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CIIEKTPAJIBHOE HNCCJIEJOBAHHME TEKCTHJIBHOI'O
OIITHYECKOI'O OTBEJINBATEJIA
N OPTAHUYECKOI'O KPACUTEJIA

B Hacrosiieit paboTe mokasaHa BOCTPEOOBAHHOCTh M aKTYyaJIbHOCTh MPUMEHCHHS pa3pabOTaHHOTO CHEKTPO(OTO-
MeTpa ISl UCCIIEIOBaHMUS ONTHYECKOTO OTOETIHBATEsI M OPraHWYECKOTO KpPacHuTelNs Ha pa3HbIX TKaHsIX. B pabore
MIPUBE/IEHA CTPYKTypHAsA CXeMa CIIeKTpo(oTOMeTpa 1 JaHbl TEXHUKO-3KCILUTyaTallMOHHBIE XapaKTEPUCTHKH yCTPOH-
ctBa. [lomyuens! cnekTpsl 1ud@y3HOro OTpaskeHUs AT pa3HbIX 00pa3loB TKaHEH, HA KOTOPBIX BUIHO, YTO ONTHIE-
cKuit oTOenBaTens GopMHUPYET KOPOTKOBOIHOBYIO MTOJIOCY MOTJIOMEHMS TP A < 420 HM U JaeT JIOMUHECIICHTHYIO
n00aBKy K OTpaXKEHHOMY ITOTOKY M3JIydeHHs B cuHEH oOmactu cnektpa A =~ 430-480 M. B obmactu A = 500—
640 HM uzeT CHIKCHHE KO3 QUIMeHTa OTpakeHus. [IpoBeICHO KOJMYECTBCHHOE COTIOCTABIICHHUE MapaMeTpa SApKo-
CTH B, ompeneneHHoro u3 crnekTpoB R(A) U 1o mapaMeTpy sSpKocTH B OenbIX TKaHel; pe3yibTaThl M3MepeHui B,
CBeJieHbI K pe()epeHTHOMY 3HAYCHHUIO B, JTMHEHHOW uHTeprnoysiue. [lorpenHocTh HHTEPIIOSIIMY He NpeBbIIiaia
0B <1 %. V3MepeHs! IBETOBBIC MapaMeTpsl st KoopauHat X, Y, Z ¢ morpentHocTeio He Oonee 1 %. [Ipoananusu-
poBaHbI cHeKTpsl Ju((y3HOr0 OTpakeHHs OKPALICHHBIX 00pa3loB TKAaHEH M TMOMYYEHBI PE3yNbTaThl M3MEPEHUH

KOJIOPIMETPHUUECKUX KOOPHHAT.

Ka. cn.: cnextpomerpusi, RGB-xoMnoHEHTHI, 1yTiHA CBETOBOW BOJHBL, KOQduIeHT 1udHy3HOTO OTpakeHHs,
pedepeHTHOE 3HaueHUE, ONTHYECKUI OTOETMBATEINb, HHTEPIOSIIUS

BBEJAEHUE

CriekTpoMeTpuss Kak OJHO M3 HaIpaBICHUM
(OTOMETpUH TIPENCTABIIET OTPOMHBI HWHTEpEC s
pa3iIMyHBIX 00NacTell HayKW W TEXHHUKHU, TaKUX Kak
XUMHSI W XHUMHYECKHE IPOM3BOJICTBA, TEKCTHIIbHAS
MPOMBIIIUIEHHOCTh, THIIEBbIE TEXHOJIOTHH W TPOU3-
BOJICTBa, DKOJIOTHS, MeAuIMHa u Owosorus [l1].
[Tomrmo mabopaTOPHBIX CHEKTPATBHBIX MPHOOPOB
pasIM4HOrO TPUMEHEHHs, Bce OOJBIIYI0  BOC-
TpeOOBaHHOCTh ~ MPHOOPETAIOT  MPOMBIIUICHHBIC
CHEKTPOMETPHI, YCTAHABIMBAEMBIE HETOCPEICTBEHHO
B TEXHOJIOTMYECKHI ITOTOK M 0OecIieynBarome online
MOHHTOPWUHT  TEXHOJIOTMYECKOTO  TpoIecca  I10
ONTHYECKUM TMapaMeTpaM. B kadecTBe mnpumepoB
TaKUX CHCTEM 3/IeCh MOXXHO MPUBECTH CIIEKTPaJIbHbIC
npubopbl IS HEePTEXUMHUYECKOH,  MUINEBOH
(TTIpOM3BOJCTBO COKA) M MEIUITMHCKON o0iacTe [2].

BonbIIMHCTBO  MCHONB3yEMBIX B COBPEMEHHOM
MPAaKTHKE CIEKTPAIBHBIX MPUOOPOB M CHUCTEM OCHO-
BBIBAIOTCSI HA H3MEPEHMSIX ONTHUECKUX CIEKTPOB
NPOMYCKaHusl WU (M) OTPaKeHHs B OOJACTH JJIMH
BouH A = 380-760 uM [3]. CoBMecTHOE NIpUMEHEHHE
CHEKTPAJILHOTO MPHOOpa ¢ KOJOPUMETPHUUECKUM JaT-
YUKOM YCIIOKHSIET WX KOHCTPYKIHIO, YBEIHYHNBAET
MaccorabapuTHBIE XapaKTEPUCTUKKA Mpubopa WIU
CHCTEMBI, a TaK)Ke NMPUBOAMT K BO3PACTAHUIO OOIIei
CTOMMOCTH, KOTOpast MOPO CTAHOBUTCSI HEJOCTYITHOM
OTEUYEeCTBEHHOMY TIOTpebuTemio [4].
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[TosTOMY MOXET HpeAcTaBIIsATH MHTEpEC pa3pado-
TaHHas SKCIIEPUMEHTAIbHAA yCTAaHOBKA, B COCTAaB KO-
TOPOM BXOJOUT CHEKTPOMETP U KOJIOPUMETP C MHTET-
pupytomiei poroMeTpuieckoi cgepoi. B Hactosmee
BpEMsI Ha PBIHKE MOSBWIHCH OTEYECTBEHHBIE ONTO-
9JIEKTPOHHBIE KOMIIOHEHTHI, KOTOPHIE M0 CBOMM TeX-
HUYECKHM XapaKTepUCTHKaM 00eCrednBaioT H3Mepe-
HUS NIapaMeTPOB LBETA C BBICOKOH TOYHOCTHIO. Oco-
0oe BHMMaHHWE 3acHyknBaloT RGB-KOMITOHEHTHI,
UMEIOIIE TPH (POTONPUEMHBIE MJIOMIAJKH C ONTHYE-
CKUMH (UIBTPaMH IS BBIICICHUS KPACHOMU, 3€IeHON
U CHHEH COCTaBIAIOIIEH B PETUCTPUPYEMOM H3IIyde-
HUMH.

Lenp paboTel — mpHUMeHEHHe pa3pabOTaHHOH
9KCHEPUMEHTAILHOW OINTHUKO-3JEKTPOHHON CHUCTEMBI
JUTST U3MEPEHHS ONTHYECKUX MapaMEeTPOB TEKCTHIIb-
HBIX OTOENUBaTeNel 1 KpacuTenei.

ITIOCTAHOBKA 3AJAYHN

BakHBIM SBISETCS MPAKTHYECKOE MPUMEHEHUE
criekTpooToMeTpuu (B Juana3oHe JIuH BOH 380—
760 HM) W KoJOpUMETpHM (KOHTPOJb MapaMeTpOB
Oenu3HbI (APKOCTH) B M IIBETHOCTH) JUIS TEKCTUIHHON
MIPOMBIIIUIEHHOCTH, KOTOpas MCIOJB3YyeT pa3iIuyHbIe
ONTHYECKHE OTOENMBATEIN U XUMUYECKHE KPACUTEIH
[6—-11]. OnHuMH U3 OCHOBHBIX MOCTABIIMKOB B OTEYECT-
BEHHYIO TEKCTUJIbHYIO MPOMBIIIIICHHOCTh XUMUIECKUX
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Puc. 1. CtpykrypHas cxeMa 3KCIIepUMEHTAIbHON YCTaHOBKU:
1 — RGB-cBeroauon; 2 — wuccnenyemsiii oopaseir; 3 — cBeropunbtp CC6; 4 — onTuveckoe BOJIOKHO; 5 —
JU(ppaKIMOHHAS pelieTka; 6 — monuxpoMatop; 7 — kpyr Poynanna; 8 — [13C-nmuHelika; 9 — 37eKTPpOHHBIH

6mok; ITK — xommbroTep

peareHToB, HEOOXOUMBIX IJISl IPOU3BO/ICTB, SBIISIFOT-
csa xomnanus [TAO "I[lurment" u "benarexkc Cronka
300". JlaHHBIE KOMITAHUU [JIS1 BBIXOJHOTO KOHTPOJIS
ONTHYECKUX TapaMeTPOB PEKOMEHAYIOT OJWH U3
CIIEKTPOMETPOB — crmekrpomeTp YS-3060. DOTtoT
npuOOp MMEET AOCTATOYHO XOPOIIYI0 TOYHOCTh W3-
Mmepenuit 10 HM, obecriedeH TeEXHUIECKUM COMIPOBOK-
JIEHUEM U MOJAJEPKKOM, HO HMMEET BBICOKYIO CTOH-
MOCTb. [103TOMY HEKOTOpBIC TEKCTHIILHBIC KOMIaHUU
BBIHY/ICHBI OBIITH OTKA3aThCS OT €r0 UCIIOIh30BAHUS.
A 3TO O3HauaeT, YTO 3aMEHSIoNAs ero paspaboTka
MOJKET MPEICTABIATh HHTEPEC ISl JAaHHOM OTPACIIH.

CHEKTPO®OTOMETP

CTpyKTypHasi cxema CreKTpo(OoTOMETpa MmoKa3zaHa
Ha puc. 1.

B ycrpoiicTBe MCONB30BaH MOJIMXPOMATOP C BO-
THYTOW IU(QPaKIOHHOW PEIIEeTKOW KIaCCHIeCKOTO
tuna (v = 125 mm; N = 600 wrp./mm). Bxonnas miens
MOJMXpOMaTopa (BBIXOAHOW TOpel MOJMMEPHOTO OTl-
TOBOJIOKHA JuameTpoM d = 0.6 M), nudpakiimonHas
pemerka u ¢oronpueMHuk (nuneiika [13C) pacmona-
rafoTcs Ha kpyre Poymannma (muamerp d = 125 mwm).
Ilpn sTOM nUHEHHBIH pasMep Ha (QOTONPHUEMHHKE
yugactka cmektpa A = 380-760 HM cocraBiser
26.2 MM, uto no3BosisgeT npumeHats [13C nuueliky
SONY ILX511.

B cnekrpodoTomerpe MOKHO yCTaHaBIMBAThH pas-
Hele uctrounnkn cBeta (RGB-cBeToaMOaBI C pazHbIMU
TEXHUUYECKUMH XapaKTepUCTHKaMM) Ui HCCIeN0Ba-
Husl Kodd¢unmenta npormryckanus 7(A) mpo3padHbIx
WIA PAacCeHBAIOUIMX OOBEKTOB C HMHIAMKATPUCOU
B mpezaenax yria 120°; ams wcciaenoBaHus CHEKTPOB
muddy3Horo oTpaxkeHHsT TBEPAOTEIBHBIX 00pa3IloB.
RGB-cBeToanoapl UCHONB3YIOT OAHO U TO K€ ONTO-
BOJIOKHO 11 TIOAKJTIOUEHHUS K IOJIMXPOMATOpY, TaK
YTO KaKOW-ITUOO IOTIONHUTENBHON HACTPOWKH TIpU
3aMeHe OJTHOTO Ha JIpyroil He TpeOyeTcs.

OneKkTpoHHBIN OnoK cOopa um 0OpabOTKU AaHHBIX
U CIIeNIMaIbHO pa3paboTaHHAs MporpaMMma odecredn-
BalOT BBIBOJ M XpaHEHHE pPE3YJbTaTOB H3MEPEHUN
B BHJE TpahMKOB M UYHCIOBBIX MAacCHBOB B 0OJacTH
JuH BoJIH 380—760 HM ¢ marom A = 2 HM.

i BeIpaBHUBaHUS pacIpeleleHns MOTOKa M3Iy-
YeHHs O AJMHAM BOJIH, a TaKK€ CHIIKEHHUS YPOBHS
PACCEeTHHOTO HM3JIyYeHHUS B MOJUXPOMATOPE B Pa3HBIX
RGB-cBeToamnogax ycTpoiicTBa UCIOIB30BaH ONTHYC-
ckuil ¢uIbTp Ha ocHoBe nBeTHoro crekina CCo6, cy-
IIECTBEHHO TOAABIAIONINM IMHHOBOJIHOBYIO CO-
CTaBIISIONIYI0 CBETOBOTO MOTOKA pHu A > 600 HM.

TexXHUKO-3KCIITyaTal[IOHHBIE XapaKTepUCTUKU
CHCTEMBI:

— pabounii cieKTpalIbHBIN TUana3oH —

380-760 umMm;
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— Tpefes CIEKTPAILHOTO pa3pereHust —
HE XyXe 2 HM;
— MOTPELIHOCTh KAJIMOPOBKH LIKaJIbl AJIMH BOJIH —
He xyxe 0.2 HM;

— IOTPENIHOCTh U3MepeHus KoddduimenTa orpa-
xeHust —  He xyxke 0.05 %;

— BpeMs PETUCTpAIlH OJHOTO criekTpa — 20 Mc;

— MIPH ABTOMATUYECKOM perucTpaliy CleKTpa —

30 mc;
— IIUTaHHUE OT CETH — 220 B, 50 I'mm;
— nepejada JaHHbIX 4epes MopT — RS 232;

— rabaputHble pasmMepsl — 400 x 250 x 180 mm.

OBBEKTHI UCCJIEJOBAHUA

HccnenoBanuch TEKCTUIBHBIE M3ETHS U3 XJIOIKA
70 % un monuadupa 30 %; Buckossl 70 % u nonusdpu-
pa 30 %; neHa 70 % w mommddupa 30 %. anHble
00BEKTHl HWCCIEIOBAHUS TIOIBEPTaNCh 00paboTKe
ontuyeckum otoenusateneM "benarexc EC" ¢ pa3Hoit
KOHIIeHTparueit. O0pa3ipl OKpalIuBaAINCh OpraHude-
CKAM KpacuTeleM — XpHu30()eHWHOM TakKe pa3HOH
KOHIICHTpAIHH.

OOBeKThl HWCCIeNOBaHUs OBUIM TIPEJOCTaBIICHBI
kommnanue "IIpomtkans", r. IBaHOBO, BMECTE C WH-
dbopmanmeil mo koopauHaTaMm 1BeTa X, Y, Z u mapa-
MeTpy B, momydenHod Ha cnekTpodoTtomerpe Y S-
3060. IlpenocraBieHHbIe 3HAYEHUS OBLIIN TPUHSATHI 32
pedepeHTHbIE.

SKCHHEPUMEHTAJIBHBIE PE3YJIBTATHI

OT0eanBaHHE

Ontrueckuii oTOenuBaredb B HCCIEIYyeMBIX 00-
pasuax ("bematexc EC") mpumaeT BBICOKYIO CTENEHBb
OeNMM3HBI, YTO YIYy4IIaeT 3CTETHYECKOEe BOCHPHUATHE
KauecTBa TEKCTWIBHBIX M3Aenuid. Jns ucclienoBaHus
CIIeKTPOB UG Y3HOTO OTPAKEHUS HCIIOIH30BATNCH
00pa3ipl OeNbIX TKaHEeH, MPeI0CTaBICHHBIC KOMITAHU-
eii "[lpomtkans", T. MBaHOBO, W aTTECTOBAHHEIC
Ha crnekrpodoromerpe YS-3060 mo mapamerpy Oe-
JU3HBI B M KOoopAWHaTaMm LBETa B KOJIOpUMETpUYe-
ckoii cucreme X, Y, Z. B kauectBe oTOenmBareis
npumensuics "benarexkc EC" ¢ xoHmenTpanueid B uc-
xomHou Macce 0.2 n 0.6 %.

Wsmepennsle cnekTpsl AUQQPy3HOrO OTpaKeHHS
JUIST JIeBSITH OOpasloB, MPEJOCTaBICHHBIX B Hallle
pacrnopsbKeHue, oka3aHnbel Ha puc. 2. PesynbTaTsl usz-
MEpEeHUH KOOpAWMHAT I[BE€Ta W IMapamerpa SpKOCTH,
nosrydeHHble Ha criekrpodoromerpe Y S-3060 u pas-
paboTaHHOM, COTIOCTABJICHBI B Ta0I. 1.

Crextpsl 1udPpy3HOTO OTpaskeHHsI BOCIIPOU3BOISAT
0COOCHHOCTH, OOYCJIOBJICHHBIC OTOCIIMBAHUEM TKa-
Hell. OnTudeckuii oTOenuBaTens (GOPMUPYET KOPOT-
KOBOJIHOBYIO IOJIOCY moriomeHus mnpu A < 420 M
W JlaeT JIIOMUHECIIEHTHYIO J100aBKy K OTpPaKEHHOMY
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Puc. 2. Cnexrpsl anddy3HOro oTparkeHus: 00pasoB
Oenol TKaHH.

a — xutonok 70 % u mommadup 30 %; 6 — Buckoza 70 %
u o3 up 30 %; B — nen 70 % u monmadup 30 %;

1 — 6e3 onTuueckoro orbenuBarens; 2 — ¢ KOHICH-
tpanueit 0.2 %; 3 — ¢ xoHuenTparmei 0.6 %

MOTOKY M3JIy4YeHHS B CHHEH 00JacTu chekTpa A =~
~ 430-480 um. Hanee uner cHmwkeHne ko3ddumenrta
OTpakeHHUs B CpeJHEN 00JacTH BHIAMMOTO JHara3oHa
mpu A =~ 500-640 am. KonmuecTBeHHOE cormocTaBie-
HUE TapameTpa SApKOCTH B, ONpenereHHOro U3 CHeK-
TpoB R (A) (puc.2), a Takke Ha pa3pabOTaHHOM
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Ta6u. 1. ConocTaBneHne pe3yIbTaTOB U3MEPEHNH KoopauHaT 1Beta X, Y, Z u apkoctu B Ha YS-3060

1 Ha pa3pabO0TaHHOM CIIEKTPOPOTOMETpE

Pe(l)epeHTHI)Ie JaHHBIC I[aHHI)Ie OKCIICPUMECHTAJILHOT' O
cnekrpodoTomeTpa YS-3060 CHeKTpodoTOMETpa
OnTryecKuit 0TOCIMBATEIh
X Y zZ B X Y Z B
benatexc EC, 0 % (;ter 70 %, 87.23 | 91.94 93.88 87.8 86.9 | 91.1 92.3 86.15
nosinddup 30 %)
Benarexc EC, 0.2 % (1en 70 %, | 91.73 | 94.57 117.03 107.8 | 91.5 | 93.7 118.2 106.1
nosmadup 30 %)
benatexc EC, 0.6 % (7en 70 %, | 92.38 | 95.08 120.17 1109 | 91.9 | 94.1 119.0 109.5
nosinddup 30 %)
benarexe EC, 0 % 81.16 | 85.24 92.54 86.6 81.0 | 85.0 93.1 87.75
(Bucko3za 70 %, nmommadup 30 %)
benatexc EC, 0.2 % 85.74 | 87.82 115.37 106.2 | 86.0 | 88.7 116.0 105.2
(Bucko3a 70 %, momdup 30 %)
Benatexc EC, 0.6 % 86.20 | 88.31 118.44 | 1093 | 86.9 | 89.0 119.0 110.5
(Bucko3za 70 %, nommdup 30 %)
Benatexc EC, 0 % 7790 | 81.47 91.67 85.10 | 78.7 | 81.0 92.2 84.6
(xs1omok 70 %, nonuagup 30 %)
Benatexc EC, 0.2 % 82.24 | 83.96 11344 | 1044 | 81.5 | 84.6 114.0 105.0
(xonok 70 %, monmmadup 30 %)
benatexc EC, 0.6 % 82.89 | 84.37 117.07 107.9 | 83.5 | 85.7 118.0 107.0
(xs1omok 70 %, nonuagup 30 %)

B, %

80 84 88 92 96 100 104

!
108 Be, %

Puc. 3. CxomuMoCTh M3MEPEHHOTO IapaMeTpa OeIH3HBI
B. u ero pedepeHTHOTO 3HaYCHHS B;.
* — JKCIEPUMEHT, JIMHHUS — pacyer

cnekTpooToMeTpe, U ero pedepeHTHoe 3HadYCHUE,
n3MepeHHoe Ha cnektpodotomerpe YS-3060, mpen-
CTaBJICHO Ha pHuC. 3.

Ilo cpaBHeHuto ¢ pedepeHTHBIME AaHHBIMHU B, pe-
3yJIbTaThl TMPOBEJICHHBIX H3MEPEHUN B, 3aHUKEHBI,
YTO CBSI3aHO C PAa3IMYHEM yIbTpaduoneToBoi co-
CTaBJSIOLNIEH B CHEKTpE MCIOIb30BAHHOIO 37€ECh
RGB-cBeroanona mno CpaBHEHUIO € HUMIIYJIBCHBIM
KCCHOHOBBIM HCTOYHHMKOM CHEeKTpodoromerpa Y S-
3060. Drto moATBepKOAaeTCAd TaKKe HN3IMEPEHUSIMHU
LBETOBBIX IapaMeTpoB, T.K. koopauHatel X, Y, Z
MOJTyYEHBI C TIOTPEITHOCTRIO He 6omee 1 %.

Kak noxa3pIBaroT naHHBIE Ha pUC. 3 1O MapaMeTpy
SIPKOCTH B OenbIX TKaHeW, pe3ynbTaThl U3MEpEeHui B,
MOTYT OBITh TIPUBEICHBI K pehepeHTHOMY 3HaUESHHUIO
B, nunHeitHOW wuHTEepHojALuel. MHTEpPHOJALUMOHHOE
BEIP@XEHHE BBITJISIIAT CIEAYIONIM 00pa3oM:

B, =1.7452-B. — 60.287.

[TorpemrHocTh MHTEPIIONANINN HE MPEBBIMAET 0B <
<1 %, 4r0o ynOBIETBOPSACT TPEOOBAHUSAM KOHTPOJI
TEXHOJIOTHYECKHX MPOIECCOB OTOCTUBAHNSI.

OxpaiieHue

[Ipu okpamMBaHWU HCIONB30BAIUCH TE K€ Mare-
puainel, 9to U npu otOenuBaHuu. CrekTpel AuPy3-
HOT'O OTpPaKEHHUsS OKpaIIeHHBIX OOpa3loB JaHBl Ha
puc. 4. IlpumMeHsics OpraHWYECKH KpPacHTeIb —

HAVYYHOE ITPUBOPOCTPOEHMUE, 2021, Tom 31, Ne 1
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Puc. 4. Cnexrps! nuddy3Horo orpakeHus 00pas3noB
OKpallIeHHOW TKaHH.

a — xsonok 70 % n mommadup 30 %; 6 — Buckoza 70 %
n o dup 30 %; B — nen 70 % u nommadup 30 %;

1 — 6e3 kpacutens; 2 — ¢ konuentpanumeit 0.12 %; 3 —
¢ koHnenrpamueit 0.75 %; 4 — c xonuentpanuei 1.5 %

Ta6u. 2. CpaBHEHHE KOJIOMETPHUSCKUX M3MepeHni Ha Y S-3060 1 Ha pa3paOOTaHHOM CIIEKTPOPOTOMETpE

Kpacurensb Konnentpanus (k, PedepentHbie nanHbIC JlaHHBIC SKCTIEPUMEHTATLHOTO
%) cnektpodoTtomerpa YS-3060 crekTpodoToMeTpa
X Y Z X Y Z

XpuzodpeHnH 0.12 75.0 79.0 54.8 74.8 78.9 54.6
(1ten 70 %, momm- 0.75 72.0 75.5 43.1 71.9 75.4 43.1
a¢up 30 %) 1.5 64.9 67.7 31.1 64.9 67.9 31.1
XpuzopeHnH 0.12 74.7 79.0 53.0 74.7 79.0 53.5
(Bucko3a 70 %, 0.75 71.8 77.2 42.5 71.9 77.5 42.4
nomadup 30 %) 1.5 71.0 75.4 33.6 71.5 75.2 33.5
XpuzodeHuH 0.12 71.8 66.0 52.3 71.8 66.5 52.1
(x7omox 70 %, 0.75 66.4 58.2 40.7 66.6 58.4 40.4
nonmmadup 30 %) 1.5 63.0 52.6 31.9 63.0 51.6 31.7

xpuzodenun ¢ koHuentpauuei 0.12, 0.75 u 1.5 %.
PedepentHbie naHHbIe 10 KOOpaAuHaTaM 1Bera X, Y, Z
ObUTM TONMydYeHBI Ha crekTpodoTomerpe Y S-3060.
Jns moBepku mpuOOpa HCHOIB30BAIUCH 00pa3LBbI,
TaKkKe TNpenocTaBieHHble kKommanuei "IIpomTkanp'",

r. IBaHOBO, BMeCTe ¢ peepeHTHBIMH KOOPIHHATAMU
1BeTa. Pe3ynbTaThl M3MEPEHHI KOJOPUMETPUUCCKUX
KOOPJIMHAT CBEACHBI B TAOJ. 2.

3aBHCHMOCTH 3THX KOOPJIMHAT OT KOHIICHTpAIK Kpa-
CHTEJIS, TOJTyYEHHBIC B HACTOSIICH paboTe, MpaKTHYECKH

HAVYYHOE [NPUBOPOCTPOEHMUE, 2021, Tom 31, Ne 1
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Puc. 5. 3aBUCHMOCTh KOOpIHMHAT IIBETa
OT KOHLICHTPALUH KPACHTEII.

a — xyonok 70 % wu mommdup 30 %;
6 — Buckoza 70 % u mommdup 30 %;
B — JeH 70 % n mommadup 30 %

TOYHO COOTBETCTBOBAJIHM peEepPeHTHBIM JaHHBIM. J{JIst
00pasIoB, OKPAIICHHBIX XPU30(EHUHOM, STH 3aBUCH-
MOCTH IIPUBEIICHBI Ha pHC. 5.

3AK/IIOYEHUE

Takum o0Opa3zom, pa3pabOTaHHBIA 3KCIEPHUMEH-
TaJbHBIH CIEKTPO(YOTOMETP MOJIHOCTHIO YJIOBIICTBO-
psAeT TpeOOBAaHUSAM TEKCTUIBHON MPOMBINIICHHOCTH
MpH KOHTPOJIE TPOIECCOB OKpamiuBaHUs TkKaHu. OH
MOXET OBbITh TaKXe HCIOJb30BaH ISl KOHTPOJIS OII-
TUYECKOT0 OTOENMBaHUs OETBIX 00pa3IOB TKaHEH.

[Ipencrarnser wuHTEpec pa3paboOTKa Ha OCHOBE
MPECTABISIEMOr0 IKCIEPUMEHTAIBHOTO CHEKTPOdO-
TOMETpa MPOMBIIUICHHOTO CIIEKTPOOTOMETpa, yCTa-
HABJIMBAEMOI'0 HEIOCPEACTBEHHO B TEXHOJOTHUECKUIN
LUK i1t o0ecrieueHus] MOHUTOPUHTA TPOIIECCOB OT-
O€JIKM ¥ OKpaIllMBaHUs TKAHCH.
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SPECTRAL STUDIES OF TEXTILE OPTICAL BLEACH
AND ORGANIC DYE

E. E. Maiorov', T. A. ChernyakZ, G. A. Tsygankova3
A. C. Mashek® , AL AL Konstantinova4, E. A. Pisareva

'Saint Petersburg University of Management Technologies and Economics, Russia

2Saint Petersburg State University of Aerospace Instrumentation (GUAP), Russia

3The naval Polytechnic Institute, Pushkin, Russia

*Military Academy of Telecommunications named. S.M. Budyonny, Saint Petersburg, Russia
>Mikhailovskaya Military Artillery Academy, Saint Petersburg, Russia

This paper shows the relevance of the developed spectrophotometer for the study of optical bleach and or-
ganic dye for different tissues. The paper presents a block diagram of the spectrophotometer and provides tech-
nical and operational characteristics of the device. Diffuse reflection spectra were obtained for different tissue
samples, which show that the optical bleach forms a short-wave absorption band at A < 420 nm and gives a lu-
minescent additive to the reflected radiation flux in the blue region of the spectrum A = 430—480 nm. In the re-
gion of A = 500—-640 nm, the reflection coefficient decreases. A quantitative comparison of the brightness para-
meter B determined from the R(A) spectra and the brightness parameter B of the white tissues was performed.
The results of B, measurements were reduced to the reference value B, by linear interpolation. The interpolation
error did not exceed 0B < 1 %. The color parameters for the X, ¥, and Z coordinates were measured with an error
of no more than 1 %. The diffuse reflection spectra of colored tissue samples are analyzed and the results of
measurements of colorimetric coordinates are obtained.

Keywords: spectrometry, RGB components, light wavelength, diffuse reflection coefficient, reference value, optical bleach,
interpolation
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INTRODUCTION

Spectrometry as one of the areas of photometry is
of great interest for various fields of science and tech-
nology, such as chemistry and chemical production,
textile industry, food technology and production,
ecology, medicine and biology [1]. In addition to la-
boratory spectral instruments for various applications,
industrial spectrometers, installed directly into
the process flow and providing online monitoring of
the technological process by optical parameters, are
becoming more and more in demand. Spectral instru-
ments for the petrochemical, food (juice production)
and medical fields can be cited as examples of such
systems [2].

Most of the spectral devices and systems used in
modern practice are based on measurements of optical
transmission and / or reflection spectra in the wave-
length range A = 380—760 nm [3]. The combined use
of a spectral device with a colorimetric sensor compli-
cates their design, increases the weight and size cha-
racteristics of the device or system, and also leads to
an increase in the total cost, which sometimes be-
comes inaccessible to the domestic consumer [4].

Therefore, the developed experimental setup may
be of interest, which includes a spectrometer and
a colorimeter with an integrating photometric sphere.
At present, domestic opto-electronic components have
appeared on the market, which, according to their

Fig: 1. Block diagram of the experimental setup.

technical characteristics, provide measurements of
color parameters with high accuracy. Special attention
should be paid to RGB components, which have three
photo-receiving areas with optical filters to separate
the red, green and blue components in the registered
radiation.

The purpose of this work is to use the developed
experimental optoelectronic system for measuring
the optical parameters of textile bleachers and dyes.

FORMULATION OF THE PROBLEM

Practical application of spectrophotometry (in
the wavelength range 380—760 nm) and colorimetry
(control of whiteness (brightness) B and chromaticity
parameters) is important for the textile industry, which
uses various optical bleachers and chemical dyes [6—
11]. Pigment PJSC and Belatex Sp. z 0.0. are among
the main suppliers of chemical reagents required for
production to the domestic textile industry. The com-
pany's data for the output control of optical parameters
recommend one of the spectrometers — the YS-3060
spectrometer. This device has a fairly good measure-
ment accuracy of 10 nm, is provided with technical
support, but has a high cost. Therefore, some textile
companies were forced to refuse its use. And this

1 — RGB LED; 2 — test sample; 3 — CC6 light filter; 4 — optical fiber; 5 — diffraction grating;
6 — polychromator; 7 — Rowland circle; 8— linear CCD; 9 — electronic unit; I[IK — PC

means that the development replacing it may be of
interest for this industry.

SPECTROPHOTOMETER

The block diagram of the spectrophotometer is
shown in Fig. 1.

The device uses a classical type polychromator with
a concave diffraction grating (» = 125 mm; N = 600 lines
/ mm). The entrance slit of the polychromator (the exit
end of the polymer fiber with a diameter of d =
= 0.6 mm), the diffraction grating and the photodetec-
tor (linear CCD) are located on the Rowland circle
(diameter d = 125 mm). In this case, the linear size of
the spectral region A = 380—760 nm on the photodetec-
tor is 26.2 mm, which allows the use of the SONY
ILX511 linear CCD.

The spectrophotometer can be equipped with dif-
ferent light sources (RGB LEDs with different tech-
nical characteristics) to study the transmittance 7(A) of

transparent or scattering objects with an indicatrix
within an angle of 120°; for studying diffuse reflec-
tance spectra of solid samples. RGB LEDs use the
same fiber to connect to the polychromator, so no ad-
ditional setup is required to replace one with the other.

Electronic unit for data collection and processing
and a specially developed program provide output and
storage of measurement results in the form of graphs
and numerical arrays in the wavelength range of 380—
760 nm with steps A =2 nm.

To equalize the distribution of the radiation flux by
wavelengths, as well as to reduce the level of scattered
radiation in the polychromator, in different RGB
LEDs of the device, an optical filter based on colored
glass CC6 was used, which significantly suppresses
the long-wave component of the light flux at
A > 600 nm.

Technical and operational characteristics of the
system:

— operating spectral range — 380-760 nm;
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— spectral resolution limit — not worse than 2 nm;
— wavelength scale calibration error — not worse
than 0.2 nm;

— measurement error of the reflection coefficient
— no worse than 0.05 %;

— registration time of one spectrum — 20 ms;
— with automatic spectrum registration — 30 ms;
— mains power supply — 220V, 50 Hz;
— data transmission through the port — RS 232;

— overall dimensions — 400 x 250 x 180 mm.

Fig. 2. Diffuse reflectance spectra of white tissue samples.

OBJECTS OF STUDY

Investigated textiles were made of cotton 70 % and
polyester 30 %; viscose 70 % and polyester 30%; flax
70 % and polyester 30 %. These objects of research
were treated with Belatex EC optical bleacher with
different concentrations. The samples were dyed with
an organic dye chrysophenin, also of different concen-
trations.

a — cotton 70 % and polyester 30 %; 6 — viscose 70 % and polyester 30 %; B — flax 70 % and polyester 30 %;
1 — without optical bleacher; 2 — with a concentration of 0.2 %; 3 — with a concentration of 0.6 %

The objects of research were provided by
the Promtkan company, Ivanovo, together with infor-
mation on the X, Y, Z color coordinates and the B pa-
rameter, obtained on a YS-3060 spectrophotometer.
The provided values were taken as reference ones.

EXPERIMENTAL RESULTS

Whitening

Optical bleacher in the test samples ("Belatex EC")
imparts a high degree of whiteness, which improves
the aesthetic perception of the quality of textile prod-
ucts. To study the diffuse reflectance spectra, we used
samples of white fabrics provided by the Promtkan
company, Ivanovo, and certified with the of a spectro-
photometer YS-3060 accoring to the whiteness para-
meter B and the color coordinates X, Y, Z in the colo-
rimetric system. Belatex EC was used as a bleacher
with a concentration of 0.2 and 0.6 % in the initial
mass.

The measured diffuse reflectance spectra for nine
samples provided to us are shown in Fig. 2. The re-
sults of measurements of the coordinates of the color
and the brightness parameter, obtained on the spectro-
photometer YS-3060 and the developed one, are com-
pared in Tab. 1.

Diffuse reflectance spectra reproduce the characte-
ristics associated with tissue bleaching. Optical
bleacher forms a short-wave absorption band at A <
<420 nm and gives a luminescent additive to the re-
flected radiation flux in the blue region of the spec-
trum A = 430-480 nm. Further, the reflection coeffi-
cient decreases in the middle region of the visible
range at A = 500—640 nm. A quantitative comparison
of the brightness parameter B determined from the
spectra R(A) (Fig. 2), as well as on the developed
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spectrophotometer, and its reference value measured
on the YS-3060 spectrophotometer, are shown in
Fig. 3.

In comparison with the B, reference data, the re-
sults of the measurements of B, are downplayed due
to the difference in the ultraviolet component in
the spectrum of the RGB LED used here compared to
the pulsed xenon source of the YS-3060 spectropho-
tometer. This is also confirmed by measurements of
color parameters, since X, Y, Z coordinates were re-
ceived with an error of no more than 1 %.

As the data in Fig. 3 for the brightness parameter B
of white tissues show, the results of B. measurements
can be reduced to the reference value B, by linear in-
terpolation. The interpolation expression looks like
this:

B, =1.7452-B. — 60.287.

The interpolation error does not exceed 0B < 1 %,
which meets the requirements for monitoring technol-
ogical bleaching processes.

Coloration

The same materials were used for dyeing as for
bleaching. The diffuse reflectance spectra of colored
samples are shown in Fig. 4. The organic dye, chryso-
phenine, was used with a concentration of 0.12, 0.75
and 1.5 %. Reference data for the color coordinates X,
Y, Z were obtained on a YS-3060 spectrophotometer.
To verify the device, we used samples also provided
by the Promtkan company, Ivanovo, together with the
reference color coordinates. The results of measure-
ments of colorimetric coordinates are summarized in
table 2.
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Tab. 1. Comparison of the results of measurements of color coordinates X, ¥, Z and brightness B on the YS-3060 and on
the developed spectrophotometer

Y'S-3060 spectrophotometer Experimental
Optical bleacher reference data spectrophotometer data
X Y zZ B X Y zZ B
Belatex EC, 0 % (flax 70 %, 87.23 | 91.94 93.88 87.8 86.9 | 91.1 923 86.15
polyester 30 %)
Belatex EC, 0.2 % (flax 70 %, 91.73 | 94.57 117.03 107.8 | 91.5 | 93.7 118.2 106.1
polyester 30 %)
Belatex EC, 0.6 % (flax 70 %, 92.38 | 95.08 120.17 1109 | 91.9 | 94.1 119.0 109.5
polyester 30 %)
Belatex EC, 0 % 81.16 | 85.24 92.54 86.6 81.0 | 85.0 93.1 87.75
(viscose 70 %, polyester 30 %)
Belatex EC, 0.2 % 85.74 | 87.82 115.37 106.2 | 86.0 | 88.7 116.0 105.2
(viscose 70 %, polyester 30 %)
Belatex EC, 0.6 % 86.20 | 88.31 118.44 1093 | 86.9 | 89.0 119.0 110.5
(viscose 70 %, polyester 30 %)
Belatex EC, 0 % 7790 | 81.47 91.67 85.10 | 78.7 | 81.0 92.2 84.6
(cotton 70 %, polyester 30 %)
Belatex EC, 0.2 % 82.24 | 83.96 113.44 1044 | 81.5 | 84.6 114.0 105.0
(cotton 70 %, polyester 30 %)
Belatex EC, 0.6 % 82.89 | 84.37 117.07 107.9 | 83.5 | 85.7 118.0 107.0
(cotton 70 %, polyester 30 %)

Fig. 3. The convergence of the measured whiteness parameter B, and its reference value B,.
* — experiment, line — calculation

Fig. 4. Diffuse reflectance spectra of dyed fabric samples.

a— cotton 70 % and polyester 30 %; 6 — viscose 70 % and polyester 30 %; B — flax 70 % and polyester 30 %;
1 — without dye; 2 — with a concentration of 0.12 %;

3 — with a concentration of 0.75 %; 4 — with a concentration of 1.5 %

Tab. 2. Comparison of colorimetric measurements on the YS-3060 and on the developed spectrophotometer

Dye Concentration Y S-3060 spectrophotometer Experimental
reference data spectrophotometer data
(k, %) X Y VA X Y V4
Chrysophenine 0.12 75.0 79.0 54.8 74.8 78.9 54.6
(flax 70 %, po- 0.75 72.0 75.5 43.1 71.9 75.4 43.1
lyester 30 %) 1.5 64.9 67.7 31.1 64.9 67.9 31.1
Chrysophenine 0.12 74.7 79.0 53.0 74.7 79.0 53.5
(viscose 70 %, 0.75 71.8 77.2 42.5 71.9 77.5 424
polyester 30 %) 1.5 71.0 75.4 33.6 71.5 75.2 33.5
Chrysophenine 0.12 71.8 66.0 52.3 71.8 66.5 52.1
(cotton 70 %, 0.75 66.4 58.2 40.7 66.6 58.4 40.4
polyester 30 %) 1.5 63.0 52.6 31.9 63.0 51.6 31.7
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Fig. 5. Dependence of color coordinates on the concentration of the dye.

a— cotton 70 % and polyester 30 %;
6 — viscose 70 % and polyester 30 %;
B — flax 70 % and polyester 30 %

The dependences of these coordinates on the dye
concentration obtained in this work are practically
exactly matched the reference data. For samples dyed
with chrysophenine, these dependences are shown in
Fig. 5.

CONCLUSION

Thus, the developed experimental spectrophotome-
ter fully meets the requirements of the textile industry
when controlling the processes of dyeing fabric. It can
also be used to control the optical bleaching of white
tissue samples.

It is of interest to develop an industrial spectropho-
tometer based on the presented experimental spectro-
photometer to be installed directly into the technolo-
gical cycle to ensure monitoring of the processes of
bleaching and dyeing of fabrics.
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