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SN , 

:�·� 

U@Nl, 

:� 

UsNl, 

:� 

Ns,  

2.>. 
i0,  

% 

cosφ0, 

2.>. 
cosφN, 

2.>. 
 k, 

:�B 
1 50 6,0 0,525 192 8 0,087 0,82 1,70 Y/-11 

2 100 35,0 6,3 200 9,5 0,088 0,82 2,86 Y/Y-0 

3 100 35,0 3,6 200 9,0 0,07 0,82 2,86 Y/-11 

4 320 35,0 6,3 360 9,5 0,075 0,80 5,60 Y/Y-0 

5 5600 110,0 6,0 200 10,0 0,087 0,81 47,8 Y/Y-0 

6 1000 35,0 0,69 470 10,5 0,087 0,80 18,54 Y/-11 

7 1800 35,0 6,3 640 11,0 0,088 0,85 24,22 Y/-11 

8 3200 35,0 3,6 660 10,5 0,07 0,84 36,5 Y/Y-0 

9 5600 35,0 6,3 600 11,0 0,075 0,85 49,6 Y/Y-0 

10 20 6,0 0,4 100 6,5 0,087 0,83 0,95 Y/-11 

11 60 35,0 6,3 200 7,5 0,088 0,83 2,10 Y/Y-0 

12 100 35,0 0,69 150 8,7 0,07 0,8 3,26 Y/Y-0 

13 180 35,0 3,15 300 7,5 0,075 0,84 4,10 Y/-11 

14 180 35,0 3,15 300 8,0 0,087 0,84 4,10 Y/Y-0 

15 20 10,0 0,69 380 6,5 0,1 0,83 0,94 Y/ Y-0 

16 180 10,0 0,69 388 7,0 0,088 0,83 5,24 Y/-11 

17 560 35,0 6,3 400 7,5 0,07 0,80 9,30 Y/-11 

18 1000 35,0 10,5 390 9,0 0,075 0,80 15,12 Y/Y-0 

19 50 6,0 3,15 400 6,5 0,087 0,85 3,14 /Y-11 

20 100 10,0 3,15 600 7,0 0,1 0,84 5,04 Y/Y-0 
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2) 70 :>=AB@C:FVєN >A5@4ь B@0=AD>@<0B>@8 ?>4V;ONBь =0 AB@86=52V, 
1@>=ь>20=V, 1@>=5AB@86=52V B0 B>@>W40;ь=V (C D>@<V B>@0), @8A. 2;  

 

  

 

 

 

 

 

 

                 0                                                      1                                          2 

 

3 
$8AC=>: 2 3 �;0A8DV:0FVO B@0=AD>@<0B>@V2 70 :>=AB@C:FVєN >A5@4ь:  

0 3 AB@86=5289; 1 3 1@>=ь>289; 2 3 B>@>W40;ь=89 ; 3 3 1@>=5AB@86=5289 (B@8D07=89) 
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3) :;0A8DV:0FVO >1<>B>: 70 @>7<VI5==O< ?5@28==>W B0 2B>@8==>W :>BCH>:: 
:>=F5=B@8G=V (>4=0 2 V=HV9) V 48A:>2V (01> «B0@5;ьG0BV»), @8A. 3. 

 

 

 

 

 

 

 

 
 

0                                                 1 

$8AC=>: 3 3 �;0A8DV:0FVO 70 :>=AB@C:FVєN >1<>B>::  
0 3 :>=F5=B@8G=0 (>4=0 2 V=HV9); 1 3 48A:>20 (01> B0@5;ьG0B0) 

 

4) :;0A8DV:0FVO 70 :V;ь:VABN D07: >4=>D07=V B0 1030B>D07=V (70728G09 B@8D07=V); 
5) :;0A8DV:0FVO 70 A?>A>1>< >E>;>465==O: ACE5 (>E>;>465==O ?>2VB@O<) V 7 

>E>;>465==O< >;82>N, @8A.4. 
 

 

 

 

 

 

 

 

 

0                                                                 1 

$8AC=>: 4 3 �;0A8DV:0FVO 70 A?>A>1>< >E>;>465==O:  
0 3 ACEV (?>2VB@O=5 >E>;>465==O); 1 - 7 >E>;>465==O< >;82>N. 

 

6) :;0A8DV:0FVO 70 :V;ь:VABN >1<>B>: =0 D07C: 7 >4=VєN >1<>B:>N, 7 42><0 
>1<>B:0<8 01> 7 B@ь><0 >1<>B:0<8. 

!0:@5A;VBь 5A:V78 >A5@4ь V >1<>B>: A8;>28E B@0=AD>@<0B>@V2, ?V4?8HVBь 
>A=>2=V 5;5<5=B8. 
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�AV 2B@0B8 284V;ONBьAO C 283;O4V B5?;0, B><C =5 <>6=0 3>2>@8B8 «B5?;>2V 
2B@0B8». �B@0B8 2 5;5:B@8G=8E <0H8=0E V B@0=AD>@<0FVOE =0ABC?=V: 

1) 5;5:B@8G=V 2B@0B8 28=8:0NBь ?@8 ?@>E>465==V AB@C<C ?> ?@>2V4=8:C. 
�V4?>2V4=> 4> 70:>=C �6>C;O, 5;5:B@8G=V 2B@0B8 ?@>?>@FV9=V AB@C<C C 4@C3><C 
ABC?5=V, �B:  

Pel =m· I2·R, 

45 R 3 0:B82=89 >?V@ ?@>2V4=8:0, "<;  

m 3 :V;ь:VABь D07, 2.>. 
*5 7<V==V 2B@0B8, 1> 70;560Bь 2V4 AB@C<C, B>1B> 2V4 =020=B065==O; 
2) <03=VB=V 2B@0B8 28=8:0NBь ?@8 ?@>E>465==V <03=VB=>3> ?>B>:C G5@57 

AB0;52V >A5@4O, �B. *5 ?>ABV9=V 2B@0B8, 2>=8 <0965 >4=0:>2V V 2 @568<V 
=5@>1>G>3> E>4C, V 2 =><V=0;ь=><C @568<V, V 2 @568<V ?5@520=B065==O. 

"A=>2=V 2B@0B8 2 AB0;V (<03=VB=V 2B@0B8) ?>4V;ONBь =0 420 284C: 2B@0B8 2V4 
28E@>28E AB@C<V2 (2V4 AB@C<V2 (C:>) V 2B@0B8 2V4 ?5@5<03=VGC20==O (2V4 
3VAB5@578AC). �;O 2@0EC20==O 4>40B:>28E 2B@0B 2 AB0;V >A=>2=V 2B@0B8 01> 
71V;ьHCNBь =0 10-15%, 01> WE 2@0E>2CNBь 2 7030;ь=8E 4>40B:>28E 2B@0B0E. 

�B@0B8 2 AB0;V (<03=VB=V 2B@0B8) 70;560Bь 2V4 <0@:8 V O:>ABV AB0;V, 2V4 O:>ABV 
HB0<?C20==O V A:;040==O >A5@4O. �28G09=>, 2>=8 70;560Bь V 2V4 @>7<V@C >A5@4O. 

!093>;>2=VH5, I> 2>=8 70;560Bь 2V4 G0AB>B8 =0?@C38, �B:  
Pmag⁓ f β, 45 β=1,5-2. 

"A5@4O B@0=AD>@<0B>@V2 V 5;5:B@8G=8E <0H8= (� ), G5@57 O:V ?@>E>48Bь 
7<V==89 <03=VB=89 ?>BV:, 7V1@0=V 7 V7>;ь>20=8E >48= 2V4 V=H>3> ;8ABV2 
5;5:B@>B5E=VG=>W AB0;V B>2I8=>N 0,35-0,5 <<. &0:5 >A5@4O <0є =072C «H8EB>20=5 
>A5@4O» V @>18BьAO 4;O 7<5=H5==O <03=VB=8E 2B@0B. 

�AV FV ?>:07=8:8 =5 7<V=NNBьAO ?@8 7<V=V =020=B065==O (AB@C<C). �>=8 
>4=0:>2V 2 @568<V =5@>1>G>3> E>4C, 2 =><V=0;ь=><C @568<V, 2 @568<V 
?5@520=B065==O. "B65, F5 ?>ABV9=V 2B@0B8; 

3) <5E0=VG=V 2B@0B8 3 F5 2B@0B8 2V4 B5@BO 5;5<5=BV2, I> >15@B0NBьAO, >48= 
2V4=>A=> V=H>3>. *V 2B@0B8 28=8:0NBь G5@57 B5@BO 20;V2 2 ?V4H8?=8:0E V G5@57 
B5@BO @>B>@0 >1 ?>2VB@O. $>B>@ 3 >48= 7 3>;>2=8E 5;5<5=BV2 5;5:B@8G=>W <0H8=8, 
O:89 >15@B0єBьAO. ' B@0=AD>@<0B>@0E B0:8E 2B@0B =5<0є, BV;ь:8 2 � . �@V< B>3>, 
4> <5E0=VG=8E 2B@0B 2V4=>AOBь 25=B8;OFV9=V 2B@0B8, O:I> WE @>7@0EC=>: =5 
>1C<>2;5=89 >:@5<>. 

4) 4>40B:>2V 2B@0B8 3 F5 2B@0B8, O:V @0=VH5 =5 2@0E>2C20;8AO. 
�>;8 2AV 2B@0B8 287=0G5=V, <>6=0 @>7@0EC20B8 ��� 5;5:B@>>1;04=0==O: 
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45 ΣPi – 3 AC<0 2AVE 2B@0B, �B. 
К>5DVFVє=B B@0=AD>@<0FVW; AE5<8 >1<>B>: B@8D07=8E B@0=AD>@<0B>@V2; 

AB@C< =5@>1>G>3> E>4C. 
�>5DVFVє=B B@0=AD>@<0FVW, 2.>.: �āÿ = ���Ā = ���Ā ≅ ����Ā� , 

45 wp 3 :V;ь:VABь 28B:V2 ?5@28==>W >1<>B:8 B@0=AD>@<0B>@0; 
ws 3 :V;ь:VABь 28B:V2 2B>@8==>W >1<>B:8 B@0=AD>@<0B>@0; 
Ep 3 5;5:B@>@CHV9=0 A8;0 (�$%) A0<>V=4C:FVW, �; 

Es
 3 �$% 270є<>V=4C:FVW, �; 

UpN 3 =><V=0;ь=0 =0?@C30 ?5@28==>W >1<>B:8 B@0=AD>@<0B>@0, �; 
UsN 3 =><V=0;ь=0 =0?@C30 2B>@8==>W >1<>B:8 B@0=AD>@<0B>@0, �. 
�>;8 ktr<1 3 ?V428IC20;ь=89 B@0=AD>@<0B>@.  
�>48 ktr >1 3 ?>=86CNG89 B@0=AD>@<0B>@.  
!E5<8 >1<>B>: B@8D07=8E B@0=AD>@<0B>@V2 
&@8D07=89 B@0=AD>@<0B>@ 70728G09 <0є 42V B@8D07=V >1<>B:8 3 28A>:>W 

(�!) V =87ь:>W (!!) =0?@C38. &0:8< G8=><, B@8D07=89 B@0=AD>@<0B>@ <0є HVABь 
=570;56=8E D07=8E >1<>B>: V 12 282>4V2. #>G0B>: 282>4V2 D07 >1<>B:8 28I>W 
=0?@C38 ?>7=0G0NBьAO ;VB5@0<8 A, B, C, :V=FV 3 X, Y, Z, 0 4;O 0=0;>3VG=8E 282>4V2 
D07 >1<>B:8 =87ь:>W =0?@C38 3 28:>@8AB>2CNBьAO ?>7=0G5==O a, b, c, x, y, z. 

�>6=0 7 >1<>B>: B@8D07=>3> B@0=AD>@<0B>@0 3 ?5@28==0 V 2B>@8==0 3 <>65 1CB8 
7’є4=0=0 B@ь><0 @V7=8<8 A?>A>10<8, 0 A0<5: 7V@:>N; B@8:CB=8:><; 783703><. 

' 1V;ьH>ABV 28?04:V2 >1<>B:8 B@8D07=8E B@0=AD>@<0B>@V2 7'є4=CNBьAO 01> 
2 7V@:C, 01> 2 B@8:CB=8: (@8A. 2). 

 �81V@ AE5<8 ?V4:;NG5==O 70;568Bь 2V4 C<>2 
5:A?;C0B0FVW B@0=AD>@<0B>@0. 

%B@C< =5@>1>G>3> E>4C ?5@28==>W >1<>B:8 
(2B>@8==0 >1<>B:0 =5 70<:=CB0, 157 =020=B065==O) 
=07820єBьAO AB@C<>< =0<03=VGC20==O, B><C I> 2V= 
<0965 ?>2=VABN @50:B82=89 V =5>1EV4=89 4;O 
AB2>@5==O <03=VB=>3> ?>B>:C, O:89 70<8:0єBьAO 
274>26 AB0;52>3> >A5@4O V V=4C:Cє �$% C 2B>@8==V9 
V ?5@28==V9 >1<>B:0E. 

� = �2�1 = �1 2 Σ���1 ,  6. о.    45о × 100% 

$8AC=>: 2 3 %E5<8 7’є4=0==O 
>1<>B>: B@8D07=8E 

B@0=AD>@<0B>@V2 «7V@:>N» Y 
V «B@8:CB=8:><» Δ 
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#@8 2V4?>2V4V =0 ?8B0==O 7 (@>74V; 1.1. �?8HVBь, я:V є >A=>2=V 465@5;0 
5;5:B@>5=5@3VW C =0HV9 :@0W=V. /:V =>2V =0?@я<:8 @>728B:C 5;5:B@>5=5@35B8:8 28 
22060єB5 ?5@A?5:B82=8<8), ?@>0=0;V7C9B5 ACG0A=89 AB0= 5;5:B@>5=5@35B8:8 2 A2VBV 
V �0HV9 :@0W=V, 2:06VBь O:V 5;5:B@>AB0=FVW ?@0FNNBь C 20HV9 :@0W=V, 70?@>?>=C9B5 
=091V;ьH ?5@A?5:B82=V =0?@O<:8 @>728B:C 5;5:B@>5=5@35B8:8 :@0W=8. �:06VBь, O:V 
:>@8A=V :>?0;8=8 є =0 B5@8B>@VW :@0W=8 (2C3V;;O, 307, =0DB0). "FV=VBь ?5@A?5:B828 
>B@8<0==O 5;5:B@>5=5@3VW 2V4 2V4=>2;N20=8E 465@5; 5=5@3VW: 2VB@C, A>=FO, 35975@V2, 
<>@Aь:8E B5GV9, 1V>307V2 B>I>. 

"A=>2=V ?8B0==O, I> 2AB0=>2;NNBь =0?@O<:8 @>728B:C 5=5@35B8:8: 
1) ?>?8B =0 4>23>AB@>:>2V 465@5;0 5=5@3VW; 
2) 5:>;>3VG=0 157?5:0 28@>1=8FB20 5;5:B@>5=5@3VW. 
' @V7=V ?5@V>48 25Aь G0A 7<V=N20;8AO 465@5;0 5=5@3VW. !0?@8:;04, 

?@>0=0;V7Cє<> O: 7<V=N20;>AO ?0;82> =0 B5?;>28E 5;5:B@>AB0=FVOE (&�%): 

A?>G0B:C 1C;> BV;ь:8 2C3V;;O; 7 40-E @>:V2 20 AB>;VBBO =0 AB0=FVOE ?>G0;8 
28:>@8AB>2C20B8 307 V <07CB. !0B5?5@ 2 ':@0W=V, O: V 1030Bь>E V=H8E :@0W=0E &�% 
7=>2 ?@0FNNBь =0 2C3V;;V. � 70-E @>:V2 ?>G0;0 @>72820B8AO 0B><=0 5=5@35B8:0, 0 
7 90-E @>:V2 4> B5?;>28E V 0B><=8E 5;5:B@>AB0=FV9 4>40;8AO AB0=FVW, I> 
28:>@8AB>2CNBь 2V4=>2;N20=V 465@5;0 5=5@3VW. %2VB>20 5:>=><VG=0 :@870, 0 
>A>1;82> 2V9=0, =530B82=> 2?;8=C;8 =0 AB0= V @>728B>: 5;5:B@>5=5@35B8:8. 

#@>1;5<8, I> E0@0:B5@=V 4;O 2AVE :@0W=: 
1) 5:>;>3VG=V ?@>1;5<8; 
2) >1<565=V <V=5@0;ь=V @5AC@A8 (2C3V;;O, 307, =0DB0); 
3) 157?5@5@2=5 7@>AB0==O =0A5;5==O V 71V;ьH5==O ?>B@518 2 5;5:B@>5=5@3VW; 
4) 71V;ьH5==O 2B@0B 5;5:B@>5=5@3VW G5@57 AB0@5 5;5:B@>>1;04=0==O V 7=>A 

?5@540NG8E <5@56. 
,;OE8 71V;ьH5==O 28@>1=8FB20 5;5:B@>5=5@3VW: 
1) ?V428I5==O 5D5:B82=>ABV V 71V;ьH5==O >48=8G=>W 2AB0=>2;5=>W 

?>BC6=>ABV BC@1>35=5@0B>@V2 (&�), >A=>2=8E 465@5; 5=5@3VW =0 �5<;V, 4> 
1500  �B V 1V;ьH; 

2) ?@>4>26C20B8 @>72820B8 0B><=C 5=5@35B8:C; 
3) 4;O 70157?5G5==O 5:>;>3VG=>W 157?5:8 ?@>4>26C20B8 4>A;V465==O B0 

287=0G0B8 <>6;82>ABV 2BV;5==O 2V4=>2;N20=8E 465@5;0 5=5@3VW (2VB5@, A>=F5, 
<>@Aь:V B5GVW B0 V=HV); 
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4) 25AB8 4>A;V465==O <>6;82>ABV 28:>@8AB0==O 28A>:>B5<?5@0BC@=8E 
=04?@>2V4=8:V2 (�&!#) 2 5;5:B@>5=5@35B8FV, I> AB0;> <>6;828< 7 2V4:@8BBO< V 
28@>1=8FB2>< ?5@H8E ?@><8A;>28E �&!# 7 :@8B8G=>N B5<?5@0BC@>N 28I5 
77,3 � 3 28I5 B5<?5@0BC@8 :8?V==O @V4:>3> 07>BC; 

5) ?@>4>26C20B8 4>A;V465==O ?@><8A;>2>3> 28:>@8AB0==O B5@<>O45@=>W 
5=5@3VW. 

"1;04=0==O 4;O 5;5:B@>AB0=FV9: F5 35=5@0B>@8, 4283C=8 V B@0=AD>@<0B>@8. 
�AV <0H8=8 V B@0=AD>@<0B>@8 ?@0FNNBь 2 @V7=89 G0A. *5 =07820єBьAO «@>1>G8< 
@568<><». *V @568<8 >7=0G0NBь S1, S2&.S8: S1 3 B@820;89 @568< @>1>B8. S2- 
S7 3 @568< @>1>B8 ?>2B>@=>3> :>@>B:>G0A=>3> @568<C; S8 3 @568< 
:>@>B:>G0A=>W @>1>B8. 
�;5:B@>AB0=FVW 1C20NBь @V7=8E B8?V2, (@8A. 5). �09B5 :>@>B:C :;0A8DV:0FVN 

B5E=>;>3VW >B@8<0==O 5;5:B@>5=5@3VW =0 >A=>2=8E B8?0E 5;5:B@>AB0=FV9:  

 

 

 

$8AC=>: 5 3 �;0A8DV:0FVO 5;5:B@>AB0=FV9 

 

- :;0A8G=V (B@048FV9=V) 5;5:B@>AB0=FVW: 0B><=V 5;5:B@>AB0=FVW (��%), B5?;>2V 
5;5:B@>AB0=FVW (&�% B0 &�*), 3V4@>5;5:B@>AB0=FVW ��% B0 ���%.  

- 5;5:B@>AB0=FVW, I> ?@0FNNBь 2V4 2V4=>2;N20=8E 465@5;. 
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�;5:B@>5=5@3VO є :;NG>2>N 4;O ;N4Aь:>W F82V;V70FVW. �024O:8 =V9 240єBьAO 
=0;03>48B8 A5@V9=5 28@>1=8FB2> B>20@V2, @>1>BC 4283C=V2 B0 ?>1CB>28E ?@8;04V2 
B>I>. �V 7@>AB0==O< ?>?8BC =0 5;5:B@>5=5@3VN AD>@<C20;0AO 3@040FVO A?>6820GV2 70 
C<>2=>N 206;82>ABV, O:0 >B@8<0;0 =072C :0B53>@V9 =04V9=>ABV 5=5@3>?>AB0G0==O. 
&>1B> CAVE A?>6820GV2 5;5:B@>5=5@3VW <>6=0 @>74V;8B8 =0 :0B53>@VW, 2V4?>2V4=> 4> 
=5>1EV4=>W =04V9=>ABV WE 70157?5G5==O 5;5:B@>5=5@3VєN. ' B01;. 2 =02545=> =5>1EV4=0 
:V;ь:VABь :0=0;V2 @575@2=>3> 5;5:B@>?>AB0G0==O A?>6820GV2 B0 4>?CAB8<89 G0A 
2:;NG5==O @575@2=>3> :0=0;C 5;5:B@>?>AB0G0==O 2 70;56=>ABV 2V4 :0B53>@VW 
=04V9=>ABV 5;5:B@>>?>AB0G0==O. 

Д> ?5@H>W :0B53>@VW =0;560Bь A?>6820GV 5=5@3VW, ?@8?8=5==O 
5;5:B@>?>AB0G0==O O:8E <>65 A?@8G8=8B8 B@02<8 01> 703815;ь ;N459, =0=5AB8 
H:>4C 45@602=V9 157?5FV, 7C?8=8B8 A8AB5<C 68BBє70157?5G5==O =0A5;5=8E 
?C=:BV2, ?@872545 4> 020@VW A5@9>7=>3> <0AHB01C, ?@872545 4> ?>@CH5==O 
A:;04=>3> B5E=>;>3VG=>3> ?@>F5AC, 4> A5@9>7=8E <0B5@V0;ь=8E 718B:V2, 4> 
25;8:8E DV=0=A>28E 2B@0B. ->1 70157?5G8B8 CAVE A?>6820GV2 5;5:B@>5=5@3VW 1->W 
:0B53>@VW, 4;O =8E ?5@5410G0NBьAO 0;ьB5@=0B82=V A8AB5<8 5;5:B@>682;5==O B0 
:><C=V:0FV9, @575@2C20==O 35=5@0B>@V2 B0 <>4C;V 02B><0B8G=>3> ?5@5<8:0==O 3 
��$ (02B><0B8G=5 22545==O @575@2C). 

 
&01;8FO 2 3 �0=V 4;O 5;5:B@>?@89<0GV2 @V7=8E :0B53>@V9 =04V9=>ABV 

�0B53>@VO 
�V;ь:VABь :0=0;V2 

(465@5;) 
@575@2C20==O 

�>?CAB8<89 G0A 
?5@5@28 

5;5:B@>?>AB0G0==O  

�>5DVFVє=B 4>?CAB8<>3> 
7020=B065==O B@0=AD>@<0B>@V2 
2 70;56=>ABV 2V4 :0B53>@VW 

=04V9=>ABV 
1-0 420 !0 G0A 02B><0B8G=>3> 

22V<:=5==O @575@2C 
(��$) 

0,60-0,65 

1-0 
>A>10 B@8 0,50-0,60 

2-0 >48= 
1 3>48=0 (1060=> 

��$) 0,7-0,80 

3-O !5 ?5@5410G0єBьAO 24 3>48=8 0,85-0,90 

 

�5@H0 >A>1;820 :0B53>@Vя – F5 5;5:B@>?@89<0GV, ?5@51>W 2 
5;5:B@>?>AB0G0==V O:8E <>65 28720B8 <0A>2V ;N4Aь:V 65@B28, 281CE8, ?>656V =0 
25;8:8E B5@8B>@VOE. �> 5;5:B@>?@89<0GV2 ?5@H>W >A>1;82>W :0B53>@VW =04V9=>ABV 
5;5:B@>?>AB0G0==O 2V4=>A8BьAO 5;5:B@>>1;04=0==O ��%, ?@8A:>@N20GV2, 
&>:0<0:V2, A:;04=8E EV<VG=8E 28@>1=8FB2. 
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Д> 4@C3>W :0B53>@VW (206;82V 5;5:B@>?@89<0GV) 2V4=>AOBьAO A?>6820GV 
5;5:B@>5=5@3VW, 4;O O:8E @0?B>25 2V4:;NG5==O 5;5:B@>5=5@3VW <>65 ?@8725AB8 4> 
<0A>2>3> 1@0:C 28@>1=8FB20, B@820;>3> ?@>AB>N 4>@>3>3> CAB0B:C20==O, 
?>@CH5==O =>@<0;ь=>3> @568<C 68BBє4VO;ь=>ABV 25;8:8E :>;5:B82V2.  

�> 2-W :0B53>@VW 2V4=>A8BьAO >A=>2=0 <0A0 @V7=><0=VB=8E ?@><8A;>28E V 
04<V=VAB@0B82=8E 1C4V25;ь. 

Д> B@5Bь>W :0B53>@VW =0;560Bь CAV V=HV A?>6820GV. 
 

1.3.4.  5B>48G=V 2:07V2:8 4> 28@VH5==O 7040GV. $>7@0EC=>: 5=5@35B8G=8E 
?0@0<5B@V2 B@8D07=>3> B@0=AD>@<0B>@0 

' B01;. 1 2815@VBь 40=V 4;O A2>3> B@0=AD>@<0B>@0 2V4?>2V4=> 4> 20H8E 
?0@0<5B@V2. 

&@0=AD>@<0B>@ 3 F5 5;5:B@><03=VB=89 ?@8AB@V9, O:89 70728G09 <0є 42V 
(V=:>;8 >4=C 01> 1V;ьH5 42>E) V=4C:B82=5 72'O70=V >1<>B:8 V ?@87=0G5=89 4;O 
?5@5B2>@5==O >4=VєW A8AB5<8 7<V==>3> AB@C<C 2 V=HC. !091V;ьH5 70AB>AC20==O 
>B@8<0;8 A8;>2V B@0=AD>@<0B>@8, 70 4>?><>3>N O:8E 7<V=NNBь 25;8G8=C 
7<V==>W =0?@C38 V AB@C<C 1V;O 5;5:B@>AB0=FV9 ?5@54 ?5@540G5N 5;5:B@>5=5@3VW 4> 
A?>6820GV2, =0 25;8:V 2V4AB0=V. 

%;V4 ?0<'OB0B8, I> B@0=AD>@<0B>@ =5 є 5;5:B@8G=>N <0H8=>N. �;5:B@8G=0 
<0H8=0 3 F5 5;5:B@><5E0=VG=89 ?5@5B2>@N20G. �;5 B@0=AD>@<0B>@8 
282G0NBьAO 2 48AF8?;V=V «�;5:B@8G=V <0H8=8», >A:V;ь:8 DV78G=V ?@>F5A8 2 
B@0=AD>@<0B>@V B0 <0B5<0B8G=89 0?0@0B, O:89 28:>@8AB>2CєBьAO ?@8 9>3> 
282G5==V, AE>6V 7 DV78G=8<8 ?@>F5A0<8 B0 <0B5<0B8G=8< 0?0@0B>< 5;5:B@8G=8E 
<0H8= (7>:@5<0, 0A8=E@>==8E 4283C=V2). 

*5 >7=0G0є, I> 2 5;5:B@8G=V9 <0H8=V 5=5@3VO 7<V=Nє A2>N D>@<C: 
3 O:I> 4> 5;5:B@8G=>W <0H8=8 ?>40єBьAO 5;5:B@8G=0 5=5@3VO, B> <0H8=0 

?5@5B2>@Nє WW 2 <5E0=VG=C. *5 4283C= (<>B>@); 
3 O:I> 4> 5;5:B@8G=>W <0H8=8 ?>40B8 <5E0=VG=C 5=5@3VN, <0H8=0 

?5@5B2>@8Bь WW 2 5;5:B@8G=C 5=5@3VN. *5 35=5@0B>@. 
*5 =07820єBьAO «?@8=F8?>< >1>@>B=>ABV 5;5:B@8G=8E <0H8=»: 1C4ь-O:0 

5;5:B@8G=0 <0H8=0 <>65 1CB8 35=5@0B>@>< V 4283C=><. 
!09?@>ABVH89 A8;>289 B@0=AD>@<0B>@ A:;040єBьAO 7 H8EB>20=>3> 

<03=VB>?@>2>4C 7 5;5:B@>B5E=VG=>W AB0;V V 42>E >1<>B>:, @>7B0H>20=8E =0 9>3> 
AB@86=OE (482. @8A. 1). "4=0 7 >1<>B>:, O:0 =07820єBьAO ?5@28==>N, 
?V4:;NG0єBьAO 4> 465@5;0 7<V==>3> AB@C<C 7 =0?@C3>N Up. �> 2B>@8==>W 
>1<>B:8 ?V4:;NG5=89 5;5:B@>?@89<0G. 
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$>7@0EC9B5 =><V=0;ь=V 7=0G5==O D07=8E =0?@C3 B@0=AD>@<0B>@0 ?5@28==>W 
UpN B0 2B>@8==>W >1<>B:8 UsN ?> 7=0G5==O< ;V=V9=8E =0?@C3 (U@Nl V UsNl 

2V4?>2V4=>), I> =02545=V 2 B01;.1, 7 2@0EC20==O< AE5<8 7’є4=0==O >1<>B>:.  
/:I> >1<>B:0 B@0=AD>@<0B>@0 7'є4=0=0 2 «7V@:C», B> D07=5 7=0G5==O 

=0?@C38, �: �� = ��þ√3  

/:I> >1<>B:0 B@0=AD>@<0B>@0 7'є4=0=0 2 «B@8:CB=8:», B> D07=0 =0?@C30 
4>@V2=Nє ;V=V9=V9 UN = UNl. V 20< =5 ?>B@V1=> ?5@5@0E>2C20B8 =0?@C3C. 

' ?>40;ьH8E @>7@0EC=:0E 28:>@8AB>2C20B8 BV;ь:8 7=0G5==O D07=8E =0?@C3. 
�87=0G8Bь :V;ь:VABь 28B:V2 ?5@28==>W >1<>B:8 B@0=AD>@<0B>@0:  �� = �Ā ⋅ ����Ā� . 
#0<'OB09B5, I> :V;ь:VABь 28B:V2 <0є 1CB8 FV;8< G8A;><.  

�87=0G8Bь AB@C< =0<03=VGC20==O B@0=AD>@<0B>@0 (?>2=89 AB@C< 
=5@>1>G>3> E>4C ?5@28==>W >1<>B:8 B@0=AD>@<0B>@0), �: ��0   =   �0 ∙ ��� , 
45 i0 3 7=0G5==O AB@C<C =0<03=VGC20==O (7 B01;. 1, 2 @>7@0EC=:0E 
28:>@8AB>2CєBьAO C 2.>.); 

IpN 3 4 =><V=0;ь=89 AB@C< ?5@28==>W >1<>B:8, �: ��� = ��� ∙ ��� ; 
 03=VB=V 2B@0B8 2 >A5@4V B@0=AD>@<0B>@0 (@07>< >A=>2=V V 4>40B:>2V), �B: 
 �ÿ�� = (1 + ���) ∙ � ∙ ��� ∙ ��0 ∙ cosφ�0 

45 kad 3 3 :>5DVFVє=B 4>40B:>28E 2B@0B ( ad). *59 :>5DVFVє=B 7<V=NєBьAO 2 <560E 
kad = 0,1-0,15. 

��� B@0=AD>@<0B>@0 ?@8 =><V=0;ь=><C =020=B065==V, 2.>.: 

η� = 1 2 �0 + β�Ā2 ⋅ �ý
β�Ā ⋅ �� ⋅ cosφ� + �0 + β�Ā2 ⋅ �ý 

45  0 3 2B@0B8 2 @568<V =5@>1>G>3> E>4C, O:V O2;ONBь A>1>N <03=VB=V 2B@0B8 2 
<03=VB>?@>2>4V B@0=AD>@<0B>@0.  03=VB=V 2B@0B8 ?>ABV9=V, =5 70;560Bь 2V4 
=020=B065==O, �B: 

 0 =  mag; 

Is
 3 :>5DVFVє=B =020=B065==O B@0=AD>@<0B>@0, 2.>.: 
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��Ā   =   ����� . 
#@8 =><V=0;ь=><C =020=B065==V βIs = βIsN =1;  

Іp 3 AB@C< ?5@28==>W >1<>B:8 B@0=AD>@<0B>@0, �;  

ІpN 3 3 =><V=0;ь=89 AB@C< ?5@28==>W >1<>B:8 B@0=AD>@<0B>@0, �. 

�=>4V 2 B5E=VG=V9 ;VB5@0BC@V V 2 ?@09A-;8AB0E ��� 2:07CєBьAO C 2V4A>B:0E (%). 
�;5 2 @>7@0EC=:0E 702648 A;V4 28:>@8AB>2C20B8 7=0G5==O ��� C 2V4=>A=8E 
>48=8FOE (2.>.).  

 0:A8<0;ь=5 7=0G5==O ��� B@0=AD>@<0B>@0 4>AO30єBьAO, :>;8 ?>ABV9=V 
2B@0B8 4>@V2=NNBь 7<V==8<. � B@0=AD>@<0B>@0E є 420 2848 2B@0B: <03=VB=V 
(>A=>2=V V 4>40B:>2V) P0 V 5;5:B@8G=V 2B@0B8 (2B@0B8 2 >1<>B:0E B@0=AD>@<0B>@0).  

�@8<VB:0. ' 2AVE B8?0E 5;5:B@>>1;04=0==O <0:A8<0;ь=89 ��� 1C45, :>;8 
?>ABV9=V 2B@0B8 4>@V2=NNBь 7<V==8< 2B@0B0<. �;5 2 5;5:B@8G=8E <0H8=0E, :@V< 
<03=VB=8E V 5;5:B@8G=8E 2B@0B, є I5 <5E0=VG=V V 4>40B:>2V 2B@0B8. *5 B0:>6 
?>ABV9=V 2B@0B8. 

 �;5:B@8G=V 2B@0B8 є 7<V==8<8. !0 ?V4?@8є<AB20E V 5;5:B@>AB0=FVOE WE 
287=0G0NBь ?V4 G0A ;01>@0B>@=>3> 5:A?5@8<5=BC ��. �87=0G5==O 2B@0B 2 40=><C 

4>A;V4V ?@>2>48BьAO ?@8 =><V=0;ь=><C 
7=0G5==V AB@C<C. "B65, 2B@0B8 
;01>@0B>@=>3> 5:A?5@8<5=BC �� є 
5;5:B@8G=8<8 2B@0B0<8 2 
=><V=0;ь=><C @568<V. �E 7=0G5==O 
(Pel= Pk) =02545=> 2 B01;. 1. 
�=0G5==O :>5DVFVє=B0 =020=B065==O, 

?@8 O:><C ��� B@0=AD>@<0B>@0 
<0:A8<0;ь=89:  ��Āmax = √�0�ý . 
!0 @8A. 6 ?>:070=0 ��� B@0=AD>@<0B>@0 

V 2:070=5 9>3> <0:A8<0;ь=5 7=0G5==O. 
$>7@0EC9B5 <0:A8<0;ь=5 7=0G5==O ��� 
B@0=AD>@<0B>@0:  �� = 1 2 �0 + β�Āÿ��2 ⋅ �ý

β�Āÿ�� ⋅ �� ⋅ cosφ� + �0 + β�Āÿ��2 ⋅ �ý . 

$8AC=>: 6 3 ��� B@0=AD>@<0B>@0: 
ΔPelec 3 3 5;5:B@8G=V 2B@0B8 2 

B@0=AD>@<0B>@V; ΔPmag 3 3 <03=VB=V 
2B@0B8 2 <03=VB>?@>2>4V 
B@0=AD>@<0B>@0 
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#>@V2=O9B5 =><V=0;ь=89 V <0:A8<0;ь=89 ��� B@0=AD>@<0B>@0. 

#>OA=VBь =54>FV;ь=VABь ?@>5:BC20==O B@0=AD>@<0B>@V2 7 <0:A8<0;ь=8< 

��� ?@8 =><V=0;ь=><C =020=B065==V (Is = 1). 



   

 

18 
 

��&�$�&'$� V �!&�!�&-���$��� 

 

1. "A=>2=V ?>=OBBO ?@> 5=5@3>715@565==O ?@8 281>@V AE5< B0 5;5<5=BV2 A8AB5< 
5;5:B@>?>AB0G0==O. [�;5:B@>==89 @5AC@A]. �4@5A0 4>ABC?C: https://patriot-
nrg.com/content/osnovni-ponyattya-pro-energozberezhennya-pry-vybori-shem-ta-

elementiv-system 
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@VG:>2V 3V4@>B5E=VG=V A?>@C48, 10;:8 7 3=CG:>N 01> ?5@D>@>20=>N ABV=:>N (34039). 
[�;5:B@>==89 @5AC@A]. �4@5A0 4>ABC?C: https://dnaop.com/html/34039/doc-
%D0%94%D0%A1%D0%A2%D0%A3_%D0%91_%D0%92.2.6-194_2013 
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