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IIpeaucinosne

Kowmnbiorepruast (Mammnunasi) rpaduka OUYeHb MOJOIAs JTUCIH-
mwimaa. [logsienne mamuuHoO#i rpaduKn Kak HAYyIHO-UCCJIEI0BATE b
CKOTO HAIPaBJEHWsT OOBIYHO CBA3LIBAIOT ¢ mMeneM AiiBena Caszep-
nenga (Ivan Sutherland), xoropeiit B 1963 1. omybaukoBan crarbio
C pe3yabTaTaMu CBOeil nuccepranuonHoit paborel. B 1967 r. 6pLia
obpazosana npodeccuonaibaas rpymnma ACM SIGGRAPH. B pan-
HUil Tepuo T, pa3BuTus MarmuHHoM rpadgukn acconnarnusa SIGGRAPH
pa3BUBAJIACh KAK HAay4YHO-TeXHU4YECKas opranu3anus. B 1983 r. Obu1
chopmuposan Komnrer SIGGRAPH no obpasosannio st cosep-
[MIEHCTBOBAHUS OOYUEHUsT MAIMHHON rpaduke U UCIOJb30BAHUS ee
B y4uebHOM TIpoIiecce.

Mpl cTaan CBUAETENSIMN IPAMaTUIeCKUX W3MEHEHU, KOTOpbhle
MpOM30IILIN B KOMIboTEepHOI rpacduke B 1990-e rompl. Eciu B KoH-
e 80-x rpaduveckue pabodme CTaHIUK CTOUIN OE3yMHO JIOPOTO U
paboTaTh C HMMHU MOIJIM TOJBKO B OUY€Hb OOTATHIX OPTaHU3AIUIX
(kax npasusio u3 BIIK), To B konne 1990-x rpaduueckue cranmmu ¢
BIIOJIHE YJIOBJIETBOpUTENbHBIMU Bo3MoxkHOCTME 3a 1000 USD cra-
JIA JJOCTYIIHBI YHUBEPCUTETAM U Jd2KE OTAC/JIbHBIM CTYyJIC€HTAM. EC.HI/I
B 1980-e ucro/jib30Baach MPEUMYIIECTBEHHO BEKTOpHAsd rpaduka,
To B KoHie 1990-x pacTpoBas MOJHOIBETHAasT TpaduKa TOUTH TOJ-
HOCTBHIO BBITECHUJIA BEKTOPHYIO. TpexMepras rpaduka craaa CToJb
JKe pacIpOCTpaHEHHOMH, KaK JAByXMepHasl, TOCKOJbKY MOSIBUJINCH 1
OBICTPO COBEPIIIEHCTBYIOTCA BUIEOILIATHI C TPAMUIECKUME YCKOPU-
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8 Ozaasaenue

Tenamu u z-0ydepom.

[TapannenbHo ¢ u3MeHEHUSIMHU TpadUIecKol anmapaTypbl Mpo-
ucxoaman raybokme meramopdo3bl B TPOTPAMMHOM O0ECIedYeHunN.
Benen 3a mupokum pacnpocrpanerrem B 1970-e ronbr rpaduueckux
oubmorek (B OCHOBHOM BEKTOPHBIX, B OOJBITMHCTBE CBOEM (op-
TpaHHbIxX) B 1980-e rozpl moTpeboBaIoCh HECKOJIBKO STATIOB CTAHIaD-
tuzanuu rpaduyeckoro obecnevenus: (Core System, PHIGS, GKS),
aT00b! K cepequne 1990-x mpuittu kK OTkpoitoit I'paduyeckoit Bub-
moreke (OpenGL). B nacrosiniee spemst muorue dynkimu 31oit 6ub-
JINOTEKU PeaN30BaHbI aIllIapaTHO.

Bce srm mporecchbl He MOIJIM HE CKa3aThCs Ha MPENOIaBaHUM
KOMIIBIOTEpHO rpadukn B yauBepcurerax. Onmnako, maxe B CIITA
no kouma 1970-x romop marmmHHaAs rpaduKa 0CTaBaIach HEOOBIU-
HBIM IIPEJIMETOM CpE/Id YHUBEPCUTETCKUX KypcoB. B ydeOHBIX mmta-
wax ACM 1978 r. mamuHHas rpaduka orcyrcreoBajia. B 1980-e ro-
bl 1 B TiepBoit mostouie 1990-x mesibio Kypca 06110 m3ydeHue u mpo-
rpaMMUpOBaHUe HA30BBIX AJTOPUTMOB rpauK (PHCOBAHUE MPSIMOTi
W KPUBOW, KJIWNIUPOBAHNE, IMMTPUXOBKA WU PACTEPU3AIUA MHOTO-
YTOJIbHUKA, OJHOPOJHBIE KoopauHaThl u adduHHble Tpeodbpa3oBa-
HUsI, BUoBble npeobpaszosanust) [1, 2]. Teneps, npu Hasnanu naTEp-
eiica mpukagnoro nporpammuposanusa (API) Beicokoro ypoBHS,
KOTJIa 3jeMeHTapHble GyHKInn umeiorcs B 6ubaunoreke OpenGL u
3a4acTyi0 PEAJM3YIOTCs allapaTHO, MPUIIIOCH MEPECMOTPETh KOH-
HENuo Kypca. B caMom jiesie, 3a4eM yUUThCA yMHOXKATH CTOJIOU-
KOM, €CJIM Y KaKJIOr0 B pyKax KaJjbKysidarop. llosBuiack BO3MOK-
HOCTH BKJIIOYUTH B KypcC 00Jiee CjI0KHbIEe U D0Jiee COBPEMEHHbBIE PA3-
JTeJIbl KOMTIBIOTEPHOI Tpaduku, TaKne KaK TEeKCTyPHUPOBAHUE, AH-
Marusi. VIMEeHHO B COOTBETCTBHM C 3TOH ODIEMHUPOBON TeHIeHITHE
9BOJIIOIMOHUPOBA KYPC KOMIBIOTEPHOI Tpadukn HA (daKyIbTeTe
BMuK MI'V (c 1999 r. uHTEpHET-BEPCUIO KypCa MOYXKHO HAlTH HA
caiire http://courses.graphicon.ru).

Caenys npunanumny "yuncsk, nerasa' (learning-by-doing), Mbr, Kpo-
Me TPaIUIIMOHHBIX JIEKINI, BK/II0YaEeM B KyPC BbITOTHEHNE H5-6 HEOOIh-
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IUX TPOEKTOB, KaXKIBIH MPOIOIKUTENHHOCTHIO e Hemenu. ([Ipu-
Mepbl TAKUX 33/JaHUNA BBl HaiijeTe B 9TOM KHI/H‘e.) Hacrosmas xaura
[pU3BaHa MOMOYb CTYIEHTAM B BBIIOJHEHUU ITHX MPOEKTOB. B oT1-
Jindnre OT JIpyrux crnpaBouHbiX nybOsukaruit mo OpenGL, B kHure
TOBOPUTHCA HE TOJBKO O TOM, 9TO MMEETCs B OuOIMOTEKE, HO W O
TOM, KaK 3TUMu cpeacrBamu 3PpEeKTUBHO M0/b30BaThCA. Hampu-
Mep, KaK BU3YaJIM3UPOBATH 3€PKAJIbHbIE 00BEKTHI, KaK MOCTPOUTH
TeHU.

Mogenupyst peaabHy0 pabodyio Cpey, Mbl YIUM CTYJAEHTOB Ca-
MOCTOSITE/IbHOI pabore. B 9Tux ycioBusix mocobue mo MCHoIb30Ba-
HUIO0 OTKPBITON rpacdudecKoit GubIM0TEKN UTPAET BAXKHYIO POJIb.

Asroper 6aaromapasl E. Kocrukosoit u K. Karrranoroit 3a 1mo-
MOTIlb B TIOATOTOBKE TEKCTa U UJLIIOCTPAIIUIA.

FO.M. Basikockuit
Ampens 2007 roga






BBenenne

Bce, uTo MbI BuanM Ha 9KpaHe KOMIIBIOTEPHOTO MOHHTOPA, AB-
JISIETCST PE3yJIbTATOM PAbOTHI AJTOPUTMOB CHHTE3a W300PaKeHMUI.
OTU AJTOPUTMbI PEIIAIT TaKue 3aJ[a4M, KaK BU3yaJIU3alusd TeK-
CTa C HUCIOJB30BAHWEM 33aHHOT0 HAOOp IMIPU@TOB, 0TOOPAYKEHWE
yKazaTeas Kypcopa, PUCOBAHWE BCIIOMOTATEILHBIX 3JEMEHTOB TDa-
duueckoro naTepdeiica, Busyannzamnmio m3obpaxennii. Kpome 31o-
1o, aJITOPUTMBI CHHTE3a PEIIAIOT 33a9U BU3YATU3AINN TPEXMEPHBIX
JIAHHBIX, HAIIPUMED, C TIeJIbI0 CO3/IaHNs MHTEPAKTUBHOM (hoTopeasn-
CTUYHOM aHWMAIUH, OO JJIsi HATJISIIHOTO MPEICTABICHUS PE3YJlb-
TATOB KAKWX-JIUO0 BBIYUCJICHUIA.

Jlng objierdenusi BBINOJTHEHUS MPOIPAMMUCTAMU TaKUX 3324
eme B 80-x rogax 20-ro Beka CTaaM MOABIATHLCS MPOTPAMMHBIE WH-
crpymentapun (6ubnmorekn), cojepxamme B cebe HAGOPBHI 6a30-
BBIX aJITOPUTMOB (TAKUX, KAK BU3YATU3AINSA TPOCTBIX M€OMETPHYIe-
CKuX OOBEKTOB), UTO TMO3BOJUJIO NepeiiTn Ha 6oJiee BBICOKHUH ypo-
BeHb abCTpAaKIMU NpU PelieHny TPUKJIAJHBIX 3a7ad. B HacTosimee
BpeMsi MPOrPaMMUPOBAHUE T'PAPUIECKUX AJITOPUTMOB HEMBICIUMO
6e3 UCII0/Tb30BAHNUSI CIEIUAJBHBIX TPOIPAMMHBIX HHCTPYMEHTaAPUEB,
TaK2Ke HAa3bIBA€MbIX ITPUKJIAJAHBIMA IIPOTrPaMMHBIMA I/IHTep(befIcaMI/I
(API— Application Programming Interface).

OpenGL stBsteTcst OJHUM W3 CaMbIX TOMYJISIPHBIX TTPUKJIATHBIX
MPOTPAMMHBIX HHTEPGENCOB /s pa3pabOTKN MPUIOKeHu B 00/1a-
CTH JIBYXMEPHOI U TpexMepHOi rpadukm.
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12 Ozaasaenue

Cranmapr OpenGL (Open Graphics Library — orkpsitast rpa-
buueckag Gubamoreka) 66T paspaboran u yrBepx/aeH B 1992 romy
BeAymmMu pupMaMu B 00/1aCTH Pa3spabOTKU IPOrPAMMHOIO 00ec-
nedenus Kak >PQEKTUBHBIA almapaTHO-He3aBUCUMbIM mHTep(eiic,
[PUIOJHBIN JIJId peau3anuu Ha pas3andHbix 1iardopmax. OcHo-
Boit ctanmapTa craita 6ubsunoreka IRIS GL, paspaborannas dupmoii
Silicon Graphics Inc.

Bubinoreka nacuuTbiBaeT 0k0J10 120 pa3audIHbIX KOMAHT, KOTO-
pble IPOTPAMMUCT UCIOJIB3YeT I 3a/IaHnsT 0ObEKTOB W OTePAITHii,
HEOOXOIMMBIX JIJIsT HAIMCAHUST WHTEPAKTUBHBIX T'PAMUIECKUX TPHU-
JIO2KCHU.

Ha cerognsimnwnii nenn rpadudeckas cucrema OpenGL nog-
JIEPKUBAETCA OOJIBIITMHCTBOM ITPOU3BOUTEEN AlMapATHBIX U IIPO-
PPaMMHBIX IIATMOPM. DTa CUCTEMA JIOCTYIHA TeM, KTO padoraer
B cpeme Windows, mosp3oBaTenaM KommbioTepoB Apple. CBobo-
HO pacupocrpansiembie Koibl cucrembl Mesa (maker API na 6Gaze
OpenGL) MOXHO KOMIMIMPOBATH B GOJBIIMHCTBE OMEPATMOHHBIX
cucteM, B ToM uncie B Linux.

Xapakrepubivu ocoberroctssMu OpenGL, koTopsie obecrednin
pacripocTpaHeHre U Ppa3sBUTHE 3TOr0 TPadUIeCcKOro CTaHIapTa, AB-
JISTIOTCSI:

o C'mabuavrocms. JlonoiHeHnst 1 M3MEHEHUsI B CTaHApTe pea-
JIM3YIOTCS TaKUM 00pa3oM, ITOObI COXPAHUTH COBMECTUMOCTH
¢ paspaboTaHHbIM paHee IPOrpaMMHbIM 0OecIiIedYeHreM.

e Hadeocrocmd u nepenocumocms. llpuioxkenus, UCIOIb3YIO-
mme OpenGL, rapaTupyiOT OJMHAKOBBIN BU3YyaJbHbBIN pe-
3yJIbTAT BHE 3aBUCHUMOCTHU OT THUIIA KCIOJJAb3yeMON oIllepaliu-
OHHOI CHUCTEMBI U OPTAHW3AIUU OTOOpAYKEHNS MHMOOPMAIUN.
Kpowme Toro, 3Tt mpmiokeHUs MOTYT BBITOJTHATHCA KAaK HA
MIEPCOHABHBIX KOMIBIOTEPAX, TaK W HA PADOUYUX CTAHIUAX U
CyLIEPKOMIIbIOTEPAX.
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o Jleexocmov npumenenus. Crangapr OpenGL nmeer mpoymaH-
HYI0 CTPYKTYPY U UHTYUTHBHO TOHSTHBIN WHTEpdeiic, 9To
[TO3BOJISIET C MEHBINMMU 3aTPaTaMu CO374aBaTh P dexkTuBHbIE
MPUJIOXKEHUSI, COJEPZXKAIINE MEHbIIE CTPOK KOJa, UeM C HC-
1oJib30BaHueM Apyrux rpadudeckux Oubamorex. Heobxomm-
Mble (pyHKIUU Jjid 0becrieueHnss COBMECTHMMOCTH C PAa3Jind-
HBIM 000PY/IOBAHWEM peaJn30BaHbI HA yPOBHE OnOIMOTEKH U
3HAYUTEIHHO YIIPOIIAIOT Pa3pabOTKy HPUJIOKEHM.

Hanuawme xoporero 6a30B0ro makera s paboThl ¢ TPEXMEPHBI-
MU TOPUJIOZKEHNAMU YHPOILAET MOHUMaHWE CTYJCHTAaMU KJIIOYEBBIX
TeM Kypca KOMIBIOTEPHO TpapUKI — MOJIETNPOBAHIE TPEXMEPHBIX
00bEKTOB, 3aKPAIlINBAHNE, TEKCTypupOoBanue, anumarnuio u T.1. [lu-
pokue dyHKImoHa bHbe Bo3MokHOoCTH OpenGL ciyxar xopommm
(byH;[aMeHTOM AJId U3JI02KCHU A TCOPETUYICCKUX U MPAKTUYIECCKUX acC-
MEeKTOB MpeMeTa.

Kuura cocront m3 Tpex wacrteii m aByx npmiaoxkennii. [lepsas
JaCTh TTOCBSIIEHA HEMOCPEACTBEHHO OTMCAHNIO PaboThl ¢ 6ubamoTe-
KOI, OCHOBHBIM KOMAHJAM U TlepeMeHHBIM. Bo BTOpOi#l wacTm pac-
CMaTPUBAIOTCA IIPDUHIUIIBI PeaJIN3allnn 60ﬂee CJIOZKHBIX aJITOPUTMOB
KOMIIBIOTEepHO# rpadurn ¢ nmomomibio cpencts OpenGL. B Tperbeit
YaCTU IPUBOJAUTCA onucanue HacTpoiiku paborsl ¢ OpenGL B pas-
JINIHBIX THTETPUPOBAHHBIX CPelaX MPOrPAMMUPOBAHUS U CO3TAHUIE
npuioxkenuit, npumensomux OpenGL g cuaTe3a M300parKeHwmii.
B npumokeHnsiX MOXKHO HAfTH JEeMOHCTPAIMOHHBIE TPOTPAMMBI Ha
OpenGL u npuMepbl IPAKTUYECKUX 3a4aHUIA JIJIs CAMOKOHTPOJIS.

B nocobun paccmarpusaercsa crangapt OpenGL 1.2.






Yacte 1

OcuoBbl OpenGL
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I'staBa 1.

I'pacdpmnuecknii npouecc u
OpenGL

[Ipexie uem mepetitu K onucanuio pyukiuii OpenGL, Heobxo-
JIMMO TIOHSITH €e MEeCTO B mpoiecce (bopMuUpOBaHUs M300pakeHNsT Ha,
9KpaHe, OIpPeIeInTh 001aCTh, 33/1a9i KOTOPO MOXKHO PellaTh C Io-
MOIIbIO0 OMOJIMOTEKH.

1.1. I'pacduyueckuii nporecc

Tpagunuonnoit 3a1a4eit KOMIIBIOTEPHOH rpadUKU sIBAIETCS CHUH-
Te3 M300paykeHnii 00BLEKTOB PeaTbHOr0 MUpa (Kak CyIeCTBYOMINX,
TaK u BooOpazkaembix). st Toro, 4robbl ¢jies1aTh Takoi CMHTE3 BO3-
MOKHBIM, Ha BXOJ€ aJITOPUTMA HEOOXOINMBI CIEIYIONINe JaHHbIE:

T'eomeTrpuyeckue Moaean 3aai0T (GOPMY U BHYTPEHHIOIO CTPYK-
Typy 00bekTa, OOBIYHO B TPEXMEPHOM €BKJIUIOBOM MIPOCTPAH-
cree. [Ipumepsl TpoCTBIX MOIETel:

e cdepa, 3a7aHHAS C TIOMOIIBIO TOJIOKEHUST IEHTPAa U Pa-
Aunycas;

17
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e ky0, 3aJaHHBIN Yepe3 MOJI0KEHNE [IEHTPA U JIJIUHBI Pedpa.

AHuUMAaNUs CIIyKUT JJIsT 3aJaHAS MOJIEIN JIBUXKEHUSI, N3MEHEHUS
dopmMbl WA MarTepmaia 00bekTa ¢ TedeHmeM Bpemenn. Ha-
IpuMep, IPOJOJILHOE IepeMeIeHne 00beKTa BI0IbL OCH I CO
CKOPOCTBIO § M/C MOXKeT ObITh 3a/IaHO C MOMOIIBI0 (POPMYJIbL:
x(t) = st.

Marepuajibl 1 TEKCTYPbhI OMPEIEISIOT, KaK MOBEPXHOCTH 00HEK-
Ta B3aWMO/IEHCTBYET cO cBeTOM. MaTepuabl HEOOXOIUMBI [1/TsT
oIy YeHUsT M300parkKenns 00beKTa, C MX MOMOIIBIO BBIUUCIISA-
€TCsl KOJIMYEeCTBO OTPAYKEHHOTO CBETA, TOMAA0NIEr0 B «TJIa3»
BupTryasabHOoro nabsomaresns. [Ipocreiimas Momens marepua-
JIa — IIBeT 0ObeKTa.

OcgaelrieHne 3a/1a€T PACIOJJIOKEHNE U XaPAKTEPUCTUKN UCTOTHIUKOB
CBETa, YTO B COBOKYITHOCTH C MaTEPUAJIOM ITO3BOJIAET BBICUU-
TaTh I[BET KAXKJOW TOUYKM 00beKTa, m300parkeHme KOTOPOTO
Tpebyercst mocTpouTh. Ilpumep Mozenn OCBEIEHUS: COJIHIIE,
33/1aBa€MO€e HAITPaBJIEHNEM W MOIIHOCTHIO M3JIy9YEeHMUSI.

BupryanbHas kamepa omnpeesser, KaK TpeXMepHbIe JaHHbe 0y-
JIyT 0TOOparkaThCst (MPOEMPOBATHLCS ) HA BYXMEPHOE n300pa-
JKeHmue.

Samerum, 9TO s 33Ja9, HE TPEOYIONUX PEAJTUCTUIHOCTH I0-
JIy4aeMoro m300pazkenusi (HanpuMep, HaydHast BU3yasu3alysi), Ma-
TepraJjbl MOTYT CBOJUTBLCHA K MpOCTEHImM (opMaMm, Hapumep, K
Pa3HbBIM IIBETaM O0BEKTOB, & OCBEIIEHNE — OTCYTCTBOBAT.

lajiee B /1eJ10 BCTYMAaeT ajrOpUT™M CHHTE3a n300pazKeHuil, B Onu-
CBIBAEMOM 9YaCTHOM CJIy9ae HAa3bIBAEMBIN MPOIECCOM IKPAHUSGUUY
(rendering). lmes ma BxOMe HAOOP MOJE/IEl, AJTOPUTM JOJIZKEH I10-
CTPOUTH COOTBETCTRYIOIIEE M300paskeHre Ha SKPAHe MOHUTOPA.

Onmcannast cxema, rpadudeckoit 06pabOTKU OT MTOJIYyUEeHUsT Te0-
MEeTPUIECKO MOMe/in 00beKTa 0 CHHTE3a M300parKeHns Ha SKpaHe
HA3BIBAETCS 2PAPUUECKUM NPOUELCCOM.
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OcranoBumMcst 6oJiee OAPOOHO HA TOM, Kakyio moMoins OpenGL
OKA3bIBAET B pPeau3arnun rpaduIecKoro mporecca.

IC None3osaTeneMm

U

MNMony4yenne - h
- PenarxrupoBanne | BuiBOAB H BuiBog Ha
sarpyara > u oBpaboTra j> 3W““”W“> Eydep mpafl:? arpan
MNpuxnaguaa OpenGL OxoHHan
nporpaMmmMa nogcucTemMa

Puc. 1.1. T'pacdpuueckuii nporecc u mecro OpenGL B Hewm.

1.2. I'eomeTpuyieckue mMoae

B kommbioTepHOil rpaduKke UCIOIb3yeTCs OOJIBIIOe KOJIUIeCTBO
pa3H00Opa3HbIX MOjeselt jaa onucanus popmbl. [Ipuwaunoit 3Toro
SIBJIIETCS OYEBUJIHAS HEBO3MOXKHOCTDH IMOJHOCTHIO ONupPOBATH pe-
asibHbli 00bekT. Clie10Bare/ibHO, HEOOXOAUMO BbIOUpaTh T€ 0CODEH-
HOCTHU 0OBHEKTA, KOTOPbIE BaXKHbBI JIJIi KOHKPETHON 3a/1a4n U 3a/1aH-
HOTO KJ1acCa 00bEeKTOB. B 9acTHOCTH, MO MOXKHO TOIEIUTH HA
06’beMHbIe n TPaHWUYIHBIC. O6'beMHbIe MOJEJ/JIN TIO3BOJIAIOT OIINCATh
BHYTPEHHOCTH O0bEKTA, a TPAHUIHBbIE — F€OMETPUTIECKUE CBOWCTBA
noBepxuocTu. [Ipumep obbemuOit Momem moka3aHn Ha pucynke 1.2.

B nacrositiee Bpemst HaubOJIBIITYIO MOy IIPHOCTD 3aBOEBAJIH I'Pa-
HUYHBIE MOJEHU, TOJydaeMble C MOMOIIBI0 JIOKAIBHON KYCOUHO-
JIMHEHHOW anmpOKCUMAINN TTOBEPXHOCTH. Takas MOIEeIb MPEeICTaB-
JisieT coboit HabOP CBABAHHBIX Yepe3 O0IIie BePITUHBI MHOTOY O/ THHU-
KOB (II0JINTOHOB), TIO9TOMY 9TH MOJIEJIN €Ile HA3bIBAET NOAUZOHAAL-
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Puc. 1.2. O6bemHas (BOKCesibHAsT) MOJE/Ib TOPa

Hotmu. [lpudauHa TOmy/IgpPHOCTH MOJIMTOHAIBHBIX MOJIeJ/Iell KPOeTCs
B UX UPE3BBIYANHON TMOKOCTH U MPOCTOTE, UTO MO3BOJIMIO TIO/IED-
JKaTh OMEPAIny C TAKUMHU MOJEJAMHU B rpadudeckoil ammaparype.
[Ipumep rpanmvHOl MOIe N IPUBEIeH Ha pUCYHKe 1.3.

OCHOBHBIM THUIIOM T€OMETPUUIECKUX MOJIE/IE, TTOAIePKUBAEMbBIM
OpenGL, gBasgioTcs Kak pa3 TpPaHUYHBIE TOJUTOHAJIBLHBIE MOJIEIN.
OrmernM, 9TO mpu ITOM OUOJIMOTEKA HE COMEPKUT KAKUX-TUOO
CPEJICTB TOJJEPXKKN XPAHEHUs JAHHBIX HA BHENIHUX HOCUTEJISX.
Takxxe B OubamoTeke HET CpeacTB Ajst 00pabOTKM W PEITaKTHUPO-
BaHMA Mojeseil — enuacTBerHOM 3amadeii OpenGL apaserca peasn-
3anUd aJrOPUTMOB 9KPAHNU3AIUN TPEXMEPHBIX MOJEJICH.

BoJtee nmogapobuO paboTa ¢ MOJEIIMHU ONUCAHA B IJIaBe 3.

1.3. Axuumaruga

Annmannst B HACTOSIIIIEE BpeMsT B OCHOBHOM 33aeTCsT BPYIHYTO
(B makerax KOMIIBIOTEPHOTO MOJIEJUPOBAHMSI), JUOO C MOMOIIBIO
YCTPOTICTB CKaHMPOBaHWs JIBUKeHMs (motion capture), mosBossio-
mux orudpoBaTh MepeMerinerne 00HeKTOB (HAIPUMep — YeTOBEKA)
UM WX 9acreil (JBUKEHUs PYK, HOT, TYJOBUIIA).

OpenGL comepxut anmapar JUHEHHBIX Tpeodpaz0BaHmil, KOTO-
PBIA UCHOJB3yeTCA B TOM 4YHUCTE [JJId 3aJaHUd IIPOCTOM aHUMalUN
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Puc. 1.3. T'pannunas mosmronaabHasT MOIE/TH

(mosopor, nepenoc, macmrabuposanue). BoJee C10KHBIE TEXHOJIO-
U MOJIE/IUPOBaHNsl W3MeHeHust JOPMBbI U T10/10KeHusi 00beKTOB (Ha-
IpUMep, Ha OCHOBE KPUBBLIX) MOTYT OBITH PEAJN30BAHBI «IIOBEPX»
oubmoTexn.

1.4. MarepuaJbl

OcHOBHBIMU KPUTEPUSMU BHIOOpA TOU WM UHOM MOJE/NU MaTe-
puaJia JJisi IOBEPXHOCTH OObEKTA SIBJISIOTCA TPEOOBAHUsI 110 peaJiu-
CTUYHOCTH TI0JIy 4a€MOT'0 n300parkKeHus 1 CKOPOCTU paboThl aJIropuT-
Ma, 3KpaHm3anuu. Mojesb OCBENeHUs TPUMEHSIETCS I KaXK 0T
MUKCEJIsT TTOTyIaeMOro n300PaXKeHusI, TI0OITOMY /I 33134, Tpebyio-
[UX WHTEPAKTUBHOTO B3AUMOJEHCTBUsI TTPOTPAMMBI C MOJb30BATE-
JieM, OOBITHO BBIOMPAIOTCST TTPOCTHIE MOIEIH.

OpenGL wu3mavasbHO pa3pabaTbiBajach Kak OWOIMOTEKA [IJTst
OPOrPAMMUPOBAHNSA WHTEPAKTUBHBIX TPAMUIECCKUX TPUIOKEHUN, B



22 Inasa 1. I'pagduveckuti npouecc u OPENGL

Hell BCTPOEHA OJ[HA M3 CAMBIX ITPOCTHIX MO/Iejell Marepuasa — Mo-
nenb @onra. Takxke OpenGL nojaiep:kuBaeT Ha0KeHne TeKCTyp. B
COBOKYITHOCTH 3TO [O3BOJISIET J[OOMBATHCH J[OCTATOYHO PEAJIUCTHY-
HO¥I Tepelavin CBOWCTB «IIPOCTHIX» MATEPUAJIOB THUIIA IJIACTUKA, 1€
pesa u t.a1. [logpobuo BOmpOC mporpaMMuUpOBaHUS MATEPUATIOB B
OpenGL paccmarpuBaercs B 1/iaBe 5.

1.5. OcsemeHnue

Mogesib OCBeIeHusT HEOTIEeUMa, OT MOJEJN MATepHua/ia, m0ITO-
My TIPWHIUIBI €€ BBIOOPA OMPEIEISIIOTCA TeMU Ke TPeOOBAHUSIMU.
B peasbHOM MEpe MBI CTAJTKUBAEMCS C KpaiiHe CIOKHBIMU JIJIST MO-
ACJIMPOBaHNA yCJIOBUAMU OCBEIIECHUA — IIPOTAKEHHBIMU UCTOYHUKA-
M cBeTa (HE6O0, TIOMUHECTIEHTHBIE JTAMITBI ), BTOPHYHBIM OCBEIIeHUEeM
(ocBemenneM 0T OTPAXKAIOMIMX MOBEPXHOCTEN) U T.1I.

Cranmapt OpenGL nomjiep:kuBaeT To4edHble U MapaJuie/bHbIe
HUCTOYHUKH CBETA, I[BET (MOIIHOCTH) KOTOPBIX 337aeTCd B IIBETO-
Boit cucreme RGB (Red-Green-Blue). He nmogep:kusarorcss mporsi-
JKEHHBIE NCTOYHUKH, CTIEKTPATHHOE 33 JaHie MOITHOCTH HCTOUYHUKOB,
BropuaHOoe ocgerienre. OHAKO CYIIECTBYIOT aJrOPUTMUIECKHE TTPH-
€MBI, TTO3BOJIAIONINE MOJETNPOBATH U 3T 3P PEKTHI € TIOMOIIHI0 BO3-
moxuocreit OpenGL. Kpome 91010, Beeria BO3BMOXKHO HCIOIb30BAThH
KA4YeCTBEHHBIE AJTOPUTMBI IS TIPOCYETa OCBEIIEeHUs W TepeIaBaTh
OpenGL y:ke BIYUC/IEHHBIE [[BETA TOYEK, YTO MO3BOJIAET 3a/1eiCTBO-
BaTh ANMapaTHble BOSMOXKHOCTH g 00pabOTKH MeOMETPHUH.

1.6. BupryaabHaa Kamepa

[TapameTpsl BUPTyaIbHOM KaMephl OTPEIENISIOT Cocod 0Tobpa-
JKEHUSI TPEXMEPHBIX 00bEKTOB B MX JByxMepHoe uzobpaskenue. Cy-
MIECTBYET JOCTATOYHO OOJIBINOE KOJUIECTBO PA3HOOOPA3HBIX MO/IE-
Jiefl KaMep, paz3ndaloIiiecss CBOMCTBAMM MPOEKINA M YYeTOM Xa-
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PAaKTEPUCTUK PEAJIbHBIX ONTHUYECKUX CUCTEM ((bOTOKaMep, geJjioBe-
JECKOTO IVI1a3a).

B OpenGL wnojjepkuBaercs A0Craro4HO MUPOKUIA KJacC MO-
JeJsieit KaMep, OMHMCBHIBAEMBIl JTUHEHHBIM IPeoOpPa30BaHUEM B OIHO-
POJIHBIX KoOpAnHATaX [15]. DTOT KIace orpaHuIeH MO TUPOBAHTEM
KaMep ¢ 6ECKOHETHO MaJIbIM pazMepoM gauadparmbl (HET BO3MOKHO-
CTH TIepeIavn TJIyOUHBI PE3KOCTH) U JIMHEHHBIMI XaPAKTEePUCTUKAMA
TpOoeKInn (HeT BO3MOXKHOCTHU MOJCINPOBaAHUA HeJIMHEMHBIX NCKaXKe-

1.7. Anropmutm 3KpaHU3aNuN

3a BpeMd pa3BUTHUSA KOMIIBIOTEPHO rpachuKu OBLIO CO3/1aHO MHO-
JKECTBO aJITOPUTMOB KpaHu3aluu, 00J1a/al0lUX Pa3IUIHbIMU Xar-
PAKTEPUCTUKAMHU [0 CTEIEHU PEeaJTUCTUIHOCTU U300paKeHusd U CKO-
poctu paboThl. B HacTOsIIee BpeMsi OCHOBHBIMU SIBASIFOTCS JIBa BO
MHOTOM TIPDOTUBOIIOJIO?KHBIX HAITPaBJICHWUA — TPAaCCUPOBKaA queﬁ n
pacrepu3aIus.

AjtropuTMbl TPACCUPOBKY JIydeil OCHOBAHBI HA MPOC/IEKUBAHUN
(TpaccupoBKe) pacmpOCTpaHeHWsI CBETOBON SHEPIUU OT UCTOUHUKOB
CBETA JI0 TOTA/AHUS Ha CETIATKY TVIa3a BUPTYATBLHOTO HAOIIOIATE ST
(pesynbrupyiommee n3obpazxenune). TpaccupoBka jiydeil u cMeKHbBIE
AJITOPUTMBI B OCHOBHOM UCIIOJIB3YIOTCS /Tl TTOJIydeHus: (poTopeastn-
CTHYHBIX n300parkenuit. B cuiy ajiropuTMudeckoil CI0KHOCTU Ha,
JIAHHBIT MOMEHT 3TU aJTOPUTMbBI HE TOTYyIUIN PACIPOCTPAHEHUS B
3ala9aX WHTEPAKTUBHOTO CHHTE3a I/I306p&}K€HI/Iﬁ, r7e B OCHOBHOM
UCTIOJIB3YIOTCS TIOJIXOIbI HA OCHOBE PACTEPUBAIINMN.

AjiropuTMbl  pacTepusalud CTPOST U300parKeHre C MOMOIIBIO
peobpa3oBaHusd 'eOMETPUYECKON MOJEIN TaKUM CII0cOO0M, 4TOObI
UMUTHPOBATH TTAPAMETPHI UCIOJIB3YeMOit Mojen Kamepsl. T.e. ais
KayKJI0it TouKM (X,Yy,z) MOJean BBINOJHsETCs npeobpasosanve T
(obbrunO JHHEiHOE), Takoe, uTo (Xs,ys) = T(z,y, 2), Tae (Ts,Ys) —
KOOPJMHATHI CIIPOEIUPOBAHHON TOYKM Ha dKpaHe. B ciaydae mosm-
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TOHAJILHON MOIe/n TpeoOpa30BaHIe BHITIOIHSIETCS /IS KayK 101 Bep-
MIUHBI MOJIUTOHA, TOCJEe Yero IMoJiydaeMasi MPOeKINs MepeBOIUTCS
B pacTp Ha pedyiabrupymomeit kapruake. OcCBeleHne BbIYUCISIET-
Cd OTNIEJIBHO OT Tpeobpa30BaHuil, OOBIYHO C IMOMOIIBIO TOCTATOYHO
IPOCTON MOJIE/IN.

OpenGL ocHoBana Ha 9KpaHU3AIUKU C IOMOIIBI0 PACTEPU3AIINM.
OpureHTUPOBAHHOCTH HA MOJIUTIOHAJIBHBIE MOJIEIN BKYIIE C UCIIOIb30-
BaHUEM JIMHEHHOU MOJe/ I KaMepbl I03BOJIIET ONUCATH BECh aJIro-
PUTM 3KpaHU3AINN B TEPMUHAX aJareOpPbl MATPHUIl U BEKTOPOB 4-10
MOPSIIKA B €BKJIMIOBOM TPOCTPAHCTBE. B CBOIO OUepein, 9TO TO3-
BOJIMJIO TIEPEHECTH OOJIBINYI0 YaCTh OMEpaIlnii ajJropuTMa Ha CIe-
UaIM3UPOBAHHBIE TPadUIecKne TPOIEcCopbl (B HACTOSIIEE BPEMS
CTaBIITNE CTAHIAPTOM).

Takum obpazom, aaropurm sxkpanuzanuu OpenGL opuenTupo-
BaH HA MHTEPAKTUBHbBIE TPUIOKEHUS C JOCTATOYHO OIPAHUYEHHO
MOJJIEPKKOM Mojiesiell MarepuayioB u oceernenusi. OQHAKO, B CUITY
MpPOCTOTHI M TMOKOCTU CTaHgapra OmbJIMOTEeKH, C MOMOIIbI0 ee Oa-
30BbIX (DYHKIUI BO3MOXKHO Pean30BaTh ITUPOKUI CIEKTD pa3/ind-
HBIX MOJIeJiell BILIOTh /10 (PUBUYECKU-TOYHBIX, OCTABAACh B PaMKax
TpebOBaHNN K WHTEPAKTUBHBIM MPUIOKEHUAM (BO MHOTOM 3a CYeT
mmpoKoit anmapartuoii moggepxku OpenGL).



I'maBa 2.

BBengenne B OpenGL

2.1. OcHOBHBIE BO3MOXKHOCTU

OmnuceiBats BozmoxkuocTu OpenGL mbr Oyzem depe3 dyHKIUN
ero 6ubsmoreku. Bece dyHKIMM MOXKHO Pa3[e/uTh HA HATh KATETO-
puit:

o QYHKUUYU ONUCAHUA NPUMUMUBCOS OTIPEIETSTIOT 00HEKTHI HITXK-
HEro ypOBHSI HepapXut (IPUMUTHBBI ), KOTOPbIE CIIOCOOHA 0TO6-
paxatb rpadudeckas nojcucrema. B OpenGL B kauectse
NPUMWUTUBOB BBICTYIAIOT TOYKW, JIMHUW, MHOTOYTOJBHUKUA U

T. .

o DYynKUUY ONUCAHUA UCMOYHUKOS C8EMA CIIYXKAT s OMNCa-
HUS IIOJIOXKEHUd U I1apaMeTPOB UCTOYHHUKOB CBETa, PacCIOJIOo-
JKEHHBIX B TPEXMEPHOU CIieHe.

o Dynxuyuu 3adanus ampubymos. C NOMOIIBIO 33a/aHUA ATPU-
OyTOB TPOTPAMMIUCT OIpEIEIIeT, KaK OYIyT BBINISIETb Ha
sKpaHe oToOparkaembie 00bLEKTHI. Ipyrumu cjaoBamu, ecan
C TIOMOIIBIO TPUMUTHUBOB OIPEIEISIETCS, UTO IOABUTCI Ha,
9KpaHe, TO aTpudyTHl ONMPEIE/IAI0T CII0COO BBIBOA HA, SKPAH.

25
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B kagectse arpubdyroB OpenGL nossoJisier 3aaBaTh I[BET, Xa-
PaKTEPUCTUKN MaTEpUaa, TEKCTYPhI, TApAMETPHI OCBEIIEeHNUSI.

o DYynKUUY BU3YAAU3AUUY 1103BOJIAIOT 33/aTh [10JI0KEHUE Ha-
6J1r0/1aTe sl B BUPTYaJIbHOM IIPOCTPAHCTBE, IApaMETPhl 00beK-
THBA KaMepbl. 3HAsI 3TU MAPAMETPhI, CHCTEMA CMOYKET He TOJTb-
KO MMPABUJIBHO MOCTPOUTH N300parKeHne, HO U 0TCEYb O0bEKTHI,
OKa3aBIInecd BHE TOJIS 3PEHUs.

o Habop pynryut eeomempuieckus npeobpadosaruli mo3BOIIET
[IPOTPAMMUCTY BBIIOJIHATE pa3/IndHble Ipeobpa3oBaHus 00b-
€KTOB — IIOBOPOT, [IEPEHOC, MACIITAOUPOBAHKE.

IIpu stom OpenGL MOKeT BBINOIHATDH JOIMOJHUTEIbHBIE Ollepa-
o, TaKne KakK HCIIOJIb30BaHUE CILJIA#iHOB JJId TTIOCTPOCHU A JIMHUMA
¥ MIOBEPXHOCTEl, yIaJleHre HeBUANMBIX (pparMeHToB n300parKeHmuil,
pabora ¢ n3obparkeHusiMu Ha, YPOBHE MUKCEJEH u T./1.

2.2. Nurepdeiic OpenGL

OpenGL cocrour u3 nabopa 6Gubamorex. Bee 6Gazombie (yHK-
1K XPAHSATCA B OCHOBHOM 6ubMoTeKe, /1/ist 0003HAUEHNS KOTOPOil B
JajbHeeM Mbl OyJaeM ucrnoik30Barh abbpesuarypy GL. I[Tomumo
ocuoBHO#, OpenGL BkjI0UaeT B cebsd HECKOIBKO TOTOJTHUTETHHBIX
oubimoTex.

[TepBast w3 mux — 6ubamoreka yrumur GL(GLU — GL Utility).
Bce dyuknuu 3Toit 6ubsimoreku onpesesiernl depe3 6a3oBbie QyHK-
nun GL. B coctas GLU Boria peasinzarnus 60Jjiee CJI0KHBIX (DyHK-
[uif, TaKUX KaK HADOP MOIYJISAPHBIX I'€OMETPUIECKUX TPUMUTUBOB
(ky0, map, UIXHIP, AUCK), (DYHKIUA IOCTPOEHUS CILTARHOB, pea-
JIU3AIHS JTOTOJHUTEIBHBIX OTepaIuii Hal MATPUIIAMA U T.II.

OpenGL nHe BKJIIOYaeT B cebs HUKAKMX CIEIUAIBHBIX KOMAH/I
JUTsT paboThl ¢ OKHAMU WM BBOJa WH(MOPMAIUU OT MOJB30BATEI.
[TosTomy ObLIM CO3maHBI CHEIUAIbLHBIE TEPEHOCHMbIe OUbJIMOTEKN
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MpuknagHas
nporpamma Kagpa

Win32 API

Puc. 2.1. Oprauusanus 6ubinoreku OpenGL

Jluist ODeCIIeYeHHs 4aCTO UCIIOIb3yeMbIX DYHKINUHA B3aNMO/IeHCTBUS C
[I0JIB30BATEJIEM U IS 0TOOPakeHNs] HH(MOPMAIIUN C IOMOIIBIO OKOH-
HOM TI0JICUCTEMBI.

Haub6osee nonynsipuoit sesiercs 6ubmoreka GLUT (GL Utility
Toolkit). ®opmanmpro GLUT me Bxomur B OpenGL, no de facto
BKJIIOHAETCAd II0YTU BO BCE €r0 ,Z[I/ICTpI/I6yTI/IBbI n mMeeT peaJin3a-
nuu gy pasnnanabix miardopm. GLUT npenocraBisger ToJIBKO Mu-
HUMaJIbHO HEe0OX0muMblit Habop dyHknwmii st co3ganust OpenGL-
npuioxkenusd. OyHKITMOHAIBHO aHajorudHas oubuoreka GLX me-
Hee Tomy/gpHa. B maspHeiieM B 3TO# KHUTe B KadeCTBEe OCHOBHOM
6ymer paccmarpuBarhest GLUT.

Kpowme Toro, dyuknuu, ciernududHble /1jid KOHKPETHOW OKOHHOI
[IO/ICUCTEMBI, OOBIYHO BXO/AT B €€ IPUKJIAIHON ITPOrPAMMHBIN WH-
repdeiic. Tak, dyuxnun, nomnepxkusatorniue BoinoaHenue OpenGL,
ects B coctaBe Win32 API u X Window. Ha pucynke 2.1 cxema-
THYECKU TPECTABICHA OPraHM3aInsl CUCTEMbI OMO/IMOTEK B BepCHH,
paboratorrieit oy ympasienneMm cuctembl Windows. Anasornunas
OpraHuW3aIusl UCIoIb3yeTcs u B npyrux Bepcusix OpenGL.
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2.3. Apxurektypa OpenGL

Oyukiuu OpenGL peanmnzoBanbl B Mojiesn KinenT-cepsep. [Ipu-
JIOXKEHUE BBICTYIAET B POJIM KJMEHTA — OHO BbIpaDAThIBAET KOMAaH-
nbl, a cepBep OpenGL unrepuperupyer u Boinosasger ux. Cam cep-
BEp MOXKET HAXOJWThCsS KaK Ha TOM K€ KOMIIBIOTEDE, Ha KOTOPOM
HAXOJWTCS KJIMEHT (HAMPUMED, B BUJE JMHAMWYECKHU 3arpyrKaemoii
oubmorekn — DLL), Tak u Ha ApyroM (Ipu 3TOM MOMKET OBITH MC-
MTOJTF30BAH CIEIUAJIBHBIN TPOTOKOJ TIEpeIadn JAHHBIX MEXIY Ma-
IIAHAMHT).

GL obpabatsiBaer u pucyer B 6ydepe Kajapa rpadpuieckue mpu-
MUTHBBI C YYETOM HEKOTOPOTO UWCJIa BHIOPAHHBIX PEeRKUMOB. Kax-
JBI TPUMUTHB — 3TO TOYKA, OTPE30K, MHOTOYTOJBHUK W T.J1. Kaxk-
JIBIT PEXKUM MOXKeT ObITh U3MeHeH He3aBucuMo or apyrux. Omnpee-
JIeHWe TPUMUTHBOB, BBLIOOD PEKWMOB W JIPYTHE OMEPAITUU OIUCHIBA-
FOTCS C TIOMOIIBI0 KOMaH B (DOpME BBI30BOB (DYHKIUI TPUKJIATHOMN
6ubImoTEKN.

[IpuMuTUBEL OTIpeeNsIioTca HAGOpOM m3 OmHON wan GoJiee Bep-
nmn (vertex). Bepimuna onpeesisier TOUKy, KOHEI OTPE3Ka WU yTroJl
MHOTOYTOMbHAKA. C KaXKT0# BEPIIMHOM aCCOMUUPYIOTCS HEKOTOPHIE
JaHHble (KOODJMHATBI, [IBET, HOPMaJib, TEKCTYPHbIE KOODJUHATHI U
T.]1.), Ha3bIBaeMble arpudyTamu. B mogassgiomem 60/IbIITHCTBE CITy-
JaeB KayKIasl BepITHHA 06pabaThIBAETCS HE3ABUCUMO OT JIPYTHX.

C 1oukm 3peHusi apxuTeKTyphl, rpadudeckast cucrema OpenGL
SIBJISIETCST KOHBEHEPOM, COCTOSIIIIUM W3 HECKOJIBKUX TOCIEI0BATEh-
HBIX 9TAIIOB 00PabOTKM rpapUIecKuX JTaHHbBIX.

Kowmanger OpenGL Bcerjia 00pabarbiBaloTCs B TOM HOPsiJIKE, B
KOTOPOM OHHU TIOCTYIAIOT, XOTsI MOTYT MTPOUCXOAUTH 3aJeP>KKU ITe-
penr TeM, Kak mposgBuTcs 3pdeKT OT UX BBIMOTHEHUS. B 60IbITHH-
cree caydaes OpenGL mpemocraBisieT HEMOCPEJICTBEHHBIN WHTEp-
eeiic, T.e. onpeesienne 00bEKTa BBI3BIBAET €r0 BU3YAIN3AINN0 B OY-
depe kaapa.

C rouku 3penust pazpaboraukoB, OpenGL — 310 HAbOpP KOMaHI,
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KOTOPBIE YIPABJILAIOT WCIOJIb30BaHMEM rpaduaecKoil anmaparypsbl.
Ecan anmapatypa cocTonT TOJBKO M3 agpecyemoro Oydepa kaapa,
rorga OpenGL no/keH ObITh peajin30BaH HOJHOCTHIO C KCIIOJIb30-
BaHUEM PECYPCOB IEHTPAIBHOIO mportieccopa. O6bpraHo rpadudeckas
arraparypa mpeJoCTaB/isieT pa3judHble YPOBHU YCKODEHUs: OT all-
MapaTHON peam3ariy BEIBOA JUHUM 1 MHOTOYTOJBHUKOB 0 U30II-
PeHHBIX I'PAPUUECKUX ITPOIECCOPOB C MOAJAEPKKON PA3IUIHBIX Olle-
panumit Ha T TeOMETPUIECKUMHI JTaHHBIMU.

AnNnpoKCUMaLMs KpUBbIX
1 noBepxHocTen

ATpunbyTbI BEPLUNH

O6paboTka BEpLUNH 1
cBopka NPUMUTVBOB

WcTounuku ceeta

Pactepusaums n
obpaboTka hparMeHToB

TekcTypbl

Onepauuun Hap,
nVKcensamm

Mepepava AaHHbIX B
Gycep kagpa

Puc. 2.2. ®yuknuonuposanue Kouseitepa OpenGL

OpenGL gBgercsa npoc/ofikoil MeK/1y almnaparypoil u moJb30-
BaTEeJIbCKAM YPOBHEM, UTO TO3BOJIET MPEJIOCTABAATH €IWHBIN WH-
tepdeiic HA pa3HbBIX MIATGOPMAX, UCIOJIH3Yd BO3MOKHOCTU AIITIa-
PaTHOI NOANEPZKKU.

Kpowme Toro, OpenGL M0xkHO paccMarpuBarh KaK KOHEUHbBIH aB-
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TOMAT, COCTOSIHHE KOTOPOTO OTPEeJIeIsIeTCsl MHOXKECTBOM 3HAYeHWi
CHEIUA/IbHBIX MEPEMEHHBIX, 3HAUEHUSIMI TEKYIeil HOpMaJIu, BETA,
KOOP/IMHAT TEKCTYPHI U JAPYTUX aTpulyTOB 1 NPU3HAKOB. BCst 9Ta nH-
dopmarug OyeT UCIob30BaHA IPU MOCTYILIEHUN B IPaUIECcKyIo
CcUCTeMy KOODAMHAT BEPIIUHBI JIjisd IOCTPOEHUsI (DUTYPBI, B KOTOPYIO
ona Bxo/uT. CMeEHA COCTOSTHUI MPOUCXOUT C TIOMOIIIHI0 KOMAH/I, KO-
TOpbie 0POPMIIAIOTCH KAK BBI30BBI (DYHKIHUIA.

2.4. CuHTaKCHUC KOMaH/

Omnpenenenus koman GL maxoggarcs B daitie glh, aasa Briro-
qeHrsd KOTOPOro HYKHO HAIINCATD

#include <gl/gl.h>

g paborsr ¢ 6udbaunorekoit GLU HyXKHO aHATOTUYHO TOIKJTIO-
auth daitn glu.h. Bepcun stux 6ubinorek, Kax MPaBUIO, BKJIIO-
9aloTCad B AUCTPUOYTHBBI CHCTEM IIPOrPAMMMPOBAHNS, HAIPUMEP,
Microsoft Visual C++ wium Borland C++ Builder. B otimaue ot
cranmapTabix 6ubsmorek, naker GLUT nykHO mHCTAIIMPOBATH U
MMOJKJIIOIATH OTae bHO. [loapobuas naOpMAaInsa 0 HACTPOKe cpe
nporpaMmMupoBanus Jjg paborsr ¢ OpenGL npusenena 8 Yactu 111.

Bce koman et (mponenypot n dbyaknun) 6ubmorekn GL naunna-
torcs ¢ mpedukca gl, Bce koucrtauTel — ¢ npedpukca GL . Coorser-
crByomue KoMaugel u KoHcTaHThl O0ubmorek GLU u GLUT ana-
aormano umeror npedukcel glu (GLU ) u glut (GLUT ) Kpowme
TOr0, B UMEHA KOMaH/[ BXOAAT CyDIUKCHI, HECYIITHE HHMDOPMAIUIO O
qucjie U Tuie mnepenaBaembix mapamerpos. B OpenGL mosinoe nvs
KOMAH/Ibl UMEeT BU/I:

type glCommand name[l 2 3 4][b s i f d ub us ui][v]
(typel argl ,..typeN argN)

Wms cocrouT u3 HECKOIBKUAX YacTeil:
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gl —wumga 6ubauorekn, B KOTOPOit onncana dta MyHKIHU: 1ad 0a-
zoBbix ¢yuknuit OpenGL, dyakmuit n3 6ubmorexk GL, GLU,
GLUT, GLAUX »s7o gl, glu, glut, aux coorBeTcTBeHHO;

Command name — ums KoMaH/b! (IIPOIELyPhl Wil (DYyHKIHAN);
[1 2 34 |—unciao apryMeHToB KOMAaH/IHI;

[bsifdub usui|—run aprymenra: cumson b — GLbyte (ana-
aor char 8 C/C++), cumBoa i — GLint (amasor int), cumsos
f — GLfloat (anasor float) n rak mamee. [Toanbil crvcok THIIOB
¥ UX ONMMCAHWE MOXKHO ITOCMOTpeTh B daitie gl.h;

[v | —mammume sroro cmMmBOIa TOKA3BIBAET, UTO B KaUeCTBE Mapa-
MeTpoB (DYHKIINK UCIIOIH3yeTCd yKa3aTe/b Ha, MACCUB 3HAUE-

HUM.

CuMBOIBI B KBaJPATHBIX CKODKAX B HEKOTOPBHIX HA3BAHUSIX HE
ucnonb3ytorcs. Hanmpumep, komanga glVertex2i () onucana B 6ubsimo-
teke GL u ucnosib3yeT B KauecTBe MapaMeTpoB JBa, ME/IbIX UNUC/Ia, &
koman/a glColor3fv() ucrnosb3yer B KayecTBe mapamMerpa yKasaTesb
HA MaCCHUB U3 TPEX BEIECTBEHHBIX UUCEJ.

Ucnonb3oBanns HECKOTBKIX BAPUAHTOB KAYK IO KOMAH T MOK-
HO YaCTUIHO U30eXKaTh, MPUMEHSA TMEPerpy3Ky (DYHKIUN s3BIKa
C++. Ho unrepdeiic OpenGL e paccunran Ha KOHKPETHBIA S3bIK
[POTPaMMUPOBAHUS, U, CJAEI0BATE/IHHO, JOJI2KEH ObITH MAKCUMAJIHHO
YHHBEPCAJIEH.

2.5. IIpumep npusoxkenus

Tunuunas nporpamma, ucrnosbsyomas OpenGL, naunnaercsa
OTIPeJIe/IeHNs OKHA, B KOTOPOM OyJeT MPOUCKOJUTH OTOOPaYKeHUe.
Barem coszmaercss kourekcr (kament) OpenGL wm acconmmpyercst ¢
5TUM OKHOM. [lajiee mpOrpaMMUCT MOXKET CBOOOHO WCIOJIb30BATH
komau 6l OpenGL API.
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Hwmxe mpuBemen TekcT HEOOIBION TPOTPAMMBI, HATMCAHHON C
ucrnosib3oBanueM 6ubsmorekun GLUT — cBoeobpa3ubiit anaor Kiac-
cuueckoro mpumepa «Hello, World!s.

Bce, uTo nemaer sTa mporpaMmMa — PUCYeT B IIEHTPE OKHA KpPac-
HbIT KBaIpar. Tem He MeHee, Jake Ha TOM IIPOCTOM IIPUMeEPE MOZKHO
MOHATH MPUHIIUIBI TPOrpaMMupoBanus ¢ nomomnibio OpenGL.

[Iporpamma 2.1. Ipocreiimuit npumep OpenGL.

#include <stdlib .h>
// nodkarouwaem 6ubauvomexy GLUT
#include <gl/glut .h>

// HAMAALHAA WUPUHA U BBLCOMA OKHA
GLint Width = 512, Height = 512;

// pasmep xyba
const int CubeSize = 200;

// oma Pynryus ynpasasem 6cem 6w8000M HA IKPAH
void Display (void)

int left , right , top, bottom;

left = (Width — CubeSize) / 2;
right = left + CubeSize;

bottom = (Height — CubeSize) / 2;
top = bottom + CubeSize;

glClearColor (0.7, 0.7, 0.7, 1);
glClear (GL_COLOR,_BUFFER, BIT);

glColor3ub (255,0,0);
glBegin (GL_QUADS) ;
glVertex2f(left ,bottom);
glVertex2f(left ,top);
glVertex2f(right ,top);
glVertex2f(right ,bottom);
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glEnd ();

glFinish ();
}

// DQYHKUUA 6B3BEAETNCA NPU USMEHEHUL DA3MEPOE OKHG
void Reshape(GLint w, GLint h)

{
Width = w;
Height = h;

/* ycmanasaueaem pasmepv. obaacmu omobpaccenus x/
glViewport (0, 0, w, h);

/* opmoepaduueckas mpoexyus x/
glMatrixMode (GL_PROJECTION) ;
glLoadIdentity ();

glOrtho (0, w, 0, h, —1.0, 1.0);

glMatrixMode (GL_MODELVIEW ) ;
glLoadIdentity ();

// @yuxyus obpabamueaem coobuenus Om KAGEUGMYDPDL
void Keyboard( unsigned char key, int x, int y )

{
const char ESCAPE = ’\033’;

if ( key — ESCAPE )
exit (0);
}

// Taaenolli yuka npusoHCerus
void main(int argc, char xargv][])

{
glutInit (&arge, argv);



34 I'nasa 2. Beedenue 6 OPENGL

glutInitDisplayMode (GLUT _RGB);
glutInitWindowSize (Width, Height);
glutCreateWindow ("Red_square_example" );

glutDisplayFunc (Display);
glutReshapeFunc (Reshape);
glutKeyboardFunc (Keyboard );

glutMainLoop ();

Red square example FEX

Puc. 2.3. Pesysnbrar paborsr nporpammbr 2.1.

Hecmorpst Ha Masibiit padmep, 3TO MOJHOCTHIO 3aBEPITEHHAS TTPO-
rpaMMa, KOTOpas JTOJIXKHA KOMIIINPOBAThCA U paboTaTh Ha OO0
cucreme, nojiepxupatomeit OpenGL u GLUT.

bubnanoreka GLUT mommgepkuBaeT B3arMO/I€iiCTBHE C [I0JIb30Ba~
TeJIEM C TIOMOTITHIO TaK HA3BIBAEMBIX (DYHKIINH ¢ 0OPATHBIM BBI30BOM
(callback function). Ecim mosb30BaTe s MOABUHY MBIITh, HAZKAT HA
KHOTIKY KJIABUATYPHI WU M3MEHN pazMephbl OKHA, TPOUCKXOJUT CO-
6I)ITI/I€ " BBI3BIBAECTCA COOTBETCTBYIOIAA (byHKL[I/IH II0JIB30BATEJIA —
obpaborunk cobbiTuii (hyHKINS ¢ 0OGPATHBIM BBI30BOM).

Paccmorpum 60s1ee opobHO PyHKIMIO main JAHHOTO IPUMEPA.
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Ona cocrouT u3 Tpex JacTeil: MHUIUAIN3AINNA OKHA, B KOTOPOM Oy-
ner pucoBarb OpenGL, nacTpoitku hyHKIMT ¢ 0OpATHBIM BBI30BOM
¥ TJIABHOTO TUKJI1a, 00pabOTKU COOBITHIA.

Vannpaansainys OKHa COCTOUT U3 HACTPOUKH COOTBETCTBYIOIIIX
6y depoB Kajpa, HA9aILHOTO [OJIOKEHUs] U PA3MEPOB OKHA, 8 TaK¥Ke
3aroJI0BKa OKHA.

QOyuknus glutlnit (&arge, argv) npou3BoAUT HAYAIBHYIO WHUIAA-
gmaaruio camoii bubanorekn GLUT.

Komanma glutInitDisplayMode(GLUT _RGB) unuruaau3upyet 0y-
dep kagpa m HACTPAMBAET TOJHOIBETHBIN (HENATUTPOBbIN) PEsKUM
RGB.

glutInitWindowSize(Width, Height) ncnosip3yercs st 3a1anus Ha-
JaJbHBIX Pa3MEpPOB OKHA.

Hakomer, glutCreateWindow("Red_square_example") 3ajaer 3aro-
JIOBOK OKHA U BH3YAJH3UPYET CaMO OKHO Ha SKpaHe.

3areM KOMaH bl
glutDisplayFunc (Display);
glutReshapeFunc (Reshape);
glutKeyboardFunc (Keyboard );

peructpupytor pynkimn Display(), Reshape() u Keyboard() kak dpyHk-
U1, KOTOpbIe OyIyT BBI3BAHBI, COOTBETCTBEHHO, MPU TEPEPUCOBKE
OKHa, U3MEHEHUN PA3MEPOB OKHA, HAYKATUHU KJIABUIIU Ha, KJIaBUATY-
pe.

Koutposs Bcex cobbiTrit 1 BBI30B HY XKHBIX (DYHKIIH IPOUCXOIUT
BHYTpPHU OecKOHedHOTo TuKaa B pyuKImu glutMainLoop().

Samerum, uro bubsamoreka GLUT ne sxomur B cocras OpenGL,
a SBJISETCH JIUIIb TepeHocuMoii mpocsofikoit mexay OpenGL u
OKOHHO# TTOACHUCTEMOMN, TPEIOCTABsAT MUHUMAJBHBIN WHTEpPdEC.
OpenGL-nipuioxKenue jjig KOHKPETHON M1aT(OpMbl MOXKET ObITH
HAITMCAHO C UCMOJIB30BAHNEM crierupuyecknx s maardopmbl APT
(Win32, X Window u T.71.), KOTOpBIE KaK MPABUIO MPEIOCTABIISIIOT
6osiee mMpokue Bo3MokHOCTH. bosiee monpobHo pabora ¢ bubanore-
koit GLUT omnucana B riase 10.
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Bce Borzoewr komang OpenGL mpoucxomar B obpaboramkax co-
opiTHil. Bostee monpobHO OHU OyIyT PACCMOTPEHBI B CJIEIYIONINX T/Ia-
Bax. Ceituac obparum BHUMaHUe Ha (yHKINIO Display, B KOTOpOi
COCPEJIOTOUEH KO/JI, HEIIOCPEJICTBEHHO OTBEYATOIINI 33 PUCOBAHIE HA
9KpaHe.

Carenyromas moc/ie[0BaTeIbHOCTb KoMan 1 u3 pyukiuu Display():

glClearColor (0, 0, 0, 1);
glClear (GL_COLOR_BUFFER_BIT);

glColor3ub (255,0,0);
glBegin (GL_QUADS);
glVertex2f(left ,bottom);
glVertex2f(left ,top);
glVertex2f(right ,top);
glVertex2f(right ,bottom );
glEnd ();

OYUIIlaeT OKHO W BBIBOJUT Ha dKPaH KBaJpaT, 3aj/laBas KOOPJAUHATHI
9eThIPEX YIJIOBBIX BEPIITUH U IIBET.

B npunoxkennn B npuBenen ere oauH mpuMep HECTI0XKHOM TPO-
rpaMMbl, TIPY HAXKaTUW KHOTKY MBI PUCYIOIIEN Ha SKpPaHe pa3HO-
LBeTHbIE C/Iy4aiHble IPIMOYTOJbHUKMA.

2.6. KoHTpOJIbHBIE BOMPOCHI

1) B uewm, 1o BaleMy MHEHHUIO, 3aK/JIIOUIAETCS HEOOXOAUMOCTH CO-
3JlaHWsT CTAHIAPTHOM rpaduaeckoit bubgimorekn?

2) Kparko omumure apxurektypy 6ubanorek OpenGL u opranu-
3allMI0 KOHBeiepa.

3) B uem zakmouatorca dyukiun 6ubnmorex, nogobusix GLUT
win GLX? [louemy ouu dhopmansuo we Bxogdar B OpenGL?

4) Hazosure kareropun komau (byHkuuii) 6ubinoTekn.
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5) Mouemy oprammsanuio OpenGL wacro cpaBHMBAOT ¢ KOHEU-
HBIM aBTOMATOM !

6) Bauem HYKHBI pasjandHble BapuanThl KoMaua OpenGL, oriu-
JAIOIIMECs TOJIBKO TUIIAMY [1apaMeTpoB?

7) YTo MOXKHO CKa3aTh O KOJUIECTBE U TUTIE TAPAMETPOB KOMaH-
1ot glColordub()? glVertex3fv()?






I'maBa 3.

PucoBanue reomerpmieckmx
00 bEKTOB

3.1. IIpomecc obHOBIEHUA M300paKeHUSA

Kak mpasumiio, 3amadeii mporpammbl, ucnosbsyomeit OpenGL,
sIBJIIeTCs 0OPabOTKA TPEXMEPHON CIIEHbI U WHTEPAKTUBHOE 0TOOpa-
kenue B Oydepe kajpa. Crena cocrout u3 Habopa TPeXMEPHBIX 00b-
€KTOB, UCTOYHUKOB CBETA M BUPTYAJbHO! KaMepbl, OIpeIeIroIei
TeKyIIee MOJIOKEHNEe HADJIIOIaTe)Isl.

O6swrano npuioxkenne OpenGL B 6eCKOHETHOM ITUKJIE BHI3BHIBAET
dyukImio obHOBIeHUA M300parkenws B OKHE. B 3Toit dbyHKIMN 1
COCpEeI0TOUEHbI BbI30BbI OCHOBHBIX KoMaH OpenGL. Eciu ucnosib-
gyercst oubsimoreka GLUT, 1o 310 Oymer dpyHKnmst ¢ 0OpaTHBIM BbI-
30BOM, 3apErUCTPUPOBAHHAS C TIOMOIIBIO BbI3oBa glutDisplayFunc().
GLUT BbizbiBaeT 371y (QyHKIMIO, KO ONEPAIMOHHAST CUCTEMa WH-
dopMupyeT NpUIoKEHNE O TOM, YTO COJEPKUMOE OKHA HEOOXOTMMO
[epEepuCcoBaTh (HAMPUMED, €CIM OKHO OBLIO MEPEKPHITO JIPYTHM).
CozgapaeMoe m300parkeHrne MOXKET OBITh KaK CTATWIHBIM, TaK WU
AHUMWPOBAHHBIM, T.€. 3aBUCETh OT KAKUX-JTUOO MapaMeTpoB, U3Me-
HSIOIIUXCA CO BpemeHeM. B 9Tom ciiydae Jiydiiie BbI3bIBATH (DYHK-

39
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nuio OOHOBJIEHUS CaMOCTOSATEIbHO. Hampumep, ¢ MOMOIIBI0 KOMaH-
nb1 glutPostRedisplay(). 3a 6osiee moapobHoit nHOPMAIe MOXKHO
obparuThcs K riase 10.

[IpucTynum, HAKOHEIT, K TOMY, YeM 3aHUMAETCs TUNIHAs (PyHK-
nus obHoBIeHUS n300pazkenus. Kak mpaBmio, OHa COCTOUT U3 TPEX
IIAr0B:

e ounctka 6ydepos OpenGL;
® YCTAHOBKA ITOJIOYXKEHUS HADIOIATE ;]
e mpeoOpa3oBaHme W PUCOBAHNE T€OMETPUIECKIX 00bHEeKTOB.

Ouuncrka 6ydepoB MPOU3BOIUTCS C MOMOIIBI0 KOMAH/IbI:

void glClearColor ( clampf r, clampf g, clampf b,
clampf a )
void glClear (bitfield buf)

Kowmanma glClearColor ycTanaBiuBaeT I[BET, KOTOPBIM Oy/IeT 3a-
nosaen O6ydep kasgpa. Ilepseie Tpu mapamerpa KOMAaHIbI 3aAI0T
R,G u B KOMIOHEHTHI NBETa W JIOJKHBI MPUHAIIEKATH OTPE3KY
[0,1]. YersepThlii mapamerp 3ajaer Tak Ha3blBaeMyIo ajbda KoM-
nouenty (cm. m. 7.1). Kak mpasuso, ou pasen 1. Ilo ymomaanuro
user — gepubiii (0,0,0,1).

Kowmanma glClear ounmaer 6ydepsl, a napamerp buf omnpeness-
eT KOMOWHAIWIO KOHCTAHT, COOTBETCTBYIONLYI0 Oydepam, KOTOpbIe
HYKHO 09uCcTUTH (cM. TaBy 7). Tunmdnas mporpamMma BBI3BIBAET
KOMaH/1y

glClear (GL_COLOR_BUFFER_BIT | GL_DEPTH BUFFER_BIT)

st ounucTKU OydepoB mnpera u riyOuHbI.

YcTraHOBKA TOJOXKEHUS HADIIONATENST U TPeoOpPaA30BAHUS TPEX-
MEpHBIX 00HEKTOB (MMOBOPOT, CJIBUT M T.JT.) KOHTPOJUPYIOTCS C TOMO-
BI0 3adaHnsg MaTpull mpeobpaszopanus. [IpeobpasoBamns 06bHEKTOB
¥ HACTPOUKA MOJI0KEHUsT BUPTYAJIbHON KaMepbl ONMCAHBI B IyIaBe 4.
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Ceitaac cocpenorodmmMmcst Ha TOM, Kak nepegars B OpenGL onu-
caHusl 00bEKTOB, HAXOJAIINXCSA B ciieHe. Kaxipiit 00beKT aBisgeTcs
nabopom mpumutreos OpenGL.

3.2. BepmuHbl 1 IPUMUTUBEI

B OpenGL sepwuna (vertex) simiasiercss aromapubiM rpadude-
CKUM MPUMUTHUBOM ¥ OTIPEIEIAET TOUKY, KOHEI OTPe3Ka, YroJ MHO-
rOyrOJIbHUKA W T.JI. Bce ocTajbHble TPUMUTHUBBI (DOPMUPYIOTCI C
MOMOTIIBIO 3aTAHNWS BEPINWH, BXOJANINX B JAHHBIN TpuUMUTHB. Ha-
IpUMeEp, OTPE3OK OIPEEISeTCs JIBYMsI BEPIIMHAMU, SIBASIOITAMUACS
KOHITAMHU OTpEe3Ka.

C KaxkJI0it BEPIIUHONW acCOUupyOTcs ee ampubymo.. B aucio
OCHOBHBIX aTpUOYTOB BXOJAT TOJI0XKEHNE BEPITHHBI B TIPOCTPAHCTBE,
IIBET BEPIIUHBI U BEKTOP HOPMAJIH.

3.2.1. TlonoxkeHue BepINMUHLI B TPOCTPAHCTBE

[Tomoxkenne BepIUHLI OMPEAENIIOTC 3aJaHNeM ee KOOPANHAT B
JIBYX-, TPEX-, WU YETBIPEXMEPHOM MPOCTPAHCTBE (OJHOPOIHBIE KO-
OPJINHATHI). DTO PEATUIYETCsl C TOMOIIBIO HECKOJBKUX BAPUAHTOB
KOMaH/IbI glVertex:

void glVertex[2 3 4][s i f d] (type coords)
void glVertex[2 3 4][s i f d]v (type *coords)

Kaxmaa KomMaH 2 3a1aeT dYeThIpe KOOPJIUHATHI BEPIIWHBI: X, Y,
z, w. Komanma glVertex2x nosiygaer 3nadenus: X u y. Koopaunara
Z B TaKOM CJIydae YCTaHABJIUBAeTCHA 10 YMOJTIAHWIO paBHO# 0, KO-
opauHara w — paBHoil 1. glVertex3+ mosiygaer KOOPAMHATHI X, Y, Z U
3aHOCUAT B KOOpAWHATY W 3HadeHne 1. glVertex4+ mo3BojideT 3a1aTh
BCE YeThIPe KOOPIMHATHI.

Jlist acconmmanuu ¢ BEPITUHAMHU IIBETOB, HOPMaJeill W TeKCTyp-
HBIX KOODJAWHAT UCHOJB3YIOTCA TEKYIue 3HaUYeHUs COOTBETCTBYIO-
IIUX JAHHBIX, 9YTO oTBeuyaer opranusannu OpenGL kak KOHEYHOTO
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aBTOMATA. DTH 3HATEHUS MOTYT OBITH M3MEHEHBI B JTIOO0H MOMEHT C
IIOMOIIBIO BBI30Ba COOTBETCTBYIOIINAX KOMAaH/I.

3.2.2. IIBeT BepUINHEI

Jlma 3aaHUs TEKYIIEro IIBeTa BePIIMHBI UCIOIb3YIOTCS KOMAaH-
JIBI

void glColor[3 4][b s i f] (GLtype components)
void glColor[3 4][b s i f]v (GLtype components)

IlepBbie Tpu mapamerpa 3agaior R, G, B KoMIOHEHTBHI I1IBETA,
a mocJjIeHul mapaMeTp omnpeesiger K03pduiuenT Hempo3pPaITHOCTU
(rak HazpiBaeMas anbda-KoMnonenTa). Kciu B Ha3BaHMM KOMAaH/IBI
ykazan tun «f» (float), To 3HAUEHNS BCEX MAPAMETPOB JOIXKHBI TPU-
Hajieskarh orpe3ky [0,1], mpu 9TOM Mo yMOSIYAHWIO 3HAYEHWE ajlb-
¢a-KOMTIOHEHTBI YCTAHABIMBAETCsT paBHBIM 1.0, ITO COOTBETCTByET
nosHoM Henpospaunoctu. Tum «uby (unsigned byte) nogpasymesaer,
YITO 3HAYEHHS JOJIKHBI JleXKaTh B orpe3ke [0,255].

Bepimnaam M0KHO Ha3HAYATH PA3JIMYHbBIE IIBETA, U, ECJIM BKJIIO-
YeH COOTBETCTBYIOIIUI PEKIUM, TO OY/eT TPOBOAUTHCS JTUHEHAST NH-
TEePHOJIANA IIBETOB 110 MTOBEPXHOCTU IIPDUMUTHUBA.

Jlist ympaBjeHus PeXXWMOM WHTEPIIOSINNA HUCIOJIB3YeTCa KO-
MaHIa

void glShadeModel (GLenum mode)

BBIZOB KOTOPOi#i ¢ mapamerpoM GL SMOOTH Bk/II0O49aeT UHTEPIIOJIS-
nuio (ycranoska no ymosdanuio), a ¢ GL_FLAT — orkiovaer.

3.2.3. Hopmauan

OrnpeeuTh HOPMaJb B BEPITUHE MOYXKHO, UCTOIB3Ys KOMAHIBI

void glNormal3[b s i f d] (type coords)
void glNormal3[b s i f d]v (type coords)
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Jist mpaBUIBHOTO pacyeTa OCBEIIEHUsT HeOOXOIMMO, ITOOBI BEK-
Top HOpMaju umen eauuHuunyio gnway. B OpenGL cymectByer
CHEIUAJIBHBIN PEXKUM, MPU KOTOPOM 3ajlaBaeMble HOpMAJId OyIyT
HOPMHUPOBATHCA ABTOMATHYECKN. Ko MOXKHO BKJIFOUUTH KOMAaH/Oi
glEnable(GL_NORMALIZE).

Pexum aBTOMaTHIECKOT HOPMAIU3AINN TOJIXKEeH OBITh BKIIOUEH,
€CJIU TIPUJIOXKEHUE UCIOIB3YeT MOJe/bHbIe TPeoOpa30BaAHUs PACTSI-
JKeHUs1 /CKaThsl, TAK KaK B 9TOM CJydae JJIMHA HOPMaJiell W3MeHsi-
€TCs IpU YMHOXKEHUHU Ha MOJETHHO-BUIOBYI0 MATPHILY.

O/1HaKO NPUMEHEHUE ITOrO PEKMMA YMEHBIIAET CKOPOCTH pa-
6orbl Mexanuzma Busyasnzanuu OpenGL, Tak Kak HOpMaJin3aIusd
BEKTOPOB WMEET 3aMEeTHYIO BBIUYUCIUTENBHYIO CIOKHOCTL (B3sITHE
KBaAPATHOrO KOpH$). [TosTomy Jydime cpasy 3a/JaBaTh €MHUIHBIE
HOPMAJIH.

C)TMeTI/IM7 9TO KOMaH/IbI

void glEnable (GLenum mode)
void glDisable (GLenum mode)

IPOU3BOALAT BKJIIOYCHNE M OTKJIIOYECHNE TOT'O MJIN MHOTO PEXKUMa pa-
6ol kouBeiiepa OpenGL. 9T KOMaH/IbI IPUMEHSIOTCS I0CTATOYHO
9aCTO, M MX BO3MOKHBIE [TaPAMETPbBI Oy/1yT PACCMATPUBATHCH B KaK-
JIOM KOHKDETHOM CJIydae.

3.3. Oneparopunie cko0oku glBegin / glEnd

Mper pacemorpesn 3ajiaare arpubyToB 04HOI BepiuHbl. OHAKO
9TOOBI 334aTh aTPUOYTHI IPpadUIECKOTO MPUMUATUBA, OTHUX KOOPIU-
HAT BEPIIUH HEJOCTATOYHO. DTHU BEPIIUHBI HAJIO O0bEJIUHATE B OJJHO
1esioe, onpejeanB Heobxomumbie cpoiicrBa. st sroro B8 OpenGL
UCTIOJIB3YIOTCS TAaK HA3BIBAEMBIE OTIEPATOPHBIE CKOOKU, SBJISFOIIH-
ecst BeI3oBaMU crienuaJbabix KoMaug OpenGL. Onpenenenne npu-
MUTHBA WU TOCIE0BATETbHOCTY TPUMUTUBOB TPOUCXOIAT MEKTY
BBI30BAME KOMAH/T
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void glBegin (GLenum mode)
void glEnd (void)

ITapamerp mode onpe/ieaser TUI TPUMUTHUBA, KOTOPBIH 33/1a€TCs
BHYTPHU U MOXKET TPUHUMATH CJIETYIONINe 3HAYEHUS:

GL POINTS —kaxjad BeplUIMHA 3a/aeT KOODJMHATBI HEKOTO-
PO# TOYKH.

GL LINES —kaxgas oTae/bHAsd Tapa BEPITUH OMPEeIe/isieT OT-
PE30K; ecam 3aJaH0 HEYUETHOe UWCJIO BEepPINH, TO MOCJEeTHSII
BEPIITNHA UTHOPUPYETCS.

GL LINE STRIP —xaxjas ciejyiolas BepliiHa 3a/aeT OT-
PEe30K BMeCTe C LPeblIyIei.

GL LINE LOOP —ormiuume OT IPebIAyINero MPUuMATHABA TOTb-
KO B TOM, UTO MOCJETHUN OTPE30K ONpPeIe/IdeTCs TOCAeTHel 1
[IePBOIl BEPIUHOM, 00pa3ysd 3aMKHYTYIO JIOMAHYIO.

GL TRIANGLES — kaxjible OT/e/IbHbIE TPU BEPIITUHBI OIIPeie-
JISTIOT TPEYTOMbHUK; €C/IM 3aaH0 HEe KPDATHOE TPEM UUCJIO BEP-
IIIUH, TO IIOCJIE/IHAE BEPIIUHBI UTHOPUPYIOTCH.

GL TRIANGLE STRIP —kaxjag cieiyiomas BepIInHa 3a-
JaeT TPeyroJIbHUK BMeCTe C AByMs MPebLIyIAMH.

GL TRIANGLE FAN — Tpeyro/bHUKH 33/1al0TCs IepBoil Bep-
IIWHOA U KaxK/J0# CjeAyIolleil 11apoil BepLIuH (napbl He 1nepe-
CEeKaroTCH).

GL QUADS —kaxjad oTiebHasg YeTBepKa BepIIH OIpeied-

eT YeThIPEXyTOIbHUK; €CJIN 33/IAHO He KPATHOE YEThIPEM UHUCJIIO
BEPIINH, TO TOCJEHIE BEPIINHBI UTHOPUPYIOTCS.

GL QUAD _ STRIP — 4erbipexyrojibHMK C HOMEPOM N OlLPeJie-
JISeTCd BepIImHAMU C HOMepaMu 2n — 1,2n,2n + 2,2n + 1.

GL POLYGON —mociaemoBaTeabHO 3aJal0TCAd BEPIINHBI BbI-
HyK.)'[OFO MHOF0yFOﬂBHHKa.



3.3. Onepamopnwe cxobxu GLBEGIN / GLEND 45

Hanpumep, 910661 HAPUCOBATH TPEYTOJIBHUK C PA3HBIMU I[BETAMU
B BepIINHAX, JTOCTATOYHO HAINACATH!

GLfloat BlueCol[3] = {0,0,1};

glBegin (GL_TRIANGLES) ;

glColor3f (1.0, 0.0, 0.0); /* kpachwd */
glVertex3f (0.0, 0.0, 0.0);

glColor3ub (0, 255 0) /* seaenvli */

glVertex3f (1.0, 0.0);
glColorva(BlueCol) /* cunud x/
glVertex3f (1.0, 1.0, 0.0);

glEnd ();

Kak mpaBumio, pasuble THIBI TPUMUTUBOB UMEIOT Pa3JIAIHYIO
CKOPOCTh BH3yaJIM3AINN Ha pa3HbIX maardopMmax. g yBenmnaenus
TPOM3BOAUTENBHOCTH TPEANOUTUTEbHEE HUCIOAb30BATh MPUMUTH-
BbI, TpeOyIolIe MeHbIee KOJTHIECTBO MH(MOPMAINH [IJId II€PEeIaTn
na cepsep, Takue kak GL_TRIANGLE STRIP, GL_QUAD _STRIP,
GL_TRIAGLE_FAN.

Kpome 3amanma caMux MHOTOYIOJBHUKOB, MOYKHO OIIPEJIE/TUTH
METOI X OTOOpakeHns Ha 3kpame. OJHAKO CHAYAIa HALO OIMpe.e-
JINTH TIOHSITHE JINTIEBBIX W 00PATHRIX TPaHeid.

[lox rpanbio MOHUMAaETCd OJHA W3 CTOPOH MHOTOYTOJIbHUKA, U
0 YMOJTYAHUIO JIUTIEBOM CUNUTAETCS Ta CTOPOHA, BEPITUHBI KOTOPOit
00X0IATCS TIPOTUB YacoBoi cTpenkn. Hampasaenne o06xoma BEPITAH
JIUTIEBBIX TPaHeil MOYKHO M3MEHUTH BBI3OBOM KOMAHIbI

void glFrontFace (GLenum mode)

co 3Hauennem mapamerpa mode pasubim GL_CW (clockwise), a Bep-
HyTh 3HAYEHUE M0 YMOJIAHMI0 MOXKHO, yKazas GL_CCW (counter-
clockwise).

YT06bI U3MEHUTH METOJ 0TOOPAYKEHUST MHOTOYTOJIBHIKA UCIIO -
3yercst KOMaHIa

void glPolygonMode (GLenum face , Glenum mode)
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ITapamerp mode ompesesnsier Kak OyayT OTOOPaXkKaThCA MHOTO-
YTOJIbHUKY, & TTapaMeTp face ycTaHaB/JIUBAET TUI MHOTOYTOJIbHUKOB,
K KOTOPBIM 6yﬂeT OPUMEHATHCA 3Ta KOMaH/da W MOXKET MPUHUMATH
CTeyoIIe 3HAYEHWS:

GL FRONT — g muiesblx rpaHei;
GL BACK — 14 00paTHBIX IpaHeil;
GL FRONT AND BACK — a5 Bcex rpaneit.

ITapamerp mode MOKeT OBITH paBeH:
GL POINT —orobpaxenue TOJbKO BEPIINH MHOTOYTOJbHUKOB;

GL LINE — muoroyroapbHuK# OyayT HOpeJCTaBIATbCS HabOpOM
OTPE3KOB;

GL FILL — muoroyrosibHuKM OyayT 3aKpalluBaTbCsd TEKYIIUM
IIBETOM C Y9eTOM OCBEIIEHUd, U ITOT PEXKHUM YCTAHOBJIEH IIO
YMOJIYAHHUIO.

Takke MOXKHO yKa3bIBaTh KAaKOW THI TpaHell 0ToOparkaTh Ha
sKpane. /I 5TOoro cHavyaaa HaJ 0 YCTaHOBUTH COOTBETCTBYIOIIN pe-
KnM BbI30BOM KomaH/ibl glEnable (GL_CULL_FACE), a 3arem BbI-
OpaTh THI 0TOOPaXKaEMBbIX T'PaHeil ¢ IOMOIIHI0 KOMAHIbI

void glCullFace (GLenum mode)

Beizos ¢ mapamerpom GL FRONT npuBOAUT K yJIAJE€HUIO W3
n300paxkeHus BCEX JIUIEBBIX TpaHeil, a ¢ mapamerpom GL BACK —
o6paTHbIX (YCTAHOBKA 10 yMOJTIAHUIO).

KpoMme paccMOTpeHHBIX CTaHJIAPTHBIX MPUMUTUBOB B OHOIMOTE-
kax GLU u GLUT onucanbl 60jiee cjioxKHbIe (DUIYPHI, TaKue Kak
cdepa, mumuaap, quck (B GLU) u cdepa, Ky6, KoHyC, TOp, TeTpa-
9P, JIOJIeKa3Ip, UKocasdap, oktasdap u daiinnk (B GLUT). Asroma-
TUYIECKOE HAJOKEHNE TEKCTYPhI MPEIYCMOTPEHO TOJIBKO it (DUryp
u3 6ubmoreku GLU (cozmanue rekcryp B OpenGL 6ymer paccmar-
puBaThCs B T1aBe 6).



3.4. [Hucnaetinoe cnucku 47

Hanpumep, aTobsr HapucoBaTh cdepy Wiv MUITHIP, HAJA0 CHAYA-
JIa co3aaTh 00bekT creruaabHoro tuma GLUquadricObj ¢ moMoIsio
KOMAHTbI

GLUquadricObj* gluNewQuadric(void);
a 3aTeM BBI3BATH COOTBETCTBYIOIIYIO0 KOMAHIY:

void gluSphere (GLUquadricObj * qobj,
GLdouble radius,
GLint slices ,
GLint stacks)

void gluCylinder (GLUquadricObj % qobj,
GLdouble baseRadius,
GLdouble topRadius,
GLdouble height ,
GLint slices ,
GLint stacks)

rje napamerp slices 3a/aeT KOJIMYIECTBO pa3bueHuilt BOKPYT OCH Z, a
stacks — B/10JIb OCH .

Bojee mogpobuyto muadopmanmio 06 3TUX U JPYTUX KOMAaH]IaX
IOCTPOEHUA TPUMUTUBOB MOZKHO HalTH B ITPUJIOZKEHN N A

3.4. /IucneitHbple CIUCKUT

Ecnm MBI HECKOIBKO pa3 0OpaIaeMca K OIHON 1 TOM Ke TPYIIIe
KOMaH/I, TO WX MOYKHO OOBEeINHUTH B TaK HA3BIBAEMBIN INCILIEN-
ubiil crmcok (display list) u BeI3bIBaTH €ro mpu mHeobxomumoctu. s
TOTO, 9TOOBI CO37aTh HOBBIN IUCIJIEHHBIN CIUCOK, HAI0 TTOMECTHTH
BCe KOMAH/IbI, KOTOPBIE JOJZKHBI B HETO BOUTHU, MEXKTY CJAETYIOTTUME
OTIEPATOPHBIMHU CKOOKAMI:

void glNewList (GLuint list , GLenum mode)
void glEndList ()
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Jlst pasiiaeHust CIUCKOB WCIOIB3YIOTCA IEJIble TMOJIOKUTE b
HbBIE YUCJIa, 331aBae€Mble IIPU CO3JAHUHU CINCKa 3HAUYEHHEM IIapaMeT-
pa list . ITapamerp mode ompenmensier pexxum 00PaAOOTKU KOMAHI,
BXOJISAIIUX B CIHCOK:

GL COMPILE — xoMaHIbI 3alUCHIBAIOTCS B CIUCOK 0O€3 BBIIOJI-
HEHWd;

GL COMPILE AND EXECUTE — koMaH[bl BBIIOJHSIOT-
Csl, & 3aTeM 3alKUCHIBAIOTCS B CIUCOK.

IIocte Toro, Kax CIMCOK CO3/IaH, €Tr0 MOXKHO BBI3BATH KOMAHIOM

void glCallList (GLuint list)

ykazaB B mapamerpe list ugenrudukarop HyKHOT'O CIIUCKA.
YT06bI BHI3BATH Cpa3y HECKOJBKO CIIMCKOB, MOYKHO BOCIIOJIB30-
BaTbhbCAd KOMAaH/JIOMU

void glCallLists (
GLsizei n, GLenum type,
const GLvoid *lists)

BBIBBIBAIOIEH N CHUCKOB C WAeHTH(HUKATOpaMu u3 Maccuba lists,
THUII 9JIEMEHTOB KOTOPOI'0 YKa3bIBA€TCH B MapamMerpe type. 1o Mo-
ryt ObiTh Tunbl GL_BYTE, GL_UNSIGNED BYTE, GL_SHORT,
GL_INT, GL_UNSIGNED INT wu nekoropblie npyrue. s ynase-
HUS CIIUCKOB MCIOJb3yeTCd KOMaHIa

void glDeleteLists (GLint list , GLsizei range)

KOTOpasd yhaJyger cuucku ¢ wuaentuduxaropamu 1D u3 nmamazona
list < ID < list 4+ range — 1.
IIpuwmep:

glNewList (1, GL_COMPILE) ;

glBegin (GL_ TRIANGLES) ;
glVertex3f(1.0f, 1.0f, 1.0f);
glVertex3f(10.0f, 1.0f, 1.0f)
glVertex3f(10.0f, 10.0f, 1.0f
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glEnd ();
glEndList ()

glCallList (1);

Jucrnielinple COUCKE B ONTUMAJBHOM (CKOMITUITMPOBAHHOM ) BU-
J€e XPaHATCd B MaMATU CepBepa, 4TO MO3BOJIAET PUCOBATH IIPUMU-
TUBBI B Takoil ¢popme MakcuMaabHO ObIcTpo. B TO ke Bpems 60/ib-
e O6'beMbI JAHHBIX 3aHUMAIOT MHOT'O ITaMATH, 9TO BJI€YET, B CBOIO
odepe/ib, TajeHne mpousBojuTesbHOCTU. Takue 6oJbIre 00beMbl
(60.HI)H_IG HECKOJIbKHUX JJeCATKOB TbICAY HpI/IMI/ITI/IBOB) Jrydme puco-
BaTh C MMOMOIIBIO MACCUBOB BEPIIHH.

3.5. MaccuBbl BepInH

Ecsm Bepmma MHOrO, TO, 9T00BI HE BBI3BIBATH I KAXKJIONW KO-
Manay glVertex, y100HO 00beIMHATH BEPUINHBI B MACCUBBI, UCIIO/Ib-
3ysl KOMaH/Ly

void glVertexPointer (GLint size , GLenum type,
GLsizei stride, voidx ptr)

KOTOpasi OMpPeeIsgeT CIocod XpaHeHusT M KOOPANHATHI BEPIIIHH.
[Tpu 5TOM size ompe/ieisieT IuCI0 KOOP/MHAT BEPIIUHBI (MOKET OBITH
pasen 2, 3, 4), type onpejenser tun JaHHbIX (MOXKET ObITh pPaBeH
GL_SHORT, GL_INT, GL_FLOAT, GL_DOUBLE). Unoraa y106m0
XpaHUTh B OJHOM MAacCCHBE JIpPyIue arpuOyThl BEPINUHBI, TOTA IIa-
pamerp stride 3amaer cmerenre 0T KOOPAWHAT OJHON BEPIUHBI 10
KOOpAMHAT Cenyromeii; ecan stride paBeH Hy/Ii0, 9TO 3HAYUAT, YTO
KOOP/IMHATHI PACIIOJIOKEHBI TTOCIe0BaTe/16H0. B mapamerpe ptr yka-
3BIBAETCS AJIPeC, Ile HAXOIATCA JTaHHbIe.

AHaJIOrnYHO MOXKHO OIPENe/JNThL MACCHB HOpMaJjeil, IIBETOB U
HEKOTOPBIX IPYTUX aTPUOYTOB BEPIIUHBI, UCIOJIB3Yd KOMAHIbI

void glNormalPointer ( GLenum type, GLsizei stride
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void xpointer )
void glColorPointer ( GLint size, GLenum type,
GLsizei stride, void #pointer )

Jtst Toro, 9TOOBI 3TW MACCWBBI MOYKHO OBLIO WCMOJIH30BATH B
JaJIbHEHITeM, HaJI0 BBI3BATH KOMAaHIY

void glEnableClientState (GLenum array )

¢ mapamerpamu GL VERTEX ARRAY, GL_NORMAL ARRAY,
GL_COLOR_ARRAY coOoTBeTCTBEHHO.

Tlocne okorvuanmst PabOTHI C MACCUBOM >KEJIATEIHHO BHI3BATH KO-
MaHIy

void glDisableClientState (GLenum array )

C COOTBETCTBYIOIIMM 3HAUYEHUEM MapaMeTpa, array.
st oToOpaskeHusi COMEPAKUMOTO MACCUBOB HCIIOIB3YETCS KO-
MaHIa

void glArrayElement (GLint index)

koropast nepegaer OpenGL aTpubyThl BepITUHBI, UCTOJB3YS JIe-
MEHTBI MACCHBa ¢ HOMepoM index. DTO aHAJOTMIHO OCIET0BATE b
HOMY TmipuMeHeHmnio kKoMaH[ Bruaa glColor, glNormal, glVertex ¢ coot-
BeTCTByOmuMHI mapaMerpamu. OTHAKO BMECTO Hee OOBITHO BBI3bI-
BAeTCs KOMaH/Ia

void glDrawArrays (GLenum mode, GLint first ,
GLsizei count)

pHcyoIas count IPIMATHABOB, OIIPEIEIIeMbIX IIapaMeTpoM mode,
HCIIOJIB3YsT 3JIEMEHThI U3 MACCUBOB C WHAeKcamu oT first g0 first +
count — 1. 9TO S5KBUBAJIEHTHO BBI3OBY IIOC/IEOBATEILHOCTH KOMAHT
glArrayElement() ¢ cOOTBETCTBYIOIMMU MH/EKCAMMU.

B ciiyuae, eciin ojiHa BepiinHa, BXOJUT B HECKOJIBKO IPUMUTHBOB,
BMeCTO AyOJMpOBaHMA €e KOOPJAUHAT B MacCCHBE yIO0OHO HCIIOJIB30-
BaTb €€ MHJIEKC.

JLIst 3TOr0 HAJIO BHI3BATH KOMAHIY
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void glDrawElements (GLenum mode, GLsizei count,
GLenum type, voidx indices)

rae indices —3TO MacCUB HOMEPOB BepINWH, KOTOPBIE Ha-
JI0 HCIOJIB30BaTh /[ijid IIOCTPO€HUd HIPUMUTUBOB, type olpe/e-
Jger Tun 3jeMeHToB 3Toro MmaccuBa: GL UNSIGNED BYTE,
GL _UNSIGNED SHORT, GL UNSIGNED INT, a count 3ajaer nx
KOJITYECTBO.

Bax#uo ormMeTuTh, UTO MCHOJIH30BAHME MACCHBOB BEPIIWH II03-
BOJISIET ONTUMU3UPOBATH Mepejady JlanHbix Ha cepsep OpenGL, u,
KaK CJIeJICTBUE, IOBBICUTH CKOPOCTH PUCOBAHUA TPEXMEPHOI CIIEHEI.
Taxoit MeTo oTipeieieHNd TPUMUTUBOB ABJISIETCSI OJHUM U3 CAMBIX
OBICTPBIX U XOPOIIO TOAXOINT JJIsT BU3YaIU3AIUN OOJIBITNX 00HEMOB
JAHHBIX.

3.6. KoHTpoOJIbHBIE BOIPOCHI

1) Yro rakoe dbyHKnus 06paTHOTO BBI30BA M Kak (DyHKIMH 00-
pPaTHOTO BBI30BA MOTYT OBITH HCIIOJIB30BAHBI JiJisi PAOOTHI C

OpenGL?

2) dnga dero myx)Ha (GhyHKIHs OOHOBJIEHUS M300PAKEHUs M UTO
oHa gejaer?

3) Yro rakoe mpumuTus B OpenGL?

4) Yro takoe arpubyr? Ilepeunciure u3BecTHBIE BaM aTpubyThI
epmiua B OpenGL.

5) Yro B OpenGL gBnsercs aromapubiM npumutuom? Kakwne
THUIBI IPUMUTUBOB BbI 3HaeTe?

6) Jdna gero B OpenGL wucmonb3yorcs komanisl glEnable u
glDisable ?
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Yro Takoe ornepaTopHbie CKOOKH U JIJIsl 9€10 OHU UCTIOJIb3YIOTCST
B OpenGL?

Yro Takoe gucieiinble coucku! Kak ompenesnTh CIHCOK U
KaK BbI3BaTb €ro orobdpazkeHnue?!

ITosicuuTe opranmzanuio paboOTHI ¢ MACCHUBAMHU BEPINUH U UX
OTJIMYWE OT JINCILIEMHBIX CITUCKOB.

TTosicuure pabory Koman bl glDrawElements().
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2
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GL_TRIANGLE_FAN GL_TRIANGLE_STRIP

Puc. 3.1. Ilpumurussr OpenGL.






I'maBa 4.

IIpeobpa3zoBanusg o6 bLEKTOB

B OpenGL wucmonb3yioTcst Kak OCHOBHBIE TPU CUCTEMbBI KOOP/H-
HAT: JIEBOCTOPOHHSISI, TIPABOCTOPOHHsIs U OKOHHAasi. [lepBhie nBe cu-
CTEMBI ABJISIIOTCS TPEXMEPHBIMU U OTJIUYAIOTCS JAPYr OT Jpyra Ha-
[paBjieHueM OCH Z: B IPABOCTOPOHHE!N OHA HAIpaB/ieHA Ha HADJIIO-
Jlaresisi, B JIEBOCTOPOHHEH — B Tyiybuny 3KpaHa. OCb X Hampas/ieHA
BIIPABO OTHOCHUTEILHO HADJIIO/[aTe I, OCh ¥ — BBEDX.

JIeBOCTOpPOHHASA CcUCTEMa WCIOB3YeTCd I 3aIaHnd 3HAUYEHUH
mapamerpam KomauIabl gluPerspective(), glOrtho(), xkoTopsie OymyT
paccmotpensl B myakTe 4.3. I[IpaBocToponngasa cucreMa KOOPIWHAT
HCIIOJIB3YETCs BO BCEX OCTAJIBHBIX caydasx. Orobparkenne Tpexmep-
HOV wWH(OPMAIINY TPOUCXOIUT B JBYXMEDHYIO OKOHHYIO CHCTEMY
KOODJUHAT.

Crporo rosops, OpenGL mo3BoJiger myTemM MaHUITYISIII C MaT-
pHUIIAMEU MOJEIUPOBATH KAK MPABYI0, TAK U JIEBYIO CUCTEMY KOOPIH-
HaT. HO Ha JaHHOM 3Talle JIy4dIlne oONTN! OPOCTHIM TIyTEM U 3aIllOM-
HUTH: OCHOBHOM cuctemoii koopauaat OpenGL sBisgercst mpaBocTo-
POHHALA CUCTEMaA.

95
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+Y +Y +Y

+Z

+X ) +X +X

+Z

(a) (6) (5)

Puc. 4.1. Cucremnr xoopaunar 8 OpenGL. (a) — npasocToponmsis,
(6) — eBocTOPOHHSS, (B) — OKOHHASL.

4.1. Pabora ¢ marpuiiamm

Jng 3amanms pa3nyHBIX Mpeodpa3oBaHuii 0OHEKTOB CIEHBI B
OpenGL wucnonb3yrorcst oniepaliuy HaJj, MaTPUIIAMU, TPH 3TOM pas3-
JIMYAIOT TPY THUIA MATPHUIT: MOJETHHO-BUIOBAS, MATPHUIIA TTPOEKIH
¥ MaTpuIla TekCTypsl. Bee onn mmeror pasmep 4 x4. Bumosas marpu-
1A ompeensgeT Tpeobpa3oBannsa 00beKTa B MUPOBBIX KOOPINHATAX,
TaKNE KaK Ha,pa.ﬂﬂeﬂbeIﬁ nepeHoc, USMeHEHNe MaCHITa.6a, " ITOBOPOT.
Marpuria mpoekIiuii ompegenseT, Kak OyIyT MpOoenupoBaThCs TPEX-
MepHbIe 00BEKThI Ha MJIOCKOCTh KPaHa (B OKOHHBIE KOODJUHATHI), &
MATPHUIA, TEKCTYPHI OMpeIe/IsieT HAJ0KEeHNe TEeKCTYPhI Ha, O0bEKT.

YMHOKEeHEe KOOPANHAT HA MATPHUIIBI TPOUCXOJUT B MOMEHT BbI-
30Ba coorTBeTcTByOMel koman bl OpenGL, onpeesiorieir Koop/u-
HaTy (Kak mpaBumjo, 3TO KOMaH[a glVertex.)

s Toro uT06BI BEIOPATDH, KAKYI0 MATPUILY HAJO0 U3MEHUTD, HC-
MOJIB3YETCs KOMaH A

void glMatrixMode (GLenum mode)

BBI30OB KOTOpPO#l €O 3HaYeHHWeM IapaMeTrpa mode, paBHBIM
GL_MODELVIEW, GL_PROJECTION mmu GL_TEXTURE, BKjIO-
Jaer pexknM paboThl C MOIETHLHO-BUIOBONW MaTpWIleit, MaTpuieit
MTPOEKITNi, UJIN MAaTPUIEHl TEKCTYPhI COOTBETCTBEeHHO. /[T BBIZOBaA
KOMAaHJ, 33 Jaf0lINX MATPUIIEI TOTO WM WHOTO THUIA, HEOOXOIMMO



4.1. Paboma ¢ mampuuamu o7

CHaYaJja YCTAHOBUTH COOTBETCTBYIOIINAM PEYKUM.
s onpeesienns 3J1eMeHTOB MATPHUIIBI TEKYIIIETO TUTIA BHI3LIBA-
eTcd KOMaH/Ia

void glLoadMatrix[f d] (GLtype =*m)

r7e m yKaspiBaeT Ha MaccuB u3 16 smemenTtos Tumna float manm double
B COOTBETCTBUW C HA3BAHWEM KOMAH/IBI, IPU STOM CHAYAJIA B HEM
JIOJIKEeH OBITh 3aIiCaH MEPBBIN CTOAOEI] MAaTPHUIIBI, 3aTEM BTODOIi,
Tperuit u derBeprhiii. Eme pa3 obparum BHUMaHWE: B MacCHBE m
MaTpuUIlla 3alucaHa Mo CTOJI0IaM.

Komanga

void glLoadIdentity (void)

3aMeHsIeT TEKYIIYI0 MATPHUILY Ha eJIUHUIHYIO.

Yacro ObiBaeT HEOOXOIMMO COXPAHUTH COMNEPXKUMOE TEKYIIei
MAaTpPHUIBl JJIs JAJbHEHIIero MCIOIb30BAHN, I 9ero MpPUMeHS-
FOTCS KOMAHThI
void glPushMatrix (void)
void glPopMatrix (void)

OHU 3aIUCHIBAIOT ¥ BOCCTAHABIUBAIOT TEKYIILYIO MATPHUILY U3 CTe-
Ka, TPUYIeM I KaxKI0r0 THIa, MATPHUIl CTeK cBoit. Iisa MomennHo-
BUJIOBBIX MaTpPHI] €ro IyIyOnHA paBHA KaK MHHUMYM 32, JJIs OCTaJIb-
HBIX — KaK MUHUMYM 2.

Jast yMHOKEeHWsT TeKyIel MaTpHIlbl Ha JPYTYI0 MaTPHUIy WC-
MOJTH3YeTCsST KOMAH 1A

void glMultMatrix[f d] (GLtype s*m)

r7e mapaMeTp m JOJIKeH 33/aBaTh MaTpuiy padMmepoMm 4x4. Ecam
0003HaUNUTh TEKyIILyIo Marpuily 3a M, nepegaBaemyro marpuity 3a 1,
TO B pe3yJbTaTe BBIIOMHEHNd KOManap! glMultMatrix Tekymeil cra-
mosuTcs marpuia M 1. OnHako 0OBIYHO it W3MEHEHUsST MATPUIIHI
TOIrO WMJIM MHOTO THIIA y,ZI;O6HO HCIIOJIb30BaTh CHelraJIbHbIEC KOMAaH-
JTBI, KOTOPBbIE TI0 3HAYEHUSIM CBOWX MMAPaMETPOB CO3AI0T HYKHYIO
MaTPUILy ¥ YMHOYXKAIOT €€ Ha TEKYIILYIO.
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B memom, a1t 0TOOparXkeHmst TPEXMEPHBIX 00bEKTOB CIIEHBI B OK-
HO TIPUJIOKEHNUS UCIOIB3YEeTCs T0CIe0BATEILHOCTD, TOKA3AHHAA Ha
pucynke 4.2.

MwupoBble koopanHaTbl

MopenbHo-B1goBoe MogenbHo- BuaoBasi
npeobpasoBaHve maTpuua

BVI[J,OBbIe KoopAnHaThb!

Mpeo6pasoBaHue npoekuun

MaTpuua npoekuum
W HOpManunsauus puL P u

HopmanuaoBaHHble koopavHaThb!

Mpeobpa3zoBaHue k MapameTpel obniacTn
obnacTtu BbiBOAA BbiBOAA (glViewport)

OKOHHbIe KoopaAuHaThb! 4;

Puc. 4.2. IIpeobpazoBanus koopunat B OpenGL

SanomuuTe: BCe TpeodbpaszoBanus 00bekToB 1 Kamepbl B OpenGL
TPOU3BOISITCS C TIOMOIIBI0 YMHOYKEHH ST BEKTOPOB KOOPAMHAT Ha MaT-
putiel. [IpraeM yMHOMXKEHIE TPOUCXOIUT HA TEKYITYIO MATPHUILY B MO-
MEHT OTpefesieHnst KOOPAWHATH KoMaH0i glVertex u HeKOTOpBIMU

JIPYTUMU.

4.2. MopaenbHO-BUIOBBIE ITPe0Opa30BaHUSA

K mMomenbHO-BUIOBBIM TpeoOpa3oBaHusaM OyIeM OTHOCUTDH Mepe-
HOC, TTIOBOPOT W M3MEHEHWEe MACIITaba BI0/Ib KOOPIAWHATHBIX OCEIl.
L1 IpoBeieHNd STUX OMEPAINil JTOCTATOYHO YMHOYXKHUTH HA COOT-
BETCTBYIOILYIO MATPUITY KAXK/IYIO BEPIIUHY O0bEKTA U MOy IUTH U3-
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MEHEHHBIE€ KOODJANHATHI STOM BEPIINHBI:

€T x
/

vl | Y
z z
1 1

riae M — MaTpuiia MozeabHO-BUI0BOTO TpeobpasoBanus. llepcrex-
THUBHOE TTPe0Opa30BaAHNE U TPOEIMPOBAHNE TTPOU3BOIUTCS AHAJIOT AU~
Ho. CamMa MATpHUIA MOXKET OBITh CO3/IaHa C MOMOIIBIO CJIETYIOITIX
KOMaH/T:

void glTranslate[f d] (GLtype x, GLtype y, GLtype z)
void glRotate[f d] (GLtype angle,

GLtype x, GLtype y, GLtype z)
void glScale[f d] (GLtype x, GLtype y, GLtype z)

glTranslate mpou3BOAUT MEPEHOC 0OBEKTA, TPUOABJIsIS K KOOP/IH-
HaTaM €ro BEPIIWH 3HAYEHUs] CBOUX TapaMeTPOB.

glRotate mpoU3BOAUT MOBOPOT OO'bEKTA ITPOTUB YaCOBOM CTPEJIKHU
Ha yroJ angle (u3Mepsiercs B rpajiycax) BOKPYT BEKTOPa(X,y,z).

glScale mpomsBoAMT MacimTabupoBaHue OObEKTa (CKATHE WJIN
pacTsiZKenne) BJOJIb BEKTOPA(X,y,z), YMHOXKasl COOTBETCTBYIOIIUE
KOOD/IMHATHI €r0 BEPIINH HA 3HAYUEHUS CBOUX MMapaMeTpoB.

Bce stu npeobpazoBanusa n3MEHIIOT TEKYIILYI0 MaTPHILY, a ITOTO-
My TPUMEHSIOTCS K MPUMHUTHUBAM, KOTOPbBIE OMPEIEISIOTCS TO3Ke.
B cayuae, ecsiv Ha0, HATPUMED, MOBEPHYTH OJUH OOBEKT CIEHBI,
a JIpyroii OCTABUTH HEIOJBUXKHBIM, YI00HO CHAYAIa COXPAHUTH Te-
KYIILyI0 BUJOBYIO MaTpuily B cTeke Komanao# glPushMatrix, 3aTem
BbI3BaTh glRotate ¢ HYKHBIMU MTapaMeTpaMu, OMUCATH IPUMUTHUBHI,
n3 KOTOPBIX COCTOUT 3TOT O6'])6KT7 d 3aT€M BOCCTAHOBUTH TEKYIILYIO
MarTpuny koManaoit glPopMatrix.

Kpome m3meneHns mojioyKeHnss caMoro oObEeKTa, JacTo OBIBAET
HEe0OXOMMO M3MEHUTH T0JI0XKEHVe HAOIIOAATENIs, ITO TaKyKe MPU-
BOJUT K U3MEHEHUI0 MOJIE/THbHO-BUIOBOI MaTPHUIIHI.

DT0 MOXKHO CIEJIaTh C MOMOIIBI0 KOMaHIbI
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void gluLookAt (
GLdouble eyex, GLdouble eyey, GLdouble eyez,
GLdouble centx, GLdouble centy, GLdouble centz ,
GLdouble upx, GLdouble upy, GLdouble upz)

rae Touka (eyex,eyey,eyez) ONpeIeJsieT TOUKY HaOJIOIEHNs,
(centz, centy, centz) 3ajaer MEHTP CIIEHBI, KOTOPBIH OymeT mpoeru-
POBaTHCsS B IIEHTP 00JIaCTH BBIBOJA, & BEKTOD (upT, upy, upz) 3a/1aer
MTOJIOXKUTEIHHOE HAIPABJICHUE OCU Y, OIPEeJIesiss TOBOPOT KaMephI.
Ecin, nanpumep, kamepy He HaJI0 TIOBOPAYUBATH, TO 3a/A€TCA 3HA-
genne (0,1,0), a co 3nagennem (0, —1,0) cruena Gy/er mepeBepHyTa.

CTporo ToBOPSI, 9Ta KOMAH/IAa COBEPIIALT MEPEHOC 1 TIOBOPOT 00b-
€KTOB CII€HBI, HO B TAKOM BHU/I€ 33/IaBATh MapaMeTphl ObIBAET yI00-
mee. Cremyer OTMETUTD, UTO BBI3BIBATH KOMaHIy gluLookAt() mveer
CMBICJI TIEpeJT, OIIpejieieHreM Tpeodbpa3oBaHuii 00bEKTOB, KOIa MO-
JeJIbHO-BI/I0Bad MaTPUIla PABHA €JIMHUYIHON.

SamomuuTe: MaTpUYHBbIe TpeobpazoBanusd B OpenGL HyxHO 3a-
UCHIBATH B 0OparTHOM mopsake. Hampumep, eciiu Bbl XOTUTE CHAYA-
Jla TIOBEpHYTHh OOBEKT, & 3aTeM IEPEJBUHYTH €0, CHAYAJIA BbI30BU-
Te komany glTranslate (), a Tosibko morom — glRotate(). Ilocsie aToro
orpejie/isiiiTe caM 00bEKT.

4.3. IIpoekiun

B OpenGL cymecrByioT craHgapTHbIE KOMAHIBI IS 33 IaHWST
oprorpadudeckoil (mapa/esbHOil) W TMEePCIeKTUBHON MTPOEKITHii.
[Tepsoiit Tun Tpoexkuy MOXKET OBITH 33[aH KOMaHIAMUI

void glOrtho (GLdouble left , GLdouble right ,
GLdouble bottom , GLdouble top,
GLdouble near, GLdouble far)

void gluOrtho2D (GLdouble left , GLdouble right ,
GLdouble bottom, GLdouble top)



4.8. Ilpoexuyuu 61

[TepBast KoMaHIa CO34a€T MATPUILY TPOEKIINN B yCEUEHHBIN 00b-
eM BUIMMOCTH (MapaJiiesIenuine/; BUANMOCTH) B JIEBOCTOPOHHE CH-
creMe KOOp/IUHAT.

[Tapamerper KOMaHIBI 331ai0T TOuku (left, bottom, znear) u
(right,top, z far), KoTopble OTBEYAIOT JIEBOMY HUXKHEMY M IIPABO-
My BEpPXHEMY yIjlaM OKHa BbIiBofga. llapamerpsr near u far 3amator
paccrosinue ;10 OJivKHEN U JaIbHEel I0OCKOCTEN OTCeYeHus 10 yiIa-
aenuio ot Touku (0,0,0) 1 MOTyT OBITH OTPUIATETHHBIMI.

z = zfar

(right, top, zfar)

z = Znear

+Y

(left, bottom, znear]

+Z
Puc. 4.3. Oprorpaduaeckast npoekiiusi

Bo BTOpOIT KOMaHE, B OTIMYME OT MEPBOIi, 3HaUEHN near u far
YCTaHABJIUBAIOTCA PABHBIME —1 W 1 COOTBETCTBEHHO. DTO YI00HO,
ecau OpenGL ucnosib3yercs [jisi pUCOBaHUS JBYMEPHBIX 00BbEKTOB.
B sTom ciygae mosiokeHnre BEpITUH MOYKHO 33JaBaTh, MCIOIB3YS
KOMaHJBI glVertex2.

[lepcriekTBHAST TTIPOEKIINST OTIPEIEISIETCA KOMAH 0

void gluPerspective (GLdouble angley, GLdouble aspect,
GLdouble znear, GLdouble zfar)

KOTOpPad 33/aeT YCeYeHHbIH KOHYC BUJUMOCTUA B JIEBOCTOPOHHEN CHU-
creMe KoopauHAaT. [lapamerp angley onpejaensieT yroja BUIUMOCTH B
rpajiycax 1Mo OCH Y W JIOJIZKEH HaXOJUThcd B anarma3one oT O 1o 180.
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Vron BuauMocTH BAOH OCH X 3aJaeTcs mapaMeTpoM aspect, KOTO-
DBIit OOBIYHO 33/Ia€TCsI KAK OTHOIIEHIE CTOPOH 06/1aCTH BBIBOIA (KaK
NPABUIIO, PA3MEPOB OKHA).

z = zfar

+Y

Z = zZnepr

angley

+X

+Z

Puc. 4.4. TlepcuiekTuBHast TPOEKITUS

ITapamerps! zfar u znear 3aJaf0T PACCTOSTHIE OT HAOJIIOLATEIIST 10
IJIOCKOCTEH OTCEeUeHUs 110 T/IyOUHE U JOJIKHBI OBITH TOJI0XKUTETbHbI-
mu. Yem Gosibitie orHOenue z far/znear, Tem xyxe B 6ydepe riy-
OuHBI OY/IyT pPa3/INIaThCH PACIOJIOKEHHBIE PSITOM TTOBEPXHOCTH, TaK
KaK [0 yMOJIYaHUIO B HEro OyJieT 3alnChiBaThCH «CxKaTasy niybnna
B aunanazone ot 0 mo 1.

IIpexxme wem 3amaBaThb MAaTPUITLGI MPOEKNWil, He 3a0ymab-
T€ BKJIIOYNTH PEXHUM paboThl C HYXKHOI MaTpuIeil KOMaHIOi
glMatrixMode(GL_PROJECTION) u cOpoCUTh TEKYIIYIO C TOMOIIHIO
BbI130Ba glLoadldentity().

ITpumep:

/* opmoepaduueckas npoexyus */
glMatrixMode (GL_PROJECTION) ;
glLoadIdentity ();

glOrtho (0, w, 0, h, —1.0, 1.0);
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4.4. Ob6jgacTs BBIBOIA

[Tocne mpumeHeHUsT MATPHUIIBI TPOEKITHI HA BXOJ CJEIYIOIIEr0
npeobpa3oBaHus TOJAIOTCA Tak HasbiBaeMmble yceuennvie (clipped)
KOOD/IMHATHI. 3aTeM HaXOIATCs HOPMaTU30BaHHbIE KOOP/IUHATHI BEP-
e 110 popmyJie:

Tn xc/wc
Yn | = yc/wc
Zn Ze/We

ObsacTh BBIBOJA TIPEACTABIAET CO00 TPSAMOYTOJBHUK B OKOH-
HOI cucTeMe KOOPJWHAT, Pa3Mepbl KOTOPOro 33/1al0TCA KOMaH 101

void glViewPort (GLint x, GLint y,
GLint width, GLint height)

3HadeHns BCeX MapaMeTPOB 33JAI0TCS B MUKCETAX W OMPEeISTIOT
[IUPUHY U BBICOTY 00JIACTHU BBHIBOJIA C KOOPINHATAMHY JIEBOTO HUKHE-
ro yrua (X,y) B OKOHHOIl cucreme KoOpauHaT. Pazmepnl OKOHHOl Cu-
CTeMBI KOOPIUHAT OMPEENIAIOTCS TEeKYIUMEA pa3MepaMu OKHA TPH-
noxenns, Touka (0,0) HAXOAUTCA B JIEBOM HUKHEM yIJIy OKHA.
Ucnonpays napamerpsl komansl glViewPort(), OpenGL Bbruuc-
JISIET OKOHHBIE KOOPIUHATHI IIEHTPa 00JIACTH BbIBOIA (0X,0¥) 10 hop-
MyJIaM:
0y = x+ width/2
oy = Y+ height/2
[Iycts p, = width, p, = height, Torga MoXXHO Ha#iTH OKOHHBIE
KOOPJIMHATHI KaYK I0¥ BEPIIUHBL:

L (pz/2)$n + 0z
Yw | = (Py/2)yn + 0y
Zw [(f =n)/2]zp + (n+ [)/2

[Ipu sTOM TIe/IBIE TIOJIOKUTETBHBIE BEJTUIUHBI 1 U [ 33Ai0T MU-
HAMAJIPHYI0 W MAKCUMAaJbHYIO IVIyOMHY TOYKM B OKHE W TIO YMOJI-
qaunio paBHbl 0 u 1 coorBercTBeHHO. [TyOuHA KaXKI0H TOUKHU 3a-
NHUCBIBAETCA B Ccnenuasbhbiii Gydep rnybunbt (z-0ydep), KoTOpbIit
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UCHOJIB3YyeTCA IJIA YAAJIECHUA HEBUIUMBIX JVHUNA 1 HOBerHOCTefI.

YcTaHOBUTH 3HAUEHUS N U [ MOYKHO BBI30BOM (DYHKITUN

void glDepthRange (GLclampd n, GLclampd f)

Kowmanma glViewPort() 00bI9HO HUCIONB3YeTCS B (DYHKITHH, 3ape-

TUCTPUPOBAHHON ¢ mOMOIbI0 KoMauabl glutReshapeFunc(), koropast

BBIBBIBAETCA, €CJIN IIOJIb30BaTE€/Ib U3MEHAET pPa3Me€pPbl OKHa IIPHJIO-

2KEHUAd.

4.5.

1)
2)

KonaTposbsHBIE BONPOCHI

Kakne cucremsr koopaunar ucnosib3yorcs B OpenGL?

Ilepeunciiure Buabl MaTpudHbIX npeobpazoanuii B OpenGL.
Kakuwm o6pasom B OpenGL npoucxomsit npeobpaszoBanust 00b-
€eKTOB?

Yro Takoe MaTpUUIHBIN CTEK?

TlepeuncanTe cmocobbl M3MEHEHNST TOI0KEHNST HAOII0IaTe s B

OpenGL.

Kakaa mnocmenoBaTesbHOCTE BBI30BOB KoMaH[ glTranslate (),
glRotate() m glScale() cooTBeTCTByeT KOMaHE
gluLookAt(0, 0, —10, 10, 0, 0, 0, —1, 0)?

Kaxkne cranmapTHBIE KOMAHIHI /15T 3aJaHNsT TPOEKITNIT BbI 3Ha-
ere?

Yro Takoe BuIOBbIE KOOpAnHATHI! HopMan3oBaHHbIE KOOD/IH-
HATBI!



I'maBa 5.

MaTrepuaJjbl 1 ocBelieHue

Jutst co3annst peaJnCTUIHBIX M300parkeHnil HeOOX0MMO OIpe-
JIeJINTH KaK CBOWCTBA, CaMOTO OOBEKTa, TaK MW CBOMCTBA CPEIbI, B
KOTOpOit oH HaxojuTcs. llepBas rpymma CBOHCTB BKIIOYAET B CeOs
mapaMeTphl MaTepraa, n3 KOTOPOTO CAeIaH 00beKT, CTocoOhl HaHe-
CEHUsI TEKCTYPhI Ha €ro MOBEPXHOCTH, CTEIEeHb MPO3PATHOCTH 00b-
ekta. Ko BTOpO#l rpymme MOXKHO OTHECTH KOJUYECTBO W CBOWCTBA
MCTOYHUKOB CBETA, YPOBEHDb MPO3PATYHOCTH CPEIbI, & TaKyKe MOJeNb
ocaerenusi. Bce 3Tty cBOMCTBA MOXKHO 33/1aBaTh, BHI3bIBAas COOTBET-
crBytomue Komanasl OpenGL.

5.1. Moaenp ocBereHus

B OpenGL ucnosib3yercs Mozesib OCBEIEHUSI, B COOTBETCTBUU C
KOTODOIi IBET TOYKU OIPE/IEIIETCA HECKOTbKIMU (PAKTOpaMu: CBO¥-
CTBAMM MATEPHUAJIA U TEKCTYPbl, BEJIMYNHON HOPMAJIU B 9TOU TOYKE,
a TaKKe I10JI02KEHNEM MCTOYHUKA cBeTa u Habsogarensd. g kop-
PEKTHOTO pacydeTa OCBEIIEHHOCTH B TOYKe HAJ0 MCIOJIb30BaTh €1U-
HWYHBIE HOPMaJIN, OJHAKO KOMaHIbl THATA glScale MOTYT M3MeEHATH
JUnHy HOpMAasiel. UToObI 5TO yUYHTHIBATH, UCIOJB3YATE yiKe YIIO-
MUHABIIUNACA PEXKUM HOPMaJIU3alUU BEKTOPOB HOPMaJIeil, KOTOPBIA

65
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BKJIIO9a€TCd BBISOBOM KOMaH/IbI

glEnable (GL_NORMALIZE)

s 3a/ianmst r006aIbHBIX 1apaMeTPOB OCBEIEHNST UCITOIb3YI0T-
Csl KOMAH/IbI
void glLightModel[i f] (GLenum pname, GLenum param)
void glLightModel[i f]v (GLenum pname,
const GLtype xparams)

AprymenT pname ompeessier, Kakoi mapaMeTp MOIeN OCBeIe-

HIA 6y;[eT HaCTpanBaTbCA U MOXKET IIPDUHUMATL CJIEAYIOIHe 3Ha4vYe-
HUA:

GL LIGHT MODEL LOCAL_ VIEWER -— napamerp
param JOJIZKeH OBLITE 6y.HeBBIM U 331aeT MOJIOXKeHNe HAOJII0La-
tesns. Ecim on pasen GL_FALSE, To manpas/ienne 0630pa can-
TaeTCsd TapaieTbHBIM OCH —2 BHE 3aBUCUMOCTH OT TOJIOYKe-
HUS B BUJIOBBIX KoopamHarax. Ecin ke on paBer GL _TRUE,
TO HADJIIOJATEIb HAXOAUTCS B HaYa e BUIOBOI CHCTEMBI KOOP-
JUHAT. 9TO MOZKET yJIYHIIIINTDb Ka9eCTBO OCBEIIECHUA, HO YCJIOZK-
HSIET eT0 pacder.

Suagenne mo ymosdanuio: GL_FALSE.

GL LIGHT MODEL TWO _ SIDE — napamerp param J0/-
JKeH ObITH OyJIEBBIM 1 YIIPABJISIET PEKMMOM PACY€Ta OCBEIleH-
HOCTH KaK JIJTsT JTUTEBIX, TAK U Jjis1 00paTHbIX rpaneii. Ecin on
paBed GL_FALSE, To OCBENIEHHOCTH PACCYUTHIBAETCH TOJHKO
as auneBbIX rpaHeil. Ecam ke on paBen GL_TRUE, pacuer
POBOJUTCS U Jijisi OOPATHBIX I'DAHEI .

Snadgenne mo ymoaganuio: GL_FALSE.

GL LIGHT MODE AMBIENT —mnapamerp params J0J-
JK€H COZepKaTh YeThIpe TIeJIBIX WU BEeIeCTBEeHHBIX INC/Ia, KO-
TOPBIE ONPEJIESIOT BET (DOHOBOI'O OCBEIIEHUS Ja’Ke B CJIydae
OTCYTCTBUS OTPEJIEIEHHBIX NCTOYHUKOB CBETA.

Buauenne mo ymosuanuio: (0.2, 0.2, 0.2,1.0).
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5.2. Crnemudukalius MaTepuaioB

Jta 3agaHus mapaMeTpPoOB TEKYIIEro MaTepraJia UCIOIb3YIOTCA
KOMAH/IbI
void glMaterial[i f] (GLenum face, GLenum pname,
GLtype param)

void glMaterial[i f]v (GLenum face, GLenum pname,
GLtype *params)

C ©X TOMOIIBI0 MOXKHO OMpPEJETUTh pacCesiHHbIi, auddy3HbIIT
U 3€pKaJIbHBIN I[BETa MaTepuaJia, a TaK¥)Ke CTENeHb 36PKAJBHOI0 OT-
paXKeHusi 1 MHTEHCUBHOCTb U3JTyUEHUs CBETA, €CJU O0BbEKT JIOJIKEeH
cBeTuThCd. Kakoit mmenno mapamerp Oy/ier Ompee/siThCs 3HAYEHNU-
€M param, 3aBUCUT OT 3HAUEHHUsI pname:

GL AMBIENT — napamerp params JI0JI2K€H COJlepKaTh 4€Thbipe
LIeJIBIX WJIA BeIeCTBEHHBIX 3HadeHus nseros RGBA, koropnie
OTIPEJIEISIOT PACCESHHBIN IBET MaTeprasia (IBET MATEPHUAJIa B
TEHN).

Buauenne o ymosaanmio: (0.2,0.2,0.2,1.0).

GL DIFFUSE —napamverp params JI0JIZK€H COJI€P:KaTh YeThbIpe
IeJIBIX WJIW BEIEeCTBEHHBIX 3Hadenns 11BeToB RGBA, koTopnie
oupeneasaior udy3HbIA BET MATEPUAIA.

Buauenne no ymoaganuio: (0.8,0.8,0.8,1.0).

GL SPECULAR — mapameTp params JOJI?KEH COJEPKAThH U€ThI-
pe LeJIbIX WM BelleCTBeHHbIX 3Hadenus 1Beros RGBA, koro-
pbI€ OIpPEeISIOT 3epKATBHBIN IIBET MATEPHUAIA.

Buauenne no ymosraanuio: (0.0,0.0,0.0,1.0).

GL_SHININESS —mnapamerp params JI0/I2KeH COJlepzKaThb OJHO
[eJ10e UJiM BEleCTBEeHHOe 3HadeHue B Jjmanaszone or 0 o 128,
KOTOPOE OTPe/iesIsieT CTEMeHb 3€PKAIBLHOTO OTPAYKEHUS MaTe-
puaa.

Suagenne o ymodanuio: 0.
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GL EMISSION — mapamverp params JOJIXKEH COIEPKATEH TeThIpe
IIeJIBIX MIKA BEIIECTBEHHBIX 3Hadenns 1BeroB RGBA, koTopsie
OPEJIEISIOT HHTEHCUBHOCTD M3/Iy9a€MOr0 CBETa MaTepHuaJia.

Buauenne mo ymosuanuio: (0.0,0.0,0.0,1.0).

GL AMBIENT AND DIFFUSE — skBuBajeHTHO
JIBYyM Bbl30BaM KoManjibl glMaterial() co 3HauyeHuem pname
GL_AMBIENT u GL_DIFFUSE n onnHAKOBBIMU 3HAMEHUSIMHI
params.

13 storo caemyet, 9T0 BBI30B KOMaHAL!I glMaterial[i f]() BO3MO-
JK€H TOJIBKO I YCTAHOBKH CTEIEHN 3€PKAJBHOTO OTPaKEeHUS Ma-
repuana (shininess). Komanga glMaterial[i f]v() mcnonssyercs mas
3a/TaHNS OCTAJIHHBIX ITapPaMeTPOB.

ITapamerp face ompemesnsger Tum rpameil, IjJd KOTOPBIX 3aja-
eTcsl 3TOT Marepuas u MoxKeT npuHuMarb 3HadeHns GL FRONT,
GL_BACK mm GL_FRONT_AND_BACK.

Ecsin B ciiene marepuajibl 00bEKTOB PA3/IMYAIOTCs JIUITL OJHUM
ImapaMeTpoM, PEKOMEHAYEeTCS CHaYa/Ia YCTAHOBUTD HYKHBIN DEXKNM,
Bbi3BaB glEnable() c mapamerpom GL _COLOR_MATERIAL, a 3arem
HCIIOTB30BATH KOMAHIY

void glColorMaterial (GLenum face, GLenum pname)

rje napamerp face umeer ana/loru4HbIE CMBIC], @ llapaMerp pname
MOXKeT MPUHUMATH BCE TTepedncieHubie 3uadenus. [locie 3Toro 3ua-
YeHUsT BBIDPAHHOTO C TIOMOIIBIO pname CBOWCTBA MATEPUAJIA, [IJIsT KOH-
KPETHOrO 00'beKTa (MM BEPIIUHBI) YCTAHABIUBAIOTCA BBI3OBOM KO-
mauge! glColor, UTo MO3BOJIsTET M30EXKATH BHI30BOB D0JI€E PECYPCOEM-
KO# KOoMaHbl glMaterial u moBwITaeT 3PpHEKTUBHOCTD TPOTPAMMEBI.
Jpyrue MeTOIbI ONITUMU3AINN TTPUBE/IEHB] B TyIaBe 9.
IIpumep onpesesiennsi CBOMCTB MaTepuaJia;

float mat_ dif[]={0.8,0.8,0.8};
float mat_amb[] = {0.2, 0.2, 0.2};
float mat_ spec[] = {0.6, 0.6, 0.6};
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float shininess = 0.7 x 128;

glMaterialfv (GL_FRONT AND BACK,GL_ AMBIENT,
mat_amb);

glMaterialfv (GL_FRONT AND BACK,GL_DIFFUSE,
mat _dif);

glMaterialfv (GL _FRONT AND BACK,GL_SPECULAR,
mat_spec);

glMaterialf (GL _FRONT,GL_ SHININESS,
shininess);

5.3. Onucanme MCTOYHUKOB CBETA

Omnpenenienne CBOMCTB MaTepuaia 00bEKTa UMEET CMBIC, TOJIb-
KO €CJIM B CII€HE eCTh MCTOYHMKHN cBera. Vlnade Bce 00beKTHI Oy1yT
YepHBIME (WJIH, CTPOTO TOBOPS, UMETh IIBET, PABHBIN PACCETHHOMY
[BETY MaTepuaja, YMHOKEHHOMY HA WHTEHCHBHOCTH TIOOATHHOTO
donosoro ocsemenus, cm. komany glLightModel). lo6aBuTh B ciie-
HY MCTOYHUK CBETa MOXKHO C TTOMOIIBIO KOMAH/T

void glLight[i f] (GLenum light , GLenum pname,
GLfloat param)

void glLight[i f] (GLenum light , GLenum pname,
GLfloat xparams)

[Tapamerp light opHO3HAYHO OUpEEIsiET WCTOYHUK CBETA.
On Boibupaerca m3 HabOpa CIEMUAJbHBIX CHMBOJUIECKHAX KMEH
Bujta GL LIGHTI, rae i 1oakHO Jiexkarh B Juana3oHe or 0 10 KOH-
crautbl GL_MAX LIGHT, kortopas OOBIYHO HE IIPEBOCXOJUT BOCH-
M.

[TapameTphl pname m params UMEIOT CMBICT, aHAJOTUYHBINA KO-
mange glMaterial. PaccmoTpum 3Hadenns mapaMerpa pname:

GL SPOT EXPONENT —mnapamverp param JOJIKeH COJep-
2KaTh 11eJi0e uin BerecTBennoe ducyo ot 0 go 128, 3ajaroriee
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pacrpejie/ieHne HHTEHCUBHOCTH CBETA. JTOT TaPAMETD OMHUCKI-
BaeT ypoBeHb C(HOKYCUPOBAHHOCTHA UCTOYHUKA CBETA.

Buauenue mo ymoadanuio: 0 (paccesHHBIN CBeT).

GL SPOT_ CUTOFF —napaverp param JI0JI2KE€H COJI€PXKaTh

IleJioe WM BellecTBeHHOe [ncyao Mexay 0 m 90 mam pasHOe
180, xoTopoe ompeeseT MAKCUMAIbHBIN YTro pa3bpoca ce-
Ta. 3HAYEHNE 3TOr0 MapaMeTpa eCTh TOJOBUHA yTJia B BEPIINHE
KOHYCOBUJTHOT'O CBETOBOTO TIOTOKA, CO3/IABAEMOI0 UCTOTHUKOM.

Buauenue 110 ymosruanuio: 180 (paccesinublii cser).

GL AMBIENT —napamerp params JIOJIZKeH COJIePKaTh YeThipe

[IeJIBIX MM BEIECTBEHHBIX 3HadeHns 1BeroB RGBA, koTopsie
OTIPEIESIIOT TIBET (DOHOBOT'O OCBEIEHMS.

Buauenne no ymosuanuio: (0.0,0.0,0.0,1.0).

GL DIFFUSE — napaverp params [0JKeH COJepyKaTh YeThipe

IIeJIBIX WA BEIECTBEHHBIX 3Hadenns 1BeroB RGBA, koTopsie
onpeessoT BeT udOy3HOr0 OCBEIIEHMS.

Buauenue o ymosganuio: (1.0,1.0,1.0,1.0) ans GL_LIGHTO
u (0.0,0.0,0.0,1.0) st ocTATBHBIX.

GL SPECULAR —mnapameTp params JOJIzKeH COJepKaTh YeThl-

pe IesbIX WIN BellecTBeHHbIX 3HaudeHns meToB RGBA, xoro-
pble OIpenendioT IIBET 3epPKAJBHOTO OTPAXKEHUI.

Buauenue 110 ymosuanuio: (1.0,1.0,1.0,1.0) maa GL_LIGHTO
u (0.0,0.0,0.0,1.0) gyst ocTaNbHBIX.

GL_ POSITION —napamerp params JI0JI2KeH CO/IePKaTh YeThIpe

OEeJIbIX WJIN BEIIECTBEHHbIX YUCJjla, KOTOPbIE OIIPpEAe/IAIOT I10J10-
JKeHIe NCTOYHHUKA CBeTa. Kcjm 3HaveHne KOMIIOHEHTBI W paB-
10 0.0, TO ICTOYHUK CIATAETCS OECKOHEUHO YIAJTEHHBIM U IPH
pacdeTe OCBEIIEHHOCTN yLH/ITbIBaeTCH TOJIBKO HalIpaBJIEHWE Ha
TOUKY (,Yy, z), B IPOTHBHOM CJIy4ae CANTAETCS, YTO UCTOTHUK
pacnosioxen B Touke (x,y, z, w). B neppom ciyvae ociabienust
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CBE€Ta MPpHN yAAJIEHUU OT NCTOYHUKA HE MMPOUCXOAUT, T.€. UCTOY-
HHUK CYUTAETCA OECKOHEYHO YAaJIEHHBIM.

Buauenne no ymosruanuio: (0.0,0.0,1.0,0.0).

GL SPOT DIRECTION —mapamverp params [IOJIXKEH Xpa-
HUTH YeThIPE MEJTbIX WX BEIEeCTBEHHBIX YNCIa, KOTOPBIE OIpe-
JTeJIAIOT HAITPABJIEHUE CBETA.

Buauenne no ymosaanmio: (0.0,0.0,—1.0,1.0).

DTa XapaKTepUCTUKA UCTOYHUKA UMEET CMBICII, €CJIN 3HAUEHIE
GL_SPOT_CUTOFF ormuno ot 180 (koropoe, kcraTn, 3a1a-
HO TI0 YMOJTIAHHIO).

GL CONSTANT ATTENUATION |,

GL_ LINEAR ATTENUATION ,
GL QUADRATIC ATTENUATION —mnapamerp params

3a/J1a€T 3HAYEHUWE OJHOTO M3 TPeX KOIDDUIMEHTOB, OIpese-
JIAIONUX 0ocjiabjieHne WHTEHCUBHOCTU CBETa IpU Y/AJEHUU
OT UCTOYHWKA. J[OMyCKaoTCsT TOABKO HEOTpUIIATEbHBIE
3HAQYEHUA. ECJII/I NCTOYHUK HE ABJIACTCA HaIlPABJIEHHBIM (CM.
GL_POSITION), To ociabyierne 06pATHO MPOMOPIHOHATBHO
cyMMme:

attconstant + attlinear * d + attquadratic x d*

rae d—paccrogHme MEXKJy HUCTOYHUKOM CBE€Ta, U OCBe-
maeMoil WM  BepIIMHOW;  attconstant, attlinear u
attquadratic paBHbl 1LapaMerpaMm, 3aJaHHbIM €  IO-
MOIIIBIO KOHCTaHT GL_ CONSTANT ATTENUATION,
GL_LINEAR ATTENUATION u
GL_QUADRATIC ATTENUATION  coorBerctBerno. Ilo
YMOJITYAHWIO 3TH TapaMeTphl 3ajatorcsa Tpoiikoit (1,0,0), u
daxkTuuecku ocrabeHus HE MTPOUCXONT.
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HpI/I U3MEHEHUU TIOJIO?KEHUA NCTOYHUKA CBE€Ta CJIIEAYyEeT YYUThI-
Barh ciaenyromnuit pakt: B OpenGL uctounukn cBera aBASIOTCS 06b-
€KTaMW, BO MHOTOM TaKHMU K€, KaK MHOTOYTOJIbHUKW U TOYKU. Ha
HUX PACIPOCTPAHLAETCSI OCHOBHOE MPaBU/IO 06pabOTKU KOODAUHAT B
OpenGL — napaMerpbl, OIUCHLIBAIOLIEE IIOJIOXKEHUE B IIPOCTPAHCTBE,
peobdpas3yoTcsd TEKyIleil MOJebHO-BUJI0BOIl MaTpuiieli B MOMEHT
dopmupoBanus 00beKTa, T.. B MOMEHT BbI30Ba COOTBETCTBYIOIIUX
koman ] OpenGL. Takum o6pazom, popMupysi HCTOYHUK CBETA OJTHO-
BPEMEHHO ¢ 00bEKTOM CIIeHBI MIN KaMepoil, ero MOXKHO MPUBA3AThH K
sromy o0bekTy. an, HaobopoT, cchopMUpOBaATH CTAMOHAPHBIN HC-
TOYHUK CBETA, KOTOPBIN OymeT oCTaBaThCs HA MeCTe, TIOKA JIPyTHUe
00BEKTHI TEPEMEIITAIOTCS.

Ob11ee MpaBUJIO TaKOE: €CJIN IMOJIOKeHNe NCTOTHNKA CBETa 3a/1a-
ercsa koMan/o#t gllight nepes onpejiesieHneM MOJI0KEHUST BUPTYaJlb-
HOIT KamMepsl (HampuMep, KoMan0it glLookAt()), To Oymer cauTaThCs,
a0 koopaunaarsl (0,0,0) MCTOUHMKA HAXOAUTCA B TOUYKE HAO/IO/e-
HUST U, CJI€JOBATE]HHO, MOJIOYKEHe NCTOYHNKA CBETa, OMPEIe/IsIeT st
OTHOCUTE/IHHO TOJIOXKEHUsT HADTI0TATE/TsI.

Ecin nosioxkenne ycraHaBIuBaeTCst MEXK/Ty OIPEIeIeHUEM 1010~
JKEeHNd KaMepbl U IIPeodpaA3OBAHUSIME MO/IE/IHHO-BIUI0BON MaTPHUITHI
o00bekTa, TO 0HO (PUKCUPYETCs, T.€. B ITOM CJIydae [OJI0KEHUE NCTOY-
HHUKa CBETA 33/IaeTCd B MUPOBBIX KOOpJAWHATAX. Ij1d9 NCIOBb30BaHUS
OCBEIIEHNUs CHAYAJ/Ia HAJ/I0 YCTAHOBUTH COOTBETCTBYIOIIMI PEXKUM BbI-
30B0M KOMaH/BI glEnable(GL LIGHTING), a 3aTeM BKJIIOUYUTH HYXK-
HBIN MCTOYHUK KoMaHI0i# glEnable(GL_LIGHTI).

Eie pa3 obparum BHUMAaHME HA TO, 9TO TPU BBIKJIIOUEHHOM OCBE-
IMEHUN TIBET BEPIIMHBI PaBeH TEKYIIEeMY IIBETY, KOTOPBIA 337 aeTcs
komaumamu glColor. Ilpu BKIIOUEHHOM OCBEINEHWH IIBET BEPITAHBI
BBIUUC/ISIETCS UCXOId n3 MHMOpPMAIUX O MaTepuaje, HOPMAJIAX U
MCTOYHUKAX CBETA.

IIpu BBIK/IIOUEHNUY OCBEIEHUST BU3YAJTU3ANNSA TPOUCXOIUT OBICT-
pee, OJTHAKO B TaKOM CJIydae MPUJIOKEHHE JOTKHO CAMO PACCUNUTHI-
BATh I[IBETA BEPIITUH.
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Texkct mporpamMmbl, IEeMOHCTPUPYIOIIEH OCHOBHBIE TPUHIIHAIIEI
OTIpeJie/IeHNsT MaTEePHAJIOB M MCTOYHUKOB CBETA, NMPUBEJIEH B IPHU-
JoxxeHuu b.

5.4. Cozmanue 3(pdekTa Tymana

B zaBepiiienre paccMOTpuM OJTHY MHTEPECHYIO U 9YACTO UCIIOIB3Y-
emyto BodaMoxkHOCTE OpenGL — cozmanue adpdexrra Tymana. Jlerkoe
3aTyMaHNUBAHWE CIEHBI CO3MAeT PEeAJUCTUYIHBIN 3hdeKT, a WHOTIA
MOXKET U CKPBITh HEKOTOPBIE apTehaKThl, KOTOPHIE MOSIBISIOTCS, KO-
TTa B CIleHe TPUCYTCTBYIOT OTAaJIEHHBIC O6'])€KTBI.

Tyman B OpenGL peanusyercs myrem u3MeHeHUs 1[BeTa 00bEK-
TOB B CII€HE B 3aBUCUMOCTHU OT UX F.TIY6I/IHBI, T.€. PaCCTOAHUA 10O TOY-
Ku HaOMoeHns. V3aMeHnenne 1npeTa TpOuCXOAuT JnOo i BEPIIUH
OPUMUTHBOB, JIU00 [Tt KAXKJOT0 MHUKCE/IsT HA dTale PacTepu3ainu
B 3apucumoctu oT peanusaiuu OpenGL. D1tum mporieccom MOXKHO
YACTUYHO YIPABJ/ISATH — CM. pa3jiest 7.

Jlnsa souenust 3 dexTa 3aTyMaHuBaHUST HEOOXOIUMO BBI3BATH
komany glEnable(GL_FOG).

MeTOﬂ BbIYUCJ/ICHUS MHTEHCUBHOCTU TyMaHa B BEPIIMHE MO2KHO
OIIPEJIE/IUTH C IOMOIIBIO KOMAaH/T

void glFog[if] (enum pname, T param)
void glFog[if]v (enum pname, T params)

Apryment pname MOYKeT TPHHUMATH CJAETYIONIHE 3HATCHUS:

GL FOG_MODE —aprymenr param onpejesser dhopmyiy, 10
KOTOPOIii OyIeT BBIYUCISITHCA NHTEHCUBHOCTH TYMaHa B TOYKE.

B sTom CJIy4dae param MOXKET IIPDHHUMATL CJACAYIOIUE SHAYCHUA:

GL EXP — mHTeHCHBHOCTEL 3aJaercd (opMymoit f = e(—d*2)

Y

(d%2)2.

J

GL_ EXP2 — unTencuBHOCTH 337aeTcs hopMymoi f = e
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GL LINEAR — uHTEHCHBHOCTH BBIUHCJIsETCs 110 opmyse f =
e — z/e — s, TJie z— PaCCTOSHIE OT BEPINUHBI, B KOTOPOii BbI-
YUC/IAETCH WHTEHCUBHOCTD TYMAaHA, 0 TOYKHW HADIIOACHUSI.

Kosdbdwurmenrtsr d, e, s 3a1ai0Tca ¢ TOMOIIBIO CAEAYIONNX 3HA-
YeHuil apryMeHTa pname:

GL FOG_DENSITY - param omnpejensger Kosdunuenr d
GL_ FOG_START — param onpejensier KoaduiuenT s
GL FOG _ END —param onpejensger KoaQHUIeHT e.

[IBer Tymana 3a7aeTcs ¢ MOMOIIBIO APTYMEHTa pname, PABHOTO
GL_FOG_COLOR. B sTom ciaydae params — yKa3aTejb Ha MACCHUB
n3 4-X KOMIIOHEHT I[BETA.

IIpuBesem npumep wucrosb30Banus 3Toro dddexra:

GLfloat FogColor[4]={0.5,0.5,0.5,1};
glEnable (GL_FOG);

glFogi (GL_FOG_MODE,GL_LINEAR) ;
glFogf (GL _FOG START,20.0);

glFogf (GL FOG_END,100.0);

glFogfv (GL_FOG_COLOR, FogColor);

5.5. KoHTpOJIbHBIE BONPOCHI

1) IlosichuTe pa3HUIly MEXK/y JIOKAJIbHBIMUA U OECKOHEUHO y/ia-
JIEHHBIMU MCTOYHUKAMU CBETA.

2) ns wero cayxut komanaa glColorMaterial?

3) Kak 3a7aTh mo/ioxKenne HCTOYHIKA, CBETa TAKUM 00pa30M, ITO-
OBl OH BCErJ[a HAXOUJICS B TOUYKE MOJIOXKEHUsT HAOromaTeisi?

4) Kak 3amarh (GUKCUPOBAHHOE MOJIOKEHNE MCTOYHUKA CBeTa’
Moxkuo 7 3a/maBaTh TOJIOXKEHWEe WCTOYHWKA OTHOCUTETHLHO
JIOKQJIBHBIX KOOPJINHAT 00beKTa?!
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5) Kak 3a7aTh KOHYCHBIH MCTOYHUK CBETA?

6) Ecsm B clieHe BKJIIOYEHO OCBEIIEHNE, HO HET MCTOYHUKOB CBETA,
KaKoil 11BeT OyayT mMeTh OOBEKTHI?






I';1aBa 6.

TekcTrypupoBanune

ITox Texcrypoit Oyaem monmMarh U300parkKeHwe, KOTOPOe HA/IO0
OIpeeIeHHBIM 00pa30M HAHECTH Ha 00bEKT, HAIIPUMED, I IPHUIa-
HUS WLIIO3UU PEaIbeHOCTU TOBEPXHOCTH.

Jlist paboThI C TEKCTYPOIii CAeAyeT BBIIOJHUTH CJAEIYIONIYIO TIO-
CJIeIOBATEJIBHOCTD JICUCTBHAI:

e BhIOpaTh n300parkeHne u Mpeodpa3oBaTh €ro K HyKHOMY Op-
MaTy;

e nepenarh uzobpaxkenne B OpenGL;

® OIPEJEINTh, KAK TEKCTYypa OyIeT HAHOCUTHCA HA 0OBEKT U KaK
oHa OyIeT ¢ HUM B3aHMOIEICTBOBATD;

® CBS3aTh TEKCTYPY C OOBHLEKTOM.

6.1. IloaroroBka TeKCTypPhbI

JL1g MCIob30BaHus TEKCTYPhI HEOOXOAMMO CHAYAIa 3arPy3UTh
B MaMsTh HYYKHOe m300parkenne u nepegars ero OpenGL.

7
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CunrbiBanue rpadudeckux JaHHLIX U3 Qajiijia U X npeodpaso-
BaHMe MOXKHO IIPOBOJUTH BPy4HYI0. B nmpuioxkenun B npusegen mc-
XOJIHBIN TeKCT (DYHKIUU Jjid 3arpy3ku m3obpakenus: u3 daitaa B
dopmare BMP.

Mo2KHO TaKzKe BOCIIOJIb30BAThHCs (DYHKITHEl, BXOIAIIEH B COCTAB
oubmorekn GLAUX (j191 ee ucnoib30Banust HaJA0 JONOJTHATETHHO
noakaroanTh glaux.lib), KoTopas cama mpOBOAUT HEOOXOTIUMBIE OTIe-
paruu. 1o pyHKIUs

AUX RGBImageRecx auxDIBImageLoad (const char xfile)

rie file —nasBanme daiina ¢ pacmupennem *.bmp nan *.dib. Oynk-
[IsT BO3BPAIIAET yKa3aTe/ b Ha 00J1aCTh MaMSITH, TJIe XPaHSITCS Mpe-
o0pa3oBaHHbBIE TaHHBIE,

IIpu co3mannm obpasa TEKCTYyphl B HAMSITH CJEIyeT YINTHIBATD
yKa3biBaeMmble TpeboBanust. Bo-mepBhix, pa3mMepsl TEKCTYPhI, KAK 10
TOPU3OHTAJIM, TaK M II0 BEPTHUKAIN JOJKHBI MPEICTABIITH COOOIt
CTEIeHH JABOMKU. DTO TpeboBaHUE HAKJIAIBIBAETCS JIJI KOMIIaKTHO-
0 pa3MeIeHnsd TeKCTYPhl B TEKCTYPHOI IaMSITH U CIIOCOOCTBYET ee
3ddexTuBHOMY HUCIOJIB30BAHNI0. PabdoTars TOJBKO C TAKUMHU TEK-
CTypaMu KOHEYIHO HEYI00HO, IIO9TOMY IIOCJIe 3arpy3Ky UX HAI0 IIpe-
obpa3oBars. I3Menenune pa3MepoB TEKCTYPbI MOYKHO IIPOBECTH C 10~
MOIITBIO KOMAH/IBI

void gluScaleImage (GLenum format, GLint widthin
GL heightin , GLenum typein ,
const void xdatain ,
GLint widthout ,
GLint heightout , GLenum typeout ,
void xdataout)

B kagectBe 3Hadenus mapamerpa format OOBITHO HCIIOIB3YETCS
suauenne GL_RGB uiu GL_RGBA, onpenensioriee popMat xpame-
aust magopmannu. [Tapamerpsl widthin, heightin, widhtout, heightout
OTPEAESIIOT Pa3Mephbl BXOJHOIO U BBIXOIHOTO M300paskeHnii, a ¢ mo-
MOIIBIO typein U typeout 3a/iaeTcd TUIT 3JIEMEHTOB MaCCUBOB, PACIO-
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JIOKEHHBIX 10 agpecam datain n dataout. Kak m 006BI9HO, 3TO MO-
ket ObiTh Tutt GL_UNSIGNED BYTE, GL_SHORT, GL_INT u T.1.
Pesysnbrar cBoeit paborsl dyHKIM 3aHOCUT B 00/1aCTHh MaMsATH, HA,
KOTOPYIO YKa3bIBaeT napameTp dataout.

Bo-BTopnix, Ha0 npemycMOTpeTh Ciaydail, Korjga 00beKT IoCie
pacTepu3aIuu OKa3bIBAETCs 110 pa3MepaM 3HAYUTE/IHbHO MEHbBIIE Ha-
HOCHUMO# HA HEro TEeKCTypbl. UeM MeHbIlle O0bEeKT, TeM MEHbIIIE
JIOJKHA OBITh HAHOCHUMAd Ha HEro TEKCTYpa U IIO3TOMY BBOJIHT-
Csl TIOHSITHE YPOBHeN jeranmm3anuu TeKcTypbl (mipmap). Kaxk bt
YPOBEHD JIeTAIN3AINN 33aeT HEKOTOPOe N300pakeHne, KOTOPOe sIB-
JITeTCsI, KaK MMPAaBUJIO, YMEHBIIIEHHON B JIBa pa3a KOMUEel OPUTHHAIA.
Taxkoit 01X0/T TTO3BOJIAET YIydIINTh KA4eCTBO HAHECEHUST TEKCTYPhI
Ha 00bekT. Hanmpumep, f71sa n3obpakenns pazmepom 2™ X 2™ MOKHO
nocrpoutb maz(m,n) + 1 yMeHbIIeHHBIX n300pakeHuii, coorser-
CTBYIOIIUX PA3IUIHBIM YPOBHAM JI€TAJTMIAIIIH.

DT JiBa dTalla CO3JaHus 00pa3a TEKCTYyPhl BO BHYTPEHHEH Ia-
Matu OpenGL M0KHO IPOBECTU C TOMOIIBIO KOMAH/TbI
void gluBuild2DMipmaps (GLenum target ,

GLint components,

GLint width, GLint height ,
GLenum format , GLenum type,
const void xdata)

rie mapamerp target mosken 6viTh paBen GL TEXTURE 2D. Ila-
paMeTp components OIpPeeIgeT KOJIMIECTBO ITBETOBBIX KOMIIOHEHT
TEKCTYPblI 1 MOXKET IIPUHUMATH CJACAYIOIIUE OCHOBHBIE 3HAYCHUNA:

GL LUMINANCE —ojnHa KOMIIOHEHTa — SPKOCTh (TekcTypa
OyeT MOHOXPOMHOIY);

GL_ RGB —kpacublil, cunuii, 3e/eHblit;
GL RGBA — xpacHblit, cuanii, 3ejensrii, anbda (cv. m 7.1).
[Tapamerpsr width, height, data ompemensior pa3meps! U pacro-

JIOJKEeHUE TeKCTYPbl COOTBETCTBEHHO, & format 1 type mMeroT aHaJO-
TUYHBIN CMBIC, 9TO 1 B KOMaHe gluScalelmage().
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Hocne BBITIOJTHEHUA STOM KOMaHAbI TEKCTypPa KOIINPYeTCdA BO
BHyTpeHHIOW TaMaTh OpenGL, u mosToMy maMsaTh, 3aHUMAaEMYIO
MCXOIHBIM M300parkeHneM, MOYKHO OCBOOOINTh.

B OpenGL momyckaercsi UCIOIb30BAHNE OHOMEPHBIX TEKCTYD,
TO ecTb pa3mepa 1 X N, omHAKO 3TO BCErJa HAI0 YKA3bIBATh, 3a-
JlaBagd B KadecTBe 3HadeHud target koHcTanTy GL TEXTURE 1D.
O HOMEDPHBIE TEKCTYPhI UCIOJIB3YIOTCA JOCTATOYHO PEJIKO, TOITOMY
He OyJieM OCTaHAB/IMBATHCA HA 3TOM II0JIPOOHO.

IIpu wcnonb30BaHUM B CIIEHE HECKOJIBKUX TeKCTyp, B OpenGL
MPUMEHSIETCS TTOIX0/T, HAMTOMUHAOIINIT CO3JaHNe CITUCKOB n300payke-
HUli (TaK HA3BIBAEMbIe TEKCTypHBIE 00beKThI). CHaYa A ¢ MTOMOIIBIO
KOMaH/IbI

void glGenTextures (GLsizei n, GLuintx textures)

HAJI0 CO3aTh N MACHTU(MPUKATOPOB TEKCTYP, KOTOPbIe OYIyT 3arm-
CaHbI B MaccuB textures. Ilepes HawagoM ompesesieHns CBOMCTB Otve-
PeAHOM TEeKCTYPhI CJeyeT CleJlalb ee TeKyluei (<<HpI/IBHSaTI)>> TEeK-
CTYpY), BBI3BaB KOMAHTY

void glBindTexture (GLenum target , GLuint texture)

rge target moxker npunuMarb 3HadeHus GL TEXTURE 1D wuam
GL_TEXTURE_ 2D, a mapamerp texture J0JKeH OBITH PABEH UIECH-
TuUKATOPY TON TEKCTYPbI, K KOTOPOit OYIYT OTHOCUTHCS TIOCJIETY-
forue KoMauabl. [l Toro, 9To0Bl B MpOIlEcce PUCOBAHUS CJIE/IaTh
TEKYIeil TEeKCTYPy C HEKOTOPBIM WIACHTU(MUKATOPOM, JOCTATOTHO
onATH BBI3BATH KOoMaHIY glBindTexture() ¢ COOTBETCTBYIOMNM 3HA-
qenmneM target u texture. Takum obpazom, komamnaa glBindTexture()
BKJIIOYAET PEXKUM CO3JaHUs TEKCTYPbhI C UIeHTU(UKATOPOM texture,
€CJ/IM TaKas TEKCTypa ellle He CO3/iaHa, JinbO PeXKUM ee UCI0JIb30Ba-
HUs, TO €CTh JIeJIaeT 3Ty TEKCTYypy TeKYIIeil.

Tax Kak He BCsIKasl alapaTypa MOXKET OepUPOBATH TEKCTYPAMU
0OJIBITIOTO pa3Mepa, MeaIecO0dDPA3ZHO OTPAHUINTD PA3MEPHI TEKCTYPhI
110 256 X 256 man 512 x 512 nukceseit. OTMeTuM, UTO UCTOTH30BAHUE
HEDOJIBININX TEKCTYP MOBBINIAET 3PHEKTUBHOCTH TPOTPAMMBI.



6.2. Hanoocernue mexcmypo, na 0b6sexmol 81

6.2. Haaoxxenme TeKCTypbl Ha 00 bEKTHI

[Tpu HAMOKEHUM TEKCTYPbI, KaK y’Ke yIIOMHHAJIOCH, HAJI0 y4H-
TBIBATH CJIydail, KOTJa pa3Mephl TEKCTYPhl OTIMIAOTCA OT OKOHHBIX
pazMepoB 00beKTa, Ha KOTOPBIH OHA HaKaaApiBaercs. [Ipu 3Tom BO3-
MOKHO KaK PaCTKEHNE, TaK U C2KaTHe M300parkeHusd, u TO, KaK Oy-
JIyT OPOBOJUTLCS ITH NIPEOOPA30OBAHMSA, MOXKET CEPhE3HO IIOB/IUATH
Ha, Ka9ecTBO TMOCTPOEHHOTO m3obpaskenns. st onpemenerunst moJio-
JKeHIs TOYKHI HA TEKCTYPE UCIIOIL3YETCI MAPAMETPHIECKAS CACTEMA,
KoopaunHar (s,t), npudem 3HadeHus s u t Haxoggarcst B orpeske [0, 1]
(cM. pucynok 6.1)

0, 1) (1,1)

(0, 0) (1,0)

Puc. 6.1. TekcrypHbIE KOODIWMHATEI

st m3MeHeHusT Pa3InYHBIX TaPAMETPOB TEKCTYPhI TPUMEHAIOT-
€l KOMAaHJBI:

void glTexParameter[i f] (GLenum target , GLenum pname,
GLenum param)

void glTexParameter[i f]v (GLenum target , GLenum pname
Glenumx params)

)

[Tapamerp target mpuanmaer 3uadernuns GL TEXTURE 1D win
GL_TEXTURE 2D, pname ompejie/isieT, KaKOe CBOMCTBO OymeM Me-
HATH, & C IIOMOIIBIO param WJIW params yCTaHAB/IMBAETCA HOBOE 3Ha-
JeHne. Bo3MoXKHbBIe 3HAYEHUS pname:

GL TEXTURE MIN FILTER —napaverp param onpeje-
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Jisier (pyHKINIO, KoTopas Oy/er MCI0JIb30BaThCs LI CyKATHS
tekcTypsbl. Ilpu 3nadennn GL_NEAREST 0y/ieT ucno/ib30BaTh-
cst opmn (Omekaiimmit), a npu 3aauernn GL_LINEAR — uers-
pe OImKaNIInX 3/IEMEHTA TEeKCTYPHI.

Suadgenne mo ymoagannio: GL_LINEAR.

GL TEXTURE MAG FILTER — napameTp param ompeje-
JiggeT PYHKIINIO, KOTOpast OYIeT UCIIOIb30BATHCH ISl yBeInde-
Hus (pacTsykenus) TeKCTyphl. [lpu 3mavenun GL_NEAREST
OyJer ucnobp30BaThCst oauH (OsmeKalinmii), a npu 3HAYEHUN
GL_LINEAR — geTbIpe O/IMKAUIINX /IEMEHTA TEKCTYPHI.

Suadgenne mo ymoadanuio: GL_LINEAR.

GL TEXTURE_ WRAP S —mnapamerp param ycTaHaB/IABa-
€T 3Ha4YeHue KOOPJAWHATBhI S, €C/JIM OHO HE BXOJIUT B OTPE30K
[0,1]. IIpu 3mauenun GL_REPEAT menasg 9actb § 0TOpaChI-
BAETCs, W B Pe3yJbTaTe M300PakeHne Pa3MHOKAETCS 10 TI0-
BepxuaocTu. [Ipm 3ravennn GL CLAMP mcmoip3yioTcs Kpae-
Bole 3Hadenus (0 wim 1), 410 yJ00HO UCHO/IB30BATE, €C/IU HA
00beKT HAKJIAIbIBAETCS OnH 00pa3.

Suadgenne mo ymongannio: GL_REPEAT.

GL TEXTURE WRAP T — anajoruayso IpejblIyIieMy 3Ha-
YEeHUI0, TOJIbKO JIJIs KOOD/MHATHI T.

Ucnosbzosanue pexkuma GL_NEAREST nosbiiiiaeT CKOPOCTH Ha-
JIOZKEHUS TEKCTYPBI, OJIHAKO IIPU STOM CHUKAETCA KadeCTBO, TaK KakK,
B orimune oT GL LINEAR, uHTepmoigus He NPOUu3BOIUTCS.

st TOoro 9TOOBI ONpPeNenTh, KaK TEKCTypa OyIeT B3amMoeii-
CTBOBATH C MATEPUAJIOM, U3 KOTOPOTO C/IeJIAH OOBHEKT, UCIOIB3YIOTCS
KOMaH/IbI

void glTexEnv[i f] (GLenum target , GLenum pname,
GLtype param)

void glTexEnv[i f]v (GLenum target , GLenum pname,
GLtype *params)
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[Tapamerp target momken OwbiTh paBen GL TEXTURE ENV,
a B KadecTBe phame pACCMOTPUM TOJBKO OJHO 3HAYeHHE
GL_TEXTURE ENV_MODE, koropoe upumeHnsercs HauboJiee
4acTo.

HawnbGosee gacTo ncnonb3yeMble 3HAUEHUs ITapaMeTpa param:

GL MODULATE — koHeYHBIH IBET HAXOAUTCS KaK MIPOU3BE/IE-
HIe I[BeTa TOYKHU Ha IIOBEPXHOCTU W I[BETA COOTBETCTBYIOIIEI
el TOYKN Ha TeKCType.

GL REPLACE —B kadecrBe KOHEYHOI'O IIBETA, WCIIOJIB3YETCS
IIBET TOYKM HA TEKCTYPE.

Caremyrommuii mpuMep Koja AeMOHCTPUPYET OOIIHi MOaX0T K CO-
3/TAHUIO TEKCTYP:

/* HYIMCHOE HAM KOAUMECTNEO MEKCmYp */
#define NUM TEXTURES 10

/* udenmugduramopv, mexcmyp */

int TexturelDs|[NUM_TEXTURES];

/* o06pas mexcmypo, */

AUX RGBImageRec *plmage;

/% 1) noayuwaem udenmugduramopo, mexcmyp */
glGenTextures (NUM_TEXTURES, TexturelDs );

/* 2) ewbupaem mekcmypy das modudukayuu napamempos x/
glBindTexture (TextureIDs[i]); /* 0<=i<NUM_TEXTURES*/

/# 8) saepyosicaem mexcmypy.

Pasmepu, mexemypu, "——— cmenenv 2 x/

plmage=dibImageLoad ("texture .bmp");
if (Texture!=NULL)

/* 4) mepedaem mexcmypy OpenGL u 3adaem napamempoi*/
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/% ewpasnusanue no baumy */
glPixelStorei (GL_UNPACK ALIGNMENT,1);

gluBuildMipmaps (GL_TEXTURE 2D,GL _RGB, plmage—>sizeX |
plmage—>sizeY , GL RGB, GL UNSIGNED BYTE,
pIlmage—>data);

glTexParameterf (GL_TEXTURE 2D,GL_TEXTURE MAG_FILTER,
(float )GL_LINEAR);

glTexParameterf (GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER,
(float )GL_LINEAR);

glTexParameterf (GL_TEXTURE 2D, GL TEXTURE WRAP S,
(float )GL REPEAT);

glTexParameterf (GL_TEXTURE 2D, GL_TEXTURE WRAP T,
(float )GL_REPEAT);

glTexEnvf (GL_TEXTURE_ENV, GL_TEXTURE_ENV MODE,
(float )GL_REPLACE) ;

/* 5) ydaasem ucrodnoe uszobpasicenue. */
free (Texture);

}

else
Error ();

6.3. TekcTypHble KOOPpAWHATHI

Ilepen HaHECEHUEM TEKCTYPHI HA 00BEKT HEODXOIUMO YCTAHOBUTD
COOTBETCTBHE MEXK/Iy TOYKAMU HA TTOBEPXHOCTU 00HEKTA U HA CAMO
TEKCType. 3a/1aBaTh 3TO COOTBETCTBUE MOXKHO JBYMS METOIAMU: OT-
JIeTbHO JIJTs1 KayKJIOW BEPITUHBI I CPal3y Jjis BCEX BEPINUH, 33/1aB
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mapaMeTpbl CrenuaibHoil dpyukmuun orobparkenus. [lepsoiit MmeTo
peann3yercs C MOMOIIBI0 KOMaHT

void glTexCoord[1 2 3 4][s i f d] (type coord)
void glTexCoord[1 2 3 4][s i f d]v (type =*coord)

Yarre Bcero ncnosrb3yiorcesa KoMmanab! glTexCoord2x(type s, type t),
3aJIaI0IIe TEKYIINEe KOOPAUHATHI TEeKCTYPhl. [[oHsATHE TEKYIINX KO-
OpP/IMHAT TEKCTYPhl AHAJOTUIHO MOHITHASIM TEKYIIEro 1BETa U TEKY-
et HopMaJin U ABJsieTcs aTpudyToM Bepinuabl. OTHAKO JaxKe JIJIs
Kyba HaXO0XK/IeHUEe COOTBETCTBYIOIINX KOOPAUHAT TEKCTYPHI sIBJISET-
Cs1 JIOBOJIBHO TPYJAOEMKUM 3aHsiTHeM, rmodromy B oubaunoreke GLU
MOMUMO KOMAHJI, TTPOBOISIINX MOCTPOEHNE TAKUX MPUMUTUBOB KaK
cdepa, NUINHID U JIUCK, TPEeJIYCMOTPEHO TAKXKe HAJIOXKEHNE Ha HUX
TekcTyp. st 9TOro 10CTaTOYHO BHI3BATH KOMAH/TY

void gluQuadricTexture (
GLUquadricObj* quadObject
GLboolean textureCoords)

¢ napaMmeTpoM textureCoords pasabiM GL TRUE, u Torja Tekyas
TEKCTypa OyIeT aBTOMATUYECKN HAKJIAIBIBATHCS HA TPUMUTHUB.
Bropoit MeTon peanmn3yeTcsd ¢ TOMOIIHIO KOMAHT,

void glTexGen[i f d] (GLenum coord, GLenum pname,
GLtype param)

void glTexGen|[i f d]v (GLenum coord, GLenum pname,
const GLtype sparams)

ITapamerp coord omnpejnesisier Jjisi KaKOil KOOPAMHATHI 3a/1aeTCs
dopmyna, u MoxkeT mpuHuMaTh 3uadenne GL S, GL_T; pname Mo-
JKeT OBITH PABEH OJHOMY W3 CJIEIYIONMINX 3HATCHUI:

GL TEXTURE GEN_ MODE —3agaer ¢QyHKIUO a1 Ha-
JIOXKEHUST TEKCTYPhl. B 9TOM cirydae aprymMeHT param TpUHU-
MaeT 3HAYCHUS:

GL OBJECT LINEAR - 3nauenue COOTBeTCTBYIOIIeil
TEKCTYPHOI KOOPIUHATHI OMPEJIEISIeTCs PACCTOSTHUEM JI0
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MJIOCKOCTH, 3aJaBaeMoil ¢ TIOMOIIBbI0 3HAYEHWS pname
GL_OBJECT_PLANE (cum. mumzke). @opmysia BBITJIAIAT
CJIeIyommM 00pas3om:

g=xTxXptY*Yp+ 2%z, +wkwy

rJIe g — COOTBETCTBYIOIAs TEKCTypHasi KoopamHaTa (S
i p), T,Y,Z,W — KOOPJAUHATHI COOTBETCTBYIOMIEH TOU-
K. Tp,Yp, Zp, Wp — KODDUIIEHTE! ypaBHEHH IIIOCKO-
cru. B dopmysie ncnosib3yrorces KOopanHaThl 00bEKTA.

GL_ EYE LINEAR —ananornuno GL_OBJECT_LINEAR,
TOJIBKO B (DOpMYJie UCIOJIb3YIOTCS BUIOBbIE KOOPINHATHI.
T.e. KOOpAMHATHI TEKCTYPHI O0BEKTA B 9TOM CJIydae 3a-
BUCSIT OT TIOJIOKEHUS 9TOr0 00bEKTA.

GL_ SPHERE MAP — no3pojger sMylIupoBaTh OTpazKe-
Hre OT noBepxHoctu obbekTa. Tekcrypa Kak Obl «000-
padmBaeTcsi» BOKPYT oObekTa. [[jis JamHOTO MeToma mc-
MOTB3YIOTCS BUOBBIE KOOPAMHATHI U HEOOXOJAMMO 3a/1a-
HUEe HOpMaJIeil.

GL_ OBJECT PLANE —mnosBosger 3aJaTh IJIOCKOCTb, Pac-
CTOSTHTE JI0 KOTOPOI OYIeT NCIIOIB30BATHCS TPHU TeHEPAIIAN KO-
opamHat, ecau ycranopaen pexxum GL_ OBJECT LINEAR. B
9TOM CJIydae MapaMeTp params SBJISeTCS YKa3aTeJleM Ha Mac-
CUB U3 YeThIpex KO3 UIHMEHTOB yYpaBHEHUS ILJIOCKOCTH.

GL _EYE PLANE —ananornyno npefpiayiemy snadenuto. [Toz-
BOJISET 33/]1aTh IJIOCKOCTH /i pexkuma GL EYE LINEAR.

IL.)'[SI YCTaHOBKHN aBTOMATUYIECKOI'O PE2KUMa 3aJaHUA TEKCTYPHbIX
KOOpJMHAT HEoOXOanMO BBI3BaTh KoMmaHmay glEnable ¢ mapamerpom
GL TEXTURE GEN_S nan GL_TEXTURE GEN _P.

IIporpaMmma, HCIOMBL3YIONIAT HAJIOKEHNE TEKCTYPHI I AHUMAIIHIO,
MIPUBE/IEHA, B PUJIOKEHUHN B.
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6.4. KoHTpOJIbHBIE BONPOCHI

1) YTo Takoe TEKCTypa U I Yero WCHOJb3yIOTCS TEKCTYPhI?

2) Yro Takoe TEKCTypHBIE KOODJAUHATEL U KaK 33/aTh UX s 00b-
ekTa?

3) Kakoii MeTo/] B3anMO/IeliCTBIS ¢ MATEPUATIOM HYKHO HUCIIOJIb-
30BaTh, €CJIM TEKCTyPa MPEACTABJIAET COOONl KapTWHY, BUCH-
myto Ha crene (GL_MODULATE, GL_REPLACE)?

4) Ilepeuncaure U3BECTHBIE BAM METOJbI T€HEPAINH TEKCTYPHBIX
koopauaar B OpenGL.

5) st 9ero uCmob3y0TCs YPOBHE JeTATH3AIIHA TeKCTYPhI (mip-
mapping)?

6) Yro Takoe pexkumMbl (bUALTPAIMU TEKCTYPbl M KaK 3a/aTh MX
B OpenGL?






I'maBa 7.

Onepanuu ¢ NUKCeJIsiMU

[Tocsie mpoBemenmnst Bcex omeparwii O MPeoOPA3OBAHUIO KOOP-
JIMHAT BEPINWH, BhlumcjeHus: nsera u T.1., OpenGL mepexomut K
9TaIly PacTepusaliii, Ha KOTOPOM MPOUCXOIUT PACTEPUIAIUST BCEX
[PUMUTHUBOB, HAJOXKEHUE TEKCTYpPhI, HajoXKeHne 3pdeKTa TyMaHa.
Jlast KaXkJ0r0 TPUMUTHBA PE3YJIBTATOM ITOTO MPOIECCA, SIBJISIETCS
3aHuMaeMas uM B Oydepe Kajapa 00/1aCTh, KayKIOMY MMUKCEJI0 ITO
00J1aCTV IPUITUCHIBAETCS [[BET U 3HAYEHUE IJIyOWHBI.

OpenGL ucnosb3yer 3ty uHdOpMaInuo, 9T0ObI 3ancaTb 0OHOB-
JIeHHBIE JaHHbIe B Oydep kagpa. st sroro OpenGL umeer He ToH-
KO OTJe/IbHBINl KOHBeiliep 00paboTKu muKCce e, HO U HECKOJIBKO J10-
[OJTHUTEIbHBIX OyepoB pa3/IMIHOr0 HA3HAYEHWS. JTO MO3BOJISIET
MpPOTPAMMUCTY TMOKO KOHTPOJIMPOBATH IPOIECC BU3YAJIU3AIUU HA
CaMOM HU3KOM YPOBHE.

I'padpuueckas 6udbamoreka OpenGL mognepxusaer pabory co
caeayrommvu Oydepamvu:

® HECKOJIBKO OydepoB 1BeTa;
e Oydep ryIyOuHbBI;

e Gydep-nakonuTenb (AKKyMyJIsaTop);

89
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e Oydep macku.

I'pynna 6ydepos 1Bera Bkjouaer Oydep kKajapa, Ho Takux Oyde-
poB MoxkeT ObITh HECKOJIbKO. [Ipu ncnosib3oBanunu JBoliHOM Oydepu-
sarmu roopsaT o pabouem (front) m dorosom (back) Gydepax. Kax
npaBuio, B ¢poHOBOM Oydepe mporpamMmma co3iaeT n3obpakeHue, Ko-
TOpOE 3aTeM pa3oM Konupyercs B pabounit 6ydep. Ha sxpane moxer
MOSIBUTHCsT WHMOpMAITUsT TOJTHKO U3 0y(depoB 1Bera.

Bydep rnybunbl ucnosb3yerca A yAAJeHUs HEBUJAUMBIX TI0-
BEPXHOCTeH u mpsiMasi paboTa ¢ HUM TpebyeTrcs KpaiiHe PemKo.

Bydep-nakonurens MOKHO NPUMEHSITH s PA3IAIHBIX OIIEPa-
nnii. Bosee mogpobuo paboTa ¢ HUM ommMCaHA B pasznesne 7.2.

Bydep macku ucnosb3yercs st (hOPMUPOBAHUS THUKCETBHBIX
Macok (TpadapeTor), CysKamux I BhIpe3aHust u3 00Iero Maccu-
Ba TE€X MUKCeJell, KOTOphIe CJIe/IyeT BhIBECTH Ha SKpaH. Bydep macku
n pabora ¢ HUM OoJiee TTOAPOOHO PACCMOTPEHBI B paszmenax 7.3, 8.2
u 8.3.

7.1. CmemmBaHUe wu300pakeHUii W IIPO3pad-
HOCTH

Paznoobpaszubie mpo3padHble 00BHEKTHI — CTEKJIa, TPO3pavuHasd
nocyda W T.JJ. 9aCTO BCTPEYAIOTCA B PEAJIbHOCTU, MOITOMY BazK-
HO YMETh CO3/1aBaTh Takue OOBEKThl B MHTEPAKTUBHON rpaduke.
OpenGL mpejocrapisier TpOrpaMMUCTyY MEXAHU3M PabOThI C MMOJIY-
pPO3pavYHbIMU 0ObEKTaMU, KOTOPBIH 1 Oy/1eT KpaTKO OMUCAH B 9TOM
paszerne.

[IpospadnocThs peann3yercs € MOMOIIBIO CHENUAJIBHOTO DPEKHu-
ma cmemuBanug 11Beros (blending). Asropur™ cMmemuBaHuS KOM-
OUHUPYET IBeTa TaK HA3BIBAEMBIX BXOJAIINUX THKCeTeidl (T.e. «KaH-
JMIATOB» Ha momernenne B Oydep Kaapa) ¢ IBETaMH COOTBETCTBY-
OIUX THUKCeIelt, yKe xpananmxcs B Oydepe. g cmermuBanus
UCHOJIB3yETCAd Ye€TBEPTad KOMIIOHEHTA I_[BeTa*aJH)(ba—KOMHOHeHTa,
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IO3TOMY 3TOT PEXKWM HA3BIBAIOT eme aJibda-cmermmuBanuem. [Ipo-
rpaMMa MOXKET VIIPAaBJATh HHTEHCHUBHOCTHIO ATb(a-KOMIIOHEHTHI
TOYHO TaK »Ke, KaK 1 WHTEeHCHBHOCTHIO OCHOBHBIX I[BETOB, T.e. 33/1a-
BaTh 3HAYEHUE WHTEHCUBHOCTH JIJIA KaXKJOTO MUKCETT WA KaXKI0M
BEPINUHBI MPUMUTHUBA. PeXXUM BKIIOYAETCST C MOMOIIBI0 KOMAaHIbI
glEnable(GL_BLEND).

OnpejiesiuTh napaMeTpbl CMEIUBAHUS MOXKHO € HOMOIIBIO KO-
MAaH/IbI:

void glBlendFunc(enum src ,enum dst)

[Tapamerp src ompeenisieT KaK MOJyduTh KO3 dunuent ki uc-
XOJIHOTO I[BeTa THUKCEs, a dst 3amaer crmocob mosyuenus Kodhdu-
nuenTa ko 775 1Beta B Oydepe kasapa. g mosyuenus pe3yabTH-
PYIOIIEro IBETa HCIOJB3YETCS CAEIYIOIast (pOpMyIa: res = Cgpe *
k1 + cgst * ko, € Cgpe — BT UCXOTHOTO TUKCEJIS, Cgst — ITBET MHKCE-
s B Oydepe kazapa (res, ki, k1, Csre, Cdst — IE€TBIPEXKOMIIOHEHTHBIE
RGBA-BexTOpBHI).

[IpuBenem manbosiee 9acTO UCIOIB3yEMbIE 3HAUEHUS AIPYMEHTOB
src 1 dst.

GL_SRC_ALPHA k= (A, A,, A, A)
GL_SRC_ONE_MINUS ALPHA
k=(1,1,1,1) — (As, A, Ay, Ay)
GL_DST_COLOR k = (R4, G, Bg)
GL_ONE_MINUS_ DST COLOR
k=(1,1,1,1) — (R4, Gy, Ba, a)
GL_DST_ ALPHA k= (Ag,A—d A—d,Ay)
GL_DST_ ONE_MINUS ALPHA
k=(1,1,1,1) — (Ag, Ag, Ad, Ag)
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GL SRC_ COLOR k = (Rs,Gs, Bs)
GL_ ONE_ MINUS SRC COLOR
k= (17 17 11 1) - (Rstsz&AS)

ITpumep: TPeAmOI0KNM, MBI XOTHM PeaJn30BaTh BHIBOJ, MPO-
3padHbIX 00beKTOB. Koadduiment mpospadnoctu 3a1aercst aabda-
kommoHeHTOi 1Berta. Ilycts 1 — menpospaunbiii 06bekT; () — abco-
JIFOTHO TIPO3PAYHbIiL, T.€. HeBUAUMBIA. [[J1s1 peasn3anuu CJiyKuT Ciie-
AYIOUNA KOA:

glEnable (GL_BLEND) ;
glBlendFunc (GL_SRC AIPHA, GL ONE_MINUS SRC AIPHA);

Hanpumep, moaynpo3padsblii TPEyroJbHUK MOXKHO 33aTh CJie-
JIYIOIMIIM 00pa30oM:

glColor3f(1.0, 0.0, 0
glBegin (GL_TRIANGLES)
glVertex3f (0.0, 0.0
glVertex3f (1.0, 0.0, 0.0);
glVertex3f(1.0, 1.0, 0.0)
glEnd ();

Ecyiu B ciiene ecTb HECKOJBKO MPO3PAYHBIX 00bEKTOB, KOTOPHIE
MOT'YyT TIePEeKPBIBATH JAPYT JPyTra, KOPPEKTHHBII BBIBOJ] MOYKHO T'apaH-
TAPOBATH TOJIBKO B CJIydae BBIIOJHEHNS CICAYIONUX YCIOBUM:

e BCe MPO3PAYHBbIE 00BEKThI BHIBOISITCS TTOCTE HETPO3PATHBIX;

® IIpU BBIBOJIE OOBEKTHI C MIPO3PATHOCTHIO JOJIXKHEI OBITH YIIOPSI-
JIOY€HbI 110 yMeHb]_HeHI/HO FJ'[y6I/IHI)I, T.€. BBIBOJAUTHCA, HAYMHAA
¢ HamboJIee OTHAJEHHBIX OT HADJIIOTATEI.

B OpenGL komans 06pabaThHIBAIOTCS B TOPSIKE WX MOCTYII-
JIEHUsI, TIO9TOMY JIJIsT PEATU3AINY [TEPEUNCTEHHBIX TPeOOBaHUH 110~
CTATOYHO PACCTABUTH B COOTBETCTBYIOIIEM MOPSIIKE BHI30BBI KOMAH,T
glVertex, HO m 9TO B 00TIEM C/Iy9Iae HETPUBHUATIHHO.
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7.2. Bydep-nakonurenb

Bydep-nakonurens (accumulation buffer) —sto ogun u3 momos-
HuTebHBIX 0ydepo OpenGL. B HeM MOXKXHO COXPaHSIThH BU3YyaTU3H-
pOBaHHOE M300paKEHUE, MPUMEHsIsT TTPU 9TOM TOMUKCETHHO CIIEITH-
aJbHBIE onepalnu. Bydep-HaKOIuTe/ b MUPOKO UCIOIB3YEeTCH It
COBJIaHMS PA3JINIHBIX CIendddOEKTOB.

N3ob6pazxenne Gepercsa n3 Oydepa, BLIOPAHHOIO Ha UTEHHE KO-
MaHIO01

void glReadBuffer (enum buf)

Apryment buf onpejensier 0ydep Jis urenusi. 3HadeHusi buf,
paBable GL BACK, GL FRONT, omnpefe/dioT COOTBETCTBYIOIINE
o6y deps! mBeta g urenusi. GL_BACK 3a7aeT B Ka4eCTBE UCTOTHU-
Ka mmkceseil BHeskpanubiit 6ydep; GL FRONT — tekyiee comep-
JKUMOe OKHA BbIBO/A. KoMaH1a nMeeT 3HaUeHne, eCIU UCTIOIb3YeTCs
nybaupyromasa O0ydepusamnusa. B nporuBHOM CiIydae MCIOIb3yeTCst
TOJILKO OfiuH 6ydep, COOTBETCTBYOIMUI OKHY BBIBOJIA (CTPOTO TOBO-
pst, OpenGL umeer HabOp HOMOJTHUTEIBLHBIX OydepoB, UCIOJIb3Ye-
MBIX, B YACTHOCTH, JI/isi pabOThI CO CTEpeon300pakKeHNIME, HO 3/1eCh
MBI MX PacCMaTpUBaTh HE Oyjem).

Bydep-nakonuresns sBiagercsd 0M0IHUTEIbHBIM OydepoM 1IBeTa.
OH He HUCIIOJIB3YETCsI HEITOCPE/ICTBEHHO JIJIs BBIBOJIa 0OPA30B, HO OHU
100aBJIAIOTCS B HET'O 1MOC/Ie BbIBOJA B ojuH u3 0ydepos nsera. [1pu-
MeHsis PA3/IUYHbIE OMEPAIUN, OIUCAHHbIE HUXKE, MOKHO [TOHEMHOI'Y
«HAKAILUIMBATHY u300paxenue B Oydepe.

3areM MoJIyueHHOE U300parKeHrne ePeHOCuT st u3 0ydepa-HaKo-
nuresid B ojuH u3 6ydepos 1Bera, BEIOpAHHBIH HA 3aIUCH KOMAH/I0M

void glDrawBuffer (enum buf)

Snadenne buf aHAJIOTWYHO 3HAYEHWIO COOTBETCTBYIOIIETO aAPTy-
MeHTa B KoMaH/ie glReadBuffer.

Bce omnepamuu ¢ 6ydepom-HaKonuTEe €M KOHTPOJUPYIOTCA KO-
MaHIO01
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void glAccum (enum op, GLfloat value)

AprymeHT op 3ajlaer Omeparuio HaJl MUKCEJSIMA ¥ MOXKET pH-
HUMATh CJIEYIONIE 3HAUYCHUI:

GL LOAD —nukcenb 6epercd u3 Oydepa, BHIOpAaHHOTO HA 4UTe-
HUe, ero 3HAYEHNEe YMHOXKAETCs Ha value u 3anocurcs B Oydep-
HaKOIIUTE/Ib;

GL ACCUM — aHajoruvHO MpEbIIyIIeMy, HO TOJIYIeHHOEe I10-
CJIe yMHOXKEHUST 3HAYEHUE CKJIAIbIBAETCS C YK€ UMEOINMCSI B

Oydepe;

GL MULT —sra omepalius yMHOXKAET 3HAUYEHNE KAXKIOTO ITHK-
cessi B Oydepe Hakomenus Ha value;

GL ADD — anajorudao npeabiIyIeMy, TOJIbKO BMECTO Y MHOYKE-
HUS UCIIOJIb3YETCS CJI0XKEHUE;

GL RETURN — UM3obpaxenne mepeHocuTcs n3 Oydepa HAKO-
nutesst B Oydep, BoiOpannbiit s 3anucu. [lepes stum 3uage-
HUEe KaXKJI0ro MUKCeIs yMHOXKaeTcs Ha value.

Crenyer oTMETUTD, YTO JIjid UCIOJIb30BaHusA 0ydepa-HaKomuTe-
JIT HeT HeOOXOAMMOCTH BBI3BIBATHL Kakme-TuO0 Komauanl glEnable.
JlocTaTo9HO MHAMAIM3UPOBATH TOJIHKO caMm Oydep.

IIpumep wmcmonb3oBanus Oydepa-HAKONMUTE ST JIsi YCTPAHEHUS
MOTPEITHOCTel pacTepu3aluy (CTYIeHIATOCTH) TPUBEIEH B pasje-
ge 8.1.

7.3. Bydep mackn

IIpu BrIBOTE IUKCEIEH B Oydep Kaapa HHOTIa BOSHUKAET HEOOXO-
AVNMOCTH BBIBOJWTH HE BCE€ TMKCEJIN, a TOJIHBKO HEKOTOPOE IMMOAMHOXKE-
CTBO, T.€. HAJOXKUTEL Tpadaper (MacKy) Ha m3obpaxkenue. [Ias 510~
ro OpenGL npemocrasisier Tak nazpiBaembliit Oydep macku (stencil
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buffer). Kpome manoxennst mackm, 3ror 6ydep npesocraBser emie
HECKOJIbKO MHTEPECHBIX BO3MOXKHOCTEIA.

[Ipex e gem nmomecTuTh nUKCeb B Oydep Kapa, MEXaHU3M BU-
syasmsarun OpenGL mo3BoJisieT BBITIOJHUTE CpaBHEHHE (TeCT) MeK-
Iy 3aJaHHBIM 3HaUYeHWeM u 3HadeHueM B Oydepe macku. Eciu tect
[IPOXOJIUT, UKCEJIb pucyeTcd B bydepe Kajpa.

Mexanu3m cpaBHeHUs BeCbMa I'MO0K U KOHTPOJIMPYETCs CIeIyT0-
[IUMU KOMAHTaMU:

void glStencilFunc (enum func, int ref, uint mask)
void glStencilOp (enum sfail , enum dpfail ,
enum dppass)

Apryment ref komanb! glStencilFunc 3aaer 3Hadenue Jjist CpaB-
mennga. OH J0/KeH mpuHuMaTh 3HadeHne or 0 mo 2s — 1, rae s —
4yucso 6bur Ha TOuKy B Oydepe macku.

C momormpio aprymenTa func 3ajaercst (pyHkius cpasuennsi. Ox
MOXKeT TPUHUMATD CJIETYIONIe 3HATeHN:

GL NEVER —recr nukorja He HPOXOJMT, T.e. BCer/la BO3Bpa-
maet false;

GL ALWAYS — rect npoxomutT Bcerja;

GL_LESS, GL_LEQUAL, GL_EQUAL
GL_GEQUAL, GL_GREATE, GL_NOTEQUAL — recr

TMPOXOJUT B Caydae, ecau ref COOTBETCTBEHHO MEHBIIE 3HAUE-
uuga B Oydepe macku, mMeHbine jub0 paBeH, paBeH, OOjbIie,
bosbIre OO paBeH, W HE PABEH.

Apryment mask 3amaer Macky s 3nadenwit. T.e. B uTore s
9TOTO TecTa mojtydaeM cieaytorryio dhopmyry: ((ref AND mask) op
(svalue AND mask)).

Kowmanma glStencilOp mpeanaznadena st OTpeae/IeHnst JefiCTBIi
HaJI uKcesieM Oydepa MacKu B CIydae MOJT0KUATETHLHOTO WA OTPH-
MATEILHOTO PE3YIHTATA TECTA.
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Apryment sfail 3agaer geiicTBUe B CIydae OTPUIIATENIHHOTO pe-
3yJIbTaTa TeCTa, U MOXKET IPUHUMATH CJIEIYIONINEe 3HAYECHUI:

GL_KEEP, GL_ZERO, GL_REPLACE, GL_INCR

GL DECR, GL INVERT — coOTBeTCTBEHHO COXpaHAeT 3Ha-
qenne B Oydepe Macku, OOHY/IsIET €ro, 3aMeHsdeT HA 33JaHHOe
snavenne (ref), yBeMUNBAELT, YMEHBINAET UM MOOHTOBO WH-
BEePTUPYET.

AprymenTsr dpfail onpegesior neiicTBus B CIydae OTPUIATE b
HOTO pe3y/jbTaTa TecTa Ha rayomuy B z-Oydepe, a dppass 3ajaer
JIeficTBIE B Caydae TOJOKUTETHLHOTO Pe3yabTaTa 9TOTO TecTa. Ap-
TyMEHTBI NIPUHUMAIOT Te ke 3HadeHus, 9To u apryment sfail. Ilo
YMOJTIAHUIO BCe Tpu mapamerpa ycranosiaens Ha GL  KEEP.

g BKJIIOUYeHUsT MAaCKUPOBAHUs HEOOXOIUMO BBITIOJTHUTH KOMAH-
ay glEnable(GL_STENCIL TEST);

Bydep macku ucnosb3yercs npu co3jaHuu Takux crendddek-
TOB, KaK 11a/Iaf0II1e TeHN, OTPAYKEHNs, IJIABHBIE [IEPEXOJIbl U3 OJIHO
KapTUHKHU B JAPYTYIO U TIP.

IIpumep ucnosib3oBanus 6ydepa MaCKW TPU MOCTPOEHUU TeHE
7 OTPaXKeHWii MpuBeJieH B pasjgenax 8.2 u 8.3.

7.4. YnpaBJjieHue pacTepu3aliueii

Cri0c00 BBITIOJIHEHUS PACTEPUBALIAN TPUMUATHBOB MOXKHO YaCTHI-
HO peryanpoBarh KoMauaoi glHint (target, mode), roe target — Buzg
KOHTPOJIUPYEMBIX JeHACTBUI, MPUHUMAIOIIUNA OJHO U3 CJIEAYIONIUX
3HAYCHUN:

GL FOG_ HINT — To4HOCTb BBIMHC/ICHUI DU HAJOXKEHHU TY-
MaHa. BbrYncjieHns MOTYT BBIMOJHATHCSA IO MUKCETAM (HAU-
6OoJIbITIast TOYHOCTH) WJIM TOJBKO B BepmmHax. Ecim peanmsa-
st OpenGL He mosep:KuBaeT MOTUKCEIHHOTO BRIUUCIEHNUSI,
TO BBITIOJIHSIETCS] TOJIBKO BBIYUCJIEHNE TI0 BEPIITHHAM;
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GL LINE SMOOTH _ HINT — ynpabjieHue KaueCTBOM Ips-
mbix. [lpu 3nagennn mode, paBabiv GL  NICEST, ymenbimna-
eTCsI CTYMEHYATOCTh MPAMBIX 33 CYET DOJIBINEr0 YUCTIa TUKCe-
Jieil B IPAMBIX;

GL PERSPECTIVE CORRECTION HINT — tounoCTbH
UHTEPIIOJIAIUN KOODIUHAT IIPU BEIYUCEHUY [IBETOB U HAJIOZKE-
Hun Tekcrypbl. Ecin peasmsanus OpenGL wHe nojiepkuBaer
pexkxum GL NICEST, To ocyiecrsiisiercs JiuHeiiHas UHTEP-
TMOJIATINS KOOPIWHAT;

GL_ POINT SMOOTH_ HINT — ynpabjenue Ka4eCTBOM TO-
gek. [Ipu 3navenun mapamerpa mode, papaom GL NICEST,
TOYKU PUCYIOTCA KaK OKPY>KHOCTH;

GL POLYGON_ SMOOTH _ HINT — ynpasjenue KadJe-

CTBOM BbIBO/Ia CTOPOH MHOT'OYT'OJIbHUKA.

[Tapamerp mode naTEPHIIPETUPYETCS CJIEIYIOIIUM 00PA30OM:
GL_ FASTEST — ucnombsyercsa Hanbo/iee ObICTDLIH alropUTM;

GL NICEST — ucnosb3yercs aaropursm, 00ecrnednBatommii Iy -
1ee KauecTBo;

GL DONT _ CARE —Bbl0O0p ajiropurma 3aBUCHT OT pea/iusda-
IIAN.

Baxmno 3amernth, uTo KoManmo# glHint() mporpaMMmuCT MOZKeT
TOJIBKO OMIPEAC/INTH CBOU TOXKEJIaHUA OTHOCUTEJIBHO TOTO WJIM WHO-
ro acmeKTa pacTepmsanuu TpuMUTHBOB. KoHKpeTHas peasm3amus
OpenGL Brupase urHopupoBaTh JTaHHBIE YCTAHOBKH.

O6pature BuuManue, 9To glHint () HEIb35 BHIBBIBATH MEXKTY OIe-
paropHbiME cKoOkamu glBegin() /glEnd().
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7.5.

)

2)

3)

4)

KonaTposbHBbIE BOIPOCHI

Kakue 6ydepnr nzobpakenuit ucnosb3yorcs B OpenGL u mjist
qero?

st wero ucnosibsyercs komanjia glBlendFunc?

[Touemy 7151 KOPPEKTHOTO BHIBOJIA TPO3PAUHBIX 00BEKTOB TPE-
Oyercst COOIIOeHNE YCAOBUN YIIOPSITOYEHHOTO BBIBOIA TTPUMIU-
THUBOB C IPO3PAYHOCTHIO?

g gero ucnonb3yercs Oydep-unakonurens? Ilpusenure npu-
Mep paboThl C HUM.

Kak B OpenGL MOXKHO HAJIOXKATH MACKy Ha pe3yJIbTHPYIOIIee
n3obpazkenue?

ObbscanTe, A7 9er0 mpuMeHATCs KoMmarga glHint ().

KakoB 3¢ derT BBITTOTHEHNST KOMAHIBI
glHint(GL_FOG_HINT, GL_DONT_CARE)?



Yacte 11

IIpuemnbr paborel ¢ OpenGL
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I'maBa 8.

I'pacdpudeckmne aaropuTMbl
Ha ocuoBe OpenGL

B sroit riiaBe mbl pacemorpum Kak ¢ nomornsio OpenGL co-
371aBaTh HEKOTOpPbIE WHTEPECHBbIE BU3yasbHbIE 3(D(HEKThI, HEIOCPeI-
CTBEHHAS TTOIEPIKKA KOTOPBIX OTCYTCTBYET B CTAHIApTE OUOIMOTE-
KH.

8.1. YcTrpaHeHmUe CTyIeH4YaTOCTH

Haunewm ¢ 3aaum yerpanenus crynenaaroctu (antialiasing). 9d-
dexr crynmenuarocru (aliasing) BO3HHKAET B pe3ysbTaTe MOTPEITHO-
creil pacrepusaluy TPUMUTUBOB B Oydepe Kajapa m3-3a KOHEIHOTO
(1 KaK mpaBm/I0, HEOOIBIIOTO) paspermtenus oydepa. EcTb HeCcKOTBKO
[IO/IXO/IOB K PEIIeHuio ganuoi mpobsiembr. Hampumep, MOKHO 1pu-
MeHSTH (PUIBTPAIINIO TTOJYIeHHOI0 n300pazkenus. Takxke 3Tor 3¢-
deKT MOXKHO YyCTPAHATH HA ITANE PACTEPUIAINH, CIUIAKIBas 00pa3
KaKJIOTO MPUMUTUBA. 37€Ch MBI PACCMOTPUM TTPUEM, TTO3BOJISTOIIN
yCTPaHSITh TMOA00HBIE apTedaKThl /i BCEil CIIEHBI TIETUKOM.

Jmst Kazk10r0 Kapa HEOOXOIMMO HAPWCOBATH CIIEHY HECKOJIBKO

101



102 Inasa 8. I'paduveckue anzopummos na ocnose OPENGL

pa3, Ha KaXXJOM TIPOXO0/e HEMHOTO CMeIasi KaMepy OTHOCHUTETHhHO
Ha4YaJbHOTO MojioKeHus. [lojioxkenns: kaMep, HaIIpUMeEp, MOTYT 00-
Pa30BBIBATH OKPYKHOCTh. FCm cIBUT KaMepbl OTHOCUTEJIHHO Mall,
TO MOI'PEIIHOCTU JUCKPETU3allUHU MPOABATCA IO-PAa3HOMY, U, yCpel-
Hed TOJIy9eHHbIEe n300parKeHusi, Mbl IIOJIY9IUM CrJIayKEHHOE M300pa-
JKeHue.

IIpore Bcero caBurarh mo0keHne HAOIIOIATE IS, HO TIEPE] ITUM
HYKHO BBIYUCJIUTH Pa3Mep CJABUTA TaK, YTOOBI MIPUBEJEHHOE K KOOP-
JIMHATAM 9KPpaHa 3HAYEHUEe He ITPEBBIIIAJI0, CKayKeM, MOJIOBUHBI pa3-
Mepa MHUKCeJId.

Bce nostyaennbie n3obpaxkenus coxpansieMm B Oydepe-nakomnure-
se ¢ Koaddurmentom 1/n, rge n— 9uCI0 NPOXOJIOB /it KAZKJIOIO
Kagpa. dem 6oJblIe TAKUX MPOXOIOB — TEM HUXKE IIPOU3BOINTETb-
HOCTB, HO JIy4Ille Pe3y/IbTaT.

for (i=0;i<samples count;++i)
// obwuno samples count aexcum 6 npedeaaxr om 5 do 10
{
ShiftCamera(i); // cdeuzaem xamepy
RenderScene ();
if (i==0)
// ma mepeol umepayuu 3azpyosrcaem u3zobpasicenue
glAccum (GL_LOAD,1/( float )samples count);
else
// dobasasem ¥ yorce CYULLCMBYOUEMY
glAccum (GL_ACCUM, 1/ ( float )samples count );

}

// Tuwem mo, wmo noaywuaocv , Ha3ad 6 ucrodnui OGydep
glAccum (GL_RETURN,1.0);

Crenyer oTMeTUTh, YTO yCTPAHEHUE CTYIEHYATOCTH CPA3y JJId
BCeil CIleHbl, KaK ITPaBUJI0, CBI3aHO C CEPhEe3HBIM MaIeHNeM ITPOU3BO-
JUTEeTHHOCTH BU3YAJIU3AINN, TaK KaK BC CIIeHa PUCYETCH HECKOJTHKO
pa3. CoBpeMeHHbIE YCKOPUTEJN OOBIYHO AMMapaTHO PEATn3yioT JpPY-
TVe METOJIbI.
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8.2. IlocTpoenue TeHei

B OpenGL mer BcTpoeHHO# MOAEp:KKNA MTOCTPOEHUsT TEeHEH Ha
ypoBHe 0a30BbIX KOMaH[. B 3HaunTe/IbHON CTemeHu 310 00bsiCHsI-
€TCs TeM, 9TO CYIIEeCTBYeT MHOXKECTBO AJITOPUTMOB UX ITOCTPOEHUS,
KOTOpbIE MOI'YyT ObITh peasm3oBanbl yepes pyukiuu OpenGL. ITpu-
CYyTCTBHUE TEHEHl CUJIbHO BJIUSET HA PEAJTUCTUIHOCTH TPEXMEPHOIrO
n300paXKEeHUsl, MOITOMY PACCMOTPUM OJIMH W3 TOJX0J0B K HUX I10-
CTPOEHHUIO.

Bo/ibmuHCTBO arOpuTMOB, PeTHA3HAYEHHBIX JIJId TIOCTPOEHMS
TeHell, UCIOJIB3YIOT MOAU(UITUPOBAHHbIE ITPUHITUIIBI TIEPCIIEK TUBHOI
MpOeKIun. 3/eCh PACCMATPUBALTCS OJMH U3 CAMBIX IIPOCTHIX METO-
710B. C ero moMOIIbI0 MOXKHO MOJIy4aTh TeHH, 0TOpachiBaeMble TPeX-
MEPHBIM 00bEKTOM HA IMLJIOCKOCTh.

O6mmit moaXoa TaKOB: JJI BCEX TOYEK OOBHLEKTAa HAXOJUTCS HX
[POEKINS MAPAJJIEIBHO BEKTOPY, COEJMHAIONIEMY JTaHHYI0 TOYKY W
TOYKY, B KOTOPOIl HAXO/IUTCs UCTOYHWK CBETA, HA HEKYIO 33/[AHHYIO
IJIOCKOCTh. Tem caMbIM IOJIydaeM HOBbIH O00bEKT, EJMKOM JIeXKar-
Uil B 33JaHHOM TJIOCKOCTH. DTOT O0BEKT U ABJISIETCS TEHBIO MCXOJ-
HOTO.

PaccmoTrpum Maremaruyeckue OCHOBBI JAHHOTO METO/IA.

IIycrb:

P —rTouka B TpexMepHOM IPOCTPAHCTBE, KOTOpas OTODPACHIBAET
TEHbD.

L —momoxenne nCTOYHMKA CBETA, KOTOPBIN OCBEITAET JAHHYIO TOU-
KY.

S=a(L—P)— P —rtouka, B KOTOPYIO OTOpaCHIBAET TE€Hb TOYKA
P, rne a — napamerp.

[Ipeanmosoxknm, 9TO TeHBb TaJaeT Ha MIOCKOCTHL z = (. B sTom
caydae a = zp/ (2 — zp). CnemoBarensHo,
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s = (zpu — 2zp)/ (21 — 2p)
ys = (Ypz1 —uizp)/ (21 — 2p)
Zs = 0

Beegem ogHOpPOIHBIE KOOPIUHATHI:

xs = al/wl
Ys = yg/wg
Zs = 0

wy, = 21— 2p

Orcrona KOOpAMHATHL S MOTYT OBITH MMOJIy9eHbI C UCIIOIb30BAHN-
eM YMHOXKEHUs] MAaTPUI] CJIELYIONUM 00pa3oM:

2 0 0 O
0 0 0
(:U’ y, 0 w;):(xs Ys Zs 1) 2 j?lJl 0 1
0 0 0 z

st Toro, 9TOOBI AJITOPUTM MOT PACCINTHIBATEH TE€HB, MAIAIOILY IO
Ha MTPOU3BOJBHYIO IJIOCKOCTh, PACCMOTPUM TPOU3BOIHHYIO TOUKY HA
JmHuA Mexky S u P, TpeICTaBIeHHYIO B OTHOPOIHBIX KOOPIUHATAX:

aP + bL, tie a u b— ckajasgpHbIe TapaMeTphl.

Crenyromast MaTpuIia 33a€T TJIOCKOCTH Tepe3 KOOPAWHATHI ee
HOPMAJIN:

Tn
G = Un
Zn

d

Touka, B KOTOPOii Jiyd, MIPOBEIEHHBII OT UCTOYHUKA CBETA Iepe3
JMaHHYIO0 TOUKY P, mepecekaeT maockocTh (G, OTpee/isieTCs mapaMeT-
pamu a u b, yJOBIETBOPSIONIMME CJIE/IYIOIIEMY YDPABHEHWIO:
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(aP +bL)G =0

Orcioma nonyuaem: a(PG)+b(LG) = 0. Dromy ypaBHEHHIO y/10-
BJIETBOPSIIOT

a=(LG),b=—(PG)

CiesoBareibHO, KOOPAMHATHL UCKOMON Touku S = (LG)P —
(PG)L. Ilonb3ysich acCOUATHBHOCTHI0 MATPIUIHOTO TPOM3BEICHNSI,
HIOJIy YAM

S = P[(LG)I — GL] (8.1)

rae | —equHWYIHAS MaTPUIIA.

Marpuna (LG)I — GL wcnonb3yercst jiisi NOJyYeHusl TeHeil Ha
IIPOU3BOJILHOM IIJIOCKOCTH.

PaccMoTpuM  HEKOTOpBIE ACIeKThl MPAKTUYECKON peasm3anun
JanHoro Meroja ¢ nomoinbo OpenGL.

[Ipeanonoxkum, aro marpuna floorShadow ObL1a panee mosydeHa
mamu u3 dopmyssl (LG)I — GL. Crepyrouuii Koz ¢ ee mOMOIIBIO
CTPOUT TEHU JJist 3aJaHHOM 11JIOCKOCTHU:

/* Busyaausupyem cuyeny 6 06vunom pestcume x/
RenderGeometry ();

/* lenaem menu NOAYNPOZPAUHBMY € UCTLOADI0EAHUEM
cmewusanus ysemos (blending) */
glEnable (GL_BLEND) ;
glBlendFunc (GL_SRC_ALPHA,GL_ONE_MINUS SRC ALPHA);
glDisable (GL_LIGHTING ) ;
glColor4f (0.0, 0.0, 0.0, 0.5);
glPushMatrix ();
/* Ilpoeyupyem menv */
glMultMatrixf (( GLfloat %) floorShadow );
/% Busyaausupyem cuyeny 6 npoexyuu x/
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RenderGeometry () ;
glPopMatrix ();
glEnable (GL_LIGHTING) ;
glDisable (GL_BLEND);

Matpura floorShadow moxker 6bITh MOTydYeHa 3 ypaBHenus 8.1
C TIOMOIIBIO cJieaytomieit pyHkimm:

/* napamemput :

plane — xoadduyuenmv, ypasHenus NAOCKOCTU
lightpos — wxoopdunamo, ucmouruka ceema
6o3epawsaem : Mmatriz — Ppe3ysbMUPYIOULET MAMPUUDL

*/

void shadowmatrix (GLfloat matrix[4][4],
GLfloat plane[4],
GLfloat lightpos[4])

{

GLfloat dot;
dot = plane|[0] * lightpos|[0] +

plane[1] * lightpos[1l] +

plane [2] = lightpos|[2] +

plane[3] x lightpos|[3];
matrix [0][0] = dot — lightpos[0] = plane[0];
matrix [1]][0] 0.f lightpos[0] * plane[1];
matrix [2][0] 0.f — lightpos[0] * plane[2];
matrix [3][0] 0.f — lightpos[0] * plane[3];
matrix [0][1] 0.f lightpos|[1] = plane|[0];
matrix [1][1] dot lightpos[1l] * plane[1];
matrix [2][1] 0.f — lightpos[1] * plane[2];
matrix [3][1] 0.f — lightpos[1] * plane[3];
matrix [0][2] 0.f lightpos[2] = plane|[0];
matrix [1][2] 0.f lightpos[2] * plane[1];
matrix [2]][2] dot lightpos[2] * plane[2];
matrix [3][2] 0.f — lightpos[2] * plane[3];
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matrix [0][3] = 0.f — lightpos[3] * plane[0];
matrix [1][3] = 0.f — lightpos[3] = plane[1l];
matrix [2][3] = 0.f — lightpos[3] = plane[2];
matrix [3][3] = dot — lightpos[3] = plane[3];

3aMerumM, 4TO TEHHU, MOCTPOEHHBIE TAKUM 00pa30M, UMEIOT Psijl
HEJIOCTATKOB!:

e OnucaHHBIN AJTOPUTM MPEIIOIATAET, UTO MJIOCKOCTH OEeCKo-
HEYHBI, 1 HEe 0TPE3aeT TeHN 10 Tpanuiie. Hanpumep, eciin HEKO-
TOPBIT 00BEKT 0TOPACHIBAET TEHBb HA CTOJI, OHA HE OyIeT oTce-
KaThCs TI0 TPaHUIE, U, TeM OoJiee, «3aBOPAUUBATHCI» HA OOKO-
BYIO MTOBEPXHOCTH CTOJIA.

e B HekoTOphIX MecTax TeHel MoxKeT HabIoaaThCs PdeKrT
«aBoitroro cmenmBanus» (reblending), T.e. TemHbIe TATHA B
TeX y9IaCTKAX, IJIe CIIPOEINPOBAHHBIE TPEYTOTBHUKN T€PEKPHI-

BaIOT JIPYT JAPYTa.

e C yBenwdeHmeM 9MCIa MOBEPXHOCTEH CI0KHOCTH AJTOPUTMA,
PE3KO yBeJIMYUBAETCA, T.K. IS KaK/I0U MOBEPXHOCTU HYXKHO
3aHOBO CTPOMTH BCIO CIEHY, JlaKe ecJjii [Po0/ieMa OTCedeHnst
TeHeli 110 rpanuiie Oyner perneHa.

e Tenn 0OBIYHO MMEIOT PA3MbIThle I'DAHUIIBI, & B IPUBEIEHHOM
AJITOPUTME OHHU BCETJa MMEIOT pe3Kkne Kpas. JacTudHo uzbde-
2KaTh 9TOTO MO3BOJISAET PacUYeT TeHel N3 HECKOIBKUX MCTOYHM-
KOB CBeTa, PACIOJIOKEHHBIX PAJIOM U TOCJeIYIONIee CMeIInBa-
HUEe Pe3yJIbTATOB.

Nwmeerca pemrenne mepBoit u Bropoit npobaembr. g sToro uc-
nosb3yercs O6ydep macku (cm. m. 7.2).

Urak, 3ajaua— 0TCeYb BBIBOJI TeOMETpUE (TEHW) 10 TPAHUIe
HEKOTOPOI TPOW3BOIBHON 007acT 1 M30eKaTh «IBOMWHOTO CMeIH-
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BaHusty. OOIIMiT aJITOPUTM PEITeHusI C UCTOJIB30BaHneM Oydepa Mac-
KU TAKOB:

1) ounmmmaem 6ydep Macku 3HaueHueM 0;

2) orobpazkaeM 3aJlaHHYI0 OGJACTH OTCEYEHUs, YCTAHABIUBASI
suadenus B Oydepe macku B 1;

3) pucyem TeHu B Tex 06aacTax, rae B Oydepe MacKm yCTaHOB-
JIEHBI 3HAYEHUsI; €CJU TEeCT MPOXOIUT, YCTAHABIUBAEM B ITU
obJractu 3HadeHue 2.

Teneps paccMoTpuMm 9TH dTarbl H071€e TOIPOOHO.
1.

/* owuwaem Oydep macku*/
glClearStencil (0x0)
glClear (GL_STENCIL BUFFER_BIT);

/* eKarwaem mecm x/
glEnable (GL_STENCIL_TEST);
2.

/* ycaoeue 6cezda 6HINOAHEHO U
anavenue 6 Oydepe 6ydem paeno 1%/
glStencilFunc (GL_ALWAYS, 0x1, Oxffffffff);

/% 6 abom caywae 3amensem 3navenue 6 Oydepe mackux/
glStencilOp (GL_REPLACE, GL REPLACE, GL REPLACE);

/% 6618600uM 2e0MEMPUIO, TO KOMOPOT
samem bydem omcewena menv*,/
RenderPlane ();

3.

/* ycaoeue BuMOAHEHO U mecm 0aem UCMUHY MOAbLKO
ecau 3navenue 6 Oydepe macku pasno 1 */
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glStencilFunc (GL _EQUAL, 0x1, Oxffffffff);

/* 3nauwenue 6 bydepe pasno 2,ecau menv yoce eveedena */
glStencilOp (GL_KEEP, GL KEEP, GL INCR);

/% ev600um menu */
RenderShadow () ;

Crporo roBopsi, JlaXke Ipu TPUMEHEHUN MACKUDPOBAHUS OCTAIOT-
csl HEKOTOpbIe TTPOOJIeMbI, CBI3aHHbIe ¢ paboToii z-Oydepa. B uact-
HOCTHU, HEKOTOPbIE Yy4YaCTKN TeHel MOryT CTaTb HEBUJUMbBIMU. ZLTIH
peIienns 3Toi IpPob/eMbl MOKHO HEMHOT'O MPUIIOJHATH TEHW HAJ
IJTOCKOCTBIO C TIOMOIIBI0 MOAUMDUKAINY YPABHEHUSI, OTTUCHIBAIOIIETO
IIJIOCKOCTH. OHI/IC&HI/IQ APYTUX METO0B BBIXOJIUT 3a PaMKWN JaHHOTO
mocoous.

8.3. 3epkaJibHbIe OTPaXKEHUHA

B sTom pasmene MBI pacCMOTPHUM AJTOPUTM IIOCTPOEHUS OTpa-
JKEHUWI OT TIIOCKWX 00BheKTOB. Takme oTparkeHns MPUIAI0T 00JIh-
IIyI0 JOCTOBEPHOCTDH IIOCTPOEHHOMY M300ParKeHHUIO U MX OTHOCUTEIhb-
HO JIETKO Peajin30BaTh.

AtropuT™ BCTIOIB3yeT HHTYUTHBHOE TTPECTABJIEHIE TIOTHOM CIle-
HBI C 3epPKaJOM KaK COCTaBJEHHON M3 JABYX: «HACTOAIIEH» M «BUP-
TyaJIbHONY — Haxomseics 3a 3epkasoMm. CrenoBaTebHO, MPOIECC
PHCOBAHUS OTPAyKeHWii COCTOUT W3 JIByX dacTeil: 1) Bu3yaamsarun
OOBIMHON CHEHBI M 2) TOCTPOEHUS W BU3YATM3AIUNA BUPTYATHHOI.
JL1st KaXK0r0 00bEKTa «HACTOAIIEH» CIIeHbl CTPOUTCS €r0 OTPAKEH-
HBIN JIBOWHWK, KOTOPBIN HAOJIIOMATE/ b U YBUIUT B 3€PKAJIE.

LUt niuTIocTpaui pacCMOTPUM KOMHATY € 3€PKajioM Ha CTEHE.
Komuara 1 00beKThI, HAXOISIIUECT B Hell, BRIIVISIAT B 3€pKaJje Tak,
Kak ecan Obl 3epKajo OBIIIO OKHOM, & 3a HUM Oblaa OB elme ogHa Ta-
Kasd Ke KOMHaTa C TeM Ke 00beKTaMHU, HO CUMMETPUIHO OTPaYKeH-
HBIMW OTHOCUTEJIBHO TIIOCKOCTH, MPOBEIEHHON Uepe3 MOBEPXHOCTH
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Bepkano

Obvek

BupTyanbHblit
ob6bekT

Puc. 8.1. 3epkanbHoe oTpaxKeHue

3epKaJia.
Vupolennbiit BAPUAHT aJITOPUTMa, CO3TAHUs MIJIOCKOTO OTPaXKe-
HUS COCTOUT U3 CIAEAYIONIUX ITTaroB:

1) Pucyem crieny Kak 0OBIYHO, HO 6€3 0OEKTOB-3ePKAI.

2) Ucnonb3ysa 6ydep Macku, OrpaHHIUBaEM JaIbHEIAIIIN BBIBO/
IpOeKIneil 3epKajia Ha SKPaH.

3) Busyasmsupyem CIieHy, OTpayKeHHY IO OTHOCHTETBHO IOCKOCTH
zepkaJia. [Ipu arom Oydep Macku MO3BOIUT OIPAHUIUTH BHIBO/T
dopmoit poekIu 06 beKTa-3epKaIa.

DTa M0C/IeI0BATEILHOCTD JIEUCTBUI TTO3BOJIUT MOJIYyIUTh YOe u-
TebHbIH 3DdEeKT oTparKeHus.

Paccmorpum sramsr 601ee mogapobHO.

Cuauasia, HeOOXOIMMO HAPUCOBATH CIEHY Kak oObraHO. He Oy-
JIEM OCTaHABJIMBATHLCS HA, 9TOM 3Talle TMOAPOOHO. 3aMETUM TOJIBKO,
uaro, ountias 6ydeps OpenGL HemocpeacTBEHHO Tiepe] PUCOBAHU-
eM, HyKHO He 3a0bITh ounucTuTh Oydep Macku:
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glClear (GL_COLOR_BUFFER_BIT|GL_DEPTH BUFFER_BIT|
GL_STENCIL_BUFFER_BIT);

Bo Bpems Bu3yasm3amnuu CIEHBI JIydIlie HE PUCOBATH OOBLEKTHI,
KOTOPBIE 3aTe€M CTaHyT 3€pPKATHLHBIMIA.

Ha Bropowm sTame HeoOXOAMMO OTPAHUYHUTL JAJLHEHINNA BhIBOI
[IPOEKIHell 3ePKAIbHOTO 00beKTa Ha YKPAH.

Jltst 9TOro HacTpamBaeM Oydep MacKu u PUCyeM 3epKaJjio

glEnable (GL_STENCIL TEST);

/* ycaosue 6cezda ewnoaneno U 3Hauenue 6 Oydepe
6ydem pasno 1%/

glStencilFunc (GL_ALWAYS, 1, 0);

glStencilOp (GL_KEEP, GL_KEEP, GL_ REPLACE);

RenderMirrorObject ();

B pe3yabTaTe MbI IMOJIyYUJIN:

e B Oydepe Kagpa — KOPPEKTHO HAPUCOBAHHAS CIIEHA, 38, UCKJIIO-
JeHneM 00JIaCTH 3epKaja;

e B o0siacTu 3epKasia (TaMm, rje Mbl XOTHM BHJIETH OTPAKEHUE)
snadenne Oydepa Macku pasHO 1.

Ha tperbem 3Tame Hy:KHO HAPUCOBATH CIIEHY, OTPAYKEHHYIO OT-
HOCHUTEJILHO IIJIOCKOCTH 3€PKaJIbHOI'0 00'beKTa.

Cuagajia HacTpauBaeM MaTpPUILy orpakerust. MaTpuiia orpaske-
HUAA JOJIKHA 3€PKAaJbHO OTPaXKaTh BCIO T€OMETPHUI0 OTHOCUTETHHO
IJIOCKOCTH, B KOTOPOil JIE)KUT 00bEeKT-3epKajI0. e MOXKHO O/ IyIuTh,
HAIPUMep, C TIOMOIIBI0 Takoil (pyHKImN (MOMpoOyiiTe MOy IUTh STy
MaTpuily CaMOCTOATE/JIbHO B Ka49E€CTBE pra,}KHeHI/IH)Z

void reflectionmatrix (GLfloat reflection_ matrix [4][4],
GLfloat plane point[3],
Glfloat plane_normal[3])

{
GLfloat* p;
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GLfloatx v;
float pv;

GLfloat* p = (Glfloat*)plane point;

Glfloat* v (Glfloat *)plane normal;

float pv = p[0]*v[0]+p[1]*v[1]+p[2]*xv[2];
reflection matrix [0]]
reflection matrix [1]]
reflection matrix [2]]
reflection _matrix [3]]

0] =1 -2 % v[0] x v][0];
0] == 2 % v[0] %= v[1];
0] =— 2 5 v[0] * v[2];
0] =2 % pv % v[0];
reflection matrix [0]]
reflection matrix [1]]

1] = -2 = v[0] = v[1];

1
reflection matrix [2][1

1

]
| =1- 2 % v[1] % v][1];
} =—2 % v|1] % v[2];

reflection _matrix [3]] =2 % pv x v[1l];
reflection _matrix [0][2] = — 2 * v[0] = v[2];
reflection matrix [1][2] = — 2 % v[1] * v[2];
reflection matrix [2][2] =1 2 % v[2] % v[2];
reflection _matrix [3][2] = 2 * pv * v][2];
reflection matrix [0][3] = O0;

reflection matrix [1][3] = 0;

reflection _matrix [2][3] = 0;

reflection _matrix [3][3] = 1;

HacrpanBaem Oydep macku Ha PUCOBAHWE TOJBKO B 00/1aCTAX,
re 3Havenne 6ydepa paBHo 1:

/* ycaoeue 6BINMOAHEHO U MMecm daem ucmury

moavko ecau 3nauenue 6 Oydepe macku pasho 1 */
glStencilFunc (GL_EQUAL, 0x1, Oxffffffff);

/* nuuwezo me wmensem 6 bydepe x/
glStencilOp (GL_KEEP, GL KEEP, GL KEEP);

U pucyem cleHy eie pa3 (6e3 3epKajibHbIX 00HEKTOB)
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glPushMatrix ();

glMultMatrixf (( float x)reflection matrix);
RenderScene ();

glPopMatrix ()

HaKOHeH, OTKJ/IIO9aEM MaCKUPDOBaHUE:
glDisable (GL_STENCIL_TEST);

[Tocsie TOro MOXKHO OIITUOHAIBHO €I11e PA3 BHIBECTH 3€PKAJIbHBI
00beKT, HAIPUMED, C ajbda-cMelreHneM — Jijisd co3ganus 3 dexra
3aMyTHEHUS 3epKaJia U T.1I.

ObparuTe BHUMAaHUE, YTO ONUCAHHBIN METOJI KOPPEKTHO pabo-
TAET, TOJIBKO €CJIM 33 3€PKAJbHBIM 00bEKTOM HET JAPYIUX 00bEeKTOB
crierbl. [1o3TOMY CyIIECTBYeT HECKOIBKO MOINQUKAIUN 3TOTO al-
TOPUTMA, OTJIMIAIOITUXCS TTOCIEI0BATETHHOCTHIO JEHCTBU U UMEr0-
IINX PAa3HbIE OTPAHUYECHUA Ha T'€OMETPUIO.

8.4. KoHTpoOJIbHbIE BOIPOCHI

e B pesyabrare uwero Bosnmkaer dpdexT crynenuaroctu nzob-
xerug?! OUUImTe ajJropuT™M yCTPAHEHUS CTYHEHYATOCTH.
axenuns? O e aJro CTpaHe CTYIIEHIATOC

e [Touemy B OpenGL HeT BCTPOEHHON TOAAEPKKNA TOCTPOEHUS
TeHei?

e Kparko omnuimTe IpesioyKeHHbI MeTO/] BU3yaJU3alluu 3ep-
KajbHbIX 00bekTOB. [loduemy on He paboraer, ec/iu 3a 3ePKaJIOM
HaXOJATCS Apyrue 06beKThl CciieHbl! UTo Oymer oTpazkaTbCd B
srom cayuae? Ilogymaiite, Kak 000UTH 9TO orpanuydenue’?






I'maBa 9.

OnruMusanus IporpamMm

9.1. Oprasm3anus NPUJIO>KEHUS

Ha HepBbIﬁ B3TJI41 MO2KET IMOKAa3aThCA, 9TO IIPOU3BOAUTEIIBHOCTH
rpaduyecKknx npuokenuii, ocaoanubix Ha OpenGL, onpenensercs
B TIEPBYIO 0Y€PEIb MPOM3BOJAUTENHHOCTHIO PEATN3ANN caMoit Onb-
JINOTEKU. DTO BEPHO, OJHAKO OPIaHU3AIUs BCEIO IPUIOKEHUS TaK-
JKe OUeHBb BAYKHA.

9.1.1. BricoKOypOBHEBasd ONTUMMN3ANNA

O06b1ar0 o1 nporpammbl 110 OpenGL Tpebyercs Buzyausaiiusi
BBICOKOI'O Ka94eCTBa HA MHTEPAKTUBHBIX CKOpocTax. Ho Kak mpasuiio,
U TO U JAPYroe cpasy MoayduTh He yaaercd. CiemoBaTebHO, Heob-
XOJUM TIOUCK KOMITPOMECCA MEXKJIy Ka9eCTBOM U MTPOU3BOIUTETHHO-
crhio. CyIecTByeT MHOXKECTBO PA3JIMYHBIX OIX0I0B, HO X MOIPO0-
HOE OIKMCAaHUEe BLIXOJUT 33 IPee/ibl 3Toro nocobus. Ilpusegem jiniib
HECKOJIbKO IIPUMEPOB.

e MoxkHO OTO6pa}KaTB T€OMETPHUIO CIEHbI C HU3KHM Ka4€CTBOM
BO BpeMd aHUMaIIUN, a B MOMEHTHI OCTaAaHOBOK TTOKa3bIBATH €€ C

115
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HAWJIY4IINM Ka9ecTBOM. Bo BpeMs HHTEPAKTUBHOTO BPAIIEHUST
(HampuMep, MpU HAXKATON KJIABUINE MBIIIN) BU3YATH3NPOBATH
MOJIEIb C YMEHBIIEHHBIM KOJUIeCTBOM NpuMuTuBOB. [Ipn pu-
COBAaHUU CTATUYHOTO M300paKeHus 0TOOPaXKATh MOJE/b MOJI-
HOCTBIO.

e AHajOrmIHO, OOBEKTHI, KOTOPBIE PACIIOJATAIOTCA TAJEKO OT
HAOJTI0IATe T, MOTYT OBITH TIPEJACTABIEHBI MOJIEISIMU TOHU-
JKEHHOM CJIOYKHOCTU. STO SHQYUTEJIBbHO CHU3UT HArPY3KYy Ha
Bce crymenu KouBeitepa OpenGL. O6bekTh, KOTOpbIe HAaXO-
JATCS TOJTHOCTBIO BHE TIOJI BUIAMMOCTHU, MOTYT ObITH 3dex-
THUBHO OTCedeHbl 0e3 mepemadu Ha kKouBeitep OpenGL c mo-
MOIIBIO TPOBEPKU TOIIAJaHNA OTPAHUYIUBAIONINX MX ITPOCTHIX
06beMoB (cdep mwin KyGoB) B MUPaMUY 3PEHUS.

9.1.2. Hu3skoypoBHeBas ONTUMU3AIINASI

O06bekTh, oTobOpakaembie ¢ momoinpio OpenGL, xpansTcs B
HEKOTOPBIX CTPYKTypax JanubiX. OJHU TUNBI TAKUX CTPYKTYP 00-
Jjiee 3PEKTUBHBI B UCIOJB30BAHUU, 9eM JIPYIUe, 9TO OLpPeeiser
CKOPOCTb BU3YyaJ IU3AIINU.

2KenaresbHo, 94TOOBI MCIOJB30BAJIUCH CTPYKTYPHI JAHHBIX, KO-
TOpbie MOTYT OBbITH OBICTPO U IMPEKTUBHO TIEPEJAHBI HA KOHBEHED
OpenGL. Hanpumep, ecji Mbl XOTUM O0TOOPA3UTH MACCUB TPEYIOJIb-
HUKOB, TO UCIIOJIH30BAHNE yKAa3aTessd Ha 9TOT MACCUB 3HAUYUTETHHO
6osiee acpdexkTuBHO, yem nepegada ero OpenGL nosaemenTHO.

IIpumep. llpeanosioxkum, 9T0 MBI MUIIEM IPUJIOKEHIE, KOTOPOE
peanm3yeT pucoBanue KapThl MecTHOCTH. OIUH U3 KOMIIOHEHTOB Oa-
3bI JIAHHBIX — CIIMCOK TOPOJOB C WX IMTUPUHOM, JOJITOTOM W HA3BAHU-
em. CooTBeTCTBYIOIIAsT CTPYKTyPa JAHHBIX MOYXKET OBITH TAKOii:

struct city

float latitute , longitude; /#* noaoowcenue zopoda */
char xname; /* naseanue */
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int large flag; /* 0 = marenvkutd, 1 = Goavwol */
};
Crimcok ropojIoB MOYKET XPAHUTHCS KAK MAaCCUB TAKUX CTPYKTYP.

Homyctum, Mbl iutieM (QYHKITHIO, KOTOpash PUCYeT ropoja Ha KapTe
B BHJIe TOYEK PA3HOIO PasMepa C MOJMUCIMHA:

void draw _cities( int n, struct city citylist|[] )
{

int i;

for (i=0; i < n; i++)

if (citylist[i].large flag)
glPointSize( 4.0 );
else
glPointSize( 2.0 );

glBegin ( GL_POINTS );
glVertex2f( citylist[i].longitude,
citylist[i].latitude );

glEnd ();

/* pucyem nazeanue zopoda */

DrawText( citylist [i].longitude ,
citylist [i].latitude,
citylist [i].name);

OTa peasn3alus HeyIadHa IO CAEIYIONINM IPUINHAM:

e ¢lPointSize BBRI3BIBAETCH /I KaXK/I0UW UTEPAINN [TUKJIA;
o mexy glBegin m glEnd pucyercst TOJIBKO OfHA TOYKA;
® BEpINMHLI ONPEIeJAI0TCI B HEONTUMAILHOM (hopmare.

Huxe npusejierHo 60jee palnoHaJIbHOE PEIeHue:

void draw _cities( int n, struct city citylist|[] )

{
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int 1i;
/% CHAY%AAG PUCYEM MAAEHbKUE MOYKU */
glPointSize( 2.0 );

glBegin ( GL_POINTS );

for (i=0; i < n ;i++)

if (citylist[i].large flag==0) {
glVertex2f( citylist[i].longitude,
citylist[i].latitude );

}

}
glEnd ();
/* boavwue MoKy pucyem 60 6mopyr ouepedov x/
glPointSize( 4.0 );
glBegin ( GL_POINTS );
for (i=0; i < n ;i++)
{
if (citylist[i].large flag==1)
{
glVertex2f( citylist[i].longitude,
citylist [i].latitude );
}
}

glEnd ();

/* 3amem pucyem Ha368aHUL 200006 */

for (i=0; i < n ;i++)

{

DrawText( citylist [i].longitude ,
citylist[i].latitude,
citylist [i].name);

B rtakoit peanmm3anuu Mbl BhI3bIBaeM glPointSize IBaXKIBI U yBe-

JMYWBaeM Y9MCJIO BepIH MexXay glBegin m glEnd.

OHaKO OCTAIOTCS ellle Ty TH JJIsT ONTUMHU3AINNAN. ECIn MBI TOMe-
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HsIeM HAIKA CTPYKTYPhI JAHHBIX, TO MOXKEM eIlle TOBLICUTH dpdek-
TUBHOCTH PUCOBAHUA ToUeK. Hampnmep:

struct city list

{

int num _cities; /* wucao 2opodoe & cnucke %/

float =xposition;/* xoopdunamw zopoda =/

char xxname; /* yKasameav HG HA38aAHUA 20p0d06 */
float size; /* pasmep mouku, o0603navaruweld 20pod x/

s

Termeps TOpoIa pa3HBIX PA3MEPOB XPAHATCA B PA3HBIX CIHUCKAX.
TTonoxxennss TOUeK XpaHSATCS OTAEIBHO B AWHAMUYIECKOM MACCHUBE.
[Tocite peopranm3anuy MBI HCKIOYAEM HEOOXOINMOCTH B YCIOBHOM
onieparope BHyTpH glBegin/glEnd u noJy4aem BO3MOKHOCTb HCIIOJIb-
30BaTh MAaCCHUBBI BEPIIUH s ONTHUMU3ANNU. B pe3yibraTe Hala
bYHKITUS BBINISIAT CASAYIONUM 00pa30M:

void draw _cities( struct city list =*list )

{

int 1i;

/* pucyem mouky */
glPointSize ( list —>size );

glVertexPointer ( 2, GL FLOAT, 0,
list —>num cities,
list —>position );
glDrawArrays( GL_POINTS, 0, list —>num cities );
/* pucyem wazeanue zo0poda */
for (i=0; i < list—num_cities ;i++)
{
DrawText (citylist [i].longitude ,
citylist [i].latitude
citylist [i].name);
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9.2. Onrummsarusa BbI30BoB OpenGL

9.2.1. Ilepenmaua nauabpix B OpenGL

B manHOM pasjesie paccMOTpUM CIIOCOOBI MUHUMUBAIMY BPEMEH!
Ha repejady gaHHbIX 0 npuMmuTuBax B OpenGL.

WUcnonp3yiiTe cBA3aHHbIE IPUMUTUBBI

Cas3annble TIPAMUTHBHI, TaKne KaK GL_LINES,
GL_LINE LOOP, GL_ TRIANGLE STRIP, GL TRIANGLE FAN
u GL_QUAD_STRIP TpebyfoT jijist ONpe/IeeHus] MEHbIe BEPIINH,
9eM OT/e/bHblE JIMHWS WJIA MHOTOYTOJBHUK. IJTO yMEHBIIAET
KOJITYECTBO JIAHHBIX, TepemaBaemMbix OpenGL.

HUcnonp3yiiTe MmaccuBbl BEPHINH

Ha 60.HI)H_[I/IHCTBe APXUTEKTYD 3aM€Ha MHOXKECTBEHHbBIX BbI3OBOB
glVertex/glColor/glNormal Ha MeXaHH3M MAaCCHBOB BEDIIHH MOXKET
OBITH OYEHb BBIMTPBIITHOI.

HUcnonp3yiiTe MHOAEKCUPOBAHHBbIE ITTPUMUTUBBI

B HekoTOPBIX caydasx maxe TP MCTOIB30BAHUYM CBA3AHHBIX
npumuTBoB GL_TRIANGLE STRIP (GL_QUAD_STRIP) Bepruu-
HBI aybsmpytorcesa. Urobsr ve mepegasats B OpenGL ay6sm, yBean-
qmBasg HATPY3Ky Ha IMUHY, UCHIOAL3yiTe KoMaHTy glDrawElements().

3agaBaliTe HeOOXOAMMble MAaCCUBBI OJHOM KOMAaH0M

Bwmectro ucnonb3oBanus komang glVertexPointer, glColorPointer,
glNormalPointer sy4iie oap30BaTbCA OSHON KOMaHION

void glinterleavedArrays ( Glint format,
Glsizei stride
void * ptr);
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Taxk, ecsin nmeercs CTPyKTypa

typedef struct tag VERTEX DATA

float color[4];
float normal [3];
float vertex[3];
}VERTEX DATA;
VERTEX DATA x pData;

TO ITapaMeTPhbl MOXKHO MEPEIATh C IMTOMOIIBIO CJIEIYIONIEN KOMaHIbI

glinterleavedArrays (GL_C4F N3F V3F, 0, pData);

4TO O3Ha4daeT, 4To nepsble derbipe float orHOCATCH K 11BETy, 3aTeM
Tpn float k Hopmanm, m nociaegune Tpu float 3ama0T KOOPAMHATHI
BepiuHbl. boJiee mogpobHOE onucanme KOMaH bl CMOTPUTE B CIIEITH-
durarmmu OpenGL.

XpaHI/ITe JaHHbI€ O BEPIINMHAX B IIaMATHU ITOCJI€eJ0BATE/IbHO

[TociieroBaTe/ibHOE PACIIONIOKEHNE JAHHBIX B HAMSITH YJLy9IIa€T
CKOPOCTH OOMeHa MeXK/Iy OCHOBHOW HaMATbI0 U rpaduyeckoil mo-
CUCTEMOM.

Ucnonp3yiite BekTopubie Bepcuu glVertex, glColor, glNormal u
glTexCoord.

Oyuknun glVertex, glColor n T.ZI., KOTOpble B KadecTBe apry-
MEHTOB NMPWHUMAIOT yKasarenu (manpumep, glVertex3fv(v)), moryr
paboTaTh 3HAYUTETHHO OBICTPEe, UeM MX COOTBETCTBYIOIINE BEpCUN
glVertex3f(x,y,z).

YMeHbIIaliTe CJI02KHOCTb IPUMUTHUBOB

Bo muOrEX Ciyuasx OyabTe BHUMATEIbHBI, ITOOBI He pa3dUBAThH
GobIMe MIOCKOCTH Ha, 9aCTH CHUAbHee, deM Heobxommmo. Iloskc-
nmepuMeHTUpyiiTe, Hanpumep, ¢ npumurusamu GLU nnsa ompesesne-
HUsT HAWJIYdIIero COOTHOINEHUsI KadeCTBa W MPOU3BOIUTETHHOCTH.



122 I'nasa 9. Onmumusayus npozpamm

TekcrypupoBanubie 00bEKTHI, HAIPUMED, MOT'YT OBITh KAI€CTBEHHO
0TOOPaYKEHBI ¢ HEOOJIBITION CI02KHOCTHIO T€OMETPHUH.

Ucnionp3yiiTe guciiieiiHblie CITUCKU

Wcnonw3yiiTe nuciieiiible COUCKU /it HamboJjiee 9acTo BBIBO-
IUMBbIX 00bekToB. lucrieiinbie CIUCKU MOT'YT XPAHUTHCHA B ITAMSs-
T rpaduyueckoil moCUCTEMBI U, CJIEIOBATETHHO, UCK/II0YATh YaCThIE
TepeMeleHns JaHHbIX U3 OCHOBHOM MaMITH.

He yka3biBaiiTe HEHY>KHbI€ aTPUOYThl BEPIIUH

Ecnm ocsemenmne BBIK/IIOUEHO, He BbI3bIBaliTe glNormal. Ecim me
WUCTIOIB3YIOTCS TEKCTYPhl, He BhI3biBaliTe glTexCoord, n T.11.

MuHNMU3uUpPyiiTEe KOJIUIECTBO JIUIITHETO KOAA MEXK/TY oIepa-
TOPHbIMU CKOOKamu glBegin/glEnd

g makcumaibHOM pousdBoauTesbHocTy Ha high-end cucremax
BaxKHO, 4T00bI mHMOPMAaIus 0 BepiimHax Oblia nepeaana rpadude-
CKOil mojicucTeMe MakKCUMaJ/bHO ObicTpo. V36eraiiTe juIiiHero Koja
Mexk 1y glBegin/glEnd.

ITpumep HEymavIHOTO peEIeHusI:

glBegin (GL_TRIANGLE STRIP);
for (i=0; i < n; i++)

{
if (lighting)
{
glNormal3fv (norm|[i]);
}
glVertex3fv (vert[i]);
}

glEnd ();
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OTa KOHCTPYKIMS TIJI0Xa TeM, UTO Mbl IPOBEPSIEM MMEPEMEHHYIO
lighting mepe KaxX 0l BEPIIMHON. DTOTO MOXKHO n36€KaTh, 33 CUET
YaCTUYHOI'O ;LY6.HI/IpOBa,HI/IH KOJIa:

if (lighting)

glBegin (GL_TRIANGLE_STRIP);
for (i=0; i < n ;i++)
{
glNormal3fv (norm[i]);
glVertex3fv (vert[i]);

glEnd ();
}

else

{
glBegin (GL_TRIANGLE STRIP);

for (i=0; i < n ;i++)

{

}
glEnd ();

glVertex3fv(vert[i]);

9.2.2. IIpeobGpazoBaHu«

[IpeobpazoBanus BKJIIOYAIOT B cebs TpanChHOpMAIMU BEPIITUH OT
KOOD/IMHAT, YKa3aHHBIX B glVertex, K OKOHHBIM KOODJUHATAM, OTCE-
YeHUe, OCBEIEHNE U T.]I.

Ocserienue

e lI30eraiiTe NCIOIL30BAHUA TOUYEYHBIX HCTOYHUKOB CBETA.

e lI36eraiiTe MCIOMB30BAHUS JIBYXCTOPOHHETO OCBEIeHus (two-
sided lighting).
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e llzberaiiTe MCIOIB30BAHNS JIOKAIBHON MOIEIN OCBEIEHMSI.
e U3beratite gacroit cmens! mapamerpa GL  SHININESS.

e Paccmorpure BO3MOKHOCTH 3apaHee 1POCYUTATH OCBELIEHUE.
MozxHo moryauTh 3h@EKT OCBeIIeHns, 3a/1aBas [[BETA BEPIIUH
BMECTO HOpMaJIei.

OrkJioyailiTe HOpMAaIU3alI0 BEKTOPOB HOpMaJieii, korga
9TO He ABJIAETCA He0OXOIMMbIM

Kowmanna glEnable/Disable(GL_ NORMALIZE) ympasJsier HOpMa-
Jin3alyeil BEKTOPOB HOpMAJIEH 1epejt ucoJib3oBanuemM. e Bbl He
UCIo/Ib3yere KOMaHay glScale, TO HOPMAIU3AIIIO MOXKHO OTK/TIOYUTD
6e3 mocToporuux 3¢ dexTon. [1o ymMoIaHN0 9TA ONITNST BHIKIIOUEHA.

HUcnonp3yiiTe cBA3aHHbIE TPUMUTUBBI

CasizaHHbBIE IPUMUTHUBBI, TaKue KaK GL_LINES,
GL LINE LOOP, GL TRIANGLE STRIP, GL TRIANGLE FAN,
n GL_QUAD _STRIP ymenbimaioT Harpy3ky Ha kouseitep OpenGL,
a Tak)Ke yMEHBIIAIT KOJUYECTBO JAHHBIX, Iepe/laBaeMbiX I'padu-
YeCKOi IoJICucTeME.

9.2.3. Pacrepuzanus

Pacrepusaiius 9acTo aB/sieTCs Y3KUM MECTOM MPOTPAMMHBIX pPe-
asmsaruiit OpenGL.

OTkmoyaiiTe TecT Ha TIyOUHY, KOTJa B 9TOM HET HEeOOXOau-
MOCTHU

®oHOBBIE 00BEKTHI, HAIIPUMEDP, MOTYT OLITH HAPHCOBAHLI Oe3 Te-
cTa Ha TVIyOWHY, €CJIU OHU BU3YaIU3UPYETCS TEPBBIMU.
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Ucnions3yiiTe oTceueHne oOpaTHbIX rpaHeii MTOJIUTOHOB

Ba,MKHyTI)Ie O6'beKTI)I moryT 6])ITb HaPUCOBaHBI C YCTAHOBJIEHHBIM
pekuMoM orcedenusi oOpaTHbIX rpaHeil glEnable(GL_CULL_FACE)
Wnorga 1o 1m03B0JIsier 0TOPOCUTH 10 MOJIOBUHBI MHOT'OYTOJIbHUKOB,
HE PACTepPU3ysl WX.

N3beraiiTe gunrHux onepanuii ¢ MAKCEJIIMUI

MackupoBanue, ajibda-CMEIMBaHue U JIPyIUe [MOIUKCETbHbBIE
oTTeparin MOTYT 3aHWMAaTh CYIIECTBEHHOE BPeMsl Ha 3Tare pacTe-
pusarun. OTK/II0O9aiTe BCe OMEPAIii, KOTOPbIe BBl HE MCIOJIL3YeTe.

YMeHbIIaliTEe pa3Mep OKHA WM pa3pelleHne dKpaHa

[IpocToii crtocod yMeHbIUTH BpeMst pacTePU3aIin — yMEHbIINTD
YUCI0 TUKCEsel, KOTopble OYIyT HApUCOBaHbBI. Kcjn MeHbINe pas-
Mepbl OKHA WJIM MEHBINee pa3pereHne SKpPaHa, MPUEeMJIEMBI, TO 3TO
XOpOTIINii MyTh JIJIsT YBEJTUYEHUST CKOPOCTU PACTEPUBAIIAMN.

9.2.4. TekcrypupoBaHue

Hajioxkenue Tekcryp siBjisieTcst JOpOroil oneparmeil, Kak B 1pO-
IPaMMHBIX, TAK W B aMIIaPATHBIX PeaJn3alnsdx.
Ucnonssyiite adpdekTuBHbIE (hbOpMaTHl XpaHEeHUS U300pa-
JKEeHU

@opmar GL_UNSIGNED BYTE o6srun0 HanboJiee BCEro mojxo-
auT i mepegadn TeKerypbl B OpenGL.
Ob6benunsiiite TEKCTYypPbl B TEKCTYyPHbIE O00bEKTbI WUJIN UC-
nJieiiHble CIUCKU.

DT0 0COOEHHO BayKHO, ECJIM BBI UCIIOIb3yeTe HECKOJIBKO TEKCTYD,
u 1o3BossieT rpadudeckoil mnogcucrteme 3(HIEKTUBHO YIIPABIITH
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pasMemenmneM TEKCTYP B BUAEOIIaMATH.

He ucnosb3yiiTe TeKCTyphl DOJIBINIOTO pa3mMepa

Heb6osibime TekcTyphbl ObICTpee 00PabATHIBAIOTCI W 3aHUMAIOT
MEHDBINE TaMATU, 9YTO IIO3BOJIACT XPaHUTH CPpa3y HECKOJILKO TEKCTYD
B MAMATH TPaQUIECKON TOICUCTEMBI.

Kombunupyiite HeboJibiline TEKCTYPbl B OOHY

Ecan BB ncnonb3yeTe HECKOTBKO MAaJEHBKIX TEKCTYP, TO MOYKHO
00beNHUTDH UX B OJIHY DOJIBITIETO Pa3Mepa U U3MEHUTh TEKCTYPHBIE
KOOPJAWHATHI [I/IsT PAOOTHI C HYYKHOI MOJATEKCTYPOil. DTO MO3BOJIAET
YMEHBITUTH YMCJI0 MEPEKTIOUEHNN TEKCTYP.

AHMUpoOBaHHbBIE TEKCTYPbI

Ecam BRI X0THTE MCNOIB30BATH AHUMUPOBAHHBIE TEKCTYPHI, HE
ucnosib3yiire Komany glTexImage2D urobbl 00HOBJIATH 00pa3 TEK-
cTypbl. BmecTo 3TOTO pekoMernmyerca BBI3BIBATH glTexSublmage2D
unn glTexCopyTexSubImage2D.

9.2.5. Ouncrka 6ydepoB

Ouucrtka 0ydepor npera, TyOUHBI, MacKu 1 0ydepa-HaKOIuTe-
JIsT MOYKeT TpebOBATh 3HAUNTEIHLHOTO BpeMeHu. B aToM pazjese onu-
CaHBbI HEKOTOPBIE TIPUEMBI, KOTOPBIE MOTYT MTOMOYEb OMTUMU3UPOBATE
9Ty OTIEPAITHIO.

Ucnoan3yiite komauay glClear ¢ 0CTOPO>KHOCTHIO

Ouumaiite Bce HyKHBbIE Oydepbl C ITOMOIIBIO OHOW KOMAHJIbI
glClear.
Hesepmno:
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glClear (GL_COLOR, BUFFER_BIT);
if (stenciling) /* owucmumo 6ydep macku? */

glClear (GL_STENCIL_BUFFER_BIT);

Bepno:

if (stenciling) /* owucmumos 6ydep macku? x/

glClear (GL_COLOR,_BUFFER_BIT |
STENCIL_ BUFFER_BIT);

}

else

glClear (GL_COLOR_BUFFER_BIT);
}

9.2.6. PazHoe
IIpoBepsiite ommbku GL BO BpeMsi HanucaHus IporpaMm

BriswisaiiTe komanmy glGetError() 11 mpoBepKH, He TPOW3OIILIO
Jm ommbKu BO BpeMmst BbizoBa oxHoN w3 ¢yukiuit OpenGL. Kak
[IPaBUJIO, OIIMOKN BOSHUKAIOT M3-3a HEBEPHBIX IIapaMeTPOB KOMAH/I
OpenGL wiun neBepHoii HociepoBarejabHocT Koman. s dpunasib-
HBIX BepcHii KOJa OTKJIYaiiTe 3TH IPOBEPKH, TaK KAK OHU MOLYT
CYIIECTBEHHO 3aMEIUTL pabory. [Iyist mpoBepKN MOMKHO MCIOIB30-
BaTb, HAIIPUMEDP, TAKOU MaKpPOC:

#include <assert.h>
#define CHECK_GL \
assert (glGetError () != GL_NO_ERROR);

Hcnonp3oBars €ro MO2KHO Tak:

glBegin (GL_TRIANGLES) ;
glVertex3f(1,1,1);
glEnd ();
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CHECK_GL;

HUcnonp3yiite glColorMaterial BMmecTo glMaterial

Ecnu B ciiene marepuajbl 00bEKTOB Pa3IMIAIOTCS JIUITb OHUM
mapamerpom, komanga glColorMaterial moxker ObiTh OBICTpEE, YeM
glMaterial.

Munumuzupyiite uncjio ndmenenuii cocrossiuss OpenGL

Kowmanasr, m3amensiomue cocrostane OpenGL (glEnable, glDisable,
glBindTexture u gpyrue), BbI3LIBAIOT MOBTOPHBIE BHYTPEHHUE IIPO-
BEPKU IIEJIOCTHOCTH, CO3JaHUe JONOJHUTEIBHBIX CTPYKTYDP JaHHBIX
" T.J., 9TO MOXKET IIPUBOJUTH K 3a/I€PrKKaM.

N3zberaiite ncnosapr3zopanus komauabl glPolygonMode

Ecsin Bam HEOOXOMMO PUCOBATH MHOI'O HE3AKPAIIEHHBIX MHO-
royroJbHUKOB, ucno/p3yiite glBegin ¢ GL POINTS, GL LINES,
GL LINE LOOP umu GL LINE STRIP BMecTo u3MeHeHUs PeXKuMa
pUCOBaHUS TPUMUTHUBOB, TaK KAK 9TO MOYKET DBITh HAMHOI'O OBICT-
pee.

Koneuno, 3tu pekoMeHIANN OXBATHIBAIOT JIUIIb MAJIYI0 IaCTh
BosmoxkHOCTeH 110 ontumusaruu OpenGL-tpunoxennit. Tem we me-
Hee, IIPU UX IIPABUJIBHOM HCIOJB30BAHUU MOXKHO JIOCTUYL CyIIe-
CTBEHHOI'0 YCKODEHHUs PabOThl BAIIUX LIPOIPAMM.

9.3. KoHTpOJIbHBIE BOOPOCHI

1) IlepeuncyinTe M3BECTHBIE BAM METOJIbI BHICOKOYPOBHEBOIH OIITH-
vusarun OpenGL-tipustoskermii.

2) IMouemy mpeanoOYTHTETHHEE WCIOJb30BAHNE CBA3AHHBIX MPU-
MHUTHUBOB?
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3) Kakas u3 aByx komans seimosasiercs OpenGL 6ricTpee?
glVertex3f(1,1,1);
wim

float vet[3] = {1,1,1};
glVertex3fv (vct);
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Cozanne IpuIoXKeHuii ¢
OpenGL
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I'masa 10.

OpenGL-npuoxenus c
nmoMmornbio GLUT

10.1. Crpykrypa GLUT-nmpunoxenns

Jlamee OymeM paccMaTpUBaTh TMOCTPOEHUE KOHCOIBHOTO TPHUJIO-
»kenust npu oMot oubinorekn GLUT. Dra bubamoreka obecneyn-
BaeT euHbIi nHTepdeiic 1y paboThl C OKHAMYU BHE 3aBUCUMOCTH OT
H.HaT(i)OpMI)I7 TTO9TOMY ONUCBhIBaeMad HUXKE CTPYKTYPa MPUJIO2KEHUA
ocTaeTcs HEM3MEHHON g onepanuoHubix cuctemM Windows, Linux

" JIPyTHX.
Oyuxruu GLUT moryT 661Th KitacCuuImpoBaHbl Ha HECKOJIBKO
IPYIII 110 CBOEMY HA3HAYEHUIO:

® UHUIUAJINIAIIHS,;

e HAYAI0 00pPabOTKU COOBITHIA;
e yIIpaB/ieHne OKHAMU,

e YIIPABJIEHNE MEHIO;

e perucrpanusa QYHKINE ¢ OOPATHBIM BBI30BOM;

133
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® yIpaBJICHUE UHJICKCUPOBAHHON Na/JIMTPOR 1IBETOB;
e oToOparkeHue MpUQTOB;

e 0TOOpaKeHNe JOMOTHATEIbHBIX [eOMeTpIHIecKux dhuryp (Top,
KOHYC ¥ JI.).

Vuannnaan3amus ITpoBOAUTCA C IOMOIIBI0 (OYHKITUML:

glutInit (int *xargcp, char xxargv)

[Tepemennas argep ecTh yKazaTeab Ha CTAHJAPTHYIO TEPEMeH-
HYIO argc, OMUChIBAeMYy0 B (pYHKIINK main(), a argv — yKazaTejb Ha
mapaMerphbl, epegaBaeMble TporpaMMe MPH 3aIyCKe, KOTOPBIi Ou-
CBhIBAETCs TaM Ke. DTa (PyHKIUS TPOBOIUT HEOOXOINMble Hada IbHbIE
rZLQI../'ICTBI/ISI JJId TIOCTPOEHUA OKHA HPUJIOZKEHUA, 1 TOJIBKO HECKOJIBKO
dyuknuit GLUT moryT 66Tk BbI3BaHbBI /10 Hee. K HUM oTHOCSTCS:
glutInitWindowPosition (int x, int y)

glutInitWindowSize (int width, int height)
glutInitDisplayMode (unsigned int mode)

Ilepsbie aBe dyHKIMM 33aI0T COOTBETCTBEHHO II0JIOXKEHUE U
pasMep OKHa, a MOCJIe/HsIs (DYHKINsT OMPe/IeIsieT PA3JInIHbIe PerKii-
MBI 0TOOpakeHns MHGOPMAINH, KOTOPBIE MOTYT COBMECTHO 3a/1a-
BATHCsI C MCIOJIb30BAHNEM OlepaIii MoOUTOBOro «uany (« | »):

GLUT RGBA Pexnm RGBA. lcnomp3yerca mo yMOTIaHHIO, ec-
s e ykazanbl pexxumbl GLUT RGBA uin GLUT _INDEX.

GLUT_ RGB To xe, uro u GLUT_RGBA.

GLUT INDEX Pexum uHH/IEKCHPOBaHHBIX 11BETOB (ucmosib30Ba-
nue nasnrpsl). Orvensier GLUT _RGBA.

GLUT _SINGLE Oxno c¢ ogunouneim Oydepom. Mcmompsyercs
110 YMOJTYAHUIO.

GLUT DOUBLE OxHno c apoitabiM Oydepowm.
Orwmenster GLUT _SINGLE.
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GLUT STENCIL Oxno c 6ydepom mackn.
GLUT ACCUM Oxkno ¢ OydepoM-HaKOIATEIEM.
GLUT DEPTH Oxno ¢ 6ydepom riyOunb.

OTO HEMOJIHBIN CIUCOK MapaMeTpoB JJis JaHHON (DyHKITUH, Of-
HAKO 7711 OOJIBIMMHCTBA CIYy9aeB 9TOTO OBIBAET JOCTATOYHO.

Pabora c bydepom mackm u GydepoM HAKOIJIEHHS OMUCAHA B
riase 7.

Oyuxruu 6ubanoreku GLUT peanusyior Tak HA3bIBa€MBIH CO-
OBITUIHO-YTIPABASIEMBIT MEXaHIU3M. JTO 03HAYAET, YTO €CTh HEKOTO-
pBli BHYTPEHHUH IUKJ, KOTOPBIA 3aIlyCKaeTcd II0Cae COOTBETCTBY-
forelt wHUIMaIn3anuu 1 06padarTbiBaeT OJHO 33 JIPYIUM BCe COObI-
T, 0ObABIEHHbIE BO BpeMms uHuUNmaan3anuu. K cobbiTusaM OTHO-
CATCA: IMIEJITI0K MbIIIX, 3aKPbITUE OKHa, U3MCHEHUE CBOMCTB OKHa,
[epeIBIKeHNe Kypcopa, HayKaTue Kjaasuinn u «mycroes (idle) cobbr-
THe, KOT/Ia HUYIEero He MpoucxXoauT. [ mpoBeeHns mepuoamaecKoit
MTPOBEPKY COBEPIIIEHNST TOTO WM WHOTO COOBITHST HAJL0 3aperucTpu-
poBaTh (BYHKINIO, KOTOpas OyaeT ero oopabdareiBaTs. s 3Toro uc-
MoJIB3YI0TCH DYHKIINK BUJIA!

void glutDisplayFunc (void (xfunc) (void))
void glutReshapeFunc (void (xfunc) (int width,
int height))
void glutMouseFunc (void (#func) (int button,
int state, int x, int y))
void glutldleFunc (void (xfunc) (void))
void glutMotionFunc (void (*func)(int x, int y));
void glutPassiveMotionFunc (
void (*func)(int x, int y));

[TapameTpoM st HUX SIBJISIETCS WMsSI COOTBETCTBYIOIIEH (DYHK-
mnn 3aamH0r0 Trma. C momorsio glutDisplayFunc() 3amaercs dyHk-
IUsT PUCOBAHUS [IJIsi OKHA MPUJIOXKEHHUsI, KOTOpasi BBI3BIBAETCS MpU
HEOOXOIMMOCTH CO3/IaHUs WM BOCCTAHOB/IeHUS n3obparxkenus. [lis
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SIBHOT'O YKA3aHWsI, 9T0 OKHO HAJ0 OOHOBUTH, MHOTA YA00OHO UCIIOIh-
30BaTh (DYHKIIIO

void glutPostRedisplay (void)

Yepes glutReshapeFunc() ycranasiuBaercs QpyHKIUsT 00pabOTKH
W3MEHEHUs] Pa3MepoOB OKHA I0JIb30BaTeJEM, KOTOPOU TEPEIAI0TCs
HOBBIE Pa3MEPHI.

glutMouseFunc() ompenenser GpyHKIuO-00pabOTINK KOMAH/ OT
Moy, a glutldleFunc() 3amaer gpyHKIU0O, KOTOpas OYAeT BHI3bIBATH-
Cd KaXKJIbIfl pa3, KOrma HET COOBITH OT MM0JIb30BATEIs.

Oyuknus, onpenengemas glutMotionFunc(), BeI3BIBaeTCd, KOraa
MMOJIB30BATEb JIBUTAET yKa3aTe b MBIIIHN, YAepKUBasd KHONKY MbI-
mu. glutPassiveMotionFunc peruncrpupyer (QyHKIIHIO, BBI3BIBAEMYIO,
€CJIM TI0JIb30BATE b JABUTAET yKA3aTelb MBIIN W HE HAXKATO HU O/
HOM KIIOIIKW MBIIIIN.

KouTposas Bcex cobbiTuit mpoucxoanT BHYTPU OECKOHEIHOTO K-
Jia B QYHKITUHT

void glutMainLoop (void)

KOTOpas OOBIYHO BBI3BIBAETCH B KOHIIE JIF000i IPOrpaMMbl, UCIIOJIb-
gytomieit GLUT. Crpykrypa HpUioKeHust, UCIOIb3YIOIIEro aHuMar-
w0, OymeT caeayromeit:

#include <GL/glut .h>
void Myldle(void)

{

/* Kod, xomopwii mensem nepemenuwie,
onpedeasrowue caedyrowut Kadp */

b
void MyDisplay(void)

/* Kod OpenGL, xomopwi omobpasicaem wxadp */
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/* ITocae pucosanus nepecmasasem Oydepo. */
glutSwapBuffers ();

}s

void main(int argcp, char xxargv)

{

/* Hnuyuaausayus GLUT +/
glutInit (&argep, argv);
glutInitWindow Size (640, 480);
glutInitWindowPosition (0, 0);
/* Omgkpwmue oxna */
glutCreateWindow ("My_OpenGL_Application");
/* Buwbop pescuma: deotinoli 6ydep u RGBA usema +/
glutInitDisplayMode (GLUT_RGBA |

GLUT_DOUBLE | GLUT_DEPTH);
/* Pezucmpayusa 6wsvieaemur Pynwkyul */
glutDisplayFunc (MyDisplay ) ;
glutldleFunc (Myldle);
/* 3anycx meranuzma obpabomku cobwmul */
glutMainLoop ();

}s

B cnyuae , ecsin npusoykeHue JTOJIXKHO CTPOUTH CTATUYHOE U300-
paxkenue, MoxxkHo 3aMmenuTb GLUT DOUBLE na GLUT SINGLE,
TakK KakK OJIHOIro Oydepa B 9TOM ciiydae OyeT JI0CTaTO4YHO, U yOpaTh
Bb130B (byHkuun glutldleFunc().

10.2. GLUT B cpene Microsoft Visual C+-+ 6.0

[Tepes nagasiom paborbl HEOOX01MMO CKOIUPOBaTH (aitinl glut.h,
glut32.1ib glut32.dll B xaramorm MSVC\Include\Gl, MSVC\Lib,
Windows\System coorsercTBenHo. Takske B 9TnmxX Karajorax Ha-
o mpoeeputh Hasgwaue daitior glh, glu.h, opengl32.lib, glu32.lib,
opengl32.dll, glu32.dll, koropsie 06BIUYHO BXOAAT B cocTap Visual
C++ u Windows. Ilpu wucnosb3oBanuu KoMaH; u3 OubJIMOTEKH
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GLAUX k nepeuuciaennbiM daitiam HaI0 J00aBATH HOIKJII0YaEMbIe
daitner 6ubamorekn — glaux.h n glaux.lib.

JLst co3manms MPUIOKEHNsT HAIO BBIIOJHUTD CJIEAYIONe Teii-
CTBHS:

e Co3zmanme mpoekTa: s 9TOro Hamo BuiOparh File—New—
Projects—Win32 Console Application, HabpaTh uMs TpoOeKTa,
OK.

e B nosiBuBIieMcsi 0OKHe BbIOpaTh «An empty projects, Finigh,

OK.

e TexkcT mporpamMMbl MOYKHO JIHOO PA3MECTUTh B CO3TaHHOM TEK-
croBom aiire (Boibpas File—New—Files—Text File), 6o
n06aButh daitn ¢ pacimmpenunem *.¢ mwiau *.cpp B npoekr (Bbi-
6pas Project—Add To Project—Files).

e [TonkmounTs K mpoekty 6ubaunorekn OpenGL. s aToro Ha-
10 BeiOparh Project—Settings—Link n B mone Object)library
modules HabpaTh Ha3BaHUS HYKHBIX OubnoTek: opengl32.lib,
glu32.lib, glut32.1ib u, ecin mamo, glaux.lib.

e Jlyg kommunganuu BeiOpaTh Build—Build program.exe, anas
Bernosiaerus — Build—Execute program.exe.

e YT0OBI IpU 3aIyCKe He TOABIAIOCH TEKCTOBOE OKHO, HAJO BbI-
opare Project—Settings—Link u B mosie Project Options Bme-
cTo «subsystem:console» Habpars «subsystem:windowsy, u na-
6parb Tam ke crpoky «/entry:mainCRTStartups.

Korma mporpamMma roroa, peKOMEHIYeTCs IePEeKOMIIIINPOBATD
ee B pexxuMme «Release» mjag onruMm3aIuu 1o OBICTPOAEHCTBUIO U
obbemy. st sroro Hamo eeibpars Build—Set Active Configuration
1 OTMETHUTH «. . .- Win3d2 Release», a 3aTeM 3aHOBO MOAK/TIOYATH HEOD-
XOJAUMbIEe OUOJIMOTEKN].
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10.3. GLUT B cpene Microsoft Visual C++
2005

[lepe nagaiom paboTsl HE0OX0 MO CKOIMpOBaTh (aiiiet glut.h,
glut32.1ib u glut32.dll 8 karamorn MVS8\ VC\PlatformSDK\ Include,
MVS8\VC\PlatformSDK\Lib, Windows\System coorsercrsenHo.
Takxke B 3TuX KaTajorax HaJ0 TpoBepuTh Haauuue daiiaos gl.h,
glu.h, opengl32.1ib, glu32.lib, opengl32.dll, glu32.dll, koropsie 06bI4-
HO BXogaT B coctaB Visual C++ u Windows. Ilpu ucnonbpzoBanun
koman, u3 bubaumorekn GLAUX Kk nepeduncieHubiM baitaaMm Hal0
J100aBUTH OAKIIOUaeMble aitabl oubanorekn — glaux.h u glaux.lib.

Jltst co3manus MPUIOKEHUsT HAJIO BBITOJHUTH CJIEILYIOIINE J1eii-
CTBUS:

e Co3manne mpoeKTa: [Ajs 9TOro Haao BuiOparh File—New—
Projects—Win32—Win32 Console Application, wabpars nmst
npoekTa, OK.

e B nossummemMcs okHe BO BKJajake Application Settings Bbi-
6parb «Console application», «An empty project», Finish.

e Tekct mporpammbl MOXKHO JOO Pa3MECTUTh B CO3IaHHOM
rekcToBoM daiine (Beibpas File—New—Files— Visual C++—
C++File ), 6o nobasuts daiin ¢ pacimmpennem *.c wim *.cpp
B mpoekT (BeiOpaB Project—Add To Project—Files).

o [Tonksrounts K npoekty 6ubanorekn OpenGL. st 3T0oro Ha-
110 BeiOpaTh Project—Properties— Configuration Properties—
Linker—Input u B nosie Additional dependencies nabparb Ha-
3BaHUA HYKHBIX 6ubanorek: opengl32.lib, glu32.lib, glut32.lib
u, ecmu Ha0, glaux.lib.

o Jlna xommumisaruu Beiopars Build— program.exe, st BBITOJI-
menus — Debug— Start Debugging wim Debug—Start Without
Debugging.
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e UrobbI TIpy 3aIrycke mporpamMMbl HE MOSIBJISIJIOCH KOHCOJIBHOE
TEeKCTOBOE OKHO, HaJ0 BbiOparh Project— Properties—
Configuration  Properties—Linker—System wu B  moje
SubSystem Bmecto «Consoles BwpiOpars «Windowsy. Ile-
peittu B pasupen Linker— Advanced u B mosie Entry Point
nanucars «wmainCRT Startup» (6e3 kaBbruex).

Korma mporpamMma roroBa, peKOMEHIYeTCsl TePeKOMIIMINPOBATD
ee B pexxnme «Releases mmst omruMmzarmm mo OBICTPOAEHCTBUIO 1
obbemy. st aroro Hano Beiopars Build— Configuration Manager u
B mosie «Active solution configurations BeiOpars «Releases, a 3arem
3aHOBO MOJKJIIOUYNTHL HEOOXOINMbIe ODUOJIHOTEKN i1 3TOI KOHQUIY-
paLuu.

10.4. GLUT B cpene Borland C++ Builder 6

Ilepen wnagasom paboTbl HEOOXOIUMO CKOIUPOBATH (ailjibl
glut.h, glut32.l1ib, glut32.dll B xarasoru CBuilder6\Include\Gl,
CBuilder6\Lib, Windows\System coorsercrenno. Takxke B
9TUX KaTajorax HaJao mpoBepuTh Haamdwme daitaos gl.h, glu.h,
opengl32.lib, glu32.1ib, opengl32.dll, glu32.dll, xoropwie 06BITHO
BxondaT B coctas Borland C++ u Windows.

ITpu 3TOM HAIO YyIUTHIBATH, YTO OpuruHAALHBIE (11 Microsoft
Visual C++) Bepcun daiina glut32.lib ¢ Borland C++ Builder
6 paborarth He OyayT, W CJ€IyeT MCIOIB30BATH TOJBKO COBMECTH-
Myt0 Bepcuio. UTobbl cO3/aTh TaKyl BEPCHUIO, HAJIO HCIOJIb30BATH
cTaHJapTHYIO mporpammy ‘implib’, Koropas Hax0oAUTCs B KaTaIore
CBuilder6\Bin. /Ijgg 9T70ro B KOMaHIHON CTPOKE HAJ0 BBITIOJIHUTH
KOMaH/1y

implib glut32.1lib glut32.4d11

KOTOpast co3maeT HyxKHbIN lib-aitn uz coorsercrytoriero dll-daii-
JIa.
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Jlist co3manus MPUIOYKEHUsT HAJIO BBITTOJHUTH CJIEIYIOIINE JIeii-
CTBUM:

e Co3manne mpoeKTa: Jjsd 9TOro Haao BeiOparh File—New—
Other— Console Wizard, OK.

e B nosirusmemcst okHe BoiOpaTh Source Type — C++, Console
Application, copocuts onnun «Use VCL», «Use CLX», «Multi
Threaded». Haxxars OK.

e Tekct mporpammbl MOXKHO JOO Pa3MECTUTh B CO3IaHHOM
TekcTOBOM dhaiisie, mbo yraauTh ero u3 mpoekra (Project—
Remove From Project) n mobasurs daiin ¢ pacmmpenunem *.c
um *.cpp B mpoekT (BeiGpaB Project—Add To Project).

e CoxpaHnTe CO3aHHBII IPOEKT B XKeIaeMOM KaTaJiore (BoIOpas
File—Save All).

o [Toaksounts K mpoekty 6ubmoreky GLUT. s sroro Hato
BBIOpaTh Project— Add To Project u mo6asuts aitn glut32.1ib

e i kommussiuu Beiopars Project—Build . .., gnga Beimosiae-
mng — Run—Run.

Korma mporpamMmma rotoBa, peKOMEHIyeTCsl TEPEKOMITHINPOBATE
ee B pexxume «Release» g onrummsaruu 1o OBICTPOAEHCTBUIO 1
obbemy. st sroro cmadaia Hago BbiOparTh Project— Options—
Compiler n maxxkarp KHONKY «Release».

10.5. GLUT B cpenme Borland C++4 Builder
2006

ITepen HAYAJIOM paboThr HEOOX0INMO CKOTIMPO-
Bath  aitaer  glut.h,  glut32.lib, glut32.dll B  xarasmo-
rm Borland\BDS\4.0\ Include\ G, Borland\BDS\4.0\Lib,
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Windows\System coorsercrBenno. Takxke B 9THX KaTajorax Hajo
npoBeputh Hasmune daitio gl.h, glu.h, opengl32.lib, glu32.lib,
opengl32.dll, glu32.dll, koropsie 06braHO BxOmAT B cocras Borland
C++ u Windows.

ITpu 5T0M HAIO yUUTBIBATH, YTO OpuruHaALHBIE (a1 Microsoft
Visual C++) Bepcun daiiia glut32.lib ¢ Borland C++ Builder
6 paborarh He OyAyT, W CJ€IyeT MCIOIB30BATH TOJBKO COBMECTH-
Myt0 Bepcuio. UToObl cO3/1aTh TAKyl BEPCHUIO, HAJIO HCIIOJIb30BATH
CTAHIAPTHYIO mporpaMmy 'implib’, koTopas HAXOIUTCS B KaTaJore
Borland\BDS\4.0\Bin. [Iyist 517010 B KOMaHJ/HO{l CTPOKE HaJO0 BbI-
TTOJTHUTH KOMAaH/Ty

implib glut32.1lib glut32.4d11

KOTOpast co3nmaeT HyXKHbIN lib-aitn uz coorsercrytoriero dll-daii-
JIa.

Il cozmanus TPUIOXKEHNUsST HAJIO BBIOJHUTD CJAEAYIONINE Jeli-
CTBUA:

e Cozjlanne mpoekTa: s 3Toro Hajo BeiOpars File—»New—
Other—Console Application, OK.

e B nosgsuptmemcs okHe BbiOpaTh Source Type — «C++», «Console
Applications, copocurs omruu «Use VCL», «Multi Threaded».
Haxars OK.

e TexkcT mporpaMMbl MOXKHO JHOO Pa3MECTUTh B CO3JAHHOM
TekcToBoM aiine, mmbo yaamrh ero u3 npoekrta (Project—
Remove From Project) u gobasuth (aiin ¢ pacummpennem *.c
num *.cpp B npoekr (BeiGpas Project—Add To Project).

e CoxpaHuTe CO3/aHHBII MTPOEKT B KEJAEMOM KaTayuore (BhiOpas

File—Save All).

e [Tonkmounts K mpoekTy bubmoreky GLUT. [Iasg sroro Hamo
BBIOpaTh Project—Add To Project n mobasuts daitr glut32.lib
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o g xomnuasinuu BeiOpats Project—Build . . ., mig Beimosne-
mng — Run—Run.

Korna mporpamMma roroBa, peKOMEH/IyeTCs [MEPEKOMITUINPOBATE
ee B pexxume «Releasey st onTtuMmuzaimm 1m0 OBICTPOAEHCTBUIO W
oobemy. s sroro nano Beibpars Project—Build Configurations u
B crucke «Configuration name» Beibpats «Release Build».






I's1aBa 11.

WNcnoab3oBanune OpenGL B
MFC u VCL

Jaee Oymem paccMaTpUBATHL IMPUHIUAIBI TOCTPOEHNE OKOHHOTO
nputoxkenus Windows c¢ moggepxkoit OpenGL npu momoriu Bo3-
mozxHocreit 6ubmorexk MFC (Microsoft Foundation Classes) u VCL
(Visual Component Library).

[Tockonbky Windows siBjigieTcsi MHOTOOKOHHOM OIEPAIMOHHOM
CcUCTEMOT, OCHOBHAsl 3ajlada MPUJIOYKEHWS Ha, dTalle WHUIHAJIA3A-
IIU — «TIpUBA3aThy KoMaHIbl OpenGL K KOHKpeTHOMY OKHY ¥ CO-
3/1aTh JIJIs1 3TOTO OKHA BCe BCriomorareababie Oydepsr (Gydep kaapa,
6ydep rirybunsr u T.1.). Cama 6ubmoTEeKa HE COEPKUT CPEJICTB s
9TOr0, MOITOMY KaK/iasi OIEPALMOHHAS CUCTEMA, TTOJIEPKUBAIOIAS
OpenGL, npenocrasisier csou. bubmamoreka GLUT npepcrasis-
er yHUpUIUPOBAHHBIN nHTEp(eiic g mocTymna K 3Tol (yHKIINO-
HAJBHOCTH, OJHAKO ILJIATON 33 YHU(MPUKAIUIO ABJISETCA JOCTATOTHO
CKPOMHBIE BO3MOXKHOCTH TOCTPOEHHS Tpadudeckoro mHTepdeiica
noab3oBarens, peanuzopanabie B GLUT. s cosmanust mpuioxe-
HO ¢ pasBUTBHIM WHTEPGERCOM HEOOXOIMMO MPUMEHATH CPEeICTBA
KOHKPETHOM OlepalnoHHOoil cucreMbl i paborsl ¢ OpenGL.

Jist mannpanmsanuu 1 paborel ¢ OpenGL 8 Windows Heobxo-

145
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JAUMO BBITIOJTHUTH CJICAYIOIIUE IIaru:

1) wannmamm3anms (Ipu CO3JaHUN OKHA);

a) TIOJIydeHHe N yCTAHOBKA KOHTEKCTA TPadUTIECKOro yeTpoii-
crea (cm. m.11.1);

6) ycranoBka nukceabHoro dgopmara (n.11.2);

B) MOJIyUYeHHE W YCTaHOBKa KOHTeKCTa pucoanwus (m.11.3);
2) pucosanue ¢ omonpio OpenGL B oxne;

3) 0cBOOOKIeHNE KOHTEKCTOB (P yIAJIeHUN OKHA).

11.1. KoHTekcT ycTpoiicTBa

Konrekcr yerpoiictsa (device context) — BaXKHBIN 9JIEMEHT rpa-
duku B cpege OC Windows. Korrekcr ycrpoiicTBa yKa3blBaeT MECTO
oTobpazkenus rpaduieckux KoMaH 1. KoHTekcToM MOKeT OBITh OKHO
NpOrpaMMbl Ha YKPaHE, IPUHTED, WK JPYroe YCTPOHCTBO, HOIEP-
JKUBafOTIee rpadpudecKuii BHIBO/I.

N nentndukarop KOHTEKCTa YCTPONRCTBA — ITO UUCIOBOE 3HAUE-
HUe, 3HAHWE KOTOPOrO MO3BOJISIET HAMPABUTH TpadudecKuii BBIBOJ
B HYXKHBIN KOHTEKCT. [lepe/l HAYAIOM PHUCOBAHUS HEOOXOINMO TIO-
JIYIUTH 9TO UHUCIOBOE 3HAYEHWE, a IMOCJe PUCOBAHUS HYYKHO KOH-
TEKCT OCBOOOWTD, T.6. BEPHYTH HCIIOJB3YEMBIE PECYPCHI B CHCTEMY.
Hecobrogenne 3Toro mpaBuiia YpeBaTo TAKUMA TOCIEICTBUSIMA KaK
YTEUKH MAMATH U MPEKPAITeHne HOPMAIbHOM PabOThI TPOrPAMMBL.

Tlockobky Hammeit 3ajadeii sBJ/IsI€TCAd PUCOBAHWE B OKHE, KOH-
TeKCT yerpoiicTBa hDC MOKHO TOIYYNATH MO WAEHTH(DUKATOPY OKHA
hWnd:

HWND hWnd = <kox mnosydeHme umAeHTUGUKATOPA OKHA >;
HDC hDC = GetDC (hWnd ) ;

15t 0cBOOOXK TeHU ST KOHTEKCTa UCIOIb3yeTcss KoMaH1a ReleaseDC:
ReleaseDC (hWnd, hDC);
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11.2. YcranoBka (popmara nmkcesiei

[Tocsie oty ueHnst KOHTEKCTA YCTPOUCTB HYKHO yCTAHOBUTDH (hOP-
mar nukceseit (pixel format) konTekcra. 910 HYKHO JJIst TOrO, Y4TO-
OBbI COOOIUTL OIEPAIMOHHON CHCTeMEe, KaKre Pecypchl HEOOXO0INMO
BBIJEIUTH [JIsi TaHHOTO KoHTekcTa. Popmar mukcesieil yKa3biBaeT,
kakue Bo3MmoxkHOCTH OpenGL MbI Oy/eM HCHOJB30BaTH: JIBOMHOIM
oydep, 6ydep macku, Oydep riaybunni, bopmar 1BETa U T.I1I.

Y10o06b! yecTaHOBUTH (HOPMAT ITUKCE/IsI, HY2KHO 3aI0JHUTH CTPYK-
Typy PIXELFORMATDESCRIPTOR u mepesaTh ee B TeKyIIuii KOH-
TEKCT:

PIXELFORMATDESCRIPTOR pfd;
// obnyasem 6ce moavko wmo co3daHHOU CMPYKMYPOL;
ZeroMemory (&pfd, sizeof(pfd));
// 3anoansem cmpykmypy
pfd.nSize = sizeof(pfd);
pfd.nVersion = 1;
// Paaeu noxaswearom, wmo mv 6ydem UCN0AL306aMND
// dybaupyrowyro 6ydepusayuto OpenGL 6 smom oxne
Pfd.dwFlags = PFD DRAW_TO WINDOW |
PFD SUPPORT OPENGL |
PFD_DOUBLEBUFFER;;
pfd.iPixelType = PFD TYPE RGBA;
// noanousemnuni b6ydep uysema (8 b6um na Kanaa)
pfd.cColorBits = 24;
// sanpawusaem 16 6um wna nurceav das bydepa 2aybunol
pfd.cDepthBits = 16;
pfd.iLayerType = PFD_MAIN PLANE;
int iFormat = ChoosePixelFormat (hDC, &pfd);
SetPixelFormat (hDC, iFormat, &pfd);

Paccmorpum nonpobree pyHKIMEM, KOTOPBIE MCIOIB3YIOTCS I
YCTAHOBKH (pOpMATa MUKCEJIS:
int ChoosePixelFormat (

HDC hdc,
CONST PIXELFORMATDESCRIPTOR * ppfd ):
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OTa (PyHKIUS MTO3BOJISIET TI0 KOHTEKCTY IPauIecKoro ycTpoii-
CTBa HANTU TUKCE/JbHBIN (HOPMAT, MAKCUMAJIBHO YAOBIETBOPAIONINL
HammM TpebOBaHWSAM, W BO3BpaIaer ero geckpunrop. Hampuwmep,
ecjtu 3arpoiien 24-6uTHbIil 6ydep 11BeTa, a KOHTEKCT rpaduyaeckoro
yCTPOHCTBA MPEIOCTABIIAET TOIBKO S-OuTHBIN Oydep, T0 dyHKIUSI
Bo3BpaTuT (hopMaT HUKCe/id ¢ 8-6UTHBIM Oydepom.

Oyukiug SetPixelFormat ycranasiuBaer (popMaT MUKCES B KOH-
TEKCT Ipaduyueckoro ycrpoicraa:

BOOL SetPixelFormat (
HDC hdc, int iPixelFormat ,
CONST PIXELFORMATDESCRIPTOR * ppfd);

TTocko/IbKY MBI HCIIOJIB3YE€M KOHTEKCT rpaduIecKoro ycTpoiicTBa
¢ nBoitabiM Oydepom, OpenGL-pucoBanme B KOHTEKCT MTPOUCXOUT
B HEBUJUMOE Ha KPaHE MECTO B HAMATH. DTO HEOOXOIUMO st
npeIoTBpalienns Mepranug. s Toro, 4Tobsl n3006pakeHme mosgBu-
JIOCh HA 9KPaHE, HY>KHO BBI3BATH CJIEYIONLYIO (DYHKIHUIO:

SwapBuffers( hDC );

11.3. Kourekct pucoBanus (render context)

Konrekcr pucoBanus onpeessieT B Kakoii KOHTEKCT yCTPOHCTBA
6yayr mamnpasiaTbca Komanabl OpenGL. Hampumep, eciiv B mpo-
rpaMMe ectb HecK0JbKO 0KoH OpenGL, 1o mepes BbI30BOM KOMaH/I
OpenGL HeobxoguMo yKazaTh OKHO, B KOTOPO€e OYIyT HAIPaBJIEHbI
o KOMaH ibl. C KOHTEKCTOM PHUCOBAHUSI ACCOMMUPOBAHO TEKYIIEE
cocrogane OpenGL, TekcTypbl, Aucijeiiible CIUCKH U T.II.

Cozanne KoHTeKCTa prucoBanust hRC:

HGLRC hRC;
hRC = wglCreateContext (hDC);

Ilepen ncmonb30BaHnEM KOHTEKCTA HEOOXOINMO CIAEIATH €ro Te-
KYTITAM:
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wglMakeCurrent (hDC, hRC);

Jasee MoxkHO cBOOOIHO MCIIOIb30BaTh KoMaH bl OpenGL, He 3a-
ObIBas BLI3BIBATL SwapBuffers mocjie OKOHUAHUS PUCOBAHUS KaJIpa.

[Tocsie ncmob30BaHMS KOHTEKCTA PUCOBAHUS €TI0 HYZKHO 0CBOOO-
JTUTH (0OBIYHO TIepe]] 0CBOOOXKIEHIHEM COOTBETCTBYIOMIETO KOHTEKCTA,
ycrpoiicrsa):

wglDeleteContext (hRC);

11.4. Kaacc GLRC

B n.B.5 mpusenen npumep kmacca GLRC, peanmsyromnmit nepe-
YUCJICHHBIC OIIePAIlUN. HI/IK.}I MHUINAJIN3alIN 1 DPUCOBaHUA C UCITOJIb-
30BaHUEM HTOTO KJIACCA BBITJIAIUT CJAEIYIOIINM 00pa3oM:

GLRC* m_pGLRC;

// 1. unuyuesuseyus OoOKHa
m_pGLRC = new GLRC(hWnd);
bool res = m pGLRG—>Create ();
if (lres)
Error ("Hesosmoxuo_co3gars _koHTekcr _OpenGL" ) ;

// 2. pucosanue

// (06vuno e obpabomuukxaxr cobwmus WM _PAINT)
bool res = m pGLRG-—>MakeCurrent ();

if (lres)

Error ("HeBo3moxkHO_chenaTb _KOHTEKCT _TeKymuMm" );
// xomandw OpenGL
glClear (GL_COLOR_BUFFER_BIT | GL_DEPTH BUFFER_BIT)

// saeepwenue xadpa
m_pGLRG—>SwapBuffers ();
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// 8. ynuumooicenue okwa

// (06vwno 6 obpabomuukrar cobowmus WM _DESTROY)
m_pGLRG—Destroy ();

delete m pGLRC;

11.5. NUcnoap3zoBanne OpenGL ¢ MFC

Ecnu npu cozmannu Windows-nipuyioxKeHust UCTIOIb3yeTcs 6ub-
smoreka MFC, 10 Heo6X0uM0 BCTPOUTH MHUIUAIUZALMIO, OCBODOXK-
JeHne KoHTeKcToB u pucoBanue OpenGL B pazyiinanbie 06paboTInKY
yHacsegoBanabix Kiaaccos MFC. Jlannast KHUTA HE sIBJISIETCST PYKO-
BOJICTBOM TI0 IIPOrPAMMUPOBAHMIO € UcHo/ib3oBanueM MFC, mosromy
OrPAHUYIUMCS COBETAMU 110 ucnoJib3oBanuio OpenGL ¢ s1oit 6ub/imo-
TEKOI1:

o Koa mannuann3annm n pucOBaHUS TeNePhb T0IKEH HAXOIUThCS
B METO/JaxX (I/I.J'[I/I BBI3BIBATHCA M3 93TUX MeTOZ[OB) KJjIaCCa, YHa-
cJieoBaHHOrO OT Kjacca CWnd HanpaMyio Ui KOCBEHHO.

o Jliist mannmaamsaiun OpenGL jydiie Bcero ucnoas308aTh Me-
1051 OnCreate, g1a pucoBanug — OnPaint, OnUpdate, OnDraw
nmm OnTimer (370 3aBUCHT OT pa3HbIX (HAKTOPOB, HAPUMED,
OT KaKOTO MMEHHO KJjacca yHacsaenoBaH kjacc OpenGL-okua
U 9TO MMEHHO N306parkaercs).

e /st mpenoTBpallieHusi MepraHus HEeOOXOAUMO IEPErPy3UTh
obpaboruuk coobmenns WM _ERASEBKGND, wrnate Windows
OyzeT 3auBaTh (POH OKHA TTepeT BEI30BOM 0O6paboTunka OnPaint.

e /I ocBoboXKIeHnsa momoiiger oopaboruanmk OnDestroy, a s
obpaborku m3menenuii pazmepa okua — OnSize.

e [lonyunTh mmeHTuUKATOP OKHA MOXKHO C IIOMOIIBIO METOIa
CWnd::GetSafeHwnd.
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[Ipumep kacca OKHA, PHUCOBAHWE B KOTOPOE OCYIIECTBIISETCS
npu nomoru OpenGL.

class OpenGLWindow : public CWnd
{
public:

OpenGLWindow () ;

// omgpwmoie waenb, KAGCCQ

private:
// 3axpoimoie waenv, KAGCCA

// cuenamyps omur memodoe onpedenenv. 3apanee MFC

// u doadsrcrv, ebizaAdemb UMEHHO MAK

afx msg int OnCreate (LPCREATESTRUCT lpCreateStruct);
afx msg BOOL OnEraseBkgnd (CDCx pDC);

afx _msg void OnPaint ();

afx _msg void OnDestroy ();

// obsaeaenue kapmo. coobuenut Windows

DECLARE_MESSAGE_MAP ()

// kaacc daa zpanenus xonmexcmos OpenGL
GLRCx m_pGLRC;

}s
Peasmmzanus MeTo10B:

// Kowcmpyxkmop

OpenGLWindow : : OpenGLWindow ()
: m_pGLRC(NULL)

{

}

// sanoanenue Kapmo, coobusenul
BEGIN_MESSAGE _MAP (OpenGLWindow, CWnd)
// cmandapmuve marpoco. MFC
ON_WM._CREATE()
ON_WM_PAINT ()
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ON_WM_DESTROY ()
ON_WM_FRASEBKGND( )
END_MESSAGE MAP/()

// 6 smom memode PeaAuUIYEM UHUUUGAUSAYUIO
afx msg int OpenGLWindow :: OnCreate (
LPCREATESTRUCT 1pCreateStruct)

{
m_pGLRC = new GLRC(GetSafeHwnd ());
bool res = m_pGLRG->Create ();
if (lres)
return FALSE;
return CWnd:: OnCreate(lpCreateStruct );
}

// sanpewaem 3aauexy dgdona
afx msg BOOL OpenGLWindow :: OnEraseBkgnd (CDC% pDC)
{

return FALSE;

}

// 3decwv pucyem
afx _msg void OpenGLWindow :: OnPaint ()

{
CWnd: : OnPaint ();

// deaaem mekyuwum
m_glRC—>MakeCurrent () ;

glClear (GL_COLOR_BUFFER BIT |
GL_DEPTH_BUFFER_BIT);

// pucyem mo, wmo TOMuM HAPUCOBGMDH
<meronpbl pucoBanus OpenGL>
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m_glRC—SwapBuffers ();

}

// 3decv npoucxodum oceoboosicdenue pecypcos
afx _msg void OpenGLWindow :: OnDestroy ()

m_glRC—Destroy ();
delete m glRC;

CWnd: : OnDestroy ();
}

11.6. Ucnoap3zoBanne OpenGL ¢ VCL

Ucnonszopanne OpenGL ¢ VCL — apyroit momysisipaoit 6u0-
JIMOTEKOi i pa3paborku Windows-mprioKeHuil, OTJINIaeTCs OT
[PEJIbIYINEro IPUMEPA TOJBKO €T dM U HA3BAHUSIMU KJIACCOB.

Bor npumep munumanabaoro xkoja #Ha C-+4, KOropblii 100aBuT

OpenGL x dopwme (oxny) VCL:
class OpenGLForm : public TForm

{
public:
__fastcall OpenGLForm(TComponent* owner);
// ommpwmoie waenv, KaGCCA
private:

// 3akpoimoie waeHv, KAGCCA

GLRCx m_pGLRC;

// Komwmexcm ycmpolicmea 0KHa
published:

// cuenamypu smur memodosé onpedesenv, 3apahee
void _ _fastcall FormCreate(TObject* sender);
void _ fastcall FormDestroy (TObject* sender);
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void _  fastcall FormPaint(TObject* sender);

}s -

// Komcmpyxmop
__fastcall OpenGLForm :: OpenGLForm (

TComponent* owner)
: TForm (owner)

m_pGLRC(NULL)
{
}
// 6 amom memode peasudyem UHUYUAAUSAUUN
void _  fastcall OpenGLForm:: FormCreate (
TObject* sender)
{

m_pGLRC = new GLRC(Handle);
bool res = m pGLRG—>Create ();
assert (res);

}
// 3decv pucyem
void _  fastcall OpenGLForm:: FormPaint (

TObject* sender)

// deaaem mexyusum
m_glRC—MakeCurrent () ;

glClear (GL_COLOR_BUFFER BIT |
GL_DEPTH_BUFFER_BIT) ;

// pucyem mo, WMo TOMuM HAPUCOBGMDH
<meroabl pucoBanus OpenGL>

m_glRC—SwapBuffers ();
}

// 3decv npoucrodum JeUHUYUAAUZAYUA
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void _  fastcall OpenGLForm:: FormDestroy ()
{

m_glRC—Destroy ();

delete m glRC;






I'maBa 12.

OpenGL B .NET

B sToMm pasmesie paccMaTpUBAeTCst TIOCTPOEHNE OKOHHOTO MTPUJIO-
)xerus ¢ noggepxkoit OpenGL wa miaardopme Microsoft .NET.

Hecmorpst Ha To, uro OpenGL He mMeer BCTPOEHHOM MOAAEPK-
ku B .NET, B HacTosIee BpeMs CYIIECTBYET JOCTATOYHO MHOTO pe-
menunii, no3soasionmx nojakadars OpenGL k NET-uporpamman.
Ms1 paccMoTpuM paboTy € OJIHOM U3 HUX — CBOOOTHO-PACIIPOCTPAHSI-
emoit 6ubmorexoit Tao Framework.

Tao Framework (http://www.taoframework.com) peasu3syer mpo-
MeXyTOUHBI ypoBenb mexay .NET mpunoxenvem m pazandabiMu

Win32-6ubmorekamu, B wactaoctu GL, GLU, GLUT, WGL.

12.1. GLUT B cpene Microsoft Visual C# 2005

[Ipocreiinum ciocobom cozmanust OpenGL-nipunoxkenusi ¢ cpeme
NET wmoxkuo cantars ncnoan3oanne 6ubamorekn GLUT, moctym-
uoit uepe3 .NET-kommonenty Tao.FreeGlut.

Jamee mpuBOASITCS TITarn, HEOOXOAMMBIE [IJIST CO3TaHNS KOHCOIb-
voro .NET-npunoxenus B cpeme Microsoft Visual C# 2005 na C#
¢ GLUT wu OpenGL:

157
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e Y6eaurnest, aro ma mammune ycranosiaen GLUT (glut32.d1l se-
x&ut B Windows\System32).

e Cozjanre TpoeKTa KOHCOJbHOrO mnpuioxkenus: File—New—
Projects— Visual C#—Windows—Console Application, ma-
Opare uMms npoekTa, OK.

e Jlobasmenne Tao x mpoekTy: Project—Add Reference— . NET,
naiit B cniucke «Tao Framework OpenGL Binding For .NET»
n «Tao Framework FreeGLUT Binding For .NET», Beigeauts
o6a, OK. Eciiu KOMIIOHEHT HET B CIHCKEe, HEOOXOMUMO HANTH
WX B WHCTAJLISIIMOHHOM KaTajore oubamorekn Tao Framework
u 700aBUTH Uepe3 BKIAJIKy Browse.

IIporpamvuposanue c ucnobzosarue GLUT u OpenGL 8 .NET
na C# npakTu4yecky He OTJIMYaeTcsd 0T BapuaHTa Jid Win32 u C++.
Huwuxe npuBeien mpuMep mpocToii MporpaMMbl, AaHAJTOTUIHOM TpuMe-
py u3 m.2.5:

IMporpamma 12.1. TIpocroit mpumep OpenGL B CH#.

using Tao.FreeGlut;
using Tao.OpenGl;

namespace gl glut net

{

class Program

{

private static int Width = 512;
private static int Height = 512;
public const int CubeSize = 200;

static void Display ()

{

int left , right, top, bottom;
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}

left = (Width — CubeSize) / 2;
right = left + CubeSize;

bottom = (Height — CubeSize) / 2;
top = bottom + CubeSize;

Gl.glClearColor (0.7f, 0.7f, 0.7f, 1);
Gl.glClear (Gl.GL_COLOR_BUFFER_BIT);

Gl.glColor3ub (255, 0, 0);
Gl.glBegin (Gl.GL_QUADS);
Gl.glVertex2f(left , bottom);
Gl.glVertex2f(left , top);
Gl.glVertex2f(right , top);
Gl.glVertex2f(right , bottom);
Gl.glEnd ();

S~~~ A~

Gl.glFinish ();

static void Reshape(int w, int h)

{

static void Keyboard(byte key, int x, int y)

Width = w;
Height = h;

Gl.glViewport (0, 0, w, h);

Gl. glMatrixMode (Gl.GL_PROJECTION) ;
Gl.glLoadIdentity ();

Gl.glOrtho(0, w, 0, h, —1.0, 1.0);

Gl. glMatrixMode (Gl.GL_MODELVIEW ) ;
Gl.glLoadIdentity ();
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{

const int ESCAPE = 27;

if (key = ESCAPE)
Glut . glutLeaveMainLoop ();

static void Main(string[] args)

{

Glut. glutInit ();

Glut . glutInitDisplayMode ( Glut .GLUT RGB);
Glut . glutInitWindowSize (Width, Height);

Glut . glutCreateWindow ("Red_square_example" );

Glut . glutDisplayFunc (Display );
Glut . glutReshapeFunc(Reshape);
Glut . glutKeyboardFunc (Keyboard );

Glut . glutMainLoop ();

Obparure BHuMaHue, 410 Bce Koman bl u koucrautel GL, GLU
u GLUT naxoggrcsa B upocrpancrsax umen Gl, Glu u Glut, coorser-
CTBEHHO.

12.2. Ucnoap3zoBanme OpenGL B WindowsForms

OpenGL B8 WindowsForms Tpebyer wHUITHAIABAINY, AaHAJTOT Y-
HOii paccmorpentoit st 6ubanorek MFC n VCL (em. n.1l). B
Tao Framework yke peanm3oBan mpocrtoii kjaacc okaa OpenGL —
Tao.Platform.Windows.SimpleOpenGlControl.

Paccmorpum nocienoBaTesbHOCTE AeHCTBU, HEOOXOIUMYIO JIIsd
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CO3JaHMsT TTPOCTOTO OKOHHOTO TpmiaoxKerust B WindowsForms u ¢
moitepkkoit OpenGL:

e Cozpanue npoekra npuioxkenus: File—New—Projects— Visual
C#—Windows— Windows Application, HabpaTb uMs IpOeK-
ta, OK.

e Jlobasmenme Tao x mpoekty: Project—Add Reference— .NET,
maiitn B ciimcke «Tao Framework OpenGL Binding For .NET»
u «Tao Framework Windows Platform API Binding For .NET»,
BotesinTh 06a, OK. Ecjin KOMIIOHEHT HET B CIIUCKE, HEOOXOH-
MO HAWTHU UX B WHCTAJLISAIMOHHOM KaTajore bubyinmoreku Tao
Framework u nobaBurh depes Bkaaaky Browse.

e YUto6nI ymobHo codmarh okHO OpenGL, meobxoqumo m06aBUTH
COOTBETCTBYIOIIMI O0BEKT HA TaHEJ b WHCTPyMeHTOB. Jlis
9TOr0 HYKHO B KOHTEKCTHOM MeHio maHen «Toolbox» BbI-
opars nyakT «Choose Items...», B mosiBUBIIIEMCST CIIUCKE Haii-
i «SimpleOpenGLControl», mocTaBuTh rajodKy OKOJIO HETO,

OK.

e Jlo6asnenue okua OpenGL na dopmy: mHa manenun «Toolbox»
waiigure «SimpleOpenGLControly u meperarure Ha dopmy
npuaoxkenns. OKHO JTOJIZKHO 3AMOJTHIATHCS Y€PHBIM ITBETOM.

e Vuunwmanuzaius OpenGL: B KoHCTpyKTOpE (DOPMBI TIOC/IE BbI-
3oBa InitializeComponent() 106aBUTH BbI30B (PYHKITUU CO3TAHUST
xoHTeKcTa simpleOpenGlControll.InitializeContexts().

Oyuxruu pucoBanuss OpenGL Moxk#HO 106aB/I9TH B 06paboTINK
cobertus Paint okna OpenGL (me myrars ¢ Paint dhopwmbr).
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ITpnaoxenne A.

IIpuMuTuBbl OMOJIMOTEK

GLU m GLUT

PaCCMOTpI/IM CTaHJaPTHBIE KOMaH/JAbl IMMTOCTPOEHUA MMPUMUTHUBOB,
KoTopble peanm3oBanbl B bubanorekax GLU u GLUT.

Yrober moctpouts npumutus u3 owbaumoreku GLU, majo cHa-
Yajia Co3/aTh ykKa3arejb Ha quadric-o0beKT C MOMOIIbLI0 KOMAaH-
bt gluNewQuadric(), a 3aTem BbI3BaThH O7HY U3 Komaws gluSphere(),
gluCylinder(), gluDisk(), gluPartialDisk(). Paccmorpum sti KoMaHab!
OT/IEeJTLHO:

void gluSphere (GLUquadricObj =xqobj, GLdouble radius,
GLint slices , GLint stacks)

Ota QyHKIUsS CTPoUT cepy ¢ IMEHTPOM B HaJa/Ie KOOPAUHAT U
paauycoMm radius. IIpu sToM umcio pasbuenuii cpepbl BOKPYT OCH 2z
3a/aeTcd mapaMeTpom slices , a BIOJb och z — mapaMeTpom stacks.
void gluCylinder (GLUquadricObj s*qobj,

GLdouble baseRadius

GLdouble topRadius,

GLdouble height , GLint slices ,
GLint stacks)

165



166 Hpunooicenue A. Ipumumuews 6ubsuomerx GLU v GLUT

Hannasg dynknms crpour nmuaumaap 0e3 OCHOBaHWI (KOJIBIO),
IIPOJI0JIbHAd OCh HapaJijiejibHa OCU Z, 3ajJHee OCHOBAaHUE MMeEET pa-
muyc baseRadius, m pacnoJsioxkeno B 1wiockoctun z = (0, mepemgHee
OCHOBaHMe mMeeT paanyc topRadius m pacmosio’KeHO B IJIOCKOCTH
z = height. Ecin 3a/1aTh 011H 13 Pa/inyCoOB PaBHBIM HYJIIO, TO OyieT
noctpoeH kKonyc. Ilapamerpsr slices m stacks mMeIOT aHAJTOTWIHBIN
CMBICJL, YTO U B LPeAbIAYIIEl KoMaH/e.

void gluDisk (GLUquadricObj xqobj,
GLdouble innerRadius,
GLdouble outerRadius,
GLint slices ,
GLint loops)

DyHKIMSA CTPOUT MJIOCKWH TUCK (KPYT) C TEHTPOM B HAYAJIE KO-
opawHAT u paamycom outerRadius. Ecyin 3nagenne innerRadius oTmd-
HO OT HYJIsI, TO B IIEHTPE ANUCKA OYIe€T HAXOAUTHCI OTBEPCTHUE PAJIN-
ycom innerRadius. [lapamerp slices 3aaer uucjo pasbueHuil gucka
BOKDYT OCH 7, & mapaMeTp loops — 9mc/I0 KOHIEHTPUIECKNX KOJIETl,
NEPIEHTUKYIAPHBIX OCH Z.

void gluPartialDisk (GLUquadricObj *qobj,
GLdouble innerRadius,
GLdouble outerRadius,
GLint slices ,
GLint loops,
GLdouble startAngle ,
GLdouble sweepAngle);

Ornuane 5TON KOMAHIBI OT TPEIABIAYIIEN 3aK/II0UAETCA B TOM,
9TO OHA CTPOUT CEKTOP KpyTra, HAYAJbHBIN W KOHEUHBIH YTJIbI KO-
TOPOTO OTCYUTHIBAIOTCS MPOTUB YACOBOI CTPEJKU OT MOJIOKUTETh-
HOI'O HANPaBJEHUS OCH y W 33Jal0Tcd mnapamerpamu startAngle u
sweepAngle. YIJIbl UBMEPSAIOTCH B IPAJIyCax.

Kowmanapr, TpoBojsInme TOCTpOEHe TPUMUTHBOB U3 OubmoTe-
ku GLUT, peanuzoBanbl uepes cranjgaprTabie mpumutuebl OpenGL
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u GLU. st mocTpoeHust HyKHOTO MPUMHUTHBA, JOCTATOYHO MTPOU3-
BECTH BBI30B COOTBETCTBYIOIIEH KOMAH/IbI.

void glutSolidSphere (GLdouble radius,
GLint slices ,
GLint stacks)

void glutWireSphere (GLdouble radius,
GLint slices ,
GLint stacks)

Kowmanma glutSolidSphere() crpout cdepy, a glutWireSphere() —
kapkac cdeps! paguycom radius. OcrajabHble TapaMeTphl T€ XKe, 9TO
7 B OPEJbIAYIIAX KOMAHIAX.

void glutSolidCube (GLdouble size)
void glutWireCube (GLdouble size)

Komamaer crpoar xky6 miam kapkac Kyba C IEHTPOM B HadaJIe
KOODAWHAT U JTUHON pebpa size.

void glutSolidCone (GLdouble base, GLdouble height ,
GLint slices , GLint stacks)

void glutWireCone (GLdouble base, GLdouble height ,
GLint slices , GLint stacks)

9T KOMAaHbl CTPOST KOHYC WM €ro KapKac BBICOTOI height m
pajJmrycoM OCHOBaHUsT base, pacloJIoKeHHbI B0k ocu z. OCHOBa-
HIe HAXOJHUTCS B ITOCKOCTH 2z = (.

void glutSolidTorus (GLdouble innerRadius,
GLdouble outerRadius,
GLint nsides ,
GLint rings)

void glutWireTorus (GLdouble innerRadius,
GLdouble outerRadius,
GLint nsides,
GLint rings)

DTN KOMAaHbl CTPOAT TOp WM €ro Kapkac B rmiockoctu z = 0.
Buyrpennuit u BHemHMit pagnychl KOHTPOJUPYIOTCS MapaMeTpaMu
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innerRadius n outerRadius. TTapamerp nsides 3amaer 9mcIo CTOPOH
B KOJIBIIAX, COCTABJIAIONINX OPTOTOHAJBHOE CEUeHne TOpa, a rings —
9UCJI0 PAJUAIBHBIX Pa30ueHuit Topa.

void glutSolidTetrahedron (void)
void glutWireTetrahedron (void)

DU KOMaH/IbI CTPOAT TETPadAp (MPABUIbHYIO TPEYTOJIbHYIO M-
paMIy) WK €ro KapKac, IPU 9TOM DPAJUyC OMUCAHHON chepbl BO-
KpyT HEro paseH 1.

void glutSolidOctahedron (void)
void glutWireOctahedron (void)

OTU KOMAHIBI CTPOAT OKTAdIP WK €r0 KapKac, PaanyC OMUCAH-
HOIT BOKpyT Hero cdepsr pasen 1.

void glutSolidDodecahedron (void)
void glutWireDodecahedron (void)

OTU KOMAHJIBI CTPOSAT JIOJEKA3IP WM €ro KapKac, PajuyC OIu-
CaHHOI BOKPYT Hero cgepbl paBeH KBaIPATHOMY KODHIO U3 TPeX.

void glutSolidIcosahedron (void)
void glutWirelcosahedron (void)

OTU KOMaH/IbI CTPOSIT UKOCA3/IP UJIA €10 KAPKAC, PAUYC OMUCAH-
HOIT BOKpyT HEro cdepsr pasen 1.

IIpaBubHOE TTOCTPOEHNE TIEPEYUNCTIEHHBIX TIPUMUATIBOB BO3MOK-
HO 0pU yJIaJ€HUUW HEBUJUMbBIX JIMHUU W I[IOBEPXHOCTEN, i de-
0 HAJO0 BKJIIOYUTH COOTBETCTBYIOIINN PEKUM BBI30BOM KOMAHIHI
glEnable(GL_DEPTH TEST).



IIpunoxenne b.

JleMoHcTpaIiuOHHBIE
IIPOTrPAMMBI

B.1. IIpumep 1: IIpocroe GLUT-npuioxkeuue

DTOT TPOCTOil TpUMep MpeTHAZHAYEH JIJIs TEMOHCTPAINY CTPYK-
rypbl GLUT-npuioxkenust u npocreimux ocaoB OpenGL. Pezyib-
TaTOM pabOThI MPOTPAMMBI SIBJISIETCS CAYJIANHBIN HAOOP IIBETHBIX
MPSIMOYTOJIBHUKOB, KOTOPBIT MEHSIETCSI TTPU HAYKATUN JIEBOW KHOIKN
MbItu. C TTOMOIIBIO0 MPAaBOil KHOMIKYA MBIIIKA MOXKHO MEHATH PEXKUM
BAJIUBKU MPSIMOYTOJIEHUKOB.

[Iporpamma B.1. IIpocroit mpumep OpenGL.

#include <stdlib .h>
#include <gl\glut.h>

#ifdef random
#undef random
#endif

#define random (m) (float)rand ()+m/RAND MAX

169



170 IIpunoorcenue B. Jlemoncmpayuortovie npo2pammos

// wupuna u éwicoma 0KHa

GLint Width — 512, Height — 512;
// MUCAO MPAMOY2ZOABHUKOE 8 OKHE
int Times = 100;
// ¢ 3anoamnenuem ¢
int FillFlag = 1;

long Seed = 0;

// dynkyus omobpasicaem MPAMOY20AbHUK

void DrawRect( float x1, float yl,
float x2, float y2,
int FillFlag )

glBegin (FillFlag ? GL QUADS : GL LINE LOOP);
glVertex2f(x1, yl);

glVertex2f(x2, yl);

glVertex2f(x2, y2);

glVertex2f(x1, y2)
glEnd ();

}

Y

// ynpaeasem ecem 6w6000M HG4 IKPAH
void Display (void)
{

int i;

float x1, yl, x2, y2;

float r, g, b;

srand (Seed );

glClearColor (0, 0, 0, 1);
glClear (GL_COLOR_BUFFER,_BIT) ;

for( i =0; i <
r = random (1);
g = random (1)

Times; i++ ) {

)
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b = random (1);
glColor3f( r, g,

x1 = random (1) =x
yl = random (1) =*
x2 = random (1) x
y2 = random (1) x
DrawRect( x1, yl

}

glFinish ();
}

b );

Width;
Height ;
Width;
Height ;
, x2, y2, FillFlag );

// Buiavieaemcsa Npu UIMEHEHUU PAIMEPOE OKHG
void Reshape(GLint w, GLint h)

{
Width = w;
Height = h;
glViewport (0, 0, w, h);
glMatrixMode (GL_PROJECTION) ;
glLoadIdentity ();
glOrtho (0, w, 0, h, —1.0, 1.0);
glMatrixMode (GL_MODELVIEW ) ;
glLoadIdentity ();

}

// Ob6pabamwisaem coobuenus OmM Mol
void Mouse(int button, int state,
int x, int y)

{

if( state =— GLUT DOWN ) {

switch( button )

{

case GLUT LEFT BUTTON:
Seed = random (RAND_MAX) ;
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break ;
case GLUT_ RIGHT BUTTON:

FillFlag = !FillFlag;
break;

}

glutPostRedisplay ();

}
}

// Obpabamvieaem coobuenus 0m KAGBUAMYPHL
void Keyboard( unsigned char key, int x, int y )

{
const char ESCAPE = ’\033’;

if( key — ESCAPE )

exit (0);
}
void main(int argc, char xargv|[])
{

glutInit(&arge, argv);

glutInitDisplayMode (GLUT _RGB);
glutInitWindowSize (Width, Height);
glutCreateWindow ("Rect_draw_example_(RGB)");

glutDisplayFunc (Display );
glutReshapeFunc (Reshape);
glutKeyboardFunc (Keyboard );
glutMouseFunc (Mouse ) ;

glutMainLoop ();
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Rect draw example (RGB) Rect draw example (RGB)

BEEX

Puc. B.1. Pezyabrar paborsr nporpammbl B.1. CjieBa — pexxum 3a-
MTOJTHEHU S, CIIPABa — PEKUM KOHTYPOB.

B.2. IIpumep 2: Moneans ocBemieaus OpenGL

[IporpaMma mpegHa3HAYEHA JIJIS TEMOHCTPAIIUNY MOJETH OCBEIIe-
uust OpenGL Ha puMepe MPOCTOi CIEHBI, COCTOSIIIEN W3 Topa, KO-
Hyca u mapa. ObbekTaM Ha3HAYAIOTCS pa3Hble MaTepuasbl. B ciene
nIpucyTCcrByeT TOYEYHBIN UCTOYHUK CBETA.

[Iporpamma B.2. Mogesnb ocserienns OpenGL.

#include <stdlib .h>
#include <GL/glut .h>

// mapamempo, Mamepuasa Mmopa

float
float
float
float

matl_dif[]={0.8f,0.8f,0.0f};
matl_amb[]= {0.2f,0.2f,0.2f};
matl_ spec[]={0.6f,0.6f,0.6f};
matl shininess=0.5f%128;

// napamempv. mamepuasas KOHYCa

float

mat2_dif[]={0.0f,0.0f,0.8f};

float mat2_amb[]= {0.2f,0.2f,0.2f};

float

mat2 spec[]={0.6f,0.6f,0.6f};
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float mat2 shininess=0.7f%128;

// napamempu, mamepuasa wapa

float mat3_dif[]={0.9f,0.2f,0.0f};
float mat3_amb[]= {0.2f,0.2f,0.2f};
float mat3_spec[]={0.6f,0.6f,0.6f};
float mat3 shininess=0.1f%128;

// Hnuyueiusupyem napamempv, Mamepuaios u
// ucmounuxa ceema
void init (void)

{
GLfloat light ambient[] = { 0.0, 0.0, 0.0, 1.0 };
GLfloat light_diffuse[] = { 1.0, 1.0, 1.0, 1.0 };
GLfloat light_specular[] = { 1.0, 1.0, 1.0, 1.0 };
GLfloat light position|[] = { 1.0, 1.0, 1.0, 0.0 };

/* YCMAHABAUBAEM NAPAMEMPHL UCTMOWHUKAE céema x/
¢lLightfv (GL_LIGHTO, GL_AMBIENT,
light ambient );
glLightfv (GL_LIGHT0, GL_DIFFUSE,
light diffuse);
glLightfv (GL_LIGHT0, GL_SPECULAR,
light specular);
glLightfv (GL_LIGHT0, GL_POSITION,
light position);

/* eKAYGEM OCEEUWEHUE U UCTMOYHUK ceema */
glEnable (GL_LIGHTING);

glEnable (GL_LIGHTO);

/* exarvaem z—oydep */

glEnable (GL_DEPTH TEST);

}

// QYnKyus 6wu3veaemcea npu Heo0TOOUMOCMU
// nmepepucosku u300padcenus .
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// B mel ocywecmeasemca 6eco 6b600 2e0MEMPUY .

void display (void)

{

/* ouuwaem 6ydep xkadpa u b6ydep eaybunv, */

glClear (GL_COLOR_BUFFER BIT |
GL_DEPTH_BUFFER_BIT);

glPushMatrix ();
glRotatef (20.0, 1.0, 0.0, 0.0);

/* omobpasicaem mop */

glMaterialfv (GL_FRONT,GL_AMBIENT,
matl amb);

glMaterialfv (GL_FRONT,GL_DIFFUSE,
matl dif);

glMaterialfv (GL FRONT,GL SPECULAR,
matl spec);

glMaterialf (GL_FRONT,GL_SHININESS,
matl shininess);

glPushMatrix ();
glTranslatef (—0.75, 0.5, 0.0);
glRotatef (90.0, 1.0, 0.0, 0.0);

glutSolidTorus (0.275, 0.85, 15, 15);

glPopMatrix ();

/* omobpasicaem KoHYyc */

glMaterialfv (GL_FRONT,GL_ AMBIENT,
mat2 _amb);

glMaterialfv (GL_FRONT,GL_DIFFUSE,
mat2 dif);

glMaterialfv (GL FRONT,GL SPECULAR,
mat2 spec);

glMaterialf (GL_FRONT,GL_SHININESS,
mat2 shininess);

glPushMatrix ();
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glTranslatef (—0.75, —0.5, 0.0)
glRotatef (270.0, 1.0, 0.0, 0.0
glutSolidCone (1.0, 2.0, 15, 15
glPopMatrix ();

)
);

Y

/* omobpasicaem wap */

glMaterialfv (GL_FRONT,GL_AMBIENT,
mat3 _amb ) ;

glMaterialfv (GL_FRONT,GL DIFFUSE,
mat3_dif);

glMaterialfv (GL_FRONT,GL_SPECULAR,
mat3_ spec);

glMaterialf (GL_FRONT,GL_SHININESS,
mat3_shininess);

glPushMatrix ();
glTranslatef (0.75, 0.0, —1.0);
glutSolidSphere (1.0, 15, 15);
glPopMatrix ();

glPopMatrix ();
/% en60dum cueny na sKpan */
glFlush ();

}

// Bu3sweaemca npu USMEHEHUU NOALIOEAMEAEM
// pasmepos oxma
void reshape(int w, int h)
{
// yemanasaueaem pazmep obaacmu 6v600a
// pasnvim pasmepy oKHa
glViewport (0, 0, (GLsizei) w, (GLsizei) h);

// 3adaem MaAMPUYY NPOEKYUU C YHEmoM
// pazmepos oxna

glMatrixMode (GL_PROJECTION);
glLoadldentity ();
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gluPerspective (

// yeoa 3penus 6 epadycax

40.0,

// woapduyuenm cocamus okmna
(GLfloat)w/h,

// paccmoanue do naockocmeld OMCEYLEHUA
1,100.0);

glMatrixMode (GL_MODELVIEW ) ;

glLoadIdentity ();
gluLookAt (

}

// mnosoocenue Kamepol
0.0f,0.0f,8.0f,

// uenmp cuyenw

0.0f,0.0f,0.0f,

// moaoolcumenvroe HANPasAEHUE OCU Y
0.0f,1.0£,0.0f);

// Bui3vieaemcs npu HEHCAMUU KAGBUWU HE KAGBUGMYPE
void keyboard (unsigned char key, int x, int y)

switch (key) {

}
}

//
//
//
int

{

case 27: /+ escape */
exit (0);
break ;

Laaeuvili yukas NpusOHCEHUS

Coszdaemea 0KHO, YCMAHABAUBAEMCA PEHCUM
akpana c¢ Oydepom zaybuHvL

main(int argc, charsx argv)

glutInit (&arge, argv);
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glutInitDisplayMode (

GLUT_SINGIE |

GLUT RGB |

GLUT DEPTH);
glutInitWindowSize (500, 500);
glutCreateWindow (argv[0]);
init ();
glutReshapeFunc (reshape);
glutDisplayFunc (display);
glutKeyboardFunc (keyboard);
glutMainLoop ();
return 0;

& d:\projects\eltutorial2\sourcecodetestidebug\lightingmodel.exe [= D))

T &

Puc. B.2. Pesynbrar paborsr nporpammvsr B.2.

B.3. 3arpy3ka BMP d¢aiina

B sTrom nynkTe mpuBoguTcsa ucxoAubil TekeT gyukimu LoadBMP(),
KOTOpas MO3BOJIAET 3arpy2Karh (Dailjibl MOJTHOIBETHBIX H300parKe-
uuit (24 6urta Ha Touky) B dpopmare Windows Bitmap (BMP).

CuHTaKCUC BBI30Ba (DYHKIIWN:
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int LoadBMP(const charx filename , IMAGEx out img)

[Tapamerp filename onpemenser nms daiiia. Pe3yibrar BeimosHe-
Hust (DPYHKIUN 3aIUCHIBAETCS B CTPYKTYPY out_img, KOTOpas ompe-
JieJieHa caeaytonmmM 00pa3om:

typedef struct IMAGE

{
int width;
int height;
unsigned charx data;
} IMAGE;

[Tosist width n height xpaHsT, COOTBETCTBEHHO, BHICOTY U ITUPUHY
nzobpazkenus. B mojie data mocTpouHO XpaHUTCS CaMo U300parkeHue,
B BuJjie nociegoBareabHocTy RGB-KOMIIOHEHT LBETOB NUKCEIEH.

[Mporpamma B.3. Barpyska BMP. @aiin loadbmp.h.

#ifndef TOADBMP H
#define TOADBMP H

typedef struct IMAGE
{

int width;
int height;
unsigned charx data;

} IMAGE;
int LoadBMP(const charx file , IMAGE+ out img);

#endif

ITporpamwma B.4. 3arpyzka BMP. ®aiin loadbmp.cpp.
#include "loadbmp.h"

#include <stdio.h>
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#include <stdlib .h>
#include <memory.h>

// pasmep 3azonoseka BMP-daiina

#define BMP_SIZE FILEHEADER 14

// pasmep undopmayuonrnozo 3azonoexa BMP-daiina
#define BMP_ SIZE INFOHEADER 40

#define BMP_COLOR_BITS 24 24

// ecnomozameavuvie GYHEUUU

static unsigned int ulntl6Number (unsigned char buf[2])

{
}

return (buf[l] << 8) | buf[0];

static unsigned int ulnt32Number (unsigned char buf[4])

{
unsigned numb = buf[3];
numb = (numb << 8) | buf[2];
numb = (numb << 8) | buf[1];
numb = (numb << 8) | buf[0];
return numb;

}

int ReadFileHeader (FILEx f, int* bitmap pos)

{
unsigned char header [BMP_SIZE FILEHEADER];
size t numb = O0;
int offset = 0;

if (fseek(f, 0, SEEK SET))

return 0;

numb = fread (header, BMP_ SIZE FILEHEADER, 1, f);
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}

if (numb != 1)
return 0;

if (header[O] — "B’ || header[l] 1— ’M’)
return 0;

offset = ulnt32Number (header + 10);
numb = fread (header, 4, 1, f);
if (numb != 1)

return 0;

if (ulnt32Number (header) != 40)
return 0;
xbitmap pos = offset;

return 1;

// 8aepysxa BMP-gaiira

int LoadBMP(const charx file , IMAGEx out img)

{

FILEx f;

int bitmap pos;
unsigned char buf[40];
size t numb;

int x res;

int y res;

int n_bits;

int compression;

int size image;

int n_ used colors;

// omxpweaem Paiin
f = fopen(file, "rb");
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if (If)

return 0;

if (out_img == NULL)
return 0;

// wumaem 3a204080%
if (!ReadFileHeader (f, &bitmap_ pos))

fclose (f);

return 0;

}
if (fseek (f, BMP_SIZE FILEHEADER, SEEK SET))

fclose (f);

return 0;

}

numb = fread (buf, 40, 1, f);
if (numb != 1)

fclose (f);
return 0;

}

x_res = (int)ulnt32Number (buf + 4);
y_res = (int)ulnt32Number (buf + 8);

n_ bits = (int)ulntl6Number (buf + 14);
compression = (int)ulnt32Number (buf + 16);
size _image = (int)ulnt32Number (buf + 20);
n_used colors = (int)ulnt32Number(buf + 32);

// wumaem moavko noanoysemuvie Hatiibe
if (n_bits = BMP_COLOR_BITS_24)
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int rgb size;
unsigned charx rgb;
int y;

unsigned charx line;
int rest 4;

if (bitmap pos !=
BMP_SIZE_FILEHEADER + BMP_SIZE INFOHEADER)

fclose (f);

return 0;

}
if (fseek(f, bitmap_pos, SEEK SET))

fclose (f);

return 0;

}

rgb size = 3 * x_res;
rest 4 = rgb_size % 4;
if (rest_4 > 0)

rgb_size +—= 4 — rest_4;

out img—>width = x res;
out img—>height = y_res;

out img—>data =
(unsigned charx)malloc(x_res % y res *x 3);

if (out_img—>data — NULL)

return 0;
rgb — (unsigned charx)malloc(rgh _size);

// 3anoansem dannve u3 @atiaa
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for (y = 0; y < y_res; y++)
{

size t numb = 0;

int x = 0;

numb = fread (rgh, rgb size, 1, f);
if (numb != 1)

fclose (f);
free(rgh)
return 0;

}

numb = 0;
line = out img—>data + x res * 3 x y;
for (x = 0; x < x_res; x++)

{

7

line [2] = rgb[numb+-+];
line [1] = rgb[numb++];
line[0]= rgb [numb++];
line += 3;

}

}
fclose (f);

free(rgh);
}

else
return 0;

return 1;

}

typedef unsigned char BYTE;
typedef unsigned short WORD;
typedef unsigned int DWORD;

typedef struct tagBITMAPFILEHEADER
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{
WORD bfType;

DWORD  bfSize;
WORD bfReservedl;
WORD bfReserved?2;
DWORD  bfOffBits;

} BITMAPFILEHEADER;

typedef struct tagBITMAPINFOHEADER {
DWORD biSize;
long biWidth;
long biHeight ;
WORD biPlanes;
WORD  biBitCount;
DWORD biCompression;
DWORD biSizelmage;
long biXPelsPerMeter;
long biYPelsPerMeter
DWORD biClrUsed;
DWORD biClrImportant;

} BITMAPINFOHEADER ;

static void IntTo2Bytes(int val, BYTE buf[2])

buf[0] =
buf[1] =
}

static void IntTo4Bytes(int val, BYTE buf[4])
{

(BYTE) val ;
(BYTE) (val >> 8);

buf[0] = (BYTE)val

buf[1] (BYTE)(val > 8),
buf[2] = (BYTE)(val >> 16);
buf[3] = (BYIE)(val >> 24);
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B.4. IIpumep 3: TekctypupoBaHue u aHUMAIUSA

PesynbraTrom BBITIOJIHEHNS STOH MPOIPAMMBI SIBJISETCs OCTPOE-
HHUE TeTpasdJpa C BPAIAIOIINMUCA BOKPYT HETO KOJIbIIAMA, Ha KOTO-
pble HaHeceHa TeKCTypa.

IIpn xommuasmum nporpammbl B Microsoft Visual C++ daiin
«texture.bmps» Has0 MOMECTHMTH B KaTaJOr MPOEKTa WM YKa3aTh
TIOSTHBIN MyTh K Hemy. Ecam myTh He yKaszaH, TO MpPU 3aIyCKe WC-
nostHsieMoro haiiyia u3 OMePAIMOHHON cucTeMbl haiiyi ¢ TEKCTYPOit
JIOJIPKEH HaXOJUThCA B TOM 2Ke Karajore. g 3arpy3ku nzobpaxe-
HUS TEKCTYPbI IPOrpamMma ucnoJib3yer pyukiuio LoadBMP, mpuse-
JI€HHYIO B IIPEJBIAYIIEM IIYHKTE.

[Tporpamma B.5. [Ipumep TexcTypupoBaHus U aHUMAIIAHN.

#include <stdlib .h>
#include <math.h>

#include <GL\glut .h>
#include "loadbmp.h"

#define TETR LIST 1

GLfloat light_col[] = {1,1,1};

float mat diff1[]=4{0.8,0.8,0.8};

float mat diff2[]={0.0,0.0,0.9};

float mat _amb[]= {0.2,0.2,0.2};

float mat_ spec[]={0.6,0.6,0.6};

float shininess=0.7 x 128, CurAng—0, RingRad=1,

RingHeight =0.1;
GLUquadricObj* QuadrObj;
GLuint TexId;
GLfloat TetrVertex[4][3], TetrNormal[4][3];

// Buuucaenue HOPpMaAU K MAOCKOCTU ,

// 3adasaemol moukamu a,b,c

void getnorm (float a[3],float b[3],float c[3],
float *n)
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float mult=0;

int i,j;

n[0]=(b[1]—a[1])*(c[2] —a[2]) —(b[2]-a[2]) «
(c[l]—all]);

n[1]=(c[0] —a[O0])*(b[2] —a[2]) —(b[0] —a[0])
(c[2]-a[2]);

n[2]=(b[0] —a[0])x(c[1]—a[1]) = (c[0] —a[O])
(b[1]—al1]);

// Onpedesenue HYNHCHO20 HANPABAEHUA HOPMAAY :

// om mouxu (0,0,0)

for (i=0;i<3;i++) mult+=a[i]*n[i];

} if (mult<0) for (j=0;j<3;j4++) n[jl=—nlj];

//  Bwuucaenue koopdunam eepwun mempaiopa
void InitVertexTetr ()
{
float alpha=0;
int i;
TetrVertex [0][0] =
TetrVertex[O][l]:
TetrVertex [0][2]=0;
// Bwwucaenue woopdunam 0CHOBANUA MEMPAI0Pa
for (i=1;i<4;i++)
{
TetrVertex[i]]
TetrVertex[i]]
TetrVertex[i]]
alpha+=120.0x%

}

0.94xcos (alpha);

0]

1]=0;

2]=0.94%sin (alpha);
3. / 80.0:

}

// Bwuwucaenue nopmaseli cmopon mempasopa
void InitNormsTetr ()

{

getnorm ( TetrVertex [0] , TetrVertex|[1],
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TetrVertex[2], TetrNormal [0])
getnorm ( TetrVertex [0] , TetrVertex [2],

TetrVertex [3] , TetrNormal [1])
getnorm ( TetrVertex [0] , TetrVertex [3],
2])
2],
31)

)
)

TetrVertex[1], TetrNormal |
getnorm ( TetrVertex|[1], TetrVertex|
TetrVertex [3], TetrNormal |

’

)

}

// Cosdanue cnucka nocmpoenus mempasopa
void MakeTetrList ()

{
int i;
glNewList (TETR_LIST,GL_COMPILE) ;
// Badanue cmopon mempasdpa
glBegin (GL_ TRIANGLES) ;
for (i=1;i<4;i++)
{
glNormal3fv (TetrNormal[i —1]);
glVertex3fv (TetrVertex[0]);
glVertex3fv (TetrVertex[i]);
if (i!=3)
glVertex3fv (TetrVertex|[i+1]);
else

glVertex3fv (TetrVertex[1]);

glNormal3fv
glVertex3fv
glVertex3fv
glVertex3fv
glEnd ();

glEndList ();

}

void DrawRing()

TetrNormal [3
TetrVertex |1
TetrVertex |2
TetrVertex [3

NN AN AN

// IHocmpoenue uyuaundpa (Koavya), PACNOAOIHCEHHO20



b.4. Ilpumep 3: Texcmypuposarue U GHUMGUUA 189

}

// mapasseavno ocu z

// Bmopoi u mpemud napamempu, 3adatom

// paduycw, ocnoeanuti, wemeepmuiii 6v.cOmy

// mocaednue dea—wucao pazbuenuti 6oKpy2 U

// 6doav ocu z. Ilpu smom daavnee ocrnosanue

// yuaundpa nazodumcsa 6 naockocmu z=(

gluCylinder (QuadrObj,RingRad,RingRad,
RingHeight ,30,2);

void Texturelnit ()

{

char strFile[]="texture.bmp";
IMAGE img;

// Bupaenueanue 6 #.bmp no 6batimy
glPixelStorei (GL_UNPACK ALIGNMENT,1);
// Coszdanue udenmuduxamopa 0as mexcmypo
glGenTextures(1,&TexId);

// Baepysra uszobpasicenus 6 nNamamb

if (!LoadBMP(strFile , &img))

return ;;

// Hawano onucanua ceolicms mexcmypo
glBindTexture (GL TEXTURE 2D, TexId);
// Cosdanue yposnell demaiu3ayuu U UHUYULAUSGUUSL
// mexcmypo
gluBuild2DMipmaps (GL_TEXTURE 2D, 3,
img.width, img.height ,
GL_RGB,GL_UNSIGNED BYTE, img.data);

// Paspewenue nanrodcenus 3mot mekcmypv. Ha
// quadric—obsexmu
gluQuadricTexture (QuadrObj, GL TRUE);

// Badanue napamempos mexcmypoe
// Ilosmop usobpasicenus no Napamempuueckum
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// ocam s u t

glTexParameteri (GL_TEXTURE 2D,
GL_TEXTURE_WRAP_S, GL_REPEAT);

glTexParameteri (GL TEXTURE 2D,
GL_TEXTURE_WRAP_T, GL_REPEAT);

// He ucnoavb3osamov uHmMepnosayuo npu ewvbope mowku

// ma mexcmype
glTexParameteri (GL TEXTURE 2D,

GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri (GL_TEXTURE_ 2D,
GL_TEXTURE_MAG_FILTER, GL_NEAREST);

// Cosemewams mexcmypy u mamepuas 06sexma
glTexEnvi (GL _TEXTURE ENV, GL TEXTURE ENV MODE,
GL_MODULATE) ;

void Init (void)

{

InitVertexTetr (
InitNormsTetr ()
MakeTetrList ();

)

// Onpedeaenue c60UcME MaAMeEPULAG

glMaterialfv (GL_FRONT AND BACK, GL_AMBIENT,
mat_amb);

glMaterialfv (GL _FRONT AND BACK, GL_SPECULAR,
mat_spec);

glMaterialf (GL_FRONT, GL_SHININESS,

shininess);

// Onpedeaenue c60lUcme 0CEeULLHUA

¢lLightfv (GL_LIGHT0, GL_DIFFUSE, light col);
glEnable (GL_LIGHTING) ;

glEnable (GL_LIGHTO) ;
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// IIposodumv ydanenue HESUIUMBT AUHUT U

// moeeprnocmed

glEnable (GL_DEPTH TEST);

// IIposodumv nopmuposanue Hopmasei

glEnable (GL_NORMALIZE ) ;

// Mamepuaav, 065€KmM06 0OMAUNGIOMCA MOALKO UBEMOM

// duddysnozo ompasicerus

glEnable (GL_COLOR_MATERIAL) ;

glColorMaterial (GL_FRONT AND BACK,
GL_DIFFUSE) ;

// Cosdanua yxasameana na quadric—obsexm
// 0aa nocmpoenus Koaey
QuadrObj=gluNewQuadric () ;

// Onpedeaenue ceotlicrne mexcmypo
Texturelnit ();

// Badanue mepcnexkmusnoli npoexyuu
glMatrixMode (GL_PROJECTION) ;
gluPerspective (89.0, 1.0, 0.5, 100.0);
// danee 6ydem nposodumvca moavko

// mpeobpaszosanue 006eKmMO6 CyeHbL
glMatrixMode (GL_MODELVIEW ) ;

}

void DrawFigures(void)

{

// Brarwuenue pescuma HaHeCeHUA MEKCMYPoL

glEnable (GL_TEXTURE 2D);

// Badaem usem duddysnozo ompasicenus das Koaey
glColor3fv (mat _diffl);

// dmobu, me nposeodumv nepemuosicenue ¢ npedvdyused
// mampuuyeli 3azpysicaem eOUHUNHYI MAMPULY
glLoadIdentity ();

// Onpedeasem mouky nabarodenus
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gluLookAt (0.0
0,
0, 1.0,
// Cozxpansem 6udosyto mampuuy, max kak Jdasvuie

// b6ydem mnposodumbcs mogopom Kosey

glPushMatrix ();

// IIpouseodum Heckoabko n0B0POMOE HAG& HOBLLT Y204

// (9mo 6wucmpee, wem ymuoocamo npedudyuyyro 6udoeyro
// MamMpuUuy Ha MAMPUYY NO0EOPOMA ¢ HUKCUPOBAHHBLM

// yaaom mnoeopoma)

glRotatef (—CurAng, 1, 1, 0);

glRotatef (CurAng, 1, 0, 0);

// Jaa pucosanua Koaey kadcdoe u3 HUT Hado

// mpeobpazosamv omodesvbHO, MNOIMOMY CHAUAAG

// coxpansem 6udosyrw MAMPUYY, 3GMEM 60CCMAHABAUBLEM
glPushMatrix ();

glTranslatef (0,0,—RingHeight /2);

DrawRing ();
glPopMatrix ();
glPushMatrix ()
glTranslatef (
glRotatef (90,
DrawRing ();
glPopMatrix ();
glPushMatrix ();
glTranslatef (—RingHeight /2,0,0);
glRotatef (90,0,1,0);

DrawRing ();

0
0
0

0,RingHeight /2,0);
1,0,0);

glPopMatrix ();

// Boccmanasiuseaem mampuyy 0as 1n080pOMOE Mepasipa
glPopMatrix ();

// BulKA0UGeM DPENCUM HAAOAHCEHUA MEKCNYPbL

glDisable (GL_TEXTURE 2D);

// IIposodum mosopomvi
glRotatef (CurAng, 1, 0, 0);
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}

glRotatef (CurAng / 2, 1, 0, 1);

// Imobv,. mempasdp 6paULAACA G6OKPY?2 UEHMPGL, €20
// mnado cd8uHYymMb 6HU3 MO 0CU 02
glTranslatef (0, —0.33, 0);

// 3adaem usem Jduddysnozo ompasicenus oas mempasopa
glColor3fv (mat _diff2);

// IIposodum mocmpoenue mempasdpa
glCallList (TETR_LIST);

void Display (void)

{

}

// Hnuyuaausayus (owucmka) mexywezo bydepa

// Kkadpa u eaybunw

glClear (GL_COLOR,_BUFFER_BIT |
GL_DEPTH_BUFFER_BIT)

// Ilocmpoenue ob6sexmos

DrawFigures ();

// Iepecmanoexa 6ydepos radpa

glutSwapBuffers ();

void Redraw(void)

{

}

// Yeeauuwenue mexywezo yzaa noeopoma
CurAng+=1;

// Cuenan dasn ew3osa mpoyedypv, co3danus u306padicenus
// (0das obnosaenus )
glutPostRedisplay ();

int main(int argc, char xxargv)

{
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// Hnuyuaarusayus @ynryuli 6ubauvomerxu GLUT
glutInit(&arge, argv);
// Badanue pescuma c¢ deotinol bydepusayued,
// mpedcmasaenue uysema 6 gdopmame RGB,
// ucnoavzoeanue 6ydepa 2aybunv
glutInitDisplayMode (GLUT _DOUBLE |
GLUT RGB |
GLUT_DEPTH)
// Cozdanue oxkna NPuUAOICEHUA
glutCreateWindow ("Example_of _using _OpenGL" ) ;
// Pezucmpayus @Gynkyuu nocmpoenus u3o0pacncenus
glutDisplayFunc (Display);
// Pezucmpayua @ynryuu 06HO6AEHUA U300DAAHCEHUA
glutIldleFunc (Redraw);
// Hnuyuaauszayus dynkyuti OpenGL
Init ();
// Luxa obpabomku cobvmud
glutMainLoop ();
return 0;

B3 Example of using OpenGL

Puc. B.3. Pesyabrar paborsr nporpammsr B.5.
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B.5. Kaacc aasa paborbl ¢ OpenGL B Win32

IIporpamma B.6. ®aiin glre.h.

#ifndef GIRC H
#define GIRC H

// sazonoexu OpenGL
#include <gl/gl.h>
#include <gl/glu.h>

class GLRC
{

public:

// cosdanue u3 udenmuduxamopa oxHa
GLRC( HWND wnd );

// decmpyxmop
“GLRC();

// ydasenue (maxorce ewswnéaemca u3 decmpyrmopa)
void Destroy ();

// Cosdanue konwmekcma puco8aHus .
// Heobzxodumo ewseamsv do ucnoavsosanus OpenGL
bool Create ();

// Cosdan au xouwmerxcm pucosanus?
bool IsCreated ();

// feasemca au Konmexcm Ppucosanus mexyuum?
bool IsCurrent () comnst;

// Heaaem xonwmexm mexyuum
bool MakeCurrent ();
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// Bwavieaemca 6 KOMUE PUCOBAHUSA ,
// mokas cosddannozo u30bpasdicenus
void SwapBuffers ();

private:

// cosdan au Kommexcm

bool m _created;

// 0KHO, das KOmMOPO20O KOWMEKCM
HWND m wnd;

// Komwmexcm ycmpolcmea

HDC m_dc;

// konwmercm pucoeanus OpenGL
HGLRC m _glrc;

Hendif

[Iporpamma B.7. @aiin glre.cpp.

#include <windows.h>
#include "glrc.h"
#include "assert.h"

GLRC: : GLRC(HWND wnd)
: m_created ( false )
{

assert ( wnd );

m_wnd = wnd;

m_dc = ::GetDC( wnd );
assert ( m_dc );

}

GLRC:: "GLRC()
{

if (m_created)
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Destroy ();

}

void GLRC:: Destroy ()

{
wglDeleteContext (m_glrc);
:: ReleaseDC (m_wnd, m_dc);
m_created — false;

}

bool GLRC:: MakeCurrent ()

{

assert ( m_created );

if (IsCurrent ())
return true;

BOOL res = wglMakeCurrent(m_dc, m _glrc);

return (res != FALSE);

}

bool GLRC:: Create ()

{ assert ( !m_created );
int nPixelFormat = 0;
DWORD flags ;
flags =

PFD_DRAW_TO WINDOW |
PFD_SUPPORT OPENGL |
PFD_DOUBLEBUFFER;

static PIXELFORMATDESCRIPTOR pfd =
{
sizeof (PIXELFORMATDESCRIPTOR),
L,
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flags ,
PFD_TYPE RGBA,
24,

0, 0, 0, 0, 0, 0,
1,

07

07

0, 0, 0, 0,
32,

0,

0’

PFD MAIN PLANE,
07

0, 0, 0

I
pfd.cAlphaBits = 8§;
nPixelFormat — ChoosePixelFormat( m_dc, &pfd );

BOOL res =
SetPixelFormat( m_dc, nPixelFormat , &pfd ) ;

if (res — FALSE)
return false;

m_glrc = wglCreateContext( m_dc );
m_created = true;

return MakeCurrent ();

}

void GLRC:: SwapBuffers ()
{

assert (m_created);
:: SwapBuffers (m_dc);
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}
bool GLRC::IsCurrent () const
{
assert ( m_created );
return ::wglGetCurrentContext () = m_ glrc;
}
bool GLRC::IsCreated ()
{

return m_created;

}







Ilpnaoxenne B.

Ilpumepbl npakTuYecKux
3aJaHUN

B.1. Cornell Box

[enpio BamanHus sBJISETCS CO3aaHNEe M300paAKEeHWS 3aJaHHOM
TpexMepHoil craruynoil cienbl cpejctBamu OpenGL ¢ wucmosbz0-
BaHUEM CTAHIAPTHBIX TEOMETPUUYECKUX TPUMUTHBOB.

Tpebyercs coznarh nzobpazkenue crenbl Cornell Box. 9Ta kirac-
cUYecKasl CIleHa TpejCcTaBiser 000l KOMHATY KyOMYIecKoro BUa, C
OTCYTCTBYIOIIEl TepeiHell cTeHKoi. B KoMHaTe HaXoIdATCSd reoMeT-
puuecKue npejaMerbl pasjaudnbix (Gopm u cBoicTB (KyObl, mapaJ-
JICJICTIUTIC IbI, I_Hapbl), a TaK»XKe HpOTH}KeHHbIﬁ NCTOYHUK CB€Ta Ha
moToJike. IIpucyTcTByeT Takxke Kamepa C 3aJaHHBIMU apaMeTpaMu
(0OBIYHO OHA PACTIONOKEHA TaK, ITOOBI OBbLIA BUHA BCA KOMHATA).

B opmoit u3 saboparopuit KopuenbCckoro yHuBepcuTera, TaKas
KOMHATa CYIIECTBYeT B peajibHOCTH, U ee (pororpacduu CpaBHUBA-
0TCST ¢ U300paKEeHUSIMHU, TTOCTPOEHHBIMU METOaMU TPACCUPOBKN
Jiydaeit JIJis OIeHKW TOYHOCTU MeTomoB. Ha crpanwure sraboparopun
(http://graphics.cornell.edu) MOXKHO HANTH ONMHCAHHE TEOMETPUH
CIIEHBI B TEKCTOBOM hbopmare.

201
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Puc. B.1. Ilpumep crennr Cornell Box.

Peanuzamuu cuienst, mpuBefennoit Ha pucynke B.1, moctaTowmo
JJId BBITOJIHEHUA 3aJJaHNA, XOTd BO3MOZKHO BBE€ICHUE HOBBIX IIDE/I-
METOB JIONIOJTHUTEIBHO K CYIIECTBYOMUM UIn BMecTo Hux. [IpuBer-
crByercs ucnosb3opanue npumurusop oubsmorek GLUT u GLU.
Bunmvanme! Criena me mo/KHA TpeBpammaThcd B HAOOpP pasHOPOI-
HBIX TPEIMETOB. DCTETUIHOCTh U OPUTHHATHHOCTDH BBITIOJTHEHHOTO
3aJaHUA TIDUHUMaETCA BO BHUMaHNUE.

HpOTﬂ}KeHHLIfI NCTOYHUK CB€Ta Ha IIOTOJIKE KOMHATHI MOXKHO
SMYJIMPOBATH HECKOJBKUMU TOUEUHBIMUA UCTOTHUKAMU.

3a mPOCTERIITYIO peau3aIuio CIieHbl CTABUTCH 7 OAJLIOB.

PeajmcTuyHOCTD CIIEHBI MOXKHO 3HAYUTE/IHHO MOBBICUTDH 3a CUET
paB6I/IeHI/IH MHOT'OYyTI'OJIbHUKOB. CyTb 9TOro B TOM, 9TO B MO/1eJI1n OCBE-
menusg OpenGL ocBerieHHOCTb BBIYUC/ISETCH B BEPIIMHAX MHOTO-
YTOJBHUKA C YUeTOM HAIMPABJIEHUsT HOpMaJjell B 9TUX BEPIIWHAX, a
3aTeM JIMHEHHO WHTEPIOJUPYeTCs 1o BCeil moBepxHocTu. Ecam nc-
MOTB3YIOTCST OTHOCUTEIBHO DOJIBINNE MHOTOYTOJIBHUKY, TO, OUeBU/I-
HO, HEBO3MO?KHO TTOJIYINTH ,Zl;eI‘/‘ICTBI/ITe.HI)HO TIJIaBHBIE TIEPEXOIbl U 3a-
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Tenenus. J[si IPEOIOIEHsT 3TOTO HEJIOCTATKA MOYKHO DPa3OUBaTh
GosbIme rpanu (CTeHbl, HAIIPUMED) Ha MHOYKECTBO MEHBIIHX TI0 Pa3-
mepam. COOTBETCTBEHHO Pa3bpOC B HANPABIEHWN HOPMaseil B Bep-
IIXHAX OJIHOTO0 MHOTOYTOJIBHUKA HE OY/IeT CTOJ/b BEJIUK U 3aT€HEHUE
craner Gosiee miaBHbiM (1 Gaswn).

Hanoxenne TekcTyp HA OOBEKTHI CIIEHBI TTOOIIPAETCST 2-Msi HaJI-
JIAMM.

HonoyiauTe/ibHbIME DaJ/lJIaMU OIIEHUBAETCsI IIPUCYTCTBUE B CIIEHE
reneit. OJUH W3 TPOCTENTITNX AJITOPUTMOB HAJIOKEHUST TeHEll TpuBe-
JIeH B pazzese 8.2. 3a ero peann3ainio MOKHO HOJYIUTL 10 2 OaI-
noB. Vcnonb3oBanue 6osiee POJABUHYTHIX aJrOPUTMOB (HAIpUMED,
shadow volumes) GyeT OIEHEHO JOMOJTHUTETEHBIME HAITAMU.

Peanmusarusa ycrpanenus crynerdaroctn (antialiasing) meromoM,
MpeJJIOKEHHBIM B pazjesie 8.1 uin KaKuM-n00 IpYruM, OTIeHIBAET-
ca B 2 Hasta.

3a BBeJleHUE B CIIEHY MPO3PAYHBIX 00BEKTOB U KOPPEKTHBIN WX
BbIBOJ, taercs 1 6aji. Mexanuzm paboThl ¢ TPO3pPAYHBIMU 00bEKTa~
MU OonucaH B paszesie 7.1.

3aaHne OINEeHBACTCS, UCX0ad u3 15 6aIoB.

B npusemennoit Huke Tabauie yka3aHo pacupeseseHne 0aJioB
B B3aBHCHMOCTHU OT PEATN30BAHHBIX TPEeOOBAHMIA:

[Tpocreiimmii BapuanT CrieHbl (TOIBKO OCBemenne) | 7 6asios
Pazbuenne mosmronos +1 basmn
Ncrnionb3oBanne TekCTyp +2 basuia
Hanoxenne Teneit +2 basuta
Ycrpanenue CTyneH4aTrocTu +2 basuia
Ucnonp3oBanue mpo3padHbix 00HEKTOB +1 6asin

JlomoHUTEIbHBIE GAITBI MOXKHO TOJYUATH 338 XOPOIIYIO ONTH-
MU3AIAI0 MPOTrPAMMbI, HEOOBITHBIE PEITEeHN, SCTETUIHOCTD U T.[I.



204 Hpunooicenue B. Ilpumepor npaxmuveckur 3adanud

B.2. BupryajgbHble 9achl

Ienbio 3ajanns gBJIETCA CO3/IAHUE TPEXMEPHON MHTEPAKTUB-
HOI MOJIeJIM aHAJIOTOBBIX YaCOB.

Puc. B.2. IIpumep TpexMepHBIX BUPTYAIbHBIX TACOB.

Ob6s3aTenbHbIE TPEOOBAHUS K TTPOTPAMME:

e [Iporpamma Jo/12KHA JEMOHCTPUPOBATH HAa YKPAHE TpeXMep-
HYIO MOJE/Tb 9acOB. Jackl MOTYT OBITH JIFOOBIE, OT HAPYIHBIX
110 kpemjieBckux. [IposBute B moHoit Mmepe Barry dbanrazuio u
ayBcTBO Mephl! [locrapaiitech ciearh Kak MOXKHO 0oJiee pea-
guctuaHyto creny. Iloompsiercs mogpobHas reraau3aius dJie-
MEHTOB YaCOB.

e Yacel Ha 9KpaHe 00S3aTENBHO JOKHBI UMETh MHHYTHYIO W
gacoByio crpenkn. CekyH/Hasi — 10 YKeJIaHWI0, HO OYeHb MPH-
BeTCTByeTCs (MHAUe TPYAHO OyIeT OIpeIesuThb, XOAAT TaChl
WM HeT).
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e Bpems ma wacax q0/KHO COBIAJATH C CUCTEMHBIM BPEMEHEM
KOMTIBIOTepa. Jachl 0693aTe/IbHO JOJIKHBI XO/IUTh, T.€. CTPeJI-
KW JIOJIZKHBI JIBUTATHCSI, 1 CKOPOCTh WX JIBUKEHUS HE JIOJI2KHA
3aBUCETH OT TPOU3BOAUTETHLHOCTU KOMIIBIOTEPA, & ONPeIe/IAThb
Cs1 TOJIBKO TEKYIINM BPEMEHEM.

e Crena JIoJKHA ObITH WHTEPAKTUBHOW, T.€. JaBATh [PUEMJIE-
MYIO 9aCTOTy KaJpoB B cekyHy (>10) npu Busyasuszanuu Ha
MaIlliHEe C ANIIapaTHBIM YCKOPHUTEJIEM TPEeXMepHOil rpaduKim.
Ecmu mporpamma 6ymer paborarh MemIeHHO, OAJLIbI MOTYT
OBLITH CHUYKEHEI.

e HeobGxonnmo peasn30BaTh BpAIEHUs YacOB (MM, BO3MOXKHO,
KaMephbl) € [OMOIIBI0 MbIIIH ([IPEIIOYTUTEIHHO) NN KIaBUa-
Typbl. MOKHO TaKKe MPeyCMOTPETh PEXKIMBI ¢ aBTOMATHYE-
CKMM BPAIIIEHUEM.

[Toxkenanus K mporpamme:

e [Toormpsiercst BBejieHNe JIOMOJHUTEILHOM Teomerpun. Hanpw-
Mep, PEMEITKOB, MAITHUKOB 1 T.7I. MOXKHO CIeIaTh 9achl ¢ KY-
KYIIKO#, OyIMIbHUK W T.II.

o KeymaregpHO HAJIWIHE BO3MOXKHOCTEH I yIPABJIEHUSA IIPO-
reccoM Buzyasm3aruu. Hampumep, Haamdane,/oTcyTCTBUE TEK-
CTYP, PEKUMBI 3AJINBKY, JETATU3AIANA U T.I.

e [IpuBercrByercs BbIOJIHEHNE 3a/IAHUS B BUJE JIEMOHCTDAIINH,
T.. C BO3MOXKHOCTHIO PAbOTHI B IIOJIHOIKPAHHOM PEXUME U
HEeMe/JJIEHHBIM BbIXO/J0M II0 KJIaBHUIIIE Escape. MO}KHO Hallu-
caTh IPOrpaMMy KaK Screen Saver.

e [locrapaiiTech MCIOIBL30BATH MAaKCUMyM BO3MOXKHOCTeH Oub-
quorekn OpenGL. Bauku, orpaxkenus, crermddderTs — 3a
BCE 9TO 00S3aTENHHO JAIOTCSA JOTOJHATETbHBIE OATIIHI.
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e IlpogBure BKyC — cemaiiTe Tak, 9TOOBI HPABUJIOCH MPEXKIE
Bcero Bam. Ho me yBiekaiiTech — ocTaBaliTeCh PeATUCTAMU.

Maxkcumasbhas omenka — 20 6a/10B. 3a MUHUMAJIBHYIO Peajiu-
zamuio TpeboBanmii craBuThca 10 6astoB. Eme 1o 10 6a/110B MOXK-
HO TOJIyYWTh 3a UCIOJIb30BaHUe B pabore Bo3moxkuocreit OpenGL
(TekcTyp, MpO3padHOCTH, CHEPUIECKOr0 TEKCTYPUPOBAHAU U IIp.),
OPUTUHAJIBHBIX U HpO,ZI;BI/IHyTbIX AJITOPUTMOB, KOJIMIECTBO HACTPOECK,
a Tak:Ke 33 3CTeTUYHOCTH W KPACOTY CIIEHBI.

B.3. NurepakTuBHbIii JaHamadT

Ilenpio mamHHOTO 3aMaHWs SIBIASIETCS TEHEPAIsl W BBIBOI C TIO-
motibio OpenGL moBepxuocTu smanmgimmadTa, a TakKe obecredeHne
MHTEPAKTUBHOTO TTEPEABUXKEHUA HAJT He.

Puc. B.3. Ilpumep Tpexmepuoro Jsanamadra.
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Oo0g3areJabHad YacTh 3aJaHUA

J11s1 BBITIOJTHEHNS OOSI3aTeIbHOM JacT 3aJaHNs HEOOXOINMBI:

e TeHepalus TPEXMEPHOIO JaHImadra
® DACKpAaCKa Jjisi TPUAAHUS PEATUCTUIHOCTU
e >ddexT Tymana

e BO3MOXKHOCTH «II0JIeTay HaJl JaHTmadToM (yIpaBieHue)

Bonee momgpobroe onmcanme:

I'enepanus gangmadpra

Oy U3 BapUaHTOB 3aJaHusl [TIOBEPXHOCTHU JiaHamadra — 3a/1a-
HII€ TaK HA3BIBAEMOTO «I0JIs BBICOT» — (byHKINN Buga z = f(z,y),
KOTOPasi COMOCTABIAET KaxK 101 Touke (x,y) maockocru OXY uucio
Z — BBICOTY TIOBEPXHOCTH JIAHAIadTa B 3T0it Touke. OIuH U3 CIoCo-
60B 3astanus pyaknun f — TabaudHbIi, Korjga GyHKIus f mpejacras-
ngercsa marpuneit T pazmepa M X N, u nng uensix z uy f = Tz, y],
a s ApobHBIX @ 1 y n3 quana3onos [0..M —1] u [0..N — 1] coorBert-
CTBEHHO, [ BBIYUC/ISIETCST MHTEPOJIsIuell 3Hadennii f B OuKaiimmx
Toukax mirockoct OXY ¢ mesMu & W Y, & BHE YKA3aHHBIX THATIA-
30HOB & ¥ ¥ 3Ha4YeHWE (PYHKIMNA CINTAETCS HEONPEIETEHHBIM.

JlomyctnM, B TAMSTH JIEXKUT JBYXMEPHBIH MaCCHB CO 3HATCHUA-
vu marpuiisl 1. [lycre N = M. Ecau Teneps juis KaxK 1000 KBIparTa,
[z,z + 1] X [y,y + 1], tie © u y npunaexar auanaszony [0..N — 2]
nocrpouts ase rpauu: ((z,y, T'[z,y]), (x+1,y, T[x+1,y]), (z+1,y+
LT[z+1,y+1])) n ((z,y, Tz, y]), (@+1,y+1, T{z+1,y+1]), (z,y+
1,T[z,y + 1])), TO MBI HOJyunM TPEXMEPHYIO MOJE/Ib IOBEPXHOCTH,
omuchIiBaeMoit marpurieit T.

Ho xaxmm obpaszom 3agaTh MaccuB 3Hadenuii Marpuinl 17 Oann
u3 CrocobOB — CreHePUPOBATH MCEBAOCTYYaiHYI0 TOBEPXHOCTH C TIO-
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MOIIBI0 (hpakTaIbHOTO pas3dbmenus. [Iast 9TOr0 TOI0XKUM pasMep-
wocts Marpunpsl 1 pasmoit 2 4 1, rae N — HaTypaJbHOE UHCIIO.
3a/1a/1MM HEKOTOPbIE TPOU3BOJIbHBIE (MICEBIOCTyIaiiHbIe) 3HAYEHUS
JIJTsT Y€THIPEX YIJIOBBIX 3JEMEHTOB MATPHILI . Terneps /i KayKI0ro
u3 uerbipex pebep mMarpunpl  (3TO CTOMOIBI MM CTPOKH DJIEMEH-
TOB, COEJUHSIONINE YIJIOBBIE JIEMEHTHI) BBIUUC/IUM 3HAUCHUE 316
MenTa Marpuilbl 1, coOoTBeTCTBYIONMEro cepeaune pedbpa. s sroro
BO3bMeM cpejiHee apudMeTru9ecKoe 3Ha9eHnil 9/IeMEHTOB MATPUIIBl B
BepirHaxX pebpa u npubaBuUM K MOJIYIUBIIEMYCST 3HATEHUIO HEKOTO-
poe TCeBIOCTy YaifHoe YNCI0, TPOTIOPIINOHAIBHOE JIjTiHHe pebpa. 3Ha-
YeHUe TEeHTPAJTHHOTO JTEMEHTA MATPUIBl BBIYUCIUM AHAJOTUIHO,
TOJILKO Oyzem Oparh cpemree apudMETHUECKOe UeThIPeX 3HATEHU
3/IEMEHTOB MATPHUIIBI B CEpe/InHAX ee pedep.

Tenepsb pa3obbeM MATPUIy Ha YeThIPe KBaJPAaTHbIE MOIMATPHU-
IIBl. 3HAYEHUS] UX YIJIOBBIX 3JIEMEHTOB XK€ OMPENe/eHbI, U MBI MO-
K€M PEeKYPCHUBHO MNPUMEHHTHL K MOJMATPUIIAM ONUCAHHYIO BLIIIE
nporeaypy. Byaem crnyckaTbcst PEKYPCHUBHO TIO JEPeBy MOIMATPHII
IIOKa BCe DJIEMEHThI He OyayT ompemenenbl. C MOMOIIBIO TOI00-
pa kK03bPUITMEHTOB TeHEepaIUN TICEBI0C/IYIaliHON T00aBKM MOYKHO
PEryINpOBATEL «U3PE3aHHOCTEL» IOBEPXHOCTH. I peajmcTHIHOCTH
MMOBEPXHOCTU BAXKHO CIIEIaTh BEJIUIUHY TICEBIOCTYYaiiHON J00aBKY
BaBUCAINEI OT JJIUHBI TEKYIIero pebpa — ¢ yMeHBbIIEHHEeM pa3Mepa
pebpa JI0/KHO YMEHbBIIATHCST U BO3MOXKHOE OTKJIOHEHUE BBICOTHI €10
CepeHBL 0T CPEIHEro apu@METHIECKOr0 BEICOT €0 BEPIIUH.

Onue u3 apyrux BapUAHTOB — UCMOJB30BATH M300paKeHWs B
rpajanusax ceporo s Kaprhl BbicoT. (B sTom coiywae smanmmadr
MOKHO OTTEKCTYPHUPOBATH C IIOMOIILIO COOTBETCTBYIOINIEH I[BETHOM
KAPTUHKY ¥ JIMHEHHON reHepaluyu TeKCTYPHBIX KOOPIUHAT).

Buumanne: ucnonnszosanue NURBS Bo3MOXKHO, HO He TpuBeT-
cTByeTCs B cuyty orpanumvenHoctu ucnosb3oBannsgs NURBS s pe-
AJIbHBIX IIPUJIOZKEHUA.
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Packpacka mauminadra

Y1006l c/1e/1aTh MOy YUBIIYIOCS MO/IE/Ib HEMHOTO 60/1€€ HATIOMU-
HaroIIel JanamadT, ee MOKHO pacKpacuTh. KaxK 1ol BepIimHe MOxK-
HO COLIOCTaBUTb CBOI LIBET, 3aBUCALIUIA OT BbICOTHL 3TOI BEPLIUHDI.
Hamnpumep, BepIiuHbl BhIIIE ONPEIeIeHHOTO YPOBHST MOYKHO TOKPa-
CUTH B OeJIblil IIBET B TMOMBITKE CBIMUTUPOBATD IIATIKU TOP, BEPIITUHBI
IIOHUZ>KE — B KOpI/ILIHeBI)IfI OBET CKaJl, a BEPIIWHBI YPOBHEM €II€ HU-
JKe — B 3€JIEHBII 1[BET TPaBbl. JHAUEHUS «YPOBHEW» PACKPACKHU II0-
BEPXHOCTH CJIeJyeT 10/100paTh N3 3CTeTUYECKNX COOOPaKeHNi.

Ocsemtenne ganmaimadra

s emte GoJibITIEro peajm3Ma U JJjs MOJAUYepKUBaHus peabeda
OCBETHUTH MOJIEJb JaHmadTa 66CKOHETHO yIaIeHHBIM UCTOIHUKOM
cBeta (Kak ObI COTHIIEM).

[IBeT BepmuH MOXKHO 33/1aBaTh Tepe3 glColor COBMECTHO C

glColorMaterial (GL_FRONT, GL AMBIENT AND DIFFUSE);

Tyman

10661 yeuaurh (nau X0Tst Obl CO3/1aTh) MILIIO3UI0 DOJIBIINX Pa3-
MEPOB MOJIE/IM U €€ IPOTHAKEHHOCTH, MOYKHO BOCIIO/Ib30BATHCs -
dexrom Tymana. Tun rymana (TUHEHHBINH WM SKCIIOHEHITHATBHBIN )
caejyer BBIOpPATh W3 WHAWBU/YAIbHBIX 3CTETUYECKWX MPEANoyuTe-
uuit. Cocob co3manus TyMaHa OMHUCAH B pazjese H.4.

YupasJieHne

DJleMeHTapHOe yIpaBJjeHNe JIBUKEHUEM KaMepbl 0 KJIaBUATYP-
HBIM «CTpesioukaMmy». HaxkaTwe Ha CTpesKy <«BBepX» — IepeaBuKe-
HUE TI0 HAIPABJIEHUIO B3T/IsAna Brepea. «Hazamgy — o HampaBieHIIo
B3TIAMa Ha3a . «Byesoy, «Bnpasos mo amanorun, «Page Upy, «Page
Downs» — BBepx, BHI3, COOTBETCTBEHHO.
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B GLUTe MOJTy9aTh HaXKaTHUs He adaBuT-
HO-TIU(HPOBBIX KJIABHIII MOYKHO Jepes dyHKINO
glutSpecialFunc(void (x)(int key, int x, int y)), r1me  key — kon-
cranTa, obo3Haudarormas kiaasumly (cM. B glut.h—GLUT_KEY).
Qyuxnus ncnosibzyercs anajgornduo glutKeyboardFunc().

donmosHUTEILHAA YaCTh
YnpaBJjieH€ MBIIIbIO

JIBurKeHre MBIK B TOPU30HTAIBHO IJIOCKOCTH (CMEIeHne o
ocu X ) ynpasJsier yrjaoM [0BOPOTa HANPABJIEHHs B3IJIsAJa B TOPU-
30HTA/IBHON ocKocTH (yrost anbda € [0..27]). IBuKenune Mblum B
BEPTUKAJIBHON MI0CKOCTH (CMenieHre 1o ocu Y) yrnpas/iser yrjioM
TTOBOPOTA HaITpABJIEHUA B3TJIAda B BepTI/IKaHBHOﬁ IIJIOCKOCTHU OTHO-
cuTeIbHO ropu3oHTa (yro 6era € [—m..w]). 3Hag oba yria, BEKTOD
HallpaBJICHUA B3TJVIdJa B MUPOBBIX KOOPDAWMHATAX BBIYUC/IACTCA CJIie-
IYIOIMIIM 00pa30oM:

direction z = sin (6Gera);
direction_x = cos(anpda) * cos(bera);
direction_y = sin (anpda) * cos(bera);

a 3aTeM HOPMAJIU3YEeTCs.

BekTop mamnpas/ienust «BOOK» BBIUUC/ISIETCS KAK BEKTOPHOE MTPO-
M3BEACHNE BEKTOPA HAIIPABJIEHUA BEPTUKAJIHBHO BBEPX, TO €CTh BEK-
topa (0,0,1) u yKe U3BECTHOTO BEKTOpPA HANIPABJIECHUS B3TJIsIIA.

Bekrop nanpapienus «BBepx» BBIYUC/ISAETCH KAK BEKTOPHOE IIPO-
U3BeJIeHNe BEKTOPA HAIIPABJIEHUS B3TVIAIa U BEKTOPA HAIIPABIEHUS
«BOOK».

ITonoxkernune kamepsl B OpenGL M02kHO mepeaTh ¢ TOMOIIBIO KO-
MaHIb! gluLookAt(). ITonckaska: mapaMeTp target MOYKHO TOJIOKUTH
paBHBIM position + direction.

Cwerrienre MO3UITUU KaMepbI JIOJIKHO MPOUCXOINTH He Ha, (PUK-
CUPOBAHHOE PACCTOSHUE 33 OJIMH KaJP, & BBIYUCAATHCI, UCXOJS U3
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CKOPOCTH TI€PEIBUKEHNsT KAMEPbhl, I BPEMEHH, YIIeIIero Ha obcaer
nocseaHero kaIpa. llepensuikenne KaMepsl TOTKHO OCYIIECTBIISATh-
Cd B HalIpaBJIEHUNW B3TJIAa. CKa)KeM, IO JIEBOM KHOIIKE MBbIIIHN —
BIIEpes, a 10 NpaBoil —Hazax. lasg Toro, 4rTobbl 3acedb BpeMd,
MOXKHO BOCIOJIb30BaThCs dyHKiueil timeGetTime(), onucanHoil B
«mmsystem.h», u peasmzoBannoii B 6ubsnorexe «winmm.liby (Tosb-
Ko st Windows).

#include "mmsystem.h"

void Display ()

{

int system time before rendering;
system time before rendering = timeGetTime ();
RenderFrame ();
int time spent rendering msec =
timeGetTime () —system time before rendering;

B GLUT’e st 3T0ro ecTh CHenuajbHbIH BHI30B (aHAJIOTMYHO
timeGetTime()):

time = glutGet (GLUT _ELAPSED TIME);

Bopga, niu HedTO Ha Hee TOX0XKee

[Ipu packpacke sanamadra MOXKHO 100ABUTDH €IIE OJIUH, CAMBbIi
HUKHU «ypPOBEHb» — YPOBEHD BOJBI. BepIuHbl, pacioaraionmnecs
Ha 3TOM YPOBHE, MOXKHO IIOKPACUTb B [BET BOJbI — IPEIANOJIOXKU-
TeJIbHO, cuHuii. JIjig Toro, 4To0bh! MOy YUBIITHECH «BOJOEMbBI» HE BbI-
DJI/IeNT TIPOJTIOJIZKEHNEM TIOBEPXHOCTH JIaHmadTa, mpocTo moKpa-
IIEHHBIM B CHHUI [BET, & UMeJIN TJIOCKYIO TTOBEPXHOCTh, TIPU T'eHepa-
AU TIOJISI BBICOT MOXKHO YCTaHOBUTH TIOPOT BBICOTHI, HUYKE KOTOPOTO
«OTTyCKAThCsT» BEPITTMHAM 3amperiaercs. Ecan s smemenTa MaTpu-
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Obl TEHEPUPYETCA 3HAYEHNE BBICOTHI HU2KE I3TOT'0 TOPOTra, 3JIEMEHT
THUHUAJIUSUPYETCA IIOPOT'OBBIM 3HAYECHHEM.

O0beKThI

ITo manmgmadTy MOXKHO paCKUIATH B Xy/T0KECTBEHHOM Oecro-
psiJIKe OT MATUIECATA 00BEKTOB, BCTPEUAIONINXC Ha, JaHIadTe B
OOBIYHON KU3HU, HAIPUMED, JOMOB Wjau JepeBbeB. llpu sTom esb
CUNTAETCS JIEPEBOM, a JIBE€ PABHOOEIPEHHBIE BHITSIHYThIE BEPTUKA b
HO T'paHU, IOCTABJIEHHBIE HA, JIAHMIADT KPECT HAKPECT U ITOKPAIIIEH-
Hble B 3€JIEHBbIN IBET, CUUTAIOTCS €JIbI0.

OTrparkeHust B Bojie

Crenarb Tak, 910061 JIaHIIadT 0TPAXKAJICS B BOJIE, KOTOPAs y¥Ke
JIOJIKHA TIPUCY TCTBOBATE Ha JauamadTe (TO eCTh moapasyMeBaeTcs,
YTO 3TO JOMOJHUTEJbHOE 3aJaHue dBJAeTCd PA3BUTHUEM JONOJIHU-
TepHOrO 3aManus 2). OuH U3 BAPUAHTOB PEATN3AINN: PACCINTAB
TEKYIIYI0 MaTPHUIy KaMepbl, OTPA3UTh €e OTHOCUTEJIBHO IIJIOCKOCTH
BOJIBI 1 n300parkeHus JaHmadTa, He BBIBOIA IPU 9TOM T'DAHU I10-
BEPXHOCTH BOJIBI. 3aT€M, MOJIB3YSICh €Ie He OTPAXKEHHON MaTpHIeil
KaMepBbl, BU3YaJIM3UPOBATH I'PAHU MOBEPXHOCTU BOJBI IOJIYIIPO3PAY-
HBIMH. DTO CO3JACT HJIIIO3UI0 IOBEPXHOCTH BOJBI, CKBO3b KOTOPYIO
BUJIHO OTParKEHUE. 3aTeM, OlsITh K€ C HEOTPAXKEHHON MaTpuieil Ka-
MEepBbI, Hy?KHO HAPHCOBATH CaM JIAHTAMT (ITOT IMOIXOJ SBJISIETCS
YACTHBIM CJIy4aeM OIMCAHHOIO B pasjene 8.3).

Tenn

Ha srame packpacku Beprms JasgmadTa (To eCTh 9TO HAJIO ClIe-
JIATh OZINH pa3, a He KaxK bl Ka;[p) W3 KaKJI0I BEPITUHBI MOKHO BbI-
MIYCTUTD JIYY, TPOTUBOIOJIOKHBIN HAITPABJIEHUIO cOMHIA. Ecam yd
He TIePeceKkcss C TMOBEPXHOCTHIO JaHarmadTa — PaCKPaITiBaTh KakK



B.3. Hnumepaxmuenvil sandwadm

3allJIAHNPOBAHO, €CJIM IePeceKCd — 3HAYUT JaHHas BepIIuHa JIaH-
madTa HAXOIUTCSI B TE€HU, U JJjisd Hee HYKHO B3dTh MEHEe WHTEH-
cuBHbIl nper. [lpumeuanue: peasu3anus TeHeH dBIAETCA 3aadeit
HOBBIIIIEHHOl CJIOKHOCTH ([IPHUIETCS MUCATH HAXOXK/IEHUE TIepecede-
HUI JIyda ¢ TPAHAMU, 9TO B OOIIEM CJIyvae HETPUBHUAJILHO).

O1enka
JlanmmadT 8 baJL1oB
Packpacka +2 basia
Yupasienune +2 bamaa
Vrpas/ieHne MbIIbIO | +2 baswia
O06bekTHI +3 bamaa
Bona +4 6aa
Orpazkenue +4 bamna
Tern +5 bastoB

B Tabamie ykazaHo MakKCHMaJIbHOE YHCI0 OAJIIOB IO KaXKIOMY
IIYHKTY. CI/ICTeMa, BbBICTAaBJICHU A 6aﬂ.HOB — FI/I6KaH, 3aBUCHUT OT IIPaB-
JIOIIOO0HOCTH W BIIEYAT/ICHNSA OT PAOOTHI.

JononaurenpHble UICTOYHUKNA MHMOpMaUT

e http://www.vterrain.org
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