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NCCIEJOBAHUE PA3ZPABOTAHHOI'O
CIHEKTPO®OTOMETPUYECKOI'O JATYUKA
JJIsA KOJIOPUMETPUYECKHUX ITPUBOPOB, NCIIOJIB3YIOIINX
OIITODJIEKTPOHHBIE RGB-KOMITIOHEHTBI

Pabora nocpsiieHa uccieqoBaHUIO pa3paboTaHHOIO CIEKTPO()OTOMETPUYECKOr0 AATYUKA I KOJIOPHUMETPUIECKHX
prOOPOB, HCIOIB3YIOMUX ONTOIEKTpoHHBIe RGB-KkoMIOHEHTHI. 3apy0OeKHbIe KOTOPHUMETPEI, B COCTaB KOTOPBIX
BXOJAT CIIEKTPO(OTOMETPEI, IMEIOT GOJIBIYIO CTOMMOCTB M IOPOI HEOCTYITHBI ISl OTEYECTBEHHOI'O MTOTPEOUTEN,
MO3TOMY pPa3paboTKa CIEKTPOPOTOMETPHYECKOTO JATYMKa JUISi OTEYECTBEHHBIX KOJIIOPUMETPOB, MOCTPOCHHBIX
Ha ONTO3/IEKTPOHHBIX RGB-KOMIIOHEHTaX, MOXKET MPEACTABIATh HHTEpeC. B paboTe onpenenena 1enp U MocTaBiIe-
Ha 3aj7a4a uccienoBaHus. [IpuBeneHBI CTPYKTypHas cXeMa, CUCTEMa OCBEHICHHs C (POTOMETPHUYECKOH WHTEerpH-
pytoieit chepoii u BHEIIHUN BUJ CIEKTpooTOMeTpuueckoro naryuka. [1onydeHo crnekTpaabHOe pacripeelieHue
curHana I(A) B m3mepurensHOM KaHajne npu ypoBHe 0 u mpu yposHe 1. IIpoBenmena xanmmOpoBKa JaTYMKa IITKAJIBI
JUIMH BOJH C IPUMEHEHHEM HOPMHUPOBAHHBIX JIMHUM M3JIy4€HUS! PTYTHO-TEIUEBOMN JaMITbl M CHHETO CTEKJIa MapKH
CC6. Ilomydyena pe3yapTUPYIOMIAs MOTPEUTHOCTh KATHOPOBKH IIKAJBI [UIMH BOJH, KOTOpas coctaBuia A4 = 0.5 HM.
HccnenoBana IMHEHHOCTD MIKAJIBI MPOITYCKAHUS, H OLEHEHa (POTOMETpHYECKas MOTPEIHOCTh NPH CPAaBHEHUH W3-
MEpEHHBIX M PACCUNTAHHBIX 3HAUEHHH mporryckaHus 7(A) As IBETHBIX HEWTpaibHBIX cTekoi. [lorpemHocts u3me-

penuii 6b11a He Xyx)e AT < 0.5%.

Kn. ca.: cektpooTOMETpHUYECKUI JaTYHK, IIKaJa JIHH BOJH, KOO(Q(UIMEHT MPOITyCKaHHs, TOrPEIHOCTD

N3MEpEeHNH, CTeKIIa, INHEIHHAS HHTEPIOJISINS, KOJIOPHMETP

BBEJIEHUE

B Hacrosimiee BpeMs OrpOMHBIM HMHTEpEC Mpea-
CTaBISIIOT  METOABl W CPEACTBA  M3MEpEeHHH
MapaMeTpoB UCCIIEAYEMbIX OOBEKTOB C IPUMEHEHHEM
¢dboroMeTpun, peasn3yOLed NPUHLUI CPAaBHEHUS
¢ orajoHHeIMK 3HaueHusMHu [1, 2]. Komopumerpus,
SIBJISISICH OZIHUM M3 HarpaslieHUH ()OTOMETpUH, Hala
CBOE IIPUMEHEHUE B PA3JIUYHBIX y4EOHBIX U HAyUHBIX
HaNpaBJIECHUX, TAKUX KaK XUMUs, OMOJIOrus, Meau-
LMHA, CBETOTEXHUKA, A TAK)KE B IPOMBIIUIEHHOCTH —
XUMHUYECKOW, THINEBOH, IEUTI0I03HO-0yMaXKHOM,
aBTOMOOMIIBHOM, onThdeckoil u T.4. [3, 4]. Cospe-
MEHHBIE KOJIOPUMETPUUYECKHE NPHOOPBl U CHUCTEMBI
Jal0T BO3MOXXHOCTH IIOJy4aThb IapaMerpsl LBETa
U IIBETHOCTH PA3JINUYHBIX 00Pa3L0B B MHTEPECYIOLINX
konmopumerpuuecknx cucremax (XYZ, CIELAB,
RGB) [5, 6].

Ha cerogusmaunii neHs 3TH TpUOOPHI M CUCTEMBI
BKJTFOYAIOT B ce0s CIIEKTPO(OTOMETPHI MIIH CIIEKTPO-
(doToMeTprUECcCKHEe NATYUKH, KOTOPHIE ONpPENesoT
CIIEKTPbl OTPaXXCHHS WIM TPOIYCKaHHs HCCIenye-
MOI'0 TBEPIOTEIBHOrO, >XHAKO(GA3HOIO WIH Ta3o0-
00pa3HOro BelIecTBa B Iuana3oHe JITUH BOIH oT 380
no 760 M [7, 8]. Mcmonb3ys cnennamn3upoBaHHOE
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HPOrpaMMHOE OOECIIEUEHHE, IO IIOMYYEHHBIM CIIEK-
TPIBHBIM JIQHHBIM  PAaCCUUTHIBAIOTCS  KOOPAMHATHI
[[BETa HCCIEeMyeMOro oopasia WM cpeabl B HE00-
xoaumoit cucreme XYZ, CIELAB wmu RGB [9, 10].

B 3aBucHMOCTH OT IOCTaBJIEHHBIX 3a/1a4 KOJOPH-
METPBl UMEIOT pa3Hble T€OMETPUUECKHE Pa3Mephbl UH-
TErpupyommx ¢GoToMeTpuieckux cdep, B KOTOPHIX
HCTOYHUKHU M3JIy4eHUs U (HOTOIpPHEMHBIE YCTPOHCTBA
WM 3JIEMEHTHI PacIioyiaratoTcsi JI00 BHYTPHU MOJIOCTH
cdepsrl, OO BBHIHECEHBI 3a TOJOCTH cdepnl [11, 12].
Konopumerpuueckue nprOOpbl U CHCTEMbI B TaKOM
WCTIOJIHEHUH MMEIOT BBICOKYIO TOYHOCTh M3MEPEHHUil,
XOPOIIIYI0 aBTOMaTHU3alno 1 3amuty [13, 14].

Crnexrpodoromerp wim crnekrpodoToMerpuye-
CKHH aTYUK ABJSIIOTCS YacThIO KOJOPUMETPHUUECKOI0
npubopa uiam cuctemsl. FITHOCTpaHHOTO ITPOM3BOJCTBA
KOJIOPUMETPBI, B COCTAB KOTOPBIX BXOAAT CHEKTPOdo-
TOMETPBI, UMEIOT OOJIBIIYI0 CTOMMOCTb U IIOPOM He-
JOCTYIIHBI JIJIsl OTEYECTBEHHOTO moTpeduTens [15].

[TosTOMy MOXeT IpeacTaBisTh WHTEpeC paspa-
00TKa CHEeKTPOPOTOMETPHUECKOTO JaTInKa IS OTe-
YECTBEHHBIX KOJIOPHMETPOB, IIOCTPOECHHBIX Ha ONTO-
anekTpoHHbIX RGB-komMmnoneHTax.

Lemb paboThl cocTosia B MCCIENOBAaHUHN Pa3pado-
TaHHOT'O CIIEKTPO(POTOMETPUUECKOrO JaTUMKA I KOJIO-
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PHUMETPUYECKHX NPHOOPOB, HCIIONB3YIONMX ONTOAJIEK-
TpoHHBIe RGB-KOMITOHEHTHI.

ITOCTAHOBKA 3AJIAYN

LIBeToBBIE pacdeTsl HEOOXOMUMBI B TeX 007aCTAX
3HaHUH, I'Zle Lenb — OIMUCAHHUE CaMOro IBETa: MOJIH-
rpadus, komopumerpus, rpadumka u T.4. B mpo-
MBILIJICHHOCTH JK€ TJIaBHAasl 3ajJada NPUMEHEHUs Ko-
JIOPUMETPUYECKUX CHUCTEM — KOHTPOJIb KadecTBa
nponykuuu. OnpezneneHue HBETOBOI0 U3MEHEHHS —
OMMH W3 WHCTPYMEHTOB COONO/IeHUs TpeboBaHUM
I'OCT u CanlluH.

Pemranace 3amaua wcciienoBaTh pa3paOOTaHHBIN
CHEeKTPOPOTOMETPHUECKUN AATUNK, KOTOPBIN TpH TIe-
peHacTpoiike Mor Obl IPOBOOUTH H3MEPEHHs CIIEK-
TpoB mponyckanus 7(A) m orpakeHus R(A) BemiecTB
pa3IM4YHOro arperaTHoro cocrosiHus. IlomyuunTs
CIIEKTPaJbHOE pACHpEIe]eHUe CUTHaja aHaJoro-
nudpoBoro mpeodpazoBarens (ALIl) mpm momHOM
SKpaHUpPOBaHUHM M 3acBeTke. OTKanuOpoBaTh KAy
JUIUH BOJIH IO HOPMHUPOBAHHBIM JIMHHUAM H3JIy4EHHS
prytHo-renueBoit nammbl (JIPI'C-12). BeisBute pe-
3yJABTUPYIOLIYI0 MOIPEIIHOCTh KAJINOPOBKH IIKAJIBI
muH BonH. llBetHhiMu crekiamu Mapku HC (meii-
TpaJIbHOE CTEKJIO) MOATBEPAUTH JIMHEHWHOCTh ILIKAJIbI
MPOIYCKaHNA U OLEHUTH (POTOMETPUUECKYIO MOrpeLl-
HOCTb.

Kpyr Poymauga
(d =125Mmm)

NCCJIEJOBAHUE PASPABOTAHHOTI'O
CIIEKTPO®OTOMETPUYECKOI'O JATYUKA

B skcriepuMeHTanbHON MPAKTUKE 10 CUX IOp HC-
MOJIB3YIOTCSI  OTEUYECTBEHHBIE CHEKTPO(OTOMETPBI,
MOCTPOEHHBIE 110 CXEME C U3MEHEHUEM yIJIa TNIOCKON
mudpakuonHon pemeTkn (CD-26, CD-46). Crek-
TpodOTOMETPEl HOBOTO IOKOJIEHHSI POCCHICKOro
mpousBoactBa (CD-56, CD-2000), a Takxke HWHO-
crpannbie anamoru (Unico 2800, WTW Photolab
7100 VIS, Merck Spectroquant Prove 100 VIS), umes
BBICOKYIO CTOMMOCTb, JJIsl POCCHHCKOI0 OTpeOUTEIs
Mopol OBIBAFOT HEINOCTYITHBIMH ISl MCCIIEIOBaHMMA.
A 3HAYHT, HEOOXOAUMO CO3AATh TAKOH CIIEKTpodOTO-
METPUYECKHH JaTYHK, KOTOPBI MOT OB COOTBETCTBO-
BaTh 3apyOEXHBIM aHAJIOraM M ONPENENATh CIIEeK-
TpaJibHbIE TIApaMETPhl C BHICOKON TOYHOCTBIO AJISI KO-
JIOPUMETPUYECKUX NMPHOOPOB, MOCTPOCHHBIX Ha ONTO-
anekTpoHHbIX RGB-kommnoneHTax.

Ha puc. 1, 2 npencraBieHbl CTpyKTypHas cxema
CeKTPOOTOMETPUIECKOT0 AAaTYMKAa U MOIKIIFOYAe-
Masi CHCTeMa OCBeIIeHHs (OCBETUTENR) ¢ (hoToMeTpH-
Yeckoll mMHTerpupytomeii chepoii. B manHoit pabore
JaTIuK OBLT TopaboTaH, YTO MO3BONMIIO PACIIMPUTH
obiacTs mpuMeHeHns (oOecredueHa BO3MOXKHOCTh Me-
HATH OCBETHTEIN).

JNexTPOHHAT CHCTEMA
cbopa u odpaboTkn

[Tomuxpomatop

\ JAaHHBIX

T

g o

Ceerodunstp CC6

pemetka (r =125mM,

O6pasen N =600 mrp./Mm)

(ceeToMIBTp WIH KIOBETA C
KunkodazHoi npodoi) FR

BornyTas qudpakumorHas

[[3C-nmureiika

ITInockoe
3epKano

JIunza 1

-

TanorenHas nammna
Hakanueanus 6.0V, 0.75A

OMNTOBOJIOKHO

Puc. 1. CtpykrypHas cxema CIIEKTPO(QOTOMETPUUECKOr0 JaTYNKA C MOJKIIOYCHHBIM Pa004nUM OCBETUTENEM
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OnToronokHO K
MOMMXPOMATOpY

Tanorensas namna
HaxkanuBaHHa

Hurerpupyromasn 60V, 075 A

chepa (d =0.70 mm)

KonycHslit MMHTaTOp
abcomoTHO YepHOTO Tena

Puc. 2. CxemMa OCBETHTEIHHOW CHCTEMBI (OCBETHUTEISI)
¢ poToMeTpuuecKoi HHTEerpUpyroliei chepoit

B n3MeHeHHOM CIIeKTpo()OTOMETPHYECKOM JIaTIH-
K€ TOSBHJIACH BO3MOXKHOCTH IIPOBOANTH HM3MEPEHUS
kod(durmenTa npomyckanus 7(4) Mpo3payHBIX WIH
paccenBarommx 00pa3IoB ¢ HHAMKATPHUCOI paccenBa-
Husg 135°, a Takke M3MeEpATH CHEKTphl AUQQPY3HOTO
OTpakKeHHUsI TBEPAOTENHbHBIX O0BEKTOB (MHTETPUPYIO-
mas Qgoromerpudeckas cepa ¢ BHYTPEHHHM 3Kpa-
HOM). O0a OCBETHTENS HCIONB3YIOT OTHO U TO XK€
ONTHYECKOE BOJIOKHO JUISl TMOIKIIOUEHHS K IOJIHXPO-
MaTropy. A 3TO O3HAa4yaeT, YTO JONOJTHUTENFHON Ha-
CTPOWKM JaT4WKa TIPH 3aMEHE OJHOTO OCBETHUTEI
Ha pyroi He Tpedyercs.

r

Puc. 3. Buemnuii Bua cnekrpodo-
TOMETPUYECKOro AATIUKA

HAVYYHOE I[TPUBOPOCTPOEHME, 2023, Tom 33, Ne 4

Ha puc. 3 nmpuBenen BHemHui BUJ crieKTpodoTo-
METPUYECKOr0 JaTdyuka. B ornmume or cymiecTByro-
IIMX, B JAHHOM JAaTYMKE BBIXOJHOM TOpELl OonTHYe-
CKOrO BOJIOKOHHOTO »kryra umeer auamerp 0.1 mm
[14, 15]. N3menena ¢QoTtonpueMHas 4acThb, TAe JIH-
HEUHBI pa3Mep coctaBwi 11.5 MM, 4TO MO3BOIHIIO
ncnonb3oBath [[3C-nrHEHKY POCCHIICKOTO MPOM3BO-
outens. B paturke Mcrnosb3yercss B Ka4ecTBE MCTOY-
HUKA M3JIy4eHUs TaloreHHast JaMIa HaKaJIMBaHHSL.

OTUM JaTYMKOM BO3MOKHO IIPOBOIOUTH HCCIIENO-
BaHUSI IPO3PAYHbIX, BRICOKOIOJIMPOBAHHBIX, a TAKXKe
paccenBaromux 00BbEKTOB ¢ MHIMKATPUCOI paccenBa-
HUA B mpenenax yrima 135°. Jlatumk paboraer B amua-
na3oHe JUIMH BOMH OT 380 HM mo 760 HM c marom
JUIMHBI BOJIHBI 2 HM. B cocTaB gaTumka BKIIIOYEH OI-
Tryeckuii ceeropmnpTp CCO (CHHEe CTeKI0) s yCT-
paHEeHMs! JUIMHHOBOJIHOBOW COCTABJIAIOLIEH CBETOBOTO
MOTOKA.

SKCIIEPUMEHTAJIBHBIE PE3YJIbTATHI

CrextpanbHoe pacnpenenenue curHaia /(1) B u3-
MEpHUTEIbHOM KaHale ipu ypoBHe 0 (1oHOe 3KpaHu-
poBaHme) 1 TIpy ypoBHE 1 (TToHas 3acBEeTKa) MoKasa-
HO Ha puc. 4. 13 pucyHka BHJIHO, YTO BO BCEM H3Me-
psieMOM JMaria3oHe JJIMH BOJIH pa3HULA 3TUX YPOBHEH
He xyxke 0.05 ota. ex. Ilpu nonHOI 3acBeTke HAOIIO-
JaeTcs MEepHOANYHOCTh CUTHAJa, BbI3BAHHAs HMHTEp-
(epenmueit Ha Bxoae [13C-nmuneliky.

Jns kanuOpoBKH IIKajbl JJIMH BOJIH HCIOJNb30Ba-
JUCh HOPMHPOBAHHBIE JIMHUM W3JIy4eHUS PTYTHO-
renueBort nmammbl JIPI'C-12. C mpumenennem CC6
TONMIHMHOM 2.4 MM OBLT TTOyYEH CIIEKTP U3ITydeHHSI.

1, oTH. ef.

P e

400 450 500 550 600 650 700 750

A, HM

Puc. 4. T'padudeckoe mpejicTaBlieHHe CUrHajla B Ka-
HaJe U3MEpEHUH.
a — MPU SKPaHUPOBAHNUH; O — MPU 3aCBETKE
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B Puc. 5. DxcniepruMeHTaIbHBIE PE3YIIb-
02t i TaThI.
-3 a — CIEKTpaJIbHOE PpaCIpEEICHNE
< /%\ prytHO-renueBoit mammnsl  JIPT'C-12;
0 — kxanuOpoBOYHAS XapaKTEPUCTHU-
Ka; B — IIOTPENIHOCTh KaJTHOPOBKH
02 ] crextpodoromerpa. Touku — u3Me-
PCHHBIC 3HAY€HHs, CIUIOIIHASA JIH-
04— - z : : - ' HHS — pacyer
400 450 500 550 600 650 700 p
A, HM

Ha puc. 5, a, ctpenku  0003Ha4atOT HOPMATHBHBIC
JUHUN W3TY4YeHUs Ui KaduOpOBKH CIIEKTPOQOTO-
METPUYECKOro JaTduKa. Npix HOMEp 3JIEMEHTa
[13C-nmuneiiku. Ha puc. 5, 0, moka3zaHa KaanOpoBOU-
Has 3aBUCHUMOCTH A, = f(A,), Tme A, — wm3MepeHHOE
CIIEKTPaJbHOE MOJO0XKEHUE JIMHUY, a A, — HOPMAaTHB-
HOE€ CIIEKTpaJIbHOE IOJIOKEHHE JUHUU. B uccnenye-
Moii obnmactu ciektpa 380-760 HM 3aBUCHMOCTS A, =
= f(A;) MOXeT OBITh MHTEPIOIHPOBAHA CIETYIOIIM
BeIpaxkeanem: 4, = 1.001 4, — 0.20609. Ha puc. 5, B,
JIaHa 3aBUCHUMOCTh Al = f{1), KOTopas TOKa3bIBaeT
PE3YNBTUPYIOILYIO IOIPEIIHOCTh KaJTUOPOBKU ILIKAJIBI
IUIMH BOJIH. B skcnepumeHTe oHa coctaBuia A4 =
=0.5 am. Crektp "xentoro" nyrmera pryta (A =

=577 am u A = 579 HM) UCTIONB30BAJICS IS OTIpee-
JIeHUsl TIpefiefia CIEKTPaJbHOIo pa3pereHus, KOoTo-
PBIN HE TIPEBHIIIAT 3 HM, YTO YIOBJIETBOPSET TpeOo-
BaHUSIM NPOM3BOACTBEHHOI0 KOHTPOJS (MCIIOJIBb30Ba-
HUIO JaTYMKa B BUAUMOUN 0OJIACTH CIIEKTpa).

st uccnenoBaHusl TMHEWHOCTH LIKaJbl IPOITyC-
KaHUS M OLEHKH (POTOMETPUYECKOH IOTrperIHOCTH
CPaBHHUBAJIUCh M3MEPEHHbIE M PAcCUMTAHHBIC 3HaUe-
HUA TponyckaHus 7(A) A IBETHBIX HEWTPaNbHBIX
crexon (HC) (puc. 6, a). Ha puc. 6, 6, mokazaHa 3aBH-
cumocts 1, = f (T}), KoTopas MpakTUYeCKH JHHEeHHa.
Usmepennsie T, 1 paccuntansbie 1, K0d)puUmmeHTs!
Mpornyckanus ObuTM monydeHsl npu A = 450 HM, A =
=550aM u A = 650 HM.

HAVYYHOE ITPUBOPOCTPOEHME, 2023, Tom 33, Ne 4
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=
B
1 1 1 1 1 1 1 1
400 450 500 550 600 650 700 750
M HM
100 T T T T T T 6
o0+ .
80+ .

LS

= Puc. 6. DxciepuMeHT.
a — CHEKTpH! NPOIYCKAaHHs LBETHBIX HeM-
TpaneHbIX ctekom: | — HCI1, 2 — HC2,
3 — HC3. Touku — wu3MEpeHHbIE 3Haye-
HUS, CIUIOIIHAS JIMHHUS — Pacyer;
0 — CXOIUMOCTh PACCYMTAHHBIX T, U U3Me-
pernbix 7, kK03(pUIHMEHTOB NpPOMyCKaHHUS.
Toukn — W3MepeHHbIe 3HAYSHHUS, CIUIOLI-
Has JINHUS — pacyer

TH: %
CXonuMOCTh JIMHEHHONW WHTEPHOISAINH MOXHO 3AKJIIOYEHHUE

MPECTaBUTh CIEeTyoIei hopMyIToi:
B pabore umcciemoBad cnekTpoOTOMETPHUECKUHA
T, = 1.0071-T, + 0.55217. P A podoromerp
JATYUK U KOJIOPUMETPOB, B COCTaB KOTOPBIX BXOJIST

orpemmmocts m3mepenniit AT = (T, — T,) < 0.5%. orrrodekTporable  RGB-kommonenTsl.  [lomydeHno
CHEeKTpaIbHOE paclpeieNieHre CHTHaja B HW3MEpH-
TENBHOM KaHaje MpH 3acBETKE M SKPaHUPOBAHUH.

HAVYYHOE I[TPUBOPOCTPOEHME, 2023, Tom 33, Ne 4
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JaTtauk ObIT OTKaTMOpPOBAaH 1O HOPMHUPOBAHHBIM JIH-
HusM usnydenus J[PI'C-12 ¢ mpumeHeHuneMm cBeTO-
¢unsTpa CCO6. B obnactu criekrpa 380—760 HM ompe-
JieJIeHa MOTPEIHOCTh KaJTuOPOBKY IIKAJIbl AJIMH BOJIH.
[Nomy4eH npenen CreKTpalIbHOrO Pa3pereHus o CIeK-
Tpy "Kenroro" myruiera prytd. B pabore mcmonb3o-
BajMch 1BeTHbIE cTekia cepun HC amst monTBepikie-
HUS JTMHEHHOCTH IIKAJIbl MIPOIYCKaHUsL. DKCIIEpPUMEH-
TaJbHBIE PE3yJAbTaThl MOTYT IPEACTABIIATH MHTEPEC
IVl ONITUYECKOro NPHOOPOCTPOEHUS, B YaCTHOCTH
IUISl CO3JaHMSI KOJIOPUMETPOB, IOCTPOCHHBIX HA ONTO-
anekTpoHHbIX RGB-komMmnoneHTax.
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SENSOR FOR COLORIMETRIC DEVICES
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The study highlights the development of a spectrophotometric sensor for colorimetric devices using optoe-
lectronic RGB components. Foreign colorimeters, which include spectrophotometers, have a high cost and are
sometimes inaccessible to a domestic consumer, therefore, the development of a spectrophotometric sensor for
domestic colorimeters built on optoelectronic RGB components may draw interest. The work defines the goal
and sets the task of the study. A block diagram, a lighting system with a photometric integrating sphere, and the
appearance of a spectrophotometric sensor are presented. The spectral distribution of the signal /(1) in the mea-
suring channel at level "0" and at level "1" is obtained. The wavelength scale sensor was calibrated using nor-
malized emission lines from a mercury-helium lamp and blue glass of the SS6 make. The resulting error A4 =
= 0.5 nm of calibration of the wavelength scale was obtained. The linearity of the transmission scale was inves-
tigated, and the photometric error was estimated in terms of comparing the measured and calculated transmis-
sion values 7(1) for colored neutral glasses. The measurement error was no worse than A7 < 0.5%.

Keywords: spectrophotometric sensor, wavelength scale, transmittance, measurement error, glasses, linear interpolation,
colorimeter
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INTRODUCTION

At present, methods and means of measuring the
parameters of objects using photometry, which im-
plements the principle of comparison with reference
values [1, 2], are of great interest. Colorimetry, be-
longing to photometry, has found its application in
various educational and scientific areas, such as che-
mistry, biology, medicine, lighting engineering, as
well as in industry— chemical, food, pulp and paper,
automotive, optical, etc. [3, 4]. Modern colorimetric
devices and systems make it possible to obtain para-
meters of color and chromaticity of various samples in
the colorimetric systems of interest (XYZ, CIELAB,
RGB) [5, 6].

To date, these devices and systems include spec-
trophotometers or spectrophotometric sensors that
determine the reflection or transmission spectra of the
investigated solid, liquid phase, or gaseous substance
in the wavelength range from 380 to 760 nm [7, §].
Using specialized software, according to the obtained
spectral data, the color coordinates of the sample or
medium under study are calculated in the required
XYZ, CIELAB or RGB system [9, 10].

Depending on the tasks set, colorimeters have dif-
ferent geometric dimensions for integrating photome-
tric spheres, in which emission sources and photode-
tectors or elements are located either inside or outside
the sphere cavity [11, 12]. Colorimetric devices and

14. Maiorov E.E. [Application of colorimetricsystemsfor
quality control of paper products]. Modelirovanie i situat-
sionnoe upravlenie kachestvom slozhnykh sistem: Tret'ya
Vserossiiskaya nauchnaya konferentsiya (Saint Peters-
burg, 18-22 Apr 2022). [Proc. of the III All-Russian
science conferences "Modelirovanie i situatsionnoe uprav-
lenie kachestvom slozhnykh sistem"]. Saint Petersburg,
SUAI Publ., 2022. pp. 56-58. (In Russ.).

15. Maiorov E.E. [Measuring the paint layer optical parame-
ters with a colorimetric instrument]. Izvestiva vysshikh
uchebnykh zavedenii. Priborostroenie [Journal of Instru-
ment Engineering], 2022, vol. 65, no. 6, pp. 413—419. (In
Russ.). DOI: 10.17586/0021-3454-2022-65-6-413-419
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systems in this design have high measurement accura-
cy, good automation, and protection [13, 14].

A spectrophotometer or spectrophotometric sensor
is part of a colorimetric instrument or system. For-
eign-made colorimeters, which include spectrophoto-
meters, are expensive and sometimes inaccessible to
domestic consumers [15].

Therefore, it may be of interest to develop a spec-
trophotometric sensor for domestic colorimeters based
on optoelectronic RGB components.

The purpose of the work was to study the devel-
oped spectrophotometric sensor for colorimetric de-
vices using optoelectronic RGB components.

FORMULATION OF THE PROBLEM

Color calculations are necessary in those areas of
knowledge where the goal is to describe the color it-
self: printing, colorimetry, graphics, etc. In industry,
the main task of colorimetric systems is to control the
quality of products. The determination of color change
is one of the tools for complying with the require-
ments of GOSTs and SanPiNs (national standards in
Russia).

The problem was solved by investigating the de-
veloped spectrophotometric sensor, which, when re-
configured, could measure the spectra of transmission
T(M) and reflection R(A) of substances of various ag-
gregate states. Get the spectral distribution of the ana-
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log-to-digital converter (ADC) signal with full shiel-
ding and illumination. Calibrate the wavelength scale
according to the normalized emission lines of a mer-
cury-helium lamp (JIPI"C-12). Find the resulting error
in the calibration of the wavelength scale. Use colored
glasses of the HC type (neutral glass) to confirm the
linearity of the transmission scale and evaluate the
photometric error.

RESEARCH OF THE DEVELOPED
SPECTROPHOTOMETRIC SENSOR

In experimental practice, domestic spectrophoto-
meters are still used, built according to a scheme with
a change in the angle of a flat diffraction grating (C®-
26, CD-46). Spectrophotometers of a new generation
of Russian production (CD-56, CD-2000), as well as
foreign analogues (Unico 2800, WTW Photolab 7100
VIS, Merck Spectroquant Prove 100 VIS), have a high
cost, and sometimes are inaccessible for the Russian
consumer for usage in research.

This means that it is necessary to create a spectro-
photometric sensor that could correspond to foreign
analogues and determine the spectral parameters with
high accuracy for colorimetric devices built on optoe-
lectronic RGB components.

Figs. 1 and 2 show a spectrophotometric sensor
layout and a connected lighting system (illuminator)
with a photometric integrating sphere. In this work,
the sensor was improved, which made it possible to
expand the scope (change of illuminators was
enabled).

Fig. 1. Structural diagram of a spectrophotometric
sensor with a connected working light

Fig. 2. Layout of the lighting system (illuminator)
with a photometric integrating sphere

In the modified spectrophotometric sensor, it be-
came possible to measure the transmittance 7(4) of
transparent or scattering samples with a scattering in-
dicatrix of 135°, as well as the diffuse reflectance
spectra of solid objects (an integrating photometric
sphere with an internal screen). Both illuminators use
the same optical fiber to connect to the polychromator.
And this means that additional adjustment of the sen-
sor when replacing one illuminator with another is not
required.

Fig. 3 shows the appearance of the spectrophoto-
metric sensor. Unlike the existing ones, the output end
of the optical fiber bundle in this sensor has a diame-
ter of 0.1 mm [14, 15]. The photodetector was
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changed, and the linear size became 11.5 mm, which
made it possible to use a CCD array from a Russian
manufacturer. The sensor uses a halogen incandescent
lamp as an emission source.

Fig. 3. Appearance of the spectrophotometric sensor

Using this sensor, it is possible to study transpa-
rent, highly polished, and scattering objects with
a scattering indicatrix within an angle of 135°. The
sensor operates in the wavelength range of 380 nm to
760 nm with a wavelength step of 2 nm. The sensor
includes an optical light filter CC6 (blue glass) to
eliminate the long-wave component of the light flux.

EXPERIMENTAL RESULTS

The spectral distribution of the signal /(1) in the
measuring channel at level 0 (total screening) and at
level 1 (total illumination) is shown in Fig. 4. It can be
seen from the figure that, in the entire measured wave-
length range, the difference between these levels is no
worse than 0.05 rel. units. With full illumination,
a periodicity of the signal is observed, caused by inter-
ference at the input of the CCD array.

Fig. 4. Graphical representation of the signal in the
measurement channel.
a — when shielding; 6 — under illumination

To calibrate the wavelength scale, normalized
emission lines from a /IPI'C-12 mercury-helium lamp
were used. Using CC6 with a thickness of 2.4 mm, an
emission spectrum was obtained.

In Fig. 5, a, the arrows indicate the normative
emission lines for calibrating the spectrophotometric
sensor. Ny 1s the number of the CCD array element.
Fig. 5, 06, shows the calibration dependence 4, = f(4,),
where 4, is the measured spectral position of the line
and A, is the normative spectral position of the line. In
the investigated region of the spectrum 380-760 nm,
the dependence 4, = f(1,) can be interpolated using the
following expression: 4, = 1.001 4, — 0.206009.

Fig. 5. Experimental results.

a — spectral distribution of a JAPT'C-12 mercury-
helium lamp; 6 — calibration characteristic; B —
spectrophotometer calibration error.

Dots — measured values, solid line — calculation

In Fig. 5, B, the dependence Al = f{1) is given,
which shows the resulting error in the calibration of
the wavelength scale. In the experiment, it was A4 =



100

= 0.5 nm. The spectrum of the "yellow" doublet of
mercury ((A =577 nm and 4 = 579 nm) was used to
determine the spectral resolution limit, which did not
exceed 3 nm, which satisfies the requirements of pro-
duction control (use of a sensor in the visible spec-
trum).

To study the linearity of the transmission scale and
estimate the photometric error, the measured and cal-
culated transmission values 7(1) for colored neutral
glasses (NG) were compared (Fig. 6, a). Fig. 6, 0,
shows the dependence T, = f(T}), which is practically
linear. The measured 7, and calculated 7, transmit-
tances were obtained at A = 450, 550, 650 nm.

Fig. 6. Experiment.

a — transmission spectra of colored neutral glasses:
1 — NGI1, 2 — NG2, 3 — NG3. Dots are measured
values, solid line is calculation.

6 — convergence of calculated 7, and measured 7,
transmittances. Points are measured values, solid line
is calculation

The convergence of linear interpolation can be
represented by the following formula:
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T,=1.0071-T, +0.55217.
Measurement error AT = (T, — T,,) <0.5%.

CONCLUSION

In this work, a spectrophotometric sensor for colo-
rimeters, which include optoelectronic RGB compo-
nents, was studied. The spectral distribution of the
signal in the measuring channel under illumination
and shielding is obtained. The sensor was calibrated
according to the normalized JIPT'C-12 emission lines
using a CC6 light filter. In the spectral region of 380—
760 nm, the calibration error of the wavelength scale
was determined. The spectral resolution limit was ob-
tained for the spectrum of the "yellow" doublet of
mercury. In the work, colored glasses of the NG series
were used to confirm the linearity of the transmission
scale. The experimental results may be of interest for
optical instrumentation, in particular, for the creation
of colorimeters based on optoelectronic RGB compo-
nents.
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