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3456478895:  4:; <=5 <4:>8:495? =@AB7C@A7D@@ 

4:ABCE<7<5= @8@<7D@599565 85;:C@45=79@F  

:. =. G!&!.1!*, 4. 9. 6&$2,&H!*, ;. =. +-,I0,*, 7. =.  0+)$1, 7. 7. 8+(0!11$",* 

(8,("*+) 

 !"#!$%%&"' (!')(*+" *!',%'!&"- +./0$1./$2.. 3!')&$/&$4'&" )15 "*"6!$7'-

&.5 )+.7'&.5 . +/$.%"!$(3"1"7'&.5 6"189., ("+":03&"(*'- "6;':*"+ !$/1.4&"#" &$-

/&$4'&.5 &$ <"&' !'$1.(*.4&"#" "*"6!$7'&.5 /'%&"- 3"+'!,&"(*. . &'6"(+")$. = 3!"-

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

<0&:2."&.!"+$&.5, :$: +>)'1'&&>, 3"18/"+$*'1'% "6;':*"+, *$: . +('- ("+":03&"(*. 

"6;':*"+ + 2'1"%.  

?(,")&>' )$&&>' )15 *!',%'!&"#" "*"6!$7'&.5 %"#0* +>!$6$*>+$*8(5 !$/1.4-

&>%. .%.*$2."&&>%. %")'15%. .1. /$3.(>+$*8(5 + ,")' &$*0!&>, @:(3'!.%'&*"+. 

 '!')$4$ .(,")&>, )$&&>, 3!"#!$%%&"%0 (!')(*+0 *!',%'!&"- +./0$1./$2.. %"7'* 

"(0A'(*+15*8(5 4'!'/ *':(*"+>' <$-1> !'/018*$*"+ !$6"*> %")'1. 1.6" &'3"(!')(*-

+'&&" + ,")' !$6"*> %")'1. 3" 3!"*":"10 TCP/IP .1. 4'!'/ "4'!')8 ("6>*.- "3'!$2.-

"&&"- (.(*'%>. 

 !"#!$%%&"' (!')(*+" *!',%'!&"- +./0$1./$2.. 3"/+"15'*: 

B C*"6!$7$*8 &'"6,").%>- 04$(*": /'%&"- 3"+'!,&"(*.. 

 

 

4$(. 1 

B  '!'%'A$*8 :$%'!0 &$61D)$*'15 &$) +('- "*"6!$7$'%"- 3"+'!,&"(*8D E'%1.. 

B C*"6!$7$*8 + *!',%'!&"% 3!"(*!$&(*+' 3"1"7'&.' . 3'!'%'A'&.' *!',%'!-

&>, "6!$/"+ %")'1.!0'%>, "6;':*"+:  

– "6!$/> ').&.4&>, "6;':*"+  – *$&:"+, FG , FHI, "!0).-, JKC,  L IJEC, ($-

%"1'*"+, +'!*"1'*"+, *!$&(3"!*&>, (!')(*+ "6A'#" &$/&$4'&.5, "6;':*"+ #!$7)$&(:"- 

$+.$2.. *. ).; 

– /&$4:. #!033"+>, "6;':*"+: 6$*$18"&"+, !"*, +/+")"+, ).+./."&"+, 6$*$!'-, 

:"%$&)&>, 30&:*"+ . *. ).  

B ?/%'&5*8 %$(9*$6 "*"6!$7'&.5 *!',%'!&>, "6!$/"+ "6;':*"+. 

B C*"6!$7$*8 ./%'&'&.' ("(*"5&.- "6;':*"+ . (+5/$&&>, ( &.%. 3!"2'(("+ /$ 

(4'* ./%'&'&.5 2+'*$ ., *!',%'!&>, "6!$/"+. 
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B C*"6!$7$*8 *!$':*"!.. )+.7'&.5 %")'1.!0'%>, "6;':*"+.  

B M15 +>6!$&&>, 3"18/"+$*'1'% "6;':*"+ "*"6!$7$*8 *':(*"+0D .&<"!%$2.D 

" *':0A'% ., ("(*"5&.., $ *$:7' "(0A'(*+15*8 +>+") *':(*"+"#" 3!"*":"1$, "3.(>-

+$DA'#" 3!"2'(( <0&:2."&.!"+$&.5 "6;':*"+. 

B M15 +>6!$&&>, 3"18/"+$*'1'% "6;':*"+ "*"6!$7$*8 /"&> "6&$!07'&.5 . 3"-

!$7'&.5. 

B ="(3!"./+").*8 ,") "3'!$2.. ( /$)$+$'%>% .((1')"+$*'1'% +!'%'&&>% 

%$(9*$6"%: + !'$18&"% +!'%'&., 3!. 0(:"!'&.. 3" "*&"9'&.D : !'$18&"%0 +!'%'&., 

3!. /$%')1'&.., $ *$:7' "(*$&$+1.+$*8 +"(3!"./+')'&.', +"/+!$A$*8(5 &$/$) 3" +!'-

%'&. "3'!$2... 

B C(0A'(*+15*8 6>(*!0D 0(*$&"+:0 +!'%'&.. 

B C*"6!$7$*8 *$:*.4'(:.' /&$:., *$:.' :$: 1.&.. 6"'+"#" ("3!.:"(&"+'&.5, 

1.&.. !$/#!$&.4'&.5 3")!$/)'1'&.-, "61$(*. !$/%'A'&.5 3")!$/)'1'&.- . *.). 

B C*"6!$7$*8 .'!$!,.D 3")4.&'&&"(*. %")'1.!0'%>, "6;':*"+. 

B C*"6!$7$*8 +"/)09&0D "6(*$&"+:0 3"1'*"+ +"/)09&>, (0)"+ (@1'%'&*> +"/-

)09&"#" 3!"(*!$&(*+$ (%$!9!0*> SID/STAR, =H, $@!"3"!*>), @1'%'&*> (*!0:*0!> 

(.(*'%> C!=M (!$-"&&>' 2'&*!>, (':*"!> C=M, /$3!'*&>' /"&>)). 

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

/0$1./$2.., 3!')(*$+15'* ("6"- "*"6!$7'&.' %")'1.!0'%>, !'$18&>, 3!"(*!$&(*+'&-

&>, "6;':*"+ . 3!"2'(("+ + :"%38D*'!&" (%")'1.!"+$&&"' *!',%'!&"' 3!')(*$+1'&.' 

(+.!*0$18&0D !'$18&"(*8), ( 3"%"A8D :"*"!"#" +"/%"7&" "2'&.*8 +/$.%&"' !$(3"1"-

7'&.' . 3'!'%'A'&.' %")'1.!0'%>, "6;':*"+, 3!. 7'1$&.. ",+$*.*8 2'1.:"% +'(8 

%")'1.!0'%>- 3!"2'(( .1., &$"6"!"*, (:"&2'&*!.!"+$*8(5 &$ "*)'18&>, 3")!"6&"-

(*5,. N).&.4&>' "6;':*>, &$,")5A.'(5 + (2'&', "*"6!$7$D*(5 *!',%'!&>%. :"%38D-

*'!&>%. %")'15%., 3'!')$DA.%. ., "(&"+&>' :"&(*!0:*.+&>' "("6'&&"(*.. H$:"- 

(3"("6 "*"6!$7'&.5 .%''* 3!'.%0A'(*+" 3'!') (3"("6"% "*"6!$7'&.5 ( .(3"18/"+$-

&.'% 0(1"+&>, "6"/&$4'&.- (/&$4:"+) ./-/$ (+"'- '(*'(*+'&&"(*. . &$#15)&"(*. – 

3"18/"+$*'18 (!$/0 0/&$'* *.3 "6;':*$, ./"6!$7'&&"#" &$ @:!$&', . '%0 &' *!'60'*(5 

/$#15)>+$*8 + (3!$+:0, 4*"6> 0/&$*8, : :$:"%0 *.30 (!')(*+$ "*&"(.*(5 )$&&"' 0(1"+-

&"' "6"/&$4'&.'.  
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 "(:"18:0 %")'1.!0'%>' !'$18&>' "6;':*> .%'D* "4'&8 &'6"189.' !$/%'!> 

"*&"(.*'18&" *"#" 3!"(*!$&(*+$, + :"*"!"% "&. "*"6!$7$D*(5 . +/$.%")'-(*+0D* (&$-

3!.%'!, ).+./."& EIO 6"189"- )$18&"(*. )'-(*+.5, .%'DA.- + (+"'% ("(*$+' 3"!5):$ 

24 (!')(*+ !$/%'!"% + &'(:"18:" %'*!"+, !$(3"1"7'&&>, + :!0#' !$).0("% 10 :%, . 

.%'DA.- /"&0 3"!$7'&.5 6"1'' 100 :%, .1. )15 #!$7)$&(:"- $+.$2.. 3'!'1'* ./ ")&"-

#" :"&2$ I"((.. + )!0#"-), *" ., !$/%'!> 3!. "*"6!$7'&.. %"#0* %$(9*$6.!"+$*8(5 + 

&'(:"18:" )'(5*:"+ . ("*'& !$/ + (*"!"&0 0+'1.4'&.5 ()" 1000). C6;':*> + (2'&' "*"-

6!$7$D*(5 ( &$1"7'&&"- &$ &., *':(*0!"- (!'$18&"- !$(:!$(:"-, :$%0<157'% .1. 

)!.), :"*"!0D 3"18/"+$*'18 %"7'* "*:1D4.*8.  

M15 3'!'%'A'&.5 (&$+.#$2..) 3" (2'&' .(3"18/0'*(5 3"&5*.' :$%'!>. P'&*! 

:$%'!> ("+3$)$'* ( 3"/.2.'- &$61D)$*'15, $ &$3!$+1'&.' :$%'!> – ( &$3!$+1'&.'% 

+/#15)$ &$61D)$*'15. H$:.% "6!$/"%, 3'!'%'A'&.' &$61D)$*'15 + 3!"(*!$&(*+' *!',-

%'!&"- (2'&> "(0A'(*+15'*(5 3'!'%'A'&.'% . +!$A'&.'% :$%'!>. 

M15 0+'1.4'&.5 6>(*!")'-(*+.5 )15 :$7)"#" "6;':*$ 3!')0(%"*!'&> *!. 0!"+-

&5 3")!"6&"(*.. O"#)$ :$%'!$ &$,").*(5 )$1':" "* "6;':*$, *" +>6.!$'*(5 *!',%'!&$5 

%")'18 "6;':*$ ()$1'' %")'18) &$.%'&89'- 3")!"6&"(*. (%"7'* 6>*8 30(*"- %")'18D, 

*.'. &.4'#" &' "*"6!$7$'*(5). 

Q1'%'&*> %")'1'- %"#0* )+.#$*8(5 )15 3"+>9'&.5 !'$1.(*.4&"(*. (&$3!.%'!, 

3"+"!"* 6$9'& *$&:"+, +!$A'&.' +.&*"+ +'!*"1'*"+, +!$A'&.' $&*'&& IRJ  ..*. ).). 

= 3!"#!$%%&"% (!')(*+' 3!')0(%"*!'& +>+") )"3"1&.*'18&"- .&<"!%$2.. "6 

"6;':*$,: :$: 3!"*":"18&>, /$3.('-, *$: . <$/"+>, :""!).&$*.  !"*":"18&>' /$3.(. 

&'(0* + ('6' .&<"!%$2.D " ("6>*.5,, 3!".(,")5A., ( "6;':*$%. 3!. %")'1.!"+$&...  

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

+.)' 1.&.-, *5&0A.,(5 /$ "6;':*"% "* %'(*$ '#" 3"5+1'&.5 )" *':0A'#" 3"1"7'&.5 

"6;':*$.  

= )"3"1&'&.' : *!$':*"!.5% + 3!"#!$%%&"% (!')(*+' (0A'(*+0'* +"/%"7&"(*8 

"*"6!$7'&.5 +'!*.:$18&>, 3!"<.1'- 3"1'*$ "6;':*"+, :"*"!>' 3"/+"15D* + 0)"6&"- 

<"!%' "2'&.*8 +>("*&"' !$(3"1"7'&.' "6;':*"+. 

= 3!"2'((' %")'1.!"+$&.5 "6;':* 3!.&.%$'* !$/1.4&>' ("(*"5&.5, &':"*"!>' 

./ :"*"!>, %"#0* "*"6!$7$*8(5 2+'*"%.  

= :$4'(*+' (!')(*+$ +./0$18&"- "2'&:. !$((*"5&.- + (2'&' .(3"18/0'*(5 :""!-

).&$*&$5 ('*:$ ( "(5%. :""!).&$*, $ *$:7' 3!.(0*(*+0'* .&(*!0%'&*$!.- ./%'!'&.5 

!$((*"5&.- %'7)0 "6;':*$%..  

C*"6!$7'&.' +"/%"7&" :$: + !'$18&"% %$(9*$6' +!'%'&., *$: . ( :"@<<.2.'&-

*"% 3" +!'%'&., 6"189.% .1. %'&89.% ').&.2>. O"@<<.2.'&* 3" +!'%'&. 6"189.- 

').&.2> 3!.%'&5'*(5 3!. 3!"(%"*!' ).&$%.:. + 0(:"!'&&"% !'7.%', $ %'&89.- ').-

&.2> – + /$%')1'&&"%.  !. "*"6!$7'&.. ).&$%.:. +"/%"7&" 3'!'%'A'&.' 3" +!'%'&. 

+ 3!"./+"18&"% &$3!$+1'&.. &$ 3!"./+"18&"' +!'%5.  

G")'18 /'%&"- 3"+'!,&"(*. 3"(*!"'&$ &$ "(&"+$&.. )$&&>, SRTM <"!%$*$ 

()15 /$)$&&"- 9.!"*>/)"1#"*> 6'!'*(5 +>("*$), $ + :$4'(*+' *':(*0!> – ./"6!$7'&.5 

./ !$/&""6!$/&>, .(*"4&.:"+, *$:., :$: Google Maps .1. Microsoft Virtual Earth. H':-

(*0!$ &$:1$)>+$'*(5 &$ 3"(*!"'&&>- !'18'< ( 3"%"A8D (!')(*+ 6.61."*':. 

OpenSceneGraph.  !')+$!.*'18&" :""!).&$*> 3!'"6!$/"+>+$D*(5 + ').&0D (.(*'%0. 

G")'18 !'$1./"+$&$ (.(*'%"- 0!"+&'- )'*$1./$2.. (LOD) (+ /$+.(.%"(*. "* 0)$1'&.5 

./%'&5'*(5 0!"+'&8 3")!"6&"(*.). O"1.4'(*+" 0!"+&'-  +>6.!$'*(5 .(,")5 ./ !'18'<$ 

(&$ 6"1'' 31"(:"- 3"+'!,&"(*. %'&89' 0!"+&'-). M15 (0A'(*+0DA'- %")'1.  '(*8 +"/-

%"7&"(*8 )"6$+1'&.5 "6;':*"+, 3!')(*$+1'&&>, +':*"!&>%. )$&&>%. (&$3!.%'!, +/5-

*>, ./ .(*"4&.:"+ *.3$ OpenStreetMap .1. S?J ?&*'#!$2.5), *$:., :$: )"!"#., )"%$, 

1'($, !':. ..*.). I'18'< +"/%"7&" 3"):!$(.*8 + &'"6,").%>' 2+'*$ +%'(*" *':(*0!>. 

J.(*'%> :""!).&$* 3!"#!$%%&"#" (!')(*+$ #!$<.4'(:"- +./0$1./$2..:   
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1.  !5%"0#"18&$5 )':$!*"+$ (.(*'%$ :""!).&$*, 2'&*! :"*"!"- &$,").*(5 &$ 3"-

+'!,&"(*. E'%1. + +>6!$&&"- 3"18/"+$*'1'% *"4:'. 

2.  WGS84. 

 

4$(. 3 

 !"#!$%%&"' (!')(*+" !$/!$6"*$&" ( 04'*"% +"/%"7&"(*. )"6$+1'&.5 )"3"1&.-

*'18&>, @1'%'&*"+ (!')>, $ *$:7' ./%'&'&.5 !$&'' ("/)$&&>, :"%3"&'&*"+ 3") &07)> 

:$7)"- :"&:!'*&"- %")'1.. 

M15 $+*"%$*./.!"+$&&"- 3")#"*"+:. )$&&>, (0A'(*+0'* %")018 3")#"*"+:. 

(2'&$!.'+, 3!')(*$+15DA.- ("6"- .&(*!0%'&*$!.- !$((*$&"+:. (!')(*+ &$ %'(*&"(*. ( 

!')$:*.!"+$&.'% ., &$4$18&"#" !$(3"1"7'&.5, *!$':*"!.- )+.7'&.5, 3!"#!$%%> 3"-

+')'&.5 ..*.). 

 !"#!$%%&"' (!')(*+" *!',%'!&"- #!$<.4'(:"- +./0$1./$2.. &$3.($&" &$ 5/>-

:' C++ ( .(3"18/"+$&.'% )"3"1&.*'18&>, 6.61."*': wxWidgets . OpenSceneGraph. 

F.61."*':$ wxWidgets 5+15'*(5 3'!'&"(&"- "6;':*&"-"!.'&*.!"+$&&"- 6.61."-

*':"- +>(":"#" 0!"+&5 )15 ("/)$&.5 .&*'!<'-($ 3"18/"+$*'15, .%''* 6"#$*>- &$6"! 

:"%3"&'&*"+, 3"))'!7.+$'* %&"7'(*+" :"%3.15*"!"+, 3!"(*$ + "(+"'&.., .%''* "*-

:!>*>' .(,")&>' :")> . (+"6")&" !$(3!"(*!$&5'*(5 3" 1.2'&/.. GPL. 

OpenSceneGraph – @*" "*:!>*"' 3!"#!$%%&"' "6'(3'4'&.' )15 !$/!$6"*:. +>("-

:"3!"./+").*'18&>, 3D-3!.1"7'&.-, .(3"18/0'%"' !$/!$6"*4.:$%. )15 *$:., 3!.1"-

7'&.- :$::  

:"%38D*'!&>' .#!>; 

+.!*0$18&$5 !'$18&"(*8; 

&$04&>' 3!.1"7'&.5; 

:"%38D*'!&"' %")'1.!"+$&.'. 

?&(*!0%'&*$!.- &$3.($& &$ C++ ( .(3"18/"+$&.'% OpenGL . 3"))'!7.+$'* 

6"189.&(*+" "3'!$2."&&>, (.(*'%: Windows, Mac OS X, Linux. T':"*"!>' +"/%"7&"-

(*. 6.61."*':.: 

1.  "))'!7:$ OpenGL 9'-)'!"+. 

2.  "))'!7:$ 6"189"#" :"1.4'(*+$ 2D ./"6!$7'&.- . 3D <"!%$*"+, *$:., :$: 

OpenFlight, TerraPage, OBJ, 3DS, JPEG, PNG . GeoTIFF . *.). 

3. O!03&>- %$(9*$6, 3"))'!7:$ ("/)$&.5 +('#" #1"60($ "*)'18&>%. (*!$&.2$-

%. )15 0(:"!'&.5 /$#!0/:.. 
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4.  "))'!7:$ %&"#"3"*"4&"(*. . %&"#"3!"2'(("!&"(*.. 

5.  "))'!7:$ )"3"1&.*'18&>, 3"(*"5&&" 3"3"1&5'%>, 6.61."*':. 

M"(*03&"(*8 .(,")&>, :")"+ )$&&>, 6.61."*':, +"/%"7&"(*8 ., :"%3.152.., $ 

*$:7' 3'!'&"(.%"(*8 .(,")&>, :")"+ %'7)0 !$/1.4&>%. 31$*<"!%$%. (Linux, Win-

dows . *.).) )$D* +"/%"7&"(*8 .(3"18/"+$&.5 3!"#!$%%&"#" (!')(*+$ *!',%'!&"- #!$-

<.4'(:"- +./0$1./$2.. &$ !$/1.4&>, "3'!$2."&&>, (.(*'%$,, + 4$(*&"(*. (3'2.$1.-

/.!"+$&&>, +"'&&>,. 

 !"#!$%%&"' (!')(*+" *!',%'!&"- +./0$1./$2.. 0(3'9&" 3!.%'&5'*(5 + ,")' 

+>3"1&'&.5 !5)$ T?I . COI, +>3"1&5'%>, 3" /$)$&.D G.&.(*'!(*+$ "6"!"&> IU.  

= &$(*"5A'' +!'%5 3!"#!$%%&"' *!',%'!&"- +./0$1./$2.. @:(310$*.!0'*(5: 

B + ("(*$+' (*'&)"+ 3" "*!$6"*:' 3!"#!$%%&"#" "6'(3'4'&.5 "6!$/2"+ +"'&&"- 

*',&.:.; 

B + ("(*$+' %")'1.!0DA., :"%31':("+ 3" "2'&:' @<<':*.+&"(*. <0&:2."&.!"-

+$&.5 !$/1.4&>, (.(*'% +"'&&"#" &$/&$4'&.5;  

B + ("(*$+' :"%31':($ .%.*$2."&&"#" %")'1.!"+$&.5 03!$+1'&.5 +"/)09&>% 

)+.7'&.'%. 

 


