J
Camxapagse K.K., EpoweHko f.5. MpumeHenne OpenGL B NOCTPOEHUN CeT KN paccensaHns
BbIGPOCOB B aTMOCHepy JOPOXKHO-CT POUTeNbHON TexXHUKOi / / 3
HayuHblii pe3ynbTaT. IHpopMaLnoHHble TexHonorum. - T.3,Ne2,2018

KOMIbKOTEPHOE MOAE/TMPOBAHNE
COMPUTER SIMULATION HISTORY

YK 004.42 DOI: 10.18413/2518-1092-2018-3-2-0-1

Camxapagse K.K. NPUMEHEHWE OPENGL B NOCTPOEHNN CETKN PACCEVIBAHVA
EpoLueHko A.B6. BbIEPOCOB B ATMOC®EPY AOPOXXHO-CTPOUTEJ/IbHOUN TEXHUKOW

BenropofAckuii rocyaapCcTBEHHbIN HALMOHa/bHBIV UCCeaoBaTeNbCKUIA yHUBepCUTeT, yn. MNobeapbl 4, 85,
r. benropog, 308015, Poccus

e-mail: koba2111@mail.ru, eroshenko@bsu.edu.ru

AHHOTaUMA

[aHHaa cTaTbsl MOCBALLEHA peasn3auy OCHOBHbLIX BO3MOXHOCTEW rpadmyeckoro nHTepderica
OpenGL npu MOCTPOEHMM CETKM paccemBaHusi BbIOPOCOB BPEAHbLIX BELLECTB B aTMochepy
[OPOXHO-CTPOUTE/IbHOW  TEXHUKOWA, OTMeYeHa aKTyasbHOCTb MPUMEHEHUS W OCHOBHbIE
npevmylLlecTea 6mbanoTekn OpenGL OTHOCUTENIBHO APYrUX rpatnyeckux WHTepdelicos.
B cTaTbe onucaHbl METOAp! pacyeTa napaMeTpoB paccerBaHWUA BPEAHbIX BELLECTB B aTMOCHEPHOM
BO3/4yXe, ONUparoLLVecs Ha HOPMaTVBHbIe JOKYMEHTbI, YTBEPXKAEHHbIE 3aKOHOAATENbCTBOM P,
MocnepoBatefibHO M3/10XKEeHbl OCHOBHbIe LUArn MOCTPOEeHUs CeTKU paccensaHus B Buge 3D
Anarpammsl ¢ nomoLbio OpenGL. [JaHHaa avarpamma npefHasHaydeHa ana aHanmsa v KOHTpons
3a COCTOSHWEM 3arpAsHAIOWMX BELLECTB B 30He CTPOWUTENbCTBA aBTOMOOW/IbHOW Joporu W
MoKa3blBaeT Hambosiee OMacHble [/19 COCTOSHWS OKpPYXKaloLleid cpefbl Y4YaCTKM W 30HbI
6e30MacHOro BIMAHWSA BPeLHbIX BELeCTB. B 3aKnt0uMTENbHON YacTu cTaTbi NpUBELEH NpUMep
MOCTPOEHUA CeTKU pacceuBaHua okcuga yrnepoga (CO), Kak OCHOBHOIO 3arps3HAIOLLEro
BeLL,eCTBa BO3AYLUHOro 6acceiiHa CTPOMTE/IbHOM TEXHUKOIA.

KntoueBble cnoBa: 6ubnmoteka OpenGL; BbIGpoCbl B aTMoCepy; paccevBaHvie BbIGPOCOB;
3D guarpamma.
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Abstract

This article is devoted to the implementation of the main features of the OpenGL graphical interface
for constructing a network of dispersion of harmful substances emissions into the atmosphere by
road-building equipment while developing the information system, highlighting the relevance and
main advantages of the OpenGL library relative to other graphical interfaces. The article describes
methods for calculating the parameters of dispersion of harmful substances in the ambient air, based
on normative documents approved by the legislation of the Russian Federation. Sequentially
outlines the basic steps of building a diffusion grid in the form of a 3D diagram using OpenGL.
Such diagram is intended for the analysis and control of the state of the pollutants in the road
construction zone and shows the areas and zones of safe influence of harmful substances that are
most dangerous for the state of the environment. In the final part of the article, an example is given

MHPOPMALLMOHHbBIE TEXHONIOTUM

INFORMATION TECHNOLOGIES


mailto:koba2111@mail.ru
mailto:eroshenko@bsu.edu.ru
mailto:koba2111@mail.ru
mailto:eroshenko@bsu.edu.ru

J
Camxapagse K.K., EpoweHko f.5. MpumeHenne OpenGL B NOCTPOEHUN CeT KN paccensaHns
BbIGPOCOB B aTMOCHepy JOPOXKHO-CT POUTeNbHON TexXHUKOi / / 4
HayuHblii pe3ynbTaT. IHpopMaLnoHHble TexHonorum. - T.3,Ne2,2018

of constructing a grid of carbon monoxide (CO) scattering, as the main pollutant of the air basin by
construction equipment.
Keywords: OpenGL; air emissions; emission dissipation grid; 3D diagram.

BBEAEHWE

CoBpeMeHHble MH(HOPMALMOHHbIE TEXHONMOTMM HEBO3MOXHO MNpeAcTaBUTL 6€3 MCMOoNb30BaHMA
TPEXMEPHON TrpaMKM M BaXKHOW COCTaBHOW ee 4yacTum - aHumaymum, C 3TMM CBA3AHO MHOXECTBO
pa3paboToK B 061acTV WHXEHEPUW, KOMMbOTEPHbIX WIP, CNeLnann3npoBaHHbIX WHPOPMALMOHHbLIX
cUcTeM v Ap,, rae Bcs rpaduka 6asmpyeTcs Ha TpeXMepHbIX rpamyeckmux yckoputensax, Ans nosbieHUS
3 eKTUBHOCTM paboTbl C HUMK MNPUMEHAIOTCA pasnyHble 6MbAnOTeKW, MpeacTaBnsoLme coboin
YHUULMPOBaHHbLIA MHTEP(ENC 1 AeNCTBYIOLWME Yepe3 ApailBepbl YCTPOMCTB, KOTOPbIE MCMONb3YHOTCS
yCKOpUTENAMMU,

AKTYANBbHOCTb TEMBbI

CyLuiecTByeT HECKONbKO MHTepeiicoB Ansi paboTbl € rpaguyeckmmu yckoputenammu: Open Graphic
Library (OpenGL), Direct3D, FireMonkey, Vulkan n gp, Hanbonee akTyanbHbIM W3 HUX SBNSETCS
rpauueckas 6ubnnoteka OpenGL, B otanumm ot Direct3D, KOTOpbIA B OCHOBHOM KOHTpO/NUpyeTcs
KomnaHuei Microsoft 1 NOCTOAHHO et0 M3MEHSeTCs, YTO ABNAETCA He COBCEM YAO0OHbIM B MCMONb30BaHNN,
OpenGL u3HavanbHO paspabaTbiBasicAd 418 (YHKUMOHMPOBAHUS HA pas3fMyHbIX pabounx nnatgopmax,
Vulkan - 3to npoaykT komnaHun Khronos Group, KOTOPbIA NOKa TOMbKO TEOPETUYECKM COBMECTUM C
HEeCKO/IbKUMU nnaTopmamu, a ero nojjep>Kka HaxoguTcs Ha paHHel ctaguu, FireMonkey Takxe nmeer
HEKOTOpble HefOCTaTKU, K NpUMepy OTCYTCTBME 3/1IEMEHTOB, OPUEHTUPOBaHHbLIX Ha paboTy C AaHHbIMWU,
xpaHsawuxca s b/,

OpenGL He npuBsA3aHa K KOHKPETHON OMepauuMoOHHON CUCTeMe, TaK KaK He WMeeT TaKux
cneumanbHbIX KOMaHA, Kak paboTa c OKHamun 1 opraHu3auuns BBo4a-BbIBOAA, HO COAEPXUT B cebe 6onbLuoe
MHOXX€ECTBO KOMaHf, C NOMOLLbI0 KOTOPbIX MOABNSETCA BO3MOXHOCTb ONpefeNiaTb 06BbEKTbI U onepayuu,
Heob6XoAnMble ONS CO3[aHWUA WHTEPAKTUBHbLIX TPEXMEPHbLIX MPUKNAAHbIX NPOrpaMM U MPUIOXeHUR ¢
MCNOJIb30BaHWEM BU3YaslbHOr0 KOHTPO/IA TPEXMEPHOTO obbekTa [1],

AKTYyanbHOCTb MpuMeHeHua 6ubnnotekn OpenGL nogTeepxpaetca ewe v TeMm, YTO ee
NPOM3BOAUTENL MOCTOSHHO BbINYCKaeT paclWMpeHns K Heidl, cojepkawime HOBble He06XoAuMble
BO3MOXHOCTW, CBA3aHHbIE C M3MEHEHWEeM annapaTHbIX CPeACTB, NMPUYEM 3TV pPacLiMpeHns B OCHOBHOM
NnosIBNATCS paHblle, Yem HoBas Bepcua K Direct3D [2],

OpenGL - 3T0 OAMH K3 caMbiX MOMYNAPHbIX MNPOrpaMMHbIX WHTep(encoB Ana pa3paboTku
NPUNOXEHNIA B 06N1aCTN ABYMEPHOI U TPEXMEPHOW rpathMKmM, KOTOPbI/ C NOMOLLLIO UMeloLerocs Habopa
KOMaHf, cnocobeH 0To6pasnTb reoMeTpuyeckne 06b-eKTbl Ha akpaHe [3],

Bce aTm cBoiictBa 6mbAnoTekn OpenGL M0O3BONAKOT €e MCNOoMb30BaHWE B MOCTPOEHMU CETKM
paccenBaHusa BbIGPOCOB 3arpsasHaoWwmnx sewects (3B) s atmochepy B hopmaTte 3D,

METO/bl PACHETA MAPAMETPOB

BbI6poChl 3arpsa3HALIMX aTMOCHepy BELLECTB NMPOUCXOANAT B NpoLecce 060 NPON3BOACTBEHHOM
L0eATENbHOCTU:  MPOMBILWIEHHBIMY  MPEANPUATUAMKU,  TPAHCMOPTOM W APYTUMU  TEXHUYECKUMMU
ycTaHoBKamu, WX 06bem HacTO/IbKO BbICOK, YTO YPOBEHb 3arps3HEHUs CTAaHOBMTCA OMNAcHbIM U3-3a
MPeBbIWEeHNA LONYCTUMbIX CaHUTAPHbIX HOPM, YTO OTpPULLATENIbHO B/IMAET Ha 3[40POBbE YesioBeKa W
HeraTMBHO CKa3blBAKOTCA Ha 61aroCOCTOAHUN OKpYXKatoLein cpelbl [4],

Mpu noctynneHun 3B B OKpyXaloLWy cpegy NPoOUMCXOAMT MX paccemBaHwe, B cBA3M C 3aTum
Heo6X04MMO OCYLLEeCTB/IATL pacyeT MapameTpoB CAHUTAPHO-3alWMTHON 30HbI U MOCTPOEHWE CEeTKU
paccenmBaHuns Bbibpocos B hopmate 3D,

PacyeT napameTpoB pacCeMBaHWA  3arpAsHAOLWMX BelecTs B  arMoC(epHOM  BO3AyXe
OCYLLEeCTB/IAETCA Ha OCHOBaHMM «MeTO[0B pacyeTa paccemBaHns BbIOPOCOB BPEAHbIX (3arpA3HAOLLLNX)
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BellecTB B aTMOC(hepHOM Bo3ayxe» (ganee MeTofbl), YTBEPXAEHHbIX NpUKazom MuHnpupogbl Poccum ot
6 noHa 2017 roga Ne 273 [5],

CornacHo gaHHbIM MeTogaM Ha Npouecc paccemBaHWUs 3arpA3HAKOWMX BewecTB B aTMOCKHEPHOM
BO3JyXe BNMAET HECKONbKO (haKTOPOB TaKUX, KaK TeXHOreHHble napaMeTpbl MCTOYHWMKOB Bbl6GPOCOB,
MEeTeopOo0rnyeckKue ycnoBus paccemBaHns n gusnkKo-reorpaguyeckne oCoObeHHOCTU MECTHOCTH,

B pe3synbTate pacceMBaHWA KOHUEHTpaLMu 3arpA3HAOLLMX BeEWeCcTB B BO3AYLIHOW cpefe
CHMXalTCH, B KayecTBe TEXHOreHHbIX MapamMeTpoB BbICTyMatT BbICOTA WCTOYHMKA BbI6POCE,
Temnepartypa Bblbpoca, onpeaensemas Kak pa3HOCTb MeXAy TeMnepaTypoi BblopacbiBaEMON NCTOYHUKOM
CMecKn 1 TeMnepaTypoi oKpyxarouein cpeabl [6],

Mpaghnyeckn paccemBaHue 3arpasHAOLWMX BELWECTB B aTMOCHepe MOXHO NPeACTaBUTb LBVKEHUEM
BbIOPOCOB OT MCTOYHMKA 3arpPsASHEHMA NO TPEM HanpaBfeHUAM:

X - napannienbHo BeTpy Y 3eMie;

Y - napanfienbHo 3emsie U NeprneHauKynsapHoO BeTpy;

Z - NepneHanKynapHo 3emne u Betpy (cM, pucyHok 1) [7].

47

X Y

Pvc. 1 HanpaBneHus paccemBaHus 3arpsa3HAIOLLMX BELLECTB B aTMOCHepe
Fig. 1 Directions of dispersion of pollutants in the atmosphere

[1s NocTpoeHMa paccerBaHMe 3arpsasHALWMX BELWEeCTB B MI0CKOCTM XZ Ha OCHOBaHUM MeTop0B
onpefenseTca paccTofHMe XM OT WCTOYHWKOB BbIOPOCA, HA KOTOPOM MNPU3EMHas KOHLEHTpauus
3arpAsHALWMX  BEWEeCTB  MpuM  He6MaronpuATHbIX ~ METEeOPONOrMYecKMX  YyCNoBMAX — AocTuraet
MaKCMManbHOro 3HaYeHNs cM No hopmMyne:

5-F
om = 4 mdeH, @
roe F - 6e3pasMepHbIi KOIPHUUMEHT, YUNTbIBAKOLWNIA CKOPOCTbL ocefaHna 3B B aTMOC(HEPHOM BO3AYXeE;
H - BbicOTa MCTOYHUKA BbIBpOCa, m;
d - 6e3pa3mepHblii KOAPOULMEHT, ONpesensieMblil B 3aBUCMMOCTY OT NapaMeTpoB, XapaKTepu3syLwmx
CBOWCTBa UCTOYHMKA BbIOPOCA,

3aTem paccyMTbIBAETCA MaKCUMasbHas Npu3eMHas KOHLEHTpauua 3arpasHamoLwmx sewects cMinpu
He6/1aronpUATHLIX METEOPOSIOrMYECKNX YCOBMAX W CKOPOCTW BeTpa U, OT/MYaloLLelica OT OnacHoM
CKOPOCTW BETpa UM, No crefytowei gpopmyne:

Gm ~ I ecm, (2)
rae CM- MakcuMMasnbHas npu3emHas pas3oBas KOHLUeHTpauusa 3B npu onacHoW CKopocTy BeTpa UM, mr/m3;
r - 6e3pasmepHas BeIMYMHA, 3aBUCSALLAA OT COOTHOLIEHUS W
OnpegeneHne MakCcUManbHOW MNPU3EMHON pPa30BOW KOHUEHTpauuu 3arpasHAWMX BeLLecTB CM

paccmaTpuBanocb Npu pacyeTe paccenBaHMsA BbIOPOCOB B aTMOCHEPHbIA BO34YX AOPOXHO-CTPOUTENIbHOA
TexHuKom [8],
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[Janee onpepensercs pacCTofAHUE OT UCTOYHMKA BbIOPOCA XMW, HA KOTOPOM MpU CKOPOCTU BeTpa N U
He61aronpUATHLIX METEOPOJIOrNYECKUX YCNIOBUAX LOCTUIAeTCA MaKCManbHasa npu3emMHas KOHLeHTpaLms
3arpA3HAILLMX BeLecTB CMA N0 hopmyne:

XKW =PMIXM, 3)
roep - 6espasmepHas BeIMYMHA, 3aBUCSALLAA OT COOTHOLIEHMWSA ”

Ha puarpamme paccenBaHue BblGpPOCOB 3arpsA3HAIOLLMX BeLWeCTB B aTMOC(epHOM BO3fyXe B
NM0CKOCTU XZ UMEET BUJ KPUBOR (CM, PUCYHOK, 2).

Puc. 2. PaccemBaHue 3arpsA3HAIOLLMX BELLECTB B NAOCKOCTU XZ
Fig. 2. Dispersion of contaminants in the XZ plane

[Ona NoCcTpoeHUs CETKM paccerMBaHWs 3arpAsHAOWMX BelwecTs B nnockoctu XYZ HeobxoauMo
onpeennTb YPOBEHb NPU3EMHOW KOHLEHTpaLumn Cy B KaXAoh Touyke (X; y) OT MCTOYHMKaA Bblbpoca Mo
thopmyne:

CB= M1eM) ¢s2, (4)
rge si - 6e3pasMepHblii KOAPPULMEHT, ONpeaensiemblii B 3aBUCUMOCTM OT OTHOLLEHUS " N KoathpurumneHTa
F;

S2 - 6e3pa3mepHblii KO3hPULNEHT, ONpeaensemblii B 3aBMCMMOCTI OT CKOPOCTU BeTpa W.

Ha pguarpamme ceTka pacCemBaHWs 3arpAsHAOLWMX BewecTts B Maockoctu XYZ BbIrnagnt
cnegyrowmm o6pasom (CM. pUCYHOK 3):
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Pe3ynbTaTOM NOCTPOEHUS CETKW pacCemBaHus ABMAETCS OnpefeneHne Hambosee OMacHbIX sow, rae
Heo6Xxo4MMO B MEpBYHD O4epefb OCYLLECTBUTb MEpPONpuUATUA N0 MNPeAynpeXxxKAeHW0 U CHYDKEHUIO
3arps3HeHns aTMOC(EePHOro BO3ayxa Bblbpocamu Mbiav 1 0TpaboTaBLLMMM Fa3amu, a TakxXe onpejeneHue
B 9TUX 30HAX 3KOJOTMYECKUX PUCKOB U PUCKOB ANS 340POBbSA HaCENEHWUS, HAHOCMMbIX OKpYXatoLuel
NPUPOAHOIA Cpefe N YeNnoBeKy.

MPOrPAMMHAAPEATN3ALUUNA

[ns peanusauuu npoiecca NoCTPOEHUS CeTKM paccenMBaHWs BbIGPOCOB B aTMOCHEpPHbIA BO3AyX OT
[AOPOXHO-CTPOMTENbHON TeXHWKU ¢ nomouwblo OpenGL Heo6X0oAMMO CHayana WHULKWANM3NPOBATb
MAOCKOCTb CLieHbl PUCOBAHUS,

3T0 MOXHO c/lenaTb C MOMOLLbIO NO/b30BaTENbCKOM DYHKLMK:

template<typename T>

void InitOpenGL(T panel) {
hDC = GetDc((HWND)panel->Handle.ToPointer());
PixelFormat= ChoosePixelFormat(hDC, &pfd);
SetPixelFormat(hDC, PixelFormat, &pfd);
hRC = wglCreateContext(hDC);
wgIMakeCurrent(hDC, hRC);

}
MapameTp panel - 3TO KOHTeWHep, B KOTOpOM 6yAeT NMPOMCXOAUTL PUCOBaHUE TeoOMeTPUYeCcKMX

MPUMUTNBOB,
Cnepywowym LWarom Heo6xo4MMO OYMCTUTL CLEHY PUCOBaHMA W 3a4aTb LBET ()OHa, OpraHM3oBaTb
BpaLLeHne CLeHbl B 3-x nnockoctsix, MPUBAVKEHNE 1 OTAaNEHNE, a TaKXe 3aaTb NapaMeTpbl OCBELLeHNS

[9].

3T0 MOXHO cfienatb cneaytouMm 06pa3om:

// co3paeM KOHTEKCT pucoBaHus

glClearColor(1.0, 1.0, 1.0, 1.0);
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);
glLoadldentity();

// BpaleHne cueHsl

glRotated(angleX, 1.0, 0.0, 0.0);
glRotated(angleY, 0.0, 1.0, 0.0);
glRotated(anglez, 0.0, 0.0, 1.0);

glScaled(pow(zoomX, -1.0), pow(zoomY, -1.0), pow(zoomZ, -1.0));

// ocBeleHe CueHbl

glEnable(GL_LIGHTING);

glEnable(GL_NORMALIZE);

GLfloat diffuse[] = { 1.0, 1.0, 1.0, 1.0 }; // puody3Hbii LBEeT cBeTa
GLfloat position[] = { 0.0, 0.0, zoomZ, 1.0 }; // HanpaBneHue cBeTa
glEnable(GL_LIGHTO);

glLightfv(GL_LIGHTO, GL_DIFFUSE, diffuse);

glLightfv(GL_LIGHTO, GL_POSITION, position);
glEnable(GL_COLOR_MATERIAL);

CeTKa paccenBaHusa BbIGPOCOB CTPOUTCSH C NOMOLLbIO NMPUMUTUBHbLIX FeOMETPUYECKUX 06BLEKTOB
OpenGL - numHmii Tvna GL_LINE_STRIP, korga kaxpgas cnegywoouias BepllivHa SBASAETCA KOHLOM
TEKyLero oTpeska NpsMoi 1 Havyanom ans cnegyrouero [10],

PucoBaHue 3TUX IMHWIA peann3oBaHO B N0J/Ib30BaTE/IbCKOW (YHKLMK:
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GLvoid glDrawLineStrip(List<Point3DA> Apoints, Color Acolor, GLdouble width = 1.0) {
glColor4d(color->R / 256.0, color->G / 256.0, color->B / 256.0, color->A / 256.0);
glLineWidth(width);
glBegin(GL_LINE_STRIP);
for (int i = 0; i < points->Count; i++)

glVertex3d(points[i]->X, points[i]->Y, points[i]->Z);
glEndQ);

List<List<Point3DA>A> Adata = substances[indexSubstance]->getCxy();
List<List<Point3DA>A> Adata2 = gcnew List<List<Point3DA>A>();
for (int 1 = 0; i < data[0]->Count; i++) {
List<Point3DA> Alines = gcnew List<Point3DA>();
for (int j = 0; j < data->Count - 1; j++)
lines->Add(gcnew Point3D(data[j][i]->X, data[j][i]->Y, data[j][i]->2));
data2->Add(lines);

for (int i = 0; i < data->Count; i++) {
glDrawLineStrip(data[i], substances[indexSubstance]->getColor(), 1.0);
for (int j = 0; j < data[i]->Count; j++) data[i][j]->Y *= -1.0;
glDrawLineStrip(data[i], substances[indexSubstance]->getColor(), 1.0);

%or (int i = 0; 1 < data2->Count; i++) {
glDrawLineStrip(data2[i], substances[indexSubstance]->getColor(), 1.0);
for (int j = 0; j < data?[i]->Count; j++) data2[i][i]->Y *= -1.0;
glDrawLineStrip(data2[i], substances[indexSubstance]->getColor(), 1.0);

Ons 0603HaYeHWs rpaHUL, XM W XMM UCMONb3yeM 3MAUNCbI COOTBETCTBYHOLWMX PajuycoB
OTHOCUTE/NbHO LieHTPa MCTOUYHMKA BbI6GPOCOB.
PucoBaHve 3nnnca peasm3oBaHo B NONb30BATENbCKOW PYHKLMN:

GLvoid glDrawEllips(Point3D Aposition, GLdouble radiusX, GLdouble radiusY, Color Acolor, GLdouble
width = 1.0) {
glColor4d(color->R / 256.0, color->G / 256.0, color->B / 256.0, color->A / 256.0);
glLineWidth(width);
glBegin(GL_LINE_LOOP);
unsigned long int amountSegments = 100;
for (unsigned long int i = 0; 1 < amountSegments; 1i++) {
GLdouble angle = 2.0 * Math::Pl * (GLdouble)i / (GLdouble)amountSegments;
GLdouble x3 = radiusX * sinf(angle);
GLdouble y3 = radiusY * cosf(angle);
glVertex3d(x3 + position->X, y3 + position->Y, position->7Z);
}
glENdQ);

}

double Xm = substances[indexSubstance]->getXm();

double Xmu = substances[indexSubstance]->getXmu();

glDrawEllips(gcnew Point3D(0.0, 0.0, 0.0), Xm, Xm, Color::Red, 2);
glDrawEllips(gcnew Point3D(0.0, 0.0, 0.0), Xmu, Xmu, Color::Green, 2);
glDrawEllips(gcnew Point3D(0.0, 0.0, 0.0), zoomX, zoomY, Color::Black, 2);

B KauecTBe npumepa NOCTPOUM CETKY paccenBaHus BbIGpocoB okcmaa yrnepoga (CO) oT 4OPOXKHO-
CTPOUTENbHOW TeXHWUKKU (aBTorperigepa, TpakTopa U ac(anbToyKnagumka) Ha y4yacTKe CTPOUTeNbCTBa
foporu (cm, pucyHok 4) ¢ nomolybto OpenGL v npeactasum ee B BuAe 3D gurpammel,
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Puc. 4. MNocTpoeHne CEeTKU paccemBaHnsa oKcuaa yrnieposa
Fig. 4. Construction of a network of carbon monoxide dispersal

Ha pucyHke 4 BUAHbI 30HbI paccenmBaHua okcuga yrnepoga (CO): KpacHbIM LBETOM (Ha pacCTOAHUM
XM= 12,6 m ot Touku BblOpOCa) 0603HaYeHa rpaHNLa MaKCUManbHON KOHLEHTpauumn BpeAHOro BeLLEeCTBa,
3e/leHbIM LBETOM (Ha pacCcTofAHUM XMW =76,8 M OT TOYKM Bbibpoca) - rpaHULa KOHLUEHTpauuu npu
CKOpOCTM BETpa W, OT/INYAKOLLEliCA OT 0ONacHOW CKOPOCTH BETPa WM.

SAK/TKOHEHWE

Takum o6pasom, 6ubnmoteka OpenGL ABnseTCA OAHUM M3 CaMbIX MOMYSPHbIX MPOrpPaMMHbIX
NHTepgelricoB ansa paspaboTKM NPUNOXKEHWA B 06MacTh ABYMepPHOW WM TpexMmepHoW rpaduku, K ee
XapaKTepHbIM OCOBGEHHOCTAM OTHOCATCSA CTabUNbHOCTb, HafeXHOCTb, MOCTOSHHO pas3BMBaloLLMecs
JONOMHEHUA U paclUMpeHns, NerkocTb B NPUMEHEHUN N MOHATHbLIW UHTepdelic, ITO Hanbosee akTyasbHOe
pelweHne B NOCTPOEHUN CETKU paccemBaHUs BbIOPOCOB BpefHbIX BELLECTB B aTMOCKEpPHbIA BO3AYyX W3
pa3/IMYHbIX UCTOUYHUKOB,
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B pesynbTaTe npumeHeHuss OpenGL B 06nacTM MOCTPOEHUSA CETKM paccemBaHus BblGPOCOB
opmupyetca 3D anarpaMmma Ans BU3yanbHOro aHanmsa v KOHTPOJIA COCTOAHUA 3arpAa3HAOLWMX BELLECTB
B paboyein 30He.

[aHHas [fuarpaMma CNyXWT HarnsgHblM maTepuanom oTobpaxeHus Haubosiee OnacHbIX AN
COCTOSIHUA OKpYXaloLLein cpefbl yH4aCTKOB, 30H NpPefeNbHO-A0NYCTUMbIX 3HAYEHUI U MeCT, rAe BMAHME
BPefHbIX BELLeCTB AB/iAeTCA 6€30MacHbIM, M OCHOBOW A/ NNAHUMPOBaHWA MepPONnpUATUA MO CHUXKEHWUIO
YPOBHSA 3arpsA3HeHunii Kak paboyei 30Hbl, TaK Y OKPY>KatoLero npocTpaHCcTBa XXWUNOW 30Hbl B FOPOACKMX
yCnoBusaX,
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