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AHHOTaUuA

B crathe mpencraBieHa TEXHOJOTHS, IIpeIHA3HAYCHHAS I
co3fanus MHTepHeT-IpunoKeHuii MaluHHON IpaduKu, KOTOphIe
HO3BOJIAIOT TOJb30BaTelsiM VIHTepHET BBHINONHATH (DH3UYECKU
aKKypaTHOE MOJEIUPOBAHUE INI00ANbHOM OCBELICHHOCTH CLEH U
MONy4aTh  BBHICOKOKAYECTBEHHBIE  H300paXEHUs, a  TaKxkKe
MPOU3BOAUTH ONEpallil PeJaKTHpoBaHUA creH. Ha Gase stoit
TEXHOJIOTMU OBUI CO3JaH IPOrpaMMHBIA KOMILUIEKC, Ha3HAUCHUE
KOTOpOTro — pa3paboTKa aKTUBHBIX HMPE3EHTALUil WM CEPBUCOB,
JOCTyl K KOTOpBIM  OCYyLIECTBIseTca depe3 lIHTepHer.
PaccmatpuBaloTcsi  apXMTEKTYpHBIE,  TEXHOJNOTHMYECKHE M
OporpaMMHBIC  pemieHusd, obecreuuBaromue 3ddexTuBHOE
MOJIENIUPOBAHUE OCBELICHHOCTH, (HOTOpeamTucTUIeCKOe KauecTBO
n300pakeHUH, pasyMHOe BpeMs OTKIUKa Ipu pabore VHTepHeT-
TIPHIIOKEHHN.

Knrouesnte cnosa: pearucmuunvle u306pasxcenus, 2n0o6arvHas
0C8eWeHHOCmb, Mpaccuposku aydel memooom Monme-Kapio,
HUnmepnem, pacnpedenennvie 6blUUCICHU.

1. BBEAEHUE

B Hacrosmee BpeMs IIUPOKOE PACIPOCTpPaHEHHE MOIydHIa
NpPaKTHKa MPEJCTABICHNUsS NPOAYKTOB, W3JEIHH, TEXHOIOTHH Ha
caifrax Vntepuet. Kak npaBuiio, Ha Takux caitax pasMeInaroT He
TOJBKO TEKCT, HO U OOIIMpHBIE Taleper U300paXKeHWH W/WIN
MYJIbTUMEIUIHBIX JaHHBIX, YTO IIO3BOJIIET IIOKa3aTh CBOICTBA,
KOTOpble TpPyJHO IiepeiaTb B BepOanbHOH Qopme (CTHIIb,
9CTETUYHOCTb, SPrOHOMUYHOCTD U T.I.). Hanpumep, Ha caiite [1]
TIPEJICTABICHB! H300PKEHUS Pa3THMIHBIX MOJeNel aBToMoOuIei
Jaguar; moceruTenb caliTa MOXET BpamiaTh H300pakKeHUS,
ocMaTpuBas MOZENb CO BCEX CTOPOH, '"HOTHMMATh' WM
"ormycKkaTh" OTKHIHBIC KPBIIIK KaOPHOJECTOB U T.N. AHAJIOTHYHO,
caiit [2] npexacTaBisier Moxenu aBTomobmnelr Honda, rie Takxke
MOXKHO  TPOCMAaTpHBaTh  H300pakeHHs W aHHWMAIWH,
MOKa3bIBAIOIINE BHUJ M3AENUS HPH PA3INYHBIX ONIMAX IIBETa
KOpIlyca, BHYTPEHHEH OTIENKH, ChEMHBIX 3JIeMeHTOB. lIpumep
Hpe3eHTald U3 APYroif 00JIacT! MOXKHO HAWTH Ha caiire [3], rie
MOKa3aHbl BO3MOXHOCTH Jnaboparopuu Virtual Reality Design
Lab mo cBeTOTeXHHYECKOMY AM3aiHY TeaTpaIbHBIX IOCTAHOBOK.
Pa3memeHHble Ha caliTe M300pakeHHS IOTYyYCHBI HAa OCHOBE
MOJENUPOBAHUS OCBEIIEHHOCTH B CLIEHAX, IPeACTaBIIIOMINX
peanbHble  TeaTpalbHbIE 31l  C  COOTBETCTBYIONIMMHU
JEKOpalMsIMH  TPH  33JaHHBIX  YCIOBUSX  OCBEIICHHS.

MopenupoBaHue OBUIO BBIMOJIHEHO C HCIIONB30BAHHEM CHCTEMBI
Radiance [4].

B ynoMsiHYTBIX Tpe3eHTaluusIX, Kak 1 Ha apyrux Web-crpanumax
MOJOOHOTO poOJa, HCIOJB3YIOTCS MNOATOTOBJICHHBIE 3apaHee
BBICOKOKAYECTBEHHBIE ¢dororpadun WA HU300paKeHHS,
MOJly9eHHBIE B pe3ylbraTe MozenupoBaHus. OdeBHIHO,
MIPE3CHTALMH MOXKHO OBUIO OBI C/1enaTh 00Jiee CONePKATSILHBIMU
u  MHOOPMATHBHBIMH, €CJIM TPEIOCTaBUTh CPEICTBA  JUIA
JIUHAMHYECKOTO MOJIEJIMPOBAHUSI U CHHTE3a W300paKeHHH INpH
3aJJaHHBIX 10JIb30BATEJIEM YCIIOBUSIX OCBEILEHHS, OKPYKECHUS HIH
(OHOBOW CIICHBI, OMNIMH BHEUIHEH WM BHYTPEHHEH OTICIIKH
W3JeHN U JIp.

TexHonorusi, o0CykaaeMasi B HACTOSIICH CTaThe, HAMPABICHA Ha
pewenne aaHHOM mpoOiemel. Ha 0aze aTol TexHONOruu ObuI
pealt30BaH MPOEKT, Ybel LeTbI0 ObLIO CO3JaHHe IPOrPaMMHOIO
KOMIUTEKCa, TIpeJHa3HAuYeHHOro Juisi pas3pabotku HHTepHeT-
MIPUIOKEHUI MallTMHHON rpad)MKu, NO3BOJISAIOIINX CHHTE3UPOBATh
peanucTUuHble H300paXKeHHs CIEH Ha OCHOBE aJFOPUTMOB
(GU3MYeCKH aKKypaTHOTO MOJENUPOBAHMS OCBELIEHHOCTH, a
TaKKe BBIMOJHATE HEKOTOpBIE JEHCTBHS IO pPEJaKTHPOBAHUIO
creH. B pamMkax JaHHOTO TpOEKTa B OTAeNle MAaIIMHHOH rpaduxn
WucturyTa npuxnagaoi matemaruku (UIIM) mm. M.B. Kengpima
PAH Obin pa3paboTaH NporpaMMHbBIM KOMILIEKC, MOJIyYMBIIUH
nasBanue LKernel (Lighting Kernel). IIpumeHeHre TpHIIOKEHUI
Ha OCHOBE 3TOTO POTPaMMHOT0 KOMILIEKCa MO3BOJISIET CO3/1aBaTh
aKTUBHBIC VIHTepHET-TIpe3eHTanny, T1e NMOCeTHTENb calTa cam
MOXET BbIOMpAaTh BCEBO3MOXKHBIE ONIMH  BH3yalH3allWy,
MOZICIUPOBaTh  CLEHY, a COOTBETCTBYIOLIME H300paKeHHs
CHHTE3HpYIOTCS B IIpolecce ceanca pabotsl B UuTepHet. OnHO 13
€CTECTBEHHBIX MPHIOKEHNH MPOTrpaMMHOTO KOMIUIEKCA - 3TO
CpelcTBO  mpenocTaBieHust  MHTepHeT-cepBHCOB  Au3aiiHa
HHTCPHEPOB WM CBETOTEXHUUECKOTO IIPOCKTUPOBAHUSL.

KmroueBslM  TpeOoBaHHEM, TPEABSIBISIEMBIM K IHOAOOHOMY
IPOrPaMMHOMY ~ KOMIUICKCY, SIBISETCS TO, 4YTO BBICOKOE,
(boTopeanncTHIeCKOe KauecTBO TEHEPUPYEMBIX H300pakeHHit
JIOJDKHO OBITH TOJY4€HO B pe3yibTaTe (PU3MYECKH aKKypaTHOTO
MOJENUPOBAaHUS PACHpPOCTpaHEHHs cBeTa. JIIg MONydYeHHs
KaueCTBEHHBIX U JOCTOBEPHBIX H300paXKEHUI CyIEeCTBEHHA
TaKKe BBICOKAs CTENeHb TOYHOCTH M AETANM3AlUH OIHCAaHHS
TeOMETPHH, ICTOYHHKOB CBETA, ONITHYECKIX CBOMCTB MaTepHAIOB
B HCIOIB3yeMBIX CIleHaX. Takol MOIXO0J, eCTECTBEHHO, TpeOyeT
GOJIBIIIMX BBIYUCIUTENBHBIX 3aTpaT IPU MOJEINpoBaHuU. B To xe
BpeMs, B YCIOBHAX JOCTyNa K IPHUIOKEHUsM depe3 MHTepHer
KPUTHYECKH BaXXHBIM SIBIIICTCS 0OecliedeHre Pa3yMHOTO BPEeMEHH
OTKJIMKA, @ 3TO 3HAYMT, YTO BBIYMCICHHS JOJDKHBI BBHITTOIHATHCS
JIOCTaTOYHO OBICTPO. JIOCTIDKEHHE JTUX ABYX CYIIECTBEHHO
IIPOTHBOpEYAIUX APYT APYTY lLieael moTpeOoBano 3HAUUTEeIbHBIX
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yCHIHMH TIO0 BBIPAa0OTKE W pealu3alMd COOTBETCTBYIONINX
APXUTEKTYPHBIX, AITOPUTMHYECKUX, HPOTPAMMHBIX pELICHUH,
PACCMOTPEHHIO KOTOPBIX B OCHOBHOM W TIOCBSIIEHA JaHHAS
CTaThA.

2. BA3OBbIE PELWUEHUA, NICNOJIb3OBAHHLIE B
MHTEPHET-NPUNOXEHUN

2.1 Apxutektypa UHTepHeT-npunoxeHusa ans
MHTEpPaKTUBHOro ¢husmyeckn akkypaTHoro
MoaenupoBaHUsi OCBELLEeHHOCTH.

IlpunoxxeHue MamMHHOM rpaduku I  HMHTEPaKTUBHOIO
MOJICTIMPOBAHHS OCBEIICHHOCTH BBINONHSAETCS B TI00aIbHON
pacnpeeneHHO cpejie, BKIIOYAIOIIEH KOMIBIOTED MOJIb30BATENS
¥ KOMIIBIOTEp HA caiiTe, KOTOPBIil MPEIOCTABISET MPHIOKCHHE .
D¢ dekTHBHOCT, PaboThl NPHIOKEHUS B 3HAUUTENBHOM Mepe
3aBUCUT OT  pEIICHUM, CBA3aHHBIX C  paclpeferleHHeM
BBIYUCIUTEIBHON  HAarpy3Kd  MeXAy  KOMIBIOTEpaMH U
opraHuzalueil B3aMMOJICHCTBUA MEXKIy BBIIONHAIOUIMMHCS Ha
HHUX KOMIIOHEHTaMH. /IJI1 TOro 4ro0b! 00eceynTh BO3MOXKHOCTD
paboThl ¢ MaKCHMAaJbHBIM YHCIIOM IIOJb30BaTeleld HEOOXOAUMO
YUUTBIBATh, YTO JOCTYIHBIC BBIYHMCIUTENIBHBIE PECYpChl Ha
KOMIIBIOTEPE TIOJIb30BaTeIIsI MOTYT OBITH OTPaHUYEHBI, & CKOPOCTh
ceTeBOro oOMeHa ¢ HMM — HE CIHIIKOM BhICOKOH. Mcxons n3
3TOro, OBUIO NPHHATO PEIICHHE O TOM, YTO PECypCOEMKHE
BBIYUCIICHUS, CBA3aHHBIC C MOJEIUPOBAHUEM OCBEIIEHHOCTH U
CHHTE30M  W300paKeHMi{,  JOIKHBI  BBINONHATBCA ~ HA
KOMIBIOTEPHOM KJ1acTepe caiira, IIPEeI0CTABIIAIOILETO
npunoxxenue. Ha Hem Takke XpaHATCA JaHHbIE  CLEH,
MpEeACTaBIeHUE KOTOPBIX MOXET BK/IIOYATh COTHHU ThICAY U JaXe
MHJUTHOHBI OOBEKTOB.

JIOTIONHUTENBHBIM  apPTYMEHTOM B IIOJB3y TAaKOTO PEIISHHs
SBIISIETCS HEOOXOIMMOCTh 3aIlUTHl JTAaHHBIX, IPEICTAaBISIOMNX
cueHsl. Jl11 mHONydYeHHs BBICOKOKAUECTBEHHBIX H300paskeHUM
HEOOXOOUMBI CLEHBI C BBICOKOH CTENEHBIO JeTalIU3alud
reoMeTpuH, TIATEIBHO oJ00paHHBIMU (nmm Jaxe
U3MEPEHHBIMA) CBOHCTBAMH NOBEPXHOCTEH M MCTOYHHMKOB CBETA.
Co3maHne TakuX CIEH MOXET 3aHUMaTh HENeMH PpaboThI
BBICOKOKBATU(UIIUPOBAHHOIO IEPCOHaa, U OOBIYHO OHH
SIBJISIIOTCS ~ OOBEKTOM  COOCTBEHHOCTH, HE  MOJIC)KAIIUM
cBOOOJHOMY pachpocTpaHeHuto. C 3TOH TOYKU 3peHHS Ba)KHO,
4TOOBI JIeTallbHOE OIMCAaHHe CIEH He MepefaBaiCh 3a Mpelesl
MPEOCTABIISIONIETO UX caifTa.

Apxutektypa VIHTEpHET-PWIIOKEHUSI Ui MHTEPAKTHBHOTO
(U3NUECKH AaKKypaTHOTO MOJENUPOBAHUS OCBEIEHHOCTH H
OpraHu3anusi B3aUMOJCHCTBUSI MEXAY €ro KOMIOHEHTaMU
mokaszaHa Ha puc. 1. DTa apxuTekTypa Oblia pealn3oBaHa B
nporpamMmmaoM komiutekce LKernel.

Ha xommnbloTepe MOJb30BaTENsl  BBINOJIHIETCS  MPOrpamma,
peammsytomass  GyHkuMuM — rpaduyeckoro  uHTepgeiica u
oroOpaxxeHHs CIEHBl. Jlif BBIIONHEHHA COJEPXKATEIbHBIX
JeHCTBUIA, CBSI3aHHBIX c peoaKTHPOBAHUEM CIIEH,
MOJIETINPOBAaHHEM OCBEIIEHHOCTH, CHHTE30M H300pa’keHHH, 3Ta
IporpaMMa MOCBUIAET 3allPOCHl BEIYUCIHTEILHOMY KOMIIOHEHTY,
BBHINOJHAIOLIEMYCsS Ha cepBepe caiiTa. B oTBer Ha 3ampocsl
HOJb30BaTENel cepBepHbIl KOMIIOHEHT BO3BPAILAET CTPYKTYPBI U
M300paKeHHs], MPeJICTaBIAIOMNe OHOINOTEKH CIIEH, Pe3yJIbTaThl

' B BhlumCreHHIX Ha CTOpPOHE CaliTa MOXET y4acTBOBATb

HECKOJIbKO KOMIIBIOTEPOB, CM. pa3JeiI 4.

JeHCTBUI peflaKTHPOBAHMUS, TEKYIIe IapaMeTpsl KaMepsl U T.II.
CepBepHbIH KOMIOHEHT MOANEPKUBAET OJHOBPEMEHHYIO paboTy
HECKONIBKMX TI0Jb30BaTeNell M obecrednBaeT —pasMelleHHe
JTAaHHBIX, ACCOLMUPOBAHHBIX C MHOJKECTBOM TEKYII[HX CEaHCOB.

MporpamMmbl NONB30BATENbCKOro CepeepHas nporpaMma

CKWX CEaHCOoB.
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Puc. 1. Oprannzanusi UHTepHeT-NPHJI0KEeHHs 1151
HHTEPAKTHBHOIO (pU3MYeCKH AKKYPATHOI0 MOJeIMPOBAHMS
OCBEIIIeHHOCTH; B3aUMO/IelicTBHEe KOMIIOHEHTOB
NMOJIb30BaTEJHCKOI0 HHTep(eiica ¢ cepBepHBIM KOMIIOHEHTOM

2.2 Ba3zoBble anropuTMuYecKue peLueHus.

du3nyeckr akKypaTHOe MOJIETUPOBaHHE OCBELIEHHOCTH Tpedyer
pacdeTa Kak MpsSMOI OCBEIICHHOCTH CIICHBI, TaK M BTOPHYHOMN
OCBEIICHHOCTH, IIOJ[y4aeMOH B pe3yJIbTaTe MHOXECTBEHHBIX
MIEPEOTPaKCHUH CBETa. BTOPHUYHYIO OCBEIIEHHOCTh TaKXe 4acTo
Ha3bIBAIOT rI100aIbHOH OCBEILEHHOCTBIO. IlepBuunas
OCBELICHHOCTb PACCUUTHIBACTCS MEeMOoO0OM OemepMUHUCIUYECcKOU
mpaccuposku ayueii [5].

Bce ¢usndeckn 000CHOBAaHHBIE METOIBI pacdeTa TIo0ambHON
OCBEICHHOCTH SBJIAIOTCS IPHOMIDKCHHBIMH DEIICHUSIMH TaK
Ha3bIBaEMOr'0 ypaBHEHHUA peHiepuHra [6]. TpyaHOCTh pemeHus
9TOr0 ypaBHEHUs ONPEAENACTCS €ro PeKYPCUBHBIM XapaKTepOM H
CJIO)KHOCTBIO O0JacTH HMHTETPHPOBAHUS, MOITOMY Ha IPaKTHKE
MPUMEHSIOTCS. PA3UIHbIC MPHOIMKEHHbIE METOIBI YHCICHHOTO
pemeHusa. B paccmarpuBaeMoM IIpOrpaMMHOM KOMILIEKCE IS
pellleHHs ypaBHEHUs PEHICPHHTa HCIONb3YyeTcs MeTox MoHTe-
Kapno npsmoii TpaccupoBku Jtydeit [7].

HWnes merona Monre Kapio npsiMoit TpacCHpOBKH JIydeif COCTOUT
B CTaTHCTHIECKOM BOCTIPOU3BEICHIN MeXaHH3Ma
PacnpoCTpaHEHNUs CBETa IyTEeM MOJEIMPOBAHHU BCEBO3MOXKHBIX
TpaekTopuil nyueid. TpaexkTopuu cBETOBBIX uacTHIl ((POTOHOB)
IPOCNIEKUBAIOTCA HA BCEX 3TalaX CyLIeCTBOBAHHSA, OT MOMEHTa
UX TeHepaluyd NCTOYHHKAMHU CBETa 10 IMOTJIOIICHHS WM BBIXOZA
u3 cuensl. Hanpasnenue, B KOTOpOM HcIyckaercst GOTOH, AIHMHA
BOJIHBI M CTapTOBAs IO3MIMA Ha HCTOYHHUKE CBETa ONPEIEIIIOTCS
CTOXaCTHYECKH COITACHO (POTOMETPUYECKOMY pacIpeJeIeHHIO
SHEPrHU MCTOYHHKA M ero reomerpuieckoir popme. Tpaekropus
(doToHa TpaccupyeTcs 10 TepecedeHns C MOBEPXHOCTHIO, MOCie
9ero JanbHeifree mosegeHne (HOTOHA ONpPEeNeIeTCs] CBOHCTBAMHI
MIOBEPXHOCTH.

MeTton eCTeCTBEHHBIM 00pa3oM MOJJIEPKUBAET BCE THIIBI
MOBEPXHOCTEH, BKIIOYas codeTaHus MU(GY3HBIX H 3epKaIbHBIX
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CBOWCTB, a TaKXkKe MOBEPXHOCTH, OITHCHIBAEMBIE CIOXKHBIMU
GyHKIMAMH oTpaxkeHUs (TpenomieHus) csera. OH mo3BOIsiET
BOCTIPOM3BOJINTH B M300payKEHNSAX TOHKHE ONTHYECKHE SBICHHS,
TaKHe Kak, Hanmpumep, 3QQPeKT «KayCTUKI» — CBETOBBIC OIMKH,
BO3HHKAIOIIME 3a CYeT (POKYCHPOBAHMS CBETOBOIl OSHEPTHU
UJICATHHO TPEJIOMIISIONIMMH MaTepHaIaMH.

Merox He 3aBHCHT OT  IIOJIOKEHHS KaMmepbl W He
[peIyCMaTpUBaeT BBIBOJ H300paKEHWsI HA OKpaH, a JIMIIb
MPEAOCTaBIsIeT HHPOPMAIMIO O TJI00aNbHOW OCBELICHHOCTH,
KOTOpasi TO3IHEE MOXKET OBITh MCIOJIB30BAHA [UIS BU3YyaTH3allUH
U CHHTE3a U300paKeHHIA.

2.3 TexHonoruvyeckasi ocCHoBa KOMMneKca

B kauecTBe TeXHOIOrHYECKOH OCHOBBI TPOrPAMMHOT0 KOMILJIEKCa
Obula MpHUHATa KOMIIOHEHTHass oObekTHas wmozpens COM
(Component Object Model) kommanum Microsoft [8]. Wnes
KOMITOHEHTHOT'O MOAXO0/1a 3aK/II0YAETCS B CO3MAHUN MPIIOKEHUI
U3 KOMIIOHEHTOB, MOJOOHO TOMY, KaK apXUTEKTOp MPOCKTUPYET
371aHMe W3 TUNOBBIX KOHCTpyKuwid. Ilpm sTOoM  Moryr
HCIIONIb30BaThCSl KAK TOTOBBIC KOMIIOHEHTBI, TAK U KOMIIOHCHTBHI,
pa3paboTaHHBIC CIICHUATIBHO I JaHHOTO mpuioxkeHus. Crocod
B3aUMOJCUCTBUS C KOMIIOHGHTOM IIOJIHOCTBIO OIPEAEIISETCS
dhopmanbHO#i crierudukalmeii ero uHTep(HEcoB U HE 3aBUCUT OT
€ro MOJOXKEHHs B PaCIpeNIeNieHHOW cpelie, sI3blka peanu3aluu U
IpYTHX  acleKToB, HE OrOBOPEHHBIX B  HHTepdeiicax.
KoMIoHeHTEI MOTyT B3aMMOAEHCTBOBAaTH KaKk B paMKax OIHOTO
mporecca, Tak U Kak OT/ACIbHBIC IMPOLECCHI, BBITOIHSIOLIUECS,
BO3MOXKHO Ha pa3HbIX KOMIBIOTEPaxX, OOBEAWHEHHBIX B CETh.
KoMmnoHeHTHBIH 1oX0/1 03BOJISET penaTh Takue npo0iieMbl Kak
MacIITabUpyeMOCTh, HHTEIPHPYEMOCTh, OTKa30yCTOHYHBOCTD
NPWIOKEHNH,  CHWJKEHHWE  3aTpaT, CBA3aHHBIX C  HX
COIIPOBOXK/ICHUEM U Pa3BUTHEM.

OCHOBHOE COJIEp)KaHHE CO3aHHOTO NPOrPaMMHOTO KOMILIEKCA
LKernel cocraBisieT cepBepHBII KOMIIOHEHT, pealu3yroLIuil
MO/ICIIMPOBaHIE OCBEIICHHOCTH, CHHTE3 H300paKEHUM, NeHCTBHS
pPENAKTUPOBaHUA CcLUeH U T.aI. KOMIOHEHTEI, peanm3yromue
MOJTB30BATENbCKUI HHTEP(HEHC MPUIOKEHHH, MOTYT CO3AaBaThCA

HE3aBHCHMBIMH  TpyNmamMp  pa3pabOTYMKOB  Ha  OCHOBE
(dopmanbHOit creundukamun  uHTepdeiica CEepBEPHOTo
KoMIoHeHTa. [lonp3oBaTenbekuid  MHTEepdeiic  NpHIOKEHUI

TNIPOCKTUPYETCA U PCATIU3YyETCA B COOTBETCTBUHU C HOTpe6HOCT$IMI/I
KOMIIAHUU WK OpraHu3aniny, KOTOPYIO IPEACTaBIACT I[aHHLIﬁ
CaﬁT, a TaKxXKe 06HII/IM CTHIIEM Oq)OpMJ'[eHI/IH JJAHHOT'O caiiTa.

3. BO3MOXHOCTHU NMPOrPAMMHOIO
KOMIMJIEKCA C TOYKU 3PEHUA KOHEYHOI'O
NONb30OBATENA

PaccmoTpuM  QYHKIIMOHATBHOCTh MPOTPAMMHOTO KOMILICKCA,
MPEeJOCTABISIONIEr0  (HM3UYECKH aKKypaTHOe MOJIEIHPOBaHHE
OCBEICHHOCTH, Ha MpHMepe CIEHaphs THUIMYHOIO CeaHca
paboTHI.

A. 3arpy3ka  cuenbl. [lonb3oBarens — mpocMmaTpuBaeTr
coaep)kuMoe  OMOJIMOTEKH CIIEH, OTOOpaXkaeéMbIX B  BHJE
TIUKTOTPaMM, H 3arpy’kaeT OIHy M3 HHUX. Pasmudarorcs nBa BHOa
cieH - (HUKCHpPOBaHHBIE U mapaMeTpudeckue. DUKCHpOBaHHAS
CIIEHa MOXKET UMETb I'€OMETPUIO IPOU3BOJIBHOH CIIOKHOCTU H
OOBIYHO MPEJCTAaBISIET HHTEpPbep MHoMemeHus. Takue CLEeHBI
TOTOBATCS B KaKOH-THOO BHEIIHEHl CHCTEME TPeXMepHOro
MOJAENUPOBAaHUS M IOTOM HMIIOPTUPYIOTCI B  CHCTEMY
MOZENUPOBAHUS OCBEIEHHOCTH. [Ipumep GUKCHpOBaHHOMN CLICHBI

npezcTaBiieH Ha puc. 2a. [lapamerpuyeckast cleHa IpecTaBiser
coboii momeleHue, uMeronee GopMy MNPU3MBL: MOT U MOTOIOK
AMEIOT (OPMY MHOTOYTOJIbHHKA, @ CTEHBI - MPSIMOYTOJIbHBIC,
OIIMHAKOBOM  BBICOTHL. IIpuMep mapamMeTpU4ecKod  CIEHBI
npezcraBied Ha puc. 20. B kaxaplii MOMEHT MOXKeET ObITh
3arpy’keHa TOJBKO OJiHAa CII€Ha, U IPU 3arpy3Ke HOBOW CIIEHBI
TepsieTcsl BO3MOXHOCTh paboTaTh C MpeAblayiei. JJaHHbIe CIICHBI
3arpy’karoTcs B BBIYUCITATEITLHBIN KJIacTep caira,

npenocrasisomiero Mureprer-npuoxkenne. Ha  xomnbrorep
[ONB30BaTeNsd IEPechUIAOTCS TOJNBKO €€ HM300pakeHus B
COOTBETCTBUM C JEHCTBUSIMH, KOTOPbIE OH IIPOM3BOIUT.

Puc. 2a. [Ipumep pukcupoBaHHoii cieHbI

A

B. PepakTupoBaHMe mnapamMeTpH4yecKod cueHbl. 3arpysuB
[apaMeTPUUECKyI0 CIIEHY, I[OJb30BAaTeIb MOXET H3MEHATH ce
dbopMy — [00aBmsATH, YOANATh M IMEPEMEINATh BEPIIMHBI
MHOTOYTONBHHKA, OOpasyromero moid (II0TOJOK) KOMHATEHI,
W3MEHSITH BBICOTY CTCH — a TAKXKE 331aBaTh ONTHYECKUE CBOICTBA
(uBer, kO3(pUIMEHT OTpakeHHUs) I KaXKIOH BHYTPCHHEH
MOBEPXHOCTH KOMHATHIL. J[JIsl MapaMeTPHUYECKUX CIICH OIMPEIeICHO
MOHTHE  «paboyell  IMIOCKOCTH», KOTOpas MOXET OBITh
YCTaHOBIICHA TIOJb30BaTeNeM. Pabouas IUIOCKOCTH — 3TO
BUpPTyaJibHAs OBEPXHOCTb, pACHOJIOKEHHAs Ha 3aJaHHOM
MOJTB30BATEIEM BBICOTE, KOTOpas HE BIHACT Ha IIPOIECC
MOICIIAPOBAHUS CBETa H CIIY)KUT JUIA BU3yalln3aliuu
pacmpenencHus OCBCIICHHOCTH Ha JaHHOM ypoBHe. Jlms
(HKCUPOBAHHBIX CIeH nogoOHbIe orepanun HE
TIOACPIKUBAIOTCSL.
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Puc. 26. [Ipumep napameTpuyeckoi cueHbl



C. PaGora ¢ 0m0auOTeKOl 00BLEKTOB M HMCTOYHMKOB CBeTA.
bnbnmoTeka 00BbEKTOB M MCTOYHHKOB CBeTa (Ha3pIBacMasl Jaiee
JUIS  KPAaTKOCTH OHOJMOTEKOW OOBEKTOB) MOXET COACPIKaTh
QJIEMEHTBI, NIPEACTABIIAIONINE

e  IpeaMeTH 00CTaHOBKH (T€OMEeTpUIECKHe OOBEKTHI C
3aJJaHHBIMH ONITHYECKHMH CBOMCTBAMHU TIOBEPXHOCTEH );
®  OCBETHTEIbHBIE IPUOOPHI — JIIOCTPHI, TOPLIEPHI U T.II.
(cMemmaHHbIe 0OBEKTHI, COJIEPKAIIIE TEOMETPHIECKUE
JTaHHbBIC ¥ HCTOYHHUKH CBETA);
° HCTOYHMKHM CBETa "B YMCTOM BUAE".
K 4uncny noanepkuBaeMbIX THIIOB UCTOYHUKOB CBETa OTHOCATCA
TOUEUHBIH, KOHYCHBIH, napanseabHbli, MIPOTSKEHHBIE
(uHeHHBIA, B Qopme kpyra W B (opMe NpSIMOYroJbHHKA), a
TalOKe UCTOYHHUKU cBeTa B cTaHmapTHoM (opmate IESNA [9] ¢
3aJJaHHBIM YIJIOBBIM pacIipe/ie/IeHUEM HHTEHCUBHOCTH.

Kak B mapamerpuueckyio, Tak ¥ B (UKCHPOBAHHYIO CIICHY
[OJIB30BATENh MOXKET J00aBIATH DJIEMEHTHI M3 OHOIHOTEKH
O6’I>CKTOB, HOBHL[I/IOHI/IpOBaTL Ux B HpOCTpaHCTBC CICHBI, a TAKXKC
yaansaTe. Bo3MoxkHa Takasi omepanusi Kak 3aMeHa OJHOrO BHAA
HCTOYHUKOB CBETa Ha JPYroii B Macmtabe BCel CLECHBI.

D. Pacuer riio6ajbHoii ocBemeHHOCTH. OTpeIaKTHPOBAB CLICHY
HYXHBIM 00pa3oM, I0Jb30BaTelb 3allyCKaeT BBIUMCICHUE ee
r100adbHOM  OCBEIIEHHOCTH IIyTeM TPacCHPOBKH JIydell o
Mmerony Monte Kapio. B pesynbrare BeraucieHuit gpopmupyercs
KapTa OCBEIICHHOCTH, KOTOpas IMHAMHYECKH OTOOpakaeTcs B
XOfie BBIYMCICHUH. KadecTBO (JOCTUTHyTas TOYHOCTB) KapThl
3aBUCUT OT 4YMCJIa TPOMOAEIHUPOBAHHBIX TPACKTOPUH JTydel
ceera. Ilomp3oBaTenb MOXKET 3apaHee 3alaTb TpebyeMylo
TOYHOCTb, @ MOXET IPOCTO OCTAHOBUTH BBIYMCICHHSA, KOIJa
COYTET Ka4yecTBO JIOCTATOYHBIM, OCHOBBIBAACh Ha BU3YaJIbHOM
OLICHKE TEKYIIETo N300pakeHu .

E. Hccaenoanue pacnpenejieHUust OCBEIIEHHOCTH.
Pacnpenenenne OCBELIEHHOCTH HAa MOBEPXHOCTSX CLEHBI MOXKET
OBITh BU3YaJH3UPOBAHO IIPH INOMOINM TOHOBOW 3amuBKH. s
[apaMEeTPUUECKUX CLEH IMOJICP)KUBACTCA IOCTPOCHUE JIMHUM
YPOBHS Ha KaXAOH M3 MOBEPXHOCTEH (II0J, MOTOJIOK, CTEHBI,
paboyast II0CKOCTB).

IIpy momommM 3TUX CPEACTB IOJb30BATENb MOXKET OLIEHUTH
Ka4yecTBO 33JJaHHOTO MM OCBeIleHHs. basupysich Ha MOIy4YeHHBIX
pe3yibTaTax, a TaKkKe Ha BU3yaJbHOW OIIGHKE H300pakeHHs
CIICHBI, OH NPUHMMAET PELICHUS O, HApuUMep, HEOOXOIUMOCTH
n00aBUTH OOJIBIIC MCTOYHHKOB CBETA HMJIM HECKOJIBKO H3MEHHTHh
pacnoyioxkeHHe OOBEKTOB B IUIAHHPYEMOM IIOMEIICHHH. TakuMm
oOpazom, moBropsii marm C-E, mocerutens caiita MOXeT
BBIOJIHUTh JM3aflH OCBEIIEHUS B BBIOPAHHOM MHTEpbEpE.
[lonmyuuB xenaeMblil pe3yJbTaT, OH MOXKET MEPEeHTH K CO31aHHIO
BBICOKOKAQUeCTBEHHBIX NPE3EHTAL[MOHHBIX N300paKeHHMH.

F. I'enepauus uzodpaskeHuii m nanopam. IlocnenHum stanom
paboTbl €O CLEHOH SBISETCS CHUHTE3 BBICOKOKAUYECTBEHHBIX
n300paXeHUH NpU pa3HbIX IIOJOXKEHUSX KaMepbl, a TaKxke
rerepanus naHopam B ¢opmare Quick Time [10]. IToctpoeHue
n300paXKEHUH BBINOIHACTCS METOIOM OOpaTHOH TPacCHPOBKH
Jdydeil ¢ MCHOJIB30BaHUEM IPEIBAPUTENBHO BBIUMCICHHBIX KapT
OCBEILEHHOCTH, YTO II03BOJIET BOCIIPOU3BOJUTH B U300PaXKEHUAX
IINPOKUI CHEKTP ONTHUYCCKUX SBJICHUM, TaKMX Kak AuddysHoe
MepeoTpakeHNe CBETa, NEPEHOC LIBETa, 3€PKaJbHOE OTpa)KeHUE,
npenomieHue, 3QQPeKT «KayCTUKI.

Ilonp30BaTenb  MOXET  yNpaBIATh KauyecTBOM  HTOI'OBOTO
nzobpaxkenus. M3o0paxkeHWe HU3KOr0 WM CTaHIAPTHOTO
KauecTBa TEHEpHpyeTcss JOCTAaTOYHO OBICTpO, TOrjga Kak

re’epanysi BbICOKOKAYE€CTBEHHOI'O 1/1306pa>1<eH1/m MOXKCT 3aHATH
CyHIECTBEHHOE BpEMS.

4. METObl YCKOPEHUA MOAENUPOBAHUA
OCBELLEHHOCTHU n FEHEPALIUU
U30BPAXEHUN

Pacuer ro6aNBHOM OCBETIEHHOCTH u co3/IaHAE

BBICOKOPEUTUCTHYHBIX HM300pakeHUH TpeOyroT 3HAYMTEIBHBIX
BBIYUCIIUTENBHBIX 3aTPaT, a CIMIIKOM OO0JIbIIOE BpeMs OXKUIaHUS,
cKopee BCEro, IpHBEAET K HU3KOM mocemaeMoctd MHTepHerT-
caiita. IlosToMy »>d¢exTHBHas peanusamys PecypCOEMKHX
omepanuii B KOHTeKcTe IHTepHET-pHIokeHni mpuodperaer
KPUTHYECKOE 3HAUCHUE.

K nHauamy paGoThl Haj NPOEKTOM METOA JETCPMUHHUCTUYECKON
TPacCHpOBKH JIyded JuIsi TeHepauuu H300pakeHHi ObLT yixe
JIOCTaTOYHO XOPOIIO ONTHMH3MPOBaH. B ero peamusanun
UCTIONTb3Y€eTCs AN THBHASI TEXHOJIOTHS Pa30HeHus IIPOCTPaHCTBA
creHsl Ha Bokcensl (voxel — volume pixel), ocHoBaHHas Ha
ajropurMe, ImpeanoxkeHHoM B [11], a Takke aIrOPUTMBI
UHTEPHOJSIUMA  OJNHOPOAHBIX 30H HW300paKeHHMsI M JpyTHe
s} ¢deKkTHBHEIE TIpOrpaMMHEIE pemeHus. [losToMy B JaHHOM
IPOEKTE OCHOBHOM 3agadeil cTajdo yYCKOpEeHHe pacdeTa
rIo0ambHOM  OCBENIEHHOCTH,  PECYPCOEMKOCTH  KOTOPOTO
CYIIECTBEHHO  BBINIE, 4e€M  IOCTPOCHUS  HM300paeHUH
TPacCUPOBKOH JTyueil.

4.1 MeTtoabl yckopeHuUsi pacyeTa rnobanbHomn
OCBEeLLEeHHOCTH.

'maBHOW mnpUYMHON  HEOOXOAMMOCTH  OOJNBIIOrO  OOBEeMa
BBIYMCIICHUH TIpU pacuyeTe II00aJbHOH OCBEIEHHOCTH SBIISETCS
CTOXAaCTHMYECKUH IIyM, nOpucymuii BceM Monte Kapio
anroputMaM. IIocKoIbKy OCBELIEHHOCTb B OCHOBHOM SIBISCTCA
rIafgKkol (yHKIMEH, JUII KOTOpPOH IIyM XOpOIIO 3aMETEH, TO
MONly9eHHEe KAYeCTBEHHBIX H300pakeHWl HEBO3MOXHO 0e3
n3baBieHnss oT Hero. CTaHZapTHOE pEIICHHE NPOOIeMbl IIPH
HCTOJIb30BaHuM anroputMoB Monte Kapno ¢ ncesnociyuaiiHoi
YHCJIOBOM  IOCIIEIOBATENbHOCTBIO — yBEIMYEHHE BPEMEHH
BBIYHCIICHUH JI0 Te€X MOp, MOKa JOCTUTHYTas TOYHOCTh METOZA HE
CTaHEeT JOCTATOYHO BBICOKOW M LIIyM HE MUCYE3HET.

Jna UHTepHET-IpUIOKEHUH TaKOH IOIXOJ HEXeJIaTeJeH.
[losTOMy U1 ycKOpeHHs pacyera I00ajJbHOH OCBELICHHOCTH
HCIIOJIb30BaHUE TNICEBIOCITyYaitHOM YHUCIOBON
MIOCJICIOBATENFHOCTH ~ OBUTO  3aMEHEHO Ha  HCIOJIb30BaHHUE
KBa3UCIy4aiHbIX BEIOOPOK. [IpenmymectBo kBa3u- Monte Kapio
METO/a 3aKIII0YaeTCsl B 3HAYMTEIILHO MEHBIIEM CTOXaCTHYECKOM
Iyme, a TaKke, NPU ONPE/eICHHBIX YCIOBUSX, 00Jiee BBICOKOMH
CKOpOCTH cXoauMocTH. I[lonpoOHee BBHIYMCICHHE TINIOOATBHOM
OCBEIIEHHOCTH METO/I0M KBa3u- Monte Kapio onmcano B [12].

Ha panHuX ctagusx paGoThl HaJ HPOEKTOM OBUI NMPOBEIEH PAX
W3MEpEHHH, HAmpaBICHHBIX Ha OLCHKY 3(deKTUBHOCTH
MIPEANONAaraéMbIX K HCIOIb30BAHUIO METOAOB ONTUMM3AIUU, a
TaKXKe pacrapaiIe]UBaHUs BBIUUCICHUH, O KOTOPBIX paccKa3aHO
nanee. Pe3ybTaTsl STUX NW3MEPEHHI MPHBEICHBI B 9TOM paszielne.

B  tabmume 1 nOpuBemeHB  pe3yNbTaTHl  HU3MEPEHHIA,
JIEMOHCTPUPYIOIIUX YCKOPEHHE BBIYMCICHUH, IOCTUTHYTOE 3a
CYEeT HCIOJIb30BAHUS  KBa3U-CIy4YalHBIX BBIOOPOK  BMECTO
TICEeBI0CTY YalHBIX MOCJIeI0BAaTEILHOCTEH npu pacuere
OCBCIIEHHOCTH METOIOM MonTe Kapmo. W3mepenns
npoBoawiauck s cueH Office u Montage ¢ pa3nuuHbBIMH
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3HAYEHUSIMU HMTOTOBOM TOYHOCTH (B
BBIYUCIICHUI YKa3aHO B CEKyHIax.

mporeHrax). Bpems

cekyany  (N).  DddexruBHocts  (E)  MHOTONMOTOKOBBIX
BBIUMCIICHUHA  OIEHMBANach KaK  OTHOIICHHE  CKOPOCTH
Berupciernit  (N) K 4YHCIy HCHONB3YyEMBIX —IIPOIECCOPOB,
HOPMHPOBAHHOE 10 CKOPOCTH IS CITydasi OTHOTO MPOIIECCOpa.

Cuena Twmc Tomc Yckopenue (pa3)
Office (97%) 332.164 224.057 1.48 Cuena 1 2 3 4
n
Office (98%) 757918 | 486.441 1.56 POUECCOP | mpomeccopa | mpoueccopa | mpoueccopa
Montage (97%) | 54.202 32.624 1.66 N E N | E N E N E
Montage (98%) 135.731 70.717 1.92 Off 11 55 1.0 105 | 096 | 142 | 0.86 | 172 | 0.79
Montage (99%) 972.882 243.072 4.00 Off 12 60 1.0 108 | 091 | 152 | 0.85 | 190 | 0.80
Tabauna 1. CpaBHeHME  BpeMEHM  BBIYMCIEHMH  IpH Mon 11 85 1.0 135 | 0.79 | 180 | 0.71 | 222 | 0.65
HCTIONB30BAHNHN  TICEBIOCITYYaifHBIX  IMOCIEAOBATENbHOCTEH Mon 2 90 10 166 1 092 | 227 | 084 | 279 | 0.77
(Tmc) u xBasu-cioyuaiinbix BbiOOpok (Tomc) B pacuerax on ) ) ) )
rno6anbHoi ocBeleHHoCT: MeTooM Mownte Kapro. Taomauua 2. D dHeKTUBHOCTH MHOTOIIOTOKOBBIX BHIUHCIECHUI
W3 tabmuusl 2 BuAHO, uYTO 3(P(HEKTUBHOCTH peanu3anuu
4.2 MapannenbHble U pacnpeneneHHble MHOTOIIOTOKOBBIX BBIYHCIICHHH IOCTATOYHO BEIMKA JUIA IBYX
BbLIYUCACHUSI. MPOLECCOPOB, HO CHIKACTCA C YBENHIEHHEM HX KOIMECTB. Jost
nocTikeHust Oonpmiel 3ddexTuBHOCTH B ciydae Oonee 4-X
Kpome — anropuTMIYECKHX ~ METOJOB Ul  MaKCHMAIBHOTO [POIIECCOPOB MOTPEOYIOTCS ONpPE/IETIEHHBIE YCOBEPIIECHCTBOBAHUS
YCKOPEHHs ~CHHTE3a W300pakeHWii M pacdera rmoOaibHOH peanuzanuu. X0Ts B HACTOSIIEE BPEMS 9TO HE OYEHb AKTYaJIbHO,
OCBCILICHHOCTH B KOMILIEKCE LKernel peanu30BaHbl IIOCKONIBKY KOMIIBIOTEpBI, HMEIOIITHE Gonee YeThipex
HapaJuleNbHbIe BEMUCTEHUs. [IpuMensieTcss kak TOpU30OHTaIbHBIH TPOTIECCOPOB, TIPAKTHIECKH He BCTPEYaroTes
, .
MapajuleNIn3M, OCHOBAHHBI Ha WCIOIb30BAaHHM KIACTEPOB U3 T 6
HECKOJIBKHX KOMIIBIOTEPOB, OOBCAMHEHHBIX B CETh, TaK M aKiKe  ObLIO  MCCJICA0BAHO, HACKOIBKO  yCKOPICTCH  pactct
BEPTHKAIBHBIA Iapa/UleNIN3M MHOTONOTOKOBEIX (multithread) TII06aNBHOM OCBELICHHOCTH NPH MapailielbHOM chom’gOBaHH;
BHIMHCICHHH,  SGQEKTHBHO  HCTIONB3YIOMMX  HECKOTBKO HECKOJIbKHX KOMITBIOTEPOB. Pe3ysbTaTsl puBeneHs! B Tabuuie 3.
MPOLIECCOPOB B OTHOM KOMITBIOTEPE. JIst TECTHPOBAHUS MCTIONB30BAINCE YEThIPEe KOMIIBIOTEpa:
Vies MapamienbHONl  peaTM3AMM  anropuTMa  OGpATHO 1-3) dual Intel Pentium II1 600MHz/ 933MHz / 933MHz
TPACCHUPOBKH, TNPHUMEHIEMOW JJIsi TeHEepalud H300paKeHuH, 4) dual AMD 1500MP 1333MHz
OCHOBaHa Ha TOM, 4TO 3HAYCHMS csemm;cm OT/eTbHBIX B 5THX TecTax (hHKCHPOBATOCH 06mee Bpemst (T) 10 MOCTIREHHs
MHKCENed MOTYT BBIYUCISTBCS HE3aBHCHMO. DKpaH aJalTHUBHO 38/IAHHON TOYHOCTH TIPH HCTIONE3OBAHMH PA3NHYHBIX TPYII M3
Pas/CILICICA Ha  HECKOILKO HEIEPECCKAIOMUXCA PErotoB Tak, 9TUX KOMIIbIOTepoB. B Tabmmme «1» o3Hawaer, 4To B TecTe
?(TOGH UO6GCHC‘{HBaJ'IaCB PaBHOMCpHAT  3arpyska IpOLCCCOPOB. HCIIONB30BAJICS TOJIBKO TEPBBI KOMIBIOTEP, «12» - MepBBIA U
@Kl MPOLIECCOP BBIMOJHAET TPACCHPOBKY [UIs 3aJaHHBIX BTOPOif, «123» - IepBHIit, BTOPOI U TPETHii,  T.I.
PETHOHOB, HCIIOJHSS IOCIENOBATEIbHYIO BEPCHIO alIrOpHTMa.
3aBepuieHHble  (parMeHThl  OOBEAMHSIIOTCS B~ HTOrOBOE Koapurmenter  adpdextnsroctn  (E)  paccumrabl  Kak
n3obpaxenue. [lapamiensHas peanusanus NPSIMOH TPacCHPOBKH OTHOIICHUE BPEMEHHM BBIMHUCICHMM Ha OJHOM KOMIIBIOTEPC K
IpU pacyere TJI00aJbHOW OCBEIICHHOCTH OCHOBaHA HA TOM, YTO BPCMEHH  BBIYMCIICHMHM Ha KIACT€pe, HOPMHMPOBAHHOC Ha
TPaCcCHPOBKA KaXIOro Jyda MOKET IPOBOAMTHCS HE3ABHCHMO. BBIYHCITUTENBHYIO MOIIHOCTB KiacTepa (T.€. Ha CyMMy pabodmx
OTMeTHM, 4TO B CyLIECTBOBABLINX PaHee Pealn3auusix 0OOHX 9acTOT Mporeccopos). D(HGHEKTUBHOCTH MEPBOTO KOMIIBIOTEPA
ITrOPUTMOB MO /IepPKHUBAIICS TOJIBKO napaiean3m ObL1a IPUHATA 33 SJIMHHILY .
MHOTOINIPOIIECCHBIX ~ BbIUMcHeHnil.  bomee  sddexruBHEBIE Cuena 1 12 123 1234
MHOTOIIOTOKOBBIE pealH3alii ObIIM BBIIIOTHEHBI B paMKax
mpoekta LKernel. Bomee mnoapobuyro uHpopMammo 00 T E T E T E T E
HCIOJIb3yEMbIX METOJAX paclapaliIeIiBaHUs MOXHO HAHTH B off 11 183 | 1.0 95 | 075 | 67 | 066 | 48 | 0.70
[13, 14]. U3mepeHus, mpoBeACHHBIE Ui pacyeTa III0OaIbHOM off 2 154 | 1o 52 10741 54 | 069 | 42 | 06a
OCBEIIEHHOCTH C HCIOJIb30BAaHHEM MHOTOIPOLECCOPHBIX 1 : : : :
KJIACTEpHBIX KOH(UTypalmi, IOKa3bIBalOT, YTO 00a BHUJA Mon 11 106 1.0 56 0.75 35 0.73 28 0.68
Hapajutein3Ma MO3BOLSIIOT JOCTHYb CYIIECTBEHHOTO YCKOPESHHS
. Mon 12 18 1.0 9 0.76 6 0.70 5 0.62
BBIUHCIICHUH, @ peau3aniy 00Jaal0T XOPOLINMH ITOKA3aTeIsIMU
MacuITabupyeMoCTH. Tatmuua 3. DPHEKTUBHOCTE paCTIpeIEIeHHbIX BHIYUCIIEHHI.
Tabnuma 2 comep>XUT pe3yIbTaThl H3MEPEHHUH, peIHa3HAYEHHBIX W3 Tabuumsl 3 BHAHO, YTO 33  CYET  HCTIONB3OBAHHS

Ui OLEHKH 3(G(PEKTHBHOCTU MHOTONOTOKOBBIX BBIYHCICHHI
IJ00aNbHOM  OCBEIICHHOCTH. [I3MepeHuss NpoBOAWINCH Ha
cepsepe HP-900 c¢ 4 mpoueccopamu Intel Pentium III Xeon
900MHz mns cuen Office (Off) u Montage (Mon) mpu nByx
Pa3HBIX YCJIOBHSAX OCBELICHHOCTH (Ha3bIBAEMBIX COOTBETCTBEHHO
11 u 12 — lightingl n lighting2). CxopocTs BBIYHCIECHHI
OLICHMBAJIACh KaK YHCJIO TBHICSY OTTPACCUPOBAHHBIX JIydeid B

pacrpeieneHHbIX  KOH(UTYpalMid  JTOCTHIaeTCsl 3HAUYUTEIBHOE
COKpallleHHe BpEMEHU BBIYHMCIICHHUH. Koadduruentst
spdexTBHOCTH B Tabmumax 2 ©W 3 JOCTATOYHO BBICOKH,
YUYHUTBIBasE TO, YTO 00mIas 3)(PEKTUBHOCTh YCKOPEHHS SBISCTCS
pe3yabTaToM KoMIIpoMHucca npu HCIIOJIB30BaHUU
anropurMudeckux  (kBasu- Moute Kapno, wuckioueHue
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TNEPBUYHBIX nyqeﬁ) U anrapaTHbIX (MHOFOHOTOKOBBIe u
pacnpeieJI€HHbIE BBI‘{I/IC.]'ICHI/IH) MCTOOOB.

5. 3AKIIOYEHUE

XO0Ts 32 OCHOBY IIPOEKTa pa3pabOTKH IMPOrPaMMHOI0 KOMILIEKCa
MOJIETINPOBAHHS OCBEIMIEHHOCTH B VIHTEpHET-PHIIOKEHUSIX OBLIO
B3ATO yX€ CYyLIECTBYIOIIee IPOrpaMMHOE obecredeHue paboTa
HaJ IPOEKTOM NOTpeOoBaa 3HAUUTEIbHBIX YCUIH, CBI3aHHBIX C
pa3paboTKoii nHTepdeiica U COOTBETCTBYIOIICH peopraHu3alueit
nporpaMmHOro  koza.  Crhemmduka  JOCTyma  KOHEYHBIX
nonb3oBaTenel uepes VHTepHeT, rie OCOOEHHO BaKHO Maioe
BpeMs OTKIMKa, TOTpeboBala  peaau3alid  alrOpHTMOB
YCKOPEHUsT M YCOBEpIICHCTBOBAHMS CPEICTB MapajienusMa B

OporpaMMax — pacdera  IJIO0QIBHOW  OCBEIEHHOCTH U
Bu3yanmsaiuu.  Jlns mopnepkku  MHTepHeT-IpHIOkKEHHI
HEo0X0UMO TaKKe ObLI0 peanu3oBaTh CpencTBa

aJIMHHUCTPUPOBAHUS Spa U er0 OHOIHOTEK.

PaszpaboTaHHble  METOABl  YCKOPEHHUs  BBIYUCICHUH  (Kak
ITOPUTMHYECKUE, TaK M allapaTHble) OBUIM pealr30BaHbI
npocratoudHo d¢dexrtuBHO. OHH TO3BOIMIN JOBECTH BpeMs
pacdeTa OCBEIICHHOCTH JUIS CIOXKHBIX (MKCHPOBAHHBIX CLCH IO
JIECATKOB CEKYHJ, a B OTAENBHBIX CIyJasx - JaXe 0 HECKOIBKHX
cexyHn. Takue BpeMeHa MOXXHO CUMTAaThb HPHEMIICMBIMH AT
VHTepHeT-NIPHUIIOKEHUH, HPEJOCTABIISIONINX ¢buznyeckn
aKKypaTHOE MOJIEIHPOBAHUE OCBEIIEHHOCTH.

braromapst opraHum3anuu BBIYMCIWTEIBHOTO sIpa B BHIC
komnoneHTa COM, OHO CTaJ0 HE3aBUCHMBIM OT MPOTpaMM,
peanu3yomuX IOJIb30BaTeNIbCKUN HHTepdeiic, M MNOoABUIACH
BO3MOXHOCTb HCIOJIB30BaTh €r0 B pa3lIuuHbIX VIHTepHeT-
npunokeHnsx. Ha ocHoBe kommiekca LKernel HesaBucnmoii
Ipynmnoi pa3paboTUNKOB ObLIO co3taHO MHTEepHET-NpHIOKEeHNe
JUISL TIPE3eHTAIMi HICTOYHUKOB cBeTa [15].

[Ipunoxenuss Ha ©Oa3ze JAHHOTO KOMIUIEKCA MOTYT CIIY>KHTb
OCHOBOI aKTUBHBIX INpe3eHTalmii B VIHTepHET, MO3BOJSIOLINX
MOJIb30BATEII0  KOHCTPYHPOBATh BHPTYAIBHYIO  PEaJbHOCTD,
UCTIONB3YysI OMONINOTEUHBIE CLIEHBI, OOBEKTH M UCTOYHHKH CBETA,
U noiydaTth ee uzoOpaxenus. Tarxke NPUIOKEHUS, OCHOBAaHHBIC
Ha sgpe Lkernel, MoryT npuMeHATbCS AN NPEAOCTaBICHHA
CepBHCOB  JOM3aifHA HHTEPHEPOB MM  CBETOTEXHHUYECKOTO
MPOCKTUPOBaHUS yepe3 MHTepHeT (MM HHTpaHeT).

B 3akmodeHne xoTenoch ObI OTMETHTH, YTO (DYHKIIMOHAIBHOCTD
omucanHoro sapa  LKernel pganeko He — mcuepmbIBaeT
BO3MOXHOCTEH MPOrpaMMHOr0 obecHedyeHus, pa3paboTaHHOIO K
HACTOSIIEMY BPEMEHH B OTAeNe MamuHHON rpaduku WIIM.
IlepcreKTUBBI MOTEHLUANBHOTO PAa3BUTHSA JAaHHOIO s/pa HIH
CO3JIaHMS HOBBIX KOMIIOHEHTOB HOJOOHOIO pOJa BKIIOYAIOT
MOAJCPKKY €CTECTBEHHOT'O (conHeuHorO, HEOeCHOr0)
OCBEILLCHUs, MOJEIMPOBAaHHE MAaTEPUAIOB CO  CIIOXKHBIMU
ONTHYECKHIMH CBOWCTBAMH, CIEHBl C ITaHOpaMHBIM (DOHOM H
OCBEIIEHHOCThIO0, 3aaanHbIMU B popmare HDRI (High Dynamic
Range Image — wu300pakeHHs C peaJbHBIM JAHANA30HOM
CBETUMOCTH TOUCK) U MHOTHE JPyTHE CPEACTBA.

Jlannass pabota  SBWIHCH  pE3YJIBTATOM  COTPYIHHYECTBA
OOJIBIIIOTO KOJJICKTHBA CIICHHAIMCTOB, CPEIU KOTOPBIX XOTENIOCh
o061 otmetuth C.B.Anapeesa, E.10./lenucoBa, K.A./Imutpucea,
0.A KonsutoBa, B.B.HoBocensckoro, JIL.3.Illamupo u psana
NPYTHX.

Bepcusi ctathu C IBETHBIMH HUIFOCTPALUSIMH pa3MeIleHa 0
azpecy

http://www .keldysh.ru/pages/cgraph/publications/cgd publ.htm
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Ilumination simulation and
creation of photorealistic images
via Internet

Abstract

The technology elaborated for Internet applications for
illumination simulation and realistic image synthesis is described
in the paper. Internet application based on this technology
provides possibilities to edit scene, to perform global illumination
simulation, to render highly realistic images. The main goals of
described application consist in providing active presentation and
services accessible via Internet. Such aspects as application
architecture, algorithmic and hardware solutions allowing
effective global illumination simulation, realistic rendering and
acceptable response time are presented in the paper.

Keywords: rendering, global illumination, Monte Carlo method,
Internet, parallel computations.
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