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Summary. Analysis of the existing video recoloring algorithms for people with anomalous tri-
chromacy and description of the technical requirements to the designing recoloring algorithms
to help people with anomalous trichromacy in visual perception of information.

[TpoexTrpoBaHue aIrOPUTMOB PEKOJIOPU3ALUU N300paKEHUM 1 BUIEO NI JII0JEH ¢ aHOMa-
musiMu 11BeToBOro 3peHust (AL[3) Ha ceromHsIIHUN JeHb SIBISETCS aKTyalbHOM 3a7auei, Tak Kak
JAaHHBIC AHOMAJIMH TOJIBKO JIMITh TEHETUYECKOTO TIPOUCXOXKICHUS CBOMCTBEHHBI 5—8 % MY»KCKOTO
u 0,5 % sxenckoro Hacenenus 3emuu [1]. MHorue ucciaenoBaTeny Mo BceMy MUPY pabOTarOT HaJ
co3/aHueM Haubosiee 3QPEKTUBHBIX AITOPUTMOB U MPOrpaMM Ui IpeoOpazoBaHusl U300pakeHUi
C LIETBIO X MOCIEIYIOIIEr0 KOPPEKTHOTO BOCIIPUSATHUS JIFOJIBMHU C I[BETOBOM CIIECTIOTOM.

Tak, npemocTaBieHne nocTymna oM ¢ AL3 k paHee HETOCTYITHOHN B CHITy 0COOEHHOCTEH
[[BETOBOCTIPUSTHS BU3YyaIbHOU MH(OPMAIINY TO3BOUT UM HE TOJIBKO peliaTh MOBCEIHEBHEIC 3a7a-
YH, HO U OTKPOET BO3MOXKHOCTHU JJIsl 33JI€HCTBOBAHUS B HOBBIX MPOGECCHOHATBHBIX cepax, uTo
OyzeT crocoOCTBOBATh UX COLMATM3AIMH.

B nanHoil paboTe aHANIM3UPYIOTCS AJITOPUTMBI PEKOJIOPU3ALMH /Il TAKOro Haubosee pac-
npoctpaneHHoro Buaa All3, kak aHomanbHas Tpuxpomaszus. Takum oOpazoM, menb padoThl —
OTpeAeNuTh TPeOOBaHUS K MPOEKTUPYEMBIM aJIFOPUTMaM PEKOJIOPU3ALMU JIJISl TOMOLIHM JIOASIM C
aHOMaJIbHOM TPUXPOMasHel B BU3yalbHOM BOCTIPUATHN UHGOPMAIUH.

B kauecTBe mocraBieHHBIX 337a4 HEOOXOJUMO BbIIETUTH CIEAYIOLIHUE!

— U3YYUTh OCOOCHHOCTH aHOMAJIbHOM TPUXPOMA3UH;

— BBINOJIHUTD aHAJIM3 CYIIECTBYIOUIUX aJIrOPUTMOB PEKOJOPU3aLMU BU3YaIbHON MH(pOpMa-
MU IS JIFOAEN C aHOMAaJIbHOW TPUXPOMA3UEN;

— cZIeNIaTh BBIBOJIBI O TPEOOBAHUSIX K MPOEKTUPYEMBIM aJTOPUTMAM.

Wtak, mpexae Bcero cieayeT pacCMOTPETh OCOOEHHOCTH aHOMAITbHOW TPHUXPOMa3HH.

AHoOMaJlbHas TpUXpOMa3usi MOXKET ObITh BbIpaXK€Ha B CIEAYIOUIMX (opMax: IpOTaHOMAIHs,
JeTepaHOMAaNusl U TPUTAHOMANHUsS. 3HAYCHHs CTEMEHEH TSHKECTH NIaHHBIX (OPM BapbUPYIOTCS
ot 0,1 10 0,9, rme 0,1 mpeacrapnseT coOOM MPAKTHUECKH IMOTHOE OTCYTCTBHE aHOMAIBHOW TPUXPO-
Ma3uy, a 0,9 yka3pIBaeT Ha HAIMYKE TSDKEJION CTereHn aHoManuu [2].

Ha ocHoBaHuuM aHanm3a CyImECTBYIOIIMX aJTOPUTMOB PEKOJIOPU3ALUUA BU3yaIbHOW HH(OP-
MaIuu 75 JII0/IeH ¢ aHOMATbHON TpUXpoMasuel ObUTH CeNIaHbl CISAYIOIINE BBIBOIBIL:

— Yalie BCEro B KaUuecTBE MCXOJHOT0 OOBEKTa ISl BBIMOIHEHHS PEKOJIOPU3allui BHIOMpPAET-
cst $OTO UK BUEO;

— npeoOpa3zoBaHue I[BETa OCYIIECTBISETCS AJIs JeHTepaHOMalloB U MPOTAHOMAJIOB, JIUIIb
B HEKOTOPBIX aJITOPUTMaX YUUTHIBACTCS TPUTAHOMAJIUS;
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— MHOTHE aJTOPUTMbI MPEJHA3HAYEHBI JJIs IIOMOIIM LIBETOAHOMAjlaM C JIETKOH CTENEHbIO
AHOMAJIbHOM TPUXPOMA3HH;

— TaK KaK aJlrOPUTMbl OOBIYHO PAaCCUMTAHbI HA JIETKYIO CTENEHb aHOMAJIUU, TO «HATYypaJib-
HOCTB» IIBETOB PEKOJIOPHU30BAaHHBIX KaJPOB BHI€0 OCTAETCS HA I0CTaTOYHO BBICOKOM YPOBHE;

— QJITOPUTMBI PEKOJIOPU3ALIMU BBIIIOJIHAIOTCS HE TOJIBKO HAa KAKUX-TO KOHKPETHBIX 00BEKTax
n300pakeHus WIM BUJEO, HO TAKXKE HAa COBOKYITHOCTU OOBEKTa M €ro ()oHa, a TaKKe Ha TEKCTOBOM
uH(pOpMaINH;

—IIpU NPOEKTUPOBAHUM AJITOPUTMOB HE YUYMTBHIBAECTCS BO3MOXKHAs 3aBUCHUMOCTb BbIOOpa
Hanboyiee BaKHOTO Ui pa3IMueHHs OOBEKTa OT MPO(PECCHOHATBLHON JesTeIbHOCTH, KOTOPOU
IpearoaraeT 3aHUMaThbCs B Pe3yJIbTaTe OTKPBIBIINXCSI BO3MOKHOCTEH KOMIIEHCAllU HEOCTaTKOB
LIBETOBOT'O 3PEHUS YEJIOBEK;

— BOCHPHUATHUE L[BETa BO3MOXKHO C (pU3HUYECKOM, NCUXOPU3NIECKON U NCUXOJIOTHYECKOH TO-
YeK 3pEHMs], OJIHAKO BO BCEX M3YUEHHBIX AJIFOPUTMAaX PaCCMOTPEHUE BOCIPUSATHUS LIBETA IIPOUCXO-
JUJIO C NMCUXO(PU3NUECKON TOUKHU 3pEHHs, TaK KaK OHA IO3BOJISIET MCCIEI0BATh PEAKLIUIO 3PUTEIIb-
HOT'O MEXaHU3Ma B JAHHBIX KOHKPETHBIX YCIOBHUSAX;

— Yallle BCEro B aJlTOPUTMaX PEKOJIOPU3ALMH MPeoOpa30BaHUIO MOJIBEPrajIuCh TAKUE Xapak-
TEPUCTUKH 1[BETA, KaK LIBETOBOI TOH, IPKOCTb, HACHIIIEHHOCTb, CBETIIOTA, YUCTOTA, KOHTPACTHOCTh
L[BETa N300pa’kEeHUI WM KaJpOB BUJIEO;

— B PaCCMOTPEHHBIX AJIFOPUTMaX HE YAENAI0Ch BHUMAHUE UCTOYHUKY OCBELLEHUS U BpeMe-
HU CYTOK JJIs1 HaOJII0/IeH!s 32 00beKTaMH;

— B KauecTBE LIBETOBBIX MPOCTPAHCTB, KOTOPHIE MO3BOJISIIM OCYIIECTBUTH MpeoOpa3zoBaHUs
I[BETOB, TaK KaK M3HayalbHas 1[BeToBas cucteMa RGB He mo3Bossiia 0XBaTUTh BCE IIBETOBBIC 3Ha-
YyeHus, uenobzoBanuck LMS, XYZ, L*a*b*, HSI, HSL, HSV, YCbCr u mp. [3-6].

Tak, aIropuT™MBl peKoJIOpU3aluy OyAyT IpeJHa3HAuYeHbI U1l KOPPEKIUU BUJECO JUIS JII01eH
C pa3IMYHBIMHU CTETEHSMH BceX (opM aHOMaIbHON Tpuxpomaszuu. [Ipu 3TOM «HATYypaIbHOCTBHY
I[BETOB KaJpOB PEKOJIOPU30BAHHOI'O BHUEO OYIET COXPAHATHCS MpPH JIIOOOH CTENEHH aHOMAJIMH.
Brimonaenue anroputMoB OyJeT MPOUCXOANTh KaKk Ha OCHOBHBIX PAacCCMaTPUBAEMBIX 00BEKTaX, TaK
1 Ha (hoHEe 00BEKTOB, HA TEKCTOBOM MH(pOpMaLuu AJs Jroei 1ro0bix npodeccuil. [Ipennonaraercs,
YTO aJrOpUTMbI HE OyIyT 3aBHCETh OT OCBEILEHUS 00bEKTa U BpeMeHH cyToK. Kpome Toro, mpu
MPOEKTUPOBAHUN AITOPUTMOB OYyZET OIpeJlesIeH0, KaKHe LBETOBBIE MPOCTPAHCTBA JIyUllle BCErO
MCIIOJIb30BaTh NPU KOHBEPTALMU UHPOPMAIMK JUIsl TOM WM UHOM (POpMBI aHOMaIMHM, a TaKKe Ka-
KM€ XapaKTepUCTUKHU I[BETa OYAYT PH 3TOM U3MEHEHBI.

Kpome Toro, Heo0X0JuMO NMPUHATH BO BHUMAHUE U PELIUTH NMPOOIEMbI CYIIECTBYIOMIUX ajl-
TOPUTMOB PEKOJIOPHU3ALMHU: ClIENIaTh BO3MOKHBIM Pa3inyeHue OOJIbIIEro KOJMYECTBa I[BETOB; yBe-
JUYUTH CKOPOCTh 00pabOTKU KaJpOB BUJIE0; COXPAHUTH «HATYpPAIbHOCThY MCIOJIb3YEMBIX B BUIEO
I[BETOB; y4YeCTh CTENEHb AaHOMAIbHOH TPUXPOMA3UM NpU MPeoOpa3oBaHUM KaJpOB BHJEO; MOBBI-
cUTh 3((PEKTUBHOCTh AJITOPUTMOB, MPEJICTABISIIONIYI0 COOON MOKa3aTeslb BO3MOXHOCTH pa3jinye-
HUS 00BEKTOB, KOTOPBIE HEMb3s ObLIO PA3IMUUTE 10 PEKOJIOPU3ALMHU, TIOCIIE JaHHOTO Ipoliecca.

TakuMm 0o0Opa3oM, C y4eToM BCeX BbIIEOO03HAYEHHBIX TPEOOBAaHUI MONydUTCs pa3padoTaTh
KOPPEKTHBIE AJITOPUTMbI PEKOJIOPU3ALIUH JJIs1 IOMOIIHU JIFOJSAM ¢ JH000# (hopMOi U CTENEeHbIO aHO-
MaJbHON TPUXPOMAa3UM B BHU3YaJIbHOM BOCHPHUATHM HHQOpPMAIMM A JaJbHEWIIEH peaau3anuu
JAHHBIX AJITOPUTMOB B MOOWJIBHBIX MPHIIOKEHHSIX.
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Summary. Magnesium plays a role in the activation of various transporters and enzymes. The pre-
sent study aimed to investigate the possibility of applying magnesium to enhance the eficacy of cis-
platin which is still ranked as one of the major chemotherapeutic drugs for bladder cancer patients.
Our indings reveal that magnesium could contribute to cisplatin-based chemotherapy bymoderately
regulating the Wnt/g-catenin signaling pathway.

Bladder cancer is the most frequently diagnose durinary system malignancy with a nestimat-
ed 573,278 new cases and 212,536 deaths worldwide in 2020. Although great advances have been
made in the management of bladder cancer, there are still undefined molecular mechanisms that
inluence the therapeutic outcomes of this disease.

Over the past few decades, cisplatin has been one of the most widely used first-line chemo-
therapeutic drugs for the treatment of various solid tumors, including lung, ovarian and bladder can-
cer. Despite positive clinical outcomes, substantial side effects or drug resistance development have
been reported in many studies of cisplatin monotherapy. Alternatively, platinum-based combination
chemotherapy is considered the preferred initial therapy for bladder cancer. The action of magnesi-
um as an essential mineral micronutrient may lead to it playing a unique role in both cancer devel-
opment and therapy.

The Wnt/B-catenin signaling pathway is a canonical pathway of signal transduction in phys-
iological and pathological processes. This signaling pathway is intimately associated with various
biological processes, including embryonic development, proliferation, apoptosis, and cell cycle dis-
tribution. The aberrant regulation of the Wnt/B-catenin cascade leads to the development and pro-
gression of cancer. Wnt signaling is controlled by various secreted Wnt glycoproteins that function
via autocrine and paracrine pathways in mammalian cells. Aberrations in Wnt/p-catenin signaling
are shown to be closely associated with bladder carcinogenesis. Thus, regulating Wnt/p-catenin sig-
naling could contribute to cisplatin-based cancer therapy in the context of adjusting magnesium
abundance.

Combination therapy of cisplatin with other drugs is emerging as a promising means to
overcome drug resistance and attenuate cytotoxicity. The present study confirmed that cisplatin
could inhibit cell proliferation in both UC3 and UC5 bladder cancer cells. In addition, both MgCI2
and MgSO4 was found to strengthen the inhibitory effect of cisplatin on the survival rate of bladder
cancer cells, suggesting that magnesium could play an important role in cancer treatment.

Programmed cell death, including apoptosis and autophagy, is closely involved in oncogene-
sis and metastasis. Therefore, deciphering the signaling pathways underlying programmed cell
death could aid the development of novel targeted antitumor therapeutic strategies. In this study, the
results of the annexin V-FITC and PI staining indicated that the proportion of apoptotic and necrotic
cells in cisplatin-treated cells was increased by MgCI2 treatment. In addition, the ratio of Bax/Bcl-2
was also the highest in cells that received combinatorial treatment with MgClI2 and cisplatin among
the examined groups, further confirming the enhanced pro-apoptotic role of combinatorial treatment.
Bax is a pro-apoptotic protein and Bcl-2 is an anti-apoptotic protein. It has been recognized that
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