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DYNAMIC RESISTANCE TECHNOLOGIES FOR ROTORS 

EQUIPPED WITH MAGNETIC BEARINGS 

47&$,/0 #!-)+0 %)""!%8&& 9)%,96/01 +&$:,9,/$). .,9,, :,9,/$&").%& /,$,+/01 ;9!-

#!/-). & $:)"%& ")-)"). (,<)-*":&//01 ,("!(,-)., ,+,7-&"*=>&! &1 % *$9).&?# ",:)-0 . $)$-,-

.! .,9)7").)+, (,<)7!"!%,2&.,=>!() ,("!(,-,, ):!$7!2&.,=>&! #&/&#&<,8&= 9)%,96/01 +&$-

:,9,/$)., ):*$9).9!//01 7)("!@/)$-?#& &<()-).9!/&? ;9!#!/-)., &1 :,9,/$&").%& & 7)("!@/)-

$-?#& $:)"%& ")-)")..  "&#!/!/&! #!-)+). 7)<.)9?!- ):!$7!2&-6 7).0@!/&! -)2/)$-& :,9,/-

$&").%& 7"& *#!/6@!/&& ):A!#, ",:)-.

0+AB*'C* D+&'#: ")-)", +&$:,9,/$, %)""!%8&?, ;%$8!/-"&$&-!-, :,9,/$&").%,, $:)"%,.

There are described methods of shaft local disbalances’ correction, fitted-on elements balancing 

and GTU’ rotors’ assembly. This technologies adapt elements for operation as a part of gas compressor 

unit shaft line and minimize local disbalances caused by errors of fitted-on elements manufacture, bal-

ancing and rotor’s assembly. These methods make it possible to increase balance accuracy with mini-

mization of work volume. 

Keywords: rotor, disbalance, correction, eccentricity, balancing, assembly. 

#$% %&'()*+%,- ./0'$1&&/$/2 & +1&/2'*3*45%0% $*6/7%0% % 6*8*+-

&%$/2/7+(0% '/21$-+/&),0% $/)/$/2 (+*'$%01$, & 0*9+%)+(0% '/3:%'+%-

.*0%) 3/&)*)/7+/ 7*&)/ +*6843*1)&, '/2(:1++(; <$/21+= 2%6$*>%%. ?3+/;

%@ /&+/2+(- '$%7%+ A)/9/ ,28,1)&, @+*7%)18=+(; 0/+)*B+(; 3%&6*8*+&,

/6<&8/281++(; A.&>1+)$%&%)1)/0 6*8*+&%$/2/7+/; /&% /)+/&%)18=+/ /&%

2$*51+%, $/)/$*. #$% A)/0 '$%$/&) 3%&6*8*+&* $/)/$* 0/B1) 3/&)%9*)= 21-

8%7%+, '$12(:*45%- 3/'<&)%0(; <$/21+= 3%&6*8*+&* +* '/$,3.%.
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!/'<&)%0(; <$/21+= 3%&6*8*+&* $/)/$* 0/B1) 6()= /61&'171+ &/201-

51+%10 '8/&./&)1; 3%&6*8*+&* % ./$$1.>%% 2&1- A8101+)/2 '$% 6*8*+&%$/2-

.1 & '/&813<45%0 0/+)*B/0 A)%- A8101+)/2, '$% <&8/2%% &/68431+%, *6&/-

84)+/; ./+>1+)$%7+/&)% &/13%+1+%, A8101+)/2 01B3< &/6/; % /)&<)&)2%%

'1$1./&* /&1; A8101+)/2. C/20151+%1 '8/&./&)1; 3%&6*8*+&* % ./$$1.>%%

'$% 6*8*+&%$/2.1 /61&'17%2*1) 0%+%0%@*>%4 8/.*8=+(- %@9%6/2 <38%+1+-

+(- A8101+)/2 '$% %- $*6/)1. "/+>1+)$%7+/1 &/13%+1+%1 A8101+)/2 61@ '1-

$1./&* %- /&1; /61&'17%2*1) <&8/2%, $*6/)(, '$%68%B1++(1 . <&8/2%,0 6*-

8*+&%$/2.%. ?3+*./ &/13%+1+%1 A8101+)/2 2&193* '$/%@2/3%)&, & '1$1./&*0%

% A.&>1+)$%7+/&)=4 $*@0151+%, /&1;. D)/ '$%2/3%) . 2/@+%.+/21+%4 0/+-

)*B+(- 3%&6*8*+&/2. "/$$1.>%, 0/+)*B+(- 3%&6*8*+&/2 0/B1) 6()= /&<51-

&)281+* '/ $1@<8=)*)*0 %@01$1+%, A.&>1+)$%&%)1)/2 % $*&71)/2 ./$$1.)%-

$<45%- 0*&&.

#$% $*@$*6/).1 01)/3/2 0*)1$%*8 A8101+)/2 $/)/$* '$%+%0*1)&, 2'/8-

+1 9/0/91++(0 '/ 0/+/8%)+/&)%, '$13'/8*9*10/; $*@+%>1; '8/)+/&)% &813<-

1) '$1+16$17=. E1&)./&)= 2*8* $/)/$* '$% %@9%61 +1/3%+*./2* % +1 /'$131-

81+* '/ <98< '/2/$/)*, 218%7%+* 11 @*$*+11 +1%@21&)+*. ? 218%7%+1 B1&)./-

&)% 0/B+/ &<3%)= )/8=./ '/ $1@<8=)*)*0 %@9/)/281+%, 2*8*: & 6/811 B1&)./;

&)/$/+( 218%7%+* $*3%*8=+/9/ 6%1+%, 0%+%0*8=+*. #$*.)%71&.% 2&193* $*-

3%*8=+(1 6%1+%, +*-/3,)&, 2 +1:%$/./0 &1.)/$1, 218%7%+* ./)/$/9/ /'$1-

318,1)&, B1&)./&)=4 0*)1$%*8*. F@9%6 2*8* $/)/$* 2/@0/B1+ '/3 2/@31;&)-

2%10 &/6&)21++/9/ 21&* % >1+)$/61B+/; &%8(, /6<&8/281++/; 3%&6*8*+&/0

'$% 2$*51+%%. F@9%6 2*8* '/3 2/@31;&)2%10 >1+)$/61B+/; &%8( <218%7%2*1)

+*7*8=+(; 3%&6*8*+&, '$1318 ./)/$/9/ /9$*+%7%2*1) B1&)./&)= 2*8*. G/@0/-

B1+ &8/B+(; %@9%6 2*8* '/3 2/@31;&)2%10 8/.*8=+(- 3%&6*8*+&/2. G&1 A81-

01+)( $/)/$* '1$13 &6/$./; 6*8*+&%$<4)&, +* &/6&)21++(-, /'$13181++(-

38, A)/9/ '/21$-+/&),-.  $/21+= <$*2+/21:1++/&)% 2*8* $/)/$* /'$1318,1)-

&, 19/ H/$0/;, 3%&6*8*+&/0, B1&)./&)=4. I1*.>%, /'/$, 2+1:+11 2/@31;&)-

2%1, 28%,+%1 &%&)10, /6&8<B%2*45%- *9$19*), &/&)/,+%1 '$/3<.)* +1 $*&-

&0*)$%2*4)&,.

J%@.*, @*3*++*, &)/%0/&)= $*6/) 2&193* &/'$/2/B3*1)&, 6/8=:%0% 3/-

'<&.*0% '$% %@9/)/281+%% 31)*81;, 28%,+%1 ./)/$(- +1;)$*8%@<1)&, ./$$1.-

>%1;: A.&>1+)$%&%)1) '$%2/3%) . 3%&6*8*+&<, <&)$*+,10/0< 6*8*+&%$/2./;

('$/2131+%1 A)/9/ 3/'/8+%)18=+/9/ 2%3* $*6/) &+%B*1) %- /65<4 &)/%-

0/&)=). K/8=:11 /9$*+%71+%1, +*8/B1++/1 @*3*++/; &)/%0/&)=4, '$%2/3%)

. A./+/0%71&./; +1&/&)/,)18=+/&)% A)/9/ &)*+3*$)+/9/ $1:1+%,.

L*./; 3%&6*8*+& 0/B1) 6()= <&)$*+1+ $*&71)+/-0*&&/2/; ./$$1.>%1;

'/ $1@<8=)*)*0 %@01$1+%; A.&>1+)$%&%)1)/2.  7%)(2*, '/&)/,++/ &+%B*4-

5<4&, &)/%0/&)= %@01$%)18=+(- % $*&71)+(- /'1$*>%;, '/2(:1+%1 %- )/7-

+/&)% % &./$/&)%, $*&71)+/-0*&&/2<4 ./$$1.>%4 3%&6*8*+&* &813<1) &7%)*)=
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'$13'/7)%)18=+/; % '$%01+,)= 7*51. ?&/61++/ 2*B+(0 /6&)/,)18=&)2/0

&813<1) &7%)*)= 2(&/.<4 0/6%8=+/&)= % ./00<)*>%4 %&'/8=@<10/9/ /6/$<-

3/2*+%,. G +*&)/,511 2$10, +*6843*1)&, &)/;.*, )1+31+>%, $*&:%$1+%,

&'/&/6/2 2/@31;&)2%,, <218%71+%, ./8%71&)2* %&'/8=@<10(- %+&)$<01+)/2

'$% %@9/)/281+%% '$/3<.)*. !/&)*)/7+/ 7*&)/ 3$<9/; '/3-/3 +12/@0/B1+

%8% A./+/0%71&.% +1>181&//6$*@1+. L*.%0 /6$*@/0, @*3*7* %@01+1+%, % <&-

)/;7%2/9/ &/-$*+1+%, <$/2+, 3%&6*8*+&* '1$1-/3%) 2 /68*&)= %+)1881.)<-

*8=+/-./$$1.)%$<45<4.

#$% 6*8*+&%$/2.1 $/)/$/2, %&'/8=@<10(- 2 &/2$101++(- *9$19*)*-, 11

<&8/2%, @*3*4)&, '$%01+%)18=+/ . .8*&&< $/)/$*. F&&813/2*)18=&.%; %+)1-

$1& 2(@(2*4) .8*&&( $/)/$/2 & +1%@21&)+(0 $*&'$13181+%10 3%&6*8*+&*

23/8= /&% % 2 '8/&./&)% 2$*51+%, – <38%+1++(1 $/)/$( & +1&/2'*3*45%0%

$*6/7%0% % 6*8*+&%$/2/7+(0% '/21$-+/&),0%, /&+*51++(1 ./81&*0%. !8,

$1:1+%, @*3*7% /61&'171+%, <$*2+/21:1++/&)% /6/@+*71++(- $/)/$/2 +1/6-

-/3%0* $*@$*6/).* $,3* 01)/3/2.

 !"#$%&'( )$%*+ ,*--$,.// 0*,!01&'2 +/"3!0!&"*4 4!0! /61&'17%2*1)

./$$1.>%4 0+/B1&)2* 8/.*8=+(- 3%&6*8*+&/2 '/ 38%+1 2*8*, /6<&8/281++(-

+1&/2'*31+%10 6*8*+&%$/2/7+/; /&% % /&% 2$*51+%,. M1)/3 /&+/2*+ +* $*&-

71)*-, 2('/8+1++(- '/ $1@<8=)*)*0 %@01$1+%; $*3%*8=+(- 6%1+%; $/)/$/2

0*9+%)+(- '/3:%'+%./2 (&0/+)%$/2*++(- +* 2*8<) /)+/&%)18=+/ 6*8*+&%-

$/2/7+(- '/21$-+/&)1; 2*8*. M1)/3 '/@2/8,1) 22/3%)= '8/&./&)% ./$$1.>%%

% $*&&7%)(2*)= ./$$1.)%$<45%1 0*&&(.

#/.*@*)18,0% 01)/3* ,28,4)&,:

– 218%7%+* 8/.*8=+/9/ 0/+)*B+/9/ 3%&6*8*+&* .*. H<+.>%, A.&>1+-

)$%&%)1)* >1+)$* 0*&&( <7*&).* 2*8* /)+/&%)18=+/ /&% 2$*51+%,, '/8/B1+%,

>1+)$* 0*&&( <7*&).* '/ 38%+1 2*8* % 0*&&( <7*&).* 2*8*;

– ./$$1.)%$<45*, 0*&&* .*. H<+.>%, 218%7%+( 8/.*8=+/9/ 0/+)*B+/-

9/ 3%&6*8*+&* 2*8* % $*3%<&* <&)*+/2.%.

G*8 $/)/$* &/ &0/+)%$/2*++(0% +* +10 0*9+%)+(0% &1$317+%.*0% <&-

)*+*28%2*1)&, +* %@01$%)18=+(1 '$%@0( 6*@/2(0% '/21$-+/&),0%. ?)+/&%-

)18=+/ A)%- '/21$-+/&)1; '$/%@2/3%)&, %@01$1+%1 218%7%+( 0*.&%0*8=+/9/

6%1+%, '/21$-+/&)1; 0*9+%)+(- &1$317+%./2, * <98( A)%- 0*.&%0*8=+(-

$*3%*8=+(- 6%1+%; – /)+/&%)18=+/ ./+)$/8=+/; )/7.% 2*8*.

I*@6%2*4) 2*8 +* <7*&).%, /'$1318,4) '/8/B1+%1 >1+)$/2 0*&& <7*&)-

./2 '/ 38%+1, +*'$%01$ & %&'/8=@/2*+%10 CN#I. G(6%$*4) 2 .*71&)21 '8/&-

./&)1; ./$$1.>%% 3%&6*8*+&* '8/&./&)% '/'1$17+/9/ &171+%, <7*&)./2, ./-

)/$(1 '$/-/3,) 71$1@ >1+)$( 0*&& <7*&)./2.

?'$1318,4) .//$3%+*)( >1+)$/2 0*&& <7*&)./2:

( )1
2 1 1

2 1
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z z
X x x x

z z

−
= − +

−
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( )1
2 1 1

2 1
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i

z z
Y y y y

z z

−
= − +

−
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931 z1, …, zi – $*&&)/,+%1 /) +*7*8* .//$3%+*) 3/ >1+)$* 0*&&( &//)21)&)-

2<4519/ <7*&).*; x1, x2, y1, y2 – .//$3%+*)( >1+)$/2 0*&& 0*9+%)+(- &1$317-

+%./2.

?'$1318,4) ./$$1.)%$<45%1 0*&&(

2 2

.

2
i

i i i

i

M X Y
m

D

+
= ,

931 5i – 0*&&* <7*&).* 2*8*; Di – 3%*01)$ <7*&).* 2*8*; 2 2

i i i
X Y e+ =  – A.&-

>1+)$%&%)1) >1+)$* %&&813<10/9/ &171+%,.

?'$1318,4) <98( 01&) &+,)%, 0*)1$%*8* <7*&)./2 2*8* /)+/&%)18=+/

./+)$/8=+/; )/7.% 2*8*

. 180 arctg .
i

i

i

Y

X
ϕ = ° +

"/$$1.)%$<4) 3%&6*8*+& <7*&)./2, '$% A)/0 '$/%@2/3,) &O10 01)*88*

2 /'$13181++(- 01&)*-.

 !"#$%&*-6,".$&%-/"/%$%&'( )$%*+ "3*-,/ -*%*-! '/@2/8,1) 0%+%-

0%@%$/2*)= '$%$/&) 218%7%+( 8/.*8=+(- 3%&6*8*+&/2 $/)/$*, /6<&8/281+-

+(- A.&>1+)$%&%)1)*0% '/&*3/7+(- '/21$-+/&)1; 2*8* % +*&*3+(- A8101+-

)/2 &6/$+/9/ $/)/$*. M1)/3 /&+/2*+ +* $*&71)*-, 2('/8+1++(- '/ $1@<8=)*-

)*0 %@01$1+%; 218%7%+( % +*'$*281+%, $*3%*8=+(- 6%1+%; '/&*3/7+(- '/-

21$-+/&)1; 2*8* /)+/&%)18=+/ 6*8*+&%$/2/7+(- '/21$-+/&)1; % 218%7%+(

% +*'$*281+%, /&)*)/7+/9/ 3%&6*8*+&* +*&*3+(- A8101+)/2.

#/.*@*)1810 01)/3* ,28,1)&, 218%7%+* 8/.*8=+/9/ /&)*)/7+/9/ 3%&6*8*+-

&* $/)/$* &! .*. H<+.>%, A.&>1+)$%&%)1)* '/&*3/7+/; '/21$-+/&)% <7*&).*

2*8* &e % 218%7%+( /&)*)/7+/9/ 3%&6*8*+&* +*&*3+/9/ A8101+)* $/)/$* 1! .

M%+%0%@*>%, '$%$/&)* 8/.*8=+(- 3%&6*8*+&/2 +* &)*3%% &6/$.% $/)/-

$* /61&'17%2*1)&, 68*9/3*$, &813<4510< )1-+/8/9%71&./0< '$%10<. J*&*3-

+/; A8101+) $/)/$* & %@21&)+(0 21.)/$/0 /&)*)/7+/9/ 3%&6*8*+&* <&)*+*2-

8%2*1)&, +* 2*8 )*.%0 /6$*@/0, 7)/6( 19/ 21.)/$ /&)*)/7+/9/ 3%&6*8*+&*

% 21.)/$ /&)*)/7+/9/ 8/.*8=+/9/ 3%&6*8*+&* <7*&).* 2*8*, +* ./)/$(; <&)*-

+*28%2*1)&, A8101+), 2 &<001 3*2*8% +*%01+=:11 @+*71+%1, ).1. 6(8% 6( '$/-

)%2/'/8/B+/ +*'$*281+(. #$% A)/0 +*'$*281+%1 8/.*8=+/9/ 3%&6*8*+&* <7*-

&).* 2*8* /'$1318,1)&, +*'$*281+%10 19/ 0*.&%0*8=+/9/ $*3%*8=+/9/ 6%1-

+%,, * +*'$*281+%1 /&)*)/7+/9/ 3%&6*8*+&* +*&*3+/9/ A8101+)* /'$1318,1)&,

'$% 19/ 6*8*+&%$/2.1 +* &)*+.1.
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J*7*8=+(; 8/.*8=+(; 3%&6*8*+& $/)/$* '/&81 <&)*+/2.% A8101+)*

+ & 1 1! !e 5≈ − ,

931 51 – 0*&&* +*&*3+/9/ A8101+)*.

C6/$.< $/)/$* & +1&/2'*3*45%0% $*6/7%0% % 6*8*+&%$/2/7+(0% '/-

21$-+/&),0% 0/B+/ 2('/8+%)= %&-/3, %@ '*$*01)$/2 <&)*+*28%2*10/9/ A81-

01+)*, A.&>1+)$%&%)1)* $*6/71; /&% % $*3%*8=+/9/ 6%1+%, '/21$-+/&)%. L*-

.*, '$1>%@%/++*, &6/$.* 0/B1) 6()= /61&'171+* 0/318%$/2*+%10 & %&'/8=-

@/2*+%10 846/; CN#I.

!8, 2('/8+1+%, >%.8* %&'()*+%; +1/6-/3%0/ &/@3*)= 61@/'*&+(1 <&-

8/2%, $*6/)(. "$/01 &)*+3*$)+(- $1:1+%;, ./93* '$13<&0*)$%2*1)&, +*31B-

+/1 .$1'81+%1 %&'()(2*10(- A8101+)/2 % @*5%)* /) 2/@0/B+/9/ $*@81)*

H$*901+)/2, +1/6-/3%0/ /61&'17%)= 0%+%0%@*>%4 $1*8=+/9/ 0/+)*B+/9/

3%&6*8*+&* <&)*+/281++/9/ ./81&*.

M%+%0%@*>%, /61&'17%2*1)&, $*@2/$/)/0 «),B18/;» )/7.% +1&6*8*+-

&%$/2*++/9/ ./81&* /)+/&%)18=+/ 0*.&%0*8=+/9/ $*3%*8=+/9/ 6%1+%, +* 180º 

& '/&813<451; ./0'1+&*>%1; /&)*)/7+/9/ 3%&6*8*+&*:

min ec c e .! ( ! ) ,e 5 m r= − ±

931m. – ./$$1.)%$<45*, 0*&&*; r – $*3%<& <&)*+/2.% ./$$1.)%$<451; 0*&&(.

 7%)(2*,, 7)/ '$% )*./0 %&'()*+%% 2*B+* )/8=./ *6&/84)+*, 218%7%-

+* 3%&6*8*+&*, +/ +1 19/ +*'$*281+%1, '$%2131++/1 2($*B1+%1 2'/8+1 /61&-

'17%) $*&71) % /9$*+%71+%1 /&)*)/7+/; 218%7%+( 3%&6*8*+&* <&)*+/281++/9/

./81&*.

 !"#$%&*-/)/%!./*&&'( )$%*+ 3!0!&"/-*4,/ -*%*-! /61&'17%2*1) ./$-

$1.>%4 0/+)*B+/9/ 3%&6*8*+&* &6/$+/9/ $/)/$*, /6<&8/281++/9/ +1&/2'*31+%-

10 /&% 6*8*+&%$/2.% % /&% 2$*51+%,. M1)/3 /&+/2*+ +* $*&71)*-, 2('/8+1++(-

'/ $1@<8=)*)*0 %@01$1+%; $*3%*8=+(- 6%1+%; $/)/$/2 0*9+%)+(- '/3:%'+%./2

/)+/&%)18=+/ 6*8*+&%$/2/7+(- '/21$-+/&)1; $/)/$*. M1)/3 '/@2/8,1) 22/3%)=

'8/&./&)% ./$$1.>%% % $*&&7%)(2*)= ./$$1.)%$<45%1 0*&&(.

#/.*@*)18,0% 01)/3* ,28,4)&,:

– 218%7%+* 8/.*8=+/9/ 0/+)*B+/9/ 3%&6*8*+&* $/)/$* .*. H<+.>%,

A.&>1+)$%&%)1)* >1+)$* 0*&&( <7*&).* $/)/$* /)+/&%)18=+/ /&% 2$*51+%,

% 0*&&( 7*&)% $/)/$*, '$%-/3,5*,&, +* 6*8*+&%$/2/7+<4 /'/$<;

– ./$$1.)%$<45*, 0*&&* (0*&&* %0%)*>%/++/9/ 9$<@%.*) .*. H<+.>%,

218%7%+( 8/.*8=+/9/ 0/+)*B+/9/ 3%&6*8*+&* $/)/$* % $*3%<&* <&)*+/2.%

./$$1.)%$<451; 0*&&( (%0%)*>%/++/9/ 9$<@%.*).

?61&'17%)= 0%+%0%@*>%4 '$%$/&)* 3%&6*8*+&* 0/B+/ +* &)*3%% %@9/)/2-

81+%, A8101+)/2 $/)/$*, 19/ &6/$.% % 6*8*+&%$/2.%. !8, A)/9/ '$/>13<$* 6*8*+-

&%$/2.% 3/8B+* 2.847*)= 2 &16, /'1$*>%%, /61&'17%2*45%1 '1$1-/3 +* 3$<9%1

/'/$+(1 '/21$-+/&)% '$% 0/+)*B1 61@ @+*7%)18=+/9/ <218%71+%, 3%&6*8*+&*.
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L*.*, @*3*7* 0/B1) 6()= $1:1+* & %&'/8=@/2*+%10 )1-+/8/9%71&./9/

'$%10*, /61&'17%2*4519/ ./$$1.>%4 0/+)*B+/9/ 3%&6*8*+&*. D)%0 '$%1-

0/0 0/B1) 6()= <&)*+/2.* %0%)*>%/++(- 9$<@%./2 '$% 6*8*+&%$/2.1 $/)/$*

2 .*B3/; '8/&./&)% ./$$1.>%%, 2 &//)21)&)2%% 0/+)*B+/0< 3%&6*8*+&<, 2/@-

+%.*4510< '$% <&)*+/2.1 $/)/$* 2 ./0'$1&&/$.

F&'/8=@/2*+%1 %0%)*>%/++(- 9$<@%./2 '$13'/8*9*1) %&.<&&)21++/1

22131+%1 3%&6*8*+&* % 19/ <&)$*+1+%1 2 '$/>1&&1 6*8*+&%$/2.%. #$% '1$1-/-

31 +* 3$<9%1 /'/$+(1 '/21$-+/&)% < $/)/$* '$% 0/+)*B1 2/@+%.*1) 3%&6*-

8*+&, <&)$*+,10(; &+,)%10 9$<@%./2.

#$% A)/0 6*8*+&%$/2.* $/)/$* '$/2/3%)&, & %&'/8=@/2*+%10 32<- 9$<-

@%./2, <&)*+/281++(- 268%@% >1+)$/2 0*&& 7*&)1; $/)/$*, '$%-/3,5%-&, +*

.*B3<4 6*8*+&%$/2/7+<4 /'/$<. M*&&( %0%)*>%/++(- 9$<@%./2 38, 6*8*+-

&%$/2.% $/)/$*
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%

e M
m

r
= .

#$% 6*8*+&%$/2.1 &/6%$*10/9/ $/)/$* <9/8 <&)*+/2.% %0%)*>%/++/9/

9$<@%.* /'$1318,1)&, & <71)/0 H/$0<8 (1), (2) '/ @*2%&%0/&)%

arctg i

i

Y

X
ϕ = ,

$*&71) 19/ 0*&&( '$/%@2/3%)&, %&-/3, %@ 0*&&( <&)*+*28%2*10(- A8101+)/2,

* A.&>1+)$%&%)1) e <&)*+/2.% A8101+)* /'$1318,1)&, $*&71)/0 & <71)/0 H/$-

0<8 (1), (2): 

2 2

%

i iM X Y
m

r

+
= .

?'%&*++(1 )1-+/8/9%71&.%1 '$%10( $*@$*6/)*+( & %&'/8=@/2*+%10

%@/6$1)1+%, '/ '*)1+)< IP Q 2372595. 

L*.%0 /6$*@/0, %&'/8=@/2*+%1 /'%&*++(- 01)/3/2 '/@2/8,1) 0+/9/-

.$*)+/ &+%@%)= 218%7%+< 0/+)*B+/9/ 3%&6*8*+&* $/)/$*, /61&'17%2*1) ./$-

$1.>%4 0+/B1&)2* 8/.*8=+(- 0/+)*B+(- 3%&6*8*+&/2 2*8* $/)/$*, 7)/ %&-

.847*1) 2/@+%.+/21+%1 0/01+)+/; +1<$*2+/21:1++/&)% +* $*6/7%- 7*&)/)*-

2$*51+%, $/)/$*.

I*@$*6/)*++(; 0*)10*)%71&.%; *''*$*) '/@2/8,1) $*&&7%)(2*)= ./$-

$1.)%$<45%1 0*&&( & %&'/8=@/2*+%10 CN#I, 7)/ 3*1) 2/@0/B+/&)= *2)/0*-

)%@%$/2*)= ./$$1.>%4 8/.*8=+(- 3%&6*8*+&/2.

J* /&+/2*+%% /'%&*++(- 01)/3/2 $*@$*6/)*+* '1$&'1.)%2+*, 0/318=

)1-+/8/9%71&./9/ '$/>1&&* %@9/)/281+%, % 0/+)*B* $/)/$* & 0*9+%)+(0%

'/3:%'+%.*0%, /61&'17%2*4519/ 2%6$/<&)/;7%2/&)= *9$19*)*.

#/8<71+/ 8.02.2011 


