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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 
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– �>;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. 
           &01;8F0 №2 

№ 

�� �$�!"  

#$� �+�!�� 

 

U U4 U> I $ 

� � � � �F 

1      R$�О%&�&�  =  0 

2      R$�О%&�&�  - A@54=55 7=0G5=85 
3      R$�О%&�&�   - <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.  
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&01;8F0 №3. 

№
  

2KG8A;8BL 

Z Z� RB5M 

R4 

D9BE
F4F
4 

Ra 

>4FG
L>< 

%L 

>4FG
L>< 

COS φ COS 

φ� 
U4 

>4FG
L>< 

UL 

>4FG
L>< 

Q S 

 О@ О@ О@ О@ О@ О@ - - � � ��D �� 

1             

2             

3             

4  -   - -  -     

5  -   - -  -     

 

 

���"$�&"$!�/  $��"&� № 4 

 

$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. 

)(

)(

cos

cos

)(

)(

)(

)(

)(

)(

)(

)(

2

2

22

��J9C<@BMABEFPCB?A4SUS

��DJ9C<@BMABEFPD94>F<6A4SXQ

EF<<A8G>F<6AB>4FGL><K4EF<4>F<6AB=@BMABEF<F>BQHH<J<9A
Z

R

J9C<@BMABEF<F>BQHH<J<9A
U

P

�EF<<A8G>F<6AB>4FGL>9A4A4CDS:9A<SC489A<99<A8G>F<6ABXU

�>4FGL>9A4A4CDS:9A<SC489A<94>F<6AB9RU

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

О@J9C<A<9EBCDBF<6?94>F<6AB9B5M99$
R

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

О@>4FGL><A<9EBCDBF<6?99<A8G>F<6ABRZX

О@D9BEF4F4A<9EBCDBF<6?94>F<6AB9U
R

О@J9C<A<9EBCDBF<6?9CB?AB9U
Z

L

k

>4Fa

k

LL

>4FGL><a4

aB5M>4

B5M

k

k

kakL

a

a

ý
ý

ý


ý

ý

ý

ý


ý


ý

ý


ý


ý
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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< 

 

-;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 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

#>@O4>: 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=8
5 =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 
№  �� �$�!" #$� �+�!�� 
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 U I I> IC φ COS φ - 

 � � � � 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.  

          

    &01;8F0 №3. 
№  �Ы+�%��!" 

 COS φ� R� %L Z� XC Ia IL Ip 

 - О@ О@ О@ О@ � � � 

1         

2         

3         

 

)(

)(

)(cos

)(

)(

)(cos

)(

22

22

�>4FGL><FB>44SEBEF46?SRMD94>F<6A4S
�>4FGL><FB>44SEBEF46?SRMS<A8G>F<6A4

�>4FGL><FB>44SEBEFB6?SRM4>F<6A4S

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

О@>4FGL><A<9EBCDBF<6?99<A8G>F<6ABRZX

О@>4FGL><A<9EBCDBF<6?94>F<6AB9ZR

О@>4FGL><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

LC

LC

ü
ý
þ

 

 

 

���"$�&"$!�/  $��"&� № 5 

�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: 
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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 

 

-;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=8
5 =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 
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?/? 
 � � E9>GA8O B5BDBFO �F �F E/B5 �F 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


ý
A

A

%
%%÷     -?>3@5H=>ABL AG5BG8:0 M;5:B@>M=5@388, 

  345 %A  - =><8=0;L=0O ?>AB>O==0O AG5BG8:0 
 

 B5
E�F%

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 
2@5<O t 
 

 

���"$�&"$!�/  $��"&� № 6 

�7<5@5=85 A>?@>B82;5=89 87>;OF88 2 M;5:B@8G5A:8E :015;OE. 
*5;L @01>BK: 
1. #@8>1@5AB8 ?@0:B8G5A:85 =02K:8 A1>@:8 M;5:B@8G5A:>9 AE5<K ?>4:;NG5=8O 
?@81>@>2 4;O 87<5@5=8O A>?@>B82;5=89 87>;OF88 : M;5:B@8G5A:8< :015;O<. 

2. �7CG8BL CAB@>9AB2>, ?@8=F8? 459AB28O ?@81>@>2 4;O 87<5@5=8O A>?@>B82;5=89 
87>;OF88 . 

3. !0CG8BLAO 87<5@OBL A>?@>B82;5=8O 87>;OF88 ?@>2>4>2 8 :015;59 >B=>A8B5;L=> 75<;8 
8;8 <564C B>:>254CI8<8 68;0<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. %B5=4 «-;5:B@8G5A:85 :015;8» 
3. %>548=8B5;L=K5 ?@>2>40 
4. #@81>@K: 
– '=825@A0;L=K9 2>;LB<5B@ �7 – 26 – ?@54=07=0G5= 4;O 87<5@5=8O =0?@O65=89 8 
A>?@>B82;5=89. � 40==>9 @01>B5 8A?>;L7C5BAO 4;O 87<5@5=8O A>?@>B82;5=89 
?@>2>4>2 8 :015;59. #@81>@ 8<55B H:0;C A A5<LN ?@545;0<8 87<5@5=89. 

–  530><<5B@ -%0202/2-� – ?5@5=>A=>9 ?@81>@ A8AB5<K <03=8B>M;5:B@8G5A:89 
;>3><5B@ A =5?>A@54AB25==K< >BAG5B><. #@54=07=0G5= 4;O 87<5@5=8O 1>;LH8E 
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A>?@>B82;5=89 87>;OF89 ?@>2>4>2 8 :015;59. �<55B 425 H:0;K – :Ω (:8;>"<) 8 
 Ω (<530"<). 

 

#@8=F8?80;L=K5 AE5<0 C=825@A0;L=>3> 2>;LB<5B@0 �7 – 26 

 

 

 

 

 

 

 

 

 

 

#@8=F8?80;L=0O AE5<0 <530><<5B@0 -% 0202/2-� 

 

 

 

 

 

 

 

 

 

 

 

#>@O4>: 2K?>;=5=8O @01>BK: 
1.  �0?8A0=K 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 AB5=45 «-;5:B@8G5A:85 :015;8» 87<5@5=K A>?@>B82;5=8O 87>;OF89 :015;59 
?@81>@><: 
  C=825@A0;L=K< 2>;LB<5B@>< �7 - 26. #>A;5 :0;81@>2:8 ?@81>@0 87<5@5=K  
A>?@>B82;5=8O 87>;OF89 :015;59 =0 AB5=45 " �A?KB0=85 :015;59  $57C;LB0BK 
87<5@5=89 70?8A0=K 2 B01;8FC №2. 

 <530><<5B@>< Э%0202/2-�. �;O 87<5@5=8O 87>;OF88 <530><<5B@ ?>4:;NG5= : 
>1J5:BC 87<5@5=8O ?> AE5<5: 
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 #@8 87<5@5=88 A>?@>B82;5=89 87>;OF88 =0 ?@545;5 :Ω  ?5@5:;NG0B5;L =0 ?@81>@5 
CAB0=>2;5= =0 45;5=85 |,  =0 ?@545;5  Ω  ?5@5:;NG0B5;L =0 ?@81>@5 CAB0=>2;5= =0 
45;5=85 ||.  
$57C;LB0BK 87<5@5=89 70?8A0BL 2 B01;8FC №2. 
           &01;8F0 №2. 
#@81>@K �@>=8@>20==K9 %28=F>2K9 �8=8;>2K9 -:@0=8@

>20==K9 
R% О�1 О�2 �1�2 О�1 О�2 �1�2 О�1 О�2 Э� 

�7-26          

Э%0202/2-�          

 

 

�01>@0B>@=0O @01>B0 № 7 

#>25@:0 B5E=8G5A:>3> 0<?5@<5B@0 
&5?P D45BтO: "A2>8BL <5B>48:C ?>25@:8 B5E=8G5A:>3> ?@81>@0. 
СB45D64Aи5: 
#>25@:>9 =07K205BAO >?@545;5=85 ?>3@5H=>AB8 ?@81>@>2 8 CAB0=>2;5=85 53> 
?@83>4=>AB8 : ?@8<5=5=8N. #>25@:0 2:;NG05B 2=5H=89 >A<>B@, 2K1>@ >1@07F>2>3> 
?@81>@0, ?>25@:8 ?>:070=8O 8 4>:C<5=B0;L=>3> >D>@<;5=8O. �=5H=89 >A<>B@ – AB5:;0, 
:>@@5:B>@0, AB@5;:8, >B45;L=KE 45B0;59. �K1>@ >1@07F>2>3> ?@81>@0 ?> @>4C, =><8=0;C 
H:0;K, :;0AAC B>G=>AB8. "1KG=> ?>3@5H=>ABL 4>;6=0 1KBL 2 3 @070 1>;LH5 >1@07F>2>3>, 
?>25@:C 254CB ?> 2A5< 45;5=8O< H:0;K >B =C;O 4> =><8=0;0 8 =0>1>@>B. #>A;5 G53> 
>?@545;ONB ?>3@5H=>AB8 8 ?>?@02:8. %B@>OB :@82CN ?>?@02>:. 
 

Н5B5хB4и@O5 CDи5BDO: 
1). �<?5@<5B@ ?>25@O5<K9 

2). �<?5@<5B@ >1@07F>2K9 

3). $5>AB0B ?;02=>9 @53C;8@>2:8 

4). !01>@ A>?@>B82;5=89 

 
1). #@>25@8BL AE5<C, CA2>8BL, GB> ?@>25@O5<K9 0<?5@<5B@ 4>;65= 1KBL <5=55 B>G=K<, 
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G5< >1@07F>2K9. 
2). $5>AB0B>< CAB0=02;820NB 7040==K5 2 B01;8F5 B>:8, 70?8AK20NB ?>:070=8O 
0<?5@<5B@>2 ?@8 E>45 225@E, ?>A;5 G53>, 2K2>4O @5>AB0BK, 84CB : =C;N ?> B5< 65 
7=0G5=8O< B>:0 (E>4 2=87), @57C;LB0BK 70=>AOBAO 2 B01;8FC. 
)>4 
225@E 

    )>4 
2=87 

    Imax 

(mA) 

γ4 
(%) 

I? 
(mA) 

I0 

(mA) 

ΔI 

(mA) 

δI 
(mA) 

γ 
(%) 

I? 
(mA) 

I0 

(mA) 

ΔI 

(mA) 

δI 
(mA) 

γ 
(%) 

  

2,5 

5 

7,5 

10 

12,5 

15 

17,5 

20 

22,5 

25 

    25 

22,5 

20 

17,5 

15 

12,5 

10 

7,5 

5 

2,5 

 

      

3). #>A;5 70<5@>2 =0E>4OB ?>3@5H=>AB8: 
0). 01A>;NB=K5 ΔI =  I? - I0 

1). >B=>A8B5;L=K5 γ = ( ΔI / I0 ) * 100% 

2). ?>?@02:8 δI = - ΔI 

 

4). �7 01A>;NB=KE ?>3@5H=>AB59 2K18@0NB <0:A8<0;L=CN ?> <>4C;N 8 @0AAG8BK20NB 
:;0AA B>G=>AB8 γ4 =  ( ΔImax / I=>< ) * 100% 

 

5). �5;0NB 2K2>4 8 AB@>OB :@82CN ?>?@02>: 
 

6). #8AL<5==> >B25B8BL =0 :>=B@>;L=K5 2>?@>AK: 
 

1.% :0:>9 F5;LN ?@>872>48BAO ?>25@:0 ?@81>@>2? 
2.�0: >=0 ?@>8AE>48B? 
3."A=>2=K5 D>@<C;K:  0) 01A>;NB=0O ?>3@5H=>ABL 
    1) >B=>A8B5;L=0O ?>3@5H=>ABL 
    2) :;0AA B>G=>AB8 ?@81>@0 
    3) F5=0 45;5=8O. 
 

 

 

�01>@0B>@=0O @01>B0 №8 

#>25@:0 B5E=8G5A:>3> 2>;LB<5B@0 
 

&5?P D45BтO: "A2>8BL <5B>48:C ?>25@:8 B5E=8G5A:>3> ?@81>@0. 
СB45D64Aи5: 
#>25@:>9 =07K205BAO >?@545;5=85 ?>3@5H=>AB8 ?@81>@>2 8 CAB0=>2;5=85 53> 
?@83>4=>AB8 : ?@8<5=5=8N. 
#>25@:0 2:;NG05B 2=5H=89 >A<>B@, 2K1>@ >1@07F>2>3> ?@81>@0, ?>25@:8 ?>:070=8O 8 
4>:C<5=B0;L=>3> >D>@<;5=8O. �=5H=89 >A<>B@ – AB5:;0, :>@@5:B>@0, AB@5;:8, >B45;L=KE 
45B0;59. �K1>@ >1@07F>2>3> ?@81>@0 ?> @>4C, =><8=0;C H:0;K, :;0AAC B>G=>AB8. "1KG=> 
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?>3@5H=>ABL 4>;6=0 1KBL 2 3 @070 1>;LH5 >1@07F>2>3>, ?>25@:C 254CB ?> 2A5< 45;5=8O< 
H:0;K >B =C;O 4> =><8=0;0 8 =0>1>@>B. #>A;5 G53> >?@545;ONB ?>3@5H=>AB8 8 ?>?@02:8. 
%B@>OB :@82CN ?>?@02>:. 
 

Н5B5хB4и@O5 CDи5BDO: 
1). �>;LB<5B@ ?>25@O5<K9 

2). �>;LB<5B@ >1@07F>2K9 

3). �;>: ?8B0=8O ?;02=>9 @53C;8@>2:8 

4). !01>@ A>?@>B82;5=89 

 
1). #@>25@8BL AE5<C, CA2>8BL, GB> ?@>25@O5<K9 2>;LB<5B@ 4>;65= 1KBL <5=55 B>G=K<, 
G5< >1@07F>2K9. 
2). $53C;8@>2:>9 =0 1;>:5 ?8B0=8O CAB0=02;820NB 7040==K5 2 B01;8F5 =0?@O65=8O, 
70?8AK20NB ?>:070=8O 2>;LB<5B@>2 ?@8 E>45 225@E, ?>A;5 G53> 84CB : =C;N ?> B5< 65 
7=0G5=8O< B>:0 (E>4 2=87), @57C;LB0BK 70=>AOBAO 2 B01;8FC. 
 

&01;8F0 1 
)>4 
225@
E 

    )>4 
2=87 

    Umax 
(B) 

γд 
(%) 

U? (B) U0 (B) ΔU 
(B) 

δU 
(B) 

γ 
(%) 

U? 
(B) 

U0 (B) ΔU 
(B) 

δU 
(B) 

γ 
(%) 

  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

    1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

      

3). #>A;5 70<5@>2 =0E>4OB ?>3@5H=>AB8: 
0). 01A>;NB=K5 ΔU =  U? - U0 

1). >B=>A8B5;L=K5 γ = ( ΔU / U0 ) * 100% 

2). ?>?@02:8 γ4 =  ( ΔUmax / U=>< ) * 100% 

 

4). �7 01A>;NB=KE ?>3@5H=>AB59 2K18@0NB <0:A8<0;L=CN ?> <>4C;N 8 @0AAG8BK20NB 
:;0AA B>G=>AB8 

 

5). �5;0NB 2K2>4 8 AB@>OB :@82CN ?>?@02>: 
 

6). #8AL<5==> >B25B8BL =0 :>=B@>;L=K5 2>?@>AK: 
 



20 

 

1.% :0:>9 F5;LN ?@>872>48BAO ?>25@:0 ?@81>@>2? 
2.�0: >=0 ?@>8AE>48B? 
3."A=>2=K5 D>@<C;K:  0). 01A>;NB=0O ?>3@5H=>ABL 
    1). >B=>A8B5;L=0O ?>3@5H=>ABL 
    2). :;0AA B>G=>AB8 ?@81>@0 
    3). F5=0 45;5=8O. 
 

���"$�&"$!�/ $��"&� № 9  

�AA;54>20=85 @01>BK >4=>D07=>3> B@0=AD>@<0B>@0 
*5;L @01>BK: 
7. #@8>1@5AB8 ?@0:B8G5A:85 =02K:8 GB5=8O 8 A1>@:8 M;5:B@8G5A:>9 AE5<K ?>4:;NG5=8O 
>4=>D07=>3> B@0=AD>@<0B>@0 8 ?@81>@>2, 8A?>;L7C5<KE 4;O :>=B@>;O ?0@0<5B@>2 
M;5:B@8G5A:>9 F5?8, : >4=>D07=>9 A5B8 ?5@5<5==>3> B>:0. 

8. �:;NG8BL B@0=AD>@<0B>@ 2 A5BL 8 >7=0:><8BLAO A 53> @01>B>9 2 @568<0E E>;>AB>3> 
E>4?, :>@>B:>3> 70<K:0=8O 8 @01>G8E @568<0E. 

9. #> 40==K< @01>G8E @568<>2 ?>AB@>8BL 2=5H=NN E0@0:B5@8AB8:C B@0=AD>@<0B>@0 
        U2 = � (I2 ) 8 A@02=8BL 55 A> AB0=40@B=>9. 
10. #> @57C;LB0B0< 2KG8A;5=89 ?>AB@>8BL 3@0D8: 7028A8<>AB8 :>MDD8F85=B0 ?>;57=>3> 
459AB28O η >B >B40205<>9 0:B82=>9 <>I=>AB8 $2        -      η = � ($2 ) 

&5>@5B8G5A:85 A2545=8O: 
     %<>B@5BL <5B>48G5A:>5 ?>A>185 "&@0=AD>@<0B>@K" AB@. 11-14 

"1>@C4>20=85 8 ?@81>@K: 

10. �AB>G=8: ?8B0=8O –>4=>D07=0O M;5:B@8G5A:0O A5BL ?5@5<5==>3> B>:0 =0 =0?@O65=85 
100�. 

11. "4=>D07=K9 B@0=AD>@<0B>@ U=><1 = 127 �, U =><2  = 36 � 

12. �0<?K =0:0;820=8O �1 , �2 , �3 , �4. 

13. %>548=8B5;L=K5 ?@>2>40 
14. #@81>@K: 
– �<?5@<5B@ �1 – 87<5@O5B A8;C B>:0 2 ?5@28G=>9 >1<>B:5 B@0=AD>@<0B>@0,  
      >1>7=0G05BAO I1 (�); 
– �<?5@<5B@ �2 – 87<5@O5B A8;C B>:0 2> 2B>@8G=>9 >1<>B:5 B@0=AD>@<0B>@0, 
>1>7=0G05BAO I2 (�); 

– �>;LB<5B@ U1 - 87<5@O5B =0?@O65=85, ?>40205<>5 =0 ?5@28G=CN >1<>B:C 
B@0=AD>@<0B>@0,  >1>7=0G05BAO U1 (�); 

– �>;LB<5B@ U2 - 87<5@O5B 2KE>4=>5=0?@O65=85 2B>@8G=>9 >1<>B:8 
B@0=AD>@<0B>@0,  >1>7=0G05BAO U2 (�); 

– �0BB<5B@  W – 87<5@O5B 2E>4=CN <>I=>ABL B@0=AD>@<0B>@0, >1>7=0G05BAO $1 (�B) 
 

-;5:B@8G5A:0O AE5<0 ?>4:;NG5=8O >4=>D07=>3> B@0=AD>@<0B>@0 : >4=>D07=>9 A5B8 



21 

 

 

 

#>@O4>: 2K?>;=5=8O @01>BK: 
 

8. "7=0:><8BAO A >1>@C4>20=85< 8 ?@81>@0<8. �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 

      

      

      

      

      

 

9. %>1@0BL AE5<C 8 ?>:070BL 55 ?@5?>4020B5;N. 
10. #@>25AB8 >?KB E>;>AB>3> E>40  - %.%. 
#@8 >B:;NG5==>9 =03@C7:5 ( ;0<?K =5 4>;6=K 3>@5BL) 8 =><8=0;L=>< =0?@O65=88  
U1 = 100� ?@>25AB8 >?KB E>;>AB>3> E>40.  #>:070=8O ?@81>@>2 70?8A0BL 2 B01;8FC №2  

      2 >?KB 1. � >?KB5 E>;>AB>3> E>40 ?> ?>:070=8N 20BB<5B@0 >?@545;O5BAO <>I=>ABL ?>B5@L 

2 AB0;8 &$AB (�B). #>B@51;O5<0O  <>I=>ABL  2 @568<5 E>;>AB>3> E>40  $EE = & $AB. 
 

&01;8F0 №2 
ОCOF № И;@9D9AB �OK<E?9AB Э?9>FD<K9E>4

S A47DG;>4  U1  U2  I1  I2  $1  �FD  $2  η 

 �  �  �  �  �F   -  �F  % 

1 II          -    - A9F 

2 DD1         О8A4 ?4@C4 

3 DD2         �69 ?4@CO 

4 DD3         &D< ?4@CO 

5 DD4         '9FOD9 

?4@CO 

6 >;        -   -   - A9F 

4.  $01>G85 @568<K @01>BK B@0=AD>@<0B>@0 $.$. 
� >?KB0E 2, 3, 4 8 5, ?>AB5?5==> ?>4:;NG0O :> 2B>@8G=>9 >1<>B:5 B@0=AD>@<0B>@0 
;0<?K, ?@>25AB8 G5BK@5 @01>G8E @568<0 @01>BK B@0=AD>@<0B>@0. �> 2A5E >?KB0E 
A=OBL ?>:070=8O ?@81>@>2 8 70?8A0BL 2 A>>B25BAB2CNI85 >?KBK B01;8FK №2. 

5.   #@>25AB8 >?KB :>@>B:>3> 70<K:0=8O   �.�. 
     "?KB ?@>2>48BAO B>;L:> A>2<5AB=> A ?@5?>4020B5;5< ! 
      #>@O4>: ?@>2545=8O >?KB0: 
– $C:>OB:C 02B>B@0=AD>@<0B>@0 ?>AB028BL =0 =0?@O65=85 U1 = 0. 

– &@0=AD>@<0B>@ >B:;NG8BL >B A5B8 

– �0:>@>B8BL 2B>@8G=CN >1<>B:C B@0=AD>@<0B>@0 A ?><>ILN A>548=8B5;L=>3> 
?@>2>40 
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– #>4:;NG8BL B@0=AD>@<0B>@ : A5B8 A U1 = 0. 

– #>AB5?5==> C25;8G8BL =0?@O65=85 =0 ?5@28G=>9 >1<>B:5 B@0=AD>@<0B>@0 4> 
7=0G5=8O  

           U:7 = 5 -10 % U=><1 j 10 -12 �, ?@8 MB>< B>: 2> 2B>@8G=>9 >1<>B:5 I=><2  j 7 �.  

         #>:070=8O ?@81>@>2 70?8A0BL 2 >?KB 6 B01;8FK №2. 

– "B:;NG8BL B@0=AD>@<0B>@ >B A5B8. 
     % ?><>ILN MB>3> >?KB0 >?@545;ONB <>I=>ABL ?>B5@L 2 <548 & $<548 (�B). 

#>B@51;O5<0O     

     <>I=>ABL  2 @568<5 :>@>B:>3> 70<K:0=8O  $:7 = & $<548.  

15. #> ?>;CG5==K< 40==K< A ?><>ILN ?@82545==KE =865 D>@<C; 2KG8A;8BL: 

      6.1.  :>MDD8F85=B B@0=AD>@<0F88       KB@ =   U=><2 / U=><1 

      6.2.  <>I=>ABL, ?>B@51;O5<CN =03@C7:>9   & $ = & $AB + & $<548, 345 & $ - >1I0O 

<>I=>ABL   ?>B5@L B@0=AD>@<0B>@0 

      6.3.  :?4 B@0=AD>@<0B>@0 ŋB@ = 100
1

2


$
$

   % 

16. #>AB@>8BL 2=5H=NN E0@0:B5@8AB8:C B@0=AD>@<0B>@0 U2 = � ( I2 ) 8 3@0D8: 

7028A8<>AB8    ŋB@= � ( $2 ). %45;0BL 2K2>4 > :0G5AB25 A=OB8O ?0@0<5B@>2 F5?8 8 

?@028;L=>AB8 ?@>2545=8O       @0AG5B>2. 

 

 

 

 

 

���"$�&"$!�/ $��"&� №10 

�A?KB0=85 B@5ED07=>3> 0A8=E@>==>3> 42830B5;O A :>@>B:>70<:=CBK< 

@>B>@>< 

*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 B@5ED07=>3> 0A8=E@>==>3> 42830B5;O A :>@>B:>70<:=CBK< @>B>@>< 8 
?@81>@>2, 8A?>;L7C5<KE 4;O :>=B@>;O ?0@0<5B@>2 M;5:B@8G5A:>9 F5?8, : B@5ED07=>9 
A5B8 ?5@5<5==>3> B>:0. 
2. �0?CAB8BL 0A8=E@>==K9 42830B5;L 8 A=OBL E0@0:B5@8AB8:C E>;>AB>3> E>40. 
3. �A?KB0BL 0A8=E@>==K9 42830B5;L A ?><>ILN ;5=B>G=>3> B>@<>70 4;O ?>;CG5=8O 
@01>G8E E0@0:B5@8AB8: 0A8=E@>==>3> 42830B5;O. 
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4. %@02=8BL ?>;CG5==K5 @01>G85 E0@0:B5@8AB8:8 A> AB0=40@B=K<8 8 A45;0BL 2K2>4 > 
:0G5AB25 ?@>45;0==>9 @01>BK. 
 

"1>@C4>20=85 8 ?@81>@K: 
1. �AB>G=8: ?8B0=8O - B@5ED07=0O M;5:B@8G5A:0O A5BL ?5@5<5==>3> B>:0 =0 
=0?@O65=85 220�. 
2. &@5ED07=K9 0A8=E@>==K9 42830B5;L A :>@>B:>70<:=CBK< @>B>@><. 
3. &@5E?>;NA=K9 @C18;L=8: - ?5@5:;NG05B >1<>B:8 AB0B>@0 42830B5;O A> 
"72574K" =0 "B@5C3>;L=8:" 
4. �5=B>G=K9 B>@<>7 
5. %>548=8B5;L=K5 ?@>2>40 
6. �8@8 
7. #@81>@K: 
- �<?5@<5B@ - 87<5@O5B A8;C B>:0 2 D075 �, >1>7=0G05BAO I (�); 
- �>;LB<5B@ - 87<5@O5B =0?@O65=85 <564C D070<8 � 8 �, >1>7=0G05BAO U (�); 

- �0BB<5B@ 42CEM;5<5=B=K9 - 87<5@O5B ?>B@51;O5<CN 0A8=E@>==K< 42830B5;5< 
<>I=>ABL, >1>7=0G05BAO $1 (�F) 

- &0E><5B@  - 87<5@O5B G0AB>BC 2@0I5=8O @>B>@0 n2 (>1./2@0I.) 
 

-;5:B@8G5A:0O AE5<0 ?CA:0 0A8=E@>==>3> 42830B5;O ?5@5:;NG5=85< >1<>B>: AB0B>@0 

A> "72574K" =0 "B@5C3>;L=8:" 
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���"$�&"$!�/ $��"&� №11 

�A?KB0=85 M;5:B@8G5A:>3> 42830B5;O ?>AB>O==>3> B>:0 

?0@0;;5;L=>3> 2>71C645=8O 
 

*5;L @01>BK: 
1. #>;CG8BL ?@0:B8G5A:85 =02K:8 GB5=8O 8 A1>@:8 M;5:B@8G5A:>9 AE5<K ?>4:;NG5=8O A 
?><>ILN ?CA:>2>3> @5>AB0B0 M;5:B@8G5A:>3> 42830B5;O ?>AB>O==>3> B>:0 ?0@0;;5;L=>3> 
2>71C645=8O : M;5:B@8G5A:>9 A5B8 ?>AB>O==>3> B>:0. 
2. �0?CAB8BL M;5:B@8G5A:89 42830B5;L 8 A=OBL E0@0:B5@8AB8:C E>;>AB>3> B>:0. 
3. �A?KB0BL 42830B5;L A ?><>ILN ;5=B>G=>3> B>@<>70 4;O ?>;CG5=8O @01>G8E 
E0@0:B5@8AB8:. 
4. %@02=8BL ?>;CG5==K5 E0@0:B5@8AB8:8 A> AB0=40@B=K<8 8 A45;0BL 2K2>4 > :0G5AB25 
?@>45;0==>9 @01>BK. 
"1>@C4>20=85 8 ?@81>@K: 
1. �AB>G=8: ?>AB>O==>3> B>:0 
2. -;5:B@8G5A:89 42830B5;L ?>AB>O==>3> B>:0 ?0@0;;5;L=>3> 2>71C645=8O 
3. #@81>@K: 
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- �>;LB<5B@ U - 87<5@O5B =0?@O65=85 =0 2E>45 AE5<K,, >1>7=0G05BAO U (�); 
- �<?5@<5B@ � - 87<5@O5B A8;C B>:0, 84CI53> =0 42830B5;L, >1>7=0G05BAO I (�); 
- �<?5@<5B@ �6 - 87<5@O5B A8;C B>:0, 84CI53> ?> >1<>B:5 2>71C645=8O, >1>7=0G05BAO I6 (�); 
- &0E><5B@ - 87<5@O5B G0AB>BC 2@0I5=8O @>B>@0 YI2 (>1./2@0I.) 
 

4. #CA:>2>9 @5>AB0B Rn - 8A?>;L7C5BAO 4;O ?CA:0 42830B5;O 
5. $53C;8@>2>G=K9 @5>AB0B RB - 8A?>;L7C5BAO 4;O @53C;8@>20=8O 25;8G8=K B>:0 2>71C645=8O 
2 >1<>B:5 2>71C645=8O 
6. �5=B>G=K9 B>@<>7 
7. %>548=8B5;L=K5 ?@>2>40 
8. �8@8 

 

-;5:B@8G5A:0O AE5<0 ?>4:;NG5=8O M;5:B@8G5A:>3> 42830B5;O ?>AB>O==>3> B>:0 ?0@0;;5;L=>3> 
2>71C645=8O : A5B8 ?>AB>O==>3> B>:0  
A ?><>ILN ?CA:>2>3> @5>AB0B0. 
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���"$�&"$!�/ $��"&� № 12. 

�AA;54>20=85 @01>BK M;5:B@8G5A:>3> 35=5@0B>@0  

#>AB>O==>3> B>:0 ?0@0;;5;L=>3> 2>71C645=8O. 
 

*5;L @01>BK: 
#>;CG8BL ?@0:B8G5A:85 =02K:8 GB5=8O 8 A1>@:8 M;5:B@8G5A:>9 AE5<K M;5:B@8G5A:>3> 
35=5@0B>@0 ?>AB>O==>3> B>:0 ?0@0;;5;L=>3> 2>71C645=8O 
�0?CAB8BL M;5:B@8G5A:89 35=5@0B>@ ?>AB>O==>3> B>:0 ?0@0;;5;L=>3> 2>71C645=8O 
A ?><>ILN 0A8=E@>==>3> 42830B5;O ?5@5<5==>3> B>:0 8 ?>4:;NG8BL : =5<C M;5:B@8G5A:CN 
=03@C7:C. 
%=OBL E0@0:B5@8AB8:C E>;>AB>3> B>:0 35=5@0B>@0. 
%=OBL 2=5H=NN 8 @53C;8@>2>G=CN E0@0:B5@8AB8:8 35=5@0B>@0 ?@8 @07;8G=KE 2:;NG5=8OE 
=03@C7:8. 
%@02=8BL ?>;CG5==K5 E0@0:B5@8AB8:8 A> AB0=40@B=K<8 8 A45;0BL 2K2>4 > :0G5AB25 
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