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The spatial structure of the receptive field (RF) of a visually sensitive neuron, as defined by
presentation of stationary visual stimuli, predetermines in most cases central processing of
visual information concerning moving visual images. In our study properties of a group of
neurons in the extrastriate cortical area 21a (=18% of the examined sampling) with extremely
small RF sizes (=1.5 deg?) determined by stationary visual stimuli were investigated. It
was found spatial dimensions of each neuronal RFs may undergo manifold expansions; the
neuronal response profiles depended strongly on the size, shape, and contrast of the applied
moving stimuli. As a result, a high degree of diversification of neuronal response patterns
depending of the shapes and contrasts of applied moving stimuli was observed. These data
confirm the suggestion that the RFs of neurons in the extrastriate area 21a undergo temporary
dynamic changes due to activation of surrounding neuronal groups (networks) by moving
visual stimuli. Thus, it is evident that processing of visual information in the course of visual
image recognition is realized by integrated activity of a complex of the corresponding cortical

networks of visually sensitive neurons.
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RF
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INTRODUCTION

Basing on modeling experiments, Xing and Gerstein
proposed that central processing of sensory
information is carried out by clusters of neurons
organized in functional groups; the latter are dynamic
and could be changed by incoming stimuli [1-3].
Later investigations confirmed this interpretation
[4-7]. Substantial modulations of the response patterns
of neurons in the primary visual cortex were observed
as a result of application of visual stimuli outside their
classical receptive fields (RF) [8—10]. Thus, as was
emphasized by Angelucchi et al. [11], coordinated
integrated activity of the surrounding neuronal groups,
including feedback influences, plays, most probably, a
decisive role in central processing of visual information

! Laboratory of Sensory Physiology, Institute of Applied Problems of Physics,
National Academy of Sciences of Armenia, Yerevan, Armenia.

2 Department of Ophthalmology, Downstate Medical Center, State University
of New York, USA.

3 Department of Neuroscience, Cell Biology and Physiology, Wright State
University, Dayton, USA.

Correspondence should be addressed to D. K. Khachvankian

(e-mail: khachvankyan@mail.ru)

NEUROPHYSIOLOGY / HEUPO®U3UOIOTUSA.—2017.—T. 49, No 1

concerning visual image recognition. Furthermore, it
has been shown by a group of authors [12—-15] that
the RF sizes of visually sensitive neurons, defined
by presentation of stationary visual stimuli, may
undergo dynamic changes (usually expansions) upon
introduction of moving visual stimuli. Recently, we
presented data, according to which a part of visually
sensitive cortical neurons (5.3%), lacking stationary
RFs and displaying no responses to a stationary
flashing light spot positioned within the hand-
plotted RF borders, generated intense discharges to
presentation of moving visual stimuli [16].

In this our study, another group of cortical neurons
was investigated; these units also revealed certain
preferences in movement perception. These were
neurons of the area 21a with small RF sizes, the
length of which along the horizontal and vertical axes
determined by stationary flashing light spots (HA and
VA, respectively) did not exceed 1.5 deg. These cells
showed significant expansions of the RFs along HA
and VA when moving visual stimuli were applied.
Results of our experiments demonstrated a high level
of discrimination and diversification of the contrasts,
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shapes and sizes of applied moving stimuli by
corresponding modulations of the neuronal response
patterns. Averaged response profiles of these neurons
were investigated in detail, with special attention to
the dynamics of RF spatial modulations in response to
moving visual images. A preliminary report has been
presented [17].

METHODS

Experiments were performed on 23 cats weighting
2.5-3.5 kg. Animals were initially anaesthetized with
alfa-chloralose (60 mg/kg, i. m.). Tracheostomy and
cannulation of the femoral artery were performed.
Throughout the experiment, the anaesthesia level was
maintained by chloralose given i.v. (10-20 mg/kg per
hour). The animal’s head was fixed in a stereotaxic ap-
paratus (Horsley-Clark, modified for visual research).
A bone piece (6 x 10 mm) was removed from the skull
above the posterior suprasylvian cortex according to
the Horsley-Clark coordinates: lateral 8-16 mm and
posterior 0-8 mm [18, 19]. The opening was covered
with 3% agar in 0.9% NaCl solution, to prevent brain
pulsations and allow the experimenter to visually con-
trol electrode penetrations into the cortical area 21a.
The immobility of the animal was achieved by intra-
muscular injection of the myorelaxant Ditilin (diio-
dide dicholine ester of succinic acid, at 7 mg/kg). Ar-
tificial respiration was administered at 19 min™', with
the stroke volume of 20 ml/kg body mass. The body
temperature was kept constant at 38°C with a heat-
ing pad. The pupils were dilated by topical application
of 0.1% atropine solution, and the corneas were pro-
tected from drying with contact lenses of a zero pow-
er. Nictitating membranes were retracted by instilling
Neosynephrine (1%) into the conjunctival sac. The ar-
terial blood pressure was continuously monitored and
stabilized at 90-100 mm Hg. Electrocardiograms and
electroencephalograms were continuously acquired
throughout the experiment. In some cases, coagula-
tion was performed at the end of the experiment, in
successful recording points; this was followed by per-
fusion of the animal with a 10% formalin solution.
The electrode tracks were reconstructed after exami-
nation of 50-um-thick histological sections. Extracel-
lular recording of single-unit activity was performed
by tungsten microelectrodes coated with vinyl varnish
(exposed tip 1-3 pm); the impedance of the electrodes

was 10-15 MQ. Action potentials were conventionally
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amplified, triggered, and passed to a digital analyzer
for on-line analysis and data storage, using the post-
stimulus/peristimulus time histogram (PSTH) mode.
Averaging was performed for 16 realizations. The re-
ceptive field spatial borders for each visually respon-
sive cell were defined by hand-held stimuli, and plot-
ted on a perimeter screen. The optic discs and area

centrals (AC) were plotted on the screen, and the RF
position in the visual field was referenced to the AC
location [20, 21]. As an initial characterization, the
RF borders of a visually sensitive single cell were
outlined in detail by stationary flashing light spots
(0.5-1 deg test-zones) positioned consecutively across
the hand-plotted area of the RF. Subsequently, mov-
ing visual stimuli (spots, bars, edges, and slits of dif-
ferent sizes and contrasts) were applied with the speed
of motion 20 deg/sec. The contrast values for light
and dark stimuli against the background were kept
constant with the contrast defined as (L~ L_. )/
/(L .+ L), where L and L . are the maximum
and minimum luminances, respectively. Bright stimuli
were 15 Ix against the 2 Ix background, and dark sti-
muli were, conversely, 2 1x luminance against 15 1x of
the background.

RESULTS

Response patterns of 147 visually sensitive neurons in
the extrastriate associative area 21a were studied. As a
first step in determination of the RF sizes of recorded
neurons and their localization in the visual coordinate
system was performed by hand-plotting. Neurons with
small RFs (=1.5 deg?) defined by stationary flashing
spots were chosen for further investigation, considering
that dynamic modulations and expansions would
be more salient in the RFs of small sizes, and their
detailed exploration will be easier. Of 147 investigated
neurons, 27 units (18.3%) had comparatively small
RF sizes not exceeding 1-2 deg?, and these cells were
chosen for further exploration. The majority of these
neurons were excited monocularly, while four of
them were driven binocularly. All the neurons with
small RF sizes had the homogenous spatial structure
of the receptive fields and responded with the same
response profiles, when tested by a stationary flashing
light spot positioned in the test subregions of the RF.
Twelve neurons responded by an “off” reaction to the
flashing spot, eight neurons revealed “on” response
patterns, and seven neurons responded to both flash
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“on” and flash “off”. In Fig. 1, the response patterns
of a neuron to the stationary flashing light spot (0.5
deg) positioned in the test-zones of the hand-plotted
RF are shown (A1-A3). The neuron responded by
“off” responses from two test-zones (Fig. 1A1,2), thus
the RF HA defined by the stationary flashing spot was
1 deg long, while its VA was 0.5 deg. As is seen from
Fig. 1B,1,2, the response pattern of the neuron to the
moving 1 deg bright spot is clearly bimodal, with
complete inhibition of background activity before
the bursts of spikes. The second period of inhibition
was followed by a second period of excitation, which
indicated, with a great probability, that the neuron has
a double-peaked RF center [22]. Thus, the response
pattern in the rightward direction covered 10 deg dis-
tance in the visual space, and that in the leftward direc-
tion of stimulus motion was 11.2 deg (Fig. 1C,1,2). It
was obvious that a moving visual stimulus provides
excitation and arrival of subsequent influences from
the surrounding neighbor neurons. Thus, it is logical
to expect that changing the stimulus size may exert a
certain influence on that of the response profile of the
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F i g. 1. Response patterns of an area 2la neuron to
presentation of stationary and moving visual stimuli. A1,
2) Peristimulus histograms (PSTHs) of the responses to the
stationary flashing spot (0.5 deg), positioned in the test-
zones of the receptive field (RF) (A3). A4) RF localization
in the visual coordinate system; AC is the area centralis.
White bar under the histograms indicates the “on” phase,
while, the black bar shows the “off”” phase. B1-8) Response
patterns of the same neuron to the moving bright spot of
different sizes (indicated under the histograms) along the
RF horizontal axis (HA). C1, 2) Graphical presentation
of the RF HA length measured for each applied stimuli
at the rightward (1) and leftward (2) movements. Arrows
indicate the directions of stimulus motion. The respective
explanations are the same for all figures.

deg

P u c. 1. Ilarepuu BigmoBizeil HeiipoHa mons 2la Ha
npea’sIBIICHHST  CTAlllOHAPHUX Ta PYXOMHX 30POBHX
CTUMYIIIB.

neuron under investigation. In Fig. 1B,3-8, the response
patterns of the same neuron to the moving bright spots
of different sizes are presented. As is seen from this
figure (Fig. 1B,3,4) a 2-deg bright spot moving along
the RF horizontal axis evoked extensive bursts of
spikes intermingled with inhibitory periods, and the
RF HA lengths became 11.2 deg at the rightward and
13 deg at the leftward directions of stimulus motion
(Fig. 1C,1,2). So, the RF sizes many times exceeded
those measured by stationary flashing bright spots.
Further increase in the size of the moving stimulus
(4 deg), along with the substantial increase in the
number of spikes, led to modulation of the response
profile by the appearance of additional bursts in the
leftward direction before the first inhibitory period
of the response pattern (Fig. 1B,6). In this case, the
movement direction was discriminated too (because
of the absence of initial excitation of the neuron at
stimulus motion in the opposite (rightward) direction
(Fig. 1B,5). The maximal elongation of the RF HA
was observed at the movement of a 10 deg bright spot
(Fig. 1B,7,8). It was equal to 26.2 deg at the rightward
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and 43.7 deg at the leftward directions of the stimulus
movement (Fig. 1C,1,2).

Then, the opposite contrast of the moving stimuli
(dark spots) was tested. The response patterns of the
same neuron to presentation of moving dark spots
across the RF HA are shown in Fig. 2A,1-8. As is
seen, substantial elongations of the RF HA were
obvious (Fig. 2B,1,2), but those did not exceed the
values observed at the movements of bright spots.
Comparing the values for the HA lengths measured
at the movement of bright and dark spots having the
same diameter (10 deg) showed that the bright spot
rightward movement led to the mean elongation of the
HA of 26.2 deg (Fig. 1), whereas the dark spot the
respective value was 17.1 deg. The leftward movement
of the bright spot resulted in the mean HA elongation
of 43.7 deg, while the dark spot showed 22.5 deg. The
corresponding differences were observed also in the
spike numbers of neuronal responses in relation to
the contrasts and magnitudes of the applied moving
stimuli (Fig. 2B,3,4). Thus, it is obvious that, visually
sensitive neurons in the extrastriate area 2la with
small homogenous-structure RFs were able to perform
discrimination and diversification of incoming visual
information by modulations of their response patterns
relative to the applied stimulus contrast and size.

50

In Fig. 3, the response patterns of the same neuron
to bright and dark moving stimuli of different shapes
and sizes are shown. There were significant differences
in the response profiles depending on the shape of the
stimulus used. A moving bright rectangle (1 deg x
x 4 deg) elicited bursts of spikes interspersed
between inhibitory periods at stimulus motions in
the leftward and rightward directions (Fig. 3A,1,2),
with expansions of the discharge field to 33.5 deg in
the rightward and 27.5 deg in the leftward directions
(Fig. 3A,1,2, C,1,2). A moving bright 1-deg-wide strip
covering the entire length of the vertical meridian
elicited mixed inhibitory and long-lasting excitatory
discharges of the neuron. The receptive field HA
lengths in this case were 35 deg at the rightward
and 26.2 deg at the leftward directions of movement
(Fig. 3A,3,4, C,1,2). A moving dark rectangle
(1 deg x 4 deg) led to moderate HA expansions of
6.8 deg at the rightward and 6.2 deg at the leftward
directions of stimulus motion (Fig. 3B,1,2, C,3,4).
Strong expansions of the RF HA were observed
upon application of a 1-deg-wide dark strip at both
rightward and leftward directions (Fig. 3B,3,4),
producing the RF expansions up to 30.6 and 26.2 deg
(Fig. 3C,3,4). Significant differences in the discharge
numbers depending on the stimulus used were
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observed too (shown in Fig. 3C,5,6). The properties
of the next neuron of this group are illustrated in
Fig. 4. This cell responded by an “on-off” pattern to
the stationary flashing bright spot (0.5 deg) positioned
consequently in the test-zones of the hand-plotted

NEUROPHYSIOLOGY / HEUPO®U3UOIOTUSA.—2017.—T. 49, No 1

0 10 20 30 40 50
HA length

P u c. 4. Bignosizai iHmoro Heiipona moins 21a Ha
mpe’sIBIICHHS CTAIllOHAPHUX Ta PYXOMHX 30POBHUX
CTHMYIIB.

RF (Fig. 4A,1-4). The RF size measured by this way
was 0.5 deg x 1 deg, the HA being 0.5 deg long. In
Fig. 4B,1-6, the response patterns of this neuron are
shown when bright moving stimuli of different shapes
and sizes were applied. As is seen in Fig. 4, there were
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differences in the response profiles depending on the
shape and magnitude of the stimulus used. A moving
bright spot (4 deg) elicited long-lasting vigorous bursts
of spikes without inhibitory periods at both leftward
and rightward movement directions (Fig. 4B,1,2). The
RF HA was 34.3 deg long at the leftward and 24.3 deg
at the rightward direction of the stimulus movement
(Fig. 4C,1,2). The moving bright rectangle (2 deg x
x 4 deg) and 1-deg-wide bright strip covering the
entire vertical meridian elicited somewhat different
response patterns with intermingled inhibitory
and excitatory short- and long-lasting periods
(Fig. 4B,3-6). The RF HA value measured on the base
of the response duration was, in this case, 21.8 deg in
the leftward and 31.3 deg in the rightward directions
of movement for the 2 deg x 4 deg rectangle and,
correspondingly, 33.1 deg and 32.6 deg for the 1-deg-
wide strip (Fig. 4B,3-6, C,1,2). Taking into account
that the spatial stationary structure of the RF was
homogenous “on-off”, it is rather difficult to explain
the origin of such a response profile.

Changing the stimulus contrast into opposite one
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(dark) also provided to a clear-cut diversification of
the responses of the same neuron, depending on the
shapes and sizes of moving stimuli (Fig. 5A,1-6). The
moving dark spot (4 deg) led to the RFs expansion
up to 11.2 deg at the leftward and 12.2 deg at the
rightward movement direction (Fig. 5A1,2, B,1,2).
Dramatic expansions of the neuronal RF were observed
at application of the 2 deg x4 deg dark rectangle; these
were 12.5 deg at the leftward and 16.2 deg at the
rightward stimulus movement directions (Fig. 5A,3.4,
B,1,2). For the dark strip (1 deg wide), these values
were 12.1 and 11.8 deg, correspondingly (Fig. 5A,5,6,
B,1,2). Besides this, discharge numbers became smaller
at application of the moving 1 deg strip covering
the whole vertical meridian, comparing to those at
the 2 deg x 4 deg moving rectangle, which may be
indicative of the development of surround suppression
(Fig. 5B,3,4). Thus, diversification at changes of the
shapes and magnitudes of the applied stimuli was quite
obvious. Substantial elongations of the RF axes were
observed also when the movement orientation of the
applied stimuli was changed into a vertical one.

NEUROPHYSIOLOGY / HEUPO®U3UOIOTUSA.—2017.—T. 49, No 1



MOVEMENT-DEPENDENT SPATIAL EXPANSION OF VISUAL RECEPTIVE FIELDS

A B
£
Kol
3| 1 2 1
§ deg
g < 30
T T 1T T 1 290
4 deg >
) § 10
£ 4 deg 0
Ke] O O -=-
=
Q.
S 3 4 Stimulus
3__ 2 F i g. 6. Response patterns of the neuron to
f T 1T 2 deq % 4 de 1 presentation of bright moving stimuli of different
2 deg x 4 deg 9 9 deg ‘ shapes and sizes in the vertical orientation.
£ 30 A1-6) PSTHs of the responses to the moving
c gzo bright stimuli of different shapes along the RF
) <10 vertical axis (VA) upward and downward. BI,
e 5 6 = 0 2) The VA lengths measured for each type of
£ 0 -—_  moving stimuli.
=) O ) _
< Stimulus P u c. 6. Ilarepun Binmosimell HelipoHa Ha
: ' 50' d:a ' A1 ' Ipen’ sIBICHHS SICKPaBUX CTUMYIIB pi3HOI ¢op-
t p SSei iy deg_-*_— MU T4 PO3MIpIB, IO PYXaJiCs B3IOBK BEPTH-
___l__- 1 deg - KaJIbHOT OCl.
A B
o 1 2 1deg 2deg
5 £ 30 30 ‘
\g- g 20 20
; § 10 10
q.I.-I ] LI | T 1 0 . ) 0 . f
[ & =
4 deg Stimulus
T 4 deg
213 4
Q.
E
=)
<l 3 4
T ' 1T T 1 069 609°9
2 deg x 4 deg C\/]
2 deg x 4 deg ] .\./.
S 40+ 40
s 6 g | .
e o
Q.
£ 20 209
Sr uT — 111 uT 111
I T 10 T 1 Oo® 0E | o® 0E 5
1 deq - - (] [N
50 deg oo Stimulus
i deg 2.5 sec

Fig. 7. Responses of the neuron to presentation of dark moving stimuli in the vertical orientation. A1-6) PSTHs of the responses to the
moving dark stimuli along the RF VA. B1, 2) Graphical presentation of the VA values measured according to the responses to the moving
stimuli. B3, 4) Spike numbers in the responses in relation to the type of the moving stimuli applied.

P u c. 7. Bignosini HeipoHa Ha mpe’ IBICHHS TEMHUX CTHUMYJIIB, IO PYXaIOTHCS Y BEPTUKATHHOMY HAIIPSIMKY.

NEUROPHYSIOLOGY / HEUPO®U3UOIOTUSA.—2017.—T. 49, No 1

53



H. R. ASLANIAN, A. P. ANTONIAN, B. A. HARUTIUNIAN-KOZAK, et al.

As is shown in Fig. 6, the bright spot (4 deg)
moving along the RF vertical axis evoked elongation
of the VA up to 15.2 deg at the upward and 11.3 deg
at the downward direction of motion (Fig. 6A,1,2,
B,1,2). The vertically oriented moving bright rectangle
(2 deg x 4 deg) revealed VA elongations of about
12.2 deg at the upward and 13.5 deg at the downward
motion directions (Fig. 6A,3,4, B,1,2). Even greater
elongation (18.7 deg) was observed at the upward
movement of the 1-deg-wide bright strip (Fig. 6A,5,6,
B,1,2). The same neuron demonstrated elongations of
the RF VA and more changes in the response profiles
when moving dark stimuli were presented. As is shown
in Fig. 7A,1,2, the dark spot (4 deg) evoked bimodal
responses of the neuron at the upward movement along
the RF vertical axis with VA at 13.1 deg (Fig. 7A,1,
B,1) and a monomodal response profile is the case at
the downward motion of the dark spot with the VA
of 10.8 deg (Fig. 7A,2, B,2). Significant decreases
in the VA values, compared to that at moving bright
stimuli, were observed for the vertical movement of
dark the rectangle (2 deg x 4 deg) for upward and
downward motions (5.6 and 7.7 deg of the VA lengths,
respectively) (Fig. 7A,3,4, B,1,2). The moving dark
strip (1 deg wide) evoked elongations of the RF VA
length of, correspondingly, 6 deg at the upward and
5.7 deg at the downward directions of stimulus motion
(Fig. 7A,5,6, B,1,2). On Fig. 7B,3,4, changes in the
spike numbers in neuronal responses are shown at two
opposite contrasts of the applied moving stimuli. The
maximal numbers of spikes were observed in neuron
responses to the upward and downward movements of
the 1-deg-wide dark and bright strips (Fig. 7B.,3,4).
All 27 investigated neurons with small RF dimensions
stably showed elongations of the RF axes and
qualitative and quantitative modifications of the res-
ponse patterns described above, with mild differences.

DISCUSSION

Theresults of our experiments allowed us to suggest that
during perception of moving visual images, the spatial
structures of the RFs undergo significant dynamic
changes in both size and qualitative characteristics of
the response pattern, and, due to this, discrimination
and diversification of visual image shapes, sizes, and
motion directions became much more accurate. As a
first step, a suggestion was put forward on the probable
temporary reorganization of the RF stationary structure
due to activation of surrounding (neighboring) groups
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of neurons and subsequent triggering of the networks
exerting synaptic influences on the neuron under
investigation.

The results of described experiments demonstrated
that a group of neurons (=18%) with small RF sizes
measured by stationary flashing light spots (mean
1.5 deg?) localized in the extrastriate area 2la
undergoes significant expansions of the RF horizontal
and vertical axes at application of moving visual
stimuli. These data allowed us to suggest that RF
expansions are not merely due to a general increase in
the neuronal excitability, but these effects are results
of certain central processing of incoming visual
information. As was earlier reported by several groups
of authors [15, 23-25], the responses of the neuron
to the stimuli applied inside its classical RF can be
modulated by concurrent stimulation coming from
the RF surrounding, which may be due to nonlinear
summation of converging inputs to the neuron under
investigation and also to the action of intracortical
top-down feedback mechanisms [26]. Furthermore,
Das and Gilbert [14] suggested that RF expansion
observed in the visual cortex (area 17) results from
activation of horizontal intracortical connections
with their specificity for the RF properties, which
contributes to the formation of the major reason for
dynamic RF changes. The results of our experiments
point to a high degree of diversification of incoming
information concerning processing of the motion
direction, contrast, and shape of a visual stimulus
by the neurons in visually sensitive extrastriate area
21a. Furthermore, these authors confirmed the data
presented in the previous report [7] that the stationary
spatial RF structure undergo significant modifications
depending on the magnitude and contrast of the
applied moving stimuli. It is very likely that feedback
synaptic connections exert a decisive influence too
on final elaboration and central processing of visual
information.

All experimental procedures involving animals were approved
by the Ethical Commission at the Yerevan State Medical
University and corresponded to the international standards.
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MOVEMENT-DEPENDENT SPATIAL EXPANSION OF VISUAL RECEPTIVE FIELDS

X. P. Acnansn', A. II. Aumonsn', B. A. Apymionsan-Koszax’,
A. B. Xauampsan?, A. II. T'azapsn’, FO. A. Kozax?,
/. K. Xaueanksan'

3AJIEXHE BIJA PYXY [MPOCTOPOBE PO3IINPEH-
H 30POBHMX PELIEIITUBHMX I10JIIB HEIPOHIB
EKCTPACTPIATHOI KOPU

! [uctutyT npuxnaaaux npobnem ¢izukn HAH Bipwmenii,
€pesan (Bipmenis).

2 Mennunwuit nentp Jlayncreit JlepkaBHOTO yHIBEPCUTETY
Hsio Hopka (CIIIA).

3 lepxaBuuii yHiBepcuret Paiit, leiiton (CIIA).

PeswowMme

IIpocTopoBa cTpykrypa peuentusHoro mnois (PII) sopoBouyTt-
JIMBOTO HEWpoOHa, BU3HAYCHA NPHU Npea ABICHHI CTalliOHAPHUX
30pOBHUX CTHUMYJIB, nepeadadae y OiapIIOCTI BUMAAKIB MPOLIEC
LEeHTpalbHOI 00poOKH iHPopManii mWOa0 30pOBUX 300paKEHB,
KOTp1 pyXaroTbcsi. MU AOCTIIKyBalu Ipyny HEHpPOHIB eKCTpa-
CTpiaTHOTO KOpTHKanbHOTO Mo 21a (mpubnusuo 18 % obcre-
KeHoi BuOipku) 3 nyxe manenbkumu PII (06auseko 1.5 rpan?),
BU3HAYEHUMH 32 JOTOMOTOIO TMpeJ] ABIECHHS CTallioOHAPHHUX 30-
POBUX CTHUMYyJNiB. BusBHiocs, mo npocTopoBi po3MipH TaKHUX
Heliponaux PII MoxxyTh 3a3HaBaTH 6araTopa3zoBOr0 PO3LIMPEH-
Hs; mpodini BiAMOBiAeH HelpoHa iICTOTHO 3ajeXalu BiJ BEIU-
YUHU, GOPMH Ta KOHTPACTY MpPEa’ IBICHUX PYXIUBHUX CTUMYJiB.
B pesynbraTi nporo cmocTepiranacs BUCOKA CTyHiHb OUBEPCHU-
¢ikanii maTepHiB BiAMOBiAed HEHpOHA 3al€KHO BiJ BKa3aHUX
BJIACTUBOCTEH PyXJMBUX cTUMYHIiB. OTpuMaHi JaHi migTBEp-
JIUKYIOTh TrinoTe3y npo Te, mo PII HelipoHiB excTpacTpiaTHOrO
moss 2la miAmarThCsd TUMYAacOBUM AMHAMIYHUM MoaHdikami-
SIM 4epe3 aKTHBAIil0 HEHPOHHUX TPYN/MEPEX, OTOUYIOUUX BKa-
3aHUM HEHPOH, MiJ Ai€I0 PYXJIUBUX 30POBHX CTHUMYIiB. Takum
YHUHOM, OYEBHHO, 10 00poOKa BidyasnpHOI iHPOpMaLii B epe-
0iry posmi3HaBaHHS 30pPOBUX 00pa3iB peanizyeThcs 3a ydacTi
IHTETPAaTUBHOI aKTHBHOCTI MEBHOTO KOMIIIEKCY KOPTHKAIBHUX
MepexX 30pOBOUYTIMBUX HEHPOHIB.
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