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Q?9>FDBAAOI GEFDB=EF6 < CD<5BDB6;  CD<AJ<CO 89=EF6<S, GEFDB=EF6B, BEAB6AO9 
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K<EFB CBE?98B64F9?PAO9 <?< K<EFB C4D4??9?PAO9 EB98<A9A<S. 

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

 

 

 

 

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   

 

 

$4EK9F @47A<FAOI J9C9= 

 

� BEAB69 D4EK9F4 @47A<FAOI J9C9= ?9:4F 864 ;4>BA4. �4>BA (CD<AJ<C) A9CD9DO6ABEF< 

@47A<FAB7B CBFB>4 4 CBFB> 69>FBD4 @47A<FAB= <A8G>J<< K9D9; ;4@>AGFGR CB69DIABEFP 

D469A AG?R. �4>BA CB?AB7B FB>4 4 J<D>G?SJ<S 69>FBD4 A4CDS:9AABEF< 68B?P 

CDB<;6B?PAB7B >BAFGD4 D46A4 4?795D4<K9E>B= EG@@9 FB>B6, BI64FO649@OI QF<@ >BAFGDB@ . 

#D< 4A4?<;9 @47A<FAOI J9C9= <, 6 C9D6GR BK9D98P, CD< <I E<AF9;9 <ECB?P;GRFES 

E?98GRM<9 8BCGM9A<S: 3 @47A<FA4S A4CDS:9AABEFP, EBBF69FEF69AAB @47A<FA4S <A8G>J<S, 

6B 6E9I FBK>4I CBC9D9KAB7B E9K9A<S @47A<FBCDB6B84 B8<A4>B64 ; 3 CBFB>< D4EE9SA<S 

BFEGFEF6GRF (@47A<FAO= CBFB> K9D9; ?R5B9 E9K9A<9 A9D4;69F6?9AAB= K4EF< 

@47A<FBCDB6B84 B8<A4>B6); 3 E9K9A<9 6B;8GLAB7B ;4;BD4 D46AB E9K9A<R CD<?974RM<I 

GK4EF>B6 @47A<FBCDB6B84. %HBD@G?<DB64AAO9 ;4>BAO < 8BCGM9A<S CB;6B?SRF CD<@9ASFP 

CD< D4EK9F4I @47A<FAOI J9C9= ;4>BAO �<DI7BH4 < "@4. �4>BAO �<DI7BH4 < "@4 8?S 

@47A<FAOI J9C9= 4 A4<@9AB64A<9 ;4>BA4, 4A4?<F<K9E>B9 6OD4:9A<9 ;4>BA4, 

HBD@G?<DB6>4 ;4>BA4. 

#9D6O= ;4>BA �<DI7BH4 4 4?795D4<K9E>4S EG@@4 @47A<FAOI CBFB>B6 6 G;?9 

@47A<FBCDB6B84 D46A4 AG?R ∑(=0 . 

 �FBDB= ;4>BA �<DI7BH4 4 4?795D4<K9E>4S EG@@4 C489A<= @47A<FAB7B A4CDS:9A<S 68B?P 

;4@>AGFB7B >BAFGD4 D46A4 4?795D4<K9E>B= EG@@9  �%, 89=EF6GRM<I 6 >BAFGD9 

 õF = õ= U = õ H l  . 

 �4>BA "@4 4 C489A<9 @47A<FAB7B A4CDS:9A<S A4 GK4EF>9 @47A<FBCDB6B84 8?<AB= l D46AB 

CDB<;6989A<R @47A<FAB7B CBFB>4 ( < @47A<FAB7B EBCDBF<6?9A<S RM GK4EF>4  

U  = ( RM, 789 RM = 0 l  S .  

 

� >4K9EF69 CD<@9D4 4A4?<;4 D4;69F6?9AAB= @47A<FAB= J9C< CD< ;484AAOI 79B@9FD<< 

Схе<а �) 
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@47A<FAB= J9C< A4 D<E. 3 < I4D4>F9D<EF<>9 �(!) H9DDB@47A<FAB7B E9D89KA<>4 BCD989?<@ 

!% F= I w, A9B5IB8<@GR 8?S EB;84A<S 6 6B;8GLAB@ ;4;BD9 <A8G>J<< Bδ . �?7BD<F@ 

D9L9A<S ;484K< E?98GRM<=: 

 

 1. �4849@ CB?B:<F9?PAO9 A4CD46?9A<S @47A<FAOI 

CBFB>B6 6 EF9D:ASI @47A<FBCDB6B84 (E@. D<E. 3).  

2. "CD989?S9@ A4CDS:9AABEFP 6 6B;8GLAB@ ;4;BD9   

 

< CB ;46<E<@BEF< �(!) 8?S Bδ = B3 A4IB8<@ ;A4K9A<9 

!3. 

 3. #B 6FBDB@G ;4>BAG �<DI7BH4 8?S CD46B7B >BAFGD4 @B:AB ;4C<E4FP 

!3 l3 + !δ δ 3 !2 l2 = 0, BF>G84 A4IB8<@ !2 < CB ;46<E<@BEF< �(!) A4IB8<@ B2.  

4. � EBBF69FEF6<< E C9D6O@ ;4>BAB@ �<DI7BH4 (1= B2 S2 + B3 S3.  

&B784  

 

< CB ;46<E<@BEF< �(!) BCD989?S9@ !1. 

 5. � EBBF69FEF6<< EB 6FBDO@ ;4>BAB@ �<DI7BH4 8?S <E>B@B= !% <@99F @9EFB GD46A9A<9 F  

 

 

$�%+�& #�$� �&$"� #�$� �!!"�" &"�� 

&9BD9F<K9E><9 E6989A<S: 
#4D4@9FDO C9D9@9AAB7B Q?9>FD<K9E>B7B FB>4: 

1. #5@8>4 &  (D<E.3) 3 6D9@S, 6 F9K9A<< >BFBDB7B CDB<EIB8<F 
69EP J<>? <;@9A9A<S C9D9@9AAOI 1�%, FB>4 <?< 
A4CDS:9A<S; <;@9DS9FES 6 E9>GA84I (E). 

2. '0AB>B0 � – 69?<K<A4, B5D4FA4S C9D<B8G, CB>4;O64RM4S, 
E>B?P>B C9D<B8B6 EB89D:<FES 6 1 E9>GA89 (<?< K<E?B 
B5BDBFB6 DBFBD4 6 E9>GA8G); 98<A<J4 <;@9D9A<S �5@F 
(�F):  

 

 EF4A84DFA4S K4EFBF4 6 $BEE<< 
AB
=50 �F 

3.  '3;>20S G0AB>B0 ω - E>BDBEFP <;@9A9A<S G7?4 α 6 
F9K9A<9 6D9@9A< t, 98<A<J4 <;@9D9A<S D48<4A 6 E9>GA8G 

(@04/A): 
 

 

D<E.3 

D<E.4 
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!4 CD4>F<>9 8?S $BEE<<  

4. А<?;8BC4=O5 7=0G5=8S  B>:0 Im , =0?@S65=8S Um , Q4A Em (@8A.3)– @4>E<@4?PAO9 
;A4K9A<S @7AB69AAOI 69?<K<A FB>4, A4CDS:9A<S < 1�%.  

5.  3=>25==O5 7=0G5=8S B>:0 i, =0?@S65=8S u,  Q4A  e (D<E.4) -  ;A4K9A<S QF<I 69?<K<A 6 
?R5B= @B@9AF 6D9@9A<. �;@9ASRFES CB E<AGEB<84?PAB@G ;4>BAG:  

 

 

 

 

 

6. �59AB2CRI85 7=0G5=8S B>:0 I, =0?@S65=8S U 8 Q4A E - 66B8SFES 8?S <;@9D9A<S 
E<AGEB<84?PAOI 69?<K<A FB>4, A4CDS:9A<S < 1�%. �9=EF6GRM<9 ;A4K9A<S 
E<AGEB<84?PAOI 69?<K<A A4ABESFES A4 L>4?O Q?9>FDB<;@9D<F9?PAOI CD<5BDB6, 
<;@9DSRM<I C9D9@9AAO9 ;A4K9A<S 

 

 

 

 

 

 

 

!9 6E9784 A4K4?PAO= @B@9AF BFEK9F4 6D9@9A< EB6C4849F E CDBIB:89A<9@ K9D9; 
AB?P E<AGEB<84?PAB= 69?<K<AO, < 6 E6S;< E QF<@ A4 7D4H<>9 69>FBD I

m  
6 A4K4?PAO= @B@9AF 

6D9@9A< B5D4;G9F E 7BD<;BAF4?PAB= BEPR A9>BFBDO= 
G7B? α.  

#D< QFB@ 6 @B@9AF A4K4?4 BFEK9F4 6D9@9A< 
E<AGEB<84?PA4S 69?<K<A4 <@99F ;A4K9A<9:  
'7B? α (D<E.5) A4;O649FES =0G0;P=O< D07>2O< C3;>< 
8;8 =0G0;P=>9 D07>9: 

 

 

 

 

 

 

%86<7 H4; E<AGEB<84?PAOI 69?<K<A. 
 

#D< 6D4M9A<< DBFBD4 E 86G@S G>D9C?9AAO@< A4 A9@ 6<F>4@< 5
1 
< 5

2
 ,  6 A<I 5G89F 

<A8G>F<DB64FPES 1�% B8<A4>B6B= K4EFBFO < E B8<A4>B6O@< 4@C?<FG84@< (D<E.6) 
 � E?98EF6<9 E86<74 6<F>B6 BFABE<F9?PAB 8DG7 8DG74 6 CDBEFD4AEF69 1�% 8BEF<74RF 

4@C?<FG8AOI ;A4K9A<= A9 B8AB6D9@9AAB: 

�59AB2CRI55 7=0G5=85 ?5@5<5==>3> B>:0 
D46AB F4>B@G CBEFBSAAB@G FB>G, >BFBDO= ;4 
6D9@S, D46AB9 B8AB@G C9D<B8G, 6O89?S9F A4 
D9;<EFBD9 B8<A4>B6B9 >B?<K9EF6B F9C?BFO E 

C9D9@9AAO@ FB>B@ 

D<E.5 
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789 α1 < α2 A4K4?PAO9 H4;O, BCD989?SRF 
69?<K<AG E@9M9A<S E<AGEB<8 5

1 
< 5

2 
 

BFABE<F9?PAB A4K4?4 >BBD8<A4F 7D4H<>4. 
 

 

 

 

$4;ABEFP A4K4?PAOI H4; 86GI E<AGEB<84?PAOI 69?<K<A A4;O649FES   A4283>< D07 (D<E.7): 

   
!0G0;>< ?5@8>40 A4;O649FES @B@9AF 6D9@9A<, 6 >BFBDB@ E<AGEB<84?PA4S 69?<K<A4 

CDBIB8<F K9D9; AG?96B9 ;A4K9A<9, CBE?9 >BFBDB7B A4K<A49FES 9T CB?B:<F9?PAB9 ;A4K9A<9. 
!4K4?PA4S H4;4 α BFEK<FO649FES CB BE< t BF A4K4?4  
C9D<B84 E<AGEB<8O 8B A4K4?4 >BBD8<A4F. 
#D< α > 0 3 A4K4?B E<AGEB<8O E86<749FES 
6?96B BF A4K4?4 >BBD8<A4F 
#D< α <  0 – A4K4?B E<AGEB<8O E86<749FES 
6CD46B BF A4K4?4 >BBD8<A4F.  
 

 

%8=CA>840, G >BFBDB= A4K4?B C9D<B84 
6B;A<>49F E?964 A4 7D4H<>9 D4APL9, K9@ G 
8DG7B= 3 EK<F49FES >?5@560RI59 ?> D075; 4 
F4, G >BFBDB= CB;:9 3 >BAB0RI59 ?> D075. 

 

 9FB8<K9E><9 G>4;4A<S > D9L9A<R ;484K< 3 

$4EK9F A9D4;69F6?9AAOI Q?9>FD<K9E><I J9C9= C9D9@9AAB7B FB>4 

&9BD9F<K9E><9 E6989A<S: "8ABH4;AO9 Q?9>FD<K9E><9 J9C<  C9D9@9AAB7B FB>4. 

'K4EF>< J9C<, 789 CDB<EIB8<F 6 BEAB6AB@ CD9B5D4;B64A<9 Q?9>FDB@47A<FAB= 
QA9D7<< 6 F9C?B6GR, B5?484RF EBCDBF<6?9A<9@, >BFBDB9 A4;O649FES 0:B82=O< 
A>?@>B82;5=85< < B5B;A4K49FES 3 R4 

R4 - 69?<K<A4, I4D4>F9D<;GRM4S EBCDBF<6?9A<9 J9C< C9D9@9AAB@G 
FB>G: 
!4 F4>B@ GK4EF>9 6>?RK9AO D9;<EFBDO, ?4@CO A4>4?<64A<S, 
Q?9>FDBA47D964F9?PAO9 GEFDB=EF64, 4 F4>:9 H9DDB@47A<FAO9 
E9D89KA<>< D4;?<KAOI Q?9>FDBF9IA<K9E><I GEFDB=EF6  

'K4EF>< J9C<, 789 6OD4:9AO 6 BEAB6AB@ @47A<FAO9 CB?S, 
B5?484RF <A8G>F<6ABEFPR, >BFBDB9 A4;O649FES @50:B82=O< 
8=4C:B82=O< A>?@>B82;5=85< < B5B;A4K49FES 3  χ

L
 

 

!4 F4>B@ GK4EF>9 J9C< 6>?RK9AO <A8G>F<6AO9 >4FGL>< D4;?<KAOI Q?9>FDBF9IA<K9E><I 
GEFDB=EF6 (A4CD<@9D B5@BF>< CB?REB6 Q?9>FD<K9E><I @4L<A, B5@BF>< FD4AEHBD@4FBDB6). 

 

)("<87<5@5=8S548=8F0LL ýó

"5B;A4K9A<9 A4 EI9@9  

D<E.6 

D<E.7 
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 'K4EF>< J9C<, 789 6OD4:9AO 6 BEAB6AB@ Q?9>FD<K9E><9 CB?S, B5?484RF 9@>BEFPR, 
>BFBDB9 A4;O649FES @50:B82=O< 5<:>AB=O< A>?@>B82;5=85< < B5B;A4K49FES 3  χ

c
 

 

 

!4 F4>B@ GK4EF>9 J9C< 6>?RK9AO >BA89AE4FBDO,  Q?9>FD<K9E><9 >459?<. 
"8ABH4;AO9 Q?9>FD<K9E><9 J9C<, 6>?RK4RM<9 6OL9C9D9K<E?9AAO9 C4D4@9FDO, 
A4;O64RFES J9CS@< E EBED98BFBK9AAO@< C4D4@9FD4@< < CB;6B?SRF <;GK<FP E6B=EF64 
BF89?PAOI GK4EF>B6 J9C<, B5?484RM<I A<5H0==O<8 A>548=5=8S<8: 
�4>BA "@4 8?S J9C9= C9D9@9AAB7B FB>4 
 

 

 

�?S J9C9= C9D9@9AAB7B FB>4 8;S A<5H0==OE A>548=5=89 6 ;4>BA "@4 66B8<FES CBASF<9 
?>;=>3> A>?@>B82;5=8S F5?8  Z , 6 >BFBDB@ GK<FO64RFES 6E9 6<8O EBCDBF<6?9A<=.  
Z >?@545;S5BAS 87 B@5C3>;P=8:0 A>?@>B82;5=89: 

 

 

 

 

  

)(
1 "<87<5@5=8S548=8F0
C

c 
ý


ó

"5B;A4K9A<9 A4 EI9@9 

ZU

U

Z

R

U

U

R

U
I

RZ

LL

aa

La

La

ó



ó

ó

ýý

ýý


ý

ý

sin

cos

22

22

ZU

U

Z

R

U

U

R

U
I

RZ

cc

aa

ca

ca

ó



ó

ó

ýý

ýý


ý

ý

sin

cos

22

22
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*9C< E 4>F<6AO@ EBCDBF<6?9A<9@ 

 

  

 

        

 

 

!4 69>FBDAB= 8<47D4@@9 
CB>4;O649FES EB6C489A<9 I < U 6 6<89 
C4D4??9?PAOI 69>FBDB6.  

 

 

*9C< E <A8G>F<6AO@ EBCDBF<6?9A<9@ 

    

 

 

 

 

 

!4 69>FBDAB= 8<47D4@@9 BFEF464A<9 FB>4 
BF A4CDS:9A<S CB>4;O649FES CB K4EB6B= 
EFD9?>9: 

 *9C< C9D9@9AAB7B FB>4 E 9@>BEFAO@ EBCDBF<6?9A<9@ 

 

 

: 

 

 

 

 

 

 

 

 

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.    

&>: 6 F5?8 A 8=4C:B86=>ABPR >BAB45B >B 

=4?@S65=8S QB>9 F5?8 1/4 ?5@8>44, 8;8  

&>: 2 F5?8 A 5<:>ABPR 2 A2>8E 87<5=5=8SE 
>?5@5605B ?> D075 =0?@S65=85 :>=45=A0B>@0 =0 
1/4 ?5@8>40, 8;8 90

0ý

Z

U
I

4;SRZ

4;SRZ

LcLca

cLcLa

ý

þý

þý

óóóó

óóóó
22

22

)(

)(
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!4 69>FBDAB= 8<47D4@@9 
BC9D9:9A<9 I BFABE<F9?PAB U 
CB>4;O649FES ?@>B82 G0A>2>9 
AB@5;:8. 

%I9@O 8?S D4EK9F4 < 84AAO9 
E@BFD9FP #D<?B:9A<< 3. 
 

#D<@9D 2: 
$4EK9FAB - 7D4H<K9E>4S D45BF4 №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. '7ло6уN 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 

 

�@C?<FG8AO9 ;A4K9A<S FB>4 Im         ø ù ý t
m

i sin  

 

2. �9=EF6GRM<9 ;A4K9A<S FB>4 m
m I

I
I ýý 707.0

2
 

 

 

 

3. '3>; α (=0G0;P=0S D070) 
 

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

 

 

7.  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 ýý

AI

AI

7,1725707.0
2

25

6,1015707.0
2

15

2

1

ýýý

ýýý

0

2

0

1 30
6

90
2

ýýýý


c
f

T

�Ff

A@04

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

ýýý÷
ø
ö

÷
ø
öý÷

ø
ö

÷
ø
ö ý

ýýý÷
ø
ö

÷
ø
ö ý





0
120

3

2

6262
ýýý÷

ø
ö

÷
ø
öý
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17 

 

 

 

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

 

$4EK9FAB - 7D4H<K9E>4S D45BF4 №3 

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

 

 

 

 

 

 

 

 

 

�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 
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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 ýýý

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

ýýý
ýýý
ýýý
ýýý

21 aCaL UUUUU


ý

A<U

A<U

A<U

A<U

A<UA<
� 

A<A<
А 

=0?@S65=898B>:04;S
<0AHB01�O18@05<

C

L

a

aU

4

6

6,3

2,1

250

45

2

1

ý

ý
ý
ý

ýý

ýý

ABU

BUBU

BUBU

CL

aa

20200

300180

60100 21

ýý
ýý
ýý
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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<: 
 

 

 

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

 

 9FB8<K9E><9 G>4;4A<S > D9L9A<R ;484K< 4 

$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@». 
 

%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 =C;52>9 
B>G:>9 8;8 =59B@0;PR 35=5@0B>@0.   
� K5BO@5E?@>2>4=>9 A8AB5<5 > A9=FD4?< 
CD<EB98<AS9FES A9=FD4?PAO=, <?< AG?96B= CDB6B8. � 
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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 D07=O<8 =0?@S65=8S< < B5B;A4K4RFES UA, B, 

Uc <?< 6 B5M9@ 6<89 UD 

 

!4CDS:9A<S @9:8G A4K4?4@< B5@BFB>, <?<, KFB FB :9, 
@9:8G ?<A9=AO@< CDB6B84@<, A4;O64RFES ;8=59=O<8 
=0?@S65=8S<8 < 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=».  

 

 

 

 

 

 

 

 

 

�7 25:B>@=>9 4803@0<<O 284=>, GB> 25:B>@ ;8=59=>3> 
=0?@S65=8S ?@8 A>548=5=88 >1<>B>: 35=5@0B>@0 
«72574>9» 1>;PH5 25:B>@0 D07=>3> =0?@S65=8S 0 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 
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, � < %. 

ВектоD л8=е9=о7о =4пDO6е=8O D46е= D47=оEт8 
6ектоDо6 Eоот6етEт6уNщ8E D47=OE =4пDO6е=89. 
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ýý
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#D< F4>B@ EB98<A9A<< B5@BFB> D07=O5 =0?@S65=8S @02=O ;8=59=O<: 
 

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 =C;52O<, <?< =59B@0;P=O< 
?@>2>4><. "EF4?PAO9 FD< CDB6B84 FD9IH4;AB= E<EF9@O, <8GM<9 BF 79A9D4FBD4 > 
CBFD95<F9?R, A4;O64RFES ;8=59=O<8 ?@>2>40<8. &4><@ B5D4;B@, 79A9D4FBD EB98<A9A E 
CBFD95<F9?9@ K9FODP@S CDB6B84@<. #BQFB@G QF4 E<EF9@4 A4;O649FES G5BO@5E?@>2>4=>9 
A8AB5<>9 B@5ED07=>3> B>:0. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

&B>, CDBF9>4RM<= CB H4;AB= B5@BF>9 79A9D4FBD4 <?< CBFD95<F9?S, A4;O649FES D07=O< 
B>:>< < B5B;A4K49FES 6 B5M9@ 6<89 ID. &B>, CDBF9>4RM<= CB ?<A9=AB@G CDB6B8G, 
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A4;O649FES ;8=59=O< B>:>< < B5B;A4K49FES 6 B5M9@ 6<89 I;. #B AG?96B@G CDB6B8G 

CDBF9>49F FB>, D46AO= 35><5B@8G5A:>9 AC<<5 B@5E B>:>2:    %�А ý


0 . 

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

!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 UD.  
!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@ D; UU 3ý . 

"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
ý

B

B

B
Z

U
ý

C

C

C
Z

U
ý  

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

 

 

 

�59AB2CRI55 7=0G5=85 B>:0 2 =59B@0;P=>< ?@>2>45 
<>6=> >?@545;8BP B>;P:> A ?><>IPR 25:B>@=>9 
4803@0<<O ?@8 35><5B@8G5A:>< A;>65=88 25:B>@>2 
;8=59=OE (D07=OE) B>:>2: 
 

 

 

 

%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@». 
%>548=5=85 B@5C3>;P=8:><» 

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. 
�E?< B5@BF>< 79A9D4FBD4 EB98<A9AO FD9G7B?PA<>B@, FB ?<A9=AB9 A4CDS:9A<9 EB;849F 

>4:84S H4;A4S B5@BF>4.  
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' 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: D; UU ý . � CB EI9@9 <8GF ?<A9=AO9 < 
H4;AO9 FB><. 

�028A8<>ABP <564C D07=O<8 8 ;8=59=O<8 
B>:0<8 CD< EB98<A9A<< FD9G7B?PA<>B@: 

�%%А%

А��%�

%АА�А

ý

ý

ý







 

�8=59=O5 B>:8 @02=O 35><5B@8G5A:>9 
@07=>AB8 D07=OE B>:>2.  
#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;:   D; ý 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$ ý  4>F<6A4S @BMABEFP FD9IH4;AB7B 
FB>4 CD< EB98<A9A<< ;69;8B= < FD9G7B?PA<>B@ 

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

;;US ý 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 4: 
 

$4EK9FAB - 7D4H<K9E>4S D45BF4 №4 

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

ø ù%АА�%АА�А ýý
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ø ùА��%А��%� ýý
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2. $4EK9F FD9IH4;AOI Q?9>FD<K9E><I J9C9=, EB98<A9AAOI «;69;8B=»: 
 

�4AB:   � FD9IH4;AGR E<EF9@G 6>?RK9A4: 
  4) A9E<@@9FD<KA4S 4>F<6AB - 9@>BEFA4S 
A47DG;>4:   
 

 

 

 

 

 

 "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>: 
 

!9E<@@9FD<KA4S A47DG;>4 R42 - Xc EB98<A9A4  
6 «;69;8G» E AG?96O@ CDB6B8B@ 

 

2)   "CD989?S9@ Q?9>FD<K9E><9 C4D4@9FDO, <;@9DS9@O9 6>?RK9AAO@< 6 J9CP CD<5BD4@<. 
3 6B?PF@9FD        - B5M<= 8?S 6E9= J9C<, 6>?RK9A @9:8G ?<A9=AO@< CDB6B84@< � < �: 
 

 

- 6B?PF@9FD       6>?RK9A @9:8G ?<A9=AO@ CDB6B8B@ %  < AG?96O@ CDB6B8B@ 0, A47DG;>< 
EB98<A9AAB= «;69;8B=»: 
 

- �@C9D@9FDO                   , <;@9DSRF H4;AO9 FB>< H4; �,�,%  A47DG;><, EB98<A9AAB= 
«;69;8B=»:                       
 

 

 

 

 

 

 

3 �@C9D@9FD         <;@9DS9F AG?96B= FB> A47DG;><,  EB98<A9AAB= «;69;8B=»: 
 

$4EK9F J9C< EB98<A9AAB= «;69;8B=»: 
 

#D< EB98<A9A<< 79A9D4FBD4 < A47DG;>< «;69;8B=»:  
 

$4EK9F ?<A9=AB7B < H4;AB7B A4CDS:9A<= J9C<: 
- "5M99 ?<A9=AB9 A4CDS:9A<9 J9C<    

- (4;AB9 A4CDS:9A<9:  
 

 

 

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

D; UU 3ý
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"<X
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"<R
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10

3

2

1

2

ý
ý
ý
ý

�UU ; 2201 ýý
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#D< EB98<A9A<< 79A9D4FBD4 < A47DG;>< «;69;8B=» ?<A9=AO= FB> D469A H4;AB@G FB>G: 
 

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

 
&>: D07O А 

 

 

&>: D07O � 

 

 

&>: D07O % 

 

 

 

&B> 6 AG?96B@ CDB6B89 D469A:    
 

 

�?S BCD989?9A<S FB>4 6 AG?96B@ CDB6B89 A4K9DF<@ 6 @4ELF459 69>FBDAGR 8<47D4@@G: 
 

 

 

 

 

 

 

 

 

- #BEFDB9A<9 A4K<A49@ E 69>FBDB6 H4;AOI A4CDS:9A<=   , D4ECB?474S <I CB8 G7?B@ 1200 

8DG7 BFABE<F9?PAB 8DG74: 
 

 

!4IB8<@ ?<A9=AO9 A4CDS:9A<S          >4> D4;ABEFP 2I 
EBBF69FEF6GRM<I H4;AOI A4CDS:9A<=:  
 

 

 

 

 

 

 

#B 69>FBDAB= 8<47D4@@9 CB?GK49FES:  
 

 

 

 

 

"F>?48O649@ H4;AO9 FB><.          
 

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

0

DU

D

D
D

Z

U
I ý

А
Z

U

DА

D
DА;А 5,12

2,10

127
ýýýý "<XcRZ aDА 2,10104210

222

1

2

2 ýýýý

А
Z

U

D�

D
D�;� 8,11

8,10

127
ýýýý "<XcRZ aD� 8,10116410

222

2

2

2 ýýýý

А
Z

U

D%

D
D%;% 85,10

7,11

127
ýýýý "<XcRZ aD% 7,11136610

222

3

2

2 ýýýý

%�А ý


0

A<IA<I

A<I
A<
A 

A<UA<U
A<
�

M

D%D�

DА

;DU

6,3,4

,2,4
1

3

5,5;2,3
1

40

ýý

ýý

ýýý



ø ùBABAAB UUUUU


ýý

ø ù%�%�B% UUUUU


ýý

ø ùА%А%%A UUUUU


ýý

�A<UD 1272,3 ýý

;U

�A<U ; 2205,5 ýý
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&B> 6 AG?96B@ CDB6B89 D469A 79B@9FD<K9E>B= EG@@9 FD9I H4;AOI FB>B6:                                             
 

 

#B 8<47D4@@9 E CB@BMPR ?<A9=><  BCD989?S9@: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

02 5359,0
2,10

6
cos ýýýý 

A

a
A

Z

R

02 5655,0
8,10

6
cos ýýýý 

B

a
B

Z

R

02 5951,0
7,11

6
cos ýýýý 

ZA
Ra

C

D070 А 

D070 � 

D070 % 
A<I

A<I

A<I

D%

D�

DА

6,3

,4

,2,4

ý

ý

ý

F.>. A47DG;>4 6 «;69;89» 4>F<6AB 3 9@>BEFA4S,  FB BF>?48O649@ H4;AO9 FB>< CB8 G7?4@<, 
EBBF69FEF6GRM<@< >4:8B= H4;9 6 EFBDBAG >?5@565=8S D07=OE =0?@S65=89 (CDBF<6 K4EB6B= 
EFD9?><) 

%�А ý


0

A<8,00 ý ААA< 4,238,00 ýý
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 9FB8<K9E><9 G>4;4A<S > D9L9A<R ;484K< 7 

#D4>F<K9E>4S D45BF4  №  7 
�;@9D9A<9 Q?9>FD<K9E><I C4D4@9FDB6 J9C< E CB85BDB@ <;@9D<F9?PAOI CD<5BDB6, 

B59EC9K<64RM<I A4<@9APLGR CB7D9LABEFP. 
 

*9?P D45BFO: "CD989?<FP < 6O5D4FP A9B5IB8<@OI 8?S <;@9D9A<S Q?9>FD<K9E><I 
C4D4@9FDB6 6 J9C< <;@9D<F9?PAOI CD<5BDB6. $4EEK<F4FP >?4EE FBKABEF< CD<5BD4, 
45EB?RFAGR < BFABE<F9?PAGR CB7D9LABEF<  <;@9D9A<S. �>?RK<FP <;@9D<F9?PAO9 CD<5BDO 
6 Q?9>FD<K9E>GR J9CP.  

 

�?S <;@9D9A<S Q?9>FD<K9E><I C4D4@9FDB6 6 J9C< A9B5IB8<@B 6>?RK<FP 
<;@9D<F9?PAO9 CD<5BDO.    �?S <;@9D9A<S FB>4 6 >4>B=- ?<5B GK4EF>9 Q?9>FD<K9E>B= J9C< 
4@C9D@9FD A48B 6>?RK<FP F4> , KFB5O <;@9DS9@O= FB> CDBIB8<? K9D9; A97B. %?98B64F9?PAB 
, 4@C9D@9FD 6>?RK49FES   ?>A;54>64B5;P=>   E F9@ EBCDBF<6?9A<9@ ,FB> 6 >BFBDB@ 
A9B5IB8<@B <;@9D<FP 
 

 

 

 

 

  

 �B?PF@9FD 6>?RK4RF ?4@4;;5;P=> FB@G EBCDBF<6?9A<R, A4CDS:9A<9 A4 >BFBDB@ 
A9B5IB8<@B <;@9D<FP 
 

 

 

 

 

 

 

 

 

  �?S <;@9D9A<S @BMABEF< 6 J9CSI CBEFBSAAB7B FB>4 
<ECB?P;GRF 64FF@9FD Q?9>FDB8<A4@<K9E>B= E<EF9@O. 
!9CB86<:AGR (4@C9D@9FDB6GR) B5@BF>G 64FF@9FD4 
6>?RK4RF 6 J9CP CBE?98B64F9?PAB, CB86<:AGR 
(6B?PF@9FDB6GR) 3C4D4??9?PAB CBFD95<F9?R.  
 

� EBBF69FEF6<< E QF<@ A4 ?<J96GR C4A9?P 64FF@9FD4 
6O6989AO K9FOD9 ;4:<@4, 864 <; >BFBDOI B5B;A4K4RF 
E<@6B?B@ –* I  (FB>B6O9 ;4:<@O), 4 864 8DG7<I3   
E<@6B?B@ 3*U (;4:<@O A4CDS:9A<S). �64 ;4:<@4 
CB@9K9AO ;6T;8BK>4@< * A4;O64RF 79A9D4FBDAO@<. 

 

$4EE@BFD<@ D9L9A<9 F<CB6B7B CD<@9D4 
 

  *9CP C9D9@9AAB7B FB>4 EB E@9L4AAO@ EB98<A9A<9@ D9;<EFBDB6 EBEFB<F <; K9FODTI  
D9;<EFBDB6. � Q?9>FD<K9E>B= J9C< K9D9; D9;<EFBD R 4 CDBIB8<F FB> I 4 = 1,3 A, 

4 A4 D9;<EFBD9 R 2 C4849F A4CDS:9A<9 U 2 = 113 В. 

  �?S <;@9D9A<S A4CDS:9A<S A4 ;484AAB@ D9;<EFBD9, FB>4 6  ;484AAB@ D9;<EFBD9 < B5M9= 
@BMABEF< 6E9= J9C< A9B5IB8<@B 6 Q?9>FD<K9E>GR EI9@G 6>?RK<FP 6B?PF@9FD, 4@C9D@9FD < 
64FF@9FD. !4K9DF<FP Q?9>FD<K9E>GR J9CP E <;@9D<F9?PAO@< CD<5BD4@<. #B8B5D4FP CB 

%I9@4 6>?RK9A<S 64FF@9FD4  



32 

 

F45?<J4@ 6B?PF@9FD < 4@C9D@9FD 8?S <;@9D9A<S ;484AAOI C4D4@9FDB6 J9C<, 
B59EC9K<64RMGR A4<@9APLGR CB7D9LABEF<  < CB8EK<F4FP QFG CB7D9LABEFP: 
 

 

 

Т45лиц4 № 1   К;4AA B>G=>AB8 8 65@E=89 ?@545; 87<5@5=8S 4<?5@<5B@>6 

 

 

Т45лиц4 № 2    К;4AA B>G=>AB8 8 65@E=89 ?@545; 87<5@5=8S 6>;PB<5B@>6 

№ �;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    

&4> >4> A9B5IB8<@B <;@9D<FP FB> 6 K9F69DFB@ D9;<EFBD9 FB 4@C9D@9FD 6>?RK49@ 
CBE?98B64F9?PAB E K9F69DFO@ D9;<EFBDB@ 

 

 

№ �;0AA 
B>G=>A
B8 γ % 

�5@E=89 
?@545; 
87<5@5=8S, 

А 

№ �;0AA 
B>G=>AB8 

γ % 

�5@E=89 
?@545; 
87<5@5=8S  А 

№ �;0AA 
B>G=>AB
8 γ % 

�5@E=89 
?@545; 
87<5@5=8S, А 

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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�?S <;@9D9A<S A4CDS:9A<S A4 6FBDB@ D9;<EFBD9 6B?PF@9FD 6>?RK49@ C4D4??9?PAB 
9@G. 

 
 

�?S <;@9D9A<S @BMABEF< Q?9>FD<K9E>B= J9C< 6>?RK49@ 64FF@9FD 

 

 
 

+FB5O CD46<?PAB 6O5D4FP 4@C9D@9FD 8?S <;@9D9A<S FB>4 I 4 = 1,3 A, CB?P;G9@ES 
F45?<J9= № 1 CB CD46<?G I =>< ≥ I 4.    �GKL9 6E9I CB8IB8<FP 4@C9D@9FD A I ��� = 2 А < 
>?4EEB@ FBKABEF<   γ = 1,0 %  ( 6 F45?<J9 4@C9D@9FD EFB<F №4) 
�?4EE FBKABEF< CD<5BD4 K<E?9AB D469A CD<698TAAB= CB7D9LABEF< CD<5BD4  

%100
A

A

=><

 ý  ,  789 А ���  – AB@<A4?PA4S 69?<K<A4 CD<5BD4 (69DIA<= CD989? 97B 

<;@9D9A<S) 
�; 6OL9 CD<698TAAB= HBD@G?O A4IB8<@ 45EB?RFAGR CB7D9LABEFP <;@9D9A<S

A02,0
%100

A2%0.1

%100

A
A =>< ý


ý


ý


   

"CD989?S9@ BFABE<F9?PAGR CB7D9LABEFP <;@9D9A<S CB HBD@G?9:
 %54,1%100

A3.1

A02,0
%100

A

A

1

ýýý
ô

 

 

 +FB5O CD46<?PAB 6O5D4FP 6B?PF@9FD 6 F45?<J9 № 2 8?S <;@9D9A<S A4CDS:9A<S  A4 
6FBDB@ D9;<EFBD9   U 2 = 113 В. CD<@9AS9@ FB :9 GE?B6<9, 4 <@9AAB U���  ≥ U2 

�GKL9 6E9I CB8IB8<FP 6B?PF@9FD 6 F45?<J9 № 9  E U ��� = 250 B < >?4EEB@ FBKABEF<   γ = 
5%.  

�A4?B7<KAB BCD989?S9@ CB7D9LABEF< <;@9D9A<S  
�5EB?RFA4S  CB7D9LABEFP CD< <;@9D9A<< A4CDS:9A<S 
"CD989?S9@ BFABE<F9?PAGR CB7D9LABEFP <;@9D9A<S CB 
HBD@G?9      

B
BA

A =>< 25,6
%100

250%5.2

%100
ý


ý


ý


%53,5%100
113

25,6
%100

1

ýý


ý
B

B

A

Aô
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 9FB8<K9E><9 G>4;4A<S > D9L9A<R ;484K< 8 

#$��&�+�%��3 $��"&� №.8 

 �B@C9AE4J<S D94>F<6AB= @BMABEF< 6 CDB@OL?9AAB@ CDB<;6B8EF69 
 

*9?P D45BFO: �B@C9AE<DB64FP D94>F<6AGR @BMABEFP  Q?9>FDBGEF4AB6>< E CB@BMPR 
>B@C9AE<DGRM<I GEFDB=EF6. �B>4;4FP, KFB CD46<?PAB CB8B5D4AAO9 < GEF4AB6?9AAO9 
>BA89AE4FBDAO9 54F4D9< EA<:4RF ;4FD4FO CD< Q>EC?G4F4J<< Q?9>FDBB5BDG8B64A<S CD98CD<SF<S. 
 

�А�А'А № 1 
#D98CD<SF<9 CBFD95?S9F 4>F<6AGR @BMABEFP  $ 1 =1550 :�B CD< >BQHH<J<9AF9 @BMABEF<  
 A>s  1 = 0,72.  

1A9D7BE<EF9@4 CD98C<E4?4 G@9APL<FP CBFD95?S9@GR D94>F<6AGR @BMABEFP 8B Q Q =450 :20@. 
"?@545;8BP:  
 

1. !9B5IB8<@GR @BMABEFP >BA89AE4FBDAB= 54F4D9< < 6O5D4FP 9T F<C;  
2. &D4AEHBD@4FBDAGR @BMABEFP < >BQHH<J<9AF A47DG;><  6  86GI E?GK4SI:  
     4) 8B GEF4AB6>< 54F4D9<;  5) CBE?9 GEF4AB6>< 54F4D9<.  
3.   �O5D4FP F<C FD4AEHBD@4FBD4. !B@<A4?PAB9 A4CDS:9A<9 E9F<  10 :�. 

      4) 8B GEF4AB6>< 54F4D9<;  5) CBE?9 GEF4AB6>< 54F4D9< 

 

$ � ( � ! � � . 
 

1.  !9B5IB8<@4S FD4AEHBD@4FBDA4S @BMABEFP 8B GEF4AB6>< 54F4D9< >BA89AE4FBDB6. 

                       :�АP
S$ 2153

72.0

1550

cos 1

1

1 ýýý


 

#B F45?<J9 № 2  6O5<D49@ FD4AEHBD@4FBD CB GE?B6<R S $1  f  S&$1, FB 9EFP 6O5<D49@ FD4AEHBD@4FBD  
F<C4   &  2500/10  E AB@<A4?PAB= @BMABEFPR S&$1 =2500 :�А,  

789 >BQHH<J<9AF A47DG;><   k ! = S $1 /  S&$1  = 2153 /2500=0,88. 

 

2. $94>F<6A4S @BMABEFP CD98CD<SF<S 
                      Q 1 = S $ 1 sin  1=2153 · 0.693 = 1492 :20@. 

    �89EP sin  1  = 0.693 A4IB8<@ CB F45?<J9 �D48<E4, ;A4S A>s  1 , <?<   sin  1=
2

1
cos1   

 

3. !9B5IB8<@4S @BMABEFP >BA89AE4FBDAB= 54F4D9< 8?S >B@C9AE4J<< D94>F<6AB= @BMABEF< 

                        Q 8A: = Q 1 – Q Q= 1492  – 450 = 1042 :20@ 
#B F45?<J9 № 3 6O5<D49@ >B@C?9>FAO9 >BA89AE4FBDAO9 GEF4AB6>< F<C4    
'�-0,38-540!  @BMABEFPR 540 :20@ 6 >B?<K9EF69 2 HB.  
"5M4S D94>F<6A4S @BMABEFP >BA89AE4FBDAB= 54F4D9< EBEF46<F  
Q 1 = 2 · 540 = 1080 :20@, KFB 5?<;>B > A9B5IB8<@B= @BMABEF< 1042 :20@. 

 

 4. !9 E>B@C9AE<DB64AA4S D94>F<6A4S @BMABEFP CD98CD<SF<S. 
                        Q 2 = Q 1 – Q 1= 1492 – 1080= 412 :20@. 

  

5. !9B5IB8<@4S FD4AEHBD@4FBDA4S @BMABEFP CBE?9 GEF4AB6>< >BA89AE4FBDAB= 54F4D9< EBEF46<F
:ВА16044121550QPS 222

2

2

12&$ ýýý  

#B F45?<J9 № 2  6AB6P 6O5<D49@ FD4AEHBD@4FBD CB GE?B6<R S $2  f  S&$2 
 

#D<A<@49@ > GEF4AB6>9 B8<A FD4AEHBD@4FBD & -1600 :�А  @BMABEFPR 1600 :�А , 
 >BQHH<J<9AF A47DG;>< EBEF46<F k  = = S &$  2  /  S &$ 2 =1604 /1600 j 1.  
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&4><@ B5D4;B@, >B@C9AE4J<S D94>F<6AB= @BMABEF< CB;6B?<?4 ;A4K<F9?PAB G@9APL<FP 
GEF4AB6?9AAGR FD4AEHBD@4FBDAGR @BMABEFP 

 

����!�� !� #$��&�+�%�'2 $��"&'. 
 

1. $9L<FP ;484KG № 2 CB 64D<4AF4@ 

2. "F69F<FP A4 >BAFDB?PAO9 6BCDBEO. 
 

����+� № 2 
 

  �CC4D4FAO= J9I Q?9>FDBF9IA<K9E>B7B ;46B84 CBFD95?S9F 4>F<6AGR @BMABEFP $ 1 CD< 
>BQHH<J<9AF9 @BMABEF< cos φ1 .  �?S C<F4A<S CBFD95<F9?9= J9I4 A4 CB8EF4AJ<< GEF4AB6<?< 
FDTIH4;AO9 FD4AEHBD@4FBDO E C9D6<KAO@ A4CDS:9A<9@ U!"  1= 10 :�..  
 "8A4>B QA9D7BE<EF9@4, B7D4A<K<6 CBFD95?9A<9 D94>F<6AB= @BMABEF< 8B Q Q, A4;O649@B= 
BCF<@4?PAB=, CBFD95B64?4 GEF4AB6<FP A4 A<;L9@ A4CDS:9A<< CB8EF4AJ<<  U =380�  

>BA89AE4FBDO.  
  "?@545;8BP: 
 1. !9B5IB8<@GR @BMABEFP >BA89AE4FBDAB= 54F4D9< Q 1 < 6O5D4FP 9T F<C, CB?P;GSEP  
F45?<J9= № 3; 
 2. !B@<A4?PAGR @BMABEFP FD4AEHBD@4FBD4 6 86GI E?GK4SI: 
 4) 8B GEF4AB6>< 54F4D9<;  5) CBE?9 GEF4AB6>< 54F4D9< 

 3. �O5D4FP F<C FD4AEHBD@4FBD4 CB F45?<J9 № 2. 
%89?4FP ;4>?RK9A<9 B J9?9EBB5D4;ABEF< >B@C9AE4J<< D94>F<6AB= @BMABEF< CBFD95<F9?9= J9I4. 
!4 CB8EF4AJ<< 6B;@B:A4 GEF4AB6>4 B8AB7B FD4AEHBD@4FBD4 <?< 86GI B8<A4>B6B= @BMABEF<, FB 
9EFP    S &$   g  S 1 ;   S &$   g 2  S 1. 

 #D< 6O5BD9 FD4AEHBD@4FBD4 A9B5IB8<@B B59EC9K<FP <I >BQHH<J<9AF A47DG;><   
k ==0.8-1.0  #9D6<KAB9 A4CDS:9A<9 U=><1  ;484AB 8?S 6O5BD4 F<C4 FD4AEHBD@4FBD4.  
 

�0@80=BO ?@0:B8G5A:>9 @01>BO 

&01;8F0   №  1   
 

!B@9D 
64D<4AF4 

$ 1 >�F Cosφ 1 Q Q >64D U AB@ 1 >� 

1. 1400 ",75 350 10 

2. 370 0,8 110 6 

3. 600 0,85 150 10 

4. 1000 0,8 220 10 

5. 220 0,75 80 6 

6. 2300 0,8 700 10 

7. 1700 0,7 350 10 

8. 750 0,8 225 6 

9. 160 0,65 50 6 

10. 1150 0,75 350 10 
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    &5E=8G5A:85 40==O5 B@0=AD>@<0B>@>2      
&01;8F0 № 2                                                            

&<C FD4AE 
HBD@4FBD4 

 

S 

>�� 

!4CDS:9A<9 B5@BFB>, 
>� 

#BF9D< 

@BMABEF<, 
>�F 

 

U>, % 

 

I1x,% 

U AB@ 
1 

U AB@ 2 PEF P0 

AB@ 

&  40/6;10 40 6;10 0,23; 04 0,175 1,0 4,7 3,0 

&  63/6;10 63 6;10 0,23; 0,4 0,24 1,47 4,7 2,8 

&  100/6; 10 100 6;10 0,23; 0,4 0,33 2,27 6,8 2,6 

&  160/6; 10 160 6; 10 0,23; 04; 069 0,51 3,1 4,7 2,4 

&  250/6; 10 250 6; 10 0,23; 04; 069 0,74 4,2 4,7 2,3 

&  400/6;10 400 6; 10 0,23; 04; 069 0,95 5,5 4,5 2,1 

&  630/6; 10 630 6; 10 0,23; 04; 069 1,31 7,6 7,6 2,0 

& 1000/6;10 1000 6; 10 0,23; 04; 069 2,45 12,2 12,2 2,8 

&  1600/6;10 1600 6; 10 0,23; 04; 069 3,3 18,0 18,0 2,6 

&  2500/10 2500 10 0,4; 0,69; 10,5 4,3 24,0 24,0 1,0 

#D<@9K4A<9: &D4AEHBD@4FBD &  400/10 E @4E?SAO@ BI?4:89A<9@, FDTIH4;AO= 
E SAB@=400 >��; U AB@1=10 >� < UAB@ 2 =0.23 <?<  0.4, <?< 0,69 >�; CBF9D< 6 
EF4?< $ EF =0,95 >�F; CBF9D< 6 B5@BF>4I $ 0 AB@ = 5,5 >�F;  A4CDS:9A<9 
>BDBF>B7B ;4@O>4A<S U  =4.5%;  FB> IB?BEFB7B IB84  I  1 I =  2,1 % 

                                                                                    

&5E=8G5A:85 40==O5 :><?;5:B=OE :>=45=A0B>@=OE CAB0=>2>: =0?@S65=85< 380 �. 
&01;8F0 № 3    

&<C GEF4AB6>< Q 5, 
>64D 

&<C GEF4AB6>< Q 5, 
>64D 

&<C GEF4AB6>< Q 5, 
>64D 

'�-0,�8-75 75 '�-0,�8-220! 220 '�-0,�8-330! 330 

'�-0,�8-78 78 '�-0,�8-225 225 '�-0,�8-430! 430 

'�-0,�8-110! 110 '�-0,�8-300! 300 '�-0,�8-450! 450 

'�-0,�8-150! 150 '�-0,�8-320! 320 '�-0,�8-540! 540 

 

 

 

 

          1                                2                                      3 

 

 

 

$<E. 2.  %I9@4 CD<@9A9A<S CD46<?PAB= >B@C9AE4J<< D94>F<6AB= @BMABEF< 
Q?9>FDB86<74F9?S. 1. FD4AEHBD@4FBD; 2. Q?9>FDB86<74F9?P; 3. >BA89AE4FBD. 

�BAFDB?PAO9 6BCDBEO 

1. "F >4><I 69?<K<A ;46<E<F E86<7 H4; @9:8G FB>B@ < A4CDS:9A<9@. 
2. �4C<L<F9 HBD@G?O 8?S D4EKTF4 4>F<6AB=, D94>F<6AB= < CB?AB= @BMABEF< J9C<. 
3. �4C<L<F9 HBD@G?G 8?S D4EKTF4 >BQHH<J<9AF4 @BMABEF< 

4. �4><@< 69?<K<A4@< AG:AB D4ECB?474FP 8?S D4EKTF4 T@>BEF< >BA89AE4FBDAB= 54F4D9<, 
CB6OL4RM<= >BQHH<J<9AF @BMABEF< 8B ;484AAB7B ;A4K9A<S 
5. #9D9K<E?<F9  @9DBCD<SF<S, A9B5IB8<@O9 8?S >B@C9AE4J<< D94>F<6AB= @BMABEF<. 
6. �?S K97B A9B5IB8<@B >B@C9AE<DB64FP D94>F<6AGR @BMABEFP 6 Q?9>FD<K9E><I J9CSI? 7. 
#9D9K<E?<F9 <EFBKA<>< D94>F<6AB= @BMABEF<.  
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 9FB8<K9E><9 G>4;4A<S > D9L9A<R ;484K< 9 

#$��&�+�%��3 $��"&� №9 

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

 
"5M<9 E6989A<S 

 

1?9>FDBCD<6B8B@ A4;O649FES Q?9>FDB@9I4A<K9E>B9 GEFDB=EF6B, BEGM9EF6?SRM99 
CD9B5D4;B64A<9 Q?9>FD<K9E>B= QA9D7<< 6 @9I4A<K9E>GR < B59EC9K<64RM99 GCD46?9A<9 
@9I4A<K9E>B= QA9D7<9=.   1?9>FDBCD<6B8 CD<6B8<F 6 86<:9A<9 D4;ABB5D4;AO9 @4L<AO < 
@9I4A<;@O: A4EBEO, 69AF<?SFBDO, >B@CD9EEBDO, 6B;8GIB8G6AO9 GEF4AB6><, EF4A><, 
CB8N9@AO9 >D4AO, 8DB5<?><, ;486<:><, ?9598>< < F.8. 
  #D46<?PAO= 6O5BD Q?9>FDB86<74F9?S, 6 C9D6GR BK9D98P 97B >BAEFDG>F<6AB7B <ECB?A9A<S 
< AB@<A4?PAB= @BMABEF<, <@99F 5B?PLB9 Q>BAB@<K9E>B9 ;A4K9A<9, F.>. BCD989?S9F 97B 
C9D6BA4K4?PAO9 ;4FD4FO (>4C<F4?PAO9 6?B:9A<S) < EFB<@BEFP Q>EC?G4F4J<BAAOI D4EIB8B6 
Q?9>FDBCD<6B84. 
� ����+' �/�"$� 1���&$"�����&��3 �)"�3&: 
1. �O5BD DB84 FB>4 < 97B AB@<A4?PAB7B A4CDS:9A<S 
2. �O5BD AB@<A4?PAB= K4EFBFO 6D4M9A<S 
3. �O5BD >BAEFDG>F<6AB7B <ECB?A9A<S 
4. "CD989?9A<9 AB@<A4?PAB= @BMABEF< < 6O5BD EBBF69FEF6GRM97B 9= 86<74F9?S CB 
>4F4?B7G 

    � CDB<;6B8EF69AAOI GE?B6<SI  CGA>FO 1,2,3 K4M9 6E97B G:9 ;484AO. "EAB6AO@< 
H4>FBD4@<, BCD989?SRM<@< 6O5BD 86<74F9?S, S6?SRFES  @BMABEFP < I4D4>F9D 
D45BF4RM97B BF Q?.86<74F9?S D45BK97B @9I4A<;@4. 
 #D<@9A9A<9 86<74F9?S: 
�)  A98BEF4FBKAB= @BMABEF<: 
 %A<:49F CDB<;6B8<F9?PABEFP D45BK9= @4L<AO 

 !4DGL49F 99 ABD@4?PAGR D45BFG 
 #D<6B8<F > 464D<S@ < 6OIB8G 86<74F9?S <; EFDBS <;-;4 C9D97D964 97B CD< C9D97DG;>9 
�)  ;46OL9AAB= @BMABEF< 

 #D<6B8<F > CB6OL9A<R CBF9DP Q?9>FDBQA9D7<< 

 %A<:9A<R �#� < >BQHH<J<9AF4 @BMABEF<  cos φ. 

 '8BDB:4A<R GEF4AB6?9AAB7B B5BDG8B64A<S 
 '69?<K9A<R 7454D<FB6 GEF4AB6>< 

%)  CD46<?PAB 6O5D4AAO= 86<74F9?P: 
 �B?:9A 5OFP ;47DG:9A CB?ABEFPR 

 $45BF4FP A9 C9D97D964SEP 
 "5?484FP @4>E<@4?PAO@ @B@9AFB@, 8BEF4FBKAO@ 8?S CD9B8B?9A<S 6B;@B:AOI 
>D4F>B6D9@9AAOI C9D97DG;B> 

 �@9FP <;5OFBKAO= CGE>B6B= @B@9AF 
 �@9FP 8BEF4FBKAB 6OEB>GR AB@<A4?PAGR E>BDBEFP  
    %?98G9F GK<FO64FP, KFB CD< ;484AAB= @BMABEF<  Q?. 86<74F9?S 97B D4;@9DO, @4EE4 < 
EFB<@BEFP EA<:4RFES CD< CB6OL9A<< AB@<A4?PAB= E>BDBEF<. #BQFB@G 6 CDBJ9EE9 
CDB9>F<DB64A<S Q?9>FDBCD<6B84 E?98G9F BF8464FP CD98CBKF9A<9 6OEB>BE>BDBEFAO@ 
86<74F9?S@ E K4EFBFB= 6D4M9A<S 6OL9 1000 B5/@<A. #D< QFB@, 9E?< D45BK<9 @9I4A<;@O 
FD95GRF CBA<:9AAOI E>BDBEF9= CD< Q>EC?G4F4J<<, 6 CD<6B89 A9B5IB8<@4 @9I4A<K9E>4S, 
7<8D46?<K9E>4S < F.8. C9D984K<. &4> :9 E FBK>< ;D9A<S A489:ABEF< < Q>BAB@<KABEF< 6 
C9D6GR BK9D98P D4EE@4FD<649FES 6B;@B:ABEFP CD<@9A9A<S 4E<AIDBAAOI 86<74F9?9= E 
>BDBF>B;4@>AGFO@ DBFBDB@, >4> A4<5B?99 CDBEFOI 6 Q>EC?G4F4J<<, <@9RM<I @9APL<9 
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7454D<FO, @4EEG < EFB<@BEFP, 4 F4> :9 CB6OL9AAO9 QA9D79F<K9E><9 CB>4;4F9?< CB 
ED46A9A<R E 8DG7<@< Q?9>FDB- 
86<74F9?S@<. 
' Q?9>FDB86<74F9?9= D4;?<K4RF @BMABEF<: 
1.   !B@<A4?PAGR CDB8B?:<F9?PAGR 3 G>4;O649FES A4 M<F>9 Q?.86<74F9?S. �9 86<74F9?P 
@B:9F  

      D4;6<64FP CDB<;6B?PAB  8B?7B9 6D9@S, A9 C9D97D964SEP E69DI ABD@O, B7D4A<K9AAB=     
      8BCGEF<@B= F9@C9D4FGDB= <;B?SJ<< B5@BFB> 86<74F9?S.  BMABEFP $AB@ EBBF69FEF6G9F  
      D45BF9 Q?.86<74F9?S CD< F9@C9D4FGD9 B>DG:4RM9= ED98O D46AB= 40º. 
2.   �D4F>B6D9@9AAGR C9D97DG;BKAGR 3 QFG @BMABEFP Q?.86<74F9?P @B:9F D4;6<64FP CD< 
BCD989?9AAB= CDB8B?:<F9?PABEF< 6>?RK9A<S (#�) A9 A47D964SEP E6OL9 8BCGEF<@OI 
8?S 97B <;B?SJ<< F9@C9D4FGD. !4 M<F>9 F4><I 86<74F9?9= G>4;O649FES >D4F>B6D9@9AA4S 
@BMABEFP  

< 6D9@S, 6 F9K9A<< >BFBDB7B BA4 8BCGEF<@4. 
 

$9:<@O D45BFO Q?9>FD<K9E><I 86<74F9?9= 

 

$9:<@ D45BFO Q?.86<74F9?S BCD989?S9FES I4D4>F9DB@ <;@9A9A<S A47DG;>< D45BK97B 
@9I4A<;@4. 
)4D4>F9D <;@9A9A<S A47DG;>< BCD989?S9FES A47DG;BKAB= 8<47D4@@B= @9I4A<;@4. #B A9= 
BCD989?S9FES ;46<E<@BEFP <;@9A9A<S @B@9AF4 A47DG;>< @9I4A<;@4 BF 6D9@9A< 6 F9K9A<< 

>BFBDB7B QFB <;@9A9A<9 CDB<EIB8<F. &4> >4> @9I4A<;@O @B7GF D45BF4FP 6 D4;?<KAOI 
D9:<@4I 
( A4CD<@9D 69AF<?SFBD D45BF49F 8?<F9?PAB9 6D9@S A9 @9ASS E6B9= A47DG;><; CB8N9@AO= 
@9I4A<;@ @B:9F CB8A<@4FP 7DG;O D4;?<KAB7B 69E4 . BEF4A46?<64SEP CD< QFB@ 6 
BCD989?9AAO9 @B@9AFO  < F.8.), FB < 86<74F9?< . BF >BFBDOI BA< D45BF4RF. &4> :9  @B7GF 
<@9FP D4;?<KAO9 A47DG;>< A4 E6B9@ 64?G.  
#D< 6E9@ @AB7BB5D4;<< D45BF 6O89?SRF FD< D9:<@4 D45BFO Q Q?.86<74F9?S: 
1. �?<F9?PAO= ( CDB8B?:<F9?PAO=) 3 B5B;A4K49FES A4 M<F>9 S1 

2. �D4F>B6D9@9AAO= 3 S2 

3. #B6FBDAB 3 >D4F>B6D9@9AAO= - S3 

  �?<F9?PAO= D9:<@ 3 CD< A9@ F9@C9D4FGD4 Q?. 86<74F9?S 8BEF<749F GEF4AB6<6L97BES 
;A4K9A<S, CD< >BFBDB@ 6ES F9C?BF4, 6O89?SRM4SES 6 86<74F9?9, BF849FES 6 B>DG:4RMGR 
ED98G < A4EFGC49F F9C?B6B9 D46AB69E<9. 
� QFB@ D9:<@9 D45BF4RF A4EBEO, 69AF<?SFBDO, >B@CD9EEBDO, 6B;8GIB8G6><, 5GDB6O9 
EF4A><, 8DB5<?><, @9?PA<JO, E9C4D4BDO. 
  $4;?<K4RF 8?<F9?PAO= D9:<@ E CBEFBSAAB= < C9D99AAB= A47DG;>4@<.  

!47DG;BKAO9 8<47D4@@O 8?S 8?<F9?PAB7B D9:<@4. 
            

       #BEFBSAA4S A47DG;>4                #9D9@9AA4S A47DG;>4 
 

$       $     

 

 

 

 

 

 

 

                       t                                                            t1            t2       t3      t4            t 
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!4 M<F>9 Q?.86<74F9?S, CD98A4;A4K9AAB7B 8?S CDB8B?:<F9?PAB7B D9:<@4 D45BFO, 
AB@<A4?PAO= D9:<@ B5B;A4K49FES EB>D4M9AAO@ E?B6B@  " �?<F. " <?<  S1. 

 

�D4F>B6D9@9AAO= D9:<@ 3 86<74F9?P D45BF49F B7D4A<K9AAB9 6D9@S  tD, 6 F9K9A<< >BFBDB7B 
97B F9@C9D4FGD4 A9 8BEF<749F GEF4AB6<6L97BES ;A4K9A<S. #4G;O  tB 6 D45BF9 69?<>< < Q?. 
86<74F9?P GEC9649F CB?ABEFPR BI?48<FPES. 
� QFB@ D9:<@9 D45BF49F B7D4A<K9AAB9 K<E?B @9I4A<;@B6, CBQFB@G E9D<=AB BA< A9 
6OCGE>4RFES. �I 89?4RF EC9J<4?PAB 8?S BCD989?9AAOI GEF4AB6B> (A4CD<@9D 3 @9I4A<;@ 
6O86<:AOI H4D, 
;486<:>< FDG5BCDB6B8B6 < F.8. 
 

 

 

A47DG;BKA4S 8<47D4@@4 8?S >D4F>B6D9@9AAB7B D9:<@4 
 

 

    $ 

 

 

 

 

 

 

       t1        t0        t2 

        

       !4 M<F>9 F4>B7B Q?. 86<74F9?S G>4;O649FES 6D9@S D45BFO CD< AB@<A4?PAB= @BMABEF<: 
15, 30. 60. 90 @<AGF < E<@6B? S2. 

 

#B6FBDAB 3 >D4>FB6D9@9AAO= D9:<@ 3 CD< A9@ D97G?SDAB K9D98GRFES >D4F>B6D9@9AAO9 
C9D<B8O D45BFO tD E >D4F>B6D9@9AAO@< C9D<B84@< C4G; tB. #D<K9@ 6 C9D<B8  A47DG;>< 
F9@C9D4FGD4 86<74F9?S A9 8BEF<749F GEF4AB6<6L97BES ;A4K9A<S, 4 6 C9D<B8 C4G;O 
(BF>?RK9A<S) BA4 A9 GEC9649F BCGEF<FPES 8B GDB6AS F9@C9D4FGDO B>DG:4RM9= ED98O. 
  � QFB@ D9:<@9 D45BF4RF Q?9>FDBCD<6B8O CB8N9@AOI >D4AB6, ?9598B>, CD9EEB6 < F.8. 
 

 

A47DG;BKA4S 8<47D4@@4 8?S CB6FBDAB - >D4F>B6D9@9AAB7B D9:<@4 
 

 

    $ 

 

 

 

 

 

 

 

 

                     t1               t2      t3           t0                     t1            t2       t3 

 

                                        tD 
 

                                      tJ 
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�4:A9=L9= I4D4>F9D<EF<>B= CB6FBDAB - >D4F>B6D9@9AAB7B D9:<@4 S6?S9FES BFABE<F9?PA4S 
CDB8B?:<F9?PABEFP 6>?RK9A<S #�% 

 

#�% = tD · 100%     =  tD  ·  100%                  

             t D + t0              tJ 

 

tD 3 6D9@S D45BFO 

 t0 3 CDB8B?:<F9?PABEFP C4G;O 

 tJ 3 CDB8B?:<F9?PABEFP J<>?4 
#DB8B?:<F9?PABEFP CB6FBDAB - >D4F>B6D9@9AAB7B D9:<@4 A9 8B?:A4 CD<6OL4FP 10 @<AGF. 
� CDBF<6AB@ E?GK49 D9:<@ D45BFO  EK<F49FES 8?<F9?PAO@. 1?. 86<74F9?< QFB7B D9:<@4 
EC9J<4?PAB 6OCGE>4RFES CDB@OL?9AABEFPR. !4 M<F>9 86<74F9?S 6 7D4H9 5D9:<@ D45BFO 5 
'>4;O649FES #�% < E<@6B? S3. 

 �A4K9A<S #� EF4A84DF<;<DB64AO < EBEF46?SRF 15, 25, 40, 60 < 100%. 
#� = 100% EBBF69FEF6G9F CB8B?:<F9?PAB@G D9:<@G. +9@ 6OL9 #�%, F9@ @9APL9 C4G;O 6 
D45BF9. 
�?S >4:8B7B <; QF<I D9:<@B6 GE?B6<S A47D964 < BI?4:89A<S Q?.86<74F9?9= D4;?<KAO. 

 

!47D96 Q?9>FD<K9E><I @4L<A 

 

�B 6D9@S  D45BFO 6 Q?. 86<74F9?9 6B;A<>4RF CBF9D< QA9D7<<. �BFBDO9 CD96D4M4RFES 6 
F9C?BFG < A47D964RF B5@BF>< < 8DG7<9 K4EF< 86<74F9?S. !4<5B?99 KG6EF6<F9?PA4 > A47D96G 
<;B?SJ<S  
B5@BFB>. %DB> E?G:5O <;B?SJ<< CD4>F<K9E>< BCD989?S9F EDB> E?G:5O Q?.86<74F9?S. 
�D4F>B6D9@9AAO9 < A9 @4>E<@4?PAB 6OEB><9 C9D97D96O A9 CD<6B8SF > 6OIB8G <; EFDBS  
1?9>FD<K9E>B= @4L<AO, AB ;A4K<F9?PAB EB>D4M4RF EDB> 99 E?G:5O. &4> CD< A47DG;>9 1,25 
$AB@ 

EDB> E?G:5O EB>D4M49FES 8B CB?GFBD4 @9ESJ96, 4 CD< A47DG;>9 1,5 BF AB@<A4?PAB=  
CDB<EIB8<F 6OIB8 86<74F9?S <; EFDBS K9D9; FD< K4E4 D45BFO. 
   BMABEFP 6O5D4AAB7B Q?. 86<74F9?S  8B?:A4 <@9FP F4>B9 ;A4K9A<9, KFB5O 97B <;B?SJ<S A9 
C9D97D964?4EP CD< A4<5B?99 FS:9?OI GE?B6<SI D45BFO CD<6B84. 
  #B A47D96BEFB=>BEF< <;B?SJ<BAAO9 @4F9D<4?O CB8D4;89?SRFES A4 >?4EEO CB �"%& 8865 3 
95. 

"A GEF4A46?<649F @4>E<@4?PAO9 8BCGEF<@O9 F9@C9D4FGDO A47D964 8?S >4:8B7B >?4EE4 
<;B?SJ<<. 
 

�?4EE A47D96B-
EFB=>BEF< 

�BCGEF<@4S  
 F9@C9D4FGD4 

 

 

        

           � 

       

       105 

)/5 F>4AP, 5G@474, L9?>, CDBC<F4AAO9 :<8><@ 
<;B?SJ<BAAO@ @4F9D<4?B@ 

           �        120 %<AF9F<K9E><9 BD74A<K9E><9 C?9A>< < 8D. 
        

           � 

   

       130 

 4F9D<4?O <; 4E59EF4, EF9>?B6B?B>A4, E?R8O, EB89D:4M<9 
E6S;GRM<9 69M9EF64 

           

           F      

        

       155 

%F9>?B6B?B>AB, E?R84, 4E59EF 6 EBK9F4A<< E 
CDBC<FO64RM<@< 

< E6S;GRM<@< E<AF9F<K9E><@< @4F9D<4?4@< 

            

           ! 

        

       180 

%F9>?B6B?B>AB, E?R84, 4E59EF 6 EBK9F4A<< E 
CDBC<FO64RM<@< 

>D9@A<=BD74A<K9E><@< EBEF464@< 

            

           % 

      

     >180 

%?R84, >9D4@<K9E><9 @4F9D<4?O. %F9>?B, >64DJ. 
#D<@9AS9@O9 E A9BD74A<K9E><@< E6S;GRM<@< EBEF464@< 
<?< 59; E6S;GRM<I EBEF46B6 
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'>4;4AAO9 D45BK<9 F9@C9D4FGDO GEF4AB6?9AO, <EIB8S <; EDB>4 E?G:5O Q?.86<74F9?S 10 3 
15 ?9F CD< AB@<A4?PAB= A47DG;>9. 
  �?S GK9F4 D4;ABB5D4;AOI GE?B6<= D45BFO  Q?.86<74F9?S < CD46<?PAB7B BCD989?9A<S 97B 
@BMABEF<  EFDBSF A47DG;BKAO9 8<47D4@@O,  6 >BFBDOI BCD989?S9FES ;46<E<@BEFP: 
 �D4M4RM97B @B@9AF4 BF 6D9@9A<    6D = � ( t ) 
  BMABEF< A4 64?G BF 6D9@9A<   $ = � ( t ) 
 1?9>FD<K9E>B7B FB>4 BF 6D9@9A<   I = � ( t ) 
 

!4 CD4>F<>9 B5OKAB CB?P;GRFES 8<47D4@@B= @B@9AFB6. 
 

$�%+�&!" 3  �$�(�+�%��3    $��"&� 

  

«$4EK9F @BMABEF< < 6O5BD 86<74F9?S 8?S D45BK97B @9I4A<;@4, D45BF4RM97B E C9D9@9AAB= 
A47DG;>B=» 

 

$А%'�& ��/ ����А&��/ #$"�"���&��Ь!"�" $��� А 

1. "CD989?9A<9 AB@<A4?PAB= @BMABEF< CDB<;6B8<FES CB @9FB8G Q>6<64?9AFAB7B @B@9AF4: 
 

   Q =:   1
2
t1  +  2

2
t2  + & +  n

2
tn  ( ! @ )       

                                      t1  + t 2 +  &  +   tn 

 

 

789           t1  -  6D9@S D45BFO CD< CBEFBSAAB@ @B@9AF9 A47DG;><  1       

                      t2  -  6D9@S D45BFO CD< CBEFBSAAB@ @B@9AF9 A47DG;><  2  < F.8. 
 

#B GE?B6<R ;484K< EFDB<FES A47DG;BKA4S 8<47D4@@4 < CB HBD@G?9 1 CDB<;6B8<FES D4EK9F 
 Q 
 

 

 

 

@ 

 

 

 

 

 

 

 

 

                           t1     t2                               t3                             t4                              t 

 

2. "CD989?9A<9 @BMABEF<, EBBF69FEF6GRM9= Q>6<64?9AFAB@G @B@9AFG: 
 

             $Q =   Q · n           (>�F)      
  9550 

 

789   n 3 K4EFBF4 6D4M9A<S D45BK9= @4L<AO, B5/@<A 

 

3. #B >4F4?B7G 6O5<D49FES 86<74F9?P E AB@<A4?PAB= @BMABEFPR  

 1 

�1 

�2 

�3 

�4 

2 
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            $AB@  g $Q     <        nAB@  j n            
 

4. �O5D4AAO= 86<74F9?P 6O5<D49FES CDB69DS9FES A4 C9D97DG;BKAGR ECBEB5ABEFP < CB 
CGE>B6B@G @B@9AFG: 

a) #D< CDB69D>9 A4 C9D97DG;BKAGR ECBEB5ABEFP 8B?:AB 6OCB?ASFPES GE?B6<9: 
                   EF max   f 0,85  >D               
 

     >D   -  >D<F<K9E><= (@4>E<@4?PAO=) @B@9AF 86<74F9?S 
     0,85 3 >BQHH<J<9AF, GK<FO64RM<= 6B;@B:AB9 EA<:9A<9 A4CDS:9A<S 
 

                  >D = km  AB@      
 

( 6 >4F4?B79 E9D<=AB 6OCGE>49@OI CDB@OL?9AABEFPR 86<74F9?9=                                               
K4M9 6E97B 849FES >4>       km  =   >D      ) 
                                              AB@ 

 

km  - C9D97DG;BKA4S ECBEB5ABEFP <?< >D4FABEFP @4>E<@4?PAB7B @B@9AF4 
 AB@  - AB@<A4?PAO= @B@9AF 86<74F9?S 
 

            AB@ =  9550 · $AB@      (!@) 
                    nAB@ 

 

 

$AB@  - AB@<A4?PA4S @BMABEFP 86<74F9?S 
nAB@  - AB@<A4?PA4S K4EFBF4 6D4M9A<S  86<74F9?S 
 

b) CD< CDB69D>9 CB CGE>B6B@G @B@9AFG 8B?:AB 6OCB?ASFPES GE?B6<9 : 
 

           CGE>  g   EF CGE>     

 

        789       EF CGE>   - CGE>B6B= EF4F<K9E><= @B@9AF CB A47DG;BKAB= 8<47D4@@9 ( E4@O= 
C9D6O=  CB EK9FG -   1  ) 

          CGE>  - CGE>B6B= @B@9AF 86<74F9?S 
 

         CGE>  =  kn  AB@    

               

      789  kn  - >D4FABEFP CGE>B6B7B @B@9AF4 ( 59D9FES <; >4F4?B74, K4M9 6E97B 849FES >4>   
 CGE>   
  AB@ 

 

5. �E?< 86<74F9?P A9 G8B6?9F6BDS9F GE?B6<S@ CGE>4 <?< C9D97DG;><, FB E?98G9F 6O5D4FP  
      86<74F9?P 5?<:4=L9= 5B?PL9= @BMABEF< < 8?S CB6FBD<FP D4EK9F. 
 

 

#$� �$ 1 
 

$4EK9F4 @BMABEF< < 6O5BD4 86<74F9?S 8?S CDB8B?:<F9?PAB7B D9:<@4 D45BFO. 
 

"CD989?<FP @BMABEFP < 6O5D4FP CB >4F4?B7G 4E<AIDBAAO= 86<74F9?P E >BDBF>B;4@>AGFO@ 
DBFBDB@ 8?S CD<6B84 CDB<;6B8EF69AAB7B @9I4A<;@4. #B 84AAO@ CBEFDB<FP A47DG;BKAGR 
8<47D4@@G. +4EFBF4 6D4M9A<S n = 1450 B5/@<A. 
 

3 

4 

7 

5 

6 

8 
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 1 = 120 !@        2= 60 !@        3 = 80 !@       4 = 170 !@ 

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

 

 

$9L9A<9: 
%FDB<@ A47DG;BKAGR 8<47D4@@G 
 

   
(!@) 
180 

 

150 

120 

90 

 

60 

30 

 

 

                  60              120                    120                    120               t (c) 

 

 

2.   !4IB8<@     Q =:   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.  !4IB8<@       

  

$Q =   Q · n   =  110 ·1450   = 16,7   (>�F)      
9550 9550 

 

4. �O5<D49@ CB >4F4?B7G 86<74F9?P E9D<< 4� . #D< 6O5BD9 B5D4F<FP 6A<@4A<9 A4 K4EFBFG 
6D4M9A<S Q?. 86<74F9?S nAB@ 86. "A4 8B?:A4 CD<5?<;<F9?PAB EB6C484FP E K4EFBFB= 
6D4M9A<S D45BK97B @9I4A<;@4 nAB@  D45. @9I .   �E?<   nAB@ 86   A4@AB7B CD96OL49F nAB@  D45. @9I  , 

FB 6 CD<6B89 A9B5IB8<@B GEF4A46?<64FP D98G>FBD.  
 &9IA<K9E><9 84AAO9 Q?. 86<74F9?S : 
 &<C  4�160 4'3;   $A = 18,5 >�F;     nAB@ = 1465 B5/@<A;     ηAB@ = 89,5%;   cosφ = 0,88; 

k@ =  >D = 2,3;      kC =  CGE> = 1,4. 

          AB@                       AB@ 

 

 

5. #DB69DS9@ 6O5D4AAO= 86<74F9?P A4 C9D97DG;BKAGR ECBEB5ABEFP 
�) BCD989?S9@ AB@<A4?PAO= @B@9AF 86<74F9?S  CB HBD@G?9  
 AB@ =  9550 · $AB@   =   9550 · 18,5   = 120,6 (!@) 
                nAB@                       1465 

 

�) BCD989?S9@ >D<F<K9E><= ( @4>E<@4?PAO= ) @B@9AF 86<74F9?S CB HBD@G?9  
 

 >D = km ·  AB@    =  2,3 · 120.6 = 277,4 (!@) 
 

�1 

�2 

�3 

�4 

6 

5 
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#B HBD@G?9                EF max   f 0,85  >D  = 0.85 · 277,4 = 235,8 (!@) 
 

 

�O5<D49@ CB A47DG;BKAB= 8<47D4@@9 @4>E<@4?PAO= EF4F<K9E><= @B@9AF         

 EF max = 170 (!@) 
 

'E?B6<9 CB HBD@G?9                        6OCB?AS9FES 
  

170 f 235,8 (!@) 3 CB C9D97DG;BKAB= ECBEB5ABEF< 6O5D4AAO= Q?. 86<74F9?P CB8IB8<F 8?S 
84AAB= D45BFO 

 

6. #DB69DS9@ 6O5D4AAO= 86<74F9?P CB CGE>B6B@G @B@9AFG  
 CGE>  =  kn  AB@  = 1,4 · 120,6 = 168, 8 (!@) 
 

#GE>B6B= EF4F<K9E><= @B@9AF BCD989?S9@ CB CBEFDB9AAB= 8<47D4@@9      

  EF CGE>  =  1 = 120 (!@) 
 

 #B GE?B6<S@  HBD@G?O   
 CGE>  g   EF CGE>     

168.8 g 120  GE?B6<9 6OCB?AS9FES 3 6O5D4AAO= 86<74F9?P CD< 97B GEF4AB6>9 E 84AAO@ 
CDB<;6B8EF69AAO@ @9I4A<;@B@ ;4CGEF<FES. 
 

 

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

1. "CD989?9A<9  Q < $Q CDB<;6B8<FES CB HBD@G?4@          <  
 

#D< QFB@  Q BCD989?S9FES FB?P>B ;4 6D9@S D45BFO Q?. 86<74F9?S, 59; GK9F4 6D9@9A< 
BEF4AB6B>. 
2.  "CD989?9A<9 H4>F<K9E>B= 69?<K<AO CDB8B?:<F9?PABEF< 6>?RK9A<S Q?. 86<74F9?S: 
       #�H% = tD · 100%     =  tD  ·  100%                  

                         t D + t0                 tJ 
 

F.>. #�H  K4M9 6E97B BF?<K49FES BF #� EF4A84DFAB=, FB $Q C9D9EK<FO64RF A4 5?<:4=LGR 
EF4A84DFAGR CDB8B?:<F9?PABEFP 6>?RK9A<S CB HBD@G?9  
$Q EF = $Q : #�H 

                     #�EF4A8 
 

#�EF4A8 : 15; 25; 40; 60; 100% 

 

3.   #B >4F4?B7G 6O5<D4RF 86<74F9?P E AB@<A4?PAB= @BMABEFPR $AB@ CD< #�EF4A8 F4>, 
KFB5O  
      $AB@ g $Q EF4A8   CD<   nAB@  j n  CB HBD@G?9 
 

3. �O5D4AAO= 86<74F9?P CDB69DSRF A4 C9D97DG;BKAGR ECBEB5ABEFP < CB CGE>B6B@G 
@B@9AFG  

      F4> :9 >4> < CD< 8?<F9?PAB@ D9:<@9. 
      �E?<  #� > 60% , FB 86<74F9?P 6O5<D4RF >4> 8?S 8?<F9?PAB7B D9:<@4 
      �E?< #� < 10% , >4> 8?S >D4F>B6D9@9AAB7B D9:<@4. 
 

 

 

4 

4 

8 

7 

 1 
2 

9 

10 

3 
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#$� �$ 2 
$4EK9F4 @BMABEF< < 6O5BD4 86<74F9?S 8?S CB6FBDAB - >D4F>B6D9@9AAB7B D9:<@4 D45BFO 

 

"CD989?<FP @BMABEFP < 6O5D4FP CB >4F4?B7G 4E<AIDBAAO= 86<74F9?P E >BDBF>B;4@>AGFO@ 
DBFBDB@ 8?S CD<6B84 CDB<;6B8EF69AAB7B @9I4A<;@4, D45BF4RM97B 6 CB6FBDAB 3 
>D4F>B6D9@9AAB@ D9:<@9, >BFBDO= ;484A A47DG;BKAB= 8<47D4@@B=. #B 84AAO@ CBEFDB<FP 
A47DG;BKAGR 8<47D4@@G. �6<74F9?P 8B?:9A D4;6<64FP K4EFBFG 6D4M9A<S n = 700 B5/@<A. 
 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) 

 

$9L9A<9: 
1. "CD989?S9@ Q>6<64?9AFAO= @B@9AF ;4 D45BK99 6D9@S: 
     Q =:   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.  !4IB8<@  @BMABEFP, EBBF69FEF6GRMGR   Q ;4 D45BK99 6D9@S: 
  

$Q =   Q · n   =  63,2 ·700   = 4,63   (>�F)      
9550                9950 

 

3. "FABE<F9?PA4S CDB8B?:<F9?PABEFP 6>?RK9A<S 86<74F9?S: 
 

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

                    t D + t0              tJ            t1+t2+t3+t4+t5 +t6         10+30+30+20+10+30 

 

 

4. #9D9EK<FO649@ Q>6<64?9AFAGR @BMABEFP A4 5?<:4=LGR EF4A84DFAGR  #�EF  = 60%: 

 

$EF =  $Q ·:  #�H     = 4,63 ·: 54  = 4.4  (>�F) 
                    #�EF                60 

  

5.   #B 84AAO@ >4F4?B74 6O5<D49@ Q?. 86<74F9?P A4 #� = 60%  E  $AB@  g $Q     <   nAB@  j n            

 

4�% 112 4'3     $A = 5  >�F;     nAB@ = 695 B5/@<A;     ηAB@ = 78 %;   cosφ = 0,64; 

km =  >D = 2;      kC =  CGE> = 1,8. 

           AB@                   AB@ 
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6.   #DB69DS9@ 6O5D4AAO= 86<74F9?P A4 C9D97DG;BKAGR ECBEB5ABEFP 
�) BCD989?S9@ AB@<A4?PAO= @B@9AF 86<74F9?S  CB HBD@G?9  
 AB@ =  9550 · $AB@   =   9550 · 5   = 68,7 (!@) 
                nAB@                    695 

 

�) BCD989?S9@ >D<F<K9E><= ( @4>E<@4?PAO= ) @B@9AF 86<74F9?S CB HBD@G?9  
 

 >D = km ·  AB@    =  2 · 68,7 = 137,4 (!@) 
 

#B HBD@G?9                EF max   f 0,85  >D  = 0.85 · 137,7 = 117 (!@) 
 

�O5<D49@ CB A47DG;BKAB= 8<47D4@@9 @4>E<@4?PAO= EF4F<K9E><= @B@9AF 
             

 EF max = 100 (!@) 
 

'E?B6<9 CB HBD@G?9                        6OCB?AS9FES 
  

100 f 117 (!@) 3 CB C9D97DG;BKAB= ECBEB5ABEF< 6O5D4AAO= Q?. 86<74F9?P CB8IB8<F 8?S 
84AAB= D45BFO 

 

7. #DB69DS9@ 6O5D4AAO= 86<74F9?P CB CGE>B6B@G @B@9AFG  
 CGE>  =  kn  AB@  = 1,8 · 68,7 = 123,7 (!@) 
 

#GE>B6B= EF4F<K9E><= @B@9AF BCD989?S9@ CB CBEFDB9AAB= 8<47D4@@9      

  EF CGE>  =  1 = 100 (!@) 
 

 #B GE?B6<S@  HBD@G?O   
 CGE>  g   EF CGE>     

123,7 g 100  GE?B6<9 6OCB?AS9FES 3 6O5D4AAO= 86<74F9?P CD< 97B GEF4AB6>9 E 84AAO@ 
CDB<;6B8EF69AAO@ @9I4A<;@B@ ;4CGEF<FES. 
 

����!�3 

 

�?S D4EK9FAB 3 7D4H<K9E>B= D45BFO 

 

"CD989?<FP @BMABEFP Q?9>FD<KE>B7B CD<6B84 @9I4A<;@4, D9:<@ D45BFO >BFBDB7B ;484A 
A47DG;BKAB= 8<47D4@@B= 6 F45?<J9 64D<4AFB6. 
�O5D4FP Q?9>FD<K9E><= 86<74F9?P CB >4F4?B7G, D4EL<HDB64FP EFDG>FGDG B5B;A4K9A<S 97B 
F<C4, BF69F<FP A4 >BAFDB?PAO9 6BCDBEO. �?S BF69F4 A4 GEFAO9 6BCDBEO CB?P;B64FPES 
@4F9D<4?4@< F9@  5 1?9>FD<K9E><9 @4L<AO C9D9@9AAB7B FB>46 <  5 1?9>FDBCD<6B86. 
#D46<?4 BHBD@?9A<S < E84K< BFK9F4: 
1. "HBD@?SFP A4 59?OI ?<EF4I 5G@47< HBD@4F4 �4 
2. $45BF4 8B?:A4 <@9FP F<FG?PAO= ?<EF, 6OCB?A9AAO=  CB EF4A84DFAO@ CD46<?4@. 
3. � ;4>?RK<F9?PAB= K4EF< BFK9F4 8B?:AO 5OFP BF69FO A4 6BCDBEO, G>4;4AAO9 6 
C9DEBA4?PAB@ 64D<4AF9. 

�?S D45BFO 6 >4K9EF69 Q?9>FDBCD<6B84 <ECB?P;B64FP 4E<AIDBAAO= >BDBF>B;4@>AGFO= 
86<74F9?P. 
&9IA<K9E><9 84AAO9 Q?. 86<74F9?9= E >BDBF>B;4@>AGFO@ DBFBDB@ E9D<< 4�: 
 #D< CDB8B?:<F9?PABEF< 6>?RK9A<S #� = 40% CD<6989AO 6 ECD46BKA<>9 CB 
Q?9>FDBF9IA<>9 < Q?9>FDBB5BDG8B64A<R 20037. , 46FBD �?<96 �.�.  EFD. 158 F45?. 7.7.1. 
#D< CDB8B?:<F9?PABEF< 6>?RK9A<S #� = 100% F4@ :9 EFD. 135 F45?. 7.3.1. 
#D< CDB8B?:<F9?PABEF< #� = 25% < #� =60% 6 CD<?B:9A<< 1.  

6 

5 

4 

4 

8 

7 
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��$��!&/ ����!�� ��3 �/#"�!�!�3 $�%+�&!" 3 �$�(�+�%�"� $��"&/ 

№64D  1  2  3  4  5 t1 t2 t3 t4 t5 n 

 !@ E9> "5/@
<A 

1 650 0 100 0 850 19 55 38 97 10 1360 

2 125 50 100 50 150 15 51 42 46 81 2940 

3 300 100 0 500 0 40 83 89 29 33 690 

4 120 300 700 560 400 18 94 86 22 87 1470 

5 70 90 100 180 0 10 20 35 10 80 930 

6 180 900 1000 0 700 10 82 52 80 61 980 

7 200 700 650 540 150 10 21 41 50 46 1470 

8 500 100 0 600 0 18 29 87 30 63 700 

9 100 500 150 430 200 16 55 27 51 61 1460 

10 70 100 400 0 420 12 22 45 30 35 2970 

11 200 190 250 900 300 15 75 84 40 35 740 

12 90 300 0 150 180 12 25 60 45 70 970 

13 350 100 450 600 150 20 35 50 40 25 2950 

14 200 50 0 700 250 21 47 80 25 20 950 

15 120 130 510 415 50 21 91 83 15 45 1480 

16 130 50 80 90 200 13 83 56 45 85 2940 

17 200 180 190 900 300 15 84 41 35 76 740 

18 300 100 0 500 0 40 83 89 29 33 690 

19 70 100 400 0 420 12 22 46 84 35 2970 

20 80 250 0 190 150 20 69 87 99 88 1480 

21 300 110 550 150 140 15 19 45 25 88 2970 

22 550 100 450 700 150 15 82 43 67 86 2960 

23 100 50 150 200 50 15 56 85 67 34 1480 

24 150 280 100 300 200 14 45 60 61 35 730 

25 200 380 470 530 0 10 67 29 48 83 740 

26 550 100 450 700 150 10 51 43 15 20 1470 

27 350 250 500 600 0 14 66 35 18 78 700 

28 150 280 100 300 200 18 26 29 46 78 1460 

29 160 250 150 100 50 13 47 35 55 67 2940 

30 700 400 500 350 0 4 29 40 50 32 950 

31 400 100 0 550 0 5 25 90 30 85 700 

32 50 300 0 150 180 24 44 52 44 87 2940 

33 80 30 0 95 87 15 90 20 60 80 1410 

34 80 250 0 150 190 15 20 110 60 45 1430 

35 100 600 0 550 120 15 50 90 30 25 700 

36 100 300 150 50 0 20 45 30 40 335 730 

37 300 350 460 0 660 11 81 65 35 91 1475 

38 200 110 550 150 140 26 70 17 89 78 1450 

39 150 80 200 0 400 4 80 75 35 40 900 

40 300 310 0 220 425 14 20 60 30 25 690 

41 150 80 200 0 400 4 80 75 35 40 900 

42 300 310 0 220 425 14 20 60 30 25 690 

43 40 300 250 200 0 10 80 140 80 220 1420 

44 100 250 390 680 200 18 33 75 40 67 1470 

45 100 50 150 290 300 19 46 85 56 21 2950 
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#$��"��!�� 1 
&�)!�+�%��� ��!!/� �%�!)$"!!/) �����&���� %�$�� 4�% (% #"�/,�!!/  %�"�0��!�� )  

#$�  #� = 25% �  #� = 60% 

 

 
&<C 86<74F9?S #� = 25% #� = 60% n 

B5/@<A 

 CGE>   AB@  >D  
  AB@ 

ICGE>  
IAB@ 

$2  >�F η  % Cos φ $2  >�F η  % Cos φ 

%<AIDBAA4S K4EFBF4 6D4M9A<S 3000B5/@<A 

4�%71�2'3 1,3 71,5 0,85 1,10 72,5 0,82 2850 2,0 2,2 5,5 

4�%80�2'3 1,9 75,0 0,87 1,70 75,5 0,86 2855 2,0 2,2 6,5 

4�%80�2'3 2,7 75,5 0,88 2,20 77,0 0,86 2865 2,0 2,2 6,5 

4�%90L2'3 4,0 79,0 0,87 3,20 80,5 0,85 2870 2,0 2,2 6,5 

4�%100S2'3 5,0 81,5 0,86 4,20 82,5 0,85 2890 2,0 2,2 7,5 

4�%100L2'3 7,0 81,5 0,87 5,80 82,0 0,85 2900 2,0 2,2 7,5 

4�%112 �2'3 9,5 83,0 0,86 7,10 84,5 0,83 2900 2,0 2,4 7,5 

4�%132 2'3 14,0 83,0 0,90 11,0 84,5 0,88 2855 2,0 2,4 7,5 

4�%71�2'3 1,06 71,5 0,88 0,95 72,5 0,86 2825 2,0 2,2 5,5 

%<AIDBAA4S K4EFBF4 6D4M9A<S 1500B5/@<A 

4�%100L4'3 5,0 77,0 0,84 3,8 79,0 0,80 1440 2,2 2,2 6,0 

4�%112 �4'3 6,7 77,5 0,85 5,0 80,0 0,81 1420 2,2 2,2 7,0 

4�%132S4'3 9,5 82,0 0,86 7,5 83,5 0,83 1395 2,8 2,8 7,0 

4�%132 4'3 14,0 83,0 0,86 10,5 84,5 0,83 1410 2,2 2,2 7,0 

4�%160 4 '3 19,0 83,5 0,86 15,0 85,5 0,85 1410 2,2 2,2 7,0 

4�%160S4 '3 23,0 86,0 0,87 18,5 87,5 0,87 1420 2,2 2,2 7,0 

4�%180S4 '3 24,0 84,5 0,93 20,0 86,5 0,92 1415 2,2 2,2 7,0 

4�% 180 4'3 30,0 87,0 0,92 25,0 89,0 0,91 1435 2,2 2,2 7,0 

4�% 200 4'3 35,0 87,0 0,93 28,0 88,0 0,92 1415 2,2 2,2 7,0 

4�% 200L4'3 47,0 88,0 0,94 37,0 89,0 0,93 1415 2,2 2,2 7,0 

4�% 225 4'3 55,0 87,0 0,93 45,0 88,0 0,92 1415 2,2 2,2 7,0 

4�% 250S4'3 63,0 87,0 0,93 53,0 88,0 0,92 1405 2,2 2,2 7,0 

4�% 250 4'3 71,0 86,5 0,94 60,0 87,0 0,93 1405 2,2 2,2 7,0 
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&<C 86<74F9?S #� = 25% #� = 60% n 

B5/@<A 

 CGE>   AB@  >D  
  AB@ 

ICGE>  
IAB@ $2  >�F η  % Cos φ $2  >�F η  % Cos φ 

%<AIDBAA4S K4EFBF4 6D4M9A<S 1000B5/@<A 

4�% 132S6'3 7,5 77,5 0,84 6,0 80,0 0,79 935 1,9 2,1 6,5 

4�% 132 6'3 10,0 77,5 0,84 7,5 80,5 0,78 940 1,9 2,1 6,5 

4�% 160S6'3 14,0 80,0 0,86 11,0 83,5 0,84 925 1,9 2,1 6,5 

4�%160 6'3 19,0 81,5 0,86 15,0 84,5 0,84 920 1,9 2,1 6,5 

4�%180 6'3 20,0 83,0 0,90 17,0 85,0 0,89 925 1,9 2,1 6,5 

4�%200 6'3 25,0 82,0 0,92 20,0 84,5 0,92 925 1,9 2,1 6,5 

4�%200L6'3 33,0 83,5 0,92 25,0 86,0 0,92 940 1,9 2,1 6,5 

4�%225 6'3 35,0 83,5 0,92 28,0 87,0 0,91 930 1,9 2,1 6,5 

4�%250S6'3 45,0 88,0 0,90 36,0 89,5 0,90 950 1,9 2,1 6,5 

4�%250 6'3 53,0 88,0 0,89 40,0 89,0 0,89 960 1,9 2,1 6,5 

%<AIDBAA4S K4EFBF4 6D4M9A<S 750B5/@<A 

4�%132 8'3 7,1 75,0 0,74 5,0 78,0 0,64 695 1,8 2,0 6,0 

4�%160S8'3 10,0 79,5 0,81 8,0 83,0 0,79 680 1,8 2,0 6,0 

4�%160 8'3 14,0 81,0 0,80 11,0 83,5 0,77 680 1,8 2,0 6,0 

4�%180 8'3 17,0 81,5 0,83 14,0 84,0 0,82 690 1,8 2,0 6,0 

4�%200 8'3 24,0 79,5 0,85 19,0 83,5 0,84 690 1,8 2,0 6,0 

4�%225 8'3 30,0 81,0 0,86 24,0 83,5 0,83 695 1,8 2,0 6,0 

4�%250S8'3 45,0 83,5 0,86 30,0 86,5 0,84 700 1,8 2,0 6,0 

 

 

 


