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IMPROVEMENTS OF THE BEAM PUMPING UNIT  

ELECTRICAL DRIVE OF THE DRIPPER 

E.F. Beliaev, A.A. Tashkinov, P.N. TsyIiov 

Perm National Research Polytechnic University, Perm, Russia 

There is the economic feasibility of transfer of marginal oil wells operated by units of well sucker-rod pumps with a 

pumping unit counterweight, from cyclic mode of operation in continuous mode of operation. To implement the con-

tinuous operation of oil production from marginal oil wells it is necessary to reduce the incidence of piston pumps 

stroke. An analysis of technical solutions aimed at reducing the frequency of stroke plunger pumps is being held. Op-

tions are compared with the change of gear units of the kinematic chain of pumping unit, with adjustable electric DC 

and AC induction motors with a low rotor speed. As a priority area of work for the implementation of a continuous mode 

of operation is considered marginal oil wells direction associated with the use of electric drive pumping units of asyn-

chronous electric motors with a low rotor speed. A new original design of induction motors with a low rotor speed is 

being described. In particular, the results of the introduction to the pumping unit of induction motor with stator in the 

form of an arc are given. The construction of a two-phase induction motor with no starters in the chain of the stator, 

which has the characteristics of three-phase motors is being described. The need to optimize the energy performance 

of induction motors with a low rotor speed is being showed. There are considered ways to improve the efficiency and 

power factor of induction motors drive pumping units of wells with low flow rates. Reference is made to develop the 

design induction motor, which work is carried out with a power factor value, which is close to unit and is independent of 

the motor decking. 

Keywords: unproductive oil well pumping unit, plunger pump, electric, kinematic chain, asynchronous motor with 

a low rotor speed, the motor with the stator in the form of an arc, a two-phase asynchronous motor with a circular 

magnetic field, energy efficiency, the efficiency coefficient capacity. 
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8,-%B!"#3, $!0#/$@C "&31D%$
" E1-@E 5!F%#,E (E!$!! 5 #/"G#) #,-H&,
3 '!4E"&,E &41! 3 $1"#,/I!! 34!E/
","#13-/!# F,-!! 2 #@"/B. )E!!# E!"#,
$!.1#%3$1/ #!$5!$J%/ & G3!-%B!$%K
B%"-1 #1&%C "&31D%$. LFM/"$/!#"/ N#,
3, E$,.,E %"#,I!$%!E $1C,5/I%C"/
3 N&"O-G1#1J%% E!"#,4,D5!$%P $!0#%.

 "3/2% " N#%E ,"#4, 3"#1A# O4,F-!E1
,O#%E1-H$,P N&"O-G1#1J%% "&31D%$
" E1-@E 5!F%#,E.

Q$,.,B%"-!$$@! N&"O!4%E!$#@ $1
$!0#/$@C "&31D%$1C " $%2&%E 5!F%#,E
O,&12@31K#, B#, 5,F@BG $!0#% E,D$,
"GI!"#3!$$, G3!-%B%#H, !"-% O!4!3!"#%
"&31D%$G %2 J%&-%B!"&,., 4!D%E1 N&"-
O-G1#1J%% 3 $!O4!4@3$@P 4!D%E 41F,#@.

7-/ O,5MAE1 $!0#% %2 "&31D%$
" $%2&%E 5!F%#,E O4!%EGI!"#3!$$,
%"O,-H2GK#"/ "#1$&%-&1B1-&% " O-G$-

D!4$@E% $1","1E%. 7-/ 4!1-%21J%%
4!D%E1 $!O4!4@3$,P 41F,#@ #1&%C
"&31D%$ B1"#,#G C,51 O-G$D!41 $1","1
O4%C,5%#"/ GE!$H=1#H 5, ,5$,., C,51 3
E%$G#G [1, 2]. 71-H$!P=!! "$%D!$%!
B1"#,#@ C,51 O-G$D!41 E,D!# ,&121#H"/
$!J!-!",,F412$@E %2-21 4,"#1 3-%/$%/
G#!B!& 5,F@31!E,P D%5&,"#% B!4!2 21-
2,4 E!D5G &,4OG",E $1","1 % O-G$D!-
4,E. '4% "$%D!$%% B1"#,#@ C,51 O-G$-

D!41 O4,O,4J%,$1-H$, GE!$H=1!#"/
#!,4!#%B!"&1/ O4,%23,5%#!-H$,"#H $1-
","1 O4% ",C41$!$%% $1 O4!D$!E G4,3$!
G#!B!& D%5&,"#%. R!1-H$1/ O4,%23,5%-

#!-H$,"#H $1","1 O4% N#%C G"-,3%/C E,-

D!# GE!$H=%#H"/ 5, $G-/.
S1"#,#1 C,51 O-G$D!41 $1","1 ,O4!-

5!-/!#"/ B1"#,#,P 341I!$%/ 31-1 N-!&-

#4,53%.1#!-/, G"#1$,3-!$$,., $1 "#1$&!-
&1B1-&!, % O!4!51#,B$@E B%"-,E 23!$H!3
&%$!E1#%B!"&,P J!O% "#1$&1-&1B1-&%.

',N#,EG "$%D!$%! B1"#,#@ C,51 O-G$-

D!41 3,2E,D$, ,"GI!"#3%#H 53GE/ "O,-

",F1E%: G3!-%B!$%!E O!4!51#,B$,.,
B%"-1 23!$H!3 &%$!E1#%B!"&,P J!O%
"#1$&1-&1B1-&% % GE!$H=!$%!E B1"#,#@
341I!$%/ 31-1 N-!&#4,53%.1#!-/.

73GC"#GO!$B1#@P 4!5G&#,4, G"#1$,3-
-!$$@P $1 "#1$&1C-&1B1-&1C, %E!!# O!4!-
51#,B$,! B%"-, i1, 3!-%B%$1 &,#,4,.,
413$1 40, 3 O4,J!""! N&"O-G1#1J%% "#1$-

&,3-&1B1-,& ,$, ",C41$/!#"/ O,"#,/$$,P.

'!4!51#,B$,! B%"-, &-%$,4!E!$$,P O!-
4!51B% i2 E,D$, %2E!$/#H 3 O4!5!-1C
2,8–4,5 21 "BA# 21E!$@ =&%31 ,5$,.,
5%1E!#41 $1 31-G N-!&#4,53%.1#!-/ =&%-

3,E 54G.,., 5%1E!#41. T-!5,31#!-H$,,

$1%F,-H=!! 2$1B!$%! O!4!51#,B$,.,
B%"-1 i3 &%$!E1#%B!"&,P J!O% "#1$&1-
&1B1-&% ","#13-/!# 180. 

T%$C4,$$1/ B1"#,#1 341I!$%/ 31-1
4,#,41 1"%$C4,$$@C N-!&#4,53%.1#!-!P
O4% B1"#,#! $1O4/D!$%/ O%#1KI!P "!#%
50 +J ,O4!5!-/!#"/ B%"-,E O14 O,-K",3
,FE,#&% "#1#,41.  1"%$C4,$$@C N-!&-

#4,53%.1#!-/C, $1C,5/I%C"/ 3 N&"O-G1-
#1J%% $1 "#1$&1C-&1B1-&1C ,#!B!"#3!$$,-

., % 214GF!D$,., O4,%23,5"#31 [3–5], $1
"#1#,4! G&-15@31K#"/ ,FE,#&% " B%"-,E
O14 O,-K",3 2, 3, 4, ,F!"O!B%31KI%! 3
O4,J!""! 41F,#@ N-!&#4,53%.1#!-/ 341-
I!$%! 31-1 4,#,41 " "%$C4,$$,P B1"#,-

#,P 1500, 1000, 750 ,F/E%$.

<1&%E ,F412,E, E%$%E1-H$1/ B1"#,-

#1 C,51 O-G$D!41 $1","1, &,#,41/ E,-

D!# F@#H O,-GB!$1 $1 "#1$&1C-&1B1-&1C
", =#1#$@E E!C1$%B!"&%E % N-!&#4%-

B!"&%E ,F,4G5,31$%!E, ","#13-/!#
4 E%$–1. <1&1/ B1"#,#1 C,51 O-G$D!41
$1","1 O4!3@=1!# !A 2$1B!$%!, #4!FG!-
E,! 5-/ ,"GI!"#3-!$%/ $!O4!4@3$,.,
4!D%E1 ,#F,41 D%5&,"#% %2 "&31D%$
" E1-@E 5!F%#,E.

R!=!$%! 31D$,P O41&#%B!"&,P 2151B%
O!4!3,51 "&31D%$ " $%2&%E 5!F%#,E
3 $!O4!4@3$@P 4!D%E N&"O-G1#1J%% "#1-
$,3%#"/ 3,2E,D$@E &1& 21 "BA# %2E!$!-
$%/ O!4!51#,B$,., B%"-1 23!$H!3 &%$!-
E1#%B!"&,P J!O% "#1$&,3-&1B1-,&, #1&
% O,"4!5"#3,E GE!$H=!$%/ B1"#,#@ 341-
I!$%/ N-!&#4,53%.1#!-!P, B#, E,D!#
F@#H ,"GI!"#3-!$, " O,E,IHK 4!.G-%-

4G!E@C N-!&#4,O4%3,5,3 O,"#,/$$,.,
% O!4!E!$$,., #,&1 %-% F-1.,514/ %"-
O,-H2,31$%K #%C,C,5$@C 1"%$C4,$$@C
N-!&#4,53%.1#!-!P.
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*"5%- *,7+(0 4 '!".%8"$%"-

)"*"#,(+8$+9+ 8%4., :!"$;"!

/%$"-,(%8"4/+6 <")%

)23!"#!$ 4/5 #!C$%B!"&%C 4!=!$%P, O,-
23,-/KI%C %2E!$/#H 2$1B!$%! O!4!51#,B-

$,., B%"-1 23!$H!3 &%$!E1#%B!"&,P J!O%
"#1$&1-&1B1-&% [6]. 8 #1&%E 4!=!$%/E ,#-
$,"/#"/: O4%E!$!$%! 5,O,-$%#!-H$,P 4!-
E!$$,P O!4!51B%, %"O,-H2,31$%! E,#,4-
4!5G&#,4,3, 21E!$1 "GI!"#3GKI%C 4!E!$-

$,P O!4!51B% % 4!5G&#,41 #4AC"#GO!$B1-
#@E 4!5G&#,4,E, ",B-!$A$$@E " 31-,E
4,#,41 E$,.,"&,4,"#$,., 1"%$C4,$$,.,
N-!&#4,53%.1#!-/. L5$1&, 51$$@! &,$"#-
4G&#%3$@! 4!=!$%/ $! O,-GB%-% $1 O41&-
#%&! =%4,&,., O4%E!$!$%/ %2-21 $!,FC,-

5%E,"#% O4,3!5!$%/ 4!&,$"#4G&J%% "#1$-

&,3-&1B1-,& % 5,O,-$%#!-H$@C 21#41# $1
,F"-GD%31$%! % 4!E,$# E!C1$%B!"&,.,
,F,4G5,31$%/.

=",.%:,<%3 $")*"*0!$+9+ *"5%-,

>/4).',(,<%% $%:/+#"7%($01

$"2(3$01 4/!,5%$ )+4*"#4(!+-

*"9'.%*+!,$%3 8,4(+(0 !*,?"$%3

>."/(*+#!%9,("."6 4(,$/+!-/,8,.+/

 $!54!$%! 4!.G-%4G!E,., N-!&#4,O4%-

3,51 O,"#,/$$,., #,&1 $1 "#1$&1C-

&1B1-&1C, G"#1$,3-!$$@C $1 "&31D%$1C
" $%2&%E 5!F%#,E, ,#$,"%#"/ & 1987 ..
 G&121$$,E .,5G O, 2151$%K 4G&,3,5"#31
,FM!5%$!$%/ «'!4E$!0#H» GBA$@! &10!54
«U-!&#4,#!C$%&1 % N-!&#4,$%&1» % «U-!&-
#4,O4%3,5 % 13#,E1#%21J%/ O4,E@=-!$-

$@C G"#1$,3,&» '!4E"&,., O,-%#!C$%B!-
"&,., %$"#%#G#1 G"#1$,3%-% $1 #4AC "#1$-

&1C-&1B1-&1C 8,2GF1!3"&,., E!"#,4,D5!-
$%/ $!0#% % .121 3E!"#, #4AC012$@C 1"%$-

C4,$$@C N-!&#4,53%.1#!-!P N-!&#4,53%.1-
#!-% O,"#,/$$,., #,&1. ',5&-KB!$%! N-!&-
#4,53%.1#!-!P O,"#,/$$,., #,&1 & O%#1K-

I!P "!#% F@-, ,"GI!"#3-!$, B!4!2 O,-G-
O4,3,5$%&,3@! GO413-/!E@! 3@O4/E%#!-
-%, B#, O,23,-/-, O4,%23,5%#H .-GF,&,!
% O-13$,! 4!.G-%4,31$%! B1"#,#@ 341I!-
$%/ N-!&#4,53%.1#!-!P % B1"#,#@ C,51
O-G$D!41 $1",",3 [7]. 

V1E!$1 $!4!.G-%4G!E@C 1"%$C4,$$@C
N-!&#4,O4%3,5,3 "#1$&,3-&1B1-,& 4!.G-%-

4G!E@E% N-!&#4,O4%3,51E% O,"#,/$$,.,
#,&1 O,23,-%-1 ,"GI!"#3%#H O!4!C,5 ,#
J%&-%B!"&,., 4!D%E1 N&"O-G1#1J%% "&31-
D%$ & $!O4!4@3$,EG 4!D%EG %C 41F,#@
% G"#1$,3%#H ,O#%E1-H$GK O, ,FMAEG
5,F@31!E,P $!0#% B1"#,#G C,51 O-G$D!-
4,3 $1",",3. LO@#$1/ N&"O-G1#1J%/ 4!.G-

-%4G!E@C N-!&#4,O4%3,5,3 O,"#,/$$,.,
#,&1 3 #!B!$%! .,51 % $1F-K5!$%/ 21 41-
F,#,P "&31D%$ O,23,-%-% G"#1$,3%#H, B#,
5,F@B1 $!0#% $1 N#%C "&31D%$1C 3,24,"-1
3 2,2 4121. L5$,34!E!$$, F@-, 3@/3-!$,
"GI!"#3!$$,! "$%D!$%! ,F3,5$A$$,"#%
5,F@31!E,P $!0#%.

S1"#,#$,-4!.G-%4G!E@P 1"%$C4,$$@P
N-!&#4,O4%3,5 [6] O, "3,%E 0G$&J%,-

$1-H$@E 3,2E,D$,"#/E O,5,F!$ 4!.G-%-

4G!E,EG N-!&#4,O4%3,5G O,"#,/$$,.,
#,&1.  N#,E 314%1$#! N-!&#4,O4%3,51
%"O,-H2G!#"/ 1"%$C4,$$@P N-!&#4,53%-

.1#!-H, G"#1$,3-!$$@P $1 "#1$&!-
&1B1-&!, $, !., ,FE,#&1 "#1#,41 O,5&-K-

B1!#"/ & O%#1KI!P "!#% #4AC012$,.,
O!4!E!$$,., $1O4/D!$%/ $! $1O4/EGK,

1 O,"4!5"#3,E O,-GO4,3,5$%&,3,., O4!-
,F412,31#!-/ B1"#,#@. )2E!$!$%!E B1"-
#,#@ % 3!-%B%$@ $1O4/D!$%/ $1 ,FE,#&!
"#1#,41 " O,E,IHK O4!,F412,31#!-/ 5,"-
#%.1!#"/ .-GF,&,! % O-13$,! 4!.G-%4,31-
$%! B%"-1 ,F,4,#,3 31-1 4,#,41 1"%$-

C4,$$,., N-!&#4,53%.1#!-/, B#, O,23,-/-
!# G"#1$13-%31#H #4!FG!EGK 5-/ ,O#%-

E1-H$,., ,#F,41 $!0#% %2 "&31D%$@ B1"-
#,#G C,51 O-G$D!41 $1","1.  $!54!$%!
B1"#,#$@C N-!&#4,O4%3,5,3 $1 "#1$&1C-

&1B1-&1C N&,$,E%B!"&% J!-!",,F412$!!
O4%E!$!$%/ N-!&#4,O4%3,5,3 O,"#,/$$,-

., #,&1, B#, ,FM/"$/!#"/ E!$H=!P "#,%-

E,"#HK 1"%$C4,$$@C N-!&#4,53%.1#!-!P
O, "413$!$%K " N-!&#4,53%.1#!-/E% O,-

"#,/$$,., #,&1 % E!$H=%E% 21#41#1E% $1
%C ,F"-GD%31$%!.

R!.G-%4G!E@! N-!&#4,O4%3,5@ O,-

"#,/$$,., % O!4!E!$$,., #,&1 %E!K# 4/5
$!5,"#1#&,3, .-13$@E% %2 &,#,4@C /3-/-
K#"/: 3@",&1/ "#,%E,"#H, N&"O-G1#1J%-

,$$@! 21#41#@ $1 %C ,F"-GD%31$%!, O,-
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/3-!$%! 3 O%#1KI!P "!#% #4AC012$,.,
O!4!E!$$,., $1O4/D!$%/ 3@"=%C 34!-
E!$$@C .14E,$%&. U#% $!5,"#1#&% 4!.G-

-%4G!E@C N-!&#4,O4%3,5,3 "5!4D%31K#
%C =%4,&,! %"O,-H2,31$%! 5-/ ,O#%E%-

21J%% O4,J!""1 5,F@B% $!0#% %2 "&31-
D%$ " E1-@E 5!F%#,E.

LF,"$,31$%! N&,$,E%B!"&,P J!-!",-

,F412$,"#% 3$!54!$%/ 1"%$C4,$$@C
N-!&#4,53%.1#!-!P " O,$%D!$$,P B1"#,-

#,P 341I!$%/ 4,#,41 $1 "#1$&1C-

&1B1-&1C, ,"GI!"#3-/KI%C O,5MAE $!0-

#% %2 "&31D%$ " $%2&%E 5!F%#,E, O4%3,-

5%#"/ 3 41F,#! [2]. L#E!B1!#"/, 3 B1"#$,-

"#%, B#, O4% G"#1$,3&! $1 "#1$&!-&1B1-&!
1"%$C4,$$,., N-!&#4,53%.1#!-/ " "%$-

C4,$$,P B1"#,#,P 341I!$%/ 500 ,F/E%$
$1 E!"#, O4,E!DG#,B$,P 4!E!$$,P O!4!-
51B% % 1"%$C4,$$,., 53%.1#!-/, %E!K-

I!., "%$C4,$$GK B1"#,#G 341I!$%/ 4,-

#,41 1000 ,F/E%$, 5,"#%.1K#"/ G3!-%B!-
$%! &,N00%J%!$#1 O,-!2$,., 5!P"#3%/
N-!&#4,O4%3,51 % "GI!"#3!$$1/ N&,$,-

E%/ N-!&#4%B!"&,P N$!4.%%.

&*%-"$"$%" (%1+1+#$01

,4%$1*+$$01 #!%9,("."6 -,.+6

-+?$+4(% ! >."/(*+)*%!+#"

4(,$/+!-/,8,.+/ – $+!+" $,)*,!."$%"

)+!0@"$%3 >22"/(%!$+4(% #+708%

$"2(% %: -,.+)*+#'/(%!$01

$"2(3$01 4/!,5%$

L5$%E %2 $1O413-!$%P 41F,# O, O!4!-
3,5G "&31D%$ " E1-@E 5!F%#,E 3 $!O4!-
4@3$@P 4!D%E N&"O-G1#1J%% /3-/!#"/
41241F,#&1 $,3@C $!#415%J%,$$@C &,$-

"#4G&J%P #%C,C,5$@C 1"%$C4,$$@C
N-!&#4,53%.1#!-!P, 3 B1"#$,"#%, 1"%$-

C4,$$@C N-!&#4,53%.1#!-!P ", "#1#,4,E
3 0,4E! 5G.% [8–10].

)5!/ O4%E!$!$%/ #4AC012$@C 1"%$-

C4,$$@C N-!&#4,53%.1#!-!P ", "#1#,4,E
3 0,4E! 5G.% 5-/ O4%3,51 O-G$D!4$@C
$1",",3 "#1$&,3-&1B1-,&, G"#1$,3-!$$@C
$1 "&31D%$1C " $%2&%E 5!F%#,E, O4%$15-

-!D%# ",#4G5$%&1E &10!54@ «U-!&#4,-

#!C$%&1 % N-!&#4,$%&1» '!4E"&,., .,"G-

514"#3!$$,., #!C$%B!"&,., G$%3!4"%#!-
#1.   2005 .. $1 "#1$&!-&1B1-&!, G"#1$,3-

-!$$,P $1 "&31D%$! 6 292 J!C1 6 10 

8,&GP"&,., E!"#,4,D5!$%/ $!0#% % .121
LLL «W*8LXW-':RQY», F@- 33!5A$
3 N&"O-G1#1J%K ,O@#$@P ,F412!J #4AC-

012$,., 1"%$C4,$$,., N-!&#4,53%.1#!-/
$,E%$1-H$,P E,I$,"#HK 2,3 & #, "#1#,4
&,#,4,., F@- 3@O,-$!$ 3 0,4E! 5G.%
" J!$#41-H$@E G.-,E 120 .415. R,#,4
N-!&#4,53%.1#!-/ 3 41F,B!E 4!D%E!
341I1-"/ " B1"#,#,P 68 ,F/E%$, ,"GI!"#-
3-// O!4!E!I!$%! O-G$D!41 $1","1
" B1"#,#,P 0,4 E%$–1. U-!&#4,53%.1#!-H
G"O!=$, N&"O-G1#%4,31-"/ 3 #!B!$%!
53GC -!#, ,F!"O!B%31/ 3"A N#, 34!E/ $!-
O4!4@3$@P 4!D%E 41F,#@ "&31D%$@,

O4%4,"# ,FMAE1 5,F@31!E,P $!0#%
3 3,3 4121 % "$%D!$%! 41"C,51 N-!&#4%B!-
"&,P N$!4.%%. (%2&1/ B1"#,#1 341I!$%/
4,#,41 N-!&#4,53%.1#!-/ "O,",F"#3,31-1
GE!$H=!$%K 5%$1E%B!"&%C $1.4G2,& $1
23!$H/ &%$!E1#%B!"&,P J!O%, 1 %"O,-H2,-

31$%! $!O4!4@3$,., 4!D%E1 N&"O-G1#1-
J%% O,23,-%-, G3!-%B%#H "4,& "-GDF@
"1-H$%&,3, 412E!IA$$@C $1 G"#H! "&31-
D%$@, % O4,5-%#H "4,&% E!D4!E,$#$,.,
O!4%,51.

*"O!=$@! O4,E@"-,3@! %"O@#1$%/
/3%-%"H ,"$,31$%!E 5-/ O4,3!5!$%/ F,-

-!! .-GF,&%C %""-!5,31$%P 3,O4,",3
O4%E!$!$%/ 1"%$C4,$$@C N-!&#4,53%.1-
#!-!P ", "#1#,4,E 3 0,4E! 5G.% 5-/
N-!&#4,O4%3,51 O-G$D!4$@C $1",",3
"#1$&,3-&1B1-,& "&31D%$ " $%2&%E 5!F%-

#,E. T N#,P J!-HK 3 2006 .. C,-5%$.,31/
&,EO1$%/ L>L «'4%3,5» (.. W@"H31,
'!4E"&%P &41P), %"O,-H2G/ 4!2G-H#1#@
N-!&#4,E1.$%#$@C 41"BA#,3 % N"&%2$@!
B!4#!D% 1&#%3$@C B1"#!P N-!&#4,53%.1-
#!-/, 3@O,-$!$$@! $1 &10!54! «U-!&#4,-

#!C$%&1 % N-!&#4,E!C1$%&1» '!4E"&,.,
.,"G514"#3!$$,., #!C$%B!"&,., G$%3!4-

"%#!#1, ,"GI!"#3%-1 O4,!&#%4,31$%!,
41241F,#&G % %2.,#,3-!$%! #4!C O4,-

E@=-!$$@C ,F412J,3 N-!&#4,53%.1#!-!P
" 5G.,,F412$,P 0,4E,P "#1#,41 5-/
LLL «W*8LXW-':RQY». TC!E1 #1&,.,
53%.1#!-/ O4!5"#13-!$1 $1 4%". 1, 1 ,"-
$,3$@! O141E!#4@ 51$$@C N-!&#4,53%.1-
#!-!P O4%3!5!$@ $%D!:
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R%". 1. >"%$C4,$$@P N-!&#4,53%.1#!-H " 5G.,,F-

412$,P 0,4E,P "#1#,41: 1 – "#1-H$,P "!45!B$%&
"#1#,41; 2 – "#1-H$,P "!45!B$%& 4,#,41; 3 – ,FE,#-
&1 "#1#,41; 4 – ,FE,#&1 4,#,41; 5 – 3,25G=$@P
                    212,4; 6 – &,4OG" 53%.1#!-/

$,E%$1-H$,! $1O4/D!$%! ,FE,#&%
"#1#,41 (-%$!P$,!)............................380  ;

$,E%$1-H$1/ E,I$,"#H....................3 & #;
$,E%$1-H$@P #,& ............................... 11 >;

B1"#,#1 $1O4/D!$%/
O%#1KI!P "!#% ..................................50 +J;

$,E%$1-H$1/ B1"#,#1
341I!$%/ 4,#,41 ..................... 190 ,F/E%$;

$,E%$1-H$@P E,E!$# $1 31-G ......150 (E;

&41#$,"#H OG"&,3,., E,E!$#1 ...... 1,4 ,.!.;
&41#$,"#H E1&"%E1-H$,.,
E,E!$#1........................................... 2,2 ,.!.;
$,E%$1-H$@P &,N00%J%!$#
O,-!2$,., 5!P"#3%/...................... 0,73 ,.!.;
$,E%$1-H$@P &,N00%J%!$#
E,I$,"#% ....................................... 0,6 ,.!.;
3!-%B%$1 3,25G=$,., 212,41 E!D5G
"#1#,4,E % 4,#,4,E ........................ 0,5 EE.

)2.,#,3-!$$@! N-!&#4,53%.1#!-% F@-%
G"#1$,3-!$@ $1 "#1$&1C-&1B1-&1C $!0#!-
O4,E@"-,3 LLL «W*8LXW-':RQY» 321-
E!$ 41F,#13=%C 41$!! #4AC012$@C 1"%$-

C4,$$@C N-!&#4,53%.1#!-!P $,E%$1-H$,P
E,I$,"#HK 22 & # % "%$C4,$$,P B1"#,#,P
341I!$%/ 4,#,41 1500 ,F/E%$.

(1F-K5!$%/ 21 41F,#,P "&31D%$
" N-!&#4,O4%3,5,E O-G$D!4$@C $1",",3 ,#
#4AC012$@C 1"%$C4,$$@C 53%.1#!-!P
" 5G.,3,P 0,4E,P "#1#,4,3 O4,3,5%-%"H
3 O!4%,5 " 14.12.2006 O, 01.07.2007 .. >$1-
-%2 4!2G-H#1#,3 $1F-K5!$%P O,23,-/!#
&,$"#1#%4,31#H, B#, O!4!C,5 ,# J%&-%B!-

"&,., 4!D%E1 N&"O-G1#1J%% "&31D%$ & $!-
O4!4@3$,EG ",O4,3,D51-"/ G3!-%B!$%!E
&,-%B!"#31 5,F@31!E,P $!0#%.  &1B!"#3!
O4%E!41 O4%3!5AE 5%$1E%&G %2E!$!$%/
5,F@B% $!0#% $1 "&31D%$! 6 11 8,&GP-

"&,., E!"#,4,D5!$%/ $!0#% % .121 LLL
«W*8LXW-':RQY».  

L#F,4 $!0#% %2 "&31D%$@ 3 O!4%,5,

O4!5=!"#3GKI%P 21E!$! N-!&#4,O4%3,51,
","#13-/- 0,2 E3/"G#. ',"-! 33!5!$%/ 3 N&"-
O-G1#1J%K 1"%$C4,$$,., N-!&#4,O4%3,51
", "#1#,4,E 3 0,4E! 5G.% 5,F@B1 $!0#% $1
"&31D%$! "$1B1-1 3,24,"-1 3 6,5 4121
% 5,"#%.-1 1,3 E3/"G#, ,5$1&, B!4!2 10 5$!P
5,F@B1 GE!$H=%-1"H 5, 3!-%B%$@
0,5 E3/"G# % $1 N#,E G4,3$! ",C41$/-1"H $1
O4,#/D!$%% O,"-!5GKI%C 50 5$!P.  "!-
4!5%$! 0!341-/ 5,F@B1 $!0#% $1 "&31D%$!
3$,3H 3,24,"-1 5, 0,8 E3/"G# % $1 N#,E
G4,3$! ",C41$/-1"H 5, ,&,$B1$%/ O4,E@-

"-,3@C %"O@#1$%P. (!"-,D$@! O,5"BA#@
O,&12@31K#, B#, O!4!3,5 "&31D%$@ 6 11 

8,&GP"&,., E!"#,4,D5!$%/ $!0#% % .121
LLL «W*8LXW-':RQY» %2 J%&-%B!"&,-

., 4!D%E1 N&"O-G1#1J%% 3 $!O4!4@3$@P
4!D%E O,23,-%- G3!-%B%#H ,FMAE 5,F@-

31!E,P $!0#% 3 "4!5$!E 3 3,5 4121. 8 O,-
-,D%#!-H$@E 4!2G-H#1#1E O4,3!5A$$@C
%"O@#1$%P "-!5G!# ,#$!"#% #1&D! "$%D!-
$%! 41"C,51 N-!&#4%B!"&,P N$!4.%%, 5,"-
#%.$G#,! 21 "BA# GE!$H=!$%/ $,E%$1-H$,P
E,I$,"#% N-!&#4,53%.1#!-!P 3 7,3 4121
% N&"O-G1#1J%% N-!&#4,53%.1#!-!P 3 4!D%-

E!, C141&#!4%2GKI!E"/ ,O#%E1-H$@E%
2$1B!$%/E% &,N00%J%!$#1 21.4G2&% % &,-
N00%J%!$#1 O,-!2$,., 5!P"#3%/.

L5$,P %2 O4,F-!E, " &,#,4,P O4%C,-

5%#"/ "#1-&%31#H"/ O4% O4,!&#%4,31$%%
N-!&#4%B!"&%C 53%.1#!-!P " $%2&,P B1"#,-

#,P 341I!$%/ 31-1 4,#,41, /3-/!#"/ ,F!"-
O!B!$%! O4%!E-!E@C E1"",.1F14%#$@C
O,&121#!-!P. '4,F-!E,P /3-/!#"/ #,, B#,
5-/ O,-GB!$%/ $%2&,P "%$C4,$$,P B1"#,-

#@ 341I!$%/ 31-1 4,#,41 O4% B1"#,#! $1-
O4/D!$%/ O%#1KI!P "!#% 50 +J $1 "#1#,-

4! N-!&#4,53%.1#!-!P O4%C,5%#"/ G&-1-
5@31#H #4AC012$@! ,FE,#&% " F,-H=%E
&,-%B!"#3,E O14 O,-K",3. U#, $!O,"4!5-

"#3!$$, "-!5G!# %2 0,4EG-@
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0

60 f
n

p
= ,

.5! 0n  – "%$C4,$$1/ B1"#,#1 341I!$%/

31-1 N-!&#4,53%.1#!-/, ,F/E%$; f  – B1"-

#,#1 $1O4/D!$%/, +J; p  – &,-%B!"#3,

O14 O,-K",3 ,FE,#&% "#1#,41, ,.!.
<1&, $1O4%E!4, "%$C4,$$1/ B1"#,#1

341I!$%/ 31-1 N-!&#4,53%.1#!-/
200 ,F/E%$ 5,"#%.1!#"/ O4% 412E!I!$%%
$1 "#1#,4! #4AC012$,P ,FE,#&% " B%"-,E
O14 O,-K",3, 413$@E 15. 7-/ O,-GB!$%/
"%$C4,$$,P B1"#,#@ 341I!$%/ 31-1
N-!&#4,53%.1#!-/ 150 ,F/E%$ $!,FC,5%-

E,! &,-%B!"#3, O14 O,-K",3 ,FE,#&%
"#1#,41 ","#13-/!# 20.

L# &,-%B!"#31 O,-K",3 #4AC012$,P
,FE,#&% "#1#,41 213%"%# 5%1E!#4 3$G#-
4!$$!P !., 41"#,B&%, 2$1B!$%! &,#,4,.,
,O4!5!-/!#"/ O, 0,4EG-!

3."

2 p
D

τ
=

π
,

.5! 3."D  – 3$G#4!$$%P 5%1E!#4 "#1#,41,

E; τ  – O,-K"$,! 5!-!$%! "#1#,41, 413$,!
=%4%$! &1#G=!&, ,F412GKI%C ,FE,#&G
"#1#,41, E.

 B1"#$,"#%, !"-% 5-%$1 O,-K"$,.,
5!-!$%/ τ 413$1 0,1 E, 1 &,-%B!"#3, O14
O,-K",3 ,FE,#&% "#1#,41 p 413$, 15, #,

3 ",,#3!#"#3%% " O4%3!5A$$,P 0,4EG-,P
5%1E!#4 3$G#4!$$!P 41"#,B&% "#1#,41
N-!&#4,53%.1#!-/ FG5!# ","#13-/#H
0,995 E. :"-% &,-%B!"#3, O14 O,-K",3 p

G3!-%B%#H 5, 20, #, O4% #,P D! 5-%$!
O,-K"$,., 5!-!$%/ ,FE,#&% "#1#,41
τ 3."D  = 1,274 E.

9,-H=1/ 3!-%B%$1 5%1E!#41 3$G#4!$-

$!P 41"#,B&% "#1#,41 O4%3,5%# & $!,FC,-

5%E,"#% GE!$H=!$%/ !., 5-%$@, #1& &1&
E,I$,"#H N-!&#4,53%.1#!-/ 213%"%# ,#
O4,%23!5!$%/ O141E!#4,3 2

3."D l⋅ , .5! l  – 

5-%$1 53%.1#!-/. T#1-H$,P "!45!B$%& "#1-
#,41 N-!&#4,53%.1#!-/ &,$"#4G&#%3$, O4%-

,F4!#1!# 0,4EG &,-HJ1. 81#G=&% ,FE,#&%
"#1#,41 FG5G# %E!#H E1-GK 5-%$G 1&#%3-

$@C "#,4,$, ",251KI%C N-!&#4,E1.$%#$@P
E,E!$#, % F,-H=GK 5-%$G -,F,3@C B1"#!P,

$! O4%$%E1KI%C GB1"#%/ 3 ",251$%% N-!&-
#4,E1.$%#$,., E,E!$#1. ',"-!5"#3%/E%
%2-,D!$$,., /3-/K#"/ GE!$H=!$%! 3!-%-

B%$@ &,N00%J%!$#1 O,-!2$,., 5!P"#3%/
53%.1#!-/ % G3!-%B!$$@P 41"C,5 O4,3,51,
%"O,-H2G!E,., 5-/ 3@O,-$!$%/ ,FE,#&%
"#1#,41.

(14GD$@P 5%1E!#4 4,#,41 N-!&#4,-

53%.1#!-/ $.4D ,#-%B1!#"/ ,# 5%1E!#41

3$G#4!$$!P 41"#,B&% "#1#,41 $1 G53,!$-

$GK 3!-%B%$G 3,25G=$,., 212,41 E!D5G
"#1#,4,E % 4,#,4,E, &,#,4@P 5-/ 1"%$-

C4,$$@C N-!&#4,53%.1#!-!P E,D!# F@#H
O4%$/# 413$@E 0,5 EE. T-!5,31#!-H$,,

E,D$, 21O%"1#H

$.4 3."D D≈ ,

#.!. 3 #%C,C,5$@C 1"%$C4,$$@C N-!&#4,-

53%.1#!-/C $14GD$@P 5%1E!#4 4,#,41
#1&D! %E!!# F,-H=%! 412E!4@. ',N#,EG
3@",#1 /4E1 4,#,41, ,O4!5!-/!E1/ &1&
412$,"#H 415%G"1 4,#,41, 415%G"1 31-1
4,#,41 % 3@",#@ O12,3 4,#,41, ,&12@31-
!#"/ 2$1B%#!-H$,P. U#, O4%3,5%# & #,EG,

B#, E1.$%#$1/ %$5G&J%/ 3 /4E! 4,#,41
,&12@31!#"/ E$,.,&41#$, 21$%D!$$,P O,
"413$!$%K " 5,OG"#%E@E% 5-/ "#1-%
/4E1 2$1B!$%/E%.  4!2G-H#1#! O-,C,.,
%"O,-H2,31$%/ "#1-% /4E1, O,-GB%3=!.,
3 #!C$%B!"&,P -%#!41#G4! $1231$%!
«"&4@#@P ,#C,5 N-!&#4,#!C$%B!"&,P
"#1-%» [11], 3,241"#1!# 41"C,5 1&#%3$@C
E1#!4%1-,3, B#, O4%3,5%# & G5,4,D1$%K
4,#,41 % 53%.1#!-/ 3 J!-,E.

L#E!#%E #1&D!, B#, N-!&#4,53%.1#!-%
" F,-H=%E 5%1E!#4,E 4,#,41 C141&#!4%-

2GK#"/ 2$1B%#!-H$@E E1C,3@E E,E!$-

#,E, B#, $!.1#%3$, ,#41D1!#"/ $1 5%$1-
E%B!"&%C 4!D%E1C 41F,#@ N-!&#4,O4%-

3,51 "#1$&,3-&1B1-,&, 3 B1"#$,"#%, O4%
3&-KB!$%% "#1$&,3-&1B1-,& 3 41F,#G.

*E!$H=!$%! 5%1E!#41 3$G#4!$$!P 41"-
#,B&% "#1#,41 % $14GD$,., 5%1E!#41 4,#,-
41, 1 #1&D! G"#41$!$%! 54G.%C $!5,"#1#&,3,
O4%"GI%C #%C,C,5$@E N-!&#4,53%.1#!-/E,

E,.G# F@#H 5,"#%.$G#@ 21 "BA# ",&41I!$%/
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R%". 2. TC!E1 53GC012$,., 1"%$C4,$$,., 53%.1#!-/:
1, 2 – ,FE,#&% "#1#,41; 3 – 4,#,4

" 3 5, 2 &,-%B!"#31 012$@C ,FE,#,&, G-,-
D!$$@C 3 O121C "#1#,41 [12].  N#,E "-GB1!
3$G#4!$$%P 5%1E!#4 "#1#,41 % $14GD$@P
5%1E!#4 4,#,41 GE!$H=1K#"/ 3 1,5 4121.
L5$1&, 5-/ O,-GB!$%/ #,P D! E,I$,"#%
N-!&#4,53%.1#!-/, B#, % G #4AC012$,.,,

$!,FC,5%E, G3!-%B%#H 5-%$G N-!&#4,53%-

.1#!-/ 5-/ #,.,, B#,F@ ",C41$%#H $1 $!%2-
E!$$,E G4,3$! 3!-%B%$G O4,%23!5!-
$%/ 2

3."D l . T-!5,31#!-H$,, O!4!C,5,E ,#

#4AC012$,., N-!&#4,53%.1#!-/ & 53GC012-
$,EG 5,"#%.1!#"/ O!4!41"O4!5!-!$%! -%-

$!P$@C 412E!4,3 53%.1#!-!P: GE!$H=1!#"/
%C 5%1E!#4 % G3!-%B%31!#"/ 5-%$1.

TC!E1 53GC012$,., #%C,C,5$,.,
N-!&#4,53%.1#!-/ 5-/ O4%3,51 O-G$D!4-

$@C $1",",3 "#1$&,3-&1B1-,&, ,"GI!"#3-
-/KI%C O,5MAE $!0#% %2 "&31D%$ " $%2-
&%E 5!F%#,E, O4%3!5!$1 $1 4%". 2.  

(1 "#1#,4! N-!&#4,53%.1#!-/ G-,D!$@
53! 012$@! ,FE,#&%, ,"% &,#,4@C "E!I!-
$@ 3 O4,"#41$"#3! $1 90 N-!&#4%B!"&%C
.415G",3. LFE,#&1 >–X O,5&-KB1!#"/ $1
012$,! $1O4/D!$%! "!#%, 1 ,FE,#&1  –Y – 

$1 -%$!P$,! $1O4/D!$%!, &,#,4,! "53%$G-
#, O, 012! 3, 34!E!$% ,#$,"%#!-H$, $1-
O4/D!$%/ $1 ,FE,#&! >–X $1 90 N-!&#4%-

B!"&%C .415G",3. '141E!#4@ ,FE,#,& "#1-
#,41 412-%B$@ % 41""B%#1$@ %"C,5/ %2
G"-,3%/ 413!$"#31 E1.$%#,53%DGI%C "%-
,FE,#,& % O,-GB!$%/ 3 212,4! N-!&#4,53%-

.1#!-/ &4G.,3,., E1.$%#$,., O,-/ 3 41F,-
B%C % OG"&,3@C 4!D%E1C.

R1F,B%! C141&#!4%"#%&% 53GC012$,.,
N-!&#4,53%.1#!-/ 1$1-,.%B$@ 41F,B%E
C141&#!4%"#%&1E #4AC012$@C 1"%$C4,$-

$@C N-!&#4,53%.1#!-!P, O4%BAE O,-GB!-
$%! #1&%C C141&#!4%"#%& 53GC012$,.,
N-!&#4,53%.1#!-/ 5,"#%.1!#"/ F!2 %"-
O,-H2,31$%/ 012,"53%.1KI%C N-!E!$#,3
3 J!O% ,FE,#,& "#1#,41, B#, C141&#!4$,
5-/ 53GC012$@C N-!&#4,53%.1#!-!P %2-
3!"#$@C &,$"#4G&J%P [13]. 

R1241F,#&1 #%C,C,5$@C N-!&#4,53%-

.1#!-!P 5-/ "#1$&,3-&1B1-,&, G"#1$,3-
-!$$@C $1 "&31D%$1C " $%2&%E 5!F%#,E,

#4!FG!# 4!=!$%/ O4,F-!E@ N$!4.,"F!4!-
D!$%/ [14], B#, $!O,"4!5"#3!$$, "3/21$,
" ,F!"O!B!$%!E 3@",&%C 2$1B!$%P N$!4-

.!#%B!"&%C O,&121#!-!P N-!&#4,E!C1$%-

B!"&%C O4!,F412,31#!-!P N$!4.%%. 8 #1-
&%E O,&121#!-/E N-!&#4,E!C1$%B!"&%C
O4!,F412,31#!-!P N$!4.%% O!4!E!$$,.,
#,&1 ,#$,"/#"/ &,N00%J%!$# O,-!2$,.,
5!P"#3%/ (8'7) % &,N00%J%!$# E,I$,-

"#% ( cosϕ ).

>$1-%2 &1#1-,D$@C % "O413,B$@C
51$$@C $1 1"%$C4,$$@! N-!&#4,53%.1#!-
-% 412-%B$@C "!4%P O,&12@31!#, B#, O,
E!4! G3!-%B!$%/ &,-%B!"#31 O14 O,-K-

",3 ,FE,#&% "#1#,41 % GE!$H=!$%/ "%$-

C4,$$,P B1"#,#@ 341I!$%/ 4,#,41 N$!4-

.!#%B!"&%! O,&121#!-% 1"%$C4,$$@C O4!-
,F412,31#!-!P N$!4.%% "$%D1K#"/. U#,
$1.-/5$, O4,%--K"#4%4,31$, $1 4%". 3, 

4, $1 &,#,4@C %2,F41D!$@ 213%"%E,"#%
8'7 % cosϕ ,# B%"-1 O14 O,-K",3 ,F-

E,#,& "#1#,4,3 N-!&#4,53%.1#!-!P " $,-

E%$1-H$,P E,I$,"#HK 30 % 5,5 & #, G"-
#1$13-%31!E@C $1 "#1$&1C-&1B1-&1C #%O1
T878–3–4000 % T873–1,5–710. 

'4%3!5A$$@! $1 4%". 3, 4 .410%&% #1&-
D! O,23,-/K# &,$"#1#%4,31#H, B#, G 53%.1-
#!-!P " ,5%$1&,3@E &,-%B!"#3,E O14 O,-
-K",3 ,FE,#,& "#1#,4,3 2$1B!$%/ N$!4.!-
#%B!"&%C O,&121#!-!P 412-%B$@: %C 3!-%-

B%$@ GE!$H=1K#"/ " GE!$H=!$%!E $,E%-

$1-H$,P E,I$,"#% N-!&#4,53%.1#!-!P.

T-!5G!# #1&D! O4%$%E1#H 3, 3$%E1$%!
%E!KIGK E!"#, #!$5!$J%K & "$%D!$%K
B%"-!$$@C 3!-%B%$ N$!4.!#%B!"&%C O,&1-
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R%". 3. V13%"%E,"#% 8'7 ,# B%"-1
O14 O,-K",3 53%.1#!-/: ––– 2$,EP = 30 & #;

––– 2$,EP = 5,5 & #

R%". 4. V13%"%E,"#% cos Z ,# B%"-1
O14 O,-K",3 53%.1#!-/: ––– 2$,EP  = 30 & #;

––– 2$,EP  = 5,5 & #

21#!-!P 1"%$C4,$$@C O4!,F412,31#!-!P
N$!4.%% O, E!4! GCG5=!$%/ %"O,-H2,31$%/
%C $,E%$1-H$,P E,I$,"#% (4%". 5, 6).  

U#,# 01&# O4%,F4!#1!# ,",FGK 2$1-
B%E,"#H 5-/ N-!&#4,53%.1#!-!P "#1$&,3-
&1B1-,&, $,E%$1-H$1/ E,I$,"#H &,#,4@C
O4% 41F,#! %"O,-H2G!#"/ 3 "4!5$!E $1
17 % [15]. 

(1O413-!$%/ 41F,# O, O,3@=!$%K
&,N00%J%!$#1 O,-!2$,., 5!P"#3%/
1"%$C4,$$@C O4!,F412,31#!-!P N$!4-

.%% %23!"#$@ [16–18] % "3,5/#"/ & "-!-
5GKI!EG:

– "$%D!$%! N-!&#4,E1.$%#$@C $1-
.4G2,&;

– %"O,-H2,31$%! O4% %2.,#,3-!$%%
"#1-H$@C "!45!B$%&,3 "#1#,41 % 4,#,41
F,-!! #,$&,P % 3@",&,&1B!"#3!$$,P
N-!&#4,#!C$%B!"&,P "#1-%;

R%". 5. V13%"%E,"#% 8'7 ,# &,N00%J%!$#1
21.4G2&% 53%.1#!-/: –––– n0 = 1500 ,F/E%$;

–––– n0 =1000 ,F/E%$; –––– n0 =750 ,F/E%$

R%". 6. V13%"%E,"#% cos Z ,# &,N00%J%!$#1
21.4G2&% 53%.1#!-/: –––– n0 = 1500 ,F/E%$;

–––– n0 = 1000 ,F/E%$; –––– n0 = 750 ,F/E%$

– O4%E!$!$%! 3 &1B!"#3! E1#!4%1-1
,FE,#,& "#1#,4,3 % 4,#,4,3 E!5% 3E!"#,
1-KE%$%/;

– GE!$H=!$%! 3,25G=$,., 212,41 E!-
D5G "#1#,4,E % 4,#,4,E 21 "BA# ",3!4-

=!$"#3,31$%/ #!C$,-,.%B!"&,., ,F,4G-

5,31$%/ % #!C$,-,.%% O4,%23,5"#31.

A4)+.;:+!,$%"

!04+/+>22"/(%!$01 ,4%$1*+$$01

>."/(*+#!%9,("."6 ! >."/(*+)*%!+#"

4(,$/+!-/,8,.+/ – !,5$"6@""

$,)*,!."$%" >$"*9+47"*"5"$%3

! $"2(3$+6 +(*,4.%

'41&#%B!"&,! 4!=!$%! 2151B% O,3@=!-
$%/ 8'7 N-!&#4,E!C1$%B!"&%C O4!,F412,-
31#!-!P N$!4.%% O,#4!F,31-, O4%$/#%/
21&,$,51#!-H$@C 1&#,3 3 N#,E $1O413-!-
$%%. <1&, 3 T[> 3 1992 .. F@- O4%$/# 21-
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&,$,51#!-H$@P 1&# EPACT (Energy Policy 

Act), G"#1$,3%3=%P E%$%E1-H$@P G4,3!$H
8'7 #4AC012$@C 1"%$C4,$$@C N-!&#4,-

53%.1#!-!P ,FI!., O4%E!$!$%/ E,I$,-
"#HK 0,75–150 & #.  81$15! % +!4E1$%%
O4%$/#@ "#1$514#@, 1$1-,.%B$@! EPACT. 

 :34,O!P"&,E ",K2! "GI!"#3G!# O4,!&#
«U$!4.,"F!4!D!$%! 3 N-!&#4,O4%3,5!», 

3 ",,#3!#"#3%% " &,#,4@E " 0%4E1E%-

%2.,#,3%#!-/E% N-!&#4%B!"&%C E1=%$ 21-
&-KB!$, ",.-1=!$%! , O!4!C,5! " 2000 ..
$1 &-1""%0%&1J%K N-!&#4,53%.1#!-!P O,
3 G4,3$/E 8'7: EFF3 – $,4E1-H$@P,

EFF2 – O,3@=!$$@P, EFF1 – 3@",&%P. )"-
"-!5,31#!-H"&%P J!$#4 :34,O!P"&,., ",K-

21 3 13.G"#! 2005 .. ,4.1$%2,31- 3 [3!J%%
&,$0!4!$J%K O, N$!4.!#%B!"&,P N00!&-
#%3$,"#% "%"#!E N-!&#4,O4%3,5,3, $1 &,-
#,4,P F@-, O4%$/#, 4!=!$%! O, GD!"#,B!-
$%K #4!F,31$%P & 8'7 N-!&#4%B!"&%C
E1=%$ % 33!5!$%K " 2010 .. B!#@4AC &1#!-
.,4%P N$!4.!#%B!"&% N00!&#%3$@C N-!&-
#4,53%.1#!-!P: D – E%$%E1-H$@P G4,3!$H
"#1$514#$,., N-!&#4,53%.1#!-/, ",,#3!#"#-
3GKI%P G4,3$K EFF1, C – C,4,=%P N-!&-
#4,53%.1#!-H 2005 .., ",,#3!#"#3GKI%P O,
N$!4.!#%B!"&,P N00!&#%3$,"#% #4!F,31$%-

/E EPACT, B – -GB=%P N-!&#4,53%.1#!-H
2005 .., ",,#3!#"#3GKI%P O, 8'7 NEMA 

Premium, A – -GB=%P N-!&#4,53%.1#!-H
2010 .. " O,#!4/E% $1 20 % $%D!, B!E
G N-!&#4,53%.1#!-!P &1#!.,4%% B. 

>"%$C4,$$@! N-!&#4%B!"&%! 53%.1#!-%
" O,3@=!$$@E% 2$1B!$%/E% 8'7 3@OG"-
&1K#"/ 0%4E1E% T[>, >$.-%%, +!4E1$%%,

9412%-%%, *&41%$@.  %$0,4E1J%% 4/51
0%4E, O,"3/I!$$,P ,O@#G O4,!&#%4,31$%/
% N&"O-G1#1J%% N-!&#4,53%.1#!-!P, 3"#4!-
B1K#"/ 51$$@! O, 41"C,5G E!5% % N-!&#4,-
#!C$%B!"&,P "#1-% O4% %C O4,%23,5"#3!.
<1&, O4% O4,%23,5"#3! 1"%$C4,$$@C N-!&-
#4,53%.1#!-!P, 2$1B!$%/ 8'7 &,#,4@C
,#3!B1K# G4,3$K EFF1, 41"C,5 E!5% %
N-!&#4,#!C$%B!"&,P "#1-% $1 15–30 % 

F,-H=!, B!E O4% O4,%23,5"#3! 1"%$C4,$-

$@C 53%.1#!-!P " 8'7, 2$1B!$%/ &,#,4@C
",,#3!#"#3GK# G4,3$K EFF2. 71-H$!P=%P
4,"# 3!-%B%$@ &,N00%J%!$#1 O,-!2$,.,
5!P"#3%/ 1"%$C4,$$@C N-!&#4%B!"&%C 53%-

.1#!-!P $1 1 %, "#1$,3%#"/ 3,2E,D$@E 21
"BA# G3!-%B!$%/ 41"C,51 E!5% % N-!&#4,-

#!C$%B!"&,P "#1-% $1 3–6 %. L#E!#%E
#1&D!, B#, G3!-%B!$%! 41"C,51 1&#%3$@C
E1#!4%1-,3 3-!BA# 21 ",F,P O,3@=!$%!
E1C,3@C E1"" 53%.1#!-!P % GCG5=!$%!
5%$1E%B!"&%C O,&121#!-!P 41F,#@ N-!&-
#4,O4%3,51.

)25!4D&%, "3/21$$@! " G3!-%B!$%!E
8'7 1"%$C4,$$@C N-!&#4,53%.1#!-!P,

&,EO!$"%4GK#"/ "$%D!$%!E N-!&#4%B!-
"&%C O,#!4H 3 N-!&#4,53%.1#!-/C % N-!-
E!$#1C "%"#!E N-!&#4,"$1FD!$%/. )"-
"-!5,31$%/ O,&12@31K#, B#, O4%E!$!$%!
1"%$C4,$$@C N-!&#4,53%.1#!-!P " O,-

3@=!$$@E% 2$1B!$%/E% 8'7 $1 O41&#%-

&! "#1$,3%#"/ N&,$,E%B!"&% ,O41351$-

$@E, !"-% 53%.1#!-H $1C,5%#"/ 3 41F,#!
$! E!$!! 80 B1",3 3 $!5!-K.

'4,J!"" O4!,F412,31$%/ N-!&#4%B!-
"&,P N$!4.%% O!4!E!$$,., #,&1 3 E!C1-
$%B!"&GK N$!4.%K 3 1"%$C4,$$@C N-!&-

#4,53%.1#!-/C ,"GI!"#3-/!#"/ 21 "BA#
341I1KI!.,"/ E1.$%#$,., O,-/, 3,2FG-

D51!E,., #,&1E%, O4,C,5/I%E% O, ,F-

E,#&1E "#1#,4,3. 7-/ ",251$%/ 3 1"%$-

C4,$$@C N-!&#4,53%.1#!-/C 341I1KI!-
.,"/ E1.$%#$,., O,-/ %2 O%#1KI!P "!#%
%E% O,#4!F-/!#"/ 4!1&#%3$@P $1E1.$%-

B%31KI%P #,&. ',&121#!-!E, C141&#!4%-

2GKI%E 3-%/$%! 4!1&#%3$,., $1E1.$%-

B%31KI!., #,&1 $1 41F,#G 1"%$C4,$$@C
53%.1#!-!P, /3-/!#"/ &,N00%J%!$# E,I-

$,"#%, ,# 3!-%B%$@ &,#,4,., 213%"/#
.1F14%#@ % "#,%E,"#H 53%.1#!-!P: " G3!-
-%B!$%!E &,N00%J%!$#1 E,I$,"#% .1F1-
4%#@ % "#,%E,"#H N-!&#4,53%.1#!-!P
GE!$H=1K#"/ % $1,F,4,#.

R!1&#%3$@P $1E1.$%B%31KI%P #,& 3@-

41F1#@31!#"/ "%$C4,$$@E% .!$!41#,41E%
N-!&#4%B!"&%C "#1$J%P. :., O4,C,D5!$%!
O, #,&,3!5GI%E B1"#/E N-!E!$#,3 "%"#!E
N-!&#4,"$1FD!$%/ ,FG"-,3-%31!# O,#!4%
N-!&#4%B!"&,P N$!4.%% % $1O4/D!$%/, B#,
$!.1#%3$, ,#41D1!#"/ $1 &1B!"#3! N-!&#4%-

B!"&,P N$!4.%%, N$!4.!#%B!"&%C O,&121#!-
-/C "%"#!E N-!&#4,"$1FD!$%/, 41F,B%C
C141&#!4%"#%&1C O4%AE$%&,3 N-!&#4%B!-
"&,P N$!4.%%, 3&-KB1/ N-!&#4,53%.1#!-%
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"#1$&,3-&1B1-,&. T-!5,31#!-H$,, $%2&%!
2$1B!$%/ &,N00%J%!$#1 E,I$,"#% N-!&-
#4,53%.1#!-!P "#1$&,3-&1B1-,& $!.1#%3$,
,#41D1K#"/ $! #,-H&, $1 .1F14%#1C
% "#,%E,"#% "1E%C N-!&#4,53%.1#!-!P, $, %
$1 O,&121#!-/C &1B!"#31 N-!&#4%B!"&,P
N$!4.%% 3 "%"#!E1C N-!&#4,"$1FD!$%/, %C
N$!4.!#%B!"&%C O,&121#!-/C, 41F,B%C C1-
41&#!4%"#%&1C O,#4!F%#!-!P N-!&#4%B!-
"&,P N$!4.%%, O,5&-KBA$$@C & 51$$,P
"%"#!E! N-!&#4,"$1FD!$%/.

7-/ GE!$H=!$%/ 4!1&#%3$,., $1E1.$%-

B%31KI!., #,&1 3 N-!E!$#1C "%"#!E N-!&-
#4,"$1FD!$%/, O4%$15-!D1I%C .!$!4%-

4GKI%E % "!#!3@E &,EO1$%/E, 3 41"O4!-
5!-%#!-H$@C G"#4,P"#31C $1O4/D!$%!E
6–10 & .-13$@C O,$%2%#!-H$@C O,5"#1$-

J%/C $!0#!5,F@31KI%C O4!5O4%/#%P G"-
#1$13-%31K#"/ F1#14!% "#1#%B!"&%C &,$-

5!$"1#,4,3. T O,E,IHK N#%C D! F1#14!P
"#1#%B!"&%C &,$5!$"1#,4,3 ,"GI!"#3-/!#-
"/ &,EO!$"1J%/ 4!1&#%3$,., $1E1.$%B%-

31KI!., #,&1 #41$"0,4E1#,4,3, G"#1$,3-
-!$$@C $1 .-13$@C O,$%2%#!-H$@C O,5-

"#1$J%/C % O4%$15-!D1I%C, &1& O413%-,,

$!0#!5,F@31KI%E O4!5O4%/#%/E. L5$1&,
41"O4!5!-%#!-H$@! N-!&#4%B!"&%! "!#%
$!0#!5,F@31KI%C O4!5O4%/#%P $1O4/D!-
$%!E 6–10 & , "!#% $%2&,., $1O4/D!$%/,
3@",&,3,-H#$@! % $%2&,3,-H#$@! O,#4!-
F%#!-% N-!&#4%B!"&,P N$!4.%%, 3 #,E B%"-!
% N-!&#4,53%.1#!-% "#1$&,3-&1B1-,&, ,#
4!1&#%3$,., $1E1.$%B%31KI!., #,&1 O4%
N#,E $! 412.4GD1K#"/.

B,/.C8"$%"

R1241F,#&1 1"%$C4,$$@C N-!&#4,53%-

.1#!-!P " $%2&,P B1"#,#,P 341I!$%/ 4,-

#,41 5-/ N-!&#4,O4%3,51 "#1$&,3-
&1B1-,& "&31D%$ " $%2&%E 5!F%#,E #4!-
FG!# $,3@C &,$"#4G&#%3$@C 4!=!$%P,

"O,",F"#3GKI%C "$%D!$%K O,#4!F-!$%/

4!1&#%3$,., $1E1.$%B%31KI!., #,&1.
8 #1&%E 4!=!$%/E ,#$,"/#"/ 1"%$C4,$-

$@! N-!&#4%B!"&%! 53%.1#!-% " 3$G#4!$-

$!P &,EO!$"1J%!P 4!1&#%3$,., $1E1.$%-

B%31KI!., #,&1 [19–21]. '4% N#,E
3 41F,#! [19] GE!$H=!$%! O,#4!F-!$%/
4!1&#%3$,., $1E1.$%B%31KI!., #,&1
5,"#%.1!#"/ %"O,-H2,31$%!E 5,O,-$%-

#!-H$@C N-!E!$#,3, 1 3 41F,#1C [20, 21] 

O4!5-1.1K#"/ 314%1$#@ F!2 %C O4%E!$!-
$%/. <!,4!#%B!"&%! % N&"O!4%E!$#1-H-
$@! %""-!5,31$%/, 3@O,-$!$$@! 13#,41-
E% G&121$$@C 3@=! 41F,#, O,23,-%-%
G"#1$,3%#H, B#, #1&%! N-!&#4,53%.1#!-%
4!1&#%3$@P $1E1.$%B%31KI%P #,& %2
O%#1KI!P "!#% #4AC012$,., O!4!E!$$,.,
$1O4/D!$%/ O41&#%B!"&% $! O,#4!F-/K#.
R1F,#1 53%.1#!-!P ,"GI!"#3-/!#"/ " &,-

N00%J%!$#,E E,I$,"#%, 2$1B!$%! &,#,-

4,., F-%2&, & !5%$%J!, % 51$$1/ !., 3!-
-%B%$1 ",C41$/!#"/ $! #,-H&, 3 41F,B%C
4!D%E1C 41F,#@, $, % 3 4!D%E! C,-,"#,-

., C,51 % O4% O!4!.4G2&1C.

T!4%P$,! O4,%23,5"#3, 1"%$C4,$-

$@C N-!&#4%B!"&%C 53%.1#!-!P " 3$G#-
4!$$!P &,EO!$"1J%!P 4!1&#%3$,., $1-
E1.$%B%31KI!., #,&1 % O,"-!5GKI!!
%C 3$!54!$%! $1 $!0#!O4,E@"-1C O,-

23,-/K# ,"GI!"#3%#H 412.4G2&G O, #,&G
#,&,3!5GI%C N-!E!$#,3 "%"#!E O4,%2-
3,5"#31, O!4!51B%, 41"O4!5!-!$%/
% O4!,F412,31$%/ N-!&#4%B!"&,P N$!4-

.%%. T-!5,31#!-H$,, 3 3@OG"&! N-!&#4,-

53%.1#!-!P " 3$G#4!$$!P &,EO!$"1J%!P
4!1&#%3$,., $1E1.$%B%31KI!., #,&1
21%$#!4!",31$@ $! #,-H&, $!0#!5,F@-

31KI%! &,EO1$%%, /3-/KI%!"/ O,#4!-
F%#!-/E% N-!&#4%B!"&,P N$!4.%%, $,
% .!$!4%4GKI%! % "!#!3@! &,EO1$%%,

",,#3!#"#3!$$, 3@41F1#@31KI%! N-!&-

#4%B!"&GK N$!4.%K % ,"GI!"#3-/KI%!
!A O,"#13&G O,#4!F%#!-/E.

D)%4+/ .%("*,('*0

1. >4C%O,3 8.)., ',O,3  .)., ',O,3 ). . TO413,B$%& O, "#1$&1E-&1B1-&1E: E,$,.410%/. – >-H-
E!#H!3"&, 2000. – C. 52–58. 

2. S14,$,3  .\. U&,$,E%B$@! N-!&#4,O4%3,5@ 5-/ "#1$&,3-&1B1-,& E1-,5!F%#$@C "&31D%$ // 
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