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 5B>48G5A:85 C:070=8O : @5H5=8N 7040G8 1 

$0AG5B=> - 3@0D8G5A:0O @01>B0 №1 
 

$0AG5B M;5:B@8G5A:8E F5?59 ?>AB>O==>3> B>:0 

 

�0=>: R1,  R2,  R3,  R4,  UB5M 

"?@545;8BL: 2A5 B>:8 8 =0?@O65=8O M;5:B@8G5A:>9 
F5?8 
 

 

 

 

#@5>1@07C5< AE5<C, @07182 55 =0 G0AB8. � MB8E G0ABOE 4>;6=K ?@8ACBAB2>20BL ?@>AB59H85,  
G8AB> ?>A;54>20B5;L=K5 8;8 G8AB> ?0@0;;5;L=K5 A>548=5=8O. 

� EEе<е 8<еетEO ч8Eто поEледо64телP=ое  
Eоед8=е=8е Dе78EтоDо6 R2 8 R3.  

 

 

 �о 74ко=4< поEледо64телP=о7о Eоед8=е=8O 

<о6=о =49т8 Qк6864ле=т=ое 8< EопDот86ле=8е  
  R23 = R2 + R3 

 � EEе<е (�) 8<еетEO ч8Eто п4D4ллелP=ое 
Eоед8=е=8е Dе78EтоDо6 R23 8 R4.  

 

Схе<а �) 

Схе<а �) 
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$0AAG8B05< 2A5 B>:8 8 2A5 =0?@O65=8O,  :>B>@K5 <>6=> >?@545;8BL 2 40==>9 F5?8. 

"?@545;5=85 8 @0AG5B F5?8 =0G8=05< A A0<>3> ?@>AB59H53> 20@80=B0 (%). 

 

 

 

 

ОпDеделOе<: Iо5щ  по 74ко=у О<4:   

 

 

 

 

ОпDеделOе< п4де=8е =4пDO6е=8O =4 к46до< 
Dе78EтоDе. 
 �о 74ко=4< поEледо64телP=о7о Eоед8=е=8O    

Uо5щ = U1 + U234 

По 74ко=у О<4:  
U1 = Iо5щ · R1      U234 = Iо5щ · R234 

 

 

 

 

 

ОпDеделOе< ток8 D476ет6ле=89    I23 u I4  

По 74ко=у п4D4ллелP=о7о Eоед8=е=8O:  
Iо5щ = I23 + I4 

по 74ко=у О<4:      

   

 

 

 

 

 

 

 �о 74ко=4< п4D4ллелP=о7о Eоед8=е=8O <о6=о 
=49т8 Qк6864ле=т=ое 8< EопDот86ле=8е:  

 

 

 � EEе<е (�) 8<еетEO G8Eто поEледо64телP=ое 
Eоед8=е=8е Dе78EтоDо6  R1 8 R234. 

 

По 74ко=4< поEледо64телP=о7о Eоед8=е=8O <о6=о 
=49т8 Qк6864ле=т=ое EопDот86ле=8е 6Eе9 EEе<O   
RQк6  = R1 + R234 

 

 

Схе<а �) 

Схе<а С) 

Схе<а С) Да=>:   Rэк6, Uо5щ 

Схе<а �) Да=>: R1, R234, Iо5щ, Uо5щ  

Да=>: R1, R23, R4, Iо5щ, Uо5щ, U1, U234 Схе<а �) 

Да=>: R1, R2, R3, R4, Uо5щ, Iо5щ, U1, U234, I23, I4 
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ОпDеделOе< п4де=8е =4пDO6е=8O =4 Dе78EтоD4E 
R2 8 R3 

по 74ко=у О<4:   U2 = I23 · R2      U3 = I23 · R3   

 

 

 

 5B>48G5A:85 C:070=8O : @5H5=8N 7040G8 2 
$0AG5B=> - 3@0D8G5A:0O @01>B0 №2 

 $0AG5B A;>6=KE M;5:B@8G5A:8E F5?59 ?>AB>O==>3> B>:0 
 

-;5:B@8G5A:85 F5?8 A =5A:>;L:8<8 :>=BC@0<8, A>AB>OI85 87 @07=KE 25B259 A 

?@>872>;L=K< @07<5I5=85< ?>B@518B5;59 8 8AB>G=8:>2 M=5@388, =07K20NBAO 

E?B:AO@< Q?9>FD<K9E><@< J9CS@<. 

&>G:0 M;5:B@8G5A:>9 F5?8 =07K205BAO G;?B@ <?< FBK>B= D4;69F6?9A<S, 5A;8 2 

=59 A>548=5=K B@8 8;8 1>;55 ?@>2>4>2 8;8 25B259. 

 �9F6PR M;5:B@8G5A:>9 F5?8 =07K205BAO CG0AB>:, A>AB>OI89 87 >4=>3> 8;8 

=5A:>;L:> M;5<5=B>2 B0:, GB> ?> =8< ?@>E>48B >48= 8 B>B 65 B>:, 

?@8A>548=P==K9 : 42C< C7;0<. 

�BAFGD M;5:B@8G5A:>9 F5?8  ?@54AB02;O5B A>1>9 70<:=CBK9 ?CBL, ?@>E>4OI89 

?> =5A:>;L:8< 25B2O<, =0?@8<5@ :>=BC@ 87 G5BK@PE 25B259. 

%;>6=K5 M;5:B@8G5A:85 F5?8 @0AAG8BK20NBAO <5B>40<8:  

 1. C7;>2KE 8 :>=BC@=KE C@02=5=89;  

      2. :>=BC@=KE B>:>2;  

      3. C7;>2>3> =0?@O65=8O;  

      4. =0;>65=8O (AC?5@?>78F88);  

 5. ?@5>1@07>20=8O AE5<K. 

 

Схе<а �) 
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1. �4>BAO �<DI7BH4. 
#9D6O= ;4>BA:  
 

�?795D4<K9E>4S EG@@4 FB>B6 G;?4 Q?9>FD<K9E>B= J9C< D46A4 AG?R. 
 

                     @8A. 1 
  %> 7=0:>< ?;NA 70?8AK20NBAO B>:8, =0?@02;5==K5 : C7;C, A> 7=0:>< <8=CA 
B>:8 B5:CI85 >B C7;0 M;5:B@8G5A:>9 F5?8. #>;L7COAL MB8< 70:>=>< 4;O C7;0 � 
@8A 1. , <>6=> 70?8A0BL C@02=5=85. 

I1 3 I2 + I3 3 I4 = 0. 

�FBDB= ;4>BA �<DI7BH4:  
 

   � ;4@>AGFB@ >BAFGD9 Q?9>FD<K9E>B= J9C< 4?795D4<K9E>4S EG@@4 Э�% 
<EFBKA<>B6 FB>4 D46A4 4?795D4<K9E>B= EG@@9 CDB<;6989A<= FB>B6 A4 6E9I 
EBCDBF<6?9A<SI QFB7B >BAFGD4.    

                                                                                      

ΣE = Σ I·R  

  

 

 

@8A.2 
�A;8 =0?@02;5=8O B>:>2 2 25B2OE =58725AB=K, B> ?@8 A>AB02;5=88 C@02=5=89 ?> 
70:>=0< �8@E3>D0 8E =5>1E>48<> ?@5420@8B5;L=> 2K1@0BL ?@>872>;L=> 8 
>1>7=0G8BL =0 AE5<5 AB@5;:0<8. 
�;O :064>3> :>=BC@0 A;>6=>9 M;5:B@8G5A:>9 F5?8 ?> 2B>@><C 70:>=C 

�8@E3>D0 <>6=> A>AB028BL B>;L:> >4=> C@02=5=85. #@8 MB>< >A>1>5 2=8<0=85 
A;54C5B >1@0B8BL =0 7=0:8 

 

         I1                 

                         I2 

        

Σ I = 0 
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 M. 4. A. 8 ?045=89 =0?@O65=8O. �=0G0;5 ?@>872>;L=> 2K18@0NB =0?@02;5=85 
>1E>40 :>=BC@0, =0?@8<5@ B>G:0  �. �A;8 459AB2CNI0O 2 :>=BC@5 M. 4. A. 
A>2?0405B A =0?@02;5=85< >1E>40, B> 55 AG8B0NB ?>;>68B5;L=>9. #@8 
>1@0B=>< =0?@02;5=88 -�% A> 7=0:>< <8=CA. #045=85 =0?@O65=8O =0 A>?@>-

B82;5=88 AG8B0NB ?>;>68B5;L=K<, 5A;8 =0?@02;5=85 B>:0 2 =5< A>2?0405B A 
=0?@02;5=85< >1E>40 :>=BC@0. 
!0?@02;5=85 >1E>40, >1>7=0G8< :@0A=>9 AB@5;:>9.  � A>AB02;O5< C@02=5=85 4;O 
70<:=CB>3> :>=BC@0 ?> 2B>@><C 70:>=C �8@E3>D0. 
 

              -- �1   + E 2  3 �3 = I1 R1 + I1 R01 3 I2 R2 - I2 R 02 3 I3 R3  - I3 R 03 3 I 4 R 4 .   

 

� ;52>9 G0AB8 MB>3> C@02=5=8O 70?8A0=0 0;351@08G5A:0O AC<<0 M. 4. A, 
459AB2CNI8E 2  :>=BC@5, 0 2 ?@02>9 G0AB8 4 AC<<0 ?045=89 =0?@O65=8O 2> 
2A5E A>?@>B82;5=8OE, 2E>4OI8E 2 MB>B :>=BC@. $025=AB2>  O2;O5BAO 
<0B5<0B8G5A:8< 2K@065=85< 2B>@>3> 70:>=0 �8@E3>D0. 

 

1.  9FB8 GD46A9A<= �<DI7BH4 
[G;?B6OI < >BAFGDAOI GD46A9A<=] 

 

%0<K< >1I8< <5B>4>< @0AGPB0 A;>6=KE M;5:B@8G5A:8E F5?59 O2;O5BAO <5B>4 
C@02=5=89 �8@E3>D0. %CI=>ABL MB>3> <5B>40: A>AB02;5=85 A8AB5<K C@02=5=89 2 
A>>B25BAB288 A ?5@2K< 8 2B>@K< 70:>=0<8 �8@E3>D0 8 @5H5=85 MB>9 A8AB5<K 
>B=>A8B5;L=> =58725AB=KE B>:>2. "1I55 G8A;> C@02=5=89, A>AB02;5==KE ?> 
?5@2><C 8 2B>@><C 70:>=0< �8@E3>D0 4>;6=> 1KBL @02=> G8A;C =58725AB=KE 
B>:>2. 
�;O B>3> GB>1K :>=BC@=K5 C@02=5=8O 1K;8 =57028A8<K<8, 8E A>AB02;ONB ?> 
A;54CNI5<C ?@028;C. �064>5 >G5@54=>5 C@02=5=85 4>;6=> A>AB02;OBLAO 4;O 
:>=BC@0, >B;8G=>3> >B ?@54K4CI53>, E>BO 1K >4=>9 =>2>9 25B2LN.  
%;>6=0O M;5:B@8G5A:0O F5?L @8A. 3 8<55B 420 C7;0 (� 8 �) 8 B@8 25B28 A B>:0<8 I1, 

I2 <  I3. "1>7=0G8< :>=BC@K F5?8 I 3 �����; II 3 �������; III 3 �����. 

%>AB028BL 2A5 2>7<>6=K5 C@02=5=8O ?> 2B>@><C 70:>=C �8@E3>D0 4;O F5?8, 
AE5<0 :>B>@>9 ?>:070=0 =0 @8A. 3. 

$9L9A<9: �;O :>=BC@>2 ?> 2B>@><C 70:>=C �8@E3>D0: 
�����:                 +�2 + �1  = I1 R1 4 I2 R02 4 I2 R3 + I1 R2 + I1 R01; 

   �������:                       �1  =I1 R1 + I3 R4  + I1 R2 + I1 R01; 

�����:                            �2 = 4 I3 R4 4 I2 R024 I2 R3; 

             �;O C7;0 � ?> ?5@2><C 70:>=C �8@E3>D0: 
I 1 + I 2 4  I 3= 0 
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@8A. 3 
#>A;5 @5H5=8O C@02=5=89 ?>;CG5=K B>:8 I 1 8 I 3 A ?>;>68B5;L=K< 7=0:><. 
�=0G8B, 459AB28B5;L=>5 =0?@02;5=85 MB8E B>:>2 A>2?0405B A 2K1@0==K< 
=0?@02;5=85<, C:070==K< =0 AE5<5 AB@5;:0<8. 
�A;8 7=0G5=85 :0:>3>-;81> B>:0 ?@8 @0AG5B5 >:065BAO >B@8F0B5;L=K<, B> 87 
MB>3> A;54C5B, GB> B>: 2 459AB28B5;L=>AB8 ?@>E>48B 2 =0?@02;5=88, 
?@>B82>?>;>6=>  2K1@0==><C. 

 

2.  9FB8 >BAFGDAOI FB>B6 
 

 5B>4 C7;>2KE 8 :>=BC@=KE C@02=5=89 2 @O45 A;CG052 B@51C5B 1>;LH8E 
2KG8A;5=89. !0?@8<5@, ?@8 @0AG5B5 F5?8 @8A.4, 8<5NI59 B@8 C7;0 (�, �, �) 8 
?OBL 25B259, B@51C5BAO A>AB028BL 8 @5H8BL A8AB5<C 87 ?OB8 C@02=5=89. +8A;> 
C@02=5=89 A8AB5<K <>6=> A>:@0B8BL, ?@8<5=82 <5B>4 :>=BC@=KE B>:>2. �;O 
@0AG5B0 ?> <5B>4C :>=BC@=KE B>:>2 AE5<C A;>6=>9 F5?8 @071820NB =0 
>B45;L=K5 :>=BC@K 4 OG59:8. !0?@8<5@, AE5<C @8A.4 @071820NB =0 B@8 
:>=BC@0: :>=BC@ I 4��B��, :>=BC@ II 4 ����� 8 :>=BC@ III4 ����. �0B5< 
:064><C :>=BC@C ?@8?8AK20NB ?@>872>;L=> =0?@02;5==K9 :>=BC@=K9 B>:, 
>48=0:>2K9 4;O 2A5E CG0AB:>2 40==>3> :>=BC@0 (:>=BC@=K9 B>: =0@8A>20= 
:@0A=K< F25B><). 

 

@8A 4 



29 

 

#@8GP< 2A5< :>=BC@=K< B>:0< ?@840=> >4=> 8 B>65 ?>;>68B5;L=>5 
=0?@02;5=85 3 ?> G0A>2>9 AB@5;:5. �>=BC@=K5 B>:8, ?@>E>4OI85 ?> 2=5H=8< 
25B2O<, O2;ONBAO 4;O =8E 459AB28B5;L=K<8 B>:0<8. !0?@8<5@, B>: 
II  = I1, III  =  I3   ,  IIII  = I 5 . �59AB28B5;L=K5 B>:8 2=CB@5==8E 25B259 <>6=> =09B8 
:0: @07=>ABL B>:>2 42CE :>=BC@>2, 2 :>B>@CN 2E>48B MB0 25B2L I3  

 I2 = III -- I 1, I3  = III -- IIII . �K1@02 8 C:0702 =0 AE5<5 =0?@02;5=85 :>=BC@=KE 
B>:>2, 4;O :064>3> :>=BC@0 A>AB02;ONB C@02=5=85 ?> 2B>@><C 70:>=C �8@E3>D0. 
!0?@02;5=85 >1E>40 :>=BC@>2 ?@8=8<05BAO A>2?040NI8< A =0?@02;5=85< 
:>=BC@=KE B>:>2. �;O AE5<K @8A. 4 8<55< B@8 C@02=5=8O 4;O :>=BC@>2: 
1. E1 3 E2 = II (R1 + R 2) 3 III R2;  

2. E2 + E3 = -- II R 2 + III (R2 + R3 + R5) -- IIII R3; 

3. -- E3 = IIII (R3 + R5) -- III R3;   

�520O G0ABL :064>3> C@02=5=8O 4 0;351@08G5A:0O AC<<0 M. 4. A, 2:;NG5==KE 
2 :>=BC@. � ?@020O G0ABL 4 >1I55 ?045=85 =0?@O65=8O >B :>=BC@=>3> B>:0 
40==>3> :>=BC@0 8 :>=BC@=KE B>:>2 A<56=KE :>=BC@>2. #>4AB02;OO 2 A8AB5<C 
C@02=5=89 G8A;>2K5 7=0G5=8O A>?@>B82;5=89 8 M. 4. A. 8 @5H0O 8E A>2<5AB=>, 
=0E>4OB :>=BC@=K5 B>:8 II , III ,IIII . 

&>:8 2 25B2OE  AE5<K ;53:> >?@545;8BL ?> :>=BC@=K< B>:0<. 
 

3.  9FB8 G;?B6B7B A4CDS:9A<S 
 

1. "?@545;5=85 C7;>2>3> =0?@O65=8O 8 B>:>2. #>B@518B5;8 M;5:B@8G5A:>9 
M=5@388 (;0<?K, M;5:B@>42830B5;8 8 B. 4.) A>548=ONBAO ?0@0;;5;L=>. +0AB> 
>1I0O <>I=>ABL 2:;NG5==KE ?@85<=8:>2 AB0=>28BAO 1>;LH5 B>9, :>B>@CN <>-
65B >B40BL 2 A5BL 8AB>G=8: M=5@388. � B0:8E A;CG0OE 4;O C25;8G5=8O <>I=>AB8 
?@8 =587<5==>< =0?@O65=88 <EFBKA<>< QA9D7<< 6>?RK4RF C4D4??9?PAB. #@8 
MB>< ?>;CG05BAO A;>6=0O M;5:B@8G5A:0O F5?L, ?@54AB02;5==0O =0 @8A. 5. � =59 
8<55BAO 420 C7;0 � 8 �, : :>B>@K< ?@8A>548=ONBAO 8AB>G=8:8 M=5@388 A M. 4. A. 
�1 , �2 � �3. %>?@>B82;5=8O R 1 , R 2 , R 3  <>6=> ?@8=OBL 70 2=CB@5==85 
A>?@>B82;5=8O 8AB>G=8:>2 B>:0, 0 A>?@>B82;5=85 R 4 4 70 A>?@>B82;5=85 2A5E 
?@85<=8:>2 M=5@388. !0?@O65=85 <564C C7;0<8 � < � =07K205BAO G;?B6O@ 
A4CDS:9A<9@. "=> @02=> @07=>AB8 ?>B5=F80;>2 C7;>2KE B>G5:, B. 5. 
 U = φ� 33 φ � ;  
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@8A 5. 
 

�;O @0AG5B0 ?>4>1=KE A;>6=KE M;5:B@8G5A:8E F5?59 >1KG=> ?>;L7CNBAO 
<5B>4>< C7;>2>3> =0?@O65=8O. �K2545< D>@<C;C MB>3> =0?@O65=8O. �A;8 

 M. 4. A. �1 , �2 � �3 1>;LH5 C7;>2>3> =0?@O65=8O, B> 2A5 8AB>G=8:8 M. 4. A 1C4CB 
@01>B0BL 2 @568<5 35=5@0B>@>2, 0 B>:8 I1, I2 <  I3 =0?@02;5=K : C7;C �. &>: 
?@8P<=8:>2 I4 =  I1 + I2 +  I3. 

&0: :0: M. 4. A. � 1 1>;LH5 C7;>2>3> =0?@O65=8O U, B> =0 A>?@>B82;5=88 R 4  

2>7=8:05B ?045=85 =0?@O65=8O U1 = �1 4 U = I1 R 1;  

%;54>20B5;L=>, B>: ?5@2>3> 8AB>G=8:0 I1 = (�1 4 U) / R 1 = (�1 4 U) g1; 

345 g1 =1/ R 1 3 ?@>2>48<>ABL ?5@2>9 25B28. 
�=0;>38G=> >?@545;O5< B>:8 2B>@>3> 8 B@5BL53> 8AB>G=8:0 8AB>G=8:>2. 

I2 = (�2 4 U) g 2 ; 

I3 = (�3 4 U) g 3 ; 

&>: ?@8P<=8:>2 M=5@388  
I4 = U / R 4 = U g 4 ; 

�;O C7;0 � =0?8H5< C@02=5=85 ?> ?5@2><C 70:>=C �8@E3>D0 I4 =  I1 + I2 +  I3. 

#>4AB0282 2 MB> C@02=5=85 =0945==K5 2K@065=8O 4;O B>:>2, ?>;CG8< 

U g4 = (�1 4 U) g1 +(�3 4 U) g3 +(�3 4 U) g3 

$0A:@K2 A:>1:8, ?>;CG8<    

g

gE
U

õ 
ý  

�45 �  33 -�% 8AB>G=8:0 2 25B28; 
       g  33  ?@>2>48<>ABL 25B28; 

 

&4><@ B5D4;B@, G;?B6B9 A4CDS:9A<9 D46AB 4?795D4<K9E>B= EG@@9 CDB<;6989A<= 
Э�% A4 CDB6B8<@BEFP EBBF69FEF6GRM<I 69F69=, 89?TAAB= A4 EG@@G 
CDB6B8<@BEF< 69F69=. 
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     4.  9FB8 CD9B5D4;B64A<S EI9@O. 
 

!0 @8A. 6  40=0 M;5:B@8G5A:0O F5?L A >4=8< 8AB>G=8:>< ?8B0=8O, H8@>:> 
?@8<5=O5<0O 2 >1;0AB8 M;5:B@8G5A:8E 87<5@5=89. "A>15==>ABLN MB>9 AE5<K 
O2;O5BAO =0;8G85 2 =59 A>548=5=89, =07K205<KE B@5C3>;L=8:>< 8 72574>9. 
&@5C3>;L=8:>< A>?@>B82;5=89 =07K20NB A>548=5=85 B@5E 25B259, 

>1@07CNI8E 70<:=CBK9 :>=BC@ A B@5<O C7;0<8. � AE5<5 @8A. 6 8<55BAO 420 
B@5C3>;L=8:0: A A>?@>B82;5=8O<8.  R1 , R 2 , R5  8  R3 , R 4 , R5 ;  

�2574>9 A>?@>B82;5=89 =07K20NB A>548=5=85 B@5E 25B259, 8<5NI8E >1I89 
C75;. !0 @8A. 6 72574C A>?@>B82;5=89 >1@07CNB 25B28 A A>?@>B82;5=8O<8 .  R1 , R 

4 , R5  8.  R2 , R 3 , R5 ;  

 

�N1>9 B@5C3>;L=8: A>?@>B82;5=89 <>6=> 70<5=8BL M:2820;5=B=>9 72574>9. � 
@57C;LB0B5 70<5=K ?>;CG05BAO 4@C30O AE5<0, ?>72>;ONI0O C?@>AB8BL @0AG5B. 
!0?@8<5@, AE5<0 @8A. 6 ?>A;5 70<5=K B@5C3>;L=8:0 A>?@>B82;5=89 R1 , R 2 , R5  

M:2820;5=B=>9 72574>9 R � , R � , R %  C?@>I05BAO 8 A>45@68B B>;L:> ?>A;54>-
20B5;L=> 8 ?0@0;;5;L=> A>548=5==K5 CG0AB:8. 
 

 

                

 

 

 

 

 

 

 

 

R1            R4 

 

            R 5 

5 

 

            R В 

  R A 

 

 



32 

 

$8A 7. 
 

-:2820;5=B=>ABL B@5C3>;L=8:0 8 72574K A>?@>B82;5=89 70:;NG05BAO 2 B><, 
GB> 8E 70<5=0 =5 87<5=O5B ?>B5=F80;>2 C7;>2KE B>G5: (=0 AE5<5 @8A 6 B>G5:  �,  
�, �), O2;ONI8EAO 25@H8=0<8 B@5C3>;L=8:0 8 M:2820;5=B=>9 72574K. !5 
87<5=ONBAO B0:65 B>:8, =0?@O65=8O 8 <>I=>AB8 2 >AB0;L=>9 G0AB8 AE5<K, =5 
70B@>=CB>9 ?@5>1@07>20=85<. 
�;O ?5@5E>40 >B B@5C3>;L=8:0 A>?@>B82;5=89 : M:2820;5=B=>9 725745 

?>;L7CNBAO A;54CNI8<8 D>@<C;0<8; 

321

21

RRR

RR
RA 


ý   

321

32

RRR

RR
R� 


ý

    
321

31

RRR

RR
R% 


ý  

%>?@>B82;5=85 ;CG0 R A @02=> ?@>872545=8N 42CE A>?@>B82;5=89 B@5C3>;L=8:0, 
AE>4OI8EAO 2 C7;5 A, 45;5==><C =0 AC<<C 2A5E A>?@>B82;5=89 B@5C3>;L=8:0. 
&0: 65 >?@545;ONBAO A>?@>B82;5=8O R �  8 R %.. �5@=5<AO : AE5<5 @8A 7.  �P ;53:> 
@0AAG8B0BL 8 >?@545;8BL B>:8 I , I 3  ,I4 , :>B>@K5 =5 87<5=8;8AL ?>A;5 70<5=K 
B@5C3>;L=8:0 M:2820;5=B=>9 72574>9. "AB0;L=K5 B>:8 =0E>4OB 87 C@02=5=89 ?> 
70:>=0< �8@E3>DD0, A>AB02;5==K< 4;O 8AE>4=>9 M;5:B@8G5A:>9 F5?8. � 
=5:>B>@KE M;5:B@8G5A:8E F5?OE @0AGPB C?@>I05BAO ?>A;5 70<5=K B@PE;CG52>9 
72574K A>?@>B82;5=89 M:2820;5=B=K< B@5C3>;L=8:><. 
  #@8 ?@5>1@07>20=88 72574K 2 M:2820;5=B=K9 B@5C3>;L=8: ?>;L7CNBAO 
A;54CNI8<8 D>@<C;0<8: 

�ABAB RRRRRR /1 ý  

����� RRRRRR /2 ý  

����� RRRRRR /3 ý . 

 

 

 

 

 

 

 

 

 

 

 

 

 



33 

 

 

 

 

 5B>48G5A:85 C:070=8O : @5H5=8N 7040G8 3 

$0AG5B=> - 3@0D8G5A:0O @01>B0 №3 
 $�%+�& #�$� �&$"� #�$� �!!"�" &"�� 

 

&5>@5B8G5A:85 A2545=8O: 

#0@0<5B@K ?5@5<5==>3> M;5:B@8G5A:>3> B>:0: 

1. #9D<B8 &  (@8A.3) 3 2@5<O, 2 B5G5=88 :>B>@>3> ?@>8AE>48B 
25AL F8:; 87<5=5=8O ?5@5<5==KE -�%, B>:0 8;8 
=0?@O65=8O; 87<5@O5BAO 2 A5:C=40E (A). 

2. '4EFBF4 ƒ 3 25;8G8=0, >1@0B=0O ?5@8>4C, ?>:07K20NI0O, 
A:>;L:> ?5@8>4>2 A>45@68BAO 2 1 A5:C=45 (8;8 G8A;> 
>1>@>B>2 @>B>@0 2 A5:C=4C); 548=8F0 87<5@5=8O �9DJ 
(�J):  

 

 AB0=40@B=0O G0AB>B0 2 $>AA88 
EF
=50 �J 

3.  '7?B64S K4EFBF4 ω - A:>@>ABL 87<5=5=8O C3;0 α 2 B5G5=85 
2@5<5=8 t, 548=8F0 87<5@5=8O @0480= 2 A5:C=4C (D48/E): 

 

 

!0 ?@0:B8:5 4;O $>AA88  

4. �@C?<FG8AO9 ;A4K9A<S  FB>4 Im , A4CDS:9A<S Um , Q8E 
Em (D<E.3)3 <0:A8<0;L=K5 7=0G5=8O <3=>25==KE 
25;8G8= B>:0, =0?@O65=8O 8 -�%.  

5.  7AB69AAO9 ;A4K9A<S FB>4 i, A4CDS:9A<S u,  Q8E  e 
(@8A.4) -  7=0G5=8O MB8E 25;8G8= 2 ;N1>9 <><5=B 
2@5<5=8. �7<5=ONBAO ?> A8=CA>840;L=><C 70:>=C:  
 

 

 

 

6. �9=EF6GRM<9 ;A4K9A<S FB>4 I, A4CDS:9A<S U < Q8E E - 22>4OBAO 4;O 87<5@5=8O 
A8=CA>840;L=KE 25;8G8= B>:0, =0?@O65=8O 8 -�%. �59AB2CNI85 7=0G5=8O 
A8=CA>840;L=KE 25;8G8= =0=>AOBAO =0 H:0;K M;5:B@>87<5@8B5;L=KE ?@81>@>2, 
87<5@ONI8E ?5@5<5==K5 7=0G5=8O 

 

 

 
�9=EF6GRM99 ;A4K9A<9 C9D9@9AAB7B FB>4 
@02=> B0:><C ?>AB>O==><C B>:C, :>B>@K9 70 
2@5<O, @02=>5 >4=><C ?5@8>4C, 2K45;O5B =0 
@578AB>@5 >48=0:>2>5 :>;8G5AB2> B5?;>BK A 

?5@5<5==K< B>:>< 

@8A.3 

@8A.4 



34 

 

 

 

 

!5 2A5340 =0G0;L=K9 <><5=B >BAG5B0 2@5<5=8 A>2?0405B A ?@>E>645=85< G5@57 =>;L 
A8=CA>840;L=>9 25;8G8=K, 8 2 A2O78 A MB8< =0 3@0D8:5 25:B>@ I

m  
2 =0G0;L=K9 <><5=B 2@5<5=8 

>1@07C5B A 3>@87>=B0;L=>9 >ALN =5:>B>@K9 C3>; α.  

#@8 MB>< 2 <><5=B =0G0;0 >BAG5B0 2@5<5=8 
A8=CA>840;L=0O 25;8G8=0 8<55B 7=0G5=85:  
'3>; α (@8A.5) =07K205BAO A4K4?PAO@ H4;B6O@ G7?B@ 
<?< A4K4?PAB= H4;B=: 

 

 

 

 

 

 

%4283 D07 A8=CA>840;L=KE 25;8G8=. 
 

#@8 2@0I5=88 @>B>@0 A 42C<O C:@5?;5==K<8 =0 =5< 28B:0<8 9
1 
8 9

2
 ,  2 =8E 1C45B 

8=4C:B8@>20BLAO -�% >48=0:>2>9 G0AB>BK 8 A >48=0:>2K<8 0<?;8BC40<8 (@8A.6) 
 � A;54AB285 A42830 28B:>2 >B=>A8B5;L=> 4@C3 4@C30 2 ?@>AB@0=AB25 -�% 4>AB830NB 

0<?;8BC4=KE 7=0G5=89 =5 >4=>2@5<5==>: 
345 α1 8 α2 =0G0;L=K5 D07K, >?@545;ONB 
25;8G8=C A<5I5=8O A8=CA>84 9

1 
8 9

2 
 

>B=>A8B5;L=> =0G0;0 :>>@48=0B 3@0D8:0. 
 

 

 

 

 

 

 

 

$07=>ABL =0G0;L=KE D07 42CE A8=CA>840;L=KE 25;8G8= =07K205BAO   E86<7B@ H4; (@8A.7): 

   
!4K4?B@ C9D<B84 =07K205BAO <><5=B 2@5<5=8, 2 :>B>@>< A8=CA>840;L=0O 25;8G8=0 

?@>E>48B G5@57 =C;52>5 7=0G5=85, ?>A;5 :>B>@>3> =0G8=05BAO 5P ?>;>68B5;L=>5 7=0G5=85. 
!0G0;L=0O D070 α >BAG8BK205BAO ?> >A8 t >B =0G0;0  
?5@8>40 A8=CA>84K 4> =0G0;0 :>>@48=0B. 
#@8 α > 0 3 =0G0;> A8=CA>84K A428305BAO 
2;52> >B =0G0;0 :>>@48=0B 
#@8 α <  0 3 =0G0;> A8=CA>84K A428305BAO 
2?@02> >B =0G0;0 :>>@48=0B.  
 

@8A.6 

@8A.5 

@8A.7 



35 

 

 

%<AGEB<84, C :>B>@>9 =0G0;> ?5@8>40 2>7=8:05B 
A;520 =0 3@0D8:5 @0=LH5, G5< C 4@C3>9 3 
AG8B05BAO BC9D9:4RM9= CB H4;9; 0 B0, C :>B>@>9 
?>765 3 BFEF4RM9= CB H4;9. 

 

 5B>48G5A:85 C:070=8O : @5H5=8N 7040G8 4 

$0AG5B =5@0725B2;5==KE M;5:B@8G5A:8E F5?59 ?5@5<5==>3> B>:0 

&5>@5B8G5A:85 A2545=8O: "4=>D07=K5 M;5:B@8G5A:85 F5?8  ?5@5<5==>3> B>:0. 

'G0AB:8 F5?8, 345 ?@>8AE>48B 2 >A=>2=>< ?@5>1@07>20=85 M;5:B@><03=8B=>9 M=5@388 2 
B5?;>2CN, >1;040NB A>?@>B82;5=85<, :>B>@>5 =07K205BAO 4>F<6AO@ EBCDBF<6?9A<9@ 8 
>1>7=0G05BAO 3 R0 

R0 - 25;8G8=0, E0@0:B5@87CNI0O A>?@>B82;5=85 F5?8 ?5@5<5==><C 
B>:C: 
!0 B0:>< CG0AB:5 2:;NG5=K @578AB>@K, ;0<?K =0:0;820=8O, 
M;5:B@>=03@520B5;L=K5 CAB@>9AB20, 0 B0:65 D5@@><03=8B=K5 
A5@45G=8:8 @07;8G=KE M;5:B@>B5E=8G5A:8E CAB@>9AB2  

'G0AB:8 F5?8, 345 2K@065=K 2 >A=>2=>< <03=8B=K5 ?>;O, 
>1;040NB 8=4C:B82=>ABLN, :>B>@>5 =07K205BAO D94>F<6AO@ 
<A8G>F<6AO@ EBCDBF<6?9A<9@ 8 >1>7=0G05BAO 3  χ

L
 

 

!0 B0:>< CG0AB:5 F5?8 2:;NG5=K 8=4C:B82=K5 :0BCH:8 @07;8G=KE M;5:B@>B5E=8G5A:8E 
CAB@>9AB2 (=0?@8<5@ >1<>B:8 ?>;NA>2 M;5:B@8G5A:8E <0H8=, >1<>B:8 B@0=AD>@<0B>@>2). 

 

 'G0AB:8 F5?8, 345 2K@065=K 2 >A=>2=>< M;5:B@8G5A:85 ?>;O, >1;040NB 5<:>ABLN, :>B>@>5 
=07K205BAO D94>F<6AO@ 9@>BEFAO@ EBCDBF<6?9A<9@ 8 >1>7=0G05BAO 3  χ

c
 

 

 

!0 B0:>< CG0AB:5 F5?8 2:;NG5=K :>=45=A0B>@K,  M;5:B@8G5A:85 :015;8. 
"4=>D07=K5 M;5:B@8G5A:85 F5?8, 2:;NG0NI85 2KH5?5@5G8A;5==K5 ?0@0<5B@K, =07K20NBAO 
F5?O<8 A A>A@54>B>G5==K<8 ?0@0<5B@0<8 8 ?>72>;ONB 87CG8BL A2>9AB20 >B45;L=KE CG0AB:>2 
F5?8, >1;040NI8E E@9L4AAO@< EB98<A9A<S@<: 
�0:>= "<0 4;O F5?59 ?5@5<5==>3> B>:0 
 

 

 

)("@<;@9D9A<S98<A<J4LL ý

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

)(
1 "@<;@9D9A<S98<A<J4
C

c 
ý




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



36 

 

�;O F5?59 ?5@5<5==>3> B>:0 4?S E@9L4AAOI EB98<A9A<= 2 70:>= "<0 22>48BAO ?>=OB85 
CB?AB7B EBCDBF<6?9A<S J9C<  Z , 2 :>B>@>< CG8BK20NBAO 2A5 284K A>?@>B82;5=89.  
Z BCD989?S9FES <; FD9G7B?PA<>4 EBCDBF<6?9A<=: 

 

 

 

 

  

 

*5?8 A 0:B82=K< A>?@>B82;5=85< 

 

  

 

        

 

 

 

 

 

 

 

 

 

 

ZU

U

Z

R

U

U

R

U
I

RZ

LL

aa

La

La









ýý

ýý


ý

ý

sin

cos

22

22

ZU

U

Z

R

U

U

R

U
I

RZ

cc

aa

ca

ca









ýý

ýý


ý

ý

sin

cos

22

22

В ?@>6>4=8:5 A 4:B86=O< A>?@>B86;5=85< :>;554=8S 
B>:4  ?> D475 A>6?444RB A :>;554=8S<8 =4?@S65=8S, 

B.5.    

Z

U
I

8?SRZ

8?SRZ

LcLca

cLcLa

ý

þý

þý




22

22

)(

)(



37 

 

!0 25:B>@=>9 4803@0<<5 ?>:07K205BAO A>2?045=85 I 8 U 2 2845 ?0@0;;5;L=KE 25:B>@>2.  

 

 

*5?8 A 8=4C:B82=K< A>?@>B82;5=85< 

    

 

 

 

 

 

!0 25:B>@=>9 4803@0<<5 >BAB020=85 B>:0 
>B =0?@O65=8O ?>:07K205BAO ?> G0A>2>9 
AB@5;:5: 

 *5?8 ?5@5<5==>3> B>:0 A 5<:>AB=K< A>?@>B82;5=85< 

 

 

: 
 

 

!0 25:B>@=>9 4803@0<<5 >?5@565=85 I 
>B=>A8B5;L=> U ?>:07K205BAO CDBF<6 
K4EB6B= EFD9?><. 

%E5<K 4;O @0AG5B0 8 40==K5 A<>B@5BL 
#@8;>65=88 3. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

&>: 6 ц5?8 A 8=4C:B86=>ABPR >BAB45B >B 

=4?@S65=8S QB>9 ц5?8 1/4 ?5@8>44, 8;8  

&B> 6 J9C< E 9@>BEFPR 6 E6B<I <;@9A9A<SI 
BC9D9:49F CB H4;9 A4CDS:9A<9 >BA89AE4FBD4 A4 
1/4 C9D<B84, <?< 90

0ý



38 

 

 

 

 

 

 

#@8<5@ 2: 
$0AG5B=> - 3@0D8G5A:0O @01>B0 №2 

 

"#$�����!��  #�$� �&$"�  #�$� �!!"�"  &"�� 

 

Д4=о:

÷
ø
ö

÷
ø
ö ý

÷
ø
ö

÷
ø
ö ý

6
314sin25

2
314sin15

2

1





ti

ti

  

 

 
О� ���ЛИТЬ: 

1. �<пл8туду ток4 

2. Де9Eт6уNIее 7=4Gе=8е ток4 

3. �4G4лP=уN D47у ток4 

4. У7ло6уN G4Eтоту 

5. Ч4Eтоту 

6. ПеD8од 

7. �7=о6е==ое 7=4Gе=8е ток4 6 =4G4лP=O9 <о<е=т 6Dе<е=8 

8. Сд687 по D47е <е6ду 74д4==O<8 ток4<8 

9. ПоEтDо8тP 7D4D8к токо6 8 кDу7о6уN д847D4<<у 

 

�<?;8BC4=K5 7=0G5=8O B>:0 Im         ø ù ý t
m

i sin  

 

2. �59AB2CNI85 7=0G5=8O B>:0 m
m I

I
I ýý 707.0

2
 

 

 

 

3. '7B? α (A4K4?PA4S H4;4) 
 

1. '3;>20O G0AB>B0 ω (@04/A) 
5. +0AB>B0 ƒ (�F) 
6. #5@8>4 & (A) 

 

 

 

7.  3=>25==>5 7=0G5=85 B>:0 2 =0G0;L=K9 <><5=B 2@5<5=8 

 

  

 

 

8. %4283 ?> D075 <564C 7040==K<8 B>:0<8 

 

AA mm 2515 21 ýý

AI

AI

7,1725707.0
2

25

6,1015707.0
2

15

2

1

ýýý

ýýý

0

2

0

1 30
6

90
2

ýýýý


c
f

T

�Jf

ED48

02,0
50

11

50
14,32

314

2

/314

ýýý

ý


ýý

ý






ø ù Ai

Ai

5,125,025
6

11
sin25

6
sin25

6
0314sin25

15115
2

sin15
2

0314sin15

2

1

ýýý÷
ø
ö

÷
ø
öý÷

ø
ö

÷
ø
ö ý

ýýý÷
ø
ö

÷
ø
ö ý





0
120

3

2

6262
ýýý÷

ø
ö

÷
ø
öý





39 

 

 



40 

 

 

�0==K5 4;O @0AG5B0 A<>B@5BL 2 #@8;>65=88  3 
  

#@8<5@ 3: 
 

$0AG5B=> - 3@0D8G5A:0O @01>B0 №4 

$0AG5B =5@0725B2;5==KE F5?59 ?5@5<5==>3> B>:0 
 

 

 

 

 

 

 

 

 

�4=о: 
XL = 9 О< 

Ra1 = 5 О< 

Х! = 15 О< 

Ra2 = 3 О< 

U= 200 В 

 

ОпDедел8тP: 
1. Ź - о5Iее EопDот86ле=8е Fеп8  
2. I - о5I89 ток Fеп8 

3. Eos φ - коQDD8F8е=т <оI=оEт8 

4. П4де=8O =4пDO6е=8O =4 к46до< EопDот86ле=88 

5. ПоEтDо8тP 6 <4EHт45е 6ектоD=уN д847D4<<у  
6. �кт86=уN  , Dе4кт86=уN Q, пол=уN S <оI=оEт8 Fеп8 



41 

 

 

 

1. "#$����/�  >1I55 A>?@>B82;5=85 F5?8   Z 

 

 

2. "#$����/�  >1I89 B>: F5?8   I 

 

 

3. "#$����/�  :>MDD8F85=B <>I=>AB8 

 

#> B01;8F5 �@048A0 >?@545;O5< C3>; φ=36° 

 

4. "#$����/�  ?045=8O =0?@O65=8O =0 A>?@>B82;5=8OE 

 

 

 

 

 

 

5. #"%&$"�  25:B>@=CN 4803@0<<C B>:0 8 =0?@O65=89 8 4>:065< ?@028;L=>ABL 

?@>872545==KE @0AG5B>2 

#>AB@>8< 25:B>@=CN 4803@0<<C A ?><>ILN 25:B>@=>3> A;>65=8O =0945==KE 7=0G5=89 

?045=89 =0?@O65=89: 

 

 

 

 

 

 

 

 

ø ù ø ù ø ù ø ù "@XXRRZ LCaa 1091535
2222

21 ýýý

A
Z

U
20

10

200
ýýý

8,0
10

35
cos 21 ý


ý


ý

Z

RR aa

BXU

BXU

BRU

BRU

CC

LL

aa

aa

3001520

180920

60320

100520

22

11

ýýý
ýýý
ýýý
ýýý

21 aCaL UUUUU


ý

E@U

E@U

E@U

E@U

E@UE@
� 

E@E@
� 

A4CDS:9A<=<FB>48?S
@4ELF45�O5<D49@

C

L

a

aU

4

6

6,3

2,1

250

45

2

1

ý

ý
ý
ý

ýý

ýý

ABU

BUBU

BUBU

CL

aa

20200

300180

60100 21

ýý
ýý
ýý



42 

 

 



43 

 

"#$����/�  0:B82=CN <>I=>ABL M;5:B@8G5A:>9 F5?8: 
 

 

"#$����/�  @50:B82=CN <>I=>ABL M;5:B@8G5A:>9 F5?8: 
 

 

"#$����/�  ?>;=CN <>I=>ABL M;5:B@8G5A:>9 F5?8: 
 

 

 

�0==K5 4;O @0AG5B0 A<>B@5BL 2 #@8;>65=88  3. 
 

 5B>48G5A:85 C:070=8O : @5H5=8N 7040G8 5, 6 

$0AG5B B@5ED07=KE M;5:B@8G5A:8E F5?59 ?5@5<5==>3> B>:0 

 

&5>@5B8G5A:85 A2545=8O: 

� B@5ED07=>9 A8AB5<5 ?5@5<5==>3> B>:0 459AB2CNB B@8 
M4A >48=0:>2>9 G0AB>BK,  2708<=> A<5I5==K5 ?> D075 
=0 >4=C B@5BL (

1
/
3
)?5@8>40.  

 

 

 

 

 

 

 

"1<>B:8 35=5@0B>@0 <>6=> A>548=8BL 42C<O A?>A>10<8: 
«72574>9» 8 «B@5C3>;L=8:><». 
 

%>548=5=85 >1<>B>: 35=5@0B>@0 «72574>9». 

#@8 A>548=5=88 >1<>B>: 72574>9 :>=FK >1<>B>: X, ', 
Z A>548=ONBAO 2 >4=C B>G:C N, =07K205<CN AG?96B= 
FBK>B= <?< A9=FD4?PR 79A9D4FBD4.   
� G9FOD9ICDB6B8AB= E<EF9@9 : =59B@0;8 

t�9 F� siný

÷
ø
ö

÷
ø
ö ý

3

2
sin

t�9 F�

÷
ø
ö

÷
ø
ö ý

3

4
sin

t�9 F%

 

ø ù ø ù

BmUP

<?<
BmRRP aa

32008,020200cos

32003520
2

21

2

ýýý

ýýý



ø ù ø ù

BApUQ

<?<
BApXXQ Lc

24006,020200sin

240091520
22

ýýý

ýýý



BAUS

<?<
BAQPS

400020200

400024003200
2222

ýýý

ýýý

@8A.8 

Ч5Bы@5E?@>в>4=ая B@5EDа7=ая A8AB5<а 
@8A.9 



44 

 

?@8A>548=O5BAO =59B@0;L=K9, 8;8 =C;52>9 ?@>2>4. � 
=0G0;0< >1<>B>: 35=5@0B>@0 ?@8A>548=ONBAO B@8 
;8=59=KE ?@>2>40.  
!0?@O65=8O <564C =0G0;0<8 8 :>=F0<8 D07, 8;8, GB> B> 65, =0?@O65=8O <564C :064K< 87 
;8=59=KE ?@>2>4>2 8 =C;52K<, =07K20NBAO H4;AO@< A4CDS:9A<S@ 8 >1>7=0G0NBAO UA, B, Uc 

8;8 2 >1I5< 2845 UH 

 

!0?@O65=8O <564C =0G0;0<8 >1<>B>:, 8;8, GB> B> 65, 
<564C ;8=59=K<8 ?@>2>40<8, =07K20NBAO ?<A9=AO@< 
A4CDS:9A<S@< 8 >1>7=0G0NBAO UAB, UBC, UCA  8;8 2 >1I5< 
2845 U?. 
"1KG=> 2A5 D07K >1<>B:8 35=5@0B>@0 2K?>;=ONBAO 

>48=0:>2K<8, B0: GB> 459AB2CNI85 7=0G5=8O M4A 2 D070E 
@02=K, B. 5. ��=��=�% , => A428=CBK >B=>A8B5;L=> 4@C3 4@C30 
 φ = 120°. !0 25:B>@=>9 4803@0<<5 MB> ?>:07K205BAOے 0=
A;54CNI8< >1@07><.  

 

&0:CN 65 4803@0<<C 8<5NB D07=K5 =0?@O65=8O 35=5@0B>@0 UA , UB , Uc. 

%>>B=>H5=85 <564C ;8=59=K<8 8 D07=K<8 =0?@O65=8O<8 ?@8 A>548=5=88 >1<>B>: 
35=5@0B>@0 «72574>9».  

 

 

 

 

 

 

 

 

 

�; 69>FBDAB= 8<47D4@@O 6<8AB, KFB 69>FBD ?<A9=AB7B 
A4CDS:9A<S CD< EB98<A9A<< B5@BFB> 79A9D4FBD4 
«;69;8B=» 5B?PL9 69>FBD4 H4;AB7B A4CDS:9A<S 4 3 :  

 

 

 

 

 
 

%>548=5=85 >1<>B>: 35=5@0B>@0 «B@5C3>;L=8:><». 

#@8 A>548=5=88 >1<>B>: B@5ED07=>3> 35=5@0B>@0 
B@5C3>;L=8:>< :>=5F ?5@2>9 >1<>B:8 X A>548=O5BAO A 
=0G0;>< 2B>@>9 >1<>B:8 �, :>=5F 2B>@>9 >1<>B:8 Y 

A>548=O5BAO A =0G0;>< B@5BL59 >1<>B:8 % 8 :>=5F B@5BL59 
>1<>B:8 Z A =0G0;>< ?5@2>9 �. &@8 ;8=59=KE ?@>2>40, 

ВектоD л8=е9=о7о =4пDO6е=8O D46е= D47=оEт8 
6ектоDо6 Eоот6етEт6уNщ8E D47=OE =4пDO6е=89. 

 

ø ùBABAAB UUUUU


ýý

ø ù%�%�B% UUUUU


ýý

ø ù�%�%%A UUUUU


ýý



45 

 

84CI8E : ?@85<=8:0< M=5@388, ?@8A>548=ONBAO : =0G0;0< 
D07 �, � 8 %. 

 

#@8 B0:>< A>548=5=88 >1<>B>: H4;AO9 A4CDS:9A<S D46AO ?<A9=AO@: 
 

U�B = U� 

UBC = UB 

UCA = UC 

 

 

 

 

 

 

%>548=5=85 35=5@0B>@0 8 ?@85<=8:0 M=5@388 «72574>9». 
?@8 B0:>< A>548=5=88 A8AB5<0 <>65B 1KBL  

1. +5BK@5E?@>2>4=>9 3 8A?>;L7C5BAO ?@8 >A25B8B5;L=>9 =03@C7:5 
2. &@5E?@>2>4=>9 3 8A?>;L7C5BAO ?@8 A8;>2>9 =03@C7:5 (B.5. ?@8 ?>4:;NG5=88 
M;5:B@>42830B5;59) 

 

+5BK@5E?@>2>4=0O A8AB5<0 B@5ED07=>3> B>:0.  

�A;8 D07=K5 >1<>B:8 35=5@0B>@0 8;8 ?>B@518B5;O A>548=8BL B0:, GB>1K :>=FK >1<>B>: 
1K;8 A>548=5=K 2 >4=C >1ICN B>G:C, 0 =0G0;0 >1<>B>: ?@8A>548=5=K : ;8=59=K< ?@>2>40<, 
B> B0:>5 A>548=5=85 =07K205BAO A>548=5=85< 72574>9 8 >1>7=0G05BAO CA;>2=K< 7=0:>< Y. !0 
@8AC=:5 >1<>B:8 35=5@0B>@0 8 ?>B@518B5;O A>548=5=K 72574>9. &>G:8, 2 :>B>@KE A>548=5=K 
:>=FK D07=KE >1<>B>: 35=5@0B>@0 8;8 ?>B@518B5;O, =07K20NBAO A>>B25BAB25==> =C;52K<8 
B>G:0<8 35=5@0B>@0 (0) 8 ?>B@518B5;O (0').  

"15 B>G:8 0 8 0' A>548=5=K ?@>2>4><, :>B>@K9 =07K205BAO AG?96O@, 8;8 A9=FD4?PAO@ 
CDB6B8B@. "AB0;L=K5 B@8 ?@>2>40 B@5ED07=>9 A8AB5<K, 84CI85 >B 35=5@0B>@0 : ?>B@518B5;N, 
=07K20NBAO ?<A9=AO@< CDB6B84@<. &0:8< >1@07><, 35=5@0B>@ A>548=5= A ?>B@518B5;5< 
G5BK@L<O ?@>2>40<8. #>MB><C MB0 A8AB5<0 =07K205BAO K9FOD9ICDB6B8AB= E<EF9@B= 
FD9IH4;AB7B FB>4. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



46 

 

 

&>:, ?@>B5:0NI89 ?> D07=>9 >1<>B:5 35=5@0B>@0 8;8 ?>B@518B5;O, =07K205BAO H4;AO@ 
FB>B@ 8 >1>7=0G05BAO 2 >1I5< 2845 IH. &>:, ?@>B5:0NI89 ?> ;8=59=><C ?@>2>4C, =07K205BAO 
?<A9=AO@ FB>B@ 8 >1>7=0G05BAO 2 >1I5< 2845 I?. #> =C;52><C ?@>2>4C ?@>B5:05B B>:, @02=K9 

79B@9FD<K9E>B= EG@@9 FD9I FB>B6:    %�� ý


0 . 

#@8 A>548=5=88 72574>9 ;8=59=K9 B>: @025= D07=><C B>:C    H? ý  

!0?@O65=8O, 87<5@5==K5 <564C =0G0;0<8 D07 35=5@0B>@0 (8;8 ?>B@518B5;O) 8 =C;52>9 
B>G:>9 (8;8 =C;52K< ?@>2>4><), =07K20NBAO D07=K<8 =0?@O65=8O<8 8 >1>7=0G0NBAO UA , UB , 

Uc  8;8 2 >1I5< 2845 UH.  
!0?@O65=8O, 87<5@5==K5 <564C =0G0;0<8 42CE D07: � 8 �, � 8 %, % 8 � 4 35=5@0B>@0 8;8 

?>B@518B5;O, =07K20NBAO ;8=59=K<8 =0?@O65=8O<8 8 >1>7=0G0NBAO UAB , UBC , UCA  8;8 2 
>1I5< 2845 U?. #@8 MB>< H? UU 3ý . 

"?@545;5=85 D07=KE B>:>2 ?@85<=8:>2, ?@>872>48BAO B0: 65, :0: 8 2 >4=>D07=KE F5?OE 
?5@5<5==>3> B>:0: 

A

A
�

Z

U
ý

B

B

B
Z

U
ý

C

C

C
Z

U
ý  

'3;K A42830 B>:>2 >B=>A8B5;L=> D07=KE 
=0?@O65=89 >?@545;ONBAO 87 D>@<C;: 

 

 

 

�9=EF6GRM99 ;A4K9A<9 FB>4 6 A9=FD4?PAB@ CDB6B89 
@B:AB BCD989?<FP FB?P>B E CB@BMPR 69>FBDAB= 
8<47D4@@O CD< 79B@9FD<K9E>B@ E?B:9A<< 69>FBDB6 
?<A9=AOI (H4;AOI) FB>B6: 
 

 

 

 

%>548=5=85 35=5@0B>@0 8 ?@85<=8:0 M=5@388 «B@5C3>;L=8:><». 
 

�@><5 A>548=5=8O 72574>9, 35=5@0B>@K, 
B@0=AD>@<0B>@K, 42830B5;8 8 4@C385 
?>B@518B5;8 B@5ED07=>3> B>:0 <>3CB 
2:;NG0BLAO «B@5C3>;L=8:><». 
%B98<A9A<9 FD9G7B?PA<>B@» 

2K?>;=O5BAO B0:8< >1@07><, GB>1K :>=5F 
D07K � 1K; A>548=5= A. =0G0;>< D07K �, 

:>=5F D07K � A>548=5= A =0G0;>< D07K % 8 
:>=5F D07K % A>548=5= A =0G0;>< D07K �.  

B

B
B

z

r
ýcos

C

C
C

z

r
ýcos

A

A
A

z

r
ýcos

%�� ý


0



47 

 

� <5AB0< A>548=5=8O D07 ?@8A>548=ONB 
;8=59=K5 ?@>2>40. 
�A;8 >1<>B:8 35=5@0B>@0 A>548=5=K B@5C3>;L=8:><, B> ;8=59=>5 =0?@O65=85 A>7405B 

:0640O D07=0O >1<>B:0.  
' ?>B@518B5;O, A>548=5==>3> B@5C3>;L=8:><, ;8=59=>5 =0?@O65=85 ?>4:;NG05BAO : 

7068<0< D07=>3> A>?@>B82;5=8O. %;54>20B5;L=>, ?@8 A>548=5=88 B@5C3>;L=8:>< D07=>5 

=0?@O65=85 @02=> ;8=59=><C =0?@O65=8N: H? UU ý . � ?> AE5<5 84CB ;8=59=K5 8 D07=K5 
B>:8. 

�46<E<@BEFP @9:8G H4;AO@< < ?<A9=AO@< 
FB>4@< ?@8 A>548=5=88 B@5C3>;L=8:><: 

�%%�%

���%�

%����

ý

ý

ý







 

�<A9=AO9 FB>< D46AO 79B@9FD<K9E>B= 
D4;ABEF< H4;AOI FB>B6.  
#@8 A8<<5B@8G=>9 =03@C7:5 D07=K5 B>:8 
>48=0:>2K ?> 25;8G8=5 8 A428=CBK >48= 
>B=>A8B5;L=> 4@C3>3> =0 120°. #@>872>4O 
2KG8B0=85 25:B>@>2 D07=KE B>:>2 A>3;0A=> ?>;CG5==K< 
C@02=5=8O<, ?>;CG05< ;8=59=K5 B>:8.  

�7 25:B>@=>9 4803@0<<K 284=>, GB> ?@8 A>548=5=88 «B@5C3>;L=8:><» ;8=59=K9 B>: 

1>;LH5 D07=>3> B>:0 2 3  @07:   H? ý 3  

 

 >I=>AB8 B@5ED07=>3> ?5@5<5==>3> B>:0 

#@8 @02=><5@=>9 =03@C7:5 <>I=>ABL, ?>B@51;O5<0O >B 
B@5ED07=>9 A5B8, =57028A8<> >B A?>A>10 2:;NG5=8O 
=03@C7:8, 2K@0605BAO A;54CNI59 D>@<C;>9: 

cos3 ??U$ ý  0:B82=0O <>I=>ABL B@5ED07=>3> B>:0 
?@8 A>548=5=88 72574>9 8 B@5C3>;L=8:>< 

sin3 ??U$ ý  @50:B82=0O <>I=>ABL B@5ED07=>3> 
B>:0 ?@8 A>548=5=88 72574>9 8 B@5C3>;L=8:>< 

??US ý 3   ?>;=0O <>I=>ABL ?@8 A>548=5=88 
72574>9 8 B@5C3>;L=8:>< �;O 87<5@5=8O <>I=>AB8 
?@8<5=ONB A?5F80;L=K5 87<5@8B5;L=K5 ?@81>@K, 
=07K205<K5 20BB<5B@0<8. 

 

  



48 

 

#@8<5@ 5, 6: 
 

$0AG5B=> - 3@0D8G5A:0O @01>B0 №5, 6 

$0AG5B B@5ED07=KE M;5:B@8G5A:8E F5?59 ?5@5<5==>3> B>:0 
 

 

 
 

 

1. $0AG5B B@5ED07=KE M;5:B@8G5A:8E F5?59, A>548=5==KE «B@5C3>;L=8:><»: 

 

  

�0=>:   � B@5ED07=CN A8AB5<C 2:;NG5=0: 

  0) A8<<5B@8G=0O 0:B82=>-8=4C:B82=0O =03@C7:0 3   

 

"?@545;8BL  : ?>:070=8O 2A5E ?@81>@>2, 2:;NG5==KE 2 AE5<C 8 ?>AB@>8BL 25:B>@=K5 
4803@0<<K =03@C7>: 5A;8 U1=220 � 

 

$5H5=85: 
 

1) "?@545;O5< AE5<C A>548=5=8O =03@C7>:: %8<<5B@8G=0O  =03@C7:0  R01 3 XL A>548=5=0  2  
«B@5C3>;L=8:» 
 

 

"@XXXX

"@RRRR

CBAL

CBA

8

101

ýýýý
ýýýý



49 

 

 

3 2>;LB<5B@ - >1I89 4;O 2A59 F5?8, 2:;NG5= <564C ;8=59=K<8 ?@>2>40<8 � 8 �: 
 

 

- 0<?5@<5B@       87<5@O5B ;8=59=K9 B>: 4;O =03@C7:8, A>548=5==>9 2 «B@5C3>;L=8:»: 
 

 

- 0<?5@<5B@         87<5@O5B D07=K9 B>: 4;O =03@C7:8,  A>548=5==>9 2 «B@5C3>;L=8:»: 
 

 

#@8 A>548=5=88 35=5@0B>@0 8 =03@C7:8 «B@5C3>;L=8:><»:  

 

$0AG5B ;8=59=>3> 8 D07=>3> =0?@O65=89 F5?8: 
 

 

$0AG5B ;8=59=KE 8 D07=KE B>:>2 F5?8: 
 

 

&>: :064>9 D07K >?@545;O5BAO ?> 70:>=C "<0: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

"?@545;O5< ;8=59=K9 B>: 4;O :064>9 D07K: 
 

 

 

 

1U

1�

2�

H? UU ý

�UU ? 2201 ýý

11 ?� ý

22 H� ý

�UU H? 220ýý

H? ý 3

H

H
H

Z

U
I ý

�H�?� 4,291733 ýýý

�H�?� 4,291733 ýýý

�H%?% 4,291733 ýýý

&>: D47O А 

&>: D47O В 

&>: D47O % 

�
Z

U

H�

H
H� 17

8,12

220
ýýý

"@XRZ LaH� 8,12164810
2222

1 ýýýý

�
Z

U

H�

H
H� 17

8,12

220
ýýý

"@XRZ LaH� 8,12164810
2222

1 ýýýý

�
Z

U

H%

H
H% 17

8,12

220
ýýý

"@XRZ LaH% 8,12164810
2222

1 ýýýý



50 

 

 

 

 

!0G5@B8< 2 <0AHB015 25:B>@=CN 4803@0<<C 
 

 

 

 

 

 

 

 

#>AB@>5=85 =0G8=05< A 25:B>@>2 =0?@O65=89,   @0A?>;030O 8E ?>4 C3;>< 120 3@04CA>2 4@C3 
>B=>A8B5;L=> 4@C30. 
 

"B:;04K205< D07=K5 B>:8. �;O MB>3> >?@545;O5< C3;K A4283>2 D07=KE B>:>2 >B=>A8B5;L=> 
D07=KE =0?@O65=89: 
 

 

 

 

 

 

 

 

 

 

B.:. =03@C7:0 2 «B@5C3>;L=8:5» 
0:B82=> 3 8=4C:B82=0O,  B> 
>B:;04K205< D07=K5 B>:8 ?>4 
C3;0<8, A>>B25BAB2CNI8<8 :064>9 
D075 2 AB>@>=C >BAB020=8O >B 
D07=KE =0?@O65=89  (?> G0A>2>9 
AB@5;:5) 
 

 

"?@545;O5< ;8=59=K5 B>:8:  
 

 

 

 

 

 

 

 

 

 

 

 

"?@545;O5< ;8=59=K5 B>:8 ?> 25:B>@=>9 
4803@0<<5 A ?><>ILN ;8=59:8: 

E@IE@I
E@
A 

E@UU
E@
�

M

H?

?HU

4,3,9,5
1

5

5,5
1

40

ýýý

ýýý



01 3878,0
8,12

10
cos ýýýý 

A

a
A

Z

R

Dа7а А 

Dа7а В 

Dа7а С 

01 3878,0
8,12

10
cos ýýýý 

�

a
�

Z

R

01 3878,0
8,12

10
cos ýýýý 

%

a
%

Z

R

E@I

E@I

E@I

H%

H�

H�

4,3

,4,3

,4,3

ý

ý

ý

Л8=е9=ые F>:8 Dа6=ы 7е><еFD8чеE:>9 
Dа7=>EF8 Dа7=ыE F>:>6. 

ø ù%���%���� ýý


ø ù�%%��%%�% ýý


ø ù���%���%� ýý




51 

 

 

 

 

2. $0AG5B B@5ED07=KE M;5:B@8G5A:8E F5?59, A>548=5==KE «72574>9»: 
 

�0=>:   � B@5ED07=CN A8AB5<C 2:;NG5=0: 
  0) =5A8<<5B@8G=0O 0:B82=> - 5<:>AB=0O 
=03@C7:0:   
 

 

 

 

 

 

 "?@545;8BL  : ?>:070=8O 2A5E ?@81>@>2, 
2:;NG5==KE 2 AE5<C 8 ?>AB@>8BL 25:B>@=K5 
4803@0<<K =03@C7>: 5A;8 U1=220 � 

 

$5H5=85: 
 

1) "?@545;O5< AE5<C A>548=5=8O =03@C7>:: 
 

!5A8<<5B@8G=0O =03@C7:0 R02 - Xc A>548=5=0  
2 «72574C» A =C;52K< ?@>2>4>< 

 

2)   "?@545;O5< M;5:B@8G5A:85 ?0@0<5B@K, 87<5@O5<K5 2:;NG5==K<8 2 F5?L ?@81>@0<8. 
3 2>;LB<5B@        - >1I89 4;O 2A59 F5?8, 2:;NG5= <564C ;8=59=K<8 ?@>2>40<8 � 8 �: 
 

 

- 2>;LB<5B@       2:;NG5= <564C ;8=59=K< ?@>2>4>< %  8 =C;52K< ?@>2>4>< 0, =03@C7:8 
A>548=5==>9 «72574>9»: 
 

- �<?5@<5B@K                   , 87<5@ONB D07=K5 B>:8 D07 �,�,%  =03@C7:8, A>548=5==>9 «72574>9»:                      
 

 

 

 

 

 

 

3 �<?5@<5B@         87<5@O5B =C;52>9 B>: =03@C7:8,  A>548=5==>9 «72574>9»: 
 

$0AG5B F5?8 A>548=5==>9 «72574>9»: 
 

#@8 A>548=5=88 35=5@0B>@0 8 =03@C7:8 «72574>9»:  

 

$0AG5B ;8=59=>3> 8 D07=>3> =0?@O65=89 F5?8: 
- "1I55 ;8=59=>5 =0?@O65=85 F5?8    

- (07=>5 =0?@O65=85:  
 

H? UU 3ý

��E@%��? 4,2959,5 ûýýýý

"@X

"@X

"@X

"@R

C

C

C

a

6

4

2

10

3

2

1

2

ý
ý
ý
ý

�UU ? 2201 ýý

1U

2U

22 HUU ý


543 ,, ���


þ


ý

ü

ý

ý

ý

H%

H�

H�

I�
I�
I�

5

4

3

6�
06 ý�

�U? 220ý
�U?

UH 127
3

220

3
ýýý



52 

 

 

 

$0AG5B ;8=59=KE 8 D07=KE B>:>2 F5?8 

#@8 A>548=5=88 35=5@0B>@0 8 =03@C7:8 «72574>9» ;8=59=K9 B>: @025= D07=><C B>:C: 
 

&>: :064>9 D07K >?@545;O5BAO ?> 70:>=C "<0:  
 

 
&B> H4;O � 

 

 

&B> H4;O � 

 

 

&B> H4;O % 

 

 

 

&>: 2 =C;52>< ?@>2>45 @025=:    
 

 

�;O >?@545;5=8O B>:0 2 =C;52>< ?@>2>45 =0G5@B8< 2 <0AHB015 25:B>@=CN 4803@0<<C: 
 

 

 

 

 

 

 

 

- #>AB@>5=85 =0G8=05< A 25:B>@>2 D07=KE =0?@O65=89   , @0A?>;030O 8E ?>4 C3;>< 1200 

4@C3 >B=>A8B5;L=> 4@C30: 
 

 

!0E>48< ;8=59=K5 =0?@O65=8O          :0: @07=>ABL 2E 
A>>B25BAB2CNI8E D07=KE =0?@O65=89:  
 

 

 

 

 

 

 

#> 25:B>@=>9 4803@0<<5 ?>;CG05BAO:  
 

 

 

 

 

0

HU

H? ý

H

H
H

Z

U
I ý

�
Z

U

H�

H
H�?� 5,12

2,10

127
ýýýý "@XcRZ aH� 2,10104210

222

1

2

2 ýýýý

�
Z

U

H�

H
H�?� 8,11

8,10

127
ýýýý "@XcRZ aH� 8,10116410

222

2

2

2 ýýýý

�
Z

U

H%

H
H%?% 85,10

7,11

127
ýýýý "@XcRZ aH% 7,11136610

222

3

2

2 ýýýý

%�� ý


0

E@IE@I

E@I
E@
A 

E@UE@U
E@
�

M

H%H�

H�

?HU

6,3,4

,2,4
1

3

5,5;2,3
1

40

ýý

ýý

ýýý



ø ùBABAAB UUUUU


ýý

ø ù%�%�B% UUUUU


ýý

ø ù�%�%%A UUUUU


ýý

�E@UH 1272,3 ýý

?U

�E@U ? 2205,5 ýý



53 

 

"B:;04K205< D07=K5 B>:8.          
 

 �;O MB>3> >?@545;O5< C3;K A4283>2 D07=KE B>:>2 >B=>A8B5;L=> D07=KE =0?@O65=89:                   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

&>: 2 =C;52>< ?@>2>45 @025= 35><5B@8G5A:>9 AC<<5 B@5E D07=KE B>:>2:                                             
 

 

#> 4803@0<<5 A ?><>ILN ;8=59:8  >?@545;O5<: 
 

 

 

 

 

 

 

02 5359,0
2,10

6
cos ýýýý 

A

a
A

Z

R

02 5655,0
8,10

6
cos ýýýý 

B

a
B

Z

R

02 5951,0
7,11

6
cos ýýýý 

ZE
Ra

C

H4;4 � 

H4;4 � 

H4;4 % 
E@I

E@I

E@I

H%

H�

H�

6,3

,4

,2,4

ý

ý

ý

B.:. =03@C7:0 2 «725745» 0:B82=> 3 5<:>AB=0O,  B> >B:;04K205< D07=K5 B>:8 ?>4 C3;0<8, 
A>>B25BAB2CNI8<8 :064>9 D075 2 AB>@>=C BC9D9:9A<S H4;AOI A4CDS:9A<= (?@>B82 G0A>2>9 
AB@5;:8) 

%�� ý


0

E@8,00 ý ��E@ 4,238,00 ýý


