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_ . There was investigated the organization of so called ‘grouped retina’, a peculiar type of retinal organization
in fish in which ?roups of photoreceptor cell inner and outer segments are arranged in spatially separated bundles.
In most but not all cases, these bundles are embedded in Tight-reflective cups that are formed by the retinal

igment_epithelial cells. These cups constitute a specialized type of retinal tapetum (i.e., they are biological
mirrors’) and appear to be optimized for different purposes in fishes. Generally, the large retinal pigment epithelial
cells are filled with Ilght-reflectm% photonic c?/stals that consist of guanine, uric acid, or pteridiné depending_on
species, and which ensure that the incoming light becomes directed onto the photoreceptor outer segments. This
structural specialization has so far been found in representatives of 17 fish families; of note, not all members of a
given family must possess a grouped retina, and the 17 families are not all closely related to each other. In many
cases (e.g., in Osteoglossomorpha and Aulopiformes) the inner surface of the cup’is formed by three to four layers
of strikingly regularly shaped and spaced guanine platelets actmg?. as an optical multilayer. It 'has been estimated
that this provides an UP to 10 fold increase of the incident |ght intensity. In certain deep-sea fish (many
Aulopiformes and the Polymixidae), small %rpups of rods are embedded in such ‘parabolic mirrors’; most likely, this
is an adaptation to the extremely low light intensities available in their habitat. Some of these fishes additionall
possess similar tapetal cups that surround individual cones and, verg_llkely, also serve as amplifiers of the wea
incident light. In the Osteoglossomorpha, however, that inhabit the turbid water of rivers or streams, the structure of
the cups Is more complex and undergoes adaptation-dependent changes. At dim daylight, probably representin
the usual environmental conditions of the fish, the outer segments of upto 30 cone cells are Placed at the bottom o
the cup where light intensity is maximized. Sfrlklngly, however, a large number of rod receptor cells are positioned
behind each mirroring cup. This peculiar arrangément allows vision at deep red wave length, matches the
sensitivity of rod and ‘cone photoreceptors, and facilitates the detection of low-contrast and color-mixed stimuli,
within thé dim, turbid habitat. Thus, for these fish the grouped retina appears to aid in reliable and quick detection
of large, fast moving, biologically relevant stimuli.
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BeegeHune. KOHCTaAHTHOCTb LBETOBOCMPUATUSA (HEM3MEHHOCTb peakumy Ha CTUMYMbl OOHOM U TOW Xe
OKpacku Mpu M3MEHEHUN OCBeLLEeHWs) ¥ pblb CyLLecTBYyeT yXe Ha YpoBHe cetyatku. [lpeanonaraeTcd, 4TO OHa
OCYLLECTBMNAETCA C MOMOLLbI FOPM3OHTarbHbIX KNEeTOK, KOTopble CobupaloT curHanbl Konboyek € [OBOSMbHO
GonbLuon nnowaaun. NMoaToMy noTeHuman ropu3oHTanbHON KIeTKN MOXET CIY>XUTb OLEHKOM TEKYLLIero OCBELLEHNS.
lMocpenctBoM OTpuuatenbHoM obpaTHOW CBA3W Ha KONOOYKM ropu3oHTanbHble KneTkn obecneuvBaroT
HeobOxoamMmoe MacwTabupoBaHue CUrHamnoB KONMOGO4YeK B COOTBETCTBMM C TEKYLMM OCBELLEHMEM — BBOAAT
nonpasKy Ha OCBeLLeHune.

Onucanve mopenun. Mogenb COCTOUT M3 Tpex WAEHTUYHbIX, HEMPOHHBIX CceTen, 0bCny>XuBarowmx Tpu
HEeB3anMOLENCTBYOLLMX LIBETOBbIX KaHana: KpacHbIN, 3eneHbIn 1 CUHWIA.

Kaxxgasa ceTb cogepXuT cron Konbodek (C COOTBETCTBYHOLLEN cneKTBaanoﬁ YYBCTBUTEMbHOCTLIO),
CBSI3aHHYI0 C HUMW OAHY TOPW3OHTAaNbHYy KneTky, crnon ounonsapHeix knetok ON n OFF “tunos v BbIXogHOM
HEMPOH, NOMyYaloLLMIn CrirHanbl 0T BUNonapHbIX KrieTok. Kak n B peanbHbIX U3NONorMyecknx onbitax, B MOAEnNu
npeoycMOTpEHa CTUMYNAUUSA TPEX YacTen ceTyaTku: LeHTpa peuenTMBHOIO Mons HempoHa (npeabsaBrnsembiv
cTumyn), oHa, Ha KOTOPOM NpeabsABNAeTCA CTUMYM, U I_ganeKoro OKpy>xeHus. CuymTaeTcs, YTo cUrHanbl Konboyek
NpoNoOpLMOHanbHbl florapudmMy KX OCBELLEHHOCTU. [Opu3oHTanbHasa KreTka yCpedHgeT curHanbl M3 BCeX
KONGOYKOBbLIX CUHAMNCOB W MOCbINaeT B CUHAMTUYECKWE OKOHYaHWs CcurHan obpaTHOW CBA3W, W3MEHSIOLIWN
KONMYecTBO Megmatopa B cuHancax. KonmyectBo megmaTopa NponopuUMOHarnbHO PasHOCTU curHana Konboyku u
ropM3oHTanbHoOW knetkn. Kpome T10ro B cMHance CywecTByeT HacbIWeHWe — KOMMYeCcTBO Meauatopa He MOXeT
npeBbIlaTh HEKOTOPbIN npe%en. BunonsapHble knetkn OFF TMna noBTOPSAOT curHansl KONboYKoBbIX CrHancos 6e3
n3MeHeHns 3Haka, knetkm ON Tuna — c M3MeHeHueMm 3Haka. Peakuus BbIXOOHOMO HenpoHa onpegensetcs
Pa3HOCTbIO peakunii CBA3aHHbIX C HUM BUNOMSAPHBIX KNEeTOK Ha CTUMYI U Ha dOH.

PesynbTatbl _MoaenupoBaHud. JKCNEPUMEHTbI Ha MoAenu nokasanu, 4to 1) B_ COOTBETCTBUMM C
pesynbTaTaMn OKCMEPUMEHTOB Ha LBETOOMMOHEHTHbIX FaHrMMO3HbIX KNneTkax cetyaTkn pblb 6enas panbHas
nepudepua obecneymBaeT HEM3MEHHOCTb OTBETa MNPU W3MEHEHUW OCBeLleHMs, U 2) B COOTBETCTBUM C
pesyrbTaTaMun 3KCMNEPUMEHTOB Ha AeTeKTopax OBWKEHUS HEU3MEHHOCTb UX peakumm npu U3MEeHEHUN OCBELLEHNS
obecneunmBaeTcq MexaHM3Mamu, aHanorMyHbIMW MNocrefoBaTeNnbHOMY KOHIpacTy, B _TO Bpems Kak garnekoe
OKpy)XeHne B OOMbLUMHCTBE CIy4aeB He BAWAET Ha OTBEeTbl KIIETOK. Hako obHapyXeHHble B oOnblTax
nepeKkpecTHble BNUAHMSA, Korga Konboyku odHOro LBEeTOBOro Tuna Ha nepmcﬁepmm BMMAIOT Ha CUMHAMTUYECKYHO
nepepavy Konbo4ek Apyroro Tuna, B MOAENN He BOCTNPON3BOAATCS.

Paboma noddepxarHa POOU (epaHm Ne 13-04-00371).
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. Introduction. Colour constancy (an invariance of reaction to the stimuli of the same surface color while
changing the |IIum|.nat|on? in fishes was shown to exist already at the retinal level. It is supposed to be organized by
horizontal cells which collect cone signals from a fairly large area. Therefore the horizontal cell potential can serve
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as an estimate of the current ambient illumination. By the use of the neﬁativ_e feedback to cones, horizontal cells
hroylllde nec:tessary scaling for the cone signals according to the current illumination — in other words they discount
e illumination.

Model description. The model consists of three identical neural networks, servm% three no_n-lnteractlnq
color channels: red, green and blue. Each network contains the cone layer (with cones of the appropriate spectra
sensitivity), one horizontal cell connected with all the cones, layers of ON- and OFF- bipolar cells and an output
neuron which receives signals from bipolar cells. As in real physiological experiments three parts of the retina can
be stimulated in the model; the receptive field center (the présented stimulus itself), the background, where the
stimulus_appears, and the far surround. Cone signals are considered to be pro&)omonal to the logarithm of their
illumination. The horizontal cell avera_?es signals from all cone synapses and sends the feedback sighal to the cone
pedicles, which changes the transmitter quantity in the synapses. The transmitter quantity in the model is made
proportional to the difference between the cone and horiZontal cell signals. Besides that there is saturation in the
synapse: the transmitter quantity can not exceed some limit.

Bipolar cells of the OFF type repeat signals of cone s%/napses in a sign-conserving w_afy, whereas those of
ON type do it in a sign-inverting way. A response of the outpuf neuron is determined by the difference of signals of
assoclated bipolar cells to a stimulus and background.

_ Results of simulation. Experiments on the model showed that 1) in accordance with the results of
experiments on colour-opponent gan%l|on cells of the fish retina a white far surround provides an invariance_ of
response when lighting conditions change, and 2) in accordance with the results of experiments on motion
detectors an invariance of their responses under changes of illumination is provided by a mechanism similar to
successive contrast, while the far surround in most cases does not affect the response of the cells. However, the
crosstalk influences observed in the experiments, when cones of one colour type at the periphery affect synaptic
transmission from cones of another chromatic type are not reproduced in the model.
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H. A. BepHwTenH onucan cneayowmne ypoBHU NMOCTPOEHNUS OBWMKEHWUA: A — ypOBEHb ManeoKUHETUYECKUX
perynaunin — TOHYC, akTUBHOCTb, N0O3a M yAepXaHue HanpsxkeHus Tena; B — ypOBeHb CUHeprum 1 LITamnoB —
cofepxut B cebé Habop BpOXAEHHbIX W MpUOBpeTeHHbIX ABuratenbHblX aBtomMaTuamoB Tena; C — ypoBeHb
NPQCTPaHCTBEHHOrO MO — BOCMPUSATUE M OOCTMXKEHUE pearnbHbIX Liernen B peanibHOM NpocTpaHcTBe; D — ypoBeHb
OENCTBUA _— BOCMPUATUE M OOCTUXKEHME MNpeAcTaBnseMbiX Uenew B NpeacTtaBnseMOM MPOCTpaHCTBE; rpynna
ypoBHeN E — ypoBHU MHTENNEKTyanbHOro perynupoBaHus AeWcTBui. Kpome Toro, Hamm Obin onucaH, Kak ‘elie
O[LMH ypOBEHb TIOCTPOEHMS TENA — YPOBEHb V — COOTBETCTBYIOLLUA aBTOHOMHOW HEPBHOW CUCTEME.

[Mpn paGote mMeTOoO4amMu TENECHO OPUEHTMPOBAHHOW Tepanuu — HaMy Obln BbiSIBEHbI OCOOEHHOCTM
YHKLMOHANbLHOW opraHusauny Tena (COopkn Tera) no Kaxaomy U3 ypoBHeW MOCTPOeHWs OBMKeHun. [Npuuem
ocoboe 3HavyeHue Mbl Npugaem COeOUHUTENbHOW TKAHWM — OHA He TONbKO 06beguHsieT Terno, HO dopmupyeT
LenoCTHble (PYHKLUMOHANbHbIE MbILLEYHO-COeANHNTENBbHOTKAHHbIE CBHA3KW, OCHOBbI COOpPKM Tema Mo Kaxaomy
YPOBHIO NnocTpoeHus asmxkeHunn. (Manepc T.B. AHaTomumyeckne noesaa, 201

Ona_ ypoBHs A xapakTepHbl — LENOCTHOCTb (BO34eNCTBME Ha [MNyboKyl0 4YyBCTBUTENbHOCTb, Mpu
OOCTaTOYHON ANUTENbHOCTU, MOXET pacrnpoCTPaHUTLCS Ha BCe Teno) M Npo3payvyHOCTb (HET MpenaTtcTBuMu And
pacnpocTpaHeHUsl BOJSIHbI TOHMYECKOrO HamnpshkeHws); BCe 3TO OYeHb HanoMMHaeT ceTyaTyl CUCTeEMy
KMLLEYHOMOMOCTHLIX — TOXOXE, YTO 3Ta CUCTeMa MOMIHOCTbID COXpaHHa W Yy 4eroBeka; YpoBeHb V. —
hnnoreHeTU4YeCcKn COOTBETCTBYET YEPBSIM; B TeNe YernoBeka COXpaHSeTCs Kak MbILLEYHAs BbICTUKa BHYTpU pebep
N MO BHYTPEHHEW 4YacTu OpPIOWHOM NOMOCTY; MbIlEYHbIE  COKpaLLeHUs OT aHyca HOCAT BOJIHOOOpPA3HbIN
(4epBeobpa3HbIi) xapakTep; YpoBeHb B — cbopka Tena, obbeauHeHWe OEeCATKOB M_COTEeH MbllL, B eduHble
MbILLIEYHbIE aHCcaMbnn, MOeT ¢ onopor Ha GonbluMe AmnaroHanu, Hanpumep npu xoabbe — nnevyo, Tas, KONEHO,
CTona; TOHYC, OCO3HaHHOE YyBCTBOBaHWe cebsi NpakTUYeCKN He 3HAYUMbl — TONbKO Kak U3MEHEHWS] HamnpsiKeHus
npu peumninpokHocTn; YpoeeHb C — cbopka Tena cTpoutcs OT _Touku LleHTpupoBaHusi — cnneteHwus,
PacnonoXXeHHOro YyTb Bbille NOBKOBOM KOCTU (CxemMa OYeHb Noxoxa Ha [[onoBoHora, KOTOPOro PUCYIOT MareHbKue

€TN); 0CO3HaHHOE YyBCTBOBAHME W KOHTPOIb ABWXEHWIA; KOHTPONUPYEeMble YacTu HanosIHEHblI TOHYCOM; YPOBEHb

— OCHOBHble CBOWCTBa Tena — NerkocTb, TEKYYECTb — MOYTU HET TOHUYECKOro HalpsbkeHus; npu aktueaumm D-
Tena 3Hauuma TeKyyas (KMAKOCTHas) COCTaBfisloas COeOUHUTENBHOTKAHHOro obbeauHeHus Temna; E — noka
CaMbll 3aragoyHbli ANst HAac YpPOBEHb; HAa HACTOSLMA MOMEHT OOHapyXeHo, 4TO Mpu akTMBauum E ypoBHSA
(Hanpvmep, BO BpeMsi WUCMOSTHEHMS MY3blKarnbHOrO MPOM3BEAEHNS) MPOMCXOAWUT LENOCTHOE HarnofHeHue Terna
HEpruen.
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N. A. Bernstein described the following levels of the movements construction:

. A —Paleokinetic regulation level — tonic regulation of the body as a whole: tonus, activity, posture and body
tension containment, B — Synergies and stamps Tevel. It contains a set of congenital and acquired body motor
automatisms, C —regional field level — perception and achieving of real goals in real space; D— action’level —
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