?> D>@<C;V [2, A.168] 

 

                            F = �q = 1,116,5 = 0,17<2,                                                (4.31) 

 

45 q- ?8B><0 ?@>4C:B82=VABь A8B0, q = 2…7к7 (<2 × E)⁄  

�010@8B=V @>7<V@8 A8B0 (H8@8=C � B0 :CB α >E>?;5==O A8B>< @>B>@0) 

287=0G0є<> V7 28@07C [2, A.168] 

                                    F = B×Ã×RE8F4×³180 ,                                                       (4.32) 

�<. �@: 7 4>:C<. #V4?8A �0B0 
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45 RE8F4- @04VCA >18G09:8 A8B0, <; B- H8@8=0 A8B0, 4>@V2=Nє 4>268=V @>B>@0: B = Lp = 0,148< ; α- :CB >E>?;5==O @>B>@0 A8B><, 3@04. 

$04VCA >18G09:8 A8B0 RE8F4 (2 <)287=0G0є<> 70 D>@<C;>N [2, A.168] 

 RE8F4 = R8 + δ,                                               (4.33) 

 

45 δ = 20<<- 707>@ <V6 <>;>B:0<8 V A8B><. 

 RE8F4 = 0,185 + 0,02 = 0,187<, 

 

B>4V :CB α >E>?;5==O A8B>< @>B>@0 287=0G0є<> 7 D>@<C;8 [2, A.168] 

 α = F×180B×Ã×RE8F4 = 0,17×1800,148×3,14×0,187 = 30,60,087 = 3523@04     (4.34) 

 

�V4AB0=ь 2V4 F5=B@0 <0A8 <>;>B:0 A (2 <<) 4> >AV >B2>@C 287=0G0єBьAO 70 

D>@<C;>N [3, A.250] 

 E = (a2+b2)6×a = (2152+502)6×215 = 36,03<<                     (4.35) 

 

45 a = 215<<- 4>268=0 <>;>B:0; b = 50<< – H8@8=0 <>;>B:0; δ = 6<<- B>2I8=0 <>;>B:0. 

�V4AB0=ь 2V4 :V=FO <>;>B:0 l (2 <<) 4> >AV 9>3> ?V42VAC 7=0E>48<> 70 

D>@<C;>N [3, A.250] 

 l = c + 0,5 × a = 36,03 + 0,5 × 215 = 143,53<<      (4.36) 

�<. �@: 7 4>:C<. #V4?8A �0B0 
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 !>@<0;ь=0 @>1>B0 <>;>B:>28E 4@>10@>: 74V9A=NєBьAO 70 C<>28 =5@V2=>ABV 

2V4AB0=59 2V4 >AV ?V42VAC <>;>B:0, O: 4> WW 7>2=VH=ь>W @>1>G>W :@><:8, B0: V 4> >AV 

@>B>@0. ' 2V4?>2V4=>ABV 7 F8< ?@89<0є<> 2V4AB0=ь 2V4 >AV ?V42VA:8 <>;>B:0 Ro (2 

<<) 70 B0:>N D>@<C;>N [3, A.250] 

 Ro = l × 1,4 = 143,53 × 1,4 = 200,94<<              (4.37) 

 

&>1B> 1V;ьH5 2V4AB0=V 2V4 :V=FO <>;>B:0 4> >AV 9>3> ?V42VAC (Ro > l). 
&>4V @04VCA =091V;ьH 2V440;5=>W 2V4 >AV @>B>@0 B>G:8 <>;>B:0 1C45 

4>@V2=N20B8 [3, A.250] 

 Rmax = R0 + l = 200,94 + 143,53 = 344,47<<       (4.38) 

 

$04VCA >:@C6=>ABV @>7B0HC20==O F5=B@V2 <0A8 <>;>B:V2 287=0G0єBьAO 70 

D>@<C;>N [3, A.250] 

 Rc = R0 + c = 200,94 + 36,03 = 236,97<<           (4.39) 

 

�87=0G0є<> :204@0B @04VCAC V=5@FVW <>;>B:0 2V4=>A=> 9>3> F5=B@C BO6V==O 

 r2 = l2+b212 = 0,1432+0,05212 = 0,0019 <2                  (4.40) 

 

�87=0G0є<> :204@0B @04VCAC V=5@FVW <>;>B:0 2V4=>A=> 9>3> 2VAV ?V42VAC [1, 

c.74] 

 r2 = rc2 + c2 = 0,00192 + 0,0362 = 12,9 × 1024<2    (4.41) 

 

#5@52V@Oє<> 715@565=VABь 157C40@=>W @>1>B8 <>;>B:>2>W 4@>10@:8 ?> 

@V2=O==N [1, c.74] 

�<. �@: 7 4>:C<. #V4?8A �0B0 
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 r2 = l × c = 0,143 + 0,036 = 179 × 1023 > 12,9 × 1024 

 

!07=0G0є<> 2V4AB0=ь 2V4 2VAV ?V42VAC <>;>B:0 4> 2VAV @>B>@0 l0 = 460<<  
#@89<0є<> ω = 100 D48/E 
�87=0G0є<> 2V4F5=B@>2C A8;C V=5@FVW <>;>B:V2 [1, c.74] Pi = G< ×ω2 × Rc                                         (4.42) 

 

45 G<- <0A0 <>;>B:0, :3 Rc-@04VCA :>;0 @>7B0HC20==O F5=B@V2 BO6V==O <>;>B:V2, < 

 Rc = R0 + c = 200,94 + 36 = 236,94<< = 0,237<    (4.43) 

 

 0A0 <>;>B:0 A:;045: 

                                   G< = L × B × h × ÄEF = 0,136 × 0,05 × 0,002 × 7800 = 0,11 к7    (4.44) 

 

45 ÄEF = 7800 к7/<3- 3CAB8=0 AB0;V 

&>4V: Pi = 0,11 × 1002 × 0,237 = 260,7:3 
 

�87=0G0є<> 4V0<5B@ 2VAV ?V42VAC <>;>B:V2 [1, c.74]    (4.45) 

 

d6 = 1,36 × :Pi × h[σ]u3 = 1,36 × :260,7 × 0,002 × 9,8100 × 1063 = 0,005<< 

 

45 [σ]u = 100 ��4- 3@0=8G=0 =0?@C30 ?@8 738=V 

#@89<0є<> d6 = 20<< 

 

�<. �@: 7 4>:C<. #V4?8A �0B0 
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&>2I8=0 48A:C A:;045 [1, c.74] 

 δ g Pid×[σ]7< = 260,7×9,80,02×60×106 = 0,002<<                   (4.46) 

 

45 [σ]7< = 60��4-3@0=8G=0 =0?@C30 ?@8 7<8=0==V  

#@89<0є<> δ = 8<< 

 V=V<0;ь=89 @>7<V@ ?5@5<8G:8 <V6 >B2>@0<8 ?V4 2VAV ?V42VA:8 B0 

7>2=VH=ь>N :@><:>N 48A:0 [2, c.168] 

 hmin g 0,5×Pih×[σ]7p = 0,5×260,7×9,80,002×88,2×106 = 0,007<<             (4.47) 

 

45 [σ]7p-3@0=8G=0 =0?@C30 =0 7@V7 [2, c.168] 

 [σ]7p = 0,3 × σF = 0,3 × 294 = 88,2 ��4              (4.48) 

 

45 σF = 294 ��4- 3@0=8FO B5:CG>ABV 

#@89<0є<> hmin = 20 << 

�>2=VH=V9 @04VCA 48A:0 AB0=>28Bь [2, c.168]            

 R = R0 + 0,5 × d6 + hmin = 200,94 + 0,5 × 30 + 20 =  235,94    (4.49) 

                                   

�;O 287=0G5==O @>7<V@V2 DC=40<5=B0 ?V4 4@>10@:C ?@>2>48<> 9>3> 

AB0B8G=89 @>7@0EC=>:.  

�87=0G0є<> D0:B8G=89 B8A: ?V4>H28 DC=40<5=BC =0 75<;N V ?>@V2=Nє<> 7 

=>@<0B82=8< [2, c.168] P = (G<+GH)L×S f [R=]                                     (4.50) 

45 G< = 825 к7- <0A0 4@>10@:8; GH- 2030 DC=40<5=BC, :!; 

�<. �@: 7 4>:C<. #V4?8A �0B0 
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L = 0,5- :>5DVFVє=B, I> 2@0E>2Cє 48=0<VG=5 =020=B065==O; S- ?;>I0 ?V4>H28 DC=40<5=B0; R= = 30 к�4- =>@<0B82=5 =020=B065==O =0 ?5@5:@8BBO. 

#@89<0є<> @>7<V@8 DC=40<5=B0 =0 20 A< 1V;ьHV 70 3010@8B=V @>7<V@8,  

&>1B>:          LH =  L + 0,2 × 2 = 1 + 0,4 = 1,4<          ВH = В + 2 × 0,2 = 1 + 0,4 = 1,4< 

#;>I0 ?V4>H28 DC=40<5=BC [2, c.168] S = LH × ВH = 1,4 × 1,4 = 1,96 <2                     (4.51) 

#@8 28A>BV DC=40<5=BC =0 ?5@5:@8BBV !=0,2<, >1’є< DC=40<5=BC A:;045 [2, 

c.168] VH = S × H = 1,96 × 0,2 = 0,392 <3                   (4.52) 

#@8 3CAB8=V 15B>=C Ä5 = 20к� <3⁄ , 2030 DC=40<5=B0 GH = VH × Ä5 = 0,392 × 20 = 7,84 к�                  (4.53) 

 

&0:8< G8=><  P = 8 + 7,840,5 × 3,86 = 8,21 к�4 < [R=] = 30 к�4 

 

  $>7<V@8 DC=40<5=BC ?V4 4@>10@:C:   1400E1400E200 << 

 

$>7@0E>2Cє<> 4V0<5B@ 10@010=0 =>@VW, << [9, c.393] 

 

5
ýý υ                             (4.54) 

 

#@89<0є<> 4V0<5B@ ?@82>4=>3> 10@010=C <<
5

ý . !0BO6=89 

10@010= ?@89<0є<> B0:>3> 6 4V0<5B@C. 

 

�<. �@: 7 4>:C<. #V4?8A �0B0 
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$>7@0E>2Cє<> G0AB>BC >15@B0==O 10@010=0, >1/E2. [9, A.393] 

                                 

                           (4.55) 

 

 

$>7@0E>2Cє<> ?>;NA=C 2V4AB0=ь, << [9, A.393] 

 

5

ýýý                                       (4.56) 

                                     

 "A:V;ь:8 
б

rl ü , B> <0є <VAF5 2V4F5=B@>25 @>720=B065==O, I> 2V4?>2V40є 

@0=VH 7040=V9 C<>2V. 

$>7@0E>2Cє<> ?>3>==C <VAB:VABь :>2HV2, ;/< [9, A.393] 

 

7

�

4

і
ý


ý


ý

Ëρυ
                    (4.57) 

 

45 0 5 :@>: :>2HV2, <<, 

гò 5 =0A8?=0 3CAB8=0 20=B06C, гò =0,07B/<3 . 

  5 :>5DVFVє=B 70?>2=5==O :>2HV2,  = 0,7 [9, B01;.77 c.394] 

"18@0є<> :>2HV 3;81>:V 70 �"%& 2036-66 7 є<=VABN 6,3 ; , B>4V :@>: 

@>7B0HC20==O :>2HV2 0=0,5<, H8@8=0 AB@VG:8  �=400 <<. [9, B01;.79 A.396] 

#@8 ?@89=OB8E ?0@0<5B@0E :>2HV2 V H284:>ABV </cýυ  7040=0 

?@>4C:B82=VABь 70157?5GCєBьAO ?@8 :>5DVFVє=BV 70?>2=5==O :>2HV2.  

 

4
ý




ý




ý

ρυ
Ë                             (4.58) 

5
5

ý



ý




ý
π

υ

�<. �@: 7 4>:C<. #V4?8A �0B0 
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�;O 287=0G5==O ?@><V6=8E >?>@ A:;040є<> AE5<C =020=B065==O =0 20;: 

 

         

 

$8A. 4.3. %E5<0 =020=B065==O =0 20; 

 

�=0945<> G8A;> ?@><V6=8E >?>@ 

 

                    � = �� 2 2 = 51 2 2 = 3                                               (4.59) 

�87=0G0є<> 5?N@8 738=0NG>3> V :@CB=>3> <><5=BV2: $50:FVW V Rb, (!) 

 

R4 = ? > ? 9 @
 ×l22×l + ×rl = 128,3×122×1 +827×0,0841 = 133,6            (4.60) 

 

45: 
? > ? 9 @

 = 128,3 !- ?>?5@5G=5 =020=B065==O; 

= 827 ! – >Aь>20 A8;0; 

r = 0,084 < - @04VCA ?@8:;040==O >Aь>2>W A8;8. 

 

�� = ? > ? 9 @
 ×�22×� + ×�� = 128,3×122×1 2827×0,0841 = 25,3       (4.61) 

�C4Cє<> 5?N@8 738=0NG>3> V :@CB=>3> <><5=BV2 (! E <) 

�<. �@: 7 4>:C<. #V4?8A �0B0 
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�771 = �4 × �22 ? > ? 9 @
 ×�28×� = 133,6 × 122 128,3×128×1 = 50,8          (4.62) 

�772 = �� × �22 ? > ? 9 @
 ×�28×� = 25,3 × 122 128,3×128×1 = 218,7           (4.63) 

�=0E>48<>  ?>;O@=89 <><5=B >?>@C ?>?5@5G=>3> ?5@5@V7C 20;0 V7 D>@<C;8 

[11, A.194] 

� * <
ô

ý ý ý ô
ô

 

45 = 51,3 !*< – :@CB=89 <><5=B ?5@5@V7C 20;0; 

ô = 20  #0 – 4>?CAB8<5 =0?@C65==O =0 :@CG5==O, [11, c.194]; 

$>7@0E>2Cє<> 4V0<5B@ 20;0, (<<) V7 D>@<C;8 [11, A.194] 

 


ý  

 

          
6



ô ô ô
ý ý ý                      (4.64) 

 

#> AB0=40@B=><C @O4C [11, A.196] 2818@0є<> 4V0<5B@ 20;0 328=B0 34 <<. 

 �V0<5B@ 20;0 ?V4 ?V4H8?=8: 7=0E>48<> V7 @V2=O==O <VF=>ABV ?> 3V?>B57V 

=091V;ьH8E 4>B8G=8E =0?@C65=ь (ІІІ B5>@VO <VF=>ABV), [11, A.194] 

 

                
77 к @

9 к 6 77 1

� �
ó ó




ý  ;                                    (4.65) 

�<. �@: 7 4>:C<. #V4?8A �0B0 
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45  
771

� - AC<0@=89 738=0NG89 <><5=B 2 =5157?5G=><C ?5@5@V7V 20;0, ! E <; 

= 51,3 !*< – :@CB=89 <><5=B ?5@5@V7C 20;0; 

77 1
ó


- 4>?CAB8<5 =0?@C65==O 738=C, �

<<
 ; 

- >Aь>289 <><5=B >?>@C :@C3;>3> ?5@5@V7C 20;0,!*<; 

�=0E>48<> AC<0@=89 738=0NG89 <><5=B 2 =5157?5G=><C ?5@5@V7V 20;0 [11, 

c.195] M77 = :M7712 +M7712 = √50,82 + (218,7)2 = 54,1 � × < (4.66) 

 

�=0E>48<> 4>?CAB8<5 =0?@C65==O 738=C, [11,c.195] 

 

77 1 1 @ 8
�
<<ó

ó ó
 

ý ý ô ô ý    (4.67) 

 

45   =2 - :>5DVFVє=B 70?0AC <VF=>ABV [11,c.195] 

ó
=2 – 5D5:B82=89 :>5DVFVє=B :>=F5=B@0FVW =0?@C65=ь,  [11, c.195]; 

@ 8
=1,5 – :>5DVFVє=B @568<C =020=B065==O ?@8 @>7@0EC=:C =0 738=; 

ó


- 3@0=8FO 28B@820;>ABV ?@8 A8<5B@8G=><C F8:;V =0?@C65=ь, [11, A.195] 

 

6
= <ó ó


ý ý ô ý ô  

      

45 
6

= < <ó ý - 3@0=8FO <VF=>ABV 20;0 328=B0; 

І7 D>@<C;8 (4.65) 7=0E>48<> , ?V4AB0282H8 2AV 7=0945=V 25;8G8=8 

 

77 к @ 77 1
� � / [ ] 5 1 , 3 8 4 / 112 , 8 8 5 0ó


ý  ý ý  ý !*<    (4.68) 

�<. �@: 7 4>:C<. #V4?8A �0B0 
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�2V4A8 7=0E>48<> 4V0<5B@ 20;0, (<<) ?V4 ?V4H8?=8: V7 D>@<C;8 [11, c.195] 


ý ; 

                              < <


ô
ý ý ý                     (4.69) 

#> AB0=40@B=><C @O4C [3, A.196] ?@89<0є<> 4V0<5B@ 20;0 ?V4 ?V4H8?=8: 

30<<. 

�=0E>48<> 4V0<5B@ 20;0 ?V4 =0?V2<CDBC. �8:>@8AB>2Cє<> D>@<C;C (4.65) 

157 C@0EC20==O 738=0NG>3> <><5=BC, B0: O: 2 40=V9 4V;ь=8FV 20;0 2V= 2V4ACB=V9. 

(>@<C;0 <0B8<5 B0:89 283;O4 

к @

9 к 6 77 1

�
ó ó


ý  ; 

�2V4A8:   

                     к @

77 1

�
< <

ó


ý ý ý                       (4.70) 

 

�0 D>@<C;>N (4.26) 7=0E>48<> 4V0<5B@ 20;0 

 

                    < <


ô
ý ý ý                      (4.71) 

#> AB0=40@B=><C @O4C [11, A.196] ?@89<0є<> 4V0<5B@ 20;0 ?V4 =0?V2<CDBC  

25 <<. 

$>7@0EC=>: ?V4H8?=8:V2 

�0; 328=B0 ?V4B@8<CєBьAO 42><0 :V=F528<8 ?V4H8?=8:0<8 V ?@><V6=8<8 

?V42VA=8<8. � O:>ABV >?>@ 20;0 70AB>A>2CNBьAO ?V4H8?=8:8 :>G5==O.  

�<. �@: 7 4>:C<. #V4?8A �0B0 

�@: 
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�V4?>2V4=VABь ?V4H8?=8:V2 287=0G0єBьAO ?>@V2=O==O< @>7@0EC=:>2>W 

20=B06>?V4’є<=>ABV 
6 4 =B

! , !, 7 107>-2>N 
6

! , 01> 107>2>N 4>23>2VG=VABN  7 

?>B@V1=>N . #>B@V1=0 28:>=C20B8Aь C<>20: 

6 4 =B 6
! C , 01>  ó . 

�;O 328=B>2>3> :>=25є@0 ?>B@V1=0 4>23>2VG=VABь  ý ô 3>4, [18, 

B01;8FO 9.4] 

#> 4V0<5B@C 20;0 V7 :0B0;>3C 2818@0є<> ?V4H8?=8: @>;8:>289 7606. d=30 

<<, D= 72<<, T=29,0 <<, b= 29,0 <<, A=23,0, Y=1,882, e= 0,319, 
6
=50,0:!, 

=1,035. 

%:;040є<> AE5<C =020=B065==O =0 ?V4H8?=8:8 

 

$8A. 4.3. %E5<0 =020=B065==O =0 ?V4H8?=8:8 

 

 �;O @>;8:>?V4H8?=8:V2 E0@0:B5@=V A?V22V4=>H5==O [18, c.140] 

ý , ý ,                        (4.72) 

45  5- :>@53CNG89 :>5DVFVє=B. 

ý ý  ; ý ý . 

ý ->Aь>20 A8;0 2 70G5?;5==V, !. 

�<. �@: 7 4>:C<. #V4?8A �0B0 

�@: 
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ý ô ô ý  

ý ô ô ý  

ý  ý  ; ý ; 

ý  ý  

 �87=0G0є<> 5:2V20;5=B=5 48=0<VG=5 =020=B065==O ?V4H8?=8:V2 

 

5 "
К÷ý ô ô  ô ô , 

#@8          þ
ô

;                                             (4.73) 

5 "
К Кý ô ô ô , 

?@8     ü
ô

,                                           (4.74) 

45  
5

К =1,0 – :>5DVFVє=B =5157?5:8, [18, B01;8FO9.4]; 

"
К =1,0 – B5<?5@0BC@=89 :>5DVFVє=B ?@8 @>1>GV9 B5<?5@0BC@V 4> 100°%, [18, 

B01;8FO9.5]; 

) =0,4 – :>5DVFVє=B @04V0;ь=>3> =020=B065==O, [18, B01;8FO 9.1];                               

 V= 1,0 – :>5DVFVє=B >15@B0==O, [18, B01;8FO 9.1]; 

�=0945<> 4;O :>6=>3> ?V4H8?=8:0 2V4=>H5==O  
ô

, B0 ?>@V2=Oє<> 

9>3> 7 4>?CAB8<8<8 

 ý ü
ô

      ý þ
ô
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�=0E>48<> 5:2V20;5=B=5 48=0<VG=5 =020=B065==O 4;O :>6=>3> ?V4H8?=8:0 

?> D>@<C;0< (4.74) B0 (4.75) 

�ý ô ô ô ý ; 

 

ý ô ô  ô ô ô ý  

�87=0G0є<> @>7@0EC=:>2C 48=0<VG=C 20=B06>?V49><=VABь (:!),  [18, A.140] 

6 e
! R 6 0 n 6 0 10 8 3 7 , 5

ô
ý ô ý ô ý

ô ô ô ô
     (4.75) 

45 n= 108 >1/E2. – G0AB>B0 >15@B0==O 2=CB@VH=ь>3> :V;ьFO ?V4H8?=8:0; 

m= 3,33 – ?>:07=8: ABC?5=V, [18, A.140]; 

=1 – :>5DVFVє=B =04V9=>ABV ?V4H8?=8:V2, [18, A.140];     

=0,6 – :>5DVFVє=B, O:89 2@0E>2Cє 2?;82 O:>ABV ?V4H8?=8:0 V O:>ABV 9>3> 

5:A?;C0B0FVW, [18, A.140]. 

�=0E>48<> 107>2C 4>23>2VG=VABь ?V4H8?=8:V2 (3>4), [18, c.140] 

6ý ô ý ô ý      (4.76) 

'<>28 
6 4 =B 6

! C , V ó  704>2V;ь=ONBьAO. #V4H8?=8:8 ?V4V1@0=V 

2V@=>. 

#V41V@ <CDB 

 CDB0 4;O 7’є4=0==O 20;0 4283C=0 B0 20;0 @54C:B>@0 H=5:>2>3> 

B@0=A?>@B5@0. 

�<. �@: 7 4>:C<. #V4?8A �0B0 

�@: 
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�87=0G0є<> :@CB=89 <><5=B, O:89 ?5@540є <CDB0 (! E <) 70 D>@<C;>N [18, 

c.295] 

                    � = 9,55 × �� = 9,55 × 1,5×1031500 = 9,55                            (4.77) 

45 N= 1,5 × 103�B - ?>BC6=VABь 4283C=0; 
n=1500 >1/E2. – G0AB>B0 >15@B0==O 4283C=0. 

�87=0G0є<> @>7@0EC=:>289 <><5=B (!*<) 70 D>@<C;>N     [11, c.295], 

?@89<0NG8 ?> [11, B01;8FO #58] :>5DVFVє=B @568<C @>1>B8 ý  

   

                          �� = �� × � = 2,0 × 9,55 = 19,1                                 (4.78) 

      #> [11, B01;8FO #59] (�"%& 21424-75) 2818@0є<> ?@C6=C 2BC;:>2>-

?0;ьF52C <CDBC, 4;O O:>W 4>?CAB8<89 @>7@0EC=:>289 <><5=B 32!*< 7 

2=CB@VH=V< 4V0<5B@>< 18<<. �;O 7’є4=0==O 7 28EV4=8< 20;>< 4283C=0 

28:>@8AB>2Cє<> @>7B>GC20==O <CDB8 4> 19 <<. $>7<V@8 <CDB8: << ;ý

L=84; �=2, G8A;> ?0;ьFV2 – 4. 

#5@52V@Oє<> @578=>2V 2BC;:8 =0 7<8=0==O ?>25@E=V WE 4>B8:0==O 7 

?0;ьFO<8, [11,A. 295] 

                           
7< 7<

ó óý 
ô

,                               (4.79) 

45 - :>;>20 A8;0, O:0 ?5@540єBьAO >4=8< ?0;ьF5<, ![11, A.295] 

Ft = Tp0,5×D1×z = 19,10,5×90×10−3×4 = 106,1                               (4.80) 

 

    �=0945=5 7=0G5==O  ?V4AB02;Oє<> C D>@<C;C (4.79), V <0є<>: ÿ7< = 106,1(10×15)×10−6 = 0,71 × 106 �4 f  [ÿ7<] ; 
�<. �@: 7 4>:C<. #V4?8A �0B0 

�@: 
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7<
ó = 2,0  #0, [11,A. 295]. 

 CDB0 4;O 7’є4=0==O 20;0 @54C:B>@0 7 20;>< 328=B0. 

�@CB=89 <><5=B <CDB8  

 

к @
� " 5 1 , 3 � <ý ý ô  

 

$>7@0EC=:>289 <><5=B 287=0G0є<> 70 D>@<C;>N (4.79) 

 

� <ý ô ý ô ; 

 

#> [11, B01;8FO # 59] (�"%& 21424-75) 2818@0є<> ?@C6=C 2BC;:>2>-

?0;ьF52C <CDBC, 4;O O:>W 4>?CAB8<89 @>7@0EC=:>289 <><5=B 130!*< 7 

2=CB@VH=V< 4V0<5B@>< 25<<. �;O 7’є4=0==O 7 28EV4=8< 20;>< 4283C=0 

28:>@8AB>2Cє<> @>7B>GC20==O <CDB8 4> 19 <<. $>7<V@8 <CDB8: << ;ý

L=125; �=4, G8A;> ?0;ьFV2 –4. !0?V2<CDB0 ?V4 28EV4=89 20; @54C:B>@0 ?V4;O30є 

@>7B>-GC20==N 4> 4V0<5B@0 30<<. 

#5@52V@Oє<> @578=>2V 2BC;:8 =0 7<8=0==O ?>25@E=V WE 4>B8:0==O 7 ?0;ьFO<8 

70 D>@<C;>N (4.79). 

�>;>20 A8;0 , O:0 ?5@540єBьAO >4=8< ?0;ьF5<  

 


ý ý

ô ô ô
                   (4.80) 

 

7< 7<
� 4 [ ]ó ó


ý ý ô 

ô ô
 

'<>20 
7<

ó
7<

ó 704>2V;ь=OєBьAO, 0 >B65 <CDB8 ?V4V1@0=V 2V@=>. 
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6. &�)!"�"�І/  �Ш�!"�'�'��!!/ 

 

6.1.&5E=>;>3VG=89 <0@H@CB 283>B>2;5==O ?0;ьFO 

 

№ !0720 >?5@0FVW ?5@5E>4C: &5E=>;>3VG=5 >1;04=0==O, V=AB@C<5=B  
>1@>1;N20=89, :>=B@>;ь=89 

10 �03>BV25;ь=0 �V4@V7=89 25@AB0B,  
2V4@V70B8 703>B>2:C Ø54 V l=74<< 

10.1 ,B0<?C20==O �3V4=> 28<>3 HB0<?C20;ь=8E @>1VB 
20 &>:0@=0 '�� �5@AB0B 16�20, 3->: :C;0G:>289 ?0B@>= 

20.1 
&>@FN20B8 ?>2. (1),  

z = 2 << 

$V75Fь ?@>EV4=89 2V4V3=CB89 ?@0289 &15�6, 
�×!×L= 16×25×140 <<, α=8°, ´=10°, φ=45° 

-*1 

20.2 
&>G8B8 ?>2. (2)  

Ø30h8, l = 25 << =0G>@=> 

$V75Fь C?>@=89 ?@0289 &15�6,  
�×!×L= 16×25×140 <<, α=7°, ´=10°, φ=90° 

-*1 

20.3 

&>G8B8 ?>2. (2)  
Ø30h8, l = 25 << =0?V2G8AB> 7 
?@8?CA:>< ?V4 H;VDC20==O 

$V75Fь C?>@=89 ?@0289 &15�6,  
�×!×L= 16×25×140 <<, α=7°, ´=10°, φ=90° 

-*1 

20.4 
$>7B>G8B8 ?>2. (3)  

Ø24h8, l = 15 << =0G>@=> 

$V75Fь :0=02>G=89 &15�6,  
�×!×L= 16×25×140 <<, α=8°, ´=95°, φ=95° 

-*1 

20.5 

$>7B>G8B8 ?>2. (3)  
Ø24h8, l = 15 << =0?V2G8AB> 7 
?@8?CA:>< ?V4 H;VDC20==O 

$V75Fь :0=02>G=89 &15�6,  
�×!×L= 16×25×140 <<, b=15<<, ´=10°, φ=90° 

-*1 
30 &>:0@=0 '�� �5@AB0B 16�20, 3->: :C;0G:>289 ?0B@>= 

30.1 
&>@FN20B8 ?>2. (1),  

z = 2 << 

$V75Fь ?@>EV4=89 2V4V3=CB89 ?@0289 &15�6, 
�×!×L= 16×25×140 <<, α=8°, ´=10°, φ=45° 

-*1 

30.2 
&>G8B8 ?>2. (2)  

Ø20, l = 25 << =0G>@=> 

$V75Fь C?>@=89 ?@0289 &15�6,  
�×!×L= 16×25×140 <<, α=7°, ´=10°, φ=45° 

-*1 

30.3 
&>G8B8 ?>2. (2)  

Ø20, l = 25 << =0G8AB> 

$V75Fь C?>@=89 ?@0289 &15�6,  
�×!×L= 16×25×140 <<, α=7°, ´=10°, φ=90° 

-*1 

30.4 
&>G8B8 ?>2. (3)  

Ø15, l = 3 << =0G>@=> 

$V75Fь D0A>==89 &15�6,  
�×!×L= 16×25×140 <<, b=1,2 <<, R=0,9 <<, 

-*1 

30.5 �=OB8 D0A:C 1,6×45° ?>2. (4) 
$V75Fь ?@>EV4=89 2V4V3=CB89 ?@0289 &15�6,  
�×!×L= 16×25×140 <<, α=8°, ´=10°, φ=45° 

-*1 

30.6 
!0@V70B8 @V7ь1C ?>2. (5)  
 20 =0 l = 22 <<  

$V75Fь @V7ь1>289 &15�6,  
�×!×L= 16×25×140 <<, α=3°, ³=60°,  

@V7ь1>289 :0;V1@ 
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40.1 (@575@C20B8 ?>2. (1) �V4@V7=0 D@570 Ø200, $6 5, -*-1 

40.2 (@575@C20B8 ?>2. (2) �V4@V7=0 D@570 Ø200, $6 5, -*-1 
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50.1 
%25@4;8B8 >B2V@ Ø6!7, l = 24 

<<, ?>2. (1) %25@4;>  Ø5,8, $6 5 

50.2 
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%2 6 � 35 � 

2 2424-83, A:>10 24h8 
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%2 6 � 35 � 
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