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AHHOTauun

B pabote onmcan moaxoa K MOAEIMPOBAHUIO MHOTOCIIOMHBIX
Kpacok B HHTEPAKTHBHOM pexuMe. bputa mocraBieHa u
pelreHa 3a/1aua TeHepaliy BHEITHETO BUAA KPACKU, UCXOMS U3
ee BHYTpPEHHEHN CTPYKTYpBI. Jnst JIOCTHKEHUS
WHTEPaKTUBHOCTH  ObUIM  pa3pabOTaHbl  OPUTHHAIBHEIC
HOJAXOJBl K PELICHUIO 3aaud MOJECIUPOBaHUS CBETa B
KpacsIeM ciioe, ObICTPOH BU3yaIHM3alliy CILEHBI, IPEJI0KeHa
apXUTEKTypa IIPOrPaMMHOI0 KOMILIEKca. Taxxe
pa3paboTaHHbIE CPEACTBA OBLIM YCHENIHO HCIONB30BAHbI AT
3a7aud aBTOMAaTHUYECKOTO IT0J00pa cOCTaBa KpacKW IO ee
BHEIITHEMY BUJY.

Knrouesvie cnoea: PpeanucmuiHas BUZYATUIAYUS
Mamepuanos, 63aumooelicmeue ceema ¢ Kpacsaujum Cloem,
@usuuecku koppexmmuoe mooenuposanue, PO, onmuueckue
CBOLICMBA NOBEPXHOCTIU.

1. BBEAEHME

KowmmblorepHast rpaduka HM3HA4YaNbHO 3apOJMIIaCh  Kak
3¢ PeKTHBHOE U MOIIHOE CPEJICTBO CBSI3H MEXK/LY YETOBEKOM H
BBIYHCIUTENBbHOM ManHOMN. C TOSIBICHHEM METOI0B CHHTE3a
pCaNUCTHYHBIX H300paKeHUI, OCHOBAaHHBIX Ha (HHU3UUCCKH
KOPDPEeKTHOM  MOJCIHMPOBAHWM  PACIPOCTPAHEHHS  CBETA,
00J1acTh IPUMEHEHHST KOMIIBIOTEPHOM IPaQUKy CYIIECTBEHHO
paciupmiack. CO3ZaHHBIC aNTOPUTMBI M MPOTPaMMHBIE
CpeJICTBa CTallM MPEJCTABIATh HHTEPEC IS HCTIONIB30BAHHS B
ApXHUTEKTYpe, MPOCKTHPOBAHMM CHCTEM OCBCIICHHUS, B
ABTOMOOMJIEHON MPOMBILIICHHOCTH U APYTUX 00IacTsX.

BaxxHpIM ~ HampaBieHHEM, TOIYYHBIIMM  Pa3BUTHE B
MOCNIEHUE TOMBI, CTaJO0 MOJEIMPOBAHHE M BH3yalH3alus
HOBBIX ONTHYECKH CIIOXKHBIX MaTepuangoB, TaKMX Kak
MHOTOCJIOHHBIE KPAaCKH CO CIOKHOM MHKPOCTPYKTYPOH (THIa
MepIaMyTPOBBIX M «METAJUIMK») B  aBTOMOOWIBHOM
TIPOMBIIIIEHHOCTH. Pa3paboTaHHbIe POrpaMMHBIE CPEICTBa
TO3BOJIIIOT  MOZENUPOBAaTh W BHU3YaIH3HMPOBAaTH KPACKH,
COCTOSIIIIME M3 IUIOCKOMAPANIENbHBIX OJHOPOJHBIX CIOEB,
KaXIbIH M3 KOTOPHIX COCTaBI€H M3 MPO3PAyHOrO JlaKa M
B3BEIIEHHBIX B HEM MTUTMEHTHBIX JaCTHUI] u
HHTEp(EPEHIIMOHHBIX YEUIyeK.

Ha puc. 1 mpencraBneH aBTOMOOWIB, OKpAaIICHHBIH Takoif
Kpackoi, IpW JHEBHOM oOcBelleHHH. L[BeT 3TuX Kpacok
3aBUCHUT OT YIjia 3pEeHHs M HampasieHus ocpemieHus. OH
MOXET Ppe3KO MEHAThCS («IIEPEeKIIoYaThes») Jaxe IpH
IUTaBHOM M3MECHEHUH TUX YTJIOB.

Puc. 1. ABToMOOUIbHAS Kpacka Ipu JTHEBHOM OCBCIICHUU.

CBeTopaccenBaroie CBOMCTBA TaKUX KPAacOK HE MOT'YT OBITH
3aJaHbl CKAJSIPHBIMH KO3 duuueHTaMH, a TpeOyioT Oonee
CIIOXKHOTO ONHCAHUSI C TIOMOIIBIO  JIBYHAIIPaBICHHBIX
GyHKIMIA OTpaskeHHs cBeTa. J[pyruM acreKkToM BU3YalbHOTO
BOCHPHSTHSI KPAacKM SIBISETCS Pa3IMYHOE OCBEUICHHWEe, OHa
BBITJUITUT pa3IMdHO YTPOM ¥ B CepeiuHE [IHS, IIpH
CONHEYHOM miu nmacMmypHoi noroze. Ha puc. 1 ocsemenue
3alaHO0 M300paKEHUEM C BBICOKUM [HMANa3oHOM SAPKOCTEH
(HDRI — High Dynamic Range Image).

T'opasno pemeBne cMoaenupoBaTh HA KOMIBIOTEPE BHEIIHUI
BUJI KPacKH M HCCIENOBAaTh €€ NPH PA3IUYHBIX YCIOBHSIX
OCBEII[EHNE, YeM IPOU3BECTH OIBITHYIO HAPTHUIO KPAacKd H
MIOKPAaCHUTh €10 pPeabHBI aBTOMOOWIb. B Hacrosiee Bpems
TaKOM MOAXOJ K MOJEIHPOBAHUIO KPACOK IPHMEHSETCS He
TOJBKO B aBTOMOOWJIBHOM HPOMBIIUICHHOCTH, HO W JUIL
OKpacKd OOJBIIOTO CHEKTpa APYTHX TOBapoB (MOOHIBHBIE
TenedOoHbl, MEPCOHANBHBIE KOMIIBIOTEPEI, OBITOBAsI TEXHUKA U
np.) ViMeHHO BHEUIHMI BUA U3IEIHSA YacTO OMpPENeIsieT €ro
KoMMepueckuil ycnex. Mcnonb3ys cpelncTBa KOMIBIOTEPHOM
rpaduKy, MOXKHO IOHSATH, KaK OyJeT BBITIAIETh H3JeIHe yxKe
Ha Ha4YaJIbHBIX CTAIHUAX €ro pa3paboTKu.

MouenupoBaHHe COBPEMEHHBIX KPAaCOK C METAUIMYECKUMH H
nepraMyTpoBBIMH  d¢dekramMu, deil  BHEUIHHH  BUA
U3MEHACTCS B 3aBUCUMOCTH OT YCJIOBHH OCBCIICHUS U
HaOJIIO/IeHNs], SIBIISIETCST HETPUBHANBHOM 3amaueif. MHorma
KpacKu pa3pabaThIBAOTCSI HEMOCPEICTBEHHO JUIL JaHHOTO
n3genust ¢ ydetoM ero (GopMel M pa3MepoB. UTOOEI
pa3paboTka Kpacok, Oasupysch Ha (QHU3HYECKHX U
XUMHYECKHX  CBOWCTBaX WX  COCTaBJAIONIMX,  ObLIa
3} (EeKTHUBHOM, MOAETMPOBAaHUWE BHEIIHETO BHJAA JOJDKHO
BBITIOJTHATECS C HHTEPAKTUBHOMW CKOPOCTBIO.

2. CYWUECTBYHOLUME PELUEHUA ana
MOJENIMPOBAHUA KPACOK

OpHE W3 MOJOOHBIX HEPBBIX Pa3pabOTOK OBUIM IPOBEIICHEI
JUI aKBapelbHBIX KpacoK [1]. ABTOpBI MPUMEHSIOT HIMPOKO
n3BecTHyI0 Mozenb KyOenka-MyHka, KoTopas SBISETCS
YIPOILEHHBIM DEIICHUEM YpPaBHEHMs IEPeHOCa H3ITydeHUS
(cBera) [2]. B HacTosmmee BpeMs, ¢ pa3BUTHEM KOMIIBIOTEPOB
u MaTeMaTHIECKHX METOJIOB cTan BO3MO>KHBIM
HETIOCPEACTBEHHBI  pacueT paclpoCTpaHEHHs CBETa B
KPACSIIHX CJIOAX C UCTIONb30BAHIEM YPABHEHUS IIEPEHOCA.

B nocnenaue roxsl B MTepaType 1o KOMIBIOTEPHOU TpaduKe
OIyOJIMKOBAHO JIOCTATOYHOE YHCIO PabOT, OTHOCSIIMXCS K
MOJICIMPOBAHUIO  ONTHYECKHM  CIOXKHBIX ~ KpPacok ¢
nepIIaMmyTPOBBIM u METaJUTHYECKUM s dexramu.
BOJBIIMHCTBO M3 HHUX MCHONB3YIOT MOIXOABI, CHIIBHO
OTJIMYAIONIHECS OT NPEJCTABICHHOTO HIDKE. 3HAUUTEIIbHAS HX
4acTh OPUEHTHPOBAHA JHIIb HA OOBSICHEHHE U Ka4eCTBEHHOE
BOCIPOU3BEJICHUE  Kakoro-nubo ofgHoro dS¢dekra Ha
NIPEIEIIBEHO YOPOIIEHHOH MOJIEIH. Hamnpumep,
HHTEpQEpPCHIMOHHbIE ~ MOJENH,  pa3padOTaHHbIE IS
MOJICTUPOBAHUST MBUIBHBIX ITy3bIpeH, MAacifHBIX mATeH [3],
W JkemMuyTa [4], KOTOopble ONMUCHIBAIOT (PU3UUECKUE SIBICHHS
JUISL HETPEPHIBHBIX TOHKHMX IUICHOK, MAaJONPUIOAHbBI IS
aKKypaTHOTO pacueTa MHOTOKPaTHOTO PACCEsSHHS CBETa Ha
OTHOCHUTENHHO HEOOJNBIIMX MEepaMyTPOBEIX — UeIIyiiKax,
PacHONIOKEHHBIX B CBSA3YIONIEM BEIECTBE U OKPYKEHHBIX
3epHAMH IIOTJIONIAIOIIET0 INUTMEHTa U METaJUIMYeCKUMH
yeuryikamu.



Ilo Tem ke camMbIM MpPUYUHAM HE MOTYT OBITH HPHUMEHEHBI
METO/IBI, HCIIOJIB3YIOMINE MHOXKECTBO YIPOIIEHUH TaKUX KaK:
M30TPONHs IUIEHOK [5], OZHOPOJHOE OCBEUICHHWE BHYTPH
IUIEHKH ~ [6],  OTrpaHMYMBAIOLIMECS  TOJBKO  CIIy4yaeMm
OJTHOCJIOWHOWM Kpackw [5, 7] uiu GUKCUPYIOIIIE OPUCHTAIHIO
Yenryek napauuielbHO MOBEPXHOCTH Kpacku [8]. CyuiecTByIoT
paboTBl MO BBIYMCICHHIO XapaKTEPUCTHK KPacKH I
(hopMaIIBHO ~ CKONb  YIOJHO  CIOXHOH (M TOTOMY
peamMCTHYHOM)  BHYTpPEHHEH  CTPYKTYpbl, HO  OHH
BBIUMCIIMTENIBHO JIOPOTH U CJIOKHBI B peanu3auuu [9].

CymecTByloT pabOTBI, HPUMEHSIOIINE HETOCPEACTBEHHOE
MOJEIMPOBAHNE PACHPOCTPAHEHUS] CBeTa BHYTpPH o0Obema
KPacKH, OIIMCHIBAEMOTO0 Ha MAaKPOCKOIIMYECKOM YpOBHE.
Hcronb30BaHHBIE METOMABI TIO3BOJISIIOT MOJAENHPOBAThH BCE
Ba)KHBIE AT HACTOSIIETO MPHIOKEHUS ONTHYECKHE () (DEKTHL
HexoTtopele w3 Takux TOAXOJOB OBUIM  CIEIHAIBHO
pa3paboTaHBl IJIsI AKKypaTHOTO pacdueTa pagyXHBIX H
nepnaMyTpoBeix d¢dekroB [10, 11]. Opnaxo, TpeOyroTcs
BECbMa JUINTENIbHBIE BBIYMCIICHUS, IIOCKOJIBKY OIPOMHOE
YHCIIO JIyded JIOJDKHO OBITh NPOTPACCHPOBAHO depe3 00beM
KPacKH, 4YTOOBI BBEIMHCIUTH PACIPEACICHHE OTPaKEHHOTO
CBETa C MajbIMM MOTPEHIHOCTAMH. Te e W3 HHUX, 4YTO
UCIIONB3YIOT SBHOE MOAEIUPOBAHNME BHYTPEHHEH CTPYKTYPHI
KpacKH, €Ille MEHee NMPUTOIHBI, T.K. Ha CTaAUH Pa3pabOTKH
HEn30€XKHO YacToe W3MEHEHHE BHYTPEHHEH CTPYKTYpHI
o0beMa Kpackd. DTOT HEOOCTATOK MOXKET OBITh YaCTUYHO
NPEOJONIEH C  IIOMOLIbI0O  HESBHOTO  CTATHCTUYECKOTO
ONUCaHMS CTPYKTYpbl Kpacku [12-14] (T.e. BBemeHHs
COOTBETCTBYIOIIEH AIMHBI CBOOOAHOTO mpobera, ¢ IOMOLIbIO
KOTOpOIl pasbIrphIBacTCs JIMHA TIpobera cBeTra MEXIy
COOBITHAMH paccesiHAs Ha uemrylikax). Bce st merons
pecypco3aTpaTHbl U 0€3 BBITIOJHEHMS MONHBIX BBIYHCICHUH
OHH HE TMO3BOJISIIOT HA KAueCTBEHHOM YPOBHE OLEHHUTh
PE3yIbTUPYIOIIYIO ABYHANpPABICHHYIO (QYHKIHIO OTpPa)KEHUS
(APO), onmcHIBAIONIYI0 ONTHYECKHE CBOMCTBA IIOBEPXHOCTH.
TlosToMy oHM  HempuromHel 1l  WHTEPAKTHBHOTO
MPOrPaMMHOTO KOMITJIEKCa.

VHTepakTHBHAsE CKOPOCTh BHU3yalM3al[Md BO3MOXHA JUIS
TaKMX TEOPETHYECKHX Mojeneil orpaxenns, kak Cook-
Torrance  [15]. OHEM  ocCHOBaHBl Ha  CTPYKTypax,
UCTIONB3YIOMNX MHKpO(ACeTKH, ¥ BecbMa 3((GEeKTUBHEI Ha
BBIYHCIIUTEIILBHOM YPOBHE M HAIOT XOPOIIHME TNPHOIMKEHHS
JAPO nns TtunuuHbIX MaTepuanoB. OnHAKO, HEKOTOpBIE
MapaMeTphl, UCIOIb3YIONIMECS B 3TUX MOJAENAX, HE HMEIOT
npocToit ¢usuyeckoit naTEepnperanuu. OTCYTCTBUE MPOCTHIX
COOTHOIICHHH MEX]y PeaIbHBIMU (PU3MYECKUMHU BEIHYMHAMU
U MapaMeTpaMy MOAENEH CHIbHO YCIOXKHSIOT HX MPUMEHEHHE
JUIst pa3pabOTKH KPAcOK C 3aJaHHBIM BHEIIHMM BHIOM. DTOT
HEJI0CTaTOK Jienaer paccMaTpuBaeMsble METO/bL
HEMIPUEMIIEMBIMU B HaIIEM CITydae.

TaxuM 00pa3zoM, CyIIECTBYIOIIME MOIXOAbI HEMPUTOTHBI IS
Hamed 3agaud OO W3-3a HU3KOW  BBIYMCIUTEIHHOU
3¢ PeKTHBHOCTH (METOBI MPSIMON TPACCHPOBKH), WIIH H3-32
CJIMIIKOM CHJIBHOTO YIPOIICHHUS PEATbHON CTPYKTYpPhI KpacKH
(TeopeTuyecKue MOJIEINH).

3. BbIYMUCIIEHME ONTUYECKUX CBOWUCTB
MHOIOCJTOUHbLIX KPACOK

3agaya MOAEIMPOBAaHMSA LIBETa KPacKd MOXET OBITh
nocraBieHa B (HOpMynuUpOBKe: TpeOyeTcs  BBIUUCIUTH
pacrpeziesieHHe OTPaXKEHHOTO CBeTa  (IBYHAIPABICHHYIO
¢ynkuuio orpaxenus — JPO), akkypaTHO y4YHUTHIBaroLiee
MHOTOKPAaTHOE paccesHHe CcBeTa B 00beMe KpacKu ¢
MO3BOJIIIONIEE  HM3MEHATh COCTAaB  KPackH B paMKax
TEXHOJIOTHIECKUX BO3MOXKHOCTeH. B aT0if (hopmymmpoBke
OCBEIIICHHE IIPEANONIATACTCS IapajuIeNbHBIM  OJXHOPOIHBIM
HEKOT€PEHTHBIM IIy4KOM, a HaOJIo/ieHe — B JaJIbHEH 30HE

(peructpupyercsi TOJBKO  YIJIOBOE  pacIpesielieHHe, a
TEKCTypa, €CIM OHAa BooOUIe HaOIIoJaeMa, yTpauyMBaeTcCs).
Tak KaK 4acTO Kpackd OBIBAIOT JJOCTATOYHO CIIOXXHBIMH, H
UMEIOT HETPUBHAJBHYIO 3aBHCHMOCTb I[BETa OT yrIja
HaOJIIO/IEHNsT U TIAJICHUs] CBETa, TO BO3MOJXKHO HCIOJB30BaTh
TOJIBKO Hanbosee rudkoe, TabnuaHoe npencrasienue 1PO.

«HckpucTocTh», BOOOIIE TOBOpS, MOXET OBITH ONKCaHa B
MOXOXHUX TePMHUHaX. DT0 Hekas BTopas JJPO st aMIuTUTy bl
¢GiroKTyanmuii  IUIIOC  3aKOH  MX  pacmpeneneHus (B
OONBUIMHCTBE MOAEJEH 10CTaTOYHO TPUBHAIIBHBIN).

C apyroil CTOpOHBI, MOAENb KPacKH TaKKe Ompeaensercs
BXOJHBIMU  JaHHBIMH  MojenupoBaHus. [oBops 00
ONTHYECKON 3a/1aue, MBI B Ka4EeCTBE «BXOJAa» IPEAINONaracM
rOTOBYIO CTPYKTYpy BhICOXmIeH Kpacku'. OHa COZEpIKHT
«Jenrydkmy, A7 KOTOPBIX MBI HMCIONB3YeM pacHpeselieHue
UX 110 pa3MepaM, OPUCHTALUH ¥ ITOJIOXKEHHUIO (T.€. JIOKaJIbHYIO
KOHIICHTpPALlMI0), a pPaBHO ONTHYECKHE CBOMCTBA KX
MOBEPXHOCTH  (BBIYUCISIEMOM, CKaXXeM, Kak OTpaKeHUe
HHTEpGEPEHIIMOHHOTO TOKPHITHS cmoabl  cinoeM  TiOy).
dopma demryek HE HUCHONB3yeTcs, OO OOBIYHO OHA BEChMa
W3pe3aHHa, W MOCTPOEHHE JaXKe CTATUCTHYECKOTO OIMMCAHHS
Takoil (urypel — otraenpHas Hempoctas 3amgada. [lomumo
YeuryeK, €cTh emé «oObIuHBIE» (MENKHe) MUTMeHTh.. OHH
ONUCHIBAIOTCS  NIPOCTO  OOBEMHBIM  IIOTJIOLIEHHEM U
paccesHHeM (ITIOCiefHEE YacTO OYECHb HE3HAYUTENBHO U
MOXET OBITh 3aMCHEHO OSMIIMPUYSCKUM 3aKOHOM XEHBH-
I'puncreiina). Bee 9TH 4acTHIBI CUMTAIOTCS B3BEIICHHBIMU B
MpO3payHOM JaKe, TaK 4dYTO «B CPEAHEM» TEOMETpHs
HW30TPONMHA, HO HE  00s3aTeTbHO  OJHOPOJHA  T.K.
KOHIICHTPALUsI MOXKET MEHSTHCS 10 TITyOnHe.

B npemnmaraeMoM Meroge MOJENb KPAcKU COCTOMT U3
IUIOCKONIApAJUIENBHBIX  OJHOPOAHBIX CJIOE€B, KaXIblil W3
KOTOPBIX COCTaBJIEH M3 MPO3PAavyHOTo Jaka M B3BELIEHHBIX B
HEM MUI'MEHTHBIX KpacslUX YacTHI[ M MHTep(epeHIIMOHHBIX
YelryeK, OTBETCTBEHHBIX 3a HCKpeHHe» (pHC. 2).
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Puc. 2. IlonepeuHoe cedeHNEe UCTIONB3YyEMON MOJIENU KPACKH.

Kaxzpiit cnoit kpacku paciieIisieTcs Ha MHOKECTBO TOHKHX
cy0OcioeB TakuM 00pa3oM, 4TOOBI BHYTPH KaXJOTO CyOCIios
MOXHO OBUTO OBI IpeHeOpeuh MHOTOKPATHBIM PACCESHHEM.
Ipennonaraercs, dYTo BcCe COOBITHS pacCesHHS CBETa
IIPOUCXOMAT B Pa3sHBIX CyOCIOSIX. DTO MO3BOJISET ONMHUCHIBATH
paccesiHie B TOHKHMX CyOCIOsX B aHAIUTHYECKOM Buze. Takas
MOJIelIb PAcCEesHUS OCHOBAHA Ha CTATHCTUYECKOM HOIXOAE M
aKKypaTHO OIMCBHIBAE€T B3aMMOJCHCTBHE CBETa BHYTPH

' Ects momemn ¢dopMupoBaHus Kpackd (T.e. KaK KameJIbKH
OHOM, pa3OpBI3TUBAsACH U3 IMyIbBEPU3ATOPA, PACTEKAIOTCA IO
MOBEPXHOCTU M Jajlee BBICBIXAIOT, JIMINAACH JIETY4HX
KoMHoHeHT). OHaKo, 3TO He ONTHYeCKas 3a1aya.



Kpackd, BKIIOYas PagyKHbIe U TEPIaMyTPOBBIE S(PQEKTHI.
PaccesHne cBeta KaXIBIM CIIOEM KpAackd BBIUHCIACTCS C
MOMOIIBIO pacHpeeNeHHs PacCesHus] TOHKUMHU CyOCIOsMH
MeTo/10M yaBoeHus [16, 17].

Jns pacuera CBETOOTpaxarolmlell XapaKTepPUCTHKH KPAaCKH
HEOOXOJMMO TIPOMOAENUPOBATh JBIDKEHHE CBETa CKBO3b
3alaHHBIE CIIOU €€ CTPYKTYpPHI 10 OTPAXKEHUS OT TOIOXKKH H
IBIDKEHHE ero oOpartHo. PaccesHme cBera Bceil Kpackoit
BBIYMCISIETC C TIOMOIIBIO PACCESHHUS Ha KaXAOM ClIoe
MeronoM cioxeHus [16-18]. Cragus cioxeHUs AOIONHSAET
CTaauio yIBOeHWs, KoTopas Beruucimier JPO peamsHOrO
CJIOSl, WCHONB3ys aHaJIuTHYecKHe BeIpaxeHus i1 DO
TOHKHX BOOOpa)KaeMbIX CJIOeB. Takod MOAXOX JeiaeT
BO3MOJKHBIM aKKYPaTHBIH ydeT MHOTOKPAaTHOTO PAaCCESHHS B
cIOXHBIX cpenax. OH mo3BossieT cHOpMynUpoBaTh B
AQHAIUTUYECKOM BHUJE BECbMa TOYHOE NPHOIIKEHHE JUIS
JADO kpacok ¢ mEpIaMyTpOBEIM M  METAJUIMYECKUM
s pexTamu.

Merto/p! CIIOXKEHHS U yIBOCHUS, H3HAYAIBHO pa3paboTaHHbIE
JUISL pacueTa paccestHUs B aTMocdepax IUIaHeT, MPUMEHSIOTCS
K YPaBHEHHIO TIEpEHOCAa H3Iy4eHHs, NMPeoOpa3oBaHHOTO K
(dhopme, ynoOHOI aist Takux 3amad. B aTom cmbicie meTon
Hanrahan and Krueger [14] 61130K, HOCKOJBKY HCHONB3YET
Ty K€ TEOpHIO IlepeHoca wu3iIydeHus. B pabore [14]
UHTETPAIBHOE ypPaBHEHHE IIepeHOCa pPelaloch METOJOM
Monre-Kapio, B npeayio)keHHOM jKe MOAXO/e NMPUMEHSETCS
NPSMOH CETOYHBII METO/, KOTOPBI 3HAUUTEIBHO OBICTpEE.

I'paHuubl  MeXIY  TOHKHMH  CyOCIOSMM  SIBIISIOTCS
BOOOpa)XaeMBIMH — HAa HUX HE INPOHMCXOJUT OTPAKCHUS H
HPEJIOMIICHUSI CBETa, B OTJIMYHE OT I'PAHUIL] PEaJIbHBIX CIIOEB B
MHOTOCJIOWHBIX Kpackax. Kpome aToro, okasplBaercs, 4To C
MOMOIIBIO  JajdbHEWIINX  YNPOUIEHWH, MOZIENb MOJKET
AKKypaTHO YYMTHIBAaTh PacCesHHE CBETa Ha METaJUIMYECKHX
yenryiikax, npu 3ToM 3¢gdexrusaas PO Taxxe MOXKeET OBITh
BBIUKCIICHA B aHalIuTH4YecKoM Buje. OmuOKH, BHOCHMBIE
TaKUMH  YNPOLICHHUSAMH, HPEHEOPEKUMO Maibl IPH  TeX
cna0blX IUIOTHOCTSX YELIyeK, KOTOpble IPUMEHSIOTCS B
peanpHBIX Kpackax (oObeMHas KoHmeHTpamwmst dactury PVC
~5-10%).

JanHas  aHaiuTHyeckas ~ MoJenb  Obula  CNIEHANBHO
paspaboTaHa Ui ONMHMCAaHHUA PACCESHUsSl CBETa Ha aHCAMOIAX
IIaIKUX METAUIMYECKHX WM MHepiaMyTPOBBIX IUIACTHHOK,
COCTOSIIIUX W3 CIIOASHBIX YaCTHI], IOKPBITHIX JBYOKHCEHIO
tutana (TiO,) [19]. B 3aBHCHMOCTH OT TOJIIUHEI MOKPBITUSL
CIIIOABI  BYOKHCHIO THTaHA IepilaMyTpoBasi — YacTHIA
OTpakaeT CBET pa3iInyHoro nera. OHa BecbMa TOYHA, KOTJa
IUVIACTUHKM ~ PACHOJIOKEHBl BHYTPH IOYTH IPO3PAYHOTO
BEUIECTBA C HU3KOM KOHIEHTpauuen nurmeHtoB. [locnennee
YCJIOBHE BBINOJHAETCS B Cllydae PealbHbIX KPAacoK, KOTOpbIE
HPAaKTHYECKH IPO3pPa4yHbl UL TOrO0 4YTOOBI IOJYEPKHYTH
Mertayuinueckue 3¢ dexTsl, HanpumMep, uckpenue (sparkles).

K memocraTtkam mpeyio:K€HHOTO IOJXOAA, HCIONB3YIOMIETO
NpHUOIIKEHUE HEPEPBIBHOM CpeJIbl, ClIeyeT OTHECTH:

e [pUOMIDKCHWE HE3aBUCUMOCTH COOBITHH paccesHus,
KOTOpO€ HE BCerja SBISETCS JOCTaTOYHO TOYHBIM.
Hanpumep, cBeT, paccesHHbIH OJHOM YEIIyMKOH, MOXKET
OBITh OTP@KEH IPYroil demyikod (WM MOATOXKOH), a
IIOTOM OIITH paccesThesl Ha MepBoi uenryiike. OpHako
CTOMT 3aMETUTh, YTO BEPOSTHOCTH TAKUX COOBITHII MaIa;

¢ JICHOJIB30BAaHME KOHIEHTPAIMM IUIOIIAAU YelIyeK B
exuHHIe 00BEMa BMECTO HCIIOJIB30BaHUS pa3MEpoB H
KOHUIEHTpanuu camux uemryek. B uactaoct, PO nmis
cilydass HeOOJBLION KOHIEHTPALMU KPYMHBIX YEIIyeK H
COOTBETCTBYIOIIEH KOHLEHTPALUM MEJIKHX YellyeK OyayT
uAeHTHYHbL.  Takoe  yNpoIleHHe  MOXKHO  CUHTaThb
JOCTaTOYHO TOYHBIM TOJNBKO IPU HEKOTOPHIX YCIOBUSX,

HaJaraéMbIX Ha MAaKCHMaJbHBIH pa3Mep dellyeKk M Uux

KOHIIEHTPALHUIO.
Tak Kak CyIIeCTBYIOT CIydaH, KOTZa JaHHBIE OTPAHHYCHHS
CYIIECTBEHHBI, TO OBDIa peaIN30BaHa TaKXKe «ITOJTHAS)
Moeib Beruucienus JJPO, cBoGogHAS OT ATHX HEAOCTATKOB.
Ona ocHoBana Ha MonTe-Kapno TpaccupoBke mydel B
MpO3payHoll  cpele Jaka C  HUCHOJb30BaHMEM  SIBHOM
TeOMETpHU. «SIBHOCTHY» TYT MPUMEHHMa TOJBKO K KPYITHBIM
JacTUIaM (pa3Mepsl KOTOPBIX >> JUTMHBI BOJIHEI). MenKkue xe
NMUTMEHTHl  (KpacuTenn)  ONHMCHIBAIOTCS B TEPMHHAX
TIOTJIOIICHNUS M PACCESTHUS CPEJIbI, MOTOMY KaK OECCMBICIICHHO
TOBOPUTH O B3aUMOJEICTBUM Jlyya C yacTullell ¢ pa3Mepamu
<< JUIMHBI BOJHBIL. MeJKHe NHIMEHTH, TakuM 00pa3oMm,
OTUCHIBAIOTCSl HEABHOHM reomeTpuel. DTOT MOIXOJ SBISETCS
KoMOMHame  kimaccuueckod — mpsmoidr  Monrte-Kapio
TPacCUPOBKM JIyde ¥ ypaBHEHUs MepeHoca. Mexay
YaCTUI[AMH MPOXOXKAEHHE ITyda ONHCHIBACTCS YypaBHEHHUEM
nepeHoca, KoTropoe pemtaerca MerogoM Monte-Kapio.
B3aumopeiictBue ke Jiyda C KPYNHBIMH YacTHLAMU
o0OpabaTbiBaeTCs, Kak B KJIACCHYECKOH TPAacCHPOBKE, T.e.
HaXOJUTCsA TOYKA IONAJaHMs, Pa3bIrPhIBACTCS HAIIPABICHUE
paccestHUA U IIp.

Bru1o mpousBeneHo cpaBHEHHE MEKAY OBICTPOH U «IIOJHOW»
MOJESIMA BBIYHMCICHUA IS Pa3JIMYHBIX KOHIEHTpaLUi,
pasMepoB M THHOB  4YacThi. Jis  Ipo3payHBIX
JVDJIEKTPUYECKUX YaCTHI[ OTJIMYUS HEBEIMKH M PEIKO
npesplmaoT 10%. i MeTanIMuecKux YellyeKk OTIHYUe
MOJeNell MpHU MPEeAebHO BBICOKUX KOHIEHTPALMAX KPYIHBIX
Yenryek MoxKeT JocTuraTh gaxe 50%, HO TUIHMYHAs OIIHOKa
penko mpeBocxoguT 15% - 20%. Ilpu stom Gonee TouHas
«TONHAsA» MOJETb BBIYUCIISIETCS 332 MUHYTHI, B TO BpeMs Kak
ObIcTpasi MOJENIb — NMPAaKTHYECKH B PEaJbHOM BpEeMEHH (3a
JIOJIH CEKYHBI).

Jlpyroe siBIeHHUe, BHO 3aBUCAIIEE OT pa3Mepa dellyek, - 3TO
rpanysauus wik  Quykryauu sipkoctu [14]. Tlo  mepe
yYBEIMUEHUS] pa3Mepa  dellyeK, OTAENbHbIe Uelryiku
CTAHOBSITCS PA3IMYMUMBI TJ1a30M U JEHCTBYIOT KaK MaJCHbKHE
cusrommue 3epkanbia (3¢ dext uckpenus). VIckps! MoryT OBITH
ONMCaHbl KaKk CHeNHalbHAs  TEKCTypa, CYIIECTBEHHO
3aBHCAIAs OT YCIOBUH OCBemeHWs u HaOmoneHns. B
JanmbHEHIIeM TEKCTypa HAaKJIaIbIBaeTCsl Ha ITIOBEPXHOCTD
OKpAIIeHHOTO OO0bEKTa, YBENUYHBas MPaBAONOA0OHOCTH
BU3YyaITU3aIIH KPACKH «METaJLTHK.

Beraucnerne atoro s¢pdexra B TEpPBOM IPHOIIDKEHHH
HecnokHO. OCHOBHOE TNpUOIMIKEHHE CBA3aHO C TEM, 4YTO
«HCKpEHHE» XOpOIIO BHUJHO TOTAA, KOTZAa KOHIEHTPAIHS
HCKOPOK HEBENIMKA, MHAUE OHU CIMBAIOTCS U MpomanaioT. [lpu
3TOM MOXHO npeHedpeun MHOTOKPaTHBIMU
nepeoTpaxkeHUsAMH. Touka Ha MOBEPXHOCTH KpPAacku BHUIHA
KaK MCKOpKa, €CIM TaM €CTh 4YellylKa M ecilu €€ HopMallb
HalpaBJIeHa MPUOIN3UTENHHO M0 OMCCEKTpHCe HAIpaBICHHS
OCBEIICHUsT M HaOmoAeHHs (4ToOBI OBUIO  3epKaIBHOE
orpaxenue). JlomyctuMoe — OTKJIOHEHHE  HAIpaBICHHS
HOpPMaJIl paBHO YIJIOBOMY pa3pelieHHIo TIia3a. 3Has
pacmpeneneHue YacTUI 10 HalpaBieHHIO (OOBIYHO OHO
OJIM3KO K TaycCOBOMY) M HX KOHLEHTPALMIO, MBI MOXKEM
BBIYHCITUTh BEPOATHOCTh TOTO, YTO JaHHAs TOUYKa KPacKu
«uckpuT». B npotuBHOM ciydyae ona uépHas. Takum oOpazom
U CHHTE3HUpPYEeTCs CIIydaifHast TeKCTypa.

B ciyuae, xorma ectp mpouue, He ONMKYIOIIUE NUTMEHTEL,
MOJy4EHHYIO TEKCTypy Heooxoaumo cinoxuTb ¢ PO npounx
ITUTMEHTOB.

4. CTPYKTYPA NMPOrPAMMHOIO KOMIMJIEKCA
MOJENTMPOBAHUA KPACOK

Mopnenb  Kpacku  SBISIETCS  BXHOM  cocTaBisomieit
pa3paboTaHHOTO UHTEPAKTHBHOTO IMTPOTPAMMHOT0 KOMILIEKCa



Bsoa u pacuet
KpacslLero crnos

I'Ipeﬂsrérpr}men bHQle

pac4eTbl CLEHbI

WHTepdpelic
nonb3oarens

ﬂ.l'lﬂ Kaergoro nukcena:
NyTH AyHen,
napameTpsl

nepeceKkaeMbIx

00 BEKTOE CLeHbl

MapaMeTpbl CTPYKTYPbI
Kpacsulero crnoq
Paint C i

Paint Film °# 3 n=1.45, thickness=100.0 um

PaintFim "# 2°  n=1.45, thickness= 26.8 pm
Flake MyFlake2' PVC= 0.12% spread=5.00

Paint Film ‘# 1° n=1.45, thickness=127.7 ym
Flake ‘{rull] P¥C= 0.19% spread=5.00
Pigment ‘Kubelka-Munk' PVC= 0.50%

Paint Film “#f 0 n=1.45, thickness= 39.4 pm

Puc. 3. Cxema IporpaMMHOI0 KOMIUIEKCAa HHTCPAKTUBHOTI'O MOJACIIUPOBAHUA MHOTOCJIOHOMI KpacCku.

MOJICTTMPOBAHKs BHEIIHETO BHJA KPAcOK, MCXOAS M3 HX
coctaBa. CTpyKTypa KOMIUIEKCa IIPEICTaBICHA HA pUC. 3.

Wurepdeiicnas  4acTp  MPOrpaMMHOTO  KOMILIEKCa
MO3BOJIIET HOJNHOCTBIO 33/aTh CTPYKTYPY MOAEIHPYEMO
Kpackd. Jng  KaXAOro ciuos  IMPO3payHoOro  Jiaka
MMOJIb30BATENh  33J]a€T  XapaKTEepUCTUKA JlaKa, BHJBI
COJIepKAIIMXCA B CIIO€  TOTJIOIIAIOIIUX — YacTUIl U
paccerBalONIMX YEITyeK, KOTOphIe MOTYT OBITh JHOO
3epKATBHBIMH, JTHOO0 HHTEPPEPCHIIMOHHBIMA. J{JIs KaXKI0TO
BU/Ia YACTHUIl WM YEIIyeK 3aJaeTcs WX KOHIIEHTpalus B
cioe U pa3mep. IIpu 3agaHuy 3epKaTbHBIX YEIIyeK MOXKHO
yKa3aTh K03 (OUIMEHT OTPaXKEHHUS B BUJE CIIEKTPOTPAMMBI.

Jnst  wHTepQEepeHIMOHHBIX  YemIyeK  HeoO0XOAUMO
crerpUIIPOBATH TONIIUHEI CIIOASHOTO CIIOS U MTOKPBITUS
JIBYOKHCBIO THTaHa. Taxke YHpaBIsieMBIM TapamMeTpoM
ABJISieTCS Pa30poc 3HAYEHMH HOpMayed K delryikam,
MO3BOJISIOMINI KOHTPOJIMPOBATh MX OPHEHTAIMIO B CIIOE.
ITapameTpbl MOTYT OBITh H3MEHEHBI B WHTEPAaKTHBHOM
peKUME, E€CTECTBEHHO, B TEXHOJIOTHUECKH JOIYCTHMBIX
npeenax.

Hcrone3ys 53TH mapaMeTpbl M CTPYKTYypy Kpackw,
Bbiuncisgercss  JI®O pang  OMMCaHHONM  MHOTOCIIOHHOH
mozenu. [lonyuennas JJ®O noctymnaer B MOAYJb OBICTPOit
BU3YAIN3aLMU BUPTYaJbHbBIX CLEH, COACPKAIIMX OOBEKTHI,
OKpalIeHHBIe pa3pabaTbiBaeMoi Kpackod. Onrmueckoe
MOJIEIMPOBAHNE C MOMOIIBIO TPACCUPOBKHU JIydel OOBITHO
TpeOyeT 3HAYUTENBHOTO BpeMEeHH. OJrta mpobiema
0COOCHHO KpUTHYHA, KOTJa pPe3yJbTaThl TPACCHPOBKHI
Jydei 3aBHCAT OT MapaMeTPOB MOJAESIUPOBAHUS, HAIIPUMED,
MOJIOKECHUS UM OPUCHTALUU KAMEPBL.

OcHOBHasl uziesl MHTEPAKTHBHON BU3YalH3al[Md COCTOHUT B
COXpPAaHEHHHM BCETO MAacCHBa TPAcCHPYeMBIX JIyded B
COBOKYITHOCTH C HEOOXOAMMBIMH  BCIIOMOTATCIILHBIMHU
JaHHBIMA Ha CTaAuM  HpPEABApUTEIBLHOIO  pacdera
OCBEIIEHHOCTH CIICHBI u ero MOCIIE TYIOIIIM
UCIIOIb30BaHHEM JUISt ObICTpOi BU3YyaH3alluu.
KonmuectBo TpaccupyembIX Jiyuyeil B paccMaTpUBAaEeMBIX
3a7a4ax MOXKET JOCTUraTb MWIJIMOHOB MM  Jake
MHJUTHApJIOB B 3aBHCHMOCTH oT CJIOXKHOCTH
BU3YaIM3UPYEMON CIEHBI, Pa3MEPHOCTH H300paxeHHus MU
TpeOoBaHUN K YCTPAaHEHUIO JIECTHHYHOTO dddeKTa.
TlosTomy kapThl Tpaccupyembix dyded [20] coxpaHSIOTCS
Ha JWCKE B TIpOIecCeé MpPEIBAPUTENBHOTO pacuera.
CBoifcTBa BceX TOBEPXHOCTEH, 3a  HCKIIOYCHUEM

OKpallleHHBIX ~ pa3padaThIBaeMoit

COXPaHSIOTCS.

Kpackoil,  Takxe

Ha osrtame  uHTepakTUBHOW  BHM3yalM3alUKd  KapThbl
TpacCUpyeMbIX  JIydell  3arpyxaloTci IO  Mepe
HEOOXOMUMOCTH, OINTHYECKHE CBOMCTBA MOBEPXHOCTEH,
OKpAIlIEHHBIX KpacKOW, 3aMEHSIOTCA Ha PAacCUUTaHHYIO
JAPO, wu  dopMupyeTrcss HUTOrOBOE  pEaTUCTUIHOE
n3o0pakeHne. Bpemst Busyanmsanuy IOCTOSHHO, 3aBHCHT
TOJBKO OT pa3pelleHus] H300paKeHUs W HE 3aBHCHT OT
CIIOXHOCTH TEOMETpHM cleHbl. Hampumep, Bpewms,
HeoOXoauMoe st mojHoro  BerymcneHus — JIPO
JIBYXCIIOWHOW Kpacku C TepiaaMyTpOBbIM 3(dexkToM u
BU3yAIM3alUN H300pakeHHs ¢ paspemeHueM 640 x 480
nukcene, cocraBuno Bcero okono 0.14 cekyHasl Ha
KoMmIbloTepe ¢ mporeccopoM Pentium III, 500 MHz. dns
«IIOJHOI» MOJENIU KpPacku TO K€ BpeMs COCTaBISET
npuMepHo 0.5-5 cekyHI B 3aBHCUMOCTH OT IIapaMmeTpa
Kpacku. Bpemsi cuera yBenMUMBAeTCS C YCIOKHEHHEM
CTPYKTYphl Kpacku. Hanpumep, pacuer «noaHON» MOAEIn
JUIsl TPEXCIIOMHON KpacKH, COAeprKalle 1Ba BUAA YEIIyeK
M J[Ba BUJIa MUTMEHTHBIX 3epeH, TpeOyerT ot 1 10 9 cexyna.
B wurore npemaraeMelii NporpaMMHBIA KOMILIEKC TaKkKe
SBIICTCS  BIOJIHE [PUIOJAHBIM JUII UHTEPaKTUBHOM
pa3paboOTKH HOBBIX KpacoK. B Takom ciyuae B KauecTBe
pe3yabTaTa MOKHO COXPAHUTD MOTyYEHHBIH COCTaB KPacKu
B (hopMare, IPUTOTHOM JUIS €€ U3TOTOBIICHHUSI.

5. NOABOP CTPYKTYPbl KPACKU MO EE
BHELUHEMY BUAY

3amaya  aBTOMATHYECKOro moabopa cocTraBa Kpackw,
MPUMEHUMOTO Uil €€ M3TOTOBJICHUS, 110 BHEIIHEMY BHUIY
CYLLECTBYIOLIEHN Kpacku SIBJIIETCS O/IHOM u3
BOCTpEOOBaHHBIX B aBTOMOOWIIBHOW HPOMBIIUICHHOCTH.
CoBpeMEHHBIE KPacKd HMEIOT JOCTaTOYHO CIJIOKHBII
BHYTPEHHMH  COCTaB,  MHIPEIUEHTHl  KpacKu, HX
KOHLEHTpAIlUM U IPOLIECC €€ CO3JaHUs 4acTo SBISIOTCS
3akpeiTod MHGOpManueir. Ho maxke korga W3HAYalbHBIIA
COCTaB Kpacku U3BECTEH, 3TO HE T'apaHTHUPYET COBIA/ICHUE
[BETa MPH Ky30BHOM PEMOHTE aBTOMOOWIS MOTOMY, YTO
KpacKka MEHsIeT CBOHM LIBET MOJA BO3JAEHCTBHEM COJIHEYHOTO
CBETa, 0CaIKOB M XUMUYECKHUX PEarcHTOB, IPUMEHAEMBIX B
JIOPOXKHBIX paboTax.

HOH60p cocCTaBa Jid JOCTHXKCHHS KEJIAEMOro IBETa — 3TO
KiIaCCHYCCKasa 06paTHa;[ 3agada. B TIIEPBOM HpI/I6J'II/I)KCHI/II/I



MOXKHO MOCTPOHTH JaKe aHaIMTHYecKoe pemeHue. Ho
TOYHOCTH €r0 OyJeT HEBBICOKA, a OTPAaHUUEHUH — MHOTO.
TlosToMy mpHuMeHsICS MOAXOR «MHHUMH3ALIUH OMIMOKI.
B mpomecce monmbopa BBIOMpanCS HEKHHA «IIPOOHBIN»
coctaB U BhuKcisiacs ero JJ®O. Ha ocHoBe cpaBHEHUs
BbIUMCIEHHOW U xenaemoil PO crpoutcst Bapuanus
cocraBa, yMmeHpIIaromas omuoky. [Ipomecc moBTOpsieTcs
utepaTuBHO. Ha kakmoM Imare mpuXoAWTCs, IO MEHbIIei
Mepe, OJWH pa3 HaXOAWTH LENeBYI0 (QYHKIHIO, M, CTAIO
Ob1Th, BeuHCHATE JPO. [losTOoMy 3a€ch CymIecTBEHHO
HnpUMeHeHHe OBICTPOro MeToa.

Jlnst mpoBepKH BO3MOKHOCTEH NPOTPaMMHOTO KOMILIEKCa
MOJZIEIMPOBAHUS KPAacOK pellaTh 3agady Mogdopa cocTaBa
Kpacku Kommnanued Merck Obum mpenocraBieHsl 4
oOpasa pealbHBIX KpPacoK, CO3JaHHBIX C MOMOIIBIO
gemryek Iriodin: WF 67/99/250, WF 67/99/192, WF
9/00/78 u WF 9/00/27. JPO »stux 00pa3uoB ObUIH
U3MEpeHbl Ha wu3MepuTenbHoM Komrutekce [21]. Ilocme
9TOro ObLIa TPENpPHHSITA IOIBITKA BOCCO3JATh COCTaB
9THX KpPacoK B IIPEANOJOKEHUH, YTO peaybHasi Kpacka
COCTOMT M3 OIHOTO CIIOS.

Pesynbrar MmonenupoBanus (puc. 4):

VYaanoch  MONYYHTH  JIOCTATOYHO  OJNM3KUIL  LBET
BOCCTaHOBJICHHOM KpacKu, OJHAKO BO BCEX CIydasx
HOJHOE COBHAJEHHE JOCTUTHYTO He Obuio. JlaHHBII
SKCIIEpUMEHT MOXKHO PAacCMaTpHBaTh, KaK MEPBBIM IIar K
pELIEHNIO 3aJaddl aBTOMATHYECKOTro mombopa cocTaBa
KpPacKH, KOTOpast sBISIETCA BECbMa BOCTPeOOBAHHOIT
MpPOU3BOJUTEISIMH aBTOMOOMNIBHBIX Kpacok. Ha pucyHkax
JeBas CTOpPOHA KaXJOH cgepbl OKpalleHa H3MEepeHHOI
JA®PO peansHOTO O0Opasma, a mpaBas cropoHa — PO,
pacCUNTaHHOH C IIOMONIBI0O HPOTPAMMHOTO KOMILIEKca
MOJENUPOBAHUS KPACKH.

TlepBoHa4yanpHO OBLIO  MPEIMONOKEHO, YTO Kpacka
oIHOpoAHA Mo TonmuHe. OIHAKO HUKAKUMH BapHaLUSIMH
cocraBa He ypaaBanoch Bocmpoussectu e€ JDO. Jlns
BBUICHEHNS! TPUYUH OTKJIOHEHUS OBUIM IPOM3BENEHBI
JIOTIOJIHUTEIIbHBIE U3MEPEHHUs CIIOS KPACKU Ha IPO3pavyHOi
MOJIOKKe, W okKazanoch, uro PO c pa3HBIX CTOpPOH
CYLIECTBEHHO OTIM4aeTcs. BBeneHne HEOTHOPOAHOCTH 10
TOJIIIMHE ITO3BOJIMIO YIOBIETBOPHUTEIHFHO BOCIPOHM3BECTH
J®DO c obenx cTopoH. B urore Oblia moiydeHa BIIOJHE
YAOBIETBOpUTETbHAS  TO4YHOCTh.  OpHaKo  Jamblie
YIIy4IIUTh €€ HE YAaBaJIOCh.

AHaJM3 TOKa3al, YTO A TONyObIX KpPAacoK OJHOW H3
BOKHEHIINX TPUYUH OTKJIOHEHHS CIYXUT TOIyOoi
KpacuTelb. JTO BELECTBO, B MA€ale, HE JOJDKHO Obl BOBCE
UMETh COOCTBEHHOTO paccesiHHA (@ TOJIBKO MOTJIOUIEHHE).
IlosToMy paccesHume He  MAacHOpPTU3YeTCsl U HE

BBIZIEP)KUBACTCS HM3TOTOBHUTENIEM IHIMEHTa. [I3MepeHus
IBYX 0O0pa3moB ToayOOro KpacuTens IIOKa3add, YTO
paccessHHe TNUTMEHTa B HHUX OTJIMYaeTcs Oojee dYeM
BueTBepo. IIpOM3BOIUTENh KpPAackd MOATBEPIMI, UTO
CYIIECTBEHHAsl 9acTh OMIMOKM CBA3aHA C HECTAOMIIBHOCTBIO
W3TOTOBJIEHMSI Kpacku (Kak IepeMemaigy, CKOJBKO
TOOKAATN 110 HAHECEHHS, ITPH KaKOH BIAXKHOCTH CYIIINIIH,
U 1p.) DT (GaKkTopsl BOOONIE HE BXOAAT B ONTHYECKYIO
MOJIeNb, KOTOpasi TPaKTyeT 0Opa3ibl HOMHHAJIBHO OJHOTO
cocraBa Kak TOXXAecTBeHHble. Ha camoM e jene oHH —
pasHbIe.

6. PE3YJNIbTATbI

Ha ocHoBaHuum mnocTpoeHHONW MOAENH MHOTOCIOHHOM
KpackH  OBUIM  IPEAJIOKEHBl ~ JTOPUTMBI  pacdeTa
JBYHAIPaBJICHHON (DyHKIMM OTpa’keHWs cBeTa, B 0OIIEeM
BHUJIE ONHUCHIBAIONIEH BHEINHHN BHI KPACKH C Pa3IHIHBIX
HAIMpaBICHUH M TPH PA3NUYHBIX YCIOBHUSAX OCBEIICHHUS.
Brin peanuzoBan nporpaMMHBINA KOMIUIEKC, TO3BOJISIOINN
MOJIEIUPOBAThH pilo]0] Kpacku u peanucTUUHO
BU3yaJIM3UPOBATh €€ B HEKOTOPOIl CLieHE C MHTEPaKTUBHOM
CKOPOCTBIO.

Pa3zpaboranHoe pemieHue aeT NMpHEMIIEMBIE PE3YIbTaThl
NPY BU3YaJIU3alUU CIO0KHBIX aBTOMOOMIBHBIX KPACOK MPH
Pa3NUYHBIX YCIIOBHUSAX OCBELICHHS, a TAKXKE ITOKA3bIBACT
XOpollee COBMNAJIEHUE PACCUUTAHHBIX U u3MepeHHbIX DO
KPAacoxk.

Hcnonp3oBanne KOMIIIEKCa pacdeTa KPackH B PEXHME
UHTEPAKTUBHOW BH3YyalM3allUd I[O3BOJIIET HEpelTH K
3a7a4aM MOJIETMPOBAHHS HOBBIX Kpacok. Pa3zpaboraHHbIE
MOAXOABl MOXHO B JalbHEHIIEM HCIONB30BATh IS
pemreHusi Hanboijiee BOCTPEOOBAaHHOHM 3amaud B 0OIacTH
MOJICJIUPOBAHUS ONTUYECKH CIIOKHBIX KpPAacoK — 3afaduu
BOCCTaHOBJICHHS CTPYKTYpbl M COCTaBa KpacKd IO ee
BHEIIHEMY BHIY, TaK Ha3bIBaeMas 3ajaya MOATOHKHU L(BETA.

IIpoBeneHHbIE dKCIIEpUMEHTHI ¢ Kpackamu (upmbr Merck
MOKa3aJI XOPOIee COOTBETCTBUE NPEITIOKEHHONH MOIEINN
¢ peanbHOCThIO. Kak OCHOBHOW IIBET pe3yIbTUPYHOLICH
Kpacky, Tak M IBETa TaKUX CIIOXKHBIX 30H, KaK OJHK ¥
OKOJIO OJIMKOBOE SIPKOE IISITHO, OJM3KH K IIBETaM PeatbHOTOo
oOpasua. [lomydeHHsle B pe3ynbTare MoaeaupoBanus PO
KPacoK MOTYT OBITh HCIIOJIB30BaHBl Uil  (U3UUECKH
KOPPEKTHBIX pacyeToB OCBEIICHHOCTH B TPEXMEPHbBIX
CLICHaX, COJEPIXKAIMX OKpallleHHble 00bekThl. Hampumep,
OHU OBUIM UCIIONB30BaHBI IS aHAJIM3a M BHIOOPA OKPACKH
aBTOMOOMJICH, MOOMIIBHBIX TeJe()OHOB H HOYTOYKOB.

Pabora momnepikana rpantom POOU Ne 11-01-00870, a
taroke ¢pupmoii Integra Inc. (SImonHms).

Puc. 4. Busyanusanus u3MepeHHo (J1eBas oJioBUHA chepbl) U paccuuTanHoil (nmpaast nonoeuHa) PO nepiaaMyTpoBbIX

KpacoK.
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Abstract

The interactive lighting simulation of pearlescent paint
basing on paint structure is described. The task of
calculation of paint appearance from paint composition was
formulated and solved. To provide interactive speed of
simulation program the original approaches to calculation
and fast rendering algorithms were elaborated. The
simulation program structure is described in the paper. The
example of program application to the color matching
problem of automotive paint is presented.

Keywords: realistic rendering, lighting simulation of paint,
physically based lighting, BRDF, optical properties of
surface.
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