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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. 

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. 
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"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. 
           &01;8F0 №2 

№ 

�� �$�!"  

#$� �+�!�� 

 

U U0 U: I $ 

� � � � �B 
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1      R$�"%&�&�  =  0 

2      R$�"%&�&�  - A@54=55 7=0G5=85 
3      R$�"%&�&�   - <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 Z� R>1I 

R0 

@5>A
B0B
0 

Ra 

:0BC
H:8 

%L 

:0BC
H:8 

COS φ COS φ� 
U0 

:0BC
H:8 

UL 

:0BC
H:8 

Q S 

 "< "< "< "< "< "< - - � � ��@ �� 

1             

2             

3             

4  -   - -  -     

5  -   - -  -     

 

 

 

)(

)(

cos

cos

)(

)(

)(

)(

)(

)(

)(

)(

2

2

22

��F5?8<>I=>ABP?>;=0SUS

��@F5?8<>I=>ABP@50:B82=0SXQ

AB88=4C:B82=>:0BCH:8G0AB80:B82=>9<>I=>AB8B:>QDD8F85=
Z

R

F5?8<>I=>AB8B:>QDD8F85=
U

P

�AB88=4C:B82=>:0BCH:5=0=0?@S65=8S?045=8558=4C:B82=>XU

�:0BCH:5=0=0?@S65=8S?045=850:B82=>5RU

"<AB88=4C:B82=>:0BCH:8=85A>?@>B82;50:B82=>5RRR

"<F5?8=85A>?@>B82;50:B82=>5>1I55$
R

"<AB88=4C:B82=>:0BCH:885A>?@>B8;5=?>;=>5U
Z

"<:0BCH:8=85A>?@>B82;558=4C:B82=>RZX

"<@5>AB0B0=85A>?@>B82;50:B82=>5U
R

"<F5?8=85A>?@>B82;5?>;=>5U
Z

L

k

:0Ba

k

LL

:0BCH:8a0

a>1I:0

>1I

k

k

kakL

a

a

ý
ý

ý


ý

ý

ý

ý


ý


ý

ý


ý


ý







13 

 

���"$�&"$!�/  $��"&� № 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. 

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=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.  
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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 @57>=0=A0 B>:>2. #>: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.  

6.  

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

 U I I: IC φ COS φ - 

 � � � � 3@04CA -  

1       %1=16 <:$ 

2       
%2=32 <:$ 

@57>=0=A B>:>2 

3       %3=58 <:$ 

 

7. #> @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 

 - "< "< "< "< � � � 

1         

2         

3         

 

)(

)(

)(cos

)(

)(

)(cos

)(

22

22

�:0BCH:8B>:00SA>AB02;SRI@50:B82=0S
�:0BCH:8B>:00SA>AB02;SRIS8=4C:B82=0

�:0BCH:8B>:00SA>AB>2;SRI0:B82=0S

"<@0:>=45=A0B>85A>?@>B8;5=5<:>AB=>5U
X

"<:0BCH:8=85A>?@>B82;558=4C:B82=>RZX

"<:0BCH:8=85A>?@>B82;50:B82=>5ZR

"<:0BCH:8=85A>?@>B82;5?>;=>5U
Z

CL@

akL

kka

C

C

kkL

kk0k

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 
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�K1>@ ?@81>@>2, 8A?>;L7C5<KE 4;O >?@545;5=8O ?0@0<5B@>2 M;5:B@8G5A:>9 F5?8 
 

*5;L @01>BK: "?@545;8BL 8 2K1@0BL =5>1E>48<KE 4;O 87<5@5=8O M;5:B@8G5A:8E ?0@0<5B@>2 2 
F5?8 87<5@8B5;L=KE ?@81>@>2. $0AAG8B0BL :;0AA B>G=>AB8 ?@81>@0, 01A>;NB=CN 8 
>B=>A8B5;L=CN ?>3@5H=>AB8  87<5@5=8O. �:;NG8BL 87<5@8B5;L=K5 ?@81>@K 2 M;5:B@8G5A:CN 
F5?L.  

 

�;O 87<5@5=8O M;5:B@8G5A:8E ?0@0<5B@>2 2 F5?8 =5>1E>48<> 2:;NG8BL 87<5@8B5;L=K5 
?@81>@K.    �;O 87<5@5=8O B>:0 2 :0:>9- ;81> CG0AB:5 M;5:B@8G5A:>9 F5?8 0<?5@<5B@ =04> 
2:;NG8BL B0: , GB>1K 87<5@O5<K9 B>: ?@>E>48; G5@57 =53>. %;54>20B5;L=> , 0<?5@<5B@ 
2:;NG05BAO   CBE?54BваF5?ьAB   A B5< A>?@>B82;5=85< ,B>: 2 :>B>@>< =5>1E>48<> 87<5@8BL 
 

 

 

 

 

  

 �>;LB<5B@ 2:;NG0NB CаDа??5?ьAB B><C A>?@>B82;5=8N, =0?@O65=85 =0 :>B>@>< 
=5>1E>48<> 87<5@8BL 
 

 

 

 

 

 

 

 

 

  �;O 87<5@5=8O <>I=>AB8 2 F5?OE ?>AB>O==>3> B>:0 
8A?>;L7CNB 20BB<5B@ M;5:B@>48=0<8G5A:>9 A8AB5<K. 
!5?>4286=CN (0<?5@<5B@>2CN) >1<>B:C 20BB<5B@0 
2:;NG0NB 2 F5?L ?>A;54>20B5;L=>, ?>4286=CN 
(2>;LB<5B@>2CN) –?0@0;;5;L=> ?>B@518B5;N.  
 

� A>>B25BAB288 A MB8< =0 ;8F52CN ?0=5;L 20BB<5B@0 
2K2545=K G5BK@5 7068<0, 420 87 :>B>@KE >1>7=0G0NB 
A8<2>;>< –* I  (B>:>2K5 7068<K), 0 420 4@C38E–   A8<2>;>< –
*U (7068<K =0?@O65=8O). �20 7068<0 ?><5G5=K 72P74>G:0<8 
* =07K20NB 35=5@0B>@=K<8. 

 

$0AA<>B@8< @5H5=85 B8?>2>3> ?@8<5@0 
 

  *5?L ?5@5<5==>3> B>:0 A> A<5H0==K< A>548=5=85< @578AB>@>2 A>AB>8B 87 G5BK@PE  
@578AB>@>2. � M;5:B@8G5A:>9 F5?8 G5@57 @578AB>@ R 4 ?@>E>48B B>: I 4 = 1,3 A, 

0 =0 @578AB>@5 R 2 ?0405B =0?@O65=85 U 2 = 113 В. 

  �;O 87<5@5=8O =0?@O65=8O =0 7040==>< @578AB>@5, B>:0 2  7040==>< @578AB>@5 8 >1I59 
<>I=>AB8 2A59 F5?8 =5>1E>48<> 2 M;5:B@8G5A:CN AE5<C 2:;NG8BL 2>;LB<5B@, 0<?5@<5B@ 8 
20BB<5B@. !0G5@B8BL M;5:B@8G5A:CN F5?L A 87<5@8B5;L=K<8 ?@81>@0<8. #>4>1@0BL ?> 
B01;8F0< 2>;LB<5B@ 8 0<?5@<5B@ 4;O 87<5@5=8O 7040==KE ?0@0<5B@>2 F5?8, >15A?5G820NICN 
=08<5=LHCN ?>3@5H=>AB8  8 ?>4AG8B0BL MBC ?>3@5H=>ABL: 
 

%E5<0 2:;NG5=8O 20BB<5B@0  
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Т45лиц4 № 1   К?аEE FBчABEF8 8 в5DхA89 CD545? 87@5D5A8я а@C5D@5FDBв 

 

 

Т45лиц4 № 2    К?аEE FBчABEF8 8 в5DхA89 CD545? 87@5D5A8я вB?ьF@5FDBв 

№ �;0AA 
B>G=>A
B8 γ % 

�5@E=89 
?@545; 
87<5@5=8S � 

№ �;0AA 
B>G=>AB8 

γ % 

�5@E=89 
?@545; 
87<5@5=8S � 

№ �;0AA 
B>G=>AB
8  γ % 

�5@E=89 
?@545; 
87<5@5=8S, � 

1 1,5 0,5 8 1,5 10 15 1,5 50 

2 2,5 1,5 9 2,5 250 16 2,5 70 

3 2,5 1,0 10 4,0 300 17 4,0 75 

4 2,5 2,0 11 2,5 10 18 1,5 100 

5 4,0 2,0 12 1,5 15 19 1,5 300 

6 2,5 3,0 13 2,5 30 20 2,5 500 

7 4,0 5,0  4,0 30    

&0: :0: =5>1E>48<> 87<5@8BL B>: 2 G5B25@B>< @578AB>@5 B> 0<?5@<5B@ 2:;NG05< 
?>A;54>20B5;L=> A G5B25@BK< @578AB>@>< 

 

№ �;0AA 
B>G=>A
B8 γ % 

�5@E=89 
?@545; 
87<5@5=8S, 

� 

№ �;0AA 
B>G=>AB8 

γ % 

�5@E=89 
?@545; 
87<5@5=8S  � 

№ �;0AA 
B>G=>AB
8 γ % 

�5@E=89 
?@545; 
87<5@5=8S, � 

1 1,5 1 7 1,5 5 13 1,5 20 

2 2,5 1 8 4,0 5 14 1,0 20 

3 2,5 2 9 1,0 10 15 1,5 25 

4 1,0 2 10 2,5 10 16 2,5 25 

5 1,5 3 11 2,5 15 17 1,0 30 

6 2,5 3 12 4,0 15 18 4,0 30 
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�;O 87<5@5=8O =0?@O65=8O =0 2B>@>< @578AB>@5 2>;LB<5B@ 2:;NG05< ?0@0;;5;L=> 5<C. 

 
�;O 87<5@5=8O <>I=>AB8 M;5:B@8G5A:>9 F5?8 2:;NG05< 20BB<5B@ 

 

 
 

+B>1K ?@028;L=> 2K1@0BL 0<?5@<5B@ 4;O 87<5@5=8O B>:0 I 4 = 1,3 A, ?>;L7C5<AO B01;8F59 
№ 1 ?> ?@028;C I AB@ ≥ I 4.    �CGH5 2A5E ?>4E>48BL 0<?5@<5B@ E I ��� = 2 А 8 :;0AA>< 
B>G=>AB8   γ = 1,0 %  ( 2 B01;8F5 0<?5@<5B@ AB>8B №4) 
�;0AA B>G=>AB8 ?@81>@0 G8A;5=> @025= ?@8254P==>9 ?>3@5H=>AB8 ?@81>@0  %100

A

A

AB@

÷ ý  

,  345 А ���  – =><8=0;L=0O 25;8G8=0 ?@81>@0 (25@E=89 ?@545; 53> 87<5@5=8O) 
�7 2KH5 ?@8254P==>9 D>@<C;K =0E>48< 01A>;NB=CN ?>3@5H=>ABL 87<5@5=8O

A02,0
%100

A2%0.1

%100

A
A

AB@ ý


ý


ý
÷

   
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"?@545;O5< >B=>A8B5;L=CN ?>3@5H=>ABL 87<5@5=8O ?> D>@<C;5:
 %54,1%100

A3.1

A02,0
%100

A

A

1

ýýý


 

 

 +B>1K ?@028;L=> 2K1@0BL 2>;LB<5B@ 2 B01;8F5 № 2 4;O 87<5@5=8O =0?@O65=8O  =0 2B>@>< 

@578AB>@5   U 2 = 113 В. ?@8<5=O5< B> 65 CA;>285, 0 8<5==> U���  ≥ U2 

�CGH5 2A5E ?>4E>48BL 2>;LB<5B@ 2 B01;8F5 № 9  A U ��� = 250 B 8 :;0AA>< B>G=>AB8   γ = 5%.  
�=0;>38G=> >?@545;O5< ?>3@5H=>AB8 87<5@5=8O  
�1A>;NB=0O  ?>3@5H=>ABL ?@8 87<5@5=88 =0?@O65=8O 
"?@545;O5< >B=>A8B5;L=CN ?>3@5H=>ABL 87<5@5=8O ?> 
D>@<C;5      

 

 

 ���"$�&"$!�/  $��"&� № 6 

�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. 
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-;5:B@>?@82>4>< =07K205BAO M;5:B@><5E0=8G5A:>5 CAB@>9AB2>, >ACI5AB2;ONI55 
?@5>1@07>20=85 M;5:B@8G5A:>9 M=5@388 2 <5E0=8G5A:CN 8 >15A?5G820NI55 C?@02;5=85 
<5E0=8G5A:>9 M=5@3859.   -;5:B@>?@82>4 ?@82>48B 2 42865=85 @07=>>1@07=K5 <0H8=K 8 

#>:070=8O 
?@81>@>2 

$2 2K:;NG5= $2 2:;NG5= 

"?OB 1 "?OB 2 "?OB 3 "?OB 4 
!03@C7:0 

>B:;NG5=0 

#>;>65=8O :>=B@>;;5@0 P4 

1  2 3 

U=03@ (�)     

I2 (�)     

I= (�)     

cosφ     
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<5E0=87<K: =0A>AK, 25=B8;OB>@K, :><?@5AA>@K, 2>74CE>4C2=K5 CAB0=>2:8, AB0=:8, ?>4J5<=K5 
:@0=K, 4@>18;:8, 704286:8, ;5154:8 8 B.4. 
  #@028;L=K9 2K1>@ M;5:B@>42830B5;O, 2 ?5@2CN >G5@54L 53> :>=AB@C:B82=>3> 8A?>;=5=8O 8 
=><8=0;L=>9 <>I=>AB8, 8<55B 1>;LH>5 M:>=><8G5A:>5 7=0G5=85, B.:. >?@545;O5B 53> 
?5@2>=0G0;L=K5 70B@0BK (:0?8B0;L=K5 2;>65=8O) 8 AB>8<>ABL M:A?;C0B0F8>==KE @0AE>4>2 
M;5:B@>?@82>40. 
� ����+' �Ы�"$� -���&$"�����&��/ �)"�/&: 
1. �K1>@ @>40 B>:0 8 53> =><8=0;L=>3> =0?@O65=8O 

2. �K1>@ =><8=0;L=>9 G0AB>BK 2@0I5=8O 

3. �K1>@ :>=AB@C:B82=>3> 8A?>;=5=8O 

4. "?@545;5=85 =><8=0;L=>9 <>I=>AB8 8 2K1>@ A>>B25BAB2CNI53> 59 42830B5;O ?> :0B0;>3C 

    � ?@>872>4AB25==KE CA;>28OE  ?C=:BK 1,2,3 G0I5 2A53> C65 7040=K. "A=>2=K<8 D0:B>@0<8, 
>?@545;ONI8<8 2K1>@ 42830B5;O, O2;ONBAO  <>I=>ABL 8 E0@0:B5@ @01>B0NI53> >B M;.42830B5;O 
@01>G53> <5E0=87<0. 
 #@8<5=5=85 42830B5;O: 
�)  =54>AB0B>G=>9 <>I=>AB8: 
 %=8605B ?@>872>48B5;L=>ABL @01>G59 <0H8=K 

 !0@CH05B 55 =>@<0;L=CN @01>BC 

 #@82>48B : 020@8O< 8 2KE>4C 42830B5;O 87 AB@>O 87-70 ?5@53@520 53> ?@8 ?5@53@C7:5 

�)  702KH5==>9 <>I=>AB8 

 #@82>48B : ?>2KH5=8N ?>B5@L M;5:B@>M=5@388 

 %=865=8N �#� 8 :>MDD8F85=B0 <>I=>AB8  cos φ. 

 '4>@>60=8N CAB0=>2;5==>3> >1>@C4>20=8O 

 '25;8G5=8N 3010@8B>2 CAB0=>2:8 

%)  ?@028;L=> 2K1@0==K9 42830B5;L: 
 �>;65= 1KBL 703@C65= ?>;=>ABLN 

 $01>B0BL =5 ?5@53@520OAL 

 "1;040BL <0:A8<0;L=K< <><5=B><, 4>AB0B>G=K< 4;O ?@5>4>;5=8O 2>7<>6=KE 
:@0B:>2@5<5==KE ?5@53@C7>: 

 �<5BL 871KB>G=K9 ?CA:>2>9 <><5=B 

 �<5BL 4>AB0B>G=> 2KA>:CN =><8=0;L=CN A:>@>ABL  

    %;54C5B CG8BK20BL, GB> ?@8 7040==>9 <>I=>AB8  M;. 42830B5;O 53> @07<5@K, <0AA0 8 
AB>8<>ABL A=860NBAO ?@8 ?>2KH5=88 =><8=0;L=>9 A:>@>AB8. #>MB><C 2 ?@>F5AA5 
?@>5:B8@>20=8O M;5:B@>?@82>40 A;54C5B >B4020BL ?@54?>GB5=85 2KA>:>A:>@>AB=K< 42830B5;O< 
A G0AB>B>9 2@0I5=8O 2KH5 1000 >1/<8=. #@8 MB><, 5A;8 @01>G85 <5E0=87<K B@51CNB 
?>=865==KE A:>@>AB59 ?@8 M:A?;C0B0F88, 2 ?@82>45 =5>1E>48<0 <5E0=8G5A:0O, 384@02;8G5A:0O 
8 B.4. ?5@540G8. &0: 65 A B>G:8 7@5=8O =0456=>AB8 8 M:>=><8G=>AB8 2 ?5@2CN >G5@54L 
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@0AA<0B@8205BAO 2>7<>6=>ABL ?@8<5=5=8O 0A8=E@>==KE 42830B5;59 A :>@>B:>70<:=CBK< 
@>B>@><, :0: =081>;55 ?@>ABKE 2 M:A?;C0B0F88, 8<5NI8E <5=LH85 3010@8BK, <0AAC 8 
AB>8<>ABL, 0 B0: 65 ?>2KH5==K5 M=5@35B8G5A:85 ?>:070B5;8 ?> A@02=5=8N A 4@C38<8 M;5:B@>- 

42830B5;O<8. 
' M;5:B@>42830B5;59 @07;8G0NB <>I=>AB8: 
1.   !><8=0;L=CN ?@>4>;68B5;L=CN – C:07K205BAO =0 I8B:5 M;.42830B5;O. �5 42830B5;L <>65B  

      @072820BL ?@>872>;L=>  4>;3>5 2@5<O, =5 ?5@53@520OAL A25@E =>@<K, >3@0=8G5==>9     
      4>?CAB8<>9 B5<?5@0BC@>9 87>;OF88 >1<>B>: 42830B5;O.  >I=>ABL $=>< A>>B25BAB2C5B  
      @01>B5 M;.42830B5;O ?@8 B5<?5@0BC@5 >:@C60NI59 A@54K @02=>9 40º. 
2.   �@0B:>2@5<5==CN ?5@53@C7>G=CN – MBC <>I=>ABL M;.42830B5;L <>65B @072820BL ?@8 
>?@545;5==>9 ?@>4>;68B5;L=>AB8 2:;NG5=8O (#�) =5 =03@520OAL A2KH5 4>?CAB8<KE 4;O 
53> 87>;OF88 B5<?5@0BC@. !0 I8B:5 B0:8E 42830B5;59 C:07K205BAO :@0B:>2@5<5==0O 
<>I=>ABL 8 2@5<O, 2 B5G5=88 :>B>@>3> >=0 4>?CAB8<0. 

 

 

$568<K @01>BK M;5:B@8G5A:8E 42830B5;59 

 

$568< @01>BK M;. 42830B5;O >?@545;O5BAO E0@0:B5@>< 87<5=5=8O =03@C7:8 @01>G53> <5E0=87<0. 
)0@0:B5@ 87<5=5=8O =03@C7:8 >?@545;O5BAO =03@C7>G=>9 4803@0<<>9 <5E0=87<0. #> =59 
>?@545;O5BAO 7028A8<>ABL 87<5=5=8O <><5=B0 =03@C7:8 <5E0=87<0 >B 2@5<5=8 2 B5G5=88 
:>B>@>3> MB> 87<5=5=85 ?@>8AE>48B. &0: :0: <5E0=87<K <>3CB @01>B0BL 2 @07;8G=KE @568<0E 

( =0?@8<5@ 25=B8;OB>@ @01>B05B 4;8B5;L=>5 2@5<O =5 <5=OO A2>59 =03@C7:8; ?>4J5<=K9 
<5E0=87< <>65B ?>4=8<0BL 3@C7K @07;8G=>3> 25A0 . >AB0=02;820OAL ?@8 MB>< 2 >?@545;5==K5 
<><5=BK  8 B.4.), B> 8 42830B5;8 . >B :>B>@KE >=8 @01>B0NB. &0: 65  <>3CB 8<5BL @07;8G=K5 
=03@C7:8 =0 A2>5< 20;C.  
#@8 2A5< <=>3>>1@0788 @01>B 2K45;ONB B@8 @568<0 @01>BK M M;.42830B5;O: 
1. �;8B5;L=K9 ( ?@>4>;68B5;L=K9) – >1>7=0G05BAO =0 I8B:5 S1 

2. �@0B:>2@5<5==K9 – S2 

3. #>2B>@=> – :@0B:>2@5<5==K9 - S3 

  �;8B5;L=K9 @568< – ?@8 =5< B5<?5@0BC@0 M;. 42830B5;O 4>AB8305B CAB0=>282H53>AO 7=0G5=8O, 
?@8 :>B>@>< 2AO B5?;>B0, 2K45;ONI0OAO 2 42830B5;5, >B405BAO 2 >:@C60NICN A@54C 8 
=0ABC?05B B5?;>2>5 @02=>25A85. 
� MB>< @568<5 @01>B0NB =0A>AK, 25=B8;OB>@K, :><?@5AA>@K, 2>74CE>4C2:8, 1C@>2K5 AB0=:8, 
4@>18;:8, <5;L=8FK, A5?0@0>@K. 
  $07;8G0NB 4;8B5;L=K9 @568< A ?>AB>O==>9 8 ?5@55==>9 =03@C7:0<8.  

!03@C7>G=K5 4803@0<<K 4;O 4;8B5;L=>3> @568<0. 
            

       #>AB>O==0O =03@C7:0                #5@5<5==0O =03@C7:0 
 

$       $     
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                       t                                                            t1            t2       t3      t4            t 

 

 

!0 I8B:5 M;.42830B5;O, ?@54=07=0G5==>3> 4;O ?@>4>;68B5;L=>3> @568<0 @01>BK, =><8=0;L=K9 
@568< >1>7=0G05BAO A>:@0I5==K< A;>2><  " �;8B. " 8;8  S1. 

 

�@0B:>2@5<5==K9 @568< – 42830B5;L @01>B05B >3@0=8G5==>5 2@5<O  t@, 2 B5G5=88 :>B>@>3> 53> 
B5<?5@0BC@0 =5 4>AB8305B CAB0=>282H53>AO 7=0G5=8O. #0C7K  t> 2 @01>B5 25;8:8 8 M;. 42830B5;L 
CA?5205B ?>;=>ABLN >E;048BLAO. 
� MB>< @568<5 @01>B05B >3@0=8G5==>5 G8A;> <5E0=87<>2, ?>MB><C A5@89=> >=8 =5 
2K?CA:0NBAO. �E 45;0NB A?5F80;L=> 4;O >?@545;5==KE CAB0=>2>: (=0?@8<5@ – <5E0=87< 
2K4286=KE D0@, 
704286:8 B@C1>?@>2>4>2 8 B.4. 
 

=03@C7>G=0O 4803@0<<0 4;O :@0B:>2@5<5==>3> @568<0 
 

    $ 

 

 

 

 

 

 

       t1        t0        t2 

        

       !0 I8B:5 B0:>3> M;. 42830B5;O C:07K205BAO 2@5<O @01>BK ?@8 =><8=0;L=>9 <>I=>AB8: 15, 
30. 60. 90 <8=CB 8 A8<2>; S2. 

 

#>2B>@=> – :@0:B>2@5<5==K9 @568< – ?@8 =5< @53C;O@=> G5@54CNBAO :@0B:>2@5<5==K5 
?5@8>4K @01>BK t@ A :@0B:>2@5<5==K<8 ?5@8>40<8 ?0C7 t>. #@8G5< 2 ?5@8>4  =03@C7:8 
B5<?5@0BC@0 42830B5;O =5 4>AB8305B CAB0=>282H53>AO 7=0G5=8O, 0 2 ?5@8>4 ?0C7K (>B:;NG5=8O) 
>=0 =5 CA?5205B >?CAB8BLAO 4> C@>2=O B5<?5@0BC@K >:@C60NI59 A@54K. 
  � MB>< @568<5 @01>B0NB M;5:B@>?@82>4K ?>4J5<=KE :@0=>2, ;5154>:, ?@5AA>2 8 B.4. 
 

 

=03@C7>G=0O 4803@0<<0 4;O ?>2B>@=> - :@0B:>2@5<5==>3> @568<0 
 

 

    $ 

 

 

 

 

 

 

 

 

                     t1               t2      t3           t0                     t1            t2       t3 

 

                                        t@ 
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                                      tF 
�06=59H59 E0@0:B5@8AB8:>9 ?>2B>@=> - :@0B:>2@5<5==>3> @568<0 O2;O5BAO >B=>A8B5;L=0O 
?@>4>;68B5;L=>ABL 2:;NG5=8O #�% 

 

#�% = t@ · 100%     =  t@  ·  100%                  

             t @ + t0              tF 

 

t@ – 2@5<O @01>BK 

 t0 – ?@>4>;68B5;L=>ABL ?0C7K 

 tF – ?@>4>;68B5;L=>ABL F8:;0 
#@>4>;68B5;L=>ABL ?>2B>@=> - :@0B:>2@5<5==>3> @568<0 =5 4>;6=0 ?@82KH0BL 10 <8=CB. 
� ?@>B82=>< A;CG05 @568< @01>BK  AG8B05BAO 4;8B5;L=K<. -;. 42830B5;8 MB>3> @568<0 
A?5F80;L=> 2K?CA:0NBAO ?@><KH;5==>ABLN. !0 I8B:5 42830B5;O 2 3@0D5 “@568< @01>BK “ 
':07K205BAO #�% 8 A8<2>; S3. 

 �=0G5=8O #� AB0=40@B878@>20=K 8 A>AB02;ONB 15, 25, 40, 60 8 100%. 
#� = 100% A>>B25BAB2C5B ?>4>;68B5;L=><C @568<C. +5< 2KH5 #�%, B5< <5=LH5 ?0C7K 2 
@01>B5. 
�;O :064>3> 87 MB8E @568<>2 CA;>28O =03@520 8 >E;0645=8O M;.42830B5;59 @07;8G=K. 

 

!03@52 M;5:B@8G5A:8E <0H8= 

 

�> 2@5<O  @01>BK 2 M;. 42830B5;5 2>7=8:0NB ?>B5@8 M=5@388. �>B>@K5 ?@52@0I0NBAO 2 B5?;>BC 
8 =03@520NB >1<>B:8 8 4@C385 G0AB8 42830B5;O. !081>;55 GC2AB28B5;L=0 : =03@52C 87>;OF8O  
>1<>B>:. %@>: A;C61K 87>;OF88 ?@0:B8G5A:8 >?@545;O5B A@>: A;C61K M;.42830B5;O. 
�@0B:>2@5<5==K5 8 =5 <0:A8<0;L=> 2KA>:85 ?5@53@52K =5 ?@82>4OB : 2KE>4C 87 AB@>O  
-;5:B@8G5A:>9 <0H8=K, => 7=0G8B5;L=> A>:@0I0NB A@>: 55 A;C61K. &0: ?@8 =03@C7:5 1,25 
$=>< 

A@>: A;C61K A>:@0I05BAO 4> ?>;CB>@0 <5AOF52, 0 ?@8 =03@C7:5 1,5 >B =><8=0;L=>9  ?@>8AE>48B 
2KE>4 42830B5;O 87 AB@>O G5@57 B@8 G0A0 @01>BK. 
   >I=>ABL 2K1@0==>3> M;. 42830B5;O  4>;6=0 8<5BL B0:>5 7=0G5=85, GB>1K 53> 87>;OF8O =5 
?5@53@520;0AL ?@8 =081>;55 BO65;KE CA;>28OE @01>BK ?@82>40. 
  #> =03@52>AB>9:>AB8 87>;OF8>==K5 <0B5@80;K ?>4@0745;ONBAO =0 :;0AAK ?> �"%& 8865 – 95. 

"= CAB0=02;8205B <0:A8<0;L=K5 4>?CAB8<K5 B5<?5@0BC@K =03@520 4;O :064>3> :;0AA0 
87>;OF88. 
 

�;0AA =03@52>-
AB>9:>AB8 

�>?CAB8<0O  
 B5<?5@0BC@0 

 

 

        

           � 

       

       105 

)/1 B:0=L, 1C<030, H5;:, ?@>?8B0==K5 684:8< 
87>;OF8>==K< <0B5@80;>< 

           �        120 %8=B5B8G5A:85 >@30=8G5A:85 ?;5=:8 8 4@. 
        

           � 

   

       130 

 0B5@80;K 87 0A15AB0, AB5:;>2>;>:=0, A;N4K, A>45@60I85 
A2O7CNI85 25I5AB20 

           

           F      

        

       155 

%B5:;>2>;>:=>, A;N40, 0A15AB 2 A>G5B0=88 A 
?@>?8BK20NI8<8 

8 A2O7CNI8<8 A8=B5B8G5A:8<8 <0B5@80;0<8 

            

           ! 

        

       180 

%B5:;>2>;>:=>, A;N40, 0A15AB 2 A>G5B0=88 A 
?@>?8BK20NI8<8 

:@5<=89>@30=8G5A:8<8 A>AB020<8 

            

           % 

      

     >180 

%;N40, :5@0<8G5A:85 <0B5@80;K. %B5:;>, :20@F. 
#@8<5=O5<K5 A =5>@30=8G5A:8<8 A2O7CNI8<8 A>AB020<8 
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8;8 157 A2O7CNI8E A>AB02>2 
 

':070==K5 @01>G85 B5<?5@0BC@K CAB0=>2;5=K, 8AE>4O 87 A@>:0 A;C61K M;.42830B5;O 10 – 15 ;5B 
?@8 =><8=0;L=>9 =03@C7:5. 
  �;O CG5B0 @07=>>1@07=KE CA;>289 @01>BK  M;.42830B5;O 8 ?@028;L=>3> >?@545;5=8O 53> 
<>I=>AB8  AB@>OB =03@C7>G=K5 4803@0<<K,  2 :>B>@KE >?@545;O5BAO 7028A8<>ABL: 
 �@0I0NI53> <><5=B0 >B 2@5<5=8    2@ = � ( t ) 

  >I=>AB8 =0 20;C >B 2@5<5=8   $ = � ( t ) 

 -;5:B@8G5A:>3> B>:0 >B 2@5<5=8   I = � ( t ) 

 

!0 ?@0:B8:5 >1KG=> ?>;L7CNBAO 4803@0<<>9 <><5=B>2. 
 

$�%+�&!" –  �$�(�+�%��/    $��"&� 

  

«$0AG5B <>I=>AB8 8 2K1>@ 42830B5;O 4;O @01>G53> <5E0=87<0, @01>B0NI53> A ?5@5<5==>9 
=03@C7:>9» 

 

$�%'�& ��/ ��И��&��/ #$"�"��И&��,!"�" $��И � 

1. "?@545;5=85 =><8=0;L=>9 <>I=>AB8 ?@>872>48BAO ?> <5B>4C M:2820;5=B=>3> <><5=B0: 

 

   M =:   1
2
t1  +  2

2
t2  + & +  n

2
tn  ( ! < )       

                                      t1  + t 2 +  &  +   tn 

 

 

345           t1  -  2@5<O @01>BK ?@8 ?>AB>O==>< <><5=B5 =03@C7:8  1       

                      t2  -  2@5<O @01>BK ?@8 ?>AB>O==>< <><5=B5 =03@C7:8  2  8 B.4. 
 

#> CA;>28N 7040G8 AB@>8BAO =03@C7>G=0O 4803@0<<0 8 ?> D>@<C;5 1 ?@>872>48BAO @0AG5B  M 
 

< 

 

 

 

 

 

 

 

 

                           t1     t2                               t3                             t4                              t 

 

2. "?@545;5=85 <>I=>AB8, A>>B25BAB2CNI59 M:2820;5=B=><C <><5=BC: 

 

             $M =   M · n           (:�B)      
  9550 

 

345   n – G0AB>B0 2@0I5=8O @01>G59 <0H8=K, >1/<8= 

 1 

 1 

 2 

 3 

 4 

2 
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3. #> :0B0;>3C 2K18@05BAO 42830B5;L A =><8=0;L=>9 <>I=>ABLN  

            $=><  g $M     8        n=><  j n            
 

4. �K1@0==K9 42830B5;L 2K18@05BAO ?@>25@O5BAO =0 ?5@53@C7>G=CN A?>A>1=>ABL 8 ?> 
?CA:>2><C <><5=BC: 

a) #@8 ?@>25@:5 =0 ?5@53@C7>G=CN A?>A>1=>ABL 4>;6=> 2K?>;=OBLAO CA;>285: 

                   AB max   f 0,85  :@               
 

     :@   -  :@8B8G5A:89 (<0:A8<0;L=K9) <><5=B 42830B5;O 
     0,85 – :>MDD8F85=B, CG8BK20NI89 2>7<>6=>5 A=865=85 =0?@O65=8O 
 

                  :@ = km  =><      
 

( 2 :0B0;>35 A5@89=> 2K?CA:05<KE ?@><KH;5==>ABLN 42830B5;59                                               
G0I5 2A53> 405BAO :0:       km  =   :@      ) 
                                              =>< 

 

km  - ?5@53@C7>G=0O A?>A>1=>ABL 8;8 :@0B=>ABL <0:A8<0;L=>3> <><5=B0 
 =><  - =><8=0;L=K9 <><5=B 42830B5;O 
 

            =>< =  9550 · $=><      (!<) 
                    n=>< 

 

 

$=><  - =><8=0;L=0O <>I=>ABL 42830B5;O 
n=><  - =><8=0;L=0O G0AB>B0 2@0I5=8O  42830B5;O 
 

b) ?@8 ?@>25@:5 ?> ?CA:>2><C <><5=BC 4>;6=> 2K?>;=OBLAO CA;>285 : 

 

           ?CA:  g   AB ?CA:     

 

        345       AB ?CA:   - ?CA:>2>9 AB0B8G5A:89 <><5=B ?> =03@C7>G=>9 4803@0<<5 ( A0<K9 ?5@2K9  
?> AG5BC -   1  ) 

          ?CA:  - ?CA:>2>9 <><5=B 42830B5;O 
 

         ?CA:  =  kn  =><    

               

      345  kn  - :@0B=>ABL ?CA:>2>3> <><5=B0 ( 15@5BAO 87 :0B0;>30, G0I5 2A53> 405BAO :0:    ?CA:   
  =>< 

 

5. �A;8 42830B5;L =5 C4>2;5B2>@O5B CA;>28O< ?CA:0 8;8 ?5@53@C7:8, B> A;54C5B 2K1@0BL  

      42830B5;L 1;8609H59 1>;LH59 <>I=>AB8 8 4;O ?>2B>@8BL @0AG5B. 
 

 

#$� �$ 1 
 

3 

4 

7 

5 

6 

8 
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$0AG5B0 <>I=>AB8 8 2K1>@0 42830B5;O 4;O ?@>4>;68B5;L=>3> @568<0 @01>BK. 
 

"?@545;8BL <>I=>ABL 8 2K1@0BL ?> :0B0;>3C 0A8=E@>==K9 42830B5;L A :>@>B:>70<:=CBK< 
@>B>@>< 4;O ?@82>40 ?@>872>4AB25==>3> <5E0=87<0. #> 40==K< ?>AB@>8BL =03@C7>G=CN 
4803@0<<C. +0AB>B0 2@0I5=8O n = 1450 >1/<8=. 
 

 1 = 120 !<        2= 60 !<        3 = 80 !<       4 = 170 !< 

t1= 60 c                t2  = 120 c            t3  = 120 c             t4 = 120 c 

 

 

$5H5=85: 
%B@>8< =03@C7>G=CN 4803@0<<C 
 

   
(!<) 
180 

 

150 

120 

90 

 

60 

30 

 

 

                  60              120                    120                    120               t (c) 

 

 

2.   !0E>48<     M =:   1
2
t1  +  2

2
t2  + & +  n

2
tn =  

                                          t1  + t 2 +  &  +   tn 

 

=:  120
2 ·  60  +  60

2·  120  + 80
2 ·   120 +170

2 ·  120 =  110 ( ! < )       
                                       60  + 120 +120 + 120 

 

3.  !0E>48<       

  

$M =   M · n   =  110 ·1450   = 16,7   (:�B)      
9550 9550 

 

4. �K18@05< ?> :0B0;>3C 42830B5;L A5@88 4� . #@8 2K1>@5 >1@0B8BL 2=8<0=85 =0 G0AB>BC 
2@0I5=8O M;. 42830B5;O n=>< 42. "=0 4>;6=0 ?@81;878B5;L=> A>2?040BL A G0AB>B>9 2@0I5=8O 
@01>G53> <5E0=87<0 n=><  @01. <5E .   �A;8   n=>< 42   =0<=>3> ?@52KH05B n=><  @01. <5E  , 

B> 2 ?@82>45 =5>1E>48<> CAB0=02;820BL @54C:B>@.  
 &5E=8G5A:85 40==K5 M;. 42830B5;O : 
 &8?  4�160 4'3;   $= = 18,5 :�B;     n=>< = 1465 >1/<8=;     η=>< = 89,5%;   cosφ = 0,88; 

k< =  :@ = 2,3;      k? =  ?CA: = 1,4. 

          =><                       =>< 

 

 

 1 

 2 

 3 

 4 
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5. #@>25@O5< 2K1@0==K9 42830B5;L =0 ?5@53@C7>G=CN A?>A>1=>ABL 

�) >?@545;O5< =><8=0;L=K9 <><5=B 42830B5;O  ?> D>@<C;5  
 =>< =  9550 · $=><   =   9550 · 18,5   = 120,6 (!<) 
                n=><                       1465 

 

�) >?@545;O5< :@8B8G5A:89 ( <0:A8<0;L=K9 ) <><5=B 42830B5;O ?> D>@<C;5  
 

 :@ = km ·  =><    =  2,3 · 120.6 = 277,4 (!<) 
 

#> D>@<C;5                AB max   f 0,85  :@  = 0.85 · 277,4 = 235,8 (!<) 
 

 

�K18@05< ?> =03@C7>G=>9 4803@0<<5 <0:A8<0;L=K9 AB0B8G5A:89 <><5=B         

 AB max = 170 (!<) 
 

'A;>285 ?> D>@<C;5                        2K?>;=O5BAO 
  

170 f 235,8 (!<) – ?> ?5@53@C7>G=>9 A?>A>1=>AB8 2K1@0==K9 M;. 42830B5;L ?>4E>48B 4;O 
40==>9 @01>BK 

 

6. #@>25@O5< 2K1@0==K9 42830B5;L ?> ?CA:>2><C <><5=BC  

 ?CA:  =  kn  =><  = 1,4 · 120,6 = 168, 8 (!<) 
 

#CA:>2>9 AB0B8G5A:89 <><5=B >?@545;O5< ?> ?>AB@>5==>9 4803@0<<5      

  AB ?CA:  =  1 = 120 (!<) 
 

 #> CA;>28O<  D>@<C;K   
 ?CA:  g   AB ?CA:     

168.8 g 120  CA;>285 2K?>;=O5BAO – 2K1@0==K9 42830B5;L ?@8 53> CAB0=>2:5 A 40==K< 
?@>872>4AB25==K< <5E0=87<>< 70?CAB8BAO. 
 

 

$�%'�& ��/ ��И��&��/ #"�&"$!" – �$�&�"�$� �!!"�"  $��И �. 
 

1. "?@545;5=85  M 8 $M ?@>872>48BAO ?> D>@<C;0<          8  
 

#@8 MB><  M >?@545;O5BAO B>;L:> 70 2@5<O @01>BK M;. 42830B5;O, 157 CG5B0 2@5<5=8 >AB0=>2>:. 
2.  "?@545;5=85 D0:B8G5A:>9 25;8G8=K ?@>4>;68B5;L=>AB8 2:;NG5=8O M;. 42830B5;O: 
       #�D% = t@ · 100%     =  t@  ·  100%                  

                         t @ + t0                 tF 
 

B.:. #�D  G0I5 2A53> >B;8G05BAO >B #� AB0=40@B=>9, B> $M ?5@5AG8BK20NB =0 1;8609HCN 
AB0=40@B=CN ?@>4>;68B5;L=>ABL 2:;NG5=8O ?> D>@<C;5  
$M AB = $M : #�D 

                     #�AB0=4 
 

#�AB0=4 : 15; 25; 40; 60; 100% 

 

3.   #> :0B0;>3C 2K18@0NB 42830B5;L A =><8=0;L=>9 <>I=>ABLN $=>< ?@8 #�AB0=4 B0:, GB>1K  

6 

5 

4 

4 

8 

7 

 1 2 

9 

10 
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      $=>< g $M AB0=4   ?@8   n=><  j n  ?> D>@<C;5 
 

3. �K1@0==K9 42830B5;L ?@>25@ONB =0 ?5@53@C7>G=CN A?>A>1=>ABL 8 ?> ?CA:>2><C <><5=BC  

      B0: 65 :0: 8 ?@8 4;8B5;L=>< @568<5. 
      �A;8  #� > 60% , B> 42830B5;L 2K18@0NB :0: 4;O 4;8B5;L=>3> @568<0 
      �A;8 #� < 10% , :0: 4;O :@0B:>2@5<5==>3> @568<0. 
 

 

 

#$� �$ 2 
$0AG5B0 <>I=>AB8 8 2K1>@0 42830B5;O 4;O ?>2B>@=> - :@0B:>2@5<5==>3> @568<0 @01>BK 

 

"?@545;8BL <>I=>ABL 8 2K1@0BL ?> :0B0;>3C 0A8=E@>==K9 42830B5;L A :>@>B:>70<:=CBK< 
@>B>@>< 4;O ?@82>40 ?@>872>4AB25==>3> <5E0=87<0, @01>B0NI53> 2 ?>2B>@=> – 
:@0B:>2@5<5==>< @568<5, :>B>@K9 7040= =03@C7>G=>9 4803@0<<>9. #> 40==K< ?>AB@>8BL 
=03@C7>G=CN 4803@0<<C. �2830B5;L 4>;65= @072820BL G0AB>BC 2@0I5=8O n = 700 >1/<8=. 
 1 = 100 !<      2= 70 !<        3 = 0 !<       4 = 60 !<    5 = 40 !<     6 = 0 !<        
t1= 10 c              t2  = 30 c             t3  = 30 c             t4 = 20 c         t5 = 10 c           t6  =30 c 

 

 (!<) 
   2        3        4        5        6       1 
100 

80 

 

60 

40 

 

20 

 

 

                     10            30               30          20    10                   30                     t (c) 

 

$5H5=85: 
1. "?@545;O5< M:2820;5=B=K9 <><5=B 70 @01>G55 2@5<O: 

     M =:   1
2
t1  +  2

2
t2  + & +  n

2
tn      =  

                       t1  + t 2 +  &  +   tn 

 

=:  100
2 ·  10  +  70

2·  30  + 60
2 · 20 +40

2 ·10      =  63,2 ( ! < )       
                                       60  + 120 +120 + 120 

 

2.  !0E>48<  <>I=>ABL, A>>B25BAB2CNICN   M 70 @01>G55 2@5<O: 
  

$M =   M · n   =  63,2 ·700   = 4,63   (:�B)      
9550                9950 

 

3. "B=>A8B5;L=0O ?@>4>;68B5;L=>ABL 2:;NG5=8O 42830B5;O: 

 

#�% = t@ · 100%     =  t@  ·  100%  =  t1 + t2 + t4 + t5        =  10 +30 +20 +10     · 100% = 54% 

                    t @ + t0              tF            t1+t2+t3+t4+t5 +t6         10+30+30+20+10+30 

3 
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4. #5@5AG8BK205< M:2820;5=B=CN <>I=>ABL =0 1;8609HCN AB0=40@B=CN  #�AB  = 60%: 

 

$AB =  $M ·:  #�D     = 4,63 ·: 54  = 4.4  (:�B) 
                    #�AB                60 

  

5.   #> 40==K< :0B0;>30 2K18@05< M;. 42830B5;L =0 #� = 60%  A  $=><  g $M     8   n=><  j n            

 

4�% 112 4'3     $= = 5  :�B;     n=>< = 695 >1/<8=;     η=>< = 78 %;   cosφ = 0,64; 

km =  :@ = 2;      k? =  ?CA: = 1,8. 

           =><                   =>< 

6.   #@>25@O5< 2K1@0==K9 42830B5;L =0 ?5@53@C7>G=CN A?>A>1=>ABL 
�) >?@545;O5< =><8=0;L=K9 <><5=B 42830B5;O  ?> D>@<C;5  
 =>< =  9550 · $=><   =   9550 · 5   = 68,7 (!<) 
                n=><                    695 

 

�) >?@545;O5< :@8B8G5A:89 ( <0:A8<0;L=K9 ) <><5=B 42830B5;O ?> D>@<C;5  
 

 :@ = km ·  =><    =  2 · 68,7 = 137,4 (!<) 
 

#> D>@<C;5                AB max   f 0,85  :@  = 0.85 · 137,7 = 117 (!<) 
 

�K18@05< ?> =03@C7>G=>9 4803@0<<5 <0:A8<0;L=K9 AB0B8G5A:89 <><5=B 
             

 AB max = 100 (!<) 
 

'A;>285 ?> D>@<C;5                        2K?>;=O5BAO 
  

100 f 117 (!<) – ?> ?5@53@C7>G=>9 A?>A>1=>AB8 2K1@0==K9 M;. 42830B5;L ?>4E>48B 4;O 40==>9 
@01>BK 

 

7. #@>25@O5< 2K1@0==K9 42830B5;L ?> ?CA:>2><C <><5=BC  

 ?CA:  =  kn  =><  = 1,8 · 68,7 = 123,7 (!<) 
 

#CA:>2>9 AB0B8G5A:89 <><5=B >?@545;O5< ?> ?>AB@>5==>9 4803@0<<5      

  AB ?CA:  =  1 = 100 (!<) 
 

 #> CA;>28O<  D>@<C;K   
 ?CA:  g   AB ?CA:     

123,7 g 100  CA;>285 2K?>;=O5BAO – 2K1@0==K9 42830B5;L ?@8 53> CAB0=>2:5 A 40==K< 
?@>872>4AB25==K< <5E0=87<>< 70?CAB8BAO. 
 

 

���"$�&"$!�/ $��"&� № 13 

�8AB0=F8>==>5 C?@02;5=85 0A8=E@>==>3> 42830B5;O ?@8 ?><>I8 <03=8B=>3> 
?CA:0B5;O 

 

6 

5 

4 

4 

8 

7 
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*5;L @01>BK: 
#>;CG8BL ?@0:B8G5A:85 =02K:8 GB5=8O 8 A1>@:8 M;5:B@8G5A:>9 AE5<K ?>4:;NG5=8O 
<03=8B=>3> ?CA:0B5;O 4;O 48AB0=F8>==>3> C?@02;5=8O 0A8=E@>==K< M;5:B@8G5A:8< 
42830B5;5<. 
�0?CAB8BL M;5:B@8G5A:89 42830B5;L A ?><>ILN <03=8B=>3> ?CA:0B5;O. 
#@>25AB8 @525@A8@>20=85 42830B5;O A ?><>ILN <03=8B=>3> ?CA:0B5;O. 
�A?KB0BL 0A8=E@>==K9 42830B5;L ?@8 @01>B5 >B 42CE D07 8AB>G=8:0 =0?@O65=8O, ?@8 
>4=>2@5<5==>< =060B88 :=>?>: ?CA:0B5;O «�?5@54» 8 «!0704» 
&5>@5B8G5A:85 A2545=8O: 
%<>B@5BL <5B>48G5A:>5 ?>A>185 "-;5:B@8G5A:89 ?@82>4"  
"1>@C4>20=85 8 ?@81>@K: 
�AB>G=8: ?5@5<5==>3> B@5ED07=>3> B>:0 
&@5ED07=K9 0A8=E@>==K9 42830B5;L 
�01>@0B>@=K9 AB5=4 A <03=8B=K< ?CA:0B5;5< 8 :=>?>G=K< 2K:;NG0B5;5< 

"4=>?>;NA=K9 2K:;NG0B5;L $2 #@81>@K: 
-   �>;LB<5B@ U - 87<5@O5B =0?@O65=85 =0 2E>45 AE5<K, >1>7=0G05BAO U (�); 
 

-;5:B@8G5A:0O AE5<0 ?>4:;NG5=8O : B@5ED07=>9 A5B8 ?5@5<5==>3> B>:0 0A8=E@>==>3> 
42830B5;O ?@8 ?><>I8 <03=8B=>3> ?CA:0B5;O 
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���"$�&"$!�/ $��"&� №14 

�AA;54>20=85 ?>;C?@>2>4=8:>2>3> 48>40 

*5;L @01>BK: >7=0:><8BLAO A @01>B>9, >A=>2=K<8 E0@0:B5@8AB8:0<8 8 

?@8<5=5=85< ?>;C?@>2>4=8:>2KE 48>4>2 - 2K?@O<8B5;L=>3> 48>40, 

48>40 ,>BB:8,  AB018;8B@>=0. 

#>@O4>: 2K?>;=5=8O @01>BK: 
1. �7CG8BL B5>@5B8G5A:85 >A=>2K ?> <0B5@80;0< ;5:F89 8;8 ?5@5G=N @5:><5=4>20==>9 
?@5?>4020B5;5< ;8B5@0BC@K. 
2. '1548BLAO, GB> >1I89 2K:;NG0B5;L <>4C;59 AB5=40 =0E>4OBAO 2 ?>;>65=88 «�Ы��». 
3. #> C:070=8N ?@5?>4020B5;O, 2K1@0BL <>4C;8 AB5=40 4;O 2K?>;=5=8O B5:CI53> 7040=8O. 
#>43>B>28BL A>548=8B5;L=K5 ?@>2>40 (?5@5<KG:8), 2E>4OI85 2 :><?;5:B ?>AB02:8 AB5=40. 
6. %>548=8BL <>4C;8 AB5=40 A>3;0A=> ?@8=F8?80;L=>9 M;5:B@8G5A:>9 AE5<5 8;8 AE5<5 
A>548=5=89. 
7. #@>25AB8 M:A?5@8<5=B. 
8. �K:;NG8BL ?8B0=85 AB5=40. 
9. %>AB028BL >BG5B ?> ;01>@0B>@=>9 @01>B5. 

 #>@O4>: ?@>2545=8O M:A?5@8<5=B0: �AA;54>20=85 
2K?@O<8B5;L=>3> 48>40 

1. %>1@0BL AE5<C 4;O 8AA;54>20=8O 2K?@O<8B5;L=>3> 48>40 VD1 =0 ?>AB>O==>< B>:5 
(@8A.1).  

 

 

 

 

 

 

 

 

 

 

 

�;O 87<5@5=8O 0=>4=>3> B>:0 8A?>;L7>20BL 0<?5@<5B@ 1;>:0 «�7<5@8B5;L=K5 ?@81>@K», 

4;O 87<5@5=8O 0=>4=>3> =0?@O65=8O - 2>;LB<5B@. � :0G5AB25 8AB>G=8:0 ?8B0=8O ?@8<5=8BL 

@53C;8@C5<K9 8AB>G=8: ?8B0=8O «-12�...0...12�» 1;>:0 «�AB>G=8: ?8B0=8O». #@54AB028BL 

AE5<C 4;O ?@>25@:8 ?@5?>4020B5;N. � :0G5AB25 R1 8A?>;L7>20BL A>?@>B82;5=85 100 "< 1;>:0 

«�8>4K, @578AB>@K, :>=45=A0B>@K». 

$8A. 1 �AA;54>20=85 ?>;C?@>2>4=8:>2KE 48>4>2.  
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2. �:;NG8BL M;5:B@>?8B0=85 <>4C;59 AB5=40. %=OBL 2>;LB0<?5@=CN E0@0:B5@8AB8:C 

2K?@O<8B5;L=>3> 48>40 VD1 =0 ?>AB>O==>< B>:5 A=0G0;0 4;O ?@O<>9, 0 70B5< 4;O >1@0B=>9 

25B28. �;O A=OB8O >1@0B=>9 25B28 87<5=8BL ?>;O@=>ABL (-12�&.0). 

$53C;8@CO 2E>4=>5 =0?@O65=85 A ?><>ILN ?>B5=F8><5B@0 «�1» 2 ?@545;0E 0...12�, 87<5@OBL 

B>: ($1) 8 =0?@O65=85 ($2) =0 48>45. $57C;LB0BK 87<5@5=89 70=5AB8 2 B01;. 3.1.1 8 3.1.2. 

�K:;NG8BL M;5:B@>?8B0=85 <>4C;59 AB5=40. 'AB0=>28BL ?>B5=F8><5B@ «�1» 2 =C;52>5 

?>;>65=85. 

&01;8F0 1 
 

 

 

&01;8F0 2 

 

 

 

ИAA;54>20=85 48>40 (>BB:8. 

%>1@0BL AE5<C 4;O 8AA;54>20=8O 48>40 ,>BB:8 (STPS1045 =0 1;>:5 «!5;8=59=K5 M;5<5=BK») 

=0 ?>AB>O==>< B>:5. �K?>;=8BL ?C=:BK 1 8 2 4;O 48>40 ,>BB:8. %@02=8BL 2>;LB0<?5@=K5 

E0@0:B5@8AB8:8 >1KG=>3> 2K?@O<8B5;L=>3> 48>40 8 48>40 ,>BB:8. 

ИAA;54>20=85 AB018;8B@>=0 

 %>1@0BL AE5<C 4;O 8AA;54>20=8O AB018;8B@>=0 =0 ?>AB>O==>< B>:5 (0=0;>38G=> AE5<5 ?> 

@8A.1). �K?>;=8BL ?C=:B .2 4;O AB018;8B@>=0. #>AB@>8BL 3@0D8: 7028A8<>AB8 2KE>4=>3> 

=0?@O65=8O UcB >B B>:0 IAB. $57C;LB0BK 70=5AB8 2 B01;. 3.  

&01;8F0 3 

UcB (B)         

IAB  ( B)         

 

#> ?>;CG5==>9 2>;LB0<?5@=>9 E0@0:B5@8AB8:5 >?@545;8BL =0?@O65=85 AB018;870F88 8 11%B 
25;8G8=C 48DD5@5=F80;L=>3> A>?@>B82;5=8O. 

 

���"$�&"$!�/ $��"&� №15 

�AA;54>20=85 18?>;O@=>3> B@0=78AB>@0 

*5;L @01>BK: >7=0:><8BLAO A @01>B>9, >A=>2=K<8 E0@0:B5@8AB8:0<8 8 

?@8<5=5=85< 18?>;O@=>3> B@0=78AB>@0. 

           

1?@, <�           

Uo6p, �           

'>1@' <�           
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#>@O4>: 2K?>;=5=8O @01>BK: 

�7CG8BL B5>@5B8G5A:85 >A=>2K ?> <0B5@80;0< ;5:F89 8;8 ?5@5G=N 

@5:><5=4>20==>9 ?@5?>4020B5;5< ;8B5@0BC@K. 

'1548BLAO, GB> 2K:;NG0B5;L AB5=40 =0E>4OBAO 2 ?>;>65=88 «�Ы��» 

#> C:070=8N ?@5?>4020B5;O, 2K1@0BL <>4C;8 4;O 2K?>;=5=8O B5:CI53> 7040=8O. #>43>B>28BL 

A>548=8B5;L=K5 ?@>2>40 (?5@5<KG:8), 2E>4OI85 2 :><?;5:B ?>AB02:8 AB5=40. 

%>548=8BL <>4C;8 A>3;0A=> ?@8=F8?80;L=>9 M;5:B@8G5A:>9 AE5<5 8;8 AE5<5 A>548=5=89. 

#@>25AB8 M:A?5@8<5=B. 

�K:;NG8BL AB5=4. 

%>AB028BL >BG5B ?> ;01>@0B>@=>9 @01>B5. 

 

#>@O4>: ?@>2545=8O M:A?5@8<5=B0: 

1. �AA;54>20=85 E0@0:B5@8AB8: 18?>;O@=>3> B@0=78AB>@0. 

1.1 %>1@0BL AE5<C 4;O A=OB8O E0@0:B5@8AB8: 18?>;O@=>3> B@0=78AB>@0 (@8A.1).  564C 3=5740<8 

)2 8 X II  2:;NG8BL <8;;80<?5@<5B@ $�� 1;>:0 «�7<5@8B5;L=K5 ?@81>@K», <564C 

3=5740<8 X I 8 )4 - <8;;80<?5@<5B@ $�1. %>548=8BL ?5@5<KG:>9 3=5740 )� 8 )7.  564C 

3=5740<8 )2, )5 8 )4, X I6  2:;NG8BL 87<5@8B5;L=K5 ?@81>@K PV1, PV2 1;>:0 

«�7<5@8B5;L=K5 ?@81>@K» 2 @568<5 87<5@5=8O ?>AB>O==>3> =0?@O65=8O. #>4:;NG8BL 

8AB>G=8: « = U2 », CAB0=>282 BC<1;5@ SA2 2 =86=55 ?>;>65=85. 

1.2 %=OBL AB0B8G5A:CN E0@0:B5@8AB8:C ?@O<>9 ?5@540G8 ?> B>:C IK 

= 
f ( I1 ) ?@8 7=0G5=88 UK, 

@02=>< 7040==><C 7=0G5=8N �� 8 R K =0. ��/ -&"�" 4>?>;=8B5;L=> ?>AB028BL ?5@5<KG:C 

<564C 3=5740<8 X I 8 )�. �:;NG8BL M;5:B@>?8B0=85 <>4C;59 AB5=40. �7<5=OO ?>;>65=85 

?>B5=F8><5B@0 RP1, B5< A0<K< 87<5=OO B>: 107K, A=8<0BL ?>:070=8O <8;;80<?5@<5B@>2 

$�1 8 $��. $57C;LB0BK 87<5@5=89 70?8A0BL 2 B01;. 1. #@8 A=OB88 E0@0:B5@8AB8:8 A;548BL 
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