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7=а=89:  

- EGMABEFP H<;<K9E><I CDBJ9EEB6, CDBF9>4RM<I 6 Q?9>FD<K9E><I < @47A<FAOI J9CSI; 
- CD<AJ<CO, ?9:4M<9 6 BEAB69 HGA>J<BA<DB64A<S Q?9>FD<K9E><I @4L<A < 
Q?9>FDBAAB= F9IA<><; 
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$9;G?PF4F 6OCB?A9A<S CD4>F<K9E><I ;484A<= BJ9A<649FES  3 ;4K9F/A9;4K9F. 
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6 84AAB@ @9FB8<K9E>B@ CBEB5<<.  
% GKTFB@ 6OL9<;?B:9AAB7B 6 84AAOI @9FB8<K9E><I G>4;4A<SI CD<6989AB 4 CD4>F<K9E><I 
D45BFO. 

�4:84S CD4>F<K9E>4S D45BF4 EB89D:<F J9?P, @9FB8<K9E>B9 DG>B6B8EF6B > 6OCB?A9A<R, 
C9D9K9AP BEA4M9A<S D45BFO, EB89D:4A<9 D45BFO, >BAFDB?PAO9 6BCDBEO.  
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1. $4EK9F J9C9= CBEFBSAAB7B FB>4  
2. $4EK9F C4D4@9FDB6  C9D9@9AAB7B FB>4 
3. $4EK9F A9D4;69F6?9AAOI Q?9>FD<K9E><I J9C9= C9D9@9AAB7B FB>4. 
4. $4EK9F FD9IH4;AOI Q?9>FD<K9E><I J9C9= C9D9@9AAB7B FB>4 EB98<A9AAOI 
«FD9G7B?PA<>B@ < «;69;8B=». 

5. �O5BD Q?9>FDB86<74F9?S 8?S D45BFO Q?9>FDBCD<6B84 
 

 

 9FB8<K9E><9 G>4;4A<S > D9L9A<R CD4>F<K9E><I D45BF 
 

#D4>F<K9E>4S D45BF4 №1 

$�%+�& *�#�� #"%&"3!!"�" &"�� 
 

$9L9A<9 QFB= ;484K< FD95G9F ;A4A<S ;4>BA4 "@4 8?S 6E9= J9C< < 99 GK4EF>B6, C9D6B7B 
;4>BA4 �<DI7BH4 < @9FB8<>< BCD989?9A<S Q>6<64?9AFAB7B EBCDBF<6?9A<S J9C< E@9L4AAB7B 
EB98<A9A<S D9;<EFBDB6.  
 

&9BD9F<K9E><9 E6989A<S: 
�;4<@BE6S;P @9:8G BEAB6AO@< C4D4@9FD4@< J9C< GEF4A46?<64RFES CB ;4>BAG �@4:         

�BE?98B64F9?PAO@ EB98<A9A<9@ CD<9@A<>B6 Q?9>FDBQA9D7<< (D<E.1) A4;O649FES EB98<A9A<9, 
CD< >BFBDB@ >BA9J C9D6B7B CD<9@A<>4 EB98<A9A E A4K4?B@ 6FBDB7B, >BA9J 6FBDB7B E 
A4K4?B@ FD9FP97B < F. 8. 
 

 

#D< D4;@O>4A<< J9C< G B8AB7B <; CBE?98B64F9?PAB 
EB98<A9AAOI CBFD95<F9?9= FB>  <EK9;49F 6B 6E9= 
J9C<. 
 

�4>BAO CBE?98B64F9?PAB7B EB98<A9A<S CD<9@A<>B6: 

 

 

�4D4??9?PAO@ EB98<A9A<9@ CD<9@A<>B6 (D<E.2) Q?9>FD<K9E>B= QA9D7<< A4;O649FES 
EB98<A9A<9, CD< >BFBDB@ A4K4?4 6E9I 69F69= Q?9>FD<K9E>B= J9C< CD<EB98<ASRFES >  
C9D6B@G G;?G, >BAJO QF<I :9 69F69= CD<EB98<ASRFES >B 6FBDB@G G;?G. 
#;9? 3  FBK>4, 6 >BFBDB@ EIB8<FES 5B?99 86GI CDB6B8A<>B6. 
�9F6P 3 >4:8O= <; CDB6B8A<>B6, D4ECB?B:9AAO= @9:8G 86G@S G;?4@<.  
 4;69F6?9A<9 3 6E9 6@9EF9 C4D4??9?PAB EB98<A9AAO9 CDB6B8A<><.  

D<E.1 
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�4>BAO C4D4??9?PAB7B EB98<A9A<S CD<9@A<>B6. 
 

 

 

 

 

 

 

 

 

 

&4> >4> A4CDS:9A<9 @9:8G G;?4@< CBEFBSAAB, FB FB>< 6 69F6SI A9 ;46<ESF 8DG7 BF 8DG74. 
#BQFB@G CD< BF>?RK9A<< B8AB= <; 69F69= 6E9 BEF4?PAO9 69F6< 5G8GF CDB8B?:4FP 
D45BF4FP.  

 +9@ 5B?PL9 69F69= 6 C4D4??9?PAB@ EB98<A9A<<, F9@ @9APL9 B5M99 EBCDBF<6?9A<9 
6E9= J9C<.  

 #D< C4D4??9?PAB@ EB98<A9A<< D9;<EFBDB6 <I B5M99 EBCDBF<6?9A<9 5G89F @9APL9 
A4<@9APL97B <; EBCDBF<6?9A<=. 

%I9@O 8?S D4EK9F4 < 84AAO9 E@BFD9FP 6 #D<?B:9A<< 1. 
 

#D<@9D1: 
#D4>F<K9E>4S D45BF4 №1 

 

$4EK9F Q?9>FD<K9E><I J9C9= CBEFBSAAB7B FB>4 

 

�4AB: R1,  R2,  R3,  R4,  UB5M 

"CD989?<FP: 6E9 FB>< < A4CDS:9A<S Q?9>FD<K9E>B= 
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#D9B5D4;G9@ EI9@G, D4;5<6 99 A4 K4EF<. � QF<I K4EFSI 8B?:AO CD<EGFEF6B64FP CDBEF9=L<9,  
K<EFB CBE?98B64F9?PAO9 <?< K<EFB C4D4??9?PAO9 EB98<A9A<S. 

 

$4EEK<F49@ 6E9 FB>< < 6E9 A4CDS:9A<S,  >BFBDO9 @B:AB BCD989?<FP 6 84AAB= J9C<. 

"CD989?9A<9 < D4EK9F J9C< A4K<A49@ E E4@B7B CDBEF9=L97B 64D<4AF4 (%). 

 

 

 

 

ОпDеделOе<: Iо5щ  по 7ако=у О<а:   

 

 

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

 

 

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

<о6=о =а9т8 Qк686але=т=ое 8< EопDот86ле=8е  
  R23 = R2 + R3 

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

 

 �о 74ко=4< п4D4ллелP=о7о Eоед8=е=8O <о6=о 
=а9т8 Qк686але=т=ое 8< EопDот86ле=8е:  

 

 

 � EEе<е (�) 8<еетEO ч8Eто поEледо6ателP=ое 
Eоед8=е=8е Dе78EтоDо6  R1 8 R234. 

 

По 7ако=а< поEледо6ателP=о7о Eоед8=е=8O <о6=о 
=а9т8 Qк6864ле=т=ое EопDот86ле=8е 6Eе9 EEе<O   
RQк6  = R1 + R234 

 

 

Схе<а �) 

Схе<а �) 

Схе<а С) 

Схе<а �) 

Схе<а С) Да=>:   Rэк6, Uо5щ 
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ОпDеделOе< паде=8е =апDO6е=8O =а ка6до< 
Dе78EтоDе. 
 �о 74ко=4< поEледо64телP=о7о Eоед8=е=8O    

Uо5щ = U1 + U234 

По 7ако=у О<а:  
U1 = Iо5щ · R1      U234 = Iо5щ · R234 

 

 

 

 

 

ОпDеделOе< ток8 Dа76ет6ле=89    I23 u I4  

По 7ако=у паDаллелP=о7о Eоед8=е=8O:  
Iо5щ = I23 + I4 

по 74ко=у О<4:      

   

 

 

 

 

 

 

 

 

ОпDеделOе< паде=8е =апDO6е=8O =а 
Dе78EтоDаE R2 8 R3 

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

 

 

#D<@9D 2: 
#D4>F<K9E>4S D45BF4 №2 

 

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

 

Да=о:

÷
ø
ö

÷
ø
ö 

÷
ø
ö

÷
ø
ö 

6
314sin25

2
314sin15

2

1





ti

ti

  

 

 

О� ���ЛИТЬ: 
1. �<пл8туду тока 

2. Де9Eт6уNщее 7=аче=8е тока 

3. �ачалP=уN Dа7у тока 

4. У7ло6уN чаEтоту 

5. ЧаEтоту 

6. ПеD8од 

7. �7=о6е==ое 7=аче=8е тока 6 =ачалP=O9 <о<е=т 6Dе<е=8 

8. Сд687 по Dа7е <е6ду 7ада==O<8 тока<8 

9. ПоEтDо8тP 7DаD8к токо6 8 кDу7о6уN д8а7Dа<<у 

 

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 
Схе<а �) 
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�@C?<FG8AO9 ;A4K9A<S FB>4 Im         ø ù  t
m

i sin  

 

2. �9=EF6GRM<9 ;A4K9A<S FB>4 m
m I

I
I  707.0

2
 

 

 

 

3. #7B? α (A4K4?PA4S H4;4) 
 

1. '7?B64S K4EFBF4 ω (D48/E) 
5. +4EFBF4 ƒ (�J) 
6. #9D<B8 & (E) 

 

 

 

1.  7AB69AAB9 ;A4K9A<9 FB>4 6 A4K4?PAO= @B@9AF 6D9@9A< 

 

  

 

 

8. %86<7 CB H4;9 @9:8G ;484AAO@< FB>4@< 

 

AA mm 2515 21 

AI

AI

7,1725707.0
2

25

6,1015707.0
2

15

2

1





0

2

0

1 30
6

90
2




c
f

T

�Jf

ED48

02,0
50

11

50
14,32

314

2

/314















ø ù Ai

Ai

5,125,025
6

11
sin25

6
sin25

6
0314sin25

15115
2

sin15
2

0314sin15

2

1

÷
ø
ö

÷
ø
ö÷

ø
ö

÷
ø
ö 

÷
ø
ö

÷
ø
ö 





0
120

3

2

6262
÷

ø
ö

÷
ø
ö


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�4AAO9 8?S D4EK9F4 E@BFD9FP 6 #D<?B:9A<<  
3. 

 

#D4>F<K9E>4S D45BF4 №3 

$4EK9F A9D4;69F6?9AAOI J9C9= C9D9@9AAB7B FB>4 
 

 

 

 

 

 

�4AB: 
XL = 9 �@ 

Ra1 = 5 �@ 

Х! = 15 �@ 

Ra2 = 3 �@ 

U= 200 � 

 

"CD989?<FP: 
1. Ź - B5M99 EBCDBF<6?9A<9 J9C<  
2. I - B5M<= FB> J9C< 

3. Eos φ - >BQHH<J<9AF @BMABEF< 

4. #489A<S A4CDS:9A<S A4 >4:8B@ EBCDBF<6?9A<< 

5. #BEFDB<FP 6 @4ELF459 69>FBDAGR 8<47D4@@G  
6. �>F<6AGR  , D94>F<6AGR Q, CB?AGR S @BMABEF< J9C< 
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1. "#$����3�  B5M99 EBCDBF<6?9A<9 J9C<   Z 

 

 

2. "#$����3�  B5M<= FB> J9C<   I 

 

 

3. "#$����3�  >BQHH<J<9AF @BMABEF< 

 

#B F45?<J9 �D48<E4 BCD989?S9@ G7B? φ=36° 

 

4. "#$����3�  C489A<S 

A4CDS:9A<S A4 EBCDBF<6?9A<SI 

 

 

 

 

5. #"%&$"�  69>FBDAGR 8<47D4@@G FB>4 < A4CDS:9A<= < 8B>4:9@ CD46<?PABEFP 

CDB<;6989AAOI D4EK9FB6 

#BEFDB<@ 69>FBDAGR 8<47D4@@G E CB@BMPR 69>FBDAB7B E?B:9A<S A4=89AAOI ;A4K9A<= 

C489A<= A4CDS:9A<=: 

 

 

 

 

 

 

 

ø ù ø ù ø ù ø ù �@XXRRZ LCaa 1091535
2222

21 

A
Z

U
20

10

200


8,0
10

35
cos 21 







Z

RR aa

BXU

BXU

BRU

BRU

CC

LL

aa

aa

3001520

180920

60320

100520

22

11






21 aCaL UUUUU




E@U

E@U

E@U

E@U

E@UE@
� 

E@E@
А 

A4CDS:9A<=<FB>48?S
@4ELF45�O5<D49@

C

L

a

aU

4

6

6,3

2,1

250

45

2

1











ABU

BUBU

BUBU

CL

aa

20200

300180

60100 21




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"#$����3�  4>F<6AGR @BMABEFP Q?9>FD<K9E>B= J9C<: 
 

 

"#$����3�  D94>F<6AGR @BMABEFP Q?9>FD<K9E>B= J9C<: 
 

 

"#$����3�  CB?AGR @BMABEFP Q?9>FD<K9E>B= J9C<: 
 

 

 

#D4>F<K9E>4S D45BF4 № 4, 5  

 9FB8<K9E><9 G>4;4A<S > D9L9A<R 

$4EK9F FD9IH4;AOI Q?9>FD<K9E><I J9C9= C9D9@9AAB7B FB>4 
 

&9BD9F<K9E><9 E6989A<S: 

� FD9IH4;AB= E<EF9@9 C9D9@9AAB7B FB>4 89=EF6GRF 
FD< Q8E B8<A4>B6B= K4EFBFO,  6;4<@AB E@9M9AAO9 CB 
H4;9 A4 B8AG FD9FP (

1
/
3
)C9D<B84.  

 

 

 

 

 

 

 

"5@BF>< 79A9D4FBD4 @B:AB EB98<A<FP 86G@S ECBEB54@<: 
«;69;8B=» < «FD9G7B?PA<>B@». 
 

 

 

 

t�9 FА sin

÷
ø
ö

÷
ø
ö 

3

2
sin

t�9 F�

÷
ø
ö

÷
ø
ö 

3

4
sin

t�9 F!

D<E.8 

+9FOD9ICDB6B8A4S FD9IH4;A4S E<EF9@4 

D<E.9 

 

ø ù ø ù

BmUP

<?<
BmRRP aa

32008,020200cos

32003520
2

21

2







ø ù ø ù

BApUQ

<?<
BApXXQ Lc

24006,020200sin

240091520
22







BAUS

<?<
BAQPS

400020200

400024003200
2222




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%B98<A9A<9 B5@BFB> 79A9D4FBD4 «;69;8B=». 

#D< EB98<A9A<< B5@BFB> ;69;8B= >BAJO B5@BFB> X, #, Z EB98<ASRFES 6 B8AG FBK>G N, 

A4;O649@GR AG?96B= FBK>B= <?< A9=FD4?PR 79A9D4FBD4.   
� K9FOD9ICDB6B8AB= E<EF9@9 > A9=FD4?< CD<EB98<AS9FES A9=FD4?PAO=, <?< AG?96B= 
CDB6B8. � A4K4?4@ B5@BFB> 79A9D4FBD4 CD<EB98<ASRFES FD< ?<A9=AOI CDB6B84.  
!4CDS:9A<S @9:8G A4K4?4@< < >BAJ4@< H4;, <?<, KFB FB :9, A4CDS:9A<S @9:8G >4:8O@ <; 
?<A9=AOI CDB6B8B6 < AG?96O@, A4;O64RFES H4;AO@< A4CDS:9A<S@ < B5B;A4K4RFES UA, B, 

Uc <?< 6 B5M9@ 6<89 UH 

 

!4CDS:9A<S @9:8G A4K4?4@< B5@BFB>, <?<, KFB FB :9, 
@9:8G ?<A9=AO@< CDB6B84@<, A4;O64RFES ?<A9=AO@< 
A4CDS:9A<S@< < B5B;A4K4RFES UAB, UBC, UCA  <?< 6 B5M9@ 
6<89 U?. 

"5OKAB 6E9 H4;O B5@BF>< 79A9D4FBD4 6OCB?ASRFES 
B8<A4>B6O@<, F4> KFB 89=EF6GRM<9 ;A4K9A<S Q8E 6 H4;4I 
D46AO, F. 9. �А=��=�! , AB E86<AGFO BFABE<F9?PAB 8DG7 
8DG74 A4 ےφ = 120°. !4 69>FBDAB= 8<47D4@@9 QFB 
CB>4;O649FES E?98GRM<@ B5D4;B@.  

 

&4>GR :9 8<47D4@@G <@9RF H4;AO9 A4CDS:9A<S 79A9D4FBD4 UA , UB , Uc. 

%BBFABL9A<9 @9:8G ?<A9=AO@< < H4;AO@< A4CDS:9A<S@< CD< EB98<A9A<< B5@BFB> 
79A9D4FBD4 «;69;8B=».  

 

 

 

 

 

 

 

 

 

�; 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 :  

 

 

 

 

 
 

%B98<A9A<9 B5@BFB> 79A9D4FBD4 «FD9G7B?PA<>B@». 

#D< EB98<A9A<< B5@BFB> FD9IH4;AB7B 79A9D4FBD4 
FD9G7B?PA<>B@ >BA9J C9D6B= B5@BF>< X EB98<AS9FES E 
A4K4?B@ 6FBDB= B5@BF>< �, >BA9J 6FBDB= B5@BF>< Y 

EB98<AS9FES E A4K4?B@ FD9FP9= B5@BF>< ! < >BA9J 

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

 

ø ùBABAAB UUUUU




ø ù!�!�B! UUUUU




ø ùА!А!!A UUUUU



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FD9FP9= B5@BF>< Z E A4K4?B@ C9D6B= А. &D< ?<A9=AOI 
CDB6B84, <8GM<I > CD<9@A<>4@ QA9D7<<, CD<EB98<ASRFES 
> A4K4?4@ H4; А, � < !. 
#D< F4>B@ EB98<A9A<< B5@BFB> H4;AO9 A4CDS:9A<S D46AO ?<A9=AO@: 
 

UАB = UА 

UBC = UB 

UCA = UC 

 

 

%B98<A9A<9 79A9D4FBD4 < CD<9@A<>4 QA9D7<< 
«;69;8B=». 
CD< F4>B@ EB98<A9A<< E<EF9@4 @B:9F 5OFP  

1. +9FOD9ICDB6B8AB= 3 <ECB?P;G9FES CD< 
BE69F<F9?PAB= A47DG;>9 

2. &D9ICDB6B8AB= 3 <ECB?P;G9FES CD< 
E<?B6B= A47DG;>9 (F.9. CD< CB8>?RK9A<< 
Q?9>FDB86<74F9?9=) 

 

+9FOD9ICDB6B8A4S E<EF9@4 FD9IH4;AB7B FB>4.  

�E?< H4;AO9 B5@BF>< 79A9D4FBD4 <?< CBFD95<F9?S EB98<A<FP F4>, KFB5O >BAJO B5@BFB> 
5O?< EB98<A9AO 6 B8AG B5MGR FBK>G, 4 A4K4?4 B5@BFB> CD<EB98<A9AO > ?<A9=AO@ 
CDB6B84@, FB F4>B9 EB98<A9A<9 A4;O649FES EB98<A9A<9@ ;69;8B= < B5B;A4K49FES GE?B6AO@ 
;A4>B@ Y. !4 D<EGA>9 B5@BF>< 79A9D4FBD4 < CBFD95<F9?S EB98<A9AO ;69;8B=. &BK><, 6 
>BFBDOI EB98<A9AO >BAJO H4;AOI B5@BFB> 79A9D4FBD4 <?< CBFD95<F9?S, A4;O64RFES 
EBBF69FEF69AAB AG?96O@< FBK>4@< 79A9D4FBD4 (0) < CBFD95<F9?S (0').  

"59 FBK>< 0 < 0' EB98<A9AO CDB6B8B@, >BFBDO= A4;O649FES AG?96O@, <?< A9=FD4?PAO@ 
CDB6B8B@. "EF4?PAO9 FD< CDB6B84 FD9IH4;AB= E<EF9@O, <8GM<9 BF 79A9D4FBD4 > 
CBFD95<F9?R, A4;O64RFES ?<A9=AO@< CDB6B84@<. &4><@ B5D4;B@, 79A9D4FBD EB98<A9A E 
CBFD95<F9?9@ K9FODP@S CDB6B84@<. #BQFB@G QF4 E<EF9@4 A4;O649FES K9FOD9ICDB6B8AB= 
E<EF9@B= FD9IH4;AB7B FB>4. 
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&B>, CDBF9>4RM<= CB H4;AB= B5@BF>9 79A9D4FBD4 <?< CBFD95<F9?S, A4;O649FES H4;AO@ 
FB>B@ < B5B;A4K49FES 6 B5M9@ 6<89 IH. &B>, CDBF9>4RM<= CB ?<A9=AB@G CDB6B8G, 
A4;O649FES ?<A9=AO@ FB>B@ < B5B;A4K49FES 6 B5M9@ 6<89 I?. #B AG?96B@G CDB6B8G 

CDBF9>49F FB>, D46AO= 79B@9FD<K9E>B= EG@@9 FD9I FB>B6:    !�А 


0 . 

#D< EB98<A9A<< ;69;8B= ?<A9=AO= FB> D469A H4;AB@G FB>G    H?   

!4CDS:9A<S, <;@9D9AAO9 @9:8G A4K4?4@< H4; 79A9D4FBD4 (<?< CBFD95<F9?S) < AG?96B= 
FBK>B= (<?< AG?96O@ CDB6B8B@), A4;O64RFES H4;AO@< A4CDS:9A<S@< < B5B;A4K4RFES UA , 

UB , Uc  <?< 6 B5M9@ 6<89 UH.  

!4CDS:9A<S, <;@9D9AAO9 @9:8G A4K4?4@< 86GI H4;: А < �, � < !, ! < А 4 79A9D4FBD4 
<?< CBFD95<F9?S, A4;O64RFES ?<A9=AO@< A4CDS:9A<S@< < B5B;A4K4RFES UAB , UBC , UCA  <?< 
6 B5M9@ 6<89 U?. #D< QFB@ H? UU 3 . 

"CD989?9A<9 H4;AOI FB>B6 CD<9@A<>B6, CDB<;6B8<FES F4> :9, >4> < 6 B8ABH4;AOI J9CSI 
C9D9@9AAB7B FB>4: 

A

A
А

Z

U


B

B

B
Z

U


C

C

C
Z

U
  

'7?O E86<74 FB>B6 BFABE<F9?PAB H4;AOI 
A4CDS:9A<= BCD989?SRFES <; HBD@G?: 

 

 

 

�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: 
 

 

 

 

%B98<A9A<9 79A9D4FBD4 < CD<9@A<>4 QA9D7<< «FD9G7B?PA<>B@». 
 

�DB@9 EB98<A9A<S ;69;8B=, 79A9D4FBDO, 
FD4AEHBD@4FBDO, 86<74F9?< < 8DG7<9 
CBFD95<F9?< FD9IH4;AB7B FB>4 @B7GF 
6>?RK4FPES «FD9G7B?PA<>B@». 

!B98<A9A<9 FD9G7B?PA<>B@» 
6OCB?AS9FES F4><@ B5D4;B@, KFB5O 
>BA9J H4;O А 5O? EB98<A9A E. A4K4?B@ 
H4;O �, >BA9J H4;O � EB98<A9A E 
A4K4?B@ H4;O ! < >BA9J H4;O ! 
EB98<A9A E A4K4?B@ H4;O А.  

� @9EF4@ EB98<A9A<S H4; 
CD<EB98<ASRF ?<A9=AO9 CDB6B84. 

B

B
B

z

r
cos

C

C
C

z

r
cos

A

A
A

z

r
cos

!�А 


0
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�E?< B5@BF>< 79A9D4FBD4 EB98<A9AO FD9G7B?PA<>B@, FB ?<A9=AB9 A4CDS:9A<9 EB;849F 
>4:84S H4;A4S B5@BF>4.  
' CBFD95<F9?S, EB98<A9AAB7B FD9G7B?PA<>B@, ?<A9=AB9 A4CDS:9A<9 CB8>?RK49FES > 

;4:<@4@ H4;AB7B EBCDBF<6?9A<S. %?98B64F9?PAB, CD< EB98<A9A<< FD9G7B?PA<>B@ H4;AB9 

A4CDS:9A<9 D46AB ?<A9=AB@G A4CDS:9A<R: H? UU  . � CB EI9@9 <8GF ?<A9=AO9 < 
H4;AO9 FB><. 

�46<E<@BEFP @9:8G H4;AO@< < ?<A9=AO@< 
FB>4@< CD< EB98<A9A<< FD9G7B?PA<>B@: 

�!!А!

А��!�

!АА�А













 

�<A9=AO9 FB>< D46AO 79B@9FD<K9E>B= 
D4;ABEF< H4;AOI FB>B6.  
#D< E<@@9FD<KAB= A47DG;>9 H4;AO9 FB>< 
B8<A4>B6O CB 69?<K<A9 < E86<AGFO B8<A 
BFABE<F9?PAB 8DG7B7B A4 120°. #DB<;6B8S 
6OK<F4A<9 69>FBDB6 H4;AOI FB>B6 EB7?4EAB 
CB?GK9AAO@ GD46A9A<S@, CB?GK49@ ?<A9=AO9 FB><.  

�; 69>FBDAB= 8<47D4@@O 6<8AB, KFB CD< EB98<A9A<< «FD9G7B?PA<>B@» ?<A9=AO= FB> 

5B?PL9 H4;AB7B FB>4 6 3  D4;:   H?  3  

 

 BMABEF< FD9IH4;AB7B C9D9@9AAB7B FB>4 

#D< D46AB@9DAB= A47DG;>9 @BMABEFP, CBFD95?S9@4S 
BF FD9IH4;AB= E9F<, A9;46<E<@B BF ECBEB54 6>?RK9A<S 
A47DG;><, 6OD4:49FES E?98GRM9= HBD@G?B=: 

cos3 ?? U   4>F<6A4S @BMABEFP FD9IH4;AB7B 
FB>4 CD< EB98<A9A<< ;69;8B= < FD9G7B?PA<>B@ 

sin3 ?? U   D94>F<6A4S @BMABEFP FD9IH4;AB7B 
FB>4 CD< EB98<A9A<< ;69;8B= < FD9G7B?PA<>B@ 

?? US  3   CB?A4S @BMABEFP CD< EB98<A9A<< 
;69;8B= < FD9G7B?PA<>B@ �?S <;@9D9A<S @BMABEF< 
CD<@9ASRF EC9J<4?PAO9 <;@9D<F9?PAO9 CD<5BDO, 
A4;O649@O9 64FF@9FD4@<. 
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#D<@9D: 
 

$4EK9F FD9IH4;AOI Q?9>FD<K9E><I J9C9= C9D9@9AAB7B FB>4 
 

 

 
 

 

1. $4EK9F FD9IH4;AOI Q?9>FD<K9E><I J9C9=, EB98<A9AAOI «FD9G7B?PA<>B@»: 

 

  

 

�4AB:   � FD9IH4;AGR E<EF9@G 6>?RK9A4: 

  4) E<@@9FD<KA4S 4>F<6AB-<A8G>F<6A4S A47DG;>4 3   

 

"CD989?<FP  : CB>4;4A<S 6E9I CD<5BDB6, 6>?RK9AAOI 6 EI9@G < CBEFDB<FP 69>FBDAO9 
8<47D4@@O A47DG;B> 9E?< U1=220 � 

 

$9L9A<9: 
 

1) "CD989?S9@ EI9@G EB98<A9A<S A47DG;B>: %<@@9FD<KA4S  A47DG;>4  R41 3 XL EB98<A9A4  6  
«FD9G7B?PA<>» 
 

 

 

�@XXXX

�@RRRR

CBAL

CBA

8

101



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3 6B?PF@9FD - B5M<= 8?S 6E9= J9C<, 6>?RK9A @9:8G ?<A9=AO@< CDB6B84@< � < �: 
 

 

- 4@C9D@9FD       <;@9DS9F ?<A9=AO= FB> 8?S A47DG;><, EB98<A9AAB= 6 «FD9G7B?PA<>»: 
 

 

- 4@C9D@9FD         <;@9DS9F H4;AO= FB> 8?S A47DG;><,  EB98<A9AAB= 6 «FD9G7B?PA<>»: 
 

 

#D< EB98<A9A<< 79A9D4FBD4 < A47DG;>< «FD9G7B?PA<>B@»:  

 

$4EK9F ?<A9=AB7B < H4;AB7B A4CDS:9A<= J9C<: 
 

 

$4EK9F ?<A9=AOI < H4;AOI FB>B6 J9C<: 
 

 

&B> >4:8B= H4;O BCD989?S9FES CB ;4>BAG "@4: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

"CD989?S9@ ?<A9=AO= FB> 8?S >4:8B= H4;O: 
 

 

 

 

 

 

 

1U

1А

2А

H? UU 

�UU ? 2201 

11 ?А 

22 HА 

�UU H? 220

H?  3

H

H
H

Z

U
I 

АHА?А 4,291733 

АH�?� 4,291733 

АH!?! 4,291733 

&>: Hа7ы А 

&>: Hа7ы В 

&>: Hа7ы % 

А
Z

U

HА

H
HА 17

8,12

220


�@XRZ LaHА 8,12164810
2222

1 

А
Z

U

H�

H
H� 17

8,12

220


�@XRZ LaH� 8,12164810
2222

1 

А
Z

U

H!

H
H! 17

8,12

220


�@XRZ LaH! 8,12164810
2222

1 
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!4K9DF<@ 6 @4ELF459 69>FBDAGR 8<47D4@@G 
 

 

 

 

 

 

#BEFDB9A<9 A4K<A49@ E 69>FBDB6 A4CDS:9A<=,   D4ECB?474S <I CB8 G7?B@ 120 7D48GEB6 8DG7 
BFABE<F9?PAB 8DG74. 
 

"F>?48O649@ H4;AO9 FB><. �?S QFB7B BCD989?S9@ G7?O E86<7B6 H4;AOI FB>B6 BFABE<F9?PAB 
H4;AOI A4CDS:9A<=: 
 

 

 

 

 

 

 

 

 

 

F.>. A47DG;>4 6 «FD9G7B?PA<>9» 
4>F<6AB 3 <A8G>F<6A4S,  FB 
BF>?48O649@ H4;AO9 FB>< CB8 
G7?4@<, EBBF69FEF6GRM<@< 
>4:8B= H4;9 6 EFBDBAG 
BFEF464A<S BF H4;AOI 
A4CDS:9A<=  (CB K4EB6B= 
EFD9?>9) 
 

 

"CD989?S9@ ?<A9=AO9 FB><:  
 

 

 

 

 

 

 

 

 

 

 

 

"CD989?S9@ ?<A9=AO9 FB>< CB 69>FBDAB= 
8<47D4@@9 E CB@BMPR ?<A9=><: 
 

 

 

2. $4EK9F FD9IH4;AOI Q?9>FD<K9E><I J9C9=, 
EB98<A9AAOI «;69;8B=»: 

E@IE@I
E@
A 

E@UU
E@
�

M

H?

?HU

4,3,9,5
1

5

5,5
1

40







01 3878,0
8,12

10
cos  

A

a
A

Z

R

Dа7а А 

Dа7а В 

Dа7а С 

01 3878,0
8,12

10
cos  

�

a
�

Z

R

01 3878,0
8,12

10
cos  

!

a
!

Z

R

E@I

E@I

E@I
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