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BBEAEHUWE

CyliecTByeT ABa MNPUHLMITMAIBHO pPa3HbIX
ornpezesieHus LIBeTa: MepBoe, Gu3ndyeckoe, 4To
LIBET — 3TO CMEeKTpabHasl XapaKTepUCTUKA DJIeK-
TPOMarHUTHOTO U3JIy4eHMsT ONTUYECKOTO Ararna-
30Ha, OAHO3HAYHO OTpeesieMast JJIMHOMN BOJTHbI
HCITyCKaeMbIX (pOTOHOB, U BTOPOE, TICUXOJIOTU-
YeCcKOe, UTO LIBET — 3TO KaueCTBEHHas CyObeK-
TUBHAsl XapaKTepUCTUKa 3TOTO U3JTydyeHUs, 3a-
BUCSIIIAsl HE TOJbKO OT (PUM3MYECKUX Mapamer-
pOB, HO TakxXe U OT (U3MOJOTUYECKUX U
TCUXOJIOTMYECKMUX OCOOEHHOCTEe BOCIIPUHUMA-
IOIIEr0 CTUMYJI MHAMBUIIA, OT SPKOCTHBIX U 1IBE-
TOBbIX KOHTPAacTOB C OKPYXaOIIUM CTUMYJ
npocTpaHCTBOM. B pamkax maHHOTO 0030pa aB-
TOP MCIIOJB3YET CIIOBO “LIBET” WJIM CJIOBOCOYE-
TaHWe “IIBET CTUMYJA” i1 0003HAYEHUSI 1IBETA
no (usnyeckomMy oINpeneseHnIo, a TakXe HC-
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The sensation of colour cannot be accounted
for by the physicist’s objective picture
of light-waves. Could the physiologist account
for it, if he had fuller knowledge than he has
of the processes in the retina and the nervous
processes set up y them in the optical nerve
bundles and in the brain? I do not think so.
Erwin Schrodinger

MMOJIB3YET IICUXOJIOTUYECKOE OIpeAcIeHUE CIIOBa
“uBer” (CMHOHMM — CJIOBO U3 (uj10codCKOro
cJioBaps “xkBanna’).

BocnpusaTue 1iBeta 3pUTeabHBIX CTUMYJIOB U
COOTBETCTBEHHO KBajiMa IIBETHOCTU (CyOBEK-
TUBHOTO MEPEKUBAHUS 1IBETA) MOSIBISIETCS BME-
cTe ¢ (UBNYECKON BO3MOXKHOCTBIO BOCITPUHU-
MaTh CIIEKTpajibHbIE CBOWCTBA CBETAa: COOTBET-
CTBYIOIIMMU KJIETOYHBIMU pelienTopaMu B
ceTyaTke Iasa (KoJOOUYKW) U TeHaMU, KOAUPY-
IOIIMMU OENKU-IMUTMEHTHI (orcuHbl). OaHaKo,
pa3 BOBHUKHYB, HEMpOHHbIE MEXaHU3MBI B BbIC-
LIMX OTAEaX 3pUTEIBbHON CUCTEMbI MOTYT BOC-
MPUHUMATh KaK KBajia IIBETHOCTUA U CUTHAJIbI C
IPYrMX KaHaJloB, HallpuMep, cJelble JIOA1 Ha-
y4alTCsl BOCIIPUHMMATh KaK IIBET OIpeaesieH-
Hble XapaKTepUCTUKMU 3ByKa (Abboud et al.,
2014), a B He TaKuX YK pEIKUX caydasx rpadem-
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IBETHOM CHHECTe3MM Kaxkiasi OykBa ajdaBuTa
Wwin mudpa accolUupyeTcss C OnpeaeieHHbIM
nBetoM (Witthoft et al., 2015; Teichmann et al.,
2021). KoneuHo, BO3MOXHBI 1 MEHEE paguKaib-
HbIE U3BMEHEHMSI BOCIIPUSITUS LIBETa BHYTPU 3pU -
TEJIbHOW CHUCTEeMBI, CBSI3aHHBIC, HAIpUMEp, C
MMOXEJITECHUEeM XpyCTaJIMKa, MyTallusIMUA B OTICH -
Hax (ITpoTaHOIUsI, IeNTepOHOMNUS, TPUTAHOITHSI,
TeTpaxpoMaTu3M) WIM WHAWBUIYyaJTbHBIMU Ba-
pyuanusiMy B cooTHomeHnu S-, L- m M-kon6o-
yek B ceTyatke (Viénot et al., 1995; Sharpe et al.,
1998; Brainard et al., 2000; Jameson et al., 2001;
Deeb, 2006; Isherwood et al., 2020; Emery et al.,
2021; Tregillus et al., 2021). IIpu paccMoTpeHUN
BOCIPUSITUS 1IBETa MCCIIeIOBaTeIb HEU30EKHO
CTAJIKMBAETCSI C TICMXO(U3NOIOTUUECKON TMPO-
6aemoii (Koch et al., 2016; Hosnpaues, 1llepoa-
ThIX, 2021), 110 OIHY CTOPOHY KOTOPOM HAXOOSITCS
CTHUMYJIBI M peLIeTITOPHI (sensation, omIyIieHue), a
T10 IPYTYIO — KBaJIMa M CyObeKTUBHO BOCIIPUHM -
MaeMbIii IBeT (perception, Bocripugtue). B mpu-
BeneHHOIl B oarmrpade umrtare (Schrodinger,
2001) IIpé€muHrep OTKa3bIBA€TCSI BEPHUTH, UTO
(busmonorusi MOXeT pa3pelInTb 3Ty IIPoOJIEeMy,
OIIHAKO, MO MHEHUIO aBTOpa JaHHOTO 0030pa, B
MOCJIeAHNEe TOAbl HeHpo(GU3MOIOTUS BITOJHE
YCIIeIITHO pa3pelaeT YacTHbIC CIydan cuxodu-
3MOJIOTMYECKOI TIPOOJIeMbI, U Ha IPOTSKEHUU
3TOro 0030pa OH PACCMOTPUT CUTYALIMIO C MO3TO-
BBIM CYyOCTPATOM JUIsI KBajivia IIBETHOCTU.

PELEIITOPHAA OCHOBA
OBETHOI'O 3PEHHA ITPUMATOB

BoJbIIMHCTBO MJIEKONTUTAIOIINX JUXPOMAThI;
OHU MOTEPSIJIA IBAa FreHa OTNICUHOB (MTpecMbIKalo-
1I1ecsl — TeTpaxpomMathl) oKoso 150 MJIH et Ha-
3ajl TIpHY Mepexoae K CyMepeuyHOMY o0pasy Xu3-
HU B Me3030€ (B THEBHOE BpeMsI MUPOM TTpaBUIIN
IuHo3aBpkhl). IToaToMy, Harmpumep, y I'PbI3yHOB
TOJIBKO JiBa OTNCHHA: KOPOTKO- W JUIMHHOBOJIHO-
BbIii (BO30Y>KAaIOIIMECs] COOTBETCTBEHHO (proie-
TOBbIM U 3KEJTO-3€JIeHbIM CBETOM), JieXKalllue B
OCHOBE 3BOJIIOLIMOHHO JIPEBHETO KEJITO-CUHETO
OIMOHEHTHOI'O KaHajla BOCIPUSITHUS 1IBE€Ta B CET-
yaTtke (OLIEHEHHBI MO MyTalusIM BO3pacT pac-
XOXIEHUSI S- 1 M-OIICMHOB B 3BOJIIOLIMU TO3BO-
HOYHbIX — TipuMepHO 450—500 MuIH JieT Hazan
(Collin et al., 2003)). HexoTopble HOUHbIE MJIEKO-
MNUTAIIME MOTEPSIU TaKKe U KOPOTKOBOJHO-
BBII OIICMH M CTaJlui MOHOXpOMaTaMu. ¥ BHOBb
rnepeueamnx K THEBHOMY 00pa3y XKU3HU IIPU-
MaToB, HA00OPOT, MpUMEpPHO 35 MJIH. JIeT Ha3a[,
reH JIMHHOBOJIHOBOTO OICHMHA MJIEKONUTAIO-
IIUX TIpeTepreBaeT AyTMINKaLIMIO U MOSBISIETCS
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TpeTuii, ene 6oJiee IIMHHOBOJHOBBIN oricuH (L,
BO30YKIAIOIIMICSI KEeIThIM CBETOM, pa3HMIIa
MeXay 4dejoBedyeckumMu L- u M-omncuHamMu B
15 aMMHOKHCJIIOT, YTO CABMTaeT MUK BO30yXIe-
Hug ipuMepHOo Ha 30 HM), a ceTyaTka yCTpoeHa
Tak, 4YTO NosiBasgeTcs HOBbIM L-M, KpacHo-3ee-
HBII onmmoHeHTHBIN KaHan (Rowe, 2002). V miu-
pokoHochwix (mpumaTtel HoBoro Certa) m y3Ko-
Hocbix (mpuMaThl Ctaporo CBera) 00e3bsiH TPU-
XpPOMAaTH3M BO3HUKAET O pa3HOMY MEXaHU3MY:
Yy IIAUPOKOHOCHIX 00€3bsIH TPUXPOMAaTaAMMU SIBJISI-
IOTCSI TOJILKO TeTepO3UIOTHhIE Mo L-omncuHy
camku (Mollon, 1999). Cuyuraercs, 4To nosiBie-
HUE KpaCHO-3€JCHOro OMIIOHEHTHOrOo KaHaja
MOIJIO OBITH 3BOJIIOLIMOHHO BBITOAHO JISI TIPU-
MAaToB, T.K. IIO3BOJISIO OTJIMYATh CHeJIble PPYK-
ThI Ha oHe 3ejeHu JIUCcTheB (Rowe, 2002).

JlpeBHUI XXeATO-CUHUI U 00Jiee DBOTIOLIMOH-
HO MOJIOJIOM KPaCHO-3€JIEHbIM KaHaJIbl IBETHO-
ro 3peHusd (puc. 1) mpoeumpyroTcs OT KOJI0oUeK
JIO TIEPBUYHOI 3pUTEIbHOI KOPHI C MEePEKIIIoUe-
HUSIMU B cneuM@UUYHBIX IJIS1 KaXXIOTro KaHaja
HelpoHax (Mollon, 1999; Baden, Osorio, 2019).
Y 4enoBeka CUTHaJl OT KEJITO-CHMHEro KaHaja
UOET Yepe3 KOPOTKOBOJIHOBbIE OUITOJISIPHI, Ma-
JIble ABYCJIOMHBIE TaHITIMOHaphl (small bistrati-
fied ganglion cells), magee B KOHUOKJIECTOUYHLIE
HEUpPOHBI JaTepailbHOIO KOJIEHYATOro Tejaa U
OPpUXOOUT B Moje 17 HOBOM KOpbl HA HEHPOHBI
2/3 cnosi. KpacHo-3eJIeHbli KaHaJl IIepeKatoda-
€TCs1 Ha KapJIMKOBBIX (midget) OUITONsIpax v raH-
mIMOHApax, Jajee Ha MEIKOKJIETOYHBIX HEMpOo-
Hax JaTepaibHOro KOJIEHYATOro Tejia U IIPUXO-
IUT B TO Xe mojie 17 cTpuapHOil KOpbI Ha
HelipoHbl ciost 4CPB. HeiipoHbl JaTepajibHOTO
KOJIEHYATOro TeJla He UMEIOT MPOCTPAHCTBEHHO-
OMNIMOHEHTHBIX (LIEHTp-TIepUdepusi) peLenTuB-
HBIX IOJIeii Ha LIBET U HE MOTYT oOecrieunBaTh
Takue HaOJomaeMble ICUXO(PU3NOJIOTUUECKUE
¢eHOMEeHBI, KaK IIBETOBOM KOHTPACT U KOH-
CTAaHTHOCTH 1IBeTa (color constancy); mepBbIM
LIEHTPOM B 3pUTEJIbHOI CCTEME, TIIe TaKOit aHa-
JIN3 CTUMYJIOB MOXET NPOUCXOAUTH, SBJISIETCS
nepBUYHasl 3puTebHas (cTpuapHasi) kopa V1
(Conway, Livingstone, 2006). OT ceT4aTKM 1 KaK
MUHUMYM [0 JIaTepaJbHOTO KOJIEHYAaTOTO Teja
OOHUM M3 OCHOBHBIX IIPUHIIUIIOB, MOMIIEP>KUBA-
IOLLMX OMIIOHEHTHOE KOAWUPOBAHME 1IBETA, SIBJISI-
eTCs OopraHu3alusl PeLenNTUBHBLIX NoJjeil Mo
NPUHLIMIY JIATEPaTbHOIO TOPMOXKEHUSL.

Nel 2023
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Puc. 1. KonupoBaHue 11Be€Ta ONMOHEHTHBIMU KaHAJIAMUY Ha paHHUX 3Tarax 3pUTeJIbHOTO BOCTIPUSITHSI TPUXPOMATOB.
Fig. 1. Color coding by opponent channels in first levels of visual perception of trichromats.

KOIANPOBAHUE LIBETOBbIX
CTHUMYJIOB B KOPKOBOM YACTU
3PUTEJIbBHOI'O AHAJIM3ATOPA
[TPUMATOB

ITepBbIM MeCTOM KOPKOBOUW KOHBEPIeHIIMU
JIBYX OMIMOHEHTHBIX LIBETOBBIX KAHAJIOB SIBJISIIOT -
Ccsl HEMPOHBI LIMTOXPOMOKCHUIA3HBIX KOJOHOK
(CO blobs) 3purenbHOI Kopbl V1. MeTogamu
ONTUYECKOI0 KaApTUPOBAHUSI HA MO3re MaKaKu C
9TUX KOJIOHOK OBbLIM MOJyYEHBI OTBEThHI HA PaB-
Hosipkue (equiluminant) CTUMYyJIbI, OPU 3TOM
OTBEThI ObLIM CIPYIIIMPOBaHbl B MsTHa (patch-
€s), B KOTOPbIX HEMPOHBI OTBEYAI Ha KOHTPACT
B OJHOM U3 JIBYX OIIITIOHEHTHBIX KAHAJIOB (KeJI-
TO-CUHEro 1 KpacHo-3esieHoro) (Landisman,
Ts’o, 2002). B omHoi#1 13 padoT Ha V1, Takke Ipn
MOMOIM ONTUYECKOM perucTpaluy Ha MaKake,
OBUIM OOHapY>XEeHbI XPOMOTOIMMYECKUE KapThl,
IIpU 3TOM IISITHA, MPEANOYTUTEILHO pearupyro-
L[1e Ha COEKTPAaJIbHO OJIU3KKUE OTTEHKU, PacIio-
JlaraJuch pSJIOM Ha MOBEPXHOCTU KOpbl (Xiao
et al., 2007). B To ke BpeMsI B 9KCIIEpUMEHTaX C
dMPT Ha V1 dgeoBeka He OBUIO OOHaApPYKEHO
TaKOTO XpOMOTOMUYECKOTO COOTBETCTBUSI MEX-
Iy TOBEPXHOCTBIO KOPHI U TMEePLIENTUBHBIM 1IBE-
TOBBIM MPOCTPAHCTBOM, 1 HabJII0JacMble OTBE-
Thl CKOpee OTpaxkKajaud KOAMPOBAHUE OMNIOHEHT-
HeiMu kKaHanamu (Engel et al., 1997; Brouwer,
Heeger, 2009; Parkes et al., 2009). [To-BuguumMomy,
pa3HUlIa B pe3yabTaTax CBSI3aHa HE C pa3inuu-
€M B OpraHu3alMu KOpbl Y MaKaky 1 YeJIOBeKa,
a C HU3KUM IIPOCTPAHCTBEHHBIM pa3pelleHUeM
GMPT, He TTO3BOIIIOIINM BBEISIBUTH OTIEIbHBIE
XPOMOTONMUYECKH OpraHU30BaHHbIE KOJOHKMU B
V1 y yenoBeka.

KYPHAJI BEICHIEM HEPBHOW OEATEJIBHOCTHU

B snexTpodusmonornyeckux >KCIEPUMEH-
Tax Ha MakKakax B o0j1acTu V1 Takske ObLIU IMOKa-
3aHbl KJIE€TKHU, clieln(UIecKy pearupympoliiye Ha
“IiepBUYHbIE 1IBE€TA” OIIMTOHEHTHBIX KaHaJIOB
(Vautin, Dow, 1985), u xapakTepHble OIIIIOHEHT-
Hble ON- 1 OFF-0TBeThbl KOPKOBBIX HEPOHOB B
o6sactu V1 Ha IBETHBIE CTUMYJIbI; 3TU HEMPOHBI
OBUIM CITOCOOHBI KOAMPOBaTh MPOCTPAHCTBEH-
HbIIi 1 BPEMEHHOM LIBETOBOII KOHTPACT, HO Ta-
pajiebHO KOAUPYIOT Takke (POpMy M HallpaB-
JeHue aprkeHus ctumyna (Conway et al., 2002).
Yuciao TakKux HEMPOHOB C OIMIIOHEHTHBIM XPO-
MaTU4YEeCKMM OTBETOM B V1 HEBEJIIMKO — OKOJIO
10% (Conway, Livingstone, 2006). boiee mo3a-
HUE 3KCIEPUMEHTHI ¢ V1 MaKakK BBISIBIJIM TaKXe
HEWPOHBI, KOAUPYIOLINE LIBET HE TOJILKO JIMHEH -
HO (Kak mpenmnoJjiaraeT ONIMOHEHTHOCTh 1IBETO-
BBIX KaHaJlIOB, TaKMX KJIETOK ObLja IIPUMEPHO
MOJOBUHA), HO U C Y3KMM WJIM IIUPOKUM AUara-
30HOM CHEeUM(PUUHOCTU K OTPENeICHHbIM 1IBE-
taM (Horwitz, Hass, 2012). Cinenyer nmogyepk-
HYTb TOT (paKT, UTO UYBCTBUTEIbHBIE K XpOMaTHU-
YeCKOI COCTaBJISAIONIE 3pUTEJIbHBIX CTUMYJIOB
HellpoHbl V1 mMpuMaToOB HE SIBJISIIOTCSI KOHILIEH -
TyaJlbHBIMU HEMpPOHAMM LIBE€Ta, TaK KaK KOIU-
PYIOT TIOMHUMO LIBE€Ta SIPKOCTh, a TAKXKE BpEMEH-
HbI€ 1 IPOCTPAHCTBEHHBIE ITapaMeTPhl CTUMY-
jnoB (Cottaris, De Valois, 1998; Johnson et al.,
2001). HemaBHsasg paboTa, caenaHHass Ha MaKakKe
Opu TIOMOIIY ABYX(POTOHHOM BU3yaJauU3allUU,
YEeTKO ITOKAa3bIBaeT HA HEMPOHHOM YPOBHE, YTO
KOIUpPYIOIINE LIBET HEMPOHBI V1 OMHOBpEMEH-
HO KOOWUPYIOT M opueHTauuio ctumyia (Garg
et al., 2019). I'lo oLieHKe B 3TOI1 CTaThe, HOYTH IO~
JIOBMHA BCeX HEMpOHOB (46%) oTBeuasia CUIbHEe
Ha LIBETHOU CTUMYJI, YeM Ha CEpPHIil LIBET; XpOMO-
TONMUYECKAasl OpraHu3alus TakKe Oblia MoKa3aHa.
Ne 1
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Hanpiie Mo IyTh oO0OpabOTKM 3PUTEIBHBIX
CTUMYJIOB, B 00JlacTH KOpHI V2 Makaku, 3JeK-
TpO(U3MOTOTrNYEeCKEe OTBETHI HAa XpoMaTuye-
CKH€ CTUMYJIbI TOXOXHU Ha TAaKOBBIE B 00J1acTh V1,
HO yucJiio kKjieTok ¢ TmunudyHbIMU ON- 11 OFF-ort-
BETaMU yMEHBIIIACTCSI; TaKKe MMeeTCs Mastas
4acTh HEMPOHOB, HACTPOCHHBIX HA pa3HbIC MO
IIMPOTE NMana3oHbI crieKTpa. B 3aBucuMocT ot
BUJA CTUMYJISILIMKA U KpUTeEpUeB otbopa, 1o 50%
HelipoHOB oOylacT V2 oTBedyaeT Ha IIBETHBHIE
CTUMYJIbI, HO HAJIO OIISITh XX€ OTMETUTD, UTO 3TU
HEWPOHBI He CreM(UIHBI TOJIBKO JUIIb K IIBE-
Ty, 2 B OCHOBHOM OTBEYaIOT Ha M3MEHEHUE SIp-
KOCTH, KpOMe TOTO, UMEIOT HaCTPOIKY Ha IOJIO-
JKeHMe B TI0JIe 3peHUsI, pa3Mep, popMy 1 OprUeH-
taumio ctumyina (Kiper et al.,, 1997). B
KOMITJICKCHOM MCCJIEIOBAHUU METOAaMU OIITH-
YeCKOTO KapTUPOBAHUS U 3JIEKTPODU3NOTIOTUN
y Makak B o0Jyractu V2 ObIJIM HalileHBI XpOMOTO-
MYeCcKre KOJIOHKM (Y4aCTKU KOPbI, B KOTOPBIX
MMPOCTPAHCTBEHHOE PaCHOJIOXKEHNE COBITAIAIO
CO CHEeKTpaJdbHBIM (1, BO3BMOXHO, TEPLEITUB-
HBIM LIBETOBBLIM ) IIPOCTPAHCTBOM); IISITHA, aKTH -
BUpPYEMbIE CXOXMMU IIBETAMU, PACIIOJIOXEHBI
psaaom (Xiao et al., 2003; Lim et al., 2009). I1pu
MOCJIEAYIOIIEN OKpacKe MO3TOBOM TKAaHU HA LI~
Toxpomokcuaasy (I1O) obmacTe KOpHI, Tae ObIIN
HalIeHbl KOJOHKHU, COOTBETCTBOBajJa TOHKUM
nojiockaMm marrepHa okpacku Ha 11O (CO thin
stripes). B o0nacTsax 3puTenbHON KOPHI UeJJoBeKa
V2 u V3 metonoMm pyakinonanbHoii MPT Onina
oOHapyxXeHa CX0Xasl C MO3TOM MaKaKu OpTraHM-
3alMs IBETOBBIX KOJIOHOK (Nasr et al., 2016; Du-
moulin et al., 2017).

B HemaBHeM uccienoBaHur Ha Makake (Liu
et al., 2020) 6bLIO MpOM3BEIEHO CpaBHEHUE pa3-
MEPOB 1IBETOBBIX KOJIOHOK (ONMTUYECKOE KapTh-
poBaHue) B obsacTsax Kopsl V1, V2 u V4 ¢ pazme-
poM nigteH narrepHa 1O: pazmep KoJioHOK B V1
MPUMEPHO COOTBETCTBOBAJI IUIOIIAAW MSTEH
O, a xomouku B V2 u V4 o0bpin B 2—3 pasa
KkpyrHee. ComacHoO 3Toif paboTte, MpU CpaBHE-
HWUY MOIITHOCTH OTBETOB BCEX 3aPETUCTPUPOBAH-
HBIX KOJIOHOK TTOJIy4aeTcsl TajeKo HE paBHOMEDP-
HOE€ TIPEACTaBJIEHNE PA3HbIX OTTEHKOB B TIEPBUY -
HOM 3pUTEIbHOU KOpe, HO MOIIIHOCTU OTBETOB
Ha pa3Hble OTTEHKW CTAaHOBSTCS 0oJiee paBHO-
MepHBIMU B V2 1 ocobeHHo B V4. Hanbonbias
MOIITHOCTh OTBETOB ObLJIa Ha KPACHBIN U CUHUIA
I[BETA, YTO, BUANUMO, OTPaKaeT YaCTUIHOE Heli-
poHHOE KoaupoBaHue B V1 (11 B MEHbIIIEH CcTeTie-
HU B V2) O NPpUHIIUITY OMITOHEHTHBIX 3pPUTETb-
HBIX KaHAJTOB. ABTOPHI TakxKe pa3padoTaiu Kpu-
TEPUU OLEHKU XPOMOTOIMUYHOCTU TTOJTyYaeMbIX
UMW KapT 3PUTEILHOW KOPBI W MOJY4YUJIUM TIO
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HUM, YTO HAUMEHBIINI MPOLEHT 3apEeTUCTPUPO-
BaHHBIX KapT SIBJISICTCS XPOMOTOIMUYHBIM 11T V1,
3TOT NPOLEHT YBEJIUUYMBAeTCsI B o0acTu V2 u
JIOCTUTaeT MakKCuMyMa B V4, 4TO, BUIMMO, OT-
paxaeTr rmpoilecc o0padbOTKU OT CHIPOTO 3pU-
TEJIbHOTO CMTHajla JJisl LIBeTa B CTOPOHY €ro
paBHOMEPHOI KaTeropmus3aluy Ha OTTEHKH, KakK
OH TIpEICTaBJIEH B IEPLENTHBHOM IPOCTPaH-
cTBe. B npyroii pabore 1Mo onTuyecKoMy KapTu-
POBaHMIO KOPbI HA MaKaKe ObLJIO MTOKAa3aHo, YTO
KOJIOHKM, KOAUPYIOIIME LIBET, pa3Mep U OPUEH-
TalUIO CTUMYJa, MPOCTPAHCTBEHHO HE mepece-
KaloTcd B V2, B OTJIMYME OT TAKNX KOJIOHOK B V4
(Ghose, Ts’o, 2017).

OIHUM U3 BOIIPOCOB, HA IIPOTSZKEHUM JIET
BBI3BIBAIOIIMM Hay4YHbIE TUCKYCCUU U CTUMYJIM-
PYIOIIMM BCE HOBBIE IKCIIEPUMEHTHI, SIBISCTCS
TO, BBIACJSIETCS JIM HA HEMPOHHOM YPOBHE B KO-
pe KoaupoBaHUE “HepBUYHBIX OTTEHKOB” (car-
dinal colors): KpacHOro, 3eJeHOro, CHMHEro M
XenToro. Kak yxxe ObL10 00CYKI€HO, Ha paHHUX
aTanax oopadOTKM LIBETa B 3pUTEJIbHOI CUCTEME
9TU LIBETA BBIACISIOTCS KaK JABa OIMOHEHTHBIX
KaHaja, YTO CTUMYJIMPOBAJIO MHOTOYMCJICHHBIS
MOMBITKM HAWTU KaKylo-HUOyIb 000COOJEeH-
HOCTh B KOAUPOBAHUM 3TUX YEThIPEX LIBETOB B
MNEPLENTUBHOM IIPOCTPAHCTBE IIPUMATOB (per-
ceptual salience). OgHako 1O Cero MOMEHTa Ha
KaXXAyI0 TaKylO IIOIILITKY HAaXOIUJIOCh OIIPOBEP-
XKEHHUE, CBSI3aHHOE C pa3IUuYHLIMU METOAUYE-
ckuMu orpexamu pab6or (Stoughton, Conway,
2008; Mollon, 2009; Bosten, Boehm, 2014; Wool
etal., 2015; Bohon et al., 2016; Forder et al., 2017,
Witzel et al., 2019).

Pestomupyst m3ioxkeHHOE BBIIIE, HAIO CKa-
3aTh, YTO, HECMOTpPSI HAa 3HAYMTEIbHBIC YCUIUS B
MOMCKaX HEMPOHOB, CITeIU(PUIHO HACTPOSHHBIX
TOJIBKO Ha XpOMAaTUYECKYIO COCTABJISTIONIYIO CTH -
MYJIOB, B 00nacTsax Kopbl V1 m V2 HaliTh ux He
ynajochk. HelipoHBI B 3THX 001aCTSIX pearnpyoT
KOMITJIEKCHO Ha ITapaMeTpbl 3pUTEIbHBIX CTUMY -
JIOB, TOpa3Io0 CHJIbHEe, YeM Ha ILIBETOBBIE KOH-
TPacThl, OTBEYAIOT HA pa3HUILY B SPKOCTH M Ta-
paJUIeIbHO KOOWUPYIOT MOJOXEHUE CTUMYJIa B
3pUTEIILHOM TIOJIe, €r0 pa3Mep, OPUEHTALINIO U
IpyTHe TIPOCTPAHCTBEHHO-BPEMEHHBIE I1apa-
METPHI.

CornacHo KjaaccuyeckKo (PyHKIIMOHATbHOMN
CXeMe CTPOEHUSI 3PUTEIbHOI KOpbl MPUMATOB,
JanpHelias obpaboTka CUrHaJIa OT a3 UAET
Mo JIBYM Pa3jM4YHbIM IyTSIM — HAOpP3aJIbHOMY
(or V2 uepe3 V3 (o apyroii Kiaccupukanuu
ata obnacth HaszeiBaeTcss DM/V6 (Hadjidimi-
trakis et al., 2019)) B o6inacte MT/V5) u BeH-
TpaJibHOMY (0T V2 uepe3 V4 B HUZXKHEBUCOUYHYIO
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ob6nacte IT — pasHbIe McciaeqoBaTEIN APOOIT
pervoHbl V4 u I'T Ha pa3HbIe MOA30HBI MU, HA-
000pOT, OOBETUHSIOT MX B €OIWHBIN KOMILIEKC
(Arcaro, Kastner, 2015)), ympomieHHass cxema
npeacraBjaeHa Ha puc. 2. TpagnmoHHO cyMTa-
€TCsl, UTO HOpP3aJibHbIl ITyTh OTBETCTBEHEH 3a
MMPOCTPAaHCTBEHHO-BPEeMEHHBIC TapaMeTpPhI CTH -
MyJjia U IBUXKEHHE 00bEeKTa, B TO BpeMsI KaK BEH-
TPaJIbHBIN MYTh KOAUPYET CTATUYHBIC TTapaMeT-
pBI CTUMYJIA, TaKKE KaK (popma U 1IBET.

Tem He MeHee ecTb TaHHbIE, HE YKJIaIbIBalO-
IIMECs B 3TY MPOCTYIO CXeMy, TaK, B YaCTHOCTH,
B CTPYKTYpax J0p3aJIbHOTO ITyTU PETUCTPUPYIOT
XpOMaTHUYECKYI0 YyBCTBUTEIBLHOCTh. BbLIO MO-
Ka3aHO, YTO HEMpPOHBI B 00JACTU 3pUTEIbHON
KOpbl V3 Makaku pearupyroT Ha XpoMaTU4eCcKue
CTUMYJIBI — KaK M B obyiactu V2, IpUMEpPHO I10-
JIOBUHA OT 3aperuCTPUPOBAHHBIX HEHPOHOB
MpPOSIBJISIET YyBCTBUTEIBHOCTD K 1iBeTy (Gegen-
furtner et al., 1997). DTOT peruoH TpagUIIMOHHO
CUMTAETCSI KONUPYIOIIUM JIBUKEHUE U HE TIPU-
BJIEKaJl 3HAYUTEIBHOTO BHUMAaHUSI MCCIEeN0OBa-
TeJieit KonupoBaHus 11BeTa B HeM. Kpome Toro,
UMerolIasicsl pa3HUIla B CTPOEHUM 3TOM 001acTn
y pa3HbIX BUIOB U, KaK CJEACTBUE, MOCTOSIHHO
nepecMaTpuBaeMoe MoJioxkeHrne V3 B HOMEH-
KJIaType U uepapXuu 30H 3pUTEJIbHOTO aHAIM3a-
Topa 3aTpynHsIoT ee nusydyeHue (Jeffs et al., 2013;
Arcaro, Kastner, 2015; Hadjidimitrakis et al.,
2019). B cBoem 0630pe KoHBell MpUBOAUT Takxke
JMaHHBIC, YTO BO3MOXHOE HaJIMuue B BBICIICH
obyiactu nopsajibHoro mytu MT 4yBCTBUTEb-
HBIX K I[BETy HEMPOHOB HEIOUCCIIEIOBAHO IO
pany npuunH (Conway, 2014).

KOIANPOBAHHUE IBETOBbBIX
CTUMVIIOB B OBJIACTH V4
N BUCOYHbIX OBJIACTAX
HOBOMUM KOPbI

HaubGonbiiiee yucio padboT ¢ BOCHPUSITHEM
I[BETa IIpUMaTaMu, U3y4arolX KOPKOBYIO 4YaCTh
aHaJiM3aTopa, MOCBsIIEeHO obnactu V4 1 npuie-
JKalllei K Hell HUKHeBUucouHol obnactu I'T (kKo-
TOPYIO MHOINA pa3feistoT Ha momoOiactu PIT,
CIT, AIT, VO, TEO). Cuuraetcsi, YTO UMEHHO B
3TO 00JIAaCTU 3PUTEJILHOU KOPbl BOBHUKAET CO-
3HATEJIbHOE TepLIENITUBHOE OIIYIIEHWE IIBETA,
O3TOMY €€ UccaenoBaHue, HauaToe 3exku (Zeki,
1980), akTMBHO NpoOIOIKAeTCd M0 CUX TI0P.
B mroHepckoii paboTte 3eKu MpU MOMOIIMU IKC-
TPaKJIETOYHOI perucTpainy Ha Makake oOHapy-
KWJT M oXapaKTepru30BaJl HEMPOHHI, crietnduye-
CKM OTBEYaBIIME Ha IIBETOBbIE CTUMYJIbI. B 00J1a-
CTU V4 3puUTeIbHON KOPbI UM ObIJTM OOHAPYKEHBI

KYPHAJI BEICHIEM HEPBHOW OEATEJIBHOCTHU

lunate sulcus
.

Puc. 2. JlopcajbHBIi1 U BEHTPaAJIbHbII TyTH B HOBOM
KOp€ MaKaKu, yIpolIeHHas cxeMa.

Fig. 2. Dorsal and ventral pathways at macaque neo-
cortex, simplified diagram.

KJIETKW, HAaCTPOEHHBIE HA CTUMYJIbI B y3KMX (10—
45 HM) nuara3oHax CHeKTpa, MpU 3TOM WX UyB-
CTBUTEJILHOCTh OblJ1a pABHOMEPHO pacrpeaeaeHa
1o BCeMy aMana3oHy BUAMMOTro cBeta. HelipoHbl
V4 umenu pasHble pelieNTUBHBIC T10J1s1, HE CBSI-
3aHHbIE HAMNpsSMYIO0 ¢ Tomorpadueil ceTdyaTKw.
Taxcke ObIO OOHAPYKEHO, YTO ITO MEpE yITyOo-
JIEHUS1 3JIeKTpOoJa B KOPY COCEIHUE 3aperucTpu-
pOBaHHBIE KJIETKU UMEIOT OJIM3KYIO CHEKTpaJib-
HYI0 YYBCTBUTEJBHOCTb M CKAUYKOM UYepeayloTCs
C TpyIIiaMu HEAPOHOB, HACTPOSHHBIX Ha OIIMO-
HEeHTHbIE 1IBeTa. Takske 3eKu cyMesl MpoaeMOH-
CTPYPOBATh Ha KJIETOUYHOM YpOBHE 3(P(EKTHI,
nojay4yaeMble B IICUXO(MU3NOJIOTUYECKUX DKCIIS-
puMeHTax ¢ MOHIpHUaHOBLIM 3KpPaHOM, U ITOKa-
3aJl HEJIMHEMHOCTb CHEKTPaJIbHOW HACTPOMUKHU
HelipoHOB V4 oT gpKocTu ctumyna. JanbHeii-
mue padboThl ¢ 001acThI0 V4 MaKaKM MmoKasaliu,
YTO, HECMOTPSI HAa BBICOKUIA IIPOLICHT HEIIPOHOB
B 9TOI 00JIaCTU, YYBCTBUTEJILHBIX K CIIEKTPajlb-
HBIM XapaKTepUCTUKaM CBeTa, Ha3BaTh OOJb-
IIYI0 YacTh WX LBETOCEJIEKTUBHBIMUA HEIb3S
(Schein, Desimone, 1990; Conway, Tsao, 2009).
B Gosnee mo3nHeil pabote 3eKM C coaBTOpamMu
(Kusunoki et al., 2006) 6bu1a M3ydeHa L[BETOCE-
JIEKTUBHOCTb HEMpOHOB obOjactTu V4 Makaku
IIpU MeHsIoIIeMcs LIBeTe (poHa (BapraHT IICUXO-
dusmonornyeckoil mapagurmMel ¢ MoHIpHUaHoO-
BbIM 3KPaHOM, IO3BOJISIIOIIUM MCCJIeI0OBaTh Ta-
KO€ CBOMCTBO, KaK KOHCTAaHTHOCTb 1iBeTa). OKa-
3aJI0Ch, UYTO HACTPOMKA HEMPOHOB Ha LIBETOBOM
CTUMYJI MEHSIETCSI COOTBETCTBEHHO C I[BETOM
¢oHa, YTO TOBOPHUT O TOM, YTO HEHPOHBI V4 00-
JIaJaloT COOCOOHOCTBIO KOIMPOBAaTh KOHCTAHT-
HOCTb 1LIB€Ta M, CJIEIOBaTeJIbHO, OTpaXkaloT He
Ne 1
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MMPOCTO CEHCOPHBIM MPUTOK, HO U TEPLECITUB-
HBIE TIPOIIECCHI.

B nepeaHeit yacTv HUXKHEBHUCOYHOM 00J1acTU
IT 3puTenbHOI KOpbl MaKaKl METOJOM 3KCTpPaK-
JIETOYHOM perucrpaluu ObLIM 3aperucTprupoBa-
HbI UyBCTBUTEIbHBIE K XPOMaTUUECKON CTUMYJISI-
uuu HelipoHsl (Koida, Komatsu, 2007). ABTOpbI
00y4uIn IBYX 00€3bsIH BBIMOJHEHUIO 3a1a4M 10
KaTeropusalyu Win AucKkpuMuHaiuu 11 orteH-
KOB B Juvaria3oHe KpacHbIli-3ejeHblil. HelipoH-
Hasl aKTUBHOCTb OOJIBIIMHCTBA HEHPOHOB ObLIa
LIBETOCEJIEKTUBHOI, OTBET 3aperucTpUpPOBAHHbBIX
KJIETOK TaK>Ke 3aBUCEN OT pa3mepa, opMbl U MO-
JIOXKEHUSI CTUMYJIa B 3pUTEJIbHOM MoJjie. AKTHUB-
HOCTb HEMPOHOB B 3TOit 001aCTU 3aBUCeJIa OT TH-
na 3agauu (Ipu KaTeropusaluu ObLIU 3aperu-
CTpUpOBaHbl Oojiee CUJIbHbIE OTBETHI, YEM IIPU
JUCKPUMHWHALIMK), YTO IIpearnosaraetT HUCXOIs-
1y (top-down) MOIyIsILIMIO, BUIMMO, CO CTO-
POHBI Tpe(PPOHTATIBHOMN KOPHI.

B 3anHeii yacTu HUKHEBUCOUHOM obactu I'T
3pUTENIBHOM KOPbl MakKaku (Ha3blBaeMOIl Takxke
PIT vnu complex V4 u BkITtouarolieii B ceodst pe-
ruoHbl: V4, PI'Td u 3annsst TEO) nocnenyolive
WCCIIENOBAHUS TaKKe BBISIBUIM KOJIMPYIOIINE
nBeT HeiipoHbl (Conway et al., 2007; Conway,
Tsao, 2009; Bohon et al., 2016). Onu GbL1M Opra-
HWU30BaHbl B MUJJIMMETPOBOTO pa3Mepa 1IBETO-
Bbl€ TUIIEpKOJIOHKY (globs, mo aHaizoruu ¢ blobs
B V1, nocioBHO “KareiabKu”, Ha3BaHHBIE 3a UX
¢dopMy MpU ONTUYECKOM KapTUPOBAHWUM), BUAU-
Mble Ha GMPT 1nipu npenbsiBIEHUN CTUMYJIOB C
LIBETOBbIM KOHTPAacToM. BHYTpU TUIIEPKOJIOHKU
HaXOAUTCSI HECKOJIBKO KOJIOHOK (patches miu col-
umns), 4yBCTBUTEJbHBIX K OIPENECJIEHHBIM OT-
TeHKaM, pa3mep ux MeHsblie 100 MxMm. BHyTpu on-
HOU TUNEPKOJIOHKU HAXOIITCSA HEUPOHBI, YyB-
CTBUTEJIbHbIE K pa3HbIM 4YacTsIM CHeKTpa, |
COCE/ICTBYIOLIME HEUPOHBI UMEIOT CXOXKYIO CITeK-
TPaJIbHYIO YYyBCTBUTEIBLHOCTh. [ToMMMO xpoma-
TUYECKON YYyBCTBUTEJIbHOCTU 3TU HEUPOHBI KO-
IUPYIOT TakKKe TIOJIOKEHUE CTUMYJia B 3pUTENb-
HOM I10Jie, TpyOO oTpaxkasi peTUHOTONUIO JAaHHOM
o0J1acTy Kopbl. HelipoHbI MeXIy TMIIEpPKOJIOHKA-
MU 3TOU 00JIaCTU MPOSIBIASIOT MEHBIIIYIO XpOMa-
TUYECKYIO YYBCTBUTEJIBHOCTh 1 B OCHOBHOM KO-
IUPYIOT (OopMy CTUMYyJa M SPKOCTHBIM KOH-
TpacT. OCHOBHbIE BBIBOJIbI 110 HEWUPOHHON
opranuzauuu obnactu kopbl PIT ObuiM BHo-
CJIEICTBUM BOCIIPOM3BENEHBI B JIPYroi jadbopa-
topuu (Yasuda et al., 2010). HenaBHue paGoThl
MoKa3bIBaloT, YTO B obyiactu IT mMakaku Haxo-
ISATCSL TakXke HeWpOHbI, 4YyBCTBUTEJIbHbIE HE
TOJILKO K 1IBETY, (DOpMe U MOJIOXKEHUIO B 3pU-
TEJILHOM I10JI€, HO U HEMPOHBI, HACTPOEHHBbIE Ha
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JIMIa, 1 OHU TaKXKe MOKa3bIBalOT MOMYJISILIUIO
CBOE€Ii aKTUBHOCTM B 3aBUCUMOCTH OT OTTE€HKa
npenbsBasseMbix ctuMyioB-nuil (Conway, 2018;
Duyck et al., 2021). C nopyroii CTOpOHBI, Ha YeJIO-
Beke nokasana (Lafer-Sousa et al., 2016) paznuny-
Hasl JoKaJiM3alusl HeHPOHOB JIMIL U 1IBETOBBIX
HEHPOHOB B 3TOI 00JIaCTU KOPHI, HO, BO3MOX-
HO, pacXoXJIeHUe pe3yJIbTaTOB CBSI3aHO C pas3-
HOCTBIO IPUMEHSIEeMbIX METOAOB (4YBCTBUTEIb-
Hoct GMPT He xBaTaeT I BBLISIBJICHUS OT-
JIeIbHBIX HEMPOHOB, ITpu MpuMeHeHn GMPT k
MO3Ty MakKaku pe3ynbTathl cxonsrTes (Lafer-Sou-
sa, Conway, 2013)).

B nopcanbHoii yactu V4 (V4d) y Makaku Obl-
JIN HailieHbl (pyHKIIMOHATbHbIE MOMYJIU, aKTH-
BUpYIOIIIMECS Ha XpOMaTU4YeCKre CTUMYJIbI, IO
CYTH 1IBETOBBIE TMMEPKOJOHKU, KOTOPbIE ObLIU
crabuiabHbl Bo BpemeHnu (Li et al., 2014). Ilpu
CTUMYJISILIMU OTpeNeSIeHHbIM 1IBETOM, BHYTPU
TATIEPKOJIOHKM (glob) akTBUpYyeTCS HECKOJIBLKO
(1—4) xonoHOK (WM TIsITeH, patches), moJioxe-
HY€ TMKa aKTUBHOCTU B KOTOPBIX BapbUpPYET B
3aBUCHUMOCTH OT LIB€Ta CTUMYJIa, U OHU 3HAYU-
TeJIbHO TIepeCceKaloTCsl IJIsl CIIEKTpalbHO OJIN3-
KMX 1IBETOB. Tak KaK y4aCcTKU KOpbI, aKTUBUPY-
eMble OJIM3KMMU TT10 CTIIEKTPY LIBETaMU, PacIioJio-
KEHbl psSIIOM, IIBETOBas KOJIOHKA SIBJISIETCS
KapToOil OTTEHKOB, €€ CTPOEHUE UMEET XPOMOTO-
nuyeckyr opraHusaiuio. Ilpu cucrematuye-
CKOM BapbUpPOBAHUM TMOJOXEHUS IIBETOBOTO
CTUMYJIa B 3pUTEJILHOM IT0JIe MaKaKu OBbLIO BbI-
SICHEHO, UYTO KaXAbli y4acTOK KOJOHKMW, Ha-
CTPOEHHBIN Ha pa3HbIi LIBET, UMEET OIMHAKOBOE
3pUTENIBHOE TI0JIE, @ MEXIY Pa3HBIMM yYaCTKaMU
OIHOIT KOJIOHKM O4YeHb OJIM3KOe. ABTOPHI IIpe/-
M0JaratoT, YTO PETUHOTOITUS MOXKET ObITh 3aKO-
IUPOBaHa B Pa3HbIX TUIIEPKOJIOHKAX, HACTPOECH-
HBIX KaXX/1asi Ha CBO€ JIOKAJIbHOE 3pUTEIbHOE MO-
jge. Ilpu TecTupoBaHWK LBETOBBIX CTUMYJIOB,
CUCTEMATUUYECKU OTJIMYAIOIINXCS MO SPKOCTH,
ObLIO OOHAPYKEHO, YTO LIBETOBbIE KOJOHKU V4
KOIUPYIOT SIPKOCTh MapaJUIebHO IIBETY: MEHSS
SIPKOCTb CTHMYyJa OT MakKCUMaJlbHOW K MWHU-
MaJIbHOM, aBTOPHI HAOII0AAIU CABUT aKTUBUPY-
IOIIIETOCs yJ4acTKa OT XapaKTEPHOTO JJIsi JAHHOTO
HacChIIIIEHHOTO OTTEHKA B CTOPOHY y4yacTKa, aK-
TUBUPYIOIIIETOCS HAa YEPHBIN 1IBET, 1 HA0OOPOT,
MpU YBEJIUYEHUU IPKOCTU CTUMYJIa aKTUBUPYIO-
IIMecsd YYacTKU CABUTAJIMCH IO MOBEPXHOCTH
KOpbl B CTOPOHY IISITEH, aKTUBUPYIOIIMXCS Ha
Oeunblii BeT. [Tpn 3TOM paccTosiHUE T10 TTOBEPX-
HOCTW KOpBI 3aBUCEJIO OT SIPKOCTU CTUMYyJia B
BeToBoM TipoctpaHcTtBe HSL mo smorapudmu-
YeCKOMY 3aKOHY, TTOATBEPXKAasi HETMHEMHOCTD B
OMWCAHHBIX BHIIIE pe3yabTaTax 3eKu. AHajo-
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rU4YHas1 joraprudmMmdeckasi 3aBUCMMOCTb ObLIa 00-
Hapy:kKeHa MEXIy aMIUIMTYIOM aKTUBHOCTU B
yJacTKe KOJIOHK! M HAaChIIIIeHHOCTHIO 11BeTa B HSL.
Bce atu maHHbBIE CBUIETEIBCTBYIOT O TOM, YTO B
V4 KomupyroTcs He KaTeropu3OoBaHHBIC IIBETa
(KaK OHM €CTh B IIEPLENITUBHOM ITPOCTPAHCTBE),
a onpeneieHHBIM 00pa30M YIIOPSIIOYSHHbBIE (pU-
3UYeCKre MapaMeTphbl LIBETOBbIX CTUMYJIOB. Ha-
MPUMEDP, PO30OBBIN U KPACHBIM 1IBETA OTJINYAIOT -
CsI TOJIBKO IO HACHIILIEHHOCTH, a XeJIThI 1 KOp1UY-
HEBBIN TOJBKO 110 sipkoctH (Buck, 2015) — n ipmn
HaOromaeMoi opraHn3aly 001acTh KOphl V4 He
clienyeT OXKUIaTh B Heil HaXOXAEHUSI KOHLIEIITY-
aJIbHBIX HEMPOHOB 1LIB€Ta, KOAUPYIOIIUX CyObEeK-
TUBHOE KaTeropuajJibHO€ BOCIpPUSITHE I1IBETA.
JIn u coaBTops! (Li et al., 2014) o6cyzkmaroT Tak-
2Ke, KaK BO3MOXHBII BapuaHT, pacOpeaeieHHOe
KOIUpPOBaHUE 1LIBETA 1, CIEA0BATEIbHO, ITOABEP-
raloT COMHEHMUIO CYlLIECTBOBAHME KOHIIENTyalb-
HBIX HEHPOHOB 1IBeTa. ABTOpP 3TOro 0030pa He
comlaceH ¢ HUMU — pa3 METOIO0M MHTPOCHEKIIUN
MbI CTaJKMBAaeMCsl C SIBIGHMEM KaTeropusaluu
1IBETa Ha CO3HATEIbHOM MEPLIENTUBHOM YPOBHE,
3HAYMUT, 3TOMY JOJKHBI OBITh HEMPODU3MOIOTH-
YyecKHe KOPPesIThl, peaIbHbII HEHPOHHBIM Cy0-
CTpar, KOTOPBIH €11e TPEACTOUT HANTH.

B HengaBHeilt pabote ¢ o0acThlio V4 Ha MaKkake
METOIOM MHOTI'OKaHaJIbHOM 3JIEKTPO(PU3NO0I0-
rMYecKoi perucrpaluu OblLia mokKazaHa OoJiee
CJIOXKHAs OpraHu3anus 1IBETOBbIX PELIENTUBHBIX
MoJiel y HEHPOHOB 3TOTO pEerMoHa, YEM CUUTA-
Jock paHee (Nigam et al., 2021). ABTOpHI pa3ou-
BaJIM CTUMYJIMPYIOIINMI 3pUTEIbHOE MOJe SKpaH
Ha 25 KBaapaTOB 1 TECTUPOBAJIU LIBETOBYIO UyB-
CTBUTEJILHOCTb HEMPOHOB Ha U3MEHEHHUE 1IBETa
B KaXXJ10M 13 HuX. OKa3ajaoch, YTO pelieNTUBHbIE
T0JIs1 JaJIeKO HEe BCeX HEMPOHOB HACTPOEHHI IO-
MOT'€HHO Ha OIH 1 TOT Xe 1LIBET, ObLJ1a 3aMeTHasl
¢dpakumsa HEHPOHOB C FTeTePOTreHHBIM pEeLIEITUB-
HBIM TI0JIEM — KOTAa Ha MpeabsBIeHUE 1IBETa B
pa3Hble KBaapaThl peLIENTUBHOTO 110JIs1 Obl1a 00-
HapyXXeHa pa3Hasi cheKTpajibHasl YyBCTBUTEIb-
HOCTb HEMpOHa, BIUIOTb O OIITOHEHTHBIX 1IBE-
TOB BHYTPU OAHOIO pelienTUBHOro noJjs. Eciu
9TU JaHHbIE TTOATBEPAITCS U HE OKaXyTCsl, Ha-
MpruMep, METOANYECKOI OLIIMOKOM, CBI3aHHOI C
aJanTalnyei HEMPOHOB K AJIUTEIILHOMY IIPEIb-
SIBIEHUIO CTUMYJIOB, TO TEKyIlMe IIpencTaBlie-
HUSI O KOJIMPOBAHUU 1IBETa HEMPOHAMU B 00J1a-
ctu V4 nipuaeTcsl KapAruHaIbHO NEPECMOTPETD.

B omgHOil u3 paboT Ha 4YeJoBEKE METOIOM
¢MPT O6bUIO MOKAa3aHO, YTO HUXXKHEBUCOYHBIE
obuyiactu 3putenbHoit Kopbl V4v 1 VO1 akTuBuU-
pylOTCS cujibHEe B 3ajade I0 KaTeropusaluu
IIBETOB, YEM B 3a/1a4€ C TeM Xe MPeIbsIBICHUEM
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IIBETOBBIX CTUMYJIOB, HO C OTBJICYEHEM BHUMAa-
HUSI HA TOCTOPOHHUE apu(METUIECKIE BBIYKC-
sneHus (Brouwer, Heeger, 2013). Cxoxkue pe3yib-
TaThl OBUTM MOJYYEeHBbI C 3aBUCUMOCTBIO aKTHB-
HOCTM B HMWXXHEBUCOUYHOI oO0jlactu Kopbl IT
MaKakU OT MPEIbsIBISIEMOTO TUTIA 3212491, OTJIU -
Yallerocsi BHUMaHUEeM K KaTeropu3aliu 1Be-
ta (Koida, Komatsu, 2007). OTu maHHbBIE TOBO-
PSIT O TOM, YTO HaOJIIogaeMasi akTMUBHOCTD B 9THUX
30Hax KOPbI 3aBUCUT OT MOCTABJIEHHOU UCTIBITY-
€MbIM 3aJa4M, TO €CTb MOMYJIUPYETCS KOHIIEH-
Tpaluueil BHUMaHUS MUMEHHO Ha AVWCKPUMMHA-
LIMIO LIBETOB, @ HE MPOCTO OTPAKAET CEHCOPHBII
MPUTOK.

B HenmaBHeli paboTe Ha 4YeJIOBEKE METOIOM
¢GMPT 6bU10 MTOKa3zaHO: KiaccudukaTop, ooy-
YeHHbIIA Ha aKTUBHOCTU MO3ra B 00J1acTU 3pU-
TeJIbHOM KOpbl V4 pu NpeabsiBICHUMN a0CTPaKT-
HBIX 1LIBETOBBIX CTUMYJIOB, ObLI BIOCJIEACTBUU
CII0COOEH yragablBaTh IBET BOOOPAKaeMOTO YeJIO-
BEKOM O0BEKTa MO aKTMBHOCTU Mo3ra (Bannert,
Bartels, 2018). DTa paboTra mpuMedaTeibHa TEM,
YTO II0 CYTM MBI HaOMI0maeM, KaK B MOCJICIHUE
roabl HelpodU3NOIOrus Bce pellInuTe/IbHEe aTa-
KyeT ncuxodusunosiornyeckyto rmpoodiaemy (Koch
et al., 2016; Hosnpaues, lllep6arnix, 2021): Mme-
TOJIbl HEMPOHAYKU MO3BOJISIOT y3HATh, O KAKOTO
IIBETAa OOBEKTE AyMAaeT YEJIOBEK B OTCYTCTBUE
3putenbHON cTumynsiuuu. [losBiasgiorcss pabo-
Thl, B KOTOPBIX HCCJIEIOBATEIM CO3HATEIbHO
CTPOSIT IU3aiiH SKCIIEPUMEHTA TaK, YTOOBI peru-
CTPUPOBATh AKTUBHOCTb MO3ra UMEHHO BO Bpe-
MsI CyObeKTUBHOTO TEpeXXWBaHUS 1IBETA, 2 HE BO
BpeMs CEHCOPHOM XpOMaTUYECKOW CTUMYISLIAN
(Morita et al., 2004; Dijkstra et al., 2019; Kim
et al., 2020). B padore Kuma u ap. 2020 r., uc-
MOJb3Ysl WITIO3UI0 KOHCTAHTHOCTH 1IBE€Ta B Ma-
pagurMe 4depenyrouleics: OMHOKYISIpPHOM KOH-
KypeHUMH, ynaiaoch B curHaie GMPT paznenutsb
CYOBEKTUBHO BOCIIPUHUMAEMbIA LBET (peru-
CTPUPOBAJIOCh HaXKaTWeM KHOMNKM WCHbITye-
MbIM) W LIBET OT IOJaBa€MOU XpOMaTU4YEeCKO
crumyssiumu. Okazajnoch, YTO CUTHaJI, pPEru-
CcTpupyeMblii B obsacTtsax V1 u V2, oTpaxaet Xxpo-
MaTUYECKYIO0 CTUMYJISILIMIO, 2 CUTHAJI B 00J1aCTSX
3puTenbHOM Kophl V3, V4v 1 VO1 — niepuenTuB-
HO€ ollylleHue 1iBeTa. B 1emomM 3To xopoliee
SMITMPUYECKOE TTOATBEPXKICHUE JTOTUKU, KOTO-
po¥i TIpUAEepPKUBAIOTCSI MCCIEeI0BaTEN: B HU3-
WX LIEHTpaxX 3pUTEIbHON cUCTEMBI 0OpabaThI-
BaloTCsl (DU3MYECKME TTapaMeTpbl HAOIIOIaeMBbIX
CTUMYJIOB, & B BBICIIMX 30HAX 3PUTEJIbHOI KOpPbI
aKTUBHOCTbH CUJIbHEE KOPPEIUPYET C OCOZHAHHBIM
MEPUENTUBHBIM 00pa3oM OO0BEKTa, KOAWUpYs B
TOM YMCJIE KOHLIENTYyaTU3NuPOBAHHOE MPEACTaB-
Ne 1
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O06paboTKa B 3pUTEJIbHOM aHAJIM3aTOPe

Puc. 3. CxeMa NpUHIMIIOB KOIMPOBAHUS Ha pas-
HBIX 3Tanax LBETOBOTO BOCIpUsTUS. 1 — orrmo-
HEHTHOE KOAMPOBAHME OT CETYATKM 10 V2, 2 — KO-
JIOHKM U TUTIEPKOJIOHKHU, OT V2 1o V4/IT, 3 — koH-
LIeTITyaJbHble HEeUpPOHBI 1IBeTa (ITMIIOTETUYECKUE,
oT V4 u BhIlIIE).

Fig. 3. Plot of coding principles at different levels of
color perception. 1 — opponent coding at retina to
V2, 2 — columns and hypercolumns, 3 — conceptual
color neurons (hypothetical, V4 and above).

JIEeHME O IlapaMeTpax HaOJIloJaeMoro o0beKkTa,
TaKHMX KakK ero LIBETHOCTh U opma.

T'MITOTE3A O CYIHECTBOBAHHUH
KOHUIEIITYAJIbHBIX HEMPOHOB LIBETA

B enuHCTBEeHHOI M3BECTHOIT aBTOpPY 0030pa
pabote, uccieayoneift UMEHHO CO3HaTeJIbHOE
BOCHPUSITUE CTUMYJIOB B IPYTMX CEHCOPHBIX CH-
cTeMax, B MapajiurMe TaKTWIbHONW WJUTIO3UU
maHHble MPT ykaspiBaau Ha JOKaIU3aLUIO
Helipo(U3M0I0TMYEeCKOIo CcyOcTpaTa mMNeplien-
LHUY B MEePBUYHOM COMATOCEHCOpHOiT kope S1
(Rajaei et al., 2018), a He B BBICLLIUX KOPKOBBIX
30HaxX. 3HAYUT JIM 3TO, YTO COMATOCEHCOPHBIA
aHaJM3aTop YCTPOEH MHaye, YeM 3PUTEIbHBIM,
MOKa He MOHSATHO, HO MOXHO HaJesIThCs, YTO C
yBeJIMYEHUEM MHTepeca K Mog0OHOro ponaa pa-
0oTaM cuTyallusi B CKOPOM BPEMEHMU IPOSICHUT -
csi. IpyruM ripuMepoMm padboT, YCIIEITHO pellato-
IIUX YaCTHbIE Ciiydyau MCUXO(MDU3UOJIOTUYECKOMN
MPOOGJIEMBI, XOTSI U HE UMEIOIIMUM TIPSIMOTO OT-
HOILLIEHUSI K TeMe 0030pa, SIBJISIETCS UccienoBa-
HUE, B KOTOPOM I10 JaHHBIM DDI" MOXHO ObLIO
cKazaTb, KaKue CJIOTM MPOU3HOCUT BHYTPEHHE
peunto uctneiTyemblii (Whitford et al., 2017; Jack
et al., 2019), u paboTta ¢ MBICJIEHHBIM HalleBaHU-
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€M MEeJIOIMU, KOTOPYIO MOKHO OBIJIO yramaTh 1o
manHbeiM MOT (Li et al., 2020).

C Ipyroii CTOpOHBI, TICUX0(pU3NOJIOrnIYeCcKast
npo0JeMa YaCTUYHO YK€ JaBHO MPEOo10JIeBaeTCs
B Helipoduirosornyeckoit 06J1acTu MccienoBa-
Huit (Hosnpaues, lllep6atsix, 2021), cBsI3aHHOMI
C KOHLENTyaJIbHBIMU HEeiipoHaMU (OHU Xe THO-
CTUUYECKUE, OHU ke “HeipoHbl 0a0yiku” (Mar-
tin, 2000; Gross, 2002)), aHcamMOJI1 KOTOPBIX,
MO-BUAMMOMY, SIBJISIIOTCSI MO3TOBBIM CyOCTpa-
TOM JUISI TAKUX TelITaJIbTHBIX MOHSATUM, KaK Mo-
JloxeHue opranusdma Bo BpeMeHM (Umbach
et al., 2020) u mpoctpancTtBe (Miller et al., 2013;
Hazama, Tamura, 2019), ¢opMupytomiux KapTy
atoro npoctpaHcTBa (Killian et al., 2012; Jacobs
et al., 2013), nmpencraBieHne 00 aOCTpaKTHOM
yucnae (Nieder, 2020), o 11iie KOHKPETHOTO KOH-
crietuduka (Chang, Tsao, 2017), o6 accouua-
muun (Josselyn, Tonegawa, 2020). BrioaHe Bepo-
SITHBIM KaxXeTCsl HaJIMuue B MO3Te TTOT0OHbBIX Xe
KOHIIETNITyaJIbHBIX HEMPOHOB 1IBETa JIJIsI KOIUPO-
BaHUsI KBaJia LBETHOCTU. [IpssIMBIM monrBep-
KIEHUEM CYIIeCTBOBAHMS TaKUX KOHIENTYyalb-
HBIX HEMPOHOB IIBETA SIBJISIETCS paboTa, BHIMOJI-
HEHHasl ¢ TPUMEHEHHEM HMMILIAHTUPOBAHHBIX
2J1eKTpoaoB Ha 4yejioBeke (Murphey et al., 2008).
[Ipu syeKTpUYECKON CTUMYJISLIMU OTIAEIbHBIX
HEUPOHOB B 30He V4, HACTPOEHHbBIX Ha MyPITyp-
HBII 1IBET, Y UCIIBITYEMOTO BO3ZHMKAJIO OIIYIIIEe-
HUE ITyPITYPHOTO 1IBeTa B LIEHTPE TOJIsI 3pEHUSI.
C Touku 3peHus aBTOpa 3TOro 063opa, HaxXoXxae-
HUE HEUPOHOB C TAKMMU CBOMCTBAMU B KOPE SB-
JISIETCS TI0 CYTU HaXOXIeHWeM MO3TOBOro cyo6-
cTpaTa JUIsl KBajija 1IBeTa M YaCTHBIM pellleHUEM
MCUXO(U3UOJOTUYECKO TPOOJeMbl, CBSA3bIBA-
IOIUM MEHTaJIbHOE ¢ (PM3NUECKUM, CO3HATEIb-
HOE BOCIIpUSITHE I[BETa C OMOJOTrMYEeCKOi TKa-
Hbl0. KoHeuHo, o paspeleHust ncuxopusno-
JIOTUYECKOM MPOOJAEMbI, TOHUMAaHUS TOTO, KakK
(busmosiornyeckasi akTUBHOCTb MO3ra Iepexo-
JIUT B ICUXWUYECKUI ONBIT UHAWBUIA, €1lle OYEHb
JaJIeKO, OMHAKO 3TU IIPUMEPHI YKa3bIBAlOT Ha
MPUHLMIHATBHYIO BO3MOXHOCTb TAKOTO MOHU-
MaHUsl (OTpULIAEMYIO HEKOTOpPbIMU (puiiocoda-
Mu). CxemaTtruueckoe u3oopaxeHue U3MeHEeHUs
MPUHLMIIOB 00pabOTKM 1IBETA B KOpe MPUMaTOB
OT HU3IIMX 30H K BBICIIMM, KaK TIpeICTaBIsIeTCS
aBTOPY 3TOT0 0030pa, MpeacTaBIeHO Ha puc. 3.

ITockonbKy B McCliedOBaHUSIX Ha 4YeJIOBEKE
BECbMa pelika BO3MOXHOCTbh paboTaTh Ha Kje-
TOYHOM YpOBHE (B BBIIICYNIOMSIHYTOI pabdoTe
BJIEKTPOAbl MMILUIAHTUPOBAJIIUCH YEJIOBEKY I10
MEIULIMHCKUM MOKa3aHUSIM), XOPOIIO Obl OBLIO
rnepeiTu K paboTe Ha HUBLIMX NpuMaTax. OaHoki
13 OYEeBUIHBIX TPYAHOCTEM B 3TOM HarpaBIeHUU
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SIBJSIETCSI HECTTIOCOOHOCTh 00€3bsIH 1aTh CO3HAa-
TEJIbHBIII OTYET O TOM, UTO OHA BUIUT, TEM HE
MeHee €CTh CITOCOOBI TPEOH0JIETh 3TY IIPOOJIEMY.
OpHo3HaYHasl MHTEPITpeTalrs MMOBeIeHUs 00e-
3bSIHBI TIPU TUCKPUMUHALIMKA WJIW KaTeropusa-
IIMM 1IBE€Ta HENpocTas, HO, MO-BUIMMOMY, pe-
maeMast Mmeroguueckas 3amada (Koida, Komat-
su, 2007; Hesse, Tsao, 2020).

B kakux o6iacTsix KOpbl 00€3bsIH UCKaTb KOH-
LIeTITyaJibHbIe HefipoHbI 11BeTa? [TOMMMO BBICIIIUX
obJtacteii 3puTeabHO KOphl, V4 1 HUKHEBUCOY-
HbIX 30H (IT), NaHHBIE TTO KOTOPHIM TOBOPST TO
3a, TO MPOTHUB BO3MOXHOIO KaTEropuajbHOIO U
MEePLENTUBHOTO KOAMPOBAHMS 1IBETA B HUX, BO3-
MOXHO, CTOUT UCKaTh BHE 3pUTEJIbHOIO aHaJIn3a-
TOpa, B accollMaTUBHBIX 00J1acTsaX Kopbl. Hanpu-
Mep, pabora bépna ¢ coaBropamu (Bird et al.,
2014) npennojiaraeT HaIu4ne KOHLENTYaIbHBIX
HEPOHOB 1IBeTa B palioHe cpeaHel (DpOHTATbHOM
m3BmHbl (MFG, nonst no Bpoamany 9/46) un
Mo3Xeuka. ABTOpbl peructpupoBaiu GMPT Ha
YyeJIOBEKE MPY CTUMYJISIIMU [IBETOM OJIM3KUX OT-
TEHKOB (3eJIeHbIll) U paBHBIX 110 PACCTOSIHUIO B
LIBETOBOM MPOCTPAHCTBE, HO IIPUHAIJIEKAIINX K
JIpyroii IBETOBOIi KaTeropuu (CMHUI) B Iapa-
nurMe aganrtaiyu BOLD-curHanza Ha oqiMHaKoO-
Bble CTUMYJIbl. OgHAKO TOCeayIoNasl MonbITKa
Ipyroii 1abopaTopuy MOBTOPUTH SKCIEPUMEHT
B CXOX€I ITapaaurMe He cyMmeJia BbISIBUTb 3TU 30-
Hbl Mo3ra Ha @M PT (Persichetti et al., 2015), xo-
TS 1 OATBEPANIIA BBIBOM, UTO 30HbI 3pUTEIbHOM
KOPbl aKTUBUPYIOTCS TOJIbKO MPU XpoMaTuye-
CKOM, HO HE IPU KATETOPUAIIbHON CTUMYJISILIAN.
ABTOpPBI MOITPOOOBAIU 3aMEHUTh TACCUBHOE Ha-
OJoAeHMe 1IBETOBbIX CTUMYJIOB MCIBITYEMbIMU
Ha 3a7a4y aKTUBHOM KaTeropusaliiu 1IBETOB, HO
1 B 9TOM 3KCIIEPUMEHTE TaK>Ke HE BbISIBUJIU 30-
HbI, HaliieHHble bEépaoM ¢ coaBTOpamMu (XOTs B
9TOM 3a7a4e U aKTMBHUPOBAJIOCh HECKOJIbKO HO-
BbIX, (DPOHTAJIbHO pacnojoXeHHbIX 30H). He-
CMOTpsl Ha HEOMHO3HAYHOCTh WHTEpPIIpeTaluu
3TUX UCCJEAOBAHUM, JIsI MIOMCKA KOHLIENTYyallb-
HBIX HEHPOHOB 1IBeTa ObLIO OBbI MOJIE3HO adanTH-
poBaTh MCHOJIb30BAaHHYIO aBTOpaMu Iapaaurmy
LIBETOBOM CTUMYJISILMU [JIsI MCCIEAOBaHUS Ha
HUBIIMX MIpUMaTax METoAaMu 3J1eKTPOPU3N0JI0-
I'MU U ONITUYECKOTO KapTUPOBAHUSI.

OnHoit U3 NMepCcHeKTUBHBIX MOAeJIeil, Ha KO-
TOPOM MOXHO BBISIBISITh KOHLENTYaJbHbIC HEM-
POHBI 1IB€Ta, SIBJISIETCSI KaTeropu3alivsl KeJITOro
1 KOPUYHEBOTO — 3TU LIBETA OTJIMYAIOTCS TOJIBKO
SIPKOCTBIO, a CIIEKTPajibHO OAMHAKOBHI (BO30YX-
JalOT OOHU U T€ Xe pelLeNTOpPhl, UMEIOT OOUH U
TOT ke oTTeHOK, hue) (Buck, 2015; Witzel, Ge-
genfurtner, 2016). IpyrumM BO3MOXHBIM BapuaH-
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TOM SIBJISIETCS] TPUMEHEHME aXpOMAaTUUYHBIX CTH -
MYJIOB, TAIOIINX MEPLENTUBHOE OILIYIIICHUE 1BE-
Ta: 6eyoro, ceporo n yepHoro (Rajendran et al.,
2021). Ecam ymactcs HaliTH HEMPOHEBI, N30Mpa-
TEJIbHO OTBEYalOIIe TOJIBKO Ha KEJITBI U He
OTBeYalolIre Ha KOPUYHEBbIN (MK HA000POT),
U TP 3TOM CEJICKTUBHBIE K JTaHHOMY OTTEHKY
(HeiipoH He HOJKEH OTBedaTh Ha SPKOCTh JIpY-
T'MX IIBETOB), TO 3TO OyIeT BECKAM JIOBOJIOM, YTO
Mbl BUIMM MMEHHO HEMpPOHHBII CyOCTpaT KBa-
JIa TaHHOTO 1IBETa, KOHLENTYyaIbHBI HEUPOH,
OTBEYAIOIINIA 32 KaTeropu3allvio 1IBeTa, a He 3a
Kakoi-To oguH u3 (U3NYECKUX ITapaMEeTPOB
3PUTEILHOTO CTUMYJIa, TAKMX KaK SPKOCTh MJIHN
OTTEHOK.

NCCIEOOBAHUMA LIBETA
BHE HEMPO®U3NOJIIOTMHN

K Bompocy o KkBaiya IBETHOCTH y YeJIOBEKA,
IMMOMUMO HeHpodU3MOI0roB, TakKKe MBITATNCh
nono0paThesl ¢ IPYroil CTOPOHBI TICUXOJIMHIBU-
CThI; HAUMHAas ¢ KJIacCu4yecKoii padoTel bepiuHa
u Koag (Berlin, Kay, 1969; Kay et al., 2009) u no
nocnegHero BpemeHu (Skelton et al., 2017;
Zaslavsky et al., 2018; Conway et al., 2020) ouu
MTBITAIOTCSI ONPENE/INTh, B KAKME LIBETOBBIC TEP-
MUHBI B pa3HBIX S3bIKax KaTEropu3yeTcs Ipo-
CTPaAHCTBO LIBETOBBLIX CTUMYJIOB. Cyns IO JIuTe-
paType 3a IMoCleIHNe IBa IeCATUIICTUSI, TICUXO-
JIMHTBUCTHI CXOISTCS B TOM, YTO KaTeropu3aliust
LIBETOB YHUBEpCaJIbHa 11 COTHU Pa3HbIX ITUCh-
MEHHBIX U IOITMChbMEHHBIX SI3BIKOB (Regier et al.,
2005; Lindsey, Brown, 2006), 1 ecTb pabOThI, IO-
Kas3pIBaloIlre, YTO MPUIMHON TOMYy — KakK pa3
aHatoMusi U (U3MOJIOTUSI 3PEHUST 4YeIOBeKa
(Skelton et al., 2017).

OtedecTBeHHAasI IIKOJA TMOI PYKOBOICTBOM
E.H. CoxkonoBa wucciiemoBajla KaTeropu3amuio
BeTa 4yeaoBeKoM. C MCITOJIBb30BaHUEM IICHUXO-
(bn3moIOrnYecKrX METOI0B OBIJIO YCTAHOBJICHO,
YTO CYOBEKTUBHO OILIEHMBAaeMOE€ pPacCCTOSIHUE
MEXIIy IBYMs LIBeTaMU U pa3HUIIA B JJIMHE BOJI-
HbI CTUMYJIa MOTYT OBITh XOPOIIIO OMMCAHbI IO~
BEPXHOCTBIO C(pephbl B TPEXMEPHOM €BKIUIOBOM
npoctpaHctBe (Izmailov, Sokolov, 1991). U3-
MaJIOBBIM TakKXXe ObUIM IPOBEIEeHbI IKCIEPU-
MEHTBI C MSATHIO IIBETOBBIMU CJIOBAaMU BMECTO
CyOBEKTUBHOTO PACCTOSTHUSI, KOTOpBIE TaKXe
pacrnpeneIich 1Mo moBepxHoctu cdepnl (M3-
MaiiyioB u ap., 1989). DTu pe3yabTarhl HpeaIo-
JlaraloT BO3MOXHOCTb TOYHOTO MaTeMaTUYECKO-
ro ONMCcaHUs NEePLUETITUBHOIO IPOCTPAHCTBA Ye-
JIOBEKA U IPYIMX KUBOTHBIX.
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Henasnsist paboTta B o0acTu ncuxou3noso-
MU LBeTa MoKa3aja, YTO MHAUBUIYaJIbHbBIN CJ10-
BapHbI 3arac 1IBETOBbIX TEPMUHOB HE BJIUSIET
HENOoCPEeACTBEHHO Ha BOCIIPUSTHUE LIBETA B IIPO-
CTOI1 3aJ1a4e Ha COIOCTaBJIEHUE 1IBE€Ta, HO OT He-
ro 3aBUCUT TOYHOCTb B 3a7auye C OTCTaBIECHHBIM
BO BpEMEHHU MTOAOOPOM 1IBETa, TO €CTh LIBETOBAs
namsath (Hasantash, Afraz, 2020; Afraz, Has-
antash, 2021; Lev-Ari, 2021). MeToaoM (pyHKILI1-
oHainbHOM ToMorpaduu (pMPT) panee Takxke
OBLIO TI0OKAa3aHO, YTO MaMsITh O 1IBET€ MOXKET HC-
MOJb30BaThCd B KATErOpM3allMM M3BECTHBIX
00BEKTOB 3TOTO 1IBeTa: KjlaccudukaTop, HaTpe-
HUPOBAHHbBIN HAa aKTUBHOCTb 3PUTEJIbHON KOPHI
BO BpeMsl IIPEObSBIICHUS LIBETOBBIX CTUMYJIOB,
BITIOCJIEACTBUU YCHEIIHO IIPeAcKa3bIiBaJl MO aK-
TUBHOCTH B 30Hax V1, V3, hV4 u VOI1, kakoro
OOBIYHO 1IBETA MPEAbIBASIECMbII B BUJIE YEPHO-
oenoit pororpaduu oobekT (Bannert, Bartels,
2013; Vandenbroucke et al., 2016). Tem He MeHee
€CTh 1 JI0Ka3aTeJIbCTBAa B MOJb3y TaK Ha3bIBac-
Mo yopduaHcKkoii Touku 3peHus1 (runore3a Ca-
nupa-Yopda u npuaepXuBalolIuecs €€ JIUHT-
BUCTUYECKUE PEISITUBUCTBI): YTO Ha Meplell-
LU0 U KaTeropu3aluio 1IIBETOB BIUSIET TO, KaK
LIBETOBbIE TEPMUHbBI KaTeTOPU3YIOTCI B POIHOM
SI3bIKE UCMBITYEMOTO WJIM KaK UCIBITYEeMBIil caM
KaTeropusyeT ux ciopamu (Winawer et al., 2007;
Thierry et al., 2009; Mo et al., 2011; Forder et al.,
2017; He et al., 2019). IIpu TecTUpOBaHUM LLIMM-
MaH3¢ Ha KaTeropus3aluio 1LIBETOB 0OKAa3aJioCh,
yTO 6€3 crneuagsbHOro 00y4YeHUsI 3T 00€3bSIHbI
He CKJIOHHBI KaTerop1u30BbIBaTh LiBeTa (Matsuno
et al., 2004). B HemaBHeM McCIeIOBaHUU METO-
JIOM CHEKTPOCKOIMU B OJIMXXHEM HHQpaKpac-
HoMm auarmna3oHe (NIRS) mnaneHues nosepoajib-
HOTO BO3pacTa yIaJIoCh II0Ka3aTh, YTO KATETOPH-
3alMsl 1IBETOB BO3HUKAeT B MO3re 3aJ0JIro 10
o0yueHus s13bIKy (Yang et al., 2016) u, ciemoBa-
TEJIbHO, SIBJISIETCS CJIEACTBUEM pPa3BUTUS 3pU-
TeJIbHOI CUCTEMBbI, a He OOy4YeHUS 32 CYET KOMMY-
HUKALIMU U BOCIIPUSITUS KYJILTYPbl. DTU JaHHLIS
TakKXKe IIOATBEPKIAIOTCS IICUXO(PU3NOIOrnYe-
CKUMM DOKCHEpPMMEHTAaMU Ha OOBepOajbHBIX
maaneHnax (Skelton et al., 2017). B MOI'-curna-
JIe 4eJIOBEUEeCKOIro MO3Ta COJEePXKUTCS 1OCTaTOU-
HO MH(POpMaLMU IJIs1 IeKOAUPOBAHUS U3 HETO
BeTa mnpenbsaBiasgemMoro crtumyia (Rosenthal
et al., 2021). bosee Toro, curHai comepKajl MH-
dopMaLIo O LIBETE MPU IPEIbsIBICHNU Ha3Ba-
HMI IBETOB TEKCTOM (O€IBIM ITO CEpOMY), IIPeI-
BapUTEILHO OOYYEeHHBIN Ha IIBETOBBLIX CTUMYJ/Iax
KJ1accupUKaTop AeKOAUPOBaJ LIBET U3 €ro Ha3Ba-
HUS C YPOBHEM 3HAYUTEJILHO BHILIE CIYy4aiiHOTO
pU aHaIu3e JIaTeHTHOoCcTew Oonbie 450 Mc, 9yTO
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TOBOPUT O KOHBEPIeHIINY CUTHAJIA O LIBETE U €TI0
KaTeropu3anuy B BUIE ILIBETOBOTO TEpMUHA B
BBICIIIMX 30HaX Kophbl. Kitaccudukarop, Hay4eH-
HbIIl Ha MBI -curHaze npu npeabsIBIeHUN LIBE-
TOBBIX TEPMHMHOB, HE CIIOCOOEH OBbLI IIpeacKa-
3aTh LIBET HA JAHHBIX CTUMYJISILIUM 1IBETOBBIMU
CTUMYJIaMU, YTO TOBOPUT O TOM, YTO MEPLICITLIMS
IIBETa MOXET BBI3BIBATH €TI0 CEMaHTHMYECKOE
MpencTaBiecHNEe, HO He HA00OPOT.

CyMMupysl TIpOIMTUPOBAHHEBIEC BBIIIE pabo-
TBI, MOXKHO CKa3aTh, 4To runore3a Canupa-Yop-
(ha 0 TMHTBUCTUYECKON OTHOCUTEIbHOCTHU BPSI
JIA TIONYYUT OJHO3HAYHBIA OTBET “ma” WM
“HeT” — B pa3HBIX IMapagurMax 3KCIIepuMeHTa
OTBETHI TTOJIyJalOTCsI pa3Hble, M BCE OHU, BUIN-
MO, BEpHBI, TaK KaK KaTeropu3alus MOXeT
MMEThb pa3HbIif MO3TOBOM CyOCTpaT, KaK 3aBUCS -
IOV, TaK 1 He 3aBuUcsnii ot s3bika (Regier,
Kay, 2009; Brouwer, Heeger, 2013; Witzel, Ge-
genfurtner, 2016; Regier, Xu, 2017).

SAKIIIOYEHHUE

Kak BuaHO 13 aHayiM3a JIMTepaTyphbl, Ha CEro-
JHSIITHUNA MOMEHT CJIOXKUJIOCH MMPEACTABIEHUE O
TOM, YTO B KOPKOBOMI YaCTU 3pUTEJIbLHOIO aHAIN-
3aTopa (oomactu V1—-V3 u otuactu V4) koaupy-
I0TCS pa3jindyHble (pU3nUecKre napaMeTphbl 1Be-
TOBOTO CTUMYJa (SIPKOCTb, (popMa, CKOPOCTh
JIBUKEHUSI, TIOJIOXKEHME B 3pUTEIbHOM IToJie). B
TO X€ BpeMsl B BbICIIE 00JIacTU 3pUTEBHOIO
aHanu3aTopa V4 U HUXKHEBUCOUYHBIX 00aCTSIX
HOBOI KOpPBI €CTh HEMPOHBI, aKTUBHOCTh KOTO-
pbIX KoaupyeT OoJiee aOCTpaKTHbIE CBOMCTBa
CTUMYyJIa, HE CBSI3aHHbIE HAMNpPSMYIO C (pu3nye-
CKHMMM MapaMeTpaMu, 3aBUCSIIMMU OT BpeMEH-
HbBIX Y IPOCTPAHCTBEHHBIX KOHTPACTOB (HaMpu-
Mep, IMHaMUKK 1BeTa ¢GoHa, Ha KOTOPOM
MIPEIbABIISIETCS IBETOBOI CTUMYJT). DTO MO3BO-
JISIET TOBOPUTH O TOM, YTO B 3TUX 00JIACTSIX MO3Ta
MPUMAaTOB KOAWUPYETCSI MMEHHO IepLENTUBHOE
OlLIyIIIEHHWE 1IBEeTa, YTO ObLJIO IOKa3aHO, B 4acT-
HOCTH, B IPSIMOM 3KCIIEpUMEHTE C IPUMEHEHMU -
€M UMILIaHTUPOBAHHBIX 3JIEKTPOJAOB Ha YEJIOBE-
ke (Murphey et al., 2008). Ha ocHoBe 3TuX 1uTe-
paTypHBIX HAaHHBIX aBTOPOM  BBIIBUTACTCS
TMMNoTe3a, YTO B BBICIIUX 00JaCTIX HOBOI KOpPbI
MIPUMAaTOB MOTYT ObITh HalileHbl KOHILIETITYallb-
Hbl€ HEMPOHBI, 110 aHAJIOTMU C KJIETKaMU MecTa
runmnokamiia, Koaupylouue cyobeKTUBHOE BOC-
npusatue nBera. Kpome Helipodusunosoruye-
CKUX JaHHBIX, MIOAPOOHO PACCMOTPEHHbBIX B 00-
30pe, U3BECTHbIE Ha AAaHHBIA MOMEHT JaHHbIE
MCUXO(U3UOJOTUU U ICUXOIUHTBUCTUKY TaKXKe
HE IIPOTUBOpPEYAT BbIABUTaeMoi TuIioTe3e.
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COLOR PERCEPTION AND ITS CODING IN SIMIAN NEOCORTEX
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Perception of color by human and nonhuman primates is a complex problem, which is studied not
only by neurophysiology, but also by neighboring fields of science such as psychophysiology, psy-
cholinguistics, and even philosophy. With neurophysiology as a starting point, I review contribu-
tions of adjacent fields in understanding of the primates’ color space encoding. All known at the
moment neurophysiologic mechanisms of color perception by primates are reviewed and a hypo-
thetical way of color stimuli processing is proposed, suggesting at a final stage involvement of con-
ceptual (gnostic) neurons encoding only colors of visual stimuli.

Keywords: color vision, perception, primates, coding, qualia, neocortex, neuron
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