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���"$�&"$!�/  $��"&� № 1 

�AA;54>20=85 F5?59 ?>AB>O==>3> B>:0 A> A<5H0==K< A>548=5=85< @578AB>@>2. 

 

*5;L @01>BK: 
1. #@8>1@5AB8 ?@0:B8G5A:85 =02K:8 GB5=8O 8 A1>@:8 M;5:B@8G5A:>9 AE5<K ?>4:;NG5=8O 
A<5H0==>3> A>548=5=8O @578AB>@>2 8 ?@81>@>2, 8A?>;L7C5<KE 4;O :>=B@>;O ?0@0<5B@>2 
M;5:B@8G5A:>9 F5?8, : M;5:B@8G5A:>9 A5B8 ?>AB>O==>3> B>:0. 
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"1>@C4>20=85 8 ?@81>@K: 
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–  8;;80<?5@<5B@ m�2 (m�)– 87<5@O5B A8;C B>:0 2 ?5@2>9 25B28 @0725B2;5=8O 
@578AB>@>2 

–  8;;80<?5@<5B@ m�3 (m�)– 87<5@O5B A8;C B>:0 2> 2B>@>9 25B28 @0725B2;5=8O 
@578AB>@>2 

– �>;LB<5B@ U (�)- 87<5@O5B 2E>4=>5 =0?@O65=85 M;5:B@>AE5<K   
– �>;LB<5B@ U1- 87<5@O5B ?045=8O =0?@O65=8O =0 CG0AB:0E F5?8 

– $C18;L=8:8 $1,  $2,  $3,  $4   - ?@>872>4OB 2:;NG5=85 8 ?5@5:;NG5=85 2 AE5<5 
–  
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0?8A0BL B5E=8G5A:85 40==K5 M;5:B@8G5A:8E ?@81>@>2 2 B01;8FC №1. 
 

&01;8F0 №1 
!08<5=>20=
85 ?@81>@0 

"1>7=0G5=85 
=0 AE5<5 

%8AB5<0 
?@81>@0 

�;0AA 
B>G=>AB8 

#@545; 
87<5@5=8O 

*5=0 
45;5=8O 

      

      

      

      

      

 

2. �0?8A0BL ?>:070=8O ?@81>@>2  2 B01;8FC №2. 
&01;8F0 №2 

�7<5@8BL $C18;L=8:8 
↑- 2:;NG5=> 
↓- 2K:;NG5=> 

№ 
?/? U1 I1 I2 I3 U1 U2 U5 U2-4 U3-4 

 � m� m� m� � � � � � 

1          $2  ↑, $3↑,  $4 ↑   

2          $2↓,  $3↑,  $4  ↑  

3          $2↓,  $3↓,  $4 ↑   

4          $2↓,  $3↑,  $4  ↓ 
 

3. �KG8A;8BL ?0@0<5B@K F5?8, 8A?>;L7CO 70:>= "<0, 70:>=K ?>A;54>20B5;L=>3> 8 
?0@0;;5;L=>3> A>548=5=8O. �KG8A;5=8O 70=5AB8  B01;8FC №3. 

            &01;8F0 №3 

�KG8A;8BL 
«№ 

?/? R1 R2-4 R5 RM:2 I4 $ 

 :"< :"< :"< :"< m� �B 
1       

2       

3       

4       

 

4. �;O :064>3> A;CG0O ?5@5:;NG5=8O F5?8 A ?><>ILN 2K:;NG0B5;59, 70@8A>20BL 
M;5:B@8G5A:85 AE5<K @01>B0NI8E =0 40==K9 <><5=B @578AB>@>2 F5?8. 

 

 

���"$�&"$!�/  $��"&� № 2 

!5@0725B2;5==0O  F5?L ?5@5<5==>3> B>:0 A 0:B82=K< A>?@>B82;5=85< 8 

:0BCH:>9 8=4C:B82=>AB8. 
*5;L @01>BK: 
4. #@8>1@5AB8 ?@0:B8G5A:85 =02K:8 GB5=8O 8 A1>@:8 M;5:B@8G5A:>9 AE5<K ?>4:;NG5=8O 
?>A;54>20B5;L=>3> A>548=5=8O @50;L=>9 :0BCH:8 8=4C:B82=>AB8, @5>AB0B0 8 ?@81>@>2, 
8A?>;L7C5<KE 4;O :>=B@>;O ?0@0<5B@>2 M;5:B@8G5A:>9 F5?8, : M;5:B@8G5A:>9 A5B8 
?5@5<5==>3> B>:0. 

5. �7<5=5=85< 0:B82=>3> A>?@>B82;5=8O @5>AB0B0 8 87<5=5=85< 8=4C:B82=>AB8 :0BCH:8 

?@>25@8BL 459AB285 70:>=0 "<0 4;O =5@0725B2;5==KE F5?59 ?5@5<5==>3> B>:0. 
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6. #>;CG8BL ?@0:B8G5A:85 =02K:8 ?>AB@>5=8O 25:B>@=KE 4803@0<< 4;O ?>A;54>20B5;L=>3> 
A>548=5=8O M;5<5=B>2 F5?8. 

"1>@C4>20=85 8 ?@81>@K: 
5. �AB>G=8: ?8B0=8O – M;5:B@8G5A:0O A5BL ?5@5<5==>3> B>:0 =0 =0?@O65=85 150�. 
6. �0BCH:0 8=4C:B82=>AB8 A <03=8B>?@>2>4>< 

7. $5>AB0B 
8. %>548=8B5;L=K5 ?@>2>40 
9. #@81>@K: -�<?5@<5B@ � (�)– 87<5@O5B A8;C B>:0 2 F5?8 

– �>;LB<5B@ U (�)- 87<5@O5B 2E>4=>5 =0?@O65=85 M;5:B@>AE5<K 

– �>;LB<5B@ U0 (�)- 87<5@O5B ?045=85 =0?@O65=8O =0 @5>AB0B5 
– �>;LB<5B@ U: (�)- 87<5@O5B ?045=85 =0?@O65=8O =0 :0BCH:5 8=4C:B82=>AB8 

– �0BB<5B@ W (�B) - 87<5@O5B 0:B82=CN <>I=>ABL M;5:B@8G5A:>9 F5?8 

 

-;5:B@8G5A:0O AE5<0 2:;NG5=8O ?>A;54>20B5;L=>3> A>548=5=8O @50;L=>9 :0BCH:8 
8=4C:B82=>AB8 8 @5>AB0B0 

 

 

 

 

 

 

 

 

 

 

 

 

#>@O4>: 

2K?>;=5=8O @01>BK: 
1. �0?8A0BL B5E=8G5A:85 40==K5 M;5:B@8G5A:8E ?@81>@>2 2 B01;8FC№1   

   &01;8F0 №1  

!08<5=>20=
85 ?@81>@0 

"1>7=0G5=85 
=0 AE5<5 

%8AB5<0 
?@81>@0 

�;0AA 
B>G=>AB8 

#@545; 
87<5@5=8O 

*5=0 
45;5=8O 

      

      

2. %>1@0BL AE5<C 8 ?>:070BL  ?@5?>4020B5;N. 
3. �0 AG5B 87<5=5=8O ?>;>65=8O 4286:0 @5>AB0B0 87<5=8BL 53> A>?@>B82;5=85 >B =C;O 4> 
<0:A8<C<0. #@8 :064>< 87<5=5=88 A>?@>B82;5=8O A=OBL ?>:070=8O ?@81>@>2 8 70=5AB8 8E 
?>:070=8O 2 B01;8FC №2. 

4. #@8 <0:A8<0;L=>< 7=0G5=88 A>?@>B82;5=8O @5>AB0B0 87<5=8BL 8=4C:B82=>ABL :0BCH:8 
?CB5< 87<5=5=8O 55 ?>;>65=8O =0 A5@45G=8:5 <03=8B>?@>2>40. #@8 :064>< 87<5=5=88 
A=OBL ?>:070=8O ?@81>@>2 8 70=5AB8 8E ?>:070=8O 2 B01;8FC №2. 
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           &01;8F0 №2 

№ 

�� �$�!"  

#$� �+�!�� 

 

U U4 U> I $ 

В В В А ВF 

1      R$ЕО%&А&А  =  0 

2      R$ЕО%&А&А  - A@54=55 7=0G5=85 
3      R$ЕО%&А&А   - <0:A8<0;L=>5 7=0G5=85 
4      1 ?>;>65=85 :0BCH:8 8=4C:B82=>AB8 

5      2 ?>;>65=85 :0BCH:8 8=4C:B82=>AB8 

 

5. #> @57C;LB0B0< 87<5@5=89, ?>;L7COAL ?@82545==K<8 =865 D>@<C;0<8, ?@>8725AB8 
2KG8A;5=8O. $57C;LB0BK 2KG8A;5=89 70?8A0BL 2 B01;8FC №3.  

            

&01;8F0 №3. 

№
  

2KG8A;8BL 

Z ZК RB5I 

R4 

D9BE
F4F
4 

Ra 

>4FG
H>< 

%L 

>4FG
H>< 

COS φ COS φК 
U4 

>4FG
H>< 

UL 

>4FG
H>< 

Q S 

 О@ О@ О@ О@ О@ О@ - - В В ВАD ВА 

1             

2             

3             

4  -   - -  -     

5  -   - -  -     
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���"$�&"$!�/  $��"&� № 3 

 

$0725B2;5==K5 F5?L ?5@5<5==>3> B>:0  A @50;L=>9 :0BCH:>9 
8=4C:B82=>AB8 8  :>=45=A0B>@><. $57>=0=A B>:>2. 
 

*5;L @01>BK: 
1. #@8>1@5AB8 ?@0:B8G5A:85 =02K:8 GB5=8O 8 A1>@:8 M;5:B@8G5A:>9 AE5<K ?>4:;NG5=8O 
?0@0;;5;L=>3> A>548=5=8O @50;L=>9 :0BCH:8 8=4C:B82=>AB8, :>=45=A0B>@0 8 ?@81>@>2, 
8A?>;L7C5<KE 4;O :>=B@>;O ?0@0<5B@>2 M;5:B@8G5A:>9 F5?8, : M;5:B@8G5A:>9 A5B8 
?5@5<5==>3> B>:0. 

2. �7<5=5=85< 5<:>AB8 :>=45=A0B>@0 4>18BLAO @57>=0=A0 B>:>2 2 ?0@0;;5;L=KE F5?OE AE5<K. 
3. #>;CG8BL ?@0:B8G5A:85 =02K:8 ?>AB@>5=8O 25:B>@=KE 4803@0<< 4;O ?0@0;;5;L=>3> 
A>548=5=8O M;5<5=B>2 F5?8. 

"1>@C4>20=85 8 ?@81>@K: 
1. �AB>G=8: ?8B0=8O – M;5:B@8G5A:0O A5BL ?5@5<5==>3> B>:0 =0 =0?@O65=85 150�. 
2. �0BCH:0 8=4C:B82=>AB8 A <03=8B>?@>2>4>< 

3. �>=45=A0B>@=0O 10B0@5O 
4. %>548=8B5;L=K5 ?@>2>40 
5. #@81>@K: -�<?5@<5B@ � (�)– 87<5@O5B A8;C B>:0 2 =5@0725B2;5==>9 G0AB8 F5?8 

– �<?5@<5B@ �L (�)– 87<5@O5B A8;C B>:0 2 F5?8 @50;L=>9 :0BCH:8 8=4C:B82=>AB8 

– �<?5@<5B@ �C (�)– 87<5@O5B A8;C B>:0 2 F5?8 :>=45=A0B>@=>9 10B0@58 

– �>;LB<5B@ U (�)- 87<5@O5B 2E>4=>5 =0?@O65=85 M;5:B@>AE5<K 

– (07><5B@ φ – 87<5@O5B C3>; A42830 D07 <564C B>:>< 8 =0?@O65=85< 

 

)(

)(

cos

cos

)(

)(

)(

)(

)(

)(

)(

)(

2

2

22

ВАF9C<@BIABEFPCB?A4SUS

ВАDF9C<@BIABEFPD94>F<6A4SXQ

EF<<A8G>F<6AB>4FGH><G4EF<4>F<6AB=@BIABEF<F>BQHH<F<9A
Z

R

F9C<@BIABEF<F>BQHH<F<9A
U

P

ВEF<<A8G>F<6AB>4FGH>9A4A4CDS:9A<SC489A<99<A8G>F<6ABXU

В>4FGH>9A4A4CDS:9A<SC489A<94>F<6AB9RU

О@EF<<A8G>F<6AB>4FGH><A<9EBCDBF<6?94>F<6AB9RRR

О@F9C<A<9EBCDBF<6?94>F<6AB9B5I99$
R

О@EF<<A8G>F<6AB>4FGH><<9EBCDBF<?9ACB?AB9U
Z

О@>4FGH><A<9EBCDBF<6?99<A8G>F<6ABRZX

О@D9BEF4F4A<9EBCDBF<6?94>F<6AB9U
R

О@F9C<A<9EBCDBF<6?9CB?AB9U
Z

L

k
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k
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>4FGH><a4
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B5I

k

k
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a

a

ý
ý

ý
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-;5:B@8G5A:0O AE5<0 2:;NG5=8O ?0@0;;5;L=>3> A>548=5=8O @50;L=>9 :0BCH:8 8=4C:B82=>AB8 
8 :>=45=A0B>@0 

 

 
 
 
 
 
 
 
 
 
 
#>@O
4>: 
2K?>
;=5=
8O @01>BK: 
1. &5E=8G5A:85 40==K5 M;5:B@8G5A:8E ?@81>@>2      

            

 &01;8F0 №1  

!08<5=>20=
85 ?@81>@0 

"1>7=0G5=85 
=0 AE5<5 

%8AB5<0 
?@81>@0 

�;0AA 
B>G=>AB8 

#@545; 
87<5@5=8O 

*5=0 
45;5=8O 

      

      

2. 'AB0=>2;5=0 5<:>ABL 10B0@58 :>=45=A0B>@>2 %1=16 <:(, ?>:070=8O ?@81>@>2 70=5A5=K 2 
B01;8FC №2.  

3. 'AB0=>2;5=0 5<:>ABL 10B0@58 :>=45=A0B>@>2 %2=32 <:(. �7<5=5=85< 8=4C:B82=>AB8 
:0BCH:8 CAB0=>2;5= A4283 D07 =0 D07><5B@5 φ = 0 – MB> A;CG09 D9;BA4AE4 FB>B6. 

#>:070=8O ?@81>@>2 70=5A5=K 2 B01;8FC №2.  
4. 'AB0=>2;5=0 5<:>ABL 10B0@58 :>=45=A0B>@>2 %3=58 <:(, ?>:070=8O ?@81>@>2 70=5A5=K 2 
B01;8FC №2.  

5.  

           &01;8F0 №2 
№  �� �$�!" #$� �+�!�� 

 U I I> IC φ COS φ - 

 В А А А 7D48GE -  

1       %1=16 @>$ 

2       
%2=32 @>$ 

D9;BA4AE FB>B6 

3       %3=58 @>$ 

 

6. #> @57C;LB0B0< 87<5@5=89, ?>;L7COAL ?@82545==K<8 =865 D>@<C;0<8, ?@>872545=K 
2KG8A;5=8O. $57C;LB0BK 2KG8A;5=89 70?8A0=K 2 B01;8FC №3.  
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    &01;8F0 №3. 
№  �Ы+�%��!" 

 COS φК RК %L ZК XC Ia IL Ip 

 - О@ О@ О@ О@ А А А 

1         

2         

3         

 

)(

)(

)(cos

)(

)(

)(cos

)(

22

22

А>4FGH><FB>44SEBEF46?SRID94>F<6A4S
А>4FGH><FB>44SEBEF46?SRIS<A8G>F<6A4

А>4FGH><FB>44SEBEFB6?SRI4>F<6A4S

О@D4>BA89AE4FB<9EBCDBF<?9A9@>BEFAB9U
X

О@>4FGH><A<9EBCDBF<6?99<A8G>F<6ABRZX

О@>4FGH><A<9EBCDBF<6?94>F<6AB9ZR

О@>4FGH><A<9EBCDBF<6?9CB?AB9U
Z

CLD

akL

kka

C

C

kkL

kk4k

k

k

ý

ý

ý


ý

ý

ý


ý





 

� <0AHB015 ?>AB@>8BL  25:B>@=K5 4803@0<<K 4;O A;CG052:  

LC
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ü
ý
þ

 

 

���"$�&"$!�/  $��"&� № 4 

�7<5@5=85 M=5@388 2 M;5:B@8G5A:8E F5?OE. 

 

*5;L @01>BK: 
1. #@8>1@5AB8 ?@0:B8G5A:85 =02K:8 GB5=8O 8 A1>@:8 M;5:B@8G5A:>9 AE5<K ?>4:;NG5=8O 
AG5BG8:0 0:B82=>9 M=5@388 : M;5:B@8G5A:>9 F5?8 ?5@5<5==>3> B>:0. 

2. �7CG8BL CAB@>9AB2>, ?@8=F8? 459AB28O AG5BG8:0 0:B82=>9 M;5:B@>M=5@388. 
3. #@>A;548BL ?> ?>:070=8O< ?@81>@>2 87<5=5=8O, ?@>872>48<K5 2 AE5<5 ?@8 87<5=5=88 
A>?@>B82;5=8O M;5:B@8G5A:>9 =03@C7:8. 

"1>@C4>20=85 8 ?@81>@K: 
1. �AB>G=8: ?8B0=8O – M;5:B@8G5A:0O A5BL ?5@5<5==>3> B>:0 =0 =0?@O65=85 220�. 
2. %G5BG8: M;5:B@8G5A:>9 M=5@388 %" 505 
3. $5>AB0B 
4. �;>: ;0<? =0:0;820=8O 
5. %>548=8B5;L=K5 ?@>2>40 
6. #@81>@K: 
– �<?5@<5B@ � (�)– 87<5@O5B A8;C B>:0 2 M;5:B@8G5A:>9 F5?8 
– �>;LB<5B@ U (�)- 87<5@O5B 2E>4=>5 =0?@O65=85 M;5:B@8G5A:>9 F5?8 
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-;5:B@8G5A:0O AE5<0 2:;NG5=8O AG5BG8:0 0:B82=>9 M=5@388: 
 

 

 

 

 

 

 

 

 

 

 

 

 

#>@O4>: 2K?>;=5=8O @01>BK: 
5. &5E=8G5A:85 40==K5 M;5:B@8G5A:8E ?@81>@>2:  
           &01;8F0 №1 

!08<5=>20=
85 ?@81>@0 

"1>7=0G5=85 
=0 AE5<5 

%8AB5<0 
?@81>@0 

�;0AA 
B>G=>AB8 

#@545; 
87<5@5=8O 

*5=0 
45;5=8O 

      

      

      

 

6. % ?><>ILN 2:;NG5=8O @07=>3> :>;8G5AB20 ;0<? 8 87<5=5=8O A>?@>B82;5=8O @5>AB0B0 
CAB0=>28BL =0 0<?5@<5B@5 7=0G5=8O B>:0 I =03@C7:8, C:070==K5 2 B01;8F5 №2.  

7. �;O :064>3> >?KB0 ?>AG8B0BL F5;>5 G8A;> >1>@>B>2 48A:0 AG5BG8:0 70 180 A5:C=4.         
�0==K5 70?8A0BL 2 B01;8FC №2. 

           &01;8F0 №2 

 �7<5@5=> �KG8A;5=> 
№ 
?/? 

U I t N $ %A % γ 

 В А E9>GA8O B5BDBFO ВF ВF E/B5 ВF E/B5 % 

1 220 3 180      

2 220 2,5 180      

3 220 2,0 180      

4 220 1,5 180      

 

(>@<C;K 4;O 2KG8A;5=89: 

 
ø ù

%100

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EВF%

A
A





ý
36001000

      

345, A  - ?5@540B>G=>5 G8A;> >1>@>B>2 (C:07K205BAO =0 AG5BG8:5) – 600 >1>@>B>2 48A:0  

 



ý
t$%       345,   C - 459AB28B5;L=0O ?>AB>O==0O AG5BG8:0 

 

ýUP        345,  $ – <>I=>ABL 2 F5?8 (�B);  t - 2@5<O 2 (A);  N- G8A;> >1>@>B>2 48A:0 70 
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