YUEBHA I
MACTEPCKAS

Huckapes Anexceii Banepvesuu

O TPACCHUPOBKE JIVUEN

OnnuM u3 HaubGomnee a(pGeKTUBHBIX
Crioco60B TOCTPOCHHS PEATHCTHYECKHUX H30-
OGpaxeHuii Ha OCHOBE TMIIOTETHYECKUX CLIEH
ARIAETCA TAK Ha3bIBACMbIH METOJ] TPACCUPOBKH
Aydelt (ray tracing).

Yenoseueckuil a3 “BHAHT’ pa3iWyuHbIE
IPEAMETHI H3-3a TOTO, YTO OH MOIIOLIAET CBe-
TOBBIE JIY4H, OTPAXEHHBIE OT 3THX PEIMETOB.

€TO/l TPACCHUPOBKHM JIy4e€H CBOLHUTCH K
MOJIC/IMPOBAHMIO “‘CyibOBI” JTyya, BBIMYILEH-
HOrO UCTOYHUKOM CBeTa. BrinmymeHHsrit syu,
pacnpocTpaHssICh MPAMOJIMHENHO, I1aJaeT Ha
Kako#-Hubynp u3 06bexTOB cueHs. Ha
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TIOBEPXHOCTH 3TOTO OOBEKTA JIyd YaCTHYHO
OTPAXAETCs, YACTUIHO ITONIOIAETCS, YACTHYHO
npeyomnserca. Takum obpasoM, oGHapyXuB
MaJleHAE HEKOETO Jiyda Ha OObEeKT CIEHBI, HaM
BMECTO OJHOTO CJICJyeT Jajiee OTCIIeXUBATh
YK€ 1Ba JIyya: OTPaKeHHBIH 1 IPEIOMIICHHBIA.
Kaxnoro u3 HUX XJIET aHAJTOTHYHAS yYacTb.
C nmpoXoXJIeHHWEeM pacCTOSHMS Jiyd CBeTa
3aTyXaeT, ¥ MBI OTKa3bIBaeMCsl OT JajbHenIen
€ro “TpaccUpOBKY” (OTCIIEKMBAHMSA), ECITH OH
CTAHET CJMLIKOM cnabbiM. MbI JJOJKHBI Tpac-
CHpPOBaTh KaXJbli OTHEIbHBIA Jyd U HM
MOPOXIEHHBIE IO TOH TMOPBI, [MOKAa MBI HE
o6HapyXuM, 94TO OH moman B “rma3” x
TUIIOTETHYECKOMY HabmofaTeTio (Torua cieayer
OTMETHUTH, KaKylo “UH(popManuin” oH ¢ coboi
NPHHEC), WIM YTO OH NOTYX C MPOHIEHHBIM
paccTosiHUeM, WIM YTO OH HE MajaeT HU Ha
OlMH OOBEKT CLEHbI (TO €CThb YHOCHTCH B
GECKOHCYHOCTD ).

MeToz OTCNeXHBAaHHS JIyda OT MOMEHTa
BBIXOJA €ro U3 MCTOYHHKA CBETA IUIOX TeM,
4TO GOJBUIMHCTBO BBIMYINEHHBIX NydYeii
HHUKOIJa He MOMagyT B Ina3 Habomarens;
HEBO3MOXKHO IIPEJICKA3aTh, MONAJET O4ePENHON
Jiyd B r1a3 win HeT. ITosToMy vaine npakTu-
KyeTcst METOJ *‘00paTHOI™ TPacCHPOBKH JIyyeid,
KOTOPBIA OOBIYHO M IOHUMAETCSI TIOJ Ha3BaHHEM
“rpaccuposka sydeit”. B Mertone obpaTHoit
TPACCHPOBKH OTCIIEXMBAETCS, OTKY/A HPHUIIIEN
JIy4, TOI ONpeJeNeHHbIM YIIIOM TONABILINK B
a3 nabmonartens. (IIpaBUIBHOCTL TaKOro
1101X01a OGBACHIETCS IPUHLMIIOM 06paTHMOC-
TH XOfla Jlydya CBETa, KOTOPhIH [JIACHT, YTO
Jyd, “ABUTasch” B MPOTHBOIIOIOXHOM HAIIPAB-



JICHHH. NPOMACT B MPOCTPAHCTBE TOT Ke CaMbiii
nyThb.) BolacHsieTcs, kakoii 06bekT 6611 rocey-
HHM Ha ITyTH Tyya. CBeTOBas 9HEpIws, nonaswas
K HaOITIOTaTeNIo OT JaHHOM TOYKH ITOBEPXHOCTH
HalIeHHOTO 00BeKTa, CK/TaZIbIBACTCS U3 OHEPIMH
JIy4ei, KoTopble 6bLTH B 3TOif TouKe OTpaXeHBI
WM TNPEJTOMIEHbI, 33 BBHIYETOM 9HEpruu,
[TOITIOLLIEHHOH OOBEKTOM.

OcHoBHas 3azaua merona TPACCHPOBKH
JIy4eH 32KTI0YaETCH B TOM, YTOGK! OIIPENE/THTh
OCBCIIEHHOCTb HEKOEH 3aNaHHON TOUKY Ha
IOBEPXHOCTH MPOM3BOMBLHOIO 06BEKTa W
ONpPENe/NTh, H3 Yero sTa OCBeUIeHHOCTS
Ccnoxuinacs. OBeyHO pPaccMaTpHBaeTcs ocpe-
IIEHHOCTD HEMoCpeICcTBeHHAY (nepeuynHas), to
€CTb HMEIOLLIAA MECTO BCIIeACTBHE NaNeHus Ha
IOBEPXHOCTh 00bEKTa MPAMOro cBeTa o
MCTOYHHKOB, H OCBEILEHHOCTD BTOPHYHasi, TO
€CTb OT APYTHMX OGBEKTOB CLIEHBL.

Pacemorpuym 101pobHee npouecce omnpene-
JICHUS OCBeIeHHOCTH. [TycTh Mpl OIIpE/eITHIIH,
YTO HEKHH JIyY | Homar K Hawm B 7143, MoObIBaB
B Touke A nosepxnoctn Q. B Touke A
BOCCTAHOR/IEH [EPIIEHIUKYIAP N, OTMeYeHD JIy4
TIA/LAIOLIEro CBeTa I, Ty t CBeTa, NPOHHKAIOLEro
U3 “HUXHelr” CPElbl, Yrojl NajgeHus CBera o, u
Yronm oTpaxeHus csera f3, a Takxe YTOIT ) MEXILy
JIydOM t v Hopmasblo n (cxema 1). Yrobsr
OIIPEJIENNTh OCBELLIEHHOCTH HoBepxHocTH Q B

cuensl. Ecim nepecekaercs, To mbt ne CTaHeM
paceMatpuBath npsiMoe ocBemmeHue Toykn A
COOTBETCTBYIOIMM HCTOYHHKOM, Hns onpe-
JICTICHAA OCBEIUCHUS TOYKH A MCTOYHUKOM S
CIENYCT BLIYHCIHTB Yrom ¢ (cw. cxemy);
TIOHATHO, 4TO, YeM MeHbIUe yron 0, TeM bonee
SIPKOH BHIHTCS HaM TouKka A. Iosromy mns
ONPEAIC/ICHUA NIPIMOTO OCBEINEHHUS TOYKH [1o-
BEPXHOCTH HEOOXOAUMO 3amaThCs HEKOTOpOii
byskumeii p, KOTOpasd ompenensiia 6b1 ocge-
LUCHHOCTh TOYKM A B 3aBHCHMOCTH o yrna
®; npn ©=0 p npunumaer OIpejeneHHoe
TO/IOXHTEbHOE 3HAYEHNUE, TIpH ¢, Bo3pacTalo-
Iuem ot 0 10 7/2, p MOHOTOHHO YMEHbIIAETCS
210 Hynst. Yaine Beero B kauecTse Takoj hyHKIHH
Gepyr ONMPENRJIEHHYI0 HATYPATBHYIO CTeneHs
KocuHyca @: p=cos" ¢. B rakom cllyyae
TOKa3aTens n uMeHyercs “koapuunentom
DoHra”; uem Gonbimee 3HAaYEHHE ITOro Koadh-
tumuenTa Mt HasHaumM, Tem GbicTpee Gyner
ClIafaTh OCBELIEHHOCTh TOYKY ¢ POCTOM @, Tem
VX, CTano Geit, Gyner cBeTOBOE msiTHO Ha
MOBEPXHOCTH.

Onpenennm HHopManmio, HPHHOCHMYIO
JyqoMm r. Jlnst »Toro u3 touyky A BbInycTHM
Iy B HAlDaBNICHUM, IIPOTHBOIOTOKHOM I, H
OTCIeanM ero cynb6y aHaToruyHo Jiydy i. Tax
K€ MOCTYIUM C yqoM t.

Borumciss pasnuunsie COCTaBJIAIOIIHE

TOYKe A, HaligeMm OCBELIEHHOCTH, MpI
OTICJIbHbIE COCTaB- s rn ¢ ONepupyeM BeKTopamu
JIFI0UIHE 3TOH OCBe- ﬁ" P . B TPEXMEPHOM mpo-
LIEHHOCTH, [IPHBHOCH- \‘\\( P e ¢Tpancree. Takumuy
MBIC JTydaMH L H T , a Q ONepauHsIMH HeBO3-
TaKXe IonbiTaeMcs ; MOXHO TOYHO BBISICHUTD
ONpEeaeTHTh OCBe- X nuddysuse Kommo--
LEHHOCTh [IOBEPXHOCTH HEHThI OCBEILEHHOCTH,
BCJIEICTBHE IHDys3- TaK KaK JUI 3TOro npu-
HBIX OTPaXcHHS W wnock Gel paborare ¢
Cxema 1

HpEJIOMIIEH .

Onpezenny npamoe OCBELIEHHE TOYKH A
HCTOYHHKaMH cBeTa. UToGbl 3T0 caenath, wis
KaXIOoro HMCTOYHHKa cBera S MOCTPOUM
OTpe30K AS M nposepuM, He 1epecexaercs
71 3TOT OTPE30K ¢ KaKHMU-THGO 0GheKTaMu

GeckoHeuHEIM yncOM
BEKTOpOB. [losTomy MmbI g KOMIIeHCauH
9TOl “notepu” BBogMM Tak Ha3bIBaeMyro
“¢onoBYyIO” OCBCIIEHHOCTb: HMYeM He
3aTCHAEMBIN CBET, Manammii Ha HOBEPXHOCTH
P4BHOMEpHO 110 BeeM HanpapneHmsM.
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Honcqmas PATUYHBIC DJIEMEHTBI OCBEHICH-
HOCTH, CJIEOyeT CIIOXHTHh HX BOCIHHO. HJISI
TAKOr'o CJIOKEHHUS BBOIATCH BECOBBIC KOBCb(bH-
1MeHTH (POHOBOM, 3ePKATbHOM, OTPAXKEHHOMH

——————————————————————

NpeIOMIIeHHBIN. DTH JiBa JTy4a TPACCUPYIOTCS
aHaJIOrMYHO NepBoMy. MBI OTKa3bIBaeMCsl OT
OTC/IeXHBaHHsE HOBOrO JIyda, KakK TOJBKO
CTaHET MOHATHO, YTO B KOHEYHYIO KapTHHY

OH HE IPUHOCHT 3aMETHOrO

Hocty. OO1Lasi OCBEILEHHOCTh
TOYKH MOBEPXHOCTHU
BBIUMCJIAETCS KaK CyMMa

U [PeJIOMJIEHHOH OCBELICH-

BKJIafia: 3TO TOrAa, KOrja
HOBBIH JIyd CT&I CJAMILKOM
JIUIEKUM “‘TIOTOMKOM” [IEPBOIO

OTJEIBbHBIX COCTABIIAIOILMX,
npudem Kaxpas Gepercs c

Jiyya, Wik KOrJa HOBBIM JTy4
HOJIXKEH TIPOMTH CIIMILIKOM

COOTBETCTBYIOIIHM KO3(- 6onbuiOoe paccTosHHUE,
¢puuuenrom. K mpumepy, 4yTOOBl TONACTh- B HALIE
eClii  ONpejesieHo, YTo N n300paxeHue.
3ajlaHHasd MOBEPXHOCTb He Ha Bropoii cTpaHuue
OTpaXaeT CBET, TO KO3(- 00/10KKH NPUBEJIEH NIPUMED
(DHLIMEHT BKTalia OTPAKEHHOIO KapTHHbI, TOCTPOCHHOH €
Jyda Ha3HAYAETCH DABHBIM Cxema 2 NpUMEHEHHEM  MeETOola
0OpaTHO¥ TPACCUPOBKH JIyueid.

HYTIO, ¥ TOrJa Ha OOILyio
OCBELIEHHOCTh HEe INOBIUAeT HH(popManus,
MPUHECEHHAs! JIYIOM T.

PacnipocTpaHeHHe cBeTa B OJHOPOIHOH
cpele NPOUCXOLUT NPSAMOJHHENHO MU C
HOCTOSIHHOM cKopocTeio. Ilpu srom ceer
3aTyXaeT, ¥ 3aTyXaHWe 3TO IIPOUCXOMMT IO
9KCIMOHEHUMAIBHOMY 3aKOHY, TO €CTh C
MPOXOXIEHHEM JIIOOBIX IBYX PABHBIX IO JUTHHE
OTpPEe3KOB IYTH B OJHOM M TOM X€ Cpelie CBET
3aTyXxaeT B OJHO M TO Xe KOJHYEeCTBO pa3.
WHTEHCHBHOCTB CBETA, MPOILEIIEr0 PACCTOSHUE
LI=1,e™. 3necs I, - HayanBHAd MHTEHCHB-
HOCTb CBeTa, B - K0o(pHLUUEHT 3aTyXaHuA
(CBOWMCTBO Ccpefpl pacHpocTpaHeHHs). DTo
00CTOATENBCTBO YYUTHIBAETCS NPH MOICYETE
uH(pOpMaUMH, NPUHOCUMOH BHOBb BBHINYC-
KaeMBbIM JIyJOM: IotoBasi 1upa JOMHOKAETCS
Ha e M.

Takum 06pa3oMm, /1l IIOCTPOEHHs TTOJIHOTO
n300paxeHus CUEHbl CleNyeT uepe3 KaxkIIbik
nuKcen Oyaymieid KapTHHBI BBITYCTHTB JIyd M
OTCJIEAUTS MOCIeIHEe [IepecedeHue 3TOro JTyya
¢ obbeKTaMu cleHbl. Jlamee creiyer pacyer
NPSIMOI OCBEIIEHHOCTH HaifleHHOro ofbexTa
UCTOYHMKaMH cBeTa. [ocne 3TOro BhITyCKaloTCs
JUTs1 TPACCUPOBKH JIyuH, M3 KOTOPBIX UCXOIHBIN
nony4wics  Kak

OTPaXeHHBIH WK
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B npocTpaHcTBe CLEHBI pacnoniokeHa ‘komMHara”
W3 IIECTH IUIOCKOCTEH, pasHBIX 110 CBOMCTBaM,
CTEK/JIsHHAs KOJIOHHA, 1Ba LIapa: MaTOBbIH
KpacHBIi M ITISTHUEBBIN 3€JIeHbIH, H MCTOYHHMK
cBeTa (cxema 2).

st mpuMepa Ha BTOPOM CTpaHMLE obmox-
KM TIPUBEJCHbI B KAYeCTBE PUCYHKOB 2 U 3
1300paXKeHHs TOM e CLIEHBI, YTO ¥ Ha PHCYHKE 1.
Konurypanus CueHsI Ta Xe, U TaK Xe pacrojio-
KeH “Habmofatens”’, HO B CLIeHe Ha PUCYHKeE 2
0OBeKTH He OTpaxaroT cBeTa (Ko3th(hHIMEHTH
BKJIaJa A OTPaXeHHOro Jydya JUIsS BceX
00BEKTOB PaBHBI HYJIO); B IIpocueTe n3obpaxe-
HHs CLIEHBl HA PHCYHKe 3 TIPUMEHEHa MeHee
iyOOKasi peKypcHs NPH TPACCHPOBKE JTydeil:
Ha puCyHKe | i KaXmIoro HCXOAHOIO Jyda
OTCITEXUBATHCH €0 “IOTOMKU” IECATOrO “Kore-
Ha”, a HA PUCYHKE 3 - TOJIBKO BTOporo. Takxe
Ha pUCYHKe 3 /Ui KPacHOro Iapa 3aiaH 6onee
BBICOKHMIf, ueM Ha pHuCyHKe 1, xoaduument
@oHra; OOpaTHTE BHUMAHHE, YTO CBETOROE IIATHO
Ha KPacHOM Llape Ha PHCYHKe 3 yXe, 4yeM Ha
pucyHke 1.

Ins Gonee MOAPOOHOIO O3HAKOMIIEHHS C
BO3MOXHOCTSIMH METOIa TPACCHPOBKY JIyueH 6e3
TIOTPYXEeHH s B BO3MOXKHbIE HACYILIHBIE NPOOGIeMBI
MOXHO MOYHTATh KHUTH, IPHBEJEHHEIC B
CIIUCKE JIUTEPATYPHI.
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