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HEJIb PABOTBbI: no3HakoMHUThCS C OCHOBaMH mporpamMmmupoBanus Ha OpenGL.
3AJJAYA: co3math TpexMEpHYIO MOCHb 3agaHHoro oobsekTa B 3DS Max u nporpammy Ha OpenGL

IJI YIIPABJICHUS WM.

1. IlloakaroyeHne H MHUIHAJIN3AUA OMOJTHOTEKH

Jns pabotsl ¢ OpenGL, kak u ¢ ar000# apyroit OGuOIMOTEKON, HEOOXOAWMBI MPOTrPAMMHbBIE
MOJIyJI, COJepKalllie OIMCaHWe BCEX KOHCTAaHT U (yHKOWA. Moaynu, TOCTaBiseMble C
kommmsitopamu Delphi 7, VC++ 2005 u C++ Builder 6, npeara3zHadeHs! A1 pabOThI ¢ OYEHBb CTapoit
Bepcuei 1.1 OpenGL. Ceiiuac yxe cymiectByeT Bepcus 2.1. Kpome Toro, ectb 00ybIIoe KOJTUIECTBO
TaK Ha3bIBAEMBIX «PACHIUPEHUN», 3HAYUTEIHBHO YBEIMUYMBAIOIIUX BO3MOXXHOCTH TpaduuecKkux
MPOrpamMM M MO3BOJIAIONINX UCIOIB30BATh CaMble MOCIIEIHUE BO3MOKHOCTH COBPEMEHHBIX BHICOKApPT.
Pacmmpenunst paspabarteiBaroTcss  (pupMaMu-pou3BOIUTENsIME Tpaduyeckux mporeccopo (ATI,
NVIDIA u ap.) u nocteneHHo BKJItoudaroTcst B cranaapT OpenGL, nHorma B HECKOIBKO M3MEHEHHOM
Buge. B mpunmaraembix mpumepax mporpamMm Ha [lackanme ucmonp3oBana Oubmuoreka dglOpenGL
(monnepxuBaet Bepcuto 2.0), Ha C++ — GLEW (B3ara u3 NVIDIA OpenGL SDK 10, nogaepxxuBaet
Bepcuto 2.1), na C# — Tao Framework (momnepxuBaer Bepcuto 2.1 U JOMOTHUTEIHHO COJEPIKHUT
HECKOJIBKO TOJIE3HBIX OMOIMOTEK MOITPOrpamMm).

WNuunumanuzanus v pabota co BceMu OUOMMOTEKaMU MPAaKTUYECKU OJUHAKOBA, MO3TOMY JallbIIe
u3J0XKeHue Oyaer BecTuch npuMeHuTenbHO K dglOpenGL. DTa 6ubanoTeka npeacraBiser cOO0H OUH

moxyns dglOpenGL.pas, KOTOpBIH MOAKIIOYAETCS CTAHJAPTHBIM CIIOCOOOM:

uses dglOpenGL;

Ilepen pabortoii ¢ OubmMOTEKO HeoOxomumo Bb3BaTh ¢yHkuuio IN1tOpenGL, xoropas
yCTaHABIIMBAET yKaszaTeld Ha Bce aoctymHble QyHKimu sapa OpenGL u ero pacmmpenwii. 3atem

JOJKEeH OBITh CO3/IaH U 3aJIeiiCTBOBaH KOHTEKCT oToOpaxenust OpenGL.

var
pfd : TPixelFormatDescriptor; //ommcanue dopmMaTa NMUKCeEJE
pf : Integer; //vHnexc dopmMaTa NmuKCesen
begin

InitOpenGL; //wuHuumammsauus dglOpenGL

//TIoJlyunM KOHTEKCT YCTpOMCTBAa IJiS OKHA
dc := GetDC (Handle) ;

//co3manuMm onmcaHue TpebyeMoro dGopMaTa OMKCesa




FillChar (pfd, sizeof (pfd), 0);

pfd.nSize := sizeof (PIXELFORMATDESCRIPTOR) ;

pfd.nVersion := 1;

pfd.dwFlags := PFD DRAW TO WINDOW + PFD DOUBLEBUFFER +
PFD SUPPORT OPENGL;

pfd.cStencilBits := 8;

pfd.cDepthBits := 24;

//ToyuuM HOMep HamboJsiee OJIM3KOTO K BalpOleHHBM IapamMeTpaM
//cTaHmapTHOTO dopmara
pf := ChoosePixelFormat (dc, @pfd);

//nosiyuuM eTro OonMcaHue
DescribePixelFormat (dc, pf, sizeof (PIXELFORMATDESCRIPTOR), pfd);

//YyCTaHOBMM €r0 IJid KOHTEKCTa yCTPOMCTBA OKHA
SetPixelFormat (dc, pf, @pfd);

//co3manuM KOHTEeKCT oTobpaxenms nias OpenGL
hrc := wglCreateContext (dc);

//3amelicTByeM ero

wglMakeCurrent (dc, hrc);

//yCcTaHoBMM OGJIaXKM IIJi9 BCEX NOCTYIHHX pacumpeHutt OpenGL
ReadImplementationProperties;

KoHTekcT oToOpaxkeHus conepkKuT MHGOpMaHu 00 HCTHoab3yeMoM (opmaTe MHUKCeIeH, Kyua
BXOJST JaHHble 00 OOIIeM KOJTMYeCTBE ILBETOB M crmoco0e WX KOIUPOBAHHUSA, O KOIUYECTBE OWUT,
OTBOJIMMBIX Ha OJMH 3JeMeHT Oydepa riayOounsl u Oydepa mabimoHa u 1.n. uHpopmanus. Jlrobas
BUJICOKApTa MOAJIEPKUBAET OOJIBLION CIUCOK (POPMATOB MUKCENIEH U MporpaMma Mpu 3alycKe JT0JKHA
BbIOpaTh M3 HUX Hambosee MOAXOIAmMi Ay celOsa. [ 3Toro HyKHO, HpPEXKIe BCEro, CO3/aTh
«KOHTEKCT yCTpoiicTBa» oOKHAa. OH ONUCHIBACT XapaKTEPUCTHUKU TpadUUYecKuX YCTPOUCTB U
ucrnonb3yercss Bcemu QyHkuusmMu pucoBanus GDI, a Taxke HesBHO — kimaccom 1Canvas u3
ouobmuotexku VCL Delphi. 3atem ctpykrypa tuna TPixelFormatDescriptor 3anofHseTcs Tpe0yeMbIMU
XapakTepucTuKaMu ¢opmara mukcens u nepemaercs dyHkuun ChoosePixelFormat. Ta Bo3Bpamaet
unaeHtudukaTop ¢popmata, Hanbosee OJIM3KOro K 3anpolieHHOMY (Bo3BpalleHHoe 3HaueHue () o3HavaeT
omnOKy). Ilomyuuth ommcaHHMe BceX €ro XapakTepUCTUK MOXKHO C TIOMOIIBI0  (YHKIMU
DescribePixelFormat.

[lepBbIii snemMeHT nSize BbIMIEyKa3aHHOU CTPYKTYpbl 1PixelFormatDescriptor NOJKEH OBITh
paBeH ee pasmepy (40 OaiitoB), BTopoi — nlVersion — Bcerna paBeH 1. B mnpumepe Bblme
MIPUCBAMBAIOTCS 3HAUEHUS elle ABYM NOJsAM: cStencilBits (uncino OUTOB Ha OAMH 3JIeMEHT Oydepa

mabnona) u cDepthBits (uncno OUTOB Ha OOUH d3JeMEHT Oydepa riryOunsl). Ecam ux ocTaBUTH
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PaBHBIMH HYJIIO, TO IpaliBEp BUICOKAPTHI MOKET «PEUIUTHY», YTO 3TH Oy(epsl HE HYKHBI, © HE CO3/1aCT
ux. Eme omao mome dwFlags omnpenenser cBoictBa Oydepa kampa. Koncranta
PFD DRAW TO WINDOW yka3blBaeT, 4To BbIBOJ HH(popManMu OyAeT MNPOU3BOAUTHCS B OKHO
porpaMMmbl (BO3MOXEH TaKXe BBIBOA B H300paxkeHne BMP B mamsaTH, HO TpU 3TOM HENb3s
WCIIOJIb30BaTh JBOMHYIO Oydepusanuto). PFD DOUBLEBUFFER yxka3bIBaeT, 4TO H300paKeHUE
OyzeT cHauaja BBIBOAUTHCS B 3amHuN Oydep, a 3aTeM, MOJHOCTHI0 CHOPMHPOBAHHOE, KOIMMUPOBATHCS
Ha 3kpaH. PFD SUPPORT OPENGL o3HauaeT, 4To (hopMaT JOKEH MOAJIEPKUBATHCS OMOIUOTEKOM
OpenGL.

Komanna SetPixelFormat yctanaBnuBaeT (popmaT NMUKCeNel Uisi KOHTEKCTa yCTPONCTBAa OKHA,
komanna wglCreateContext cozmaer KoHTeKCT oTobOpaxenuss OpenGL, xomanma wglMakeCurrent
3aJeiicTByeT ero Ui BbI3bIBarolero notoka. Ilocie storo Bce BbI3oBbl KoMana OpenGL Oyayt
OTHOCHUTBCSI K OKHY IIPOIpaMMBbl, HA KOTOPOE CChIJIAJICSA CO3AAHHBII €10 KOHTEKCT yCTPOICTBA.

Oynkuusa ReadlmplementationProperties onpenenser, kakue pacimpenus OpenGL goctynHbl 1
yCTaHaBJIMBAaeT COOTBETCTBYIOIIME (UIaXKu B 3HaueHHe frue. Hampumep, eciam OyIeT ycTaHOBIEH
¢naxoxk WGL EXT swap control, TO 3TO O3HayaeT, YTO TMPOrpaMMa MOXKET YHPaBIAThH
CHUHXpPOHM3AIMEN KOMMPOBaHUs 3a7Hero Oydepa B nepennuii ¢ oopaTHbM xoa0M Jiyda DJIT (byHkuums

VSync). braromaps 3ToMy n3MeHEHHE N300paKCHUS Ha DKPAHE BBITIISIUT 00JIee TUIABHBIM.

if (WGL_EXT swap control) then wglSwapIntervalEXT(1);

ReadlImplementationProperties aHamu3WpyeT CHUCOK pPACIIMPEHUH, BO3BpAIIAEMbI KOMaHIOU
glGetString(GL _EXTENSIONS). On mnpencraBiseT co0OH HpPOCTYI0 CTPOKY TEKCTa, I/I€ Ha3BaHUS
pacupeHuii pasaeneHsl npodenamu. OnrcaHue CyIEeCTBYIOMIUX PACIIMPEHUH MOXKHO HalTH Ha caiiTe

www.opengl.org, a Taxxe Ha caiitax developer.nvidia.com u ati.amd.com/developer/ .

2. Cucremsbl koopauHat. IIpoexkuuu. O0J1acTh BbIBOAA
B rpaduueckom kouBeiiepe OpenGL koopauHATBI BEpIIMH TMPOXOAST HECKOJIBKO JTAroB
npeoOpa3oBaHMs:

1. IlpeoOpa3oBaHue U3 JIOKAIBHOW CHCTEMbl KOOPIMHAT OOBEKTa B MHPOBYIO CHUCTEMY
KOOPJIMHAT, a 3aTeM — B CUCTEMY KOOPJIUHAT KaMephbl.

2. IlpeoOpa3oBaHue M3 CHUCTEMBI KOOpJIMHAT KaMephl B JIEBYIO CHUCTEMY KOOpPJUHAT,
MepPCIEKTUBHOE TpeoOpa3oBaHue (€ciu 3a7aHo0), MpeoOpa3oBaHUE K CHUCTEME KOOpIWHAT
oTcedeHus: (MpU ATOM 33JaHHBIA BUJUMBIA 00bEM IMEPEXOAUT B KAHOHUYECKUH BUAMMBIH

o0beM B BuzE Ky0a).


http://www.opengl.org/
http://www.developer.nvidia.com/
http://www.ati.amd.com/developer/
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3. Orceuenue rpanmiaMu KaHOHHYECKOI'0 BHUAWMOI'O o0peMa u HOpMaIu3anusd OAHOPOJHBIX
KoopauHaT (mpeoOpa3oBaHWEe B HOPMAJIM30BAaHHBIE KOOPAMHATHI yCTpoWcTBa). B manHOM
cllydae HOpMaJIHM3AIHI0 OJTHOPOJHBIX KOOPAWHAT MPUHATO TaK)Ke HAa3bIBATh MEPCIICKTUBHBIM
ACJIICHUCM, TaK KaK B PE3YJbTAaTC MbI IOJYy4YaCM KOOPAWHATHI 06'LCKTOB C Yy4dCeTOM
NEPCICKTUBLIL.
4. TlpeoOpa3oBaHue B OKOHHYIO CUCTEMY KOOPIHHAT C YUYETOM pa3MepOB U TOJOKECHHUS 001aCTH

IIPOCMOTpa B OKHE IPOTrPaMMBI.

Ilpeoopazosanue 6 mMupogyo cucmemy KOOPOUHAM U CUCHIEMY KOOPOUHAM KAMePbl

D10 npeodpa3oBaHUe OMUCHIBACTCS TaK HA3bIBAEMOW MaTpUIIEH «MOJenb-BUa». OHa 00BETUHSCT
B cebe mpeoOpa3oBaHUs, OMPEIENAIONINEe MOI0KEeHNEe N300paxkaeMoro o0beKTa U KaMepbl B MUPOBOit
cuctemMe KoopAuHart. [ Toro, 4ToOBl €€ 3agaTh, HYKHO C TOMOINBIO KoMmauabl gl/MatrixMode
MEPEKITIOUUTBCS B PEXKUM HM3MEHEHHUS MaTPUIIbl «MOJEIb-BHII». 3aTeM, HampUMEp, C TOMOIIbIO
KoMaHbl glulookAt ompenenuTh TMOJOKEHHE KaMmepbl B mpocTpaHcTBe. [locime 3Toro mosy4eHHYO
MaTpHIly MOXKHO C MOMOIIBI0 KOMaHIbl gIMultMatrixd TOMHOXUTH HAa MaTpUIly MPeoOpa3oBaHUS U3

JIOKAIIbHOM CHCTEMBI KOOPIUHAT 00BbEKTa B MUPOBYIO CHUCTEMY KOODIMHAT:

//npeobpasoBaHue B MUPOBYID CUCTEMY KOOPIOMHAT
/ /%3 JIOKAJILHOM CUCTEMH KOOPAOMHAT OOBEKTa
var tm : TTransform = (...);

//nepenneM B PeXMM M3MEHEHMS MaTPULE «MOIEJIb—BUI»
glMatrixMode (GL_MODELVIEW) ;

//3aMeHUM CTapyion MAaTPUIy «MONEJb-BUI» EIUHWUUHON
glLoadIdentity;

//YMHOXUM MaTPULY «MOIEJIb—BMIO» Ha MaTPUILYy NPeoBpas0oBaHMI
/ /"3 MMPOBOM CHCTEMBE KOOPIOMHAT B CUCTEMY KOOPIMHAT KaMEPEH
gluLookAt (O, 100, O, 0, -20, -500, 0, 1, 0);

//OOMHOXVM MATPULY «MOIEJIb-BUI» HA MaTPULy Npeofpaz30oBaHUsd
/ /"3 JIOKAJILHOM CUCTEMEl KOOPAOMHAT OOBEKTa B MUPOBYIO
//cucreMy KOOPIOMHAT

glMultMatrixd (@tm[0,0])

[Tapametpsl (eyex, eyey, eyez) komaunbl glulookAt(eyex, eyey, eyez, centerx, centery, centerz,
upx, upy, upz : double) 3amaroT ToONOKEHHWE TOYKU HaOmoneHus Eye (Hadala CUCTEMBbl KOOpIUHAT

kamepsl). [lapametpsl (centerx, centery, centerz) onpenensOT KOOPIANHATHI IEHTPAIbHOU TOUKH CLIEHbI
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Center, Ha KOTOPYIO OHa JOJDKHA ObITh HampamieHa. IlapameTps!l (upx, upy, upz) yKa3bIBalOT €€
OpUEHTALIMI0 OTHOCUTENbHO ocu Eye — Center 1 SBIAIOTCA KOOPAMHATAMH BEKTOpa (Tp,
HaIpaBJICHHOIO BBEPX C TOYKU 3pEHMs] KaMmepbl. OTOT BEKTOp HE 0053aTeNbHO JOJIKEH ObITh
neprneHaAuKynsaper Kk ocu Eye — Center, HO 1 He MOXeT ObITh HapaiieneH eil. CucremMa KOOpAMHAT,
onpezenseMasl JaHHOW KOMaHJOW, — INpuBbIuHAs mpasas (puc. 1). Bce koopauHaThel, neperaBaeMble

bysakumu gluLookAt, 3amaloTcsi OTHOCUTEIHLHO MHUPOBOM CHCTEMBI KOOPIUHAT.

Center

Puc. 1. Onpenesienue cucTeMbl KOOPAMHAT KaMepbl KoMaHa0il gluLookAt

Ynpaenenue xamepoii

Kamepa B KOMITBIOTEpHOM Ipadrike — 3TO CUCTEMa KOOPJIUHAT, TOYKA HAOIIOCHUS, IIOCKOCTh
MPOEKIMI W BUIUMBIA 0O0beM. [lodToMy 3amava mepeMenieHus WM TOBOPOTa Kamepbl COCTOUT B
MepeMeIIeHU Havala WM W3MEHCHWM OpPUEHTAIMM OCed €€ CHUCTeMbl KoopauHaT. HawanbHoe
TIOJIOKEHHE KaMephl B TIPOCTPAHCTBE OOBIYHO 3a/aeTcsi KoMaHnou glulookAt, onucannoit Beime. OHa

YMHOXKAeT TeKyILyI MaTpully «Mozxeinb-suay [MV ]| na marpuny [C| npeoGpasoBanus u3 MHPOBOi
CHCTEMBI KOOPAMHAT B CHCTEMy KOOpAMHAT Kamepsl: [MV |« [MV]-[C]. Ilepen BbisoBoM gluLookAt
[MV], xax npaBuio, yCTaHABIMBACTCS PABHOM CAMHMYHON MATPHIE U IOITOMY 3aTEM CTAHOBHTCS
pasroit [C]. Marpuuy [C] yzo6HO XpaHHTh B OTACIBHOM MACCHBE H 3arpyKaTh IEpe KaXIbIM

PUCOBAHUEM CIICHBI. B MMpUMEPE HUIKEC KaMCpPa YCTAHABIMUBACTCA B UCXOAHOC IMOJIOKCHUC C ITIOMOIIBIO

koMaHbl glulookAt, mocie 4ero co3anHas e MaTpulia konupyetcst B maccuB C.

//MaTpulla npeofpasoBaHMSa U3 MUPOBOM CHCTEME
//KoopOMHAT B CHUCTEMYy KOOPIMHAT KaMeph



var C : TTransform;

//nepennemM B PeXrM M3MEHEHMS MaTpulsl "Monesb-sun"
glMatrixMode (GL MODELVIEW) ;

//3aMeHuM CTapyin MaTpUIly eIMHUUHON
glLoadIdentity;

//yCTaHOBMM KaMepy B HauyaJiIbHOE I[OJIOXEeHUE
gluLookAt (0, 100, 0, 0, -20, -500, 0, 1, 0);

//COXpaHuM MaTpuily, OIMCHBAKIYKD 10OJIOXEHME
//KaMeprs B NpoCTpaHcTee, B Maccuse C
glGetDoublev (GL MODELVIEW MATRIX, @C[0,0]);

[ToBopoTHl ¥ TiepeMeNnIeHusT KaMepbl MOTYT COBEpPIIATHCS KaK OTHOCHUTEIBLHO OcCed ee
COOCTBEHHOM CHCTEMBI KOOPJMHAT, TaK W OTHOCHUTEIHLHO OCEH MHPOBOH CHCTeMBbl KoopAuHaT. B

nepBoM ciydae Martpuia [C| momkHa GBITH yMHOXCHA Ha MaTpuily, oOpatHyo K Marpuue [7]
noBopota mi neperoca ciesa: [C]<«[T]"-[C], Bo Bropom cryuae — cnpasa: [C]«[C]-[T]". B

CIIeyIOIIeM MPUMEpPEe Kamepa MoBopaunBacTcs Ha +5° BOKpYT JIOKaIbHOU ocH y. OOpaTuTe BHUMaHUE,

YTO JUIs 3TOTO UCIOJIb3yeTCsl KOMaH[a MOBOPOTa B 0OpaTHYIO CTOPOHY Ha -5°.

//MaTpuila npeobpasoBaHUsS U3 MUPOBOM CUCTEME
//KOOpOMHAT B CUCTEMYy KOOPAMHAT KaMePH
var C : TTransform;

//nepennemM B pPeXyM M3MEHEHMS MaTpuls "Monesb-sun"
glMatrixMode (GL_MODELVIEW) ;

//noBepHeM kamMepy Ha +5 rpamnycoB, yMHOXMB maTpuuy [C]
//cyeBa Ha MaTpully IOBOPOTa Ha -5 Ipalycos
glLoadIdentity;
glRotated (-5, 0, 1,
0

0); //moBopoT BOKpPYDI ocu Y Ha -5 Ipamycos
glMultMatrixd (QC[0,017);

): //yMHOXMM crnpaBa Ha MmaTpuuy [C]

//COXpaHmMM MaTpully, ONMUCHBAKIYKD IOJIOXEHUE
//MOBEPHYTOM KaMephl B NPOCTPaHCTBe, B MmaccueBe C
glGetDOubleV(GL_MODELVIEW_MATRIX, @c[o,01);




Ilpoexkuyuu

B OpenGL npemycmoTpeHbl KOMaHABI IS TOCTPOCHUS TepCreKTHBHOW (g/Frustum w
gluPerspective) n optorpaduueckoii (glOrtho u gluOrtho2D) npoekumii. [IpeoObpa3zoBanue KoopauHar,
KOTOPOE OHH 3a/1al0T, COCTOHUT U3 TPEX OTIENIbHBIX MPEoOpa3OBaHHIA:

1. Tlepexon oT mpaBoil CUCTEMBI KOOPAMHAT KaMepbl, TOKa3aHHOW Ha puc. 1, K JeBOi cucrteMe
koopauHar. IIpu 3TOM HampaBieHHE OCH Z MEHSETCS Ha IPOTHUBOIOJIOXKHOE TaK, YTO Y BCEX
00BEKTOB, PaCIONIOKEHHBIX Mepe]] KaMepoid, KOOpIUHATa Z CTAHOBUTCS MOJIOKUTEIILHOM.

2. IlepcnektuBHOE TpeoOpa3oBanue (miast komaHn glFrustum wu gluPerspective), KOTOpoe naetr
n3o0paxeHue cueHbl B nepcrnektuBe. [Ipu 3TomM BuauMBIA 00BEM, 3alaHHBIM yCEUEHHOM
UpaMUIoN (puc. 2), IEPEXOANUT B MapaICIICIIUIIC]I.

3. Tlpeobpa3zoBanue BUIMMOTO 00beMa B KAHOHWYECKUI BHUAUMBIN 00beM (puc. 3) B Buae Kyoda ¢
LEHTPOM B Haydaje KOOpAMHAT M JUIMHOW pedpa, paBHOW ABYM. JlJsi 3TOro MpHUMEHSIOTCS
npeoOpa3oBaHus MapajuIeIbHOTO MEpeHoca u MacmTadupoBanus. [lomydeHHbIE B pe3yibTaTe
KOOpJMHATBl HA3BIBAIOTCS KOOPIMHATAMHM OTCEYEHUS, TaK KaK 3a 3TUM CIELYEeT OTCEYCHHE

OCIbIX 00BEKTOB MIIH UX OTACIBHBIX qaCTeﬁ, BBIXOSIINUX 3a 'PAHULBI BUIUMOTO o0BeMma.

3
]
]
l
]

. !
|
!
!
]
]
l
]
!
|
!

<"\ (right, top) TT::
| _----""" -zfar

(left, bottom) /

_____

Puc. 2. Bunumblii 00beM, onpenesisieMsiii komanaamu glFrustum wu gluPerspective
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3HaueHue napamerpoB Komauabl glFrustum(left, right, bottom, top, znear, zfar : double) sicHo u3
puc. 2. Ilapamerpsl znear u zfar ONPENCISIIOT aNIUIMKATy COOTBETCTBEHHO OJIMDKHEW W JabHEH
TUIOCKOCTEH OTCEYEHUS] BUAMMOTO 00beMa B CUCTEME KOOPIMHAT KaMepbl C K3MEHEHHBIM Ha 00paTHOE
HampaBlIeHHEM OcCU z. [IpM MepCHeKTUBHOM NpeoOpa3OBaHUU BHUIUMBIA OO0BEM BCEraa OJDKEH
pacmojyiaratbCs mepesl KaMepou, TOATOMY 3TH MapaMeTphbl BCEr/a JODKHBI OBITh IOJIOKHTEIHHBIMH.
Komannma gluPerspective(fovy, aspect, znear, zfar :@ double) OGonee ymobna, Tak kKak 0e3
JIOTIOJTHUTEIIBHBIX PACUETOB MO3BOJISIET YUECTh COOTHOIICHUE BBICOTHI U IIMPHHBI 00JIACTH TPOCMOTPA.
Ecnu oTHOWIEHNE MIMPUHBI U BBICOTHI BUIUMOTO 00BheMa He OYJeT COBINAIaTh C OTHOIICHUEM LITUPHUHBI
¥ BBICOTHI O0JIACTH MPOCMOTPA HA IKpaHEe, TO H300pakeHHWE OYyIeT HCKAKECHHBIM: CHKATBHIM WU
pactsHyTbM. [locnemnue nBa mapamerpa TaHHOW KOMaHIBI IMOJHOCTHIO AHAJOTHYHBI TaKHM IKE
napameTpam Komaunel gl/Frustum. Ilapamerp fovy 3amaeT B rpagycax yroi o03opa IO BEpTHKAIH,

napameTp aspect — OTHOILLICHHE MIMPHHBI BUIUMOTO 00bEMa K €ro BBICOTE.

/

Xc

Puc. 3. KaHoHn4YecKuii BUIMMBIii 00b€M M CHCTEMA KOOPAMHAT OTCECUCHUSA
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Puc. 4. Bunumpblii 00bem, onpenensiemblii komanaamu glOrtho u gluOrtho2D

Bunumeiii o6wem, ompenensiembiii komanngout glOrtho(left, right, bottom, top, zmear, zfar
double), npencraBnser coboil mapamnenenunen (puc. 4). Kak u B cimywyae xomauabl glFrustum,
MOJIOKUTETIbHBIE 3HAYEHUS znear W zfar COOTBETCTBYIOT TPOCTPAHCTBY mepen Kamepoil. [lpu
oprorpaduueckoil MPOEKIIMA BUAMMBIA 00BEM MOXKHO PACIOJIOXKUTH U 3a KaMepoul. [[ns storo nmBa
yKa3aHHBIX IMapaMeTpa HY>KHO 3a/1aTh oTpuniateabHbiMu. Komauny gluOrtho2D(left, right, bottom, top:
double) ynoOHO HCIIONB30BaTh MPU M300paKEHUH JBYMEPHBIX CIleH. Ee BBHI30B aHAIOTWYEH BBI3OBY
glOrtho c mapamerpamu znear = —1, zfar = 1.

OnucanHble B JaHHOM pasjene NpeoOpa3oBaHMs 3amaloTcsl Matpuiedl mpoekuuu. s Toro,
9TOOBl €€ ONpeAeinTh, HYXHO, KaK W TPH HW3MEHEHHH MATPHIBI «MOJCTb-BHI», CHaYaja

TICPCKIIHOYUTHCS B COOTBCTCTBYIOH_[I/Iﬁ PCKUM:

//mepeneM B PeXuMM M3MEHEHMS MAaTPULH IPOEeKLUMU
glMatrixMode (GL_PROJECTION) ;

//3aMeHuM CTapyin MaTpHuily eIVMHUUHONM
glLoadIdentity;

//OOMHOXMM Ha MaTpULy [IEPCIEKTMBHOTO Npeobpa30BaHUs
gluPerspective (25, ClientWidth / ClientHeight, 300, 700);
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Ecnu xamepa fomKHa OBITh YCTaHOBIIEHA OYEHB OJIM3KO K M300pakaeMoOMy OOBEKTY, TO ya00Hee
pacroyIOKUTh TOYKY HAONIONEHUs HE B Hayalle €€ CUCTEMbl KOOPAMHAT, KaK 3TO JEJAl0T KOMaHMbI
glFrustum n gluPerspective, a Ha HEKOTOPOM YAAJICHUU Ha MOJIOKUTEIIbHON MOyocH z. B aToM cityuae

HGOGXOI[I/IMO BOCIIOJIB30BATLCA CICAYIOIIUM MEPCIICKTUBHBIM Hpe06pa3013aH1/IeM:

100 0
p_|0 10 0
oo 1 -1/Z
000 1

Kpome ymeHbmieHHS pa3MepoB YAAJNCHHBIX OOBEKTOB MO IIUPUHE W BBICOTE, JaHHOE
peoOpa3oBaHue CKUMAET NMPOCTPAHCTBO, HAXOAsIIEeCs 3a MIIOCKOCThI0 OX) Tak, 4YTO OHO MEPEXOIUT
B MPOCTPAHCTBO MEXAY IJIockocTaMU Oxy M z = — Zs. B pesynbprare o0beM B BUAE YCEUEHHOU
MUpaMUIbl ¢ OECKOHEUHO YAaJCHHOM 3aqHel IUIOCKOCTBIO, NMOKa3aHHBIA Ha puc. 5 (a), mepeiner B
napajuiesienunena, mokasaHaeli Ha puc. 5 (b). [Tosromy nmnst Toro, 4ToOBl HAapHCOBAaTH OOBEKTHI,
HaxoJdUIMecs Ha JIIoOOM, Ja)k€ O4eHb OOJIBIIOM PACCTOSHUU OT KaMephl, JOCTATOYHO KOOPIMHATY

JajdbHElN MIOCKOCTH OTCEUYEHMS BUIMMOTO o0beMa 3a4aTb paBHOﬁ — ZSZ

Ya

S,(Os 09 'ZS)

Al

(left, bottom)

(left, bottom)
(a) (b)

Puc. 5. HepCl’leKTHBHOe npeoﬁpasosa}me C HEHTPOM, OTJIMYHBIM OT HAYaJ/JIa KOOpAUHAT

//xoopOouHaTa Z TOUKM HaOJOIeHMUS S
const Zs = 500;
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//nepcrnekTuBHOE IpeoBpasoBaHue

var Pp : TTransform = (
(ll OI OI O)I
(OI 1/ OI O)I
(OI OI 1/ _1/ZS)I
(0, 0, O 1))

4

//nepeinemM B pexuM M3MEHEHMS MaTPULEB NIPOEKLUNU
glMatrixMode (GL PROJECTION) ;

//3aMeHuM CTapyin MaTpUIly eIMHUUHON
glLoadIdentity;

//OOMHOXMUM €& Ha MaTpully NpeofpasoBaHMd B KAHOHUUECKUM
//BUIOVMEIL OOBEM

glOrtho(-100, 100, -100, 100, 0, 500);

//OOMHOXMM Ha MAaTPULY [IEePCIEeKTUBHOTO NpeoBpasz30oBaHUS
glMultMatrixd (@Pp[0,01)

OKonHaa cucmema KoopouHam u 061acms RPOCMOmpa

Oxkonnas cucrema koopauHaT OpenGL OyXyywzy MOKa3aHa Ha puc. 6. DTO jeBas cucrema
KOOpPJMHAT M €€ OCh Z, HalpaBlieHa OT HaOiroAaTens BriIyOb sKpaHa. MIMEHHO K 3TOM cuUCTeMe
KOOPJMHAT B KOHEYHOM UTOTE MPUBOATCS KOOPAMHATHI BCEX 0OBEKTOB Tepes uX n3oopaxenueM. s
3TOTO «KOOPAUHATHI OTCEUYCHU» (X¢, Yo, Ze, We) BEPIIMH, OCTABUIMXCS TMOCJTE OTCEYCHHs TpaHUIIAMU
KaHOHUYECKOTO BHIMMOTO 0O0BbEeMa, MPOXOIAT elle JBa JTama mpeoOpasoBanus. CHauama OHHU
HOPMAJIM3YIOTCS (BBIMIOTHIETCS TMIEPCIIEKTUBHOE JIEJICHUE), B PE3YJIbTATE YEro MOJYyYaroTCs OOBIYHBIE

Xe Ve Zc

b 9
WC WC WC

(B

(HCOIXHOPOIHBIC) KOOPIHUHATHL (X, s V,ysZpg ) = OpenGL mns ux HasBamHus

UCIIOJIB3YETCSl TePMHH «HOPMAaJHM30BaHHBIC KOOPAWHATHI YCTPOMCTBa»). 3aTeM OHH IOJBEPraroTCs
cnenyromemy adhdUHHOMY HpPeoOpa3OBaHHIO, 3ABHCSIIEMY OT MOJOKCHUS M Pa3MepoB 00JACTH
npocmoTtpa (puc. 6):

width height N _ zfar — znear znear + zfar

> Zw Zn
Y 2 4 2

xw:(xnd+1)’ +x’ yw:(ynd—}_l)
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Yw &

height

Zy \ (x,y) width

Ow Xw

A 4

Puc. 6. Onpenesienue 061acTH MPOCMOTPA B
OKOHHOIi cucTeMe KOOpAHMHAT

Ob6nacte mpocMmoTpa 3amaercss KomaHmout glViewport(x, y, width, height : integer).

ITpeobpa3zoBaHue KOOpPAMHATBI z,, 3aBHCUT OT JBYX IapaMETPOB: znear W zfar, KOTOPbIE MO>KHO

OTIPENICTTUTh C MOMOIIBI0 KOMaH bl glDepthRange(znear, zfar : double). 1o yMOn4aHUIO MX 3HAYCHUS
paBHBI COOTBETCTBEHHO 0 M 1, Tak 4TO caMble NAJbHUE BEPIIMHBI, JISKANIHE HA JAIbHEH TUIOCKOCTH

OTce4eHHs z, =1 KaHOHMYECKOro BUIUMOro obbema (puc. 3) OydyT MMeThb KOOpAMHATy z, =1, a

caMble OJMIKHME, JIeKAIlMe Ha ONMKHEH IJIOCKOCTH OTcedeHHs z, =—1, OyayT MMeTb KOOPIUHATY

3. OcBeleHue 1 MaTePUAJIBI

B w™omemn ocBemenuss OpenGL cBeT HCKYCCTBEHHO JENHUTCS HAa TPU COCTABIISIONINX:
paccesHHyo, nuddys3Hyro, u 3epkanbHyro. IlepBas MoaenupyeT CBET, OTPaXaIOIUNUCS OT
OKpYyZKaromux MMpeaMeToB (CTCH, IIOTOJIKa H Hp) n 3a71acT MUHHUMAaIbHBIN YPOBCHb OCBCIICHHOCTU

cuensl /,. IubdysHas [, u 3epkanbHas [/, COCTaBJIAIOILIUE ONUCHIBAIOT BKJIaJ UCTOYHUKA CBETA B €T0

COOTBETCTBEHHO AU(Py3HOEC U 3epKaIbHOE OTPAKECHHE IMOBEPXHOCTHIO OOBEKTOB. Jlns omucaHus

CBOMCTB MOBEPXHOCTH 3aJal0TCs KO3(DQUIHMEHTB OTpaskeHHsl KaKAOH U3 3THX cocTaBisiromux: K,
K, n K . Kpome Toro, mpu 3epKalbHOM OTPaXCHUM €ILIE YUYUTBIBAETCA CTENEHb IIaJKOCTH

MOBEPXHOCTU ¥, KOTOpask MOXKET INpuHUMaTh 3HadeHus ot O go 128. Uem isyume moBEpXHOCTh

OTIIOJIMPOBaHA, TeM OOJbIe JOKHO ObITh 3TO 3HaueHue. Huxke mpuBeneHa ocHOBHasi (opMyIia, 1Mo
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KOTOpPOM MPOMUCXOJIUT PaCUET SIPKOCTH Ka)10i M3 KOMIOHEHT R, G, B OTpa)k€HHOro CBETa (3/1eCh HE

YUUTBIBAETCS OCIA0JICHUE CBETA C PACCTOSTHUEM U HEKOTOPBIE JIpyrHe mapamMeTphl):
e
I=1,-K,+1,-K, max(cos(6),0)+ -K, -max(cos(5),0)". (¥

B sT0ii hopmyrie npennonaraeTcs, 4YTo JUTMHBI BCEX BEKTOPOB PAaBHBI €MHULIE M KOCHHYCHI YTJIOB
B m O HaxomsaTcsA uepe3 CKAJSPHOE IMPOHM3BEICHHE: COS (9) = (L, N ), cos( p ) = (H , N ) . [HoaTomy
HEOO0XOMMO CJEeIUTh 3a TEM, YTOObl BEKTOpa HOpMaJei, KOTOpble IMepenaroTcs rpadudeckomy
KOHBelepy, ObUTH Bcerjga HOpMalM30BaHbl. B IMIPOTHBHOM cilyyae OCBEIIEHHE OyAeT pacCUUTHIBATHCA
HEeMpaBWIbHO.  MOXHO  BKIIOYMTH ~ MX  ABTOMAaTHYECKYyH0  HOPMAIW3alMl0  KOMaHIOM

glEnable(GL NORMALIZE), HO 3TO HECKOJIBKO 3aMeJUIMT pacyeThl. TeM He MeHee, eclid OOBEeKT

noJiBepraercs npeoOpa3oBaHUI0 MACIITAOMPOBAHMUS, CHIEIATh 3TO HEOOXOAUMO.

L=af2

Puc. 7. Pacuer OTPAKCHUSA CBETA B BEPIINHE (L — BEKTOP HallpaBJCHUHA HA UCTOYHHUK CB€TA, N — BEKTOP HOpMAJIH

K IOBEPXHOCTH, R — BEKTOP 3€PKAJTBHOI0 OTPAKCHUSA CBETA, V — BEKTOP HalpaBJI€eHUA HA KaMepy,

~

H - fucceKTpHCa yria v )

Ynpaenenue oceewsenuem

JUJsl MONMUTOHANBHBIX MTOBEPXHOCTEH pacdyeT OCBEIICHUS MPOUCXOAUT TOJIBKO B BepiinHax. Eciu
BKJIIOYEHa 3akpacka ['ypo co criaxuBanueM (komanna glShadeModel(GL SMOOTH)), to nns
OTIpEJIeJICHUs IIBETa MPOMEKYTOYHBIX TOYEK I'paHel MCHOIb3yeTcsl OwInHeitHas uHTepnosnus. Ecim
BKJIIOYEHAa OJITHOTOHHAs 3akpacka (komaHna glShadeModel(GL FLAT)), T0 nias Bcex TOYEK I'paHU
OepeTcs IIBET OJIHOM U3 €€ BEPILUH.

Bxmrouenne pacdyera ocBemieHHs mpousBoauTcs  kKoMaHnoit  glEnable(GL LIGHTING),
otkmoueHue — glDisable(GL LIGHTING). Ecnu ocBelieHre OTKIOYEHO, TO BEPIIMHAM HAa3HAYACTCS
1BeT, 3afaHHblil kKomauaamu glColordf(red, green, blue, alpha : single), glColor3f(red, green, blue :
single), glColordfv(v : "single), glColor3fv(v : "single) n T.n. [{na 6onpmmHcTBa KomMana OpenGL
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CYILLECTBYET HECKOJIbKO BAapHAHTOB, OTJIUYAIOIIMXCS THUIOM M KOJMYECTBOM IapaMETPOB, a TaKXKe
crocoboM ux mnepenauu. Jlanee Mbl OyaeM YNOMHMHATh TOJIBKO O HEKOTOPBIX M3 HHUX. OmnucaHue
OCTaJIbHBIX MOYKHO HalTH B cripaBouHuKe 1o OpenGL.

B OpenGL MOXHO HCNONb30BaTh OJHOBPEMEHHO /10 BOCBMHM MCTOYHMKOB CBETA, UMEHYEMBIX
koHcTaHTamMu GL LIGHTO ... GL LIGHT7. YrtoObl BKJIIOYMTH, Hampumep, l-il, HYXHO ONATh
ncrnonb3oBath koManny glEnable(GL LIGHT(), a uto6b1 BeikmtounTh — glDisable(GL _LIGHTO0).

XapakTepuCTUKU UCTOUYHUKA CBETA 3a7atoTcs Komauaou glLightfv(light, pname: integer; param :
Asingle) unu ee ananorom. Kak mepBblii mapameTp yKa3bIBaeTCs MCTOYHHK CBETa, KaK BTOPOH —
U3MEHSEMOE CBOMCTBO, KaK TpeTuil — mnpucBauBaemoe emy 3HaueHue. Koncrantst GL AMBIENT,
GL DIFFUSE, GL SPECULAR cooTBeTcTBYIOT paccesHHOW, nuddy3Hoil U 3epKaibHOU
COCTaBJIAIOLIEN CBETA OT UCTOYHHUKA.

Y005l 3a1aTh IMOJIOKCHUC HCTOYHHKA CBCTA B IMPOCTPAHCTBEC, HYKHO HCIIOJIB30BATh KOHCTAHTY

GL_POSITION. ITpu 3TOM MOXHO yKa3aTb KOOPAMHATHI OOBIYHOM TOUKH, HAIIPUMED, (100, 0, 0,1) ,a
MOXHO — OECKOHEUYHO yJaJICHHOH, Halpumep, (1, 0, 0,0). B nepBom ciydae ucTouHUK cBeTa OyaeT

pacroyio’keH Ha KOHEYHOM PACCTOSHUM, U JUIS KaKJIOW BepIIMHBI BeKTop L B ypaBHeHuu (*) Oyner
BBIUMCIISTHCS. OTAENIBbHO. Bo BTOpOM cilydyae MCTOYHUK CBEeTa OyAeT pacrlojokeH B OECKOHEUHOCTH B

ITOJIOKHUTECIIbHOM HaIllpaBJICHUHU OCH a6CI_II/ICC, M JTy4YH CB€TaA, IMaJaromunue OT HETO, 6y,HYT napaJjiCJIbHbI

apyr apyry. KoopauHarsl Bektopa L Juisi BCeX BEpIUMH OyIyT IPHHSTEI PAaBHBIMH KOODIAMHATAM
HCTOYHHKA CBETa Mocje HopMaim3anuu. [1epBeIi cmocol, XoTs u TpedyeT OOoJbIne BHIYUCICHUN, HO
JaeT Jydmmi pesynprar. HyXHO OTMeTHTh, YTO mHepenaBaeMble KomaHae g/Lightfv KOOpAWHATHI
WCTOYHHKOB CBETa MOIBEPraloTcs TEKyIIeMy IpeoOpa3oBaHUIO «MOJEIb-BHI». OTO II03BOJSET
U3MEHSTh UX MOJIOKEHHE B IPOCTPAHCTBE, HCIONB3Ys JUIsl pacueToB KoHBelep OpenGL.

C nomouipto komauasl glLightModeli MOXXHO YIpaBisATh MOJOXKEHUEM TOUKU HAONIOJCHUS B

CHUCTCMC KOOpAUHAT  KaMCEpBhbI, KOTOpOC  BJMACT HaA  BbIYUCIICHUC BCKTOpa V. Br130B

glLightModeli(GL_LIGHT MODEL LOCAL VIEWER, GL TRUE) yxa3plBaer, 4YTO  TO4YKa

HabOmroeHust OyZeT HaXOAUThCS B Hayalle CHCTEMbl KOoopAMHAT Kamepsl. Ilpu atom Bektop V' Oyner
BBIYMCIIATBCS JUISL KaKIOM BEpUIMHBI OTHENbHO. Eciy IociaeaHuii napameTp yKa3aTb pPaBHBIM

GL FALSE, To Touka HaOmroeHus1 OyAeT CUUTATHCS PACTIONOKEHHONW Ha OYEHb OOJIBIIIOM PACCTOSHUHU
B HaIlpaBJICHUU OcU Z (TOBOPS SI3bIKOM MaTeMAaTHKH, — B OECKOHEUHOCTH), U BeKTOp V' Oyxer Bceraa

umers koopaunater (0,0,1,0). Ilepeblii pexxum gaer Gonee mpaBronogobHOe H300paXeHHe, HO

TpeOyeT 0oJIbIIe BEIYMCIICHUMN.
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Huxe npuBoauTtes npuMep HaCTPOMKHU MapaMeTPOB OJJTHOTO UCTOUYHMKA CBETA.

var
//TOJIOXeHre UCTOUHMKA CBEeTa B NPOCTPAHCTBE
light position : array[0..3] of single = (0, 100, 400, 1.0);
//paccesgHHasa COCTaBJIALIASN
light ambient : array([0..3] of single = (0.1, 0.1, 0.1, 1.0);
//onbddysHas cocTaBigolAas
light diffuse : array([0..3] of single = (0.6, 0.6, 0.6, 1.0);
//3epkajyibHaa COCTAaBJIAIAS
light specular : array[0..3] of single = (0.5, 0.5, 0.5, 1.0);

//BKJIOUMM pacueT OCBEIEeHUS
glEnable (GL LIGHTING) ;

/ /BKJIOYMM UCTOYUHUK 0
glEnable (GL_LIGHTO) ;

//omnpenenM ero napaMmeTpH

glLightfv (GL LIGHTO, GL AMBIENT, @light ambient);
glLighth(GLiLIGHTO, GL DIFFUSE, @lightidiffuse);
glLightfv (GL LIGHTO, GL SPECULAR, @light specular);
glLightfv(GL_LIGHTO, GL POSITION, @light position);

B OpenGL M0HO OTAETBHO 3a/1aTh YPOBEHb PACCESIHHOTO OCBEIICHUS CLCHbI, HE3aBUCUMBIH OT
HAJIMYHMS WCTOYHHMKOB cBeTa. Iyt aToro wmcmonb3yercs komaHna glLightModelfv(pname : integer;
params  :  ’single). Kak  mepBelii = mapamerp el  HYXHO  TepelaTh  KOHCTAHTY
GL LIGHT MODEL AMBIENT, xak BTOpoil — yka3aTeab Ha BeKTop (7, g b, a) KOMIIOHEHTOB

PACCCAIHHOT0 CBCTA:

//paccesgHHOe OCBEeleHMe CLeHB
sa : array[0..3] of single = (0.2, 0.2, 0.2, 1.0);

glLightModelfv (GL LIGHT MODEL AMBIENT, @sa);

Ynpaenenue mamepuanamu
Jlyist HacTpOMKM CBOWCTB MaTepuaia UCHONb3YIOTCS KoMaHbl glMaterialf(face, pname : integer;
param : single), glMaterialfv(face, pname : integer, param : "single) n T.1. IlepBbIi TapamMeTp MOXKET

npunumatek 3Hauenuss GL FRONT, GL BACK w GL FRONT AND BACK, yka3piBasi, 4YTO
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OIMCBIBAIOTCSI CBOMCTBA MaTEpPHJIa COOTBETCTBEHHO ISl JIMIIEBBIX, OOPATHBIX WM OJHOBPEMEHHO IS
TeX W ApYrux rpa”eil. BTopoil mapaMeTp yka3bIBaeT U3MEHSIEMOE CBOWCTBO M MOKET MPUHUMATh
3HaueHuss GL AMBIENT (xo3dduuumentsl oTpaxeHuss paccessHHoro cBera), GL DIFFUSE
(xoa¢ppunmentsr quddysnoro orpaxenus csera), GL SPECULAR (x0o3(pUIMEHTH 3epKalbHOTO

orpaxenus cseta), GL EMISSION (apkoctb cBeuenust matepuana), GL SHININESS (crenenb ) B

ypaBuenuu (*)) u GL AMBIENT AND DIFFUSE (aHamorW4HO JBYM BBI30BaM C KOHCTaHTaMH
GL AMBIENT u GL_DIFFUSE).

Mo ymomuanuio auddys3Hoe U paccesHHOE OTPAKEHHE CBETa PACCUUTBHIBACTCS TOJBKO IS
auneBbIx rpaHeid. OOpaTHbIE CTOPOHBI TPaHE OCBELIAIOTCS JIMIIb PACCESIHHBIM CBETOM. UTOOBI OHU
OCBELIATUCH MOJIHOCTBIO, HY’KHO UCIOJIb30BaTh KOMaHJy
glLightModeli(GL LIGHT MODEL TWO SIDE, GL TRUE). Ecau ee BbI3BaTh, YyKa3aB Kak
nocinenuuii napamerp GL FALSE, 1o cucreMa BepHETCS B MCXOAHBIN pexuM. Hwmke nmpuBogutcs

IIpUMEpP HACTPOMKH CBOWCTB MaTepHaIa.

var
//oTpaxeHre paccedgHHOTO CBeTa
material ambient : array[0..3] of single = (0.5, 0.5, 0.0, 1.0);
//onbby3HOe oTpaxeHue CBeTa
material diffuse : array[0..3] of single = (0.5, 0.5, 0.0, 1.0);
//3epkajyibHOe OTpaxeHue CcBeTa
material specular : array[0..3] of single = (0.9, 0.9, 0.9, 1.0);
//cBeuenne
material selfillum : array[0..3] of single = (0.0, 0.0, 0.0, 1.0);

//ycTaHOBMM CBOMCTBa MaTepualia

glMaterialfv (GL _FRONT, GL AMBIENT, Ematerial ambient);
glMaterialfv (GL_FRONT, GL DIFFUSE, €material diffuse);
glMaterialfv (GL_FRONT, GL SPECULAR, @material specular);
glMaterialfv (GL_FRONT, GL EMISSION, @material selfillum);
glMaterialf (GL FRONT, GL SHININESS, 20); //cTemneHb TraMmMma

4. Bygepst OpenGL

B OpenGL mnporpamMMHCTy IOCTYIHBI HECKOJIBKO BHIOB Oy(epoB, OCHOBHBIMHU W3 KOTOPBIX
SBIISIOTCS LIBeTOBOI Oydep m Oydep rybunsl. B nepBom dopmupyercs u xpaHUTCs H300pa)xeHue,
BTOPOH MCHOJIB3YETCS AITOPUTMOM yJIAJIEHUS] HEBUIUMBIX TIOBEPXHOCTEH M XpaHUT PacCTOSIHUE TOUEK
00BeKTOB 110 HaOmonatens (koopauHary z). OH Takke HasbiBaercs z-Oydepom. Ilepen prcoBanmeMm

Ka)XJI0TO Kajpa 3TH Oydepbl Hy’)KHO OYHIIATh:
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glClearColor (1, 1, 0, 1);
glClear (GL COLOR BUFFER BIT + GL DEPTH BUFFER BIT);

IlepBas komaHza 3agaeT IBET, KOTOPHIM OyJIeT 3amoiHAThCS IBETOBOM Oydep, BTOpas
MPOM3BOJIUT OYHMCTKY o0oux OydepoB. [lns 3amonmHeHus Oydepa TIIyOMHBI IO YMOJTYAHHIO
WCIIONB3yeTCsl 3HaueHHe | (HauOoJiblliee PACCTOSTHUE JO TUIOCKOCTH TPOEKIIMHA B OKOHHOW CHCTEME
KOOpJUHAT).

Ecnu npu nannmanm3anuu 0ubnuotreku napamerp dwklags crpykrypsl TPixelFormatDescriptor
conepxan ¢naxok PFD DOUBLEBUFFER, 1o u300paxeHHE€, BBIBOAMMOE IIPOTPaMMOi, Oyaer
nmomMemniaTeCss B 3amHui Oydep. 3aTeM ero HYKHO CKONMHMPOBaTh B TMepeaHuit Oydep KoMaHI0#
SwapBuffers(hdc : HDC) n torga oHO cTaHeT BUAMMBIM. B kauecTBe mapamerpa 3Toi (yHKIMM
nepeaaeTcss UACHTU(UKATOP KOHTEKCTa YCTPOHCTBAa OKHA MPOrpaMMbl (PO KOHTEKCT YCTPOMCTBA CM.

B pazgene «[logkmouenre u nHUUATU3AIHS OUOTHOTEKIY.

Yoanenue nesuoumovix nosepxnocmeit

OpenGL npenocraBnser aBa MeTola Ui yIalleHUS HEBUIUMBIX MOBEPXHOCTEH: alrOpUTM C Z-
Oydepom u otceueHue rpaneil. [lepBwiii Bkmtouaetcs komaunoil glEnable(GL DEPTH TEST) n
BbIKIIO4aeTcss komaHnou gl/Disable(GL DEPTH TEST). Bropoil — COOTBETCTBEHHO KOMaHIaMH
glEnable(GL CULL FACE) wn glDisable(GL CULL FACE). Ilo ymMOI4YaHUIO OTCEKAIOTCSI HEJTUIIEBHIC
I'paHy, TO €CTh I'PaHM, BEPIIMHBI KOTOPBIX C TOUKU 3PEHUS] HAOIIOAATENs PACHOI0KEHbI B MOPSIKE IO
gacoBoi crpenke. UToObl yBHIETh BHYTPEHHOCTh OOBEKTOB, MOKHO BKJIIOUHUTH OTCEYCHHE JIMIEBBIX
rpaHeil. ITo nenmaetrcs ¢ momoibio kKoMaHael glCullFace(mode : integer). Ee mapametp mode MoxeT
npuHuMath 3HadeHus: GL FRONT (otceuenue nuneBbix rpaneii), GL BACK (oTceueHue HEIUIEeBBIX
rpaneit), GL FRONT AND BACK (otceuenue Bcex rpasei). C  IOMOLIBIO  KOMaHJbI
glFrontFace(mode : integer) MOXHO TaK)Xe yKa3aTh, KAKOH MOPSAJOK BEPIINH OyJEeT COOTBETCTBOBATH
nuneBbix rpaHsaM. Koncranta GL CCW 3apaer nopsIoK IpOTHB 4acOBOM cTpesiku, KoHcTanTa GL_ CW

— 10 YaCOBOM.

5. Pabora ¢ marpuniamu. bazoBble npeo0pa3oBaHusA KOOPAUHAT
B OpenGL wucnons3yercst Tpu Buia MaTpHIl: «MOJENb-BUA», NMPOEKUHUU U IpeoOpa3zoBaHUs
TCKCTYPHBIX KOOpPJAHWHAT. ManI/II_Ia «MOACIIb-BHUA)» OIIHUCBIBACT IIOJTOXCHUC O6’beKTOB U KaMCpbl B

MPOCTPAHCTBE (B MUPOBOI cHCTeME KOOPAMHAT) U OOBIYHO COAEPKUT KOMOWHAIIMIO TpeoOpazoBaHUit
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U3 JIOKaJIbHON CHCTEMBI KOOPAWHAT 00BbEKTa B MUPOBYIO U U3 MUPOBOW B CUCTEMY KOOPJIUHAT KaMEpHI.
Marpuna npoekiuu onpeenseT NPoeKTUBHOE NpeoOpa3oBaHie U BUIUMBINA 00bEM, TO €CTh Ty 4acTb
IIPOCTPaHCTBA, KOTOpas OyaeT u3o0pakeHa Ha 5KpaHe. Marpuua npeoOpa3oBaHUs TEKCTYPHBIX
KOOpJMHAT TIPUMEHSETCS MU CO3/aHUS PA3NUYHBIX A(PQPEKTOB OT MPOCTOr0 TMOBOPOTA WIH
MaciTabupoBaHMs TEKCTYPHI 0 TIOCTPOCHUS TEHEH U 3ePKAIbHBIX OTPaKCHUH.

Jlis Toro, yToOBl U3MEHUTh 33aJaHHYI0 MAaTpPUIy, HY>KHO IEPEKIIOUUTHCS B COOTBETCTBYIOIIUN
pexxum. Jlns sToro ucnoib3yercss komanna glMatrixMode(mode : integer), KOTOpOH B KauecTBe
napamerpa nepenaercs onHa u3 KoHctaut GL_ MODELVIEW, GL_PROJECTION wiu GL TEXTURE.
[Tocne sTOro Bce KOMaHIbl YMHOMKEHHUS W 3arpy3Kd MaTpull OyayT OeHCTBOBAaTh HAa BBIOPAHHYIO

MaTpHILy.

ba3zoevie npeoopazosanus koopounam

Jlna 3apanus 0a3oBbIX npeoOpazoBaHuil koopauHat B OpenGL mpeaycMOTpeHbl Tpu KOMaHbI:
glTranslated(dx, dy, dz : double), glRotated(angle, x, y, z : double) wn glScaled(kx, ky, kz : double), a
Takke ux Mmonubukauuu glTranslatef, glRotatef, glScalef c napamerpamu tuna single.

Komanna glTranslated(dx, dy, dz : double) ymHOXaeT TEKyIIyl0 MaTpUIly [M ] crpaBa Ha

MaTpHILy IapajiensHoro nepexoca: [M ]« [M]-[T],

1 0 0 O
0 1 0 0
[7]=
0 0 1 0
dx dy dz 1

Komanna glRotated(angle, x, y, z : double) yMHOXaeT TEKYUIyI0 MaTPHUILYy [M ] Ha MaTpuily
NOBOPOTa HAa YroJ angle BOKPYT OCH C HANpaBISIONIM BEKTOPOM 7:{x, y,z}. Hampumep, B

pe3ynbraTe BbI3oBa glRotated(30, 0, 0, 1) matpuina [M ] OyJeT yMHOXXEHa Ha MAaTpHIly MOBOpPOTa

BOKpyT ocu z Ha 30°: [M ]« [M]-[R],

_cos(30°) sin(30°) 0 0]
(R ]- —sin(30°) cos(30°) 0 0
i 0 0 10
0 0 0 1

Komanna gilScaled(kx, ky, kz : double) ucnonb3yercst Iuiss NOCTpOeHMs IpeoOpa3oBaHUI

MaciuTabupoBaHusi W OTpaxeHus. Hampumep, anst Toro, uToObl J00aBUTH K HMEIOIIEMYCS
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npeobpasosannio [M] 1peobpazoBaHHe OTPaKEHHs OTHOCHTEIBHO IUIOCKOCTH OXy, Hy)KHO

WCIIONB30BaTh BBI3OB glScaled(l, 1, -1). B pe3ynbrare mojayduM Cieayroliee MpOU3BEICHUE MaTPHIIL:

[M] < [M] [ M, ].

10 0 0
01 0 0
[MO”’]ZO 0 -1 0
00 0 1

3aMEHUTh TEKYIIYIO MaTPHUILy [M ] CSAMHUYHOW MOXKHO, BBI3BaB KomaHny glLoadldentity:

[M]<[E],
1 000
01 00
[£]=

0 010

0 0 01
x=-200

Kax npumep npusenem KoMaH[pl, 3aJal0L11e TIOBOPOT Ha 45° BOKPYT OCcH 400 :

y==

//nepenneM B PeXrM M3MEHEHMS MaTpulsl "Monesb-sun"
glMatrixMode (GL_MODELVIEW) ;

//3aMeHuM CTapyin MaTpUIly eIMHUUHON
glLoadIdentity;

//BO3BpPAT K UCXOOHOM CUCTEMEe KOOPIOMHAT
glTranslated(-200, -400, 0);

//TIOBOPOT BOKPYI ocu z Ha 45 Tpanycos
glRotated (45, 0, 0, 1);

//TepeHoc CUCTEeMb KOOPpOMHAT IJIis
//CcoBMemeHnus OCM Z C OCBLI BpalleHNd
glTranslated (+200, +400, 0);

OOparure BHHUMaHHME Ha OOpaTHBI MOPSAOK INpeoOpa3oBaHMH. DTO CBA3aHO C TEM, UYTO B

OpenGL wucnomnp3yroTcs TpaHCIIOHMpPOBaHHBIE MaTpulbl. K mpumepy, ecinm mpeoOpazoBaHHE TOYKH

(x, V,Z, w) B TOUKY (x Yy'.z', w') MIPUBBIYHO 3a7a€eTCs Tax:




[x' y' z' w]=[x » z w] L] [L][:], 10 B OpenGL ©0HO HNPOUCXOAMT  TaK:

S ]
Il
N
—
o3
—,
~
—
S N < %

3azpy3ka u uzeneuenue mampuy

OpenGL no3BonsieT UCnonb30BaTh J00bIE MATPUIIBI, OIIPEIETICHHBIE POTPaMMHCTOM. J{J1s1 3TOTO
NpUMEHSIOTCST KoMauabl glMultMatrixd(m : ~double) w glLoadMatrixd(m : “double). Tlepas
YMHOXAET, a BTOpas 3aMEHSET TEKYIIyl0 MaTpHIly NpeoOpa3oBaHMsl NEpeJaHHOW B KauyecTBE
napamerpa. 3arpyxkaembie MaTpuibl OpenGL TpaHCOHHpYeT (CUUTasl, YTO OHU PACIOJOKEHBI B
MaMATH CTOJIOEI 3a CTOJOIIOM), TTOATOMY HX HY)KHO 3a7laBaTh B OOBIYHOM BujE. [IpuBeeHHBIN HIDKE

npUMep TOKa3bIBa€T, KaK MOXHO HCIOJIb30BaTh COOCTBEHHYIO MATpPHILY [P] MapaIJIETBbHOIO

nepenoca. Ona oGbeuHseTCs ¢ Tekymeii Marpurteit [M | cremyionmm obpasom: [M ]« [M]-[P].

: TTransform = (

glMultMatrixd (@P[0,01) ;

[TomyuuTh TEKyIIyl0 MaTpULy «MOJAEIb-BUI», MPOEKUUH WINH NPeoOpa3oBaHMUs TEKCTYPHBIX
KOOpJIMHAT MOKHO, B3bIBaB koMaHay glGetDoublev(pname : integer; params : “double). Kak nepssiit
napaMmerp HykHO ykazatb koHctaHTy GL MODELVIEW MATRIX, GL PROJECTION MATRIX
wm GL TEXTURE MATRIX, kak BTOpoil — yKa3aTelb Ha MaccuB, Kyaa OyIeT CKONHpOBaHA

Marpuia. [IpuBeneHHBIM HMXKE TpUMEp MOKa3bIBaeT, Kak ¢ momomipio OpenGL MOXHO TOJIY4YUTH

matpuny R noBopora Ha 60° BOKpyr ocu = {1,1,1}.

var R : TTransform;
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//nepenneM B pexXuM M3MEHEHMSI MaTPULB "MOINEJsb—BUII
glMatrixMode (GL_MODELVIEW) ;

//3aMeHuM CTapyi MaTpuUlly eIMHUUHON
glLoadIdentity;

//YMHOXMM Ha MaTPHIy I0BOPOTAa
glRotated (60, 1, 1, 1);

//ckonupyeM MaTpully MIOBOpPOTa B MaccuB R
glGetDoublev (GL MODELVIEW MATRIX, @R[0, 0]);

Cmex mampuy
B OpenGL matpuiisl 00pa3yroT CTeK, Ha cCaMOM BEPXY KOTOPOTO HAXOAWTCS MAaTpPHUIIA TEKYIIETO

npeoOpazoBaHMs [M ] Jnst pabGoThl CO CTEKOM HCIONB3YIOTCS KOMaHnbl glPushMatrix() wn
glPopMatrix(). TlepBas cosnaer komuio [M ] u noGasisier ee B CTEK Kak HOBYIO MaTpuity. Bropas

yIaIsieT BEPXHIOI0 MAaTPUILy U3 CTEKa M TEKYIIEH CTAaHOBUTCS pacnoJioKeHHas nmoj Hed. Cremyrommii

IIpUMeEp AEMOHCTPUPYET UCIIOJIB30BAHUE CTEKA Ul COXPAHEHUs MaTPULIbI [tm] , HA OCHOBE KOTOpPOH

CTpOSITCS IBa Pa3HbIX IPeoOpa3oBaHusl KOOPAMHAT.

//MaTpuua npeobpasoBaHUS M3 JIOKAJLHOM CHCTEMb KOOPIMHAT
//TaBHOTO OOBEKTa B MMPOBYI CUCTEMY KOOPIOMHAT
tm : TTransform;

//MaTpulb npeobpas30BaHMs U3 JIOKAJbHOM CUCTEMH KOOPIMHAT
//3aBUCUMEIX OOBEKTOB B JIOKAJBHYI CUCTEMY KOOPIOMHAT
//TJaBHOTO OOBeKTa

rtml, rtm2 : TTransform;

//nepenneM B PeXrM M3MEHEHMS MaTpulsl "Monesb-sun"
glMatrixMode(GL_MODELVIEW);

//3arpy3uM MaTpuily tm

glLoadMatrixd (@tm[0,0]);

//HaprcyeM TJIaBHBI OOBEKT

//CcoXpaHmM MaTpully tm B CTeke
glPushMatrix;

//OOMHOXMM MaTpMily tm Ha MmMaTpuuy rtml
glMultMatrixd (@rtml[0,0]);

//HapucyeM BaBUCUMEI OOBEKT 1
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//BOCCTAHOBMM MaTpuLy tm
glPopMatrix;

//coxpaHuM MaTpuily tm B CTeKe
glPushMatrix;

//OOMHOXMM MaTpULy tm Ha MaTPULy rtm2
glMultMatrixd (Q@Qrtml1[0,071);

//HaprcyeM 3aBUCHMBEI OBBEKT 2

//BOCCTAaHOBMM MaTPULy tm
glPopMatrix;

6. PucoBanue rpapmuecKuxX NpUMUTHBOB

Onpeoenenue eepuiun u nopmainei

B OpenGL nro6oii reoMmerpuueckuii OOBEKT 3aJaeTCsi MHOXKECTBOM BepmmH. [l wux
ompeneneHus nmpeaHazHaueHbl Komauasl glVertex™(...): glVertex2d(x, y : double), glVertex3d(x, y, z :
double), glVertex4d(x, y, z, w : double), glVertex2dv(v : " double), glVertex3dv(v : " double),
glVertex4dv(v : " double) n T.n. Kaxnas Bepmuna B OpenGL onucsIiBaeTcs 4eThIpbMs OJTHOPOTHBIMHU
KoopauHaTamu (X, v, z, w). Ecnu xoopauHatel z U1 w He ObUIM 3aJjaHbl, TO UM HPUCBAUBAIOTCS
coorBercTBeHHO 3HaueHuss 0 w 1. [lnga ompeneneHuss HopManedl TpeIHA3HAYEHBI KOMAaH[IbI
gINormal*(...): gINormal3d(nx, ny, nz : double), gINormal3dv(nx, ny, nz : double) n 1.n. Komanna
glVertex*(...) 3aBepliaeT omnpejieicHHE BEpUIMH. 1O €CTh, KOMaHbI, 33JarOIMEe I[BET BEPIIUHBI,
KOOpAMHATHl HOPMaJIM K HEH U Ip. J0JDKHBI BBI3bIBAThCA 10 glVertex™(...).

B cnenyromem npumepe onpenenstorcs 1B BEPIIUHBI ¢ OJHOPOAHBIMU KoopauHatamu (10, 10,

10, 1), (5, 5, 0, 1) u BekTOpa HOpMasiel kK HUM ¢ koopauHatamiu (1, 0, 0) u (0, 0, 1).

var
vVl : TVertex = (10, 10, 10, 1);
N1 : TVector3 = (1, 0, 0);

glNormal3dv (@N1) ;
glVertexd4dv (QV1) ;

glNormal3d (0, 0, 1);
glVertex2d (5, 5);
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I'pagpuueckue npumumuen

Jns Ttoro, uroObl yka3zaTh OpenGL, kak oOpaOarbiBaTh BepIUIMHBI, BbI3OBbI glVertex™(),
glNormal*() u pnpyrux mnomoOHBIX KOMAaHJ JOJKHBI OBITH 3aKIIOYEHBI B OIMEpPATOPHBIE CKOOKH
glBegin(mode : integer) u glEnd. KoHcTaHThl, IepeaaBaeMble KoMaH€e g/Begin B KauecTBE NapaMeTpa,
OIIPEACISIIOT BUJA PHCYEMBIX TEOMETPHUYECKMX TNPHUMUTHBOB. B Tabmume HIDKE INEepeYHCICHBI

HCKOTOPbIC U3 HUX.

BHaueHme napamMeTpr mode Onmcanue NsobpaxeHne
0 2 4
[ o  J
GL_POINTS PrcynTCca OTIEeJIbHHE TOUKM
g ° °
1 3 5
0 2 4
Kaxmasa mnapa BepuMH 3anaerT
GL LINES
B OTPE30OK
1 3 5
0 2 4
Kaxmas TpolMKa BepUMH 3alaeT
GL TRIANGLES
- OTHOEJILHEM TpeyTOJIbHUK
1 3 5
0 2 4
PucyoTcsa TPeyT'OJIbHUKA c
GL TRIANGLE STRIP
B B obmey CTOPOHOM
1 3 5
0 4 7
Kaxzmele uYeTEpEe BEPMMHE 3anaioT
GL QUADS
o YeTHPEeXyT'OJIb HUK
1 2 5 6

B IPpUMEPC HUKC PUCYIOTCA ABa TPCYTI'OJIbHUKA KPACHOI'O U 3C€JICHOI'O IIBCTA.
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glBegin (GL_TRIANGLES) ;

//HapuCcyeM KpacCHBI TPeyToJibHUK

glColor3f (1, 0, 0);

glVertex2d(-0.8, -0.8);
glVertex2d(-0.1, -0.8);
glVertex2d(-0.8, 0.8);

//HaprcyeM 3eJIeHBEM TpeyTOoJibHUK
glColor3f (0, 1, 0);

glVertex2d (0.8, 0.8);

glVertex2d (0.1, 0.1);

glVertex2d (0.8, 0.1);
glEnd;

Hcnonv3osanue maccueos eepuiun u Hopmaineu

B OpenGL, HaunHas ¢ Bepcun 1.1, mpegycMoTpeHa BO3MOXKHOCTE IEepeIaBaTh B rpaduueckuii
KOHBeWep NaHHble MaccuBaMu. 14 mepexoja K HMCIOJb30BaHUI0 MACCMBOB BEPUIMH U HOpMAJICH
HYKHO BbI3BaTh KoMmaHny glEnableClientState(array : integer) 1O odepead C THapamMeTpamu
GL VERTEX ARRAY wu GL NORMAL ARRAY. Jlia OTKIIOUEHUS O3TOrO PEKUMA MCIIOJIb3YETCs
komanna glDisableClientState(array . integer), KOTOPOU TIEPENAIOTCS T€ KE CaMble KOHCTAHTHI. 3aTeM
HY>KHO yCTaHOBHUTb yKa3aTeJM Ha MAacCHUBBI MpH MoMoluu koMmaup glVertexPointer(size, type, stride :
integer, ptr :@ pointer) n glNormalPointer(type, stride : integer, ptr :@ pointer). Ilapametp size
ONPEAEISIET KOJIMYECTBO KOOPAMHAT Y BEPIIMH. Y HOpMaJIe Bceraa Tpu koopauHatel. [Tapametp type
3agaet tun MaccuBa: GL _FLOAT, GL_DOUBLE w t.11.. [lapametp stride nomxen ObiTh paBeH 0, eciu
BEpIIMHBI PACMOJIOXKEHbl B MaMATH OJHA 3a Apyroi. Eciu mexay BeplIMHAMU HAXONIATCSA JPYyTrue
JIaHHBIE, TO 3TOT MapaMeTp JOJDKEH ObITh paBEH CMELICHHIO B OaliTax OT Hayaja OJHOM BEPILIMHBI J10
Havaja cienyromen 3a Heid. YUepe3 mapameTp pfr mnepenaercs ykKasaTelb Ha HA4alo MacCUBa
KOOpJUHAT.

s pucoBaHMsi OOBEKTOB, 3a/JaHHBIX MAaCCHBAMHU, HCIOJNB3YIOTCS KOMaHIbl glArrayElement,
glDrawElements, glDrawArrays n nip.

Komanna gldrrayElement(index : integer) pucyer onHy BepiIuHY. [ KaXI0TO pa3perieHHOro
koMaunoit glEnableClientState maccuBa OHa BBI3BIBAET COOTBETCTBYIOIIYIO KOMaHIY, MepeaaBas ei
3JIEMEHT C 3aJaHHbIM HHJeKcoM. Hampumep, 1isi MaccuBa HOpMmalsielt 3To OyJeT o/Ha M3 KOMaH]

glNormal*(), nns maccuBa BepmiuH — glVertex*(). Komaunwel glArrayElement yKka3pIBaroTCsl MEXKIY
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glBegin n glEnd. Huxe npuBoauTcs NpUMEpP PHUCOBAaHUS TPEYrojbHUKA C MHAEKCAMM BEpPUIMH U

Hopmaden 0, 10 u 20.

Var
//MaccuB KOOPIMHAT BEpPUIMH
V : array [0..99] of TVertex = (..);

//MaccuB KOOPIMHAT HOpMaJeM
N : array [0..99] of TVector3 = (..);

//paspemmM MCIOJIb30BAHME MACCUBA BEPIIMH
glEnableClientState(GL_VERTEX_ARRAY);

//omnpenenyM yKasaTeljlb Ha MACCUB BEPIMH
glVertexPointer (4, GL DOUBLE, 0, @QV);

//paspemmM MCIOJb30BAaHME MACCUBA HOpMAaJiel
glEnableClientState(GL_NORMAL_ARRAY);

//onpenenyM ykKasaTeJlb Ha MACCUB HOpMaJien
glNormalPointer (GL DOUBLE, 0, @N);

glBegin (GL TRIANGLES) ;
//HaprcyeM TpeyTOoJIbHMK C BepummHamy u HopMmassamu 0, 10 m 20
glArrayElement (0) ;
glArrayElement (10) ;
glArrayElement (20) ;
glEnd;

//3anpeTuM MCIOJIb30BAHME MACCUBOB
glDisableClientState (GL VERTEX ARRAY) ;
glDisableClientState (GL NORMAL ARRAY) ;

Komanna glDrawElements(mode, count, type : integer; indices :@ pointer) M03BOJISET PUCOBAThH
o0bekThl 1enukoM. [lapamerp mode npunumaer 3nauenusi GL TRIANGLES, GL QUADS u T.n. u
OTIpeNIeNIIeT, U3 KaKuX DJIEMEHTOB COCTOMT IOBEPXHOCTh 00BeKTa. [lapamerp count noimkeH OBITh
paBeH KOoNMM4YecTBY BepimnH oObekTa. [lapamerp type npunumaer 3nauenue GL UNSIGNED BYTE,
GL UNSIGNED SHORT wmmu GL _UNSIGNED INT u yka3piBaeT TUI HMHIEKCOB BepuIMH. Yepes
napamerp indices mepenaeTcs yka3aTellb Ha MAacCHB MHJEKCOB. BBI30B 3TOH (YHKIIMH aHAIOTHYEH
BbI30BY glArrayElement 11s1 KaXXJ10r0 UHAEKCA B MaccuBe indices. B MpUBEIEHHOM HMKE IPUMEpE C

MOMOIIBbI0 KOMaH bl glDrawElements pucyeTcs mupaMujika, okazannas Ha puc. 8. [Ipeanomnaraercs,
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4TO yKa3aTCJIi Ha MaCCUBbBI BEPIIHWH U HOpMaJIef/'I YK€ YCTAHOBJICHBI U UX HCIIOJIB30BAHUC Pa3pClICHO.

MaccuB F coaepKuT UHIIEKCHI BEPIIMH U HOPMAJIEH KaX 01l TpaHH.

//VHOEKCH BEepUMVH ¥ HOpMaJiel I'paHel NUPaMUIKU
F : array[0..3, 0..2] of integer = (
, 1, 2
, 2, 3
, 3, 2
3, 1))

4

4

4

o OO

(
(
(
(

—_ — — —

)

//HapucyeMm NUPaMUIKY
glDrawElements (GL TRIANGLES, 12, GL _UNSIGNED INT, QF) ;

Puc. 8. [IpuMep noIUroHaAbHON MOBEPXHOCTH

Oyukuus glDrawArrays(mode, first, count : integer) Takxe, Kak u glDrawElements, mo3BoJisieT
HApUCOBATh 32 OJIUH pa3 OOJBIIOE YHUCIIO T€OMETPUUYECKHX NPUMUTUBOB. HO, B OT/IMUME OT nmocienHei,
OHa HE WHCIOJb3YeT OIMOJHUTEIHHOIO MAacCHBa HWHAEKCOB M BbIOMpAaeT BEpIIMHBI M HOPMalU
nocneaosarenbHo. Hanpumep, g nupaMuakd ¢ puc. § U MacCUB BEpIIMH, U MacCUB HOpMaJiei
JOJDKHBI COJIEpXaTh MO 12 »3lIeMEeHTOB: MO TPU HA KaxAyl TpaHb. llapamerp mode npuHuMaet
3HaueHuss GL TRIANGLES, GL QUADS u t1.11., napameTp first 10JIKeH ObITh paBEH MHIEKCY MepBOi
BEpPIIMHBI, C KOTOPO HAYHETCS PUCOBAHUE, TAPAMETP Count — UX YUCIY.

Hauunast ¢ Bepcum OpenGL 1.5 MaccuBbl JaHHBIX MOKHO IIOMEIIATh HENOCPEACTBEHHO B

BUACONAMATD, YTO JACT BEIMI'PHIII B ITPOU3BOANTCIIBHOCTH.
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Pucosanue npospaunsix 06vexmos
[Ipo3paunocte B OpenGL mozaenupyercs ¢ MOMOILIBIO CMEIIMBaHUs 1BETOB. Hampumep, eciu

LBET TOYKU B IBeTOBOM Oydepe paBeH C,, a LBET puUCyeMOil NoBepx Hee Todyku paBeH C,, TO
nobuthes  dhdexkTa TPO3pauHOCTH MOXKHO, OOBEIUHUB OSTH I1BETAa CIEAYIOUUM 00pa3oMm:

C=C -a+C, ~(1 - a) , Tne o — ko3 duuueHT Henpo3payHOCTH pucyeMoro oowvekra. OH 3anaercs

JUI Matepuana Bmecte ¢ ko3dduuuenramu 1uddy3HOro oTpakeHus: cBeTa Kak MOCeIHss YeTBepTas
KOMIIOHEHTa (MOoApPOOHOCTH cM. B paszzene «OcBelleHne M MaTepuaibl»). BO3MOXHBI U JApyrue
BapuaHThl cMermuBanus. [lapamerpsl komaunwl glBlendFunc(sfactor, dfactor : intreger) onpenensitor
K03 (ULIMEHTHI, HA KOTOpbIE Oy/I€T YMHOXAThCSl COOTBETCTBEHHO LIBET PUCYEMBIX TOUEK U IIBET TOUYEK
u3 Oydepa. [ng Toro, yTtoOBl MOMYYUTh CMELIMBAHUE IO BBIMICIPUBEICHHON (opMyie, HyKHO
ucnonb3oBate Be3OB glBlendFunc(GL SRC ALPHA, GL ONE MINUS SRC ALPHA). Bxniouenue
peXuMa CMEIIMBaHMs LBETOB BbINONHAETCS KoMmaHnoil glEnable(GL BLEND), BbIKIIOYEHHE —
glDisable(GL BLEND).

Mg Toro, yToOBI IpO3padHble OOBEKTHI BHITJISACTU MIPABUIIBHO, UX HY>KHO BBIBOJUTH B TOPSAKE
OT CaMOro AAJBHETO /10 CaMOro OJIKHEro. TOro MOXKHO JOOMTHCS, HAPUMEP, COPTUPOBKON TpaHen
M0 yJNaJeHUIo0 oT Kamepbl. OJHAKO, €M BCe OOBEKTHI MMEIOT MPAKTUYECKH OJMHAKOBBIA IBET, TO
pasHuna Oyaer Mano3aMeTHa. EMUHCTBEHHOE, UTO HY>KHO 3/1€Ch CIeNIaTh — 3TO OTKIIOYMTH 3aMUCh B
z-0ytdep. B mpoTruBHOM cnyuae nambHHUE OOBEKTHI HE OYyIyT HApHCOBaHBI IMOCIE ONMKHHX.
OrkmroueHne 3amucu B z-Oydep BwImonHseTcs KomaHnoil glDepthMask(false), BxmroueHue —
glDepthMask(true).

HyxHo 3aMeTuTh, 4yTO Mpo3payHble 0OOBEKTHI BCET/AA CIEAyeT PUCOBATH B MOCIIEIHIOI OYEPE/b.
WNnaue He nomyuurcs 3¢gdexra npozpayHocTH. Eciu 1aHHbIE MO/EIM OpraHU30BaHbl TAKUM 00paszoM,
YTO OTAETHUTH MPO3pPAUHbIE AIEMEHTHI OT HEMIPO3PAUHBIX 3aTPyIHUTEIBHO, TO MOXHO BOCIIOJIb30BATHCS
¢bynkumei anbda-tecta. OHa MO3BOJSET PUCOBATH AIIEMEHTHI TOJBKO C ONPENEICHHBIM 3HAYCHHEM
kodpduuuenta « . Cuena pucyercs JBa pasa. B mepBbiii pa3 Hy>KHO pa3pelInTh PUCOBAHUE TOJBKO
HEMPO3PaYHbIX O00BEKTOB (C KOA(PPHUIMEHTOM « =1), BO BTOPOH — TOJBKO Mpo3payHbiX (o <1).
Anbda-tect BrIrouaercss komaHmou glEnable(GL _ALPHA TEST), BbIKIIO4aeTCsS KOMaHIOM
glDisable(GL ALPHA TEST). ®yHkuus cpaBHEHHs 3amaetcs KoMmaHuou glAlphaFunc(func, ref :
integer). IlepBblii mapameTp MOXxeT npuHuMaTh 3HaueHuss GL EQUAL, GL LESS, GL GREATER n
T.I., BTOPOM 3agaeT J3TaJOHHOE 3HAueHHE, C KOTOPbIM OyJIeT CpaBHUBATHCA KOI(PPHUIHUEHT

Henpo3payHocTH ¢« . Hampumep, 4ToObl paspeliuTh pUCOBaHME TOJBKO HEMPO3pPAyHBIX OOBEKTOB,



29
HY>KHO HCIOJIb30BaTh KoMaHny glAlphaFunc(GL _EQUAL, 1), st pucOBaHus TOJIBKO MPO3PAYHbIX —

glAlphaFunc(GL LESS, 1). Caenyromuii mpuMep AEMOHCTPUPYET BBIIICOMUCAHHBIN MOIXO/I.

//BKIIOUMM anbda-TecT
glEnable (GL ALPHA TEST);

//paspemrM pUCOBAHME TOJIBKO HENPO3PAaUHBIX OOBEKTOB
glAlphaFunc (GL EQUAL, 1);

//HapucyeMm BCK CLEHY

//paspeumM pUCOBaHME TOJIBKO [IPO3PAUHHX OOBEKTOB
glAlphaFunc (GL LESS, 1);

//BKJIOYMM CMEllMBaHME LIBETOB
glEnable (GL BLEND) ;

//onpenenum GOpMyJly CMEMNMBAHUS
glBlendFunc (GL_SRC_ALPHA, GL ONE MINUS SRC_ALPHA);

//3anperuMm 3anmuchk B z-0ydep
glDepthMask (false) ;

//HapucyeMm BCK CLEHY

//paspeuum 3anuck B z-0Oybep
glDepthMask (true) ;

//OTKJIOUMM CMellMBaHMEe LIBETOB
glDisable (GL_BLEND) ;

//oTKIOUMM anbda-TecT
glDisable (GL_ALPHA TEST) ;

7. 3apanue

1. Coznmate ¢ momombsio 3DMax Mojenb B COOTBETCTBHUHM C BBIOPAHHBIM BapUaHTOM 3aJaHUS.
Mopnenb J0DKHA BKIIIOYATh B CeOSsl OJUH WIIM HECKOJIBKO 3aBHCHMBIX OOBEKTOB (IIpomesuiep
camosieTa | T.11.). J[7s Kakaoro o0bekTa TOJKEH OBITh 3a7]aH COOTBETCTBYIOIIMM MaTepral.

2. Co3znmaTh ONKMCAHUE MOJICIH B CTPYKTYPax JIaHHBIX HA OJHOM M3 SI3bIKOB IPOTPAMMHUPOBAHHSI.

3. Co3marh mporpaMmy, YIPaBISIIONIYIO JaHHOW Mojenbio. Ilpu mepememieHnd U TOBOPOTE
HE3aBHCHMBIX OOBEKTOB 3aBHCHMBIC JOJDKHBI IMEPEMEINAThCS M TIOBOPAYMBATHCS BMECTE C

HHMU.
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Bapuanmul mooenei

Pabotraromuii HacTOJIbHBIA BEHTHIIATOP, MEJJIEHHO TIOBOPAUYHBAIOLINICS BOKPYT BEPTUKAIbHOMN

OoCH.

Karsameecs mo gocke Tyda " O6paTHO KOJIECO. I[OCKa AOJDKHA Ka4daTbCA, HC OaBasg KOJICCY

CKATHUTHCS.

N306paxkeHne KOMIbIOTEpa Ha BpaIIAIOIIEMCsI CTOJIE.
XOJIOAWIBHUK C OTKPBIBAIOLIENCS U 3aKPBIBAIOLLICHUCS JBEPLICH.
«Pyxka» poboTa ¢ IByMs CyCcTaBaMH.

CT101 C BBIIBUTAIOIMMHUCS SIITUKAMH.

N30ymika ¢ TpyOoii U OTKpBIBAIOIICHCS 1BEPHIO U OKOIITKAMHU.
OTKpBIBAIOIIUICS U 3aKPBIBAIOIIUNCS CYHIYK.

JIBMOKYILIMIICS IO TIIIOCKOCTH TPAKTOP.

. MoJI0TOK, OBIOIIN 10 TBO3IIO.

. barHs 3aMka ¢ mogbeMHBIM MOCTOM HAJI0 PBOM.
12.
13.
14.
15.
16.
17.
18.
19.
20.

PaGoratomias BoasiHas MEIbHHUIIA.

PaGoratomiuii pa3BoIHOM MOCT HaJl KAHAJIOM.

IMapnepo6 ¢ oTKpbIBAIOUIMMHUCS IBEPLIAMH U BBIABUTAIOIIUMUCS SIIUKAMHU.
Jewxymmumiics BTP ¢ Bpamaromeiics 6anrHei.

l'a3zoBas mnuTa ¢ OTKpBIBAIOLICICS ABEPIICH.

YnpaBnseMblii KOJIECHBIA MOTPY3YUK.

JIBMOKYIIMIICSL caMOCBaJ C IOJHUMAOIIUMCS U OITY CKAIOIIUMCS Ky30BOM.
PaboTaromuii sxckaBaTop.

[TopHuMaroUCS ¥ OMyCKAIOUIUICS TUPT C OTKPHIBAIOIIEHCS ABEPHIO.

. PaboTaromuii kosozern ¢ Bepom.
22.
23.
24.
25.

Jlerammii napamniaH ¢ MponeuIepoOM.
JleTsiiuit AUPUIKAOITB C POTIEILIEPOM.
JIBrKy1iasicst o KpyIJiol Tpacce MalluHa.

Paboraromas pagapHasi yCTaHOBKA.
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