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Pemaercs 3aa4a MoJIydCHUs MOHOXPOMATHYCCKUX LBCTOBLIX CTUMYJIOB C KOHTpOHprCMOfI
LUIMPUHON CIIEKTpa. DKCIIEpUMEHTaNIbHAsL YCTAHOBKA BBIIIOJIHEHA HA OCHOBE MOHOXpomaropa YM-2.
[TocTpoen mudppoBoi araac MOHOXPOMATHUYECKUX CTHUMYJIOB. DKCHEPHUMEHTAIBHO IMOKAa3aHO, YTO
CHEKTpaJibHAsl YyBCTBUTENLHOCTh RGB-CEHCOPOB Kamepbl MOKET OBITh MPOTECTHPOBAHA C MOMO-
IO MOHOXPOMATHYCCKUX CTUMYJIOB. Pa3pa60TaH MCTOO U3MCPCHUA IBETOBOT'O OXBAaTa KaMCPHhI.

[Tyrem MaTeMaTHYECKOr0 MOJEIMPOBAHUSI M 00CUeTa SKCIEPUMEHTAIBHBIX JaHHBIX C MOHO-
XpOMaTHUYECKUMH CTHUMYJIAMH BBISBICHBI CHIEKTPAIbHbIC 3aBUCHMOCTU IIBETOPA3PEIICHUS KaMEphI
U TOJHOro 1BeToBOro pasnuuus AE. ITokazaHo, YTO HEBO3MOYKHO YCTAaHOBUThH OJMHAKOBOE 3HaYe-
Hue AE 11sl BCero creKkTpanbHOro auanazoHa. O0cueT JaHHBIX 3KCIEpUMEHTA C pa3zesieHueM pac-
TEHUI OJJHOTO BHJIa HA TPYMIHI M0 yCIOBUSM BBIpAIIMBAHMS IyTEM OLIGHKH 1IBETa JHCThEB OOHa-
PYXKUII, 4TO HanOoJiee pesieBaHTHBIM MTapaMETPOM SBISETCS HACHIIIEHHOCTH 1IBETA.

KuroueBble cioBa: nudpoBoe nzobpaxeHue, LBET, JOMUHUPYIOLIAS JJUHA BOJIHBI, HACHI-
IIEHHOCTh, MaJIbI€ [IBETOBBIC PA3HUIIBL.
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An experimental installation, based on the multi-purpose monochromator “UM-2", was creat-
ed. It allows to get the monochromatic color stimuli with a controlled width of the spectrum. The
color chart of monochromatic stimuli was created. The monochromatic stimuli were used to demon-
strate the test spectral sensitivity of any camera’s RGB sensors in the experiment. The method for
finding out the camera’s color gamut has been developed.

The mathematical modeling and calculation by the experimental data are showed both the
spectral dependence of the color resolution of the camera, and the same dependence for the full del-
ta E color difference. The inability to set the same delta E value for the full spectral range is shown.
Plants of the same species that were grown in different conditions show a different saturation.

Key words: digital image, color, dominant wavelength, saturation, small color differences.
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Beeoenue

B Hacrosiiee BpeMsi kamepbl ¢ TpexIBEeTHbIMU QuibTpamu bailepa vaiie Bcero
UCIIOJIB3YIOTCS 111 BOCHPUSATUS U TEpelaud 1[B€Ta, B TOM YMCJIE U B TPEXIIBETHBIX
KoJIopuMeTpax. 3afgauu [1, 2], KoTopbie pemaer KOMIbIOTEPHOE 3PEHUE, HACTOJIBKO
Pa3HOO0Opa3Hbl, YTO MPAKTUYECKU B KAKJIOM KOHKPETHOM cllydae TpeOyeTcsi paspa-
00TKa CIelUaTIU3UPOBAHHBIX AJITOPUTMOB 00paObOTKU ITU(PPOBBIX M300pakeHuit. OT-
NEIbHBIA UHTEPEC MPEACTABIIAIOT 3aa4H 110 BBISBIICHUIO U KOJIMYECTBEHHOMY BbIpa-
KEHUIO MaJIbIX I[BETOBBIX Pa3HUIl, B YaCTHOCTH, B nojurpaduu [3], npu pazpaboTke
YCTPOMCTB € UCIOJIb30BAHUEM TEPMOKPACKU [4], B KpUMHUHAIIUCTUKE [5,6,7] npu 3Kc-
nepTu3e JOKYMEHTOB U JudpepeHnnanum mTpruxoB PeKBU3UTOB JOKYMEHTA, U JP.

B tpexuBeTHbpix Komopumerpax [8] B mudpoBBIX M300pakeHUIX HWHGOpMAIIHS
0 I[BETE COACPKUTCS B BUJie Tpuruieta {RGB} cUrHaioB SiPKOCTHU, U3 KOTOPHIX U BbI-
YUCJISIIOTCS KOJIMYECTBEHHBIE MMapaMeTphl LIBETa, HAIPUMEpP, TOMUHUPYIOIIAS JIMHA
BosHbI ([I/IB) u HaceimenHocts nsera (HILI) koTopbie XOpolio coriacyroTcs ¢ nep-
LUENTUBHBIMU OlICHKaMu 1iBeTa. Kak mokazanu [9] skcriepuMEeHTAIbHBIE UCCIEI0BA-
HUS, KaMephl, OTKAIMOPOBAHHBIC TTPOU3BOUTENIEM OOIICTIPUHSATHIM 00pa3oM, HE OT-
JMYAIOTCS CIIOCOOHOCTBIO OCYUIECTBIATH MEepeaady UBETa JIMHEWHO. TaM ke 000CHO-
BaHa HEOOXOAMMOCTb MPOBEACHUS JOMOJIHUTEIIHON KaTMOPOBKHU TaKUX KaMep.

N3yuenne ocoOeHHOCTEM 1BeTONEepeiaun UGPOBLIX Kamep (i GoToOMATPHIY),
a TaK»Ke KayecTBa UX IIBETOBOr0 MPOGUIUPOBAHUS SBISETCS aKTyaJIbHBIM.

B nacrosmeit paboTte npeangaraeTcsi METOJ OMPEACICHUS CIEKTPAIbHON yB-
CTBUTEIBHOCTH RGB-CEHCOPOB KamMephbl ¢ MOMOIIbI0O MOHOXPOMAaTUYECKUX CTUMY-
JIOB, TOJIy4aeMbIX IKCIEPUMEHTaIbHO. PaccmaTpuBaloTcsi 0COOCHHOCTH peamn3a-
IIUU DKCIIEPUMEHTAIBHON yCTAHOBKH, MPEeAHA3HAYEHHOW I CO3/JaHus UPPOBOTO
aTjiaca MOHOXPOMATHYECKUX CTUMYJIOB. OOCYXIal0TCd BO3MOXKHOCTHU JIOMOJHU-
TEIHHOU I[BETOBON KaTMOPOBKHU MU(POBHIX KAMEP M MX UCIOJIH30BAHHUE JJISI BBISB-
JICHUSI MaJIBIX I[BETOBBIX Pa3JIMuMii Ha TpuUMepe aHaiau3a MuQPpPoBbIX GoTorpaduii
pAaCTEHUHU.

Memoowt u pezynomamaul UCc1e006aHUA

JIist u3ydeHus CIEeKTpalbHOM 3aBHCHUMOCTHU OTKJIMKAa KaHAJIOB Kamepbl Oblia
co3ZlaHa SKCIepUMEHTalIbHas ycTaHoBKa (puc. 1, a, 6), cocrosimias U3 MCTOYHUKA
CBETa — JIaMIIbl HaKaJIMBaHUs, KOHACHCOPA, YHUBEPCATHLHOTO MOHOXpoMaropa Y M-2
(c pmeMeHTaMHu B COCTaBe: JIMH3a, MPU3Ma CPABHEHHS, BXOAHAS IIETh MEPEMEHHOU
IIUPUHBI, 00BEKTUB KOJUTMMATOpa, JUCIIeprupyromas mpuzMa AG0e co CBA3aHHBIM
c Hell 6GapabaHOM JJTMH BOJH, OOBEKTUB 3PUTEILHON TPYOBI, BBIXO/IHAS IIEh TIEpe-
MEHHOM IIUPHHBI), MAIOradapuTHOIO MHOTIOKaHAJIBHOro crektpomerpa «Kommbpu-2»
(OO0 «BMK-Onrosnektponuka», Poccus, HoBocMOMpCK), U NpUEMHUKA H3IIyde-
Hus — kamepsl Canon EOS 500D (Canon Inc., Japan) ¢ 00bEKTUBOM.

CBeT OT HMCTOYHMKA KOHJEHCOPOM Yepe3 JIMH3Y HAIpaBlseTCs Ha BXOIHYIO
eI MOHOXPOMATOPa, HaXOoIAIIYI0Cs B (hOKyce 0OBEKTHBA KOJLTUMATOPa, MOCIE KO-
TOPOr0 CBET MPOXOIUT 4Yepe3 mpusMmy AOOe u paznaraercsa B crnekTp. OOBEKTUB
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(puc. 1, 6) 3putenbHON TPYyOBI CTPOUT M300pa)K€HHE BXOIHOM IIenu KOH(POKAIHHO
C BBIXOJIHOM IIEJIbI0 MOHOXPOMATOpPa, KOTOPOE pacCMaTpUBAETCsl OOBEKTUBOM KaMe-
pBI U COXpaHsAeTcs B BUAE LUPPOBOro u3o0paxeHus (pparMeHt gaH Ha puc. 1, 2).

Puc. 1. a) pororpadus 3xcrepuMeHTaIBLHON YCTAaHOBKH, 6) oTorpadust bapadana
JUTAH BOJIH; 8) (poTorpadusi kamepsl ¢ 00bEKTHBOM B cOOpKe; 2) ¢hoTorpadus
¢dbparmMeHTa BBIXOTHOU LIENH

KoppekTtnast rpagyrpoBka YM-2 (puc. 2) mo3BoJisieT COMOCTABUTh 3HAUYCHMS
JUTMHBI BOJIHBI A MOHOXPOMAaTHYECKOTO CBETa HA BBIXOJE MOHOXPOMATOpPA C YIJIOM (0
noBopoTa OapabaHa ajauH BOJIH. ['pagyrpoBKa BBINOJIHSIACK MO CTAHIAPTHOW METO-
JIUKE C UCIIOJIb30BAHUEM PTYTHOM JIAMIIBI.
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Puc. 2. K rpagynpoBke MOHOXpOMAaTopa:

@) 3aBUCUMOCTH yTJia TOBOpoTa OapabaHa OT JIMHBI CBETOBOI BOJHBI; ) CIIEKTpaIbHAas
3aBUCUMOCTD TMOJYIIUPHUHBI CIIEKTPa U3TYyUYEHUS OA MOCJE BBIXOIHOM IIENTH. DKCIEPH-
MEHTAJIbHBIEC TaHHBIE (TOYEUHAs JIMHHUS) alllTPOKCUMUPOBAHBI CIUIOIIHOMN TUHUEH

Brixonnas mens YM-2 SgBIA€TCS UCTOUHMKOM MOHOXPOMATHYECKOrO M3JIyde-
HUsl. CHeKTpalbHBIA COCTaB 3TOTO M3JIYYEHHS KOHTPOJMPOBAJICA CIEKTPOMETPOM
«Konubpu-2», criekTp cHUMaJCs MpU NMoBOpoTe OapabaHa U U3MEHEHUU JITUHBI BOJI-
HbI Ha 1 HM. 3aBUCUMOCTD yIJ1a TOBOpoTa 6apadaHa OT IJIMHBI CBETOBOM BOJIHBI JaHa
Ha puc. 2, a. CrnexkTpajibHas 3aBUCUMOCTb MOJYIIUPHUHBI CIEKTpa OA HU3ITyYEHHUS
Ipe/ICTaBlieHa Ha PUC. 2, 6 U SBISETCA JTUHEHHOM.
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[Tpu monyuyennn 1upoBOro arjaca IBETOB OJHOBPEMEHHO CO CHITHEM CIICK-
TpoB «Koaubpu-2» Ha HEMOJBUXHYI OTHOCUTEIBHO YCTAaHOBKU LU(POBYIO 3€p-
KaJIbHYI0 KaMmepy Opayiuch M300paskeHHs BBIXOJHOM mmenn YM-2 (cMm. puc. 1, 2). Pe-
KUM paboThl Kamepbl «llosib30BaTeNbCKUI, KOTOPHIA MOAPOOHO OXapaKTepU30BaH
B [9]. DTOT pexxuM HUCKIIOUAET NpenoopadboTKy M300paKeHus BCTPOCHHBIM IPOIlEC-
COpPOM KaMephl 110 €€ YCMOTPEHHUIO.

HcTouyHUKOM CBETa MPU MOJYYEHUH MOHOXPOMATHYECKUX CTUMYJIOB CIIY>KHJIa
namna K220-100. CbeMka 371eMeHTOB ITUPPOBOIro aTjaca IIBETOB BeJach MPH Clie-
TYIOIIMX HAacTpoikax kamepsl: nuadparma — f/25, Beigepxkka — 1/500 ¢, yyBCcTBH-
tenpHOCTHh SO 100, 6anmanc 6emoro — 5461°K. VIicTouyHHK CBeTa C TeMmIlepaTypoit
5461°K naumbonee 6130k [10] K paBHOPHEPreTHUYECKOMY O€IOMY HCTOUYHHKY
CBETa.

B Bugumom criektpe Obutd nostydeHsl 168 n300pakeHuil CieKTpaibHbIX CTUMY-
J0B — 00pa3uoB udpoBoro ariaca ¢ marom 1 HM. B kaxxnom snemente atnaca 00-
JacTh NOJYTEHU yJaJIeHA.

[TosryyeHHbIE MOHOXPOMATHYECKHUE CTHUMYJIbI MO3BOJISIIOT MPOTECTHPOBATH Ka-
MEpy U MOCTPOUTH CHEKTPAJIbHBbIC OTKIUKU (oTOMATpHIlbl. CHEKTPAIbHBIM OTKIUK
MaTpHUIIbl SIBJSICTCS CBEPTKOM (PYHKIMH CHEKTPaIbHON YyBCTBUTEIBLHOCTH Camoil
MaTpUIlbl ¢ QYHKIMEH CIEKTPAILHOIO paclpeiesieHusl JHEPruu B UCTOYHUKE U3ITY-
yenusi. Ha puc. 3, a npuBeneH ¢parMeHT cnekTpa jamiibl, HOPMUPOBAHHBIA HA €r0
MaKCHUMYM, KOTOpbiid Haxonutcsa B MK-o6nactu. Ha puc. 3, 6 nokazan crieKTpaibHbIi

OTKJIMK KaMephl, Ha pUC. 3, 8 — CIEKTPaIbHASI YyBCTBUTEILHOCTh (POTOMATPHIIBI TIO-
CJi€ JICKOHBOJIIOIIMU CO CIIEKTPOM JIAMIIbI, IOJyUYE€HHbIE KPUBbIE SABJISIIOTCS CIEKTPAMU

npornyckanus uibTpa baiiepa Ha hoTomarpuiie.
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Puc. 3. a) ®parment cnektpa ucrouHuka nznydenuss K220-100;
0) CTIEKTPaJIbHBIN OTKIMK KaHaJIoB RGB, MONMy4eHHBIN HETIOCPEACTBEHHBIM
dboTorpadupoBaHueM; ) CIIEKTPAIBHBIN OTKIMK KaHaIoB RGB
MOCJI€ ICKOHBOJIOIMU CO CIIEKTPOM JIaMIIbl
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[Io MOHOXpPOMATUYECKUM CTHUMYJIaM MPOU3BOJUINCH BBIUUCICHUS COOTBETCT-
BYIOIIMX UM JOMUHUpYOmUX JinH BoiaH ([J/IB), Benuunna /1B ycpeansinach mo
BCEMY H300pakeHUIO CTUMyJa. Pe3ynbTaThl npenactaBieHsl Ha puc. 4. Ilpsmas
NyHKTUpHAs JUHUS Ha puc. 4, a OTMe4aeT HCajJbHYIO IBETONEpeaady KaMmephl.
DKCIEpUMEHTAIBHO MOJdy4YeHHas 3aBUCUMOCTh [IJIB OT AjiMHBI BOJHBI CBETA A, U3-
MEPEHHOM CIEKTPOMETPOM, MOKa3aHa CIUIOLIHON JuHUEN Ha puc. 4, a. UuTtepBabl
cpennexkBaapatudHbix oTkiIoHeHUH (CKO) oGo3nauensl 3HakoM «I». Paccmatpu-
Baemas 3aBucuMocTh JIJIB (A) Onu3ka K ITaHHBIM, MOJYYEHHBIM B [9] ¢ OMOIIIBIO
nonurpaduuecKkoro ariaca npetoB. B [9] mpennoxkeH aaroputm BHECEHHUs IOIpa-
BOYHBIX KOY(P(UIIMEHTOB B pacueT JOMUHUPYIOMEH IIUHBI BOJHBI, TTO3BOJISIONINN
auHeapu3oBaTh 3aBUCUMOCTh [I/IB (A), 4T0OBI mpUONHM3UTHL €€ K MPSIMOU JIMHHUH
uJealbHON 1BeTonepenaun. MaMepeHus U pacyerbl ¢ MOHOXPOMATUYECKUMH CTH-
MyJIaMHU BBITIOJIHEHBI C MEHBIIIUM I1aroM 10 JJIMHAM BOJIH, YEM MPU UCIOIb30BAHUI
[9] atnaca. [loaToMy MBI CMOTJIM BBISIBUTH BCIuleck BenuyuH JJIB s cTuMynos
477-485 um (puc. 4, a) 1 0COOEHHOCTH CIEKTPAJIbHOTO OTKJIMKA CHUHEro KaHajia
B npu peructpauuu ctumysioB ¢ JiuuHaMu BoiH Oonee 590 um. Ilo momydeHHbIM
JAHHBIM KOOPJWHATHl CTUMYJIOB ObUIM HAHECEHBI HAa JAMArpamMmy LBETHOCTH (X,))
¥ TaKuM 00pa3oM MOJIy4eH IBETOBOM OXBAT KaMephl, KaKk MOKa3aHo Ha puc. 4, 0, T1ie
CILJIOITHAS JIMHUS MPUBEJICHA ISl CPEAHUX 3HAYEHUM KOOpAMHAT (X, ) Ha KaKIOM
CTUMYJIE, @ TOY€YHAas] U MYHKTUPHAs JUHUM — Ju1s BennuuH ux CKO B oTpuuaresnb-
HYIO ¥ TIOJIO)KUTEIbHYIO CTOPOHBI, COOTBETCTBEHHO. [lonydeHHas ¢urypa 3aMeTHO
OTJIMYAETCS OT TPEYTOJbHUKA.
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Puc. 4. a) cnekrpanbHas 3aBucumocts JIJ[B B ciryyae uaeanbHON HBETONEpEaYn
(MyHKTHpHAs IMHUA) U SKCIIEPUMEHTAIBHO MOTy4YeHHAas (CIUIONIHAS JIMHMUS).
Bennuuna CKO nanecena 3HakoM «I»; 6) skcriepuMeHTaNbHO ONpPEIeICHHBIH
1BeTOBOM oxBat kamepbl Canon EOS 500D na nuarpamme (x,))
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Takum 00pazoM, MpeIOKEH METOJ] TECTUPOBAHUS I[BETOTIEpEIadu MU(PPOBHIX
KaMep C MOMOUIbI0 IKCIEPUMEHTAIBHO IMOIYyYaeMbIX MOHOXPOMATHYECKUX CTUMY-
J0B. AnpoOupoBaHHe METO/a BBIMIOJHEHO Ha npumepe kamepbl Canon EOS 500D.

[IpaBuJIbHO OTKAJIMOPOBAHHAS KaMepa IMO3BOJISIET BBISBISATH U KOJUYECTBEHHO
OTpPENICNIATh Majible LIBETOBbIE pa3HUIllbl. [[BeTopasznnueHne M KOJIMYECTBEHHbIEC Xa-
PaKTEpUCTUKHU LIBETOBOW paszHuIlbl onpenensatorces [3] B cucreme CIE LAB. TlonHoe
1BeTOBOE paznuuue AE paccuuTbiBaeTcs 1o cienytomeit dopmyse (1):

NE= (L L) +(a —ap) +(5-5;) (1)

r7e MHACKChl 0003HaYaloT 1 — TECTUPYEMbI CTUMYJI, R — CTUMYJI CPAaBHEHHUSI.

N3BectHo [11, 12], uto Benuunna AE = 3 mpuHHUMAETCS 32 OPOT BU3YaIbHOIO
LBETOPA3JIUYCHUS, T.€. LBETA, JJISI KOTOPBIX MOJHOE ILIBETOBOE PA3JIUYME MEHBIIIE
TpeX, IPHU BU3yaIbHOM OlleHKe Ha0ItoqaTeneM OyayT Hepa3TuuiMBbl.

C nomoipio pa3paboOTaHHOTO atjiaca Mbl MPOBEJIU CPABHEHUE BU3YaJbHOTO
Y KOMIBIOTEPHOTO 1BeTOpaznnyeHus. MzsectHo [13], uto Havnydlliee BU3yaabHOE
pa3IMyeHue MOHOXPOMATUUYECKUX CTUMYJIOB COOTBETCTBYET 1 HM B pa3HHUIlE JJINH
BOJIH. MIMEHHO MO3TOMY MBI ITIOCTPOMJIM aTJ]aC ¢ TAKUM IIAroM IO JJIWHAM BOJIH.
B paGote [14, 15] nmoka3aHo, 94TO MOPOTH IBETOPA3PEIUICHUS KaMep C TUTUTAIN3A-
I[Me BhINIE, YeM § OUT, CYIIECTBEHHO HI)KE BU3yaJIbHbIX.

DOxcnepuMeHTaNbHbIE ManHbie 11 Canon EOS 500D Obutr MCTOIB30BAHBI
JUISL TOTO, 9YTOOBI MOM00paTh Takue TpumuieTsl {RGB}, MBETOBOE OTIMYHE MEXKIY
KOTOPbIMHU OyJI€T MOPOTOBBIM JjIsi r1a3a uenoBeka (AE = 3) (puc. 5, a). BriOpan-
HbIE TAKUM 00pa30M IBETa paclojararoTcs Mo CIEeKTpy He paBHOMEpHO. Tak B Ok-
pectHoctu 540 u 580 HM HaOIIOJAETCs CKOIJICHHE LIBETOBBIX TOYEK, B TO BpeMms
kKak B okpectHocTd 510 u 620 HM Touku pazpexennl. Ha rpaduxe puc. 5, a B1oJb
ocu abciucc o0o3HayeHbl kKoopauHaThel Touek JJIB, Takux, 4To 1BETOBasi pa3HULA
MEXIy cOoceIHMMHU Toukamu paBHa 3. Ha rpaduxke puc. 5, 6 — cnekrpaibHas 3aBU-
cuMocTh pasHuibl AJJIB Mexay coceqHuMu ToukaMu. XOJ KPUBOM HE OYEBHI-
HBIM U HE TIPOCTOM.

s To4yek, pactoyoKEHHBIX PABHOMEPHO IO CHEKTPY € maroM | HM, BBINOJ-
HEHbl pacyeTbl AE MeXIy COCEJHMMHU TOYKaMH. Pe3ynbTaThl pacueToB JaHbl Ha
puc. 6. Benmnunna AE MOXET CTAaHOBUTHCS KaK OOJIbIIE TPEX, TAK U MEHBLIE TPEX
enuaull. B oxkpectHoctu nukoB (539 HM u 582 HM) AE yBeIUMYUBAETCS U B 3THUX
00JIacTSX KOMIBIOTEPHOE 3PCHUE PA3IMUYUT MOHOXPOMATHYECKUE CTUMYJIBI C pa3-
HULIEH B JUIMHAX BOJIH MEHbIIEH, 4eM | HM, €CIIM paBHOMEPHOCTbh B OKPAacKe CTH-
myna Oyner coorBercTByromieil. Ha tpex yuwactkax cmektpa 505-533, 540-575
u 586-628 uM napamerp AE 1€MOHCTPUPYET POCT NPU PABHOMEPHOM YBEJIMYEHUU
3Hauenus J[JIB (puc. 6).

Takum oOpa3zoM, MOKa3aHO, YTO IIBETOPA3IMYUTEIbHAS CIIOCOOHOCTh KaMephbl
MMEET CHEKTPAIbHYIO 3aBUCUMOCTh. [103TOMYy HEBO3MOXKHO YCTaHOBUThH OJUHAKOBOE
OpOroBoe 3HaueHue AE 1Jisl BCEro CIEKTPaJIbHOIO IUANa30Ha.
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Puc. 5. KomnerorepHoe 3peHue:
@) CIEKTPAIbHOE PACTIPEICIICHUE TOUCK, IIBETOBOE OTINYNE MEXK/Ty COCETHUMH TapamMu

AE = 3; 6) cnektpasibHoe pacnpenenenue AJI/IB st map CTUMYJIOB, OTCTOSIINX JAPYT
OT Jpyra Ha BeJIMuuHy AE =3
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Puc. 6. Komnsroteprnoe 3penue. CriekrpaibHoe pacupeaeieane AE
IUISL TTap CTUMYJIOB, OTCTOSAIIMX JPYT OT Jpyra Ha BenuunHy AA=1+0,25 um

B 3agadax TUCTaHIIMOHHOTO 30HAMPOBAHUS OKpPAacKa PaCTCHHM SBISETCS OJHOMN
U3 BaXXHBIX XapaKTEPUCTUK N300pakeHuid. B Haleil pabote Mbl UCIONB30BAIN KaMe-
Py IUIS BBISIBJICHHS M KOJWYSCTBEHHOM OIEHKH MAaJIBIX IIBETOBBIX Pa3IMYUi JINCTHEB
TeOpPrMHOB, BBIPAIICHHBIX B BECEHHUMN nepuoj Ha 10kHOM («FO0») u ceBepHOM («C»)
OKHAaX MOMEIIEHHUS], IO TPU €MKOCTH, COOTBETCTBEHHO. bbliin moyyensl u 06padoTa-
Hbl 74 dotorpaduu pactenuit Ha poHe Oenoit Oymaru. OaUHAKOBBIE HACTPOMKM Ka-
MEpbI NMPU ChbEMKE U OJUHAKOBBIA aNTOPUTM 0O0paOOTKH OOECHeHid BO3MOKHOCTD
JUTSI CPAaBHEHHUSI PE3YJIHTATOB MEXKIY COOOMN. ANTOPUTM BKIIOYAET B c€0si HOPMUPOB-
Ky MCXOJIHOTO CHMMKa Ha m300paxeHue Oenoro ¢oHa BONMHM3M U300pakKeHHUS pacTe-
HUs. 3aTeM Ha M300pakKeHWH BbLAeNsAeTcs ydacTok pasmepom 100x100 mmkceneid,
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3Ha4eHUs CUrHaNoOB RGB 110 KOTOpOMY ycpenHsaroTcs. [ KaxK10i €eMKOCTH BBIYMC-
JSUTUCh YCPEIHEHHbIE IBETOBbIE KOOPAUHATHI (X,)) U cpeanue 3Hauenus JIJIB n HII.
Koopaunatel mecty Touek (MO 4MCIy €MKOCTeH) ObLIM HAaHECEHbl Ha Juarpammy
uBeTHoctei (x,y). (puc. 7, a). Ha puc. 7, a ToyeuHasi JUHUS, pa3aeistolias TOUKU
«O» n «C», napanienbHa JMHUU JOKYCa, HAPABICHUE YBEJIIMYEHUSI HACBILIEHHOCTH
0003HaueHO JuHUEHR co crpenkoi. [1o nBeTy 00pasibl NPaKTUYECKH HE OTIMYAIKCH.
OTinume no cpenHuUM rpynnosbiM 3HaueHusM /B coctaBuio uythk 6osee 0,5 HM,
B T0 BpeMs kak CKO 6wu10 £1,3 HM.

0,46 60 T
Sj' ol _A”“2 8%
=) T Al
0,45 § 40 r —_
e z 30 k
0,44 % 20 O | «ceBepy
2
£ 10 -
0,43 > 0 S e
0,36 0,37 0,38 1 2 3 4 5 6
X [TopsiikoBbIH HOMEP EMKOCTH
a) 0)

Puc. 7. LIBeTOBOM KOHTPACT MEK 1Y IPyNIIaMu PaCTCHUM:

@) pacmoyIoKCHHUE IBETOBBIX TOYEK EMKOCTEH Ha JauarpaMMe IIBETHOCTH (X,V); 0) cpel-
Hue BeMuuHbI HackimeHHocTel 1 X CKO (0003HaueHHBIX Kak « [») B 3aBUCUMOCTH OT
HOMEpa EMKOCTH

Ha puc. 7, a BugHo, uto Touku 1uBetHoctu «lO» n «C» pacnonararorcs nmpak-
TA4YeCcKH BAOJb onHoU uHuK HIL nmocnenoBarensHo: BHavyane KOxubie «fO», a 3a-
teM — CeBepHbie «C» mo mepe yBennuenus HII (puc. 7, a). Ilo Benuuune HII yna-
JIOCh Pa3JIeNIUTh IPYIIIbI C F0)KHOTO U CEBEPHOT0 OKOH — Pa3HULA COCTABUJIA OKOJIO
2,8% (puc. 7, 6). CeBepHble 00pa3iibl OOHAPYKUIU OOJIee HACBIIEHHBIE OTTEHKH.
Benuuunbr CKO m1st 105KHBIX 00pa3ioB Obutn Ha 7 % OoJibliie, YeM ISl CEBEPHBIX.
Mexny cpaBHMBAa€MbIMHU TPYIIIAMU BBIYMCIEHHOE 3HAYEHUE IOJIHOW IBETOBOM pas3-
Hulbl paBHO AE =4. To ecThb BU3yaJIbHO TpyHIbl HE pa3nuuumbl. Vcmosib30BaHMe
KaMepbl B KAY€CTBE TPEXLBETHOIO KOJIOPUMETPA MO3BOJIWIO BBISIBUTh PA3HUILY B YyC-
JIOBUSIX BBIPAIIMBAHUS PACTEHUM OJTHOTO BUJIA U OLICHUTh TOHKOE I[BETOBOE OTIIMYHE
B OKPACK€ JIMCTbEB T€OPTHUHOB.

3aknwuenue

COBILaHa OKCIICPUMCHTAJIbHASA YCTAHOBKA Hda OCHOBC MOHOXpOMATOpa YM-2, KO-
TOpas MO3BOJIACT ITOJIYYATh MOHOXPOMATUYCCKHUC LIBCTOBBIC CTUMYJIBI C KOHTPOJIHUPY-
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€MOIl IIMpPHUHON criekTpa. Pa3paboTaH MeTO/ SKCIEPUMEHTAIBHOTO MOJy4YeHUs Lug-
pPOBOro arjaca MOHOXPOMAaTHYECKUX CTUMYJIOB. [loka3zaHo, YTO cnekTpaibHas 4yB-
CTBUTEIBHOCT RGB-CEHCOPOB KamMepbl MOKET OBbITh MPOTECTHPOBAHA C MOMOUIBIO
MOHOXPOMAaTUYECKUX CTUMYJOB. Pa3zpaboTraH MeToj M3MepeHHs LIBETOBOIO OXBAaTa
KaMephl, arpooalus MeTo/1a BbIIOJIHEHa Ha puMepe kamepsl Canon EOS 500D.

[TyreM MaTeMaTHMUECKOrOo MOJEIMPOBaHUS U 00CYETa HKCIEPUMEHTAIbHBIX
JaHHBIX C MOHOXPOMAaTHYECKUMH CTUMYJIAMU BbISBIEHBI CIEKTPAJIbHBIE 3aBUCHMO-
CTH LIBETOpa3pellIeHUs] KaMepbl U IOJIHOTO LBETOBOro pasnuuus. [loaTomy HeBO3-
MO’KHO YCTaHOBHUTb OJIMHAKOBOE 3HaueHHE AL JJIsl BCErO CIIEKTPAIbHOIO JMaNa3oHa.
Haiinennble 3aBUCUMOCTH HEOOXOAMMO YUUTHIBATh MIPU PELICHUH SKCIEPTHBIX 3a]au
ONpEJEIICHUS [[BETOBBIX Pa3In4Mil, HAIpUMeEp, IITPUXOB HAMIMNCEN B TOKYyMEHTaX.

OKCIEPUMEHTHI C Pa3/IeJIEHUEM PACTEHHUI Ha TPYNIbI IO YCIOBHUSIM BbIpaIMBa-
HUS IIyTEM OLIEHKU L[BETA JINCTHhEB IOKAa3aJIu, YTO HauboJiee PEeJIEBAHTHBIM IapaMeT-
POM SIBJISIETCS] HACBIILIEHHOCTh L[BETA, €CJIM PACTEHUSI OTHOCATCS K OJTHOMY BUY.
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