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THE RESEARCH OF INFLUENCE OF THE LUBRICATING 

GROOVES IN ANTIFRICTIONAL INTERLAYER ON A TENSION 

OF CONTACT UNIT 

The axisymmetric contact tension of a design of basic parts with a spherical segment of flying 
structures of bridges is considered. Adjustment of model a bearing part is made by means introduction 
of groove with lubricant, presented in the antifrictional interlayer. Research results of the Poisson's ratio 
influence and Young's modulus of lubricant on a tension of a construction are given. The distribution 
character of normal and tangents stresses on contact interaction surfaces of a design is investigated for 
models with taking into account and without taking into account grooves with lubricant. Influence of 
grooves with lubricant on parameters of contact is considered. 

Keywords: contact interaction, finite element method, elastoplastic, )xisymmetric problem, tan-
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#$%&' () *+,(-%& .*)-(-*/0(123 &45*2,6' 761*%(+( 3-536,23 (2-

256$&-*%(6 8.&45679 +&%,*+,%&:& -)*(7&$6'2,-(3 ,-6.$91 ,65 [1–4]. 
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,(-%96 76,&$9 .6;6%(3: 76,&$ :.*%(<%91 >5676%,&- (@AB) [5, 6 ( $..], 

76,&$ +&%6<%91 >5676%,&- (@"B) [7, 8 ( $..] ( +&74(%(.&-*%%96 

@AB-@"B 76,&$9 [9, 10 ( $..]. C6*5()*D(3 +&%,*+,%91 )*$*< (766, 

-*=%&6 )%*<6%(6 -& 7%&:(1 ,61%(<62+(1 8.(+5*$%91 (2256$&-*%(31. 

#2&4E/ .&5F (:.*/, )*$*<( 2 E<6,&7 ,.6%(3 %* 8&-6.1%&2,( +&%,*+,*. 

G $*%%&' .*4&,6 .*227*,.(-*6,23 )*$*<* +&%,*+,* 76=$E &,-6,2,-

-6%%97( $6,*537( +&%2,.E+D(( &8&.%91 <*2,6' 8.&56,%91 2,.&6%(' 

7&2,&- 2 ;*.&-97 26:76%,&7, E<(,9-*/0*3 +*%*-+( 2& 27*)&<%97 

7*,6.(*5&7. H*$*<* .*227*,.(-*6,23 - .*7+*1 761*%(+( +&%,*+,%&:& 

-)*(7&$6'2,-(3, %* 8&-6.1%&2,( +&%,*+,* E<(,9-*6,23 ,.6%(6. #8&.-

%96 <*2,( 2 ;*.&-97 26:76%,&7 8&$.*)$653/,23 %* %68&$-(=%96, 5(-

%6'%& 8&$-(=%96 ( -262,&.&%%6 8&$-(=%96. #40(7( $6,*537( &8&.-

%91 <*2,6' 2 ;*.&-97 26:76%,&7 (.(2. 1) 3-53/,23 -6.1%33 85(,* 2 

;*.&-97 8&5(.&-*%%97 26:76%,&7 – 1, %(=%33 85(,* 2& 2?6.(<62+(7 

-9.6)&7 – 2 ( 8.&25&'+* () *%,(?.(+D(&%%&:& 7*,6.(*5* (2?6.(<6-

2+*3 8&-6.1%&2,F 2+&5F=6%(3) – 3. 

 
C(2. 1. #8&.%*3 <*2,F 2 ;*.&-97 26:76%,&7 46) E<6,* +*%*-&+  

2& 27*)&<%97 7*,6.(*5&7 

"*%*-+( 2& 27*)&<%97 7*,6.(*5&7 (&45*2,F 4) 8.(2E,2,-E/, %* 

8&-6.1%&2,( +&%,*+,* 1KS  (.(2. 2). G $*%%&' .*4&,6 .*227*,.(-*6,23 

-5(3%(6 +*%*-&+ ( 8*.*76,.&- 27*)&<%&:& 7*,6.(*5* %* %*8.3=6%%&6 

2&2,&3%(6 +&%2,.E+D((. G 86.-&7 8.(45(=6%((, 2 E<6,&7 7*5&2,( $6-

?&.7*D(' - +&%,*+,%&7 E)56, 2-&'2,-* 27*)&<%&:& 7*,6.(*5* 8.(%3,9 

E8.E:(7( 2 +&>??(D(6%,&7 IE*22&%*, 2&&,-6,2,-E/0(7 25*4&' 2=(-

7*67&2,(, ( &,%&2(,65F%& %()+(7 7&$E567 2$-(:*. 
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C(2. 2. #8&.%*3 <*2,F 2 ;*.&-97 26:76%,&7 2 E<6,&7 +*%*-&+  

2& 27*)&<%97 7*,6.(*5&7 

J2256$E6,23 +&%2,.E+D(3 &8&.%91 <*2,6' 8.&56,%91 2,.&6%(' 7&2-

,&- 2 ;*.&-97 26:76%,&7 8.&()-&$2,-* ### «K5F?*L61» (:. I6.7F) 8& 

8.&6+,*7 ( 2 %*E<%&-,61%(<62+(7 2&8.&-&=$6%(67 ### «"& M/7F6. 

M,$» (:. @&2+-*). 

1.  !"#$!"%&#'(!) *+'"!,+-(! 

#40*3 7*,67*,(<62+*3 8&2,*%&-+* E8.E:&:& 8&-6$6%(3 7*,6.(*-

5* -+5/<*6, - 2643 E.*-%6%(3 .*-%&-62(3 [11]: 

 ˆdiv 0, !  ;x V"
 

 (1) 

:6&76,.(<62+(6 2&&,%&;6%(3: 

 # $# $1
ˆ

2
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u u% ! & ' &
  

, ;x V"
 

 (2) 

?()(<62+(6 2&&,%&;6%(3: 

 # $1
ˆˆ ˆ2k kI I ! ( % ' ) % , 1 2 4 ,x V V V" * *

 
 (3) 

:$6 k(  ( k)  – 8*.*76,.9 M*76 ( 1, 2, 4k !  – (%$6+2, E25&-%9' %&76. 

8*.*76,.&- 7*,6.(*5* &45*2,();  ̂  – ,6%)&. %*8.3=6%('; %̂  – ,6%)&. 

$6?&.7*D('; u
 

 – -6+,&. 86.67606%('; x
 

 – .*$(E2--6+,&. 8.&()-&5F-

%&' ,&<+( &45*2,( V ; # $1
ˆI %  – 86.-9' (%-*.(*%, ,6%)&.* $6?&.7*D('; 

Î  – 6$(%(<%9' ,6%)&.; 1 2 3 4V V V V V! * * *  – &45*2,F; 1V  – &45*2,F 

85(,9 2 ;*.&-97 26:76%,&7; 2V  – &45*2,F 85(,9 2& 2?6.(<62+(7 -9-
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.6)&7; 4V  – &45*2,( +*%*-&+ 2& 27*)&<%97 7*,6.(*5&7. I.( 1k !  ( 

2k !  8*.*76,.9 M*76 &$(%*+&-96. 

!53 &8(2*%(3 8&-6$6%(3 7*,6.(*5* 8.&25&'+( -94.*%* $6?&.7*-

D(&%%*3 ,6&.(3 85*2,(<%&2,(, ?()(<62+(6 2&&,%&;6%(3 +&,&.&' (76-

/, -($ [12] 

 # $# $ # $1 1

2 ˆ ˆˆ ˆ ˆˆ 3
3

u

u

I I KI I
 

 ! % + % ' %
%

, 3 ,x V"
 

 (4) 

:$6 u  – (%,6%2(-%&2,F ,6%)&.* %*8.3=6%(', # $2
ˆ3 ;u I !   ( # $2

ˆI   – 

-,&.&' (%-*.(*%, ,6%)&.* %*8.3=6%('); u%  – (%,6%2(-%&2,F ,6%)&.* 

$6?&.7*D(', # $2

2
ˆ ;

3
u I% ! %  ( # $2

ˆI %  – -,&.&' (%-*.(*%, ,6%)&.* $6-

?&.7*D('); K  – &4N67%9' 7&$E5F E8.E:&2,(; u  – ?E%+D(&%*5F%*3 

)*-(2(7&2,F, &8.6$65367*3 +.(-&' $6?&.7(.&-*%(3, O( );u u ! %  3V  – 

&45*2,F 8.&25&'+(. 

@*,67*,(<62+*3 8&2,*%&-+* -+5/<*6, ,*+=6 +(%67*,(<62+(6 

:.*%(<%96 E25&-(3 %* 8&-6.1%&2,( 2S  

 0zu ! , 2 ,x S"
 

 (5) 

( 2,*,(<62+(6 :.*%(<%96 E25&-(3 %* 8&-6.1%&2,( 1S  

 ˆ n P , !
  

, 1x S"
 

, (6) 

&2,*5F%96 %*.E=%96 8&-6.1%&2,( 3-53/,23 2-&4&$%97(: 

 ˆ 0.n , !
 

 (7) 

P(2,67* E.*-%6%(' (1)–(7) $&8&5%36,23 :.*%(<%97( E25&-(37( 

%* 8&-6.1%&2,( +&%,*+,* 1 2 3K K K KS S S S! * * . C*227*,.(-*/,23 256-

$E/0(6 ,(89 +&%,*+,%&:& -)*(7&$6'2,-(3: 

*) 8.&2+*5F)9-*%(6 2 ,.6%(67:  

– $53 ,.6%(3 8&+&3 

 0n - , n nq. -  , 1 2u u!
  

, (8) 

– $53 ,.6%(3 2+&5F=6%(3 

 0n - , n nq. !  , 1 2

n nu u! , 1 2u u/ /0
  

, (9) 
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:$6 q  – +&>??(D(6%, ,.6%(3; nu  – %&.7*5F%96 + 2&&,-6,2,-E/06' 

+&%,*+,%&' :.*%(D6 27606%(3; u/  – 86.67606%(3 8& +*2*,65F%&' + 2&-

&,-6,2,-E/06' +&%,*+,%&' :.*%(D6; n  – %*8.3=6%(6 8& %&.7*5( + 

+&%,*+,%&' :.*%(D6 (+&%,*+,%&6 $*-56%(6 1KP  %* 1KS ); n.  – %*8.3=6-

%(6 8& +*2*,65F%&' + +&%,*+,%&' :.*%(D6 (+&%,*+,%&6 +*2*,65F%&6 %*-

8.3=6%(6 1K/ %* 1KS ); .  – (%$6+2 – E25&-%96 %&76.* $-E1 +&%,*+,(-

.E/0(1 8&-6.1%&2,6', 1, 2. ! ; 

4) &,5(8*%(6 

 1 2 0n nu u+ 1 , 0n n. !  ! , 1, 2;.!  (10) 

-) 8&5%&6 2D6856%(6 

 1 2 0u u+ !
  

, 0n n. !  ! , 1, 2.! . (11) 

L*+=6 2(2,67* (1)–(11) $&8&5%36,23 2,*,(<62+(7( &:.*%(<6%(3-

7(, %*5&=6%%97( %* 8&-6.1%&2,( 1S : 

 # $, const,zu r z U! !  1x S"
 

. (12) 

"&%,*+,%*3 )*$*<* E8.E:&85*2,(<%&2,( - $*%%&' .*4&,6 .6;6%* - 

<*2,%&7 25E<*6 &262(776,.(<%&:& %*8.3=6%%&-$6?&.7(.&-*%%&:& 2&-

2,&3%(3. 

2. ./#,"%0%(!1%) +*2#/#3)45%6 72!-,#,%8 

!53 .*227&,.6%(3 -5(3%(3 +*%*-&+ 2& 27*)&<%97 7*,6.(*5&7 %* 

%*8.3=6%%&6 2&2,&3%(6 +&%2,.E+D(( ( )&%9 +&%,*+,* 495* (2256$&-*-

%* +&%2,.E+D(3 &8&.%&' <*2,( 2 ;*.&-97 26:76%,&7, :$6 - +*<62,-6 

7*,6.(*5* 8.&25&'+( 2+&5F=6%(3 495 -94.*% 7&$(?(D(.&-*%%9' 

?,&.&85*2,. @61*%(<62+&6 8&-6$6%(6 $*%%&:& 7*,6.(*5* .*227*,.(-*-

5&2F 8.( 25&=%91 7%&:&2,E86%<*,91 (2,&.(31 $6?&.7(.&-*%(3 2 .*)-

:.E)+*7(. I.( ()E<6%(( 761*%(<62+&:& 8&-6$6%(3 7&$(?(D(.&-*%%&:& 

?,&.&85*2,* 8.&-6$6%9 &$%&,(8%96 26.(( >+286.(76%,&- %* 2-&4&$%&6 

2=*,(6 (8.( &$%&&2%&7 %*8.3=6%%&7 2&2,&3%(() - $(*8*)&%6 $6?&.7*-

D(' 2=*,(3 $& 10 % ( %* 2,62%6%%&6 2=*,(6 (8.( &$%&&2%&7 $6?&.7(.&-

-*%%&7 2&2,&3%(() - $(*8*)&%6 %*8.3=6%(' 2=*,(3 $& 160 @I* [13].  

Q* &2%&-6 *%*5()* .6)E5F,*,&- >+286.(76%,&- - +*<62,-6 7&$65( 

8&-6$6%(3 7*,6.(*5* 495* -94.*%* ( ($6%,(?(D(.&-*%* 7&$65F $6-
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?&.7*D(&%%&' ,6&.(( E8.E:&85*2,(<%&2,( 2 E8.E:&' &4N67%&' 2=(-

7*67&2,F/ ( %65(%6'%&' $(*:.*77&' +-*)(.*-%&-62%&:& $6?&.7(.&-

-*%(3 8.( 2-&4&$%&7 2=*,(( 2 7(%(7*5F%&' 2+&.&2,F/ %*:.E=6%(3.  

!53 8.&-6.+( .*4&,&28&2&4%&2,( -94.*%%&' 7&$65( 8&-6$6%(3 

7*,6.(*5* -98&5%6%* 26.(3 <(256%%91 >+286.(76%,&- 8& .6;6%(/ 

+.*6-91 )*$*< $53 (289,*%%91 &4.*)D&- 2 (28&5F)&-*%(67 8.&:.*77-

%&:& +&7856+2* ANSYS.  2,*%&-56%&, <,& <(256%%9' .*2<6, 2 (28&5F-

)&-*%(67 -94.*%%91 &8.6$653/0(1 2&&,%&;6%(' $*6, 1&.&;66 +&5(-

<62,-6%%&6 2&&,-6,2,-(6 .6)E5F,*,*7 >+286.(76%,* [14]. 

3. 9#!3%:!1%) 2#;#,%) % *+37&#,,<# 2#:73="!"< 

C6*5()&-*%& .6;6%(6 &262(776,.(<%&' +&%,*+,%&' )*$*<(, &8(-

2*%%&' - 1. I.( 8&7&0( 8.&:.*77%&:& +&7856+2* ANSYS 8&2,.&6%9 

+&%6<%&->5676%,%96 7&$65( 2 (28&5F)&-*%(67 $6?&.7*D(&%%&' ,6&-

.(( E8.E:&85*2,(<%&2,(. J28&5F)E6,23 &262(776,.(<%9' 8-E)5&-&' 

>5676%,, &45*$*/0(' *88.&+2(7*D(6' 2-:& 8&.3$+* ( $-E73 %6()-62,-

%97( 86.67606%(37( - +*=$&7 E)56. I.( &,2E,2,-(( +*%*-&+ 2& 27*-

)&<%97 7*,6.(*5&7 - 8.&25&'+6 8.&()-6$6%& 2:E06%(6 .*)76.* >56-

76%,*, - %(=%6' ( -6.1%6' 85(,*1 .*)76. >5676%,&- :.*$(6%,%& E-6-

5(<(-*6,23. I& ,&50(%6 8.&25&'+* .*)4(,* %* 16 >5676%,&-. "&5(<6-

2,-& >5676%,&- 8& ,&50(%6 8.&25&'+( -94.*%& - .6)E5F,*,6 (2256$&-

-*%(3 21&$(7&2,( .6;6%(3 - )*-(2(7&2,( &, $*%%&:& 8*.*76,.* [15]. 

G 25E<*6, E<(,9-*/067 +*%*-+( 2& 27*)&<%97 7*,6.(*5&7, .*)76.9 

>5676%,&- - 8.&25&'+6 ( -6.1%(1 ( %(=%(1 85(,*1 &$(%*+&-96, +&5(-

<62,-& >5676%,&- 8& ,&50(%6 8.&25&'+( .*-%& 16. Q* 8&-6.1%&2,31 

2&8.(+&2%&-6%(3 -6.1%6' ( %(=%6' 85(, 2 8.&25&'+&' %*%626%* +&%-

,*+,%*3 +&%6<%&->5676%,%*3 8*.*, 8&)-&53/0*3 E<62,F ,.6%(6. 

J)E<6%9 &2&46%%&2,( %*8.3=6%%&-$6?&.7(.&-*%%&:& 2&2,&3%(3 

+&%2,.E+D(( 8.( E<6,6 +*%*-&+ 2& 27*)&<%97 7*,6.(*5&7. I.&()-6$6%& 

2.*-%6%(6 2 .6)E5F,*,*7(, 8&5E<6%%97( $53 &8&.%&' <*2,( 2 ;*.&-97 

26:76%,&7 46) E<6,* +*%*-&+ 2& 27*)&<%97 7*,6.(*5&7. Q* 7&$65F %*5&-

=6%9 2,*,(<62+(6 ( +(%67*,(<62+(6 :.*%(<%96 E25&-(3, 2&&,-6,2,-E/-

0(6 .6*5F%&' 7*+2(7*5F%&' %*:.E)+6 8.( >+285E*,*D(( &8&.%&' <*2,( 2 

;*.&-97 26:76%,&7 - 8.&56,%91 2,.&6%(31 7&2,&-: + -6.1%6' 85(,6 

8.(+5*$9-*6,23 .*28.6$656%%*3 -6.,(+*5F%*3 %*:.E)+* 54P !  @I*. 

G .6)E5F,*,6 .6;6%(3 )*$*<( 495( %*'$6%9 )&%9 +&%,*+,%&:& 

-)*(7&$6'2,-(3, +&%,*+,%96 $*-56%(3 ( +&%,*+,%96 +*2*,65F%96 %*8.3-



 83

=6%(3. Q*(4&5F;(' (%,6.62 8.6$2,*-53/, $*%%96 -65(<(%9 %* +&%,*+,-

%&' 8&-6.1%&2,( 8.&25&'+(, &45*$*/06' 4&5F;6' 2-&4&$&' 1KS . 

Q* 8&-6.1%&2,31 +&%,*+,* $6'2,-E/, +&%,*+,%96 $*-56%(3 ( +&%-

,*+,%96 +*2*,65F%96 %*8.3=6%(3. C*227&,.6%& -5(3%(6 +&>??(D(6%,* 

IE*22&%* v  27*)&<%&:& 7*,6.(*5* +*%*-&+ - *%,(?.(+D(&%%&' 8.&25&'-

+6 %* &,%&2(,65F%&6 +&%,*+,%&6 $*-56%(6 
1KP P  (&,%626%& + 8.(+5*$9-

-*67&' %*:.E)+6) (.(2. 3). C*227&,.6%9 256$E/0(6 )%*<6%(3 +&>??(D(-

6%,* IE*22&%*: 0,48; 0,49;0,4999; 0,49999 ( 0,4999999 – 7&$E5F R%:* E  - 

$*%%&7 25E<*6 .*-6% 82 10,  I*. L*+=6 .*227&,.6%& -5(3%(6 7&$E53 R%:* 

E  27*)&<%&:& 7*,6.(*5* +*%*-&+ - *%,(?.(+D(&%%&' 8.&25&'+6 %* &,%&-

2(,65F%&6 +&%,*+,%&6 $*-56%(6 
1

.KP P  C*227&,.6%9 $-* )%*<6%(3 7&$E53 

R%:* – 82 10E ! ,  I* ( 72 10E ! ,  I*; .6)E5F,*,9 8.6$2,*-56%9 %* .(2. 4 

$53 +&>??(D(6%,* IE*22&%* 0, 4999999v ! . 

 

C(2. 3. #,%&2(,65F%&6 +&%,*+,%&6 $*-56%(6 

%* 1KS  $53 .*)%91 )%*<6%(' :v  1 – 

0, 48;!v  2 – 0, 49;!v  3 – 0, 4999;!v  

4 – 0, 49999;!v  5 – 0, 4999999;!v  

6 – .6;6%(6 46) E<6,* +*%*-&+ 

C(2. 4. #,%&2(,65F%&6 +&%,*+,%&6 $*-56%(6 

%* 1KS  $53 .*)%91 )%*<6%(' :E   

1 – 82 10E ! ,  I*; 2 – 72 10E ! ,  I*;  

3 – 2.6$%33 8&5(%&7(*5F%*3 1, 2;  

4 – .6;6%(6 46) E<6,* +*%*-&+ 

H*76,%& E,&<%6%(6 &,%&2(,65F%91 +&%,*+,%91 $*-56%(' 8.( 

E76%F;6%(( +&>??(D(6%,* IE*22&%*. "&>??(D(6%, IE*22&%* 8.(-

45(=*6,23 + 0,5 – 27*)&<%9' 7*,6.(*5 %62=(7*67. #,%&2(,65F%&6 

+&%,*+,%&6 $*-56%(6 $53 7&$65(, E<(,9-*/06' +*%*-+( 2& 27*)&<%97 

7*,6.(*5&7, +&56456,23 &+&5& :.*?(+* &,%&2(,65F%&:& +&%,*+,%&:& 

$*-56%(3, 2&&,-6,2,-E/06:& 7&$65( 46) E<6,* +*%*-&+. J) .6)E5F,*-

,&-, 8.(-6$6%%91 %* .(2. 4, 7&=%& 2$65*,F -9-&$ & 7*5&7 -5(3%(( 
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)%*<6%(3 7&$E53 R%:* %* &,%&2(,65F%&6 +&%,*+,%&6 $*-56%(6. P.6$-

%33 8&5(%&7(*5F%*3 +.(-*3 &,%&2(,65F%&:& +&%,*+,%&:& $*-56%(3 

45()+* + .6;6%(/, 8&5E<6%%&7E $53 7&$65(, %6 E<(,9-*/06' +*%*-+( 

2& 27*)&<%97 7*,6.(*5&7. 

Q* .(2. 5 ( 6 8&+*)*%& -5(3%(6 +&>??(D(6%,* IE*22&%* v  ( 7&-

$E53 R%:* E  %* &,%&2(,65F%&6 +&%,*+,%&6 +*2*,65F%&6 %*8.3=6%(6 

1K P/  (&,%626%& + 8.(+5*$9-*67&' %*:.E)+6) 2&&,-6,2,-6%%&. "&>?-

?(D(6%, IE*22&%* ( 7&$E5F R%:* ()76%3/,23 - .*%66 E8&73%E,91 

8.6$65*1. G 2-3)( 2 4&5F;(7 .*)4.&2&7 )%*<6%(' 
1K P/  .6;6%(3, E<(-

,9-*/06:& +*%*-+( 2& 27*)&<%97 7*,6.(*5&7, %* .(2. 5–6 8.(-6$6%9 

2.6$%(6 8&5(%&7(*5F%96 +.(-96 &,%&2(,65F%&:& +&%,*+,%&:& +*2*-

,65F%&:& %*8.3=6%(3. G D6%,.6 ( 2 +.*/ 2.6$%(6 8&5(%&7(*5F%96 &,-

%&2(,65F%96 +&%,*+,%96 +*2*,65F%96 %*8.3=6%(3 %6 .*-%9 0, <,& 2-3-

)*%& 2 &2.6$%6%(67 .6)E5F,*,&- 8&5(%&7&-. !53 7&$65(, E<(,9-*/06' 

+*%*-+( 2& 27*)&<%97 7*,6.(*5&7, &,%&2(,65F%96 +&%,*+,%96 +*2*,65F-

%96 %*8.3=6%(3 +&5645/,23 &+&5& :.*?(+* &,%&2(,65F%&:& +&%,*+,%&:& 

+*2*,65F%&:& %*8.3=6%(3, 2&&,-6,2,-E/06:& 7&$65( 46) E<6,* +*%*-&+. 

!*%%96 +&564*%(3 4&566 )*76,%9 (.(2. 7), - D6%,.6 ( 2 +.*/ &,%&2(,65F-

%96 +&%,*+,%96 +*2*,65F%96 %*8.3=6%(3 45()+( + 0. 

 

 

C(2. 5. #,%&2(,65F%&6 +&%,*+,%&6 

+*2*,65F%&6 %*8.3=6%(6 %* 1KS  $53 

.*)%91 )%*<6%(' :v  1 – 0, 48;!v   

2 – 0, 49;!v  3 – 0, 4999;!v  4 – 

0, 49999;!v  5 – 0, 4999999;!v   

6 – .6;6%(6 46) E<6,* +*%*-&+ 

C(2. 6. #,%&2(,65F%&6 +&%,*+,%&6 

+*2*,65F%&6 %*8.3=6%(6 %* 1KS  $53 

.*)%91 )%*<6%('  : 1 –   = 2·108 I*;  

2 –   = 2·107 I*; 3 – .6;6%(6 46)  

E<6,* +*%*-&+ 
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C(2. 7. #,%&2(,65F%&6 +&%,*+,%&6 +*2*,65F%&6 %*8.3=6%(6  

%* 1KS  $53 .*)%91 )%*<6%('  : 1 –   = 2·108 I*; 2 –   = 2·107 I*;  

3 – .6;6%(6 46) E<6,* +*%*-&+ 

K%*5&:(<%& &,%&2(,65F%&7E +&%,*+,%&7E $*-56%(/ 8.( E76%F-

;6%(( +&>??(D(6%,* IE*22&%* &,%&2(,65F%&6 +&%,*+,%&6 +*2*,65F%&6 

%*8.3=6%(6 E,&<%36,23. G5(3%(6 7&$E53 E8.E:&2,( %* &,%&2(,65F%&6 

+&%,*+,%&6 +*2*,65F%&6 %*8.3=6%(6 4&566 2E062,-6%%&. #,5(<(6 .6-

;6%(' $53 7&$656' 2 E<6,&7 ( 46) E<6,* +*%*-&+ 2& 27*)&<%97 7*,6-

.(*5&7 - 25E<*6 &,%&2(,65F%&:& +*2*,65F%&:& +&%,*+,%&:& %*8.3=6%(3 

4&566 2E062,-6%%&, %& %6 &+*)9-*6, &2&4&:& -5(3%(3 %* %*8.3=6%%&6 

2&2,&3%(6 - )&%6 +&%,*+,*. @*+2(7*5F%&6 &,+5&%6%(6 2.6$%(1 8&5(-

%&7(*5F%91 
1K P/  &, .6;6%(3 46) E<6,* +*%*-&+ 8.( 82 10E ! ,  I* 

.*-%& 0,02436 ( 8.( 72 10E ! ,  I* – 0,017797, <,& %*1&$(,23 %* E.&-%6 

8&:.6;%&2,( &8.6$656%(3 %*8.3=6%(' 76,&$&7 +&%6<%91 >5676%,&-.  

J21&$3 () -9;62+*)*%%&:& ( .(2. 3–6 7&=%& 2$65*,F -9-&$, <,& 

8.( *%*5()6 $*%%&' +&%2,.E+D(( - ,.6176.%&' 8&2,*%&-+6 7&=%& %6 

E<(,9-*,F +*%*-+( 2& 27*)&<%97 7*,6.(*5&7. 

L*+(7 &4.*)&7, %* &2%&-6 <(256%%&:& .6;6%(3 &262(776,.(<%&' 

+&%,*+,%&' )*$*<( E8.E:&85*2,(<%&2,( E2,*%&-56%9 -65(<(%9 ( 1*-

.*+,6. .*28.6$656%(3 +&%,*+,%&:& $*-56%(3 ( +&%,*+,%&:& +*2*,65F%&-

:& %*8.3=6%(3 - +&%2,.E+D((. C*227&,.6%& ()76%6%(6 8*.*76,.&- - 

)&%6 +&%,*+,* 8.( E<6,6 +*%*-&+ 2& 27*)&<%97 7*,6.(*5&7. I.&()-6-

$6%& 2.*-%6%(6 8*.*76,.&- )&%9 +&%,*+,* .6;6%(' $53 7&$656' 2 E<6-

,&7 ( 46) E<6,* +*%*-&+ 2& 27*)&<%97 7*,6.(*5&7. I& .6)E5F,*,*7 
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