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XAPAKTEPUCTHUKA OKPACKH CEMSAH JIBHA C IIPUMEHEHHUEM
COBPEMEHHBIX MHCTPYMEHTAJIbHBIX TEXHOJIOT U1

SIrmo M.H., ITonsaxos B.A., *JIax B.A.
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IIpoananu3upoBaHbl pa3IUyHble OKPACKU CEMSH psiia TEHOTUIIOB JIbHA C MCIOJb30BAHUEM KOMIIBIOTEPHOM
nporpamMMbl Image] ¥ OTME4eH pa3HbBI Juana3oH pacHpeleleHUs IUKCENeHd Ha TUCTOrpaMMax 3THX
reHotunos. CpenHee 3HaUCHHE MHTEHCHBHOCTH IMHUKCEIEH y CBETIOCEMSHHBIX 00pa3IOB OKa3aJOCh BHIIIE,
yeM y TEMHOCEMSHHBIX. BBIsSBIIEHA CyIIeCTBEHHAs pa3HHIAa MEXIY CPETHUMH 3HAaUCHUSIMH HHTCHCUBHOCTHU Y
CEMSIH JKEJITOM, TOPUNYHON U KOPUIHEBOH OKPACKH.
Kniouegvie cnosa: nén macauunslii, okpacka cemeHHOU 000104KU, XAPAKMEPUCMUKA YBema CEeMsH, Nnpozpammad
ImageJ.

XAPAKTEPUCTHUKA 3ABAPBJIEHHS HACIHHSA JIBOHY 3 BUKOPUCTAHHAM
CYUYACHHUX IHCTPYMEHTAJIBHAX TEXHOJIOT' T

Srmo M.M., lNoasaxos B.O., *JIsx B.O.
Iuemumym onitinux kynemyp,
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*Banopi:«:bkuﬁ HayioOHATLHULL YHIgepcumem
69600, Yxpaina, 3anopixcorcs, eyn. Kyrxoecvkoeo, 66
eradan_90@mail.ru

[IpoanamizoBano pi3Hi 3a0apBieHHS HACIHHSA pAOY TCHOTHINB JHOHY 3 BHKOPHCTAHHSIM KOMITHOTEPHOT
mporpamu ImageJ i Big3HaueHWH pi3HUN [Miama30H PO3MOITY MIKCENliB Ha TiCTOrpaMaxX IHX TCHOTHIIIB.
CepenHe 3HaueHHsS IHTCHCHBHOCTI ITKCETIB Y CBITIIOHACIHHEBHX 3pa3KiB BHSABWIOCS BHIINM, HIK Y
TEMHOHACIHHEBUX. BUSBICHA CyTTE€Ba BiIMIHHICTH MiXK CEpeJIHIMH 3HAUCHHSIMH IHTCHCHBHOCTI y HACiHHI
YKOBTOTO, TIPUNIHOTO i KOPUIHEBOTO 3a0apBICHHS.
Knouosi crosa: nvon onitinuil, 3a6apenenHs HACIHHESOT 0DOIOHKY, XAPAKMEPUCTNUKA KOTbOPY HACIHHA, Npoepamd
ImageJ

CHARACTERISING FLAX SEED COLORATION USING MODERN INSTRUMENTAL TECHNOLOGIES

Yaglo M.N.,Polyakov V.A., *Lyakh V.A.
Institute of Oilseed Crops
70417,Ukraine, Zaporizhzhya distr., Zaporizhzhya reg, vil. Sonyachne, Instytutska Street, 1
“Zaporizhzhya National Universit,
69600,Ukraine, Zaporizhzhya, Zhukovskogo Street 66.
eradan_90@mail.ru

Flax marker traits are very diverse. Seed color is used as an important marker trait. There are two main types
of seed coloration: dark (brown) and light (yellow). Color range of seeds was extended as a result of induced
mutagenesis. Due to the hue accumulation it becomes necessary to identify and classify the different seed
colors. Visual perception of each person is very individual. Therefore, reduction of the human influence to a
minimum and use of computer color capabilities to identify accessions is very important.

Researchers previously attempted seed coloration recognition. For example, one of the affordable and
economical ways to determine seed coloration in wheat was soaking them in water. The development of
modern digital technology has opened up new possibilities for studying morphometric (size and shape) and
colorimetric (color variation) seed characteristics.

Scientists of Institute for Breeding and Genetics (Odessa) Cevma, Khokhlov and others investigated the
potential of ImageJ computer program to recognize color of wheat seeds, which is able to distinguish
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B cenekuuu U ceMeHOBOACTBE 0c000€ 3HAUEHHE MMEET YMCTOCOPTHOCTh CEMEHHOI'0 MaTepuaia.
[TosTroMy BakHOM 3amayed [Jig CEJEKIMOHEPOB SBJISIETCA CO3JIAHHE BBICOKOTEXHOJIOTUYHBIX
COPTOB, KOTOpBIE COYETAIOT B ceOe IEHHbIE XapaKTePUCTUKU MPOJYKTHMBHOCTH U OTIMYAIOTCS
BHU3yalbHO. MapKkepHble MPU3HAKH JbHA OU€Hb pa3HooOpa3Hbl. CyllecTBEHHbIE MOPHOIOTHYECKUE
OTJINYMS KacaroTcs MPU3HAKOB LIBETKA. B KauecTBe Ba)KHOIO MapKEpHOTO MpU3HAKa HCIOJIb3YETCS
U 1IBET ceMsH. BhIAEnsIoT 1Ba OCHOBHBIX THIIA OKPACKU CEMSH: TEMHBIN (KOPHUUYHEBBII) U CBETIIBIN
(kenTelif). B pe3ynbTare MCIONB30BaHUS MHIAYIUPOBAHHOTO MyTareHe3a ObLI paclIMpeH CIEKTp
OKpacKd CeMsSH B TMpenenax oOpas3oB ¢ OMNpeaerIeHHOW OKpackoW IBeTka. Tak,
O€JIOLBETKOBBIX JIMHUA KpOME JKEITOro I[BETa CEMsIH HaOJII0JaloTCs TOpPYMYHbIE (KENITO-

between dozens of variations of seed colorations. We decided that this software gives a great opportunity for
us to study seed coloration characteristics. Purpose of this work was to determine flax seed coloration of
different types using ImageJ.

We studied 6 samples of different colored oil flax seeds: four varieties — Pivdenna nich (brown seed color),
Iceberg (brown), Vodograi (brown), Zolotystyi (yellow) and 2 samples of wild flax species — L. crepitans
(moderate brown) and L. angustifolium (mustard seed color). Samples studied were grown under the same
field conditions of 2013. To scan seeds they were horizontally placed on a sheet in a row, each sample
separately, and an image scanner scanned them at 600 dpi. For the most accurate seed color representation
we evaluated the entire area of the image of each seed, and not its individual fragments. For a clear
interpretation of the colorimetric indicators we used 8-bit RGB characteristics. Gray constant was calculated
using the formula Y = 0,299 R +0,587 G+ 0,114 B.

Histograms of red and green channels for the yellow and mustard-colored seed samples are shifted to the
right, unlike those for brown seed samples. Comparing the histograms for different samples a significant
difference is obvious in pixel distribution. Wide range of pixel distribution was observed in L.crepitans, and
narrow one in Zolotystyi variety across red and green channels, but not in blue channel. Having the majority
of pixels in a narrow range may indicate a more uniformal seed coloration of Zolotystyi variety than that of
wild species L.crepitans.

Evidently, histograms were defined by coloration peculiarities, although the histogram can reflect
granularities of color and texture of the object’s surface. On the other hand, growing conditions and seed
storage can influence their coloration. All this complicates an objective assessment. For a complete analysis,
not only ImageJ software generates a histogram, but it also calculates the numerical data.

Colorimetric data analysis results (mean intensity, standard deviation and mode) are shown in the table. The
table shows Pivdenna nich variety with brown colored seeds had the smallest mean value of RGB and grey
channels among the analyzed genotypes, while Zolotystyi variety with yellow seeds had the largest mean
value. For example, the average pixel intensity across the red channel was 206.2 for Zolotystyi variety, and
143.2 for Pivdenna nich variety. Minimal interval among genotypes was observed for blue channel (42.3),
and maximal — across green channel (74.7). Samples from group with brown-colored seeds also varied on
pixel intensity. Among them Vodograi variety had larger mean intensity values than the other samples, and
across red channel it averaged substantially different than Pivdenna nich variety. L. angustifolium sample
with mustard colored seeds significantly differed from other samples in the mean pixel intensity value for
red, green and gray colors, except for blue. Mean pixel intensity obtained analyzing yellow, mustard and
brown colored seeds correlated well with human visual perception of colors.

Comprehensive analysis of seed digital images allows us to evaluate their morphological uniformity as well
as their colorimetric characteristics. ImageJ software is a powerful tool and has rich possibilities for
processing and obtaining necessary information from images. Any independent researcher using ImageJ and
RGB data will be able to recreate real color of the seeds and give it an objective assessment.

Research resulted in analyzing six oil flax genotypes with different seed coloration using ImageJ software
and establishing their numerical and graphical characteristics across red, green, blue, and gray channels. The
shift in distribution of pixels’ intensity on histograms for yellow and mustard colored samples to the right
across red and green channels compared to brown colored seeds was described. The different range of pixel
distribution on histograms of different genotypes was noticed. The widest range was detected for wild species
L. crepitans, and the narrowest one — for Zolotystyi variety. Mean intensity value for light-seeded samples
was higher than for dark-seeded ones. A substantial difference in mean intensity values for yellow (approx.
170 across green and gray channels, over 200 for red), mustard (within 140-150 range across green and gray
channels, approx. 190 for red) and brown seed color (within 95-130 range across green and gray channels
and within 140-165 range for red). Mean values obtained for blue channel, were the least suitable for
genotype differentiation by seed coloration.

Key words: oil flax, seed coloration, seed color characteristics, ImageJ software.
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KOPUYHEBBIE), KPEMOBBIE (TYCKIIO-XKENTHIE), OPEXOBbIE (CBETIO-KOPUYHEBLIE), 3€JICHBIC U APYrHe
OTTEHKH, a TAaK)K€ Pa3JIMYHOr0 TUIA MSITHUCTOCTH [1].

B cBs3M C HakomieHHEM OTTEHKOB I[BETa BO3HUKACT MOTPEOHOCTh B HMX HJICHTHU(DUKALUU U
CUCTEMATU3aLMH. 3PUTENIBbHBIE BOCIIPUATHUS KaXA0r0 4EJIOBEKAa OUYEHb MHAMBUAYAIBHBL. [loaTOMY,
CBEICHHE 4eJOBEYECKOro (akropa K MUHUMYMY H TOpPUMEHEHHE HHCTPYMEHTAIbHBIX
BO3MOKHOCTEH pacrio3HaBaHUs [[BETA CEJIEKLIMOHHBIX OOBEKTOB SIBJIETCS] OUEHb aKTYaJIbHbBIM.

[TombITKHM pacmo3HaBaHUS LBETAa 3€pPHA MCCIENOBATEISIMA PUMEHSITUCH U paHblie. Tak, ogHUM H3
JOCTYITHBIX U SKOHOMHUYHBIX CIIOCOOOB BU3YaJILHOTO OTPEICICHHUS I[BETa 3epHa ObLIO 3aMayrBaHUE
ceMsH B Boze [2]. Pa3Butue coBpeMEeHHBIX HU(POBBIX TEXHOJIOTUN OTKPHUIO HOBBIE BO3MOKHOCTH
JUIsl ©3ydeHuss MopomeTprdeckux (pazmep u (popma) U KOJOPUMETPUUYECKHUX (BapHaIldu IIBETA)
XapaKTepUCTHK TAaKOTO 0OBEKTa CENEeKIMU Kak cemMeHa [1].

VYuyensie CenekMoHHO-TeHeTHUeckoro nHCTUTyTa (1. Onecca) B.M. LleBma, A.H. XoxmnoB u ap. [3-
6] wuccienoBaNM TMOTCHIMAJIbHBIE BO3MOXHOCTH IM(PPOBBIX CHCTEM pAacllo3HaBaTh IBET 3€pHA
TIIIEHUIIBI, B YAaCTHOCTH C UCIIOJIb30BAaHUEM KOMITbIOTEPHOU IporpaMMmel Imagel, koTopas ciocodHa
pa3nuyaTh JECSITKH BapHalui [[BeTa 3epHa. ITO Aa&T OONbIINE BOZMOXKHOCTH JJISl XapaKTEPUCTUKU
1[BETA CEMsIH.

Ilenpro maHHO# pabOTHI SBISETCS ONMPEICIICHUE I[BETA CEMSH JIbHA C Pa3HBIMU THIIAMH OKPACKU
CEMEHHOM 000JIOUKH € MOMOIIbIO Tporpammel Imagel.

MATEPUAJIBI U METOAbI UCCJIEAJOBAHUSA

B kadecTBe Martepuasia ObLIM HCIOJB30BaHBI 6 OOpa3lOB JbHA MACIMYHOTO, OTIMYAFOIIUXCS
nBeToM ceMsiH. OObeKTaMu HCCIENIOBaHM CTaId ceMeHa 4-X copToB cenekuuun HHcTHTyTa
MacIMYHBIX KynbTyp (T. 3amopoxbe) — I[liBaeHHa HiY4 (KOpHuYHEBas OKpacka cemsH), AiicOepr
(xopuuHeBasi), Bogorpaii (kopuuHeBas), 30J0TUCTBIN (keTas) 1 2 o0pa3la AUKUX BUIOB JibHA — L.
crepitans (ymepenno kopuuneBas) u L. angustifolium (ropununas). J[ns TOYHOCTH OIbITA
CpaBHUBaeMble O0pa3Ibl JOJDKHBI HAaXOAWUTHCS B OJHHMX M TEX XK€ YCIOBUAX MPOU3PACTAHHUSA H
XpaHCHUs. YUYHUTHIBas 3TO, UCCIEIyeMble 00pa3iibl JIbHA ObLTH BBIPAIICHBI B OJJMHAKOBBIX IOJIEBBIX
ycnosusix 2013 rona.

Jlns cKaHMpOBAaHUS CeMsH JIbHA MX pa3Mellad Ha JMCTe B psl KakAbli oOpasel OTAEIbHO,
OPHEHTUPYS UX TJIABHBIE OCH BIOJb TOPU3OHTANEH, 3apOBIIIEM B OIHY CTOPOHY, M CKaHEPOM
monenu Canon MP190 cHumanu uzoOpaxeHue B (hopmaTe «MUIUTMOHBI IBeTOB» Ipu 600 dpi
(nuxceneit / moiiM). C mnomomiplo opUCHOTO ckaHepa M mnporpammbl Image] mnosnydanu
n300pakeHHe CeMsH, Ha KOTOpPOM OOBOAMIM KOHTYp KaXJOro OTHEeNbHOro cemeHu. Jlius
MaKCHUMAaJIbHO TOYHOW IBETOIEpeauyd CeMsIH OICHHBAJIM BCIO IUIOIAAb H300paKEHUS KaXKIOTO
CEeMEHHU, a He €ero OTAeNbHbIH ¢parMeHT. Takoil MOJIXOA TO3BOJIIET YMEHBLIUTH BIIHMSIHHE
CITy4ailHBIX TIOJOCTEH, TEHEBBIX yYacTKOB, HETHITMYHBIX, MOBPEXKIACHHBIX CEMSH, a TaK)KE MOXKET
MCIOJIb30BATHCS NPU MATHUCTOM THUIIE OKpPAackH. Y KaXJI0ro HccielyeMoro odpasia ObUIM CHATHI
KOJIOPUMETPUIECKHE XapaKTEPUCTUKHU 15 ceMsH 1 PpOaHaTN3UPOBaHBI MX H300PaKEHHUS.

Jlnst 4eTKoM MHTepHpeTaly KOJIOPUMETPUYECKUX IOKa3zaTeslel HCIONb30BAIN 8-OUTHYIO CXeMy
xapakrepuctuku RGB (kpacHoro, 3eneHoro, CMHEro), Kotopast BKiItodaeT 256 rpajamuii or caMmoro
TEMHOTO K camMoOMy cBemioMy ypoBHI0. I[lonmHas mkana nBera nexut B mnpenenax ot 0,0,0
(moAHOCTRIO YepHOTo) 110 255, 255, 255 (monHoCcThIO Genoro). Mbl MCMONB30BANIN IS aHAIHM3a
rucrorpamMmsel 11BeToB RGB. IlpenmymiecTBoM ucnonb3oBanusi koHcTaHT RGB sBisercs to, 4ro
OHU YHHBEPCAJIbHBI MPH KOJUPOBAHUW H300paKEHUH B KOMIBIOTEPHOH TEXHUKE W SIBIISIOTCS
HE3aBUCHUMBIMH OT OINEPAllMOHHBIX CHCTEM M IPOrpaMMHOro obecredyeHuss (IpU yCIOBUU
WCTIOJIh30BaHUS KAYeCTBEHHBIX AucIuieeB). [loaTomy nH(popMaIms, 3aKk0IUpOBaHHAS B TTApaMeTpax
RGB, moxer ObITh BocmpousBereHa B 000l cucreme. Cepyto KOHCTAHTY PAaCCUUTBHIBAIM IO
dopmyire Y = 0,299 R +0,587 G+ 0,114 B [5]. OnHa siBiIsseTcs1 OOIIETPHHSITON W HCIIOIB3YeTCs TS
nepeaayd LBETHBIX M300pakeHUI B CepoM JAMana3oHe, TaK KaK 4YeJOBEYECKHH TIia3 Mo-pasHOMY
BOCTIPHHAMAET HHTEHCUBHOCTH 0A30BbIX IIBETOB.
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PE3YJIBTATBI U UX OBCYKJIEHUE

Ha puc. 1-3 npeacraBiieHbl TUCTOTPaMMBbI pacipeeieHus MUKCEIeH M0 MHTEHCUBHOCTH B KaHAJIax
RGB npu ananuse ceMmsiH JibHa pa3iau4Hoi okpacku. Kak BuaHo u3 puc. 1-2, rucrorpammsl
KpPacHOTO M 3€JICHOr'0 KaHAJIOB Y YKEJITO- U TOPUYNYHOCEMSIHHOTO 00pa3IoB, B OTIWYHE OT 00pa3lioB
C KOPUYHEBBIMU CEMEHAMM, CMEIIEHBI BIIPABO.

30J10THCTHIH L. angustifolium

1] 255 0 255
Count; 4390 Min: 165 Count: 1671 MWin: 148
Mean: 205,774 Maz: 238 Mean:188.577 Ilao: 230
StdDev: 13.532 Mods: 208 (252 StdDev: 17265 lzde: 174 (52)
Bonorpaii L. crepitans
—L l
T
i] 255 0 255
Count: 4700 Wim: 128 Count: 4466 Win: 75
Mean: 165,612 Wax: 244 Mean; 153,320 Wax 237
StdDev: 15,232 Mads: 163 (2307 StdDev: 24.539 Ide: 165 (103)
Aficoepr [liBnenHa Hiu
[ | I 2000 ]
0 25 0 255
Count: 4067 Min: 113 Count: 4684 Min: 107
Mean: 152.480 Max: 248 Mean: 146.840 Max: 217
StdDev: 19.695 Mode: 138 (150) StdDev: 18.526 Mode: 140 (244)

Puc.1. I'ucrorpamMmmsl pactpeneneHus MUKCENIeH Mo MHTEHCUBHOCTH B KaHasle R mpu aHanmuze ceMsiH
JIbHA MACJIMYHOTO Pa3JIMYHONU OKPACKU
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3070TUCTHIH L. angustifolium

I
0
Count 4390 Min: 121 Count 1671 Mir: 104
Mean: 169614 Max: 215 M'?al'l:‘l_ﬂ 340 r.1ax-;|:|i
StdDev: 16.480 Mode: 174 (278) SdDey 21.078 Mods: 120 (49)
Bonorpaii L. crepitans

] 1]
Count: 4709 Idlin: 93 Count 4466 Wi 32
Mzan: 114.858 fflax: 224 Maan: 103117 Max: 222
StdDey; 21437 ode: 106 (240) StdDaw; 30,122 Il 99 (85)

Aticoepr [TiBnenHa Hiu

Count 4067 Win: 54 Count 4634 Min: 48
Mean: 105,580 MWan: 206 Maan: 85233 MWax: 202
StiDev; 26.039 e 98 (132) ShdDaw: 31.799 ode: T8 (144)

Puc.2. FI/ICTOFpaMMH pacnpeaciiCHud MHUKCeJIeH 110 MHTEHCUBHOCTH B KaHane G IIpHU aHAJIN3¢C
CCMsH JIbHA MAaCJIMYHOI'O pa3n1/1qH0171 OKpaCKu

30JI0THCTHIH L. angustifolium
[ |
0 255 0 258
Count: 43490 Win: G5 Count 1671 Min: 50
. " . Mean: 96.010 Mae: 187
Mean: 118.0 Max; 183
StdDev: 23.752 Mode: 120 (161) StdDev: 31.228 Mode: 66 (45)
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Boporpaii L. crepitans

0

Count 4709 i 50 Count 4466 lire; 12

Mzan: 91,694 Mz 223 Mean: 77 361 Max: 215
StdDey 26,130 Mode: 89 (146) SWiDey 34,391 Mode: 56 (B2)
Aiicoepr [liBnenHa Hiu

o 0

Count: 4684 Min: 19
Mean: 73.216 Max: 196
StdDev: 39.974 Mode: 41 (137)

Count: 4067 Min: 2B

Mean: 84 880 Iela: 182

ShdDev; 30,263 Ml 59 {101)
Puc.3. FI/ICTOFpaMMBI pacupeaciICHuA MHUKCeNel Mo MHTEHCUBHOCTH B KaHalle B IIpHU aHaJIM3€ CCMAH
JIbHa MAaCJIMYHOTI'O paSHH‘{HOﬁ OKpaCKu

CpaBHMBasi TMCTOrpaMMbl pa3iMyYHBIX O0pa3llOB, OTMETUM OYEBHJIHYIO CYIIECTBEHHYIO Pa3HMILY
MEXIy HUMH B pacupeneineHun nukcened. [IIupokuil nuana3oH pacrpeneseHusl IHUKCENen
otrmeueHo y L.crepitans, a y3kuii — y copra 30J0THUCTBI B KaHAJaX KPACHOI'O M 3EJICHOr0 IBETa.
B kaHnasie cuHero 1seTa pazHula MexJ1y oOpa3namu B 3TOM OTHOLIEHUH He HaOmonaerca. Hanmnuue
OOJIBLIMHCTBA IHKCEIEH B Y3KOM [HMala30He MOMKET YKa3blBaTh Ha OOJBLIYIO OJHOPOAHOCTD
OKpacKH CeMsIH copTa 30JIOTUCTBHIi, YeM B cllydae ¢ TUKUM BujoMm L. crepitans.

OueBUAHO, 4YTO XapakTep THCTOIpaMM OIPENENAeTCs] OCOOEHHOCTSMH OKpPacKH, XOTS Ha
TUCTOTpaMME MOTYT OTPAKaTbCsl TAKKE HEPAaBHOMEPHOCTH OKPACKHM M TEKCTYPbI ITOBEPXHOCTH
00bekToB. C Apyrod CTOPOHBI, MOJI BIUSHHEM YCJIOBUI BBIpAIMBAaHUS U XPAHEHUS CEMSH UX
OKpacKa Take MOXKET BapbupoBaTh. Bc€ 3T0 3arpynHseT 0ObeKTHMBHOCTH OLleHKHU. [Toatomy muist
IIOJIHOTHI aHaJM3a IporpamMma Image)J He TOJNBKO T€HEpUPYET T'MCTOrPaMMbl, HO U BBIYHUCISAET
YHUCJIOBBIE XAPAKTEPUCTHUKHU.

PesynpTaThl aHanmM3a  KOJIOPUMETPUYECKHUX  TOKa3arened  (CpeAHss MHTEHCHBHOCTb, €€
MOTPEeIIHOCTh M MojJa) mnpuBeneHsl B Tabmune 1. W3 Tabaumsl BUIHO, YTO Cpeau
IIPOAHAIM3UPOBAHHBIX TEHOTUIIOB HAUMEHBIIIUM CPEAHUM 3HAa4eHHEM Kak B KaHanax RGB, Tak u B
CEpOM IIBETE€ XapakTepu3oBajcs copT IliBieHHa HIY C KOPUYHEBOW OKPACKOW CEMSsH,
a HauOOJNBIIUM — JKENTOCeMSHHBIH copT 3omoTHcThId. Tak, B KpacHOM LBeTe CpenHss
MHTEHCUBHOCTb MUKCENEH A copTa 30J10TUCTBIN cocTtaBuna 206,2, a nis copta IliBgenna Hiu —
143,2. HaumeHbliuii HMHTEpBal MEXIy TI'e€HOTHIAMU HaOmojaics B cuHeM KaHaie (42,3),
a HanOoNbIui — B 3esieHoM (74,7). I'pyrima KopudHEBOCEMSIHHBIX 00pa3IloB TakKe pazindanach Mo
sTOMy nokasarento. Cpeau Hux copT Bojorpaii umen Gombine 3HaueHUs cpelHeil MHTEHCUBHOCTH,
4yeM Jpyrue oOpasipl, 1 B KpaCHOM KaHaje ero cpeiHee 3HaYyeHHe 3HAYUTENIbHO OTJIMYAIOCh OT
3HaueHus copra IliBmenHa niu. OOpazen L. angustifolium c¢ ropum4HOi oOKpackol cemsH
3HAYUTENIHO OTIMYAJICS OT IPYrUX 00pa3loB M0 CpeHEMY 3HAYEHHIO HHTEHCUBHOCTH MUKCEIeH B
KpacHOM, 3€JIEHOM U CEpoM IBeTaxX, Kpome cuHero. Ilokaszarenu cpenHell HWHTEHCUBHOCTH
MUKCEeNeH, TOMyYeHHBIX PHU aHAJIN3€ CEMSIH JKEeJITOTr0, TOPYUYHOI0 U KOPUYHEBOTO I[BETA, XOPOIIO
COOTHOCATCS C BU3YAJIbHBIM BOCIIPUATHEM 3TUX OKPACOK YEIIOBEKOM.
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Tabnuua 1 — AHanmu3 UTHTEHCUBHOCTH OKPACKH CEMSIH Pa3HBIX T€HOTUIIOB JIbHA.

Cep,I:IHY Kpacusiii R 3enenslit G Cunuii B
I'enoTum /
OKpacKa CeMsH
Cpennee | Cpeanee | Mopa | Cpennee | Moga | Cpeanee | Moaa
30JIOTUCTBIN, 174,2 206,2 169,2 116,3
209 174 120
JKenTast +3,93 13,26 +3,99 +6,14
L.angustifolium, 151,1 189,6 141,9 97,5
174 120 66
ropunyHas +5,25 43,94 15,42 +8,72
Boporpaii, 128,7 164,3 110,8 93,9
163 106 89
KOpHUYHEBas +5,65 14 42 +6,02 + 7,68
L. crepitans, 116,5 153,6 104,7 79,7
165 99 56
KOpUYHEBas +6,99 +5,54 +7,50 +9,20
Aiicoepr, 115,7 151,3 104,1 81,9
138 98 59
KOpUYHEBas +6,65 +5,07 +7,14 + 8,99
HiBpenna iid | ygq 5 | 1435 94,5 74,0
(copT-cTanmapr), 140 78 41
+7,81 +5,65 +8,56 + 10,15
KOpPUYHEBAs

KoMmruiekcHplii  aHaim3  mHQPOBBIX  M300paKEHUH CEMSH JIaeT BO3MOXKHOCTH — OIICHHTH
UX OJIHOPOJHOCTh Kak MO0 MOP(}OJIOTHYECKUM, TaK U M0 KOJOPUMETPUYECKUM XapaKTEPUCTUKAM.
Ha nepseiii B3, Image] — 3T0 HEMHTYUTHBHAs W Hempocras B OOy4E€HHU U YIPaBJIEHUU
porpaMma, HO, pa3o0paBIIMCh B HEH, Mbl IOJy4aeM MOIIHBIH HHCTPYMEHT U HaXOAUM
MPAKTUYECKH HEOTPaHUYECHHBIE BO3MOKHOCTH JIsi 00paOOTKM M300paKEHUN M MOTyYSHHS U3 HUX
Heo0X0AuMoN HHpOpMaLIUH.

JIro6oii He3aBUCHMBIN HcciieoBaTeNlb, UCOIb3Ys nporpamMmy Image] u nonyuuB ganasle RGB,
CMOXET BOCCO3/]aTh pealbHYI0 KapTHHY OKpPAacKdh CeMsiH M JaTh OOBEKTHBHYIO OLIEHKY IBETa
UX 000JIOYKH.

B nmanpHeiimemM ¢ HMCMOJNB30BaHUEM JaHHOTO WHCTPYMEHTAJIBHOTO TIOJAXOJAa IUIAHHUPYETCS
MPOAaHAIM3UPOBATH 00JIEe IUPOKOE Pa3HOOOPa3Ue OKPACOK JIbHA.

BbIBO/IbI

1.  IIpoaHanu3upoBaHbl pa3iIHyYHbIE OKPACKU CEMSH psJia T€HOTHIIOB JIbHA C HCIOJIb30BAaHUEM
KOMIIBIOTEpHOM mporpamMMbl Image] u ycTaHOBIEHBI MX YHCIOBbIE U Trpaduyeckue
XapaKTEPUCTUKH B KaHAJIaX KPACHOI'O, 3€JIEHOIO U CUHETO, a TAK)KE CEPOro I[BETOB.

2. YcTaHOBJEH CABMI TMCTOrpaMM paclipellesIeHUs] NMUKCeJIed MO0 MHTEHCUBHOCTH Y JKEJITO- U
TOPYUYHOCEMSHHBIX O0pa3lloB BIPaBO B KPAaCHOM M 3€JE€HOM KaHaJlaX IO CPaBHEHUIO
C CEMEHaMU KOPUUYHEBOI OKpPaCKHU.

3. OTMedeH pa3Hbld JMAMa30H paCHpeeSeHUs] MNUKCENIe Ha TUCTOrpaMMax pPa3iIndHbIX
reHoTunoB. Haubosee mmpokuii HHTEpBaI BBISBJICH Yy AMKOTrO Buaa L. crepitans, a nanboinee
Y3KHI — y copTa 30JI0TUCTHIN.

4.  CpenHee 3Hau€HHE HMHTEHCHBHOCTH IMKCENEH Yy CBETJIOCEMSIHHBIX 0O0pa3loB OKa3ajloch
BBIIIC, YEM Yy TEMHOCEMSIHHBIX. BEIsIBIEeHA CYIIECTBCHHAA pasHUla MEXKAY CpECAHUMU
3HAYEeHUSIM MHTEHCUBHOCTH y CeMsIH enTol (okoio 170 B 3eleHOM U cepoM KaHaje, bonee
200 B xkpacHOM), ropunyHoit (B mpenenax 140-150 B 3eneHoMm u cepoMm kaHaie, okosuo 190
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B KPacHOM) U KOpu4HEBOM (B mpegenax 95-130 B 3emeHOM U cepoM KaHajle U B MHTEpBaje
140-165 B kpaCHOM) OKPacCKH.

I[aHHHe CpeaHux 3H3}ICHHI>1, MOJIYYCHHBIC B KaHaJIC CHHCIO 1BCTA, ObUIM HaMMcHEE
IPpUTOAHBIMU JJIA I[I/I(b(l)epeHI_[I/IaI_[I/II/I IF'CHOTHIIOB I1I0 OKpaCKE€ CEMSH.
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