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Ob6mrag xapaKTepucTuKa paboThl

AxTyaabHOCTh paboThl [Ipobisiema r100a/ibHOM OCBEIIEHHOCTH BO3HUKAET
IIPU PeIIeHrH HIXPOKOro KpyTa 3a/1ad IPOEKTUPOBAHNS, OIITUIECKOTO MOJIEIUPOBa-
HUsl, KOMIILIOTEPHOJ aHUMAIMU ¥ BUPTYaIbHON peasibHOCTH. OCBENIEHHOCTD IPH-
HSITO Pa3/Ie/IsiTh Ha JIOKAJIhHYIO 1 TyI00abHY 0. JIOKAJIHHON OCBEIEHHOCTHIO TOUKN
IIOBEPXHOCTH HA3BIBAIOT OCBEINEHHOCTD, BLI3BAHHYIO MPSIMBIM IO IAHIEM CBETA,
OT ero MCTouYHHuKa. [7100a/bHOI OCBENIEHHOCTHI0 TOYKHU OBEPXHOCTH HA3bIBAIOT
OCBELIEHHOCTD, BbI3BAHHYIO KAK IIPAMbIM TaK U HElPsIMbIM II0LaJIAHUEM CBera B
JaHHYI0 TOUYKY (T.e. B pe3yJbrare ojHOro uin GoJsiee nepeorpaxkenuii). Boiennm
TPY OCHOBHBIX TPYIILI ¢ep MTPUMEHEHNST JITOPUTMOB pacuera riodabHOl 0CBe-
IIIEHHOCTH.

[lepByto rpymmy cdep IpuMEeHEHNS aJlOPUTMOB, BRITUCISIONUX II00aJIbHOE

OCBellleHKe, COCTaBJIeT CUHTE3 PEeAJMCTUYHBIX N300parKeHui:

1. Orenka BHENTHErO BWJA MTPOEKTUPYEMbIX MPOMBITIIJIEHHBIX n3nennii. [Tpex-
Jie BCEro 3TO MOJICJIMPOBAHUE BHEIIHErO BU/JIa [IEPEHOCHDLIX 3JEKTPOHHDIX
ycrpoiicts (Tesiedonbl, HOyTOYKH, MIAHIIETH ), TPAHCIIOPTHBIX CPEJICTB (aB-
TOMOOMJIEH, MOTOIMKJIOB U JPYI'MX TPAHCIOPTHBIX CPEJCTB, JIJis KOTOPbIX

BasKeH BHEITHUI BUJL).

2. ApXuTeKTypHBI IM3aiiH — MOJEIUPOBAHNE SKCTEPLEPOB, HHTEPLEPOB II0-
MeIeHunii, caJOHOB TPAHCIIOPTHBIX CPEJICTB B IEJsIX OIEHKW YPOBHS OCBE-
MIEHHOCTU W 3CTETUIHOCTH COOTBETCTBYIOMIETO MHTEPHhEPa NN IKCTEPhEpPA.
L1t apXUTEeKTYPHBIX IIPOEKTOB OCOOEHHO BaXKHO yMETh JIEMOHCTPUPOBATD,
KaK OyJIeT BBIIVISJETh CIPOCKTUPOBAHHOE 3/IaHUE WM MHTEPhEp JO0Ma IIPH

Pa3JIM9HbIX YCJIOBHAX OCBCIICHMA.

3. Cosnanue pekJaMHBIX U JIEMOHCTPAIMOHHBIX Ipe3eHTaluit. B mannoit cde-
pe NMpuMeHeHHe MOXKHO YCJOBHO Pa3JleJIUTh Ha JIEMOHCTPAIUIO peleHusd,
HaXOJISAIIET0Cs B IPOEKTE, U JIOMOJHEHHYIO PEaJbHOCTh — BCTPAMBAHUE BUP-
ryajabHoro 3D obbekTa B BHIEO-IIOCIEI0BATEIBHOCTh MJIM M300ParKeHMUsI,

CHATBIE C p€aJIbHOI'O MHUDPaA.

4. Kunounycrpust, MyJbTHIUIUKAINS U UHIYCTPUS KOMIBIOTEPHBIX UI'D (CO-

3/aHue KapT ocernenHocTn ). CKOpOCTh pacdera OCBEIeHUs JIJTsd 9TuX 00J1a-
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cTeil UMeeT peratoliee 3HadeHne, T.K. MpoIece paboThl Xy0KHUKA, SBJISIET-

Cid MUKJIMYECKHMM, U pacCdeT OCBEIICHUA ITPOU3BOJUTCA MHOXKECTBO pa3.

ObozHaverHbIe BhIIE chepbl TPUMEHEHUST TPEOYIOT BHICOKOTO YPOBHSI peasin3Ma,
MO3BOJISIIOIIETO Oy IUTh W300parXKeHNsT BUPTYaJbHOM CIIEHBI BU3yaJIbHO HEOTJIN-
yuMble 0T poTorpadun peajbHOro Mupa. CHHTE3 TaKuX H300pakeHuil ObLI Obl
HEBO3MOXKEH 0€3 BBIYUCJICHUS IVI00AJIBLHON OCBEIEHHOCTH.

Bropast rpyuia cdep npumenenusi pacdera, 17100abHOM OCBEIIEHHOCTH CBsI-

3aHa ¢ MOJIEJIMPOBAHUEM ONTUIECKUX I(PPEKTOB JIJIsT OIPEJICJICHHOTO Psijla 3a1a4:

1. Pacder ypoBHS OCBEITICHHOCTH TPUOOPOB B KaOWHE caMoJjeTa, Moe3ja U
JIPYTOro TPAHCIIOPTHOIO CPEJICTBA, a TaKyKe OPUCHBIX MOMEIIEHUH B HEJIsIX
obecrieyeHusi HEOOXOIMMOT'O yPOBHsI 0e301acHOCTH U KOMpopTa, a TaK»Ke

COOTBETCTBUSI CTAHIAPTAM.
2. MojiesiupoBaHue OCBEeTUTEIbHBIX IIpubopoB, naneseit 2KK-ucriees.

3. Pacuer HexKeJaTebHbIX CIACHANNAX WM YXYAIAONIX BUJIAMOCTD P deK-
TOB, BBI3BAHHBIX OTPAaXKEHUSAMU CBETa OT 3ePKaJILHBIX oBepxHocTeit. Cpetn
TPUMEPOB TaKUX 3(PPHEKTOB MOKHO OTMETUTH OTPAXKEHUsT CBETSIINXCS dJTe-
MEHTOB 1PpUOOPHOI 1aHeJ U B JIOOOBOM CTEKJie aBTOMOOWJISI, OTPaXKEHUS sip-
KUX UCTOYHUKOB CBETA HA SKPaHE MOHUTOPA, OTPAXKEHUST COJIHETHOI'O CBETa,

OT IIOBEPXHOCTEH aBTOOMJICH 1 apXUTEKTYPHBIX COOPYKEHUIA.

Cdepnl mpuMeHeHusT 13 JIaHHOW TPYIIBI TPEOYIOT BHICOKOTOTHOI'O pactera OCBe-
IIIEHUsT B BUPTYyaJIbHOW ClleHE U, KaK CJIeJICTBUE, BhIYUCICHUS TJI00abHON OCBe-
HIEHHOCTH.

TpeTbsa rpymia TPUIOKEHWH aJITOPUTMOB BBIUUCIEHUS TJI00AJIHHONE OCBEIEH-
HOCTH CBsI3aHA C PACIETOM IEPEHOCA HECBETOBOIO u3jydeHusi. OCOOEHHO BarxKHA
3aJlava, pacdera MepeHoca HEATPOHOB B siJIEPHBIX peakTopax. AJTOPUTMbBI TJIO-
6aJIbHOM OCBEIEHHOCTH MOT'YT ObITh MCITOJIB30BAHbI JIJIs pacuyeTa MepeHoca HecBe-
TOBOT'O U3JIYUCHHUS, €CJIU TMOBEJICHUE TAaKOTO U3JIYUYCHUd JIJId 3aJIaHHON MOJIen B
JIOCTATOYHOI Mepe OMUCHIBACTCA 3aKOHAMU T'€OMETPUYECKON ONTHKHU.

B nacrosiiuii MOMEHT HPAKTUYECKU BCE U3BECTHBIE MPOMBIIIJIEHHbIE CUCTE-

MBI, HCITOJTB3YIOIIHE IpahudecKre MpoIeccophbl JJisl pacdeTa riobaabHOM OCBEIeH-
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HOCTU W PEAJUCTUYHOIO CUHTE3a M300parkKeHUil, OCHOBAHbI Ha, Pa3JUIHbIX Baph-
anugax Metosia Monte-Kapso, gaommx HeCMeeHHyio ONeHKY PeIeHus Ha BCeM
MHOYKEeCTBe TOUeK M300pazkeHust. HecMeleHHol OIeHKoi HAa3bIBAIOT TaKyO OTEeH-
Ky, KOTOpas Npu crpemyeHnn ducjaa MonTe-Kapsio BHIOOPOK K OCCKOHETHOCTH
CXOJIUTCS K TOUHOMY pertiennto. Fcyin onenka e 00J1a/laeT 3TUM CBOWCTBOM, €€ Ha-
3bIBAIOT CMelIeHHO. J[J1si MeTo10B ¢ HeCMEIeHHO OTIeHKOI XapaKTepHa TOUYHOCTD
B IIpejiesie, 0JIHaKO, OHU OOJIaaloT MeJJIEHHON CXOJMMOCTBIO MO CBOE MpPUpPOJIE,
IIOCKOJILKY TaKue MeTOJbI, KaK IIPABUJIO, BLIYUCIISIOT UCKOMOE 3HAUYCHUE I[BeTa Me-
tosiom Monre-KapJio nezaBucumo Jijist Kaxk/Ji0ro nukcesa n3oopazkenus. B cBssu ¢
9THUM, CYILIECTBYIOIAE CUCTEMbI PEAJUCTUIHON BU3YAJIU3AINUNA U PACIeTa OCBEICH-
HOCTH, MCTOJIL3YIONINE MEeHTPAJIbHBIE TTPOIECCOPhI, HO HoJiee MHTE/JIEKTYyaJbHbIe
MEeTO/Ibl pacdeTa BO MHOTHUX CJIydadX UMeIOT CpaBHUMOE UJN JaXkKe MeHbIlee Bpe-
Ms TIOCTPOEHUS W300parKeHus. Kak cieJicTBre — CUCTEeMBbI pacuera OCBENeHUs Ha
I'papuyuecKux 1poleccopax MoJyur/u OrpaHudeHHOe PACIPOCTPAHEHKE.

Takue ajaropuTMbl KaK K311 OCBEIICHHOCTU U (POTOHHBIE KapThl JIAIOT CMe-
IMEHHYIO0 ONEHKY (TO ecTh He 00JaJal0T TOYHOCTBIO B MpEJesie), HO MO3BOJISIIOT
MOJIYIUTH pUeMIeMoe H300pakeHue 3a ropasjio MeHbIlee BpeMs, MOCKOJIbKY OHI
B 3HAYUTEIBHON Mepe Tepercriob3yoT pe3yabTaThl Berancaennit. OIHaKO UX pe-

aJin3alys Ha rpapuyueckux 1poleccopax 3aTpy/HeHa 110 Psijly HPUIKUH:

1. IlepeucrosbzoBanue pe3ysibTaTOB BbIYUCJAEHUN yMeHbIIaeT o00iuii odbem
BBIUKCJICHWH, OJIHAKO, TTPUBOJUT K HEOOXOMMOCTU CUHXPOHUBAIUYU JIAaHHbBIX
MEXKJTYy MOTOKAMH U MMOCTPOEHUs YCKOPSIOMMUX CTPYKTYP Ha IpapUIecKux

IIPOTECCOPAX.

2. MeTonpl pealMCTHIHON BU3YAJU3AIUU CO CMEIIEHHON OIEHKON pereHnsd
TPeOYIOT 0COOBIX CIIOCODOB KOHTPOJI TOYHOCTU. CyIIEeCTBYIOIIUE O/IX0/IbI
Ha OCHOBE CMeEIeHHbIX MeTojioB min He Monre-Kapsio (He ocHOBaHHBIX Ha
Monre-Kapiio TpaccupoBke Jiydeii) aaropuTMoB Ha rpaduvdecKux mporecco-
pax He YJIOBJIETBOPAIOT HEOOXOIUMBIM KPUTEPUIM TOUYHOCTU ¥ HAIIPABJICHBI

Ha MHTEPAKTUBHBIA CUHTE3 M300parkeHuil JIJisi KOMIILIOTEPHBIX HUIP.

B cBasu ¢ 9THUM, B HaCTOHHlHﬁ MOMECHT H€ CyHIIeCTBYET CHCTEM paCdY€Ta OCBE-

mennocru (Kpome cucrembl Red Shift, waxopsiieiics B paspaborke), crocobHbIX



3P PEKTUBHO MCITOTH30BATH METOJBI CO CMEIEHHON OIEHKON JJIsi pacdeTa OCBe-
IIIEHHOCTH C BBICOKOI TOYHOCTBIO M CUHTE3a PEAJJMCTUUHBIX n3o0paxkenuii. OjiHa-
KO BBIMI'PBIII OT TAKUX AJTOPUTMOB Ha IEHTPAJbHOM IIPOIECCOPE MOXKET ObIThb
BechMa 3HaunTebHBIM (70 10 pas). [To 9roii mpuuuie B HACTOsIIIEH paboTe OBLIO
[PUHSTO PereHne pa3padoTaTh CUCTEMY PacdeTa OCBEIEHHOCTH Ha IPpapuIecKnx
PoIeccopax Ha OCHOBE AJITOPUTMOB CO CMEINEHHO# OIEHKOH, HO 00J1a1afoImuX
BBICOKOI TOYHOCTBIO. J[0CTATOYHO BBICOKOH TOYHOCTBHIO OyIeM CUUTATL TaKyIo
TOYHOCTD, IIPH KOTOPO# UeJIOBEUECKMI TIJ1a3 He 3aMETHT PA3HUILI MEXKJy H300-
pakeHUeM, MOCTPOCHHBIM ITAJOHHBIM METOJIOM C HPEJIEJIbHO DOJIBIINM BPEMEHEM
pacuera (Merogom Monrre-Kapiio TpaccupoBku Jiyueii) u u3o0pakeHueM, mocTpo-
eHHBIM MCCIeayeMbiM MeTonoM. [IpeensHo OobIMM BpeMeHeM pacdeTa Oyiem
Ha3bIBaTh TaKOE BpeMs, IIpK KOTOPOM dTajoHHbIH MeTos Monrte-KapJjio He ocTas-
JIIeT Ha U300PAYKEeHUHN BUAUMOTO JIJIsT YeJIOBEUECKOTO 1JIa3a MyMa (Ui OCTaBJIsieT
HE3HAYMTEJIbHbI 1y M, CIMBAIONIMHACS C JIeTalsiMu 1300pazKeHust ).

IHeas aucceprarmmoHHO PAOOTHI cOCTOUT B pa3paboTke 3(PPEeKTUBHBIX
METO/IOB peIlleHus] IPOoOJeMbl IJI00aJbHON OCBEIEHHOCTH Ha I'PapUIECKUX IIpPO-
Ieccopax Ha OCHOBE aJITOPUTMOB, JIAIONUX CMEIIEHHYIO OICHKY peIleHus, U pa3-
paboTKe CHCTEMBbI pacueTa OCBEIEHHOCTH, peaJu3yioleil 3T MeToanl. [lom ad-

PEKTUBHOCTHIO METO/a TOHUMAIOTCs CJIEYIONIHe jiBa TpeOOBaHUs:

1. Metoj, peay3yeMblii Ha I'paUIeCKOM IIPOIECCOpe, T0JIKEH TpeboBaTh CpaB-
HUMBIIi 00beM BBIUUCICHUN 1 TTAMSITHU 110 OTHOIIEHHUIO K €r0 OJHOIOTOUYHOMY

aHaJiory.

2. TlpousBojuTebHOCTH METOJIA, JOJKHA JIMHEHHO MacCIITabMpPOBATHCS C yBe-
JIMUEHUEM YHCJa sJIep U BbIYMCIUTEbHON MOIIHOCTU I'PahUUecKOro IIpo-

eccopa.

HeobxouMbiM TpebOBaHMEM K PEIIECHUIO B IEJIOM siBJIsieTcst obeciieueHrne KOHTPO-
JIst TOYHOCTH U BO3MOYKHOCTD JIOCTUKEHUsI TAKOW TOUYHOCTH, TTPU KOTOPOH YesioBe-
YecKMii IJ1a3 He 3aMeTUT PA3HUIIBl MEXKTy M300parkeHneM, NOCTPOEHHBIM 3TaJIOH-
HBIM METOJIOM C MPEJIeHLHO GOJIBITNM BpeMeHeM pacuera (Merogom Moure-Kapiio
TPACCUPOBKY Jiyueil), n u300parkKeHueM, HOCTPOCHHBIM Ha OCHOBE PaspabOTaHHbIX
METOJIOB.

st IoCTHKeHUs TIOCTaBJICHHON T1eJIM HEOOXO/IUMO PEIIUThb CJIeJYIoIue 3a aImn:
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1. UccienoBarh CyIiecTBYIONIAE aJlOPUTMbl B METOJIbI BHIYUCJIEHUS 17100/
HOII OCBEIEHHOCTU U CHHTE3a pPeaJIUCTHUYHBIX M300paKeHuil Ha IeHTPaJIb-

HBIX U Ipa]pUIeCcKUX IPOIECCopax.

2. BroisiBuTh OCHOBHBIE TIPODJIEMbI, BO3HUKAIOIIIKE [P aJialiTalini Harnbosiee -
(PEKTUBHBIX AJTOPUTMOB BBIUKMCJIEHUST TJIODAJBLHOW OCBEIIEHHOCTH CO CMe-
IMEHHOI OIEHKOH peIleHus K apXuTeKType I'padUIecKuX MPOIecCOpoB, 1

IPpEeaJIO?KUTH METOAbI UX peIIeHMA.

a. Pazpaborarh ajgropurm pacrpejenerns padboTbl i Meroja MonTe-
KapJio Ha rpaduieckux mporeccopax B IPUMEHEHUU K 3a,/[aUe BbIUKC-
JIEHUs TJI00AJIbHOM OCBEIeHHOCTH Ha MHOXKECTBe IMHUKCceseil n300parke-

HUA.

0. Pazpaborarb mapaJiie/ibHYIO peasiu3aluio aJroOpUTMa KIIIUPOBAHUS
OCBEINEHHOCTH Ha I'padpUUuecKuX MPOIeccopax, MO3BOJSIONIYI0 3HAUN-
TEJIbHO CHU3UTH BPEMs IOCTPOEHUsI U300parKeHUst 1PU CPABHUMOM C

STaJJOHHBIM MeTojioM MonTe-KapJyio kadecrse.

B. PaspaboTrarh MeTO[ MOCTpPOEHUsT YCKOPSIONMEi CTpyKTyphl Ha Tpadu-
YECKUX IPOIECCopax, MO3BOJIAONNT 3PDEKTUBHO pean30BaTh ajro-

puUTM (DOTOHHBIX KaPT.

3. CozmaTh cucreMmy pacuera OCBEIEHHOCTH Ha IpapUuecKux IIPoIeccopax ¢

ucnoJibzoanueMm rTexnogorun CUDA.

4. WuarerpupoBarh pa3spabOTaHHYIO CUCTEMY B CPeJy TPEXMEpPHOI'0 MOJIEIUPO-
Banuda 3d Studio Max.

Hay4ynas HOBU3HA
[Tosryuenbl ciaemyomue HOBbIE Pe3yJIbTaThl B 00JACTH pacdeTa IIodaJbHON OocBe-

IIEHHOCTHU Ha I'PaPUUECKUX POIECCOPax.

1. IlpemyioxkeH HOBBIIF aJrOPUTM pacipejieneHus: paboThl st 3P HeKTUBHOI
peaJsinzaliuu merojia Moure-KapJio Ha rpaduyueckux mpoieccopax B lpuMe-
HeHWW K 33/a9e BhITUCICHNs IJI00aJbHON OCBEIEHHOCTH W PEAJUCTHIHOTO

CHHTE3a, M300parkeHnii. AJropuT™ mo3BoJisieT 3p(GEKTUBHO PACIPEIe/HTD
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BBIUKCJIATEIbHBIE PECYPChI IPahUIecKoro mporeccopa Ha, MHOYKECTBE MHK-
cejieil M300paXkeHus C HEPABHOMEPHOH CJI0XKHOCTHIO pacdera. B oTsmune
OT IOSIBUBIIMXCSI MO3/HEE aHAJOTOB, AJITOPUTM IO3BOJISIET COXPAHATH IIPO-
CTPAHCTBEHHYIO OJM30CTH TPYIII Jydeil, UTo moBbimaeT 3(pPEeKTUBHOCTD KC-
MOJIb30BAHUST PECYPCOB IPaUIECKOTO TTPOIECCOPA 38 CUET CHUKEHUST TUCTIA

PaCXoJAINXCA 110 Pa3HbIM BETKaM T'DYIIIT ITIOTOKOB.

2. Ilpejyiokena napaJuiesibHast peasu3alius aJropuTMa KIIMUPOBAHUS OCBe-
IIEHHOCTH Ha, I'padUUIecKux IMPOIECccopax, MO3BOJIAONAas CHU3UTh BPEMsi
MOCTPOEHUST N300PaXKEeHUs Ha TIOPSIJIOK 110 CPABHEHUIO C TPAJIMITHOHHBIM Me-
toroM Monre-KapJio mpu cpaBHEMOM KadecTBe IOJIy1aeMOT0 H300PaKeHnsl.
B orimmune or CyMIECTBYIOMMUX HapaJIeIbHBIX peaJu3aliuii K3I11a OCBeIeH-
HOCTHU WJIM peajiu3alliii, YacTUIHO UCIOJIb3YIONUX I'paduieckue 1nporecco-
PbI, B IIPEJJIOKEHHOM T10J[X0/Ie BIIEPBbIE PellieHa mpodJieMa 0JHOBPEMEHHOi
BCTaBKM B K3II OOJIBIIIOIO YHUCJa HE JYOJUPYIONIUX JIPYT JIpyra 3aluceil.
3a cueT 3TOro JOCTUIHYTa MACIITaOUPYEeMOCTb aJropuTMa ¥ BO3MOXKHOCTD
JIETKO#M MHTerpaly B CyIIECTBYIONINE TPOTPAMMHbBIE CUCTEMbBI PACUeTa OCBe-

eHUsT Ha, I'papUIECKUX [TPOIECCOPAX.

3. Paspaboran meToj mOCTPOEHUS CTPYKTYPbI IPOCTPAHCTBEHHOTO IOKCKA Ha,
rpapuuecKux HpoLeccopax, HO3BOJISIONINI 0T 2 0 b pa3 yCKOpUTb cOOP
OCBEIIEHHOCTH B ajropurme (bOTOHHBIX KapT 10 CPABHEHUIO C CYIIECTBYIO-
UMK MeTogaMu. PaspaboTaHHbIil METO/] BIIepBbIE TIO3BOJIU CTPOUTH OKTO-
JIepeBbsi CO MHOXKECTBEHHBIMU CChLIKAMU HaJ[ MHOXKECTBOM OObEKTOB HEHY-
JIEBOT'O pazMepa IOJHOCTBIO MapaJjiebHo Ha TpaduIecKux mporeccopax. B
OTJINYKE OT JPYI'UX CIOCOOOB IOCTPOEHUSI CTPYKTYPbl IIPOCTPAHCTBEHHOI'O
MOKMCKA, JIJIst (DOTOHHBIX KAPT, IPEJJIOKEHHbBI METOJI, CTPOUT CTPYKTYPY, 1103~
BOJISIIOILY IO BBIIIOJIHUTD IIPOIECC cOOpa OCBEIEHHOCTH B 3a/laHHOI TOYKE CO

BCcex (DOTOHOB B €JIMHCTBEHHOM IIMKJE cOOpa, He cojep:KalleM BeTBJICHUI.

IIpakTuieckass 3HAYUMOCTh
Paszpaboranublit Ha OCHOBE CO3/IaHHBIX AJITOPUTMOB IIPOrpaMMHBIN KoMinieke “Hydra
Renderer” sinsiercst ocnoBHbIM 11pojiykTOoM Kommanuu “Peit Tpeiticuar Cucremc”
(http://raytracing.ru). YcraHoBKa u MCIOJIb30BAHKE TPOJLYKTa BOSMOXKHA Ha Ha-

CTOJIbHBIX ¥ MOOMJIbHBIX KOMIIbIOTE€PAX, OCHAICHHBIX CePUAHBIMU I'DaPUICCKUMU
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nporeccopamu ¢ nojiep:kkoit rexnogornn CUDA. Kowmiieke ucnosb3yercs: st
pelleHus IPaKTUIeCKUX 3a/1a49 B IPOMBIIILICHHOCTH 1 jgu3aiine. OcHOBHBIE Cdepbl

IIpuMEHEHNA:

1. OHGHK& BHEIIHEI'O BUJa U PEaJIUCTUYIHAA BU3YaJIU3allud IITPOEKTOB IIPOMbIIII-

JICHHBIX WU3JICJIUA.

2. ApXuTekTypHBII IU3aiH — MOJEIUPOBAHNE SKCTEPLEPOB, HHTEPLEPOB MOME-
IEeHU T, CAJJOHOB TPAHCIOPTHBIX CPEJICTB JJIs OIIEHKU YPOBHS OCBEIIEHHOCTHU

1 3CTETUYHOCTU COOTBETCTBYIONIETO MHTEPhEPaA UJIN IKCTEPHEPA.
3. Cozjanue pekJaMHBIX U JIEMOHCTPAIIMOHHBIX ITPE3eHTAIMIA.

4. Pacuer HexejaTebHBIX ONTUYECKUX PEPEKTOB MPU MPOCKTUPOBAHUN aP-

XUTEKTYPHBIX U UHXKEPEHBIX COOPY2KEHHUIA.

PazpaboranHblii IporpaMMHBII KOMILIEKC ObLI IIPUMEHEH IIPU OICHKE BHEIII-
HETO BUJIA [MPOEKTa 3TaHUs JIJIsT KOMIAHNK ACKOH U PacUeTa HeXKeJIaTeIbHBIX OT-
PaXKeHUii 0T 3ePKAJIbHBIX JEMEHTOB KOHCTPYKIIMK ITOro 3anus (puc. 1).

Anpobamus padborbl OcHOBHBIE PE3YIbTATHI JUCCEPTAIMT JOKJIAIHIBAJINCH

Ha CJIEJIYIONINX KOH(EPEeHIUIX 1 CeMUHApPaX:

1. Mexnynaponuas Kondepenruu no Komnbiorepnoii I'paduke n 3pennio
GraphiCon’2009 (Mocksa, daxyrsrer BMK MI'Y).

2. Mexaynapojuas Kondepennuu no Komnborepnoit I'paduke nu 3peruto
GraphiCon’2010 (Cankr-Ilerepbyprekuii rocyiapCTBEHHBINH YHUBEPCUTET WH-

(bOPMATIMOHHBIX TEXHOJIOTHil, MEXAHUKY ¥ OTTHKH ).

3. Mexynapojuas Kondepennuu no Komnbiorepnoit I'paduke nu 3peHuto
GraphiCon’2012 (Mocksa, dakynsrer BMK MI'Y).

4. Mexnaynapojnas Koudepenruu nmo Kommwioreproit I'paduke n 3pennio
GraphiCon’2013 (Uucruryr aBromaruku u mporieccoB ympasienus J1BO

PAH, JlanbueBocrounsiii QejiepasbHblil Y HUBEPCUTET).

5. Cemunap 10 KOMIbIOTEpHO# rpaduke n mammaHOMY 3pernio KO.M. Bas-

koBckoro (Mocksa, dakymprer BMK MI'VY).
9



Puc. 1. IIpumepnr npuMeHeHust pa3pabOTAHHON CHCTEMBI JIJIsT OIIEHKH BHEITHEro BHAa HeOOCKpe-

Oa u pacuera HeyKeJaTeJTbHBIX OTPAKeHMUIT.

6. Cemunap nanpaienus “TIporpammuposanne” um. M. P. [llypa-Bypa s UTIM
um. M. B. KeJjipima.

7. Tpunagnareiit HaydHo-nipakTriecknit cemmuuap “Hopbie nndopmanmnoHHbie
TEXHOJIOTHH B @aBTOMATU3UPOBAHHBIX cucTeMax . MOCKOBCKUiT TOCYIapCTBEH-

HBII HHCTUTYT 3/1€KTPOHUKHN 1 MareMaruku (2010 rog).

ITy6aukarun [lo pesyabraram pabors umeorcs 10 neaarubix pador [1-10],
W3 HUX 2 myOauKaiuu B periensupyembix xkypuanax [lepeans BAK [2, 4], 1 my6-
JuKalus BxojuT B bubsmorpaduieckyio 6azy Web Of Science [2], 3 nybiukanuu
BxojsiT B Oubsmorpadguueckyto 6aszy Scopus [1-3].

JInanwiit Bkaan asropa Cojep:kanue JUCCEPTAIMA W OCHOBHBIE TTOJIOMKE-
HUS, BLIHOCAMBIE Ha, 3al[UTY, OTParKaloT MepPCOHAJBHDII BKJIaJ aBTOpa B OIy0/Ii-
KOBAHHBIX paboTax. IloaroroBka K myOauKanum MoJyYeHHbIX PE3YJILTATOB IPOBO-
JMJIACH COBMECTHO C COABTOPAMH, IPHUUYEM BKJIaJl JMCCEPTAHTa ObLI OIPEEIsO-
muM. Bee npejicraBieHnble B JIMCCEPTALMA PE3YJILTATHI TTOJIYYeHbl JIMYHO aBTO-

POM.
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CrpyKTrypa m obbeM jaucceprammm Jlyuccepralinst COCTOUT U3 BBEICHUS,
0030pa JuTepaTyphbl, 4 ri1aB, 3akJodenns, oudsmnorpadun u npuaoxenns A. O0-
muit oobeM juccepraruu 175 crpanuil, u3 HuX 146 cTpaHUIl OCHOBHOI'O TEKCTA,
BKJIO4as 60 pucynkos. bubmnorpadusa skiouaer 154 nanMmenosanus. [Ipuiaoxke-
Hue A BKiIoOuaeT 28 CTpaHUIL ¥ COJIEPXKUT JIaHHbIE CPaBHEHHS PaspabOTaHHOM

CUCTEMBI C aHaJIOT'aMU.

Conepkanne padoThbl

Bo BBegeHum obocHOBaHA aKTYyaJbHOCTD JUCCEPTAIIMOHHON PabOThI, chop-
MYJIIPOBaHA 1€JIb ¥ APT'YMEHTHPOBaHa HayYHasl HOBU3HA UCCJIEI0BAHMI, TOKA3aHA,
MPAKTUIECKAsT 3HATMMOCTD [TOJIY YeHHBIX PE3YILTATOB, IPEICTABIEHBI BELIHOCHMbBIE
Ha 3AIUTy HAYIHBIE HOJOXKEHUS.

B nepBoii riiaBe jgaercs BBeJieHRe B IPEIMETHYIO 00JIaCTh U AHAJN3 OCHOB-
HBIX JIMTEPATYPHBIX MCTOUYHMKOB, IIOCBAIIEHHBIX HpobJieMe 1100aabHON OCBeIeH-
HOCTH. J]aroTcst onpejiesieHnst OCHOBHBIX TEPMUHOB 1 TOHSITH, BBOJISATCS OCHOBHbBIE
MaTEeMaTUIECKIe MOJIEIN U PACCMATPUBAIOTCS 0a30BbIE aJrOPUTMbBI BHIUNCICHUS
r7100aJIbHOI OCBEITeHHOCTH.

Bo BTOpOIii riaBe mpoBOIUTCS NETAILHLI aHAJIN3 JUTEPATYPHLIX HCTOU-
HUKOB 110 T€M€ UCCJICJIOBAHUST U 0DCYKIaeTCsi TEKYINEe COCTOsTHUE JieJl B 00J1acTh
pacdera OCBEIIEHHOCTH Ha IPadUICCKUX IIPOIECCOPaX.

B Tperbeil riaBe ob6cy:K1al0TCd IPEJJIOKEHHbIE B paboTe MeTOJIbl 1 000-
3HAYAETCST UX MECTO B 00JIACTH pacdeTa OCBEIEeHHOCTH Ha IpaduIecKuX IPOIecco-
pax. [IpoBomurcs cpaBHenne ¢ CymecTBYIONIMMA METOJAME U AJIbTePHATHBHLIMA
PEIIeHUSIMU.

B paszene 3.1 paccMaTpuBaeTcst TPeJJIOXKEeHHBIA METO/] TTOCTPOEHMsT n300pa-
JKeHHUsl Ha rpaduiecKux mporeccopax B 1ejiom. OOCyKIar0TCs ero IpenMyIecTBa
1 HEJIOCTATKH 10 CPABHEHUIO C CYIIECTBYIOMUME PEIICHISIME.

CramgapTHas peaJn3alys TPACCHPOBKY IIyTell, IpuMeHseMast B TAKAX CHCTe-
max kak IRay, Octane, Arion, VRayRT, nmeer onpeesennbie HeJJOCTATKE.

Bo-1iepBbIX, HECMOTPsT Ha 3HAYUTEJIHHO 00JIEEe BHICOKYIO TPOU3BOIUTEIHHOCTE
TPACCUPOBKH JIy4eil B BLIIIEYTOMSIHYTBIX CHCTEMAaX, HCIOJIb3YEeMBbIil aJITOPUTM, I10-

JIydasd HECMEIIEHHYIO OLEHKY JJisl Ka2KJIO0T'0 ITMKCEJIa I/I306pa)KeHI/IH HE3aBUCHUMO,
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JUIsl JIOCTUXKEHUST MPUOJIM3UTEIbHO TOTO YK€ KadyecTBa TpedyerT o0pabOTKM TpaK-
tudecku B 10 pas OoJsibliero 4ucja Jiydeil, 4eM ajJbTepHATHBHBIE METO/IbI, MOILY-
JIIpHBIE B CHUCTEMaXx pacueTa OCBEIeHUsd Ha IeHTPAaJIbHBIX IIPOIeccopax U IOJy-
JaIoIe CMEeIleHHbIe OICHKN.

Bropoit HejlocTaToK CTaHapTHON TPACCUPOBKU IyTEH 1PU peaJiu3alui Ha
GPU szakmouaercst B TOM, 9TO HECMOTPST HA TO, 9TO KAXKJIBIH JIyd MOXKET ObITH 00-
paboTaH He3aBUCUMO, O0ITas BEIYUCTUTEbHAS HATPY3Ka U O0pAIeHus K MaMsITh
CUJTBHO HEPETYSIPHBI. DTO YXY/IAET MPOU3BOIUTEIHHOCTD TTPU PEATU3AIUN TPAC-
CUPOBKM Jiyueil Ha MacCUBHO-IIapaJiiesibHOM 11polieccope. [Ipejiokennbiit moaxo/n
[I03BOJISIET B 3HAUUTEJLHON Mepe aMOpTU3UPOBATH MPODJIEMY JIMBEPIeHTHBIX 110-
TOKOB ¥ HEPEeryJasgdpHOro J0CTyla K MaMdaATH 3a CYeT IPYNIUPOBKU JIy4deil B IPO-

CTPaHCTBEHHO OJIM3KHUE TPYIIILI B 2 MECTaX:

1. Ilpu BbIUMCIIEHVE BTOPUYHOM OCBEIIEHHOCTU B TOYKaX K3I11a OCBEIICHHOCTH
3a CUeT IPYIIUPOBKU BTOPUTHBIX JIyUel U UCIOJIb30BaHUs (DUHAJHHOTO cOO-
pa (ITO OrpaHUIMBAET NIyOUHY TPACCUPOBKU TaKUX JIydeii U mpejoTBpaia-

erT WX pacXoxKjIeHus nocye qudy3HbIX MepeoTparKeHuii).

2. Ilpm TpaccupoBKmM Jydeil M3 BUPTYaJbLHON KaMephbl 3a CUET MCKJIIOUYEHUS
pacuera Juddy3HbIX MepeoTpazkeHuii (KOTOPbie BbIYUCIISIOTCS TPU TOMOIIIT

K911 OCBEIEHHOCTH ).

B pazjesie 3.2 paceMarpuBaeTcs aJrOpuTM adalTUBHONR TPACCUPOBKH 11y TEH.
OjiHa M3 cepbe3HbIX HpodJeM mpu peanusanuu Meroja Monre-Kapsio st Bbi-
YUCTIeHNST TJI00AJHHON OCBEIIIEHHOCTH Ha MHOYKECTBE THKCeseil m300parkeHnst 3a-
KJIIOYAaeTCs B HEPABHOMEPHOM O0beMe BBIYUCICHUI, HEOOXOUMOM JIJIsI KazKJIOro
nukcesa. CranjaprHas peajnsaius TpaccupoBku jydeit na GPU, npu xoropoii
OJIHOMY THKCEJIy BCerja coorBercrByer 1 moTok, B 3ToM ciydae HeaddekTrBHAa,
IIOCKOJIbKY BCE IMOTOKHU BBIHYKJIEHbI jiesiaTh Takoe e uncjio Monre-KapJiio Bbibo-
POK, Kakoe TpedyeTcst JJIsi CaMOro CJIOXKHOTO B PacueTHOM TiaHe nukcena. s
peleHus 9Toi IPOoOJIEeMbI IIPEJI0OXKEH ClIeNUAIN3UPOBAHHBIN aJITOPUTM paciIpeie-
JIeHUsT PabOTHI.

B nauaJie pacuera n300parkeHusi IKpaH u300parkeHusi pa3duBaercs Ha OJIOKK

8x8 mm 16x16 nukceseit. BuyTpn Kaxx 1010 6J10Ka ITUKCEJIbl HyMEPYIOTCsi COTJIACHO
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Kpusoit Moprona. 9T0 103BoJIsIeT B 3HAYUTEILHON CTEIIeHN COXPAHUTDH IIPOCTPaH-
CTBEHHYIO OJIN30CTD JIyUeil ¢ II0C/Ie/IOBATE/ILHO UJIYIIUMI HOMEPpaMU [I0TOKOB, 4TO,
B CBOIO OU€pe/ib, IOJOXKHUTEIbHO CKA3bIBAETCS HA CKOPOCTU TPACCHUPOBKH JIyUeii
BCJIEJICTBHE YMEHBIIEHUsT YKCJIa, IUBEPreHTHBIX IPYIIT MOTOKOB warp. [lajee Bce
010KM JTOOABJISIIOTCS B CIIMCOK aKTUBHBIX 0JIOKOB. M3 crimcka Bcex ak TUBHBIX OJ10-
KOB rpaduuecknii mnporeccop m3pjaekaer poBHO M OJIOKOB, KOTOpPbIE OH MOXKeT
obpaborars napaJuienanbHo. [Ipu aTom uncsio M omnpenensiercs: 3apaHee BbljiejIeH-
HBIM JIJTsI TIPOTPAMMBI OOBEMOM TaMSTH (T.€. 9TO TO3BOJISET OIPAHUIUTH O0OBEM
1oTpebJisieMoil maMsiT ¢ pocToM paspeliienust nzobpaxkenus ). Ecin ancio akrus-
HbIX OJIOKOB B cliMcKe MeHbIlie M, B CIUCOK J100aB/IsIIOTCs JAyOJIMKAThl KayKJI0r0
0JI0Ka 3a cYeT yaBamBaHWUS UKCIa Jiydeil, Tpaccupyembix Ha 1 nukcesn. Takoit
I0JIXO/T, TIO3BOJISIET CO3/1aTh JocTtaTouno paborn! ajass GPU mpu moboM ducie ak-
TUBHBIX OJIOKOB ¥ IIPU 9TOM BCET/Ia 3aHUMAThL (PUKCHPOBAHHDLIA 00HEM ITaMSITH.

B pasjene 3.3 paccmarpuBaercst peaJin3aliis HapaJjiie/ibHOIO KA1, OCBEIeH-
HOCTH Ha TrpadrUecKux IIPOIEccopax W MeXaHW3M HHTErpaiudyd TakKoro KdIa B
MpOrpaMMy pacuera OCBEIEeHNS.

M3nauaabHO IOCIe0BATEILHBIA aJrOPUTM KIIIHPOBAHN OCBEIIEHHOCTH PAb0-
TaeT 10 CXeMe JIEHUBBLIX Bhlumciennii. HoBble 3ammucyu B KT BCTABJISIIOTCS TOT/IA,
KOI'JIa B HUX II0sIBJIsSIeTCsE HeoOXoauMocTh. [lapaJjuiesibHast BecraBka 3alceil B KA1

ocseniennoctr Ha GPU mnopoxtaer 3 ocHoBHBIE TTPOOIEMBI:

1. Koneunocrs. [lapanneanbnoil peaansann KaI1a OCBEIIEHHOCTH HEOOXOUMO

yMeTh 'eHepUPOBATH JOCTATOYHbIN HAOOD 3alticeil KI111a JI0 Hava/ia OCHOBHO-
0 9Tarna MocTpoeHusi n300parKeHust. B MPOTUBHOM cJiydae HEMUHYEMO TTOsIB-
Jerre apTedakToB Ha M300parXKeHN !, BBI3BAHHBIX TEM, UTO Pa3JUIHbIE TOTO-
KW OyJIyT BUJETh B CYITHOCTH Pa3IUIHbIC SK3eMILIAPDI Katra. s pernenns
9TOM 11pObJIEMbI 1IPEJIJIAraeTCst MHOIOIPOXO/HBIF aJI'OPUTM BbIYUCIEHUS K-
1118, OCBEIIEHHOCTH. B KOHIle KaXKJI0ro MpPOX0Jia, OlPEeJIesdeTcs JIOCTaTOUHO
JIN 3aITMCell HaXOJUTCs B KIII€ Ha OCHOBE OIIEHKHU ONMOKHU B IPOCTPAHCTBE
9KpaHa U B MEPOBOM MPOCTPaHCTBe. Kcam 00e oleHKrn HUXKe YCTAHOBJIEHHO-

ro opora, aJropuTM OCTaHABJIMBAECTCH.

2. Omupenenenne mojoxkeHnns Touek-3anuceir. OJTHONIOTOUHBINR aJTOPUTM aBTO-

MaTUYECKH pelriajl podJieMy paciooyKeHts 3alliceil, TOCKOJIbKY 3alliCh CO-
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3/aBaJjach B TOM MeCTe TPEXMEepPHOU BUPTYAJIbLHOU CIEHBI, Ky/a MOMaJI JIyd
13 BUPTYyaJIbHOM KaMepbl U I'JIe B OIpEJIeJICHHbII MOMEHT BPEMEHH OIlCHKA
OIMMOKN MHTEPIOJISINNA Obljla CJIMIIKOM BbICOKa. Takoil crocod mo3BoJisieT
reHePUPOBATH OJMHOUYHBIE 3aIIPOCHI HA BBIUUCIEHUE OCBEIEHHOCTH, 9TO B
3HAUUTEIbHON Mepe orpaHuvuBaeTr napaJuiejudm. st BbICOKOmapaJiiesb-
HOW peaJin3alliy K311a, OCBEIEHHOCTH HEOOXOJMMO IepeCMOTPETh JaHHOe
peleHne — Jijis 3aJaHHOM TPEXMEPHOI CIIeHbI 1 HEKOTOPOI'0 YKCJIa Y2Ke Cy-
IMIECTBYIOIIKUX B KO3IIE 3allMCeil aJrOpuTM JOJXKEH IIPeJICKa3aTh HEKOTOPOe
paciipejiesieHie HOBbIX TOUYEK-3aluceil, Hauy M o0pa3oM OKPbIBAIOIIEe
BUMMYIO (KaK HAIPSMYIO, TaK U MOCPEJCTBOM [EPEOTPaKEeHNiT) YacTh BUD-
TyaJIbHOM CIIEHBbI M yMEHbITIaloIIee OIEHKY OIMMOKM B MUPOBOM ITPOCTPaH-
CTBE U IPOCTpaHCTBe KpaHa. [y pernenus 3Toil mpodieMbl ObLIN pa3pa-

OOTaHBI:

a. AJIropuTMm, NpeJICKa3bIBAIONIN TTOJIOXKEHUST 3aITUCel KA, OCBEIECHHO-
CTH Ha OCHOBE JIN3ePUHTA (AJITOPUTM YMEHbBIIeHUsT KOJMIECTBA [[BETOB
B I[[BETOBOI TAJUTpE) M300paxKeHus ONEHKH OMUOKU B MPOCTPAHCBE

9KpaHa.

0. Knacrepuzanuu 3a1mpocoB ¢ 0oTO0POM HAUIYUIINX KAHIUJIATOB U3 KJIa-

CTEPOB B MUPOBOM ITPOCTPAHCTBE.

3. Bbrumcienue pajuycoB BajuiHOCTU 3alceil. PajguycoM BaJIMHOCTH 3allu-

CV K3Ia OCBEIEHHOCTH HAa3bIBAIOT PAJNyC, B TPEJeaX KOTOPOTO 3alnch
MOXKeT ObITh HUCIIOJIL30BaHA JIJIsd MHTEPHOJAuU. J[jisi BBIUMC/IEHUSA STOIO
paJinyca OJHOIOTOUYHAS PEeaU3aIUs UCIOJb3YeT PsiJi SBPUCTUUECKUX METO-
JIOB, OCHOBBIBAIOIIMXCS HA IOCJIEJI0BATEILHON BCeTaBKe TOYeK B Kol Ilpu
OJIHOBPEMEHHO BCTaBKe B KA1 OOJIBIIAX IPYIIT 3alUCEil 9T METO/bI PU-
BOJIAT K YPE3MEPHOMY TEPEKPBHITUIO 3aliCeil W TOCJEAYIONel MeJICHHON
wHTEepnoJisnun (BbiOOpKaM u3 Kamma). s perrenns 91oit mpobiaemMbl ObL1
IPeJIJIOXKEH aJTOPUTM YMEHbIIEHHST PaJuyCcoB BaJIUIHOCTH, OCHOBAHHBIN Ha

KOHTPOJIE CTEIEHU [1ePEKPbITUs 3alluceil.

B pazsene 3.4 npejiaraercsi MeTOJI TOCTPOEHUST OKTO-JIePEeBa CO MHOYKECTBEH-

HBIMU CChLIKaAMU Ha I'paUUecKuX MPOIeccopax JiJid YCKOpeHHus cOopa OCBeleH-
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HOCTHU B aJITOPUTME (DOTOHHBIX KAPT.

[Ipu ucnosbzoBanmy MeTo/1a (POTOHHBIX KapT BpeMs IOCTPOEHUsT N300pazke-
HUS 3aBUCUT OT TaKWX MEPEMEHHBIX KaK: BpPeMs TPACCUPOBKHU (DOTOHOB, BpeMs
MIOCTPOEHHUST YCKOPSTIOITel cTpYKTYpbI ((DOTOHHOI KapThI), BpeMst TPACCHPOBKH JIy-
qeit coopa M, HaKOHEIl, COOCTBEHHO BpeMsi ¢cOopa ocsereHHOCTH. CyIecTByolme
METOJIbI TTOCTPOCHUST (DOTOHHOM KapThl TIOUTH BCErJla UMEIOT MPUEMJIEMOe BPeMsi
MOCTPOEHUS CaMOil YCKOPAIOIIEH CTPYKTYPbI, HO ¢OOP OCBEIEHHOCTH MPHU ITOM
MOYKET CTaTh Y3KUM MECTOM. DTO CTAHOBUTCS OCOOEHHO 3aMETHO NpPU BU3yaJN3a-
1My B OOJIbIIMX Pa3pelleHusiX, yBeJUUeHUU Yuc/ia lepeoTparxkenuit jiydeit cbopa
un ucnoJib3oaruu Metoja PunasprHoro Coopa. Pazpaboranubrii MeTo 1 nmpume-
HEH JIJIs1 YCKOPEHUsT orepaliuu ¢cbopa OCBEIEHHOCTH B aJropuTMe (POTOHHBIX KapT
U II03BOJIsIeT YCKOPUTH ¢OOP OCBEIEHHOCTH OT 2 JI0 H pa3.

YeTBeprad ri1aBa MOCBAINEHA BOIIPOCAM ITPOIPAMMHON peau3aliui pa3pa-
OOTaHHOW Ha OCHOBE OIMCAHHBIX B HPEJIbIIYIIUX [VIaBaX aJrOPUTMOB IIPOIPaMM-
HoWi cucrembl pacdera ocsererroctn Ha GPU Hydra Renderer. ITpusojsitest npu-
MEpbI TPAKTUICCKOTO UCTIOIb30BaHus co3mannoii cucrembl (Puc. 1, 2). [Ipencras-
JIEHO CpaBHEHWeE C CYIIEeCTBYIONUMI aHAJOTAMMA.

B 3akaodenun chopMyinpoBaHbl OCHOBHBIE PE3YJIbTaThl pabOTHI.

OcHoOBHBIE PE3YJIHTATHI:

1. Pazpaboranbl 3¢pdeKkTuBHbIE TapaJjiejbHble aJIOPUTMbI BBIUYNUC/ICHUA TJIO-
OaJIbHOI OCBEIIEHHOCTU Ha IpadUIecKuX IIPOIeccopax Ha OCHOBE aJIlOPHUT-

MOB CO CMEIIIEHHOUW OICHKOW peIeHus.

a. Paspaboran aJiropurm pacipejiesienus paborbl Juisd 3P OEKTUBHON pe-
asm3aruu metosa Monrte-Kapsio Ha rpaduydeckux mporeccopax B IpHU-
MEHEHNN K 3aJiade BBIUYHMCJICHHUSI TVI00AJbHOI OCBEIEeHHOCTH U (POTO-

PEAMCTUIHOIO CUHTE3a M300parKeHnii.

6. Ilpejioxkena napaJuiesibHast peajusalins aJropuTMa KIMUPOBAHUS OCBe-
IIIEHHOCTH Ha IrpaduIecKuX IIPOIeccopax, IO3BOJIAINasd CHU3UTD Bpe-
Ms TIOCTPOEHMS N300parkKeHusl Ha, [MOPAJIOK 110 CPABHEHUIO C TPaJIAITHOH-

HbIM MeTosioM MonTe-Kapio npu cpaBHEMOM KadecTBe ITOJIYIaeMOro
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Puc. 2. IIpumeps! npuMmenennst pa3paboTannoii cucreMbl. Ha cliieHax mHTepbepa 1 KaOMHBI CAMO-
JIeTa, K3II OCBEIIEHHOCTH YCKOPseT pacdeT u3obpazkenus B 5-10 pa3. Pazpaboranublii aaropuTm
pacupejenenns paboTsl st Meroga Mourte-Kapsio Ha MHOXKeCTBe MUKCe et n300parkeHns Ha

CIleHe ¢ aBTOMOOHIJIeM JaeT YCKOpeHHe B 4 pasa.

n300paKeHUsI.

B. Pazpaboran MeToJ mocTpoeHust yCKOPsoIeil CTpyKTypbl Ha rpadute-
CKHUX IIPOIIeCCOpax, MO3BOJISIONUI OT 2 JI0 O pa3 YCKOPUTH cOOpP OCBe-
IIIEHHOCTHU B aJIrOPUTMe (DOTOHHBLIX KAPT 110 CPABHEHUIO C CYIIECTBYIO-

UMY MEeTOJIaMU.

2. Ha ocHoBe pazpabOTaHHBIX aJITOPUTMOB CO3/IaHa CUCTEMa PacIeTa OCBEITeH-
HOCTH Ha TpaduUecKux IPOoIeccopax, B HECKOJIbKO pa3 IMPEeBOCXOIAIIas M0
CKOPOCTH CylIeCTBYIOlIMe anaJjoru. Pazpaborantasi cucreMa MHTEIPUPOBa-
Ha B cpejy TpexMepHoro mojeanpoBannst 3d Studio Max 2013 u 2014 u
HAXOIUT MPUMEHEHHWE TIPW PeIeHnr TTPAKTHIeCKNX 3aa9 B HayKe W Mpo-

MBIIIJICHHOCTH.
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