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Oxonyuna Benopycckuil 20cy0apcmeenHblil yHusepcumem uH@opmamuxu u paouosnekmpornuxu. Obnacmo
HAYYHBIX UHMEPECO8 C8A3AHA C pa3pabOmMKOU al20pUMMO8 PEKOLOPUAYUU U300PaAdICeHUll Ol T00etl C AHOMATUAMU
Y6€moB020 3PeHUsL.

AnHotanusi. Ha ceropssmHuii JeHb CyIIECTBYET JMOBOJIBHO HEOOJIBIIOE KOJIMYECTBO METOJIOB,
npeoOpa3yIonX IBETOBY0 HH()OPMALUIO N300pasKeHUH B COOTBETCTBHH C KOPPEKTHBIM €€ BOCIIPHATHEM JIIOJBMU C
axpomarorncueil. OnHako mpoOireMa axXpoMaTONMYECKOT0 3pEHHs 3aKII0YaeTcss He TOJNBKO B HEBO3MOXKHOCTH
OTJINYATh [[BETA, KOTOPbIe HOPMAIBHBIA TPHXPOMAT BOCHPHHUMAET Pa3JIMYHO, HO U B IIPEOOPa30BaHUU B AaHHBIX
MeTofaX BCEH LBETOBOW COCTABIAIOMICH H300pakeHHs, B TO BpeMs KaK YacTO BO3HHKAeT HEOOXOAUMOCTb
peoOpa3oBEIBATh JIMITh HEKOTOpBIE O0O0NacTH W300pakKeHUs, KOTOpHIC SBIAIOTCA HamOONee BaXHBIMH IS
axXpOMAaTOIIOB ¢ TOYKH 3pEHUS LIECHHOCTH BU3yaIbHOI HHpopMauu. FIMeHHO Ju1sl peIleH s JaHHbIX 3a/1a4 IPeIoKeH
METO]I NPENPOLECCHHTa M300PaKEHUH C LEJIbI0 UX MOCIIEAYIONEeH PEKOIIOPU3aLuK JUIs JIOJICH ¢ aXpoMaToIIChel, B
KOTOPOM Ba’XHbIM 3TAIlOM SBJISICTCA 06pa60TKa 60J1]>IIJI/IX JaHHBIX.

KuroueBble ci10Ba: axpoMaroricus, peKojIopu3aliys, alnropuT™bl, IPENPOLECCHHT, OOJIbIINE JaHHbIE.

Beenenne. Kaxk  u3BeCTHO, aHOMalMu  IBETOBOIO  3pEHMSA  SBISIOTCA  JIOCTATOYHO
pacipoCTpaHeHHBIMH Ha 3€MHOM Imape, Tak Kak HabmiomaroTces y 8% wmyxckoro u 0,5% KeHCKOTO
HaceJieHWs. BBIOENAIOT HECKONBKO BHIOB JIAaHHBIX aHOMAaIWH, CpeaId KOTOpBIX Haumbolee
PpacIpoCTpaHEHHBIM CUMTAETCS aHOMAalbHas TPUXpPOMa3us, BCTpeyarouasics NpuMepHo y 6% HaceneHus
3eMiIHM, OJHAKO MEHEE PACHpPOCTPAHEHHBIM M B TO K€ BpeMs HauOojee THKEIbIM BHIOM aHOMAIHA
SIBJIAETCS. aXPOMATOIICHSI.

Axpomarornicust Bctpedaercss Tonbko y 1 n3 30 000 genmoBek Ha 3€MHOM IIape, a TaKkKe OBIBacT
HOJIHOH, TIPH KOTOPO# HabmojaeTcst abCOMOTHOE OTCYTCTBUE BOCTIPHATHS LIBETA U TAKHE COMTY TCTBYIOLIHE
3a00sieBaHNs, KaK HHUCTarM M CBETOOOS3Hb, M HEMOJHOW, KOTOpas XapaKTepu3yeTcs HEeOOIbIINM
[BETOPA3IMUCHHEM M JTMOO OTCYTCTBUEM HHCTarMa W CBETOOOSI3HH, JIMOO WX MPUCYTCTBHEM B Ooiiee
nerkoit ¢popme [1]. HanbGonee pacnpocTpaHeHHO SBISIETCS TOJIHAS aXPOMATOIICHSL.

Kpome Toro, axpomarorncust BcTpeyaeTcsi Kak BpOKACHHasI, Tak 1 npuooperenHas. [IpuoOperennas
axpoMaToncus HUMEHyeTcsl LepeOpasbHOW (MM LEHTPajbHOM), CBs3aHa OHA C IMOBPEKICHUEM KOPBI
rojoBHOro mosra [2]. CTOUT Takke OTMETHTb, YTO HA CETOJHSAIIHMN I€Hb aXpOMaTOIICUs HE MOAAAETCsS
JICYEHUIO, B CBS3U C YEM aKTyaJbHBIMU SIBJISIFOTCS MCCIIEIOBAHMS U MTPOEKTUPOBAHUE PA3TIMYHBIX METOAOB
Y aNTOPUTMOB IS IOMOIIH JAHHBIM I[BETOAHOMAJIaM C BOCTIPHATHEM I[BETOBOW MH(POpMAIH 00BEKTOB.

AXpoMaToncusi TpeacTaBIsieT Cco0OW TaKyl0 aHOMAJHIO IIBETOBOTO 3pEHHs, MpPH KOTOPOH
HaOJroaeTesl HapyleHne paboThl KOJIOOYKOBOH CUCTEMBI, HO KOPPEKTHOE (PYHKITMOHUPOBAHUE MATIOUYCK
— KJIETOK-PELENITOPOB CETUaTKH, YyBCTBUTEIBHBIX K CHJIE CBETA M JEHCTBYIOIUX TPEUMYILECTBEHHO MIPH
CyMEpPEYHOM MM HOYHOM 3PEHHH — B IJ1a3aX YEJIOBEKa. B CBsI3U ¢ 3TUM aXxpOMaToIbl BOCIPHHUMAIOT MUP
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UCKJTFOUUTEIBHO B OTTEHKaX Ceporo. Ba)kHO OTMETHTh, YTO WUMEHHO Onarojaps MNaloykaMm IIOJH C
axpoMaToICHEl XOPOIIO OPUEHTUPYIOTCS B IPOCTPAHCTBE B TEMHOE BPEMSI CYTOK.

OCHOBHOE OTpaHMYCHHE aXpOMATOMHUYECKOTO 3PEHUsI 3aKI0YaeTCsl B HEBO3ZMOXHOCTH OTJIMYATh
OOBEKTHI, OpUTHHAIIGHBIC IIBETAa KOTOPBIX pa3IMYHBL, a IMPEOOpa3OBaHHBIE B OTTCHKH CEPOro —
HepaszIMYiMbl. BcenelncTBue HaWM4Ms y axpoOMAarollOB TaKHX COMYTCTBYIOIIMX 3a0oNeBaHWM, Kak
CBETOOO0S3Hb, HICTArM, a TAK)KE 3a4acTyI0 THIIEPMETPOIHUS I MUOIIHSL, JIFOIU C aXpOMAaTONICHUEH OOBIYHO
UCTIOJIE3YIOT COJTHIIC3AIIIMUTHBIE OUKH, & TAKKE OUKH JUIsl KOPPEKIIUH THIIEPMETPOITUH HITH )K€ MUOITHH.

Takum oOpa3oM, 1ieib pPabOTBl — ONPEACIUTh, KaKHM 00pa3oM CIEAyeT OCYIIEeCTBUTH
[PeIBAPUTEIbHYI0 00pabOTKy M300paKeHHMU I JIFOJCH C aXpOMAaTONCHEH C MLeIbi0 IOCeIyrolei
PEKONIOPHU3aLIMHU JaHHBIX H300paskeHHH.

B kauecTBe 3a/1a4 ciieAyeT BBIAETUTD CICAYIOIINE:

— aHaJIM3 CYIIECTBYIOIUX HA CETOIHSIIHUN 1€Hb METOJIOB M CPEACTB PEKOJIOPU3ALIIH H300paskeHUH
JUISL JIFOZIEH ¢ aXpOMAaTOIICHUEH;

— (GopMyIMpoOBKa U TOAPOOHOE OMHMCAHKE MPENPOIIECCHHTa N300PaKEHUH IO IPUMEHEHHS K HUM
ITOPUTMOB WJIK METOJIOB PEKOJIIOPU3AIIHH;

— aHaJIM3 MOJIYYCHHBIX B NPEALIAYIINX ITYHKTAaX pE3yJIbTaTOB U MOABEACHNUEC UTOT'OB.

AHaIu3 CylIecTBYWOIIHMX METOI0B M CPEICTB PEKOJOPHU3ANMHM W300paKeHMil JJIsl JIonei ¢
axpomaromncueil. B nureparype ynmoMHHAIOTCS JBa OCHOBHBIX METOJIa, KOTOPHIC MpEIHA3HAYCHBI IS
TIOMOIIIH JTFO/ISIM C aXPOMATOIICHEH B KOPPEKTHOM BOCHPUATHU BU3yalbHOW WH(POPMAIIHH.

B merone Rasche et al.’s [3] npeamosaraercs, 9T0 BOCIPHHAMAEMasl pasHUIA MEXIy JIFOOBIMU
JIByMsI IIBETAMH MPOIIOPIIMOHATIFHA MX COOTBETCTBYIOIIEH BOCIIPUHIMAEMOM pa3HUIIE B OTTEHKAaX CEPOro
oBETa. TaK, IMPOUCXOJUT MUHUMHU3ALUA (1)yHKIH/II/I OIIMOOK Kak rapaHTus TOro, 4To HEPA3JINIUMBIC [IBETA
OyayT WMeTh pasianyHble 3Ha4YeHus spkocTh. Merom Rasche et al.’s [4] momomHseT mpemblIyIwiA,
UCTIONIb3YS TENIEBYI0 KOHCTaHTy MponopuuoHanbHoctH K. B naHHOM MeTonie 1enb 3akKifodaeTcs B
COXPAHCHUU TOCTOSHCTBA SIPKOCTH M KOHTPACTa, TJ¢ KOHTPACT HE MEHSET CBOETO 3HAYCHUs Onaromaps
COXPaHEHHIO OTHOCHTEJILHOTO PACCTOSHHS MEXIy KaxIod mapoil mperoB. Kpome toro, B Zhu et al.’s
HCCIIEIOBAaHUU [5] yKa3zaHO, 4YTO JUIs pelieHUs MNpoOJeMbl BOCTIPHUITHS BU3yaldbHON HH(MOpMAIUU
MOHOXPOMATaMH TaK)Ke MPEIIaracTcs UCIOIb30BaHHE METOIOB MPe0oOpa30BaHUs H300PKEHUIN B OTTCHKH
Ceporo JJisl 4epHO-0eNoil nevaTH.

B kadecTBe mpumMepa CYIIECTBYIOLIMX CPEACTB PEKOJOPHU3ALUN U300paKEHUH ISl aXpOMaTOIOB
TaK)KE CTOUT OTMETUTh TAKyH HMMEIOIIYIOCS BO MHOTMX MOOMJIBHBIX YCTPONCTBax (DYHKIIUIO IIBETOBOM
Koppekuuu, kKak «OTTEeHKH ceporo», KOTopas, Kak yKa3aHO B HACTpOWKax MOOWJIBHBIX YCTPOIHCTB,
MIOMOTaeT C/eNaTh OTYETIMBEE LIBETA, KOTOPhIE MOJB30BATENIO CIOXKHO pasznuyarb. OIHAKO AaHHAas
(GyHKIMSA W3MEHSET BCEe I[BETA HA JKpaHaX MOOWIBHBIX YCTPOWMCTB, HE MO3BOJSISS HUKOMM 00pa3oM
MOJTb30BATEITIO BBIOPATh HEKOTOPYIO KOHKPETHYIO 00JaCTh JIJIsl PEKOJIOPU3AIIHH.

Tak, Ha OCHOBaHWM aHaIW3a CYIICCTBYIOUIMX HA CETOMHAIIHWI JCHb METOJOB M CPEJICTB
PEKONIOPHU3ANUU U300PKESHUH JIUTSI JIIOJICH ¢ aXpOMaTOICHEH BaYKHO OTMETHTb, YTO B JJAHHBIX METOJAX U
CPEJICTBAX HE MPEAYCMOTPEHA BO3MOXHOCTh IPEIBAPUTEILHON 00paOb0TKN H300paKeHHIA TAKUM 00pa3oM,
YTOOBI PEKOJIOPHU3ALUS TPOUCXOUIIA TOJNBKO JUIA HawboJiee 3HAYMMBIX U aXpoMaromoB oOiacTei
U300paXKCHUH.

IIpeaBapurensnas 00padoTka M300pakeHHil € LEJBI0 UX MOCJIEAYIOIIel PeKoJOpU3alUM.
CTOHT OTMETHTH, YTO PEKOJIOPHU3AIIHS JIUITH BEIOPAHHBIX 00JIacTel N300paskeHUs OUeHb BayKHA JUIS JTFOIEH
C JTFOOBIM BUIOM aHOMAJIVH, TAK KaK HE BCETIa PEKOJIOPU3aIUs BCETo dKpaHa ObIBaeT yIauHOM, mpeodpasyst
JIOBOJILHO YaCTO HEKOPPEKTHO IIBETA, KOTOPHIE MONB30BATENb IO PEKOIOPH3AINN BOCIIPHHUMAI BEPHO, a
TaKXe B CBA3W C 0COOBIM BHUMAaHHEM [IBETOAHOMAJIA K OIPe/IeNICHHBIM 00beKTaM Ha n300paxennn. Kpome
TOr0, HEOOXOJUMO YIIOMSHYTH O TOM, YTO OJIaroapsi MPEeNnpoLECCHHTY U MOCIEAYIOIIEH peKoIopH3auu
n300paKeHUH MHOTHE JIIOJM C aXpOMATOIICHEH CMOTYT KOPPEKTHPOBATh 1IBETa B paMKaX CBOUX OBITOBBIX
MOTPEOHOCTEH.

TaK, M3 BBIHICYIIOMAHYTBIX yTBCp)KI[eHI/II\/'I CICeay€T, 4TO B CBA3U C HCO6XOILI/IMOCTI)IO pasimyeHus
OOBEKTOB B TOW WM WHOW OOJACTH M300pakeHWs CIEAyeT BBIICIATh Ha DKpaHe HamOoliee Ba)KHBIC
O0O0BEKTHI ISl PEKOJIOPHU3AIIUH, & TOJIBKO 3aT€M OCYIIECTBIATH MPeoOpa3oBaHKe IBETOB OMPEICICHHBIM
00pa3oM corIacHO HEKOTOPOMY BHIOPAaHHOMY alTOPUTMY WITH METOJY.
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IIpensaputenbaas 00paboTka H300PKEHHUHA TSI JTIOACH ¢ aXpOMAaTOIICHEH BKIIFOYAET CIICIYIOTHE
mIaru:

1 Brr6op axpomMaToIrioM HEKOTOPBIX 00JIacTell Ha N300paKeHNH, B IPEEIIax KOTOPBIX PACIOIOKEeHA
HaunboJiee aKkTyalbHas JIJIS 4elIoBeKa ¢ JaHHBIM BHJIOM I[BETOAHOMAJIMH BU3yallbHas WHGpopmanus. Taxk,
BbIOOp oOOmacTeil MoXxeT OBITh OCYIIECTBIEH Ha JKpaHaX YCTPOWCTB KakK BBIIEJICHHEM KypCOPOM
KOMIIBIOTEPHOM MBIIIH, TaK U MPU TOMOINYU MAIBIIEB MOCPEICTBOM 3aKIFOUYCHUST HEOOXOANMMBIX 00BEKTOB
B HAPUCOBaHHBIE 3aMKHYTHIC O0JIACTH.

2 lanee, KOOPAMHATHI KOKJOW TOYKH HEKOTOPHIX BRIOPAHHBIX TIOJIB30BATEIIEM 3aMKHYTHIX 001acTeit
HANPABISIOTCS B aTOPUTM WJIM K€ METOJ PEKOJIOPU3AINMHU, TaK KaK MOCIESAYIONINE MpeoOpa3oBaHUs
CJIEJTyeT OCYIIECTBIISATH JIMIIb B TIpeieiax IAHHBIX 00JacTel.

3 le/l IIOMOIIM HEKOTOPOIro ajaropurMa WM XKE METOHda PCEKOJIOpHU3alMi IIPOHUCXOAUT
mpeoOpa3oBaHUE I[BETOB JIMINb B BBIOPAHHBIX OOJACTIX HM300pAKECHHS C HAWOOJIEE BAXKHBIMH JIS
MOJIb30BaTENST OOBEKTAMH.

Tax, B mpeasiaraeMoM METO/IE TIPEIBAPUTEIBHON 00pad0OTKH N300paskeHUH BEIIEISIFOTCS HEKOTOPEIE
o0nacTtu, B mpejienax KOTOPBIX PacIioIOKeHbI 00BEKTHI, TPEICTABIISIONIUE IS YEJIOBEKa C aXpOMAaTOIICHEH
HauOONBIINI MHTEpPEC C TOYKHM 3PEHHs HMEIONIeics B HHUX BH3yalnbHOW uH(popmanmu. KommdectBo
oOnacTeli U IIBETOB B paMKax dTHX 00J1acTel 3a4acTyr0 OyIeT BEIHKO, YTO MOTPeOyeT MOCIeI0BaTeIbHON
00pabOTKH Ka)XJIOW BBIJCJICHHON 00JacTH, a TaK)Ke MPUCYTCTBYIOIINX B KaXKIOW TaKOH 00JIACTH IIBETOB.
Kpome ToOro, nanHyro 00pabOTKy H300paKeHHH JOIMYCTHUMO HPUMEHSTh Ha OOJNBIIOM KOJHYECTBE
n300paXKEHUH C LENbI0 MOCIEAYIONIeH PEKOJIOpU3aIlii MHOKECTBA 00J1acTell U IBETOB B paMKaX JaHHBIX
oOmnacTen.

3akawuenune. Takum 00pa3om, s BOBMOXKHOCTH PEKOJIOPHU3AINY TOJIEKO HanOoJIee aKTyambHBIX
C TOYKH 3pEHHUS IICHHOCTH BH3YyaJbHOW WH(pOpMAIMKM O0JaCTe Ha W300pKCHUAX IS JIFOJACH C
aXpOMATONMYECKUM 3pCHHEM OBbLI TPEAJIOKEH METO MPEABAPUTEIILHON 00paboTKM M300pakeHuH, 3a
KOTOPBIM TIOCJENyeT AalibHelmas o0paboTka IBETOBON HH(OpPMANMU TakKuX O0JacTeii HEKOTOPBHIM
BBEIOPAHHBIM METOJIOM HIIHM K€ aJITOPHTMOM ITpeoOpa3oBaHUs I[BETOBOM COCTaBistomehd. Tak, JaHHBINA
MIPETIPOLIECCHUHT HE TOIBKO OOJETYUT PEKOJIOPU3ALINIO, TAaK KaK BEIOOPOM o0acTeil U pacrojIOKEHHBIX B
paMKax JJaHHBIX 00JIACTE! IIBETOB OTPAHUYUT KOJTMUYECTBO HYXKIAIOUIMXCS B PEKOJIOPU3AIIUN UMEIOIIUXCS
y BBIOPaHHBIX OOBEKTOB I[BETOB, HO TaKXE MO3BOJIHT JIIOJSM C aXpOMATOICHEH JydIlle CIIPaBISATHCS CO
MHOTHUMH TIOBCETHEBHBIMU 33J][a4aMH, B KOTOPHIX 3a4aCTyH0 KOHIICHTPAIUs BHUMAaHUS TPOUCXOIUT JIHIIh
HAa HEKOTOPBIX HanOoJIee 3HAYUMBIX JIJIS YSJIOBEKA C aXPOMaTOMUYECKUM 3pEHHEM 00BEeKTaxX.
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ABTOpPCKHH BKJIaJ
Cl/IHl/IIlblHa B.ﬂa;[a BJ'IaZ[I/lC.TlaBOBHa — IIOCTAaHOBKaA 3a1a4 UCCJICA0OBaHUs, OIIMCAHNUC 0COOEHHOCTEH
axpoOMaTOIICHH, aHAIM3 CYIIECTBYIOIIMX METOJOB W CPEICTB PEKOJOPHU3AIMH W300pKCHUHA IS
aXxpoMaToNoB, pa3padoTKa aNropuTMa MpeaBapuTeIbHON 00padOTKH N300pasKeHUH ISl UX TOCJIEAYIOMEH
PEKoJIOprU3anu, NOABCACHUC UTOT'OB, (bOpMI/IpOBaHI/IC CTPYKTYPBI CTaTbU.
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Abstract. Today, there are quite a few methods that transform the color information of images in accordance
with its correct perception by people with achromatopsia. However, the problem of achromatic vision is not only the
inability to distinguish colors that a normal trichromat perceives differently, but also the transformation of the entire
color component of the image in these methods, while it is often necessary to transform only some areas of the image
that are most important for achromatopes in terms of the value of visual information. It is to solve these problems that
a method of image preprocessing for their subsequent recoloring for people with achromatopsia has been proposed,
in which an important stage is the processing of big data.

Keywords: achromatopsia, recoloring, algorithms, preprocessing, big data.
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