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FIELD OF RESEARCH 
 

The main research area of the laboratory is investigation of information processing 
in sensory systems and in nervous system of man and animals in general. These re-
searches are aimed onto: 

• elaboration of adequate models which show how the studied principles of in-
formation processing in the nervous system are realized in the formation of complex 
behaviour;  

• elaboration of mathematical models simulating significant functions of distinct 
divisions of sensory systems, including peripheral, central and sensorimotor levels of 
information processing;  

• comparison of principles and solutions of similar problems in live and technical 
information systems intended to improve the later; 

• designing and implementing diagnostic methods and devices for ophthalmology. 
 
To cope with the problems mentioned, different approaches and methods are used 

by the laboratory researchers, including neurophysiological, psychophysical and 
morphological methods, as well as animal behaviour field studies and computer 
simulations of sensory processing. Among the most important problems is descrip-
tion and classification of numerous functional types of neural units which are involved 
in the sensory information processing at several levels of integral nervous system. 
Thus, in vision the peripheral level of information processing is represented by the 
retina, while the brain visual centres (cortex and caudate nucleus in cats and mon-
keys, diencephalon and mesencephalon in fish and in frogs) represent the central 
level. Investigation of neurons’ functional types is performed by means of both neu-
rophysiological and morphological methods. Microelectrode experiments are aimed 
on recordings of responses from separate single units (neurons) at different levels of 
the retina, which itself is composed of several distinct layered nerve structures, each 
of them being a complex ordered network built of different neuron classes. These ex-
periments are performed on immobilized live animals using their visual stimulation. 
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Morphological studies specify those neural structures and morphology of the nerve 
cells which are subject of neurophysiological investigation. Functional features of 
neural components are the matter of comparison to some distinct forms of sensory-
guided integral behaviour of the same experimental animals (fish, amphibia cats), 
this way providing the background for modeling of corresponding neural circuits in 
terms of computer simulations. Such, computer simulations include modeling of neu-
ral event underlying of information processing at the level of cone receptor population 
(in primate retina), as well as interaction of receptor and horizontal cells in the retina 
(in fish). General principles of sensimotor information processing (such as colour and 
size constancy in visual perception, binocular vision mechanisms, spatial orientation, 
echolocation in moths, bioacoustics in locusts during the breeding period) are the 
matter of psychophysical experiments on both healthy subjects and medical patients 
having different sensory disturbances; as well as in behavioural experiments on ani-
mals. Basic researches provide the background for applied outcomes in the form of 
diagnostic methods and devices for medical ophthalmology, which are as well being 
designed and implemented by the laboratory staff.  

For the purpose of aerospace monitoring of the Earth’s surface, monitoring of ma-
rine biological communities, and distant detection and recognition of a pin-point tar-
get outside the atmosphere the algorithms for determination of objective reflectance 
properties of observed surfaces from the reflected radiation under unknown natural 
illumination conditions have been developed. The conditions for illumination spectra 
under which these tasks are solvable by local approach have been found: in order for 
spectral invariants of surface colour to exist it is necessary and sufficient that the il-
lumination spectrum would follow the well-defined formula depending on a series of 
generators of wavelength and on some quantity of free parameters (number of de-
grees of freedom for the illumination manifold). By its appearance this formula is 
identical to the Bouguer-Lambert-Beer formula describing spectral content of the light 
transmitted through the solution of dye mixture. This implies automatic satisfiability of 
the found conditions for illumination in aquatic environment. It has been shown that 
the natural illumination on the Earth’s surface also meets these conditions. Sug-
gested algorithms solve the problem in four stages: 1) acquiring of an input image, 2) 
elimination of diffuse background contribution, 3) calculation of observed object color 
parameters invariant to the illumination in the form of colour-opponent combinations 
of signals from different sensors, 4) discrimination stage. The contribution of various 
factors to algorithms’ errors has been estimated, the questions of application of the 
algorithms are examined, methodic recommendations for necessary computations in 
specific applications are suggested. (V. V. Maximov, P. V. Maximov) 

The computational model of the midget pathways in the central primate retina was 
improved. The cone co-ordinates and spectral types list of a real macaque retina 
segment near fovea (Roorda et al., 2001) was used. Using the real macaque retina 
segment description permits to organise the computer experiments in order to reveal 
an influence of the random arrangement of different spectral type cones in the retina 
on processing the visual signals. The new model version consists of several thou-
sands of neurones. This is the first model of such a big volume, which has been de-
scribed both in the Russian and foreign scientific literature. In the course of the com-
puter experiments the process of forming the yellow-blue opponent signals in the 
primate retina was investigated. A simplified model of the retinal mechanism of yel-
low-blue opponency was elaborated. According to our information it is the first model 
of such a type. Linear transforming signals of all the model neurones uses in the 
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simplified model. It permits to obtain the responses only to still or periodical (sinusoi-
dal) stimuli. Besides the neurones that comprise the previous versions of the model, 
the cones of S-types (blue sensitive), "blue" on-bipolar cells, horizontal cells of H-2 
type, and small bistratified ganglion cells are included in this version. (D. S. Lebedev) 

Dependence of visual acuity on distance was studied using various test stimuli. 
Earlier, examination of school children and adults by means of our original test charts 
with Snellen E revealed that, in most subjects, visual acuity was dependent on view-
ing distance. Since it was argued that this dependence could be an artifact due to 
some unnoticed defects of our charts, we performed a new series of experiments and 
confirmed dependence of visual acuity on distance using the commercial test charts 
with Lea-symbols and spatial gratings. Moreover, we extended the age range of our 
subjects examining preschool children aged 5-7 yr. Only those children were studied 
whose vision was defined by the ophthalmologists as being normal. Nevertheless, in 
most of them, visual acuity was also found to be dependent on viewing distance. This 
finding is of principal value since it is customary to assume that, at preschool age, the 
accommodation mechanisms are capable to provide good focussing independently of 
viewing distance. A special study of children with amblyopia demonstrated the impor-
tance of measuring visual acuity at several distances for clinical ophthalmology. It 
was found that, due to the dependence of visual acuity on distance, the degree of 
amblyopia could appear to be different being estimated at different distances. There-
fore, to find individual optimal strategy of treatment, it is necessary to measure visual 
acuity of each patient at several points within the range of viewing distances. (G. I. 
Rozhkova, T. A. Podugolnikova, V. S. Tokareva) 

In chronic experiments with three cats all four proposed elements of the macromo-
saic in the fourth extrastriate crescent (area V4A) were found and investigated. Spe-
cial attention was paid to comparison of the receptive field properties in the spatially 
separated representations of the central upper and central lower visual field. Those 
properties were found to be identical. In all animals elongated and radially oriented 
receptive fields in the upper visual field were found. Locations of all four elements of 
macromosaic were marked and found anatomically. It was found that neurons with 
radially elongated receptive fields were sensitive to the optic flow. For the investiga-
tion of the optic flow analysis by the neurons in the area V4A, and in future in another 
visual areas the device for investigation of neuronal activity and eye movements dur-
ing the headway motion of the animal along the 6 meters linear trajectory in the natu-
ral environment was constructed. Experiments on this new device are in progress. 
Neuronal activity in the area V4A was investigated during the state of sleep. It was 
found that neurons, which in wakefulness responded to the visual stimuli, during 
sleep have synchronized their firing with the rhythmic myoelectrical activity of the 
stomach and duodenum. These observations opened a new perspective for the fu-
ture investigation of the function of sleep and the cortical localization of functions. (I. 
N. Pigarev, E. I. Rodionova) 

The aim of this study was to prove experimentally the capability of the hearing sys-
tem of noctuid moth (Noctuidae, Lepidoptera) to change it's frequency tuning during 
evoked contraction of metathoracic muscles. To measure the threshold intensity of 
sound stimulus we recorded extracellularly the activity of prothoracic ganglion in-
terneurons. An application of potassium chloride to the haemolymph of metathorax 
caused local muscle contraction for several minutes and a rise of auditory thresholds 
at lower frequencies (by up to 10-14 dB at 10-30 kHz). Over 60 kHz there were an 
opposite change: after KCl application thresholds decreased by 3 dB on average. 
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The opposite changes of auditory thresholds at lower and higher frequencies could 
be explained by two factors which act simultaneously: (i) the shift of tympanic mem-
brane resonance from 24 kHz to 48-50 kHz due to the tension of tympanic mem-
brane by metathoracic muscles and (ii) general sensitivity fall because of the longitu-
dinal folds that appear on the membrane during it's tension. Resonance modes of the 
mechanical system consisting of scoloparium, ligament and tympanic nerve also play 
considerable role in determining the frequency tuning of the hearing system. (D. N. 
Lapshin)  

A new opto-electronic device was used for recording the singing movements of the 
hind legs in the closely related grasshopper species of the Chorthippus albomargina-
tus-group (Insecta: Orthoptera: Gomphocerinae). The leg-movements and the sound 
were recorded in pure species C. albomarginatus, C. oschei, C. karelini and their hy-
brids (reciprocal crosses C. albomarginatus x C. oschei, C. oschei x C. karelini). Hybrid 
songs were intermediate between parental songs in some parameters, however, in 
case of the albomarginatus/oschei and reciprocal hybrids, the albomarginatus-features 
were dominant in the songs of both F1 and F2 hybrid males. In choice mating experi-
ments, a response of the F1 hybrid females to the courtship songs of the pure and hy-
brid males was studied. Hybrid females demonstrated lower selectivity than the fe-
males of pure species. They did not distinguish albomarginatus- and hybrid males, but 
chose them more often than the oschei-males. Thus, there is a concordance between 
the inheritance of male song and female preference, i.e. albomarginatus-features are 
dominant. This result supports the idea about a more ancestral albomarginatus-signal, 
which is of a lower degree of complexity than the oschei-song (Vedenina, Helversen, 
2003). (V. Yu. Vedenina)  

The way of diagnostics of a pathology of a visual nerve is offered. The local answer 
share dependence on intensity and angular size of stimulating light was revealed. To-
gether with a number Helmholts' Eye Hospital (Moscow) the equipment has been de-
veloped on the basis of microprocessor engineering, that allows using the method for 
diagnostics (including an early one) of glaucoma, pathology of a visual nerve, and reti-
nal dystrophy. The devices for children sight diagnostics has been developed by a 
method critical frequency of flicker. (K. V. Golubtsov, O. Yu. Orlov) 

Equipment for non-invasive record of eye macromotions under natural lighting up 
was created. Picture of right is input to computer using TV system for IR-range. Dis-
play is used for more complicated trajectory of motion or for stroboscopic stimulation 
("apparent motion"). Mathematical software of this device determines parameters of 
tracing with accuracy up to 8 angular minutes per pixel at the range of eye turning 48 
degrees. Mathematical model of videosystem with circular observation was devel-
oped. Algorithm of detection of object ("mark") by system of technical vision was sug-
gested for forming of motion trajectory of mobile robot.  

 
GRANTS FROM: 

 
• Basic Research Program of Presidium Russian Academy of Sciences 

"Fundamental sciences for medicine": Project "Computer system development for 
multi-focal КЧСМ-diagnostics (CHIASMA)". (K. V. Golubtsov) 

• Biological Department of Russian Academy of Sciences Basic Research 
Program "Integrative mechanisms function regulation in organism": Project 
"Research of visual perception constancy and visual illusions mechanisms" (V.A. 
Bastakov) 
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• Russian Foundation of Basic Research (No. 01-04-48632): "Mechanisms 
and functions of colour opponency in vertebrate vision" (V. V. Maximov).  

• Russian Foundation of Basic Research (No. 00-04-48704): "Investigation of 
topographic macromosaic and the properties of constant presentation of depth in 
fourth extrastriatal layer (visual zone V4A) of occipital cortex of cat" (I. N. Pigarev). 

• Russian Foundation of Basic Research (No. 01-04-49484): "Меchanisms of 
age-dependent changes of visual acuity" (G. I. Rozhkova). 

• Russian Foundation of Basic Research (№ 02-04-48256): "Frequency tun-
ing of the hearing system of noctuid moths (Lepidoptera, Noctuidae) (D. N. Lapshin). 

• Russian Foundation of Basic Research (№ 03-04-49372): Russian Founda-
tion of Basic Research (№ 03-04-49372): "Study of effectiveness of the cortical exci-
tatory protections on caudate nucleus and putamen in sleep waking cycling and of 
the hypnogenic effect of electrical microstimulation of caudate nucleus". (E. I. 
Rodionova) 

• Russian Foundation of Basic Research (№ 03-04-06591): "МАС" (P. V. Maximov). 
• Russian Foundation of Basic Research (№ 03-04-58813): "Partake in Europe Con-

ference on Visual Perception (ECVP), Paris, France, 2003, 01.09-05.09". (G. I. Rozhkova). 
• Russian Foundation of Basic Research "Partake in Europe Conference on 

Visual Perception (ECVP), Paris, France, 2003, 01.09-05.09". (D. S. Lebedev).  
• Alexander von Humboldt Foundation Grant (Equipment): No. V-8151/03073 

(V. Yu. Vedenina). 
 

PUBLICATIONS IN 2003 
 
Articles  
1. Голубцов К.В. Компьютерная система для диагностики зрительной систе-
мы // Каталог выставки "Архимед 2003" (Москва, 18-21 марта 2003 г.). С. 80. 
2. Голубцов К.В. Приборы "Радуга-3" и "Амелия" // Каталог международной 
выставки "Медицина: диагностика, профилактика, лечение. Здоровье нации". 
(Москва, 4-7 июня 2003 г.). С. 39. 
3. Голубцов К.В., Куман И.Г., Хейло Т.С., Шигина Н.А., Трунов В.Г., Айду 
Э.А.-И., Софронов П.Д., Рябцева А.А. Мелькающий свет в диагностике и лече-
нии патологических процессов зрительной системы человека // Информацион-
ные процессы. 2003. Т. 3. №. С. 114-122. 
4. Егорова Т.С., Голубцов К.В. Влияние видеодисплея на зрительные функ-
ции слабовидящих школьников // Информационные процессы. 2003. Т. 3. № 2. 
С. 123-127. 
5. Кульчицкий С.В., Максимов В.В., Максимов П.В., Лемак М.С., Воронин Л.Л. 
Корреляция между парными ответами подтверждает наличие положительной 
эфаптической обратной связи в центральных синапсах // Доклады РАН. 2003. Т. 
389. № 4. С. 154-156. 
6. Лапшин Д.Н., Воронцов Д.Д. Частотная перестройка тимпанальных орга-
нов совок (Noctuidae, Lepidoptera) // Сенсорные системы. 2003. Т. 17. № 3. С. 
223-230. 
7. Лапшин Д.Н., Воронцов Д.Д. Чувствительность совок Enargia paleacea 

Esp. (Lepidoptera, Noctuidae) к эхоподобным стимулам // ДАН. 2003. Т. 390. №4. 
С. 565-567. 
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8. Лебедев Д.С. Компьютерная модель сети карликовых нейронов в цен-
тральной сетчатке приматов // Сенсорные системы. 2003. Т. 17. № 2. С. 91-106. 
9. Максимов П.В. Непредусмотренные полезные свойства, обнаруженные у мо-
дели зрительной ассоциативной памяти на модифицируемых синапсах, исходно 
предназначавшейся для объяснения эффекта ориентационно-обусловленного цве-
тового последействия (I). – В кн.: Труды международных научно-технических кон-
ференций «Интеллектуальные системы (IEEE AIS’03)» и «Интеллектуальные САПР 
(CAD-2003)», Том 1. М.: Физматлит, 2003. С. 597-602. 
10. Максимов П.В. Непредусмотренные полезные свойства, обнаруженные у мо-
дели зрительной ассоциативной памяти на модифицируемых синапсах, исходно 
предназначавшейся для объяснения эффекта ориентационно-обусловленного цве-
тового последействия (II). – В кн.: Труды международных научно-технических кон-
ференций «Интеллектуальные системы (IEEE AIS’03)» и «Интеллектуальные САПР 
(CAD-2003)», Том 2. М.: Физматлит, 2003. С. 359-362.  
11. Панютин А.К. Влияние времени экспозиции на восприятие глубины в ус-
ловиях неоднозначного бинокулярного соответствия // Сенсорные системы. 
2003. Т. 17. № 4. С. 330-338. 
12. Подугольникова Т.А., Носова М.Ф. Оценка уровня развития кратковремен-
ной зрительной памяти у дошкольников с нарушениями бинокулярного зрения // 
Дефектология. 2003. № 1. С. 67-74.  
13. Прохоров К.А., Николаева Г.Ю., Гордеев С.А., Николаев Д.П., Пашинин П.П. 
Комбинационное рассеяние света в ориентированном полиэтилене: область ва-
лентных колебаний группы CH2  // Физикохимия полимеров: синтез, свойства и при-
менение. Сборник научных трудов. Выпуск 9. Тверь, 2003. С. 50-54. 
14. Рожкова Г.И., Панютин А.К., Родионова Е.И. Бинокулярное зрительное 
направление: модификация концепции циклопического глаза // Сенсорные сис-
темы. 2003. Т. 17. № 3. С. 214-222. 
15. Vedenina V.Yu., Helversen O.v. Complex courtship in a bimodal grasshopper 
hybrid zone // Behav. Ecol. Sociobiol. 2003. V. 54. P. 44-54.  
 
In print 
1. Лебедев Д.Г., Ловецкий А.В. Модель нейронной сети, использующей мик-
родвижения глаз для выделения контрастов на изображении // Биофизика. 
2003. 
2. Максимов В.В., Максимов П.В. Зрительная ассоциативная память и эф-
фект ориентационно-обусловленного цветового последействия // Биофизика. 
2003. 
3. Максимова Е.М., Бастаков В.А. Физиология зрительного анализатора. – 
Руководство к практическим занятиям по курсу физиологии животных и челове-
ка. М.: Изд-во МГУ, 2003.  
4. Рожкова Г.И., Токарева В.С., Огнивов В.В., Бастаков В.А. Геометрические 
зрительные иллюзии и механизмы константности восприятия размера у детей // 
Сенсорные системы. 2004. 
5. Lebedev D.S. A Computational Model of the Midget Pathways in the Central 

Primate Retina // Информационные процессы. 2003. 
6. Rodionova E.I., Revischin A.V., Pigarev I.N. Distant cortical locations of the 

upper and lower quadrants represented by neurons with elongated and radially ori-
ented receptive fields // Exp. Brain Res. 
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7. Rozhkova G.I., Podugolnikova T.A., Vasiljeva N.N. Visual acuity in 5-7 year old 
children: individual variability and dependence on observation distance // Ophtalmic 
and Physiological Optics. 2003. 
 
Conference reports 
1. Лапшин Д.Н. Динамическая перестройка частотной характеристики слухо-
вой системы ночных чешуекрылых. // 3 конференция "Физиология слуха и речи", 
посвященная памяти чл. корр. АН СССР Г. В. Гершуни. Санкт-Петербург, 2003. 
С. 25. 
2. Максимов П.В. Зрительная ассоциативная память на модифицируемых 
синапсах как инструмент исправления оптических искажений. – В кн.: Фунда-
ментальные и клинические аспекты интегративной деятельности мозга. М.: 
МАКС Пресс, 2003. С. 154-156. 
3. Николаев Д.П., Божкова В.П., Николаев П.П. Кластеризация в цветовом 
пространстве как метод сегментации изображения, полученного с нелинейного 
сенсора. – В сборнике: "Искусственные интеллектуальные системы" и "Интел-
лектуальные САПР". Труды международной конференции IEEE AIS'03 и CAD-
2003. М.: Из-во Физико-математической литературы, 2003. С. 314-320. 
4. Николаев Д.П., Николаев П.П. Гауссовская спектральная модель и её осо-
бенности в задаче цветовой константности. – В сборнике: "Искусственные интел-
лектуальные системы" и "Интеллектуальные САПР". Труды международной кон-
ференции IEEE AIS'03 и CAD-2003. М.: Изд-во Физико-математической литерату-
ры, 2003. С. 321-327. 
5. Lebedev D.S. Illusory Brewster's colours and resolution in the red-green opponent 

channel // Perception. 2003. V. 32. Suppl. P. 148. 
6. Lemak M.S., Maximov V.V., Maximov P.V., Koulcitsky S.V., Voronin L.L. Evidence 

for ephaptic feedback in mossy fiber-CA3 synapses: Positive correlation between paired 
responses. – In: "The Neurosciences from Basic Research to Therapy" // Proceedings of 
the 29th Goettingen Neurobiology Conference and the 5th Meeting of the German Neuro-
science Society 2003. Stuttgart: Georg Thieme Verlag, 2003. P. 784.  
7. Maximova E.M., Vabishchevich A.P., Denisenko A.V., Maximov P.V., Orlov O.Yu., 

Maximov V.V. Directionally selective units in the goldfish retina: A colour-blind mechanism 
driven by two spectral classes of cones. – In "The Neurosciences from Basic Research to 
Therapy". Proceedings of the 29th Goettingen Neurobiology Conference and the 5th 
Meeting of the German Neuroscience Society 2003. Stuttgart: Georg Thieme Verlag, 
2003. P. 586-587. 
8. Nikolaev D.P. Segmentation-based binarization method for color document im-

ages. – In proceedings: The 6th German-Russian Workshop "Pattern recognition and 
image understanding" (OGRW-6). Novosibirsk, 2003. P. 190-193. 
9. Podugolnikova T.A., Rozhkova G.I., Vasiljeva N.N. Visual acuity at different 

observation distances in children with normal vision and with amblyopia // 9th meet-
ing CVRS (Sweden, Goeteborg, 12-14 June 2003). Paper 1:3.  
10. Rozhkova G.I., Tokareva V.S. Comparison of visual illusions in children and 
adults // Perception. 2003. V. 32. Suppl. P. 87-88. 
11. Rozhkova G.I., Tokareva V.S. Developmental changes of far vs. near visual 
acuity and the concept of emmetropization // 9th meeting CVRS (Sweden, Goete-
borg, 12-14 June 2003). Paper VII:3.  
12. Vedenina V.Y., Helversen O.v. Influence of the complex courtship on the fe-
male assortment and the number of matings in two grasshopper species of the Chor-
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thippus albomarginatus-group. // 9th Congress of European Society for Evolutionary 
Biology (Leeds, England, 2003, August 18-24). P. 12.9. 
13. Vedenina V.Yu. Influence of the complex courtship song on the mating number 
in the grasshopper females. // Proceedings of the VII East European Conference of 
the International Society for Invertebrate Neurobiology, "Simpler nervous systems". 
Russia. Kaliningrad, 2003. P. 110. 
14. Voronin L.L., Koulcitsky S.V., Lemak M.S., Maximov P.V., Maximov V.V. Posi-
tive correlation between paired responses suggests a novel type of communication: 
Ephaptic feedback (EFB) in mossy fibre (MF)-CA3 synapses. – In "Brain Communi-
cation: Synaptic vs. Volume Transmission. Proceedings of the Satellite Symposium 
to the 6th IBRO World Congress of Neuroscience". IEM ASCR, Prague, 2003. P. 57.  

 
 
Patents and inventions  
1. Голубцов К.В., Милехин Ю.М., Бубра А.М., Гончаров В.И., Шамшинова 
А.М. Патент на изобретение № 2214150, 2003. Устройство для регистрации ло-
кальной электроретинограммы.  
2. Голубцов К.В., Орлов О.Ю., Шигина Н.А. Патент на полезную модель № 

31942. Устройство для диагностики патологии пучков зрительного нерва. 2003 г.  
3. Голубцов К.В., Софронов П.Д. Патент на изобретение № 2196497. Уст-
ройство для диагностики патологии зрительной системы у детей по критической 
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