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

$-$)+#$,11,2, -,'!0$&,*+1$% 
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345678597:  7 ;4<= 5>4?;?@>@ 7<7;597@??@>@ 

<@A4673@B5?7: B WEB 

5. C. >+&D+&!* (@-(") 

B*!'!1$! 

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

*%6+/(7%-"!(&, 2"86"& (9 2%$%7:; (*++$ #-%( <7+(*,'+#$-" ( !+6%#$"$2(. ="2, !" 2"-

>+67+ ?@ABC A*#2%5% 5%#,6"7#$-+!!%5% $+;!(3+#2%5% ,!(-+7#($+$" #,'+#$-,+$ /"-

.%7"$%7(& (*($"4(%!!%5% *%6+/(7%-"!(& imlab, - 2%$%7%) 7"97".%$"!: $"2(+ #(#$+*:, 

2"2 Simulab ( SIMBIGRAPH. D"!!:+ #(#$+*: (*+E$ 7&6 <7+(*,'+#$- <% #7"-!+!(E # 

#,'+#$-,E'(*( "!"/%5"*( (AnyLogic, RepastS, ASCAPE, NetLogo) ( -<%/!+ *%5,$ 

2%!2,7(7%-"$0 !" 7:!2+ (*($"4(%!!:; #(#$+*. A6!"2% 7"9-($(+ #%-7+*+!!%5% #+$+-%-

5% %.'+#$-" $7+.,+$ 7"97".%$2( -+.-%7(+!$(7%-"!!:; (!$+7>+)#%- 6/& -%-/+3+!(& 2"2 

*%8!% .%/01+5% 3(#/" <%/09%-"$+/+).   6%2/"6+ %.#,86"+$#& 2/(+!$-#+7-+7!"& #(#$+-

*" "5+!$!%5% *%6+/(7%-"!(& BridgeGL, <%9-%/&E'"& 7+"/(9%-"$0 >,!24(%!"/ 

SIMBIGRAPH - -+..  

5&E$)!")/&+ ($()!-F 

F"97".%$"!!"& #(#$+*" #%#$%($ (9 $7+; 3"#$+): 2/(+!$#2%+ <7(/%8+!(+, #+7-+7-

!%+ <7(/%8+!(+ ( <%6#(#$+*" *%6+/(7%-"!(& (7(#. 1). G/(+!$#2%+ <7(/%8+!(+ %$-+3"-

+$ 9" -9"(*%6+)#$-(+ # <%/09%-"$+/+*, " $"28+ 9" %$%.7"8+!(+ <7%4+##" *%6+/(7%-"!(& 

- .7",9+7+. @+7-+7!"& 3"#$0 %$-+3"+$ 9" -9"(*%6+)#$-(+ 2/(+!$#2%) 3"#$( # <%6#(#$+-

*%) *%6+/(7%-"!(&. H%6#(#$+*" *%6+/(7%-"!(& -:<%/!&+$ *%6+/0, 9"57,8+!!,E 

<%/09%-"$+/+*. 

 

3$(. 1. 5&E$)!")/&+ ($()!-F 

 !&*!&1+% G+()H 

@+7-+7!"& 3"#$0 7+"/(9%-"!" !" &9:2+ Java ( <7+6#$"-/&+$ #%.%) <7(/%8+!(+ # 

(#<%/09%-"!(+* #+7-/+$%- ( #$7"!(4 JSP. @+7-+7!"& 3"#$0 %.+#<+3(-"+$ -9"(*%6+)#$-

-(+ 2/(+!$#2%) 3"#$( # <%6#(#$+*%) *%6+/(7%-"!(&, - 3"#$!%#$( ,<7"-/&+$ <7%4+##%* 

*%6+/(7%-"!(&, -:<%/!&+$ 9"57,92, *%6+/(, <7+6%#$"-/&+$ 2/(+!$#2%) 3"#$( #%#$%&-

!(+ *%6+/( - $+2#$%-%* >%7*"$+. 

C+7-+7!%+ <7(/%8+!(+ (7(#. 2) #%#$%($ (9 <%6#(#$+*: *%6+/(7%-"!(& Simula-

tion, <"2+$" BridgeGL-Server ( <"2+$" BridgeGL. G%56" <%/09%-"$+/0 -:.(7"+$ "5+!$!,E 

*%6+/0, <"2+$ BridgeGL-Server (!(4("/(9(7,+$ *%6+/0 ( 9"<,#2"+$ <7%4+## *%6+/(7%-

-"!(&. I"<,'+!!:) <7%4+## *%6+/(7%-"!(& -:<%/!&+$#& # <%*%'0E <%6#(#$+*: *%-

6+/(7%-"!(& Simulation. H"2+$ BridgeGL, <%/,3"& %.J+2$: %$ <%6#(#$+*: *%6+/(7%-"-

!(&, <7+%.7"9,+$ (; - $+2#$%-:) >%7*"$, 5%$%-:) 6/& %$%.7"8+!(& !" 2/(+!$#2%) 3"#-

$(. I"$+*, # %<7+6+/+!!:* (!$+7-"/%*, <"2+$ BridgeGL <+7+6"+$ $+2#$%-%+ <7+6#$"-/+-



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

$-$)+#$,11,2, -,'!0$&,*+1$% 
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!(+ #4+!: - <"2+$ BridgeGL-Server, <%#/+ 3+5% K$( 6"!!:+ %$<7"-/&E$#& !" 2/(+!$-

#2,E 3"#$0. 

I0$!1)("+% G+()H 

G/(+!$#2"& 3"#$0 <7+6#$"-/&+$ #%.%) JavaScript <7(/%8+!(+, 2%$%7%+ # <%*%-

'0E $+;!%/%5(( WebGL ( .(./(%$+2( SceneJS %$%.7"8"+$ <%/,3+!!%+ # #+7-+7!%) 

3"#$( #%#$%&!(+ *%6+/( - %2!+ .7",9+7". 

 

3$(. 2.   )&/")/&+ (!&*!&1,J G+()$ 

7(K,0H.,*+1$! ($()!-F $ 1+K&+*0!1$% &+.*$)$% 

L" 7(#. 3 <7+6#$"-/+! (!$+7>+)# <%/09%-"$+/0#2%) 3"#$(. G/(+!$#2"& 3"#$0 <%-

9-%/&+$ 7".%$"$0 # *%6+/&*(, 9"57,8+!!:*( !" #+7-+7.   <7%4+##+ 7".%$: <%/09%-"-

$+/0 *%8+$ <%1"5%-% !"./E6"$0 <7%4+## *%6+/(7%-"!(&, (9*+!&$0 1"5 ( %$#/+8(-"$0 

(!>%7*"4(E % $+2,'+* #%#$%&!(( #(#$+*:.   

 

3$(. 3. L,0H.,*+)!0H("$J $1)!&M!J( ($()!-F Bridge-GL 



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

$-$)+#$,11,2, -,'!0$&,*+1$% 
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F"##*%$7(* <7%57"**!:) (!$+7>+)#, <%9-%/&E'() <%/09%-"$+/&* #%96"-"$0 

*%6+/(. H%/09%-"$+/0#2"& *%6+/0 <7+6#$"-/&+$ #%.%) (#;%6!:) 2%6, !"<(#"!!:) !" 

&9:2+ Java. G"86"& *%6+/0 6%/8!" !"#/+6%-"$0#& %$ 2/"##" Simulation, " 9!"3($, 7+"/(-

9%-:-"$0 *+$%6:: initScene(ArrayList args), performStep(), getStatistics(). 

F+"/(9"4(& (57: «M(9!0» -  BridgeGL  <%2"9"!" !" 7(#. 4. 

  

 

3$(. 4. L&$-!& &!+0$.+#$$ $2&F «N$.1H I,1*!%» 

G/E3+-:* %.J+2$%* - #(#$+*+ &-/&+$#& %.J+2$ scene. NE.%) %.J+2$, 6%."-/+!-

!:) 2 %.J+2$, scene # <%*%'0E addNode, #$"!%-($#& -(6(*:* <%/09%-"$+/E. O+/0 *+-

$%6" initScene – #%96"$0 %.J+2$:, 9"6"E'(+ !"3"/0!%+ <%/%8+!(+ *%6+/(, ( 6%."-($0 

(; - %.J+2$ scene. L"<7(*+7, - 7+"/(9"4(( !" 7(#. 4 #%96"+$#& %.J+2$ 7+1+$2( ( 6%."--

/&+$#& !" #4+!,. F"##*%$7(* 9"6"3, %#$"/0!:; *+$%6%-: getStatistics – -%9-7"'"+$ #$7%-

2,, 2%$%7"& .,6+$ %$%.7"8+!" <%/09%-"$+/E; performStep – -:9:-"+$#& # ,2"9"!!:* 



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

$-$)+#$,11,2, -,'!0$&,*+1$% 
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<%/09%-"$+/+* 1"5%* ( +5% 4+/0 – K$% (9*+!+!(+ #%#$%&!(& *%6+/(, $.+. <7%4+## *%6+-

/(7%-"!(&. G/"## Cell (#<%/!&+$ 7%/0 "5+!$" ( (*++$ *+$%6 step, 2%$%7:), 2"2 -(6!% - 

7+"/(9"4((, -:9:-"+$ 2"86:) 1"5 *%6+/(7%-"!(& , 2"86%5% "5+!$", 3$% 9"6"+$ <%-+6+-

!(+ "5+!$%-.  

G"2 -(6!%, #%96"!(+ *%6+/( *"2#(*"/0!% ,<7%'+!%, 3$% <%9-%/&+$ <%/09%-"$+-

/&* #%#7+6%$%3($0#& !" /%5(2+ *%6+/(, " !+ !" <7%57"**!%) 7+"/(9"4((.  

  <7%4+##+ K2#</,"$"4(( #(#$+*: -:&-/+!% ,92%+ *+#$% - <7%(9-%6($+/0!%#$( 

#(#$+*: – <+7+6"3" 6"!!:; %$ #+7-+7" 2/(+!$,. ="2, <7( 7".%$+ # *%6+/&*(, 56+ 2%/(-

3+#$-% "5+!$%- .%/++ 1600, .:#$7%6+)#$-(+ 2/(+!$#2%) 3"#$( #!(8"/%#0. P$% %.,#/%--

/+!% %.7".%$2%) #%%.'+!() .%/01%5% %.J+*". D/& ,-+/(3+!(& <7%(9-%6($+/0!%#$( - 

6"!!:) *%*+!$ <7%(#;%6($ <%7$(7%-"!(+ <%6#(#$+*: *%6+/(7%-"!(& !" 2/(+!$#2%+ 

<7(/%8+!(+, $"2(* %.7"9%*, <7( "!(*"4(( !+ $7"$($#& -7+*& !" >%7*(7%-"!(+, <+7+-

6"3, ( %.7".%$2, #%%.'+!() % 2"86%* #%#$%&!(( *%6+/(. D/& <%/,3+!(& !+<%#7+6#$-

-+!!%5% 6%#$,<" 2 -(6+%2"7$+ 7+1+!% %$2"9"$0#& %$ -#<%*%5"$+/0!:; .(./(%$+2, $"2(; 

2"2 SceneJS, ( 7".%$"$0 !"<7&*,E # WebGL.   6"!!:) *%*+!$ <%*(*% 7+"/(9"4(( #(#-

$+*:, %.+#<+3(-"E'+) (#<%/!+!(+ <7%4+##" *%6+/(7%-"!(&  !" #+7-+7+, #,'+#$-,E$ 

!"7".%$2(, 56+ *%6+/(7%-"!(+ -:<%/!&+$#& !" #$%7%!+ 2/(+!$" [6]. 

8+"0OG!1$!  

F"97".%$"!" #(#$+*" "5+!$!%5% *%6+/(7%-"!(& BridgeGL, %.+#<+3(-"E'"&: 

Q 9"57,92, ( <7%-+6+!(+ (*($"4(%!!%5% *%6+/(7%-"!(& ,6"/+!!% (!" #+7-+7+); 

Q -(9,"/(9"4(E *%6+/( !" #$%7%!+ 2/(+!$" (- .7",9+7+); 

Q K>>+2$(-!,E 7+"/(9"4(E *%6+/(7%-"!(& 2/+$%3!:; "-$%*"$%-.  

L" #$%7%!+ #+7-+7" BridgeGL (#<%/09,+$ JavaEE $+;!%/%5((, !" #$%7%!+ 2/(+!-

$" – $+;!%/%5(( WebGL ( SceneJS, -9"(*%6+)#$-(+ 2/(+!$–#+7-+7 %#,'+#$-/&+$#& <%-

#7+6#$-%* JSON *"##(-%-.   !"#$%&'++ -7+*& -+6+$#& ,#%-+71+!#$-%-"!(+ <%6#(#$+-

*:, 7"9*+'+!!%) !" #$%7%!+ 2/(+!$", !"<7"-/+!!%+ !" #,'+#$-+!!%+ ,-+/(3+!(+ <7%-

(9-%6($+/0!%#$( <,$+* <+7+!%#" 3"#$( -:3(#/+!() !" #$%7%!, 2/(+!$" [6]. 

6$)!&+)/&+ 

1. 4&P,* 4.  ., C'$1 4. Q @(#$+*" (*($"4(%!!%5% *%6+/(7%-"!(& SIMULAB // B*(-

$"4(%!!%+ *%6+/(7%-"!(+. =+%7(& ( <7"2$(2" (BRRAD-2009): R"$+7("/: 3 ) -#+-

7%##()#2%) 2%!>+7+!4((. =. 1. @H.: O=@@, 2009. @. 257–261. 

2. C'$1 4. Q. @(#$+*" "5+!$!%5% *%6+/(7%-"!(& Simbigraph // F%##(& *%/%6"&: <+7+-

6%-:+ $+;!%/%5(( – - <7%*:1/+!!%#$0: R"$+7. III  #+7%#. !",3.-$+;!. 2%!>. A*#2: 

B96--% A*S=C, 2010. G!. 1. @. 312–316. 

3. @%%.'+#$-% WebGL. [P/+2$7%!!:) 7+#,7#] / F+8(* 6%#$,<": 

http://learningwebgl.com, #-%.%6!:). T9. "!5/. 

4. U+7!%-"& #<+4(>(2"4(& WebGL [P/+2$7%!!:) 7+#,7#] / F+8(* 6%#$,<": 

https://cvs.khronos.org/svn/repos/registry/trunk/public/webgl/doc/spec/WebGL-spec.html, 

#-%.%6!:). T9. "!5/ 

5. V(./(%$+2" SceneJS [P/+2$7%!!:) 7+#,7#] / F+8(* 6%#$,<": http://www.scenejs.org/, 

#-%.%6!:). T9. "!5/. 

6. >+&D+&!* 5. C. D+*%!#$7"4(%!!:+ <7(*+7: – -:3(#/+!(+ !" 2/(+!$#2%) 3"#$( 

[P/+2$7%!!:) 7+#,7#] / F+8(* 6%#$,<": http://alexgarbarev.homeunix.org/modeling  

 


