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OUBNYECKOE OCBEIHHIEHUE

Cosznanne peaqrucTHYHOTO OCBEUICHHS B CIIEHE SBISIETCS OIHOM W3 ca-
MBIX OOJBIIHX MPOOIIEM TPH pa3paboTke TpexMepHOU rpaduku. B peain-
HOCTH TMaJarolluii JIyd cBeTa MpeTepreBacT OrPOMHOE KOJIHYECTBO OTpaxKe-
HUU U NPEJIOMIIEHUH, YTO IIPU KOMIIBIOTEPHOM MOJEIUPOBAHUU IIOBTOPUTH
HepeanbHO. TeMm He MeHee, OCBEIeHHEe B TPEXMEPHOH CIIeHE BCE JK€ MOYKHO
NpUOITU3UTH K peabHOMY Kak 3a CUeT MPOJBUHYTHIX MOJEJICH OCBEICHHS,
TakK ¥ 3a CUET Pa3BUTHUS alapaTHOro 0O0ecreueHHs.

3penue (3pUTEIbHOE BOCTIPHUSTHE) — 3TO CIIOCOOHOCTH BOCIPHHHUMATh
WHGOPMAIUIO TIyTeM IPeoOpa3oBaHMs YHEPTUU AIEKTPOMATHUTHOTO H3ITY-
YEHUsI CBETOBOI'O JUalla30Ha, OCYILECTBISAEMas 3pUTEIBHOM CUCTEMOI.
B wactHOCTH, I[BET TIPEMETOB €CTh PE3YyIbTAT WHTEPIIPETANN CBETA, OT-
PaXKEHHOTO OT MPEIMETOB.

O6paboTka cBETOBOrO CHI'Hajla HAYMHAETCS Ha CETYATKe Tiia3a, Mpouc-
XOJMT BO30YXJeHHE (POTOPEenTOPOB, laiee UAeT mepeaada U npeodpaso-
BaHUE 3PUTENBHON WH(GOpPMAIK B HEMPOHHBIX CIIOSX C (DOPMHUPOBAHUEM B
3aTBUIOYHOM J10JIe KOPBI OOJNBIINX MOYIIAPHIA 3pUTENTHHOTO 00pasa.

Beck 3TOT TIporiecc MpOXoaUT MHOXKECTBO ATAIOB BOCTIPUSTHS, HA Ka-
JKIOM U3 KOTOPBIX BO3HHKAIOT Pa3HOTO POJIa UCKAXKEHUS, KOTOPhIE MO3T U
MIBITAETCS] HUBEIMPOBATh. Tak yCTpaHSIOTCS cepruieckasi U XpoMaTndecKas
abeppanuu, 3(pQeKThl Clenoro IsATHA, MPOBOAMTCS I[BETOKOPPEKIIUS, U
MHOroe japyroe. B Tex ke ciydasix, Korja Tojco3HarenbHas oOpabdoTka
MHQOPMaMK HEAOCTaTOYHA JHOO W30BITOYHA, M BO3HUKAIOT ONTHYECKHE
WITI0O3UH. B CBS3M ¢ 3TUM BHIMMOE Pa3yMOM H300paKeHHE HE BIIOJIHE CO-
OTBETCTBYET pCaJIbHOCTH.

CoOTBETCTBEHHO, CO3JJaHNEM M300pakeHuUs ABJsieTcs mporecc Gopmu-
pOBaHUs CBETOBOrO o0pa3a Ha ceT4aTKe Iia3a TakuM 00pa3oMm, 4TOObI OH
WHTEPIPETHPOBAJICS MO3TOM Kak Tpebyemblii 00BEKT, U pasHooOpa3ue Ba-
PHAHTOB OCBEILEHHs SIBJISIETCS OJAHUM M3 BapHAHTOB YBEJIMUYCHHS KOJIHYeE-
CTBa HEOOXOIUMOH I 3TOr0 HHPOPMALIUH.

Ha puc.1 npusenen npumep otoOpaxkeHus: Kyba u cepbl B pa3THIHBIX
peXHMax BU3yalM3alnuu. BUIHO, 9TO MEpexo] B PEKUM ILBETHBIX T'paHEei
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HEMHOTO YJIydIlaeT BOCHpHUATHE (GUTYp, HO HE JAeT JAOCTaTOYHO WH(POpMa-
IUU O TpexMepHOCTH. Ilepexos B KapKacHBIM pPeXUM C OJHONH CTOPOHBI
yJIydaeT BOCIPUSATHE TPEXMEPHOCTH, a ¢ IPYrod — 3aTPyAHSCT W3-3a 00HU-
JIUST BCTIOMOTATENbHBIX Jeraneil. M TOMbKO BKITIOYEHHE OCBEIIECHUS TI03BO-
JSET MO3Ty Kiaccu(puuupoBaTh 3TH GUTYPHI HE KaK TUIOCKHAE (MHOTOYTOJb-
HUKU U KPYT), a KaK TpexMepHbIe (Ky0 u cdepa).

NUcxoaHbIN pexxmum

PeXXMM LBETHbIX rpaHei

Pexxum Kapkaca

OcseweHne BKAKYEHO

Puc.1. Kyb u chepa B pa3muuHBIX pekuMax OTOOPaKSHHUS.
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BUJIUMOE U3JIYYEHHUE

B ¢usngeckoii onTHKe, 3aHUMAIOIIEHCS H3YISHHEM CBETa, IO/ CBETOM
MIOHUMAETCSI BUOUMOE U3NYHeHUe — IEKTPOMAarHUTHOE M3JIy4eHHE, BOCIIPH-
HUMAaeMOE€ YeJOBEYECKHM TIJla30M. B IIMPOKOM e CMBICTE TOA C8emoM
YacTO HAa3bIBAIOT JII0OOE ONTHYECKOEe U3NIyuYeHHe C JJMHAaMH BOJH
nopsgka 1072 —10™* merpa, uto BKMOUaeT B cebs Kak yIbTpadHOIeTo-
BoIi (10-400 HM) auanasoH, Tak u uHdpakpacHsiit (0.7-2000 Mkm).

Buanmoe w3nydeHue SBISETCS YaCTbIO ONMUYECKO20 OKHA — 00JacTh
CIEKTpa AIEKTPOMArHUTHOTO M3JIy4EHHs, MPAKTHYECKH HE IOTJIOIAEMOI0o
3eMHOH aTMoc(epoil ¢ IIMHAMU BOJH mopsaka 1muH BoaH 300—1500 HM.
B ynerpadmoneToBoii 00nacTu Mmpo3pavyHOCTh OTpaHUYEHa IMOTJIOMICHUEM
yIbTpaduoIeTa 030HOBBIM CIIOEM M BOJIOW, a B MH(ppaKpacHOW obmactu —
noryomeHreM Bogoil. [loaTomy Ha CpaBHUTENBHO Y3KYIO BUIUMYIO 00acTh
crnektpa npuxonutcs 6onee 40% sueprun nznydenus: ConHIA y MOBEPXHO-
cti. B wactHOCTH, HEOO BBITISIIUT TOTYOBIM IOTOMY, YTO YHCTBIA BO3IYX
pacceMBaeT CHHHUI CBET Jydlle, 4eM, HalpuMep, KpacHbId (y KOTOpPOro
OoJTpIas JTMHA BOJIHEI).

UyBCTBHTENLHOCTh YETIOBEYECKOTO Tia3a K 3JICKTPOMArHUTHOMY W3-
YEHUIO 3aBUCHUT OT JJIMHBI BOJIHBI U3Iy4eHUs. MaKkCUMyM 4yBCTBHUTEIBHO-
CTHU MPUXOJUTCS Ha 3€J€HBIA YYaCTOK AUana3zoHa ¢ JUIMHOW BOJIHBI 555 HM,
NpU yAaJCHUU OT KOTOPOTO UyBCTBUTEIHHOCTH IOCTEIIEHHO CHAaNaeT 0
HYJIsI, OJHAKO HEBO3MOXHO YKa3aTh TOYHBIE T'PaHMIIBI CIIEKTPAILHOTO JTHa-
na3oHa BUAMMOro u3nydeHus. [loaTomy oObIYHO B KauecTBE KOPOTKOBOJI-
HOBOI I'paHUIIBI CIIEKTPAILHOTO JHANa30Ha CBETa, MPUHST YYaCTOK C JUTH-
Hamu BOJH B Bakyyme 380-400 HM, a B KauecTBe JUIMHHOBOJHOBOW T'paHU-
16l — y4acTok 760-780 HM.

[Ipu paznoxenuu nyda Oenoro IBeta B MpU3Me 00pa3yeTcsi CIEKTp, B
KOTOPOM M3ITYYEHUS Pa3HBIX JIUTMH BOJH MPENOMIISIFOTCS TIOJ] Pa3HBIMH YT-
namu. L[Betam, BXOASIIME B 3TOT CHEKTP, COOTBETCTBYET U3IYUCHUE C Ma-
JBIM pa30poCcoOM IJIUH BOJH — MOHOXpoMmamuyeckoe usnyyerue. OCHOBHBIC
CIIEKTpaIIbHBIE IIBETA M UX XaPaKTEPUCTUKH, ITpeJIcTaBiIeHbl B Ta0. 1. Takue
I[BETA, KaK PO30BbIH MM OCKEBbIH 00pa3yroTCs TOJIBKO B PE3YJIbTaTE CMeE-



IICHUS] HECKOJIBKHX MOHOXPOMATHUYECKUX W3ITYYCHHH C Pa3IMYHBIMH JUTH-
HAMH BOJTH.

B oTinune oT 4enoBeka, B )KMBOTHOM MHPE JTHAMA30H BHIAAMOTO H3ITY-
YeHHUsl CYNICCTBEHHO IUpE, HAPUMEP, BUACTh B yIbTPAPHOICTOBOM JHa-
Ma30HE MOTYT Pa3lIMYHbIE HACEKOMBIE, MITHUIIBI, PHIOBI, KOIIKU U cobaku. Ho
BOT CO3JIaHHI, CTIOCOOHBIX BHIETH B MH(PPaKpacHOM Iuara3oHe, A0 CHX MOp
He OOHApYXEHO, a MOJ UHPPAKPACHbIM 3peHUeM OOBIMHO TMOHHMAKOT CIIO-
COOHOCTH BOCIIPHHHUMATH CIICIHAIEHBIMU CEHCOpaMU (TepMOpPEIeITOPaMH)
TEIIOBOE M3ITyYCHUE, YTO CBOUCTBEHHO HEKOTOPHIM BUIaM 3MEH H JIETy4HX
MBIIICH, B 3TOM clly4ae B MO3Ty (hOpMHpYeTCsi HECPOKYyCHPOBAHHOE H30-
OpakeHHe TETUTBIX 00HEKTOB.

Tabnuma 1
OcHOBHbIE CIIEKTPaJIbHbIE IIBETA

IIBer Jlnarma3oH BOJIH, HM
DUOIETOBBIIMA < 450
Cunnii 450 + 480
I'omy6oit 480 =+ 510
3erneHslit 510 = 550
CanatoBslii 550 + 570
Kenterit 570 = 590
OpamKeBBbIid 590 + 630
Kpacusrit > 630




CBETOBOM INIOTOK

CBet cocTouT u3 )omoH08 — KBAHTOB 3JIEKTPOMArHUTHOTO M3ITyUEHUSI.
DOTOHOB HCITyCKAeTCSI OrPOMHOE KOJHYECTBO, HAMpHUMep, OOBIYHAs
CTOBaTHAs JIaMIOYKa HAKAJIMBAaHMUS HCIYCKaeT MOpsaKa 1021 (dhoToHOB B
cekyHay. Mcxoasd u3 3Toro, CBET MOKHO pacCMaTpUBaTh KaKk HEMPEPHIBHBIN
MOTOK SHEPIUH U NPUMEHITh K HEMY CTATUCTHYECKHUE 3aKOHBI. COOTBETCT-
BEHHO, B KOMIIBPIOTEPHOU TpaduKe CBET pacCMaTPHUBAETCS KaK HETPEpPHIB-
HBIH MPSIMOJIMHEHHBIN MOTOK HECTATKUBAIOIIMXCS MEXKy COOO0M YacTHIL.

B3AUMOJJEUCTBUE C [IOBEPXHOCTBIO

Korpa nyd cBera momagaer Ha MOBEPXHOCTb, OH TEpseT YacTh CBOCH
sHeprun (pu3mdeckd, 3TOT (P EKT CBA3aH C HATPEBOM IMOBEPXHOCTH) U
ompaicaemcs: oJi HeKoTopsiM yritom (reflection).

Ecnu noBepXHOCTh a0COIIFOTHO TJIaIKasl, TO JIyYH OTPAXKatTCs MO TEM
e YIIIOM, TIOJl KaKHUM YINalld, B Pe3yJbTaTe MOSBISACTCS d¢dexkm Onecka
(shininess), uTo MoXHO HaOIOAATH Y JIFO00I TISHIEBOW MOBepXHOCTH. Ec-
JHM KE TOBEPXHOCTh aOCONIIOTHO IepIlaBas, JIydd OTPaKAIOTCS 1O BCEM
HarnpasJeHusIM — a¢ghexm pacceusanus (diffuse), on xapakrepen s mMato-
BBIX MOBEPXHOCTEH. B peabHOCTH KaKAblii MaTepuai TaKk WM WHade, HO
oOnanaet cBoiicTBamu Osiecka U quddys3un, npu 31oM dpdekt Oaecka mpo-
SIBJISICTCSL JIMII TIPU ONPEJICIICHHON TTO3UIIUK HAOTI0IaTeIIsl.

B 3aBuCHMOCTH OT CBOWCTB MOBEPXHOCTH CBET MOXKET HE TOJIBKO OTpa-
3UThCS, HO U TPOHUKHYTh CKBO3b IMOBEPXHOCTh, B ATOM CJIy4ae OH MEpexo-
JUT U3 OJHOM Cpeibl B APYTYIO, MEHSSI CBOE HAmpaBlieHHE — 3¢ ghexm npe-
nomaenus (refraction).

ITocne  B3aMMOAEHCTBUSI C TIOBEPXHOCTBIO, JIyd CBETa MPOJOIDKACT
CBOM MyTh, JIOCTUTAs IPYTUX OOBEKTOB, MIOKA HE pacTepsieT BCIO CBOIO dHEP-
THIO WJTH HE BBUIETHT 32 MPEIeIbl IPOCTPAHCTBA.

DTH MHOTOYJICHHBIE B3aMMOJICHCTBUS BECbMa TPYIOEMKH ISl MOJIe-
JMPOBaHMS JaXKe MPHU MCHOJIB30BAHUHM COBPEMEHHOI'O MPOrPAMMHOIO U arl-
apaTHOTO 0OECTICUCHHUS.



3ATYXAHUE C PACCTOAHUEM

C MOMeHTa BKITFOUSHHS UCTOYHUKA CBET HAYMHACT PACIIPOCTPAHSATHLCS B
pasHbBIe CTOPOHBI OT MCTOYHHKA, 00pa3ys B obmieM ciydae cdepy, pamuyc
KOTOPOM PacTeT 1Mo Mepe YAaJIeHUs] OT UCTOYHUKA.,

Ecnu paccMoTpeTh Mmydok Jydei, TO MOMEHT BpEMEHH t; OH OCBETUT
HEKOTOPBIN y4acToK cdepbl. B MoMeHT BpemeHu t, pazmep chepsl yBenu-
YUTCS — COOTBETCTBEHHO, YBEIIMYUTCS W OCBEIIAEMBIN JAHHBIM ITyYKOM
y4acTok (pHuc.2). A TOCKOJABKY IUIOTHOCTH (POTOHOB B IydYKe HEM3MEHHA,

BTOPOMY y4acTKy JOCTaeTCsl MeHbIe (OTOHOB, B PE3YJIbTATE YEro €ro sp-
KOCTb CHH3HTCS 10 CPABHEHHIO C TIEPBBIM YUACTKOM.
[MockonbKy mioLIa s TOBEPXHOCTH CQepbl MPSMO MPOMOPLUOHATEHA

KBajIpaTy ee paamyca (s = 4 m - r?2), To spkocTh ocBemenns | pparmenta
chepsr 0OpaTHO MPOMOPIHOHAIIBHA KBAIPATY PACCTOSIHUS OT HCTOYHHUKA:
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rac k— BCJIMYMHA, 3aBUCAIIAA OT APKOCTU UCTOYHHUKA.

JlaHHBIN 3aKOH CIpaBelUIMB B TE€X CIyd4asx, KOT/Ia pa3Mep HUCTOUYHHUKA
MIPEHEOPEKNMO MaJl.
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Puc.2. PacipocTpaneHue CBETa BO BpEMEHH.
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INPOBJIEMA BbIBOPA OCBELLIEHUM A

[IpoGiiemMa TPaBUIBHOTO OCBEIICHHUS B H300PKEHUSIX BO3HHUKIA 3a-
JIOJITO 70 TIOSIBJICHHS KOMITHIOTEPHOU Tpad)MKH: MEPBBEIMH C ATOW 3amadecit
CTOJIKHYJIUCh €llIe XYA0KHHUKH, I033%Ke — poTorpadsl 1 KWHOONEPATOPHI.

Bri6op ocBemieHus 3aBUCHT MHOKECTBA MOMEHTOB: MaTepUalbl 00bEK-
TOB, TEOMETPHS CIICHBI, JEUCTBUS B CIIEHE, THIT U IBET OCBETHUTENS. B yact-
HOCTH, MPOXKEKTOPHBI OCBETHUTENb MO3BOJIAET CKOHIEHTPUPOBATH BHHUMA-
HHE Ha KAKOM-TO ONpEAETICHHOM 00BeKTe, a (DOHOBBIN MIIM TOYCUHBIH — OC-
BETUTH CIIEHY IENUKOM. Taxke BaKeH W IIBET OCBETHUTEINSI: HCKYCCTBEHHOE
OCBEIIlEHHE OOBITHO MMEET ToTyOOH WIIH KENTOBATHIN OTTEHOK, a YIUYHOE
3aBUCHT OT BPEMEHH CYTOK (HarpuMep, KpacHbIH CBET BO BpeMsI 3aKara).

PEKOMEHJJALTHH

Cy1iecTByeT MHOXKECTBO MTPHUEMOB, C TIOMOIIBI0 KOTOPBIX MOXKHO OCBE-
TUTh CIIEHY TakuM 00pa3oM, YTOOBI CKPBHITh MEIKHE HEIOCTAaTKH W TOJ-
YEPKHYTh BaXKHBIC JeTanu. Hampumep, 4To0bI pUAaTh 00bEM TPEXMEPHOMH
MOJIEH, €€ JJOCTATOYHO IMOJICBETUThH C3aJA1 — B 3TOM CJIy4ae MOSBUTCH OT-
YEeTIINBas TPaHUIIA, BU3YyAILHO OTHEISONMAs 00heKT OT oHa. A ecnu Tpe-
OyeTcsi OCBETUTH IIOJIOBUHY OOBEKTa, TO BTOpas €ro IOJIOBHHA JIOJDKHA
OBITH TaK)Ke MOJACBEUYEHA MCTOUYHHMKOM CBETA C MEHBIIEH MHTEHCHBHOCTBIO,
B MPOTUBHOM CJTy4ae 3aTeHEHHBI y9aCTOK OYIeT CKPHIT B HEECTECTBEHHOMN
TEMHOTE (B PEaIbHOCTH CBET JIOJIKEH OTPA3UThCS OT MHOXKECTBA IMIOBEPXHO-
CTelt 1 XOTs ObI ¢1a00, HO MOAYEPKHYTh KOHTYD 3aTEHEHHON CTOPOHBI).

CyImecTBYIOT U 00IIIMe PEKOMEHIAINH, KaK He HY)KHO OCBEIIATh CIIe-
Hy. Heynaunoe pacmoyio)keHHE OCBETUTEICH MOXET CO3[aTh CIMILIKOM
TEMHBIC YYACTKHU B CIIEHE, a CaMU 00BEKThI MOT'YT OBITH IJIOXO BHIHBI U3-3a
HEIOCTATOYHON MJIM M30BITOYHON OCBEIIEHHOCTH. VI30BITOYHOE KOJIMUECTBO
OCBETUTENIEH MPUBOJIUT K 3aCBEUMBAHUIO COOTBETCTBYIOIIUX YYACTKOB CIie-
HBI U MOSIBJICHUIO Mapa3UTHBIX TEHEH.



TPEXTOYEYHOE OCBELEHUE

CaMbBIM pacIpocTpaHEHHBIM CIIOCOOOM OCBEIIECHUS BaXKHBIX OOBEKTOB
CIICHBI SIBJISIETCSI OCBEIICHNE U3 TPEX TOYEK (TPEXTOYECHUHAS CUCTEMA).

B nanHOM monxo/e UCTOYHMKU CBETa B KaJlpe UrPaloT TPU pa3invHbIe
pomu. {7t Kaskaoit u3 posieit MOKET OBITh CO3AaHO HECKOIBKO OCBETHTEIEH,
HO 00mui >pdeKT NomKEeH OBITh TAaKUM, KaK OyJTO B CIIEHE CYIIECTBYIOT
OCHOBHO# (KJIFOUEBOiT) UCTOYHUK CBETa, OOJee MSTKHI 3aIOJHSIOIINA OC-
BETUTEIIb U UCTOYHUK KOHTPOBOI'O CBETA, OTACISAIOIICT0 OOBEKTHI OT (hoHA

(puc.3).
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Puc.3. Cxema ocBemeHus C TPEX TOUYCK.

10



Takoit MoIXo/1 K OCBEIICHHUIO TAPAHTUPYET HE TOJIBKO OCBEIICHUE 00b-
€KTOB CIICHBI, HO U IMOSBJICHHE HA WX MMOBEPXHOCTIX 3€PKAJIbHBIX OJUKOB H
TeHeil. OCBElIEHHE C TPEX Pa3IHYHbIX TOYEK MO3BOJSET ITOOMTHCS MaKCH-
MaJbHOHN TIyOMHBI ciieHbl. HO B CiIy9asiX CIOXHBIX CIEH JAaHHBIH MOIXOI
MOXXET He cpaboTaTh.

KiroueBoit ucrounuk ceera (key light) — ato ocHoBHOI ocBeTHTEND
cueHbl. OOBIYHO OH pacroyiaracTcsi Ha HEKOTOPOM PACCTOSIHUM CIIpaBa WU
ClleBa OT KaMephl, 4TO JaeT 0ojiee SPKOe OCBEICHHUE C OTHON U3 CTOPOH H
yBEIMYHUBAET IIyOMHY Kajpa. Kpome TOro, MMEHHO 3TOT MCTOYHHK CBETa
o0pa3yeT TeHH OT 0OBEKTOB, MO3BOJISAIOINE ONPEACINTD, C KAKOH CTOPOHBI
OCBEIIICHA CIICHA.

Banonusromuit ncrounuk cseta (fill light) He umeer sipko BeIpaXkeHHO-
IO HaIpaBJICHUS PACHPOCTPAHEHHS JIydel, OHU PAaBHOMEPHO paCIpeieisi-
I0TCS 110 3aTEMHEHHBIM 00JIacTsIM CIeHbI. Takoil UCTOYHUK OCBETIISCT TCHH,
CO3/1aBaeMble KJIFOYCBBIM HCTOYHUKOM CBETa, HO TPH ATOM HE CO3/1aeT CBOU
TeHd. OOBIYHO 3aMONHSIONIMKA UCTOYHUK CBETA PACIOaraeTcs Mo IPYyryro
CTOPOHY OT KIIFOUEBOI'0 UCTOYHHKA i UMEET MEHBIIYI0 HHTCHCHBHOCTb.

Kontposoii cer (back light) pacrionaraercs nmosaau 06bexToB U op-
MHpPYET HEOOJBIIONW OpeoJi, MO3BOJSIONIMN BHIICIUT, OOBEKTHI Ha (HOHE
nexopaimii. KOHTpOBOIi CBET MPUBOJMT K MOSBJICHHIO OJMKOB HA KPOMKAx
00BEKTOB, MOAYEPKHBas UX (GOpMy W MpPUBJIEKAS K HUM JIOTOJHHUTEIBHOE
BHHMaHUE.

Taxke ecTh W BCrIoMmorarensHBINA (oHOBBIH HcTounmk (background
light), mpearasHadeHHBIN T OCBENIEHUS 0OCTAHOBKH 38 OCHOBHBIMH 00'b-
€KTaMH CIICHBI.

Cucrema OCBEIICHHUS C TPEX TOYEK UCIOJIb3YEeTCs [UIsi OCHOBHBIX 00b-
eKTOB CIeHBI. Tak KaK Mpou3BOIMMBINA 3(HEKT 3aBUCHT OT TOJIOKECHHUS Ka-
Mephl U €€ OPUCHTALUH M0 OTHOLICHUIO K O0BEKTY ChEMKH, TIepEeMEIICHUE
Kamepbl TpeOyeT M3MEHEHUs] HACTPOEK OCBelIeHHs. TakuM oOpa3om, pac-
HOJIO’KEHHUE UCTOYHHKOB CBETA MPU OCBELICHHH C TPEX TOYEK 3aBUCUT HE OT
COJICPYKAHUS CLICHBI, & OT MOJIOKCHUS KaMephl.
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BUPTYAJIBHOE OCBEHIEHUE

Co3anue peajrCTUYHOTO OCBEIIEHHS CIICHBI TpeOyeT He MEHBINUX
YCUJIHH, 4eM ee MojieupoBanue. JlIoOUThCs 3TOr0 HEMPOCTO, BE/lb B BUPTY-
AIBHOM MHUpE MCTOYHHMKH CBETa PabOTalOT COBCEM HE TaK, KaK B peaslbHO-
cty. Hampumep, BUpTyajbHbIE MCTOYHHMKH CBETA MOXXHO HACTPOMTH TakK,
YTO OHU OYJIYyT HE YBEIUYMBATh, & YMEHBIIATH OCBEIICHHOCTh CIEHBI, YTO
MPUHIUITHAIIEHO HEBO3MOYKHO B OOBIYHOM MHUpE.

B peanbHOCTH OOBIYHON JTAMITOYKH JOCTATOYHO IS OCBEIICHHS 1IeTI0H
KOMHATY, BKIIFOYasl HEJOCTYIHBIC MPSIMOMY OCBEIICHUIO MECTa, TEM CaMbIM
(hopMHpyeTCsl pacCcesiTHHOE OCBEIICHUE, a BOT B MPOrPAMMHBIX MAKEeTax dTH
001acTH OCTaHyTCS HEOCBEIICHHBIMU. [ HCTIPaBICHUS CUTYAIlUU TPHXO-
JUTCS TUOO0 YCTaHABJIMBATH JIOTIOJHUTEIBHBIC OCBETUTEIH, TUOO UCIIONB30-
BaTh TPYJOCMKHE allTOPUTMBI F'eHEpaIUU 3aTCHEHHUS.

CaMbIMM HW3BECTHBIMU TPApUUCSCKUMHU MPOTPaMMaMHU JUIS CO3JaHHS
peamuctnuHbIx creH saeusiores Maya um 3DSMAX  or  kommaHuH
AUTODESK. B Maya foctynHo 6 pa3iuuHbIX HCTOYHUKOB cBeTa (Ta0i.2),
a TeHepalys TeHEH OCyIIECTBISIETCS ABYMS aJITOPUTMAaMU: 0oJiee OBICTPhIM
Shadow Map u Gosee kauectBeHHbIM Ray tracing. B 3DSMAX raxke moc-
TYIHO 6 MCTOYHHUKOB cBeTa (Tabi1.3), HO peaar30BaHO 0OJIbIIE aIrOPUTMOB
renepanuu Tenei: Shadow Map, Ray traced shadows, Adv ray traced, Area
shadows, Mental ray shadow map.

Pazymeercst, y 3TuX TpodecCHOHANBHBIX TPWIOKEHHN CYIIECTBYET
Macca ajnbTepHaTHB (00Jiee ACIIEBhIX U 00JIee MPOCTHIX ), HAPUMED:

1) Blender;

2) SketchUp (6sBumii Google Sketchup);
3) CINEMA 4D;

4) K-3D;

5) MODO;

6) LightWave.
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Tabnuma 2

Hcrounuku ceera B AUTODESK MAYA

Omnucanue
No Hcrounnk . Llens ucnonb3oBaHUs
JEUCTBUA
Ambient PaBHOMepHOE . N
1 . P OO0t cBeToBOI hoH
(doHoBBIN) OCBEIIICHUE
KiroueBoii, 3anoIHSAIOMMI 1
KOHTPOBOI OCBETHTEIN
—— OcgenieHue
Directional -
2 . 13 6ECKOHEYHOCTH Wmuranus coTHEYHOTo CBETa
(HampasneHHbIiT)
TI0 HAIIPABJICHHIO
OO01ee ocBelieHHs
] Ocgemenne VMuTanuy 1aMIouku
3 Point 13 TOYKH
(Toueunsrit) BO BCEX
HAIPABJICHHSX OO61ee ocpeleHus
Hmuranms npoxexTopa
Ocgenienue
4 Spot W3 TOYKH KiroueBoii ¥ 3a0IHSFOIINA
(ITpoxkexTop) KOHYCOM OCBETHUTEIHN
IO HAIIPaBJICHUIO
IlonyueHue cBETOBBIX MATEH
Area Ocgemenne
5 .\ | U3 OpAMOyrojpHUKa | MMuTanus y3Koi MOJOCKH CBETa
(ITpssmoyTONMBHBII)
10 HaIPaBJICHUIO
Wmuranys cBeTOBBIX 3G PEKTOB!
Ocseuenue - IIIaMEHU
6 Volume B O aHIIfIIquHOﬁ TyMaHa
(O6BemHBII) P M
obmacTu - (hap aBTOMOOMIIA

- CB€Ta MasgKa
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Tabnuma 3

Hcrounuku ceera B AUTODESK 3DSMAX

No Uctounuk Onucanue
Omni .
1 (ToueuHsf) ToueuHbI HCTOYHUK
Target Spot
. [IpoxekTo
(HampaBieHHBINA p p
B BUJIe KOHYCA WM MTHPAMHUIBI
MPOYKEKTOP)
Free Spot
. Tar
3 | (cBOOOIHBIN arget Spot,
HO 0€3 TOYHOTO yKa3aHUs HaIllPaBICHUS
MPOYKEKTOP)
Target Direct
4 (mampaBnenneie | HampaBrieHHBIN UCTOYHHUK
napajuieIbHbIC B (hopMe mapasuieNienuIie/ia WK UIHHIPA
Jy4H)
Free Direct .
Target Direct,
(cBOOOTHBIC
5 HapaIebHbE HO 0€3 TOYHOT'0 yKa3aHUs HaIllPaBJICHUS
Jy4u)
Skylight
6 Yl ConHe4YHOEe OCBEIICHHE

(neOecHbIi CBET)
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OCHOBHBIE TUIIBI HICTOYHUKOB CBETA

B Tabn.4 mpuBeneHB! OCHOBHBIE MCTOYHUKH OCBEIEHUS, HCIIONb3Ye-
MBbI€ B KOMIBIOTEpHO rpaduke. B 00mem cirydae HCTOYHUKHN CBETa Xapak-
TEPU3YIOTCA TaKUMU MapaMeTpaMu, KaKk MECTOMOJOKEHUE, HATPABICHUE U
MHTEHCHUBHOCTH U3TyUCHUSL.

Tabnuuna 4
OCHOBHBIC HCTOYHHKH CBETA

No Ucrounuk Onucanue
1 Porosiii CeTHTCS caMO MPOCTPAHCTBO
(ambient) pocTp
5 ToueunbIit CBeT M3 TOYKHU pacrpoCTPaHIETCs 1Iapo-
(point) 06pa3Ho, BO BCE CTOPOHBI
3 [IpOKEKTOPHIH CBeT U3 TOYKH PacpOCTPaHSIETCs] KOHY-
(spot) COM B OIPEJIEIIEHHOM HallpaBJICHUN
Hanpasnennsii,
N CBeT pacrpocTpaHsIeTcs
4 YV naneHHbIR 6
(directional) 13 OECKOHEUHOCTH
5 O6beMHBIit Cger pacnpocTpaHseTcs
(volume) B/U3 HEKOTOPOit 001aCTH
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®OHOBBIH HCTOYHUK

B peampHOCTH CBET, JOXOIS IO TMOBEPXHOCTEH, MHOTOKPATHO MEXTY
HUMH OTPaKAETCSI W TPEIIOMIIAETCS, TIOPOXKAas ONpeesieHHBIA ypOBEHb
OCBEIICHHOCTU TpocTpaHcTBa. [IpocunuTaTh 3T MHOTOKpaTHBIC JIyYH CBETa
MIPH MOJICJIMPOBAHUU KpalHe 3aTPYyAHUTEIBHO, TO3TOMY UX PE3Yy/IbTaT Yac-
TO aIIpPOKCHMHUPYETCSl TaK Ha3bIBaeMBIM (hoHosbiM ocgeujeruem. Ilo-
CKOJIBKY MOXET OBITh HECKOJIBKO HMCTOYHUKOB  (DOHOBOTO OCBEIEHUS
(roxanvroe ¢honosoe oceewgenue), TO UX UMEET CMBICT OOBEIUHUTH U BBI-
JIEATH B OTACNBHBIN, 2100a16HbI (POHOBYLL UCTIOYHUK C8emd.

DOHOBOE OCBEIICHNE XapaKTePU3yeTCss pABHOMEPHON OCBEIIEHHOCTHIO
BCETO MPOCTPAHCTBA U HE CO3JACT TEHEU, IT0ITOMY €ro MCTOYHHUK 33/1aeTCA
JIUIIb WHTEHCUBHOCTHIO.

JlaHHBIN BapHaHT OCBEIIEHUS MOMKET MCIOJIB30BATHCS IS MOJIEITHPO-
BaHUS CYMEPEUHOTO OCBEIICHHUS.

DMUCCHOHHBIV UCTOYHHUK

OMUCCHOHHOE ocBelleHue (moaBH (OHOBOTO) HMCIOIB3YETCS TOIBKO
JUISl CaMOTIOJICBETKH 33/1aBaeéMOro 0OBEKTa, IMOITOMY SIBISETCS paBHOMEp-
HBIM, HE CO3/IaeT TCHU U HE PaclpoCTpaHsIeTCs Ha APYTrue 0ObEKTHI.

HcTouyHuK TaKoro OCBCUICHUA 3aJac€TCs JIMIIIb UHTCHCUBHOCTHIO U MO-
KeT OBITh pacrpe/IelieH 10 BCEH MOBEPXHOCTH.

OMHCCHOHHOE OCBELICHHE MOXET HCIOJIb30BaThCs Ul MOJEINPOBa-
HUsI hap aBTOMOOMIIS, TaMIThl HAKAJTUBAHHSI.

TOYEYHBIH UCTOYHHUK

ToueuHoe ocBellleHNe sBJSIETCS Hanbosee PacIpOCTPAaHEHHBIM U Xa-
paKkTepu3yeTcsi paBHOMEPHBIM IO BCEM HAIIPABIICHUS PACIPOCTPAHEHUEM
cBeTa U3 OECKOHEYHO MAJIOH TOUKH.

HcToyHNK Takoro OCBEIIEHUS 33/Ja€TCS MECTOIMOJOKEHHEM W MHTEH-
CUBHOCTBIO.

JlaHHBIN BapHaHT OCBEILEHUS MOYKET HCIOIB30BAaThCS ISl MOJIEIHPO-
BaHMsI CBETA JIAMIIBL.

16



IIPOXXEKTOPHBIH HCTOYHUK

[IpoxexTopHOE OCBEIIEHNE dMYITUpPYeT paboTy mpoxekTopa ((ponapu-
Ka) ¥ XapaKTepU3yeTcs pABHOMEPHBIM KOHYCHBIM PAacIpOCTPaHECHHEM CBETa
u3 OeckoHEeyHO Majod Toukd. COOTBETCTBEHHO, JJIS 3afaHHs JAHHOTO HC-
TOYHUKA [TOMHMO WHTCHCUBHOCTH HEOOXOIMMO yKa3aTh MECTONOJIOXKCHHUE,
HamnpaBlieHHEe M yroll KOHyca pacmpocTpaHeHus (OTcedeHus), (YHKIIHIO
pacnpesesieHus IS MPOKEKTOPHOTO MATHA (€CIM KOHCTAaHTHOE, TO OCBE-
IICHHOCTh He OyJ/IeT 3aTyXaTh K KpasM).

HAITIPABJIEHHbBIA UCTOYHUK

@daxTHYeCKH, JaHHBIA UCTOYHHMK CBETa SABJSIETCS TOUYCYHBIM WM HPO-
JKEKTOPHBIM, KOTOPBII ylaJleH OT CIIEHBl Ha OECKOHEYHO JalleKOe PaccTosi-
HUe. DTO MPUBOAUT K TOMY, YTO BCE JIYUH PACIPOCTPAHAIOTCS Mapajuiesb-
HO, YTO TO3BOJISIET, B YACTHOCTH, YCKOPUTH pacueThl 10 MOJETH OCBellle-
HUSL.

HcTounnk Takoro ocBeUIeHHs 33JaeTCsl MHTEHCHUBHOCTHIO U Harpasiie-
HUEM pacCIpOCTPAHEHMUS.

JlaHHBIN BapHaHT OCBELICHHS MOKET MCIIOJIb30BATHCS JUISI MOJAEIHPO-
BaHMsI OKOHHOT'O MJTH COJTHEYHOT'O OCBEILEHHS.

OBBEMHBIV UCTOYHUK

OTO CIOXHBIA HCTOYHHK, OOJaNAIONINi HEHYJIEBBIM pa3MepoM IIo-
BEPXHOCTH Y HAIIPABJICHUEM PaCIPOCTPAHEHMUS.

CaM HCTOYHHMK MOYKHO BH3YaJIM3HPOBATh C MOMOIIBI0 SMUCCHOHHOTO, a
pacripocTpaHeHHE CBETa MOJETHpPYeTCa depe3 KOMOMHAIMIO HAIpaBIeHHO-
r0 U IPOXKEKTOPHOI'O MCTOYHUKOB. Hampumep, U3iIydaronyro OBEPXHOCTh
MOYKHO MPEJCTABUTh B BH/E OOJBILIOrO YUCIa Y3KOHANPABICHHBIX MPOXKEK-
TOPOB.
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®AKTOPB], BIIMAIOIIUE HA OCBEIIEHHOCTbD

Ha nHTEHCHBHOCTH KaK MaJaroIIero, Tak ¥ OTPAKEHHOTO CBETa OKa3bI-
BAalOT BIMSIHUE PA3IMIHBIE (PAKTOPHI, B YACTHOCTH:

1. TlapameTpbl HCTOYHHKOB CBETA!
1) HHTeHCUBHOCTH U3ITyYCHHUS;
2) MecropacmoioxeHue;
3) HampasieHue U3IydeHNUS;
4) KonnuecTBO UCTOYHUKOB.
2. 3aryxaHHe CBETa C PaCCTOSHUEM.
3. CsoiicTBa MaTepraia MOBEPXHOCTH:
1) TlorsnomeHue cBeTa;
2) Teomerpudveckas CTPYKTypa,;
3) IIpo3pauHOCTh U MOTYPO3PAUHOCTD;
4) TloamoBepXHOCTHOE paccerBaHME.
4. OrpaxeHue OT Ipyrux 00bEKTOB.
[Mo3unms HabmrOAATEIS.

6. Hanpasnenus Hopmarneii.

OOBIYHO WHTEHCHUBHOCTh HMCTOYHUKA YCTaHABJIMBAIOT B JHAaINa30oHE
[0, 1]. Ho, B npuHIMIIE, HHTEHCHBHOCTH HCTOYHUKA MOKHO YCTAHOBUTD U B
muanazone [—1,0], B 5TOM cily4ae MCTOYHHMK HCIIOJIB3YETCS HE JJIS OCBE-
IIEHUST TEMHOM 001aCTH, a JIJIs 3aT€HEHUs CBETIION 00IacTH.

Kak Obl TO HU OBUIO, BO M30€KaHHE HAPYIICHUS 3aKOHA COXpPaHEHUS
SHEPTUH PE3YJIbTUPYIOIIAasi MHTEHCUBHOCTh HE JO/DKHA MPEBBIIIATL UCXOJI-
HYIO.
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YVYET [IOIJIOLJEHUA

HpI/I IonajjaHuM CB€Ta Ha IMOBEPXHOCTh, YaCTh €0 MHTCHCUBHOCTH L
IoriaomacTCs NOBEPXHOCTHIO, @ YACTh OTPAXKACTCA C MHTCHCHUBHOCTBIO I

I =L m,

rae m € [0,1] — kodhpuIMEHT MOrIOIIEHUS.

CootBercTBeHHO, TTp M = (0 BECh MANAIOIMHUKA CBET ITOJTHOCTHIO IIO-
riomaercs, U nmonydaercs 3gdext abcomoTHo yepHoro Tena. [lpy m =1
BECh CBET MOJIHOCTHIO OTPAKAETCs, BHI3BIBAS d3QQEKT WACaANbHOTO 3epKaa.

YYET HECKOJIBKUX HCTOYHHUKOB

HpI/I HaJIMYUMKU HECKOJBKHNX HMCTOYHHUKOB Ka)KILI)Iﬁ M3 HUX MPOCUHUTLIBA-
€TCA HE3AaBUCHUMO, a UX PE3YJIbTAT CKJIaAbIBACTCA:
n

1=21j,

j=1

IJie N — KOJIMYSCTBO UCTOUYHUKOB, I;

i — HWHTCHCUBHOCTb OTPAXCHHOI'O CBETA

JUISL J-TO MCTOYHHUKA.

B 3TOM cnyuae BonHe BO3MOXKHA CUTyalusl, KOT/1a B HEKOTOPOU TOuKe
pE3yIbTUPYIONIAass MHTEHCHUBHOCTh OKAKETCsS OOJbIIe MaKCHMalbHO BO3-
MOXHOM. I3 3TOM cUTyalluu CylIIECTBYET TPY BapUaHTa BbIXOJIa:

1) VYMeHbIINTh HHTEHCHBHOCTh HCTOYHHUKOB,;

2) OOpe3aThb 10 MaKCHMMyMa BCE€, 4YTO NPEBHILACT MaKCHMyM
(nmomyuurcs 3¢ hexT 3aCBETKH Kaapa);

3) IlpoHOpMHpPOBAaTH WHTEHCUBHOCTH OTPaKEHHOT'O CBETa OOpaTHO
B nmanason [0,1].

OueBuIHO, YTO TEPBBIA BapHaHT TpeOyeT py4yHOro moadopa, a TpEeTHH
BapHaHT — XpPaHEHHUS U 00pabOTKM KaKAOW MHTEHCHBHOCTHU. B cBs3M ¢ 3 THM
OOBIYHO HCIIOJIB3YETCSI BTOPOW BapHaHT.
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YUYET 3ATYXAHUA

C mpoiiIeHHBIM PAaCcCTOSHHEM WHTEHCHBHOCTH CBeTa L yMEHBIIAeTCs
(damping factor) ¢ HekoTOpEIM KOAPPHUIHEHTOM K pf

L, = L - kDF .
OO0bI4HO 17151 pacuera kpp UCnonb3yercs cieayomas popmysa:
. 1
Kor (dlSt): ; ict2
kconst + kIinea\r -dist + kquadr -dist

rae:
dist — paccTosiHMEe OT HCTOYHHKA 0 OCBEIAaeMOil TOUKH,
k onst — MOCTOSTHHBIN (pakTOp 3aTyXaHus,
Kjineqr — TMHEWHBIH (haKTOp 3aTyxXaHMUs,
k quadr — KBampaTHuHbIi haKTOp 3aTyXaHMS,

31ech Keonst s Kiinear M Kquadr — HEKOTOPBIE BENIECTBEHHBIE KOHCTAH-
ThI, HE PaBHBIC HYJIIO OJJHOBPEMEHHO. BBIOOp 3HaUCHHI ITHX KOHCTAHT IS
KOHKPETHOH CIIEHBI OCYIICCTBISIETCS METOJ0M Ipod u ommbok. Ha puc.4
NPUBEACHBI IPUMEPBI 3HAYEHUH 3THX KOHCTAHT B 3aBUCHUMOCTH OT 3(pdex-
TUBHOTO PacCTOSIHHSI PadOTHl UCTOYHUKA, KOTJIa HMHTEHCHBHOCTh CBETa Ma-
maer co 100% (ma paccrosuuu 0) 10 0.1% (Ha paccrossHuH S), TpHUEM,
OombIas 4yacTh cBera momajaet B nepBeie 20% nuana3ona. Takke Ha pu-
CYHKe IIpeJicTaBieH rpaduk najaenus naTeacuBHocty st S = 100.

S | konst || Ktineer | K quad

20 1.0 22e-1 || 2.0e-1 .
30 1.0 00e2 [[3.2e2

100 1.0 4.5e-2 || 7.5e-3

200 10 22e2 [ 19e3

600 1.0 T.0e-3 || 2.0e4 °.

Puc.4. 3aryxaHue HHTEHCHBHOCTH ja quctaHuuu 1o 100.
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HOPMAJIN

Bce monenn ocBemeHns OCHOBAaHBI Ha MCIOIb30BaHWH IOHATHUSA HOP-
Manu. Hopmans — 3TO BEKTOp, KOTOPBIM MEPIEHANKYISIPEH MOBEPXHOCTH,
KOTOpYIO TpebyeTcsi ocBeTHTh. Hopmany K nosepxHocmu 8 mouxe — 3TO
npsiMasi, MEPIEeHIUKYIsApHasd K KacaTeJbHOW IMIOCKOCTH B JAHHOM TOUKe.
Bexmop nopmanu K IOBEPXHOCTH B TOYKE — 3TO €AUHUYHBIA BEKTOP, MPH-
JIOKEHHBIN K JAHHOW TOYKE Y MapajulesIbHbII HAIIPaBJIEHUIO HOPMAJIU.

B koMmbroTepHOU ke rpaduke MO HOpMAIbio TIOHUMAETCS CIUHUY-
HbIII BEKTOp, NEPIECHIUKYJSIPHBIA B TOYKE K IUIOCKOCTU MpUMUTHBA. B
NPUHIMIIE, HOPMaJb MOXKET OBITh M HE C€OAUHWYHA, U HE MEPIEeHANKYIIpHA
TIOBEPXHOCTH, HO 3TO yKe OyJeT CKa3bIBaThCs HA KAUECTBE OCBEICHHS.

HopMans 1i1s riaagkoil MOBEPXHOCTH ONpPEAENSAETCs OJHO3HAYHO, MPHU
9TOM B Ka)KJOW TOYKE MOXKHO 3a/1aTh 1Ba HOPMAIBHBIX BEKTOPA, OTIIMYAIO-
IIUXCS 3HAKOM (HAIIpaBJI€HHEM ), YTO U ITO3BOJIAET ONPENEIATh OPUEHTALUIO
IIOBEPXHOCTHU. [l JMIEBBIX TI'paHEl HOpMajb CUMTAETCS HaIPaBIECHHOU
BOBHE.

Hnst psaa oObEKTOB HOpMajlb M3BECTHA AHAIMTHYECKH, HANpPHUMEp, Y
cdepbl OHa COBIAJACT C aHTHHATIPABICHUEM B IICHTD, @ Y IJIOCKOCTH K03(-
(UIMEHTH IpU TEPEMEHHBIX U SBJISIOTCS COOTBETCTBYIOIIMMH KOMIIOHEH-
TaMu HOpMaJIu.

Ho B GonbmmHCTBE CiydaeB 0OBEKTHI 33/1al0TCSl HAOOPOM MTPUMHUTHBOB,
II03TOMY HOPMaJIb HMPUXOIUTCS PACCUUTHIBATH YEPE3 BEKTOPHOE IIPOU3BE-
JIeHUE CMEXHBIX pebep npumuTuBa. [10 ONpenesnenuto, BEKTOp C SBISETCS

N -
BCKTOPHBIM IIPOU3BECACHUEM BEKTOPOB A U b, €ClIn

]k a, -b,—a,-b
c=[a,b}=axb=aX a, a,=|a,-b—a b
b, b, b (a-b,—a, b
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PACYET HOPMAJIEH B IIJIOCKOCTHU

Ha puc.5 npencraBnen mpuMep pacueTa HOPMaIH ITyTeM BEKTOPHOTO
MPOU3BEACHUS B BeplIMHE A KaK Il OHOTO TpeyroiapHuka ABC, Tak u ais
JeXKaluX B OHOM TUIOCKOCTH TpeyroinsHukoB ABC, ACD, ADE.

Kak M0XHO BH/IETh, HANIPABICHHE HOPMAJU 3aBHCUT OT HAIIPABJICHUS
nepeGopa cMexHBIX BepiunH (pebep). Eciu pe6po BA BEeKTOPHO YMHOKHTH
Ha pebpo CA, To 1o npasmty GypaBunKka HOpMaib OyJIeT HApaBlieHa BBEPX
("Hapyxy"), COOTBETCTBEHHO, Takas TpaHb OyneT aumeBod. Ho ecim pedpo
CA BEKTOPHO YMHOXHTb Ha BA, T HOPMaJlb OK&KETCS HAIPABICHHON BHH3,
TakKas rpaHb yXKe CTAHOBHUTCS HEJIUIIEBOM.

B ciydae, xoraa B MI0CKOCTH HAXOJSTCS HECKOIBKO TPEYTOJIHLHHUKOB, C
o01eil BepuIMHON A, Torja npu 00X0je MPOTHUB YAaCOBOM CTPENKU B Kak-
JIOM U3 TPEYTOJBHUKOB B 3TOH BEpIIMHE HOPMaJlb OyAeT HampaBlieHa OJIH-
HAaKOBO, HO €€ jJiuuHa (MOIyJhb) A KaXIOTOo TPEyrollbHUKa OyaeT yxKe
cBosi. COOTBETCTBEHHO, MPH PACYeTe OCBEIICHHUS HOPMAaJd HY>KHO MPHBO-
JIUTH K OHOH JITTMHE ITyTeM HOpMAalln3aIlny.

C

n

A
1
1
1
1
1

Mo npasuay NpaBoi pyku:

n=(B—A4)x(C—4)

Mo npaBuAy NeBOi pyKu:

~n=(C - 4)x(B - 4)

Puc.5. Pacuer HOpMany B BepIIMHE TPEYTOJIEHUKA.
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PACYET HOPMAJIEH B TPEXMEPHOM IIPOCTPAHCTBE

OtnenpHBINA UHTEPEC MPEACTABIISET CUTYaLMs, KOIla HeJeXKallue B Of1-
HOU TJIOCKOCTH TPaHU UMEIOT OOLIYIO BEPILIMHY, HAIIPUMEpP, BEPLIMHY KyOa
(puc.6). B aroii cuTyauum mosrydaeTcs, 4To BepiiuHa A SBISETCS OOIIeH
IUId TpeX IpaHed, U el COOTBETCTBYET 3 pa3HOHANPABJICHHBIX HOPMAJH.
Ecnu Tak ¥ ocTaBUTh, IOIY4UTCS OCBEILEHHUE B PEXKUME HIOCKUX HOPMAEl
(xorma y KakJOW TpaHH HOpMalld HE3aBHCHUMBI OT HOpMalleil JIpyrux rpa-
Heit). Ho MOXHO HOpManu B 00MIel BEpIIUHE BEKTOPHO CIOXHUTH (pHC.7),
MIOJIYYHB PEKUM C2AANCEHHBIX HOPMATEl.

S|

smooth ntop + nrig ht + Npear -

[Ipumep cpaBHeHUS pexxuMOB "IIIOCKOH" W '"criuakeHHOW" Hopmanei
NpY OCBELICHWH KyOa cripaBa mpencTasiieH Ha puc.8. Kak MoxxHO BHIIETD, B
peXHUMe CTIIaXUBAaHUS HOpMaslel IMpOMaJaroT YeTKHE TpaHUIbl Mepexojia
MEXIY TpaHsiMHu. ITOT 3G ¢eKT, ¢ OIHOW CTOPOHBI YIy4dlIaeT pealucTud-
HOCTb (B pealbHOM MHpE PEeIKO /e ObIBaeT HECMa3aHHBINM MEPEexXo[), HO C
JPYroil — yCIoKHsET pa300p reoMeTpHH.

*Efqv
I .
1 B M =(B—A)x(C~A)

ik g =(D—A4)x(B~4)

Nyear ;/!:near :(C_A)X(D—A)

D

Puc.6. Pacuer Hopmaseii B BepiuinHe Kyoa.
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—

A flar = Arop \J Nyight \J Rnear

éntop 7
i %
- %, s,
A' nnght 2, 4,
o1 %, %
AN i
W S

Rsmooth = Nitop + Mright + Fnear

Puc.7. "Tlnockas" u "crinaxeHHas" TpeXMepHBIE HOpMAIIH.

Pemxmm
«llnockWe HopmMmanu»

Pemmm
«CrnaeHHbIe HOPManu»

Puc.8. Ocpemenre kyda B pexxumax "miockoi” u "criaxeHHON" HOpMaiei.
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DDDPEKT CITIA’KUBAHUA HOPMAJIEU

O¢ddexT crmaxuBaHus HOpMaJeil 9acTO NCTIOIB3YETCS IS MTOBBIIICHIS
PEATMCTUYHOCTH CIIEHBI ¢ HEAOCTATOYHBIM HabopoM moiuroHoB. C omHOM
CTOPOHBI, B IPUPOJE MAJIO TJE€ €CTh YETKHE TPaHMIIBI MEKAY IPaHIMH, TO0-
CKOJIBKY CO BpeMmeHeM Bce ctupaercsi (mumgyercsi). C apyrodl cTOpOHBI,
CrIIa)XKMBaHHE TIEPEXOIOB MEXKIY T'PaHsSIMHU BhI3bIBAaET AP heKT Ooee KauecT-
BEHHOH (BBICOKOMOJIMTOHAILHON) MOJIEIIH.

Ha puc.9 npencraenen npumep momoOHO# curyanmu. Kak MOXHO BH-
JIETh, WCIIOJF30BAaHUE CTIIXXUBAHHS HOpMaJel Io3BoiiseT Ooiee 4eM B 2
pa3a COKpaTUTh YUCIIO MOIIMTOHOB (YETHIPEXYTOIHHUKOB) ISl CEepHI.

CrnakeHHble HopMmanu,
400 nonuroHos
[Bocrcuemenopenct alolx

=01 (3 ocncuemesopenit algix

Mnockue Hopmanu Mnockue Hopmanu
400 nonuroHoe 900 noAnroHos

Puc.9. Ocsewenne chepsl B perxuMax "Iiockoil” u "criaxkeHHo#" HopMael.
25



BJIMSHUE MOJIEJIBHBIX [IPEOEPA30OBAHUU

Boo01ie roBops1, pa3 HOpMan 331aI0TCS IPH yKa3aHUH BEPIINHBI, TO U
Ha HHX JIOJDKHO OKa3bIBaTh BIMSHHE TEKyIIas CHCTEMa KOOPIMHAT, yCTa-
HOBJICHHAS! BBITIOJTHEHHBIMH MOZEIBHBIMH NpeoOpa3oBaHUsIMH (Omeparusi-
MU CJIBHTa, TOBOPOTa M MaciuTada).

[TockonpKy HOpMalb €CTh BEKTOP B OJHOPOIHBIX KOOPIHMHATAX, TO
omepauusi cABUra He OKa3blBaeT Ha HOpMajb BIHAHUSA. B cBorO ouepenp,
MOBOPOT CUCTEMBI KOOPAMHAT OJJHOBPEMEHHO MEHSIET HampaslieHHe HOpMa-
JH ¥ TPaHH, HO TIPH 3TOM HE MEHSET JUIMHY camoil HopMmaiu. OmHaKo ome-
pamysi MacIITaOMPOBAHMUS YK€ MOXKET OKa3aTh BIMSHUE KaK Ha JUIMHY HOP-
MaJii, TaK ¥ Ha ee OPUEHTALUIO.

[Tpn oxHOPOAHOM MacIITAOMPOBaHUH (DUTYpa PACTATHBACTCS 11O BCEM
0CSIM OJTMHAKOBO, OKa3bIBasl BIMSHUE Ha JUTMHY BEKTOpa, HO HE Ha ero Ha-
npasieHue. [Ipy HEoJHOPOIHOM e MaciTabupoBaHuK KOI(QUIIMEHTHI
MacmTada K OCsIM pa3Hble, YTO MPHBOAUT K COOTBETCTBYIOIIEMY HCKaXKe-
HHIO HAlPaBJICHUS HOPMallM, COOTBETCTBYIOIUE IPHMEPHI IPHBEICHBI Ha
puc.10. M ecnu anuHYy HOBOTO BEKTOpa ITyT€M HOPMAIHM3AIlUH JIETKO Bep-
HYTh B MCXOJIHOE €MHUYHOE COCTOSHHE, TO JJISl BOCCTAHOBJICHHUSI HAIIPaB-
JICHUsI HOpMaJTM TIPUIETCS JTMO0 MPUMEHUTh K Hell 00paTHOe mpeodpa3oBa-
HHE MOJIEINH, JTNOO 3aHOBO NEPECYUTATH YK€ B HOBOW T'€OMETPHHU.

u
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o 3 |
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& R / y |
“ o K
0“ 2
UcxogHoe OpHopogHoe (2:2) HeoaHopogHoe (2:1)
nonoxeHue macwrabuposaHue maclwtabuposaHue

Puc.10. Biusiaue MaciutabupoBaHus Ha HOPMaTb.
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TPEXKOMIIOHEHTHOE OCBEIIIEHHE

N3ny4yaemblii HCTOUHUKOM CBET C MHTEHCUBHOCTBIO L HOXOIUT AO IO-
BEPXHOCTH, XapaKTepusyromencss KodhOUINEeHTOM MOTIIOMEHUs M, U OT-
paxaercs ¢ MHTEHCUBHOCTBIO /. [loMuMO CBONCTB MaTepuaia U yria najae-
HUS Ha OTPaKEHHBIA OT MOBEPXHOCTH CBET MOXET OKa3aTh BIUSHUE €Ile
psa pakTopoB, HapUMeEp, 3aTyXaHHE CBETA C PACCTOSHUEM.

[Ipenmonaraercsi, 9T0 CBeT (KaKk W3ITydaeMbIid, TAK U OTPAKEHHBIA OT
MOBEPXHOCTH) COCTOUT M3 TPEX CTAHAAPTHBIX KOMMIOHEHT (Tabi.5): ¢domo-
BOM, M dy3HON (MHOTIA ee ellle HAa3bIBAIOT PACCESTHHOW) U 3€PKATLHOM.

[Ipu BBIYMCIEHUN KOMIIOHEHT YacTO MCIOJB3YETCS CKAISIPHOE MPOU3-
BEJICHHE JBYX BEKTOPOB, KOTOPOE IO ONpEESICHUIO SBISAETCS MpOU3Beie-
HUEM JUIMH 3TUX BEKTOPOB Ha KOCHHYC YIJIa MEXIY HUMH. A TOCKOJIBKY
WCTIONB3YIOTCS JIUIIb EAMHUYHBIE BEKTOpa, TO CIPABEIJIMBO CIEIYIOIIEe
PaBEHCTBO:

cos(A,B) = (A-F).

Tab6nuima 5
KoMmnoHeHTDBI ocBelenns

Bun N3nyvaemslit OTtpakeHHBIH CaoiicTBO

W3ITY4eHUS CBET CBET Mmarepuaa

®oHOBOE L I m

(ambient) a a a
Huddys3Hoe

(diffuse) Lq la Md
3epranpHOe L I m

(specular) $ s s

27




D@OHOBOE OCBEL[EHUE

HHTEeHCHBHOCTH (POHOBOI COCTABIIIONICH PACCUUTHIBACTCS IT0 JIEMCH-
TapHOMY 3aKOHY:
I, =m, " L,.

W3 ¢dopmynsl BUAHO, 9TO (POHOBASI COCTABISIONIAs OCBEHICHHOCTH HE
3aBHCHUT OT MPOCTPAHCTBEHHBIX KOOPIUHAT OCBELIAEMON TOYKH U MCTOYHH-
ka. [ToaToMy mpu MOJIENMPOBAaHUN OCBELICHHUSI HE MMEET CMBIcTa Opath 60-
Jee 0JHOro (POHOBOTO MCTOYHHUKA CBETA, TOITOMY OOBIYHO MPOCTO 337aeT-
sl HeKoe TIIo0ambHOe JOHOBOE OCBEIIEHNE BCEH CIICHEI.

HAUDDY3HOE OCBELEHUE

HekoTopbie MOBEpXHOCTH OTPAKAIOT MAAAMOIINN CBET OJUHAKOBO BO
BCEX HaIlpaBleHUSIX (Hampumep, runc). Takue MoBEepXHOCTH HA3bIBAIOT ad-
COJIIOTHO PACCEMBAIOUIMMHU WIH nogepxHocmamu Jlambepma (Jlambept
OITUCHIBAJI OTPaXKEHHE CBETA TAKMMH MTOBEPXHOCTSIMU erie B 1760 T.).

B GonpmmHCTBE ke CilydaeB CBET IPH TOMAJaHUU HAa MOBEPXHOCTH
paccenBaeTcs JOCTAaTOYHO PaBHOMEPHO BO Bce CTOPOHBI. COOTBETCTBEHHO,
MIPH MOJISTUPOBAHUN TaKOTO OCBEIICHHUS YYUTHIBAETCS TOJIBKO OPHEHTAITHS
noBepxHocT 71 (Tabi.6) ¥ HampaBleHHE Ha MCTOYHUK cBeta S (puc.1l):
MaKCHMAaJIbHOE OCBEIIEHHE JIOCTUraeTCs JHIIb NP MaJeHUN CBETa Ha I0-
BEPXHOCTH O] MPSIMBIM YIiIoM. M3 reomMeTpHyeckux cooOpaKeHui ciery-
€T, YTO €CJI KOCHHYC yriia 6 BBIXOIHT 3a mpejensl quanasona [0,1], To mo-
BEPXHOCTb HE JIOJKHA 0KA3aThCs OCBEUIEHHOM.

Huddysnas cocrapnstomas I; 0CBEHICHUS] PACCUNUTHIBACTCS 110 3aKOHY
KOCUHYCOB (3aKOH ompadicenus Jlawbepma):

Id =md-kd-Ld,

rae ky; = max{0, (§-1)}.
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Bausinue OPpHEHTAllUU MOBEPXHOCTH HA OCBCIICHHOCTD

Tabauma 6

OpueHTanus YpoBeHb Vron Vron 6 cos(6)
IMOBEPXHOCTH | OCBEIICHHOCTH MaJCHHS
1 1 1
1 1 1
Lo Maxkcumym 90° 0° 1
1 1 1
T vy I
1 1 1
1 1
: ‘i\.: 45° 45°
y 4 (0°, 90°) (0°, 90°)
N ) ~0.7854
— Cpennuit 0,1)
i '4- i 135° ~45°
v ;/ (90°, 180°) | (-90°,0°)
T (e
ek i i i Hynesoii 0° +90° 0
YYY vyvyvy
<o -—>

Puc.11. InddysHoe paccerBaHue.
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3EPKAJIBHOE OCBELEHUE

[Tpu momananuy Ha 3epPKaJbHYIO MOBEPXHOCThH CBET OTpakaeTcs 10 3a-
KOHY 3epKaibHo20 ompadcenus (Yrojl MaaeHUs PaBEH YTy OTPa)KCHHS).
COOTBETCTBEHHO, TIPH MOJCIUPOBAHHH TAKOTO OCBEIICHHS HEOOXOANMO
YUUTHIBATH HE TOJBLKO OPUEHTALMIO TIOBEPXHOCTHU 71 ¥ HANPABJIEHUE HA UC-
TOYHHMK CBETa S, HO M HANpaBJeHWEe Ha HaOmonatens v (puc.12). U3 reo-
METPUYECKUX COOOPAKEHUH CIIEYET, YTO €CITU KOCUHYCHI YTJI0B 6 U (0 BbI-
XOIAT 3a npeensl auanasona [0,1], To 61KMKa He JOIHKHO ObITh.

3epKaibHasi COCTABIAIONMIAs [ OCBELICHUS PACCUNUTHIBACTCS IO 3aKOHY
3€PKaJIBHOTO OTPAKCHUS (3aKOH ompadicenus Donea):

I, =mg kgL,
rae ky = max{0, (¥ ¥)?}, b — mapamerp Grnecka (shininess).

Wcxonst u3 TeOMETPUYECKUX TPENCTABIECHUM, BEKTOp OTPaKEHUsS T
MOHO PacCUMTATh Yepe3 KOMOMHAIUIO BEKTOPOB 71 U §:

F=2-M-5) n-s5.

COOTBETCTBEHHO, CKAIAPHOE MPOU3BENECHUE BEKTOPOB 7* U U pACCUUTHI-
BaeTCA CIEAYIOIINM 00pa3oM:

@Fv)y=2-m-5) -(m-v)— (D).

Puc.12. 3epkanpHoe OTpaxKeHUE ¢ 00IaCThIO OJIHKA.
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MOJAEJIN OCBEINEHUA

Monenu ocenieHus (OTpaXkKEHHs) UCIIONB3YIOTCS ISl MIMHUTALMH CBE-
TOBBIX 3(PPEKTOB B KOMITBIOTEPHOH Tpaduke, KOTJa CBET allpPOKCUMHUPYET-
cs Ha ocHOBe (hu3WKW cBeTa. Mojenu mNpeAHa3HaueHbl JIsi BBHIUYUCICHHS
[[BETa KAXJOTO MUKCEIsl WM KOJUYECTBA CBETA, OTPAKEHHOI'O OT Pa3iny-
HBIX [TOBEPXHOCTEH B CLICHE.

LBeT m000H TOYKU TOBEPXHOCTU OMPENEIIETCSI MHOKECTBOM (haKTo-
poB:

O CBOWCTBAaMHM HCTOYHHMKOB CBETA,

O CIOCOOHOCTBIO OOBEKTOB H3Iy4aTh (OTpaXkarh, MOTJIOIIATH,
MIPOITyCKaTh, MPETOMIISTH) CBET,

O B3aHMOJICHCTBHEM C JIPyTMMHU OOBEKTaMH (TIOJICBETKA, 3aTEHE-
HUE, IEPEOTPAKEHIS ),

O ULBETOM CaMOil IIOBEPXHOCTH.

[TockonpKy TIpM MOJETHPOBAHWU HCIIOJIB3YETCS IIBETOBAs MOJEIH
RGB, T0 B MOAensAx OCBEINICHHsS WCTOYHHK CBETa MPEICTABISAETCS TpeMs
HE3aBUCUMBIMH OJIHOPOJHBIMH HCTOYHUKAMHU: KPacHBIM, 3€JIEHBIM U CH-
HUM. COOTBETCTBEHHO, Y KAKJIOTO M3 ATUX MCTOYHHKOB OYJET U CBOU OT-
paXEHHBIA OTHOPOHBIN CBET:

L=(RL L) o I=(URI%IP).

Taxum o0pazom, RGB-uBet ¢ B paccMaTpuBaeMoil TOUKM MOBEPXHOCTH,
MOJYYEHHBIN TI0 BEIOPaHHON MOJIETM OCBEIEHHS, MOXET OBbITh pacCUMTaH
yepe3 CYMMAapHYI0 HHTEHCUBHOCTh OTPKEHHOTO CBETA B ATOH TOUKE:

c= (R 1%15).

[TockoabKy OTHOPOAHBIE UCTOUYHUKH MPOCUYUTHIBAIOTCS HE3ABUCUMO, TO
U y MaTepuaia TOXe €CTh COOTBeTCTBYOIIMEe RGB-KoMIOHEHTHI:

m = (mR, m¢% m?%).
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CymectByeT OOIBIIIOE KOJMYECTBO MOJIENIeH OCBEIICHWS, WX MOXKHO
M0-pa3sHOMY KJIaCCU(HUITUPOBATH:

1. B noxanvubix MoOensx yUUTHIBACTCS TOJBKO JIOKAIbHAS T€OMETPHUs
(kaxaplii 0OBEKT paccMaTpUBaeT WHAWBHIYaJbHO, 0€3 B3aMMOBIIHSHHS),
TaKMe MOJENM  €II€  Ha3bIBAIOTICA  OOBEKMHO-OPUEHMUPOSAHHBIMIUL.
B enobanvubix modensx yuUTHIBAIOTCSA U MEPEOTPAKECHUE MEKAY MOBEPX-
HOCTSIMHM M TIpo4He (pakTopsl (4TO M MPUBOJUT K OONBLIMM 3aTpaTraM BbI-
YHCIIUTENbHBIX PECYPCOB).

2. B ¢usuunvix modensx anmpOKCUMHPYIOTCS CBOHCTBA PEANBHBIX 00B-
€KTOB, TAaKWE MOJAEIH YUYUTBHIBAIOT 0COOEHHOCTH MPHUIIOBEPXHOCTHON CTPYK-
TYpbl TIOBEPXHOCTH (HAmpHMep, KOKH) M TOBEICHHE YaCTHI[ MaTepHaia
(nammpumep, necka). B amnupuyeckux modensix mapamMeTpbl MOTYT HE UMETh
(u3nveckoil MHTEpIpETali, HO UX MPAaBUIBHBIH MOI00P MO3BOJISET MOITY-
4JaTb B€CbMa pCaIMCTUYHBIC I/I306pa)KCHI/I$I.

3. B enaokux mooensx mOBEPXHOCTh PACCMATPUBAIOTCS KaK TIIAIKas,
(manmpumep, nnactuk). B neanadkux modensx MOBEpXHOCTh pacCMaTpUBAET-
csl Kak Habop TIIaJKKX MUKpO3epKai (Harmpumep, Y MEeTajlioB).

4. B usomponnuvix mooensx NOBEPXHOCTb OJHOPOJIHA, COOTBETCTBEHHO,
IpY MOBOPOTE MTOBEPXHOCTH BOKPYT BEKTOPA HOPMAJIH, OCBELICHUE B TOUKE
He u3Mensiercs. B anuzomponnuvix Modensx MOBEpXHOCTh yKe HE OJTHOPOJ-
Ha (HampuMmep, €cTh LapalrHbl), B pe3yJbTaTe, IpH IOBOPOTE TIOBEPXHOCTH
BOKPYT BEKTOPa HOPMaJIH, OCBEILICHHE B TOUKE JAOJDKHO U3MEHSIETCS.

5. B ¢pomopearucmuunvix modensix KauecTBO M300payKEeHUS HPUOIIHU-
kKaercsi K ypoBHIO Qotorpadun. B negpomopeanucmuunvix modensix mpo-
[[ECC U3HAYAJIHHO OPHUEHTHUPOBAHHBIE HAa TOJYYCHHE M300paKCHHUS, BBITIIS-
JisiIee Kak HapUCOBAHHOE YEIIOBEKOM.

Camoli pacmpoCTpaHEHHOH MOJEIBI0 OCBEIICHHS SIBJISIETCS MOJEIH
®oHra, KOTOpast OTHOCUTCS K KJIACCY JIOKAJBHBIX, SMIIUPUYECKUX, TTIATKUX,
W30TPONHBIX, (hoTopeamucTuuHbix Mojenei. [lomumo monenn @onra u ee
NPOCTHIX MOJU(UKANNN B AHHON paboTe MpPUBENEHBI U HEKOTOPBIC MPH-
MepbI U3 Kiacca aHW30TPOITHBIX, MUKPO(ACETOUYHBIX U He(hOTOpeaTucTuy-
HBIX MOjeJiel, OCHOBAaHHBIX Ha MOAM(HKAIINH TapaMeTPOB TPEXKOMOHEHT-
HOT'O OCBEIIICHHSI.
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OCHOBHBIE MOJIEJIN

K ocHOBHBIM MomenmssM OTHOCATCS monenn JlamOepra m ®onra, mo-
CTPOCHHBIC Ha OCHOBE TPEXKOIOHEHTHOro ocBerieHus. Ha puc.13 mpen-
CTaBJICHO CpaBHEHHME KOMIIOHEHT OCBEILEHHsI Ha TpuMepe cdepsl: GpoHOoBas
KOMITOHEHTA 3aKpalmrBaeT chepy OJHUM LBETOM, TU(y3Has 3aKpamrnBaet
TPagueHTOM IIBETa, a 3epKaJbHas TOJBKO JO0ABISAET ISATHO OJHMKA.

Y mognenu ®donra cymiecTByeT npoctas Moaudukanus biuana-donra,
a 'y mogenu Jlambepra — moauduxamus Wrap-around.

off ambient diffuse specular
Puc.13. ®onoBas, muddy3Has u 3epKaibHass KOMIIOHEHTHI.

MOJEJIb ®OHI'A (PHONG)

B 1975 ®ownr (Bui Tuong Phong) npemioku Mojiesib OCBEIICHHUS J10C-
TATOYHO IIaJJKUX MOBEPXHOCTEH. DTa MOZAEIb JaBHO CTajla KJIACCUKOHN U 10
CHUX TTOp OCTaeTCsI CaMOM MOIMYJIIPHON B KOMITBIOTEPHOU Tpaduke.

B obmem Bune moodenv oceewenus ®onea COCTOUT U3 CyMMBI (HOHO-
Boii, 1n(dy3HOH U 3epKaTBHON COCTABISAIONICH 1 HUMEET CISAYIOIIUI BU:

I:[a+1d +Is=ma-La+md-kd-Ld +ms-ks-LS.
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MOJIEJIb F/THHHA-®OHI'A (BLINN-FONG)

[Tpn ManpIX 3HAUEHHSAX Mapamerpa Ojecka 00IacTh 3epKaJbHOTO OTpa-
JKEHUsSI CTAaHOBUTCS JIOBOJBHO OOJNBIION. B cuTyammm, Korma yrom Mexmy
BekTopamu 7 U ¥ mpesbiaeT 90°, cOOTBETCTBYIOIIEE TPOU3BEACHUE CTAHO-
BUTCSA OTPHUIIATENBHBIM, U 3epKajbHAsi KOMIIOHEHTa OOHyJsieTcs. JTO MpH-
BOJWT K CHTYaIlMH, KOTJa T'PaHUIIA 3ePKATbHON 00JIACTH CTAaHOBUTCA SIPKO
BBIPKEHHOM, YTO HEECTECTBEHHO BBITJISANT.

st pemieHus 3Toi mpoOiieMsl ( a 320JHO U JUIS ¥ YCKOPEHHsI pacdera
3epkajbHOU cocTapsttonieii) xeiimcom bimunom (James F. Blinn) 8 1977
rogy ObLTa mpeanokeHa Moaudukanus Moxenu ocBemenuss donra, moiy-
YUBINIAs Ha3BaHUE MoOenb oceewenus bnunna-Donea, 0OTINYNE 3aKII0YACT-
cs B crioco0e pacdera K03 umrenTa 3epKabHOTO OTPAKEHUS:

ks = max {0, (E-ﬁ)ﬁ }

R
rzae h — BekTop noiynyTH, 5 — mapametp 6necka biannna-donra.

Kak MOXHO BujeTh, B Mojenu BiunHa-PoHra BMECTO BEKTOpaA T HC-

—

MOJIb3YETCS BEKTOP A KOTOPBIN TOKa3bIBAET OPUEHTAIIMIO TUIOIIAJKH C MaK-
CHMAJIBHBIM OTPa)KEHUEM M PACCUUTHIBACTCS KaK MEIMAHHBIN /TSI BEKTOPOB
- -
SHuUV:

Fo StV

BexkTop h HasbiBaeTcs sexmopom noxynymu (halfway vector), T.x. ecnu
BCE TPU BEKTOPA ¥, § U 74 JlexaT B OAHOM IIOCKOCTH, TO IOl MexXy 1 i 7i
COCTABJISET MOJIOBMHY yIJIa MEKIY 7' U V.

[pu npaBUIBHOM MOAOOPE MapaMerpa [§ pacrpeleieHne 3epKaATbHOM
COCTABIISIFONICH 10 MTOBEPXHOCTH JIJIsl 00EHX Mojiesel OyayT O4eHb OJIM3KU-
MHU.
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MOJEJIb JIAMEEPTA (LAMBERT)

B obmiem Bune modens oceewgernus Jlambepma COCTOUT U3 CyMMBI (O-
HOBOH ¥ 1 (Hy3HONH KOMIOHEHT:

I=Ia+ld=ma-La+md-kd-Ld.

Monens JlamOepra sBIsieTCSI OJTHOM M3 CaMBIX MPOCTBIX MOJEICH OC-
BemeHns. JlaHHas MOJENh OYEeHb YacTO HCIIONB3YEeTCS KaK YacTh APYTHUX
MoJieneil, MOCKOJIbKY MPAaKTUYeCKH B JIIOOOW APYrod MOJAEIH OCBELICHHUS
MOYKHO BBIACTHUTH A dy3HYI0 cocTapmstomyo. bonee-meHee paBHOMepHas
4acTh ocBemleHwus (0e3 MPUCYTCTBHUS KaKOro-THO0O0 BCIUIECKA), KaK TPaBUJIO,
OyZIeT mpencTaBiAThCs Mojenplo Jlambepra ¢ onmpeneleHHPIMA XapaKkTepH-
cTukamu. JlaHHas MOJIeNIb MOXKET ObITh OYCHB YI00HA JIJIS aHAJIN3a CBOMCTB
JIPYTHX MOJeNei (3a cueT TOro, 4To €€ JETKO BBIASNIUTh U3 JTF000H Moaenn
Y aHAJTU3UPOBATH OCTABIIHECS COCTABIISIOIINE).

B vactHOoCcTH, MOzenb JlamOepTa sBIsieTcsl CyleCTBEHHON YacThiO MO-
nemu donra, KoTopas mpeacTaBiseT co0oi komOuHanuw auddy3Hoi co-
craBisrorei (Moxenu JlambepTa) U 3epKaTbHONM COCTABIISFOIICH.

MO/EJIh WRAP-AROUND

Mooenv oceewenuss \Wrap-Around siBisiercst MOAHGHKAIAS MOIETH
JlambepTa, MO3BOJISAS UCTOUHUKY OCBEINATh OOBEKT HEMHOTO 3a TpaHHUIeH
OCHOBHOI TeHH. B atom ciyuae kospdunuent nuddysun Oyaer Bbrduc-

JSTHCS C TIOMOLIBIO JIOMOJHUTENBHOrO Tlapamerpa w € [0,1]:

S-n)+w

kg =max {0, ——
1+w

OueBuaHo, uto pu w = 0 momyvaercst yucras moaens Jlambepra, a
npu w = 1 ocBeniathcest OyeT Bech 0OBEKT.
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MUKPOPACETOYHBIE MO/JEJIN

Mopens ocemenust JlamOepra Xopomro paboTaeT TONBKO IS CpaBHH-
TEJIBHO TJaJKUX IoBepxHocTed. Ho CyliecTBylOT NMOBEpXHOCTH, COCTaB-
JICHHBIC W3 BBICTYMAIOIIUX MHUKPOAJIEMEHTOB, HaIpUMep, KOKa COCTOUT U3
MUKpPOTIOp, a 0apXaT — U3 BOJIOKOH. Takue MOBEpXHOCTH PaCCEUBAECT CBET
BO BCEX HAlpaBJICHUSX, HO a0COIIOTHO HEPABHOMEPHO.

JlJis MoJienMpoBaHus TaKUX MTOBEPXHOCTEH ObUIH pa3paboTaHbl MUKPO-
(acerounble MOzENU (MOJIEIN C MUKPOTPAHSIMH), KOTOPBIE MPEANONaraor,
YTO TIOBEPXHOCTH TpejcTaBlIeHa HAOOpPOM IDIOCKHX V-00pa3HBIX MHKPO-
rpaneit (puc.14), opueHTaUS HOPMAJIEH KOTOPBHIX OTHOCHTEIBHO HOPMAITH
K CpeJHEHN JMHUU MOBEPXHOCTU 33JaETCA HEKOTOPBIM CIIy4allHbIM paclipe-
neneHueM (Hanpumep, bakmana unu ["aycca), 4to u ompenenser Monenb
OCBELICHUS.

Takwue MOACINU YUUTBIBAIOT B3aMMO3aKPbIBAHUE U CAMO3aTCHCHUE MUK~
porpaneii. Kaxxiast 3 3THX MUKpOTpaHed BHOCUT BKJIaJl, €CIIM OHA HAIpaB-

-

JIeHa B/IOJIb BEKTOPA MOJIYIyTH A.

JIaHHBIH OJX0J MOYKHO TIPHUMEHSTH KakK JUIs MOJCITHUPOBaHUs AU Py3-
HBIX NoBepxHOcTel (Mozens Open-Hasipa), Tak u st 3epKalibHbIX (MOJEIb
Kyxka-Toppenca).

-~
[NagKasa NoOBEpPXHOCTb MoBEPXHOCTb C MMKPOTPaHAMM

Puc.14. I'nankas 1 mepoxoBaTas HIOBEPXHOCTH.
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MOJTEJTb GAUSS

B momenmn 'aycca cumTaercs, 4TO MHKpPOTPAHH HOAYMHSIOTCS 3aKOHY
pacupenenenus ['aycca, ko duIueHT 3epKaTbHOCTH IPHHAMAET BUI:

U

rae 4 € (0,1) — mapaMeTp ri1aKOCTH IIOBEPXHOCTH.

MOJIEJIb OREN-NAYAR

Mopene Open-Hasipa npenHasHaueHa ISl HIEPOXOBAThIX HEMpO3pad-
HBIX 1 Py3HBIX TOBepXHOCTEH, KO3 prmmeHT nnddy3un nMeeT BUI:

kg=a-(A+B-y-9),

a= max {0, (-5},
y = max {0, -9},

=5§—1n-(m"-3),

C=min{@#@-3), (- v)},
D=max{(®@-5), (-9)},
A=1-0.5"0%/(c?+0.33),
B = 0.45 - 6%/(c% + 0.09),

o € [0,1] — mapameTp HEPOBHOCTH MOBEPXHOCTH.
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MOJEJIb COOK-TORRANCE

Mogpenp Kyka-TopaHca npenHa3sHaueHa Uil IIEPOXOBATHIX TJISTHUEBBIX
HOBEPXHOCTEH (Kak[aas MHUKPOTPaHb MPEICTABISICTCS HICATbHBIM 3epKa-
JIOM), OTJIMYUE OT 3€PKAIBbHON COCTABIISIONICH Mojien DoHra 3aKIIF04aeTcst
B crioco0Oe pacuera kodpduuuenTa k:

_ D-F-G
GGy

Koaddumment D onpenenser ypoBeHb MIEPOXOBATOCTH (HAKIOH MUK-
porpaHn):

ks

N
1 (h-7) —1
D = - 4 ' exp - 2 )
4'.112'(}1'7_1)) mz.(h.ﬁ)
rae u € (0,1) — cpenHeKBaApaTHYHBIA HAKIOH MOBEPXHOCTH MHUKpodace-
TOK (ILIEPOXOBATOCTh MaTepHaa).

I'eomeTpuyeckuit wieH 3aTyxaHus (MacmTaOHbIA KodddummeHT) G
OITMCHIBAET CaMO3aTeHEHNE H CAMOIKPaHHUPOBAaHNE MUKPOTPaHEH:

2-(h-7)-(B-7) 2-(h-7) (3-7)
GH @ h
Hnst Beramcinenus kodpduunenra Openenst F cyecTByeT MHOKECTBO

(hopMyI, HO B JaHHOM ciiy4ae IejecooOpa3Hee NMPUMEHATH alpOKCHMa-
muro Inuka:

G =min{ 1,

F=Fy+[1-@ D] (1-F),

rae Fy = m; - Ly — KOIMYECTBO OTpa)KaeMoro cBeTa MpH HOPMAaJIBHOM Ia-
JeHHU (TIEPIICHANKYIISIPHO HOBEPXHOCTH).
JInst psima MaTepuaioB MO>KHO BOCHOJIB30BaThCs M Oosiee MpOCTO ar-

MPOKCUMHUPYIOIIEH (OpMYITON:
. 1
1+ @)
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AHM3O0TPOIIHBIE MOJIEJIN

[Ipn HamuUMM MENMKWX HEPOBHOCTEH (Kak y MeTajuia), IpH BpaIIeHUN
(hopma OiMKa MOXXET MEHSTHCS, B 3TOM CIydae IOBEPXHOCTH SBISETCS
anuzomponrou. Ilpyu co3maHuM MOJAOOHBIX MOJIENEH TPEoIaracTcs, 4To
Ha MTOBEPXHOCTH PABHOMEPHO HAHECEHBI MPSMBIC TTapaUIeIbHbIC [IapalliHEIL.

MOJEJIb WARD

AHM30TpOTHAs MOzENb YOopaa pacCUUTHIBaeT KOIPGHUIUCHT 3epKalb-
HOCTH TIO CIIeyrotei popmye:

exp| — = l
\/(5‘)7’7)(1_7)?1) 47Taxay 1+(h-n)

1€ 4, ¥ @, — 3TO HapaMeTPhl YIPABICHHUS aHH30TPONHEH (IPH UX PaBeH-
CTBE MOJIEITb CTAHOBUTCS H30TPOIIHOI), €, U €, — 3TO OPTOrOHAIBHbIC BEK-
TOpA, 33/IaI0LINE HATIPABJICHUE aHU30TPOTIHH.

MOJEJIb MINNAERT

Ota Mozenb OblIa MpeUIoKeHa Uil MOJAeTUPOBaHus ocBereHns JIyHsbl,
HO TaK)Ke€ MOAXOAUT ISl APYTHUX MOBEPXHOCTEH, UMEIOIIUX KOPILYCKYJIsIp-
HYI0 WM TyO4aTyl0 TMOBEPXHOCTH, JOBOJBHO XOPOIIO OHA MOAXOIUT IS
MOJCIIMPOBAHUS HEKOTOPBIX BUJOB TKaHU, HAIIPUMED BEJIbBETA.

kg =G - (1-G-9)

rae k — mapametp ynpaBieHUs! aHU30TPOITHEH.
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HE®OTOPEAJ/IMCTUYHBIE MOJEJIN

JanHbIi KITacc Mojenel OpUEeHTHPOBAH Ha IMOyYeHHe M300pakeHus,
BBITJIS/ISIIEE KAaK HAPUCOBAHHOE YEIIOBEKOM.

MOZEJIb TOON SHADING

B 3T0#i Monenu OCBEUICHHOCTbH, MOJyYCHHAs MO JIF000H auddy3HOMH
MOACIN OCBCIICHUA, NUCKPETU3SUPYETCA, MPUBOAA K IMOABICHUIO HCGOJ'H)-
IIIOT0 YKCIIa 00JIACTEH C MOCTOSHHBIM OCBEIIICHHEM.

MO/EJTH GOOCH 4 HEMISPHERIC LIGHTING

B mopenmu HEMISPHERIC LIGHTING muddy3noe ocBemienne pac-
CUUTHIBAETCS IyTEM JIMHEHHOW HMHTEPNOJSAIMK Mexay usetamu Cy u Cg
CTaHJapTHOH (yHKuUMEH lerp:

Id = lerp(CO, Cl! 0.5+ (§ 7’7)/2)

B monenmn GOOCH 1seta €y u C; SBISIFOTCS] XOJOAHBIM U TETUIBIM OT-
TEHKaMH O1HOro 1sera C.

MOJ/IEJIb BIDIRECTIONAL LIGHTING

HaHHYIO MOZCIIb MOXXHO paCCMATPHBATHL KAK OCBCHICHUC Cpa3y C ABYX
ITPOTUBOIIOJIOXKHBIX CTOPOH NCTOYHUKAMU C pa3HbIMU LIBETaAMMU:

I; = Cy - max{0, (s-n)}+ C; - max{0, — (s-n)}.

MOJIEJIF LOMMEL-SEELIGER MODEL

- max{0, (s-n)}
47 max{0, 5-1)} + max{0, - B)}
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AJITOPUTMBI BATEHEHUA

3aTeHeHue SIBIAETCS CIIOCOOOM TMPHUAAaHUS TIIyOWHBI M300paKEHUSM
(aMynAnysS TPEXMEPHOCTH) ITyTEM W3MEHEHHS YPOBHS TEMHOTHI (CBETIIOTHI)
Jeraneil n300pakeHusl. AJITOPUTMBI 3aTCHEHUs (3aKPacKH TPaHU) dMYJIH-
PYIOT JOKalnbHOE MOBEJCHUE CBETAa HA IOBEPXHOCTH 00BEKTA, B OTIMYUH OT
pecypco3aTpaTHBIX METOAOB HAIOXKEHHsI TEHEH M ydeTa Iio0aJbHOro oc-
BEILICHMS.

C Pa3sBUTUEM BBIUMCIIMTEIbHOM TEXHUKHU ITOSIBUJICS Jaxe CHeHHaHBHBIﬁ
KJ1acc mporpaMm — mieaepsl (ot ciosa "shade™ — "teHsp"), KOTOPBIH ObLI
W3HAYaJbHO MpEeAHa3HAUYCH JJIA 3aTCHEHUs IpaHed. B nanpHelmem meiine-
Pbl CTAJIM HMCIIOJB30BATHCA M JIA APYrux 3aJgad, HapuUMEp, MJIA pacucTa
BEpUINH IpaHei.

CyTb anropuTMOB 3aTEHEHHUS 3aKIII0UACTCS B 3aKpacke rpaHeil (mpumu-
THUBOB) Ha OCHOBE WH(POPMAIIUK O [BETE (MOJTy4aeMOM OT BHIOpPAHHOHN MO-
JIEJT OCBEIICHHUs) B KOHTPOJBHBIX TOYKaX rpaHu. BrIOOp Takmx TOUYEK H
oTpeieIieT METO ] 3aTEHEHNSI.

B ocHOBHOM HCHONB3YIOTCS 3 BapraHTa 3aTCHEHUS:

o TUI0CKOe (OJJHOTOHHOE) 3aTEHEHHE,
o mIagkoe 3aTeHeHue no I'ypo,
o miaakoe 3aTeHeHue no MoHry.

B oTnuume ot miiockoro 3aTeHeHus, I/ie I[BETa U3MEHSAIOTCS MPEepPhIBU-
CTO Ha I'paHMLAX MTOJIMTOHOB, NP TUIABHOM (TJIaIKOM) 3aTEHEHHHU LIBET Me-
HSIETCS OT MUKCENS K MUKCENI0, YTO MPUBOIUT K TIIABHOMY ITEPEXO0Iy I[BETA
MEXJy IByMsI COCETHUMH TTOJTUTOHAMHU.

Anroputmsl ['ypo u ®@oHra ucnons3y0T OMIMHEHHYIO HHTEPIOISILIHUIO.
Ho, B npuHnune, cymecTByloT U Jpyrue BapHaHTHI, HalpuMmep, OuKBajapa-
TUYHAA U ceprudecKas TNHeHas WHTePIOIISAINH.
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IIVIOCKOE 3ATEHEHUE

Anroput™ tutockoii 3akpacku (flat shading) Bei3siBaer pacuer mo mo-
JIeTIH OCBEUICHHS TOJIBKO 1 pa3, B OHON KOHTPOJIBHOW TOYKE, KOTOpask MO-
KeT OBITh KaK BEPUIMHOW NPUMHTHBA, TaK M €ro meHTpoM. [lomyuyeHHbIH
TakuM 00pa30M I[BET MPHUMEHIETCS KO BCEM MHKCEISIM NPUMHTHBA. DTOT
ITOPUTM UMEET CMBICII UCIIOJIb30BaTh, KOTAa OoJiee IPOJBUHYTHIE METOIbI
3aTE€HECHUS CIUILIKOM JIOPOTH C BEIYUCITUTEIBHON TOUKH 3PCHHS.

HenocTatkoM Takoro mojxoja sIBJASETCS pe3Kas CMEHa I[BETa y COoCell-
HUX IpaHeld. 3epKajibHas KOMIIOHEHTa TOXKE IUIOXO BU3YATU3UPYIOTCS IpU
IUTOCKOM 3aTEHEHHUH: €CJIM KOHTPOJIbHAsI BEPILIMHA Nonana B 0bjaacTs 0IMKa,
TO BECh MMOJIMTOH NMPUHUMAET [BET OJIMKa, B MPOTHBHOM ciy4ae OJIMK Tepsi-
eTcs (make eciy MOJIMTOH IONaAaeT B HyKHYI0 o0yacTh). B cBsi3u ¢ 3TuM
3epKabHasi KOMIIOHEHTA YacTO JJaKe€ HE BKIIIOYAETCA B PacueT IJIOCKOTO
3aTEHEHHUSI.

ITpumep mIockoil 3akpacku NMpHBEAEH Ha puc.15, rae mpexacTaBieHa
4acTh cdepsl ¢ AByMs ypoBHAMH netanu3anud — u3 900 u 8100 gersipex-
yroJIbHUKOB. OTUYETIIMBO BUJIHO, YTO OJIUK HE MPUHUMAET KPYIIyro Gopmy.

1Tl ococuerme  openct W Lol
900 . 8100
HpI/IMI/ITI/IBOB HpI/IMI/ITI/IBOB

Puc.15. 3arenenue cdepsl Mo aaropuTMy IIIOCKON 3aKPaCcKH.
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3ATEHEHHUE 11O I'YPO

B 1971 Henri Gouraud npeyioxust aqropuT™, Ha3BaHHbIH B €r0 4eCTh.
B anropurme I'ypo (Gouraud shading) KOHTPOJBHBIMH TOYKAMU SIBISIFOTCS
BEPIUUHBI IPUMUTHBA, T.€. CHauaua IBET BBIYMCISIETCS B BEPILIMHAX, & JUIs
BBIYMCIICHHS] 3HAYCHUH B OCTAJILHBIX TOUYKAX MPUMHUTHBA UCIIOIB3YETCs OH-
JMHEHHAsI UHTEPIIOJISALHSL.

Takum 00pazom, mepexo]] BETa Kak BHYTPH I'paHH, TaK U MEXKAY rpa-
HsIMH OyJIeT TIaBHBIM, HO BCE PAaBHO BO3MOXKHA CUTYAIlHs C MIOTEPEH BCETO
OnuKa uiH ero GopMbl. TO CBA3AHO C TEM, YTO XOTS OBl OJJHA KOHTPOJIbHAS
TOYKa JOJKHA TONacTh B 00JacTh OJIMKa — TOJBKO TOTAA MOHAET UHTEPIIO-
nsMs OJIMKa Mo MPUMUTHBY. B wacTHOCTH, oTepst OJIMKa MPOUCXOIMT, KO-
raa OJMK IonagaeT BHYTPb IPUMUTHBA, HE 3aTParuBas €ro BEpIIKH.

ITpumep 3akpacku no ['ypo npuBezneH Ha puc.16, rae (kak u B ciydae ¢
TUIOCKOM 3aKpackoii) mpeacTaBiieHa cdepa ¢ ABYMsS YPOBHSMHU JeTan3a-
1y, Buanao, uro gaxke 8100 4eThIpexXyroJbHUKOB HE MO3BOJISIOT MOIYIUTh
POBHBIH OITHK.

[Soceneme s openct S RI=TEA| W ococneme s openc T
900 8100
MNpUMHUTHBOB NPUMUTHBOB

Puc.16. 3arenenue cdepsl o anroputmy 3akpacku ['ypo.
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3ATEHEHHUE 110 ®OHI'Y

AnropuT™M 3aTeHEHHUs (BMECTE C MOJENbI0 OcBemeHus1) DOHT BIIepBBIC
omybnukoBasr B 1975. C pa3BUTHEM BBIYHCIUTENHHON TEXHUKU TOJXON
®onra cran 0a3oi 111 MHOTUX IpadUUecKUX MPUIOKEHUH Onaromaps Oa-
JIAHCY MEX]Yy CKOPOCTBIO BEIYUCIICHUI M KA4ECTBOM U300paKEeHUSI.

B ornnune ot 3areHeHus ['ypo, KOTOpoe€ HMHTEpHOIUPYET IBETa MO
npuMuTHBY, B 3aTeHeHnn Poura (Phong shading) npeamnonaraercs miaBHOe
M3MEHEHHE BEKTOpa HOPMAIM MyTEM €ro JIMHEHHOW UHTEPIOISIHA MEXKIY
HOpMAaJISIMH BEPILIMH IPUMHUTHBA. TakuM 00pa3oM, KOHTPOIbHBIMU TOYKAMHU
SIBIISIIOTCSI BCE MIUKCENM IPUMHUTHUBA.

[Mpumep cpaBHenus 3akpacku 1o ['ypo u @onry npuseneH Ha puc.l7.
3nech Ha dkpane (pasmepom 400 X 400) pacrepu3oBaHa 4acTb cepbl
(mpumepHo 120 ThICSY MHKCeNel) ¢ pa3sHBIMH YPOBHSIMH JCTalH3alHH.
3neck Meton ['ypo moTpeGoBai NpuMepHO B 4 pa3a MEHbBIIIC PacUueTOB, YBE-
JUYEHUe ke auckpeTusaiuu cdepsl 10 73000 TpuMUTHBOB (710 CONOCTaBU-
MOro KadyecTBa) aHaJIOTMYHO MOTpeOoBajio B 9 pasa Ooiblle pecypcos, B
pe3yabTate Metoa ['ypo okazancs B 2.5 pa3 measieHHee MeTona DoHra.

=i =13l
T'ypo, 8100 ®onr, 8100
[IPUMHUTHBOB MPUMHUTUBOB

Puc.17. 3arenenue cdepsl o anropurmy 3akpacku OoHra.
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PEAJIN3ALIMA OCBEIIEHUSA B OPENGL

OpenGL, 6a3upysicy Ha Monensix RGB u ®ownra, gaer pazpaboTauky
BeChMa IMUPOKHE BO3MOXKHOCTH I HACTpOWKH ocBerierns. OmHAKO Mmpu
pa3paboTKe nake OTHOCUTEIBHO MPOCTOTO MPHIIOKECHUS PUAETCS HEMAaJo
MOAKCIIEPUMEHTHPOBATH C TIApaMeTpaMHu CBETA, YTOOBI TOOUTHCS TpUEeMIIe-
MBIX PE3yJIbTATOB.

B peanbHOoM Mupe JH000H MCTOYHUK OCBEIIECHUS MMEET CBOW CIICKTP
U3IY4YeHUH, XapaKTepU3yIOIMUNACS AUANa30HOM JJIMH HU3y4aeMbIX BOJH —
(hakTHYECKH, 3TO U €CTh ygem ucmoyHuxa. Ho TyT ecTh Ba)KHBIH HIOQHC:
W3ITy4aeMbIil CBET MOXET OBITh MCKa)XeH, HaIpuMep, OeNblil CBeT (Kak pe-
3yJbTAT U3IY4YCHUs] BO BCceM BHUIAMMOM crekrpe) CoiHia, IpOXos Moiy-
mpo3padHyio atMmocdepy 3emiu, mpeoOpasyeTcsi B KENTHIA, KPacHBIA U
JpyTHE IBETA.

AHAJIOrMYHO O0BEKTHl PEANBHOIO MHpa IMO-Pa3HOMY OTpaXKaroT (Ipe-
JIOMJISIFOT, TIOTJIONIAIOT) TPUXOASAIIMA OT HCTOYHWKA CBET C Pa3IMUHON
JUTHHOM BOJIHBI (3TOT YPOBEHb OTPAXKECHHUSI U €CTh ygem Mamepuaid), pH-
oOpeTast oIpe/IeIeHHbIH IBET — ygem obwvexma. Ilpu aToM ucmunnwlii yeem
0bvexma SIBIsIETE CBETOM, OTPAXKEHHBIM OT MCTOYHHKA, W3TYYalolIero BO
BCEM BHJIMMOM crieKTpe. Takum 00pa3om, pu OCBEIEHHH CUHETO 00BEKTa
KpPacHBIM CBETOM, I[BET OOBEKTa MOIyYUTCS YEPHBIM (TOYHEE, TEMHO-CEPHIM
u3-3a paccessHHOTO B aTMocdepe cBeTa). [1ockonbKy peanbHOe B3auMOIeH-
CTBHE MEXIY IMOBEPXHOCTHIO MaTepHalia U MaJaloliM CBETOM JOCTAaTOYHO
CIIOJKHOE (HampuMmep, MpH yyeTe MOANOBEPXHOCTHIX CJIOEB BOJHOMW Tiaju),
BO3HUKaET Mpo0ieMa ¢ alekKBaTHBIM BEIOOPOM 3HAYEHHUI MaTepHaa.

B monenu ocemenust OpenGL Bce HASHTUYHO: €CTh I[BET UCTOYHHKA,
[BET MaTepuayia U LUBeT oO0bekTa. M BciencTBHE HCIOIB30BaHUS MOJEIU
RGB M0XHO HE3aBHUCHMO 3a/laBaTh YPOBHU W3IYUYCHUS U OTPaXKCHHS IS
KpacHOM, 3€JI€EHON U CUHEN KOMIIOHEHT COCTABJISIOIINX OCBEIIEHHOCTH.

[To ymomyanuro, BeT 0ObEKTA NMPHU BKIOYCHUN OCBEIICHUS UTHOPUPY-
eTcs, B pe3yibTare A 0eJoro OCBElIeHHs! Bce 00BEKTHl NPUHUMAIOT OT-
TEHKH CEepOM MaIUTPHI, TIOCKOJIBKY U I[BETa MaTephalia TakKe MO yMOi4a-
HUIO 32/1al0TCS C OIMHAKOBBIMH 3HAYECHUSMHU KOMIIOHEHT. COOTBETCTBEHHO,
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JUTS. BO3BpAIleHHsT 00bEKTY U3HAYAILHO CHHETO I[BETa HEOOXOMMO yBEIH-
YUTh 3HAUYCHHE B-KOMIIOHEHTHI MaTepuana, a 3HaueHuss KoMmoHeHT R u G —
HA000pOT, OCTAOUTH.

[Ipu MonenupoBaHUM OOBIYHO HCIIONB3YETCs OCNbIA IIBET MCTOYHHKA
Pa3INYHOW MHTEHCHBHOCTH, TAKMM 00pa3oM, I[BET OOHEKTOB B OCHOBHOM
ompeJieNisieTcs CBOMCTBAaMHM MaTepHaia (Ha LBET elle MOTYT OKa3aTh BIIHS-
Hue Takue 3P PEKThI, KaK MPO3PAYHOCTh U 3aTyMaHUBaHUE).

®DOHOBBIE KOMITOHEHTHI TIOIOMPAIOTCS TaKUM O0pa3oM, 9TOOBI BKIIAI
(hOHOBOM OCBEIICHHOCTH OBIII HEBEJHK, HO MO3BOJISUT CJIETKA BUICTh KOHTY-
pBl 00BbEKTOB. B peanbHOCTH BET OJIMKOB OT UCTOYHHKA OJIMKA COBMAIACT C
I[BETOM CaMOr0 MCTOYHHKA CBeTa (IPAKTHYECKH HE 3aBHUCUT OT [IBETA MaTe-
puana), o3TOMy 3epKaTbHYI0 KOMIOHEHTY MaTepualia HMeeT CMBICI 3a/ia-
BaTh TPaJUCHTOM CEPOro (OCTPOTY ke OJIMKOB MOXXHO BapbUPOBATh C IO-
MoIIpI0 K03 durmenTa 61ecka). IIOCKOABKY JUIs MOSBICHHS OMKA HYKHBI
CTeUANBHBIC YCIOBHS, a (DOHOBAsI KOMIIOHEHTHI Majia, TO OOJIBIIYIO YacTh
PE3YJITUPYIONICH OCBEIIEHHOCTH BHOCUT UMEHHO JU(QYy3HAS COCTABIISIO-
1asi.

3ameuanue 1. B OpenGL y Bcex nepeMeHHBIX (BKJIIOYAs U TapaMeTphI
OCBEIICHUS) €CTh 3HAUCHUsI TI0 YMOJIYaHUIO. B 4acTHOCTH, MpH BKIIOYSHUH
namiiel NeO cBeT Oyzer OesibIM, IPH 3TOM CaMO MPOCTPAHCTBO OCTAHETCS C
TEM IIBETOM, KakuM ObUT ouuileH Oydep Kaapa (CBET B3aUMOJEHCTBYET
JMIIb ¢ 00BEKTaMH, & HE TIPOCTPAHCTBOM).

3ameuanue 2. IlepeMeHHBIE, KOTOPbIE 33Jal0T CBSI3aHHBIE C I[BETOM
3HAYEHUS, MPEICTABISIOT COO0M BEKTOpP M3 YETHIPEX BEIIECTBEHHBIX WITH
[EJIOYUCIICHHBIX KOMIIOHeHT (Mozxenb RGBA), mnpu stom anbda-
KOMITOHEHTa YUUTBIBAETCS TOJIBKO AJst Aupdy3Hoi KommoHeHTh. COOTBET-
CTBEHHO, INEPEMEHHBIE, KOTOpHIE 33Jal0T CBSI3aHHBIE C MOJOXKEHHEM WIIU
HaIlpaBJICHUEM 3HAYEHUS, MPEICTABIISIOT COOOW aHAJOTUYHBIA BEKTODP B
OJTHOPOAHBIX KOOpAMHATAX (€CNIM IOCIEeAHss KOMIIOHEHTa BEKTOpa paBHA
HYJIIO, TOT/Ia MCTOIIOJIOKEHNE PACCMATPUBAETCsl KaK HAIllPaBJICHUE).

3ameuanue 3. bynesckue 3HaueHus (GL_TRUE u GL_FALSE) mapaMeTpoB
MOTYT OBITH CTAaHIAPTHO TIpeoOpa3oBaHbl B enouncieHuse (1 u 0) u Bemie-
creernbie (1.0 u 0.0) u oOpatHo.
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MOJEJIb OCBEHIEHUA U AJI'OPUTM 3ATEHEHUA

B OpenGL ucmone3yercst Mmonens ocsenieHnst OoHTa, B COOTBETCTBHUH,
C KOTOPOH IIBET TOUKU OTIPEICIIACTCSI HECKOJIEKUMH (haKTOpaMH:

o cBoiicTBaMK Marepuana (BKI0Yas U BET 00BEKTA);
CBOMCTBaMHU TEKCTYPHI (31€Ch HE paCCMAaTPUBAKOTCH);
BEKTOPOM HOPMaJIH;

napaMeTpamMy MCTOYHHKA CBETA;

O O O O

MOJIOKEHUEM HAOIIIOHaTENs.

[Ipy BKJIFOYEHUU HECKOJBKUX HCTOYHHUKOB CBETa PE3YJIBTUPYIOIICE
3HAYEHUE MOXKET TPEBBICHTH CBOW MakcumyM (1.0 ajsi BemecTBEHHOTO
YHCIa), B 9TOM Clydae TMPONCXOIUT OTCEUeHHe 3Ha4YeHUs (BCe, 9TO OObIle
1.0 obpezaetcs nmo 1.0), uTo SKBHUBAIEHTHO YPQEKTY 3aCBETKH MPH POTO-
rpadupoBaHUH.

Bcenencrsue ucnonp3oBanusa Monens PoHra B KauecTBE MOIEIU OCBe-
HICHUS, JUTS y4eTa OCBEIICHHUS UCIOB3YIOTCSA TPU CTAHAAPTHBIX KOMITOHEH-
TBI OCBEIIEHHOCTH:

o ¢donosas (ambient);
o muddysuas (diffuse);
o 3epkaibHas (specular).

[TockonbKy pacueT TeHeH SBISETCS HETPUBUAIBHO 3aJadyeil, a MoAemb
®onra — sokanbHast, B OpenGL peanu3oBaH JIMIIb MPOCTEUIIMN BapHUaHT,
KOT/la OCBEIlleHNE (3aT€HEHHNE) PaCCUMTHIBAETCS HE3aBUCHUMO IS KaXKJIOTO
nonurona. Cama ke 3aKpacka rpaHeil BBIIOJIHAETCS 0 anroputMy ['ypo.

OnHoit 3 XapakTepHbIX ocoberHocTell ocsemenus B OpenGL sBiser-
Cs TO, YTO OHO MOJKET OBITh JABYXCTOPOHHHM (OCBEIIaTh HE TOJBKO JIHIIE-
BYI0, HO M HEJHUIIEBYIO [TOBEPXHOCTh), OAHAKO TAaKOW PEXHUM MPHUBOAMUT K
YABOEHHIO pacX0l0B HA MPOCUYET OCBEIICHUS.

3ameuanue. JIi1 KOPPEKTHOTO pacyeTa OCBEUICHHOCTH B TOYKE HEOO-
XOJTMMO UCIIONb30BaTh SMHIUYHBIC HOPMAIIH.
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THUIIbI UICTOYHUKOB OCBEHIEHUSA

ITockoneky Hcnonb3yeTcss Moenb ocBeleHuss PoHra, T0 HCTOYHUKH
cBeTa (JIaMIIbl) XapaKTEePU3yETCs] CBOCH UHMEHCUBHOCMbIO, KOTOPasi COCTO-
UT U3 QOHOBOH, MM PY3HOH U 3epKATLHON COCTABIIAIOIIECH AT KaXI0Hu U3
KOMITOHEHT LBeToBoi Mozaenun RGB (¢akTuyeckn, HHTEHCUBHOCTD M €CTh
nBet Jjamnbl). Beero B OpenGL peani3oBaHo 5 BHIOB HCTOYHHKOB OCBE-
HICHUS, OHU TIPUBEICHBI B Ta0M.7.

Tabnuua 7
THIBI HCTOYHUKOB CBETA

Tun Onucanue I'enepanus [Tapamerpsl
HCTOYHHKA OCBCILICHUS TEHEH 3aJ1aHUS
. PaBHoMepHOE
T'noGanbHbIN P NHTEHCUBHOCTD
. OCBEIICHUE HET
(hoHOBBIH (Tombko GoHOBAs)
BCETO MPOCTPAHCTBA
OMHUCCUOHHBII CamMmorocBeTKa HET NHTEHCUBHOCTD
PaBHOMEepHOE
. H3ITy4YEeHue HHTEHCHUBHOCTD
Toueynbrit eCThb
10 BCEM HaIPaBICHUSIM Io3unms
W3 TOYKHU
NHTEeHCHUBHOCTD
Wzny4yenue
[To3unus
. | xoHyca cBeTa
IIposxexkTopHBbIil €CThb Hampasnenue
10 HAIIPABJICHHUIO
Yron pacxoxJIeHust
W3 TOYKHU
Pacnpenenenue
PaBnomepHoe
. | m3ny4yenue HVHTEHCHUBHOCTD
Hamnpasnennsrit ecTh
B OJIHOM HarmpaBJICHUU Hampasnenue
13 OECKOHEUYHOCTH
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3AJAHUE OCBEIIEHUSA

Jnist 3amaHust OCBELICHUS B CLIeHe TpeOyeTcs:
1) BKJIIOYHTH PEKHUM OCBELICHHS;
2) HaCTPOHUTh MOJIEIb OCBEIICHHS;
3) 3amarh CBOMCTBA HCTOYHHUKOB CBETA;
4) 3anarh CBOWCTBA MaTepuaja MOBEPXHOCTH IPaHEH;
5) 3amaTh HOPMaJU K MMOBEPXHOCTH JJIsl K&XKON BEPUIMHBI TPAHH.

JInst 3a7jaHusl MapaMeTpOB OCBEIICHUSI MOTYT OBITh HMCIIOJIB30BAaHBI KO-
MaHZbl KaK C IEeJOYNCICHHBIMH MapaMeTpaMH, TaK M C BEIIECTBEHHBIMHU.
CooTBeTCTBEHHO, peoOpa3oBaHie 3HAYCHUIT BEIECTBEHHOTO BEeKTOpa (3a-
nanHoro B ¢opmare RGBA) B menouncieHHBIH BBITONHSIETCS MyTEM JIH-
HEHHOW uHTepronsuuu u3 auanazona [0,1] B mmamason [0, maxint], B
cllyqae APYroro Iuana3oHa COOTBETCTBYIOIIEE IEJOYMCICHHOE 3HAuYCHHE
He onpejesneHo. s NpoYnx BEIIECTBEHHBIX YHCET HEPEBOJ OCYIIECTBIIS-
€TCsl ITyTEeM OKPYIJICHHS IO OJIVDKAHILero HeJoro.

BKJIFOYEHUE PEJKHUMA OCBELEHUA

ITo yMomuaHUIO PEXUM OCBEILLEHUS BBIKIIOYEH B LIEJISAX SKOHOMUU pe-
CypcoB. BkiroueHHe/BBIKIIIOUCHUE PEKUMA OCBEICHUS BBITIONHSAETCS KO-
MaHgamMu  glEnable/glDisable ¢  ykazanmeM  HUACHTHUHUKATOPA
GL_LIGHTING. [lo 3TOro MOMEHTa yCTaHOBKA MapaMeTpOB OCBELICHHS Oy-
JIeT IPOUTHOPHUPOBAHA.

Bcero B 0MOIHOTEKE AOCTYIHO K KCIOJB30BAHUIO J0 8 MCTOYHHKOB
CBETa, KOTOpblE TAaKXE  BKIIOYAIOTCSA/BBIKIIOYAIOTCA  KOMaHIaMHU
glEnable/glDisable ¢ yKa3aHHEM COOTBETCTBYIOIIMX KOHCTAaHT-
UAECHTH(PHUKATOPOB:

GL_LIGHTO, GL_LIGHT1,...,GL_LIGHT7.
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34AHAHUE MOJEJIM OCBELJEHNUA

bazoBas Mmozaens ocBenieHus 3agaeTcsa komanaon gllightModel:
void glLightModeli (GLenum pname, GLint param ),
void glLightModelf (GLenum pname, GLfloat param ),
void glLightModeliv (GLenum pname, const GLint *params ),
void glLightModelfv (GLenum pname, const GLfloat *params ).

31ech epBEIM MapaMeTpoM (pname) yKa3bIBaeTCS UACHTU(PUKATOP TMa-
pameTpa MOJIENN OCBEIICHUs, a BTOPBHIM (param) — €ro HOBOE 3HAUYCHUE.
Kpatkoe onmcanne mapamMeTpoB KOMaH[IbI IPUBEAEHO B Ta0I.8. O4eBUIHO,
YTO C IOMOUIBIO JIByX NEPBBIX BAPMAHTOB KOMAaH/bl HEBO3MOXXHO YCTaHO-
BUTH BEKTOpP (POHOBOI KOMITOHEHTHI.

C noMoIbI0 JaHHOW KOMaH/IbI MOYKHO YCTAHOBHTH CIIEAYIOINE PEIKHU-
MBI PACUETOB OCBEIIECHUS

1. BKJIIOYNTE/BBIKIIOUNTE PEKHM KOPPEKTHOTO pacueTa YIJIOB
3€PKAILHOTO  OTpakeHUs (10  YMOJYAHHIO  CYMTAECTCSA, YTO
HAOJII0aTeNIh HAXOMUTCSI B OECKOHEUHO YAaJIeHHON TOYKE — B 3TOM
cllydae yriibl Beerja OyaeT mapaieasHeiM ocu 0Z).

2. BKIIOYHTH/BBIKIIOUNATE PEXUM ydUeTa HENWIEBBIX TpaHed (1o
YMOJTYAHHIO PACUeT OCBEIICHUS BBIMOIHSICTCSA JHIIb I JTHIIEBBIX
IpaHel, MOCKOJIbKY HEJWIIEBbIe I'PaHH Kak Obl HE JIOKHBI OBITh
BHJIHBI HAOJIOIATEIIO).

3. BKIIOYHTH/BBIKIIOYUTH PEKHM OTAEIBHOTO pacyera 3epKalbHON
KOMITOHEHTBI C 1[I0 MOCIIEAYIONIEr0 HAJOKEHHsI Ha TEKCTypy (1o
YMOJTYaHHIO, 3ePKAJIbHAS COCTABJISIOIIAs [IBETA BBEIYHMCIISICTCS BMECTE
¢ honoBoit u quddy3HOI).

4. 3anath 3HAaYCHWE WHTEHCUBHOCTH TJ00AIBLHOTO (HOHOBOTO
OCBEILICHHS, KOTOPOE HE SIBJISCTCS BKJIFOYaEMbIM HCTOYHMKOM CBETa.
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Tabnuna 8
Mapamerpst pynxuuu glLightModel

[Tapametp param

[MapameTp pname Omnucanue
(3HaueHHE IO YMOJTYAHUIO)

Koppekrthsriit
pacuer
3€pKaAIBHBIX
YTJIOB

GL_LIGHT_MODEL_LOCAL_VIEWER GL_FALSE wan 0.0

VYuer
GL_LIGHT_MODEL_TWO_SIDE HEJULEBBIX GL_FALSE win 0.0
rpaHei

OtnenbHbII
pacuer
3epKaJbHON
KOMITOHEHTBI

GL_LIGHT _MODEL_COLOR_CONTROL GL_SINGLE_COLOR

3HaueHne
rino0anbpHOI
(hoHOBOM
HHTEHCHBHOCTHU

GL_LIGHT MODEL_AMBIENT (0.2, 0.2, 0.2, 1.0)
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34AHAHUE TAPAMETPOB HCTOYHHKA CBETA

[TapameTpsl HCTOYHMKA CBETa 3a1at0TC KOMaHI0M glLight:
void glLighti (GLenum light, GLenum pname, GLint param),
void glLightf (GLenum light, GLenum pname, GLfloat param),
void gllLightiv(GLenum light, GLenum pname, GLint  *param),
void glLightfv(GLenum light, GLenum pname, GLfloat *param).

3mech nepBEIM mapamerpoM (light) yka3eiBaeTcs MACHTUDUKATOP HC-
toynuka (GL_LIGHT®, GL_LIGHT1,...,GL_LIGHT7), BTOPHIM U TPETHUM —
uaeHTH(HUKATOp TMapaMeTpa OCBelleHHs (pname) M €ro HOBOE 3HAUCHHE
(param). KpaTkoe ommcaHue mapamMeTpoB pname W param HpPHBEACHO B
Ta0y.9. OUYeBUAHO, YTO C MOMOIIBIO JBYX IMEPBBIX KOMaHJ HEBO3MOXKHO
MOJTyYUTh BEKTOPHBIE 3HAUEHUS TTapaMeTPOB.

Kaxxnplii MCTOYHMK CTaHAAPTHO 3aJa€TCS CBOEH MO3ULUEH U Tpems
KOMITOHEHTaMu u3nydeHus cBeta (poHoBo#, nuddy3HONW U 3epKaIBHOI).
Taxke CyIecTBYIOT JONOJHHUTENbHBIE HAOOpHI MapamMeTpoB sl 3aJaHus
MPO’KEKTOPHOTO BapHaHTa U 3aTyXaHHS C PACCTOSIHUEM.

[To yMOJIYaHUIO UCTOYHHK SIBIISICTCS HAMPABICHHBIM (TTOCIIETHSS KOM-
MOHEHTa BeKTOopa Mo3uuuu paBHa (), COOTBETCTBEHHO, NEpPBHIE 3 KOMIIO-
HEHTHI 3TOTO BEKTOpa 3aJ]al0T HalpaBJIEHHE CBETOBOIO M3IIyUEeHHUS

Jnst monydeHuss TOYEHOro HCTOYHHKA HEO0O0XOIMMO YCTaHOBHTH IIO-
CJIETHIOI0O KOMITOHEHTY BEKTOpa MO3UIMH B 1, B 3TOM cilyuae mnepBbie 3
KOMIIOHEHTHI JAHHOTO BEKTOpa 3a/1al0T MO3UIMI0 NCTOYHHUKA

[Ipo>keKTOpHBIN CTOYHUK MOYYaeTCsl, KOT/1a MOCHIeIHssI KOMIIOHEHTa
BEKTOpA MO3WITUHN YCTaHOBJIEHA B | ¥ 3a7aH MOIyyTroJ U3y4eHHs (Yyroi OT-
cedenus) B mpeaenax [0°,90°]. Ilomyyrom MOKeT MPUHSATE €I1e M HeBXOIs-
Iiee B yKa3aHHBIA nuamna3oH 3HadyeHue 180° — B 3TOM ciyuyae MpOKEKTOp
(haKTHUECKH CTAHOBHUTCSI TOYSYHBIM MCTOYHHUKOM, CBETSILM BO BCE CTOPO-
Hbl (Ha Bce 360°). Takke y MPOKEKTOPa MOKHO HEPEKIIOYUTh (POKYCHUPOB-
Ky MIPOKEKTOPHOT'O IISITHA ¢ KOHCTAHTHOTO HA AKCTIOHEH I AJIbHBIH.

3ameuanue. Ilo3unys v HanpaBlIeHNE OCBEIICHUS 3a/Ial0TCS B TEKYIIEeH
MOJICTTbHON CHCTeME KOOpAWHAT, HApuUMep, IMpHU MOBOPOTE CIICHBI HU3Me-
HUTCS ¥ TIO3ULUSI UCTOUYHUKOB.
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Mapamerpsr pynxnuu glLight

Tabnuma 9

ITapametp param

TTapame name Onucanue
PaMerp p (mo ymoyanuro)
®doHoBas
GL_AMBIENT (0,0,0,1)
COCTaBIIAIONIAS
GL_DIFFUSE Andpdysuas (1,1,1,1)
- COCTaBJIAOIIAs nns LIGHTO
6L SPECULAR 3epkansHas (0,0,0,1)
- COCTaBJISAIONIAs JUTSL OCTANIbHBIX
GL POSITION Koopaunater unu (0,0,1,0) }
- HalpaBJICHHUE (HampaBIICHHBIH)
IIpoxekrop:
GL_SPOT_EXPONENT (oKycupoBKa IsTHa, 0
[0,128]
[Ipoxekrop: 180
GL_SPOT_CUTOFF MOJIYyroJl U31y4CHMS, (KAK TOUCTHELH)
[0,90] u 180
GL_SPOT_DIRECTION TposxexTop: (0,0,-1,0)
HarpaBJIeHHe
GL_CONSTANT_ATTENUATION keonse =1
K WIACHTHI
GL_LINEAR_ATTENUATION 0>hprne Kiinear =0
- = 3aTyXxaHus
GL_QUADRATIC_ATTENUATION Kquaar =0
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34AJAHUE MATEPHAJIA

[Ipu pacdere ocBemIeHUS MPUMHUTHUBBI MPOCYUTHIBAETCS HHINBUIYAIb-
HO. COOTBETCTBEHHO, JIJIs1 KAKAOTO MPUMHUTHBA MOXKHO 3a]1aTh Mamepuan —
Ha0Op mapaMeTpoB JUIsl y4eTa CBETa, MPUXOJSIIEr0o OT MCTOYHUKOB OCBE-
IICHHS.

CpoiicTBa MaTepuana omnpenesitor (HoHOBYIO, Tu(QYy3HYIO, 3epKalb-
HYI0O M SMHCCHOHHYIO COCTaBJISIOIIYI0 MaTepuana U CMOTYT OBITh 3a/JaHbl
npu momorw GyHKIuH glMaterial:

void glMateriali ( GLenum face, GLenum pname, GLfloat param),
void glMaterialf ( GLenum face, GLenum pname, GLfloat param),
void glMaterialiv ( GLenum face, GLenum pname, GLfloat param),

void glMaterialfv ( GLenum face, GLenum pname, GLfloat param).

[Tapamerp face ompezgenser rpaHb, JUisl KOTOPOW YCTaHABIMBAIOTCS
CBOICTBa, MOKET MPUHUMATH OJTHO U3 CIEAYIOIINX 3HAUCHUMH:

v GL_FRONT (yu1eBasi rpaHsb);
v' GL_BACK (HenMIeBas IpaHb);
v GL_FRONT_AND_BACK (00e rpanu).

Kparkoe onmcanue mapamMeTpoB pname ¥ param npuBeneHo B Ta6:.10.
O4eBHIHO, YTO C MOMOILBIO ABYX IEPBBIX KOMAaHJ HEBO3MOXKHO 3aJaTh
BEKTOPHBIE 3HAYECHHS M1apaMeTpPOB. 3HAYEHHS MapaMETPOB MO YMOIYAHHIO
OJIMHAKOBBI KaK ISl JIMIEBBIX, TAaK M HE JUIS JHUIEBBIX T'paHel, mpu 3TOM
HeNuIeBble TpaHu (pexuM GL_BACK) oOpabaTbIBaroTCsl JUIIb MIPU BKIIIOYE-
HUH JIBYCTOPOHHETO OCBEIICHUSI.

Koadduiment Onecka ompezenseT "IIEPOXOBATOCTh" MaTepuaiia, sB-
JsieTcsl CTENEeHbI0 KOocHHyca B (hopMyIie 3epkaiabHOro otpaxenus. Kospou-
[IUEHT BIMSET Ha IJIOUab M APKOCTh OJIMKa, ISl METAJTTMYECKOil MmoBepX-
HOCTH €r0 3HaYCHUE JIOJDKHO OBITH OOJIbIIIE.

Kak y»xe roBopuiocs, mo100p 3Ha4eHUH apaMeTpoB MaTepHaia siBis-
eTcs HETPUBHAJBHOM 3ajaueil, He MOXKeT OBITh OAHO3HAYHO BBIMOJHEH.
[Ipumep Takux HaOOPOB 3HAUEHWH TpuBeAeH B Tabm.11.
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ITo ymon4aHuio, Npy BKIFOUEHUH OCBEIICHUS UTHOPUPYETCS TEKYLIUN
1BET, 3aaBaeMblii kKoMmaHAod glColor. COOTBETCTBEHHO, LBET OOBEKTa
3a/1a€TCs CBOMCTBAMM MaTepHUana.

Ho, BKiIrOUMB ynpaBieHUE CBOMCTBOM MaTepHajia ¢ MOMOILBIO TEKYIIe-
ro LBETa, MOXKHO U3MEHATh OJHY M3 XapaKTEpUCTUK MaTepuana KOMaHI0N
glColor. DTOT MOIXOA MOXET OBITH MOJIC3CH MPH YaCTOM HU3MEHEHUH OJ-
HOH U3 KOMIIOHEHT MaTepUaa.

Brurrouenne/BBIKITIOUEHIE TAHHOTO PEXXAMa CTAHIAPTHO BBITOIIHSAETCS
KoMmaHzaMmu glEnable/glDisable ¢ mapaMmeTpoM GL_COLOR_MATERIAL.

Br16op KOMIOHEHTHI MaTepualia, KOTOpPYI TpeOyeTcs MEHSATh TaKuM
00pasoM, BEITIOTHAETCS KoMaH0i glColorMaterial:

void glColorMaterial ( GLenum face, GLenum mode ).
3aecs mapameTp face ompenensieT rpaHb, AJi1 KOTOPOW yCTaHABIMBA-
FOTCSI CBOMCTBA, MOXKET IIPUHUMATH OJJTHO U3 CIAEAYIOIIMX 3HAUCHUI:

v' GL_FRONT (surieBas rpaHb);
v' GL_BACK (HenMIeBas IpaHb);
v’ GL_FRONT_AND_BACK (06e rpaHu, 3HaUEHHE [0 YMOJIYAHHIO).

[TapameTp mode ompenenseT M3MEHSIEMYI0 KOMIIOHEHTY Marepuaia U
MOJKET IPUHUMATH CIIEYIOIINEe 3HAUEeHHS:

v GL_EMISSION;
GL_AMBIENT;
GL_DIFFUSE;
GL_SPECULAR;

RN

GL_AMBIENT_AND_DIFFUSE (3HaueHHME [0 YMOTYAHHMIO).
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Tao6numa 10

Mapamerps! pynxmun glMaterial

ITapamerp param
[TapameTp pname Omnucanne
(3HaYeHHE 1O YMOTYAHHUIO)
doHoBas
GL_AMBIENT (0.2,0.2,0.2,1)
KOMITIOHCHTAa
GL_DIFFUSE Audysnas (0.8,0.8,0.8,1)
KOMIIOHCHTAa
GL_SPECULAR 3eprarpnaz (0,0,0,1)
KOMIIOHCHTAa
GL_EMISSION ImHCCHOHHAS (0,0,0,1)
KOMIIOHEHTAa
Koappuuunenr
GL_SHININESS Onecka, 0
[0,128]

GL_AMBIENT_AND_DIFFUSE

AHaoru4eH JABOITHOMY BBI30BY (DYHKITHH
glMaterial ¢ OAMHAKOBBIMU 3HAYCHUIMU
nmapaMmeTpoB 11t GL_AMBIENT u GL_DIFFUSE
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IIpumep HaGopoB 3HAYEHHUI MAapaMeTPOB MaTepuaja

Tab6nunma 11

HasBaHue ®oHOBAA KOMMOHEHTA Inddy3Haa KomnoHeHTa Onddy3Haa KommnoHeHTa Bneck
Usympyr | ©.0215 | ©.1745 | ©.0215 | ©.0756 | ©.6142 | ©.0756 | @.6330 9.7278 0.6330 0.6
Py6un 0.1745 | ©.0117 | 0.0117 | ©.6142 | 0.0413 | ©.0413 | ©.7278 0.6269 0.6269 0.6

Obcumman | ©.0537 | 0.0500 | 0.0662 | 0.1827 | ©.1700 | ©.2252 | ©.3327 0.3286 0.3464 0.3
Kemuyr 0.2500 | ©.2072 | 0.2072 1 0.8290 | ©.8290 | ©.2966 0.2966 0.2966 | 0.088
Mens 0.1912 | ©.0735 | 0.0225 | ©.7038 | 0.2704 | ©.0828 | ©.2567 9.1376 0.0860 0.1
3onoro 0.2472 | ©.1995 | 0.0745 | ©.7516 | 0.6064 | ©.2264 | ©.6282 9.5558 0.3660 0.4
Cepebpo | ©.1922 | ©.1922 | ©.1922 | ©.5075 | ©.5075 | ©.5075 | ©.5082 9.5082 0.5082 0.4
Bpomsa 0.2125 | ©.1275 | 0.0540 | ©.7140 | 0.4284 | ©.1814 | ©.3935 0.2719 0.1667 0.2
[lnactuic ° 0 0 0.01 0.01 0.01 0.5 0.5 0.5 0.25
YEepHBIH

[Lnactuic ° 0 0 9.055 9.055 0.055 0.7 0.7 0.7 0.25
Oenblit

[lnactuic 0 0 0 0.5 0.5 0 0.6 0.6 0.5 09.25
JKEJITbIN

[lnacrui ° 0 0 0.5 0 0 0.7 0.6 0.6 .25
KpacHsbIit

[InacTix 0 0.1 0.06 0 0.5098 | ©.5098 | ©.5019 0.5019 0.5019 | ©.25
roinyboi
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PACYET HOPMAJIEH

st mpaBUIIBHOIO OCBEILEHUS HOPMAIHM IMOBEPXHOCTH JIOJKHBI UMETh
€IVMHUYHYIO [UIMHY W 3aJaBaTbCsl HENIOCPEICTBEHHO IIEpEX 3aaHUEM BEp-
mnHbl (Oyay4n aTpuOyTOM BEPIIMHBI, HOPMAaJIbh MOXKET 3a/1aBaThCsl BHYTPH
OIlepaTopHEIX CKOOOK glBegin/glEnd). Ilpm HEOOXOAMMOCTH HOpPMAJb
MOXHO 3a/1aBaTh OJUH Pa3 Iepej I'PYNIIONW BEPUINH, TOIAA Y BCEH IPYIIILI
HOpMaJb OyJeT OIMHAKOBA.

ITockonbpKy BepIIMHBI 334AFOTCS MOCIE BBIIOJHEHUS! MOACIBHBIX Ipe-
o0Opa3oBaHMA, HOPMaJIM B 3TUX BepIINHAX U3MEHSTCA aHajJoruuHo. Boccra-
HOBJICHUE HATPaBJICHUS HOPMaJIH aBTOMAaTUYECKH BBIMONHSAETCS OUOIHOTE-
KO, OJJTHAKO M0 YMOJIYaHUIO PEXUM aBTOMATHUYECKOIO0 HOPMUPOBAHHUS BEK-
TOPOB HOpPMAaJIEH BBIKIIFOYEH.

s KOPPEeKTHOTo pacueTa OCBEIICHHs TpeOyeTcs eIUHHYHAs JUTHHA
HOpMaJIeld, HO, B IPUHIIHIIE, BO3MOXHA padoTa M C HeSAMHUIHBIMU HOpMa-
JISIMU — TTIaBHOE, YTOOBI JUITMHA Y HUX OblIa OMHAKOBOH. B 00mem ciydae,
IpOLEAYypa HOPMAIU3ALMU 3AKIIIOYAETCS B CICAYIOLIEM: CHAYAJIA BBIYUCIIS-
€TCs JUIMHA BEKTOpAa HOPMAJM, a 3aT€M KaXkJas KOMIIOHEHTa BEKTOpa Je-
JUTCSL HAa 3TO 4Mcio. JlaHHas mpoueaypa BBIYUCIUTENBHO 3aTpaTHa, M03TO-
My B psjie ciydaeB, Hampumep, npu padore co cdepamu, UMEET CMBICI
BPYYHYIO HOPMHUPOBATh (BCE KOMIIOHEHTHI TIOJICTTUTh HA Paguyc cepsl), He
npuderas K Mpoleaype aBTOHOpMaTH3allHH.

BrurrodueHune/BEIKITIOUEHHE  peXXMMa aBTOHOPMHUPOBAHUS — HOpMalel
CTaH/IapPTHO BBIMIOJIHACTCS KOMaHI0M glEnable/glDisable ¢ mapamMeTpom
GL_NORMALIZE. Ha puc.18 npezacrasieH npumep pactepusaiuu chepbl co
BKJIFOYEHHBIM U BBIKIIOYEHHBIM PEXUMaMH HOPMaJM3allUM, IJIMHA 3a1a-
BaE€MbIX HOpMAaJIEH paBHsJIACH PAUYCY.

Ho B OpenGL Taxxe npeaycMOTpeH U aIbTePHATUBHBIN (YCKOPEHHBIN)
pEeXUM aBTOHOpMalIM3aluu — GL_RESCALE_NORMAL, KOTOPBIM TakX e BKIIIO-
YaeTCsl U BRIKJIIOYAeTCs KoMaHaaMmu glEnable u glDisable. B atom ciyuae
Ka)Kaas KOMIIOHEHTa BeKTOpa OyJeT YMHOXeHa Ha OJHO M TO K€ YHMCIIO,
W3BJICUEHHOE W3 MATPHUITHI MOJETLHBIX IIpeoOpa3oBanmii. JlanHas mporeny-
pa paboTaeT KOPPEKTHO TOJIBKO B cilydae, KOr/ia HOpMaJld MaclITabupoBa-
JINCh PABHOMEPHO M U3HAYAIIbHO UMEIIN €UHAYHYIO JUIMHY.
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IMockonbky OpenGL mo3BossieT 3a7aBaTh IEIOYUCICHHBIE HOPMAIH,
3HaYe€HHEe KOMIIOHEHT BEKTOpa aBTOMATHYECKH MacmTaOupyeTcsl B CTaH-

JIAPTHBIN BEIIECTBEHHBIN tuana3oH [- 1,1].
BexTtop HopManu 3amaercs komaHaod glNormal3 (B 3aBUCHMOCTH OT
THUIIA UCTIOJIb3YEMBbIX TaHHBIX):

void glNormal3b ( GLbyte nx, GLbyte ny, GLbyte nz );

void glNormal3bv ( const GLbyte *v );

void glNormal3d ( GLdouble nx, GLdouble ny, GLdouble nz );
void glNormal3dv ( const GLdouble *v );

void glNormal3f ( GLfloat nx, GLfloat ny, GLfloat nz );
void glNormal3fv ( const GLfloat *v );

void glNormal3i ( GLint nx, GLint ny, GLint nz );

void glNormal3iv ( const GLint *v );

void glNormal3s ( GLshort nx, GLshort ny, GLshort nz );
void glNormal3sv ( const GLshort *v ).

HopmupoBaHue HopmupoBsaHue
BbIKNHYEHO BHAHYEHO

Puc.18. BnusiHue HOpMUPOBaHUST HOpMAJIEH.
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IHHOJYYEHHUE CTATYCA IAPAMETPOB OCBEILIEHUMA

IMockonbky 6ubmmotexka OpenGL sBnsieTcs KOHEYHBIM aBTOMATOM, CO-
CTOSTHUE OMOJIMOTEKH B JIF0O00H MOMEHT BPEMEHH SBJISETCS ONPEACIICHHBIM.
Kaxpiii mapameTp OMONMMOTEKHM WHULIMANM3UPOBAH 3HAUYCHUEM T10 yMOI4a-
HUIO U MOXKET 6I)ITI) N3MCHCH U IMPOBCPCH COOTBCTCTBYIOIMMU KOMaHJaMU.

[Ipumepamu Takux MapaMeTpoB SBISIOTCS PACCMOTPEHHBIE paHee Ia-
pamMetpsl ocseuieHus. [IpoBepka pexxuMOB Ha BKJIFOUEHHOCTb U IOJIYYEHUE
TEKYIIUX 3HAYCHUH MapaMeTPOB BBHIMOIHICTCS C MOMOIIBIO YaCTUYHO Ty0-
JUPYOIIMX ApYyr Apyra KoMmaHn glIsEnabled, glGet, glGetlLight wu
glGetMaterial:

GLboolean glIsEnabled ( GLenum cap ),

void glGetBooleanv ( GLenum pname, GLboolean *params
void glGetIntegerv ( GLenum pname, GLint *params
void glGetFloatv  ( GLenum pname, GLfloat  *params
void glGetDoublev ( GLenum pname, GLfouble *params
void glGetLightiv ( GLenum light,
GLenum pname, GLint *params ),
void glGetLightfv ( GLenum light,
GLenum pname, GLfloat *params ),
void glGetMaterialiv( GLenum face,
GLenum pname, GLint  *params
void glGetMaterialfv( GLenum face,
GLenum pname, GLfloat *params
rue:
cap — UACHTH(UKATOP PEKUMA OCBEIICHUS,
light — naeHTH(HUKATOpP HCTOYHHUKA CBETA,

face — uneHTH(UKATOP MOBEPXHOCTH MaTepHaa,

pname —

uaeHTudukaTop napamerpa,

params — 3Ha4YCHUC MaTCpuraia (a;[pec nepeMeHHoﬁ NI BCKTOpa).
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CTATYC MOLEJIA OCBELJEHUA

VY3HaTh TeKyllee 3HAYeHHE MapaMeTPOB MOJIETH OCBEIIEHUS MOXHO
MyTEM BBI30Ba KOMaHIbI glGet, KpaTKoe OMUCAHUE MapaMeTPOB KOTOPOI
npuBeAeHo B Ta0i.12. Kak MOXHO BHACTH, C TIOMOIIBIO TAaHHONH KOMAaHIBI
MO>KHO MOJIYYUTh U CTATyC OCBEICHUS .

Tabnuma 12

IMapamerps! pynxuuu glGet

ITapameTp pname

ITapamerp param

GL_LIGHTING

ByHeBCKOG 3HA4YCHHUE, ITIOKA3bIBAOIICEC
BKJIIFOUCHHOCTDH PEKMMa OCBCIICHUA

GL_LIGHTO -+ GL_LIGHT?7

ByJ'IGBCKOC 3HAYCHUC, ITOKAa3bIBAOIICE
BKJIIFOUCHHOCTb YKa3aHHOI'O UCTOYHHKA CBCTA

GL_MAX_LIGHTS

HeHO‘IHCHeHHOC 3HAYCHHUE, ITOKA3bIBAIOIICEC
MAaKCHMAJIBbHOC KOJIHYCCTBO UCTOYHHUKOB CBCTA

GL_LIGHT_MODEL_AMBIENT

Bekrop B popmare RGBA, conepxaruii
3Ha4YeHHe T100aNbHON (HOHOBON KOMIIOHEHTHI

GL_LIGHT _MODEL_LOCAL_VIEWER

Bynesckoe 3HaueHune, MOKa3bIBAIOIIEE
BKITFOUEHHOCTh PEKHMa YIPOIIEHHOTO
pacdeTa yTiioB 3epKajJbHOTO OTPaKEHUS

GL_LIGHT_MODEL_TWO_SIDE

bynesckoe 3HaYeHUE, MOKA3bIBAIONIEE
BKJIFOUEHHOCTb PEXXHUMA yueTa
HEJMLEBbIX IPpaHel
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CTATYC HCTOYHHKA CBETA

VY3HaTe TeKyllee 3HAYCHHE MapaMeTpOB MCTOYHHMKA CBETA MOYKHO IIy-
TE€M BbI30Ba KOMaHJbl glGetlLight, mapamerpsl KOTOPOM AHAJIOTHYHBI I1a-
pamerpam glLight. B Tabmn.13 mpuBeneHo KpaTKoe OMUCAHUE MapaMeTpOB
pname wu param. IIpu 3ToOM 3Ha4YeHUS NO3ULUU U HAIPABJICHUS JIAMIIbI
MOXKET HE COBIANATh C UCXOAHBIMU BCJIEACTBUE UCIIOJIB30BAHUS MOJAEIBLHO-
BUIOBBIX ITPE0Opa30BaHM.

Tabnuma 13
Hapamerps! pynkuun glGetLight
ITapamerp pname ITapamerp param
GL_AMBIENT BexTop B (I)OpMaTeu RGBA, conepxarii
3HaYCHHUE (POHOBON KOMIIOHEHTHI
GL_DIFFUSE Bekrop B popmare RGBA, conmepxaruii

3HayeHue AupGy3HONH KOMIIOHEHTHI

Bekrop B popmare RGBA, conepxarii

GL_SPECULAR »
3HAaYCHHUC 3€PKaJIbHON KOMITOHCHTBI

Bexrop B popmare XYZW, comeprxamuit
3HaYCHHE TIO3UIUH JTAMIIBI

GL_POSITION

LII/ICJ'IO, IIOKa3bIBAIOIICC

GL_SPOT_EXPONENT
3Ha4YeHHe (POKYCUPOBKH ISITHA ITPOKEKTOPA

LII/IC.]'IO, IIOKa3bIBArOIICC
3HA4YCHUC yTJIa IIPOKEKTOPA

GL_SPOT_CUTOFF

BexTtop B popmare XYZW, conepxarimii
3Ha4YCHHE HATIPABICHUS IIPOKEKTOpa

GL_SPOT_DIRECTION

Yucno, moka3bIBaroIiee

GL_CONSTANT_ATTENUATION
3HaYCHHE TIOCTOSHHOTO (aKTOpa 3aTyXaHUs

Yucno, moKa3bIBaroIee

GL_LINEAR_ATTENUATION .
3Ha4YeHHE JINHEHHOTO (paKkTOopa 3aTyXaHusI

Ywncno, moka3sIBaIoNIce

GL_QUADRATIC_ATTENUATION
3HaYeHNE KyOMIeCcKoro GakTopa 3aTyXaHHUs
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CTATYC MATEPHAJIA

VY3HaTh TeKyllee 3HaYCHNUE TapaMeTpOB MaTepHasla MOXKHO IIyTEM BBI-
30Ba KOMaHJbl glGetMaterial, mapaMeTpsl KOTOPOW aHAJIOIMYHBI I1apa-
MmeTpam glMaterial. B Ta0mn. 14 npuBeneHo KpaTkoe OMMCaHHUE MapaMeTPOB
pname H param.

[IpoBepuTh BKIIOUEHHOCTH pEXHMMa ydyeTa IBeTa 00BbeKTa MpH pacdere
OCBEILIEHUS MOXKHO IIyTEM CIIEAYIOILIETO BBI30BA:

glIsEnabled ( GL_COLOR_MATERIAL ).

Tabnuua 14
Mapamerpsl pynknuu glGetMaterial

ITapameTrp pname ITapamerp param

Bexrop B popmare RGBA, conepxammuit

GL_AMBIENT o
- 3HauCHHE (POHOBOH KOMIIOHEHTEI

Bekrop B popmare RGBA, conepxarii

GL_DIFFUSE .
- 3HaueHne T Py3HONH KOMIOHEHTHI

Bexktop B popmare RGBA, conepxamuit

GL_SPECULAR o
3HAYCHME 3€pKaJIbHOU KOMIIOHEHTEI

Bexrop B popmare RGBA, conepxamuit

GL_EMISSION N
3HAa4YCHHUEC YMUCCHOHHON KOMITIOHCHTBI

LII/IC.]'IO, IIOKa3bIBAIOIICC
3HA4YCHUC HICPOXOBATOCTHU MaTCpraJia

GL_SHININESS

CTATYC OCBELEHNUA U ABTOHOPMHWPOBAHUA

[IpoBepky BKJIFOYEHHOCTH OCBELICHHUS M JaMIl YAOOHO BBIOJIHATH KO-
MaHioi glIsEnabled, yka3aB B KauecTBE 3HAUEHUS MapaMeTpa cap HJCH-
tudukaTop ocemeHHOCTH (GL_LIGHTING) wmimm sammbel  (GL_LIGHTO,
GL_LIGHT1,...,GL_LIGHT7). [lanHas ¢yHkums Bo3Bpamaer GL_TRUE, ec-
JIM BKJIFOYEH yKa3aHHBIN peXUM, HHaue BO3BpalaeT GL_FALSE.

C moMoIbIo 3TOH ke (PYHKIMHM MOKHO MPOBEPUTH M BKIIOUEHHS pe-
JKMMa aBTOHOPMHUPOBKH HOpPMAJIEH:

glIsEnabled ( GL_NORMALIZE ).
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HHPUMEP PEAJ/IM3AIIMU OCBEINEHUSA

Jus Toro, 9To0BI yke Ha MPaKTHKE PACCMOTPETh OCOOEHHOCTH pealn-
3anuu ocsemeHus B OpenGL, HeoOXoauMO co3[aTh COOTBETCTBYIONIHMNA
Kapkac rpa)u4ecKoro NpuiaoKeHus. Y Jo00Hee BCEro 3To cAenaTh ¢ UCIONb-
3oBanuneM Oubnmotekn GLUT. IIpumep koma npuseneH [Ipunoxenun A.
3nech QyHKIMsA LightOn BKIIOYAET HYXKHBIM UCTOYHHUK CBETa, a DrawObj
BBI3bIBACT (DYHKIIUIO OTPUCOBKH O0BEKTa (Cephbl UM IFIOCKOCTH), UX KO
SIIEMEHTapeH.

OyHKIMKM pUCOBaHMS IUIOCKOCTH (B BHJAE KBaJpara, COCTOSILIErO U3
MHO)KECTBA MAJIBIX KBaJpaToB) M C(epbl MPUBEICHbI COOTBETCTBEHHO B
[Ipunoxennn b u [lpunoxkenun B. Ob0a 00bekTa OTPHUCOBBIBAIOTCS UYETHI-
pexyroibHUKaMH. B mpuHImne, st 3aganust KBaapara J0CTaTOYHO U OJHO-
ro 4eThIPeXyrolbHUKa, HO TOraa mpomaaaeT 3¢dexr OmukoBaHUs MOBEPX-
HOCTH.

DyYHKIMU BKIFOYCHUS/BBIKIIOYCHHST U HACTPOMKU PA3JIUYHBIX JIAMIT
npuBeseHsl B [Ipunoxennu I'. Y HyseBoit laMIbl ocTaBlieHa TONBKO (OHO-
Basi COCTaBJISIONIAL, a Y APYTUX JIaMIl — quddy3Has U 3epKajibHasl.

Ha puc.19 — puc.26 mpuBeneH psja NPUMEPOB, AEMOHCTPUPYIOLIHX
BIIMSIHUE PA3JIMYHBIX WCTOYHUKOB CBETA M WX NApamMeTPOB Ha OCBEIICHHE
cepbl U IIIOCKOCTH.

Ha pwuc.19 u puc.23 mis mwiockoct U chepbl MOKa3aHbl TPUMEPHI HC-
NOJIb30BaHUs Pa3IMYHBIX THIIOB MCTOYHHKOB CBeTa. BHUIHO, 4TO OJHOBpE-
MEHHOE BKIJIIOYCHHE JIBYX HECOTJIACOBAHHBIX JIPYT C JIPYTOM HCTOYHHKOB
NPUBOIUT K 3P EKTy 3aCBEUMBAHUS YUaCTKa IMOBEPXHOCTH, I7Ie UX MHTECH-
CHUBHOCTb MaKCHMaJbHa.

Ha puc.20 u puc.24 nokazano BiausiHue 3 dexra yracaHus jiyda ¢ pac-
CTOSTHHEM JIJIsl TOYEYHOT'O MCTOYHHKA C MOJI0OPaHHBIMH MTapaMeTpaMHu 3aTy-
XaHWUSL.

Ha puc.21 u puc.25 nponeMOHCTpUPOBaHO BIMSHUE yTJIa pacupocTpa-
HEHHsI CBETA JIISl TIPOXKEKTOPa, a Ha puc.22 U puc.26 — BiusHUE (POKYCH-
POBKH (pacrpeneneHusi HHTEHCUBHOCTH BHYTPH IIATHA) IPOXKEKTOPA.

64



OceeweHue MOHOBBIA
EBIKKYEHD MCTOUHMK

HanpaeneHHbii MNpomerTopHbIA ToueuHbIi
MECTOUHMWEK MCTOUHMK MCTOUHMEK

HanpaeneHHbIiA
M MpOMEKTOPHBIA

Puc.19. OcgelieHne rpaHy pa3InIHBIMU JIAMIIAMH.
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DD

3aTyxaHue 3aTyxaHue
3aTyxaHuA NIMHeHoe KBagpaTUuHOe

Puc.20. Ocpelienne rpaHd TOYCYHOH JTaMITON C 3aTyXaHHUEM.

Yron 30° Yron 60° Yron 90°

Puc.21. OcpelieHne rpaHy IPOKEKTOPOM C Pa3HbIMU YTIIAMHU.

®okyc=0 ®okyc=3 ®okyc= 30

Puc.22. OcpelieHne rpaHy IPOKEKTOPOM C pa3HO# (HOKYCHPOBKOH.
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OceeweHue (DoHOEbIN
EbIKAKUEHD MCTOUH MK

HanpaeneHHbii MpoMeKTOpPHBIA ToueuHbIA
MCTOUHMHE HMCTOUHME MCTOUHMHE

HanpaeneHHbi
M TOUEUHbIM

Puc.23. Ocgeiienne cdepsl pa3InIHBIMU JIAMIIAMH.
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bes3zaTyxaHun 3aTyxaHue 3aTyxaHue
NUHeHHOe KRANDATHUUHGOS
Puc.24. Ocpenienne cdepsl ¢ TOYCUHOM JTaMIION 3aTyXaHUEM.

Yron 10° Yron 20° Yron 40°

Puc.25. OcBemienne cdepbl MPOKEKTOPOM C pa3HBIMHU YTIIaMHU.

®okyc=0 ®okyc= 40 ®okyc= 128
Puc.26. Ocgeienue cdepnl IPOKEKTOPOM C pa3HO# OKYCHPOBKOA.
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HNPUJIOKEHHUE A.
KAPCKAC ITPUJIOXEHUA

#include "glut.h"

/* pa3speweHne okHa */
GLint Width = 400;
GLint Height = 400;

/* BekTopa ANA CBOWCTB oOcCBelleHMA U maTepuana */
float nul[] = { @, 0, 0, 1 };

float one[] = {1, 1, 1, 1 };

float min[] {90.1, 0.1, 0.1, 1 };

float max[] { 0.9, 0.9, 0.9, 1 };

/* OYyHKUMA VHMUMANW3aUUM pexumoB ABOWHON Gydepusauuv u
ocBelleHna */

void Init(void)

{
if( !'gliIsEnabled(GL_DEPTH_TEST) ) glEnable(GL_DEPTH_TEST);
if( !'glIsEnabled(GL_LIGHTING) ) glEnable(GL_LIGHTING);
if(!glIsEnabled(GL_NORMALIZE)) glEnable(GL_NORMALIZE);

/* OTKA4YeHue rnobanbHOro ocBelleHUa */
glLightModelfv( GL_LIGHT_MODEL_AMBIENT, nul);
}
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/* OyHKuuA BbiBOAA Ha 3KpaH */
void Display(void)

{

glClearColor(@, 0, 0, 0);
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);
Init();

Lighton();

DrawObj();

glFinish();

}
/* OYHKUMA W3MeHeHUA pa3MepoB OKHa M BblMNopTa*/
void Reshape(GLint w, GLint h)

{

Width = w; Height = h;

glViewport(e, 0, w, h);
glMatrixMode(GL_PROJECTION); glLoadIdentity();
glortho(-w/2, w/2, -h/2, h/2, -10000, 10000);
glMatrixMode(GL_MODELVIEW); glLoadIdentity();
}

/* TonoBHaAa nporpamma */
void main(int argc, char *argv[])
{
glutInit(&argc, argv);
glutInitDisplayMode (GLUT_RGB | GLUT DEPTH);
glutInitWindowSize(Width, Height);
glutCreateWindow("OcBeweHune");
glutDisplayFunc(Display);
glutReshapeFunc(Reshape);
glutMainLoop();

70



INPUJIOKEHHUE b.
OYHKIMA PUCOBAHMA TNIOCKOCTHU

void DrawPlane()

{

glMaterialfv(GL_FRONT, GL_AMBIENT, max);
glMaterialfv(GL_FRONT, GL_DIFFUSE, max);
glMaterialfv(GL_FRONT, GL_SPECULAR, nul);
glMateriali(GL_FRONT, GL_SHININESS, 100);

float s = 360;
float so -s/2, s1 = -s0;
float ds s / 1000;

glNormal3f( @0, 0, 1 );
glColor3f(1, 1, 1);

glBegin(GL_QUADS);
for (float x = s@; x < s1; x += ds)

{
for (float y = s@; y < sl; y += ds)
{
glVertex3f(x Y , 90);
glVertex3f(x , Yy + ds, 0);
glVertex3f(x + ds, y + ds, 0);
glVertex3f(x + ds, y , 9);
}
}
glEnd();
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ITPUJIOKEHUE B.
OYHKIMA PUCOBAHNA COEPHI

float get_sin(float fi)
{
const float pi = 3.141592;
float rad = fi * pi / 180;
return ( sin(rad) );

}

float get_cos(float fi)
{
const float pi = 3.141592;
float rad = fi * pi / 180;
return ( cos(rad) );

}

void DrawSphere()

{

glMaterialfv(GL_FRONT, GL_AMBIENT, max);
glMaterialfv(GL_FRONT, GL_DIFFUSE, max);
glMaterialfv(GL_FRONT, GL_SPECULAR, max);
glMateriali(GL_FRONT, GL_SHININESS, 100);

/* caBur coepbl Braybp */
glLoadIdentity();
glTranslatef(0,0,-300);

float s = 500;
float r = 150;
float d = 360 / s;
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glBegin(GL_QUADS);
for( float te = 9; te < 180; te +=d )

{

float to@ = te;

float t1 = te + d;

float z0 = r * get_cos(t0);

float z1 = r * get_cos(tl);

for( float fi = 0; fi < 360; fi +=d )

{

float fo = fi;

float f1 = fi + d;

{ // BepxHsas nonycdepa
float x0 = r * get_cos(f@) * get_sin(tl);
float x1 = r * get_cos(fl) * get_sin(tl);
float yo = r * get_sin(f@) * get_sin(tl);
float y1 = r * get_sin(fl) * get_sin(tl);
glNormal3f(x@, yeo, z1); glvertex3f(x0, yo, z1);
glNormal3f(x1, y1, z1); glvertex3f(x1, y1, z1);
}

{ // HuxHAas nonycdepa
float x1 = r * get_cos(f@) * get_sin(t0);
float x0 = r * get_cos(fl) * get_sin(t0);
float y1 = r * get_sin(f@) * get_sin(t0);
float y@ = r * get_sin(fl) * get_sin(t0);
glNormal3f(x@, yo, z0); glvertex3f(x0, yo, z0);
glNormal3f(x1, y1, z9); glvertex3f(x1, y1, z90);
}

}

}
glEnd();

}
73



HPUJIOKEHHUE T
OYHKIMA 3AJAHIA JIAMIT

/* BkniwdeHune namnbl N@: doHoBaa nopcBeTka */
void SetLamp@(bool on)

{
glLightfv(GL_LIGHTO, GL_AMBIENT , min);
glLightfv(GL_LIGHT@, GL_DIFFUSE , nul);
glLightfv(GL_LIGHTO, GL_SPECULAR, nul);
if(on) glEnable(GL_LIGHTO); else glDisable(GL_LIGHTO);
}

/* BkuoyveHue namnbl N1: HanpaBieHHbd cBeT */
void SetLampl(bool on)
{
float dir[] ={ 90, 0, 1, 0 };
gllightfv(GL_LIGHT1, GL_AMBIENT , nul);
gllightfv(GL_LIGHT1, GL_DIFFUSE , one);
glLightfv(GL_LIGHT1, GL_SPECULAR, one);
gllightfv(GL_LIGHT1, GL_POSITION, dir);
if(on) glEnable(GL_LIGHT1); else glDisable(GL_LIGHT1);
}

/* BknoyveHue namnbl N2: ToYeuyHblh cBeT */

void SetLamp2(bool on)

{
float pos[] = { 200, 200, 300, 1 };
glLightfv(GL_LIGHT2, GL_AMBIENT , nul);
glLightfv(GL_LIGHT2, GL_DIFFUSE , one);
glLightfv(GL_LIGHT2, GL_SPECULAR, one);
glLightfv(GL_LIGHT2, GL_POSITION, pos);
if(on) glEnable(GL_LIGHT2); else glDisable(GL_LIGHT2);
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/* BkuodeHue namnbl N3: npoxeKTopbHW cBeT */
void SetLamp3(bool on)
{
float pos[]
float dir[]

{ 200, 200, 300, 1 };
{ -200, -200, -300, 0 };

glLightfv(GL_LIGHT3, GL_AMBIENT , nul);
glLightfv(GL_LIGHT3, GL_DIFFUSE , one);
glLightfv(GL_LIGHT3, GL_SPECULAR, one);
glLightfv(GL_LIGHT3, GL_POSITION, pos);

glLighti(GL_LIGHT3, GL_SPOT_EXPONENT, 30);
glLighti(GL_LIGHT3, GL_SPOT_CUTOFF, 20);

glLightfv(GL_LIGHT3, GL_SPOT_DIRECTION, dir);

if(on) glEnable(GL_LIGHT3); else glDisable(GL_LIGHT3);

/* BknwdeHue namnbl N4: ToOYeuYHbli CBET C 3aTyxaHuem */

void SetLamp2f(bool on)

{
float pos[] = { 200, 200, 300, 1 };

glLightfv(GL_LIGHT4, GL_AMBIENT, nul);
glLightfv(GL_LIGHT4, GL_DIFFUSE, one);
glLightfv(GL_LIGHT4, GL_SPECULAR, one);
glLightfv(GL_LIGHT4, GL_POSITION, pos);

glLightf(GL_LIGHT4, GL_CONSTANT_ATTENUATION,
glLightf(GL_LIGHT4, GL_LINEAR_ATTENUATION,

glLightf(GL_LIGHT4, GL_QUADRATIC_ATTENUATION,

0);
S5e-3);
0);

if(on) glEnable(GL_LIGHT4); else glDisable(GL_LIGHT4);

75



BUBJIUOTIPAOUUYECKHNN CIIMCOK

1. 3adopooicnoiii A.I. BBeneHue B IBYMEPHYI KOMIBIOTEPHYIO Tpaduky c
ucnonp3oBanuem oubnmmorekn OpenGL: yueOHoe mocobue / A. I'. 3a10p0oxKHEI,
. B. Barun, 0. . Komxkuna. — HoBocubupck: Mzn-so HI'TY, 2018. — 102 c. —
Pexxum moctyma: https://elibrary.nstu.ru/source?id=73094.

2. 3adopooicnvrii A.I. BBeneHre B TPEXMEPHYIO KOMIIBIOTEPHYIO TIpaduky ¢
ucnonb3oBanuem 6ubnmorekn OpenGL: yue6Hoe mocobue / A. I'. 3amopoxHbIi,
M. T. Tlepcona, 0. U. Komkuna. — HoBocubupck: Uzn-so HI'TY, 2018. — 99 c. —
Pesxxum nocryma: https://elibrary.nstu.ru/source?id= 75699.

3. Pooarcepc /] MaTtemaTtnieckue OCHOBBI MamuuHO# rpaduku /| J[. Pomxepc,
Jx. Agamc. — M.: Mup, 2001. — 604 c.

4. 3anozosa JI.A. Komnbrotepras rpaduka / JI. 3amorosa. — M., 2005. — 319 c.

5. Jeecmapes B.M. VwxeHepHas M KOMIIbIOTEpHas rpaduka: ydeOHHK /
B.M. Jlertsapes, B.I1. 3atsuisHukoBa. — M., 2010. — 238 c.

76



COILEPKAHHUE

OU3NYECKOE OCBEHIEHUE ..........ccccooevviiiieeee, 3
1237910207 (1S 7 631 4 4 ()3 1% (ST PRSP 5
(05:15710):16)% 08 1 (0 X0 ) URRRRRR 7

B3anmMoaerlCcTBUE C TOBEPXHOCTBIO ...oeeeeerernevvrvreeeenss. 7
3aTYXaHHUE C PACCTOSTHHMEM .....vvvvreirvreeessrnneessreeesssnenennes 8
[IpoOaeMa BEIOOPA OCBEILIEHHUS «....ccevvvrervreenreernreesnneennns 9
| RS 0 ) Y (=) & 91 €210 1 O 9
TPEXTOUCTHOE OCBEITICHUE ...vvvvveirvieeessvrneesnrneessnenenns 10

BUPTYAJIbHOE OCBEILEHUE.................cocuvvnrnnnee, 12

OCHOBHBIE€ THIBI HCTOYHUKOB CBETA ....cevvvvnrererranenrenns 15
DOHOBBIN HCTOUHHK ......ccevvvvvvviiieieseeesereesssssnssssessees 16
OMHUCCHOHHBINA HCTOUHHK .....ccvvvnnreeeirrineeerersnseesesnnnns 16
TOYCUHBIA MCTOUHHK ......cevvvvvvvnneseseeesereesssssnnsseessenes 16
TTpOKEKTOPHBIN UCTOTHHK ..vveervvereivrnnesvreeesssnnessnenes 17
HanpaBiaeHHBIN HCTOUHHK ....ocovvereiivvieesiineesineeesnnnns 17
OOBEMHBII HCTOUHHK ......cooovieiieiiiiieiiieeeeeeeeeeeee e 17

DaKTOPBI, BIUSIOUIAE HA OCBEILIEHHOCTD ......vvvvveennnee 18
A= (530 1 00) 00 (01110533 0% 5 (U 19
V4YeT HECKOIBKUX MCTOYHHKOB.......cevvneeeirrnnrereensanss 19
VUET BATYXAHHUS ....evveiiviee et 20

HOPMATIH ... 21
PacdeTr HOpMaJIel B TUIOCKOCTH ...ocvvvveennvreeesninnesnnenns 22
Pacuet HOopMarsield B TpeXMEepHOM MPOCTPAHCTRBE ..... 23

77



D deKT CrmakuBaHUST HOPMATICH ... vevvvveerireeriveeine 25

BinsHre MOJENBHBIX IPEOOPAZOBAHUM ......oeveveee 26
TPEXKOMIIOHEHTHOE OCBEIICHHUE .....vveeervveeeaireeesereaennn 27
DOHOBOE OCBEIILIEHUE .....cvvveeeiireereeeeriinseesessnsessesnanns 28
JUPDY3IHOE OCBEIICHUE ....veenveereviireeneeeieesieesieeeneenns 28
3EPKATTBHOE OCBEILCHHUE .....ceenvvreeinrieaasnrrnassureeeasnnneess 30
MOJEJIM OCBEILEHUS........cccviiiiiiieicc e 31
OCHOBHBIE MOJIEIIH . ...cevvruneeeeeesneeesessssseseesnsseesessansessenes 33
Mogenas @onra (Phong) ......cccecvvvvieiiciiecic e, 33
Monens bimana-®onra (Blinn-Fong) ..................... 34
Mogens JlamGepTa (Lambert) ........cccveeviiieiiiieennnen. 35
Mogerrb Wrap-AroUNd.........ccccocvevereenenenneeie e 35
MUKPODACETOUHBIC MOMCIIH «...vvvvveeanveeeireesireesnreeeseneas 36
Y [0 3 () 8 M 1= LU LT 37
Mogenab Oren—Nayar .........cccccovvee e 37
Mozieab CooK-TOIMANCE. .....ueeveieeeeiieeeieceee e 38
AHHU3OTPOITHBIE MOJICITH .vvvvveeesssreessssnesssssnessssensssnenens 39
Y £03 (3§ SRV 1 (e TR 39
J\Y, (61 (S 6 30\ 51013 V= 1<) o AT 39
HedoTopeanmuCTUYHBIE MOJEIH .....ccvevveeieeerireenieeneeee 40
Mogeas Toon Shading.......cccccevvviiveiieciecc e, 40
Monenu Gooch u Hemispheric lighting................... 40
Monens Bidirectional Lighting ..., 40
Monens Lommel-Seeliger model ..o, 40
AJITOPUTMBI BATEHEHUA ..o, 41
TTITOCKOE BATEHEHHUE ......vvvveiviieeeeiiee st esiee e e 42



3aTEHEHHE MO ['YPO..oviiiiiiiiiiiiiciec e 43

3aTECHEHHUE TTO DOHTY ...vvviivrieeiiiieesiiiessieeessireeessseeeeens 44
PEAJIN3AILIA OCBEHIEHUA B OPENGL............... 45
Mopenb OCBELIECHUS U AITOPUTM 3aTEHEHUS................ 47
THUIIBI HCTOYHHKOB OCBEIIECHM ... vevveevveeenreeeeeeesenenns 48
BATAHUE OCBEILICHUIS «..evvvneeeeerneeeseesnssessesnssessesnnnsessenes 49
BxitodueHNE peKIMa OCBEIICHHUS ....vvvvevrvveeeinvreensnnnns 49
3aaHUE MOHEIT OCBEILIEHMM ... . eeeeeeeeeeeeernneeeeennnnss 50
3aaHne MapaMeTPOB UCTOUHHUKA CBETA .....vveervvennnne 52
3aTAHUE MATEPHATIA ...vvveerereeeenrenesnneeesnneessnneessneeens o4
PacueT HOPMATIEH.......cccvveiieeiie e 58
[Tonyuenue crtaTyca mapaMeTpOB OCBEILICHHUS .............. 60
CTaTyC MOJICTT OCBCIICHMS ... vvveirvreeessvrnessnrnnesssnnenns 61
CTaTyC HCTOUHHKA CBETA .vvvervreresvrreessnnesssnnessnsnenns 62
CTaTYC MATCPHATA ....vvvveervreessirenessieeessneesssnesssssenens 63
Craryc OCBEIICHHS 1 ABTOHOPMUPOBAHHUS ............... 63
[TPUMEP PEAJIM3AIIMN OCBEIIEHUA.................. 64
[MTPUJIOXEHMUME A. Kapckac NpUIOKEHHS ..........cvee.... 69
[MPMJIOXKEHUE b. ®yHkuus prucoBaHust MIOCKOCTH .. /1
[MPMJIOXKEHUME B. ®ynkiuus pucoBanus cQepsl......... 72
[TPUJIOKEHMUE I'. ®yHKIMY 3aJaHUAS JAMI................ 74
BUBJINOI' PAOUYECKUI CIIUCOK .........oocvreneen. 76

79



3anoposkHbiii Asexcanap I'ennaagbeBuy

MOJEJIX OCBEHIEHUSA U AJITOPUTMBI 3BATEHEHUSL
B KOMIIbIOTEPHOM I'PA®UKE

YueoHoe mocodue

B asmopckoii pedaxyuu

Brinyckaronuii penakrop U.I1. bpoBanosa
Jun3zaitn oonoxku A.B. Jlagppkckas

Hanorosas nerora — O0riepoccuiickuiil KiaccupukaTop MPOAyKIIHH
N3 nanue coorBercTBYeT Koay 95 3000 OK 005-93 (OKII)

[Monnucano B meyats 08.12.2020. ®opmat 60 x 84 1/16. Bymara odcerHast.
Tupax 100 5x3. Yu.-u3a. 1. 4,65. [Teu. 1. 5. M3a. Ne264/19. 3aka3 Ne 49
Llena oroBopHast

Otrneyarano B THHOTrpaduu
HoBocubupckoro rocyaapcTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA
630073, r. HoBocubupck, mp. K. Mapkca, 20



