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56789:;6<=>:8 &;6?8  = 6@ 9AB:<=>:C 6D8;878E  

< IP 5=;F;AG:H=G6;8 

7. I. &,/,.('!3 (J'(+/,%'+") 

 ! "#$%&'()'*+ &#', '#-!.*"*/% %0 0#1'%2%$*+ '*3'*1 45%.'#+ /%&#2* .-!*-

/%&#+"0.*( %0657071 "*"0#/ %"'%.'7/ 85%0%6%2%/, %9#"8#:*.!;<*/ 85%=#""7 %95!-

9%06* *'>%5/!=*%''71 8%0%6%. . "%.5#/#''71 *'>%6%//4'*6!=*%''71 "#0(1, (.2(-

#0"( 85%0%6%2 IP (Internet Protocol). ?!""%.7+ 1!5!60#5 *"8%2,-%.!'*( &!''%$% 85%0%-

6%2! %94"2%.2#' 6!6 )*5%6*/ "8#605%/ * 5!"85%"05!'#''%"0,; %9%54&%.!'*( " #$% 

8%&&#536%+, 0!6 * #$% 85%$5!//'%+ 5#!2*-!=*#+ . 9%2,)*'"0.# "%.5#/#''71 %8#5!=*-

%''71 "*"0#/. @&'!6% "2#&4#0 %0/#0*0,, :0% *"8%2,-%.!'*# 0%2,6% "5#&"0. 85%0%6%2! 

IP '#&%"0!0%:'% &2( %95!9%06* *'>%5/!=*%''71 8%0%6%. " -!&!''7/* 8%6!-!0#2(/* 

6!:#"0.! %9"243*.!'*( (QoS – Quality of Service), 0!6 6!6 . 85%0%6%2 IP *-'!:!2,'% '# 

972! -!2%3#'! '#%91%&*/%"0, %9#"8#:#'*( /#1!'*-/%. 8%&&#536* QoS . %02*:*# %0 

0#1'%2%$**  !". A2( 5#)#'*( -!&!: 8%&&#536* QoS . 4-2!1 "#0#+ IP, . 6!:#"0.# 6%0%-

571 . %"'%.'%/ 85*/#'(;0"( /!5)540*-!0%57, *"8%2,-4;0"( 5!-2*:'7# "1#/7 485!.-

2#'*( %:#5#&(/*. B &!''%+ 5!9%0# 85#&"0!.2#'7 5#-42,0!07 *""2#&%.!'*( */*0!=*%'-

'%+ /%&#2* %9"243*.!'*( %:#5#&#+ . /!5)540*-!0%5# "#0* IP. 

B %9<#/ "24:!# . /!0#/!0*:#"6%+ /%&#2* /!5)540*-!0%5! /%3'% .7&#2*0, 

"2#&4;<*# "%"0!.2(;<*#: .1%&'7# *'0#5>#+"7, 85*%5*0#0'7# %:#5#&* &2( '!6%82#-

'*( 8!6#0%. * *"1%&(<*+ *'0#5>#+" &2( .7"%6%"6%5%"0'%$% 6!'!2! ".(-*. B1%&'7# *'-

0#5>#+"7 %9#"8#:*.!;0 85*#/ 8!6#0%., *1 '!6%82#'*# * 8#5#&!:4 '! &!2,'#+)4; %9-

5!9%064 . "%%0.#0"0.** " !2$%5*0/%/ 5!9%07 /!5)540*-!0%5!. C%"0!'%.6! . %85#&#-

2#''4; %:#5#&, 85%*"1%&*0 . "%%0.#0"0.** " .*&%/ 05!>*6!, 0.#. . 6!3&%+ %:#5#&* '!-

1%&(0"( 8!6#07 %&'%$% 0*8!. C#5#&!:! '! *"1%&(<*+ *'0#5>#+" %"4<#"0.2(#0"( . "%-

%0.#0"0.** " 8%"2#&%.!0#2,'7/ %85%"%/ %:#5#&#+ * .79%56%+ *- 6!3&%+ %:#5#&* 8!6#-

0! '! 8#5#&!:4. D!6*/ %95!-%/ >%5/*54#0"( "8*"%6 8!6#0%. '! 8#5#&!:4. C5* %0"40"0-

.** 8!6#0%. . %:#5#&* . &!''%/ =*62# 94&40 8#5#&!.!0,"( 8!6#07 *- &54$*1 %:#5#&#+. 

E"1%&( *- /!0#/!0*:#"6%+ /%&#2* /!5)540*-!0%5!, '!*9%2## *'0#5#"'7/ " 

0%:6* -5#'*( *""2#&%.!'*( (.2(#0"( 85%=#"" %95!9%06* %:#5#&#+ * #$% .2*('*# '! 8%-

6!-!0#2* 6!:#"0.! %9"243*.!'*( QoS, 0!6*# 6!6: "5#&'(( %:#5#&, ("5#&'## :*"2% -!(.%6 

. %:#5#&*), .5#/( %3*&!'*( '!:!2! %9"243*.!'*( (.5#/( '!1%3&#'*( . %:#5#&*) * &5. 

C5* F0%/ -!&#5364 .% .1%&'71 *'0#5>#+"!1 '! 8#5.%/ F0!8# /%&#2*5%.!'*( /%3'% '# 

4:*07.!0,, 0!6 6!6 . %"'%.'%/ &*"=*82*'! %9"243*.!'*( 0!6*1 *'0#5>#+"%. %8*"7.!-

#0"( 62!""*:#"6*/* M/M/1 *2* M/D/1 "*"0#/!/*, ! &!''!( -!&!:! /%3#0 970, 5#)#'! 

"0!'&!50'7/* /#0%&!/* 0#%5** /!""%.%$% %9"243*.!'*( *2* " 8%/%<,; *-.#"0'71 

*/*0!=*%''71 /%&#2#+. G"0#"0.#''%, :0% 85* '!2*:** ".%+"0. 85%=#""%. %95!9%06* . 

&!''71 *'0#5>#+"!1, %02*:'71 %0 62!""*:#"6*1, . */*0!=*%''4; /%&#2, '#%91%&*/% 

94&#0 .'#"0* *-/#'#'*(, 8%-.%2(;<*# 4:#"0, F0* ".%+"0.!. A2( *""2#&%.!'*( 85%=#""! 

%95!9%06* %:#5#&#+ . IP /!5)540*-!0%5# . */*0!=*%''%+ /%&#2* '#%91%&*/% %9#"8#-

:*0,: 5!"85#&#2#'*# 8%"048!;<#$% 05!>*6! 8% %:#5#&(/ . "%%0.#0"0.** " -!&!''7/ 

.*&%/ '!$54-6*; >%5/*5%.!'*# "8*"6! 8!6#0%. '! 8#5#&!:4 " =*62*:#"6*/ %85%"%/ 

%:#5#&#+ " -!&!''7/ .5#/#''7/ *'0#5.!2%/ %85%"! * 85%.#56%+ '! ".%9%&'%"0, %:#-

5#&*; '!6%82#'*# "0!0*"0*6* 8% "5#&'#/4 6%2*:#"0.4 8!6#0%. . %:#5#&* * "5#&'#/4 

.5#/#'* '!1%3&#'*( . %:#5#&* ("5#&'## .5#/( %3*&!'*( '!:!2! %9"243*.!'*(). B "%-

%0.#0"0.** " .7)#"6!-!''7/ 972! 5!-5!9%0!'! */*0!=*%''!( /%&#2, . "5#&# GPSS 

World. 

E""2#&4#/!( */*0!=*%''!( /%&#2, %95!9%06* %:#5#&#+ . /!5)540*-!0%5# "%-

"0%*0 *- '#"6%2,6*1 :!"0#+.  
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C#5.!( :!"0, 8%-.%2(#0 4"0!'%.*0, *'0#'"*.'%"0* %9"243*.!'*( * 8%"0482#'*( 

8!6#0%., -!&!0, 5!-/#57 94>#5%., %85#&#2*0, >4'6=** 5!"85#&#2#'*( 05!>*6! 8% #$% 

.*&4. C5* /%&#2*5%.!'** *"8%2,-%.!2%", 5!.'%/#5'%# 5!"85#&#2#'*# 8%"048!;<#$% 

05!>*6! '! 05* .*&! (*"8%2,-%.!2!", 6%/!'&! function, %85#&#2(;<!( &*"65#0'4; 

>4'6=*; " 5!.'%/#5'7/ -!6%'%/ 5!"85#&#2#'*() * "%%0.#0"0.#''% 05* %:#5#&*, :0% 

8%&5!-4/#.!#0 %95!9%064 05#1 .*&%. *'>%5/!=*%''71 8%0%6%.: !4&*%, .*&#%, &!''7#. 

@&'!6% &2( *""2#&%.!'*( /%3'% *"8%2,-%.!0, * '#5!.'%/#5'%# 5!"85#&#2#'*# 05!>*-

6!, '!85*/#5 85* 85#%92!&!'** 5#:#.%+ '!$54-6* *2* .*&#%05!>*6! '!& 8#5#&!:#+ 

&!''71. 

B0%5!( :!"0, 85#&"0!.2(#0 "%9%+ 92%6 =*62*:#"6%$% (" -!&!''7/ *'0#5.!2%/) 

%85%"! %:#5#&#+ " 4"0!'%.2#''7/ >4'6=*#+ 0*8! D 8%5(&6%/ %85%"!. H#-42,0!0%/ 5!-

9%07 92%6! (.2(#0"( "8*"%6 .79%56* *- %:#5#&#+, 0.#. "8*"%6 %".%9%3&#'*+ %85#&#-

2#''71 %:#5#&#+ " 8%/%<,; 92%6%. unlink. B F0%+ 3# :!"0* /%&#2* /%$40 %85#&#2#'7 

*-/#'#'*( 8%5(&6! %9"243*.!'*( 85* 85#.7)#'** %$5!'*:#'*( '! &2*'4 6!6%+-2*9% 

%:#5#&* " 8%/%<,; 92%6! TEST.  

D5#0,( :!"0, "%"0%*0 *- 92%6%., */*0*54;<*1 8%"0482#'*# 05!>*6! . /!5)54-

0*-!0%5, 92%6%. '!6%82#'*( * %".%9%3&#'*+ %:#5#&#+, 92%6%. 8#5#&!:*/%95!9%06* 8!-

6#0%., 92%6! '!6%82#'*( "0!0*"0*6* &2( %85#&#2#'*( 8%0#5, 85* %0"40"0.** ".%9%&'71 

/#"0 . 94>#5#. C%"0482#'*# 8!6#0%. %85#&#2(#0"( 92%6!/* GENERATE " -!&!''7/ 

5!"85#&#2#'*#/ (exponential, gamma, pareto). E"0%:'*6%. 05!>*6! :#075#, 85* F0%/ &2( 

6!3&%$% $#'#5!0%5! *"8%2,-4#0"( 92%6 assign &2( -!&!'*( .% .0%5%/ 8!5!/#05# (P2) .*-

&! 05!>*6!, 6 6%0%5%/4 %0'%"*0"( &!''7+ 8!6#0 . "%%0.#0"0.** " >4'6=*#+ 5!"85#&#-

2#'*(, -!&!''%+ . 8#5.%+ :!"0* /%&#2*. I%5/*5%.!'*# %:#5#&#+ &2( 6%'65#0'%$% .*&! 

05!>*6! 85%*"1%&*0 " 8%/%<,; 92%6! TEST 85* 85%.#56# 8!5!/#05! P2: :*"2% %:#5#-

&#+ %85#&#2(#0"( 6%2*:#"0.%/ .*&%. *'>%5/!=*%''71 8%0%6%. (!4&*%, .*&#%, &!''7#). 

A!2## 85%.#5(#0"( .%-/%3'%"0, 8%"0!'%.6* . %:#5#&,. C5* %0"40"0.** ".%9%&'71 /#"0 

. 94>#5# 05!'-!60 '!85!.2(#0"( . 92%6 '!6%82#'*( "0!0*"0*:#"6*1 &!''71 8% 8%0#5(/, 

'!1%&(<*+"( 8% /#06# loss. C5* '!2*:** .%-/%3'%"0* 8!6#0 8%"048!#0 . "%%0.#0"0-

.4;<4; %:#5#&, * "%-&!#0 -!8*", . -!&!''%/ "8*"6# " %8#5!'&%/ fifo. C5* .71%&# *- 

%:#5#&* 8%"2# >%5/*5%.!'*( "8*"6! 8#5#&!:* 92%6%/ %85%"! 8!6#0 8%"048!#0 '! %9-

"243*.!'*# (8#5#&!:4) " &#0#5/*'*5%.!''7/ 5!"85#&#2#'*#/ &2*0#2,'%"0* %9"243*-

.!'*(, 0!6 6!6 ":*0!#/, :0% 5!-/#57 8!6#0%. %&*'!6%.7 (. &!2,'#+)#/ 5!-.*0** /%&#-

2* /%3'% 85#&4"/%05#0, .%-/%3'%"0, *-/#'#'*( 5!-/#5! 8!6#0%. * 85%84"6'%+ "8%-

"%9'%"0* *'0#5>#+"%.). 

B%-/%3'%"0* /%&#2* 8% *""2#&%.!'*; 1!5!60#5*"0*6 85%=#""%. %95!9%06* *'-

>%5/!=*%''71 8%0%6%. . /!5)540*-!0%5# " =*62*:#"6%+ .79%56%+ *- %:#5#&* %85#&#-

2(;0"( -!&!''7/* . /%&#2* >4'6=*(/* * 8#5#/#''7/*.  !85*/#5, . &!''%+ /%&#2* 

*/##0"( .%-/%3'%"0, *""2#&%.!0, .2*('*# &2*0#2,'%"0* %85%"! '! .5#/#''7# * .#5%-

(0'%"0'7# 1!5!60#5*"0*6* 85%=#""! %95!9%06* 8!6#0%. " *"8%2,-%.!'*#/ "0!0*"0*6* 

8% 92%6!/ queue * savevalue. J5%/# 0%$%, &!''!( /%&#2, 8%-.%2(#0 *""2#&%.!0, .%-&#+-

"0.*# 8%0%6%., %02*:!;<*1"( %0 62!""*:#"6*1, " 8%6!-!0#2,'7/ 5!"85#&#2#'*#/ *'-

0#5.!2%. /#3&4 .7-%.!/*: " $!//!-5!"85#&#2#'*#/, 5!"85#&#2#'*#/ C!5#0% * &5. D!6-

3# "2#&4#0 %0/#0*0, .%-/%3'%"0, *-/#'#'*( 8%5(&6! .79%5! *- %:#5#&* 85* 85#.7)#-

'** 6%2*:#"0.! 8!6#0%. . %:#5#&* %85#&#2#''%$% -'!:#'*(, 0.#. ..#&#'*( 85*%5*0#0'%-

$% %9"243*.!'*( 8% -!&!''%/4 8!5!/#054. G"0#"0.#''%, :0% &%8%2'*0#2,'7# *-/#'#-

'*(, .'%"*/7# . &!2,'#+)#/ . /%&#2,, 8%-.%2(0 5!")*5*0, ## .%-/%3'%"0*, '!85*/#5 

*""2#&%.!0, .#5%(0'%"0'7# 1!5!60#5*"0*6* 85%=#""%. %95!9%06* * 8#5#&!:* /42,0*-

"#5.*"'%+ *'>%5/!=** . &!''%+ *'>%6%//4'*6!=*%''%+ "*"0#/#. 
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;$+. 1. H(3$+$.,+)K +'!2/!0, 3'!.!/$ -'!LM3(/$% 3 ,*!'!2$ ,) $/)!'3(1( ,-',+( 

 

 ! 8#5.%/ F0!8# *""2#&%.!2%", .2*('*# *'0#5.!2! %85%"! '! .5#/#''7# 1!5!6-

0#5*"0*6* 85%=#""! %9"243*.!'*( %:#5#&#+ /!5)540*-!0%5!. E"1%&'7# 8!5!/#057: 

-!$54-6! *"1%&(<#$% *'0#5>#+"! 0,9; .1%&'%+ 8%0%6 " 8%6!-!0#2,'7/ 5!"85#&#2#'*#/ 

*'0#5.!2%. /#3&4 .7-%.!/*; &2*0#2,'%"0, %9"243*.!'*( 5!.'! 20 4"2%.'71 .5#/#'-

'71 #&*'*=. H#-42,0!07 /%&#2*5%.!'*( 85*.#&#'7 '! 5*". 1. A2( 6!3&%+ %:#5#&* 85*-

.#&#'7 %0&#2,'7# -!.*"*/%"0*. E- 5*"4'6! .*&'%, :0% 85* 4.#2*:#'** *'0#5.!2! %8-

5%"! 5!"0#0 "5#&'## .5#/( %3*&!'*( '!:!2! %9"243*.!'*(, :0% ".(-!'% " 4.#2*:#'*#/ 

-!'(0%"0* *"1%&(<#$% *'0#5>#+"! *, "2#&%.!0#2,'%, " 9%2,)*/ '!6%82#'*#/ 8!6#0%. . 

%:#5#&*. D!63# "2#&4#0 %0/#0*0,, :0% &2( 05#0,#+ %:#5#&* *""2#&4#/!( 1!5!60#5*"0*6! 

85#.7)!#0 -'!:#'*( &2( 8#5.%+ * .0%5%+ %:#5#&#+. K0% /%3'% %9L("'*0, 8%"2#&%.!-

0#2,'7/ !2$%5*0/%/ %85%"! %:#5#&#+, ."2#&"0.*# :#$% 8!6#07 *- 05#0,#+ %:#5#&* %3*-

&!;0 %6%':!'*( %85%"! * 8#5#&!:* 8#5.71 &.41 %:#5#&#+, :0% 85* 9%2,)%+ -!$54-6# * 

*'0#5.!24 %85%"! 85*.%&*0 6 -'!:*0#2,'%/4 85#.7)#'*; "5#&'#$% .5#/#'* 85#97.!-

'*( 8!6#0%. . 05#0,#+ %:#5#&* %0'%"*0#2,'% &54$*1 %:#5#&#+. 

A2( "'*3#'*( "5#&'#$% .5#/#'* . 05#0,#+ %:#5#&* '! .0%5%/ F0!8# *""2#&%.!-

'*( */*0!=*%''%+ /%&#2* ..%&*2%", %$5!'*:#'*# 8% 6%2*:#"0.4 8!6#0%., '!1%&(<*1"( 

. 05#0,#+ %:#5#&*. C5* 85#.7)#'** -!&!''%$% -'!:#'*( :*"2! 8!6#0%. . 05#0,#+ %:#-

5#&* .79%56! &2( 8%"0!'%.6* . %:#5#&, %"4<#"0.2(#0"( 0%2,6% *- 05#0,#+ %:#5#&* &% 

0#1 8%5, 8%6! 6%2*:#"0.% 8!6#0%. . '#+ '# &%"0*$'#0 -!&!''%$% 8%5%$!. A2( F0%$% . 

*/*0!=*%''%+ /%&#2* *"8%2,-4#0"( 92%6 test  " 8!5!/#05%/ LE * 85%.#56%+ "*"0#/'%$% 

:*"2%.%$% !05*940! Q$ 05#0,#+ %:#5#&*. H#-42,0!07 */*0!=*%''%$% /%&#2*5%.!'*( 

0!6%+ &*"=*82*'7 %9"243*.!'*( 85#&"0!.2#'7 '! 5*". 2 &2( "2#&4;<*1 *"1%&'71 

&!''71: -!$54-6! %9"243*.!;<#$% 4"05%+"0.! 5!.'! 0,9; .1%&'%+ 8%0%6 8!6#0%. – " 8%-

6!-!0#2,'7/ 5!"85#&#2#'*#/ *'0#5.!2%. /#3&4 8%"0482#'*(/*; *'0#5.!2 %85%"! (.7-

9*5!2"( *"1%&( *- 85#&7&4<#$% F0!8!) 5!.#' 60; &2*0#2,'%"0, %9"243*.!'*(, 6!6 * 5!-

'##, 5!.'! 20.  ! 5*". 2 85#&"0!.2#'! -!.*"*/%"0, "5#&'#$% .5#/#'* 85#97.!'*( . %:#-

5#&* %0 8%5%$%.%$% -'!:#'*( :*"2! 8!6#0%. . %:#5#&*. E"1%&( *- 85#&"0!.2#''71 5#-

-42,0!0%., /%3'% "&#2!0, "2#&4;<*# .7.%&7: 85* /!271 -'!:#'*(1 8%5%$! (5–10 8!6#-

0%.) "5#&'## .5#/( '!1%3&#'*( . 05#0,#+ %:#5#&* . '#"6%2,6% 5!- /#',)# %0'%"*0#2,-

'% &54$*1 %:#5#&#+, :0% /%3'% *"8%2,-%.!0, &2( %9#"8#:#'*( %95!9%06* . 05#0,#+ %:#-

5#&* 05!>*6!, :4."0.*0#2,'%$% 6 .5#/#''7/ -!&#536!/. C5* "5#&'*1 .#2*:*'!1 (15–

20) 8%5%$%.%$% -'!:#'*( 8% :*"24 8!6#0%. . 05#0,#+ %:#5#&* .5#/#''7# 1!5!60#5*"0*-

6* .% ."#1 05#1 %:#5#&(1 85!60*:#"6* 5!.'7, 0.#. 85* 0!6%/ 8%5%$%.%/ -'!:#'** %9-
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"243*.!'*# -!(.%6 . 05#1 %:#5#&(1 /%3'% '!-.!0, «"85!.#&2*.7/» (5!.'%/#5'7/). 

C5* &!2,'#+)#/ 4.#2*:#'** /!6"*/!2,'%$% :*"2! 8!6#0%., '!1%&(<*1"( . 05#0,#+ 

%:#5#&*, 85%*"1%&*0 82!.'%# (&2( 0!6*1 *"1%&'71 &!''71) 4.#2*:#'*# "5#&'#$% .5#-

/#'* %3*&!'*( '!:!2! %9"243*.!'*( . 05#0,#+ %:#5#&* " 85#.7)#'*#/ &!''%$% .5#-

/#'* '!& "5#&'*/ .5#/#'#/ 85#97.!'*( 8!6#0%. . 8#5.%+ * .0%5%+ %:#5#&(1. M0%*0 

0!63# %0/#0*0,, :0% 85* 8%5%$%.%/ -'!:#'** . 35 #&. *""2#&4#/7# .5#/#''7# 1!5!60#-

5*"0*6* &%"0*$!;0 %85#&#2#''%$% 45%.'( * . &!2,'#+)#/ 85!60*:#"6* '# /#'(;0"(. 

E"1%&( *- 8%24:#''71 5#-42,0!0%., /%3'% %0/#0*0,, :0% *-/#'#'*#/ 8%5%$%.%$% -'!-

:#'*( /!6"*/!2,'%$% :*"2! 8!6#0%. . 05#0,#+ %:#5#&* /%3'% &%9*.!0,"( >%5/*5%.!-

'*( 5!-2*:'%$% 85*%5*0#0! %9"243*.!'*( %:#5#&#+. 

 

 
 

;$+. 2. H(3$+$.,+)K +'!2/!0, 3'!.!/$ -'!LM3(/$% 3 ,*!'!2$  

,) 4/(*!/$% ,0'(/$*!/$% -, *$+1N )'!L,3(/$O,  

/(P,2%Q$P+% 3 )'!)K!O ,*!'!2$, -'$ $4.!/!/$$ -,'%2"( ,L+1NR$3(/$% 

 ! 05#0,#/ F0!8# *""2#&%.!'*(, . "%%0.#0"0.** " 85%.#&#''7/* '!92;&#'*(/* 

[1–2], ! 0!63# " 4:#0%/ %870! /%&#2*5%.!'*( *'>%5/!=*%''71 8%0%6%. 5!-2*:'%$% 

.*&!, *"8%2,-%.!2*", . 6!:#"0.# *"0%:'*6%. '!$54-6* $#'#5!0%57 "% "2#&4;<*/* 5!"-

85#&#2#'*(/* *'0#5.!2%. /#3&4 .7-%.!/*: F6"8%'#'=*!2,'7/, 6!6 62!""*:#"6*/ 

85#&"0!.2#'*#/ 8%0%6%. .7-%.%.; $!//!-5!"85#&#2#'*#/, 6!6 */#;<*/ 0!6 '!-7.!#-

/7+ «0(3#27+ 1.%"0» (heavy tail). E"8%2,-%.!'*# 8%0%6! " $!//!-5!"85#&#2#'*#/ ".(-

-!'% " 0#/, :0% 8%0%6* . "%.5#/#''71 *'>%6%//4'*6!=*%''71 "#0(1 %02*:!;0"( %0 

%97:'% *"8%2,-4#/%+ 85* 85%#60*5%.!'** /%&#2* 84!""%'%."6%$% 8%0%6! " F6"8%'#'-

=*!2,'7/ 5!"85#&#2#'*#/ *'0#5.!2%. /#3&4 .7-%.!/*. K0% %02*:*# %97:'% ".(-!'% " 

'!2*:*#/ ".%+"0. *'>%5/!=*%''71 8%0%6%., .7-.!''71 %"%9#''%"0(/* %95!9%06* 

05!>*6!, . 0%/ :*"2# * /42,0*/#&*+'%$%, 5!-2*:'7/* 85%0%6%2!/* "0#6! TCP/IP. H!"-

)*5#'*# "#0* *'0#5'#0 * "8#605! 85#&%"0!.2(#/71 4"24$ . '#+, ! 0!63# $2%9!2*-!=*( 

"%.5#/#''71 *'>%6%//4'*6!=*%''71 "#0#+ 85*.%&*0 6 8%(.2#'*; '%.71 ".%+"0. 8%-

0%6%. .7-%.%., "2#&%.!0#2,'%, '#%91%&*/% %85#&#2*0, /%&#2* 8%0%6%., %9#"8#:*.!;-

<*# !&#6.!0'%# %0%95!3#'*# 8%0%6%., '!92;&!#/71 . 5#!2,'71 "#0(1. B &!''%+ 5!9%0# 

%=#'*.!2%", .2*('*# $!//!-5!"85#&#2#'*( '! .5#/#''7# 1!5!60#5*"0*6* &*"=*82*'7 

%9"243*.!'*( %:#5#&#+ 85* "2#&4;<*1 *"1%&'71 &!''71: *'0#5.!2 %85%"! 5!.#' 60; 

&2*0#2,'%"0, %9"243*.!'*( – 8%"0%(''!(, 5!.'! 20; .1%&'%+ 8%0%6  " 8%6!-!0#2,'7/ 

*2* $!//!-5!"85#&#2#'*#/ *'0#5.!2%. /#3&4 8!6#0!/* (&2( $!//!-5!"85#&#2#'*( 8%-

5(&%6 k = 0,1); 8!5!/#057 $!//!-5!"85#&#2#'*( .795!'7 0!6*/ %95!-%/, :0%97 /!0#/!-



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

.,2!1$',3(/$% $ +'!2+)3 (3),.()$4(#$$ .,2!1$',3(/$% 
 

 

 !!"#-2011 243

0*:#"6%# %3*&!'*# *'0#5.!2%. /#3&4 8!6#0!/* 972% 5!.'% /!0#/!0*:#"6%/4 %3*&!-

'*; *'0#5.!2! /#3&4 8!6#0!/* 8%6!-!0#2,'%$% 5!"85#&#2#'*(. 

 

 
 

;$+. 3. H(3$+$.,+)K +'!2/!0, 3'!.!/$ -'!LM3(/$% 3 ,*!'!2$ ,) 4(0'N4"$:  

+ -,"(4()!1K/M. (exp) $ 0(..(-'(+-'!2!1!/$!. $/)!'3(1,3 .!R2N -("!)(.$ 

 ! 5*". 3 85#&"0!.2#'7 5#-42,0!07 &2( "5#&'#$% .5#/#'* '!1%3&#'*( . %:#5#&* 

&2( 8%6!-!0#2,'%$% * $!//!-5!"85#&#2#'*+ /#38!6#0'%$% *'0#5.!2!. M2#&4#0 %0/#-

0*0,, :0% '!2*:*# «heavy tail» 85*.%&*0 6 4.#2*:#'*; "5#&'#$% .5#/#'* . '#"6%2,6% 

5!- 8% %0'%)#'*; 6 8%6!-!0#2,'%/4 5!"85#&#2#'*;, :0% /%3'% %9L("'*0, 9%2,)*/ 

6%F>>*=*#'0%/ .!5*!=** $!//!-5!"85#&#2#'*(, ."2#&"0.*# :#$% 85%*"1%&*0 9%2## 97-

"05%# '!6%82#'*# -!(.%6 . %:#5#&*. J5%/# 0%$%, 85%*"1%&*0 4.#2*:#'*# 5!-95%"! *"-

"2#&4#/%+ 1!5!60#5*"0*6* 8% %:#5#&(/ /!5)540*-!0%5!, :0% %"%9#''% -!/#0'% 85* 

9%2,)%+ -!$54-6# %9"243*.!;<#$% 4"05%+"0.!. 

B 6!:#"0.# -!62;:#'*( /%3'% %0/#0*0,, :0%: 

  *""2#&%.!'*# 1!5!60#5*"0*6 &*"=*82*' %9"243*.!'*( 4-2%. /42,0*"#5.*"'71 

"#0#+ – "2%3'!( * !604!2,'!( -!&!:!, '#%91%&*/%"0, 5#)#'*( 6%0%5%+ %85#&#2(#0"( 

"%.5#/#''7/ 5!-.*0*#/ *'>%6%//4'*6!=*%''71 "#0#+ * "*"0#/; 

  . ".(-* " '!2*:*#/ /'%3#"0.! &*"=*82*' %9"243*.!'*( . "%.5#/#''71 "*"0#-

/!1 ".(-* * 85*"40"0.** /!2%*-4:#''71 ".%+"0. *'>%5/!=*%''71 8%0%6%. . "#0(1 

".(-* '!*9%2## 85#&8%:0*0#2,'7/ "0!'%.*0"( *""2#&%.!'*# "%.5#/#''71 *'>%6%//4-

'*6!=*%''71 "#0#+ * "*"0#/ /#0%&!/* */*0!=*%''%$% /%&#2*5%.!'*(; 

  */*0!=*%''%# /%&#2*5%.!'*# *'>%6%//4'*6!=*%''71 "*"0#/ 05#94#0 %"%9%-

$% 8%&1%&! 6!6 6 85%=#""4 "!/%$% /%&#2*5%.!'*(, 0!6 * 6 0#%5#0*:#"6%+ 8%&$%0%.6# 

/%&#2#+; 

  . 85%=#""# */*0!=*%''%$% /%&#2*5%.!'*( /%3'% 8%24:!0, &!''7# % 8%.#&#-

'** *'>%6%//4'*6!=*%''71 "*"0#/ 85* %0"40"0.** /!0#/!0*:#"6*1 /%&#2#+ *""2#-

&4#/%+ &*"=*82*'7 %9"243*.!'*(. 
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