MamuHHas rpadguka B 3a1a4aX aBTOMATH3HPOBAHHOT0 IPOEKTHPOBAHHUS
Bonoboii A.I'., x.¢p.-m.n., ['anakmuornos B.A., K.¢h.-m.H.,
HUncmumym npurnaonou mamemamuxu um.M.B.Kenovuua PAH, 2. Mockea
Annomauyus. Jlaercs 0630p padot, mpooaumbix B MIIM um.M.B.Kennpeimra PAH, mo
MPUMEHEHUIO METOJ0B KOMIIBIOTEPHOU IrpaUKH B Pa3IMYHBIX 00JIACTIX MPOCKTHPOBAHHS
U IM3aifHa: apXUTEeKType, Au3aiiHe HHTEPbEPOB, CO3/IaHUN ONTHUECKUX CBETONPOBOIAIINX
Y OCBETUTEINIbHBIX CHCTEM M YCTPOMCTB, HOBBIX ONTUYECKHU CIOKHBIX MAaTEPHAJIOB, TAKUX
KaK MHOTOCJIOIHbIE aBTOMOOMJIbHBIE KPAaCKU U TKaHU. B ocHOBe mojxoa jnexuT
pa3paboTaHHasi TEXHOJIOTHS pacyeTa, OCHOBaHHAs Ha (PU3MUECKU aKKypPaTHOM
MOJIETUPOBAHUY PACTIPOCTPAHEHHUS CBETA.
1. Beenenne
Hapsiny ¢ Hay4HBIMH HCCIEIOBaHHSIMH aBTOMATH3MPOBAHHOE IPOECKTUPOBAHUE
SIBJISITOCH OJTHOM M3 OCHOBHBIX c(hep MpUMEHEHHsI padoT M0 MAIIMHHON (KOMITBIOTEPHOM)
rpaduke, xkotopeie Beayrcs B WMIIM yxke Oomee 30 ner. I'paduueckas Oubmmoreka
['PADOP [1], co3gannas B UIIM B ocHOBHOM B miepBoii mojioBUHE 70-X r0/I0B MPOILIOTO
BeKa JUId BU3YyaIHM3allud pE3YJIbTaTOB HAYYHBIX BBIUMCJICHWH, HalUla IIHPOKOE
NpUMEHEHHWE B  aBTOMATH3AallMd  TPOCKTHBIX U  KOHCTPYKTOPCKHX  paboT B
MaIIMHOCTPOCHUH, aBHAIIMOHHON MPOMBIIIIEHHOCTH, apXUTEKTYPE U IPYTUX 00JIACTIIX.
bubmmoTtexa mMo3BoJIATA BBHIBOJUTH Ha TPadorOCTPOUTENb, a 3aTeM M Ha AMCILICH,
rpaduueckre MPUMUTUBBI (OTPE30K MPSIMOM, Jyra OKPY>KHOCTH, an(aBUTHO-IIM(PPOBLIE
CUMBOJIBI) W Ha uX 0Oasze cTpouTh rpaduku ¢Gyukumii. B nanpHeimem Oubnnorexa
MOTIOJTHUAJIACH MPOrpaMMamMu aQpUHHBIX TPEOOpa30BaHU, IITPUXOBKH, AlIIPOKCUMAIIUN U
CIUIaWH-MHTEPIIONSAINY, IPOTPaMMaMi BHU3YaIH3allMA JBYMEPHBIX (QYHKUIUN (TMIPOEKIUU
MOBEPXHOCTEH, KapThl H30JMHHUN, CKaJSIPHBIE M BEKTOPHBIE TIOJs), IMPOrpaMMaMu
F€OMETPUYECKUX TIOCTPOCHMM | pAnoM Apyrux (QyHkmuonamsHocTer. ['padop Obin

peanu3oBaH Ha OONBIIMHCTBE cymiecTBYOIUX B To BpeMs B CoBerckoMm Coroze OBM u

OMNCPaUOHHBIX CUCTEM C BBIBOAOM IPAKTUYCCKU HAa BCC MMCHOIIUECS Fpa(l)OHOCTpOI/ITCHI/I



u rpaduyeckue aucruien. B Hactosmee Bpems unrepec k [PA®OPy nmoanepxuBaercs B
CBsI3H ¢ ero nepeHocoM B cpensl Windows u Unix [2].
2. CuHTe3 peaJMcTUYHBIX U300pakeHnil. PU3NM4YeCKH aKKypPaTHbIe pacyeThbl
OCBEIICHHOCTH

C nauana 90-x roJI0B TJIaBHBIM HAIIPABJICHUEM Pa3BUTHS KOMITBIOTEPHOU TpaduKu B
WHCTUTYTE CTajl CHMHTE3 PEATMCTUYHBIX M300pakeHHi Ha 0a3e (U3NYECKHU aKKypaTHOTO
(T.e. ocHOBaHHOE Ha (U3MUYECKUX 3aKOHAX) MOJEIHMPOBAHMS PACHpPOCTPAaHEHMS CBETa B
pa3IMUYHBIX Ccpeaax. JTa 3a/1a4a CBOAMTCS K PEIICHUIO 3a]auu T7100aTbHON OCBEIIICHHOCTH,
KOI/Ia YYUTBIBAETCA HE TOJIBKO MpsiMas OCBEUIEHHOCTh IMOBEPXHOCTEH CIIEHBI Jy4yaMmu,
UAYUIMMH HETOCPEICTBEHHO OT HMCTOYHUKOB CBETA, HO W BTOPHYHAS OCBEIICHHOCTb,
co3/1aBaeMasi JIydaMu, OTPAKEHHBIMHU MJTU MPEJIOMIIEHHBIMU APYTUMHU IOBEPXHOCTSAMHU.

bruta mocTpoeHa TexHoOJIOrMsT HA OCHOBE MeToj0B MoHTe-Kapiio u TpaccupoBku
Jy4yel, MO3BOJISIOIIAs C  BBICOKOM  TOUYHOCTBIO paccuuThIBaTh OCBEILEHHOCTh
MOJICTUPYEMBIX CIIE€H, CTPOUTh PEATHCTUYHBIE H300paKeHHs POoTOorpaguueckoro KauecTna.

Unes merona Monte-Kapino mnpsimoil TpaccupoBku mayuedl [3, 4] cocrouTr B
CTaTUCTUYECKOM  BOCIIPOM3BEICHHMH MEXaHW3Ma pPAclpOCTPAHEHUS CBETa IyTEM
MOJICTTUPOBAHUSI BCEBO3MOXKHBIX TPACKTOPUN Jydeil. TpaeKkTOpuu CBETOBBIX YaCTHI]
(boTOHOB) MPOCIEKMBAIOTCS HA BCEX dTalax CyHIECTBOBAHUS OT MOMEHTA MX TeHEpaIuH
HMCTOYHHUKAMH CBETa J0 MOTJIOLIEHUS WM BBIXOJAA U3 CIeHbl. [Ipu reHepanuu CBETOBBIX
YaCTHIl HAaIIpaBJIeHUE, B KOTOPOM HCIyCKaeTcs (POTOH, AJTMHA BOJIHBI M CTAPTOBAsi MO3UIIUS
Ha MCTOYHMKE CBETa OINpPENENAIOTCS CTOXAaCTUYECKH COIVIACHO (OTOMETPUUECKOMY
pacrpeeneHHI0 SHEPTUH UCTOYHUKA U €r0 TeoMeTpuyeckoi (opme. 3aTeM TpaeKTopus
¢doToHa TpaccupyeTcst J0 MepeceueHus] ¢ MOBEPXHOCThIO oOBekTa cueHsl. [locre uero
JanbpHelIee moBeJeHHe (OTOHA OINpeNeNsIeTCs CBETOPACCEMBAIOIIMMH CBOMCTBAMH

IIOBCPXHOCTH.



MeTo eCTeCTBEeHHBIM 00pa30M TMOJICPKUBAET BCE TUITBI TOBEPXHOCTEH, BKIIFOUAs
couetanusi AU(PPY3HBIX M 3€pKaTbHBIX CBOWCTB, a TaKXKe MOBEPXHOCTH CO CIIOKHBIMHU
ONTUYECKHUMH CBOMCTBAMH, OMUCHIBAEMBIMHU JBYHAIPABICHHBIMU (DYHKIUSAMHU OTPAKEHUS
(mpenomiieHust) cBera.

Merton Monte-Kapio mnpsiMoii TpacCHpOBKH Jiyded HE 3aBUCHUT OT IOJIOKEHUS
KaMepbl M He IpeaycMaTpHUBaeT BbIBOJ M300pak€HUS Ha 3KpaH, a JIUIIb IPeOCTaBIIsSET
WHPOPMAIIMIO O TJIOOATBHOW OCBEIICHHOCTH, KOTOpas B JaJbHEHIIEM MOXET OBITh
UCIIOJIb30BaHa Il BU3YaJIM3allMM U CUHTE3a N300paKeHUH.

Co3naHHble Ha OCHOBE JTOW TEXHOJOTMU MPOTrpaMMHBIE KOMILUIEKCH HAallIu
npuMeHeHHe B cdepe apXUTEKTypHOTO TPOEKTUPOBAHUS, JW3aiiHA HWHTEPHEPOB
MOMEIIEHHH, CaJIOHOB aBTOMOOWJIEH M CaMOJIETOB, MPOEKTUPOBAHUS CHUCTEM OCBEIIECHUS
3/IaHUH U APYTUX 0OBEKTOB rOPOJICKOTO CTPOUTENLCTBA. [Ipu pa3paboTke apXUTEKTYypPHBIX
U CBETOTEXHHUYECKUX pEUIeHHH rpaduueckas CHCTEMa TO3BOJSET YBHIETh Kak Oyjaer
BBITJISIIETh  MHTEPbEP, 37aHME WM  KOMIUIEKC AapXHUTEKTYpHBIX (MH)KEHEPHBIX,
CKYJIBIITYPHBIX) COOPYXXEHHI B CYIIECTBYIOIIEM JaHAma(Te MpHU Pa3IMYHBIX YCIOBHUSIX
€CTECTBEHHOI'0 WJIM MCKYCCTBEHHOI'O OCBEIIECHMS J0 Hayala MX PeajlbHOr0 BOIUIOIICHMS.

OHa no3BOJISIET IPOMOJEINPOBATH, HAIPUMED, HECKOJIBKO BAPUAHTOB UCKYCCTBEHHOTO

Puc.1. Ilpumepbl (HoOTOpeaUCTHYHBIX H300pa’KeHUH, HOCTPOSHHBIX C HCIOJIb30BAHUEM alrOPUTMOB
MOJIEJINPOBAHUS TII00ANBHOM OCBEILIEHHOCTH.



OCBEIIEHUSI W/WUJIH 1000pa OTACIOYHBIX MaTEPHAJIOB [l MHTEPhEpa WK 3/IaHUS U
BBIOPATh ONTUMANIbHBIN (pHcC.1).
2.1. Uctounuku ceera. EcrecTBeHHOE OCBelIeHHE

[IporpaMMHBIMH ~ KOMIUIEKCAMH  TOJJIEPKUBAIOTCS  pa3HOOOpa3Hble  THUIIBI
HUCTOYHHUKOB CBETa, BKJIKOYAs NPOTSHKEHHbIE MCTOUYHUKHA U YCJIOBHUS €CTECTBEHHOI'O
HEOECHOTO0 OCBEIICHUA. YTJIOBOE paclpeleieHHe M3TydyaeMoil CBETOBOM DHEPrUH
TOYEUHBIX U TMPOTSHDKEHHBIX HKCTOYHUKOB YAacTO OMHCHIBAIOTCS TOHHOMETPUYECKUMU
JrarpaMMaMu, 3a/1aBaéMbIMH B MEXIyHapOIHOM, cTannapTHoM ¢gopmare [ESNA.

Jl5is 3a7aHusl €CTECTBEHHOTO OCBEIICHHSI MOKHO BBIOpATh MOJIXOSIINN SJIEMEHT U3
OuOIMOTeKH JHEBHOTO (HEOECHOTO) W COJIHEYHOTO CBeTa. buOiamoTreka  CONEpKHT
MpeoIpeieTIeHHbIE TapaMeTPhl Ui Pa3InYHBIX reorpapuyecKux peruoHoB (TOPOIOB) B
pa3Hoe BpeMsl CyTOK, HallpuMep, MO>KHO BBIOpaTh PEXXUM OCBEILIEHHSI, COOTBETCTBYIOIIHIA
€CTeCTBEHHOMY JIHEBHOMY cBeTy B HoBocuOupcke B 3 daca aHA. MOXHO TaKxke C
MOMOILBI0 PEJAKTOpa MapaMeTPOB COJHEYHOIO M JHEBHOI'O OCBELIEHUS 3a/laTh €ro B
TEPMHUHAX TeorpauuecKux KOOpAWHAT, NaThl (BPEMEHHU IojJia) U BPEMEHH CYTOK, JTHOO B
TEPMHMHAX TIOJIOKEHHUSI COJHIA (BBICOTA HAJ TOPU30HTOM M a3MMYT) U OCBEIICHHOCTH B
TOPU30HTAIBHON IUIOCKOCTH. B pemakTope Takke 3ajgaercs CTENeHb OOJAYHOCTH.
MonenupoBanue HeGecHOro ocBeleHus st ciaydaeB 100% 001aqyHOCTH U €€ OTCYTCTBUS
COOTBETCTBYET cTaHiapty MexmayHaponnoit komuccuu 1o ocpemenuto CIE. HeGecnoe
OCBEIIIEHHE C HEMOJIHOM 001aYHOCTHIO MOJIETTUPYETCS C UCTIOIB30BAHUEM UHTEPIOJISIUH.

2.2. U300paxenus ¢ 001bIINM THHAMHYCCKUM THANA30HOM

JlpyruM MeTOOM 3aJaHusl OCBEUICHHS B TpaQHUUecKUX KOMIUIEKCAaX  MOXKET
CIIy>)KUTh CHOCOO, NMPU KOTOPOM HCTOYHUKOM CBETa SIBJIAETCS H300paKEHHE peabHBIX
CIEH ¢ OOJBIIMM JUHAMUYECKUM auana3zoHoM sipkoctei (BAJIN), win B aHrI0A3BIYHOM

aureparype, HDRI — High Dynamic Range Image [5]. Ilpu 3ToM uCTOYHUKOM cBeTa



MOryT ObITh cdororpadpupoBaHHbIe 0COObBIM 00pa3oM He0O WM IOMEIICHUE
BBICTABOYHOTO 3ajla, © Mbl MOXXEM CMOJEITUPOBaTh, KaKk OYyJEeT OCBEIICH TOT WM JIPYron
O0BEKT B ITUX YCJIOBUSX. 3aJaHME TaKUX YCIOBHH OCBEUICHHS JAPYTHMH CIIOCOOaMHU
(manpumep, HAOOPOM CHEIHMAIBHBIM 00pa3oM pa3MEMIEHHBIX OOBIYHBIX HCTOYHHUKOB
HCKYCCTBEHHOTO CBETa) YacTO SBISETCS BeCbMa TPYJOEMKMM U JOPOTOCTOSIIUM
MPOLECCOM, TPEOYIOIUM MPOBEACHUS NPOOHBIX MOJAEIHPOBAHUA M KOPPEKTHUPOBKHU
HCTOYHUKOB cBeTa. B pesynbraTre ucnonb3zoBanus b/IJIV mosBusercs BO3MOXKHOCTh
MHTETPUPOBATH MOJIEIUPYEMbIe OOBEKTHI C pealbHBIM OKpyx)eHueM. Ha puc.2 mokaszana
KOMIIBIOTEPHAs MOJIEIb aBTOMOOWIISI, «BCTPOCHHAS B PEANIbHBIA MPUPOIHBINA JaHIIIadT.
XOpoImIo 3aMEeTHBI OTPaXEHHS OKPYKAIOIIUX JepeBbeB Ha JTIOOOBOM CTEKIIE, KamoTe H
(dapax aBTOMOOHUIIS.

BJAJIN mnomywaroTcss myTeM CHenuaibHOW 0O0pabOTKM  IMOCeN0BaTeIbHOCTH
uupoBbix Qortorpaduil ¢ pazsTUYHON AKCHO3HMIMEH WM PE3yJIbTaTOB MaHOPAMHOTO
chepruyecKoro BUCOCKaHUPOBAHUSI.

[Ipu »TOM, OIHAKO, BO3HUKAIOT MPOOJIEMBI, CBS3aHHBIE C OTOOpaXKEHHUEM
M300paKEHUN C OOJBIITUM JUHAMUYECKAM JIMAIa30HOM SIPKOCTEH B JTUANa30H SPKOCTEH,
KOTOPBIA MOXET OBITb BOCHPOM3BEACH HA CTAHIAAPTHBIX MOHHUTOpPAX M TMPHUHTEpax.
JluHamMudecKkuil nuana3oH Takux ycrpoiuctB (mopsiaka 100:1) cymiecTtBeHHO yke (MHOTIA
Ha HECKOJBbKO MOPSAIKOB), YEM JIMAIA30H SPKOCTe peambHOro mupa. C 3TOH 1enbio ObLT
pa3paboran cnenuanbHbI oneparop (Tone Mapping Operator) [6], KOTOpBIH MO3BOJISIET
3¢ PeKTUBHBEIM 00pa30M BBINMOJIHATH TaKoe OTOOpakeHHe Oe3 IMOTepH JACTATLHOCTH
n300pakeHUs, C COXpaHEHHEM JIOKAJIbHOTO KOHTpacTa W B OTCyTcTBHE apredakToB. Ha
puc.3 mpuBeAeH pe3yJbTaT MPHUMEHEHHUs 3TOro omnepaTtopa K M300paXeHHIO C

JUHAMUYECKUM Auana3zoHoM, npessimatomuM 100 000:1.



Puc.2. Ucnonb3oBanue nzoOpaxenus ¢ OonbiiuM auHamuueckuM  Puc.3.Ilpumep wu3oOpakeHus ¢

JINANa30HOM SIPKOCTEH B KadeCcTBE HCTOYHHWKA OCBEIICHHWS I OONBIINM  JHHAMHYECKHM  JHa-

KOMITBIOTEPHOH MOJIEITH aBTOMOOHIIS. Ma30HOM, MOIYyYEHHOTO C HCHO-
Jb30BaHUEM pa3paboTaHHOTO
omeparopa.

2.3. UnTepHeT-cepBHC CHHTE3a PeaJJMCTUYHBIX H300paKeHu il

B Hacrosimee Bpemsi IIMPOKOE  paclpOCTpaHEHHWE MOJydyusa  MpakTUKa
MPEICTABIICHUS] TMPOAYKTOB, H3IENHM, TEeXHOJOrMid Ha caiitax MHrepHer. Ilpu sTom
HEPEJKO BO3ZHUKAET HEOOXOIUMOCTh H300paXkaTh OOBEKTHI IPU 33JaHHBIX MOJB30BATENIEM
YCIIOBUSIX OCBEUICHUS, OKPYXEHHS HIW (OHOBOM CIICHBI, OMNIHUAX BHEIIHEH WIH
BHYTpeHHeW oTaenku minenuit u ap. Kak mpaBuno, B Web-cTpanunax mogoOHoro poaa
WCTIONIB3YIOTCSI  MOJTOTOBJIGHHBIC 3apaHee BBICOKOKaueCTBEHHbIE QoTrorpadum wim
M300pakeHUs1, TIOJyYeHHbBIE B pe3yJbTare MojaeaupoBanus. OYeBUIHO, YTO MPE3CHTAIUN
Obutn Obl  OoJiee cojiepKaTeNbHBIMUA U WH(OPMATHUBHBIMH, €CIIM MPEIOCTABUTH CPEICTBA
JUTSE TUHAMHYECKOTO MOJCTUPOBAHMS M CHUHTE3a HM300paKEHH HENOCPEICTBEHHO B
npouecce MHTEepHET-CEaHca.

Jnsg nonydeHuss BBICOKOKAUECTBEHHBIX H300PaKEHUIM HCIONb3YIOTCS CLEHBI C
BBICOKOM CTEMEHbIO JeTaau3allii T'€OMETPUH, TIIATENbHO MOJO0OpPAHHBIMM (MU Jake

I/I3MepeHHBIMI/I) CBOMCTBaMH HOBerHOCTCﬁ N MCTOYHHKOB CBCTA. COSI[aHI/IC TaKuXx CICH



MOJKET 3aHMMAaTh HEJENM Pa0OThl BHICOKOKBATH(DHUIIMPOBAHHOTO TEPCOHANA, U OOBIYHO
OHH  SIBJISIFOTCS ~ OOBEKTOM  COOCTBEHHOCTH, HE  MOJJESKAIIMM  CBOOOJIHOMY
pacnpoctpaneHuto. C 3TOi TOUKH 3pEeHUS BAXKHO, YTOOBI IETAIbHOE OMMCAHUE CAMHX CIICH
HE TIepe1aBaJioCch 3a Mpeesbl peIocTaBistonero ux Web-caiira.

brina paspaboTrana TEXHOJOTHS W CO3/aH MPOTPAMMHBIM KOMILIEKC, TTO3BOJISTFOIITII
co3/1aBaTh aKTHUBHble IIHTepHeT-mpe3eHTaluu, TIJie MOCETUTENb calTa caM MOXKET
BBIOMpAaTh  BCEBO3MOXKHBIC  ONIIMM  BU3YyaIM3allMd, MOJCIUPOBaTh  CIICHY, a
COOTBETCTBYIOIINE N300paKeHUsI CHHTE3UPYIOTCS B IIpoliecce ceanca paboTsl B IHTepHET
[7]. OnHO M3 eCTECTBEHHBIX NPUJIOKEHUM MPOrPaMMHOIO KOMIUIEKCA - 3TO CPEICTBO

npeaocTaBiaeHuss HTepHET-CEpBUCOB u3ailHA WHTEPHEPOB WM CBETOTEXHUYECKOTO

npoeKkTupoBanus (puc.4).

- Puc.4. [Ipumep ¢usmueckn

| aKKypaTHOI BU3yaIH3alliy CIIEHHI,
BBIMIOJIHCHHOH C TIOMOILBIO
coznanHoro MHTepHeT-cepBuca (¢
paspemtenust ¢pupmsl Thomas
&Gilles GmbH).

KnroueBblM TpeboBaHMEM K 1OJOOHOMY NPOrpaMMHOMY KOMIUIEKCY SBISIETCS TO,
4T0 (OTOPEATUCTUIECKOE KAauyeCTBO TE€HEPUPYEMBbIX H300paKeHUH HOKHO —OBITH
MOJYYEHO B pe3ysibTare (PU3NYECKH aKKypaTHOTO MOJICIMPOBAHUS PACIPOCTPAHEHUS
cera. [ NOTy4eHUs] KaUeCTBEHHBIX U JJOCTOBEPHBIX N300paXKEeHUI CyIeCTBEHHA TaKXkKe
BBICOKAsl CTENEHb TOYHOCTU M JETAIM3aLUU ONMCAHMs I'€OMETPUH, UCTOUHHKOB CBETa,

ONTUYECKUX CBOWCTB MaTEpPHUAJIOB B UCIOJIb3YEMbIX ClieHaX. Takoi MojXo/l, €CTECTBEHHO,



TpeOyeT OOJBIIMX BBIYMCIUTEIBHBIX 3aTpaT MpU MojedupoBaHuu. B To ke Bpems, B
YCHOBHSIX JOCTyNa K NPWIOKEHUSIM dYepe3 VHTepHeT KpUTUYECKH BaKHBIM SIBISIETCS
o0ecrieueHre pa3yMHOTO BPEMEHHM OTKJIMKA, a 3TO 3HAYUT, YTO BBIYMCICHHS TOJIKHBI
BBITIOJHATBCA ~ JIOCTAaTO4YHO  ObICTpo.  JlocTmkeHWe  3TUX  ABYX  CYNIECTBEHHO
MIPOTUBOPEYALINX APYT APYTY Liesnel HoTpeOoBasIo 3HAUYUTENbHBIX YCHIIUN IO BEIPaOOTKE U
peanu3auuy COOTBETCTBYIOIMX APXUTEKTYPHBIX, aJTOPUTMHYECKMX W IPOrPaMMHBIX
PELICHUA.
3. MoaeaupoBaHue CJ0KHBIX ONITHYECKHX CHCTEM

Co3naHHasi TEXHOJIOTHSL pacueTa paclpoCTpaHEHUsi CBeTa OKa3ajach CTOJb
3¢ (PeKTUBHON W TOYHOH, YTO MO3BOJMIIA CHENaTh CICMYIONIMH IMar W TEepedTH K
MOJCIMPOBAHUIO U HHXXECHEPHOMY IIPOEKTUPOBAHUIO CJIOKHBIX  ONTHYECKHUX
CBETONPOBOSAIINX M OCBETUTENBHBIX CHCTEM, TAKUX KaK >KMIKOKPHCTAJUIMYECKHE
MaHeNIM, BOJOKOHHOONTHYECKUE YCTPOUCTBA, aBTOMOOWIIBHBIE (apbl U MPHOOPHI U Jp.
Ha puc.5-a u 5-0 moka3aHbl CXEMbl OJIHOTO M3 TaKUX YCTPOMHCTB — CHCTEMBI MOJICBETKU
KHUJIKOKPUCTAIUIMYECKOTO MOHUTOpA. Kak mpaBmiio, KOMIIOHEHTHI TAKUX MPUOOPOB UMEIOT
JOCTAaTOYHO CJIO’KHBIE ONTHYECKUE CBOMCTBA M T'€OMETPHIO, BKIIOYAS IMOBEPXHOCTH C
MUKPOCTPYKTYypaMu U MHKpopenbedamu. [IpuHimm paboThl TakuxX yCTPOHCTB OCHOBAH Ha
s¢¢dekTe NOIHOrO BHYTPEHHEro oTpakeHus. g uxX MoJAenupoBaHUA MNPAKTUUYECKU
HEBO3MOKHO HCIOJIb30BaTh OOBIYHBIE JAETEPMUHUCTHYECKHUE METO/bI Jy4YeBOIO pacyera
pacnpoCcTpaHeHHs] CBETa, MPUMEHsEMble U pacuera JIMH30BBIX OINTHYECKHUX CHCTEM.
Haubonee sddexTuBHBIM U (U3UYECKH TOYHBIM IMOAXOJIOM B ATOM CJIyd4ae SIBISETCS

TpacCUpOBKa JIyueld, ocHOBaHHasi Ha meToae Monrte-Kapio.



CBeTonpoBoAALLAs MIacTHHA

eTka AndihysHbix
TOYeK BOKOBOM M HIKHIN
pednektopbl

Puc.5-a. Cxema CHCTEMBI HOACBETKHU JKIIKOKPHCTAIUTNYECKOTO MOHUTOPA, IIOCTPOEHHAS HA OCHOBE
AKPHJIOBOH CBETONPOBOJIALIEH IUIACTHHBI C CeTKON TU((DY3HBIX TOUCK.

| AvdcbysHas nneHka -

MnacTuHe! ¢ MAkpo-npMaman
(BEF)

- . - - % [nacTuHe! € MUKpo-Nipuamamm (BEF) |
CeeTon| NNacThHa co ] 06beMHOro PednexTop

Pnc.5-6. Cxema cuCTEMBI TTOJICBETKH KHUAKOKPHUCTAIIIMIECKOI0 MOHUTOPA, TOCTPOSHHAs Ha OCHOBE
CBETONPOBO/SILIEH IUIACTHHBI C BBICOKUM YPOBHEM OOBEMHOTO PACCESIHUSL.

[Iporiecc mpoekTHpoBaHUsl MOJOOHBIX YCTPOMCTB Kak NPaBMIIO CKIIAJbIBAETCS M3
CJIEIyIOINX COCTABIISIOLINX:

. MIPOEKTUPOBAHUE HCTOYHUKOB CBETa (KaK MPaBWIO, JTIOMHUHHCIIEHTHBIC

JIaMIIbl WKW CBETOJHMObI) U PEQIIEKTOPOB AJIsl MOJYUYEHHsS] MaKCUMaJIbHOIO CBETOBOTO
MOTOKa Ha BXOI€ B cBeTOIpoBoIsntyto tactuny (CIII);

. MPOEKTUPOBAHUE  CTPYKTYypbl  CeTKM  Tu(Qy3HBIX  TOUEK  WIU

MUKpPODJIEMEHTOB Ha HIDKHEH, pacceuBaromei vactu CIIII g momydeHus

MIPOCTPAHCTBEHHO PABHOMEPHOT'O paclpeeeHus] CBETa HaJl €€ BBIXOJIHOU (BepXHei)

rpanblo (puc.5-a); wiM MojenupoBaHue ontumaiabHoil ¢opmbl CIIII B ciayuae



WCTIOJIb30BaHMSI MATEPHAJIOB C BRICOKMM YPOBHEM 00beMHOTO paccesiHust ceeta (HSOT
MOJIMMEPOB), KaK MMOKa3aHO HA PHC.5-0;

. MPOCKTHUPOBAHUE OJHOTO WJIM HECKOJIbKUX mpu3MeHHbIX ciioeB (BEF)
JUIS  KOHLEHTpPAllUK M  YCWJIEHHS  CBETOBOTO  IIOTOKa Ha  BBIXOJE
KHUJIKOKPUCTAJUIMYECKOTO IKPaHa;

o MpoeKTHpoBaHue AU(PPy3HOTO W/UIU TMOSPU3AIMOHHOTO  (GUIBTpa
(mieHku) Ui enle OOJBIIET0 YCUICHUS SIPKOCTH SKpaHa.

Takum 00pa3oM, KOHEYHOH IIEIbI0 MOJCIMPOBAHUS TOJOOHBIX CHUCTEM SIBIISCTCS
pacueT MpOCTPAHCTBEHHOTO U YTJIOBOTO pacHpeesieHUi SPKOCTH CBETa HaJ BBIXOJHOW
IPaHbBI0 YCTPOMCTBA. 3ajauya 3aKI04YaeTcs B TOM, YTOOBI MaKCHMHU3UPOBAThH SIPKOCTH Ha
BBIXO/IE U ClIEJIaTh €€ MAKCHMAaJIbHO PABHOMEPHOIA.

3.1. [loBepxHOCTH ¢ MUKpPOpeIbe()OM H MUKPOCTPYKTYpPaMu

OnHo#t u3 GONBIIMX TPOOJIEM MPH MPOSKTUPOBAHUU M pacueTax CHUCTEM IOJCBETKH
KHUJKOKPUCTAJUIMYSCKUX TIAHENEeH SBISETCS TO, YTO TPU HMX MPOSKTUPOBAHUHU
WCHOJIB3YIOTCS 3JIEMEHTHI C YPE3BbIUYAHO CIOKHBIMH ONTHUYECKUMHU CBOWCTBAMH, TaKHE
KaK MOBEPXHOCTH C MHUKpopeabedamMu U MHUKPOCTpYKTypamu. OHM MOTYT IpEICTaBISATh
co0olt kak mepoxoBaThie («rpy0o0 00pabOTaHHBIE)») TOBEPXHOCTH, TaK U TOBEPXHOCTHU C
MWUTMOHAMH, MWUIMAPAAMA W TPUUIMOHAMHU PETYJIIPHO WM  CTOXaCTHYECKU
pacnpeeneHHbBIX MUKPOJJIEMEHTOB.

B pa3paborannoii cucteme [8] miepoxoBaTble MOBEPXHOCTH MOTYT 3a/1aBaThCs
JMBOSIKUM 00pa3oMm: JuOO SBHO - pacHpeleleHHeM BBICOT MHKpopenbeda B y3lax
peryJsipHON CETKH, KOTOphIE MOTYT OBITh HEMOCPEICTBEHHO H3MepeHbl 3D ckaHepoMm,

MO0 HESBHO — pacipeielIeHUeM TUIOTHOCTH HOpMalield MUKpoTpaHel (puc.6).



Puc.6. [IpuMepsl «1IepoXoBaThIX» MOBepXHOCTeH, Puc.7.  MmmocTpanus  BO3MOXHBIX — CIOCOOOB
UCTIOJIb30BaHHBIX IPU IPOCKTUPOBAHUM CUCTEMBI  IIOCTPOEHMS JIEMEHTOB MUKPOI€OMETPUH.
MOACBETKH aBTOMOOHMIBHON MAarHUTOJIBL.

[ToBepXHOCTH C 3JIEMEHTAMH MHKPOT€OMETPUHU (MUKPO-TIPU3MBI, MHKPO-00pO3IKH U
Ip.), CTPOSITCS C MOMOUIBIO OTepanuii KOCTPYKTPYKTUBHON T€OMETPUH TBEPABIX TEN Haj
MPUMUTUBHBIMUA (pOpMaMu: HUIMHAPOM, CPEPUUECKUM CErMEHTOM, MapajuleIeHIIeIOM,
KOHYCOM, TOpPOM, TPEyroibHOH CeTKOW M Tp., WIH IIyTeM KOMOMHUPOBAHHS JAPYTHX
MUKPO-TIPU3M U MHUKPO-00PO3JI0K (HAarpumep, ux nepecedeHuem). [Ipumepsl BO3MOKHBIX
CI0CO00B MOCTPOECHUSI MUKPO3JIEMEHTOB ITOKa3aHbl Ha puc.’.
Kak yxe ymoMuHAaIoCh, 3JIEMEHTHI MHUKPOT€OMETPUH MOTYT pacHlpeAesaThCs B
MIPOCTPAHCTBE:
® CTOXAacTUYECKH, KOTJa WX TMOJIOKeHHWEe (M, BO3MOXKHO, pasMep u
OpUEHTAlMsA) OIpPENeNISIIOTCS CIy4alHBIM 00pa3oM U TOJBKO IUIOTHOCTH
pacnpeeneHust KOHTPOIMPYETCS TOJIb30BATENIEM; HITH
® JICTEPMHHUCTHYECKH, KOTJa IIOJIOKEHUE, pa3Mepbl, OpUCHTALUS U
JIpyrue TMapaMeTpbl KaXXJAOro TaKOro 3JEMEHTa SBHO 3aJal0TCs I0JIb30BaTEIEeM
(HampuMep, KaK IepruondecKast CTpyKTypa AU(PpaKInOHHOMN PEIIETKN).
B 3aBHCHMOCTH OT CIOXHOCTH HCIIOJIB3YEMBIX MHUKPODJIEMEHTOB U BBIOPaHHOTO
pacrpeneneHuss  JIOMyCTHMOE  KOJUYECTBO  JJIEMEHTOB  MHKPOTEOMETPHUH  MOXKET

BapbUpPOBATHCA OT ACCATKOB MUJIJIMOHOB A0 MWUIMAPAOB U TPUILIMOHOB. Bonee TOrO,



JOITYCKACTCA CMCHICHUC MHUKPOIJICMCHTOB PA3JIMYHBIX THUIIOB C paSHOﬁ OpHeHTaHHeﬁ B

npoctpaHcTse. [Ipumep Takol MUKPOCTPYKTYphI ITOKa3aH Ha pucC.S.

Puc.8. KomoOuHanms Pa3ITUYHBIX TunoB Puc.9. Busyanuzanusi KOMIBIOTEPHOW  MOJETH
MUKPO3JIEMEHTOB Ha OJHOH TIOBEPXHOCTH C aBTOMOOWMIBHOH ¢hapsl (¢ paspemie-HHA (HUPMBI
MUKPOCTPYKTYPOH. Thomas & Gilles GmbH)

3.2. MonenupoBaHue OCBETUTEIbHBIX CHCTEM

Kak ormedanoce Bble, pa3pabOTaHHBIE MPOTPAMMHBIE KOMIUIEKCHI IMO3BOJISIOT
MIPOEKTUPOBATH HE TOJBKO CBETONPOBOSIINE, HO U OCBETUTEIbHBIE CUCTEMBI, TAKHE KaK
dapsl 1 poHapU aBTOMOOMIIEH, MPOKEKTOPHI | JAp. OCHOBHBIMH IEISIMU MOJICTUPOBAHUS
W Ju3aiiHa OCBETUTEIILHBIX CUCTEM SIBIISIIOTCS CO3JaHHE MaKCHMMalbHO 3((EeKTHBHOTO
CBETOBOTO TMOTOKA B OMNPEJCIICHHOM HarpaBiieHuu. [lapameTpamu au3aiiHa, B OCHOBHOM,
ObiBatoT ¢opma peduieKTopa, Marepual M3 KOTOpPOTO OH co3[aH, Bui u ¢dopma
HENOCPEICTBEHHO NCTOYHHKA CBETA (JIAMIIBI).

Ha pwuc.9 mokazaHo wm3oOpakeHHWE aBTOMOOWIIBHOW (Qapbl, CIPOCKTHPOBAHHON C
UCTIOJIb30BAaHUEM CO3[JaHHOW CHUCTEMBl. B JaHHOM cllyyae BaXHBIM TaKXKe SBISUIAChH
PaBHOMEPHOCTh  paclpe/eNieHus] HMHTCHCUBHOCTH CBETOBOTO TOTOKAa. Pe3ynbraTsl
KOMIBIOTEPHOTO MOJICTHPOBAHHUA 3TOH (hapbl TOJHOCTBIO COBMAIU C HM3MEPEHHBIM

CBETOBBIM IIOTOKOM PEaJIbHOTO yCTPONCTBA.



4. MoaenupoBanyue ¥ BU3YaJIM3alUsl ONTHYECKHU CJI0KHBIX MATEPHAJIOB

4.1. MHoroc.10iiHbIe KPaCKH CO CJIOKHOW BHYTpPeHHEH MUKPOCTPYKTYPOil
Eme onHuM HampaBieHuEM, MOJYyYMBIIMM Pa3BUTHE B IMOCJIEIHUE TOAbI, CTajlo
MOJICIMPOBAHNE M BU3yaJM3allisl HOBBIX ONTHYECKH CIOXHBIX MAaTE€pPHaliOB, TAKUX Kak
MHOTOCJIOWHBIE KpPacKH CO CJOKHOM MHKPOCTPYKTYpOW (THUIa TEpIaMyTPOBBIX |
«MeTaluK»). Pa3zpaOoTaHHble HpOTpaMMHBIE CPEICTBA IO3BOJISIIOT MOJEIMPOBATH U
BU3YaIM3UpPOBaTh KPAacKH, COCTOSIIUE U3 IUIOCKONAPAJUIETbHBIX OJIHOPOJHBIX CJIOEB,
KaKJIbIi U3 KOTOPBIX COCTAaBJIEH M3 MPO3PAavyHOro JaKa U B3BEIICHHBIX B HEM MUTMEHTHBIX

yacTull ¥ uHTepepeHIMOHHbIX venryek (puc.10) [9].

3JEpKanbHble
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Puc.10. Cxema ucroibp3yeMoil MOJIeTH KpackH (TIONepevHOe CEUSHHE).

[{BeT Takux Kpacok 3aBUCUT OT yTIJla 3p€HHUS M HaIpaBJIeHHs OCBelleHHs. OH MOXKET
PE3KO MEHSThCS («MEPEeKITIYaThCs») Jaxe MpU IUJIaBHOM HW3MEHEHMHM JTHX YIJIOB.
CBeropaccenBamIIne CBONCTBA TAaKMX KPAaCOK HE MOTYT OBITh 3aJaHbl CKAISIPHBIMHU
KodpurenTamu, a TpeOyrT 00Jiee CI0KHOTO ONMUCAHUS C TIOMOIIBIO JIByHANPaBICHHBIX

¢byskmii otpaxkenus (npenomenust) csera (JPO/IDIT).



Ha puc.2 u 11 noka3zaHbl H300paXeHUsT MOJICIIA aBTOMOOWIISI, OKPAIIIEHHOW KPacKon
¢ PO KOMIOHEHTOW, MpPHU ECTECTBEHHOM OCBELIEHUH, 3aJaHHOM ¢ mnomouibto B/IJIN
(m.2.2). Ecnu nyxHo# kpacku ¢ JJPO HeT B mMeromeics OMOIMOTEKe KpacoK, HOBas
Kpacka MOXeT OBITh COCTaBlieHa IyTeM BapHalllii KOMIIOHEHT CYIIECTBYIOLIEH KpacKH,
TaKMX KakK TJSHEll, MeTAITnYecKui 3G (HeKT, ”HTEHCUBHOCTD.

Cucrema MO3BOJISIET HAa OCHOBE MOJIENM JIBYXCIOWHOM KpacKM pelaTth 3ajgady
BOCCTAaHOBJICHHUSI COCTaBa KPAaCKU MO €€ BU3yaJIbHbIM (ONTHUYECKUM) XapaKTEpHUCTUKaM
(uBeT, CTPYKTypa, pa3Mep M KayecTBO TJSHIIA MPH 33JaHHOM OCBEIICHUH, IJIOTHOCTH U
pasMep 4emryek u Jp.), 1 Ha000poT, Mo (PU3MKO-XMMUYECKOW KOMITO3UIIUN CaMOW KpPaCKH
(TUIT TIPUMEHSEMOT0 METAJUTMYECKOTO TMOPOINKA, €r0 IJIOTHOCTh, OPHEHTAIHs Yellyek,
CBOMCTBAa HAIOJIHUTENI M Tp.) PACCUUTATh ONTHYECKHUE IapaMeTpbl Kpacku M ee

BHU3YaJIbHBIE XapaKTEPUCTHUKHU.

Puc.11. M300paxkeHne KOMIBIOTEPHOH MOJIEIM aBTOMOOHIIS, OKpaleHHO! kpackoii ¢ JIPO KoMIIOHEHTOH,
IIPH €CTECTBEHHOM OCBEIIECHHH, 33/[aBAEMOM N300paKEHUEM C OOJIBIINM JTMHAMUYECKUM JAUAIIa30HOM.

B pesynpraTe cnenuanucT-au3aiHep n0Jy4aeT BO3MOKHOCTh IIPOEKTUPOBATh HOBBIE
KOMITO3UIIMOHHO BO3MOXXHBbIE KpPAacKd B HMHTEPAKTUBHOM pEXUME, MaHUITYJIUPYs
UCKJIIOYHMTEIBHO €€ BH3YaJbHBIMU aTpUOyTaMU W TMapaMeTpaMu (KOTOpbIE €CTECTBEHHO

3aBHCAT TAaKKe OT OPMBI TIOBEPXHOCTH M YCIOBHIA ocBeleHus). Ha Bbixosie cuctemMsl OH



MOJTy4aeT KOMITO3UIIMOHHYI0 HMH(OPMAIUI0 O Kpacke, HEOOXOIUMYIO JJIsi €€ OIBITHOTO
MPOU3BOJICTBA.

N oOpatHo, BHEUIHWI BHJ KpacKd IMPU TOM WJIM HHOM OCBEIICHHH MOYHO
CMOJICJIUPOBATh, OCHOBBIBASCH HA W3BECTHOW WHGOpPMAIMM O ee cocTaBe. TexHoJor
MI0JTy4aeT BO3MOXKHOCTh IIPOEKTUPOBATh U BU3YyaJIbHO KOHTPOJIUPOBATH B MHTEPAKTUBHOM
peXHUMe BIUSHHUE BHOCHMBIX WM H3MEHEHHH B KOMIIO3MIMIO 3KCIEPUMEHTAIHHOIO
o0pasia KpackH JI0 Hayaja ee pealbHOrO U3TOTOBJICHHS.

4.2. MoaentupoBaHue U BU3yaJu3alus TKaHel

Jpyrum CIOXHBIM JUIsl BU3yaJIM3alMd M MOJEIMPOBAHUSA THUIIOM MaTepualia
ABIIIOTCSA TKaHU. MMmeromiascs TEXHONOTHWs pacdera paclpoCTpaHEHUs cBeTa  Obuia
JIOTIOJTHEHA MeToJaMu (TMPSMO) CTOXaCTHYECKOW TPacCHUpPOBKH JIydei. Bwlam co3maHbl
CpEICTBa BU3YAJIILHOTO MPOEKTUPOBAHUS HEKOTOPBIX TUIIOB TKAaHEH, OCHOBBIBAIOIIIUECS HA
uX (U3MYECKUX W CTPYKTYpHBIX T[apaMmerpax, KOTOpbIe TMOJPa3ACsalOTCs Ha
demepmunucmudeckue (TUI CIUIETEHUS] TKaHH, I[BET HUTEH, KOJIMYECTBO BOJOKOH B HUTH,
dbopMa TOMEPEYHOro CEUYeHHs BOJIOKHA, ONTHYECKHE CBOIMCTBA BOJOKOH W 1p.) H
cmoxacmuveckue (pacnpefefieHHe BOJOKOH BIOJb HHUTEH, ypOBEHb IIEPOXOBATOCTU
MOBEPXHOCTH BOJIOKHA U 1ip.) [10]. DTa Monmens mpuMeHUMa JJisi UCKYCCTBEHHBIX THUIIOB
TKaHe#, TaKMX KaK UCKYCCTBEHHBIN 1IEJIK U KallpOH.

B pesynabrare wmogenupoBaHusi re”Hepupyercs JPO TkaHM, ONMCHIBAIOIIAs
pacnpeneseHlue OTPa)KaeMOro CBETa B 3aBUCMMOCTH OT HANpPAaBJICHUs MaJArOIIEr0 CBETA.
[Tomyuennass J®O moxkeT OBITh HEMOCPEACTBEHHO HCIOIB30BaHA Uil BU3yaIM3aldN
O00BEKTOB, IMOKPHITHIX MOJIEIMPYEMOM TKaHbIO. DTO TO3BOJSET OLEHUTb, Kak OyJleT
BBITJISIETh TOT WM WHOW MaTepuall (TKaHb) NMPHU Pa3jIMYHBIX YCJIOBUSX OCBELICHHS U
HaNpaBJIEHUSIX HAOJIOIEHUS IO TOTO, Kak OH OyneTr mpousBeneH. Puc.12 wmmoctpupyer

nmponecc MOACIIMPOBAHU BHCIIHCTO B /J1d TKAHU THIIA HCKYCCTBCHHOT'O IICJIKA.



=

a) 0)
Puc.12. TIporecc mpoeKTHPOBaHMS BHEITHETO BH/A TKAHHU: a) MOJCTHPOBAHHE MIUKPOCTPYKTYPBI TKaHH
IIyTEM HEPEIUICTCHUS alleTaTHBIX BOJIOKOH B HUTU U KOMOWHAIIMM HUTEH B 3a/laHHBIH TUII CIICTECHHUS;
0) WLTIOCTpAIUs HTEPAIIIOHHOTO Mporecca MoaenupoBanus 1O TkaHu THIIA IIETK

[Iporiecc mpoekTUpoBaHUs BS3aHBIX TKaHEH sBisieTcs Ooliee CIOXKHBIM. Ee yxe
HEBO3MOXKHO TpeacTaBuTh oaHoi JIPO, moToMy 4TO Bsi3aHas TKaHb UMEET 0OJiee YEeTKO
BBIpaXeHHYIO (QakTypy. i mpaBWIBHOTO MPEACTaBIEeHUS (DAKTypbl TKaHU HEOOXOIMMO
JUTSL pa3HBIX TOYEK TKaHU 3aaaBath pasHblie [JDO, To ecTh (aKTUUECKH CMOJIEIUPOBATH
HEKYI0 TEKCTypy, OJJIEMEHTaMH KOTOPOW SBISAIOTCS (QYHKIMH OTPaXKEeHHA. TKaHb
MPEACTABIACTCA B BHUJE OrPOMHOIO YHCJIAa JJIEMEHTapHbIX  sueek. Sdeiika — 3TO
MPSIMOYTOJIbHBIM AJIEMEHT TKaHH, SBJIAIOIIMICS HAUMEHBIIUM MEPUOJOM MOBTOPSEMOCTH
ee tuiereHust (puc.l13). BonokHa siueek, COMOCTaBICHHBIX IPYT C JIPYroM, B TOYHOCTH

COEIIMHSIIOTCSI, TO €CTh HA0Op SUYEeK COCTABISET BU3yaJbHO HEMPEPHIBHBINA KyCOK TKaHU.



Puc.13. Sluelika Bs3aHOM TKaHH.

BuyTpu »srnemeHTa S4eikM NPOU3BOAUTCS MOJCIHUPOBAHHE pPACHpPOCTPAHEHHUs CBETa.
MeTton y4uTHIBa€T TF€OMETPUYECKHUE HCKPUBIEHUS BOJIOKOH BHYTPU SYEHKH TKaHU M
MPUHUMAET BO BHUMAHKME KaK MPSIMOE OCBEILEHNE U 3aT€HEHUE HUTSAMHU JAPYT JIpyra, Tak 1
MepeoTpaKEHHOE OCBEIIEHUE, MPUXOSIIEe OT APYTUX BOJOKOH 3TOM U COCEIHMX SIYCEK.
I[To pesynpraram  MoxaenupoBanus  (GopMmMupyeTcss  pe3yJbTHpYyIOImas  TEKCTypa,

npeacTaBArOIIad BHCIITHUM BU/J TKaHH.

5. HOCTpoe}me PCATNCTHYIHBIX 1/1306[)3)1(6]{]/1]71 CIECH, COACPKAIIMNX ONITUICCKHU

CJ0KHBbIC MaTE€pHaJibl, B p€aJJbHOM BPEMEHHA

PeanbHble, TpakTHYECKUE TMPHIOKEHUS BCce damle TpeOyIT OT rpaduyueckux
CUCTEM HMHTEPAKTHBHBIX CKOopocTed. Hampumep, B mpouecce UCCiIeI0BaHUS BOCHPHUSITHS
CIIO)KHBIX aBTOMOOWJIBHBIX KpPacOK, ONMCAaHHBIX B NpEIbIAyLIeM pasjerne, Ipu
€CTECTBEHHOM OCBEIIIEHUH II0Jb30BaTEIh MOKET MOBOpAaYMBAaTh KOPIYC aBTOMOOWII,

OTKPBIBATb W 3aKpPbIBATb JABCPU, KaIIOT. HpI/I 3TOM, €CTCCTBCHHO, OH XOTCJI 6I)I, YTOOKI



W3MEHEHHOE W300paXCHHE CIEHbI C aBTOMOOWJIEM TMOSBJSUIOCH Ha DJKpaHE ero
KOMIIBIOTEpA TOYTH MTHOBEHHO. B TO ke BpeMs mocTpoeHHe (U3NYECKH aKKypaTHBIX
M300paKCHUH  CIEH, COJACPXKAIIMX ONTHYECKH CIIOKHBIE MaTepHuaibl, Tpelyer
MHTCHCHUBHBIX BBIYUCIIUTCIIBHBIX 3aTpaT, W TMPH HCIOJb30BAaHUHM IEPCOHATBHBIX
KOMIIBIOTEPOB 3TO MOXET 3aHATh JACCATKH MUHYT U JIaXKe YacoB.

Takum 00pa3oMm, Mbl HMEEM CHUTYallMIO, KOIJia OOBIYHBIE IEPCOHAIBHBIC
KOMIIBIOTEPHI HE MOTYT 00€CIIEYUTh MHTEPAKTHBHON CKOPOCTH pacueTa OCBEIICHHOCTH. B
TO K€ BpeMsI paclipocTpaHeHHbIe rpadudeckue kapThl, Takue kak ATI Radeon mam Nvidia,
HE TOJIEPKUBAIOT (PU3UUECKH aKKypPaTHOTO MOJEIHPOBAHHS OCBemeHHOCTH. [Ipu saToM
CJIeyeT OTMETHTh, YTO JPYTUe CYIIECTBYIOIINE MHTEPAKTHBHBIC IpaUUCCKUE CHCTEMBbI
(Opay3eppl) Takke HE IMO3BOJSIOT TOJydaTh B pEaTbHOM BPEMEHU pEATHCTUYHBIC
M300paKCHHUsT CIIEH, COJCPIKAIMX ONTHYECKH CJIOXHBIC MaTepHAJIbl, a TaKXKe CIEH IpHU
€CTECTBEHHOM OCBECILICHHH.

[TosTomy Obula TOCTaBICHA M pelIeHa 3a/Jada BBLICTICHHS HauOoJee BaKHBIX
AJIEMEHTOB, OTPEACTISIONINX PEATHCTUIHOCTh H300PAKECHHI, U UX PEaM3allii B PeaIbHOM
BPEMEHH C MTOMOIIBIO COBPEMEHHBIX I'padudecKux cpeacTB. KiroueBbIME 3JIEMEHTAMU IS
BOCHIPHUATHS PEATUCTUYHOCTH N300paKCHHUS SBIISFOTCS:

e HajMMYuWe TEHEeH OT WCTOYHUKOB CBETa - HAJIMYHE TEHU Jake OT OJHOTO,
JOMHUHHUPYIOIIETO B CIIEHE HCTOYHUKA CHIIBHO MOBBIIIAIOT PEATMCTHYHOCTD PUCYHKA;

® HaJM4YMe €CTECTBEHHOTO (JIHEBHOTO) OCBEILICHUS;

® 3CpKajJbHBIC OTPAKEHUS I 3€pKajl, CTEKOJ, TJSHIECBBIX TOKPBITUH W TPOYUX
OTPaKAIOIIUX MTOBEPXHOCTEIH;

e 3 (deKTbl BTOPHYHON OCBEIIICHHOCTH, TAKUE KaK OCBEIICHHE OTPaKCHHBIM CBETOM HJIH

KayCTHKHU IIPCIOMJICHHOI'O CBETA (T.e. SAPKUC IISITHA WJIA I10JIOCHI, o6pa3yfonmec51 B



pe3yabpTaTe MHOTOKPATHOTO TPEIOMJICHUS M OTPaXXEHHS CBeTa OT KPHUBOJIMHEHHBIX
MIOBEPXHOCTEH MPO3PaYHBbIX OOBEKTOB);
NpPaBHIbHOE HM300paKCHHE ONTHYECKH CIIOKHBIX MaTepHaloB; Hampumep, s

KOPPEKTHOTO HM300pakeHMs] aBTOMOOMIBHBIX KPacOK CBETOPACCEHBAIOIINE CBOWCTBA

Puc.14. N300paxkeHus clieH, COACPIKAIINX ONTUIECKU CIIOKHBIE MaTepraisl (puc.14-a), a Taxxke
€CTECTBCHHOE OCBEIICHHE 1 IPaBHJIbHBIC TeHHU (pHC.14-0).



Marepuajia TMOBEPXHOCTH 3a/Jal0TCsl C TMOMOIIBI0 (TpEeXMEpHOM) JByHaNpaBlIEeHHOMN
(GYHKIMH OTPaKSHUSI.

[Ipumepsl  ClieH, BU3YaJIU3UPYEMbIX Ha MEPCOHAIBHOM KOMIBIOTEPE B
WHTEPAKTUBHOM PEKHMME C MCIOJB30BaHUEM pa3pad0TaHHOM cucTteMbl [11], moka3ansl Ha
puc.14.

Busyanuzammmu B cucteme 6asupyercs Ha OPEN GL. AnmapatHas moaiepikka
Bu3yanuzanuu yepe3 OpenGL siBisieTcs 3KCTpeMaabHO OBICTPON JTaxe ISl IEPCOHATBHBIX
KOMIBIOTEpOB. [l pacdyera BTOPUYHON OCBEIIEHHOCTH OBLJIO PELICHO HCIIOJIb30BaTh
Meroa kBa3u- Moute-Kapio [5], npuMeHsBIIMIICS HaMH B MPUJIOKEHUAX, ONMUCAHHBIX B
ri.2. Takum o0Opa3om, co3laHHas CHUCTEMa SIBISETCS KOMIIPOMHCCOM MEXIY BBICOKUM
KauyecTBOM  M300pa)KE€HHWM,  CO3/laHHBIX  MeToJaMH  (U3MYECKHM  aKKypaTHOTO
MOJICJIMPOBAHMS OCBEIICHHOCTH, W OBICTPON TeHepaluell M300pakeHUl amnmapaTHBIMU
cperncTBaMu rpaduueckux akceneparopoB. OTIUYUTENbHON 4YEpPTOM CUCTEMBI SBIISETCS
3aJjaHie CBOWMCTB MAaTepPHAIOB U HCTOYHUKOB CBeTa B (DU3MUECKUX BeIMYMHAX. TOJBLKO Ha
MOCNIeIHeH CTaaiuu TpU BbIBoJe u300pakeHUs: oHU mepekoaupyrorcs B OpenGL

KOOpJAUWHATHI.

3akinouenue
B pabote nan kpatkuii 0630p psizna pabot otaena KoMbloTepHoi rpaduku UTIM nwm.
M.B. Kenneimna PAH, cBsi3aHHBIX € 3a7a4yaMM CHUHTE3a PEAIMCTUYHBIX HM300paKeHUH,
MOJIEJIMPOBAHHUS CIOXKHBIX OINTHYECKUX YCTPOUCTB U ONTHUYECKU CIIOKHBIX MaTepUaJIOB.
PaGota BeImosHsIack nipu noaepkke rpanta [Ipesnnenta PO «Benymue HaydHbIC

ko Ne PU-112/001/278, a Takke rpanta PODU Ne 04-01-00520.
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