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 3 5:4D  ?A593B8>8E  >CF3   7:<GH 696<3F6 3 8?5343F6733 

?8B6F65:<:E 96;:I98 53 

4. >. I/",*, >. >. F,0,)/J$1 (B&+(1,%&(") 

 !"#$%&'()* +(*,- !./0+#)(1*/# +'2'3 '+'243 (%0 2/+!.'('0$'3 +(*,%, 0'+#"!-

$43 0)5/ ( #/6 ./7%'$)6 8'++%3+&'3 9/0/.):%%, 70/ '#+"#+#("/# (',;'5$'+#- !.'-

&1)0&% &)2/1/3 +(*,%, ) 0."7%6 '!/.)#'.'( "+1"7 2/+!.'('0$'3 +(*,% !'21%,'+#% $/#. 

<+'2/$$' )&#")1-$4; *(1*/#+* %+!'1-,'()$%/ +%+#/; +!"#$%&'('3 +(*,% ( +/(/.$46 

./7%'$)6, ) #)&5/ ( #."0$'0'+#"!$'3 ;/+#$'+#%, 70/ !'0'2$4/ +%+#/;4 '+#)=#+* /0%$-

+#(/$$4; (%0'; +(*,%. >+#/+#(/$$', ( #)&%6 +1"?)*6 +1/0"/# "0/1*#- '+'2'/ ($%;)$%/ 

&)?/+#(" @"$&:%'$%.'()$%* !'0'2$46 +%+#/;, ( ?)+#$'+#% %6 "+#'3?%('+#%, 5%("?/-

+#% % $)0/5$'+#%. 

 '71)+$' A< B 8 53111 «C+#'3?%('+#- @"$&:%'$%.'()$%* +/#% +(*,% '2D/7' 

!'1-,'()$%*. B./2'()$%* % ;/#'04 !.'(/.&%» @"$&:%'$%.'()$%/ +%+#/; +(*,% '!./0/-

1*/#+* #)&%; &';!1/&+$4; +('3+#(';, &)& "+#'3?%('+#-, !'0 &'#'.'3 !'0.),";/()/#+* 

+!'+'2$'+#- +/#% E1/&#.'+(*,% (4!'1$*#- +('% @"$&:%% !.% (46'0/ %, +#.'* ?)+#% 

E1/;/$#'( +/#% ( ./,"1-#)#/ (',0/3+#(%* ($"#./$$%6 % ($/F$%6 0/+#)2%1%,%."=D%6 

@)&#'.'(. G.% E#'; +('3+#(' "+#'3?%('+#% ;'5$' .),0/1%#- $) 0() 2'1// !.'+#46 

+('3+#() – $)0/5$'+#- % 5%("?/+#-. G'0 $)0/5$'+#-= !'$%;)/#+* +!'+'2$'+#- +/#% 

+(*,% +'6.)$*#- +!'+'2$'+#- (4!'1$*#- #./2"/;4/ @"$&:%% ( "+1'(%*6 (',0/3+#(%* 

($"#./$$%6 0/+#)2%1%,%."=D%6 @)&#'.'(, ) !'0 5%("?/+#-= – ( "+1'(%*6 (',0/3+#(%* 

($/F$%6 0/+#)2%1%,%."=D%6 @)&#'.'(. 

 /#- +!"#$%&'('3 +(*,% (&1=?)/# ( +/2* $),/;$"= % +!"#$%&'("= ?)+#-: $),/;-

$)* ?)+#- !./0+#)(1*/# +'2'3 '2'."0'()$%/ $) +#'.'$/ !.'()30/.) % ;$'5/+#(' )2'-

$/$#+&%6 +!"#$%&'(46 +#)$:%3, ) +!"#$%&'()* ?)+#- !./0+#)(1/$) '0$%; %, +!"#$%&'(, 

$)6'0*D%6+* $) 7/'+#):%'$).$'3 '.2%#/ (.%+. 1). H +'+#)( )2'$/$#+&'3 +!"#$%&'('3 

+#)$:%% (6'0*#: )$#/$$)* +%+#/;), !/./0)#?%&, !.%/;$%& (;)1'F";*D%3 "+%1%#/1- – 

IJC), ;'0/;, ;"1-#%!1/&+'. % '2'."0'()$%/ &1%/$#). 

H !.':/++/ '2.)2'#&% +'2.)$$'3 +#)#%+#%&% !' '#&),); '2'."0'()$%* +%+#/; 

+!"#$%&'('3 +(*,% )(#'.);% 0)$$'3 .)2'#4 241% (40/1/$4 +1/0"=D%/ '+$'($4/ !.%-

?%$4 '#&),'( ( !./0'+#)(1/$%% "+1"7 +(*,%: 

– '#&), )!!).)#$'3 ?)+#% '2'."0'()$%*; 

– ,)(%+)$%/ '2'."0'()$%* ('#&), !.'7.);;$'7' '2/+!/?/$%*); 

– !1'6%/ !'7'0$4/ "+1'(%*; 

– 0."7%/ !.%?%$4. 

<#&), )!!).)#$'7' % !.'7.);;$'7' '2/+!/?/$%*, ) #)&5/ '#&1=?/$%/ E1/&#.'-

!%#)$%* ;'5$' '#$/+#% & ($"#./$$%; 0/+#)2%1%,%."=D%; @)&#'.);, ( #' (./;* &)& 

!1'6%/ !'7'0$4/ "+1'(%* – & ($/F$%;. G1'6%/ !'7'0$4/ "+1'(%* (1%*=# $) ".'(/$- 

+%7$)1) (.)2'#'+!'+'2$'/ +'+#'*$%/ +'6.)$*/#+* 0' #/6 !'., !'&) '#$'F/$%/ +%7-

$)1/F"; +'+#)(1*/# $/ ;/$// 3–4 0K), ) #)&5/ ( $/&'#'.46 +1"?)*6 +!'+'2$4 «"(/+#% 

)$#/$$"». L)#/7'.%* «0."7%/ !.%?%$4 '#&),'(» !./0+#)(1*/# +'2'3 0'+#)#'?$' '2F%.-

$"= 7."!!", (&1=?)=D"= ( +/2* #)&%/ !.%?%$4 '#&),'(, &)& !.'21/;4 $) +#'.'$/ 

)2'$/$#), !.'21/;4 +' +#'.'$4 !.'()30/.) %1% #.)$,%#$46 '!/.)#'.'( % 0.. 

M1* 0)1-$/3F/7' "!.'D/$%* %,1'5/$%* ( &)?/+#(/ &';!1/&+$'7' !'$*#%* 2"0/; 

%+!'1-,'()#- #/.;%$ «$)0/5$'+#-» &)& 2'1// !.%(4?$43 01* !'$%;)$%*, !'0.),";/()* 

!.% E#'; (',0/3+#(%/ &)& ($/F$%6, #)& % ($"#./$$%6 0/+#)2%1%,%."=D%6 @)&#'.'(. 
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=$(. 1.  )&/")/&1+% (J!-+ (!)$ (K/)1$",*,L (*%.$ 

 

H ./,"1-#)#/ !.'(/0/$$'7' )$)1%,) 241) !./01'5/$) ;)#/;)#%?/+&)* ;'0/1- 

@"$&:%'$%.'()$%* +%+#/;4 +!"#$%&'('3 +(*,% ( (%0/ 0%)7.);;4 +'+#'*$%3 (state 

chart) (.%+. 2). 

 

=$(. 2. ;$+2&+--+ (,(),%1$L ($()!-M (K/)1$",*,L (*%.$ 

N) 0)$$'3 0%)7.);;/ %+!'1-,"=#+* +1/0"=D%/ '2',$)?/$%* (',;'5$46 +'-

+#'*$%3 +%+#/;4 +!"#$%&'('3 +(*,%: 

– S0 – .)2'#'+!'+'2$'/ +'+#'*$%/ +%+#/;4 +!"#$%&'('3 +(*,%; 

– S1 – '#&1=?/$%/ E1/&#.%?/+#() %1% «+&)?&%» !%#)=D/7' $)!.*5/$%*; 

– S2 – !1'6%/ !'7'0$4/ "+1'(%*, «"(/1'» )$#/$$"; 

– S3 – '#&), !.'7.);;$'7' '2/+!/?/$%* («,)(%+)$%/» '2'."0'()$%*); 

– S4 – 0."7'/ (!.'?%/ !.%?%$4 '#&),)). 

O$#/$+%($'+#% !/./6'0) ;/50" +'+#'*$%*;% '!./0/1*1%+- $) '+$'(/ )$)1%,) 

+'2.)$$'3 +#)#%+#%&% + !';'D-= !.'7.);;$'3 +%+#/;4 ;'$%#'.%$7) +'+#'*$%* +/#% 
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Zabbix. M)$$)* +%+#/;) !',('1*/# $/ #'1-&' !'1"?)#- 0)$$4/ ' (./;/$% (',$%&$'(/$%* 

% !.'0'15%#/1-$'+#% '#&),'(, $' @%&+%.'()#- ( 5".$)1/ +'24#%3 %6 (%0 (!.%?%$"). H 

?)+#$'+#%, %$#/$+%($'+#- '#&),'( !' !.%?%$/ '#&1=?/$%* E1/&#.'!%#)$%* (%$#/$+%(-

$'+#- !/./6'0'( P01) .)++?%#4()1)+- !' +1/0"=D/3 @'.;"1/: 
 

'#&.

+#)$:.

N

S T
 ! , (1) 

 

70/ N'#&1.E.!. – &'1%?/+#(' +1"?)/( '#&1=?/$%* E1/&#.'!%#)$%* ,) $/&'#'.43 !/.%'0 

(./;/$% T; 

S+#)$:. – '2D// &'1%?/+#(' +#)$:%3 +!"#$%&'('3 +(*,% ( %++1/0"/;'; .)3'$/; 

T – !/.%'0 (./;/$%, ( #/?/$%/ &'#'.'7' !.'('0%1+* +2'. % )$)1%, +#)#%+#%?/+&%6 

0)$$46 (8760 ?). 

O$#/$+%($'+#% ('++#)$'(1/$%* P10, P20, P30 % P40 !./0+#)(1*=# +'2'3 !'+#'*$$4/ 

(/1%?%$4, ,$)?/$%/ &'#'.46 '!./0/1*/#+* (./;/$/; $) (4/,0 ./;'$#$'3 2.%7)04 (/+1% 

$/'26'0%;) % $/!'+./0+#(/$$' "+#.)$/$%/ $/%+!.)($'+#% % +'+#)(1*/# '# 0,25 0' 6 ?. 

G/.('$)?)1-$' ;)#/;)#%?/+&'/ ;'0/1%.'()$%/ @"$&:%'$%.'()$%* +%+#/;4 

+!"#$%&'('3 +(*,% '+"D/+#(1*1'+- + %+!'1-,'()$%/; ;)#/;)#%?/+&'7' )!!).)#) :/!/3 

I).&'(), '0$)&' !.% E#'; $/%,2/5$' (',$%&)/# .*0 '7.)$%?/$%3, ( ?)+#$'+#%, ./,"1--

#)#4, !'1"?/$$4/ !.% %+!'1-,'()$%% ;).&'(+&%6 +1"?)3$46 !.':/++'( +!.)(/01%(4 

#'1-&' !.% $)1%?%% $/+&'1-&%6 ./;'$#$46 2.%7)0. H !.'#%($'; +1"?)/ (./;* ./;'$#) 

2"0/# ( ,$)?%#/1-$'3 +#/!/$% ,)(%+/#- '# ?%+1) '0$'(./;/$$' (',$%&)=D%6 '#&),'(, 

!'+&'1-&" !.':/++ "+#.)$/$%* (+/6 !./040"D%6 '#&),'( '&),4()/# $/!'+./0+#(/$$'/ 

(1%*$%/ $) (./;* "+#.)$/$%* #/&"D/7' '#&),), %, &)& +1/0+#(%/, ./,"1-#)#4 '&),4()=#-

+* ;/$// #'?$4;%. I$'7%/ )(#'.4, $)!.%;/. [1], "#(/.50)=# ' $/:/1/+''2.),$'+#% 

%+!'1-,'()$%* :/!/3 I).&'() + :/1-= )$)1%,) $)0/5$'+#% +'(./;/$$46 +%+#/;. H 

+1"?)/ 5/ %;%#):%'$$'7' ;'0/1%.'()$%* !'*(1*/#+* (',;'5$'+#- %,;/$*#- (./;* '2-

+1"5%()$%* 0%$);%?/+&%, ( !.':/++/ ;'0/1%.'()$%*, ( ,)(%+%;'+#% '# .*0) @)&#'.'(. 

N) '+$'(/ !./01'5/$$'3 ;)#/;)#%?/+&'3 ;'0/1% 241) .),.)2'#)$) 0%$);%?/-

+&)* 0%+&./#$'-+'24#%3$)* %;%#):%'$$)* ;'0/1- ( +./0/ AnyLogic, !./0+#)(1/$$)* $) 

.%+. 3. 9"$&:%'$%.'()$%/ 0)$$'3 ;'0/1% ,)&1=?)/#+* ( !'+1/0'()#/1-$'; !/./6'0/ %, 

'0$'7' +'+#'*$%* ( 0."7'/ ( +''#(/#+#(%% + ;)#/;)#%?/+&'3 ;'0/1-=, !.%(/0/$$'3 $) 

.%+. 2, !.%?/; %$#/$+%($'+#% !/./6'0) '!./0/1*=#+* 1%2' .)+?/#$4; !"#/; (( +1"?)/ 

%++1/0'()$%* !'&),)#/1/3 $)0/5$'+#% 01* &'$&./#$'3 +%+#/;4 +!"#$%&'('3 +(*,%), 

1%2' )(#';)#%?/+&% ( +1"?)/ '!#%;%,):%% +#."&#".$'7' ./,/.(%.'()$%* +%+#/;4. 

M1* 6.)$/$%* %,;/$*=D%6+* ?%+1'(46 ,$)?/$%3 % +2'.) +#)#%+#%?/+&%6 0)$-

$46 %+!'1-,"=#+* +!/:%)1-$4/ '2Q/&#4 AnyLogic – !/./;/$$4/. H ?)+#$'+#%, 01* 

+2'.) +#)#%+#%&% !' &'E@@%:%/$#" 7'#'($'+#% +%+#/;4 %+!'1-,"/#+* '2Q/&# #%!) «!/-

./;/$$)*», &'#'.)* %,;/$*/#+* ( &)50'; 21'&/ ( ,)(%+%;'+#% '# .)2'#'+!'+'2$'+#% 

&'$&./#$'7' +'+#'*$%*, !'+1/ ?/7' $'('/ ,$)?/$%/ '2.)2)#4()/#+* 21'&'; +2'.) +#)#%-

+#%&% AvailabilityStats: 

availability = 0; 

AvailabilityStats.add( availability, time() ); 

G';%;' %++1/0'()$%* !'&),)#/1/3 $)0/5$'+#% @"$&:%'$%.'()$%* +%+#/;4 

+!"#$%&'('3 +(*,% !./+1/0'()1)+- :/1- (42'.) '!#%;)1-$'7' ().%)$#) ./,/.(%.'()-

$%*, !',('1*=D/7' !.% ;%$%;)1-$46 ,)#.)#)6 $) ;'0/.$%,):%= +/#% +(*,% 0'+#%?- 

#./2"/;46 !'&),)#/1/3 $)0/5$'+#%, ) #)&5/ ;)&+%;)1-$'3 !.%241% '!/.)#'.) +(*,%. 
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=$(. 3. 3-$)+#$,11+% -,'!0N O/1"#$,1$&,*+1$% ($()!-M (K/)1$",*,L (*%.$ * (&!'! 
AnyLogic 

<!#%;%,):%* ./,/.(%.'()$%* !.'('0%1)+- ;/#'0'; !/./2'.) .),1%?$46 (%0'( 

./,/.(%.'()$%* + :/1-= 0'+#%5/$%* ;)&+%;)1-$'7' ,$)?/$%* :/1/('3 @"$&:%% (%0) 

1 1

0 0

,
N N

i i i i

i i

P D C Pd k c
" "

! !

! " ! "# #   (2) 

70/ P – !.%241- '!/.)#'.) +!"#$%&'('3 +(*,%; 

D – 0'6'0 '!/.)#'.) +!"#$%&'('3 +(*,% '# !./0'+#)(1/$%* "+1"7; 

C – ,)#.)#4 '!/.)#'.) $) ((/0/$%/ %,24#'?$'+#% (+#."&#".$'7' ./,/.(%.'()$%*); 

Pi – (/.'*#$'+#- i-7' +'+#'*$%* +%+#/;4 +!"#$%&'('3 +(*,%; 

N – '2D// ?%+1' +'+#'*$%3 +%+#/;4, ( 0)$$'; +1"?)/ .)($' !*#%; 

di – 0'6'0 '!/.)#'.) +(*,% !.% $)6'50/$%% +%+#/;4 ( i-; +'+#'*$%%; 

kj – '2D// &'1%?/+#(' '+$'($46 % ./,/.($46 j-6 E1/;/$#'( +%+#/;4; 

 j – +#'%;'+#- j-7' E1/;/$#) +%+#/;4. 

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

+#)$:%%) *(1*=#+* 1%F- +'+#'*$%* S0 – «.)2'#'+!'+'2$'/ +'+#'*$%/» % S1 – «!1'6%/ 

!'7'0$4/ "+1'(%*» (+ ?)+#%?$4; !'$%5/$%/; &)?/+#() !./0'+#)(1*/;46 "+1"7, ) ,$)-

?%#, +&'.'+#% !/./0)?% % 0'6'0)). 

H &)?/+#(/ ().%)$#'( ./,/.(%.'()$%* '2'."0'()$%* 241' !./01'5/$' #.% '+-

$'($46 $)!.)(1/$%*: 

R ./,/.(%.'()$%/ '!/.)#'.) +(*,% (%+!'1-,'()$%/ "+1"7 +(*,% )1-#/.$)#%($'7' 

!.'()30/.)); 

R 6.)$/$%/ SOG ()$#/$$4, !/./0)#?%&%, !.%/;$%&%, ;'0/;4, ;"1-#%!1/&+'.4, 

&)2/1%, .),Q/;4 % 0..); 

R %+!'1-,'()$%/ %+#'?$%&'( 2/+!/./2'3$'7' !%#)$%* (OKG) % 0%,/1-$46 7/$/-

.)#'.'( 01* !'00/.5)$%* E1/&#.'!%#)$%* ( +1"?)/ /7' '#&1=?/$%* ( '+$'($'3 +/#%. 

G.% E#'; ./,/.(%.'()$%/ '#0/1-$46 E1/;/$#'( +%+#/;4 ( &'$/?$'; +?/#/ !.%-

('0%# & %,;/$/$%= %$#/$+%($'+#/3 !/./6'0) P01, P02 % P03 +1/0"=D%; '2.),';: 

1

1

1n

i i!

$ !

 
#

,  (3) 
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70/ Pi – %$#/$+%($'+#- '#&),'( %+6'0$'3, $/./,/.(%.'()$$'3 +%+#/;4;  

T – %$#/$+%($'+#- '#&),'( +%+#/;4 n-&.)#$4; + ./,/.(%.'()$%/;.  

H 0)$$'; +1"?)/ !./0!'1)7)/#+* %+!'1-,'()$%/ $/$)7."5/$$'7' («6'1'0$'7'») 

./,/.(%.'()$%*, !'+&'1-&" ./,/.($4/ E1/;/$#4 0' '#&),) '+$'($'7' $/ %+!'1-,"=#+* – 

!./0+#)(1*=# +'2'3 &';!1/&#4 ,)!)+$46 ?)+#/3 (SOG). 

O++1/0'()$%/ .),1%?$46 (%0'( ./,/.(%.'()$%* !'&),)1', ?#' ;)&+%;)1-$43 &'-

E@@%:%/$# 7'#'($'+#% 0,99993÷0,99998 0'+#%7)/#+* 21)7'0).* %+!'1-,'()$%= (+/6 (%-

0'( ./,/.(%.'()$%* '0$'(./;/$$', $' !'0'2$4/ +%+#/;4 0'('1-$' 0'.'7% !.% !.%'2-

./#/$%% % '2+1"5%()$%%, %6 %+!'1-,'()$%/ '2"+1'(1/$' $/'26'0%;'+#-= $/!./.4(-

$'3 +(*,% $) ",1)6 +(*,%, !/./.4(4 ( .)2'#/ &'#'.46 &)#/7'.%?/+&% $/0'!"+#%;4. M1* 

(+/6 '+#)1-$46 ",1'( +(*,% ;'5$' %+!'1-,'()#- ./,/.(%.'()$%/ + !';'D-= OKG % 

6.)$/$%* SOG $) +&1)0)6. 

H ,)&1=?/$%/ +1/0"/# ,);/#%#-, ?#' %++1/0'()$%/ !'&),)#/1/3 $)0/5$'+#% +%+-

#/; +!"#$%&'('3 +(*,% ;'5/# '+"D/+#(1*#-+* &)& ;/#'0);% )$)1%#%?/+&'7' (%+!'1-,'-

()$%/ ;)#/;)#%?/+&'7' )!!).)#) :/!/3 I).&'()), #)& % %;%#):%'$$'7' ;'0/1%.'()$%* 

(+ %+!'1-,'()$%/; !.'7.);;$46 +./0 %;%#):%'$$'7' ;'0/1%.'()$%*, #)&%6 &)& GPSS 

% AnyLogic). U(#'.4 0)$$'3 .)2'#4 %;/=# '!4# .)2'#4 + '2/%;% $),()$$4;% +%+#/-

;);%, !.% E#'; 01* .)2'#4 241) %+!'1-,'()$) +%+#/;) %;%#):%'$$'7' ;'0/1%.'()$%* 

AnyLogic. H42'. 0)$$'3 +%+#/;4 '2Q*+$*/#+* 1/7&'+#-= +',0)$%* 0%+&./#$'-

+'24#%3$46 %;%#):%'$$46 ;'0/1/3 #%!) 0%)7.);;4 +'+#'*$%3 + !';'D-= (%,")1-$'-

7' 7.)@%?/+&'7' ./0)&#'.), (+#.'/$$'7' ( AnyLogic, ) #)&5/ $)2'.'; '7.';$'7' &'1%-

?/+#() '2Q/&#'( 2%21%'#/& % &1)++'(. L $/0'+#)#&); ;'5$' '#$/+#% 1%F- $/'26'0%-

;'+#- (1)0/$%* *,4&'; !.'7.);;%.'()$%* Java % '#+"#+#(%/ )&#")1-$'3 1%#/.)#".4 $) 

."++&'; *,4&/ – "?/2$%&'( % ;'$'7.)@%3 (&.';/ (+#.'/$$'3 +!.)(&%, &'#'.)*, ( !.%$-

:%!/, +'0/.5%# %+?/.!4()=D%/ +(/0/$%* '2' (+/6 '2Q/&#)6 +%+#/;4 % &$%7% [2]), !'-

,('1*=D/3 1/7&' '+('%#- (+/ (',;'5$'+#% !'+1/0$/3 (/.+%% 0)$$'3 +%+#/;4 ;'0/1%-

.'()$%*. 

<$)!&+)/&+ 

1.  -$) ;P*$' ;Q. K/,'#&),$'+#-, ./;'$#'!.%7'0$'+#- % .%+&. G.)&#%?/+&%/ ;/#'04 
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