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BBenenue

Marmunnas rpaduka (MI') — 3TO COBOKYITHOCTh TEXHUYECKUX, MATEMATHUECKUX
U MPOTrPaMMHBIX CPEJICTB U MIPUEMOB, MO3BOJISIOIIUX OCYIIECTBUTH BBOJ U BBIBOJ U3
OBM rpaduueckoit uupopmanuu 6e3 pydHoro npeoOpazoBanus WHPOpMALIUU B YU-
CJIOBYIO WM Tpaduueckyro popmy. MamuuHas rpaduka HUCIONIb3YyeTCS BO MHOTHX
HAyYHBIX U MHKEHEPHBIX UCUUIUIMHAX, B OU3HECe U KMHemaTorpaduu, peKIaMHOM
U U3aTEeNbCKOM Jielie, MpoekTupoBaHuu. CoBpeMEHHas BBIUMCIUTENIbHAS TEXHUKA
aKTUBHO HMCIIOJIB3YET AJIEMEHTHI MaIllMHHOW rpaduku s 6osiee koMmpOpTHOU pado-
ThI ToJib30BaTeds. [IpakTuuecku BCE COBpeMEHHOE IMPOrpaMMHOE oOecreueHrue Ha-
MPSIMYIO WIH OMOCPEOBAHHO UCTIONb3YyeT anroputmsl MI,

MOXHO BBIIEIUTh TP OCHOBHBIX 3Tana (OPMHUPOBAHUS M300paK€HUS 3JIEK-
TPOHHOM BBIYMCIIUTEIBHON MAIIIUHOW

- TIOCTPOEHHE MOJENIHU O0BEKTa WM CIEHBI, COJepKalled HECKOJIbKO 00bEeK-
TOB (T.€. onMcaHne 0OBEKTOB U MX CBsI3¢i B paMKaX €BKJIUIOBON T€OMETPHH);

- TOJrOTOBKAa MOJEIM K BU3yalHM3alMK B 3aBUCUMOCTH OT MECTOHAXOXKJIEHUS
HaOronarens (BBIMOJHEHHE TCOMETPUUCCKHX MPEOOpa3oOBaHUM, yIaJIeHUE HECBHIU-
MBIX JINHUK);

- BH3yaJIM3allus C ITOMOMIBIO 33JJaHHOTO YCTpo#cTBa oToOpakeHHs (oTcede-
HUE TI0 00BbEMY/OKHY BHIUMOCTH, (POPMHPOBAHUE PACTPOBOIO IMPEICTABICHUS, Ha-
JIO’)KE€HUE TEKCTYpBhI, 3aTeHEHUE, T0OABICHHE JOMOIHUTENIbHBIX d()PEKTOB, BHIBOJ Ha
TEPMUHAIT).

N306pa’keHre MOKHO MPEACTaBUTh B BUJE MHOXECTBA TOYEK, JUHHM, CTPOK
TEKCTa U 3aKpalleHHbIX 00JacTel, Ha3bIBAEMbIX MPUMUTHUBAMHU. {7151 3a1aHUsI MHOTUX
O00BEKTOB HCIOJIb3YIOT BEKTOpHbIE Mojenu. [Ipu 3ToM H300pa)keHue daile BCEero
OMKChIBaeTCA HAOOPOM BeplInH, pedep U rpaHelt, PopMUPYIOIKUX B UTOT€ MHOXKECT-
BO MHOT'OYTOJIBHUKOB C 3aJIaHHBIMU aTpuOyTaMu U MPEJICTABISAIONINX B COBOKYITHO-
CTH OJIMH WJIK HECKOJIbKO 0OBEKTOB clieHbl. Hampumep, KkBajpaT MOKHO ONMKCATH Ye-

TeIpbMsi peOpamu. E;, Ep, Esz Es Kaxnmoe pebpo 3amaercs cBoMMHU BepIIMHAMU
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E1 = {P,P3}, Ex = {P,,P3}, Ez = {P3,Ps}, E4 = {P4,P1}. Kaxxnas Bepmuna 3amaercs
cBouMu koopauHatamu P = (X;,y;). [Ipu onmucanuu TpeXMepHbBIX 00BEKTOB UCIIONb-
3YIOTCS TPU KOOPAMHATHI TOYKU — P, = (Xi,i,Z). ClieayeT OTMETHTb, YTO BU3yaju3a-
Ul U300paKeHUH, KaK MPaBHUIIO, BBIMTOIHSIETCA Ha TUIOCKOCTH, T.€. HTOTOBOE U30-
OpakeHHe TBYXMEpPHO, M, TAaKUM 00pazoM, IpU OTOOpaKECHUH TPEXMEPHBIX 0OBEK-
TOB OJHHUM M3 0053aTEIbHBIX [Iar0B SBISETCS MPOSKTUBHOE MPEOOPa30BaHMUE.

[lepudepuitnbie ycTpoiicTBa BbIBO/IA H300paXKEHUH JESATCS MO CBOEMY THIY Ha
pacTpoBble U BEKTOpHBIC. [Ipu 3TOM clieAyeT OTINYaTh «BEKTOPHOE H300pa’keHHE»
KaK UCXOJHYIO Ui anropuTMOB MI' BEKTOpHYIO MOJIe]h O0OBEKTa MIIU CIIEHBI OT U30-
OpaxxeHust, CQOPMUPOBAHHOTO YCTPOWCTBOM BEKTOPHOTO THIIA, HAMIpUMeEp, Irpadoro-
CTpOHTEJIEM, KOTOPBIH YepTUT M300pakeHrE ¢ MOMOIIBI0 MEPHEB Pa3HOW TOJIIIUHBI U
nBeta. Tak Kak B HACTOSIIEE BpeMs BH3yalmu3alus N300pakeHUU MPOU3BOIAUTCS B
OOJBIIMHCTBE CIy4acB UMEHHO PACTPOBBIMH YCTPOWCTBAMHU BBIBOJA, TO Jaliee TEp-
MUH «BEKTOPHOE M300paskeHHe» OyAeT ymoTpeOsAThCS KaK CHHOHHM TIOHSTHS BEK-
TOPHOW MOJIEIH, €CITM MHOT'O HE OTOBOPEHO:

B pacTpoBbIX yCTpOHCTBaX OTOOPaKEHUS TOUKY 3aMEHSET MUKCEIb (OT aHTIIHIi-
ckoro picture element). [Tukcenb — 5TO HANMEHBIIIAS YACTh H300PaXKECHHUS, C KOTOPOH
MOXET paboTaTh AITOPUTM OOPAOOTKHU JTUOO0 BU3YyaU3aIluU N300PaKESHHUS.

N300paxkennsi, oroOpaxkaeMble Ha PacCTPOBBIX YCTPOMCTBaxX TMOO XpaHUMBIC B
BUJIC JIBYXMEPHOTO MacCHBa 3HAYCHUH MUKCEJeH — pacTpa, Ha3bIBAIOTCS PACTPOBBI-
mu. [Ipomecc mpeoOpa3zoBaHusl BEKTOPHBIX MOJENEH B PAacTPOBBIE H300paKEHUS
BCJIC/ICTBHE JTUCKPETHOCTH M KOHEYHOCTH pacTpa MMEET ONpeaei€éHHbIe 0COOCHHO-
cti. KpaeyronbHbIM pa3nudueM BEKTOPHBIX M PACTPOBBIX aJITOPUTMOB BBIBOJA T'pa-
¢budeckon mHGOpMAMK SBISETCS HEBO3MOXKHOCTH BBHITIOJTHEHHS Ha pacTpe akCHOM
eBKJIMIOBOI TeoMeTpun. Hampumep, OTpe3oK, 3aJaHHBIA ABYMsS BEpIIMHAMHU U
UMEIONIN 0€CKOHEYHOE MHOXKECTBO TOYEK B €BKIUJIOBON T'€OMETPUHU, B PACTPOBOM
MPEJICTAaBICHUN BCET/la COCTOMT M3 KOHEYHOTO MHOXKeCTBa Mukceneil. Tak ke, Ha-
npuMep, JBa MUKCEIs Ha pacTpe MOTYT MPHHAJJICKATh OJHOBPEMEHHO Ooliee deM

OJTHOM IIPSAMOW JINHUMU.



JluHMS — 3TO CBA3HOE MHOXKECTBO TO4YeK. Ha pacTpoBOM mpelCcTaBICHHH WC-
NOJIB3YIOT JIBA TUIA CBA3HOCTU — YETHIPEXCBI3HOCTh (COCEIHUMH CUUTAIOTCS TOIBKO
CMEKHBIC TI0 BEPTUKAJIM U TOPU3OHTAIU IHKCEIU) U BOCBMHUCBS3HOCTH (JIOMOJHH-
TEJILHO «COCEIIMU» CUMUTAIOTCS JMArOHAIBHO CMEXHBIC TIMKCeNH). PacTpoBoe mpen-
CTaBIICHUE JMHUH — 3TO CBSI3HOEC MHOXECTBO IMMHKCENEH, IEHTPHl KOTOPHIX MHHHU-
MaJbHO OTKJIOHSIOTCS OT HEMPEPHIBHOTO MPEACTABICHUS ATOW JUHUU. [[nmuHON 1u-
HUM MPUHATO CIYUTATH KOJIMYECTBO MHUKCENel e€ pacTpoBOTO MPEACTaBICHHUS.

OCHOBHBIC THIIBI PACTPOBBIX U300paKEHUN — 3TO OMHApHBIC (HCIIOJNB3YIOTCS
TOJIKO YCpHBIA M Oejblii 1mBeTa, 1 OUT/MIMKCETh), MOHOXpOMHBIE (Hampumep, 3emé-
HBIH W 4€pHBIHA, 1 OUT/MIUKCEINB), TOIYTOHOBBIC (10 256 OTTEHKOB OT YEPHOTO JI0 Oe-
joro, 8 out/mukcens), BETHbIC (COBOKYIMHOCTh TPeX 0a30BBIX I[BETOB, KAKIBIA U3
KOTOPBIX TPAKTYeTCs KakK MOJYTOHOBOE HM300pakeHHe, — 00bIuHO 24 OUT/MUKCEND).
Kaxxapiii mukcens 3aaeTcss CBOMMU MTPOCTPAHCTBEHHBIMHU KOOPAMHATAMU U 3HAYCHH-
€M SIPKOCTH/I[BETA COTIIACHO HCIIOIB3YEMOMY THITY H300paKCHHUS.

JlaGopaTopHBIi MPAKTUKYM, 32 UCKIOUYEHHEM IepBoi 1abopaTopHO paboTHl,
0asupyeTcss Ha MporpaMMHOM HHTepdeiice co3manus Tpéxmepnoit (3D) rpadukn —
OpenGL. OpenGL siBisieTcst OTKPBITBIM CTaHIAPTOM IPOrpaMMHOr0 MHTepdeiica K
rpaduyeckoi anmaparype, KOTOpbli O0epéT cBo€ Hadayo OT OMOJIMOTEKH Tpadude-
ckux ¢pyukuumii IRIS pupmer Silicon Graphics. C 1 utons 1992 roga — ¢ MOMEHTa BbI-
nycka cBoedd neppoii cuenudukanun — OpenGL koHTponaupyeTcs crerualbHO CO3-
nanapiM CoBeToM HaOmonmenus 3a apxutekrypoit (Architecture Review Board —
ARB) OpenGL. Cpenu ocuosareneit ARB, momumo Silicon Graphics, — DEC, I1BM,
Intel, Microsoft u npyrue npousBoauTenu ammnaparaoro obecneuenus as [1K.

OpenGL — 310 He sA3bIK nporpaMMupoBanus Hanoaobue C++ wim Java. Ctporo
roBopsi, «nporpamm OpenGL» He cymiecTByeT — ciaeayeT roBOpUTh O MporpaMmmax, B
KOTOpPhIX B Ka4yeCTBE OJHOr0 W3 mporpamMmHbix uHTepdeiicoB (API) ucnonbsyercs
OpenGL. Takum oOGpa3om, mucaTh NPOrpaMMbl ¢ ucnoiab3oBanueM OpenGL moxHO
Ha MHOTHX SI3bIKaX BBICOKOTO YPOBHS, IMOAICPKUBAIOIINX BBI30B (DyHKIMI OMOIHO-

tek OpenGL, koTopsie, B CBOIO 04Yepe/ib, ABISIOTCS KPOCCIUIaT(HOPMEHHBIMHU.
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JIABOPATOPHAS PABOTA Nel
AJIT'OPUTMBI bPE3EHXEMA JIJIA ITOCTPOEHUA
OTPE3KA 1 OKPYXXHOCTHU

Heab paGoThl: OCBOUTH aNTOPUTMBI (POPMUPOBAHUS PACTPOBBIX MpeECTaBIIE-

HUI POU3BOJIBHOTO OTPE3Ka NPSIMOI U OKPY’KHOCTH.

1.1. ITocTanoBKA 3ag1a4u

CrenepupoBaTh JByXMEpPHOE U300paKEHUE, COEPIKALLEE 3aJaHHOE KOJIMYECTBO
OTPE3KOB PA3JIUYHOMN UIMHBI U 3aJaHHOE KOJIMYECTBO OKPYKHOCTEHN Pa3IMyHOro pa-
IUyca ¢ MOMOIIBIO CaMOCTOATENIbHO pa3paboTaHHBIX (yHKUNN. g mporpammHoi
peanu3zanuu PyHKIMN pa3ioKeHUus IpsIMOM U OKPY>KHOCTH B pacTp pa3peliaeTcs uc-

IMOJIBb30BAaTh TOJBKO HCJIOYNCIICHHBIC aJITOPUTMBI.

1.2. Aaroputm pasJjio:keHHus 0Tpe3Ka B pacTp

PaCCMOTpI/IM YPAaBHCHHC HIIC&JIBHOﬁ HpHMOﬁ, HpOXOIISIH.ICfI qcpe3 ABC TOUYKHU

y=yi+ (XX) (YY) (Xe-Xa) = y1 + (X-X1) - Dy/DX,
rae Dy —pa3HOCTb Y-KOOpAMHAT KOHIIOB OTPE3Ka,
DX — pa3HOCTb X-KOOPAMHAT.

Ecmu X v Y U3MeHSIOTCS BIOIb MPsAMOM AuCKpeTHO Ha Oy u dy, Torma y; + 1 =
=yi+dy = y; + 0i-Dy/Dx. Ilycts Oy n/unm 0y paBHSAeTCs BelnnunuHe MHUKcend, T.e. 1.

PactpoBoe mpejicraBieHue oTpe3ka MpsSMON — 3TO CBA3HOE MHOXKECTBO IMHUKCe-
JIeW, UMEIOIIUX HAaUMEHbIIIEe OTKIOHEHUE OT UiaeanbHOU Npsamou. [Ipu 3tom Moxer
UCTIOIB30BaThCsl 4- U 8-cBsi3HOCTh. TO4YHOE pacTpoBoe mpezcTaBieHue (4- u 8-cBs3HOE)
MOXHO MOCTPOUTH TOJBKO JJISI BEPTUKAIBHOIO U TOPU3OHTAIBHOTO oTpe3ka. Jlis
Hux dX = 1, dy = 0 iu6o dx = O, dy = 1. Jlnsa oTpeska, pacioioKEHHOrO MO yIioM
45° (135°) k rOpU30OHTAIBHON OCH, MOKHO MOCTPOMTH TOYHOE 8-CBSI3HOE PacTPOBOE
npezacrasiaenue. [t Hero dx = dy = 1. PactpoBoe mpeacTaBieHHe BCEX OCTaTbHBIX

OTPE3KOB BBIMJISAMT B BHUJIE CTYIICHYATOM MOCie10BaTeIbHOCTH uKkcenei (puc. 1.1).



B 1965 r. /1. bpesenxem (J. Bresenham) omyOukoBas 1eI0YHCACHHBIN airo-
puT™M (HOPMHUPOBAHUS PACTPOBOTO MPEJICTABICHUS MPOU3BOJIBHOTO OTPE3Ka MPSMOM.
[lycTh A pacTpoBOro MpEACTaBICHUS OTpe3Ka BBHIOpAH HEKOTOPBIM MHUKCENb, Ha-
npuMep UMeEIoIui KoopauHatel (X1, Yi). Kak BbIOpaTh ClieayrOInui COCCTHUN MHK-
cenb? ANITOPUTM HCTIOJIB3YET MOHATHE (PYHKIWHU, OIICHUBAIOIIEH BEIMUYUHY OTKIIOHE-
HUSl BRIOMpaeMoro nukcess ot uneansHoil npsimMoit. Ilycts O < Dy < Dx, torma ¢uxk-
cupyem dX = 1 (1. e. X, = X + 1) u oneHuBaeM, MUKCEIb ¢ KaKOW Y-KOOpAMHATON
(yi+ 1=y,mm Y+ 1 =y, + 1) pacnonioxeH OJIMKe K MIeaabHON mpsiMoii. BeiOnpa-
€TCsl TOT TTUKCEJb, KOTOPBIA UMEET MeHbIlee (M3 IBYX) 3HAUCHHUE OTKJIIOHEHHS, T.C. Olle-

HOuHOU (pyHKIWMU. [Tpy 3TOM OTKIIOHEHHUE OJIMKANIIIEro MUKCEIs He MpeBblimact 1/2.

0 . | .| . //TL >
0

Ommbka: —1/2 —1/6 16 <1/2 —H27

a

Puc. 1.1. Orpe3ok ¢ Beprmaamu (0,0) u (3,1):

a — ero pacTpoBoe NpeAcTaBieHue; 6 — rpaguk QyHKIUHN «OIINOKU» paCTPOBOrO
IPEJICTaBICHUs OTpe3ka 110 OTHOLIEHUIO K €ro UIeaIbHOMY IOJI0KEHUIO

(mpy MHULMANKM3ANMY HYJIEBOTO 3HAUCHUS OIIMOKU 3HaUYeHueM fo = —1/2)

OcHoBa aJIropuT™Ma — 3TO IABUIXCHUC BIOJIb OCHOBHOM OCH Ha OJHH ITUKCCJIb U
MoAACPKAaHNC TCKYIICIO OTKIIOHCHUSA OT I/IIIeaJIBHOﬁ HpHMOﬁ B 3aJIaHHBIX IMPpCACIax.
Ecmu TEKYIICC OTKIIOHCHHUC IPCBBIMIACT HOPMY, TO HIar ACJIACTCA II0 HEOCHOBHOM
OCH, COOTBCTCTBCHHO OTKJIOHCHUC YMCHLIIACTCA HA CAWHUILY. I/IIICSI ajJiropurMa ocC-
HOBBIBA€TCS Ha MCIOJB30BAaHUU ITOHATHUS «OIIMOKH». B KaHOHHMYECKOM ciydac, T.cC.
IIpHu IMOCTPOCHHUHN OTPEC3Ka B IICPBOM OKTAHTC C HAYAJIOM B HCHTPC CUCTECMBI KOOPIAU-

HaT, IpOoLHCCC pUCOBAHUA 8-cBsA3HON HpOI/ISBOHBHOﬁ HpHMOﬁ JJMHHUHW MOXXHO 3aKOAH-
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pOBaTh MOCJICIOBATESIBHOCTHIO CIICAYIONIETO Bua: SUSSd..., Te S — rOpU30HTAILHOE
cMeleHne, a d — TUaroHaaIbHOe CMEIICHHE OT MHKCENs K MUKCero. «OmuoKoi» B
TAKOM cCllydae OYJeT Ha3bIBAThCS PACCTOSIHUE MEXIY 3HAYCHHUEM OPAMHATHI (IIPH
(UKCUPOBAHHOM 3HAYCHUHU X) UJICATBHOTO OTPE3Ka, KOTOPBIH aJITOPUTM CTPEMHTCS
n300pa3uTh, U 3HAYCHHEM OPJMHATHI «IIEHTpa» OJrbKaiiero mukcens (C TeM ke
(UKCUPOBAHHBIM 3HAYCHHUEM X), KOTOPBII U OYIET B pe3yJIbTaTe 3aKpalllcH.

AJNropuT™M peann3oBaH TakKuM 00pa3oM, YTO B CiIy4yae MOCTPOCHHs 8-CBA3HOM
JIMHUU OJIHA KoopauHata (B KAHOHMYECKOM CIIydae — X) M3MCHSCTCS Ha CIUHUILY Ha
Ka)XJIOM 11are, a apyras Ju0o octaércsi 0e3 u3MeHeHuH, MO0 Tak:Ke U3MEHSIETCs Ha
enunuily. [Ipumep momoOHOro moctpoeHus nmpuBeacH Ha puc. 1.1, a), mepemenieHue
BJI0JIb PACTPOBOTO MOCTPOCHUS MOXKHO 3aKOIUPOBATh KaK «SUS».

Tak kak 3HaYCHUE «OMMOKHM» HA KaKJIOM IlIare He MOXKET npeBbiiiath 1/2 pac-
CTOSIHUSL MEXIY LEHTPAaMH COCEIHHMX IMHUKCENEl, KOTOPbIE MPETEHAYIOT Ha MPaBO
OBITh 3aKpAllICHHBIMU HA TEKYIIEM IIare, TO MOXXHO M3HAYaJIbHO «CMECTUTH» 3Haye-
HHUE «OIMOKU» Ha —1/2. DTO MO3BOJIUT NMPUHUMATH PEUICHHE — OCTABISATH BTOPYIO
KOOpJuHaTy 0e3 u3MeHeHHH MO0 HUHKPEMEHTUPOBATh €€ — Ha OCHOBE MPOBEPKHU 3Ha-
Ka TEKYIIEro 3HAYCHUS <OIIMOKN», BMECTO CpaBHEHHs € 3HaveHus ¢ 1/2.

C uenpio yBenuueHus ObICTPOACHCTBUS AJITOPUTMA MOKHO MCIIOJIB30BaTh LIEJI0-
YHUCIICHHYI0 apU(PMETUKY M UCKIIOUUTH Omepauuu jAeseHus. JlJigs 3Toro 3HaueHue

OImUOKH, BEIYUCIISIEMOH 10 hopmyIie

f= Dy/Dx-0,5, (1.1
HaJ0 YMHOKUTH Ha 2DX, Toraa
2Dx-f = 2Dy —Dx . (1.2
O06o03uaunB F = 2Dx-f, momy4unm
F=2Dy—-Dx. (1.3)

C IMIOMOIIBIO IMTOJYUYCHHOI'O BBIPAKCHUS MOKHO BBIYUCIUTD HAYAJIBHOC 3HAYCHHUC
omuoOku. B UKJIC IIPOPHUCOBKU OTPC3Ka B IICPBOM OKTAHTC €€ 3Ha4YCHHE 6YJICT BBbI-
YUCJIATHCA B COOTBETCTBUU C BBIPAXKCHHUCM.

Fi.1= Fi + 2Dy. (1.4)
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[lenouncnennpid alroput™ bpe3zeHxemMa sl KAHOHUYECKOTO Ciiy4as IOCTpOe-
HUS OTpe3Ka MOXHO ChOPMYJIMPOBATH B BUJIE MOCIEIOBATEILHOCTEN ONEpaInii:

1. nunpanu3aiys HyJAeBOro 3HaueHus omuOKu B cooTBeTcTBHH ¢ (1.3).

2. 11ykJ1 1Mo 3HAYeHHIO X:

2.1. OTo6paskeHne MUKCeNs ¢ TEKYUIUMHU KOOPIMHATAMU.
2.2. Moaudukamus 3HadeHus ormmbku B coorBerctBun ¢ (1.4), mHkpe-
MEHTAIHS X.
2.3. B ciyuae, ecnu F 3 0, xoppekuus F = F — 2DX 1 uHKpeMeHTaus ).
3. Eciii X paBeH 3HAYEHUIO KOHIIA OTPe3Ka — Xp, TO KOHEI[ aJITOPUTMa, OTPE30K
0oTOOpakE€H, €CJIM MHAYe — MOBTOPUTH Miar 2.

CrnemyeT OTMETHTh, UTO B OOIEM cllydae HE BCe OTpPe3KH, U300pakaeMblie Ha
AKpaHe, HAUMHAIOTCS B LICHTPE CUCTEMbl KOOPAMHAT U JISKAT IIETUKOM B TIEPBOM OK-
tante. COOTBETCTBEHHO NMPUBEAEHHBINA aTOPUTM HE SIBISETCS YHUBEpCAIbHBIM. [
MMOCTPOSHHUS OTPe3Ka ¢ JIFOOBIMUA KOHEUHBIMUA KOOPAMHATAMU MOYKHO BOCITOJIH30BATHCS
Tr€OMETPUUECKUMH TTPeoOpa30BaHUAMHU Ha TJIOCKOCTH — MEPEHOCOM U OTPAKCHUEM —
160 pa3padoTaTh OOIIUNA aITOPUTM, KOTOPBIM OyIeT YUUTHIBATH MOJIOKEHHUE OTPE3-
Ka B 3aJJaHHON cucTeMe KoopauHat. OO airOpUTM JOJKEH BEIOMPATh OCHOBHYIO
och (T.e. Ty, KOOPAUHATHI KOTOPOH OYIyT U3MEHATHCS Ha Ka)KJIOM IlIare B 3aBUCHUMO-
CTH OT BEJIMYMHBI YTJIOBOrO KO3 PHUIMEeHTa), a TAK)KE YIUTHIBATh HAIIPABJICHUE JIBU-
KEHUS, UHKPEMEHTHPYS JTUOO NEKPEMEHTHPYS KOOPAMHATHI MO COOTBETCTBYIOIIUM
ocsM. OOIIMiE BapuaHT IIEJIOUYMCIEHHOT0 alroputMa bpesenxema npenaraercs pea-
JU30BaTh B IIPOTPAaMMHOM BHJI€ CAMOCTOSITEJIbHO Ha OCHOBE MAaTEPHAJIOB JICKIIUA U

MIPUBEICHHOW JIMTEPATYPHI.

1.3. Anroputm pactepu3aluu OKPYKHOCTH
OKpyKHOCTB 33J1aeTCs YpaBHEHUEM
X2+Y2:R2, (1.5)
OTCIO/A Y =+JR*- X? . (1.6)
Hcnonws3zoBanue Boipakenus (1.6) mns BeIUUCIeHHs KOOpAMHATHI Y Hedddek-
TUBHO, T. K. IPUXOJMUTCS HCIIOJNBH30BaTh apU(PMETUKY C IJIABAIOIIEH 3amsTOd U H3-

10



BJICUCHHC KBAJAPATHOI'O KOPHA. KpOMC 9TOT0, MPOU3BOAA NPUPANICHUC X KOOPAWHATHI

Ha (1)I/IKCI/IpOBaHHy10 ACIbTY, IOJYYUTb HCIPCPBIBHOC IIPCACTABIICHHUC OKPYXHOCTHU

He noyuntcst (puc. 1.2). HyxHbiit 3pdexT mocturaercss npu UCIOIb30BaHUH alro-

putMa bpe3eHxeMa i1 MOCTPOEHUSI OKPYKHOCTH.

Puc. 1.2. Pe3yabpTaT NOCTpOCHMS pacTPOBOTO MPEICTABIECHUS OKPY>KHOCTH

B COOTBETCTBHUH C BhIpakeHHEM (1.6)

JI71s1 IPOPUCOBKH OKPY>KHOCTH JOCTaTOYHO OCTPOUTH ToNbKo 1/8 e€ wacth. Oc-

TAJIbHBIC YaCTH IMOJIYUAIOTCA 3CPKAJIbHBIM OTPa*KCHUCM.

AJIFOpI/ITM BpCSCHXCMa BBIYHUCIIACT YaCTh OKPYXHOCTH, JICKAIIYIO B IICPBOM

KBaJpaHTE, OJHAKO MOKHO PacCMOTPETh YNPOIIEHHBIM BapUaHT IOCTPOCHHS OYTH,

JIC)KaH_ICﬁ BO BTOPOM OKTAHTC. B sTom AJITOpUTMCEC UCITIOJIB3YCTCs MMOHATHUC KOIITHOKM» —

PACCTOSIHMS OT IIEHTPA MUKCENIS 10 ICHCTBUTEIIBHOTO MOJIOXKEHUsT OKpy:kHOCTH (prc. 1.3).

[ i+1

S\ Nk

i-1 N D

Puc. 1.3. OTpucoBKa OKpYKHOCTH:

RN

X

DX+ YP-RY

d — IIUKCCJIN — KaHAWIAThI Ha IIPOPUCOBKY Ha CJICI[YIOH_Ieﬁ UTCpalluH, 0 — 3HaUYCHUSA

OLIUOKH (11 MUKCeIeH-KaHI1/1aTOB)
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BbIunciacHre KOOpAMHAT OYEPETHOTO MUKCEIS Oa3upyeTcsl Ha KOOpAnHATaX pa-
HEC BBIYMCICHHOIO MuKceas. [IycTh BBIYHCIICHHBIH MHKCEIh MMEET KOOPIWHATHI
(X, ¥i). Torma B ciay4yae mOCTPOSHUS AYTH OKPYKHOCTH C HA4ajJOM B TOUYKE C KOOP/IH-
natamu (O, R) u aBHXKCHHMEM IO 4acOBOM CTpesKe, «KaHIUIaTaMH» Ha MIPOPUCOBKY
Ha clieqyromieM Iare Oyayt asa nukcens —H u D (puc. 1.3).

PeanbHast OKpYKHOCTb MOKET OBITh PACIIOJIOKEHA OTHOCHTEIBHO IICHTPOB ITHK-

ceJIe-KaHaAUaaTOB, 0003HAYEHHBIX TOUKaMU | 1 S, ogHUM n3 cnoco0os 1 — 5.

(T 1) 2 |

L~
LY ¥}

1|:_-|.'-| =+ 1-.'!,|'| b 1_:'

Puc. 1.4. BapuaHTbl IPOPUCOBKH OKPYXKHOCTH

Ecii MbI BEIGHpaeM TOUKY S, TO TeM caMbIM cuuTaeM, uto (X+ 1)%+ (yi—1)° » Re.
Ecin e BbiGHpaeM Touky T, To momyckaeM, uto (X+ 1)%+(y;)® » RE. PaccMotpum sBe
norpeutsoctd Dy 1 Dy

Dy = (x+1)*+(y—1)*R ; D, = (x+D)** ()’ R;  (1.7)
U KOHTPOJIBHYIO BCJIMYNHY D=D 1+ [jz.

[Tpu BBIOOpE TOUKHM, ciaeayromied 3a (X, Yi), cTaHeM PYKOBOACTBOBATHCS Clic-
IYIOIIUM KpUTEPUEM: €CIIU D >0, BBIOEPEM TOUKY S, eCiiu D £0, BBIOEpEM TOUKY T.

OcHOBaHHEM ISl MCIOJIB30BaHMS TOJO00HOTO KPUTEPHUs SBIISIOTCS 3HAKU I10-
rpetrocteit Dy u D B KaXI0M U3 [T BO3MOXKHBIX CIIYYacB:

— I TTOoJ10KeHus 1. Ijl <0, Ijg <0pb Ijl + Ijg < 0 b BoiOupaercs T;
— JUUIS TIOJI0KEHUS 2. Ijl <0, Ijg =0pb Ijl + Ijg < 0 b BoiOupaercs T;

— JUIS OJIOKEHHUs 3 BO3MOKHBI BapuaHThl (yunThiBas, uto Dy < 0, D, > 0):

12



a) |Ijl| 3 |Dz| p Ijl + Ijg £ 0P BwiOupacrcs T;
6) |Dy| < |D,| b D1+ D,>0b Bribupaercs S
— JUTSL IOJ1I0KeHu4 4. D 1=0, Ijg >0pb Ijl + Ijg > 0 b BeiOupaercs S;
— JUTSL TIOJIOKEHU 5: D 1> 0, Ijg >0pb Ijl + Ijg > 0 b BeiOupaercs S.
KoHTpoubHast BeandrHa D MOeT GbITh BBIUUCICHA B COOTBETCTBHH C BBIPAXKe-
HUEM
D = D+ Do= (+1)%+ (yi-1) =R+ (X + 1)%+ (Y) =R = 2%+ 2y 2+ 4x—2yi+32R%. .~ (1.8)
Boipakerne 11t D' cymecTBeHHBIM 06pa30M 3aBHCHT OT BHIGOPA CIEAYIOIETO
3aKpalIMBaeMoOro MHUKCENIS U3 JBYX BO3MOXKHBIX KaHaunatoB — H u D. CooTBeTcT-
BEHHO, TIOJICTaBJIsAA Yi+1 = Y; B BeIpakeHue 1.8 B cirydae BeIOopa nukeens H, morydanm
D' [npu Yier = V] = 206+ 1)%+ 2yi°+A(x+ 1) -2y +32RF = D+4x+6.  (1.9)
B ciydae 3akpacku Ha cienyromiem mare nukcens D — Vi =Y, —1, Torna:
D™ [npu yier = yi-1] = 206+ 1%+ 2(yi=1)*+ 40+ 1)-2(yi~1)+3-2R°
D" [npu yiv1 = yi-1]= D+4(x—y)+10.. (1.10)
Eciu o0o3Haunth U = 4%+6, u V = 4(x—Y;)+10, To anropurM MOXHO 3amKcarh B
CJICTYIOIIEM BUJIE:
BoiGop T: eciu (D £ 0), To X = x+1;
BuiGop St eciu (D > 0), to x = x+1, y = y-1.
Brrancnenne ommOKky Ha CIEIYONIEM IIIare:
T: u=4x+6, D= D + u;
S: v = 4(x—y)+10, D*'=D +v.
3HauyeHHE OIMMOKH JUISl TMEPBOTO IIara MOXHO BBIYMCIIUTH, €CIIM BCTIOMHHTD,
yTo X1 = 0, V1 = R, Torna
D', = (0+1)*+(R-1)>-R* = 2-2R,
D, = (0+1)+R-R =1,
D'= D4+D, = 3-2R
HTorosast 0JI0K-cXeMa aJropuT™a mocTpoeHus 1/8 yacTu OKpY:KHOCTH TpHBE-

neHa Ha puc. 1.5.
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Fid

d=3-2R

=6

v—=10-4R
Qe 0 GFi>m s §
=+ d=ct+u
w=u+d w=u+4
v=v+3R =+

1 1
—

Puc. 1.5. brok-cxema anroputma noctpoenust 1/8 yactu okpyKHOCTH

1.4. 3ananue k 1aGopaTopHoii paGoTe

B pamkax nabopaTopHOil paGOThI BBIIIOJTHUTH CIEAYIONIIYIO MOCIEI0BATENb-
HOCTb OIlepaLU:

1. TlporpaMMHO peanu3oBaTh LETOUYUCICHHBIE anropuTMbl bpesenxema s
pactepu3anuu oTpeska (B o0IIeM cirydae) U OKPYKHOCTH.

2. Ucnonb3ys pa3padoTaHHble (DYHKIIMM, CTEHEPUPOBATh U BBIBECTU HA IKpaH
OCMBICJICHHYIO JBYXMEPHYIO CIIEHY, cojiepxalnyto kak MUHUMYM 30 — 40 oTpe3KkoB u

10 — 15 oxpy’KHOCTEH pa3IMUHOIO TUAMETpA.

1.5. KouTposbHbIe BONPOCHI

1. B yem cocrout uaes anroputma bpeszeHxema JUIsi HOCTPOEHUSI pacTpOBOIrO
IpEeACTaBICHHS OTPe3Ka/OKPYKHOCTH ?

2. KakoBbl gocrouHcTBa anroputma bpesenxema? Kak MOXHO yiaydmuTh aji-
TOpUTM ?

3. Becerna nu coBmaznaroT pacTpoBbl€ IPECTABICHUS OTPE3KOB, 3aJaHHBIX KO-

opauHataMu (X, Y1) — (X2, Y2) 1 (X2, V2) - (X1, Y1)?
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4. ByayT JIi OTIMYAThCS pacTPOBBIC IpeacTaBiacHus oTpe3ka (X1, Y1) - (Xo, Vo) H

oTpe3koB  a) (Xite, y1) - (Xate€ Yo);
6) (xite yite) - (Xte yte);
B) (X1, Y1—€)— (X2, y2—€),

rane e—koucraurta 0< e< 1?

5. HakammuBaeTcst u omnOKa B MPOIIECCEe BBINOIHCHUS ajaroputMa bpesenxe-
Ma?

6. C Kakol TOYHOCTHIO MOKHO BOCCTAHOBUTH ypaBHEHHE HEMPEPBIBHOW Mpsi-
MO 10 pacTPOBOMY IPEICTaBICHHUIO OTPE3Ka?

7. Bcerna u cOBMamalOT pacTPOBBIC MPEACTABICHHUS OKPYXKHOCTEH, 3aITaHHBIX
koopauHaTtaMu (X1, Y1) — (X2, Y2) 1 (X2, V2) - (X1, Y1)?

8. Uto mpoliie B BBIYUCIHUTEIBHOM ILUIaHE. CHOPMHUPOBATH PACTPOBOE IMPEI-
CTaBJICHUE OKPY>KHOCTH C TMOMOIIBIO: a) aaroputMa bpeseHnxeMa i BhIYCPUYHUBAHUS
OTpe3Ka IMyTeM OTOOpaKeHHsI MPaBHILHOTO N-yrodbHUKA, alllIPOKCUMHUPYIOMIETO OK-
PYXKHOCTb C HY)KHOH TOYHOCTBIO, MK 0) amroputMa bpeseHxema i MOCTPOCHHUS
pacTpoOBOIO MPEICTABICHHS OKPYKHOCTH?

9. BynyT u pa3nu4aTbCs pacTpOBBIC IIPEACTABICHHUS OKPYKHOCTEH, CCIIH:

a) UX paJNyChl OTIMYAIOTCS Ha €,
0) KOOpAMHATHI X IICHTPOB OTIMYAIOTCS HA €,

rae € —koucradra 0 < e< 1?7

1.6. JIlutepaTtypa no reme padoThbl

1. Pomxepc, JI. Anroputmbl mammuHON rpaduku / JI. Pomkepe. — M. : Mup,
1989, §2.1 - 2.6.

2. ®omu, Jx. OCHOBbI WHTEpPaKTHBHOM MammHHON Tpaduku / k. Doy,
A. 831 J[opm. - M. : Mup, 1985, 1. 2, §11.2, 11.4.

3. XepH, [I. MukpokommnbiotepHas rpaduka u crangapt OpenGL / JI. XepH,
M.bBeiikep. - M. : Bubsamc, 2005, 83.4, 3.5, 3.9.

4. JIabopaTOpHBIi MPAaKTHKYM Mo Kypcy «MarmmnHas rpaduka» / P. X. Canbi-

XoB [u 11p.]. - Munck : BI'YUP, 2002.
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JIABOPATOPHAS PABOTA Ne2
TEHEPALMS JIBYXMEPHbBIX CLIEH C TIOMOII[LIO OpenGL

He.]'lb paﬁon: OCBOUTH (1)YHKI_II/II/I HMHULIHAJIN3all1uU, ITOCTPOCHUS IPUMHUTHUBOB,

BU3yaJIM3alllK porpamMmMHoro uatepderica OpenGL.

2.1. ITocTaHoBKA 3a1a4u

CrenepupoBaTh JABYXMEPHOE H300paKEHHE OCMBICIICHHON CIICHBL 3aJaHHOM

CJIO’)KHOCTH C MTOMOIIBI0 GyHKIMI iporpammHoro unatepdeiica OpenGL.

2.2. bazosble pynkuun OpenGL

OcHoBuble (pyHknuu uaTepdeiica OpenGL n3nayanprHo OBLUIN MPEICTABICHBI B
BHJIC OCHOBHOM IIaTdopmone3aBucumoii ouodimoreku GL (ot Graphics Library —
rpaduyeckast oubmoreka) u Habopa oudmorexk AGL,; GLX, WGL, oTBeyaronux 3a uH-
Tepdelic ¢ pa3TMYHBIMU OKOHHBIME cucTeMamu, —Apple, X-Window, Windows cootset-
CTBEHHO, Ha KOTOPBIX TIPOM3BOIMIIOCH BBITIOIHEHHE UTOTOBBIX MMporpamMM. BriociencTeun
k uaTepdericy OpenGL nobasunack 6udmmoreka GLU — OpenGL Utility Library, pac-
HIMPSIONIas rpapuueckre BO3MOKHOCTA 0a30BOM OMONIMOTEKH, a HAOOp CIIEUATIU3UPO-
BaHHBIX TIO/I YIIOMSIHYThIE CUCTEMBI OMOINOTEK ObLT TpaHCPOPMHUPOBAH B €IMHBIN mepe-
HOCUMBIH okoHHBIH HHTepdeiic — GLUT (OpenGL Utility Toolkit). Crnenyer orMeTuts,
4To (pyHKIMK OCHOBHBIX OMOMoTek OpenGL nognepxusarorcs Windows Ha crucTeMHOM
YPOBHE M YCTaHABIMBaTh OMONMMOTEKH Npu Harmmcanuu WINAOWS mporpamm, UCIIONb-
sytormx uHTepdeiic OpenGL, Her HeoOxomuMocTH (CripaBeTUBO Uil (YHKIMN CTaH-
napra OpenGL v1.1). B takom ciydae, ojHaKo, TekeT nporpammbl Ha C/C++/C# nomken

HAaYMHATBHCA C IOAKITIOUYCHUA COOTBCTCTBYIOINX 3aTr0JIOBOYHBIX Q)aﬁJIOB:

#i ncl ude <@&./gl. h>
#i ncl ude <@&./ gl u. h>

B ciydae ecnu paspabarbiBaeTCsl MEPEHOCHMBIN BapHaHT TpadUyeckoi mpo-
IpaMMBbI, TO JUIS BU3YyaJU3allMK HEOOXOIUMO HCIOJIb30BaTh (PYHKIIUA OUOJIMOTEKH
GLUT (eé moxHo 0e3 3aTpyAHEHHI cKayaTh W3 VIHTepHeTa, HampuMmep, OTCIoia —
[cMm. monpa3a. 2.4, n. 3]). [IporpamMMa COOTBETCTBEHHO JOJDKHA HAYMHATHCS C IOJI-

KITFOUEHUS 3ar0J0BOYHOrO (aiiina OMOIMOTEKH:
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#i ncl ude <G/ gl ut. h>.

3aronoBounbie (aitnbl «gl.h» u «glu.h» nmpu 3ToM noakIIOYaTh HEOOA3ATEIBHO —
IpY UCTIONIb30BaHUM «glut.n» oKl OyayT MOIKIIFOUEHBI ABTOMATHYCCKH.

Tunel JaHHBIX, UCIIOIB3YEMbIC Ha Pa3HBIX CHCTEMaX, MOTYT CYIIECTBEHHO pa3-
auyatbes. Jns obecrneueHus nepeHocuMocTd mporpamMm B OpenGL ompeneneHs
COOCTBEHHBIC MTEPCHYMEPOBAHHBIC THITbI, KOTOPbIC OYAyT OCTAaBaThCS HEM3MCHSICMBbI-
MU TIPH BBITIOJTHEHUH MPOTPaMMBbI Ha KXKJOU U3 TPEOYEMBIX CUCTEM:

GLbyte — 8-6mrosoe menoe, cooreercrByer Tmmy Signed char B C C++,
A.short — 16-6mroBoe nenoe, coorsercrTByer Tmny Short s C Ct+,
Gint, Gsizei — 32-6urosoe nemoe — |long B U C++,

Gfloat, G.clanpf — 32-6urosoe Bemecrsennoe — float B C CH+,
GLdoubl e, G.cl anpd — 64-6urosoe BemectTsennoe — double s C C++,
GLubyte, G.bool ean — 8-6mrosoe nemoe 6ez szmaxa — unsi gned char,

GLushort — 16-6urosoe nemoe, — unsigned short s C C++,
GLui nt, GLenum — 32-6uroBOe nesoe 6e3 sHaka —-unsigned | ong,
Gbitfield — mons gBomuHEIX paszpsanoB.

Bce TUIBI TaHHBIX, MCHOJB3YEMbIC B MPOrpPaMMe, JOJDKHBI HAYHMHATHCS C 3a-
rinaBHbIX cuMBoJIOB GL. Tumnbel GLSizel u GLclamp(f/d) Beenenst ast 6os1ee yaoOHOM
«YUTAEMOCTHU» UCXOAHBIX KOJIOB MPOrpaMM, MCHoib3yomux oudnuorekun OpenGL.
GLsizel mpuHSATO WCMOAB30BATH Ui TMEPEMCHHBIX, COACPIKAIIUX IEIIOYMCICHHBIC
3Ha4YeHus1 pazmepoB win riayounsl. Mmena GLclampf/GLclampd «moacka3ssiBator»,
4TO COOTBETCTBYIOIIUE IMEPEMEHHBIC OYIyT OrPaHHUYCHBI COTJIACHO JOMYCTUMOMY
nuamazony 0,0 — 1,0 (clamped = «3axato», aHri.).

MaccuBsl U YKa3aTciii 0003HaYal0TCsI aHAJIOTUYHO HOTalluu C/C++:

Gint ndigits[10]; // Maccume mz 10 nepemenurix Tuna GLint;
GLdoubl e *doubl es[10]; // Maccus w3z 10 yrkazarener Ha NepeMeHHEE
runa GLdoubl e.

Hazpauus ¢yukmuit OpenGL mpeactaBisioT coboil cOCTaBHBIE KOHCTPYKIIHH,
KOTOpbIC HAYMHAIOTCS C IPOIHUCHBIX CHMBOJIOB UMCHH OHMOJMOTEKH, K KOTOPOH OHH
otHocstes, — gl, glu, glut, glt, aux u m.o0., u uMmeroT cneayrouwii hopmar: <IlIpegpurc
oubauomerku> <Umsa xomanovr> <Heobszamenvuolil cuémuux apeymenmos> <He-

obs3amenvHbll mun apeymenmos> (puc. 2.1).
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glVertex3fv (v)

Twn gaHHbIX
Yucno komnoHeHT | b — byte BexTop

ub — unsigned byte

s —short
2-(x,y) us — unsigned short «V» OTCYTCTBYET
3-(%Y,2) | _int I;)J'Iﬂ CKarnspHbIX
4—(X.V.z i N ; opM

;J I _ #g;ltgned nt glVertex2f(x,y)

d — double

Puc. 2.1. [Ipumep pacmmdpoBku HazBanus ¢pynkuuu OpenGL

Bce otoOpakaembie ¢ momoiibio OpenGL creHbl cocTOST U3 OrpaHUYEHHOTO
Habopa mnpumutuBoB. GL_POINTS, GL_LINE STRIP, GL_LINE LOORP,
GL_LINES, GL_TRIANGLES, GL_TRIANGLE_STRIP, GL_TRIANGLE_FAN,
GL_QUADS, GL_QUAD_STRIP, GL_POLY GON (puc. 2.2).

A

]
l.l \
GL_POINTS GL_LINES &

GL_LINE_STRIP

GL_TRIANGLES

GL_QUAD_STRIPE

GL_TRIANGLE_STRIP

» . @

GL_TRIANGLE_FAN
GL_POLIGON GL_QUADS

Puc. 2.2. [Ipumepbl Hanbosee 4acTo UCIONb3yeMbIX mpuMuTUBOB OpenGL

I[JISI 3aIaHUA IPUMHUTUBOB UCIIOJIb3YCTCA KOHCTPYKIIHA

gl Begi n( PRI M TI VE_TYPE );
Il chomcox BepmmH

gl End() ;
rae PRIMITIVE_TYPE — koHcTaHTa M3 YKa3aHHOTO BBIIIE MEPEUHSI, OMPEestonast

MMOCJICAOBATCIIBHOCTh COCAMHCHUWA BCPIINH.
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gl Begi n( GL_TRI ANGLES) ;
gl Color3f( 1.0, 0.0, 0.0);
gl Vertex2f (150. 0f, 50.0f);
gl Vertex2f (50.0f, 150.0f);
gl Vert ex2f (200. 0f, 200.0f);
gl End() ;

a §)

Puc. 2.3. [Ipumep pucoBaHus TpeyrojbHUKA!
a —4acTb KOJa MporpaMMsbl; 6 — 0ToOpakeHNe TPEyTroIbHUKA

Ecnu paccmaTpuBaTh MHHUMAJIBHBIM COCTAB KOHCOJIBHOM mporpamMmbl OC Win-
dows, ucnoas3yromiei Gpynkuun oudbamorexku OpenGL, To kox (GyHKIMKH Main Ha

si3pike C/C++ OyneT UMETh BH/T

void main (void)
{ glutlnitD splayMyde( GLUT_SINGLE, GLUT_RGB);
gl ut Cr eat eW ndow( “ llpumep” ) ;
gl ut Di spl ayFunc( MyDr awFuncti on);
Myl ni t Function();
gl ut Mai nLoop() ;

W3 npuBenénnbix Boilie pyHkuuii oubnaunoreku GLUT nepBas oTBeyaeT 3a MHU-
[MUATA3AIHI0 PEXUMa OTOOpaKEHUs — B IAHHOM Cllydae ¢ MCTOJIb30BaHUEM OJHOTO
nukcenpHoro Oydepa (GLUT_SINGLE) u uBeroBoit cuctemsl koopauHat RGB
(GLUT_RGB). ®yukmus glutCreateWindow(* Ilpumep”) co3maét OKHO ¢ 3arojioB-
koM «lIpumep>, B KOTOPOM OyIeT MPOU3BOUTHCS BBIBOJ CIICHBI.

®ynknus glutDisplayFunc() ycranaBinBaet ¢ HOMOIIBbIO MEXaHU3Ma 0OPAaTHOTO
BbI30Ba yKa3aTellb Ha aBTOPCKyo GpyHkmuo MyDrawFunction() as e€ BbI30Ba U BbI-
MOJTHEHUS TIPU Ka)KJ0M HEOOXOJIUMOCTH OTPHUCOBKH OKHA. MIMeHHO B pyHkumu My-
DrawFunction() npou3BoauTcs 3aaHKe JIEMEHTOB CLIEHBI, KOTOpPbIE OYAyT 0TOOpa-

KeHbl. JlomonHuTENBbHOW aBTOpckoW  QyHkuueit sBiusercs  MylnitFunction(),
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BbI3bIBa€Masi OJHOKPATHO I MHHIHManu3anuu coctosHus OpenGL. B mpunmmme
KoMaH bl nHuIMam3anun OpenGL, coxepskamuecss B 3To PyHKIIMM, HEOOs3aTEb-
HO 0OPMJIIATH B BHJC OTACIHLHOTO (PYHKIITMOHAIBHOT'O MOIYJISI, OJTHAKO C TOYKHU 3pe-
HUS XOPOIIEro CTHUJISA MTPOrPAaMMHUPOBAHMS JIYUIIIe UX BCE K€ 000COOUTH.

[Tocnennei koMaHaoN Mo/uKHA ABIATHCA glutMainLoop(), BeI3biBacMasi OIHO-
KpaTHO M BBITTOJTHSIEMAs JI0 3aBEPIICHHS porpaMMbl. OHa 3aIycKaeT BCe MEXaHU3MBI
OpenGL, o6pabaTsiBaeT Bece coobteHuss OC, cooOmeHns: HaKaTuii KJIaBUI U T.11.

B cBoro oucpean, (i)YHKI_II/IH HMHUIHAJIU3aIU1 MOKCT COACPKATh MUHUMYM KO-

MaH/I:
voi d Myl nitFunction(voi d)
{
gl C earCol or(0.0f, 0.0f, 1.0f, 1.0f);
gl uOrtho2D (0.0, 400.0, 0.0, 300.0);
}

B nannom cinyuae ¢ momorieio glClearColor() mpu muuimanuzanud 3aaaércs
(OHOBBIN I[BET dKpaHa — TaK HA3bIBAEMBIH «I[BET OYHCTKU dKpaHa». @yunkuus gluOr-
tho2D() 3agaéT miuaH MpoeKIMK M JAuana3oHbl 3HadeHud X v Y B 3TOM MPOCKIIUU —
0e3 (yHKUHMI MOA0OHOTO Ha3HAYEHUs CLEHA OyleT OCTaBaThCs «HENMPHUBS3AHHOW» K
OKHY OTOOpaKEHHsI, CO BCEMH BBITEKAIOIUMU ITOCIIEACTBUIMHU.

Teno ¢pyukimu MyDrawFunction() mopkHO cofepKaTh Kak MUHIMYM BBI30OBBI
asyx yukuuii OpenGL — glClear() u glFlush(), mexxay xoTopsiMu Tpou3BOAMTCS

3a1aHUuC 00BEKTOB CLICHBI.

voi d MyDr awkFuncti on(voi d)

gl dear(A_COLOR BUFFER BIT); // Oumcrrxa — T.e., 3aamuBKa
[l nukceneHOrO 6ydepa LBETOM OUMCTKM SKPAaHA
gl Begi n(GL_TRI ANGLES) ;
gl Color3f( 1.0, 0.0, 0.0);
gl Vertex2f (150. 0f, 50.0f);
gl Vertex2f (50.0f, 150.0f);
gl Vert ex2f (200. Of , 200. 0f);
gl End() ;
gl Flush(); [// Yxazauwme BrIIOJIHEHMS BCEX HEBEIIOJIHEHHEX KOHBENEPOM

/'l OpenGL xomanzg

20



Ecnu coOpaTh npuBeEéHHBIC BBIIIC YaCTH MPOTrPaMMbl B €IHUHBIA (aiisl, CKOM-
MUIAPOBATh €€ U 3alyCTUTh Ha BBIMTOJIHEHHE, TO B OKHE IPOTrpaMMbl OYIET BbIBEICH
TPEeYyroJibHUK, 0TOOpaxEHHbIN Ha puc. 2.3, 0.

Merton oOpatHoro Bei3oBa yacto npumensetcs B OpenGL, B yactHOCTH:

— glutReshapeFunc(MyChangeS zeFunction) mo3BossieT BbI3BaTh B Cllydae H3-
MEHEHHS pa3MepoB OkHa aBTopckyto pyukmuo MyChangeS zeFunction();

— glutKeyboardFunc(MyKeyProcessingFunction) BbI30BET B cliydae HaKaTHs
ASCII-kaBuim kiaBuaTypsl 00padotunk coobitus — MyKeyProcessingFunction();

— glutMouseFunc(MyMouseProcessingFunction) B ciy4ae mocTymuieHus: coo0-
IICHHUS OT «MBIIIN» BbI30BeT GyHKIro MyMouseProcessingFunction();

— glutSpecial Func(MySpecial KeyProcessingFunction) npu HaxaTuu ¢yHKIIHO-
HaJBHOM KiaBuInu BeI3oBeT QyHkmuo MySpecial KeyProcessingFunction();

— glutTimer Func(50, MyTimer ProcessingFunction, 1) peructpupyeT ¢GyHKIHIO
MyTimerProcessingFunction(), kotopast OyeT Bei3BaHa 1o mpoinectBun 50 mc.

B OpenGL B0o3MOXHBI JBa criocoba o0aBieHus] JUHAMUKYU B CleHy: 1) u3me-
HEHHE KOOPAMHAT TOYKH (M/WIIK IPYruX MmapaMeTpoB) HAOIIOACHUS U 2) aHUMAIHs —
U3MEHCHHE B3aUMHOI'O PaCIIOJIOKEHHUS 0OBEKTOB CIICHBI. B mpocTeiiiieM cirydae mo-
NOOHBIC M3MCHECHHS MOXKHO IMPOU3BOAMTH C MOMOIIBID JUHAMHYECKOTO Mepecuéra
KOOPJIMHAT 0TOOPakaeMOro 00bEKTa U BbI30Ba (PYHKIIUU TIEPEPUCOBKH U300PAIKCHHS
0 TIPOILIECTBUH 33JaHHOTO MHTEPBAJIa BPEMEHH.

[MpunyauTensHOE OOHOBJICHHUE TEKYILEr0 OKHA OCYIIECTBISICTCS C TOMOIIBIO
Bbi3oBa (yukuuu glutPostRedisplay(). /Iist MHOrokpaTHOrO BbI30Ba (h)YHKIIMH, Mepe-
CUMTBIBAIOIICH KOOPIUHATHI OTOOpPakKaeMbIX 00OBEKTOB, HEOOXOJAMMO HCIOJIb30BAThH
peKkypeuBHBIHN BbI30B GyHkuuu glutTimerFunc(), tak kak taiimep B OpenGL cpaba-

THIBAET MPH BBI30BE OJHOKpATHO. [Ipumep mogoOHON peKypcun:

voi d MyTi mer Processi ngFunction (int val ue)

{
x1 ++; yl ++; || MHxpemeHTaIMsa KOOPAMHAT BEPUMH TPEYI'OJIbEHUKA
X2 ++; y2 ++;
gl ut Post Redi spl ay();
gl ut Ti mer Func(50, MTi mer Processi ngFunction, 1);
}
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CootBetcTBeHHO TepBbIi BbI30B glutTimer Func(50, MyTimer ProcessingFunction,1)
JO/DKCH HAXOAMThCS B OCHOBHOM (yHKIIUH Tporpammel — main().

Jlns Gosiee TIaBHOTO OTOOpaKEHUs aHWMAIMU JUHAMHYECKUE CIIEHBI PEKO-
MEHJIyeTCs 0TOOpa)kaTh C MCIOJIb30BAHUEM JBOWHOW Oydepusaruu, Ijs 4ero KOH-
ctauty GLUT_SINGLE cnenyer 3amenuth Ha GLUT_DOUBLE, a ¢yukiumo
glFlush() — na glutSwapBuffers().

2.3. [lpumepbl TUNIOBBIX 3aJaHNI K J1aOopaTopHOi padoTe

1. Pazpaborare nporpammy, Hcmnojib3yromryto (yHkiuu ouonmorex OpenGL,
OTOOpaKEHUS B 3aJJaHHOM OKHE JBIIKYIIHMXCS IO TIPOU3BOJIBHBIM TPACKTOPHUSIM pa3-
JUYHBIX (DUTYp — TPEYTOJIBHUKOB, KBaJIpaTOB, JIOMAaHbBIX JIMHHUH, JICHT U3 TPEYTOJIb-
HUKOB U YETBIPEXYTOJBHUKOB.

2. Ucnonb3ys dyukiuu 6ubnamorex OpenGL, paspaboraTh nporpamMmmy, aHaio-
TMYHYIO CTaHAapTHOMY ckpuHceliBepy WINAOWS, B KOTOPOM MHOKECTBO JIOMAaHBIX
JUHHMKA (3aMKHYTBIX W/WIM HE 3aMKHYTBIX) JBUTACTCS B IPaHMIIAX OKHA 1O €IUHOM
TPACKTOPHH C 3aJIaHHBIM IIaroM/3aep:KKOM, OTpaXkasich OT I'PaHHUI] OKHA.

3. Pazpaborare mporpaMMmy OTOOpakKeHHUs TPOU3BOJIBHON OCMBICIICHHOU ABYX-
MEpHOH CIieHBI, cofepkaiieit He Menee 50 pasHbeix npumuTHBoB OpenGL, yacTs ko-

TOPBIX OJOJIZKHA U3MCHATDH CBOE ITOJI0KEHHUE C TCUYCHUEM BPCMCHH.

2.4. JIntepatypa no teme padéoThl

1. Xepn, /1. MukpokoMmmbsiotepHas rpaduka u cranaapt OpenGL / JI. XepH,
M. Beiikep. - M. . «Buibsmc», 2005, 83.2 — 3.4.

2. Paiit-mu., P. C. OpenGL cynepkunura / P. C. Paiit-mi., b. Jlunuak. — M. :
Buibsamc, 2005, §2-3.

3. The Industry's Foundation for High Performance Graphics. OpenGL. [ DnekTpoHHBIi
pecypc]. —1992—-2009. — Pexxum noctyma: http://mww.opengl.org/resources/libraries/glut/.
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JIABOPATOPHAS PABOTA Ne3
I'EOMETPUYECKUE ITPEOBPA3OBAHUA
B OAHOPOJIHBIX KOOPJINHATAX. ITIPOELHIMPOBAHUE

He.]'lb paﬁoTM: HAaYYUTHCA BBINIOJHATL CABHI, IIOBOPOT, CUMMCTPHYIHOC OTpa-
KCHHUC, MaCH_ITa6I/IpOBaHI/Ie u KOM6I/IHI/IpOBaHHBIe npeo6pa3013aHI/151 00OBEKTOB Ha

IJIOCKOCTHU U B MIPOCTPAHCTBE € UCIONb30BaHueM (pyHkuuii Oudanorek OpenGL.

3.1. ITocTaHoOBKA 3aa4u

I[aHO KOOPANHATHOC OIIMCAHUC 00BEKTA. Tpe6yeTc5I BBIIIOJIHUTH €TO0 TCOMCTPHU-

YCCKOC Hpeo6pa3013aHI/Ie Ha INIOCKOCTHU WJIN B IIPOCTPAHCTBC.

3.2. TeopeTnueckue OCHOBBI

[Tycts M — npou3BoJibHAS TOYKA IJIOCKOCTH € KOOpAUHATaMU X U Y, BBIUUCIICH-
HBIMU OTHOCHUTEJIBHO 3aJJaHHOW NPSIMOYTOJIBHON KOOPJAMHATHOW cucTteMbl. OTHOPOA-
HBIMHU KOOPJIMHATAMH TOM TOYKHU Ha3bIBaeTCs Jt00as TpolKa OJHOBPEMEHHO HEpaB-
HBIX HYJIIO YUCen X, Y, W, CBSI3aHHBIX C 3aJlaHHbIMU yuciiaMi X U Y CIEIYIOIMIUMU CO-

OTHOIICHUIMU.

Xe=x, Y=y, (3.1)
W W

[Ipu pemreHun 3a7a4 KOMIBIOTEPHON rpa@uKU MPOU3BOJIBHON TOUKE MIIOCKOCTH
M(X, y), 3ananHo# nekapToBbIMU KoopauHatamu (X,Y), 0OBIYHO CTaBUTCS B COOTBET-

ctBue Touka M' (X, y,1) B mpocTpaHcTBe Oobliei pasmepHocTH (puc. 3.1).

Y
A

i

x ¥ (Y

Puc. 3.1. Ognopoaubie koopauHaThl Touku M (X,Y)
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B cnyuae, eciiu Touka M omnpenenena B mpoctpanctse — (X, Y, Z), To eit OyaeT
COOTBETCTBOBAThH TOUKA ¢ KoopauHaTamu (X,Y,z,1). Tpoiiku/ueTBépku uncen — (X, Y, W) u
(X, ¥, Z, W) Ha3bIBAIOTCS OJHOPOJHBIMH KOOpAMHATAMHU. B 00IeM ciiyuae 3HauCHHUE
W, KOTOpO€ Ha3bIBaIOT MACIITAOUPYIOIIUM MHOXHUTEJIEM, MOXKET ObITh U OTIUYHBIM
oT 1, ogHAKO Yalle BCero UCIoIb3yloT W = 1, T. K. B 3TOM clly4ae B COOTBETCTBHUHU C
BeipaxkerureM (3.2) X = X, Yy = Y u, 1o aHayioruu, Z = Z, T.e. IpeoOpa3oBaHus U3 OJ-
HOPOJIHBIX KOOPJIMHAT B JICKAPTOBLI TPOU3BOATCS O€3 BHIYUCICHUM.

OCHOBHBIM MPUMEHEHUEM OJHOPOJHBIX KOOPJWHAT B KOMIBIOTEPHON rpaduke
SIBJISIETCS. ONTUMM3AIIMS BBIUMCICHUN TeoMeTpuuYecKux mnpeodOpazoBanuil. Ilpu mo-
MOIIM OJHOPOJHBIX KOOPJAMHAT CTAHOBUTCS BO3MOXKHBIM 3a/laHHE B BUJIEC €IUHOM
MaTpuilbl J1r000ro agphuHHOTO Mpeodpa3oBaHus HA IMIIOCKOCTH U B IIPOCTPAHCTBE.

Matpuiibl, onucbiBaromire 0a3oBbie MPeoOpa30BaHMsl Ha MIIOCKOCTH:

Martpuiia BpamieHus: Marpuiia MaciTaOMpOBaHHUS :

écosj snj Og é 0 Og

[R]=&snj cos 05 (32 [D]=30 d o (3.3)
g 0 0 1§ g0 0 1§

Martpuiia OTpaskeHHUs: Martpuiia epeHoca:

. 0 Ou él 0 Ou
_ é 1 _ é a

[M] = D -1 0 (3.4) [T] = 0 1 0 (3.5
g 0 1y g m 1y

B cnydae HE0OX0AMMOCTH TIPOU3BECTH KOMOUHAIIMIO TTpeoOpa3oBaHuil Cley-
€T JIUIIL TIEPEMHOKUTH MAaTPHUIIbI B TIOPSJIKE HY>KHOH MOCIE0BATEILHOCTH MMpeodpa-
30BaHHUM

[T-Al[R [Tl (36)

Tak, Hanpumep, Boipakenue (3.6) 3a1aéT MOBOPOT OTHOCHUTEIBHO MPOU3BOJIb-

HOM TOYKH (IIEPEHOC — MMOBOPOT — OOPATHBIN MEPEHOC), U B PE3yJIbTaTe HCKOMOE Ipe-

oOpa3oBanue (B MaTPUYHOM 3amicK) OYAET BBITIISACTh CIACTYIONIHM 00pa3oM:
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é Ccosj sinj Ou
x.y,1)=(xyDs - sinj COS;j 04 (3.7)
g axcosj +bssinj +a -asinj - bxos] +b 1
Martpuiibl peoOpa3oBaHui MOTYT 3aJaBaThCs B popMaTax BEKTOPOB-CTPOK U

BEKTOpPOB-cTOJI01I0B. B (3.2) — (3.7) npuBeaeHs MaTpuilsl B hopMaTe sl BEKTOPOB-

CTPOK, B3aUMOCBSI3b MEX Y opMaTaMH MaTPULl UJUTFOCTPUPYET puc. 3.2.

Bekrop-cTonbert Bekrop-cTpoka
éa b coul / @ d gu
é u
g e Mv,—[u v wD e hi
€ h igewy ec f iy
Mv =v M’ f
TpancnornpoBanue

Puc. 3.2. ®opmatsl BeKTOpa-cTOJIOLA U BEKTOPA-CTPOKU

Huxe npuBonuTcs npuMep BBIYUCICHUS. HTOTOBOM MaTpHUILIbI OCIE0BATENb-
HOCTH TIpeo0pa3oBaHuii, aHATOTMYHON MaTpUIle, HCIoib3yeMoi B (3.7), HO mpume-
HUTEJIBHO K POCTPAHCTBEHHBIM MPEOOPA30BaHUSAM, & UMEHHO: TOBOPOT B IUNIOCKOCTHU

XY Ha ( rpaaycoB IPOTUB YAaCOBOM CTPEIKUA OTHOCUTEIHHO TOUKHU P:

6L 0 0 P ukcoxy -sing O Ol 0 O - P
10 P,ggsing cosg 0 OgD 1 0 - P,
1060 01 O

1

00 10 0 0 18D 0 0

@ O
o
=
o
)
o
o
(o] en Y ey enY ey e’

écosq - sinqg 0 P, - P, coxg + P, sinqu
(?sinq cog O P, -P sing-P cosql?

=€ y u (3.8)
eo 0 1 0 u '
é 1]
g 0 0 0 1 o)

3.3. Pa6ora ¢ maTpunamu B OpenGL

[IpeobpazoBanust koopauHaT B OpenGL M0XHO MpOU3BOAUTH HECKOIBKHUMU

CII0co00aMH — BBI3OBAMU CIICHHUAJIBHBIX (1)YHKLII/Iﬁ n/vnu ¢ IMOMOIIbIO COOTBCTCTBYIO-
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X Matpul npeodpaszosanus. B nepsom cinydae OpenGL uzbapisier nporpaMMucTa
OT HEOOXOJUMOCTH HEMOCPEJCTBEHHOIO BBIYUCIICHUS U ONEPUPOBAHUSA MATPULIAMH,
OJIHAaKO OHM BCE PaBHO HCIOJB3YIOTCA, XOTh U HeIBHO. [Ipy HEOOXOIUMOCTH JOCTH-
KEHUSI 0CO00M TMOKOCTU BBIUUCIEHUN MaTPUIIaMU MOXKHO OTIEpUPOBATH U SIBHO.

Kak yxe oTmedanocs BblillIe, BO3MOXKHBI JIBa BUJa MPeoOpa30oBaHU — U3MEHe-
HUSL KOOPJAMHAT TOYKM HAOJIOJEHUS M M3MEHEHHE KOOpAMHAT ToueK Mmojnenu. B
OpenGL cymiecTByeT JTOTHYECKOe pa3feieHue 3TUX ABYX THUIOB mpeoOpaszoBanuii. C
TOYKH 3pEHUsl HaOMIoAaTels, pa3auyuil Mexay HUMHU HET — CyMMapHblid 3¢ (et oT
JIBUKEHUSI O0BEKTa BIEPEN UM JBMXKEHHUSI CUCTEMBbl OTcuéTa Ha3aj] OyAeT OAUMHaKO-
BbIM. MIHBIMHU c0Bamu, «apeoOpa3oBaHre HAOMIOACHUS» — 3TO PeoOpa3oBaHUE KO-
OpJIMHAT MOJIETTH BUPTYATBLHOTO 00BEKTA — «HAOIIOATEIIS».

Tak xak nousiTue «HaOIIOJATENB>» B ONPEICIEHHOM CMBICIIE HESIBHO, TO U TaK
Ha3bIBaeMasi «MaTpuila HaOJroAeHUs» (TakKe B JIMTEPAType BCTPEUACTCS Ha3BaHHE
«MaTpUIla MOJICIIN»), 3ajarolas nmpeoOpa3oBaHus €ro KOOPAMHAT, OOBIYHO HCTIONb-
3yeTcsi B HEsBHOM BHje. M3HauanbHO MON0KeHre Ha0roAaTeNss OTHOCUTEIbHO CHUC-
TE€Mbl KOOPJMHAT COOTBETCTBYET €AMHUYHOW MaTpuIle HAOIIOACHUS, YTO O3HAYaerT,
yto ocu OX n OY pacnonoxeHbl HapajljIeIbHO CTOPOHAM YCTPOMCTBAa OTOOPaKEeHHUS,
a ocb OZ npoxoIuT NEepHeHIUKYIAPHO dKpaHy (€€ HamnpaBICHHUE 3aBUCUT OT BbI-
OpaHHOW CHCTEMBbI KOOPJIMHAT — MPaBOi MM JieBoii). [IpuMeHeHne mpeodpa3oBaHmii
MPUBOJUT K M3MEHEHHMIO TEKYUIUX 3HAUEHUN MaTpHIIbl HAOJIIOJEHUS U COOTBETCT-
BEHHO M3MEHEHUIO OPUEHTAI[MM CUCTEMbI KOOPJIMHAT CLEHbl OTHOCUTEIBHO KpaHa.
O4eBUAHO, YTO B cllydae JUIMHHBIX LEMOYEK MpeoOpa3oBaHUl BOCCTAHABIMBATH HC-
XOZIHOE €€ COCTOsIHME 00paTHOM MOCIIeI0OBATEIBHOCThIO NEHCTBUN HE BCeraa y100HO
1 TeM Oonee HeP(DPEKTUBHO C TOUKH 3PEHUS BBIUUCIUTEIbHBIX 3aTparT.

J1st XxpaHeHUs1 MPOMEXYTOUHBIX COCTOSTHUM MaTpUIbl HAOJIIOCHUS UCIIONb3Y-
€TCsl CIEeUaNbHbIN CTeK MaTpHll. 3amucCh TEKYLIEH MATpPUIbl B CTEK MPOU3BOJIUTCSA
komangoi glPushMatrix(), a u3sneuenne — glPopMatrix(). Tak kak B OpenGL mpe-
IYCMOTPEHO YEThIpE CTEKa MATPUIL — Il MATPUL] HAOJIIOICHUSI, IPOEKIIUU, TEKCTYPBI

" OBCTA, TO C LCJIbIO YCTPAHCHUSA JIY6JII/IpOBaHI/I$I KOMaH pa60T51 C MaTpulaMu Ipce-
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AYCMOTPEH MEXaHU3M MEPEKIIOUCHHS MEXY YKa3aHHBIMU YETBIPbMS BapHaHTaMH C
nomoribio Gyrkimu glMatrixMode(), B kauecTBe apryMeHTa KOTOpO# 3a1aéTCsl O/THA
u3 uetbipéx koHctanT: GL_MODELVIEW, GL_PROJECTION, GL_TEXTURE,
GL_COLOR cooTBETCTBEHHO.

[Tpu mepexaoYeHUH Ha HEOOXOIUMYIO MAaTpPHUIly BCE KOMaHIbI pabOThI ¢ MaT-
puliaMu OYAyT 3aTpardBaTh TOJBKO COCTOSIHHE aKTHBHON MaTpHIbI (10 cCleayromei
aHAJIOTMYHOM KOMAaHJIbl TepekitoueHus matpui). OJHa M3 TakhX - KOMaHi —
glLoadldentity() — npuBOAKUT K YCTAaHOBKE 3JIEMEHTOB TEKYIIICH MAaTPHUIIBI B COCTOSTHUE,
SKBHUBAJICHTHOE €IMHUYHON Marpuie, T.e. B €€ HcxogHoe cocrosaue. Komanma
glLoadMatrix (), B cBoro Odepe/b, IPUBOANT K YCTAHOBKE 3HAUCHMII BIEMEHTOB Te-
KyILeH MaTpHIlbl paBHBIMH 3HAYCHHUSIM 3JIEMEHTOB MATPHIIBI, IepeAaBacMoOi B KauecT-
BE apryMeHTa 3Toi KoMaH Ibl. YacTo OBIBAET 11eJIeCO00Pa3HbIM HE YCTaHABINBAThH 3HA-
YCHHS 3JICMCHTOB TEKYIICH MaTPHUIIbl KHAIIPSIMYIO», a IEPEMHOXATh TEKYIIYI0 MaTpH-
Iy Ha 3a7aBacMyio (B YMHOXCHHH OHa OYJCT CTOSITh CIIpaBa), MCIOJb3YsA KOMaHIY
gIMultMatrix (), — TakiM CIIOCOGOM TaKKe MOYKHO 3a]1aTh SIBHOE H3MCHEHHE DICMCH-
TOB HY)KHOW MaTpHIlbl (HAOJII0ICHUS, TIPOCSKIIAH, TEKCTYPhI HIIH I[BETA).

K koMaHIaM HESIBHOTO M3MEHCHMS TEKYIIEH MATPHUIIbI MOYKHO OTHECTH 0a3o-
BBIC TEOMETpUUECKHUe mpeobpasoBanms OpenGL: glRotate () — moBopoT Tekymeit
MATpPHIBI COMNIACHO 3aaBacMbIM mapamerpaM, glScale () — MaciTabupoBaHue TeKy-
1meil MAaTPHII COTTIACHO 3aJaHHBIM mapamerpaM, glTranslate () — mepeHoc KOOpIH-
HaT Ha 3agannklie dx, dy, dz

[TpuMep Koaa MPOrpaMMbl, WILIIOCTPUPYIOIICH OCHOBBI PabOTHI C MaTpuIlekh
HaOJTI0ICHMS:

voi d MyDrawFuncti on(voi d)

gl dear(A_COLOR BUFFER BIT); // Oumcrxa — 7. e. 3BanuBka
|l mmxcenpHOrO Gydepa LBETOM OUMCTKM SKPAHA
gl Matri xMode( GL_MODELVI EW ; /]| Hepernouenmne crexa MaTpuil
/'l Ha MaTpuuy HabGIOOEeHMS
gl Loadl dentity(); /! Barpyska enuMHMYHOI MaTPULIE
gl Transl atef (0. Of, 0.0f, -100.0f); | | Nepenoc cucrTeme
Il koopmmmar uHa 100 emmumir nmo ocm Z nisa ob630pa BCEM CLEHE

B 3aBHCHMOCTH OT THIIa apryMeHTa y QYHKIIMHU pasiudaercs okoHuanue — oo d, mu6o f.
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gl Col or 3ub( 255, 0, 0); | | YcranoBka kpacHOro nsera
gl ut Sol i dSphere(10.0f, 15, 15); // Orpucoka kpacHoro mapuka
gl Pushiatri x(); Il CoxpaHeHme Tekymero COCTOSHMS MaTPHULE
|l wabnwonenmus B creke
gl Rotatef (fElectl, 0.0f, 1.0f, 0.0f); // THoBopor cucrems
/'l xoopmmuat orHocurenpHo ocu OY Ha 3amaHHEM B Tpalycax yIoJ —
/1 fEl ectl
gl Transl atef (90.0f, 0.0f, 0.0f); // IlepeHoc nojoXxeHMA CUCTEME
/'l woopmmuat nHa 90 emmuuu Bmoss ocu OX
gl Col or 3ub( 255, 255, 0); /'l YcranoBka X%&ITOrO LBEeTa
gl ut Sol i dSphere(6.0f, 15, 15); // Orpucoska %&ITOro wWaAPMKa
gl PopMatrix(); // BoccraHnoBieHMe M3 CTeKa HAYaJIbHHX 3HAUEHUN
/| axTMBHOM MATPULE — T.e. MATPULE HAOJOIEHUI
/| AHamoruuHBEE ONepauVu IUig OTPUCOBKYM OPOUTH APYyTOTO WapuKa

gl Pushiatri x();

gl Rot at ef (45.0f, 0.0f, 0.0f, 1.0f);
gl Rotatef (fEl ect1l, 0.0f, 1.0f, 0.0f);
gl Transl atef (-70. 0f, 0.0f, 0.0f);

gl ut Sol i dSphere(6.0f, 15, 15);

gl PopMat ri x();

Bropas gacth nmpuBeAEHHOTO BhINIE TPUMEpPA WILTIOCTPUPYET XOPOIIHH CTUITH
nporpammupoBanus B OpenGL — oOpamiieHne KoMaHJ HM3MEHEHUs TEeKYIEro co-
crosiuus Matpuiel ¢pyakimsamu glPushMatrix() u glPopMatrix(), naxe eciau mepen
ATHM MaTpulia OblJla BOCCTAHOBJICHA M3 CTeKa W HE M3MeHsach. [1og00HbI CTHIIB
MOMOTaeT n30erath TPYAHO YIOBUMBIX OITUOOK BU3yaIH3aI[iH CIICHBI.

[Ipu M3MeHEHUHU OTACNBHBIX JJIEMEHTOB TEKYIICH MAaTPHIIBI CIEAYET YUHUTHI-
BaTh TOT (haKT, 4TO BHYTpeHHee mnpenacrasienue matpull B OpenGL peanuzoBaHo B
BUJIC OJHOMEPHOTO MaccuBa M3 16 3JIEMEHTOB 3a/IaHHOTO MPOTPAMMHCTOM THIIA —

au6o GLfloat, mu6o GLdouble. TTopsiiok 00xoaa MaTPHUIILl IPU 3aIIUCH B OJHOMEP-

HBII MacCHUB AEMOHCTpUpPYET puc. 3.3.

é, a, 8 a,l
e u
8% % Ay
¢, a, a a,l
e u
& a ay asg

Puc. 3.3. CooTBeTcTBHE 3JIEMEHTOB OHOMepHOro MaccuBa a[0]—-a[15]

BHYTpPEHHEMY IpejacTaBienuto matpuil B OpenGL
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[Tono6Has mporpamMmHas peaju3anus MaTpHll sBiseTcs Oosee 3PPEeKTUBHON C

BBIYMCIIUTEIBHON TOUKHU 3pEHUSI IO CPABHEHHUIO C ABYXMEPHBIMU MAaCCUBaMU THUIIA
GLfloat matrix [4][4];

B kagectBe mpumepa, IpOTUBOIOIOKHOTO MPEOOPA30BAHMIO MATPHIIbI HAOIIOZE-
HUsI, MO)KHO TIPUBECTH (PParMEHTHI MPOTrpaMMBbI OBOPOTA Topa [cM. noxpasa. 3.6, 1. 2],
MIPOU3BOAILEH MOBOPOT NMYTEM IMepecu€ra KOOPAMHAT BEPIIMH COCTABISIOLNIUX TOP
MOJINTOHOB B «CTATUYECKOW» C TOYKU 3PEHMs] BUPTYaJIbHOTO HAONIOAATENsl CUCTEME
koopauHaT. OyHKIMSA BBIUKCICHHS TEKYIIMX KOOPAWHAT BEPILIWH TOpPA B COOTBETCT-

BUU C MOJYy4YaeMOM Ha BXOJle€ MAaTpUlel MpeoOpa3oBaHus OyJeT UMETh CIAEAYIOIHMA

BU]L:
voi d DrawTorus(G.TMatrix mlransform
{

GLfl oat maj or Radi us = 0. 35f;

GLfl oat m norRadi us = 0. 15f;

GLi nt nunmvhj or = 40;

Qi nt numM nor = 20;

GLTVect or 3 obj ect Vert ex; || Bepmmua no npeobpazoBaHms
GLTVector3 transfornedVertex; // Bepmmua nocne npeobpas3oBaHMUsS
double majorStep = 2. 0f*GLT_PI / numVhj or;

double mnorStep = 2. 0f*GT_PI / nunmM nor;

int i, j;

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

{
double a0 =i * mmjorStep;
double al = a0 + maj or St ep;
G.float x0 = (G.float) cos(a0);
Gfloat yO = (G.float) sin(a0);
G.float x1 = (G.float) cos(al);
G.float yl1 = (G.float) sin(al);

gl Begi n(GL_TRI ANGLE_STRI P) ;
for (j=0; j<=nunmM nor; ++j)

double b = * mnorStep;

G.float c (G.float) cos(b);

G.float r m nor Radi us * ¢ + nmj or Radi us;
G.float z m nor Radi us * (G.float) sin(b);

obj ect Vert ex[ 0] x0*r; /| Iepecuér xoopmmMHAT HNEPBOII TOUKMU
obj ect Vert ex[ 1] yO0*r;
obj ect Vert ex|[ 2] z;
gl t Transf or nPoi nt (obj ect Vertex, mlransform transfornmedVertex);
gl Vertex3fv(transfornedVertex);
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obj ect Vert ex[ 0]
obj ect Vert ex[ 1] yl*r;
obj ect Vert ex|[ 2] z;

gl t Transf or nPoi nt (obj ect Vertex, nmilransform transfornmedVertex);
gl Vert ex3fv(transfornedVertex);

x1*r; || Iepecuér xoOpOMHAT BTOPOI TOUKM

}
gl End() ;
}
}

[IporpamMMHBIi KOJ1 OTOOpaXKeHHs TOpa MOKHO 3alHUCATh B CIEIYIOIIEM BUJIE!

voi d MyDrawfFuncti on(voi d)

{
GTMatri x transformati onMatri x; // Marpuia npeobpazsoBaHms
static G.float yRot = 0.O0f; /'l Yronm nosopora nms aHuMain
yRot += 0. 5f;

|| Oumcrxa OkxHa TEeKymMM I[BETOM

gl C ear (GL_COLOR BUFFER BI T | GL_DEPTH BUFFER BI T);

/'l HocrTpoenme marTpuipl HoBOpOTAa

gltRotati onMatri x(gltDegToRad(yRot), 0.0f, 1.0f, 0.0f, transfor-
mat i onMatri x) ;

transformati onMatri x[ 12] 0.0f; /I Iepenoc Topa BmOJIBE OCH
transformati onMatri x[ 13] 0.0f;. //" QZ — B ruiy6ber skpaHa
transformati onMatri x[ 14] -2.5f; I'l or mabmnwparens nusa oxBara

| | B3rmsagoM BCer cCLeHE Bpamapmerocs Topa

DrawTorus(transformati onMatrix); // MzumeneHnme koopAMHAT BepuMH
|| Topa B coomBEeTCTBMM C MaTpMIEl) NPeobpas30BaHMUs

gl ut SwapBuffers(); // Hepexnouenmne 6ypepor kanpa

B npusenénnoit Beimie ¢pyuakipm Void MyDrawFunction(), Bei3siBaeMoii kKax-
IBIA pa3 Mpu MEPEPUCOBKE CIICHBI, IPOM3BOIUTCS BBIYMCICHUE MATPHIIBI TOBOPOTA
Ha u3MeHsieMblii ¢ marom B 0,5 rpagycoB yroa otHocurenbHo ocu OY komaHmou
gltRotationMatrix (), ¢ mocneaytoieli MoaupUKaIuei BO3BpaIiaeMoi MaTPHUIIbI MPsi-
Mo¥i 3anuchio B €€ stuciiku cmemenuid dx =0,0, dy = 0,0 u dz = - 2,5. Henocpeact-
BEHHOE U3MCHCHHE STYCCK MATPHUIIBI B IAHHOM cliy4yae OyJIeT SKBUBAJICHTHO €€ yMHO-
KEHUIO Ha MaTpHUIly nepeHoca Broib ocu OZ Ha - 2.5 enunuuel. Ha puc. 3.4 npuse-
JICHBI Pe3yJIbTaThl PabOThI MPOrPaMMBbI TIPHU PA3IUYHBIX 3HaueHUsIX 0z. Tak kak npu
BBIBOJIC TOpa Ha JKPaH HUCIOJB30BAJIOCh MEPCICKTUBHOE MPEeoOpa3oBaHue, TO CMe-

nieHue o0bekTa B1osib ocu OZ 3KBUBAJIEHTHO €ro MaclITaOMpOBaHUIO.
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Puc. 3.4. OTobpakeHue Topa Ipu 3HAUCHHUAX:
a — transformationMatrix[14] = - 1.0f; 6 — transformationM atrix[14] = - 2.0f

HecMoTpsi Ha KOpPEKTHOCTH TporpamMMmHoro koxa (yakuwii DrawTorus() u
MyDrawFunction(), npeoOpa3zoBaHue KOOPJAHHAT BEPIINH TOpa HE SABJSCTCS OITH-
MaJbHBIM BapUaHTOM BU3YyalU3allMK TaHHOTO 00BEKTA M0 IBYM IPUUMHAM

— nepecu€T KOOpJAMHAT BEpUIMH B JAaHHOM ciy4yae OyaeT MpOU3BOJIUTHCS IEH-
TpajbHBIM mporieccopoM (LIIT), B nHOM Cityuae Mpu M3MEHEHHH MaTPUIlbl HAOJIH0/Ie-
Husi koMangamMu OpenGL Obuti Obl 3a71€HICTBOBAHbI PECYpChl CIIEHUATU3UPOBAHHBIX
MIPOIIECCOPOB BUACOKAPTHI, U BBIYUCIICHUS MPOBOAMINCEH OBl ObicTpee, a {11 mor Obl
napajijieIbHO BBIOIHTH APYTHE 3a/1a4U;

— MpU BU3YAJIM3alUUA CUEHBl KOOPAMHATHI BEPIIMH OOBEKTOB YMHOXKAIOTCS Ha
MaTpUIly HaOoAeHUs (B JaHHOM Cliydae — €AMHUYHYIO), COOTBETCTBEHHO B ()yHK-
. MyDrawFunction() HessBHO MpHCYTCTBYET Oecrojie3Hasi Onepanus YMHOXKCHHS
Ka)KJ10¥ BEPILLIMHBI TOpa HA €AMHUYHYIO MAaTPUILY.

[IporpamMMHBIi KOl ONTUMAIBHOTO (C BBIYMCIUTEIBHON TOYKU 3pEHUS) BapUaH-

Ta (PYHKIIMU BpallleHusI Topa OyAET BBITJISAIETh CJICIYIOMMUM 00pa3oM:

voi d MyDrawfFuncti on(voi d)
{

static G.float yRot = 0.0f; // Yrom nmosopora mns aHmMaimm
yRot += 0. 5f;
|| Oumcrxa okHa TexymM IJBETOM

gl C ear (GL_COLOR BUFFER BI T | GL_DEPTH BUFFER BI T);
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gl Pushiatri x();

gl Transl at ef (0. Of , 0. Of , - 2. 5f) ;

gl Rotatef (yRot, 0.0f, 1.0f, O0.0f);

gl t DrawTorus(0. 35f, 0.15f, 40, 20); // Hocrpoenme Topa
gl PopMat ri x();
gl ut SwapBuffers();// Ieperxnouenne Gypepos kanpa

}

B nanHom BapuaHTe (YyHKIUMU OTOOpa)KEHMsI BCE PacyE€Thl MPOU3BOASTCS Hal
MaTpuIlel HaOmoAeHus (IIPOIleCCOpaMU BUIACOKAPTHI), IPH 3TOM JOCTUTAETCS JIO-
MOJIHUTEIBHBIN MOJOXKUTEIbHBIA MOMEHT — (DYHKIIMS BBIYMCIICHUS] KOOPAUHAT TOpa
HE 3aBUCUT OT MaTpHIbl IIPeoOpa3oBaHus, CIIEI0BaTEIbHO, MOKHO pa3paborarh U
MCIIOJIb30BaTh ISl JIOOBIX MpeoOpa3oBaHUN OJHY YHUBEPCAIbHYI (DYHKIMIO BBI-
YUCJICHUS KOOPAMHAT BEPIIMH TOpa HY>KHOT'O pa3Mepa, TONILUHLI U T.11. Takas QyHk-

st — gltDrawTorus() — umeercs u BKIoYeHa B OubnnoTeky gl Tools.

3.4. [IpoekTHBHBIE TPeoOpPa30BaAHUA

B o6mem ciydae moa mpoeKTUBHBIMHU IPe0Opa30BaHMSIMU, WM TTPOSIIUPOBAHN-
€M, TIOJJpa3yMeBalT NMpeoOpa3oBaHUe TOYCK U3 KOOPIWHATHOW CHCTEMBI pa3MEpHO-
CTBhIO N B TOYKM B KOOPJMHATHON CHCTEME Pa3MEPHOCTHIO MeHbIe N. B 3amayax ma-
IIMHHON Tpaduky HanboJee 4acTo UCIOJb3YIOTCS peodpa3oBaHus U3 TPEXMEPHOTO
npoctpancTBa — 3D (cokparnierue oT «3 dimensional» — «rpéxmepHoe», mep. ¢ aHrJ.)
B nByxMmepHoe — 2D. B 3D-mpoctpancTBe MonenupyeTcsi ClieHa, KOTopas JI0JKHA
OBITh OTOOpaKeHa Ha MJIOCKOM MOBEPXHOCTH YCTPOICTBA BhIBOAA (MOHUTOPA, MPUH-
Tepa, IIOTTepa U T.IL.). BIIOJIHE BEPOSATHO, YTO B HENAIEKOM OYyIyIIeM TPU YCIOBHH
IIMPOKOTO PACTIpOCTPAHEHUS TPEXMEPHBIX YCTPONCTB BhIBOJA rpaduueckoit napop-
MaIui HaCYITHOCTh B MOJAOOHBIX IPe0Opa30BaHUAX 3aMETHO CHU3HUTCS, OJHAKO B Ha-
CTosiIee BpeMsl TPOSKTHUBHEIE MPeoOpa30oBaHMs UTPAOT OAHY U3 BEAYIIUX POJICH mpu
JTOCTHKCHUN PEATUCTUIHOCTH M300paxeHus. CieayeT OTMETUTh, YTO B MalTUHHOU
rpaduKe TaKke BCTpedaeTcs u mpeodpa3oBaHUE U3 CHCTEMBI pa3MEpHOCThIO N = 3 B
cUcTeMy ¢ pa3MepHOCThIO N = 1. OHO COOTBETCTBYET OTEpAIUH MEePEBO/Ia [IBETHOTO
M300paKeHUsI B IOJTYTOHOBOE.

[Ipoeknusi CTPOUTCSA ¢ TIOMOINBIO BOOOpaKaeMbIX JIMHHM, Ha3bIBAEMBIX MPOCK-

TOpaMu 00 JydaMHU TIPOCKIIHUH. HpOCKTOpBI HUCXOOAT U3 INCHTpPA MMPOCKIUHU, ITPOXO-
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IST Yepe3 KaKAYI TOYKY O0BEKTa W IMEepeceKaroT IUIOCKOCTh MpoeKuu (B cirydae
noctpoenuss 2D-nipoekiuu). B MamumHHOW rpaduke ONEpUPYIOT TOJBKO IUIOCKHUMHU
MPOEKIHUSAMHU — T.€. IOBEPXHOCTh MPOEKIUHU €CTh IIIOCKOCTh. BoJbIIMHCTBO (oTOKA-
Mep U BHUJIEOKaMep B KaYeCTBE IIOCKOCTHU MPOEKIUU UCIIONB3YIOT IIEHKY MO0 MaT-
punyy. OTHaKO B 3pUTEIILHON CHCTEME YEIOBEKa CeT4YaTKa IJla3a He IIOCKas — Ipo-
€LMPOBAaHNE MPOU3BOAUTCS Ha BHYTPEHHIOIO MOBEPXHOCTH cephl. Takke B MallUH-
HOU rpaduke UCMOJIb3YIOT TOIBKO T€OMETPUUYECKUE MPOEKIUH — T. €. T€, B KOTOPBIX
IIPOEKTOPHI ABJISIOTCS IPSIMBIMU JTyYaMH.

B 3aBHCHMMOCTM OT KOJIMYECTBA LIEHTPOB IPOEKIHUH PA3NIHYAIOT JIBAa OCHOBHBIX
KJ1acca MPOCKIUI — IeHTpaibHble (MK MEPCIeKTUBHBIC) U Mapaieabubie. Ha puc. 3.5

WJUTIOCTPUPYETCS pa3HUIIA MEXKY JBYMS KJIaCCaMH MPOEKITUH.

IHeuTpajanHas IlapaajgejnLHasi
A A
B
\ HeHTp MIPOEKIUN —
Hentp mpoexkuuu B OECKOHEYHOCTH

Puc. 3.5. ®opMupoBaHue LIEHTPAIbHBIX U NApPAILIEIbHBIX MPOSKIIUMA

B cBoro ouepenp, napaiienbHble MPOEKIUU B 3aBUCUMOCTH OT B3aUMHOT'O pac-
MOJIOKEHUS] CUCTEMbl KOOPJIMHAT O0BEKTA, JTydYeil MPOEKUUU U MIOCKOCTH MPOEKIIMU
JeNsITCs Ha HECKONbKO BUI0B. VX kinaccudukaus npuseneHa Ha puc. 3.6.

13 Bcero MHOKECTBAa BO3MOYKHBIX clIoc000B npoenuposanus B OpenGL Ha cuc-
TEMHOM YPOBHE MOJAECPKUBAIOTCS JBa THUIIA — OPTOrOHAIbHBIE U LEHTPAJIbHBIE Of-
HOTOYEYHbIE, KOTOPBIE TAKKE HA3BIBAIOT NEPCIEKTUBHBIMU. Pa3HOBUIHOCTH aKCOHO-
METPUYECKUX MPOEKIHI MOXXHO MOJYYUTh CAMOCTOSITENBHO, MPOU3BOAS COOTBETCT-
BYIOLIUE TpeoOpa3oBaHusl HaJ B3aMMHBIM DPACMOJIOKEHHEM OOBEKTOB CIIEHBI U Ha-
OsrofaTelNisl C BBINOJIHEHUEM Ha 3aKJIIOUUTEIBHOM 3Tale OpTOrOHAJIBHOIO Mpeodpa-

30BaHUs.
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MNPOEKLUNN

'4 \

[MNapannenbHble NpoeKkumn LleHTpanbHble NpoeKkumu
v 4 § OfHOTOUEUHbIE
OpTOroHanbHble § OBYXTOYeYHble
§ TpEXTOYEYUHbIE
AKCOHOMeTpunyeckme
' 4 S
NPSAMOYro/ibHblE KOCOYroJibHble
§ M3omMeTpus § m3omeTpus (Cavalier)
§ aumeTpus § aumeTpusa (Cabinet)

§ TpumeTpus

Puc. 3.6. Bunbl reomeTprueckux MpoeKIu

3amaHue crocoba MpoeHUPOBAHUS UTOTOBOTO M300PAKEHUS HA DKPaH MPOU3BO-
autcs ¢ nomoinbio ¢pyrknui gluOrtho2D() u gluPerspective(). s monydenus pas-
HOBUJTHOCTEH MPOEKIUH HEOOXOAMMO MOIKIIOYNTh MATPUILy MPOCIMPOBAHUSA KO-
manzgoin glMatrixMode() ¢ mapamerpom GL_PROJECTION u npoBecTu HaJ HEl He-
00XoauMbIe MPeoOpa3oBaHus. PasHUIly MEKIy OpPTOrOHAIBHBIMU U MEPCICKTUBHBI-

MU MPOEKIUSAMU JEMOHCTPUPYET puUcC. 3. /.

el HERER MM
| s n

L3

[Tepcnek-
TUBHAS — Bun
CBEpXY
Bun —_| | Bun
criepenu crpaBa

Puc. 3.7. [Ipumep oObeKTa B EPCIECKTUBHOM (LIEHTPaIbHONW OTHOTOYCUHOH)

U B OPTOTOHAJIBHBIX (BI/IIIBI criepeau, CBCpxy, cnpaBa) MMPOCKIUAX



TrnH4HEIA X . LnpokodaaMaTHLIR, X
ofbEM BUOMMOCTH z ¢ BONBLIWM IHAYEHHEM
napaMeTpa aspect

y

X
7 * bonbwoe fov {WnK Manoe near) Z Manae fav (HAKW GefblUae Aear)

Puc. 3.8. [Ipumepsl BapuaHTOB 00bEMa BUTUMOCTH B 3aBUCUMOCTHU

OT 3a/laBacMbIX napameTpoB ¢pyHkuuu gl Frustum()

[Ipu npoBeneHuu nepcreKTUBHBIX NpeodpazoBanuii B OpenGL BaxkHyO poJib
urpaet MoHsATHEe «00bEM BuIUMOCTH» (pHc. 3.8), KOTOPOE CHIBHO BIUSAET HA MUTOTO-

BBII BUJI ITpoerpyeMoii cuensl (puc. 3.9).

10mm Lens (fov = 122°) 20mm Lens (fov = 84°)

y

35mm Lens (fov = 54°) 200mm Lens (fov = 10°)

Puc. 3.9. [Ipumepbl BapruaHTOB MPOEITUPOBAHMS OJTHOM CLICHBI

Jns 3amanus oO0bEMa BUAMMOCTH HEOOXOJIHMMO BOCIOJIB30BaThCA (YyHKIHEH
glFrustum(); mist onpeaeneHus mapaMeTpoB nepcrekTuBbl — GyHKIuei gluPerspec-

tive(), cMbic mapameTpoB KOTOPOit miuttocTpupyet puc. 3.10.
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(Hmax, ymax, —zmin)

- PanbHss nnockocTs  _ e
. # o oTceyeHus aspect wih
(xmin, ymin, —zmin) fav = @

BnnxHAA NNocKoCTb oTceyeHns
LEHTD DpOeHU#HA

Puc. 3.10. Cmbici mapaMeTpoB QyHKIUH:
a — glFrustum(); 6 — gluPerspective()

3.5. [IpumMepbl THIIOBBIX 3aIaHUI K J1a00paTOpPHOIl paboTe

1. Ucnonw3yst ¢ynkiuu 6ubmuorex OpenGL, paspaborars nporpaMMmy oToOpake-
HUS TIPOM3BOJILHOM OCMBICIICHHOW TPEXMEPHOU ClieHsI, cofiepkainierd He medee 10 — 15
O00BEKTOB, KOTOPBIC JOKHBI M3MEHSITH CBOE TOJOXKEHUE OTHOCHUTEIHPHO TOYKH Ha-
OI0ICHUS C TCYCHHEM BpPEMEHHU.

2. PazpaboraTh nporpamMmy OTOOpaKEHUS JBUXKYIIEHCS Ha dKpaHe 00bEMHOM

¢urypsl poOoTa, 4eTOBEKa WU )KMBOTHOTO.

3.6. KoHTpoJIbHbIE BONIPOCHI

1. B uem cocTouT uaes OJHOPOIHBIX KOOPIUHAT?

2. KakoBbl JOCTOMHCTBA MaTpUYHOTO TpejcTaBlieHus] npeodpazoBaHuit? Kak
MOHO YCKOPUTH UX BBIMIOHEHHE?

3. B xakux ciyyasx ¥ npu Kakux TpaHcPopMarusix Mpou3BeICHHE MaTPHIL aj-
nutuBHO? KoMMyTaTBHO?

4. Kak BIUSAIOT MapaMeTpbl MPOCIUPOBAHUS HA UTOTOBBIN BUJ IPOEKITUH ?
3.7. JlutepaTypa no reme padboThl
1. Xepn, /1. MukpokoMmmbsiotepHas rpaduka u crangapt OpenGL / JI. XepH,

M. Beiikep. - M. : Bunbsamc, 2005, 85.1 -5.11, 6.1 - 6.4, 7.4 — 7.10.
2. Paiir-min., P.C. OpenGL cynepkuura / P. C. Paiit-mi., b. Jlunuak. — M. :
Buissamc, 2005, 84.
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JIABOPATOPHAA PABOTA N4
MOJEJIMPOBAHUE OCBEIIEHNA B OPENGL

He.]'lb paﬁoTM: OCBOUTH TCOPCTHUYCCKUC TMPUHIOUIIBI W HHCTPYMCHTAJIBHBIC

CpeACTBa pacyeTa OCBeIeHUs TpexMepHoH ciieHsl B OpenGL.

4.1. ITocTaHOBKA 3a1a4Yu

Co3iaTh TPEXMEPHYIO CIIEHY C HECKOJIBKUMHU MCTOYHHKAMU CBETA Pa3HBIX TH-
OB, € 3aJJaHHON MoJieNibio ocBemeHHocT OpenGL u onTuiecKUMH CBOMCTBAMU Ma-

TepUajgoB 0ObEKTOB CIICHBI.

4.2. TeopeTuiecKue OCHOBBI

Ilocne mOCTpOEHHSI TPEXMEPHOM CUEHBI CIEAYIOIIMHM IIAar B CO3JAaHUU peaju-
CTUYHOTO M300pa)K€HUs — pacyeT ocBeleHus. [Ipu 3Tom SAPKOCTh M IBET KaXKIOU
BUJIUMOM TOUKH OOBEKTOB BBIUMCISIOTCS MCXOJs M3 TaK Ha3bIBAEMOMW Moolenu ocse-
weHus.

OCBeIIEHHOCTh OTJEIBbHON TOYKH OMPEACISIETCS ABYMSI OCHOBHBIMU TapaMeT-
paMu. CBOMCTBAMHU IOBEPXHOCTH MU XapaKTEPOM OCBEIICHUs. THIl MOBEPXHOCTH
BIUSIET Ha (POPMUPOBAHUE OTPAKEHHOTO CBETA, a CBOMCTBA OCBEIICHUS 3a/1at0TCs 3a-
KOHaMHU pacpOCTPAHEHUS CBETA.

OCHOBHOE MOHSTHUE, UCIOJIB3YEMOE B IOCTPOEHUH OCBEUIEHHBIX CUEH, — UCTOY-
Huk ceéema. 1o UICTOUHUKOM CBETa TOHUMAETCS 000 00BEKT, U3ITyHaIoUuil SHEP-
TUIO M BIUSIIONIMNA Ha OCBEIICHHOCTh APYrux o0OBEKTOB. Yaiie Bcero mnpu mocrpoe-
HUU CIIEHBI UCIIOJIB3YETCS MmoueyHble UCTOUYHUKHU. Takue 00BbeKThl XapaKTepU3yrTCs
paauanbHbIM PACIPOCTPAHCHHUEM JIyUel CBeTa M MPEeHEOPEKUMO MaJIbIMU COOCTBEH-
HbIMU pa3mepamu. Eciii HCTOYHHK CBETa PACIIONIOKEH OTHOCUTENBHO JTaJIeKO OT Clie-
HbI, TAK YTO BEKTOPHI OCBEIIEHHOCTH OT 3TOI'0 MCTOYHHMKA MOYXHO CUUTATh IMapal-
JIETBHBIMHU, TO TAaKOW MCTOYHUK HA3BIBAIOT OECKOHEUHO yOaneHHbiM. TOUYCUHBIA UC-
TOYHUK, U3JTyYalOIIMi CBET HE pajuaibHO, a B ONMPEACICHHOM HaIlpaBJICHUH, Ha3bl-

BalOT HanpaejileHHblM. HCpCIIKI/I CUTyallu1, Koraa pasMepaMu HU3J1y4arouiero 00BEKTa
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npeHeOpeyb Henb3d. B Takux ciiydasix TOBOPST O cgemousnyuaroujell n08epxXHoCmu.
Kak npaBuiio, oHa MOJIEIMPYETCSl CETKOM TOYEUHBIX UCTOYHUKOB U3JTYUYEHUS .

st co3maHusi pealuCTUYHBIX U300paKeHUM HEOOXOJMMO YUYUTHIBATH 3aKOHBI
pacnpoCTpaHeHuss U OTpakeHusi cBera. OCHOBHOW MPUHIUII, MCIOJIb3YyEMBIN IpU
pacyeTe pacnpoCTpaHEHHUs CBETA, — 3aKOH 3aTyXaHWs M3iIy4yeHus. B ciaydae ¢ Toueu-
HBIM HCTOYHUKOM MOXHO TOBOPUTH 00 OOpaTHO-KBAJAPATUYHOW 3aBHCUMOCTH, T.C.

ko> uiente 3aryxanus, pasgoM 1/d,*. OQHAKO IPH TaKOW 3aBMCHMMOCTH 4acTO

BO3HHUKACT HCaHCKBaTHBIﬁ pa36p0c I/IHTCHCI/IBHOCTeﬁ, IO9TOMY OOBIYHO MMPUMCHACTCA

anmnpoKCUMHUPOBAaHHAS popMyIia ¢ 10OaBICHUEM JIMHEWHOTO WIEeHA:

1

f 2
ag+ad, +axd,

(4.1)

pao.zamyx (d) =

[Ipu pacuere HaNpaBIEHHOTO UCTOYHUKA CBETA JOMOJIHUTEIBLHO PACCUUTHIBACT-
Csl eIl U YIJI0BOE 3aTyXaHWe MHTEHCUBHOCTH, HPEANOoJaramliee CHUKEHUE IPKOCTU
cBeTa 1moJ| yriaaMu nanaenust, orandabiMu oT 90°; IIHpoKo MCIOIB3yeTes ClieayIolee

BBIpa)KeHI/IeZ
fyen.zamyx () = cos?f, 0% <f <q . (4.2)

B dopmynax 3aryxaHusi mapameTpbl & MOATOHSIOTCS TaKUM 00pa3oM, YTOOBI
oOecreyuTh Hanbosee TOYHOE PacIpOCTPAHEHUE U3ITYUYECHHUS.

B GonpmMHCTBE ClieH Tak:Ke NMPHUHSATO YYUTHIBATH (POHOBOE PACCESTHHOE OCBE-
LIEHNE, T.K. UM OCBELIEHA KaXK/1asi TOBEPXHOCTh HA CIIEHE.

Kaxk 0b1J10 cka3zaHo BbIIIE, IPU pacUETe OCBEUIEHHOCTH O0BEKTA TAKXKE YUHThI-
BaIOTCSI ONTHYECKUE CBOIMCTBA MOBEPXHOCTH 00beKkTa. B ympolieHHO! Moaen MOx-
HO FOBOPHUTH O JIBYX OCHOBHBIX SIBIICHUSIX, BBITEKAIOIIUX U3 3TUX CBOMCTB: nquddys3-
HOM U 3€pKaJbHOM OTPa)KCHUU CBETA.

[Tpu nuddy3HOM OTpakeHNHU NMAJAIOLUIUNA CBET OTPAKAETCSI pABHOMEPHO BO BCEX
HarpaBiIeHUsX. Takol THUI OTpakeHHs] Mbl MO>KEM HaOJI0JaTh HA MAaTOBBIX MOBEPX-

HOCTAX. I[JISI pacdcTta OCBCUICHHOCTU B TOYKC C YUYCTOM III/I(I)(l)Y?)HOI‘O OTpPAKXCHUA HC-
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O6XOJII/IMO BBCCTH J1BA CAMHUYHBIX BCKTOpa. BCKTOP HOpMAJIU N u BCKTOP HaIIpaBJiC-
HMS Ha TOYCYHBIH MCTOYHHUK cBeTa L.

O6m1as popMyna Ipu 3TOM BBITJISIUT CIEAYIOIIMM 00pa3oMm:

pKqlq kgl (NSL), NoL >0,
i

| kyl
ouch.omp ~ |
upomp kI o, N3L £0.

(4.3)

3nech Ky — koapdunment auddys3Horo oTpaxkeHus, u3meHsommiics ot 0 1o 1.
[Tomumo 3TOroO, B popMyIie MPUCYTCTBYET pacueT pacCestHHOTO OCBELIEHUS, O KOTO-
POM TOBOPHJIOCH BhIIIE. J{Jisi yueTa (POHOBOTO pacCEesTHHOTO CBETa MCIOJIb3YIOTCS J1Ba
napameTpa: K, — KO3 GUIIMEHT pacCesTHHOTO OTPaXXeHUs U |, — MHTEHCUBHOCTD pac-
CESTHHOT'O M3JTy4YCHHUSI.

3epKallbHOE OTpakKeHHE MOJApPa3yMeBAaeT HAJUYHUE SIPKOro OJMKa Ha MOBEPXHO-
CTU 00BEKTA, €CIIU BEKTOP OTPAKEHHOTO CBETa HAIPaBIEH B TOUKY HAOJIOICHHUS.

Jl1s1 pacueta 3epKajqbHOTO OTPaKEHUS BBOAUTCS JOTIOJHUTEIIHHBIM €TMHUYHBIN
BeKTOp V, HampaBleHHbIN B TOUKY HaOmoAeHus1. Gopmyra pacuera 3epKajIbHOrO OT-

paXCHUA BBIIVIAIUT TaK.

| ikl (VXR), ecu VX R>0 u N >0,
=i

4.4
JEPROMP 20, ecru VR <0 um NX £0. (4.4

[Tpu 5TOM BEKTOP 3EPKAITBHOTO OTpakeHHsI R paccunThIBaeTCs CIeAyIONINM 00-
pa3oMm:

R=(2NX)N- L. (4.5)

[TpuBeacHHBIC BhINMIEe (GOPMYIIBI OBIIM BHIBEJICHBI U3 YCIOBHS MOHOXpOMAaTHYE-

CKoro ocBemieHus. s pacdera IBETHOW OCBEUIEHHOCTH HEOOXOIUMO YYHTHIBATH

pasznoxenue 6enoro 1eera Ha RGB-coctapnstomue (R — kpacubiit, G — 3enensiii, B —

cunwmii). [Ipu 3TOM Bce KO3(h(UIMEHTHI M MapaMeTpbl HHTCHCUBHOCTH PACKJIaIbIBa-

IOTCA Ha TPHU COCTABJIAOIHUC U PACCUHUTBIBAOTCA HC3dBUCUMO.
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4.3. dynkunu ocBelieHus u Buzyaauzanuu OpenGL

[Ipu onucanuu TpexmepHoil cuensl B OpenGL moxxHO 7100aBUTH OJMH WU He-
CKOJIbKO UCTOYHHKOB CBETa, a TAK)KE YKa3aTh €ro ONTHYeCKue cBorcTBa. st 3TOrO
UCTIONB3YeTCsl cleayromas GyHKITHS:

glLight” (umsHcmounuka, ceoiicmealemounuka, snauenueCeoticmea).

Kaxxaplii MCTOYHMK cBeTa CHaOXKaeTcss WIACHTH(PUKATOPOM, H IapamMeTpy
umsallcmounuka NpUCBanBaETCs 3HAUEHUE OJJHOM M3 CUMBOJIbHBIX KOHCTaHT OpenGL
(GL_LIGHTO, GL_LIGHT1 u T1.1.). Kak mpaBmio, KOJHMYE€CTBO HCTOYHHKOB CBETa
OTpaHUYEHO BOCEMBIO, XOTsI 3TO 3aBUCHUT OT peanu3aiuu ctangapta OpenGL.

[locne ommcaHus MCTOYHHMKA CBETa €ro HEOOXOJWMO aKTMBHPOBATH (YHKITUECH
glEnable(umsaticmounuxa). Kpome 3100, HEOOXOAMMO AKTHBHPOBATH PAacyeT OCBE-
menns B OpenGL ¢yukiuei glEnable(GL_LIGHTING).

CBolicTBa MCTOYHMKA CBETa 33/Ial0TCS MOCIEAOBATEIBHBIM BBI30BOM ()YHKITHH
glLight () ¢ ykasanneM KOHKPETHBIX CBOMCTB. IIpH 5TOM MOTYT GBIT HCIIOIB30BAHbI
cienyrone 0003HauYeHUs

GL_POSITION — nonoxxeHue ncTOYHNKA CBETA,;

GL_AMBIENT — ko3¢ puimeHT paccesHHOro OTpasKeHHUS;

GL_DIFFUSE — ko3¢ dunment auddy3Horo oTpakeHus;

GL_SPECULAR — ko3¢ duiueHT 3epkaqbHOr0 OTpaXXeHus;

GL_CONSTANT_ATTENUATION, GL_LINEAR_ATTENUATION u
GL_QUADRATIC_ATTENUATION - koad¢duimeHTsl paguaibHOro 3aTyXaHUs
MHTCHCUBHOCTH, COOTBETCTBYIOIIHE KOd(hpHIeHTaM 8y, & U @z B popmyiie (4.1).

[Ipumep co3/laHrs TOYEUHOTO UCTOUYHHUKA CBETA!

G.float lightlPosType [ ] ={ 2.0, 0.0, 3.0, 1.0 };
GLfl oat bl ackColor [ ] { 0.0, 0.0, 0.0, 0.0 };
GL.float whiteColor [ ] { 1.0, 1.0, 1.0, 1.0 };

gl Lightfv(G_LIGHT1, G _POCSITION, |ightlPosType);
gl Lightfv(GL_LI GHT1, G._AMBI ENT, bl ackCol or);

gl Lightfv(G._LI GHT1, G._DI FFUSE, whiteCol or);

gl Lightfv(GL_LI GHT1, G._SPECULAR, whiteCol or);

gl Enabl e( G__LI GHT1);

B 3aBrcHMOCTH OT THIIA apryMeHTa ¥ QyHKINH pasaudaercs cydouxe —i, f wmm v.
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JI1st co3manust HampaBJIeHHOTO HcToYHUKa cBeTa B OpenGL ects Tpu KoHCTaH-
ThI CBOWCTB!

GL_SPOT_DIRECTION — BekTop HampaBieHHUs U31y4eHUsI B TJIOOAIBHBIX KO-
OpAMHATAX;

GL_SPOT_CUTOFF — yron koHyca pacupoCTpaHEHHS CBETA;

GL_SPOT_EXPONENT — napametp 3aTyxaHus.

Kpome sroro, OpenGL no3BosisieT 3aaBath IN100AbHBIE MapaMeTphl OCBEIlle-
HUS, BIMAIONIAE HA pacyeT Bced cueHbl. [[ns storo wucmomb3yercs (QyHKIus
glLightModel (umsllapamempa, snavenuellapamempa). B 31oit QYHKIHE HpUMEHS-
roTCs Takue xe cyhdukcsr, kak u B glLight ().

KoadduimenTsl oTpaskeHus cBeTa OT 00BEKTOB SIBISIOTCS CBOWCTBAMH Mate-
prana u 3amarorcs Gyrkimen glMaterial (munllosepxnocmu, ceoiicmeollogepxio-
cmu, 3navenueCesoticmea). Tlapamerp munllosepxnocmu MPUHUMAET OJHO M3 TPeX
sHaueHuii: GL_FRONT, GL_BACK u GL_FRONT_AND_BACK. CgoiicTBa 10-
BEPXHOCTH MOTYT OBITh CJICTYIOIINMHU:

GL_EMISSION — 1Bet uznydenusi ¢ MOBEPXHOCTH;

GL_AMBIENT — ko3¢ puieaT paccesHHOro OTpaskeHus;

GL_DIFFUSE — ko3¢ dunment anddy3Horo oTpakeHus;

GL_AMBIENT_AND_DIFFUSE — o0benunenHbIi K03 PUIUEHT pacCessHHOTO
1 1uhPy3HOro OTpa)k€Hus, KOTOPbIE 3a4aCTyI0 PaBHBI MO 3HAYEHHUIO, TaK YTO ITOT
napameTp UCIONb3YETCs JAJI COKPAIIEHHOM 3aIucH;

GL_SPECULAR — ko3¢ punueHT 3epKaqbHOr0 OTpaXXKeHus;

GL_SHININESS — nokazatensb 3epkaibHOT0 OTpakxeHHUs.

X0 AEUCTBUM MPU MTOCTPOCHUU PEATMCTUYHOM CLEHBI, KAK MPABUIIO, CIIEAYIO-
IIMiA: OMICHIBAIOTCS CBOMCTBA MaTepHala, 3aTeM (OpMHUPYETCs TEOMETPHUS 00BEKTa.
[Tpu »>TOM 00BEKTY OYQyT MPHUCBOEHBI ONTHUYECKHE CBOWCTBAa MaTepuaia, KOTOPBIU

OBILJ1 OIMMCcaH 710 Hero. Ha 3akiarouuTeIbHOM ATarie 3a1ar0TCs YCIIOBHUA OCBCIIICHUA.
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4.4, llpuMepbl TUNOBBIX 3a/IaHUI K J1a00opaTopHOil padoTe

1. Ucnionw3ys pynkuum O6ubnuorek OpenGL, mopaborath mporpammy, peanu-
3YIOIIYIO 3ajlanue 1o JiabopaTopHoi pabore Ne2 niis oToOpakeHUs TpEXMEpPHOM
CIICHBI ¢ YY4ETOM HECKOJBKMX MCTOYHHKOB OCBEIICHHUS (TOUYCUHBIX, OCCKOHEUHO y/1a-
JAEHHBIX, CBETAIIMXCS TOBEPXHOCTEH).

2. Pa3paboTath mporpaMMy OTOOpa)KEHHS IBIKYIIMXCS MPOKEKTOPOB Ha (oHE

00BEMHOI TaHOpaMbl TOpoja (CO CBETAIIMMHUCS OKHAMH, PEKJIaMOW U T.I1.).

4.5. KoHTpo/ibHbIE BONPOCHI

1. VI3 kakux COCTaBISAIOMIUX CKIAAbIBACTCS YPOBEHb OCBEILIEHHOCTH TOYKH ?
2. IlokaxkuTe, 4TO MpU pacyeTe paauaibHOro 3aTyXaHusi HE00X0IUMO 100aBIe-
HUE JIMHEWHOI0 YieHa JJisl MOCTPOSHUS aJeKBaTHON MOJIEIIH.
3. CoxpaHHTCs JIM YPOBEHb OCBEIIEHHOCTU NPU IU(PPY3HOM OTpa)keHUU MHpH
CMEHE TOYKU HaOJII0AeHUA? A MPU 3epKATTbHOM OTPaKCHUN ?
4. Ot 4ero 3aBUCUT Pa3MBITOCTh KpaeB OJMKa Ha 00BEKTE MPH 3epKAIBHOM OT-
paxeHun?
5. BriBenute uHTErpaibHyto GopmMyity JUisl pacyeTa OCBEIIEHHOCTH TOYKH, YUH-
TBHIBAIOLIYIO BCE TUIIbI OTPAKECHUS M 3aTyXaHHUS.
6. 3a uyto orBeuaer mapamerp GL_DIFFUSE npu 3amanuu cBOWCTB MCTOYHHMKA
CBETa U MaTepHajia COOTBETCTBEHHO?
7. Kakumu crocoGaMyu MOXKHO YCTPaHHUTh 3€pKajbHOE OTPaKEHHE OT OIHUCHI-
BaeMOro Marepuana?
8. Kakumu criocob6amu MOKHO BU3YyaJIU3UPOBATH MOTYNPO3pAYHbIE 0O BEKTHI?
4.6. JlutepaTypa no tremMe padoThl
1. XepH, /1. MukpokommbiotepHas rpaduka u crangapt OpenGL / JI. XepH,
M. Beiikep. - M. : Bunbsamc, 2005, 810.1 —11.16.

2. Paiir-mu., P. C. OpenGL cynepkunura / P. C. Paiit-mi., b. Jlunuak. — M. :
Buissamc, 2005, 85,6.
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